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BBEJEHHWE

YBa)xaeMble YUTATENIN XOPOIIO 3HAIOT, YTO B HACTOSAIIEE BPEMs U3BECTHO OoJiee
270 crabuinbHbIX 1 2000 HeCcTaOMIBHBIX U30TOMOB — PAa3HOBUIHOCTEH XUMUYECKOTO
3JIEMEHTa, aTOM KOTOPOT0 MMEET OJMHAKOBBIN 3apsAf siipa U CTPOEHHUE 3JIEKTPOHHOMN
000JI0YKH, HO OTJIMYAETCs JHIIb YUCIOM HEHTPOHOB B sIpe, a CIEAOBATEIbHO,
n maccoil. Cpean YNOMSHYTBIX H30TONOB CYIIECTBYET Y3KHH KPYr YHHKaJIbHBIX
HYKJIMJIOB, CBOMCTBA KOTOPBIX U3MEHSIOT HE TOJIBKO KHU3Hb YETIOBEKa, HO U LIMBHUJIM3ALIUH.
Hamra kHura mocesiieHa OHOMY M3 TAKOBBIX — H30TOMy Bomopoaa tputuio (*H) —
U BOT IIOYEMY.

Cam BOZIOpO/1 110 BCEM CBOUM (PU3UUECKUM M XUMHUECKHM CBOMCTBAM YHUKAJICH.

Bo-nepBbIX, Kak caMblil JETKUI XUMUYECKUU 3JIEMEHT, OH SIBISIETCSI CaMbIM
pactpocTpaHEHHBIM B )KHBOM BEIIECTBE (YTIEBOJBIL, )KUPBI, OCIIKH), THIPO- 1 JTUTOChepe
(Boma, muHepasl; nat. hydrogenium NpoUCXOAUT OT COYETAHUS «POIKAAIOLIIIA BOTY)
U B KocMoce: naxe Macca Comuia u 38e31 Ha 70 % cOCTOUT U3 BOJAOPOIHOM IJIA3MEI.
Kcratu, pycckoe HaumMeHOBaHME JETKOTo raza — Boaopoda — B 1824 r. mpenmoxun
xuMuK M. @. ConloBbEB.

Bo-BTOpBIX, BOIOpPOA TPEACTABISACT COOOM NPOCTEUIIYI0 3JIEKTPOHHYIO
CTPYKTYpPY: OAMH IpPOTOH C BPAIUAIOIIMMCS BOKPYI' JJIEKTPOHOM C OIPOMHOH
CKOpocThIO 2,25 kM/c (mmu 7-10'° 06/c). BeicoKkasi CKOPOCTh DIIEKTPOHA HE MO3BOJISET
YCTaHOBHUTH €0 MOJIOKEHUE B JIIOOO JaHHBI MOMEHT BPEMEHH, UTO TpeOyeT pacuéra
HEKOTOPBIX 00JIaCTeld BEPOSTHOCTH €ro HaXOXKACHHWsI (OCHOBA AyallMCTUYECKOM
KOPITyCKYJIIPHO-BOJIHOBOM IPUPOBI 4acTHLBl). JleHCTBUTENBHO, TPEKpacHas MOJENb
JUISl pa3BUTHUSL KBAHTOBOM XHMMHH, B KOTOPOM MAaTEMAaTHUYECKHE PACUETHI MO3BOJISIOT
mpecKa3arb OOJBIIMHCTBO XUMHUYECKUX H (PU3UUECKUX CBOHCTB DJIEMEHTA.

B-tpeTbux, Bce Tpu M30TONA BOAOPOAA (HE CIy4ailHO MMEIOILINE COOCTBEHHbIE
Ha3BaHHUA — TPOTHHA, NEHTepUHd W TPUTHI) OOJAMAIOT BBICOKOW NPAKTUIECKON
3HaYUMOCTHIO.

OnHOBPEMEHHO C 3THUM LIMPOKUM (PPOHTOM pa3BEPHYJIHCH pPabOTHI IepeBoa
TEPMOSIIEPHBIX PEaKLUi HAa MHUPHBIE PEJIbCHl C LIENbI0 00ECIeUYeHHsl 4eJI0BEYeCTBa
JOCTYTHOM 1 AeméBoi 3Heprueid. CerogHa Mbl UCTHIOJIb3YEM SHEPTUIO TEPMOSAEPHON
peakiuu, mpoTekatomiel B Heapax CoNHIa U IOCTyMaromeil Ha 3eMITio B BHJIE CBETA.
OBnajneHue ynpaBiIsieMONM TEPMOSACPHOW peaknuell B 3€MHBIX YCIOBHAX JaET
YEJI0BEUECTBY HOBBIM, IIPAKTUYECKU HEUCCAKAEMBIM UCTOYHUK SHEPIUU. TpUTHil Takke
Ype3BBIYAHO HIMPOKO HCIOIB3YeTCSd B HAYYHBIX W TNPHUKIAJHBIX HCCIEIOBAHUAX
B obnactu (pM3UKH, XUMHH, ONOIIOTHUH, B METUITIHE U JIP.

Tputuii obnamaer Ype3BbIYAHHBIMH  SACPHBIMH  CBOMCTBaMH B YacTH
CIIOCOOHOCTH K peaKINY CHHTE3a C BBIJIEIIEHNEM KOJIOCCATbHOW SHEPTHUHI. DTH CBONCTBA
W30TONA TPEAONpEeNeNId IYyTH €ro HCIOAb30BaHUsl B 00NacTH pPa3padOTKU
TEPMOSAJEPHOTO OPYKHSI U1 BOCCTAHOBJIEHUS SIIEPHOTO NapUTETA.

B nacrosimell kKHATe ONMMCaHBl HCTOPUYECKHUE COOBITHS OTKPBITHS TPUTHS, €T0
(PM3UKO-XMMUYECKHE U SAEPHBIE CBOWCTBA, a TAK)KE MPEACTABICHB OCHOBHBIE METO/IBI
ero ucrnonb3oBanua. Kpome toro, o0cyxaeHsl mpodaeMbl pagrio3KoIOTuy TPUTHS —
panMOaKTUBHOTO HYKIW/AA, BBIOPOIICHHOTO B OKPYXKAIOIIyI0 Cpeay B XOJe
OecriperieIeHTHO OBICTPOH peann3aluy sJepHBIX OOOPOHHBIX TMpoTrpaMM. B cBsizn
C OTCYTCTBHEM OIIbITa Pa3padOTKU U SKCIUTyaTalllK 3TUX TPOU3BOJICTB NEPBONPOXOALIAM



HEe ynanoch n30ekaTh HeIOpaObOTOK M MPOCUYETOB B TEXHOJOTMYECKHX MPOLECCax,
MOBJICKIINX KpailHe HeOJIarompusTHBIE YCIOBHS TPyZAa, OCOOCHHO B IEPHOA ITyCKa
Y OCBOCHHUS ANEPHBIX 00BeKTOB. IloaTOMy OymyT OOGOOIIEHBI CBEAECHHS 1O OXpaHE
3I0POBbS TIEpCOHAJIA 110 MMPOU3BOJCTBY TPUTHS U €TO COCTUHEHUH.

Pabota BbInONIHEHA B paMKax rocylapcTBEHHOro 3aganus MHcTuTyTa sKomoruu
pactennii u xkuBOTHBIX YPO PAH mo Teme «/3yueHne 3aKOHOMEPHOCTEH MUTpaIAn
U OMOJIOTUYECKOTO JAEWUCTBHA TEXHOTCHHBIX pAAHOHYKIHUIOB B MPECHOBOIHBIX
W Ha3eMHBIX YKOCHUCTEMaX B 30HaX BO3ACHCTBHUS MPEANPHUITUN aTOMHOTO KOMILIEKCAY
Ne 122021000077-6 (pazmensi 2 1 5), a TakKe MPH YaCTHIHOW (PMHAHCOBOH TTOIIEPIKKE
OtpacneBoii mporpammel PocmoTtpebnamzopa «Hay4nble OCHOBBI ropmesuca
OMONIOTMYECKUX, (PU3MICCKUX U XUMUYECKHUX (DAaKTOPOB CPe/Ibl 00U TaHHs ¢ 000CHOBAaHHEM
CUCTEMBI OLIEHKH PHUCKOB» ((pyHmameHTanbHble ncciemoBanns) Ne 121090800090-4
(rmaBa 1 pazgena 3, rmaBel 2 u 3 pa3zena 5), B paMKax BBITIOITHEHHS TOCYIAPCTBEHHOTO
3aganus UI'M CO PAH (Ne 122041400237-8) u npu noaaep:xke rpanta POOU Ne 18-
45-140020 «OcobeHHOCTH SAEPHOTO TEXHOTeHe3a Ha NpuMepe OO0BeKTa MHPHOTO
MTOJI3EMHOTO sIZIEpHOTO B3phIBa “Kpucramn”» u rocymapcTBeHHOTO 3akaza Ne 43 (76-08),
23 (105-12), ©.2019.473808 B pamkax mporpammbel «OOecrneyeHrne 3KOIOTHUeCKOi
0€3011acHOCTH, PallHOHATBHOTO MPUPOAONOIB30BaHMS H Pa3BUTHE JIGCHOTO XO035icTBa
Pecrryonmuku Caxa (Sxytms) mHa 2008-2012 rome», «ObecnedeHne 3KOIOTHIECKON
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CHHUCOK COKPAIIIEHUN

AJ] — TIpOMBITIITIEHHBIN ATOMHBIN ABYXIIEIIEBON peakTop

AJID — aTOMHBIN ABYXIIETCBON IHEPTETHUESCKHUI MPOMBILIUICHHBIA YpaHTpa(UTOBbIHA
peakrop (ITYI'P), 3aroToBurenb miIyTOHUS

AH CCCP — Akanemus Hayk Coroza CoBerckux Conpanuctuiecknx Pecryommk
ADC — aToMHas 3IEKTPOCTaAHIIHS

BBOP — B010-BOASIHON SHEPTETUYECKUN PEAKTOP

OnaHKeT — clenuanbHas 000JI09Ka, OKPY’KaIoIIas 1miazMy

JHK — ne3okcnpuOOHYKIEHHOBAs KACIOTA

KKT — xemy104yHO-KUIIEYHBIN TPaKT

KCP — XuaK0-COJIEBBIE PEAKTOPHI

3MIIII — 30HaMpOBaHKE METOAOM NEPEXOAHBIX MPOLIECCOB

3PT — 3aBoj perenepanyu TOIUINBA

HNPM — 3KcriepuMEHTaIbHBIN pEaKTOp

KIIJ] — ko3¢ punmenT mome3noro neicTBus

MAT' ATD — MexayHapoJHOE areHTCTBO 10 aTOMHOM SHepruH (anri. — International
Atomic Energy Agency, cokpaménno — [AEA)

MA — MuHUMAaIbHAsACTEKTUPYEMasi aAKTUBHOCTh

MK — MHHUMAIIBHO AETEKTHUpYyEeMasi KOHUEHTPALHs

M3]] — MOIIHOCTb SKCHO3UIIMOHHON JTO3bI

HAO — HH3KOaKTHUBHBIE HETEXHOJOTHYECKHUE OTXOIbI

HKJIAP OOH — Hayunslii komuTeT 1o nedcTBuro atoMHoi pamuarun (HKJIAP)
npu Opranuzanu O0seauHeHHBIX Harrmit

HO PAO — OTI'VII «HanuoHanbsHbIH onepatop 1Mo oOpamieHuIo ¢ paJioaKTHBHBIMU
OTXOJaMu»

HTO — okcup Tputus (TpuTHEBast Boaa)

OP JIHK — omHOHUTEBBIE pa3pbIBbI J€30KCUPUOOHYKIEHHOBOMN KHCIOTHI

OCT — opranu4ecky CBA3aHHBIN TPUTHN

[I'3 2)KPO — noa3zeMHOE 3aXOpOHEHUE KUJIKUX PAIMOAKTUBHBIX OTXOJ0B

ITJII — nmpenenpHO TOIyCTUMOE IIOCTYIUICHHUE

ITIIY — npenenpHO JOMYCTUMBIA YPOBEHD

ITPO — npotuBopakeTHas 000poHa

ITXIB — noa3eMHBIE sIIEpHBIE B3PBIBBI

PBMK — peakTtop 00JbIII0i MOITHOCTH KaHAJIBHBIN

PHK — pubonyknenHoBast KHCI0Ta

MT/IHK — muroxonnpuansnas JJHK

CAOQO — cpemHeakTUBHBIC OTXO/IBI

CUII (CHUAIT) — CemurnanaTHHCKHN UCTIBITATEIBHBIN (SIEPHBIIN) TOTUTOH
TOKOMaKH — TOPOUJANIbHBIE KAMEPBI C MATHUTHBIMH KaTyIIKaMHU

TCB — Tpurtwniicogepkarias Boia

TXM — TerpaxiaopMeraH

YpO PAH — VYpanbsckoe otneneHue Poccuiickoil akagemMun HayK

YTC — ynpaBnseMbli TEpPMOSIIEPHBIN CUHTES

DAP — doTocuHTETHUECKAS AKTUBHAS PaHALIUS



OO0 DI'VII «lopHo-xumuueckuii komOuHaT»y (I'XK) — denepanbHbiii suepHbIi
omeparop (QenepanbHOEe TOCYAApCTBEHHOE YHUTapHOe mnpennpusitue «lopHo-
XMUMUYECKUH KOMOMHAT»

L' — umkiIorexkcax

OMMU — 3neKTpoMarHuTHOE H3IMyIeHUE

SIBY — anepHoe B3pbIBHOE YCTPOMCTBO

SIB — sanepHbIii B3pbIB

BIOMASS — Biosphere Modelling and Assessment (TpuTneBast pabouas rpymmna)
BWR — koprycHO#l KuIsinuii peakrop

DEMO — nemMoHCTpalmoHHas TepMOsiIepHas SHEpreTHyeckasl yCTaHOBKa

EAST — Experimental Advanced Superconducting Tokamak

EPA — United States Environmental Protection Agency (ATreHTCTBO Mo OXxpaHe
okpyxaromeit cpeast CIIA)

FBR — peakTop-pa3MHOKUTENH HA OBICTPHIX HEHTPOHAX

GCR — razooxJiaxxaeMblii peakTop

ICRP — Mexmynapoaaas komuccus o paguanuonHo# 3ammure (MKP3/ICRP)

ITER — International Thermonuclear Experimental Reactor (MexxayHapoaHblit
TEepMOSIEPHBIN SHepreTHUyeckuil peakrop, MTOP)

LWGR — rpaduroBoaHbIit peakTop

MSBR — peakTop ¢ MOHOXKHJIKOCTHBIM IIOTOKOM COJIH

NSTX — National Spherical Torus eXperiment (cepuueckuii Tokamak, wiv chepomak)
PB-FHR — peaktop ¢ TBEpABIM IIAPOBHIM TOILUIUBOM, BBICOKOTEMIIEPATYpPHBIH,
terionocutens FLiBe

PHWR — Ts:x€10BOIHBINA PEAKTOP

PWR — Bon0-BoagHOI siiepHbIil peakTop THia BBOP

Enunuusl uzmMepenus

bx — Oekkepenb

I'Br — 10° BatT

I'p — rpeit

3B — 3UBEPT

Ku — xropu

KT — KMJIOTOHHA

k3B — 10° a5ekTpon-BoIBT
M. €. — MaccoBasl eAMHULA
MKP/4 — MHUKpOpEHTI'eH B yac
Mt — MeraToHHa

M5B — 10° 251eKTpOH-BOJIBT
TE — TputueBas enununa
3B — 3JEeKTPOH-BOJIBT



PA3JEJ 1. TPUTHI

I'naBa 1. UcTopusi OTKpbHITHS JAeliTeprsi U TPUTHUSA

Kak roprouwmii (BocruraMeHs€MBbIii) BO3TyX BOJOPO] M3BECTEH JTOBOJBHO JaBHO.
Ero momyuanu neiicTBueM KHCIOT Ha MeETalibl, HAONIONAIW TOpPEHHE M B3PHIBBI
rpemydero rasa Ilapauensc, boius, Jlemepu u npyrue yuensie XVI-XVIII Bekos.
C pacmpoctpaneHreM Teopuu (IOTUCTOHA HEKOTOPhIE XMMUKHU IBITAIMCH MTOMYIUTh
BOJIOPOJ B KadecTBE «CBOOOHOTO (hrrorncroHay. B muccepraruu M. B. JlomoHocoBa
«O MeTaMyecKoM OJIecKe» OMMCAHO IOIyYeHHE BOAOPOAa AEHCTBUEM «KHCIOTHBIX
CIHUPTOB» (HAIpUMEp, «COJSHOIO CIHPTa», T. €. COJSHOM KHUCIOTBHI) Ha XKele3o
U apyrue Metaisl. Pycckuil yué€nblil nepBbiM (1745) BBIABUHYI THIIOTE3Y O TOM, UTO
Bozopo («roprounii map» — vapor inflammabilis) mpeacrasnseT coboit GprorucToH.
I'. KaBenawi, moxpoOHO HCCIIEIOBABIIAN CBOWCTBA BOJOPOAA, BRIABUHYJ MOJTOOHYIO
e runote3y B 1766 r. OH Ha3blBal BOJOPOHA «BOCIUIAMEHSEMBIM BO3IYXOM),
noiy4eHHbIM U3 «MeTamioB» (Inflammable air from metals), u monaran, xak u Bce
(IIOTUCTHKH, YTO TIPU PACTBOPEHHMH B KHCIOTaX METaJUl TEpsieT CBOW ()JIOTHCTOH.
A. JlaBya3we, 3aHmMaBmmiics B 1779 T. mccnemoBaHHMEM cOCTaBa BOJABI MyTEM e€
CHUHTE3a ¥ pasNoKeHus, Ha3Ban Bogopon Hydrogine (ruaporen), wiaum Hydrogene
(TuaposkeH), OoT rped. VOwp — BOAA U YEVVA® — TIPOU3BOKY, POKAAL0.

Homenknaryphuas komuccus 1787 r. npunsiia cioBonpousBoacTeo Hydrogene.
B «Tabnuue mpocteix Tem» JlaByasbe Bogopoa (Hydrogene) ymomsiHyT B 4mcie TsITH
(cBer, TeII0Ta, KUCIOPOL, a30T, BOJOPOL) IIPOCTHIX TEJ, OTHOCAIINXCSA KO BCEM TPEM
apcTBaM MPHUPOABI M KOTOPBIE CJENyeT paccMaTpuBaThb KakK 3JIEMEHTHl Tei;
B Ka4eCTBE CTapbIX CHHOHUMOB Ha3BaHus Hydrogene JlaBya3be Ha3pIBaeT roprounii ras
(Gaz inflammable), ocHoBaHHe ToOproyero raza. B pycckoil XuMuuecko iurteparype
koHa XVIII u nHayana XIX BekoB BCTpeudaroTCsA JBa poja Ha3BaHWW BOJOpOAA —
¢orucTuyeckue (TOpPOYMI ra3, TOPIOYUM BO3AYX, BOCIUIAMEHUTEIBHBIA BO3IYX,
3aropaeMblii BO3OyX) M aHTU(IOrHCTHYECKHE (BOAOTBOP, BOJOTBOPHOE CYIIECTBO,
BOJOTBOPHBIN rac, BOJOPOAHBIA rac, Bogopoxa). O0e rpymnmbl CIOB NPEACTABISIOT
co0oii epeBobl hpaHily3ckux Ha3Banui Bojgopoaa (IlerpsHos-Cokoios, 1965).

[lepBbie OMBITHI MO OOHAPYKEHHIO JCHTEpUS OCYIIECTBHIIM aMEPUKaHCKHUE
yuénsle oz pykoBozacTeoM . FOpu B 1931 r., B KOTOpBIX OHM IPOBENH (PAKLIUOHHYIO
MEPEroHKy 4 J1 *KHUIKOTO BOIOPOJa U BRIICIWIN «TSDKENYI0» Gpakuuio B o0beme 1 M.
CrnexTpanbHBIH aHaJIM3 OCTAaTKA YKa3aj Ha HOBBIE Cllabble JHHUHU, OTCYTCTBYIOLIHE
y OOBIYHOTO BOJOpOJA, HO COOTBETCTBYIOUINE MPEIBAPUTEIHLHOMY KBAaHTOBO-
MEXaHMYECKOMY PAcUéTy WX TOJIOKEHHs it Hykiuaa “H. Belienenne He cocTaBuio
0c000ro TpyJa METOIOM 3JIEKTPOJIU3a BOJBL, IPH KOTOPOM JIETKHH M30TOI BOAOPOAA
BBLIENsieTCS ObicTpee, YyeM TsokEnbiil. B 1934 1. 3a OTKpEITHE «TSHKENOr0» BOJOPOJA
I'. FOpu nonyunn HoGeneBckyto NpeMHIO 10 XUMHUH.

MupoBoe MpOW3BOACTBO AEUTEPHs COCTABISET IECATKH THICAY TOHH B TOJ.
OCHOBHBIE METOIBI TTOJTYYEHHUS: MHOTOCTYIIEHUATHIN SIEKTPOITU3 BOJBI, PEKTHU(DUKAIIS
BOJIbI, MOHHBIM OOMeH, pekTudukamus ammuaka. [Ipu JTUTENBHOM KHISTYCHUH
MIPUPOTHOM BOJIBI KOHIIEHTPALUS TSXKENOM BO/BI B HEW noBkImaeTcst. Cpeau HaceleHus
ObiTyeT MH(] O TOM, YTO 3TO SIKOOBI MOXET BPEAHO CKa3aTbCd Ha 30POBbLE,
B JICHCTBUTEILHOCTH K€ MOBBIIICHHE KOHIECHTPAIIMU TSHKEION BOJIBI IPH KUTISTYCHAN
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HUYTOXKHO (K TOMY JK€ TKENMas BojAa MPAKTHYESCKH HE SIOBHUTA); FOpas3go CHIIbHEE
OLIYIIAeTCsI IOBBILICHUE KOHLEHTPALUN PACTBOPEHHBIX COJICH.

Briepsble mpennonoxeHue 0 BO3MOXKHOM CYLIECTBOBAHUH H30TOIA BOZOPOJIA
¢ Maccoii 3 610 BhickazaHo B 1933 r. ['unnbeprom, JIsroncom u @pankom, HO He ObLIO
noaTBepkaeHo Ha onblte. Jlatnnep u FOHr, uccnenys pactsopel HC1 1 HBr B Tshxénoit
BOJIE MarHUTOOINTHYECKHM METOJOM, OOHapyXMJIM Hapsgy C OBYMS MHHHMYMamH,
otHocsmucs K 'H u *H, emé oaun MUHAMYM, MOJI0)KEHME KOTOPOTO JIaJi0 aBTOPaM
MIOBOJ] IIPUIKCATh €ro U30TOMMy Boxopoaa ¢ Maccoil 3. OHaKO 3TOT METOJ| OKa3aJcs
OoMOOYHBIM, M PE3YNbTaThl W3MEPEHHH 3TUX HCCIENOBaTeNIell HeNb3sl CUUTATh
JOCTOBEPHBIMHU.

B 1934 r. M. JI. Onudasnr, [1. Xaptek u 3. Pesepdops onmydmukoBaiy B xKypHae
Nature 3ameTky «O¢pGEeKT TpaHCMyTalWH, MOMYYCHHBIH C THKEIBIM BOJOPOAOMY,
B KOTOPOI OIMCHIBAETCS] METOI IIOTY4EHHSI TPETHETr0 HCKYCCTBEHHOTO PAAHOAKTHUBHOTO
M30TOMNa BOAOPOAA — TPHUTHA, COIEp)KaHHUE KOTOPOro B JETKOM Bojxoponae 1 arom
u3 10" (s nedirepus 1 atom u3 5-10°). DTa KOHUEHTpaLys BIIOCIEICTBHY MOIYYUIIa
HasBaHue «rputrueBas eauauna (TE).

B 1935 r. npeanoxxeHa HOMEHKIATypa U30TOIOB BOJOPOAA, COTJIACHO KOTOPOH
BOJIOPOJI ¢ MACCOBBIM YHCJIOM 3 Ha3bIBAETCS TPUTHA M 0003HAYAETCS CUMBOJIOM “Hj
nnu T. Tpuruit Obl1 MOTYYEH NPEATIOKEHHBIM BIIEPBBIE B HCTOPUU METOJOM SIIEPHOTO
CHUHTE3a IIyTeM  B3aUMOJCHCTBUS  JEHTEPUPOBAHHOIO  XJOpHUIA  aMMOHHS
pa30THAHHBIMHM B Pa3psAHON TPYOKe 10 BBICOKMX JHEpruii moHamu D': nBa atoma
JeHTepusi, CIMBAsACh BMECTE, OOpa30BbIBAIM HEYCTOWYMBOE AP0 Teiusi-4, KOTOPOe
3aTeM pacnajanoch ¢ oOpasosanueM TputHs u nportona: ‘He = H + 'H. Coasropamu
paboter ObT Monomoit aBctpanmenn Mapk Jloypenc Onudant u aBctpuen [layms
Xaptek. M ecnmu OnudaHT crajg BHOOCIACACTBUU aKaICMHKOM M JIUPEKTOPOM
dusnyeckoro uHCTUTYTa Y HUBepcuteTa KanbGeppsl, To cynapba XapTeka cloxuiach
nHaue. CBoeoOpa3HO MOHMMAs CBOW JOJIT MEpe HEMELKON HayKoi, OH B 1934 r. perunn
BO3BpaTUThCss B ['epmanuio m paborarh Ui Hamucrtckoro pexkuma. B 1939 r. on
HaIuMcaj MUChMO B BBICIIIHE BOCHHBIE HHCTAHIIMU | epMaHuM O BO3MOXKHOCTH CO3JIaHHS
aTOMHOI'O OpY’KHMS, a 3aT€M IONbITAJCS MOCTPOUTH YPAHOBBIM KOTEN, K CUACTHIO,
0e3yCIIeIIHO.

Co BpeMeHHU OTKPBITHS TPUTHS OBbIIIO pa3paboTaHO M BHEIPEHO 3HAYUTENHHOE
KOJINYECTBO METOJOB €ro IMOJY4YEHHUs, HanmpuMep, npu OomOapaupoBKe AeHTpoHaMH
W HEHTpOHAMH MUILEHeH u3 Jneifrepus, Oopa, Oepwnus, a3zoTa, JUTUS WU JP.
B mpowmbinuieHHBIX Macmtabax — kak B Poccuu, Tak W 3a pyOekoM — TpUTHIA
MOJTYYaloT B SIIEPHOM PEAKTOPE MPH OOJIyYSHHUH JINTHSA HEUTPOHAMHU.

OOmumii, HETIPEPBHIBHO MOIOIHSIOMIUICA U PACXOLYyEMBIN «3aIacy MPUPOIHOTO
TPHUTHS OLEHUBaeTCs B penenax ot 1,85-10'® 1o 4,5-10'8 Bk, a ero o0iuee copepikanue
B 6uocdepe Hawmeit mianeTsl — B 6,5-10'® Bk. Cunraercs, uto okono 90 % mpupoaHoro
TpuTHA conepxutcs B ruapochepe, 10 % — B crparochepe u 0,1 % — B Tponocepe.
[Ipu 3ToM 0KO0I0 99 % TpUTHS, COMEPIKAIIEToCsS B TUAPO- U cTpaTtocdepe, HaXOAUTCsI
B Buze okcuna Tputus (HTO).

EcrecTBeHHBI TpUTHH MOCTOSIHHO 0Opa3yeTcs B BEPXHHUX CIOSX aTMochepbl
TIOJT TEHCTBHEM KOCMHUYECKOTO M3TydeHUs (OBICTPRIX HEUTPOHOB, TIPOTOHOB, IEHTPOHOB).
Tak, HEUTpOHHAS KOMIIOHEHTa KOCMHUYECKOTO H3ITyUIEHHUS B3aUMOJIEHCTBYET C a30TOM:

N +n="2C+T—4,5 MoB; (1.1)
N +n=>3He+T— 11,5 MaB. (1.2)
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B mporiecce ecTecTBEHHOro 0OMEHA BEIIECTB, IPOUCXOISAIICTO MEXK Ty BHEUITHEH
CPEeJIOii M KMBBIMU OpPraHU3MaMU, OKCUJ TPUTHS BKJIIOUACTCSI B BOJAHBIA OOMCH, YeM
1 00yCJIOBJIEHO MPHUCYTCTBHE €T0 B PA3IMYHBIX OPraHaX W TKAHSIX BCEX KHUBOTHBIX
u pacreHuil. CauTaeTcs, 9TO B JOXKAEBBIX OCaJKaxX COIep)KaHHe TPUTHS Koiediercs
ot 1 10 20 TE, B pekax — ot 1 1o 2 TE, moBepXHOCTHBIX BOJaX ATIAHTHKH M THXOTO
okeana — 10 1 TE, B Bunax — 1o 3 TE.

B murocdepe Tputumit oOpasyercs mpru B3aMMOJEHCTBHNA HEHTPOHOB C siApaMH
JISTKUX U30TOIIOB JIUTHS 110 PEAKITUH;

SLi +n = ‘He, + T. (1.3)

Hanpumep, B munepane LiAl(SiOs), oast nodepHumii npoaykr pacnaga tputus °He
B aHOMAJIbHBIX KOJIMYECTBAX.

Mo mamabiM @®. M. Jlacc, FO. M. ItykkeHnOepr u np., oOlee cojepKaHHe
€CTECTBEHHOI'0 TPUTHS BO BCEM OpraHU3Me B3pOCIIOro yenoBeka coctanisieT 10 500 bk,
mpuuéM CcpeHee CoJepKaHne B MATKUX TKaHsaxX a0 34 bk, B koctsax g0 2.4 bk [Lur.
mo: benoBoackwmii, 1985]. YkazaHHOE KOTMYECTBO TPUTHS CO3MAET B MATKUX TKAHSIX
no3y 4,5-10°° 3 B roa. VienbHbI BKIaa TPUTHA B CyMMapHYIO 03y BHYTPEHHETO
o0JyueHHsT MSTKHX TKaHel M TOHaJ OT E€CTECTBEHHBIX HYKJIHJIOB, COAEPIKAIINXCS
B opranusme uenoneka, cocrapiser 0,01 %.

Ho 1954 r. nmomaranu, 4To 3amachl TPUTHUSL HAa 3eMJI€ COCTABISUIA 1O 2 KI
npupoanoro tputus (1,8107 Ku), u3z koropsix n0 10 r Haxomumuch B atmMocdepe,
13 r — B IOJ3EMHBIX BOJAX, a OCTAIBHOE KOJIMYECTBO — B OKeaHax. OJHAKO, HAYMHASA
C TIEpBOTO TEPMOSIEPHOTO B3phiBa (MapT 1954 T.) OCHOBHBIM HCTOYHHUKOM TPUTHS
B atMocdepe u ruapocdepe cTain UCIBITAHUS TEPMOSAEPHOTO OPYKHUSI, YTO IIPUBEIIO
K CYIIECTBEHHOMY €ro MOBBIIICHUIO cojaepkanus. Ilpu comocTaBineHnu pe3yinbTaToB
HCCIIEIOBAaHNH aTMOC(EpPHOTO BO3/yXa W BOJBI HA COJEPKAHHWE TPUTHSI JO U TOCIe
WCTIBITAHUI TEPMOSIEPHOTO OPYKHUsi OBUIO OOHApY)KEHO yBEIHUYEHHE KOHIICHTPAIH
HykJIUaa B atMocdepe n npupoaHbix Bogax B 10—100 pas, a Takxke pocT yAEIBHOTO
BKJIa/Ia TPUTHSI B CYMMApPHOH JI03€ €CTECTBEHHOT0 00TyueHus dyenoBeka. CUnTaroT, 4To
B 1970-€ IT. 00lIIee KOIMYECTBO TPUTHS B OKpYsKaromiel cpeze cocrasuio 1,7-10° Ku.

Bonbmoe komu4ecTBO TPUTHsS ObUIO BBIOPOILIEHO HPU MPOBEIEHHH SIEPHBIX
B3pPBIBOB B MUPHBIX LIEJISIX, @ TAKXKE B POLIECCE pereHepauyy 0TpadoTaBILEro SIIEPHOTO
torumBa. B cBs3u ¢ 3TrM B pamkax MAI'ATD Bemyrcss mocTosSHHbIE HaOJFOACHUS
3a CoZIepKaHUEM TPUTHSI B aTMOc(epe U BOIoEMax JUIsl BBISIBICHHUS IPOCTPaHCTBEHHBIX
Y BPEMEHHBIX 3aKOHOMEPHOCTEH pacnpeeseHus 3TOro PaJuoOHyKIH/IA.

I'naBa 2. CBoiicTBa TpuUTHA
2.1. Qu3uko-xumuueckue ce0iicCmea mpumus

CoBpeMeHHBIE yCIIEXH IIUPOKOTO HCIOJIB30BaHHS TPUTHUS B HAyKE M TEXHHKE
HENPEPHIBHO CBSI3aHBI C UCCIEIOBAHUAMHI (PU3MKO-XUMHUYECKHX CBOMCTB YKa3aHHOTO
HYKJIH]IA.

Kak mbl ormeuann panee, tputnii (T, mwimm *H) sBisieTcs pagvoaKTHBHBIM
uzoronom Bogopoaa ('H) ¢ MaccoBbIM 4uCIOM 3, PO KOTOPOrO COCTOMT M3 OJHOTO
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MPOTOHA U JBYX HEHTPOHOB. OCHOBHBIC (M3UYCCKUC M PATUOXMMHUYCCKUEC CBOWCTBA
Tputus [Oxuck TputHs, 1968; OBanc, 1970; Jlenckuit, 1981; benoBoackwuii u nip., 1985]
MIpUBEICHBI B Ta0. 1.1.

Tabnuya 1.1
OCHOBHBIC (pU3UUECKUE U PAJIMOXUMUYCCKUE CBOMCTBA TPUTHUS
CBoIicTBO 3HaveHHE CBoiicTBO 3HadeHue
[Ipober B-uacTun
Macca sinpa 3,0168 m.e. B BosyXe (20 °C) 4,5-6,0 mm
CpenHsis SHeprus 271 MoB ITpoGer B-gacTui 1 Mk
CBSI3H YaCTHI] B TKaHX
Tenio Ci10#i oHOM
prol 12,26 roga 3aI{UTHI BOJBI 6 MKM U 6 MJI
moJypacraja
1 BO3/IyXa
CpenHsis SHeprus 5.7 B MaKCHMaJVILHLH:I 0.6 Mr/ew?
B-uactuig 3aIUTHBIN CI0M
MakcnmabHas 18,591 k3B MoubHslii 006éM | 18,6 cM*/M
SHEPrus B-yacTHIl
c} VY nenbHas 3,6:10" Br/r
R :leOﬁKTI/IBHOCTL 9706 Ka/r
pacnaza 7,6:10'7 5B/(uacKu) P 2,60 Ku/mn
HOHM3ALN Hy+ 13,55 5B = H' +¢| 2HePrHA 3H,+4,595B=2°H
JIACCOITAITHH

K xapakTtepHOll 0COOCHHOCTH TPUTHS OTHOCHUTCS CIIOCOOHOCTH €ro BCTYIATh
B pEaKiM{d H30TONMHOr0 oOMeHa. B oTiuunMe OT OOBIYHBIX XMMHUYECKHX PEaKI[Uii
MIpH 3aMEHe OJHOI0 M30TONa APYruM (IPOTHS WM NEUTepus TPUTHEM) CTPOEHHUE
MOJ'ICKYJ'H)I HpaKTI/IT-IeCKI/I HC MCHSICTCHI.

Peakmun n30TommHOro oOMeHa:

T, + H, = 2HT (1.4)

MPOTEKAIOT BCIICICTBUE SHEPTOBBIACICHUS IPYU PAAUOAKTUBHOM PACMazie TPUTHUS, IPU
ATOM YeM BBIIIE KOHIEHTPAIMS TPUTHS, TeM OBICTpEe peann3yeTcsi OOMEH H30TOIIOB
BOZOpPOZa. OTO CBOMCTBO IIMPOKO HCIONB3YyeTCAd JUISl TOMYy4YEHHS MEYEHBIX
OPraHUYECKUX COEIUHEHUH.

Jpyroit BaxXHON peakiyell M30TOIMHOIO OOMEHa SBJISETCS BOJ0O-BOJOPOIHBIN
o0MeH, B KOTOPOM PaBHOBECHE CITOCOOCTBYET MEPEXO0Ty TSHKEIBIX H30TOIIOB B BOJHYIO

¢azy:
HT + H,O <> HTO + Ha. (1.5)

[IpuBenéHHble MaHHBIE OYEHb BAKHBI TPH OIGHKE IIOBEACHUS TPUTHS
B IIPOM3BOJCTBEHHBIX YCIOBHSAX.

K duncny BakHEWIMX XapakTepUCTHK TPUTHS OTHOCUTCS BO3MO>KHOCTb
OKHCJICHUS €r0 B OOBIYHBIX YCIOBUSAX. B EHCTBUTENBHOCTH, peakUus MEXIY
BOJIOPOJIOM M KHCIOpPOAOM mpHu oObruHON Temmeparype (20 °C) m B oTcyTCTBHE
KaTaJnu3aToOpOB MPAKTUYECKH HE MPOHUCXOTUT. B TO ke BpeMs OKHCIECHHE TPUTHS
TIPH T€X XK€ YCIOBUAX MMPOUCXOANT B pe3yibTaTe 3-pacmaaa:
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T, + 0, > T,0 (1.6)

HT + 0, — HTO. (1.7)

Nmerotes cBenenns [bemoBoackmit, 1985] o ToM, 9TO mpH KOHIICHTPAITUAX
menbme 18-10'° Bx/n npespamenne Tputus B HTO onpenensercss OKHUCICHHEM,
a npu KoHUeHTpauusx Gonpiie 18-10'° Bx/n — uzoronubiM o6menom. [To apyrum
maHaeiM [Oxmcws Tpuths, 1968; Dpamc, 1970], cCKOpOCTh H30TOMHOTO OOMEHa
B 2,8 pa3a BblIllle CKOPOCTH OKUCIEHHUS. TOT (hakT, YTO CKOPOCTH MPEBPALLICHUS TPUTHUS
B HTO onuHakoBBl Kak BO BI&KHOM BO3JyXe, TaK U B Cpele CYXOro aproHa,
MOJIAraloT, YTO PAAUALMOHHOE OKUCIICHHUE SIBIISIETCS OMPEICIISIONIIM.

[To OONBIIMHCTBY CBOMX XUMHYECKHX M (U3MYECKUX CBOMCTB OKHCH TPHUTHUS
oueHb Onm3ka K JelitepueBod u TpoTHeBod Boae. OnHako duzmueckue
U TEPMOAMHAMUYECKHE KOHCTAHTHI M30TOMHBIX (OPM BOIBI IUIABHO H3MEHSIOTCS
C YBEJIMYEHNEM MacChl U30TOITHON MOJIEKYJIbI BOJBL. VI3MEHEHUs CTeIeHN HOHU3ALINY,
BA3KOCTH, NOJBM)KHOCTH MOHA, PACTBOPUMOCTH BBIPXKEHBI IIPH IEPEXOAE OT BOJBI
yepe3 HDO, D;O, HTO u DTO k T:0.

HexkoTopsie cBoiicTBa OKHCIIOB TPEX H30TOMOB Bogopoaa [Okuck Tputus, 1968;
Jones, 1968; Dranc, 1970; Jlenckuii, 1981] npusenens! B Ta0a. 1.2.

Tabnuya 1.2
CBoIiCcTBa OKHCIIOB U30TOIOB BOAOPOIa

CBOIiCTBO H,O D,O T20
Touka xunenwus, °C 100,00 101,42 101,52
TemnepaTypa TpoitHoil ToukH, °C 0,01 3,82 4,49
Tenmora napooOpazoBaHUs 40.8 415 42,40
MIPH TeMIIepaType KureHus, kJ[/mMob
Outponus npu 298,16 K 16,75 18,90 19,00
MakcuMaibHas IIIOTHOCTb, I/cM> 1,000 1,106 1,215
MakcumanbHas TeltfmepaTypa . 3,98 11,24 13,40
MPH MAaKCUMAaJIbHOM TUIOTHOCTH, °C
MuHUMAaJTBEHBINA MOJISPHBIA 00bEM, CM3/MOJIb 18,02 18,11 18,13

PagnoakTuBHBIA pacmag TPUTHS CONPOBOXKIAETCS HCIyCKaHUEM [-yacTuil
1 npespaienHuemM ero B renuil (‘Hes). Hexoropoe Bpemst 1mociie OTKPBITHS TPUTHIA
CUMTaCs CTAaOMJIBHBIM HM30TOIOM, XOTSl €r0 paJlOaKTUBHOCTH OblIa TEOPETUUECKU
npencka3aHa boHHepoM B 1938 1. 10 3KCIEpUMEHTANIBHOIO IMOATBEPKICHHS €ro
HECTaOMIILHOCTH.

B Hacrosimee Bpemst B QU3MUECKUX pacyeTax MaKCUMAaIbHYIO SHEpruro -pacrmaia
TPUTHA NIPUHSTO CUNUTATH 18,5 KB, XOTS Ha OJIO W3NTyUYeHHsI dSHEpTUeil Boire 17 kOB
MIPUXOIUTCS UMb 5 Y%.

HecmoTpst Ha TO, 4TO OT B-4acCTHIl TPUTHS 3aAIMUINACT Jake 6 MJI CIIOW BO3/IyXa,
YTO OHU HE MPOXOJAT Yepe3 TabopaTOpPHYIO MOCYY H T. JI., HEOOXOIUMO COOIIOIATh
KECTKUE MpaBuiia padOTHl C TUM 3JEMEHTOM U €r0 COCAMHEHHUSIMHU, KaK U C JIOBIM
JOPYTUM PaJuOaKTUBHBIM HYKIIHIOM.
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2.2. Xumuueckue ceoiicmea mpumusn U €20 OCHO6Hble CoeOuHeHus

[lo cBOMM XWMHUYECKHM CBOWCTBaM TPUTHH ONHM30K K 3JIEMEHTY, H30TOIOM
KOTOpPOTO OH SBISIETCS, — BOAOPOAY. XHUMHUYECKHE PEAaKINH C y4acTHEeM TPUTHS
npu oObuHBIX ycnoBuax (18-20 °C) mporekaeT 3HAYUTEIBHO MeIUICHHEe, YeM
C OOBIYHBIM BOJOPOAOM (IIPOTHEM), B TO 3K€ BPEMSI €CIIH aTOM TPUTHS PUCOSAUHUTCS
K KaKoW-IMOO MOJIEKyJie, TO OTOPBATh €ro OT Hee OBIBaeT JTOBOJIHHO TPyAHO. BmecTe
C TeM Ta3000pa3HBI TPUTHHA, B OTIMYHE OT ra3000pa3HOTO BOAOPOIA, SHEPTHIHO
pearupyer co MHOTHMH XUMHYECKH HWHEPTHBIMH MacllaMH, CMa3KaMH, KaydyKOM.
B psine cyyaeB ra3000pa3Hblil TPUTHIA BCTYNAeT B TAKUE PEAKIUK U30TOTHOTO 0OMeHa
C aToMaM{ BOJIOpOJAa OPraHWYECKHX MOJIEKYJ, KOTOpBIE C OOBIYHBIM BOJOPOJIOM
TP OIMHAKOBBIX YCIOBUSAX COBEPIIEHHO He mporcxoaart [Oxuck Tputus, 1968; Jones,
1968; OBanc, 1970; Jlenckuii, 1981].

Tputnii 00pazyeT MpOYHBIE CBSI3U C YIJIEPOJOM B OTPOMHOM OOJBIIWHCTBE
OPraHMYeCcKHX COCIMHEHHH, KOTOpble HEe HAPYIIAFOTCS MPU BCEBO3MOMKHBIX XUMHUUECKUX
1 OMOJIOrMYecKuX mpeBparieHusx. Heo0XoamMo OTMETHTh, YTO KOHICHTPUPOBAHHEIC
COEIUHEHHS TPUTHS TTOIBEPKEHBI PAAHAllMOHHOMY CaMOPa3JI0XKESHHIO MO IEHCTBHEM
COOCTBEHHOTO U3IYYCHHUS C Pa3pHIBOM CBSI3M MEXKIY aTOMaMH BOJOPO/Ia M YTIEpo/a.

Tputnii, o aHANIOTHKM C BOJOPOJOM, BCTYNAeT B XUMHYECKHE PEaKIIHH
C KHCJIOPOJIOM, TajloTeHaMHu, cepoi, pochopoM U APYrUMHU METAJUIOUIAMHU, & TaKKe
B3aMMOJICHCTBYET C PSAOM METaIOB. B mepBoMm ciydae oOpasyeTcs OKCUA TPUTHS
(cBepxTspKénasi BOJa), BO BTOPOM — BOJOPOAWCTHIE COENWHEHUS METaJUIOHJIOB,
B TpeTbeM — TPUTHIHI (Tadm. 1.3).

Tabnuya 1.3
DU3MKO-XUMUYECKHE CBOMCTBA THAPUIOB (TPUTHIOB)
Mapaverp ' FI/I.}Z[pI/II[LI (TpUTHIIBL)
LiH TiH, | ZH, | UH;

Tun ruppuna Coueobpa3zHbIit Merannuueckuii
IMnoTtHOCTS, I/CM? 0,8160 3,9100 5,6700 10,9200
Obbemroe conepiare 0,1015 0,1394 0,1181 0,1370
BOJZIOPOAA, T/CM
VY nenpHas aKTHBHOCTD
npu 3amene Hy na To, 2,91-10° 1,1-103 6,0-10% 3,53:10?
3,7-10'° Br/r
O6wém T, ceasaroro 1,6:103 4,7-102 2,5:102 1,4:102
¢ 1 r Mmerama, cM
Temneparypa, npu
KOTOPOM BEVIEIHACTER 750-850 400-700 | 500-900 300-400
OCHOBHOE KOJIMYECTBO
Bojiopona, °C
Bsaumogeiicteue

¢ aTMOoc(epHBIM He ycroiiuus, Veroiune | Veroiuus Heycroiiuus,

BO3yXOM pasnaraercs BOCIJIAMEHSIETCS

¢ BOIOI To xe VYcroiiuu | VYcroiiuus Heycroiiuus,

A 10 100 °C | mo 100 °C 3aropaercs
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Oxcuo mpumusn. 1o cBoUM (QU3NUECKUM M XUMHUYECKHUM CBOHCTBAM OKCHJ
TPUTHS OIM30K K JEeHTEpHEBON B IIPOTHEBOH Boe (cM. Tabir. 1.2) [Okuch Tpuths, 1968;
Jones, 1968; OBanc, 1970; Jlenckwuii, 1981]. TpurueByro Boy ¢ BHICOKHM COJIEp)KaHUEM
TPUTHUSL UCHOJIB3YIOT KpalHE PEAKO B CBSI3U C €€ BBICOKOW yIEIbHON aKTUBHOCTBIO U
OBICTPBIM pa3JIOXKEHHEM B pe3yibTaTe paguonu3a. s pa3nmuaHbIX 3KCIIEPUMEHTOB
O0BIYHO YMOTPEOJISIIOT TPUTHICOACPIKALILYIO BOY C KOHICHTpalue TpuTus okoio 1 %.

Tpumuowt. VI3 coenuHEHUH TPUTHS C METAIJIAME B PA3IMYHBIX 00JIACTAX HAYKU
Y TEXHUKU HauOoJiee MIMPOKOE MPUMEHEHHUE HAILTH TPUTUA UupKonus (Z,T5), nutus
(LiT), turana (TiT,), ypana (UT3) u ap. OcHOBHBIE (PU3UKO-XMMHYECKHAE CBOWCTBA
TPUTHIOB paHee MpeacTaBieHsl B Ta0. 1.3 [['uapunbl metamos, 1973; Jlenckwuit, 1981;
BenoBonckuii u np., 1985; 3aypoOekosa u np., 2018].

I'nasa 3. IIponzBoacTBo TpuTHs. O0bEKTHI HCCIETOBAHMS

B TeueHue ThICSYENETHH CoOAEpKaHHE TPHUTUS B MPHPOJE OBUIO TOYTH
MIOCTOSIHHBIM: HENPEpPhIBHOE €ro oOpa3oBaHHE B arMocdepe KOMIICHCHPOBAJIOCH
€CTeCTBeHHBIM pactanoM. OxHako ¢ 1954 r. (Hauasio ucnbITaHUN TEPMOSEPHBIX OOMO)
MIOJIO’KEHUE PE3KO M3MEHWJIOCh: B JA0XK/IEBOI BOJE COJep)KaHUE TPUTHUS YBEIHMUMUIOCH
B ThICSIYM pa3. B 1970-x rr. u3-3a iACpHBIX UCTIBITAHUN AKTUBHOCTh TPUTHUS HA 3€MHOM
mape BO MHOTO pa3 MpeBblllala aKTUBHOCTh €CTECTBEHHOI'O TPUTHUS M COCTaBIIsLIaA
npumepHo 10%° Bk. D10 mpuseno k ToMy, 4o B CeBEpHOM MOJyHIApHU 00BEMHAS
aKTHUBHOCTb TPUTHsI, HampuUMep B JOXAeBOH Bozae, B 1973 r. cocraBmsuia 55 Bx/m.
B Bomoémax CesepHoro monymapus oObEMHas aKTUBHOCTH TpHUTUsi Obuta oT 10
10 200 bx/n. Tputwii ierko oKucisercs, Ho3ToMy Ha 3emJie OH MPUCYTCTBYET B OCHOBHOM
B BHJIE BOJIBI B BojloéMax. B atMocdepe Tputhii conepKuTcsi B KOJMUYECTBE HE Oojee
0,1 % oOmero 3amaca TPUTH Ha 3€MHOM LIape W IMPEACTABIECH KaK ra3000pa3HbIM
TPUTHEM, TaK W MapaMu TpUTHEBOM Bojbl. [locie mpekpaliieHus: MacCOBBIX SIIEPHBIX
UCIIBITAHUN €TO cojiepKaHKe B aTMoc(epe CHU3WIOCh, YMEHBIIMIIACh U €ro 00bEMHas
aKTHUBHOCTb B BOJO&Max M Ipu3eMHOU arMmocepe. B Hactosmee Bpems oObémHas
AKTUBHOCTH TJI0O0ATBHOTO TPUTHS, TO €CTh CBSI3aHHOTO C SIEPHBIMU HCTIBITAHUSMU,
B ITPECHOBOJIHBIX BOJOEMAX COCTaBISET OT 5 10 175 br/m.

3.1. Amomnuie cmanyuu

B rmocnegnne TrOABI  OCHOBHBIM  HCTOYHHKOM TEXHOT€HHOTO  TPHUTHSA
B OKPY’KalOIIeH Cpezie CTall aTOMHBIE IEKTPOCTAHINN, KOTOPBIE €KET0AHO BBIACIISIOT
HECKOJIBKO JECATKOB KuiorpammoB Tputus. llpu pabore ADC Ttputhii oOpasyercs
B peakTopax npu jaeienun 2°U u B pesyasTarte (n, v)-, (n, o)-, (n, p)- u (n, T)-peakunii
Ha sJpax dSJIEMEHTOB KOHCTPYKIIMOHHBIX M JPYIHX MaTepUaloB aKTHBHOM 30HBI,
a TaKKe B CTEPXKHIX perynnpoBanus. [Ipu BBojie B 3KCILTyaTaIluio HOBBIX PEAKTOPOB
ADC, mpogomxkenun pabor Ha npeanpustusx ATL moreHnmanbHas OMacHOCTDH
o0iyueHHs HaceleHus 3a cu€T TpuTHs OyzeT Bo3pactaTh. Eciim B HacTosmiee BpeMs
¢ eKTHBHAS OSKBUBAJICHTHAs JI03a, OOYCJIOBJIEHHAas TPUTHUEM, HE MPEBHIIIACT
B cpeaHeM Ha onHoro uenoBeka 0,05 % or ecrecTBeHHOro (oHa, TO C YBETHUYCHHEM
qrcIa pabOTarONIMX PEaKTOPOB BO BCEX CTPaHAX depe3 65 JeT OHa MOXKET IOCTHIHYTh
1 %. Hapa6otka tputus Ha ADC k 2000 r. cocrasnsuia npubmusutensao 10'® Bk [Eropos,
2002]. ITpu cerogusAmHuX TeMmax crpoutensetsa ADC B MUpPE TaKoe Ke KOJITNYECTBO
TputHa 0ynet Hapaborano Ha ADC B 20202025 rr. [Corcoran et al., 2017].
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Vike celiuac HEOOXOAUMO MpeTycMaTPUBATh Ha ACHCTBYIOIINX MU CTPOSIIIUXCS
SIIEPHBIX OOBEKTAaX CO3JaHHE CUCTEM JETPUTHU3ALUM Ta30BBIX COPOCOB, KOTOPBIE
MpeJHa3HaYeHbI AJIS1 aBapUHHBIX CUTYalUi WM IPOBEICHUS PEMOHTHBIX PadoOT.

[Ipu pabote ADC tpuTHii 00pa3yercsi B peakTopax:

e Kak NMPOAYKT TPOMHOTO JENeHus saep roprovero (mpu aenexuu siaep U
na | BT snexTpudeckoii MOIIHOCTH B peakTope obpasyercs 1,15-10!! Bk/cyt Tputus);

e B pe3ynbTate (n, Y)-peakuuu Ha sApax ICHTepusi, KOTOPHIH HaXOMMUTCS
B TEIJIOHOCUTEIIE-BOJIE;

® IIpHW 3aXBaTe HEUTPOHOB sApaMu B 1 Li, HaXOIAIHUXCS B TEITIOHOCHUTENIC-BOJIE
(mpu GOpHOM peryaMpoBaHWM, KOppeKIuu BogHoro pexxuma — Ha ADC ¢ BBOP)
U B CTEPXKHSIX PeryJIHpOBaHHUS;

e B pesynbrare peakuuu “He (n, p)T B ra3oBoM KOHType (B Tase, 3aII0JIHSIONIEM
rpacduroByto knaaky) ADC ¢ PEMK;

e B pesynbrare (n, T)- u (n, p)-peaximii GbICTPLIX HEUTPOHOB Ha sapax N, °Li,
B, “Ca wu gap., NPUCYTCTBYIOIIMX B pa3lMYHBIX Marepuanax, HCIOJb3yeMbIX
B KOHCTPYKLMH PEAKTOpa.

Yactp peakuuii 0Opa3oBaHUsl TPUTHS MPOTEKAaET B PEaKTOPHOH Bojae (B BOJE
niepBoro koHTypa ADC ¢ BBOP, B Bozie 1 TapoBOASIHOM cMeECH KOHTYpa MHOTOKPaTHOM
npunyautenbHol nupkyassmuun ADC ¢ PBMK), wacte — B TBanmax M CTEpKHSIX
peryaupoBanus. M3 TBIIOB U CTEpXKHEH pPETryIUpPOBAaHUS TPUTHH IIONALAET
B PEAKTOPHYIO BOAY IIPU HAPYIIEHUH T€PMETUYHOCTH 000JI0UEK TBIIOB WM CTEPIKHEH
peryaupoBaHus, a Takke BeyeacTsue auddys3un yepe3 000I0uKH TH00 YTEUKH Yepe3
HEIUIOTHOCTH 000JIOUEK.

Bonpmmoit pazHUIBI MEXIy aKTHBHOCTHIO TpuTHs B BeiOpocax ADC c BBOP
nu PBMK onuHakoBOi MOIIHOCTH HET. MOIIHOCTh BBIOpOCA TPUTHS — IMOPsAKA
108 Bx/cyr ¢ aByx sHepro6GiokoB. Ilpu Takoli OOBEMHON AKTMBHOCTH TPUTHUS
B TpHU3EMHOH arMocdepe m030Bas Harpy3ka Ha WHIUBHIyyMa K3 HaCEICHUs
(BepxHss oreHKa) coctaBut He 6onee 10 3B/roz.

Bonbmas yacte TpuTHA, HapaOOTAaHHOIO HA aTOMHOM CTAaHIMM, MOKHUIAeT e&
¢ *xuakumu crokamu. ConepkaHue TPUTHS B )KHJKUX CTOKaxX MPHU IITATHOW padorte
ADC HaMHOTrO MPEBOCXOJUT TAKOBOE BCEX OCTAIBHBIX HYKIHUIOB, & B ra3000pa3HbIX
BBIOpOCAX KOJIMYECTBO TPUTHUSA YCTYMaeT TOJNBKO KOJHYECTBY PpaJHMOAKTUBHBIX
OnaropoaHbIx ra3os (Tadm. 1.4).

Tabauya 1.4
[loctynienue TpUTHS B OKPYKAFOIIYIO CPEY
¢ ra3000pa3HbIMU U xuaAkuME oTx0aMu ADC, Ku/MBT (311.)/rox
(®omun I'. B., T'HL P® NucTuTyT Onodm3nkn)

Tun peaktopa Bri6poc B atmocdepy Copoc B ruapochepy
BBOP 0,2-0,9 0,9
PEMK 0,6 0,04
PWR 0,22 1,4
BWR 0,14 0,1

Tputnii o0nagaer OonpIIMM MepHoOIOM Nodypacnazaa (12,4 jer) u BciencTsue

9TOTO SIBJISAETCS TI00ATBHBIM 3arpsS3HUTENIEM MPHUPOTHBIX KOMIUIEKCOB. 3arps3HEHHE
TPUTUEM TPYHTOBBIX BOJ XapaktepHo aist 6onpmnHcTBa ADC. KoHTakT Boasl ¢ PAO
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B émMKocTsax xpanuwtuml TPO mpuBoauT K 00pa3oBaHUIO JKUIKHX TPUTHUEBBIX OTXOJIOB.
Tputuii BBIXOAUT 3a TMpeAeNbl XPAaHWIUIL TBEPIAbIX PATUOAKTUBHBIX OTXOJOB
U OOHApY>KWBAaeTCs B BOJI€ KOHTPONBHBIX CKBAXHH CAHUTAPHO-3AIIMTHON 30HBI
MIPEANPUSITHS.

Tpumuii 6 sorcudxoconesvix peakmopax [[Ipobdiaema HakomieHus. . ., 2020].

B snmepHbIX peakTopax TpUTHI 00pa3yeTcs B pe3ysibTaTe TPOMHOTO ACICHUS
(sapo packaipIBaeTCs Ha TP OCKOJIKA, a HE Ha J1Ba). BeposTHOCTH TaKOTO COOBITHS —
npubau3uTensHo 1 Ha 10 ThICSY peakiuil AejacHus. B 1erkoBoAHBIX peakTopax TPUTHH
B OCHOBHOM HAaKaIlJIMBacTCs B TOILIMBE. J[pyrue peakiuu, BeAyliue K 00pa3oBaHUIO
TPHUTHs, TAKOBBL: IPH 3axXBaTe HEUTpoHa Ha uzoromne B MoxkeT mpoiiTH peakius
C BBIXOJIOM 2 0-4aCTHI] U sIJIpa TPUTHUS. B TSHKEOBOIHBIX peakTopax JTOMOTHUTEITEHBIM
HMCTOYHUKOM TPHUTHUS CIIY)KUT 3aXBaT HEHTPOHA SIIPOM JeHTEepus:

"B +n —2 *He + °H;
H+n — 3H.

B 2KCP nosiBsiTcst HOBbIe HICTOYHHUKH 00pa30BaHUS TPUTHS — JTUTAN U OSPUILTHH.

Tputuit MoxeT HapabaThIBaThCS B pe3yJibTaTe 3aXBaTOB HEHTPOHOB Ha sjpax
IIECTOrO U ceabpMOro u3oronos jurus Li u “Li. Y usorona Be ects peakuus (n,T),
a TaKKe peakuus ¢ packosnoM sapa Ha msortomsl ‘He m ®He, mpuuéM nociemnmii
pachaziaeTcst ¢ mepuoIOM MEHEE CEKYH/IBI U IEpeX0auT B °Li, Ha KOTOPOM MOKET UITH
peakius ¢ 00pa3oBaHUEM TPUTHSL.

B Tabn. 1.5 nmpuBenens onenku Hakormenus Tputus (Ku/I'Bt(3)/rom) B nerko-
U TSKENOBOJHBIX peakTopax M B JIBYX MPOEKTaX JKUAKOCOJIEBBIX peakTopoB MSBR
u PB-FHR. W3 Tabmumsl ciemyer, 4TO >KHUAKOCONIEBBIE PEAKTOPHI C JIMTHEM H/WIH
OepuuireM OyayT HAKAIIMBATh TPUTHI B KOJIMYECTBAX, 3HAUUTEIHLHO MTPEBOCX O ISIIUX
00BbEMBI TIPOM3BOACTBA TPUTHS B PEAKTOPaxX C JIETKOBOJIHBIM OXJAXKAECHHUEM. DTOT
TpUTHI OyAET MPOU3BOJUTLCS B COJIM, a HE B 3alIMIIEHHOW OOOJIOYKON TOTUTMBHOMN
MaTpHIIE.

Tabauya 1.5
Onenku HakoruteHust Tputust (Ku/I'Bt (3)/rox)
B JIETKO- M TSDKEJIOBOJTHBIX PEAKTOPAX U B IBYX MPOEKTAX
xukocoseBbix peakropoB MSBR u PB-FHR [IIpo6nema HakorieHus. ..., 2020]

Tur Cxkopocts nipoussozctsa tputus (Ku/TBt/ron)”
peakTopa Tormwiuso Ox1aguTesns Mounepatop Kgﬁg‘:ﬂ;ﬁ’w
PWR 11000-25000 300-1000 1000
BWR 11000-25000 ” 30005000
HWR 14000-20000 50000 600000-2400000 1000
MSBR 730000 ” -
PB-FHR . e e =

Ipumeyanue. Peaktop MSBR — wmommnocts 1000 MBT(3), Tenmonocurens FLiBe.
Peaktop PB-FHR — TBEpnoe 1mapoBoe TOIUIMBO, BBICOKOTEMIIEPATYPHBIH,
terutonocutens FLiBe.

* EMHULBI KIOPU TPUTHS, POM3BeIEHHOr0 Ha I BT B TeueHue roga.
" OTpunaTeabHOE UM HEU3BECTHOE.
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Oo6pa3yrommiics B JKCP TpuThii PUCYTCTBYET B COJTU B Pa3IMUHBIX XUMUYCSCKUX
thopmax. Ocoboe BHUMaHHE clexyeT oopatuth Ha ¢hropua Tputist TF u Ha MosekysipHbIe
coemuaenns HT u T (puc. 1.1).

Molten Salt Reaction with cStructural A
Hor T omponen
HT orl T»
Neutron e
Absorption / /
n 6 T
Reaction HT)or(T2) + (CrF, ' ) Alloy Corrosi?}n:
Pt F* reacts wit,
with Fin Salt (¢ TF Cr, Fe, Mo Ni
Redox control:
Reduction of TF

HT or T,

Puc. 1.1. Xumudeckue HOopMbI TPUTHS, TPUCYTCTBYIOLIETO B COJIH
(http://www.atominfo.ru/newsz02/a0128.htm)

@dropua Tputusi — Haubosee BeposTHas (GopMa MPUCYTCTBUSI TPUTHA B CONHU
nocye ero o0pasoBanus B peakiusax Ha SLi. Y Heé HM3Kas NPOHHMIAEMOCTH CKBO3b
KOHCTPYKLIMOHHBIE MaTepuaibl. B To ke Bpems ¢(ropum TpUTHS — MOLIHBIH
OKHUCJIUTEIb, HECYIIUA OCHOBHYIO OTBETCTBEHHOCTH 3a Koppo3uto B JKCP.

B oTinume oT N1€erkoBOAHBIX, B JKHUIKOCOJIEBBIX PEaKTOpax MPOTYyKTHl KOPPO3UHU
PacTBOPSIIOTCS B TETUIOHOCHUTEIIE, OCBOOOXKIasi OKHCIIUTENSM MyTh K 0ojiee TIyOoKuM
cnosim Metasiia. [losromy B JKCP HeoOx0mmMo NperpuHIMAaTh MEPBI IO BOCCTAHOBIIEHHIO
TF 10 Toro MoMeHTa, KOTJla OH CMOKET IPOB3anMOJIEHCTBOBAThH C KOHCTPYKLIHOHHBIMU
MaTepraTaMu.

Hnst KMOKOCONIEBBIX  PEaKTOpPOB  pa3pabOTaHbl  pa3jiM4Hble  BapHAHTHI
OKHCIIMTEIbHO-BOCCTAHOBUTEIBHOIO KOHTPOJII, HO BCE OHM B KOHEYHOM HTOIe
BoccranasnuBaroT TF 10 monekynspaoro HT/T».

Mounexynspusiii HT/T, npu pabounx temnepatypax JKCP oOnamaeT BbICOKOMH
MPOHULIAEMOCTBIO Yepe3 KOHCTPYKUMOHHBIE MAaTEpHUallbl, TEM CaMbIM ITOBBILIAETCS
BEPOATHOCTh BBIXOJ]a TPUTHS M3 PEAKTOPHOM yCTaHOBKHM. TakuMm oOpazom, G6opbOa
¢ koppo3sueii B )KCP Ha dropunax upeBara yBellM4eHUEM BLIOPOCOB TPUTHSI.

Monexymnsapubsiii HT/T, npu pabounx temneparypax KCP obnamaer BbICOKOH
MPOHULIAEMOCTBIO Yepe3 KOHCTPYKLMOHHBIE MaTepHajbl, TeM CaMbIM IOBBILIAS
BEPOSITHOCTD BBIXO/Ia TPUTHS U3 PEAKTOPHON yCTAaHOBKH.

bapveput

[Tonyuennslii Ha uccnenoBarenbckoM peakTope MSRE OMBIT BRISIBUI BBICOKYIO
CrocoOHOCTh TPadUTOBOM aKTHBHOM 30HBI yJAEPKWUBaTh TPUTHHA. bobias
yZeJbHAsE IOBEPXHOCTh Trpadura oOECleYnBacT HaJIMYMEe MHOXKECTBA YYaCTKOB
JUTSL «IPUKIICUBAHUSD) TPUTHSL.

W3BecTHO, YTO TPUTHII MOXET BBICBOOOJIUTHCS M3 TpaduTa TPU BBICOKUX
TeMIIepaTypax, MPEBHIIIAOIINX T€, YTO XapaKTEPHBI I HOPMAILHON 3KCIUTyaTaIluu
(puc. 1.2).
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(http://www.atominfo.ru/newsz02/a0128.htm)



Ha cnocoGHocTh rpaduTa ynepKuBaTh TPUTHI BIUSIOT pa3auyHble (aKTOpEI,
Takue Kak ero gopma u uctopust oomyuaerus. [Ipu mpodnx paBHBIX peaKTOPHBINA rpadut
yIepKUBaeT TPUTHH XyK€, YeM aKTHBHPOBaHHbIC (OpMBI yriepoaa, Tak Kak OH
TpeOyeT oTKuTa U1 00ecredeHus ero CTa0IIbHOCTH B aKTHBHOM 30HE.

VYnpasnenue

OnuH u3 cnoco0OB YHpaBICHUS TPUTHEM B JKUAKOCOJEBBIX PEAKTOpax —
WCTIONB30BaHUE TOKPBITHHA C HHU3KOH MPOHUIIAEMOCTBIO Ui BOIOpoAa (TpUTHSA).
CJ0XXHOCTh 3aKJIIOYaeTCs B TOM, YTO OOJBIIMHCTBO H3BECTHBIX AHTUTPUTHEBBIX
MOKPBITUH HECOBMECTHMBI C JKUIKMMHU CcOJsIMH. B dacTHocTH, 3TO OTHOCHTCA
K OKCHIHBIM W QJIIOMHMHUEBBIM TOKPBHITUSAM. He HCKIIoYeHo, 4TO KOHCTPYKTOpam
npuaércs pasMeliaTb aHTUTPUTUEBBIE MOKPHITUS (MM Oapbepbl) B MeCTax, I€ HET
(hM3UYECKOTO KOHTAKTA C YKHUJKUMU CosiMU (puc. 1.3).

Emé ogHO KOHCTPYKTOPCKOE pelIeHHe, CIOCOOHOE MOMOYb YAAJICHUIO TPUTHS,
TakoBO. B pEakTOpPHON yCTaHOBKE BO3MOYKHO OpPraHM30BaTh YYaCTKH JJIS BBIXOJA
TpUTUSL TYTEM TPUMEHEHHsS KOMOWHAIMM MAaTepHajloB C BBICOKOW M HHU3KOM
MIPOHULIAEMOCTEIO. J{J1s1 yIaJIeHHsI TPUTHS BO3MOKHO OPraHU30BaTh KOHTYD, 3aII0OJTHEHHBIN
ra3oM IpH HU3KOM JaBJICHHU (CM. JIEBYIO YacTh pHC. 1.4 — ra3 BBIHOCHT TPHTHH,
TIOTIA/IAFOIINA B Ta30BBI KOHTYp dYepe3 Marepual C BBICOKOH MPOHHUIIAEMOCTHIO).
Jpyroil BapuaHT — HHTETPUPOBATh CUCTEMY YAAICHUS TPUTHSA B JIBYXCTCHHBIN
TEIJI000MEHHUK (CM. TIPaBYIO YacTh puc. 1.4).

T, HX HX ;ri:iqm
i + L + L ~ Harmer
Conce rl{[atlon & Coating
Tk
Power
Primary Intermediate Conversion/
Salt Salt Process Heat

Puc. 1.3. BapuaHT pa3MeIrieHus aHTUTPUTHEBOTO Oaphepa
(http://www.atominfo.ru/newsz02/a0128.htm)
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Puc. 1.4. BapuaHTbI OpraHU3aIluy MIOTOKA TPUTHS
(http://www.atominfo.ru/newsz02/a0128.htm)
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Crenmyrommmii BO3MOXKHBIH MeTo — Oapbotax (puc. 1.5). [Ipomyckanue nHEpTHOTO
rasza (HampuMep, TeIrs) Yepe3 colib OyIeT CriocoOCTBOBATh IBUKSHHIO TPUTHUS U3 COITU
B CIICIIMAIIFHO OPraHM30BaHHBIC T'a30Bble 00bEMBI. KOHKpeTHBIE peamu3anuu OymyT
3aBUCETh OT IUIONIAJM KOHTaKTa COJIM U razoBoro oobema. HakoHel, BO3MOXKHO
WCTIoNb30BaHue aacopbepos. Cxema OHON M3 aICOPOUPYIOIINX YCTAHOBOK ITPHBOIUTCS
Ha puc. 1.6. B xauecTBe afgcopOupyroIero MaTepraia MOXHO HCIONB30BaTh, HAIIPHIMED,
cdepsl U3 akTUBUPOBAaHHOTO yriisi. [1o Mepe HacklmeHus cepbl U3BICKAIOTCS U JIH00
HaTpaBISAIOTCS Ha XpaHeHHe, JUOO MOJBEPraloTCs HarpeBy IJisi BBICBOOOXKICHUS
TPUTHS, KOTOPBIH B JaTbHEHIIEM YTHIN3UPYETCS TEM WM HHBIM 00pa3oM.

Gas
Qutlet

Salt
Outlet Gas

Inlet

Puc. 1.5. Bapborax (http://www.atominfo.ru/newsz02/a0128.htm)
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Puc. 1.6. Ancop6ep (http://www.atominfo.ru/newsz02/a0128.htm)
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MOHHMTOPUHT KOHIICHTPALMH TPHUTUS B >KUJKON COJM OCIOXKHEH 3(eKramu
CaMOOJIOKHPOBKH HU3KOIHEPTETHUECKOTO B-H3IMydeHus pu pacmaae TpuTus. [1o aToit
IpUIrHE 00JIee I1eIecO00pa3sHBIM MOXKET OBITH OIpeaeiicHHe KOHIICHTPAITUH TPUTHS
BO BCEl YCTaHOBKE, MCXOJS W3 JIAaHHBIX, MOJYyYaeMbIX MPU U3MEPEHUSIX B CHCTEMax
yAaneHus] TPUTHSL.

Bo3MoXXHBI Takke W albTepHATUBHBIC TOAXONB — HANpPHUMeEp, MPHMEHEHHE
METO/a ONTHYECKON CTIEKTPOCKOITUH.

OtnenbHBIA BOMPOC — BBHIOOP METOAA XpaHEHHS YAAIEHHOTO M3 PEaKTOPHOM
YCTaHOBKH TPUTHSI.

s tputus, HapaOateiBaemoro B CANDU (Kanana Jlevitepuii ypaH), IPUHSITO
XpaHEHUE B BHUJE METAJUIMYECKOro rujpuia (Tputuna). Takue MeTayibl, KaKk THTaH,
B3aMIMOZCHCTBYSI C BOJOPOAOM WM TPUTHEM, (POPMHUPYIOT METAUTMIECKHE THUIPUIBL,
B KOTOPBIX MOTYT YAE€PKUBATH 3HAYNTEIbHBIE 00HEMBI TPUTHSL.

MeTtai4ecKue THIPUIbI CTAOMIIBHBI IIPY KOMHATHBIX TEMIICpAType U JaBJICHHY,
HO TIPOIIECC YA aHHS TPUTHS OOPATUMBIN: TPUTHIA MOXKET BBIXOIUTH U3 THAPHUIOB
pu Temneparypax csbie 500 °C.

PaccmatpuBaroTcss M Apyrue MeETOAbl XpaHEHHsS TPUTUS — HAIpUMED,
B MaJIOBOJHOM LIEMEHTE.
OnelT, NOMy4YeHHBIA  Ha  HcclaeaoBarenbckoM — peaktope  MSRE,

MIPOIEMOHCTPUPOBAI BBICOKYIO CHOCOOHOCTB rpa)UTOBON aKTUBHOM 30HBI YACPKUBATh
TpuThil. TPUTHII MOKET BBICBOOOAUTHCS M3 IpaduTa MPU BBICOKHX TeMIIEpaTypax,
MPEBBIIIAIOIINX T€, YTO XapaKTEPHbI 11 HOPMaIbHON 3KCILTyaTalvu.

Ha puc. 1.7 npuBoasTcst OCHOBHbBIE TaHHBIE [0 UCCIEA0BATEIBLCKOMY PEAKTOPY
MSRE.

MOLTEN SALT REACTOR EXPERIMENT (MSRE)

H Design
+ Built at Qzak Ridge Mational Laboratory
Salt-Fueled: LiF-BeF -ZrF -UF (99.9923% 7Li)
= T34 MWth, no power eonvarsion
Graphite moderated
»  FLiBe secondary system

B Operation
*  QOpearataed 1965-1968 (—17,000 crifical hours)
Used both 225U and 2221 at diferent stages
Gas space of primary pump used for off-gas system .

e
s 1

Puc. 1.7. UccnenoBatenbckuii peakrop MSRE (http://www.atominfo.ru/newsz02/a0128.htm)

Peaxmopwi ¢ msicénvim 3amedrumenem

Tputnit 0OpaszyeTcs B TOIUTUBE BCEX peakTopoB. KaHaICKuii peakTop MO/ TaBICHHEM
¢ Tsokénoit Bogoir CANDU, nporoTunom koroporo 0bi1 peaktop NPD (Nuclear Power
Demonstration) na nepsoit ADC Kanansr Pondron (Rolphton), 3amenuin nérkyio Boxy
TsOKENON BOI0M. JlOTIOTHUTETFHBIA HEUTPOH THKEIOH BOJBI CHIKAET €€ ClIOCOOHOCTh
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MOTJIOMIATh M30BITOYHBIE HEWTPOHBI, YTO MPHUBOAUT K SKOHOMHU HEUTPOHOB. DTO
nmo3Bomsier peaktopy CANDU pabortath Ha HE0OOTamEHHOM MPHUPOIHOM YpaHE
WINA ypaHe, CMEIIAaHHOM C APYT'MMH MaTepHaliaMiu, TAKMMU Kak IUTyTOHUN U TOPHUH.
Peakropsr CANDU wucnone3ytor Ha 3040 % MeHbIIe ypaHa, uyeM JIETKOBOJHBIE
PEaKTOpBl, HA EAMHULLY TPOU3BEAEHHON MIEKTPOIHEPIHU. DTO TIIABHOE IPEUMYILECTBO
Tsokénoit koHcTpyknuu. Peaktopst CANDU reHepupyroT TPUTHI B TEIUIOHOCHTEIS
Y 3aMeJITUTENE U3-3a 3aXBaTa HEUTPOHOB TSHKEIBIM BOJOPOIOM. MHOIME CIIeIUaIuCTh
CUMTAIOT, YTO OJHON M3 OCHOBHBIX MpoOJieM st craHuuii ¢ peaktopamu CANDU
seistercst Tputwil. B 2007 1. I'puanmc omyOImMKoBal KPUTHYECKH aHAIN3 BHIOPOCOB
TPUTHA C KaHAJICKUX ATOMHBIX 3JEKTPOCTAHLIMH, B YaCTHOCTH, peakTopa Tuna CANDU
B Pondrone, Onrapuo. NPD mpoussén nepsyio B Kanazne snextposnepruto Ha ADC
1 ycrenrHo padoran ¢ 1962 mo 1987 rr.

OCHOBHBIM HCTOYHMKOM YTEYEK TPHUTUSA B JCHCTBYIOIIMX KOHCTPYKLHUSIX
CANDU sBnsiercss TpuTH#, 00pa3yrOIIUNCAd B KOHTYpPE OXJIAXIAOMICH KUIKOCTH.
Ceroanns B mupe aeiictByer 31 peaktop CANDU u 13 «mpousognsix ot CANDU»,
paspaboTanHbIX Ha ocHOBe KoHCTpykimn CANDU, B Maaum.

B oanoM THIIMYHOM TshKeNoBoAHOM peaktope Tuna CANDU obpa3syercs 0koJ1o
130 t Tputus B rox, a Ha 20 3aBojax MO €ro NOJy4YeHHIO B JlapiuWHITOHE
3a mepuon 1989-2011 rr. ero obmree mpousBoacTBO cocraBuio 42,5 kr (409 MKn).
Jns mpenoTBpalieHusl pocTa KOHLEHTPALMU TPUTHS Ha TSHKETIOBOJHBIX peakTopax
CO3MIAIOTCS YCTaHOBKH JIETPUTH3AIMK, KOTOpBIe paboTtator, Hampumep, B Kanaze,
Kopee, Pymbinuu u . 1.

Co6pocsr u BeIOpock! TpuTHs ¢ ADC B OKpYXKaIOIIYIO0 Cpeny He HOPMHPYIOTCS
MPAaKTUYCCKU HU OJHOU CTPaHOM, pa3BUBAIOIICH SIECPHYIO DHEPTETUKY (KpOME CTpaH,
npumeHstomux Ha ADC TsHKETOBOIHBIC PEAKTOPHI).

OCHOBHBIMH NIPOM3BOAMTEISAMHU TPUTHUS SBIISIIOTCS CTPAHbI, SKCIUTYyaTHPYIOLIHE
TSKEJNIOBOJIHBIE PEakTophl, B MepBylo ouepenb Kanama (3aBox B Jlapimunrrone
npou3Bo T B cpeqHeM 1932 r/rox (wmm 18,6 MKwu/ron) u HOxuas Kopest (cpenusis
MIPOM3BOANTENHHOCTE 3aBojIa B Bosconre cocraBmsier 780 r/rox, nnmm 7,5 MKwu/rox),
a B [IEPCHEKTUBE K HapaOOTKe TPUTHS MOTYT MOAKIIOUNThCA UHaust u Pymbinust.

K 2050 r. rmoGanmpHOE copeplkaHHe TPUTHS B OKPYKAaIOIIEH Cpeae MOXKeT
YBEJIMYUTHCS NMPUMEPHO B 6 pa3, MPHU TOM €CIM COBPEMEHHBIH CPEIHHUH YPOBEHb
TputHsa B Boje cocraBisier 10—20 bx/m, a romoBast 03a OT Tako# BOJBI OIEHUBAETCS
Ha yposre npumepHo 0,3-10° m3s/rox, To k 2050 r. no3a mocrurrer 2-1073 M3B/rox
[MBaxHioK u ap., 2015].

Ilo manneim enapramenta sHepretuku CHIA (U.S. Department of Energy)
Ha 2008 T., KOHIEHTpAIlMd TPUTHS B TOKEIOBOJHBIX PEaKTOpax MOTYT JOCTHraTh
nopsiika 102 Ku/ir, 9To Ha HECKOJIBKO MOPSIKOB BHINIE, YeM XapaKTepHbIC 3HAYCHUS
JUI  JIETKOBOJAHBIX PEAKTOPHBIX YCTAHOBOK. J[Is1 aMEpHMKaHCKUX TAXKEIOBOJHBIX
YCTaHOBOK YpOBEHb TPUTHS B JIECATKU pa3 HUXKE, 4eM JUIsl KaHaackux. HopmaTusHbIe
npenensl BeIOpocoB HTO B Kanase Ha HECKONBKO MOPSAKOB MPEBBIIIAIOT HOPMEI
s crpad EBpombl. Hanpumep, B I'epMaHumM yCTaHOBICHHBIM Tmpenesl BBHIOPOCOB
tputns cocrapisieT 70 Thk/rox Ha kaxaplil simepHBIN 00BEKT, a A peakropa bproc
B Kanane — 826000 TBk/ro.

Ha puc. 1.8 rpaduveckn mpenCTaBICHO TOJ0BOE IOCTYIUICHUE TPUTHUS
B arMocdepy U1t 6 TUIIOB SHEPTeTHUECKUX SIEPHBIX peakTopoB: PWR (Bomo-BoasHOM
saepHbelid peaktop Thna BBOP), BWR (kopmycHo# kumsmmii peaktop), PHWR
(TsoxenoBosHbIH peakTop), GCR (razooxnaxmaaemsiii peakrop), LWGR (rpaduroBo bt
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peaktop), FBR (peaktop-pasmHoxuTelb Ha OBICTpBIX HelTpoHax). OCHOBHOE
MOCTYTUIGHUE TPHUTHUS TPOUCXOAUT 32 CUYET paboThl THKEIOBOIHBIX PEAKTOPHBIX
YCTaHOBOK, a BKJIaJ BceX ocTaibHBIX ADC, BKIIOYasi W PEaKTOPHI BOIO-BOISHOTO
THUIIA, POU3BOJIAIINE OKOJIO 65 % 3IEKTPOIHEPIHH, HA MOPSIKUA MCHBIIIE,

LOEWDT

LOE+06 & PWH
E 106005 mEWR
= A
e, o PHWR
E
'-_5:_ LOEv03 o
o 1 QE02
# L LWGR
10601
E . FER
E‘ 10E+00 et
B 1geenlfEEe 1065 1973 1985 1995 2005 015

Toa

Puc. 1.8. ExxerogHoe nmocrymieHue TpuTHs B aTMocdepy ¢ Biopocamu ADC
JUIsL OCHOBHBIX TUIIOB peakTopoB [JlecsroB, Exunnn, 2018

CymmapHasi akTHBHOCTB TpUTHS, TocTynuBiero k 2015 r. B armocdepy 3a Bech
nepuon skcrutyaranuu ADC, coctaBuna 6,48¢107 Bk, B TOM YKCIie 3a CUET PEAKTOPOB
PWR — 9,16-10° T'bk, BWR — 2,31-10° I'bk, PHWR — 6,33-10” I'bk, GCR —
3,30-10° T'bk, LWGR — 4,99-10% I'bk u FBR — 4,75-10* I'Bk.

3.2. Opysrcue

C MOMEHTa OTKPBITHSI CBEPXTSLKEIOT0 H30TOIA BOAOPOIA-TPUTHSI IPOLUIO BCETO
IIeCTh JIeT, Korjga amepukaHckuii ¢usuk J. Temnmep B 1942 r. BbICKazal MbICIH
0 BO3MOXHOCTH CO3JaHHA «cymnepOOMOBI» IyTEM CIMSHHUS H30TOIOB BOJOPOJA.
OTH peakuuu CONPOBOXKIAIOTCA BBHIACICHHEM KOJOCCAIBHOIO KOJIMYECTBA 3HEPIHH.
Bckope crano uzBectHo, uro B CLIA Hadanuchk HcciieloBaHMs IO pa3pabdoOTKe TaKkoH
00MOBI, OCHOBAaHHOH Ha peaklMU CUHTEe3a sifiep THKENBIX HM30TONOB BOJOpOAA —
neiirepust (D) u tpurtnus (T):

D+D —T+p+4M>sB; (1.8)
D+T—He+n+ 17,6 MaB. (1.9)

Hnst  BO3OYXKIOCHHMS TEpPMOSIEPHOM peakuuu (peakuud CHHTe3a) Hu  e€
Mo AepKaHus Hy>KHa ObLIa TeMIIepaTypa B HECKOJIBKO JECATKOB MUJUIMOHOB I'PalyCcoB,
YTO OBLIO JIOCTHKUMO TOJBKO MPH UCIOIB30BAaHUH B3phIBa SIJCPHON OOMOBI, KOTOPOW
B TO BpEMSI HE CYIIECTBOBAIIO.

Bombapauposka aromoB B, Cu, Fe peiirponamu Taxke NpuBOIUT K 0Opa30BaHHUIO
TpuTHsA. B IHKIOTpOHE TPUTHUH MOXHO TMOJIYYIHTh, OOMOapaupys OEpHIITHEBYIO
MHILIEHb JEUTPOHAMMU:

‘Be +d — ®*Be + T. (1.10)

Iocne wucnbitanms mepBodi atomHOH O0omMObI B CCCP nocrtarouHo ObICTpO
npomén mok y pykoogutened CIIA, KOTopwsie, OCHOBBIBasSCh Ha MHEHUHU
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COOCTBEHHBIX JKCIIEPTOB, OBUIM YBepeHBl, u4TO paHbme 1950-x rr. co3naHue
n ucnbiTanne B CCCP aToMHOTO Opy>Kusi aOCOTIOTHO HEBO3MOXKHO. Y CHEXH OIHOM
CTpaHbl HeH30€KHO BBI3BIBAIN AKTUBHOE ACHCTBHE IPYToi 110 CO31aHHIO COOCTBEHHBIX
aHaJIOTOB, M €cli He B OOJbIIEM KOJIMYECTBE, TO B CHIIE BO3ACHCTBHA. B sHBape
1952 1. mpesuaent . TpymeH 0OBSBII O CBOEM pElIEHIH HAYaTh MMOJTHOMACIITA0HYIO
JEeSTeNFHOCTD 110 Pa3paboTKe CynepopyKus — BOAOPOAHOIN O0MOBI. B cooTBeTcTBHMHI
C 3TUM pellleHreM ObUTa HauaTa peaiu3anys OporpaMMbl padoOT, COCTAaBICHHOW eImé
B TOJIBI CO3/1aHus epBoii aroMHON 60MObI B CIIIA. BriepBbie ¢ 1oKIIa0M 110 ITpodIieMe
CO3/IaHMs OTEYECTBCHHOIO TEPMOSIACPHOIO OPYXUS BBICTYNMJI Ha 3acelaHuu
Crentkomutera 17 nekabpst 1945 r. nmpodeccop . b. 3enpnoBud. B HEM mM3nmaranuch
¢u3nueckue TNPUHLUUNBI JeHCcTBUS Oojiee MOILIHOTO, YeM aTOMHOE, OpYKHAL.
B BomopomHoit 60omMOe B KadecTBe IETOHATOpPA MCIOIL30BAJICS ATOMHBIA B3PHIB,
KOTOpPBIM o0ecrieunBan HEOOXOAMMYIO AJsl Hayala pPeakluu CUHTE3a TeMIepaTrypy
e meHee 20 000 000 °C, mpu KOTOPO# MPOUCXOAUT B3aUMOJICHCTBUE sIICp NEHTEPHS
U TPUTHA W B peE3yJibTaTé MIHOBEHHOTO BBIJCNICHUS BHYTPUSACPHON SHEpruu
MPOMCXOIUT B3PbIB.

Crparternveckuii 1iaH pa3pabOTKi NPUHLIUIIHAIBHO HOBOTO BUIA OPYKHUS OBLI
MPUHAT Ha COBEIIAHUM BEAYIIUX YYEHBIX ATOMHOIO MpPOEKTa, OPraHU30BaHHOM
b. JI. BanaukoBem u U. B. KypuatoBem 4-9 staBapst 1949 1. 8 Kb-11 (asiae r. Capos).
Kpome TOro, obcykaeHbl HampaBiieHHS HAy4YHBIX HCCIEIOBAHWMN M ONpEIeiIeHBI
MIPEeANPUITHS MO0 TPOU3BOJACTBY BakHeMIIMX KommnoHeHToB PJIC-6 — Tak Ha3Banu
nepByto Bogopoaayro 6omoOy. Kombunary 817 (IIO «Masik») mopydanace pazpaboTka
1 OCBOEHHE IPOU3BOACTBA TPUTHSI HA HEOOJIBIIOM ONBITHO-IPOMBIIIIEHHOM PEaKTope.
B at0i1 cBa3u HauanpHuk [II'Y b. JI. BaHHUKOB CBOMM NPUKAa30M, B YaCTHOCTH, J1ajl
cnenyromue nopyuenus: «1. Hawganenuky Btoporo VYmpasnenus A. /. 3BepeBy
n gupektopy kombunatra 817 b. I My3pykoBy moctpouth Ha momanke Ne 1
KoMOmMHaTa arperat «AM» s mosyueHuss UTTpus (CleayeT MOHUMATh: TPUTHA. —
Peo.) B xonmyectBe 100 yCIOBHBIX equHMII (CIEIyeT MOHMMATh. IPaMMOB. — Ped.)
U NYyCTUTh €ro B 3KCIUTyaTallMi0 BO BTOpoM KkBaprtaie 1951 roga. 2. Hupekrtopy
Jlearumpoctpost A. U. I'yroBy coBmectHo ¢ HUMxumma pazpaboTars TexHOpabounii
npoekt arperata «AW» k 15 aBrycra c¢. r.» (http://book.sarov.ru/wp-content/
uploads/2017/12/IHISM-14-3.pdf).

Bribop mecta pacnonokenus peaktopa «Al» IUKTOBaICS BO3MOKHOCTHIO
WCTIONB30BaHHS HHPPACTPYKTYPHI yKe paboTaBIIEro peakTopa «Ay, 9To 3HAYUTEILHO
COKpaIIaJio 3aTpaThl U, caMoe TJIaBHOE, BpeMs Ha CTPOUTENCTBO.

Arperat «Al» 3aHMMaeT 0coboe MecTo B HICTOPUU HE TOJIBKO OTEUECTBEHHOTO,
HO M MHpPOBOTO peakTopocTpoeHus. Ero cosmanue mpecnenoBano [Be IIEJH:
MIPOBEJICHNE HAYYHBIX SKCIIEPHUMEHTOB M MPOM3BOJCTBO TPUTHS B MPOMBIIUIEHHBIX
MacmTabax. «AM» oTnuyancs OT APYrMX pEakTOpoB TeM, 4YTO MOr padoTarb
MpU 3HAYUTENBHO OoJiee BBICOKOHM Temrmeparype rpaduTOBON KIaIKd, ITOXOIMBIIEH
10 500 °C, 4To cTayi0 BO3MOXHBIM OJiarojapsi MpoJyBKe e€e a30ToM. JTO TpeOoBayio
CTPOUTENBCTBA pSAAOM C 00BeKTOM «AM» BO3AyXOpa3aeNuTEeNbHBIX YCTaHOBOK
Ul TIOJIyYeHHs Ta3000pa3HOro a3ora. BO3HMKIIAs B CBSI3M C 3TUM BO3MOXHOCTD
MOJTyYeHHs KHUJIKOTO a30Ta MpeAoIpeaennia BEIOOp METOJa OYNCTKH TPUTHS MyTEM
HU3KOTEMITEPaTypHOH peKTU(hHUKALUK, TAE KUIKUH a30T UCTIONB3YETCs KaK MEePBUIHBINA
XJIaJIareHT Mpolecca IepeBoAa ra3oo0pasHOro BOJAOPOAAa B JKHIKOE COCTOSHHE.
Crenyer OTMETHTh, YTO K MOMEHTY IpPHHATHS 3TOTO peIIeHHs B Ja00paToOpHsX
HUUN-9 (BHUMHM um. A.A. bouBapa. — Ped.) MeTolaMi MPOTHBOTOYHON Macc-
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muddy3un «Boaa — BOAOPOI» U NApOBOi peKTU(HUKAIMN KUAKOTO aMMHUaKa BIIEPBbIC
MIOJTyYeHBI TPUTHH U TSOKENAs BoMa (OKHUCICHHBIN qEHTepHii) BEBICOKOI YUCTOTHI.

[IpuHATBII K NPOMBIIIJIEHHOMY HCIIOJIb30BAHUIO METOX BBLACIICHUS TPUTHS
HU3KOTEMIEPATypHOH peKTU(HUKAIMeHd JKUAKMX M30TONOB BOJOpPOJAA OKa3ajucs
MPaBWIbHBIM. J[0 HACTOSIEro BPEMEHM XMMHYECKOE HPOM3BOACTBO MPENIPHUSITHS
IO «Masik» sKcITyaTupyeT 000pymIOBaHHE 0 TEXHOJOTHH 3TOTO Merona. Hapsimy
C ApYTUMH OpTaHU3alMsIMU PEILAIOIIYI0 POJIb B pa3pad0oTKe MaTepHaioB U TEXHOJIOTHI
Ul TIepBOro o0pasla M MOCICAYIONINX KOHCTPYKIHMHA BOJOPOAHON OOMOBI ChIrpal
kotektuB HUM-9. ['maBHbIe ycwiusi yY€HBIX KOHIIEHTPUPOBAINCH Ha pPa3padOTKe
TEXHOJIOTHH TIOJIyY€HHs TPUTHS U3 OONYy4EHHBIX COeNUHEHUH nutusi. s permeHus
9TOM 3a7ja4y OPraHU30BAH XUMHUKO-TEXHOJIOTHUECKUI OTZEJ, HAYYHBIM PYKOBOJHUTEIIEM
koTtoporo cran npodeccop K. A. bonpirakos, 3aBeayromuii Kadeapoi parioaKTUBHBIX
U PpacCcesHHBIX JJIEMEHTOB IHCTHTyTa TOHKOM XHMHUYECKOH TEXHOJOTMH WMEHHU
M.B. JlomoHocoBa, a ero 3amectureniem — 3. B. Epmosa (http://book.sarov.ru/wp-
content/uploads/2017/12/IHISM-14-3.pdf).

Bce nccnenoBanus mo TpuTHEBON MpobIeMe HAUMHANCH MPAKTHYECKH C HYJIS.
He Oputo B Hamieil crpaHe KakWX-THOO HAayYHBIX M TEXHOJOTHYECKHX Pa3padOTOK
[0 TPUTHUIO, TEM HE MeHee yxke B 1951 r. B MHCTUTYTE Havyana AEHCTBOBATh OIMBITHAS
YCTaHOBKA, TPOW3BOJAMBINAS Ta3000pa3HBId TPUTHH KOHIWUIIMOHHOW 4YHCTOTHL. E&
CO3JIaHMIO YCTAHOBKH IIPEIIIECTBOBAN KOMIUIEKC HAYYHO-TEXHUYECKHUX UCCIIEIOBAHUH.
Beun pa3paboTaHbl: XUMHKO-aHAIMTHYECKHE, CIEKTPAILHBIE U PaTUOMETPHUECKHE
METOABI aHaj3a TPUTHUSL B ra3000pa3HOM M KUAKOM COCTOSHHH; METOABI KOHTPOJIS
cocTaBa maporasoBoii (as3bl, 00pas3yrolIeiics B U3IEIHU BO BpeMs 00IyUCHHS; METOIbI
OYHMCTKU TPUTHS OT MIPOTHUA U XUMHUYECKHX npumeceil. M3yuensl npoueccsl nuddy3nn
TPUTHsSL Yepe3 KOHCTPYKLHMOHHbIE MaTepHalbl Ipd BBICOKOH TemImeparype,
W TPEAJIOKEHbl CIIOCOOBI CHMXKEHHUSI €ro BbIOPOCOB B OKPYKAIOIIYIO Cpeny.
N. B. KypuaToB OCYHIECTBISUT €KEHEHCIbHbIH KOHTPOJIb 3THUX MCCIECI0BaHUI
(http://book.sarov.ru/wp-content/uploads/2017/12/THISM-14-3.pdf).

A. JI. CaxapoB mpeIoKui TeTEPOTeHHYI0 KOHCTPYKIIMIO M3 UYepeayIOIIUXCs
CIO€B JKHUIKOTO JeiTepus W ypaHa-238, HaA3BaHHYI0O UM «CIIOHKOW». ABTOPOM
uaen o0 WCHOJb30BAHMM XMMHYECKMX COEAMHEHMH AEHTEepHsl U TPUTHUS SIBIISETCS
B. JI. 'unCcOypr, KOTOpBIN NpeAnokuil 3aMeHUTh Tsokényro Bony (D20) Ha neiirepun
muTusA-6. OTO ObUI BaXHEHIIMH MOMEHT Ha IYTH K CO3JaHHUI0 KOHCTPYKLHH
BozopoaHON OoMObI. IlpuMmenenue neirepuna nuTHA-6 OOecreYMBaIO MPOTEKaHUE
peaxiuu:

SLi+n — *He+ T+ 4,8 MaB, (1.11)

MIPU KOTOPOH 00pa30BBIBAIICS TPUTHI, 3HAYMTEIBHO MTOBBIIAIONINN SHEPTOBBIIEIICHIE
TEPMOSIIEPHBIX TpoueccoB. Kak mokaszanu ucciegoBaHMs, TEPMOSIEPHBIE PEaKLUH
3aBUCAT OT IUIOTHOCTH H30TONOB BOJOpPOJa M JHUTHS. TpeOOBaHHUSIM BBICOKON
IUIOTHOCTU CMECH M OTCYTCTBHS OaJUIACTHBIX MPUMECEH JIydIlle BCETO YAOBJIETBOPSET
cojieo0pa3Hoe COeTUHEHUE BOJIOPOA C JINTHEM — NEHTEpU U TPUTUL JTUTHUS.

B 1950 r. A. A. CaxapoBbIM OBIIM TOATOTOBJIEHBI TEXHWYECKHUE YCIOBHS
Ha KOHCTPYHPOBAHHE BOJOPOJHONW OOMOBI, ONpENETMBIINE HWCXOJHBIC JAHHBIC
Ha pa3paboTKy B rabapuTe aTOMHOM OOMOBI IByX BapHaHTOB u3aenus. Ha nmpeomonenue
MYTH OT UcTbITaHus siAepHOit (1949 r.) 10 BomopoaHOi 60MOBI TOTPeOOBATOCH YETHIPE
roga (1953 r.).
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Jns mpakTUUecKoW peanu3aldil HOeH CO3AaHUS TEPMOSIEPHOTO OpPYKHUS
Heo0XoauMo ObLTO pa3paboTaTh, MOCTPOUTH W BBECTH B JKCIUTyaTaIlMIO TaKue >Ke
CJIO’KHBIE TIPOU3BOJICTBA, KaK M I CO3aHUS aTOMHOW O0MOBI (TIomy4ueHne ypana-235
U IIyTOHUA-239). D10, mpexae BCEro, OTHOCWIOCH K MPEANPUATUIM 10 MOTYUYCHUIO
TSDKEITBIX HW30TOIOB BOJOpoda (AEWTepuss W TPHUTHA), MOOBIYe W OOOTAIICHHIO
€CTECTBEHHOTO JIUTHSL.

B npupoze nutuii coctout U3 u3otonos 'Li (92,58 %) u °Li (7,42 %). Tak kax
u3 SLi HapabaTbIBaeTCs TPUTHIA, B IPOU3BOJICTBE B OCHOBHOM HCIIONIB3YHOTCS JIMTHEBBIE
coenuHenHust, odoraménnsie °Li. 3HAYMMOCTB JIUTHUS IS U3TOTOBJIEHUS TEPMOSAIEPHOTO
OpYXHS TaK K€ BeJHMKa, KaKk ypaHa Uil aTOMHON OOMOBI, sl TOMyYEeHHUs TUTyTOHHS
U JUIA SIACPHOM dHEpreTHkd. B pa3paboTKy TEXHOJOTHH pa3AeieHUs] U30TONOB JTUTHS
OCHOBHOU BKiax BHec akanemuk b. II. KoHcTaHTMHOB — 3aBelyrouiuii, a 3aTem
mupektop nabopatopun JIOTH, ¢ 1960 r. neiictBurensrstii wienr AH CCCP, ¢ 1966 r.
Bunie-nipe3uneHT AH CCCP. Ilox ero pykoBoACTBOM pa3pabOTaH METOJ pa3jeiicHUs
M30TOIOB, KOTOPBI TOCIY)XHJI OCHOBOW [UISi OpraHU3al[il IPOMBIIIICHHOTO
MPOM3BOACTBA B IIUPOKWX Macmrabax. IIpom3BOACTBO JHUTHEBBIX OJIOKOB-
nornotuteneit (JIBII) mmurensHOoe BpeMsl HaXOIWJIOCh HA €AMHCTBEHHOM 3aBoje 12
B I. Dnekrpoctaib (http://book.sarov.ru/wp-content/uploads/2017/12/IHISM-14-3.pdf).

B sinepHBIX peakTopax ais HapaOOTKU TPUTHS B KA4ECTBE SIIEPHOTO TOPIOYETO
UCTIONB3YeTCsl He pupoaublit ypan (8U), npuroansiii s HapaboTKH OPYKEHHOTO
wrytoHusa-239, a oboraméHuple ypaHoM-235 ypaHoBbie OJ0Kku. [10CKOIBKY BBIXOA
TPUTHSA, TOTy4AEMOT0 IMyTEM OOTydeHUS IMTHEBBIX MUIIEHEH HEWTPOHAMH, 3aBUCHT
OT oOorameHusi padounX YPaHOBBIX OJIOKOB IO AETNSIIEMYCS KOMIIOHEHTY, TO €ro
conepxkanue ycranaBnuparoT oT 21 10 90 %. Crnenyer OTMETUTh, UTO HAKAILJTUBAEMBbIi
B YpaHOBBIX OJOKax IUIyTOHWH HE TOAWTCS JUII BOCHHBIX IIeJiel, TOCKOJBbKY
MPH BBICOKOHM CTETICHH BBITOPAHHS COJEPKHUT M30BITOYHOE KOIUYECTBO OallIacTHBIX
M30TOTIOB 3JIEMEHTA, B YaCTHOCTH LTy TOHUN-240.

OHOBPEMEHHO C ITyCKOM peakTopa ObUI OpraHW30BaH 3arOTOBUTENBHBIN 1IEX,
B KOTOPOM M3TOTaBIUBAIHY PECCOBaHHbIE OpUKETHI U OJ10K-MuieHH u3 Iutus (Li2SOs)
JUTSE HapaOOTKHU TIEPBHIX MAPTHA TPUTHA. DTO TIO3BOJIIO B KpATYANIIIHIA CPOK CO3/IaTh
MPOM3BOJICTBEHHBIE yYACTKU JUIS BBIICICHUS TPUTHS W HM3TOTOBJICHHS TPOIYKIIWH,
HEO0OXOIUMOH ISt TEPMOSIIEPHOTO OPYXKHSL.

IIpu TepmoobpaboTke o00mdyu€HHOrO CBIpbs M3 Li2SOs 00pa3oBEIBaIOCH
3HAYHUTENIFHOE KOJNMYECTBO TPHUTUPOBAHHBIX MMAapoB BOJABL. JTO  YCIOXKHSIIO
TEXHOJIOTHYECKHUH MPOIIECC MOTYUYCHUS TOBAPHOTO MPOILYKTa M OKa3bIBAIO HETaTHBHOE
BIIUSHUE Ha paJualMoOHHYI0 00CTaHOBKY Ha paboumx mecrax. HyxHBI ObUM Takue
COCJIMHEHHs JIMTHUS, MpPH OOpabOTKE KOTOPBIX TPUTHH BBHIIEISICS Obl B BHJE
ra3000pa3HOTO MPOIyKTa. B pe3ynbrare BCECTOPOHHMX HCCciaenoBaHuid BMecTo LirSO4
ObUI PEKOMEHJOBaH JIMTHH-AIIOMUHHUEBBIH CIUIAB, KOTOPBIA IIOCIE PEaKTOPHBIX
WCTBITAHUH U POBEPKHU TEXHOJIOTHH U3BJICUCHHUS TPUTHUS OB IPHHAT K BHEAPEHHUIO.

TexHOMOTHSI W3BJICUCHUS TPUTUS K3 OONYYEHHOTO B PEAKTOpE JIUTHSA
paspabatsiBanachk B AByX HampasiieHHsIX. OIHO U3 HUX MPEIyCMaTpUBaJIO U3BJICUCHUE
TPUTHUSL HETIOCPEICTBEHHO M3 TEXHOJIOTMUECKUX KaHAJIOB PEaKTopa, 3arpyXKEHHBIX
JTUTHACOJCPIKAIIMHU COSTMHEHUSIMU («TPYOHBIH MeToa»). DTa cxeMa BcKope Oblia
OTBEprHyTa KaKk HETeXHOJIOTHYHAs. BTopoe (M 0CHOBHOE) HaIpaBJIeHUE MIPEJIIONaraio
pa3paboTKy TEXHOJIOTHH M IYCK B 3KCIUTyaTallMI0 CaMOCTOSTEIBHOIO MPOU3BOJICTBA
JUIL BBIOENICHUA TPUTHS, OYMCTKA OT NpPUMECEH, pas3lielieHHe HM30TONOB BOIOpOJA
Y BBIJIauy Ta3a KOHJUIIMOHHOW YUCTOTHI M U30TOITHOTO COCTaBA.
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[lonnas TexHONOrMYECKas cxema” BKIOYaa;

® [POCYIIKY TOpSYMM a30TOM OOIy4EHHBIX OJOYKOB Ul YAAJICHUS C HX
MOBEPXHOCTH COPOMPOBAHHOM BIary;

e 3arpy3Ky OJIOKOB B ammapaT M3BJICUCHUS U TIOBBILICHHE B HEM TeMIepaTyphl
ot 150 no 550 °C mpu HenpeprIBHOM BaKyyMHOH OTKa4dKe Ta30BOH (ha3bl B ra3roibaep;

® YyJaleHWE U3  BOJOPOAO-TEIMEBOM  CMECH  NPHUMECEH  METOIO0M
HU3KOTEMIIEpaTypHO! peKTH(PHKALINY;

e pazlesieHHe U30TOMOB BOAOPOIA.

K xoniy 1952 r. 6putn iepepaboTaHbl IepBBIEe APTUN OOTYIEHHBIX B PEAKTOPE
TEpPMETUYHBIX AJIOMHHHUEBBIX OJIOYKOB C Cynb(paToM JHTHS, a TaKkkKe H3BJICUEH,
oOoraiéH 1 NoTy4eH NepBbli MPOMBIIUICHHBIH TpUTHH. B Teuenune oktsaops 1952 1. —
utonsg 1953 1. ObUIO OCBOCHO MPOU3BOJACTBO TPUTHS, AEHTepHIa JUTHUS, TPUTHIA-
JeUTepua JUTHUS U IPYTUX TPUTHUEBBIX CMECEH.

TexHo0rus BhIIEIEHHUS TPUTHUS U3 00TyYEHHBIX JINTHEBBIX OJIOKOB 1 MOTY4YEHUS
HEOOXOIUMBIX COCTUHEHUH AJsl UCIOJIb30BaHUS B TEPMOSIACPHOM OPY)XKHUU B psijie
ciyyaeB OblTa JApaMaTH4HOW. OTO OTHOCHIOCH K TIEPBBIM rojgaMm OTpabOTKU
TEXHOJIOTHH, KOTJa HaOMoJaInch KpaifHe HeOnaronpusTHBIE YCIOBHS —Tpyda
U PETHCTPUPOBAIIUCH OCTPHIE U XPOHMUYECKUE JTyUeBble MOpaKeHUs MepcoHana. Tak,
B Havasie 1953 r. B mpon3BOCTBE Ta3000pa3HOT0 TPUTHS ITPOU3O0IILIA CEPbE3IHAS aBapHs
Ha y4YacTKE BBIICNICHUS TPUTUS U3 OOMYYEHHBIX JHUTUEBBIX OJIOKOB-IIOTIOTHTEIICH.
AnmapatyvMKd W HMHXEHEpbl OOHApy>KWJIM CHIBHBIH pa3orpeB CTEHOK armapara
00paboTKu 00y4€HHBIX OJIOKOB. PacruiaBieHHBIH alOMHHUANA 000JIOYEK OJIOKOB
MIPOB3aMMOECHCTBOBAI C METAJVIOM CTEHOK armapara, MPOU30ILI0 IMPOIIaBIeHUE
CTEHOK, M COJEpKHMOE armapara OblJI0 BBHIOPOIICHO M3 TEXHOJIOTMYECKOH JIMHHH.
Lenoit sroil aBapuu sBWIAch THOENh ABYX pPaOOTHUKOB Iiexa. TakoBo ObLIO
«3HAKOMCTBO» C TpuThueM. KpaiiHe HeOmaronmpusaTHOW TEXHOJIOTHYECKOW omeparueit
B IEpBbIEe TOIbl SBISJIOCH MPOKANbIBAHHE OOMY4YEHHBIX OJIOYKOB  Iepex
TEpMOOOPabOTKOH. DTO COMPOBOKAATOCH TIOCTOSHHBIM ITOCTYIICHUEM TPUTHS, MTHLTH
U a’po30is o0Iyu€HHOTO Cyibdara JUTHS B BO3MyX pabouux momenieHuil. Bekope
orepaiusi MpoKosia OJOYKOB OblIa HMCKIIOYEHa, YTO IMPHBEIO K 3HAYUTEIHLHOMY
VIIy4IIEHUIO YCIOBUM TpyAa mepcoHana. B nanpHeleM TeXHOJIOTMYECKHUH Hpolecc
MOJYyYEeHUs] TPUTUS M €ro COCAMHEHMH MOCTOSHHO  COBEPILICHCTBOBAJICS
¥ COOTBETCTBEHHO YJIydNIANach PaJHaliMoOHHas 0OCTaHOBKA Ha pab0YMX MeCTax .

12 aBrycra 1953 1. B 7 yacoB 30 munyT Ha CeMHUMaIaTHHCKOM MOJUTOHE OBLIO
MPOM3BE/IEHO HCIBITAHHE MEPBOrO COBETCKOTO BOAOPOIHOTO 3apsijia MOIIHOCTHIO
400 kt. CoBeTcKHe SACPIINKH, B OTJIUYNIE OT aMEPUKAHIIEB, CPa3y MPOBEPSIIU 00paser
3apsifa, KOTOPBIH KOHCTPYKTHBHO MOT ObITh odopmieH B Bujae OOMOBI,
TPaHCIIOPTUPOBAThCST OOMOapAUPOBIIMKOM. BriepBble B TOHKE OpYXHsSI MaccOBOTO
nopaxenns Coserckuil Coro3 onepennn Coenunénnsle 1lITatel AMepHKy, 1 HEMAITYIO
POJIb B 3TOM ChITpall KoJuieKTiB komOuHara Ne 817. Vkazom [Ipesunnuyma BepxoBHoro
Cosera CCCP 4 mapra 1954 r. xomObunat Ne 817 nHarpaxneH opaeHoMm JleHuHa.
ITocranonennem IlpaBurenncTtBa oT 31 nmekabps 1953 r. 3BaHHMS JaypeaToB
CranvHCKOW TpeMHH  YAOCTOEHBl  Y4YE€HBIE, KOHCTPYKTOpBI, PpPYKOBOJUTEIU
noapasiesiecHii KOMOMHATa, CPeJl KOTOPHIX PAOOTHUKH XUMHUECKOT'O MPOU3BOJICTBA
3. T. Anénos, A. H. Ilucapes nu B. T. ComoB. YcnemHnsle pe3yabTaThl HCHBITaHUS

* EnmsixoB b. H. Co3nmanvie npowssosictea tputust B CCCP. 2017. URL: http://book.sarov.ru/wp-
content/uploads/2017/12/IHISM-14-3.pdf.
** Tam xe.
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BOIOPOIHOH OOMOBI MpHBENM K YBEIMYCHUIO 00bEMa HalbHEHIINX HCCIelIOBaHUi,
YBEIMUEHHUIO MOIIHOCTH MPOU3BOACTBa TpUTHsl. [lepBoe 000cHOBaHUE MOAECPHHU3ALUH
MTPOM3BO/ICTBA pa3pabOTaHO JOKTOPOM (pusnko-maTemarudeckux Hayk H. U. [1aBnoBeiM
B 1953 r. BcemeactBue TOrO, YTO paguaIliOHHAs CHUTyallusi Ha PabOYMX MecTax
BCEX TEXHOJOTMYECKUX NEpPEJeNIOB HE COOTBETCTBOBAJNIA HOpMaM 0e30ITacHOCTH,
[JIaBHOE BHHMaHHE YAENSUIOCH BOMPOCAM  TIOBBIMIEHUS IMPOU3BOIUTEIHFHOCTH
1 00eCTIeCUeHHI0 HOPMAIIBHBIX YCJIOBHH TPYAA, 3HAYMTEILHOMY CHIKCHUIO BIUSIHUS
Ha OKPYKAIOILYIO Cpey .

Takum obpazom, CIIIA u CCCP npumepro ogHoBpemeHHO (1954 u 1955 1T.)
MPUILTH K COBPEMEHHOMY OOJIMKY TEpMOSAepHOT0 opyxusl. JlanpHelilee ero pa3Butue
IIUTO TI0 TIYTH COBEPIIEHCTBOBAHUS M CIICIIHATH3AIIHN.

Takum 00pa3oM, NPEANPHATHS MO TMOJYYCHHIO TPUTUS U €r0 COCIMHCHHM
00s13aHBI CBOMM BO3HHKHOBEHHEM U Pa3BUTHEM pa3pabOTKe TEPMOSAECPHOTO OPYKUSI.
Ilocne co3manust 3TOro OpyX Hsl OOJNBIIME TEPCIEKTUBBI MOMYYHIH pPabOTHI
M0 OBJIAACHHUIO YIHPABIACMBIM TCEPMOSAACPHBIM CHUHTE30M. Poccuiickue YUCHBIC
M CIICIUANHUCTHI aKTUBHO 3aHUMAIOTCSI CO3IaHUEM DHEPreTHYECKOTO TEPMOSIIEPHOTO
peakTopa.

Ecmu ynpapnsiemass TepMosinepHast peaknus U TONYYEHHUS DIIEKTPOIHEPTHUH
MOKa SIBIIIETCS JTOBOJBHO NAJEKOW MEpPCIEKTHUBOW, TO YCTAaHOBKU ISl OTHX Ilelieit
C UCTOJb30BAaHUEM TEPMOSAECPHOTO B3pPbIBA SABJSAIOTCS peanbHOCTHIO. K HacTosmemy
BpEMEHH 3aBepIIaeTcss pa3paboTKa SHEProyCTaHOBOK, TJle B KadeCTBE HCTOYHHKA
OHEPruu MCIOJB3YIOTCA MNMCPUOAUYCCKU TMOBTOPAIOIIHUECA TEPMOAACPHLIC B3PbLIBLBI.
B ycramoskax KBC (koTé€m B3ppIBHOTO CropaHusi) B KadecTBe WHHIIHATOPA
MpUMeHseTcsl ypaH-233, a OCHOBHOTO TOIUIMBA — H30TONBI Boxoponaa (mewTtepuit
W TPUTHI). DTH YCTaHOBKHM HMEIOT OOJBIIOE MPEUMYIIECTBO IO BCEM TEXHUKO-
SKOHOMHYECKHUM ITOKa3aTellsIM 10 cpaBHeHUIo ¢ TpaauimonHbiMu ADC. Kpome Toro,
YHUKAJIbHBIN U30TOI BOJOPOAA — TPUTHUI HALLIEI IIUPOKOE IPUMEHEHUE B PA3JIMYHBIX
00JacTAX HAYKU M TEXHHUKH.

3.3. Obuwan xapakmepucmuka 00veKmoe 06cnedo6anus

K nHacTosmemMy BpeMeHH! HaKOTIJIEH OOJIBIION OMBIT SKCIUTyaTalluy IPEAIPUATHIA
[0 TOJYYEHUIO TPUTHUS M €ro COCAWHEHUH W TPOBEAEH 3HAYUTEIBHBIA 00BEM
WCCTIEJIOBAaHNH paIialliOHHO-THTHEHHYECKON OLIEHKH, YCIIOBUH TPyia 0OCITYy>KUBAOIIIETO
nepcoHaia. Bmecrte ¢ Tem 00001maronmx padoT 10 yKa3aHHBIM BOIPOCAM B JIOCTYITHOMH
JUTEpaType MpakTUYeCcKh HeT. [IpUATHBIM HCKIIOUEHHEM U3 3TOrO  SBISIETCS
monorpadus JI. @. benosonckoro, B. K. I'aesoro u B. U. I'pummanosckoro «Tputnii»
(1985). B Heit aBTOpHI YISHHINA, B YAaCTHOCTH, JOCTaTOYHOE BHUMAHHE BOIPOCAM
obecrieyeHus 6€30MacHBIX YCIOBHI TPYy1a MPpU paboTe C TPUTHEM U €0 COeTUHEHUSIMH.
C TrurueHn4ecKoW TOYKH 3pEHHS BBICOKOM OIEHKH 3aCiyKMBAIOT YHHKAIbHBIC
WCCIIEJOBaHUS aBTOPOB IO TOBEJEHUIO TPUTHS U €r0 COEANHEHUIN B TEXHOJIOTHYECKOM
000pyIOBaHNHU U BO3MyXe PabOUmX MOMEIICHHUMA, OICHKE ITyTeH MOCTYIUICHHUS TPUTHSI
B OPTaHW3M IIepCoHalIa, MepaM KOJUIEKTHBHON U MHIVBHUIYaJIbHOM 3aIIUTHl PaOOTHHUKOB,
a TaKXke JO3MMETPUUECKOMY KOHTPOIIIO IIPU paboTe C HyKIIUAOM.

B wu3BecTHOW HaM IMTepaType UMeEETCs HEe3HAYWTENbHBIN TepedeHb pador,
HEIMOCPEACTBEHHO TMOCBAIMIEHHBIX H3Y4YE€HUIO CAaHUTApHO-TUTMEHUYECKHUX YCIOBHH
TpyJa B MPOW3BOACTBE TPUTHS. B OmyOIMKOBaHHBIX HCCIEIOBAHUIX, KAaCAIOUIMXCS

* Enrsaxos B. H. Cosnanue npoussosctea tputus 8 CCCP. 2017
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LEHTPOB 10 npou3BoACTBY Tputus B CIIIA, ynmoMuHAIOTCS JIMIIL OOIIHE BOMPOCHI
TEXHUKH 0€30MaCHOCTH, OPTaHM3AINN JO3UMETPHIECKOTO KOHTPOIIS 32 COAepKaHUEM
TPUTHS B BO3AyX€ pad0UYMX IMOMEIIEHUH U B OpraHu3Me NIePCOHaNa, a TAKKE HEKOTOPBIC
YacTHBIE MEPHI 3alIUTHl pabOYHMX OT MOCTYIUICHUS TPUTHA B OPraHU3M paOOTHUKOB
[Canurapablie mpaBmia paboTsl..., 1960; Cohen, Kneip, 1973; Twenty years..., 1984;
Okonoruueckue mnpobnemsl..., 2003; Data Base for Tritium..., 2003; Tpuruit
u ero coeguHeHus..., 2004; Determination of Total..., 2015; Mccnenosanus
U pa3paboTKu..., 2020].

[To Mepe pa3BUTHA aTOMHOW MPOMBITIIEHHOCTH W M3YYEHHS OHOIOTHYECKOTO
NEHCTBUS TPUTHS U €T0 COSTUHEHNH H3MEHITICH HOPMBI PaTHaIliOHHOM 0€30ITaCHOCTH
(Tabmn. 1.6) 1 oCHOBHBIE T030BbIC TpeIeibl 00yueHHs paboTHUKOB (Tabdm. 1.7). Kiaccs
paboT ¢ TpUTHEM TIPEACTABICHEI B Tabm. 1.8.

Tabauya 1.6
DBOIIONHA HOPM PAIMANIMOHHON 0€30MaCHOCTH IO TPUTHUIO
[Uccnenoanus u pa3paboTkH..., 2020]

. Homnycrumas
Jo30BbIi1 IIpenen rogosoro
Panuonykiug k0> HIMEHT, HOCTYIICHHS CPeaHCroNIoBaA
38/Bk T nepe. 00BbEMHAsA aKTUBHOCTD,
JOA mepc.
Tpuruii 3 3 2,0-10 8 Ku/n
7.4-10° bx/M?
Tpuruii-ras B 4,8-10° mxKu/rog 2,0-10°Ku/n
1,78-10'° Bx/rox 7,4-107 Br/m?
1,2-10° mxKu/rox 4,8-10°Ku/n
HTO wmn T20 B 0,44-10° Bi/rox 178107 Bic/w?
4,8-10° mxKu/rog 2,0-10°Ku/n
Ia3 1,78-10'°9 Br/rox 7.4-107 bx/M?
HTO wm T,0 18 4,8-10° Ku/n
0,44-10° bx/ropx, 178105 B/m®
Okcun 2,0-10* mxKun/roz 1,0- 108 Ku/n
HTO, DTO, T,0 7,4-108 Br/rox 3,7-10° bx/M?
Ta3 B 1,5-10% mxKu/rog 6,0-107 Ku/n
TH, TD, T> 8,32-10'0 Bi/rog 2,22-10° Br/m>
[Tapsr
TPHTHPOBAHON 1,8:10°!" 1,1-10° Br/rox 4,4-105Br/m’
BOJIBI
HTO, DTO, T>0
%‘{3 DT, 1,810 1,1-10" Bi/ron 4,4-10° BrAL
TpuTHpoBaHHEId 1,8-10°1 1,1-10" Br/roxn 4,4-107 Br/m>
METaH

OCHOBBIBasICh Ha (PH3UKO-XMMHUYECKUX CBOWMCTBAX TPUTHS U €r0 COCIMHEHUH,
a TaKkKe Ha OCOOCHHOCTAX WX OHMOJIOTHMYECKOTO NEHCTBHS, MOXKEM IOJIaraTh, 4YTO
BeyIUM (haKTOPOM PaUAIIMOHHOTO BO3ICHCTBUS HA IEPCOHAI OY/IET SABISATHCS OKCH/T
TpUTHUSL. DTO 00CTOSITENECTBO HEOOXOIUMO YUUTHIBATH IPU OPTaHU3AINU OE30TaCHBIX
YCJIOBHM pabOTHI C TPUTHEM.
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Tabruya 1.7

DBOJIOIM OCHOBHBIX JO30BBIX MPEAENIOB 00IydeH s TSl Mpo(heccHoHaIbHBIX
pabdotnukoB B CCCP/Poccun [UccnenoBanus u pa3paboTki..., 2020]

HaumeHnoBanue, nata yTBepKIeHUS
Y HOMEp JOKYMEHTa

Jlo30BBIE TIpEeAETBI

«O011me caHUTapHbIE HOPMBI U [IPABUJIA TIO OXpaHe
3I0pOBbs paboTaromux Ha 00bekTax A u by
ot 24.08.1948

0,1 P/nens (30 P/rox),
ripu aBapuu 25 P 3a 15 mun

«BpemeHHbIe 0011I1e CaHUTApHbBIE HOPMBI
U IIpaBUJIa TI0 OXpaHe 3/0pOBbsl paboTaromux ¢ PB»
ot 10.02.1950

30 P/rogx,
nipu aBapuu 25 P 3a 15 mun

Oxonuanue mabauyot 1.7

HanmvenoBanue, nata yTBepKACHHS
¥ HOMEp JOKyMEHTa

Jlo30BbI€ IIpenenbl

«CaHUTapHbIe HOPMbI IPOEKTUPOBAHUS
HOPEANpUATHS U TabopaTopuin»
or 11.04.1954

15 P/rox (0,05 P/nens),
npu aBapuu 25 P 3a 15 mun

«CanurapHnsle npasuiia padotsl ¢ PB u UMW
ot 25.06.1960

5 6ap/rox (3 6ap/kB.),
TpH JIMKBHUAALHN aBapru — 25 63p

«Hopwms! pagnannonHoi 6ezonacHoct (HPB-69)»
ot 25.08.1969

5 6ap/rox (3 6ap/kB.),
TP JIMKBUAIMY aBapuu — 25 69p

«HopMBbI pagraliioHHOM O€30MIaCHOCTHY
(HPB-76, HPB-76/87)
ot 07.06.1976

5 6ap/rog,
NpH JIMKBUAALNHN aBapuu — 25 63p

«3aKOH 0 paIMaIlMOHHON 0e30MTaCHOCTH HACEIICHUS
oT 09.01.1996 Ne 3-®3

0,02 3B/rox, cpennss 3a 5 ner
(maxkc. 0,05 3B/ron),
npH JikBHAanuu apapun — 0,2 3B

T'H 2.6.1.-054-96. HopMbI paguaiimoHHON
oe3omacHoctu (HPB-96, HPB-99/2009)
ot 19.04.1996

20 M3B/rox, cpenHss 3a 5 JetT
(makc. 50 m3B/Ton),
npu IMKBUAAnuK aBapur —200 M3B

Tabruya 1.8

Kiaccer pa6ot ¢ tputnem [MccnenoBanus u pa3padoTku..., 2020]

Knace pabor CyMMapHasi aKTUBHOCTD TPUTHUS U €T0 COCIMHEHUN
Ha pabodyem Mecte, bk (Kn)
I Bosnee 10'* (2,67-10%)
II Or 10'"! 1o 10'*(2,67-2,67-10%)
1 Or 10° 1o 10" (2,67-1072-2,67)

I'naBa 4. HpnMeHeHne TPUTHUA B IPAKIAAHCKUX HEJIAX

CpaBHUTEILHO OOJIBIION MEPUOJ MOJypaciaga, Majas dHEepPrus B-u3iydeHus,
OTHOCHUTCJIbHO BBICOKAaA YACIbHAasA aKTHUBHOCTD, 6I)ICTpOG BKJIFOUCHHE B O6MeHHI)Ie
MPOLIECCH  TIOJIEP)KUBAIOT TIOCTOSIHHO BBICOKHE CHPOC Ha TPUTUH Ha pBHIHKE
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PaAMOU30TOITHON MPOAYKIMU. TPUTHH, HAPSTY C UCITOIB30BAHUEM JIJISl TEPMOSICPHOTO
OpYXKUsl, HAEN IMIUPOKOE MPUMEHCHUE B MHUPHBIX IIENIAX, YTO BBI3BIBACT OOJIBINOM
WHTEepec y mpou3BoauTenei Tputus, 1 kr xoroporo crout mo 30 muH momr. CLIA
(xkypc 2010 r.). B Hacrosime#t rmaBe TpHBEINEHBI pa3HOOOpa3HBIE O00IACTH HAYKH
Y TEXHUKH, B KOTOPBIX PUMEHSETCS 3TOT U30TOIL.

4.1. Ynpaenaemotii mepmosadepuulii cunmes

B cBoém nmokiame Ha HaydHOW ceccy, MOCBIMEHHONW 250-meTnio AkameMun
Hayk CCCP, emé€ B 1975 r., akagemuk II. JI. Kamuma cneman amanu3 Hamboiee
yIOTPeOUTENbHBIX BUAOB JHEPTHUM: 3JEKTPHUYECKOH, TEIUIOBOM, XHUMHUYECKOIl,
MEXaHWYECKON W Tak Ha3blBaeMoH simepHoil [Kamuma, 1976]. Ilpu sToM OoH mokaszan
npoOjaeMbl U OTpaHUYEHMS, KOTOpPhIE CYIIECTBOBAJIM Ha TOT MOMEHT B Pa3BUTHU
CYIIECTBYIOUIMX HCTOYHHKOB 3HepromnorpedieHus. OCHOBHOHU CIIeNaHHBIA UM BBIBOJ
HE TpeTepren u3MeHeHni 3a nporenmue 40 JgeT u 3aKI0YaeTcss B TOM, YTO JyUIITUM
BBIXOJIOM U3 PEILICHUS IHEPTeTHUECKON MpoOIeMbl 3eMIH HYKHO CUMTATh ITOJIyUYCHHE
SHEPTUU MyTEM TEPMOSIIEPHOTO CHUHTE3a. DTOT MPOLECC B HMIYIbCHOM PEKUME
OCYIIECTBIISIETCSI B BOJOPOJHON O0MOE, HO JIsi MUPHOTO MCIOJIB30BaHUs OH JOJIKCH
OBITh 3aMeJICH A0 CTAL[HIOHAPHOTO COCTOSIHUSI.

Bce TpymHOCTH, KOTOpbBlE BO3HMKAIOT NPU HCIOJB30BAHUU JPYTUX BHIOB
SHEpTruu, OYyAYyT OTCYTCTBOBaTh, IOTOMY YTO TEPMOSJICPHBIA Mpolecc He NaT
B OLIYTUMBIX KOJIMYECTBAX PAJUOAKTHBHBIX LUIAKOB, HE IPEACTABISACT OONBIION
OMIACHOCTH NIPH aBapuH, HE MOXXET OBITh MCIIONB30BaH Ui OOMOBI Kak B3pBIBYATOE
BEIIECTBO W HE 3aHMMAaeT OOJIbIIME TEPPUTOpWH cyluu. HakoHem, 3amac neifrepus
B IIPUPOJIC, B OKeaHax el Oopllle, YeM 3arac ypaHa.

CymecTByeT 4eThIpe OCHOBHBIX MCTOYHHKA siiepHOH sHepruu. K HacTosmemy
BPEMEHHU JOBEIEHO 0 NMPOMBIIUICHHOW peaau3alMyd TOJbKO [1BA W3 HUX: SHEPrus
PaAMOAKTUBHOTO paclaja pealn30BaHa B BUAE HUCTOYHHKOB TOKA, a IIEMHAs peaklys
JIeTICHHsS. — B aTOMHBIX peakTopax. TpeTuii, o1uH 13 Hanboee MOITHBIX UCTOYHUKOB
SIICPHON SHEPruH, — AHHUTWIISIIMA BELECTBA M aHTHBELIECTBA — IIOKA HE BBILIET
u3 o0NacTH Hay4YHOH (paHTACTUKHM, YETBEPTHIH — YHPABIAEMBIH TEPMOSACPHBINI
CHHTE3 — HaXOJMTCS B CTJIMM UHTEHCHBHOW Pa3pabOTKH. ITOT UCTOYHHK 110 CBOEMY
MOTEHIMATY YCTYNaeT TOJbKO AaHHUTWISILMOHHBIM TMPOLEcCaM M CYIIECTBEHHO
MIPEBBIIIIAeT BO3MOXKHOCTH SIEPHBIX peakiuii nenenus [Principles of fusion..., 2000].

[lpuMeHeHne TPUTHS KaK Y4YacTHHKA TEPMOSIEPHBIX peakiHuid BO3MOXKHO
HE TOJNBKO Sl HM3TOTOBJICHHUS «BOJOPOAHBIX» OOMO: Kak M S/IEpHbIE PEaKluH,
C yCIIeXOM NPUMEHEHHBIE B TPAKAAHCKUX LIENSX, TaK U TEPMOSIEPHBIE NTPEBPAILCHUS
MOTYT OBITh HWCIIONIB30BAaHBl JUISI TIOJAYYEHHS TMPAKTUYECKH HEHUCUYEepPIaeMoro
KOJINYECTBAa SHEPTHUU BO OJIaro 4ejoBevecTBa C MEPCIEKTHBOW OCBOCHHUS TEXHOJIOTHU
ymnpasnsieMoro tepmosiiepHoro cuHreza [Huguet, Bertolini, 1986; Sissing,
Rossmassler, 1988; TpuTreBblii TeXHOIOrHUECKHUH..., 2000].

Hcropudeckn BOMpOC YHPABISEMOTO TEPMOSIIEPHOTO CHHTE3a HAa MHPOBOM
ypoBHe BO3HHMK B 1956 1., korna M. B. Kypuaros BIiepBble BBICKa3al IPEIIOKEHNE
0 COTPYIHHUYECTBE YUYEHBIX-aTOMIIMKOB PAa3HBIX CTpaH B PELICHWH STOW Hay4HOU
mpoGyieMbl TP TOCEIIeHnH bpuTaHCKOro sAepHOro IEeHTpa «Xapyayun». BuepBoie
3amauy o YTC B Coerckom Coro3ze choOpMyIUpOBaT H TMPEATIOKWI IS Heé
KoHCTpykTUBHOE pemieHue ¢uszuk O. A. JlaBpeHTheB. KpoMe Hero BaKHBIA BKIIA[
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B pellieHHe MpoOIeMbl BHECTH Takue Bblgatomuecs ¢usuky, kak A. J{. Caxapos, U. E. Tamm
n JI. A. Apimmosud, ¢ 1951 1. BO3ITIaBIISIBIINI COBETCKYIO IPOTPaMMY IO YIIPABISIEMOMY
TEPMOSIICPHOMY CHUHTE3Y.

B kauectBe TOomnmBa Ans OyoyHmMx TEPMOSAEPHBIX JJIEKTPOCTAHIMK OyaeT
WCTIONB30BaThCs CMECh JIByX HW30TOMOB BOJOPOJAa — JeHTepus W TpuTHs. BHyTpH
peakTopa MPOUCXOJUT CTOJNKHOBEHHE M CIUSHHE sJep IEHTepHs W TPHUTHUS, 4YTO
MIPUBOJIUT K 0Opa30BaHUIO IeJIUS U BRICBOOOKICHUIO HEUTPOHOB (puc. 1.9).

Fusion reaction

Helium

Deuterium + .
" J80
E.;

:\_I_. P >
Tritium .

Neutron

Puc. 1.9. Cxema tepmosaepHoro cuntesa (n3odpaxenue: MAI'ATD / M. bapbapuHo)
(https://www.iaea.org/ru/energiya-termoyadernogo-sinteza/chto-takoe-termoyadernyy-sintez-i-

pochemu-ego-tak-slozhno-zapustit)

Peaknus cuHTe3a 3aKiIIOUacTCs BO B3aUMOJCHCTBHU JIBYX HMJIM 0OJiee aTOMHBIX
3apsDKEHHBIX SiIep TOJ BO3JEHCTBHEM CHIIBI, C MpeoliaJaHneM KyJIOHOBCKOTO
OTTAJIKMBAaHUS U C (HOPMHPOBAHHMEM HOBOT'O fAApa NPH BBIIEICHHH KOJIOCCAIBHON
SHEpPTUU. ATOMHBIE $1pa, MMEIOIKE HEeOOJBILOW 3IIEKTPUYECKUN 3apsfl, MpoLle
IIPUBECTU B KOHTAKT Ha HYKHOE PACCTOSHUE, IIO3TOMY TSKEJIbIE U30TOIBI BOJOPOJA
SIBIIAIOTCA OJHMMH W3 JIyYIIMX BHJOB TOIUIMBA JUIA PEAKIUM CHHTE3a. TeM camMbIM
MO>KHO CKa3aTh, YTO IMOYTH BCE MPAKTHUECKH BAXKHBIE TEPMOSJIEPHBIE PEAKLIIUH — 3TO
peaxIyy CIUSHUS JIETKUX sifiep B Ooliee THKENbIE.

IIpumepamu TEpMOSIAEPHBIX PEAKIIMNA SABIISIOTCS:

D + D = *He (0,82 M3B) + n (2,45 M2B); O = 3,25 M>B; (1.12)
D+D=T (1,01 M3B) + p (3,03 MaB); O = 4,04 M>B; (1.13)
D + T = *He (3.52 M>B) + n (14,06 M3B) O = 17,6 M2B. (1.14)

Ceuennst 3TUX peaknuii (T. €. BEPOSTHOCTh B3aUMOJICHCTBHUS PEarHpPYyOIINX )
KOMIIOHEHTOB MpHU SHEPruv Haneraromeid yvactuusl meHee 1 MhB — 0,09, 0,16
u 5 OapH COOTBETCTBEHHO. Peakiusi CIUSHUS saep TPUTHS U IEUTEPHS SBISCTCS
HanOoJjiee TIEPCICKTUBHON JUISI OCYIECTBICHUS YIIPABISIEMOTO TEPMOSIEPHOTO
CHUHTE3a, TaK KaK €€ ceyeHHe JaXe MPHU HUBKUX DHEPrUsiX JOCTATOYHO BEJIMKO, OHA
00€eCIIeYnBAET yeIbHYIO TEIIOTBOPHYIO CIOCOOHOCTH 3,5-10' JTx/T.

OcnoBHas peakiyst D + T = n + o uMeeT Hanbonplee ce4eHUE (Gmax = 5 OapH
B PE30HAHCE IIPU SHEPIUH JEUTPOHOB Emax = 10° k3B), eciu cpaBHBaTh ¢ peakusaMu
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D +D =n+ *He (6max = 0,105 6apH; Emax = 1,9 M3B), D+ D =p + T (Gimax = 0,09 Gapn;
Ewax = 2,0 M3B), a Taxoke ¢ peakuueii *He + D =p + o (Gmax = 0,7 6apH; (Ep)max = 0,4 MaB).
B nocnenneit peakuuu Beigensercs 18,4 MaB.

Y CTaHOBJICHO, YTO CMECh JBYX M30TOIOB — JACHTEPUsI U TPUTHUS TPeOyeT MEHEe
BCEI'0 SHEPTHUH JIJISl PEaKIIMU CUHTE3a 110 CPABHEHHUIO C SHEPTUeH, BBIICIIIEMOM BO BpeMsl
peakmuu. OmHako XoTsl cMmech aeirepuss u tputusa (D-T) sBasercs mpeamerom
OOJNIBIIMHCTBA HCCIICJOBAaHWN CHHTE3a, OHAa B JIOOOM Cilydae He sIBISETCS
€JIMHCTBEHHBIM BUIOM TOTCHIIMATLHOTO TOproUero. /Ipyrue cMecu MOryT OBITh ITPOIIIE
B TIPOM3BOJICTBE; MX PEaKIUs MOXET HaAGKHEe KOHTPOJIMPOBATHCSA HIIH, YTO Ooliee
B2)XHO, TPOU3BOJUTH MEHbIE HEHTPOHOB. (OCOOCHHBIH WHTEPEC BBI3BIBAIOT TaK
Ha3bIBacMble «OC3HEUTPOHHBIC» PEAKIMU, TOCKOIBKY VYCIEIIHOE MPOMBIILICHHOES
WCTIOJIb30BaHUE TaKOTO0 TOpIOYero OyJeT O3HadaTh OTCYTCTBHE OJITOBPEMEHHOTO
PaAMOAKTUBHOTO 3arps3HCHUSI MAaTEPHAJIOB M KOHCTPYKIIMM pPEaKTOpa, 4TO, B CBOIO
oYepe/ib, MOTJIO OBl TIOJIOKHUTEIBHO MOBIIUATH Ha OOIIECTBEHHOC MHEHUE M Ha OOIIYIO
CTOMMOCTD JKCIUTyaTallid PEaKTopa, CYHMISCTBEHHO YMEHBIIMB 3aTpaThl Ha BBIBOJ
M3 DKCIUTyaTallud ¥ yTuiau3anuio. [IpobiieMoll ocTaeTcsi TO, YTO PEaKIMI0 CHHTE3a
C UCIONB30BaHWEM aJbTEPHATHBHBIX BHJOB TOPIOYEr0 HAMHOTO  CIIOXKHEE
noaacp KuBaTb, MOTOMY D-T-peaKum{ CUUTACTCA TOJIBKO IICPBBIM HCO6XOILI/IMIJIM
marom [Huguet, Bertolini, 1986; Sissing, Rossmassler, 1988; Tpurtuessii
TEXHOJOTHYECKHUH..., 2000].

Camast IeTKO OCYIIECTBUMAS PEaKIIHs

H+°H="*He+n

MIPH 3HEPTeTUYEeCKOM Bbixone 17,6 MaB. Ona Haubosee JIerko oCcyIIecTBUMa ¢ TOYKU
3pEHUS COBPEMEHHBIX TEXHOJIOTHH, MAaéT 3HAYUTEIBHBIN BBIXOJ SHEPTHUH, TOTUTUBHEIE
KOMITOHEHTHI JIeIIEBB. HETOCTaTOK — BBIXOJ1 HEXEIATENHbHON HEUTPOHHON pajualuu.
CylecTBEHHO CIIOKHEe, Ha TIpejieiie BO3MOXKHOTO, MOKHO OCYIIECTBHTh pPeakiuio D
C PEAKUM M YPE3BBIYafHO JOPOTHUM HM30TOIIOM Telvs-3 MPU SHEPTeTUIECKOM BBIXOJIE
18,4 M»aB. I'enuii-3 B mpoMBIIIUIEHHBIX MacIiTabax B HACTOSIEE BPEMSI HE TPOM3BOANTCHS,
HO MOXET OBITh TMOJNydeH W3 TPUTHS. B HacTosiee BpeMs OOCYXKIAIOTCA TaKxkKe
(aHTacTHYECKUE MPOEKTHI J00buM Tenus-3 Ha JlyHe. CII0OKHOCTH TPOBEICHHS
TEPMOSIZICPHOW PEaKIMA MOXKHO XapaKTepPH30BaTh TPOWHBIM TNpou3BeneHueM plT
(IIIOTHOCTH Ha TemIiepatypy Ha Bpems ynepxkanus). [lo sToMy mapameTpy peakmus
D-*He npumepno B 100 pas cinoxnee, veM D-T. BO3MOKHBI B HEKOTOPBIE JPYTHE TUIIBI
peakuuii. BriOop TOIuIMBa 3aBUCHUT OT MHOXeECTBa (DAKTOPOB: €ro JAOCTYITHOCTH
U JICHICBU3HBI, 3HEPIETUUECKOI0 BBIXOJA, JIETKOCTH JOCTHXKCHHUS TPEOYIOUIUXCS
JUTSL pEeaKIMU TEPMOSICPHOTO CHHTE3a YCJIOBHHU (B IEPBYIO OYepe/b, TEMIIEPATypPhI),
HEOOXOIUMBIX KOHCTPYKTHBHBIX XapaKTEPUCTUK PEaKTopa U T. 1.

s ocymectsienus YTC HE00X0AMMO CO3/1aTh CICHMAIbHBIA TEPMOSICPHBIH
peaKkTop — YCTPOMCTBO JUTSI TONYYCHHS SHEPTHH 3a CUET PeakIuid CHHTE3a JIETKUX
ATOMHBIX SIep, IPOUCXOAIINX B IJIa3M€ MPH OYEHBb BHICOKUX TeMIlepaTypax (BBIIIE
10 K). OcHoBHOe TpeGOBaHHE, KOTOPOMY JIOJKEH YIOBJIETBOPATH TEPMOSIEPHBIH
peakTop, 3aKIoYaeTcs B TOM, YTOOBI SJHEPTOBBIJICIICHUE B PE3YJIbTATe TEPMOSICPHBIX
peakmuii ¢ M30BITKOM KOMITCHCUPOBAJIO 3aTPAThl SHEPTHH OT BHEITHUX HCTOYHHKOB
Ha MO/ I/IeP KaHIE PEAKITHH.

Ycranosku mis YTC OsiBator nByx TumoB [Huguet, Bertolini, 1986; Sissing,
Rossmassler, 1988; TputreBblil TeXHOIOTHYECKHUH. .., 2000]:
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® KBa3UCTALMOHAPHBIE CHCTEMBI (BpeMs CYIIECTBOBaHHS IJia3Mmbl T > 1 c,
n>10"cm?)

e ummynbcHbIE cucTeMsbl (T= 108 ¢, n>10%% cm™).

C Tex mop, kak B 1930-e¢ IT. cTajo MOHATHO, KaKk pabOTaeT TepMOSACPHBIN
CHHTE3, yu€HbIE HE OCTaBJISAIOT IIONBITOK BOCIIPOM3BECTH U HCIIOIb30BaTh €ro. BHavane
3TH TOMBITKY JepKaluch B cekpere. OMHAKO BCKOPE CTaNO SICHO, YTO TAKHUE CIOXKHbBIE
U JOPOrOCTOSIIHE HCCICAOBAHUS BO3MOXKHO IIPOBOJAUTH TOJNBKO Ha OCHOBE
corpynangectsa. Ha Bropoit Mexnyrapoanoit kordepeniuin OOH 1o nenoiap30BaHIIO
aTOMHOH SHepruu B MUpHBIX Lemsax (1958 r., JKenema), yu€Hble moBenanu MHPY
00 wmccnenoBaHUsIX B obiactu TepmosiepHoro cuute3a (https://encyclopedia.mil.ru/
encyclopedia/dictionary/details.htm?id=13205@morfDictionary).

Emgé onna mesxxnpasutenbcTBeHHas opranuzanus B cucteme OOH — MATATO
Bceryia Oblla B aBaHrap/ie MEXIyHAPOIHBIX TEPMOSACPHBIX UccienoBanuii. B 1960 r.
areHTCTBO HAYalo M34aBaTh KypHal <«JSlnepHeld cuHTE3» B LeIIX OOMeHa
nHpOpPMaLEe O COOTBETCTBYIOIINX JOCTI)KEHHSX, U CETOJHS OH CUUTACTCS BELyLIHM
MEPUOTUYECKUM HM3/aHNeM B 3Toi obnactu. [lepBas mexayHaponHas KOoH(MEpeHIHs
MAT'ATD 1o sHEprun TEPMOSIIEPHOTO CHHTE3a cocTosack B 1961 1., a c 1974 1. Takoe
MEpPONPHUATHE MPOBOJUTCS KaXKAble [1BAa I'OAd, YTOObI CTHMYJIMPOBATh OOCYXKIEHHE
coObiTuii M goctuxkeHudd B 3T0i cdepe (https://encyclopedia.mil.ru/encyclopedia/
dictionary/details.htm?id=13205@morfDictionary).

I[lo wroram [IMBIIMXCS [Ba JAECATHICTHUS MEPETOBOPOB OTHOCUTEIHHO
KOHCTPYKLIMM W MECTOHAXOXJIECHMsI KpYNHEHWINEd B MHpEe MEXAYHApOJIHOU
TepMmosaepHoil ycranoBku B 2007 1. Bo ®paHuuM Hayaaud CTPOUTEIHCTBO
MexayHapogHOTO TEPMOSAEPHOTO JHEPreTUYECKOrO PEeaKkTopa, KOTOPBIA OBl
MPOAEMOHCTPHPOBAT HAYYHYIO U TEXHUYECKYIO BO3MOYKHOCTH BBIPAOOTKH TEPMOSACPHOI
suepruu. [enosutapuem Cornamenus UTIP [2007] ssnsiercs [ enepanbHbIi AUPEKTOP
MAT' ATDO. llocne UTOP mmanupyetcst co3naHue AeMOHCTPAIIMOHHBIX TEPMOSIEPHBIX
SHEPTreTHYECKUX YCTAaHOBOK, IPU3BAHHBIX MOKa3aTh, yTo YTC MOXeT reHepupoBarthb
HEeTTO-3JeKTpodHepruo. MAI'ATD npoBoaUT ceMUHAPBI-TPAKTUKYMBI IO ITPOrpaMMe
DEMO ajis obnerdeHus COTpyIHAYECTBA B ONPEACIICHUN M KOOPAUHAIINH PETYIISIPHOM
JESITENIbHOCTH BO BCEM MHpe.

Oxupaercs, YTO  TEPMOSIACPHBIA  CHHTE3  CMOXET  YAOBJIETBOPSTH
SHEpPTreTHUECKHEe TMOTPEOHOCTH YeNoBeYecTBa B  TEUCHHWE MIJUTHOHOB  JIET.
TepMmosiiepHOE TOIUIMBO HMMEETCSI B H30BITKE, M €ro JIETKO IOIYy4YuTb: ACHTEpHH
Cc HEOOJNBIIMMH 3aTpaTaMH MOXKHO OOBIBATb M3 MOPCKOM BOABI, TPUTHH MOXKHO
MPOM3BOANTh W3 LIMPOKO pPaCIpOCTPaHEHHOrO B TMpHUpoAe JHUTHA. BeipaboTka
BBICOKOAKTUBHBIX JIOJNTOXXUBYIIUX SIZCPHBIX OTXOJOB TEPMOSICPHBIMH PEaKTOpaMU
WCKJIIOUEHA, a aBapu{ C PAcCIUIaBICHUEM AaKTUBHOM 30HBI TEPMOSIIEPHOTO peakTopa
MIPaKTUIECKH HEBO3MOYKHBI.

BaxxHo 0oTMeTHTB, YTO B pe3yNbTaTe TEPMOSIAEPHOTO CHHTE3a B aTMocdepy
HE BBIOpAchIBaeTCs YIVIEKMCIBIA Ta3 W Apyrue napHUKoBble ra3el. Bmecte ¢ ADC,
paboTa KOTOPBIX OCHOBaHA HA MPUHIMIIE JIEJICHUS SIEep U KOTOPhIE TAKXKE SIBISIOTCS
HU3KOYTJIEPOTHBIM UCTOYHHKOM SHEPTUH, B OYAYILIEM TEPMOSIEPHBIC 3JIEKTPOCTAHIIH
CMOT'YT BHECTH BKJIaJ B CMSTYCHHUE MOCIIEICTBII U3MEHEHUS KJIMMATa.

Kesasucmayuonapuvie cucmemvi, B KOTOPHIX HAarpeB M yAep)KaHUE IUIa3Mbl
OCYIIECTBIISIETCA MAarHUTHBIM TIOJIEM IPY OTHOCUTENFHO HU3KOM JAaBIIEHUH U BBICOKOI
TeMIlepaTtype: TOKOMAaKH, CTEJUIapaTopbl (TOPCATPOHBI) M 3€pKAIbHbBIE JIOBYIIKH,
KOTOpbIE OTJIMYAIOTCS KOH(UIrypauueil MarHUTHOro moiisi. B Hacrosiiee Bpems
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¢ yuactueM Poccun cozpaércss MexnyHapOJOHBIM TEPMOSACPHBIM 3HEPreTUYECKUI
peakrop (ITER), koTOpBIi sBIsieTCS KBa3UCTAIMOHAPHBIM W MMEET KOH(HUTYpPAIUIO
TOKaMakxa.

B umnynecmbix  cucmemax — ynpaBisieMbBld  TEpPMOSAEPHBIH  CHUHTE3
OCYILIECTBIISIETCS. TYTEM KpPaTKOBPEMEHHOTO HarpeBa HEOONBIIMX  MUIICHEH,
coJiep KalluX IeHTepUid M TPUTHIA, CBEPXMOIIHBIMY JIa3€PHBIMU JTyYaMH WM Iy4YKaMu
BBICOKODHEPTHYHBIX YacCTHIl (MOHOB, 3JEKTPOHOB). Takoe oONydeHHE BBI3BIBAET
MTOCIIEZI0BATENBHOCTh TEPMOSAEPHBIX MHUKPOB3PHIBOB.

[lepBsIit BUA TEPMOSAEPHBIX PEAKTOPOB C MATHUTHBIM YAEpKaHUEM pa3padoTaH
HaMHOTO JIy4Ille, ¥ TOI0OHBIH PeakTop OOBIYHO UMEET CIEAYIOIIHE y3IIbL:

1) BakyymHas Kamepa B BHJIE TIOJIOTO TOPOUA WU CPepsr;

2) CTEHKH KaMmepbl, BBHIIOJHEHHBIE W3 KOHCTPYKIMOHHOTO MaTepuana,
CHOCOOHOTO 00ecneynTh B Kamepe Mojiep:KaHie BBICOKOTO BaKyyMa, paJualliOHHO-
U TepMUYeCKH CTOMKOro. IIOoCKONbKY CTE€HKa KaMmMepbl IOABEPraeTcsi MOIIHON
O00MOapaIUpOBKE HMOHAMU M HEUTPaNbHBIMH YacTHIIAMH, OOJIYYECHUIO OBICTPHIMU
HEHUTpOHAMM U Y-KBaHTaMH, a MHOTJA CTYCTKaMH IJIa3Mbl, TO AJIS MPOTHBOCTOSHUS
STUM HEONaroNmpUsTHBEIM (pakTOopaM BHYTPEHHsSI CTEHKAa KaMephbl IOKPBIBACTCS
CHETNATFHBIMU MaTepHallaMUu;

3) meHTpaJIbHBIA CONEHOW[, SIEKTPHUECKOE TI0Je KOTOPOTO OCYIIECTBISET
po0oii ra3a, peryaupyeT HapacTaHKe TOKa H IOIIEPIKUBACT €ro BMECTE CO CIIeINANEHON
CUCTEMOM TOTIOTHUTEIHHOTO HarpeBa IIIa3MBbl.

Tepmosinepnsiii peaktop (puc. 1.10) xapakrepusyercst KOAQPHUIUESHTOM YCHUICHUS
MOIIIHOCTH, PaBHBIM OTHOIIEHHIO TETIJIOBOM MOIIIHOCTH peakTopa K MOIIHOCTH 3aTpaT
Ha e€ MPOU3BOJCTBO. TeroBas MOIIHOCTh peaKkTopa CKIAIbIBAETCS W3 MOIIHOCTU:
1) BbLAensieMON TMpH TEPMOSJEPHON peakuuyd B IJla3Me; 2) BBOJUMOW B IUIa3My
JUTS TIOAIEp’KaHusl TEMIIEpaTypbl TOPEHHS TEPMOSJIEPHON peakliu WK MOIepKaHus
CTAIlMOHAPHOTO TOKA B IUIa3Me B CITydae TOKaMaka; 3) BBIIEIAONIEHCS B O1aHKeme —
CHENMaIbHON 000JI0YKe, OKPYIKAIOIIEeH I1a3my.

B GnankeTe yrunmsupyeTcs SHEpPTUs TEPMOSICPHBIX HEHTPOHOB, OHA )K€ CITYKUT
3aIUTON CBEPXIPOBOIAIINX MAaTHUTHBIX KAaTyIIEK OT HEUTPOHHOTO M PaIMOAKTHBHOTO
n3nyuyeHuit. Kopode roBopsi, B OlaHKeTe MPOUCXOAT TEPMOSIEPHBIC PEaKIUy, OHa
K€ CITYKUT JUTSl YTUIIU3AIUN SHEPTUU TEPMOAIEPHBIX HEUTPOHOB.

Kak yxe Obuto ckazaHo Bbille, OJaHKET CO BCEX CTOPOH OXBATHIBAET KOJIBIO
miasMel U ponuBiivecs mnpu D-T-cuHTe3e OCHOBHBIE HOCHUTENHM OSHEPrUM —
BBICOKOIHepreTuyeckue HeUTpoHsl (14-MsB), 9TO NPUBOIUT K €ro 4pe3BbIYaHOMY
pasorpeBy. IlosTomMy B OjaHKeTe TIOMENIAIOT TEIUIOOOMEHHUKH, IO KOTOPBIM
npomyckaioT Boxy. IlomyyeHHbIi nap BpaimaeT mapoBylo TypOMHY, a OHa — POTOP
reHepaTopa (eciu peakTop (QYHKIMOHHPYET B COCTABE TEPMOSIEPHON SIIEKTPOCTAHLHH).
[lononaanbHBI AMBEPTOpP CIYXHUT A OTBOAA Tellla M3 IUIa3Mbl B BHJE IMOTOKa
3apsDKEHHBIX YaCTHIl U UIsI OTKAYKH HEHTPAIM30BAHHBIX HA TUBEPTOPHBIX MIIACTHHAX
MPOAYKTOB PEaKLIUU — resiusl ¥ MpoTusl. BaxkHas poib TUBEpTOpa COCTOUT B OYUCTKE
IJ1a3MBI OT 3arPA3HSIOMIAX MPUMECEH, MEIIAIONINX MPOTEKAHUIO PEaKIINi CHHTE3a.

Jlueepmop — COBOKYIHOCTb YCTPOWCTB (CIEIMANBHBIC IMOJIOUIAIBHEIE
MarHUTHBIE KaTYIIK{; KOHTAKTHPYIOIIHE C IUIa3MOM TaHEeTM — HEWTPaTu3aTOpHI
IUTa3Mbl), C TOMOIIBIO KOTOPHIX OOJIACTh HEMOCPEJCTBEHHOI'O KOHTAaKTa CTCHKH
C IUIa3MOM MaKCHMAaJbHO YJAQJIEHAa OT OCHOBHOM ropsiueil miasmel. B oTcyTcTBHE
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IUBEpPTOpa Kpast nuadparm, odecrednBast TpaHUIly MEXLy OCHOBHOW 1 IepUEePUITHOM
MJ1a3MOM, HAXOAATCS B HETIOCPECTBEHHOM KOHTAaKTe C ropsiuei mia3Moi.

Tpibonpoe -
KpuocTar MonowsansHan ggﬁmmﬂuuruuﬂ
HAcoca

TopownansHaA

COoneHouna

AHTEHHA

MNMnacTuHbl
JAWBEpTOpa

Puc. 1.10. OcHoBHBIE KOMIIOHEHTHI PEAKTOpa
JUISL yIIPaBIISIEMOTO TEPMOSIICPHOTO CHHTE3a

B TepMosimepHBIX peakTopax TpW IOJNHOW TEIJIOBOW MOIIHOCTH OJaHKeTa
1,5-5 I'Bt 6yner npousBoautsbest 0,03-0,05 r TpuTust B CyTKH Ha 1 M? MOBEPXHOCTH
Onankera. KonnuectBo Tputust B OJiaHKETE 3aBHCUT OT ero paboueil Temmeparypsl
(4500-5590 °C), BepxHSsI TpaHUIA TEMIEPATYPHI OMPEILCISIETCSI COBMECTHMOCTHIO
TEIUIOHOCHUTEINS ¢ KOHCTPYKLMOHHBIMH MaTepHajaMu (HarpuMmep, KUIKUN JTUTHH —
cranb). IloaToMy OZHMM M3 CIOXHBIX BONPOCOB IPHU CO3JAHUU CTOJb CIIOXKHOTO
ammapara SIBISIETCS MOUCK W CO3/IaHHe KOHCTPYKIMOHHBIX MaTepHaloB, MepeycHb
KOTOPBIX MpuBeAEH B Tabm. 1.9.

Bo Bcex cucremax peakTopa MmojiHoe KOJIMYECTBO TPUTHSA (C yIETOM aBapUitHOTO
3amaca) MOXET COCTaBiIATh OT 5 1o 20 Kr, a ero pajauoakTUBHOCTH — oT 5-10°
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no 2-10° Ku (mpu momyctumbix BeiOpocax B armocdepy or 1 go 3 Kwu/cyr).
[Ipu MakcuManbHOM aBapuu BO3MOXkeH BIxo oT 1 1o 10 % Bcero TpuTHsi.

Tabruya 1.9
Bpunepsr, npoextupyemsie st peaktopa MTOP

KommnoneHT peakropa Marepuanst

Be — pa3mHOXuTEND

Kepamuueckuit Opunep (LizTiO3, LisSiO4, Li,0)
He — oxmanuTens u ra3-HOCHTENb

Be — pa3mHOXuTEND

Kepamuueckuit 6punep (Li>TiO3, Li2O)

Boga — oxmagurens, He — raz-nocurenb
Oxmaxk1aeMblif reauemM Pacruiasnennbiii Pb-"Li — Gpuaep/pasMHOKHATENL
pacIuIaB CBHHEI-BUCMYT He — oxmamutens

SiC — npoTo4HbIe KaHAJIbI, 3aII0JTHEHHbIEC PACIIIABOM
Pb-"Li — Gpuaep/oxiauTeb/pa3sMHOKHUTEND

He — oxmamurens

Bananuessiii cruias

OXJ1a)XTaeMBIii TeTHeEM
KepaMHuecKuil Opuep

OxnakaaeMblii BOOOMI
KepaMHuuecKuil Opunep

JIBOitHOE OXJIaXKICHHE
pacIuiaBa CBHHEII-BUCMYT

CamooxnaxaeMblii TUTHH W3zonsaTop mnu Oapeep
JlutHeBbIi Opuaep/oXTaguTenh

Oxmaxk1aeMblif reauemM Jlutuesslii 6punep

pacruiaB JUTHUS He — oxnagurens

PbLi — pa3mHOXHTENB/OpHIep/0XTaIUTEH
JBoiiHOE reneBoe OXaxIaeHne
JIBoiiHO Kepamuueckuii Opunep

CBUHEN-TUTHH KepaMUUECKUN
Opunep

AKTHUBHOCTb TPUTHS, COEpKalerocs B Onankere TepmosiaepHoro DT-peakropa
mo6oro tuma, — 10° K — ciieyeT CpaBHUTE ¢ aKTHBHOCTHIO TOILIMBA B SHEPI€THIECKOM
SJIEPHOM peaKkTope, MpopaboTaBIIeM JOCTATOYHO Oonblioe BpeMs (C OOJbIIUM
BbiropanueM “U u HakoruienreM »*°Pu). Bo Bpems aBapuu B UepHOObLIE CyMMapHBIii
BEIOPOC ~ TPOMYKTOB  JeneHuss (0e3  paJloakTHBHBIX  MPUPOAHBIX  Ta30B),
110 0(MIMATLHBIM JaHHBIM, cocTaBm 10 5+ 107 Ku, 4o cootBeTcTBOBaO 3,5 % 0011€r0
KOJINYECTBA PaIMOHYKIUAOB B peakTope 4-ro 610ka ADC Ha MOMEHT aBapHH.

[lonaratoT, 4TO B paIualiOHHOM OTHOLICHUH TEPMOSIEPHBIA PEAKTOP HAMHOI'O
6e3onacHee saepHOro. [Ipex/ie BCero CTOMT OTMETHTD, YTO KOJIMYECTBO HAXOISIINXCS
B HEM PaJMOAKTUBHBIX BEIIECTB CPABHUTEIHHO HEBEIMKO. DHEPruUsi, KOTOPas MOXKET
BBIJICJIUTECSI B pe3yjIbTaTe KakoW-TMOO aBapuy, TOXKE Majla M HE MOXET MPHUBECTH
K pa3pyIICHUIO peaKTopa, PH STOM BET0 KOHCTPYKIIMU €CTh HECKOJIBKO €CTECTBEHHBIX
0apbepoB, MPEMATCTBYIONINX PACTIPOCTPAHEHHIO PAMOAKTHBHBIX BEIIECTB, HATIPUMED,
BaKyyMHas Kamepa M 000JOYKa KPHOCTaTa JOJDKHBI OBITH T€pMETHYHBIMH, HHAYEe
peakTop IPOCTO HE CMOXKET paborarh. TeM He MeHee npu npoektupoBanuus MTOP
OoJIbIIIOE BHUMAHUE YACISIIOCh PAIMAIIMOHHON 0E301acHOCTH Kak MpH HOPMAaJbHOU
9KCIUTyaTally, TaK U BO BpeMsI BO3MOXKHBIX aBapHi.

HecmoTpst Ha TO, YTO TepMOAIEpHON SHEPTETUKU HE CYILIECTBYET, B MUDPE YXKe
610 TocTpoeHo okosio 300 TokamakoB. Hambosee KpymHble W3 HHX: PEakToOp
cerogusimHero Aug T-15 (Poccust) co cBepXIpOBOASIIMM COJICHOMIOM, JAIOIINM T10JIe
HanpspkEHHOCTRIO 3,6 Ti. B EBponie HaxoasTcst caMblil KpyIHBIN B MUPE IEHCTBYIOIINN
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tokamak Joint European Torus (EBpaTtoM B BenukoOpuTanuu) u OAuH U3 KPYITHEHIITNX
B mupe Tore Supra co ceepxmpoBomsammmu karymkamu (Kamapam, ®panmms).
Cdepuueckmii Tokamak (chepomak) NSTX u padoratomuii ¢ 1993 r. Alcator C-Mod
C CaMbIM BBICOKMM MAarHUTHBIM TOJEM M JaBJICHHMEM IIJIa3Mbl B MHUPE PACIIOJIOKEHBI
B Coenuuaénnpix lllTarax. B flnoHckoM MHCTHUTYTE MCCIETOBAaHUI aTOMHON 3HEPTUU
c 1985 r. pmeiictByer kpymHedmmii Tokamak JT-60. EAST — skcrepumeHTa bHBII
YCOBEPILIEHCTBOBAHHBIM CBEPXIPOBOJUMBIA TOKaMak MNpUHAIEKUT HWHCTUTYTY
¢u3uku mnasmbel Kuraiickoit akagemun Hayk (T. Xa¢o#, nmpoBuHmms AHbX0#). OH
SIBIIIETCS TITyOOKOM MoaepHu3aiueit poccuiickoro rokamaka HT-7. [lepBrie yenenrasie
ucnbITaHus ObLUTH poBeaeHsb! tetoM 2006 1., B 2007 r. Ha HEM OBUT POBENEH MEPBHIH
B MHUpe «0e3yOBITOUHBIN» TEPMOSICPHBIH CHHTE3, C TOYKH 3PEHHSI COOTHOILCHHS
3aTpadyeHHOW/TIONlyYeHHOW »JHEepruu. B Hacrosmee BpeMs JSTO COOTHOIICHHE
coctaBuser 1:1,25, B OmmkalimeM Oymymiem IutaHupyercs ero moBectd o 1:50.
Tokamak cymiecTByeT 1 Ha AppukanckoM KoHTHHEHTe B JIuBun (TM-4A).

Ilockonbky mnst pa3pabOTKM M CO3AAaHUSL CTOJIb CIOXKHOIO 00OpYyIOBaHUS
IUIsL TEPMOSIAEPHOTO peakTopa TpeOyroTcsa KpyHble (PMHAHCOBBIE MHBECTHIIMH, a CamMa
TEpPMOsIIEpHAsT JHEPreTHKa Ha MEPBBIX IMOpax SBISETCS 3aTpaTHOH, OBbUT co3laH
MexayHaponusiii mpoekT ITER (To e Ha nat. iter — myTh). 3aavya 3TOro MpoeKTa
3aKJII0YaeTCsl B JAEMOHCTPAlMd BO3MOXKHOCTH KOMMEPYECKOTO HCIIOJIb30BaHUS
TEPMOSIIEPHOTO PEAKTOpPa M PEIIeHUH (PU3MYECKHX W TEXHOJIOTUYECKUX NpoOIieM,
KOTOpBbIe MOTYT BCTpedaTbcsi Ha 3ToM MyTH. IlepBoe mpesiokeHue Mo CO3JaHMIO
MEXIyHapOIHON KOOIEpaLut B 00JIACTH PA3BUTHUSI TEPMOSICPHON HEPreTUKU OBLIO
caenano CCCP B 1985 r., u yxe B 1988—1990 rr. coBeTckue, aMepUKaHCKUE, SITOHCKUE
U eBpoIelckue y4EHBIE TPOBETH MPOPa0OTKY MPOEKTa CO3AaHUS TEPMOSIECPHOTO
peakTopa, TOJIyYMBIIETO YIIOMSIHYTOe Ha3BaHWe. B Hacrosiee Bpemsi B paboTy Haf
npoexToM Bouutn yuénele u3 Munnu, Kanagpl, FOxunoit Kopen. Coopyxenust Oynyt
pa3Merniensl Ha Tepputopun MccnemoBatenbckoro ueHTtpa Kanmapam (Dpanims),
3aHMMasi B 0OIIEH CIIOKHOCTHU TUIomiaas B 180 ra, a caMm TokaMak M BCE CIIy)KEOHBIC
MOMeIeH!s OyIyT PacIiONIOKEHbI Ha TuIommanKke IiauHON 1 kM u mupuHO# 0,4 KM.
B nenom coopyxenust ITER OynyT mpencraBisate coboir 60-MeTpoBOe COOpYKEHHE
Maccoii 710 23 ThIC. T.

Ha moment 2012 1. ObuTM 3aKOHYEHBI PabOTHI MO CO3MaHHIO (hyHIAMEHTa
O]l PEAKTOP M BO3BEJCHUE CTEH B KoTioBaHEe. OHAKO MEpBOHAYAIbHAS CTOUMOCTD
CTPOUTENBCTBA, COCTABIISIBIIAS B 5 MIIpJ €BPO, B X0JIe pabOTHl yBenn4IHiach Ooiee yem
B JIBa paza, a o0Ias CyMMa CO3aHus TEPMOSAEPHOTO peakTopa BeIpocia 1o 15 mMipa
€BpO, B CBSI3M C Y€M CPOK Haudaja 3KCIepuMeHTOB nepeasunynu ¢ 2016 wa 2020 r.
Poccuiickas cropona 3a 2013-2015 r1r. BIOXHT B TpoeKT okoino 14 wmupn pyo.,
a [Ipencenarenem Coera UTOP u3dpan akanemuk E. [1. Benuxos.

HecmoTpss Ha Oomnbiine pacxoabl Ha CO3JaHHE TEPMOSICPHOIO PEaKkTopa,
MHUPOBOE COOOIIECTBO MAET HA HUX, MOCKOJILKY pEHICHUE MPOOJIEMBI YIPaBICHUS
TEPMOSIEPHBIX PEAKIMHA MO3BOJIUT CO3JaTh MOIIHBIN M MPAKTUYECKH HEUCCIKAEMBIN
HCTOYHUK 3HEPTHU.

4.2. Ilpumenenue 6 meouyune u 6uoa02uu

OZIHI/IMI/I W3 BXHBIX 00J1acTEN IMPUMCHCHUA TPUTHUA B MUPHBIX LECJIAX ABJIAIOTCA
Ouosiorus u MEOUIIMHA. B stux OTpacCiisIX HAaYKHW OH HUCHOJIB3YCTCA JId BBIACHCHUA
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XapakTepa 1 CKOPOCTHU PA3IMUHBIX COBEPIIAIOLINXCS B OPraHU3Me KUBOTHBIX U UETTOBEKA
OMOXMMHUYECKUX IPOLIECCOB, AJSI ONPEIENCHHUS MCXOMHBIX M KOHEUYHBIX NPOAYKTOB
9TUX PEeaKUid, a TaKKe Ul MEepPEeMEIleHUs] U HAKOIUIEHUS OPraHUYEeCKHX BEIIECTB
B opraHax W TKaHsiX. YTOOBI pemuTh YNOMSHYTHIE 3adadd, B Hadame 1960-x TT.
BO3HHKJIA HACTOATENIbHAsE HEOOXOIUMOCTh B CHHTE3€ Pa3IMYHBIX PaJHOaKTHBHO-
MEUEHBIX COETUHEHUH, PEXk/Ie BCETO COEAMHEHNH, MEUEHHBIX TPUTHEM. {11 nonydeHus
MEUYEHBIX OPraHWYECKUX COCIMHEHHH MOKHO HCIIOJIb30BATh PA3IMYHBIC H30TOIIBL:
C (mepmon momypacnana 20,3 mun), “C (5790 ner), 21 (60,14 cyr), >°S (87,2 cyr),
8F (110 mum), 3P (25,4 cyT) ¥ MHOTHE ApYyTHE, OJHAKO 10 HACTOSIIETO BPEMEHH
HaunboJee pacpoCcTpaHEHHBIMU MEUYEHBIMU OHOJIOTHUECKH aKTHBHBIMU COCTUHEHUSIMU
SIBIIAIOTCSA COETUHEHMS], MEUEHHBIE TPUTHEM.

Bosnbmioit uaTEpEC K HUM 00YCIIOBJIEH TAKUMH IIapaMeTpaMH 3TOT0 N30TOIA, KaKk
MATKOE M3ITydeHue, YOOOHBIN IJIs HCCieqoBarens mepuoy momypacnana (12, 26 ner),
BBICOKAsl MOJIbHAsI PaauoakTUBHOCTH (58,24 Ku/M), a Takke pAaaoM OpyTyUX MPUYWH:
1) BO3MOXKHOCTBIO TMOJYYEHHUS IMPErnapaToB ¢ paluoOXUMHUUECKO unucToroil 1o 97 %;
2) BBICOKOI 4yBCTBUTEIIBHOCTBIO OTPE/IETIEHUS CTETIEHH CBSI3bIBaHUS; 3) BO3MOYKHOCTBIO
WCIONB30BaHUS MEYEHHBIX TPUTHEM COCAMHEHMH INpH (PapMaKOKUHETUIECKUX
HCCIICIOBAHMAX MJIsl OIPENeNICHUs OpraHa-MHUIIEHH, B KOTOPOM IPEUMYILECTBEHHO
HAKaIUIMBAaeTCsl JIGKAPCTBEHHBI mpenapar, WIM CKOPOCTBIO BBIBEICHHUS 3TOTO
mpernapaTa U3 JKUBBIX OPTaHM3MOB; 4) pelieHueM mnpodiieM MeTabosn3Ma (M3ydeHHe
CyOCTpPaKTHOW CHEUU(PUYHOCTH W TOMCKOM HOBBIX J(PQEKTUBHBIX WHTHOMTOPOB
¢dbepmentoB u T. 1). C TOMOIIBIO TPUTHEBOW METKH B PE3yibTaTe OBLTH W3YyYEHBI
CTpyKTypa xpomocoMm, cunre3 JJHK, kuneTuka neneHus KIeTOK 1 MHOTOE IPYTroe.

Crenyer OTMETHUTh, YTO HaNpaBIE€HHE, CBA3aHHOE C CHHTE30M MEUYCHHBIX
TPUTUEM COEIMHEHUH, IEPBBIM MOSIBHIIOCH B Pagnobuonorndeckom otaene MHcTUTyTA
atomHo osHeprun umeHu W.B. KypuaroBa. B nanpreiimem 3TOT oTaen ObLT
peopranuzoBan B MHcTUTYyT MoOnekynsapHoi reHetuku PAH. Ilo wununmartuse
pykoBogutenst otaena B. FO. TaBpunosa B 1962 T. BriepBbie Oblla CIPOEKTHPOBaHA
W CO3[]aHa YHUKAJIbHAs YCTAHOBKA, IO3BOJISIONIAS paboTaTh CO 3HAYUTEIHHBIM
KOJINYECTBOM ra3000pa3sHOro TPUTHS U JArolasi BO3MOXXHOCTb BBOJUTH TPUTHEBYIO
METKY B (PH3MOJIIOTHYECKH aKTUBHBIE BENIECTBA. JTO TMO3BOJIMIO OPraHU30BaTh
BriepBele B CCCP cepuiiHblif BBITYCK MEUEHHBIX TPUTHEM IpenapaToB. B HacTosiee
BpeMs HOMEHKJAaTypa MEYEHHBIX TpPUTHEM (DU3MOJOTMYECKH AKTHUBHBIX BEILIECTB
coctaBisier Oonee 250 HaMMEHOBaHHWM, YTO 00ECHEYMSIO TMOTPEOHOCTH CTPaHBI
B 3TOM BHJI€ U30TOMHON npoaykuuu. [Ipu atom ecnu B 1970-e TT. X OCHOBHAS 4acTh
OTHOCHJIaCh K KOMITOHEHTaM HYKJIEHWHOBBIX KHCIIOT, aMHHOKHCIIOTaM, MPOCTEUIINM
BUTAMHMHAM M JIMNKAAM, TO KOHeln XX BeKa O03HaMEHOBAJICSA OONBLIMM HHTEPECOM
K MEYEHHBIM TpHTHEM (apMIpenaparaM sl HCCIe0BaHUs (apMaKOKUHETHKU
u MeTabonu3Ma. YITyqlrajaich U XapakTepUCTUKY TpenaparoB: B 1970-e rr. THIHYIHBIE
MoJsipHele  panuoaktuBHocTH (MP) mpemaparoB coctaBmsuin 5—-10  Ku/mMM,
a paguoXMMUYecKas 4YHCTOTa noxommwna Ao 95 %, B Hactosimee Bpems MP
(mo 100 Ku/MM wu BbIlIIIE) COOTBETCTBYET IOJHOW 3aMEHE HECKOJBKHUX aTOMOB
BOJIOpO/Jia HA TPUTHUH.

Baxno 3amerurs, uto crommocts 1 Ku rasooOpasnoro tputus Ha 2012 r.
coctaBisuia oT 2 1o 3 moiur. CHIA, Torma xak 1 MKu maxe cpaBHHTETBEHO IPOCTOTO
u Hegopororo npenapara — 10 100 momr. CIIIA. Tem caMbIM MOXHO 3aKITIOYHTh, 9TO
B XOJIE CHHT€3a MEYEHHBIX TPUTHEM COEIMHEHHH IMOJydYaroTCsl MPOAYKTHI, B COTHH
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THICSY pa3 OoJiee LEHHBIE, YEM HCXOIHOE CHIpbe. DTO TOBOPHUT 00 SKOHOMHYECKH
BBIT'OJTHOM IIPOU3BOJICTBE YIIOMSHYTBIX BELLECTB.

Jist u3ydeHns: pa3iuyuHbIX OMOXMMHUYECKUX, AUArHOCTHYECKUX U CTPYKTYPHO-
(YHKIMOHANBHBIX — HccleqoBaHuil  Makpomosiekyn — (6enku, JHK) mmpoxo
UCHONB3YEeTCS Memoo u3omonnoco obmena. Ero OCHOBa COCTOUT B TOM, 4TO
IIPH PACTBOPCHWHM MHOTHX BemiecTB B TpuTHEeBOH Bome (T20) mpoumcxomut oOMeH
aromoB Bomopona Ha Ttputuii (*H). M3oromHbiii oOMeH XapakTepusyercs Kak
CaMOIIPOU3BOJIBHOE TMepepaclpesieieHne U30TONOB XUMHUYECKOro 3JEMEHTa MEXY
pasnuuyHbIMH (pa3aMu cuCTEMBbI (B YaCTHOCTH, MEXKAY pa3IMYHBIMH arperaTHbIMU
COCTOSIHUSIMA OJHOTO M TOTO € BELIECTBA), YacTUIaMHU (MOJIEKYJIaMH, WOHAMH)
WIK BHYTPH MOJEKYN (CIOXHBIX HOHOB). lIpm n30TOMHOM OOMEHE coXpaHsieTcs
HEM3MEHHBIM 3JIEMEHTHBIA COCTaB KaXIOTO0 YYacCTBYIOIIEIO B OOMEHE BEIIECTBa,
W3MEHSETCSl JIMIIb €ro M30TONHBIM cocTaB. PacmpeneneHne HM30TONOB MEXIY
BEIIECTBAMH B COCTOSHMHM paBHOBECHsI  XapakTepusyercss KodQQuIueHTOM
pacmpeneneHus, ONpPEleJSIOIIMM  COOTHOLICHHE PAaBHOBECHBIX  KOHLEHTPALUHA
M30TOIOB B pearupyouux Bemecrsax. ClieayeT OTMETHTD, UTO JUIS TSXKENBIX H30TOIOB
(mediTepus U TPUTHS) paclpenesieHHe MEXIy pearupylouMMi BellecTBaMHU
MIPOMCXOAUT HEPAaBHOMEPHO M MOXKET JOCTUTaTh COTEH MpOLEHTOB. OTKIOHEHUE
OT PaBHOMEPHOI'O paclpelesieHHs 3aBUCUT HE TOJIBKO OT OOJBIIOrO Pa3iuyHs MacChl
M30TONOB (B JAHHOM CiIy4dae BOJOPOJIa M TPUTHUS, pasauyvaromieiicss B 3 pasa),
HO M OT XMMHYECKOI'O COCTaBa BEILECTB, MEKIY KOTOPBHIMU MPOUCXOIUT U30TOIMHBIH
oomen. Kpome Toro, kodpdummeHT pacmnpenereHus 3aBUCHUT OT TEMIIEPATyPHI
1 BO BCEX CIy4asx 110 Mepe €& moBbleHus npudnmxkaercs K 1. CKopocTs NpoTeKaHus
M30TOITHOTO OOMEHa B PAacTBOpPE MPAKTHUYECKH MTHOBEHHA, HO B HEKOTOPBIX CITydasx
KpaifHe MeJJIeHHa WK jKe 0OMeHa BOBCE HE MPOUCXO/THT.

Tak, mpy MOMELIEHNH MOJEKYNbl B TSDKEIYI0 TPUTHEBYIO BOJY MPOHCXOIUT
IoBOJIBHO ObICcTpbIi m3oTomHbINH (H-D-T)-00MeH TpoTOHOB Ha AeWUTEpHU/TPUTHI
B ruapokcwibhbix -OH, kapOokcuibabix -COOH, cynbdruapunbabix  -SH,
amuborpynnax -NH> wu amupaeix -NH Bcex OpraHMyYeckux COEJUHEHUM
(aMUHOKHCIIOTBI, HYKJICO3UIbl, KOPOTKHE IOJUIENTHIB, OCJIKH B KOH(POpMALMH
OecropsI0YHOro KIIyOKa U OJHOLIETIOUEYHbIE HYKJIEMHOBBIE KHCIIOTBI, IUMHUIBI, OCIKH
u caxapa). Hamporus, cBs3p C-H He moxmBepraercsi H30TOITHOMY OOMEHY, MOSTOMY
coenuHenus co cBa3simu tTumna C-D (C-T) cunresupyrot uauBuayanbHo. HyKHO yuecTs,
YTO CKOPOCTh OOMEHa H30TONAMH 3aBHCHUT OT y4yacThsi aTOMOB B 00pa3oBaHUH
BOJOPOIHBIX CBSI3€M: HMX YYaCTHE CHWXKAET CKOPOCTb H30TOMHOIO OOMEHa.
CrenoBatesibHO, U3MEPsIsi CKOPOCTh BOJAOPOIHOrO OOMEHa JUIsl IPOTOHOB OTKPBITHIX
rpynn (HampuMep, B MOHOMEpax) M CKOPOCTh OOMEHa [yl aHAJIOTHYHBIX TPYIHII
MaKpOMOJIEKYJIbl, MO)KEM B JTAHHBIH MOMEHT BPEMEHH OIPEAEIHTH JONI0 MPOTOHOB
3THX TPYMII, HE YYaCTBYIOUIMX B 00pa30BaHUM BOJOPOTHBIX CBSI3€H, UTO W ABISETCS
Pe3yABTaTOM CTPYKTYPHO-(QYHKIHOHATBHBIX UCCIIEOBAHUH COSMHEHHM.

Crenyer OTMETHTH, YTO M30TONHBIE dPQEKThl ACUTEPUS] W TPUTHUS CBSA3AHBI
c oOpa3oBaHHEM B TSDKENOH/TPUTHEBONH BOJEC KOH(POPMAIMA MOJEKYI C HHBIMH
CTPYKTYpHO-IMHAMUYECKUMHU CBOMCTBaMH, dYeM KoH(popmanui, o00pa30BaHHBIX
C yJacTHEM BOJOpOJia U MO3TOMY MMEIONINX APYTYI0 aKTUBHOCTh M OHMOJIOTHYECKHE
ceoticta. Hanpumep, paspsis C'H-cBsiseit MoxkeT npoucxoauts Osbictpee, uem C?H-
CBSI3€i, W TMOABWXHOCTH ACUTEpHUs] MEHbILE, YeM MOJBMKHOCTH MPOTHS; KOHCTAHTa
HMOHU3AMH TSDKENOM BOBI MEHbIIE KOHCTAHTBI HOHU3AUN OOBIYHON BOZBI.
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[Ipn wucnonp30BaHMHM METOAAa TPUTHUEBOrO OOMEHa OBUIM TMOJYYEHBI BechMa
Ba)kKHbIE pe3ynbTaThl. [Ipexkae Bcero, M3 JaHHBIX MO KWHETHKE M30TOMHOro oOMeHa
1 PaBHOBECHOMY paCIIpPEACICHUIO U30TOIOB, a TAKXKE BIUSHUIO HA HUX pH BBICHEHO,
YTO BOJOpPOAHBIE CBsi3U B AByxuenodeyHor JJHK moctosHHO paspymiatoTcs U BHOBb
00pasyroTcsa. JTOT MpoLecc Ha3Bald «ABIXaHHEM» U MPEINOIOKUIN, YTO OH JIC)KHUT
B OCHOBE BO3MOXKHOT'O ME€XaHM3Ma TaKHX MpOIecCOB, Kak nHuIManus cuareza JJHK
u cnapuanue JJHK-/IHK npu renerndeckoii pekomomHanmu. OnpeaesieHne xKe dnucia
BOJOPOIHBIX CBSI3€ 3a CUET W3MEpPEHHUs JONH OBICTPO OOMEHHBAEMBIX IMPOTOHOB
[IOMOTJIO MMOATBEPIUTE CTpyKTYypy TPHK.

B 130TONHBIX HCCIIEIOBAHUSAX C TSHKEION U TPUTUEBOM BOJIOM YaCTO UCTIOJIB3YIOT
METOJT M30TOITHOTO pa30aBlIeHUs, TIPEXAE BCETO I OMPENENCHUs COACPKaHU TeX
WY UHBIX COCAMHEHUM B CMECH, KOTOPbIE HEBO3MOXXHO KOJWYECTBEHHO BBIICIUTH
" pasacinTb Ha OTACIIbHBIC KOMIIOHCHTHI. HaHpHMep, METOA U30TOITHOT'O pa36aBHCHHH
MOJKET OBITh UCTIOJIB30BaH IS ONpEACICHHUS O0IIEro KOJINYecTBa BOAbI B OPTaHU3ME.
I[Hﬂ 3TOI'0 BBOISAT H3BECTHOC KOJIMYECTBO BOJbI C OHpeIleJIéHHI)IM COACPpKaHNEM
H,O:T,0 = n. Yepe3 HEKOTOpOE BpeMs, KOTOPOE YIUIO HA IOJHOE CMEIIMBAaHUE
MEUYEHON BOJIBI C OCTAllbHOW €€ YacThlo, OTOMparoT o0paszel] M3BeCTHOro oOBEMa
CBIBOPOTKH KPOBU M M3MEPSIOT B HEM YZACIBHYIO aKTUBHOCTh TpUTHA. BenuuunHa
koaduimeHTa pazbarieHus B o0pasie (00bEM BOJbI, BBEAEHHONW B IKCIICPUMEHTE)
MO3BOJISIET PacCYUTATh NOJHOE KOJMYECTBO BOJBI B OPraHU3ME.

["a3000pa3HbIii TPUTHI UCIIONB3YETCS B KITMHUYECKON IPAKTUKE IS OTIPEIEICHUS
BCHTUIALIMOHHOI'O O6’LéMa JICTKHUX, a TaKXKEC B Q)apMaKOJIOI‘I/I‘-IGCKI/IX HCCIICAOBAHUAX
U HDKCIIEPUMEHTAIBHON PaluOMETPHH.

4.3. Céeemococmagnvt ROCHOAHHO20 0eHUCMEUA

[epcnekTHBHOW OOIACTBIO WCIONB30BAHUS [(-U3TYUCHUS TPUTHS SBISACTCS
MOJIYYE€HHUE C8EeMOCOCA808 NOCMOAHHO20 0elicels Ha OCHOBE TPUTHH-OPTaHUIECKUX
coeauHenuid. IlepBoHawyanbHO K JIOMHHOpOpPaM [OOABIISUIMNCH  ECTECTBEHHBIC
0-paJMOAKTUBHBIE BELIECTBA, IPEXK/IE BCETO paguil, UCITYCKAIOLIUM Y-TIy4H C S3HEprUuei
0,188 M»aB, u o-uactunbel ¢ 3Heprueid 4,777 M»sB. Ha3panue «panuii» BBIOpaHO
cynpyramu Kropu He ciaydaiiHo (J1at. radius — j1y4), MOCKOJIBKY caM METaJlll, €r0 COJIH
W CMECH COJIeH paays C HEKOTOPHIMHU BELIECTBAMH HCITyCKaIOT XOPOLIO Pa3IMIUMBbIN
CBET 3a CUET BO3JCHCTBHUS 0-UacTHIl. TakuM 00pa3om, TIOUTH cpa3y Tociie 00HapYKEHHS
pPaIMONIOMHUHECIICHIIMM  Cylb(uIa 1MHKA TOJ JCHCTBUEM W3IyYCHHS Pajus
(A. bekkepens) B 1902 r. Obiia co3maHa cBeTsimasicsa kpacka (Y. Xammep), rpaMm
KoTopoi cogepxain oT 10 qo 300 MKT paaus, MomIemas Ha U3rOTOBIEHUE HAPYUHBIX
YacoB CO CBETAIIMMCS B TeMHoTe IudepOmarom. CremyeT OTMETHTb, HYTO WX
MIPOMU3BOJICTBO MPEKPATHJIOCh JHIIbs B Hawdane 1960-x rr., a mpousBeneHO ObLIO
HECKOJIbKO MWJUIMOHOB 4acoB. Kpome panusi, OpeIupUHUMAINCH IONBITKH
npumenenus SKr B 6aJUI0HaX, TOKPBITHIX JIIOMUHO(POPOM M3HYTPHU, HO B HACTOSAIIEE
BpeMsl B TAKHX JIIOMUHO(OpPAx MCIONB3YIOTCS TOJBKO TPUTHH.

[Ipenmy1iecTBO MOJACBETKH HA OCHOBE TPUTHEBOTO T'a3a 3aKIF0UAETCS B TOM, YTO
OHa HE TYCKHEET B TEUYCHHE IJIUTEIIBHOTO MPOMEXyTKa BpeMeHH (okomo 10 mer)
WCTIONB30BaHMs B TEMHOTE, 1ajiee [OTeps B IPKOCTU cocTaBUT He Oosee 40 %. B obmieit
CJIO’KHOCTH 3Ta MOACBETKa padoTtaet a0 25 seT. B ommune oT pagusi, TpUTHH sBISIETCS
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MSTKHM [-H37y4areneM, U3IydeHHe KOTOPOro 3aepKUBaeTCs 1akKe TOHKHM CTEKIIOM
4acoB; P-4acTULBI TPUTHs ¢ SHepruedl 10 18 k3B HMMET ANMHY MaKCUMajIbHOTO
mpodera B BO3ayxe 5—6 MM, TO €CTh IPAKTHYECKH ITOJIHOCTHIO 33A€P’KUBAOTCS CTECKIIOM
tommuHONH 1-2 MM. Kpome Toro, mepmoj moidypacmaga TPUTHS TOpa3o MEHbIIe
(12,33 roga) mepuoaa moiypacmaga pajaus, TO €CTh IMOCJE CIy4alHOTO IMOMaJaHus
KpPackd B OKPYKAaIOLIYIO Cpely OHHM paclafaioTcsi ObICTpee W MPUYHHSIOT MEHBIIIe
Bpela JKOJOrvu (a TPUTUI HpUMEHSAETCS B BUAE Ia3a M B Clydae paspyLICHHS
HMCTOYHHMKA CBETA Cpa3y K€ CHIIBHO pa30aBIsIeTCsS BO3AYXOM).

UroObl TONYyYUTh MCTOYHHK CBETa, Ta3000pa3HBIi TPUTUI 3amamBaioT
B CTEKIISIHHBIM cocyn Manoro o0béma. BHYTpPEHHIOIO TOBEPXHOCTH 3TOH EMKOCTH
MOKPBIBAIOT JIFOMUHECLEHTHBIM BEILECTBOM. OJEKTPOHBI, HCIIyCKaeMble TPHUTUEM,
O6oMOapaupyIOT Cioi TFOMHHO(GOpA, aKTUBUPYS €r0 MOJEKYJbI, KOTOphIe HAYMHAIOT
cBeTUThCs. L[BeT cBedeHMs 3aBUCHT OT XHMHUYECKOTO COCTaBa JIIOMHHO(OPA.
[omynsipHOCTh TPUTHEBOW TOJICBETKHM OOECTEYMBaeTCI TEM, YTO OHa He Tpedyer
BHEIIHUX HMCTOYHUKOB SHEPTUHU, TO €CThb NPUOOpP C TaKOW TMOACBETKOW OCTa&Tcs
ABTOHOMHBIM Ha IIPOTSDKEHUH BCEI'O BPEMEHH JKU3HU UCTOYHMKA CBETA U HE OTKIIIOUUTCS,
ecnd B HEM IO KakoW-muOo mpuymHe csuer Oartapeiika. CoBpeMeHHBIE Yachl, KaK
MIPaBUIIO apMeiicKue, SKpaHUPOBAHBI OT BO3JEHCTBUSA MarHUTHOTO T10JIs1, HE TTO/IBEPIKEHBI
KOppO3UH, HE 3all0TeBAIOT, BBIAEPKHUBAIOT JaBJIEHHE, HKBHUBAJIEHTHOE MOABEMY
Ha 10-KMJIOMETPOBYIO BBICOTY, TO €CTh HE MOTYT CIIPOBOLIUPOBATH JETOHALUIO MHUHBI.
HcrtouHukn cBeTa B YKa3aHHBIX BBIIIE Yacax MPEICTAaBISIOT co00il Hag&xHO
3areyaTaHHble CTEKJISHHBIE IWIMHAPH paszmepoM 1,3X0,5 MM, BHYTpPH KOTOPBIX
COJCPIKUTCSI Ta3000pa3HbIi TPUTHH. MaKCHMaNbHBIH CpPOK CIYXOBbl TPUTHEBBIX
HMCTOYHHUKOB cBeTa — 20 JeT.

VIMeHHO MO3TOMY TpPUTHEBBIE TEXHOJIOTMH OXOTHO NPUMEHSIOT B MPHOOpax
BOCHHOTO Ha3HAYCHUS, B TOM YHCIIE JUISI IOACBETKH HU(EepOIaTOB U IPYTUX 3HAYUMBIX
JJIEMEHTOB B CaMBIX Pa3HOOOPa3HBIX MPUOOpaxX, 3TO B MEPBYIO OUEPEdb KOMNACHL,
CTPEJIKA KOTOPBIX MOJCBEYMBAIIN C IIOMOIIBIO TpUTHHCOAepKatiel ¢pochopeceHTHON
Kpackd. TpuTHeBbIE 31eMEHThl paboTalOT B ONTHYECKUX, KOJUIMMATOPHBIX M OJIOUHBIX
npuuenax. [Tpou3BoagTcs mpuilenbl ¢ MOJICBEYMBAEMON MPUIIEIbHOW MapKOW, OHU
HE HYXJAIOTCS BO BHEINIHUX HMCTOYHHKAX TOKA, MX OCOOCHHOCTH 3aKII0YaeTCs
B HCIIOJIb30BAHUM BOJIOKOHHOM ONTHUKM M B HAJIMYMM OaNTUCTUYECKOW NPHULETHHOM
ceTkd. J{J1s1 MOACBETKH MCIIONB3YETCsl TPUTUEBAS JIaMIla, BpPeMsI HETIPEPBIBHON pabOTHI
e€ moxourt fo 12—15 ner.

Emé ogHuM npuMepoM HCTIONB30BAHUS TPUTHUS B TPAKIAHCKUX HENSIX SBISETCS
MPOM3BOACTBO ocBeTuTeneil. OcBeTuTens NPencTaBisieT CcoOOH  3aloJIHEHHBIH
ra3o00pa3HbIM TPUTHEM METAJUTMYECKHH KOPITyC, OHO KOTOPOTO IOKPBITO CJIOEM
momuHOpopa Ha ocHoBe ZnS:Cu. HampoTwB wmMeromierocss OKHa pacrioyOKeH
3epKaIbHBI KOHUYECKUI OTpaXkaTelb JITUHOM He MeHee 2,5 muaMeTpa, a o0pasyromast
pacroIokeHa Mo YIJIOM K OCH IMOJOCTH, COCTABISAIOMNM oT 18° 1o 22°.

4.4. Tpumuegwvle ucmoYHUKU HEIMPOHOS,
HU3KO0IHEP2eMUUECKO20 PEHM2ZEHOBCKO20 U3JIYUeHUs

TputneBble MuLIeHN (Ta3000pa3Hble, TBEPAbIE — HAa OCHOBE THTaHA, IIMPKOHUS,
JUTHS, HEeoauMa, Npa3eoiuMa M Jp.) IIMPOKO HCIOJNB3YIOTCS B YCKOPHTEISIX
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Y HEUTPOHHBIX T€HEpATOpax JJIA MOJYYCHHUS] HEUTPOHOB BBICOKUX DHEPIHM, IS razo-
KUJKOCTHOW XpoMaTtorpaduu, B KadeCTBE paJMOAKTUBHBIX WCTOYHUKOB OMMU,
i hirooporpadun 1 I3MEpEeHUs TONIUHBI TOHKHAX THIEHOK.

Hamnbonee mmpokoe npuMeHeHne B SAepHO-OU3MIECKUX UCCIEIOBAHUAX HAIILITH
HEUTPOHHBIE UCTOYHUKU. B reHepatopax HEHTPOHOB UCIOIB3YETCS PEAKLU:

’H + 2H = “He + n,

mpoTekaromas npu 6oMOapaIUpOBKe ACHTPOHAMH MHIICHH, HACHIIICHHON TPUTHEM.
Orta peaknusi MOXKET MpOTeKaTh Jake IMpU OYEHb MaJbIX JHEPIUAX JAEUTPOHOB
(mo0 0,109 M»B) 3a c4€T ee BEICOKOTO 3HAUCHHS ceueHus (> 4 OapH).

[TopraTuBHBIN HCTOYHWUK HEHTPOHOB TMPEACTABISICT COOOH MHMHHATIOPHBIN
YCKOpHUTENb, 3amasHHBIA B Kamepy, B KOTOpPOHM pacroyioKEeHbl HCTOYHHUK HOHOB,
CHUCTEMa YCKOPSIOUIMX OJJIGKTPOHOB, MHILIEHb M YCTPOICTBO i1 MOAJACpPMKAHUS
HEOOXOIMMOTO JaBJcHUS Ta3a. B kadecTBe MHIICHH HCIOJB3YIOT TPUTHABI ypaHa,
TUTaHA WM [UPKOHWSA, a TAKXKE HACHIIICHHbIE TPUTHEM THTAaHO-MOINOICHOBBIE
crutaBel. PazpaboTaHHBIE T€HEPATOpPHl MO3BOJSIOT IMOMYYUTh HENPEPHIBHBIE TMOTOKH
obIcTpBIX (10 14 M>B) melitponos no 100 meiirp/c, a Takke UMITYIbCHBIE TIOTOKH
no 10" meitrp/c B umnysbce 10 Mxc u wactore cienoanus 10 100 I'n. Teneparops
HEHTPOHOB YCIEUIHO MPHUMEHSIOTCS B SICPHON reodusuke Ui meJeld 3JeMEHTHOTO
aHallM3a COCTaBa BEIECTBA, JJIS ONpEIENICHUS pa3IMYHBIX MpHMeced B MeTalllax,
TS NEPEKTOCKOTUH U T. II.

TpUTHI-TUTAHOBBIE W TPUTUH-LUPKOHUEBBIE MHILIEHU IIOJYYUIM ILIUPOKOE
MIPUMEHEHHE I MOTy4YeHHsT MOHOPHEPTeTHYECKUX HEMTPOHOB HA 3JEKTPOCTATUYECKUX
YCKOPHUTEISIX IMPOTOHOB € PHEPTHEH MaIaroNIero mydka 10 4 MaB.

TopMo3HOE WU3ITy4YeHHWE TPUTHEBBIX MUIICHEH MOXET OBITh MCIIOJIB30BAHO
JUTSt ICTOYHUKOB DMMU Manoii sHepruu st Grrooporpadun, KaTnOpOBKH CBEPXTOHKHX
MatepuaioB. [pyroil 061acTei0 UCMOIB30BAHUS YIIOMSIHYTHIX MCTOYHHUKOB SIBIISETCS
orpejieNieHre cepbl B He)TH U B IPYTUX YIIIEBOJIOPOIAX.

4.5. /Ipyeue cnocoodvl npumenenus mpumus

VHTepecHble BO3MOKHOCTH TPUTHS CBS3aHBI CO CIIOCOOHOCTBIO [-M3IydeHus
MOHM3UPOBATh WM BO30YXKIaTh aTOMBI M MOJIEKYJIBI Pa3IM4HbIX BeiectB. K mpumepy,
W3JIyYeHHe OT MCTOYHMKOB TpuTusa or 3,7-10'' mo 5,5-10"" Bk npumensercs
JUIS HOHU3AIIMK BO3/lyXa B yCTAHOBKAX IS CHATHUS SJIEKTPOCTATHYECKHX 3apSIOB.

Bonblioe 3HaueHHe ¥ MHOTOYMCIIEHHOE TIPUMEHEHHE UMEET TPUTHH B (H3MKE,
XUMHH, METAUTyPrUM, TUIPOJIOTHU U JPYTMX OTpacisx xossictea. Tak, B (QU3MKe
OH WCIIOJNB3YETC /I M3TOTOBJIEHHS TPUTHEBBIX MHUINEHEH W MHUKPOMHIIEHEN
JUTA JTA3€PHOTO TEPMOSIEPHOTO CHHTE3A.

3aKaH4MBas M3JIOKEHHE CBEJEHWN 00 WMCIOJNB30BAHMM TPUTHS B OTIEIBHBIX
OTpacisaX HAyKH M TEXHHKH, CYMTAEM HEOOXOAMMBIM TIOMYEPKHYTH, HYTO MBI
OCTaHOBWJIMCH JIMIIb BKPATIIE HAa 3aTPOHYTOM BOIpoOce. BMecTe ¢ TeM OTMETHM, 4TO
[PUBEAEHHBIX JAHHBIX BIIOJHE JIOCTATOYHO JUIS CYXIEHUS O Xapakrepe, o0béMe
Y [IEPCIIEKTUBAX TIPUMEHEHHUS TPUTUSL B HAYKE U TEXHUKE. W3J105KEHHbIE 0COOEHHOCTH
PaJMOAKTUBHBIX ¥ XMMHYECKMX CBOMCTB TPUTHsI, O€3yCIIOBHO, OTKPBIBAIOT OOJIBIIME
HEPCTIEKTUBBI Ul MPOM3BOJCTBA M INMPOKOTO HCIOJIB30BAHHS €r0 CaMOro M €ro
COCIUHECHHN.
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I'naBa 5. TpuTHii B i1epHO-0pPYKeiiHOM KOMILIeKce
5.1. Obwee onucanue u ycmpoiicmeo mepmosaodepHozo boenpunaca

TepmosinepHoe opyxue (BomopoaHas OoM0a) — THII SAEPHOTO OPYXKHUS,
paspylmTenbHas Cujla KOTOPOTO OCHOBaHA Ha MCIOJIB30BAaHUU SHEPTHH pPEaKLUu
SIIEPHOTO CHHTE3a JIETKUX 3JIEMEHTOB B Oojiee TSDKENbIE (HAallpUMeEp, CUHTE3a OJHOIO
spa atoMa TeJus U3 JBYX sAep aTOMOB JeHTepus, NpU KOTOPOH BBIAENAETCA
KOJIOCCATIbHOE KOJIMYECTBO 3HEPTHH.

Nwmes te ke nopaxkaromue GpakTopsl, YTO U y SAEPHOTO OPYXKHS, TEPMOSAECPHOE
OTJIMYAeTCsl HAMHOTO OOJbIIeH BO3MOXKHOM MOIIHOCTBIO B3phIBa (TEOPETUYECKU, OHA
OTpaHNYCHA TOJIBKO KOJMYECTBOM HMMEIOLIUXCS B HAJIWYMHM KOMIOHEHTOB). Ciemyer
OTMETUTH, YTO YAaCTO YINOMHHAEMOE YTBEpPXKIEHHE O TOM, YTO pPaJHOAKTHBHOE
3apaKeHHEe OT TEPMOSIEPHOTO B3pbIBa ropaslio ciadee, YeM OT aTOMHOTO, KacaeTcs
peakMii CHHTE3a, KOTOpPbIE HCIONB3YIOTCS TOJIBKO COBMECTHO € Topasfo Ooiee
«TPA3HBIMU» pEAaKUMAMU JIeJeHHA. TepMHH «4HCTOE OpYy>KHe», TOSBUBLIMICA
B aHTJIOS3BIYHON JHTeparype K KoHity 1970-x rr., Beimien u3 ynorpebnenus. Ha ngeme
BCE 3aBUCHT OT BHIOPaHHOTO THIIA PEaKIMH, UCIIONb3yeMOW B TOM WJIM UHOM H3JICIINH.
Tak, BKIIOYEHHE B TEPMOSICPHBIN 3aps] SJIEMEHTOB W3 ypaHa-238" mo3BoIsieT
HaMHOTO (10 5 pa3) MOBBICUTH OOIIYI0O MOIIHOCTH B3pBIBA, a TaKKe 3HAYMTEIBHO
(B 5-10 pa3) yBenmuuBaeT KOJTUIECTBO PATUOAKTHBHBIX OCAIKOB.

Obwee onucanue. TepMosgepHOE B3pPBHIBHOE YCTPOMCTBO MOXKET OBITh
MOCTPOEHO KaK € MCIIOJIb30BAHUEM KHUIKOTO ACUTEPHsl, TAK M ra3000pa3HOrO CKATOro.
Ho mnosiBnenne TepMOSAEPHOTO OpPYXKHUS CTAl0 BO3MOXHBIM TOJNBKO Onaromaps
Pa3HOBUIHOCTH THIPUJIA TUTHS — JAelTepuay JuTs-6.

Heditepun nutus-6 — TBEPIOE BELIECTBO, MO3BOJAIOIIECE XPAHUThH ACUTEpUi
(06BIYHOE COCTOSHME KOTOPOTO B HOPMAJBHBIX YCJIOBHSX — Ta3) MpPH IUIFOCOBBIX
TeMmIeparypax, KpoMe TOro, BTOPOi ero KOMIHOHEHT — JIUTHH-6 — SIBIAETCS CHIPbEM
JUIsL TIOJYYEHHsI caMoro Je(UIMTHOTO H30Toma Bojopoaa — Tputusi. CoOCTBEHHO,
Li — eMHCTBEHHBINA NMPOMBINIEHHBIA HCTOYHMK MOIYYEHUS TPUTHS.

B panmHux Ttepmosimepubeix Ooenpumnacax CHIA wucnomb3oBasicss Takxke
U IeHTepu TPUPOTHOTO JINTHSL, COJEPHKAIIEro B OCHOBHOM H30TOM JIUTHUSA-7. OH TaKxe
CIIy>)KUT MCTOYHMKOM TPHUTHUS, HO AJISI 3TOTO HEHTPOHBI, yYACTBYIOLIHE B PEAKLUH,
JOJKHBI UMETh 3Hepruto 10 MsB u Bolwe.

TepmosiiepHast 0oM0a, neiicTByOIIAs 10 MpUHLUITY Teuiepa — Yiama, COCTOUT
U3 ABYX CTYIEHEH: TPUITEpa U KOHTEWHepa C TepMOSICPHBIM roprounM. Tpurrep —
3TO HEOOJBIION TUTYyTOHHEBBIH SIAEPHBIA 3apsi C TEPMOSIAEPHBIM YCHIEHHEM
W MOIIHOCTBbIO B HECKOJIBKO KHJIOTOHH. 3ajjaya TpUITepa — CO3/1aTh HEOOXOIUMBbIE
YCIOBHUS JJI pa3KUTaHUs TEPMOSACPHOW peakUMd — BBICOKYIO TEMIIEpaTypy
Y JaBIICHUE.

KonreiiHep ¢ TepMoOsaepHBIM TOPIOYMM — OCHOBHOM 3j1€MeHT OoMObl. OH
M3TOTOBJICH M3 ypaHa-238 — BeImIecTBa, MEIAIMIETOCS IO BO3JACHCTBHEM OBICTPHIX
BBIJICJIIIOLINXCST NIPU peakuy CHHTe3a HeHWTpoHoB (> 1 M»sB) m mornomaromiero
MeIJIeHHbIE HEUTPOHBI. MOKeT OBbITh BBINOJIHEH U3 cBUHIA. KoHTeliHep MOKpBIBaeTCs
CIIOEM HEWTPOHHOTO TMOTJOTUTENs (coeAwHEeHWH Oopa) AN TPEAOTBPALICHHUS

* Ilpu 3TOM HCHONB3yeMBIif B BOJOPOAHON O6omOe ypaH-238 nenmutcs mox neicTBHEM
OBICTPBIX HEWTPOHOB U IAa€T PaJMOAKTUBHbIE IPOIYKTHI JeneHnsi. CaMu HEHTPOHBI TPOU3BOAST
HaBEAEHHYIO PAJUOAKTUBHOCTD.
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MIPEKIEBPEMEHHOIO pa3orpeBa TEPMOSIIEPHOIO TOPIOYEr0 IOTOKOM HEHTPOHOB
OT TPUTTEPA, YTO MOXKET OMEMIaTh ero 3 pexTuBHOMY 00kaTHI0. BHyTpH KOHTelHEpa
HaxXOJUTCAd TEPMOSIEpHOE roprodee — JeHTepusa JUTHSI-6 — U pPacloSIOKEHHBIN
10 OCU KOHTEHHEpa IUIyTOHUEBBIM CTEPKEHb, UTPAOIIMMN POiIb 3anajla TEPMOSACPHON
peaknuu. PacnonoXeHHbIe COOCHO TPUITEP U KOHTEHHEP 3aJIMBAOTCS CIICLUATIbHBIM
IUTACTUKOM, MPOBOSIINM HM3JIydYeHHE OT TpUITepa K KOHTEHHEpY, M MOMEIAI0TCS
B Kopmyc OOMOBI, M3rOTOBJICHHBI U3 CTadM WIM aJlOMUHMA. BO3MOXEH BapuaHT,
KOTJa BTOpasi CTYICHb JENaeTcsl He B BUAC LHMJIMHApA, a B Buae cdepsl. [IpuHmmn
JNEeUCTBUSL TOT K€, HO BMECTO IUIYTOHMEBOI'O 3alalbHOIO CTEPKHA HCIONb3YeTCs
IUTyTOHMEBas Nojas cdepa, HAXOIAIIAsICsl BHYTPH M IIEPEMEKAIOINASACST CO CIOSIMU
neiitepuna mutus-6. [lpu snepHBIX HCHBITaHUAX OOMOBI cOo cepudeckor Gopmoit
BTOPOM CTYIEHU MOKa3ainu OOJBIIYI0 3QPEeKTUBHOCTh, YeM OOMOBI ¢ IMITHHIPHYECKOMT
(hopMoii BTOpPOIi CTYIICHH.

IIpu B3psiBe Tpurrepa 80 % BbLAEISIONIEHCS U3 HETO SHEPIUU PACXOILYETCs
Ha MOILHBIA MMITYJbC MSTKOI'O PEHTI'C€HOBCKOI'O M3JIY4YEHHUS, KOTOPOE IOIJIOIIACTCS
000JI0YKOH BTOPOH CTyneHu. B pe3ysnbraTe pe3koro HarpeBa ypaHOBOH (CBHHIIOBOIA)
000JI0YKH TIPOUCXOIUT a0JIAIINS BEIIECTBa 0OOJIOUKY U MOSBISIETCS] PeaKTUBHAS TATA,
KOTOpasi BMECTE CO CBETOBBIM AABJICHHEM OOKMMAET BTOPYIO CTYIIEHb, IIPH 3TOM €&
00bEM YMEHBLIAETCS] B HECKOJIBKO TBHICSY Pa3 U TEPMOSIEPHOE TOIUIMBO HArpeBaeTcs
0 TeMmmeparyp, OMU3KMX K MUHHMAIBHBIM [yl Havajga peakiuu. [myToHHMeBbIi
CTepXKEeHb NMEPEXOJUT B HATKPUTHUECKOE COCTOSIHUE, U HAUYMHAETCA siiepHasl peaKius
BHYTpPH KOHTelHepa. Vcnyckaemble croparliiuM IUTyTOHUEBBIM CTEPKHEM HEUTPOHBI
B3aUMOJCUCTBYIOT C JUTHEM-0, B pPE3yJbTaTE 4YEro MOIY4YaeTcsl TPUTHUH, KOTOPBII
B3aUMOJICUCTBYET C IEUTEPUEM.

Ecmu oOonouka koHTeiiHepa Oblla HM3TOTOBJIIEHA M3 MPUPOJHOTO YpaHa,
TO OBICTpBIE HEUTPOHBI, O0pa3yOLIMecs B PE3yJbTaTe PEakUUU CHHTE3a, BHI3BIBAIOT
B HEW peakLHy JIeJeHHUs] aTOMOB ypaHa-238, 100aBisoNie CBOIO SHEPrHI0 B OOLIYIO
SHepruto B3pbiBa. [10100HEIM 00pa3oM co3aaérest TePMOSIIEPHBIN B3PBIB PAKTHYECKH
HEOTPaHMYCHHOH MOIIIHOCTH, TaK Kak 3a O00O0JIOYKOH MOTYT pacrojiarathCs e
Y IpYTHUE CIIOU JACUTEpHIa INTHS U CIIOU ypaHa-238 (cioiika).

Yempoiicmeo mepmosnoepnozo 6oenpunaca. TepmosinepHsle OoempuIiachl
CYIISCTBYIOT KaK B BHJC aBHUAIMOHHBIX OOMO (6000poOHasi WM MepMOSOepHas
b6omba), Tak 1 OOETOIIOBOK TSl OAITUCTHYECKUX U KPBUTAThIX pakeT (puc. 1.11).

BTOpuuHblii  TepmosiAepHblii  YpaHoBblli  MHUUMMpYLLKiA
3apsa Aenexvs 3apan Tamnep  3apsg AeneHuns

BTopas MNepBas
CTyrNeHb CTYNeHb

Puc. 1.11. YcTpoiicTBo TepMosiiepHOro Ooenpuraca
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5.2. Hcmopus coz0anus mepmosoepHozo opysHcus

Jist pa3paOOTKU U COBEPIIEHCTBOBAHMS SIIEPHOTO M TEPMOSIACPHOIO OPYKHUS
ObUIM CO3JaHbI OpYKEHHbIE snepHble UeHTPHI. [lepBolil amepukanckuii nentp — Jloc-
AnamMocckas HallHOHAIbHAs JTa00paToOpHsl — OpraHW30BaH B pa3rap Bropoii MupoBoit
BOMHBEI B 1943 1. misa pa3paboTKu saepHO OOMOBI, OCHOBAaHHOW Ha WCIOJIE30BAHHH
SHEPTHUU JENECHUS AP TSHKENBIX AIEeMEHTOB — ypaHa-235 u mryTonusa-239. B 1952 r.
npaurenscTBo CIIIA oprannzoBano BTOpPOH OpYXKEWHBIM AAEpHBIM LEHTp —
JIuBepMOpPCKYIO HallMOHAJIBHYIO J1a00paTOPHIO 110 Pa3padOTKe TEPMOSIEPHOTO OPYKUSL.

Unes 60MOBI ¢ TEPMOSACPHBIM CHHTE30M, HHUIUUPYEMbBIM aTOMHBIM 3apsI0M,
Obu1a penoxena J. @epmu ero komtere J. Temnepy eme B 1941 1., B camom Hauane
MaHX3TTEeHCKOTO NPOEKTa. 3HAYMTENbHYI0 4YacTb CBOCH pabOTBl B XOZE IAHHOTO
mpoekra Temnep MOCBATHN padoTe HajJ MPOEKTOM OOMOBI CHHTE3a, B HEKOTOPOI
CTeTleHH TpeHeOperasi COOCTBEHHO aTOMHOM 00MO0ii. Ero opuenTranyst Ha TpyJHOCTH
U TO3UILMS «aBOKAaTa AbSBOJA» B O0CYXKIEHHIX Mpobiem 3actaBuin OnmneHreiiMepa
yBectu Temnepa u Apyrux «npoOIeMHbIX» (PU3MKOB HA 3aIIACHON ITYTh.

[IepBbie BaxkHBIE U KOHLIETITYaIbHBIE IIark K OCYIIECTBICHUIO ITPOEKTa CHHTE3a
caenan corpynuuk Temtepa CtanucnaB Yiam. s HHUIIMUPOBAHUS TEPMOSIEPHOTO
CHUHTE3a YJaM MpEeANIOKII CKUMATh TEPMOSACPHOE TOIUIMBO O Hadaja €ro Harpesa,
UCTONB3Yysl st 3TOro (akTopsl MEPBUYHON pEaKUHM pacIeIUIeHHs, a TaKxke
Pa3MeCTUTh TEPMOSAEPHBIN 3aps] OTAEIHHO OT MEPBUYHOTO SJIEPHOIO KOMIIOHEHTA
O0MOBI. DTH MpeNI0KEHHSI TIO3BOJIIITH MTEPEBECTH Pa3padOTKy TEPMOSICPHOTO OPYKHUS
B MpaKkTU4eCKylo IIockocTs. Mcxoma w3 atoro, Temnep mnpennonoxwuwi, dYTO
PEHTTEHOBCKOE U Y-U3ITy4eHHe, TOPOKAEHHBIE TIEpBUYHBIM B3PBIBOM, MOTYT I€peiaTh
JOCTaTOYHO PHEPTUH BO BTOPUYHBIH KOMITOHEHT, PAaCTIONIOKEHHBIN B 001Iel 00oouke
C TIEPBUYHBIM, YTOOBI OCYILIIECTBUTH JOCTATOYHYIO UMIDIO3HIO (00XKaTHE) U MHULIUIPOBATD
TepMosaepHyto peaknuio. [loznnee Temmep, ero CTOPOHHHUKH W TPOTUBHUKHU
o0CyKJlaJIn BKJIaJ] Y1aMa B TEOPHIO, JISKAIIYI0 B OCHOBE STOT0 MEXaHHU3Ma.

B 1951 r. Oblna mpoBeneHa cepusi UCIBITAHUHA IO OOIMM HAaUMEHOBAaHUEM
“Operation  Greenhouse”, B Xome KOTOpOH  OTpaOaTHIBAIIMCH  BOMPOCHI
MUHHUATIOPU3AllUK SIIEPHBIX 3apsiioB NMPH  YBEIWYEHWH HX MOIMHOCTH. OJIHUM
13 UCTIBITAHUM B 3TOM CEpUU CTal B3pBIB MO KOJOBBIM HAMMEHOBaHHUEM «JIKOPIAK»,
B KOTOPOM OBUIO B30PBaHO AKCIIEPUMEHTAIILHOE YCTPOWCTBO, NpeAcTaBsBIIee coO00H
SJIEPHBIA 3apsi/i B BUJAE Topa C HEOONBIIMM KOJWYECTBOM KHJKOTO BOJOPOJA,
MOMENIEHHBIM B IIeHTpe. OCHOBHAsSI YaCcTh MOIIHOCTH B3phIBa ObLIa MOJyYeHa UMEHHO
3a Ccu€T peakIMyd CHHTEe3a BOAOPOJA, YTO MOATBEPAMIO Ha IPAKTUKE OOLIYyIO
KOHIEMIIHIO IBYXCTYIIEHYaThIX yCTPOUCTB.

1 wHosOps 1952 1. Ha arome OHuWBeHOK (MapmamioBEl OCTPOBA)
noJ HauMeHoBaHueM «VBu Maiik» OBUIO TIPOBEIEHO MOJHOMACIITA0HOE MCIIBITaHHE
JBYXCTYIIEHUATOro ycrpoiictBa ¢ koHurypauueil Temnepa — Ymama. MomHOCTb
B3phbIBa cocraBmia 10,4 MT, uto B 450 pa3 mpeBBICHIIO MOIITHOCTH OOMOBI, COPOIIIEHHOM
B 1945 r. Ha smoHckuit ropon Haracaku. YcrpoiicTBo 00uieil Maccoit 62 T BKIIIOYAJIO
B ce0sl KPUOTEHHYIO €MKOCTh CO CMECHIO KHIKUX JACHTEPHs. U TPUTUS U OOBIYHBIN
SJIEPHBIN 3apsi]l, paCIOIOKEHHBIN CBepXy. [10 HEHTPY KPMOTEHHOM EMKOCTH ITPOXOINI
IUTyTOHUEBBIA CTEPIKEHb, SBIABIIMICA «CBEUOM 3aXXWUraHUA» IS TEPMOSJIEPHON
peakiuu. Oba KOMIOHEHTa 3apsiia ObUIM MMOMEIIEHBI B OOILIyI0 O0ONOYKY M3 ypaHa
Maccoi 4,5 T, 3alO0NHEHHYIO MOJIMATHICHOBON NEHOM, UrpaBIlIel poJib MPOBOJHUKA
JUIS PEHTI€HOBCKOTO M Y-M3IMy4eHHUs OT TEPBUYHOTO 3apsa KO BTOPUYHOMY.

48



YcrpoiictBo, ucnbitanHoe CIHIA B 1952 1., dakTrueckn «O0MOOH» HE SBISIOCH,
a TIPEICTaBIIIO CO0OM JTabopaTOpHBEIM 00pazer, «3-3TaKHBIM JTOM, HAITOJTHECHHBIN
KHUIKAM JeHTeprueM», BHIIIOJHEHHBIN B BUJE CIELUAIbHON KOHCTpYKIuHU. CoBETCKHE
XKe yu€Hble pazpaboTand UMEHHO OOMOY — 3aKOHYEHHOE YCTPOMCTBO, MPUTOAHOE
K [IPAaKTUYECKOMY IPHUMEHEHHIO.

CMmech KMIOKMX HM30TOIIOB BOJOPOAA HE MMEJa MPAKTHYECKOIo NPUMEHEHHUS
TUTSl TEPMOSIIEPHBIX OOCHPHIIACOB, U TIOCTIEAYIOLIHI IPOrPece B pa3BUTHU TEPMOSIEPHOTO
OpYXHUs CBS3aH € UCIIOJIB30BaHNEM TBEPJOTO TOIIMBA — AelTepuna mutua-6. B 1954 r.
dTa KOHIeHIMsA OblIa TpoBepeHa Ha aToirie bukwHW B Xoae WcHbITaHuil “Bravo”
nu3 cepun “Operation Castle” mpu B3pbIBe yCTpPOHCTBa MOJ KOIOBBIM Ha3BaHHUEM
«KpeBetka». TepMmosiiepHbIM TOIIMBOM B ycTpolcTBe ciyxuia cMeck 40 %
neiitepuna mutus-6 u 60 % nedtepuma nuTHA-7. Pacu€Tel mpemycMmarpuBand, YTO
TUTHR-7 He OyAeT ydyacTBOBaThb B PEAKLUUH, OAHAKO HEKOTOpBIE DPa3pabOTUMKH
[0/I03pEBANIM M TaKyl0 BO3MOKHOCTb, MPECKa3bIBasi YBEIMUEHHE MOIIHOCTH B3pbIBa
1o 20 %. PeanmpHOCTh OKa3ajack ropasmo Oosee OpaMaTUYHON: HpU pacuéTHOH
MOIIHOCTH B 6 MT peanbHas cocTaBuia 15, 3T0 HCHIBITaHHE CTAJIO CaMBIM MOIIHBIM
B3pBIBOM U3 KOrAa-n6o nponsBea¢HHbIXx CoennHénnpiMu [lTaTamu.

Bckope pazsutne Tepmosineproro opyxus B CLLIA Obu10 HanpaBiieHO B CTOPOHY
MUHUATIOpU3AalNA KOHCTpYKIMU Temnepa — VYnama, KOTOpOW MOXKHO OBLIO
OBl OCHACTHTh MEXKKOHTHHEHTaJbHble Oammuctuueckue paketsl (MBP/ICBM)
1 OTMCTHYECKUE PakeThl oABoAHbIX JIoNoK (BPTLJI/SLBM). K 1960 r. Ha BoopyxeHHE
ObUIN MPHUHATHI OOETOJIOBKU METaTOHHOTO Kiacca W47, pa3BEpHyThIe Ha MOJABOJHBIX
JI0JKaX, OCHAIIEHHBIX OayuncTuyeckumu pakeramu «llomapuc». boeronoBku nmenn
Mmaccy 700 ¢pynToB (320 kr) u quametp 18 mroiimMoB (50 cMm). boltee Mo3AHUE HUCTILITAHUS
MOKa3aJli HU3KYIO HAIEKHOCTh O0ETOJIOBOK, YCTAHOBIEHHBIX Ha pakeTsl «[lomapucy,
1 HeoOXoauMocTh ux Aopadorku. K cepemunre 1970-x rT. MUHHATIOpU3aNWs HOBBIX
Bepcuii 0oerosioBok 1o cxeme Temiepa — Yiama mo3sosivia pasmeniate 10 u Oonee
00erooBoK B Tadapurax OOCBOH HYaCTH PaKeT C pa3ieiSIIOIUMHCS TOJOBHBIMU
gacTsamu (PTY/MIRV).

B BenukoOpuranuu pazpaboTka TepMOSIEPHOTO OPYXUsl ObLIH HadaTa B 1954 r.
B OnpepmacToHe TpYMIION MO PYKOBOACTBOM capa Yuibsma IlenHes, panee
Y4acTBOBAaBIIEro B MaHXITTEHCKOM mpoekTe. B memom wuH()OpMHUPOBaHHOCTD
OpHUTAHCKOW CTOPOHBI IO TEPMOSAEpHON po0ieMe HaXoJuIach Ha BEChbMa 3a4aTOYHOM
ypoBHe, Tak kak Coenunénneie llTarel He aenuauch WHPOpMAIMeEW, cchUIasch
Ha 3akoH 00 atoMHol 3Heprun 1946 r. Tem He MeHee OpuUTaHIIaM pa3pelragn BECTH
HAOJIONEHUs] U OHU HCIIONB30BAJIHM CaMOJIET Al 0TOOpa mpod B XOAE NMPOBEICHHS
aMepHUKaHIIAMHU SIEPHBIX UCTIBITAHUI, YTO AaBajo HHPOPMAIHIO O MPOAYKTAX sSICPHBIX
peaKIMii, MOJy4YaBIIMXCS BO BTOPUYHOM CTaguu Jy4deBOM umIuio3uu. M3-3a stux
TpyaHocTedl B 1955 r. OpurtaHckuil mpemMbep-MUHHCTP ODHTOHU MaeH coriacuics
C CEKpETHBIM IUIAHOM, MPEIyCMAaTPUBABIIMM pa3padOTKy OYE€Hb MOLIHOM aTOMHON
60MOBI B ciydae Heynaunm OIepMacTOHCKOTO MPOEKTa WM OONBIIUX 33JEPrKEeK
B €0 peann3alyy.

B 1957 r. BenukoOpuTanus npoBesia CEpUIO UCTIBITaHMI Ha ocTpoBax PoxkaecTsa
B TuxoM okeaHe moja oOmuM HauMmeHoBaHueMm ‘“‘Operation Grapple” («Oneparus
Cxsatka»). [lepBeiM mnoj HamMeHoBanueM “Short Granite” («Xpynkuili rpaHuT»)
ObUIO UCIBITAaHO ONBITHOE TEPMOSJCPHOE YCTPOMCTBO MOLIHOCTBIO Okosio 300 KT,
OKa3aBIlIeecs 3HAYUTENILHO cabee COBETCKUX U aMEPHKAHCKUX aHaJIOrOB, TEM HE MEHee
OpUTAaHCKOE IPAaBUTENLCTBO OOBSBHIO 00 YCIEITHOM HCIBITAHUN TEPMOSJIEPHOTO
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ycrpoiictBa. B xone ucneitanus “Orange Herald” («OpamkeBbili BecTHHK») Oblia
B30pBaHa YCOBEPIIEHCTBOBaHHAs aToMHas OomOa MmomHOcThi0O 700 KT — camas
MOIITHAs M3 KOrma-mubo CO3MaHHBIX Ha 3eMJie aTOMHBIX (HE TepMOSIAEpPHBIX) O0MO.
[TouTn Bce cBUAETENN HCTIBITAHUN (BKJIIOYAst KUK caMoJIETa, KOTOPBIH ee cOpocHII)
CUHMTAJIA, YTO 3TO OblIa TepMosiaepHas 6omOa. bomba okazanmach CIHIIKOM AOPOTOM
B IIPOM3BOJICTBE, TAK KaK B €€ COCTaB BXOAMII 3apsl ITyTOHUS Maccol 117 kr, a ronoBoe
MPOM3BOJCTBO IUTyTOHUS B BenmukoOpuTanuu coctasisuio B To Bpems 120 kxr. pyroit
obpazer;y 60MObI ObLT B30pBaH B XOAe TpeTbux wuchbiTanuii — “Purple Granite”
(«DPHOIETOBEII TPAHUTY), €T0 MOIIIHOCTH COCTaBHJIA IPHOIM3UTEIRHO 150 KT.

B centsa6pe 1957 r. Obuia npoBenena Bropas cepus ucnbitaHuid. U 8 Hos0ps
NnepBbIM B HcmblTaHMH 1o HaszBaHueM “Grapple X Round C” 6puto B30pBaHO
IBYXCTYIIEHUYATOE yCTPOMCTBO ¢ O0Jiee MOIIHBIM 3apsAA0M AEIEHUs U 0osiee MPOCThIM
3apsAoM CHHTe3a. MOIIHOCTh B3phIBa COCTaBHIIA MpUOIM3nTenbHo 1,8 MT. 28 ampens
1958 r. B xone ucnwitanuii “Grapple Y Hag octpoBom PoxaectBa Obina cOpomiena
6oM0Oa MomTHOCTEIO 3 MT — camoe MoIIHOe OPUTaHCKOE TEPMOSIEPHOE YCTPOMCTBO,
a 2 centsa0ps 1958 r. B paMKkax TeX ke HCIIBITAaHNH OBIIT B30pBaH 00JIETYEHHBIN BAPUAHT
YCTPONCTBA, MOIIIHOCTH KOTOPOTO COCTaBmiia okojio 1,2 MT.

[Ipu nocnennem ucnbitanuu “Halliard 17, nmpoBeaéunom 11 centsadps 1958 r.,
OBLIO B30pBaHO TPEXCTYIEHYATOE YCTPOHCTBO MoOmHOCTHI0 okono 800 kt. Ha atm
WCTBITaHUSl OBUIM TIPHUIIAIICHBl aMepHKaHCKue HaOnronmatenu. llocne ycmemHoro
B3pBIBa YCTPOMCTB METATOHHOTO Kiacca (4TO MOATBEPAMIO CIOCOOHOCTH OpUTaHCKOM
CTOPOHBI CaMOCTOSTENBHO co3/aBaTh OOMOBI 1Mo cxeme Temnepa — VYiama)
Coenmuuénnpie llTaThl MOMUIM Ha SIEPHOE COTPYAHWYECTBO ¢ BemmkoOpuranmew,
3aKI04nB B 1958 T. cornamenne o COBMECTHOM pa3paboTKe sIepHOTO Opykusi. Bmecto
pa3paboTKH COOCTBEHHOTO MPOEKTa OPUTAHIIBI MONYUYHIU JOCTYI K MPOEKTY MAalbIX
amMepHKaHCKUX 0oerosoBok Mk 28 ¢ BO3MOKHOCTBIO M3TOTOBJICHHS UX KOTIHH.

CBo€ mepBOe TepMOsIIEpHOE YCTPONCTBO Tuma Temnep — YiaaMm MOITHOCTBHIO
3,36 Mt Kuraii ucnbitan B utoHe 1967 T. (M3BECTHO TakXke IOJ HAaUMEHOBAaHUEM
«HcmeiTanne HOMep 6»). UcnipiTanue ObLTO TPOBEIECHO CITYCTsI Bcero 32 Mecsiia mocie
B3pbIBa NEPBOI1 KNTAHCKON aTOMHOM OOMOBI, UTO SIBJISIETCSI HPUMEPOM CaMOro OBICTPOro
Pa3BUTHS HAIIMOHAIBHOM SIEPHOM MTPOTPaMMBbI OT PEaKIMH PACIIEIUICHHS K CHHTE3Y.

Opannus B xoxe wucneitanuid «Kanomyc» B asrycte 1968 r. B3opBana
TepMOSEpHOE yCTpolcTBO Thma Temiep — VYiaaM MOIIHOCTBIO OKoio 2,6 MT.
Wudopmatium o pazBUTHN QpaHIy3CKOH POrpaMMbl OYEHb Mallo.

B Coserckom Coro3e Bompoc O peaju3aliy TepMOSIEPHON peakiuu OBl
nocrtaBieH B koHue 1945 r., a x 1948 r. ompezneneHbl OCHOBOMOJArarIUe UACH
CO3JIaHHS TEPMOSIEPHOTO Opy)usi. OO HCTOPHH CO3aHUS TEPMOSJICPHOTO YCTPOICTBA
B CCCP HanmcaHO BBILIE U B UCTOPUIECKOH ouepke”.

TexHOMOTHs BBIENICHHUS TPUTHSI U3 O0TYIEHHBIX INTHEBBIX OJIOKOB U TIOTYUSHHUS
HEOOXOJIMMBIX COCTUHEHUI JIJIsl UCIOJIb30BAHUSI B TEPMOSJICPHOM OPY)KHU B psijie
cilyyaeB OblJa ApaMaTU4HOW. OTO OTHOCHJIOCH K TIEPBBIM rojaMm OTpadOTKU
TEXHOJIOTHH, KOTJia HaONIoMCh KpaifHe HeOnIaronpusTHeIE YCIOBHS —TpyJa
U PETHCTPUPOBAINCH OCTPhIE W XPOHUYECKHE JIyueBbIC MOpPaKEHHS NepcoHana. Tak,
B Havasie 1953 r. B npon3BoACTBE ra3000pa3HOro TPUTHS IPOU30LLIA CEPhE3HAS aBAPHST
Ha YYacTKE BBIICICHUS TPUTHSI U3 OOIyUYEHHBIX JINTHEBBIX OJIOKOB-TIOTJIOTUTENEH.

* Entaxos b. H. Coznanmne npoussojactea tputus B CCCP. URL: http://book.sarov.ru/wp-
content/uploads/2017/12/IHISM-14-3.pdf.
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B 1946 r. 6611 00pa3oBaH MEpBBIA COBETCKHI OpY>KeHHBIN 1eHTp B T. CapoBe
l'opekoBckoii (HpiHE Hmkeropopackoit) obmactu. Ycuius COBETCKUX CIEIHATHACTOB
3aBEPIIIIUCH YCIIEIIHBIM SAepHBIM HeTTbITaHueM 29 aBrycta 1949 ., a B 1955 . co3man
BTOpoil meHtp B T. CHexuHCKe YenssOWHCKON o0macTu, TAe NPEeUMYIIECTBEHHO
3aHUMAIOTCSl Pa3padOTKON M COBEPLIEHCTBOBAHMEM TEPMOsAEpPHOro opyxus. Hapsany
¢ 3TuM CHEKMHCKHH LEHTP 10 CHX 0P SBJISIETCS eIMHCTBEHHBIM B MUpE 110 pa3paboTKe
SIIEPHBIX 3apsI0B U MUPHBIX IPOMBILIUICHHBIX LIEJICH.

[lepBoe coBerckoe TepmosinepHoe yctpoictBo PJIC-6¢ («cioiika», OHO ke
«JI>x0-4») Ob110 B30pBaHo 12 aBrycra 1953 r. Ha nonurone B Cemumnanatuacke. [lpoekt
Obu1 pazpaborad B 1949 r. (emé 10 UCTIBITAHUS MEPBOI COBETCKOM sAepHOI OOMOBI)
CaxapoBeiM ¥ ['mH30yprom u uMen KOH(QUTypalMio 3apsaa, OTJIMYHYIO OT HBIHE
HU3BECTHOU pa3zienbHoi cxembl Temnepa — Ynama. B 3apsne ciion paciieruisiomerocs
MaTepuaja 4YepeloBAIMCh CO CJOSAMH TOIUIMBA CHHTE3a — Jeirepuna JUTHA
B CMECH C TPUTHEM. 3apsii CHUHTE3a, PACHOJAraroLIMics BOKPYT 3apsaa NeJeHHs
Mano3¢h(GeKTUBHO yBENWYHMBal OONIYI0 MOIHOCTh YCTPOWCTBAa (COBpEMEHHBIS
ycTpoiictBa Tuna Temnep — Yiam moryT nath ko3hdunueHT ymHOKeHUs 10 30 pas).
Kpome Ttoro, obmactu 3apsoB AEJCHUS M CHHTE3a IMEPEMEXAINCh C OOBIYHBIM
B3pBIBYATHIM BEIIECTBOM — WHHUIMATOPOM TIEPBUYHON pEaKUUH JEJCHHs, YTO
JOTIOJTHUTENILHO YBEJINYHBAIO HEOOXOAUMYIO MacCy OOBIYHOW B3pbIBUaTKH. [lepBoe
ycrpoiictBo PJIC-6¢ Ha 3anaje noiny4ymniio HauMeHoBaHue «J[xo0-4» (1epBble COBETCKUE
sIIEpHBIE NCIIBITAaHUS MTOTyYalld KOJJOBbIE HAMMEHOBAHHUS OT aMEPHUKAHCKOI0 MMPO3BHILA
Hocuda ([Ixo3zeda) Cranuna «sasa [Jxo0»). MoIHOCTh B3pbiBa Oblila SKBUBAJICHTHA
400 xt (KII/ paBen 15-20 %). Pacuétsl mokaszanu, 4to pasyi€T HENpopearupoBaBIIETO
MaTepHaja MpensTCTBYET YBEIUICHUIO MOIIHOCTH cBbime 750 KT.

B xonme 1953 r. ¢usuk JlaBUIeHKO NPEMIONKWI pPacHoiiaraTh IMEePBUYHBIN
(meneHue) W BTOPUYHBIN (CHHTE3) 3apsijibl B OTICIBHBIX 00bEMax, MOBTOPUB TaKUM
oOpasom cxemy Temiepa — VYnama. Cienyromuid OOJBIION miar ObUT MPeJIOXKEH
u pa3But Jl. @pank-Kamenenknm, 0. TpytHeBbim, A. CaxapoBbeiM 1 f1. 3enbroBuueM
B 1953 r. (Ilpoekt 49), npeanonaranock UCIOIL30BaHNE PEHTTEHOBCKOTO H3IYYICHUS
peakiuy JeNIeHus JJIsi CKATUsl JelTepuaa JIMTHS Tepe] CHHTE30M, TO eCTh ObLia
paspaboTana uuest paguaunoHHOW uMiuio3un. «Tpetbs maes» CaxapoBa mpoBepeHa
B xozae ucnbitanuii PJIC-37 momuocthio 1,6 MT B HOsiOpe 1955 r. [lanbHeliiee
pa3BUTHE 3TOM WM TOATBEPAMIIO TMPAKTUYECKOE OTCYTCTBHE MPHHIMITHAIBHBIX
OTpaHUYEHHUH Ha MOIIIHOCTh TEPMOSACPHBIX 3apA/I0B.

Camas kpynHas BogopoaHasi 6omba — 310 coBerckas S0-meratoHHas «Llapb-
O0oMOa», B3opBanHast 30 okTsa0ps 1961 . Ha nonurone apxunenara Hosas 3ems, KIT/]
ycTpoiicTBa coctaBmil modt 97 %. D10 ObLIO caMOe MOIIHOE B3PHIBHOE YCTPONCTRBO,
Korga-mbo pa3paboTaHHOE U UCTIBITAHHOE HA 3eMIIe.

XpymeéB  BOOCIHEACTBMM  IMyOJIWYHO  TOUIYTWI, YTO  MEpBOHAYAILHO
npesnonaragock B3opeath 100-meratoHHyr0 60MOY, HO 3apsi]l YMEHBIIHIH, «9TOOBI
He 1moOuTh Bce crékia B MockBe». KoHcTpykTtuBHO OoMOa neiicTBUTENBHO Oblia
paccunrtana Ha 100 MT, 1 5TOi MOIIHOCTH MOYKHO OBUIO JOOUTHCS 3aMEHOIM CBUHIIOBOT'O
TamIiepa Ha ypaHoBbIid. bomba Obuta B3opBaHa Ha BbicoTe 4000 M Haja MOJUTOHOM
«HoBas 3emisn». YimapHas BoJHa IIOCJEC B3pbiBa TPU pa3a OOOTHYJA 3€MHOH Iap.
HecmoTpst Ha ycnemHoe ucnbiTaHue, O0MOa Ha BOOPY)KEHHE HE IOCTYNMJIA, TeM
HE MEHEee CO3/JaHHE W HCIBITAaHHE CBEPXOOMObI MMenn OOJbIIOE MOJIUTHYECKOE
3Ha4YeHue, MpoaeMoHcTprupoBaB, uTo CCCP pemmn 3agady JOCTHKEHUS MTPAKTHYECKU
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J000T0 YPOBHSI MEraTOHHAXKA SIAEPHOTO apceHana. JIloOONBITHO OTMETUTD, YTO MOCTe
3TOr0 NMPEKPATHIICS POCT MEraTOHHaXa siaepHoro apcenana CILIA.

[lepBoe wcmbpITaHWE TEPMOSIIEPHOTO ycTpoiicTBa (60MOBI) OBUTIO TPOBENCHO
12 aBrycra 1953 1. Ha CemunanaTiHCKOM monuroe, 22 Hosopst 1955 r. ycnemHsim
HCTIBITAHAEM BOJIOPOIHON OOMOBI Ha TOM YK€ TIOJIMTOHE OBLT 3aBEPIIEH ATAIl pa3paOdOTKH
ocHOB TepMosiiepHoro opyxkusi. Coennuaénnsie tater u Coerckuit Cor03 mpuMepHO
oxHoBpeMeHHO (1954 u 1955 rT.) mpunuM K COBpEMEHHOMY OOJHKY TEPMOSIEPHOTO
opyxkus. JlanmpHeilmiee ero pasBUTHE NUIO [0 TYTH COBEPIICHCTBOBAHMS
U CTIeLUATIN3aLHH.

Takum 00pa3oM, NPEANPHATHS MO TMOJYYCHHIO TPUTUS U €r0 COCIMHCHHM
00513aHBl CBOMM BO3HHKHOBEHHEM U Pa3BUTHEM Pa3pabOTKe TEPMOSAECPHOTO OPYKHUSL.
Ilocne co3manust 3TOrOo OpYXHsT OOJbIIME IEPCIEKTUBBl MHOIYHYWIH PaOOTHI
[0 OBJAJCHUIO YNPaBISIEMBIM TEPMOSICPHBIM cHUHTE30M. Poccuiickue y4éHble
U CTIELUANNCThl aKTUBHO 3aHUMAIOTCSI CO3/IaHUEM SHEPreTHYECKOro TePMOsIEPHOTO
peakrtopa. Eciu yripaBnsemast TepMosiiepHas peakius JUIsl HOTydeHHs 3JeKTPOIHEPT U
[I0OKa SIBJISETCS JOBOJBHO JAJIEKOW IEPCHEKTUBOM, TO YCTAHOBKH UL ITHUX LEIeH
C UCHOJb30BAaHUEM TEPMOSAEPHOTO B3pPbIBA SABJSAIOTCS peanbHOCTHIO. K HacTosmemy
BPEMEHH 3aBeplIaeTCsl pa3padoTKa IHEProycTaHOBOK, IJ€ B KaueCTBE HCTOYHHKA
SHEPTUU HCIOJIB3YIOTCS MEPUOANYECKU IOBTOPSIOLIMECS TEPMOSACPHBIE B3PBIBBI.
B ycramoskax KBC (koTé€m B3pBIBHOTO CropaHusi) B KadecTBe WHHIIHATOPA
MpUMeHseTcss ypaH-233, a OCHOBHOIO TOIUIMBA — H30TONBI Bojxopona (mewTtepuit
W TPUTHi). DTH YCTaHOBKHM HMEIOT OOJbBIIOE MPEUMYIIECTBO IO BCEM TEXHUKO-
SKOHOMHUYECKUM TOKa3aTesIsIM 10 cpaBHEHHUIO ¢ TpamuimoHHsiMu ADC. Kpome Toro,
YHUKAJIbHBIN U30TOI BOJOPOAA — TPUTHUI HALIEN IIUPOKOE IPUMEHEHUE B PA3JIMYHBIX
00J1aCTSIX HAYKH U TEXHHUKH.

5.3. Heiimponmnoe soopysicenue

ens co3manus HeHTpoHHOTO Opyxkusi B 1960-1970-x rr. — mnomydeHue
TaKTUYECKOTO SJepHOro 0Ooe3apsaa, TIaBHBIM TOpaXKaromuM (akTopoM KOTOPOTO
SIBIISUICS. OBl IIOTOK OBICTPBIX HEHTPOHOB, a I0JISl APYTUX MOPaXaomux (hakTopos Obl1a
Obl CYIIECTBEHHO MeEHbIIE. Paaumyc 30HBI CMEPTEIBHOTO YPOBHS HEHUTPOHHOTO
00JIyueHHS B TAKHX 3apsAax MOXKET Jake IPEBOCXOANTH PAaANyChl HOPAXKEHUS yIapHON
BOJIHOI MJT CBETOBBIM M3ITYyYEHHUEM.

Co3manue HEUTPOHHOTO OpYXHsl OBUIO BBI3BAHO HHU3KOH 3(P(PEKTHBHOCTHIO
OOBIYHBIX TAKTHYECKHX SIIEPHBIX 3aps0B MIPOTUB OpPOHMPOBAHHBIX Leneil. braronaps
HIN4KI0 OPOHMPOBAHHOT'O KOPITyCa M CUCTEMBI (pUIIbTpaLMK BO3AyXa OpOHETEXHHUKA
CHOCOOHAa TPOTHUBOCTOSITH BCEM MopakaromuM Qakropam fB: ynapHas BonHa,
CBETOBOE U3JIy4YCHHWE, NPOHHUKAIONIAs paAuanys, pPaJdOaKTHBHOE 3apaKeHHE
MECTHOCTH — M MOXeT 3((EeKTUBHO pemiaTh O0eBbIe 3aJauu AaXXe B OTHOCHTEIILHO
OJIM3KUX K JMULCHTPY parioHax. Kpome Toro, ajis co3gaBaeMoil B TO BPEMsI CUCTEMBI
ITPO ¢ sinepHBIMU GOEBBIMHU YaCTSIMH y IPOTUBOPAKET OBLIO OBl Tak ke HedpPEeKTHBHO
WCTIONB30BaTh OOBIYHBIE SIIEPHBIE 3apsibl. B yciioBHAX B3ppiBa B BEPXHHX CIIOSX
aTMocdepsl BO3IyLIHAs yJapHas BOJIHA NMPAKTHYECKH OTCYTCTBYET, a MCIyCKaeMoe
3apsAIOM MSTKOE PEHTI€HOBCKOE W3Iy4YeHHE MOXKET HMHTEHCHMBHO MOTJIOIATHCS
000704K0oi OoeronoBkd. IIOTOK HEWTPOHOB € JIETKOCTBIO NPOXOAMT JaXe uepes
TOJICTYIO CTaJIbHYI0 OpOHIO, HAMHOI'O CHJIbHEE NPOHHMKAET CKBO3b Hperpaisl, 4em
PEHTICHOBCKOE HIIM Y-M3JIyueHHe, He ToBOps yxe o0 o- W P-uactunax. biaromaps
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3TOMY HEUTPOHHOE OpYXHE CIOCOOHO TMOpaXaThb KHUBYI CHJIYy TNPOTHBHHKA
Ha 3HAYUTEIBPHOM pPAaCCTOSHMM OT JMHIEHTPa B3pbIBA U B YKPBITHAX, JAXKE TaM,
rze obecrieunBaeTcs: HaaEKHasl 3alIUTa OT OOBIYHOTO SIIEPHOTO B3PHIBA.

HeitpoHHbIil 3apsii KOHCTPYKTHBHO MPEACTABIACT cOOOH OOBIUHBIN sSACpPHBIH
3aps] MaJol MOITHOCTH, K KOTOpOMY J00aBJICH OJIOK, COAepKalluii HeOObIIoe
KOJINYECTBO TEPMOSAECPHOr0 TOIUIMBA (CcMech aedTepus U Tputus). Ilpu moapeise
B3pBIBACTCS OCHOBHOM SIIEPHBIN 3apsif], SJHEPTUs KOTOPOTO MCIIONIB3YETCs AJIS 3aIyCKa
TEPMOSAJEPHON peakuuu. bompiias wacTe OSHEpPruM MpU  B3pBIBE HEHTPOHHOIO
Ooenpunaca BBACIACTCS B Pe3yJIbTaTe PEaKUi CHHTE3a!

D+ T=Hes(3,5MeV)+n (14,1 MeV).

HeiTpoHs! He JOIKHBI TOTIOIATHCS KOHCTPYKLIIMOHHBIMU MaTepraiaMu 60MObI
W aTOMaMH| Jiessiierocsi Marepuana. s Toro 4toObl IeHTepreBO-TpUTHEBAsS CMECH
ropena c¢ BeicokuM KIIJI, TepmosinepHoe roprovee AOKHO OBITh MpPEABAPUTEIHLHO
cxaTo pa3 B 10 mo KaxxaoMy W3 U3MEPEHUH, YTO JOCTUIaeTCA ¢ MOMOLIBI0 CXEMbI
paguauMoOHHONW UMILJIO3UU.

B ornuune oOT KiIaccM4ecKMX TEPMOSIEPHBIX 3apsAaoB, TIJ€ B KauecTBe
TEPMOSJIEPHOr0 TOIUIMBA HAaXOAUTCS AEUTEpU] JIUTHUS, BBIIENpPUBEIEHHAS peakuus
UMeET CBOM IPEUMYILECTBA: BO-TIEPBBIX, HECMOTPSI HA JAOPOTOBH3HY TPHUTHS U €ro
HETEXHOJIOTUYHOCTb, 3Ty PEaKLus JIErKO IOKedb, BO-BTOPBIX, OOJbLIAas YacTb
sHepruu — 10 80 % BBIIEISIECTCS B BUIEC BHICOKOIHEPTE€THUESCKIX HEUTPOHOB U TOIBKO
20 % mpuxoguTCs Ha OCTalbHBIE MOpaxkaromue Qaktopsl (yaapHylo BoiHy, OMU,
CBETOBOE, Y- M PEHTI'€HOBCKOE M3iny4yeHus). M3 ocoOeHHOCTEH KOHCTPYKLUUH CTOUT
OTMETUThH OTCYTCTBHE IUTyTOHHEBOTO 3allIbHOTO CTEPXKHS (M3-32 MAJIOTO KOJIMYECTBA
TEPMOSIIEPHOTO TOTUIMBA M HHU3KOW TEeMIIEpaTyphl Havaja peaklud HeoOXOIUMOCTh
B HEM OTCYTCTBYET).

Oo11ee KOIMYECTBO AETSAIINXCSA MAaTePHaIoB A1 | KT HeHTpOHHON 60MOBI OKOJIO
10 xr, mpu 3TOM Ha JOJIO PEaKIWH CHHTE3a OyAeT NMPUXOIUTHhCS 75 % MOUTHOCTH
(to ectp 0,75 xT), uro o3Hadaer Hammuue 10 r geirepuii-TputueBoil cmecu. ['a3
HEOOXOAMMO CKaTh 10 oTHOCTH 0,25 T/cM?, TO ecTh 10 06BEMa oko1o 40 cm? (Iapuk
5—-6 cM B 1uameTpe).

[Ipu MomHOCTH HeEWTpoHHOTO 3apsina B 1 KT mo3a obmydenus B 8000 pan,
KOTOpas BeAET K HEMEAJICHHOW CcMepTH (MUHYTHI), OyleT MoIyueHa 3KUIIaKeM TaHKa,
Hanpumep T-72, Ha paccrossHun B 700 M OT snuueHTpa B3pbiBa. [Ipu oObIYHOM
aTOMHOM B3pBIBE 3TOW K€ MOIIHOCTH AHAJIOTMYHOE PACCTOSHHE OyIeT paBHSATHCS
360 m. OnacHelid a5 ku3HU ypoBeHb B 600 pan mocruraercst Ha auctadiuu 1100
u 700 M nast 6poHupoBaHHbIX Hesed u 1350 u 900 M 1 He3aMIIEHHBIX JIFOACH.
He#iTpoHs! JOMOMTHUTENFHO CO3MAI0T B KOHCTPYKIIMOHHBIX Marepuaiax (Hampumep,
B OpoHE TaHKAa) HABEACHHYIO PaJUOAaKTHUBHOCTH. ECIM B pacCMOTPEHHBIA BBIIIE
T-72 caneT HOBBIM 3KUMAX, TO OH MOJYYUT JICTAIBHYIO 103y B TeueHHE 24 4acos.
Hosrle Buapl Oponn 6osee 3(h(heKTUBHO 3aLIUIIAIOT TaHK OT HEHTPOHHOTO IMOTOKA.
Jug sToro B €€ cocTaB BXOOWT IUIACTHK C JOJEH Oopa — XOpOIIeTro MOTIOTUTENs
HeHTpoHOB. bpoHs Tanka M-1 Abrams oOejHeHa 3J€MEHTaMH, JAIOIIUMHU CHIIbHYIO
HaBEJEHHYIO PaJUOAKTUBHOCTb.

U3-3a cunpHOrO MOTIIOMIEHHS M PAacCEeMBAaHUS HEHTPOHOB B aTMocdepe
JATBHOCTD MOPaXKEHHUST HEUTPOHHBIM M3IYYCHHEM HEBEJIHKa, IO3TOMY HM3TOTOBJICHHE
HEHTPOHHBIX 3apS/I0B BEICOKOI MOITHOCTH Herlesecoo0pa3Ho. PeaasHO mpon3BoaumMblie
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HEHTpOHHBIE Ooempumnackl MMEIOT MOIIHOCTH He Oomee 1 kr. IlompeIB Takoro
Ooempunaca AaeT 30HY MOPaKEHUS HEUTPOHHBIM H3IY4YEHHEM paJuycoM OKOJIO
1,5 xM (HE3amWMIEHHBIH YeNOBEK IOJMYYUT OMACHYIO IS JKH3HH 03y paJdalliu
Ha paccrostann 1350 m). Bonpekn pacnpocTpaHn€HHOMY MHEHUIO, HEHTPOHHBIN B3PHIB
BOBCE HE OCTaBIIeT MaTepUallbHble LIEHHOCTH HEBPEIWMBIMHU: 30Ha CHIBHBIX
paspyleHuid yJapHOW BOJHOW AJISl TOTO JK€ KWJIOTOHHOTO 3apsiia HMEeT paauyc
npubnu3uTensHo | KM. YapHast BOIHA MOXKET YHHUYTOXKUTH WU CHITHHO TIOBPEAUTH
OOJBIIMHCTBO 3IaHUH.

OnacHOCTh HEHUTPOHHOTO OPYXHS, KaKk W BOOOIIE SACPHOTO OPYXKHs Maion
MOILIHOCTH, 3aKJI0YaeTCsd HE CTOJBKO B BO3MOXHOCTH MAacCOBOTO YHHUYTOKEHUS
JMOeH, CKOJIBKO B CTHpPAaHWHM TPaHW MEXIY SAepHOW M OOBIYHOW BOWHOW MPH €ro
rcronb3oBanui. B 1978 1., korma B CIIIA emé He ObU1 pemIéH BOIIPOC O MPOU3BOICTBE
HerTpoHHoro opyxus, CCCP npennoxui 1oroBopuThcs 00 0TKa3e OT €ro MPUMEHEHUS
n BHEC Ha paccMoTpeHne Komurera mo pa3opyX’eHHIO MPOEKT MEXTyHapOIHON
KOHBEHIIMM O ero 3ampemieHuu. llpoext He Hamén noaxepxku y CILIA u npyrux
3anaaHbiX cTpad. B 1981 r. B CIIIA HauaTo ONpOM3BOJACTBO HEHUTPOHHBIX 3apsiiOB,
B HACTOSAIIEE BPEMS OHU CTOST Ha BOOPYKCHHH.

I'naBa 6. Tputuii B okpy:karwouieii cpeae

B 1946 r. V. ®. JIu66m, U3BECTHBII aBTOPUTET B OOJIACTH SACPHON (UIUKH,
naypeatr HoOeneBckoit mpemMuu, Mpearnoiokuil, 4TO TPUTHH HENPEPBIBHO 00pa3yeTcs
B pesynbraTe HAymUX B atMochepe spepHbIXx peakumid. [lepBple m3MepeHus
PaAMOaKTUBHOCTH TPUPOJHOTO BOJOPOJIA, XOTS W OBUIM HEYJa4HBIMH, IOKa3allu,
yto otHomieHne H:T Ha 5 mopsaKoB MeHblle, YEM AYMaJIM pPaHblle, U COCTaBJIsAET
He Gonee 1:10'7. Crama o4eBHMIHON HEBO3MOKHOCTh OOHAPY)KEHHS TPUTHS Macc-
CHEKTPOMETPUIECKH JTaXKE TP CaMbIX OOJBIINX oOorameHusXx: K Hagany 1950-x rr.
MacC-CIEKTPOMETPHI MO3BOJISIM ONPEAENATh KOHLEHTpPAlUUU NOpUMeced MpH HX
conepxanuu He meHee 107 %.

B 1951 r. rpymnna amepukaHckuxX (U3MKOB M3 YHMKAarckoro yHHUBEpCUTETa
¢ yuactreM Y. JInOOu mocrana xpaHuBmryrocs «pesepdopmroBckyro» ammyny ¢ 11 mn
cBepxo0oraméHHoi TskEmoil Boabl, B KoTopoir @. Y. ACTOH KOTHa-TO MBITAICS
00HAPYKUTh TPUTHUI MACC-CIIEKTPOMETPHUCSCKU. U XOTSI ¢ MOMEHTA BBIICJICHHSI 3TOTO
o0pasna W3 MPUPOJHON BOJBI MPONLIO MOJTOPa JECATKA JIET U OT COAEPIKAIIErocs
B HEM TPUTHUS OCTAIOCh MEHBINE TIOJOBUHBI, PE3YyJbTaT HE 3aCTaBWJI ceOsl JKOATh:
TsoK€nas Boja Obuta pagroakTUBHa! M3MepeHHast ak THBHOCTh € yY4ETOM o0OoTaIeHus
HpH MOJTy9E€HHH 00pa3ia COOTBETCTBOBAJIA IIPUPOIHOMY coaepkanuro Tputus 1:1018,

UToOBI 3acTpaxoBaThCS OT BO3MOXKHOW OINMMOKH, PEIIMINA ITOBTOPUTH BCE
C CcaMOro Hauaja, TIIATeJIbHO CJeAs 3a KaXAbIM IIaroM 3TOr0 PEeLIAOLIEro
SKCIIEpUMEHTa. ABTOpPBHI MOMNPOCHINM HOPBEKCKYIO KOMIAHUIO IPUTOTOBUTH €&
HECKOJIbKO 00pa3ioB o0oraméHHol BoIbl. Boay B3suiM U3 rOpHOTO 03€pa Ha CeBepe
Hopgerun B ssuBape 1948 1., u3 He€ MyTEM SIEKTPOIUTHUECKOTO KOHIICHTPHUPOBAHHS
momygwia 15 M Tsox€nol Boael. E€ meperHanmm u BBENMM B PEAKIIUIO C OKCHIOM
KaJIbLIMSL:

CaO + DO — Ca(OD)..
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Boccranosnenuem IOUHKOM M3 ﬂCﬁTCpOKCHHa KaJlbllug TIIpU TEMIICPATypeC
KpaCHOT'O KaJICHUSA MOJIyYHUJIN HCﬁTCpHﬁZ

Ca(OD); + Zn — CaZnO; + Do.

Macc-CneKTpOMETpUYECKHI  aHaNW3 IO0Ka3aj, 4YTO IOJIy4eH YHUCTEHIIMMA
JelTepruii, KOTOpbIM M 3amycTHIM B cuéTumk [eiirepa, 4YTOOBI HM3MEPHTH €ro
pannoakTUBHOCTH. ['a3 oOKa3aicsi pagMOAaKTHBHBIM, a 3TO O3HA4ajo, 4YTO BOAA,
W3 KOTOpPOW OBLI BBINCICH IEHTEpHiA, comepikajla TPUTHH. AHAJIOTHYHO OBLIO
MPUTOTOBJICHO W IMPOAHAJIM3UPOBAHO €mIE HECKOIBKO 00pas3loB ISl TOTO, YTOOBI
YTOUHUTb, CKOJIBKO K€ TPUTHS COACPXKUTCS HA CAMOM JIeJie B IPUPOJTHOM BOAOPOJE.

HckmrountenbHas TIIATEIBHOCTh PaOOTHI HE OCTAaBIIUIa HUKAKUX COMHEHMH
B IMOJIYYCHHBIX pe3yJjbTaTax, HO emié 3a TOJ 10 OKOHYAHHWs STOW pabOThl BHINLIA
crathsl ®@. @antunrca u toro xe Il. Xapreka n3z OU3NKO-XUMUYECKOIO UHCTHTYTA
pu ['aMOyprckoM yHHUBEpCHUTETE, B KOTOPOH COOOMAIOCH 00 OOHApYKEHHUU TPHUTHUS
B atMoc(hepHoM Bojiopoe. Takum o0pa3zomM, XapTeK JBaKIbl y4aCcTBOBA B OTKPBITUH
TPUTHSL: CHA4YaJla — UCKYCCTBEHHOrO, a yepe3 16 et — npupogHoro.

Bo3znyx — He camblii 6oratsiii HICTOYHUK Bogopoza: ero B HéM Becero 0,00005 %
(Ha ypoBHe Mops). Ilostomy mo 3akasy Hemenkux QusukoB ¢upma «JIuuge»
nepepaborana 100 Teic. M? BO31yXa, M3 KOTOPOTO MYTEM CHKIIKEHUS ¥ PEKTUDUKALIUH
ObUI BBIZIETICH BOJIOPO/I, @ M3 HETO OKUCICHUEM Ha OKCHAE MeIu 1oay4deHo 80 T BOIBL.
C moMOIIIBIO AIIEKTPOJIN3a 3Ta BoJia ObUIa CKOHLIEHTPHPOBaHA B HECKOJIBKO JECATKOB
pas, 3aTeM €10 OBbLT «ToTalIeH) KapOu T KaTbIIHs:

CaC; +2H,0O — Ca(OH)2 + C,Ha,
a aleTUIEH IPOTHAPUPOBAH OCTABIIMMCS BOJIOPOJIOM JIO dTaHa:

C,H; + 2H, — CyHe.

[Tony4yeHHBId 3TaH, B KOTOPBIA NEPEXOAUJI BECh MCXOAHBIA TPUTHUM, 3aTeM
aHAJIM3UPOBAIIM Ha PaJHOAaKTUBHOCTh. Pacuér mokasai, 4yTo TpUTHA (B BHJIE MOJIEKYI
HT) B BO3/1yX€ HCKIIOUUTENBHO Majio: B 20 cM® BO3/lyXa COAEPKUTCS OIHA MOJIEKYJIA
TPHUTHUS, TO €CTh BO BCel aTMocdepe ero JOHKHO OBITh BCEro... 1 Moib, Wi 3 T.
OpHaKo eciu yuecTh, 4TO BOJIOPO/A B BO3AYXE HCKIIOYUTEIHHO MaJIo, TO MOTyYaeTcs,
YTO aTMOC(EPHBI MOJEKYIISIPHBIA BOJOPOT oOoraméH TputueM B 10 Thic. pa3 Ooeblie,
YeM BOJIOPOJ] B COCTaBe NOXAEBOW BoAbl. OTCIOma ClieZJoBajio, YTO M CBOOOIHBIM,
W CBSI3aHHBIH BOJIOPOJI B aTMoc(epe nMeeT pasHoe mpoucxokaeHue. [loacuér nokazan
TaKXKe, YTO BO BCEX BOJOEMAaX 3eMIIM TPUTHS copep kutcs Bcero umb 100 K.

Bera-uactuna H  o0namaeT  HU3KOM  IIPOHMKAIOIIEH  CHOCOOHOCTBIO
(MakcUManpHBIA TIPoOEr B BO3AyXe MPH HOPMANBHBIX YCIOBHAX 5,4 MM H 6,5 MKM
B OHMOJIOrMYECKOH TKAaHW) M INPH BHEIIHEM OOJIyYEHHH IOJHOCTHIO IOTJIOMIAETCS
B BEPXHHUX CJIOSX IIOKPOBOB OpraHu3MoB [buosorundeckue 3¢dekrtsl..., 1976].
DHeprus cBs3u coctaBisieT 8,1-8,4 MaB, sHeprus CBsI3u Ha OJHY YaCcTHITy paBHA 2,7—
2,8 MaB, 9T0 3HAaYUTENBHO MEHBIIIE, YEM B SApE TeNns. DTO UMEeT OOJIbIIIOE 3HAYCHHE,
TaK Kak MO3BOJISET IMyTEM CHHTe3a AeiTepus u H oCyIeCTBIATh WIyIHE C OTPOMHBIM
BBIJICIICHHEM JHEprum TepMmosiaepHbie peakiu (Mockanes, 1989). B razoobpasnoii
dopme *H moxker mupdyHaupoBath dvepe3 OONBIIOE KOIMYECTBO MATEPHAIIOB,
HampuMep, CTalib, amoMuHui, miactuk (Schell et al., 1974).
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[Monyuennoe B Yukaro 3Hauenue comepkanus tputus B Boge (H:T = 1:10'%),
CTaJo OOIEeNpUHATHIM. Takoe colepKaHWe aTOMOB TPHUTHUS JaXe MOIYYHIIO
crenuansHoe Ha3BaHue — TputreBas equauma (TE). B 1 1 Boasl B cpeareM comepskutcst
3,210 r tputnsa, B 1 0 Bosayxa — 1,6:107"* r (npu aGcomoTHOM BIaXHOCTH
10 wmr/m). OOpasyeTcst TpUTHII B BEPXHHX CJOAX aTMochepsl C ydacTHem
KOCMHMYECKOTO M3JTy4€HHUs CO CKOPOCThIo 1200 aToMOB B ceKyHy B pacuére Ha 1 M2
3eMHOM MOBEPXHOCTH. TakuM 00pa3oM, B TEUCHHE THICSUCIICTUH CONECpKAHNUE TPUTHUS
B TIpUpoJie OBLJIO MOYTH MOCTOSHHBIM: HEMPEPHIBHOE €ro obopa3zoBaHue B arMochepe
KOMITCHCUPOBAJIOCh €CTECTBEHHBIM pacnaioMm. Oanako ¢ 1954 r. (Hayano UCIbITaHUH
TEPMOSIIEPHBIX OOMO) TMONOKEHHE PE3KO HW3MEHHWJIOCh M B JIOKAEBOH Boje
coJiepKaHUE TPUTHS YBEIMUYWIOCh B THICSUM pa3. M 3TO He yOUBUTENBHO: B3PHIB
BOZIOPOIHON GOMOBI MOIITHOCTBIO 1 MT MPUBOIUT K BhIEACHHIO OT 0,7 10 2 KT TPUTHSL.
OO0masi MOIIHOCTh BO3AYIIHBIX B3PBIBOB cocTaBmia 3a 1945-1962 rr. 406 Mr,
a HazeMHbIX — 104 MrT, nipu 3ToM oOIIee KOIWYECTBO TPUTHSA, IMOCTYIUBIIEE
B Onocdepy B pesynbTaTe HCIBITAHWNA, COCTaBHIO COTHH Kmiorpammon! Ilocre
MIpeKpanieHrst Ha3eMHBIX UCTIBITAHUN YPOBEHB TPUTHS MOMIEN Ha yObUTh. B mocnename
TOABl OCHOBHBIM HCTOYHHKOM TEXHOTEHHOTO TPHUTHS B OKpYXKalomled cpenae
CTaJIi aTOMHBIE AIEKTPOCTAHIIUN, KOTOPBIE €XKET0AHO BBIIESIOT HECKOJIBKO JECSITKOB
KHJIOTPaMMOB TPHUTHSL.

B moxmame 3a 2000 r. Hayunoro xomurera OOH mo AciCTBUIO aTOMHOMN
pamuanmu  o0Iiee KOJMYECTBO €CTECTBEHHOTO TPUTHS MPUHUMAETCS PaBHBIM
npubusutensHo 1,3-10' Bk. Oxono 99 % 001ero Koau4ecTBa NPUPOJHOrO TPUTHS
MpeBpaIlaeTcs B TPUTHPOBAHHYIO BOJTYy U YYaCTBYET B TII00ATEHOM KPYTOBOPOTE BOIBI
CO CJEIYIOIINM PACIpEeIeIEHUEM 10 CpelaM B PABHOBECHOM COCTOSHHIH:

® B OKeaHaX — MPHUOIU3UTEIHLHO 66 %;

® Ha 3eMHOH MOBEPXHOCTH U B Onochepe — npudimsntensHo 27 %;

e B armochepe — npudau3uTeasHO 7 %.

CoOBpEMEHHBIC PATUOXUMHYSCKUE METO/IbI TIO3BOJISIOT ¢ OOJBIION TOYHOCTHIO
ONpeaACIATL COACPIKAHUC TPUTHA B CPABHUTCIILHO HEOOIBIIOM KOJIHYECTBE BOJHI,
B35ITOM M3 TOTO WJIM UHOTO UCTOYHHMKA. /{15 ue2o 2mo HysHCHO?

Oxa3pIBaeTcs, paJrioaKTUBHBIA TPUTHHN C BECbMa YIOOHBIM BPEeMEHEM KHU3HU —
qyTh Oonbire 10 yieT — MOoXKeT 1aTh MHOTO IIeHHOH uHdopmarmn. Y. JInbou Ha3Ban
TPUTHHA «PaTUOBOAOPOJIOM», IO AHAIOTHH C paauoyriepofoM. Tputuit mMoxer
CIIY’)KHTh TIPEKPaCHON METKOH Ui M3ydeHHs] Pa3IMYHBIX MPHUPOJHBIX IPOIECCOB.
C ero moMoIrs0 MOXKHO OIPEAETISATh BO3PACT PACTUTENHHBIX IMPOIYKTOB, HAIPUMED
BuH (ecnmn uM He Oojpme 30 JeT), MOCKOIbKY BHHOTPAJA TOTJIONMAET TPUTHH
13 IMOYBCHHBIX BOM, a MOCJIC CHATUA YPOKas COACPKAaHUEC TPUTHUA B BUHOI'PDAAHOM COKE
HAYMHAET CHIDKATBCS C WM3BECTHOM cKopocThio. Cam JInOOW TpoBEN MHOXKECTBO
HO)IO6HBIX aHaJIN30B, Hepepa60TaB COTHHM JIMTPOB pa3IMYHbIX BHUH, IOCTABJICHHBIX
€My BHHOJIEJIAaMH W3 pa3HbIX MECTHOCTeH. AHalM3 aTMOCQEpHOro TPUTHs JaéT
LEHHYIO HHPOPMALMIO O KOCMHYECKHX JIy4aX, a TPUTHUHA B 0C4TOYHBIX IOPOAAX MOXKET
CBUJETEIBCTBOBATh O NMEPEMEIIEHUAX BO3/LyXa U BJIarH Ha 3eMIIe.

HauGonee OoraTble TpPHUPOTHBIE WCTOYHUKH TPUTHS — JOXKAb U CHET,
MOCKOJIBKY IOYTH BECH DJIEMEHT, 00Pa3yIOIIUICs O/ IeHCTBUEM KOCMUYECKUX JTyden
B aTMocdepe, epexouT B BoAy. IHTEHCUBHOCTh KOCMUYECKOH paualiii U3MEHAETCS
C IIMPOTOM, MO3TOMY OCaJKH, Hampumep B cpenHerl mnonoce Poccum, HecyT
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B HECKOJIBKO pa3 OoJIbllIe TPUTHS, YeM TPONHUYECKHe TUBHH. 1 coOBCceM Majo TpUTHUs
B JOXJASIX, KOTOphlE UAYT HaJ OKEaHOM, MOCKOJIbKY UX MCTOYHHK — B OCHOBHOM
Ta kK€ OKeaHW4ecKas BOJIa, a B Hel TpuTHs HeMHOTO. [IoHATHO, 4TO TITyOWHHBIN €]
I'pernannumn unm AHTapKTUABI COBCEM HE COIACPKUT TPUTHSA: OH TaM JaBHO yCIel
MIOJTHOCTBIO pacnacThes. Ecnu 3Haemb ckopocTh 00pa3oBaHusl TpUTHUS B aTMocdepe,
MO’KHO PAacCUMTaTh, Kak [JOJIO Bllara HAXOIUTCS B BO3IyXe — C MOMEHTa €€
UCIIApEeHHUsI C IIOBEPXHOCTH 10 BBIIAACHUA B BUAE JOXKIA M cHera. Okas3anocsk, uTo,
HaImpuMep, B BO3yXe HaJl OKEaHOM 3TOT CPOK COCTaBIISIET B CpeJHEM 9 THEH.

3anacel IPUPOAHOTO TPUTHS HUUTOXKHBI. [103TOMY BECh TpUTHI, UCTIOIB3YEMBIN
JUIL Pa3UYHBIX [eJel, MONy4yaroT HMCKYCCTBEHHO — IyTEM OONydeHHs IJUTHS
Heiitponamu. TakuM 00pa3oM, CTal0 BO3MOXKHBIM MOJYYHUTh 3HAYUTEIbHBIC
KOJIMYECTBA YUCTOI'O TPUTHUS U U3YUUTh €r0 CBOMCTBA U CBOMCTBA €r0 COCAVHECHMM.
Tax, cBepxTsokénas Boga T.O umeer mwiotHocTs 1,21459 r/cm?®. CHHTE3UpOBAHHBIN
TPUTHH CPaBHUTEIBHO AEIIEB M HAXOAWT IMPUMEHEHHE B HAYYHBIX MCCIEHOBAHUAX
U B NPOMBIIIIEHHOCTH. IIIMPOKO HCHONB3YIOTCS TPUTHEBBIE CBETAIIMECS KPACKH,
KOTOPbIE HAHOCAT Ha LIKaJIbl IPUOOPOB. DTH CBETOCOCTABHI C TOUKH 3PEHHUS pajiualiuu
MEHEee OIacHbl, 4YeM TpaAuLMOHHBIE panueBble. Hampumep, cynphua muHKa,
coJiep Kalnii HeOOIbIIOE KOMMYECTBO coeaAnHeHnid Tputus (mpumepro 0,03 mrua 1 r
CBETOCOCTaBa), HENPEPHIBHO M3Iy4aeT 3elEHBIH cBeT. Takue CBETOCOCTaBBI
MOCTOSIHHOTO JIEHCTBHSI BOCTPEOOBaHBI TMPH W3rOTOBICHUM YyKazaTejeu, IIKal
MpUOOPOB U Jp., HA UX MTPOM3BOJCTBO €KETOTHO PACXOAYIOT COTHH I'PAMMOB TPHTHSI.

MHorue ucciaeqoBaTelld OTHOCIT TPUTHH K CIa0bIM pajnou30TONaM, HO 3TO
ycTapeBlIas TOYKa 3peHus. PaauoakTuBHbIA °“H BBIOpachIBaeTCs W3 peaKTOpa
B arMoc(epy, BBIACISETCS B BHJE BOASHOIO IMapa M MOXET IOCTYNaTh B OPraHU3M
C BO3AYyXOM, NHIIEH, BOJOH, MpEBpallasch NMPH 3TOM B OPraHUYECKH CBA3aHHBIN
TPUTHH, OH BCTPAUBAETCS B IPOTEMHOBBIE MOJIEKYJIBI M HAJIOJITO OCTAETCS B OPraHNU3ME.
B 1970-1980 rr. mpoBOAMIKNCE UCCIEA0BAHUS HA KpbICaX, KOTOPBIM JIaBaji TPUTHEBYIO
BOAy. DTa pa3oBas /1032 COXpaHsUIach B UX OpraHU3Max, U 4Yepe3 TPH HeAeTH TPUTUN
HUKY/1a HE BBIMBIBAJICS.

CuuTanoch, YTO 3TOT HE OYCHb AKTHUBHBIM M30TOIN HE MPEJICTABJISET OCOOOMH
mpoOJeMbl, HO ¢ TOYKW 3peHHs OMOJOrMH, YeM H30TON ciiabee, TEM OH OIacHee.
C TOYKM 3peHHs paJualMOHHONW 0E30MacHOCTH TPUTHUH KakK PagHMoOHYKIHJ (MSTKHH
B-uznyuarens, Ecp, = 5,71 k9B), Ha 11epBbIi B3MUIs1 MEHEE 3HAUMM, YEM, HATIpUMED, *°St
win *’Cs, 011HaKo B Ta30BBIX BBIOPOCAX OH, KaK MPABHIIO, COJIEPKUTCSA B XUMUYECKON
¢opMe BOIBI M €ro MomaJaHWe B OPraHM3M YeJIOBEKa MOXKET HPUBECTU K KpaiiHe
OMAaCHBIM TOCIEJICTBUAM, B TOM YHWCIIE€ M Ha reHeTHdeckoM ypoBHe. Ha puc. 1.12
MIPUBEICHBI ITyTH NOCTYIIJIEHNS TPUTHS B OPTaHU3M.

WnTerpupoBaHHbIi B JKMBOW OpraHU3M TPUTHHA 3(P(GEKTUBHO BKIIOYAETCS
B COCTaB OMOJIOTHYECKON TKaHH, BHI3bIBAasl MyTareHHbIE HapylieHus. Pacmanasce, oH
MpeBpalaeTcss B TN, BBIACIAS NPU 3TOM JOBOJBHO MHTEHCHBHOE [-HM3Iy4YeHHE.
OHeprus ero [-4acTWll OTHOCHUTENBHO HEBEJMKA, MOITOMY NpPHU HAaXOKACHUH BHE
oprann3Ma (BHEIIHee OOIy4eHHEe) TPUTHH 0COO0OW yrpo3bl HE MPEACTaBISIET, OJHAKO
IpU BHYTPEHHEM OOJlydyeHHH (IpW MOMAJaHUM TPUTUS BHYTPb OpraHU3Ma 4eloBeKa
C BO3YXOM HIJIM BOJIOI) OH MOXET NIPEICTABIATH CEPHEIHYIO ONACHOCTD ISl 310POBBAL.
SIBRSISICH M30TOTIOM BOJIOPOA, TPUTHH XUMUYECKH BEIET ceOs Tak ke, KaKk BOJOPOI,
U MOTOMY cIOCOOEH 3aMelaTh €ro BO BCEX COENMHEHHUSX C KHCIOPOJIOM, CEpoii,
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a30TOM, JIETKO MPOHMKas B MPOTOILIa3My JIt000# kineTku. B atom ciyuae neiictBue
UCIIyCKaeMOTO TPHUTHEM [-H3Iy4eHHs 4YpeBaTO IOBPEXKICHHEM TI'€HETHYECKOTO
anmapara KJIETOK.

e

Drinking 'Water
Ingpesticn

Legend:

Tiitizsbesd Whaber (HTO)
Organicallty Bound Tritium (O8T)
Tritium Gas (HT)

Puc. 1.12. Ilytn monaganust TpuThs B opranms3m (mutoctpanust CNSC,
http://www.atominfo.ru/newsz02/a0128.htm)

YaensHbId BKJIAJ IOCTYIUIEHUS TPUTUS C BJIBIXa€MbIM BO3LYXOM M Uepe3
KOXKHBIE TTOKPOBEI cocTaBisieT oT 15 10 20 % oT 710361, 00yCIOBIEHHON (aKTHUECKIM
comepkaHueM TpuTus B opranu3me. C MpOAyKTaMH THUTAHUS W TUTHEBOW BOJOH
nmocrynaer ot 80 mo 85 % »3TOro paaMoHYKIMAa, OO0JIAJaroIIero OOoNBIION
MUTPAIMOHHOM CITIOCOOHOCTBIO.

Heobxomumo pa3paboTarh TaOIUIBI, B KOTOPEIX OBl Y€TKO YKa3bIBAJIOCh, KAKHE
PaIMOHYKJIMABI U KakKyl OIAacHOCTh mpeacTaBisitoT. [lopsnka 150 pammoHyknuaoB
HUMEIOT OOJIBIION MepHoJ MoJypacnana, ¥ Mbl JOJDKHBI TTOHUMATh, HACKOIBKO OHH
onacHbl. XOTs TAKOT'0 PEUTHHIa PAIMOHYKJIMIOB IIOKA HE CYLIECTBYET, OJHAKO TPUTHI
B HEM OKaxeTcs cpend HauOoJee OMAacHBIX paanoHykinaoB. K Hemy Onusku
paguoyriiepo, paJloH, LIe3uil, CTPOHLIMM U T. 1.

Tputnii — «reHeTHYecKd OIacHBI» paanoHykinua [Mockanes, 1989].
TpeOyercss Takke HMHTEHCHQUIMPOBATh pPa3pabOTKy METOIUKH OIpEelICHHs
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B Ouocpenax OpraHMYEeCKH CBSI3aHHOTO TPUTHS, YPOBHHM HAaKOIUIEHHsSI KOTOpPOTO
B OCNKOBBIX (pakUusX OpraHu3Ma OICHUBAIOTCA HEPENpPE3eHTATUBHO, a 03Bl
oOnyueHus 3a cuet cBa3aHHoW B Monekynax JIHK ¢pakuum Tputus MOoryT BHOCHTH
nononuutensHo 60 % u Oonee kK BelIMYMHE J03bI, 00YCIOBICHHOW MOCTYIUICHUEM
TpUTHpOBaHHOM Boabl. [lo coBpeMeHHBIM naHHBIM, 3TH 60 % OTBETCTBEHHBI
3a BpeAHbIE MOCIEACTBHS ISl 310pOBbsl HAacEJIEHHsI, KOTOPBIE 3aCTaBISIIOT Y)KECTOUaTh
HOPMAaTHUBBI COJIEPKAHMUS €r0 B KOJIOTHUECKUX 00bekTax [KoHnenTtyanbpHas MOJENs. ..,
2020]. To ecTp TpUTUIN MPHUCYTCTBYET U B YEIOBEUYECKOM OpPraHHU3ME, NMOCTYNAET OH
B HEro C MHUIIEH, C BABIXacMBIM BO3AYXOM M uepe3 Koxy (12 %). Unrepecno, uro
razoo0pasueiii T> B 500 pa3 mMeHee TOkcHueH, 4eMm CBepxTsbkénas Boaa T.0. Dto
OOBSICHSIETCS TEM, UTO MOJICKYJISIPHBIA TPUTHUH, TIoNaaasi ¢ BO3AYXOM B JIETKHUE, 3aTeM
OBICTPO (IPUMEPHO 32 3 MUH) BBIACISETCS U3 OPraHu3Ma, TOTAa Kak TPUTHI B COCTaBe
BOJBI 3ajiepkuBaeTcsd B HEM Ha 10 CyTOK M ycmeBaeT 3a 3TO BpeMs IepelaTh eMmy
3HAUMTENBHYIO 703y paaualui. B cpepHeM opraHusm 4enoBeka comepxut 5-1071% r
TpuTHs, uTo Aaet Bkuaja 0,13 MO63p B 001IyI0 103y rOJ0BOTO 00Ny4YeHHUs (3TO B COTHH
pa3 MeHblIe O0My4YeHHUs OT IPYTUX UCTOUHUKOB paguanun). IHTepecHo, 4To y JrojeH,
HOCSIIIIMX Yachl, B KOTOPBIX CTPEIKH U HUQPPHI MOKPBITHl TPUTUEBBIM JTIOMHUHOPOPOM,
coJiep;KaHue TPUTHS B Telle B 5 pa3 BBIIIE CPETHETO.

6.1. 3axoHomepHOCIMU ROGEOEHUA MPUMUS 8 OKPYMHcalowell cpede

Kak Obwuto CcKa3aHO BbIIE, TPUPOIHBINH TPUTHHA OOpa3yeTcss B OCHOBHOM
B atMoc(epe. PaBHOBecHOE I1o6abHOE coAepKaHne IPUPOAHOTO TPUTHSL, OLIEHUBAEMOE
C y4éTOM €ro paJMOaKTUBHOIO pachaja, cocTaBiuseT mnpubmmwkénno 1,3-10'% Bk
[Mockanes, 1989]. Tputmii BBIBOAMTCA H3 Tpomochepbl 3eMHOW MOBEPXHOCTH
B pe3yJIbTaTe BhINAJECHNS aTMOC(HEPHBIX OCAIKOB U MOJIEKYJISIPHOTO 0OMEHa € IIEPUOAOM
okoisio 10 cyrok. BeimbIBaHME OKCHZIA TPUTHUSL ATMOC(EPHBIMH OCaJKaMHU MPOUCXOANUT
0cOOEHHO HMHTEHCHBHO NpPU CHJIBHOM OOMEHE BOJASHOIO Iapa C KalUIIMH IO,
YTO XapaKTepHO AJIS ¢1a00r0 OIS B YCIOBUIX MaJlON BIQXKHOCTH BO3YXa.

[TocTynnenue HCKyCCTBEHHOT'O TPUTHS B OKPYKAIOLIYIO Cpey Hauanoch C IycKa
MPOMBIIIJICHHBIX PEAKTOPOB U PAJAMOXUMHUYECKUX MPOM3BOACTB, MpPEIHA3HAYEHHBIX
Ui HapaboTku opyxeiHoro miuytonus: B CIIIA. 3arem, HaunHas ¢ HosOps 1952 r.
(mocne mepBOro TEPMOSAECPHOTO B3phIBa), B armocdepy 3emin ObUIO BBEIEHO
KOJIM4YeCTBO TpuTHs, Oomee yem B 60—190 pa3 mpeBBICHBINEE €ro €CTeCTBEHHBIN
ypoBeHb. PocT konuuecTBa TpuTHA Ha 3eMiie 00YCIIOBJIEH B OCHOBHOM IPOBEICHUEM
SIAEpHBIX HUcHbITaHUH. Ilpym TepMosgepHOM B3pbIBE TPUTHH MOXKET BBIIEIATHCS
B arMocdepy TuO0 Kak NEepBOHAYAIBHO NMPHUCYTCTBYIOIIMKA KOMIIOHEHT BOAOPOIHOM
00MOBI, 00 0OPa30BHIBATECS HPH SACPHBIX peakiuix B3pbiBa. OOmIee KOIUYECTBO
r7100aJIbHO BBEIEHHOTO TPUTHA OT NMPOBEACHHBIX SACPHBIX MCHBITAHUN COCTaBHIIO
npubmusuresnsHo 186-10'® Bk,

B nacrosiee BpeMs OCHOBHBIM HCTOYHHUKOM TEXHOTEHHOTO TPUTHS SABISAETCS
aTOMHas MPOMBIIUIEHHOCTb. [IpOMBINIUIEHHOE OCBOEGHHE NPOM3BOACTBA ATOMHOM
SHEPruM HaYauoch ¢ MOMEHTa Iycka B 1954 r. B r. OOHUHCKE IEPBOH AaTOMHOM CTaHIIUU
MOMTHOCTEIO 5 MBT (311.). Ilo maapIM MeEXIyHaApOAHOTO areHTCTBA IO aTOMHOM
sHepruu (IAEA), B MomeHT UepHOOBUIECKOM KaTacTpodbl B MUpe (HYyHKIIMOHHUPOBAIIO
417 aTOMHBIX SHEPrOOJIOKOB, PACMOIOKEHHBIX B 26 cTpaHax U mpou3Boasmux 285 I'Bt
anexkTpo3Heprun (Ha ceromHa — 440 peaktopoB). B Hacrosmee Bpems moms
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3NEKTPO3HEpruy, npousBeaéHHo Ha ADC B Hallell cTpaHe, cOCTaBIseT Okoio 6 %
OT MUPOBOTr0 IIpou3BocTBa. [Iporpamma pa3BuTHs aTOMHOU 3HEpPreTUKU B Poccuiickoit
Oeneparu Ha 1998-2005 rr. u Ha mepcnektuBy a0 2010 r. mpenycmarpuBaer eé
mmpokoe pazsurue nocie 2030 r., rIaBHBEIM 00pa3oM 3a CUET BBOJA B CTPOH OBICTPBIX
PEaKTOpOB CO CMEIIAHHBIM YPaH-TUTyTOHUEBBIM TOIUIMBOM. [Ipu paboTe B mTaTHOM
peXHME aTOMHBIE AJIEKTPOCTAaHIMHM B 3KOJOTHYECKOM OTHOLIEHMH MEHEE OIaCHBI,
HEXXeJIH TerIoBble, pabortatomue Ha yrie. Pabora ma ADC cBs3aHa ¢ BBIOpOCOM
B arMoc(epy HEKOTOPHIX KOJIUYECTB [OJTOKUBYIIMX PAaIUOHYKIUIOB. JlaHHBIE
0 TIPOTHO3€ MOCTYIUIEHUS 3THUX PAAMOHYKIUIOB B OKPYXAaloOIIyl0 Cpedy IO Mepe
pPa3BUTHS aTOMHOM 3HEPreTUKU TakoBbl: MOMHOCTE ADC B Mupe ¢ 76 I'Bt B 1975 r.
BBIpacTeT 10 6650 I'Bt k 2025 1., npu 5T0M moctymienue B 6uochepy SKr, *H u C
B 3TOT € mepuoj yBenuuutcs oT 5 mo 705, or 0,26 mo 38 Obk/rog u ot 0,5
1o 107 I1Bk/rox cOOTBETCTBEHHO.

Bxnan sinepHoit sHepreTHkH B nepBoi mojoBuHe 1980-X IT. B IIEIOM COCTaBUI
npubau3uTensHo 0,1 % oT 103bI, 0OYCIIOBJICHHOW MPUPOJHON pPagHOaKTUBHOCTHIO,
a x 2000 r. — npumepno 1 %

PacnipocTtpaneHne TpuTHA TpH Pa3OBBIX MM HENPEPHIBHBEIX BHIOpOCax
€ro SAepHBIMH YCTAaHOBKaMM, a TakkKe I[pU HCHAPEHUU OKCHIA TPHUTHS
U3 TPUTHUHCOACPXKAIIMX BOJOEMOB M XPAaHWIHUIL OTXOJOB OIUCHIBACTCS OOLIMM
3aKOHOM TypOyneHTHOH muddy3un B mpu3eMHOM cioe atMmocdepbl. COpomeHHBII
ra3000pa3Hbli TPUTHHA OKHCISIETCSl B aTMocdepe [0 OKCHIA TPUTUS CO CKOPOCTBHIO
0,2-3 % B cyTKH.

B ycnoBuAx pa3oBBIX M HENPEPHIBHBIX BBIOPOCOB TPUTHUA SAOCPHBIMH
ycTaHOBKaMHU 3¢ (EeKTUBHBIE CKOPOCTU OCAXIECHHS TPUTHUS Ha 3€MHYIO HOBEPXHOCTb
HEIO0CTATOYHBI JUIS MOJTHOTO MCTOLICHUS O0jlaka NMpH MEepPEeMEIEeHHH €ro B Mpeenax
paiioHa pa3MelIeHus] yCTaHOBKH. DTOT (PaKTOp, a TAKKE BKIIOUEHHUE OCEBILETO TPUTHS
B OOmMMH THUAPOJIOTMYECKUH LMKJI HPUBOIAT K PETHOHAIBHOMY U TJ00aJbHOMY
pacnpocTpaHEeHHUIO TPUTHS IIPH BeIOpocax ero B atMocdepy [MBanumkas, Manodeesa,
2001]. CkopocTb BeTpa M pacHpeAelcHHE TeMIepaTypbl BO3AyXa IO BEpPTHKAIN
SIBJISTIOTCSL OCHOBHBIMH IIapaMeTPpaMu MHTEHCUBHOT'O paccesiHusl BbIOpoca.

TpuTnii UMeeT HEKOTOPbIE CE30HHBIE OCOOCHHOCTH MOBEACHUS B OKPY)KAIOLIEeH
cpeze. B 3uMmHuil nepron 3arpsisHEHUE IPU3EMHON aTMOc(epbl TPUTHEM 00YCIIOBIEHO
TOJIBKO BO3LyLIIHBIMH BBIOpOCAMU IIPEANIPUSATHSL, B JIETHUHA — PaJMOHYKIIUA TIOCTYIAeT
B IpU3EeMHYI0 aTtMocepy C BO3AYLIHBIMH BbIOpOCAMH NPEANIPUATHS U 32 CUET
UCHApPEeHHsl C MPOMBIIIICHHBIX BOJOEMOB, HCHAPEHHUs M3 MOYBEHHO-PACTHTEIBHOTO
nokpoBa. B koHue 3uMHero nepuona 62 % 3amaca TPUTUS COCPEIOTOUECHO B CHEXKHOM
MOKpOBe, 24 % — B BepXHEM ciioe NMouBbl U 14 % — B ApEBECHONW PACTUTENBHOCTH
C Y4ETOM BECEHHETO COKOJBWKEHMs. B JeTHMII mepuoj; OCHOBHBIM JENO TPUTHS
CTAaHOBSITCS BOJAOEMBI M BEPXHHMM CJIOM MOYBBIL, HA HUX HOpuxogutTcs Ao 86 %,
B JIPEBECHON U TPaBIHUCTON PacTUTENBHOCTH coaepxutrcsa 11 m 3 % cooTBeTCTBEHHO
[MogenupoBanue KuHeTUKH..., 2000; MogenupoBanue pesmuccud..., 2000;
Wpanunkas, Manodeesa, 2001; Dxonoruyeckue npoodsieMsi..., 2003].

[lomrmo HemocpencTBEHHOTo cOpoca TPUTHS C OKHJIKAMH — OTXOJAMH,
npoucxoautT obMeH Mmexay mnapamu HTO B arMmochepe W MOBEPXHOCTHIO BOJBI.
[Ipu KOHTaKTE OBEPXHOCTH BOABI C aTMocdepoit, conepsxkamien nmapsl HTO, tputuit
MOCTYTIAeT B BOJy U pacTBopsiercsi B Hell. CKOpOCTh COpOIMK MapOB BOJBI JINHEWHO
3aBucHT 0T KoHIeHTparnu HTO B Bo3ayxe u TeMmnepaTypbl OKpYKaloIIei cpebl.
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[TockonbKky BoJIa ABISETCS OCHOBHBIM JICTIO HAXOXICHUS TPUTHS, B IPUPOTHBIX
YCIOBHUSIX 3TOT PATUOHYKIIH]] OTIMYACTCSA MCKIIOYUTEIHLHO BBICOKOW MHUIPAIIMOHHOMN
CIIOCOOHOCTBIO: OH TMEPEHOCHTCS C TEKYIIEH BOJIOW M BO3MYIIHBIMUA HCIAPCHUSMU,
CHETOBBIMH U JIOKJCBBIMU BOJIAMHU HA 3HAYUTEIHHBIC PACCTOSHUS.

Oxoo 99 % oOmero KoJdW4YecTBa MPHPOJHOTO TPUTHUS TPEBpaIlIacTCs
B TPUTHEBYIO BOJY M y4acCTBYET B IJI00QJIbHOM KPYroBOpOTE BOXBI. boibIias dacTh
obmiero konudectBa TputHs (65 %) Haxomutcs B MupoBoM okeane. [loctymienue
TPUTHSA B OKEaH B COCTaBE€ OKCHIA TPUTHS OCYIIECTBISIETCS C aTMOC(epHBIMU
OocagKkaMi, CTOKOM peK W B pe3yibTare IpSMOTro OOMEeHa BOJSHOTO TMapa MexXmy
BO3/1yXOM U MOpPCKOU Bofoi. [lonaB B OKeaH, TPUTUI PAacCEUBAETCS B HEM BCIIECICTBUE
nepeMenuBans Bonbpl. [Ipu momaganwm okcuia TPUTHS B ITOBEPXHOCTHBIE CIOW
OKeaHa YacTh €ro CHOBa HcHapseTcs B aTMocdepy, HO ¢ MEHbIIeH KOHIEHTpaIen
PaIMOHYKIINAA, pyTras — IMOCTECIICHHO NIEPEHOCUTCS B TIIyOHHBI OkeaHa. KoHIleHTparums
TPUTHS B MOPCKOW BOJIE N0 Hadyaja IMPOBEIACHHS SACPHBIX B3PHIBOB COCTAaBJIsIA
B cpeaneM 0,11 Bbk/mn, B mpecHo# Boge — 0,9—1,7 bk/n. 3Ty BenmuunHy YCIIOBHO MOKHO
MPUHATh B KAauyeCTBE YpPOBHS ecTecTBeHHOro (oHa. OOmee coaepKaHUe TPUTHUS
Ha IJJaHETE B TO BPEMs, MO OIEHKE Pa3HbIX aBTOPOB, COCTABJISLIO MpuUMepHO 1,8 Kr
(62,9-296)-10'® Bk [MoaenupoBaHie KUHETUKH. .., 2000; MoaenMpoBaHye pe3MUCCHH. .,
2000; MBanumkas, Manodeesa, 2002; Dxonorugeckre npodaemst..., 2003 ].

[loBenenne TpuTHs B KOHTHHEHTAIBHBIX BOJAX OICHUBAETCS OOIMUMU
mpomeccaMu oOMeHa BOAbl B Ouocdepe. B KkadecTBe OCHOBHBIX YYUTHIBAIOT
OCKJEHUE TPHUTHS C aTMOC(EepHBIMH OcagKkaMu, OOMEH BOJISHOTO Tapa MEeXIy
MMOBEPXHOCTHIO BOJOEMOB, CYIIA M aTMOC(EPHBIM BO3IyXOM, IIOBEPXHOCTHBINH CTOK,
MHQUIBTpPAMIO Yepe3 IO0YBY, B3aUMOJCHUCTBHE W CKOPOCTb IEpPEMEIICHHUS
MOI3€MHBIX, PYHTOBBIX U MIOBEPXHOCTHBIX BOJI, pa30aBJIeHUE IPUMECH B 3aMKHYThIX
U NPOTOYHBIX BOJIOEMAX.

B 3aBHCHMMOCTH OT CKOPOCTH TIEPEMEIICHHUS BOJHBIX MACC U KPYTOBOPOTA BOJIbI
B Omocdepe nroOble THUIBI cOpoca TPUTHS B 3aMKHYTBIE HIIM TPOTOYHEBIE BOIHBIE
CUCTEMBI B KOHEYHOM CUETE PaCCEMBAIOTCS, BILIOTH JI0 TIO0AIBHOTO paclpeaeeHHs
PaAMOHYKIUAA.

[Iporpecc B 001acTi PU3NKO-MATEMATHIECKOTO MOJISITUPOBAHUS CTUMYITUPOBAIT
MIOTIBITKK  CO3/IaTh MOJENM TIOBEJEHHs] TPUTHA B OOBEKTaX OKpPYKAMOIIEH Cpeipl
[Environmental monitoring..., 1975; Crawford, 1977; Evance et al., 1985; Emergency
response..., 1990]. nsa stux neneit B MAT'ATD Obina cozaana TpuTHeBas padodast
rpynmna BIOMASS (Biosphere Modelling and Assessment), B KOTOpPYIO BOIILIH
npexacraButenn Poccun, CILA, ®PIT, ®paniuu, Benukoopuranuu u ap. OHa pazpadoTana
TUTIOBBIE MOJICJH IOBEICHUS TPUTHUSA B OOBEKTaX OKPYIKAIOIICH Cpeiibl Ha OCHOBE
AKCIIEPUMEHTAIBHBIX JTAHHBIX, PEICTABICHHBIX CTPAaHAMY — YYaCTHHUIIAMU TPYIIITHL.

ABapuiiHble CUTyaIll C TPUTHEM M MX TMOCJEJICTBUS PACCMOTPEHBI B paboTax
[[mobGanbHble BhIMaAeHUS..., 1980; Xumudeckoe 3arpssHenue..., 1991; Hyaun, 2001;
PanuanuonHsie U paguo3Kogoruyeckue..., 2016]. CBeneHus 0 BeIUYMHE aBapUITHBIX
BBIOPOCOB TpUTHA NpeAcTaBiieHb! B Tadi. 1.10.

OxazaBmIuiics B OKpyKarolen cpe/ie TPUTHH MOCTYTAET B 3BEHBSI AKOJIOTHYECKOM
CUCTEMBI (ITOUBEHHAS BOZA — PaCTUTEIbLHOCTh — JKUBOTHOE — YEJIOBEK), IIPU ITOM
KOJIMYECTBO BBHIOPACHIBAEMOTO B OKPYIKAIOUIYIO CPeIy TPUTHS — OCHOBHOM (hakTop,
OMNPEACIISAIONIHIA €r0 COJACPKAHKE B 3BEHBIX IKOJIOTHUECKON CUCTEMBI.
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Tabruya 1.10
ABapwifHbIe BEIOPOCH TPUTHS

i/ri{ Mecrto aBapuu Tun aBapun [Mocnencreus aBapuu
3aBox CaBanHa-Pusep, CILIA | Beibpoc tpuThs
1 1974 1. B armocdepy 5,1:10° Ku
Bri6poc tputHs
2 1975 . B armocdepy 4,8:10° Ku
3 1983 1 Bri6poc tputHs Jlo3a Ha rpanuue 3aBoza
: B armocdepy 5,1-10° Ku | 0,06 m63p
4 1984 ¢ Be16poc tputHs Jlo3a Ha rpanuue 3aBoza
: B atmocdepy 5,1-10° Ku | 0,04 M6ap
Brinenenue Tputrs .
U3 TICPBUYHON CHCTEMBI Bo Broputroii cucteme
5 1989 r. cofepKaHUE TPUTHUS
BO BTOPUYHYIO U COPOC
B COTHH Pa3 BBIIIIE HOPMBI
B peKy
6 3asog BHNDO®, CCCP, Bri6poc Tputus Jo3a Ha rpaHuIe 3aBoAa
1967 1. B atmoc(epy 8-10* Ku | 250" m6op
7 JluBepmockas naboparopus | Beiopoc Tpurtus
CUIA, 1970 . B armocdepy 2,9-10° Ku
] NTOP, Kapapar, Bri6poc tputHs
®DpanHuus (IporHo3) B arMocdepy 5-10° Ku
Snepnas nabopatopus Uak | Pa3nus TsokENON BOIBI
Bopna 3arpssHena
9 | Puep, OnTapuo, Kanana, | B dyHmamenre THen
1988 1. peaxropa 4000 kr P

* Beiopoc tputus B popme okcuna (HTO).

Mexay tTputuem B popme okcuga (HTO) u npyrumu 3BeHbSIMHU 3KOJIOTHYECKOM
CHCTEMBI JIOCTaTOYHO OBICTPO YCTaHaBIMBaeTcs paBHOBecue [Moghissi et al., 1971].
[losTOMY KOHUIEHTpalusi TPUTHSA B JIOOOM 3BEHE OKOJIOTHYECKOW CHUCTEMBI
HE IpeBbINIaeT ero cogepxkanusd B Boxe. [lapsr HTO nornomarorcss mo4Boy Jgydiie,
yeM razoo0passblii putuil. Ckopocts ocaxaenust HTO na nouBy cocrasiser 0,35 cm/c
1 IPaKTUYECKH Ha MOPSIOK MPEBBIIAET CKOPOCTh OCAXKIEHHS ra3000pa3HOro TPUTHSL.
l'a3000pa3Hblii TPUTHH B TIOYBE MPAKTHUYECKH MTHOBEHHO INpEBpAIIaeTcs B OKCH]L
3a CYeT KaTaJIuTUIECKOro JISHCTBUS MUKPOOPTraHU3MOB B rouBe [Moghissi et al., 1971].
VYnopoméHHaele MyTH BO3ACHUCTBHS HAa 4YeIOBEKa BBHIOPOLICHHBIX B aTMocdepy
PaAMOaKTUBHBIX BEILECTB MOKa3aHbl Ha puc. 1.13.

Ynanenue HTO w3 TOYBBI TPOMCXOMUT BCIEACTBHE HCIIAPEHHS, HanOojee
OBICTPO OHO MPOUCXOANT B IEPBHIE HECKOIBKO CYTOK Mocie ocaxaeHus (ot 1 mo 18 %
B vac npu temneparype 20 °C B 3aBUCHMOCTH OT THIIA ITOYBHI U BIAXXHOCTH BO3IyXa
[Moghissi et al., 1971]. B ganbHelilieM HHTCHCHMBHOCTH YJQJICHUS yMEHBIIACTCS
no 0,25-1,5 % B yac B cBs3u ¢ 3arnyonennemM HTO B mouBy. B mepuon GwicTporo
BBIBEJICHUA OKCHJ TPUTHS B OCHOBHOM HAaxOJWTCS B BepxHeM |0-CaHTHMETpOBOM
cioe mouBbl. XapakrepHoe npoHukHoBenne HTO na riybmny 10-15 cm coctaBut
6onee 100 yacoB, mepuoj IMONYBHIBEICHUS B HAa4dalbHBI MOMEHT, B 3aBHCHUMOCTHU
OT BJIAYKHOCTH 1 BOJHOT'O peKMMa MOYBBI, U3MeHsAeTCs oT 7,4 1o 27 cyT. B aToT nepuon
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u3 nouBsl BeIBoIUTCS 10 80 % HTO, ans ocraBmuxcs 20 % xapakTepHBIA MEPUOL
nosyBbIBeZieHUs1 coctaBisger 27 wmecsaueB. boixee 50 % HTO mnornomaercs
Ha paccrosanu 10 1000 kKM OT HMCTOYHWKA BBIOpOCAa, W KHHETHKA IIPOIIECCOB
oOMeHa ToyBa — BO3IyX JOJDKHA 3aMETHO BIHATH Ha coaepkanne HTO B Bo3myxe
Ha pacctogsamn 100-1000 kM. BOmm3m wcTOYHWKA BEIOpOca 3arps3HEHHE
CEJIbCKOXO03SIMCTBEHHBIX PACTCHUN U BOJOEMOB MOXKET OKa3aThCsl 3HAYUTEIHHBIM.

Ipsavoe oGMydcHHE

Ypoxait,
TIacTOHINE

Boznyx

IIpsmoe

IIouBa O0ITyYCHHE m‘
PaHoaKTHEHEIE
BENIECTBA
omore |

Puc. 1.13. YopoméHHble myTH BO3IECUCTBUS Ha YEJIOBEKa
BEIOPOIICHHBIX B aTMOC(EpPy PaliOaKTUBHBIX BEIICCTB

I[pu ocaxnenun HTO B Bomoémax MPOUCXOAHUT OBICTPOE pa3daBliieHUE,
u ynenbHas konmentpaus HTO B mapax Bojsl U3 BOJIOEMOB YMEHBIIAETCS, IOATOMY
BTOPUYHOTO 3arps3HEHHs BO3J1yXa IpakTHUYecKu He mnpoucxoaur. Ha puc. 1.14
MOKa3aHbl YIPOIIEHHBIC IMyTH BO3JCHCTBHUS HAa UYEJIOBEKAa PaJMOAKTHBHBIX BEICCTB,
cOpachIBaeMbIX B TPYHTOBBIE U TIOBEPXHOCTHBIC BOIBI.

PammoakTuBHBIE BemiecTBa, BEIOpachlBaeMbIe B OKPYXKAIOIIYIO  Cpeny,
BOBJICKAIOTCS B CJIOKHBIC CEpUU (DU3MUYCCKUX, XUMHUYCCKHX U OHOJOTHYECKHX
mporieccoB [Moghissi et al., 1971; Garston, 1979; bornanos, Pomanosckas, 1981].
HekoTopsie 13 3TUX IPOIIECCOB MPUBOIAT K CYIIECTBEHHOMY Pa30aBIIEHUIO, IPyTrHe —
K (pu3uueckoMy Wi OMOJIOTMYECKOMY ITOBTOPHOMY KOHIIEHTPHUPOBAHHUIO B PE3yJIbTaTe
MepeHoca PaIuOHYKIUIOB MO PA3IMYHBIM U OTYACTH HE3aBUCHUMBIM ITYTSAM, BEAYIIUM
K YEJIOBEKY.

W3 mpencTaBiCHHBIX IyTEH BO3JACHCTBHUA Ha YEIOBEKAa BBIOPOIICHHBIX
(COpOIIICHHBIX) B OKPYXXAIOIIYK CpPeAy paJlOaKTUBHBIX BEIIECTB BUIHO, YTO
J103000pa3yroHM (PaKTOPOM SIBIISIETCS OOIydeHre — BHEIIHee (MPsSMOe) ¥ BHYTPEHHEE
(mpumenutensHo K HTO) 3a cuér Bapixanus (MHTAIANNS) U TOTPEOISHUS 3arps3HEHHOM
BOJIbI U MTUIIH.

JItoObie BHIOPOCHI PaJiMOAKTHBHBIX BEIIECTB B OKPYXKAIOIIYIO CPEly MOXKHO
pazmenuTh Ha dYeThIpe Kareropuu [Pammoskonormdeckass oOcraHoBKa..., 2015].
Bo-nepBhiX, paznuuaroT ImiaHHpyeMble W HeIIaHHpyeMble BHIOpockl. llinanupyembie
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BBIOPOCHI OTPAaHWYCHBI W YCTAHABIMBAKOTCH M3 HENPEBBINICHUS J03 OOJNyYCHUS
HaceJIeHUs C y4€TOM BCeX IyTed BO3ACUCTBHS PAJUOHYKIUIOB HA YEJIOBEKa
[Pamnanmonnsle u paamoskonormdeckue..., 2016]. Hemmanupyembie BbIOpOCH!
YYUTHIBAIOTCS TIPU  COCTaBJICHMM aBapUMHBIX IUIAHOB W MOTYT IPUBOJUTH
K MPEBBIIICHHUIO MPEIEIIOB 703, YCTAHOBIECHHBIX JUISI HACCIICHUSI.

PagHOAKTHEHEIE Bonmere JIoe pHIGHL,
BEMEeCTBa pacTenHd BEIO9IAL
CIIOPTHEHOE
o pPEIGOIOBCTBO
— Ilecoxk H HI
Honépm{ocmme Bo g
TPYHTOBBIE BOJIBI KHBOTHLIE YeToBEK
HppHranuoHHas
BOJA
PanHoakTHBHEIE
BeIecTea &8 Haszemunie
PACTEHHL
Ilo4ura
Hasemurie
KHBOTHEIE
TloTpebnenne mHITH

Puc. 1.14. YupouéHHble yTH BO3IEHCTBUS Ha Y€JI0BEKa PaJHOAaKTUBHbIX BELIECTB,
cOpachIBacMbIX B TPYHTOBEIC BOJIBI U TIOBEPXHOCTHEIC BOAKI [ bormanos, PomanoBckas, 1981]

C 1944 o 1988 rT. Ha NpenNpPUATHSIX, 3aHATHIX paboTaMH C PaJHOaKTUBHBIMU
BEILIECTBAMHM M MCTOYHMKAMU HUOHU3UPYIOLIUX U3IYy4YEeHHI, Ipou3onuio 296 aBapuii,
COTIPOBOXKIABIINXCS BBIOPOCAMH PaJIMOAKTHBHBIX BEIIECTB, B TOM YHCIE 3 aBapuw,
CBSI3aHHBIC C BBIXOJIOM TpuUTHUs [ PagnanuoHHbie U paiodKOIOTUYECKHE. .., 2016].

Ymo makoe asapus paduayuonnas? ABapus pajHallMOHHAS — 3TO TMOTEPS
YIpaBIeHHUs] HCTOYHUKOM MOHH3UPYIOIIETO W3Ty4eHUs, BEI3BaHHAS HEHCIIPABHOCTHIO
000pyAOBaHMS, HETIPABUIBHBIMU JIEHCTBUSIMH PA0OOTHHKOB (TIEPCOHANA), CTUXUHHBIMU
OenCTBUSMU WM WHBIMH TPUYMHAMH, KOTOPBIE MOTJIM TPUBECTH WM MPHBEIH
K OONMy4YeHWIO JIOAEH CBBIIIE YCTAHOBJIEHHBIX HOPM WM PaAHOAKTUBHOMY
3arpsI3HEHUIO OKPYXKAIOIIEH CPEIBbI.

Paznmuyaror cnenyromme TWIMBI paaualMOHHBIX aBapuil [PaamannonHbie
Y PaIuO3KOIOTHYECKHE..., 2016]:
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1. IIpoekTHass aBapuss — OTO aBapusi, HUCXOJHBIC COOBITHS KOTOPOWM
YCTaHaBJIMBAIOTCSA JACHCTBYIOIIEH HOPMATUBHO-TEXHUUYECKON TOKYMEHTaUEH JaHHON
YCTAaHOBKH. [[71s1 Takol aBapud TEXHUYECKUM MPOEKTOM IPELyCMaTPUBAECTCS
obecrnieueHne pajualioOHHON 0€30MaCHOCTH MepCcoHalla M HaceaeHus. MakcuMmanbHas
MPOSKTHAsI aBapHsi — MPOCKTHAs aBapysi ¢ HanOoJIee TKEITBIM UCXOTHBIM COOBITHEM,
YCTaHOBJICHHBIM ISl K&KIOTO TUIIA YCTAHOBOK, PEaKTOPOB, IPOU3BOJICTB.

2. T'unmoreTnyeckass aBapusi — OSTO aBapus, I KOTOPOH IPOEKTOM
HE TPEeIyCMATPUBAIOTCS TEXHHYECKHE MepHl, O00eCIeUnBaIOIINe paJIHANOHHYIO
0e30MmacHOCTh TIEPCOHANIA W HACelIeHHA. 3am[uTa MepcoHalla W HaceJeHHs B clydae
TUIMIOTETHYCCKON aBapuM MPeayCcMaTpUBACTCs 3a CUET pa3pabOTKU M OCYIICCTBICHUS
Ha TEPPUTOPUM NPOMBILUICHHOM IUIOMIAJKH M OKpYXAaroUIell TeppuUTOpUHU ILIaHa
MEPONPUATHHN IO 3aIIUTE HACEJICHUS U NIEPCOHAA.

ITo rpaHuile pacnpoCTpaHCHUS BBIACIHUBIINXCS PAJAUOAKTHBHBIX BEIICCTB
paAManMOHHBIE aBApUHU KIACCUPUIMPYIOTCS clenyromuM obpa3om [PamuarmonHsie
Y PaTuOdKOIOTHYECKHE. .., 2016]:

1. JloxanpHas aBapusi — aBapusl B IMpeJeiax OJHOTO MOMEIIeHUs (37aHus,
COOpYKEHHs), He CBA3aHHAS C PaJIMOAKTHBHBIM 3arpsi3HEHUEM CPEIbl 3a €ro Mpe/esiaMH.

2. 30HanbpHas aBapus — aBapysl C paJUOAKTUBHBIM 3arpsi3HEHUEM MECTHOCTHU
B Ipejiesiax CAaHUTAPHO-3AIIUTHON 30HBI.

3. MacmrabHast aBapus — aBapusi C paAHOAKTUBHBIM 3arpsI3HEHHEM MECTHOCTH
3a MpeaenaMy CAaHUTAPHO-3AILIUTHON 30HBbIL.

Knaccudukarms aToMHBIX aBapwii 1o tumy B iepuona 1944—1988 rr.

1. Kputnueckoe cocTosiHue

1.1) arperaroB 5
1.2) peakTopoB 8
1.3) XUMHUYECKUX MTPOLIECCOB 5
2. UCTOYHMKH M3JIy4YeHUs 131
2.1) 3aKpbIThIC 63
2.2) peakTopsl 14
2.3) XuMHYECKHE TPOTIECCHI 1
3. Paguonsoronsl

3.1) TpaHCcypaHOBbIE 27
3.2) Tputuit 3
3.3) IpOAYKTHI NeNeHUS 10
3.4) yreuku pagus 2
3.5) AMarHOCTHKA U Tepanus 23
4. IIpoune 4
Bcero 296

[IpumenurensHo k coxepxamum Tputuil m3nenusm (CTHU) n ux cocraBHBIM
YacTsM IO/ aBapHel MOHMUMAETCs MOBPEXKACHUE, pa3pyIIeHHE WK B3PHIB, CTOPAHUE
B pe3yJbTaTe aBapUMHOIO BO3JEHCTBHS, NPU 3TOM aBapUHHOE BO3JCHCTBHE — 3TO
coOBITHE, BBI3BAaHHOE ITIONAJAaHHEM B AaBAPHUHHYIO CUTYalMI0, KOTOpas MPUBOIHUT
WJIM MOXKET IIPUBECTH K aBapuu (Tabm. 1.11).
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Tabnuya 1.11
[ocneacTBrs BO3MOKHBIX aBapuil C TPUTHEM
[PammanmioHHBIE W pagMOdKOIOTHICCKHE..., 2016]

Tum o0bekTa Pannonykmung BosmoskHbIe TuIbl aBapuii
B3peIBEL, OKapHI, yreuka I1apoB
IIpousBoacTeo p ’ PEL YT P
N HTO, pa3pymenne 060pogoBaHus
U TiepepaboTKa TPUTHS Tpuruit

U KOMMYHHKAaIU ¢ BBIOPOCOM
TPUTHS B OKPY’KAIOILYIO CPERY

U €r0 COeIUHEHUN

C6opka-pazoopka CTU To se B3phIBBL, OXKAPBI, yTEUKa TPUTUS

M €T0 COCTABHBIX YacTeH 13 KOMIUIEKTYIOIIMX COCTABHBIX YacTer
TpancnopTupoBanue « B3priBEI, mOXapkl, yTedka TPUTHS
tputus u CTU 13 y3JI0B

Ilo ycnoBusM BO3HUKHOBeHUs paauanuoHHod asapuun c¢ CTHU  ycrnoBHO
MO/Ipa3essAoT Ha YeThIpe TuMa [PaguanroHHble U paiio3KoI0rHuecKue..., 2016]:

I — noBpexnenue CTU B pe3ynbrare HEperiaMeHTUPOBAHHOIO BO3ACHCTBUS
Ha HEro, IPUBOAsLIECE K HAPYIICHHUIO LIETTOCTHOCTH U3eIus;

II — nmoxap;

III — B3pbIB;

IV — aBapuiinblii B3pbIB.

ITocTymieHue TpuTUS B OKPYXKAIOLIYKD CpeAy BO3MOXKHO IIpU aBapusax
II-IV TtunoB. OcHOBHOE paaWaIlMIOHHOE BO3ACWCTBHE — BHYTpeHHee OOIydeHHe
TpUTHEM 3a CU€T €ero IMOCTYIUICHHWS B OPraHW3M HHISIIMOHHBIM, NEPKYTaHHBIM
U TIEpOPaJIbHBIM My TsIMU. BHyTpeHHEMY 00ydeHunto noasepraercs Bcé teno. Cienayer
OTMETHTB, YTO OKCUJ TpUTHsl 0Opa3yetcs npu Haxoxxaenun CTU B ycnoBusix noxapa,
KOTJa pasrepMeTU3UpPYyeTCsl y3el, COAep KAl TPUTHH, M BBIACISIOLIUICS TPUTHH
okucisiercs Ha Bo3ayxe no 1.0 (HTO, DTO).

[lorennmanbHas ONAcCHOCTh PAAMALMOHHOTO OOBEKTAa OIpPENENsieTcs €ro
BO3MOXHBIM PaJHALIIOHHBIM BO3/ICHCTBIEM Ha HAaCEJICHUE IIPU PaJallMOHHON aBapyHu.

6.2. Boiopocvl mpumus u3 év186€0EHHBIX U3 IKCHIAYAMAUUU PEAKIOPO8

[Ipu wuccnenoBannu mnpoOiieM Oe30macHOCTH U 370poBbs mepcoHama ADC
HEO0XOIMMO YUUTBIBATh Ia3000pa3Hble BEIOPOCHI, B TOM YMCIIE PaIUOHYKIINIA TPUTHSL.
BEIOpOCH! pailioaKTHBHOTO TPUTHS ITPH BBIBOJIE U3 SKcIuTyaTarmu ADC u mepepaboTke
OTpabOTaBIIIEr0 SACPHOIO TOIIMBA OTPOMHBI — KX HAMHOIO OOJIbIIE, YeM
pamroakTuBHOrO yriepozaa “C. O0bEMBI BHIOPOCOB TPUTHUSI IPUMEPHO HA TPH TIOPAIKA
IPEBOCXOAT BEIOPOCHI IPYTUX PaJMOHYKIIUIOB M B 5 pa3 npesbimaroT *C.

[Ipu BeIBosie W3 skcrumyaTanuu ADC penieHHe MpoOJIeMbl BEIOPOCOB TPUTHS
KpaiiHe BakHO. B crenmanusupoBaHHON JUTepaType 3Ta TemMa oOCyKAaeTcs OYeHb
penko. Y peakTopoB, OCTAaHOBJIICHHBIX HECKOJIBKO necsatwierwii Hazan (3040 er)
B BemmkoOpurannu u Kanazme, 10 cux mop HaOIIOAAIOTCS 3HAYMTENBHBIE BHIOPOCH
Tputus. Ha puc. 1.15 mokasaHbl cKOpOCTH BBIOPOCOB PaJHOHYKIHIOB, B TOM YHCIE
TPUTHS, B KOTEIBHYIO B BBIBEZICHHOM U3 3KCIUTyaTalllu TSHKEJTOBOIHOM peaktope NPD,
paccurTaHHble KaHAJICKUMH SJIEPHBIMU J1a00PATOPHUSMH.
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JemoHcTpatuonnsiii peaktop tTuna PHWR moraOocTRIO 25 MBT OBLIT 3amyIIicH
B 1962 r. Ha nmepoii ADC Kananer Pondton (Rolphton) u npopaboran no 1987 r.
OH crajx TPOTOTHIIOM cepuM KaHaiackux peaktopoB CANDU — aHajoros
¢panmysckux UNGG u poccniickux PBMK.

Rate of Release from Reactor Vault to Boiler Room
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Puc. 1.15. Ouenka BIOPOCOB paIMOHYKIIUIOB U3 PEAKTOPHOTO OTCEKA B KOTENbHYI0, MapT 2023 .
(rexnmueckuii nokymeHT CNL (2016a) WR-1 Reactor Radiological Characterization Summary
and Radionuclide Inventory Estimates. WLDP-26100-041-000-0001)

B nagaie 1990-x rr. B 6eTOHHBIX KOHCTpYKIusax peaktopa® NPD B Pondrone
ObLTH OOHAPYXEHBI BEICOKHE KOHIIeHTparu Tputust — 10 82 000 br/r. J{nst cpaBHeHwS:
xounenTpauu “C cocrasnsm npumepro 300 Br/r [Kpacnaii, 1993].

W3 mpencraBieHHBIX UarpaMM BHIHO, YTO CKOPOCTh BBIJCICHUS TPUTHS
3a nepebie 100 yileT mpuMepHO Ha 3 THOpsiIKa Bhlle, YeM y OOJBIIMHCTBA APYTHX
PaJIMOHYKJINIOB, ¥ Ha 5 MOpsAAKoB Oosbiie, yeM y “C. Tputuii sBisieTcs Haubosee
3HAYUTENIHBIM HYKJIHIOM, HPUCYTCTBYIOIIMM B BBIBEIEHHBIX H3 3KCIUTyaTallUH
peaKkTopax, 0 4YeM CBUJICTEIILCTBYIOT €r0 BBICOKHME €KETOJIHBIE BBIOPOCHI Jake uepes
MHOTO JIET TTOCJIE BBIBOA PEAKTOPa M3 IKCILTyaTalHH.

Bricokue KOHLEHTpaluu TPUTHS B BBIBEIEHHBIX M3 3KCIUIyaTallUd peakTopax
oOycinosiiensl [Kim et al., 2008]:

e HEWTPOHHOM aKTHBALMEN NpUMECEH BOIOpoa, aeitepus u °Li;

e TpernyHbIM AenerneM (Beixof nenenus < 0,01 %);

o uddysuei OT BEICOKUX YPOBHEH TPUTHS B OXJIXKIAIOIIEH BOJIE U 3aMeITHTEIIe.

ITo mpuBenéunomy B pabore [Kim, 2009] BbIBOAY: «B T€UEHHE BCETO CpOKa
CIIy>KOBI SAEPHBIX OOBEKTOB TPUTHH AupGyHAUPYET B TKaHb 30aHui. [Ipu npoBeneHnn
pabot o BeIBoAY 3 3KkcIuryaTaruu OMAD 1 9K0J0THIECKOH dKCTIepTH3e HE0OXOIUMO
TOYHO OIEHHBATh AKTUBHOCTH TPUTHSI B IMUPOKOM CIIEKTPE MaTEPUAIIOB /IO BHIHECEHUS
3aKITIOYEHUSI 110 JIFOOBIM OTXOAaM.

* Peaxtop ObL1 ocTaHOBiEH B 1987 r. ¢ ynaneHuem Torumsa.
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OObIuHBIE KOMIMBIOTEPHBIE MOJAEIH MOTYT JaBaTh HETOYHBIE IPOTHO3BI
COJep)KaHUsl TPUTHUSL B BBIBENEHHBIX M3 SKCIUIyaTallud peakTopax. Tak, corinacHo
[Corcoran et al., 2017], «crtampHBIe pe3epByaphl Uil XpaHEHUS, HCIHOIb3yeMbIe
B TeueHue Oosee 20 €T, INOKa3bIBAIOT KOHLEHTPALMIO TPUTHS, 3HAYUTEIBHO
IIPEBBILIAONIYIO MIPEICKa3aHHY0, UCXOIsl M3 pacyeTa MPOCTOro Ira3oBOI0 PacTBOpa
B UCXOJTHOM METaJlIe».

HccnenoBanusi MaTepuajoB COCYIOB YKa3blBalOT Ha CYILECTBOBaHME IBYX
OCHOBHBIX HcTOYHHKOB TpHuTHUs [Corcoran et al., 2017]:

1) ob6péMHOrO MeTama, rAe TIyOWMHHOE 3arps3HEHre BO3HUKAET B pPe3yJIbTare
g Gy3un/pacTBOpEHUS;

2) BBICOKOAaKTUBHOT'O TOBEPXHOCTHOTO  CNOSl, COAEPKAIEro OCHOBHOE
KOJINYECTBO TPUTHSL.

Mopenu, OCHOBaHHBIC TOJBKO Ha KOAAX aKTUBAI[MM HEUTPOHOB, MOTYT HEBEPHO
MpeJICKa3bIBaTh YPOBHHU 3arpsi3HEHUS TpUTHEM. «be3 MOHUMaHuS TOro, YTO B KOHKPETHBIX
peakTopax CyIeCTBYIOT aBe (OPMbI TPHUTHS, coaepkanune *H B oOpasnax MOxKeT ObITh
CHJIFHO 3aHW)KEHO TPH HCIOJIb30BAHUHM TPAAWIMOHHBIX aHATUTHYECKHX MOIXOJIOB.
Otu aBe GHOpMBI — CHIBHOCBA3AHHBIN TPUTHHA U cnabocBs3aHHbIA TpuTHd. [lepBoIit
BO3HHMKAET M3 3aXBaTa HEMTPOHOB, IIaBHBIM 00pa3oM, Ha cieje (1 yacts na 20 000) °Li
B MUHEpAJbHBIX (ha3ax u TpeOyeT Temreparyp, npesbimaronmx 800 °C amst JOCTHKEHUSI
KOJIMYECTBEHHOI'0 BoccTaHOBNEHUs. CabocBsi3anHas hopMa TPUTHS MOXKET BBIACISATHCS
npu 6onee Hu3kux Temmneparypax (100 °C) B Buzne TputHeBoro BoasHoro mapa HTO
Y CBSI3aHA C IETHpaTalrei THAPO3HBIX MUHEPAJIHHBIX KOMIIOHeHTOBY [Kim et al., 2008].

B Meramnmax TpUTHE  yIep:KWMBAaeTCS  IOTJIONICHHEM CBOOOIHOW  BOJBI
B THJIPATUPOBAHHOM IOBEPXHOCTHOM CJIO€ OKHCIIEHHS, nonaaanueM H B oOBEMHBIM
METAJLI, a TAKKE B BUIE CBA3AHHOTO C PEIIETKOI TPHUTHS, 00pa3yOIIErocs Mpy HEUTPOHHON
axtuBaiuu [Nishikawa et al., 2006].

Kpome Toro, ObiI0 OOHapyXe€HO, YTO 3HAYUTENBHOE KOJMYECTBO TPUTHS
BKITIOYAeTCsl B HEOOTy4EHHbIE METa/UTbl (HallpuMep, HEP)KaBEIIIYI0 CTaldb U MeIb)
nocje JUIMTEIHLHOTO BO3JCHCTBHs TpuTHEeBOro BojsHOro napa (HTO) w/umu tputnii-
BomoponHoro raza (HT) Ha sgepHbIX ycTaHoBKax. B 00myu€HHBIX MeTayutax
B pe3yJibTaTe peaKiuii 3axBaTa HeUTPOHOB BHYTPH 00pa30BaICs JONOTHUTENHBIN THIT
Tputusi. OOpasyromieecss KOJINYECTBO 3aBUCEI0 OT KOHLEHTPALWU U paclpelesIeHHs
ciiena IuTHs 1 6opa B MeTalIe.

KommnbroTepHble MOJIENTM 4acTO WCIOJB3YIOT HEKOHCEPBATHBHEIE JOYIICHHUSI.
Hanpumep, ucrions3yroT U3MEepeHHbIE YPOBHH HYKJIHJOB KOHKPETHBIX OMOTIONIEH Ha UX
BHEIIHUX TMOBEPXHOCTAX, TO €CTh TaM, TJe CYHIECTBYIOT caMble HU3KHE YPOBHH, B TO
BpeMs KaK caMble BEICOKHE YPOBHH HaXOATCsI OJIMXKe BCEro K aKTUBHOM 30HE PeakTopa.

«9TH pe3ynbTaThl WUIIOCTPUPYIOT HEOOXOOMMOCTh DPa3pabOTKH HaIEXHBIX
MPOIIETyp OLEHKH PaJIMOaKTUBHBIX OTXOJIOB JUIS MIPOTPaMM BBIBOJIA M3 JKCILTyaTal[iH
saepHBIX ycraHoBOK» [Kim et al., 2008].

6.3. Monumopune cooeprcanus mpumus

OcHoBHbIE (POPMBI COEAMHEHUH TPUTHSL, TTOCTYTAIONIETO B OKPY>KAIOIIYIO CPETy
or mnpeamnpustuii ATL[: TtpurueBas Boma (HTO), tpurueswiii Bomopox (HT)
u tputreBblit metad (CH3T). Tlociennue aBa yaepKuUBarTCs B aTMocdepe B TeUeHUE
5-10 net, mociie 4Yero B pe3ysibTaTe MepepadoTKu OakTepusiMu U (POTOXUMUUIECKOTO
OKHUCJICHHS IPEBPAILAIOTCS B TPUTHUEBYIO BoLy. Takum oOpa3oM, B HACTOsIIEE BpeMs
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TpUTHEBas BoJa — HaumOojee pacmpocTpaH€HHass (opMa COCIUHEHHH TPUTHS
Ha 3emite [Garston, 1979].

Habnronenust 3a conepkaHueM TPUTHs B MIPUPOAHBIX Cpelax MPOBOIATCA yiKe
MHOTHE TO/bI, HAUWHAasl ¢ EPBBIX HCIBITAHUN siAepHOro opykus. [lo mpemnokeHuro
MAT'AT3/BMO HabmoneHHus 3a coAep)KaHWeM TPHUTHS B aTMOC(EepHBIX Ocagkax
BeIyTCs B 65 cTpaHax Mupa.

B nactosimee Bpemst BO BCEM MHpe JEHCTBYET HECKOJIBKO KPYIHBIX 3aBOJIOB
0 nepepaboTKe AACPHOTO TOIUIMBA, HAIIPUMED, TaKUE KaK PaIHOXUMHUCCKHH 3aBOJ
B Capanna-Pusep (CILA), Cemmadwmime (AHIHSA), a TakKe 3aBOALI HAa MBICE AT
u B Mapkyie (®panmus) u 6osee 500 60obIIux peakTopoB B 35 cTpaHax Mupa.

MonuTopruHTOBEIE PabOTEI B OKPECTHOCTSAX HamwoHamsHOM mabopaTopuu
MedeHbx mpenaparoB (NTLF) B patione r. bepkiau (CILIA) B 1984—1990 rr. mmokazanu,
YTO KOHIEHTPAIHS TPUTHUS B IPUPOTHON BOJIE MTPEBHIIIACT YPOBEHB II100anbHOr0 poHa
naHHOM MecTHocTH. B 1990 r. conmepkanue paguoHyKINUIa B TPYHTOBOM BOJIe BOIHM3U
nmaboparopun coctaBisio 700—-1330 bk/n, 9To B 11eI0M MPEBHIIIANIO YCTaHOBICHHBIN
JOMTYCTUMBIH Tipeies AJisl MuTheBoi Bobl (740 bk/m) B aTol cTpane. CpeqHsist SMUCCHS
PaZMOHYKINIA OT IPEANPUATHI B OKPYKAIOILYIO cpeay cocTasisia 3,7-10'2 Br/rox
[Report..., 2002].

B paiione 3aBoga no nepepabdotke simepHoro roprodero CaBanHa-Pusep (CLIA)
B 20002002 rr. KOHIIEHTpalKs TPUTHUS B peUHOH BoJie BapbupoBaia ot 40 no 500 bk/7,
B muTheBoi — ot 30 mo 85 br/in (Report..., 2002).

B okpectrOCTSIX TshxemoBogHOoro peaktopa B AECL-Chalk River Laboratories
(wrat Omntapuo, Kanama) Ha pasHom paccrosaun oT peaktopa (10-200 xm)
KOHIICHTpAIUs TPUTUSA HM3MeHsulack oT 6,5 mo 15,9 Bbk/n. B moue coTpymHukor
mabopaTopuu yaenbHas aKTUBHOCTh PaJIMOHYKIUAA BapbupoBaia ot 32 mo 92 xbk/n
B 3aBHCHMOCTHU OT YPOBHS COJepKaHUs TpUTHS Ha pabouem mecte [Report..., 2002].
B rpyHTOBBIX BO/IaX, paiioH pacmnonoxenus peaktopoB Hydro CANDU, mtat OnTapuo,
B 1979 r. ObUIH 3aperucTpUpPOBaHBl BHICOKHE KOHIEHTparu Tputus — 215 kbk/i,
B 1994 r. sT0oT mokazarens cHuzmics 10 70 000 bx/n [Ontario drinking..., 2009].

B oxpectHocTax 1. @ykyn (SnoHus), B pailoHaX pa3MeIIeHUs] SHEPTETHUECKUX
YCTaHOBOK, OOHAPYKEHBI CPABHUTENHLHO HU3KME KOHLICHTPAIIUH TPUTHS B TIOBEPXHOCTHBIX
Boxaax (1,2—1,5 bx/m), noxneBbix Bogax (1-7 bx/m) u B Bo3ayxe (1-18 bx/m) [Report...,
2002]. HaGmromenust 3a coaepKaHMeM TPUTUS B OKpPeCTHOCTH T. YepHaBoja
(Pympbramst), tae ¢ 1996 r. ¢ynkumonupyer peakrop CANDUG6, mokazanu, 4ro
KOHIIEHTpALMsI TPUTHUS B 00pa3lax BOJbI B IPEAIYCKOBOI mepuoa cocrasisiia 3 bk/m.
3a BpeMsl 3KCIUTyaTalliM PeakTopa COJEpXKaHWE PaJUMOHYKIHAA B BO3IyXe, IOYBE
Y PaCTUTEIBFHOCTH Ha PACCTOAHUU JI0 3 KM OT HCTOYHHKA YBEIMYMIOCH B HECKOJIBKO
pa3 1o CpaBHEHHUIO C MpEeAMIECTBYIOMUM nepuojgoM [Report..., 2002].

KonuenTpanus Tputus B BoJe 03€pa, pacmoyiokeHHOro B paiione Oxk-Pumxa
(CHIA), wmamensumach B jauanazone ot 1,5 mo 22 kbk/n1. CojepkaHue TpUTHS
B MOBEPXHOCTHBIX BOZAX BOJHM3M MCTOYHHMKOB 3arpsisHeHus nocturaer 1-20 kbk/x
[Report..., 2002].

B Hacrosmmee BpeMs BHUMaHHE K OIPEIENECHUIO COJIEp)KaHUS TPUTHS
B TPHUPOJIHBIX BOAAX HE OCJIa0eBaeT B CBA3M C TEM, YTO B OKPYXKAIOIIYIO CpEdy
MOCTYIAET 3HAYNTEIHHOE KOJIMYECTBO TPUTHS NP MUPHOM HCIIOJIB30BAHUH SACPHOM
sHepruu. B Oynyiem noiaydeHue SHEPTUU Ha TEPMOSIEPHBIX PEAKTOPaX MOXKET TaKKe
MPUBECTH K 3HAYUTEIIHHOMY HaKOTUICHUIO TPUTHUS B OMOcdepe, Tak Kak peJIonaraercs,
4TO TEPMOSJEPHBIA peakTop OymeT BbyeNaTh Tpuths B 10°-10° pa3 Gonbiue
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o cpaBHeHHI0 ¢ ADC mpu 3KBUBaJIEHTHOW MOUTHOCTH U 4TO K 2100 r. paBHOBECHOE
coJepKaHue TPUTHS B aTMO- B 6rocdepe 3eMar cocTaBuT npumepHo 2,5-10?2 Bk.

Bonbmioe 3HaueHuMe ynenseTcs H3YyYCHHIO MEXAaHHM3MOB U KadeCTBEHHBIX
3aKOHOMEPHOCTEH HAKOTUICHHSI U BBIBEICHHSI TPUTHS B Pa3IMYHBIX 3BEHBSIX HA3eMHON
U BOJHOHM S5KOJIOTMYECKUX IIEMOYeK. Tak, Hampumep, MOKa3aHO, YTO COJAEpKaHHe
TPUTUSL B PACTHTENBHOCTH M IIOYBE HAaXOAUTCA B MPAMOH 3aBHCUMOCTH
OT KOHUEHTPALUH apoB TpUTHA B atmMocdepe, ckopoctu ocaxaeHns HTO Ha 3emHyr0
[IOBEPXHOCTh, KOJMYECTBA BBINAJAIOIINX AaTMOC(EpHBIX OCaZKOB M B OOpaTHOH
3aBHCHUMOCTHU OT 3BaroTpaHcnupanuy, koraa motok HTO HampaBisieTcss BOCXOISIIUM
yTEM U3 pacTeHus: B atmocepy.

B HaTypHBIX yCIOBHSX COAEp)KaHUE B PACTUTEILHOCTH M TIOYBE, KaK MPaBUIIO,
HE OAMHAKOBO U HAOIIOIa€TCsl COOTHOLIEHUE

HTO B cBOOOHOI BOIE

HTO B cBOOOIHOII BOJIE ITOYBEI >1,

npu TpeodialaHuy TPOIEcCca YCBOCHMS TMapoB OKHCHU TPHUTHUS PACTHUTEIBHOCTBHIO
u3 arMocepnoii Biaaru. 1 310 cooTHomenne MeHee 1, ecinu npeobiasacT yCBOCHNE
HTO xopneBoii cuctemMod pacTeHHs U3 NOYBEHHOM Biaru. Ilomumo Tputus,
HaXOoJsIerocs B cBOOOTHOHN BOJIE PACTEHHH, HEKOTOPOE KOJIMYECTBO SBISETCS YACTHIO
OpPraHHYECKUX CTPYKTYP M COCTABISET TaK Ha3bIBAEMBIM «OPraHUYECKH CBS3aHHBIN»
TpuTHid. IIpM pa3oBOM NOCTYIUIEHHM TPUTHS OTHOLIEHHE YIENIBHBIX aKTUBHOCTEH
3TOr0 HYKIIW/Ja B OpraHUYecKold (pakiuuu M B CBOOOJHOW BOJE PAacCTCHHUS PaBHO
npumepHo 0,05.

CyIecTBYIOIUI PETIaMeHT M CUCTEMBbI KOHTPOJIS TPUTHS HE 00ECTCUMBAIOT
koHTposib OCT B Bo3myxe. B Bozmyxe KOHTponupyeTcs: TOabKO TpuTuid B Buae HT
U, KaK CIEACTBHE YaCTHYHOIO 3aMEIIEeHUs Bojopoaa TpurueM B Boxe, HTO Bo Bnare
Bo3ayxa. Kpome tputus, OCT comepxuT yriepoj M KHCIOpPOH, TaKk KakK TPUTHUH
3aMelaeT BOJOPO B IepByr0 ouepes B nenouke O-H. B cOpocax ¢ppaniysckux ADC
yraepon (C-14) u tputuit uamepsitor Bcerna smecte. B CILA, Kanage u HEKOTOPBIX
IpYyTUX CTpaHax B paliOHAaX pa3MeIleHHs SOCPHBIX OOBEKTOB TaKXKe INPOBOIUTCS
OJTHOBPEMEHHBII MOHHMTOPUHI TPUTHA M yriepona-14, mempl0 KOTOpPOro SBISETCS
nccnenopanne 3HauyuMocTH OCT ¢ y4€ToM NPOAOIKUTENFHOCTH BPEMEHH €ro
yaep>KaHHs B *KMBbIX opranuszmax. B Poccun takue pabotsl Benyrcsi B PenepaibHOM
Meuko-ouosiorndeckoM 1ieHTpe (OMBL]) nmenn A.W. Byphuazsina [PamuoOuosorus
WHKOPIIOPUPOBAHHBIX..., 2016; FOxumuyk, 2019].

XapaKkTepUCTUKON BO3AEHCTBUS UCTOYHHKA BHYTPEHHETO OOIYyUEHHs SIBIISIETCS
BEJIMYMHA aKTUBHOCTH COEMHEHUH TPUTHS, TOCTYUBIINX B TEUEHHE TOJ[a B OPraHu3M
YeJIOBEeKa C BO3IyXOM pabouyuX MOMELICHHWH 4Yepe3 OpraHbl AbIXaHHA M 4epe3 KOXYy
tena: raza HT, aspo3zoneit ¢ TpuTHaaMu METaIOB, ITAPOB TpUTHPOBaHHOM Boabl ¢ HTO,
coemuHernii OCT. BemuumHa 3TOr0 TOCTYIJIGHHS  OIPENENsieT TOJIOBYIO
3¢ GEKTUBHOCTD 10361 BHYTPEHHETO 00yueHus D:

D = 211, @;,

rne D — cymmapHas 3Q@deKkTHBHas 1032 OT IOCTYIJICHHS COCIMHCHHMHA TpPUTHUS
B opranmsm, 3B; I1; — BennmunHa aKTUBHOCTH i-TO CO€AMHEHUS TPUTHSI, TOCTYITHBILETO
B OpraHu3M YejioBeKa B TeueHue rona, bk/rox, i = 1, 2, 3, 4 (mua HT, HTO, OCT
M a’po30Jiel ¢ TpUTHAAMU MeTa/uioB); d; — 11030BBIN (aKTOp AJIs i-T'0 COCAMHEHUS
tputusi, 38/bk [banonos, 1983].
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B kauecTBe HamOonee KPUTUYHOW JO3bI JUIS HACEJICHHUS BBIACISACTCS 032
ot niepopanbsHoro nocrymmieHust OCT:

DOCT =TID = COCTMCI)OCT

rae CO°T — cpenneronosoe conepxanne OCT B npoxykrax, Bk/kr; M — cymmapHoe
roJI0BOE TOCTYIUIEHUE MPOAYKTOB, Kr/rom; ®°°T — 1,2-107'° 3s/bk (13 HPB-99/09
st OCT).

T'omoBoe MOTpedIeH e MPOLYKTOB MOKHO IIPUHATH B COOTBETCTBUHM C JAHHBIMH
Enunoit MexBe0OMCTBEHHON HH(POPMAITMOHHO-CTATUCTHIECKON CUCTEMBI (Tabm. 1.12).

Tabnuya 1.12
l'omoBoe noTpebneHre NPOAYKTOB MUTAHUS Ha TyITy HacEIeHUs
st CapaToBekoit, TBepckoii u PocroBckoit obmacreit, 2012 r.

ADC T'onoBoe moTpedieHue Ha TyITy HaceJIeHMs, KI/TOJ Cymma,
Xneb, Kpymsl Msico, peiba OBou, GpyKThI KI/TOz
BanakoBckas 309 68 154 531
Kanununckas 278 70 176 524
PocToBckas 278 71 213 562

Oxcua, TpUTHS MOTYT HakKalUIMBaTh HE TOJBKO TMPOJIYKTHI, BBIpAIICHHBIC
Ha 3apakEHHON MECTHOCTH, HO M «UHCTBHIE» MPOLYKTHI, XpaHALIHecs B aTMocdepe,
sarpsizaéHHON HTO. Iloctymnenne HTO B mpoaykTel OyaeT MPOMCXOOUTH 32 CUET
obmena comepxkameir HTO armocdepHoit Bmarm ®  BOXBL,  coaepiKaiieiics
B MIPOJYKTaX.

Jnst banakosckoit ADC rogoBoe noctyruienne Tputus B popme OCT B mpomykrax
[UTaHUs TPH cpeaHeroqoBoM conepkanun COCT, pasnom 100 Br/kr, cocrasiser
53,1 xBk, Torya kak ayis Hacenenus DOCT pasHa 6,4 Mk3B/ro1.

B TO e BpeMs ro10Bo€ MHTSIIMOHHOE MOCTYIUICHHE TPUTHA pU 00bEMHON
aktueHOCTH OCT 1 Br/M* (cootBercTBYeT ~100 BK/11 BO BIIare Bo3ayxa) OLEHUBAETCS
B 8,1 kbK, TO ecTh MpUMeEpHO B 7 pa3 MEHBIIIE, YeM NPH MEPOPATLHOM MOCTYIUICHUH.
B ta6mn. 1.13 npuBeneHbI naHHBIC UCCIIEIOBAHUN PACIIPEIEIICHUS TPUTHS B IIPOYKTaX
nutaHus yesnopeka [ baionos, 1983].

PesynpTaTel M3y4deHus MOBENCHMS TPUTUS B BOJAHOM 3KOCHUCTEME MOKAa3ajH,
YTO KOHIEHTpAIUsI TPUTHUS B CBOOOJHOM BOJIE TKaHEW BOJHBIX OPTaHH3MOB CIIETyeT
3a U3BMEHEHHUEM KOHUEHTPAllMd TPUTHS B OKPY>KarolIed BoJe BOAOEMA.

OtHomeHne

HTO B cBOOOIHOH BOJE TKaHEH

= 0,8-1,02,
HTO/n B cROGOIHOM BOJE BOmoEMa
COOTBETCTBYET MOYTH JJIS BCEX BUIOB THAPOOHOHTOR.

IMocTyrienne TPUTHS B CBOOOMHYIO BOAY TKaHEH PBIO MPOMCXOIWT OYEHD
ovictpo. B maboparopHom oskcnepumente [Bondareva, Schultz, 2015] O6suio
YCTAHOBJICHO, YTO Yepe3 TMOJITOpa yaca KOHIICHTPAIUsA TPUTHS B BOJE TKaHEH PBHIOBI
JOCTHTalla TOTO K€ YPOBHS, YTO M KOHIIGHTpAlus B akBapuyMHO#H Boje. CKOpOCTh
BBIBEJICHHSI TPUTHS U3 CBOOOTHOM BOIBI TKaHEHN PhIO TaKKe OKA3aIaCh OYEHD BHICOKOM.
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Uepes 15 MuHyT mociie epecaky pplObl B akBapHyM ¢ YUCTOM BOI0H oHa Tepsuta 50 %
COJIEPIKAILleTOCs B HEM TPUTHSL.

Tabnuya 1.13
TpuTnii B nuie u yenoseke, r. Akura (Smonus)

Tpurnit Opraanuecku Cyrounoe
Bun ipo0Osr B CBOOOTHOM BOJIE CBSI3aHHBIN MOCTYTIJICHHE
npo0Ob1, bk/n TpuTHii, b/ TpuTHs, BK/cyT
Celpas numa
puc 2,5 1,8 0,279
OBOILHU 1,0-1,4 1,7-1,8 0,307
pBIOa, MOJUTFOCKH 0,49 1,0 0,055
MSICO 1,3 1,8 0,094
MOJIOKO 2,0 2,1 0,241
stira 1,7 2,1 0,068
Bonmonposoanast Boga 1,9 — 2,25
CyTouHO€ MOCTyTUIeHNE
YeJI0BEK 1,7 1,9
MO3T 1,6 1,7
nérkue 1,6 1,9
HEYEeHb 1,6 1,8

ITepexom HTO B opraHudeckd CBS3aHHYIO BOAY MPOUCXOIUT TOpPas3io
MeuieHHee. Yepes 15 qHeil KOHIeHTpaus OpraHuIeCcKy CBI3aHHOTO TPUTHS B TKAHSX
pBI0 mocturana 15 % oT comepxkaHus ero B OKpYKarollei Boje.

CooTHoIlIeHHE

Opranmaeckn cesizanubiit HTO B BogHOM OnoTe

= 0,25-0,685.
HTO B Boge ozepa

Tputuii, HaxoxsmMHCS B OpPraHMYECKH CBSI3aHHOM BHUAE, HMMeET Ooiee
JUTATENBHBIN Mepro;] Onojorudeckoro nomyBeiBeneHus (o 1000 gaeit).

O0600m1as nuTepaTypHbIe JaHHbIE O 3arpsS3HEHUM BHEIIHEH Cpellbl TPUTHEM,
CIIe/TyeT 3aKJII0UYUTh CIEAYIOIIee: TPUTHI PACIPOCTPAHAETCS Ha JECATKH KUIOMETPOB OT
HCTOYHHMKA BBIOpOCAa M OBICTPO BKIIFOYAETCS B COCTaB CBOOOJHON BOJBI TKaHEH
Pa3IMYHBIX OMOIOTMYECKUX OOBEKTOB. Y CTAHOBIICHHE COOTHOLIEHHUH MEKTY COZIEpyKaHHEM
TPUTHS B Pa3INYHBIX KOMIIOHEHTaX OHOC(ephI MOKa3alo, YTO B OOJIBIINHCTBE CIIy4YacB
KOHIIGHTpAIMsl TPUTHUS BO BJare atMoc(epHOro Bo3jyxa OoJblie, YeM B JIOMKIEBBIX
ocaJikax, a B CBOOOHOM BOJIE paCTCHUN OHA MOKET OBITh BBIIIIE, YEM B IIOYBE.

B To xe Bpems TpeOOBaHMS K YHCTOTE OKPYXKAIOIIEH Cpelbl CTAaHOBATCS BCE
Oosee cTporuMu. YPOBHM BMELIATENILCTBA ISl TPUTHS B muTheBoi Boge mo HPB-99
u OCIIOPB-99, cocrapnstonme 7700 bx/n, npumepro B 10 pa3 Ooree kéctkue
o cpaBHeHH0 ¢ HPB-96 n npumepno B 50 pa3 6onee xéctkue mo cpaBHeHuto ¢ HPb-
86/87. Onnako B EBpocotoze, CLLA, AAinonnn 3akoHOAATENEHO MIPUHATHI AOIYCTHMBIC
HOPMBI coJiep>kaHusl TpUTUsl B uTheBoi Boae (100 Bk/i1). MUHUCTEPCTBOM OXpaHBI
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OKpYy>Karomel cpenbl oaHOM n3 npoBuHImi Kanager (OHTapHo) OBLIO PEKOMEHIOBAHO
BBEJICHUE JIOMYCTUMBIX MPENENIOB cojiepkanus Tputus Ha ypoHe 20 bx/n [Weinberg,
1981; Ontario drinking..., 2009].

I'naBa 7. MeToabl usmepenusi Tputusi. OT00p H MPOGONMOATOTOBKA
7.1. Memoowt usmepenus mpumus

Wzmepenne ManbIx KOHUEHTPALUUH MTPUPOAHOTO TPUTHUS U HHU3KAasl SHEPTHUS €ro
B-uacTHll BBI3BIBaET OMNpEICIEHHbIE TEXHUYECKHE TPYAHOCTU: Mayas SHEeprus
W3JTY4CHUS TPUTHS HE TTO3BOJISIET UCTIONB30BaTh MPOOBI O0IBIIOT0 00BEMa BCIICACTBUE
MOTJIOICHHS U3TyUCHUS BEIIECTBOM MIPOOBI, a HU3Kasi MacCOBasi KOHLIEHTPALUs TPUTHS
B HCClIeAyeMbIX 00Opa3lax He MOXKET OBITh yBEIHMYEHa XUMHYECKHMMHU METOAAMH.
Bcé aTo TpeOyer mpuMEHEHMS TaKMX METOAOB PaJUOMETPUH, KOTOpbIE 00JamaroT
BBICOKOH 3((PEeKTHBHOCTRIO HM3MEpEHHUS MATKOTO [-M3IMydeHusi, HU3KAM (OHOM
1 XOpoIel cTabuiIbHOCTHIO ammapatyphl [Jlomorocos, CommH, 1968].

dusnyeckre CBOMCTBA TPUTHS HCKIIOYAIOT MPUMEHEHHE KaKUX-TH0O IIEHOK,
OTACTSIOMINX U3MEPSIEMBIi 00BEKT 0T paboueii 4acTH IETeKTopa, 4TO, B CBOIO OUepe/lb,
ompeenseT crneluduKy ammapaTypsl A perucTpaluyd W3iIydeHus Tputus. Kpome
TOTO, OCJIO)KHEHHE PETUCTPAIMX STOT0 M30TOMNA BHI3BIBAET COOCTBEHHOE H3Iy4CHHUE
TPHUTHS, yCKOpsItoliee 00pa30BaHUe PA3InUHBIX XUMUYECKUX COCAMHEHHH, H30TOMHBIH
oOMeH, copOruro TpuTHs [MeToas! u3mepeHus. .., 1978].

BeiOop TOro miam HMHOro MOAXOAa K H3MEPEHHSM ONPEAEISIETCS CTEIEHBIO
CJIO)KHOCTH METO/a, OTHOCUTEJIbHOW CTOMMOCTBIO METOJIOB U TOYHOCTBIO TpeOyeMoid
o6paboTku (Metoabl u3mMepenus. .., 1978). DxcnpeccHble METOABI JIETKO Pealn30BaTh
JUIS. HETIPEPBIBHOI'O KOHTPOJISl, @ METOJbl, TpeOyromue OoJiee CIIOKHOW M TOYHOM
00paboTKH, TOpa3ao IejaecooOpa3Hee MPUMEHSATh MPU JTUCKPETHOM aHaIM3e, YeMy
MPUMEPOM MOXKET CITY>KUTh KHJKOCTHASI CHUHTHILISIIMOHHAS PaIdOMETPHSL.

ConepxaHre TPUTHS B Pa3IMYHBIX CpeJax OIPEICISIOT H3MEPEHHUEM €ro
AKTHUBHOCTHU, 4Yallle BCEro HOHM3AIMOHHBIMH W CIHUHTWUISIIAOHHBIMH METOJaMU
(tabn. 1.14). Ilpu HeOOCTaTOYHOH YYBCTBUTEIBHOCTH HM3MEPHUTENHLHOW ammaparypbl
MPUMEHSIOT METOIbl MPEABAPUTEIBHOTO KOHUEHTpUpoBaHHUA (Tepmonauddysus,
pexTrudrKanms, SMEKTPOIH3).

Tabnuya 1.14
XapaxkrepucTuka HanOoJee ynoTpeOIsieMbIX METOIOB OIPEICIICHUS TPUTHS

MuHnManpHas IIpenensr nsmepenns
Herektop JETEKTUPyeMasi aKTUBHOCTD | KOHIICHTPAI[H TPUTHS
TputHs, bk B Boze, bx/n
[TponopIHrOHAILHBIN CYETUMK 3,7:1072 3,7-(10-10°%)
Cuérunk [efirepa — Mromiepa 3,7:1072 18,5-3,7-10°
HoHu3annonHas KaMepa 3,7-10% 1,85-10°-3,7-10'4
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JJ1s1 KOHTPOJIS 32 COZlEPKAHUEM TPUTHS B BO3AYXE HCIIONB3YIOT:

® JOHM3ALMOHHBIE KaMmepbl — [AHANa30H M3MEPSIEMbIX KOHICHTpPALMH
3,7-(10-10"%) bx/m;

e mponopuroHanbabie — 1,85-3,7-10° BK/1 ¥ CHUHTHILISAIMOHHBIE CUETIUKU —
3,7-(10-107) Bx/m;

e  (HOTOMIEHKN — ISl IEPUOANIECKOTO KOHTPOJISL.

W3BecTHBIE METONBI ONPENETICHHS] TPUTHS, BXOASIIETO B COCTaB BOZbI MM BOAHON
¢$a3pl TPUPOIHBIX OOBEKTOB, CBSI3aHBI JHOO C XUMHUYECKUM pPa3ioXeHHEM BOJBI,
U600 C MPSIMBIM U3MEPEHUEM TPUTHS B BOJE.

Omnpenenenue coaepKaHus TPUTHUS B pa3IMuHBIX CpeJax OCHOBAHO Ha M3MEPCHUH
€ro aKTHMBHOCTHM MOHHU3AIMOHHBIMU WM CUUHTWULIIMOHHBIMH METOIAMH, a TaKXKe
Ha UCTIOJIB30BAHNH APYTUX (PU3UKO-XUMHYECKHX CBOMCTB 3TOr0 HYKJIHJA C IIOMOIIBIO
MAacC-CIIEKTPOMETPHIECKHX, KaJIOPUMETPUIECKUX, (POTOrpadIECKUX M UHBIX METO/IOB.

Honuzayuonnwiti Memoo UMeeT BBICOKYIO YyBCTBUTEIBHOCTD, U3MEPEHUE TPUTHS
MO>KHO MPOBOJIUTH B OYCHb LIMPOKOM JMANa30HE BEJWYMH, HO MPH HCIOJIH30BaHUH
JAHHOTO METOAa HeoOXOIMMO MpeBpaliaTh TpUTHHCOAepKalie 00pas3ubl B ra3, 4To
TpeOyeT OCTOPOKHOIO OOpallleHHs NpU HAMOJHEHUH WOHU3ALMOHHON KaMepbl
U SIBJISIETCS] CYIIECTBEHHBIM HEJIOCTATKOM MeTofa. [103TOMy HOHHM3aIIMOHHBIE KaMephl
HCTONB3YIOT MIPEUMYIIECTBEHHO Il M3MEPEHUSI TPUTHUS B Ta30BBIX Cpelax, KOTOpPhIE
BBOJATCSI BO BHYTpeHHHH 00bEéM kamepsl. Ha cBoem myTtu B Bo3myxe P-uactuia
o0pazyet ornpeaenéHHOe KOJTUIECTBO Map HOHOB. [Ipy MoTHOM cCOOMpaHNH 3THX HOHOB
B MOHHU3ALMOHHOM KaMepe MOXET ObITh IHOJy4eH HMMITYJbC HamNpsDKEHHUs MOpsiaKa
1 mxB. Haubonee uwacTto Tputwii BBOAST B KaMepy (IIOMHMO BO3JyXa) B CMECH
C BOJIOPOJIOM WJIM U BUE MapoB Boxkl [ bemoBoackwmii u ap., 1985].

st u3MepeHust TPUTHUS B Ta30BBIX CMECSAX HCIONB3YIOT TaKKe ra3opa3psaHble
cu€Tunku (mpornopiuoHanbHble u ['eiirepa). KoHCTpyKTHBHO HpONOPIIMOHANBHbIE
cuéTunku 1 cuéTynku ['elirepa o4YTH HE OTINYAIOTCSI, OHU PA3HATCS TOIBKO PEXKUMOM
paboThl, TO €cTh NPWIOKEHHBIM HAIPSHKEHUEM M, KaK CIEICTBHE, W3MEPUTEIHHOM
anmnapaTypou.

IIpu wu3MepeHNH ynenbHOW AKTUBHOCTH TPUTHSL B COCTAaBE IApOB BOJBI
MIPUMEHSAIOT CUETYUKY BHYTpeHHero HaronHeHus (JlJomonocos, ComuH, 1968, MeTos!
n3Mepenus. .., 1978) u pabouyto cmech (HanpuMmep, ipornad + OyTan + renuit). [Ipenen
4yBCTBUTENLHOCTH — OT 1 10 10? Bk/1 Bompl. B HEKOTOPBIX CIyd4asX OTKPBITBIE
WOHHW3AIIMOHHBIE KaMephl IPUMEHSIOT JIJIsl KOHTPOJISI COJICPKaHUSI TPUTHUS B TBEPIBIX
oOpa3iax (Ha MOBepXHOCTSIX).

K noctonncTBam cuérunka [ elirepa u mpornoprnoHaIbHOr0 CYETUNKA OTHOCSATCS
KOPOTKO€ «MEPTBOE BPEMSI» U OOJIbIIIAsi CKOPOCTh CUETA, OTHAKO U3MEPEHHE aKTUBHOCTH
TPUTHUS CYETYMKAMHU, KaK U MOHHM3AIMOHHBIMU KaMepaMH, UMEET CBOM HEIOCTaTKH,
TJIABHBIMH U3 KOTOPBIX SIBISIFOTCS: 1) JIOBOJIBHO TPYAOEMKHUE OMEPaIly MO TIOJTOTOBKE
o0pasua, 2) 3arps3HeHre 00pa3loB B CYETHBIX TpyOax u 3) Tak Ha3zbiBaeMble ) (HEeKThI
«aMSITW» BO BHYTPEHHUX CUETUMKAX Ta3a.

domozcpaguueckuti Memoo OCHOBaH Ha TIOYEPHEHUH (HOTOIMYILCUU
MU TIOTJIONIeHNH B Hel P-wactui Tputus. [IpoGer mocnenuaux B (otorpadudeckoit
OMYJIBCUH COCTABISAET | MKM, B CBSI3H C OTHM TPUTHI TPEJICTABISET COOON HIeaTbHbINH
PaIUOHYKIIM/L U1 METOAA aBTOPaJHOrpad iy ¢ BBICOKOH pa3pellaromnei CriocOOHOCTRIO.
Ho Ha moyepHeHMe TUIEHOK W OMYJIBCHUH BIUSIOT MHOTHE (aKTOphl (TeMIeparypa,
YCJIOBUS TIPOSIBIICHUS, BPEMs BBLAEPIKKU IUIEHKH TMOCIIE KOHTaKTa ¢ 00pas3imoM u ap.),
MO3TOMY KOJIMYECTBEHHBIC H3MEPEHUS TPUTHUS 3TUM METOIOM MPAKTUKYIOTCS PEAKO.
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Macc-cnexmpomempuueckuti  mMemo0  TPUMEHSETCS I M30TOIHOIO
M XMMHYECKOTO aHajm3a Ta30BBIX CMECEW, COAep)KalluX TPUTHH, a TaKkKe APyTue
MIPUMECH Ta30B B MIMPOKOM JAMarnia3oHe KOHIIGHTpAaIlMii W COOTHONIICHWH [Mass
Spectrometry..., 2004]. DTOT METOA MMO3BOJIAET IPOBOAUTEH AHAIN3EI C KOJUIECTBOM
CMeCH, TIPUMEPHO paBHBIM 107> ¢M?, pH yCIIOBUH, YTO aKTHBHOCTH TPUTHS COCTABJIAET
7,4-10° Bk B cMecH.

MeToa )KUIKOCTHOH B-CUMHTUIUISIIAN SBJISIETCS HanboJiee yHUBEPCAIBHBIM.

CyunmunissyuoHnvll  Memoo WCCIENOBaHUS PaJANOAKTUBHBIX IPOLECCOB,
MEpBOHAYAIbHO OCHOBAaHHBIM Ha BH3YaJbHOM CYETE€ CHMHTHUIALWN, MIHPOKO
MIPUMEHSAETCSl TPU W3YYCHWU IapaMeTPOB HOHHM3HPYIOIINX W3IydeHH Oiaromaps
n300peTennto B 1946 r. netekropa THITA COUHTILIATOP — (DOTOIIEKTPOHHBINA YMHOKHUTEITb.
CBOMCTBEHHbIC JaHHOMY THITy JETEKTOPOB CIEHU(PUUYECKHE XapaKTEPHCTUKH, TAaKHE
KaKk ycunenue curaana g0 10*-10%, mimomans BX0ZHOTO OKHA (COTHH KBAaIpaTHBIX
CaHTUMETPOB), XOPOIliee CIEKTPaJIbHOE COrMIacOBaHHWE 00JacTH (POTOUYBCTBHUTEIHLHOCTU
¢dotosnexktpoymHoxkuteneit  (PDY) ¢ usNydeHHMEM  BBICOKOA((EKTHBHBIX
CIUHTHJUIATOPOB, O0ECIIEYMBAIOT UM YCTOWYMBOE NMPHMEHEHHE B SICPHON (u3uKe,
Ouonorun, MeauiuHe u skonoruu [['punes u np., 2007].

CUMHTWIIISIIIMOHHBIA METOJ, OCHOBaH Ha Peo0pa30BaHUM SHEPTHH [-H3TyUeHUS
B (OTORNIEKTPOHBI, BBI3BIBAIONINE HMMITYJbChl HampsbkeHus B DDV, KoTophie
MTOACYHTHIBAIOT CIEITHANBHON CUMTHIBAOMIECH cXxeMol [ CIMHTHIUIAIMOHHBIN. .., 1961;
Mertonst uamepenus. .., 1978; Applying direct..., 2009].

Tak Kak CIOKHOCTb M3MEPEHHs COJNEPXKaHUSI TPUTHA OOYCIOBICHAa HU3KOM
sHeprueil ucmyckaemoro [-usnydenust [Perkin Elmer..., 2000b], mis wu3mepenus
(-uacTHIl TPUTHS OETEKTOp MOJDKEH OBITh yJdaléH OT HMCTOYHHMKAa He Ooiiee deM
Ha 0,1 Mmrcm 2. B Bojie, HampuMep, 3TO PACCTOSHUE HE JO/DKHO HPEBBINIATH | MKM.
[Toaromy mpob6a GombIoro 00bEMa B )KUIKOM COCTOSHWUU JOCTYITHA JIJISl U3MEPEHUN
TOJILKO TIPH UCIIONB30BAHUH JIETEKTOpa C OONBIION YyBCTBUTENHHON MOBEPXHOCTHIO
WM TIPY CMEUIMBaHUH €€ C KHUIKUM JIETEKTOPOM, TO €CTh C KHJIKUM CHUHTHILISITOPOM
[LLpam, JlombGep, 1967; Perkin Elmer..., 2000a].

[Ipu B3aMMONEHCTBUM PETUCTPUPYEMBIX YaCTHI[ W KBAaHTOB C BEIIECTBOM
CIUHTHJUIATOPA B TIOCTEIHEM BO3HHKAIOT CBETOBBIE BCIBIIKH — CIWHTHIUISIIHM.
B ympoménnom Bue nporecc CHUHTHUISIIAA COCTOUT U3 TpEX craauii (OBanc, 1970):

1) B-m3mydeHue wH30TONAa MPOHHKAET B CIMHTHJUIMPYIOIIUH pacTBOPUTEIb
(0OBEMOM MOJIEKYJT MCTOYHHMKA HM3IYyUYCHHS MOXKHO TpeHeOpedb), TJe MpOsIBISETCS
B BHUJIE€ DHEPTUM HOHU3AINH, JUCCOIMAINN WM BO30YXKICHUS MOJIEKYJ PacTBOpA.
OHeprus d3JEKTPOHHOTO BO30YXKIEHHUS pacTBopa Oollee BCEro CIOCOOCTBYET
MOSIBIICHHUIO CBETOBOTO M3ITyUCHHST;

2) sHeprus Bo30YXACHHUSA pacTBOpa mepenaéTcs 3aTeM MOJIEKYJIaM IIEPBUIHOTO
PacTBOPEHHOTO BEUIECTBA, MPE/ICTABISIIONIET0 COO0H Kakoe-Inoo (IIroopecupyroiee
COCAMHEHHE;

3) B030Yy>KAECHHBIE MOJIEKYJIBI ()IIIOOPECIMPYIONIETO BEIIECTBA BO3BpAILAIOTCA
B HCXOJHOE COCTOSIHME, WCIyCKasi KBapT CBEeTa B BHAMMOM WM OJU3KOM
yIbTpaduoIETOBOM 00JIaCTH.

Cranuu qaHHOTO TIpoIiecca MpUBeeHbI Ha puc. 1.16.

Taxum o0Opazom, Hanboee MPOCTON HENOCPEIACTBEHHBI KOHTAKT MOXKET OBITH
JOCTUTHYT TPH PacTBOPEHHH NPOOBI B KHUIKOM CHUHTHIIISATOpE. OOBIYHO >KUAKHUN
CIMHTHJUIATOP COCTOMT M3 pACTBOPUTENS, aKTHBATOpa M CMECHTENsl CIEKTpa,
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KOHIICHTPAIUS JIBYX IOCJICIHUX COCTAaBJISCT CAWHUIBI M JOJM TIpaMMa Ha JIHTP
pactBopurens [Perkin Elmer..., 2000a].
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Puc. 1.16. Mexanusm nepenayun Bo30y»/IeHHsI B MOJIEKYJIaX CHMHTWILIMPYIOIIETO KOKTEHIIs

[IpakTudecku Bcs 3HEPrust B-U3IydeHHs] TPUTHUSA PACXOLYETCs] HAa HOHU3ALMIO
U BO30YXICHHE MOJEKYJ KOMIOHEHTOB, BXOJIIUX B COCTaB CIHHTHIUIATOPA.
KonndecTBO CBETOBBIX BCIBIIIEK, HCITyCKAEMBIX PACTBOPCHHBIMU BEIIECTBAMH
IpU mepexoie U3 Bo30YX AEHHOIO B OCHOBHOE COCTOSHHE, MPONOPLHOHATIBHO YUCITY
B-uacTu, TOMMIOWEHHBIX CUUMHTWLIATOpOM. [losToMy P-u3mydeHue TpuTHA
B3aMMOZICHCTBYET B OCHOBHOM C MOJIEKYJIaMH PAacTBOPUTENS M BO30YXKIaeT HX.
Bo30yxaeHue B pacTBOpHTEIIE IEPEAAETCS OT MOJIEKYJIBI K MOJIEKYJIE 0 TEX 0P, TOKa
HE JIOKaJU3yeTCcsl Ha MOJIeKyle akTuBaropa. lIpu mepexome MOJEKynbl aKTHBAaTOpa
B OCHOBHOE COCTOSIHHE DHEPTHsI BO30YKICHHS YaCTHYHO MOXET BBIJICIUTHCS B BUJIC
cBeToBOro kBaHTa [ Brown, 1995]. Tonbko npumMepHo 5 % o01ieit sHepruu -u3mydeHus
npeoOpasyeTcs B CBET, OCTalbHAsl 3HEPIHs BBHIPOXKAACTCS B KBAHTHI 0ojiee HU3KOM
SHEPTUU WM PacXOAyeTcs Ha XMMUYECKHe MpeBpalieHus. Eciu onTuaeckuil criekTp
CIMHTWUIALMHA HE COBHNaaAaeT C oOO0NacThi0 MaKCUMAaJbHONH  CIEKTPAIBHOM
YyBCTBUTEIBHOCTH MPUMEHEHHOTO (POTOANEKTPOYMHOKHUTEINS, B CHUHTHIUIATOP BBOAST
cMecutens cnekTpa. CMecuTeno crekTpa mnepenarcsi SHeprus BO30YXKICHHS
OT aKTHBaTOpa, a 3aTeM OTAAETCsA B BUJC CBETOBOTO KBaHTA JIPYyrod 00see JIMHHOM
BOJIHBI, OJIM3KON K 00/1aCTH MaKCUMaJIbHOM yyBcTBUTENbHOCTH PIY. OOpaszyoumecs
CBETOBBIE BCTIBILKHU peructpupyorces (PIY) cnextpomerpa. Beenenue P-uznyuaresns
B COCTaB JKMJKOTO CLUMHTWUIATOpa oOOecreunBaeT reoMeTpuio cuéra 4w, dYTo
YBEITMYIMBAECT YyBCTBUTEIILHOCTh METO/A. ECITN B CLIMHTUILISITOPE TIPUCYTCTBYET BELIIECTBO,
KOTOpPOE CHOCOOHO M3MEHUTh HHTEHCHBHOCTH OT/AEIbHOM CBETOBOW BCIIBILIKHY,
B CIUHTWUIATOP BBOJAAT NPOMEXYTOUHBIN (BTOPWUYHBIN) pacTBOpUTENb. Takoi
pacTBOpUTENb, IO CPABHEHHIO C UCXOHBIM, Ooee 3 hekTHBHO niepeiaéT akTUBaTOpy
MEPBOHAYATIBHYIO TIOTJIOIIEHHYIO 3HEPTHIO.

OHepreTM4eckuil BBIXOJ Yy JKUAKUX CLUUHTWIUISTOPOB JOCTATOYHO HU3KHN
U coctapisier mpumepHo 12,5 Ep, rne Eg — sHeprus P-yactuisl, k3B. B pesynbrare
Ha mepBblil auHOA DOY B myumem ciydae mpuxoguT oT 2 a0 10 3meKTpoHOB.
W3-3a Manplx aMIUIMTY] CUMHTWULALMHA KayecTBO CUETYMKA B 3HAYUTEIBHON Mepe
ompenensercs (GoroymHOXHTENeM. [l03TOMY YMHOXHTENH, KOTOpPBbIE TPUMEHSIOT
JUIST U3MEPEHUs] TPUTHUS, JOJDKHBI 00JIaJaTh PAJOM CIENUAIBLHBIX CBOHCTB [DBaHC,
1970]: 1) MmakcumanbHasl 4YyBCTBUTEIBHOCTD (OTOKATOAA, 2) OONBIION KOPPUIUEHT
YMHOKEHHS, 3) MaJiblii ypOBEHB LITYMOB, 4) BBICOKast CTaOMIBHOCTE Kak K03 duirenTa
YCHJICHUSI, TaK W YPOBHSI COOCTBEHHBIX IIYMOB U 5) OTCYTCTBHE DPaJHMOAKTHBHBIX
3arpsi3HEHHH B KOHCTPYKIMOHHBIX MaTepHasax.

B kauectBe pacTBopuTeneil B UIKAX CHUHTHILITOPAX MIMPOKO UCHONB3YIOTCS
kcmwton (CeHs (CH3)2), Tomyon (C;Hs), mmokcan (CsHgO:), KOTOpHIH MOIXOIUT
JUTSL BOJTHBIX P00, Tak Kak Xopoio pactsopsieT Boay [Perkin Elmer, 2000a]. Xopoiiyto
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CHMHTHJUIALMOHHYIO 3G (GEKTHBHOCTh WMEIOT TaKWe CUUHTHUIMPYIOIIUE BElIecTBa
(axTuBatophl), Kak 2,5-mudennnokrcazon (PPO) — CisHi1NO u n-tepdennn — CigHia,
cMecuTenb crekrpa 1,4-mu-2-(5-penmnokcazonmnn)-6er3on (POPOP) — CxHi6N2Oy,
BTOPUYHBI pacTBOpUTENs — HadTanuH cyOnuMupoBanHeiid [Brown, 1995; Tritium
in a pine..., 2000].

Od4eHp MHOTO TIpOOJIEM BO3HUKAET TMPU M3MEPEHWH OPTraHWUYECKH CBS3aHHOTO
TPUTHUS,, OCOOCHHO TPU HU3KHUX YPOBHSAX aKTUBHOCTH B MpoOax. MHOrHE aBTODEI
[Garland, Ameen, 1979; Garland, Cox, 1982; Rank, 1987; Brown, 1995; Pointurier
et al., 2003] yka3pIBalOT Ha BO3MOXKHOCTh MEPEKPECTHOTO 3arpsi3HEHNS P00, a TakxKe
3arpsi3HEHMsI B pe3ysibTaTe o0OMeHa ¢ atMocdepoll B 1a00paTOpUH, OCOOCHHO €CIn
coJiep>kaHue TPUTUSI B aTMocdepe J1abopaTOpuy BhIIIE HOpMalbHOTO ypoBHs. Kax
nomuepkayn Jlx. Maxkdapreitn [McFarlane, 1976], Bo3moxxHas peakiusi oOMeHa
MEXJy aTOMaMH BOJOpOJa BOABI U OOMEHHOTO OPraHHYeCKOrO aToMa BOJOPOJa
SIBIISIETCS. OCHOBHBIM MCTOYHUKOM OINMOKU B OMpEACTICHUH OMOJIOrHYECKOTO TPHUTHSL.
[lo sToif mpwumMHE, HECMOTPS Ha BO3MOXKHBICE W3MEHEHHs 3a CYET UIMTEIHHOTO
YBIOKHEHUS W CYIIKH, CYUTAETCSA, YTO MOMHMO TPHHITHA HEOOXOJMMBIX Mep
MPEJOCTOPOKHOCTH B OTHOLICHUH aTMOC(EPHOTO 3arpsi3HEHUS] HEOOXO0JUMO BBIJICTUTh
MaKCHMAJIbHO TI0JHO00OMeHHBIN TpuTHii [*He mass spectrometry..., 2010].

[locrme BBImENEHUS W TPEABAPUTENHBHOW TOJITOTOBKH MPOO, COAEpKAIIuX
OpPTaHUYECKUH TPUTHH, HCIIOIB3YIOT METObl U3MEPEHUS COICPIKAHUS TPUTHS TE KeE,
yT0 ¥ nipu u3mepenun HTO.

Paznuyaror ocHOBHBIE dTambl ans onpenenenus conepxkanus OCT B oObekTax
okpy>xaromeit cpensl [Packard Instrument..., 1995; Radioactive Measurement..., 1997;
Tritium in plants..., 2009]:

1. HTO-dpakuus — AUCTUIUISAUS WK CYIIKa BEIMOpaXHBaHUEM 00pasIia.

2. O6umii TpuTHH — CxXurasue oOpasua npu Temneparype 750 °C
C KaTajan3aTopoM.

O06e ¢pakuun m3mepsitorces pasnenbHo. Conepikanue OCT paccuuThiBaeTCs
KaK pa3HUIla MEXIy IMepBOW M BTOpoil ¢pakiusmu. B 3tom cinyuae HE0OX0quMo
WCIIONIb30BAaHUE CTAH/IAPTA, COAECPIKAIIETO TPUTHIN, TaK KAK XUMHUECKUN BBIXOJ] MOXKET
ObITh MeHblIe 100 %.

B xavecTBe TpuTHiicOIEpKAIIETO CTAaHAAPTA HCIIONB3YETCS TIaBHBIM 00pa3oM
[6-°H]-TUMUIMH, KOTOPBI HMMEET psAJ NPEUMYIIECTB 10 CPABHEHHIO C APYIHMHU
crarnaptamu (Metoel u3Mepenus.. ., 1978; Meroauueckue ykazanus. .., 2002).

Kpome toro, mist Beiaenenuss OCT uCMONB3yIOT METOJI OTTOHKH a3€0TPOITHOM
CMECH C OPTraHWYEeCKHMMH PACTBOPHUTEISIMH, HMEIOIUMH HHU3KYI0 PacTBOPHUMOCTH
B BOJIe. DTO MOTYT OBITh TaKHE PACTBOPHUTENH, KaK O-, P- WIIM N-KCHJIOJ, IUKIOTEeKCaH,
Tonyosr. B Merogmdeckux ykazaamsx [2002] ucmonb30Baics MUAKIOTEKCaH, KOTOPHIH
CMELIMBAJICS C CyXUM OHoJI0THYecKkuM MaTepraioM. [lociie ycraHoBIeHNs paBHOBECHS
c 00pa3loM a3eoTpoIHasi CMECh OTTOHsJIach Ha BPALIAIOLIEMCs HCHApHUTENe MpH
temneparype 70 °C.

Jnst uccnenoBaHUd MOTYT HPUMEHSTHCSI pa3iM4HbIE THUIBI MIPO0O, Hampumep,
BOJA M3 PAa3NMYHbIX MCTOYHHUKOB (HOXKIEBas, AWCTHJUIMPOBAHHAs, MOpPCKas,
BOJIOTIPOBOJIHAS, PEYHAsT), TOATOMY KOKTEWIIb JIOJDKEH OBITh YHU(DUIIMPOBAH IS BCETO
MHOTo0Opa3usi M3y4aeMbix o0pasnoB. Kpome Toro, B 3aBHCHMOCTH OT THIIA
HCCIIEyeMOro 00bEKTa MOTYT U3MEHSTHCS ONITUMAIIBHBIE YCIIOBHSI 1715l IPUTOTOBIICHHS
cMecu npoba — Koxkmellib. BapbupyloT Takue mapaMmeTpbl, Kak TeMIepaTypa cMecu
u 066éM 11poOsI (puc. 1.17) [bormapera, [lomozosa, 2009].
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Sea Water B oz
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u] 2 4 =] =] 10 12 mL

Puc. 1.17. 3aBucumocts 00bEMa BobI B cMecH (TpH Ao0aBieHnd K 10 M1 KOKTEHIs)
IIPY pa3JINuHBIX TEMIIEPaTypax Ui pa3HbIX TUIIOB BOJBI

Kpome Toro, KOKTes JoHKEeH COOTBETCTBOBAThH BCEM TPEOOBAaHUSIM O€30TIaCHOCTH,
a MMEHHO: MMETh BBICOKYIO TEMIIEpaTypy BOCIUIAMEHEHHs, HE MPOHUKATh CKBO3b
MaTepuai, U3 KOTOPOTO U3rOTOBIEHBI BHAIBI, OBITH pasiaraeMbIM MUKPOOPTaHU3MaMH,
a Take Hu3koTokcuuHbIM [Perkin Elmer..., 2000a]. Takke npu MOArOTOBKE MPOO
yaAemnsieTcs 3HAaYNTeIbHOe BHUMaHUe MaTepHaly, U3 KOTOPOTO U3TOTOBJICHBI BUAIIEI.

B mocnennee Bpemst Gosbliiee MpeANOYTEHNE OTAACTCS TIACTUKOBBIM BHAJaM,
MMOCKOJIbKY OHH, B OTJIMYHE OT CTEKJISHHBIX, 0OJIee YCTOWYMBBI K MEXaHHMUCCKUM
MTOBPEXACHUSAM | 3TO JieJaeT ux Ooyiee YAOOHBIMHU B DKCIUTyaTalliy B JTJAOOPAaTOPHBIX
ycnoBusix. boree Toro, mporecc yTHIM3aIMK IACTUKOBBIX BHAN COMPSHKEH ¢ MEHBIIMMH
tpyaHoctsmu [Perkin Elmer..., 2000a].

B cBs3u ¢ Tem, uTO dSHEprus P-w3IydeHUs TPUTHUS HU3Kasl, Ha CHUHTHIUISIIHIO
BIHsieT Oojbioe uucio Qakropos. [Ipu paboTe clienyeT y4uThIBaTh, YTO BBEIICHHE
B KHJKHHA CIHHTWUISATOP HCCIEAYyeMbIX NMpo0 W HaIWdhie B HEM MEXaHUYEeCKHX
npuMeceld  CHMKaeT 3(PPEKTUBHOCTh PErUCTpPAIMU KHJIKHUM  CHUHTHUISITOPOM
Y3-3a TYIICHUS (MW TallleH!s) CIIUHTIILIISIIAHN.

Tymenne — 3To yMeHbIIeHHe 001IeTo BHIX0Aa POTOHOB U3MEPIEMOTO 00pasia
KaK pe3yibTaT yMEHbIIEHUS >PPEKTUBHOCTH Tepenadn sHeprud. M3-3a TymieHus
CHEKTpP SHEPTHH PAJAUOHYKIUAA BBITISAWT CABHHYTHIM B CTOPOHY HH3KHX JHEPTUit
(puc. 1.18).

IloramennsIi
A~ O0pasen

&

&

HenoramenHsri

— obpazerg

E

Puc. 1.18. IIpumep caBura criektpa npu tymennu (Quenched) oTHOCHTENIFHO HETYIIEHHOTO
(Unquenched) o6pasna [Packard Instrument..., 1995]
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CymiecTByeT 4eTblpe OCHOBHBIX THUIIA TYLICHUS:

1. Xumuyeckoe, Wi NPUMECHOE, — MPOHUCXOAUT NPU HETOJHOW OUYUCTKE
H3MepsAEeMBIX 00pa3LioB OT COJICH WM K€ MPH JOMOIHUTEILHOM BHECEHUHU MPUMECEH
MIPH TTOATOTOBKE 00Pa3I0B K M3MEPEHUIM. Bennainaa XMMIYECKOT0 TYIICHUS 3aBUCUT
OT KOHIICHTPAIINH COJIEBBIX MPUMeceii B 00pasiie.

2. Onruyeckoe, WIM IIBETOBOE, — TMPOHCXOIUT TNPH HAIWYHHA OKPAIIWBaHUSI
HU3MeEpPSAEMBIX 00pa3LoB. DTO SIBISETCA IPUUMHOHN 3aTyXaHUsl OTOHOB, TPOU3BOAUMBIX
B pacTBOPEHHOM BelllecTBe. BemurHa [IBETOBOTO TYILICHUsI 3aBHUCUT OT MHTEHCUBHOCTH
OKPAaCKH MEIIAIOIIEro XMMUYEeCKOT0 PeareHTa U JUIMHBI TPACKTOPUH, KOTOPYIO TOJIKECH
npout GoToH.

XYUMHUYECKOe TYIICHHE MOTJIONIAeT YHEPTHUI0 [-4acTHIl 0 WX MpPEeBpaIleHUsI
B (pOTOHEI, B TO BpeMs KaK IIBETOBOE TYIIEHUE TMPOUCXOTUT B TPOIIECCE TPOXOXKICHUS
HernocpeacTBeHHO (orona yepes cpeay [Packard Instrument..., 1995]. Ha puc. 1.19
MPUBEACHBI MMPUMCPLI CABUI'OB CIICKTPOB IMPU XUMHUYECKOM U OINTUYCCKOM TYIICHUU
KHUJKOTO 00pasiia.

3. Boga, BBommMas B XKUAKUH CIIMHTHILIATOP, CIOCOOHA 3HAYMTEHFHO CHU3HUTH
3¢ (HheKTUBHOCTH N3MEPEHHH 32 CUET YMEHBIIEHVSI HHTEHCHBHOCTH CBETOBBIX BCITBIIIIEK
[Perkin Elmer..., 2000a].

4. B HexoTOphIX ciydasx (Hampumep, IpU HCCIETOBAHUSIX TBEPBIX BEIIECTB)
Ha 3 HEKTUBHOCT U3MEPEHUSI B 3HAYMTEIILHON CTETICHH MOXET BJIMSTh HEOTHOPOTHOCTh
(reTeporeHHOCTh) MPOOKI. [ reTeporeHHON MPOOBI 3a CUET OCAKIACHUS B3BEIIICHHBIX
YaCTHII, COAECPIKAIINX B TOM YHCIIE U TPUTHUH HAa CTEHKH W JTHO BUAJBI, 30HA M3ITYICHUS
npezcTaBIseT co0oi mosycdepy, IIoMaas MOBEPXHOCTH KOTOPOH paBHa 27 72, Torua
KaK JUIsi FOMOI€HHOTO PacTBOPa 30HOM M3JIydeHHs sBiseTcs cdepa ¢ mIomanso 47
(puc. 1.20).

XuMHYecKoe TyIIeHHe

&

Onrtrveckoe TyleHHe

s == e
E

Puc. 1.19. [Tpumeps! cABUTOB CHEKTPOB MIPH XUMUIECKOM U ONITHYECKOM TYIICHUH
[Packard Instrument..., 1995]

BenuunHa TymeHus xapakTepu3yeTcsl TAKUM 1apaMeTpOM, KaK MHIEKC TYILIEHUS
tSIE, KoTOpBIi siBIsETCST Oe3pa3MepHON BEIMYMHOM M PACCUMTHIBACTCS C MOMOILBIO
MpOrpaMMHOTO olecriedeHus crieKTpomerpa. st Tputus 3aBUCUMOCTD 3P (EeKTHBHOCTH
M3MEpEHUs] OT MHJEKCa TYIICHHS MPEJCTaBIsIeT co00i JTorapuMUIecKyr0 KpUBYIO
(puc. 1.21).

Bera-m3nmy4yenne n30Tomna MpOHUKAET B CIMHTUUIMPYIONINA PacTBOPUTEIND, TIe
MIPOSIBIISIETCS] B BUJE SHEPTUH MOHHU3AINH, AUCCOIMAINN MM BO30YKIEHUS MOJIEKYJT
pacTBopa. DHEprusl 3IEKTPOHHOTO BO30YXKIEHHs pacTBopa 0ojiee BCero crnocoOCTByeT
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MOSIBJICHUIO CBETOBOTO HW3IYYCHHUS W TepenacTcss 3aTeM MOJIEKyJaM IepBUYHOTO
pacTBOPEHHOTO BEIECTBA, MIPECTABIISIONIET0 CO00H (ryopecupyroiee CoeTMHEHNE.
Bo30yxn€HHbIe MOJIEKYITBI (QITyOpECIUPYIOIIETO BEIIECTBA BO3BPANIAIOTCS B HCXOTHOE
COCTOSIHME, MCITyCKas KBAaHT CBETa B BUIUMOW WM OJIM3KOW YIBTPaUOICTOBOM
obnactu. B pacTBOpe MpHCYTCTBYET BTOPHYHOE PACTBOPEHHOE BEUIECTBO (TaKke
(bayopecrieHT), KOTOpoe CIHOCOOHO TMOTJIOMAaTh 3TOT CBET, a 3aTeM HU3IydaTh ero
c OoJIbIIOW JJIMHOW BOJHBL. OTHM JOCTUTACTCS JIy4dIIee COTJIACOBAHUE MEXKIY
SMUCCHOHHBIM CICKTPOM CYMTHIBAEMOr0o 00paslla M CIEKTPAJIbHBIM OTBETOM
¢dboTokaTona, merekTHpyromero ulnydeHue. Jlumpb oxomo 5 % oOmeil sHEprum
B-uzmydeHus npeodpasyeTcs B CBET, OCTalIbHAsI SHEPTUS BBIPOXKIACTCS B KBAaHTHI OoJice
HU3KOU PHEPTUU WM PACXOAYETCS Ha XUMHUCCKUE TTPEBPAICHHUS.

41 Geometry 21t Geometry
(Homogeneous) (Heterogeneous)

Surface Area = 47r? Surface Area = 27tr?

Puc. 1.20. 30HbI eificTBUS U3JIyUyEHHs B TOMO- M T€TEPOr€HHOM PacTBOpax
[Perkin Elmer..., 2000a]

tSIE ChA

518 48 H-3 Efficiency vs tSIE
430 45 % Efiicency
341 39 "

279 33 W

219 27 «

169 20 %

123 14 “

86,3 9 wr

452 3 y

17,9

Ch A—0,0-18,6

Puc. 1.21. 3aBucuMocTh 3P PEKTUBHOCTH U3MEPEHUS TPUTHS B 00pa3max
ot unaekca Tymenus [Perkin Elmer..., 2000a; bongapesa, [Tomozosa, 2009]

Takum 00pa3oM, CIIUHTHILIAIUOHHBIA METOJT C UCTIOJIh30BAHUEM COBPEMEHHBIX,
CJIOXKHBIX MW BECbMa IOPOTUX KHUIAKOCTHBIX pPaguOMETPOB C aKTHUBHOU SaHIHTOﬁ
MO3BOJISIET ONPEACIATh HU3KHE YICIbHbIE aKTUBHOCTH TPUTHS B BOJIE U JPYTUX
o0beKTax OKpysKaromiei cpeasl Bmioth g0 0,1 Br/n. A wMeTton ompeaencHus
TPUTHS, OCHOBaHHBIM Ha HWCIOJIB30BAHUM JXKUJKUX CIUHTHILISTOPOB, YHHBEpCAJICH
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B INPUMCHCHUHU, NIPOCT B paGOTe, XapaKTCpU3yeCTCsa BBICOKOM MMPOU3BOAUTCIIBHOCTBIO
1 UCTIOJIB3YETCA ITPU MaCCOBOM aHAJIN3E.

7.2. Memoovl ombopa u noozomoeKu npoo 011 onpeoeeHusn
coO0eprcanusn OKUCH mPUmus 6 NPUIEMHOM AMMOCHEPHOM 8030yXe U 800e

B mpaxTuke mo3umeTpuu, HapsAy ¢ HEMPEPBHIBHBIM KoHTposeM Tputust u HTO
B BO3/yX€, 4aCTO MPUMEHSAIOT METObI, OCHOBAaHHbIE HA IEPUOJMYECKOM O0TOOpE MPod
HTO u3 Bo3myxa u m3MepeHnn CoIepKaHus TPUTHS B OTHX Tpooax.

B cBs3u ¢ TeM, uro HTO 10 cBOMM (H3HKO-XUMHYECKAM CBOMCTBaM, KpoMme
pannoakTUBHOCTH, Mano omimuaercs oT H»rO, To ans orGopa mpod mpUMEHUMBI
MIPAaKTHYECKH BCE METOBI, HCIONb3yeMbIe ISl TIOTJIOMIEHHST OOBIIHONW BOABI — COPOIHS
TBépIIBIMI/I " XXUIAKUMU IOTTIOTUTCIIAMU, BBIMOPAXXUBAHUEC U T. II. I[OHOHHI/ITCJ'ILHO
st otoopa po6 HTO MoxHO MCHONB30BaTh MOTJIONICHHE €€ MPOTUEBOM BOJOU
(n3oTOMHOE pazbaBieHME).

Mertoapr ot6opa mpod6 HTO w3 Bo3myxa MOXHO pa3OuTh Ha JiBe OOJbIIHUE
TPYNIBL: acTIHPAIlOHHBIE — OCHOBAaHBI HA MPOKAaYKe BO3AyXa Yepe3 MOTIOTHTEIH;
muddy3noHHble — OCHOBaHbI Ha AU(P(GY3MH MOJEKYJN BOABI B 00JacTh ¢ MalloH
KOHIIEHTpAIUEH (TIOTJIOTUTEITh) U3 00J1aCTh ¢ OOJIBIION KOHIICHTpalUeH (OKpyKarolee
MIPOCTPAHCTBO).

CTpykTypHas CcXema YCTaHOBKHU
(actimpanmonHO) MOKa3aHa Ha puc. 1.22.
E€ ocHOBOHM sBns€TCS MOIJIOTUTENIbHBIN
3JIEMEHT. Pacxon IIPOKa4YNBAEMOTO
BO3YyXOQYBKOW  HYepe3  IOTJIOTHUTENb
BO3[yXa KOHTPOJIMPYETCS POTaMETPOM,
KOTOPBINA ISl KCKITFOUEHUS TIOTPEITHOCTEH
u3MepeHust (copObumu  Biar", IPPeKT
MaMsITH) PacojiararoT 3a MOTJIOTUTEIHHBIM
Puc. 1.22. Cxema ycTaHOBKHM A7 0TOOpa JlIeMeHTOM. B 3aBucumocTd OT  Tuna

po6 HTO u3 ra3oBeix cpen: MOIJIOTUTEIS MOXXHO  paccMaTpuBaTh
1 — TOTTIOTHTENHHBIN 3JIEMEHT; CIIEyIOINE METOJbI: BBHIMOPAKHBAHUE
2 — porameTp; 3 — BO3JyX0O/yBKa aJIcopOIMsl, H30TOIHOE pa30aBJICHHUE.

MeToa BBIMOp2KMBAHHS OCHOBaH
Ha KOHJICHCAIIMHM TAapoB BOJBI B METAJLUTUYECKOH IIMOO CTEKISSHHOM OXJaKJaeMoin
soBytike (puc. 1.23). B kauecTBe 0XJ1aIUTEIIsE MOXKET OBITh MCIIOJIb30BaH JKUIKUH a30T
(Toxa = —196 °C) wim cmecu S3TWIOBOrO coupTa, 3¢upa, aneroHa ¢ TBEPAOU
yraekucnoTon (Tox: =—72...—78 °C). IIpu Be1OOpE oxnaauTens cienyeT UMETh B BULY,
YTO KUJKAH a30T BHIMOPKWBAET YIIIEKUCIIOTY U3 KOHTPOIUPYEMOTO BO3JyXa, YTO
MPUBOIUT K 3aCOPEHUIO JIOBYIIKH M HOBBILICHUIO €€ CONMpOoTUBIeHH. B oxnaxxnaemoii
JIOBYIIIKE MOTYT 00pa30BBIBATHCS MEIKO3EPHHUCTBIC YACTHUIIBI JIbA; UX MOCIEAYIOIIee
MpeBpalieHne B XJIONbS (CHEXKWMHKH) 0OyCIOBIMBAaeT CHMXeHHE 3()()EKTUBHOCTH
oTOOpa M BBHIHOC WX M3 JIOBYIIKH C IOTOKOM IIPOKauMBAEMOro BO3Ayxa. YToOBI
MPEJOTBPATUTh JTH MOTEPH, B JIOBYIIKY MHOT/IA TIOMENIAIOT CTEKIIOBATY, MIAPUKH —
CTEKJISTHHBIE JINOO CTajbHble. B KauecTBe OXJaKAaeMBIX >KUAKOCTEH MOTYT TaKxke
CIy’)KUTh Pa3iIMYHbIE COJH B CMECH CO JIBJIOM WJIH BOJIOHM, TIO3BOJISIONIHME MONYyYUTh
Toxn, paBayIO —20...—50 °C.
Uro0Obl HMCKIIIOYUTH TOTPEIIHOCTH, CBSI3aHHBIE C MOTEPSMH IApPOB BOABI,
JIOTIOJTHUTEIILHO UCIIOJIL3YIOT MPHOOPHI JUTS ONpeNeNieH ] aOCOMIOTHON BIIAYKHOCTH
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Bo3ayxa. Konnentpauuio HTO B Bo3myxe mo pesynbTataM aHajiu3a MpPoO BOABI
PaccUUTHIBAOT 10 (hopmyite

Cuto = (Quro" ¢5)/ Wip,

rae Curo — KOHIIGHTPAIUS TPUTHS B BOJE; ¢s — KOJUYESCTBO BOJIBI, COZACPIKAIICECS
B 00BEMe MPOKAYaHHOTO BO3AyXa Wpp. KONMYECTBO BOIBI ¢y OMPEIEIAIOT MPSIMBIM
n3MepeHneM o0bEMa (Macchl) TpOOBI WM PACYETHBIM IMYyTEM TIO pe3yibTaTam
KOHTPOJIsI aOCOIIOTHOM BIQKHOCTH BO3yXa.

UyBCTBUTEIILHOCTh METO/Ia 3aBUCHT OT BJIXKHOCTH KOHTPOJIMPYEMOTO BO3AyXa
u cocrapusger 107°~10""* Ku/n npu MCHONb30BaHUM /IS H3MEPEHHs KOHLICHTPALUH
TPUTHS B BOJE JKUIKOCTHBIX CIUHTHWLISIMOHHBIX CYETUMKOB. [IpuMmeHeHue
MPOIOPITUOHATBHBIX CUYETYMKOB JAa€T BO3MOXHOCTh ITOBBICUTH UYYBCTBHUTEIBHOCTH
Ha 1-2 nopsaka.

—f

Puc. 1.23. Cxema yCTaHOBKH JIJIsl TEPMOBAKYYMHOM J1€COPOITH BOJIBI:
1 — TepMoperynsaTop; 2 — dJIEeKTpUIecKas meyb; 3 — JOBYIIKA C aJICOPOEHTOM;
4 — pryTHBIiIt MaHOMETp; 5 — (OPBAaKYYMHBIH HacOC; 6 — JIOBYILKA C HUIKHM a30TOM;
7 — BBIMOpa)XMBaoIIas JOBYyIIKa a1 ynaiausanus HTO

7.3. Memoowl Konyenmpupoeanus mpumus

B nwurteparype ommcaHbl crmocoObl MPEABAPUTENHFHOTO KOHIICHTPHPOBAHMS
TPUTHSL B BOJE, YTO O3BOJIAET HOBBICUTH YyBCTBUTEILHOCTh METO1a B AECATKH M COTHU
pa3. K Hum MoxxHO oTHecTH Tepmoauddy3noHHbIE KacKaapl U pekThdukanmio [Meroast
nu3MepeHus. ..., 1978; Meroauueckue ykazanus. . ., 2002 ], ra30Bo-XpoMOTOrpaduuecKue
MeToAsl [MeToaudeckue ykazanus. .., 2002] u ap.

[Ipy ncronp30BaHUM B KauecTBE M3MEPUTENBHOM ammaparypbl KHUAKOCTHBIX
CIMHTWUIALMOHHBIX CUYETYMKOB LIeJIecoo0pa3Hee MPOBECTH OOOTAIeHHE B KHUIKOM
¢aze. B asrom cmyuae MoOryT OBITh HCHOJNB30BAHBI METOABI MEPETOHKH BOJPI,
OCHOBaHHBIC Ha Pa3IMYMAX NapLUaIbHOTO JABIEHHS TapOB TPUTHEBOW M NMPOTUEBOU
Boxbl. OIMH M3 TaKUX METOAOB OCHOBaH Ha PEKTU(HUKAIMU BOABI B HACATOYHOM
KOJIOHKE TIOJI BakyyMOM, C IIOMOIIBIO KOTOPOTO JOCTHraercs oOoraiieHue
npod tputnem B 100-1000 pa3 3a 120-650 vacoB. K HemocTaTkaM MeTOAa MOXKHO
OTHECTH OTHOCHUTEJIBHYIO CJIOXHOCTh ammaparypbl [Meronsl m3Mmepenus..., 1978;
Meroandeckue ykazanus..., 2002].
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[IpoOs! TpuTHS 00OTAIIAIOT KaK B CpeZie BOAOPOAA, TaK U B Boae. [yt oboramenus
mpo0 B cpesie BOIopoaa Harnbollee 9acTo UCTIONB3YI0T MeTo ] TepMoauddy3un. B atom
Cllyyae amnmnapar MpeICcTaBisieT CO00M BEPTUKANbHYIO IMJIMHIPUYECKYIO KOJIOHKY
C TPOBOJIOKOH, HATAHYTOH BIONb ocH. KoyoHka HamomHseTcss ra3zo00pa3HBIMU
n3oronaMu Bojopozaa. lIpoBosioka HarpeBaercsi, a CTEHKAa KOJOHKU OXJIaXKIAeTCsl.
VY X0101HOH CTEHKH KOJIOHKH IIPOMCXOAMT oboramienue cMecu TputiueM. CoeauHeHne
IBYX KOJIOHOK M KOHTeWHepa ¢ Bojgoi 00bEMoM 12 1 obecreunBaeT NECSTHKPATHOE
oOorarnieHue nmpoOwl pu Oosee yem 95 %-M U3BICUCHUN TPUTHS B TeueHUE 12 dacoB
[Metonmueckne ykazanus..., 2002]. HemoctaTku »TOro MeToja: TPOMO3IKOCTH
anmaparypsl, HEOOXOOUMOCTb BBIAEICHUS BOAOpPOJA W3 MPOO BOIBI, TPYAHOCTH
ompeneneHus kodddunrenta odorameHus B Ipooe.

W3-3a c10XKHOCTH NPUMEHEHHS OOOPYAOBaHMS BBILICHICPEUHCICHHBIC METOABI
HE HaIUIM IHUPOKoro npumeHeHus. Hanbonee mpuemieMsIM SIBISETCS 3JCKTPOIU3HBINA
croco0 o0oramieHus, 3aKIOYAOIINICS B Pa3JIOKECHUH PACTBOPOB BIIEKTPOIUTOB
3NEKTPUYECKUM TOKOM B CHELHMAIBHBIX JICKTPOIUTHIECKHX SUCHKaX (3JIEKTponu3Epax).
OcHOBa HCHONB3YEMBIX BapUaHTOB METOAA HJIEKTPOOCAXKACHHUS €IOMHA: IPOLece
BEJETCS B DJIEKTPOIUTUYECKON siueiike, BbIIETICHUE TPUTHSI AOCTUTaeTcsl Ha KaToje.
MeTo OCHOBaH Ha 3HAUUTENBHOW pPAa3HOCTH B CKOPOCTH BBIAEJIECHUS JIETKOTO
U TSOKEIBIX M30TONOB BOAOPOAA IPH pa3psaKke HOHOB Ha KaToAe B IpoLecce
ANEKTPOIUTHYECKOTO paziokeHHs Boibl. OTHOIIEHHE TPUTHS K IPOTHIO B BBIJIEISIOIIEMCS
MPH DJICKTPOJIU3e ra3000pa3sHoM Bojopojie B 20—35 pa3 MeHbIE 3TOTO OTHOIICHUS
B pazjararolneiics Boje. B urore npu miotHoctd Toka okoino 0,1 A/cM? u Temneparype
100 °C B ocrarouuxcsi 5 % Bobl conepkutcs 85-95 % nepBoHaYaIbHOTO COACPIKAHUS
TpUTHS B TIpobe.

OpHaxko UMeeTcst HeMaJloe YUCIIO Pa3HOBUAHOCTEN MeToa. Pasnuuns kacarorces
MPAKTUYECKNU BCEX COCTABHBIX 4acTeil mpolecca: KOHCTPYKIHMH 3JIEKTPOIUTUYECKOM
sTYEHKH, BU/IA JIEKTPOJIOB, MX PACIIOIOKEHHS, COCTaBa 3JIEKTPOJINTA, INIOTHOCTH TOKa,
JUTUTETHHOCTH 3JIEKTPOJIN3a U pAAa JPYTHUX XapaKTePUCTHUK.

Jisi KONWYECTBEHHOrO ONpEAENeHUs TPUTHS B MpoOax NPUPOIHON BOJBI
UCIIONB3YeTCsl PEeBAPUTEILHOE 00OTallleHHe METOIOM OJHOCTYIIEHYATOr0 3JIEKTPOJIU3a
C OJIHMM WJI JByMs fonuBamu [YmpkoBa, 1947]. Meton OCHOBaH Ha 3HAYUTEIHLHOM
pa3HHLE B CKOPOCTHU BBIAEICHUS JIETKOTO (IPOTHUS) U TOKEIBIX (IEHTEPHs U TPUTHS)
M30TONOB BOJOpOJA NPH paspsiIke MOHOB Ha KaTOAE B XOJE 3JIEKTPOIUTHYECKOTO
pas3nokeHus BOABL. Belaesromnuiicst mpyu 3TOM MOJIEKYJISIPHBIA BOJIOPOJ] 00oramiaercs
MIPOTHEM, a D3JEKTPOJUT — COOTBETCTBEHHO TPUTHUEM U jeWTepueM (IocieIHEero
B Ipo0ax Majo, MOATOMY IpPHU KOJIMYECTBEHHOM OINpPENEIICHMH TPUTUS UM MOKHO
MpeHeOpeYn ).

OborameHne NPOU3BOIUTCS C IIOMOIIBIO CHENHATBHO CKOHCTPYHPOBAHHOU
AJIEKTPOJIMTHYECKON YCTAHOBKHM, TNPEICTABIISIONICH COOOH IUIEKCUITIACOBYIO BaHHY,
KOTOpasi HamoJIHAETCS AMCTHIUIMPOBAaHHOM Bomoil (puc. 1.24). Ha BepxHell manenu
KpeIsIT JBa psiia 3JeKTpoiu3€poB. B BepxHeW 4YacTh BaHHBI MMEETCS CUCTEMA
METaJUINYEeCKUX TPYOOK, yepe3 KOTOPhIe OCYILECTBIISETCS oAada U cOpoc MPOTOUHON
BOJBI, OOECIeUMBAIOIIEH OXJIaXIeHHe CHCTeMbl. TemmepaTypa BOAbl B BaHHE
noAepxuBaeTcs Ha ypoBHe He 6onee 30 °C.

OCHOBHBIM 3JIEMEHTOM SIYCUKH SIBJISIETCS CTEKJISTHHBIA AIEKTPOIU3Ep 00BEMOM
250 M1, OKpY>KEHHBIN CTEKIISIHHOM PYOAIIKOM 1711 OXJIaXIAIOILEeH KUAKOCTH C POOKOH,
B KOTOpPOW 3aKpeIuieHbl [BE Mapbl 3JEKTPOJAOB, M3TOTOBJIEHHBIX W3 CTaIM (KaTO.)
u Hukens (aHom). s KOPPO3MOHHOW CTOWKOCTH 3JEKTPOABI MPEABAPUTEIHHO
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¢dochatrpoBanu. Pabodas moBEpXHOCTb KaXKIOTO AIEKTPoAa (0OTHOCTOPOHHSS) paBHA
40 cm?. Ha mpoGke »IeKTponam3epa ¢ NOMOIIBI0 HUTH(POBOrO COCAUHEHUS KPEIUTCS
CTEKJISIHHBIHM pe3epByap ¢ KpaHOM, KOTOPBIH OJHOBPEMEHHO CIIY)KUT IapOyJIOBUTEIEM
W JOTOJHUTEIBHONH EMKOCTBIO I TpoOBl Boxel (500 ™). Il HCKITIOYCHHS
MOMAaAaHus TApOB TPUTHUEBON BOJIBI M3 OKPYIKAIOIIETO BO3yXa B DJIEKTPOIH3EP BHIOpOC
ra3000pa3HbIX MPOAYKTOB 3JIEKTPOIM3a BOJBI OCYILIECTBISIETCS Yepe3 THUAPO3aTBOP,
TIPEACTABIISIOLIHI COOOH JIOBYIIIKY C Ba3eJIMHOBBIM MaclioM. B ycTaHOBKe IpeycMOTpeHa
BO3MO>KHOCTB JUCTHJUISIIMN (OTTOHKH) BOJIBI U3 IEJIOYHOTO OCTATKA ITOCIIe OKOHYAHHS
ANEKTPOIIN3A, IS YETO K IMEKTPOIU3EPY MOACOSTMHEH MPUEMHHUK TUCTHIUIATA.

14

14

Puc. 1.24. OOwwuii BU yCTaHOBKH JIJIsI DJIEKTPOIMTHYECKOTO 000TaleH st
BOJIHBIX P00 TpUTHEM: | — IIJIGKCUTJIacOBasi BAHHA; 2 — 3MEEBHK (XOJIOMIIBHUK);
3 — aneKTponu3EpPhI; 4 — INEKTPOABI; ) — OJIOK MUTAHUS; 6 — PETYIATOP TOKa;
7 — BBITSDKHOM KOMTIpeccop; & — BBIBOJ; 9 — KoHAeHCOp; /() — Ta30BBIBOASAIINE TPYOKH;
11 — manomertp; /2 — coelMHUTENbHbIE IPOBOJA; /3 — KpaH i 0JIa4H XOJIOJHOM BOJBL;
14 — uccnenyemsblidl pacTBOp

B 3aBuCHMOCTH OT MOCTaBIEHHBIX 3a/lad YCTaHOBKA IO3BOJISET NMPOU3BOJIUTH
oOoraienne npod ¢ HavalIbHBIM 00BEMOM 250 MI WK, ¢ Y4ETOM JIOMOITHUTEIEHOTO
pesepByapa (mapoynosureins), 750 mi. B mocnennem ciydae 1mo Mepe pasioKeHUs
BOJIBI B 3JIEKTponu3Epe e€ 00aBISIOT U3 AOIOIHUTEILHOTO pe3epByapa. DIeKTpoIn3
rpoBoasT npu Toke 20 A 10 00béMa Boabl B anektponusépe 120—140 mi, 3atemM TOK
ymenbmaioT 10 10 A u npu ocTaTke 3JEKTPOJIMTa MPUMEpPHO 15 MJI TOK CHIKAIOT
10 5 A. DIEKTpoIu3 MpeKpaliamT npu o0béMe mpodsl 5 Mi. Bpems, HeoOxoaumoe
JUISL Pa3JoKEHUs BOABI, MIPpYU HavaJlbHOM 00BbEMe mpodbl 250 M1 paBHO 55-66 4acos,
npu 06béme 750 ma — 120-130 gacos.

KonuenTpanus ruapokcuga HaTpusi B Hauyane npouecca coctasiser 0,5 %,
B KoHIIE — 25 %. OXJaXmarT dIEKTPOIU3EPEI IPOTOUYHON BOJOW C TeMIepaTypoi
7-10 °C, nmomaBaemoit co ckopocthio 2—3 j/mMuH (0,4-0,6 J1/MUH Ha KaXIyiO
JNEKTPOIMTHUECKYIO A4UeiiKy). Boay mIenoYHoro ocrarka OTTOHSAIOT TOJ] BaKyyMOM,
npu 3ToM 3nekTponu3€p HarpeBaroT o0 50-70 °C ropsuei Bomo#, mogaBaeMoi
B ero pyOariky, a npuéMHUK KOHEeHcaTa oxyaxaarT Bogol 10 10 °C. Koaddumuent
oboramenuss npo0 (M0 KOHIEHTPAlMM TPUTHS) MPU YKa3aHHBIX BBIIIE pPEKAMAx
AJIEKTPOJIN3a U HavallbHOM 00BEMe TipoOsl 250 M paBeH 35, npu 00béMe 750 Mir —
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100. YcraHoBKa mo3BossieT oboramark 4eTsipe npoObl. [IATYI0 3IIEKTPOIMTHYECKYIO
S9EHKy HWCHONB3YIOT IS KOHTPOISL CTaOWiIbHOCTH Ko3(dummenta oborarmeHus,
JUIS 9eT0 B HEW MPOM3BOMAT PA3IOKEHHE BOIBI ¢ HadaabHOH KOHIEHTparmeit (3,7—
7,4)-10% Br/1.

CymecTByeT METOJ OJHOCTYIIEHYATOTO DSJEKTPOJIHM3a C OJHAM WIH IBYMS
nonmuBamu. OOorarienne MPOU3BOAST C TIOMOIIBIO 3JIEKTPOIUTHIECKONH yCTaHOBKH,
NpeACTaBisIIomed  co0OM  TUIEKCHTTIACOBYIO  BaHHY, KOTOpas  HAIOJHSETCS
JUCTWIIMPOBAHHOW BOoAOW. Ha BepxHEl maHenu KpensTcs ABa pAna IEKTPOJIU3EPOB.
B BepxHeil yacTH BaHHBI HMEETCS CUCTEMa METAUIMYECKHX TPYOOK, depe3 KOTOPYIO
OCYIIECTBIISIOT MOAady W cOpOC MPOTOYHOW BOMBI, 00ECIEUHNBAOINIYIO OXJIAXKICHIE
cucteMsl. TemmnepaTypa BoAbI B BaHHE MOAAepKUBaeTca Ha ypoBHe He 6oinee 300 °C.

ONeKTpoNHu3EPsl  MPEACTABISAIOT COOOM  CTEKNISIHHBIE TPYOKHM W3 TEpMO-
U XMMHUYECKH CTOMKOIO cTekyia. B 35eKTpoau3Epsl BCTABISIOT 3JIEKTPOIbl, UMEIOIIUE
BUJ IIATU IapalyICJIbHBIX INIACTHUH, KOTOPBIC U3IOTOBJICHBI U3 MATKHUX COPTOB CTAaJIH,
MEX/Ty HIMH UMEETCSI CBOOOTHOE MTPOCTPAHCTBO. [ lMacTHHEI coemnHEHBI MEXTY OO0
4yepe3 O/Hy, 00pasys KaToj M aHOMA. DJIEKTPOMAbI cBepXy 3a(MKCHPOBaHBI MPOOKaMHU,
B KOTOpbIC BCTaBJEHBI CTCKJISIHHBbIC TPYOKH, BBIBOJAIIME OOpa3yroIIUNACA Ta3
(Bomopon). B anextponu3éps 3anuBatot 150 M1 uccieayeMoit BObI, B KaX bl BHOCSIT
Mo 3 © XMMHMYECKH YHCTOTO THAPOOKCHJA KaJHs, CIyXKaliero 3iaexrponutoM. Ilocne
MIOJTHOTO PACTBOPEHHsSI pPEaKTHBA BKIIOYAIOT YCTAHOBKY M TIPOBOJAT DIEKTPOIH3
npu cuie Toka 10 A. IIpogomKuTenbHOCTh NPOLEAYPhI COCTABISIET OT 8 10 12 CyTOK.
[lo OKOHYAaHWMHU 3JCKTPOJIM3a 3aMEPSIOT O0BEM BOJBI, IMOMEHMIAIOT B  KOJOBI
W3 TEPMOCTOMKOrO CTeKJIa M JI00aBIAIOT B KaXAYI0 MO 9 T HHTpara CBUHIA
JUISL HeWTpalin3alliy JIEKTPOSIUTA U JJIS U3BJICUSHHS BOJOPOJIA U3 THAPOOKHUCH Kallus
Bo m30exaHne W30TOMHOTO 3¢ dexra. Bomay OTTOHSAIOT AUCTHILIALMEH 10 CyXOTo
cocrosiHUS ocagka. Cxema em€ OJHOM AIIEKTPOJIM3HOW YCTAaHOBKH IIPEJICTaBIICHA
Ha puc. 1.25.
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Puc. 1.25. Cxema >71eKTpOTHU3HON YCTAaHOBKHU:
I — mjekcuriacoBasi BAHHA; 2 — BOJASHOW XOJIOAWIBHUK;
3 — ra3o00TBOHAsI TPYOKa; 4 — DIEKTPOIUTHUYECKAS TUSKa
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[IpoBenénHble HcclienOBaHMS B TEUYCHUE JUIMTEIIBHOIO BPEMEHH IIOKa3aly,
YTO CTENEHb 00OTAIICHUs B OJHOCTYIIEHYaTOM peskume — okoJio 10. OTHocuTenbHas
TIOTPENTHOCTD KO3 uItneHTa o0oTameHus sl KaXI0H IEKTPOTUTHICCKON STICHKN
coctaBnsieT 33 %. Ilpu sTOoM 3aeKkTponm3Eép pa3oBoil 3arpy3ku HaéT HauOonbliee
o0oraieHue, Tak Kak Bce MoJieKyisl Boasl HTO ydqacTByroT B Iiporiecce Bo BpeMsi BCEro
LUKJIA SIEKTPONIN3a B OTIMYHUE OT HJEKTPOIU3EPOB C MOCTOSIHHBIM MM IEPUOTUIECKUM
noOaBieHneM npoosl. OXITaxAeHNE SIEKTPOIN3EPOB 10 TeMmepaTypsl oT +8 mo +10 °C
OCYIIECTBIISIFOT TPOTOYHOM XOJIOAHOM BOJIOW B CHIEMANLHON BaHHE, KyJla IOTPYKaloT
10 snexTponm3€poB. B kadecTBe 3MeKTpOIMTa HCMONB3YIOT 1 %-i 10 Macce pacTBOp
MepPEeKUCH HATpUsl. DIEKTPOIN3 MPOBOJIAT NMpH HampsbkeHuu 2,3 B u cuie Toka 7-8 A.
Hauanpabni 006EM mpo0dsl — 250 mur, koHeUHBIH — 10 My, Bpems, 3aTpadnBacMoe
Ha oOorarieHue npoosr, — 120 yacos.

B 3akmrouenue muTepaTypHOTO 0030pa CleayeT MONYEpPKHYTh, YTO TPHUTUH
B Py pPaAMOAaKTUBHBIX 3arps3HUTENICH TPUPOTHON Cpelbl 3aHUMAET 0CO000Ee MECTO:
BBIOPOCHI M COPOCHI € TPYIOM IOJIAIOTCSl OYMCTKE OT TpuTHs. W3 nmurepaTypHbIX
HUCTOYHHUKOB CJIEAYCT, YTO HaI/I6OJ'II)HII/Ie KOHICHTpAalIu TPUTUA B O6’beKTaX BHENTHEHN
cpeapl Ha0MIOIar0TCs BOIM3H IPOMBILIUICHHBIX PEAKTOPOB, PAIHOXUMUYECKUX 3aBOJIOB
n ADC. PacnipocTpaneHue TpUTHSA B €iIoe aTMOC(HEPHOTO BO3/AyXa M BOJAE MPUBOJUT
K JIOKaJIbHOMY, PETHOHAJILHOMY U ITI00AJIbHOMY 3arpsi3HEHHUIO.

s onpeneneHus CoJiepyKaHUsl TPUTHS HCIOJB30BAJIUCH B TOM YHCIE MPOOBI
BOZBI, IOABEPTrHYTHIE DPAa3MUYHBIM BAPHAHTAM OYHMCTKU: TOJBKO (QHUIBTPOBAHHIO,
COBOKYITHOCTHU (I)I/IJII)TpOBaHI/ISI U JUCTHUIIAIUHN.

OTtoOpaHHBIE 00pa3lbl TOBEPXHOCTHBIX BOAOEMOB OT(HIBTPOBBIBATINCH Yepe3
MeMOpaHHbIe QUIBTPEI ¢ TuametpoM mop 0,2 MxM. U3 obrrero oosEMa BopI 0TOMpaIach
anmnkBoTa 00BEMOM 50 MiI, KOTOpas MmojaBepraiachk AByKpaTHOW ouncTke ¢ KMnOy
(25 Mr) MeToIoM IUCTWLISAIMM B CIHEIMAILHO pa3pabOTaHHOM YCTpOHCTBe. B 3TOM
ciryyae o0pasibl OUMINAIOTCS OT APYTHX PAINOHYKIINAOB U NPUCYTCTBYIOIIUX B Ipo0e
OpPTaHMYECKUX W HEOPraHMYEeCKHX BEIECTB, KOTOPHIE CIIOCOOCTBYIOT «TalllCHHIOY
CBEUEHMS CUMHTWIIIIIMU. [ oOecrieyeHns OIHOTHI Iepexoa TPUTHUS B IPUEMHYIO
KoJIOYy TieperoHKy Benu qocyxa [Packard Instrument..., 1995].

[Ipu npoBeneHHM MpeaBApUTEIBHBIX HM3MEPEHUH TpUTHHCOJEpKAIMUX MPoO
BOJIBI C MCITONIb30BAHUEM JUCTHIUISAIINH OBIJIO OOHAPYKEHO CIIeAyIOIIee:

1) 3arpsi3HEHHE OYHMILEHHOTO 00pasla PacTBOPHUMBIMH COJISIMH PaJlUOHYKINAA
40K, BHOCHMOTO B cucremy BMmecte ¢ KMnQOs, 9TO OBUIO TOATBEPXKACHO JTAHHBIMHU
Y-CIIEKTPOMETPHUYECKUX H3MEPEHHH M HHTEpKanuOpoBKOil obOpa3noB B MocHIIO
«PAJIOH» (. Mocksa);

2) cyulecTBEHHblE NOTEPH pPAaJUOM30TONA M3-32 HEIMOJHON TIepMeTH3alun
JUCTUWIIALIMOHHOW YCTaHOBKH.

Panee B pa0ote siMOHCKKX Mccie0oBaTeNed ObUIN IPUBEICHBI YEThIPE OCHOBHBIE
MPENMYIIIeCTBA HCIIONH30BAHUSI MEMOpAHHBIX (QWIBTPOB JUIS IMOJTOTOBKH TPOO
BOIBl K OIIPEIENICHUIO COACPKaHWA TPUTHUSA BMecTo aucTwuiinuu [Radioactive
Measurement..., 1997]:

1) o1 wWCcToNB30BaHMS METOAa JUCTWULILMM —3aTPauMBacTCs JIOCTATOUHOE
KOJIMYECTBO BPEMEHH, IIOCKOJIbKY Kax1ast Tpo0a MoJIBepraeTcsi OYNCTKE HECKOIBKO pas;

2) BemiecTBa, UMeOIME O0Jiee BEICOKYIO TEMIIEPATYPy KUIICHUS, UEM BOAA, BPSLI
JIK MOT'YT OLITH YAaJI€HbI NP TUCTUILIALINN,

3) npoObl BOABI, OTOOpaHHBIE B OKpY’KaloOIIEH cpele, HE MOTYT SBIATHCS
TymialuM1 arcHTaMu;

4) CUMHTWIISILMOHHBIE KOKTEIIIN, NOSBUBIINECS B TIOCIIEAHEE BpeMs Ha PhIHKE,
caMH TI0 ce0e He SIBISIOTCS TYIIAIHM areHTOM.
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Tabmuya 1.15 Ha ocHoBanum paHee ONHCAaHHOTO

Obuta TpoBegeHa MeTomuyveckas —paborta
C UCIIOJIb30BAaHUEM METO]IA «BBEICHO-HAUICHOY,
B X0JI€ KOTOPO# B TUCTHUIALIMOHHYIO CHCTEMY
BMecTe C mpoOoil BOAB BHOCHIIACH METKa,
coxepxarmras tputuid B Bume HTO. B wmrore
OBLIIO OOHAPYKEHO, YTO MOTEPU BHECEHHOTO

PesynbpTaTel npoBepku
MPaBAIIEHOCTH METO/IA AUCTUILISIINN
TPUTHHACOISPIKAIIHX TTPOO BOJIBI
(n=15,P=0,95) [bongapesa,
ITomo3oBa, 2009]

Coneprarme HTO, Br/n TPUTHUSL TIOCTe JBYKPaTHOW JAWUCTHIUISALUH

Beexeno | Haiizero Sr MoryT pocturath 40 % OT 00IIero KOJIUYeCTRa.

5 =3 Pesynpratel  mpuBemeHs! B TaOIl. 1.1§

15 512 7 (c BBIYETOM COAEpKaHHUS TPUTHS B MCXOTHOU
Boae — 4 bx/m).

50 30+3 1 Kpome Toro, nmpu COBpeMEHHOM YpOBHE

200 150+ 10 2 NpUOOPHOTO OCHAIEHHST W TMPOTPaMMHOTO

o0OecreyeHrussT MOXHO  HJICHTH(HUIMPOBATH
Y ONPECTUTh COACPIKAaHUE OTACIBHO B3SITOTO PATUOHYKIH/A (B TOM YKCIIC U TPHUTHS),
HAXOMAIETOCS B CMECH C JPYTUMH PaJHOM30TONAMH B BOJE, B OCOOCHHOCTH
I cabOMUHEPATN30BAHHBIX UCTOYHUKOB, KakuM siBisieTcs: peka Enuceit. [Tostomy
OBUIO MIPHHATO PEIICHUE WCIOJIh30BaTh MMEHHO (DUIIBTPOBAHUE BOJHBIX 00pa3IloB,
YTO M OCYIIECTBISUIOCH B JAIbHEHIIIEM.

TIpogedenue uccredoganuii no GMUAHUIO XUMUYECKO20 MyweHUs Ha 3pghexmusHocme
usmepernut mpumus [bounapesa, I[lomozosa, 2009].

Jy1s ucciieIoBaHui UCIIOJIb30BAINCh HECKOJIBKO THITOB TYIIIANUX ar¢HTOB:

® OpraHMuYecKHe COeTUHEHUs — ueTbpexxyuopucthiii yriepoa CClsy (TXY),
tpuxiopmeran CHCIs (TXM), nuknorekcanon C¢Hs=O (L"), Toyon CsHs—CH3 (TJI),
KOTOpBIE YaCcTO UCIOJIB3YIOT B KAY€CTBE PACTBOPUTEIEH;

® HEOPraHMYECKUE COCAMHEHUS — PACTBOP COJIM THIPOKApOOHATa HATPHS
(NaHCO:3), azorayto kucioty (HNOs), pactBop mepmanranata kamusi (KMnOs),
KOTOPBIEC UCTIONB3YIOTCS TIPH TUCTHIUISIIIAA 00Pa3IioB.

B kauecTBe HEOTHOPOIHBIX MpPHUMECEH MCIOIB30BAIN XJIOMbS M3MEIFYEHHOTO
OymaxxHoro punbTpa. KOKTEHIIb 1 areHThl CMEITMBAIMCH B PA3JIMYHBIX COOTHOIIICHHSIX.

B ciyuae uCmonb30BaHMS OPraHUYECKHX COCIMHEHHA B KA4eCTBE KOHTPOJIS
obuta BeIOpaHa cmech Ultima Gold-AB + HTO (¢ akrtuBHOCTBIO Tputus 4,5 Bk
Ha TpoOy, MPUMEHSEMYI BO BCeX cHcTeMax). s NMPUroTOBICHHS WCCIEAYEeMBIX
CUCTEM B BHaly HaauBaloch Mo 10 MJI KOKTEHIsA, K KOTOPOMY JOOaBJISLUTUCH
onpefenéHHble KOJMYECTBAa OpraHWUYecKux coenuHeHuid. llocne mepememmBaHus
BHOocwiack TputueBas Boja (0,5 wmm). Ilpm wcnonmp3oBaHMM HEOPraHUYECKHX
coemuaeanii (NaHCO3;, HNO3;, KMnO4) HE3aBUCUMO OT BHOCHMOTO 00BEMa areHra
CooTHOIIeHHEe pacTBOp — KokTeias Ultima Gold-AB 6sut0 8 k 12. Jlo HemocTaroiero
00BEMa, TO €cTh O 8 MiI, JTOOABISIM OMIMCTHILIMPOBaHHYIO Boxy. Ilpu m3yueHun
BIUSHUS (aKTOpa TETePOreHHOCTH B CUCTeMy npobda (OMIUCTHIUTMPOBAHHAS
Boga + HTO) — Ultima Gold-AB no0aBisnuch pa3iudHbIE HABECKH XJIOMHCB.
B nocneaHux ciiydasx B KaueCTBE KOHTPOJIsI ObLia BEIOpaHa CMECh OMIUCTH/UIMPOBAaHHAS
Boaa + HTO — Ultima Gold-AB B coorHomenun 8 k 12. ITociie cMelmmBaHus BUAJIBI
3aKpBIBAIM MPOOKOH W BCTPSXMBAIM B TEUCHHE 2 MHUHYT JIO TOJHOTO CMEIIMBAHUS
MpoOBl CO CHUHTHIUISAIMOHHBIM KOKTeHaeM. Iy CcTa0MiIn3alydy JIIOMHHECIICHIIUU
nepe K3MEPEHUSIMH CMECh BbIIEP)KUBAIACh B TEMHOM M IIPOXJIAJHOM MECTE B TEUCHUE
24 yacos [bonnapesa, [lomozosa, 2009].
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W3ydeHne CBOWCTB TyMIAIUX areHTOB MPOBOJMIM C TOMOIIBIO OMpPEACICHUS
3HaueHus uHAekca TyeHus (tSIE), oT BenMU4nuHbBI KOTOPOTO 3aBUCHUT 3(PPEKTUBHOCTH
m3mepenuii [Packard Instrument..., 1995]. Bce wucmonb3yembie cMecH COJEpkKaiu
OJTMHAKOBOE KOJIMYECTBO TPUTHS, MOATOMY 3(P(EKTHBHOCTh M3MEPEHUSI MOXKET OBITh
MpecTaBiIeHa B Buje rpadudeckor 3aBucumMoctd kKak (yakun ot tSIE. 3aBucumocts
3 PEeKTHUBHOCTH HM3MEPEHHS TPHUTHSI OT H3MeHeHws tSIE oT pa3Horo kojwdecTtBa
CCly, mobasnsemoro k cucteme Ultima Gold-AB + HTO, npeacrasnena B tadu. 1.16
u Ha puc. 1.26.

Tabnuya 1.16
3aBucuMocTs tSIE 1 3 (peKTHBHOCTH H3MEPESHUIN TPUTHUS
ot xonmmuectBa BHecéHHOTO CCl4 [BoHmapena, [Tomo3oBa, 2009]

BrecCuublid 0 4 |12 2030 | 50| s0o | 120] 150
00BEM, MK

{SIE 710 | 649 | 606 | 535 | 475 | 379 | 300 | 220 | 166
OddextuBHOCTE, % | 56,7 | 54,5 | 52,8 | 49,7 | 46,7 | 41,2 | 35,6 | 27,7 | 20,7
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Puc. 1.26. I'padux 3aBucumMocTty 3P PEeKTHBHOCTH U3MEPEHHUST TPUTHS
OT BENTMYMHBI HHJIeKca TymeHus [bornapesa, [Tomo3osa, 2009]

W3 faHHBIX HAaydyHOW JIUTEpaTypbl HAM HM3BECTHO, YTO TPU HCIOJIL30BAHUU
B KauyecTBE TYIIAIIEro areHTa HUTPOMETaHa MaKCHUMalibHasi 3(PQPEKTHBHOCTh
mmepernst (~ 48 %) mocturaeTcs Tpu WHAEKCe TymieHus 518, MuHumanbHas
s dextuBHOCTh M3Mepenus 0,33 % nmonyuena npu tSIE, pasaom 17,9, a tSIE, paBubIi
45 w1 HIKE, MOXKET OBITh PE3yJIbTATOM B BBICOKOMH CTEIIEHHU cueTa (JOHOBOTO M3ITyUeHUS
(a3 dexTuBHOCTS M3Mepenus — 3 %) [Packard Instrument..., 1995].

W3 mpencraBneHHON 3aBUCHMOCTH BHUJIHO, YTO PE3YJIbTAaThl JIKCIEPUMEHTA
C HCIIOJIb30BAaHUEM TETPAXJIOPYTIEpO/ia COBIAJAIOT C JINTEPATYPHBIMU JIaHHBIMH,
MOJIyYEHHBIMU JIJI1 HUTpPOMETaHa. IJTO IMO3BOJIAET CJENaTh BBIBOJ O TOM, 4YTO
nonryueHHas kpuas st CCls MoxkeT OBITh MPUMEHEHA NI U3YUYCHHS BIUSHUS BCEX
BUJIOB TYIIEHWs JJIs JTaHHOTO TpUOOpa W JUisi BHIOPAHHBIX YCJIOBUH ONpEIelICHUS
COJICPIKAHUS TPUTHSL.
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[Ipr wcnonb30BaHMM PAcTBOPOB JAPYIMX OPraHMYECKHX COCAMHEHHH TaKkKe
BBISIBJICHBI OOPAaTHO TPONOPIHOHATIBHBIC 3aBUCUMOCTH 3(P(PEKTUBHOCTH H3MEPEHHS
OT KOJINYECTBA BHECEHHOTO TYMIAIIETr0 areHTa, YTO TAaKXKe ITOITBEPIKAACT ITOyICHHYTO
paHee 3aBUCUMOCTB T 3QPEKTUBHOCTH U3MepeHust TpuTHs (Tadm. 1.17).

Ha ocHoBaHmMM TpOBENEHHBIX SKCIIEPUMEHTOB OBLIM ITOCTPOEHBI KPHBBIC
3 (PEeKTUBHOCTH H3MEpPEeHUs] TPUTHA ISl HM3yYaeMBIX OPraHMYECKUX COCIUHEHHH
(puc. 1.27). Kak BuiHO U3 TIpeACTaBICHHBIX PE3yJIbTaTOB, 3PHEKTHBHOCTh U3MEPECHUS
TPUTHS IPAKTHYECKU HE 3aBUCUT OT BHOCUMBIX 00BEMOB TOIyOJIA.

Tabnuya 1.17

3aBUCUMOCTD 3P PEKTHBHOCTH H3MEPEHUH TPUTHS

OT BHJIa XUMHIECKOTO areHTa [bonmapesa, [Tomo3osa, 2009]

Oprannueckoe coenuHenue | BHeCEHHBIN 00bEM, MIT tSIE DdPexTUBHOCTD, %
0 729 57
Tpuxnopmeran > 108 10
7,5 64,4 5
10 39,9 <5
0 729 57
[ukmorexcanox > 203 26
7,5 155 19
10 122 13
0 729 57
Tomyon 5 724 57
10 721 57
60 - .
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------- TeTpaxropyriepos

Puc. 1.27. 3aBucumMocTs 3¢ (GEeKTHBHOCTH U3MEPEHUH 0T nHAeKca TymeHus tSIE
JUTA Pa3TUYHBIX TUIIOB OPraHUYECKUX TyIIanux areHToB [boHmapesa, [Tomo3osa, 2009]
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[Ipu u3ydyeHUn BAMSIHUS JPYTHX OPTaHUYECKUX COSAMHECHUH OBLIO OOHAPY)KEHO
CIIeyIoIee: B CIydae HMCIOJb30BaHUs oMuHAKOBBIX 00bEMOB LII' 1 TXM moxydeHst
3HaveHus tSIE, oTmuatomuecs 6oee ueM B 2 pasza. Ha Hamn B3riisim, 370 MOXKET OBITh
CBSI3aHO C TE€M, YTO CTPOCHHE MOJICKYJ HCCICAYEMBIX OPTaHUYECKUX COCAMHECHUIA
CYIIECTBEHHO OTJIMYAETCS.

[IpoBeneHsI HccIe0BaHM 10 BBIABIICHNTO 3MeHeHMsI tSIE mpu ncmonp3oBannu
HEOPraHMYECKUX coenuHeHnid u (akTopa rereporeHHoctd (tadm. 1.18). Kpusas
3¢ PEeKTUBHOCTH U3MEPEHUH I HEOPTAaHUYECKUX TYIIAIINX areHTOB MPEACTaBIICHA
Ha puc. 1.28.

Tabnuya 1.18
3aBuCUMOCT 3((PEKTUBHOCTH U3MEPEHHH OT BHIa XMMHUYECKOTO areHTa’
[bonmapera, [Tomozosa, 2009]

XUMUYECKUI areHT Buecénnpiii 00bEM, M tSIE AddexTuBHOCTD, %
0 306 35,8
0,5 303 35,6
HNO; 1 296 35
1,5 293 34,8
7,5 291 34,2
0 306 35,8
2 307 35,9
KMnOy4 5 261 31,9
7,5 247 30,5
0™ 306 35,8
5 302 35,5
Xnombs 100 296 35
500" 242 30
600" 100 11,3

* Heopranudeckue coeJUHEHHs U FeTepOreHHOCTb.
** BHecéHHas Macca, MT.

MsI 3HaeM, YTO CTPYKTypa MOJEKYJbl TOMyOJla COAEPIKUT

Ein OEH30JIbHOE KOJIBIO C YEPEAYIOIIUMHUCS MPOCTHIMUA U JBOHHBIMU
- - CBA3IMHU Mexnay aromamu yriaepona (—C=C-). A tak xak Ultima
Gold-AB mpurotoBiieH Ha OCHOBE TONyolla B KadecTBe
e oy  bactBopurens [Perkin Elmer..., 2000a], To BHecenne iroGoro
KOJIMYECTBA 3TOTO PACTBOPUTEINA B CUCTEMY Ha 3(PEKTUBHOCTH
e WU3MEPEHHUS TPUTHUS HE BIUSET.

B Momekynmax  Apyrux — MCIHOJIB3yEeMbIX
H E coequnennit: TXM (a¢) u UI' (6) Takoro THma

(': " oH, CBSI3€M HET.
i | e [Ipu cmemmBanun ¢ pactBopom NaHCOs
cl HE cH, yepe3 24 uyaca MNPOM3OILIO PACCIOCHHE CMECH
cH: C KOKTeillleM Ha JIB€ HECMEIIMBAIOIINECS

a o KUJKOCTH.
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Puc. 1.28. 3aBucumocts 3¢)(HeKTHBHOCTH U3MEPEHUI OT MHAeKca TyueHus tSIE
JUIS pa3IMUHBIX TUIIOB HEOPraHWMYECKHUX Tymamux areHros [ bonnapesa, Ilomo3osa, 2009]

W3 mpoBen€HHBIX paHee WCCIENOBAaHUN, W3BECTHO, 4YTO HCIOJIB30BaHHUE
cuuHTHWLIAIHOHHOTO KOoKTeins Ultima Gold-AB B03MOXXHO TONBKO B HEUTPaIbHBIX
WM KHUCIBIX cpefax. B cBs3u ¢ Tem, 4TO pacTBOp ruapokapOOHaTa HATPHUS MMEET
CIa0oIIENIOYHYI0  Cpelly, O9TO TMPEMATCTBYeT TOMOTEHHU3AllMd CMECH KOKTEHJIs
u npobsr [Perkin Elmer..., 2000a, b]. BcnemctBue 3Toro He yaanoch MONXYYUTH
JIOCTOBEPHOHM 3aBUCHUMOCTH 3HadeHHU 3()()EKTHBHOCTH H3MEpPEHUs OT KOJIWUYECTBa
BHECEHHOTO TYIIAIIETO areHTa.

[Ipu no6aBneHuN a30THOI KUCIOTHI HHAEKC TYLIEHHS, C YIETOM MOTPEIIHOCTH,
MPAKTHYECKN HEe U3MEHSICS, YTO COTJIacyeTcsl ¢ JAaHHBIMU MCCIIEIOBAaHUN, TIOCKOJIBKY
TAKOW TYHINTENb, KaK a30THAas KHCIIOTa, CIOCOOEH BIHMATH Ha 3()(HEKTUBHOCTDH
M3MEpEHUsI TOJIBKO B TOM CIIy4ae, €CJIH OH MPHUCYTCTBYET B IPoOe B OYEHBb OOINBIINX
KOHIeHTparusx (cBoiie 5 moub/1) [boraapesa, [Tomo3osa, 2009].

B cnyuyae HEOTHOPOAHOCTH CHUCTEMEBI, TO €CTh MPH JOOABICHUH IIEIUTIOIO3HBIX
XJIonbeB, 3Pdekt cHwkeHuss 3(deKTuBHOCTH u3MepeHus: Haubolee BBIPAXKEH
MIpU 3HAYATEITFHOM KOJUYECTBE 0OABISIEMBIX XJI0MbeB (60ee 500 mr B 20 Mi). OT0
MPOMCXOJUT U3-3a TOTO, YTO IPH WX JOOAaBICHHH B NMPOOE BOZHUKAIOT JIOKAJIbHBIC
HEOJHOpOnHOCTH. [IpH yBeIMYeHUN KOJIMYECTBa XJIONBEB MPOMCXOAUT 00pa3oBaHHE
arperaroB 3a CU€T CIMIAHWA, a 3TO, B CBOIO OYepelb, IPUBOJUT K TE€TEPOTEHHOCTH
WCCIIETyeMbIX 00pa3loB € IMOCIETYIOIMMM pacciioeHneM MpoObl. B Takmx ciydasx
30Ha JIEHCTBUS MTyUSHHS MPEJCTaBIseT co00H momycdepy, IIOmanb MOBEPXHOCTH
KOTOpPOH paBHa 2m, TorJa Kak JUisi TOMOT€HHOIO pacTBOpa OHAa HMMEET 3HAYCHHE
47 [Packard Instrument..., 1995; Perkin Elmer..., 2000b].
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[Ipu paccmorpenun 3¢ddekra ONTUUECKOrO TyLIEHHS, B HAIIEM Cllydyae —
BIWSIHYS 100ABOK pacTBOpa IIEpMaHIaHATa KaJIHsl — [OJIYyYIEHO CISAYOIIEe: C yBETIMUCHUEM
COIEp)KaHUsI ONTHYECKHM TYIIAIIErO BEIIECTBA IPOMCXOAUT POCT HWHTEHCHUBHOCTU
OKpacK{ MEIIAIOIer0 peareHTa, YTo M SABJSETCS MPUYUHON TYHNICHHS HMITYJIbCOB
IIPU UX MPOXOXKICHUH HEIOCPEACTBEHHO Yepe3 cpely 3a CUET TOPMOXKEHHSI U3ITyUEHHS
xpomodopHbiMH  HOHamH. llosromy mpu [go0aBilieHMHM — TYyLIAIEro  areHTa
3¢ PeKTHBHOCTh M3MepeHuil cHiKaeTcsl. Ho maHHbIN 3 QeKT Hemb3sl cCUUTaTh TOIBKO
pe3yabTaTOM ONTHUYECKOTO TYIIEHHS, IOCKONbKY MepMaHraHaT Kajus, SBISSCH
XMMUYECKUM PEareHTOM, CIIOCOOEH TaKKe BbI3bIBATH XMMHMUYECKOE TylleHHe. Bxiaza
Ka)XIOTO W3 BUJIOB TYLICHUS B JAHHOM CIIy4ae MOXKET OBbITh PaBHBIM.

[lpu ananu3e [aHHBIX, TONYYEHHBIX JUIS KOHTPOJBHBIX PacTBOPOB,
UCIONb3YeMbIX B HCCIICIOBAHUU BIMSHUS Pa3IMYHBIX THUIIOB TYILAIIUX AareHTOB
Ha 3QPEKTUBHOCTH H3MEPEHHS TPUTHSI, OBIIIO OOHAPYKEHO CIIEAYIOIIEe: PH YBETMICHIH
coJiep>kaHusl BOABI B cucTteme npoba — koxkmeiiv ¢ 0,5 1o 8 mia 3¢ deKkTHBHOCTD
n3MepeHust TpUTHs yMeHbaercs ¢ 57 10 35,8 %. OTo BeI3BaHO TEM, YTO BOAA 110 CBOUM
(U3UKO-XMMHUUYECKUM CBOMCTBAM M MapaMeTpaM MOXET B 3HAUYHUTENILHON CTENeHU
MOrjiomaTb U3JIYyUYCHHUE TPUTHUA U TEM CaMBIM ABJIACTCA TyllalllUM ar€HTOM.

BrisBiaeHHbIe nmoaxoanl B HM3MEPCHHU COACPXKAHUA TPUTUA B MOACIBHBIX
pacTBopax BIOCIEACTBUU HCHOJIB30BAINUCH U ONPEACIICHUS COICP)KaHUSl TPUTHS
B peabHBIX 00pa3Iax.

[Ipu onpenenenny TpUTHS B aTMOCHEPHBIX 0CaaKax (CHere) MpoObl OTOUPAIIHCh
B KOHI[E MapTa, KOIJa 3aKaHYMBAE€TCS OCHOBHOW 3WMHHUH ce30H. [l otbopa
Ha TIOBEPXHOCTH CHEra BeIMEpsuics KBagpar pasmepom 20x%20 cm. IIpoba cHera
M3bIMAJIaCh Ha BCHO DIIYOMHY, 1O TOBEPXHOCTH TpyHTa. M3Mmepsiach TOJIIMHA
cHeroBoro mokpoBa. I[locie orbopa mpoba cHera oTTaMBana NP KOMHATHOM
TeMIeparype A0 BOIbI, 3aTeM (QUIbTPOBAJIaCh uyepe3 OyMakHbIH (QUIbTp, Jajee yepes
MEMOpaHHBIN aneTaT-1eIUTI0I03HbIH GUiIbTp ¢ quamerpoM mop 0,45 mMxm. M3mepsics
oOIMH ToNTydeHHbIH 00BhEM. 3aTeM W3 ycpelHEHHOW NpoObl OTOMpanach aaMKBOTA
(10 M), cMemMBanach ¢ KOKTEHIEM U IOCTyNajla Ha U3MEPEHUE COACPKAHUS TPUTHUS
MocJjIe yCTaHOBJIEHUS paBHOBECHS B cMecH (24 yaca).

B nocnenyromux pazzaenax OynyT ONHCaHbl HEKOTOPBIE OCOOEHHOCTH criel(uKn
B 0TOOpE 00pa3LoB, NPOOOMOArOTOBKE M MPOY. JUIS KaXI0r0 OTAEIBHOTO CIIydasl.
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PA3JEJL 2. IPEAIIPUATHUSA YPAJIBCKOI'O PETHOHA

I'nasa 1. IlpousBoacTBeHHOe 00beIuHEeHUE «Masik»
1.1. Xapaxkmepucmuka paiiona uccieoo8anuii

[IpomsBoacTBenHoe oO0BenuHeHne «Mask» (IIO «Mask») pacmoIoKeHO
Ha BOCTOYHOM CKJIIOHE YpadbCKUX TOp B YensgaOMHCKON 00JacTM W OTHOCHTCS
K Tepputopun O3epckoro ropozackoro okpyra. [locranosnenne CHK CCCP Ne 3007-
892, mpunsToe 1 mexabps 1945 r., ObUTO HamNpaBIICHO HA CO3JAaHHUE HOBOW OTpaCiH
MPOMBIIIJICHHOCTH, TNpPEAHA3HAUYEHHOH Ui TOJYYEHHs] OpYKEHHOro IUIyTOHHS
U 1epepaboTKH ACTSIIUXCS MAaTepUallOB C IENBbI0 CO3JaHUs MapuTeTa B OOJIACTH
MIPOM3BOICTBA S,AEPHOTO Opykus. [IpoMbItneHHast TUTOmaAKa Oy Iy Iero npeanpusThs
pa3Mernanachk 3a KackagoM KacnmHcko-KbIITRIMCKHX 03ep Ha BOCTOYHOM Oepery
03. Ke3bunTam, B pailone ucroka peku Teua. Ero ctpoutenscTBo Havanoch B 1946 r.,
ITyCK MEPBOTO MPSMOTOYHOTO YPAHTPA(PUTOBOTO SAEPHOTO PEAKTOPA COCTOSIICS B HIOJIC
1947 1. B nmekabpe 1948 1. BBen€H B SKCIUIyaTallMi0 PAAHOXHMHUYECKHI 3aBOJ
[0 BBIJCICHUIO OPYXEHHOTO IUTyTOHMS, B 1962 T. — 3aBoJ IO MPOU3BOJICTBY
paaMoaKTUBHBIX MatepuaioB, B 1977 r. — xommiaekc PT-1 mo perenepauuun
00 1y4€HHOTO siiepHOro TomuBa. B 1991 r. 3amyineH 1ieX OCTEKJIOBBIBAHUS KHIKUX
BBICOKOAKTUBHBIX OTX0A0B. Ilo cocrosHuto Ha 2011 1., OPOU3BOJACTBEHHOE
o0BpenuHeHne «Masik» BKITFOUAo B ce0st 7 OCHOBHBIX 3aBOJIOB U 16 BCIIOMOTaTENbHBIX
mojapasfieNieHnii ¢ 4ucioM paboTarommx Oomee 12 Teic. wenoBek. [lpenmpusitue
3aHUMAeT IUIoAah 256 KM%, B €r0 COCTAaBE PEAKTOPHOE, PAIUOXUMHUYECKOE, XMMHKO-
METaJUTypruiYecKoe, paJuoOU30TONMHOE U MPUOOPOCTPOUTETHHOE TPOU3BOJICTBA,
a TaKxe psAl CTPYKTYpPHBIX IOApasesieHuil (ynpaBieHue, LEeHTpajibHas 3aBOCKas
nabopaTopus U TPoY.).

B navanbsHBIN epro;] ero paboTel HHPOPMAIIHS 0 BO3ACHCTBUN PaJHOAKTUBHBIX
BEIIECTB Ha OOBEKTHI OKPYXKAIOMIeW cpelnbl Oblla BeChbMa OTpPaHUYEHA, IMOITOMY
MpH  TPOEKTUPOBAHUHM AaTOMHBIX OOBEKTOB BO MHOTHX CTpaHax JOIyCKaIOCh
cOpachlBaTh TEXHOT€HHBIE PaJMOAKTUBHBIE OTXOJBI HETIOCPEIICTBEHHO B OTKPBITYIO
ruaporpaduyueckyro cetb (peku, o3epa, Mops). I[IpumepoM Takoro Imoaxoja
B O0OpallleHHH CO Cpe/iHe- ¥ HU3KOAKTUBHBIMH JKUAKHMH OoTXxofamMu Ha [1O «Masik»
B 1949-1952 rr. sBisieTca ucnons3oBaHue pekn Tewa ans cOpoca pa3daBiIeHHBIX
PaAMOAKTUBHBIX BOJ Tpeanpusatus. B pesynbprare 3TOro KpymHOMAacmITaOHOMY
pannoOaKTUBHOMY 3arps3HEHHUIO MOJBEPIJIMCH BCE KOMIIOHEHTHI PEKH (BOAA, JOHHBIC
OTIIOKEHUS, ToWMa, OWoTa), a IKHUTEIM NPUOPEKHBIX HACEIEHHBIX ITYHKTOB
MOJIBEPIIIUCHh 3HAYUTEILHOMY paJlalMOHHOMY Bo3fieicTBuio [Mokpos, 2002a, 0].
Bcero B ruaporpauuecKyro CeThb PeKHM HOCTYNWIO npubmmsurensHo 8,8:-10'° Bk
(2,78 MKwn) pannonykinnos [CamoBHUKOB u Ap., 2002; 3akoHOMEpHOCTH. .., 2004].

[Mocne mepruosia MHTEHCUBHBIX cOpocoB B peky Tewa ¢ 1949 mo 1956 rr., 4To0bI
CHHM3WUTH TOCTYIUICHHE PAJUOHYKIHIOB B OTKPBITYIO THAPOrpadUvecKyro CeTh, OblIa
MpOBEIeHa PEKOHCTPYKIIMS PyClia PEKH 1 CO3/1aHHE Ha Hel ceprH BOJOEMOB-XPaHUIIUII
(B-3, B-4, B-10, B-11), ornenénnsix miotuHaMu. B 00Xox kackama BOAOXPaHWIIHIL
ObUIN COOpPY>KEHBI JIeBoOepeKHBIN 00BogHOH KaHai (JIBK), cOpackiBaromuii «4uCTyro»
Boy U3 03. UpTsm, u mpaBoOepexHbIil 00BomHO# kKaHa (IIBK), mpuHuMarommii CTOKH
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pexu Mumensik. O0a kaHa a 3aKaHYMBAIOTCS HIDKE IUIOTUHBI BogoéMa B-11 u Bnagatot
B peky Teua HUke Kackaja Bogoxpanmwiuil (puc. 2.1).

03. b.HaHoea

@
KblwTeim

p. Teua

Puc. 2.1. Kapra-cxema pacnonoxeHus Npou3BOJICTBEHHBIX BOJIOEMOB
B 30He Bo3aeiicTus [10 «Masik» [CanoBHUKOB U 1ip., 2002]

K uncny nambonee «rpsi3HBIX» BOAZOEMOB, KOTOphIE dKCIUTyaTHpoBaiuch [10
«Masik», otHocsaTcs 03€pa Keizpurrann (B-2), Kapayaii (B-9) u Crapoe bonoto (B-17).
[TepBoe u3 Hux ¢ 1948 r. 1 no HacTosLIee BpeMs UCIOIB3YETCSl B KaUeCTBE BOJOEMA-
OXJIAJINTENS SIIEPHBIX PEAKTOPOB M JIJIsl cOpoca cinadopaJroakTHBHBIX, XUMUYECKUX
U XO03HCTBEHHO-OBITOBBIX BenlecTB. Ha HayanbHOM 3Tare SKCIuTyaTaluu 03epo ObLIo
MIPOTOYHBIM; C CEBEPO-3arajia B Hero Braaaia peka Teda, BeITekatomas u3 o3. UpTsim,
M Ha BOCTOKE BBIXOJWJIA W3 HEro. B nanpHEWIIeM CTOK BOIBI M3 0O3epa ObLI
3aperyaupoBaH. B 10)KHOH 1 10T0-BOCTOYHOM €r0 YaCcTH HAXOASATCS MSATh BOJ03a00pOB,
o0ecreunBaroIuMX MPOMBIIJICHHOE BOJOCHAOXEHHE TPOU3BOJCTB U OXJIAXKICHUE
MTPOMBINIUICHHBIX YCTaHOBOK. B Bo/o€eM cOpachIBArOTCS OXJIAXKIAIOIUE BOJIBI, BOIBI
13 0accefiHOB M INAXT BBIAEPKKHU PEAKTOPOB, TPAHCIIOPTHBIX Tallepei, TyIIEeBBIX
W TIpaueYHbIX, XO3IHCTBEHHO-(EKAIbLHBIE BOIBI.

ConepxaHne paHOHYKIHIIOB B OKOCHUCTeMe 03. KbI3bUITall COCTaBISET
npumepHo 4030 Thk. B cepenune 1950-x rr. BogoéM moaBeprascs CHILHOMY TETIJIOBOMY
BO37EiCTBHIO. B Hauase cOpocHOTo KaHama TeMiiepaTtypa Bos! nocturaia 90 °C, mocne
MTPOXOXKICHUS Yepe3 COPOCHON KaHaN JUTMHOM OKOJIO 2,5 KM OHa oXJaxkaanack 10 50—
70 °C. B 3umMHMI Iepro/] 3HaYUTEIbHAs YacTh BOAOEMA HE 3aMep3aiia. Takoil TennoBoi
peXMM TPHUBOIWI K TIOBEPXHOCTHOMY HCHApEHHUIO BOIBI C TOBEPXHOCTH O3epa.
[Tocme 1990 r. ¢ BRIBOAOM M3 DKCILTyaTallid HECKOIBKHUX MPOMBIIUIEHHBIX PEAKTOPOB
MOCTYIUIEHUE U30BITOYHOTO TeTlIa B BOJ0EM cokpaTmiioch [Cmarus, 2007, 2013].

Ozepo Kapauaii (B-9) ¢ oxtsOps 1951 r. mcmonbs30Banoch IS YIOAICHHS
panMoaKTUBHBIX OTXOJOB. 3a BpeMs OSKCIUTyaTallid B HEM CKOMMIOCH MIPUMEPHO
120 MKu (4 DBK) paanoakTUBHBIX MaTepHainos (B ocHoBHoM *'Cs u °°Sr). B anpere-
mae 1967 r. B pe3ynbTare BETPOBOTO PACCESHMS BBICOXIIMX JOHHBIX OTJIOXKEHUI
¢ obHaxwuBmmxcs OeperoB o3. Kapawaii Obuto BbIOpomieHo B atmocdepy 0,6 MKu
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PaTUOHYKIINAOB, TEPPUTOPHS, 3arpsA3HEHHAS B pe3ynbTaTe 3TOT0, MOIy4Hsia Ha3BaHHE
KapagaeBckoro cimema. Haumnas ¢ 1967 1. 11O «Mask» HTpOBOIMINCH PabOTHI
[0 3aCHIIKE MEIKOBOAWM W TOMHATHIO Oepera Imo MepuMeTpy BoAoéMa, a Takke
M0 PEKyJIbTHBALMU TeppUTOpHH BOKpYr Bomoéma. K HosOpro 2015 1. Bomoém
OBUT MTOTHOCTHIO 3aKPHIT CKAIBHBIM TPYHTOM U OeTOHHBIME Oiokamu. K Hactosmmemy
BpEMEHH BOJHOE 3epkano 03. Kapadail mpakTHYeCKH OTCYTCTBYeT, HO Ha TITyOnHe
COXpaHAETCS JIMH3a 3arpA3HEHHBIX BOJ, KOTOpas JBM)KETCS B HANpPaBICHHU pEK
Muensk u Teya.

«Crapoe OGomoro» (B-17) mpencraBnseT coOOH MCKYCCTBEHHBIH BOMOEM,
PacToIOKEHHBIN B €CTECTBEHHOH BHagune penbeda. COpoc paAnoaKTUBHBIX OTXOJIOB
B Hero ObuT Havyat B 1949 1., B 1952 1 1954 rr. ObUIH MOCTPOCHBI JaMOBI, HCKITIOYAIOIIINC
MOTIa/TaHNe BOJBI U3 BOJOEMA B OTKPBITYIO THAPOrpadUIecKyro ceTh. MaKCHMaIbHOE
KOJIMYECTBO BHICOKOAKTHBHBIX MPOAYKTOB M3 €MKOCTEH-XpaHIIUII OBIJIO COPOIIEHO
B B-17 mpu nukBumanuu MTOCIEACTBUI aBapuu, npousomenmeid Ha 10 «Masky»
B 1957 1., 9TO CymecTBEHHBIM 00pa30M TMOBIHMSIO HA PAIWOHYKIHIHBIA COCTaB
AKOCHCTEMBI BotoéMa. B HacTosmee Bpems Tam AenonuposaHo 6omee 1 MKu (37 I1bk)
CpPEAHCAaKTHUBHBIX OTXOJOB, NpPU OSTOM CyMMapHas aKTHBHOCTb [-H3Iydareieu
onpenensercs Sr+°Y u ¥’Cs, 99 % akTMBHOCTH BCEX PalHOHYKJIHIOB, HCKIIOYAs
TPHUTHUH, NEMOHUPOBAHO B rpyHTE [CTyKanos, 2004].

C 1951 r., mo Mepe HaKOIUIEHUS] HAYYHBIX 3HAHUI O MOBEIEHUU PaAHOHYKIINI0B
B NMPUPOJHON CpeJie M UX BO3JIEHCTBUM Ha OpraHu3M yenoBeka, Ha [10 «Mask» ctanu
MIPOBOANTHCS MEPOTIPUATHS, HANPaBICHHBIE HA CHIDKEHHE PaJUAIllMOHHOW OIMaCHOCTH
TEPPUTOPHH: TPEKpaIleH NpIMOil cOPOC KUAKUX PATUOAKTHBHBIX OTXOIOB B pPEKY
Teua, yacTh TOWMBI PEKHU U3bATA U3 XO3HUCTBEHHOT'O MOJIH30BAHUS, 3aChINAaHO 03. Kapauaii,
JKUJIKUE PaJMOAKTHBHBIE OTXOAbI mepeBoisaTcss B TBEpabie (opmbl. C 2008 r.
K peanm3anuu TpuHATa (efepanbHas nenesas nporpamMMa «OOecriedeHue suepHON
u paauanuoHHoi Oe3omacHoctwy». C 2014 1. BBeAEH NPUHIMII I[TOCTOSHHOTO
COBEpIIICHCTBOBAHMS JEATENPHOCTH MPEANPUATHS, HAIPAaBIEHHOW Ha TIOBBIIICHHUE
YPOBHS 3KOJIOTUYECKOH O€30MacHOCTH M CHWXKEHHUS BO3JICHUCTBHUS Ha OKPYKAIOIIYIO
cpemy, U IPUHIUN WHPOPMAIIMOHHONH OTKPHITOCTH — TMPO3PaYHOCTh M JIOCTYIMHOCTh
akosiornyeckoir uHpopMaruu. OCYIIECTBISIETCA B3aMMOJACUCTBUE NPEIIPUATHS
C MEXIYHAapPOIHBIMU M TOCYNapCTBEHHBIMH OPTaHHM3AIMSIMUA W MHCTUTYTAMU B IIEIISIX
MIPOBEJICHVS] MOHUTOPUHTOBBIX Pa0OT M0 M3YYCHUIO PaIHallMOHHON CUTYallud B 30HE
BO3ICUCTBHS NPEANPHSITHS H 00ECTIEUSHUS SKOJIOTHUECKOW 0€30I1aCHOCTH B PETHOHE.

1.2. Bo0oémut npou3ze00cmeenn020 Ha3HaueHus

[Ipu moctossHHOM cOpoce TOBBIMIEHHBIX KOHIIEHTPAIUH TPUTHS B OTKPHITHIC
BOIOEMBI B pe3yJbTaTe MPOLECCOB MUTPALIMH BO3MOXKHO 3arpsi3HEHUE MPUIIETAOIINX
TEPPUTOPUII HA 3HAYUTEILHOM PAcCTOSIHUM OT MecTa cOpoca M IPOHUKHOBEHHE
pPaZMOHYKIINIa B MUTHEBbIE BOJBI. B CBSI3U C 3THM ONACHOCTH TPEJCTABISET CEPUS
MPOM3BOACTBEHHBIX BOM0EMOB I1O «Masik», KOTOpas BKIIOYaeT B ce0s BOAHBIC
00BEKTHI B IONHHE cTaporo pycia peku Teun (B-2, B-3, B-4, B-10, B-11) u Bogoémsl,
pacnonoxeHnble foxkHee TeueHckoro kackana (Taremm, Kapawait m Crapoe 60:10T0)
(cMm. puc. 2.1). YkazaHHbIe BOJIHBIE OOBEKTHI PACIIONAratoTCs Ha TEPPUTOPUH CAHUTAPHO-
3aLIUTHON 30HBI IPEATIPHATHSL.

UccnenoBanue conepkanust TpuUTUs B Bojoémax TeueHCKOro Kackanaa
npoBoaunuck B mepuon 2007-2009 rr. [Yebotmna u ap., 2010]. IIpoOsr BOABI
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U3  HcCIeNyeMBIX  BONOEMOB  OTOMpanu  BONM3M  OAHOMMEHHBIX  IUIOTHH.
[IpenBapuTensHy0 TOATOTOBKY O3THX TMPO0 Ui PagUOMETPHH OCYIIECTBIISIN
B saboparopun L[3JI ®I'VII I10 «Masky, Tie uX MOABEPTaid IBONHON AUCTHIIISIIIIN
C nepMaHraHatoM Kauusa. KolndecTBEeHHOE OIpeleNeHne TPUTUS TPOU3BOAUIN
B Otnmene KOHTHHEHTANBHOM paanodKoioruu MHCTHTyTa OSKOJOTHMH pacTeHUil
n xuBOTHBIX YpO PAH (1. 3apeunsrit).

Ha puc. 2.2 moka3zaHa AMHaAMUKa KOHIEHTpALMM TPUTHA B HCCIEAYEMBIX
BomoéMax B TeueHHe TpEX JeT HaOmoneHuid. B ykazaHHBIM mepuon copepskaHue
PaAMOHYKINAA B KaKIOM BOJOEME BaphHUPOBANO B cpenHeM B 2-3 pasza. B Bomoéme
B-2 nokazarenu xoHrenTpanuid u3mensuch ot 3200 go 10 000 bk/n, B-3 — ot 2400
1o 8100 bx/m, B-4 — ot 2400 go 6300 bk/a, B-10 — ot 1900 g0 3800 bx/i1, B-11 —
ot 700 mo 1800 bx/n. B yka3aHHBIX BOAOXpAaHWINIIAX CPEAHIE 3HAYCHHS COIEPKAHUS
TPUTHA B 3TOT nteproA coctasisum: B-2 — 6730 = 830 bx/m; B-3 — 4970 + 1000 bx/1;
B-4 — 4000 £ 690 bx/im; B-10 — 2910 + 300 bx/n; B-11 — 850 + 270 bk/n. B Bone
peku Teua mocne Bmaaenuss B He€ JIBK u IIBK copepikaHue TpuUTHsI B MOMEHT
WCCIIETIOBAHUS COCTABISUIO B cpenHeM 163 + 41 bi/m.

10000, KoHUEHTPaLMA, Brin
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Puc. 2.2. lunamyka KOHLIEHTPALMI TPUTHS B IPOU3BOJCTBEHHBIX BogoéMax [10 «Masik»

Pe3ynpTath! uccae10BaHus MOKA3aIId, YTO CPEIHSS KOHIIEHTPAIHS paAUOHYKIHIa
CHIDKAllaCh B HampaBlieHHH OT oObekTa B-2 k B-11, 310 cHmXeHue B cpeaHeMm
cocTaBwIO 8 pa3. YcpeaHEHHbIE 32 HAOI0IaeMBbIH MIEPHO]] KOHLIEHTPALMH PaliOHyKIIHIA
B BOJIC YKa3aHHBIX BOJOEMOB B 3aBUCHMOCTH OT DPACCTOSHHS MecTa oTOOpa mpod
0 UcToKa peku Tewya (MCTOKOM CUHTAIM MECTO €€ BBITeKaHHWs W3 o3epa MpTsmr)
MIpeICTaBIeHbI Ha pUc. 2.3.

OKCIIOHEHIMANbHAsl 3aBUCHMOCTh MEXKIy HCCIEAyeMbIMU IapameTpamu,
MOJTy4eHHas JUIs TPEXJIETHEro Nepuojia HaOIIOIeHHH, CBHJCTENBCTBYET O TOM, YTO
BCE BOJOEMBI, PacroOKeHHble B pycie Teun, B ToM umcie u B-2, oObenuHEeHbI
B €IMHYIO THAPOTEOIOTHYECKYIO CETh, MO0 KOTOPOW MPOMUCXOAMT MHUTPAIUS TPUTHS
OT BEpXOBhs B cTOpoHY moTuHb! [1-11. B mporiecce mpoxoxaeHns BoIbI Yepe3 Kackas
BOIOEMOB ITPOUCXOIUT pa30aBiIeHNE TPUTUEBOTO 3arpsa3HEeHMs 3a CU€T 00bEMa BOAHOM
MaccChl CEpHH BOJIOXPAHWJIHIL, YEMY CIIOCOOCTBYIOT 3HAUUTENbHBIN (DMITbTPAIIMOHHBIN
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MOTOK BOJIBI 4Yepe3 TEeNO IUIOTHH,
10000¢ HalliuyMe 30H pasjioMa 3eMHOM
R KOpBI 10 XOay pyciia peku Teda
u mpod. [Y1kuH, 1997; Atnac...,
2007]. Crregyet mOQ4epKHYTh, 9TO
3aKOHOMEPHOCTh, YCTaHOBJICHHAS
Ha  OCHOBAaHWW  TOJTYYEHHBIX
JTAHHBIX, XapaKTepHa JUIsl Ieproja
HaOmogenur  2007-2009  rr.,
B JPYTHE TOIBI MOXKET H3MEHSThCA
B 3aBUCUMOCTH OT TEXHOTCHHOM
MEATCTLHOCTH TIPEATIPHUSTHS.

Ha ocHoBanuu [maHHBIX,

B6000F

4000F
20001

1000}
800

B-11

B00Y
) 3 70 75 20 25 30 35

Paccmonue, kM HpI/IBeI[éHHLIX B pa6OT€ [Ycaqu,

2001], paccunTaH TPUMEPHBIH

Puc. 2.3. YcpenneHHble KOHIIEHTPAIIUN TPUTHS 3amac  TPUTHS B BOZOSMAX,
B BOJIC IIPOU3BOACTBEHHBIX BOJIOEMOB B pycJIe

T PAcIIONIOKEHHBIX B PYCIIE PEKH
PEKH 1¢€4a B 3aBUCUMOCTH OT UX PACCTOSAHUSA Teua (Ta6ﬂ. 2 1) B ISITH

[0 UCTOKA PCKU o
BOJIOXPaHWININAX OOIIWH 3amac

paavoHyKIHAa B Tiepuon wucciemoBanmii coctasmn 1,2 IIbk. Hambonee BricOKHMM
3amacoM TPHUTHS XapaKTEPU3YIOTCs caMmbleé MHOTOBOIHBEIE BOgoéMBL: B-2 (568 Tbk),
B-10 (214 Tbhx) u B-11 (391 Tbk), a maunboiee HHM3KHI 3amac 3apeTUCTPUPOBAH
B Bojoémax B-3 u B-4.

YpoBHU CoZlepKaHUs TPUTUSA
B Bomoéme B-6 (Tareim), mcmoin3yeMoro
JUIs1 OOOPOTHOT'O TEXHIYECKOTO BOJIOCHAOKEHHST
MIPEATIPUSITHS, B IEPHOJ UCCIICIOBAHUN OBLITH
300 3aMETHO HIDKE 110 CPaBHEHHIO C BOTOEMaMHU
Teuenckoro kackama (puc. 2.4). CormacHo
HalllUM JaHHBIM, B TIEPHOJ HCCIIEIOBaHUH
2001 KOHIIEHTpAIUS PaAMOHYKIUAa B 03. TaThIIl
m3MeHsach ot 18 mo 360 bx/n npu cpemnem
3HaueHun 153 Br/m.

400 KoHuenmpauus mpumus, bx/n

100 x Takum 00pa3oM, KOHIIGHTPAIIUU TPUTHS
B BOJE BOJOEMOB IPOU3BOICTBEHHOTO

L, : . , HazHauenns [0 «Masgxk»  mpeBbIIIAIOT
EME 233;‘“ TS . ypoBHH Ti06ansHOro (1 BK/1) 1 TEXHOreHHOro

(5 bx/n) ¢doHa Ha TOPSAKKM BEITUYHH,

Puc. 2.4. KoHIIEeHTpauu TPUTHS OZTHAKO B CPEJHEM HE JOCTUTAIOT IPUHSATOTO

B Bojie Booéma B-6, B/ B Halleld cTpaHe YpPOBHS BMEINIATEIHCTBA

X — JaHHble 10 [ATnac..., 2007] Ui HEOPraHUYECKUX COEJIMHEHU

paauonykauaa (7600 bx/x).

HecmoTpss Ha TO, YTO Ha NPeNNpPUATHH NPOU3BOAUTCS CHCTEMATHUECKUI
KOHTPOJIb 3a COZEpIKaHHEeM TPHUTHS B BOJOEMAax IMPOU3BOJCTBEHHOI'O Ha3HAYCHUS,
B OTKPBITOM II€4aTH MO 3TOMY BONPOCY HMEIOTCS JIMIIb EIMHUYHBIC JaHHBIE.
CpaBHEHHE TIOJNYYCHHBIX HaMH pe3yJbTaTOB C JIOCTYIHOH WH(pOpMaIen
W3 HEMHOTOYHMCIICHHBIX JIUTEPATYPHBIX UCTOYHUKOB MO3BOJIMIIO 3aMETHTh TEHJICHIINIO
CHIDKCHMSI COJICpXKAaHUSI PAJUOHYKIHJIA B BOJAE MPOM3BOJACTBEHHBIX BOZOEMOB
3a OTHOCHUTENBHO Hebombon neproa Habmoaernii — ot 2005 mo 2009 rr. (puc. 2.5).
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Tabruya 2.1
[TapamMeTps! MPOU3BOACTBEHHBIX BOJIOEMOB B pycie peku Teda
u 3amac Tputus B Boae B 2007-2009 rr.

.. IInomane O0BéM Bogibl, | CpemHsist KOHIIGHTpalysi | 3arac TpUTHs
Bonoém 2 3 .
3epKaya, KM MITH M TpUTHA B Bone, bx/n | B Bomoéme, Thk
B-2 18,6 84,4 6730 568
B-3 0,8 0,78 4970 39
B4 1,3 4 4000 16
B-10 18 73,5 2910 214
B-11 44 230 850 391
Bcero 393 1228
r KoHyenmpauyus, bx/n

10°} [ ]

10’ 3 wmil

10t

B-2 B-3 B-4 B-10 B-11

Puc. 2.5. CpaBHeHHEe yCpeTHEHHBIX KOHIIEHTPAUK TPUTHA B BoJ0EMaxX TedeHCKOro Kackaaa
B pa3Hoe BpeMs HabmoieHuit: cronduku ceporo mseta — 2005 r. [Atnac..., 2007],
B-11 — u3 pabots! [CrykaioB u ap., 2011]; cronbuku 6eoro npera —
2007-2009 rr. [YeboTHHa, 2011]

VYuuTsiBas TOT akT, 4TO NPOU3BOACTBEHHBIE BOJOEMBI HAXOAATCS B IpeAeiax
CaHWTApHO-3AILUTHOM 30HBI IPEANIPUATHSL, UX BIMSHUE HA OKPY>KAIOIIYIO CPEAY MOXKET
MPOSIBUTHCS TPH (UIBTPAIMN 3arpsS3HEHHONW TPHUTHUEM BOJBI B TPYHTOBBIC BOJIBI
W IpU HCIapeHuu B atMocdepy. B mocienHem ciydae MOXKHO Npennosiaratb, 4To
BBICOKME KOHILIEHTpPAIlMU TPUTHUS B BOZAE MPOM3BOACTBEHHBIX BOAOEMOB MOTYT OBITH
MPUIHHOM 00IyYeHHUs pa0OUYHX NPEATPHSITHS U HACETICHUS OJTU3IIeKAIIX HACETEHHBIX
MyHKTOB. B cBs3m ¢ »tuM B pabore [Exmmun um ap., 2012] paccumTanbl ypoBHHU
BO3MO)KHOTO PpaJAMAallMOHHOTO BO3JEHCTBUS Ha 4YeEJIOBEKa OT MHTAIALUOHHOIO
MOCTYIUIEHUS! TPUTHSI C TOBEPXHOCTH BOAOEMOB. [lokazaHo, 4TO MpW HaWXyZAmeMm
CIIEHApUH OOIydeHUS — IPOBEACHUH €KETHEBHBIX pabOT HA TMOBEPXHOCTH JIHOO
B HEIMOCPEJICTBEHHOW ONM30cTH OT BOMOEMOB — 3(h(eKTHUBHAA 1032 OOIyueHHS
3a CY4éT WMHTAIALMOHHOIO IOCTYIUIEHUS TPUTHA B OPraHU3M YEIOBEKa C ampess
no HosO0psr He mnpesbmmana 0,92 m3B. OtoT pesynprar Tody4eH s B-17,
OTJIIMYAIOIIET0CS OT MPOYMX IPOU3BOJACTBEHHBIX BOJOEMOB HamOojee BBICOKUMH
KOHILIeHTpauusiMu Tputusi B Boje [CrykanoB, 2007]. PaccumTanHbI mnoka3aTeib
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MPaKTUYeCKH HE MpEeBBIIACT mpenena ao3bl s Hacenenus (1 m3B/roxm), coriacHo
NPUHATHEIM B Halled cTpaHe HopMatuBaM [Hopmbl pamnanuoHHOH..., 2009].
HomomauTensHoe oOmydeHne ©Ha pacctosand 100 M OoT ype3a BOIBI  jJaxe
MIPU AJTUTEIHHOM BO3IEHCTBUU OyeT MpeHeOpeK MO MaJo.

1.3. BoO0émbl KOMRIIEKCHO20 HA3ZHAYEHUA

Bomoémer koMIiekcHOTo Ha3HadeHHs B paiione [10 «Mask» He ToaBepraroTcs
HETNIOCPEACTBEHHOMY  BO3JIEHCTBHIO  COpPOCHBIX  cJIa0OpaJMOaKTUBHBIX  BOJ
OpEeANpUATHS, I[OATOMY HCIHOJB3YIOTCS M1 Pa3IMYHBIX HApOJHOXO3HCTBEHHBIX
[IeJeil — JIOBIHM DPBHIOBI, MOJNHMBA CENbCKOXO3SMCTBEHHBIX YTOIMA, B KadecTBE 30H
OTJbIXa HACENICHHS, a B PsiJie CIy4aeB — KaK MCTOYHUKU MUTHEBOTO BOJOCHAOKEHHS
HaceJeHUsL.

N3yuenue ypoBHENW KOHLEHTpALM TPUTHSL B YKa3aHHBIX BOAOEMAX MPOBOAWIIN
B 20012003 rr. [Tpuruii B Bogoémax..., 2011]. B kauecTBe 00BEKTOB UCCIICAOBAHUS
cyxuin 39 BOIOEMOB, PACIOJIOKEHHBIX B Pa3HbIX HANPAaBICHUAX U HA Pa3HOM
paccTossHuM OT npeAnpusaTus. CoryiacHO TMpeiCTaBlIeHHBIM pe3yiabTaTaM (puc. 2.6),
B HCCJIEAYyeMbI MEpUOI BPEMEHH COACPKAHUE TPUTUS B BOJE pa3HbIX O03Ep
BapbHUpoBao oT 7 10 228 bk/n npu cpennem 3Hauennu 28 + 8 bk/n. Hanbonee Bbicokue
€ro KOHICHTpalMu HaOIIONANUCh B 03€pax, PacloNOKEHHBIX BOIU3U MPEIIpUsSTHS
(Tarpmm, Ynaraa, Harora).
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Puc. 2.6. KonneHntpanuu Tputus B BOJA0EMaX KOMIUIEKCHOTO Ha3HaueHUs, bk/i
Pe3ynbTaThl WHAWBUAYaIbHBIX HW3MEPEHUNA KOHUEHTpAUWWd TPUTHUS B BOJIE

HCCIEAOBAHHBIX 03€p MPEACTaBICHbl B 3aBUCUMOCTH OT HUX  PACCTOSIHUS
10 ipeAnpustys (puc. 2.7). FIckoMble paccTOSTHUSI U3MEPSUTH C TTOMOIIBI0 KOMITBFOTEPHON
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nporpamMbel  Google Earth. Craructuueckas o0paboTka HaHHBIX [OKa3aja, dTO
KOHIICHTpAIMsl PaJUOHYKIIMIAa B BOJAC O3€p CHWXKaeTcs mo Mmepe ynaneHus ot [10
«Masik». OOpaTHas CBs3b KOHIICHTpPAIUA TPUTHA B BOJAE O3Ep C PacCCTOSHUEM
JI0 TIPEATIPHUATHS JOCTOBEPHO JOKa3aHa IMPH BEICOKOM ypoBHe 3HaunMocTH (p = 0,0075).

Ha ocHOBaHWM pe3ynbTaTOB HCCIICIOBAaHUNA, MPEACTAaBICHHBIX B padoTax
[UBanunkas, Manodeea, 2002; Yebotuna u ap., 2005; Arnac..., 2007], cnenana
MOMBITKA OIICHUTh HM3MEHEHHs B KOHIICHTPAIUSX PAJUOHYKIHIA B BOJE 03€p BO
Bpemenu (1986—2006 rr.). s cpaBHeHus ObUIM BhIOpaHb! 10 03ep, pacionoKeHHbBIX
Ha pa3HOM PaCCTOSHUU OT Ipeanpusatus (puc. 2.8).

250 KoHueHnmpauus, Bk/n
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y=57,3-0,876 x
r?=0,1779
1001 p =0,0075
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PaccmosHue, km

Puc. 2.7. KoHuieHTpanuu Tputus B BOJ0EMaX KOMIUIEKCHOTO Ha3HAYEHUS
B 3aBUCHUMOCTH OT UX paccTossHus 10 npeanpusatus 10 «Masx»
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3]

Or Kowuenmpauus, Bi/n
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200 200¢

150 150

100 100}
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1980 1994 1998 2002 2006
Todbi habmodeHud

Togz 1986 1000 1994 1995 Z00Z . 2006 *res a8
Puc. 2.8. 3aBucHMOCTh KOHLIEHTPAIMK TPUTHA B BOJIE 03P OT BpEMEHH HAOIIOICHHS.
A: 1 — Amxens (y =176,66 ¢ %125, R2=0,967; p = 0,34); 2 — B. Kaciu (y = 130,61 ¢ 0857 %,
R>=0,817; p=0,14); 3 — b. Kysm (y = 88,405 ¢ %07, R2=(,7749; p = 0,14);
4 — Cunapa (y = 64,543 ¢ %94 R2=0,9914; p =0,21).
B: 5 — Hanora (y =—8,0865x +232,79; R>=0,947; p = 0,027); 6 — Ynarau (y = 4,385 x + 179,87;
r?=0,895; p = 0,0539); 7 — Upram (y = 6,519 x + 176,48; R =0,78; p = 0,115);
8 — Koxakyns (y = —6,144x +173,73; R>= 0,92; p = 0,039); 9 — Anabyra (y = —2,22x + 82,154;

R>=0,7795; p = 0,12); 10 — Aprasm (y = —2,1x + 69,194; R*> = 0,9988; p = 0,02)
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PesynpTathl craTHCTHUECKOW 0OpaOOTKH JaHHBIX CBUICTENBCTBYIOT O 3aMETHOM
CHIDKCHUH KOHIIGHTpAlMii paJuOHYKIWAA BO BCEX HCCICAOBAHHBIX BOJOEMAX
B T€UCHHE YKA3aHHOTO epuoa Habmoaenui. (s Tpéx BomoémoB (Aprasmr, b. Hanora
u Koxakynp) camxenne 3HaunMo (p < 0,05), Ans oCTaNbHBIX, BBHLy OTPAaHHYEHHOTO
KOJINYECTBA JaHHBIX, MOKHO OTMETHTD JIUIIb TEHJICHIINIO K CHIXKCHUIO, XOTSI pa3IHJIne
MEXJy HaYalbHBIMH M KOHCYHHIMU 3HAYCHUSMH KOHIICHTpAIMH JOCTHraet oT 2
1o 16 pas (B cpemaeM ~ 6 paz).

1.4. /losrcoesble ocadku Ha npomMuluiieHHO meppumopuu

[Ipu BEIOpOCE TpUTHS B aTMOC(epy PaTuOHYKIHI ObICTPO PACHPOCTPAHSIETCS
B BO3AYIIHOM IPOCTPAHCTBE M TOJl BJIMSHUEM BETpa MEPEHOCHTCS Ha OOJbIIUE
paccrosiHus. B MecTax pacrpocTpaHeHHUS OH MOTJIOIIAETCS MOBEPXHOCTHIO BOJHBIX
00BeKTOB. [l0XKIeBBIE M CHETOBBIE OCAIKH, TIPOXOIS Yepe3 BO3AYIIHOE MPOCTPAHCTRO,
aJCOPOUPYIOT COIEPIKAIIMICS B HEM PATHOHYKIIHI, OUUIIIAast TEM CaMbIM aTMOC(hepHBII
BO3/yX, X CHOCOOCTBYIOT OCAKJICHHUIO TPUTHS HA TIOBEPXHOCTH 3€MJIH.

B 2007 r. ay14 OLIEHKH MOCTYIJICHUS] TPUTHUS HA 3€MHYIO TOBEPXHOCTh B BECEHHE-
JIETHE-OCEHHEe BpeMsi ObLJIO MCCIIEIOBAHO COJACP)KaHWE PAIUOHYKIUAA B JOXKICBBIX
0CaJIKax, COOpaHHBIX Ha JIBYX ILIOMIAKaX 3aBojia 22 Ha MPOMBIIUICHHOW TEPPUTOPHH
[0 «Mask». Ilmomanka 307 HaxoguTcs BOJM3M PEAKTOPHOrO IIPOU3BOJICTBA,
miomanka 18 — B 2,5 KM Ha ceBepo-BOCTOK OT He€. B kauecTBe KOHTPOJS CIyXKUIN
0CaZIKM M3 OKpecTHOCTU T. YebapKynb, pacrojOKEHHOI'O Ha pacCTOSHUM 85 KM
ot npennpusarus [YUeboruna u mp., 2012].

Konnentpamust TpuTtHs B IIOKIEBOW BOJAE HA HCCIEAOBAHHBIX IUIOMIAIKAX
BappbUpOBaIa B IMUPOKWX TNpeJeliax B 3aBUCUMOCTH OT BpEeMEHH HaOJII0CHHIA.
B uactHOCTH, B paiioHe pacmonoxeHus 18- Iiomaakd OHAa HU3MEHSIach OT 7
1o 1160 bk/nm npu cpeanem 3Hadenun 3a rox 382 +42 bi/a (puc. 2.9, a). 3a nepuon
HabmoneHuit HanOosee Beicokne 3HaueHus (1100 u 1160 bk/i1) oTMedanuch ABax bl —
B uioHEe W OKkTs0pe. Ha 307-ii muromajke cojiepkaHWe TPUTHUS B JIOKICBOW BOJE
n3meHstiock ot 20 10 2086 bk/n npu cpennem 3nauenuu 329+ 81 bk/a (puc. 2.9, 6).

1200~ Koruenmpauus mpumus, br/n 1200 Konuesmpauus mpumus, Br/n
1100+ 1100+
1000F 1000
900} 900
800 800+
700+ 700+
600+ 600+

500+
400+
300
2001 2001
g
[V — ils ot

T il
UOHB wonb | aeaycm | ceHmAGpL | OKMAGPS UIOHB Ltons aszycm  cenmabpb  okmsAGpL
Bpems HabnrodeHul Bpewms HaGrodeHuil

a 7]

500+
400+

Puc 2.9. /lunamMyka KOHIEHTpAUH TPUTHS B JOXKAEBOH BOJE
B paiione 18-ii (a) u 307-i1 miomanok (6) IO «Masky»
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Hau6onee Bricokoe 3HaueHue (2086 Bk/m) ObLTO 3aperuCTPpUPOBAHO B KAYECTBE
eIMHUYHOTO HaOMIoJieHus B TeEpBOi MoJjoBHWHE OKTAOps. Ha obeux momagkax
OCHOBHasl 4acTb mpoO ocaakoB (95 %) mo comep)kaHWIO TPUTHS HE IpeBBIIIala
800 bk/m, mpu 3TOM cpeaHHe 3HAYEHHWS KOHIIEHTPAIMU PAAMOHYKIWAA B JOXKIEBOU
BoJIe Ha 3TuX miomagkax B 70-80 pa3 mpeBbllIanu ypoBEHb TEXHOTCHHOTo (poHa
JUIst Y panbCKOIrO PEruoHa.

B noxnesbix ocankax B r. UeOapKyisib BBISIBICHBI 3HAUUTEIBHO OOjiee HU3KUE
KOHLIEHTPALIMU TPUTHSA 110 CPABHEHUIO C TAKOBBIMH Ha MPOMBINIIEHHBIX Iutomaakax 110
«Masix» (puc. 2.10). 3a nccrnegoBaHHBIN IEPHOJ BpEMEHU OHU H3MEHSITUCH B ITpeeiax
5-30 bx/n mpu cpenHem 3HadeHuu 15 £ 2 Bx/m, yTo B 3 pasa mpeBHIIAIO YPOBEHb
TEXHOTCHHOTO (hOHa.

Ha ocHoBe moOJydYeHHBIX 3HAUYEHHI KOHLIEHTpAaUUN TPUTHSA B JOXKIEBOW BOJE
1 AaHHbIX [ MApOMeTCITy 0Bl 0 CpeTHEMECSIYHOM KOJTMUECTBE OCAIKOB B HCCIIEIOBAHHBIX
pernoHax OBUIO PACCUYUTAHO KOJIHYECTBO TPUTHSA, TMOCTYMHMBLIETO HAa 3EMHYIO
MOBEPXHOCTH C IOKIAEM B TCUCHHE BCETO NepHoaa HaOmoaeHuA. 11 mpOMBIIIUICHHON
teppuropuu 10 «Masix» u r. Yebapkyis oHo coctaBuio npumepro 80—100 u 7 T'Bk/km?
COOTBETCTBEHHO.

Takum oOpa3oM, B paiioHe pamuoxumuueckoro 3aBoaa [10 «Masik» B mepuon
HCCIIeIOBaHNH HAOJIONAINCh MOBBIIICHHBIE 3HAYEHUSI 00bEMHOW aKTHBHOCTH TPUTHS
B aTMOC(EepHBIX OCaJKaX MO CPAaBHEHHIO C KOHTPOJBHBIM perroHoM (T. Yebapkyib),
YPOBHEM TEXHOTEHHOTO (pOHA IJIsT Y PAlTbCKOTO PETHOHA U YPOBHEM TII00ANBHOTO (hOHA,
YTO CBHJIETEIBCTBYET O MPEANPUSITHN KaK HCTOYHUKE BEIOPOCOB TpuTHSA. [10BBIIIICHHBIC
3HA4YEHUS] KOHICHTPAIUI TPUTHSI B OCaKaxX HaOI0JaUCh U B 30HE, OoJiee yaanéHHOMI
ot npennpustus. [lo nanueiM Pocrunpomera 3a 2003 r., cpeIHEr0I0BOE COACPHKAHUE
TpUTHA B 0cajkax B 1. HoBoropHsiii coctaBisio 91,9 bx/m, uto B 37 pa3 mpeBbIIaio
cpeaHue 3HaueHus o repputopuu Pocenu (2,5-2,8 bx/n va 2003 r.) u B 18 pa3 ypoBeHb
TEXHOTeHHOTo ()OHA MO YpanbckoMy pernony [Pamuannonnas obctaHoBka..., 2004].
Ha paccrosuann 20 kM ot 11O «Mask» comepxkaHue TPUTHS B OCaJKaX YMEHBIIAIOCHh
B 5 pa3, HO elé 3HAYUTEIbHO MPEBHIIAN0 (POHOBBIA ypoBeHb. OTMEUEHO CHIDKEHHE
KOHIEHTpAIMH PaJHoOHYKIIMAa B 0CaKax ¢ yBeianueHueMm pacctosuus ot 110 «Mask»
(5 xm — 70-95 Bx/m; 20 kM — 10-20 Bx/m; 40-70 km — 10 Bx/m u MeHb11E).

50~ KoHuenmpauua mpumus, Bk/n

Il \” ||H||”'| |
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Puc. 2.10. /Ilnnamuka KOHLIEHTPALMIA TPUTHUS B TOKAEBOH Boje T. YebapKyIb

Ha mpumepe mynkroB HaOmoaeHus Aprasm, HoBoropasiii n Kacimu mokaszansl
CE30HHbIC U3MEHEHMS COACPKAHUS TPUTHUS B OCaJKax: BO BTopoM noayroauu 2003 r.
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oTMeueHa 0oJjiee BBICOKasi KOHIEHTpAalMs PaJHoOHYKIHIa B OCaJIKaxX MO CPaBHEHHIO
¢ mepBeM monyroguem. s paiiona 110 «Masik» oTMedeHa TEHACHIUS CHIDKEHUS
KOHIIEHTPAI[MN TPUTUS B TPHU3EMHOM CJIO€ BO3[yXa, CBSA3aHHAS C YMEHBIICHHEM
00BEMa MMPOM3BOJICTBA W BHIBOJIOM psifia PEAKTOPOB M3 AKciuryaranuu. Tak, B 1980 T.
CpEIHErooBasl KOHLEHTPalUs paluoHykiuaa cocrapisia 28,3 bx/m®, B 1999 r. —
5,4 bx/M?® [[lemun, 2001].

AHanM3 NHUTEPAaTypHBIX MaHHBIX TIOKa3al, YTO [UIA JAPYTHUX TEPPUTOPHA,
PacTOJIOXKEHHBIX B pailoHaX pa3MelleHus] MPeANpUATHH SIepPHO-TOIUIMBHOTO IIHKIIA
B Poccum m 3a pyOexoM, conepikaHHe TPUTHS B JIOKIEBBIX OCagKax OBLIO HIDKE,
yem B paiione 10 «Masik», Hanpumep, Ha Tepputopun Urnanuackoit ADC (JIutsa)
B 1989 r. KoHIGHTpalus TPUTHS B oOcajkax cocraBimsuia 3,8 Br/n [Maxelika,
[Tarpomrroc, 1993], BOmm3u CNRL (Kanaga, Orrapno, 1996 r.) — 3,7 br/nm [Workman
et al., 1998], B SAlmormm — 0,5-1,7 bx/nm [Okada, Monoshima, 1993].

[To aGcoroTHRIM 3HAUYEHUSIM KOHIIEHTPAINH PATUOHYKIIH/IA B OCaIKaX B palioHe
peaktopHoro mpousBojctBa [10 «Masik» Hmke YB, yCcTaHOBIEHHOTO ISl MUTHEBOM
Boabl HopMmatuBamu [Eropos, 2002; Hopwmsbl pamuanuonHHo#..., 2009]. Ecmu xe
MPUHATH BO BHHMaHHWE TOT (DaKT, YTO W3 BO3AyXa NPU BIBIXAaHUH PaTHOHYKIIHI
MOCTYMAaeT HEMOCPEICTBEHHO B OPTraHW3M YelOBEKa, MOBBINICHHBIE KOHIICHTPAIUN
TpUTHSA B BO3MyImHBIX BEIOpocax [IO «Mask» cienyer paccMaTpuBaTh B KadecTBE
HETaTHUBHOTO (DakTopa, BIMSIONIETO Ha 3/J0POBbE JOCH.

1.5. Cuesrcnwiii nokpos

CHexxXHble BBINAACHUS, KaK W JOXKICBBIE OCAaOKH, CIYy)KaT XOPOLIMM
WHANKATOPOM 3arps3HEHUs TPUTHEM BO3IYIIHOW cpenbl. B TeueHne 3umMHero ce3oHa
CHEXXHBIH MOKPOB XOPOILIO yIEPKUBAET B ce0e pajiMOHYKIINA, KOTOPHIH OH MOTJIOTHII
13 BO3JyXa B MIPOIIECCe MPOXOXKICHUS CHEra Yepe3 BO3AYIIHOE IPOCTPAHCTBO.

W3ydeHne conmepskaHus TPUTHS B CHEXKHOM IOKpoBe B pailoHe 1O «Mask»
npoBoauiad B 2004-2005 rr. ¢ y4€TOM pAa3NMYHBIX HaNpaBICHUM W pacCTOSHUI
ot npeanpustua [Yebotuna u ap., 2014]. B uenom uccrnenoBannem Obuta oxBaueHa
tepputopusi pamuycom Oonee 30 kM. Ha puc. 2.11 mpexacraBieHa kapra-cxema,
Ha KOTOPOH YKa3aHO MECTOHAaXOKAEHUE TOUYEK 0TOOpa MpoO M KOHIEHTPALUsS TPUTHS
B CHEroBOH Boze. BuaHo, 4To comepxaHue paAMOHYKINIA B CHETe Ha 00CIIeI0BaHHOM
TEPPUTOPUH U3MEHSAETCS B IIMPOKUX mpenenax — oT 6 1o 262 bx/n. CaMblii HU3KHUHA
MoKa3areib MOYTH He OTJINYAETCsI OT YPOBHS TEXHOTEHHOTO (DOHA, IPH 3TOM Hanboee
BBICOKMIT — mpeBbilaeT ero Oonee yem B 50 pa3. [loBbIlIEHHBIE KOHICHTpPAIUA
0OHapyXeHbI B HETIOCPEICTBEHHON OJIM30CTH OT MPEATIPUSATHSL.

Hnst Toro 4toObl OmpenenuTb, W3MEHEHHWE KOHLEHTPAlMM PaJHOHYKIIUIA B
npobax CHera B 3aBHUCHUMOCTH OT PACCTOSHHS 10 NPEANPHATHS, ObUIM yCpEeIHEHBI
MOKAa3aTeN! ISl TEPPUTOPHUH, paCTONOKEHHBIX Ha Pa3HBIX paccTOSHHUSIX BOKpyr 110
«Masik» — 0-10, 10-20, 20-30 u OGomee 30 kM. PacmomokeHue Todek oTOOpa
[0 CTOPOHAaM CBETa NPH 3TOM HE y4MTbIBaIW. M3 maHHBIX puc. 2.12 BUIHO, 4YTO
KOHLEHTpalysi TPUTUA B CHETOBOW BOJE CHIDKAeTCs IO Mepe yHaJeHUs
ot npeanpusatud. Cyas Mo Moka3aTelsM CpelHUX 3HaueHuil, B paguyce a0 10 kM
or TIO «Masik» conepkaHue paJMOHYKIIMAa B cHere cocrasisier 119 + 45 Bx/x,
B paguyce 10-20 kM cHmKaeTcs mpuMepHo B 2 pasa (65 = 12 bk/n), Ha paccrostanu 20—
30 kM — 48 £ 5 bx/nn, 3040 kM — 44 £ 2 bx/11, 6onee 40 kxm — 25+ 2 bx/1.

103



Tiobyx® &1
]

[6]
ButuiHeaozopck,

Korwimews
LJFz]

\[anuHas Haqa
L] B

[}
KaonuHossiu

@ Amaku

29 Myckaeeo

® Nepbuweso
£ol

Puc. 2.11. KoHIiieHTpanuu TpUTHs B BoJe U3 cHera B paiione [10 «Masik», bx/n
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Puc. 2.12. I3meneHue cpeqHux
KOHLEHTpAaLUil TPUTHUS B CHETOBOM BOZIE
B 3aBHCUMOCTH OT paccTosHus 10 [10 «Mastk»

Jiss Toro 4troOBl OMpenenuTh,
M3MEHEHHE KOHLICHTPALMU PaIOHyKINAA
B mpo0ax cHera B 3aBHCHMOCTH
OT PacCTOSIHUS A0 MPEANPHUATHS, ObLIH
YCpEIHEHBI MOKa3aTeNu Il TEPPUTOPH,
PaCTIOIOKEHHBIX Ha pasHbIX
paccrosHusXx BOkpyr 11O «Mask» —
0-10, 1020, 20-30 u Gonee 30 xMm.
PacnionosxeHue Touek 0T60pa 1o CropoHam
cBeTa TMpPH OTOM HE YYHUTHIBAIM.
N3 pgamneix puc. 2.12 BugHO, UYTO
KOHILIEHTPALHs TPUTHSI B CHETOBOM BOJE
CHIDKAaeTCs 10  Mepe  yJajJeHud
OT IPEANPHUATHSL.

Cynda mo moxasaTensiM CpEeIHHX
3HayeHui, B paguyce a0 10 km ot I10
«Masik» cozpepkaHHe pagUOHYKIHIA
B cHere cocrasisger 119 + 45 Bx/x,
B pammyce 10-20 kM CcHuKaeTcs
npumepHo B 2 pasza (65 £ 12 bx/n),
Ha paccrostaun 20-30 kM — 48 =5 B/,

3040 xm — 44+ 2 bk/n, bonee 40 km — 25+ 2 Bbx/m.

Pesynbrarsl cTaTucTHYECKOH 00pabOTKH COBOKYITHOCTH BCEX JAHHBIX TIOKa3allH,
YTO CHIDKCHHE KOHIICHTPAllUM PaJUOHYKIHIA B CHETOBOW BOJAEC B 3aBUCHUMOCTH
OT PACCTOSIHUSI JIO TIPEIPHUATHS JOCTOBEPHO MPH BEICOKOM YPOBHE 3HAUMMOCTH (p << (0,05).
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Bruto nccnenoBano pacrpeneneHue KOHUEHTPALUI TPUTHSI B CHEKHOM TTOKPOBE
B 3aBHCHMOCTH OT HAIPaBIIEHUS IO CTOpOHaM cBeTa. i 3Toro Bce MpoObI ObLTH
PAHKUPOBAHBI B 3aBUCMOCTH OT 3THUX HANPABICHUHN M PACCTOSIHUN A0 MPEANPHUSITHSI.
Ycranosneno, uto B paauyce 10 10 km ot [1O «Masx» cpeaHsisi KOHIEHTPAIHs TPATHS
B CHeEre WMeeT Hambosee BBICOKHH IokazaTenb s ceBepHoro (137 £ 32 bk/m)
u BocToyHOTro (106 + 40 BK/kT) HampaBieHUH M CHUXKAeTCs B 10oKHOM (64 + 18 bk/m)
u 3amagaoM (35 + 8 bk/m) manpasnenusx. Ha paccrossanu 6omee 30 KM Bce TToKa3zaTeTn
HUMEIOT OJIM3KKE 3HAYSHUS M KOJIEOIIOTCSI BOKPYT cpenHel BennduuHsl (puc. 2.13).

YkazaHHOE BBIIIE pacrpepeseHre KOHIEHTPAIMH TPUTHSA B CHE)KHOM ITOKPOBE
ommxaeir 30HBI [I0 «Masgk» B 3HAYUTENHFHOW CTENEHH MOXKET OBITH CBS3aHO
¢ mpeobaaloM HallpaBJICHUEM BETPOB, KOTOPOE POPMHUPYETCsi TOPHBIM MaCCUBOM
LenTpanpHO-Y panbCcKOro MOTHATHS, PACTIONOKEHHOTO Ha I0T0-3ama/ OT MPeIITPHITHS
(puc. 2.14). HampaBneHne OCHOBHBIX XpeOTOB YKa3aHHOTO TOPHOTO MaccuBa
C Iro-3amaja Ha CEBEpPO-BOCTOK OTKJIOHSET 3amaJHble U CEeBEpO-3allaJiHbIe BETPHI
Ha CEBEpO-BOCTOK, co3maBas B paiione I10 «Mask» crenuduyeckyto po3y BETPOB
MPEUMYIIECTBEHHO  CEBEPO-BOCTOYHOIO  HampaBlieHHS. JTO  MOATBEPXKIAaeTCs,
HarnpumMep, popmoit BocTouHO-Y panbckoro paanoakTHBHOTO ciiena [Oco0eHHOCTH. . .,
2004; Vcnonp3oBanue Mojenu..., 2005].

(2
10 "MASIK*

C o

S YenabuHck

Puc. 2.14. Cxema ¢opmupoBanust po3sl BeTpoB B paiione I10 «Mask»

[IpakTdeckn Bo Bcex mpoOax BOABI M3 CHEra KOHIIGHTPALUS TPUTHS ObLia
BBIIIIE YPOBHS TEXHOI'CHHOIo (h)OHA, 4TO CBHIETENILCTBYEeT O Bkiame 10 «Mask»
B (hOpMUPOBAHUE 3TOTO 3arpsA3HEeHus. B To ke Bpemst Bce KOHIIEHTPAIlMU HE TOCTUT AN
YPOBHS  BMEIIATENIbCTBA, PETJIAMEHTHPYIONIETO  COACpXKaHHWE  PaJUOHYKIHJA
B IINTLEBOM BOJIE.
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1.6. Hcmounuku numueeozo 6000cHadicenus

KauecTBo mnHTHEBOIl BOABI SABISIETCS BAKHBIM YCIOBHEM, HEOOXOIMMBIM
Uil 00ecrieyeHnsl 30pOBbs HacelleHHs. VICTOYHHKaMH MHUTHEBOTO BOJOCHAOKEHHMS
OOBIYHO CITy’)KUT BOJA KOJOALEB, JMYHBIX W APTE3MAHCKUX CKBAXXHH, POJHUKOB.
[Ipenmonaraercsi, 94T0 B CiIydae MOBEPXHOCTHOTO AHTPOIIOTCHHOTO PAIHOAKTUBHOTO
U XUMHYECKOTO 3arpsi3HEHUs] MPHPOJHON Cpenbl, MPH MPOYMX PABHBIX YCIOBHUSX,
INTyOMHHBIE HWCTOYHUKH BOJOCHAOKEHHS, HalpUMep apTe3HaHCKUE CKBaXKHHBI,
ABJIAIOTCST  OOJee UHCTBIMH OT 3arpsA3HEHHH, 4YeM TNThEeBbIE HCTOYHUKH,
pacroioKeHHbIE OJIIKE K MOBEPXHOCTH 3eMJIIH (POIHUKH, KOJIOJIIBI).

B 2005-2006 rr. ObM HCCIEOBaHB YPOBHH KOHLEHTPALUW TPHUTHUS
B Pa3IMYHBIX THUIAX MCTOYHUKOB MUTHEBOHM BOABI B 45-KUJIOMETPOBOH 30HE BOKPYT
npennpusitus «Masik» [Tputuit B Boze..., 2007; Yebotuna u np., 2008; Tpuruit
B Bojoémax..., 2011].

L] HacenenHeie MyHKTBI

. Konoaupi

B creanvHe

Puc. 2.15. Konnentpanus TpuTHs B BOJ€ KOJIOJLIEB U JIMYHBIX CKBAXKUH
B paiione I1O «Masik», Br/n

Jluunvie konooywt u ckeadicunsl. Ha puc. 2.15 npencraBineHs! JaHHBIE O COAEPKAHUH
TPUTHS B BOJIEC KOJIOAIIEB U JTMYHBIX CKBXKUH B IIpe/ieax 00cIeI0BaHHON TEPPUTOPHH.
I'myOuna xonoieB BapbupoBaia ot 2 10 10 M, ckBakun — ot 6 10 40 m. U3 pucyHka
BHIHO, YTO COJIEp)KaHWE TPUTHUS B BOJAE KOJIOMIEB BapbUPOBAJIOCH OT YPOBHS
TeXHOTeHHOTO (oHa 10 24 Bbk/n, ckBaxkmH — 70 78 BK/I. Apean MOBBIIICHHBIX
KOHIIEHTPAIUI TPUTHUS BBISABIEH K ceBepy OT mpom3oHbl [10 «Mask» (31ech mpoOs
HE OTOWMpanuch), Mexnay mnyHkraMd MermimHo — Hopas Tewa — Kacmu —
[Mpuropoxnsiii. Kapra-cxema Takke yKa3blBaeT Ha BO3MOXKHOCTh HAITMUUS TTOAOOHOTO
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apeana emi¢ ceBepHee — B HallpaBieHuu T. CHEXXUHCKA, OHAKO JUIS €0 MOITBEPKACHHS
HE00Xo1uMbl OoJiee AeTalbHbIE HCCIEIOBAHMS.

IlockonbKy KOJOAUBI M CKBAXHHBI HMEIOT pPa3IMuyHyl0 IyOuHy, Oblia
HCCIIeI0BaHa CBS3b COJIEPKAHMUS TPUTHSA B YKA3aHHBIX BOJHBIX UCTOUYHHUKAX C TITYOMHOM
uctounuka (puc. 2.16). 3ametnM, uro HHGOPMALHIO O TIYOHHE JTHYHBIX CKBaYKHH MBI
MOJIyYau OT MX BJaJENbLEB, IO3TOMY 37IeCb BO3MOXKHBI HETOUHOCTH. TeM He MeHee
cTaTHCTH4ecKast 00paboTKa TaHHBIX IO BechbMa cTporoMy Metoxy Crmpmena (Statistica
6.0) mo3BonMIIA BBISIBUTDH JOCTOBEPHYIO CBSI3b MEXXIY KOHILEHTPALUEH TPUTHUSA B BOAE
U T1yOMHOW BOJHOTO HCTOYHHUKA (ypoBeHb 3HaunMocTu < 0,01).

CornacHo pe3ysibTaTaM CTaTUCTHYCCKOH O00pabOTKH, KOJIOAIBI M CKBAXKUHBI
MIPEACTABISIIOT CO0O0# ABE pa3HbIe BRIOOPKH, OHAKO TOT (PAKT, UTO IS STUX BHIOOPOK
CYIIECTBYET 0OlIass KOPpEJSIMOHHAS CBS3b IO CONEPXKAHWIO TPUTHA C TIIyOWHON
HUCTOYHUKA, CBUAETEILCTBYET O TOM, YTO OHH CBfA3aHBl MEXIY CO00H OIHUM
MpeoOIIaIaroIM UCTOYHUKOM MOCTYIUICHUS TPUTHS. Tak Kak coliepskaHue pauoHyKIIUIa
B HUX C TJIyOWHOW BO3pacTaeT, MOXXHO NPEANOJOXHTh, YTO TaKUM HCTOYHHUKOM
SIBJISIIOTCSL TTOJI3€MHBIE TIyOWHHBIC BOJBI. DTO BIOJHE YBS3BIBACTCS C IMOTYYECHHBIMU
JaHHBIMU, U3 KOTOPBIX CIIENyEeT, YTO KOHLIEHTPaLus TPUTUS B BoAe CkBaxuH (35 bk/m)
B cpexaHeM B 3,5 pasa Beimie, ueM B Boje konoanes (10 bx/m). [Tockonmsky ¢ ceBepHOit
ctoponsl oT 110 «Masik» pacronaraercst cepusi BOJIOEMOB-OTCTOMHUKOB Ted4eHCKOTo
Kackaja, a B F0)XHOM M BOCTOYHOM HaIpaBJICHUSIX HaxosaTcs BogoéMel B-9 (Kapauait)
1 B-17 (Crapoe Bonorto) ¢ koHnenrpauueil Tputus B auanasone 10°-10° Bk/i, To
CTaHOBHTCSI OYEBHIHBIM, YTO OHH SIBJISIOTCS BO3MOXKHBIM MCTOYHHMKOM 3arpsi3HEHHUS
MUTHEBOM BOJIBI KOJIOJIIEB U JINYHBIX CKBaKUH B YKa3aHHOM PErHOHE.

KonueHmpauus, bx/n O ckea)uHbl
0 - @ Konoduybi

o
o
g 10 20 30 40
rny6una, m

Puc. 2.16. KoppensunoHnHas cBsi3b MEXKAY COAEPKAHUEM TPUTHS B BOJIE
KOJIOZILIEB ¥ CKBAXHH 30HBI Bo3aeicTus [10 «Masik» U uX rryOuHON

Hcemounuku  yenmpanuzo8anno2o  6000CHabJCeHus. 3HAUUTENIbHAs 4acTb
HaceleHus, TmpoxuBaromero B paifone [I0 «Masgk», HCIOTB3YeT BOAY
13 LEHTPAIN30BaHHBIX MCTOYHUKOB. B pa3HBIX HaceNnEHHBIX IMyHKTaxX OHA MOAAETCA
B BOJIONIPOBOJHYIO CETh U3 Pa3jIMUYHBIX NMPUPOIHBIX PE3EPBYapOB: B OAHMX CIydasx
3TO CHEeNHaIbHO MPOOYypEeHHBIE apTE3WAHCKUE CKBAXKHUHBI, B IPYTHX — OTKPHITHIC
BomoémBl (03épa Apakynb, Wpram, Cyramak u 3anenuHckuid npyn). [lostomy
coJiep>KaHHe TPUTHS B BOAOIPOBOIHOM BOJIE Pa3HBIX HACENEHHBIX MYHKTOB 3aBHCHUT
OT paAMaliOHHON YUCTOTHI COOTBETCTBYIOMIMX BOAHBIX HCTOYHUKOB (Ta0um1. 2.2).
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Tabauya 2.2

YPOBHM KOHIICHTpaUUi TPUTHS B BOJE HACEIEHHBIX IYHKTOB,
[10J1aBaeMOil U3 EHTPaIN30BaHHBIX HCTOUYHHUKOB (CETeBas BOJOIIPOBOIHAS BOA
Y BOJA apTE3MaHCKUX CKBaxkuH), 2004 r.

ITyHKT HaOMOIEHUS Iﬁﬁ;ﬁiﬁ?ﬁ?ﬁf [TyHKT HaOMIOACHUS Ii(;};iifp;;/?lﬂ
MeTauHO 39; 78" Hanpuss Jaua 13
Kemremv 36; 26; 22" Jetckuii nnoHepnarepb 13
BuneBoropck 42; 46" Kysnenkoe 14
Kv3pu10ymax 50 Mayk 6
Kaciu 14; 60" Aprasm 2
XynanOepauHCK 51 Pymank 6
HoBoropHsiIii 16; 60"

* Pa3Hoe BpeMs HaOMIOeHMIA.

W3 1abx. 2.2 BUIHO, UTO COAEpKaHHUE TPUTHS B BOAE IEHTPATEHOTO BOJOCHAOKEHHUS
B MCCIIEZIOBAHHBIX HACENIEHHBIX ITyHKTaX BApBUPYET OT YPOBHS TEXHOTEHHOTO (poHa
1o 60 bx/n. HanOonee HU3KMe 3HAYEHUS] OTMEUCHBI 1S H. . Aprasii, Mayk, PynHuk,
HauOosee Beicokre — Juist H. 1. Kaciiu, HoBoropusrii, Xynaioepauack, Kei3pui0ymak,
BumneBoropck.

Poonuxu mipenctaBisioT cOOOM €CTECTBEHHBIE BBIXOABI IOJI3EMHBIX BOJ
Ha TIOBEPXHOCTH 3eMJIM. KOTM4ecTBO 1 Ka4eCTBO POAHUKOBOM BOBI 3aBUCHUT OT nebura
W TIyOWHBI 3alieTaHusi BOJOHOCHOTO TOPW30HTA, €€ HKOJIOTHYECKas YHCTOTa
OTpeieNsIeTCs] HANMYHEM WJIH OTCYTCTBHEM (PaKTOpa MPOHMUKHOBEHHS XUMHUYECKHX
U paJIMOAKTUBHBIX 3arpsi3HUTENICH B MUTAIOIIUM BOJOHOCHBIM TOPU30HT, a TAKXKE UX
aTMOC(EpHBIMH BBITIICHUSIMA M TIPUTOKOM C TIOBEPXHOCTHBIMH BojiaMU. B paiione
HCCIIEIOBAHNA HAWAEHO 9 POJHMKOB, 3HAUYEHUS KOHIEHTPALUM TPUTHS B KOTOPBIX
BapbUPOBAJIN OT YPOBHsI TEXHOTeHHOTO (oHa 10 44 bk/m.

Puc. 2.17. YpoBHH copepKaHUsl TPUTHS B POJTHUKOBOM Boze, br/n
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Wzomuanm (puc. 2.17) CBUACTENBCTBYIOT O HAIMYMKA B POJHUKOBON BOJC
MTOBBIIIIEHHBIX KOHIIEHTPAIMH pagroHyKiInaa B 30He, npuommkenHon k 110 «Mask»
(KemreiM, Pymgauk, Tatemmn), u mMeHpmux — B Oornee ymanéHHoM paiione (Cumad,
Mayxk, Kysimn, U6parumoBo).

1.7. Boonas sxocucmema pexu Teua

Peka Teuda siBisieTcst mpaBbIM TPUTOKOM pekH VceTs, Briafaromeit B pexy To0od.
Bwmecte ¢ pekoit MpThIII OHH OTHOCATCSA K THAporpadudeckoil cucreme peku OOb,
Braaomei B CeBepHbiil JIenoBUTHIN OKeaH.

Teua Oepér cBoe Hauanmo w3 03. MpTsm, cTOK BOABl M3 03epa B PEKY
3aperyaupoBad mioTuHod II-1. Kak oTrMeuanock Bbllle, B NMEPUON CTPOUTEILCTBA
u pynkuunonupoBanus [10 «Masik» B BepxHeH dacTtu pycia peku Teda Oblia co3maHa
cucTeMa THAPOTEXHUYECKUX COOPYKEHUH, BKIIOUAIOMINX KacKaJ MPOU3BOACTBEHHBIX
BOZ0EMOB, IJIOTUHBI U O0BOJIHBIC KaHabl. Hmke Mecta BHaseHus B peKy OOBOJIHBIX
KaHajoB Teda Ha 3HAYUTEIBHOM pACCTOSHUM MPOTEKaeT MO IIMPOKOW JIOJIMHE
C MHOXECTBOM 0Oo0yioT. bomnbllyro TeppuUTOpHIO 3aHMMalOT 00l0Ta B paiioHe
HaceN€HHOro TMyHKTa AcaHoBO (AcaHOBCKHE 0050Ta) 00mIed NPOTHKEHHOCTHIO
npuOIM3uTENsHO 10 KM U MIUPHUHOM OKOIIO 2 KM.

Pycno B STOM paiioHe BBIpa)k€HO HEUYETKO, peKa MPOTEKAeT HEOONBIIMMHU
nmporokamu. B cpenHeM M HIKHEM TeueHHHM (0T ¢. MyCIIOMOBO M HIKE) OHa
pacmmmpsieTcs M yriyOnsercs, HpuoOpeTaeT 4YETKOe YMEPEHHO-U3BUIIMCTOE PYCIIO
c mIécaMu U IiepeKaTaMu, OTMEIISIMHU 1 KocaMH. bepera pekn HecuMMETpUYHbIE: 9acTo
OYEHb KPYTOMY WM OOpBIBUCTOMY Oepery COOTBETCTBYET HHM3KHM MOJOrHi
MPOTHBOIOJIOKHBIN Oeper. JIHO pekr B OCHOBHOM IeCYaHOE M MeCUYaHO-KaMEHHUCTOE,
MecTaMHu cKanbHoe. B  MecTtax er'Iy6J'IeHI/I$I JHa T1pyu 3aMCIJICHHOM TCYCHUHN
BCTPEYAIOTCSl WIMCThIE W MECYaHO-WIMCThIE JAOHHBIE OTJIOXKeHHs. boiee neranbpHOE
onucanyue MOP(OIOTHUECKUX U THIPOTrpapUUecKuX XapaKTepUCTUK PEKHU HPUBEIECHO
B pabote [Moxkpos, 2002a, 0].

Paiion HCCIIEIOBAHUS
£ RaweHcK-Ypaneciih (puc. 2.18) Brmowan peky Teua
B CpPEIHEM U HIKHEM €€ TEUCHUHU
0T ¢. Myci1roM0oBO 0 ¢. 3aTeueHCKoe,
a TakXke HACEJNIEHHbIE  ITYHKTHI,

X
BapabaHosckoe'e
Cunasckos e\q

« 30TMHO ® “\Orcynoao

Yoro-Barapmce g Hinxin PacIooKeHHbIE 1o Oeperam
Akvakynb { MeTponaenoeckoes
Tcavosa mgeros U 10 TpaHCeKTe OT peku Teua
N\ _ no nep. bapabanosckoe Ha e€ jieBOM
Almposoe e Bepx. Tevua 6eper.

MOHUTOPUHT TPUTUSL B peKe
Tewa B pailoHe c. MycaoMOBO
B mepuon 2005-2009 rr. (puc. 2.19)
MoKa3all, 4To B pa3Hble TEepPHOIBI

B.TacknHo
L]

popoKanmax HAOJIIOJICHU  €ro  KOHIIEHTPALUs
B BOJIC BapbHUpOBaja B IIMPOKHUX
mpenenax — ot 30 mo 600 bx/n

Puc. 2.18. Kapra-cxema pacnoyoxKeHHs TOUEK

oT60pa o6 B paiioke pexu Teua npu cpeaneM 3HadeHnu 250 Br/i.
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Koruermpauusi, 5K/ Ha puc. 2.20 npexacraBieHbl
or KOHLIEHTPAlMM TPUTHUS B BOAE PEKHU
Teua Ha  pa3sHOM  PacCTOSHUU
500 | ot riotunsl [1-11, momyyenusie B 2005
u 2010 rr. BunHo, 9TO B peYHOM BOJIE
CpemHee CoAEpXKaHHE pPaJUOHYKIHIA
400 | | B yKa3aHHbIC NEPUOABI HaOJIIOJCHUI
OBLIO MPUMEPHO OANHAKOBO U B IIEJIOM
CHIDKQJIOCH Ha HCCIIEAYEMOM YYacTKe
pexu ot 130 mo 70 bx/m.

[IpuBenénnsle Ha puc. 2.20
200} JaHHbIE CBUIETEILCTBYIOT O TOM, YTO
peka Teda Ha BCEM CBOEM NPOTSKEHUU
— HECET TMOBBIIIEHHBIE KOHIIEHTPALUU
PaaMOHYKIN/IA, IPEBBIILAIOIINE YPOBEHb
TEXHOTEHHOTO (oHa B CpegHeM
ot 10 no 30 pa3, omHAKO B OTAEIbHEIE
nepuoasl  HaOMIOJIeHWH  ypOBEHBb
TeXHOTeHHOro (ona mpesbrman 100

300 ™

100

12 3456 7 8910
Bpewmst HabrodeHul

Puc. 2.19. Conepanue TPUTH u 6onee pa3 [Mokpos, 2002a, 0].
B BOJC pCKHU Teua B paﬁOHe H. II. MyCHIOMOBO B CBS3H C IIOCTOSSHHBIM ITIOTOKOM
B PasHbIE TIEPUOIBI HAOTIONEHHH: MOBBIMICHHBIX KOHIICHTPAIIUH TPHUTHSI
1—01.06.05;2—08.08.07; 3—05.12.07 ¢ pogamm pexn Teua MpeACTABIAIO

4—27.05.08; 5 —26.09.08; 6 — 9.12.08;
7—10.12.08; § — 14.01.09; 9 — 13.03.09;
10— 29.06.09

WHTEpPEC ONpEACINTh, KaK BIHSET
e¢ 3arps3HeHHe Ha COJAEp)KaHue
paluMOHYKIMAa B TUTHEBOM BoOXE
MPOXKMBAIONIET0 B NMPHOPEKHOW 30HE HaceneHus. V3BeCTHO, YTO B COOTBETCTBHU
C IPOTPaMMOii peabUIINTAIINK 3aTPS3HEHHON TEPPUTOPUH IJIsl CHIDKEHHS TIOCTYTLICHUS
PanMOHYKIINAOB B MUTHEBYIO BOAY JKHUTEJIEH B HACENEHHBIX IMyHKTaX, HaXOAALINXCS
BJIOJIb 3arpsI3HEHHON PeKH, ObLTH POOYpeHbI r1yOnHHbBIE CKBaXHHBI (10 100—180 M),
U3 KOTOPBIX BOJa MOAAETCS B KOJIOHKH, PACIIOJNIOKEHHBIE HA TEPPUTOPUU ITHUX
HaceNnEHHBIX IYHKTOB (ceTeBas Boja). Bmecte ¢ Tem, HaceneHHe yrnoTpeOnseT BOLy
KOJIOZILIEB, POAHMKOB U JIMYHBIX CKBaKUH MEHbBIIEH TITyOHHBI.

@ 2005+
[ 2010+
200+ KoHuenmpauus, bk/in
L [ ] O
O O
100 . O | E
L O O
[ O O
O
50 (@]
T T T L
50 100 150 200

PaccmosiHue om nnomuHbl, kKM

Puc. 2.20. YpoBHU KOHIEHTpalUi TPUTHA B BoJie peku Teua
Ha Pa3HOM PACCTOSHUHU OT IUIOTHUHBI [1-11

111



Jlyis OlleHKM cojJepaHWsl TPUTUSA B BOJAC PA3NIUYHBIX MUTHEBBIX MCTOYHHUKOB,
pacmoioKeHHBIX B Toiime peku Teua, B 2005-2010 rr. mpousBoauiu oTO0p mpod BoabI
B HACCNIEHHBIX IMyHKTaX: MYCIIOMOBO (B HACTOSIICE BPEMS JKUTCIM OTCEJICHBI),
Bponokanmak, Pycckas Teda, JlJobanoBo, AHayroBo, Bepxuss Teua, byraeso, LllyTuxa,
[lepmmackoe, 3areuenckoe, JlonmvaroBo. OOBEKTaMH FWCCIENOBAaHUS CITy)KHJIa Kak
ceTeBas BOJa, TaK U JIPYTHE TUIIBI TUTHEBON BOJIBI, UCTIONH3yEMOU HACEICHNEM.

AHanmu3 NMOJY4YeHHBIX pe3yJbTaTOB MOKa3all, YTO CETeBas BOJAA, NOCTYyHArOIIas
B KOJIOHKHM W3 TJIYyOMHHBIX CKBQ)KWH, COJCPXHUT 00Jiee BBICOKHE KOHIICHTPAIIUU
PaAMOHYKIIUA, YeM BOJAA JIMYHBIX CKBaXKHH, KOJOJIIICB W POJHUKOB C MEHBIICH
riryonHo#. B cpemnem pazmiane coctaBmio 2—3 pasa (puc. 2.21).

YPpOBHM KOHIIEHTpAIIU{ TPUTHSI B CETEBOM BOJIE UMEIOT TEHICHIIMIO K CHUYKEHUIO
[0 Mepe yIalleHus! OT IUIOTHHEI, TOT/Ia KaK B BOJE KOJOJIEB, POJHUKOB U JMIHBIX
CKBR)KUH COJICP)KAaHUE PATUOHYKIIH/IA TPAKTHUECKH OJMHAKOBO HA BCEM MPOTIKCHUH
pexu. Cratucruueckas o0pabOTKa BCel COBOKYITHOCTH JaHHBIX (puc. 2.22) mokaszaia
BBICOKO JIOCTOBEPHOE pasiMyle MEXIy KOHICHTPALMSMH TPUTHS B CETEBOM BOJE,
MOCTYMArOIIEN 13 TITyOMHHBIX CKBaKHH, M COJIEPIKaHUEM PaIHOHYKIIHIA B BOJE MEHee
TIyOOKAX THTHEBBIX HMCTOYHUKOB, KOTOPBIMH TIONMB3YIOTCS IKUTEIH HACEICHHBIX
myHKTOB (ypoBeHb 3HaunMocTH p = 0,0016).

R KoHuyeHmpauus, bi/n

100

50

L
L ) L o
o o °
o
20f
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100 150 200 250

PaccmosHue om naomuHel, KM

Puc. 2.21. YpoBHU cojiepKaHUSI TPUTHS B HICTOYHUKAX MTUTHEBOTO BOJIOCHA0KECHHUS
JKHUTENeH HaceIEHHBIX MYHKTOB, PACIIONIOKEHHBIX B IoMe peku Teua:
1 — ceteBas BoJja; 2 — BOJIa JUYHBIX CKBa)KWH, KOJIOJIIIEB, POTHUKOB

[oBbImeHHOE Coep KaHNe TPUTHUS B CETEBOI BOZE, IOCTYMAIOIIEH 13 TITyOMHHBIX
CKBa)KUH, TI0 BCEW BEPOSITHOCTH, OOBSCHSAETCS TEM, YTO PyCIIO pekH Teua pacroiokeHo
B 30HE pa3jioMa 3eMHOW KOPBI, MO KOTOPOMY HAET (QUIbTpamus 3arpsa3HEHHON
PaIUOHYKIMUIOM BOJBI U3 MPOU3BOACTBEHHBIX BOJOEMOB, HAXOMSIIMXCS B BEpXHEH
YacTH 3aperyIMpOBaHHOTO pycia peku [ YTkuH, 1997; Atnac..., 2007]. Kak mokazaHo
BBIIIIE, BOJa TPOW3BOJICTBEHHBIX BOJOEMOB, PACIOJOKEHHBIX B pycie peku Teua,
CONEPKUT 3HAUMUTEIHHO OOJiee BBICOKME KOHIICHTPAMA M 3amac paJuoHyKIHAA
[0 CPAaBHEHHUIO C OCTAIbHBIMU BOJHBIMHM pe3epByapamMu B 30HE BoznedctBus 110
«Masixk». Hannune npsiMoi 3KCITOHEHIIMAIBHON 3aBUCUMOCTH MEKIY KOHUEHTpalueu
TPUTHUSL B BOJE MPOU3BOJCTBEHHBIX BOJOEMOB U MX PACCTOSHUEM IO HCTOKA PEKHU
(cMm. puc. 2.3), a Takke HAIWYAC AHAJIOTUYHOU CBS3M MEXIY KOHIICHTPAIMSIMHU
paJlMOHYKJIWJIa B CETEBOM BOJIE HACEJIEHHBIX ITYHKTOB, PACIION0XXEHHBIX B ITOMME pEeKU
Teua, n ux paccrosauem ot WiIOoTHHE [I-11 (cM. puc. 2.21) moaTBEepXIaeT TOT (GakT,
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YTO MPOU3BOJICTBEHHBIC BOJOEMBI M peka Teua 0ObEMHEHBI B THAPOTCOIOTHISCKYHO
CETh, IO KOTOPOW BHU3 10 TCUYCHUIO MPOUCXOIUT MOA3eMHasl TTyOuHHas (GMIbTpaIius
3arpsi3HEHHBIX BOJI, mocTynatonux ¢ [10 «Masik». U3 Hanbomee rimy0oKiX BOAOHOCHBIX
TOpu30HTOB 3TOM BogHOH cetr (100 M u Ooree) TpUTHEBOE 3arpsA3HEHUE MOCTYIMaeT
B TIPOOYpEHHBbIC TIIyOWHHBIC CKB)KHHBI, NMPH TIOMOIIM KOTOPBIX 00ECIIeYHBACTCS
BOJIOCHA0)KECHHE HACEIICHHBIX TYHKTOB Yepe3 CETh KOJIOHOK.

90

Koaqeﬁlmpauuﬂ. Br/n

R o Mean

80 | ] O SE +SD

70 T

60} a ]

50 | il

40 | .

i % 2
30 1

20 : : : -

Puc. 2.22. Pe3ynpTaThl CTATUCTAYECKONW 0OpaOOTKH TAaHHBIX MO MUTHEBOI BOZE
B HAaceJCHHBIX IyHKTax (moiiMa peku Teda): / — cereBas BOJa;
2 — BOJIa TINYHBIX CKBaKUH, KOJOAIECB, POJHHKOB

B ornmume oT riIyOMHHBIX BOJ, MMEIOIIMX CBSI3b C IPOHU3BOJCTBEHHBIMHU
BOJIOEMaMH, BOABI IPYTUX MUTHEBBIX HCTOYHUKOB (KOJIOALIEB, MEHEE TTTyOOKUX JIMUHBIX
CKBa)XXMH), PacIOJIOKEHHbIX B MoWMe pekH Teua, MOANUTHIBAIOTCS OTYACTH 32 CUET
BOJIBI caMOil PeKH, aTMOC(EPHBIX BBINAJACHUI W MMOBEPXHOCTHBIX BOJ MPHIIETAIONIEH
TEPPUTOPHH, TIOATOMY KOHLIEHTPALUS TPUTHSI B HUX MEHBIIIE.

B cBs3u ¢ 3TMM OBLJIO MHTEPECHO YCTAHOBUTH, NMPOSBISACTCS JIM DPa3INyuUe
B KOHIIEHTPAIIUSX TPUTHS MEKAY TTyOMHHBIMH U TOBEPXHOCTHBIMH BOJJAMH TTUTHEBBIX
HWCTOYHMKOB B OTJAJICHHH OT OCHOBHOTO pyciia peku Tewa. Jlms aToit menw ObLIH
o0cJie10BaHbl BOJHBIE HCTOYHUKH B IIYHKTaX HAaOMIOACHUI, paCIONI0KEHHBIX Ha JIEBOM
Oepery peku 1o TpaHCeKTe MeXIy H. 1. bapabaHoBckoe u pekoit Teua (cm. puc. 2.18).
Crnenyer 3aMeTHTh, YTO CETEBas BOAA B ITHX ITyHKTaX HAOMIOACHHN MPaKTUYECKH
orcytcTByeT. Cpean MpOYMX BOAHBIX MCTOYHHKOB UMEIOTCSl CPABHUTENBHO IIyOOKHE
CKBa)XKHMHBI, KOTOpble oTMeueHbl Ha pucyHke (IlerponasnoBckoe — 60-80 m; Kupaer —
90 m; HxcanoBo — 68 m; Hmxusst — 33 ™). 3HaueHUS KOHIIEHTPALUN TPUTHS
B Pa3IMYHBIX MUTHEBBIX HCTOYHUKAX B 3aBUCHMOCTH OT UX PACCTOSHHUS JI0 pycia peKu
Teua nmpencTaBiieHsl Ha puc. 2.23.

Kak okasanock, B CTOpOHE OT pyciia KOHIEHTPAIIMN TPUTHS BO BCEX MUTHEBBIX
WMCTOYHHUKAX, B TOM YHCJIE€ U B CPAaBHUTEIHHO TIyOOKMX CKBaXKHMHAX, UMEIOT OJIM3KHE
3HaueHuss (ot 5 mgo 15 Bk/m), KOTOpble 3aMETHO HIDKE aHAJOTHYHBIX 3HAYCHUH
JUTSL CETEBOM BOJIBI M3 TITYOMHHBIX CKBaXXHH B MOMMe peku (cM. puc. 2.21).

Takrum 00pa3oM, TIOBBIIICHHBIE KOHIEHTPAIMM DPAJUOHYKIHIA B BOJE
[NTyOMHHBIX MCTOYHUKOB OTMEYEHBI JIMIIb B moiime pekn Tewa. M3 pabotsl criemyer
MPAKTUYECKUN BBIBOJ: AJISI CHMKEHUS MOCTYIJICHUS] TPUTHS B OPraHU3M C ITUTHEBON
BOJOH KHUTESM MPEAIOYTHTENHHO HUCTIOIH30BAaTh KOJOIIBI, POAHUKH M HETITyOOKHeE
JIMYHBIE CKBA)KUHBI, & HE CETEBYIO BOJY, IIOCTYIAIOLIYIO U3 TIIyOUHHBIX CKBA)XKHH.
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PaccmosiHue do p. Teva, kM

Puc. 2.23. Coneprkanue TPUTHA B BOJE MUTHEBBHIX HCTOYHHUKOB,
PAacTIONIOKEHHBIX TI0 TPAHCEKTE Ha Pa3sHOM PACCTOSHHU OT pycia pekn Teda:
1 — xonoausl; 2 — AMYHBIC CKBaKUHBI TITyOHHOH 10 20 M; 3 — pOAHUKY;
4 — cereBasi BOJ]a M YaCTHBIC CKBAXXUHBI TITyOHHOM Ooiee 30 M

1.8. Boounas skocucmema pexu Muuiensax

Pexa Mumensik 6eper cBo€ Havaso U3 03. Yiarady, fanee MpoXoIuT 10 F0KHON
rpaHuIle CaHUTapHO-3amMTHON 30HBI [IO0 «Masik» W BHagaer B NpaBOOCPEHKHBIN
00BoHOI KaHa1. OHa EPEeKPHIBACT MOTOK (PMIBTPALIMOHHBIX BOJ B FOKHOM HAIIPABICHUH
OT NMPOU3BOACTBEHHBIX BoJ0eMOB 110 «Mask». CuntaeTcsi, 4To OCHOBHBIE TOCTABLINKHU
TPUTHEBOTO 3arPsA3HEHUS 3TOH TeppuTopuu — Bogoémbl B-9 u B-17 (puc. 2.24).

Hanuuue pa3noMoB 3eMHOH KOPBI U APYTHX THAPOr€0JIOrMUYECKUX HapyLIEHUN
Ha TEPPUTOPUU CO34aéT NPEANOCHUIKH sl NPOHUKHOBEHHUS (QHUIBTPYIOLIMXCS
13 MPOU3BOJACTBEHHBIX BOZOEMOB BOJI B BOJIOHOCHBIE TOPU30HTHI B MHTEPBaJe INIyOHH
1o 100-150 M u ang pacnpocTpaHEHHUS UX B CEBEPHOM U KOXKHOM HAaNpPaBIICHUSAX
[UBanuikas, Manodeera, 2002]. Murpanusi 3arps3HEHHBIX BOJI, MOCTYITHBIIHX
B TOJ3€MHBIE€ TOPH3OHTHI, MPOHCXOIUT B COOTBETCTBHM CO CTPYKTYypOW IOTOKAa,
BOJIOHOCHOCTBIO U TPEUIMHOBATOCTHIO MOPOJ. /[l M3ydyeHus: XMMHUYECKOIo COCTaBa
MMOBEPXHOCTHBIX W MOA3EMHBIX BOJ U CKOPOCTH NPOJBMKECHHS MOTOKA 3arpsA3HEHUS
Ha [10 «Mask» co3gaHa pexxumHas HaOJIIOAaTeNbHas CeTh, KOTOpask BKIOYaeT Oosee
3000 nmeHCTBYIOMMX M 3aKOHCEPBUPOBAHHBIX CKBaXHH, NPOOypeHHBIX ¢ 1942
o 2005 rr. [ATnac..., 2007].

Cmapoe ﬁojomo (B-17) B-10
Kapauaut (B-9)

ofroomean

2 M!/q,e g

O3. Ynaza4

Puc. 2.24. Cxema pacnosio>keHusi Touek HaOIroeHnit (TH) B pycie peku Muluensk
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UccnenoBanre KOHUEHTpalWid TPUTHS B BOAE PEKM MHUIIETSK MPOBOIUIN
B nepuon 2007-2009 rr. (puc. 2.25). B 2007 r. KOHICHTpaLUsl TPUTUSI B BOJE ITOH
peku 3apeructpupoBana Ha ypoBHe 30—40 bx/mn, B 2008 r. — 50-90 bk/1, a B 2009 r.
oHa BapbupoBaia ot 150 go 230 bx/n. Takum oOpa3om, coTIIacHO IPUMEPHOI OIICHKE,
B TEUEHHE NEpHoJa HAOIIOAECHUM BBIHOC TPUTUSA C BOIAMU PEKH BO3POC MPHUMEPHO
B 5 pa3. YpOBHH KOHUEHTPAUMA pPAZUOHYKINAA HE3HAYUTEIBHO BapbUPOBaIU
Ha MPOTSLKEHUM Beel peku. [IpuBeneHHble JaHHBIE CBUIETENBCTBYIOT O TOM, YTO PEKa
Ha BCEM CBOEM MPOTSHKEHUH OoJiee WIM MEHEE PaBHOMEPHO IPEHUPYET MPHUIICTAIOITYIO
TEPPUTOPUIO W BBIHOCUT TPUTHEBOE 3arpsa3HEHUE uepe3 MPaBOOCPEk HBIH KaHal
B peky Teua.

YpoBHM  KOHLEHTpalMi  paguOHYKIMAAa B  IIyOMHHBIX  CKBaKHHAX,
pacrojoXKeHHbIX B oWMe pekr Mulessk, npeacTaBieHsl Ha puc. 2.26.

[ 29.06.09

KoHueHmpauus, bk/n QO 18.08.09
=00 A 80707
V 12.03.08
200 8 % —1
100 |- A
A
AN
50 A
v
v
20

TH-1 TH-2 TH-3 TH-4
Mecmo ombopa npob

Puc. 2.25. YpoBHM KOHLIEHTpAIMH TPUTHS B BOJIE peKH MHUIIEIIK
B pa3Hble CPOKU HAOIIOIEHUI

«45
®423

® 917

Puc. 2.26. Conepxanue TpUTHS B BOJIe CKBRKUH HAOIIOIEHUS B TIoiMe peku Mumesik, bk/n
B ucciie1oBaHHBIX CKBOKMHAX COACPIKaHUE TPUTHS BapbUpOBaio oT 9 10 423 bx/n

npu cpeaneM 3HaueHnu 100 + b/, mpu 3TOM cpeiHee 3HaueHUE [IPEBBIIIAN0 YPOBEHb
TEXHOTEHHOr0 ()OHA MO TPUTHUIO I YpalbCKOro peruoHa B 20, a camoe BBICOKOE —
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B 80 pa3. XoTs mpuBeACHHBIC HA PUCYHKE MOKA3aTeNn HUKE YPOBHS BMELIATEILCTBRA,
PETJIAaMEHTHPYIOLIETO  COACp)KaHWE TPUTHA B NHTHEBOM BOAE, ITOBBHIIICHHbIC
KOHLICHTPAIlMN PAJNOHYKJIH/A BO BHYTPUIOYBEHHBIX BOAAX B IOXKHOM HAlpaBICHHU
OT TIPOM3BOACTBEHHBIX BoMoeMOB IIO «Masik» MOTyT CIIy)KHTh HCTOYHUKOM
TPUTUEBOTO 3arpsi3HEHHUS THUTHEBBIX BOA MmocedkoB HoBoropusiid, Kei3puiOymak
n XynaiOepIuHCKHA.

1.9. Paiion 2. O3epcka

B paiioHax pasmenieHus
KPYITHBIX SITEPHBIX 00BEKTOB
HE00X0IUMO HCCIIeTOBaHNE
PaIuo3KOJIOTUIECKOM 00CTaHOBKHU

B TOPOJaX, I/ie IPOKUBAET HAaCEICHHUE.
Takum ropogom siBisiercs: O3epck,
CTPOUTENBCTBO KOTOporo (1945 r1.)
TECHO  CBfI3aHO C  peanu3anuent
atomHoro npoekra Coserckoro Coro3a
u crpoutenbctBoM [IO0 «Masiky —
IIEpBOIO B  CTpaHE MPEAINPHUATHS
aTOMHOM MPOMBIIIUIEHHOCTH (pHC. 2.27).
Ozepck Haxomutcs B UYensOWHCKOMH
obmactu Ha Oepery o03. Uptsam, ero
wiomany — 657,32 kM?, HaceneHue
Ha 2018 r. cocraBisuio 83 217 yenoBexk.
Ha mpuMsikaromieil K HeMy TeppUTOpUN

03. Kapaqau<>

Puc. 2.27. Kapra-cxema pacnoyioskeHus: TOUEK
HaOmroenuit (/—5) B paiione r. O3epcka:
1 — 03. Uprsm, 6/0 «OTBaxHBII»; 2 —
03. Uptam B uctoke pexu Teua; 3 — mecto

3abopa Boabl 11 cHaOxkeHus r. O3epcka
MUTHEBOM BOJION (TOPOCKO BOJOIIPOBO/);
4 — 03. b. Hanora; 5 — 03. Ke3puiram

pacnogiokeHsl 03€pa bonbias u Manas
Hanora u nDpOMBIIIIEHHBIH BOJOEM
KepuiTam. Y ceBepo-BOCTOYHOMN

OKpauHbI TOpoJia npoTekaer peka Teua.
O0mbekTaMu nccieioBanus B T. O3epcke U Ha pWIIEraloniell K HeMy TeppPUTOPHH
CIIy>KWJIU JIO’KIEBbIE U CHErOBBIE Ocaky, BoAa 03&p Uptsam, b. Hanora u ucroka pexkn
Teua, a Takke BOZOIPOBOAHAS BOAA TOPOJA, Je U3 XOIOANIbHUKA,
Hooicoesvie ocaoku. Ha puc. 2.28 npencraBieHbl JaHHBIE MOHUTOPHHTA TPUTHUS
B aTMocdepHbIX ocaakax r. O3epcka. st cpaBHEHHUS HA PUCYHKE TIOKA3aHbl 3HAUCHUS
KOHIIEHTpalMi paJuoHyKIMga B ocajgkax roponaoB Yebapkyiar u ExarepunOypr,
PaCITOJIOKEHHBIX Ha pacCTOSHHUSIX TpubaumsutensbHo 100 kM Ha 10ro-BocTok u 120 kM
Ha tor ot O3epcka cooTBeTcTBeHHO. Cpe/in yKa3aHHBIX ITYHKTOB HaOIIOICHUI Hanboree
BBICOKHE KOHLICHTPALIMU TPUTHS 3apETHCTPUPOBAHbI B ocafkax r. O3epcka, TIe B pa3Hble
MecsIbl OHU M3MeHsIuch oT 11 1o 430 Bbx/n npu cpennem 3Hadenuu 70 = 16 Bbx/i.
B To e Bpems B 1. Uebapkyib cpejiHee 3HaUeHNEe KOHIICHTPAIMA TPUTHS B JIOXKIEBBIX
ocazakax (154 1,5 bx/m) O6bw10 mouTH B 5 pa3 MeHsbIue, yeM B O3epcke (pa3dopoc TaHHBIX
WHIMBHIYAJIBHBIX 13MepeHui oT 5 1o 28 bx/n). B ExarepunOypre noxaeBble 1 CHETOBBIE
ocanku B 2013 1. cogep:xanu nmpuMepHo B 4 paza MeHbIIIe TPUTHA, YeM ocaaku O3epcka
(ot 6 mo 50 bx/n npu cpenHem 3Havenun 18 =1 Br/m). Craructudeckas oopaboTka
JaHHBIX TOKa3aja JIOCTOBEPHOCTb pa3lMYMi IO COACP)KAHHIO TPHUTUS B OCaIKax
Mexay ropomamu Ozepck u Yebapkynb (ypoeHsb 3HaumMmoctu p = 0,01), O3epck
u ExarepunOypr (p = 0,0004) 1 oTCyTCTBHE 3HAYUMBIX Pa3IHIAN MEXIY TOpodamMHu
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Uebapkyns u ExatepunOypr (p > 0,05). Bo Bcex myHkTax HaOMIOJCHHI CpEIHUC
KOHIIEHTPAIlMN TPUTHS B OC3JKaxX TMPEBBIIIAIOT YPOBEHb TEXHOTEHHOTO (QoHa
JUIs1 YPpanbCKOro peruoHa.

Cree. CBeficHHS O KOHIICHTPAIMSX TPUTHUS B CHE)KHOM TOKPOBE Pa3HBIX MECT
tepputopuu r. O3epcka B 2005 1. mpeacTaBiIeHs! Ha puc. 2.29, U3 KOTOPOTO BUIHO, YTO
collep)KaHMe DPaIWOHYKJIHIAa B CHEroBOM Boae BappupyeT oT 28 mo 152 bx/n
npu cpenHeM 3HaueHuu 54 + 13 bx/n. [loaydeHHbIe TaHHBIE TOKA3BIBAIOT, YTO YPOBEHB
TEXHOT'CHHOTO (POHA JIjIsl YPalIbCKOTO perroHa npeskiiieH oT 5 1o 30 pas.

1501 Konuermpauus, Br/n .
L)
100F A - * .
— 70416
50F E . .
- - . -
- . b .® .
LIPS . - .
10F * -
5L * Jox0b
o CHee
- B N
20 . b - .
- L
o - 15+1,5
10F « "
*e ® . .
oL
40 o
K « o
30 ° ° - %
20 - °o o ® .9 . . : : 5
€ g & e W o e " 8L
10F & . - °
L LY
0 i A . . ; " . i i i : ;
1 2 3 4 5 6 7 8 9 10 11 12
Mecsupl 200a

Puc. 2.28. YpoBHH KOHIICHTpPAIMK TPUTHSI B aTMOC(HEPHBIX OCaIKaX TOPOIOB:
A — Osepck (2007 r.), 5 — Yebapkyias (2007 1.), B — ExarepunOypr (2013 r.)

160 . KOHUEGHMpPayus, br/n
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40

2 [ls sﬂ

Puc. 2.29. CpeHre KOHIICHTpAIIUU TPUTHS B CHETOBOM Bojie T. O3epcka
B Pa3IMYHBIX TOYKaX HaOmoneHui (/—11) B mpeaenax ropoiCKOi TEPPUTOPUH
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O3épa. B 1abn. 2.3 nmpuBeAeHHI AJaHHBIE O KOHIICHTPALMHM TPUTHS B BOAe 03D,
pacIoIoKeHHBIX B nepudepuiinoit 30He 1. O3epcka, n3 HUX HMpram (turomaap —
~ 60 kM?, TiyOuHa — 12-22 M) — OJHO W3 CaMbIX KPyNHBIX 03&p YensaOuHCKOI
00yacTH, SBJSETCS HCTOYHMKOM IUTHEBOTO BOAOCHAOKEHMs JKUTEIeH ropoza
U OCHOBHBIM IOCTAaBIIMKOM Boabl ans Hyxa IIO0 «Mask». Bomoém ucnosb3yercs
IUIsL OTIBIXa M BOJOCHAO0XKEHUST HACENICHHsI, PpIOOpa3BeIeHUS U TFOOUTENHCKON JIOBIH
pBIOBI, Ha €ro 3amagHoM Oepery HaxOMUTCs OOJNBIIOE KOJIUYECTBO 0a3 OTAbIXa.
CormnacHo eIMHUYHBIM AaHHBIM, COJACPKaHHE TPUTHA B Boje 03. MpTam coctaiser
18-21 bx/m, uto mpumepHO B 4 pa3a MPEBBIIIAET YPOBEHb TEXHOTEHHOTO (pOHA
JJIs1 YPpanbCKOro peruoHa.

Osepo Bonbiuas Hanora (mwmomams — 5,3 kM?%, cpennss — ruybouna 4,2 M)
NPUMBIKAET C loro-3amaga K r. O3epcKy, COCOUHEHO MNpOoToKamu ¢ 03. Mprsm.
B pesynbraTe cOpoca B BOZOEM MIPOMBIIIIICHHBIX U OBITOBBIX CTOKOB T. KbIITBIM BOJA
B HEM 3arps3HEHa TKENbIMH MeTauiaMu, (ocdaramu, MapraHueM HU TPOUYHUMHU
xuMudeckuMu BemecTBamu. 1o ganHeiM 3a 2016 1., KOHUEHTpaUuUsl TPUTHA B €0 BOJE
coctaisiia 32 + 1 bk/n, 4yTo mpuMepHO B 6 pa3 BbIIE YPOBHS TEXHOTCHHOTO (hOHA.

Osepo Keipurram (mwiomans — 19 km?, cpeauss riyouna — 3,4 M) — BOJOEM-
OXJIaJIUTENb MPSIMOTOYHBIX siAepHBIX YcTaHOBOK [10 «Mask. Pacnionoxkeno npumepHo
B 2 kM oT T. O3epcka. B Hero, HapsAQy ¢ TEXHOJIOTMYECKUM cOpOCOM TEMIBIX BOJ,
MOCTYNAlOT KOMMYHAJbHbIE CTOKM M JIMBHEBas KaHAIM3ALMs C I[IPOMILIOLIAIOK
aTOMHOTO npeanpusatus u r. O3epcka. O3epo UMEET MOUIHBIA CJIOH WIIOBBIX JOHHBIX
OTJIOXKEHUH (OO0 8 M), B KOTOPHIX CKOHLEHTPUPOBAHO 3HAYMUTENIFHOE KOJIMYECTBO
XUMHUYECKUX M paguoakTHBHBIX BemiecTB [Cmarus, 2007]. CorimacHO MOJy4YeHHBIM
JTAHHBIM, COJIep)KaHUE TPUTHUS B BOJIC 03€pa B 3aBHCUMOCTH OT BPeMEHH HaOIIOACHUIH
BapbsupoBaio ot 3187 mo 15300 bx/n mpu cpennem 3Hadennu 6330+ 1120 bx/m.

Tabauya 2.3
YpoBHU KOHIIEHTpanmii TpUTHs B Bojie 03&p Uptsm, b. Hanora, Kerzpurrarn
O3epo JaTa oT6opa nmpo6 Konnenrpanus tputus, bx/n
29.05.2007 18,6 0,9
Wptsim (puc. 2.1, 1. 1) 05.2016 17,9+0,6
05.2016 21,0£0,8
b. Hanora (puc. 2.1, 1. 4) 05.2016 32,5+1,1
29.05.2007 4600
05.12.2007 7044 +103
18.01.2008 7161 +56
30.06.2008 7010+304
18.08.2008 4651 +£240
Keipurran (puc. 2.1, 1. 5) 05.11.2008 3513216
09.12.2008 8153+396
12.02.2009 6477+103
14.04.2009 3187+200
12.08.2009 7352+60
25.09.2009 7039+1278

05.2016 15330+289
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Iumvesas u namopooicennass 6ooa. lIpm paccMOTpEeHHHM HMCTOYHHKOB
MTOCTYIICHUS] TPUTHUS B IMTHEBYIO BOY HaceneHus r. O3epcka clieayeT MOJ9epKHYTh,
YTO BOJIA B )KHUJIbIe JoMa Ioga€Tcs u3 03. Uptsm. MccnenoBanue KOHIEHTPALMN TPUTHS
B BOJIOIIPOBOJTHOM BOJIC ¥ B BOJIC M3 HAMOPOKCHHOTO B XOJIOAWIBHUKE JIba (Tadi. 2.4)
MIOKAa3aJIo, YTO COZIep KaHke PAJHOHYKINIA B 000uX cirydasx Bapsupyet ot 10 go 150 br/m,
OJTHAKO CpeIHWEe 3HAYEHUS KOHIEHTPAlMid TPUTHA B BOJE M3 HAMOPOXKEHHOTO
JIbJa OKa3aJIUCh PUMEPHO B 2 pa3a Bhimie (97 =20 bk/ir), yeM B BOIOIPOBOIHOM BOJIC
(44+7 b/n).

Tabruya 2.4
YPpOBHU KOHIIEHTpalMi TPUTHUS B BOJOIIPOBOAHOM BOJIE
Y HAMOPOXEHHOU B XOJIOAUIIBHUKE JIEASIHOU Macce B T. O3epcke

Bpewms otbopa Konuenrtpanus Bpewms ot6opa Konuenrtpanus
MPOOBI TpuTHA, bK/1 POOBI TpUTHA, bK/1
BopgomnpoBonnas Bosa BonompoBonHas Boga

31.01.2002 21,1 +£4.6 09.2010 94,9 + 40
24.02.2002 22,8 +£0,2 10.2010 93,9+ 14
24.03.2002 18,004 11.2010 282+ 1,7
07.2003 47,1 £0,6 12.2010 36,7+0,8
18.05.2004 35,1+0,7 01.2011 23,542
06.2004 432+04 02.2011 27,1+ 1,7
01.04.2005 502 03.2011 10,2 +0,5
03.2010 10,4 +0,9 04.2011 242426
04.2010 115,2+32,0 05.2011 195+19
05.2010 154,2 £83,5 06.2011 394+27
06.2010 86,8 £44,5 07.2011 34+1,3
07.2010 53+12 08.2011 19,1+0,3
08.2010 38,6 +4 05.2016 9,7+0,3
Cpennee 44 +7

JIén n3 XomoaniIbHUKA JIén n3 xomoauibHUKA
31.05.2004 87,1+£0,5 06.2010 149,2 +47,1
02.2010 107 £18 07.2010 10,7+3
03.2010 120,2 £48,2 08.2011 87,1+0,5
05.2010 107,8 £ 17,6
Cpennee 97+ 20

Craructrueckas 00padOTKa JaHHBIX TOKa3ana, YTo 3TO pa3jiHyKe JOCTOBEPHO
(p = 0,003). IByKpaTHOE pa3Indue M0 COASPKAHUIO PATHOHYKIIA/IA B BOAOIIPOBOTHOM
BOJIE U HAMOPOXXEHHOM JICJTHOW MAacce MOXXHO OOBSICHUTH Pa3HBIMH HCTOYHUKAMU
MOCTYIUIEHUSI B HUX TPUTHUS. B mporecce HaMOpaKMBaHUS PaJHOHYKIIHJ TOMAaaeT
B NIEJ W3 BO3[yXa, a B BOAOMPOBOJHYIO BOJY OH IIOCTYIMAeT MPEUMYIIECTBEHHO
u3 03. Uptsm. [lpusenénnrie B padore [YeboTrna u ap., 2012] maHHBIE TTO3BOJISIOT
MIPEIOJIOKUTh, YTO BO3AYIIHBIE BEIOPOCH [10 «Masiky SBISIOTCS OIHUM M3 OCHOBHBIX
VMCTOYHHUKOB 3arpsi3HEHUS TEPPUTOPUH TOPOJIA TPUTHEM.
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HUcmok pexu Teua. Kak ynomsinyTo BbIte, Teua 6ep€T cBoe Hauano B 03. MpTs,
3aTeM YXOIUT 3a mpeneisl ropoaa B npom3ony 110 «Masik». OCHOBHBIE TPUTOKHA —
pexku Murensik, 3ro3enra u backassik. B crapom pycne pexku Teua mMexay ozépamu
Wptsn 1 Ke3puttam co3nan nCKyccTBeHHBIN OydepHbIii Bonoém (B-1), 3HaunTenpHas
9acTh KOTOPOTO MPEACTABIIET cO00M 0010TO, 3apociiee TpocTHukoM [Cmarus, 2007].

CornacHo pe3syinbratam (Tabi. 2.5), comepkaHue TPUTHS B HCTOKe peku Teua
B mepuoa Habmomenui BapbupoBaio orT 20 mo 130 bx/m mpm cpemHeM 3HAYCHUH
69 = 7 bx/n. Ilpu 3ToM WHIMBUIYyalbHBIC 3HAUCHUS KOHICHTpaIwii ot 4 1o 26 pas
MIPEBBIIIAN YPOBEHb TEXHOTEHHOTO ()OHA, TIPUHATHIN 7151 Y paIbCKOTO PErHOHa.

Tabauya 2.5
YPpOBHU KOHLICHTpAaLUA TPUTHSI B BOJIE UCTOKA peku Teua
Bpewms ot6opa Konuenrpanus Bpewms ot6opa Konnenrpauus

IpoOBI TpuTHs, bX/1 POOEI TpuTHs, BK/1
03.2010 1159+21,9 02.2011 20,0+£1,3
04.2010 97,1 +37,7 03.2011 92,8+ 1,5
05.2010 121,9+48,2 04.2011 98,6 + 1,3
07.2010 129,4 +£27,0 05.2011 32,0+1,7
08.2010 84,4+ 10,0 06.2011 67,2+20
09.2010 116,4+3,3 07.2011 212+£1,3
10.2010 106 £22 08.2011 374+ 1,1
12.2010 259+0,5 09.2011 29,1+£1,3
01.2011 29,3+0,7 12.2011 259+0,5
Cpennee 69 +£7

CpaBHeHHE yCpeqHEHHBIX pe3ynbTaToB (Tabm. 2.4 u 2.5) nokasaio, 4To B TOUKe 2
KOHIEHTpaIus TpuTus npuMepHo Ha 40 % BrlIlIe, 4eM B TUTHEBOH BOJ/Ie, MECTOM 3a00pa
KOTOPO# CITyUT To4Ka 3 03. UpTsm. Yka3aHHOe pa3nudne CTaTUCTUYECKH JOCTOBEPHO
(p = 0,04). Bo3MOXHBIM OOBSICHEHHEM ITOTO MOXKET OBITh TO OOCTOATENHCTBO, YTO
TOoYKa 2 pacroyioxkena ommke K 03. Ker3purrani, uem Touka 3. B ¢BsI31 ¢ STUM BO3MOXKEH
MOJTOK 3arpsiI3SHEHHON TPUTHUEM BOJBI M3 PACHOIOKEHHBIX 04 Oy(hepHBIM BOJIOEMOM
u 03. KpI3purtan riryOnHHBIX BOJIOHOCHBIX TOPH30HTOB. KpoMe Toro, ucrapeHue BoibI
C TIOBEPXHOCTH COZIEPIKAIIET0 MOBBINICHHBIE KOHICHTPAIIUA PAAHOHYKINIA BOI0EMa-
OXJIAZMTEIIS MOKET BHOCUTB OTIPEAEIEHHBIN BKIIa B HaA(OHOBOE 3arpsi3HEHNE TPUTHEM
YKa3aHHOU 30HbI 03. MpTsi.

I'naBa 2. beaosipckaa ADC umenn U.B. KypuaTtoBa
2.1. Xapakmepucmuka paiiona uccieoo8anuil

Benosipckass atomHas snektpocraHuus (BADC) — mepBas  KpymHas
npombiiieHHas ADC 1 epBbIid KPYIHBIH TPAXKIAHCKUN 00BEKT SIIEPHON DHEPTETHKH
B MHpe — pacrnoniokena Ha Cpegnem Ypaie B CBepUIOBCKOH 001aCTH HA TEPPUTOPHH

Benospckoro ropoackoro okpyra. Ilnomas okpyra cocrasnser 1321 kM2, B €ro coctas
BXOJAT 45 HaceNEHHBIX MMyHKTOB, B KOTOPBIX NMpoKUBaeT 34,8 ThIC. yenoBek. Teppuropus
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OTHOCHUTCS K Tarmjo-UCETCKOMY INIOCKOYBaIHCTOMY MaKpOpaioHy TaeKHOW obiacTu
VYpana. Kinumat pailoHa pe3Kk0 KOHTUHEHTAIbHBINA C TPOJOJDKUTENBHON CYpOBOM 3UMOIL
U CPaBHHUTEJIBHO KOPOTKUM TEIUIBIM JeTOM. [ '0JJ0Basi cymMmMa 0caaKOB MPUOIH3UTEIBHO
450 MmM. 3uMol TIpeo0IanaroT BETpa 3amaJHOTO U I0r0-3aIafHOTO, a JISTOM — CEBEPO-
3amagHoro HampabieHui. OkpectHocTH ADC B mpemenax 30-KHIIOMETPOBOM
HaOII0MaeMON 30HBI MPEICTABISAIOT COOOH CIabOXOIMHUCTYIO PaBHHHY, HOKPBITYIO
MIPENMYIIECTBEHHO 0epe30BO-COCHOBRIMH JiecamH. Jleca HOCAT CiielbI HHTEHCHBHOTO
BO3CUCTBHA 4YenoBeKa. [lOYBEHHBIH TIOKPOB MPEACTABICH MPEUMYILECTBEHHO
Oypo3emMaMu, CepbIMH U IEPHOBO-ITOI30IMCThIME TTouBamu [CocTaB, CBOHCTBA..., 2016].

benosipckass  ADC  mHaxomuTcst B T. 3apedHblii, B 45 KM K BOCTOKY
ot 1. EkarepunOypra. B akcmyaranuro nmymieHa B 1964 r. 3a BpeMs €€ CyIeCTBOBaHUS
B DKCIUTyaTalny ObUTH YeThIpe dHeproonoka. [lepsrie aBa 61oka (¢ BomorpaguToBEIMU
kaHanbHBIMU peakTopamu AMbB-100 1 AMbB-200) Obui 3a1€CTBOBAHBI B ITEPHOIBI
1964—1981 u 1967—1989 rr. PeakTopbl OCTAaHOBJICHBI 110 IPUYHHE BBIPAOOTKU PECYPCOB
W HaxOASTCS B PEXUME JJIMTEIbHONW KOHCEPBAIlMHM C BHITPY)KEHHBIM W3 peakTopa
TOTUTMBOM. B HacTosIee Bpemst Ha CTaHIMK padOoTaroT JIBa 3HEProOIIoKa: 3-if S3HEProdIoK
¢ peaktopoM Ha ObicTpeiXx HelTponax BH-600 momHOcTRIO 600 MBT (mymien
B 3kcIutyaranuto 8 ampens 1980 r.) u 4-ii 6ok ¢ peakropom BH-800 momurHOCTHIO
864 MBT (BBeneH B akciuryaranuio 27 urors 2014 r.). B nepcriiektiBe paccMatpuBaeTCst
CTPOMUTEILCTBO 5-r0 3HEeprodisoka” ¢ peakropom BH-1200 momurHocThIO 1220 MBT.

Jus co3manust HaydHOH 0a3el TpH OIEHKE BO3AeWcTBUs pabotatomieir ADC
Ha DKOCHUCTEMBI MpUIIEralieii K Hell TeppuTOpHH OBUIO HEOOXOAMMO IMPOBEACHUE
JUINTENIbHBIX MOHHUTOPUHIOBBIX paboT MO W3YyYEHHI0O HW3MEHEHHUS TapaMeTpoB
MPUPOAHBIX SKOCHCTEM B TEUEHHE BCeX NeproaoB padoTel ADC, 4YTO MO3BOJMT
Pa3yMHO HCIIOJIB30BATh PE3YIIbTATHI SKOJIOTHYECKOTO MOHUTOPUHTA IS TIOJIIePIKAHMUS
HX B COCTOSIHUM JKOJIOTUYECKOW 0€30MacHOCTH /sl IPUPOABI U uenoBeka [YeboTnHa
u ap., 2005; Murpauuss paauoHykiauaoB..., 2007; Bmusaue ADC..., 2008;
Konuenryansnas Mozens..., 2020]. 3To B mepByro o4depeab OTHOCUTCS K TPUTHIO,
KOHIIGHTpAIHsi KOTOPOTO B BOJHOM cpejie BechMa AMHAMHYHA IIPU cOpOCe B OTKPHITHIE,
0c00EHHO B NMPOTOYHBIE, BOJOEMBI M OBICTPO MEHSIETCSI BO BpEMEHU M IIPOCTPAHCTBE.

[IpencraBneHHble HUXE PE3yJIbTaThl MOHUTOPUHIA TPUTHUS MOIy4deHbl B 1980—
2015 rr. ¥ BKJIFOYAIOT MEPHOABI WHAWBHUIYALHOW U COBMECTHOM paboThl 1-ro, 2-r0
1 3-ro sHepro6okoB. OO0BeKTaMu HAOMIOACHHUH CITYKHUIIH belospckoe BOJOXpaHIITHIIE
(Bomoém-oxmagurens craHiuu), OnbXOBCKash OOJOTHO-pEYHAs 3KOCHUCTEMA, DPEKU
OnpxoBka u llplmMa, BO3AyIIHAs cpena, AOXKICBBIE M CHETOBBIC BBINAACHUS,
HCTOYHUKHU MTUTHEBOTO BOJIOCHA0KEHHS (KOJIO B, CKBRKUHBI, POJTHUKH), MOYa JIFO/ICH.
OcHOBHas 4acTh HCCIIEA0BAaHUN TIPOBOIMIIACH B MpEJeNiaX CAHUTAPHO-3aIIIUTHON 30HBI
W 30HBl HAONIOAEHUS, OJHAKO B Psle CiIydacB paOOTHl BBINOJIHSINCH Ha Oolee
YAAJIEHHON TEPPUTOPHUH.

2.2. Benoapckoe eo0oxpanunuuie
B mporiecce crpoutensctBa BADC mi1s oxnaxkieHUs! peakTOPOB M TEXHHYECKOTO

BOJIOCHA0KEHHS CTAaHLIUU B pycie peku [Ibimma, B 75 kM ot ucroka, B 1959—1963 rr.
ObUl cO3/1aH HMCKYCCTBEHHBI BogoéM — benosipckoe Bomoxpanmnuiie. B 3omy

* Benosipckas ADC roToBa HadaTh CTPOUTEILCTBO dHEprobaoka Ne 5 B 2030 roxy // UA
TACC. 2020. 29 centsa6ps. URL: https://tass.ru/ural-news/9577155.
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3aTOIUIEHUS TI0MANa 4acTh TEppUTOpUH benosipckoro paiioHa, MOKpHITasi B OCHOBHOM
CMENIaHHBIMA 0epe30BO-COCHOBHIMH JiecamH. [loMrMo 3Toro, OBLTH 3aTOIICHBI
MaxOTHBIE U JIyroBble yroabs benosipckoro n bepe3osckoro pailonoB. Ha ocHOBHOI
IoIaAn BoJOEMA TaKKe 3aTOIUICHBl KYCTAPHHKH, IHH, CpyOJEHHBIE [epeBbs.
[Iporsx€rrOCTh BomoéMa — oxoio 20 kM, mMprHA Ha ypoBHE benospckoir aToMHOM
ANEKTPOCTAHIINHN — OKoJo 3 kM. [ mybuna no dapsarepy pexu [Ipimmma gocturaer 15—
20 M, cpennsis rmyouna — 8—9 m. [lnomanp 3epkaiia BOAoEMa COCTABIISET MIPUMEPHO
47 xm?> [BeckpectHoB u ap., 1978], Gepera NmpeUMyINECTBEHHO IIOJIOTHME, MECTAMH
KaMEHHCTHIE, OOJBbIIIeH YaCThIO 3aHATHI JIECOM, KO€-TJIe BCTPEUYAIOTCSl KyCTapHUKOBBIS
0onoTa M MAcTOMIIHO-TYTOBbIe yroabs. B Bomoém Bmagaror peuku Ilymkapuxa,
Uepemianka, YepHasa, Mapssi, JIunoska u ap.

Bonnple pacTeHus wamie BCTpedalOTCs B 3ajMBaX, B IICHTPAIBHOW YacTH
OHH TPAKTUIECKH OTCYTCTBYIOT. Cpenu 29 3aperucTpupoBaHHBIX BUOB MaKkpo(hUTOB
npeobyanarT paectel (Potamogeton prefoliatus, P. pectinatus, P. compressus),
knagodopa (Cladophora glomerata, C. fracta), anones kanazackas (Elodea canadensis),
pOroJUCcTHUK morpyxeHHbidt (Ceratophyllum demersum) M HEKOTOpBIC APYTUE BUJIBL.
Uxtnodayna BojmoéMa TmpencTaBieHa B OCHOBHOM IUIOTBOHM, JieIeM, IIIyKOH,
3epKaJbHBIM KaproM, peke BCTpEYaroTcsl JHMHb, Kapach, OKyHb, cynak. Cpemu
(DUTOTIAHKTOHHBIX OPTaHU3MOB MO YHCIY BUJIOB MPEOOJIafatloT 3elEHbIe BOIOPOCIH
(XJIOPOKOKKOBBIE, JECMHUIUEBbIE, BOIBBOKCOBBIE), MEHEE PACTIPOCTPAHEHBI JUATOMOBBIE,
CHHe3eJIEHbIe, IBIIICHOBbIC, MUPOGUTOBBIC U JAPYrHe OTACIbl BoJgopocieil. B coctase
300IJTAHKTOHa OCHOBHYKD MAacCy COCTaBISIFOT  pakooOpas3Hble  (BECIOHOTHE
W BETBUCTOYChle padkW), B MEHBIIEH YHCICHHOCTH BCTPEYAIOTCS KOJOBPATKU
[Uebotuna u np., 2002]. [IpeobianaromuM TUIIOM JOHHBIX OTJIOKCHHUH B BOJOEME
SIBIIIETCS WJIMCTBIA campomesb, KPOME HEro BCTPEYaloTCs 3aTOMJICHHas I104Ba,
[IECYAHO-UIIUCTBIA M IeCYaHbli IpyHTHI. [I0 ruapoOXMMHYECKOMY COCTAaBY BOJOEM
MOXKHO XapaKTepHU30BaTh KaK THAPOKAPOOHATHO-KAIBIUEBEIN CO CpeIHEW CTENeHbIO
MUHEpaIU3alUy U HOPMaIbHBIM KHUCIOPOAHBIM peXUMOM [ApyminHa u ap., 2002].

Benosipckasi aTomMHasi DIEKTPOCTaHIMS pACIIONIOKEHA Ha JIeBOM Oepery
BOJIOXPAaHMIIMINA, B 7 KM K CeBepy OT IUIOTHUHBL. [locTymiienre painoakTUBHBIX BEIIECTB,
B ToM umciie Tputusi, 0T ADC BO BHEIIHIOI CPeay BO3MOXKHO BO3IYIIHBIM (depe3
BEHTWJIANIMOHHBIE TPYOBI, B BHJE NMPUHYIUTEIHLHOTO BBIXJIONA IMapa u3 0apbarepos)
Y BOJHBIM ITyTéM. KOMMYHUKAITUH JKUIKUX CTOKOB OT 1-r0, 2-T0O ¥ 3-TO 3HEPrOOIOKOB
pacronokeHsl cieayronmM o0pazoM. JlebanaHcHbIE IPOMBIIIIEHHBIE BOJIBI HAITPABICHBI
B OJIbX0BCKOE OOJIOTO, KOTOPOE HAXOMUTCS B 5 KM K I0r0-BOCTOKY 0T ADC. YacTHUHBIH
cOpoc c1abopaoOaKTUBHBIX KHUJIKAX CTOKOB B BOJOEM-OXJIQIUTENh OCYIICCTBISETCS
yepes npomauBHeBbil kaHan (I1JIK). Ha paccrostauu npumepHo 0,5 KM OT HEro, HIDKE
0 TEYSHHIO, PACIIOJIOKEH BO103a00pHBII KaHal, Yepe3 KOTOPBINA MPOU3BOIUTCA 3200D
BOJBI M3 BOAOEMa JUII cucTeM oxnaxaenns ADC.

Emé mmwke (~ 2-2,5 kM) HaxomuTcss BOAOCOPOCHOW (TEIUIBIA) KaHAN, C €ro
MIOMOIIBI0 BOJA TMOCIE MPOXOXKIAEHHUS HYepe3 CHUCTEMBbI OXJIAXKIEHHUS cOpachIBaeTCs
B BoJoéM. B 30He monmorpesa (TE€miblii 3an1B) Temneparypa BOABI JIETOM B CpeIHEM
Ha 6—7 °C Bhllle, 4eM 3a e€ MpeaeiaMu.

B nonykunomerpe ot BADC, B CTOpOHY BEpXOBbsl BOAOXPAHUIIUIIA, HAXOAUTCS
00BO/IHO KaHaN o0mIel MPOTsHKEHHOCTHIO OKOoIo 1,5-2 kM. OH OepéT cBo€ Hauano
OKOJIO BOJOOYHCTHBIX COOPYXEHHH, Jajiee B HEro CIMBAIOTCS BOABI M3 KOTEIHHOU
BADC. Kanan BnagaeT B 3a1UB BoioEéMa-oxaaauTeds 3a buodusudeckoil cTaHIUCH.
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Jnst  KOHTponst TMOCTYIUIEHUS
Tputua or ADC Ha akBaTOpUH
benosipckoro BomoxpaHWHIa OBUIH
BEIOpaHBI MTOCTOSTHHBIE TOYKH
Habmoneans (IITH), B  KkoTopex
TIPOM3BOIMJICS CHCTEMAaTHIECKHiT 0TOOp
mpod  BOABI NS ONpEIeNeHHus
colIep)KaHus B HEH paauoHyKIHja:
1 — BepxoBbe BOJ0EMA; 2 — pailoH
IUIOTUHBI; 3 — MPOMIIMBHEBBIA KaHal
craHiuu; 4 — TErubIi 3a1uB; 5 — palioH
buodusnyeckoii cranmuu (puc. 2.30).

Bepxosve 6000éma  (IITH-1)
HaXOWTCS 32 TIpeNieNlaMHi HaOIF0TaeMOM
&) 3061 A3C BBEpXx IO TEYECHHIO,
Ha PpACCTOSHUM HpUMEpHO 15 KM
OT aTOMHOU CTaHUUU. B CBsI3U C 3TUM
MEepBOHAYAJIBPHO  TOJIarajloch,  4TO
c1abopagoaKTHBHBIE CTOKH, KOTOPBIE
colepkaT TPUTHM, HENmoCpeICTBEHHO
He MOTYT IONaJaTh B BEPXHIOK YacTh
BOJOEMA, IIO3TOMY IIE€PBOHAYAILHO
3Ta TOYKa ObLIa BBIOpaHA B KaveCTBE
KOHTpOJIbHOH. OpHako, KakK BHUIHO

p. MNeiwma

p. Hepemwarka

p. Hepemwarka

p. Meiwma

Puc. 2.30. Cxema benosipckoro
BOJIOXPAHWININA U PACTIONIOKECHUE Ha HEM
TIOCTOSTHHBIX TOYEK HaOJIIOCHUMH:
ADC (3) u (4) — 3-ii u 4-i1 2HEProOIOKH

benosipckoit ADC; UPM — UucrutyT
peakTopHbIX MaTepuainos; bOC —
buodusnueckas cranuus MuctuTyTa

9KOJIOTHH pacTeHHH U )KUBOTHRIX YpO PAH,;

]—5 — NOCTOSTHHBIE TOYKH HAOIFOIEHAA

n3 pesympratoB (puc. 2.31, a),
KOHIICHTPAIHMsI TPUTHUSI B 5TOM palioHe,
OCOOGHHO B TMEPBBIH  TEPUOA
HaOmoaeHuni, nocruraia 60 bx/i.

Hanomuunm, 4TO YPOBEHb
TEXHOT'CHHOTO (hOHA IO TPUTHIO COCTaByigseT npumepHo 5 bk/ia. Takum oOpasom,
3a Bpems HaOmoJeHHH Ooiblnas 4YacTh NPOO BOJBI BEPXOBbS benospckoro
BOJIOXpAaHWIIMINA 3HAYMTENBHO TMpEBbIIaNa 3TOT TMokazarenb. Ha QoHe oOmei
HECTaOMJILHOCTH KOHLEHTpPAaUUH TPUTUS BO BPEMEHH, B OTHCIIBHBIE IIEPHOJBI
(UKCUPOBAJIOCH 3aMETHOE TMOBBIIICHHE COACPKaHUS PAAUOHYKIHIA B BOJAE
[0 CpPaBHEHHMIO CO CpEAHMMH TOKazarenssMu. B wacTHocTH, Hambosiee sIBHOE
npesbiiene (~ 70 bx/im) 6bu10 3apeructpuposano B peBpane 1996 r.

Ananu3z pe3yibraTtoB Beex HaOmoneruid ¢ 1980 mo 2005 rr. B COBOKYIHOCTH
MO3BOJIMJ BBISIBUTH OOIIYIO TEHACHIHMIO K CHIDKCHHUIO COJICPIKAHUS PaJIUOHYKINIA
B Bojie BepxoBbs Bojgoéma ot 40-60 bx/m B 1980-1982 rr. no 6—10 bx/n B 1999-
2003 rr. B mepuon mo 1989 r. cpemHss KOHIICHTpaus HYKJIHIa OKa3ajgach MPUMEPHO
B 2 pasa BbIllle, YeM B MOCICAYIOUMI mepuoj (cooTBeTcTBeHHO 34 u 16 Bx/n).
OTH pa3uuusi CTATUCTUYECKH JOCTOBEPHBI TPU BBICOKOM YpPOBHE 3HAYMMOCTH
(p <0,01). PazHuma B ypoBHAX KOHLIEHTpaUUH TpUTHsI 00YCIIOBJIEHA TEM, 4TO B Oojee
paunwmii nepuox (19801981 rr.) padoTanu 1-it u 2-if 3HEProOIOKH, a B TIOCIEIYIOIIEM
(mo 1989 r.) — 2-it u 3-ii 3HeproOmoku. B konme 1989 r. 2-if Giok ObUT CHAT
C JKCIUTyaTallud, CJIEACTBUEM Yero SBHUJIOCH 3aMETHOE CHIDKCHHE KOHICHTpaIUd
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TPUTHS B BOJIE MCCIEAyeMOro peruoHa. K KoHIly yka3aHHOTO Neprojia HaOIIOCHUI
KOHIICHTpAIUS. TPUTHS B BEPXOBbE beENOSPCKOro BOMOXpAHWIUINA MPAKTHYSCKU
MpHOJIIKaTach K ypOBHIO TEXHOTEHHOTO (OHA.
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Puc. 2.31. [luramMuka KOHIIEHTpAIU TPUTHUS B BEpXOBhe benospckoro Bomoxpanunumia (a),
U B BoJIe benosapckoro BoIOXpaHMIUIIIA B pailoHe TUIOTHHBI (0)

Paiion nnomunwt (IITH-2). Ha puc. 2.31, 6, moka3zaHa TWHAMIKA KOHIIEHTPAIHN
TPUTHS B paiioHe IUIOTHHBI, TNIe BOAa U3 bBellospckoro BOAOXpAaHWIHINA BHITEKACT
B peky [lpmma. B memom, ecimi HCKITFOYUTh MUKOBBIE BRIOPOCKHI paanoHyKimaa B 1996
u 1998 rr., MOXKHO MPOCIEIUTh TEHACHIUIO CHIKEHUS KOHIIEHTPAUUN paguoHyKIuAa
BO BpeMeHHU. lIOBBINICEHHAs KOHIICHTpAlMs TPUTHA B BOJAE OTMedYajach B TEPHO]
COBMeECTHOM paboThl 1-ro u 2-ro 6mokoB ADC (60-75 bk/m) u B mocienyroniye rost
TIOCJIE CHATHS C dKCIUTyaTanuu 1-ro sHeprobioka. [locie octaHoBKY 2-T0 3HEProbIoKa
CHIDKCHHME COJEpXKaHMs TPHUTUS cTajo Oojiee 3aMETHO, OJHAKO Ha 3ToM (one
(uKcupoBarch NTUKOBBIE BEIOpocH! (peBpans 1996 r. — 93 bx/n, despans 1998 r. —
60 bk/m), cBs3aHHbBIC, BO3MOXXHO, C TEXHOJOTHYECKHMMU OCOOCHHOCTSIMH PabOThI
craniuuu. CpeaHuil mokaszaTenb, XapaKTEPU3YIOMIMM COAEp>KaHUE TPUTHUS B BOJE
uccneayeMoro paiiona B nepuog ¢ 1980 mo 1989 rr. mpu coBmecTHOI pabote 6;10KOB
(58 Bx/i), OB TOCTOBEPHO BBIIIIE, YEM B TIOCJICAYIONINE TOJIbI, KOTIa paboTas TOIBKO
3-ii aHeproOok (22 bx/i).
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CpaBHeHHE XapaKTepU3YIOUIMX COACpKAaHHE TPHUTHS JIaHHBIX B BEPXOBHE
W B palioHEe IUIOTHHBI BOJOEMA TIIO3BOJISIET BBISIBUTH BKIJIAJ aTOMHOW CTaHIUU
B 3arps3HeHHe BogHOU cpenbl. B mepuon ¢ 1980 mo 1989 rr. cpemHsss KOHIIEHTPAIHS
TPUTHA B paifiOHE IIIOTUHBI OBIJIa TOCTOBEPHO BHIMIE (Tipy ypoBHE 3HauNMOCTH < 0,01),
4eM B BepxoBbe (cooTBeTcTBeHHO 58 m 34 br/m). Ilocne BbIBoAa M3 SKCIUTyaTaluu
2-ro 3Heprodioka Ha (GoHe OOLIETO CHWXKEHUS COJEp)KaHUs M30TOMa B BoJEe 000MX
00cJIeTOBaHHBIX PETHOHOB IOCTOBEPHOE Pa3iINure MEXKIY HUMH COXPAHHUIIOCH.

Ipomnusneswiii kanan (IITH-3). B TpoOMIMBHEBBIH KaHald MOCTYMAIOT CTOKU
C TEPPUTOPHH aTOMHOW CTAaHIIMH W cocenHero MHCTUTyTa peakTOPHBIX MaTepHajioB
(UPM) (puc. 2.32, a). IIpoGsl oTOupanu u3 00IIEro KaHajla, COSAMHSIONIETO CTOKH
000UX TPEONpUATHH, OAHAKO B OTIENBHBIX CIyYasX UX aHAIM3UPOBAIN OTACIBHO.
[IpuBeneHHBIe JaHHBIE YKa3bIBAIOT Ha pe3KWe KojeOaHus KOHIICHTPAlUd
PaAMOHYKIIKIA B BOAE STOTO KaHaua.
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OTMEYEHA KOHIEHTPALMs TPUTHA
3020 bBx/m, 4YTO CBUAETENBCTBYET
O JIOTIOJIHUTENILHOM BKJIAJ€ 3TOTO
MPENPUITHS B 3arpsi3HEHUE TPUTHEM
OKpY)Kalolled  cpelpl  JaHHOIO
fobsiwabiwcenst — perpoHa. [locie OCTaHOBKM  2-TO
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. IIPOMIIMBHEBOT KaH METH
Puc. 2.32. JlunaMuka KOHIIEHTPAIUN TPUTHS pomI CBOTO afama - 3aMeTHO
CHU3UIIOCH, OJIHAKO Uana3zoH

B BOJIe IPOMJIMBHEBOTO KaHaua (a), B palioHe
cOpoca moaorperoit Bojsl (0),
B paiione brnodusuyeckoii craHunu (6)

KONeOaHui TpeleNbHBIX 3HAYCHUH
TIPH 3TOM JaKE YBEITHMUUIICS.

Tennvuii kanan (IITH-4). Yepes
9TOT KaHai B TEIIBIA 3amuB COpachIBaeTCsA IMOAOTpPETas BOAQ, MPOIISIIIasi 4epe3
cucrembl oxyaxaeHuss ADC. 3anuB H30JMpOBaH OT BoxoEMa 1aMOOH, Tak dYTO
HETIOCPEICTBEHHO U3 BOAOEMA BOJa B HEro He mocrymnaeT. KoHUEHTpaius TpUTHS
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B TEMJIOM KaHaje B pa3HOe BpeMs HcciiefioBaHMU BapsupoBaia oT 13 mo 105 bx/n
(cm. puc. 2.32, 6). Ilepmom coBmecTHOH paboThl 3HEprodmokoB (1980-1989 rr.)
XapaKTEPHU30BAJICS TTOBHINICHHBIM COJIEP KaHUEM TPUTHS B Boxe (B cpemneM 65 bk/m)
[0 CpPaBHEHHIO C TOCIENYIOIIMM IMEPHOAOM, KOrga paboTal  TOJIBKO
3-i1 sHepro6oK. B 3T0 BpeMst KOHLIEHTpauys TPUTHS B 30HE cOpoca IMOAOTPETOM BOIBI
cHHM3WJIach B cpeaHeM B 3 pasa (1o 22 bx/m). Hos6ps 1991 1. u deBpans 1996 r. Obun
OTMEYEeHBl THKOBBIMH KOHIIEHTPAIIMSIMH PAIHOHYKIHAA B BOZAE, YTO, BO3MOXKHO,
00yCIIOBIIEHO TIOCTYIUIEHHEM pAJAHOHYKIWAa B CHCTEMBl OXJaXIEHHUS dYepes
BOJ103a00PHBIA KaHAII C BHIIEPACIIONIOKEHHON YacTH BOJoEMa.

Pation  buogpusuueckou  cmanyuu (IITH-5). B  HeOonpiiol  3anmB.,
pacmonokeHHbIl B paiione buodusnueckoit ctanuuu MHCTUTYTa SKOTOTHH pacTeHUI
1 xkuBOTHBIX YO PAH, BeIxoauT 00BOJHOM KaHAI, KOTOPEIN JPEHUPYET TEPPUTOPHIO
Bokpyr ADC. OTBeTBICHHE KaHajda MPOXOAHUT BIOJHh BOJOOYUCTHBIX COOPYNKEHUI
MHMO KOTEJILHOM, PACIIOIOKEHHON Hefaleko oT 3-ro sHeprodioka ADC. PesynbraThl
(cm. puc. 2.32, 6) yKa3bIBaIOT HA pe3KWE Tepernaabl KOHIICHTPAIMid TPUTHS B BOE
3anmuBa. Tak, B suBape 1988 1. u oktsi6pe 1989 r., B nexabpe u despaire 1998—1999 rr.
3a()MKCUPOBAaHBI THMKOBBIE BBIOPOCHI PAJMOHYKIWAA, TPUBEAIINE K MOBBHIIICHHIO
KOHIIEHTpAIMi paarnoHykimaa B Boje 3anuBa 10 140—1000 bx/a. Eciu He mpuaIMaTh
BO BHUMAaHHE D3TH I[IOBBIIICHHBIE II0KAa3aTeld, KOTOPHIE MOXXHO PacCMaTpUBaTh
KaK CIIeJICTBHE MPOTEYEeK TPYOONpPOBOAA U APYroro o0OpYAOBaHHS, B IEIIOM MOKHO
OTMETUTH OoJiee BBICOKME 3HAUEHHUS KOHIEHTpAIMi paJlOHYKINAa B BOJE B MEPUOA
COBMECTHOW paboThl 2-T0 W 3-T0 3HEeprodmokoB 1m0 1989 r. mo cpaBHEHHIO
C TOCJICIYIOIINM TIEPUOJIOM, KOTJa paboTall TOJIBKO 3-i SPHEProOJIOK.

st GoJiee 1eTanbHOTO UCCIeI0OBaHUs MacIiTaboB MOCTYIUICHUSI TPUTHS B 3aJIMB
3a brnodusndeckoii cranimei yepe3 ooBoHOM KaHat ¢ 1989 mo 2001 rr. mpoBoamimu
MOHHTOPHYHT PaJIMOHYKITH/Ia B BOJIe KaHAIA Ha PAa3HBIX PacCTOSTHUAX OT 3aymBa. OToop
po0 OCYMIECTBIISUTN CIy4aiiHBIM 00pa3oM M He MPHUBS3BIBAIN €r0 K TEXHOJIOTHYECKUM
mepornpusituam ADC.

Hecmotps Ha TO, 9TO BO BCeX yKa3aHHBIX TOYKaX HAOIIOJIEHUN KOHIEHTPAIH
pPaAMOHYKINIA B BOJIE BapbHpOBaja B IMIMPOKUX Mpezenax (0T YpOBHSA TEXHOTEHHOTO
(oHa JI0 eCATKOB THICSY OEKKepeJsiel Ha JTUTP), MOTyYSHHBIC PE3YJIbTaThl TO3BOJIMIN
BBIETTUTh HECKOJBKO TMEPHUOJIOB, PA3IMYAIOIINXCS M0 YPOBHSIM COJIEPIKAHUS TPHUTHUS
B Bojie kaHauna. [leprox ¢ 1988-ro mo centsopp 1989 rr. xapakrepusopaics Hanboee
BBICOKMMH TOKa3aTeNsIMU, B 3TO Bpems pabortamu 2-if m 3-it sHeprodmoku ADC.
B nanpneiimenm (¢ cenTsops 1989-ro mo 1995 rr.) Habmoganoch 3aMeTHOE CHUKECHHE
KOHIIEHTPALMH TPUTHS B BOJIe OOBOJHOTO KaHaNa, YTO MOXXHO OOBSICHUTH OCTAHOBKOI
2-ro sHeprodJioka B ceHTsi0pe 1989 r. CHIKEeHHE KOHLIEHTPALMH PaiuOHYKIIHIa B BOJIE
KaHajia HaOJIr0Aa10Ch ¥ B MOC/ISAYIONIHIA Tepuo/, BILIoTh 10 2001 r. (Tadm. 2.6). Kpome
CHSITHUSI C SKCIUTyaTally 2-T0 HEprodoKa CHIKEHUIO TIOCTYIUICHHUS TPUTHS B BOJIOEM
Yepe3 00BOJTHOM KaHa B 3TOT MEPUOJI CIOCOOCTBOBAIIM TEXHOJIOTUUECKUE MEPOTIPHSTHSI,
npoBouMEIMU ADC ¢ TeNTbI0 CHIDKEHUS TTOCTYIUICHUS TPUTHS B OKPYKAIOIIYIO CPETy.

Pe3ynpTaThl MOHUTOpPHUHTA TPUTHS Ha aKBaTOPHH benosipckoro BOIOXpaHUIUILA
¢ 1980 mo 2003 rr. B II€JIOM MOKAa3ajd, YTO B BOAE HaOIIOJaeMOM 30HBI BOJOEMA-
OXJIaJIUTENISA, TJIe Pa3MeIlaIich IOCTOSIHHBIC TOUKK HaOoAeHNM 2, 3 U 4, collepiKaHue
panuMoHyKinaa B Boje OBUIO JOCTOBEPHO BBIIE, YeM B BEPXOBbE BOIOEMA
(IITH-1), pacnonoxeHHoro npuMepHo B 15 kM BBepx mo Tedyenuto (p < 0,001), uro
TOBOPHUT O JONOJHHUTEIHHOM IOCTYIUIGHHH TPUTHS B BOJOEM B Tporecce paboThI
ATOMHOM CTaHLUU.
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Bo Bce roanr HaOMIOACHNUY KOHIICHTPALMS PaJloOHYKIMIa B Boje benospckoro
BOJIOXPAaHWINIIA HE TPEBHIIIaNa JOIMyCTUMBIX YPOBHEH I MUTHEBOW BOJBI, OJHAKO
BO BCEX ClIydasXx oHa ObLIa BBINIC YCIOBHO MPUHITOTO HAMH YPOBHS TEXHOT'CHHOTO
(dona ms Ypamsckoro peruona (5 bx/m).

Tabauya 2.6
Cpenune KOHIICHTPAIMHA TPUTHS B BOJIe 00BOTHOTO KaHaIa
B pasTU9IHBIC TTEPHOILI HaOMIOAeHUH, bK/IT

Mecro 1988 r. — CeHTs10pb
ot6opa po6 | cenTs6pL 1989 1. | 1989 T — 1p995 r.| 1996-1998 . | 2000-2001 rr.

Bonoouncrarie
COOPYKEHUS

HIDKE 4150 1672 409 24

BBIIIIE 5420 1493 He onpenemsim 22
Paiton xoTenbHOM 2420 1398 197 218
Oxono opor 1620 2972 He onpenensnm 282
nepeceYcHus
VYcrbe kaHana 1220 2615 218 162
Cpennee 2970 2030 275 142

2.3. Onvxoeckasn 6010mMHO-peuHan IKocucmema

C momenTa mycka benosipckoit ADC OmnbpxoBckas 00JI0THO-peuHast 3KocucTeMa
CIIly’)KWJIa B KadeCcTBE NMPUPOJHOro (GuiabTpa Ha IMyTH CcIab0paarOaKTUBHBIX CTOKOB
aTOMHOM cTaHmMu B peky Ilpimma. 3TO  0OCTOSTENBCTBO — MPEATONAralio
HEOOXOJIMMOCTh BCECTOPOHHETO M3Y4YEHHUS] 3TOW HKOCHCTEMBI, 4YTO HEO0OXOANMO
JU1s1 00ecIieueH s 3aIUThl OKPYKAOLIEeH Cpe/ibl U HaceJIeHHUsT OJU3IIEKALINX PETHOHOB
OT paJuallMOHHBIX BO3JICUCTBUIA.

Uccnenyemas GonoTHas 3KOCHCTEMA, PACIONIOKEHHas MPUMEPHO B 5—7 KM
K I0T0-BOCTOKY OT benosipckoit ADC, SBiseTCS 0TIy KIEHHON TEPPUTOPHUEH, BXOSAIIICH
B CAaHUTApHO-3aIIUTHYIO 30HY. OHa BKIIO4aeT B ceOsi cOPOCHOI KaHaj, BIAAaloLIui
B OnbxoBckoe 60510TO, camo 00J10TO ¥ HEOONBLIYIO pedky OJIbXOBKY, BBITEKAIOLIYIO
B peky Ilpimma. Yepes cOpocHoM kaHan jnHOM okoio 200 M B 60JIOTO TIPOU3BOIUTCS
KOHTPOJNHUPYEMBI cOpoc TexHomormdecknx Boa ADC mocie MpOoXOoXKIECHUS dYepes3
BOJIOOYHCTHBIE coopykeHus (puc. 2.33). I'pyHT OojoTta — NpPEUMYIIECTBEHHO
OCOKOBBIH TOp(), MakcuMalbHas TIyOuHa TOpQsSHOH 3anexu npumepHo 2,5 M. J[HO
00JI0Ta CIIOKEHO CHUHEW TIMHOM. B TpaBsiHOM sApyce daiie BCTPEYalOTCS OCOKU
JepHHCTas], My3bIpyaTasi, BeHuk Jlancaopda, TpocTHUK, cabenbHUK, MeHee OOMIbHBI
BepOeliHuK, 1aba3HUK, OCOKa Iy3bipuaTas U aAp. B mpeBocroe mpeobmagaror Oepésa,
uBa cepas, MHOro cyxoctos. Cpenu MOXOBOTO NMOKpOBa — c(harHyM IIETHHHCTHIH,
B MUKPOIIOHM)KEHUSIX — ayJaKOHMYM OOJIOTHBIM M apyrue Buabl mxa. K okpanHam
0oJI0Ta MPUYpPOUECH OEPE3HSK OCOKOBBIM ¢ BBICOTON apeBocTost 10—12 M. Ilmomans
OosioTa cocrapmsieT pUOIM3UTENLHO 47 Ta. TeXHONOrnuecKHe CTOKH c(hOPMHUPOBAIH
B 00JI0T€ HECKOJILKO pycesl, KOTOPBIE MPOCIICKUBAIMCH B BEPXHEHN U CpeJHel yacTsx
00J10Ta, a 3aTeM Mpomnajgany B O0JIOTHON pacTUTEILHOCTH, B €F0 HUKHEH 4acTH.
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Puc. 2.33. Cxemarnueckuii maan ObXOBCKOro 60J10Ta

[lepBsIii 3TaIT UCCIIEAOBAHUI Pa3IMYHBIX 3BEHBEB OOJIOTHO-PEYHON SKOCUCTEMBI
XapaKTEPU30BAJICSI CPABHUTENIBHO BBICOKMMM KOHLEHTPALMSIMHU TPUTHS IO BCEH €€
npoTsokEHHOCTH. B 1981—1982 rr. peructpupoBaauch Ciaeayomue ypoOBHA COACPKaHUS
paawoHyKIuAa B Bone, bk/m: cOpocHoit kaHan — 44—29 710, magamo Oojora —
370—-19 830, cpenusist yacts 6omora — 2150—8330. B uctoke u ycThe BBITEKatOUICH
n3 6osora peuku OJIBXOBKH COJICPIKaHUE TPUTHUS BapbupoBaiio oT 1670 xo 8210 bk/i.
KonuenTpanuu paavoHyKIHAa W3MEHSUINCHh B IIMPOKHUX Ipefenax B 3aBHCUMOCTH
OT BpeMeHH OTOOpa mpoO, YTO OOYCIOBICHO NEPHOAMYHOCTHIO cOpocoB ADC.
B ykazaHHBIH mepuoJ BpeMEHH MEXAy BEPXHMM M HW)KHAM ydacTKaMu 0oioTa
KOHIIEHTpAIM TPUTHS CHIKAJIAch MMPUMEPHO B 2 pasa (puc. 2.34).

KoHueHTpauusa, Bk/n
14000 -
12000 4

10000 4

8000
6000
4000
2000 l
0 T T T T
1 2 3 4 5

Puc. 2.34. Konneatparus Tputus B Boje ONbXOBCKOI 00JIOTHO-PEYHON SKOCUCTEMBI
B 1981—1982 rT.: / — cOpocHO# KaHa, 2 — Hadano 00J10Ta; 3 — CPeaHss 4acTh 00JIOTa;
4,5 — uctok u yctbe pexu OIbX0BKU

OpHako 3TH pa3iauuus OKa3aJIHCh CTaTHCTUYECKH HEIOCTOBEPHBIMU BBUIY
GonbIioro paszdpoca JaHHBIX. Takoe CHIKEHHE OOBSCHSIETCS TEM, UTO TIPH TPOXOXKJICHUN
4epe3 O0JIOTHO-PEYHYIO IKOCUCTEMY COPOCHBIE BO/IbI pa30aBIIsIIOTCS BOIOH MOI3EMHBIX
nctoyHrkoB [K mpobneme HopmupoBanusi..., 1988]. 1o npeanonoxeHne NOATBEPKICHO
reou3N4ecKMMI UCCIIEIO0BAHUSIMHU, KOTOPBIE MOKa3alH, YTO OOJIOTO pacrojaraercs
B TEKTOHMYECKH HApPYLIEHHON 30HE, IJe MMEeTCs IOAINOp TIJIyOMHHBIX BOJ
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M3 TEKTOHWYECKOTO pasnoMa [OcoOeHHOCTH paauanuoHHOM..., 2000]. PazbaBieHue
cOpOCHOI BOJBI MPOUCXOAUT B OCHOBHOM Ha yYacTKe, PacIioioKEHHOM B BepXHEH
gactu 060J0Ta.

B Tabn. 2.7 npuBenens! ycpennénnsie mo rogam (1981 mo 1990 rr.) pe3ynbraTs
MOHHUTOpPHHTA TPUTHUSA B Boge OIEXOBCKOTO 00JI0TA.

Tabnuya 2.7
VYcpenHeHHble KOHIIEHTpAIMK TPUTHA B Boge OIBXOBCKOro 60110Ta
B Pa3IUYHBIE TOBI HAOIOICHUI

I'ox HaOIrOnEeHUA Uwmcno nmoBTOpHOCTEH Konnenrpamus, bx/n
1981 10 6450 + 1820
1982 11 6150 £ 1200
1983 6 1010 £230
1984 4 480+ 70
1985 5 3220 £ 2000
1986 12 2710£270
1988 6 2710£270
1989 8 3390 + 1958
1990 46 1030 £ 156

Bunno, yto B ucciemyemblii mepuoj KOHLEHTpaUus PajiuoOHYKIWAa B BOJE
00m10Ta yaepKUBaJlach Ha CPaBHUTEIIBEHO BEICOKOM ypoBHE. HecMOoTpst Ha BaprabenmbHOCTh
JAHHBIX, MOXXHO OTMETHTh, YTO B IepHoa paboTel 2-r0 U 3-ro 3HEProOIIOKOB
CoZIepKaHue TPUTHS B BOJIE OBLTO B cpeiHeM B 3 pa3a Beie (3265 + 794 bx/n ipu n = 62),
4YeM TM0oClie OCTaHOBKM 2-TO JHeproOiioka, Korjaa (QYHKIMOHHPOBAI TOJIBKO 3-i
(10304 156 bx/n1 pu n = 46). YcTaHOBIEHHOE paszianyue 1ocToBepHO npu p < 0,001.
CormacHo pacy€THBIM JIAaHHBIM, CPEIHETOJI0OBOE IOCTYIUIGHWE PpaJuOHYKIIUIa
B OnbxoBckoe 6051010 o1 ADC ¢ 1981 mo 1989 rr. cocrasuio (300-400)-10'° Bx/rox,
aB 1990 r. — (110-130)-10' Bk/rox [[Toctymienue Tputus. .., 1994].

Jisi OllEHKHM BO3MOXKHOCTH TIPOHUKHOBEHHSI TPUTHUST W3 COPOCHBIX BOJ
B Top¢siHyto 3a1exp OnbxoBckoro 6onora B 1983 n 1984 1. ¢ momomsio Topdodypa
B IICHTPAJILHOM YacTH 00y0Ta ObUIM OTOOpaHBI MPOOBI IpyHTA 10 TIyOuHBI 150 CM,
npu 3TOM OBUIM HMCCIEIOBaHbl JABAa BEPTUKAIBHBIX NPO(UISL: OAWH pPacHoiaraics
Ha TPaH3UTHOM IIOTOKE, a IPYroil — Ha paccTossHuK npumepHo 10 M OT Hero.

Ha puc. 2.35 mpenctamieHbl ycpeqHEHHBIE NaHHBIE COICPXKAHHUS TPUTHS
B CBS3aHHOW BojAe TIpyHTa (KanwuisipHas M afcopOnMoHHAs (OpMBI BJaru)
B 3aBHCHMOCTH OT IJIyOMHBI 0TOOpa mpo0. PesynpTarhl 00paboTaHBl METOAOM
CKOJB3sIIeH cpenneid. BuaHo, ato B 1983 T. KOHIIEHTpaIusi paJgdoOHYKIHIA B BOJE
rpyHTa Obuta Boime (1000—-3000 bxk/m) mo cpaBaenuto ¢ 1984 r. (400—1400 bx/xn), uto
MOXKHO OOBSCHUTH CHIDKCHHEM KOHIIGHTPAlMH PAJHOHYKIHJIA B COpPOCHOH BOje
B YKa3aHHBIN IepHoj BpeMeHH (cM. Tadu. 2.7).

[IpuBenéHHBIC TaHHBIE CBUIIETEIBCTBYIOT O TOM, YTO MPH JUTUTEIILHOM TPaH3HUTE
3arpsi3HEHHON TpUTHEM BOIBI Yepe3 TophsHyro 3ayexxb OIbXOBCKOTO 00JI0Ta 4acTh
paIMOHYKIIMAA TOMJIOIIAeTCS B Npoduie TPyHTa U yaepxuBaercss B HEM. TpuTui,
CBSI3aHHBIN C TPYHTOM, HAXOJIUTCS B COCTOSIHUM TAHAMUYECKOTO PABHOBECHS C BOJIOM,
mpoTeKarouiel uepes 0010To.
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Puc. 2.35. Pactipenenenue Tputus o riyornHe TopdsiHol 3anexu OnpxoBckoro 6onora, br/i:
A —19831.,b— 1984 r.; / — npoduib Ha TPAaH3UTHOM ITOTOKE;
2 — npo¢uib Ha paccTosiHUU 10 M OT TPAH3UTHOTO NOTOKA

C 1980 o 2000 rr. npoBOAUIICS CUCTEMATUYECKU MOHUTOPUHT TPUTHUS B BOJIE
nctoka peku OJIbXOBKa, BRITeKaroIIeh u3 6osota. Kak BuaHO U3 puc. 2.36, 3a nepuoj
HaOJIIOJICHUI KOHIICHTpAIUs PaJUOHYKIIH/A U3MEHSJIAch B IIMPOKHUX Mpeaeiax —
or 10 mo 10 000 bx/n. HecmoTpsi Ha BapnaOeNbHOCTh NAaHHBIX, MPOCIEKUBAIOCH
CHIDKCHHE KOHLICHTPALUHU TPUTHS B BOJIE BO BPEMEHH.
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Puc. 2.36. [lunamuxa KOHIEHTpaIuil Tputus B pexe ONpXoBKa
Ha BbIxoze 13 OJbX0BCKOTO O0oTa

[Tocrme BBIBOAa u3 akcruryaranmu B 1989 1. 2-ro 3Heprobioka cojaepikaHue
PaIMOHYKIINIA CHU3WIOCH puMepHO B 10 pas (10 250 £ 50 bx/i1 ripu 7 = 8) 1o cpaBHEHHIO
¢ mpensiIymM nepuoaomM (2600 + 260 bk/n ipu n = 33). CraTtuctudeckas oopadboTka
pe3yIbTaTOB TOKa3ana, YTO YKa3aHHbBIE Pas3IM4Hsl BBICOKO JOCTOBEPHBI IIPU YPOBHE
3aaunmoctH p < 0,01.

HeoOxomumo oTmMeTHTh, YTO MpHU HccienoBaHnu poiu OnbpXoBckoro 06oioTa
KaK MpUPOAHOro (WIbTpa Ha MyTH ClabdopaaroakTHBHBIX cTokoB BADC B Otnene
KOHTHHCHTAILHOW pammoskonorun MOPX pabora mpoBoamiack W 10 JAPYTEM
JIOJITOXKUBYIIMM  paJMOHyKIMaaM, B ToM uucie no °Sr u '*’Cs. B mporecce
BCECTOPOHHETO HMCCIIEAOBAHMS PAAUALMOHHON CUTYallud B OOJIOTHO-PEYHOM 3KOCHCTEME
OBUIO BBIABIEHO, 4TO ¢ MoMeHTa mycka ADC g0 1989 r. B rpyHTax HaKOIHIOCH
JIOCTATOYHO BBICOKOE KOJIMYECTBO PAJAUOHYKIHMIOB, B ToM uucie °Sr u 'Y'Cs,

130



B pe3ysbTaTe 4ero cOpOHOHHAs EMKOCTh 0OJOTa 3HAYMTENHHO CHU3WIACH, & TPYHT
00J0Ta B HEKOTOPHIX MECTaX [0 CYMMapHOMY KOJIMYECTBY pPaTUOHYKIIHJIOB
knaccu(GUUMPOBAICA Kak paluOaKTHBHBIE oTXoabl [Pacmpemenenme *°Sr..., 1982;
MomuanoBa u ap., 1985; Hudbonrtosa u np., 1986; Makosckuit u ap., 1991; Momganosa
u ap., 2009]. st mpeaoTBpamie s BRIMBIBAHUS PaIHOHYKIHIOB B PEYHYIO CETh aTOMHOMN
cTaHmuel ObUIM TPOBENEHBI PabOTHI MO PEKOHCTPYKIIMH COPOCOB, B PE3yJIbTATE YETO
nebaaHCcHBIE BOJBI Yepe3 CHEIHalbHBIA TPYOOIpOBOA ObLTH BBIBEACHBI B HUKHIOIO
yacte Oomorta. Ilocne pexoHCTpyKIHMHM cOpPOCOB cojaepKaHWe BOABI B OosoTe
COKpaTUJIOCh, 0003HAYMIIOCH PYCIIO, Bliajatomiee B peky OnbXoBKa.

JAnsi oLeHKH paauanuoHHOW cuTyanmu B ONBXOBCKOM 00JOTE mocie
pexoHcTpyKIwH cOpoco B 2003 r. 6pLT0 MPOBEAEHO KapTUPOBaHUE OOIOTA IO TPUTHIO.
Koopanaatel 1 MecTOHaxXOX/IeHWE TOYEK HAOMIOACHUH YCTaHABIWBAIH C MTOMOIIBHIO
CIyTHUKOBOW HaBuranmnoHHOU cucteMbl GPS. Kak Bumno w3 puc. 2.37, Kk sTomy
BpEMEHH Ha 3HAYMTENHHON YacTH TEPPUTOPUHU OOJIOTa KOHIICHTPAIHS PaTAOHYKIH/IA
cHH3WJach. B HeKoTOpBIX MecTax mepu(epHiiHONi 30HBI U BHYTPEHHEH TEPPUTOPHH
00JI0Ta KOHILIEHTpalWsi TPUTHS JIMIIb B HECKOJIBKO pa3 TMpEeBhIIANIa YPOBEHb
TeXHOreHHOro (oHa. OHAKO B HEKOTOPBIX MECTax, MPEUMYIIECTBEHHO B paioHax
PaCTOJIOXKEHHSI CTAPOTO W COBPEMEHHOTO PyCell, TPUTHH B ONIYTUMBIX KOHIIEHTPAIIHIX
emé oOHapyxwuBaics B Boge — 10 800—1300 bx/m.

B nemom, BeiBOA U3 dKkcIuTyaTanuu 1-ro u 2-ro sHeprodmaokoB ADC, a Takxke
peKoHCTpYyKIHst cOpocoB B ONBXOBCKOE OONOTO 3aMETHO VIIYUIIMIN CHTYaIlHIo
M0 TPUTHIO B HCCIIEAyeMOl O0oJOTHO-peuHol 3kocucteMe. Co BpeMEHEM CHH3HIICS
TaKKe YPOBEHb 3arps3HeHus paauoHykmuaamu °Sr um '3’Cs rtopdsmoit 3anexu
Y BBIHOC UX C BOJHBIM TIOTOKOM [MoirdanoBa u ap., 2009; KonnenrtyansHas MOAETb. . .,
2020], 4YTO, HECOMHEHHO, CKa3aJloCh IIOJIOKHUTEIbHBIM 00pa3oM Ha COCTOSHUHU
MIPUPOJTHOM CPEJIBI B MIPHIIETAIOIEM PETHOHE.

56° ces. mup.

61° Boct. poar.
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0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 bx/n

Puc. 2.37. YpoBHM KOHIIEHTpawii TpUTHs B Boje OmpxoBckoro 6omota B 2003 1., Br/m:
A — cOpoc X03sHMCTBEHHO-(PEeKaTbHBIX CTOKOB; b — cOpoc nedaaHCHBIX BOIT;
B — cbpoc Bozsl B pexy OnbX0BKY

2.4. Boonas cucmema pexu Ilviuuma
Pexa Iprmva siBIsieTCSt BAXKHOM BOJHOM apTepueit Ha Tepputopuu CBEpTOBCKON

u TromeHckol obnacreil. Mctok pekn — 03. KiroueBckoe, pacrioiiokeHHOe Ha MacCHUBE
Mone6ckoro 6onora, BOmu3u r. Bepxusist [Isimma. [IpoTsokéHHOCTD pexkn — 626 kM,
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wioma b Bogoc6opa — 19,4 teic. kM2, Peka nepecekaer ¢ 3amaja Ha BOCTOK OOIIMPHYIO
3aypaJIbCKyH0 JIECOCTeNb M BHajgaeT B peky Typa. bepera Ilbimmsl B BepxHeM eé
TEUYEHUH MTOKPBITHI JIECOM, B CPETHEM — IPEUMYILIECTBEHHO CKAJIMCTHIE, B HIDKHEM —
mpeolyiafjaeT OTKPBITas MECTHOCTh. Peka CHIIBHO TeTIseT, BCTPEYArOTCS CTapHIBL.
CkopocTh TeueHHs B MekeHb cocTtaBisieT 0,5-0,7 m/c. llluprHa peku B BEpXOBbE —
8—10 M, 6mmmxe k yerpio — 60—100 M [Jlenuenko u ap., 1964].

Booa pexu Ilviuima. Peka mpuanMaer B cedst croku ADC, BBIXOASIIHE
n3 benmosipckoro BogoxXpaHuIHIIa, a 1ajee BHA3 10 TEYCHUIO — CI1a00paroaKTHBHBIC
CTOKH, BhITeKaromue u3 OIbX0BCKOro 60sioTa yepes peky OnbxoBky. B 19811984 rr.
WICCIIEIOBANTA YPOBHH KOHIIEHTpanuii Tputus B peke lIprmma Beime (~ 500 M) u Hinke
(~ 500 M) mecra Bnamenus OnbxoBkH (Tabn. 2.8). BumHo, 4TO CTOKM mociegHEH
YBEJIMUUBAIN TIOCTYIUICHHE TPHUTHS B PACHOJIOKEHHYIO HIDKE MO TEYEHHIO YacTb
[Iemmmer. [Ipu 5ToM Hambolee 3arpsA3HEHHON OKasajach BoAa B mepuoia paboTel 1-ro
u 2-ro 3HeproOmokoB. [locne ocraHoBku 1-ro Omoka (1981 r.) ypoBeHb COACpIKaHMS
TPUTHA B yKa3aHHBIX TOYKaX HabmrogeHus Ha peke [Ipimma cran cHmKaThes.

Tabnuya 2.8
YcpeaHEHHble KOHUEHTpalMK TPUTHUS B Boae peku [Ipimma
BBIIIIE U HIDKEe MecTa BraaeHus peku OnbxoBka, br/n
1981 r. | 1982 r. | 1983 r. | 1984 r.

Brimie mecta Bnagenust pexu OnbXxoBKa

33£18(n=5) | 46+4(n=3) | 44+3(m=4) | 45+3(n=3)
Huxe mecta Bnanenus pexu OnpxoBKa

621£320(n=5) | 148=18(n=3) | 90+8(m=4) | 355+2(n=3)

C 1983 mo 2001 rr. uccnenoBanu copep)kaHue TPUTHS B Boje peku [Ipimva
Ha pacctosiHuu A0 120 kM oT MecTa BrageHust peku OnpxoBka (tadi. 2.9). MoruTopusr
Ha yuyacTtke oT KyMoBckoii MenbHuLIbI 10 T. KambinioBa nmokasai, uro B 1983—1984 rr.
coJiepyKaHUE PaJIMOHYKJIUIA B BOJIe ObUIO HanboJjiee BEICOKUM (B cpeaHeM S6—60 Bbx/i)
W UMENI0 TEHACHLUHUIO K CHIDKCHUIO BHU3 10 TedeHHo peku [lpmmma 3a cuér
pasbaBnenus e€ Bomamu. KoHIleHTpamusi TpUTUS B BOJE B OTO BpEMsI B CpEllHEM
npumepHo B 10 u Gosiee pa3 npeBbilIaia ypoBeHb TEXHOTCHHOT0 ()oHa ISl Y pasIbCKOTO
pernona. llocrie BBIBOJa W3 AKCIUTyaTanuu 2-ro sHeprodioka B 1989 r. cpemmsis
KOHIIEHTpAIs paiuoHyKInaa B Boje peku [Ibima crana camkathes. Tak, Ha ydacTke
KymoBckas MenpHuna — Xumiecxo3 B 1983—1984 rr. oHa coctaBuia B CpeaHEM
7146 br/n, a ¢ 1991 no 2001 rr. ymeHsimiack B cpeanem a0 20 + 1 br/n [UeboTuna
u ap., 1990; Yebornna, Hukonun, 2005].

Crenyer 3aMeTHTh, YTO B OTAEIIbHBIE IEPHUOABI HAOIIOIEHUH PErHCTPUPOBAIIUCH
MOBBIIIIEHHBIE cOpochl TpuTus B peky Ilpmma: tak, 15—20 uions 2002 r. B Bome
OTIPENEIISUINCH CIIEAYIOUINE KOHICHTPAalUuK PaAuoOHyKInaa, bk/a: . benokamenHsiit —
22, ITeutaeBo — 430, Yemenka — 13, Bunzwm — 1500, Mymmmamm — 62. [ToBeimeHHas
KOHIIEHTpalst TpuTHA B paiioHe moc. Mesenckoe (170 Bk/i), pacmnonoxeHHOro
HEJAJIeKO OT IUIOTHHBI belospckoro BOJOXPAHMIMING, YyKa3blBaeT HA TO, 4YTO
PaAMOHYKINA TOCTYWI B peky u3 bemospckoro Bomoxpanwmnuima. OdYeBHIHO,
nonoOHass curyauuss B peke [IpllliMa HOCHT SMU30JMUYECKU XapakTep, OJHAKO
OHa CBHUJIETENBCTBYET O TOM, YTO COPOCHI JOJKHBI HAXOAWUTHCS IO/ TOCTOSHHBIM
HaOJIIOICHUEM.
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KOHHCHTpaHI/II/I TPUTHUA B BOJC PCKHU IIemmma Ha pa3HOM paCCTOAHUU OT YCThbs PCKU OJ'H)XOBKa, bx/n

Tabnuya 2.9

ég;ig::g:}gf;}gfﬂ Asryct | Centsbps | ABrycT I;I;I(_)YJICBT- Mait | Wioms | Wions | Uioms | Hroms 1:2;2;:

pexu OJIbXOBKa, kM) 1983 r. 1983 r. 1984 r. 1990 = 1991 r. | 1991 1. | 1991 . | 1999T1. | 2000 . 2001 =
Kymosckas menphuma (0,5) 72 109 55 43+10 - - - 17; 24 - -
ManunoBka (13) 62 103 37 40+5 30 44 30 10; 13 10 12
Ierymku (18) 61 101 28 43+6 22 27 28 11;20 14
BbenokamenHs1it (26) 56 97 85 42+5 23 22 27 11; 12 22
Xumiecxos (33) 55 - - 42+5 23 23 27 14; 12 - -
I'nsanenst (44) 49 93 101 - - - - - - -
3HameHckui (56) 48 63 51 - - - - - - -
Kypsu (71) 44 56 41 - - - - - - -
®dunarosckoe (86) - - 38 - - - - - - -
Kameios (120) - - 37 - - - - - - -
Cpennee 56+4 89+ 8 59+9 42 +1 24+2 | 29+6 | 281 | 14 £1 | 1610 13+£2




_ KoHueHTpaums, B/ B 2013 r. ObUIH HCCIEI0BAHBI
YPOBHM  KOHILIGHTpPAIlUd  TPUTHUS
B Bojge peku IlpimiMa B paifoHax
HACENIEHHBIX IYHKTOB, KOTOpBIE
PacCIoNIOKEHBI HA MPOTSHKCHUH PEKU

35
301 y=-0,0244 x + 22,893
25
204

15- oT IUIOTHHBI benosipckoro
10 BOJOXpaHWINIIA 10 Noc. Bun3mmm.
= Kpome TOrO, UCCIIEN0BAIIH
0 ‘ ‘ . ‘ MIPOHUKHOBEHHE TPUTHEBOTO
¢ 100 200 B cromme, a0 3aTPASHCHUSL B Pas3jIUYHBIC THIIbI
IIUTBEBBIX BOJX B  HACEJICHHBIX

Puc. 2.38. Konuenrpanus TpuTHs B Bozie MIyHKTaX, PACIOJIOKEHHBIX B MOiIMeE
peku [1plliMa Ha pa3HOM PacCTOSIHUU peku (KOJ‘IOI[HI)I, CKBaXXUHBI,

OT IUIOTHUHBI BOJAOCMA-0XJIaUTEIIA POIHHUKH, CETeBas BOJA KOJOHOK).

Ot6op mpoO BOABI TPOU3BOIMIH
B CJICAYIOIIUX IyHKTaX HAOMI0eHNH (B CKOOKaxX MPHUBEICHO PACCTOSHUE AAHHOTO IIYHKTa
0 TUIOTHHBI bernospckoro BomoxpaHmnuina, kM): bospka (1,4), Kypmanka (3,0),
l"arapka (3,8), benosipckwuii (7,7), Kpyruxa (10,6), Anynuno (17,5), Manunoska (32,7),
Benokamennsiii (45,7), Ceernoe (60,8), 3Hamenckoe (76,6), Cyxoii Jlor (82,8),
Hosonwimmuackoe (99), Kampimmmor (145), Ilemmma (195), Hukxombckoe (160),
Tamnua (232), Bumswmm (400). Kak BugHO U3 puc. 2.38, HA MOMEHT HCCIIEIOBaHUS
coziepKaHue PaJAMOHYKIIH/a B PEYHON BO/IE BapbUpoBaio oT 13 1o 26 bk/a1 npu cpenHem
3HaueHun 20 £+ 2 bk/n. [Ipu 3TOM BCe ypOBHHM KOHIIEHTpalUil TpUTHUS OT 3 10 5 pa3
MPEBBIIATA YPOBEHb TEXHOI'€HHOrO (JOHA IO TPUTUIO Ui YPalIbCKOIO pPErHoHa
[Uebotuna, Huxonun, 2005]. Conepxanue Tputus B Boze peku IIbima roctoBepHO
CHIDKAJIOCH 10 Mepe yajeHus OT IoTHHBI (Ko3ddunment koppensunu (KK) cocraBun
—0,71; p — 0,033).

Konooysi. CornacHo
_ KokuerTpauus, Bkin NPOBEIEHHBIM WCCIIEJOBAHUSAM,
&, = .0,0158 x + 15,758 coliep)kaHue paAMoOHYKIUIA B BOJIE
KOJIOJIIEB, PacIONIOXKEHHBIX
Tow o B NOWMEHHOW 30He peku IIpimma,
10 " * BapbUPOBAIO B MIEPHOA
54 uccnenopanui ot 8 mo 19 br/n
. \ ‘ ‘ ' npu cpeaHeM 3HadeHnu 13+ 1 br/m.
0 100 200 300 400  Konnenrparms paaMoOHYKINAA
PaceTonte, JIOCTOBEPHO CHHUKAIIach
Puc. 2.39. CpesiHrie KOHIEHTPALMA TPHTHS ¢ YBCGIMYCHHCM  paCCTOTHHA
B BOJIE€ KOJIO/ILIEB HACEIEHHBIX ITYHKTOB HACCJICHHBIX ITYHKTOB O IIJIOTHHBI
B puOpeskHOit 30He p. [TbIIIMBI Ha Pa3HOM Benosipckoro BOJOXpaHWINIIA
paccTOSHUY OT IUIOTUHEI benospckoro (KK=-0,80; p=0,033) (puc. 2.39).
BOZOXPAaHUIHINA I'myOuHa KOJIOAIEB BapbHUpOBaja

oT 2 10 8 M.

AHanmm3 JJaHHBIX TIOKa3al, YTO KOHIICHTPAIWS TPUTHSI JIOCTOBEPHO CHIIKAIIACH
c yBenuueHnneMm ux riayounst (KK = 0,67; p = 0,065) (puc. 2.40). Ha Bcém npoTsoxkeHnn
PEKH 3TO CHIDKEHHUE OBLJIO B Mpejiesiax 2 pas.
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KoHueHTpauusn, Bi/n
5

y =-1,1275 x + 17,486

0 T T T T !
0 2 4 6 8 10

FnybuHa, m

Puc. 2.40. 3aBUCIMOCTD KOHIICHTPAITHI TPUTHUSL
B BOJI€ KOJIO/ILIEB B HACENEHHBIX MMyHKTaX
o peke [IbiMa OT rTyOUHBI HCTOYHUKA

KoHueHTpauus, Br/n
25 - LUeHTpaul

201 =-0,0005 x + 12,403

154

- 1 T "
0 100 200 300 400
PaccrosHue, km
a
25 KoHuenTpauus, Br/n
20 . y=-0,1718 x + 15,083
L]
15 ., .
- S .
10 HH b ——
.
5 L]
0
0 10 20 30 40 50
rnyBuna, m
o

Puc. 2.41. YpoBHU KOHIICHTpALUU TPUTHUS
B BOJI€ JIMYHBIX CKBKMH B HACENIEHHBIX ITyHKTAX
noiimbl pexu [IplmMa: a — Ha pasHOM
paccTosiHUH OT IIIOTHHBI benosipckoro
BOJIOXPAHMIINIA; 6 — B 3aBUCHMOCTH
OT I'TyOMHBI HCTOYHHUKA

Juunvle CKBANCUHDL.
HccnenoBanHbIe TUYHBIE CKBAXKUHBI
B mnoiimMe peku IlpimmMa  umenu
riryouny ot 5 1o 47 m. Kak BuaHO u3
puc. 2.41, a, coaepKaHue
PaZuMOHYKJINAA B CKBOKMHHOM BOZE
u3MeHsock ot 7 g0 16 bx/n mpu
cpenHeM 3HaueHuu 12+ 1 br/m.

B LEeJI0M Ha BCEM
MPOTSKEHUH  PEKU  COJEpIKaHHE
TPUTHSI B BOAE CKBRKUH HE 3aBUCEIIO
or paccrosaus (p > 0,05), xotsa
B  HEMOCPEJACTBEHHOH OIM30CTH
oT benospckoro BoJOXpaHMIHIIA,
Ha PacCTOSIHUM 3—5 KM OT IUIOTHHBI,
B HUX HaOIIO#aINCh 3aMETHBIC
KoJIeOaHMsI KOHIICHTPAIUM TaHHOTO
paTuOHYKIUIA. Jt10 MOKHO
O0OBSCHUTH pa3HOOOpa3ueM THUIIOB
TPYHTOB B JJAHHOM palOHE: Hapsay
C WINCTBIMA M TIECYAHO-MIIUCTHIMH
IpyHTaMH  37leCb  BCTpedaercs
CKAJIbHBII TPYHT, NPEHSITCTBYIOIINMA
MIPOHUKHOBEHHUIO BOJBI U3 BOJIOEMA-

OXJIAIATENIS B BOJIOHOCHBIE
TOPHU30HTHI.
Awnanuz KOHIICHTpAaITiit

TPUTHUS B BOJC JIMYHBIX CKBaXKUH
B 3aBUCHUMOCTH OT WX TIJIIyOUHBI
(puc. 2.41, 6) Takke HE BBISIBUI
CYIISCTBCHHBIX Pa3jIMuuil MEKIY

HHMH, 4TO MIOJITBEPK TAETCSI
pe3ysibTataMu CTaTHCTHYECKOU
o0Opabotku (p> 0,05).

Cemesas 60o0a. B tabn. 2.10
MIPEACTABJICHBl YPOBHU KOHLEHTpAIUI
palMOHYKIIHJIa B CETEBOM BOJE,
MIOCTYNAIOIIEH B  BOJOIPOBOJIHBIE

KOJIOHKH HCKOTOPBIX HacelEHHBIX IIYHKTOB, PAacCIIOJIOKCHHLIX B HpH6p6)KHOﬁ 30HC

peku IIpmmma.

B xomoHKHM momaeTrcst BoAa M3 CIIEMUAIBHO MPOOYPEHHBIX TITyOMHHBIX CKBAXKHH.
K coxanenuto, rimyOMHy TakMX CKB)XHH YyJAJIOCh YCTaHOBHUTH TOJBKO IJIsl ABYX

HaCEJIEHHBIX ITYHKTOB.

OKaBaJ’IOCL, qTO IJId OOJNIBIIIMHCTBA IOCEIKOB YPOBHU

KOHIICHTpAI[MK TPUTHS B CETEBOM BOJE HMMEIOT Oyim3kue 3HaueHus (12—18 Bbx/m)
W TPAKTHYECKH HE 3aBHUCAT OT PACCTOSHUA HACEIEHHOTO IIYHKTa 10 BOJOEMA-

OXJIaAUTECIIA.

Tonbko 118 MByX MyHKTOB HaOmroaeHn# (3HameHckuii 1 Cyxoi Jlor) oTMedeHs
TIOHM)KCHHBIC KOHIICHTPAIIMA TPUTHUS B CETEBOM BOJE, KOTOPBIC MPHOIMKAFOTCS
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K YPOBHIO TEXHOTEHHOTO (JOHA. YKa3aHHbBIE TyHKTHI CPABHUTEIILHO OJIU3KO PaCIION0KEHBI
IpyT oT npyra (~ 5—6 xM). MOXXHO mpearoiararb, YT0 OHA 00eCIeYnBalOTCS BOIOM
13 OJTHOTO HCTOYHHKA, IMEIOIIETO MEHBIIIYIO KOHIICHTPAIHEO TPHTHSL.

Tabnuya 2.10

COI[Cp)KaHI/IC TPUTUA B CETEBOM BOJIC HACEIICHHBIX ITYHKTOB,
PacCIioJIOKCHHBIX B noiime PeKu IIemmma

Hacenéunsrii myHKT I'my6una ckBakuHbl, M | KoHneHtparwst, bx/n
Kypmanka He u3BectHa 12
lNarapka « 14
benosipckuit « 16
BenokxameHHbIH 70 12
3HaMeHCKUH He u3BectHa 5
Cyxoiit Jlor « 8
HoBonpsimmuHckui « 18
Huxonsckoe « 15
[Temma « 17
Tanuua ~ 80 15
Cpennee 13£1

Poonuxosas 600a. YpOoBHU KOHIEHTPAIMH TPUTHS B POJHUKOBOW BOJIE CEMH
HAceNECHHBIX ITyHKTOB, PACIOJIOXKEHHBIX B MokMe peku Ilelmma Ha pasHOM
paccrosinuu ot benosipckoit ADC, uMeroT OJM3KKe 3HAUCHUS U HE 3aBUCST OT PACCTOSIHUSL.
B cpenHeM oHM mouyTH B 2 pa3a MNPEBBIIIAIOT COOTBETCTBYIOIIME KOHLIEHTPAIUU
palMOHYKJIWJIa B CETEBOM BOJIE.

Cpe)_IHI/Ie KOHIOCHTpAaluu TPUTU B pO,ILHI/IKOBOﬁ BOJEC
HaCEJIEHHBIX ITYHKTOB, PAaCIIOJIOKCHHBIX B IoMme PCeKH [Tprmma

Kypmanka 23 Bx/n
l"arapka 20 bx/n
Kpytuxa 22 u 17 bx/n
SAnynuno 26 bx/n
benoxameHHbIi 24 Bbx/n
Cyxoti Jlor 34 bx/n
HoBonbsimmMuHCKmi 14 bx/n
Cpennee 22+3 bx/n

Takum o0Opa3oM, pe3yibTaThl MCCIEIOBAaHUI BOJHOW cUCTeMbl peku llbimima
B 2013 r. MO3BONMWIN BBISIBUTH MOBBIMICHHBIE YPOBHU KOHIICHTPAIIUU PaTHOHYKIHIA
Ha BCEM MPOTSHKEHUU PEKH, OT 3 110 5 pa3 MpeBHIIA0IINE YPOBEHb TEXHOT'€HHOTO (h)OHA.
B moiime pexun Haa(oHOBOE TPUTHEBOE 3arpsA3HEHUE MPOHUKAET B HCTOYHUKH ITUTHEBOTO
BOJIOCHAOXEHUS — KOJIOMIIBI U CKBaXWHBI. CHIDKEHUE KOHIICHTPAITUH TPUTHUS B BOJE
KOJIOAIEB M B Boje [IBIIIMEI ¢ yBeMUEHWEM PACCTOSIHUS A0 IUIOTHHBI berospckoro
BOJOXpaHWINILA CBUAECTEILCTBYET O TOM, UYTO TPUTHUEBOE 3arpsA3HEHUE MOCTYMHaeT
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B HUX MpeuMyIIecTBEHHO U3 peku [Ipimma. B To jxe BpeMst MpaKTH4eCKH MOCTOSHHAS
KOHLICHTPAIMs PAAMOHYKIHIa B CKBOXHHHBIX BOJAX HAa BCEM IPOTSHKEHUH DPEKU
TOBOPUT O TOM, YTO BOJOHOCHBIH TOPH30HT, IMUTAIOIIMHA 3TH CKBaKHHBI, HE CBS3aH
c Bogoii peku Ilpmuma. OpgHako TOT (akT, YTO KOHLEHTpALMS TPUTHS B 3TOM
BOJIOHOCHOM TOpH30HTE B 2-3 pa3a MpPEBHIIAET ypPOBEHb TEXHOTEHHOTo (oHa,
3aCTaBISET MPEAINOIOKUTh, YTO BO3MOXXHBIM HCTOYHHKOM HX 3arps3HEHUS CITyXKat
BOJIOHOCHBIC TOPHU3OHTHI, PACHOJIOKEHHBIE IOJ 3HEProONOKaMH Ha TEPPUTOPHU
BADC. IloBblieHHbIE KOHIICHTPAlMH TPUTHUS B POXHUKOBOH BOAe (IO CpaBHEHHIO
C TIyOMHHBIMH BOJaMH), OYEBHIHO, OOYCIIOBIEHHI €€ 3arps3HeHHeM 3a CU€T
MOCTYIUICHUSI TPUTHUSL OT BO3AYIIHBIX BBIOPOCOB M MOBEPXHOCTHBIX BOJ, WMEIOIIUX
OoJiee BBICOKYIO KOHIICHTPALMIO PaIuOHYKIIUIA.

2.5. Bozoywnas cpeoa

[ns oueHKH BO3MOXXHOCTU mocTymieHus Tputus or ADC ¢ BO3AYLIHBIMU
BbIOpocaMy Ha Kpblile bruodusuueckoil cTaHIMN pa3Melalid OTKPHIThIE CTEKIISTHHBIC
coCyapl € AUCTWIIMPOBaHHOM Boxod. Ilpm 3TOM  mpexamonarany, 4TO
JUCTUJUIMPOBAHHAS BOJA MOXET CIIY)KUTh IOTJIOTUTENEM TPUTHUS, MOCTYIAIOIIEro
B BO3YX C BBIOpOCaMH CTaHLUUH. AHAJIOTUYHBIE COCYZbl pPa3MEIlald B INOMEIICHUN
Bruodusnueckoit craHuy. DKCIO3UIUIO B TEYEHNUE CYTOK MMPOBOIUIIN B Pa3HOE BpeMs
rojia MpH cyxoi Oe3BETPEHHOI MOro/ie Ha MPOTsHKEeHUH psina jieT. CocyIpl moMenanm
Ha DJKCIIO3UIMIO BO BPEMEHHM CIy4yallHBIM 00pa3oM, 3aTeM ONpelessiiid YPOBHHU
KOHIIEHTPAlMi PAAMOHYKINWAA B BOAE 3KCIIEPUMEHTANBHBIX COCYIOB ONHCAHHBIM
BBIIIE CIIOCOOOM.

Copepxanue TPUTHS
@ 500 B JUCTWUIMPOBAHHOW BOZAE, KOTOpas
‘:s‘r:gs h HCIIOJB30BAACh B OMbITE B KAauyeCTBE

3 N
B MOTJIONIAIOIIEN PaJUOHYKIHI Cpepbl,
I 100 m B pasHoe BpeMs MIPOBEICHUS
2 o4 ; ; . N , SKCIIEPUMEHTa  BapbUpPOBAIO OT 5
1995 1997 196 1903 2001 2002 70 28 BK/T mpH cpeHeM 3HAuCHHM

Bpema HabnwaeHui 9,7ﬂ: 1’2 Bx/i1.
— a Ha puc. 2.42, a, noka3zaHo, kak
0 5o M3MEHSETCS  KOHIIGHTpalus  TPHUTUA
% 400 B SKCIECPUMEHTAJIbHBIX cocyaax,
?) 223 n CIICLMAJIbHO PA3MEUICHHBIX HA KpbILIE
§ 100 bruodusnueckoit craHiMKM, B pa3HbIE
s ; ; ‘ ' ‘ rogsl  HaOmogenui. Oxasamoch, 4YTO

1995 1997 1998 1999 2001 2002

Bpems HabniogeHwi B Oonee 80 % BpeMEHHBIX TOYEK
6 Cofiep’KaHHe TPUTHS MPEBBIIIAIO YPOBEHb,
Puc. 2.42. VI3MeHeHne KOHUeHTpaumii Tpurust  YCTAHOBICHHBIH IS JTUCTHIUTMPOBAHHOM
B BOJIE€ DKCIIEPUMEHTAJIBHBIX COCYIOB, BOZIbI 10 Ha4ajla 5KCIO3UIMH, a B PANC
pasMelIeHHbIX Ha Kpbiiie (@) U B 31aHuH (6) CIIy4aeB TaKoe IMPEBBIIICHUE JOCTUTAIIO
brogpusngeckoit cranuun 1040 pa3. AmnHamornyHas KapTHHA
BBISIBIICHA npu 9KCTIO3UITUHI

JUCTHJUTHPOBAHHOM BOJIBI B TOMeIIeHnH brogu3ndeckoii CTaHIH, Kya pagioHy KT
MOJXKET MOCTYIaTh U3 OKPYKAIOMIEr0 BO3AYITHOTO IPOCTPAHCTBA Yepe3 OKHA U JIBEPU
(puc. 2.42, 6).
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AHanu3 NpuUBeACHHBIX Ha pHC. 2.42 NaHHBIX TO3BOJIMII 3aKIIOYHUTh, YTO TPUTHUI
MOCTYMaeT B BO3AYIIHOE IMPOCTPAHCTBO HEPABHOMEPHO, O YeM CBHUAETEIBCTBYIOT
MEpPHOABl TIOBBIMIEHHBIX KOHIEHTPAIMil paAHOHYKIHAa B JKCHEPUMEHTAIBHBIX
cocynax Ha (oHe Oojiee HH3KHX 3HAaUeHHH. OTO MOXeT OBITh CBS3aHO Kak
C TIEPHOINIHOCTHIO BBIOpocoB ADC, Tak W HampaBlIeHHEM IPeoOIalaronX BETPOB,
OTHOCSIINX PAINOaKTHBHOE O0JIaKO OT MECTa UCCIIEAOBAHUSI.

[IpoctpancTBo BHYTpU 3AaHus brodusnueckoll CTaHIMK AOJNBIIEC OYHINAETCS
OT MOCTYIUBIIETO PAINOHYKIIN]IA, YEM OTKPBITOE BO3AYIIHOE TPOCTPAHCTBO Ha KPBIIIIE
craamud. OO0 3TOM CBHETENBCTBYIOT OoJiee BBICOKHE ITOKA3aTeNH KOHIEHTPAITHIA
TPUTHA B OKCIO3UIMOHHOW BOJAE IOMEUIEHWH I10 CpPAaBHEHUIO C aHAJOTMYHBIM
BapHaHTOM Ha KpBIIIE 3/1aHUS.

Takum oOpa3om, pUBEIEHHBIE YKCIIEPUMEHTAIFHBIC JaHHBIE TIOJTBEPIUIN TOT
(hakT, 9TO, HAPAMY C KUJKAMHU CTOKAMH, TPUTUH mocTymaeT oT ADC B OKpYKalOIIyrO
Cpemy ¢ BO3MylIHBIMU BeIOpocamu. Ha npumepe Buodusnueckoit ctannmu nokasaHo,
YTO W3-32 OOJBIION MOJBMKHOCTH TPUTHSA B BO3IYITHOW Cpelie OH MOXKET ITPOHUKATH
BHYTPB 37JaHHUH U CO3/1aBaTh B HUX MOBHIIIEHHBIA TPUTHEBBIN (HOH.

2.6. /losicoesvle u cHezosble 0CaAOKU

JloxzeBble M CHETOBBIE OCAAKH, NMPOXOJS 4Yepe3 BO3AYIIHOE MPOCTPAHCTBO,
MOTJIONIAOT COACPIKAIIMICS TaM TPUTHIA, TEM CaMbIM OYHIIast aTMOC(HEPHBIN BO3IYyX.

UccnenoBanus B paiione ADC BBHINONHSIIN B Pa3UYHBIE TEPHOIBI PaOOTHI
craammu. COOp IOXAEBBIX OCATKOB MPOM3BOMWIM B HaOmomaemor 30He ADC
W Ha KOHTPOJIBHBIX TEPPUTOPHUSX, B KAYECTBE KOTOPBIX CIYXKHUIU paiioH PedTuHcKoi
I'POC (60 xm Ha ceBepo-BocTok 0T ADC) u borannueckoro caga MHCTUTYTa SKOJIOTHU
pactenunii 1 xuBoTHBIX YpO PAH (45 xm Ha ceBepo-3aman or ADC). CornacHo
noxydeHHbIM B 1983—1984 rr. pe3ynpTaTam, CyIeCTBEHHbIX pa3InuHii 10 KOHIEHTPAIAM
TPUTUSL B JIOKACBBIX OC3JKaxX pa3IM4YHBIX MYHKTOB HAOIIOJCHWI HE BBISIBICHO.
ConepxaHye paIuOHYKJINAA B TIEPHOJ COBMECTHON pabOTHI 2-T0 U 3-I0 3HEProOJIOKOB
ADC BapeupoBaiio ot 14 g0 32 bx/n npu cpennux 3nadenusx 20+ 1 n 23 £ 1 br/n
B 1983 u 1984 rr. cootBeTcTBeHHO (Tabdi. 2.11). CpenHue KOHICHTPALUH PATHOHYKITHIA
B JOXKIEBBIX ocaikax HaOmrogaeMoi 30Ha ADC He OTIMYAIMCh OT IOKa3aTelIeH,
MOJTYYEHHBIX Il KOHTPOJIbHBIX PaiOHOB.

B 1997 r. nocie BbIBOJa M3 SKCIUIyaTallMd 2-TO 3HEProdjioka CoJepiKkaHue
TPUTHUS B JIOKAEBBIX OCajikax B paiioHe buodmusmyeckoil crannuu cocrasisiio, br/m:
Maii — 18, uroap — 22, utonb — 41, aBryct — 14, centsa6pp — 9,5. CpenHee 3HaYeHNE
3a 9ToT mepuoi (21 £ 6 Bk/m) He OTIMYAIOCh OT COOTBETCTBYIOIIETO IOKa3aTess
Jutst aToro pariona B 1983—1984 rr. (23 + 1 br/n). JIBykpaTHOE N3MEpEHNE KOHIICHTpAIINii
TPUTHA B 10K AEBBIX ocakax B 2002 r. BEIIBUIIO JOBOJIBHO HU3KHE 3HAUEHUS HA YPOBHE
TEXHOreHHOro (oHa Ans Ypanbckoro pernona, B 2003 r. oHM ObUIM 3aMETHO BBILIE
(mait — 31 Bx/it; uronb — 29 Bbx/n; centsiops — 228 Bk/i).

[Ipn uccrnenoBaHuM coAEp)KaHUS TPUTHA B CHEXXHOM ITOKPOBE CHEI Ha BCIO
riyOuHy oTOMpanu B KoHLe 3uMbl. B meproa 1981—1985 rr. B kauecTBe KOHTPOJIBHBIX
paiioHoB ObLIH BeIOpaHb! ocEnku Pedrunckuii, B. Jlyoposo u borannueckuii cag YpO
PAH B ExarepunOypre. Kax BuaHo u3 Tabn. 2.12, mOBBIINIEHHOE COJEpIKaHHE
B CHErOBOM BOJIE 3aperucTpupoBaHo Ha mnpomruom@aake bADC (76—118 bx/m);
HEOOJIbIIOE TPEBBIICHUE CpPEAHEro IoKa3aTelsi OTMEUYEHO TakXke B paioHe
buo¢unsnueckoil craHIMY, PacloNIOKEHHON B HemocpeacTBeHHOU O6mmzocti o ADC

138



(29—41 bk/n). B octanbHBIX IMyHKTaX HaOJIIOJICHUIN CPEHHUE 3HAUCHUS BapbUPOBAIH

ot 12 1o 33 bx/a u ObUIH OJIM3KY K TAKOBBIM Ha KOHTPOJBHBIX Y4aCTKaX.

Tabnuya 2.11

KonueHTpanuu Tputus B 105KAEBO Boze B HabmogaeMoi 30He benospckoit ADC
Y Ha KOHTPOJBHBIX MyHKTax HaOmoaeHni B 1983—1984 rr., bx/n

Mecrootooparpod | oY | iogyr | tomsr | sa1osin
Kamenxka 20 20 14 18+3
Pexuk 27 20 15 21+5
MypaHUTHBIN 17 20 16 18+2
Me3zenka - - - -
3apeunslit 20 25 16 20+ 4
buocrannus 30 25 20 25+4
[Mpommomagka BADC — - - -
noc. Pedprunckuit 23 22 16 20+3
Borannueckuii can 18 22 18 19+£2

Mecrootooparpod | o | iogir | 1omir. | saiotér
Kamenka — 23 17 19+0,2
Pexunx — 30; 27 23 24+2
MypaHUTHBIN 27 27 22 21+£2
Me3senka — 28; 27 27 27+04
3apeuHslif 32 - - 23+4
buocranmus 20 32;28 23,23 25+1
[Ipommomagka BADC - 30; 31 23;22 26+£2
noc. PedtuHckmii 26 28 22 23+2
Borannuecknii can 24 20 20+1

Tabruya 2.12

YpOBHU KOHIICHTpAIMii TPUTHUS B CHEroBo# Bojie B MapTe 1981—1985 rr., br/n

Mecto HaOIHOIEHNI 1981 r. 1982 r. 1985 1.

Kamenka 33+1 12+0,5 18
Pexux 301 21+0,5 23
MypaHUTHBI 33£1,6 18+04 17
Me3senka 22 +0,6 20+ 1 23
3apeuHslii 33£1,5 29+1 20
Buocranmnus 41 +2 38+1 29
ITpommnomanka ADC 118+ 6 76 £4 100
noc. PedtuHCKMiA 33+2 28 15
r. ExarepunOypr, boranrdeckuit can - 12 27
noc. B. Jlyoposo 33+£2 161 -
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[puneraromuit k BADC paiion Ob1 obcienoBan B 1986 r. Gojee aeTanbHO.
JLst aTOM TIenT OTOMpPAaITH MTPOOKI CHETA Ha PACCTOSHUN MMPHUOIM3UTEIIBHO 1 KM B pa3HBIX
HampasieHusX or ADC, a Takxke B paiioHe brnodmsmueckoit cranmuu. [IpuBenéHnnie
B Tabn. 2.13 nmaHHBle MOATBEPAWIN ()aKT HAJTWYUS TOBBIMICHHBIX KOHIICHTPAIUN
PaTMOHYKIIU/IA B CHETOBOM BOJIE BOKPYT aTOMHOM CTaHIIHH, TP STOM HanOoJIee BEICOKHE
TTOKa3aTelIl 0OKa3allich B paiione bruodusndaeckoit cranmmm.

Tabauya 2.13
KoHmeHTpamuu TpuThs B CHETOBOM Bojie B sstHBape-mMapte 1986 T.

Mecto or6opa npod KonnenTpanus tputns, bx/n

Tepputopust BASC 51+1

1 kM k ceBepy oT BADC 41 +1

1 kM Kk BocToKy oT BADC 45+3

1 kM K rory ot BADC 40+3

1 kM k 3amagy or BADC 53+£5
Buocranius 3a 37aHueM 69+4
Buocranuus, nepen 3qaHneM 136 £2
buocrannus, kpeima 3qaHus 172; 41
ExarepunOypr, bortanwuaeckuii caj 9+0,1

[locne BbIBOA M3 BKCILTyaTalUU 2-rO 3HEProOJIoKa MPOBOAUIICS MOHUTOPHHL
TPUTHS B CHEXHOM MOKpOBe Habmromaemoil 30HbpI ADC, BKIIOYarOmuUN 25 ToYex
HaOmoenus. Mccnenosanust 1997—2003 rr. mokasajid, 4TO B 3TOT IEPUOJT BBISBICHBI
SMU30/INYECKNE ITOBBIIIEHHbIE KOHIEHTPAlMN PaJWOHYKIUAA MPEUMYIIECTBEHHO
B MecTaX, npuMbIkaromux kK ADC u UPM (tabmn. 2.14).

B wyactHOocTH, B 2002 . conmepikaHHE pPAIUOHYKIHM[IA B CHEKHOM IOKPOBE
¢ ceBepHoli ctoponbl oT IPM cocrarmsio 1090 bx/i, B 2003 1. ¢ 3amaaHol CTOPOHBI
or BADC oHno cocraBmsio 456 bx/m. llodydeHHble naHHBIE CBUAETENHCTBYIOT
0 BO3MOXXHOM BKJI3JI€ B 3arpsi3HEHUE CHEXHOTO MOKPOBA TPUTHEM Ha HpUIICraouien
Kk ADC tepputopuu 3a cu€T paboThl IKcTIepuMeHTanbHOTO peaktopa UPM. Tlocnennee
MOATBEP)KIAETCS paHee IOJyYeHHBIMU NAaHHBIMH O TIOCTYIUIEHWH DPaTUOHYKIHIA
B BOJOEM-OXJIaAUTENb Yepe3 MpomiiuBHEBbIA kaHan PM: B 1995 r. B Bozme sToro
KaHaa OblIa 3aperucTprpoBaHa KoHeHTpamms Tputas 3020 bx/i.

CHeXHBIII TIOKPOB Ha OCTAJIbHOW YacTH HaOJoJaeMoll 30HBI B yKa3aHHBIN
MIEPHOJ XapaKTePU30BaJICS CPEAHUMU TToKa3aTensiMu oT 15 1o 33 Bx/a Bojbl, KOTOpEIE
B 3—7 pa3 npeBbIIaIn yPOBEHb TEXHOTEHHOTO (JOHA s Y PanbCKOro peruoHa.

B 2010 r. B 30HY HabOmromeHus OBUTA BKIIOYCHBI HACEIIEHHBIE ITYHKTHI,
pacnonoxeHHble Ha pacctossHuu Ooiee 20 kM ot ADC. U3 puc. 2.43 BumHO, 4YTO
KOHIEHTpALs TPUTHS B CHETOBBIX BBINIA/ICHUAX HCCIIEyEMOT0 PETHOHA BapbUpoOBala
ot 6 1o 32 Bx/n. OTHOCUTEIILHO HU3KHE KOHICHTpaluK paauoHykiauna (6—8 bk/i)
OTMEUYEHBl B [OT0-3alIaJHOM M CEBEPO-3aMaJHOM HAMpPABICHUSIX IO TPAHCEKTE
[ToBapus — Paccoxa — M. bpycsauel — I'arapckuit u 1Innosckuit — Capamnynka.
Heckonbko mMOBBIIIEHHBIE KOHIEHTPAIMM MPOCIEKHUBAIOTCS B FOKHOM H  IOTO-
BocTouHOM HamnpasieHusax ot ADC (I'yceso — 24, Kypmanka — 32, MannHOBKa —
22 bk/m).
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Tabnuya 2.14

KonuenTpamuu Tputns B cHeroBoii Boae B nepuos 1997-2003 rr. (Mapr)

Mecto otbopa | 1997 | 19981 | 19991 | 2000r. | 20021 | 2003 r.
mpo0 cHera

BADC, B 95+ 1" 10+2 1942 20+ 1 138+ 1" | 43+1
BADC, 103 25+1 - - - - -
BADC, 1O - - - 2141 13+1 35+1
BADC, C3 32+1 - - - - -
BADC, 3 - 14+2 [ 93+10" | 32+1 34+1 | 456+2°
Bbuocranmnus - 31 +4 29+2 59+ 1" 32+1 201
Bbuocranmnus 48405 16 + 1 _ _ _ _
(BomoeM)
HUPM, 3 - 16+2 26+ 1 28 +1 - -
UPM, C 68+ 1" - - 63+1" [1090+2"| 13+1
UPM, B - 22+3 26+ 1 28+ 1 - -
roc. MypaHWTHBIH - 25+1 7+1 14 +1 - -
T. 3apedHsbIit

LEHTpP 32+15 2+1 19+1 17+1 - -

TETIULIBI 27+1 9+3 - - - -

OJMHHAsA - 4+1 13+ 2 - - —

JIOZOYHAS B _ g13 _ _ _

CTaHIUsA
IIpodunaxropuit 34+1 - - - - -
Tepputopus
Oyayuiero 4-ro 371 - 18+1 - - -
6moka ADC
noc. Pexxuk 36 +1 16 £2 161 14+1 14+1 -
noc. Kamenka 25+1 3+£2 - - - 10£1
IInotuna - 9+1 17+1 16 £1 17+1 -
Xynpim, C3 - 14 £1 - — — -
Xynpim, 3 - 16 +1 - — — -
YCM - 49 +£2 13+0 - - -
CMYVY-8 - 9+3 - - - -
CBuHapHUK - 9+1 - - - -
Cpennee 33+3 15+£3 18+2 21+2 19+4 24 +7

* JlaHHBIE HE BKIIFOUEHBI B PACYET CPEJHUX 3HAYEHHIT 110 MCCIIe[0BAHHON TEPPUTOPUH.

[IpuBeaEHHbIE BhILIE PE3yIbTaThl MOHUTOPHUHIA TPUTHS B IOKAEBBIX U CHETOBBIX
ocagkax B 30He pacronoxkeHusi bemosipckoit ADC m MPM mo3Bonmin BBISIBUTH
BapHaOeNbHOCTh IOKa3aTedel (0T ypoBHs TexHoreHHoro ¢ona go 1100 bx/n),
00YCIIOBJIIEHHYIO KOJHMYECTBOM pabOTaIOUIMX 3SHEProOJIOKOB, PACCTOSHHEM MeECTa
oTOopa mpoO OT WCTOYHWKA 3arps3HEHHs, BpeMeHeM oTOopa mpod. B mocnemnem
cllyyae UrpaeT pojb AMHAMHKa BBIOPOCOB, Mpeobiajaroliee HanpaBiIeHHE BETPOB,
MOTOJHBIE YCIIOBUS U Apyrue (PaKTOpbl, KOTOPbIE B pad0OTe HE UCCIICAOBAIUCE.
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Puc. 2.43. YpoBHM KOHIIEHTpaIMK TPUTHUS B cHeroBoi Bosie B 2010 r., bx/n
2.7. Hemounuku numueeo2o 6000CcHadIICeHUA HACEIEHUA

HemHuorouncnennsie pabOTBI TIO WCCIENOBAHWIO KOHIEHTPAIWA TPUTHS
B TIOJI3EMHBIX, B TOM YHCJIE€ NMUTHEBHIX BOJIAX PAHOHOB Pa3MEMICHUS MPEIIPUSITHIA
ATOMHOM TPOMBIIICHHOCTH, YKa3blBAlOT Ha BO3MOXXHOCTH MX HaJ(OHOBOTO
3arpsisHeHHs paguoHyKIuaAoM [PamnanmonHast obcraHoBka..., 2001, 2017; Yeboruna
u ap., 2008; Momot et al., 2008; YebGoruna, 2011; fAxoB u nap., 2016; Mowmor,
Cernspinbic, 2017]. YpoBHH KOHIEHTpAllMM MHOTHX PaJHOaKTHUBHBIX 3arpsi3HUTEINEH,
B TOM YHCJIC TPUTHSI, B TIIYOMHHBIX CJIOSX T'PYHTA UMEIOT BBIPQKCHHYIO TCHIICHIIMIO
K BO3PAaCTaHUIO MO0 Mepe MPUOJIMKCHHUS K MPEINPUATHSIM SISPHOTO IMKJIA, MECTaM
3aXOpPOHEHUSI PAJMOAKTHUBHBIX OTXOOB M IOA3EMHBIM SIICPHBIM B3pbIBaM [EpIios,
Cunun, 2005; Uyiikos, Jlocmyxamenosa, 2006; 3arps3HeHrne KOMIIOHEHTOB..., 2009;
I'eoxumuyeckas cnenuanuzanus..., 2010].

WN3yuenue ypoBHEH 3arpsA3HEHUS IIOA3EMHBIX BOJ TPUTHEM B palioHE
Benosipckoit ADC mpoBoguiu B pasHble TepHOABl (YHKIIMOHWUPOBAHUS CTAHIIUH.
Ha mepBom 3Tame ObuUIM TIONYy4YEHBI OIICHOYHBIE CBEJCHHS O COJCPXAHWH TPUTHS
B IUTHEBOH BOJIC HEKOTOPHIX KOJIOMIIEB M CKBAXXUH B MIECTH PA3TUIHBIX HACEIEHHBIX
nyHKTax HaOironaemoil 30l BADC B mepuoa COBMECTHOW pabOThI HEProOJIOKOB
(1981-1989 rr.) (Tabm. 2.15). CornacHo IpOBEAEHHBIM HCCIEIOBAHUAM, B YKa3aHHBII
MIepUOJT BPEMEHU KOHIICHTPAIUS TPUTHS B KOJOANAX M CKBAXWHAX HCCIICTYEMOTO
peruona BapbupoBana oT 11 mo 49 bx/n. Cpennue mokasaTeny, XapaKTepU3yIOIIUe
CoJIepyKaHUE PAJMOHYKJIMIA B 3TUX BOJHBIX SKOCHCTEMaX, UMENIU OJIM3KHE 3HAYCHHS
(mnst konoxtes U ckBakuH 30+ 2 1 26 +2 BK/T COOTBETCTBEHHO), KOTOpBIE B 5—6 pa3
MPEBBIIAN YPOBEHb TEXHOTEHHOTO (hOHA.

BrlsiBlieHHE TIOBBINICHHBIX 10 CPAaBHEHUIO C YPOBHEM TEXHOTEHHOTO (hoHA
KOHIICHTpAIINH TPUTHS B BOJIEC OOJBINMMHCTBA MHUTHEBHIX MCTOYHUKOB parioHa BADC
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MPUBENI0 K HEOOXOAWMMOCTH WCCIIE0BATh IHUTHEBYID BOMY, MOCTYIIAIOIIYIO
B r. 3apeunsbiii. ['opox ¢ Hacenenuem 27617 uenoBexk (Ha 2017 r.) pacmoioxeH
B S-xuiomeTpoBoit 30He BADC Ha Oepery benmosipckoro Bogoxpanunuiia. B cucremy
BOJIOCHA0KEHHS 3apeyHoro BoAa nojaercs u3 KameHckol ckBaXuHbI TyOHHOM 21 M,
PacCITOJIOKEHHOM B CEBEPO-BOCTOYHOM HampaiieHuH oT BADC Hemameko OoT BEpXOBbs
BopoéMa-oxJaauTensi. MOHUTOPHHT TPUTUS B BOJC CKBAXKHWHBI NpoBomwH ¢ 1989
mo 1999 rr. (korma paboran 3-if PHEproOJIOK), 3a ATOT MEPHOJ €ro KOHIICHTPAITHH
B CKBaYKMHHOM BOJIE BapbHPOBAJIN OT YPOBHS TEXHOI€HHOTO (oHa 10 24 B/ mpu cpeanem
3HaueHnn 12 Br/m (puc. 2.44). IlpakTudeckd Bce IOKa3zaTeld (3a HCKIIOYCHHEM
OJTHOTO) MPEBBIIIATN YPOBEHb TEXHOTEHHOTO (poHa AJ1s1 Y PaabCKOro pernoHa.

Tabnuya 2.15
Konnenrpammu Tputus B Boie KOIOALEB U cKBaXHH B 1981—1989 1T., br/n

HyrKr BOmHbIH | e v| 1981 | 1982 | 1983 | 1984 | 1985 | 1989
HaOIONEHUS | UCTOYHUK
Kononen 3 37 40 32 32 27 -
9 - - - - 24 27
14 - - - - 28 -
Pexux
CxBaxmHa 25 - - - - 20 -
50 - - - - 15 -
172 - - - - 13 -
Konoznen 9 41 46 46 - 27 22
12 - - - - 31 12
MypaHUTHBI 21 44 48 43 49 42 -
CxBaxmHa
27 - - - - 34 -
40 - - - - 14 -
Komomen ! - — — — 23 —
8-10 18 19 - - 23 -
Me3senka 15 — — — — 17 -
CxBakMHa 16 — — — — 19 —
20 - - - - 16 -
Kamenka CkBaxkuHa 21 22;15| 20 18 - — 11
Kuposckuit | CkBaxuna 15 - - - - - 11
3apeuHslif Kononer 4 26 — 22 _ _
_ | CxBaxkuna - - - — — _ 11
benosipckuit Kononen — — — - - - 31

[lomyuenHble pe3ynbTaThl MOHHTOPWHTA TIO3BOJHIN IPEIIOIOKUTH, YTO
TPUTHEBAass METKa OTYacTH Tomagaer B KaMeHCKyr CKBaXMHY w3 benospckoro
BOAOXpaHUIUINA 4YE€PE3 MOJA3CMHBIC IIYTU MHUI'palvu. O6 >TOM CBHUICTCIILCTBYET
HaJIMYHE TMOJ0KUTEITLHON KOppeJ’[ﬂHHOHHOﬁ CBA3H 110 TPUTHUIO MEXKTY BOJIOI71 BEPXOBbA
Benosipckoro Bomoxpanmimia 1 KameHckol CKBaKUHBI (KO3(DPUIIMEHT KOPPEISIUU
0,77). Bo3aMokHa Takke MHTpalus PaJUOHYKIWAa W3 BOJOHOCHOTO TOPH3OHTA,
pacIoIoKeHHOT0 HerocpencTBeHHo moax ADC.
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B 1991-1995 rr. Obu1 mpoBeeH MOHUTOPUHT TPUTHSA HEMOCPEACTBEHHO
B ropsiueii cereBod Boje T. 3apeuHoro (puc. 2.45). CpaBHeHHE 3THUX IOKaszareien
C AQHAJOTUYHBIMHU 3HAYCHUSMH NI BOIbI M3 KaMeHCKOW CKBaKWHBI B T€ K€ TOJIBI
HaONIOJIECHNI TIOKa3aJlo, YTO IEHTPAIM30BaHHAs BOAa T. 3apeYHOTO CONEPKUT
B cpenmHeM Ha 60 % Oombmie TpuTHs, 4eM Boaa u3 KaMeHCKO#M CKBaXHMHBL JTO,
BO3MOXHO, CBSI3aHO C TOAMUTKON CETH TOPSYErO BOMOCHAOXKEHMsS OT Jea’dpaTopoB
TOpSTYETO BOAOCHAOKCHHSI B TICPHO HAOIIOICHHIA.

KoHueHTpauus, Br/n
25 |-

20

10

1 . ‘ 086t HabmodeHul
1 L 1 1 1 1
1989 1990 1991 1992 1993 1994 1995 1996 1997 1998|1999I

Puc. 2.44. [lunaMyka KOHUEHTpauuid Tputus B Boje KamMeHckol CKBayKUHBI

180|, KoHueHTpauwms, Bk/n
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Puc. 2.45. CpaBHuTENIEHBIE YPOBHHU KOHIIEHTpannii TpUTHA B Bojie KameHckoil ckBakuHsbI (/)
Y B TOpsiUeli BOJIE IIEHTPaIbHOTO BOJOCHAOXeHus T. 3apeuHoro (2), 1991-1995 rr.
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B 2005—-2006 rr. uccienoBald pacHpoOCTpaHEHHE TPUTHEBOIO 3arpsi3HEHUS
B MMUTHEBOM BOJIC APYTHX HACENEHHBIX MMyHKTAX, PACIIONI0KECHHBIX B 30HE BO3ACUCTBHSA
ADC. Ins storo ObiM 0TOOpaHBI MPOOBI BOJBI U3 PAa3MYHBIX BOJHBIX MCTOYHUKOB
B HAaCEJEHHBIX MYHKTaX Ha PACCTOSHUU A0 15 KM B pa3HbIX HallpaBICHUSIX OT ATOMHOM
craniuu. Bcero Oputo oOciemoBaHo 26 komjonmeB u 30 CKBOXHH C PasTUIHON
ryOMHOM 3aneranus BoApl. Kpome TOro, mcciienoBanu BOAY HEHTPAIN30BAHHOTO
BOJIOCHAOKEHUSI (CETEBYIO) B TEX IMMyHKTAX, TAe oHo nMmeeTcs (10 mpob), u Boy HEKOTOPBIX
poanukoB. Kak paHee yka3pIBaJIoCh, BBIOODP JTMYHBIX CKBRKHH M KOJOALEB AJsl 0TOOpa
mpod BOJBI OCYIIECTBISUIM CIy4alHBIM 00pa3oM, a TIyOMHY BOJHBIX HCTOYHHKOB
yCTaHaBJIMBAIK, OIpAIIMBast UX BiajensieB. Ha prc. 2.46 mpeacTaBieHsl KapThI-CXEMBI
KOHLICHTPAIMH paJioHyKIN/IA B KOJIOJAX ¥ CKBAKUHAX MCCIIEAYEMOT0 PEeTHOHA.
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Puc. 2.46. Kapra-cxema pacripocTpaHeHus! TPUTHS B BOJIE KOJIOLEB ()
1 TAYHBIX CKBakuH (6) paitona BADC B 2005-2006 rr., br/n
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ConepxaHrue TpPUTHS B KOJOJE3HOW BOJAE B YKa3aHHBIM IMEpHUOJ BpPEMEHH
BapbupoBano oT 1 10 25 bx/n mpu cpennem 3Hauenun 8,7 Bk/i, B CKBaKUHHOW —
ot 3 g0 22 bx/n npu cpennem 3HaueHnn 9,3 bi/n. I'padmdeckas o6paboTKa TaHHBIX
B mporpamMme Surfer BeIsSIBHIIA Hajmane O0oiiee BEICOKUX KOHIIEHTPALWH PaJuoOHyKIAIA
B BOJI€ MUTHEBBIX MCTOYHUKOB B IyHKTaX HAOIIOJCHUH, PACIONOKEHHBIX B I0)KHOM
W Or0-BOCTOYHOM HAampaBlIeHHAX OT HW)KHEH OKOHEYHOCTH benosipckoro
Bopoxpanwimniia. [lox BIusHHMEM CTOKa WMEHHO B 3Ty 4YacTh BOJOEMAa-OXJIaTUTEIs
u ganee B peky [lbimmva murpupyrot crabopaanoaktuBabie cToku BADC.

KoHuenTpanuu paguoHykiIuIa B POJHUKOBOW BOjAE B YKa3aHHBIH MEpUOL
BpPEMEHH BapbHPOBAJIM OT YPOBHsI TeXHOTEHHOTO (oHa 1o 22 bk/n, B ceTeBoi Boge —
1o 12 bx/n (tabm. 2.17). Cyns mo cpefHUM 3HAYEHUSM, POJHUKOBAsI BOJIa B CPEIHEM
conepxut HeMHoro oompie Tputws (11 +2 bx/m), yem cereBas (7 + 1 br/m). [Tocnemmss,
Kak IIpaBUJIO, ILO6LIB21€TCSI u3 FJIy6OKI/IX CKBAXUH H, B OTIMYHUC OT POAHUKOB,
HE€ KOHTAaKTUPYCT C BO3AYUIHBIM IIPOCTPAHCTBOM (CHCFOBI)IMI/I U O0XKACBbIMU
BBITIAZICHUSIMU ).

Tabnuya 2.17
Konuentparuu Tputus B BOJE POJHUKOB M CETEBOU BOJIE
HaceJIEHHBIX MyHKTOB B 2005—2006 rr., bx/n

Hacenénnsliii myHKT Ponnuku CereBas Boza
YepHoOpoBKa 22 -
Kocynuno 17 -
Paccoxa 5 -
benopeuenckuii - 2
I'yceso 18 -
ManoOpycHsATCKOE 15
Bbenospka - 12
Baxenoso - 2
ManuHoBka — 11
Kamenxka 7 -
T"arapckuii pazbe3n 7 7
Caparmynka 6 -
Bepxuee JlyopoBo 17 10
Mesenka — 11
Pexux 12 -
SnynnHo 6 -
Crynenueckuit 5 2
Cpennee 11£2 7+1

B menom ycraHoBmeHo, u4To 3a mepuon wucciaemoBanuit  2005-2006 rr.
npubIM3uTENsHO B 77 % BCeX BOAHBIX MPOO, BKIIOYAS KOJIOALBI, CKBAKUHBI, POJHUKH
U CETeBYIO BOAY HCCIIEIyEeMOro PErHOHa, YPOBHHM KOHLEHTPALMU TPUTUS B OCHOBHOM
MPEBBIIIATA TEXHOTEHHBIH (QoH. [TomydeHHbIe pe3ynbTaThl CBUACTENLCTBYIOT O TOM,
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YTO K MOMEHTY MCCIIEIOBaHUI Ha TEPPUTOPUH, IPHUIIETAIOIIEH K FO)KHOH OKOHEYHOCTH
Benosipckoro Bogoxpanumiia, GopMUPYeTCs 30Ha MOBBIIEHHOTO 3arPA3HEHUS TIMTHEBOH
BOJIbI TPUTHEM.

B 2014 r., nepen myckom 4-ro sHeprodioka, B npuierammeM Kk ADC pernone
OBUIO MIPOBEIEHO IIOBTOPHOE MCCIIEIOBAHNE KOHIICHTPALMH TPUTHUA B TPYHTOBOH BOJE,
MPU 3TOM OOBEKTOM HCCIICAOBAHUS CIYKHUIM MPEUMYILECTBEHHO JINYHBIC CKBAYKHHEI.
B xaxioM Haces€HHOM IyHKTE, 110 BO3MOXKHOCTH, OTOMpPaIu IPOOBI BOJBI U3 CKBAKUH
pasHoii riryounsl. Beero mpoananmmsupoBano 29 mpoO CKBaXUHHON BOJBI C TITyOHHBI
3aneranus ot 10 go 70 M. Ha puc. 2.47 npencraBieHsl ycpeJHEHHbIE TaHHBIE 110 KaKIOMY
nyHkTy HaOmogeHuid. Ilomydennsle B 2014 1. pe3ynbTaThl B LEIOM IOATBEPAMIH
nmaaaeie 2005—2006 rT. 0 HATWYUH 30HBI HAA(GOHOBOTO TPHUTHEBOTO 3arps3HCHHUS,
MPUMBIKAIOIIEH K I0)KHOM OKOHEYHOCTH benosipckoro Bogoxpanmiuiia u pexe [Ibimma.

S
C/a[Sanyn}(a /
y / y /

10]

Manobpycanckoe

Puc. 2.47. Kapra-cxema pacipoCTpaHEHHUS] TPUTUEBOTO 3aTPA3HEHUS
CKBO)XMHHOM BoJbI B paiione BADC B 2014 r., bx/n

Pesynprarel viccnenoBaHMI KOHIIEHTPANWHA TPUTHS BO BHYTPUTPYHTOBOH BOJIE
3a ONHCaHHBIE BHIIIE JBA TIEPHO/a HAOIOACHUH ObLIH TIOABEPTHYTHI JOTIOTHUTEILHOMY
aHaJIM3y, 4TOObI BBISBUTH 3aBHCUMOCTH YPOBHS 3arps3HEHUS OT TJIYOMHBI BOJIHOTO
ncToyHuka. HarmoMHuM, 4TO I1yOMHY BOJHBIX HCTOUYHHKOB, KaK IPABUIIO, YCTaHABIMBAIN
IyTeM ONpOoca WX BIaJCibIeB. BBIABICHO, YTO B BOJE KOJOIIECB, TITyOMHA KOTOPBIX
B HCCJEyeMOM paiioHe cOocTaBisiia OoT 1 1o 9 M, conepkaHue TPUTHS BapbUPOBAIO
OT YpOBHs TexHOreHHOro (ona q0 20 Bk/nm ¥ He 3aBHCHIIO OT INIyOMHBI MCTOYHHKA
(puc. 2.48).

['myOvHa TUYHBIX CKBAXKHWH B MCCIEIYEMOM PETHOHE B OOJBIIMHCTBE CIy4acB
He npeebiiana 30 M. B aTom nuanazoHe riyOMH KOHIIEHTPALMS TPUTHS CHUXKAJIACh
C YBEIMYEHHEM TIIyOWHbI CcKBaXWHBI (puc. 2.49). Ilpm atom comepikaHue TPUTHS
B CKBaXUHHOH Boze 3a 2014 r. okazanock JocTOBEpHO BhIlIe, yeM B 2005—2006 rr.
(p < 0,05). MoxHO TpeamnoaaraTh, 4TO 3a MEPHOJ HAOIIOMACHUA MHKPOKOINIECTBA
TPUTHS MHUTPUPOBAIM B Oojiee TJyOOKHH IMOAMOYBEHHBIM T'OPHU30HT, OJHAKO 3Ta
TUIOTE3a HyX/1aeTcs B OoJiee 1eTaIbHOM HCCIICIOBAHHU.
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Puc. 2.48. YpoBHU KOHLIEHTpALMX TPUTHSI B BOJE KOJIOALEB 30HbI BIusHUSA BADC
B 3aBUCHUMOCTH OT TJIyOMHBI HICTOYHUKA
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Puc. 2.49. 3aBUCHUMOCTb KOHLIEHTPALIMHY TPUTHSI B BOJE JIMYHBIX CKBAXHUH >KUTEJEH
pationa BADC ot riryouns! ucrounuka: / — 2014 r.; 2 — 2005-2006 rr.



PA3JIEJI 3. CHBUPCKHI U JAJIBHEBOCTOUYHBIN
®EJEPAJBHBIE OKPYTA

I'naBa 1. I'opHo-xuMmndeckuii komouHaT. Kpacnospckuii kpaii
1.1. Onucanue o6vekma

Oenepanpubiid saepubiii omepatop OI'VIT «'opHO-XUMUYECKHHT KOMOMHATY —
npeanpuarue ['ocyIapCcTBEHHON KOpHIOpalMM IO aTOMHOM 3Hepruu «Pocatom,
YHHMKaJbHOE aTOMHOE IIPOM3BOACTBO, HE MMEIOIIEE aHAJIOTOB B OTEYECTBEHHOM
n MupoBoil mpakTtuke. OcHoBHas muccua ['opHo-xumuueckoro komoOmHaTta (I'XK)
B XX B. — peakTopHas HapaOOTKa U BhIJCIICHUE Iy TOHHS U3 0OITYUY€HHOTO B peakTopax
€CTeCTBEHHOI'O ypaHa Ha PaJUOXUMHYECKOM MPOU3BOJACTBE — ObUIA YCHEITHO
BeInosiHeHa [KyunH u ap., 2006; Mopo3zos, 2006; Peokenkos, Areesa, 2006; Mopo3oB,
Pepxenkos, 2010].

B 1949 r. B CoBetckom Coro3€ Npouuio yCIemHOe UCIBITAHUE ATOMHOT'O 3aps/a.
[locme Btopoit wmmpoBoii BoiHB CoenuaéHHbIe lllTaThl OBUIH €IMHCTBEHHBIM
«IEepHBIM TOCYJapCcTBOM» B MHpe, M Bce mnonarand, 4yto Coro3 o4eHb Hanék
0T Tpom3BoAcTBa coOcTBeHHBIX 00MO. Ho mocne ucneitanust 6omOb1 PJIC-1 crano
nousitHo, 4yTo y CCCP ecTh BCE HE0OXOaUMOE ISl TIPOM3BOJICTBA OPYXKHS — BCE,
KpoMe TuryToHHUs. [loaTomMy BCKOpe OBIIO MPUHSTO pPEHICHHE CTPOUTH Cpas3y JBa
KOMOMHATA TI0 BEIPAOOTKE OPYKEHHOTO TUTyTOHMSL.

26 ¢espans 1950 r. Coserom MunuctpoB CCCP 0bIIO TIPHHATO pelieHue
o crpoutensctBe B KpacHospckom kpae KomOunata Ne 815 (mepBoHauasnbHOe
HanMeHoBaHue [ opHO-XxHMHUUecKoro KoMOnHaTa). B oduunanbHeIX JOKyMEeHTax ObLIO
HAIKMCaHO, YTO Ha MPEANPHUIATHN OyAyT MPOU3BOAUTE TeJTyp-120, Ha caMoM xe jere
TemurypoM-120 HazpIBaNU MTyTOHUI-239 — sS7epHYI0 B3pBIBUATKY IS IIPOU3BOJICTBA
aToMHbIX OoM0. Jlnst Hapabotkm minyToHus-239 B CCCP yxe ObUTM TOCTPOEHBI
koMOuHat «Masik», CuOMPCKMH XUMHUYEeCKHH KOMOMHAT, a [opHO-XMMHUYECKHil
KOMOUHAT CTaJ TPETHUM TaKUM MPEINPHUITHEM.

N3 nmucema JI. I1. bepun WM. B. CranuHy ¢ npeacTaBIeHUEM Ha yTBEP)KICHHUE
MIPOEKTAa IIOCTAHOBJICHHUS: «B 1ensX yKpbITHS OT BO3LYIIHOIO HaaJeHNsI HAMEUEHHOTO
cTpouTenbcTBOM KoMOuHaTa Ne 815 CrenpanbHbIM KOMHTETOM OBIJIO OPraHHU30BaHO
oOclie/loBaHHE HECKOIBKUX pPaHOHOB C €CTECTBEHHBIMH  BO3BBIIICHHOCTSIMU
Ui BBIOOpAa MecTa CTPOMTENbCTBA KOMOWHATA, TIO3BOJISIONIETO PACIOJIOKHUTH
MoJi 3eMJIell OCHOBHBIE COOpYKeHHMsA KoMmOuHaTa. Hambonee npuemiemMoil Hamu
MpHU3HaHa Miomaaka Ha peke Exnceit, B 50 kM oT ropona KpacHosipcka. B cpaBHeHNH
C ApYyrUMH IUIOMIaZIKaMH OHa OoJiee yZIajieHa OT BO3MOXKHBIX BO3AYIIHBIX 0a3
MPOTUBHUKA W TIO3BOJIIET TOCTPOUTH OCHOBHBIE COOPYKEHUSI KOMOMHATa B TIPOYHBIX
CKaJIUCThIX Moponax, ¢ 3arinyosenueM Ha 200-230 MeTpoB, Haa KpBIIEH camMbIX
BBICOKMX 37aHMi KoMmOuHaTa. Hapsay ¢ atum Boma pexku EHwucel ymoriieTBOpsieT
TpeOOoBaHUAM OOeCTICUCHIS KOMOMHATA BOOM.

BeicTpo BOIUIOTUTH HAEI0 CTPOMTENHCTBA IIOJ3EMHOI0 KOMOWHATa OBLIO
BO3MOXXHO TOJBKO TP OJHOBPEMEHHOM TIPOXOJKE INAXTHBIM W TOHHEJIBHBIM
cnocobamu. [lo mpemnoxenuto 3amectutenss muHuctpa MBJ (BmocnenctBum —
MUHHCTpa cpeaHero mammHoctpoenus) A. Il. 3aBensruna OblJIO BHIOPAaHO MMEHHO
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3TO MECTO — ATaMaHOBCKHH KpshK. 3/€Ch XOpOLIO COYETAIHCh HEOOXOIMMBbIE
YCJIOBUS 1715l CTPOMTENBCTBA TAKOTO KOMOWHATA: palloH MPaKTHYECKH HE IOJIBEPKEH
CEMCMHUYECKUM  BO3JIEHCTBUSM,  TOpHBIH  MaccUB  CJOXEH  NPOYHBIMH
KPUCTANIMYECKUMH TIOpOJaMM, B HalMYMM BOJA, KOTOpas KpailHe HeoOxoxuma
IVl TEXHOJIOTMYECKOTO IIpoliecca, M, HAKOHEL, €CThb TPAHCIIOPTHbIE MAaruCTpaju:
BOAHBIN myTh 0 EHNceto u Onmmskas TpanccuOupcekast xene3nas qopora.

Kpome Toro, ATamaHOBCKHI KpsXK OT MOAOMIBEI UMelN BRICOTY Oosee 200 M,
MOJIXOANT HEIOCPEACTBEHHO K ype3y BoAsl B EHucee, 4TO MO3BOJISUIO OpraHn30BaTh
pa3paboTky BbIpaboTok anmsi KomOumnara Ne 815 ogHOBpEMEHHO W C TIOBEPXHOCTH
(Ha rope) mAXTHBIM crmocoOoMm, u ¢ Oepera Enuces ToHHeIsIMH (IUTOJBHSAMH).
Vxe B umroHe 1950 r., 6e3 yTBepKIEHHOH NPOECKTHOW ITOKYMEHTAIMH, TOJBKO
I10 3CKU3HBIM MPOEKTaM MHCTUTYTa JIGHrUIpocTpoil, MPUCTYIIIIN K TOPHOIPOXOJYECKUM
paboram (puc. 3.1). HavanpHMKOM CTpOWTENBCTBA Ha3HA4YeH TeHepaiI-Maiop
WHXEHEPHO-TEXHUIECKOH cITy:k0bpl Muxamn Muxaiinosnd LapeBckuii.

Puc. 3.1. CTpouTensCTBO HKEIE3HOrOpCKOro I'OpHO-XUMHUECKOTr0 KOMOUHATA.
HUcrounuk: npecc-ciayx6a OI'YIT «'YCCT Ne 9 npu Crniectpoe Poccuny

B ropy Bpe3anucs cpa3y 4eThIpHAALATHIO KOJIOHHAMH: YETHIPE MITOIHHH TTOBETH
ot EHuces1, 1Be — u3 paiiona pexu LLlymuxu u BoceMb CTBOJIOB 3aJI0KUIIN CBEPXY.

OCHOBHOH PYKOBOISIIMM KOCTIK — MOCKOBCKHE METPOCTPOEBIBI, NMEBIINE
Ooratblii TMPOW3BOJCTBEHHBINA OIBIT MPOXOJIKH TOHHEJICH M Kamep JUIs CTaHI[Hi
MeTporonuTeHa. Ho Jaxe WX, CTPOMBIIMX OJUH M3 CaMbIX OOJNBIIMX B MHUpE
METPOIIOJIUTEHOB, TOpaxkan o0bEM HamedaeMblXx pabor Ha Oepery Emnuces.
TpynHo mpenctaBuTh ceOe TOpHBIE BBIPAOOTKH, B KOTOPBIX MOXKET HOMECTHUTHCS
23-staxkHoe 3aanue. Hanpumep, B bonbmoil coBerckoi sHuuknoneauu 1954, 1. 28,
c. 414] uuraem: «Kommuiekc MOCKOBCKOTO yHHBEpCUTeTa Ha JIGHMHCKHX Topax
13 27 ocHOBHBIX ¥ 30 BCIIOMOraTelIbHbIX 31aHui nMeeT o0t 006EM 2 MitH 700 ThIca4
KyOW4eCKHUX METPOBY.

OOBEM ke TOpHBIX BBIPAOOTOK, BBIIOIHEHHBIN TOPHSKAMH MOYTOBOIO SIIHKA
Ne 9/44, oxono 15 mun M?, npuuéM Bce BBHIPAOOTKU MPOMIEHBI B OYEHBH KPEIKHUX
CKaJIbHBIX TIOPOJaX M TOJIBKO OYpOB3pPHIBHBIM crioco0oM. HukTo n HuUKOTHA He Jenan
BBIPabOTOK TaKoTO 00BEMA.

OcyIIecTBHIN TaKO€ CTPOUTEIHCTBO B UPE3BBIUAHO KOPOTKHE CPOKH — BCETO
3a BoceMb JieT. Yxe 28 aBrycta 1958 r. Obu1 BBEAEH B 9KCIUTyaTalMIO IEPBBIA PEAKTOP
AJl, c storo anHa ['opHO-XMMHYEeCKMII KOMOWHAT BCTYNMJI B CTPOH AEHUCTBYIOLIMX
npennpusituit CCCP.
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Ceituac TeppuTOpHsI TPEANPUATHS W CAHUTAPHO-3AIIMTHAsT 30HA 3aHUMAIOT
miomans 13,1 ThIC. Ta ¥ MOKPHITHI JIECHBIM MacCHBOM (puc. 3.2).

MHWOHEPNATEPE
aTAEWHBIH»

CNELXPAHUMALLA

NNOWARKA hs27 ik

"

TOHHENE MO EHWCE
b .

MECTO CEPOCA ; R | 0A okl
PAONOAKTMBHON BOfLI [ T OT NPAMOTOYHBIX PEAKTOPOR
OT NPAMOTOUHBIX - :
PEAKTOPOE (7)

TOpHO-RHMANEEKAR KON
JATO M

Puc. 3.2. Kapra-cxema oobexkroB ' XK B XKenezHoropcke
(https://dzen.ru/a/YLFLtrhqexQNuLYT)

B xoMmiekc BXOIHT:
I'opHO-XMMUYeCKHit KOMOMHAT, HAXOISAIUIACS IO 3€MIIEH;
Kpemuuesslii 3aBog;
3aBoj PT-2;
wiomaaxa 27;
TyHHENIb 1107, pekoil EHucel, o KOTopoMy IUIaHUPOBAIOCH NEPEKAYMBATH
KHUJKUE PaJMOAKTHBHBIE OTXOAbl Ha IUIOMIAAKY 27, TIAe OHH, B CBOIO O4YEpelnb,
JIOJDKHBI OBUTH 3aKa4UBATHCS TIOJT 3eMJTIO JUIS JUTUTEITBHOTO XpaHeHHsSI — HE JIOCTPOCH
Y He QYHKIIMOHHUPYET;

o mosuroH «CeBepHBIiy, TAe KUIKHE PaJHOaKTUBHBIE OTXOAbl 3aKaUMBAIOTCA
MO 3€MJIIO;

e XPaHWIHILA PATUOAKTUBHBIX OTXOJIOB;

e KotenbHas ' XK;

e MecTOo cOpoca pamroaKTHBHOW BOIBI B EHHICEW OT MPSMOTOYHBIX SIIACPHBIX
PEaKTOpOB;

e OaccelHBI IS TPEABAPUTECIBHON BBIICPKKH PATUOAKTUBHON  BOJIBI
OT NOPSIMOTOYHBIX PEAKTOPOB, KOTOPHIE PACIOJOXKEHbI KAK B HENOCPEIACTBEHHOU

151



omuzoctu ot Enuces, Tak u Ha monmrone «CeBepHbIi» (0acCeiH MPAMOYTOJBHOMN
(dhopMBI B BepxXHEH YacTH KapThI-CXEMBI). PaHee 3TOT OTKpHITBHIA OaccelH Takxke
WCTIONB30BANICA TSI XpaHEHUS! CPEIHEaKTHBHBIX XUAKHX PaJIHOAKTHBHBIX OTXOIOB;
B HacTosIIee BpeMsi 0acCceliH MOJIHOCTBIO 3achilaH 9-MeTPOBBIM CIIOEM 3eMJTH.

1 centssOps 1950 r. I CTPOUTENHCTBA MOM3EMHBIX OOBEKTOB OBLIO CO3IIAHO
l'oproe ympaBnenue (/s Ne 9/44), xoTopoe BO3IIIABWII TeHEPAI-TUPEKTOp ITyTel
u cTpouTenbcTBa Hukonait MuxaitnoBuy Dcakus, 3amectutenb Muxanna [{apesckoro.
I'eonmoruueckoii ciyx6oii ['opHoro ynpaBmenus pykoBoauwn Hrops HuxonaeBuu
[Iybun. Y>ke cIrycTs BOCEMb JIET TIOCTIe Hadala CTPOUTENsCTBA B 1958 T. B TOpHBIX
BbIpabOTKax OBUI MOCTpOEH U 3amyuieH mepBblii peaktop AJl, B 1961 r. — BTOpOIA
peaktop AJlD-1, B 1964 r. — Tperuit peakrop AJID-2. IlepBwiii mIyTOHMH
B 00y4E€HHBIX ypaHOBBIX OOKax ObLT BeIAAH ¢ peakropa AJl B 1958 T.

Honrue roner TnaBHeiMu oObekTaMu [ XK Obtmm peaktopsr A, AJl-1, AJ1-2.
Bce onu siBisitoTCst ypaHTpadUTOBBIME, ¢ BOASIHBIM OXJIAXKICHUEM. 3aBO/] CIICIIHATHHO
cTpomnn BOnm3n EHrces, oTkyna u Opanu BOLYy TSl OXJIaKISHHSL.

[ImyTonuii-239 mpou3BOOAT ITyTeM OOOTaIeHUsT HeHTpoHaMH ypaHa-238.
B kadecTBe siIepHOTO TOIUIMBA HMCIOJIB30BANKUCH PadOUHe OJIOKH IHIMHIPUYECKON
(hopMBI 13 IPUPOJHOTO ypaHa, AOCTaBIsUIN UX n3 HoBocuOupceka.

Ho co3maHne miuyToHHsS — He eAMHCTBEHHOE TOCTIKEHHE peakTopoB. PeakTop
AJlD-2 wucnonp30Bald  JUIL  TOJHOTO DHEPreTHYECKOro OoOeCIeueHUs ropoja
KpacHosipck-26. [Tyck AJ13-2 mo3BOJIWI YTHIM3UPOBATh TEILIO, KOTOpOe 00pa3yercs
MpH JISJICHUU sijipa ypaHa, IS BBIPAOOTKH DIEKTPUYECKOW W TETUIOBOW IHEPTHUH,
a TaxoKe MO3BOJIWII UCKITIOYHATH cOpoc pamnoakTuBHOM Boasl B Exnceii. C 1966 r. noma
Kenesnoropcka otamnuBanuck ot ATOLI.

B 1987 r., nocne aBapuu Ha YepHoObuibckorh ADC, B CCCP Hauajcsi BbIBOJ
13 SKCIUTyaTalliyd TPOMBIIUICHHBIX YPaHTPa(HUTOBBIX PEAKTOPOB.

XKenesnoropckuit peaktop AJl mpopabortan mo wutoHs 1992 r., AIID-1 —
110 29 centsaops 1992 r., mocse vero ero nepesesiu B 0€30MacHOe COCTOSHUE: YAATHIN
BCE JEISIINECs MaTepHallbl U OXJIAIWIA KOHCTpYKImioo. B 1995 r. rocobopon3akas
Mo HapabOTKe OPYKUS CHSUIH.

Peaktop AJ1D-2 mpopaboran Bmiots 10 2010 r. /1o 3TOr0 BpeMEHH CTPOHIOCH
BCe HEOOXOIMMOE Ul JHEPreTHYeCKOro cHaOkeHuss roponxa. AJ[D-2 sBusuics
MOCIIEIHUM POCCHUICKIM PEAKTOPOM MO BEIPaOOTKE OPYKEHHOTO TUTYyTOHUSI.

Pagnoxumuueckuii 3aBoj (B HacTosiee BpeMsi — 3aBoj (pabpHKaluy TOIUIMBA
(39T)) 'opHo-xuMHyeckoro KOMOMHATa BBEIEH B dKcruTyartanuio 20 amnpens 1964 r.
OH npegHa3HAYANCS IS PAAHOXUMUYECKON MepepadoTKH 00Iyu€HHBIX CTaHJAPTHBIX
YPaHOBBIX OJIOKOB MPOMBIIIICHHBIX YPaHPa(HUTOBBIX PEakTOpPOB. KOHEUHBIM IPOIYKTOM
nepepaboTKku OONY4EHHOTO TOIIMBA SBISJICS YpaH B BHAE «IUIaBa» WM JUOKCHI
ITyTOHUS, U30TOIMHBIN COCTaB KOTOPOTO COOTBETCTBOBAJI «OPY>KEUHOMY KaueCTBY».

B mHacrosmee Bpems BemyTcs paOOThI 110 BBIBOAY U3 OKCIDIyaTalllH
OCTaHOBJIEHHBIX PEAKTOPOB IO TEXHOJIOTHUHU «3aXOpOHEHHE Ha MECTe» M IMOITOTOBKa
K BBIBOJY M3 OKCIUIyaTallud OTACNICHUN MEpBOM oyepend paaruoXxuMUYECKOro
MIPOU3BOJICTBA B paMKaX YTBEPKIEHHON KOHIECIIUU.

HcTopuss M30TOMHO-XMMHYECKOTO 3aBoja (B HacTosmee BpeMs — 3aBOJ
perenepanuu torusa (3PT)) Hauamack B 1964 1., kKorja ObUTH YTBEPKICHBI 00BEKTHI
IIyCKOBOTO MHHHMyMa 3aBoja. B 1985 r. B sKkcmlyaTtaluio BBEIEHO «MOKPOE»
(BomooxyakmaemMoe) xpaHwimile oTpaboTaBmiero sepHoro TtormmmBa (OST),
npeaHa3HauYeHHOe I TEXHOJIOTHYECKOW BbIAepX)Ku Tonx Bomod OST peaxTopor
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BB3P-1000 mepen Oyaymieit pamuoxumudeckoil mepepabotkoil. IlepBoHadanbHOE
XPAHWIAIIE WMEJI0 BMECTUMOCTh OKOJo 6 Thic. T. B mepmox 2008-2011 rr., emgé
no coOpITHii Ha DyKycuMme, XpaHWIHUINE OBLIO PEKOHCTPYHPOBAHO, UTO TO3BOIIMIO
MOBBICUTh CEWCMUYECKYI0 YCTOMYHMBOCTh KOMILUIEKCA, OOCCIICYUTh PE3ePBUPOBAHUC
OCHOBHBIX CHCTEM 0€301acHOCTH Ha COBPEMEHHOW TEeXHOIOTWYecKoW iaTtdopme,
YBEIMYUTh BMECTHMOCTH 0oJiee 4eM Ha 2,5 ThIC. T W HPOJJIUTHh CPOK IKCILUTyaTalluu
xpanunuma a0 2045 r. Ha xpanenuu B «Mokpom» Xpanunuiie OSAT naxomutcs
oTpaboTaBIllee TOIUIMBO YeThIpEX poccuiickux (HoBoBopoHexckoi, bamakoBckoii,
Pocrorckoit, Kammaunnackoit), Tpéx ykpamHckux (KOxHO-YKpanmHCKO#H, XMETbHUIIKOMH,
Pogenckoit) u oxnoii 6onrapckoit (ADC «Ko3noayii») aTOMHBIX CTaHIUH.

1.2. Ilonuzon «Cesepnutiin. «Keneznozopckuiity @I'YII «<HO PAO».
Onucanue o6vexma

[Tomuron «CeBepHBIil» SBISIETCSA T€OIOTO-TEXHUIECKUM 00BEKTOM, CO3IaHHBIM
C LETTBI0 U30JISINH KUAKAX PaIrnoakTUBHEIX 0TX040B (JKPO), 1 mpeacrapisier co0oit
KOMILUIEKC COOPYXEHUH Uil KoHTponupyeMoit 3akauku JKPO depe3 cucremy
HarHETaTENbHBIX CKBAXKUH B BOJIOHOCHBIE TOPU30HTBHI C 3aCTOMHBIM XapaKTepoOM
BOZ0OOMEHa, TIEPEKPHITHIE BOJOHETPOHUIIAEMBIMU TOpoaaMu. i MOHHUTOpHHTA
noszeMHoro pasmerienus JKPO ucnonb3yroTes HaOIr0AaTeNIbHBIE CKBOKUHBI, KOTOPBIC
000pyIOBaHBI Ha J[Ba 3KCIUTyaTAIMOHHBIX M JBa Oy(EpHBIX TOPU30HTA, BIICICHHBIC
B TEOJIOTUYECKOM paspe3e paiioHa MyHKTa 3aKkadyku. Ha ceromHs B cOCTaB IyHKTa
BXoauT 150 ckBakuH: 13 — HarmeraTeiabHBIX, 125 — HaOmogaTEIbHBIX U 12 —
pasrpy3ouHbiX. KOHTpOIBL mporiecca 3amoHeHHsI MTOA3EMHOTO XPaHWIIUIA OTX0AaMHU
OCYIIIECTBJISICTCS METOIOM OTOOpa mpo0 TOA3EMHBIX BOJ C HCIOJb30BaHHUEM
MTOTPYKHBIX HACOCOB.

ITogzeMHOE 3axOpOHEHUE JKHUIKUX PAAHMOAKTHUBHBIX OTXOJOB IMPOU3BOIUTCS
Ha noiuroHe «CeBepHBIN» U 3aKIII0YaeTCs B KOHTpoupyeMoii 3akauke XXPO B riryboko
3aJIeralonue BOJOHOCHBIE TOPWU30HTBHI C 3aCTONHBIM XapaKTepoOM BOJOOOMEHa,
M30JIMPOBAHHBIE OT HIKE- W BHIIIEISKAIINX TOPU3OHTOB U OT JHEBHOHN MOBEPXHOCTH
BojoynopueiMu  Tiopoaamu  (puc. 3.3). Ilomuron «CeBepHBIN» HCIONB3YETCS
JUTS TITyOWHHOTO 3axOopoHeHUs HH3KOAKTHBHBIX (HAQ) HETEXHOIOTHYECKHX OTXOJI0B
koMOuHaTa ¢ 1962 r. u cpeqHeakTHBHBIX 0TX0/0B (CAO) — ¢ 1967 r. 3axopoHeHue
CAO ocymecTBinsieTcs: B mepBbli ropu3oHT (MHTEpBan rayoun 355-500 m), HAO —
BO BTOPOI TOpu30HT (MHTEpBas riryouH 180-280 m) yepes crieruaibHO 000py10BaHHBIE
CKBXWHBI. JKCILTyaTaus noauroHa «CeBepHBI» COMPOBOXKIAETCS KOHTPOIHHBIMHU
HaOJIIOJICHUSIMM 32 paclpe/ie/ieHMeM OTXOJO0B B HeApax, 3a  IPOIECCAMH,
TaM TIPOTEKAIOMIMMK, W 3a COCTOSIHHEM OKPYXAIOmeH Cpeapl: IMOBEPXHOCTHBIX
U TMOA3EMHBIX BOJ, BO31yXa, MOYBBI M pacturenbHocTH. Ha monurone mmeercs
90 KOHTPOJBHBIX (HAOIIOJATETLHBIX) CKBAYKUH.

Kunkue paguoakTuBHble OTX0Abl mocTynaror w3 [ XK Ha 1ONUroH
M0 CIENUATbHBIM MAarucTpajisiM B paiiOH HArHETATEIbHBIX CKBAXHH U JTANIBIIE
HarHeTaloTCs B IMOJ3EMHBIC FOPU30HTHI. 3alpelieHo MpuHUMaTh Ha nosuron KPO
¢ apyrux npeanpustuii kpome ['XK. BBox B akcmryaramuio — 1967 r. O0bEM
3axopoHeHHbIX PAO — 6,5 MitH M°, 06beM exeromHoro 3axoponenus — 100 Teic. M.

Ha monurone jisi 3akauku HMCHOJNB3YIOT JIBa TOPU30HTA B TOPHOM OTBOJE,
nepBeli — Ha TiyouHe 355-500 M, BrOpoii — Ha rinyOmHe 180-280 m. O0beMm

(MOLIHOCTE) TIEPBOTO TOpU30HTa — 14 MiIH M?, BToporo — 18 M M>.
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[logzemHbIil TOPU3OHT mpenacTaBisieT co0OW JHMH3Y C TeoJOTHYeCKUMHU
OTJIOKEHUSIMM B BHJE II€CUAHBIX IUIACTOB, KOTOpBIE 3aTPyIHSIOT BOAOOOMEH
W BBIXOX BOJBI 3a Inpenens! JuH3. [loaToMy 3akadnBaeMas BOAA PAacIpOCTPAHSAETCS
OT HarHeTaTeNbHbIX CKBaXHH He Oosbine yeM Ha 100 M. CKOpocTh ABMXKEHUS BOJBI
10 HAIIPaBJIECHUAM pa3Tpy3Ku 0KoJsio 5—15 M B roa. PaanoakTHBHBIE BEIIECTBA OCEAAIOT
Ha TOpoJax, B pe3yJbTaTe 4Yero MpPOMCXOJUT CaMOOYMCTKAa BOAbL. [laBneHue
C TIOA3EMHBIX TOPHU30HTOB CHHMMAETCS 4Yepe3 pasrpy304HbIE CKBAKHUHBI, IOITOMY
JaBJICHHE B JIMH3aX BCErla MUHMMAaIbHOE. BCero Ha MOJIMIOHE HCHOJB3YETCS OKOJIO
150 ckBa)kMH, KOTOpBIE JEIATCS Ha HarHETaTeNIbHbIE, Pa3rPy304Hble U HAOII0JaTeIbHBIC.
HabmonatensHple CKBaKMHBI, MPH MOMOIIM KOTOPBIX KOHTPOJIUPYETCS TOPHBIN
OTBOJI, PacHoJI0KEHbI MpUMEPHO B 8—10 KM OT JIMH3 IO HANpPaBIIEHUIO Pa3TPy3KH.
Pexa EHuceil oTropokeHa OT NOJUrOHAa TEKTOHWUYECKUM HapyLIEHHEM, B KOTOPOM
MTOPOABI CMECTUIIUCH U CO3IAJIH eCTeCTBeHHBIN Oaphep. Ha puc. 3.4. npuBeneHa cxema
pactonoxernnst [1I'3 JKPO momuron «CeBepHbIN» W 30H HaOMOJIEHWH B paiioHe
OI'VIT «I'XK». Ha ocHOBaHMM 3TOH CXeMbl H3y4allCh OOBEKTHI MHTHEBOTO
BOJIOCHA0KEHHSI HACENICHHUSI TEPPUTOPUH U OLICHUBAJICS OOIIMI ypOBEHB 3arpsi3HEHHUS
TEPPUTOPUH TPUTHEM.

1.3. Ilogepxnocmuuie 600nvie 006vexmul dacceitna pexu Enuceii —
YUACMOK CPEeOHe20 U HUIICHEZ0 meUueHUA

AHanu3 IUTepaTypHBIX JaHHBIX MO PaJHallMOHHO-XUMHYECKOMY COCTOSHHIO
CpeqHero TedeHus peku EHMcell Mokasai, 4TO CYIIECTBYET HECKOIBKO BEPOSTHBIX
MOTEHIMATBbHBIX HMCTOYHMKOB IIOCTYIUIEHHS TPUTUSL B BOAY C BOJOCOOpHOMN
TEPPUTOPHUH, & UMEHHO:

1) B pe3ynbpTaTe UCIBITAHUH SAEPHOTO OPYKHUS,;

2) B pe3ynbTaTe a’po30ibHEIX BEIOpocoB ['XK;

3) co cOpocamu BOJ CUCTEM OXJIAKICHUS PEaKTOpa;

4) co cOpocamy HU3KOAKTHUBHBIX KHUIKHX OTXO/I0B, 00pa30BaBLIMXCS B pe3yJIbTaTe
paboThI PaTUOXUMHUYECKOTO TPOU3BO/ICTBA;

5) myTéM MUTpAIMM U3 OTKPBITHIX BOJOEMOB OTCTOMHMKOB Ha MPOMILIONIA/IKE
KOMOMHATA;

6) myTéM MUTpaLuy U3 MOJ3EMHBIX TOPU30HTOB MOJUroHa « CeBEpHBIN.

CrnenoBarensHO, B Tepuon (DYHKUMOHHUPOBaHMS aTOMHbBIX peakTopoB ['XK
CYILIECTBOBAJIO HIECTh MOTEHUMANIBHBIX UCTOYHUKOB TOCTYIUIEHUA TpUTHA B EHuceil;
TEM CaMbIM CO3/7]aBajlaCh YHHKalbHas CHUTyalls, KOTOpas I03BOJIAJA HCCIIEN0BATh
caMbl€ pa3HbIe yTH MUTPALlUH TPUTHA B OKpPY>KaIOIIEH cpee.

Jl1d OoLleHKM BO3JEMCTBHA M ONpENENICHUs BKIaia B 3arpsA3HeHue EHuces atux
HUCTOYHMKOB B 1998 T. ObIIIM UCCIIEIOBAaHBI BBIITYCKH CTOYHBIX BOJI KOMOMHATA, Py4YbEB,
CTEKAIOMINX C €T0 TEPPUTOPUH 1 BIAJIAIONINX B PEKY B MpeJIeax CAaHUTAPHO-3aTUTHOMN
30HBI, a TaKX€ BOJOTOKOB, B JIOJHWHBI KOTOPBIX MOXET IPEATIONOKHUTEIHHO
MIPOUCXOANTH PAa3rpy3ka BOJAOHOCHBIX TOPH30HTOB, HCIOJNB3YEMBIX IS 3aKauKd
KUJKUX PaJUOAKTHBHBIX OTXOI0B Ha MOJIUToHE «CEBEPHBII.

HccnenoBanud BKIOYQIN THAPOMETPUYECKOE HM3MEPEHUE pacxoia BOBI,
JO3UMETPUYECKOE HM3MEPEHHUE TONepeuHbIX Npoduieldl MmoiM BOJIOTOKOB U OTOOD
mpo® BOABI, JOHHBIX OTJIOKEHHWH, MOWMEHHBIX IIOYB, a TaKXXe THAPOOHOHTOB
JUTS palMOHYKINIHOTO U XHMUYECKOTO aHAJIN30B.
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Ocoboe MecTo B HCCIEOOBAHHAX 3aHUMal TPUTUH, MPUCYTCTBHE KOTOPOTO
CBSI3aHO CO MHOTMMH TE€XHOJIOTHYECKUMH IIpolieccamMu komOuHarta. Ero cozeprkanue
B KUJIKHX cOpocax Mpu HOpMabHOW padoTe SAEpPHBIX PEaKTOPOB U PaTUOXHUMUIECKOTO
[IPOM3BOJCTBA, KaK IPaBUJIO, HAMHOIO IPEBOCXOMUT KOHILEHTPALUIO OCTaJIbHBIX
PanuOHYKINAOB, B ra3000pa3HbIX BEIOPOCAX B OKPY’KAIOIILYIO CPEAY 110 KOJIMYECTBY OH
yCTyNMaeT TOJNBKO PpaJWOaKTUBHBIM OnaropoanbiM rasam [bamaeB u ap., 1990;
Kypasnes, 1990]. Tpuruit oTimmyaercs 60IpIINM IIEepruOIOM TIoTypacnana (12,3 roga),
BCJIEJICTBHE YEro SIBISICTCS TIO0ANBHBIM 3arpsa3HUATENIEM MPHPOIHBIX KOMIUIEKCOB.
W, HakoHew, 3TO OJ1H U3 HanboJIee MOABUKHBIX PAAUOHYKIUAOB, YTO OIPEAEISIET €TO
BBICOKYIO MUTI'PAIIMOHHYIO CIIOCOOHOCTD B IPUPOIHBIX cUCTeMax. B ominune ot npyrux
PaIMOHYKIIMIOB, TPUTHIA MOCTYMAET B OKPYKAIOIIYIO Cpelly, MUHYSI OYMCTHBIC Oapbephl,
¢ XugkuMu ctokamMu B Buae TputheBoil Bogel HTO (T20) m ¢ razooOpa3HbIMEH
BbIOpocamu B atMocdepy. MHKopropupoBaHHBIA TpUTHH 3()()EKTUBHO BKIOYAETCS
B COCTaB OHMOJIOTMYECKON TKaHW, BbI3bIBAS MyTareHHbIC HApYIICHWs, Kak 3a CUéT
B-m3myuenns (cpenuss sHeprus 5,8 kK9B), Tak U BCIIEACTBHE HAPYIIEHHUS MOJIEKYIISIPHBIX
CBsI3¢l, BRI3BAHHBIX 3aMEHOM U30TOIa BOJIOPOJIa HEUTPAIEHBIM T'eIeM, 00Pa30BaBIIMMCS
B pe3ynbTare pacmana tputus [Kopones, BaHos, 1983].

Ha puc. 3.5 npuBeseHbl JaHHBIC IO COJCPKAHUIO TPUTHA B MPOOaX BOJBI PEKH
Enuceii. [lonydeHHsle pe3ynbTaThl OKA3bIBAIOT, YTO COJAEP/KAHUE TPUTHUS B PEUHOMN
Boze B GoHOBBIX paiioHax (T. KpacHospck — «0 km» u ¢. EcayinoBo — «46 km») BbIIIe
o TeueHnto ot ['’XK 3a Bc€ BpeMst rccinenoBanmii He npeBbimano 4+ 2 bk/m.

Bk/n

200

150
O cpeqH.
B wmakc.
O MUH.

100

50

PaccTosHue ot r. KpacHosipcka, Km
0 |rils - | Wl | ;] | __l:._rl:_.,r-:Tr-n_r-:_j:Tr-:Tr-:,r-:_jn,

0 46 86 88 91 101 170 278 330 422 600 1100 1496 1590 1760

Puc. 3.5. Conepsxanue TpuTHs B BOJHOM MOTOKe peku EHuceil B 3aBucumoctu
OT paccTosiHus ot I. KpacHosipck

Ha ygactke pexu aHmxe ot copocoB '’ XK (15 kM BHH3 110 T€UEHHIO) COEPIKAHIE
TPHUTHUS B OCHOBHOM pyciie EHnces Takke He TpeBbIIaio 3HaueHu npumepHo 6 b/,
YTO COBIAJAET C JIaHHBIMHU, MONydeHHbIMH paHee [Bondareva, Schultz, 2015],
Y JUTEpaTypHBIMH JaHHBIMH [Maxonbko u ap., 2001; IRSN, 2012]. CoriacHo 3tum
JaHHBIM, CPEIHEr0/I0Basi KOHIEHTpaMs TpUTHS B BoZie EHHces B mpoIuemne roabl
coctaBisuia 4—5 Bk/nm M He mpeBbIaNa CPEIHET0 COJEPKaHUS TPUTHS B BOJOEMax
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Poccun, oOpa3oBaBmierocss B pe3yibTaTe SACPHBIX HCIBITAHUA W CUUTAIOIIETOCS
MIO0ATBHBIM COACPKAHUEM TPHUTHS B BOAHBIX HMCTOYHHMKaX [bamaeB u ap., 1990;
Weanunkas, Manodeea, 2001; Maxonsko u nip., 2001].

Tabnuya 3.1
Copneprxanue TpUTHS B IPOOAX BOABI,
oToOpaHHBIX B peke Enmceii B paiione copocoB [ XK
BoHbBII 00BEKT U MECTO Tox Copneprxanne *H, Bx/n
otbopa (paccrosiHue
ot r. KpacHosipcka) or6opa UIOHB HIOJb aBIyCT | CEeHTAOPH
2001 - 70+ 10 81+8 7511
2003 11+£2 - 18+3 18£8
yeree 2004 | 28+10 | 60+25 | 18+8 | 105+42
p. lllymuxa
(81 km) 2005 25+6 161 + 44 45+9 -
2007 - - 52+4 -
2008 - 38+ 6 - -
2001 - 168 £ 25 120+4 | 120+ 10
. 2003 11+3 - 33+4 -
é‘?ﬁ%" Hnociuit 2004 | 15342 | 35412 | 40+10 | 110+36
2005 41+8 200 + 57 23+5 -
2006 35+10 78+ 6 17+4 -
2007 27+6 43+ 4 53+6 31+£9
2008 42+6 15+£2 62+4 2943
Yerbe p. [Tnockuit 2009 53+6 39+7 32+4 —
(86 kM) 2010 -~ — 15+2 10+4
2011 - 11+£3 10£5 —
2012 8+2 10£2 10£3 9+2
2002 — 3+1 3+1 3+1
2003 29+4 - 7+2 -
2004 19+3 7+5 6+2 10£5
2005 31+4 3445 5+2 -
c. ATaMaHOBO 2006 17+4 38+6 6+3 21+3
(87 xM, BOJIN3HM IPABOTO 2007 15+3 21+6 31+5 17+6
Gepera) 2008 21+4 9+3 27+6 16 + 4
2009 27+4 31+7 24+5 -
2010 — — 7+4 6=+3
2011 - 3+£1 6£2 -
2012 4+2 3+1 5+1 4+2

E
He onpenensinu.

Taxkum o6pa30M, IMMOJIY4YCHHBIE JAaHHBIC CBHUIACTCILCTBYIOT O TOM, 4YTO
paaAnOaKTUBHBIC C6pOCLI TPUTUA B PEIYJIbTATC ACATCIBHOCTH I'XK MMPAKTUYCCKHN
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HE TOBIHUIM Ha oOliee colep)KaHHe TPHUTUS B OCHOBHOM pyciie peku Enmcef,
omHako B OmmxHel 30He BiausHus [ XK m Bmomb mpaBoro Oepera Enmces Obu1o
3a)MKCHPOBAHO CYIIECTBEHHOE IIPEBBIIICHUE COICpPKAHUA TPHUTUS B BOJAEC —
1o 200 bx/x (tabm. 3.1, puc. 3.5).

[lomyuenHble AaHHBIE COTJIACYIOTCS C paHee MPHUBEAEHHBIMH TOKA3aTeNsIMU:
U1 yeTba pyub€EB Ilnockoro u lllyMuxa, NpoTeKarmUX ¢ CAHUTAPHO-3AIUTHON 30HbI
I'XK, KoHIIeHTpalyst TPUTHUS NPEBBIIIAET POHOBLIC 3HAYCHUS, MPUHATHIC A1 EHnces,
CIIeIOBATEIbHO, OHU SIBIISIFOTCS] HICTOYHUKAMU MTOCTYTIJICHUS] TPUTHUS B PEKY.

Kpome Toro, momydeHHBIE pe3yNbTaThl MOKA3BIBAIOT, YTO PEAKTOPHAS CTPYS
pacmpocTpaHseTcs BIOJb MPaBOro Oepera, Tak Kak coep KaHre TPUTHUS B ITUX ITyHKTaX
oTOOpa TaKkKe BhIIIe (POHOBOTO IS TPUTHS B UCCIEAYEMOM palioHEe.

[IpoBen€HHbIE Y-CIIEKTPOMETPHYECKHE HCCIENIOBaHUS MPO0, OTOOpPaHHBIX
B paiione ctokoB ['XK, BBISIBIIIN HAJIMYKME aKTUBAIIMOHHBIX PAIHOHYKINIOB (Tabi. 3.2).
DTO CBUAETENBCTBYET O TOM, 4YTO HCTOYHUKOM OOpa30BaHUSI TPUTHS CITY>KAIT
nocnenHuid aerctByromuil peaktop I'’XK, koTopslil ucnoias3oBan Boay peku Exuceit
JUTSL OXJIQXKICHMSL.

Tabauya 3.2
ConeprkaHue paJHoOHYKIUIOB B IPoOax BOIBI MOCIE KOHIIEHTPHPOBAHUS,
otbop B patione copoco ' XK, bx/n

. /(_;1 Pagnonykmuzg [Mepuox 2007-2009 rr. [Tepuox 2010-2016 rr.
1 24Na 0,6+0,2..2,5+1,4 <MJIA
2 46S¢ 0,054 +0,002...0,24 £ 0,01 <MJA 0,016 + 0,002
3 SICr 1,70 £ 0,07...6,7+0,2 <MJIA 0,47 + 0,04
4 34Mn 0,014 +0,003...0,09 + 0,02 <MJA 0,007 £ 0,002
5 FFe 0,03 +0,003...0,16 £ 0,01 <MJIA 0,011 + 0,002
6 0Co 0,060 £+ 0,003...0,17 £ 0,008 <MJA 0,015 + 0,004
7 S7n 0,024 +0,003...0,11 £ 0,01 0,019 +0,005...0,055 + 0,007
8 T0As 1,5+0,1...8,5+0,6 <MJIA
9 85Sr 0,003 +0,001...0,014 + 0,003 <MJIA
10 PMo 0,027 +0,003...0,078 +£ 0,007 <MJA
11 13Ru 0,020 £+ 0,003...0,027 + 0,004 <MJIA
12 106Ry 0,04 +0,02...0,078 + 0,025 <MJIA
13 124Sb 0,006 +0,001...0,024 + 0,003 <MJIA
14 1317 0,042 +0,004...0,051 £ 0,013 <MJA
15 137Cs 0,058 £0,007...0,09 £ 0,02 0,022 +£0,002...0,057 + 0,005
16 141Ce 0,015 +0,002...0,048 + 0,006 <MJA
17 144Ce 0,048 +£0,007...0,13 £ 0,02 <MJIA
18 239Np 2,35+0,04...29,5+ 14 <MJA

Enuanano B mpo0ax BOJABI OTMEYEHO MPUCYTCTBUE JOITOXKHBYIIETO H30TOMA
ockonmounoro wm3oroma ?Eu (Tip = 13,6 nmer, ~ 0,04-0,06 Bbx/n), a TaKxe
KOPOTKOXHMBYIIETO aKTUBAIMOHHOTO paaronykiauaa *Co (T, = 71,3 mas, ~ 0,03—
0,07 bx/x). s npeqBapruTeNbHOrO KOHLEHTPHUPOBAHHS B KAYECTBE METKH UCIONIb30BaJICS
panuonykin 24! Am, XMMHYECKHIA BEIXOJ KOTOPOTO COCTaBIIsI 95-97 %.
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Tpuruii yno0HO MCIONB30BaTh B KAYE€CTBE WHAMKATOpA Tpaccepa MPUPOIHO-
TEXHOTCHHBIX IPOLIECCOB, BIUSHUs COpOCca CTOYHBIX BOJ U BBISBICHHS BO3MOXXHOTO
B3aMMOJICHCTBUSI TIOJ3EMHBIX BOJ, 3arps3HEHHBIX B PE3YNbTATE 3aKAUKH IKHIIKUAX
PalMOAaKTUBHBIX OTXOJOB Ha moiurone «CeBepHbBIN», C MOBEPXHOCTHBIMU BOJAMHU
B 30HE BJIMsIHUS KoMOUHaTa [Peibanbuenko u ap., 1994].

ConepkaHue TPUTUS B TCUCHHE MPAKTUYCCKH BCETO TEPUOJA HMCCICIOBAHMS
JUTSE OOJIBITMHCTBA Y4acTKOB peku bosbias Tenb npebimano GOHOBBIC 3HAYCHUS PEKU
Enuceit u nocturano npubmm3uTenbHo 63 br/m (Tadim. 3.3).

Tabnuya 3.3
Pesynbrarel onpeseneHus coaepiKaHus TPUTHUS B TPoOaxX BOJIEI,
0TOOpaHHBIX B peke bompmas Tenb

Paccrosinue T'on Copnepsxanue *H, Bx/n
OT yCTbA otbopa UroHb Hromn ABrycr CeHTs0pb

2001 - - 5,6+0,6 35+5
2002 - - 54+12 13+3
2003 62+1,1 8+1 52+0,9 12+2

50 m 2004 - 43+ 8 33+16 28 £ 12
2005 17+4 63+5 8+3 -
2007 8+1 28 £ 12 43 £ 12 10+2
2008 18+2 24+3 35+5 12+2
2001 - - 9+1 21+3
2002 - - 4,7+0,6 23+3
2003 51+£1,6 48+1,2 - -

300 m 2004 13+£5 10+7 5+£2 23+3
2005 42 +£8 19+4 5+2 -
2007 21+6 24 +4 7+3 15+4
2008 28 +3 24 +4 37+4 12+4
2001 - - 4,2+0,8 15+£3
2002 - - 3,7+0,6 40+3
2003 3,1+£0,7 51+1,6 2143 —

500 m 2004 18+3 20+3 8+5 2143
2005 41+6 8£2 <3 _
2007 27+6 11+£3 5+£2 8+3
2008 20+3 28+ 6 23 +4 13+3
2001 - - 4,1+0,8 -
2002 - - 7,020 33+4
2003 57+1,5 2,5+1,0 13,5+0,7 —

1000 m 2004 18+7 28 £10 38+ 10 23+ 12
2005 11+2 16 +4 12+4 -
2007 8+3 10+3 15+4 18+6
2008 21+3 21+4 37+3 15+2
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[onuron «CeBepHbIit» pacnonokeH B 12 KM K ceBepy OT paIuOXHUMUYECKOTO
3aBoja Ha Bojopasnene pek Enmces n bompmas Tenb. OcHOBHas 00J1acTh MTUTAHHS
BOJIOHOCHBIX TOPH30HTOB HAaXOOUTCA B 4—7 KM IOXKHEE IIOJIMIOHA 3aXOPOHEHUS.
Jns 3aXOpOHEHHs JKUIKHX PaJUOAaKTUBHBIX OTXOAOB HCIIOJIB3YIOT BOJOHOCHBIE
ropuzoHthl | u I, pacnonoxxeHHble B IIEHTpalbHOW 4acTH Ha riryoune 370-465
n 180-280 M coorBercTBeHHO. ['opu3oHT Il pasrpyxkaercs B nonuny pexku b. Tens,
TOpHU30HT I, Kak mpearonaraercs, YacTUYHO B qonuHy peku Kana (12—14 kM K ceBepy
OT IIOJINTOHA), YaCTUYHO B NoiuHY peku b. Tenp myTéM MeIyieHHOro nepeTeKaHus
B ropu3oHT Il [Pe1banbuenko u np., 1994; Usanumkas, Manodeera, 2001].

[onuron Havan pyHkuroHnpoBath ¢ 1967 r. K HacTosmeMy BpeMeHH B [iBa €ro
BOJIOHOCHBIX TOPM30HTA 3aKAYaHO OKOJIO 5 MJIH M> JKUJIKMX PaJMOAKTHBHBIX OTXOI0B
CyMMapHOH aKTHBHOCTBIO C yUETOM PaaIuOaKTHBHOTO pacnana K 1995 r. oxono 10 Dbk
(1-10" Bk) [PeiGanbuenko u ap., 1994]. OTxoibl, HapsLy ¢ PaaMOaKTHBHBIMH IPOIYKTAMH,
CoJIepKaT ¥ HEPaTUOAKTHBHbEIE XUMIUECKHUE KOMITOHEHTHI repepadboTku O T.

B aBrycre 1998 r., Bo BpeMsi IpoBeA€HNS KOMIUIEKCHOM paJlOo3K0IOTHUECKOM
SKCHETUINY, OB OTOOpaHbl MPOOBI BOIBI AJISI ONpEACICHUSI COACPIKAHUS TPUTHS
B BOJOTOKAaX, HMMEIOIIMX BOJOCOOpHBIC IUIOLIAAM B CAHUTAPHO-3AILUTHON 30HE
koMOuHara. ['unporpaduyeckas cxema paifoHa HcclieoBaHHN U MecTa oTOopa mpod
npuBeaeHa Ha puc. 3.6. HccnenoBanust Beimonusuin Ha 10 Bomorokax. [IpoObr
AQHAJTM3UPOBAIN KHUAKOCTHO-CLIMHTHIULSILMOHHBIM METOAOM PETHCTPALIMHU ¢ 00OTaIllCHUEM
[Metomp! m3mepenwst. . ., 1978; Uccnenoanne BbiHOCA..., 2001]. CBeneHns 0 KOHIIEHTPAITUH
TpUTHS B 00CJICIOBAaHHBIX BOJIOTOKAX MPUBEACHBI B Ta0J. 3.4.

 TREE W

4

: y "
Lo 1‘\
Frang

X/

Puc. 3.6. Cxema rumporpaduueckoit cetu B paiioHe HCCleT0BaHuH
C HaHECEHHBIMH TOYKaMH 0TOOpa mpod: V — MecTo oT60opa mpoOsr; - - - — IrpaHuIa
CaHUTAPHO-3AIMUTHOW 30HKI [ ccaenoBanue BeIHOCA. .., 2001]
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Tabnruya 3.4
KonneHTparus TputHs 1 pacxo;] BOJbI B BOJOTOKAX 30HbI BIUsSHUS KpacHospcKoro
I'XK B netHe-ocenHIo0 MexkeHb 1998 r. [MccnemoBanue BeiHOCA. .., 2001]

Howmep npoOsI Ha puc. 3.6 Konuentparus, Pacxoz Bozibl, M*/c
¥ BOJHbIIl 00BEKT bx/n M3MEpEHHbI | PACUETHBII
1. ymuxa 124,8+3,9 0,45 0,04
2. Pyueit No 2 8,2+0,3 0,3 0,02
3. Pyueii [Inockwuit 56,4+1,9 0,08 0,04
4. Ennceli B CTBOpE BBIITYCKa
CTOYHBIX BOJ IPXK g 4,0£0,2 a B
5. Pyudeit Ne 5 36,6+1,6 0,03 0,01
6. Pyueii Ne 6 5,2+0,2 0,06 0,02
7. Pexa bonwias Tens 4,0+0,2 - 1,03
8. Pexa Kan 4,3+0,2 - 71,8
9. Pyueii [Tognmoporossiii 5,3+£0,2 - —
10. Pexa CxanbHas 3,2+0,2 0,01 0,02

U3 nurepaTypHBIX AaHHBIX W3BECTHO, YTO B MOA3EMHBIE TOPU3OHTHI MOJIUIOHA
3aKauMBaIM B Te4eHHE MHOTHX JieT 10 330 xbk/n Tputus [Pridanbuenko u ap., 1994].

B nHacrosmiee Bpems (OHOBOE coJliepKaHUE TPUTHSI B MOBEPXHOCTHBIX BOJAX,
B TOM YHCIIe CHOUPCKUX PEK, COCTaBIsAeT MpuMepHO 3,4—4,2 bk/11 [MOHUTOPUHT TPUTHUS
B TNpHUPOAHBIX..., 2009]. MakcumanpHass (QOHOBas KOHIIEHTpalWs HAOIIOJANACh
B MIEPUO/] TEPMOSICPHBIX UCIIBITaHMid B aTMocdepe. C Tex mop 3a cU€T ecTeCTBEHHOTO
pacmaza TMPOUCXOAUT yMEHBIIEHHE KOHUEHTpAlMu TPUTHA. Tak, ero cojepkaHue
B Boje Ennces B 1984 r. cocraBmsino 10,6—-11,2 bx/n, 8 1993 r. — 3,4-4.4 bx/n.
Haumenbias koHmeHTpamnust Tputus, Onwskas K GoHoBo#, — 3,2 bk/m oTMmeuanack
B yctbe CkakanbHOIl — mpaBoM mpuToke pekn Kana, B ycThix pek bosbmias
Tens, Kana u Enuces B ctBope cOpoca cTouHBIX BojJ KomOuHara [MccienoBaHue
BBIHOCA..., 2001].

[loBblieHHAss O CpaBHEHUIO C (OHOM KOHIEHTpALUsl TPUTUSI OOHAapy:KeHa
B BOJIE PY4bEB, BOJOCOOPHI KOTOPBIX PACIIOIOXKEHBI B TIPEJIeNiaX CAaHUTAPHO-3aIIUTHON
30HbL: pyued [lnockuii — 56 bx/n, pyueir Ne 5 — 37 Bbx/n. MakcumaiibHas
KOHIIEHTpauust Tputusi HaOmoganack B ycrbe Ulymuxu — 125 br/n. Cnemyer
OTMETHTh, YTO 3Ta KOHLEHTPALUS HE MPEICTABISET 3KOJIOTHUYECKOH OMacHOCTH, TaK
Kak Oosiee ueM B 60 pa3 HUKE YPOBHS BMEIIATEIbCTBA, YCTAHOBICHHOTO JUTS TUTHEBON
Boabl Hopmamu panuarnmonsoi 6e3onacHocti HPB-99 [2009]. Konnentpanust Tputus
B pyube lloamoporosom, Bragatomiem B peky Kan cieBa B 17 KM OT yCThs, SIBISIETCS
WHAMKATOPOM BO3MOXKHOH CBSI3M IIOBEPXHOCTHBIX BOJ C OOJAcTbIO pasrpy3Ku
MO/I3EMHBIX TOPU30HTOB, SIBIAIOIIUXCS KOJUIEKTOpaMHM JJs  3aKauKh KHUIKHX
PaAMOAKTUBHBIX OTXOMOB Ha monurone «CeBepHBIN», TAe KOHIEHTPAIUS TPUTHUS
B 4eThIPEX CKBakMHax coctamiser 1, 5,6, 20, 56 kbx/n [McciaenoBanue BbIHOCA...,
2001]. Konuentpamus B ycTbe pyubs I[loanmoporosoro HeBenuka — Beero B 1,3 pasa
Boimie (oHoBoH. HecMoTpst Ha TO, 4TO OBUTM MpOBENEHBI €AMHWYHBIE M3MEPEHUS,
HEMHOTO TIOBBIIICHHAs KOHIIEHTpalui 37eCh MOa€T OCHOBAaHWE TPEANONIOXKHUTh
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BO3MOXKHYIO THJPOJIOTHYECKYIO CBSI3b MOBEPXHOCTHBIX BOJ| C OOJACTBIO Pa3rpy3KH
3arpsi3HEHHBIX  TOJ3€MHBIX TOPH30HTOB moiuroHa «CeBepHblii». Ha BbeIHOC
3arpsI3HSAIONINX BEIIECTB PYYBSIMH C TEPPUTOPUM KOMOHWHATa OOJBINOE BIIHSHUE
OKa3bIBaeT pacIipe/ieieHne CTOKA 10 TePPUTOPHH, TEHE3HNC U PEXHUM, BHYTPHUTOI0BAs
U MHOTOJICTHSSS WM3MCHUMBOCTH BOJIHOTO CTOKa. PacrpenencHue ecTeCTBEHHOTO
MPUPOJTHOTO CTOKA BOJOTOKOB HAa HUCCIEAYEMOW TEPPUTOPHH OTIIMYACTCS OOJBIION
HEpPaBHOMEPHOCTHIO B TEUYEHHE TOAa: B IIEPHOABI BECEHHETO ITOJIOBOJIBS
W JIETHE-JIOKJEBBIX TABOIKOB CTOK COCTaBIsIET 86 % TOMOBOTO, B JIETHE-OCEHHIOIO
mexxkeHb — 10 %, 3umuior0 — 4 %. IloneBbie uccnenoBaHus BRIMOIHSUIUCH B IEPUOL
TUIPOJIOTHYECKOM JISTHE-OCCHHEH MEKEHH MPH HEOOJBIION BOJHOCTH PYYbEB, KOTIA
MOJyJIb CTOKa cocTaBiseT 2,8 1/(c-km?) mpu ko duimente Bapuanuu 0,23. Pacxon
BOABI PYYbEB B IIEPHOJ BECEHHEro cHerotasHus B 20-25 pa3, B mepuoj JIETHHUX
JIOXKICBBIX TIABOJIKOB B 5—6 pa3 BHIIIE, UEM B JICTHE-OCEHHIOIO MeeHb. OCHOBHAS 4aCTh
rogoBOr0 BOJAHOI'O CTOKa MNPUXOAWUTCA Ha ICPUOJ BECCHHEIO II0JOBOABA. B »stot
JKe MePUO]] BBIHOCUTCS M HANOOJIbIIIEe KOJUIECTBO 3arpsI3HIONINX BEIICCTB.

Kpome TOro, HCTOYHMKOM TIIOCTYIUIGHHS TPHUTHS MOTYT OBITh CMBIBEI
aTMOC(EepHBIMH OCaJIKaMH HAaHOCOB C TEPPUTOPHH CAHWUTAPHO-3AIIUTHON 30HBI
I'XK u mepeHoc B Buae a3po30jeil MOTOKaMU BO3AYIIHBIX Macc. (s BBISBIECHUS
BKJIaJla TIOCTYIUICHUA TPUTHUA BO3AYIIHO-a3pO30JbHBIMU IYTAMHU HCCICOOBAINCH
aTMoc(epHble OcaJKu (CHET) W PAaCTUTEIbHBIE OCTATKH (XBOS WM JIUCTOBOHM Oman)
B 30He BrusHUA [ XK (cm. puc. 3.4).

['o10BOI BEIHOC 3arps3HSIOIIMX BEHICCTB BOJAOTOKAMH OIPEACIISUIN 110 (opMyJIe
[MexayHapoaHOe pyKOBOACTBO. .., 1984; [Tocobue mo onpeaeneHuo. .., 1984]

M = Zn:CiQia
i=1

rae Ci, Qi — KOHILIEHTpalusl BELECTBa U BOJHBIM CTOK 3a i-d pacu€THBIN Hepuoi
COOTBETCTBEHHO; # — YHCJIO PacUETHBIX TEpUOIOB. Pacu€THRIMU SBISIOTCS TIEPUOJIBI
C Pa3IM4YHBIM I'€HE3UCOM (POPMHUPOBAHUS BOJTHOTO CTOKA. Pacxo BOJIbI M KOHIICHTPALIHSI
TPUTHS B PYUbsiX OBUIH U3MEPEHBI TOJIBKO B TIEPUOJT JICTHE-OCCHHEH MEKEHHU.

CornacHO JaHHBIM, UCIOJNB3YEMBIM JJIsi  pacu€Ta aBTOpamMu pPadOTHI
[UccnenoBanue BeiHOCA. .., 2001 ], cpenHeronoBoil BeIHOC TpuTus B EHMcel onpenenén
OPUEHTUPOBOYHO U cocTaBisl okoio 2 Thk (2:10'2 Bk). Jlns cpaBHEHUS ObLIO
OTMEUEHO, 4YTO CPETHET0/IOBOM MepeHOC TpUTHUs Bojoi EHnces B cTBope HIbKe copoca
koMOmuHaTa cocraBisul okono 400 Thk (omeHka BBIMTOJIHEHA UCXOns W3 (POHOBOH
KOHIIEHTPAIIH).

BoaHBIII CTOK B PYuYbsiX COCTOMT M3 TPEX COCTABISIOLIMX: MOBEPXHOCTHOI'O
CKJIOHOBOT'O CTOKa, HETIOCPEICTBEHHO IOCTYIIAIOIIETO B PYCIOBYIO CETh; MOI3EMHOTO
MPUTOKA B PYCJIOBYIO CETh, CTOYHBIX BOJ, COpachlBaéMbIX B PYCIOBYH) CETb.
[ToBepXHOCTHBIM CKJIOHOBBIM CTOK, BBIMBIBAIOIIMM 3arps3HSIONINE  BEIIECTBA
C TOYBHI, (popmMupyeTCcss Ha BOg0ocOOpax B MEPHO CHETOTASIHUS W JOXKIeH. B mepron
JICTHE-OCEHHEH MEXEHU OH OTCYTCTBYET, M PEUHOM CTOK (DOPMHUPYETCS O OOJIbIIeH
YacTH II0J3¢MHBIMU BOJIAMU.

PaccuntanHblii B COOTBETCTBMM C peKoMeHaauusMu [MexayHapoaHoe
PYKOBOJICTBO..., 1984; ITocobue 1o onpeneneHuto..., 1984] pacxos BOIbI MOJ3EMHOTO
MIPUTOKA B PYCJIOBYIO CETh JIJIsl IEPHO/a JIETHE-OCEHHEW MEXEHHU MPUBEIEH B Ta0II. 3.4.
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s pacuéra MCHONIB30BAIM JAHHBIC THUAPOMETPUYECKUX M3MEPEHUHN THAPOIOrHYECKOro
nocta Ha peke bonbias Tens B moc. bouneiioii bamuyr, rae npoBoquivcs HaOIOACHUS
¢ 1945 mo 1995 rr. [1nomanu BogocO0poB pydIsEB onpeieNieHsl o KapTaM MaciTabom
1:50000. Pa3numa Mexmy H3MEpEeHHBIM M PACCUUTAHHBIM PACXOJOM BOIBI PEKH
Iymuxu, pyuséB NeNe 2. 5 u 6 MOXET CIY>KUTh OPUCHTUPOBOYHBIM IOKAa3aTEIEM
00BbEMa 3arpsA3HEHHBIX TEXHOTCHHBIX BOJ|, MOCTYNAIOIIMX B PYYbH C TEPPUTOPHH
CaHUTapHO-3AIINTHOW 30HBI KoMOWHara. BeimonHeHHass paboTa TOKa3bIBaeT
HEO0OXOJMMOCTh TPUTHEBOTO MOHWUTOPHHTA B 30HE BIMSHUS KOMOWHATa W IMOJMTOHA
«CeBepHBIify. YUNTBIBasS BaXXHOCTHh MPOOJIEMBI JOJITOCPOYHOTO 3arpsi3HEHUS PEKU
Enuceit B nanmpHeiiineM, mo HamieMy MHEHHIO, CJICAYyeT MPOBECTU OoJiee JETaIbHOS
W3Y4YEHHUE COIEPKaHUsl TPUTHSA MPEXKAE BCEro B Py4YbsIX M BOJOTOKAX, BIAJAIOLIUX
B pexy KaH, B pa3nudHbIe THAPOIOTHYECKHE TIepro bl (YOPMHUPOBAHUS CTOKA.

B namem cmyuae, ana pacuéra BBIHOCA TPUTHS C OTIACIBHBIMH IMPUTOKAMU
pexu Ennceir B 30He BiusHus ['XK wncronp3oBanuch pe3ynbTaThl OIpeNeleHUs
colep:kaHus TPUTHUS B BOJIC U TUTEpaTypHbIe AanHble [MccneaoBanue BeiHOCA. .., 2001 ]
IO pacxo/iaM BOJBI B YCThSX MPUTOKOB (Tad. 3.5).

Tabnuya 3.5
PacueTr makcumManbHOTO BBIHOCA TPUTHUSA
MCCIIeTyeMbIMHU TIPaBOOEPEKHBIMU MMPUTOKAMHU peKku Exuceit
Bonoém Pacxon Bogpl, M3/c | Pacuét BeIHOCA TputHs, I'bx
Peka Illymuxa 0,45 1494
Pyueii Ne 2 0,32 190
Pyueii ITnockuii 0,08 278
Peka bonbmras Tenb 1,03 912
Bcero 2874

W3 npuBenEHHBIX JaHHBIX CIEAYET, YTO HAaWOONBLIMK BKJIAJ B BBIHOC TPHUTHUS
npuxonutcs Ha pyuedt lllymuxa u pexy bonpmas Tens. CymmapHBIH BBIHOC TPUTHUS
[0 aHAJIU3UPYEMBIM IMPHUTOKaM cocTapisier npubiausutensHo 2,9 Thk B rox. beumm
paccunuTaHbl COAEPIKAHUE TPUTHS B [NIABHOM PYCIIE PEKHU U JAHHBIE TI0 CPETHETOOBOMY
pacxony BoJsl B ycTbe EHMCeSI.

[Tomyueno, uto BbIHOC TpuTus pekoil Enuceit B axBaTopuio Kapckoro mops
cocrapisn 18-10' Bk Tputms B rox. B cBA3M ¢ TeM, 4TO COMEpIKAHUE TPUTHS
B OCHOBHOM pycie pekd EHuceid HaxomuTcs Ha YpOBHE (OHOBBIX 3HAUYCHHM
Ui MccienyeMoro paiioHa (4—6 Bk/i), paccuuTaHHBIA BBIHOC TPUTHS COOTBETCTBYET
MMEHHO TJI00aIbHOMY TIEpEeHOCY PaJIMOHYKIINAA B BOAHOM sKocucTeMe. CrietoBaTeNnbHoO,
¢yaxmuonupoBanue I’ XK He oka3pIBaeT BIUSHUE HAa BRIHOC TpUTHs EHNCeeM.

Taxum oOpaszom, conepkanue Tputus B Boae Exncest B OMkHEH 30HE BINSHUA
I'XK Ha BpeMs (QYyHKIHMOHMPOBAHHS pPEaKTOpa NpeBBIIIAI0 (OHOBBIE 3HAYCHHUS
st pexu 10 20 pas. [locTymienne mpoucxoauiio 1 B pesynbrare aesreasHocTa I XK,
¥ C TIOA3EMHBIX BOJIOHOCHBIX TOPU30HTOB MONIMTOHA «CeBEepHBIi», KOTOPBIN pasrpyKaercs
B mnoimy peku bonsmas Tens u 3atem B pexy Enuceil. C yuérom BogHocTH EHuces
BBIHOCUMBIA TpHUTUI pa30aBiisieTcss A0 (OHOBBIX 3HAYEHHMH, COOTBETCTBYIOLINX
rI1o0aIkHOMY YPOBHIO COZICpIKaHUsI TPUTHSI B UcclieryeMoM peruoHe (4—5 Bx/i).
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1.4. Oyenka 3azpasnenus meppumopuu apo3onbHbIM REPEHOCOM MPUMUA

HcTouyHNKOM TMOCTYIIIEHUSI TPUTHSA MOTYT OBITh CMBIBBI aTMOC(HEPHBIMHU
0CaJIKaMi HaHOCOB C TEPPUTOPUM CAHUTAPHO-3aIUTHOM 30HBI I XK 1 nepeHoc B Bujie
a’p030JicH MOTOKaMH BO3JYIIHBIX Macc. /[y BEISIBICHUS BKJIAa MMOCTYIUICHUS TPUTHSI
BO3/yITHO-23pO30JbHBIMU ITyTSIMHU HCCJICIOBAINCH aTMOc(epHble ocauku (CHer)
1 PaCTHTEITbHBIC OCTATKH (XBOS M JTUCTOBOM omnan) B 30He Biussaus [ XK (cm. puc. 3.4).
HccnemoBanns mpoBOIMIIMCE B TOM YHCIIE U ¢ YIETOM PO3BI BETPOB HA MCCIEAyeMON
Tepputopuu (puc. 3.7).

c3 c TUIb, %

CB 10 MOBTOPSIEMOCTD
HanpasieHul, %
10 2
3 ag 29 B
8
1
K03 32
L8]]
o

Puc. 3.7. CpenneroioBasi po3a BETpOB pailoHa — 30Ha HAOJIOACHUS
D0 PI'VII «I'opHO-XMMHUYECKUH KOMOUHATY»

IIpu ompenenenun TpuTHs B aTMOC(EpHBIX Ocagkax (CHEr, J0XIb) MPOOEI
0TOMpaNCh B KOHIE MapTa, KOT/1a 3aKaHUYMBAETCS OCHOBHOM 3UMHUI CE30H, JUIS YETO
Ha TIOBEPXHOCTH CHera BEIMepsiics kBaapar pasmepom 20%x20 cm. Ilpoba crera
M3bIMaJIach Ha BCIO DIIyOMHY, O IOBEPXHOCTH TpyHTa. M3Mmepsmach TOJIIKHA
cHeroBoro mokpoBa. Ilocine ortOopa mpobOa cHera oOTTaMBajga MHPH KOMHATHOM
TEMIIepaType OO BOIbI, 3aTeM (UIbTpOBaNach yepe3 OyMaxHbI (uibTp, manee —
yepe3 MeMOpaHHBIN aleTaT-IeIUTFNI03HbH GuiIbTp ¢ nuamerpom mop 0,45 Miwm.
Wsmepsuics oOmmii  monmyueHHbI 00BEM. M3 ycpemH€HHOW mpoOBI OTOHMpaiach
anmmkBoTa (10 mMit), B KOTOPOM OIIPENESIOCh COIePKAHIE TPUTHSL.

XBOIO M JIUCThsI OTOMPAIM HA CTPOrO BHIMEPEHHOW TEPPUTOPHH Ui pacuéra
BKJIa/Ia a3pO30JILHOTO 3arpsi3HEHUs] Ha IUIOMAAb HccieayeMoil teppuropuu. Ilocie
orbopa oman mepedupanu Il yAaJleHHs MOCTOPOHHHMX HPEAMETOB (Cydbs, rajbka
W Tpo4.), B3BeIMBaIU. [JI1 OTTOHKH KMAKOH (Qpakiuy W3 ONag0B UCIOJIE30BaAIaCh
ycraHoBKa, paspaboranHas JI. I. BoHmapeBoii, ¢ MOMOIIBIO KOTOPOW OTIOHSIIACH
BCA KUAKOCTh B BHJE a3€0TPOMHON CMECH C TONyosnoM. J[si ycTpaHeHHs OKpacKu
BBIJICJICHHBIE JKUAKHE NpOOBl OUYHMILAINCH TPEXKpaTHOH mneperoHkoii ¢ KMnOq
B c1a0OKHUCIIOH cpere.

UroObl BBISIBUTH BO3MOXKHOE IIOCTYIUICHHE TPHUTHSL B BHIE aTMOC(epHBIX
0CaJIKOB, IPOBOAMIIN FICCIIEIOBAHMSI CHETOBOTO TIOKPOBA, JIICTOBOTO OI1a/1a ¥ XBOU COCHBI,
oToOpaHHBIX Ha pa3nuyHoM ynaneHnn ot ' XK. Pesynbrarsl npusenens: B Tadm. 3.6.

Ce3oH 0oTOOpa JMCTOBOrO OMNajAa W COCHOBOH XBOM HPUXOAWICS Ha BTOPYIO
MOJIOBUHY ceHTs0ps. OTOop mpo0 CHera OCYNIECTBISJICS B KOHIIE MapTa, KOrjaa
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3aKaHYMBAETCS OCHOBHOE BBINA/IEHHE 0CaIKOB. PacuéThl mMpoBOAMINCE Ha 3arpsA3HEHHYIO
TEPPUTOPHUIO, TO €cTh OEKKepelab Ha KBaJIpaTHBIA METp — Ui omaza U OeKkepeib
Ha KyOW4yeckui MeTp — Ul cHera. TeM caMbIM IOJIyY€HHbIE PE3yNbTaThl NArOT
HanOoJee npe3eHTadeIbHYI0 KapTHHY 3arps3HEHHS TEPPUTOPUIA TPUTHEM H TTO3BOJISIOT
czenaTh pacu€Thl Ha BCIO UCCIIEAYEMYIO TEPPUTOPHIO.

Tabauya 3.6
Onpezienenue coepKanus TpUTHUs B TucToBoM omaze (Bk/m?),
cocHoBoli xBoe (Bk/M?) u cueroom nokpose (Bx/m?)

Paiion oTbopa Koopaunats 2010 rj:.[aTa (|)T60p; 0ll T
JInctoBol omaz
noc. Bepesoska 56°0743"'N  93°13'09'E 35+1,1 23+1,3
c. Ecaynoso 56°14'86"'N 93°2752'E 2,7+1,1 35+1.2
¢. ATaMaHOBO 56°39'94"N 93°6186'E 6,1 +2,0 53+1,1
nep. b. Bamuyr 56°4572'N 93°7106'E 11+1 7+1
c. Cyxo0y3umcKoe 56°5065'N  93°30'55'E 52+1,7 3.,6+2.1
nep. Vers-Kan 56°46'85'N  93°7861'E 49+1,5 3,8+ 1,6
XBOSI COCHBI
noc. Bepesoska 56°0743"N  93°13'09'E 4,2+0,5 39+1,1
c. Ecaynoso 56°14'86'N 93°2752'E 4,8+0,8 42+1,0
¢. ATaMaHOBO 56°39'94"N 93°6186'E 72+0,7 53409
nep. b. bammuyr 56°4572'"N 93°7106'E 151 8+ 1
nep. Yerp-Kan 56°46'85'N 93°7861'E 8+2 6+1
CHeroBoii MOKpoB

noc. Bepesoska 56°0743'N 93°13'09'E 2500 =24 2400 =41
c. EcaynoBo 56°1486'N 93°2752'E 3000+28 3200+26
¢. ATaMaHOBO 56°39'94"N 93°6186'E 4000=£16 3900+18
c. Cyxo0y3umckoe 56°5065'N 93°30'55'E 3800 +44 4100 =£51
p. bonbmas Tens 56°43'04'N  93°70°05'E 15 000 + 67 10 000 + 46
nep. b. bamuyr 56°4572'N 93°7106'E 13 000 + 56 9 000 + 39
nep. Yere-Kan 56°46'85'N  93°7861'E 7000 +31 6 000 +29

[IpencraBneHHbie pe3yibTaThl IIOKA3bIBAIOT, YTO HaWOoJee WHTCHCHBHBIN
MEPEHOC a’3p030Jied MO HA3eMHOM YacTH OCYLIECTBIUICA B CTOPOHY peku bombiias
Tenb u nanee nepepens bounbiioi bamuyr, Ycrs KaH, 4To cOOTBETCTBYET MHOTOJIETHUM
JAaHHBIM TI0 PO3€ BETPOB B CpenHeM TedeHnr peku Ernceit. Copepikanue TPUTHSI BO BCEX
M3y4aeMBIX O00BEKTaX B HECKOJIBKO pa3 MPEBHIMNAN0 3HAYCHHS IS APYTHX PaiOHOB
uccienopanus. OJHAKO MaKCHUMAaJIbHbIC 3HAYCHUsI, OOHAPYKEHHBIE HA UCCIIEAYEMBIX
TEPPUTOPUSIX, HE SIBISIOTCS aHOMAJIbHBIMM U HAXOJSITCS B Mpeleiax HMEIOIIUXCS
JAHHBIX TI0 COACPIKAHUIO TPUTHS B aTMOc(hepe.

Uto kacaeTcs JIeBOOEPEKHBIX HACEIEHHBIX IYHKTOB, KOTOPBIC PAaCIOIOKECHBI
BOmm3n ot I'XK (céna AtamanoBo m Cyxo0y3WMCKOE), TO B 3TOM Ciy4ae
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He3aMep3aroniasi 3MMOi MOBEPXHOCTh EHUCES] MOXET paccMaTpUBaThCs Kak (QUIBTP
JUJIs1 a3po30Jieil, mepeHocuMbIX ¢ Tepputopun I' XK.

Takum o00pa3om, TpPUTHIA, MEPEHOCHMBIN B BHJE a’p030Jieil BO3AYIIHBIMHU
MMOTOKaMH, HE3HAYUTEIBHO BIHET HA 00IIee 3arpsi3sHeHNEe HCCIIeIyeMbIX TEPPUTOPHI
paauoaKTUBHBIMHU BemlecTBaMu. [1o3TOMy BKIIaJ IMepeHOca TaKOTO TPUTHSI MOXKET
HE YYUTHIBAThCs. BIiepBble MOMYYEHBI JAHHBIE MO COJACPKAHUIO TPUTHSI B CHETOBOM
MIOKPOBE U OT13/1e, KOTOPBIE OTPaKatOT YPOBEHb 3arps3HEHNs TeppuTopri KpacHosipckoro
Kpasi, pacloJ0XEHHOTO B HEMOCPEICTBEHHOW Onm3ocTH OT [ OpHO-XMMHUYECKOTO
komOuuaTta 'K «PocaTtom».

1.5. Tpumuii u numevesan éoda

B nepuoa 20082017 rr. 0poBOAUIUCH UCCIEIOBAHUS HA CONEPKAaHUE TPUTHUS
B HCTOYHHKAX IHMTHEBOIO BOJOCHAOXKEHHUS (KOJMOILBI, KOJOHKH, BOJOHAIOPHBIC
U BOJOpACIIpE/IEUTEIbHbIE YCTAHOBKH, a TAaKXK€ BOJONPOBOJIHONW BOABI B YaCTHBIX
W MHOTOKBapTUPHBIX JIOMax) HAaceNEHHBIX IYHKTOB, pAaCMHOJOXKEHHBIX B 30HE
Habmonerus ' XK (cum. puc. 3.4).

BrisBneno crnenyroniee. B konoanax Hacen€HHbIX MyHKTOB bonpmioit bamuyr
u [lognmopor oOHapyXeHBI KOHIIEHTPAUK TPUTHS B KomndecTtBe 25+ 5 u 17+ 7 br/n
COOTBETCTBEHHO, B JPYTMX HCTOYHHKaX IUTHEBOTO BOJOCHAOKEHHS OHH
BapbUpOBAIUCH OT 2,1 110 6,8 br/1.

Hcxons U3 NOMy4eHHBIX pe3yJIbTaTOB CAECNAHbI CIEIYIOIINE 3aKII0UCHHS:

1. HearenpHocts ['XK mpakTHdecKu HE MOBIMsUIA HA YPOBEHb COIEPIKAHUS
TPUTHSI B HCTOYHUKAX MUTHEBOIO BOAOCHAOXKEHHS, TAK KaK OCHOBHBIE BOJ03a00pHBIE
CTaHLMU SIBJISIOTCS NTOAPYCIIOBBIMU peKU EHHCEH.

2. VcTOYHMKOM NHTaHUS KOJOJIEB HACENEHHBIX IYHKTOB, PACIOJIOKEHHBIX
B JIEBOOEPEIKHON YaCTH UCCIIELyEeMOM TEPPUTOPUH, SIBIISTIOTCS IIOA3EMHBIE BOJIOHOCHBIE
TOPU30HTHI, UMEIOIIAE HMCTOYHUK NHUTAHHSA CXOXKHH C TOJAPYCIOBBIMH BOJAaMHU
peku Enunceit.

3. HesHaumrtenbHOE MpeBbIlIeHHE (OHOBOTO COAEPIKAHHS TPUTHS B KOJOALAX
nepesedb bonbioit banuyr u [lognopor MOXeT UMETh JBOAKOE MPOUCXOKIECHUE —
MTOCTYIUIEHUE C TAJIBIMU BOAAMHM C TIOBEPXHOCTH U CMBIB C HA36MHO MOBEPXHOCTH.

1.6. Hakonnenue mpumus
KOMNOHEeHmamu npecHo800Hol IKocucmemul pexu Enuceil

Jlyis BEISBICHUS YPOBHs COACPIKAHUS TPUTHUS B OHMOJIOTMUYECKUX OOBEKTaX
M3y4YaJiCh OCHOBHEIE PaCTEHUS, POU3PACTAIOIINE B ToiMe peku Exucel.

[Ipn BemonHeHnH padoThl coOpaH OoNbIIOH 00BEM OHMOMACCHL Pa3lIUYHBIX
ruapooronToB Enmces — 15 BHIOB BOAHBIX, BO3AYNIHO-BOIHBIX PACTECHUI
u Bogopociei [Bondareva, 2011, 2018; Bondareva et al., 2015]. Hekoropsie Buab
MOTPYXEHHBIX THIPO(UTOB, TAKUX KaK PAECT U 37051, OBLTH cOOpaHbI TOYTH HA BCEX
ydacTkax oToopa mpob oT ¢oHoBoro paiioHa c. EcaynoBo mo c. Crpenka (330 km
or r. KpacHosipcka), a Takke B paiione r. Mrapka (1760 xm ot KpacHosipcka).
Hexotopsie BUABI THAPOOHMOHTOB OBUTH COOPAaHBI TOJIBKO HA ONMPEAEIEHHBIX YIaCTKax
peku. B 1mabopaTopHBIX YCIOBHSX MPOOBI pacTeHWN OBLIM pa3delieHbl Ha BHIIBI
Y TIOJITOTOBJIEHBI K BBIJICIICHUIO TPUTHSI.
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st onpenenenus Coaep:kaHus TPUTHS B PACTEHHSIX UCTIONIB30BAINCH Hauboee
pacrpocTpaH€HHBIC BHIBI, Ipou3pacTaronue B Bojax Enuces: Elodea canadensis
Michx., Potamogeton L. Ilocne otbopa ux B 1a00paTOPHBIX YCIOBHAX TMepeOHpad,
YTOOBI YIAIUTh JIPYTHE BUABI, CIIOCOOHBIE BHECTH OIIMOKY B HCCIEAYEMYIO MpoOy.
TwaTensHO MPOMBIBAIM BOJOMPOBOJHOM MPOTOYHOM BOJOH, MMOCIE Yero oTOMpasach
obmas HaBecka Ouomaccel (30—80 T crIporo Beca) AJs BEACICHUS TPUTHSL.

TuaTenbHO MNPOMBIBAIM BOJOMPOBOJHONW MpoTOuHOM Bomou. Ilocie 3Toro
B HEKOTOPBIX BHAAX PACTEHUH OTHCIISUINCH JIUCThS, CTEONM, KOpPHEBBIE YAacTH
(xamyxHHIA, pAecT OJIECTSIINHN, 3TI0/Ies), & U3 OCTAIBHBIX 0TOMpaIachk 00Imas HaBecKa
(30-80 r ceIporo Beca) [isl BbIACICHUS 001Iero Tputus. s onpeaeneHus: OpraHnaecKu
CBSI3aHHOTO (HEOOMEHHOT0) TPHUTHS PACTEHHUs] BBICYIIMBAIUCH NpPU KOMHATHOU
TeMIlepaType, a MOTOM JOCYIIUBAIKCH B CYIIFIIbHOM mkady mpu Temmeparype 45 °C
B TeueHue 48 yacos. [locie BrICyIIMBaHUS pacTEHUS U3MENbYATUCH B MEJIbHULIE.

Jnst BblAETICHHS OPraHWYECKHU CBSI3aHHOTO TPHUTHUS MCIIOJNB30BAJIACh HABECKa
100-150 r cyxoro Beca. HaBecka oArOTOBICHHBIX PACTCHUH U (hrIIe PHIOBI TOMEINANIach
B KPYTJIOZIOHHYIO KOJIOY, TJIe BCE CMEIIMBAIIOCH C TOTYOJIOM M BBIIEPKHBAIOCH B TCUCHHUE
8 yacoB Npu KOMHATHOH TeMIepaType.

CyI1ecTBeHHBIM OTIIMYMEM TPU AalTbHEHIIEH OATOTOBKE IIPO0 K OTIPEICICHHIO
coJiep>KaHusl TPUTHSA SIBJISUIOCH TO, YTO CYILECTBOBaJIaNa HEOOXOAUMOCTh MPOBEICHHUS
JUCTHJUISIIAY OT 5 710 6 pa3 — J10 NOJIYYCHHS IPO3PAYHOM )KHUIKOH IPOOBI. DTO CBSI3aHO
C T€M, YTO IIPH OTTOHKE a3€0TPOMHON CMECH U3 CYXUX MPOO OHOIOTHUYECKIX OOBEKTOB
BbIIENIAEMAsT KHUIKAs (Qpakius WHTEHCHMBHO OKpalleHA M COIOCPXKUT OOJbIIoe
KOJIMYECTBO OPTaHMYECKUX MpHMeced (Hampumep, KapOTHHOWIOB), KOTOpPbIE JTHOO
00pa3oBaiuCh NPHU HArpeBaHUM CMECH W BBIOCIWINCH BMECTE C TOIYOJIOM, JHOO
MPUCYTCTBOBAJIN B HCXOHBIX MPO0OAX.

CrannmaptHble ¥ (OHOBBIE TPOOBI TOTOBHWJIM OJHOBPEMEHHO C OCHOBHBIMH,
9TOOBI CBECTM K MHHMMYMY OIIMOKY M3MepeHHs. Bpems u3mepeHus uccienyembix
po0 cocTaBIsIO 8—24 Yacos.

B T1abn. 3.7 mnpuBeneHsl pe3ysbTaThl OIpPEENCHUS COIEPXKAHUS TPUTHS
B HanOoJiee paclpoCTPaHEHHBIX BUIAX pacTeHHH. M3 MOMy4YeHHBIX JaHHBIX CIEIyeT,
YTO COJEpKAHME TPUTHSI B BBLICICHHOM IIOPOBOM BOJAE CBHIPOM MAacChl PacTEHUI
s poHOBOTO pairioHa peku Enucedt (c. EcaynoBo) Bapeupyer ot 4 mo 7 bx/m, 9ro
00YCIIOBJIEHO B IEPBYIO Ouepenb (HU3HUOIOTHYECKUMH OCOOEHHOCTSIMH HCCIIELYEMBIX
BUJIOB PACTEHHM, CIEHOBATENILHO, W JOJICHl MOPOBOM BOABI B PACTEHMSAX, a TAKXKE
HCTOYHUKOM TOCTYIIJICHUS] TUTATENLHBIX BEIECTB K OPraHU3My — BOJIa WJIN JOHHEIC
OTJIOKEHHUSI.

st paiiona c. AtramanoBo (BOmu3u cOpoca peakropHoit Bossl ' XK) conepxanune
TPUTHUSL B PACTEHHUSIX M BOJOPOCISIX JOCTUTaeT 3HadeHu# (Tabn. 3.7), B HECKOJIBKO
JIeCATKOB pa3 npeBbimaonmx GoHossie 3Hauenus (bk/m). MakcumanbHoe cogepkaHue
TpUTHA OBLIO 3aPETHCTPHUPOBAHO B OHOMacce 3eTEHONH HUTYATOM BOJAOPOCIH YIOTPHKC,
a TaKkXKe B JINCTHSIX PAECTa, Cycaka U 3JOJICH.

Beul mpoBenéH CpaBHUTEIBHBIM aHANN3 COACPKAHHS TPHUTUS B Pa3IMYHBIX
yacTsAX BOOHBIX pacTeHuil peku Enuceil. Tak, cogepkaHue TPUTHS B JTUCTBSIX pAecTa
B 2 pa3a NpeBhILIAET COAEpKaHNUe TPUTHUS B cTeOsIX (Tadm. 3.8).

AHanoruyHasi 3aKOHOMEPHOCTh HaOII0/Ianachk Jisl JIMCThEB W CTeOJel amoien.
3T0 O00BICHAETCS TEM, YTO JIUCThS WMEIOT OONBIIYI0 TUIOMAIh O CPaBHEHUIO
C JAPYIMMH YacTSIMH pacTE€HHH, CJIEZOBATEIbHO, MOBEPXHOCTH CONPHUKOCHOBEHHUS
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C BOJHBIM IOTOKOM Yy HMX 3HA4UTEIbHO BHINIE. DTO, B CBOIO OYepenb, BEIET
K MHTEHCUBHOMY OOMEHY JKHIKOCTEH, NPUCYTCTBYIOIIMX B Omomacce, ¢ BOAOH

PEYHOro IMOTOKA.

Tabnuya 3.7

ConeprkaHre TPUTHS B TIOPOBOH BOJE CHIPOM OMOMACCH BOAHBIX pacTEHUIH
1 Bogopociel peku Ermceit (paccrostaue oT 1. KpacHospcka)

ConepxaHue TPUTHSI ConeprxaHue TPUTHSI
Bupn pactenus Bun pactenus
Bbx/n ‘ Bx/kr bx/n Bx/kr
\ Urapxka (1760 xn)
| Duoznes <3 <2 Prect 3+1 1,5+1
‘ Crpenka (330 xm)
| Duoznes <3 | <12 Priect <3 <2
‘ 3axapoBka (278 kM)
‘ Daoxest 4+£2 ‘ 1,8+1 Prect <3 <2
‘ Bonbmoii bamayr (101 xkm)
| Duoznes 7£3 | 3%2 Prect 6+2 3+1
‘ AtamaHOBO (87 kM)
| Duozies 180+13 | 82%9 Prect 54+8 28+7
| Vnotpuke 515 | 384 Mox Bommbiit | 3+ 1 1,4+0,5
‘ Ecaymnoso (46 km)
\ MoX BOZHBII 3+1 \ 1,4+05 Paect 4+1 2+1
| Dnozes 7£2 | 3%2 Jhotnk 7+£3 | 42+1,8
Tabruya 3.8
Copepxanue TPUTHS B YaCTAX BOJHBIX PACTCHUH,
O0TOOpaHHBIX B paiioHe ¢. ATaMaHOBO
Coneprkanue TpUTHS
Bun pactenus
bx/n Bx/kr
5 120+ 13 54+9 82+10 24+5
froned (ymcT) (ctebenn) (ymcT) (ctebenp)
P 33+13 15+7 18+7 10+4
Aeet (ytucT) (cTebenp) (ytucT) (cTebenp)

Takum o0pa3om, u3Mepss colepKaHHE TPUTHS B PasHBIX YacCTSIX PACTCHUS
(nuct, crebenb) peku EHuced, caemaHo 3akiOYeHHE 00 OCHOBHOM HCTOYHHKE
MOCTYIUIEHUS] TPUTHUSI — 3TO BOAHBINA OTOK PEKH.

IIpn cOope HXTHOJOTMYECKOTO MaTepHajga M €ro KaMmepalbHOW 00paboTke
PyKOBOACTBOBaKCH pekomeHaarusami [[Ipasaun, 1966; Jlykesaenxo, 1983]. B ynoBax
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pBIO MO MyHKTaM 0TOOpa Ha BCEX MCCICAYEMBIX yUaCTKaX ONMPEACISUIA YUCICHHOCTD,
BUJOBOM U pa3MepHBIN COCTaB UXTHUOJIOTHUYECKOTO MaTepuaa.

Haubonee pacipocTpan&HHbIC 1 HICCIIeI0BaHHBIE B paboTe BUIBI PhI0 peku Enrceii:

e ocetpsl (Acipenser), crepnsanb (Acipenser ruthenus), neHok (Brachymystax),
pamnymika (Coregonus sardinella), omynw (Coregonus autumnalis), tyryn (Coregonus
tugun), unap (Coregonus nasus), cur (Coregonus), nenbma (Senodus leucichthys nelma),
xapuyc (Thymallus articus), myka (Esox Lucius Linnaeus), xapach cepeOpsHbBIN
(Carassius auratus gibelio), neckaps (Gobio gobio cynocephalus), enen (Leuciscus
leuciscus baicalensis), motrBa (Rutilus rutilus lacustris), com (Parasilurus asotus),
HanmuMm (Lota lota), okyns (Perca fluvitilis), épmi (Gymnocephalus cernuus) n np. —
OTIPEICIICHHUE TSHKEIBIX METAIIOB;

e xapuyc cubupckuit (Thymallus arcticus), cur (Coregonus) W CTepisinb
(Acipenser ruthenus) — onpeeicHUE CONCPIKAHUS TPUTHSL.

Kpome Toro, Obi1 TpoBenEH eIWHUYHBIA aHAU3 COJCPXKAHUS TPHUTUS
B MbIIEYHBIX TKaHAX TyryHa (Coregonus tugun (Pallas)) n xapacs cepeOpsHOTO
(Carassius auratus gibelio) — nmns TpOBeAEHUS MOIEIBHBIX OSKCIIEPHIMEHTOB
10 HAKOTUICHUIO TPUTHSI.

[IpoBoAMIIUCH WCCIICIOBAHUS IO ONPEACICHUIO COACPKAHUS TPUTUA B (uie
peIO”, BBUIOBIECHHBIX B paiiOHAX, OTIMYAKOIIMXCS YPOBHEM BO3JEHCTBHS COPOCOB
I'XK: Bemme mo tedenmio (40 kM), B OmmkHedl 30He BosmekcTBus (0—15 kM)
Y Ha 3HauuTeNbHOM yaanernd ot copocoB I' XK (1760 xkm) (Tabm. 3.9).

Tabruya 3.9
Conepxanue TpUTUS B (prjie IPOMBICTIOBBIX BHIOB PbIO,
noiimanHbIX B peke Enuceii B 2010-2012 rr. BOMM3M yKa3aHHBIX HACEIEHHBIX
IIyHKTOB Ha pa3HOM yzaajeHuu oT KpacHosipcka, Bk/Kr ceiporo Beca

Xapnyc Cur Crepnsaab
2010r. | 2011 r. | 20121, | 20107, | 2011 1. | 2011 T. | 2012 T.
c. EcaynoBo (46)" | 12+2 | 14+3 | 13+£2 | 15£3 | 13+4 | n.o. H. 0.
c. Atamanoso (87)°| 141 | 11+2 | 12+3 | 14+£2 | n.o. H. 0. H. 0.
c. dpueso (685)" | w.o. H. 0. H. 0. H. 0. H. 0. H. 0. 16+2
r. Urapka (1760)" | H. o. 13+4 | m.o. H. 0. 12+4 | 1543 | 17+3

Paiion otbopa

* Paccrosuue ot T. KpacHospcKa, KM.

Uccnenyemble BHABI HPOMBICTIOBBIX pbIO: Xapuyc cubupckuit (Thymallus
arcticus), cur (Coregonus sp.) n crepisian (Acipenser ruthenus). Kpome Toro, ObI1
MPOBEAEH eIMHUYHBIN aHAIU3 cojiepyKaHus Tputus B ¢uie tyryHna (Coregonus tugun),
BBUIOBJICHHOTO B paiioHe c. SpueBo. CopepkaHue TPUTHS B (QHUIIE COCTABHIIO
npubnusutensHo 18 Br/Kr ceiporo Beca (Tadm. 3.9).

Ha ocHoBe momy4eHHBIX pe3yJlbTATOB CHENAHO 3aKII0UYEHHE O TOM, 4YTO
coJiep>kaHue TpUTHsI B (hriie pbIO He 3aBUCUT OT BUJA, TUTIA MMUTAHMUS, KaK M OT paiioHa
BBLIOBA 0c00ei. OCHOBHBIM UCTOYHUKOM TIOCTYIICHHS] TPUTHS SBJISIETCS BOJIA U MTUIIA.

* TyIHKI/I B3BCHINBAJIUCH, 3aTCM U3 HUX OTACIAIUCH MBIIIICYHBIC TKaAHU.
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1.7. Coodepocanue mpumus é ROUMEHHBIX NOUEAX U OOHHBIX OMIIONCEHUAX
pexu Enucei. Hakonnenue u yoepycusanue mpumus

Kak wm3BecTHO, TpuTHil cnmabo aKKyMyJTupyeTcs B IOPOA000pa3yroImnx
CTpykTypax. Korma oH mpoHHKaeT B TPYHTHI, MPOIECCH MEpPEeHOca Takhe XKe, Kak
n y H>O. I'maBHBIE MeXaHM3MEBI IepeHOCa TPUTHSA B 3€MHOE OKPYKEHHE BKIIIOYAIOT
OCHOBHOM TIOTOK, OOYCIIOBJICHHBII TPaJUeHTOM THAPABIMYECKOTO MOTOKA, W MOTOKH,
00yCIIOBJIEHHBIE TPAANEHTOM UCTIAPEHNUS, TEMIIEPATyPHBIM IPaAHUEHTOM U TPaJUCHTOM
koHueHtpauun HTO. ITlepuon momynpeBpalieHuss TPUTHSL B TPyHTaX M OCHOBHOM
[IOTOKE JJMHHEEe, 4YeM B JPYrUX KOMIIOHEHTaX 3KOJOIMYECKONl CHCTEMBI.
OTHOCUTENBHO 3TOTO YIJIMHAETCA NEPUOJ MOMYNPEBPAIEHUS TPUTUSA B PACTCHMSX,
YKOpEHEHHBIX B 3TOM TpyHTe. B cBs3u ¢ 3TuM mpenmosaraercs, YTO HaKOIUIEHHE
TPHUTHUS, TIOCTYIHUBIIETO B BOAOEM B PE3yJbTaTe€ CMBIBA C 3arPsA3HEHHON MOBEPXHOCTH
TTOYBHI, TOHHBIMH OTJIOKEHISIMH, HE3HAYUTEIBHO.

JJ1s AOTIOTHUTETFHOTO OOOCHOBAHUS U OIPENEICHNS NCTOYHNKA TTOCTYTIICHHS
TpuUTHS B BoAy peku bombimas Tens mpoBomuimm oTOOPH! MPOO AOHHBIX OTIOXKESHHH,
13 KOTOPBIX ObIIa BRIJIEICHA U TPOaHAIM3UPOBaHA TOpoBast Bojaa. [t cpaBHeHHsI ObLTH
0T0oOpaHbI MPOOKI TIOHHBIX OTJIOKEHHUH BhIIIE 1O TedeHuto ot copocoB I'’XK, B paiione
c. EcaynoBo, a Takke JOHHBIE OTIIOKEHMsI B peke EHucell, B paiioHe nep. bonbmoi
Bamuyr. [TomyueHHbIe pe3ynbTaThl MOKa3bIBatOT (Tabdi. 3.10), 4TO TOHHBIC OTIIOKEHUS,
otoOpaHHble B paidione nep. b. bamuyr, comepkar Tputudk M €ro cojepKaHHUe
HE MPEBBIIIAECT TAKOBOTO B (DOHOBOM paiioHe.

Nzmepenwst mpod mopoBoii BOABI JOHHBIX OTIIOKEHUH 1 TOMMEHHBIX [TOYB B PEKE
Bonpmas Tens moka3any moBRIIEHHOE cofiepikanue Tputus — 1o 25 br/kr (58 bx/m).
Kpowme Toro, 661 06HapyxeH paguonykiu “C — 1o 5,5 Br/kr (14 Bk/n), Benencraue
4ero OBUIO CHIENaHO NPEINONIOKEHHEe, YTO BEPOSTHHIM HCTOYHHKOM MOCTYILICHUS
TPUTHS B TOHHBIE OTIOXeHHS pekn bombias Tenb cirykaT noJ3eMHbIe PaIHOAKTHBHBIE
BOABI TOPHU3OHTOB TmoNHroHa «CeBepHBI», KOTOpble, KaK M3BECTHO, HWMEIOT
TUAPOJIOTMYECKYIO CBSI3b C ATOU PEKOH, B IOMMY KOTOPOU MIET YACTHUHAS PA3TPYy3KA.

Takum o0Opa3oM, JIOHHBIE OTJIOKEHHUs NOWMBI peku bosbimas Tens comepxkar
TPUTHHCOMIEPIKAIIYI0 BOJY, MOCTYMHAIOIIYI0 IMOCPEACTBOM THJIPOJIOTHMYECKOM CBS3U
C TOA3€MHBIMH BOJHBIMH TOpPHU30HTaMHM TmonuroHa «CeBepHBI», KOTOPHIi
pasrpyskaercs B noitmy pexu bonbimas Tens.

Jis  oTONHUTENEHOTO 00OCHOBaHHS (pakTa crnaboil aKKyMYJISIWH TPUTHS
Y BO3MOXKHOTO TI€PeHOCa TPUTHEBON BOJBI Yepe3 CJIOW TPyHTa OBUIM TMPOBEACHEI
MOJIeTIbHBIE DKCIIEPUMEHTH. B KkadecTBe 0Opas3loB TPyHTOB HCIIONH30BAIUCH KaK
JOHHBIE OTIOXKeHUsT EHuces, Tak U Apyrue mopozooOpasyouue CTpyKTypsl (TirHa,
MTeCOK — KaK B UCXOJHOM COCTOSIHHH, TaK H ITOCJIC TEPMHUICCKOH 00pabOTKM).

Jiia mpoBeneHWs SKCIEPUMEHTOB 10 MUTPAIMM M YAEPKUBAHUIO TPUTHS
B CIIOSIX TPYHTa HCXOJHBIE CyXue 00pasllbl MpeJBapUTEIbHO 3aMavYuBaIHUChH (5 CYT)
¢unbTpoBanHO# (GubTp 1 MKM) BOJ0M peku EHuUCEH B ClIeIy OIKUX COOTHOIICHHUSX:

a) mecok mpokan¢Husii (8 yacos mpu ¢t — 400 °C) — 450 T + 900 M1 BOJIBI;

0) rmuHa npokanénHas (8 yacos mipu ¢t — 400 °C) — 300 r + 600 M1 BoJIBI;

B) mecok — 500 r + 1000 mi1 BoAwL;

r) rimHa — 450 T + 900 M1 BOABL;

1) noHHbIe oTIIOXKEeHUS — 450 T + 900 MII BOJBL
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Tabruya 3.10

Boanocts u conepxkanne paguonykauaos *H u “C B npo6ax TOHHBIX OTIOKEHHI U OMMEHHBIX MOYBAX

2001 r. 2002 r.
Paiion orbopa I;;ZS’HCH; Bomocs, % Conepi(;HHe panHOHyKnHzl[fg, bx/kr Boaocts, % COHeI;;)I:;II:fe °H,
Pexa Enunceit
c. EcaynoBo 0-10 37 1,5+04 H. 0 38 1,3+04
1. bonpmoit bamrayr 0-10 42 1,7+ 0,8 H. 0 41 1,6 £0,8
Pexa bonbmas Tenb
Ycree 0-10 43 20+£2 H. 0. H. 0 H. 0
50 M OT yCThs 0-10 H. 0. H. o. H. 0. 43 21£2
0-10 39 19+2 (14+1)" |H.o. (55+0,5)" 38 25+5
300 M ot ycTbst
10-20 H. 0. H. 0. H. 0. 32 162
500 M OT ycTBs 0-10 40 23+2 (17+2)"| H.o. (0,6+04)" 38 4,1+0,7
800 M oT ycThs 0-10 41 10+1 H. 0. H. O H. O
1000 M oT ycTbs 0-10 44 9+1 H. 0. H. 0 H. 0
IToliMmeHHas mouBa
Mesxny pexoit Enuceit 0-10 34 12+2 H. 0 H. 0 H. 0
1 yctheM peku bonbias Tenb 10=20 26 3,6+1,1 H. 0 H. 0 H. 0

HpuMeltaHue. H. 0. — HE€ onpeacsijin.

*3HaueHys, nonyuennbie B MocHIIO «Panony.



[locne 3amaunBaHMA W3NUIIKK BOJABI CIMBAINCH M3 CTAKAHOB JCKaHTAIHEH.
3aTeM MOATOTOBJICHHBIE MPOOBI TPYHTOB OTOPACHIBAINCH Yepe3 OyMaKHBIA (PIITBTP.
O6béM OTPMIBTPOBaHHOW BOABl pekn EHuMCel, HCIoNb3yeMoil B OKCIEPHUMEHTE
JUIsl IPOKaYMBaHUs Yepe3 KOJMOHKY, — 5 J1. O0Imee colepaHne BHECEHHOTO TPUTHS
coctaBmio 250 kbk (50 xkbk/i).

IIposedenue sxcnepumenma.; cOOUpPATN KOJOHKY, CTEHKH KOTOPOH COCTOSIIH
U3 TIONMMEpPHBIX MaTepuaioB. [inHa komonku — 70 cM, BHYTpEHHUH OUaMeTp —
10 cM. KonoHKy 3amoyHsui cI0sSMH UCCIIETyeMBIX T'€0JIOTHIECKUX 00pa3oB, MEXIy
KOTOPBIMH TIPOCIIAMBAId  «MEJIFHUYHBIE CHTa» C JamameTrpoM 1op 1,5 MKM.
Tputniiconepkanyro BoAy MoJaBajd B HIDKHIOIO 4YacTh KOJOHKH. Boga crekana
€CTEeCTBEHHBIM 00pa3oM (camoTékom) Oe3 HMCIONb30BaHUS HACOCOB, 1O MPHHLUILY
COOOIIAIOIINXCS COCYIOB C BEPXHEH YacThi0 KOJOHKH. CoziepykKaHue TPUTHS, BEIXO/ISIIIETO
U3 KOJOHKH, ONpENeNsuild B 00bEME BOJBI, CTEKAIOMIEH ¢ KOJOHKH 332 KOHKPETHBIN
nepuo] Bpemenu. OT6op nmpoO Bosl poBoawin yepes 12, 24, 48, 72, 96 u 168 gacos.
Jus ananm3a oTOMpanmu w3 Bcero o0bEMa amuKBOTY (8 MII), B KOTOPOl W3MEpPSITH
COZIep)KaHUE TPUTHA W TOCIIC MEPECUNUTHIBAIM HA 00BEM, BBIMICTIINN M3 KOJOHKU
3a (PUKCUPYEMBIii IPOMEKYTOK BpeMeHH. UYepes 6 CyTOK SKCIIEpUMEHT ObLI 3aBepIlcH,
U U3 KOJOHKH JIMIIHAA XUIKOCTb 6BIJ'Ia yaaji€Ha CaMOIPpOU3BOJIBHBIM CTCKAHUCM.
Kononka 6pu1a pazodpana, a 00pa3nbl TPYHTOB pasfieneHbl. M3 kaxmoro obpasiia Obiia
B35Ta HaBeCKa I OTIOHKW ITOPOBOW JKUIKOCTH U ONpECIICHHS B HeW 00IIero
cojgepkanusi TpuTua. [y omnpepeneHuss HEOOMEHHOTO TPHUTHS YacTh MPOOBI
NPOMBIBANM JTUCTWUIMPOBAHHOM BOJOW, HW3JMINHSAS BOJa CTeKajda C TIPOOBL
[loaroroBneHHyr0 TakuM oOOpa3oM TpoOy TMOMEmaid B OTTOHHYIO KOJOy
JUTSl IOCIIEIYFOIETO BBIJICTICHUSI )KUIKOCTH, B KOTOPOH OTPEeIsUTH COlepKaHNe TPUTHSI.

Huns pacuéra koadduumenra pacnpeaencuus (Kp) U yaepkuparoniero gakropa
R nucnonp3oBanu cnenyromue Gpopmyisl [Bondareva, 2018]:

a) K03 (PUITUEHT paclpeieICHUS

B A -4V
K,=|——|—, M,
A m
rne Ao u A — WCXOAHAas W KOHEYHas aKTUBHOCTh TPHUTHSA B KHIKOH ¢aze, bk
COOTBETCTBEHHO; V) — 00BEM kuakoil ¢a3el (00bEM IMOPOBOH IKUAKOCTH), M,

m — Macca TOuBHl, T;
0) ynepkuBatonuii pakrop R (0e3pa3mepHas):

R=1+2.k

n

IJie p — IUIOTHOCTh T€OJIOTMYECKOTO MATEPUAa, I/CM>; 1| — MOPUCTOCTh T€0JIOTHIECKOTO
maTepHana, CM /.

Tepmuueckyro 00pabOTKy HCIIONB30BAU [UIS YJAJICHUS TPUCYTCTBYIOIIUX
B TIpyHTax OpraHUYecKux BemiecTB. KOHTpOIb CTEKawlied Ha BBIXOJE U3 KOJOHHBI
KUAKOCTH TIOKaszaj, 4To uepe3 48 9acoB OT Hayasla M Ha TMPOJOJDKEHHH BCETO
OCTABIIETOCSI BPEMEHU HSKCIEPUMEHTA COACPKAHUE TPUTHUS MAJIO OTIUYAETCA
OT TaKOBOTO Ha BXOJi¢ B KOJOHKY (puc. 3.8). DTO MOATBEpIUIIO CIIEIAHHOE paHee
MPEIIONIOKEHNE O TOM, YTO TPHTHH ClIa00 yIEPIKUBAETCS TPYHTOM M MOYKET MHTPHPOBATH
B BOCXOJAIIEM BEPTHUKAJIBHOM ITIOTOKE CO 3HAYUTEIbHON I‘.Hy6I/IHBI.
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Puc. 3.8. Conepxanue TpUTHUS B CTEKAIOIIEH U3 SKCIIEPUMEHTAILHOM KOJIOHHBI BOJE

Onpenenenne KOIEKTOPCKUX CBOMCTB Mpo0O JOHHBIX OTIIOXKEHHH MPOBOIMIH
cornacao ['OCTy 26450.1-85 (tabm. 3.11).

Tabruya 3.11
ConepxaHue TOpoBOH KUAKOCTH U BOA0OOTAaYA po0 rpyHTa,
HCIIOJIb3YEMBIX B OKCIICPUMCHTE

Macca, r ..

Ne Bn HTa (ecTecTBEHHO O6LEM B Thaada, %

/n TPy . ) BOIBI, MII R
BJIQXHBIM IPYHT)

1 |Tlecok mpokan€HHBIH 339 30,5 9

2 |Ilecox 324 32 10

3 |'muHa npoxanéHHAast 299 40 12

4 |I'nmuHa 345 69 20

5 | loHHBIC OTI0XKECHHUS 363 131 36

Kak BHJIHO M3 MpeNCTaBICHHBIX JIAHHBIX, MEHbBIIE BCEr0 BOAOOTIAadYa y MecKa
MPOKAIEHHOTO, a OOJNbIlle BCEro — Y JOHHBIX OTJIOKEHWH, YTO CBSI3aHO C HUX
TCOXUMHUYECKUMH CBOWCTBAMHU.

J11s1 BBISICHEHUSI IPUYMHBI C1a00T0 yIep)KUBaHUS TPUTHS U3 YaCTH UCCIIETyeMbIX
npod TPYHTOB BBHIICIWINM IOPOBYIO KMIKOCTh W ONpENeNWId B HEW ero ooluiee
cogepxanue. [lpyryio yactb mpo0 TPYHTOB MPOMBUIM JUCTUILIMPOBAaHHOM BOJOW
JUIsL yialieHus OOMEHHOW TPUTHEBOH BOJIBI, 3aTE€M MPOMBITHIC POOBI MOCIIE CTEKAHHUS
W3JIMITHEN BJIark Takxke ObUIH MOJBEPKEHBI a3€0TPOITHON OTIOHKE — JUISI BBIJICIICHUS
TPUTHS, CBA3aHHOTO B HEOOMEHHBIE ()OPMBI.

Pesynpratel ompeneneHust coiepkaHust oOmIEro W HEOOMEHHOTO TPHUTHS
B KaxJoh mnpobe rpyHTa npuBeneHsl B Tabn. 3.12. Kak BumHO W3 HEX, 0O0mee
coJiep)kaHue TPHUTUS B TPYHTAaX BapbUPyeTCsl B 3HAYUTENHLHOM HHTEpBaie oT 7,98
(m1st mecka) mo 21,1 xbx/n (st MOHHBIX oTiOXeHwWit). Takoe M3MEHEHHE BechMa
3aKOHOMEPHO ¥ 3aBHUCHUT, TJIABHBIM 00pa3oM, OT TEOXUMHYECKHX IapaMeTpOB
HCIIOJIb3YeMBIX MPOo0 rpyHTOB (Tad. 3.12).
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Tabnruya 3.12
Copneprxkanre o0mIero 1 HEOOMEHHOTO TPUTHS B UCCIIEAYEMBIX IP0oOax rpyHTa

OO0t TpuTHit Heo6MeHHBIH TpuTHiA
ITpoda

bx/n Bx/xr Bbx/n Bx/xr
Mecox 1 59804120 720+ 11 < MJIA <MJIA
HpOKaHeHHI)II/I
ITecok 14100 + 133 1410 + 33 <MJIA <MJIA
Fomma 10 800 + 138 1300 + 53 280 + 20 34+ 4
HpOKaHeHHaH
[nuna 15100 + 161 3030 + 32 250 £ 15 50 + 3
Honmere 21 100 + 585 7600 + 210 950 + 13 340 + 24
OTJIOXKCHUA

IIpn ompeneneHuu conepKaHusl TPUTHS B MpoOax MOCIE€ HX MPOMBIBAHHS
TUCTHJUTMPOBAHHON BOJOW TpUTHUH OBLT OOHapyXeH B IMpoOaxX TIHHBI (MCXOTHOU
u npokanéHHoit — 250 u 280 bk/11 cOOTBETCTBEHHO) U JOHHBIX 0TIIOKeHUH (950 Br/n).
3TO MOXeET OBITh CBS3aHO C TE€M, YTO B JIOHHBIX OTIIOKEHUSIX MPOUCXOAUT CBSI3bIBAHHE
gacTu TpUTHs (~ 4,5 %) ¢ OpraH4ecKUMH BEIIECTBAMH, OKPHIBAIOIIMMH TOBEPXHOCTH
YacTHUIl JOHHBIX OTJIOXKEHUH, IPU 3TOM 0Opa3yeTcsi HCOOMEHHBIN TPUTHH, TOTAA KaK
00JpIIas 4acTh TPUTHUS B3aWMOJAEWCTBYET B pe3yibTaTe aare3udl W 0Opa3OBaHUA
BOJIOPOJHBIX CBSI3el C MOJIEKYJaMH, TaKKe MPHUCYTCTBYIOINIMMH Ha TIOBEPXHOCTH
gactul. [y TIUH XapakTepHO MPOHUKHOBEHHE MOJIEKYJ, WOHOB OIPEACIEHHOTO
pasMepa B CJIOM TIJIMHHUCTBIX CTPYKTYp, NPH 3TOM THPOUCXOAUT yIEpKUBAaHHUE
IUIOJIBHBIX TPUTHHCOAEPKALIMX MOJIEKYJ BOJBI B DJIEKTPOCTATHUECKOM IIOJIE
MuHepaina. U Takoil TpUTHII MBI MOXXEM OTHECTH K HEOOMEHHOMY TPUTHIO, TaK KaK ero
MPaKTUIECKH HEBO3MOXKHO yJIAJIUTH IYTEM ITPOCTOTO POMBIBAHUS AUCTHIUINPOBAHHON
BOJ10M. [1011s1 HEOOMEHHOTO TPUTHSI COCTaBUIIA MPUMEPHO 2,6 1 1,7 % 1115t poKanéHHOM
1 UCXOZHOH INTMHBI COOTBETCTBEHHO.

B ta6n. 3.13 npuBeneHs! pe3yabTaThl ONPeneNeHus IFIOTHOCTH (p), TOPHUCTOCTH
(n) u pacueroB ko3 dunmenTa pacmpenenenus (Kp) u ynepxusatomiero dakropa (R)
TPUTHA B UCCIIETYEMBIX IIPOOax.

TakuM o0Opa3oM, T0Ka3aHO, YTO TE€OJIOTUYECKHE MOPOIbI Pa3IMYHOrO reHe3uca
MOTYT JIMIIb HE3HAUYUTEIbHO YAEPKUBATh TPUTHH. DTO CBs3aHO KaK C (PHU3MKO-
XUMHYECKHMH CBOMCTBAMH TPUTHSL, IPHCYTCTBYIOILETO B OKPYXKAIOIIEH cpesie B OCHOBHOM
B Buzie HTO, Tak 1 ¢ TeOXUMUYECKUMU MTapaMeTpaMH I'€0JIOTHUECKUX CTPYKTYP.

3HavyeHus yaepKuBammero ¢aktopa Hu KodPPUIKEHTAa paclpelesIeHHs
MaKCUMaJIbHBIE JUIS JOHHBIX OTJIOXKEeHHH M cocTaBisgior 0,69 u 2,57 nna R u Kp
COOTBETCTBEHHO. DTO IOJHOCTHIO KOPPENUPYET pe3yibTaTaM COJAEPKaHHS TPUTHS
B HeoOMEeHHOU (opMe.

Kpowme toro, 3nauenust koadduimenta pacmpeneneHns OTINYHbI OT €AUHUIIB,
YTO MOYKHO OOBSICHUTBH Kak IpolieccaMy pa30aBiIeHUss BHOCUMOM TPUTUHCOAEpIKaIeH
BOJIbI BOJIOH, IPUCYTCTBYIOIIEH B HCCIIETyEeMbIX TIPo0ax, Tak U pa3IMyHON CKOPOCTHIO
murparuu H>O u goneit HTO, npucytctBytromei B 00bEMe BOIBI.

175



Tabauya 3.13
OmpeneneHre TUIOTHOCTH (p) U TOPUCTOCTH (1)), pacyeér
koadduumenra pacnpenenenus (Kp) u yaepkupatomero ¢gakropa (R) Tputus
B HICCJIETyEMBIX IPOOax rpyHTa

Tun rpysTa p, r/em? n, em/em’ R Kp
Hecox 1.5 1,0 1,41 0,27
HpOKaHeHHI)II/I
Tecok 1.5 1.1 1.34 0.25
Tmana 1.6 1.1 1,69 0,48
NpoKanéHHas
omma 15 12 1,58 0.46
Honnie 1.4 12 2,57 0,69
OTJIOXKCHUA

C NOMOIIBI0 TeOXMMUYECKUX MapaMeTPOB MBI MOXKEM ONMCATh IPOLECCHI,
IPOTEKAIOUIME B TOJIIE I'PYHTA, PE3YyIbTaTOM KOTOPBIX SIBJIIETCS BBIHOC BEILIECTB
Pa3NUYHOTO MPOUCXOXKIEHHUS Ha ITOBEPXHOCTh ITOYBBI U B MIOBEPXHOCTHBIE BOJOEMBI.
Tem cambIM MOTYT CO3/1aBaThCsl HETaTUBHBIE MOCJIEICTBUS AJIsl OKPYKAIOIIEH Cpebl.

Takum 00pa3oM, TeONOTHYECKUE TMOPOJIBI PA3TUYHOIO T'eHE3Uca MOTYT JIMIIb
HE3HAUUTEIbHO YIEP)KHUBAaThb TPHUTUH, YTO CBS3aHO KaKk C (U3MKO-XUMHUUYECKUMHU
CBOMCTBaMHU TPHUTHSA, NMPHUCYTCTBYIOLIETO B OKpY’KAalOIIeW cpeie MPEeUMyIIeCTBEHHO
B Buze HTO, Tak u ¢ reoXMMHYECKHUMH apaMeTpaMu Fe0JIOrMUYECKUX CTPYKTYP.

I'maBa 2. Pecny0iinka Caxa (SIkytust)
2.1. IToozemnwie adepnuie 83pvigvl

Bo3saeiicTBue SAEpHBIX TEXHOJIOIMI Ha OKPYXAIOLLYH CPENY, PA3HOE IO THILY
n Macmrabam, 0ObEMHEHO IO/ TEPMHHOM <GIACPHBIN TexHoreHes». K stomy Bumy
TEXHOT€HE3a OTHOCATCS W MHUpPHBIE TOJ3EMHBIE SIEpPHBIE B3pPHIBHI — pa3oBOE
MPUMEHEHHUE SIIEPHOM SHEPruu B Heapax 3emMild. OTO OJHO M3 CaMbIX CHIIBHBIX
TEXHOTE€HHBIX BO3JCHCTBUH, KOTAa-TnO0 OKa3aHHBIX YEJIOBEKOM Ha I'eOJIOTHYECKYIO
cpeny [Anymkun, CrinBak, 2007].

I'ocynapcteennas mporpamma CCCP Ne 7 «SlaepHble B3pBIBBI UIsl HAPOIHOTO
x03sHcTBay Oblia Havyata 15 staBapst 1965 1. B3peiBoM «Haran» Ha CeMUTIAIaTHHCKOM
UCTBITATEIFHOM TOJHUIoHe MOLIHOCTBIO 140 KT B TpoTminoBoM 3kBuBajeHTe (TO)
JUIsl CO3JIaHMsl BOJOXpaHWiIHIIa. B paMkax 3Tol mporpammbl ObLIO MPOBEIEHO BCETO
124 TT5B ¢ ncnonp3oBanueM 135 saepHBIX B3PHIBHBIX YCTPONCTB 001IeH MOIITHOCTHIO
1,6 Mt B TO [Mupssle aaepusie. .., 2001].

Haznauenne 3Tix B3pHIBOB OBIIO caMoe pazHooOpaszHoe: 39 ObUTH MPOBEAEHBI
B KauecTBe HMCTOYHMKOB BOJH JIsi TNIyOMHHOTO CEHCMO30HIUPOBAHHUSI IO 3aKaszy
MunuctepcrBa reonorun CCCP mo psany npoduieil, NpojoKEHHBIX dYepe3 BCIO
ctpany (puc. 3.9); 41 — nmusa co3gaHus MOA3EMHBIX €MKOCTeH W xpaHmmumny, 21 —
JUTsl ”HTeHCU(HUKALMU J0OBIYM HeTH U ra3a; 6 — Il SKCKaBallMOHHBIX SKCIIEPUMEHTOB;
5 — JUId JIMKBUAALMHU aBapUHHBIX Ta30BbIX (OHTaHOB;, 4 — sl oOpa3oBaHUs
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MPOBaJIbHBIX BOPOHOK; 4 — JUIsl 3aXOPOHCHUS BPEIHBIX IMPOMBINUICHHBIX CTOKOB
Y PaauOaKTHBHBIX OTXOJIOB; 2 — ISl APOOJEHHS PYIsl TP €€ TOI3eMHON TOOBIUE;
mo 1 — A mpeaynpexIcHHsl BHE3AIHBIX BBIOPOCOB YTOJBHOW MBUIM M METaHa
Ha YroJbHBIX IMAaXTaxX W JUIA CO3JaHUS IUIOTHHBI XBOCTOXPAHHIMINA MyTEM
PBIXJICHHS TIOPOJIBL.

i

Puc. 3.9. I'eorpaduueckoe pacnonoxenune [15B, npoBenénnsix Ha tepputopuu CCCP
B 1965-1988 rr. [IyHKTHpPHBIC TMHUN — HEKOTOPBIC U3 reopr3mdecKux npoduiet,
oOpazoBanHbIX cepusivu [151B B kauecTBe HCTOYHMKA JUTS CEHCMO30HANPOBAHUS 3€MIIN
[Mupnsle siaepHsie. .., 2001]

[To 8 u OGonee MOM3EMHBIX SAEPHBIX B3PHIBOB OBLIH MpoBeneHbl B 1972, 1982—
1984 rr. (puc. 3.10). Ilocnenunii 1B «PyOun-1» MomuocTtsio 8,5 kT B TO npoBenén
6 ceHTs0ps 1988 1. 115t celicMO30HAMPOBAHUST 3EMJTH.

Jiist B3pBIBOB OOBIYHO OypWIIM CHENHANbHBIE CKBAKUHBI MIMPOKOTO JHAMETPA,
TaK Ha3bIBaeMble 0OEBbIC CKBAXKHHBI, ¥ TOJBKO JJISl HECKOJIBKHX OBUIM MCTIONb30BaHbI
mrolbHA. Ha ompenenéHHOM ypoBHE CTBOJia OOEBON CKBaKUHBI TIOJIBEITUBATH
SIIEpHOE B3PBIBHOE YCTPOICTBO, 3aTEM HAa HECKOJNBKHX WHTEpBajax CTBoJa 00eBOH
CKB)XMHBl YCTAHABIIMBAJIM ILEMEHTHBIE NPOOKH, OCTaJbHOE MPOCTPAHCTBO CTBOJIA
3allONHUTM  Pa3sHbIM MaTepHajoM B COOTBETCTBHU IPOEKTHBIM 3aJaHHEM, Yalle
HCTIOJIB30BAJIM 00JIOMOYHYIO TOPHYIO Iopoay (TIecoK, edens) u (wim) Boxy (puc. 3.11).

B 3aBucumocTH OT mpuBENEHHOW TNIyOMHBI M MOIIHOCTH B3pBIBAa Pa3IMYaIOT
YeThIpe BUJA MOJ3EMHBIX SIIEPHBIX B3PHIBOB!

1) xamyduieTHbIe;

2) HEMOJHOro KaMydJiera;

3) peIXJeHHS;

4) sKCcKaBalMOHHBIE (Ha BEIOPOC).
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Puc. 3.10. Pacnpenenenue nposenéuusix B CCCP I15IB HapogHOX03SHCTBEHHOTO
Ha3HaueHUs 1o rogaM [MupHbIe B3pHIBHL. .., 2001]

>
]

B r

Puc. 3.11. Cxema 6oeBoii ckBaxxuHsl (A), Buasl [IAB: xamydnerrsrii (b), HemomHbIi
kamyueTHslii (B), Ha poixienue (I'), Ha BeIOpoc (3kckaBannoHHbI#) ([1).
Ycnosuvie obo3navenusn: 1 — BMemaronie ropasie mopoasl; 2 — 3aBecka SIBY B 6oeBoit
CKB@KHUHE; 3 — repMeTH3alis CKBRKHUHBI IEMEHTHBIMH NPOOKaMHK; 4 — I0JIOCTh B3PbIBA,
OKpYKEHHAS PACIUIABICHHOM MOPOIOi; 5 — 30HA APOOJICHHS, 6 — 30HA TPEIIIUHOBATOCTH;
7 — TpeInHBI, IPUMBIKAIOIIKE K CTOJI0Y 00pyuIeHus; § — cT1oa0 o0pymeHus;

9 — 30Ha OTKOJIa Y IOBEPXHOCTH 3€MIH

Kamygpremmuwlii 63pbi6 — B3pBIB TIOJIHOTO BHYTPEHHETO JICHCTBUS, 0€3 HapyIIeHHI
Ha NOBEPXHOCTH 3€EMJIM M BbIXOJa aAKTUBHOCTH Ha IMOBEPXHOCTH 3C€MIIM. BCHeJICTBI/Ie
pacIiaBieHHs ¥ UCTIAPEHUS TIOPOJI B IICHTPAIbHO 30HE B3pbIBa (POPMHUPYETCS MOJIOCTh
B3pBIBa, @ BOKPYT He€ — 30HBI MEXaHHUYECKOTO pa3pylIeHHs TOpHBIX nopo. Iloiocts
orpannyeHa chepoii CBEpXYIUIOTHEHHS U OTUIABJICHHS [TOPOJI B BUJE TOHKON «KOPKH»,
32 KOTOPBIMH CIEIYIOT 30HBI JpOOJICHUs, Jlaiee — 30HAa TPEIIMHOBATOCTH,
oOpa3yromiuecss B TEpBOH CTauu B3pbiBa (OT MHKPOCEKYHIBI [0 JECATKOB
MUJUTMCEKYH]T B 3aBUCHMOCTH OT IIPOYHOCTH BMEIIAIONIMX TOPHBIX ITOPOJI M MOIITHOCTH
B3pbiBa). 30Ha OTKOJIAa 00pa3yeTcss (COTHH MHLIMCEKYHJI) MPH OTPaKEHHUH BOJIHBI
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CKaTHsl OT TUIOCKOM CBOOOJHOHM MOBEPXHOCTH Ha TpaHHLE Jumocpepa-ammocgepa
1 uMmeeT Gopmy mmapoBoro cermenta. Ctond oOpymeHus (CeKyHIpI-9ackl) 00pa3yercs
IpU OOpPYLIEHHH IOJIOCTH B PE3YJIbTaTE€ TaK HA3bIBAEMOIO IIPOLECCa «BCILIBITHS
MOJIOCTH. DKCIEPUMEHTAIBHO BBISIBICHO, YTO MUHHMMAallbHasl NMpUBeAEHHAs TTyOuHa,
HeoOxomumast [uisi oOecriedeHns Kamy(JIeTHOCTH B3pBIBAa, JOJDKHA OBITH paBHA
80-95 m/kt'” B 3aBUCHMMOCTH OT THIIAa BMemArOIIKUX nopo [Axymkun, Crnsak, 2007].

[lo mepe ymeHblIeHHS MPUBEAEHHOW TIyOMHBI pa3BUBACTCSl MIPOMEKYTOUYHBIH
83pul8 Henoanozo kamygrema. Ilpn ManormyOMHHOM 63puvlge Ha pwixiaenue (CM.
puc. 3.11, I') cron® oOpymieHns MOCTHTaeT MOBEPXHOCTH 3€MIIM, MAcCCHB MOPOJ
BBIILIE [ICHTPa B3PbIBa IOABEPraeTCsl MEPEMENICHHIO, CO3/1aBasi XONIMbl BCITyUYHUBaHHS
u (WIM) TpoBajJbHbIE BOPOHKH B 3aBUCHMOCTH OT MCXOAHBIX (DU3UKO-XHMMHUYECKHUX
CBOWCTB TOPHBIX IIOPOXA, MOJOCTh B3PbIBA pa3pyllaeTcs, HO HE BCKPBIBACTCH,
MIPOUCXOANT INTATHOE HWCTeYeHHe KOTIoBoro rasza (1-4 % or oOrieil aKTHBHOCTH).
Js mepeopmupoBanus pesibeda MPOBOAMIN B3PhIBBI Ha BHIOPOC MM SKCKABaIlMOHHBIE,
P KOTOPBIX 3aBecka SABY Oblia OMM3MOBEPXHOCTHOM, U B PE3yNIbTaTe MPOUCXO U0
BCKPBITHE TIOJIOCTH B3pbIBa (cM. puc. 3.11, JI).

B Skyruu B mepuox c¢ 1974 mo 1987 rr. Obuio mpoBemeHo 12 MOA3EMHBIX
SIICPHBIX B3PHIBOB, KOTOpBIE B JOMOJHEHHE K TJIO0AILHBIM BBIMAJCHHUSIM CTalld
OCHOBHBIMHU TIOCTABIIMKAMH TPHUTHS B MIPHUPOTHYIO cpedy peruoHa (puc. 3.12, taodu.
3.14), MOCKONBKY IPYTUX HCTOYHUKOB TPUTUSA B SIKYTMM HET, TaK Kak 3[eCh HET
NPEeNpUsITUHA aTOMHOW MPOMBINUIEHHOCTH. Bce 12 B3pbIBOB OBUIM TPOBEICHBI
Ha 6e3ropHoii yacTu SKyTnu, oTHOCsAMIEcs kK Cubupckoit atdopme (puc. 3.13). [IBa
B3pbIBa: «Kpucramn» u «Kpaton-3» — oTHeceHsl kK aBapuiHbIM. 1Ipu B3pbiBe «KpaToH-
3» uepe3 ycThe 00€BOI CKBaKMHBI MPOU3OLIEN BBIXOJ MPOAYKTOB B3PHIBA, MO CIEIY
00pa30BaBIErocs PaJMOaKTHBHOIO 00JlaKa MPUBEAIINN K THOETH OJIM3JIeKAIIEero
JIECHOTO MaccHUBa.

[pu siaepHBIX B3phIBaX 00pa3yeTcst MUPOKHIA CIIEKTP PaJHOAKTHBHBIX H30TOTOB!

® OCKOJKH BBIHYKACHHOTO JIENEHUs] TSOKENBIX JACTSIIUXCS MaTepualioB
MepBOHAYAIILHO TIpecTaBieHbl 80 H30TONMaMH 35 XUMUYECKHX 31eMeHTOB oT Zn 10 Gd;

®  PAJMOHYKIHIBL, 0OpPa30BaBIINECs B PE3YJIbTaTe B3aMMOJCHCTBUS HEUTPOHOB
C MatepuaiaMy BMELIAKOIIEN Te0JOrHYECKOM CPEIbl M HHKEHEPHBIX KOHCTpYKIwmit (*H,
%Co u ap., Tak Ha3pIBacMas HABEIEHHAS AKTHBHOCTH).

Kpome Toro, ocrarorcs: 1) Hecropesmme ocratku gensmumxcs (2°Pu, 23U),
2) tepmosiiepubix (*H) marepuanos u 3) paguonykimuast (2*Pu, #**U), ucnons3yemble
B KoHCTpyKuuu JABY [MupHssie snepssie..., 2001; O kpurepusx otHeceHus. ..., 2012].
B Teuenue nepBoro rojaa mocie B3pbiBa OCHOBHAS Macca KOPOTKOXKHUBYIIIMX W30TOIOB
HAaBEJEHHOW M OCKOJIOUHOW aKTMBHOCTH pacmajaercs. [lanee IMTENbHbIN Heprom
(mo 100 mer mocne B3pbIBAa) OAHMM M3 OCHOBHBIX BKJIaTUMKOB OOIIEH aKTUBHOCTH
sBysercs uMerHo “H 1 Tobko notom ockomnounsie *’Cs, *°Sr, uzoronst Pu n npoxyxr
pacrajia u30Tomna IIyToHus — 2*' Am, KOJIMYeCTBO KOTOPOTO CO BPEMEHEM PACTET.

LenTpansayto 30Hy B3pbiBa (L[3B) HyXHO paccmarpuBaTh Kak IOA3EMHBIH
MyHKT pa3MENIeHHs B TeO0JOTHYecKOil cpene OCOOBIX paJlOaKTHUBHBIX OTXOI0B
0e3 3ammTHBIX O0aphepoB [O kpuTepusx oTHeceHus..., 2012]. [Mockomsky 1I3B [15B
HE M30JIMPOBaHa OT BMELIAIOIIEH T'€0JIOTMYECKOW CpeJbl, CYIIECTBYET BEPOSTHOCTH
repeHoca paauoHykiIuaoB u3 1[3B, kak u BO3MOKHA WX MHUTPAIUS B T€OJOTHIECKOM
cpeAe BIUIOTh 10 BBIXOJA Ha THEBHYIO IIOBEPXHOCTb, OCOOEHHO NPU H3MECHEHHH
COCTOSIHUSI He/ip (HampuMep, Py SKCIUTyaTally Hellp IpWIEraloeld TeppuTOpyn).
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OcnoBHble apameTpsl 00bekToB [1B B SkyTnn

Tabnuya 3.14

15?1 Jara Haspanue o0bekTa Hasnavyenwne ME:I;%%TL’ ['my6una, M
1| 0210197 | dpueranny’ Covgamo Gasats 11 OTpOMTENLCTSA TOTHI 17 o8
2 05.11.1976 «["opu3oHT» Hcrounrk BOJH 1715 TITyOMHHOTO CEHCMO30HAUPOBAHUS 7,6 483
3 05.11.1976 | «Oxay, ckB. 42 [ToBbimenne HeTEOTIAUN IPOAYKTUBHOTO TOPU3OHTA 15 1520
4 09.08.1978 | «Kparton-4» HcTounrk BOJH J1s TIIYOMHHOTO CEHCMO30HMPOBAHUS 22 574
5 24.08.1978 | «Kparton-3»" To xe 22 577
6 08.10.1978 | «Bsarkay, cks. 43 [ToBwieHHE HEPTEOTHAYH TIPOTYKTHBHOT'O TOPH30HTA 15 1529
7 08.10.1979 | «lllekcHa, ckB. 47 [ToBbIIIEHNE MHTEHCUBHOCTH MTPUTOKA Ta3a 15 1541
8 1208 1979 ((KI/IM6ep.]'H/IT)>, CKB.KM-4 IIZICC:;OLIHI/IK BOJIH JJ1 F.]'IY6I/IHHOFO CEMCMO30HANPOBAHNA 8,5 986
9 | 10.10.1982 | «Hesa-1», cks. 66 E‘P’I‘:’Tf:{i‘;‘;igfgi‘;ﬁig IDOYKTHPHOTO TOpHBORTA 15 1501
10 07.07.1987 | «HeBa-2», ckB. 68 To xe 15 1527
11 24.07.1987 | «HeBa-3», ckB. 61 To xe 15 1515
12 | 12.08.1987 | «Hesa-4», cks. 101 CCL‘:BE;‘I‘HHG EMKOCTH 15 XPAHEHH YTIEBO/IOPOHOTO 3,2 815

* O6bexTs! I15IB oTHeceHB! K KaTeropun aBapHitHbIX [MupHsble saepHsie. .., 2001].



e 200 49° 800 1w AKYTUA

Puc. 3.12. Cxema pacnonoxxenus: oobexkros [15B B SkyTun
(mymeparus oobexToB [151B coBnanaer ¢ Hymepanueii B Tabdm. 3.14)

(TR, | PanmuLL norpebennoii
=71 H AHTERIN3BL

0~}
Tpeasepxosnckuii npornd
[ o Jobuexruinsin

300 km

Puc. 3.13. [Tonoxxenune 12 o6wvexros [15B nposenénubix Ha CuOupckoit miathopme
(CHFHI'’KM — Cpenne60Tyo0HHCKOE He(hTera30KOHACHCATHOE MECTOPOXKICHUE)
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N3BecTHO, YTO B MOBEPXHOCTHBIX YCIOBUSAX TPUTHI HaXOAMUTCA MO MPEUMYILECTY
B popme TputreBoi Boasl 'H’HO [Puxsanos, 2009]. Tputuii, B cuily CBOM BBICOKOM
CIOCOOHOCTH K BOJHOM MHUTPAaLUH, MOXET CIIYKUTb MHIUKATOPOM CYLIECTBYOLINX
IIyTell MaccolepeHoca B TIEOJIOTMYECKOM Cpelleé M CTENEHH I'€OM30IMPOBaHHOCTU
LIEHTpaJIbHON 30HBI B3pbIBa. M3ydyeHne ero pacnpocTpaHeHus B Bojax (MOJI3EMHBIX
1 MIOBEPXHOCTHBIX ) TAKXKE aKTYaIbHO M3-3a PUCKOB JUIS 370POBbS HACEJICHHUSI, KOTOPbIE
00YCIIOBJICHBI HU3TyYaOIUMU CBOWCTBAMH TPUTHS M €TO CHOCOOHOCTBIO CBS3BIBATHCS
C OpPraHWYEeCKUMH COCIUHEHHSIMU.

2.2. @onoeswlii yposeHs mpumus 6 NOBEPXHOCHHBIX 8600ax AKymuu

Hauunas ¢ 2005 r. Benércss MOCTOSHHBIA MOHUTOPUHI AKTUBHOCTH TPUTHUS
B PEUHOH BOJE MO TpeM ruaponoctam B pekax Konbima, UHaurupka, nenste pexu Jlena
u atMoc(epHBIX OcaZkax Ha 4eThIpéx MeTeocTaHuusx (BepxosHck, Onenek, Tukcw,
SIKyTCK), pH KOTOPOM aHATUTHYECKHE DPa0OTHI MPOBOAATCS B PaJMOXUMHUYECKON
nmaboparopun HIIO «Taiipyn» DenepanpHOi CcayxkOBI MO THIPOMETEOPOIIOTHN
W MOHHTOPHUHTY OKpyxKaromieit cpenpl PO [Pagnannonnas odbcranoBka. .., 2017].
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Puc. 3.14. AxtuBHOCTS TpuTHS B pekax Konsima, Uaanrupka, Jlena, cpenHsas akTHBHOCTD
TPUTHUS B PEUHON BoJIe M aTMOC(epHBIX ocaakax B 20122014 rr.

Pexn KompiMa m Wuaurmpka pacnoiokeHbl B BOCTOYHOM dacTu SKyTuw,
Baamu oT oObekroB [ISIB, akTMBHOCTH TpUTHS B HHMX MNPAKTHYECKH OJMHAKOBA.
MHoOTroBOJHOCTE pekH JleHa, MO-BHIMMOMY, CBOJUT Ha HET BO3MOXKHOE BIHSHUE
obwsekta ITSIB «l'opH30HTY», PacOIOKEHHOTO B €€ HU30BbE, MMOCKOJIBKY aKTHBHOCTH
TPUTHS B JICJIbTE PEKU TaKkxKe cCpaBHIUMa ¢ TakoBoi B Muaurupke u Konsime (puc. 3.14).
Harnipumep, cpeiHsis akTHBHOCTb TPUTHS B 3THX PEKAX cocTaBuia, Bk/am*: 8 2002 r. —
2,9,3,2,2,6;820141.—2,2,2,3, 2,0 coorBeTcTBeHHO [['OCyAapCcTBEHHBIN AOKIAL. ..,
2003, 2015]. CpenHsist akTHBHOCT TPUTHS B 9THX PEKax MPUHSITA HAMH 33 PETHOHAIBHBIN
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(OHOBBIN ypOBEHb TPUTHS B pPEUHOU Boje H, MO AaHHBIM 2020 T., oleHHMBaeTCA
B 1,89 bx/nmm® [[ocynapcTBeHnbIi goknan. .., 2021].

B 30He chomHONl MHOTOJIETHEW MEP3JIOThl HMUTAHUE CEBEPHBIX PeK SAKyTuu
obecrieunBaeTCs IIaBHBIM 00pa3oM 3a CUET TABIX BOA U aTMOC(HEPHBIX OCATKOB, IO
I'PYHTOBBIX M IIOJ3EMHBIX BOJ B MX IIUTAHUH OYeHb Majia. Cle0BaTeNbHO, aKTUBHOCTD
Tputus B (OHOBOM pevHoil Boae SAxytum (Boamu ot paiionos IISB), kak u B pekax
Wnpurupka, KonbiMa U MHOTHX ApYrux, GopMupyeTcss B OCHOBHOM 3a CUET TPHUTHS,
BBIMAJAIONIETO C aTMOC(QEPHBIMU OCAAKaMH, MOCKOJIBKY MOCIETHUNA B TalbIX BOAAX
B IIEJOM sIBJsIeTCS BCE TeM K€ aTMOC(EpHBIM TPUTHEM, BBHIMABIIMM CO CHETOM
1 HAKOTIJICHHBIM 32 3UMY B CHE;KHOM MokpoBe. Cozepxanne TpUTHs B (POHOBOM PEUHOM
BOZIe ¥ aTMOC(EepHBIX 0cagKax BeChMa OJIM3KO MEXTy COOOM, 3TO YKa3bIBaeT Ha TO, UYTO
B HACTOSILEE BPEMS yXe HET 3HAUMMOI'O CMbIBA TPHUTHS, BBINABILIEIO Ha MECTHBIC
nmaHAmadTH B IEPUO SASPHBIX UCIIBITaHUH (puc. 3.14).

Ilo nuTeparypHbIM NaHHBIM, (DOHOBOE COAEPKAHHWE TPUTHS B aTMOC(HEPHBIX
ocazkax Ha Teppuropuu Poccun B 2011 r. onenuBanock B npeaenax 1,44-3,0 Bx/om?
[[Tonskos, [Tataunkuit, 2011]. C HUMH corytacyroTcs oKa3aTellnd cpeiHel aKTUBHOCTH
TpUTHUSL B aTMOC(EPHBIX OCalKax B SIKyTMHM MO NaHHBIM MeTeocTaHUuil BepxosHCK,
Onenék, Tukcu, SIkyrck — 2,13-2,43 Br/am® (puc. 3.14). Jlo saepHBIX UCTIBITAHUN
B aTMOC(EPHBIX OCaKaX U MOBEPXHOCTHBIX BOAAX €CTECTBEHHOE COACPIKaHUE TPUTHS
B JIOXK/IEBO# BoJie (HOPMHUPOBAIOCH TOJILKO M3 KOCMOTEHHOTO TPHUTHS, U OHO KOJIe0anoch
ot 0,5 10 4 TE wim 0,06-0,48 Bx/am? nipu TE 0,12 Bx/nm? [JTusanmosa, Cuaku, 2014].
B nepuon saepHbIX MCIBITaHUHM B aTMOC(Epy MOCTYNMIIO 3HAUYUTEIbHOE KOJINIECTBO
TpuTHs. B HacTosee Bpemsi 4011 IPUPOTHOT0 KOCMOTE€HHOTO TPUTHSL B aTMOC(EPHBIX
0caZikax OueHb Majla — OT MEPBBIX MPOLEHTOB A0 MPUMEPHO 25 %, OCHOBHYIO 4acTb
TPUTHSI, UUPKYJIHPYIOIIEro B atMocdepe-ruapocdepe, COCTABISIOT OCTATKA TPUTHS,
MOCTYMNHBILETO B MEPUOJ S/IEPHBIX HCTBITAHUNA M KpyHnHBIX aBapuid Ha ADC, Takxke
orpeeNnéHHast IoJsl TPUTHSI TIOCTOSTHHO MOCTYIAET CO cOpocaMy U BEIOPOCAMU ITATHO
paboTtarmux 00BEKTOB aTOMHON IIPOMEITIUIeHHOCTH [JInBanIoBa, CHakun, 2014].

2.3. Tpumuii 6 paiione nod3emHoz0 a0epHozo e3puvlea «Kpucmann»

Kpamxas xapaxmepucmuxa obvexma IIAB «Kpucmanny. 1lepBoiit B Skytnn
[T51B «Kpucramm» MomHOCTEIO 1,7 KT B TPOTHIOBOM 3KBHUBAJICHTE OBUT NMPOU3BENEH
2 okta0ps 1974 1. B 6,7 KM K CeBepO-BOCTOKY OT I. Yaaunelid (puc. 3.15, 3.16)
B MHOTOJICTHEMEP3JbIX MOpoAax Ha TiryouHe 98 M. DTO ObUI MEPBBIA U3 BOCHMH
3alJIaHUPOBAHHBIX MAaJIOTJTyOMHHBIX B3PHIBOB Ha BCIyYWBAaHWE TIO JIMHEHHOMY
psAdy momepéK MONWHBI pydbs YiaxaH-beickITTax (JieBoro mpurtoka pexu JlanmbiH)
JUTSI CTPOUTEIHCTBA INIOTHHBI XBOCTOXpaHwmniia mrnHoi 1800 M, mupuHOMi 110 TpeOHIO
85 M, BeIcOTOM 27-30 M.

Kymon BeIOpoca rpyHTa NpW B3pbIBe Ha 4-i CEKYHJE JIOCTHI MaKCUMallbHON
BBICOTHI B 60 M, 4T0 06110 MprMepHO Ha 30 % BbIIIE pacy€THOM, U yran 06e3 pacKpBITHSL.
KapOonaTHblil cocTaB OPOA ¢ BBICOKOH T'a30BOCTHIO YCHIIMI HPOLIECC OTKOJIA MOPOJ,.
B nepuon ¢ 6,2 10 12,5 ¢ npon3omén mraTHelid TpopbIB 6a3UCHON BOJIHBL

W3-3a masoii rimyOuHbI B3pbIBa B 98 M 00pyILIeHHEe OPO/] ¥ 30Ha OTKOJIA 00pPa30BaIn
MaccuB Pa3apoOIEHHBIX W KOJOTHIX MOPOA OT LIEHTPa B3PbIBA K MOBEPXHOCTH 3EMIIN
B JOopMe IepeBepHyTOro KOHYca, OCHOBAHUEM KOTOPOTO Ha MOBEPXHOCTH CTaJl HABAJ
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rpyHTa quaMetpom npumepHo 200 M BricoToii o rpedHto 10—14 M. Ilo uenTpy HaBana
Obu1 00pa3zoBaH mpoBai AuameTpoM moutd 100 M, ero BbIcOTa oka3zaiach Oosee 4eM
B 2 pa3a MeHbIlE PAcu€THOW, YTO CTA0 OQUIMAILHOW TPUYMHON JUIsI OTKa3a
OT MOCJIEOYIOUIMX CEMH B3PBHIBOB (II03[HEC XBOCTOXPAHWJIMILE OBIJIO IOCTPOEHO
OOBIYHBIM CITOCOOOM).

Puc. 3.15. Kagp m3 kunocwémku [1AB «Kpucramm (mpumepHo 4,5 ¢ mociie Hadaa B3phIBa,
kymnon yxe nanaer) [bypues, Kononesnunkosa, 1997]

Puc. 3.16. Pacrionoxenue oowvexra [151B «Kpucramm» B annmazono0biBatomiemM paiione
Yy KUMOEpIMTOBOM TPpyOKH «Y JayHas: y4acTKH 0Toopa npob (a); Touku npodoordopa
Ha TEXHOJIOTUYECKOH miomake (6)

[Ipu nepBoM nocemieHnH nocie CHATUS cekpeTHocTn oobekTa [15B «Kpucramm»
B 1990 r. Ha SnHIIeHTpE B3phIBa HAOIIOAAICS HABAJI C MIPOBAJIOM I10 IIEHTPY, TJie ObLIO
c(hopMHUPOBAHO 03epo IraMeTpoM 0Kkojio 60 M. B 1992 r. Haai 3achinanu 00JIOMOYHBIM
MaTepHajoM, NPUBE3EHHBIM M3 OTBAJOB IyCTOM MOPOXBI Kapbepa KUMOEpIHTOBOM
TpyOku «¥Ymaunas». B 2006 r. HacbIlb HApaCTWIN MYTEM JOTOIHUTENBLHON JOCBHIIIKU
C BOCTOYHOH M CEBEPHOW CTOPOHBI, B pe3yjbTaTe ObLI CO3AaH TaK Ha3bIBAGMBbIH
«capkodar» BbicoToi 10 20 M miomaapo 5,25 ra (puc. 3.17).
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Puc. 3.17. I'npi60Bo-111eOHICTas HACKIIB, IEPEKPHIBAIOIIAs HABAJI, BO3HUKIINN Ha SITUIIEHTPE
B3pheIBa «Kpuctamm». [Togpe3nHas nopora NpuUMbIKaeT K 0’KHOM CTOPOHE HACHIIIH.
Ha nepennem miane pyuei Ynaxan-beicbitTrax. @ortorpadus caenana ¢ Bepronéra B 2007 1.
(aBTop 3axapos B. E.)

Kpamxkas xapaxmepucmuxa emewarowell 2eoio2uieckoli cpeosl. I eonornaeckas
cpena ciokeHa 13 KeMOPUICKUX TepPUTeHHO-KapOOHATHBIX TOPOJ O0IIeH MOITHOCTBIO
okono 2200 M, comiacHO MepeKpbIBaloIMX ManoMouiHele (1o 190 M) moiOMHUTHI
dAMaKapusi, KOTOPbIE HECOTJIACHO 3aJIeraloT Ha KPUCTAIUTMYECKOM (yHIaMEHTEe apXesl.
O1noxeHnst MpeacTaBjI€Hbl B OCHOBHOM U3BCCTHAKAMU U NOJIOMHUTAMU U UX INIMHHUCTBIMH,
MCPIre¢JIMCTBIMHU  PA3HOCTAMU TOPU3OHTAJIBHOI'O WJIM MOHOKJIMHAJIBHOI'O 3ajiCraHusA
C TIAJICHUEM B FOTO-3aIaJHOM HampapiieHHH 10 10—12°. OTH 0TJIOKEeHUS HAKATUTHBAIIUCH
B YCJIOBHSIX MEITKOBOJIHOTO MOPS ¥ TIPEJICTABJICHBI MPEUMYIIECTBEHHO W3BECTHIKAMU
Y IOJIOMUTaMH U MX TIIMHUCTBIMHU, MEPTEIIMCTBIMU pa3HocTAMU. KemOpuiickue mopos
COTJIaCHO TEPEKPHIBAIOT MaOMOIIHEIE (10 190 M) TOTOMUTHI 3aKapusi, HECOTIACHO
3aJIeraolue Ha KpucTainueckoMm dyHaamente apxes (puc. 3.18). Ocagounas Tomia
MpopBaHa KUMOEPIUTOBBIMH TPYOKaMH, OJJHa U3 HUX — JIBOMHAs TPYOKa «Y 1aqHas.

Bepxwutoro gacTs pazpesza MomHOCTEI0 100-300 M cararoT MHOTOJIETHEMEP3ITBIE
MOPO/Ibl, BOJ]A B HUX HAXOJMTCS B BUJE JbJa. Huke 3aneratoT oxnaxcoénnvie nopoowi
(conep>kaT BHICOKOMHUHEPATU30BAaHHBIE MOI3eMHBIE BOJIBI C OTPHLATENLHON TEMIIEpaTypon
(KpHOII3TK)) U MOpO3HbIE ROPOObL — C OTPHUIIATEIBHON TEMITepaTypoii u cyxue. M3orepma
(0 °C) zaneraer Ha rmyoune 800—1050 m [Kimmorckuii, ['otoBues, 1994]. Beienstor
IISITh BOZOHOCHBIX KOMILTEKCOB, HACKIIIIEHHBIX TOI3€MHBIMH PAacCOIaMHU.

[onzemMHbBIE BOJIOHOCHBIE KOMILIEKCHI paiioHa TPEJICTABISIOT COOON HATIOPHYIO
cucTeMy, B KOTOpOH 000coOnsroTcsi BepxHekeMmOpuiickuii, | cpenHexemOpuiickuii
KOMIDIEKCBI, COJIEpKalle Kpruonary, Hiwke 11 cpeHekeMOpHiicKuit, HIKHEKeMOPUHCKHI
U BEPXHENPOTEPO30MCKUHA BOJOHOCHBIE KOMIUIEKCHI, HACBIIIEHHBIE pPACCOIaMHU.
C riryGHHO#M pacTéET MUHEpAIM3ALHS TO3EMHBIX pPaccosios oT 90 10 480 r/mm? u coneprkanme
B HUX KaJIBLIUS, TPEBBIIICHHUE TIJIACTOBOTO AABJIEHHSI HaJl HOPMaJIbHBIM THIPOCTATHYECKIM
usmensiercs ot 1-1,5 no 26 Mlla [Knumosckuit, 'otoBues, 1994, Anekcees, 2009].

185



Puc. 3.18. JIutonorndeckas KOJOHKA (C YPOBHSIMH PACIPOCTPAHEHHUS ITOA3EMHBIX BOJJOHOCHBIX
ropi30HTOB) paiioHa [TB «Kpucramm no ganabpmM ckB. 703, TiryouHa 2593 M [Anekcees, 2009]:
1-4 — u3BecTHSAKU: [ — YUCTBIE, 2 — TIIMHUCTHIE, 3 — MEeCYaHUCThIE, 4 — OPTaHOTE€HHBIE;

5—6 — nonomutsl yncteie (), opraHoreHHsle (6); 7 — Mepreiu; § — KpUCTALUTHYECKHE
nopoas! pyHAaMeHTa; 9 — MpoTepo30HCcKuid, HIKkHeKeMOpuiickuii n 11 cpennekeMOpuiickuii
BOJIOHOCHBIE TOpU30HTHI; /0 — I cpenHexeMOpuiicknii 1 BepXHEKeMOPHICKUIT BOJIOHOCHBIE
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ropu3oHTHl. CBUTHI: Str — cTapopedeHcKas; mn — MaHbIKalcKast; km — KyoHaMcKasi;
id — M3BECTHAKOBO-IOJIOMHUTOBAS Mavka, mrk — mapkokuHckas. Ed — sanakapuit
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Bepxnexembpuiickuii  6000HOCHbINI  KOMHWAEKC — TPEUIMHHO-TIOPOBOTO  THIA
pacnpocTpaHéH B TOHKMX TPELIMHOBATHIX IVIMHUCTBIX H3BECTHAKAX MapKOKHMHCKOM
U BEpXHEH 4acTH MapXHHCKOW CBUTHI Ha ryounHax ot + 100 mo + 180 M abce. ¢ obmieit
MOIIHOCTBIO OT 2-3 110 10-30 M. Munepanusauus Box usMensiercs ot 30 xo 200 r/mm?
npu cpepHeM 3HaueHun 90 /oM’

KpoBnss [ cpeonexembpuiickoeo 8000HOCHO20 KOMAAEKCA, TIPUYPOUYCHHOTO
K M3BECTHSIKOBO-JI0JIOMHUTOBOM Mavke, BCKpbIBaeTcs Ha riyonHe oT —300 mo —600 abc. M,
CpeaHss MOLIHOCTh — HPHOIU3UTENLHO 250 M, MuHepanu3anus Box — 10 300 /v,
Tun KOJUTEKTOPOB — KaBEPHO3HO-TTOPOBLIN. [IpH TIIOTHOCTH paccoioB MPUOIU3UTEITHHO
1,22 r/cm® u nmacToBeIX maBnenusx 4,5-9 mIla [Anekcees, 2009] Hamop Haj KpoBieit
coctaBisieT oT 360 mo 730 M. Bomoymopamu CHU3Y SIBISIIOTCS TJIOTHBIE JTOJIOMUTBI
YAQYHUHCKON CBUTHI, @ CBEPXY — INIMHUCThIC U3BECTHIKN MAPXUHCKOI CBUTHI.

11 2opuzonm ipuypodeH K 30HaM O6uorepm Ha TiryouHax ot —1000 mo —1120 abe. M,
Harmop Haja KpoBiel, mo pasHeM daHHbM, 310-350 M [Mukynenko u ap., 2006] u
npumepHo 565, mectamu — g0 1270 m [Anekcee, 2009]. XapakTepHBI paccobl
¢ wmunepammzanuein 400-450 r/mv®. Tunm  KOMIEKTOPOB — MPEUMYIIECTBEHHO
KaBEPHO3HO-IIOPOBBIM.

Huorcnexembpuiickuii 6000HOCHLIIL KOMNJIEKC BCKPBHIT Ha riyouHe ot —1390
1o —1537 abc. M B TPEUIMHOBATHIX IIOTHBIX M3BECTHSIKAX M JOJIOMHTaX KYOHaMCKOU
CBHUTBI, TUI KOJUIEKTOPA — TPEIMHHbIA. KoMIutieke oTiinyaeT BbICOKasi BOOOOOMIBHOCTb,
Hanop Haz kposueil — 1200-1335 M, munepanusanus — 10 480 r/am® [MukyneHko
u ap., 2006].

KpoBns  eepxnenpomepo3oiicko2o  8000HOCHO20 — KOMNAeKca TPUypOUYEeHa
K BEpXHEH 4acTH CTapOpevYeHCKON CBUTHI Ha ITyOnHe npuMepHo —2260...—2300 abc. M,
MUHEpaaM3anus paccoiaoB — Beime 400 r/am®, Hanop Hax kposined — 1650-2100 m
[AnekceeB, 2009]. Hamop moA3eMHBIX BOJI YBEIMYUBACTCS C  TIIyOWHOI,
10 TOPU30HTAIN — K LEHTPY TYHI'yCCKOM CHHEKIIU3HI.

CxBaxknnoii [I51B «Kpucramn» BckpbITa Majast TOJIMKA T€0JIOTUYECKOTO pa3pesa
paiiona: B uHTepBaie 0—5 M BCKPBITHI YETBEPTUYHBIE OTJIOKEHHUS (CYTIIMHKH, TPaBHiA,
raJleyHuK, medeHs). Hike pacronararorcs mopo/isl MApKOKHHCKON CBUTHL: 5—9,8 M —
Mepresib TpemuHoBateiid; 9,8-21,5 M — wu3BeCTHSK ciiaboTpemuHoBaThiid; 21,5—
105,3 M — mepecnavBaHHE OJOMUTH3MPOBAHHBIX W TPELUIMHOBATHIX TJIMHUCTHIX
W3BECTHSKOB, B KOTOPHIX (Ha TiryOnHe 98 M) 1 ObLIT IPOU3BENEH B3PHIB.

Axmusnocms mpumus 6 nogepxnocmuuvix 6odax paiiona IIAB «Kpucmanny.
ITo mpomectBun gecsatkoB yer nocie [IAB «Kpucramn» Tputuil octaércs ogHUM
W3 OCHOBHBIX HWHJMKATOPOB PACIPOCTPAHEHUS PAJMOHYKIWIOB B T€OTEXHOT'CHHOU
cucreMe «nonocts [ISIB — Bmemaromas reojoruyeckas cpeja — IOBEPXHOCTb
3eMim» B CHIIy €ro BBICOKOM BOJHOM MOIBMXXHOCTH. TOT (akT, YTO AJISl MOJIyYCHHS
KOJIMYECTBEHHBIX JAHHBIX aKTUBHOCTU TPUTHS TPEOyeTCs COBCEM HEOOMBINON 00BEM
po6st (200-500 cm?), a TakKe OTHOCHTENbHAS TIPOCTOTA JIAGOPATOPHON MOATOTOBKH
U TOCHENYIOIUX H3MepeHui (mo cpaBHeHMIO ¢ °°Sr, 23%2%Pu) o6ycnosnuBaroT
MPUOPUTETHOCTh M3YUYEHHUS COACPXKaHUS TPUTUS Uil OLEHKH PagHO3KOIOTHYECKOM
o0cTaHoBKH B paiionax I15B.

[Mnomanka oowvekra [1AB «Kpucramm B paguyce npumepro 200 M BOKpYT
00eBO CKBa)XKMHBI MPEACTABIACT COO0H OcCinabieHHYI0 (UIIOUIONPOHUIAEMYIO 30HY.
311echB MEPBYIO O4epe/ib OTOMPAIACh BO/Ia U3 PYUbs, BBITEKAIOIIETO U3-TI0J 3aIaIHOTO
CKJIOHa HachIu-capkodara (Touku 6—7 Ha puc. 3.16, 6). K ceBepy OT Hachinmu
Iomaaka 3a0ono4yena, Te B pa3Hble ol HaOMIOJAIMCh MeNKue pydyeiku (T. 8, 9
Ha puc. 3.16). B 40-50 M HIDKe IO CKIIOHY OT capkodara copMHUPOBaHbI HEOOIbIIHE
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BOJIOTIPOSIBJICHUSI B BHUJIE JIY’K, B KOTOPBIX TakXke MPOBOIMIICS O0TOOp mpod. Psmom
¢ HumH B 2006 1. 66U TPOOYPEHBI IIATH HAOMIOJATETFHBIX CKBAXHH Ha TITYOHHY OKOJIO
2 M, B KOTOPBIX MOKHO OTOOpaTh TPYHTOBBIE BOJIbI CE30HHO-TAIOTO CIOSI.

WzBectHO, uTO B 2002 T. aKTHBHOCTH TPUTHS B PYUb€, BHITEKAIOIIEM H3-TIOJ
nacemu [ISIB «Kpucramn, cocrasmna 221 bx/mv® [TomyGos u ap., 2004]. Hamm
HCCIIeIOBaHMUS MTOKAa3aJI, YTO MaKCHMalbHasi aKTUBHOCTh TPUTHS Ha riomajke [151B
«KpucTramn HaOII01aeTCss IMEHHO B 3TOM py4dbe, Br/mm>: 2008 r. — 27,2012 1. — 18;
2018 r. — 12 (puc. 3.19). B Menkux pydelkax Takke BBIIBIEHO CHKEHHE aKTUBHOCTH
tputus, bx/mv’: 2002 r. — 26,4 [Tomy60B u ap., 2004], 2012 1. — Bcero 4 u 5.
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Puc. 3.19. O06pEMHAsT aKTHBHOCTH TPUTHSI B IOBEPXHOCTHOW BOJIE IJIOMIAIKH 00EBO
ckBaxxuHHI [ISIB «Kpucrtamm. YcinoBHble 0003HaUeHUS: /| — 00BEMHAS aKTUBHOCTD TPHUTHUS
B py4be, BHITEKAIOIIEM H3-T10/1 HachIH (capkodara); 2 — 00bEMHast aKTHBHOCTD TPUTHS
B OCTANBHBIX BOAHBIX Npobax ruromanku [19B «Kpucramm»; 3 — pernoHanbHbIH (OHOBBIN
YPOBEHb aKTHBHOCTH TPUTHS B peuHOH Bojie [I'ocyaapcTBeHHBIN HoKnaf..., 2015, 2021].
IIpepsIBUCTas TMHUSA — IpeIonaraeMasi JHHaMHKa CHIDKEHHSI aKTUBHOCTH TPUTHUS

Kax Buaum, B mpomexxyTok ¢ 2002 mo 2008 rr. B BHITEKAIOIIEM U3-I10] HACHIIU
pydbe HaOMIONAIOCh pPE3KOe — Ha IMOPSAOK — CHIKEHHE AKTUBHOCTU TPHTHS,
a ¢ 2008 r. mo HacTosmIee BpeMs UIET ee TuiaBHoe cHmkeHue (puc. 3.19). AKTHBHOCTH
TPUTHA B MOBEPXHOCTHBIX CTOKax IO MEpE yJNaJeHHsd OT HACBIU CHIDKaercs: B 40—
50 M HIXKeE 10 CKJIOHY B HEOOJIBILIOM BOIOEME, Ky/Ia BIIaJaeT pyueH, aKTUBHOCTh TPUTHUS
cocrasiser 5,0-8,8 bx/nv?, a emé nanpme B 170-180 M — B pyube Yiaxan-BeiceITTax
oHa He Gobiue 6,9 Br/mv’. B peke Jammpin, Kyaa Buagaer Yiaxan-beiceirrax (yqacTok 3
Ha puc. 3.16, a), B pa3Hble roAsl ObUIM YCTaHOBJIEHBI aKTHBHOCTH TPUTHS OT 5,6
110 7 Bx/nm®. AKTHBHOCTB TpUTHS B pyube YiaxaH-BeickiTTax, peke Janasia B 2—4 pasa
NPEBBINIAET PErMOHANBHBIN (OHOBBIH ypoBeHb — 2,18 Bx/nm® [[ocymapcTBeHHBIH
nmokian..., 2015]. Jlamsberit ¢akT CBUIAETENBCTBYET O BIUSHUU oO0bekTa I[ISIB
«Kpucranm» Ha MOBEpXHOCTHBIE BOJBI pailOHA, KOTOPBIM TpeOyeT NalbHEeHIIero
JIETATBHOTO N3Y4EHUSI.
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Kak yxe 6bu10 0oT™MeueHo, [ISB «Kpucramm» Obi1 nponsBeaéH Ha rinyOuHe 98 M
B MHOTOJICTHEMEP3JIBIX Topoaax. BenemcTBue B3phiBa 00JIBIION 00BEM MOPOI OBLIT
MOKOJIOT W pa3apoliieH, chopMHupoBaHa ociabieHHas (IIOHIONPOHHULIAEMAas 30Ha
BOKPYT 00€BO# CKBaXHHBI pannycoM 110 200 M. B pesynbraTe 30HANPOBAHUNA METOAOM
MIEPEXOTHBIX MPOIIECCOB MO/ IIEHTPAIBHOI 30HOW B3pHIBA ObLIa BISBIICHA JIOKAJTHHAS
TCODJICKTPUYECKAsl aHOMAIIMSl CBEPXHHU3KUX DIEKTpocompoTuBieHuid (puc. 3.20)
[["eoskomornyeckast Mofemns..., 2012]. ['eosnexTprudeckas aHOMaINs YKa3bIBAaeT, I10-
BUAMMOMY, Ha (POpMHUpPOBaHUE JOKAJIHHON T'HAPOTEONOTMYECKON aHOMAlMM, TO €CTh
Ha TOMBEM HATMOPHBIX MOJ3EMHBIX PACCOJIOB W3 HIKE3AJIEraroIlero BOJOHOCHOTO
ropu3oHTa. BO3HHKIIIAs B3aMMOCBSI3b MEXKAY BOJOHOCHBIM TOPH30HTOM H IIEHTPATEHON
30HOM B3pbIBa MOTJIa CIOCOOCTBOBATH mepeHocy Tputus u3 L[3B ¢ moazemubiMu
paccoiaM# 1o reoJOrHIecKoi cpese.
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Puc. 3.20. 'eosnexrpuueckas Mozenb Henp y o0vekTa [1B «Kpuctamn mo taHHEIM
3oHaupoBanug MeTogoM 3MIIII mo cybmupoTHOMY Tipodmiio [['eoskomormaeckas
MOJIENb..., 2012]. YcnoBHBIe 0003HAUEHUS: /| — BEPXHUH CIOU U3 YacTel OT CBETIIOCEPOTO
710 6eJI0ro — MHOTOJIETHEMEP3JIbIe TTOPOABI C YKa3aHHBIMH y/IEIbHBIMU 3J€KTPUIECKUMHA
conpoTuBieHussMU oT 50 10 686 Om-M; 2 — cinoit C-1 HaBepxy u cioil C-2 BHU3Y C BBICOKOH
JIEKTPUUYECKOI TPOBOANMOCTBIO M UX CIUSIHUE y MOJOCTH B3PhIBA; 3 — CIIOH MOPO3HBIX
nopon I1; 4 — HmxHee BbIcOKONpoBopsiee ocHoBaHKe C-3; 5 — MOJIOCTb B3pbIBA;

6 — niuket 3MIIII u ero HOMeEp

W3BecTHO, uTO Ha Kapbepe KUMOEpIUTOBON TPYOKH «Y AauHas», PacloIoKEeHHON
B 4 KM K roro-3amanay ot oowsekra «Kpucramm (puc. 3.16), B 1983 1. mpu qoctmxeHnn
rnyounsl 100 m (190-220 aGc. M) Hawajach pasrpy3ka BEepXHEKEMOPHICKHX
mo3eMHbIX paccosioB [['omyOoB u np., 2004]. Ilo Mepe nmanpHelero yriayOieHus
Kapbepa IOCTYIJICHHE pAacCcOoJIOB HAJyalloch Yyxe W3 0ojee BOJIOOOMIBHOTO
CpeAHEKEeMOPHICKOTr0 BOAOHOCHOTO TOpr30HTa. C Ka)IIbIM rofioM 00bEMBI paccoiioB,
MOCTYMAIOMIKX B Kapbep, yBeaunuuBanuch (puc. 3.21). Kapeep, a mo3nHee u pyJHHK
MOCTOSIHHO OCYIIAINCH CIIEIMaIbHO pa3pa0OTaHHOW CHUCTEMOW JpeHaxa, MPU 3TOM
BOKPYI Kapbepa W pyIOHHMKa cdopMupoBaiach IiIyOOKas IeNpecCHOHHAs BOPOHKA,
B KOTOPYIO YCTPEMHIIMCh TIOJI3EMHBIE pPACCONbl M3 NPWIETAOMEH TEePPUTOPHUU.
[Ipu rofoBeIX 00BEMaxX MpUMEPHO B | MJIH M’ MOI3EMHBIX PACCOJIOB, CTEKAIOIIMX
B TOpHBIE OTPaOOTKH, 00U 00BEM PAcCONOB, MOCTYNHMBLIMX B FOPHBIE OTPAOOTKH
3a mepuon ¢ 1983 mo 2018 rr. orpabOTKH KUMOEPIUTOBOH TPYOKH «VYmadHasn,
OLIEHUBAETCS HE MEHEE, 4eM B 26,5 MIIH M°.
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Puc. 3.21. 'oj0Bo# 00BEM HIOI3EMHBIX PAcCOJIOB, OCTYIHBIIHNX B Kapbep

KuMOepuToBOl TpyOKH «Y naunas» B nepuox ¢ 1985 mo 2008 rr. [Anekcees, 2009]

DopMHUpOBaHUE JTOKATBHOW THAPOre€0IOrMYECKO aHOMAJIMU TOJT HEHTPATIBbHOM
30HOM B3phIBa U IPE/IIIONOKUTENFHOE YCTAHOBJIEHHE €€ B3aUMOCBS3U C HIKE3aJIET at0LIM
BOJIOHOCHBIM TOPH30HTOM, COTJIACHO Pe3yJIbTaTaM 30HAMPOBAHHUS METOJIOM IMEPEXOHBIX
MpoleccoB, Bkymne ¢ dopmupoBanueM mocie 1983 r. riay0okod aernpeccroHHOM
BOPOHKHM BOKpYI Kapbepa W pyAHMKa KUMOEpIuUTOBOM TpyOkH «VYmadHas»
W3-32 TOCTOSIHHOTO OCYIICHHsI TOPHBIX BHIPAaOOTOK, IMO-HAIIEMY MHEHHIO, MOTJIO
CIOCOOCTBOBATH JIBM)KEHHUIO TPUTHA U IPYTUX TEXHOT'€HHBIX PaAMOHYKIHA0B u3 L13B
[15B «Kpucranm» B cTOpoHy Kapbepa U pyIHHKa C TIOA3EMHBIMHU PAaCCOJIaMH.

Mexay tem B 2002 1. ABYMsI HE3aBUCHMBIMH JTa0OPAaTOPHSIMU B TIOA3EMHBIX
pacconax, oTOOpaHHBIX B Kapbepe, ObUl OOHApy>KeH TPUTHH ¢ aKTUBHOCTHIO OT 23,8
1o 61 Bx/nm® [Cony6oB u ap., 2004, MOHUTOPUHT aBapuiHbIX..., 2004]. B 2002 r.
MOA3EMHBIE PACcCOIBI OTOMPAINCh CO CTEHBI Kapbhepa B auamazoHe rryomH ot 310
110 490 M — 1o camoro nHa kapsepa. Hamu B 2008 T. B 0o13eMHBIX paccoiiax, 0TOOpaHHbBIX
Ha JTHe Kapbhepa — Ha riryouHe 585 M (—265 abc. M), onpeneneHa akTHBHOCTh TPHUTHUS
B 146 Bx/nm°, a B pyanuke Ha riryoune 930 m (—600 abe. m) — 117 Br/nm?® (puc. 3.22).
B mocnenyromnyie roapl B MOA3EMHBIX paccoliaX, OTOOpaHHBIX TaM e, HaOIr01aioch
CHIDKEHHE aKTUBHOCTH TpuTus: B 2018 r. mMakcuManbHasi akKTUBHOCTb B paccoiiax
cocraBuia Beero 13,4 Bx/nv?®, uro B 10 pas menbine, uem B 2008 r. B momsemubIx
paccoyiax KeMOpHICKOro Bo3pacTa (Bo3pacToM He MeHee 480 MITH JIeT) B yCIIOBHSIX
MEPEeKPBITHS CBEPXY TOJIIEH MHOTOJETHEMEP3IbIX TOpPOI M  3aTpyJHEHHOTO
BOI0OOOMEHA TPUTHH HE MOXKET MPHCYTCTBOBAaThH B CHIIy HECPABHUMO KOPOTKOTO
nepuona monypacnaga (12,3 roma). Ilo mHameMy MHEHWIO, UCTOYHHUKOM TPHUTHS
B TIOJ3€MHBIX paccoiax Kapbepa M pyIHHKA, [TO-BUAUMOMY, siBisieTcs oOwbekT [1S1B
«Kpucrann», HO yTH TIepeHoca TPUTHS B T€O0JIOTHUECKON cpeie paiioHa MOTYT OBITh
Oosee CIOXKHBIMH, 4YeM TpejacTaBiseTca. IloCKONbKYy HaMH TpPUTHHA OOHapyKeH
B paccoyiax pyAHHKa Ha riryomHe 10 930 M OT MOBEPXHOCTH 3€MJIH, TO, BEPOSITHO,
B IpezieIax TOPHBIX BBIPAOOTOK MIPOUCXOJUT CMELIEHHE MTOA3EMHBIX PACCOIOB Pa3HbIX
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BOJIOHOCHBIX TOPH30HTOB. Kpome TOro, B TOpHBIX BBIPAOOTKaX MpHU JOOBIYC
MIPUMEHSAIOT TEXHOJIOTHYECKHE BOJBI IIOBEPXHOCTHOTO MPOUCXOXKACHUS, TAKKe CIoJa
MOTYT ITOCTYIHTH MMOBEPXHOCTHBIE TIPECHBIE CTOKU U aTtMoc(epHbIe ocaaku. 1 Bo Bcex
STUX BUJAX BOJ TAKXKE MOXKET COJIEPIKATHCS TPUTUM. [[J1s1 BEISICHEHUS TOJ3€MHOT'O Iy TH
JABHETO TIepeHoca TPUTHS HEOOXOAMMO H3yUeHHE €r0 COACP)KaHUS B TMOJ3EMHBIX
paccoiax, OTOOpaHHBIX M3 THAPOTEOIOTUIECKIX CKBAKIH.
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Puc. 3.22. O6péMHas akTUBHOCTH TPUTHS B ITOJI3EMHBIX paccoiax,
MOCTYNAIOIINX B Kapbep U PyJTHUK KUMOEPIUTOBOW TpYOKH « Y nauHasi»:

1 — 00bEMHas aKTUBHOCTH TPUTHSL B IOA3EMHBIX paccoiiax; 2 — perMoHaNbHbIH (YOHOBBII
YPOBEHb aKTUBHOCTH TPUTHS B peuHOl Boje. JlaHHbBIe 00 aKTUBHOCTH TPUTHS B TIOJ3EMHBIX
pacconax B 2002 r. [T"ony6oB u ap., 2004], pernoHaibHbIi ()OHOBBINH YPOBEHB
B MNOBEPXHOCTHBIX Bojax [['ocymapcTBeHHBIN Aokaa..., 2015, 2021]

Wrak, B HacTosmee BpeMs B MOBEPXHOCTHBIX BOAAaX M IMOA3EMHBIX paccoiax
paiiona o0Obekta [ISAB «Kpucramm HaOM0IaeTCS CHUKCHHE AKTUBHOCTH TPHTHS:
B TIOBEPXHOCTHBIX BOJ[aX ¢ MpUONMM3UTEIHHO 221 Bx/nm® B 2002 . o 5,0-8,8 Bx/am?
B 2018 r., B moa3eMHBIX pacconax ¢ mpubmmsutensHo 146 mo 5,0-13.4 Bx/mm3.
AKTUBHOCTh TPUTHS B BOJOTOKAX pailOHA TPH ATOM IPEBBINIACT PETHOHATBHBIN
¢oHOBBIN ypoBeHb B 2—4 pa3za. HeoOXoauMo OTMETHTH, YTO BCE H3MEPCHHBIC
MOKAa3aTeIM aKTHBHOCTH TPUTHA B TIOBEPXHOCTHOH BOJIE€ W TOJ3EMHBIX paccoyiax
paiiona oobekta «KpucTtaym 3a rojapl HaOJ0ACHHH ObLIM 3HAYMTEIBHO HUKE YPOBHS
BMeEIIATEJILCTBA JUIS HUThEBOH BOibI, paBHOro 7600 BK/kr, W He NpPEACTaBISAIOT
OITACHOCTH JJIs1 HAacENIeH!s U PaOOTHUKOB TOPHOI0OBIBAIOIINX KOMITAHUH.

2.4. Tpumuii 6 paiione noo3emMHo20 10epHozo 63puviea «Kpamon-3»

Kpamxas xapaxmepucmuxa obvexma IIAB «Kpamon-3». 1I51B «KpatoH-3»
MOIIHOCTBIO 22 KT T3 ObLIT Mpou3Be€H IS celicMo30HupoBanus 28 aBrycra 1978 r.
Ha TIpaBoM Oepery pexku Mapxa, B 38 KM K BOCTOKY OT Toc. Afixai (3amagaas SKyTus),
Ha rrybuHe 577 M, B TJIMHUCTBIX HM3BECTHSIKAX U MEPresisix CpeAHEKeMOpPHICKOro
Bo3pacra (cM. puc. 3.15, 3.16). HapymieHus B TexHONOTHH 3a0UBKH OOEBON CKBKHHBI
MpUBEIH K aBapUIHOMY BBIOPOCY 4epe3 YCThe CKBaXHHBI OKoio 2 % oOmiei
AKTHUBHOCTH, TOSBUBILEHCS NpH B3phIBEe. PajnoakTMBHOE Ta30BO-IBUIEBOE 0OOJAKO
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JIBUTAJIOCH 10 BETPY HA CEBEPO-BOCTOK, U €r0 OCHOBHASI aKTMBHOCTH BBINIAJIA B MEPBHIX
3—4 kM, MpUBOIS K TUOETHN TIPUIIETAIOIIET0 MacCuBa ceBepHoM Tairw. [lornommii nec,
Ha3BaHHBIN «MEPTBBIMY, MPEACTABISET COOOH O CHX TOP CYXOCTOW JIMCTBEHHHIIBI
I'menuna (Larix Gmelinii), co cnaboil mopociabpl0 HU3KOPOCTBIX KYCTapHUKOB, OYTH
ITOBCEMECTHO Pa3BUT MOXOBO-IHIIAHHUKOBEIN TOKpoB (pon Cladina, pon Dicranum,
Hylocomium wn np.) (puc. 3.23). Ha ocHoBe nemmdpupoBanusi kocMocHumka Landcat
n mnpumeHenusi ['MC-texHonoruii paccumTaHa IMJIOMIAAb TNOrUOmero jeca —
1,6 MiTH M? ¢ IPOTSHKEHHOCTHIO JI0 3,6 KM.

Puc. 3.23. Bun Ha norudmmii 1ec K ceBepo-BOCTOKY OT YCThsl 00€BOM CKBayKHUHBI
I15IB «Kparton-3» B centsope 2015 r. (boro Apramonoroii C. F0.). Ha 6epery — Hachbinb
HaJl SMULIEHTPOM B3pBIBA, Ha MEpeIHEM IIaHe — Pyciio peku Mapxa

B 1981 r. Obimi mpoBeseHb! 1e3aKTUBALMOHHBIE Pa0doTh: B 10—15 M k 3amaxy
OT yCThsi GOEBOM CKBAXKHUHBI ObLI COOPYXKEH KOTIOBaH 00BEMOM Okoso 4000 M,
B KOTOPOM 3aXOPOHHJIM 3arpsi3HEHHOE OypoBoe 000pYJOBaHME, TEXHUKY M BEPXHHMA
cJoi mouB ¢ paboueii twiomanku. B 2006 r. Hajg 03epoM, MOSBUBIIUMCS HaJ[ YCTHEM
00eBOIl CKBRXMHBI W MOTHWJIBHUKOM, OblIa c(OpMHpOBaHA HACHITL W3 AJUTFOBHS
MECTHOTO Py4bs MOIIHOCTHIO TipuMepHO 1,5 M 1 mmomaasio 0,731 ra (puc. 3.24, 3.25).

Ho 1990 rr. cexpernbiii 00bekT «KpaToH-3» octaBasics 0Oe3 HaONIOACHUH,
XoTst B 1984 r. Obl1 ciiyyail «OTKPBITHS» SIKYTCKUMH T€OJIOTaMH Y4acTKa TaWTH
C paguoIe3WeBON AaHOMAIMEH HETOHSITHOTO TPOUCXOXACHHS  (JambHEUIIeTo
uccienoBanus 1mo 3Tomy ¢akrty He 0buto). C 1993 1. Ha oOwekte [1SIB «KpaTon-3»
OBUIM HAyYaThl PaJMOdKOJIOTHYecKue uccienoanus [['emxeonoB u jp., 1993, Bypries,
Kononesnukosa, 1997]. B 2002 r. MuHHCTEpCTBOM OXpaHbI MPUPOJILI Pecmybnuku
Caxa (Skytus) (otB. ucn. B. K. KoBanes) B mpenenax «MEPTBOTo Jieca» HpoBelcHA
JleTalIbHas MenexXoqHas paAnoMeTprudecKas 1 y-clieKTpoMeTprudeckas cbémka. Crezom
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ObLIM HauaThl PabOTHI 10 M3yYeHHUIO pacrpocTpanenus *°Sr, ©°Co, **'! Am u uzoronos

238py, 239 240py y ux pacnpenenenus B KOMIOHEHTaX dkocucteM [[eneonos u ap., 2004;
Radiostrontium..., 2007; Radioecological studies..., 2009].

Puc. 3.24. Pannomerpuueckue uamMepenust Ha Hacbinu oobvekTa [151B «Kparon-3»
B ceHts0pe 2015 r. (poto Apramonosoii C. 10.)

exdepy ®d 7

Puc. 3.25. Cxema paanoaktuBHOTO ciiefia Ha o0bekTe [15B «KpaToH-3»:
1 — rpanuna «MEPTBOTO Jieca» 10 pe3ynbTatam AennppoBKH kKocMocHUMKa Landcat;
2 — w3onuauu MO/ y-usnyuenus, MxP/4 (o KosaneBy B. K.) [I'eoakosioruyeckas MoJieb...,
2012]; 3 — ycrbe 00eBOIi CKBaXHHBI Ha HACBIITH. B BepXHell uacTu MpHUBEIeHa cXxeMa
pacnonoxxenust oobekta MITSB «Kpatou-3» Ha Teppuropun Poccun
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AKTUBHOCTb B TpeAenax «MEPTBOTO Jieca» TMPOSBICHA HEPAaBHOMEPHO:
[0 PACHPEAETCHUI0 MOIIHOCTH SKCIO3MLMOHHONW 03Bl Y-U3IY4EHUS! BbIAEICHBI
TpU TATHA, Ha3BaHHBIC OMIDKHUM, CPEIHAM M NaabHUM cienamMu (cMm. puc. 3.25).
[To pesynpratam Hamux w3Mmepenuii, B 2008 r. MDOJl B OnwkHEM ciielie COCTaBISLIN
ot 30 mo 130 mxP/4, B cpeqaem — ot 30 mo 70 MxP/4, B mampaeM — oT 30 10 55 MKP/4.
Haubonee cunpHO 3arpsa3HEH OMVMOKHHUN CIleHd, IO Mepe yAaleHus OT CKBaXUHBI MD/]
MOCTETNIEHHO CHIKAIOTCS.

B npesecune MépTBoIX epeBbeB B 2002 T. BCero comepxkanock, br/kr: *Sr —
10 6, 37Cs — 1014, 23%240Py — 0,041-0,064 [['enconos u ap., 2004]. B onaseii kope
MEPTBBIX JepeBbeB *’Sr Goublue Ha Tpu mopsaka u gocturaet 200-490 br/kr, ¥'Cs
u 2%2YPy — B cpennem Gonbure B 10 pas: 120-140 u 0,6-5,0 BK/KI' COOTBETCTBEHHO
[['enconoB m np., 2004]. Ilocire omama 3arpsA3HEHHON KOPHI OCHOBHBIMU JICTIOHCHTAMU
paanoHYKIUAOB B paiione oO0bekta [ISIB «Kpaton-3» sSBISIOTCS JecHas MOJCTHIIKA
W BEpXHsAsS YacThb TyMycoBoro ropu3oHTa mouB [Radiostrontium..., 2007
Radioecological studies..., 2009].

B paiione, clO)X€HHOM OpPIOBHUKCKHUMH W KEMOPUHCKHMH KapOOHATHBIMH
MOpOJiaMH, Pa3BUTHl MAJOMOIIHBIE MEP3JIOTHBIE JIEPHOBO-KapOOHATHBIC ITOYBBI
[UeBbruenoB u ap., 2006]. MOmHOCT JIECHON MOACTHIKH OTPaHUYUBACTCS 2—3 CM,
TYMyCOBOTO TOprU30HTa — Bcero oT 1 10 6 cm. [lone MO/] ¢hopmupyeTcss B OCHOBHOM
3a c4€T coJep)KaHUs B HUX paauolesus: Kod(Q(GUIHEHT Koppemsiuun Mexry MO
u conmepxanueM paguonesust coctaBun 0,87 mpu BbeIOOpKEe 129 mapamnenbHBIX
Y-CIIEKTPO- U PAAUOMETPUUECKUX HU3MEpeHHd. B mouBax M MOXOBO-JIHIIAHHUKOBOM
MOKpPOBE 00IIast aKTUBHOCTH °’Sr mpeobiagaeT Haj akTHBHOCTBIO *’Cs — mourw
B 2 pasa, HaJl aKTUBHOCTHIO **2*'Pu — npumepno Ha 2 mopsaka. AKTHBHOCTE 2*Pu
COCTaBIISET NPUMEPHO 5—6 % oT akTUBHOCTH 2*-24Py,

[IpoBeneHHas paguoMeTpUyecKas CbhbEMKa II03BOJMIIA ONPENeNUTh, YTO
Ha HeHapYILEHHbBIX MPUPOJHBIX JaHmmadrax ecrectBeHHas MO/] cocrasister 5—6 MxP/4,
YTO BIIOJIHE OKUAAEMO ISl MOJCTHIIAOIIUX TOPOJ paoHAa — HIKHEOPIOBHKCKHX
W KEMOpPWHCKMX W3BECTHAKOB M JIOJOMHUTOB. 3HaueHus MDOJ] B 8-12 wmkP/u
[0 BHEIIHEMY Kparo «MEPTBOIO Jieca» SBISIOTCS HE BapHallMed €CTECTBEHHOTO OIS
Y-M3JIy4eHHs, & KPAEBbIMU 30HAMH PaJMOAKTUBHOTO 3arps3HEHUs: BO MXax *’Sr —
1o 123,5+11,5 Br/kr, '¥’Cs —250+ 18 Br/kr; B iecHoi noactuike °Sr— no 98+4.,9 Br/kr,
37Cs —56,2 + 18 Br/kr, %Py — 5,1-0,4 Br/kr. Kpome storo, MDJI B 8—12 MkP/u
Ha HEOOJNBIINX YYacTKaX JKUBOTO Jieca K IOTY OT «MEPTBOTOY» SIBIISIFOTCS JIOKAJbHBIMH
ISITHAMH PaJUOAKTUBHOTO 3arpsi3HEHMs, C(HOPMHUPOBAHHBIMHM IIOPBIBAMH BETpPa
1 3aHECEHHEM BELIECTBA M3 OCHOBHOIO PaJMOAKTUBHOTO 00JaKa, ABHIABLIETOCS
Ha BOCTOK.

Bce 3tu rompl moa AEMCTBHEM 3K30- M OMOTEHHBIX TPOIECCOB MPOUCXOIUIO
nepepacnpesielIeHie aKTUBHOCTH, CHOC M TEPEOTIOKEHUE PaJUOHYKIHIOB, Kak
B IpezieNiax «MEPTBOTO Jiecay, TaK U B CONPSHKEHHBIE NTaH AP TH, HA (OHE CHIKEHHS
00I1Iero ypoBHsI aKTUBHOCTH 3@ CYET €CTECTBEHHOTO pacmaja.

B 2008 . B 145 M K ceBepy OT ycThs 00€BOI CKBaKUHBI B HEOOJIBIIIOM 3aMKHYTOM
MOHMW)XEHUH Ha MIOJIOTOM CKJIOHE, Y OIYLIKH «MEPTBOIO JIECa» OKOHTYPEHA JIOKAJIbHAS
anomayust MOJ1 400—420 mxP/4, pasmep koTopoi cocTarisieT mpuMepHo 3%3 M. 3aech
B 2001 r. B. II. Pam3aeBsIM B JIECHOH TMOJCTHIIKE M MEPBBIX BEPXHUX CAHTHMETPOB
I'yMyCOBOTO TOPM30HTA YCTAHOBJIEHBI OYEHB BHICOKHE AKTUBHOCTH, KBK/KI: *°Sr — 188,
137Cs — 86,7 [Radiostrontium..., 2007; Radioecological studies..., 2009], a B 2003 .
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I1. . Cobakunbiv [YeBbiuenoB u ap., 2006] usmepens! Gonbluue copepkanus 'St —
Ha 37 %, 37Cs — na 9 % no cpaBHEHMIO C ABYMs roJaMu paHee. DTOT (pakT yKa3bIBaeT
Ha TPOJOIDKAIONIEECS HAKOIUICHHE PaIWOHYKIHIOB, CHOCHMBIX ITOBEPXHOCTHBIMHU
CTOKaMH C «MEPTBOTO Jieca». Kpome pamnonesust U paaHOCTPOHIUS, B IMOYBAX 3TON
aHOMaJIMU OBUTH BhIsIBJICHBI U M30ToIeI Pu: B 2002 1. A. /1. ['eneonoBbM [["eneoHOB 1 1p.,
2004] ompenenensl axktuBHocTH 2Py — 59 kBr/kr, *®Pu — 0,29 kbk/kr.
HecomneHHO, aHOMaNBHBI Y4YacTOK Yy OMNYIIKA «MEPTBOTO JIeCca» MOXKHO
paccMaTpuBaTh TOJIBKO JIMIIb KaK IPOMEXYTOUYHBIA 3Tal Ha IyTH JajbHEHIIel
MUTPAIUU PaIUOHYKINI0B. « MEPTBBIN Jiec» HAXOAMTCSA B OacceiHe BomocOopa pexu
Mapxa u pyubst be3pimsiaHBIH (pHc. 3.26).

25-09
o]

2 8609

Puc. 3.26. Cxema ot60pa pod npupoaHBIX BoA psgoM ¢ oobektoM [IB «Kpaton-3».
I TpuxoBoii THHUEH MMOKa3aHBI TPAHUIBI: A — pabodeid uomaaku; b — «MEPTBOTO Jiecay;
JIBE MapajuieIbHble TOHKHE TMHUK — JI0pOTa; cepast IUIOIAaIKa CO 3Be3/10i — HaChINb
U YCThe OOCBON CKBAKUHBI

JleTrepMUHHpYEMBbIE MECTHBIM PeNbe)OM IMOBEPXHOCTHBIE CTOKH CO CPEIHETO
Y JAJTLHETO CIIEIOB CTEKAIOTCS B pydel be3pIMSHHBIN, CTOKH C HanOoJiee 3arpsi3HEHHOTO
ONMMKHETO Cliefja BIAAAI0T YacThi0 B peKHu Mapxy HampsiMylo, 9acThl0 — B TOT XKe
pyueit be3pimsannbiii. B 2009 r. Bo BpeMEHHOM pydYelKe, BBITEKAIOMEM CO CTOPOHBI
OIyLIKHU Jieca, B 68 M I0Hee aHOMajbHOM 30HHI (puc. 3.26, T. 6-08), ompeneneHo
BBICOKOE cojepykanue Tputus — 68 + 8 Bk/i1, uro mpeBsiaeT npumepHo B 13 pa3
MECTHBI ()OHOBBI YpOBEHb, OIpPEJACHEHHBI HAMH B JHMana3oHe or 5 + 2
10 6+2 Bx/nv’. MectHast poHOBast TOUKa BHIOpaHa B peke Mapxa BIllIe [0 TEYEHHUIO
U B MEJIKHX py4bsix. MecTHbI hOHOBBIN ypoBeHb Tputus B 2009 r. mpumepHO B 2 pasza
NpEBBIIA PETMOHATLHBIN, paBHbI 2,8 Br/mv®, HO 6bL1 cpaBHEM ¢ (DOHOBOI
AKTUBHOCTBIO TpUTHUS B peke Ennceit, kotopas, 1o nanuemM JI. I'. BonnapeBoii, B Hauase
2000-x rr. cocrasnsia 5 bx/nm® [Bolsunovsky, Bondareva, 2003].
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B Boze sToro BpemenHoro pyueiika (puc. 3.26, 1. 6-08) f-akTHBHOCTb, CBSI3aHHAs
co ?Sr, cocrasnser 2,11 + 0,08 Bx/n, 4To MpeBHIIAET ypoBeHb BMemaTenbeTra (YB)
IUISI TIMTHEBOH BOABI Oonee 4eM B 2 pasa, 0-aKTUBHOCTb, CBS3aHHAs B OCHOBHOM
¢ m3otonamu Pu, pasHa 0,54 + 0,06 b/, uro npesbimaer Y B npuMepHo B 2,5 pasa.

B mae 2002 r. Munskonoruu Peciyonmku Caxa (Skytus) Oputa oToOpana mpoda
MIaBOJIKOBBIX BOJ Py4bsi be3bIMSHHBIN, B KOTOPOM yCTaHOBJIEHBI BAJIOBBIC COJCPIKAHUS
OCHOBHBIX PaJMOHYKIUIOB (BMECTE O B3BeChIO), Br/m: *°Sr — 40,2+ 12,9, ¥7Cs —
6,2+0,6 u 5,6 +0,6, 2*?*Py — 0,14+0,01, 2**Pu — 0,007 +0,001. B asrycre 2009 .
B 5TOM pyube (B (uubTpare) obHapyxkensl, br/m: Sr — 0,12 + 0,004, 2°2Py —
(4+0,16) 10, 2*Pu— (3,9+0,15)-107.

B nmaBoaxoBoit Boje pyubs bessimsanHBIM 2002 T., Kak ¥ aBTyCTOBCKOH Boje
2009 r., oToOpaHHOV HamMu, OBUIO TIOBBIMIEHO OTHOIICHWE PaTUOHYKIH/IOB:
NS/ 7Cs — o 6,5, P°Sr/?%2%°Pu mpubmusutensHo g0 300, 1Mo CpaBHEHHMIO
C OTHOIICHUEM DPaJHOHYKJIHJOB B MX OCHOBHBIX MCTOYHHKaX — MOYBAX U MOXOBO-
JIMIIAMHUKOBOM IIOKPOBE «MEPTBOTO Jieca, paBHbIX MpUMEPHO 2 U 100 COOTBETCTBEHHO.
DT0 yKa3bIBaeT Ha BBICOKYIO BOAHYIO ITOJBIKHOCTE PATHOCTPOHIINS M €T0 MacCOIEPEeHOC
C BOAHBIMU TIOTOKaMH MMPEUMYIIECTBEHHO B PACTBOPE, B TOM YHCJIE U B MABOJIOK.

Ornomenne '¥7Cs/***°Pu B nasomkosoii Bome 2002 . mpumepHo 40-44,
a comepkanue **Pu cocraBnsio okono 5 % ot comepxkanus **°Pu, uro cpaBHUMO
C MX OTHOIIEHMEM B KOMIIOHEHTaX «MEPTBOrO Jiecay, Tae cpeanee 37Cs/?3%24%Py
COCTaBJISIO IpUMepHO 3239, a coeprkanue ***Pu — npumepHo 5-6 % OT coepKanus
239.240py, TTo-BUAMMOMY, BECHOM IIPH TasHUHM CHEra M MaBOJAKOB (palioHy XapakTepHa
CTpEMHUTENbHAs KOpOTKas BecHa) B Maccomepenoce *’Cs u mzoronos 2Py
Cc «MEpTBOrO Jieca» TmpeoOsialaeT MEXaHWYecKHid cHoc. B ocrampHOE Bpems
MacCONEPEHOC PaTUOHYKIIHIOB MIPEUMYIIECTBEHHO WAET B KUAKOH (haze BCIIEACTBHUE
HEeOOJBIIMX CKOPOCTEH BOJOTOKOB B YCIOBHUSX PAaBHUHHO-XOJIMHCTOTO peiibeda.

Jlerom, B GecmaBoakoBoe Bpems, 1o gaHHbM 2009 T., B yCIOBHSX PaBHUHHO-
XOJIMUCTOTO peibeda W HEBBICOKMX CKOpPOCTEH BOJOTOKOB H30TONBI Pu
NPEeNMYIIECTBEHHO MUTPHUPYIOT B pPacTBOpe — B JKuAKOM daze. [Ipu aTom comepxanme
28Py B pyube Be3bIMAHHBIN CPABHUMO C €T0 COZIEPKAHMEM B BeceHHel npobe 2002 r.:
(3,9+0,15)-107 portus (7 + 1): 10 u npubnusurensHo B 10 pas Goblie copepiKanuii
239, 299py, korophix Beero (4 +0,16)-10* Br/n nportus 0,14 + 0,02 Bk/1 B aBOAKOBOI
Boze 2002 r.

B 2008 r. B pyube Be3pimsannblii 3adukcupoBana aktuHOCTh *H — 30+ 5 Br/n,
YTO B 2 pa3za MeHbIIIe, ueM B pyueiike (T. 6-08) y omymiku «MEPTBOTO Jiecay. DTO BIIOJIHE
JIOTUYHO TIO MPUYHHE OOJIbIIEH BOJHOCTH PY4bsi be3bIMsIHHBIHN 1 2 dexTa pazdaBiieHHsI.
B 3acymmuBom 2009 r. pydeék y onymku «MEPTBOTrO JIECA» OTCYTCTBOBAI, a B CHIIBHO
obmenbuaBnieM (o cpasuenuio ¢ 2008 1.) pyuse BespiMsanubIi conepxanue *H G110
MOBBIIIICHO TOYTH B 2 pa3za — 110 57+2,8 bx/m.

WTak, Ha OCHOBE BBIIICTIPUBEIEHHBIX JAHHBIX CTAHOBUTCS HECOMHEHHBIM (DaKT
MOCTOSIHHOTO BOJIHOTO CMBIBa PaJUOHYKIHIIOB C «MEPTBOTO Jiecay», MEXaHUYECKUH
cHoc Juist u30TonoB Pu u *’Cs mpu 5TOM CTaHOBHUTCS 3HAYMMBIM TOJILKO B ITABOJIKH.

B pexe Mapxa psnom ¢ obsektom IISIB «Kpaton-3» B 2009 T ycTaHOBIICHEI
CIIE/LYIOIIME COMIepKaHus pagruoHykianaos: °Sr — 0,078 + 0,003 B/, ***Pu —
(6+£0,24) 10 u 2%Pu — (18,6 +0,7)- 1073, *H — ot 13+2,0 1o 52,1+2,6 Bx/n (puc. 3.26,
touku 48-09-50-09). Otnomenue *°Sr/>**?*°Py B peke Mapxa pasno 130, comepkanue
28Py B 31 pas Gosnbiie cogepxanus »***°Pu. Y nuBuresnsHo, HO akTUBHOCTH ***Pu B 10—
30 pas3 Bbie aktuBHOCTH 2>%24'Pu, 4T0 yKa3bIBAET HA GOJBIIYIO BOJHYIO TOABHKHOCTh
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uzorona »**Pu 1 B KOPHE OTINYAETCS OT OTHOLIEHHUS STUX M30TOMNOB Pu B uInaiiHuKax,
MmoYBax «MEPTBOTO Jieca» M B MpobOe MaBOIKOBOM BOABI pyubs bespmmsaubIi 2002 T.
[lo HammM omeHKaM, pacxoa pekn Mapxa MpeBOCXOIUT PAacXol pyubsi be3pIMsSHHBIN
mpumepHO B 10-20 pa3 (c yu€ToMm M3MEPEHHBIX HaMH CKOPOCTEH Te4eHWs, TIIyOuH,
MIMPUHBI BOJOTOKOB C IPUMEPHBIM PACUETOM HX IIIOIIAIN ) ¥ TOTOMY MOCIIE CMEIICHHS
C BOAaMH pPy4bs be3bIMSHHBII — OCHOBHBIM IIOCTaBIIMKOM PaAHOHYKIHIOB —
coJiepKaHue TPUTHS TOJDKHA OBl cocTaBUTh Beero 8,4—8,8 br/n. Onnako B peke Mapxe,
BOIPEKH OXXHMJAHUSM, YCTaHOBJICHBI BBICOKHE COAEp)KaHHA TpUTHs — 10 52 bx/m,
CpaBHHMBIC C TTOKa3aTeNieM B CTOKaX C OJIDKHEro ciieia «MEPTBOTO Jieca» M B pydbe
Bespivsannbiii. OtcyTeTBre 3¢ dekTa pazdapiaenus B comepkanusx “H B IOIHOBOAHOM
pexe Mapxa 3acTaBHIIO HAC 3a1yMaThCsl.

B peky Mapxa cTekarOT HE TOJBKO CTOKHU C 3arpsA3HEHHOIO «MEPTBOrO JIECAY,
HO W CTOKM W3 MOTWIBHUKA 3arps3HEHHONW TEXHHKH y YCThsS OOEBOW CKBa)KWUHBI.
B 2008 r. Ha mNOBEpXHOCTH pyuyeHKa, BBHITEKAIOMIETO W3-IIOJI HACHIIK, HAMHU
YCTaHOBJICHbI Pa3HOLBETHBIE IISITHA FOPIOYE-CMA30YHBIX MaTepUaioB, YTO, BEPOSTHEE
BCET0, 00YCIIOBIICHO BEIMBIBAHUEM M3 MOTHJIBHUKA 3aXOPOHEHHON TeXHUKH (puc. 3.27).

Puc. 3.27. Croku ¢ pagyxHoil TexHuyeckoi minénkoi noj Haceinblo 1B «KpaTon-3»
B 2008 . (oro Apramonosoii C. 10.)

B atom xe pydeiike (cMm. puc. 3.26, T. 5-08, u Tabn. 3.14) ycTaHOBIEHBI:
comepkanue TpuTHsS — 18 DBk/i; oOmas B-akTMBHOCTB, CBs3aHHas co °Sr, —
0,398 + 0,028 bx/m, yTo MeHbIIE ypOBHA BMewmarenbcTBa [HopMbl pagnaninoHHOM. . .,
2009] nmpumepHoO B 2 pa3a; 0-aKTUBHOCTH, CBSI3aHHASI B OCHOBHOM C M30Tomamu Pu, —
0,29+ 0,01 bk/n, uro mpebimaer YB.

B Bomoéme (ckopee TepMOKapCTOBOM), CPOPMHPOBABIIEMCS IIOCIE B3PhIBA
y ycTbsi O0€BOM CKBaXKHHBI W CYIIECTBOBABIIEM BIUIOTH JIO CTPOUTEIHCTBA HACHIITH
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B 2006 r., }O. B. lybacoBbiM B 1996 T. OblIa yCTaHOBIIEHa aKTUBHOCTH TPUTHS —
700 £ 250 bx/n, a B 2001 r. — yxke 320 + 32 bx/n [Radioecological studies..., 2009].
B 2001 1 2003 rr. B BomoéMe 3adpuKcupoBanbl copepkanus St — 38+ 6 u 49+ 18 bx/n
cootBeTcTBeHHO [Radioecological studies..., 2009], 4To nmpeBbImamy IpUOIN3UTEIHHO
B 7,510 pa3 ypoBeHb BMEIIATEIHCTBA IO PAJAUOCTPOHIIUIO.

Huxe, mo cxioHy B rpyHTOBBIX Bojax B 2007 r. yCTaHOBJIEHBI COJEpKaHMS
pactBopénHoro *°Sr — 8,75 £ 1,63 Bk/x1, 4To mpesbImano npuMepHo B 1,5 paza VB.
B 20082009 rr. B rpyHTOBBIX Bomax (puc. 3.26, Touku 1-08 u 51-09) Hamu ycTaHOBIEHBI
congepxanust: *°Sr — Bcero 1,99 0,07 Bx/x, Tputus — ot 19 + 6 10 67,2+ 1,9 Bx/n,
239.240py — (4£0,16)-10~* 1 28Pu — (7,8+0,3)- 10~ bk/11; ux conepkanus MeHbue YB.
VcTO4YHNKOB pafvOHYKINIOB, BBISIBICHHBIX B TPYHTOBBIX BOJAaxX CKJIOHA peku Mapxa,
MOTJIO OBITh HECKOJIBKO: KPOME CTOKOB «MEPTBOIO JIECa» W MOTWIIBHUKA, €IIE MOXKET
ObITh TpeTHii. Bcmomuunm, uto aBapuiineiii 00bekt 1B «KpaToH-3» — 3T0 HE TOIBKO
«MEPTBBIH JIEC) — MOBEPXHOCTHBIN HCTOYHHUK aKTUBHOCTH, 3TO HE TOIBKO MOTMJIBHUK
3arpsA3HEHHON TEXHUKU U II0YB, HO 3TO TAKXKE CIIOXKHBIA PaJUOTr€03KOIOIMYECKUI
00bekT. [1o cyTH, monocTh B3pbIBa NPEACTABIAET COO0H HEKOHTPOIUPYEMOE MOI3EMHOE
3aXOpOHEHUE PAAHOAKTUBHBIX OTX0/10B, OTKY/Ja Ha IOBEPXHOCTh MOT'YT IPOCAYUBATHCS
panuonyknuabl. Jns BbIicCHEHHS (akTa mpocauyrBaHUA MOA3EMHON aKTUBHOCTH
MO CTBOJIOBOM 30HE OOCBOI CKBaXMHBI PACCMOTPUM HOHHBIH COCTaB IPYHTOBBIX BOJI.

MecTHBIE TMOBEpXHOCTHBIE BOJABI — CIa0OLIENIOYHbIE THUAPOKapOOHATHBIE
MarHueBO-KaJIbIIEBbIE, IPEAONPEAEIEHHBIE COCTABOM ITOACTIIIAIOIINX [TOPO]] pailoHa
(u3BecTHsKaMU U nosomutamu). [Ipu onMHAKOBOM HMOHHOM COCTaBe HaOIIONaeTCs
MocJe/I0BaTeIbHOE CHIKEHHE MHHEPaIH3aldi OT MajJoro BOJOTOKa K OOJbIIEMY:
B CTOKax «mepTBoro jeca» — 430 mr/m, B pyube bessimsuaubii — 330-390 mr/m,
B peke Mapxa — 290-170 mr/m, 94To MOXHO OOBSICHUTH d(h(eKToM pa3daBIieHUS
10 Mepe YBEINYEHHSI BOAHOCTH BOJOTOKOB B ATOH IIETIH.

Tpu HaOmogaTenpHBIE CKBOKWHBI y Hachkimu o0bekTa [ISB  «Kpaton-3»
mpoOypeHsl Bcero Ha riyouHy mo 2,5-3,0 M (cm. puc. 3.26), U3 KOTOPBIX TOJEKO
CKBa)XMHBI 7 U & 3aXBaTBIBAIOT BOJIbI CE30HHO-TAJIOTO CJI051, YOPMHUpPyEMBbIE B OCHOBHOM
MMOBEPXHOCTHBIMU M METEOPHBIMH BOJaMH, U TO TPEUMYIIECTBEHHO B TOJbI
C TIPEBBIIIEHUEM CPETHEMHOTOJIETHETO YPOBHS 0CaJKOB (MHOTOBOJHBIE TO/IBI); TPEThA
CKBakMHa (9) 3aJ0’)keHa HEYAayHO M Cyxas. B TpPyHTOBBIX BOJaxX ABYX CKBaXXKMH
(cm. puc. 3.26) npu ux MuHepanu3anuu B 515—560 Mr/1 ycTaHOBIIEHBI CyIIECTBEHHBIE
KOHIIEHTPAIUH XJIOpUA0B — 110 250-298 mr/m u Hatpuss — 1o 143—145 mr/n, Takum
00pa3oMm, THIT BOJ CTAHOBHUTCS THIPOKApOOHATHO-XJIOPHIHBIM KalbIIMEBO-HATPHEBBIM:

H3BecTHO, UTO B peTHOHE pa3BUTHI HATIOPHBIE COJIEHBIE MTO3EMHBIE BOJJOHOCHBIE
ropu3oHThl [KinnmoBckuii, ['otoBueB, 1994]. JlaHHble IO HOHHOMY COCTaBY BOJ
13 HaOJIOIATENIbHBIX CKB)KMH YKA3bIBAIOT HA MPOCAYMBAHHME STUX MOA3EMHBIX COJIEHBIX
BOJI IO CTBOJTY O0EBOI CKBa)KWHBI Ha MOBEPXHOCTH. [Ipyroro o0ObsICHEHHS MOSIBICHHUIO
XJIOPUJIOB HATPHUS B TPYHTOBBIX BOJAX MoJ Hackmbio o0bekTa [1AB «Kpaton-3» Her.
Hanuure B 3HaunMbix koHneHTpaiwsax Cl-, Na* B pydeiike uz-mox Haceinu (puc. 3.26,
T. 5-08) 1 B TPYHTOBBIX BOJAaX M3 3aKOMYIIM Ha IOJHOXbE CKIOHA Ha Oepery peKu
Mapxa (puc. 3.26, touku 1-08, 51-09) yka3piBaeT Ha cieApl MPOCOUYMBIIHMXCS
MTO/I3EMHBIX COJIEHBIX BOJ MOCJIE CMEIIEHUS C TPECHBIMU TPYHTOBBIMHU BOJIAMHU.

Taxum 00pazom, Y aHAJIM3€ UMEIOIINXCS JaHHBIX BBISIBIISIOTCSI HOBBIE «TPAHI
oonekTa [IS1B «Kpaton-3»: kaptuaa Bc€ Oonee ocnoxkHsaeTcs. C TBEPAOCTHIO MOXKEM
TOBOPHUTD, YTO AKTHBHOCTh PY4bs Be3bIMIHHOTO 1 MEJTKUX IOBEPXHOCTHBIX BOJIOTOKOB
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y OIYIKHd «MEPTBOTO Jeca» (BbIle MO penbedy OT HACHIU) (OPMHUpYETCS
BCJIECTBHE 3arPA3HEHMS U3 30HBI «MEPTBOT'O JIECa» — C OUEBUAHOTO IIOBEPXHOCTHOTO
HUCTOYHUKA PAJUOAKTUBHOCTH, KOTOPBIM M OB IPeAMETOM H3y4YCHHS paHee
npoBenEHHBIX 37ech paboT. Ilo HameMmy MHEHHMIO, B aKTHBHOCTh ITOBEPXHOCTHBIX
U TPYHTOBBIX BOJ Y O0€BOI CKBaKMHBI 1 HUKE MO CKJIOHY MOTYT BHOCHTH CBOW BKJIaJl
JpyTHie UCTOYHHKM: KaK CYIIECTBYIOLIUH MO/ HACHINBIO PaIHOaKTUBHBIA MOTHIIBHUK,
TaK ¥ HOA3EMHbIC CONEHBIE BOABI, IPOCOYUBIIUECS IO CTBOJNY CKBXKUHBI (B TOM
cllyyae, €ClIy MOCJIeIHIE 3arPsI3HEHbI OT MOJ3€MHOTO NCTOYHUKA — IOJIOCTH B3PbHIBA).

B pexke Mapxa, Kyma CTEKalOT 3TH TIPyHTOBbIE BOIBl CO CKJIOHA, HHUYYTb
HE MEHbIIEC PaJUOHYKIWAOB, YeM B IPYHTOBBIX CKJIOHOBBIX BOJAX, a Ja)ke OoJbIIe:
239.290py — (6,0+0,24)-10* n 2*%Pu — (18,6 £0,7)-1073, *H — 52,1+ 2,6 (Touku 48-09,
49-09 Ha puc. 3.26). Ecnu BeICOKHE aKTUBHOCTH PaIHOHYKIIMIOB B TPYHTOBBIX BOAAX
CKJIOHAa O’KHAAEeMBbl U JIOTMYHBI, TO (AaKT BBHICOKHUX COJIEPYKAHUH W30TOIMOB TUTYTOHHUS
U TPUTHA B PEUHOM BOJIE Y MeCTa pa3rpy3Ku IPyHTOBBIX CTOKOB CKJIOHa HEBO3MOXKHO
OOBSICHUTH TOJIBKO B CBSI3U C STUMHU IOBEPXHOCTHBIMU CKJIOHOBBIMHU CTOKaMU. MOKHO
MIPENIOIOKUTh, YTO MX UCTOYHUKAMH NoJ CKJIOHOM [ISIB sBnsroTCS HE TONBKO CTOKU
C «MEPTBOTO Jieca», HE TOJIBKO MOTHJIBHUK, HE TOJBKO BBIXOZBI MOA3EMHBIX BOJ U3
YCThSl CKBaXXUHBL. ECTh U HHOM, Y€TBEPTHINA MOA3EMHBIN HCTOYHHK, KOTOPBIA BHITEKAET
W3 TOJNIOCTU B3pbIBa B HEApPax M KOTOPBIH, BO3MOXHO, HCIIOJIB3YEeT CTBOJ OOEBOM
CKB2)KHHBI Ha CBOEM IyTH, HO M3JIMBAETCS B PEKY MOJ 3eMJIEH, TeM 0oJiee YTO CTBOJ
00eBOIl CKBaXMHBI TIPOWIEH COBCEM psAaoM, Bcero B 160 M oT peknm Mapxa.
W nmeHHO Hanu4#e 3TOro NOCTOSHHOTO MOABOAHOTO BBIX01a AKTUBHOCTH 0] CKIIOHOM
peKHu, Kak mpenmnojaracM, OOyCIOBIMBAET BBICOKHE COJECPKAHUS PaTUOHYKIHIIOB
B PEYHOI Bozie U cinaldblil 3¢ deKT pazdaBieHus: peuHoN BOJOH.

[To muenuto K. . MuxyneHKo, MOI3eMHBIN SIepHBIA B3phiB «KpaToH-3%» 0BT
MPOU3BEIEH B HEMOCPEACTBEHHOW OJIM30CTH OT TEKTOHHYECKOTO pPas3jioMa CEBEpPO-
CeBepO-3ara{HOT0 MPOCTUPaHUsI (BBISIBIEHHOTO NIPH e (QPUPOBAHUHN a3POCHUMKOB),
MPOXOJSIIEr0 Mo pyciy peku Mapxa [Mukynenko u ap., 2006]. M3BectHO, 9TO
npu Oypenun 0oeBoil ckBaxkuHbl B 1977 1. B mHTepBasie 165—186 M riyOMHBI ObLI
MpOiileH MOIMOIAIOIINN MPOMBIBOYHYIO JKUAKOCTh TPELIMHOBATHIA TOPH30HT,
KOTOPBIi, IO HAIlIEMy MHEHHIO, U SIBJISUICS 30HOW pa3jioMa, HIMEIOIIET0 CEBEPO-CEBEPO-
BOCTOYHOE MaJieHHe. 3aMEeTUM, YTO TaK M OCTAJIUCh HEU3BECTHBIMU PE3YJIbTaThl TPEX
MOTIBITOK T€PMETHU3AIIUY 3TOTO IMOTJIONIAIOIIET0 TOPU30HTA Iy TEM 3aKaYKH LIEMEHTHOTO
pacTBopa ISl YCTAaHOBKM H30JIAIMOHHOTO Mocta. ABapuitaeid I1SIB «Kpaton-3»
CHJIBHO HM3MEHWI HE TOJNBKO IIOBEPXHOCTHBIE JaHmmadThl, HO W HeIpa: OH
MOT PacKpbITh TEKTOHMYECKHH PA3JIOM M YBEJIMUYUTH TPELIMHOBATYIO MPHUPA3IOMHYIO
30Hy. IIpocaunmBanme Ha MOBEPXHOCTh PAAMOHYKINAOB H3 TOJOCTH B3phIBA
I10 TPEIIMHOBATON 30HE TEKTOHHYECKOT 0 Pa3jioMa MOKHO OOBSICHUTH ITyTEM MacCOBOTO
oTOOpa TPHUPOJHBIX BOJ palHOHA M OMNpPENENCHHUS B HUX COJEPXKAHHS TPUTHUS
WJIM NIPOBEJCHUEM TaK Ha3bIBAEMOM «TPUTHEBOU CHEMKI.

B 2009 r. npoananuzupoBano 59 npoO u3 604aKHUH U PyYEHKOB y MOIHOKHS
00pTOB peku Mapxa u pe4HoH BO/IbI ¢ 000MX OEpPEroB Ha MPOTIKEHUH 110 3,6 KM BHHU3
u 10 400 M BEIIIIE 110 TeUeHUIO OT 60eBoM ckBakuHBI [ISIB «Kpaton-3». Jlns puc. 3.28
touka 50-09 (cMm. puc. 3.26) mpuHATa 3a HYJIEBYIO OTMETKY OCH abCIHCC B CHITY
TOr0, YTO PACIIONIOKEHA MO NPSMON OT ycThsl OoeBoi ckBakuubl [1B «Kpaton-3»
Ha MpaBoM Oepery peKd, TOUKH BBIILE 110 TEUSHHIO — C OTPULATEIbHBIMU 3HAYCHUSIMH
paccTosHusI.
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Puc. 3.28. Pacripenenenue coaepxaHus TPUTHA B IPUPOAHBIX BOJAX B JOJIHHE peku Mapxa:
0 xM — 1. 50-09 1O/ CKIIOHOM Y YCThsi OOEBOW CKBaXXHHBI (CM. puc. 3.26); Mo ocu adCIHce:
cipasa oT 0 KM — HIDKE 10 TeUEHHIO, clieBa 0T ) KM — BBIIIE 1O TeUeHuto; [, 2 — pedyHast
BOJIa C TIPaBOT'0 U JIEBOTO Oepera COOTBETCTBEHHO; 3, 4— BOJBI MEIIKUX PYYEHKOB
1 00Ya)KHH, CTEKAIOIINX C ITPABOTO U JIEBOTO OOPTA PEKU COOTBETCTBEHHO; 5, 6 —KpPUBBIE
anomamuu (Ne 1-3), o TaHHBIM IIPABOTO U JIEBOTO OEpera COOTBETCTBEHHO

B peunoii Boge B 310# T. 50-09 (puc. 3.28) akTuBHOCTH “H cocTaBiseT Bcero
13+ 2,0 bx/n. [Ipumepro B 100 M HImKe 1o TeueHHIo OT T. 50-09 HaunHAETCS TIepPBHIiA
MK BBICOKUX akTHBHOCTEH *H 44-52 BK/11, KOTOPBIA (PUKCUPYETCs Ha MPOTSHKEHHH
eme 225 M Hmwke. Ha neBoM Gepery 3TOro yd4acTka peKd HU3KWE akTUBHOCTH “H:
or 5-15 Bk/n, B cpenneM — 9,4 Bx/n. MakcumanbHast aktuBHOCTE “H — 74 Br/n
YCTaHORBJICHA B PEYHOU BOJIE MpaBoro Oepera B 1,9 KM HMXKE MO TEUCHUIO OT 00BEKTa
[15B. B peuHoii Boae neBoro Oepera mpuMepHO Ha TOM ke Mmecte (B 1,8 kM Humxke
M0 TEUYEHHIO) HAOIIOIaeTCsl TAKKE PE3KHid MK aKTUBHOCTH TpUTUST — 110 48 b/ pu
¢horoBoM yposre 5—6 bi/n. [Ipumepro B 150 M BIIIIEe IO TEYSHHUIO B MaJICHHKOM PyYbe,
BIIQ/IAOIIEM B PEKy C JieBoro Oepera, 3aMKCHpOBaHa aKTUBHOCTH B 52 Bx/1.

Tperuii MUK aKTUBHOCTH TPUTHUS 3apUKCHPOBaH Ha ynaneHuu B 2,5-2,85 kM
HIKE [0 TEYECHHIO: B PEYHOM BoJe C 00OMX OEperoB yCTaHOBJIECHBI IOKa3aTelH
aktuBHOocTH 50-55 BK/n. 3mech, B OodyakmHe mpaBoro Oepera, TakKe yCTaHOBIICHA
aKTUBHOCTh B 52 Bx/m. Hamuume Takux BBICOKMX 3HAYEHHH aKTHBHOCTH TPHUTHUS
B 0OYaKMHAX, pydeiikax U peKke Ha yAaleHHH OKoJIo 3 KM oT oObekTa [151B yka3biBaer
Ha TMOCTOSHHOE MECTHOE€ MOCTYIUICHHE PaJUOHYKIHWIOB, HO HE BCIEICTBHE CTOKOB
C «MEpTBOTO Jiecay — OJTOr0 He TMO3BOJIAeT MecTHbhIM penbed. Kpome Bcero,
onpoOoBaHWE peyHOW BOABI peku Yykyka — OimKaiiero IeBOro MPHUTOKA,
BIIQIAIOLIETO B peKy Mapxa B 4 KM HmXKe N0 TedeHHro oT oObekra [15IB, Hukak
HE CBS3aHHOH C IIOBEPXHOCTHBIM 3arpsa3HEHUEM TPH B3pbIBE (BETep Oy KaK pas C 10ro-
3amaja) B 5,2 KM BBIIIIE €€ YCThsl, aKTUBHOCTH *H ceiiuac npesbiiuaeT (GOHOBBINH YPOBEHb
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18 0o 3 pas (mo 17 bx/m). Tombko

516 A

214 Ha PAacCTOSHUH B 8,5 KM BBILIE YCTbHs

512 aktmBHOCTL -H B peke Uykyka

=

£ lg o~ cHmxkaetcs 10 9 bi/n (puc. 3.29).

% g Ha mpaBom 6epery pekn Mapxa,

§ 9 B 500 M K tory OT OOCBOV CKBa)KWHBI,
Lh = = =3 = i B Mpeesiax HEeHapyIIEHHOTO >KHBOTO

Paccrosmne, kM neca (MO/] 5—6 mxP/4, mecramu misiTHA

¢ 8-9 mxP/4) Hamu orpoOOBaHEI BOIBI
0OYaXXMH MO0 TPOPWI0  JUTHHON
okojio 2 kM. Okasajoch, 4TO 31€Ch

Puc. 3.29. Conmepxanue TpuUTHA
B BoJie pekd UyKyKa BBEpX OT YCThs,
PacIoIOKEHHOTO B 4 KM CeBepHEe OT 00bEKTa

3
[15B «KpaToH-3» U IPUHATOTO 32 TOUKY akTMBHOCTH “H MeHsieTcss B BecbMa
0TCc4€Ta PaCCTOSHUS IIUPOKOM  JHama3oHe 5-56  Bk/d4
uc. 3.30).
60 (puc. 3.30)

A1 Takum oOpa3omM, Ha OCHOBE
COOCTBEHHBIX M  OMYOJMKOBaHHBIX

W JAHHBIX IOKa3aHo, uTo oObexT [11B

«Kparon-3» mnpexncraBnsier  coboit

"\
-

a,
(]
=
i
Copepsxanne, Br/xa
= B o= s o
-
L —

E: . A | CIIOXHBIH  PaJHOr€0IKOTOTHUECKHI

o —— OOBEKT, SBJISIONIUICS TOBEPXHOCTHBIM

0 05 10 15 90 95 H MMOI3EMHBIM HCTOYHUKOM
Flacepommac; xa PaIMOAKTHBHOCTH.

1. MOXOBO-JTUITIAfHUKOBBIN CIOH,
JieCHas ~ TOJCTWIKA W TEpBhIE

Puc. 3.30. Conepxanue TpUTHA
(TpeyronbHUKN) B OOYaKMHAX 110 TPOQIITIO

«BOJIOPa3IeN-10JMHa IIPABOro 60pTa CaHTUMCTPBI TyMyCOBOI'O I'OPH30HTA
peku Mapxa B 500 M k 1ory oT o0bekra [151B no4B  —  OCHOBHBIC  JICIIOHCHTBI
«Kpaton-3». KBagpaTiukamMu OTMEUEHBI MOBEPXHOCTHOM aKTUBHOCTH B MpeAesiax
a0COJIOTHBIE BBICOTHI TOUEK MPoOOTOOpa «MEPTBOrO  JIeca» U OoJIBIITHE

conepxannus B Hux *'Cs, *Sr, 23 240py,
28Py Ha ONMDKHEM M CpEIHEM CJeJax TII03BOJIAIOT OTHECTH HUX K TBEPABIM
PaIMOAKTHBHBIM OTXOJIaM.
2. BbIsIBIIEH TIOCTOSHHBIN BOJHBINA NEPEHOC PAIMOHYKIIHMIOB, MPEICTABIECHHBIX
B ocHOBHOM ’St, 1¥7Cs, 238239.240py_ SH, u3 30HBI «MEPTBOIO JIECa» MOBEPXHOCTHHIMH
BOZIOTOKaMH. B yCIOBHSX paBHUHHO-XOJIMUCTOTO pelibedha 13-3a HeOOJIBIINX CKOPOCTEeH
BOJIOTOKOB TIEPEHOC PAIMOHYKIMIOB NPEMMYLIECTBEHHO HAET B IKHUAKOH (ase,
3a MCK/IIOYEHHEM BECEHHHMX IABOJKOB, BO BPEMS KOTOPBIX MEXaHHUYECKHMIM CHOC
uzoronoB Pu u *’Cs cranosurcs snaunmbiv. Cozeprkanust *°Sr, M30TONOB LTy TOHUS
u TpuTus B mpobax pexkn Mapxa u pydns bespimstaroro B 2009 r. HAaMHOTO MEHbIIE
yPOBHEH BMEIIATENLCTBA, TPUHATBIX JUIS TIUTHEBOM BOJBI, OJHAKO Ha 1-3 mopsaka
[PEBBIIAIOT WX COOTBETCTBYIOINME ()OHOBBIE YPOBHM B CHOMPCKHMX peEKax,
kKoTopble Obut oueHeHbl @. B. CyXOpykoBBIM C coaBTOpaMu [3aKOHOMEPHOCTH
pactpenenenus. .., 2004].
3. CMeleHre OTHONIEHNH aKTHBHOCTEH PaJMOHYKIN/IOB TTO3BOJIMJIO BBISIBUTH,
uro juist ¥'Cs, 2*¥Pu xapakrepHa BbICOKas BOJHAS MOBHKHOCTb.
4. TIpOCTPaHCTBEHHOE pAaCIpE/IE/ICHHE COJEPKAHUM TPUTHA U JIPYTHUX
PaJMOHYKINIOB B TPUPOJAHBIX BOJAX padoOHA YKa3blBa€T Ha TO, 4YTO CMBIB
PAJMOHYKJINIOB MAET M3 TOJA3EMHOTO MOTHJILHUKA, PACTIONOKEHHOTO Y YCThs 5OEBOM
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CKB)KHHBI, & TAKIKE IIOCTOSTHHO BMECTE C HAIOPHBIMHE COJICHBIMH TI0/[36MHBIMH BOJIAMHU
Y3 Henp (M3 TOJOCTU B3phIBA) HA MMOBEPXHOCThH BHIXOMAT PaAUOHYKIUABL [Ipu 3TOM
MIpOCaYMBaHNE aKTHBHOCTH M3 Henp HAET: 1) mo ocinabieHHOHN 30HE CTBOJIa 00OCBOM
ckBakuHBI 00bekTa [TB «Kpaton-3» ¢ BEIX0JIOM Ha IOBEPXHOCTD Y YCThS CKBAYKHUHBL,
2) O TPEUMHOBATOM 30HE TEKTOHHYECKOTO Pa3ioMa, MPOTSHKEHHOTO BJIOJIb PYCIIa PEKU
Mapxa, ¢ BBIXOJIOM Ha MOBEPXHOCTh BIIOJIb pycia PeKd U psagoM ¢ oobekToM [151B
«Kparon-3», a Takxke Ha ynaleHWH J0 3 KM OT Hero. [IpocaunBaHWe aKTUBHOCTH
W3 HEJp, BO3MOXKHO, HAET U JOoJMHE pekd Uykyka — JIeBOrO MPUTOKa peku Mapxa,
B 4 KM HWXeE 110 TeueHUo oT o0bekTa [IB «KpaTon-3», MOCKOIbKY B HEH MOBBIIICHO
coJiepKaHue TPUTHSA B 3,5 pa3a Mo CPaBHEHUIO C MECTHBIM (DOHOBBIM YPOBHEM.

2.5. Tpumuii ¢ nosepxnocmuwvix 600ax CpeonedomyoduncKkozo
HegmezazoKoHOEHCamHnoz20 mecmopodicoenus (paiion cemu I1B)

Ha  Cpenne0oTyOOMHCKOM  He()TEra3oKOHJACHCATHOM  MECTOPOXKICHUHU
(CBHI'KM), trie B HamyM JHYA yBENWYHUBAIOIIAMUCS TeMIIaMHd WAET No0bYa HedTH,
B mepuon ¢ 1976 mo 1987 rr. ObpuI0 IPOBENEHO MIECTh MOI3EMHBIX SIIEPHBIX B3PHIBOB
JUIsl ycuiieHHs HeTeoTaaun M MPUTOKOB ra3a, OJUH B3PHIB B COJICHOCHOM ILIACTE —
JUIS CO3JaHUA TTOJ3EMHOM EMKOCTH JUIsl XpaHEHUs! YTIIEBOOPOJIOB.

Henpto mccnemoBanuss B 2010 1. ObIIa OIEHKA COBPEMEHHOTO COCTOSHHSA
Ie0TEXHOI'€HHBIX CHCTEM «II0JIOCTh B3phiBa [ISIB — reonoruueckast cpena» B npenenax
CBHI'’KM Ha ocHOBe MOJyYeHHBIX Pai03KOI€OXUMHUYECKUX JaHHBIX.

OTH B3pBIBHI clielipUyecKre, CBsI3aHHbIC C IIACTOBBIMH (PIIOMIaMU B YCIOBHUAX
MHOTOJIETHEH MEp3J0Thl, KpOME TOro, pelajgack 3ajada CoO3MaHUs EMKOCTH
B COJICHOCHBIX nopoaax. IIpeacrasienue o Tom, uto [151B, nmpon3BenéHHblii B TaTHOM
PEeKUME «IIPH PaBUIBHO COCTABJICHHBIX MPOEKTaX M KaU€CTBEHHOM HMX BBIITOJHEHHH. . .
MpenCcTaBiIsieT He OOJNBIIYI0 TOTEHIMAJIbHYI0 OMAacHOCTh, YeM HCIIOJIb30BaHUE
B HApPOJHOM XO3SICTBE M30TOIHBIX MPOOOPOB U AEATEILHOCTh ATOMHBIX OOBEKTOB —
ADC u 3aBonoB no pereHepanun tormea ADCy» [Kpusoxarckuii, 1982], cunrtaercs
HEOIPaBJaHHO ONITUMUCTHYHBIM M HYX/IaeTcs B IalbHEHIeH BepuduKaIum.

Kpamxas xapaxmepucmuxa eeonoeuueckoii cpedvt CEHI'KM. MecTtopoxaeHue
B TeoMOp(OJIOTHYECKOM OTHOLICHWU PAacIojiokeHOo B mpenenax JleHo-Bumoiickoil
paBauHBl CpenHe-CuOUpCKOro IJIOCKOTophbs, B Mexaypeube pek JleHsl u Bumros
(puc. 3.31, A).

B paiione pasButbel JaHmWAQTHEl CcpeqHEH TalrH, MPEUMYIIECTBEHHO
3ab0s104eHHbIe, TMCTBeHHUIIa KasHaepa — noMuHUpyomas ApeBecHast paCTUTEIbHOCTh
B YCIOBUSX PpaclpOCTpaHEHMs CIUIOUIHOM MHOTOJIeTHeH Mep3ioTel. Penbed
npeacTaBisieT co00¥ BCXOJIMIICHHYIO PaBHUHY BbIcOTOM 340—370 abc. M, peuHoii Bpe3
coctaBisieT 40—70 M. JIoTWHBI peK — MIUPOKUE C TTOJOTUMH CKIIOHAMH U ¢ OOIITHMPHBIMHU
3200JI04€HHBIMH TTOWMaMH, B Tpe/ieiax KOTOPBIX pa3BUTa CETh CTApUI] U HEOOJBIINX
o3ep. OcHoBHBIM BogoTokoM paiiona CBHI'KM sBnsercst peka Ynaxan-boryoOyiia
U ee npaBbie TpUToKu: peku Tanracnut, Kyaymax u Tac-lOpsx (puc. 3.31, b).

B reonornueckom otnomenun CbHI'’KM pacnonaraercs B npenenax Hemncko-
BoryoOunckoil anTeknu3bsl Ha tore CHOMpPCKOH TaTdopMbl HA yYacTKe IUIOMIAIbIO
mpumepHo 20x100 kM, BBITAHYyTOM B CyOMEpHIMOHAIBLHOM HAlpaBICHUU
(puc. 3.31, F). B paiioHe pa3BUTHI JU3BbIOHKTHBHBIE HAPYIIEHUS COPOCOBO-B30POCOBOTO
TUIIA C aMIUTUTYAaMu niepemMenieHnit 10 40 M u 6osiee, B OCHOBHOM CEBEPO-BOCTOYHOTO
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npoctupanusi, 1 noromy CBHI'KM mnpencrasnsier coboii kynmucooOpaszHylo TOpCT-
AHTUKIIMHATG Tu1aTGopMeHHoro Trma. OTI0KEHHS BEH/1a IEPEKPHIBAIOT KPUCTALTIYECKIIN
(yHIaMEHT, KOTOpBIE Y TOAOIIBHI MPEJCTABICHB TEPPUTEHHBIMH TpPaBEJHTaMHU,
MecYaHUKaMyd KYpCOBCKOH CBUTBI MOHIHOCTBIO 10 150 M, THepexoisiiuMH BbILIC
o paspe3y B OoJiee MEIKOOOIOMOYHBIE Pa3HOCTH, 3aT€M B OOBIYHBIE MEITKOBOIHBIE
MOPCKHE OTIIOKECHHUS — JTOJIOMHUTBI, JOTOMHUT-aHTHAPUTHI (puc. 3.32).
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Puc. 3.31. Kapra-cxema paitona uccienoanusi: / — pa3inomsr;, 2 — o0bexTsl [15B;
3 — touka 0TOOpa NMPod MOBEPXHOCTHHIX BOJX (M €ro HOMep); 4 — OypOBbIE CKBa)KUHEI

leonmoruueckas cpega pailoHa B OCHOBHOM TMPEACTAaBICHA BEHICKUMU
U HUKHEKEMOPHUHCKAMHU OTIIOXXCHISIMHU MEIKOBOJHOTO MOpsSI OOIIEedl MOITHOCTHIO
npuMepHo 2000 M: TOJTOMUTHL U UX TJIMHUCTBIC U aHTUAPUTU3UPOBAHHBIE PA3HOCTH,
peo0IaIaroIie B pa3pese, MepeMexKaroTCs IACTaMH KaMEHHBIX COJIeH. Y MOBEPXHOCTH
3eMIT KeMOPHIHCKHE OTI0KEHHS TIEPEKPHIBAET MPEPHIBUCTHIN CIOH IOPCKHUX TEPPUTEHHBIX
OTIIOKEHUH MOIHOCTEI0O OT 0 10 40 M W YETBEPTUYHBIC OTJIOKCHUS, HMMECIOIIIHEC
OTPaHUYEHHOE PACIPOCTPAHEHHUE U B OCHOBHOM MPUYPOUEHHBIE K TOHMKEHHBIM Y4aCTKaM
penbeda — A0IMHAM BOJIOTOKOB, MX MOIIHOCTh MAKCHMaJIbHO AOCTHraeT 14 M.
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B nepmb-TpracoBoe BpeMsi ObIJIO OJHOAKTHOE BHEIPEHUE TPAIIOBOW HHTPY3HUH,
KoTOpoe chopMHUPOBaIO0 B KEMOPHUHCKHX MOPOAAX IIACTOBOE TEJIO TONIMUHON OT 42
o 177 M, cTynmeH4aTo MOJHUMAIOIIEECs ¢ 3alaja Ha BOCTOK IO pa3pesy: C IIIyOWHBI
npumepno 1200 M B 3amagHoii wact Ao 550 M TayOMHBI B BOCTOYHOW YacTu
MecTopokaeHus. 10 MHTEHCHMBHOMY IOIVIOIIEHHIO OYpOBOIO PacTBOPA BBIABICHO,
YTO KOHTAKTHBIE 30HBI TPAIIIIOB UMEIOT BBICOKYIO TPEIIMHOBATOCTh. B reonornueckom
paspese y o6bexToB [15B Tpanmsl pacnonaratorcsi B KpoBiie IOPETHHCKUX KapOOHATOB
HWKHero kemOpus Ha rayoune 1100—1200 m (puc. 3.32).

B reosorudeckoii cpeie BBIACICHO IATH BOJAOHOCHBIX KOMIUIEKCOB (puc. 3.32)
[Hedrerazosas runponorus..., 1984, Boxos, 1987, Aurudepos, 1989]:

I — Benackwuii TeppureHsslii Ha TayouHe 1850—-1930 M ¢ macToBbIM JaBICHUEM
14 MIlla, yto Ha 4-5 Mlla HWKE HOPMAIBHOTO THAPOCTATHIECCKOrO (BCETO
209 3amepoB);

I — Benackmii kapOoHaTHeIW Ha TayOomHe 1830-1890 M ¢ mactoBeIM
naBneHueM 14—16 Mlla, yto no 2,5 Mlla Huxke HOPMAIBHOIO THAPOCTATHYECKOLO;

I — HMwXHEKEMOPHIICKHIA TTIOICOTIeBON KapOOHATHBIN Ha ryonHe 1420—-1530 M
C BBICOKUM ILJIACTOBBIM JABJICHHEM, MTPEBBIMIAIOIINM HOPMaIbHOE THIPOCTATHUECKOE
Ha 1-1,5 MIla, makcumanbho g0 32 MIla (55 3amepoB);

IV — amxuaexkeMOpuiickuii MexcomneBoii Ha riryoure ¢ 500 go 1400 M, ¢ Gr3KuM
K HOpMaJbHOMY THIPOCTATHYECKOMY HIIM TOBBIIIEHHBIM ILIACTOBBIM JIABICHHEM
(7 3amepoB);

V — HmxHeKeMOpHUIICKI HaziconeBoi Oe3HamopHBIH Ha TmyOmHe oT 100
10 400 M nHGUIBTpanmoHHOTO THMA (13 3aMepoB).

Hus I, 11 u Il BOJOHOCHBIX KOMIUIEKCOB XapaKTEPHBI METaMOP(HU30BAHHBIC
XJIOpUJIHBIE HATPHUH-KaIbIEBbIE paccolibl ¢ MuHepanu3anueii 350—450 r/n. [debur
ckBaxxud u3 | u Il BomoHOCHBIX KOMIUIEKCOB m3MeHsuica oT 5—10 mo 50-80 M3/cyT
npu guHamudeckoM yposre 1200-1500 M, aus [11 — 1-2 m¥/cyT npu auramuveckom
ypoBHe 1000-1200 m. Ecnu mopacosneBsle BomoHOCHbIe KomIuiekehl (I-11I) n3ydens:
JOCTATOYHO MOAPOOHO B CBSI3U C MPUYPOUYECHHOCTHIO K HUM MPOAYKTUBHBIX IIACTOB
MECTOpOXAeHus, To IV u V BOZOHOCHBIE KOMIUIEKCH U3Y4YEHbI O4EHb CJ1a0o0.

Envanunble  gaHHBIE  YKa3bIBAIOT Ha  OJIOKOBOE  paclpoCTpaHEHHUE
IV MexconeBoro BOJOHOCHOTO KOMILIEKCa C OOJBIIUM JHANa30HOM H3MEHEHHUS
IUTACTOBBIX JABJIEHUH W BOJOOOMJIBHOCTH B OTHENBHBIX OJIOKAaX, HA OCHOBE KOTOPBIX
C/IeNIaHO 3aKJII0YeHHe O HU3KOH PaccolOOOMIIBHOCTH KOMILIEKCA C XapaKTepPHBIMHU
JUIE HETrO XJIOPHIHBIMH HATPUEBBIMH paccoiaMu ¢ MHUHepanm3anued mpo 100 r/n
[Anexcees, 2009].

Puc. 3.32. JIutonorndyeckas KOJOHKA LeHTpabHON 9acTH CpeaHeb0TyoOMHCKOTO
HeTEera3oKOHAEHCATHOTO MECTOPOXKACHHS (C YPOBHAMHU PAaCIPOCTPAHEHHS MOI3EMHBIX
BOJIOHOCHBIX TOPH30HTOB): / — W3BECTHSKH; 2 — JIOJOMHTHI; 3 — TIIMHUCTBIE IOJIOMHTHI;
4 — NOJNIOMUT-aHTUJPUTBL; 5 — TPABEIUTHI; 6 — NECUaHUKH, IECKH; 7/ — MEpreiy;

8 — aprunnuTsl; 9 — naacTel KaMeHHOU couny; /() — NpOyKTHBHBII MIACT;

1] — KxpucTajuIn4ecKue Nopoasl GyHAaMEHTa: TPAHUTBI M THEHCHI; /2 — Tpanmbl epMb-
TPHUAcOBOTO BpeMeHH; /3 — I10/13eMHbIe BOJJOHOCHBIE TOpU30HTHI: I, Il — HIbKHEKeMOpHicKuit
HaJl- U MEXCOJIEBOI COOTBETCTBEHHO, 111 — HIKHEKeMOpHICKHit 0/c0NIeBOi KapOOHATHBIH,
IV — Benackuit kapOOHATHBIHN, V — BEHICKHUHA TEPPUTCHHBIH; /4 — MECTONOJIOXKECHNE
[T4B B reomorndeckom paszpese (6 B3psIBoB Ha riryonHe ~ 1500 M B mpenenax
KapOOHATHBIX MTOPOJT COKYKAaHCKOH CBUTHI HIDKHETO KeMOpHs, 1 B3phIB Ha riryOuHe 8§15 M
B COJISTHOM IIJIACTE TOJIOOYAHCKOM CBUTHI HIPKHETO KEMOPHS)
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HanconeBoit V BOJOHOCHBII KOMITIEKC COAEP>KUT MOJA3EMHBIE BOJABI Pa3HOTO
coCTaBa: OT MPECHBIX THAPOKAPOOHATHHIX KAJIBIHEBBIX, KaJIbIIMEBO-MAarHUEBBIX BOJ
¢ muHepam3arueit 0,5—1 /11 10 XJTOPUIHBIX HATPHUEBBIX PACCOJIOB ¢ MUHEPATN3AIHCH
1o 300 r/m, B pactipoCTpaHEHHH CHOPAJAHYECKUX BOJOHOCHBIX TOPU30HTOB OOJBIIYIO
poab urpaer KpuoiuTo3oHa. OcoOEHHOCTBIO BOAOHOCHOTO KOMILIEKCA SIBISETCS
coJiepKaHUe B HUX OOJIBIIIOTO KOJMYECTBA cepoBoiopoa [AHudepos, 2004].

Brigensiorcss 1Ba OCHOBHBIX NPOAYKTUBHBIX TOPH30HTA: OCHHCKHA —
y kpoeinu Il BooHOCHOTO TOPH30HTA B HMYKHEKEMOPHICKIX MOPHUCTO-KaBEPHO3HBIX
U TPEIIMHOBATHIX U3BECTHIKAX U JOJIOMHUTAX C MPOCIOSMHU apTUNIUTOB COKYKAHCKOM
CBUTHI Ha TyOonHe npumepHo 1500 M u 60oTyoOuHCKUIT — B KpoBie | BogoHOCHOTO
KOMIUIEKCA B BEH/ICKUX ITECYaHNKaX KYPCOBCKOW CBHUTHI Ha TIyOHMHE MPUOIUZUTENHHO
18501900 m.

Bonpoc mnpuuuHbl pa3BUTHS AHOMAJIbHO HM3KHX IJIACTOBBIX JaBieHUN B I
u II Bernckux BomoHocHBIX kKoMiuiekcax CBHI'KM ocrtaercst oTkpsiThIM. [1o MHEHHIO
psana aBropoB [AxoBues, Cemame, 1982, Boxos, 1987, Kapues u np., 1989], yxon
paccoioB MO TpemHaM B (yHIaMEHT MiIaTGopMbl, BEpPOSITHEE BCETO, NPHUBEI
K 00pa3oBaHHIO JAETNPECCHOHHONW BojoHamopHoi cuctembl. Hempa CBHI'KM
Ha YpPOBHE BEHJICKUX BOJOHOCHBIX KOMILJIEKCOB KaK HEJb3sl XOpOIIO MOAXOMST
st 3axoponenus PAO maxe npu yCIIOBUM OJHOBPEMEHHOM A0OBIYHM HE(TEIIPOIYKTOB
13 TPUYPOYCHHOTO K 3THM TOPHU30HTAM OOTYOOWHCKOTO MPOIYKTUBHOTO ILTACTa
[AGyxoBa, SkoBnes, 2008; AGykoBa u np., 2011].

Kpamxas xapaxmepucmuxa mexnoeeneza na meppumopuu CEHI'KM. C 1976
o 1987 rr. na teppuropru CpenHeOOTYOOMHCKOTO MECTOPOXKIICHHSI OBLIO MPOBEACHO
CeMb IMOA3EMHBIX SAEPHBIX B3pbIBOB. lllecTh B3pBIBOB, KaXKIblil MOIIHOCTBIO B 15 KT
B TPOTHJIOBOM »JKBHBAJIEHTE, OBUIM TPOBEACHBI Ha TIyOmHe mpumepHo 1500 M,
B TJIMHUCTBIX JIOJJOMHUTAaXx COKYKaHCKOW CBUTHI, B mpenenax III moxaconeBoro
BOJIOHOCHOTO KOMIUIEKCa, JUIsl TOBBIMICHHUsS] He(Te- M Ta30MPUTOKOB W3 OCHHCKOTO
MPOJYKTHBHOTO TUIACTAa, PAa3BUTOIO y KPOBJIHM JAaHHOTO BOJIOHOCHOTO KOMILIEKCA
(puc. 3.32). Cempmoii B3peiB «HeBa-4» momHuocTth0 3,2 kr TE ObIT mpoBenén
Ha TinyOuHe 815 M B CONIIHOM IUIacTe TOJIOOYAHCKOW CBUTBHI HUXKHETO KeMmOpus
JUIL CO3JIaHMsI EMKOCTH — XpaHWJHIIa HepTenpoayKToB. Ha MpOMBIIIIEHHBIX
mIomaakax, 3a uckiaodenuem «Hesa-4», Ha pacctosHun npumepHo 100 M apyr
OT npyra OBUIO TIOATOTOBJIEHO IO JBE CKBaXHUHBI: OoeBas MpeaHa3HAYaIach
JUTS 3aKJIa/IKH 3apAIHOTO YCTPOICTBA M MOCIEAYIOIIEro B3phiBa, BTOpast CKBaKMHA —
pasBemounas. CKBaXWHBI BCKOpE IOCIE B3PBIBOB BCKPBHIBAUINCH ISl HAOIOACHUM
Y UCTIBITATEILHBIX paboT.

K HacrosimemMy BpeMEHM HAKOIUIGH KaK OOIIMPHBIA 3KCIIEPUMEHTATbHBIN
MaTepuan, TaKk W DPa3BUTHl TEOPETUYECKHE MOJEIH, [O3BOJISIONINE OMPEIEUTh
pasMepbl MeXaHW4ecKoro BozxaeicTBus [ISIB Ha BMemaromue mopoasl [AmyIIKHH,
CrouBak, 2007]. C mOMOIIBIO BKCIEPUMEHTAIBHBIX (OPMYJI OLEHEHBI 30HBI
MEXaHWYECKOTO BO3JEHCTBHA B3pBIBOB HAa BMEUIAIOIIYI0 TIEOJIOTHYECKYIO Cpemy.
[IpuBenenHbIe TTyOMHBI 3aJI0XKEHHS 3apAAoB i mectu [151B

Hyp = H/E'™ = 1500 M/15'3 k1! = 608 m/kT'"”?
W ISt

Hyp = 815/3,2"3 k1! = 553 m/kr!"?
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o0ecreynBaid TUMHYHBIN KaMyQJeTHbIH B3pbIB. HecMOTps Ha TO, YTO IIEMEHTHBIE
MPOOKK CKBaKWH OBUIM TOATOTOBJIECHBI JJIS KaKIOTO B3PHIBA M0 MHIWBUIYATBHOMN
cXeMe, BCE B3PBIBEI OBUIM TIPOBEACHBHI B INTAaTHOM peXume, 0Oe3 BHIXOIa
pPannoakTUBHOCTH Ha MOBEPXHOCTH. Pazmep monoctu (e€ 00bEM MITH paguyc) SBISIETCS
OTHUM W3 OCHOBHBIX XapaKTEPHCTHUK AECWCTBUS TOJ3EMHOTO SAEPHOTO B3PHIBA.
J1s o1nieHOK pa3MepoB IOJIOCTH BOCIONB30BATUCH (hopmymoii Pogmonosa [AGykoBa,
Sxoenes, 2008] mpu ycIOBMHU MPEBBILICHUs] MPOYHOCTH MOpoxa Ha cxarue o+ (Ila)
Hal miacToBeM nasinenueM pgH (Ila): o+ > pgH, Tie p — IIIOTHOCTH NMOPOJ, I/cM>;
g— 9,8 m/c*; H— riry6Ouna, M.

OGopmyna [AnymkuH, Crouak, 2007] mpaBuibHO HepenaéT 3aBUCUMOCTH
paaunyca MOJOCTH OT CBOMCTB IpyHTa: OT MPOYHOCTH HA CXKAaTHE G+ M aKyCTUYECKOU
xéctkoctu pCy’:

354,6
Rnonocm =E1/3 5 /9 (31)
(pcpccm)]
A€ Ruomoers — paguyc MOJOCTH B3pbIBa, M; E — MOIIHOCTh B3pbiBa, KT TO;

p — IUIOTHOCTh KapOOHATHBIX MOPOJI, I/CM°, HAMH TIPUHSATa paBHoOi 2,38 r/em?, C, —
CKOPOCTB 3BYKa, M/C; Gex (G+) — IPOYHOCTH mopoz Ha cxxartre 1000 xkr/cm? (100 MITa).
Pamuyc momocTu B3psIBOB, 3a rckimoueHneM 1 151B «Hesa-4», cormacHo ¢popmymne
3.1 coctasinsiet ot 25,3 1o 27,9 m mist ckopocta 3ByKa (Cp) ot 5400 mo 3500 m/c.
Pagmnyc 30HBI ApoOneHUs Rypos, paBHBIA 54—66 M ans mectu [15B, noxydaem
o opmyne [Anymkun, Cnusak, 2007]:

13

2
=R PG,

JIpob TIONIOCTH 4
(o

(3.2)

Panuyc 3o0HBl TpemuHoOBaTOCTH, paBHBIA 104-126 M, mnsa mectu II51B
(3a uckimouenuem «Hepa-4») onienex o gopmysie [Adykosa, Axories, 2008]:

R

12

(9
R =R | —— 3.3
A ﬂp06 2(CSUTKOJ'I + ng) ( )

I'Z1€ Gorwon — IIPOUYHOCTH MTOPO HA OTKOJI MJIM PACTSKEHUE, B PACCMaTPUBAEMOM CITydae
pasna 100 kr/cm? (nmu 10 MIla).

OTmeTHM yCIOBHOCTh 3THUX 30H. B peanbHOCTH 3TO 0O3HAYaeT, YTo B ATUX 30HAX
MPOMCXOAUT HApyLIEHHE CIUIOUIHOCTH Cpelbl M BO3HMKHOBEHHE OJIOYHOTO
HEePAPXUYECKOr0 COCTaBa Pa3pylIEHHON T'€0JIOrMYeCKON cpejibl. BbieneHHbIE 30HbI
MEXaHHUYECKOTO pa3pyllieHus, KaK TPaBUIIO, HMEIOT aCHMMETPHYHYI (opMmy,
1 MakCUMaJIbHble N3MEHEHUS] OPUEHTUPOBAHBI B HAIIPABJICHUH OCJIa0JIEHHBIX Y9aCTKOB
B mMaccuBe. B ycioBusx CBHI'KM 0bu10 BO3MOXXKHO NPEUMYIIECTBEHHOE JIBUKEHHUE
(aronIoB TIpHU B3phIBE HE TOJBKO BBEPX K JHEBHOH IMOBEPXHOCTH M B CTOPOHHI,
HO W BHHM3 10 pa3pe3y B | u Il BomoHOCHBIE KOMIIIEKCHI — B CTOPOHY aHOMAJIBHO
HU3KHUX IUIACTOBBIX JAABJICHUH.

BricoTta cronba oOpyuieHust onieHHBaeTcst B 6—8Ruonocrn [AMylikuH, CHUBaK,
2007], 9T0 ¢ y4€TOM MPOIHOCTHBIX CBOMCTB JIOJIOMUTOB W KAMEHHOMW COJIH, 110 HAIIEMY
MHEHHIO, cocTaBisieT oT 152 mo 223 m. Cnexyer OTMETUTH, YTO pa3Mephbl CcTo0a
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0OpyIIECHHS 3aBUCAT OT MHOTHX [TapaMETPOB I'€0JIOTMYECKOM Cpeibl ¥ TEPMOANHAMUKH
MPOAYKTOB B3phiBa. [lo Hammm oreHkam, Ha o0bekTe «HeBa-1» cronb® oOpymeHus
HanOosee OMU3KO IMOAXOAUT K IOJOIIBE TPANIOB — PACCTOSHHE MEXAY HUMHU
coctaBisier okono 80 M, Ha oObekTe «BsTKa» paccTosHHE OT CTONOA OOpYIICHHS
JI0 TPAIOB COCTaBJISIET BCero okojo 120 M, a 1l oCTabHBIX OOBEKTOB MPUMEPHO
or 220 mo 290 M. DTH pacCTOSHUS UMEIOT BaXXHOE 3HAUYCHHE H3-3a MPOOIEeMBI
BEPOSITHOTO BO3HHWKHOBEHHUS MPOBOSIIUX I'€OCTPYKTYP «IIOJIOCTh B3PBIB — CTOJIO
OOpylIeHUsI — KOHTAaKTHBIC 30HBI TpAINOB — TEKTOHUYECKHE pPas3IOMbl —
[IOBEPXHOCTh 3eMJIM» BCIIEICTBUE IPOBEAEHHBIX B3PHIBOB.

Hnsa I181B «Hesa-4», mpoBeA€HHOrO B COJSHOM IUTACTe, JOJDKHBI OBITh
MpUMEHEHBl (OPMYIIbI, YYWTHIBAIOIIME HE YOpPyTHe, a IUIACTHUYECKHUE CBOWCTBA
BMeUIaroIuxX nopoz. I1o HeonmyOImMKoBaHHBIM JaHHBIM MUHHUCTEPCTBA OXPaHbl IPUPOABI
PecrryOmmkm Caxa (SIkyTus), pacuéTHBIA paguyC IMOA3EMHONH EMKOCTH COCTABIISET
npuMepHo 15 M, a ee 06bEM — mpumepHO 9 +2 ThIC. M°.

K coxanenuro, HaM He OOCTyHmHa HMHQOpMAIMS O peajbHbIX pa3Mepax 30H
paspyLeHUs T€0JOTHYECKON Cpebl, MMOMYUYCHHas! MPH MONBITKaX BCKPBHITUS OOEBBIX
ckBakuH. Co BpEMEHHU TPOBEJCHHSI B3PHIBOB J00bIYA YTIIEBOJOPOAOB U3 OCHHCKOTO
MPOJYKTUBHOTO TOPHU30HTa HE Bejdach (3a MCKIIOUEHHEM OIBITHBIX OTKadeK
M3 pa3BeJOYHBIX CKBAKWH, a TAKXKE CIUHCTBEHHOW ONBITHOW OTKAYKW M3 OOCBOMU
ckBaXWHBl 00BekTa «HeBa-3» m o0OpaTHOW 3aKauykW TIIONYYEHHBIX (IIFOHIOB
B MOJI3eMHYT0 EMKOCTh 00bekTa «HeBa-4» B 1989 r.). [lonocts B3peiBa [15B «Hepa-4»
HE HCIOJbh30BaJIaCh MO HAa3HAYEHHIO, COTJIACHO pacuéraM, OHa, BEpOSITHEE BCETO,
oOBaIMIACh H3-32 IJIACTUYHOTO HamjbiBa coliei. [lo KOCBEHHBIM NpU3HAKaM,
MIPUBEIEHHBIM BBIIIE, MOXKEM CYIUTHh O TOM, uTO 3kcrnepuMmenTtsl [15IB na CBHI'KM
HE JIOCTUIJIM CBOEH LM U HE IPUHECIN HAPOJHOXO3SMCTBEHHOTO yCIIeXa.

Bmecte ¢ Tem u3 HmKenexamero OOTyOOMHCKOrO NPOAYKTUBHOIO IIjlacra
C BCE YBEJIIMUHMBAIONIMMUCS 00bEMAMHU OCYIIECTBISETCS J0ObIUa HEPTH C IPUMEHEHHEM
TEXHOJOTMI HarHeTaHUs] BObI, CIEIMAIBHBIX PACTBOPOB Uepe3 KYCThl CKBAaXHH
s uHTeHcH(ukamuu nputokoB  Hedru. [lnomaas  CpemaHeOGOTYOOHMHCKOTO
MECTOPO>KACHUS IMOKPBITA CETHIO U3 98 pa3BeJOYHBIX U JOOBIBAIOIINX CKBAXKHH.

B 1990-e rr. Bo BpeMs MEPBOrO PAJAMOIKOJIOTHIECKOTO 0OCIeMOBaHHS
Ha OypoBbix momazakax o0bekToB [1SIB «HeBa-2» u «lllekcHa» ObUIM BBISBJICHBI
YYaCTKU 3€MJIM IUIOIAAb0 TpuMepHo 30 M’ ¢ MOBBIEHHON PaJMOAKTUBHOCTBIO:
MaKCHUMaJbHBIE MOIIHOCTH 3KCIIO3UIMOHHOM 03Bl Y-U3Iy4YeHHsS COCTaBWIH 65
n 240 MxP/4 cooTBeTCTBeHHO. Pa/noakTHBHBIE Y4aCTKH OOpa30BAINCH B PE3yJIbTaTe
ClIUBAa Ha MOBEPXHOCTb 3arps3HEHHOrO OypOBOro IIjamMa IPH BCKPBITUM OOEBBIX
W pa3BEeIOYHBIX CKBOXHWH TMocie B3phiBOB [Jlammio, 2004]. 3akoHoMepHOE
KOHIIEHTPUYECKOE pacrpeiesieHle IIOTHOCTH TIOTOKOB pajioHa BOKPYT OOEBBIX
ckBakuH 00bekTOB [1SIB «HeBa-1» (ckB. 66) u «Bsitka» (CKB. 43) M03BOJIMIIO CCIAThH
BBIBOA O Pa3BUTHM BOKPYT HHUX KOHIEHTPHUYECKUX OCHAOJICHHBIX NPOHUIAEMBIX
30H [KoBanes, JloxHukos, 2004].

B pesynprare aHanmM3a TreoJIOTMYECKOM CUTyallud aBTOphl [MUKyJEHKO,
bytineutno, 2004, Mukynenko u ap., 2006] cmenmanm 3aKiIIOYEHHE O HEYIadvHOM
pacnionoxxeranu 00bekToB I151B Ha CBHI'KM — psiioM ¢ TEKTOHHYECKUMHU pa3phIBaMH,
aKTUBU3HMPOBABIINMHUCS B COBPEMEHHYIO 310XY. ['aMMa-kapoTak reosloropa3BeJOuHbIX
CKBaKMH, PACIIONIOKEHHBIX Onmm3Kko kK oOwexTam [1SB, BeisiBun mocine I15B cmaGyro
TEHJCHIINIO TOBBIIIEHHS paJHallMOHHOTO (JOHA TOPHBIX TIOPO]] Ha HECKOJIBKO JAECATHIX
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J0JIeil MUKpOPEHTIreH B yac [MukysneHko u ap., 2006], Ha ocHOBaHUM KOTOPOH cAeIaHo
MIPEAIOIOKEHNE O BO3MOYKHOM BBIXOZIE€ PAAHOHYKIUAOB M3 MOJIOCTEH B3PHIBOB H WX
pactpocTpaHeHHH B TE€OJIOTMYECKOW Cpeie, B TOM YHCIIE BCIEICTBHE BO3MOXHOTO
JUHAMHYECKOTO BIHMSHUS 30H TEKTOHMYECKHX pa3pbiBoB. s Oonee yBEpeHHOTO
MOATBEPKAeHMS 3TOTo npeamnonoxkenns K. M. MukyneHnko ykazan Ha HEOOXOTUMOCTh
PaAMOIKOTEOXUMHUYECKOTO H3Y4YeHHA TMOa3eMHBIX (ronmoB paiiora CBHI'KM
(mom3eMHuBIX BOA, HEPTH U Ta30B). [lo cyTH, Hama paboTa SBISETCS MPOIOLKEHHEM
uaen K. U. MukyneHko: myTéM HM3y4deHHs COCTaBa MOBEPXHOCTHBIX BOJA paiioHa
CBHI'KM (moctymsbIX mns TipoOooTOOpa) TOATBEPAUTh WM  OIPOBEPTHYTH
MOCTYIUIGHHE PAAMOHYKIHUIOB M3 IOA3EMHBIX HCTOYHMKOB — mojocteir [11B
B T€OJIOTHYECKYIO Cpey U ajiee — Ha TOBEPXHOCTD 3MITH.

Hamu nccnenoBanmst Ha Tepputopun CpeaHeO0TyOOHHCKOTO MECTOPOXKISHUS
1 PacIoioKeHHbIX TaM 00bekToB [15IB nmpoBoammucs merom 2010 r. B pesynsraTe mx
HU3YUCHUA 6I>IJ'IO BBIABJICHO, 4YTO Ha TCEPPUICHHBIX YCTBCPTHYHLIX U HOPCKUX
MTOICTHITAIOIIUX TTOPOIaX MPU OTCYTCTBUH HACEIICHHS U MPOMBIIIIICHHBIX MIPENPUITAN
B paiioHe (hOpPMHUPYIOTCS MPAKTHYECKU yIbTPANPECHBIE HEUTPAIbHBIE IIOBEPXHOCTHBIC
BOJABI ¢ MUHepanu3anuen ot 14,3 o 98,7 Mr/n ¢ HOpMaIbHOU 0 CIa0OIIEI0YHON
cpensl: pH — ot 6,96 1o 7,46, 10 coctaBy — Cyab(haTHbIE MArHUCBO-KaJIbIIHCBHIC.

Munepanusaiys Boa GOpMUpPYeTCS B OCHOBHOM 3a CUET CylIb(aToB, KATHOHOB
Kajlbyusis WU Mar”Hus. Cepa — OJHH Hu3 TI/IHOMOp(I)HI)IX MAakpO3JIEMEHTOB MECTHBIX
3a00JI04YEHHBIX JIAHAMA(TOB, KOTOpasi, BEPOSTHO, MOCTYIIAET B BUJAE CEPOBOJIOPOIA
Y3 TOACTHJIAIOMIMX TOPOJ W OKHUCISIETCS 0 CYNb(aT-HOHOB B TTOBEPXHOCTHBIX
ycnoBusix. CpemHee cojepkaHue cyiabpaToB B MOBepXHOCTHBHIX Bomax CBHI'KM
coctaBnsier 24,8 mr/nm, Hambonee OoraTel cynbdaTamMyu BOIBI peKd Tamracnur —
B cpenHeM 47,5 mr/i, 6onotucroit peku Kynynax — B cpennem 50,3 mr/i. B ycnoBusx
OBICTpOTO TeueHuss W MeHblneld 3abomoueHHocTH peku Tac-lOpsx komndecTBo
cyabhaToB yMeHbIaercs 10 12,9 mr/i, B peke YiaxaH-boryoOyiia ux cojepkanue eme
MEHbIIIE — BCero ot 6,2 10 7,5 MI/J1, BO3MOXKHO BCJICACTBHE OOJIBIIETO pa30aBiICHUS.
Hecmotps Ha pomMuHHMpoBaHHE Cynb(paToB B aHHOHHOM COCTaBe, IpeobiagaHue
karroHoB Ca*" u Mg?" obecrieunBaeT coXpaHeHHE HEHUTPAIbHONW M CIa0OIIEeTOYHOM
CpeJIbl MOBEPXHOCTHRIX BoAI. CpefiHee coiep kaHrne OCHOBHBIX KATHOHOB B PEYHOMN BOIE
CBHI'KM cocrasser, mr/i: Ca* — 22,6; Mg®" — 6,1, Na* — 3.64; K — 0,19.

[loBepxHOCTHBIE BOABI Ha TPOMBIIUICHHBIX IUIOM@AAKax oOwvekToB I[ISB
OTOMpAITUCh U3 CTAKAHOB JJIsi OYpOBBIX CHapsAOB, aMOapoB — 3ampyll, CO3JaHHBIX
JUIi XpaHeHus: OypoBOTO IIaMa, W3 MAaJEHBKUX pPYYEHKOB H BOJOEMOB —
TEPMOKAPCTOBBIX 03D, Pa3BUTHIX B JIOKOMHAX TOJUTOHAIBHBIX OyrpoB. Bce mpoOb!
¢ wromaaok [15B, 3a uckimouyeHnneM oIHOW MPOOBI U3 03epa y IUIOMAAKH 00bEeKTa
«BsTKa», pE3KO OTINYAIOTCS OT COCTaBa PEYHON BOJBI PailOHA MCCIIEIOBAHUA. DTUM
npobaMm xapakTepHa OoJiee BbICOKasi MUHEpaIU3aLus: MaKCUMallbHasi — OKOJIO 2 T/,
cpeasss — 552 Mr/n 3a cu€r yBenuueHHs] KOHIEHTPALUI XJI0PUI0B HATPHS, KaJlbIHs
W MarHusi MpH IIMPOKOM JiMama3oHe cojepxanusi cynbdartoB. [Ipoba u3 o3epa
Ha monagke oobekTa «BsTKa» Mo cocTaBy MPakTUYECKU UICHTUYHA PEYHOH Bone: e€
MUHEpalu3alys COCTaBJIIeT BCero 58 MI/J, THUI BOA — CyJIb(aTHBIA HaTPHEBO-
KaJIBIIHEBBIA. B OCTaNBHBIX BOAHBIX TIpobax ¢ twiomanok [IAB cpennee comepxanme
KaTHOHOB cocrapiser, Mr/im: Na™ — 107, Ca** — 69, Mg?>" — 20, K — 3.6, uT0
MIPEBBIIIACT MX CPEIHEE COolepKaHue B peuHol Boze B 29, 3, 3, 19 pa3 cooTBETCTBEHHO.
MaxkcuMabHOe COJEpKaHue KaTHOHOB JocThraer, Mr/i Na“ — 346, Ca* — 315,
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Mg?" — 138, K" — 14,9, 4T0 TaksKke NPEBBIIAET CPEHEE COAEPIKAHNE B PEUHOIM BOJIE
B 95, 14, 23, 78 pa3 cOOTBETCTBEHHO.

IToBepxHocTHBIE BoAbl Ha Mmiomankax I[ISIB oTHocATCS K pasHbIM TUIAM
MPECHBIX U COJIOHOBATHIX BOJ, 0COOCHHO T'eTepOTreHHBI MPOObI Ha IUIOMAaKe 00BEKTa
«Oxay. 3mech, BCIICICTBUE HHTCHCUBHOTO TEPMOKapCTa, 00pa30BajICs ITOHTOHAITBHO-
XOJIMUCTHIN  («OalIKapaxoBBIif») MHKpPOpenbed, B CETH JOXKOHMH KOTOPOTO
HabmromaroTcsl HeOoMbIIMe 03EpHa M pyderku. [IpoObl W3 pacloIOKEHHBIX PSIOM
BONOEMOB, KaK OKa3aJioch, CHJIBHO pa3lWYalOTCs MO COCTaBy W OTHOCSTCSA
K COBEPIIIEHHO Pa3HBIM T€OXUMHYECKAM THUTIAM: XJIOPUIHBIM KATbLIUEBBIM, XJIOPHIHBIM
HATPUEBBIM U CYJIb(HaTHO-XJIOPUIAHBIM KAJTBIIUEBBIM U UX TPOMEKYTOUHBIM PA3HOCTSIM.

Kak panee oTmeuanu, MECTHOH T€OJIOTHUECKOH Cpefie MPUCYIIM IMOJ3EMHbIE
paccodsl: 1) XJIopuIHEIe HaTpUEBbIe U3 HA/I- U MEXKCOJIEBOTO BOJOHOCHBIX KOMILIEKCOB;
2) rayO0okoMeTaMOp(U30BaHHBIE XJIOPHUIHBIE KAIBIWEBBIE W HATPHH-KAIBI[UEBBIC
M3 TIOJCOJIEBBHIX BOJOHOCHBIX KoMIUiekcoB [AnekceeB, 2009]. Ilo-Bumumomy,
Mo ocNablieHHBIM 30HaM OOEBhIX M pa3BEJOYHBIX CKBOXKHH Ha IOBEPXHOCTh
MPOCAYMBAIOTCS PACCONBI PA3HOTO COCTaBa W3 pasHBIX TyOmH. WX cMemieHne
C IOBEPXHOCTHBIMH BOAaMH (OpMHpPYET Ha Turomanke oobexTa «Okay HabmogaeMoe
pa3zHooOpa3ne XMMUYEeCKOTO COCTaBa MOBEPXHOCTHBIX BOJI. Hanmiuue B HOBEPXHOCTHBIX
YCIIOBUSIX XJIOPUIHBIX MarHHEBO-KaIbIIMEBHIX, HATPHEBO-KATBIIUEBBIX BOJ| YKA3bIBAET
Ha TOCTOSIHHBIA CBEKHI BBIXOJ] Ha TIOBEPXHOCTH TTYOWHHBIX METaMOp(U30BaHHBIX
PaccoJIOB U3 MOJICOICBOT0 BOJJOHOCHOTO KOMILIEKCA, COACpKAIIMX TpuTHid (puc. 3.33).
XJIOpUIHBIE YHCTO HATPUEBBIC THUITHI TOBEPXHOCTHBIX BOJ YKA3bIBAIOT HA IIPOCAYUBAHHE
PaccoioB U3 MeX- M HaJCOJIEBOTO BOJIOHOCHOTO KOMILIEKCOB, PACTIONOKEHHBIX BBIIIE
B T'€OJIOTHYECKOM paspese.

Bx/a
70
@)
60 - p. Yaaxanu-
y MIISIB Boryooyiia
50 1+“Hfexcna™ 1108
25 QA T.104
N . noc. Tac-FOpsix
30 N . BOHO%OP
20 ~ - ® .109
~ . -— =
o O
10 - y MoCTa
0 L] L] L) L] L]
0 2 4 6 8 10 12
KM

Puc. 3.33. Coneprxanune TpuTHs B Bojie pek YinaxaH-boryoOyita u Tac-lOpsix o mepe
ynanenus ot oobexra [1B «1llexcra» B 2010 r. (Touku or6opa rmpod cM. puc. 3.31)

[Ipo6s1, oToOpanHbIe Ha Iomankax apyrux oovektoB [I51IB CbHI'KM, Taxxe

PAa3JIMYHBI 11O COCTAaBY: NOJHOCTBIO XJIOPUJAHBIC HATPUCBBIC BOAbBI XaPAKTCPHDBI npoGaM
C IUIOIIaaKH o0bekTa «lllekcHa» M U3 cTakaHa JJIsL 6ypOB01"0 CHapsaaa paSBeZ[O‘IHOﬁ
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CKBaXWHBI 00BbekTa «HeBa-3», a Cynb(aTHO-XJIOPHUIHBIC, XJIOPUIHO-CYIb(paTHBIC
KaJIBIIEBBIC — TIPO0aM C IUIOMAJ0K O0BEKTOB «BsATKa» W 9acTH Mpod C IUTOIMIAT0K
00BexToB «Oxa» u «HeBa-3». Munepanuzanus cynbhaTHO-XIOPHIHBIX U XJIOPUIHO-
CyNb(haTHBIX KaJIBIUEBIX BOJ He Oosiee 231 Mr/i, u ipu (OpMUPOBAHIH MaKPOCOCTABOB
3THX THUIIOB BOJ OCHOBHOW TOH 3aJ[al0T, MO-BUIUMOMY, IPECHBIE IMOBEPXHOCTHBIC
cynb(aTHbBIE MarHMeBO-KAalbIIUEBBIE BOJABI, HEXETW TMOA3eMHBIE XIJIOPHIHBIC
HaTpUEBBIC WU KaJIbI[MEBO-HATPUEBBIC PACCOJIBI.

B BogHBIX Ip0o06ax rwiomanok 1B konnenTpanuu: B — no 94 mkr/n (cpenuee
conepxanue — 38), Ba — no 443 mkr/n (cpenanee conaepkanne — 131), 9To BBIIIE UX
CpPeIHMX KOHIIGHTpaImii B peuHor Bome B 9 w 23 pa3a COOTBETCTBEHHO. ITO
TUTIOMOP(HBIC 3JIEMEHTHI MOJI3EMHBIX PACCOJIOB, U TIOTOMY MX BBICOKHE COJCPIKAHUS
B BOAHBIX Mpo0Oax muromanok [11B, Hapsany ¢ xyiopuaamMu HaTpusi, KalbIHUs, MarHus,
OoJiee YeM JIOTHYHEI.

Bricokoe conmepxkanue Fe (mo 20 mr/m), Mn (mo 0,83 mr/m) B BomHBIX Tipobax
CTaKaHOB i1 OYPOBBIX CHApSAOB MOXKHO OOBSICHUTH JIOKaJTbHBIM BIHSHAEM CaMUX
ATUX KEJIE3HBIX KOHCTpYyKIMi. OgHako BbICOKHE coaepkanus Fe (mo 12,1 wmr/m)
1 Mn (0 5,23 Mr/in) B pyueiikax u TEpMOKapCTOBBIX 03epax miomanok 1B mbl Mmoxem
OOBSICHUTH TOJBKO BBIXOJOM IOA3EMHBIX IOTOKOB, HECYIIHUX BEIIECTBO C STHMH
AJIEMEHTaMH W3 TIIyOMHHBIX Y4aCTKOB CKB&KHHHOTO 000pYyIOBaHMSL.

C momompto ICP-AES B BomubIX mpobax mmiomanok [ISB 3adukcnpoBaHsr
METaJIJIbI, COBEPIICHHO YYXKIbIC T'€OXMMHU MECTHBIX TPUPOJHBIX JaHIIa(ToB,
Mkr/n1: Co — 1o 19; Cr — g0 54; Cu— 10 32; Ni — 10 150; Ti — nmo 32; V — g0 30;
Zn — po 57. Hamuuume Cr HE CBOMCTBEHHO ISl TOBEPXHOCTHBIX BOJ paiioHa
pacnpocTpaHeHHS TEPPUTEHHBIX U KapOOHATHBIX OCAJOYHBIX MOpoa. B mpobax Bos
miomanok oobekToB «Hesa-3» u «lllekcHa» yCTaHOBIEHBI BBHICOKHE KOHIICHTPAIIUU
peakux aneMeHToB, Mkr/ii: Be — 1o 1,9; La— o 6,7; Y — 1o 6,6.

[Momzemubie pacconbl oboramenst Li, Sr, Rb, K, J, Br, B, Mn, Ca, Mn
[Antudepos, 1989, 2004], u BISBICHHBINA B MOBEPXHOCTHBIX BOZAax Iomiaaok [151B
KOMIUIEKC PEIKAX OJJIEMEHTOB WM METAJUIOB HE COBIAJAET C BHIMIEHPUBEIEHHON
TeOXMMHUYECKON TPYIIION 3JIEMEHTOB, CBS3aHHBIX C paccosiaMu. [lo HamemMy MHEHUIO,
Co, Cr, Cu, Ni, Ti, V, Zn, Be, La, Y B moBepXHOCTHBIX Bojax 1uiomazok [151B umeror
TEXHOT'CHHOE TPOUCXOXKICHUE M SIBJIIOTCS OCTaTKaMHM OOOPYIOBaHHUS, MaTEpUAJIOB
1, BO3MOYKHO, TIPOJTYKTOB B3PBIBA, BLIHOCUMBIX TTO[3¢MHBIMH TIOTOKaMH Ha TTOBEPXHOCTh
1o ocnalieHHON 30He BOKpYr O0oeBoii ckBakuHbl. B peunoit Boge CBHI'KM penkue
anemeHTl — La, Y, Be, Ni, Co, V, Cr — Hamu He O0OHapy>KEHBI, UX COJCPKaHUS
B PEYHON BOJIE HWXKE INPEACIOB OOHAPYKEHUS, TOCKOJBKY y HHX OYEHb HH3Kas
CIOCOOHOCTh K BOJHON MHTPAIH, B HOPMAIBHBIX OKHUCIUTEIBHBIX YCIOBUSX OHH
OBICTPO OCAXKIAIOTCS B BUEC KOMIUIEKCHBIX TUAPOKCHIHBIX COCTMHCHHM.

C nomompio ICP-MS BBISIBIEHO, UTO B MOBEPXHOCTHBIX BOJAX IUIOLIAZOK
[151B nabmogarorcst pe3kue ckauku cogepxxkanust U B 20 pa3 — no 1,8 MKr/n npu ero
CpeIHEM COJIepKaHUM B PEYHOHM Boje paiiona npubmusutenbHo 0,09 mir/m. Boga
B TEPMOKAPCTOBOM BOIOEME miomaaku o0obekTa «lllexcnay oboramena nzoromnom >5U
MpU BaJOBOW KOHIEHTpanuu ypaHa B 0,94 MKI/n, 9TO NpHBENO K CMEIICHHIO
u30TONHOro cootHomenus >%U/A°U ¢ oObyHOro, mnpupomHoro — 137,88,
no 128. [lo HamieMy MHEHHIO, TaHHOE SBJICHHE OOYCIIOBIEHO BBIXOJIOM (IIFOHIOB
13 TIOJIOCTH B3PBIBA, T/I€ CPEIU OCOOBIX SACPHBIX OTXOJIOB BIIOJIHE JIOTUYHO OXHIIATh
HaJIMYUe OPYKEHHOTo ypaHa-235, U mpocauyMBaHUEM HA MOBEPXHOCTH 3€MJIM BMECTE
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C HANOpHBIMH MOJ3EMHBIMH paccoJiaMd MO oclabJIeHHOW 30He BOKpYr OoeBOM
CKBa)KMHBI.

@DopMbl HaXOXKICHHUS TPUTHUS B IOJOCTH B3pbIBA HE OCBEIICHBI B OTKPBITOH
nevyatd. B MOBEpXHOCTHBIX YCIOBHUAX TPUTHI HAXOIUTCS MPEUMYILECTBEHHO B BHUJE
MOJIEKYJIbI BOJBI '"H*HO [Puxsanos, 2009]. ®opma ero HaxOXKJICHHS B BUAE BOIBI
00yCIIOBIMBAET €ro BBICOKYIO IOABHXHOCTb M BO3MOXHOCTb €I0 HCIIOJIb30BaHHUS
B Kau€CTBE HHANKATOPa BOAHOT'O IEPEHOCA TEXHOT'C€HHBIX PAAUOHYKIUIOB U3 ITOJOCTEeH
B3peiBOB [ISIB. B xone HammxX paguod’KOJIOTUYECKUX HCCIeIOBaHUNH OOBEKTOB
IIIB ocoboe BHUMaHHE MPHUAABAIOCH HMEHHO TPUTHIO, YTO NIaXKE BBEICHO ITOHATHE
TPUTUEBON CBHEMKH, KOTOpas BKJIIOYAET MAacCOBBI OTOOp HpoO MNPHUPOTHBIX BOA
JUIS OTIPEACTIEHUS B HUX COJIEP)KaHUS TPUTHSL.

C MOMOIIBIO KUIKOCTHO-CUUHTHIUIIIUOHHOMN CIIEKTPOMETPHH B BOAHBIX MTPo0Oax
2010 . OBUTO BBIABIEHO, YTO HE TOJBKO MOBEPXHOCTHBIE BOJBI Ha Imiomankax [1AB,
HO W TIpaKTUYecKH Bcs peuyHas Boja paitoHa CBHI'KM otnuganuch BBICOKHM
cojiepkaHueM TpuTus. CpenHss aKTHMBHOCTh TPUTHS B TOBEPXHOCTHBIX BOJAxX
CBHI'KM cocragnset 51,1 br/in. B Bogapix npobax miomanok [TB tputust 6osnbie:
€ro MaKCHMalibHasl aKTUBHOCTH cocTaBmia 170 Bbk/m B mpobe m3 crakaHa OOEBO
ckBaXuHBl 42 Ha uomanke oObekra [ISIB «Oka», uto B 34 pasa mpeBbIIacT
r100anpHBIN (DOH TPUTHSA B MMOBEPXHOCTHBIX BOJIAX, OIIEHWBAEMBI MPUMEPHO B 5 BK/1
B Havaze 2000 r. [PuxBanos, 2009]. B TepMoKapcTOBBIX BOJOEMAX TUIOMAIAKH O0BEKTa
«Oxka» Tarxke ObUIN BBISIBJICHA MMOBBIIICHHAsI aKTUBHOCTD TpUTHA — 110 50 BK/m.

BrIcokne KOHUEHTpaluu TPUTHS HE TOJBKO B BOJE OypOBBIX IUIOIIAJIOK,
HO W B LIEJOM BO Bcex BoaoTokax parona CBHI'KM, mno-BuauMomy, yKas3bIBarOT
Ha BBIXOJ] TEXHOI'€HHBIX PAJAHOHYKINAOB U3 mosiocTell B3pbIBoB IISIB — 1 He TonbKO
Yepe3 ocinablieHHbIE 30HBI BOKPYT OOEBBIX CKB)XXKHMH, HO ¥ 110 30HAM TEKTOHUYECKUX
Pa3IOMOB, MIUPOKO Pa3BUTHIX B paiione (cm. puc. 3.31).

B peuHoii Bozie Takxke uzydanu conepxanue uzoronos Pu u *°Sr. Coneprxanue
paauocTponius cocraBwio ot 0,006 bk/n, makcumansHoe — mgo 0,057 Bx/i, uto
MPEBBIIIACT PETUOHAILHBIN (DOHOBBIN yPOBEHB MOYTH HA MOPSIOK. PernonansHbii hoH
%Sr B OBEPXHOCTHBIX BOJax Oacceiina pek O6» — Teua B 2004-2005 rr. cocTasisii
0,005 Bx/n [Kpeimes, Ca3bikuna, 2009].

B peke Toanracnut, Hmke 1o TedeHuto ot oOwvektoB [ISAB «Hea-2,3,4»,
npuMepHo B 1 kM, kornenrpanun **?*Pu cocrapmsior 4,5-10°4, 2¥Pu — 6,310 Bk/1.
ITo mepe ymanenus ot obobekra [1B «lllekcHa» KOHIIEHTpaIMU PaguOHYKIUIOB,
3a UCKJIIOUEHHEM PaJHOCTPOHIINS, CHIKatoTes: B peke Tac-FOpsx, psgom ¢ 00beKTOM
[lekcna (1. 104), Tputns — 45 Br/x, 2°2*Pu — 6,4-10* Bx/11, 2**Pu — 9,1-10~* Bx/11,
a B 7,5 kM HmXxe 1o TeyeHuto, y noc. Tac-lOpsx (1. 109), Ha yyacTke TUTHEBOIO
BOJ03a00pa, OHM CHWXAIOTCA TpUMEpPHO B 2, 4 W 4 pa3a COOTBETCTBEHHO.
[To umeromuMcs pe3yjbTaTaM 3KCrepuMeHToB [Migration of plutonium..., 1999],
n3zoronsl Pu, HECMOTps Ha CBOIO HH3KYIO CIIOCOOHOCTb IMEPEXOJUTH B PAacTBOD,
CIIOCOOHBI K BOJHOW MHUTpalliil Ha [albHUE pPACCTOSHHUA: OKAa3bIBACTCS, OHH
MIPENMYIIECTBEHHO OCENAI0T Ha MEJIKOAWCIIEPCHBIX YacTHIaX, 00pa3yloT KOJUIOUIBI
U B TAKOM BHJIE MIEPEHOCATCS MMOA3EMHBIMU M TOBEPXHOCTHBIMU BOJHBIMU IIOTOKaMH.

HecmoTpst Ha TO, 4TO pacxo caMoi KpyIIHOH B paiioHe pexu Y naxaH-boTyoOyiia
MIPEBBIIIAET PACXOJIBI IPYTHX BOJIOTOKOB (€€ ke COOCTBEHHBIX NMPHUTOKOB) B JAECATKU
u Oomnee pa3, B Hel (cM. puc. 3.32, T. 108) coxpaHSrOTCS (M Haxe yBEITUIUBAIOTCS)
YPOBHH COJIEPYKAHHUSI TEXHOTEHHBIX PaIUOHYKIHI0B, Br/it: *H — 66; #*2Pu — 51-10%
28py — 1,4-107. SIscTBeHHO HabmoOmaeTcs orcyrcTBre dddekra pasbasnenus. [Ipoba
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oroOpana B 4,3 kM BblIe YCThbsl peku Tac-FOpsx, Tak 4YTO paauOHYKIUABI CIO/A
HE MOTJIA TIOTIACTh BMECTE C IMOBEPXHOCTHBIM CTOKOM pekn Tac-FOpsx. Mctournkom
TEXHOTCHHBIX DPaJUOHYKIHIOB B peKy Yiaxan-boTyoOyifa MoxkeT OBITh IMOJIOCTH
B3pbiBa «lllekcHay», kak u nmonoctu Apyrux [ISIB paiiona, npu HanMU4YMM MOA3EMHOTO
TIOJIBO/IAIIIETO IPOBOTHHKA, HATIPUMED, TIPY MPOCAUYUBAHNH PATHOHYKITHIOB C HATOPHBIMA
MTOI3€MHBIMH BOJAMH I10 TPEIIMHOBATHIM 30HAM TEKTOHHYECKHAX Pa3jIOMOB.
[NosiBnenune Bbicokoro conepxanus Tpuths B 108 Bx/11 B pyube Ha BEpXOBBE peKn
Taenracout, B 3,5 KM BEIIIE IO TEUECHHIO OT 00BeKTOB IISIB, MBI Takike HE MOXKEM
OOBSICHUTH MOCTYIUIEHHEM PAJHOHYKIHIOB IO MPHUCKBAKWHHOW OCIAOIEeHHOW 30HE
(mockobKy 371ech HeT 00bekToB [1S1B) Mian mpuBHOCOM MOBEPXHOCTHBIMH CTOKaMH
pexu (TIOCKOJIBKY MOJIyYaeTcsl MPOTUB TEUEHHs), €CJIM TOJIBKO HE AOMYCTHTh BapHaHT
MPOCAYMBAHASA PATUOHYKIHIOB W3 TIIOA3EMHBIX HWCTOYHHKOB 10 IIPOBOMISIIUM
Te0JIOTHYECKAM CTPYKTypaM, BO3MOXKHO, TIO CHCTEMaM «IIOJIOCTh B3phIBA —
CTONO OOpyIIEHHSI — TEKTOHHYECKHE Pa3loOMBI» WIH «IOJOCTh B3pbIBA — CTOJO
OoOpyIlleHHsT — TEKTOHHYECKHE pa3joMbl — KOHTAaKTHbIE 30HBI TpAIlllOB —
TEKTOHHYECKUE PA3IIOMBD) H IPYTHUM BapHaHTaM COYETaHHUS ITPOBOISIINX T€OCTPYKTYP.
Ha puc. 3.32 npuBeaeHa ofHa U3 MOCIEIHUX TEKTOHMUYECKUX CXEM pazIoOMOB pailoHa
CBHI'KM. TekToHMYeCcKHe AUCIOKAIMH B30POCO-HAIBUTOBOTO THUTIA M COMYTCTBYIOIINX
UM TUIMKaTUBHBIX CTPYKTYp pPa3OWBarOT paiioH Ha psn OnokoB. [Ipaktudeckm Bce
o0bekThl [ISIB ObuM mpom3BeZicHbI BOJNM3H PAa3IOMHBIX 30H, OCOOEHHO OOBEKT
«lllexcHa» MPaKTHUYECKH «CUIUT» Ha paszjiOMe PErHOHaJIbHOro Maciitaba. B3pbIBbI
MOTJIM TIPUOTKPBITH PA3IIOMHBIE 30HBI, TI0 KOTOPBIM 3arpsS3HEHHBIC PAJIHOHYKINIaMU
HaTOpHBIE paccoutbl moaconeBoro II1 BomoHoCHOTo KoMITIeKca (C TUIACTOBBIM JJaBIICHHEM
no ~30-32 MIlIa) mornu Havatk mpocaunBaThecs HaBepX. B paitone CBHI'KM Beiie
Ha 300—400 M ot mosocteit mectu 115IB pacnonokeHO MHTPY3UBHOE TEJIO MIACTOBBIX
TPaImoB, TPEUMHOBAThIE KOHTAKTHHIE 30HBI KOTOPHIX TMPH YCTAaHOBICHUU
THAPABINYECKOW CBA3M C TIOJOCTAMH B3PBIBOB MOTYT CIYKUTh TPOBOJHUKAMHU
pannoaKTUBHBIX (UIIOHJIOB 10 T'EOJIOTUYECKOH Cpefie M CIOCOOCTBOBATh UX BBIXOIY
Ha JHEBHYIO TIOBEPXHOCTh. J[laHHOE 3aKiFOUeHHe MOAKPEIUIIeTCS IOBCEMECTHO
BBICOKMMH KOHIICHTPAIMSIMA TPHUTHUS B BOJIOTOKaX paiioHa, BKIIIOYAsh MHOTOBOJHYIO
peky YnaxaH-boryoOyiia u pyue€k B BepxoBbe Taracnut Baaiu ot oo0bektos [15B.
Ha mpumepe npod Bozs! twiomanok o0bekToB «Okay, «HeBa-3», «lllexcHay
MMOKa3aHO, YTO TEXHOTEHHO OcNabJieHHbIE NPUCKBAXKUHHBIE 30HBI, TO-BHAUMOMY,
SIBIIIIOTCA CaMbIMH KOPOTKHMHM MPOBOJSIIMMHU MyTSAMH ISl BBIXOJa PaJHOHYKIIHIOB
Ha JTHEBHYIO TIOBEPXHOCTb. 3/1€Ch MBI 3a()MKCHPOBAJIM HE CBONCTBEHHBIC MPUPOIHBIM
MTOBEPXHOCTHBIM BOJIaM BBICOKHE KOHIICHTPAIIMU YpaHa, PEIKUX WUTTPUs, OepHILIvs,
PENKO3eMENBHOTO JIAaHTaHA, METAIOB (XpOM, KOOANIbT, HUKENb U JAp., KOTOphIe MBI
CBA3BIBAEM, HECOMHEHHO, C TMOA3E€MHBIM TEXHOT€HHBIM MCTOYHHKOM — OCTAaTKaMH
MaTEpUaIOB B3PBIBHOTO W3JAENHs, COIYTCTBYIOIIErO0 O0OOpPYIOBaHUS, MPOAYKTOB
B3pbIBa. YCTaHOBJECH (PaKT CYIIECTBEHHOI'O CMEIEHHS M30TOMHOIO COOTHOIICHUS
28U/?U, 9To HONMONHHTENBHO MOATBEPKIAET Halle 3aKiodeHue. [1o ocnabieHHbIM
MPUCKBR)XMHHBIM 30HaM MOCTYIAIOT Ha THEBHYIO MIOBEPXHOCTH HATIOPHBIE MOA3EMHbIE
CONIEHBIE BOJBI U3 PA3HBIX FOPU30HTOB IE€OJIOTMYECKOIO pa3pesa, Ha 3TO YKa3bIBAeT
MaKpPOKOMITOHEHTHBIM COCTaB BOJHBIX P00 miomiaaok 00bextoB [T5B. [To-BuaumMomy,
rIyOWHHBIE MeTaMOp(U30BaHHBIE KalbIIMEBBIC, KalbI[MEBO-HATPUEBBIE PACCOIBI
U PAacIOJIOKEHHBIC BBIIIE HATPHUEBBIE PAcCOJBbl MO OCJIA0JEHHONH MPUCKBAXKUHHON
30H€ IIPOCAYMBAIOTCS HE3aBUCHMO JApYyr OT JApyra, a IO IYTH 3aXBaTbIBAIOT
pajHoaKTUBHBIE (DIIOWABI C TEXHOTEHHBIMU PEJIKHMHU 3JEMEHTAMH U METaJUTaMH.
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[Ipu ctapenun oOOpymOBaHUS CKBaXWH, He(OpMallMd W pa3pyLICHHH LEMEHTHBIX
poOOK, NaabHEUIIIEM TPEITUHOOOPa30BaHUH U JETPAIaIli MEP3JIOTHI B 30HE 00EBBIX
CKBRXMH, 3HAYUT M TOABIXKEK IIOPOXA, HE TOJBKO CaMH 3TH OCJIA0JCHHBIE
MPUCKBaXUHHBIC 30HBI, HO U COOCTBEHHO CTBOJIbI CKBXMH (KOJOHHA U 3aKOJIOHHOE
IIPOCTPAHCTBO) MOTYT CTaTh NPOBOJHHKAMHU PaJUOAKTUBHOCTH B IIOBEPXHOCTHBIE
cucremsl. [lo pesympratam oGcmenoBanns 2010 r. Hamboee KpUTUYHON MpU3HAHA
curyauusi Ha o0bekre [IIB «Oka». 3mech Ha OypoBOH MIIOLIagKe aKTUBHO HIYT
TEPMOKApPCTOBBIE IPOLIECCHI, JETpaallis MEP3JIOTHI IPHUBETa K TASHUIO OJUTOHAJIBHO-
JKWIBHBIX JIbAOB M Pa3BUTHIO Ha IUIOIIAJKE KPYMHO- W MEIKOIOJIMIOHAIBHOIO
XOJIMUCTOTO («OalKapaxoBoro») penbeda ¢ pa3BUTHEM IOJIOCTEH M TPEHIMH B UX
N0XOWHAX, B KOTOPBIX COOMPAIOTCS BBIXOASAIIME HAa TOBEPXHOCTH IOJ3EMHBIC
PaAMOaKTUBHBIC COJIEHBIE BOJBI.

BToppiM 1O KpUTHYHOCTH TPU3HAHO IIOJIOKeHHWE Ha o0bekTe «Hesa-1»,
rae HaONIoaroTcs WHTEHCHBHBIC CKIIOHOBBIE 3PO3MOHHBIE Tporecchl. HeoOxoanmo
ormetuTh ckBakmHy No 101 («HeBa-4») kak OOBEKT, KOTOPBIH HYXKIAeTCI
B 0e30TiaraTeJbHOM TEXHHYECKOM H3YyYCHHMHU: B XOJE IOJIEBBIX pabOT yCTaHOBJIECHO,
4T0 Yepes e€ ycTheBoe 000pyJ0BaHNE UAET UCTEUSHNE Ta30B (OMpeAesIeHO Mo 3amaxy).
I'epmernunocTs MOA3eMHON EMKOCTH 00BekTa «HeBa-4» B miacTe KaMEHHOW COJH
OCTaeTCsl HEBBIICHEHHOW, INOCKOJBKY Ha €ro IUIOAAKE OTCYTCTBOBAIM BOJOEMBI
JUIsL TIPOBEJICHUST 0TOOpa MPoo, a ero OJIM3KOe COCEACTBO C NBYMS APYTHMHU O0bEKTaMH
IIXIB He namo BO3MOXKHOCTU BBIACIHWTH IIOTOKM TEXHOIE€HHBIX PaJUOHYKIIUIOB
B mpobax peku Tamracmmr. J{ns BBIACHEHHWS BOIIPOCAa TEPMETHUYHOCTH ITOA3EMHOMN
€MKocTH TpebyeTcss IeJeHanpaBleHHBI MpoOoTOOp (IMONIOB W3 CKBAXHH,
PacTOIOKEHHBIX B OKPECTHOCTIX 00bekTa «Hesa-4».

Pesynbrater pagmoskoreoxumudeckux uccinegosannii Ha CBHI'KM nokazanwy,
YTO B LEJIOM CHUCTeMBI «11oi0cTh IISIB — reosoruueckas cpega — IOBEPXHOCThb
3eMi» SBISIFOTCS. OTKPBITBIMH, TIPH 3TOM MPOBOJHUKAMHU PaJMOAKTUBHBIX (IIIOUIIOB
13 TIyOMHHBIX TOJICOJIEBBIX TOPU30HTOB HAa MOBEPXHOCTH 3€MJIM, BO3MOXHO, CIIy>KaT
€CTECTBEHHBIE T'€OCTPYKTYPhl TEKTOHHYECKHX Pa3IOMOB, KOHTAKTHBIX 30H TPAIlIOB,
a TaKkXKe TEXHOT'CHHBIE TEOCTPYKTYpPhl OCIalOJIeHHBIX MPUCKBAKHHHBIX 30H, CTOJIOOB
OOpYIIEHHS, CETh CTApPbIX OPOIICHHBIX 3KCILTYaTallHOHHBIX W TE0JIOrOpa3Be/IOYHBIX
CKBAKMH M IpOo4. MHOTOCIIOIHBIE MOIIIHBIE IIACTHl KAMEHHOM COJIM, OTJIMYAOLIUECS
IUTACTUYHOCTBIO, HENMPOHMIAEMOCTBIO JUId (IIIOMA0B M 00Najarole CBOHCTBOM
3aJI€eYMBAaHNs CTAphIX M BHOBb BO3HUKAIOMIMX TPEIIMH M PAa3JIOMOB, XOTS
U TEpPEKPBIBAIOT CBepXy nosioctu mectu [IAB, HO, Kak oOKa3ajioch, B peaJIbHBIX
ycnoBusax  CpenHeGOTYOOMHCKOrO MECTOPOXKAEHHSI HE  MNPEMSTCTBYIOT — BBIXOAY
PannoaKTUBHBIX (DIIOMIOB C MOJ3EMHBIMH HAIIOPHBIMU PACCOJAaMU Ha IOBEPXHOCTb.
Bo3MoxHO, BBIXOAYy Ha JTHEBHYIO IIOBEPXHOCTh PAaJHMOAKTUBHBIX  (IIIOHIOB
CIIOCOOCTBYET COBPEMEHHOE TEXHOT€HHOE BO3JIEHCTBHE HA THIPOIUHAMHYECKUI
pexxum CBHI'KM, okaspiBaeMoe mpu 100bIYe HEPTENpOIyKTOB M3 OOTYOOHMHCKOTO
MPOAYKTUBHOTO TOpHU30HTA. UTOOBI BBISICHUTH MPUTOAHOCTH BEHICKHX BOJOHOCHBIX
KOMIUIEKCOB C aHOMAaJIbHO HH3KHUMH IUIACTOBBIMH JAaBJICHUSMHU JUISI 3aXOPOHEHUS
PAO, HeoOxomuMo Iie/icHANpaBICHHOS W3y4YeHHE (IIIOUI0B OTHX KOMILIEKCOB
W TPUYPOUYEHHOTO K HUM OOTyOOMHCKOrO MNpPOAYKTHBHOrO Iutacta. [lo Hamemy
MHEHHIO, BEPOSTEH MEPETOK B 3TH IITyOMHHBIE TOPU30HTHI PAIMOAKTHBHBIX (DIFOMIOB
n3 BeImepacnonoxkeHnoro [l HmKHEKeMOpPHUIICKOTO BOJOHOCHOTO KOMILIEKCA

214



c Ooyiee BBHICOKMMH IUTACTOBBIMH JaBICHHUAMH (KaKk M B3auMOIEpeToKa (IIOUA0B
MEXAYy SUMH BOJTHOCHBIMU KOMIUIEKCaMH).

B Bozne pexu Tac-lOpsix, KOTOpyIO KUTEIN OXHOUMEHHOT'O IIOCEIKA UCIOIb3YIOT
B [IUTHEBBIX LIEJSIX, HAMU YCTAHOBJICHBI TEXHOT€HHBIC PAJAMOHYKIIMb! B KOHIIEHTPAIIMSX,
MpEeBHILAIOIIUX (OHOBBIE YPOBHHM, HO HAMHOTO HW)KE CYIIECTBYIOUIMX YPOBHEH
BMeratenscTBa (Hopmel paguanuoHHo#. .., 2009). Toueunoe onpoboBaHHe HE HaeT
[IOJTHOM KapTUHBI CYIIECTBYIOIIEH CHUTyallud, U HEOOXOIUMOCTb PETYJSPHOIO
(e’xeMecIYHOro) PagMO’KOJIOTHYECKOr0 MOHUTOPHMHIA KadecTBAa IHMTHEBOH BOJBI
noc. Tac-lOpsix He MOIeKUT COMHEHUIO.

Takum obpazom:

1. Ha ocHOBe paaMO3KOT€OXMMUYECKOTO MW3YYEHHMsI IOBEPXHOCTHBIX BOJ
CBHI'KM BbIABIIGHO, 4YTO, HECMOTpPsS Ha INTATHBIH pekuMm TmpoBencHus [ISB,
TCOTEXHOT€HHBIE CHCTEMBI «IIOJIOCTh B3phIBa — BMEIIAIONIAsl Te0JIorHyuecKast cpeaa —
JTHEBHASI MOBEPXHOCTHY» SIBJISIFOTCS OTKPBITHIMU cUcTeMaMu. M3 monocTeil B3pHIBOB
TEXHOTEHHBIE pafoHyKiIHabl “H, 2823%240py, 90Sy 235238 y vukposnementsr Co, Ni, Ti,
V, Cr, La, Y, Be noctynatoT B NOBEpXHOCTHBIE BOIOTOKH U BOJOECMBL.

2. Hanmuwe B paitone CpenHe60TYOOHMHCKOTO MECTOPOKIEHHST BRICOKOHATIOPHBIX
MoJ3eMHBIX paccosioB a0 32 Mlla, mo-BHAMMOMY, MOCHOCOOCTBOBAJIO MHTPAIMH
PaIMOHYKIIMAOB BMECTE C HUMH IO MPOBOISIIMM TE€OCTPYKTYpaM K IMOBEPXHOCTH
3emun. TTosiBieHHE BHICOKUX KOHIIEHTpaImii Makpokationos Na*, Ca?*, Mg>* u xJiopuios
B MMpo0ax MOBEPXHOCTHBIX BOJA OypOBBIX IoIanok oowrekToB [ISIB moareepxkmaer
3TOT BBIBOJ.

3. OmHUM U3 OCHOBHBIX NPOBOJHHMKOB paJWOAKTUBHOCTH Ha JIHEBHYIO
MOBEPXHOCTh CIIY)KaT TEXHOTEHHBIE T'€OCTPYKTYpPbI, a UMEHHO OCJaOJCHHBIC 30HBI
BOKPYT 00eBbIX cKkBaxuH. Co cTapeHneM 000pYI0BaHNs CKBaKHH BBIXOJI PaJHOHYKIHIOB
[0 3TOMY HPOBOAHUKY, MO-BUIUMOMY, OyAeT ycuiauBatrhcs. Jlerpananus mMep3ioTsl,
pa3BUTHE MOJUTOHATLHON CETH TATUKOB (Ha MOBEPXHOCTH BBIPAKAIOIIUXCS B BUC
MOJIMTOHAIBHBIX XOJIMOB M TEPMOKApCTOBBIX JIOKOMH) CKOpee CIIOCOOCTBYIOT
mpoleccam MepeHoca paluoHyKINI0B U3 INTyOHH K IOBEPXHOCTH 3€MIIH.

4. BTOpBIM OCHOBHBIM BHUJIOM IPOBOJIHUKOB PaIMOAKTHBHOCTH B T'€OJIOTHYECKON
Ccpejie SIBISIIOTCS €CTECTBEHHBIE TE€OJIOTMUECKHE CTPYKTYPBI, 8 UMEHHO 30HBI TEKTOHHYECKHX
Pas3noMOB, KOTOPbIE, B CBOIO OUY€PE.Ib, MOIJIN JIOTIOJTHUTENBHO PACKPBITHCS BCICACTBUE
MEXaHHUYECKOTO BO3JIEHCTBHS B3phIBOB. Hamwume aktuBHOcTH u3otonos “H, °Sr,
238.239.240py, mipeBpIaronIel I00ANBHBIN YPOBEHDL MPUOIN3UTENBHO B 10 1 Gosee pas,
B TIpo0ax BOJOTOKOB paiioHa Baamu oT o0bekToB [ISIB u otcyrctBme 3ddekra
pa3baBieHrs] KOHLEHTpaUui O3THX PaAMOHYKIHIOB B CAMOM KPYIIHOM BOJOTOKE
paiiona — peke YmaxaH-boTyoOyia, TO-BHIMMOMY, yKasblBaeT Ha TO, YTO OHHU
MIPOCAaYMBAIOTCS HA JHEBHYIO IOBEPXHOCTH YEPE3 PA3IOMHBIE 30HBI.

5. KoHTakTHBIE TPEIIMHOBATHIE 30HBI IUTACTOBBIX TPANIOBBIX TEJ TAKKE MOTYT
OBITh TMPOBOJHUKOM DPaJUOHYKIHIOB B TEOJIOTHYECKOW Cpelle W CHOCOOCTBOBAThH
BBIXOJTy PaJMOHYKJIH/IOB HA THEBHYIO TOBEPXHOCTb.

6. IloBcemecTHOE pacnmpocTpaHeHHE TPUTHUS B MMOBEPXHOCTHBIX BOJAAX pailoHa
CBHI'KM ¢ aKkTHBHOCTBIO, MpEBBINIAIOIICH TIO0ANbHBIA ypoBeHb 10 30 pas,
MO-BUINMOMY, O0YCIIOBIIEHO YHHKAIILHO BRICOKOH TOABHYKHOCTBIO TPUTHS, YTO JIENIAET
€ro MHIMKAaTOpPOM IIEpeHOCa paJMOHYKIWAOB B cUCTeMe ««mojocts IISIB —
BMEIIAIOIIAs Te0JIorHYecKas cpefia — JHEBHAs TOBEPXHOCTHY.
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PA3JIEJ 4. CEMUIAJATUHCKHUN UCTIBITATEJbHBIN
SITEPHBIN MTOJIUTOH, PECITYBJINKA KABAXCTAH

Asryct 1945 r. u3BecTeH npexkIe BCEro aTOMHOM OOMOapIUpPOBKOH SIMTOHCKUX
ropoaoB Xupocuma u Haracaku. Cpasy nocie atoro cyns0oHocHOT0 coObitusi B CCCP
HACTOPOKWIINCh U CO3AAIM CIIELUAIbHBIA KOMHUTET «PYKOBOJCTBA BCEMH paboTamu
I10 KCTIOJIB30BAHNIO BHYTPUATOMHOM 3HEpruu ypaHa» npu ['ocy1apcTBEHHOM KOMUTETE
oboponbl. Bo rnmaBe komwutera Bcran JlaBpentuid bepus, a paGoTel Hag aTOMHBIM
«W3IenvreM» BeNu Benyiue yu€nele, B ToM gucie Urops Kypuaros, Opuit Xaputon

u II€tp Kanuia.
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COBET MUHHUCTPOB CCCP
, NOCTAHOBNEHHE M _2484-/0F5fon.
lor o 4 ywonspm 194 Gr. Mocxss, Kpemm.

O MOArOTORHMTETBHLIX MEPOIPHATHAX MO CTPOHTENLCTBY ['opHO# cTanuuu s Ilepsoro rnasHoro
npasnenus ripu Cosere Munucrpos CCCP.

Coget Munuctpos Coroza CCP IOCTAHOBIISIET:

1. Ipunsate npeanoxenue [lepsoro rnaBuoro ynpaeienns npu Coeere Munucrpos CCCP o
HeOOXOIUMOCTH COO] eHHs CHNELHATLHOr0 nouMrona juis wcneiranuii «PIC». CnenmanbHbIH
MONMIoH B JanbHeiiimneM nmeHoBaThk «['opHaa cTanuusa [lepBoro rinaBHOro ynpasieHHs».

2. Ilpn npoexTHpoBaHMH I'OpHOH CTaHIIHM HCXOAMTH H3 NpPEIBapHTEIBHON IPOrpaMMel
HceeloBaHMI W OCHAIEHHA CTAHIIMH YCTAHOBKAMHM M NMpHOOpaMH MPEUIOKEHHBIX aKaJeMHKOM
CemenoseiM H.H. u yrBepkiaennbix Hayuno-Texuuueckum Cosetom llepBoro riaBHoro
ynpasnenus npu Coeete Munuctpoe CCCP, cornacHo npuaomxe.iHio Ne 1.

Ipoextnposanue I'opHoii cTanuuH Bo3noxHTE Ha [lepsoe raasHoe ynpasneHHe npH CoBete
Munucrpos CCCP (I'CITH-II).

3. Ilopyuuts IlepBomy rnaBHomy Yynpasienuto npu Coeere Munuctpos CCCP (1.
Baunukory) x 1 gexabps 1946 r. npenctasuth Ha yTBepakaende Cosera Munucrpos CCCP
NpeUTOKEHHS O MECTE H CpOKaxX CTpOHTeNbCTBA I'OpHOH cTaHIHH, HaYalbHUKE ['opHOM CTaHLHH H
Mepax 1o obecrnedeHHIo CTPOHTETLCTBA.

4. O6nacts MuHuctepcTBa: BOOpYeHus (T. YCTHHOBA), 3J€KTPONPOMBIILIEHHOCTH (T.
Kabanosa), BoopyxeHHbIX cun CCCP (1. BepmmuuHA) BBINOJHATE Mo 3ananusaM HuctuTyTa
xumudeckoit pusukun AH CCCP (akan. Cemenosa):

a) B [ocynapCTBEHHOM ONTHYECKOM HHCTHTYTE paGoThl MO NPOEKTHPOBAaHHIO H
H3rOTOBIEHHIO PAJa ONTHYECKHX IPHOOPOB, B TOM YHCIIE: cieKTporpados, H3MepHTeIeH pasMepos
CBeTHILIEIOCA Tejla H H3MCPHTCJ'[EH HHTEHCHBHOCTH H3JIYYE€HHA C paanep'rxoii nokazaHuf BO
BPEMEHH, COIIaCHO MPHIIOKEHHIO No2;

6) B0 Bceecorw3Hom MEKTPOTEXHUYECKOM HHCTHTYTE paﬁorm Mno CO3JaHHK 3TAlIOHHBIX
CBEPXMOIIHBIX HCTOYHHKOB CBCTa, H3YHCHHIO H3JIYYCHHA CBETA BO3IYXOM TIIPH BBICOKHX
TeMIlepaTypax, H3TOTOBJICHHIO CNEHHANBLHBIX TPaHC(hOPMAaTOPOB ManoH MOLIHOCTH HA ONBITHOM
3aBoJie, COTJIACHO MPHIIOKeHHI0 No3;

B) B HayuHo-ucenenosarenbekoM HHCTHTYTe BBC paGoTel mo M3MepeHHSM B BO3Iyxe Ha
a’pocTaTax H caMOJIEeTax, COrTacHo npuiokeHno Ne 4,

IMopyunts TT. BopucoBy (co3eiB), YcruhoBy, Xpyunuesy u KaGanosy paspaborats
COBMECTHO € JMPEKTOPOM HHCTHTYTa Xumudeckoi ¢usuku Axanemun Hayk CCCP akaneMHKOM
CeMEHOBBIM M MPEACTABATE B Meca4HbIl cpok B Coser Munucrpos CCCP nnan pasmelieHus mno
3aBo/iaM 3aKa30B HA H3TOTOBJIIEHHE anmnapaTypbl HeoOXOoauMmoi Ui Lened npeaycMOTPeHHBIX
HaACTOALIHM ITocTanoBneHueM.

5. O6a3aTh HavanbHUKA WHIKEHEPHBIX Bolick T. BopoObeBa oGecneuHTh BBIIOJIHEHHE B
JlaGopatopun Ne3 HmkeneprHoro KommTeTa cyXOmyTHBIX BOMCK MO MporpaMme akaJeMHKa
Cemenosa paboThbl 110 MOJAETHPOBAHUIO B3PBIBHBIX BOJIH C [IOMOIIEIO MOLIHBIX JICKTPOPa3pAIOB H
yyacTHe B paGoTe, CBA3aHHOH ¢ HaXOXIEHHEM ONTHMAIBHBIX YCIOBHH MPAKTHYECKOro
HCTIONBE30BaHUs MHHHOTO ropHa «PJIC»,

__ W.Cremn

A.Yaraes




PaboTsl Mo co31aHNI0 ATOMHOTO OpPY>KHS BEIHCh M PaHbILE, HO C TEX MOp, KaKk
CMepTeNbHOe OpyXHe MosBuiIock B pacnopspkeHuu CIIIA, nmoTpeOHOCTH MOsABIEHUS
COBETCKOI'0 aHaJIOra CTala )KU3HEHHO HEOOXOANMOH.

«Bce pascosopvl 0 mom, umo Kaxue-mo ceedeHusi 0 A0epHOM 63pbiee ObLiu
0o0bImblL Y amepuxkanyes, A6amces abconomuoi yenyxou. Huuezo, kpome cazemmuix
cmameti, 8 KOMOPbIX NONAOANUCH CEE0CHUsl O MOM, Kakue nopadcaiowjue s¢gexmol
83pviéa Habnwooanucy 6 Xupocume u Haeacaxu, y nac ne 6vl10, U Hawa 3aoaya
3aKN04ANACL 68 MOM, YmoObl, OCHOBbIBAACL HA OOWUX NONOINCEHUAX HAYKU
U OMPBIGOUHBIX 2A3EMHBIX OAHHLIX, NONLIMAMbCA 80CCMAHOBUMb KOAUYECMBEHHYIO
KapmuHy amomHo2o 63pbléay», — BcromuHan Muxaun CanoBCKUid, IEPBBIA HAYUHBIN
nupektop CeMHUIanaTuHCKOro MOJIUTOHA.

I'oHKy CcO BpeMEHEM COBETCKHE CIIELHAIUCThl BBIMIPAIH, HO OTKPBITHIM
0CTaBaJjICs BOIIPOC O MECTE UCTIHITAHHSI aTOMHON OOMOBI.

Byaymmii TeaTp COBETCKHX SJEpHBIX HCHbITaHHMH — CeMuNanaTUHCKUN
SIIEPHBIA TONMUTOH — OBl co3maH 1o pemennto CoBera MunnctpoB CCCP
oT 21 aBrycta 1947 r. u cTan BTOPbIM KPYIHEHIINM SIICPHBIM MOJIUTOHOM Ha 3emiie
W 4eTBEPTHIM SICPHBIM apceHasioM B Mupe. [l CcTpoUTEeNnsCTBa MOJHMroHa Oblna
BbIOpaHa tuiomanka B paiione peku Wptemm (puc. 4.1). IlomoOnas nokarus Obina
BEIOpaHa HE CIy4ailHO: B paioHe WYCTBIHHOW cTenmw B pagumyce a0 100 km
OTCYTCTBOBAJIM HACEJIEHHBIE IYHKTBI, @ TEPPUTOPHUS OTIMYAIACH KpalHE HU3KOU
IUIOTHOCTBIO HaceseHus. J{ist Toro 4To0bl Bce OBLIO MO perjaMeHTy, COBETCKHE BIACTH
naxe nepecenwnn 138 denoBek u3 cena Manaapel, pacnolaraBIIETOCs] HEMOJAIEKY
oT nonurona. OnpenenéHHyo npoOieMy NPencTaBiIsuUI0 TO, YTO B CAMOM T'OPOJKE
CemunanatvuHCK Haxonuigoch KoHcynbcTBo KHP, HO Bckope ero Taxke ynamoch
nepemectuth. B npuropone Cemunanaruncka YKana-Cemeil pacronaraicst aspoapomM,
KOTOPBIM MOT T10JIb30BATHCS ITOJUTOH.

[Ipu yuactum 15 ThICSY cTpouTenell MOJUTOH BO3BENW 3a ABa roja. llepsoe
ucnelTaHue gaepHoro opyxus B Coerckom Coroze ObUT0 mpoBereHO 29 aBrycra
1949 1. B 07:00. «OTte» coBerckoii aromHO# 00MOB1 — Uropes Kypuaros pykoBoauin
ucnpiTaHusiMu Ha CemunanatuHcKoM nojurone ¢ 1949 mo 1955 rr. Ha ucneitanue
nepBoit aToMHOH O00oMOBI B 1949 r. mpuesxan nuuno JI. T1. Bepusi, kypupoBaBmmii
snepHyto nporpammy CCCP.

Juis  sapepHBIX  JKCIEpUMEHTOB Obuio  oTBeaeHo 18 500 KM?  3eMelb,
oTHOCAMUMCS K Tepputopusim Cemunanatuackoi, [TaBnogapcekoii n Kaparanauackoit
obmacreii. Ha reorpaguueckux kaprax CeMHUIaIaTUHCKHI TOJIUIOH HE 0003HAYasICs
(puc. 4.2), w3-3a CEKPETHOCTHM €My 4YacTo MeHsuin HaszBaHus: MockBa-400,
Cemumnanaruack-21, Koneunas, KypuatoB. LleHTpanbHOW 4YacThiO MOJUTOHA OBLIO
OTIBITHOE TIOJIE, B IIEHTPE KOTOPOTO ObLIa BO3BEECHA CTajbHas OamrHs BHICOTOH 37 M:
MMEHHO Ha He€ U MOJIOXKWIM JJI MOJApbIBAa MepBoe sinepHoe ycrpoiictBo — PJIC-1.
29 asrycta 1949 r. CCCP B paMkax onepanuu «llepBas MOTHHS» yCIIEHITHO MCIIBITAI
Ha CeMUTIAIAaTHHCKOM ITOJIUTOHE CBOIO MEPBYIO0 aTOMHYIO O00MOY MOIITHOCTBIO 22,4 KT.
Hcnpitanue mepBoii BOAOpOoAaHONW OOMOBI OBLIO OCylIecTBIeHO Ha BbicoTe 1500 M
22 Hos6ps 1955 r. [CemunanatuHCKui..., 2017].

[lo mpomecTBur 4YeTHIPEX JIET 3/1€CHh )K€ HCHBITAIN TMEPBYIO TEPMOSAECPHYIO
6oMOy, cria B3pbIBa KoTopoit qocturana 400 kT: 6omba OblIa B 26 pa3 MOITHEE TOM,
yro CHIA cOpocunu Ha SHOHCKYI0O XupocuMmy. B meinom cymmapHas MOIIHOCTD
SIIEPHBIX 3apsAJ0B, UCHIBITAHHBIX 32 1949-1963 rr., B 2 500 pa3 npeBbICHIIa MOIIHOCTh
aTOMHOU O0MOBI, COpPOIIIEHHOW Ha XHUPOCHMY.
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ANEPHBIX B3PbIBOB

CeMunanaTMHCKas

Puc. 4.2. Cxema pacnonoxenusi CeMUNaTaTUHCKOTO UCIIBITATEIbHOTO MOJIUTOHA
[CemunanatuuCcKHit. .., 2017]

JIBe TpeTH Bcex COBETCKMX UCTBITAaHUH (468 sSIepHBIX B3PHIBOB) MPOBOAMINCH
nMeHHO Ha CeMUNanaTHHCKOM SIIEPHOM IIOJIUTOHE.

HazemHbIe 1 BO3aynIHBIE HCIIBITAHUS SIIEPHOTO OpyXkns Ha CeMUTIaIaTHHCKOM
MOJIMTOHE TMPOBOAWINCH BIUIOTH 10 1963 1., korma CCCP Bmecte ¢ CHIA
n BenukoOpuranueir nognucanu J{oroBop o 3ampelieHduy UCIBITaHUN B aTMocdepe,
KOCMHYECKOM MPOCTPAHCTBE M MOJ BoAOH. Bripouem, 3To He nomemano CoBeTCKOMy
Coro3y HayaTth NPOBOJUTH IOJI3EMHBIE SIEPHBIE B3PBIBBI, TEPBBIA M3 KOTOPBIX
Obu1 mpomsBenéH 11 okraOps 1961 r. — emé no mnoxmmucanus Jlorosopa
[Cemunanarunckuii..., 2017].
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g ocymiecTBiIeHHS MOA3EMHBIX SIIEPHBIX B3pPBIBOB B IITOJBHAX B TOPHOM
MaccuBe JlereneH, HaxoauBmeMmcs: npumepHo B 100 kM rokHee aJIMHUHUCTPAaTUBHO-
XKHUJIONH 30HBI NOJIUTOHA, OB OCBOEHBI ISITH IUIOMIANOK, HA KOTOPBIX Obla co3laHa
JOCTATOYHO TycTast ceTh n3 181 ropu3oHTaNBHON MITOIHHA. BCero B 3TUX MITONBHAX
On110 MpoBeaeHo 209 WCMBITaHUH, B paMKaX KOTOPBIX OBLTH B30PBaHBI 223 SIEPHBIX
3apsiza. [Ipu aToM ¢ HanOonbIIe HHTEHCUBHOCTBIO SIEPHBIE HCIIBITAHUS B IITOJIBHSIX
poBOIMINCE B 1965 n 1978 rr. — mo 13 B3pbIBOB. MakCHMalbHOE YHCIIO 3apsiIioB,
MTOJIOPBAHHBIX B OJJHOM IITOJIbHE, PABHSAIOCH 5.

«ATOMHOE 03epO» HaxXxOAWTCSA Ha HCHbITaTeNbHOM miomianke «bamanman», oHO
00pazoBasioch B pe3yNbTaTe MOIphIBa TEPMOSAEPHOT0 Ooe3apsaaa MOIIHOCThIO B 140 KT
B 1965 r. lnametp o3epa coctasinsieT 500 M, T1yOHHA OT HOBEPXHOCTH BOJBI 10 AHA —
80 m. Boma B ozepe umcras, B HEM BOAMTCS pbi0a, HO TO YPOBHIO M3Iy4YECHHUS
OHO (haKTHYECKH NPHPABHUBACTCS K PAaJUOaKTHBHBIM OTXomam: 1 Mk3B/4ac, 4TO
mpeBsIaeT HopMmy B 114 pa3. OTo OBUIO OJHO M3 MEPBBIX HCIIOIB30BAaHUN aTOMHOTO
B3pBIBA B IPAXKIAHCKHUX LIETSX.

ITomMumo ucneiTanui camux 3apsaoB, B CCCP u3yyanu Bo3ACCTBUE B3pHIBOB
Ha TPYHTOBBIC MacCHBBI U MTOA3eMHbIE BBIpaOOTKH. [locnenHuil B3pbIB Ha TEPPUTOPHH
moJiuroHa ObuT pou3BeieH 19 oktsaopst 1989 r. K ToMy MOMEHTY TIOJIUTOH YXKe TaBHO
MIpEeBpaTUIICA B CBOETO pojJa HayYHO-HCTIBITATEIbHBINH KOMIUIEKC, LIEHTPOM KOTOPOTO
obU1 Topoa KypyatoB ¢ 1a00paTopHO-3KCIIEPUMEHTANIBHOM 02301, KOTOPBINA B Pa3HbBIC
BpemeHa HazbiBaiu MockBa-400, beper niu Cemumnanatuuck-21.

Bo3MoxHO, pabOThl Ha IOJUTOHE MPOJOJDKUIMCH Obl U CErOAHs, ©CIH Obl
B 1989 r. He mpom3omén BHIOPOC PAAVOAKTUBHBIX Ta30B HAa TOBEPXHOCTH IOCIE
UCHBITAHUS, YTO CTaJO NPUYMHOW CO3JaHMs aHTHsAAepHoro apmxeHus «Heama —
CeMunanaTuHCK», NPEKpAIECHUS SIEPHBIX HCNBITAHUH Ha monuroHe B 1989 r.
OduupansHo mosnmron Obln 3akpbIT B aBrycre 1991 r. pemenuem [IpaButenscrsa
Kazaxcrana [Cemunanatunckuid.., 2017]. B 1995 r. yHuuTOXEH NOCAEIHUNA SACPHBII
3apsj Ha ObiBIIeM CeMHITATaTHHCKOM mojiurone, a B 2000 r. — mocCieaHsIsl IITOJIbHS
JUTSL SIIEPHBIX UCIIBITAaHUH.

Hecmotpss Ha 3TO, Ha MOMWTOHE 1O CHUX MOp XHUBYT JIIOJM, IpaBaa, YxKe
HE TIpUE3KUE HCIBITaTeNd, YYEHbIE M BOEHHBIE, a KOPEHHBIE JXHUTEIH, KOTOpbHIE
WCIIONB3YIOT OOJBIIYIO YacTh 3€Mejlb IMOJIMTOHA Ui Bhimaca ckorta. [locne pacmana
CCCP mnacenenmne ropoma Kypuarosa coxpatuiocs B 10 pa3, MHOrue OOBEKTHI
MOJIMTOHA 3a0pOIIECHBI MU Pa3pyLLIEeHbI.

BesycnoBHO, mpoBeaeHHE TaKOTO KOJIMYECTBA B3PBHIBOB, UCIBITAHUNA aTOMHOTO
OpYXXHS HE MOTJIO HE CKa3aThCsl Ha 37J0POBBE JIOJACH M Ha COCTOSHUM 3KOJIOTHYECKON
curyauuu B peruoHe. K coxanenuro, Ha mnpoTsbkeHun Oosnee 40 ner Beskas
nHpOpMaIUs O TIOJIMTOHE 3aMalYMBaliaCh, pPAJUAIMOHHYIO KapTy HWCIBITAaHUI
HACEJICHHIO HE TPEACTABISUIM M PE3yJbTaThl MOCIE KAXKJOTO UCIBITAHUS HE ObLIH
0o0Hapo/OBaHbl. MeIUIMHCKOEe O0CTeIOBaHuE W JICUCHHE HACENICHHS TOXe
HE MPOBOIUIIOCH, POCT 3a00JI€BAEMOCTH, OCOOCHHO PaIUallMOHHBIX, OHKOJIOTUYECKHUX,
TICUXWYECKUX, BBICOKHUA TMPOIEHT MATEPHUHCKONW M JETCKOH CMEPTHOCTH OOBSICHSIU
COCTOSIHMEM OOIIEH 3KOJIOTMH, YTO BBITJIIIENO BeChbMa HEyOeIUTENbHO, IMOCKOIbKY
B caMoM ropoje CemunaiaTMiHCKe M B 00JacTH OTCYTCTBOBAIM M OTCYTCTBYIOT
OMOXMMHYECKHE, METAUIyprHYeCKHe 3aBOAbI W NPOM3BOACTBA  TKEION
MPOMBILIEHHOCTH, B OCHOBHOM 3arps3HsIonire atMochepy, OKpyKarolylo cpeay.
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or 29081991 .
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VKA3
MPE3H/IEHTA KA3AXCKO#H COBETCKOH
COLUMUAJTUCTHYECKOH PECITYBJIUKH

O 3akpbITHH CeMHNANATHHCKOTO HCMBITATE/IBHOI0 AAEPHOTO
NOJTHIOHA

Ha tepputopun Kasaxckoit CCP u Cemunaiatunckoii obnactu ¢ 1949 rona
OCYLIECTBAATHCH MCTILITAHHMA ANEPHOTO OpYkHA. 3a 3T0 Bpems 3jiech Oblio
npon3seacHo 0k0a0 500 saepHBIX B3PBIBOB, KOTOPbIE HAHECIH YPOH 3/10POBBIO H
KH3HH THICAY JIHOJIEH.

Vunrmsan, uto Kazaxckas CCP BeinoJHHIA CBOH 104N MO CO3JAaHHIO
ANEPHOTO noTeHuMana, ofecrneYuBIIEro CTPATETHYECKHH BOCHHBIH MapHTET
mewkity CCCP u CUIA, u, npunnMas Bo BHUMaHKE TpeGOBaHHA 0OMIECTBEHHOCTH
pecny6aHKH, MOCTAHOBMAID:

1. 3akpbiTe CeMHNaNaTHHCKHI HCTIBITATENbHBIH S1€PHBIH NOTUIOH.

2. KaOunery Munnctpop Kasaxckoii CCP no coriacoBaHHio ¢
Munucrepcreom oboponst CCCP u MuHHcTEpCTBOM aTOMHOH JHEPreTHKH H
npomeinenHoctd CCCP  npeoGpazoBats CeMHNManaTHHCKMH HCNBITATENBHBIH
NOJUIOH B COIO3HO-pecny0IHKaHCKHI HAyTHO-HCCeN0BaTeNLCKHH eHTp. B 1991
rojgy pa3paboTath M YTBEpIMTH €ro CTaTyC M MepedeHb OCHOBHBIX HANpaBICHHMIT
HAY4HO—HCC/IEI0BATENLCKHX PaboT.

3. YuuteiBad, 4TO NpH NPOBEACHHH BOJAYIIHBIX H HA3EMHBIX HCILITAHUHN C
1949 no 1962 roas HaveceH ywepd 300pOBBIO HACel€HHS PailOHOB,
npuneraomnx K CeMHNanaTHHCKOMY MOJMIOHY, COBMECTHO C CONO3HBIMH
OpraHaMM ONpejeNNuTh pa3Mepsl M MOPAAOK KOMMEHCAUMOHHBIX  BhINJIAT
nocrpaaasmnm rpaxaadam Kasaxckoii CCP.

4. KabGunery MunuctpoB Kazaxckoii CCP COBMECTHO ¢ CONO3HBIMH
MHHHCTEPCTBAMH H BEJIOMCTBAMH, MPHYACTHBIMH K MNPOBENCHHIO AJAEPHBIX
B3PHIBOB HAa TCPPHTOPHH pecny0/IHKH, YTBEPAHTH [POrpamMMy COLMANBLHO-
JIKOHOMHYECKOrO PAa3BHTHA, YAYYIUCHHA YCHOBHH KH3HH M MeIHUMHCKOTO
- obcnyxuBanus HaceneHns paiionos Cemunanatusckod, Kaparawpuuckodt n
Mapnoaapckoil  obnacteil, NPHIEralOWMX K HCNBITATENLHOMY TOJMIOHY, C
NPHBJIEYCHHEM HAa YKA3aHHBIC LIEJIM  CPE/ICTB COOTBETCTBYIOIIHMX COIZHBIX
HCTOYHHKOB. &

~ Hacrosmmii Yxa3 Bcrynaet B CHITy C MOMEHTA €10 IPHHATHR
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B nacrosmee Bpemst mpobiaeMa TPUTHEBOTO 3arpsI3HEHUST BOJHBIX S9KOCUCTEM —
OJHAa W3 TIJIaBHBIX B PAAMO3KOJIOTUM B IMPWIETAOLUIMX TEPPUTOPUSAX OBIBIIETO
CeMHIaTIaTHHCKOTO MCIBITATENBHOTO SIEPHOTO MOJMIOHA. JTO 00YCIIOBJIEHO OTCYTCTBHEM
Ha/IeKHBIX CHCTEM JIOKIN3ALMH PAJUOHYKINIA B CUCTEMaX BOJOOUYUCTKU. Bricokas
MUTPALMOHHAs CHOCOOHOCTh JeNaeT TPUTHH IJI00aJbHBIM 3arpsA3HUTEIEM BOIHBIX
skocucteM CUAII u npuneraromux K HeMy TEPPUTOPUIA, TTOCKOJIBKY TPUTHH B cOCTaBe
BOJBI HAMHOT'O TOKCHYIHEe TpUTHS B Ta3zoBoit (aze (MT) — mo 400 pas.

CeMuINanaTUHCKUN SIIEPHBIN TOJNHWIOH SBJSUICA OJHUM U3 JBYX OCHOBHBIX
simepabIx monuroHoB CCCP B 1949-1989 rr. 3a Bpemsi CBOEro CymIeCTBOBAaHHUS OH
IIPUHEC HEMAJIO IPOOIIEM KUBYIIUM PSAAOM C HUM JKUTEIISIM, 3arpsA3HUII 3HAUUTEIIbHbIC
teppuropun Kazaxcrana u Poccun, a Taxke crmocoOCTBOBAI HETATUBHOMY OTHOILICHHIO
JIONEH K TPOAYKLUMH, KOTOpas IOCTynaja M3 3arps3HEHHBIX pailoHoB. B xone
MPOBENEHNsI UCTIBITAHUH simepHOTO Oopyxkusi Ha Tepputopun CUAII chopmuposanmch
JIOKAJIbHBIE YYacTKH TPUTHEBOIO 3arps3HEHMs, B OCHOBHOM 3TO KacaeTcs JBYX
UCTBITATENbHBIX TuIomanok — «bananan» u «J/lerenen», rae ObUI0 MpoBeneHO Oolee
300 saepHBIX UCTBITAHUNA B BEPTUKAIBHBIX CKBAKMHAX U TOPU3OHTAIBHBIX TOPHBIX
TyHHeJIsIX. HecMOTpss Ha TO, YTO NPAaKTUYECKH BCE HCIBITAHUS HA HCCIEAYEeMOM
TEPPUTOPUH SBJSUIUCH MTOJI3EMHBIMH, BOJIM3HM pacIiolioxeHus: MecT nposeaeHus [11B
3a(MKCUPOBAHBI YHCIICHHBIC 3HAYCHUS TPUTHS B aTMOC(EPHOM BO3IYyXE, U 3TO C YUETOM
TOTr0, YTO C MOMEHTA ITOCJIEAHETO B3PhIBA MPOLLIO HE OAHO AecsaTuinerne [Odecnedenne
paauanuoHHou. . ., 2009; bepesun, 2015; IIpoBenenue komuiekca. .., 2016].

Tputuii IBISETCA OJHUM U3 BAKHBIX PAIUOHYKINI0B Ha Tepputopun CUALL, on
BeAET ce0sl Kak BOJIa B 9KOCHCTEMAaxX U BKIIFOUACTCS BO Bce OMOJIOTHYECKHE PELICTITOPEI,
TakMe KakK pacTeHHWs, >KUBOTHBIC, MUIIEBbIe MpoaykTel [Murphy et al., 1999;
Wpanumkas, Manodeesa, 2001]. Ilepwmox momypacmama tputmss — 12,26 Toxa.
OO6pasysich B aTMO-, TUTO- U THApOcdepe, TPUTHH YH4acTBYET B KPYrOBOPOTE BOJIBI
B mpupoze. OnemeHtapubiid Tputuil (HT), BcTymas Bo B3aumopelcTBHE ¢ HOYBOIA,
pPacTUTENBFHOCTBIO U ATMOCQEPHBIM BO3J[yXOM, CTAHOBUTCS COCTABHOW YacCThIO BOJBI
W OpPraHMYeCKOTO BEIIECTBA OMOJIOTHYECKUX O0BEKTOB. B BHIIE 3THX cOeMHEHUI OH
32 CU€T WMHTASILMU W 10 NUILEBBIM IIENIOYKaM IIOCTYNAeT B OPraHW3M YEJIOBEKa.
OnacHOCTh TPUTHSA B KaueCTBE HCTOYHHMKA BHYTPEHHETo OONYYCHHUS OIpeJelsieTcs
BO3MOXHOCTBIO €r0 TPHCYTCTBHS B JIOOBIX TKaHAX B OHOJIOTMYECKOM OOBEKTE,
BKJIIOYasi TeHETHYECKUI MaTtepuan kieTku. Kpyrosopot tpurtus B npupozne B Bune HT
u HTO wusydyen nocratodyno netayibHO. OJHAKO, yUUThIBas CrielU(DUUHBIA XapakTep
3arpsisHeHust Teppuropun ObiBmiero CUSALL, rme comepikaHue TpuTHS B OOBEKTax
OKpY’)KaroIllel Ccpeapl B COTHH M THICSYM pa3 IPEBBINIAET HOPMATHBHBIE YPOBHH,
TpeOyeTcst 0COOEHHBIN MOAXO0 K M3YUYEHHIO €ro MyTe MOCTYIUIEHUS U KPYroBOpOTa
B OKpyxarorei cpeae [Murphy et al., 1999; MBanuukas, Manogeesa, 2001].

UccnenoBanust paguoskosiorndeckoii odocranoBkn Ha CUAILL, mpoBogumble
B T€UYEHHUE TOCIETHETO BPEMEHH, TOKA3alIH, YTO OAHUM M3 OCHOBHBIX paJlHOHYKIIH/IOB,
cojepKaluMcss B 00bEKTax OKpYKaromel cpenpl, sBiusercss “H. BbUIM BbISBICHEI
IJIOLIA/IN C YPE3BBIUANHO BBICOKUM YPOBHEM €0 COAEPKAHNS HA HEKOTOPBIX Y4acTKax
B TIOBEPXHOCTHBIX M TMOA3EMHBIX BOJAaX, PaCTUTEIBHOCTH, CHEXHOM ITOKPOBE
[JIykamenko, 2010; CemumnanaTHHCKUN UCTIBITATENBHBIH..., 2011], uT0 MOrmo npusectu
K TPUTUEBOMY 3arpsI3HEHHMIO BO3AYIIHOM Cpeabl BCIEACTBHE BBICOKOW MUTPALIMOHHOMN
crioco6HocTn *H Mex1y pasinYHBIMU NPUPOJHBIMHA KOMIIOHEHTaMHU. TPHUTHIT MOXKET
MOCTyNaTh B BO3AYX B PE3YyJbTaTe MCHAPEHUS C MOBEPXHOCTH TPUTHICOIepKaleit
Bozabl [Annual Report..., 1999; Tritium transfer..., 2005; A Method of Calibration...,
2008], a TaxKe U3 MOYBBI U IPYHTOBBIX BoA [Suess, 1969; Study of soil..., 1990; Lin,
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Wei, 2006; Contamination mechanisms..., 2012; Determination of the baseline...,
2022]. B 3umnmii nepuon nocrymienue *H B atMocdepy MPOMCXOIUT ¢ HOBEPXHOCTH
CHEYKHOT'O TIOKPOBA.

HccnemoBanne mpoBOAMIN HAa OCHOBHBIX HCHBITATENbHBIX TuTomankax CUIL.
Bruto BBIOpaHO TATH YYAaCTKOB HWCCIIEOBAHUS, XapaKTEPHIYIOIIUXCS MPOBEICHUEM
pa3HbBIX 1O BUAY SAEPHBIX UCTIBITaHUil: Tuomanku «/lerenen» n «bananan» — mecra
MpOBENCHUsS] TOA3EMHBIX SICPHBIX HWCHBITAHUM B INTOJBHAX UM  CKBAXHHAX;
wromra ka «OTMBITHOE TI0JE» — MECTO MPOBEICHUS BO3YIIHBIX, HA3EMHBIX U MIPU3EMHBIX
SIICPHBIX WCTBITaHWH; TeppuTopus peku lllaran — paananoHHO ONacHBId OOBEKT
IOJIUTOHA CO 3HAYUTENLHBIM coziepskanneM *H B Bozie; «ATOMHOE» 03€p0 — BOPOHKA,
o0pa3oBaBIIasicsi B pe3ysbTaTe MPOBEICHUS SKCKaBallMOHHOTO B3phIBA HA IIOMIA/IKE
«bamamnany [Tritium in Streams, 2008; Contamination mechanisms. .., 2012; I[Tarumkui,
Jlykamenko, 2013; Cy66otuH, AlinapxaHos, Jlydacos, 2013].

OCHOBHBIM OOBEKTOM WCCIIEZIOBaHUS OBbUT BBIOpaH aTMOCQEpPHBIH BO3AYX.
JUis M3y4eHHs] MCTOYHMKOB MOCTYIUIEHUs “H B BO3LYIIHYIO CPely U MEXaHM3MOB
(opMHUPOBaHUS TPUTHUEBOTO 3arpsS3HCHHS B KAaueCTBE JOIMOJHUTEIBHBIX OOBEKTOB
Hccije10BaHUA ObLIIH BI)I6paHI>I BOJa, paCTUTCIbHOCTD, MMOYBEHHBIN BO3AYyX U IOYBa
[Uccnemoarne ypoBHs..., 2013].

Jlis uccnenoBanus 00BEMHON aKTUBHOCTH “H B BO3/yXe MPOBOAWICA OTOOD
mpo0 BOJISHBIX MapoB aTMOC(EPHOTO, IITOJIBHEBOTO BO3JyXa M IIOYBEHHOW BJIard
METOJIOM KpHOTEHHOTO BEIMOpakuBaHUsA. OTOOp TIpo0 BOASIHBIX MapoB aTMOC(hepHOTo
BO3/yXa MPOBOIMIICS OTKPBITHIM CITIOCOOOM: Ha BEIOPAHHOM YYaCTKE YCTaHABINBAIACH
KpuoreiHasa YCTAaHOBKAa ¢ BbIIIOJHAJIOCH BBIMOPAKHMBAHHUE Ha BBICOTE 50 cMm
OT 36MHOM ITOBEPXHOCTH.

[louBeHHas Biara coOWpanack C HCIONB30BAHHEM H3OJIUPYIONIEH EMKOCTH
HWIMHAPHYECKOH (OPMBI, TTO3BOJISIONICH W30JUPOBATH MOCTYIUIEHHE aTMoc(hepHOro
BO31IyXa B oTOupaemyto mpody. s otéopa mpobd mToasHEBOr0 BO3AyXa KPHOTEHHYIO
YCTaHOBKY C H30IMPYIONIe EMKOCThIO YCTaHABIMBAIA Ha TOBEPXHOCTh HACHIITH
rmopTana Tak, YTOObl OHAa OPHUEHTHPOBOYHO pacrojiarajach Ha YpOBHE IEHTPaIbHON
OCH KOTJIOBOH ITOJIOCTH IITONBHHU. [laniee mporieaypa BRIONIHSIACh TAKUM Ke 00pazoMm,
KaK ¥ JUIS IOYBEHHOW BJIard, BpeMs 0TOOpa COCTaBIIsLIO mopsaka 1,52 vaca.

Or6op mpo6 pacreHmii [y onpezneneHus KoHueHtpauun °H u Guomaccel
pPacTUTENHFHOTO TIOKPOBA Ha yYacTKaxX MCCICAOBAHUS MTPOBOJIIIICS METOJIOM «yKOCOBY.
[Ipu >TOM TpaBSHUCTBIE pacTEHHUsI Cpe3alnch Ha BbicoTe 1-3 cM, KpyMHOTpaBbe —
4—6 cm. IIpotyKTHBHOCTH PaCTUTENHHOTO TIOKPOBA Ha KaXKJIOM HCCIIEIYEeMOM yUacTKe
OIIpEIENAIACh 110 TPEM ILIOIAAKAX, PA3MEP KaKI0M U3 HUX B cpeaneM 1 Mm%, YV aenpHas
akTMBHOCTL °H omnpesensiach B CBOGOHON BOJIE PACTEHUI — KOHJIEHCATA, TIOITYYEHHOTO
MOCPEJICTBOM CHELUAIBHONW YCTAaHOBKH, IPEACTABISIIOMIEH COO0H TepMeTHUHYIO
E€MKOCTB UIsl 3arpy3Kd mpo0 pacTeHHi, CHaAOKEHHYIO OXJIaKIAeMOW MOBEPXHOCTHIO
1 EMKOCTBIO ISt cOOpa rcnapsieMol pacTeHusIMA Biiard [MccnenoBanue ypoBHs. .., 2013].

Ot6op npoO MOYBBI MPOBOAMIICS METOJOM «KOHBEpTa», TO €CTh M3 YIJIOB
U LeHTpa KBajapaTa pasmepoM nopszaka 1 m?. Tlocie mpenBapuTeNbHOM MOATOTOBKH
poOsI (TpocenBaHme, MepeMennBaHie, CyIika) oTorpanach HaBecka mopsiaka 1 r —
JUIE  TIPOIIEypPhl aBTOKJIABHOTO PAa3JIOKEHHS, KOTOpOE IMOJ[pasyMeBaeT IIOJHOE
pasnokeHue NpoObl ¢ MPUMEHEHNEM a30THON M IJIABUKOBOW KHCJIOT MO AaBJICHUEM,
C OCIEAYIONIeH HeUTpanu3aueil U TUuCTUILIALIEH.

Ot6op TpoO MOBEPXHOCTHBIX BOJ| OCYIIECTBIISUICS TPU MOMOIM OaToMeTpa,
MOTPY’KAaeMOr0 B BOJY Ha 3ajaHHyI0 riryOuHy. IIpoObl oTOMpanuch B MIacTUKOBBIE
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€MKOCTH, KOTOPbIE TePMETUYHO 3aKPHIBAJIMCH U TPAHCTIOPTUPOBAIUCH B 1TA0OPATOPHUIO
0e3 mpeaBapuUTENbHON KOHCEPBaIlNH.

Omnpenenenne akTUBHOCTH “H B McceqyeMbIX MpoOax MPOBOAMIOCH METOIOM
KHUJIKOCHMHTHUISIHONHON crieKTpoMeTpud. HemocpeacTBeHHO mepes] BHITOJTHEHHUEM
aHalM3a Bce TPOOBI MPOXOAMIN CTaAuI0 (GUIBTPAAN TS YOAICHUS MEXaHHMIECKUX
pUMeceid, 3aTeM 0TOMpaIack aTMKBOTa 00BEMOM 3 MJI U IOMelaach B CTAHAAPTHYIO
reoMeTpuro (TUTacTHKOBas BHaina 00bEMOM 20 MiT) ¢ 10OaBICHUEM CIUHTHILIAIIIOHHOTO
KOKTeiss B mporopruu 3:15 (oTHOIIEHHE O0pa3eI-CIUHTIILIATOP). B KadecTBe
CHMHTHJUTMPYIOIIEH )KUKOCTH MCIOIB30BaJICA CUMHTUIUISIIIMOHHBIN KokTeins Ultima
Gold LLT (3¢¢dexruBrocts perucrpauuu mist “H B guanazone 0-18 k3B nopsaka
45-50 %) [AccnenoBanue ypoBHs..., 2013].

W3mepeHnst  BBIONHSUIUCH  MPH  MOMOIMIM  SKUAKOCIMHTHJUIAIIMOHHOTO
cnektpomerpa TriCarb 2900 TR ¢ otHocuTenbHO# 3(pPEKTHBHOCTHIO PETUCTPAINH
JUIS BBIOPAaHHOTO Juama3oHa u3MepeHuit He MeHee 60 %. OOnacTh 3HEPrUU
ni1s onpenenenus *H 3anana B uarepsaie ot 0 10 15 k3B. Bpems usMepeHus Kaxmaoro
oOpa3sia coctapisiio nopsjaka 120 munyt [Mccnenopanue ypoBHs. .., 2013].

quCTBI/ITCIH)HOCTI) HCIIOJIB3YEMbIX METOI0B PI3MCpCHI/II71 COCTaBJILICT ITOPSAAKa
12 Bx/n — 11pu onpeaenenun yaeabHoi aktusHocTr *H B cBoGo1HOM Boze, 150 Br/kr —
TIPY OTIPEIETIEHNH YIEIBHOM aKTMBHOCTY *H B [I0YBE METOI0M aBTOKJIABHOTO PA3JIOKEHHs,
0,03-0,5 Bk/M® — 1ipu onpeenenny *H B BO3IyLIHOMN Cpeie B 3aBUCKMOCTH OT YCJIOBHI
orbopa npod 1 00bEMa oTobOpanHoro obpasia [Contamination mechanisms..., 2012,
UccnenoBanue ypoBHs..., 2013].

B nmaGoparopun npuMeHsuTach cuUcTeMa O0O0eCIeYeHHsT KOHTPOIS KadecTBa
pe3yabpTaToB, €€ 00sM3aTeIbHOM YaCTBIO SIBISUIACh ITIOBEpKAa CPEICTB HM3MEPEHHUid,
aTTeCTalus UCTIBITaTeIFHOTO 000pYyI0BaHUs (KaK OCHOBHOTO, TaK U BCIIOMOTATEIHHOTO),
aKTyaJin3aus METOJUK, UCTIOJIb30BAHNE aTTECTOBAHHBIX METO/IUK. BOCHpOI/ISBOI[I/IMOCTB
pe3ynbpTaToB coctapisia or 10 mo 50 % — B 3aBUCHMOCTH OT BETUYHHBI YACITHHOMN
aktuBHOCTH “H B 00pasie.

I'naga 1. [lnomanka «/lereaen»
1.1. Onucanue o6vexkma

IInomanxka «/leremen» — ojiHa U3 OCHOBHBIX MCIIBITATENbHBIX IDTomanok CUII,
T'JIe TIPOBOIFIIMCH TIOI3EMHBIE STIEPHBIE B3PHIBBI MOIITHOCTHIO /10 150 KT B TOPU30HTAITBHBIX
TOPHBIX BhIpabOTKax — IITOJBHAX. Beero 3a mepuox ¢ 1961 mo 1989 rr B ropHoM
MaccuBe Oblia npoiineHa 181 mronbHs, rae ObII0 UCTIBITAHO 295 SAepHBIX YCTPOMCTB.

lopuerii maccuB JlerenmeH mpeacTaBisieT COO0H BYJIKAHOIUTYTOHHYECKYIO
CTPYKTYpY paauycoM okojo 10 KM, UeHTpajdbHas 4YacTh KOTOpPOW mMpopBaHa
BEPXHENEPMCKHM TpPaHUTHBIM MaccuBoM. B ropax J[leremen OepyTr Havaio
MMOBEPXHOCTHBIE BOJHBIE CHCTEMBI, WMEIOIINE CTOK B PA3MYHBIX HAaIpPaBICHUSIX.
B niepuop! BeimaneHust atMocepHBIX OCaJIKOB U BECEHHETO CHETOTAasHHS YacTh BOJBI
TPaHCTIOPTHUPYETCS MOBEPXHOCTHBIM BOAOTOKOM 32 MPE/IENbl TOPHOTO MAacCHBa, a 9acThb
MIPOCAYMBAETCS [0 CUCTEMAM OTKPBITHIX TPEIIKUH. Y POBEHb MOJ3€MHBIX BOJ HAXOUTCS
Ha rayoune g0 12 m. B pesymerate [1IB B reonormueckoit cpeme ¢gopmupyercs
psiI 30H HEOOpaTUMBIX JedopManuii, pa3IHYaroIIuXcsl M0 CTEIEHH Pa3pyIHIeHHOCTH
TOPHBIX MOPOJ: TMOJIOCTh, 30HBI CMSTHSA, IPOOJICHUs, HaBeIEHHON TPEIIMHOBATOCTH,
OTKOJIa 1 CTOJ0 00pymieHus (puc. 4.3).

224



BobicoTa, m
830 ATMOcepHble ocagku

Touka Bblxoaa
LUTOSNbHEBLIX BOA
Ha LHEBHYIO MOBEPXHOCTb

_ MonocTb B3pbiBa

+ + 3oHa gpobneHus

* - Cton6 ob6pyLueHus
+\ * - 30Ha MHTEHCWBHOW TPELLMHOBATOCTH

[ 30Ha NogHOBNEHWS €CTECTBEHHBIX TPELLMH

Bbicota, m

830
790
760
710

T f Hﬂl

- + — =,
690 . [ i
o0 12705 ppobnenns
610 : flio i cTon6 o6pyuwieHns
& I~ VHTeHCVBHOII TPeLNHOBATOCTH
Eraes i-/..| BrIOKOBOW TPELUNHOBATOCTY

530 FA5HE nokanbHbIX HEOBPATUMbIX MPOSIBIEHMiA

Puc. 4.3. Cxema 30H HeoOpaTuMBbIX Aehopmanuii [BiusiHue pagroakTusHoro. .., 2016]

B 30Hax HeoOpaTuMbIX jedopmainmii 00pa3yloTCs JBE OCHOBHBIE 30HBI
JIOKAJIM3alUM PATUOHYKIHIO0B. [lepBas — paanoakTHBHAS CTEKJIO-IIIAKOOOpa3Has
nopoja, coaepxamas 10 80 % Bcex MPOAYKTOB JEICHUS U BECh IUTyTOHUI. OCHOBHAs
Macca pacIUIaBlIeHHOHW TOPOJBl OCTAa&Tcs B TpeieNiaX IOJIOCTH B3pbiBa. BTopoit
WCTOYHUK — PaJMOAKTUBHAS a’pO30JILHO-IBIICBAS KOMIIOHEHTA, JIOKAIM30BaHHAS
Ha TIOBEPXHOCTSX JAPOONEHON TMOpOABI M IUIOCKOCTSX TETPOTEHETHYECKUX U
TEXHOTEHHBIX TpemuH. Takoe pacmpesnelncHue o0ycnoBiaeHo TeM, urto °Sr u '¥’Cs
SIBIISIIOTCSL  JIOYEPHUMHU TPOJYKTaMU  PaJHOaKTHBHOTO pacrhaja Ta3000pa3HbIX
MPeaIIeCTBEHHUKOB KpunToHa-90 u kceHoHa-137, kotopsie npu [151B criocoOHbI 110
TpPEelIMHAaM  PaClpOCTPaHATbCS  HAa  3HAYMTENIbHOE  paccTosiHue | Bnusiane
PagnoaKTUBHOTO. .., 2016].
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=== LUTONbHA C BOAONPOSBMNEHNEM U €€ HOMEP
J=— 0OCb LUTOSbHU

] [ 3 : [ et 1o S == 1 pycrna BpeMeHHbIX BOJOTOKOB
1 - " L
- E— H H rpaHuua nnowagkn «erenex»

Puc. 4.4. T'opnslil Maccus [lereneH.
CxeMa pacroJIoKeHHUs JIOKATBHBIX BOJIOCOOPHBIX OacceitHOB (&) U mTojeH (6)
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B pesynbrare mocrymiueHus aTMOC(HEPHBIX OCAIKOB B 30HBI HEOOPATHUMBIX
nedopMaIliii MPOUCXOUT TTEPEX01 PAAHOHYKIHUAOB B TPYHTOBBIE IITOJEHEBBIE BOJIBI.
3arps3HEHHBIE PATUOHYKIHIAMH BOIBI, IEPEMEIAsICh 10 CUCTEMaM TPEIUH U TIOJIOCTH
INTOJBHM, TIOTONHSIOT OacceiiH TOJ3EMHBIX BOJI WM BBIXOJSIT Ha JHCBHYIO
MTOBEPXHOCTH B palfOHE MOPTAIOB ImITOJEH. Bech GPOHT MOA3EMHBIX BOJ, BBIXOISIIIIX
3a mpeniensl rop Jerenen, pacipenensercs Ha OTAeNbHbBIE TOTOKK B COOTBETCTBUH C FIX
MPUHAJUICKHOCTHIO K JIOKAIGHBIM BOJOCOOpHBIM OacceliHam, IJie TMUTAHUE, TPAH3UT
Y pasrpy3ka MPOUCXOJIT B Ipe/esiax 0acCeHHOB, MMEIONUX MPOTHKEHHOCTH 10 20 KM
(puc. 4.4, a). IloaToMy MUTpanus paIiioOHyKIHIOB C TOJA3E6MHBIMHI BOJAMH 32 MTPEIEITbI
ionianku «Jlereien» orpaHuYeHa MaKCUMalbHBIM pacctossHueM 20 kM [BnusHue
paauoaKTUBHOTO. .., 2016].
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6000 80
5000
4000
3000 40
2000 30

1000

0

ceBpanb  mMapT anpenb mart VIOHb MONb  aBryCT CeHTsI0pb OKTABPb

== nebuT == aTMOC(epHble 0cCaaKu
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Puc. 4.5. [Tnomanka «Jlerenaen»: @ — nuku aeduta U aTMOCHEpPHBIX OCAIKOB;
6 — nebut BomoTOKOB n3 mrosieH (/-1 — 19962008 rr., /12 — 2010 1.)
[Brustame pagmoakTHBHOTO. .., 2016]

Ilocne 3akpbITHsSI BCEX BOJOHOCHBIX IITOJIEH BOJAA MPOAOJIKAIA BBIXOIUTDH
Ha JIHEBHYIO MIOBEPXHOCTh B paiioHe mopTayioB 8 mroneH (puc. 4.4, 6). YcTaHOBJICHO,
qTO0 JIC6I/IT IITOJIBHEBBIX ITOTOKOB 3aBUCUT OT KOJIMYCCTBA BhIIIAJaFOITNX aTMOC(i)epHI)IX
ocaakoB. Ha puc. 4.5 MOXHO 4€TKO NPOCIEIUTH PACXOXKICHUE BO BPEMEHU IHKOB
MaKCUMaJIbHOTO KOJIMYECTBAa BBINABIIMX OCAJKOB W MaKCUMaJbHOIO CyMMapHOTO
nebuTa BOJIbI, MOCTYMAIOIIETO U3 mTOoNeH. [Ink nebura BOJIOTOKOB OTCTOUT OT ITHKA
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WHTEHCUBHOCTH aTMOC(EPHBIX 0CaAKOB MOYTH Ha JIBa MecsAla. DTOT MEPUO] MOXKHO
NPUHATH 32 BpeMs HHQUIBTPALUH aTMOC(HEPHBIX 0CATKOB Yepe3 TPEIIUHHYIO CUCTEMY
B ropax JlereneH.

1.2. Hceneoosanue nogedeHus paouoHyKiauoos, 8 mom 4ucjie mpumus

Pe3ynbTaThl MHOTOJIETHETO MOHHMTOPHHTA IITOJNBHEBBIX BOJ IMOKA3ajld, YTO
yaebHas aKTUBHOCTh PAJTHOHYKIUIOB B K&KIOM IMOTOKE JUTUTEILHOE BPEMS OCTa&TCs
OTHOCHTENILHO CTaOMIbHONW. OHA BapbUPyeT B HEOOJBIIHNX MpPEAeax MPH Pa3InuHbIX
KOJIMYECTBaX JeOUTa MOTOKOB (pHC. 4.6).
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Puc. 4.6. [Tnomanka «Jlereiaern». MOHUTOPUHT IITOJTBHEBBIX BO

[BnusiHE pagnoakTUBHOTO. . .,

2016]




HauGosnbiias yaensHas akTUBHOCTh H cOXpaHseTcs B TEUEHHE BCETO MEPUO/IA
HaOmoieHu (HauuHast ¢ 1996 r.) B mrronbHe Ne 177, MakcUMaibHast KOHIIGHTPALUS —
1900 kBr/kr ormMeuena B 1997 r. Ananorndnas kaptuna Habmrogaercs u s ’Cs, ero
HaubonbInas yaenbHas akTHBHOCTh — 1100 Bx/kr Habmonanace B mronbHe Ne 504
B 1999 r. MakcumanbHas KoHueHTpanus *°Sr — 2100 Bk/kr Obuia 3adukcupoBana
B Bozie u3 mrrobHA Ne 177 B 2004 . (cm. puc. 4.6).

Bonee HarmsimHo AMHAMUKA BRIHOCA PAJUOHYKIH/OB CO IITONFHEBBIMHA BOJAMH
mpeAcTaBieHa Ha JaHHBIX KBapTaJbHOTO W TONOBOTO BbIHOCA (puc. 4.7), 3aech
MPOCIIEKUBAIOTCSA CE30HHBIE KOJIEOaHMsI, MAKCUMYMBI KOTOPBIX IPUXOJISTCS Ha BTOPHIC
KBapTaJibl KAKIOT0 roja, a MUHIMaJbHbIC 3HAUeHUs] — Ha MepBble U YeTBEPTEHIC.

Bk
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Puc. 4.7. Pe3ynbTaTsl MOHUTOPUHTA IITOIBHEBBIX BOJ!
a — KBapTalbHBIN; 6 — rojoBoi [Cy66otuH, 2016]

3a rpaHAIIaMU TOPHOTO MaccuBa JlereneH ypoBHU KOHIIEHTPAIIMN TEXHOTEHHBIX
panuonyknaos (kpome *H) cHMXKArOTCS 10 ypOBHEH MHHHMMAIIBHO JETEKTHPYEMOM
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xouientpaiuu. Konuentpauus *H B Bojie py BBIXOJIE 3a Npeebl MaccuBa Jlerenen
nocturaet 300 kbk/kr, mpu ynanenuu ot rop Ha 10 kM oHa cHmkaercs 10 30 kKbk/kr.
[Ipu ynanennu ot rop Ha 15-20 KM KOHIIEHTpALMsI TPUTUS HA OCHOBHBIX HAIIPABIICHUAX
He nipeBbimaet 1,0 Kbk/Kr, uTo B 7,7 pa3a HIKe YpOBHS BMEIIATEIECTBA TIPH ITOCTYTUICHUN
C BOJIOW M TMHILEH, YCTAHOBJICHHOTO | MTHEHNYECKUMHU HOPMAaTUBaMH K 00ECTIeYCHUIO
paauanuoHHol Oe3onacuoctu [2022].

Panee GbUIO yCTAHOBIIEHO, YTO KOHIEHTPanus *H B pacTUTENBLHOCTH, MOA3EMHBIX
U I[OBEPXHOCTHBIX BOAAX, B POAHUKAX M IUTOJBHEBBIX BOJOTOKaX Ha TEPPUTOPHUU
IUTOINAAKY U3MEHSETCs B IIpeesiaX OT AECSATKOB 0 COTEH ThICSY OEKKepelel Ha JIUTP.
TtonpHEeBbIE BOMOTOKH THAPOJOTHYECKHA CBS3aHBI C OCHOBHBIMH PY4YbSIMH,
PACTIONOKEHHBIMA Ha TUIONIAKE «Jleresen», 4to 00ycIoBIMBaeT BoIHOC *H 3a mpeens
HE TOJIbKO MECT IPOBEICHHS UCHBITAHUI, HO U JaJICKO 3a Mpelesibl UCIBITATENbHON
IWIOMAIKK. BbUIo ycTaHoBIeHO, uto (oHOBas KoHieHtpaius °H B armocdepHoM
BO3/yXe cocrapisia He 6onee 0,2 Bk/m® [JIsxosa, 2007]. Ha HexkoTOpoM sTare paGoThl
ObUIM TIPOBEJEHBI MCCIIENOBaHUs pacnpeneienus *H B BO3aymHOM cpeme B 30HAX
PacCIioJIOKCHUA LITOJICH, HAa MNPUWICTAIONIUX K HUM TCPPUTOPUAX — B IKOCHUCTEMAX
LITOJIFHEBBIX PYUbEB, U PYUbEB, BEIXOAIINX 32 IIPEAEIbl TOPHOTO MaccuBa JlereneH.

IIpu smunenTpanbHbix 30Hax 1B comepkanue *H B BO3myxe ompenensiu
Ha ydacTKax 22 IUTOJEH, rA€ ObUIM HPOM3BENCHBI B3PBHIBBI PA3IMYHOIO XapakTepa.
Usmepenust 06bEMHON akTUBHOCTH “H MPOBOAMIM BHYTPH TIOJIOCTH LITOJEH, HA MX
nmoprajzax MW IMNPHUYCTBCBBIX YYaCTKax, B MECTC pPACIIOJIOXKCHUA BCPTUKAJIBHBIX
I€0JIOTHYECKUX CKBA)XHUH, MPOOYPEHHBIX B TEJNO LITOJIBHU U B HAI3MULECHTPAIbHOU
3oHe momoctu [ISB (3ome pazmpobmenus). Ha puc. 4.8 m300pakeHa IITONBHS
B TOPU30HTAIBHOM pa3pe3e U cXemMa MecT 0TOopa mpoo.
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Puc. 4.8. CxemaTnueckoe n300paxeHue MTOJHU B TOPU30HTAILHOM pa3pese
[UccnenoBanue ypoBHS. .., 2013]

HccnenoBanre ObLIO MPOBEACHO B CEMH IITONBHSX, MPH 3TOM YCTAHOBIICHO,
4T0 00BbEMHAS aKTMBHOCTH °H BHYTPH IOJIOCTEH INTOJEH U3MEHSAETCS B LIMPOKOM
nuanaszone 3Hauenuidi — ot 0,5 mo 30 000 Bx/m® [Uccnenosanue yposHs..., 2013;
Lyakhova, 2013], pe3ynbTaThl HCCIACIOBAHHM IO KaXKIOH IITOJNBHE MPEACTABICHBI
Ha puc. 4.9.

MaxkcuMainbHble KOHUeHTpanun “H Ha6GmrogarTcs BOIM3H KOHIIEBBIX OOKCOB.
OKCIMOHEHIIMATBHOE YMCHBIIICHHE OO0BEMHOW aKTHMBHOCTH MO Mepe MPHUOIMKCHUS
K BBIXOJY U3 IITOJILHU OOBSICHSICTCS BO3PACTAIONIMM Pa30aBIeHUEeM 3a CUET MTOCTYILUICHHUS
aTMOC(EepPHOT0 BO31yXa M YACTHYHBIM BBIHOCOM 3arpsA3HEHHOTO BO3IyXa INTOIBHU
4yepe3 TPEUIUHbI Pa3pyHICHHOW CKATbHON TTOPOIBI.
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Puc. 4.9. Pacnipesienienne 06bEMHON akTHBHOCTH H BHYTpH MOJIOCTH IITOJIEH:
a— 707,901, 501 u 150 (5kcnoHeHIMaIbHbIE GyHKIIU Ag-e®0115);
6 — 603, A7, 103 (oxcmoneHtmanbHbIe GyHximn Ao e®0%¥) [Ucenenosanue yposHs. .., 2013]

Tak Kak Ha MmopTaJie MmTojieH ObLUTH 3a(QUKCHPOBAHbI IETEKTHPYEMbIE KOJIMYECTBA
3H B BO3/1yX€, OBLIO CHENAHO TIPEATIONOKEHHE, 9TO *H MOKET SMAHMPOBATE U3 TTOJOCTH
IITOJBHUA HAa OTKPHITYIO IOBEPXHOCTH, HaKe€ €CIAM INTOJBHS «3aKOHCEPBUPOBAHA.
Jliist oneHKU SMaHanuy “H U3 monocTy ObIIM IIPOBEIEHBI HCCIIEOBAHMS IPUYCTHEBBIX
YYaCTKOB CEMH «3aKOHCEPBMPOBAHHBIX» IITOJEH. [IpoObI IITOJIBHEBOrO BO3IyXa
OTOMpAJIMCh HA MOPTANIE INTOJLHH, MPOOBI aTMOCHEPHOrO BO3AyXa — Ha yIaJeHHH
ot Hero Ha paccrostaun 50 M (Tabd. 4.1).

O06béMHas aKTUBHOCTH “H Ha 1mopraie mToabHe u3MeHseTcs B npeaenax ot 0,5
10 16 Bx/M?, B armoceprom Bozmyxe — ot 0,3 10 2,5 bx/M® [UcenenoBanue ypoBHs. . .,
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2013;

Lyakhova,

TO €CTb

pe3yiabTaTaMi  HUCCIEeI0BaHMS
NPUHIMIHAIBHAS BO3MOKHOCTh BbIX0a “H ¢ BO3IYIIHBIMM TTOTOKAMH M3 MOJIOCTEH
LITOJIEH B BO3AYIIHYIO CPEAY UCCIEAYEMOI0 y4acTKa.

Tabnuya 4.1

O6béMHas akTHBHOCTH *H B IITOIBEHEBOM U aTMOC(HEPHOM BO3IyXE

[UccnenoBanue ypoBHs. .., 2013]

O6bémHas akTuBHOCTH *H, Br/M>
No Howmep
n/m IITOJIEHH Ha TOpTale IMTONBHN Ha paccrosnuu 0 M
OT MOpTana MTOILHH
1 104 5,2 2,5
2 511 7,2 1,2
3 165 10,7 0,55
4 609 8,5 33
5 802 16,0 0,8
6 103 6,0 1,56
7 604 0,6 0,3

Hccnenoanus mpoBOMINCH HA yaacTKax 16 mrrosneH. Ha kax oM mpuycTheBOM
YYacTKe aHAJIM3UPOBAJIOCh, KAK MUHUMYM, I10 OZHOM mpobe atMocepHOro Bo3myxa,
otoOpaHHOTO Ha paccrosand 20 M OT mopTana. beio ycTaHOBIEHO, 4TO 00BEMHAsS
aKTUBHOCTH °H Ha MpUyCTheBBIX yuacTKax Bapbupyet ot 0,7 1o 3,3 br/m® [Uccnenosanue

ypoBHs..., 2013; Lyakhova, 2013]. Pe3ynbraTsl npeacTaBieHsl B Tad. 4.2.

Tabnuya 4.2
O6béMHas akTUBHOCTH “H Ha IPUYCTHEBBIX Y9aCTKAX IITOJIEH
Ne Homep O6bémHas Ne Howmep O6némHas
n/n IITOJLHU aKTHBHOCTB, bK/M> /1 ITONLHU AKTUBHOCTb, BK/M>
1 136 0,7 9 129 1,6
2 501 2 10 175 2
3 707 2 11 136 2,7
4 150 3,3 12 107 1
5 169 2 13 xX-3
6 505 2 14 111 3
7 A7 0,2 15 110 3,2
8 901 0,7 16 114 2,9

ypoBHs..., 2013; Lyakhova, 2013].
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UccnenoBanrss NMpoBOOWIIM TarkKe JUIA TOATBEPXKICHHUS SMaHALUU TPUTHS
W3 MOJIOCTH IITOJIEH B aTMOC(EpHBIN BO3ayX. Bo Bcex citydasx, HCKIIoYast IPHYCTHEBOH
y4acTOK TonbHu A7, conepkanue *H npesbicuiio GoHOBBII ypoBeHb 0T 3,5 10 15 pas.
MaxkcumanbHoe npeBbiieHne Gpona — B 16,5 pasza 3aMKCUPOBaHO HA MPHYCTHEBOM
yuactke mtonbHu Ne 150. IMpepbimenue ¢ona Oonee yem B 10 pa3 oTMedeHO
Ha MPUYCThEBHIX ydacTkax mroieH Ne 136, No 111, Ne 110 u Ne 114 [HccnenoBanue

ITIOKa3aHa




UccnenoBamoch Takke coiepkKaHME€ TPUTUA B MECTax PacHOIOKEHUS
BEPTUKAIBHBIX T€OJOTMYECKUX CKBAXXHMH, IPOOYPEHHBIX B TEJIO IITONBHU. [ 3TOro
OLIEHMBAJIOCh MOCTYIJIEHUE TPUTHS U3 Tela IUTOJBHU HaJl €€ NMOBEPXHOCThIO CKBO3b
TPELIMHOBATOCTU B TOPHOM OPOAE, @ TAKXKE I10 CKBAKUHAM, IPOOYPEHHBIM B IUITOIBHU
cBepxy. MccnenoBanocs cemb mTONEH. Pe3ynpTaTel namepennii 00bEMHONM aKTHBHOCTH
H B arMOcepHOM BO3yXe MpeacTaBIeHbl B Tab. 4.3.

Tabauya 4.3
O06beMHas akTHBHOCTH *H B MeCTax pacroNoXeHus T€0JOTHIECKMX CKBAKUH
[UccnemoBanme ypoBHSL. .., 2013]

Ne Howmep OGbémuas akTuBHOCTD “H, Br/M3
/1 HITOJIEHA 110 OypeHHsT CKBasKUHEI mocye OypeHHsT CKBaKUHEI
1 185 2,0 10,0
2 208 0,8 4,5
3 129 0,6 L1
4 107 0,2 4,0
5 175 0,3 4,2
6 132 0,6 8,0
7 505 0,2 0,8

PesynpraTel m3MepeHMI MOKasai, YTO HAX BCEMHU INTOJIBHSAMH IPOH3OIILIO
yBenudenne Kouuenrpamud “H B armochepe ot 4 no 20 pa3s cpasy mocie Oypenus
ckBaxxuH [HccnenoBanne ypoBH4..., 2013; Lyakhova, 2013]. IIpeBbimienne ypoBHs
koHueHTpauu °H B Bo3myxe Haj (DOHOBBIMH 3HAYEHHSAMH JO OYPEHHS CKBAXKHH
roBopur 0 ToM, 4to °H mocrtymaer B armocdepy MyTéM MHUTpalMU TI0 30HAM
Pa3yILUIOTHEHUS CKABHBIX TIOPO/I, PACTIOJIOXKEHHBIX Ha/T IITOIHHEH.

Uzyuanock conepxanue TPUTHS B 30HE MAKCHUMAIILHOTO Pa3IpoOIeHUsI TOPHBIX
nopo Haj nojocteio [TAB. MccnenoBanus poBeIEHbI € IETBI0 OLEHKH BO3MOKHOCTH
noctymienust *H cKBO3b TPEMMHBI B CKAJIBHBIX IOPOJaX B MECTAX MX MaKCHMAJILHOIO
pa3pylIeHus HaJl TIOJIOCTHIO ITONBHU. [Ipenonarany, 4To Takie y4acTKH OPUEHTHPOBOYHO
JIOJDKHBI OBITh PACIIONIOKEHBI HAJl KOHIIEBBIM OOKCOM IITOJPHA — B AIHIICHTPATBLHON
30He B3pbIBa. Mccnenosanock 15 mronen. O6bEMHas akTUBHOCTH “H B HUX U3MEHSAIACH
B npenenax or 0,1 go 4 Bx/m® [Uccnenosanue yposns..., 2013; Lyakhova, 2013].
[Monyuennsle 3HaueHUss 00BEMHON akTMBHOCTH H B arMocdepHOM BO3myxe B psje
Clly4aeB MpeBbICHIIN (DOHOBBIN YpOBEeHBb OT 1,5 710 15 pa3 (puc. 4.10).

B3auMocBs3u MEXKIy YpPOBHSAMH OOBEMHOW akTHBHOCTH °H M MOIIHOCTBIO
MPOBEAEHHBIX B3PHIBOB W HMX KOJMYECTBOM YCTaHOBIEHO HE Obuto. [IpoBEneHHBIC
WCCIIEIOBAHUS TTOKA3aJIM, YTO IMOJIOCTh IITOJILHU JIO HACTOSIIErO BPEMEHHU Bce emlé
SBISIETCS MCTOUYHUKOM ToCTymuieHus “H B armocdepHsiii Bo3ayx. Konuentpauus *H
B BO3JYIUHOHM Cpele B pailoHE pacIOIOKEHHUs] LITOJEH B €IMHMIBI U JIECATKH pa3
mpeBbIaeT (POHOBBIM YPOBEHB ISl JAHHOTO y4YacTKa.

IIpu ouenke pacnpenesenus *H B BO31yIIHON cpejie B palioHe pacloIokKeHus
IUTOJIEH B BOJONPOSIBICHUAX U ¢ YUYETOM BBICOKMX YPOBHEH KOHIEHTpauuu H B Boge
Ha HCCIeOyeMOH TeppuTOpud OBUIO CHENaHO CIIEAYIOIIee IMPEAIoOKEeHHE.
[1IToNbHEBBINH BOJOTOK ABJISETCS UCTOYHUKOM MOCTYIUIEHHs *H B BO3AYIIHYIO CpELy.
JleTanpbHO WMCCIIEMOBAIUCh JKOCHCTEMBI BOAOTOKOB ImToieH Ne 176 m Ne 177,
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pAcTONIOKEHHBIX B TPUTOKaxX pyubEéB baiitnec u Y3bHOYJIaK COOTBETCTBEHHO.
Oco6eHHOCTBIO BEIOPAaHHBIX YYAaCTKOB SIBJISICTCS HAJIMUYHUE IITOJIEH C BOJOIIPOSIBICHIEM
B BHJI€ OTKPBITBIX BOJOTOKOB, BBIXOISIIUX HAa IOBEPXHOCTb Y IOPTAJOB IITOJIEH.
[IporsokénHocTh pycna coctasiasger 400—600 M, ¢ MOCTENEHHBIM IMEpechIXaHHEM
BOJOTOKA IIO Mepe yAAJeHHs OT IOopTaja, CPEOHEroJ0Basl ylelbHas aKTUBHOCTh
tputns B Boae 300 kbk/n Ha mronpHEe Ne 176 1 550 kbk/n Ha mrronsae Ne 177 [JIaxoBa
u ap., 2013; Pacnpenenenue tputus..., 2020; Assessment of the tritium..., 2021].

4

OfbeMHan aKTUBHOCTL “H, Brim?

13 501 150 185 208 505 901 128 175 136 111 114 132 707 HUP
Homep WTansHW

Puc. 4.10. Conepxanue TpuTHs B aTMOC]epe B 30HE MAKCUMAIILHOTO Pa3apo0IeHUs
Haj nojocteio [T5B [MccnenoBanue yposHs..., 2013]

Jis u3yudeHUs pacnpeieieHus TPUTHS B BO3AYLIHOW cpeie oTOop mpod
aTMOC(epHOro BO3/AyXa MNPOBOAMIM B IIPOAOJIEHOM U IONEPEYHOM HAalpaBlICHUH
OTHOCHUTEJIBHO pyciia. B mpogoiapHOM HanpaBiIeHUH UCCIeJ0BaHUs IIPOBOIMIIHN IO TPEM
JIMHUSM, PAcTIONI0KEHHBIM MapajuieNibHo pyciy [MccnenoBanue ypoBHs..., 2013].

Jluausg [ pacmonaranack Ha paccTossHMM He Oonee 50 ¢M OT KpPOMKHU BOJBI,
JUHUS 2 — C JIEBOW CTOPOHBI pyciia, IUHUS 3 — C MPaBOil CTOPOHBI HAa PAaCCTOSIHUU
npubmusuTensHo 50 M oT pyubs. PaccrosHue Mexay Toukamu oToopa npo0 1o JINHUSIM
Takke cocraBsuio 50 M. B momepeyHoM HampaBieHHWH OT pyciia oTOOp mpod
OPOBOOMIM 10 NPOQHUISIM C TOCTEHEHHBIM YAAJeHWEM OT pycla, HauyuHas
OT KpOMKH BOJbl. PaccrostHne mexnay mpodummsimu cocraBimsio 50-100 M, Mexay
TOYKaMH U3MEPEHUH B MPOYUIISIX — 5—15 M paBHO3HAYHO B MPABYIO U JIEBYIO CTOPOHY
ot pyubs [MccnenoBanue yposHs..., 2013].

Hccneoosanue pacnpedenenus mpumus 8 ammocgepHom 6030yxe 8 HpoOOIbHOM
U nonepeuHomM HanpagieHul OMHOCUMENbHO PYCIA WMObHEB020 6000MOKA.

Ha ocnoBanun ananmmsa 54 npo6 atmocdepnoro Bozayxa (puc. 4.11) omnpenenena
MakcUMallbHas 00bEMHAs aKTUBHOCTL “H B pycile BOJIOTOKOB, KOTOpas COCTaBjsuia 2
00 1 1350 bx/M® ans mwrosnen Ne 176 u Ne 177 coorerctsenHo [JIsxosa u ap., 20106;
WccnenoBanwme ypoBHs..., 2013].

U3menenue ¢ pacctosHueM 00bEMHOI akTuBHOCTH “H B BO31yXe MO JUHUU [
y mTobHU Ne 176 X0poIiio oImMchIBaeT SKCIOHeHIanbHas GpyHkius y = 1400exp(-0,0097x),
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(R* = 0,95). Ilo 06ouM BOIOTOKAM OTMEYEHa OOIas TEHAEHIUS Ha YMEHbLICHHE
KoHIeHTpamuu “H B arMocepe ¢ yBeNMYEHHEM PACCTOSHMS OT MOPTajia INTOJNBHH:
[0 Mepe MPOTHKEHHOCTH Pydbs, 00bEMHAS aKTUBHOCTH “H B BO3IyXe 3HAUMTENLHO
CHIKaeTCs u Ha pacctostaun 400 M coctasnset yxe 40-60 Bx/m® [Jlsxosa u ap., 20100;
Uccnenosanne yposHs..., 2013].
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Y = 1400e-0,0097~
R?=0,95
1 " " " '
0 100 200 300 400 500
PacctosiHme ot NUCTOKa, M

O6bEMHAs akTUBHOCTb, Bk/M®
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10
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0 100 200 300 400
PaccTosiHue oT uctoka, M

Puc. 4.11. Pacnipenenenne 06bEMHON akTHBHOCTH “H B BO3/yX€ 110 JIMHUSM BJIOJIb BOJOTOKA:
a — w3 wronbHH Ne 176; 6 — u3 mrronsau Ne 177 (y-tpern s muaud [y mroasHu Ne 176)
[JIsixoBa u np., 20100; UccnenoBanue ypoBHS. .., 2013]

st uccnenoBaHusl B TONEPEYHOM HAMPAaBJICHHH OTHOCHUTENHFHO pyciia OBLIO
orobpaHo u mpoaHanu3upoBaHo 40 mMpoO BOJSHBIX MApOB B YEThIPEX MPOQPHISLX
Ha BogoToke mToiasHu Ne 177 (puc. 4.12).

OObEMHast aKTUBHOCTH “H B BO3/MyXe C yBEJIMYEHHEM PACCTOSIHHMS OT Pydbs
3HAYUTENBHO yMeHbIIaeTcs — oT 500-1300 Bx/m* BOamsu pycna mo 20-30 Bx/m?
Ha paccrossaun 70-100 M B cTopoHy. Uem Aajplie pacCTOSHHE TI0 PYYblO, TEM MEHBIIIE
IMpUHA pacnpocTpaHenuss “H B BO3myxe OTHOCHTENBbHO pycna. HamGonbiume
KoHIeHTpalK °H XapakTepHbl JUIi MECT BBIXOZA pPY4YbEB HA [OBEPXHOCTH
W TpUypodYeHBl K OeperoBoit 3oHe pyubs [JIsxoBa m nap., 20100; HcciemoBanue
ypoBHS..., 2013].
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KomueHTpaums *H B soagyxe, B’

-80 =60 -40 -20 o 20 40 &0 &0 100 120
PaccToAHWE OT USHTpa pycna, M

Puc. 4.12. Pacnpenenenne 065EMHOM akTHBHOCTH SH B BO3/lyXe M0 Mepe yaaleHus
ot BogoToka [JIsixoBa u ap., 20106; Mccnenoanue ypoBHs. .., 2013]

1.3. H3yuenue 0cHOBHBIX UCHIOYHUKOG NOCHYNIEHUS
U MEXAHUIMO8 PACHpedeSIeHUs MPUMUS 8 AMMOChHepHoM 8030yxe
IKOCUCHIEM WM OJIEH C 6000NPOAGTIEHUEM

HUccnenoBanus pactpeieieHus TPUTHUS B CHCTEME BOJIa — aTMOC(epHBIH BO3yX
MPOBOJIUIIM C LEJbIO OLIEHKH TPUTHEBOTO 3arpsi3HEHUS BO3IYIIHON CPEAbl U U3YUECHUS
pacnpenenenns “H BOIM3HM MOBEPXHOCTHOIO BOAOTOKA. Bomb pycina BOJOTOKA
mToabHU Ne 177 mpou3BOAMIICS CONPSDKEHHBIA 0TOOP MPOo0 BOJASHBIX MapOB BO3IyXa
u Bozpbl (Tabu. 4.4).

V nenbHas akTMBHOCTH *H B BOJIE, COTIACHO MOTyYEHHBIM PE3YJIbTATAM, H3MEHSAETCS
ot 145 1o 380 Bx/n, 06bEMHAs aKTUBHOCTE cocTasisuia ot 50 1o 255 Br/m® [JIaxosa
u ap., 20106; UccnenoBanue yposHsi..., 2013].

Takum o0Opa3zom, ObUIO ycCTaHOBJCHO cieaytomiee. OTHOIIEHHE O0BEMHOM
aktuBHOCTH *H B aTMOC(hEpHOM BO31yXE K 00BEMHOM akTUBHOCTH *H B BOJIE COCTABUIIO
(4,6+1,3)'10* /m* (oTHOCHTENBHAs ommOKa 28 %). Ha Bennuuny koHuenTpamuu “H
B arMocdepe OKas3bIBaeT BIIMSHUE HWHTCHCUBHOCTh WCIIAPCHHS BOJSHBIX TapOB
C TIOBEPXHOCTH pyubsi, KOTOpas, B CBOIO OdYepelnb, OyAET 3aBUCETb OT Pa3HULBI
TEMIIEPaTypPhl BOJIBI M BO3/IyXa, OTHOCUTEIHFHON BIAYKHOCTH BO3/IyXa M CKOPOCTH BETPA.
Torna o6bémHas akTUBHOCTH “H B BO3MyXe BONM3M OTKPHITOTO MCTOYHHMKA MOYKET
U3MEHATHLCS B Pasbl IIPU OJMHAKOBOI yeabpHoi aktueHOCTH *H B Boge. Mccnenoanus
[0 pPaclpeiciCHUI0 TPUTHSL B CHUCTEME IIOYBEHHBIH BO3AyX — pACTEHUS —
aTMoc(epHbIi BO3IyX MPOBOIMIN C LENbIO YCTAHOBJICHHS CBA3EH MEXAY COAEp KaHHUEM
H B pacTeHusx, Mo4Be U aTMOC()EPHOM BO3/IyX€ Ha PA3IMYHBIX PACCTOSHHAX OT Pycia
pyubs u3 mroasHu Ne 177.
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Tabnuya 4.4
Konnentpanus *H B Boje u atMocpepHOM
BO3/yXe (PKCIIEPUMEHTAIbHBIE JaHHbIC)

No | Konnenrpauus *H, B/M® | Bosnyx/Bona,
n/n B BOJIE B Bosayxe | (10%), n/m?
1 375000 200 5,3
2 370000 170 4,6
3 380000 255 6,7
4 370000 100 2,7
5 350000 170 4,9
6 330000 125 3,8
7 265000 100 3,8
8 170000 50 29
9 145000 125 8,6
10 200000 115 5,8
11 140000 80 5,7

Hns 3TOr0 0IHOBpEMEHHO
o YeTBIPEM MOTIEPEYHBIM
npoduIsiM  OTOMpaNUCh  MPOOBI
BIarM B  TI0YBE, PACTEHHIX
u aTMoCcepHOM BO3IyXe.
Ha xaxagom ydacTke, Kpome
TOTO, ompenelsim  Onomaccy
pacTUTENHHOTO MOKPOBA.

Uto0s! YCTaHOBUTH
pactipenieneane  “H B cucreme
MIOYBEHHBIN BO3AyX — pacTCHUS —
aTMOoChepHBIN BO3/YX, Ha
Pa3IMYHOM PACCTOSIHUM OT pycla

pyups w3 mTomeHH Ne 177
o YeThIPEM MOTIEPEYHBIM
poQUIISIM MIPOU3BOAMIN

OJTHOBPEMEHHO OTOOp MpoO Biaru

B IIOYBE ¥ aTMOC(EepHOM BO3AYXE,

a TaKke Mpod PacTUTEITHHOCTH.
IIpoBenéHumIit aHaIu3

MOKA3ajl, YTO YCTaHOBJEHHE Pa3JebHBIX CBI3€H MEKIYy YAeIbHON aKTUBHOCTHIO “H
B aTMOC()EpHOM WJIM TIOYBCHHOM BO3/yXE, B TO K€ BPEMs MEXITy HOPMHPOBAHHOU
Ha eauHuuHyro mwiomans (1 M?) aktuBHOCTBIO “H B pacTHTENsHOCTH Apaer (BK/M?),
ONpe/IesIEMON MEPEMHOKEHHEM OHOMACCHl Mpaer (KI/M?) Ha yIENbHYIO aKTUBHOCTD
pactennii Cpaer (BK/KT), W 00BbEMHON akTHBHOCTBEIO *H B armocdepHOM BO3IyXe
Carv (BK/M?) BBISIBIIEHA TIPOTIOPIMOHATBHAS 3aBUCUMOCTD ¢ KO3(DMHUIIMERTOM KOPPEISIIN
R?, paBubM 0,81 (puc. 4.13) [JIaxosa u ap., 20106; Uccnenosanue yposHs. .., 2013].

Bk/m®
10000 | s s : IR s

i y=10,0185x
i R*=081

1000 Lo o,
100

10 B

0,1

10 100 1000

10000

——]

100000
Bk/m?2

Puc. 4.13. 3aBucuMOCTh 00bEMHOM akTUBHOCTH “H (0Ch OPAMHAT) OT AKTUBHOCTH
pactutensHOro ciost (och adciuce) [JIssxosa u mp., 20106; MccnenoBanue ypoBHs..., 2013]
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OTCYTCTBHE KOPPETALUHM MEKAY CojepkKanueM °“H B MOYBEHHOM BO3IyXe
U yIENbHOM, WK 00LIEH, aKTUBHOCTHIO *H B pacTEHHsAX TOBOPUT O TOM, YTO YCIIOBHS
otOopa mpob KOHJIEHCAaTa HaJ| yYaCTKOM CO CPE3aHHBIMH PACTEHHSIMH HE OTPaXKaroT
UCTUHHOTO coaepxanus *H B ouBe, 4TO, B CBOIO 04€PEh, TOBOPHT O HEOOXOAUMOCTH
yuéTa BceX UCTOYHMKOB noctyruienus *H B armocdepy.
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Puc. 4.14. XapaxTep pacrupeaencHusi TPUTHS B BO3AYIITHON cpefie
3a npeaenamu mwiomanaku «Jlereneny [MccnenoBanue ypoBHs..., 2013; Lyakhova, 2013]

[Ipu u3y4yeHuUM ypoBHS M XapakTepa paclpeaeieHus TPUTHS B aTMOc(hepHOM
BO3AyX€ 3a IpelellaMH IUIOI@AAKH «JlereseH» OCYIIECTBIISAJIOCh BbISABICHHUE
BO3MOKHBIX 30H BeIHOCA *H 3a mpejesl IWIOmaaKku ¢ IOBEPXHOCTHBIMU BOJIOTOKAMH,
a TaKKe M3ydalcs XapakTep pacrpenernenus H B BO3IyIIHON cpelie B NPOJOJILHOM
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(puc. 4.14, @) u B nonepeuHoM HampaBieHuu (puc. 4.14, 6) OTHOCHTENIBHO pycliia
OCHOBHBIX Py4b¢B 3a peeiaMy UCIIBITATeIbHON IITOMAAKH.

[To uToram Mccea0BaHUs YCTAHOBJIEHO CIIEAYIOIIEE: OCHOBHOE 3arpsi3Henue *H
BO3AYIIHOW CpPE/Ib 3a peieaMu TUIOIAAKH «JlereJeH» TeppuTopHatbHO IPUYPOUICHO
K pycllaM OCHOBHBIX Py4bEB; 30HA MaKCHMAaIbHOIO COACP)KAaHUS TPUTHS B BO3IyXe
pacmoyio’keHa B Tpelenax S5 KM OT TrpaHulbl Iiomanku «Jeremen», nanee ero
coJiep>kaHue YMEHBIIIACTCS X Ha pacCTOSIHUU 10 KM OT TPaHUIBI COCTABISET SAMHHUIIBI
Ockkepeneii Ha KyOwueckmii merp. OOBEMHas akTHBHOCTH “H B momepedHoM
HaTpaBJICHUH OTHOCUTEIHHO PYCiia JIOTUYHO CHIKACTCS C YBEJTUUEHHEM PACCTOSHUS
OT 1eHTpa pycna. MakcuManbHOE 3HaUYeHue KoHIeHTpamuy *H B Bo3ryxe Habmoaercs
BOMM3M pycna Ha paccrossauun Oonee 500 m [MccnemoBanuwe ypoBHS..., 2013;
Lyakhova, 2013].

T'naBa 2. UcnbITaTeabHas miomaaka «baxaman»
2.1. Onucanue o6vexkma

Ha ucneiTatensHo# miomaake «bananany, pacrnoiaoKeHHON B BOCTOUHOM YacTu
CUII, B mepuon ¢ 1965 mo 1989 rr. 66110 ipoBeaeHo 106 [11B momuOCTRIO 10 165 KT
B BEPTUKAIBHBIX CKBaxXHMHax. [lmomanka «banamam» npencrabiuseT co00i KOTIOBHHY
JUaMeTpoM 0koJio 20 kM, 00paMIICHHYIO MEJIKOCOMTOYHMKOM. Ha 3HaunTeIbHON YacTu
TEPPUTOPUU TOJA3EMHBIC BOAbl MMEIOT HANOPHBIM XapakTep C BEJIMYMHON Hamopa
1o 73 M (puc. 4.15).

¥ o+

II 1II

Puc. 4.15. I'mpponunamudeckue 3¢ ekt B 6JI0KaX TOPHBIX HOPOI
IIpU NPOBEIECHUH MOA3EMHBIX SIEPHBIX B3PBIBOB:
1 — pacnpeneneHre TaBJIeHUS TTOI3EMHBIX BOJ IPH (YOPMHUPOBAHUH CTOJI0A OOpYyIIEHUS;
2 — JHeBHasl TOBEPXHOCTH; 3 — KaMy(QJIeTHas II0JIOCTh; 4 — CTOJIO 00pyIIeHNs;
5 — 30Ha HaBeAEHHOH TPEIIMHOBATOCTH; 6 — 00JACTh NPUIIOBEPXHOCTHOTO Pa3yIUIOTHEHHUS;
7 — HarpaBlIeHHE ABIKEHHA Moa3eMHbIX Box [Cy60otuH, 2016]
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JBI>KeHHe MO3eMHBIX BOJ OCYIIECTBIISIETCS IPU AOCTATOYHO MaJIbIX BETHUMHAX
THIPABINYECKOTO YKIOHa M HHU3KHX CKOpocTsX ¢mibrparmmu. Ha Oospimeil wactn
TUTOINAAKH PACXOIbl HOTOKOB MOA3EMHBIX BOJ OJIM3KK K CBOMM CPEIHUM U JOCTATOUHO
HU3KUM 3HA4YeHUsAM — MeHee | M°/cyT. MakcuMasbHbIE BEJMYUHBI PACXOI0B —
10 2 M3/cyT — HaOMIOAAI0TCsA B 0KHOM 9acTH IUIOIIAIKH, TIE JOKAIU3yeTCs 00IacTh
MUTAaHUS TIOA3EMHBIX BOJ. PernoHanbHbIN (UIBTPALMOHHBIA IIOTOK HAampaBieH
oT 00JacTy MUTaHUA K 00JIaCTH pa3Tpy3KH, MPEICTABICHHONW JOTMHON pekn VpThim.

O6pasoBaBiinecs: MOJIOCTH MOCIE B3PHIBOB B CKBaXKHMHaX, B oTiauuue ot [11B
B TOPU3OHTAJBHBIX IITOJBHAX, PACIIONIOKEHBI 3HAUNTEIEHO HIDKE YPOBHS MOA3EMHBIX
Boj. [loBBIIIEHHBIE TeMmepaTypbl B IOJOCTH MOTYT JOJTO COXPAHATHCS B CBS3U
C HaJIM4YHMEM TOJIIIM MEePEKPHIBAIOLINX MOpoJ. BrICOKHe TemmepaTypsl ClIOCOOCTBYIOT
00pa30BaHMIO TEIUIOBOM KOHBEKIMH. Boa, MOCTUTHYB IIOJIOCTH, pa3orpeBaeTcs,
pacTBOpsieT XHMMHYECKHE OJIIEMEHTHI W PAJUOHYKIWABI W MOXET MEJICHHO
BO3BPAIIATLCS BMECTE C HUIMH B BepxHHE TOpu30oHTHI [Cy600TuH, 2016].

OcHOBHBIE OCOOCHHOCTH THIPOJMHAMHYECKHMX IPOLECCOB, BBI3BIBACMBIX
MOJI3¢MHBIM B3pPBIBOM, TPOCICKHBAIOTCS NPH CIEAYIOMIEH CXeMaTH3alUu SIBICHUS
(puc. 4.15). CooTBeTCTBYIOIINE B3PHIBY BOITHOBBIE TIPOIIECCHI BRI3BIBAIOT JAe()OPMAIIHIO
OKpY)Xalolllel  cpellbl, TpPUYEeM COCTOSHHE IUIaCTa-KOJUIEKTOpa HM3MEHSeTCs
B OOJBIIICH CTETEHH, B OTIMYKME OT BMEIIAIOMINX OTHOCUTEIHHO MOHOJIUTHBIX MOPOJ.
JlnHaMugeckoe C)kaTHe KOJUIEKTOpPAa MPHBOAUT K TOBBIILICHUIO TABICHUS KHIKOCTH
B HEKOTOpPOW OOJIACTH, YTO CHOCOOCTBYET MOJBEMY YPOBHS HMOA3EMHBIX BOJ. DTOT
MPOLIECC COMPOBOXKIACTCS WHBEKIMEH BOABI B MOPOBO-TPEIIMHHOE IMPOCTPAHCTBO
MaccHBa FOPHBIX MOPOA B TPEIIMHBI, paHEee CYIICCTBOBABIIUE U BHOBb 00pa30BaHHBIC
B pe3yJbTaTe B3pbIBa. MOMEHT 3aBeplicHUsT (OPMUPOBaHUS KaMy(hIETHOW MOJIOCTH
OIIpe/IeNseT MPOAOIDKUTEIBHOCTh BOSMYIIIEHHS BOJOHACHIIIIEHHOTO IIIACTA-KOJUIEKTOPA.
[Mocneayromiee 0Opa3oBaHue CTOJI0a OOPYIICHHUS BBI3BIBACT [ICHTPAILHYIO JICTIPECCUIO
B 0Opa3oBaBLIeMcs KynoJe mo3eMHubix Box [Cy66otus, 2016].

Jdisi OUEHKM XapakTepa paJnOaKTHBHOTO 3arps3HEHUS TOJ3EMHBIX BOJ
Ha tuiomanke «banaman» npoBoawiu onpoboBaHue 6oiee 100 paHee mpoOypeHHBIX
THIPOTEOJIOTMYECKIX CKBaXHMH. Ha psge ydacTKOB BBINOJHEHBI JOTOJHHTEIbHEIC
WCCIIEIOBaHMs, BKIIIOYAIOIIE OypoBbIe, TeOQU3MUYECKHE U OIBITHO-QUILTPAIIIOHHEIC
pabotsl (puc. 4.16). PacnipocTpaneHne TEXHOT€HHBIX PaJMOHYKIHAOB B MOA3EMHBIX
BOJIaX MMEET CIEAYIONIHe OCOOCHHOCTH:

137Cs. Bo Bcex mccuenyeMbIx npobax Boisl copepsxanue *’Cs He IpeBBICHIIO
JOIMYCTUMBIX 3HA4E€HHH Uil MUTheBOW Bojabl. Camas OoubIasi €ro KOHLCHTpALHs
(4 Bx/kr) Obuta oOHapykeHa B THUAPOTEONOTHYECKOW CKBa)KHUHE, PACIOIOKEHHOH
B 50 M oT «00eBoit» ckBaxuHbl 1056.

*Sr. Ha Gosbliedl yacTu IUIOMIAAKA COAEpKaHue *°Sr B MOA3EMHBIX BOJAX
He mpeebinaet 1,0 bx/kr. Haubonbiiee 3naueHne — 1240 Br/xr 0bu10 3apKCUpOBaHO
B CKBaXMHE, PacIoIOkeHHOH B 50 M 0T «0oeBoit» ckBaxkuHbl 1056. [Ipu ynanenun
OT «00EBBIX» CKBaXMH Ha TEPBbIE COTHH METPOB COJIEPKAHUE 3TOTO PaUOHYKIH]IA
CHHMYKAETCS 10 YPOBHEH MOpsiiKa MUIUTHOSKKEPEs Ha KUJIOTPaMM.

Takum o6paszom, '¥’Cs u *Sr He pacnpocTpaHuiIMch Ha paccTosHus Gosee 50 M
0T OOEBBIX CKBAXKHH.

23942400py, ConeprkaHne STUX M30TOIOB B IOJ3EMHBIX BOJIaX Ha MCCIIEI0BAHHbIX
y4acTKax He TMpEBbIIIAeT MUHHMAIBHOW JIETEKTUPYEMOUW YAEIbHON aKTHBHOCTH,
pasnoii 0,002 Bx/kr.

H. B moji3eMHBIX BOJIaX €r0 KOHLEHTPAIMS BAPLUPYET B IMPOKOM JUATIA30HE —
OT MUHUMAJILHO JeTeKTHpyeMoit 10 4800 kbk/kr.
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Puc. 4.16. Cxema pacronoxeHus: yuactkoB uccienosanuii [Cyo6otuH, 2016]

2.2. Hecneoosanue nogedenus mpumus

3arps3HeHre JaHHOW MECTHOCTH HE3HAYMTENbHO, TaK KaK MpPU NPOBEIACHUHU
MOJ3EMHBIX  B3PBIBOB B  CKBAXHHAX  PaJUOAKTUBHbIE TPOLYKTHI  OCTAJIHChH
«3aXOpPOHEHHBIMI» B TEOJOTMYECKOil Tommie mopona. [IoBepXHOCTHBIX BOJI B MecTax
pacloyoXKeHHs] CKBaXMH HET. YjenbHas akTuBHOCTH HTO B rpyHTOBBIX BOJax
M3MEHSCTCS B IMUPOKOM auamazone 3HaueHudt — ot 0,01 g0 4000 xbk/n, riyOuHa
3aJIeTaHus B TIpe/ieax IUIoaaKku coctasiser 1-5 m [MccnenoBanue ypoBHs..., 2013].
B pacTtenusx ynenbHas akTHBHOCTH “H m3mensercsa B mpegenax ot 20 mo 70 Bx/xr,
00béMHast akTUBHOCTH “H B 1OYBEHHOM BO3dyxe MoxkeT nocturath 300 Br/m?,
B atmMocepraom — j10 70 Br/M?, conepxanue *H B mouse cocrasiser 10 104 Bk/kr
(Tabmn. 4.5) [UccnenoBanue ypoBHS..., 2013].

311ech B sieTHUE MecsIbl (Mioib U aBryct 2014 r.) npucyrcrsue *Hras 0TMEUAIOCH
Ha MPUYCTHhEBBIX YUACTKAX BCEX CKBAXKUH, 32 UCKIIOUeHHEeM CKBaKUHBI 1058. IIpu sTom
YacTOTa BCTPEYAEMOCTH TNPHUCYTCTBHS “Hpss B TOYBEHHOM BO3JIyXe BBINIE, HEM
B armMoc(epHOM. UHCIICHHBIE 3HAYEHMS YAEIbHOM akTHMBHOCTH “H B mouse ObLIM
3a(hMKCUPOBAHBI TAK)KE HA BCEX YUACTKAX MCCIIEOBAHMS, 32 HCKIIOUEHUEM CKBaYKUHBI
1058 [UccnenoBanue ypoBHS. .., 2013].

Jist viccneoBaHU TPUYCTHEBBIX y4YacTKOB OOEBBIX CKBKUH IMPOBOJIMICS
CONPSKEHHBIA OTOOP MPOBOASHBIX MApOB aTMOC()EPHOr0 M IOYBEHHOTO BO3AyXa
s onpezenenus conepxanus “H (puc. 4.17). Tlpu 0600IIEHUN MOTYYEHHBIX TAHHBIX
BBIOPAHO MIECTHh CKBAKHH IS ACTANM3AUH TUIOIAHOTO HCCIEOBAHMS IPUYCTHEBBIX
y4acTkoB (puc. 4.18).
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Tabruya 4.5
VnenbHas akTHBHOCTD “Hias B aTMOC(EPE, TOUBEHHOM BO3/IyXE M II0YBE
BOJIM3H YCThsl 00EBBIX CKBAKUH Ha TuTomazke «banamany

OO6béMHas aKTUBHOCTb, br/M> VYnenbHast
Howmep 3H,u HTO aKTHUBHOCTh
CKBayKUHEI H B nouse,
aTMocgepa oyBa aTMocgepa oYBa BK/Kr
1071 <0,5 0,8+0,5 3,0£1,0 5+1 500 £+ 50
1267 0,9+0,5 1,2+0,5 3,5+1,0 220+ 20 12000 £ 1200
1058 <0,5 <0,5 5,0£0,5 35+0,7 <50
1010 190 + 15 40+ 6 15+1 45+ 2 12500 £+ 1200
1355 3,0£0,5 3,5+£0,5 <0,5 <0,5 700 £ 70
1309 <0,5 3,0£0,5 <0,5 <0,8 200 £ 50
1000 ATmOCdepHbI BO3AYX
B [louseHHas Bnara
100

-
o

1010 1236 1361 1355 1317 1053 1315 [ny6okas

CkBaxuHa

O6béMHas akTnBHoCTb 3H, Bk/m3
o
=

Puc. 4.17. Conepxanue TPUTHS B BOJSHBIX MTapax aTMOC(HEPHOTO BO3AyXa
Y ouBeHHoM Bnaru [MccnenoBanue ypoBHs. .., 2013]

O0GbEMHAs aKTUBHOCTD “H B II0OYBEHHOM Biare Jist pa3HbIX CKBaYKUH U3MEHSETCSI
B mpezenax ot < 0,2 no 300 bx/m®, B atmocdeprom Bozayxe — ot < 0,05 no 70 bx/m?
[UccnenoBanue ypoBHsL. .., 2013]. 3HaunTenbHas KoHeHTpanus *H B HoUBEHHOM Biiare
[TOKAa3bIBA€T BO3MOXKHOCTh BBIXO/Aa TPUTUS Ha IMOBEpPXHOCTh W3 mojocted I[ISB.
[IpocTpancTBEHHOE pacmpenenenue °H B BO3MYNIHOW Cpelie  MCCIIEN0BANOCh
HaJ CKBaXMHaMHU. Bun pacnpenenenuii Ha npumepe TpEX ckBaxuH — «lryOokas»,
1355 u 1361 nokasan Ha puc. 4.18.

VYcTaHOBIIEHO, YTO B OTACTBHBIX CIy4asx Ha Tpadukax HMMeeTcs HECKOJbKO
[MUKOB, YTO TOBOPHUT O BO3MOYKHOCTH BBIXOJ@ TPUTHS Ha 3€MHYIO ITOBEPXHOCTH
B HECKOJIBKMX MECTax, Ha paccrtosHu 10 200 M OT IeHTpa CKBaXMHBL. BennunHa
BBIX0Ja *H M €ro MecTONmoNOKXeHHe PasIMuHbl IS Pa3HBIX IPUYCTHEBBIX YYAaCTKOB.
OTO0 MOXET OBITh CBS3aHO C KOJUYECTBOM IPOBEAEHHBIX B3PBIBOB W TIyOMHON
3aJeraHusl UX TMOJIOCTEeH, C HapyleHUSAMH JaHAmAadTa MOBEPXHOCTH, a TaKKe
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C HauM4MeM BHYTPEHHHX TIOJIOCTEH, MOMONHUTEIBHBIX 30H TPEIIMHOBATOCTH
¥ Pa3sBUTOM 30HBI IPYHTOBBIX BOJI, 3HAUMTEILHO 3arpsS3HEHHBIX “H W 3amerarommx
Ha HeOOJIBIIION TITyOHHeE.
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Puc. 4.18. IIpocTpaHcTBEeHHOE paclipeie/ieHHe TPUTHS B TOYBEHHOM BO3yXe
Haja ckBaxkuHamu «Iyookas» (a), 1355 (6) u 1361 () [UcciaenoBanue ypoBHs..., 2013]

2.3. Cooepiicanue mpumus ¢ CHEIHCHOM NOKPOGe

OOmbexTaMu ucciieioBaHus ObUTH BEIOpaHb! 20 PUYCTHEBBIX YYaCTKOB OOEBBIX
CKBa)XMH Ha muiomanke «banaman» ¢ ypoBHEM MOJA3eMHBIX BOJA Ha rinyoune 5-13 M
OT MOBEPXHOCTH MOYBHI (Tabn. 4.6) u ckBaxuna 1003 Ha miomanke «Capbly3eHb.
Ha puc. 4.19 nano mectopacmoiaoXeHne UCCIeNOBATENbCKUX CKBAXUH HA TUIOIIAIKE
«bananany. OcHOBHBIE XapaKTEPUCTUKH OOEBBIX CKBaXKHH NPUBEIEHBI B Ta0. 4.6.

Br160op 00bekTOB HccneoBaHus Ha IIomaake «bananan» NpoBOIMIN C yYETOM
aHaJM3a apXWBHBIX JIAHHBIX (OTHOCHTEILHO MOIHOCTH B3pbIBA, TIIyOUHBI 3ajleTaHus
3apsiia ¥ MUHUMaJIbHOTO YpOBHS IpyHTOBBIX Boa) [Cy60otuH, 2010, UccnenoBanue
COJIEpKaHUs TPUTHS B CHEXKHOM. .., 2018].

14 oxTtsi0pst 1965 r. Ha ckBakuHe 1003 (momanka «Capbly3eHb)) IPOBOAUIOCH
9KCKaBaIlMOHHOE AJIEPHOE UCTIBITaHKNE (C BRIOPOCOM IpyHTa) Majol MomHuocta 1,1 kT
Ha CpaBHUTEIbHO Mol riryoune 48 m. Han snuentpom 1B oOpa3oBanacs BopoHka
nraMeTpom Oornee 150 M, BeicoTa HaBana pocturaer 10 M. Ha npuyctbeBoM ydactke
CKBa)KMHBI HAOTIOIAI0TCS TIOBBIIIEHHBIE KOHIIEHTPAIMH TEXHOTEHHBIX PaJHOHYKIN/OB
(¥7Cs, 2" Am, 2**24Pu u *°Sr) B mouse.

IIpn oOcnenoBaHWM TNPHYCTHEBBIX YYAaCTKOB OOEBBIX CKBAKHUH IUIOLIAJKH
«bananany ObUTH IPUMEHEHBI Pa3INYHBIC METOIO0JIOTHYECKUE TTOIXOIBI.
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Tabauya 4.6

OCHOBHBIE XapaKTEePUCTUKHU MPOBEAEHHBIX SCPHBIX UCTIBITAHUMA
Ha BBIOPAHHBIX O0CBBIX CKBaXkMHaX Iwionianku «bananany [Cyo6otun, 2010]

Howmep I'my6uHa 3amoxeHust | MOIITHOCTD I'my6una YpoBeHb
CKBaYKMHBI Jlata B3prisa 3apsiaa, M B3pbIBA, KT | CKB@XHHBI, M | MOI3EMHBIX BOJ, M Hpumeuanue
1007 10.02.1972 295 16 454,0 9,5 HaGmonaetcst mpoBai B 15 oT ycTbst
1010 11.06.1978 556 60 614,0 13,2 BrIsBIEHO HamM4Ke ra3oB
1054 30.11.1969 472 160 397,2 11,5 W3mepennst He TPOBOAMIINCH
1058 | 27.12.1974 535 51 398,6 12,0 E6af£$ﬂ;§f:: HEOOBLIOH MpoBan
1061 02.11.1972 521 165 652,0 11,1 W3mepennst He MPOBOIMIINCH
1062 04.07.1976 535 90 651,0 9,0 To xe
1080 29.06.1977 340 9 503,6 52 «
1087 12.10.1980 436 102 - - «
1202 28.08.1976 535 58 455,0 12,5 «
1206 29.10.1975 535 90 - 8,5 «
1220 14.09.1980 483 190 4270 10,8 «
1222 29.11.1978 535 100 550,0 9,3 «
1227 29.06.1980 535 93 550,0 5,8 «
1309 02.12.1979 535 93 550,0 10,8 «
1313 16.12.1984 543 137 600,0 10,85 «
1315 12.03.1987 529 58 600,0 - «
1350 14.09.1988 642 108 600,0 9,0 «
1355 13.12.1987 530 130 600,0 = ?;6“‘02136“" BOpONKa AHAMETPOM
M U r1yOuHOM 12 M
1400 29.05.1977 393 44 607,0 7,14 W3mepenus He TPOBOAMIUCH
1414 26.05.1984 489 150 549,0 12,1 Habmonaercs BopoHka auamerpom

10 M u riyOuHOM 3 M




OOuyro OLEHKY CcoJep)KaHUsi TPUTHUS B CHEKHOM IIOKPOBE MPOBOAMIH
Ha ckBaxkuHax 1007, 1010, 1054, 1061, 1062, 1080, 1202, 1206, 1222, 1227.1309, 1315,
1350, 1355 u 1400. Ot60p Mpod CHera OCyNISCTBISIM B MATH ToYkax (LIEHTp, ceBep,
10T, 3a1aji, BOCTOK) Ha paccTostHuu 50 M oT orosioBka. Ha ckBaxunax 1058, 1087, 1414
oTOOp Tpo0 cHera MPOBOMMIIM B 25 ToYkax Mo kKoopamHaTHOW ceTH 0,25%0,25 xm
¢ maroMm 50 M. LleHTp KOOpAWHATHON CETH pacrojiarajcsi y OroJIoBKa OOeBOWM
ckBaXuHBL. [IpoObI cHera oTOMpanu Ha BCIO TITyOMHY CHEXXHOTO mokpoBa 0—20 cm.

fane

o
YenopHeie 0003HaueHNS
OroIOBKH GOEBLIX CKBAKHH

I I IPAHHU K HCMBITATENBHBIX MIOIIATOK

Puc. 4.19. Pacnonoskenune UcCaeI0BaTENbLCKUX O0EBBIX CKBAKUH
Ha Tuiomanke «banaman» [MccnenoBanue copepkaHusi TPUTHS B CHEXKHOM. .., 2018]

UTo0Bl OIeHUTh (POHOBBIE KOHIIGHTpAIlMM TPUTHUS B CHEKHOM IIOKPOBE,
Ha TPUYCTbEBOM YydacTke OoeBbIX ckBaxuH 1220 m 1313 3amokeHo mo xaBa
HCCIIEIOBATENBCKUX «Iyday, KOTOpble OBIIM HAaIlpaBiIeHbl B CEBEPHOM M IOKHOM
HaIPaBJIEHUSIX OT OroJOBKAa CKBKWHBI, MX 00mas jummHa cocraBisuia 300 u 500 m
COOTBETCTBEHHO, C IIAaroM MeXIy Toukamu obcienoBanus 20 M. Ot6op npob cHera
TaKXKe BBIMOJIHSUIA Ha BCIO TITyOWHY CHEXKHOTO ITOKPOBA.

Ha cxBaxkunax 1355 u 1010 npoBoawz TUIOIIATHOE HCCIIECAOBAHUE CONECPKAHUS
TpuTusl B CHeXHOM mokpoBe. B 2011 u 2012 rr. Ha ckBaxune 1355 otbop mpod
CHEKHOT'O IOKPOBa OCYLIECTBIISUIM IO KOOPAMHATHOM ceTke 1X1 KM, paccTosHHe
MEXIy TOo4YKamu oOcnenoanusi coctapisuio 100 m. LleHTp KoopawHATHOW ceTH
pacnonaraics y OroJioBka 0oeBoW CkBaXuHBI [MccienoBaHue comepikaHUs TPUTHS
B CHEXHOM..., 2018].

Hust monmydeHus: Oosiee JeTanbHOW HHPOPMAIMU O COJNEPKAHUU TPUTHS
B cHexkHOM TToKpoBe B 2013 r. Ha ckBakuHax 1355, 1010 mmomanku «bamamam» u 1003
ronianku «Capely3eHb» TpOoObI CHEXXHOTO TIOKPOBA OTOMPAIIH TI0 KOOPIMHATHON CETH
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0.5Y 0,5 xkm ¢ marom 50 M. OT60p MO0 CHEXHOTO MOKPOBA MPOBOJMIIN IMOCIOHHO
Ha rryouny 0—10 (moBepxHOCTHBIHN cioit) u 10—20 cM (mpu3eMHbIid cioii). B cnydasx,
Korja oo cioit cHera 6buT MeHee 20 cM, 0TOOp MPoO CHera MPOBOIMIH Ha TITYOHHY
0—10 cM 1 Ha OCTaBUIYIOCS TIIYOUHY 10 TTOICTHIIAIONICH TOBEPXHOCTH. J[J1st m3MepeHus
TOJIIIMHBI CHEKHOTO ITOKPOBa ObUIA MCIIOJIb30BaHA MEPHAs JIMHEHKA.

JlaHHBIE O COAEP)KaHUM TPUTHS B CHE)KHOM IIOKPOBE Ha IPUYCTHEBBIX y4acTKax
18 6oeBbIX CKBaKHH TUIOIAIKN «banaman» npeacrasieHsl B Ta0u. 4.7 [Mccnenosanue
CoJiepKaHusl TPUTHS B CHEXKHOM. .., 2018]. Ha Bcex mpuycTheBBIX ydacTKax OOEBBIX
CKBaXHMH OOHApyXXEHO HaJM4Yhe TPUTUS B CHEXHOM IIOKpOBE. MakcuUMajbHbIE
KOHIIGHTPAL[H TPUTHS B CHETe OTMEYEHBI BOJHM3HM U HAa OTOJIOBKAaX OOEBBIX CKBAXHH
1007, 1010, 1058, 1087, 1222, 1355, B psaae ciydaeB gocturatomiue 40—70 Br/kr.

DIOADENK GoeBof  — IPAHHNIA HCIEITATENLH LI VIEIEHAS AKTHEHOCTL
CEEZKHHL RN ER LTS TpHTHiL, byr

L] S 510 - 30 . 2070

Puc. 4.20. ConepxaHue TPUTHS B CHEYKHOM TIOKPOBE HAa OOEBBIX CKBKHUHAX TIONIAIKH
«banamany»: @ — pacnooxeHne 00eBbIX CKBaXHH; 6 — CkBaknHa 1058; 6 — cxBaxkuna 1087,
2 — ckBaxkuHa 1414 [MccnenoBanue conep kanus TPUTHUS B CHEXHOM. .., 2018]
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Ha puc. 4.20 npencraBieHo co/iepKaHie TPUTHS B CHEKHOM ITOKPOBE Ha OOCBBIX
ckBakuHax 1058, 1087 u 1414 nnomanku «banamany.

CopeprkaHne TPUTHUS B CHEXXHOM TTOKPOBE
Ha TIPUYCTHEBBIX yUacTKaX 00EBBIX CKBaXHH IIoanku «bamaman»

Tabnuya 4.7

Howmep VY aenpHas aKTUBHOCTB TPUTHS, BK/KT
CKBXUHBL | yro0p0K Cesep IOr 3aman BocTok Cpennee

1007 20,0 £3.0 | 82+1,7 | 73+1,5 | 6,8+1,4 | 58+1,2 9,6
1010 65,070 | 140£2,0 | 13,0+£2,0 | 12,0£2,0 | 12,0£2,0 23,2
1054 <3 - 82+1,7 | 3,7£0,8 | 55=+1.1 5,0
1058 190£4,0 | 53+1,1 | 53+12 | 64+14 | 9,1+19 9,0
1061 90+1,8 | 89+1,8 | 7,9+1,6 | 3,5+0,7 | 54+1.2 7,0
1062 - - - 8,617 | 44+0,9 -

1080 9,619 | 45+1,0 - - 8,8 +1,8 7,6
1087 250+40 | 59+13 | 9,5+1,9 | 9.8+£2,0 | 71,0£10,0 24,2
1202 99+1,9 | 73+1,5 | 51+1,1 |3,1+0,07| 49+1,0 6,0
1206 - 48+1,0 | 3,7+0,8 | 3.4+£0,7 | 49£1,0 472
1220 81+1,7 | 51+1,1 | 49+1,1 | 120+£2,0 | 83+1,7 7,7
1222 72+1,5 |380+6,0|12,0£20| 59+1,2 | 3,8+0,8 13,4
1227 6,8+14 |11,0£20]| 6,0+£13 | 72+1,5 | 6,614 7,5
1309 13,0+3,0 <3 <3 6,3+13 | 3,8+£0,8 5,6
1315 92+1,9 | 74+1,5 - 5,0+£1,1 7,6 £1,6 7,3
1355 47,0£5,0 | 20,0£3,0 | 36,0+4,0 | 13,0+2,0 | 12,0+£2,0 25,6
1400 42+09 | 49+1,1 | 80+1,8 | 69+1,4 | 8,7+1,8 6,5
1414 7,7+1,6 6,0+1.3 3,2+0,7 3,1+0,7 6,0+13 5,2

HpuMeanue. «-» — HaHHBbIC OTCYTCTBYIOT.

Ha npuycteeBoM yuacTke ckBaxuHbl 1414 comepikaHue TPUTUSA B CHEKHOM
mokpoBe He mpesbimraer 10 br/kr. Ha ckBaxkune 1058 mOBBIIIIEHHBIE KOHIICHTPAIIUU
TpuTHs B cHere, gocturaroiiue 20 Bk/kr, oOHapyKeHbl TOJIbKO BOJIU3M €€ OrojioBKa.
MaxkcuManbHble KOHIEHTpAIlMM TPUTHS B CHEXHOM IIOKpOBe, cocTapistouine 40
n 70 BK/KT COOTBETCTBEHHO, BBHISBICHBI Ha CKBaknHe 1087, BONM3M €€ OroioBKa
1 Ha paccTossHuM 50 M B BOCTOUYHOM HarnpasieHnH [MccienoBanne conepikanus TPUTUS
B CHEXHOM..., 2018].

[TomyuenHble JaHHBIE MO3BOJWIM MPEATIONOKNUTD, YTO HAJINYHME MOBBIIIEHHBIX
KOHIIGHTpAIMi TPUTHS B CHEXXHOM TokpoBe (Oonee 10 Bk/kr) cBsizaHo ¢ sMaHaruen
TPUTHA U3 TOACTHJIAIOIIEH MOBEPXHOCTH MOYBHI. KOHIIEHTpanus TPUTHSA B CHEXHOM
nokpose MeHee 10 BK/Kr sBisieTcs JOKalIbHBIM ypOBHEM (oOHA JUIS TUIOIIAJKH
«banmanany». [{y14 noATBEPXKAEHUS TAHHOTO MPEATIONOKEHNS Ha IPUYCTHEBBIX Y4aCTKax
0oeBbix ckBakuH 1220 m 1313 mpoBeneHbl MCCIENOBaHUS MO OLEHKE (POHOBBIX
KOHLEHTPALUi TPUTHS B CHEKHOM TTOKPOBE.

ConepxaHre TPUTHS B CHEXKHOM IOKPOBE MO MPO(UISM, OpUEHTHPOBAHHBIM
B CEBEpHOM M I0’KHOM HaITpaBJIEHUH OT Or0JI0BKOB ckBaknH 1220, 1313, mpeacraBneHo
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Ha puc. 4.21. Ha ckBaxune 1220 moBbIIEHHBIE KOHLEHTPALMU TPUTHSA B CHEXHOM
nokpose, cocrapisromue 11-17 Br/kr, oOHapy:keHbI BOIHM3M €€ OTOJIOBKA CKBayKUHEI
(ma ormetkax 20—-100 m); Ha ckBaxuHe 1313 TMOBBIIEHHBIE KOHIEHTPALUH TPUTHS
B CHEXXHOM IIOKpOBE, He mpeBblmaronire 14 Bk/Kr, pacmosnoxeHbl Ha PacCTOSHUM
300—400 m.
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Puc. 4.21. ConepxaHue TpUTHSA B MEeCTaX MPOBEICHUS SACPHBIX UCTIBITAHUI:
a — ckBaxuHa 1220; 6 — ckBaxuna 1313 [MccnenoBanue copepranus
TPUTHUSA B CHEXXHOM.. ., 2018]

Ha puc. 4.22 npusenensl manHple (0000ménHbie 3a mepuox 2011-2013 rr.)
0 COJIep)KaHWU TPUTHA B TIOBEPXHOCTHOM W TPHU3EMHOM CJIO€ CHEXHOTO IOKpOBa
Ha OoeBbix ckBaxumHax 1355 m 1010 mmomankm «bamamam». IlpencraBieHHbIE
pe3ynbTaThl BKIIOYAIOT BCE HAKOIUJIEHHBIE JaHHBIC, MOJTYYEHHbIE B 3UMHHUN TEPHOJ
¢ 2011 mo 2013 rr., a MaccuB JaHHBIX O ckBaxkuHe 1355 3a 2011-2013 rr. Ha"ecén
Ha KapTy, IPHA 3TOM B COBMAJAIOUINX TOYKAX KOOPAMHATHON CETH JAJIS KaKJOro CJIOS
paccunTaHo cpeiHee 3HaueHue. st yanoOcTBa npescTaBieHns, 00pabOTKU W HAHECEHHUS
JAHHBIX Ha KapTy mpeaeNl oOHapyKEHUs TPUTHS B CHEXHOM IOKPOBE OBLT TPUHSAT
3a IeNoYHCIeHHOe 3HaUYeHue (Hanmpumep, <11 =11).

Pe3ynbTaThl mpoBEAEHHBIX HCCIIEIOBAHUN BBIIBUIN YYACTKHU C IOBBIIMICHHBIM
COJlep)KaHMEeM TpPUTUS B CHEXHOM TMOKpoBe. Kak mpaBwio, MakcHMaibHEIE
KOHIIEHTPAI[MN TPUTHS B CHEre HaONMIOAAaroTCs Ha OrosioBKe ckBaxuH 1355 m 1010,
B psizie cirydaeB oHU AocTHraroT 400 Bk/kr. CTOUT TakKe OTMETUTh, YTO MaKCUMaJIbHEIE
KOHIIEHTPAIlMN TPUTHSA B CHere OOHApyXXeHbl HE TOJIBKO Ha OTOJOBKE CKBAYKUHBI,
HO U Ha pacctossHuM 200-300 M B I0)KHOM HaINpaBICHUU OT SMULEHTPA SACPHOTO
ucneitanus (puc. 4.22, 6). CpaBHEHHE JaHHBIX MTOBEPXHOCTHOTO M MPU3EMHOTO CIIOS
CHEXKHOTO IMOKPOBA MOKA3aj0, YTO B MPHU3EMHOM CJIO€ CHETa KOHIICHTPAIHsS TPUTHS
0oJbIlle, YeM B TOBEPXHOCTHOM. JlaHHBIN (akT MOATBEPKIACT paHEe CIEITaHHOE
MPENIONIOKEHUE O TMOCTYIUIEHUH (3MaHanuu) Tputus w3 pabotel [HccnenoBanue
coJiep>KaHus TPUTHSA ..., 2018].

Coneprkanue TPUTHS B MOBEPXHOCTHOM M MPHU3EMHOM CJIOE€ CHEXKHOTO TIOKpOBa
Ha OoeBoil ckBakune 1003 mmomanku «CapblyzeHs» B mapte 2014 r. Haxoauinoch
Ha ypOBHE mpejeiia ooHapyx)eHus — Mernee 13 Bbr/kr (puc. 4.23), Ha caMoil CKBaKHHE
TPUTHH HE OOHAPYIKEH.
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Puc. 4.22. CoaepxaHue TPUTHS B CHEXKHOM IMOKPOBE Ha OOCBBIX CKBAKHUHAX
a — ckBaxkuHa 1355, HOBEPXHOCTHBIH CIIOH cHera; 6 — CKBakuHa 1355, nmpu3eMHbIi
cioii cHera; 6 — ckBaxuHa 1010, mOBEepXHOCTHBIN ciiol cHera; 2 — ckBakuHa 1010,
MIPU3EMHBIN ciioi cHera [MccnenoBanue coiepkanust TpUTHhA. .., 2018]

ITo pesynpraram oOIIeH OLEHKH COIEP)KAHUS TPUTHA B CHEKHOM ITOKPOBE
BBISIBJIEHBI IPUYCTHEBBIE yYacTKU OOEBBIX CKBaKUH HA IUToUIajke «banaman», mMeromye
MOBBIIICHHbIE KOHLIEHTPAIMN TPUTHS B CHere. Ha BBIOpaHHBIX ydacTKax MpPOBEAEHO
IUIOINAJHOE HCCIIEOBAaHNE COACpKAaHMA TPUTUS B CHEXHOM NoOKpoBe. Ha Bcex
MCCJIEZIOBATEIbCKUX YYacTKaX KOHILEHTpAIUs TPUTHS HAXOAWIACh B JHMANa30HE
ot MeHee 3 10 71 Bx/kr. Ans TOro 4To0B! ONpenenTh JTOKaIbHBIH YPOBEHb (DOHOBBIX
KOHLICHTPAIlUii TPUTHSI B CHEXHOM IOKpPOBE Ha IUIomaake «bamaman», MpoBOauiIn
aHaJM3 BCEX MMEIOUIMXCS NaHHBIX. JJIsl HArJsSAHOCTH NPEACTAaBICHHUS PE3YJIbTAaTOB
BEChb MACCHB IIOJIyYCHHBIX JAHHBIX KOHLEHTPAlMM TPUTHA B CHEXHOM IIOKPOBE
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pasnenén Ha uHTepBaibl (< 3, 34, 4-5, 5-6, 6-7, 7-8, 89, 9-10 u > 10 Bbx/xr).
Jlns kaXx10ro MHTEpBaJia MOCYUTAHO KOJIMYECTBO CIy4aeB (BCTPEUAEMOCTh) U IMOCTPOCHA
JuarpaMma pacrpeesieHus.

@ oronosoK GOEBOM CKRANMHEL +  TORKH ODCAENOBAHME . <13

Puc. 4.23. Conepxxanue tpurtus (bx/kr) B cHe>xHOM MokpoBe Ha GoeBoii ckBaxxune 1003:
a — TIOBEPXHOCTHBIH CJI0H CHera; 6 — mpu3eMHbIN ciioli cHera [MccnenoBanue
COIICPKAHUS TPUTHSI B CHEIKHOM. .., 2018]
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<3 34 45 56 6-7 7-8 89 9-10 >10
[unanasoH KoHUEeHTpauuu TpuTus, Br/kr

— boH nnowaaku «bananaH» = = = aMaHaLUys TPUTMSA 13 MOYBbLI

Puc. 4.24. Pactipenenenuie GOHOBBIX KOHLEHTPAILIMHA TPUTHUS B CHEXKHOM TIOKPOBE
[MccnenoBanue coaepkaHusi TPUTHS B CHEXKHOM. .., 2018]

Ha puc. 4.24 npencrarien rpaduk pacnpeneicHus (HOHOBBIX KOHICHTpAI[Hi
TPUTHS B CHEXKHOM MOKPOBE, KOTOPBIH MOKA3bIBACT, YTO MAKCUMAIBLHOE KOJIMUYECTBO
cirydaeB HabmrotaeTes B naTepBaniax 4—5 u 8—9 Br/kr, popma KpuBOH anmpoKCHMaIH
HATIOMHHACT CJIOKHBIA «IABYTOpOBIi» XapakTep, NPEANONIOKUTSILHO COCTOSIIHIA
U3 JIByX rayCCOBBIX KPHBBIX. MOXHO TPEIIIONIOKHTh, YTO TepBas kpuBas [aycca
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C MakCHMyMOM B HHTepBaie 4—5 Bk/kr (puc. 4.24) oTpaxkaeT IaHHBIE O JOKAILHOM
¢dhone mmomanku «bananan», a BTopast KpuBasi ¢ MAaKCUMyMOM B HHTepBaie 8—9 bx/kr
u OoJiee OMUCHIBACT HMAHAIMIO TPUTHS U3 TIOUYBEHHOTO MMOKpOBa. PacuéTHoe 3HaueHme
CTaHJIaPTHOTO OTKIIOHEHHS (G) BCET0 MacCHBa JaHHBIX cocTaBisieT 3,9 bK/KT (ycmoBHast
HIDKHSIA Tpanuia (GoHa), 36 (BepxHssa rpanuma pona) — 11,7 Br/kr.

Hcnonb3ys mosdydeHHbIE pacuyeTHbIC 3HAUYCHUS BEPXHEH W HIDKHEH TpaHHUIIbI
(hoHa, B MecTax IPOBEICHUS SACPHBIX HCITBITAHNM Ha 00eBBIX ckBakmHax 1220 m 1313
MO>KEM BBISIBUTH YUACTKH C MTOBBIIIEHHBIM COCPKaHUEM TPUTHS B CHEXKHOM ITOKPOBE
1, KaK CJIEJICTBHE, 30HBI SIBHOW AYMAaHAIINN TPUTHS U3 TTOYBHI.

Ha cxBaxxmne 1220 (cm. puc. 4.21, a) MakcUMalbHBIC KOHIICHTPAITUH TPUTHS
HaOI0AAI0TCs BOJTU3U €€ SMUILIEHTPA, a 3TO 03HAYAET, YTO BOIM3H OrOJIOBKA CKBAYKHHBI
HaOII0TaeTCs SIBHBIN MPOLIECC AYMAHALINN TPUTHUS U3 TIOYBEHHOTO MTOKPOBA B CHEXXHBIN
nokpoB. Ha ckBaxkuHe 1313 noBbIIIEHHBIE KOHIIEHTPALIUU TPUTHSI B CHE)KHOM TTOKPOBE
oOHapyxeHbl Ha paccrosHuu 300—400 M oT ee orojoBka. BechMa BEpOSITHO, 4TO
B MECTaX C MOBHIIIEHHBIM CO/ICP)KaHNEM TPHUTHS B CHEXKHOM TTOKPOBE PACIIONATAIOTCS
TCOJIOTUYECKUE PA3TIOMBbl, 00pa3oBaBIIMECS TPH MPOBEICHUN MOJ3EMHBIX SICPHBIX
WCIBITaHUH, Yepe3 KOTOpbIe TPUTUI NOCTYNAET B CHEKHBIN IOKPOB.

Takum o6pazom [Typuenko u np., 2018], neTajibHbIC TUIOINATHBIC HCCIICIOBAHUS
CHE)KHOTO TOKpOBa Ha CKBakWHE 1355 BBIIBWIIM YYacTKH C MOBBINICHHBIMU
KOHIIEHTPAIUSAME TPUTHS B MPHU3EMHOM CJIoe cHera. MaKCHMallbHbIe KOHIICHTPAITUU
TPUTHUS B CHEXXKHOM ITOKPOBE, HE MpeBblmatomue 75 Bk/kr, oOHapyKeHbI BOIU3U U Ha
paccrosiHuu 200 M B F0’)KHOM HaIpaBJICHUU OT OT0JI0BKa cKkBakuHbl. Ha ckBaxkune 1010
MaKCHMaJlbHasi KOHIICHTpalusl Tputus, gocturatomas 400 Bk/kr, BBISBICHA Takke B
MPU3EMHOM CJIo€ CcHera, BOMM3uM ee orosioBka. CTOMT Takke OTMETHUThb, YTO
KOHIIEHTPAIUS TPUTHS B IPU3EMHOM CJI0€ CHera OOIIbIle, YeM B TIOBEPXHOCTHOM CJIOE,
YTO TaKKe MOJATBEPXKIACT paHee NpPEeJIOKCHHOE MHEHHE 00 SMaHalluk TPUTHUS U3
nmouBeHHOro mnokposa. Ha mnomanke «Capsly3seHb» Ha ckBaxkuHe 1003 Tputuil He
OOHapy»XeH; BO3MOXXHO, OOpa3oBaBIIMICS TIPU SAEPHOM HCIBITAHHWA TPUTHH
ucnapuics B armochepy.

Tem He MeHee OCTa€TCs OTKPHITBIM BOIPOC O «IPUPOAE» MPOUCXONKISHUSI
TPHUTHUS B CHEIKHOM IOKPOBE: OH TIOCTYIAaeT B BEPXHHH CIIOW TMOYBEHHOTO MOKPOBA
13 KOTI10Bo# nosiocTr [151B mim w3 6:1M3K0 pacionokeHHOTo MOI3éMHOTO BOJJOHOCHOTO
ropu3onTta? [y Oonee neTanbHOTO MCCIeNOBaHMs MEXaHU3MOB TIOCTYTUICHUS TPUTHUS
B CHEXHBIH IOKPOB Ha TNPHYCTHEBBIX Y4YacCTKax OOEBBIX CKBWKUH HEOOXOANMO
MPOBECTH JIOTIONIHUTENbHBIE Pa0OThl MO W3YYEHHIO TEOIIOTUYECKOTO CTPOSHUS
W XMMHYECKOTO COCTaBa TpyHTa 1o riryouHe. Kpome Toro, Ha ruromanke «bamamany
HY)KHO TIPOBECTH JIOTIOJHHUTEIBHBIE HCCIIEOBAaHUS CHEXHOTO IOKPOBa, KOTOPHIE
MTO3BOIIAT OLEHUTH (POH TI00ANBHBIX BBHIMAACHUN TPUTHS U3 aTMOC(ephl Ui JaHHON
MECTHOCTH, TO ecThb pacnpocrpanenune tputus Ha CHUII ropazno macmrabhee, yem
MPEIoNarajJoch HaMH paHee.

T'nasa 3. ILnomaaka «OnbITHOE» IOJIE
3.1. Onucanue o6vexkma
Jiis uccnenoBaHus BBIOPaHBI HCIIBITATENbHAS TUIONIAIKa «OTBITHOS) TI0JIE, Te

MMPOBOAUINCE HA3€MHBIC BO3AYUIHBIC ANCPHBIC HUCIBITAHUA, U «ATOMHOE» 03€po —
MCCTO HNPOBCACHHUA ISKCKABAIIMOHHOTO B3phLIBA. Ha IIomaakKe «OneITHOEY» MOJIE
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y4acTKaMHU HCCIICIOBaHMs OBbUIM SMUICHTPHI B3PBIBOB, HA TEPPUTOPHH «ATOMHOTO
03epa — BOPOHKA B3pPhIBA 1 BHEIITHEE BOJIOXPAHIIININE, 00pa30BaBIIeecs B Pe3yIbTaTe
MPOBENCHHsSI UCIIBITAHUH. «ATOMHOE» 03ep0o 00pa3oBaHoCh B 1965 r. myTém noapeiBa
TepmosiiepHoro 6oeszapsana B 140 xt B pycme peku lllaraH Ha uCHBITaTeIHHOU
miomazake «bamamany (CeMunaTaTHHCKAN SAAEPHBIN TOTUTOH) (puc. 4.25).

Puc. 4.25. DxckaBalimoHHBIHN B3pbIB: B ckBaxkuHe 1004 «ATomMHOE» 03epo (a),

«ATomHOe» o3epo (6) (CemunanatuHckui. .., 2017)
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Puc. 4.26. Paspes no npodmiio: ckBaxknHa 1056 — ckBakuHa 1004 («ATOMHOE» 03€p0):

1 — HaBay MOPOBI, BRIOPOIIIEHHOH B3PBIBOM; 2 — JIEMIOBUATBHO-TIPOIIOBHAILHEIE CYTIECH
n ieck (dpQ); 3 — amToBHANBHBIE TIECKH U TaneYHUKH (aQ); 4 — BOJOYTOPHBIE TIIMHEI
neorena (N); 5 — TeppureHHbIe Tpy0000IOMOYHBIE OTIOKEHUS MAUTIOOMHCKOM CBUTHI
cpenHero-BepxHero kapooHa (C2-3mt); 6 — 30Ha oOpymeHus pH B3pbIBe B ckBaxkuHe 1056;
7 — TOPH30HT NOPOJI, UMEIOIINIT TOHMKEHHOE YETbHOE 3JIEKTPHIECKOE CONPOTHUBIICHHE;
8 — moBbIIIEHHAs Y-aKTUBHOCTS 110 JJAHHBIM KapoTaxa (MkP/4ac); 9 — TekToHHYecKoe
HapyueHnue; /() — ypoBeHb NOJ3eMHBIX BoJ [ BiusHue paguoakTuBHOro. .., 2016]
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Huametp o3epa cocrasmnsieT 500 M, T1yOMHA OT MOBEPXHOCTH BOJBI A0 HA — 80 M.
Lenbro sBAANOCH CO3MaHUE Psiia BOJOXPAHMINI B 3aCYIIJIMBBIX pailoHaX, B KOTOPBIX
Moryia Obl aKKyMyJHPOBAaThCs, B YaCTHOCTH, NMABOJKOBas BoAa. [IpoexT BeIrisigen
BeCbMa MHOT000EIIAIoIIe, ECITH IPUHSTH BO BHUMaHHE TOT MOMEHT, YTO JTHO MOJ00HBIX
BOIOEMOB B pe3yjbTaTe B3PHIBOB OIUIABIUIOCH M, TAaKUM 00pa3oM, MOJDKHO OBILIO
MIPEACTABIITh COOOM HMIeanbHOE XpaHMIAIIE I BoAsl. K coxkanenuro, mo ceif AcHb
1 BOIa «ATOMHOT0» 03€pa, U €ro TEPPUTOPHUS SBIAETCS 3apaKEHHON U HEMPUTOHOM,
TaK KaK BCE PaJHOaKTUBHbIC BEIIECTBA 3aJI€TJIM Ha JHO 03epa.

YToOBI OLIEHUTD XapaKTep paclpeesieHs PaJuOHYKINI0B B IOJ3EMHbBIX BOJAX
MpU yJaJleHuH OT LEHTpaldbHbIX 30H [ISIB, mpoBeaeHbl NpPOBEpOUYHBIE MOJNEBHIE
WCCIIETOBAHUSA, ISl Yero MeXAy «0oeBbiMi» ckBaxnHamu 1056 u 1004 («AtomHOE»
03epo) MpoOypeH CTBOP CKBaXHH (puc. 4.26).

3HaueHns aOCOMIOTHBIX OTMETOK YPOBHA NOA3EMHBIX W IMOBEPXHOCTHBIX BO/J
JIal0T OCHOBAHUS YTBEPKAATh, YTO PA3rpy3Ka MOA3EMHBIX BOJ IIPOUCXOAUT OT CKBAKUHBI
1056 mo HampaBieHHIO K «ATOMHOMY» 03epy. B Tabn. 4.8 mpuBeneHbI cofepKaHus
PAIOHYKIIMIOB B IMTOA3CEMHBIX BOJAAX IJIOIIAAKH «banamany.

Tabnuya 4.8
ConepskaHue paIuOHYKIHIOB B ITOI3EMHBIX BOJAX
wiomanku «bananan» [Cy66otuH, 2016]
Ne Mecto u naTa ’H, 28, 137Cs, Ezgzi:g::ﬂ
/o 0TO0pa NpoObI KBK/Kr Bx/kr Bx/kr
CKB@KHHA, KM
I]cla 282 1240,0 4,0 1056/0,06

nronb 2005 r.
2 | C2A, 1. 20m

utonb 2005 . 1537 49 <0,1
3 |C-2A,rn.35m 1056/0,2
wioHb 2005 T. 1518 40,0 <0,1
4 | C-3A
mioms 2005 . 0,161 0,02 <0,1 1056/0.8
5 | «ATomMHOE» 03epo
Maii 2005 T 3,1 0,2 2,0 -
¥B 7,6 4,9 11

3.2. Hccneoosanue yposnsa KOHUeHmpayuu mpumus 6 6030yuiHoii cpeoe
U HOUBE 8 MECHAX NPOGEOEHUs 6030YULHBIX, HA3EMHBIX U IKCKABAUYUOHHDBIX
AOEPHBIX UCHBIMAHUTL

OCHOBHBIM HCKYCCTBEHHBIM PaJHOHYKJIAOM B ITOJ3EMHBIX BOJAX B HACTOSIIIEE
Bpems saBisiercst Tputuid (puc. 4.27). B psne ckBakuH oOHapyKeHbI KOHLEHTPALUH,
3HAYUTENFHO MpeBbImatone Y B. 3a rpaHuiaMu MiIOIMIA KU BBICOKMX KOHLIEHTpaui
TpuTus He OoOHapykeHo. B mom3eMHBIX BOJax, paclnpoOCTPaHEHHBIX B 30HAX
PETMOHANBHBIX TEKTOHMYECKHUX Pa3JIOMOB, KOHLIEHTpauusi Tputus He Oonee 1 kbk/kr,
YTO paJualiOHHON OMACHOCTHU HE MPECTABIISIET U HE NIPEBbIIAacT Y B.
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Jlnst onpenenenus ynenbHol aktuBHocTH “H 1 '?Eu Ha KaX[I0M M3 y4acTKOB
oToOpaHo 1 poaHamrupoBaHo 11 u 28 mpob Bo3myxa 1 IIOYBBI COOTBETCTBEHHO (TabI. 4.9).

Tabruya 4.9
Y enpHas akTUBHOCTB TPHUTHSA U eBponusi-152 B mouBe
[UccnemoBanne ypoBHS..., 2013]
VY nenbHast akTUBHOCTD O0béMHas
Ne | Hccnenyemas B 1ouBe, bK/kr aKTUBHOCTH “H
OO0BeEKT
/1 TEPPUTOPHS 3 15 B IIOYBEHHOM
H Eu 3
Bo3yXe, bK/M
Hazemubie u Bo3ayiHble HCHbITaHUS (TUTomanka « OmbITHOE TIOJIE))
1 T.1 280 + 30 440 + 50
2 T.2 14700 + 1500 5900 + 600
3 T.3 5400 + 600 3250 + 350
4 T.4 9300 + 100 2300 + 250
5 . m T.5 2100 + 200 1700 £+ 200 <05
K
6 | oA T6 | 50500+ 5000 | 32000 = 3000 :
7 T.7 650+ 150 360 + 40
8 T.8 3299 + 400 1700 £+ 200
9 T.9 35000 + 300 18000 + 2000
10 T.10 1700 + 200 1100+ 100
11 T.3 1500 + 150 760 + 70
12 - o T.4 5000 + 500 2500 + 200 <05
K
13 | ok T5 | 11200+ 1000 | 5000 = 500 :
14 T.6 3800 + 400 2300 + 250
15 T.1 1300 £+ 130 1100 + 100
[Tmomanka I13 <0,5
16 T.2 3800 + 500 2200 + 200
17 T.1 20000 £+ 2000 7500 + 800
ITmomanka I15 <0,5
18 T.2 17500 £ 2000 7000 + 700
19 T.1 5400 + 500 3000 + 300
ITnmomanxka I17
20 T.2 4000 + 400 2000 £ 200
DIMUIEHTP IKCKABAI[IOHHOTO B3PhIBA
1 T.1 65000 =7000 | 12500 =+ 1500 90+ 10
2 T.2 55000 + 4000 6000 £ 500 10+2
3 | «Arommoe T.3 8000 + 700 1400 + 200 12+£2
03epo»
4 T.5 1650 + 700 750 + 60 <0,5
5 T.6 <150 <2 <0,5
YyacTku uccieoBaHus C KOHLIEHTpaIfen *H B mouBe
MEHee MpeJieNia YyBCTBUTEILHOCTH METOIMKY, BK/KT
1 ITnomanka I12 T.1 <150 20+ 5 —
2 | IInomazaka I12 T.2 <150 10+2 —
3 «ATOMHOECY T4 <150 <2 <0.5
03epo
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Puc. 4.27. Cxema or6opa npob Ha rpeOHE BOPOHKH «ATOMHOT0O» 03€pa
[MccnenoBanue ypoBHS. .., 2013; BnusHue paanoakTUBHOTO. .., 2016]

3.3. Hccneoosanue pacnpedenenus mpumus 6 6030yuiHoil cpeoe
6 30ne enuanua pexu Illazan

Pexka llaran sBnsiercs 1eBOOSPEKHBIM MPUTOKOM pek VpThII U mpoTekaeT
¢ BocTouHOM cToponbl Tepputopun CUSIIL. Konuentpauus *H B MOBEPXHOCTHBIX,
HPHUIIOBEPXHOCTHBIX U MOJ3EMHBIX BOJAX PEKHM MOXKET JH0CTUraTh 71 103 BK/i.

UccrnenoBanue pacnpenenenus “H B arMocepHOM BO3IyXe B pycClle PeKH
[llaran MPOBOAWJIM C ONpENENEHHEM YPOBHS M XapakTepa pacrpocrpaHenus “H
B aTMOC(HEPHOM BO3IyXe MO MPODUIIO0, 3aJI0)KEHHOMY B TOINEPEYHOM HarpaBICHUU
OTHOCHUTENILHO pycila PEKH C MOCTENEHHBIM yJAJICHHEM OT HETO B IPABYIO U JIEBYIO
cTopoHbl Ha paccrosiaue 40 M (puc. 4.28).

OBLeMHAanA AKTHEHOCTb, ExIM?

50 -40 30 -10 0 10 20 30 a0 50
PacCTOAHHE OT pycnia, M

Puc. 4.28. Xapakrep pacupeneieHus: TPUTHS B BO3AyXe
OTHOCHTEINIbHO pycia peku [MccrnenoBanue ypoBHs. .., 2013]
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Ha ocHOBaHMM TMOJyY4EeHHBIX PE3yJbTATOB OBLIO YCTAHOBJIEHO CIICIYIOIIEE.
O6béMHas akTUBHOCT *H HaxoxuTces B muanazone 250—750 Bx/M?, ero MakcumansHOE
MOCTYIUICHHE B BO3AyX 3aKOHOMEPHO HaOIIoaeTcst B OeperoBoit 30He pycia (puc. 4.28).

[Ipu uccnenoBaHWUU pacHpeleieHUs TPUTHS B TIOYBEHHOM BO3JyXe B 30HE
BiusiHUsL peku IllaraH w 1o BBIICNEHHBIM Te00OTAHWYECKHM KOHTypaMm ObUIH
OTIpe/ieTIeHbl 30HBI /ISl MPOBEACHUS OTOOpa Mpod TMOYBEHHOTO BO3Ayxa. B oOmieit
CJIOHOCTH OBLTO 0TOOpaHo 33 MpoOkI BO3TyXa HA Pa3HOM yIaJICHHH KaK OT pyclia PeKU
B MOMNEPEYHOM HaIpaBlieHU! (10 12 KM), TaKk U OT «ATOMHOTO» 03€pa, TO €CTh TOYKH
orOopa OBUIH pacTlpeneNieHbl M0 TEPPUTOPUU PABHOMEPHO-CIYYAHBIM 00pa3oM.
Ha ocHOBaHMM 3TOT0 OCTPOCHO CTATHCTHYECKOE PacIpeieiCHuE 00bEMHON aKTHBHOCTH
TPUTUS B TOYBSHHOM BO3MyXE, XapaKTePU3YIOIIee OOIIYH KApTHHY 3arpsS3HCHUS
Ha WCCIIeIOBaHHOW TeppuTopuu. [Ipu 3TOM OBLIO YCTAaHOBIICHO, YTO paclpe/elicHHe
MTOTUMHSIETCS SKCIIOHEHITHATEHOMY 3aKoHY (puc. 4.29).

0,1 0,2 0,3 0,4 0,5 0,6 0,7
O6bEMHas akTMBHOCTb, Bk/m®

Puc. 4.29. CraTucTrueckoe pacipeeneHue pe3yabTaToB U3MepeHus: 00bEMHON aKTHBHOCTH
HOYBEHHOI'0 BO3/yXa (CILUIOIIHAS JIMHUSA — IoKa3aTenbHas GyHkius, R? = 0,87)
[UccnenoBanue ypoBHS..., 2013]

B pesynbrare NpoBENEHHBIX MCCIIENOBAHUN BBISABJIECHO, 4TO cojepkanue H
B I0YBEHHOM BO3/lyX€e BAPbUPYET OT MUHUMAJILHO JAeTeKTHPyeMbIX BeanunH (0,03 Br/m?)
10 6 Br/M>. MakcuManbHOE TPUTHEBOE 3arps3HEHME B 30HE BiaMsiHus peku Lllaran
MPUYPOUYCHO K €€ pyCITy |, KaK B CIIydae ¢ aTMOC(HEPHBIM BO3JIyXOM, TEPPUTOPUATEHO
[PUBS3aHO K MECTY MAKCUMAJILHOTO 3arpsisHenus *H Bojibl.

CpenHee 3Ha4YeHHWE COJIEp)KAaHUS TPUTHS B TOYBEHHOM BO3[yXe Ha JAHHOU
tepputopuu cocrasuio 0,11 bx/m®, megnana — 0,08 bx/m°, nucnepeus — 0,08 bx/m?
[UccnenoBanue ypoBHs..., 2013].

3.4. Tpumuii 6 o6vekmax oxkpyscarouieii cpeovl 8 paiione uccied08aHus

Tputuii, BXOIAIUN B COCTAB OPraHUYECKUX BEILIECTB, HA3bIBAETCSI OPraHUYECKHU
cBs3aHHbIM TpuTHeM. OH mpeicTaBisgeT Ooyiee CepbE3HbIe (DAKTOPBI PUCKA, YEM
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TPUTHEBAas BOAA MpPH OJMHAKOBOM KOJMYECTBE TMOTJIOLIEHUS TPUTHSA, O ABYM
OCHOBHBIM IpH4MHaM. Bo-mepBbix, xumudeckas (opma BIMSET Ha BEPOSTHOCTH
npoHukHOBeHUsT TputHia B coctaB JIHK wmmm nmpyrme Omomonekymbl. [lockombky
-uacTHIBI MaJlOW SHEPTHU TPUTHUSI HE PACIPOCTPAHSIOTCS HAOOJbBIINE PACCTOSHUS,
TO pa3HHIA B IOBPEXKIECHUIX, HAHECEHHBIX TPUTHEM, KOTOPBIA CKOHIICHTPHPOBAH
B siape kneTku (rae Haxonutes: JIHK), u Tem, KoTopsIi HaXOQUTCs B IUTOIDIa3Me, Oyner
Benuka. Hampumep, opraHMueckd CBsI3aHHBIM TPUTHMN, MOMAJAIOIIMKA B OpPraHU3M
c muinei, Ooysee BEPOSTHO BOMIET B COCTaB OMOMOJIEKYJ, YeM TPHUTUH, KOTOPBIN
MIPOHUKAET B OPraHW3M C IHUTHLEBON TPHUTHEBOW BOAOW. BTOpoil mpuumHON Oojee
onacHoro BiuaHus OCT sBnsieTcs To, 4YTO O CPAaBHEHUIO C TPUTHEBOM BO/IOH OH, KaKk
MIPaBUIIO, JOJIBIIE 3a/I€PKUBAETCS B OpraHu3Me. VccieoBaHus Ha JIFOJSX TOKa3bIBaOT,
YTO [T0JIOBUHA TPUTUEBOM BOABI BHIXOIUT W3 OpraHu3Ma Kaxisie 10 gHel, npu 3ToM
yaanenue nonoBuHsl OCT u3 opranusma 3aHumaet ot 21 1o 76 queid. {151 HEeKOTOphIX
MOJIEKYJI C OYeHb MEAJIEHHOI CKOPOCTHIO IMepexoja 3TO BPEeMs MOXKET YBEIHMUUTHCS
1o 280-550 gueit. bonee murensHoe Bpems ynepxkanust OCT B opranusme BbI3bIBAET
0coboe OecIOKOWCTBO: €CM TPUTHHA TMPOHWKAET B TaKWe TKAaHW, KaK HEUPOHBI
(ocHOBHBIE KJIETKM HEpPBHOM CHCTEMBI) WM OOLUTH (Hespenble sitnexnerku). OCT
W paJuoakTHBHAas BOJa MOTYT MPOHMKHYTH CKBO3b IUIAIIGHTY W OOJy4HTh
Pa3BUBAIOILMIICS IO, YTO IMOBBIACT PUCK BPOXKIEHHBIX NE(PEKTOB, BBIKHUIBIILICH
U IpyTUx HeayroB. MceneaoBaHus AKUBOTHBIX MTOKA3bIBAIOT, YTO OT 1 10 5 % TpuTHEBOU
BOJIBI B OPraHU3Me MIIEKOIIUTAIOIINX BXOJUT B COCTaB OPraHUUYECKUX MOJIEKYII.

[ToMrMO HENOCPEACTBEHHOTO BBIXOAA TPUTHUS M3 LITOJEH, CYIIECTBYET APYTOU
MyTh €ro MOCTYIJICHUS B BOJOEMBI — OOMEH MEXIy IapaMu TPUTUS B aTtMocdepe
W TOBEPXHOCTHIO BOABL. [IpM KOHTaKTe TMOBEPXHOCTH BOIBI C arMocdepoii,
coJiepKallled Mapbl TPUTHS, NOCIEIHUM MOCTYNAET B BOAY M PacTBOPSIETCS B HEM.
[TomuMo 3TOrO, OH MOCTYNAeT B BOJOEMBI IMYyTEM BBIMBIBAHHS M3 BO3/1yXa OCAJKaMHU
W MOXET TMOCTynaTb B TOYBY M3 BOJOEMOB, 3arps3HEHHBIX TPUTHEM, a TaKxKe
B pe3yJbTaTe MOTJIOMIEHNUs €ro MOYBEHHOM BJIAroil M3 BO3[AyXa M C KaIUIAMHU JIOXKISI
(BbIMBIBaHHE aTMOC(EpHBIMH Ocagkamu). M3 Bozayxa, MOYBBI M BOZOEMOB TPUTHH
[IOCTYNaeT B PACTUTENBHOCTb M IKUBOTHBIM MHp. M3 >KMBOTHBIX, KOHEYHO IXE€,
MOCTYTAeT B OpraHu3M uenoBeka. TpuruposanHas Boga (HTO) 3ameniaer oObIuHYIO
Bony (H20). B opranmsmax W pacTeHUsIX YCTaHaBIMBAETCS COOTHOILEHHE
koHneHtparii HTO u H»O, Onm3koe COOTHONMIEHWIO B OKPYXKAIOIIEH cpefe
[UBanuikas, Manodeera, 2001].

Ha BocTouHoit yactu ObiBIIero CeMUNaTIaTHHCKOTO UCTIBITATENLHOTO SJICPHOTO
nojurona (BONMM3M mwomanku «bamanman») Ha TpEX 3MMOBKax BeNETCS CEJIBCKOE
X03s1icTBO, coctodmiee npumepHo u3 500 nomaneit, 500 KUBOTHBIX, OTHOCSAIIUXCS
K KpynHOMY poraromy ckoTy, 3000 oer. CKkOT macércsi BOKpYT «ATOMHOTO» 03€pa,
neé€T Bogy u3 peku lllaraH ¢ mpuTOKOM AIIBICY, KOTOpBIE SBIISIFOTCS CaMbIM
MPOTSKEHHBIM TIOBEPXHOCTHBIM BOJOTOKOM Ha Teppuropun CHAIL, ero rmaBHOM
BoxHOM apTtepueit. Pexa llaran teuét Bmons BocTouHOM rpanunsl CUSIL u sBisieTcst
neBoOepexxHbIM MpuTokoM peku Mpteim [MccnenoBanue yposHs..., 2013; Bausnue
paauoakTuBHOTO..., 2016; IIpoBeaenue xomruiekca..., 2016; CeMunaiaTUHCKUM. ..,
2017]. UccnenoBanbl IpoOBI BOABI caMOT0 «ATOMHOTO» 03epa, Ha pacctosiHud 300 M
1o o3epa 1 1 kM oT Hero B cropoHy peku Lllaran. [IpoOsI BOJBI M3 OTKPHITOIO POIHUKA,
o3epa OTOMpaIMCh U3 MOBEPXHOCTHOTO ciosi. ComepikaHWe TPUTHS B HCCIIEAYEMBIX
o0pasuax BOJABI ONpeAeISUINCH B J1a0OpaTOpUM PajuoOJIOTHYECKHX HCCIIEIOBAaHUN
xumuueckoro (akyiasrera KasHY umenu Anp-®Papabu (r. Anamartbl). AKTUBHOCTH
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TPUTHA B BOJE ONPEACISNIM C HCIOJIB30BAHUEM JKUIKOCTHO-CUUHTHUISIIMOHHOTO
cuetunka (Liquid Scintillation Counter, Tri-Carb 3100TR, Perkin Elmer).

B moBepxHocTHO# Bome, Ha paccrosauu 300 M 10 «ATOMHOTO» O3epa (peka
A1bicy), copepkaHue TpUTUsl cocTaBuio 69 Bk/n. B moBepxHOCTHOH BOAE camoro
«ATOMHOTO» 03epa cojep)kaHne TpUTHs cocTaBmiio yxxe 117 bx/m, a Gonee BbIcOoKast
koHueHTpanust — 240 bk/1 oOHapyXeHa Ha paccTOSIHUM | KM OT «ATOMHOTO» 03epa
B cropoHy peku Illaran. IlonydeHHble HaMHM PE3yNbTATHI JTOKA3BIBAKOT, YTO TPUTHUM
COJIEP)KUTCS B IIOBEPXHOCTHBIX BOAAX Ha JAHHBIX TEPPUTOPHSIX.

[lo no3umeTpuyecKkuM IaHHBIM, CaMbleé BBICOKHE MOKA3aTEeIHd MOILIHOCTH J103bI
ObUIH BEBISBIICHBI B TpeOHE BOPOHKH BOKPYT «ATOMHOTO» o03epa. MOIIHOCTH
SKBUBAJICHTHOH JI03bI HA 3THUX MecTax Mokasana 7,25 Mk3B/4, uTo B 29 pa3 nmpeBblIaeT
(OHOBYIO, IIIOTHOCTH MOTOKA B-4acTHIl OCTUraeT 10 17,4 gact/cm?-MHH. DTO MOMKHO
OOBSICHUTHh TPUCYTCTBHEM 3/I€Ch IUIOIMIATHOTO 3arps3HEHUS PATUOHYKIHIAMH —
MPOAYKTaMU JICJICHUS 1 HEUTPOHHOHM aKTUBAIMK, 00pa30BaBIIMMUCS B ckBakuHe 1004
IIPH IKCKABAIIMOHHOM B3pbIBe. Kak yke yrmoMHUHaNOCh BBIIIE, TPUTHI MOXKET TIOCTYIIaTh
B MOYBY U3 BOJOEMOB, 3aTPA3HEHHBIX TPUTHEM, a TaKXKe B Pe3yJIbTaTe MOIJIOMICHUS
€ro NOYBEHHOW BJIAaroM M3 BO3AyXa M C KamwisMH J0kAd. M3 Bo3nyxa, MOYBBI
¥ BOJIOEMOB OH ITOCTYIIae€T B PACTUTEIBHOCTh U KMBOTHBIN Mup. Kpome Toro, Obutn
HCCIEeIOBaHbI MPOOBI IOYBHI, PACTEHHUH U BOJBI B paiioHe K ATOMHOTO» 03€pa.

B pesynbrare B nouBe ObUIM OOHAPYKEHBI TAKKE PATMOHYKIUIBI, Kak °'Cs —
7498,6 + 24,5 Bbx/xr, *'Am — 891,5 £ 1,8 Br/kr, K — 352,9 + 24,7 Br/kr, ***Th —
170315,7 + 11070,5 Br/kr, '3*Eu — 4610,1 +46,1 Br/kr. B Bome «AToMHOro» 03€pa
obuapyxensl *'Cs — 0,5 Br/kr, “K — 107 + 4 Bx/kr, *Th — 18,2 + 4,5 Br/kr,
28U — 0,65 Br/kr. B pactenmsax BeiBiaensl 2’Cs — 62,3 = 0,1 Br/kr, K —
1135,8493,1 Br/kr, 2>Th — 209,7+53,1 Br/kr, 23U — 7,33 +3,7 Bx/kr. B HacTosiee
BpEMS Ha ATHX YYacTKax JI0 CHX 3arOTaBIIMBAETCS KOPM JUIA CEIbCKOXO3SIMCTBEHHBIX
KMBOTHBIX, BJIOJb pekH [llaran macTOMIIHOE CKOTOBOJICTBO BENETCS 0COOCHHO aKTHUBHO.

Bonee Bbicokne koHmeHTpanuu Tputus B Boje peku lllaran (mo 680 xbx/kr)
YCTaHOBJICHBI HA OTPE3KE, PACIIONIOKEHHOM Ha PACCTOSHUH OT 4 710 6 KM OT «ATOMHOTO»
o3epa. JlaHHBIN y4acTOK 3arpsa3HEH TPUTHEM, YeMY MPUYUHON SBISIFOTCS ITO/I3EMHEIE
BOJBI, TMOCTYHAIOIIHe B PEKy W3 paiioHAa CKBaXHWH IUOmanku «bamaman». ®dakr
BBICOKMX KOHIEHTPALMi TPUTHS OTMEUeH U B OEperoBOl pPacTHTENLHOCTH DPEKH
[laran — g0 65 kbr/kr. [IprcyTcTBHE TPUTHS BHISIBJICHO B MPOIYKTaX >KHBOTHOBOZCTBA,
MOJIy4a€MBIX B KPECThIHCKUX XO3SHCTBaX, pacloioKeHHBIX Ha Oeperax peku [llaran.
ConmepxaHre TpUTHS B TpoOax MoJoKa Jocturaer 5 KBK/Kr, 4To TpeBhIIIaeT
noryctuMble 3HadeHus [JlsxoBa u ap., 2007a, 6].

BHeminee oOnmydeHune opraHu3Ma TPUTHEM HE MPEACTaBISACT OOJBIION
OIACHOCTH IJIsi 37I0pOBBS. POTOBBIE CIOM KOXKH YJIOBJIETBOPUTEIEHO 3alllUIICHBI
OT -4acTHIl HU3KOW 3Heprud. J[03a TOPMO3HOTO OOITyUEHHS TPUTHEM (PEHTTCHOBCKHE
Jy4H) emé MEHbIe, HO MOoMaJAaHue TPUTHS B 10001 opMe B OpraHU3M MPEACTaBISIET
MTOTEHLIUAIBHYIO OMACHOCTb.

[leprox 6MOTOrNUEcKOro MOMyBBIBECHUS TPUTHIICOIEP KAIIIEH BOJBI TSI Pa3HBIX
moxaei komebnerca or 9 mo 14 cyrok. U3-3a HU3KOW pacTBOPUMOCTH TPHUTHS
B JKHJIKOCTH YE€JIOBEYECKOT0 OpraHn3Ma OOBIYHO CUHTAIOT, YTO OMMACHOCTh OOTydeHHS
TputHuiicoaepxkameii Bonoit 1000 pa3 Bblie, 4eM ONacHOCTh 00IyUYeHHUs ra3000pa3HOM
TpUTHEM. bronornyeckoe AelcTBUE TPUTUS YCUIMBAETCA TEM, UTO MPH €r0 pacraje
o0Opa3yeTcsi MHEPTHBIA Ta3 TEIHi, MO3TOMY DPBYTCS BOJOPOIHBIE CBSI3M B KHMBBIX
KJIETKax, a 3TO OyJIeT HeraTUBHO OyZAEeT BIUATH KaK Ha IPOLIECC CUHTE3a OPraHUIeCKUX
CTPYKTYp TIPH KW3HU UHAMBH/A, TAaK U HA HACIEJCTBEHHOCTH, BO3MOKHO, OT/IAIEHHO.
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U3 storo cnemyer HEOOXOIUMOCTH TIIATEIBHBIX HCCICAOBAHUNA W KOHTPOJISL
3a COJlepXKAHNUEM TPUTHS B OKPY’KaIOIIEH Cpee U NPOLyKTax MUTaHUs, IPEXIE BCEIO
BOmm3u CUSIIL, roe ero KOHIIEHTpallid B OKPYJKAIOMIEH cpeie 3HAYUTEIHHO BHIIIE
cpenuux 3HayeHul [JIsxosa u np., 2007a, 6; [IpoBenenue komiuiekca. .., 2016].

Takum o0pa3oM, B xo€ paOOThl BBIICHEHO, YTO PAaJHOAKTHUBHOE 3arps3HEHUE
OKpy’Karoleil cpeasl B OCHOBHOM OOYCJIOBJIIEHO 3KCKABALIMOHHOM  B3PHIBOM
B ckBakuHe 1004 ¥ mox3eMHBIMH SOEPHBIMU HCIBITAHUSME B «OOEBBIX» CKBa)KMHAX
wiomanku «banaman». [lo pesynbraram paboThl OBUIO YCTAHOBJIEHO, YTO B rpeOHE
BOPOHKH «ATOMHOTO» o3epa BenmmuuHa MDOJI mpeBbimaer B 29 pa3 rimobanbHYIO
¢onoByto. bonee Boicokue koHHeHTpauuu Tpuths (240 Bx/m) oOnapyxeHsl B 1 kM
0T «ATOMHOr0» 03epa B cTOpony peku [llaran.

[lomy4yeHHble naHHbBIE Y-CHEKTPOMETPUYECKUX HCCIEAOBAHUN IOATBEPKIAIOT
3arps3HEHHOCTh JTAHHOH MECTHOCTH M APYIMMH PaJdOAKTUBHBIMH BELIECTBAMH,
TaKUMH Kak 1e3uit-137, amepununii-241, ypan-238 u T. ., 4TO TpeOyeT MOCTOSHHBIX
HaOJIOAEHUH, Belb Ha ATUX MECTaX XHUBYT JIOAU U MACETCS CKOT.

Pactenuss Ha ucciemyeMblXx TEPPUTOPUAX OTOMpaATd MO BHIOBOMY COCTaBy.
Breibop BHIOB OBUT OCHOBaH Ha WX KIAcCHQUKAMM TIO0 OTHOIICHHIO K BIare
(ruapoduThI, TpoU3pacTaroIlne HEMOCPEICTBEHHO B pyciie, U PpeaTopuThl, B KAUECTBE
OJHOTO M3 HMCTOYHHMKOB BJIATM HCIOJB3YIOIINME TPYHTOBBIC BOIBI) U CIOCOOHOCTH
Hakorienus *H B Haj3eMHOM 4YacT, BBIABICHHOW 110 pe3yibTaTaM MPEAbLIYIIHX
uccnenopanuii [Jlsxoa u gap., 2007a, 0; Paspaborka u mnpumenenwme..., 2010].
OCHOBHBIMH OOBEKTaMH HCCIIEIOBAHUS CTalld TPOCTHHK (Phragmites australis), nBa
(Salix triandra), anit (Achnaterum splendens), auarun (Halimodendron halodendron),
cononka (Glycyrrhiza uralensis) u ap. JIns nonydeHus Oojiee TOUHOTO pe3yJsbTaTa
Ha KaXJI0W MCCIIeZI0BATEIHLCKOH IUIOIaAKe ObLIO OTOOpaHO M0 2—3 BUAA, OTHOCSIIUXCS
K pa3HBIM 3KOJOTHYECKUM TrpynmamM (ruapo- u (pearodutsl). B obmel cnoxxHOCTH
3a mpeJiesiaMi TOPHOTO MaccuBa JlerenieH 3a TpU rojia HCcieoBaHuid OblII0 0TOOpaHO
160 mpo6 nouBeHHOTO BO3AyXa U nopsiaka 250 mpod pacTeHuii.

W3mepenne yaenbHOH aKTHUBHOCTH PAaJMOHYKIUAA TPUTUS  I[POBOIMIN
B IOATOTOBJIEHHBIX 00pa3liax METOAOM >KUAKOCHUMHTHUIALHMOHHON CHEKTPOMETPHH
Ha JXC-cnextpomerpe TRI-CARB 2900 TR [Pa3zpabotka m mpumeHenue..., 2010].
Conepxanue *H onpenensuii B CBOGOJHON BOJE HAJ3€MHOM YaCTH HCCIIETYEMBIX
BUJIOB PACTEHMH, IOJyYCHHOM M3 KOHAEHCATa IIOCPEICTBOM paHEe HU3TrOTOBJICHHON
CTIeIMATbHON YCTaHOBKH, IIPEJICTABIISIONIEH cOO0M TepMETHIHYIO0 EMKOCTb JUIS 3arpy3KU
npo0 pacTeHuid, CHAOKEHHYIO OXJIAKIAEMOW MOBEPXHOCTHIO M EMKOCTBIO JJIsl cOOpa
BJIary, ucnapseMon pacrenusmu [K Borpocy o nyTsix..., 2014].

Ha ocHOBaHMU TOJyYeHHBIX JaHHBIX OOBEMHOW M YACIBHOW AaKTUBHOCTH
panuoHyKIHAA *H B MOYBEHHOM BO3JyXe U CBOOOJHOWM BOJE PAacTEHUH MOCTPOCHBI
CXEMBI €r0 MPOCTPAHCTBEHHOT'O PACIIPE/ICNICHHsI B BO3IYILIHOM OacceiiHe M pacTUTEILHOM
MOKPOBE Ha TpaHUWIe IUomanku «Jlereixen», a Takke B 30HE BIUSHHA OCHOBHBIX
PYYbEB, BRIXOANTUX 3a ee mpeaeinl (puc. 4.30).

[IpencTaBiieHHbIE KAPTHI-CXEMbI HATJIAIHO TIOKA3bIBAKOT, YTO 30HBI Bhxoaa *H
3a TrpaHUlbl IUOmAAKu «Jlerenen» B OONBLUIMHCTBE CIy4aeB TEPPUTOPUAIBHO
MIPUYPOYEHbI K 30HAM PACIOJIOKEHUSI OCHOBHBIX PYYhEB, OEPYLIMX CBOE HA4allo
Ha TEPPUTOPHH TOPHOTO MACCHBA M BBIXOAALINX JAJIEKO 3a €€ mpenessl. ITO pydbd
V3piHOynak, baiitnec, TokTakyIbIK, JeBbIi NPUTOK pydbs be3bIMsSHHBIN 1 AKTHIOAH,
pyuerr KapaOymnak, a Takke HEOONBLIONH CTOK BOA, PACHOJIOKEHHBI HA BOCTOYHOM
TpaHUIE TUIOMIAAKH, KOTOpPBIe, COOCTBEHHO, W SIBJSIOTCS OCHOBHBIMH HCTOYHHUKAMHU
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noctyrienus *H B 06beKThI OKpYIKaroIel cpeibl Ha JaHHoi Tepputopuu. [Ipu sTom
OCHOBHOE 3arpsi3HEHHE TPUTHEM U BO3AYIIHOIO OacceiiHa, U pacTUTEIHHOTO IIOKPOBa
WCCIIETyeMOll TEeppPUTOpUN TPHUYPOUYEHO K pyciaM pydbeéB Y3bIHOyNaK, baiiTiiec
u Tokrakymsik [K Bompocy o nmyTsx..., 2014].
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Puc. 4.30. KapTsI-cXeMBI pacrpeiesieHus] TPUTHS: @ — B BO3AYIIHOM Oacceifne
(o JaHHBIM 00BEMHOM akKTUBHOCTH “H B IIOYBEHHOM BO31yXe); 6 — B PaCTUTEILHOM
nokpose (M0 JaHHBIM YAeIbHON akTHBHOCTH “H B cBOOOJIHOM BOJE PACTEHUIA)

[K Bompocy o nyTsx..., 2014]
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Conepxanue *H B MOYBEHHOM BO3/yXe€ HAXOIAMTCH B mpejenax oT meHee 0,2
10 50 Bx/M® ¥ npeBblmaeT ypoBeHb (oHA HAa JaHHOU Tepputopur ot 1,5 mo 250 pas.
B 30He pacnonoxenus pexu KapaOymak ero copepkaHue HE CTOJNb 3HAYUTENIBHO,
HO JIa’K€ Ha PACCTOSHUY MOPSIAKA 9 KM OT MpaHHLbI IVIOMIAAKY OTMEYEHa JETEKTUPYyeMast
00beMHast aKTUBHOCT “H B OYBEHHOM BO3/IyXe. YPOBEHb e KOHIIEHTPALMH TPUTHS
B BO3JyXe pycna peku BesbIManHbIi HaxomuTes B npepenax 0,2 Bx/m>, uto sBsercs
(hoHOBOI1 KOHIIEHTpannel ast JanHoi Teppuropun [JIsxosa u ap., 2010a, 6; K Bompocy
0 MyTsX..., 2014].

ConepxaHve TpUTHs B CBOOOIHOW BOJAE HMCCIEAYEMBIX PACTCHUH H3MEHSETCS
or n-10" Br/kr mo 85 KBK/Kr, 3a4acTyl0 MpeBbIlIas ypPOBEHb BMEINATENLCTBA
[IPU MOCTYIUICHUH TaHHOTO PaJAMOHYKIINAA C BOJIOH, KOTOPBIH, COTTIACHO HOPMATHBHBIM
JNOKyMeHTaM [ urueHndeckre HopMaTHBhI. .., 2022], coctaBnset 7,6 Kbk/Kr.

Ilo pesymbraTaM uccienOBaHUsS MOCTPOEHBI IPaUKU paclpelesieHUs] TPUTHUS
B BO3IYLIHOM Cpele M PACTUTEILHOM IIOKPOBE BAOJb PYCENl OCHOBHBIX PYy4bEB.
Jus momydeHust oOIeil KapTHHBI JaHHBIE MO0 OOBEMHOW W YIENbHOW aKTUBHOCTH
JAHHOTO PAJAMOHYKIMAA 1O KaXAOMY pPY4bl0 HOPMHUPOBaHbl Ha MaKCHMajbHBIE
3aauenwus (puc. 4.31, 1).

Jlns  oueHku xapakrepa pacnpemenenus °H B BosgymmHoM  Gacceiine
Y pacTUTENHHOM IIOKPOBE B IIONIEPEYHOM HAIIPaBIEHUN OTHOCUTEIBHO PYCENl OCHOBHBIX
Py4bEB TIPOBENEHO O0OOLIEHHE JAHHBIX OOBEMHOM M yHeNbHOM akTMBHOCTH “H,
MOJYYEHHBIX JJIsl TOYBEHHOTO BO3IyXa M CBOOOJHOW BOJABI pPacTeHHH BO BCEX
3aJI0KEHHBIX Tpodmisix. J[Ist 3TOro BBIOIHEHO HOPMHPOBAHUE BCEX PE3YJIHTATOB
Ha MaKCHMYM I10 KaxXaoMy u3 18 momepeuHsIx mpoduieid ¥ mocTpoeHa 3aBUCUMOCTh
KoHLeHTpauu *H ot paccTosHus or nieHtpa pycia pyuss (puc. 4.31, Ila). Kak BugHo
u3 rpapuka (puc. 4.31, Ila), ypoBeHb KoHueHTpaiuu °H B NOYBEHHOM BO3IyXeE
YMEHBIIIAETCSI C PACCTOSIHUEM B CTOPOHY OT Pycell Py4bEB M Tak K€, Kak B clydae
pacnpocTpaHeHus] BOJIb HHUX, MOXET OBITh OMHMCAaH 3KCIIOHEHIHAIBHBIM 3aKOHOM.
s pacturenbHOro nokposa (puc. 4.31, 116) otMeuaeTcs Oosiee CIOXKHBIN XapakTep
pacmpe/ieNieHlst TPUTHS, XOTS B IEJIOM 3/IeCh TakKe HaOJI0laeTcs CHUKEHUE ero
KOHIIGHTPAIH B CBOOOIHOW BOJIE pacTeHHid 110 Mepe YAaJeHUsI B CTOPOHY OT IICHTpa
pycen, B OTAETBHBIX CIIydasx KapTHHA UMEET MPSMO IPOTHBOIOIOKHBIN BU: B LIEHTPE
OTMEYAETCS MUHUMYM.

Crosib HEOJHO3HAYHOE pacrpeseienne *H B pacTUTENHHOM TOKPOBE MOXKET
OBITH CBSI3aHO C BHUIOBBIM COCTABOM PAacTEHHH HccienyeMol Teppuropuu. Ecim
B pycCJie B OCHOBHOM IPOU3PACTAIOT TUAPOGUTHI, MUTAIOIINECS 3 CUET IIOBEPXHOCTHBIX
W TPUIOBEPXHOCTHBIX BOA, TO HAa HEKOTOPOM YJAJ€HHH OT HEro HpeACTaBUTENN
¢peaTtopuTOB B KauecTBE MCTOUYHMKA BJard MOTYT HCIOJIB30BaTb I'PYHTOBBIC, TaK
Ha3bIBaEMbIE TOPOBBIE BOABL. U ecim KoHueHTpauus *H B 3THX HCTOYHMKaxX Oymer
pasinyHa, TO U B CBOOOIHOM BOJIEe pacTeHH OyAyT (PUKCHPOBATHCS COOTBETCTBYIOIINE
3HAYEHUS YJENbHOW AaKTHMBHOCTH JAHHOTO paguoHykKiIuga. JpyruMm Qaxtopom,
OOBSCHSIOIIMM  CJIOXKHBIIYIOCS CHTYaIlMI0, MOXXET SBJISATHCS CcaM  XapakTep
pacrpocTpaHeHusl MOJ3EMHBIX BOJ, HE HUMEIOIMMN YETKOW NPHUBSI3KHM K pyciy
MOBEPXHOCTHOT'O BOAOTOKA. B 3TOM cilyyae CpaBHUTEIHHO BBICOKME KOHIICHTPALMH
TPUTUSL MOTYT OTMEUYaTbCs B PACTEHHUSIX HA 3HAUYUTEILHOM DPACCTOSHHM OT IIEHTpa
pycna (B HameM ciydae — J10 2 KM), YTO TOBOPHT O IIMPOTE MOTOKA 3arpsi3HEHHBIX
TPUTUEM I'PYHTOBBIX BOJ.
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[IpoBeneHbl HCCHEMOBAaHMS 10 BIMSHUIO TPUTHA HAa MOP(POAHATOMHUYECKYIO
CTPYKTYpY pacTteHuii Buaa TpocTHHUK OOBIKHOBEHHBIH (Phragmites australis)
[Slakayckac u ap., 2021]. B pamkax uzydeHuss Moph0aHATOMHYECKHX ITapamMeTpPOB
pacTeHMii, TMPOM3PACTAIOIIMX HA y4acTKaxX paguoHykiuaHoro 3arpsiHenus CUII,
B Ka4yecTBE MecTa oOciieoBaHUS BhIOpaH paiioH peku Illaran. MccremoBaTenbckue
TIIOMIAIKH 3aKJIaABIBAJIH BIIOJb TI0 pycity, Bcero ux 10 (puc. 4.32). Kaxmas muromazka
npencTaBisaa coboil yd4acTOK IUIOMmanpio mpumepHo 1 M2 PaccrosHume Mexmy
miomaakamMu coctasuiio ot 100 mo 1000 m. Ilo pe3ynbraTaM M3MEpEHUS MOIIHOCTH
SKBHUBAJICHTHOH JTO3BI ¥ ITIOTHOCTH ITOTOKA B-4aCTHIl JaHHBIE yYACTKH MOKHO OTHECTH
K (hoHOBBIM, OCHOBHBIC 3HaueHuss MOJ[ — 0,09-0,10 Mx3B/4, MWIOTHOCTH TOTOKA
B-uactuiy — menee 10 wact/mMuH-cM’. B KayecTBe ONBITHOrO PacTeHMs, KaK PaHee
0TMEYalloCh, BEIOpaH TPOCTHUK OOBIKHOBEHHBIH (Phragmites australis).

Puc. 4.32. Pactionoxenne Touek otdoopa nmpobd [Ankayckac u ap., 2021]

B npomecce skcnepuMeHTa B E€CTECTBEHHBIX YCJOBUSIX BIMSHHE Ha XOJ
WCCIIEIOBAaHUSI MOTYT OKa3aTh abCOJIOTHO JItoOble (aKTOpPhl — KaK OMOTHYECKHUE, TaK
u abuotnyeckue. TakuM 00Opa3oM, MOMHMO OIpEeIeHNs] PaJUOHYKIHIHOTO COCTaBa,
OJHOM M3 3a7ay CTaJl0 yCTAaHOBJIEHHE JJIEMEHTHOTO COCTaBa BOABI W PACTECHHH.
AHaNOrHYHBIM 00pa30M B MecTax 0TOOpa Mpod pacTeHUH BHIMOIHEH 0TOOP TIPOO BOJIBI
JUTS TIPOBEICHUS XWMHYECKOTO aHaIM3a W OMpPEIENEeHUS CTENeHH MUHEpaTH3alHy.
Hnst Mopdonornyeckux HCCieoBaHUKA OTOOpaHbl HAA3€MHBIE YacTH pacTEHUS,
MPOBE/ICHBI U3MEPEHHsI TAKUX OCHOBHBIX MapaMeTpOB, KaK BBHICOTA pacTEHHs, JUIMHA
METENKH, IIMHA JIMCTa. [ mMccienoBaHusl aHaTOMUYECKUX MMapaMeTpoB C KaXI0TO
pacteHust otOupanu (parMeHTsl cTeOneld W JHCThEB, B MOJEBBIX YCIOBHAX HX
(PUKCUPOBAJIM C UCIOJIIB30BAaHUEM KOIEHI'areHCKOM CMecH, KOTOPYIO TOTOBWIIM ITyTEM
cMermuBanus: 96 %-it STUIOBBIA criUpT — 13 MJI, TUCTUIUTHPOBAHHAS BOJAa — 5 MII,
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rmunepus — 0,5 mu. JlaHHas cMech MOAXOAWT IS (DUKCAIMM MaTepHana, eciu
B JajJbHEHIIEM €ro He Ipenrojaraercss 00e3BOKMBaTh U MPONUTHIBATE MapapuHOM
[fakayckac u np., 2021].

U3 ¢ukcupoBaHHBIX 00pa3loB NONydYald Hpenaparbl Uil HCCIeIO0BaHus,
W3 HUX, B CBOIO OYEPE/b, TOTOBHIN CPE3bI C MCIIOJIB30BAHUEM MUKpOTOMa. TommrHa
cpe3a o0pasla 3aBHCeIa OT COCTOSHUS PacTEHUs U KECTKOCTU BOJIOKOH. B cpennem
IUISL cTeOJs TOJMIMHWHA Cpe30oB cocraBmia 25-30 MM, miusg auctbeB — 30 MKM.
[lony4yeHHBIll mpemapar HCCIENOBAIM IPU MOMOIIM TPHHOKYJISIPHOIO MMKPOCKOIIA
Microscope Rose MC 300 (Austria) ¢ mudposoit kamepoirr Vision Cam V500/21
(ABctpus). [Ipu momomm kamepsl W mporpammuoro obecredenusi BioWizard 4.2
BBITIOJIHSUIA ChEMKY U M3MEPEHHUE MapaMeTPOB UCCIIeTyeMBIX 00pa3IioB.

B kauecTBe mccnenyeMbix MapaMeTpoB cTeOJsi BBHIOpaHBI: JUaMeTp CTeOus,
TOJIIIMHA OBOHIEPMbl M CKJIEPEHXHMMBI, IUIOIIAAb IMPOBOASIIMX  IYUKOB,
PacHoIOKECHHBIX B IAPEHXUME.

B kauecTBe nccienyeMbIX MapaMeTpoB JIMCTA BHIOPAHBI: TOJIIUHA BEPXHETO
U HIDKHEro SMNHUIACPMHCA, AUAMETP Iy3bIPEBUIOHBIX KJIETOK SIUAEPMBI, TOJIIMHA
Me3ohuiia, IUIOMAAb MPOBOJAIICr0 IMydka 1-ro W 2-ro mopsaka [SHkayckac
u ap., 2021].

ConmepkaHue TpPUTUSL B PACTEHHUSX ONPEACISUIOCh B CBOOOIHOW BOJE,
MOJTyYEHHON B PE3yJIbTaTe KOHACHCAIMU TPAHCHHPUPYEMOU >KUAKOCTH PACTEHUSIMHU
BHYTPH CIEIMANIbHBIX I'€PMETHUHBIX YCTAaHOBOK C BomocOopHHKamu. Bce o6pasiisl
MOJATOTOBJIEHB! Ul NIPOBEAEHUS [-CIIEKTPOMETPHUYECKOI0 aHaJIM3a 10 ONPEACTICHHUIO
’H B cBOGOIHOI BOJIE PACTEHUI M OPTaHUYECKOM COCTABJISIONIEN C MCIIOIb30BAHUEM
ABTOMATUYECKON YCTaHOBKH JUISI CKHUTAHHS U TOJATOTOBKM NpoO AJisi OnpenesicHHs
opranudecku cBszanHoro Tputus Sample Oxidyzer (USA). Wsmepenme °*H
MPOBOJMIIOCH TPU TOMOIIH KHUJIKO-CIUHTWIISIIMOHHOTO criekTpoMeTpa Quantulus
1220 (CLHA).

Mertamnel B Boze ompeaensiu coriacHo Meroauke CTb HWCO 17294-2
[KauectBo Boabl. Ilpumenenue..., 2007]. Coaep:kaHue METaJIOB OMNPEIEISIN
merogoM HWCII-MC u HCII-ADC ¢ ucnoib30BaHHEM KBaJpPYIOJIBHOTO Macc-
cnektpomerpa Elan 9000 ¢dupmer Perkin Elmer SCIEX (CIHIA) B komIuiekTe
C KOMITBIOTEPOM U CIIEIUATU3UPOBAHHBIM IPOTPAMMHBIM 00€CIIEUeHUEM .

3a mepwon wuccienoBaHus —mnpousBeneHo mopsiaka 8000  m3MepeHwmi
AHATOMUYECKHX IMapaMeTpoB cTeOus u ucta [ SHkayckac u np., 2021]. [lepBsiM marom
B  CTaTHUCTHYeCKOW 0OpabOTKe MJaHHBIX OblJIJa  NPOBEpKa  pachpeneseHHs
MOp(0aHATOMHYECKUX IapaMeTpPOB Ha HOPMAIBbHOCTb, KOTOPYIO OCYIIECTBIISIIH
¢ wucnonws3zoBanueM kpurepus KommoropoBa — CwmupnoBa [Illectakos, 1988].
Jiia cpaBHEHHS SMIMPHYECKOTO PACIIPENEICHUS C TEOPETHUYECKHM HCIIONb3YyeTCs
KPUTEPHI A, pacCUUTHIBaEMBIH 110 popmyIie

2 D
smmup s
\Nn
rac D — wnauOosnbinee 3HaueHue aOCOIIOTHON Pa3HOCTH MCKAY HAKOIIJICHHbIMU

4aCcTOTaMH SMIIMPHYECKOTO U TEOPETHUECKOTO pacpesiesieHus; 77 — 00bEM BEIOOPKH.

Teopernueckoe 3HaUE€HUE A HE 3aBUCHUT OT 00BhEMA BRIOOPKH M YMCIIA CTENEHEH
CBOOOJIBI, a ONpenesieTcs TOJIbKO YPOBHEM 3HAYMMOCTH. /i1 ypOBHSI 3HAYMMOCTH
0,05 3nauenune A paBHO 1,36. Ecim Aowmwp < Aoos, TO HET OCHOBAHHWM CUHTATh,
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YTO SMIHMPHYECKHE W TEOPETHYECKHE HYaCTOTHl OTIMYAIOTCS CYHIECTBEHHO. Takum
o0pa3oMm, B JaHHOH pabOTe BBIIOJHEHO CPaBHEHUE TEOPETHUECKHX YacCTOT
HOPMAJIbHOTO  paclpeleNeHuss C YacToTaMH AMIUPUYECKOTO  pacIpeleseHns
[Ankayckac u ap., 2021].

Kak cnemyer u3 pacu€ToB, B NOAABISIOIIEM OOJIBLIMHCTBE CIYYACB Aovmap
MEHBIIE  Areoper, YTO TOBOPUT O TOM, 4YTO OMIIMPHYECKOE pacIpeleieHue
MOp(OaHATOMUYECKUX MapamMeTpoB OT HOPMAIBHOTO paclpeleleHus OTINYaeTCs
HECYIIECTBEHHO. VICKIIIOUeHHEM SIBIAIOTCS MapaMeTpbl CKJIEPEHXHWMBI W IUIOIIAAN
MPOBOASIIET0 Mydka B mpobax turomanku 4. 374ech BETUYHHA Aswmup CYIIECTBEHHO
MPEBBIIACT 3HAYCHHE Areoperr B JAHHBIX cCJydasx JejaeTcsl MPeIrnooKeHHe
0 JorapupMHUYECKH HOPMAIBLHOM pachpeieicHruu. [ mpoBepKH JaHHON THIOTE3bI
OT 3HaUY€HUH IapaMeTPOB CKJIEPEHXUMBI U IUIOIIAAN IPOBOAALIETO IIy4Ka OBbLIN B3STHI
HaTypanbHble Jorapudmbl. llomyueHHble 3HaueHHs OBUIM BHOBb IPOBEPEHBI
Ha HOPMAIILHOCTh pacIpeefieHrs C WCIOoNb30BaHHeM Kputepus Kommoropoa —
CmupHoBa. Pacu€tel moOKaszanm, 4YTO 3HAYCHHS HATYPalbHBIX JIOTapu(pMOB
CKJIEPEHXMMBI U IIOIIAAN IPOBOAALICTO IIy4Ka B MPOoOE IUIOMAnKU 4 pacrpenesieHbl
M0 HOPMaJbHOMY 3aKOHy. Torma WCXOAHbIE 3HAYCHHS MJAaHHBIX IApPaMeTPOB
pacnpeziesieHb 110 JorapupMHUUIESCKH HOPMAILHOMY 3aKkoHY [ SIHkayckac u ap., 2021].

Ha puc. 4.33 mpuBeneHo THMUYHOE pacmperelieHue MOphoaHATOMHYECKUX
[apaMeTpoB 0 YaCTOTE BCTPEUAEMOCTH (IMIIMPHYECKHE U TEOPETHUECKHUE), TO €CTh
MPaKTUYEeCKOE paclpeesieHne 3HA4YeHU cTeOJsl COOTBETCTBYET TEOPETHUECKOMY
pacnpenenenuo. TakuMm 00pa3oM, MOXHO YTBEpXKIaTh, YTO IOMYYECHHBIC IaHHbIC
JOCTOBEPHBI M MOTYT OBITh MCTIOIB30BaHbI /151 JaJbHEHIINX aHATUTUIECKUX PAcUETOB.

25 o 35 4

30 A EEm Ovnvpudeckoe

20 L] TeopeTtuieckoe | pacnpesenenve
/ —®—  pacnpenenenve

—&—  TeopeTnyeckoe

25 pacnpenenetue

HEEE Ownvpudeckoe
¢ pacnpepenetue

20

YacroTa BCTpeyaemocTun

2 4 6 8 10 12 14 16 18 20 0 50 100 150 200
Onuaepma, MKm CkrnepeHxuma, MKm

Puc. 4.33. Tunuunsle SMIMpPUYECKHE U TEOPETHUECKHE paclIpeAeIeHHs
aHATOMUYECKUX MapaMeTpoB IO YaCTOTE BCTpeuaeMocTu [SHkayckac u ap., 2021]

AHAIIOTHYHBIM 00pPa30M TMONYYHIH Aoymp JUIT BCEX MOP(HOAHATOMHUYECKHX
MapaMeTpoB JIMCTa s KaXaoW Iuiomankd. Kak u B IpenpiaymieM ciydae,
YCTaHOBJIEHO, YTO B TIOAABIISIOMIEM OOJIBIIMHCTBE Asyimup MEHBIIE Areoper. VICKITIOUEHHEM
SIBIISIIOTCST TIApaMeTpbl Me3o(riuia U IUIOIMAJAN MPOBOMSIIETO IyYKa 2-TO TOPSIKa
B oOpasnax momanok 2 u 10. 31ech Aswmp MPEBBIMACT Areoper- B JAHHBIX CITydasxK
JeNlaeTcs MPEANOI0KEHUE O JIOTrapuPMUIECKH HOPMAIBHOM PaclpeaeIeHU .
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JJ1s moATBEpKACHUS UACHTUYHOCTH YCIIOBUM MPOU3PACTaHUs ISl BCeX 00pasiioB
pacTeHHd W BOXBI TPOBOIWICA 3JIeMeHTHBIH aHamu3 (tabn. 4.10). Ilomydenubre
MOKAa3aTeNy 3JIEMEHTHOTO aHaJIi3a BOJBI JUTS KKJIOW MCCIICA0BATEIbCKON TUIOIAIKH
COOTBETCTBYIOT HOPMAaJIbHBIM 3HAYCHHSIM JUIs BOAOEMAa JAHHOTO THUIA M OOmIeH
muHepanu3auy B 5600—7700 Mxr/r. Ypas, 3adUKCHpOBaHHBINA B MpoOax BOABI, HIMEET
MPUPOJHOE TPOUCXOXKICHHE UM OOYCIOBICH TEOXMMHUYECKHUMHU OCOOCHHOCTSIMU
JaHHOTO peruoHa. KoHIEHTpalys 37I€MEHTOB B 00pa3iiax BOJAbI HAXOAUTCS IPUMEPHO
B OJIHOM [Mama30HE 3HAYCHWI, W3 YEro CJCeIyeT, 4YTO MNpU OOHApPYKECHUH
MOTEHIIMATBHBIX OTKIIOHEHHH B PACTCHUSX BIMSHUE SJIEMEHTHOTO COCTaBa BOJIBI
MOKHO MCKITFOUUTh.

Tabnuya 4.10
DNeMEeHTHBIH COCTaB BOJBI B TOUKax orOopa [SHKayckac u mp., 2021]

o Munepanusanus CopeprxaHue 2JIEMEHTOB B BOJIC, MKI/JI
I/I1 | BOABI OOIIIAst, MKT/T Li Al Mn Co Ni
1 7500 29,0£2,0 | 10,0£0,1 | 176,004 | 1,4+£0,05 | 6,5+0,1
2 6600 36,030 | 6,0£03 |460+1,0 | 1,7+0,03 | 6,4+0,5
3 6800 51,040 | 424,03 | 850+1,0 | 1,8+0,04 | 7,0£0,2
4 7700 340+£3,0 | 56+0,1 [420+1,0 | 1,2+0,02 | 45+0,2
5 6700 41,0£10 | 7,003 | 340+1,0 | 1,0£0,03 | 3,5+04
6 6700 280+1,0 | 6,7+0,6 | 43,002 | 0,8+0,06 | 0,7+0,1
7 4200 220+£20 | 85+0,1 |123,0+1,0| 1,0£0,05 | 4,4+0,5
8 6600 26,020 | 9,1+£02 | 140+0,1 | 1,0+£0,03 | 34+04
9 5600 59,0£1,0 | 41£0,1 |1500+1,0 | 3,2+0,02 | 10,0+0,2
10 7300 70,0+£6,0 | 12,004 | 180,0+2,0 | 1,8+0,1 8,9+04
Cu Mo Pb U
1 7500 11,004 | 21,0£1,0 | 0,8+0,04 | 16,0£0,1
2 6600 7,0+04 | 14,0+1,0 | 0,14+0,04 | 17,0+ 0,1
3 6800 9,1+0,3 | 22,004 | 0,2+0,05 | 27,0+ 0,4
4 7700 84+0,1 | 140+1,0|0,1+0,01 | 18,0£0,4
5 6700 46+0,1 | 17,0+1,0 | 0,6 0,02 | 25,0+0,51
6 6700 30+0,1 | 12,0+0,4 | 0,4+0,06 | 16,0+ 0,1
7 4200 10,0£0,1 | 13,0£0,3 | 0,1 +£0,04 | 12,0£0,1
8 6600 79+0,1 | 14,0+0,3 | 0,1 £0,03 | 13,0+0,2
9 5600 10,0£0,2 | 13,0£1,0 | 0,2+0,02 | 31,0+0,1
10 7300 9,5+0,1 | 27,0+1,0 | 9,0+0,2 | 41,0+0,2

Jis monmHOM KapTHHBI 00pasllbl PacTeHWH Takke ObUIM TPOaHATU3WPOBAHBI
Y JaHHBIE TI0 XUMIYECKOMY COCTaBY NMpUBEIeHBI B Tabm. 4.11 [Ankayckac u mp., 2021].
[Ipu aHanmm3e TMONYYEHHBIX JAHHBIX 3JEMEHTHOTO aHalu3a Mpod BOJBI
W pacTeHHHd W JUIA BBIABICHHsS HawOoliee Ba)XHBIX 3JIEMEHTOB-3arps3HUTENCH
WCIIONIb30BAaH METOJ] CPAaBHEHUS IIOJIyYEHHBIX PE3YyJIbTaTOB CO BCTPEUYAFOIIUMUCS
TUMUYHBIME KOHIICHTPALUAMU 3JIEMEHTOB B PACTCHHSAX IO JaHHBIM HCCIIe0BaTEeIeH
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[Horowitz et al., 1974; Laul et al.,, 1979]. CogepxaHue >JI€MEHTOB B PacTEHHAX
IUIsL BCEX MCCIEI0BATEIbCKUX IUIOMIAMOK HICHTUYHO. KOHIEHTpanuHu SJIEeMEHTOB
B PAaCTCHHsIX Ha HCCIIEAOBATENBCKHX IUIOMAJKAaX HE MPEBBILIAIOT OMyOIMKOBAaHHBIX
naHHBIX. M3 4ero ciemayer, 4yTO MIACHTUYHOCTH YCJIOBHH IPOM3PACTAHHS OIBITHBIX
00pas310B YCTaHOBJICHA M BIMSIHUE TaKOTO (haKTOpa, Kak 3arps3HEHKE BOJIbI U PACTCHHUI
METaJUTAMH, MOKHO HCKITFOYHTb.

Tabnuya 4.11

ConeprkaHre JIEMEHTOB B 00pasmax pacTeHHHA

DJIEMEHTHBIN COCTaB
Iloka3aTenn B
Al Mn Fe Co Ni
Coneprxanue, MI/KT 9-30 170470 66—-100 0,05-0,13 0,9-2,9
Jlanason KOpMambHbIX | 300 | 20400 | 50-100 | 0,02-1.0 | 0,1-5,0
3HAYCHUU
Cu /n Cd Pb U
ConeprxaHue, MI/Kr 1,3-19,0 42-16,0 |<mo.0,01| 0,11-7,0 0,01-0,08
JlUanason HopMarkHBIX 523 110 45 0,05-0,2 108 | 0,005-0,08
3HAYCHUU
Paouonyxknuonsiii ananus.
C 5 T “?f’ uya 4.12 Ha  ocHoBe  1abopaTOpHBIX
oaepmavHHe TpUTHA B CBODOHOU BONE AHAIIM30B TIOJYYEHBl 3HAYCHUS
pacTeHnii U B OpTaHMYECKOM BEIIECTBE .
yAeTHHON aKTUBHOCTH

[Ankayckac u ap., 2021]

. |_YZenbHas aKTHBHOCTE *H, Bx/kr (M £+ m)
/T | B CBOOOMHOM BOXE B OpraHquCKOfI
COCTaBJISIOIIEH

1 580 + 60 230+ 30

2 900 + 90 390 £ 50

3 6,510+ 0,7-10* 2,4-104+0,2-10%
4 2,9-10*+0,3-10* 54-10°+£0,5-10°
5 1,3-10*+0,1-10* 4,2-10°+0,4-103
6 8,0-10°+0,8-10° 2,7-103+0,3-103
7 1,0-103+0,1-103 400 £+ 50

8 1,210+ 0,1-10° 390 £+ 50

9 850 =90 410 £ 50

10 5,9-103+0,6-10° 2,0:10°+£0,2-10°

pacu€r cpeaHHX apHQMETHYECKHX

paguoOHYKINUIA ’H B cBOOOIHOIM
BOJAE pacTeHuil, a  Takke
B OPraHWYECKON COCTaBJISIOLIEH
(Tabn. 4.12). Ilo pesynmbTatam
MPOBEAEHHBIX  HCCIIETOBaHUIA
YCTaHOBJIGHO, 4YTO yJAEIbHAS
aKTMBHOCTH -H B CBOOOJHOIA
BOJIE  pPacTEHUI JIOCTUTAET
6,5-100,7-10* br/kr, B
OpPraHUYECKON COCTABJISIFOILIECH —
2,4:10*-0,2-10* Br/kT.
Mopgoanamomuueckue
napamempsl. Bun Phragmites
australis MHOT'OJIETHEE
TpaBsitHUCTOE  pacTeHue. Ha
OCHOBE paboT (JabopaTOpPHBIX
U aHAINTHYECKUX) MPOU3BEAEH

3HAYeHUl MOP(OJOTHYECKHX TapaMeTpoOB

¢ omnOKo# penpesentaTuBHOCTH (M +m). BeicoTa pacTenuii konebneTcs B 1uamnazoHe
110 £ 15-150 £ 25 cm (mopma 100—400 cm), mmuHa aucta — 22 +£4-30 £ 4 cm
(mopma 5-30 cm), merénku — 15 + 4-19 + 9 cm (Hopma g0 50 cm). 3HaueHus
MOp(OJIOTUYECKNX IMapaMeTPOB COOTBETCTBYIOT HOPMAIBHBIM BCTPEUYAIOIIAMCS
3HAYCHUSM ISl TPOCTHUKA Phramites australis [I'ybanos, 2002].
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Crebenp MoNbIH, TPyOUaThIid, BOJIOKHA KECTKUE, TUAMETpP CTEONIsI BapbUpyeT
or 1,7+0,1 mo 3,4+ 0,1 mm. [TokpoBHas TKaHb, IPEACTABICHHAS YIHUIAEPMOM, COCTOUT
W3 OJHOTO CJIOS KIIETOK, TOJIIIMHA KOTOPBIX BapbupyeT ot 8,4 +0,2 mo 11,0+ 0,6 Mxm.
Knerku oBanpHOH, cnerka npononrosaroit popmsl. Ha momepeyHom cpese BUIHO, YTO
cTebeslb IPOHN3aH TSDKAMH MIPOBOSINUX ITyYKOB, COCTOSIIUX U3 COCYIOB KCHJIEMBI,
MOTPYXEHHBIX B MapeHxumy (puc. 4.34, a). Ilnomans mpoBomsmiero mydka crebdis
BapbUpyeT B mpeaenax ot 14,2+ 1,0 xo 40,0+ 1,0 Mxm>,

JIucToBBIE MIACTHHKY JIMHEHHO-JIAHIETHOTO THIIA. B monepeynom cpese TommmHa
mucra gocturaer 160 + 27-220 £ 29 mxm (puc. 4.34, 6). [lokpoBHast TKaHb JICTa
npeacTaBieHa OJHOCIOWHBIM SMUACPMUCOM, (QOpMa KIETOK MPSIMOYTONbHAsl.
B 3aBHUCHMOCTH OT CTOpPOHBI JIUCTAa pa3Mephbl KIETOK aJaKCHaJbHOTO (BEPXHETO)
n abakcuanpbHOTO (HIDKHETO) SIUACPMHCA pa3IHyaroTcs. ToJImuHa agakcHaabHOTO
snmaepmuca Bappupyer ot 10,6 +0,3 mo 12,6 +£0,4 Mxm, abakcnampaOoro — 0T 12,1+£0,3
no 15,2 + 0,6 mxm. Tak Kak TPOCTHHUK IPOU3PACTAET B JOCTATOYHO 3aCYIIIMBBIX
KIMMaTHYeCKUX YCIOBUAX, TO OSHHIEpPMa JHCTHEB BbIpadOTaga 3alUTHBIC
MPUCIOCOOJICHUS: B 3aCyIUIMBOE BpPEMs JIHCThS HMEIOT CBOWMCTBO CBOPAYMBATHCS
B TpyOOuky 3a CUéT pacmoyiOKeHHsS Ha aJaKCHaJbHOM CTOpPOHE MY3bIPEBHIHBIX
(BOIOHOCHBIX) KJIETOK SIHUAEPMHUCA, PACIIONOXKEHHBIX B BHIEC MPOJOIBHBIX TSDKEH.
Takum o0Opa3om, My3BIpeBHIHBIE (MOTOPHBIE) KIETKH CIHOCOOCTBYIOT CIKUMAHHIO
" pasXuMaHuio JIMCTOBOM IMJIACTUHKH, CHWKAasd BO3MOXKHOCTb UCHIApPCHUA. I[I/IaMeTpI:I
My3BIPEBUIHBIX (BOJOHOCHBIX) KJIIETOK 3MUAEPMHCA JOCTHTAIOT pa3Mepos ot 75,0 + 2.4
1o 110,5 + 2,1 MxMm.

Puc. 4.34. [Tonepeunsiit cpes credist (a) u mucta (6) Phragmites australis (x20)
[Aakayckac u ap., 2021]

Mexay IByMs CIIOSIME STAAEPMBI PACIoNiaracTcs Coi Me3oduinia (XJIopeHxuMa),
TOJIIUHA KOTOpOoro BapsupyeT oT 120+ 5,1 mo 200+ 7,3 mxMm. KiteTkn HEnmpaBMIIBHOMN
OKpyYTJIOi (OopMBI OO ClieTKa BBITSHYTHI, OTHOPOIHBL, pa3Mepbl pa3nuyHbl. Merotcst
BKJIFOUEHUS B BHJIE XJIOPOIUIACTOB, MOTPYKEHHBIX B IUTOILIA3MY KJIETOK Me3o(duuia.
[IpoBojsmiass TKaHb JUCTA TMpPEJCTaBlieHa Ny4YKaMHd 1-ro0 W 2-r0  TIOPSJIKOB,
Pa3IMYAIONINXCS  XOPOIIO PAa3BUTHIMU COCYJIAMH KCHJIEMbI, OCYIIECTBISIOIUMHE
MEepeHoc BOIBI OT KOpHeH B jucThs. [lnomans mpoBoasmiero my4yka 1-ro mopsaka
Bapbupyer or 13000 + 1200 mo 27000 + 1600 MxM?, muiomaas OPOBOAALIETO MyYKa
2-ro nopszka Bapsupyet ot 4200+ 300 1o 13500+ 600 Mxm>.
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3aBHCUMOCTDh aHATOMHUYECKUX MapaMeTPOB CTeONsI B pACTEHUSAX OT COACPKaHUS
TPUTHS BBISBISUIACH B XOZE W3yUYCHUs] N3MEHEHHs aHATOMUYECKHX TTOKa3aTeen cTeds
U JIUCTa OT COJACPKaHMs TaHHOTO PaJMOHYKIIMAA B CBOOOTHON BOJE M OPraHUYEeCKOM
BemectBe [SHKayckac u mp., 2021]. s aToro mcnomb3oBaics rpadudeckuii crnocoo.
Ilpn u3ydeHuM >MIUPUYECKUX DPSIIOB, HAHECEHHBIX Ha rpaHUK, YCTAHOBJIECHO, YTO
KOJINYECTBCHHBIC H3MEHEHHSI TapaMEeTPOB AUaMeTpa cTeOIS U TOIIIUHBI CKIEPEHXUMBI
MPOUCXOIAT JMHEHHO U BBIPAXKAIOTCA ypaBHEHHEM mapabonbl 1-ro mopsixa,
TO ecTh IpsMoil y = a — bx. Ilpu paccMOTpeHHH >MITUPUYECKUX PSIOB PErpeccuu
IUIsL TOJILIMHBI SMUAECPMBI U IUIOLIAIN [IPOBOSILETO MydKa CACIaHO MPEIONI0KEHHE
0 TOM, YTO B JAHHOM CIIy4ae UMEIOTCS 3aKOHOMEPHOCTH NapadoNInuecKol HUCTIaJatoLIeH,
BBIp@XKAEMOIl ypaBHEHHEM Napaboibl 2-T0 MOpsKa, BUaa y = a + bx + cx?.

B pesynbTare pacyéToB yCTaHOBIEHO, YTO COIACPKAHUE TPUTHSI B OPIraHUYECKU
CBSI3aHHOM BEIL[ECTBE PACTCHUI M3MEHSETCS MPSIMO MPOMNOPIHUOHATIBHO CONEPKAHUIO
pamuMoHyKInaa B cBOOONHOW Boxe W KOIQOUIMEHT KOPPEISALHUU MEXKAY ITUMH
nepeMeHHbIME cooTBeTcTBYeT 0,97 [SHKayckac u np., 2021].

B kauecTBe npumepa Ha rpadukax puc. 4.35 npeacTaBicH XapaKkTep U3MCHEHUH
AQHATOMHUYECKUX [TapaMeTPOB cTEOIsI B 3aBUCMOCTH OT H3MEHEHHUH YIeTIbHON aKTUBHOCTH
TpUTHUS B CBOOOTHOH BOJIE PaCTEHUH.
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Puc. 4.35. 3aBHCHMOCTh aHATOMHYECKHX ITAPAMETPOB CTEOIS OT COAEPIKAHUS TPUTHSA
B cBOOOHOM Boje pacTeHuit [Snkayckac u np., 2021]

HpI/I HCCJIICAOBAHUU BJIMUAHUA COACPIKAHUSA TPUTHA HA TOJIIIUMHY CKICPCHXUMbI

U amaMerpa cTeblsl yCTAHOBJIEHO, YTO IIPU yBEIMYEHUM YAEIbHOM akTMBHOCTH H
B quanasone n-10>-10° Br/kr HaOII0aeTCs 3HAYMMOE YMEHBIIEHUE aHATOMUYECKHX
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napameTpoB. l3ydeHue BIUSHHS COAEpKaHUS TPUTUS HA TOJIIUHY SHUIAECPMBI
U TUIOMIAAN MPOBOJSINETO IydKa IMPH MOCTPOSHUH SMIHMPHUYECKUX PSIIOB PErpecCHH
MIO3BOJIMJIO OOHAPYKUTh MHYIO TCHACHIMIO: TIPH YBEIHUYCHUH yJIEIbHOW aKTHBHOCTH
TpuTUs 10 3HadeHuit n-10°-10* Br/Kr BenMMYMHA TOJIIMHBI SMUIEPMBI BO3PACTAET,
a 3aTeM HaOmomaeTcs He3HAYMTENbHOE CHIDKCHHE MapaMeTpoB, 3HAYCHUS IUIOMIAIN
MPOBOJISIIETO MyYKa YMEHBIIAIOTCS.

B nenmom, ycraHoBneHa TEHICHLMS W3MEHEHHS aHATOMHUYECKUX IapaMeTpOB
cTeOuis OT cofepkaHusl B HUX TpUTUA. JlaHHBIN (akT MoATBEpKIaeTCs 3HAYMMBIMH
MOKa3aTeIsIMU KO3 (UIIMEHTOB perpeccuy W JeTepMHHALNY, MPEAIOoIaraeTcs, 4To
kodpduument aerepmuHanuu npeBbimaet 0,5, k03QOUIMEHT MHOXKECTBEHHOM
Koppemsiimu B 3ToM citydae 6onee 70 %. Taxue Momen MOKHO MPU3HATH JOCTOBEPHBIMH
M YKa3bIBAIOUIMMHU Ha (YHKIMOHAIBHYIO 3aBUCHMOCTh MEXy IEpEMEHHBIMH.

V3MeHeHne aHATOMHYECKMX IIOKa3aTeleld JHCTa OT COJACp)KAaHHS TPUTHSA
B CBOOOJHOW BOJEe M OPraHMYECKOM BEUIECTBE TAKKE PACCMOTPEHO TpapuyecKuM
cocobom. [Ipu n3ydeHnn sSMIUpUYECKUX PAIOB, HaHECEHHBIX Ha Tpaduk (puc. 4.36),
YCTaHOBJICHO, YTO KOJIWYECTBEHHbIC M3MEHEHHs IapaMeTPOB BEPXHEro M HIDKHETO
SMUACPMHUCA IPOUCXO AT IMHEHHO U BBIPAXKAIOTCS ypaBHEHHUEM Napadoibl 1-ro mopsiaka,
TO ecTh NpsiMOK y = a + bx. [Ipu paccMOTpeHUH SMIUPHYECKHUX PSIOB PErpeccuu
IUISL OCTAJBHBIX HM3YYaeMBIX ITapaMETPOB CIENAHO IPEIIIOIIOKEHHE, YTO B JAHHOM
cllyyae HMMEIOTCS 3aKOHOMEPHOCTH TapaboiMuecKoll HHUCTaJaroleii, BhIpakaeMoin
ypaBHEHHEM Iapabosibl 2-To Mopsaaka Buga y = a + bx + cx? [Sukayckac u ap., 2021].
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Puc. 4.36. 3aBHCUMOCTh aHATOMHYECKUX ITAPAMETPOB JINCTHEB OT COJIEPKAHUS TPUTHS
B CBOOOHOI BoJe pacTeHmi [SHKayckac u ap., 2021]
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[Ipu n3yueHnn aHaTOMUUYECKUX MapaMETPOB JIMCTA YCTAHOBIEHO, YTO TOJILIMHA
BEPXHETO M HIDKHETO SMUACPMHCA C YBEIWYCHUEM YIENbHONW AKTUBHOCTH TPUTHS
B cBOOOJHON Bome He u3MeHsierca. Kosdguument perpeccuu (R? = —0,2...-0,3)
MOJTBEP)KIACT OTCYTCTBUE CTATUCTUYECKOM CBSI3M MEKAY OOBICHIEMON MepeMEeHHON
(TommuHOM >nHnepmuca) u pakropamu (yIOeIbHOW aKTUBHOCTBIO TpUTHS) [ SIHKaycKac
u ap., 2021].

[Ipu mocTpoeHuN IMNUPUUECKUX PSATOB PETPECCUU IS OCTATIBHBIX U3y4aeMBbIX
napaMeTpoB, a UMEHHO: JWaMeTpa My3bIPEeBHIHBIX KJIETOK, TONIIMHBI Me3oduiia,
IUIOIIA/IY TIPOBOILIMX IYYKOB JIUCTa 1-T0 ¥ 2-T0 NOPSAKOB — CHEAHO IPETOI0KEHUE
0 TOM, YTO 3/IeCh UMEET MECTO 3aKOHOMEpPHOCTh MapabOIMuecKOW HHUCIAJaroIlei,
BBIPA)KAEMON ypaBHEHHEM Mapaboiibl BTOPOTO TOpsAKa Buma y = a + bx + cx’
[Ipn yBenmW4yeHWH YIENbHOW aKTUBHOCTH TPUTHUS 10 3HAYCHHUH n-10* Bk/kr
AaHATOMUYECKUE MapaMeTPhl JINCTA YMEHBIIAIOTCS, JOCTUrasi MUHUMAIbHBIX 3HAYECHUI.
[lpu nanbHelmem pocre yaenbHOM akTuBHOCTH “H 10 3Hauenuit n°10° Br/kr
HabmromaeTca oOmias TEeHACHIMS K HE3HAUYUTEIbHOMY YBEIWYCHUIO aHATOMUYECKUX
napameTpoB. Kospdunuent nerepmunanuu (R* = 0,7 — 0,85) MOATBEPkKIAET HATUUKE
CTaTUCTUYECKOHN CBSI3M MEXAY OOBSCHSIEMOH MepeMEeHHOH (IuameTp My3bIpeBUAHBIX
KJIETOK, TOJIIIMHA Me30(riuIa, TIomaab MPOBOASIIETO MyYka 1-ro U 2-ro MOpPSAKOB)
1 aprymenToM (yzenbHas akTUBHOCTH *H B cBOGOMHON Boje pactenmil) [SHkayckac
u ap., 2021].

Takum o0Opa3om, B pe3yjibTaTe NPOBEACHHBIX HCCICAOBAHUN YCTAaHOBJICHO
HaIM4Ue BIUSHUS PAJMOHYKIMAa “H Ha AHATOMUYECKYK CTPYKTYPY pacTeHHs
Phragmites australis. llpon3BeneHa cratuctudeckas oOpadoTka naHHbIX. [lomydueHo
TUMIUYHOE JUTS BCEX TUIOMIA0K pacipeeseHle 3HaYeHUI aHaTOMHUUECKHX [TapaMeTpoB
creOuis u ucTa. B xoje nccieioBaHuid yCTAaHOBIICHO, YTO MPH YBEITUYCHUH YICTbHOM
akTuBHOCTH *H B CBOOOIHOIT BOJIE pacTeHui 10 3HAYEHU n- 10°—n-10° HabmromaeTcs
YMEHBIIIEHHE TaKUX aHATOMUYECKHUX IapaMeTpoB CTeONs, Kak AWaMeTp, TOJIIWHA
CKJIEPEHXMMBI, IIJIONIAa/lb MPOBOALIETO Mmydka. Kpome Toro, mpoucxoauT M3MEeHEHHE
AHATOMHUYECKHUX MapaMeTpPOB JIMCTA, TAaKUX Kak TONIIMHA Me30(pWuIa, IUaMeTp
My3bIPEBUAHBIX KJIETOK, IUIONIa[]b IPOBOIAILIETO Iy4yka 1-r0 M 2-ro MHOPSIKOB.
[MockonbKky B TaHHOM 3KCIIEPUMEHTE MBI MMEEM JIENI0 C BHYTPEHHUM OOJIy4eHUEM
OT pamvoHykiauaa “H, MoXeM Npeanosarartb, 4To M3MEHEHHs Ha aHATOMUYECKOM
YpOBHE OOYCIOBIEHBI CHEUU(UYHOCTBIO TPUTHS, KOTOPBIH, SIBJISAACH H30TOIOM
BOJIOpOJIa, MMEET aHaJOTMYHbIC CBOWCTBA W BeAET cebs MOoA00HO cTabuiIbHOMY
3JIEMEHTY, TO €CTh CITOCOOEH BCTPAaWBATHCS B KJIETOUYHBIE CTEHKH PACTEHUH.

CrnenoBarenibHO, TPUTHH M €ro oO0pasylollue IPeACTaBISIOT CePbE3HYIO
OTACHOCTb JJISl HACENICHHSI, MPOKUBAIOIIETO Ha MPUIIEralonieid TEPPUTOPUN OBIBIIETO
CUAIILL. Tpurwii, monagas B OKPYKaroOIIyl0 Cpery, IPOHUKAET B OPTaHU3M YeJIOBeKa
4yepe3 BO3AYX, MNPOAYKTHl MHTAaHHSA, NUTBEBYIO BOAY. YUHUTHIBas JOCTAaTOYHO
OOJIBIIYIO TOABMKHOCTH TPUTHSI B OKpY’KalOLIEH cpeae, a TakKe ero BBICOKYIO
OMOJOTHYECKYI0 aKTHUBHOCTH, MOKEM OTMETHUTH MOTEHIHAIBHYIO OMAacHOCTh 3TOTO
PaAMOHYKIUAA IJIs1 OKPY>KAIOLIHX.
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PA3JIEJI 5. TPUTHI: AKKYMYJISILIUASA, TPAHC®OPMAIIUS,
J0O300BPA30OBAHME

T'nasa 1. HazeMHEI€ YKOCHCTEMBI

1.1. Huxopnopuposeanue mpumusa Kynomypou Helianthus Annus
npu KOpHeeOM ROCHYNIEHUN

B kadecTBe SKCIIEpUMEHTATILHOTO pacTeHHs BBIOpaH MoACONHEeYHUK (Helianthus
Annuus), akTUBHO Bo3ZelbiBaeMblil B PecriyOnuke Kasaxcran B kauecTBe MacIuuHON
KyJnbTypbl. KonudecTBeHHBIE TMOKa3aTedW IOIJIOLIEHUS] W HWHKOPHIOPHUPOBAHMS
pPanuMOHYKINAA TPUTHS TPU KOPHEBOM IMOCTYIUIGHMM B PAacT€HHS MHCCIIECAOBAIN
B 1a00paTOpHBIX ycioBusX [ THKOpIopupoBaHue TpUTHA..., 2021].

B muacTukoOBBIE BEreTallMOHHBIE COCYIbI (00BEM 35 J1) momemnancs ApeHax,
3aTeM B (DOHOBYIO CBETJIO-KALITAHOBYIO CYIJIMHHCTYIO TIOYBY, B JIa0OPaTOPHBIX
YCIIOBUSIX Ha KOTOpO# npoparmuBanu Helianthus Annuus. Beero moaroToBneHo AecaTh
cocynoB. Mcnonp3oBaiuck ceMeHa, CXOXKHE M0 pa3Mepy UM Macce. B omHoM cocyze
BBIPAIMBAIOCEH HE OoJiee TPEX pacTeHuid. s MoaennpoBaHust KOPHEBOTO MOTJIOIEHHS
H pacTenus B TEUEHHE BETETALIMOHHOTO Pa3BUTHS MOJMBAIM TPUTUPOBAHHON BOJIOM
C BBICOKOH YJCJIbHOW aKTUBHOCTBIO paguonyknuaa B ¢popme HTO. Boaa otOupanach
Ha Teppuropur CeMHUIaJaTUHCKOIO HCIBITATEbHOTO MOJMroHa Kaxable 10 gHel
JUISI UMUTaNWN ecTecTBeHHON nuHaMuKky HTO B mouBeHHOM pacTBOpE BEreTallMOHHBIX
cocynoB [MHKOpTIOpHpOBaHHUE TPUTHSL..., 2021].

CpaBHUTENBHO OJMHAKOBBIE YCIOBHS MPOM3PACTaHUA SKCIIEPUMEHTAIbHBIX
pacTeHHi CO3/1aBaJINCh CUCTEMOM (PUTOOCBEILICHHUS U TepMOperyaupoBanust. Mckimoyenne
a’pabHOrO NocTyIuieHust *H B TeueHue SKCIepUMEHTa B J1aG0PaTOPHOM MOMELIEHAN
Beaeacteue ucnapenusa HTO moyBoid mocie nojauBa U TpPaHCIUPAUUOHHOW aKTUBHOCTH
pacTeHHii 00ecneunBaioch IOCPEICTBOM pPAa0OThl BEHTHWIALUOHHONH CHCTEMBI.
KonTponb ynensHol aktuBHOCTH *H B BOJE /Ul MONMBA M PACTUTEIBHBIX 0Opasax
MIPOU3BOIIIICS OJTHOBpeMeHHO Kaxabie 10 gueit [lukoprnopupoBanue Tputus..., 2021].

OkcniepuMeHnT mmics A0 (a3l pocta ceMmsH Helianthus Annuus (Havyano
co3peBaHus1) u coctaBmi 65 aHei. Kaxupie 10 qHei B TedeHHe BCETo SKCIIEPHMEHTA
PaHIOMHU3UPOBAaHHO MPOM3BOAMICS OTOOp mpoO mmcteeB Helianthus Annuus
B TPEXKPATHOM IOBTOPHOCTH. B KOHIE BEreTallMOHHOIO NEPHOJA, Ha CTaguu
CO3pEeBaHMsl, JOMOJHHUTENHFHO OCYIIECTBISUIM OTOOp Mpo0 dacTeld IMOJICOTHEYHHKA
(cTebmu, TUCTBS, COLBETHS, KOPHH) HJIsl YCTAaHOBJICHWS XapakTepa paclpeaeieHHs
*H B nopoBoii Boje Tkaned (TIIB) u B opraHuyeckoM BeliecTBe. Macca Kaxkioro
pactutensHOro obpasua B cpeaneM cocrtaBmsia 100-150 r [MakoprnopupoBanue
TPUTHA..., 2021].

V3mepenue yiebHON aKTHBHOCTH PaJroHyKInaa *H npoBoanIocs B IIOPOBOI
BOJIE TKAHEW W OPraHUYECKOM COCTaBJIAIOIIEN pacTeHui. Brijienenue nopoBoi BOJIbI
pacTeHuii MPON3BOIMIIOCH IOCPEICTBOM YCTAaHOBKH, ONIMCAaHHOM B paboTte [Jlykamenko
u 1p., 2015]. YcranoBka mpeacrasisieT co00i TepMETHYHYIO MPO3pavyHylo EMKOCTD
JUISL 3arPy3KH PacTUTEIILHOTO 00pasiia, COSIMHEHHYIO C OXJIaXKIaeMON METaJUTMYECKOM
MMOBEPXHOCTBI0 W NPHUEMHUKOM [UISI KOHIEHCATa, W3BIEKAEMOTO W3 MPOOHI
Otobpanneiii koHACHCAT 00BEMOM 10-15 M ToATOTaBNIMBANIM IS TPOBEACHIS
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[-CTIEeKTPOMETPHUYECKOTO HW3MEpPEHHS YAEIbHOW aKTUBHOCTH TPHUTUS Ha >KHUIKO-
CIIMHTHIUTSIIMOHHOM CIIEKTPOMETPE.

[loaroroBky mpo® pactenuit ans wusMepeHus yaenbHOW akTmBHOCTH OCT
MPOBOAMIM METOJIOM CHKHTaHHMsI CyXOTO PacTUTENBHOTO o0paslla Ha yCTaHOBKE
Sample Oxidizer model 307 (Perkin Elmer, CILIA) ¢ mocneayomieil mOATOTOBKOM
MOJTyYEHHOW BOJIBI JJISI POBEACHUS [-CIIEKTPOMETPUIECKOTO U3MEPEHUS YIACIbHOM
akTUBHOCTH “H Ha HIKOCTHO-CHUHTUILIAIIMOHHOM CIIEKTPOMETDE.

Onpeienienne yuenpHol aktuBHocTH *H B HccenyeMpIx 06pasiax BbINOIHIM
METOJIOM KHJKOCTHO-CIMHTHJUISIIMOHHON CIEKTPOMETPHH, HCIOIb3Ysl CIIEKTPOMETP
Quantulus-1220 (Perkin Elmer, CIIA) [KagectBo Bomwl. Ompenenenwme..., 2010].
Jis ananmu3a mpo0 WCHONB30BANICS CIHUHTHWLISAIMOHHBIA KokTeis Ultima Gold
LLT, pa3paboTaHHBI{ CIICMANBHO IJIsi M3MEPEHUS! TPUTHS B MPUPOIHBIX 00pasLax
(> dexTuBHOCTS peructpanuu s “H B quanazone 0—18 k9B mopsiaka 60 %). Bpems
M3MEPEHMsI JIJIsl KaX 100 00pasiia cocTariisio okoio 120 munyt. O0paboTka B-criekTpa
1 pacyéT KOHLEHTPALMU aKTUBHOCTH *H POBOANIKCE € MOMOIIBIO porpammbl Quanta
Smart. MuHMMajbHas JeTeKTUpyeMas akTUBHOCTH “H cocraBisia: mus OCT —
ot 4,5 no 7 bx/n, mist HTO — ot 2,7 mo 5 bx/n. Koaddumment R (Specific Activity
Ratio) onpenensiiu kak otHomeHue yaenbHbIX akTuBHOCcTer OCT u TIIB [Kim et al.,
1998; Hui-fang, Ren-tai, 2011]. Cxkopocts o6pazoanus OCT paccunTsiBam
o ¢popmyine [Conversion rate..., 2002]

_ d- Cocr
Ve Cig =—,
dt
rne Cocr U Cme — aktuBHocth OCT um TIIB B IHCTBIX IOACOJHEUYHHKA
COOTBETCTBEHHO, BK/I; ¢ — Bpemsi HaONOJIeHUH (IKCIIO3UINU), 9; V — CKOPOCTh

npespamtenus TIIB 8 OCT, % u .

st komuaectBeHHOM otieHkH nepeHoca OCT B pacTeHUH UCITOJIB30BAIH HHICKC
tpancnokanuu (Translocation Index — TLI), koTopslii ompesensercs CIeayrIuM
cootHomierueM [Conversion rate..., 2002; [TonuBkuHa u ap., 2018]:

TLI:EIOO %,

TCB

rne Coct — yaenbHas aktuBHOCTh OCT B opranax, bx/im; Crig — yAenbHast akTHBHOCTh
TIIB B nucThsX.

B nmepuon mpomenenuss skcniepuMmenta c Helianthus Annuus w3Mepsin
KIIMMATHUYECKUE TIOKA3aTEeNH, BIUAIINE HA OMOIOTHIECKYIO MPOTyKTHBHOCTh PACTEHUN
(Temriepatypa W OTHOCHTENIbHAs BIIAXHOCThH). TemmepaTypa BO3ayxa H3MEHSIACh
B mpenenax ot 23 mo 32 °C, oTHOCHTENbHAs BIAXHOCTh BO3ayXa — OT 35 mo 55 %,
B IIEJIOM COOTBETCTBOBAIA HOPMAJILHBIM yCIIOBUSM pocta Helianthus Annuus.

JNMUTEeNbHOCTh JKCIIEPUMEHTa, KaK OTMEeYallb BbIIIE, COCTaBWia 65 mHel
JI0 Havaja co3peBaHus. Y eibHas aKTUBHOCTH paauoHykinaa *H B Boze g nomusa
B TEUEHHE IKCIIEPUMEHTA M3MEHs1ach 0T 95 10 540 kbx/n (puc. 5.1), B iesoM quamna3ox
BAapbUPOBAHUS COCTABUI | MOPSIIOK.

Takum oOpa3oM, B JaOOPATOPHBIX YCIOBUSX HMCKYCCTBEHHO HMHTHPOBAJIACh
ectectBenHas auHamuka HTO. M3meHenwe 3HaYeHWH yIEILHOW aKTHBHOCTH ‘H
B mopoBoii Boje TkaHel (TIIB) u opranmueckom BemectBe (OCT) nmucteeB Helianthus
Annuus Ha IPOTSDKEHUU SKCTIEPUMEHTA MTOKa3aHo Ha puc. 5.2.
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Puc. 5.2. Yaenpnas aktuBHocTh TIIB 1 OCT B nmuctesax Helianthus Annuus
[MaKOpHIOpUpOBaHUE TPUTHSL..., 2021]

CornacHo npenCcTaBIeHHBIM JIaHHBIM, B JIUCThIX Helianthus Annuus B TeueHUe
sereraiuu akTuBHOCTE OCT (1°10%) Ha mopsmox Menbiue, yem TIIB (7°10°). Ha ocHoBe
MOJTy4YeHHBIX KOJMUYecTBEHHBIX mMapaMerpoB akTuBHOcTH TCB m OCT paccumrana
ckopocth oOpazoBanuss OCT B mmcresix Helianthus Annuus (puc. 5.3). B xoxe
BEreTalMu CKOPOCTh U3MeHsIach B npeaenax ot 0,080 xo 0,044 % u !,

MakcumanbHast ckopocts obpasoBanust OCT ycraHoBiieHa B (ase aKTHBHOTO
pocrta Helianthus Annuus, B KOHIIe BereTanuu (CTaaus pocTa CEMsH) OHA CHU3WIACh
MOYTH B 2 pa3a. AHaJlOrHM4YHas 3aKOHOMEPHOCTh YCTaHOBJICHA IMpPHU HCCIEOBAHUH
KOJINYECTBEHHBIX IAPAMETPOB A9PATBLHOIO TOrJIoMIeH s *H B €CTECTBEHHBIX YCIOBHSAX
[[TomuBkuHa 1 ap., 2020]. OueBUAHO, BBICOKas CKOpocTh 00pazoBanns OCT Ha paHHUX
dTamax pa3BUTHs PAaCTEHUH, 00YCIOBJICHA WHTEHCHUBHBEIM OMOCHHTE30M [SIKyIIKHHA,
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Baxtuna, 2004], a 3Ha4uT, ¥ POTOCHHTE30M, B MPOIIECCE KOTOPOTO aCCUMUIUPYETCS
Oonpinas yacte TputHs [Tritium in plants..., 2009]. Cnax ckopocTd BKmoueHus “H
B OpraHWYeCKUE CTPYKTYPHl PACTCHUI B KOHILE BETETallUH, BEPOSTHO, 0OYCIOBJIEH
CTapeHHEeM JIMCTOBBIX IIJIACTHH, CJEIOBATEJIbBHO, M XJIOPOIJIACTOB, B KOTOPBIX
ocymecTBisercsa ¢porocunres [SAkymkuHa, baxtuna, 2004]. [TonydeHHas 3aBUCIMOCTh
st ckopoctu oopazoBanuss OCT ykasbIBaeT Ha TO, YTO MPOLECC WHKOPIIOPUPOBAHHUS
pamronykauaa *H B Gonblueii crenenn 00ycloBIeH cnenu(UKON HENoro KoMImeKca
BHYTPEHHHUX (PH3HOIIOTUYECKUX MPOLIECCOB B X0O/I¢ BET€TATUBHOTO Pa3BUTHS PACTCHUSL.
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Puc. 5.3. Cxopocts o6pazosanust OCT B nuctesix Helianthus Annuus
[MaKOpTIOpHpOBAaHUE TPUTHSL..., 2021]

Jlns aHanmuM3a SKCIEPUMEHTATBLHO MOJMYYEHHBIX KOJMYECTBEHHBIX MapaMETPOB
nornomenus “H kynsrypoit Helianthus Annuus (1abn. 5.1) MCHONB30BaId METON
HENapaMeTPUIECKONH CTATUCTUKU — PAHTOBBIM KOPPEISLIMOHHBIN aHAIN3.

Tabnuya 5.1
Pe3ynbrarel paHroBOro KOPPEIALMOHHOTO aHaIN3a
[MuKOpniopupoBanue TpuTHs. .., 2021]
KonuecTBenHble TapaMeTpsl Koa¢dumment koppensunu
norsiomenus *H Crupmena (mipu p < 0,05)
TCB 0,89
VY nenpHas aKTHBHOCTD OCT -

3H B Bojie U1 TIOJINBA

Ckopocts oopazoBanust OCT -

TCB Ckopocts oopazoBanust OCT -

HpuMeLtaHue. «» — OTCYTCTBYCT NJOCTOBEPHAsA KOPPEIALUOHHAA 3aBUCUMOCTD.

275



CornacHo JaHHBIM Ta0I. 5.1, 3HaUMMas JOCTOBEpHAs! KOPPETILMOHHAS 3aBUCHMOCTb
BBIABJIECHA TOJBKO MEXIy 3HAYEHHMSAMM YIEIbHOW akTuBHOCTH °H B HCTOYHHKE
MOCTYIUICHUSI paJMOHYKIHAA (BOJE, WCIIOIB3YeMO /UId IOJMBa) U B MOPOBOM BOzE

TKaHEW 3KCIIEpUMEHTAIbHBIX PACTEHUM.

Tabnuya 5.2
Buauenus R mis Helianthus Annuus
pu KopHeBoM nornomenur HTO
[MaKopriopupoBaHue TPUTHA. .., 2021]

[Tepuom, u daza Bereranun R
13 0,14
27 Wnrencusnsiii poct | 0,27
35 0,18
41 Byronmzarnus 0,11
52 LBeTenue 0,16
o0 | s | o

Ha OCHOBE JTAHHBIX
MPOBEAEHHOTO HaMHU SKCIIEPUMEHTa
MOTYYEHbI 3HAYCHUS R JUISl KYJIBTYPhI
Helianthus Annuus Tpu KOPHEBOM
roctyruieHuu (Tabn. 5.2), KoTopbie
MO>KHO HCHOJB30BaTh Kak MapKepbl
TPUTHUEBOTO 3arps3HEHUSL.

Cpennee 3Ha4YeHHE R 3a Ieproj
Bereranmu i Helianthus Annuus —
0,21. Xapaxrep pacnpenenenus “H
0 CTPYKTYPHBIM YacTsiM Helianthus
Annuus Tpy KOPHEBOM MOCTYIUICHUH
B KOHIIC BETreTAIlMOHHOTO MEpuoia
NpeACTaBieH Ha puc. 5.4.

Y CTaHOBIIEHO, YTO B YCIOBHSIX
MPUKOPHEBOTO TOCTYIUICHHST TPUTHSI

pacnpenenenue TIIB u OCT B CTpYKTYpHBIX YacTsIX pacTeHHs] MMEET pa3iInyHbIN
xapakrep. AktuBHOCTh TIIB ymeHbIaeTcs B psimy KopHu > coysemus > cmebiu >
aucmos, B 10 Bpemst kKak OCT — coysemus > cmebau > nucmvs > KopHu.

350

YpaenbHas aktuBHocTb 2H, KBK/n

couBeTus NNUCTbA

B TcB

300

250

200

150

100 -

50

0 . . -

cTebnu KOPHU

OCT

Puc. 5.4. Pacripenenenue *H 1o cTpykTypHBIM yactaM Helianthus Annuus
[MaKOopniopupoBaHue TpUTHS. .., 2021]

CornacHo npoBeAEHHBIM paHee uccieaoBanusiM [[lomuBkuna u mp., 2020],
npu aspansHoM noriouieHnd HTO pacnipenenenue TpuTHs HOCUT MPOTUBOIOIOXKHBIN
XapakTep, a MakcuMaibHas yjenbHasd akTuBHOcTh TIIB m OCT ormedaercs
B HAJ3€MHBIX CTPYKTYPHBIX YacTSIX pacTeHUil. DTO CBUAETEIHCTBYET O TOM, YTO
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Ha aCCUMWISAIHAIO TPUTHsS B PACTCHHU OKAa3bIBAET BJIMSIHHC CIIOCOO IOCTYIUICHUS
pamnonyknuaa [[lomuBkuna u ap., 2020].

Unpekc Tpancnokauuu TLI mpW ycIOBMM IIPUKOPHEBOTO moromeHus SH
coctaBui 65 %, 4TO 1MOYTH B 2 pa3a BEIIIIE [0 CPABHEHHIO C AaHAJIOTHYHBIM 3HAYEHUEM
MIPH a3PaTbHOM TIOCTYIIICHUH PaIMOHYKITHIA.

1.2. Huxopnopuposanue mpumus KyJibmypamu nepua u 0axiaxcana
npu KpamKospemeHHOM 8030eliCI U OKUCU MPUMUSL

B kauecTBe sKCIepIMEHTaNbHBIX pacTeHui BIOpaHsbl nepett (Capsicum annuum)
u Oaknaxan (Solanum melongena), KOTOpbIE KyJbTUBHUPYIOTCS TOBCEMECTHO
[MaKOpTIOpHpOBaHUE TPUTHSL..., 2022].

Cuenapuii KpaTKOBPEMEHHOTO aBapUIHOTO BBHIOPOCA TPUTHS JUISA IKCIO3HIIHN
pacternii BocmpomsBoamwau mapamu HTO. Hwmuramuio a’spaqbHOTO TPUTHEBOTO
3arpsi3HEHHS. B J1a0OPaTOPHBIX YCIOBUSIX NPOBOAMIM B KaMmepe, 00OpyAOBaHHON
cucteMoit putoocsemenus. Ha qHO kamepsl moMelaiy Mo IO ¢ BOAOH, KOHLICHTPAIHS
HTO B xoTopoii coctasnsiia 5,6:10% Br/i.

Okcrozunito  HTO B HaTypHBIX yCIOBHSAX TIPOBOJWIA Ha OBIBIIEH
UCHBITATENbHON IUIomaake «Jlereden», BOMM3M MITOJNIBHU, TAE IPOBOIMINCH
MO/I3eMHbIE SJIepHble HUCMbITaHUA. JlaHHas INTONBHA, HECMOTpPS HAa KOHCEPBAIUIO
MopTana, XapakTepu3yeTcsl HaJU4heM IIOCTOSIHHOTO pPaJuOaKTHBHOTO BOJOTOKA
¢ BbIcOKOM koHUeHTpauued HTO kak B Boze, Tak M, COOTBETCTBEHHO, B IPU3EMHOM
BO3qyxe B pesymbrate odBamopammd [Contamination mechanisms..., 2012].
JNMUTENTbHOCTh IKCIIO3ULIUN PACTEHUI COCTaBisuIa 6—8 yacoB. Ha Bpems skcriepuMeHTOB
MOYBY B COCYyJax 3aKpbIBAJIM MOJMITUICHOBOM TIEHKOH, YTOOBI MCKIIIOUNTH KOPHEBOE
MIOTJIOUICHUE TPUTHSI.

Jist OLIEHKM KOHLEHTpAalMU COCAMHEHWH TPUTHS B ypoXKae pacTeHHs IOcie
SKCHO3MINH TTOMEILIATH B YHCTHIE YCJIOBUS B XOPOIIO IMPOBETPHBAEMOE IOMEIICHHUE
U BbLAEPKMBAIM 14 CyTOK [0 MOJHOTO CO3PEBaHMS IUIOJOB, MPOAOJDKAs IOJKB
OMIMCTUIIMPOBAHHOM BOJIOH.

Pacrenus nmpenBapuTenbHO BEIPAIIMBAIH A0 CTAANH CO3PEBAHUS B TUTACTUKOBBIX
BETETAIMOHHBIX cocyaax (00BEM 35 1) Ha POHOBOM CBETIO-KAIITAHOBOW CYTIIMHUCTON
[oYBE, B KOTOPYIO TM€pell I[OCEBOM BHOCHJIM KOMIUIEKCHBIE YIOOpEeHUs
U1 00ecrieYeHns] HOpMAJIIBHOTO POCTa M pa3BuTusi pacreHuil. [loces mpousBogmim
CyXHMMH CEMEHAMH, CXOXHMH II0 pasMepy W Macce, U3 pacu€ra 2—3 TIpopocTKa
Ha cocya. [lonuB pacTeHuil oCyIIeCTBISITN OMANCTUITUPOBAHHON BOJOH, MO/IEPKIBas
ONTUMAJBHYIO BJIAXXKHOCTh Ha ypoBHe 60 % OT MONHOH BIaro€MKOCTH MOYBBI
[MukopniopupoBanue TpuTHs..., 2022].

Ot6op npob pacTeHui TPOBOAMIN BO BpeMs 3KCIIO3UINH (C HHTEPBAJIOM 2 Jaca)
u ciycts 14 cyTOK mocie 3KCIO3UIMH B TPEXKPATHOW MOBTOPHOCTH C Pa3/IeICHUEM
Ha CTPYKTypHBIE YacTH (JIUCTHs, cTeONH, IIOABI). Macca KaKAOro pacTHTEIHHOTO
obpasua B cpeaneMm coctaBisia 100-150 r. [lns npemoTBpaiieHus MOTEPU TPUTHS
poObl pacTeHH Cpy3y ke YIaKOBBIBAJIH B 3UI-IIAKETHl X OMEIAIN B MOPO3UIIbHYIO
kamepy (—20 °C). B HaTypHBIX YCIIOBHAX HCIOJNB30BAIM MOPTATUBHBINA XOJOAMIBHUK
JUTS. TPAHCIIOPTUPOBKHY TIpo6 [HKOpTIOpHpOBaHue TpUTHAL..., 2022].

[Ipo6sr Bo3ayxa OTOMpand ¢ WCHOIB30BAaHHEM TPHUTHEBOTO KoiuiekTopa OS
1700 (AMETEK, CIIIA). B TedeHne 3KCHEpUMEHTOB H3MEpPsUIM TeMIIepaTypy,
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OTHOCHUTEIBHYIO  BJIQXKHOCTh, aTMOC(EpPHOEC JaBJICHHWE C  HCIOJHL30BAaHHUEM
tepmorurpomerpa «MBA-6» (Poccus). DOTOCHHTETHYECKH AKTHUBHYIO PaJAHAIMIO
OIIEHWBAJIM MTyTEM Iepecuéra JIOKCOB B MUKPOMOJIM B CEKYHAY Ha METp KBaJpaTHBII
[Sharakshane, 2017].

Brinenenue mopoBoil TpUTHEBOW BOABI M OPTaHUYECKU CBSI3aHHOT'O TPHUTHUSA
MIPOBOAMIIN TaKUM >K€ 00pa3oM, Kak W B CIIy4ae SKCIIEPUMEHTOB C IMOJICOTHEYHUKOM
(cm. moxarnaBy 1 maHHOTO pa3zgena).

VYaenpHyl0 ~ aKTUBHOCTH  TPUTHS  U3MEPSJIM  METOJOM  KUAKOCTHO-
CIMHTWUIALIIMOHHON CIIEKTPOMETPUU C HCIOJB30BaHUEM criekTpoMeTpa Quantulus-

1220 [Perkin Elmer..., 2000], anamornuHo wH3MepeHMSM, OIMCAHHBIM BHIIIE
(cm. moarnaBy 1 maHHOTO pasziena).
I[J'Iﬂ MMPOBCACHUSA SKCIIO3UIIUU BI)I6paHa CTagrud CO3PCBaHUA — KaK BapuaHT

HauXyJIIero CIEeHapus, TaK Kak, COIVIACHO paHee IPOBEACHHBIM HCCICIOBAHHUAM
[KagectBo BOmsl. Ompenenenue..., 2010], kornenTpamus OCT B ypoxkae mocturaer
MakCUMyMa, KOr[a pacTeHHs IOABEPTalTCs BO3IACHCTBHIO B MEPUOJ AaKTHBHOTO
(hopMupoBaHUS TIIO/IA, Y€M B TIEpUOJT ONIMKE K cOOpY YposKas WITH Ha paHHUX CTaInsX
pa3BuTusa. CBelleHHUsI 0 KOHLEHTPALMK TPUTHS B SKCIEPUMEHTAIBHBIX PACTUTEIBHBIX
W BO3IYIIHBIX 00pa3lax NpeacTaBieHsbl B Ta0md. 5.3.

CornacHo MOJY4YEeHHBIM pe3yibTaTraM, akTUBHOCTH TCB B muctesax Capsicum
annuum B KaMepe Ha MOpsI0K MIpeBbIIIaia TAKOBYIO B HATYPHOM 3KCIIEpUMEHTE, TOT1a
Kak Uil KyIabTyphl Solanum melongena KOHLEHTpamusi OTJIM4ajachk Bcero ot 1,3
110 4 pa3, 4To, BEPOSATHO, O0YCIIOBJICHO YPOBHIMHU 00bhEMHOM akTuBHOCTH HTO B BO3MyXE
MIpH TPOBEJCHUN OSKCIO3UIMA. DTO MOATBEpXKIaeT 3aMmeTHas (mo mkaine Yemmoka)
KOppeJLILIMOHHAs 3aBUCUMOCTH (r-Spearman — 0,61 nipu p < 0,05) Mex 1y KOHLIEHTpaLHeit
TPUTHS B BO3AyXE€ M CBOOOJHOM BO/IE TKaHEH JINCTHEB.

Bo Bcex BapmaHTax 3kcmo3uuuu akTuBHOCTH TCB nHcTheB MMena 3HaueHHS
Ha 1-2 mopsizika Bble, YeM B APYIMX OopraHax (cteOmsx, IUIofax), 4To, OYEBUAHO,
o0ycinoiieHo noctostHHOM nuddysueit HTO ¢ napamu Bojbl B Me30guiul aucta. Takxke
aktuBHOCTh TCB B OonbIIMHCTBE ciydaeB mpeBbimana Ha 1-2 mopsiaka OCT, uto
coryacyercs ¢ iuTepatypHbiMu qanHbME [ Tissue free..., 2002; [Tonuekuna u ap., 2020;
WukopnopupoBanue TputHs..., 2021; Assesment of the tritium..., 2021] u oObsicHseTCs
MeXaHU3MaM{ WHKOPIOPUPOBAHMS TPHUTHUS, CPEld KOTOPHIX TPUOPHTETHAs POJIb
npuHaUIEKUT hoTocuHTe3y [Tritium in plants..., 2009; Kim et al., 2013; Melintescu,
Galeriu, 2017; An updated..., 2018].

Pacnpenenenue paanonykinaa B cBOOOJHOM BOJE TKAaHEW OpraHoB B LIEJIOM
MO>KHO MPEACTaBUTH YOBIBAIOIINM PSIIOM: iucmba < cmebnu < nioosl. Pacnpenenenue
OpPTaHMYECKH CBS3aHHOM (OPMBI PaJHOHYKIHIA B PACTCHUAX UMEJIO HEOTHO3HAUYHBIN
XapakTep, 4TO, BEPOSTHEE BCEro, OOYCIOBIEHO KOPOTKHMM IEPHUOJOM 3KCIO3MIINH,
MOCKOJIBKY TPAHCIIOPT TPUTUPOBAHHBIX OPraHUYECKUX ACCHMUJISIHTOB W3 JIUCTHEB
ABIIsIeTCS O0JIee NITUTENHHBIM U (PH3MOJIOTHYECKH 3aBUCUMBIM TTPOIIECCOM.

Uepes 14 cyTok mocjie 3KCrno3uiuu (Tadi. 5.3) K MOMEHTY IOJIHOTO CO3PEBaHUS
TUI0/I0B akTUBHOCTH TCB, sBIIsIIONIENCSt OCHOBHBIM MCTOYHHUKOM JUTsI (POPMHUPOBAHHUS
OCT, cHusunachk B TUCThAX HA 96 %, B cTeOmsax — Ha 87 %, B miogax — Ha 66 %,
npu 3ToM AnHamMuKa koHeHTpauri OCT B JIMCTBSIX U cTeOMISIX MeNia KakK MOJIOKUTEIbHBIH,
TaK 1 OTPULIATENbHBIN XapaKkTep, a B CO3PEBIINX MJI0JAaX OCTAIACH IPAKTHUECKH Ha TOM
€ YPOBHE, UTO U B KOHIIE 3KCNo3uInH [MHKOopniopupoBaHue Tputus..., 2022].
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Tabauya 5.3
Y aenpHas akTUBHOCTE TPUTHS B ITpoOax [MHKopIIopupoBaHue TPUTHA..., 2022]

VY aenpHas aKTUBHOCTB TPUTHS, BK/KT O6némuas
Iepuon JIUCTHS cTebmu TUTOJTBI ;STHBHOCTL
B BO3/IyXE,
TCB ocT | TCB | ocT | TCB | OCT B/
Capsicum annuum (KaMepadbHBIH KCIIEPUMEHT)
249 2900400 | 20+4,5 | 163+24|49+1,7|152+18| 27+5 23+25
44 5000800 | 21+4 |450+75(42+1,7(240+40| 17+4 27+25
6u 8000+ 1200 | 47+7 |895+30|8,7+2,7|545+80| 20+4 55+55
14 cyt 333+55 59+7 [220+32| 3745 |390+45 - <MIA
Capsicum annuum (TIOJIEBON KCTIEPUMEHT)
249 166 +25 7+26 | 16£28 [6,1+£25| 5+1 | <MJA 7+1
44 182+34 22+6 | 30+6 | 5£26 | 61,1 | 14+4 11+1,1
6u 284 +40 17+4 | 1943 7+3 | 14+£22 | 11£3,5 21+2
8u 235+30 21+5 [ 2022 | 10+3 | 9+1,7 | 9+3 13+£13
14 cyt 4+3 5+#3 | <MIJA | 7+£3 12+6 8+4 <MJIA
Solanum melongena (kamMepaabHBIN SKCTIEPUMEHT)
24 1100£200 | 16+5 | 84+£12 | 23£5 | 45+£8 | 8+2,7 29+43
44 2400+400 | 42+9 [290+45| 19+£5 |106+15| 14+4 66+ 10,0
6u 4500+700 | 46+8 [355+55| 9+3 |330£50| 17+£5 86+ 13
14 cyr 245+30 12+3 | 52+6 9+2 |106+£20| 13+4 <MJA
Solanum melongena (noaeBoOM KCIIEPUMEHT)

44 1400+200 | 32+7 | 42+7 |52+25| 53+£8 | 10£3 4+04
6u 1190 + 40 - 3344 | 14+6 | 60+13 | 14+4 54+55
8u 1100 + 200 - 73+ 11 - 11617 20+5 33+3,5
14 cyr — — - — 45+7 | 208 <MJA

Ipumeuanus: «» — AaHHBIE OTCYTCTBYIOT, MJIA — MUHHMMaibHas JIETEKTHpyeMmas
aKTHBHOCTBD.

Ha ocHoBaHMM TIOJMYYEHHBIX JaHHBIX pacCUMTaHa CKOPOCTh KOHBEPCHU TPUTHS
B OpPraHM4ecku cBs3aHHyi (opmy (tadn. 5.4). CornacHo pe3yjbTaTaM KaMEpPHBIX
9KCHEPUMEHTOB, KOHBEpCHUS TPUTHA B JHUCTBAX Solanum melongena B cpenHem
B 23 pa3a MHTEHCUBHEE 110 cpaBHEHUIO ¢ Capsicum annuum.

Ha npumepe Capsicum annuum BBISIBIEHO, YTO B HATypPHOM JKCIEPUMEHTE
CKOPOCTh KOHBEPCHH TPHUTHA TNPEBHIIIATA aHAIIOTUYHBIE TIOKa3aTean B Kamepe oT 15
no 30 pa3. HeoOxomumo OTMETHUTH Takke M TO, YTO BO BpeMs SKCHO3ULHMH
koHueHtpauss HTO B kamepe Obuia B cpeaneMm 3,5 pasa Bbllle, YeM B HaTYpHOM
JKCIIEpUMEHTE, a akTUBHOCTH TCB nmcTheB B Kamepe — Ha IMOPAIOK BHINIE, YeM
B IOJIEBBIX YCIOBHAX (CM. Ta0m. 5.3).

[IpyumHa pa3nuuuii B CKOPOCTH KOHBEPCHM TPHUTHSA, BEPOATHO, 3aAKIIIOUACTCS
B TOM, YTO JJAHHBIH MPOIIECC B OOJBIIEH CTETIEHN 3aBUCHUT HE OT YAETbHONW aKTUBHOCTH
TCB B accHMWISIIMOHHOMW TKAaHW JIMCTHEB, a OT HMHTEHCHUBHOCTH IPOTEKAHUS
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¢doTtocuHTeE3a, B X01€ KoTOoporo ¢popmupyetcs ocHoBHast yactb OCT [Tritium in plants...,
2009; Kim et al., 2013; Melintescu, Galeriu, 2017; An updated..., 2018].

Tabruya 5.4

CKOpOCTb KOHBEPCHU TPUTHS B THCThAX U YCIOBHS DKCIIO3UIIHN
[MaKopriopanust TpUTHSL..., 2022]

Capsicum annuum Solanum melongena
Bpew, 1= PPDF v PPDF
Ty, L,rl 0% | 1,°C MKMOJ‘IL/(’:/MZ % L,rl ¢ % | 1,°C MKMOJ‘IL/(;/MZ
Kamepnsrit sxcniepuMerT
2 0,34 91 21 28 0,78 91 23 48
0,13 92 25 104 0,44 91 22 50
6 0,1 81 41 435 0,17 89 23 58
[ToneBoii sKcTIEpUMEHT

2 - 80 23 668 2,3 31 23 1259

4 2,1 60 30 345 - 15 42 1020

6 3,0 65 29 220 - 19 33 644

8 1,0 60 24 260 - 31 24 603

HpuMeuaHue. «>» — JAaHHbIC OTCYTCTBYIOT.

CrnenyeT OTMETUTh, YTO BO BCEX BapHaHTaxX SKCIIEPUMEHTa YCTAaHOBIIEH CHaJ
KOHBEPCHHM TPUTHS B KOHIIE 3KCHo3umuu oT 2 no 4 pa3. HaOnromaemas auHamuka,
BO3MOXXHO, BBI3BAaHA, BO-TEPBBIX, (DOTOCHHTETHUYECKOW JEeTpeccCHeil BCIENCTBUE
W3MEHeHUs paboThl ycThHYHOTO ammapara. Tak, B pabore [KocoGproxor, 2009]
[MOKa3aHO, YTO B CEpeAMHE JHS MOBBIIIEHUE YCTHBUYHOI'O COMPOTHUBIECHUS MPUBOJIUT
K Oojee 4eM ABYKPAaTHOMY CHIDKEHHIO HHTEHCHUBHOCTH TPAaHCIHPAIMH, KOTOpas,
B CBOIO OdepeNb, BIHMSIET HAa CKOPOCTh (POTOCHHTE3a. DKCIIOHHMPOBAHWE PACTEHUI
B JIJaHHOW paboTe mpoBoauiiock B ieproa ¢ 10—11 gacoB yrpa 1o 16—18 yacoB Beuepa.
Bo-BTOpBIX, MEHEE MHTEHCHBHAS KOHBEPCHS TPUTHS B TA0OPATOPHBIX YCIOBHUSIX MOKET
ObITH 00yci0oBiIeHa Oonee HU3KOM KoHUEHTpauueit CO; kamepe.

Paccuntan mHAEKC TpaHCIOKaIMM, KOTOPBIA moka3bpiBaeT conepkanue OCT
B IJIOJIaX OTHOCUTENBHO KoHIeHTpamu TCB B qucThsiax (puc. 5.5).

CornacHo npeAicTaBIeHHBIM aHHBIM, TpaHciokarwst OCT B 1016l B HATYPHBIX
yCIOBUSIX OT 2 10 4 pa3 MHTEHCHUBHEE, YeM B JaO0OpaTOPHOM DJKCIIEPUMEHTE, UTO
YKa3bIBa€T Ha 3aBHCHUMOCThH JTAHHOTO TOKa3aTelsi B OOJNbIIEH CTETNeHH OT CKOPOCTH
KOHBEPCHH PAJUOHYKINJIA, 4eM OT akTUBHOCTH TCB B TUCTBAX.

U3BecTHO, 4TO OpraHUvecKyu CBsi3aHHAs (popMa TpUTHs XapakTepusyercs Ooinee
cepr3HbpIMU akTopamu pucka 1o cpapHeHmio ¢ HTO. Bo-mepeix, OCT Moxet
yaepkuBatbcsi B opranuszme a0 40 cyTok, Torna Kak mepuoj noiyssiBeneaus HTO
cocrasiseT okono 10 muel (mns B3pocnoro yenoseka) [bamonos, Yumnura, 2016]. Bo-
BTOPBIX, €CJIN JI030BBIH KOI(MGUIIMEHT JJIsl TPUTHS, TIOCTYIHMBIIETO C MUIICH B BUJIE
HEOpraHMYeCKuX coenuHeHuit (B Hamem ciydae HTO B coctaBe CBOOOIHOM BObI
TKanei), pasen 4,8:10°!! 3p/Bk, TO A1 TpHUTHSA, MOCTYIMBLIETO C THMINENA B BHUJE
opranuueckux coemunennii (OCT), — 1,2:107'° 3p/bk [HopMmbl paguannoHHOM. . .,
2009]. g KOHCEpBAaTHBHOM OIIEHKH MCTIOIH30BAIIN JAHHBIE, TOyYEHHBIE B HATYPHBIX
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YCIIOBHSIX C MAKCHMAJIbHBIMU ITOKA3aTEIISIMA HHKOPITOPUPOBAHUS TPUTHS, KaK BAPHAHT
Hauxyamero ciueHapus. CornacHo pacdéram, BO3MOXHBIN BKIIAJ B 103y BHYTPEHHETO
00Jy4eHHs OT MEePOPATBLHOTO MOCTYIUIEHUS TPUTHS IPU YIOTpeOIeHnr 1 KT OBOIIEH,
3arpsI3HEHHBIX B PE3YJIbTATe KPATKOBPEMEHHOTO BO3/ICHCTBUS, HCXO/Is 3 a0COTOTHON
akTUBHOCTHU (hopM paguoHykiuaa B wionax Capsicum annuum u Solanum melongena,
coctraBut: miagd TCB — 0,7 u 5,6 u3B; mit OCT — 1,7 u 2,4 H3B COOTBETCTBEHHO
[MukopniopupoBanue TpuTHs..., 2022].
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Mepuog Bo3gencTBus, Yac

Puc. 5.5. lnpexc TpaHCIOKaLKMK B KOHIIE KCIIO3ULINU, %
[Muxopniopanus Tputus..., 2022]

VYuuteiBass TOT Qakr, uro ypoau HTO B BeIOpocax mpenmmpusituii SATL]
[Pagnoskonornueckas o0craHoBKa..., 2015] Ha HECKOJBKO TMOPSIKOB HIKE, UYeM
9KCIIEPUMEHTAIbHBIC, BO3MOXKHBIM BKJIaJ TPUTUSL B 103y BHYTPEHHErO OOJIyYeHHS
HACEJIEHUs1 OT IMEPOPATBHOIO MOCTYIUIEHUS C PAacTEHHEBOMUYECKOW MpPOAYKLHEH,
MOJIBEPIIIEiCS KPaTKOBPEMEHHOMY a3pabHOMY 3arpsI3HEHHIO PAJANOHYKINAOM, OyIeT
MPEeHEOPEKUMO MaJl.

T'1aBa 2. Boanas hxocucrema

2.1. Accumunayusn u mpancgopmauus mpumus
npu 63auUMO0€iiCEUl ¢ 6OOHBIMU PACHEHUAMU

[Iponeccrl, cBsA3aHHBIE C acCUMWIINUEH W TpaHCOpMalUeld TPUTHUS
MIPH B3aMMOJICHCTBUHU C BOJHBIMU PACTEHUSIMH, U3YJaJIHCh B TJAOOPATOPHBIX YCIOBUAX
[bonnapesa, Cy66otusn, 2016].

[IpoMbiTass Macca »370€M UCHOJIB30BAIACh AN HAKOIUICHUS  TPUTHS
u onpenenerus comaepxkanns HTO u OCT B KOHTpONBHON TOYKE (CTapTOBas TOYKA).
Jig aToro ucxomHas 6romacca JAenuiach Ha JIBE€ YacTH.

B onnoit u3 Hux Obuta orobpana HaBecka 50 T, U3 KOTOPOIl BRIAEISUIA TPUTHUH,
Haxonusmmiics B Bune HTO. Ocrapurytocs maccy (400 ) B3BEIIMBAIM U OTIIPABIISIITH
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Ha cymky (72 4 ipu ¢ = 60 °C). BricymieHHy10 6noMaccy B3BEIIUBAIN U HCIOIb30BAIH
1t BermeseHus Tputus B Buge OCT (m ~ 30 1).

Bropyto wacTe pacTeHmMiI MCHONIB30BAM B 3KcrepuMenTte. s atoro mobern
pacTteHuii (~ 8§ cM) MOMeIalld B aKBapUyM, 3alUTBHIA TPUTHHCOIEpXKallei BOAOH,
JI0 TIONTHOTO TIoTpyXeHwust pactennit (250 T pactenuit Obun momernensl B 2500 mi
TPUTHEBON BoABI). YcraHaBiauBaicsa (oromepuox — 12/12 gacos. JmuTenpbHOCTH
sKcnepuMenTa coctaBuia 11 cyrok. OT6op mpod Boasl (00BEM anMKBOTEI — 15 M)
JUISL KOHTPOJIA COZEpKaHUsl TPUTHSL NTpoBOAMIHN uepe3 24, 72, 96 vacos, nanee yepes
168, 216 u 264. Uepes kaxapie 24 gaca nmpoBoauiau KoHTposb pH. Ilocne okonyanms
SKCIEpUMEHTa OMOMAacCy B3BEIIMBAIM W ONpeNesisuiM JUIMHy moberoB. M3o Bceit
ouomaccel otOupamu 50 1, B Kotopoi ompenemsuiin HTO, ocraBmiascs 4acTth
BeIcymmBanack (72 4 mpu ¢ = 60 °C) u ucronb3oBanachk g onpexaenerus OCT.

IIpu npoBeneHHM 3KCIEPUMEHTa HCIOIB30BAIN KIUMATHYECKYIO KaMepy
(06véM — 1,6 M°, BbIcOTa 1,3 M). CKOpPOCTH KOHAMIIMOHUPOBAHHS BO3IyXa —
100 n/mun, Braxunoctb — 50-70 %, Temmeparypa — okoino 15 °C. Ocseuienue
noanepxuBanock 20 mammamu 58-W Phyton. CeeToBoit pesxkum — 12/12 gacos.

HUccnenopanus npoueccor Tpanchopmaruu HTO B OCT B Ouomacce pacteHuit
[IPOBOIMIIM IIPH U3MEHEHHH TEMIIEpaTypbl OKpY>KaloIlIel cpe/ibl U peXKiMa OCBEILIEHHOCTH.
JJ1s 3TOTO MCTIONB30BANIM alTUKAIbHBIE TT0OETH 3eNE€HBIX pacTeHnit (3—4 cM), KOTOphIe
OBUIM TIpPEeIBApUTEIHHO MPOMBITH MPOTOYHOW BOJOH, €€ W3NIMUIIKK OBUIM yIAJCHBI
¢unbpTpoBaNibHON Oymarod. IloaroToBieHHBIE pPAacTEHHS IOMEIIATH B IWIMHAPSHI
C OTMHAKOBBIM coziepkanneM TpuTus. Macca moderos coctapisina 200 r, 006EM BOIBI —
1,6 1, BHECEHHOE conepikanue TpuTus — 1 kbk/1. Temmneparypy okpykaromei cpeabt
W3MEHSUIN C TIOMOIIIBIO TEPMOCTATa, a PEXHUM OCBEIIEHHOCTH — C MTOMOIIBIO CIIEMATBHBIX
KaMep, B KOTOPBIX OBbLIM YCTaHOBIICHBI JaMIlbl. JIJTUTETHHOCTh KCIEPUMEHTOB —
14 cytok. ITo okoHYaHMM SKCIIEPUMEHTA ONIPENETsUN coaepkanue Tputus B Buge HTO
u OCT [Bonnapesa, Cyo6otus, 2016].

JinHy ¥ Maccy MOOEroB M3MEpsUIM B Havaje M KOHIE dKcrepuMenTa. Cyxyro
Ouomaccy moiryyaiu pH BeicyminBanuu rnpu remneparype 30 °C B cymmibHOM mKagy
B TEUCHHE 8 4aCOoB.

JJ1st 5KCTIEPUMEHTOB 10 HAKOIIJICHUIO TPUTHUS PSACKON U3 KYJIBTYpPBl BRIOMPAINCH
TPEXJIMCTELIOBbIE PO3ETKH, OJUHAKOBBIE Ha BHUA. J{JIs1 MPUrOTOBICHUS KOHTPOJIBHOTO
pacTBopa B MepHbIH LutnHIp HaauBaiu 4 mi 100 %-ii cpenst Ll TeitnOepra u goBoauIu
10 200 Ma auCTHIUITMPOBAaHHOM BOjOH. [loyueHHBIH pacTBOp pa3NuBaliM B YEThIpe
¢dnaxona o 50 mut. i sKcHiepuMeHTa ¢ BOIOHM u3 EHuCes roTOBMIM aHAIOTMUHYIO
CEpHI0 KOHTPOJIBHOTO PAcTBOPA (4 MOBTOPHOCTH), B KOTOPOM JAUCTHIIMPOBAHHAS BOJA
ObLI1a 3aMeHeHa BOJIoH peku EHucei.

J1a KaXmoro TEeCTHPYyeMOTO pacTBOpa B MEpHBIA NIWIMHIAP HAMUBAaIU 4 M
100 %-ii cpenst LTeiinOepra u qoBoaunu Ao 200 M1 AUCTHIUIMPOBAHHOM BOJIOM MO0
Bonoil peku Enuceil. B mepBblil Tectupyemsiii pactBop BHecnu: 20 bk (100 Bbx/m),
Bo Bropoii — 60 bk (300 bk/n), B Tpetuit — 100 bk (500 Bk/xn), B yetBépThIii — 200 Bk
(1000 bx/n) Tputns. Bo ¢uakoHbl ¢ TOTOBBIMH PAacTBOPaMHU MOMELIATH MO YETHIPE
po3eTku psicku. DIaKoHBI BCTABISUIM B KacCeTy Kamephl KIMMAaTocTara, B KOTOPBIX
TTOJIICPIKMBACTCS TTOCTOSTHHOE OcBeteHne (24 1) u temmieparypa 27—28 °C [bonmapesa,
Cy660tuH, 2016].

Okcno3uuus anuiack B TedyeHne 120 gacoB, mocie 4ero MPOBOJMIIN aHAIN3
MOP(OJIOrHYECKUX W3MEHEHUH PO3ETOK M NPUPOCT IUIOMAA psAckd. st n3ydeHus
MPUPOCTa TUIOIIAAN PSICKH HUcronb3oBan ¢oroanmapar SONY-AS80, menanu
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¢dotorpaduu, mociie 4ero CYWTANM IUIom@aab B mporpamme Imagel [Bonmapesa,
Cy66otuH, 2016].

Hakorutenne TpuTusi B SKCIIEPUMEHTaX C PICKOM OMPENENsioch MO YOBLIH
TPUTHUSL U3 BOJHOH Cpelbl, KOTOPYIO oTOupanu uepes 12, 24, 48, 120 gyacoB mocne
Hayana 3KcrepuMeHTa, mo 10 M 13 Kakaoro ¢iaakoHa.

g BersBiieHUS (hOpM CYIIECTBOBAHHS TPUTHS B UCCIIEOBAHHBIX BUAX BOTHBIX
pacTeHuil POBEAEHO pa3/eieHre OOIIEero CoNep KaHusI TPUTHS Ha TPUTHHCOAEPKAIIYIO
cBobomuyto Boxy u OCT. [lmst aTOr0 TIpH ompeneneHn: OOIIeTo CONepKaHUS TPUTHS
BBIJIENSATIaCh BCSl JKUAKOCTh M3 CBHIPBIX pacTeHUH (B OTTOHHOM KoJiOe OCTaBaUChH
yrojibHbIE OCTaTKH). V3 BBICYyIIEHHOH BTOpOW HaBeCKM OMOMACCHl BBIACIAIACH
JKUIKOCTH, IIPOYHO CBSI3aHHAs cOrmoMaccoii pacteHuil. B mmepBoii u BTopoii mpobde ObLIn
ompenieneHsl comepykanusa obmero Tputhus U Tputua B Buae OCT coOTBETCTBEHHO.
Conepxxanne Tputusa B Bune HTO, To ecTh cBOOOAHO CBSI3aHHOW TPUTHEBOU BOJFI,
OTIPEIENISUIOCHh KaK Pa3HOCTh MEXKAY 3HAUYECHHUsIMU MEpBOi U BTOopoii mpod [bonnapesa,
Cy66otuH, 2016].

Pacuer nom OCT mpoBoawmscs mo ypasaerussM [McCubbin, 2001]:

(%) (CB) = 100 [meyx/mewp];
(%) (HTO) = 100 [ {*Hewp — *Heyx'% CB/100} AHeup]-

Tornma
OCT (%) =100 —HTO (%),

rae CB — cozpeprkaHue cyXoro BELIECTBA, %o; Mcyx U Meyp — MAcca CyXOoro U ChIPOro
BELIECTBA COOTBETCTBEHHO, KT *Heyp ¥ *Heyx — COlEpIKaHme TPUTHS B CHIPOI U CYXOii
Macce COOTBETCTBEHHO, BK/KT.

B tabun. 5.5 npuBeaeHbI pe3ynbTaThl paclpeielieH st TPUTHUS 110 popMam B CBIPOH
Ouomacce plecta W 3J0JeH, OTOOpaHHBIX BOJNM3M ceila AtamaHoBo |[BoHmapesa,
Cy066otuH, 2016].

Tabauya 5.5
Pacnpenenenue tputus mmo popMaM HaxoXACHUs B OMOMAacce pAeCcTa U 101U

Ceipas macca, br/kr / xxuakocts, br/m, (%)
®dopma
Prect Dnonest
TPUTHSL
JINCT credenn JINCT crebdenn
HTO 15/27 (82 %) 9,5/14,3 (95 %) 42/93,6 (78 %) 22,6/77 (94 %)
OCT 3/6 (18 %) 0,5/0,7 (5 %) 12/26,4 (22 %) 1,4/5 (6 %)
HTO + OCT | 18/33 (100 %) 10/15 (100 %) | 54/120 (100 %) 24/82 (100 %)

Ipumeuanue. Conepkanue TpuTHsi B Boae peku EHuceit BOmm3m Oepera cena
ArtaMaHOBO B TOYKe 0TOOpa pacTenuii Ha naty orbopa — 10+ 2 Br/i.

OOHapy>keHO, YTO COJIepKaHue TPUTHSI B JIMCTHAX precta cocrasisier 33 bx/m,
B cteOax — 15 bx/n, copepxanue TpuTus B TUCThX dnoner — 120 bx/n, B crebmsax —
82 bx/n. DTH 3HaYeHNUs IPEBBIIIAIOT COJIEPXKAHNE TPUTHS B Bojie peku Exmcelt Ha naTy
orbopa — 10+2 bx/n.
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B xuuakocTu, BBIIEJIEHHOM M3 CYXOM MAacChl pacTE€HH, JOCTOBEPHO
perucTpupyercss TPUTHH B KOHIIEHTPAIUSAX, MPEBHIMAONINX COAEPKAHUE TPUTHS
B BHJIE TPUTHEBOH BOMEI. DTO TpUTHH B popMme opranmueckux coenquaennit OCT. Jlomst
tputus B Buge OCT cocraBuna 18 % nmns nuctbes paecta u 22 % A TUCTHEB JI0JICH,
Ut ctebneit neenemyeMbix pactennit gomst Tputus B Buge OCT 3HaunTeI-HO MEHBIIE
1 cocTaBisieT 5 u 6 % Ui pliecTa u AII0/Ied COOTBETCTBEHHO.

YroObt OIICHUTD

3
1000 H. Br/n HaKOIUTEIIbHYIO CIIOCOOHOCTh

900 TPUTHS BOIHBIM PAacTEHHEM

800 (amozest) ObUTH TIPOBEACHBI

CIielUAIbHbIE 1a00paTOPHBIE

700 JKcTepuMeHTHl. Ha puc. 5.6

600 MpeacTaBlieHa  JUHAMHKA

coaepxkanus Tputus (HTO)

500 Bpews, uac B BOJIE DKCIIEPUMEHTAIBHON

400 ; , ; , . , MOJEIBHOU CUCTEMBI,
0 5 100 150 200 250 300 coaepKallel SMOEI0.

OcHoBHad yOBLITL

Puc. 5.6. lunamuka yosimu cogepxanust Tputust (HTO) TpUTHS HAOITIOIAIach TIEPBBIS

B BOJIe MOZebHOI cuctemsl [bornapesa, Cy66otun, 2016] 72 yaca T1oclie Hadana

akcriepumenta (~ 25 %).
3areM mpoxoauI Jo0op TpuTHs 6romaccoit amomen. OOIast yObLIb TPUTHS COCTaBHIIA
npumepHo 44 %. B Tabn. 5.6 mpuBeneHBl COAep)KaHME M PACHpEACICHUE TPUTHS
no BugaMm cymectBoBanus (HTO u OCT) B ucxoanoii 6nomacce 1 ociie SKCIIepUMEHTa.

Tabruya 5.6
Pe3synbTaTel onpeneneHus Coep KaHusi TPUTHUS U €r0 paclpeeiieHre
o popmam cBszbIBaHus ¢ OroMaccoli [ bornapesa, Cy66otun, 2016]

Cpennsist [nmuHa Cpennuii Bec mobera, T Cogi[/);;a(l}{l IZi;‘p(I;)T)HH,
nobera, cm CBIpOii ’ cyxoif HTO ’ OCT
Hcxonneie moderu
80+05 | 059+03 | 0054+0,005 | 55097%) | 023 %)
[ToGeru mocie sxciepuMeHTa
15+ 1 | 0,75£09 | 0,047£0,009 | 141,0(92%) | 122(8 %)

3a BpeMs [pOBENEHHUs OKCIEpUMEHTa JUIMHA I00EroB  yBEJIMYHIIAChH
C 3aKOHOMEPHBIM POCTOM CpEIHEro Beca Chlpoll Maccel. Kpome 3akoHOMEpHOTO
yBeIH4YeHust copepxkanus Tputus B Bujge HTO, HabIro1anocs JOCTOBEPHOE TIOBBIIIICHHE
n coxepxxanuss tputua B Buae OCT — c¢ 3 mo 8 %. Bepodrno, B pesyinbrare
NpOTEKAUMX (HU3NOJOTMYECKUX MPOIECCOB, CBA3aHHBIX C POCTOM pPacTeHUi,
MIPOUCXOANT B3aMMOZCHCTBHE TPUTHS C OMOJOTMYECKHMMH MaKpOMOJEKYJIaMH, YTO,
B CBOIO OYepellb, IPUBOJIUT K MEPEX0ay TPHUTHUS B HEOOMEHHYI0 ¢opmy. Tem cambIM
JOKa3bIBAETCS, YTO MPU XPOHUYECKOM B3aUMOACUCTBHUU TPUTHSI C OMOJIOTMYECKUMHU
o0Opa3namMi TPOTEKAIOT TMPOLECCH, CBS3aHHBIE C WHTEHCHUBHBIM HAKOIUICHUEM
Y 3HAYUTENHHBIM YACP)KHUBAHUEM TPUTHUS B OMOJIOTHIECKUX CTPYKTYPax OpraHu3Ma.
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Hns BeisicHenust mexanu3MoB npespamienuss HTO B OCT Obutn mpoBeneHbI
9KCHEPUMEHTHl C [Mo0eraMu BOJHOIO PACTCHUS 3J0A€d IPU Pa3IM4YHBIX pPEXHUMax
OCBEIIEHHOCTH U TEMIIEPATyphl OKpykatomieit cpeast [Bondareva, 2018]. B pesynbrate
nosryueHs! 3aBucumoct conepkanust OCT oT TemmepaTypsl OKpY’KaroIIed cpeabl
(Tabm. 5.7).

Tabnuya 5.7
Copnepxxanne nonu OCT B 3aBUCUMOCTH OT TEMIIEPaTyphl
okpy>karomieit cpennl [Bondareva, 2018]
T,°C 9 15 18 20
OCT, % 2,5+0,5 72 1443 2442
T,°C 22 25 27 30
OCT, % 2943 3243 2142 15+1

OoOnapyxeHo, uro aosns tputus B Buiae OCT B amomee CWIBHO 3aBUCUT
OT TeMIlepaTypsl OKpyKaromied cpeapl. OnTHManbpHas TeMIlepaTypa COCTaBISIET
npubau3uTensHo 25 °C (Tabm. 5.7).

DKCHEepPUMEHTHI, B XO/€ KOTOPBIX HCCIEIOBAIOCH BIMSHHAE OCBEHMIEHHOCTH
Ha coxepkanue nonu OCT B pactennu, mokazanu (tadi. 5.8), 4To HauOombIas JOIS
OCT xapaxTepHa AJisl pexxuMa densb 6 yacos / nouw 18 wacos.

Tabnuya 5.8
Conepxanne OCT (% ot ob1ero comepxanus TPUTHS) B OMOMacce pacTeHUS
B 3aBHCHMOCTH OT pexkuma [bormapesa, Cyo6otun, 2016; Bondareva, 2018]

JleHn/Houn, u 24/0 18/6 16/8 12/12 6/18 0/24
OCT, % 3+1 6+2 9+2 15+£3 35+3 22+£2

[Ipy mpoBemeHUM OSKCIEPHUMEHTOB C PSACKOM MakCHMalbHas  yObUIb
paavoHyKIKAa B Bojae 3aukcupoBaHa depe3 24 daca OT Hayajia 3KCICPUMEHTOB
(BO Bcex BHECEHHBIX aKTUBHOCTSIX) U cocTaBmia 35 %. OcraBiieecs BpeMsl POXO TN
000p aKTUBHOCTH. B KOHIIE BceX DKCIIEpUMEHTOB B BOJTHOM CpeJie COIepIKaHne TPUTHUS
cocraBuio, bk: 8 (40 bk/m), 25 (125 bx/n), 45 (220 bx/m) u 115 (575 bx/n), uro
cootBeTcTBOBaNO 40, 42, 45 1 57,5 % OT BHECEHHBIX KOJIUYECTB PAJUOHYKIIUIA.

Hcxonupie mpoObl psicku (@), a Takke MPoOOBl B KOHIIE AKCICPUMEHTOB:
KOHTPOJIBHOM cHCTeMBbl (0) W C MaKCUMAallbHOW aKTUBHOCTBIO TPUTHS B Cpeaax
C IUCTUWILTUPOBAHHOM BOJIOM (8), ¢ Bojol peku Enuceii (2) mpencraBieHsl Ha puc. 5.7.

HecMoTpss Ha HakOIIEHWE TPUTHS PACTCHHEM, BCE BHECEHHBIC aKTHBHOCTHU
TPUTHUSL HE TMOBIMIA HAa BHEIIHUN BUJ PSICKU: HE BBIABICHO HEKPO30B, XJOPO30B
u Apyrux (¢uznonorndeckux wusMeHeHWH. OpHako HaONIOAAIOCh yBETHYEHHE
KOJIMYECTBA JIFICTEIIOB: BMECTO 6 B KOHTPOJE, IO 8 B CHCTEMaX ¢ MaKCHUMAaJbHBIM
colepKaHUEeM TPUTHS Kak ¢ BoAoU peku EHucel, Tak U ¢ AUCTWIUIMPOBAHHON BOJOM.
Kpome Toro, 06HapyXeHO YBETHUCHHE ILIOMIA N JIUCTEIIOB B CUCTEMaX C BHECCHHBIMHU
AKTUBHOCTSAMU TPUTHs (TI0 CPAaBHEHHIO C KOHTPOJBHBIMH CHUCTEMaMH), OCOOCHHO
B CHUCTeMax ¢ Bojoi pexku Enwmceti (Tadi. 5.9).

B cucreme ¢ Bogoi peku Enucedt mpupoct Iuiomiaad HaOaromancs OONbIINi
IO OTHOIIIEHHIO K KOHTPOJIBHBIM 00pa3iiaM, YeM MpH HCIOIb30BaHUH AUCTHLIMPOBAHHON
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BOJBl. BeposiTHO, 3TO CBA3aHO C HANWYMEM PACTBOPEHHBIX BELIECTB B PEYHOH BOJE,
KOTOpBIE CIOCOOCTBYIOT 00Jiee HHTEHCUBHOMY POCTY PaCTEHHH.

Puc. 5.7. Buemnuit Bua psCcKu: @ — UCXOJHAS; O, 8, 2 — B KOHIIE IKCIIEPUMEHTA: KOHTPOJIb,
BOJIa IUCTHJUIMPOBAaHHAA U BoJa peku Enuceit coorBercTBeHHo, 1000 b/7 (8, 2)
[Bonnapesa, Cy66otuH, 2016; Bondareva, 2018]

Tabnuya 5.9
V3MeHEHHE TUIONIA/IH JIMCTELOB PACKU B MOJIENIBHBIX CHCTEMAX, MM
(% yBenuueHHs IUIOIAAH 110 OTHOILEHHIO K KOHTPOJIIO)
[bonnapera, Cyo6oTuH, 2016]

Conepikanue BHECEHHOTO TpUTHS, BK/n
0 — KOHTpOTH | 100 | 300 | 500 | 1000
Bopa pexku Enucen

2,1+£0,1 2,4+0,1 2,6 £0,1 2,7+0,1 2,9+0,2

0) (14,0 £0,6) (23,8+0,9) (29+1) (38+2)
HuctuminpoBaHHas Boga

2,0+0,1 2,1+0,1 2,1+0,1 2,2+0,1 2,4+0,1

(0) (5,0 £0,2) (5,0+0,2) (10,0 £ 0,5) (20,0 +0,8)

[lo pesymbraTtam mnponmernaHHOW pabOTHI CAENAHO 3aKIFOYEHHE O TOM, YTO
cogepxxanue OCT 3aBucut ot pexuma ocseuiénnoctu. Tpancpopmanus HTO B OCT
MPOTEKAET MPEUMYIICCTBEHHO B HOYHOHM IMEPHOJ B pe3yibrare (hU3MOJIOTUUCCKHX
mporieccoB. M3BecTHO, 9To ckopocTh obOpasoBanms OCT B pacTeHHSX COCTaBISET
1/5-1/3 ot mueBHoii ckopoctu [Hill, Johnson, 1993; Murphy, 1993; Bondareva, 2018;
NCRP..., 1991; Thompson, Nelson, 1971], onHako oOpa3oBaHKHE B TCUCHHE HOYHOIO
BPEMEHH JO0 CHX MOp emi€ Majo u3ydeHo. M3BeCTHO, 4TO B TEUCHHUE JHS PacTCHUS
B mporiecce (pOTOCHHTE3a ¢ MOMOIIBI0 SHEPTHH, TOIYYaeMOi U3 COJIHEUHOTO CBETA,
MIPEBPAIIAlOT YTJICKUCIBIN Ta3 ¢ UCIIOIh30BAaHUEM BOJBI B caxapd, mociueaHue (B TOM
YyHUClie Kpaxmaj) MOTOM MIyT B IHUIIY CaMOMY PAacTEHHUIO, ITOCTABJISAS MOJICKYJIbI
Y SHEPTUIO JICTICHUIO KIIETOK, COOpKE OMOIOTMYECKUX MAaKPOMOJIEKYJI, ITOIICPIKAHHIO
(hPM3UOIOTHYECKUX TPOILECCOB H T. J. TakuMm 00pa3oM, TOCTYIUBIIHNA ¢ BOJOW aTOM
TPUTHS BCTPAUBAETCS B CTPYKTYPhI PACTEHUS B Pe3yJibTaTe MPOLECCOB (hOTOCHHTE3A,
mpoTeKaroux B TéMHoe Bpems cytok [Thompson, Nelson, 1971; NCRP..., 1991; Hill,
Johnson, 1993; Murphy, 1993; Bondareva, 2018].

B cBs13u ¢ TeM, 4TO HOIYYSHHBIE ONITUMAJIbHBIC YCIIOBHUS TPaHC(HOPMAIIUU TPUTHS
n3 HTO B OCT He sBnsOTCS peaTbHBIMA IS UCCIIETyeMOTro perruona (peka Enuceir),
obHapyxenHoe conepxkanre OCT B peambHBIX OMOIOTHYECKUX O0BEKTaX 3HAUUTEIHLHO
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HIDKE MOTYYCHHBIX B MOJISITBHBIX 3KCIIeprMeHTax 1 He npeBbimaet 22 % OCT ot obmiero
COJIep>KaHUs TPUTHS B BOAHOM PACTCHHH.

Takum 06pa3om, pe3ynbTaThl HCCIIEAOBAHUN TIOKA3ANIH, YTO TIPH B3aUMOIEHCTBUI
¢ Omomaccoii BOIHOTO pacTeHUs (710/1es1) TPUTHUH MPUCYTCTBYET TIIABHBIM 00pa3oM
B BHJIE€ CBOOOJHOH TpHTHEBOW BOABI W He3HaunTenbHO — B Buae OCT, mpu 3TOM
tpancopmanus Tputus u3 HTO B OCT mpoucXoauT NMPEeUMYIIECTBEHHO 3a CYET
(hM3HONOTHYECKUX TTPOIECCOB, IMPOTEKAOIINX B TEMHOE BPEMsI CYTOK.

2.2. Accumunayusa mpumus ¢ CUCHEMAX «800a — UKPa»
u «600a — 600Hble pacmenus — puloay. Ouenka 6030eiicmeus mpumus
Ha ucciedyemole Op2aHU3MbL

BBumy Toro, uro wm3ydaemas JKocucreMa pekd EHucedl, kak u mrobas
MPECHOBOIHAS SKOCHCTEMA, CJIOKHA B IJIaHE B3aUMOJACHCTBHSA KaK BHYTPU CHCTEMBI,
TaK M 10 YPOBHIO BO3ACHCTBHMS Ha HAaceJIEHHE, HM3Y4aJoCh HAKOIUICHHE TPHUTHS
B CHCTEMax «BOJa — UKPa», «BOJIa — BOJHBIC PACTEHUS — PHIOBD».

Cpenu >KMBBIX OPTaHM3MOB, OOHMTAIOMIMX B 3arpsi3HSAEMBIX BOJOEMAaX, PHIOHI,
B CHJIy OMOJIOTHYECKUX OCOOCHHOCTEH, SBIISIOTCS HanboJIee NOAXOIAIINMHI 00bEKTaMH
WCCIIEI0BaHNS, TIO3BOJISIIONIMMH OLIEHUTh CPEeJHECPOUHBIC MPOIECCH TPaHCHOPMAIH
BOIOEMOB. PBIOBI UyBCTBHUTENBHBI K IIMPOKOMY MHOXKECTBY MPSMBIX BO3ACHCTBUIN
W MHTETpUPYIOT HeOnaronpusTabie 3h(eKThl BCEro KOMIUIEKCa pa3InIHbIX BO3ACHCTBHH,
BKITIOYAsi ¥ BIMSIHUAE HAa JPYTHe KOMIIOHEHTHI BOJHOW 3KOCHCTEMBI (Cpefa oOuTaHus,
MaKpoOECIIO3BOHOYHBIE, IEpBUYHAs HPOAYKUUS H T. A.). Jl030Bble Harpysku
Ha OPraHU3M PBIO POPMHUPYIOTCS 32 CUET BHEIIHETO O0JIYUEHUSI — OT BOJBI M JIOHHBIX
OTIIOKEHUH M BHYTPEHHETO — OT WHKOPIIOPUPOBAaHHBIX paanoHykIumoB [NCRP...,
1991; IRIS/HEAST, 2016; ICRP, 2017; Pakurckuii u ap., 2018].

Pe3ynbpTaThl SKCIEPUMEHTOB Ha JKUBOTHBIX HETMOCPEJACTBEHHO HE MOTYT
MEPEHOCUThCS Ha JIIOJeH, OAHako Ouomormueckass d3(¢GeKTUBHOCTb crnaboi
B-aMHCCHM B pa3HBIX YCJIOBHUSIX OOJNYYEHHS MOXKET PacCMaTpPHBATHCS M ISl OIIEHKH
PaIUOTOKCUYHOCTH TPUTHS 110 OTHOILICHHIO K uenoBeky [benoBoackuii, 1985]. Tputuit
cnoco0eH 3aMeraTh Bogopoa B Moiiekyie JJHK, uTto MoxkeT npuBecTH K yBETHYESHUIO
MepuoJia ero BHIBEJICHUS M3 OpPTraHM3Ma M, CIIEJOBATENbHO, K BO3PACTAHUIO pPHCKA
OTHaNEHHBIX MOCIEACTBUNA 00JIyUYeHHS, B TOM YHCJIE€ KaHIIEPOT€HHOIO PUCKa.

B kaudecTBe 00bEKTa UCCIIEIOBAHUN OBLT B3SIT HCIIOJIB3YEMBIN B MUILY HanboJiee
pacnpocTpaHE€HHBIN BUI pbI0 — Kapach cepeOpsiublii (Carassius gibelio). PpiOb1 3TOTO
CeMEHCTBa JIOCTATOYHO JIETKO Pa3BOAATCS B HCKYCCTBEHHBIX BOJOEMAax, a TaKkKe
MaJIONPUXOTIMBEI K Ka4eCTBY BoJIoéMa U moTpeOssieMoit nuie. B ¢Bsi3u ¢ 3TUM BUJ
HAIIEN pacpoCTpaHEHUE B MPYAAX OTCTOWHHKAX, B MPYAaX HPH TEIJIOBBIX CTAHIUIX
[Bondareva, 2011, 2015, 2017, 2018; Bondareva, Schultz, 2015; BeisiBiienue myTei. . .,
2017; bonnapesa, 2020].

B nepeoii wacmu skcnepumenma usyuanoceh GIUAHUE MpuUmusi Ha dSMOpUoceHe3
UKPbL KAPACAL.

Junga  mpoBedeHHMS ~— OKCHEPUMEHTOB — HCIONB30BAJACh  IPOMBIIIICHHAS
OTUTIOAOTBOPEHHAS UKpa Kapacs. B KaXIyro MOAETBbHYIO CHCTEMY BHOCHIIOCH 10 125 T
UKpel. B TeueHwe Bcero wMcciuemoBaHUS HMKpa HAXOAWIACh B BOJONPOHUIIAEMOM
KOHTeHHepe /ISl MPEeJOTBPALIEHUS] CMBIBA UKPBI B QUIbTpYIOIee ycTpoicTBO. O0BEM
BOJHOM CpeIbl B KKIOM cliydae cocTaBiisl S0 J1, B KOTOPYIO O BHECEHHUS HKPHI
BHOCWICS TPUTHUH B Buae TputHeBoi Bomsl: 500, 5000 u 50 000 Bx/n. B xauectse
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KOHTPOJIBHOM pacCMaTpUBaIach CUCTEMA, KyJla TPUTHIA HE BHOCHIICS, 32 UCKITFOUCHHEM
paHee npucyTcTBYytomero (ponosoro conepxanus (~4 bx/m) [Bondareva, 2017].

B Teuenue Bcero mepuona smMOpuorenesa (25 e, remmneparypa 8,5 £2,5 °C)
MOJIETIbHBIE CHCTEMBl HaXOIMINCh B MHKYOAIMOHHBIX cucTemax. Uepe3 25 nHei
BO3JICUCTBHS TPUTHS C Pa3HOW aKTUBHOCTBIO YacTh MAaJbKOB Kapacs OBUTH H3bSTHI
W3 CUCTEM C TPUTHEM M IOIBEPrHYTH uccienoBanusM [Bondareva, 2015, 2017, 2018,
2020; Bondareva, Schultz, 2015; Beiasnenue mytei. .., 2017].

Hpyaas vacmo Ovbina nomewjera 6 aKeapuyMvl ¢ YUCMOU 000U 015t O0PAUUBAHUS
U UCNONIL3OBAHUSL 8 CILEOYIOWUX IKCNEPUMEHMAX U RUMANACL YUCHBIM KOPMOM.

Ha BTOpOM 3Tame skcrepuMeHTa MPOBOAMIIOCH HAKOIUIEHUE TPUTHUS BOJHBIMU
pacTeHUsIMH, KOTOpbIE B MOCJIEAYIOUIEM HCIOJIb30BaId B KayecTBE KOpMa pbIOaM.
DKCIepUMeHTaIbHON CPeon CIyXKIIa Boaa, oToOpanHas B peke Ennceii. B kauecTse
pacTeHU-ruAPOOHOHTOB HCIIOIB30BAIN POTOIMCTHHK | PACKY. Pscka Oblia BeIpaieHa
B 1Ta0OpaTOPHBIX YCIOBUSX, POTOJUCTHUK ObUT B3AT B peke EHuUcel, B myHKTE 0TOOpa
Bozbl. HermocpeacTBeHHO mepe] SKCIIEPUMEHTOM MPOBOAMIICS aHAIN3 MCTIOIh3yEeMbIX
BOJHBIX PACTEHUH JIIs HOTYYESHHS HCXOIHBIX JaHHBIX 110 COJIEPIKaHUIO TPUTHUS, MUKPO-
1 MaKpOKOMITOHEHTOB. [IpeaBapuTensHO BOLy MpOo(UIBTPOBAIN Yepe3 MEeMOpaHHbBIE
¢ubTpEl ¢ tametpoM mop 0,2 MKM.

Crangapt tputueBoii Boabl (Packard Bioscience Ltd) ¢ konueHrpanuei
33 xbx/mMi ncnonap30BaH I MOTYYEHHS SKCIIEPIMEHTAIBHBIX CPE/I.

Ha BTOpOM 3Tame pacTeHUs-TUAPOOHOHTHI HAKAILIMBAIA OMOMAcCOW TPHUTHUH,
BHecEHHBIN B kKonmiecTBe 10 Mbk Ha akBapuym o6bpéMom 100 1. Y nenpHast akTHBHOCTh
cocraBmwia 100 kbk/n. Tputuii BHOCUIN B BHJIE CBOOOJIHOM TPUTHEBOM Boabl. Macca
(cbIpoit Bec) KaKZIOro M3 pacTeHu# (pOroJuMCTHUK U pscka) cocrasisiga 3000 r.
[Iporecc HaKOIIIIEHNS PACTEHUSIME TPUTHS COITPOBOMKAAIICSI MOHUTOPHHTOM COJIEPKAHUS
PaauOHYKIINJA B BOJHOM Cpele.

VYcioBus NpoOBEAEHUS HKCIEPUMEHTa CleAyIoUIMe: KIMMaThieckas Kamepa
(06BEM — 1,6 M, BeICOTa — 1,3 M) MCIIOJIB30BAIACK VIS CO3/IaHUs PAOOUHX YCIOBHIA;
CKOPOCTh KOHAMIIMOHUPOBaHUs BO3ayxa — 100 JI/MUH; BIaQXHOCTH MOICPKUBATIACH
Ha ypoBHe 50-70 %; Temmepatypa — okono 15 °C; ocBemeHue Noaiep:KUBaIoch
28 nammamu 58-W Phyton.

JUITTEeNbHOCTh  DKCIIEPUMEHTOB 110 HAKOIUICHHIO TPHUTHA PACTUTEIHHON
Oonomaccoii cocraBmsuia ot 168 (mms psicku) mo 336 4acoB (Ui POTOIUCTHHKA).
OKOHYaHHE 3KCIEPUMEHTOB (QUKCHPOBAIOCH IO BBIXOAY HA HACHIINICHUE IJUHUW
yOBUIH TPUTHSI U3 BOAHOW Cpellbl TUTIOC TIepHo;] cTabuim3amuu cucteM [BrisBienne
myTei..., 2017; boumapera, 2020].

Ha tperhem sTame skcreprMeHTa B aKBAPHYMBbI CO CBEXEOT(UIHTPOBAHHON
BOJIOM MOMelajach MOJIOb HCCIEAYyeMOro BuJa pbIO (IOCie MepBOro 3Tama
JKCIIEPUMEHTA), KOTOPHIM BMECTE C KOPMOM AOOABIISIIN PACTEHHUS W3 TEPBOM YacTH
SKCHEPUMEHTA: B OJHOM aKBapHyMe I00aBIISIIM PSCKY, BO BTOPOM — POTOJUCTHUK.
Tperuil akBapuyM CIIy>KWJI B KaueCTBE KOHTpoJisi. PacTeHus, coiepkaiiue TpUTHM,
ObuIM BBICYLIEHBI B aTMocdepe a3ora mpu Temneparype npumepHo 45 °C, 4roObl
MPeNOTBPaTUTh 0OMeH TpUTHs ¢ atMocdepoil madbopaTtopuu. Ilocne vero nomyueHHbIe
0e3BO/IHBIE KOHIIEHTPATHl CMEMIMBAINCH C CYXHM KOPMOM JUISI PBIO, COCTOSIINM
W3 CMECH JKMBOTHBIX U pacTUTEbHBIX 0cTaTKOB (1:1). CMmech popmoBanach B TpaHyJibl
maccoir 0,3 T W XpaHWJIaCh B T€PMETHYHOW YIAKOBKE JO IOJHOTO PacXOIOBAHHS
B akcniepuMenTe. CofepKaHWe TPUTHS B KaXKJIOW TpaHyJe COCTAaBIAJIO MPUMEPHO
50 Bbk. /lpyrue KOMIIOHEHTHI, BXOZSIIME B KOPM: KyKypy3Hasi MyKa, pBIOMH >Xup,
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COEBBIN MPOTEHH, COEBOE MAacli0, BUTAMHHBI, MUHEpaJIbl U Jp. ['paHyibl HE ObUIH
TOMOTEHU3HUPOBAHKL. TpuUTHIiCOAepkKallie TPAHYNIbl CIY’KAJIH B KadecTBE H00aBKU
K panuoHy. B Kaxo# 3KCIEPUMEHTAIBHONH CUCTEME €KEIHEBHO CKapMIIMBaJOCh
600 bk TpuTHSA, IPH 3TOM TSI MAKCHMAJIBHOTO MPEAOTBPAIICHUS MTOTEPh PAIHOHYKIIH/IA
KaXIasi TpaHylla HAaCHIBCTBEHHO BHOCWIJIACH B POTOBYIO TOJOCTh Ka)a0il 0coOwu.
MaxkcumManbHOe BHECEHHOE KOJaruecTBO TpuTHst coctaBmio 330 kbk Ha 0co0b.

[IponomkuTenbHOCTh TPEThEH YacTH 3KCHepuMeHTa cocTaBisuia 550 cyTok
C MPOMEXXYTOYHBIM OTOOPOM M3 Ka)JIOTO aKBapuyMa 1o Tpu ocobu depe3 250 cyToxk.
JUIMTENBHOCTh  DKCIIEpUMEHTa Oblla BbIOpaHa ¢ Y4Y€TOM TOrO, YTO TPHUTHUH,
HaXOJIAIIUNCSA B HEOOMEHHOM (opMe, MMeeT IEPUOI MOTyBbIBeIeHUs 0Ko0J10 500 CyTOK.

Ha xaxmom sTame pblObl BEIHUMAIUCh U3 BOJBI U aKKypaTHO BBICYIIMBAJIKCH
OyMa)XHBIMH TIOJIOTEHIIAaMH, HO He MpoMbIBaiuch. [locime aToro kaxmas ocodb Oblna
M3MepeHa U B3BeIlIeHa.

Bo Bcex cimywasx mpoBOIWIIOCH MpemapupoBaHue BCeil pHIOBI HAa (parMeHTHI:
yelysl, Koka ¢ IUIABHUKAMU, YKaOphl, CKEJIET BMECTE C I'OJIOBOM, MBIIICYHAS Macca,
KHILIEYHUK CO BCEM COJICPIKUMBIM, JKETYJIOK CO BCEM COJICPIKUMBIM,

MeiiieuHass Macca KaxIaold ocoOu Oblia B3BEIICHA W pa3jielieHa Ha TPU YacTH:
W3 OJHOW YacTH OMNpEeAeTsUId COJACpKaHWEe OOMIeTO TPHUTHSA, a BTOPYIO U TPETHIO
WCTIONB30BANIA TSI OTIPENENICHUsT CONEp)KaHUS TPUTHUS, CBSI3aHHOTO C IJUIHAAMHU
Y IPOTEMHAMHU COOTBETCTBEHHO.

Oco0u, HaXOIUBIIKECS B KOHTPOJBHOUW CHUCTEME, aHAIM3MPOBAIUCH Ha OOIIee
COJICp)KAHUS JIUIHUJOB, 30JblI, BUJOB M MAaccChl O€nKOB. JlaHHBIE WHCCICIOBaHMUS
MPOBOJMIINCH B COOTBETCTBUH C PEKOMCHIAIUSAMH, pa3paOOTaHHBIMH JJIsi aHaIHM3a
pe10 [TOCT 31795-2012, IlpaBaun, 1966], momydeHHBIE Pe3yIbTAaTH UCIIOIB30BAINCH
JUTSE pacdéTOB JIONIM PACTIPENIETICHUS TPHUTHS MO COCTABHBIM YaCTSIM W COOJFOIEHUS
OayaHca 1Mo OCHOBHBIM KOMIIOHEHTaM HCCIIelyeMOro opraHu3Ma. B cocTaBHBIX 9acTsx
SKCIIEPUMEHTAIIBHBIX OCOOCH OMpeessiii COJACPKAHUE CBI3aHHOIO C HUMH TPUTHS,
C TOCNIEIYIONIEH HHTEPIPETAlUEH TaHHBIX.

Oco6oe BHIMaHUE YAETSIIOCH TEYEeHH, KOTOpas MpeIBapuTeNIbHO ObLIa OUnIIeHa
OT BCEX COCYNIOB. B TledeHHW KOHTPOJBHBIX OOPAa3IOB OMPEACISIOCH COJEpIKaHHe
o0MmMX TMNHIOB, Oerka, hochoTUnHUI0B, X0IeCTepHHA, TpuanmirmiepruHa [Bondareva,
2018; bonnapesa, 2020; Pakutckuit u np., 2020]. ITosyueHHbIE TaHHBIE HCIOIB30BAIN
MpY OLEHKE BKJIA/Ia KaXJ0W COCTABIISIONIEH B CBA3BIBAHUU TPUTHSL.

OnpenerieHue COJEpP)KaHUS TPUTHUS B aTrMocdepe KIMMAaTHYeCKOH Kamephl
MIPOBOMJIOCH C HMCIIOJIb30BAHUEM TPAJAMIIMOHHONH METOMUKU [MeToabl U3MEpeHus. . .,
1978; Meroauueckue pekoMeHaanuu. .., 1980].

B TedeHune Bcero skcriepuMeHTa C MEPUOJUYHOCTHIO OJMH pa3 B JIBE HEIETH
CO JIHa aKBapryMa OTOHUpAIli PaCTUTEIHHBIE OCTATKH U MIPOYKTHI JKU3HEACSITeTbHOCTH
pui0. Bo Beeti 3T0# cMecu Tak)ke ONnpenessuii TPUTHIA.

Uepes 250 cyrok mocie Hadajga TPEeTheH CTaauM HCCIICAOBAHUN YacTh PBIO
BBIHUMAJIU M3 3KCHEPUMEHTAIBHBIX CHCTEM M ITOMEIIAIH B YUCTHIC YCIOBUS C YUCTHIM
kopMoM. [1o okoruannu crieayronux 300 cyTOK, aHAJIOTMYHO PHIOAM B SKCIIEPUMEHTaX
10 HAKOIUICHUIO TPUTHS, OTIPEACIISUTH COJISPIKAaHNE TPUTHUS B COCTABHBIX YaCTSAX PHIOBIL.
[lo mony4eHHBIM pe3ylbTaTaM PACCUYHUTHIBAIM TIEPUOJI TIONYBBIBEACHHUS TPHUTUS.
B Ta0. 5.10 npuBeieHbI CBEACHUS 0 XUMUYECKOM COCTaBe M (PU3NIECKUX IMOKA3aTENSIX
BOJIbI, HCITOJIb30BAHHOW B HACTOSIIMX MCCICIOBAHUSIX.

B akcnepuMeHTax TakKe€ KOHTPOJUPOBAJIMCh TaKHe IapaMeTphbl BOIbI,
Kak pH, pacTBOpEHHBII KHCIOPO, TEMIIEPATypa, IEKTPOIIPOBOIHOCTD, COJEPKAHUE

NO,, NH,/NH;, NO;.
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Tabruya 5.10
XUMHIeCKHi cocTaB U (YH3MIECKHUE TIOKA3ATEIH BOIBI
[bonnapesa, 2020; Pakutckuit u ap., 2020]

OnemMeHT ‘ Conepxanue ‘ OnemMeHT ‘ Conepxanue ‘ OneMeHT ‘ Conepxanue
B MumurpaMmax Ha JIHTp
C 46,0 + 3,0 Na 4,0+0,2 Mg 2,1+0,1
Si 8,0+04 S 4,2+0,2 Fe 2,8+0,2
Cl 33+0,2 Ca 1,9+0,1 Al 6,2+0,3
B mukporpamMmmax Ha TuTp
P 460,0 +23,0 Cu 1,10 +0,05 v 50+0,3
K 190,0 + 8,0 Zn 16,0+1,0 Sr 460,0 +20,0
B HaHOorpamMmax Ha TuTp
Cd 180,0 +£ 6,0 Bi 7.8+04 Th 4,6+0,2
U 160,0 + 8,0
B Gekkepensx Ha JIATP
*H 4,0+2,0 PSr+%Y | 0,217 £0,098 212pp 0,165 +0,091
214Bi 0,262 + 0,052 214pp 0,27 0,09 24Th 0,63 +£0,42

Ipumeuanue. duzndeckue noxazarenu Bogsl: pH — 7,6, Temneparypa — npumepso 7 °C,
muHepanmzanus — 0,08 /1.

Accumunayua mpumus 6 cucmeme «600a — UKPA».

OMOpHOHANIBHBIA TIEPHOA Pa3BUTHSA — 3TO HE TOJNBKO BBIXOJ 3apojbllia
13 000JI0YKH, OH BKJIIOUACT B ce0sl MEpHOA B TEUEHHE HEKOTOPOro BPEMEHH MOCIe
BBIKJICBA, IOKA NpPEUIMYMHKA, 00jaaas enié psjaoM 3MOPHOHANBHBIX OCOOCHHOCTEH
CTPOCHUsSI OpPraHOB [BIXaHUS, KPOBOOOpAIIECHUS W NHIIEBAPEHUS, NPOXOAMUT
3aKIIIOYUTENIbHBIE ATAIlbl SMOPHOHATIBHOTO pa3BuTHs. I[lo OKOHUaHMM mepBOro srama
B KaX/IOH SKCIEPUMEHTAIbHOM CHCTEME PpacCUHUTHIBAJIOCH KOJWYECTBO IOTMOIIEH
HKpBI, KOJIMYECTBO MAJIBKOB C aHOMAJIMSIMH B Pa3sBUTHUM M KOJHYECTBO MAJIBKOB
C pa3BUTHEM, OJIM3KUM K (H3HOJIOTHIECKOMY. Pe3ynbprars! npuBeneHs! B a0, 5.11.

Tabruya 5.11
O ekt Bo3neicTBUS TPUTHEBOIM BOIBI Ha pa3BUTHE UKPHI Kapacs
uepes 25 aHel mocie Havana 3kcnepuMenTa [Bondareva, 2017]

KonunuecTBo MKpUHOK
YpoBeHb BHECEHHS
TpuTHA, bK/1 BCEro, LIT. noru6umx, mr. (%) C AaHOMAJIbHBIM
passutuem, mrt. (%)

Kontpons 3500+150 280420 (9) 250+15 (7)

500 7600+200 850+15 (11) 750+20 (10)
5000 3500+100 700£10 (20) 1100 +100 (30)
50000 4400+200 950+30 (20) 1400450 (30)

Ilo ucreuenum 25 CYTOK U IIpH MOABJIICHUHA OCHOBHOM MacChl MAJIbKOB YacTh HX
noaBeprajaCb UCCICAOBAHUAM (BBBCHII/IBaHI/IC, OMpeACJICHNUC JJIMHBI U HpO‘l.).
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[To oreHKe BHEUTHUX MPU3HAKOB HAa YPOBHE BO3JICHCTBHS TPHUTHUS, NPUMEPHO
paBaom (5000 bk/m) mnm mpessmmatomem (B 6,5 pasa) ypoBEeHb BMENIATENHCTBA
(7700 bx/mn), sBHBIH pamgualtioOHHBIA 3G (OEKT IPOSBIAETCS TOIHKO HA CTAIHHA PAa3BUTHS
ukpel. [Ipy 3TOM 11ONI MOTHMOIINX MKPUHOK M MallbKOB C aHOMAJBbHBIM pPa3BUTHEM
B cuctemax ¢ 5000 u 50 000 bx/nm comoctaBuma [Bondareva, 2017].

Bonpmas gacts ManpkoB u3 cucteMbl ¢ BHeceHneM 50 000 bk/n Oputa momemnieHa
B YHCTYIO Ccpefy (4ucTas BOJa, YHCTBIM KOPM), TJC OCTaBaiach JJIs MOJApaIlABaHUI
U TIOCIICAYIONIETO HUCIOIb30BaHUsA. MalbKu W3 MOJACIBHBIX CHUCTEM C BHECEHUEM
500 n 5000 bx/n B manpHEHIIIX UCCIEAOBAHUSIX HE HCIIOIb30BAJICh.

B tabn. 5.12 npuBeacHBI pe3ysbTaThl U3MCHEHUS JIMHBI MAJIbKOB B YCIIOBHUSAX
JIOpAIlMBaHUs B YUCTOM BOJIE, TJI€ B KAUE€CTBE IMHUIIM HCIIOIB30BAJICS YUCTHIH KOPM.
B Takux ycnoBHsSX MaJbKHM HAXOAWIHChH B TeueHHe 150 cyTok, 10 Havaia mpoBeICHUS
TpeThero dTana skcrepuMenTa [ bonmapesa, 2020; Pakurckuii u np., 2020].

Tabnuya 5.12
W3MeHeHue ITMHBI MaJTbKOB PHIOBI ITO OTHOIIEHHIO K KOHTPOJIBHOM chcTeMe
JnnHa, MM
MopnenbHas Bospact, | Komuuectso, Cpennss (pasauia
cucremMa CyT IIT. 110 OTHOILIEHHUIO Hwnanazon
K KOHTPOJTI0, %)

KoHTporth 800 17+1 16,8-17,4
35 1050 18+1 17,6-18,1

50 000 bx/n (1.1 %)
KoHtporth 500 28,3+2,8 27,8-28.9
76 500 28,4 +24 28,0-28,9

50 000 bx/n (0.4 %)
KoHtporth 206 65,7+ 6,6 65,0-67,0
125 203 70,6 + 6,7 69,6-77,5

50 000 bx/n (9.7 %)
KoHtporth 75 80,3+ 8,6 88,3-92,2
150 97 81,7+ 7,9 70,1-93,3

500 00 bx/n (2.2 %)

MaxkcuManbHas pa3HHUIA JUIHHBI BBISABIEHA TOJIBKO Y MaIbKOB Ha 125-e¢ cyTku
(9,7 %), ogaaxo yxe Ha 159-¢ cyTku 3Ta pa3HUIla YMEHBIIMIACH B HECKOIBKO Pa3.

Tax kak Momomp pwIOBI TOche 150 cyTOK mopaluBaHHs HCIIONB30Bajlach
B TpETheW CTagNM OJKCIIEPUMEHTa, MOP(HOIOTHYECKHEe IapaMeTphl H3YYalUCh
B OTpaHUYEHHOM KoyimdecTBe pbl0. OTOOpaHHBIE 00pa3ibl MOJOAW HCIOIH30BAIH
" IIpU OIIPEACIICHNN XUMHUYECKOT'O COCTaBa.

Accumunayus u mpauncgopmayus mpumusi 8 cucmeme «800d — pAcmeHus —
pwibay. Illepuoo nonyswvigeoeHus.

Ha BTOpOit cTagnyu skciepuMeHTa MPOBOAMIOCH U3YUCHNE HAKOIICHUS TPUTHUS
HEKOTOPHIMU BOAHBIMH pacteHusiMu [Bondareva, Schultz, 2015; Bonmapesa, 2020;
Paxutckuii u ap., 2020].

Ha puc. 5.8 mpuBenena auHaMuKa yObUIM TPUTHSL B MOJCNIBHBIX CHCTEMax
Ha 3Tare HaKOIUICHUS TPUTHS UCCIIETyEeMBIMU THAPOOMOHTAMH U TAHHBIE O COMIEPIKaHUT
TpUTHA B aTMOc]epe KIIMMaTHIeCKOH kaMepbl. Kak MOXXHO 3aMeTHUTh, OCHOBHAs yObLITh
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TpuTHs HaOJrOAaNach nepBbie 48 4acoB OT Hayaljla SKCIICPUMEHTA, 3aTeM ITPOXOIHIT
no0op pamunonykiHaa 6momaccoit. Obmas yosums TpuTHs coctaBmia ot 60 mo 70 %
OT MCXOJIHOM aKTUBHOCTH JJISl PSICKU M POTOJTUCTHUKA COOTBETCTBEHHO.
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Puc. 5.8. lunamuka comep:kaHus TPUTHUS B BOAE SKCIICPUMEHTAIBHBIX cucTeM (/)
u B atMocepe KIMMaTHdecKoit kamepsl (2): @ — ¢ pOTOJIMCTHUKOM, 6 — C PACKOH
[Bondareva, Schultz, 2015; Bormapesa, 2020; Pakurckwuii u np., 2020]

VYcnoBus poBeJeHNsT SKCIIEPUMEHTOB OBUIM BBIOPAaHBI ONTHMAaIbHBIMU, YEMY
CIIEICTBHEM SBMJIOCH MHUHHMAJIbHOE WCIApEeHHE C TIOBEPXHOCTH aKBapUyMOB,
Ha 3TO YKa3bIBAIOT 3HAYEHHS TMIPOMETPA, KOTOPHIE BAPHUPOBAIHUCH B JAUAIA30HE
MOTPEIIHOCTH, YCTAaHOBJIECHHON Ui JaHHOTO BHJa oOOpyJoBaHMs. BiaxHOCTH
B TE€YEHHE BCETO BPEMEHH IKCIIEPUMEHTOB He mpeBbimana 70 %.

B Tabmn. 5.13 npuBeneHs! cBeeHUs 0 MOPHOIOrUIECKUX U3MEHEHHUSIX OMOMacChl
HCCIIETyeMbIX pacTeHud u pacnpenenenun Tputuss B Buge HTO u  OCT.
[pencraBieHHble pe3yIbTaThl MOKa3bIBAIOT, 4TO A0ust Tpuths B Bujge OCT B buomacce
pactenmii cocraBwia 19-21 % ot oOuiero conmepXaHusi TPUTHS, HAKOMHUBIIETOCS
B X0fie 9KcnepuMeHToB. [Ipu 3ToM BHEIIHUE BUI U MOP(OJIOTHS MPaKTHYECKH BCEX
pacTeHuii ObUIH YIOBIETBOPUTEIBHBIMU M HAOIOIAJICS 3aMETHBIA TIPUPOCT OMOMACCHI
(tabm. 5.12).

1o oxoHYaHMM PKCTIEPUMEHTA PACTEHHSI BHIHUMAJIH U BEICYILIUBAIIN B aTMOC(epe
a3oTa (I IpefoTBpallleHuss oOMEHa ¢ BO3JyXOM OKpPYXKAIOLIEH cpeipl), 3aTeM HUX
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W3MENbYAITH, CMEIINBAIN ¢ APYTUMH MUILEBBIMU JOOABKaMH, TPAaHYIUPOBATIA U XPaHUIH
B T'€PMETUYHON YIIAaKOBKE JI0 TIOJIHOTO yIIOTPEOIECHUS B MUILLY.

Tabauya 5.13
JuaaMuka MOp(OIOTMIECKHX ITaPaMETPOB
OGroOMacChl PaCTEHHH U pacIpeeIeHus TPUTHUS 110 (GopMaM HaXOKIEHUS
[Bondareva, Schultz, 2015; bounapesa, 2020; Pakutckuii u ap., 2020]

Mopdonoruueckuit KonTpons, 1 DKCHEepUMEHT, U
mapaveTp 0 | 336 0 [ 336
Poronucthuk (n = 10)
Jlniua, cM / IIoma b, cM> CERY (8+2)/0 CERY (10£1)/0
Macca (cbIpoit Bec), T 2,5+0,6 5,7+0,5 2,5+0,6 8,4 £0,8

CoaeprxkaHue TpUTHS,
Bx/kr ceiporo Beca (%)

HTO 1,0£0,2 (100) | 1,0£0,3 (100) | 1,0£0,2 (100) 22+ 1(79)
OBT <MJIA <MJIA <MJA 6+1(21)
Packa (n = 10)
KonTtpons, 1 OKCIIEpUMEHT, 4
0 168 0 168

Jmvaa, cM / miomae, cM2| 0/(0,10 £ 0,06) | 0/(0,18 £0,07) | 0/(0,11£0,07) | 0/(0,25 £ 0,05)
Macca (cbIpoii Bec), T 0,12+ 0,05 0,17+ 0,05 0,12+ 0,06 0,21+ 0,03

ConeprkaHue TpUTHS,
Bx/kr ceiporo Beca (%)

HTO 0,9£0,5(100) | 0,8+0,6(100) | 0,9+0,5(100) | 171 (81)
OBT <MJIA <MJIA <MJIA 4+1(19)

Ilepen HauanmoMm TpeThEro 3Tama HCCIENOBAHUI Kapacu OBIIM MOJBEPrHYTHI
XAUMUYECKAM HCCIICAO0BAHUSAM, PE3YIbTaThl KOTOPBIX MPECTABIICHBI B Ta0IMI. 5.14.

Tabruya 5.14
Pesynbrarsl ncxoaHbx 00pa3ios peid (n = 70)
[bonnmapera, 2020; Pakutckuii u ap., 2020]
Paguonykiua SH | Cogepxxanne < MJIA

MI/KT CBIPOTO BECa

Onement | Conepxanue | OnemeHT | Conepxanue | OnemeHT | ConepikaHue
Na 73+3 Mn 2+1 Cu 0,8+0,2
K 54+4 P 14+2 Cl 10+£1
C 46+ 5 S 1543 Ca 14+1
Fe 11£2 Si 27+4 Mg 72

B Tabn. 5.15 mpuBedcHs! CBeACHUS 00 W3MEHEHHUH MOPQOIOTHISCKIX
MapaMeTpoB HUCCIEAYEMBbIX pPbIO MPH MPOBEIACHHH TPEThEH CTaauu HCCICIOBAHHU.
W3 mnpencraBneHHBIX pe3yJdbTaTOB MOXKHO 3aMETHTh, YTO PBIOBI pPa3BUBAIHUCh
JIOCTaTOYHO XOPOIIO0, YTO BUIHO M3 YBEJIWYCHHUSI MACChl U JJIMHBI 0COOEH.
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B cBs13u ¢ TeM, 4TO ycnoBHS COAEpIKaHUS PhIO ObLTH OOJiee OIaroNpHUsITHEIMU
(mocTaTovYHOE KOTMYECTBO THIIH, ONTHMATBHBIA PEXKUM OCBEIICHUS U TEMIIEPaTypHl,
IUPKYISAIES BOABI B aKBapHyMax), MO CPaBHEHHIO C €CTECTBCHHBIMH, HAOITIONANCS
JIOCTATOYHO OBICTpHI HaOop Beca [Cabanees, 1994; Ilpusesenues, Bmacos, 2004].
OCHOBHBIMH KOMITOHEHTaMH MBIIIIeuHOW Macchl OputH (7 = 10): 6emxkn — 16 £ 1 %,
Boma — 70+£2 %, xxupet — 13+ 1 %, 30ma — npumepno 1 %.

B Tabn. 5.16 mpencraBiieHbl CBEACHHS O JAWHAMUKE DPACIPEICICHUS TPUTHS
B OpraHax pbl0, CYMMapHOM COJACPKaHUU TPUTHS U KOA(D(UIMEHTaX HAKOIUICHUS
TPUTHUS BCEH PHIOOHA.

Tabnuya 5.15
N3menenne MopQoIorHIecKux mapaMeTpoB
ucciexyeMbix ocobeit kapacs (n = 10) [bormapesa, 2020; Pakurckuii u ap., 2020]

[Tapametp Hcxonubie 250-e cyTku 550-e cyTku
Macca, T 120+ 17 500+ 55 800+ 110
JuHa, cM 17+£3 35+5 60+ 6
ks B XoJe MPOBEAEHHBIX

900 - OKCTIEPUMEHTOB  OBLJIO  BBISIBICHO,
YTO MBIIICYHAs TKaHb HAKAIUIMBAET
0O0JIBIIYIO OO MOTJIOWEHHOTO BCEH

600 puI0O# TpuTHA (1O 56 %), MpH FTOM
TS HaKOIJIEHHOTO TPHUTHUS

300 HE 3aBUCUT OT KOpMa, KOTOpPBII
yrnoTpebmsuicss peiooil. C medyeHbto

0 . T T T ) cBs3a10Cch OKolo 35 % OT Bcero
® 110 220 330 440 550 HaKOIUIEHHOTO PHIOOH TPUTHS B 00enX

-300 - Bpewms, cyTku CHCTEMAX.
Ha puc. 5.9 npuseneHst

Puc. 5.9. /lunaMuka u3MeHEHUS COEPKaHUS
TPUTHUS B OCAJIKaX aKBapHyMa (pacTUTEIbHbIE
OCTaTKH, (heKanuu peid, OCTaTKU KopMa)

JIAaHHBIE O JWHAMUKE COJEpPXKaHUSI
TPUTHA B KOMIIOHEHTaX, OTOOPaHHBIX
co JnaHa akBapuyMoB [bonnapesa,
2020; Pakutckuii u np., 2020]. OOHapykeHO, YTO YacTh PaJUOHYKJIHIA BBIHOCHUTCS
B BOJHYIO CHUCTEMY B BHJE Pa3IUYHBIX OCTATKOB, YTO B TOM YHCJE SIBIIICTCS OJTHUM
13 (HPaKTOPOB U3MEHEHHMSI COJICPIKAHUS TPUTHSI B BOJE.

H3BecTHO, 4TO TOTpEOIICHNE PHIOHOM MPOIYKIIMUA BO3PAacTaeT BO BCEM MHpE.
KonmuecTBO u Ka4ecTBO 3TOrO MPOJYKTa 3aBHCUT OT BHJA PHIOBI M OT MPUPOJBI €€
MIPOUCXOXKICHUS (BBIPAIIUBAHKIE B €CTECTBEHHBIX WIIM UCKYCCTBEHHBIX YCIIOBUSAX).

B KOnM4YecTBEHHOM COOTHOUIEHWH COJEP)KAHUE MBIIMIEYHOW TKAHU KaKJou
ocobu Bappupyercs B mpeaenax 40-50 % ot oOmiedi Maccel pwiObl [BoHmapesa,
2020; Pakurckwuii u ap., 2020], ciaenoBaTenbHO, MPU MOTPEOJIICHUN PHIOBI YETOBEKOM
OCHOBHOM J103000pa3yroIeil 4aCThIO SIBISETCS, TJIABHBIM 00pa30M, MBIIIICYHAS TKAHb.
B cooTBeTcTBUHM C 3TUM OBUTH TIPOBEACHBI MCCICAOBAHUS IO CBS3BIBAHUIO TPUTHS
MMEHHO C O3TOH 4YacThi0 pPBIO, C TONBITKOW BHIIEICHUS OEIKOB W JIUIMHUIOB
Y MOCJEAYIOIEH OLICHKON AOJMU PaAUOHYKINIA, CBI3aHHOT'O C STUMHU KOMIIOHEHTaMHU
(Tabm. 5.17).
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S6¢C

JluHaMmuka pacmpeienenus oo1ero TpuTus mo opranam ocodeit kapacs (% OT HaKOIJICHHUS)

[bonnapesa, 2020; Pakurckuit u ap., 2020]

Tabauya 5.16

KOHTpOJ'ILHLIe CUCTCMBI

MonenbHble cucTeMsl, %o

Opran C pOroJHuCTHUKOM / PSICKOM C pOrosIucTHUKOM C psickoit
0 gac 250- | 550-¢ 0 gac 250-e cyTKH 550- cyTkH 0 gac 250-e cyTKH 550-e cyTku
CYTKH CYTKH

Kabpsr <MJA | <MIA | <MJA | <MIA 1,0+0,1 1,4+0,6 <MJA 1,1 £0,2 1,7+0,3
Kocru +romnosa <MJA | <MJA | <MJA | <MJA <MJIA <MJIA <MJA <MJA <MJA
§:$;ﬂ+ TIaBHUKH + | _ MJIIA | <MJA | <MJA | < MJIA 2,0+0,4 1,6 £0,8 <MJIA 1,9+0,3 1,3+0,5
Meucns <MJA | <MJA | <MJIA | <MJIA 30+4 34+3 <MJIA 3144 363
Kumeunuk
S ——— <MJA | <MJA | <MJA | <MJA 8,0+ 0,6 3+1 <MJA 5+£1 242
Kenynox
S ——— <MJA | <MJA | <MJA | <MJA 9+1 10+ 1 <MJIA 9+ 1 10+1
Mbimreunast TkaHb <MJA | <MJA | <MJIA | <MJIA 44 +3 54+5 <MJJA 46 £ 4 56 +£2
(Bcero, %) kBK/Kr oMpa | SMAA | <MIA | <MAA (100)-3,0+0,9 | (100)-7,8%1L1 | <MJIA | (100)-2,8+0,5 | (100)-8,4%0,9

*H B Boge (Bx/m) A1l 4+1 4+1 4+1 (1,0£0,2)-10° | (4,0+£0,3)-10° | 41 (1,0£0,2)-10° | (4,0£0,2)-10°
Koappuument

3,0£0,6 1,95+ 0,28 2,8+0,2 2,1+0,2

HakorieHus K., JI/kr




Tabnuya 5.17
KomnmaecTBo mumumoB u 6ETKOB B MBITIIEYHON Macce UCCIIEAyEeMBIX Kapacei
Y OTIpe/IeJICHHE COJIep)KaHuUsl TPUTHA B HUX (1 = 3) Ha CBIPYIO Maccy
[bonnapesa, 2020; Pakutckuit u ap., 2020]

Kontpons OKCNEePUMEHT
Cogepskanue, I Coneprkanue TpuTHs, bK/T
550-e cyTku 250-¢ cyTKH 550-¢ cyTkH
benku l JInnuaer benkn ‘ JInnuaer benxu | Jlunuaer

C poroimMcTHUKOM

1288 | 1046 | 474 | 39x5 | 112+9 | 101%6
C psickoit
13811 | 1057 | 40=3 | 337 | 125+8 | 98%5

[TonyueHHble pe3ynbTaThl IMOKA3aJld, YTO JHWHAMHKA CBS3BIBAHUS TPUTHS
¢ OeNkaMH M JIMTTUIaMU MIPAKTHYECKU HE 3aBUCHT OT KOPMa U MPSAMO MPOMOPIIHOHATIBLHA
BpPEMEHH MPOBECHNUs dKcrepuMenTa. OTcroa ObIIO CIEIAaHO 3aKITIOYCHUE O TOM, UTO
00a 3TH pacTEeHUs OJMHAKOBO IIEPEBAPUBAIIUCH B OPTaHaxX MHUILEBAPCHUS PbIO, KOTOPBIX
KOPMIJIN HACUJIBCTBEHHO IPaHyJIaMH, COACPIKALUMH PACTCHUS C TPUTHEM.

W3BecTHO, UTO aTOM TPHUTHUS MPH pacmajie H3nydaeT [-4acTHIly, KpOME TOro,
o0Opasyercs *He, KOTOPBIii OTIMYAETCS OT aTOMa BOJOPOIA M XMMHUYECKH, U (PU3HMIECKH.
SHe, 06pa30BaHHBIA BMECTO BKIKOYEHHOIO HYKIMAA BOIOPOMA, CO3MAET CUTYaLHUIoO,
KOTJIa  O3JICKTpOH-HEHTpajbHas OHMOJIOTMYECKass MaKpOMOJICKyJna mpuoOperaeT
TTOJIOKUATENBHBIN 3aps/l. DTO MPUBOIUT K YBEIIMYCHUIO €€ XMUMUYECKOW aKTUBHOCTH,
MOCJICACTBUS. KOTOPOM MOTYT OBITh HEKOHTPOJUPYEMBIMH M 4allle BCEro OYCHb
HEraTUBHbIMM. [IpuMepoM Takoro mpoiecca SBISICTCS TPAaHCMYTAaI[MOHHBIC
reHeTHUYeCKHe I3 EKThI HKUBBIX OPraHU3MOB.

B cBs3M ¢ BBINIECKAa3aHHBIM OBUTH TPEIMPUHATH TOMBITKH OICHHUTh BKJIA]
(dpakiuii iunuaos, 0enkoB u ux ¢paxiuii [Park, Lanier, 2000] B cBA3bIBAaHUE TPUTHSI
nevyeHpro (Tabm. 5.18). Pa3bpoc mokazartenell B BBIIENEHHBIX (Ppakmusx IJUMHIOB
u Oenka ObUT HE3HAYMMBIH. B CBSI3M ¢ 3TUM OIICHKY BKJIaJa KaXIIOW U3 BBIACICHHOU
(dpakiuii Ha HAKOIJICHUE TPUTHUS TMIEUSHBIO TIPOBOIUIIN 10 YCPEAHEHHOMY ITOKa3aTeI IO
(Tabn. 5.19).

Tabnuya 5.18
BuoxuMuyeckue mokasareiy revYeHr y UcclieyeMbIx ocolel kapacs (n = 3)
[PakuTckuii u ap., 2020]

No IToka3aTenu ‘ % No IToka3zaTenu ‘ %
/T | % OT chIpoii Macchl TKaHH, (5 + 1) r | 0/m % ot cyxoit maccsl, (1,5+0,2) T
1 | O6mue Tunuasl 16-18 | 4 | ®ochomumuast 12-13
bemok 10-12 | 5 | Xonectepun 11-15
3 | Boma 70 6 | TpHaLMITIUIEPHHEL 25-27
7 | Dupsl X0TI€ECTEPHHA 43-45
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[IpencraBneHHbIC PE3YyIbTAaThl CBUACTEIBCTBYIOT O TOM, 4YTO TPHUTHH
HAKaIUIMBaeTCs B TICUCHH, MPEUMYIIECTBCHHO CBS3bIBAsSCh JKHUPOBBIMH TKAaHSIMH,
B COCTaB KOTOPBIX BXOAAT MUIHUILI (~ 39 %). UyTh MEHbIIIE TPUTHS CBSI3aHO C OCIIKaMu
(~ 19 %), m MeHbIIIE BCEro OH HaXOAWTCS B BHAE CBOOOIHOU Boabl (~ 3 % OT Bcero
COJIep>KaHUsI TPUTHS B TICUCHH).

Tabnuya 5.19
Omnpe/eneHre CoAepKaHus TPUTHUS B COCTABHBIX YaCTSIX TICUEHU PhIO:
oOrue TUIH B, o0IIHiA 6eTOK B UX (Ppakmuax u B Boae, bk/T (% k obmemy
coep KaHuIo TPUTHSA B redeHu) [PakuTckuii u ap., 2020]

Buoxumudeckue CucreMsr
MOKa3aTelu C psicKoi ‘ C POTOJIMCTHHKOM
Cerpas macca, br/t (%)
BOJA 0,022 £ 0,003 (3) 0,022 + 0,002 (3)
00IME JTUIHIBI 0,303 +0,007 (39) 0,294 + 0,008 (39)
ob1ue 6enKu 0,146 + 0,006 (19) 0,136 = 0,007 (18)
Cyxas macca, br/t (%)
bochomumuapt 0,104 £ 0,009 (7,8) 0,106 £+ 0,008 (7,5)
XO0JIECTepPHH 0,398 + 0,005 (30) 0,411 £ 0,008 (29)
TPUAITITUICPUHBI 0,261 £0,015 (19,5) 0,286 + 0,014 (20,7)
3(upsI X0NecTepruHa 0,274+ 0,010 (20) 0,300+ 0,011 (21)

Heyurénnoe copmepxaHue TpWUTHSA, HAKOIUIEHHOE II€UEHBIO, CBS3aHO
C HeHJICHTU(PUIIMPOBAHHBIMH BEIIECTBAMU, BXO/IAIUMHE B COCTAB ITEYCHH.

[leyeHp sBASICTCSI CaMbIM KPYIHBIM W3 NApEHXMMATO3HBIX opraHoB. OHa
BBITIONHSET PsiT (OyHKITHIA:

1. [IpuHuMaeT W pacnpenesseT BEIIeCTBa, KOTOPbIC MOCTYNUIM B OPraHU3M
13 THIIEBAPUTEIBHOTO TPAKTA U MPUHOCATCS € KPOBbIO. OHU MPOHUKAIOT B TE€NATOIMTHI,
MTO/IBEPTal0TCS XUMUIECKIM TIPEBPAILIEHUSAM U B BUIE IPOMEKYTOYHBIX HITH KOHEYHBIX
MeTa0OJIMTOR MOCTYIAIOT B KPOBb U PA3HOCSTCS B JAPYTryUe OPTraHbl U TKAHH.

2. CiyXHT MecToM 00pa30BaHUs JKETIH.

3. CuHTe3MpyeT BeIecTBa, KOTOPHIE NCIOIB3YIOTCS B PYTUX TKAHAX.

4. VIHakTHBHpPYET 3K30- U dHJOTCHHbIC BEIIECTBA, & TAK)KE FTOPMOHBI,

Takoe pazHooOpasue GpyHKIHA 00YCIOBIEHO OCOOEHHOCTSIMU CTPOCHUS TIEUEeHU
U €€ OTIEIbHBIX KIIETOK.

[leyenp mMeeT OYeHb BHICOKUH YPOBEHb METa0OJIMYECKON aKTUBHOCTH. B Helt
PEICTEPUPHUIIMPYIOTCS JIUITHIBI IHUILH, OTKYIa OHU Pa3HOCATCS KPOBBIO B IPYTUE TKAHU
Y )KHPOBBIE JIETI0, @ MOOUIM3YIOIIUE U3 JICTIO JIUIKBI BHOBb IIEPEHOCITCS B IICUCHb —
OCHOBHOE MECTO UX okucieHus u cuaresa [Further study..., 1989; Hill, Johnson, 1993].

Bbun BBISABIICH POCT YPOBHS TPUTHSI B MBIIICYHON Macce pbi0, CBA3aHHOTO
¢ munuaamu, 110 39 % ot copepxkaHus TPUTHUS BCel pIOBI (cM. Tab. 5.17), u 6oibimunit
BKJIaJ B HakoruieHue Tputws (~ 39 % oT oOmiero copep:kaHus TPUTHS B TICYCHH)
JIATIAIOB, BXOSIINX B COCTaB MeueHH! (cM. Tad. 5.16).

KonmuectBo dochomunumaoB B TKaHIX MO CPABHEHHUIO C APYTUMHU (PAKIHSIMH
B MEHBILIEH CTENIECHHU CBSA3aHO C (PU3UOJOTHYECKUM COCTOSIHUEM PbIO, OHO HE 3aBUCHUT
OT 0cCOOCHHOCTEeW mnHTaHWsA. Tak Kak YCIOBUS COICpXaHHS BCEX PHIO ObLIH
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OJIMHAKOBBIMH, TO U cojiepkanne HochoTunmuIoB UMEeT HAUMEHBIIYI0 BADHATUBHOCTD,
YTO BIMSET W Ha JIONIO CBS3BIBAHMS TPUTHS ITOH (pakmuel, MakKCUMyM KOTOPOI
coctaBui 7,9 %.

Hcnonb3oBaHue xoecTepuHa B mpoleccax OMOCHHTE3a U B PEryISILUN MeMOpaH
SIBIISICTCSL IPUYMHOM MPUCTAITBHOTO BHUMAHUSI TIPU OIIEHKE JIOJH CBSI3bIBAHUS TPHTHSI.
B npoBeEHHBIX SKCIIEPUMEHTAX BBISBICH HANOONBIINN BKIIJ B HAKOIICHUE TPUTHS
uMeHHO xojectepuHoM (~ 30 %). C yuérom 3(UpOB XOJNEeCTEpPUHA JIOJIS CBSI3bIBAHUS
tputna nocturaetr 50 % (B mepecuére Ha CyXyl MacCy) OT BCErO HAKOIUIEHHOTO
MEYCHBIO TPUTHSI.

B nmepuos MHTEHCUBHOTO HAKOIUICHUSI BEca JIMITU/ABI 3aI1acaloTcs B JIENO B BUJC
TPHALWITIUIEPUHOB. B CBSA3M € TeM, YTO pallMOH MHUTAaHHUA U PEKHUM COJCpP KaHUS
ocobell ppI0 HE MEHSUICS B TEUCHHE BCETO CPOKa IMPOBEACHUS JKCICPUMEHTa, TO
W COJepKaHUE TPHUAIWITIUIICPUHOB HE YMEHBIIAJIOCh, B OTJIMYAE OT TaKOBOTO
y pbIO B €CTECTBEHHBIX YCIIOBHAX, a MPOA0JDKAIO HaKaluMBaThcs. Ha 370 ykas3piBaer
OOIIMH TPUPOCT MacChl MBIIIEYHONH TKaHHU PHIO, OCOOCHHO YBEJIMYECHUE COACPIKAHHS
JUMAZOB. JTa 3aKOHOMEPHOCTh OblIa MEpeHeceHa W Ha HCCIeAyeMblil opraH —
neveHb. CleoBaTeIbHO, YBENUCHUE COICPIKAHNS TPUTHS B TPHAIIITITUIICPHHAX HMEET
NpSIMYI0O  3aBUCHMOCTh OT COJICpP)KaHHS JIMMUAOB B medeHn [LluroreHernueckoe
obcnenoBanue..., 2009]. Takum 06pa3oM, HAKOIUIGHUE TPUTHS B MIEYECHU MTPOUCXOIUT
3a cuér oOpa3oBaHUS HEOOMEHHBIX OpPraHMYEecKH CBs3aHHbIX (opMm (Gomee 50 %
OT BCEro KOJIMYECTBA HAKOIIJICHHOT'O TPUTHS TICUCHBIO).

VYBenuueHue 0N HEOOMEHHOTO OpTraHWUYeCKH CBSI3aHHOTO TPHUTHS Kak
B IICUCHH, TaK U BO BCEM OpPraHU3ME B IEJIOM YBEIMYUBACT PAJANOTOKCHYHOCTD TPUTHS
10 CpaBHEHHIO U TputueBoi Boxoit (HTO).

JIpyruM HEeMaJOBaXXHBIM MAPaMETPOM, U3YUCHHIO KOTOPOTO OBLTH MOCBSIICHBI
HACTOSIIIUE HCCIICOBAHMUS, SIBIISICTCS ONpe/elieHHe Nepuoia MONYBbIBEICHHUS TPUTHS
W3 OpraHM3Ma TNpU yMOTPeOJICHWU B TOM 4YHCJIC W MHUIIHA, OOOTAEHHON TPUTHEM.
Jns aroro mo Tpu obpasna peid mocie 250 CyTOK JKCIEpUMEHTa MO0 HAKOTUICHUIO
TPHUTHUS OBUIN TOMEIICHBI B YUCTYIO Boay. B Teuenne 300 CyTOK pbIO KOPMUIIN YHCTHIM,
HE COJIEpKAIUM TPHUTHI KOpMOM. [Io OKOHYaHMU KCIEPUMEHTa PBIOBI TaKkKe ObUIH
MmpenapupoBaHbl. B ka0l YacTH ONMpeessid COACPIKaHUE TPUTHS.

CornacHo peKOMEeHIausIM, TpuBeIeHHBIM B paboTe [Melintescu, Galeriu, 2011],
paccunTaHbl TEPHOJbI TONYBBIBEACHUS TPUTUS W3 OPraHoB pbIOBI. Pe3ymbraThl
9KCIIEPUMEHTOB NpHUBeAEHBI B Tabm. 5.20.

Tabruya 5.20
[Teproas! MOTYBBIBEICHUS TPUTHUS U3 OpraHoB peIObI (1 = 3) (Pakurckwmii u ap., 2020)
Cuctemsl ¢ Ceratophyllium/Lemna, Bx/t
Opras pbIOBI - -
250 nueu 550 nueit
Kabpwr 0,03/0,033 <MJIA
Kocrtu+romnosa <MJIA <MJIA
Koxa + ruraBHuKY + denryst 0,06 +0,01/0,09 + 0,03 <MJIA
[edenn 1,08 + 0,09/ 0,98 = 0,1 0,79 £ 0,16/0,72 £ 0,18
Kenmymox ¢ comepxuMbIm 0,24 + 0,06/0,18 + 0,09 0,11 +0,03/0,10 + 0,03
Kumeunuk ¢ conepxuMbIm 0,27 £ 0,09/0,25 + 0,08 0,12 +0,02/0,12 + 0,07
MeleyHas TKaHb 1,62+0,21/1,57 £ 0,17 0,80 +0,14/0,78 £ 0,12
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BrusiBieHo, uto yOBITH TpuUTHs BapsUpyeTcs B mpeaenax oT 27 mo 65 %,
B 3aBUCHUMOCTH OT uccieayemoro oprana. CpegHuM IOKasaTeleM Iepuoia
MTOJTYBBIBEICHUSI 111 BCEil phIOBI MOXET HMCIIONB30BaThCs 3HaueHue 175 mHel, Torma
KakK JJig IeYEHU epUuo/ MOTyBbIBEeIeHUs JocTUraeT S50 mHei.

Takum 00pa3oM, HaKOIUIEHHE TPHUTHS B TIE€YEHH IPOUCXOAUT 3a CHUET
o0Opa3oBaHnsd HEOOMEHHBIX OpTaHMYECKH CBA3aHHBIX (opm (Oomee 50 % oT Bcero
KOJINYECTBAa HAKOTJICHHOTO TPUTHS TICYCHBIO).

I'naBa 3. MoaeanpoBaHue NPoIecCOB BO3AeliCTBUA TPUTHS HA MJIEKOMUTAOIINAX
3.1. Bo3zoeiicmeue na maexonumarouwjux, 003000pazosanue

B pesynbraTe HakomjeHus HaydHBIX (DaKTOB O OMOJOrMYECKOM J€HCTBUU
PaAMOHYKIUAOB CPOPMHUPOBAICA BBIBOA O TOM, YTO OHOJIOTMYECKas OIMACHOCTh
MOCTYIUICHUS] PAJUOHYKIMIOB B OPraHU3M OIpeNelsieTcs BEIUYMHON MOTIOMEHHOM
7036l U €€ MPOCTPAaHCTBEHHO-BPEMEHHBIM PACHPEAETICHUEM, A TAKKE MHEHHE O TOM,
YTO BHYTpEHHEE OOJIyueHHE IO CPaBHEHHIO C BHEIIHUM OTJIMYAETCS PSIOM
0coOeHHOCTEW OmoJorndeckoro aeiicteus [XaitH, bpaynemn, 1958; bak, Anekcanzep,
1963; AkTuBanus CUCTEMBL..., 1989; Briconkuii, 2010]:

e o0myueHue, 0cOOEHHO C YIETOM MUKPOPACIPEAETICHUS NOTTIOMEHHON O3bI,
XapakTepu3yeTcss HEPaBHOMEPHOCTHIO BCICACTBUE PAa3IMYMi B OPraHOTPOIHOCTH
PanIMOHYKINAOB, Haubolice WHTCHCUBHOMY OOJyYCHHIO MOJBEPralOTCs OpraHbl HX
MOCTYTUICHUS] 1 OCHOBHOTO JICTIOHUPOBAHUS;

e o0iyueHHEe HOCUT MPOTSDKEHHBIM XapakTep, Hake IpH OJHOKPAaTHOM
MOCTYIUIGHUH PAJAMOHYKINAA OOJydeHHE OpraHu3Ma MPOJOJDKAEeTCS IJIUTEIbHBIN
MEPUO/I, UHOT/IA B TEUEHUE BCEH JKM3HU MHANBUAYYMA C MTOCTOSHHON HIIM MTOCTENIEHHO
najalonield MOIIHOCTBIO J03bl, 3aBUCSINEH OT BenWMYUHBI 3(deKTuBHOrO mneproaa
MOJIypacmnania;

® [IpU HHKOPHOPALMH PAAUOHYKINIOB BCE BpeMs HAXOKACHUS UX B OpraHU3Me
napajyielbHO TPOUCXOIAT MPOLECCHl MOBPEKICHUS M BOCCTAHOBJICHUS, JMHAMHKA
MPOIIECCOB OMpEAETSIeTCS KOJIMYECTBOM BBEACHHBIX PAJUOHYKIUIOB U PHTMOM HX
MOCTYIUICHUS] B OPTaHU3M.

OtnanéHHple  MOCNEACTBHS ~ BO3ACWUCTBHS — HMOHM3UPYIOIIEH — paaualuu
B OTHOCHTEIBHO MAJIBIX JI03aX WJIM J103aX, BBI3BIBAIOIIMX XPOHHYECKOE TEUEHHE
MOPaKEHHS, SBIAIOTCS KpUTEPHUEM I IIEPeHOCa HKCIEPUMEHTAJIbHBIX JaHHBIX
C JXKHMBOTHBIX Ha dYejoBeka [Genetic effects..., 1986; NCRP..., 1991]. Nmerorcs
CBEJICHHSI O TOM, YTO IIPU WHKOPIOPALIUHU PAJTUOHYKIUIOB ¢ KOPOTKUM dPPEKTUBHBIM
MEpHOIOM TIONTypachaja, K KOTOpeIM oTHocuTcs U Tputhid (B Buge HTO), moctatouno
3aKOHOMEPHBIM  SIBIISIETCS Majloe€  pa3iiiue MEXJy OCTPBIMH, IIOJOCTPBIMH
u xpoHndecku 3¢pdextuBHbIME mo3amu. Kpusele 0o03a-a¢pghexm uMEOT MONOTHit
xapaktep [PagnoOuonorus HHKOPIOPUPOBAHHBIX. .., 2016].

Tputuii sBAsSETCS M30TOIIOM OMOTEHHOTrO dJeMeHTa Bomopoda [bemoBoackuid,
1985], npu mocTymiaeHUM B OPraHU3M OTHOCUTENIBHO PAaBHOMEPHO pacHpeAcisieTcs
o BceM opranam U TkausM. O0J1a/1asi HOJMUTPOITHBIM BO3ICHCTBIEM HA OPTaHbl U TKAaHH
OpTraHu3Ma, OH SIBIISICTCS 3HAYUTENbHO 00Jiee TOKCHYHBIM PAAHOHYKIUIOM, YeM APYTHE
y- u B-msnyuaremu ("*’Cs, '"Ru), KOTOpble MMEKOT NPUMEPHO TAKOW KE XapakTep
pactipenienieHus, Tak Kak B euHAIEe 00bEMa TKaHU OH co31aéT B 10-30 pa3 GosnbIryio
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IJIOTHOCTh MOHU3AIMU, YeM PEHTTEHOBCKOe W y-u3inydeHue. Kpome Toro, Tputuit
o0JamaeT TpaHCMYTareHHbIM JEWCTBHEM, KOTOPOE MOXKET BBI3BIBATH T'€HETUYECKHE
s ekt [lo mamaeiM HKJIAP OOH (1988 r.), TpuTuii OTHECEH K YHUCIy CEMHU
HanbOoJIee OMACHBIX PaAMOHYKINIOB, TAKUX Kak ne3nii-137, yriepon-14, dochop-32,
paamii-226, uryToHui-239 u amepunmii-241.

B opranuzMe uenoBeka TPUTHM CYHIECTBYeT B BHIE JIBYX OTIEIbHBIX
coequnennii — okucu Tputna HTO u OCT. Hanbompmryto omacHOCTh MpeACTaBIseT
tputnii B Buge OCT, Tak Kak CKOpPOCTh €ro OOMeHa B TKaHAX XapaKTepU3yeTcs
OMOJIOTHUECKUM MEPUOIOM moyBbIBeieHUs (71/20) — BpeMeHeM, B TeUeHHE KOTOPOTO
BBIETISIETCSl TIOJIOBMHA TOCTYNHBIIETO B OpPraHW3M pPaTUOaKTHBHOTO BEIIECTBa,
a mepron monmyBbIiBeneHns TputHa B Buae HTO u3 opranmsma denoBeka COCTaBISIET
okojyio 10 mHE#, B TO BpeMs Kak JijIsi BTOPOro coeauHeHus 71,0 cocTaBiseT OObIiie
roga u 3aBucutT ot Buaa OCT. Ilo aktuBHOcTH 5 % OCT omachee, uem 95 % HTO
[Kinetics of dose..., 1971; PagunoOnororus HHKOPIIOPUPOBaHHEIX. .., 2016].

Ha BcaceiBanne HTO uepe3 koxXy CYyIIECTBEHHO BIMSIET BpeMs Trofia, a Takke
TeMIlepaTypa OKpy’Karollel cpenbl. MakcUMallbHOE KOJMYECTBO €ro aKTUBHOCTHU
HaOIIFO/JAIOCh B KPOBH, TEYSHH M MBIIIIAX KPBIC B JIETHHE MECAIHI (MO, aBTYCT),
KoTJa TeMreparypa B BuBapuu gocturana 26,4-25,0 °C. Pe3opomus HTO depes koxy
coctaBisuia 5,4 % HaHecEHHOTO KOJMYeCTBa. B ombITax Ha KphIcaXx YCTaHOBJIEHO, YTO
npu HaHeceHun HTO Ha 370pOoBYI0 UM MOBPEXKIEHHYIO KOXY XBOCTAa B KOJHUYECTBE
7,51-10* Bk Ha xpeicy u dkcnosumud oT 30 mMumH 10 12 4WacoB m30TOn OBICTPO
BCachIBaeTCsd M PaBHOMEPHO pacIpenensercss 1Mo opraHam u TkaHsaM. [loBpexnenue
POT'OBOTO CJIOSI KOXKM KpBIC pe3ko yBennuuBaeT BcackiBanue HTO. Mmeetcs mpsmas
3aBUCUMOCTB OT CTEIIEHHU MOBPEXKIEHNS POTOBOTO CJIos U ckopocTu BcackiBanust HTO.

B pabGore [XKypaenés, 1964] mo um3yuenuro BcaceiBanusi HTO uepe3 koxy
MIOPOCAT U KPBIC MPUBOATCS nanuble 1o [1/1Y 3arps3HeHus Koxu. ABTOPHI CYUTAIOT,
yto BcackiBaHue HTO uepe3 koxy B TeueHue 6 yacos cocraBiseT Bcero 0,023 %.
[Tepuons! nonyBbIBEAEHUS TPUTHS U3 KOxkU: 11 — 2 vaca, T» — 12 cyrok. C nepBbIM
nepuoaoM BeiienseTcs 95 % tpurusd, co BTopeiM —5 %. IIpu Hanecennu Ha koxxy HTO
B konmuectse 3,7-10* Br/cm? m03a Ha Ga3anbHbI cioi coctasisina 0,012 I'p.

BcaceiBarne HTO u3 kumieqHrKa IpOUCXOHT B OOJIBIIEH YaCTH 10 KPOBEHOCHBIM,
a He JmMdaTrhieckuM cocyaaM. B npyrux paborax mokazaHo, 4To B JmMde
oOHapyxuBaeTcs Bcero 3 % BcaceiBaroinerocs koimuuectsa HTO, ocrambubie 97 %
HaxOJATCS B Pa3IUYHBIX TKAaHAX M KPOBH. 3HAYUTENBHOE YWCIIO WCCIEIAOBaHUI
MTOCBSIIIEHO PACIPEEICHUIO TPUTHS B OpTaHu3Me. BOJNBITMHCTBO aBTOPOB CUYHTAIOT,
ut0 *H HE3aBUCHMO OT IyTH MOCTYIUIEHHS B OPTaHW3M PABHOMEPHO PACIPENEIISETCS
o opranam u TkaHsM [Kinetics of dose..., 1971; PagnoOuonorust ”HKOPIIOPHUPOBAaHHBIX. . .,
2016]. UmeroTcs JaHHBIE IO PACTIPENETICHUIO B OpraHax KpbIC OCIIE YEThIPEXUYACOBOTO
BO3eiCTBYA ra3000paszHoro Tputus 1 HTO B konuenTpauun 7,4+ 10° Bx/mn (Tabin. 5.21).

Cpenusiss KOHIICHTpAIWsl TPHUTHS B OpraHU3ME KPBIC TIPH BO3JCHCTBHH
razoobpasHoro TtputHs cocrasmsia 2,22-10° Bx/mn, HTO — 4,7-10° Br/mi.
W3 TabiauIrel BUIHO, YTO IPUMEPHO OTMHAKOBBIE KommdecTBa HTO comepikarcs B Boje
PasIMYHBIX OpraHoB nocie o6aydenus *H. HanbGonee npouHo 3a1epKUBaeTCs B TKAHIX
CBA3AHHBIA TPUTHH [OCIE BJBIXaHMA SJKMBOTHBIMH “H. DT0, N0-BHAUMOMY,
00yCIIOBIIEHO TEM, YTO 3HAYUTEIbHBIE KOJTMYECTBA TPUTHUS MTOCTYIAIOT B OPTaHUYECKHUE
KOMITOHEHTHI TKaHEH (3a CU€T TUAPUPOBAHUS KUPOB) 03 MpeaBapPUTEIHLHOTO
npespamienns 8 HTO. Paznmuanbie aBTOphI, n3ydasinie oOMeH *H, mokaszanu, 4To auimb
HE3HAauuTENbHAs YacTh €ro okucisercs B opranusme g0 HTO, *H u Bomopon
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PACTBOPSIIOTCS B JKUAKOCTAX OpraHu3Ma mnpuOausutensHo g0 1,6 % wu ObicTpo
BEIBOZIATCS M3 Hero [JKypaBiés, 1964].

B. ®. XypapneB ¢ coaBTOpaMu B DJKCIEPUMEHTaX Ha KpbIcax IOKazad,
uto okucienue “H B opramusme kpeic coctabiser 0,5 %, cKOpocTh okucinenns SH
y desnoBeka mpuMepHo B 50 pa3 HIKe, 4eM y KpbIC. ITO, BO3MOXKHO, 00YCIIOBIIEHO TEM,
YTO KPBICHI, KaK M JIPYTHE TPHI3yHbI, UMEIOT BHIPAKCHHYIO CIIOCOOHOCTh OakTepuil
kumeunrka okuciats *H go HTO [XKypasnés, 1966, 1968, 1990, 1991; Xypasniés,
Kanszuna, 1974; Buonoruueckue sddekrsl..., 1976; Ilankos, 1982; Benoronckui,
l"aera, 1985; Kamncrparosa, 2004].

Tabnuya 5.21
Pacrmipezienenue TpuTHs B OpraHax KpbiC
[Osanov et al., 1971; Pagrnobnonorust ”HHKOPIOPUPOBAHHEIX. .., 2016]

CBsi3aHHBIN TPUTHH,
Opras/TKaHb ﬁ(I;THP;HOI(@L;?Ei % K CpeTHEN KOHIIEHTPAIMH
’ H HTO
Ileuenn 69 4.4 2,7
Cene3eHka 49 4.2 —
ITouka 62 2,7 1,0
Cepare 43 2,5 0,6
Mo3r 63 2,2 0,5
Jlerkue 58 1,8 0.7
MBI 60 1,2 0,13
ToHKHI KHIIEYHUK 59 1,2 1,0
Kemymox 70 1,1 1,2
ToJCTBIM KUIIEUHUK 62 0,9 1,9

* 4
BenmuuHa paBHa OTHOIICHHIO CBS3aHHOTO TPUTHS BO Biare opranusma (3,7-10% br/r)
K €T0 cpeHeMYy HadaJIbHOMY cogepxanuto (3,7-10* Bx/mm).

AHanu3 JaHHBIX 10 PACHPEAETICHUIO TPUTHSI B OpraHU3Me I0Ka3all, YTO B BOTHON
(aze pazIMUYHBIX OPTaHOB M TKAaHEH HM30TOI paclpeneieH PaBHOMEPHO, a B CyXOM
ocTaTKe OpraHoB U TKaHel copepkutcs 1o 10 % BBeneHHoro TpuTHs. B cBoei pabote
B. @. XKypasnes ¢ coaBropamu [Kypasiés, Kanssuna, 1974; Kypasnés u ap., 1976]
MIPUBOJUT AaHHbIE N0 pacnpezaeneHuio HTO B opranuszMe KpbIC IPU HHTAIALMOHHOM
noctymieHud. JKuBoTtHsle Babixanu HTO B KoHLEHTpanuu (8,14-13,32)-10* Bbx/n
B TeueHue 2 yacoB. ConepkaHue TPUTHA B OpraHax IOKa3allo, 9YTO MaKCHMaJbHbIE
KOJIMYEeCTBAa H30TONa HaOMoJaroTcs uepe3 6 uacoB. bojbmie Bcero TpuTHA
COJIEp’KaioCh B MBIIIIAX, CKeJeTe, KoXke, KpoBW M medeHw (tabn. 5.22), ero
KOHIIGHTpAIMsi B BOJHOW (pa3e pasNHyYHBIX OPraHOB M TKaHEH ObUIa MPaKTHYECKH
OJIMHAKOBOW, YTO CBHIETEIbCTBYET O PAaBHOMEPHOM PACIpEIEIIEHUH B OpraHu3Me.
B pannme cpoku nocne uaransuuu konuertpauust HTO B BogHoit daze B 10—-15 pa3
MPEBBIIIACT KOHICHTPALUIO €T0 B CyXOM OCTaTKe, OJHAaKO K 16-M cyTkam, Giaroaapst
OBICTPOMY BBIBEJICHUIO M30TOIA M3 BOAHOM (ha3pl OPraHOB M TKaHEH, B BOAHOH (aze
Y CyXOM OCTaTKe OHa OKa3bIBAETCS OJIMHAKOBOM.

Tputnii quTENbHOE BpeMsI MOXET COJEepXKaThCs B OpraHax u TkaHsax. O0 aTom
CBUETEIBCTBYIOT JAHHBIE IO €T0 PACIPEEICHUIO B OpraHn3Me cO0aK B OTHAIEHHBIE
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cpoku mocne BBeneHus. KuBoTHBIM onHOkpaTHO BBoawan HTO B moze 0,29
1 0,55-107 Bk/r. Yepes 68 neT mocie BBEIEHUS H30TOMA COOaKK ObLTH 3a0MThL. TpuTHii
OTIpeNeNisiId B BOAHOW (pase M CyXOM OCTaTKE pa3lW4HbIX opraHoB. HamOombliee
€ro KOJMYECTBO OOHApy)KEHO B BOAHOW (ha3e MBIIIL, KPOBH, CEIE3CHKE, IEYEHU
U KOXK€, HauMeHblllee — HaONIoNaeTcs B LIMTOBUIHOM JKele3e M HalllOYeyHHKaXx.
Bbu10 mokazaHo, YTO HAKOIUICHUE TPUTHUS B CTPYKTYPHBIX 3JIEMEHTaX OPTaHOB U TKaHEH
B oTAanéHHbIe CpokH mpuMepHo B 10—100 pa3 Gonbiie, yem B BoxHoH daze [XKypapnés,
1966, 1968, 1990].

Tabauya 5.22
CopneprkaHre OKHCH TPUTHUS B opraHax Kpsic (% BBEIEHHOTO KOJIMIECTBA)
rocie ogHokpaTHoH nHTasnuu [XKypasnés, Kamssuna, 1974]

Opran 15 mMun 1 gac 6 yacoB I cyt 2 cyT
Jlerxoe 0,86+0,15 | 0,63+0,21 1,28+0,45 | 0,76+0,19 | 0,67 +0,18
Ileuens 0,67 + 0,56 2,86+ 1,0 3,9+ 1,37 3,37+0,19 | 2,44 +0,65
TToukn 0,72+0,1 0,68+0,18 | 0,76 +£0,33 | 0,52+0,017 | 0,57+0,015
Kumeunuk 42+2,0 46+1,3 35+1,3 28+13 2,7+0,59
Kosxa 9,4 +£0,51 8,623 10,2 +£2.5 6,3 +0,57 6,0+ 1,6
Kocte 6,7+14 7,4+ 1,14 9,5+6,8 4,5+0,35 47+14
Cenesenka 0,25+0,16 0,32+0,2 0,27+0,14 | 0,18+0,05 | 0,18 +£0,05
Mosr 0,96+0,24 | 095+0,17 1,0£0,17 0,15+0,13 | 0,48+0,19
MBI 343+535 | 473+14,5 | 63,1+£29,4 34,6+ 78 30,2 +10,75
KpoBn 7,7+1,5 7,0+1,18 16,25+5,5 | 6,94 +0,36 7,3+2,0

Oprax 4 cyt 16 cyT 32 cyr 64 cyt 128 cyt
Jlerkoe 0,39+0,03 | 0,03+0,017 |0,016+0,0096| 0,015+0,012 | 0,011 +0,011
Tleuenn 1,18 £0,22 | 0,09+0,01 | 0,039+0,009 | 0,029+ 0,003 | 0,019 + 0,020
TToukn 0,49 £0,012 10,021 £0,0075| 0,009 £ 0,009 | 0,009 + 0,005 | 0,009 £ 0,004
Kumreunuk 1,23+0,15 | 0,06+0,02 |0,032+=0,007 | 0,044 £0,014 | 0,45+0,011
Koxa 5,6 £0,24 0,51+0,27 | 0,36 £0,16 0,59 +04 0,51 £0,22
Kocts 2,4+0,85 0,56+0,32 | 0,37+0,18 | 0,39+0,09 | 0,36+0,05
Cenesenka 0,06 + 0,04 | 0,008 +0,002 {0,008 +0,0015{0,007 = 0,0025| 0,007 & 0,002
Mosr 0,39+0,95 | 0,026+0,017 | 0,032 +0,016 | 0,02 £+ 0,005 | 0,021 & 0,003
MEBIIIIIET 16,3 +1,8 1,8+14 0,69+044 | 0,69+0,34 | 0,67=+0,30
Kpoen 3,72+086 | 0,17+0,02 | 0,13+0,11 | 0,13£0,01 | 0,13+0,01

Takum 00pazom, B OTJAIEHHBIC CPOKU HAOJFOIACTCS HECKOJIbKO WHAsl KapTHHA
pacnpe/ieNicH!s] TPUTUSI — YBEJIMYCHHE HAKOIUICHHS €r0 B CTPYKTYPHBIX 3JIEMEHTAX
opraHoB u Tkaned. CymMMapHOe COJep)KaHHE TPUTHS B OpraHe B OCHOBHOM
OTIpeeIIieTCA HAKOIJICHHEM €r0 B CyXOM ocTaTke. Pa3znuume B HaKOMJICHUU TPUTHS
MEXIy BOIHOW a3od M CTPYKTYPHBIMH OJJIEMEHTaMH OOBSICHAETCS pPa3HbIMU
MEPUOJIAMH €TO TIOJTyBBIBEIEHHUSI M3 BOJMHOW (a3l M CyXOro ocrarka. Tak, Teproj
nostyBeiBeeHuss HTO u3 BoaHO# (a3el opranos codak cocrapisieT 5—6 cyTok. [lepuon
MOJTYBBIBEICHHUSI TPUTHUSL U3 CTPYKTYPHBIX 3JIEMEHTOB OPraHOB M TKaHEH uesioBeKa
moxkeT npesbimaTth 200 cytok [XKypasnés, Kamssuna, 1974; XKypasnés u ap., 1976].
AHaNOTHYHBIE PE3yJbTaThl M3YYCHUS paclpelelieHHss TPUTHS Y KPbIC W MBIIIEH
MOJTYYEHBl U IPU XPOHMUYECKOM IOCTYIUICHHH B opranu3M B go3e 370 Bk Ha Kpsicy.
HauOonpiine KOHUEHTpaUuHM TPUTHS OOHApy>KEHbI B OPraHWYECKUX KOMIIOHEHTax
TOJIOBHOTO MO3Ta, KOXKE W MBIIITIAX.
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Ha pacnpenenenue Tputusi B OpraHu3Me Takke BIMsET (opMa XUMHUYECKOTO
coenunenus. Tak, npu BBeJeHMH 5TaHona “H B BomHON (ase opraHmsMa KpbIC
HakarumBaeTcs: 10 58 % Tpurusi, B cyxoM ocratke — 5—6 %. Ilpu moctyruienun
B OpraHusM JMOKcU()eHMNasaHuHa — °H HauOONbIIME KOJMYECTBA TPUTHS
HaKaIJIMBAIOTCS B CTPYKTYPHBIX DJIEMEHTaX OpraHoB u TKaHel (85,4 %), B BomHOi1 daze
conepxkutcs 14,4 %. DOTu gaHHbIe CBHIETENHCTBYIOT O TOM, YTO XUMHUYECKas ¢opma
TPUTHUS MOXKET CYILIECTBEHHO BIUATH HA KHHETHKY OOMEHA M30TOMA B OpraHu3Me.

[Ipu BBemeHun KpbicaMm “H-XoJecTepuHa B CTPYKTYPHBIX 3JIEMEHTAX OPraHoOB
K 9eTBEPTHIM CyTKaM OOHapykuBaetcs 10 47,2 % TpUTHS, IPH ATOM Ha JOJIO MEIJICHHO
BBIBOZSIIIEHCS Ppakiyn npuxoautcs B 20 pa3 0oibliie HAKOIICHHOTO TPUTHS, YeM IIPH
BBEJICHUU HTO. Paznuuus B KUHETHUKE oOMeHa SH-xonecrepuna
u HTO mpuBomsT K KyMyJSLMU Pa3idYHBIX TKAaHEBBIX N03. TkameBas no3a ot °H-
xoJiecTepuHa B 2,2 pasa mpebimaeT TakoByro oT HTO. Ananoruusele M3MEHEHHS
B HAKOIUICHMH TPUTHS OTMEYAIOTCS NP BBeAeHWH SH-Tuposuna. B CTPyKTYpHBIX
3JIEMEHTaX OpraHos oH Hakarmsaetcs 10 50 %, a HTO — 8-10 %.

B opranusme °H pacnpenensercs IPEeMMYIIECTBEHHO pPAaBHOMEPHO, Kak
monekyna H,O, mperepreBinas pasBeaeHne B CBOOOIHOW BOJE OpraHM3Ma, OJHAKO
yacThb *H 1mepexoaut B GUOIOrHYECKHE MAKPOMOJIEKYJIbI BCIIEACTBUE PEAKIIMU OOMeHa
SH—"H,, sBusiomerocs o0OpaTHMbIM IIPOLECCOM C HampasieHHOCThI0 or H k °H
U3-3a pasnuuuii sueprum cBssu Mexay H-C u *H-C.

TpuThii, BKIIOUUBIIKICS B MAaKPOMOJIEKYJIBI, B MPOIlecCe TOBTOPHOTO 0OMeHa
y4acTBYET ¢j1a00, YTO MPMBOJIMT K FETEPOrEHHOMY pacipeiesien o *H B MaKpoMOJIeKyiax.
[Ipu 3KCTpakmuyi MaKpOMOJIEKYJ aKTOMHO3WHA W KOJUIAar€Ha W3 CKEJETHBIX MBIIII]
HaO0JII0/IaeTCs IBYXKOMIIOHEHTHAsI KUHETHUKA PACIIpeICICHUS *H u3 BBenéunoii *"HHO.

PrixnocBsasanublii *H ncuesan B akToMUO3KMHE TOcie 17 CyTOK, B KOILIareHe —
nocie 21 cyrok. DdhekTuBHOE BpeMs s TPOYHOCBA3aHHOTO °H B akTOMHO3MHE
cocraBuiio 70 cyTok, B Koutarene — 10* cyTok.

[IpuBenénHbple BbINIE UCCAEAOBAHMS IO W3YYEHHUIO KHHETUKH OOMeEHa
W pacmpeseNieHus] XapaKTepu30Bajll B OCHOBHOM IIOBEACHHE TOABIKHOTO TPHTHS,
HaXOJIAIIErocs B BOJHOH ¢a3e opranu3ma. OJHaKo B OpraHU3Me CYIIeCTBYET (ppaxius
OpPTaHUYECKH CBS3aHHOTO TPUTHs, OOMEH KOTOpPOTO Pe3KO OTiM4yaercss oT oOMeHa
TPUTHS, BKITFOYEHHOTO B BOTy. OpraHuyecky CBSI3aHHBIA TPUTHUH UMEET HCKITFOUNTEIHEHO
Ba)KHOE 3HAUCHHUE TIPH OIEHKE OTAAIEHHBIX 3(P()EeKTOB MOpaKeHHUs U PEIIEHUH BOTIPOCOB
CAaHUTAPHO-TUTUCHUYCCKOIO HOPMUPOBAHUA PA3TIUMYHBIX COGJII/IHGHI/Iﬁ TPUTHUA.

Pe3ynbrarel  COOCTBEHHBIX  HCCIEAOBAaHWN W JUTEpaTypHbIE  JaHHBIE
CBUIETEIBCTBYIOT O TOM, YTO TIOCJI€ OJHOKPATHOTO ITOCTYIUICHUS OKCHJIA TPUTHS
B OpraHvu3M 3HAUYUTCJIBHBIC KOJIMYCCTBA TPUTHA HaKaIJIMBAIOTCA B BOI[HOﬁ (1)336
opranusma, 8—10 % TpuTHa MOCTymaeT B BOJOPOACOAEPIKAIINE CTPYKTYPHI OPTaHOB
u Tkane# [bruonorumueckue 3pdekrsr..., 1976; Kamucrparosa, 2004].

TpuTHii, BKIIOUYEHHBIH B CTPYKTYpPHBIE JIEMEHTHI TKaHEH, BRIBOAUTCS TOpasio
MeJIeHHee, YeM u3 BojaHou ¢asel: 71 — 8 cyrok (3 %); 7> — 124 cyrok (0,6 %).
U3-3a MemeHHOro BBHIBEJCHUS KOHLEHTpAlUMs TPUTHA B CYXOM OCTaTKE OPraHOB
U TKaHel B MO3HME CPOKU 3HAYUTEIBHO PEBBIIIACT KOHIEHTPALIMIO TPUTHS B BOJAHON
¢ase [Kinetics of dose..., 1971].

ConepmaHHe OpPraHUuYCCKU CBA3AHHOT'O TPUTHUA MOXKET CYIIECCTBCHHBIM O6p2130M
WU3MEHSTHCS B OTAAIEHHBIE CPOKH TOCIIE OJHOKPATHOTO MOCTYIICHHSI B OPraHU3M, €T0
HAKOIJICHWE 3aBUCUT OT ()OPMBI BBOAWMOIO COECOUHEHHUS M PUTMa MOCTYIUICHHS
B opranusM. Tak, gepe3 7 m 8 JeT mocie OJHOKPATHOTO BBEACHUS OKWUCH TPUTHS
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cobakam B 03¢ ot 0,29 10 0,55-107 Br/kr coneprkanne OCT B CTPYKTYpHBIX JIEMEHTAX
OpraHoB W TKaHed Ob10 B 15-20 pa3 Oombilie, 9eM B BOTHOW (¢aze opraHu3ma.
HaunOonpine xoauuecTBa CBA3aHHOIO TPUTHUS OTMEYAIHNCh B CYXOM OCTaTKe MBIIIII,
KO>Ke, TOJIOBHOM MO3re U TKaH! Jierkux [XKypasnés u np., 1976].

IIpu XxpoHNYECKOM MOCTYMIICHUH OKUCH TPUTHS B OPTaHU3M TPUTHH BHEIPSETCS
B CTPYKTYpHBIE 3JIEMEHTHl OpPraHOB B 3HAUUTEIbHO OOJIBIIEM KOJIMYECTBE, YeM
MpU OJHOKPAaTHOM Bo3zeicTBUHU. JloKanpHas TMOTJOLIEHHAs 103a, MoJiydeHHas 1 r
CyXOro oOcCTaTKa IMe4YeHH 3a 59 CyTOK XPOHHYECKOIO BBEACHUS OKCUAA TPUTHS
KpoJHKaM, co3maercs Ha 82,5 % 3a cueT TpuThs OEKOBOW wacTw opraHa, Ha 11,5 %
3a c4eT CBOOOHBIX JIMITUAOB U Ha 6 % 3a c4eT TPUTHS, BKIIOUYMBLIETOCS B CBSI3aHHBIC
JUMAABI IedeHU. VHTEeHCHBHOCTH BKJIIOYEHHS M30TONA B OMOXMMHYECKHE (paKIuu
CHJIBHO BapbUpPYyeT B 3aBUCUMOCTH OT MECTa MX JIOKaIu3auuu B opranusme. CKopocTb
BKIJIFOUEHUS] TPUTHA B CBOOOJHBIC JIMITUABI KOCTHOTO MO3ra B 3,76 pasa HIDKe, 4eM
B Ty ke ¢pakuuto nedenu [Evans, 1969; Uctounuku u 3pdektsr..., 2002].

[Ipy XpoHHMYECKOM NOCTYIJICHHMHM OKHCH TPUTHS B OPraHU3M KpbIC B J103€
10,3-10* Bk HaKOIUIEHHE TPUTHUS B CYXOM OCTaTKe B 9 pas OoJIbIle, YeM B BOJHOMU (ase.
OCHOBHOH TIepHO/ ONYBBIBEACHUS TPUTHSL U3 BOAHOW (haspl cocTaBmsier 3,8 CyTOK,
a JuIs cyxoro octatka — oT 9 1o 50 cytok. B msrkue TkaHu TpUTHH BKIIOYAETCS
WHTEHCHBHEE, YeM B KOCTHYIO TKaHb. BbIBeneHue TpuTHsa U3 nedeHu Uit OwicTpee,
YeM M3 ApPYTruX MATKUX TKaHed. Ilocie mpekpailieHHs MOCTYIUIEHHUS OKUCH TPUTHS
B opranusM 38 % TKaHEBOH J03bI CO3MaéTCA 3a CUET BKIIOUEHHOTO B CTPYKTYpHBIE
3JIEMEHTHI OPraHOB TPUTHSL.

[To manneM B. @. XKXypasnesa u H. C. Kanssunoit [1974], uepes ueTsipe MecsIia
©KEHEBHOTO BBeleHHS KpbicaM okucu Tpuths B go3e 0,016 I'p/cyt comepkanme
TPHUTHS B CTPYKTYPHBIX dJIeMeHTax nedern 0110 B 20 pa3 Oosblie, 4eM B BOJHOH (ase.
JUsist MBI OTHOLIEHUE KOJIMYECTBA TPUTHS B CYXOM OCTaTKe K BOJE 32 BECh MEPUOJ
nccnenoBanua (4 Mecsa) mMociae OKOHYAHHWS BBENEHHUS NMPAKTUYECKH MOCTOSHHO
U paBHsAETCS TpEM; 3TO OTHOIICHWE IS KOXKHM TOCHE TPEeKpalleHUus BBEIEHUS
nu3Mensiercs ot 2,5 no 7. KonmvecTBo TpuTHs, BHEAPSAEMOTO B OCJIKU B MEPBHIE CPOKH
Mocjae OKOHYaHMS BBeJEeHUS u3oroma (10 14 cyT), HWXKEe KOHLEHTPAaLUU TPUTHS
B aHAIM3UPYEMBIX OpraHax v TKaHsx. OJHaKo depe3 MECsIIl ero KOHIEHTpalust B Oenkax
B 3 pa3a npeBbIIaeT KOHLIEHTPALMIO B OpraHax, 4epe3 YeThIpe Mecsla TPUTHUS B OesIKax
contepkutcs B 15 pa3 Oounblie.

A. T'. OBanc [Evans, 1969] B cBoeii cTaTbe MPUBOIUT JaHHBIE MO COAEPIKAHUIO
TPUTHA B CTPYKTYPHBIX 3JE€MEHTaX OpPraHoB M TKaHeW OJIeHeH, HaXOAAIIXcs
B ECTECTBEHHBIX YCJOBUSX Ha 3arpsA3HEHHON TEPPUTOPHM, NPH XPOHUYECKOM
MOCTYIUIEHUH TPUTHS B OPTaHU3M. AHAIU3HPOBAIOCH CEMBb OPTaHOB U TKaHEH: cepalle,
ME€YeHb, MOYKH, CEJIE3EHKA, KOCTh, MBIIIILIbI, KUP. XPOHUUYECKOE BO3JEUCTBUE TPUTHS
OKPY>KaIOIEH Cpefibl SABIAETCS MPUYHHON BKIIOUYEHHUS €r0 B OPraHUYECKUE MOJIEKYJIBI
OpTaHOB M TKaHEH, IPY TOM OpraHUYECKUE BKIIOUEHHS B OPTaHbl M TKAHU BO3PACTAIOT
¢ TeueHHeM BpeMmeHu. MccenenoBanuys IOKa3allld, 4YTO TPUTUI B BOJE OPTaHU3Ma OJIEHEN
coctaisul ot 0,15 no 2,01 bx. MHKopniopanust TpuTHA B OpraHNYECKHE KOMIIOHEHTHI
OJIeHbUX TKaHeil Obla B 1,4—1,5 pasa BbllIe, 4eM €0 COAEP)KaHHE B BOJIE OpraHu3Ma.
BepositHo, Oonbimii KOAQQUIMEHT BHEJPEHUS TPUTHS B OPTaHUYECKHE MOJICKYIIBI,
10 CPaBHEHHIO C BOJIOH opranm3Ma, JIeKuT mexay 0,85-1,0.

N3ydanocs MHKOPHIOPHUPOBaHHE OPraHWYECKH CBS3aHHOTO C MUINEH TPUTHS
B HEKOTOPBIE OpraHbl KpbIC. EskeTHEBHO B T€UEHME 5 CYTOK KPBICHI MOTY4add MULILY,
COJIEPIKAIIYFO OPTAHUYECKH CBA3aHHBINM TPUTHI WM TPUTHEBYIO Boy 1o 12,5810 Br/cyT.
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OOmiee BbIBeleHHE TPUTHS B TeYeHHE 5 CyTOK y Kpbic, momy4yaBmux OCT, Oblio
Ha TPETb MEHBINE, YEM y KpBIC, MOy4aBIINX TPUTHUEBYIO BOAY, IIPHU 3TOM Yy NEPBBIX
Moua conepxaina Tojabko 30 % BBIBOAMMOIO TPUTHS, Y BTOPHIX — BECh BBIBOJUMBII
Tputuii. KoHueHTpauusi Tputusi B cyxux TKaHsx mnocie BeegeHus OCT Obuia
3HAYUTEIILHO BBIIIE, YEM IIOCJIE BBENCHUS TPUTHUEBOW BOABI, W 3TO IPEBBINICHUE
KoJie0aroch oT 17 (I TOHKOTO KHINEYHHKA) A0 2,75-KpaTHOTro (IS TOJIOBHOTO MO3Ta).
ConeprxaHue TPUTHUS B TKAHEBBIX XKUIKOCTSIX P MOCTYIIIEHUH €70 B BUJIE OPTaHUYECKU
CBSI3aHHOT'O M TPUTUEBOM BOJBI CYIIECTBEHHO HE Pa3Inyajioch.

Kpome Toro, umeercst uHpopManys 0 3HaYNTEIBHOM HHKOPIOPUPOBAHUH TPUTHUS
B OpraHuyecku cBs3aHHOW Qopme. Tak, y JakTHpylomeld KOpoBBI, 3a0HMTON uepes
23 mHs mOciie BBENGHUS C MUTHEBOM BOJON OKHCH TPUTHS B KoiuuyecTBe 925 107 Bk,
HanOoJIbIIee KOJIMYECTBO TPUTHUSI OOHAPYKEHO B CyXOM OCTaTKE NEYEHHU, HECKOJIBKO
MEHBIIE — B Cele3€HKe, SMYHMKAX M IOYKaX; B TKAHAX KHUIIEYHUKA W TJa3 —
B 2-3 pa3a MeHblIe, 4eM B Te4eHHW. Bo BTOpoOH cepuu OMBITOB TPEM ObIUKaM
©KETHEBHO J1aBau ¢ Boow 1o 3,7-107 Bk okucu TpuTus B Teuenue 25, 33 u 40 cyTok
COOTBETCTBEHHO, TPEM APYTUM BBOJWIHM B aHAJIOTHYHBIX YCJIOBHUAX MOPOIIOK MOJIOKA,
[IOJIy4YEHHOTO OT KOPOBBI, KOTOPYIO IIOWJIM TPUTHUEBON BOAOH. B mepBoM BapuaHTe
coJiepKaHHEe TPUTHSA, BKJIIOYABIIEroCs B OpraHUYECKMe KOMIIOHEHTHI TKaHeH,
He npeBbImao 2,8 %, Toraa Kak Npy BBEACHUU TPUTHSI C CyXHUM MOJIOKOM KOJIHYECTBO
TpUTHSA, BKIIOUYEHHOTO B OpraHMYECKUe CTPYKTYPHI, yBEIUYMBAIOCh B 15 pa3. B Tperneit
cepum TENEHOK, MaTh KOTOporo B TeueHHe 40 CyTOK OEpEeMEHHOCTH EKEIHEBHO
nonyyana ¢ Bogoit mo 40,7-107 Bk okucu TpuTHsA, 3,5 Mecsla IOCie POKICHUS
BCKapMJIMBAJICS MATEPHHCKHM MOJIOKOM. B 3TOM ONIBITE KOTMYECTBO TPUTHUS B CYXOM
ocTaTke nevyeHy B 40 pa3 mpeBbIIIaIo TAKOBOE B CIydae MOTJIOMEHHUS TPUTHPOBAHHOM
BOJBI, B 25 pa3 — B ciIy4ae MOTJIOUICHHUS C CYXHM MOJIOKOM.

bepemeHHbIX KO3 MOWIA BOJOH, copepxauieit 172-10* Bx/m oxwucu TPUTHSL.
VY Tpéx poaUBIINXCS KO3JISAT UCCIEI0BAIN COIEP)KaHNE TPUTHS Cpasy MocCIe POKACHUS,
yepe3 OJWH U JiBa Mecdaua. Bo Bcex ciydasx oOHapyKEHO 3HAUMTEIHHOE BKIIOUEHUE
TPUTHSI B CYXOH OCTaTOK OPraHOB M TKaHEH, M0 CPaBHEHHUIO C BOAHOW (a3oi, ero
coJepxanue OblI0 B 3 pasa Beimie. [Ipu vccnenoBaHuy TKAHU NEUYEHH, SIMUCK, TUMYCa
Halu, 4to TpuTuil He BKirodaercs B JIHK, paamoakTHBHOCTH cocpemoTodeHa
B O0enkoBoil ¢paxkumyu. OJHAKO TU JaHHBIE aBTOPOB HE COTJIACYIOTCS C LIEJBIM PSAOM
rccienoBaHui o BKItoueHuu Tputus B JTHK.

Tak, mpu BBEIEHHUH MBIIIAM C NHUTHEBOM BOJOW TPUTHS B KoJHuecTBe 3,7
win 111-10* Bk/Mn B TedeHue Beeil ku3HU (B TIEPHOJ BHYTPHYTPOOHOTO Pa3BUTHS
M30TON BBOAMJIM MaTepH) €ro OOHapYXWIM B YETHIPEX KOMIIOHEHTAaX XpoMaTHHa
(ructone, JIHK, PHK wu OenkoBoM ocTaTke), remMe- W TJIOOMHE TeMOIJIoOMHA
Y TITUKOTEHE TIeYEeHH.

Umerotcs naHHble 00 YPOBHSIX OTJIOXKEHHSI OPraHWYECKH CBSI3aHHOTO TPUTHS
IIPY NOCTYIJIEHUH B OPraHU3M TPUTHEBON BOJBI U 3arpsi3HEHHOM TpaBssl. 1o 1aHHBIM
E. B. AHTOHOBO# C cOaBTOpaMu, MpH YIMOTPEOIEHNUH MUTHEBON BOMBI, COAEpKAIIeH
OKHUCh TPUTHS, CyX0il octaTok Mosoka coctaBuin 0,037 %; B cilydae MOCTYIUIEHUS
TpuTUsL C TpaBoi Kodpduuument BHexpenuss Ob1 B 10 pa3 Bemme (0,37 %).
WNukopriopanyss B OpraHMYecKHue CTPYKTYPHI IPU YIIOTPEOIEHNH MOJIOKa OT KOPOBHI,
MOJTyJaBIIe OKWUCh TPUTHSA, cocTaBwia 3 %, B cilydae ymoTpeOJeHUS MOJIOKa
OT KOPOBBI, MOJy4aBIIEH 3arpsA3HEHHOE CEHO, BHEJIPEHHE TPUTHs cocTaBisuio 16 %
BCEro MHKOPIIOPUPOBAHHOrO B opranusme [ Tputuit o MONEKysl..., 2022].
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Taxxe nomu€pkuBaeTcs BKIIOYEHHE TPUTHUS B OPraHUYECKHUE KOMIIOHEHTHI
Mosioka [MockaneB, 1989]. KopoBbl OZHOKpaTHO HW MHOTOKPAaTHO TMOIyYalld
OKHCh TpUTuA. TpuTHil ompenensiii B Boae, Oenkax M TBEPABIX (PPaKLUsIX MOJIOKA.
[lepuoa nonmyBbIBEACHNUSA TPUTHS U3 MOJIOKA X MOYH COCTABJISAT 5 CyTOK. OpraHudeckue
¢pakuuy MOJIOKa IIOCJ€ OIHOKPATHOIO IOCTYIUIEHHs conepxanud 5 %, mocie
MHOTOKpaTHOTO Bo3aewcTBusi — 10 % TpuTus. DTO CBUAETEIHCTBYET O TOM, UTO
MIpU XPOHUYECKOM MOCTYMJIEHUM H30TONAa B OPTaHU3M CO3JAIOTCS YCIIOBHUS, KOrna
3HAYUTENFHO OONbLIAs OIS TPUTHUS BHEAPSAETCS B CTPYKTYPHBIC BJIEMEHTHI OPTaHOB
[0 CPaBHEHHUIO C COJEpXaHHWeM ero B BoaHOW (haze. IlosTomMy mpH IIMTENIBHOM
MOCTYIUIGHUM TPUTHUS B OPTaHM3M OOJBIIMK BKJIAJ B TKAHEBYIO 103y OOECIICUUBACTCS
OpPTraHUYECKH CBA3aHHBIM TPUTHEM OPTaHOB U TKaHEH.

Mpiiu ¢ TUTHEBOW BOAOH MoTydanu Tputuid B reueHune 40—147 cyrok. Y penpHast
aKTUBHOCTb BOnBI coctaBisuia 3,47 mbk/mi. KeHrypoBBIM Kpbicam IPOBOAMIIACH
HMHBEKIUS TPUTHUEBOU BOABI 10 3,7 MBK/T Maccel mepuoanuecku ¢ 12—21-1HEeBHBIMU
uHTepBanamu B TeueHue 90 queil. [IpeacraBieHo COOTHOLIEHUE YACIbHOU AKTUBHOCTH
TPUTUSL B OPraHUYECKH CBS3aHHOM BOAOPOAE W Boxopone Boabl. s medeHw,
CIIM3UCTON KHUIIIEUHWKA W CEMEHHHMKOB MBIIIEH 3TO OTHOIIeHUE Obuto paBHO 0,252,
0,278 u 0,448 cOOTBETCTBEHHO, JJIS TICYCHHU U CIM3UCTON KUIIEUHHKa Kpbic — 0,255
u 0,131 cooTBercTBEeHHO. [{03a, MONy4YeHHAs! MSTKUMU TKaHSIMU OpraHu3Ma, COCTaBUjIa
6osee 20 I'p 3a 90 cyrok. OTHOCUTENbHAS yJeNbHAsS aKTUBHOCTh neuéHounon JJHK
coctaBmia 0,12, mpu atom Bce uyeThipe ocHoBaHus [IHK (uuTO3MH, TUMUH, aJeHUH
Y TyaHuH) conepxanu tputhii [Kinetics of dose..., 1971].

Bonpmioe 3HaueHue npu OLEHKE OMOJOrMYECKOTO ACHWCTBHUSI OPraHHMYECKH
CBSI3aHHOT'O TPUTHS UMEET HE TOJbKO HAKOIUIEHHWE €r0 B OpraHu3Me, HO U MEepUOoj
MoJTyBBIBEIeHHs. buonorndeckuili mepuoj MONYyBBIBEAEHUS TPUTHA W3 OpraHu3Ma
IpY XPOHWYECKOM BO3JAEHCTBUM M3y4ald Ha IYCTHIHHBIX TIpbi3yHax. OH ObLI
onpeienéH B BOJE OpraHu3Ma, MO3re, MeYeHH, JETKUX, MOYKax, Cep/Ie U MbIIIEYHON
TKaHH Y JIBYX TPYII KEHI'YPOBBIX KPBIC, HAXO/ISIINXCS BOJIU3H PEaKTOpa, BBLICISIIONIETO
TpuTuil. JKUBOTHBIE MONTYyYaId TPUTUH C HATYypaIbHOU MUILEH B TEUCHUE BCEH JKU3HU.
PesynpTaThl MccnenoBaHUi MOKa3aiH, YTO OMOJOTMYECKUN MEPUOJ IOTYBBIBEICHUS
TPHUTHUSL U3 TKaHel Kpbic B 1,54 pa3za Oosnblie, yeM U3 BOABI opranuzMa. B cyxom
ocTaTKe TKaHeu TpuTus 3aaepxkuBaercs B 1,2—1,6 pasza O6obliie, 4eM B BOJIe OpraHu3Ma
[Kinetics of dose..., 1971].

Taxxe wuccienoBanoch MOBEIEHHE TPUTHS B OpraHU3ME KpBHIC B TEUYEHHE
100 aneit mocne noTpebaeHns: BHYTPh TPUTHEBOH BObI, “H-nelinmna u *H-rimokosbr.
[TokasaHo, YTO CKOPOCTh BbIAENIEHHs “H U3 TKaHed U ero crnocoOHOCTh BKIKOUYATHCS
B JIpyTH€ MOJIEKYJBl 3aBUCHT OT XUMHUYECKOH (DOpMBI, B KOTOPOH TpUTHI BBEIEH
B OpTaHu3M.

CpaBHUBAJIOCH pacmpefesieHue TPUTHS B TI€YEHH, II0YKaX, CEMEHHHUKax,
cesle3€HKe, JIETKUX, CepLle, TOHKON KHUIIIKE, MBIIIIAX U TOJJOBHOM MO3T€ KPbIC-CaMIIOB,
MOJTy4aBIINX TPUTHEBYIO BOAY WJIHM MIICHHILY, 3arpA3HEHHYIO TpUTHEM. B cirydae
OJTHOKPATHOro MpuéMa MIIEHUIbl KOHLEHTPAllMd OPraHUYECKH CBSA3aHHOTO TPUTHS
B TKaHsAX Kpbic OputH B 2030 pa3 BhIIIe, YeM MPHU OJHOKPATHOM MpHEME TPUTHEBON
BozbL. B ciyuae mmtensHoro npuéma (B TedeHue 22 CyTOK) MIIEHHIIbI, 3arpsA3HEHHOM
TpuTHEM, TKaHeBble KoHreHTpanui OCT Obumn B 611 pas3 Bellle, 9eM Mpy OJHOKPATHOM
npuéMe TpUTHEeBOH BoAbl. Kak mpu ocTpoM, Tak M TNpH XPOHHYECKOM HpHEME
MIICHUIIBI, HawOojee BBICOKAS KOHIEHTPAIWs OPraHWYeCKHd CBSI3AHHOTO TPUTHS
HabJroanack B eueHu, HanboJiee Hu3Kas — B MBIILIIAX U TOJIOBHOM Mo3re. TkaHeBoe
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pacnpenenenue OCT B cimydae mpuéma ApPYro MHIIH, 3arps3HEHHON TPUTHEM,
B OCHOBHOM OBLJIO TAKWUM K€, KaK MIPH yIOTPEOJICHUH MIICHUIIBI.

Nzydanm oOMeH u pacmpesielieHue OpraHHYecKH CBS3aHHOTO TPHUTHS Y KPBIC.
Kpbice! muHMEM Buctap mocTossHHO MoTydalid TpUuTHpOoBaHHYo tuty (48,1 Kbk Ha KpeIcy)
i TputupoBaHHyo Boay (37,0 xbk/mir), HaumHas ¢ TpEX HEAENb IO ClapHUBaHUS,
KOHYasl POXKICHHEM TPEThEro IMOKOJICHUs. HakomneHwe TpUTHUS B TKaHSIX KPBIC,
MMATABIINXCS TPUTHPOBAHHOHN mwmie, B 3,53—0,38 paza BbIlIe, 9eM B TKaHIX KpPBIC,
MOJTyYaBIINX TPUTHPOBaHHYIO Boay. Haubosee Boicokue xonmeHntpanuu OCT Obumn
0o0Hapy)XKeHbI B MYHUKAX W JETKUX — IPHU MOCTYIUICHHH C TPUTHPOBAHHOW MHIIEH
Y B CEMCHHUKAX U JIETKUX — MPH MOCTYIUICHUU C TPUTHPOBAaHHOU Bojoi [Kinetics
of dose..., 1971; PagnoOnonorus HHKOPIIOPHPOBAHHEIX..., 2016].

[lpu mocTyruieHMHM TpUTUS C MHICH B TeueHHEe 64 CYyTOK OepeMEHHOCTH
W JaKTalliu JTOCTUTAIOTCS PAaBHOBECHBIE YPOBHU OPTaHMYECKH CBSI3aHHOTO TPUTHS
B TKaHAX, & OpHU MOCTYIUIEHUU C BOAOW HE HOocTUrarorcs. Pacu€Thl MOIMIHOCTH JO3bI
B TKaHSIX Ha OCHOBE COJNIEp)KaHUS TPUTHUS B BOAHOW (a3e opraHu3Ma BeAyT
K HEJOOIICHKE IIOTJIONIEHHON JO3bl B TKaHSIX KPBIC, OCOOCHHO IPH IMOCTYIUICHUU
C TPUTUPOBAHHOM MUILIEH.

Wzydanu pactpeneneHue 1 BEIBEICHUE TPUTHUS Y KPBIC, KOTOPBIM HHTpATpaxeaabHO
BBOJWIIN TPUTHPOBAHHBIE OCKONKH cTekia. [lokazaHo, YTO YaCTHIIBI OTKJIAIbIBAUCH
MPEUMYIIECTBEHHO B JIETOYHON 00JIaCTH U yaaJIsTuch MeajieHHo ¢ 71, — 150 + 30 cyTok.
Brruncnennass mo3a B JETKUX TMPH HHTPATPaxEalbHOM BBEACHHH TPUTHPOBAHHBIX
OCKOJIKOB CTEKJIa ObljIa Ha TPH MOPsAKa OO0JIbIIE, YeM B OPraHu3Me, U IPUOJIM3UTEITBHO
B 40 pa3 Oombie, yeM 1032 B JIETKUX B CIydae WHTAJSAINH MOJOOHOTO KOJUYECTBA
HTO. OrMeuaercs, 4TO BBIBEICHUE TPUTHS C MOYOM HAIIOMUHACT KAPTUHY BBIBEICHUS
HTO c mouoii [Kinetics of dose. .., 1971; Pagnobuonorus HHKOPIIOPUPOBaHHEIX..., 2016].

HWsyuasncs Taxxke nepexos *H B opraHnueckre KOMIIOHEHTBI U BOAHYIO (PPaKIIUIO
MOJIOKA KBAYHBIX )KHBOTHBIX. BRIOOP MOJIOKa /IS MCCIIEIOBAaHUN OTIPEACTISUICS PSIIOM
(hakTOpOB, B YACTHOCTU, TEM, YTO B MOJIOKE MPOUCXOIUT CHHTE3 MPOTEHHA (Ka3eHH),
JKUPOB U YTIEBOJOB (JIAKTO3a); 3TU IMPOIIECCHI, BOZMOXKHO, aHAJIOTHYHBI TPOIIeccaM,
MIPOUCXOSIINM B IPYTMX TKAHSIX OpraHu3Ma.

Tpurwii BBOAMICS )KUBOTHBIM B BUJIE OPraHUYECKH CBi3aHHOro U °H. OT cyTo4HOro
nocrymieaus OCT B MOJIOKO mepexoauT okoio 1,6 % *H, mpuuém B BOAHYIO (paKIuio
0,84 %, B oprannueckyto — 0,74 %. B sxup nepexoqur 0,53 %, B kazenH — okoio 0,18 %,
B nakro3y — 0,04 %. C ysenmuuenuem Beegenus OCT kospduuuent nepexoma H
B MOJIOKO yMeHbInaetcs. [Ipu oqHoBpemenHoM paBHoM BeezeHuu *H 1 OCT B opranusm
JKUBOTHBIX W3 TIEpelenmero B xup monoka *H 2,4 % o6ycnosneno *H u 97,6 %
OCT, B kazeune — 3,2 u 96,8 %, B makrto3ze —39,4 u 60,6 % COOTBETCTBEHHO.
Breienenne H W3 MOJIOKA OIMUCHIBACTCS TPEXKOMITIOHEHTHOW MOJIEJIBIO C TIEPUOAAMU
noyBeiBenerns 1,7, 5,1 u 68 cyrox [Kinetics of dose..., 1971; Pamnobuonorus
WHKOPIOPUPOBAHHBIX..., 2016].

Nmeercs mHpOpManus O CoOIEpKaHUM CBOOOIHOTO TPUTHS B BOJHOW (asze
Y OPTaHUYECKH CBSI3aHHOTO B ITOYBE, PACTCHUSX, TIUIIEBEIX MPOTyKTaX, TKAHIX YEIIOBEKA
u XUBOTHBIX 32 1970-1978 rr. [XKebentsie, 2015; Tputuit ot monekymsl..., 2022].
[lokazaHo, 4TO yaenbHas aKTHBHOCTh OPTAaHWYECKU CBS3aHHOTO TPUTHSI BEIIIE, YEM
cB000HOT0. COOTHOIIIEHUE CBS3aHHOTO W CBOOOJHOTO TPUTHS B MOYBE, PACTCHUSX,
TKaHsIX KUBOTHBIX U 4eJioBeka cocrapisieT 6—8, 34, 1,5-2 coOOTBETCTBEHHO.

Br10op B kauecTBe KPUTHYECKOTO OpraHa BOJHOW (ha3bl OpraHU3Ma SBISETCS
KOHCEPBATHUBHBIM, TaK KaK HET TaAKOW TKaHH, COJAEPIKaHUE BOAOPOa B KOTOPOU OBLIO
Obl OoJiee BBICOKMM. PeKOMEHIOBaHHbIC MPEC/IbHBIC YPOBHU COIEPIKAHUS TPUTHS
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B THUTHEBOM BOJE, BO3AyXe W THIIE TaKKe SBIAIOTCI KOHCEPBATHBHBIMHU.
HccnenoBarenu [Xpamuenkoa, 2003, Ceica u np., 2017] oTMEJarOT, 9TO MIPH OCTPOM
BO3JICUCTBUM TPUTHUS OCHOBHOU TPYJIHOCTBIO SIBISETCSA OILEHKA SKBHUBAJCHTHOM JTO3bI
3a CU€T TPUTHUS, CBSI3aHHOTO B TKAHEBHIX KOMIIOHEHTaX. HauBhICIIMM Mpenenom
JUTS CBSI3aHHOTO TPUTHSI IPUHSTA BETMYUHA B 25 % SKBUBAJICHTHOU I03bI, CO3JaBaeMOMN
coJiep)KaHUEeM TPHUTHUS B BOJIHOU (ha3e opraHm3Ma.

Panee P. Kupxman ¢ komreramu [Kirchmann et al., 1971], uyth mo3muee
B. C. KamuctpaTtoBa ¢ coaBropamu [PaanoOuosorus WHKOPIOPUPOBAHHEIX..., 2016]
TIPUBOIAT JaHHBIE 0 3aBUCUMOCTH OMOJIOTHIECKOTO 3(pdeKkTa oT 00ITeii KOHIIEHTpAITHH
€ro B KJIETKAaX ¥ OT XUMHYECKOH (POPMBI HAXOISAIIETOCS B HUX TPUTHSL.

Takum 00pazoMm, HAKOIUIEHHE B OPraHU3ME OPTaHWYECKU CBSI3aHHOTO TPUTHS
3aBHICHT OT CPOKOB BO3EHCTBUS, (HOPMBI BBOAUMOTO COSIMHEHUS, PUTMa IMTOCTYIUICHHUS
B opranusM u Qusndeckux (akropoB BozaeiictBusa. Coxepxanne OCT B opranax
M TKaHSAX MOXKET COCTABIIATH J10 25 % M0 OTHOIIEHUIO K TPUTHUEBOM BOJIE.

Pexomenmauuu MexnyHapogHOM KOMHCCHM 1O PAaJHAallMOHHOM 3aliure
IO JIOMTYCTUMOMY COZAEP KaHUIO TPUTHUS B OPraHU3ME YeJI0BEKa OTHOCSTCA K TPUTHEBOM
Bojie. OHM OCHOBaHBI Ha IMEPUOJE MONYBBIBEACHHUS sl 4yesnoBeka B 10—12 cyTok.
[Ipu oOocHoBaHms aomyctuMol KoHneHTpanuu HakoruieHne OCT B opranusme
YeJI0BeKa He yUUTHIBAJIOCh, HE OMIPEAEIISIICS TaKKe BKIIAJ CBI3aHHOTO TPUTHSI B OOIIYIO
o3y oOmydeHusi opraHuzMa. Pacu€rel MOTIOmMEHHOW M03bI, OCHOBAaHHBIE TOJEKO
Ha COJAEp)KaHWU TPUTUS B BOJHOW cCpeAe OpraHuzMa, NPUBOAAT K 3aHMKEHHUIO
WCTUHHBIX 3HaueHuil. [lockonbKy cojiep)kaHHe OpPraHHYecKH CBS3aHHOTO TPUTHUS
OTHOCHTEIHHO €T0 COJIepKaHus B BOAHOH (paze OyIeT yBeMIUBaTHCS, MOYKHO IIOCTABUTh
BONPOC O MPAaBOMEPHOCTU PEKOMEHAYEMOW JONMYCTUMON KOHIIEHTpaUuu TPUTHS
B OpraHM3Me YeJIOBEKa.

Ecmu yuectp, uro Hakorumenue OCT B opranmsme MmoxkeT gocturatb 25 %
10 OTHOIIEHHUIO K TPUTHEBOM BOJE, TO JAOIMYCTUMOE COJEpIKaHNE TPUTHUS B OpraHU3Me
YeloBeKa JTOMKHO ObITh yMeHbIeHo ¢ 44,4 no 33,3 Mbk. B coorBeTcTBUM C 3TUM
JOJDKHBI  OBITh CHIDKEHBI M JIOMYCTUMBIE KOHIICHTPAllMM TPHUTHS B BO3JAyXE
MTPOM3BOICTBEHHBIX TIOMEIICHNH, aTMOC(hepHOM BO3/IyXe U BOAE OTKPHITHIX BOJIOEMOB.

[IpoGiiema HakoTIIEHUS, TOBEIEHUS W BBIICICHHS OPTaHWYECKH CBS3aHHOTO
TpuTusl TpeOyeT K ceOe MNpHUCTAILHOIO BHUMaHMA MW u3ydeHHs. JlanpHeimee
HaKOIUICHHE MaTepUAIIOB IKCIEPUMEHTAIBLHBIX UCCIEIOBaHUIN 10 KHHETHKE OOMEHa,
pacmpeieieHHI0 ¥ OHOJIOTUYECKOMY JCHCTBHIO OPraHUYECKH CBS3aHHOTO TPUTHS
O3BONIUT O0JIee 00OCHOBAHHO PEIIaTh BOMPOCH HOPMUPOBAHUS TPUTHSL.

Ha ckopocTh BKIIFOUEHHS TPUTHS B OPTaHU3M U XapakTep ero pacrpeaeieHus
MOJKET CYIIECTBEHHO BIHATH BHEIIHEE Y-u3iydeHue. C yBeTHUEeHHUEM J03bI BHEIIHETO
y-00ayuenus °Co 3amemiseTcss BKIIOUEHHE TPUTUS B OPraHUYECKHE CTPYKTYDBI,
HaOmoaaeTca 6onee MeIEHHOE BBIBEACHUE TPUTHS M MPOIYKTOB Pacraja U3 OpraHu3Ma.
C yBenmu4eHHWEM JI03bl CKOPOCTh BKJIFOUEHHUS TPUTHA W3 BOJIBI B OCNKM TajaecrT,
a CKOpPOCTh €ro mepexoja u3 OEJIKOB B XHUPHl W W3 JKUPOB B BOJAY BO3pacTaer.
BriBenenne TpuTHs U3 OpraHu3Ma 3aMeJIIeTCs M C yBEITMYEHHNEM BO3pacTa JKUBOTHBIX,
HamnpUMep, YeM cTapee CTaHOBUIIOCH )KUBOTHOE (Kpbica) — ot 35 mo 1000 cyTok, Tem
0oJiee JUTMTENBHBIM CTAHOBUJICS TTEPHO/] MTONTyBBIBeIeHUsI — ¢ 1,5 110 4,5 cyToK.

[IpuntunuansHas Bo3MokHOCTh BKitouenus u3 HTO B JIHK tkane#t ciaemyer
13 aHAIM3a MEeTabOIMYECKUX MyTel Bojopo/ia B opranu3me. Maublii mpoOer B-uactwil,
WCITYCKAIOIIMXCS TIPH PacTiajie siipa TPUTHS, OTHOCUTEIBHO pa3Mepa sIep COMaTHIECKUX
KJIETOK, a Takke BeayInas posb moBpexaeHus JJHK (kak oCHOBHOW MHIIIEHN TEHCTBHS
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paauanyy Ha KIETKY) TO3BOJISICT MpEANonaraTh cieayromee. TpUTHH, BKIFOYCHHBIH
B T€HETHYECKUI MaTepHaJL, SBJsIeTCst 60JIee TOKCUIHBIM, YeM PaBHOMEPHO pacipe/ieIeHHbIN
B BOJIHOM cpeJie.

Yenosus skcnepumenma:

1) omHOKpaTHOE BBEACHHWE OKCHAA TPUTHSA B KoimdecTBe 22 MDBK/T Macch
tena (l-1 rTpymma JKMBOTHBIX) M COOTBETCTBYIOIIas MO (HOPMHUPOBAHHUIO 1032
BHEITHETO Y-00IydeHus (2-51 TpyIia) Co3/1aBajiy MPaKTHUECKU OTHOTUITHBIC CYTOUHBIC
Y CYyMMapHBIE JI03bI;

2) cymMMapHas 1032 Ha OpTaHH3M B SKCIIEPUMEHTE: BO3EUCTBHE OKCHIA TPUTHS —
7,9+0,4 I'p; Bo3aeiicTBue y-kBauToB — 8,0 £0,5 I'p.

B mepBoii rpynmne mepBblil ciydail TMOENM KpBICHI 3a)UKCHPOBaH 4epe3 TpU
MecsIa T0CiIe BO3AEHCTBHS, BO BTOPOH — depe3 MiATh MecaneB. [ nbems 50 % kpwic
OblTa 3aUKCUpOBaHA Yepe3 IEBATH MECSIEB B MIEPBOI TPYIIE, BO BTOPOil — depe3
OMUHHAMIATE. [IpOMOKUTENBHOCTh XU3HU KpbIC 1-H W 2-M Tpymm, CpaBHEHHUIO
C KOHTPOJIbHOM, Obu1a cokpamieHa Ha 38 u 14 %.

OKCIIepUMEHTaIbHBIMI HCCIEIOBAHMAMI Ha J1a0OpaTOPHBIX MEIIAX OBLIO
ycTaHoBieHO, 4TO BozaeiictBue HTO mnpu oAHOKpaTHOM WM JJIMTENBHOM €ro
BBEJICHUHM TIPUBOAMT K OOJBIIEMY CTPYKTYPHOMY M ()YHKI[MOHAIBHOMY MOPAKESHHUIO
TeHETHYECKOTO ammapara KJIETOK TKaHeH »XHBOTHBIX, YeM [EHCTBHE aJeKBAaTHOTO
1o (OPMHUPOBAHMIO MOIIHOCTH J03bI Y-u3inydeHus (Tadmn. 5.23).

Tabnuya 5.23
Pacnpenenenuie TpuTHs B OpraHax KpbIC 10 OKOHYAHUU HKCIIEPUMEHTA
CBsI3aHHBIN TPUTHH,
OpraH Wi TKaHb AKTH?HOCTIZ BOAPL | % K cpeHei KOHLEHTpaLuy™
TKanei, x10* Bx/Ma
H HTO
Ileuenn 69 4.4 2,7
Cenesenka 49 4,2 —
ITouka 62 2,7 1,0
Cepaue 43 2,5 0,6
Mo3r 63 2,2 0,5
Jlerkue 58 1.8 0.7
MBIIEI 60 1,2 0,13
ToHKHI KHIIEYHUK 59 1,2 1,0
Kenynox 70 1,1 1,2
TonCThIM KUILIEUHUK 62 0,9 1,9

* 4
Bennuuna paBHa OTHOIIEHUIO CBSI3aHHOTO TPUTHUS BO Biare opranusma (3,710 Br/r)
K €r0 CpeJIHEMY HadalbHOMY coepkanuio (3,7-10* Bx/m).

WnTterpanbheie nokaszarenu u3MeHeHus crpykrypsl JJHK aByX rpynm >kuBOTHBIX
B OTJEJIbHBIE MIEPUOJIBI NCCIIEOBAHMS IPUBEACHBI B Ta0II. 5.24.

Ha ckopocTh BKIIIOYCHHUSI TPUTHSI B OPTaHU3M UM XapakKTep €ro pacrpeesIeHus
MOJKET CYLIECTBEHHO BIUATH BHEILIHEE Y-U3TyUCHHE.

COrIacHO HALIUM JIAHHBIM, C YBEJIMYEHUEM JI03bI BHENIHETO Y-00myuenus *'Cs
(c 1 no 35 3B/4) 3ame uIseTCA BKIIOYEHUE TPUTHS B OPraHUYECKHE CTPYKTYpHI (¢ 21
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1o 15 % ot ob1ero konuyecTBa TpUTHS), HaOIrOAaeTCs O0JIee MEAJICHHOE BBIBEICHUE
TPUTHA U IPOAYKTOB pactaza u3 opranusma (71, — npubmusurtensHo ¢ 85 mo 135 cyT).

C yBenHyeHHEM J103b CKOPOCTH BKIFOUCHHSI TPUTHS U3 BOJBI B OCJIKH MajiacT,
a CKOPOCTb €ro Mmepexoia U3 OCIKOB B KUPHI U U3 KUPOB B BOJY BO3PACTacT.

Tabnuya 5.24
WNHTerpanpHple nokazaTenu u3MeHeHus cTpykrypsl JTHK THUMOLMTOB KpbIC
npu omHOKpaTHOM BBeneHnr HTO u neficTBim afieKBaTHOTO BHEIIHETO Y-00TydeHus
B iepuo/ hopmupoBanus paguanronHoit 10361 (0-30 cyt) u mocie Hero (30-270 cyT),
% 10 OTHOIIEHHUIO K BO3PACTHOMY KOHTPOJIIO

n I'pymma Hccnenyemslii nepuon, cyt
OKazaTelb KHBOTHELX 030 30270
JTHK 1 (HTO) 66+ 3 87+2
MT,
2(y) 83+4 91+2
1 (HTO) 363 £31 148 £13
aH
2(y) 186 £ 13 114 +8
1 (HTO 350 £23 113 +£23
AxturocTs JIHKa3w1 I1 Ha 1 Mr JIHK (2 ) ) 62112 104+ 10
1 (HTO 70+ 1 199+5
OP mocire TecT-00mydenus B no3e 20 I'p (2 " ) 2014 )
Penapuposanue OP JIHK 1 (HTO) 26+1 211+3
THIOCIIe TeCT-00TyIeHNS 2 (y) 42+ 1 106 +2
. 1 (HTO) 82+1 92+2
O0BéM TH3HCca
2(y) 48 £1 90+ 1

CpaBHUTENBHOE M3YUYEHHE JEHCTBUS TPUTHUS C BHEIIHUM Y-HU3JIy4YCHHEM
BO BpeMeHH (BpeMs-3(D(eKT) ITO3BOJISIET COMIOCTABUTD PA3IMUMS B XapaKTepe TOBPEKICHUSI
Y BOCCTAHOBJICHHSI HA Pa3HBIX YPOBHIX OMOJIOTHYECKOW OPTaHU3aIMU TPHU 3TUX 033X
n3nydeHus. Takue naHHbIE HEOOXOIMMBI JUIA TMOHMMAHHUS OCHOBHBIX MEXaHHM3MOB,
onpeneisiomuX Oojbliee MOBpeXaarollee AeHCTBUE TPUTHSA IO CPABHEHHIO
C y-u3iIy4eHueM. UToObI MOJYUYHUTh 3TH JAHHbBIE, )KUBOTHBIX CPAaBHMBAEMOMN TPYIIIBI
00ny4anu Ha y-ycraHoBke 2’Cs ¢ majarommieli MOIIHOCTBIO J03bI, MMHTHUPYIOLIEH
Bozzeiicteue HTO.

[IpoBoaunuCh Hccen0BaHus IO BBIBEACHUIO, PACTIPENCIICHHUIO U YAEPKUBAHUIO
TPUTHUSL B TKAaHAX KpPbIC B 3aBUCHMMOCTH OT MX BO3pacTa. Bo3pacT KpbIc cOCTaBIISLI
ot 3 1o 300 cytok. TpuTHeByr0 BOAYy BBOJWIN B KeTyJOK. KOHIIEHTpalnuio TpUTHS
ONpENENAN B MOYE, WMCCIENOBAIM TaKke BKIOYeHHMEe “H B BOIAHYHO (ppakmuio
W OpPTraHUYECKHI KOMIIOHEHT TKaHEeH Pa3IMYHbIX OPraHoB (KPOBb, MO3T, II€USHb, MBIIIIIHI,
cemeHHHUKH). [lokazaHo, 4To yem crapiie >KUBOTHOE, TEM IEPUOJ MOIYBBIBEICHUS
H Gonbiue. Habimomaercst KOppesiiust MEX1y BO3PACTOM U CKOPOCTBEO OOMEHA TPHUTHSI
B BOJHOH (pa3e U OpraHM4ecKoM KOMIIOHEHTE TKaHell. B TeueHune nepBbIX CyTOK mocie
BBeJIeHMs “H KOHIIEHTpaIyst TPUTHS B BOJHOMN (ase CHIKaeTcs. B ciydae opraHngeckoro
KOMIIOHEHTa YMEHBIICHHUE KOHIICHTPAIlUH TPUTHS MPOUCXOJIUT MeuieHHee. JlaHHast
TEH/ICHIMSA Sipye BBIPAKEHA y MOJIOJIBIX KMBOTHBIX.
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BosbIoi pakTHYeCKUi HHTEPEC MPEACTABILIIOT UCCIIE0BAHNS 110 PACIPEACIICHUIO
TpUTHA B OpraHm3Me Joneid. B opranmsm paboTarommx B MPOWU3BOACTBEHHBIX
yCIIOBUSX B TeueHne 8 MmecsieB nmoctynan Tputuii B Buge HTO. Coxepikanne Tputus
B JKHJIKOCTSX Tela B TEUYEHHE JTOr0 Cpoka Koaebamochk or 22,2 no 74-10* Bx/m.
VYaenpbHass aKTHBHOCTh B OPraHMYECKHX KOMIIOHEHTaX oOpraHuzMa (KHp W KOXa)
mpu Omoricuu OblIa BhIIIe, 4eM B Boxe Temna. JKup cogepxan 20, a koxa 71 % Bogsl,
coJiep>kaHue BOJIOPOJa B YKa3aHHBIX OPraHMUYECKMX KOMIOHEHTax cocTasisuio 11,4
u 7,6 % cooTBercTBeHHO. TKaHeBas 11033, co3AaBacMas HMHKOpIIOpauueidl TpuUTus
B OpPTaHWYECKIE KOMITOHEHTHI KOKH H JKHpa, cocTaBisuia Bcero 1-2 %, a B TOTOBHOM
Mo3re — 3-5 % nmo3bl, co3gaBaeMoll TPUTHEM B BOJE Tela M aKKyMYyJIUPOBaHHOU
3a BpeMs BO3JEHUCTBUSL.

YcTaHoBIEeHO, YTO TIOCTe MpUEMa BHYTPH, BIBIXAaHUS WM BCACHIBAHUS 4epes
koxy HTO mocTymaer B KpoBb TOITHOCTRIO B IpeieNiaX BPEMEHH OT HECKOIBKHUX CEKYH/T
1o necsatkoB MuHyT [Pinson, Langham, 1957; Balonov et al., 1974; Banonos, 1983].
ITocne nonapanus B kpoBb HTO pa3zHOCHTCS KPOBEHOCHOW CUCTEMOW BO BCE OPraHbl
W TKaHW TeJla, MTHOBEHHO IPOHUKAET Yepe3 CTEHKH COCYIOB BO BHEKJIETOUHYIO
XKHUJIKOCTh U M3 He€ B KIIETKM TKaHEH M TakMM OOpa3oM paBHOMEPHO pacTBOPSETCS
B BOJIE TeJa. JTOT MPOILIECC 3aHUMAET OT HECKOJILKUX JIECATKOB MHHYT JI0 HECKOJIBKHUX
gacoB [bamonos, Yumura, 2016].

Hebonpmass wacte TputHss u3z cocraa HTO (0,54 %) oueHp ObicTpo
0OMEHHBAETCS C BOJIOPOJOM OPTaHUUECKUX MOJIEKYJ, cBs3aHHbIM B rpynmnax OH, NH
n SH B TKaHsX opraHusma, apyras, Takxke HeOomblias dacTh (oT meHee 1 1o 3 %
B OpraHM3Me€ YellOBeKa), MOCTENEeHHO IMpeo0pa3yeTcsi B OPraHWYECKU CBSI3aHHBIN
TPUTHI B pe3ysbTaTe OMOXUMHUECKUX MPOIIECCOB, TO €CTh BKIIOYAETCS B YCTOMUMBBIE
CH-cesa3u B opranmyeckux Mmoiiekynax [Balonov et al., 1974; Hill, Johnson, 1993;
banonos, Yunura, 2016].

N3 opranuszma denmoBeka HTO BBIBOAWTCS O 3KCIOHEHIMAIHLHOMY 3aKOHY
C MO4YOH, MOTOM, IApOM B BBIJBIXaEMOM BO3AyXe U np. buosiormyeckuii nepuon
yaepxxaausgs HTO B Tene uenoBeka M3ydand B HECKOJIBKHX HCCIEHOBAaHUSX B OOIIEH
cnoxHOCTH y mpuMepHO 400 B3pOCHBIX MYyTEM W3MEPEHHS KOHIICHTPAIMH TPUTHS
B moue. X. JI. Batnep u JIx. X. Jlepoii [Butler, Leroy, 1965], uccnenosapmue 310 ciyyaes
nocryruienust HTO, BeisiBuin, uro 6monorndeckuit nepuoa it HTO BapsupoBancs
ot 4 o 18 cytok (B cpemuem 9,5). Jlpyrue uccienoBanusi, OCHOBAaHHbIE Ha MEHBIIEM
yuce cirydaes [Hill, Johnson, 1993], moka3zanu aHalormyHbIe pe3yJIbTaThl: OT 6 CyTOK —
st 8 ciyyaeB [Rudran, 1988] no 12 cyrok — B 5 ciydasix [banonos, 1983].

DTOT mapaMeTp U3MEHSETCS C MOTPEOIEHUEM BOJIBI, TEMIIEPATYPHBIM PEKUMOM
W Bo3pacToM. Psit nccneoBaHmil okasal CylniecTBOBAHHUE BTOPOI'O SKCIIOHEHIIMATEHOTO
KOMIIOHEHTa JIMHAMHKH BBIBEJICHHSI TPUTHS C MOYOM YeJIOBeKa C IMepHojoM 23—
226 CyTOK, NpennojoXHuTeNbHO cBsizanHoro ¢ ¢opmupoBanneM OCT u3 HTO
u nocnenyromeit gerpanamueit OCT [Sanders, Reinig, 1968; Urinari excretion..., 1968;
Minder, 1969; Lambert et al., 1971; Henry, 1972; Moghissi et al., 1972; banonos, 1983;
Trivedi et al., 1997].

B HemHOrmx wuccieoBaHMsAX OOHApyXeH TPEeTHUH, emle Oosee IUTeNbHBIN
KOMITOHEHT BBIBEJICHHUS TPUTHUS U3 OPraHU3Ma ¢ MOYOH [Dhauc u ap., 1964; Moghissi
et al., 1972; Trivedi et al., 1997]. OnHako ero mapaMeTphl, MOJYYEHHBIE JIUIIb
Ha HEOOJIBIION TpyIe — MATh YeJOBEK, OOJBIIMHCTBO M3 KOTOPHIX MOABEPrajioch
umTensHoMy  BosaedcTBuio HTO  winm  TpUTHEBOrO  CBETOCOCTaBa, BeChbMa
HeonpeeneHHbl. Tonpko B pabote [Trivedi et al., 1997] mony4ens onpenenéHHbIe
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mapamMeTpsl 3TOr0 KOMIIOHEHTa Ha OJHOM HCCIEIYyEeMOM, U 3TOT KOMIIOHEHT MOXKET
T00aBUTH MPeHeOPEKNMO MBI BKJIA]T B 103y, TaK Kak cocTaBisieT MeHee 1 % oT ob1ero
kosmaectBa OCT.

V MJIEKONUTAIONIMX [PY XPOHMYECKOM TIOTpeOiernn *H nocTuraerest paBHOBECHE
ero ¢ OOMEHHBIM BOJOPOJIOM, MpHYEM YAeNbHAas AaKTHBHOCTh TKaHEW JIOCTHTaeT
35 % oOmel Boabl Tema. MexaHu3M KOHIEHTpHpoBaHus °H HemsBecTeH, B ciydae
MpeKpaleHns ero MOCTYIUICHUs] aKTHBHOCTh TKaHEW CHIDKAeTcsl MeljieHHee, YeM
AKTUBHOCTB BOJIbI TEJIa, [I03TOMY B HOBBIX PABHOBECHBIX YCIIOBUSX AKTUBHOCTH TKaHEH
HPEBBINIAET TAKOBYO BOJBL Y YeNIOBEKa IPH OCTPOM MOCTYILICHMH BhiBeaeHue SH
OIMCBIBACTCS SKCIIOHEHIIMATBHON MOJETBIO C Touon, paBHBIM 12 cyTok. Ha BrIBeneHue
SH CyIIECTBEHHO BIMAIOT OMKApOOHATHI, SJNEKTPOIMTHBIN GajaHc, MOTpebIeHue
XKHUAKOCTH, (pr3rdeckas paboTa M OKpyKaromias TemrnepaTrypa B ocooeHHoCTH. OgHaKO
y paboumx, XPOHUYECKH KOHTAKTUPYIOIKUX ¢ *H, KOppensuus Mex1Ly TeMIepaTrypoi
cpebl U BhIBeIeHHeM *H oTCyTCTBYET.

HM3BecTHBI JaHHbIE 0 cofepkanuu “H 1 u30TonoB Pu ri100aibHbIX BHINAIEHHNA
B paIMoOHEe HACEJeHUs HEKOTOPBIX PerHoHOB MTanmmu ¢ yaéToM reoMophoIorHIecKux
U KIuMaTHaeckux ocodennocreit. Conepxxanue *H u 2*°*24Pu B uurpeauenTax panuona
M3MEHSETCS B MIMPOKMX Mpejesax. MakcumanbHoe coepxkanue *H oTMedeHo B msce
(259 MBK/r cyxoit Macchl), KoHIeHTpanus “H B sifax, oBoliax, KOPHEIUIOAaX, PrIOe,
ChIpe, MakapoHaX, MOJIOKe M (pykTax HaxoautTcs B mpenenax 55—-100 mbk/r cyxoit
maccel. Cpennee comepxkanue 2°*2Pu B oBomax, Mmyke u peioe cocrapisger 0,03—
0,25 MBK/Kr cbIpoii Macchl. MakcumanbHas KonueHtpaius 2°24Pu B kpeBeTkax —
2,5 MBK/Kr cbipoit Macchl. ITocTymuieHne paanoHyKIna0B ¢ Tumei pasHo: *H — 74—
166 Bx/cyT, 2°"240Py — 55-74 mbk/rog.

[punsiTas MeToIMKa OIIEHKH JI03 TPUTHS Y YeJIOBEKa OCHOBaHA Ha pABHOMEPHOM
pacmpesieieHul €ro B OpraHu3Me KaK TPUTHEBOW BOABI. Takas MOJelb MOXKET
HE/IOOIEHUBATh JI03Y B TKaHsX. 3 sKcrieprMeHTaNnbHBIX JIAHHBIX U3BECTHO, 4TO 50—
80 % BogOpOna B TKAHAX MOCTYHAeT HEMOCPEACTBEHHO M3 OPTaHMYECKH CBA3aHHOTO
Bozopoa B nuiie. KoHIeHTparyst TpUTHs B OpraHu3Me MPH NOCTYTIICHUH ¢ MEYSHHON
TputueM nuiiei, B 10-20 pa3 Bbllie, YeM NpU MOCTYIUIEHUH TPUTUPOBAHHON BOABI.

IIpennoxxenHasa mojienbs Mex1yHapoJHOW KOMUCCHH 10 PaJAUAllMOHHOMN 3aIlIUTe
HE YYUTHIBAE€T TOTO, YTO OPTaHWUYECKH CBS3aHHBIN B MUIIEBBIX MPOIYKTaX TPUTHN
HE OKHCIISIETCS B OpraHu3Me, a IpsSMO aCCUMIITHPYeTCs B cBsi3aHHOM coctostann, OCT
B TIHMIIECBBIX MPOJYKTaX MOXKET YyBEIMYMBaTh KyMYJSTHBHYIO 103y B 1,7-4,5 pasza
TI0 CPaBHEHMIO C 10301 OT CBOOOIHOM BOJBI B OPTaHU3ME.

[loctymienne TpUTHS HACENEHHIO, KOTOPOE He CBSA3aHO C MPOo(eCCHOHATBHON
JeSITENIBHOCTRI0 Ha  PaJUOXMMHUYECKUX MPEANPHUITHSIX, BO3MOXHO C BO3IyXOM
U C MHIIEBBIMU IPOAYKTAMH, COICPIKAIIIMMHA TPUTHUH.

E. JI. Tenymkuna [1983] onpenensana nocTymjaeHHE OKUCH TPUTHUS U3 MOYBBHI
B TpaBy, kapTodenb, oBomM U 3epHO. ConepKaHue TPUTHS B BOAE KOPHEIUIONIOB,
KOTOPBIC HAXOJIMITUCH B TIOYBE, OBLIIO OOJIbIIE, YEM B KYJIbTYPax, KOTOPhIe HAXO/IMIHCh
HaJI TOYBOH (KamycTe, oryprax, moMuI0pax). B 3epHOBBIX KyJbTypax (TIIIEHUIIE, OBCE,
SYMEHE) KOHLEHTpalusl TpUTUsl Obula emie MeHblie. Takum o0pazoM, HauOoJbliee
KOJIMYECTBO TPUTHS TOCTYHAET K HACEIICHUIO C MpoayKTamMu mutauus (1o 60-90 %),
3HAYHUTENLHO MEHBIIE — C BIBIXa€MBIM BO3JIyXOM U Yepe3 KOXKY.

Jlutepatypuslie nanusle [Mockanes, 1989; bonnapesa, 2020] cBHIETENBCTBYIOT
0 TOM, YTO MPH MOCTYIJICHUH TPUTHUS B OPraHU3M C IPOILYKTaMH ITUTAHUS 3HAYUTEIIHHO
YBEIUYNBACTCS COJIEPIKAHHE OPTraHMYECKH CBSI3aHHOTO TPUTHS B OpraHax W TKaHSX
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YyeloBeKa M JKUBOTHBIX. [I11 KOHCTpYHMpOBaHHUS IpolLiecca MOCTYMJIEHUS TPUTHUS
B OpPTaHU3M YeNloBeKa C (uie phIObl, coAep Kalle TPUTHIA, MBI HCTIOJIB30BAINA MOAETIb,
npemaraemyto ICRP [ICRP..., 2017], koTopast paccMaTpuBaeT B Ka4eCTBE OCHOBHOTO
WMCTOYHHKA TIOCTYIUICHUS TPUTHUS IMEHHO ruiny [bormapesa, 2020].

Cpenn NpakTUYECKH Ba)KHBIX PaJUOHYKIUAOB TPUTUH SIBISETCS NPUMEPOM
HanMeHee W30MpaTeNnbHOrO0 PACHpeieCHUus ero B OpraHu3Me € OTHOCHTEIBHO
OBICTPBIM (hOPMHUPOBAHHMEM MTO3BI BO BCEX OOTATHIX JKHAKOCTHIO Cpeaax OpraHnu3Ma.

CornacHo JaHHOW MOJENH, TpUTUH, mocTtynuBmuil B opranusM B Bujae OCT,
yepes3 JKeTyJOYHO-KUIIEYHBIN TpaKkT BCAChIBAE€TCS B KPOBb U C HEW pacmnpocTpaHieTcs
BO Bce TkaHU. C OMOJOTHYECKUM TEePHOJOoM NOdyBbiBeaeHus (6 gacoB) 50 % Tpurus
cBsasbiBaeTcss B OCT ¢ MonekynamMu B opraHusMe d4enoBeka, a octasmuecs 50 %
neperpancopmupyrotes B TputueByto Boay (HTO). Tak ke, kak U B UCCIICIOBAHUIX
C pbIOOH, CBSI3BIBAHME M BBIBEICHHE TPUTHS 3aBHCUT OT IPOLECCOB MeTaboIn3Ma
B OTHENbHBIX OpraHax M TKaHiX. PaccMmarpuBaemas MoJelb YCPETHSET TaHHbBIE
nporeccsl ¥ paccuutbiBaeT 10361 it OCT Bo Bcex TKaHSIX OpraHu3Ma, KOTOpbIe HIMEET
ONITUMANTBHBII MeTaboIH3M ¢ OBICTPBIM 0OMeHOM BetecTB [ bormapesa, 2020].

[pu noctymnennun HTO yepe3 XKKT HauanbHbIN 3Tan BcachIBaHUS POUCXOTUT
B JKEJIyAKE, OAHAKO OCHOBHOE KOJHMYECTBO PAJUOHYKIMIA BCACBHIBAETCA B TOHKOM
kuiieyHuke. Tak, y yenoBeka B TeueHue 22—55 munyT BeaceiBaercs 1 1 HTO, npu aTtom
B BEHO3HOW KPOBU TPUTHUH OOHapyxkuBaercsi udepe3 2—9 MuHyT. [IMK akTHBHOCTH
B CHIBOPOTKE KpPOBM W Moue HaOmromaercs ydepe3 20 MUHYT IOCJE 3arjiaThIBaHUSL.
BcacriBanne HTO 3akanumBaercst uepe3 4045 munyr. B nocnenyromue 2,5 yaca
conepkanue HTO B ChIBOPOTKE KpOBHM COXpaHSETCS Ha MOCTOSHHOM ypoBHE [XaliH,
Bbpaynemn, 1958; Kysun, 1962; Monexkynspras Ouonorus..., 1993; Pagnobuonorus
WHKOPIIOPUPOBAHHBIX..., 2016].

Mopnens ICRP nmnst moctyrieHus TpUTHS B OpPraHHM3M YeNIOBEKa YYUTHIBAET
TaKke OHOKMHETHYECKHE MapaMeTpbl, 3HAUYCHHs KOTOPBIX 3aBHCAT OT COCTaBa
yHOTpeOsieMoi MUIIK U HATM4Yus pa3indHbIX Xumuueckux gopm OCT.

[Ipu ynotpebienuu Tputuiiconepsxarien numy meaee 10 % B cpeaHeM ot Bcero
TpuTHs B JeHb HakamuBaercs B Buae OCT (ans HEKOTOPHIX OPraHOB yCTaHOBJIEHBI
3HadYeHHs MeHee 3 %), ocTallbHas 4acTh, COOTBETCTBEHHO, HaxoauTcs B Buae HTO,
KOTOpast oOpa3yeTcs B TOM 4ucie u3 nocrynusmero Tputus B Buae OCT B mporecce
MeTabonu3ma. B kadecTBe anbTepHATUBBI PacdET J03bI MPOBOAUTCS VIS JOKAIHU3ALUH
TPUTHUS B SAPBINIKE KIeTKH [ MoneKkynspHast Ouonorus..., 1993].

CBezieHus 0 pacnpeelieHHH TPUTHS 110 KOMITOHEHTaM, OMOJIOTMYECKOM BpeMeHH
noJyBeIBeAeHUs U ycTaHOBICHHBIX ICRP 3 QekTHBHBIX 030BBIX KO3 HUIMEHTAaX
JUIs1 B3POCIIBIX, B 3aBUCHMOCTH OT ITyTH MOCTYIUICHHUS, IPEICTaBICHBI B Tabd. 5.25.

C wucnonp30BaHMEM NPUBEAEHHBIX MapaMETPOB U C yYETOM MOIYYEHHBIX
B MOJENIBHBIX M HAaTYPHBIX 3KCIIEPUMEHTAX COACP)KaHUH TPUTHS B (uiie priObl Oblia
paccuntaHa 3¢¢eKTHBHAs a03a Ul 4eloBeKa (HEe BKIIOYas APYrHe HCTOUYHUKH
nocTyruieHus). 3HadeHus: ykazanel 1o HopmatuBam EPA (EPA/630/R-00/002):
paszoBoe cyTouHOe motrpediienne peiobl coctaiseT 113 r. Pacuér pucka npoBoauiics
1u1s1 yennoBus oxku3zHeHHoro (70 set) nmotpebiieHus poIObl 4eI0BEKOM ¢ Maccoit 70 Kr.

Ha ocHoBe mpoBenéHHBIX pacy€TOB BBISBICHO CIENYIOIIEe: MPU yIIOTPEOIeHUH
pBIOBI, cozepsKaleil TpuTuid, yenosek norpebaser 1,61-10* mx['p/rox, a 3a Bpems
BCero mepuofa xku3uu (npumepHo 70 ser) — 5,33-107° mxI['p. IonydeHHbIe JaHHBIC
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MHOTO MEHbBIIIe 3HAa4eHUU 3(PPEKTHUBHON MO3BI JJI YEIOBEKA, PEKOMCHJJIOBaHHOU
CaHUTapHO-3MUICMUOJIOTUYCCKIMH ~ TIpaBWjIaMu W HopMmartuBamu  [Hopmer
paguaImoHHOM. . ., 2009].

Tabnuya 5.25
Pacripenenenne Tputus mexay HTO u OCT, 6Guonorudeckoe moryBsIBeIeHIE
1 3QdeKTUBHBIE JO30BbIE KOAPDUIIMESHTHI U B3POCIIOH BO3PACTHOM TPYIIIBI

Pacnpez[eﬂeHHe TPUTHSA 10 KOMIIOHEHTAM, %

HTO-xoMmItoHEeHT OCT-KOMITOHEHT
50 50
buonornueckoe noyyBbIBEICHHE, THEW
HTO-xoMItoHEHT OCT-KOMITOHEHT
10 40
Jlo3oBbIe KO3 GuIHeHTHI, 3B/bK
Waramsmsa KKT
4,1-10° 11 4,2-10°11

ITo mmerommumcs manabeM [Handbook..., 2003; Yebormna, Hukommn, 2013],
BKJIaJl IHUTHEBOW BOIBI B CYMMAapHyIO A03y OOJIyueHHs] HAaceJCHUS HE SBISETCS
npeoOnaaromM (32 UCKIFOUCHHEM OTIETBHBIX PETMOHOB) U O0YCIIOBJICH B OCHOBHOM
MPUCYTCTBYIOUIMMH B BOJE PaJUOHYKIHIAMH NPUPOAHBIX PSAOB ypaHa M TOpHUS.
HauGonpmumii Brkimang B (GopMupoBaHuMe 103bI OOIy4YeHHS 3a CUET MOTpPEOJICHUsS
[UTHEBOM BOJBI BHOCAT u30ToNbl ypana (#*U u 24U), panus (**°Ra u ***Ra), pagon
(**’Rn) 1 nononnii-210 (*'°Po), B menbmieii crenenn — ceunen-210 (>'°Pb) u uzoromnsr
topus (**Th, 2°Th, 2*2Th).

Kak npaBuiio, Bki1a/] B 00TyueHHE IPUCYTCTBYIONINX B MUTHEBOM Bojie Kamusi-40
(*°K) mpupoanoro npoucxoxnenus, tputus (*H) u yrnepona-14 (**C) kocmorennoro
[POUCXOXKICHUS M HCKYCCTBEHHBIX pagronykanaoB *’Cs u *’Sr npeHeOpexkumMo Mai.

OmHuUM W3 MECT MpPOBEIEHHS HCCIEJOBaHUS CIy>KWIAa TEpPUTOPHS,
pacroJyioXkeHHast B pa3HbIX HANpaBiICHHUAX M Ha pazHoM paccTtosHuH oT 1O «Masky.
Hcnonb3oBanu Movy, cOOpaHHYIO B J1a0OPAaTOPUSX MEIUIIMHCKUX YUPEKICHUH TISTH
myHKTOB HabmoneHuit B 2008 r. MccaemyeMplii KOHTUHTEHT BKIJIIOUAI JIFOJEH pa3HOTO
1oJjia, Bo3pacta U MecTa paboTbl, KOJMYECTBO HCIBITYEMBIX COCTAaBHIIO 45 4YeNoBeK.
B ormenpabIx crmyuasx B 2010-2011 rr. mpoObl Moun OTOMpalid HEMOCPEICTBEHHO
y xkuteneii r. O3epcka, He padoraromux Ha [10 «Masik».

Kaxk BugnO u3 puc. 5.10, KOHIIEHTpaLKs TPUTHUS B MOYE JIIOAEH, MPOKUBAIOIINX
B 30He BozzeiicTBusa 110 «Masik», B meproj UCCIeA0BaHUI U3MEHUIACh B Mpenenax
or 100 nmo 800 bx/m B 3aBUCMMOCTH OT pacCTOsSHHUS 10 mpennpustus. Hanbomee
BBICOKHME IIOKa3aTenu OTMeueHbl Uil xkutenedl T. O3épcka, mocenkoB Tarelm
n KbIITeIM, KOTOPBIE PacrooKeHbl Hanbosee OIM3KO OT MpeanpusaTus, a Haubosee
HM3KHE — JIJI1 OTHOCUTENbHO yAaJ€HHBIX HaceJ€HHBIX NyHKTOB Kaciau u MetnuHo.
Craructrueckast 00paboTKa BCei COBOKYITHOCTH JIAHHBIX C IIOMOIIIBI0 KOMITBIOTEPHON
nporpamMmel  Statistica mo werony Puinepa Mo3BOJMIA YCTAHOBUTH HAIWYHE
JOCTOBEPHOH 00OpaTHOW KOPPETSILMOHHOW CBA3M MEXIY KOHIEHTpalHued TpUTHS
B MOYe€ JIFOJIEH U pacCTOSTHHEM OT ITyHKTa HAOJIOJICHUS 10 IPEIPHUSITHSI.
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F(7.24)=7.31, p=0.0001
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Puc. 5.10. YpoBHU copepkaHUsI TPUTHUS B MOUe JIFOEH
Pa3IMYHBIX MYHKTOB HaOMoneHNH 30HH Bo3aercTus [10 «Mastk»

YuntbiBas TOT GakT, 4TO YPOBHH COAEPIKAHUS TPUTHS B TUTHEBOM BOJIEe palioHa
[0 «Masik» cpaBHUTENBFHO HEBBICOKME (CM. pasliesl 2 MOHOTpaduH), MBIl MOMKEM
MPEAIONIOKUTh, YTO OCHOBHOM HMCTOYHHK MOCTYIUICHHS PaJUOHYKIUAA B OPraHu3M
XKHUTEJIEH pacCMaTpUBAaEMOr0 PEerioHa — BO3IYLIHbIE BEIOPOCHI IPEIIPUSITHS.

B Tabn. 5.26 npuBeneHbl BENMYUHBI WHAWBUAYAIbHBIX JI03 BHYTPEHHETO
00JIy4eHHS OT TPUTHSI, PACCYMTAHHBIC 110 JaHHbIM 2008 T., 15 JIt0IeH, MTPOKUBAIOIIUX
B HCCIICIOBaHHBIX IMyHKTax HaOmoneHus. Kak BUAHO K3 TaOIHMLbI, OHU KOJIEOIIOTCS
B npeneiax 3—14 mx3s/roa u cocrasisitor 0,3—1,4 % ot npenesa 103bl s HACSICHUS
(1 m3B/roxm) [Hopmsl paanannonHoii. . ., 2009].

Tabruya 5.26
WupuBuayansHble 10361 00TYUYESHUS JTIOACH
3a CU€T MMOCTYNMUBIIETO B OPTaHU3M TPUTHUS, MK3B/TO]
O3épck Keiteim TaTpiu Kacnu MetauHo
13,7 11,4 10,3 4,0 2,9

OO6mbexTamu nccieoBanus B T. O3€pcKe U Ha IPUIIEralouield K HEMY TEpPUTOPHH
CIIY>)KMJIM JOKJIEBble M CHETOBBIE OcaakH, Boaa o3ep Uprsm, b. Hanora u ucroka
pexu Teua, BOJOIPOBOAHASA BOJA TOPOAA, JIE U3 XOJIOIUIHHIKA, MOYA JTFOACH.

ConeprkaHrie TPUTHSA B MOYE JIIOZEH, MPOKUBAIOIINX B paifoHaX pacTOIOKESHHS
npennpusituil ATL], MokeT pa3nu4aTbcs B 3aBUCUMOCTH OT BPEMEHHU HaOIIOACHUMN, X
BO3pacTa, MecTta padoThl M MPOXHBAHUS, PEKUMA PaOOTHI MPEANPHATUS H MTPOUNX
¢dakropor. CornacHo nanHbiM pabotsl [Chebotina, Nicolin, 2006], y aereii r. O3épcka
B iepuof 1980—-1998 rr. koHUeHTpauus TpuTus coctapisiia B cpeaneM 1140-1460 br/n,
a Ha mpuieraommx Tepputopusix (Kacim, Tiobyx) — 810-1160 bx/n. B 2001 .
Yy B3pOCIBIX MYKYHH W KEHIIMH, MPOXHUBAOMKX B T'. O3Epcke, HO HE PabOTAOLINX
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Tabruya 5.27
YPpoBHM KOHIIEHTPALUA TPUTHUA
B Mode xurenei r. O3épcka

T'oxg
HAOJIIOAECHUN

Konuentparus
TpuTHs, Bx/1

1260
998
836
668

2008

67 +6"
49 +2°
37"
56"
130+ 15

2010

* - o .

[lokazarenu y xureneit r. Ozépcka,
KOTOpBIE B TIEPHOJ  HCCIEAOBaHUI
He pabotanu Ha [1O «Masky.

Ha MPEIPUITHH, coJlepiKaHue
palIMOHYKIWIAa B MOYE HAXOJHIOCh
Ha ypoBHe 126 + 10 bx/n, npuuém
He3aBUCUMO OT mona. CorjiacHO HalluM
JMaHHBIM, Tony4eHHbBIM B 2008—2009 rr.
(TIpon3BOJTEHASI BRIOOPKA M3 YMCIIA YKATEIICH
r. O3épcka), conepkaHue paJuoOHyKINIA
B MOYE M3MCHSJIOCH B  IIIHPOKOM
Jana3oHe, MPU 3TOM Pa3IHYHUS MEXKITY
KpallHUMH ~ 3HAYCHHSMH  COCTaBJISUIN
6onee 300 pas. Y mrozeii, He pabOTarOIIMX
Ha TIPENPHUSITAN, KOHIECHTPALUS TPUTHS
B Moue ObUla 3aMETHO HIXKE, 4YeM
B CpPEIHEM [0 BCEH COBOKYIHOCTH
UCIBITyeMbIX (Tabm. 5.27).

CHXeHUE KOHILCHTpALMA TpUTHUS
B Moue (BBIOOpDKA M3 YHMCJIA B3POCIBIX
xkuteneid r. O3epcka — 22 denoBeka)
mo 18 + 1 Bx/m, BO3MOXHO, CBS3aHO
C COKpalieHueM o0bEéMa NPOU3BOJCTBA
U C HCIOJIb30BaHUEM 00JIe€ TOYHBIX

METOJIOB aHAJIM3a 110 CPAaBHEHUIO C MTPEIBLIYIIUM IIEPUOJOM HUCCIIEIOBaHNN.
IIpencrasnseT nHTEpPEC CPABHUTH YPOBHU KOHLEHTPALIMIA TPUTHS B MOYE JIFOJIEH,
MpOoXUBaOMMX B 30He BozjedcTBUs 110 «Mask», ¢ JauTepaTypHBIMH JaHHBIMU

JUISL IPYTHX TeppUTOpHii Mupa (Tadi. 5.28).

B nocnennem ClIydya€ OHU 3aME€THO HHIXKE,

4YTO CBUACTCIBCTBYCT O BKJIAJC I[IO «Mask» B 3arpsA3HEHUC TPUTHUEM HCCJIGZ[yeMOﬁ

TEPPUTOPUH.
Tabruya 5.28
YpoBHU coJiepkKaHUs TPUTHS B MOYE JIFOAEH B Pa3IMYHBIX CTPaHaX MUpa
Konmnentparus JluteparypHbIi
Crpana YcoBus NpoKUBAHUS HTO. Bx/n HCTOUHIK
Paccrosinue
ot [unsmansckoit ADC '
Kuraii 2 km 35+ 1.6 [Bao-Ming Shen,
10 xm 2,1+£0,6 ]
22 kM 3+0,8
2,55 (cpennee), [Puhakainen,
@unminans | Hacenenne 18,3 (makcumanbHOe) | Heikkenen, 2008]
OrtraBa, 200 KM K BOCTOKY
OT HCCJIEN0BATEILCKOIO 6,5 [Kotzer, Trivedi,
Kanana peakrTopa 2001]
A 10 k™ ot peakropa JJun-Pusep 15,9
. _ [Tritium
2 kM ot Bonbcynrekoit ADC 16,4-31,4 analysis...., 2011]
1,8-5,6
Kopes He unentudummupoBano (cpemce 2.8-1,4) [Yoon, 2013]
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Emé ogno u3 mect uccienoBanuii — teppuropus benosipckoit ADC. O6bexTOM
HccaeaoBanms ObUTa MOYa MECTHOTO HAceJIeHUS — KHUTellel T. 3apednbrit. OOpasibl
ObuUIM TONMy4YeHbl B KIMHUYECKOW J1aboparopuu MeacaHdacTH ropona. Kommuectso
HCIBITYEMBIX COCTaBIsI0 50 dYenoBeK, pa3lWYaBIIMXCS IO BO3pacTy M IOy,
BBICTYNIUBIINX B KadyecTBe A0OpoBosibleB. McciaenoBaHus NMPOBOAWINCH B IEPHOA
¢ siHBaps 1o HOsO0ph 2015 T. cpemn MOAPOCTKOB B Bo3pacte 15—18 met m B3pociaoro
TPYJOCIIOCOOHOTO HaceneHus (Bo3pacTHbIe HHTEepBaIIbl — 20-25, 27-39 u 45-57 ner).
Bo3spactablie rpynmsl hopMupoBaiuch 6e3 Kakux-Tu0o MpeArnoYTeHU ucciaeaoBarenei
[TputHii B Moue..., 2016].

Jnst uccnenoBanuii ObUTH MpeAOCTaBIeHbI MPoOsl Moun 00bEMoM 200 mi1. Bee
UCTIBITYEMbIE TIPOKUBAIOT B T. 3apeuHblid. JlaHHBIE IO COAEPKaHUIO TPUTHS B poOax
IIUTHEBOM BOABI M3 CUCTEMBI T'OPOACKOTO BOAOCHAOKEHHSI OBUIM I1OJyYEHBI
HETNOCPEACTBEHHO HaMH{; KpPOME TOro, OBUIM HCIIOJb30BAHBl CTAaTHCTHYECKHE
pe3ysbTaThl, MpUBeAEHHBIC B paboTax M. f1. UeOoTHHON ¢ KOJUIeraMu, B KOTOPBIX TAKKe
OIMMCHIBAIOTCS WCTOYHWUKH BoAocHaOxeHust wucciemyemoro peruona [Chebotina,
Nicolin, 2006; YeboTuna, Huxomuw, 2013].

[IpoOb1 Boabl 0TOMpaAMCH TPOU3BOJIIBHO, B TEUECHHE BCETO BPEMEHU ITPOBEICHUS
HCCIIEIOBAaHNH, TO €CTh ¢ sHBaps 1o Hos0ps 2015 1. Pexxum otbopa u onpeneneHus
COJep)KaHUsl TPUTHSI TaKKe NMPOU3BOJIBHBIN, HO HE pexe IBYX pa3 B Mmecsu. Otdop
MPOM3BOJMIICS U3 OJHHUX U TEX YK€ MCTOYHWKOB BOJOCHAOKEHHS (TO €CTh B OJHHX
W TeX K€ MyHKTaX: KBapTHPbHI, aIMUHUCTPATHBHBIC YUPEKACHUS) U B OJHO U TO XKe
Bpems [ Tpuruii B mode..., 2016].

B nabopaTtopuu npoObl MOYM HOABEPTany O4UCTKE. ISl yCTpaHeHHsT MaTPHULIbI,
coJiepKalliell 3HauuTeIbHOE KOJIMYECTBO COJICH, TPOOBI OYHIIAIUCH METOAOM OTTOHKH
a3€0TPOIHOM CMECH C TOJIyOJIOM Ha YycTaHoBke, co3gaHHou JI. I'. BonmapeBoit
[Bondareva, Schultz, 2015; bounapesa, 2020]. [locne otaeneHuss MaTpPUIIBI BOIHBIH
pPacTBOp OYMILIANN OT BOBMOKHBIX OKPAIIEHHBIX COEIMHEHNH ISl yeTpaneHus 3 dexra
raimeHus B COOTBETCTBUHM C TPOBEAEHHBIMH paHee HccienoBaHusMH [boHnapesa,
[Tomo3zoBa, 2009] u pekoMeHaauusaMu [ MeTopl u3MepeHus. . ., 1978; Jlozumerpudeckuit
U paauoMeTpuueckuil. .., 1980].

[IpoOb1 Bonmel HE TpeOOBalM JOMOIHUTEIHLHOH OYUCTKH M HETOCPEICTBEHHO
nepes u3MepeHueM (pruiIbTpoBaIUCh Yepe3 MeMOpaHHbIi QuiIbTp, ¢ AnameTpoM mop 0,
45 wmxm. llepen u3MepeHUsIMM B YHCTBIE BHAJbl HAJMBAJIM CHUHTUIUISILMOHHBINA
kokternp Ultima Gold AB (00béM 12 mu1), oxyaxmand 10 3aJaHHON TeMmrepaTypbl
B OTCYTCTBHUE CBETa. 3aTeM IHIIETKONW OTOMPAIN HEOOXOJUMBIH 00BEM HCCIIeyeMOoro
oOpasma (8 mi1) W BBOIWIM B BUany. Buamy 3akpbiBaiii MpOOKOW W BCTPSIXHUBAIH
JI0 TIOJTHOTO CMEITMBAHUS MPOOBI CO CHIMHTUILISIIHOHHBIM KOKTESHIIEM.

[lepen m3mMepeHUsIMI CMECh BBIIEP)KMBAjIach B TEMHOM M MPOXJIJHOM MECTeE
B TeueHHue 24 yacoB ajsl ctabunuzanuu JroMuHecueHnyd. CTaHaapTHeIE U (JOHOBBIE
MPOObI TOTOBUIIM OJTHOBPEMEHHO C OCHOBHBIMH — YTOOBI CBECTH K MUHUMYMY OLITHOKY
n3MepeHust. Bpems usmepenus ucciaenyeMpIx mpod cocTaBisiiio 8—24 Jacos.

ConepxaHue TPUTHS B HCCIEOYEMBIX Npo0ax H3MEpsUIM C HCHOJIb30BaHHUEM
XKHUJIKOCTHO-CIMHTHJUIAIUOHHOTO CHEKTpOMEeTpa HU3KO(QOHOBOro a-B-paguomerpa
Quantulus-1220 (Perkin Elmer, CIIIA).

Bce momyueHHBIE pe3ymbTaThl MOABEPTAINCH CTATHCTUYECKOW 00padoTKe
B cootBeTcTBHU c pykoBoacTBoM lO. C. Jlpyrosa u A. A. Poguna [2009]. Cpennee
3HaueHWE X, PACCUMTHIBAIM M3 KKIOH COBOKYNHOCTH JAaHHBIX IO KaKIOMY
OTIpEIETIIEMOMY TTapaMeTpy:
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rie X — 3HadeHue ONpeAeNsieMoro mapaMeTpa; 71 — KOJIHIECTBO W3MEPEHH.
Janee paccunThIBaIM CpeTHEKBAIPATUIHYIO OMIMOKY, BBI3BAaHHYIO pa3dpocom
AKCIIEPUMEHTAIBHBIX JaHHBIX:

1 n 2
S2=o D x-x, ).
X (l’l _ 1)}’1 Zzzl ( Lp)

[locne srtoro, ucmonb3ys 3HaueHwe Kodpduuuenta CreiogeHTta (fu.), OpU
JIOBEpUTENBHOM BeposiTHOCTH p = 0,95, mpu n = 2-3.4, npu 5-2,8 u 1. 1., ipu n = 12—
2,1 paccuuThIBaIN TOBEPUTEIIbHBINA HHTEPBAIL:

JlaHHBIC TIO ONpEAETICHUIO TPUTHS B MOYE MCCIEAYEMBbIX JI0JEH pasHOro mosua
W Bo3pacTta TpuBeAeHB B Tabm. 5.29. PesympraTel momy4eHbl Ans BCEX TPYIIT
B OJUHAKOBBLIC BPEMCHHBLIC MHTCPBAJILI. B MEpUoa BCETO HCCIICOAOBAHUA NPHUHUMAIN
Y4aCTUC OOHU U TEC KC JIIOJHU, 3a HC3HAYHUTCIIbHBIMUA C€AWMHUYHBIMHU HUCKIIIOYCHUSAMU,
YTO MPAKTHYCCKU HE ITOBJIUAIO HA 0611_[66 KOJIMYECTBO UCIIBITYCMBIX.

Tabnuya 5.29
Cpenusisi KOHIEHTpAIMsI TPUTHSL B Ipo0ax MOYH UCCIIETyEeMBIX JIHII, T. 3apeqHbIH,
Y JOBepUTENbHBIN HHTEpBal (+ A) [Tpuruit B moye..., 2016]

Bo3spact 15-18 ner 20-25 ner 27-39 ner 45-57 net
Ilon Myx. Ken. Myx. Ken. Myx. Kem. Myx. Ken.
Cop('H)

+ A, Br/n 31+£17 | 23+£19 | 194+9 | 12+£3 | 65+21 | 50+12 | 60+15 | 55+ 17

Kaxk BugnO 13 Ta611. 5.29, cpenree conepanue TPUTHA B IPoOax MOYH BapbUpyeTCs
ot 12 no 65 bk/n, obmiee cpeHee 3HAUYEHUE COCTaBIsET MpUOMM3uTEIbHO 39 bK/m,
[P 3TOM DPA3IUYUE COIACPKAHUS TPUTUS B OTOOPAHHBIX B OJUH M TOT )K€ HEPHOJ]
BpEMEHH Mpo0ax MOYHM MY)KUMH M KESHIIUH ObUIO HE3HAYUMBIM, TO €CTh HAXOJUIIOCh
B IIpeJieIax CTaTUCTHUECKON MOTPEIIHOCTH.

[lomyuennsie pe3yabTarhl (Tadi. 5.29) yka3plBalOT Ha HAJTUYWE OIPEACICHHON
3aBUCHMOCTH COZAEP>KaHUs TPUTHUSI OT BO3PACTa UCIIBITYeMOT0. Tak, B BO3pacTHOM rpyIiie
15-25 ner cpenHee coiepikaHHe TPUTHS cocTaBiieT mpumepHo 21 Bk/n, Torma xak
B OoJiee crapiieid Tpynie — npuMepHo 57 bi/i.

[lony4yennsle B TEepHOA HCCIEIOBAHUS PE3YNIbTATHl OMPENEICHHUS TPHUTHS
B OTOOpaHHOH B BOJONPOBOJHON CHUCTEME T. 3apeyHblil MUTHEBOW BOAE MPHUBEICHEI
B Tabn. 5.30. Ha puc. 5.11 mpencraBieHa KOpPpEISLUOHHAS 3aBHCUMOCTb MEXKIY
CpeAHel KOHLEHTpaureil TpUTUs B Mpodax MOYM UCCIEeIyEMBIX JIUI B ONpeaeIEHHbIN
[IEPUOJl U CPEIHEH KOHUEHTpALMEW TPUTUS B IUTHEBOM BOJAE B 3TOT K€ INEPHOL
(Ha OCHOBaHHMHM CPEAHECTATHCTUIECKUX MCCIEIOBAHMM 110 T. 3apEYHBIN M COOCTBEHHBIX
pesynbTaToB). B wHccnenyemblil mepuoj coiepkaHHUE TPUTHS B HHUTHEBOW BOJE
BapbUPOBAIOCH B MHTEpBaje oT 15 no 55 bx/m.
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Tabruya 5.30

CpenHsist KOHIIGHTpALKs TPUTHS B TUTHEBOW BoJE B siHBape-HosiOpe 2015 r., br/7,
1 JOBepUTENbHBIN nHTEpBaT (£ A) [TpuTHii B moue..., 2016]

Mecsn STuBapb DeBpab Maprt Armpens Main Hronb
Cep 15+3 16 +2 21+4 18+3 32+6 55+5
Mecsn Wrons Asryct | CentsiOpp | Oxta0ph Hos16pb
Cep 53+£3 42+7 345 19+6 27+4
60
= y=0,7124x + 8,6687
3 R2=079 ) -
5 50 - %

g 0

8 g

° w0 | -

[} rd

o 0 7 < //"6

3 ,/

é_ 20 //

) ~

3 o

© 10 , , _ ' . ,

10 20 30 40 50 60 70

CopepxxaHue TpuTus B moye, br/n

Puc. 5.11. KoppemnsiunoHHas 3aBUCUMOCTb MEXIY COAEP)KaHUEM TPUTHS B MOUe
1 UTheBoi Boje [UeboTuna u nip., 2016]

CooTHoIIeHHE MKy COIep)KaHNEM TPHUTHS B MOYE ¥ IIUTHEBOI BOJIE COCTABHIIO
0,979, yposenb 3Haunmoct — 0,007. Cratuctrueckas 00paboTKa BCeH COBOKYITHOCTH
JAHHBIX C TOMOIIBK KOMIIBIOTEPHOM mporpammbl Statistica mo metony Dwurepa
MTO3BOJINIJIA YCTAHOBUTH HAJIMYHUE JJOCTOBEPHOU MPSMOU KOPPEISITUOHHOM CBSI3U MEXKITY
KOHIIEHTpAIe TPUTHS B MOYE IIIOJIEH M KOHIIEHTpAI[Ue TPUTHs B MUTHEBOU BOJIE,
YTO HE MPOTUBOPEUUT IIOJYICHHBIM paHee ITaHHBIM I JIPYTUX HCCIECTOBAaHUI
o npeacrasneHHon Teme [Schell et al., 1974; Baumgartner, Kim, 2000; Baumgartner
et al., 2001; Harrison et al., 2002].

Tputnii, moctynusiuii B Buae TputueBoil Boasl (HTO), mocrarouno OwbicTpo
BBIBOJUTCS, IIPH TOM B OPTaHU3ME IIPOTEKAIOT OBICTPBIC (HU3HOTIOTHIECKHUE ITPOTIECCHI,
CBsI3aHHBIE C OOMEHOM TPUTHEBOW BOJABI C KHJIKOCTHIO OpPraHHW3Ma, B YaCTHOCTH
C IEPEBOJIOM B MPOAYKTHI BBIACICHUS — MOYY.

Onpenenensl, coracHo pacueram [Low level..., 1998], uanuBuyanbHbIE 1036
JUIT HaceJIeHWsl, WX 3HaveHWsl BapbupyloTcss B uHTepBane ot 0,32—1,2 mx3p/rog,
mpu yuére motpebienuss 100 ;1 B Mecsl MUTHEBOW BOABI (COTIACHO HOPMAaTHBAM
MOTPeOJIEHUS] TUTHEBOW BOJIBI JIJISL MCCIIEyeMOTo peruoHa), uro cocrasiser 0,032—
0,12 % ot mpenena xo3b1 ist Hacenenus (1 m3e/ron) [Chebotina, Nicolin, 2006].

Tak kKak TPaKTUYIECKH HA BCEX MCCIEAYyEMBIX y9acTKaX HDKOCHUCTEMBI PEKH
Enuceii m B cucTeMe MHUTHEBOTO BOJOCHAOKCHHSI TPUTHH HAXOIUTCSA HA YpPOBHE
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(oHoBBIX 3HaUeHMI (2—6 BK/1), ero conepxanue B Mo4e HaCeJICHHUS HAXOJUTCS B IIPSIMOM
3aBUCHMOCTH OT €ro e KOHLEHTpallud B IUTHEBOW BOJE, KaK U BBISBICHHAS
U1 YPajabCKOTro PErMoHa 3aKOHOMEPHOCTh. Toraa MHAUBHUyanbHas 1032, HOJTy4eHHas
pu puéMe BHYTPb MUTHEBON BOMBI, OyJEeT COCTAaBIATE MeHee 1 % oT mpenena A03bl
s HaceneHus [Tputuit B moue..., 2016]. CrnepoBaTenbHO, COAEpKaHUE TPUTHUS
B TNHTHEBBIX HCTOYHHKAX O3KOCUCTEMBI peKH EHHcell He BHOCHUT 3HAYUTEIBHOTO
BKJIa/la B O30BYIO HAarpy3Ky HaceJICHHS U MOKET HE YUUTHIBATHCS IIPU OLICHKE PUCKa
[PakuTckmii 1 ap., 2020].

Umeercs e menee 9 mybnukanuii (1968—1997 rr.) aBTOpOB M3 pa3HBIX CTpaH,
U B HUX, HapsAAy ¢ OOLIEH3BECTHBIM SKCIOHEHIMAIBHBIM BhiBeneHrHeM HTO ¢ mouoit
(T1 = 3-8 cyT), oOHapy>XEeHbI BTOpPbIE AKCIOHEHITHAIbHBIE KOMIIOHEHTH! BBHIBEICHIS
c Oosiee IIMTENBHBIM NEPHOAOM 72; COOTBETCTBYIOIIME MHOTOKPAaTHBIC M3MEPEHHUS
npojokanuck oT 130 mo 640 cyrtok (tabdsa. 5.31) [banonos, Yumnura, 2016].

Tabnuya 5.31
bronornueckue nepruopl CHUKEHUSI KOHLCHTPALIMK TPUTHS B MOYE
nocie noctymierns HTO (nuama3on HHANBAYaTIbHBIX 3HAYSHHUH,
cpeaHee + CTaHJapTHAs OUIMOKA CPeIHEro)

Jwreparypusii | Yucio ]i:g;zlbg({);? Buosoruueckuii mepuom, cyT
HCTOYHMK (ABTOpP) | JIHII C;‘T " |Ty (Boma tema)| 7> (OCT-1) | T3 (OCT-1)
Urinari exrection. ..,

1968 1 255 8,7 34 -
Sanders, Reinig,
1968 1 415 6,1 23 344
Minder, 1969%* 1 480 10-30 139-230
Lambert et al.,
1971 1 161 9,1 36 —
Moghissi et al., 280550+140
19723 3 495, 632 — 21,26 3504190
Henry, 1972 1 280 7,5 63 —
Balonov et al., 5 300 11-13 39-76 3
1974 (cp. 11,940,3)| (cp. 51£7)
3,3-7,7 31-226

4% - s s _
Rudran, 1988 8 130-640 (cp. 6.0£0.6) | (cp. 82:24)
Nrivedi et al., 3 300 6,2-12,8 58-104 B
19975 (cp. 8,4+0,7) | (cp. 74+6)

1" TMonyuan quypeTuk B Tedenue 3—35 cyT nocie nocrymienus HTO.

2* Yepes 140 cyrok mocie mpekpaiieHds paboThl ¢ razo000pasHbiM T U TPUTHEBBIMH
cBeTOcOCTaBaMH. J{nama3oH 3HaUYEHUH — JJIS pa3HBIX CII0COO0B 00pabOTKH JaHHBIX.
3 JlanHble TpéX pabOTHUKOB ¢ TPUTHEBBIMM CBETOCOCTABAMH, MOJydEHHbIE Yepe3 6—
10 MecsieB nocie npeKpamieHus paboTsl.

4 Jlannble HaOMIOAEHUH PabOTHUKOB TSHKEJIOBOJHOTO PEAKTOPA MOCIE OJHOKPATHOTO
nnu xpoHudgeckoro nocrymienns HTO.

3" B HauasbHBIi 1Iepro,| pabOTHUKK MOJTyYalll OBBILIEHHOE KOJMYECTBO BOJIbI, IPH 3TOM
Guonornueckuit neproa cocrasisa 5,0-8,1 cyrok (cpeanee 6,3).
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Jisi KONMMYECTBEHHOTO aHanu3a Hauboyiee MOAXOIAT AaHHBIE JONTOCPOYHBIX
HaOIOACHUH 3a KOHIICHTpAIIHeH TPUTHSA B BOZE Tejla (MOYe) C MOMEHTA OJHOKPATHOTO
nocrymienust HTO, MHOTOKpaTHO TpeBOCXOAIIETO MpeKHUE MOCTyIuieHns . OIHaKko
B pabore (Moghissi et al., 1972) nabmromeHue HadanoCh HAMHOTO TIO3XE, M CaMO
MOCTYIUIEHUE OBLIO CKOpee XPOHHUYECKHM, Ye€M OJHOKPATHBIM.

HecmoTpst HU Ha 4TO, pe3yabTaThl 3TUX UCCIEOBAHUHI CBUIETENBCTBYIOT O TOM,
YTO paauaIiOHHasl OMAacHOCTh, CBSI3aHHAS C WHKOPIIOpAIMed TPUTHSA, B TOM HYHCIIE
Y B BHJIE OPTaHUYECKONW KOMITOHEHTHI, XOTSl ¥ HEBEJIHNKA, HO MPH OIIEHKE CyMMapHON
J103BI OOTyUYeHHsI €€ HEOOXOUMO YIHUTHIBATh, TEM OOJIEe YTO MEPHOJ OTYBbIBEICHUS
TPUTHUSL U3 OPTaHUYECKUX CTPYKTYp BO MHOTO pa3 Oojblle, YeM M3 BOJHOH (a3bl
opraHoB u TkaHeit (banonos, Yunura, 2016).

[lo-BumuMoMy, B KIIMHUYECKHUX YCIOBUSX Ha OCHOBAaHUH STHX JAHHBIX MOXKHO
CYIUTh O TSDKECTH JIYYEBBIX MOPAXKEHHWH OTAEIHHBIX OOJNBHBIX TPH pPaTHAIIMOHHBIX
BO3/IEHCTBHSIX, TAK KaK IIPOTHO3 3200J1eBaHsI OyIeT 3aBHCETh HE TOIBKO OT CyMMapHOH
JI03bI, HO U OT COCTOsIHUSI 00ydeHHoro opranu3ma. C yBeJIHMYeHHEM TKAaHEBBIX 103
CKOpPOCTb BBIBCACHUA TPUTHUA U3 OpraHu3Ma YMCHBIIACTCSA BCJICACTBUC CHMIKCHHUA
BOJHOTO OOMEHA M yBEIMYHMBAETCS BKIIOUEHUE TPUTHUS B OPTaHUYECKHE CTPYKTYPHI.
B nureparype umeroTcs CBeIeHHs O CONEPKaHUU TPUTHS B CTPYKTYPHBIX 3JIEMEHTax
opraHoB U TkaHei yenoBeka (baironos, Ynrura, 2016).

HekoTtopeie aBTOpBI CUMTAIOT, YTO B OpraHU3ME YeJOBEKa MPU XPOHUIECKOM
nocryruienun HTO conmepkaHue OpraHMYeCKH CBS3aHHOTO TPHUTHS MOXKET OBITh
ropazno Oounbire. Tak, Y. Cunentar [W. Seelentag] ¢ coaBTOpaMu yka3sbIBaeT, 4TO
y pabodero, MMEBIIETO KOHTAKT C PAa3NMHYHBIMH PaJIHOAKTHBHBIMH BEIIECTBAMU
B TeueHue 27 yieT, odmmas 103a o0iyueHus: opranusMa cocrasuia 5 3B [A Catalogue
of Spectra..., 1979]. 3HauuTenbHOE YBENMYEHHE CYMMAapHOW [I03bl CBSI3aHO
C MHKOPIIOPUPOBAaHUEM TPUTUS B OPraHUYECKHE MOJIEKYJbl. IIpu XpoHmdeckom
MTOCTYIUIEHUH TPUTHA B opranusM cogepxkanre OCT moxet coctaBiaTs oT 10 1o 20 %
00IIIero KoJM4YecTBa TPUTHS, HaXOAAIIerocs B opranuszMe. [lepros momyBhIBEIeHHS
MeJJIEHHO oOMeHuBaroIieics (hpakiuu Obl1 paBeH 80 CyToK.

HemanoBaxHBIM SIBISIETCSI MUKPOPACIIPEAEIICHUE TPUTHS B OpraHax M TKaHSX.
3TO MO3BOJSET OICHUTH OCOOCHHOCTH €ro BKJIOUEHHS B Pa3iIMUYHBIE CTPYKTYPHI
KIJIETOK. MUKpopacpe/ielieHue TPUTHS B OpraHu3Me W3ydair MHOTHE HCCIIeI0BaTeNn
C TIOMOIIIBI0 METOIa TUCTOAYTOpAAHOTrpaduu.

B. C. Kanuctparora, O. A. Kouetkos u JI. . KaGaHoB B omnbiTax Ha KpbIcax
IMOoKasaJir, 4TO pacCrnpeacjICHUC TPUTHUA B OTACIIBHBIX KOMIIOHCHTAX KPOBU IPOUCXOAUT
HeoquHakoBo [KamuctparoBa wu  gp., 2014]. HaubGonblnee ero KoJIHYECTBO
00HapyXHBAETCsI B CBIBOPOTKE KPOBH, JICHKOLNTAX, HANMEHBIIIEE — B 3PUTPOLIUTAX.
B moukax HauOomnbllee copaepkaHHE TPUTHA HAOMIOAAaeTCs B KOPKOBOM CIIOE,
B MO3TOBOM CIIO€ €r0o MouTH B 2 pa3za MeHblne. OTCYTCTBYIOT Pa3liiuusi B YPOBHSIX
Hakorurenuss HTO B IMPpOTOIIa3ME U AAPE KIIETOK, YTO PE3KO OTINYACT €€ OT TUMUANHA,
KOTOPBII BKITIOYAETCSI TOJIBKO B SIIPO.

Ha ocHoBanumm maHHBIX THCTOpaguorpaguu MOXKHO chenaTh BBIBOJ: TPUTUH
B OCHOBHOM pacHpeAeisieTcsl paBHOMEPHO I10 BCeil CTPYKType OpraHa, HCKII0OUEHHE —
nouku ¥ JXKKT. D10, 110 BCel BEpOSATHOCTH, CBA3aHO CO 3HAYUTEIILHOM peadcopOiueit
HTO B xaHanblax movek, COCTaBIISIIONIMX OCHOBHYIO YacTh KOPKOBOTO CJIOSI TTOYEK.
B kumreuHuke HauOOJIbIIEE KOJMYECTBO 3EpeH HAOMI0AIoCh B BOPCHHKAX,
B TIOJICTU3UCTOM M MBIILICYHON 000JI0UKaX UX 3HAYUTEIILHO MEHBLIIE.

321



B omertax Ha kpeicax B. @. XKypapnes [1990] uzydan mukpopacmpeaencHme
SH-tumupuna v *H-nuruanaa, 06a COEIUHEHUs OBICTPO BKIKOYAIOTCS B KIETOUYHBIE
CTpyKTypHl oprana. Mertka mpenmectsenHukoB PHK u JIHK yxe depe3 15 muuyT
rmociie BBEJEHHsI OOHApy>KMBAETCS BO BCEX HCCIEAYEMBIX OpraHax. MaKcuMaiabHOE
HakorieHue *H-TUMUIMHA B TKaHAX MPOMCXOIMUT Yepe3 6 uacoB. BKioueHHe METKH
SH-uutuanHa B MPOTOILUIA3MY H CTPYKTYPHBIE SJIEMEHTBI KIETOK MPOHMCXOIUT Gonee
MHTEHCHUBHO, 4eM *H-TumuanHa, o1Hako *H-IUTHIMH BKITIOYAETCA B SApa KIETOK JHIIb
B paHHHe cpoku (mepBble 1-2 wyaca), B TO BpeMs Kak -H-TUMUIMH B OCHOBHOM
ompeenseTcs B Apax KICTOK JIUTEIbHBIN NepUO] BPEMEHH.

Takum oOpa3om, mouku, opransl abixanus U JKKT — OCHOBHBIC ITyTH BEIBEACHUS
TPUTHUS U3 OpraHu3Ma. TpuTHil BBIIEIIETCS TaKXKE YePE3 CIIFOHHBIC M MTOTOBBIC YKENE3bl
U ¢ MonokoM. ['a3000pasubiii *H, BCaencTBHE CBOEH HMHEPTHOCTH, M3 OpPraHM3Ma
BBLIETIsieTCSl OYeHb ObicTpo. [Ipu mpixaHWmM W depe3 KOXKY BBIJEICHHE MPOUCXOIUT
[0 SKCIIOHEHIIMATBHOMY 3aKOHY, C UYETHIPhMS IMEepHOJaMH IMONyBBIBeNeHUs: 11 —
3,3 muH, 7> — 14,5 mun, 73 — 53,1 mun u 74 — 3 cyTtok. Hanbomnbiee komnaecTBo
*H (10 82-95 %) BBIBOAMTCS C TEPBBIM MEPHOIOM, CO BTOPBIM U TpeTbuM — 0,97—
4,3 %, ¢ gerB€prbiMm — 0,1-0,03 %. CymmapHasi akTHBHOCTh TPHUTHSA, BBIAEIIEMAs
uepe3 koxky (PH-HTO), cocranser npumepHo 20 % OOLIEr0 KOJUYECTBA TPHUTHS,
00HaApy>KMBaEMOr'0 B OpraHU3Me.

Brigeneane HTO u3 opranm3Ma IpOUCXOIUT 3HAYUTEILHO MEIJICHHEE U
3aBHCHT OT MHTEHCHBHOCTH BOJHOTO oOMeHa. B Tabn. 5.32 mpuBeneHBI JaHHBIE 11O
nepruogaM MoJIyBbBIBECACHUS OKHMCHU TPHUTUA U3 OpraHu3Ma pa3jindHbIX )XUBOTHBIX U, KaK
BHIUM, ITOT MEPHOJ PA3INIHBIN, OBICTpEe BCETO TPUTHHA BBIBOAUTCS M3 OpraHM3Ma
MBI, MEJUICHHee — W3 opraHm3Mma Jomaan. Ocoboe TOJOXKEHWEe 3aHUMAIOT
KEHT'ypoBbIe KpbIChL. Cpena 0OUTaHUS B YCIOBHAX JKApKOTO KIMMaTa MPHUCIIOCOOMIIa
KpbIC K OYEeHb Malloil MOoTepe >KHIKOCTH, BCIEACTBHE UYEro BOIHBIH OOMEH y HHX
3aMeJJIeH W TIEPUO/] BBIBEJICHHSI OKUCH TPUTHS HMEET OOJBIIYIO MPOJAOKATEINBHOCTD.

Tabnuya 5.32
Ilepuo/ibl OJTYBBIBEIEHUSI OKUCHU TPUTHS Y dKUBOTHBIX
[PagroOuonorus MHKOPIOPUPOBAHHBIX. .., 2016]
Buj skuBoTHOTO Ts, cyT Bup ;KMBOTHOTO Ts, cyT
5,14 £0,88 3,53 +£0,40
Cobaxka
3,5-5,5 3,38 £0,15
Kpsica
Jlomanp 8,41 £0,18 3,6
1,9 2,5u 64
1,1 KenrypoBas kprica 13,9-22,1
1,13+0,14 Kpommk 3,87+0,26
Mpblb
2,16+£0,24 M 3,0+0,26
1525 OpCKasi CBUHKa 4.53 40,58
3,3 XoMmsiK 11,82 £2,96

[lepuon nonyseiBeaeHust HTO u3 opranusma yenoBeka HAXOAUTCS B Mpeaeax
or 6 1o 14 cyrok, coctaBuss B cpeanem 10 (tabn. 5.33), kK TOMy e OH 3aBHCUT
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oT Bo3pacTa u BpeMmeHun roxa. BeBenenne HTO wu3 opranmsma yckopsercs
C YBEJIMUEHHEM BO3pacTa YEJIOBEKA, a TAKXKE BECHOM U JIETOM.

Tabnuya 5.33
Ilepuons! nonyseiBenenuss HTO u3 oprannsma yenoseka
[PagnoOuomnorus HHKOPIOPUPOBAHHBIX. .., 2016]

Bo3pacr, ner Ts, cyT Bospacr, ner Ts, cyT
20-29 9,14, B cpennem 10 20-29 10,5
30-39 9,46 + (0,88 30-39 9,5
4049 8-12 4049 9,0
4049 6,4-12,1, B cpeguem 8,5 50-59 8,2
4049 75+1,9 4049 8,3 (BecHoIt)
50-59 9 4049 8,3 (;1etom)
20-29 12,1-13,4 50-59 10,4 (3mMoit)
20-29 9,5+4

B nepuon cepemunel ¢ 1950-x go 1973 rr. mpoBeleHBI HCCIEOOBaHUS,
B pe3yibTaTeé KOTOPBIX OBLIM MOJY4YEeHBl B TOM YHCIE W 3aBHUCHMOCThH IEpUOIa
nonryBsiBefieHust HTO ot xonndectBa BermuTol sxuakoctu [Radiotoxicity of tritium.. .,
1973]. K mpumepy, y omHOro cyOBEKTa NpU EKEIHEBHOM YMOTPEOICHWH BOJBI
B KoJiuecTBe 2,7 J1 Ouosioruveckuii nepuoy noiysbeienenus HTO cocrasmsut 10 cyTok,
[pu yBenHYeHUH noTpebienus 1o 12,8 ji/cyT oH cHu3mics a0 2,4 CyTok.

Kak oTMeuanocs Belllle, Opraibl JbIXaHUS SABIISIIOTCS BaKHBIM ITyTEM BBIBEACHUS
HTO wu3 opranusma. Tak, nocjie BHyTpuBEeHHOTO BBeneHus 23,6:10* Bk HanGonbmias
KOHIIEHTpAIMsi B BOJSHBIX Iapax BBIABIXaEMOTr0 BO3/AyXa OOHApYXKHBAaeTCS dYepes
9 munyt. KoHUIeHTpauus TpUTHS B BOASHBIX Mapax COCTaBIIAET NPHOIM3uTeNsHO 94 %
KOHIIEHTPALIMM aKTUBHOCTH B IIa3M€ U MOYE.

Martepuanbsl HUCCIEIOBAaHUN 1O KMHETHKE OOMEHa TPUTHS CBHJIETENIbCTBYIOT,
YTO 3TOT OH CBA3aH HE TOJBKO C BOAOWH, HO W C OPraHWYECKUMHU CTPYKTYpaMH
Opranusma. JTO MOJATBEPKIAETCS HECKOJbKUMH NEPHUOAAMU TOJTyBBIBEICHUS TPUTHS
n3 opranu3ma. OOHaPYKEHO CYIIECTBOBAHUE (PPAKIIUIl OKUCH TPUTHS C OUOJIOTMISCKUM
MepHOIOM MoNTyBbiBeieHus Ooree 90 cyTok. Jloist TpUTHS, BBIBOSIIETOCS U3 OpraHu3Ma
C MaJjibIM IEepHOAOM IONYBBIBEACHUS, XapaKTepU3yeT CKOPOCTb OOHOBIICHHS BOJBI,
a JI0JI1 aKTHUBHOCTH, BBIBOISIIEHCS MEJICHHO, MPEACTaBIsIeT cOOOH MOOHMIM3aLUIO
9KCKpELUH TPHUTHSA, CBSI3aHHOTO C OPTaHWYECKUMH CTPYKTypamH. AHaOTHYHbBIE
JaHHBIE O CYIIECTBOBAHMHM BTOPOIO AJIUTEIBHOIO MEPUOJA MOIYBBIBEACHUS TPUTHUS
13 opraHusma ObuTH mosryyeHsl B paborax B. @. XKypasnesa ¢ coaBropamu [XKypasies
u ap., 1974, 1976]. Ilocme ogHOKpaTHOW WMHTANSAIMK B KOHIeHTpanuu (8,14—13,32)
10" Bk/n BTOpOM MNEPUO TOJNYBBIBEACHUS TPUTHS M3 OPraHU3Ma KPBIC COCTABIISLI
64 nus, u3 opranm3ma codbak — 30-50. Y cobak co BTOPBIM IEPHOJOM BEIICIAIOCH
He Oonee 1 % BBenEHHONW AKTMBHOCTH OKCHA TPUTHS. BBUIO mMOKa3zaHO, 4TO 4epe3
5-7 CyTOK TOCJe BBEICHHS W3 OpraHu3Ma BbIBOgUTCA 10 90 % BCel aKTHBHOCTH,
u3 o0uIeit cyMMapHOH /1036l Ha CyXOH OCTaTOK MpUXOIUTCs 4—6 %.

Heckonbko mno-MHOMY BBIIENAIOTCA M3 OpraHW3Ma JKUBOTHBIX MEUYECHHBIE
TPUTHEM STHIIOBBIN criupT u quokcuderntananun (PH). Kak nmokaszanu uccnenosanms,
IIpY MEPOPAIILHOM BBEAECHHWU KpbICaM TPUTHPOBAHHOIO 3THUJIOBOTO CIMPTa OCHOBHAs
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4acTb aKTUBHOCTH (63 %) BBIBOAUTCS W3 BOJBl C IEPHOJOM MOJTYBBIBEACHUS
6,5 cyTok, 6sicTpo BeIBOmsAMIasicss 9acth (37 %) — c mepuomom 0,5 cytok. Ilepuon
noiyBeiBeeHNUS 60 % TpUTHSA U3 CTPYKTYPHBIX 3JIEMEHTOB opranusMa — 1,1 cyTok,
MeJUIeHHO BeIBoAsmIeiics (pakuuu (40 %) —35,4 cyrok. 3a 16 cyTok ¢ MoYon
BeIBOAUTCS 24,3 %, a ipu apixannu 3a 15 mua — 12 %.

Emre GbIcTpee BBIBOAMTCS U3 opraHmusma auokcupenmnananua (*H): ¢ mepsbiM
nepuoaoMm (0,14 cyrok) BeiBoautcs 57,3 %, co BropemM (1,5) — 40 %, ¢ Tperbum
(13) — 1,5 %, c gerBépThM (202) — 1,2 %.

MenjieHHO BBIBOAWTCA M3 OpraHu3Ma SH-THMUIMH: C TEPBBIM IIEPHOIOM
(8,6 cyToK) BEIBOAMTCS 62 %, O BTOPBIM (272) — 38 %. *H-3THIEHIIMKOIIb BEIBOAUTCS
C TpeMsl NepruoJaMHy MONMyBhIBeIeHHs: ObIcTpo BhiBoAsMIascs ppaxuus (1,6 cyTok) —
55 %, Bropoii mepuon (11,6) — 20 % wu Tpetmit (254) — 25 % [Kypasrnes, 1968;
Exumun u np., 2012]. DT naHHBIe CBUAETENBCTBYIOT O TOM, YTO XUMHUYecKast (hopma
COCAMHEHMSI TPUTHS OTIPEeIEHHO BIUSIET HA CKOPOCTh €r0 BBIBEACHUS U3 OpraHu3Ma.

Takum 00pa3oM, KMHETHKa OOMEHa TPUTHS B OpraHu3Me NpH MOCTYIUICHUU
TPUTUPOBAHHBIX OPTaHMYECKUX COCJUHEHHH OTJIMYAETCs] OT TAaKOBOH NpPH BBEICHUU
HTO. CkopocTb BeIBEJICHUS] TPUTHS U3 OPTaHU3Ma IIPU BBEACHUN MEUCHHBIX TPUTHEM
OpTraHMYeCKNX coeAnHeHnd MmeHblre, yeM HTO. 3To cmocoOcTBYeT CO3IaHuIo
B OpraHusMe 0oyiee BBICOKMX YPOBHEH MOIJIOIIEHHBIX TKAHEBBIX 103 IO CPABHEHMIO
¢ takoBbiMuU mnpu BBeaeHHUH HTO. TOKCHMYHOCTH OpPraHMYECKUX TPUTHUPOBAHHBIX
COeIUHEHHH BhIIEe, yeM TokcuaHocTs HTO.

JonyctuMoe conepKaHue MEYEHHBIX TPUTHEM COEIMHEHHH B OpraHu3Me
YeJoBeKa JOJDKHO OBITh HIbKe 3HaYeHus1, npuBenéaHoro 8 HPB-99 miss HTO [Hopwmsr
pamuanroHHOM. . ., 2009]. Jlis TakKMX coeqMHEHUH, KaK *H->TrieHrmKonb, *H-tuposum,
SH-xonecrepun, *H-creaprHoBas KHCJIOTA, NOCTYIUIEHHE M JOMYCTHMOE COJIEPIKAHUE
JIOJDKHO OBITH CHIDKEHO B 2 pasa 1o cpaBHernuto ¢ HTO; s SH-tumunuza, *H-utuisa
JOMYCTUMOE MOCTYIUIEHHUE B OPTaHU3M JOJKHO ObITh B 8—10 pa3 mensiie, yem HTO.

BOJIBIIMHCTBO aBTOPOB CYMTAET, YTO ra3000pasublii *H MeHee TOKCHYEH, yeM
HTO, ognako HenocpeACTBEHHBIX JaHHBIX O apaMeTpax TOKCUYHOCTH HE MPHUBEICHO.
Bmecre ¢ Tem 3HaHUE OCTPO-, IOJOCTPO- M XPOHUYECKH S(P(EKTUBHBIX J103
razoo6pasnoro *H o4eHb He0OX0AMMO /IS OLIEHKH JIOMYCTHMBIX YPOBHEW BO3IEHCTBHS
€ro Ha OpraHu3M YelIoBeKa.

E. Iluncon u VY. JIaurxom emé B 1957 r. ykazanu, 4yTo BCIEICTBHE HU3KOU
PacTBOPUMOCTH TPUTHS B XKHUIKUX cpenax opranm3dma HTO npeacrasmser 00ibIryro
OMOJIOTMYECKYIO OIIAaCHOCTh, 4YeM ra3oobpasubiii *H [Pinson, Langham, 1957].
Ta3000pasubiii *H, 1m0100HO HMHEPTHBIM Ta3aM, PACTBOPSETCS B KUAKOCTIX Tela
B OYEHb HE3HAYMTENBHBIX KOJHMYECTBAX M OBICTPO BBIBOJUTCS W3 OpraHu3Ma.
OnacHocTh 00/1y4eHus opranusma razooopasusiM *H nmpumepno B8 1000 pas mMenblue,
gyem HTO, ogHako aBTOp HE MCKIIOYAaeT BO3MOXKHOCTH MaKCHUMAJIBHOW OMACHOCTH
OCTPOro OOJIydeHHUsI CMECBIO Ia3000pasHoro “H u BO3Myxa BCIEIACTBHE OKUCIEHHS
tputHa 10 HTO npu BociuiaMeHEeHNH B3pbIBYATON CMECH.

B uccnenoBanmsax B. @. XKypasnesa ¢ xoyeramu [1976] npuBeneHsl JaHHBIE
0 TOKCHYHOCTHU Ta3000pasnoro *H: s mpieii JI {5030 cocrasnser (7,1 +0,23)-10% Bx/x;
JUIS KPBIC TIPY MHTAISIMK razoo0pasnoro *H — (2,4+0,05):10* Bx/n. [lpu Bo3aelicTeum
BBICOKHMX KOHIIEHTpAIlMi, KOTJa YpOBHH TKaHEBBIX 103 cooTBeTcTBYIOT 10-50 I'p,
OOJIBIIIMHCTBO KMBOTHBIX MOTHOAeT B TEUCHUE TEPBBIX JBYX Henenb. Kak ObuIo
orMeueHo panee, HTO obGnamaer GOnbInei, mo cpaBHeHHIO ¢ °H, TOKCHYHOCTHIO.
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B Tabu1. 5.34 npuBenensl cpeaueneranbubie kKommuectBa HTO miist pa3nuyHbIX CPOKOB
Y pa3HbIX BUJIOB )KMBOTHHIX [Pamno0uoiorus HHKOPIOpUpPOBaHHbIX..., 2016].

Tabnuya 5.34
Cpenneneransubie kKonmdecTBa HTO myst pa3nuaHbIX CpoKoB, MbK/T
Bu »)KUBOTHOTO J 50115 JI 5030 JI 5060
Cobaka 6,21 £ 0,02 5,55+0,01 5,55+ 0,03
Kpomuxk 16,65 £ 0,03 16,23 +£ 0,01 12,95 £ 0,06
Kpeica 41,4+0,14 37,0+0,15 33,04 + 0,048
A% 1871113 17,39 £+ 0,068 12,58 0,028 10,36 + 0,021
J50/120 JL 50240 JL 501360
Cobaka 5,55+ 0,03 5,55+ 0,03 5,55+ 0,03
Kpomux 12,58 + 0,13 11,84 + 0,05 7,03 +0,12
Kprica 29,6 £ 0,061 20,72 + 0,064 18,87 £ 0,076
MbIIIb 74+0,019 5.92+0,017 2,93 + 0,008

W3 tabn. 5.34 BuaHO, 4TO IS BCeX CpokoB HaOmomeHus JIMsos0 s cobak
3HAYUTEIPHO MEHBIIE, YeM M KpbIC, KPOIMKOB M Mblmed. Ilpu cpaBHeHHH
YYBCTBUTEJILHOCTH Pa3INUHBIX BUIOB KUBOTHBIX K HTO mo Bemmunne J1/1s030 BUIHO,
4yTO cO0aKu B 7 pas, a KpOJIUKH B 2,5 paza 4yBCTBUTENIbHEE KpbIC. [10 4yBCTBUTENEHOCTH
MBIIIIY 3aHUMAOT BTOPOE MeCTO rociie codak. Kimmanueckas kaptuHa nopaxkenuss HTO
Y Pa3NNYHBIX BHJOB >KMBOTHBIX OJHOTHIIHA: B pPaHHHE CPOKH IIOCJIE HAYaIbHOIO
nepruosia Bo30YKAEGHUS y JKUBOTHBIX pa3BUBAaeTCs CNa0OCTh, aIHMHAMMUS, BSUIOCTb,
CHMYKAETCs MUILEBasi BO30OYAMMOCTh BIUIOTH 10 OTKa3a OT MUILIU; YMEHBILIAETCS Macca
tena. Ilpu BosmelictBuu octpodddextuBubix 103 (0,55:107 Br/r) pasBuBaroTcs
CEPO3HO-TeMOPPArHUECKUI PUHUT, OsiehapuT, SHTEpoKoInT. Ha 5—7 cyTku nposiBisieTcst
reMOpPparuyecKnii CUHAPOM. Y UIMHSETCS BpEMsI CBEPTHIBAHUS KPOBH, IOBBILIACTCS
MIPOHUIIAEMOCTh KOXKHBIX COCYZOB, MOSIBIISIETCS KpOBb B Kajle W Moue. Bo3HHKaroT
MEJKHE EIMHWYHBIE M MHOXECTBEHHBIE KPOBOM3NHUAHUSA B KOXKE, CIHU3HUCTBIX
000JI04YKax, BHYTPEHHHX opraHax. V3ameHsiercss MOPQOIOrHYecKUi COCTaB KPOBH.
CHmwxkaeTcs Ccopep)kaHue TeMOIJIOOMHA, JIEMKOLMTOB, 3PUTPOLMUTOB, TPOMOOLUTOB
U peTuKyaouToB. HabmronaroTes KauecTBeHHbIE W3MEHEHHS KIIETOK KPOBU: TOKCHUYECKAsT
3€PHHUCTOCTh HEUTPOQUIIOB, THUIEPCETMEHTO3 Sep, BaKyOIH3alUs MPOTOILIA3MBI
TMQOIUTOB, MOBBIIICHHBIN IUTONN3. B oCcTpoli cTajny mopakeHHs 0TMEUAETCsI PE3K0e
YTHETEHHE KOCTHOMO3IOBOI'O KPOBETBOPEHUS. B IMyHKTaTax KOCTHOrO MO3ra BCTpeJaroTcs
TG eITMHAYHbIC TMKHOTUYHBIE OJTHOSICPHBIE KIIETKH, 3PUTPOOIIACTHI U HEUTPODUITEI
[Pagmno6momnorust HHKOPIIOPUPOBAHHEIX..., 2016].

[TaTomopdonornueckue mzmenenust npu nopaxenndu HTO B octpoii craaum
MOpaKEHMS! XapaKTePU3YIOTCS TEMOJMHAMIYECKUMH PACCTPOHCTBAMHU U AUCTPOPUIECKUMHU
VM3MEHEHUSMH KJIETOYHBIX JIEMEHTOB BHYTPEHHUX OPTaHOB. Y KUBOTHBIX HAPYIIAETCS
CHUHTeTHYecKas (YyHKUUS MEYEHH, BOSHUKAIOT U3MEHEHUS B YIJICBOJHOM U KHPOBOM
o0MeHe, OTMeYaeTCsl paHHee TOPMOXKEHUE Auype3a. B Moue Habmomal0TCs AKeTuHbIe
MIUTMEHTBHI, CJIeTbl OeTKa, KpucTayuTel OnmupyOrHa. [Iponcxoaar BeIpaykeHHbIE M3MEHEHHUS
B aHTUHH(EKIIMOHHOW PE3UCTEHTHOCTH, B PA3BUTHUN ayTOAJUIEPTUYECKUX MPOIECCOB,
Hapymaercsi OakTepuIHIHas CIOCOOHOCTD KOXKH.
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Nzyuena cpaBHuTENbHAS TOKCHYHOCT HTO Ha pa3nuyuHbBIX BUAAaX KUBOTHBIX.
[Toxazano, uTo cobaku okazanuchk Hanbosee uyBcTBuTeNbHBIME K HTO, dem kponuku
W KPBICHI: B 3 pa3a BOCIPHMYUBEE TEPBBIX W MPUMEPHO B 7 pa3 — BTOPBIX
[PamnoOwmomnmorus HHKOPIOPHUPOBAHHEIX..., 2016].

ITpu BBenennn manbix Kommdects HTO ((0,037-0,018)-10* Bx/r) y KMBOTHBIX
pa3BUBaeTCsl XpOHUUIECKas GopMa MOpaKEHUsI, KOTOPasl XapaKTepU3yeTcsi HEKOTOPhIM
pasapaxeHueM opraHoB kpoBeTBopeHHs. Kpbicel nomywsanu HTO ¢ nuteeBoil Bogon
B TEUECHHE 6 MecsueB. YaelpHas aKTMBHOCTH BOABI cocramisia 34-103, 13,69-10%
27,38-10% 5,4-10° u 10,8-10° Bx/mi1. MiccnejoBaHms MOKA3aJIH, YTO IPH XPOHHYECKOM
noctyrmuieany HTO B oprann3m OosnbIuast 107151 paAnoHyKIMIa BHEIPSETCS B CTPYKTYPHBIC
AIIEMEHTHI OPTaHOB 10 CPABHEHHIO C COACPIKaHMEM €ro B BOIHOU (a3e. 3HAUUTETbHOE
KOJIMUYECTBO OIMYyXOJeH MOJIOYHBIX XKelle3 00HapyKeHO y KpbIc pu Bo3aeiicteun HTO
B KoHueHTpauun 27,38-10° Bx/Mi. ¥V KpbIC-CaMOK KOJMYECTBO OIYXOJIEH MOJOYHBIX
xene3 cocraBwio 31,8 %, B koHTpoibHOM rpynne — 20 %. XpoHndeckoe AeiCTBHE
HTO B xonuentparuu 27,38- 10° Bx/MJ1 cCHIKaeT CPEIHIOIO MTPOJIOJKUTENBHOCTD XKU3HA
kpeic. Konnenrpanus 13,69-10° Bk/Mi1 He yMEHBLIAET CPEIHIOK MPOAOIKUTENBHOCTh
YKVI3HH KPBOTHBIX M HE YBEIMYMBAET BBIXOJ] OITyXOJIEH MOJIOUHBIX kene3. B xporndeckoit
(haze mopaxxeHHs HAOIIOMAETCS Pa3BUTHE COCYIHCTOTO HEPPOCKIEepo3a M YrHETEHUE
nuMdorIo33a B cene3éHke U TMM(aTHIecKuX y3nax. B oTnanéHHsIe mocie mopaxeHus
HTO cpoku y KMBOTHBIX pa3BUBAIOTCS Pa3IMYHON JIOKAIM3aUd HOBOOOPA30BaHUS.
ITpu Bosneiicteun HTO B mo3e 1,11-107 Br/r y 26 % KpbIC pa3BUBAETC XPOHUYECKAs
(hopMma neitko3a. Y caMIlOB-KpBIC JIEWKO3bI BCTPEUYAIOTCS TOPA3/I0 Jallle, 9eM Y CaMOK:
TaK, npu Beeaernn HTO B nose 1,11-107 Bk/r eliko3bl y caMIlOB BO3HUKAIH B 46 %
ciryyaeB, y caMoKk — B 15,7 % caydaeB. OmyXxony MOJIOUHBIX JKeJie3 Pa3BUBAIOTCS
y 66,7 % camok u y 6,5 % camiioB. MuUHUMaJIbHAS /1032, BBI3BIBAIOIIAS Pa3BUTHE
ormyxosel Moio4HbIX xene3, — 0,5 I'p. [Ipu BozaeiictBum 3toit 1o3s1 HTO omyxonu
MapaniMTOBUIHBIX Xeje3 BO3HUKAIOT y 38,7 % camio u 15,7 % caMOK, IIUTOBUAHBIX
xene3 —y 19,6 % camoxk u 8 % camuos. [Ipu Bo3aeiicteun HTO B noze 1,11- 107 Br/t
BCTPEUAIOTCS OMYyXOJIH TUModu3a U SMYHUKOB. Tak, OmyXxonu runodusa pa3BUBAIOTCS
y 31,4 % camuoB u 11,3 % camok, simunuka — B 3,9 % cinyuaeB [PagnoOuosiorus
WHKOPIIOPUPOBAHHBIX..., 2016].

B. @. XKypasnes [1990] nzyuan ornanéHabie 3PPEeKTh OHOIOTHIECKOr0O JeHCTBUSL
HTO y kponukos. Yepes rox nocine seeaenust HTO B no3e 1,11-107 B/t y HEKOTOpBIX
YKUBOTHBIX Pa3BHIICS capKoJeiiko3. Ha BCkpbrITHN 0OHAPYKEHO YBETMUCHUE CETe3eHKN
B 10 pa3 1o cpaBHEHUIO C KOHTposieM. [leueHb MIMHUCTOTO BUIA, TIOYKA ¢ OOIIMPHBIMU
0esIoBaTO-KENTHIMU O4yaramMu. B OpbDKelike, CpeJOCTEHHHM, Ha MECTe BHJIOUKOBOM
XKeJe3pl OOHapyXEeHbl MHOXeCTBEHHble JMM(OMBI. B medeHn u cene3€HKe Takxe
Habronanu yBeluueHHble JuMdaTrndeckue y3iabel. KOCTHBIH MO3T MMeI 3eJIeHOBaTo-
cephIil OTTEHOK, KPOBb IBETa KO(he C MOJTOKOM.

s ouenku Ouonormueckoro zaevictBus HTO orpoMHoe 3HaYeHHE HMEIOT
HCCIIEAOBAHMS TI0 U3YUCHUIO OTHOCUTEIRHOM Onosiormueckoi addexrusaoct (OBD).
B rtexunueckom goknane MAT'ATD [OmnpeaeneHue mnoriaomwEHHON..., 2004]
MPUBOJATCS CBEJECHHS O TOM, 4YTO TPUTHH mpuMepHo B 1,7 pasza sddexruBHee
y-uznydenus “°Co. Io cpaBrenuto ¢ B-usinydenuem *P, OBD HTO cnenyer cuuratsb
paBHbIM TpéM. IIpu mpoBeJEHHWH OIEHKU C MOMOUIBI0 JIMHEWHOW MOTEpU HEPTrUu
OBD HTO (mo cpaBHEHHUIO C PEHTTEHOBCKUM M Y-H3Iy4E€HUSIMH) cocTaBisgeTr 2,5-3,0
[Onpenenenue MOraomEHHOM. ..., 2004].
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Ucxons u3 3T0Oro0, CleiaHo MpEeAroiokeHne o ToM, uTo koadduuuenter OBD
TPUTHUS, TI0 CPAaBHEHHIO C JEHCTBHEM pPEHTICHOBCKOIO H3IIyYeHHS, HE JOJDKHBI
npeBbImath 1,2—1,4 (tadn. 5.35) [Pannobmosaorus HHKOPIIOPUPOBAHHEIX. .., 2016].

Tabnuya 5.35
OtHocuTtenbHas ornomorundeckas 3pdexrnsaocts HTO
Tect CpaBHHBaeMbIe § OED
MCTOYHUKYU U3ITYICHUIHA

Paccuunrano mo JITID HTO:y 1,7
Jletanbubiii 5GGexT (MBILIb) HTO:X" 2,5-3,0
concsima oy HTO:y 1714
TpancammnHa3WBHAS aKTUBHOCTH TIEYCHH KPBIC HTO:y 1,5
JleTanpHbIil 3pdekT (Kpbica, MBIIIH) HTO:y 2,8-2.9
OnyxoJb MOJIOYHOM keJie3bl (KphIca) HTO:y 1,0
Jletiko3sI (KPBICHI-CaMITbI) HTO:y, X, npoToHbI 4,0
Camku HTO:y, X, npoToHbI 1,3-1,4
JleTanmbHbIi 3 dekT (kphica) HTO:y 1,6
Peakmus TekoUTOB ¥ TUMQOITUTOB (KphIca) HTO:y 1,9
WsMeneHne Maccel 300H0M xkKese3bl (Kprica) HTO:y 1,61-2,09
V3sMeHeHne MacChl celle3eHKH (Kphica) HTO:y 1,74-1,89
PamnouyscTBuTensHOCTS OakTepuit E. Colli HTO:y 1,2

Ilpumeuanue. PEHTTEHOBCKOE H3ITydEHHE.
JIITD — nuHeliHas nepenavya SHEPTUU.

B. @. Xypasnes ¢ kojieraMu B onbITax Ha Kpbicax u3ydanu Ob3 okucu Tputus
B CPAaBHEHMH C BHEWIHMM Yy-usnydenneM '*’CS NpU WMCIONB30BAHUH Pa3IMYHBIX
MoKasartesiell: HampuMep, 10 M3MEHEHHIO NPOJOKUTEIbHOCTH KHU3HH KPBIC OKHChH
TPUTHUsL 3HAUUTENLHO d(dexTuBHEe BHEmHero Y-06uyuenus ’Cs, OB cocrasiser
1,6; mo peakiuu JeiikonuroB U yuMmporuroB OBD B cpeanem cootBeTcTBYeT 1,9;
10 M3MEHEHHUIO MacChl 300HOM Kelle3bl M CeNe3eHKH HaxoauTces B mpenenax 1,61-2,09,
u 1,74-1,89 coorBercrBenHo [Kypasies u ap., 1974, 1976].

JI. . Myp3una u K. H. Mykcunosa [1982] u3ydanu Ha xpsicax OBD oxucu
TPUTHUS TI0 CPAaBHEHHIO C BHEIIHUM Y-OOJIydeHHEeM. XPOHHYECKOe JICHCTBHE OKHCH
TpuTusl BbI3BIBaeT B 1,9 pasa Oomnbluee yMeHbIIEHHE OOLIEr0 KOJIWYECTBa
MHUEJIOKApHOIMTOB TI0 CPAaBHEHHIO C BHEIIHWM Y-O0JIydeHHEM B TOW JK€ JI03e.
O (heKTUBHOCTh OKHCH TPUTHS B HApPYIICHHH DPUTPOINO33a Obia B 4 pa3a BBHINIE
10 CPaBHEHHUIO C Y-00yueHuem *'Cs.

B. C. PeBuna c¢ coaBropamu [1984] u3yqanu otnanénusie 3pdekTsl aeiicTBus
TpuTHS y KpbIC. OKHCH TpuTHs B 103€ 37 10* BK/T BBOIMIIN KPBICAM BHYTPHIKEITYI0UHO
B TeueHHWe 6 MeCsIEeB, Apyras TPyIa Kpeic Obuta 00aydeHa Ha ycraHoBke ¢ *’Cs
B OJKBHBAJEHTHOM J03e. KommdecTBO KpBIC CO 3JI0KAaYECTBEHHBIMH OIYXOJSMHU
TP BBEACHUH OKHUCH TPUTHS cocTaBisuio 55 %, mpu y-obmydaenmun — 30,7 %,
B KOHTposie — 25 %. Pa3Huma B acToTe 37I0KaueCTBEHHBIX OMYXOJEH y KUBOTHBIX
00yCJIOBJIEHa Y TOJYYaBLIMX OKHCh TPUTHS KPBIC YBEIMYEHHEM YHMCIIA JIEHKO30B
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B 1,5 pa3a, omyxosell KOXM M MOAKOXHOW KieTyaTku — B 1,7 paza. Kpome Toro,
Y KpbIC, MOJYYaBIIUX OKHCh TPUTHS, HallEHB! 3J0KAYECTBEHHBIE OIyXOJH JIEKHX
(11 %), momouHoi1 xene3s (6,7 %), kocTHOM TKaHU (4,4 %), HaamOYeyHNKOB (2,2 %),
nedeHu (2,2 %), kotopsle He ObUIM OOHApPYKEHBI Y KUBOTHBIX MOCIE Y-00TydeHusI.
Bonee Beicokmii OmacToMoreHHBINH 3(pGEKT OKHCH TPUTHSA, MO-BUANMOMY, CBSI3aH
C BHEIPCHHUEM 3HAYUTEIBbHBIX KOJIMYECTB TPUTUS B CTPYKTYPHBIEC 3JIEMEHTHI OPTaHOB
U TKaHeH H, 9To 0cOO0EHHO Ba)XHO, HenocpeacTBeHHo B JTHK.

[Iponecce MEHUIIMAINY OIACTOMOTE€HE3a MPH MHKOPIIOPALIMH TPUTHS BOSHUKAIOT
HE TOJIBKO B CBA3M C HOHM3MPYIOLIMM AEHCTBHEM [-4acTHll, HO M B pe3yibTaTe
noBpeskaennit JJHK, cszanHbIx ¢ n3oTonHbM 3¢ dextoM. OB OKHCH TPUTHS 10 BHIXOAY
3JI0Ka4E€CTBEHHBIX OMyXOJel cocTtasiuseT 4,2, 1elko30B — 2,5.

B Tabn. 5.35 mpuBenensl manHaeie o kodddurmentam ObD HTO, xak BHUAHO,
o pany nokazareneit ObD HTO konebrnercs ot 1 10 4. DTO CBHAETENBCTBYET O TOM,
9T0 OMOJIOTHUYECKOE ACWCTBHE TPUTHUS, KIMHUYECKAas KApTHHA MOPKEHHS STHM
M30TOIIOM UMEIOT MHOTO OOILEro ¢ AeiicTBUEeM BHeLIHero 00aydeHus. OnHako cieayer
yKa3aTtb, 9TO TIPH OCTPOIl TyueBoit Oosre3nn, BezBanHOW HTO, HEKOTOpBIE CUMIITOMBI
MOTYT OBITh TPOSIBUTHCS B Oojiee paHHHE CPOKH, YeM TPH BHEIIHEM OOJIy4YeHUH
(xopode CKpBITBIH NEpUOJI, paHbllle HACTYNAIOT U3MEHEHHSI CO CTOPOHBI KPOBH, OoJjee
SIPKO BBIP@)KEH FeMOPPAaruuecKuil CHHIPOM).

Takum o0pa3oM, OMONOTHYECKOE NEHCTBHE TPHUTHUS BO MHOTOM HAallOMHHAET
JeficTBHE BHEIIHET0 PEHTI€HOBCKOTO WM Y-u3mydeHHus. ONHAaKO eCTh U pa3inyus
B peakUuM OpraHu3Ma Ha OJHOKpaTHOE O0Iee PEHTTCHOBCKOE M Y-0OIydeHHe
B OJJMHAKOBBIX MO 3((EKTUBHOCTHU 103aX O- U B-u3Iydaresieii, BBEAEHHBIX B OPraHU3M.
Tax, npu AEHCTBUN HA )KUBOTHBIX PEHTTEHOBCKUM H Y-U3IYyYEHUSIMHU HUPKYJISITOPHEIC
paccTpoiictBa BO3HMKalOT Ha 4-5-e, 7—12-e cyTKW, TpU BBEIEHHH B OPTaHU3M
Pa3NUYHBIX PAIUOHYKIIMAOB 3Ta CTaAMsl yUIMHICTCS: IPU ACUCTBUHM B-U3ITydaTened —
1o 12—15 cyTok, mpu BBeneHuHn o-u3inydatenein — mo 30—-60 cyTok.

Nwmeercst Takke pasnuyre B JIOKATU3AIMM M THUIE OIYXOJei, BbI3BAHHBIX
PEHTICHOBCKMM M Y-M3JIyY€HHEM H BBEJCHHEM PaBHOMEPHO PAaCHPEACIISIOLIMXCS
B-msnyuareneir. B mepBom ciiyyae, Kak NpaBWJIO, BO3HHKAIOT 3JI0KAUECTBEHHBIE
HOBOOOpa30BaHMUA KOXH, JIEWKO3BI, OMYXOJH MOJIOYHBIX JXelI&3, BO BTOPOM —
Pa3BHUBAIOTCS NPEUMYILIECTBEHHO OMYXOJIH MATKUX TKaHEH.

HecmoTpss Ha oOmue paguoOHOIOTHYECKHE 3aKOHOMEPHOCTH BO3ACHCTBUS
Pa3IMYHBIX BUJOB M HCTOYHHKOB HMOHHU3UPYIOIIETO M3JIyY€HUs, I OKUCHU TPUTHUS
UMEIOTCS U XapaKTepHble O0COOEHHOCTH, K KOTOPBIM OTHOCSTCS MHKPOT'€OMETPHS
pacrnpeesieHust ¥ BBICOKasl INIOTHOCTh MOHU3ALMH. DTH clieliu()uIecKkre 0COOCHHOCTH
B JICHCTBUU TPUTHS Ha OPTaHU3M IO3BOJISIFOT CYMTATh €r0 OJHHM U3 3()(HEKTUBHBIX
PazMoU30TONOB, 00JIaJAFOIIUX MOJIMTPOITHBIM BO3JICHCTBHEM Ha pa3iMYHbIC OpraHbl
W CHCTEMBI XHMBOTHBIX M 4eioBeka. CpaBHHBasi OMOJOrMYECKOe ICHCTBHE TPUTHS
¢ apyrumu y- u B-usnydarensmu (*’Cs, '"Ru), KoTopble UMEIOT MPUMEPHO TAKOU
e XapakTep paclpesielieHus, MOKHO BUJETh, 4TO Ouosornueckas 3(pdekTuBHOCTD
TPUTHS 3HAYUTEIBHO OOJIbILE YKAa3aHHBIX Y-, B-usnmydareneid. OTHOCUTENHHO OoMbILas
Oouonoruueckas 3¢QGEKTUBHOCTh OKHCH TPHUTHUSL OOBSCHAETCS TEM, YTO B E€IWHHIE
o0béma TkaHn OH co3maér B 10-30 pa3 OonpmIy0 MIOTHOCTh MOHW3ALMH, YeM
PEHTTEHOBCKOE W Y-M3iIydeHue. Tak, Hampumep, JUHEHHAs TMOTeps Y-U3Iy4eHHs
226Ra cocrasnser 0,3 k3B/3,7-10* Bk, tputus — 5,5 k9B/3,7-10* Bk.

Kpome TOro, HeoOXoIMMO Y4YMTBIBaTh, YTO HPH pacmaje TPUTUS oOpa3yercs
novepHuii poaykt renmii (*He,), KOTOpBIA MOXKET NPUBOAUTL K Pa3phbiBy CBSA3Eil

328



Bonopona JJHK u npyrux ctpykTyp, Kyzaa BKIO4aeTcs TPUTHA. JTO, B CBOIO OUepeb,
MOXXET BBI3BAaTh TeHeTHdeckrne 3((eKThl BcluencTBHe OYeHb MENJICHHOTO OOMeHa
B JIHK. U3bickanue 3(hPeKTUBHBIX CPEACTB IS MPOPUITAKTHKHA U TSPAITHHA TPUTHEBBIX
MOpaXXeHUH UMEET BAKHOE MPAKTHUUECKOE 3HAUCHHUE.

B. ®@. Kypasnes [1966, 1968] B ombITax Ha KPOJIWKAX, MOPAKEHHBIX OKHCHIO
tputuss B o3¢ 1,48:-107 Bk/r, MCHonb30Bal KOMIUIEKCHYIO Tepamuio. B cocras
KOMIUJIEKCa BXOJMJIU: JUYPETUH C BOAHOW HArpy3KOH, CTHMYISTOP KPOBETBOPEHHUS
(x00ampT ¢ aMHIOM HUKOTHHOBOW KHCIIOTHI), aMHHA3WH, CHIBOpPOTKa beneHbkoro,
OMOMMWIIMH ¥ TTOTMBUTAMUHEL. 13 20 me4eHBIX KPOIMKOB BEIKMIO 17, B KOHTPOIHHOM
Tpynne Bce JKUBOTHble morubmu kK 45-M cytkam. KommekcHas —Tepanus
cnocoOcTBOBania 0ojiee paHHEMY BOCCTAHOBJICHHIO KPOBETBOPEHHS: Y JKHUBOTHBIX
MEHBIIIE CHW)XaJlaCh Macca Tenla. BomHas Harpyska W IOUYPETHH YBEITUYHBAIN
BBIBEJICHHE OKUCH TPUTHSA C MOYOH. CpemHssi TPOJODKHTENFHOCTh KH3HU TABIINX
JIEYEHBIX KPOJIUKOB cocTaBmia 64,3 CyTOK, U3 KOHTPOJILHOM rpymmbsl — 37,6 CyTOK.

Xoporme pe3ylbTaThl HOyYeHbI TTPU UCTIOIB30BAHUH TOMOJIOTHYHOTO TIIO0YITMHA
MIpH JICYEHUH KPBIC, TOPAKEHHBIX OKUCBHIO TPUTHSI, KOTOPBIH >KUBOTHBIM BBOJIMIIN
omHOKpaTtHO B 103e 2,22-107 Br/r. 'moGynuH BBOIWIM IOJKOKHO uepes 2, 24
1 48 4acoB mocie MOpaXxeHUst OKUCHIO0 TPUTHS. Y JICUEHBIX )KMBOTHBIX, 110 CPAaBHEHUIO
C «KOHTPOJBHBIMIY, CPEIHSS TIPOIOIKATETFHOCTD KI3HH yBEITMUUBaIach Ha 60 CyTOK.
A B oT/Haj€HHbBIE CPOKM Y HUX 3HAUUTENBHO COKPAIIAJICS BBIXO]] OIyXOJIEH MOJIOUHBIX
xené3. Tak, ecny Npu BBEAECHHWU TOJNBKO OKHCH TPUTHS OIMYXOJIH MOJIOUHBIX JKEle3
pa3BuBanuch B 66,6 % ciydaes, TO IPH JEYCHUHU TI00YJIMHOM HX YUCIIO CHU3UIOCH
10 30,4 % [Paguobuosnorust HHKOPHOPUPOBAHHBIX..., 2016].

[MonoxwuTtenbHbIe pPE3yNbTaThl TMOJNYYEHBI MJsI MPOMUIAKTUKHA TPUTHUEBBIX
nopaxenuii. B ombITax Ha KpeIcax ¢ BBEIEHMEM OKHCHU TpUTHs B 03¢ 2,22-107 Bk/r
npuMmensn BakiuHy BLIJK ogHOKpaTHO, 32 JBe HEAENmH 10 BBEICHUS OKHCH TPUTHS,
o 4 mr Ha kpeicy. [Ipodunakrudeckoe BBeaenne Bakuunbl LK B 5—10 pa3 cHmkaet
ru0elb KUBOTHBIX B pAaHHUE CPOKH, YIIHHSIET CPEAHION MPOJODKUTEIBHOCTD KI3HN
Ha 83 IHsI, CHUKAET BBIXO/JI OIyXO0J€il MOJIOYHBIX KeJ€3 B OTHaNEHHbIE CpoKH Ha 32 %,
[0 CPaBHEHUIO C KPBICAMH, TOJYYaBIINMHU TOJIBKO OKHCh TPUTHs. brarompusitHoe
BIMsIHUE TN00yrHA W BakiuHbl BIDK Ha nmpojomKUTenbHOCT KU3HH KPHIC H BBIXOJT
OITyXOJIEH MOJIOYHBIX KeN€3 CBSI3aHO C WHTHOUPYIONIMM JIEHCTBHEM ayTOaHTHTEI
Ha Tporecc. AHTUTENIa CO3MAI0T JeTOKCHIHpyomui >hdexr, npu kaHieporeHese
PETyIUPYIOT IMMYHOJCIPECCHIO U OKa3bIBAIOT JECEHCUOMITN3UPYIOIIEe BIUSHUE.

B nuteparype onucan ciydait 1y4eBoi 00JI€3HHU y YeI0BEKa MOCIIC OCTYILICHHSI
B oprauu3m Oospiioro konudectsa HTO. bonsHO# cTan orMevats o011yro c1adocTb,
OBICTPYIO YTOMIISIEMOCTb, allaTHI0, 00N B TIOJIOCTH PTa MPH KEBAHUH.

W3menenus B kpou: HB — 90 %, ap. — 4153000; uB. . — 0,73; neitk. — 200;
3— 8%, m— 1%, 11— 75 %; mor — 10 %, mna3m. xir. — 1 %, vHenuddepenm,. k. —
5%, POD — 50 mwm/u. CeprhiBaeMocTh KpoBH 10 Mac-Marpo — 28 MuHyT,
KpoBoTounBoCcTh 1O Jlyke — 30 mMuHyT. OmycromieHne KocTHoro mosra. B moue
onpenenwin 16,65-10'° Bx/mn HTO.

PacuéTHble JaHHbIE MOKA3aJM, YTO B OpraHusM nocrymmio 35,15-10* bk HTO
[Pagmno6momnorust THKOPIOPHUPOBAaHHEIX..., 2016]. Jlo3a BHyTpeHHEro o0ydeHus 3a BCE
BpeMst coctaBwia 12 3B. Ilepros moiayBOCCTaHOBJICHHS OOIIETO YHCHTA JICHKOITUTOB
n HedTpopmwioB — 32 u 39 cytok cooTBercTBeHHO. [[isi maHHOTO HAONIOIEHUS
XapaKTepHO OTCYTCTBUE NEPBUYHOM PEaKIIH, YTO YaCTO HAOIIOAAETCS B SKCIIEPUMEHTE,
1 OoJTbIIIast BRIpRXKEHHOCTh reMopparudeckoro cuaapoma. [Ipumepro okoso 75 % Beeit
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J103bI 00 Ty4YeHHS C(hOPMHUPOBATIOCH B TSUCHHE MIEPBBIX JIBYX HEJCIb MOCIIE IO aHus
TpUTHA B Opranm3M. [IpuUunWHONW BBIPAXEHHOTO TE€MOPPAruveckoro CHHIpOMA
SIBIITIOTCA: TOTaJbHOE YTHETeHHE TPOOOIIMTON0A3a U Pe3Kie N3MEHEHHUS B COCYIUCTON
CHUCTEME BCJICICTBHE BKIIIOUCHUSI TPUTHUS BO BCE CTPYKTYPHBIEC DJIEMEHTHI OPraHoB
1 TKaHeH. boapHOM BRI3HOpOBEN [PagrmoOnonorus HHKOPIOPUPOBAHHBIX..., 2016].

CymmecTBeHHYIO poith B 0OMeHe TputheBoii Boabl (HTO) B opranmsme urparT
nerkue. OnbITH Ha )KUBOTHBIX [Pinson, Langham, 1957] nokasanu, 4To npu BABIXaHUU
BO3ayXxa, cogepxaiero napsl HTO, B nerkux moxet BcacwiBaThes 0T 85 mo 100 %
Bozbl. Habmoenns Ha ITF0151X TIO3BOJIHAITH yCTaHOBHTD, 4TO 98—99 % Baprxaemoro mapa
HTO BcackiBaeTcs 4epe3 JbIXaTelbHbIC IyTH W OOMEHHBAeTCS B OpTraHU3ME.
B armocdepnbiii Bo3ayx Beabixaercs Bcero 1-2 % HTO.

P. Ocbopu m A. Iloeapt [Osborne, Coveart, 1973] mpuBomar naHHBIC,
MOTydeHHBIE Ha JOOpPOBOJIBIIAX, BJABIXABIIMX TPUTHH B KOHIEHTpamuu 1,85—
18,5-10* Br/n B Teuenue 1,5-60 MuUHYT. Y TpéX yenoBeK, HE MOJIL30BABIIMXCA HUKAKMMH
CpeICTBaMH WHAWBHIYaTbHOW 3aIIHUTHI, CKOPOCTh TOCTYIUICHHUS TPUTHS COCTAaBHIIA
54,76-10%, 54,76-10* u 66,23-10* Bx/Mun Ha kaxpie 3,7-10* Bk tputus B 1 1 Bo3ayxa
[PagnoOuomnorus MHKOPIOPUPOBAHHBIX..., 2016].

Martepuanbsl 3TUX HCCIENIOBaHUM CBUAETEILCTBYIOT O TOM, YTO TNPH OIEHKE
PasMalMOHHON 00CTaHOBKM NpU paborax ¢ *H M pelleHuM BOIPOCOB 3aIUUTHI
MepcoHana HeoOXOIUMO YUYUTHIBATH BO3MOXKHOCTH €r0 IOCTYIUICHHS B OPraHu3M
HE TONBKO dYepe3 JIETKHMEe, HO W uepe3 KOoXy. PaccumTaHbl JOMyCTUMBbIE YPOBHU
3arpsi3HeHus koxxku 4yenoBeka HTO. B kauectBe BpemenHoro I1/[Y 3arpsizHeHUsT KOXHU
yenoseka HTO pekomenmosano 4,81-107 Bk na Bcé teno, win 2,66:10% Bk Ha 1 cm?
[PagroOuomnorus MHKOPIOPUPOBAHHBIX..., 2016].

Boumn paccunransl [1J1Y 3arpssnenns xoxu, Bx/cm?: s 6asaibHOrO Ciiost —
9,25-10°%; ms Bcero tena — 5,55-10%; ang pyk — 15,54-10°. OqauM U3 BO3MOKHBIX
nyteit moctymnenuss HTO B opranmsm sBnsercss taxoke JKKT. B ombitax ¢ Bofo#,
meueHHoit TputreM (*H), 6b110 yeTaHOBIIEHO, 4TO eé BeachiBanue 13 XKKT mpoucxoaut
OUYeHb OBICTPO, HAYAILHBIN MEPUO/] MPOUCXOINUT B JKENYAKE, OJTHAKO OCHOBHAS Macca
e€ BcacblBae€TCsI B TOHKOM KHILIEYHUKE. Tak, y ueiaoBeKa B TeUeHHE 22—25 MUHYT
BcachiBaeTcss 1 J1 Boubl. Y. Jlanrxam c¢ kojuteramu [Langham] B ombiTax Ha JIFOASIX
nokasainu, 4ro noce BeimuToil HTO B BeHO3HOH KpOBH TPUTHI 00HAPYKMBAETCs Yepes
2-9 munyT [Assay of tritium..., 1956]. Ilux aktuBHOCTH HTO B CBIBOPOTKE KPOBHU
u Moue HaOiromaercs uepe3 20 MuUHYT mocie 3arjartbiBanus. BcaceiBanne HTO
B KHIIIEYHUKE 3aKkaHuuBaeTcs depes 40—45 MuHyT, B mocienyromiee Bpems (2,5 daca)
€ro CoJIep)KaHHe B CHIBOPOTKE KPOBH JICPXKUTCS Ha MOCTOSHHOM YpoBHE. B ombiTax
Ha KpbIcax OBLIO YCTAHOBIIEHO, 4TO U3 ToHKOoro kumeunuka HTO BcackiBaercs B 5 pa3
OBICTpee, YeM U3 TOJICTOTO.

3.2. Paouoobuonozuueckue 0CHOGbI HOPMUPOBAHUA PAOUOAKIMUGHBIX 6CULECHE.
Ilymu u npunyunsl nepenoca IKCREPUMEHMAIbHBIX OUAHHBIX
C HCUBOMHBIX HA Ue/108¢KA

UYenoBek B mpolecce CBOEH XKU3HEACSATENbHOCTU IOIBEPraeTcsi BO3ACHCTBUIO
€CTCCTBCHHBIX M MCKYCCTBCHHBIX PAaJUOHYKIUIOB, COJHECYHOI'O M KOCMHUYCCKOI'O
n3nyuyeHus. [IpoBoAuMble UCHBITaHMST AaTOMHOTO OpYXKHS CO3JAIOT  YCIIOBUS
JUIs TTI00aJbHOTO BBINAJCHUS PAAMOHYKIWIOB, YTO NMPUBOJAUT K AONOJIHUTEILHOMY
JIy4eBOMY BO3JIEHCTBHIO Ha OPraHM3M 4eJIoBeKa. B mpolecce Npou3BOJACTBEHHOM
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JESATSIILHOCTH 3HAYUTENIbHBIM KOHTUHTCHT JIIOJICH MOMKET IMOJBEPraThcs OOIyUSHHUIO
B /103€, 3HAYUTEIHHO TMPEBBIMIAIONICH ecTecTBeHHBIN (hoH. OmnpenenéHHbIe TPYIITHI
HaceJeHUs, IMPOKUBAIONINEC BOJMM3M MPOMBIINIEHHBIX 00BeKTOB, ADC, 3aBOIOB
M0 TMepepadoTKe SACPHOTO TOPIOYEro, Pa3IMYHBIX 3JHEPreTHUYCCKUX YCTAaHOBOK
Y HAyYHO-UCCIIEOBATEIbCKIX PEAKTOPOB, MOTYT TaKXe TOABEPraThCs BO3IEHCTBHIO
W3JIy4CHHUsI B 103€, IPEBBIIIAOIICH NpUPOIHbII ypoBeHb. KpoMe TOro, orpaHu4eHHbIE
CPYIIBI HACENIEHUS TOMYyYaloT JOTOJHUTENbHbBIE JIYYeBbIe HATPY3KH MPHU PA3IUYHOTO
pO/a TMarHOCTUYECKUX U TEPANCBTUUCCKUX NPOIEAypax ¢ UCIOIb30BAHUEM BHEIIHUX
HMCTOYHUKOB M3IIyYE€HUH W WHKOPIIOPWPOBAHHBIX paAHOHYKIWAoB [Foreman et al.,
1958; Mays, 1976; Low level radiation..., 1998].

s OUEHKH JOMYCTUMBIX WM HEAOMYyCTHUMBIX YPOBHEM BO3ICUCTBUS
MOHHM3UPYIOIIET0 H3ITyYeHUS HA OPTaHU3M YeJIOBeKa MPOBOIUTCS OOJIBIION KOMITIEKC
WCCIIEIOBAaHUN 110 W3yYEHUIO KHHETHKA OOMEHa, pacIpeleleHns, BEIBEICHUS,
6I/IOJIOFI/I‘ICCKOI‘O ILGP'ICTBHSI PA3IMYHBIX PAAUOHYKIMIOB W HWCTOYHHMKOB BHCHIHCTO
m3nydeHus. Ocoboe BHUMaHHWE TPH 3TOM YACTSETCS MYyTH W PUTMY MOCTYIUICHUS
PAaAMOHYKIWUAOB B OpraHU3M, OCOOCHHOCTSIM HAKOIUIEHHUS, W30MpPaTeNbHOCTH
OTJIOKEHUSI B OTACNIBHBIX OpraHax, UX MHKpopacupeneineHuro. [IIupokuil koMiuiekce
9KCHEPUMEHTAIBHBIX UCCIICZ0BAHMI TI0 00OCHOBAHHIO JIOMYCTUMBIX YPOBHEH BO3ICHCTBHUS
COCTaBJISIET OCHOBY PaIHOONOIOTHIECKOTO HOPMUPOBAHHS PATHOAKTHBHBIX BEIIECTB.

Oco0yr0 3HAYUMOCTh MTPHOOPETAET MEPEHOC SKCIEPUMEHTATHHBIX JTaHHBIX
C JKMBOTHBIX Ha 4YeJioBeKa Impu paspaboTke u obocHoBanuu [I/II1 paznuuHbIX
PaIMOHYKIIMIOB B OpPraHI3M 4elnioBeka. [leper skcrepuMeHTaTopamMul CTOUT OTBETCTBEHHAS
3a/laya Mo BHIOOPY HamOoJiee UyBCTBHTENBHBIX IMOKa3aTellel, C MOMOIIBI0 KOTOPBIX
MOXHO BBISIBUTH HAYaJIbHBIC IMTPU3HAKWU MHTOKCUKAIIUU TIPpH BO3I[€I71CTBI/II/I MHUHHUMAJIBHBIX
O03 PpaJuOaKTUBHBIX BCHICCTB C YUYCTOM I/IHI[I/IBPII[Y&HBHOﬁ YYBCTBUTCJILHOCTHU
JKUBOTHBIX K JEHCTBHIO PAa3NHYHBIX PaIUOHYKINIOB. OIHAKO BBIOOp IOKa3aTesen
u Han6onee YYBCTBUTCIIBHBIX JXHWBOTHBIX HE€ MOXKET IaTb MTOJTHOM I/IH(l)OpMaHI/II/I
JUTSL TIPSIMOTO TIepeHOCca Pe3yIbTaTOB IKCIIEPUMEHTA C )KUBOTHBIX Ha YelIOBeKa. B aTom
ciiy4ae He0OXOAMMO COMOCTABUTh pa3NINdHbIe (pr3ronornueckre (GyHKIIMHA KHUBOTHBIX
C TaKOBBIMH y 4eJoBeKa. M TOIBKO Ha OCHOBAaHUH 3THUX MaTEPHAIIOB MPABOMEPHO
BBOJIUTH OIPEIEIEHHbIC KO3 (DUIIMEHTBI, KOTOPBIE B U3BECTHOM MEpE MOTYT O0JICTUUTh
MIEPEHOC IKCIIEPUMEHTAIBHBIX JAHHBIX C )KHBOTHOTO Ha YEIIOBEKa.

B mnocnemnee BpeMs B jmTeparype MOSBWIACH PabOTHI MO 3TOW BaKHOU
Y CJIOXKHOM TIpo0IieMe, T1ie aBTOPHI MPEAIararoT HCIIOIh30BaTh CPAaBHIUMBIC TTOKa3aTETH
JUIL  DKCTPAIoJIsIMMK  pe3yJIbTaTOB  AKCIEPUMEHTANIbHBIX HccienoBaHuil. Hawm
MPENICTABISIETCS, YTO WCIOJNB30BAHWE CXOJNHBIX TIIOKa3aTelnell OTBETHOW peaKIuu
OopraHuM3smMa JXHUBOTHBIX W 4YECJIOBCKa Ha BOSI{CI\/'ICTBI/IG PaaOaKTHUBHLIX BEIIECTB
MOXKET CIIYXHUTb OCHOBOM IJid peIICHUSA JTHUX BOIIPOCOB. HpI/I TMEPEHOCE TaHHBIX
C )KMBOTHBIX Ha YEJIOBeKa HEOOXOIMMO YUUTHIBATH Psifl CENN(UISCKUX OMOIOTHUESCKIX
0COOCHHOCTEH, MPUCYIITNX TOJIHKO YEIIOBEKY U TPEOYIOIUX COOTBETCTBEHHOTO YUETa.

I/I3BCCTHO, YTO CYHICCTBYIOT pa3jiMiunsd B IPOAOJIDKUTCIbHOCTHU )KU3HU )KUBOTHBIX
Y 4eJIOBEKa, CKOPOCTH TeYECHUsI 0OMEHHBIX MPOIIECCOB, KHHETHKE OOHOBIICHHUS KJICTOYHBIX
MOTYJISIUM, peaKkiMyi BOCCTAHOBJICHUS U pelapalyu, YyBCTBUTEIILHOCTH K BO3ICHCTBUIO
Pa3NYHBIX GUINUECKUX U XUMHIECKHX (PAKTOPOB, B TOM YUCIIEC U K HOHU3HUPYIOIIEMY
m3mydento [ 'ycpkoBa, baiicorosos, 1971; Gastrointestinal. .., 1993]. DkcriepuMeHTaTOPOB-
TOKCHKOJIOTOB MpU IMEPEHOCE MAaHHBIX C JKUBOTHBIX Ha YEJIOBEKA HHTEPECYIOT
JIBA BOTIPOCA: BBHIOOP aIEKBATHOW MOJENN I SKCIIEPUMEHTAIBHBIX HCCIICIOBAaHUN
M BBIACHEHHE KOIWYECTBEHHBIX COOTHOIIEHUH B YYBCTBUTCIIBHOCTU JKUBOTHBIX
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1 4eJIoBeKa K JeHCcTBUIO paiuoHyKiIu0B. [Ipu Bo3aeHCTBIM paiiOHYKINI0B, TOMUMO
YKa3aHHbIX (PAKTOPOB, CIELyET YUUTHIBATH OCOOCHHOCTH PACHIPEICICHUS U BHIBEACHUS
BEIIECTBA M3 OPraHM3Ma, MUKPOI€OMETPHIO DPACHPEAETCHUS IOITIOIEHHOW 03Bl
B OpraHax M TKaHfAX, a TaKKe OHHEPIrui0, BUJ W3IY4YEHUs, MyTh IOCTYIJICHUS
u ap. Bcé 310 cBuAETENbCTBYET O 3HAUUTENBHBIX TPYAHOCTSX B pa3paboTKe eAUHBIX
IPUHLUIIOB IOAXOJa K IIEPEHOCY [AaHHBIX OSKCIEPUMEHTAIbHBIX MHCCIECAOBAaHUN
C )KMBOTHBIX Ha YeJIOBEKa.

U3 nuTepaTypHBIX HCTOYHHUKOB HW3BECTHO, YTO MHOTHE (PH3HOIOTHUYECKHUE
(YHKIMY W NAaTOJOTMYECKUE IIPOLECChl y 4YEIOBEKa W JKUBOTHBIX MMEIOT €IUHBIC
MEXaHM3MBI, TI03TOMY OCHOBOM U1 NMEpEeHOCa JAHHBIX C JKUBOTHBIX Ha YEJIOBEKa
SBIISIETCSL M3YUYEeHHE OOLINX 3aKOHOMEPHOCTEH NeHCTBHS N3TY4YCHUS HA OPTaHU3M.

B xauecTBe CpaBHUMBIX IOKa3aTesedl MOI'YT ObITh HUCIIOJIb30BAHBI CIIEAYIOIHUE:
MIPOJIOJDKUTENBHOCTD JKU3HHU, CKOpocTh mpoxoxkaeHus mumm mo JKKT, pesopOrus
PaAMOAKTUBHBIX BEUIECTB M3 JIETKMX, CKOPOCTh BEHTWISALMHU JIETKUX XUBOTHBIX
U YeJIOBEKa; CPaBHCHHME CTENECHM MOPAKEHUS HaubOoJjiee YyBCTBHUTEJIBHBIX OpPIaHOB
(KpUTHYECKHX) y JKHMBOTHBIX WU 4eloBeKka. Becomoe 3HaueHHWe TIpU OLECHKE
ouonoruueckoro 3p¢pexTa paIuoHyKINAa UMEeT HHANBUAYaIbHAS YyBCTBUTEIBHOCTh
Pa3NUYHBIX BUJOB KUBOTHBIX M YEJIOBEKa, XapaKTepPHU3YIoIas crielinruKy 0OMEHHBIX
MPoLIecCOB B Opranu3mMe. M3BecTHo, 4T0 HanboIee pe3Kre BUJOBBIE Pa3inius y pa3HbIX
BUJIOB JIA0OPATOPHBIX KMBOTHBIX CBSI3aHBI CO CKOPOCTBIO IMPOTEKaHUS OOMEHHBIX
nporeccoB. [loaToMy mpu mepeHoce NaHHBIX C KUBOTHBIX Ha 4YeJIOBEKa HEOOXOAUMO
yunuThiBaTh (Paktop BpemeHu. CiemyeTr cpaBHHBATH JaHHBIE OCTPOW, MOJOCTPOM
U XPOHHYECKOH TOKCHYHOCTH TIO KPHUBBIM 003a — 3¢hghexkm, 9TOOBI OIpPENeNuTh
1303 (HEeKTUBHBIE KOJIMYECTBA W30TONOB B €AWHHUIAX AKTUBHOCTH MJIsI Pa3TUYHBIX
BUJIOB )KUBOTHBIX.

Ham wu3BecTHO, 4TO 4eNOBEK IO XapaKTepy pearupoBaHHMsS HAa XHMHUYECKHE
Y PaJMOAKTHBHBIC BEIECTBA HAXOUTCS Ha OTHOM YPOBHE C HAHOOJiee UyBCTBUTEILHBIMU
BUJIAMHU J1a0OPAaTOPHBIX JKUBOTHBIX. Pa3muuuss MOTYT 3aKIIOYaThCs JHIIbL B TIyOHHE
MOpaKeHUS M CWiie OTBETHOW peakuuu. IIpm moaxoie K OLEHKE TOKCHUYHOCTH TOTO
WIK WHOTO DPaAMOHYKIMAA JUIsi OOOCHOBAaHMS AOIYCTHMBIX YPOBHEW BO3AEHCTBHSA
1es1eco00pa3Ho ONPEIENIATh YyBCTBUTEILHOCTD HA Pa3HbIX J1A00PATOPHBIX )KUBOTHBIX.
OTO MOXET NOBBICUTb TOYHOCTH W HAAEKHOCTH IEPEHOCA HKCIEPHUMEHTAJIBHBIX
HCCIIEIOBAaHMH € )KUBOTHBIX HA YeJIOBeKa. B mureparype npuBosITCS CBEASHHS O IEpEHOCe
JAHHBIX C )KMBOTHBIX Ha YeJIOBEKa MPH BO3JEHCTBUH PaIHOAKTHBHBIX BEUIECTB.

Tak, B ompITax Ha KpbIcaX MPOBOAMIIOCH 3KCIEPHMEHTAILHOE OOOCHOBAHUE
pEJIEBHO JIOIYCTUMOTO COZIEpKanus >>P B opraHu3Me uyesjioBeKa W BO3AyXe paboumx
nomMemenuii [berenexos, 2014]. B kauecTBe mokasaTeliei CI0Ib30BAIKCE: JIETaIbHBIN
3¢ eKT, U3MEHEeHNsI B CHUCTEME KpPOBH, B JKEHCKOW MOJOBOW cepe U XpyCTalHKe.
[lokazaHo, 4TO 3TH MOKa3aTeIn Hauboiee YyBCTBUTEILHBI K 00JIYYEHUIO U OTHOCSTCS
K TEpBOM TpyIIe KPUTUYECKUX OpPraHoB. BriOOp mokasareneil BIOJIHE ONpaBlaH,
OJTHAKO OOOCHOBaHHE HEKOTOpPHIX KO03()(UIMEeHTOB TiepeHoca BecbMa YCIIOBHO.
CpaBHHBas NPOAOKUTENIBHOCTD JKW3HHM UYEIOBEKAa M KPBICHI, aBTOPOM IPOBOJUTCS
aHasiorus, 4yto 30 JIeT )KU3HU YEJIOBEKAa COOTBETCTBYIOT OJJHOMY I'OJly HU3HHU KPBICHI,
a Ha OCHOBAaHHH 3TOT0 BHOCHUTCS KO3 GHUIIMEHT 3amaca — 2,5.

ABTOpBI CYHUTAIOT, YTO TNPH IEPEHOCE [AaHHBIX C >KMBOTHBIX Ha YeJOBEKa
HEO00X0UMO Y4HThIBaTh K03(durment 3amaca. [Ipu odocHosanuu I1JIK nuypanara
ammonus. I'. I1. I'ammu6un u I1. A. Biacos [1961] ncnonp3oBanu pa3indHble KIHHAKO-
(¢u3noNOrnYecKre MokKa3aTesidi U Ha MX OCHOBAHMU YCTaHABJIMBAJIM KOA(PPHUIHEHT
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3amaca. [1o ux gaHHbIM, U1 AMypaHaTa aMMOHHS KO3 (UIIMEHT 3amnaca J0HKeH ObITh
paBen 7. [lpu sKkcTpamonsiiuu AaHHBIX C )KHUBOTHBIX Ha YelOBEKa AJsi 00OCHOBAHHS
Ko3pduIrenTa 3amaca OKHUCH TPUTUS H  Ta3000pa3HOr0 TPUTHS  yIadyHO
HCHOJIb30BaHbI KOG GUIMEHTHI IEPEeX0Aa IPU CPAaBHEHNUHU IIEPHO0B IIOTYBbIBEICHUS
n30TOIa, KO3 (OUIUEHTOB JIETOYHONH BEHTHISALUH, IPOAOKUTEIBHOCTH JKU3HH.

OTH uccnenoBaHus eié pa3 yOeAUTEIbHO CBUAETENLCTBYIOT O IIPAaBOMEPHOCTH,
[EPEeHOCca IKCIEPUMEHTAIBHBIX JaHHBIX C )KUBOTHBIX Ha YEJIOBEKA, TaK KaK XapakTep
OTBETHOH peaklny Ha TOKCHYECKUI areHT U y )KUBOTHBIX, U y YEJIOBEKa B OCHOBHOM
ogHOTHIEH. Paznuume 3akirodaeTcs Wb B Pa3HOW YyBCTBUTEIBHOCTH 4YeJIOBEKa
W KUBOTHBIX K BO3JCHCTBHIO HM3y4aeMOro BemlecTBa. (s cpaBHEHHS aJeKBaTHBIX
MoKa3aTesel BBOIAT crielinalibHble KoagumueHTs! nepexona [1'ycpkoBa, baticoromios,
1971; Gastrointestinal..., 1993]. [lns ycraHoBIeHHs] TOAOOHBIX KO3(PPHUIIMEHTOB
Iepexo/a HyXKHa CUCTeMaTH4ecKas pa3paboTKa HayYHbIX IPUHIUIIOB SKCTPATIOJIALUH
C pamuoHaNbHBIM W Au(QepeHINaTFHBIM TOIX0JA0M B BBIOOpPE WH(GOPMATHBHBIX
[IOKa3aTelIeH.

[MomMumo k03 HUIMEHTOB Tlepexojia B TOKCUKOJIOTHH XMMHUYECKHX BEIIECTB
npu obocHoBanuu [1/IK ynmoTpeOnsitoT ynmoMuHaeMblid BbILIE TEPMUH «KOIPPHUIAEHT
3amacay». VM3BeCTHO, YTO B 3TO HOHSITHE BKJIAABIBACTCS YMEHBLICHHE IIOPOTa OCTPOrO
nevicteus B 10 pa3. Ecom sm oOnmamaer y3KOW 30HOM TOKCHYECKOTO JEWCTBHS
WU CIIOCOOHOCTBIO K KyMmyisimuu, koddQummeHT 3amaca yBenwuuBaroT. MHOTIa
mpenjaraioT B KadyecTBe kKodddummenrta 3amaca O6path otHomerune J1 o0 k JIs0130.
[Ipu oueHke OWOJOTUYECKOIrO ICHCTBHS PaHMOAKTUBHBIX BEIECTB TAKOW IOJIXO]
K 000ocHOBaHHIO Kod(pduineHTa 3anaca OyieT HeNnpaBUIbHBIM. B KOHKpeTHOM citydae
HEOO0XOIMMO, TIOMHUMO OCTPHIX 3(PEKTOB, YUHTHIBATH U OTHAANEHHBIC MOCIEIICTBHS
MOpakKeHUH M BBOAWUTH KOA(PQHUUIMEHT 3amaca K MHUHUMAJIbHO ACHCTBYIOIIEH 03¢
IIPU OAHOKPATHOM, a el JIydllle — IPU XPOHUYECKOM MOCTYIUIEHHH PaIHOHYKIHIA
B opranm3Mm. OJHAKO 3TO TOJOXKEHHE MOXET OBITh MPUMEHMMO He IJIs BCeX
pannoaKkTUBHBIX BemiecTB. [ paquoHyKiIua0B ¢ 60JbINM 3P QEeKTHBHBIM IEPHOIOM
nojypacrazia, TO €CTh KOrJa MHHUMAalbHBIE JI03bl BBI3BIBAIOT BO3HUKHOBEHHE
JIOKaJM30BaHHBIX HOBOOOpa30BaHUI B OTHaNEHHBIE CPOKH, Koddduiment 3amaca
paccunTaTh KpaitHe TpyaHO. Kpome Mcronb30BaHus pa3inyHbIX MyTed U MPUHIIUIIOB
MOJX0/a K MEPEeHOCY [aHHBIX C JKUBOTHBIX Ha 4YeEJOBEKa, HEOOXOOUMO TaKxKe
YUUTBIBATh M IEPHOJ IOJYyBOCCTAHOBICHHUS HapymeHuidl ¢yHkumid. I[lepuoast
MOJTyBOCCTAHOBJICHUSI Y Ppa3HBIX BHJOB JKMBOTHBIX M 4YENOBEKa, KakK IMOKa3aJH
uccinenosanus . O. [psuncona [1960], paznuansl. Takum 00pa3oM, HEOCTATOYHOCTh
WHPOPMAIIUH TI0 ITUM BOMPOCAM OTPaKAETCsI B HEONPEACIEHHOCTH TaK Ha3bIBAEMOTO
Kod(pHIIMEeHTa 3KCTPAIONSAIMU, TO €CTh IMOKa3aTels, YYUTHIBAEMOTO B pacuérax
TIPY MepeHOCe IAaHHBIX C )KUBOTHBIX HA YEJIOBEKa.

[Ipu BEIOOpE BU/IA KUBOTHBIX, OJIM3KOTO IO CBOEH UyBCTBUTEILHOCTH K YETIOBEKY,
KaXeTcs, 4YTO HauOoJjee ONpaBAaHHO HMCIIONb30BAHME B OMNBITAX KOLIEK, KPOJIHKOB
u cobak. OHAKO aHaIM3 JaHHBIX PAda MCCIIEAOBAaHUN MOKAa3bIBAET, YTO Ui LEJIOro
psijia TOKCHYECKHX U PaIHOAKTHBHBIX BEIIECTB HAaHOOJIee 1yBCTBUTEILHBIMH SIBIISTIOTCS
MEJIKHE KUBOTHEIC, B psijie CIydaeB — 2—3 BHJIA )KUBOTHBIX. DTO CBUJICTEILCTBYET
0 TOM, 4TO HanboJee YyBCTBUTEIBHBIMH B CPABHUTEIHLHON XapaKTEPHUCTHKE TOKCHYHOCTH
Pa3IMYHBIX BEMIECTB MOTYT OBITH TPEJCTABUTEIH BCEX BHJOB, XOTS M HMEETCS
orpenenéHHas TEHAEHIMs, YTO YeM KpyIlHee >KHBOTHOE, TeM dallie OHO oljajgaer
OosnbLIel paArovyBCTBUTEIBHOCTEIO [Mockanes, 1989].
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Kaxue orce npunyunst 0010CHbL A61AMbCS ONPeOeIOWUMU NPU 8b100pe Modenu
AHCUBOMHO20, HAUDOEe OIUZKO20 K Uelo8eKy?

[lo manweM JI. A. TuynoBa [1967], B oOmem Buae afeKBATHOW MOJENBIO
MOXXHO CYHMTaTh >KMBOTHOE, aHAJIOTMYHOE YEJOBEKY MO KJICTOYHBIM CTPYKTypam,
OMOXMMHUYECKUM TIporieccaM oOMeHa, OCOOEHHO II0 XapakTepy MeTadoian3Ma
n3ydaeMoro BemiectBa. OmpaBHaHHBIM  SIBISIETCS  IIUPOKOE  HCIIOJNB30BaHUE
B TOKCHKOJOTHMYECKUX HCCIEAOBAHUSAX MIICKOIUTAIOIINX, TaK KaK OHH OTBEYAIOT
MIEPBBIM TIOJIOKESHHSIM 3TOTO IPUHITUTIA.

Takum o0pa3oM, mpu TepeHoce JaHHBIX C JKMBOTHBIX Ha 4YeJOBEKa, B TUIAHE
000CHOBaHUS JIOMYCTUMBIX YPOBHEH BO3JCHCTBHSI, OOJBIIOE 3HAUCHUE MPUOOPETAIOT
BOIPOCHI MOJICITUPOBAHUS, JISXKAIIUE B OCHOBE TEOPHH TOJ00MUsS, KOTOpas MOMOTaeT
BCKPBITh CBSI3b KaYECTBEHHBIX M KOJHMYECTBEHHBIX CTOPOH B SIBJICHHSX OIMHAKOBOM
OHMOJIOTHYECKOM TPUPOJIBI.

B pa6ore 1O. W. Mockainesa [1989] yka3piBaeTcsi, 4TO JJIsl IEPEHOCA TAHHBIX
C JKUBOTHBIX Ha YeJIOBEKa 10 JIEHCTBUIO M3ITyUYeHUH B CPABHUTEIFHO BHICOKHX 033X,
BBI3BIBAIOIINX OCTPOE Jy4deBoe 3a00ieBaHNe, CYIIECTBEHHYIO POJIb UIPAIOT CBEACHUS
0 KHHETHKE OOHOBJICHWS KJICTOYHBIX MOIYJISALIUNA B OpraHaX MU TKaHAX, OCOOCHHO
B kpoBeTBopHOU TkaHW W JKKT y pasauuHbIX MIICKOIUTAIOIIMX, B TOM YHCIIE
1 YeJIOBEKa, a TAaKXKe MaTepPHajbl O CPABHUTENFHON PaIHOTyBCTBUTEIILHOCTH YKUBOTHBIX
Y OTHOCHUTEIBHON 3()PEKTUBHOCTH Pa3IMUHBIX BUIOB H3IYUICHUH.

[Ipu oueHke mocieACTBUN OOJYyYECHHS B OTHOCHTENIBHO MalbIX J103aX JIH0O
J103aX, BBI3BIBAIONINX XPOHUYECKOE TEUCHHE MOPaKEHWsS, KPUTEPHEM IS TepeHoca
OKCIIEPUMEHTAIBHBIX JaHHBIX C JKUBOTHBIX HAa YEJOBEKAa SBISIFOTCS OTHANEHHBIE
MOCJIEACTBUS, 0OCOOCHHO MX OIYXOJIeBbIe (DOPMBI, Pa3BUBAIOIINECS B OPraHU3ME MOCIIE
BO3JEHCTBUS U3TyUYECHUS.

JlutepaTypHble JaHHBIE TOKAa3bIBAIOT, YTO YPOBHH OJIACTOMOTEHHBIX 103
JUIS. Pa3IMYHBIX TKAHEH Yy MIICKOIUTAIOIIMX, B TOM YHCJIEC Y YEIOBEKa, OJM3KU
WIM OJMHAKOBBI, YTO CBUICTEJILCTBYET O BO3MOXHOCTH TPSMOrO IEpeHoca
AKCIIEPUMEHTAIBHBIX HCCIEIOBAaHUI 10 OJIACTOMOTEHHOMY JEHCTBHIO BHEUTHHX
WCTOYHUKOB W3IYYeHHS W HWHKOPIIOPUPOBAHHBIX  PAJIMOAKTHBHBIX  BEIIECTB
C KMBOTHBIX Ha YEJIOBEKAa M yKa3blBa€T HA OOJBIIYI0 3HAYMMOCTH CPaBHHUTEIBHBIX
WCCIIEIOBAaHUN TI0 M3YYCHHIO OTNAIEHHBIX TOCIECTBHIA MOPAXKEHUS Y Pa3IUIHBIX
BHUJIOB J1a0OpaTOPHBIX JKUBOTHBIX W dYenoBeka [baumnckuii, Csetsrii, 2006;
Pannanuonusie nmopaxkenus. .., 2007].

CpaBHuBasi oTAenbHbIC (u3nonornueckre (QYHKIHKM OpraHu3Ma >KUBOTHBIX
Y YEIIOBEKa, MCIIONb3ys Pa3lINUHbIE TOKa3aTe Il PAHHIUX U TIO3JHUX PEaKIUi Ha Ty4eBOe
BO3/ICHCTBHE, MPUMEHSSI COOTBETCTBYIONIUE KOA(D(MUIIUSHTHI MIEPEX0/ia, MBI CMOXKEM
C YCIIEXOM IEPEHOCHUTDH PE3yJIbTaThl IKCIIEPUMEHTALHBIX NCCIICOBAHUMN C KHUBOTHBIX
Ha YeloBeKka. BMecTe ¢ TeM meiblid psij BOIMPOCOB 3TOHM MPOOJIEMBI JI0 HACTOSIIETO
BPEMEHH OKOHYATENILHO eIE He PEIIEH U TOUIeKUT JAIbHEHTIIeH pa3padoTke.
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3AKIIOYEHHUE

YBaxkaeMblil YUTaTENh, BOT BBl U NEpEBEPHYIIN MOCIECIHIOK CTPAHUIY HalIeH
Monorpapuu. O yem ona?

B monHorpadum paccMOTpeHBl HCTOPUYECKHI KOHIIENT 1O XHUBOTPETEIyeit
npobiemMe, CBI3aHHOM C CO3AAHUEM M HCIIOIb30BAHHUEM TPHUTUS — PATHOAKTHUBHOTO
H30TONa BOAOPOAa, Hanbojee pacnpoCTpaHEHHOTO 3J€MEHTa Kak Ha 3eMHOM Iiape,
Tak 1 BO BceneHHoM.

Kpome ¢opmansHOro M CMBICIOBOIO aHajIM3a TEKCTa, B KHUIE H3J1araercs
ujiest Iocel0BaTeIbHOTO CUHTE3a U pacCCMOTPUBAIOTCA 3TaIlbl CTAHOBJIEHUS MUPHOTO
¥ BOGHHOT'O UCTIOJIK30BaHms aToMHOM 3Heprun kak B CCCP (nmo3muee — B Poccuiickoit
®enepanun), Tak 1 B MUPOBOM MacITade.

B mpencraBneHHO# MOHOTpaduu paccMOTPEHbI HanOoJIee 3HAYUMBIC ACTICKTHI
CO3/1aBa€MOr0 TPUTHEM PAJUALMOHHOTO BO3ACHUCTBHS Ha OKPYXAIOLIYI Cpedy
1 HaceleHHE, IPOXKMBAIOIIEE HA TEPPUTOPHSIX, HAXONIIIMXCA B 30HE BIUSIHUA
3arpsi3HEHMsI TpUuTHeM: Y palibckuid, Cuoupckuii u JanpbHEBOCTOUHBIN (enepabHbIC
okpyra u Pecrryonuka Kazaxcras.

Kpome Toro, Pecniybnnka KazaxcTan B JaHHOM KOHTEKCTE MPHUBENCHA OTHIOIH
He ciyuaitno. o 1991 r. oma Bxomgmna B coctaB CCCP, mpeeMHUKOM KOTOPOTO
crana Poccusa. W mepBbIii MONUTOH MO WCHBITAHUIO SAEPHOTO OPYKUS OBLT CO3MaH
MMEHHO TaM. A ¢ y‘-IéTOM TOIr0, 4TO BETPOM OCYHICCTBIIAJICA MECPEHOC BO3AYUIHBIX
cpel W b Ha TeppuTopuro CHOUPCKOrO peruoHa, TO aKTyajdbHO 0000IIeHue
pacnpocTpaHeHUE TPUTHS BO3AYIIHBIMHU, BOJIHBIMHU ITOTOKaMH.

PaCCMOTpeHHBIe TCPPUTOPUHN OTINYAIOTCA UCTOYHUKAMU IMOCTYIUUICHUA TPUTUS,
CJIeIoBaTeIbHO, U MEXaHM3MAaMM BO3JEHCTBUS Ha OKPYXKAIOIIYyI0 Cpery, OCOOEHHO
Ha cpelly OOMTaHUS HACEeNeHHUs, IPOKUBAIOLIETO B JAHHBIX PErHOHAX.

B pabore wuccnemyercss mpoOiiemMa W3MEHEHHS XapaKTEpUCTUK IMPOTEKAHUS
B3aUMOJEUCTBUS TPUTHSI C KOMIIOHEHTAMHU OKPYKAIOIIEW Cpeapl BO BPEMEHHOM
KOHTHHYyMe. IlpeanoskeHbl OpUTHMHalbHbIE KOHLENIMH IO  ACCUMWISILHUU
U TpaHCPOPMAIIUK TPUTHUS, KOTOPBIE 00YCIIOBJICHBI HE TOJIBKO M3y4aeMbIM OOBEKTOM,
HO M HaIIpaBJICHBI Ha aHAJIW3 WU BCKPBLITUC COACPIKAHUA 6I/IOXI/IMI/I‘ICCKI/IX u (l)I/I3I/IKO-
XMMHYECKUX OCHOB, IIPOUCXOSIINX B OKPYXKAIOIIEH CPE/Ie U )KUBBIX OPTaHU3Max.

Oco0oe BHUMaHHE YNEJICHO IOTEHIHAILHOMY HEraTHBHOMY BO3JEHCTBHUIO
TPUTHUA Ha )KI/I?,HCCHOCOGHOCTB KMBBIX OpraHM3MOB, B TOM YHUCJIC MIJICKOIIUTAIOUIUX.
OxoHUaTeNbHbIE BBIBOJABI M 3aKIIOYEHHS II0 3TOMY IOBOJY CHE€IaTh JOCTATOYHO
po0JIeMaTHYHO, OCOOEHHO, €CIIM pacCMaTpHUBATh JAHHBIN BOMPOC C TOYKH 3PEHUS
COYETAaHHOTO BO3JEHCTBHA (QHU3NYEeCKHX (OCBEUICHHE, BIAXXHOCTh, H3IYyIECHHUE)
U XUMUYECKHX (PaKTOPOB HEMOCPEICTBEHHO TPUTUHCOAEPKAIINX COEIWHEHUH,
KOTOpBIE MOTYT OBITh OPraHUYECKOH ¥ HEOPTaHUIECKON PUPOIBI).

B kadectBe WH(POPMAIMOHHBIX MAaTEPUAIIOB B MOHOTpaQHUH HCIIOIH30BAHBI
JUTEpaTypHble W  COOCTBEHHBIE HCCIENOBAHMS, NPOBOJUMBIE B  HATYPHBIX
1 J1a0OpaTOPHBIX YCIOBUAX. B 3TOM OTHOINEHUM TpeaiaracMblii MaTepHal MOXET
SIBJSITECSL B KAKOH-TO CTETIEHW YHUBEpPCAILHBIM. [Ipy HEOOXOAMMOCTH TPUBENEHHEIC
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B paboTe pe3y/ibTaThl MOTYT MO3BOJIUTH AU(D(EpESHIIMPOBAHHO aHAU3UPOBATH TEKCT
0/ T€ 3a/1a4u, KOTOPBIE MOTYT CTOATH nepea Bamu, yBaxkaeMblil unTaTemis.

Xotenmochk OBl CKa3aTh O TOM, YTO COBpEMEHHas Hayka He CTOWUT Ha MecCTe.
Bo3HukaroT HOBBIE, emié 0osiee aKTyajlbHBIE MHUPOBBEIC BBI30BBI, KOTOPBIC HE TEPIISAT
MpoMenJiecHus: B CBoeM perieHud. [IpuxoasaT HOBBIC UACH, KCIIONB3YeTCS HOBEHIIEe
ob0opynoBaHue. B 3Toi CBSA3M CO3IAIOTCS YCIIOBUS ISl TROPUYECTBA M HOBBIX OTKPBITHH,
KOTOpBIC TMO3BOJIAT €II€ TIIyOXKe TOHATh NPUPOAY ICHCTBHS TPHUTUS HAa KHUBBIC
OpPTaHM3MBI KaK B I[EJIOM, TaK ¥ Ha KJIIETOYHOM yYPOBHE.

Mg1, aBTOpBI MOHOTpauK, OY€Hb Ha/leeMCs Ha TO, YTO HaIl TPy OyAeT moje3eH
Y BpeMs, YIIEIIee Ha €ro MOATOTOBKY, MOTPauyeHO HE HAMIPacHO.
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