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INPOBJIEMA OHEHKH 310POBb OKPY)KAIOH.IEI‘/‘I“
CPEJAbI U PETMOHAJIBHBIN ®EHOI'EHETUYECKHUHU
MOHUTOPHUHI'

A.I'BacuibeB, U.A.BacunbeBa
Huemumym sxonoecuu pacmenuii u scusomuvix YpO PAH, Examepunbype

XopouIo U3BECTHO, YTO COCTOSHHUE OKPY KAIOUIEH CPENbl BO MHOTHX MPOMBIIL-
JIEHHO Pa3BUThIX palioHax Ypasa He ABJseTCs OnaronpHUATHBIM JUTs 30pOBbS Hacele-
Hus. B mepByto ouepenib 3T0 paiioHsl, MOJBEP/KEHHbIE CUIEHOMY TEXHOT€HHOMY 3ar-
PA3HEHUIO TSLKENIBIMU MeTaUIaMU, GTopuIaMy, IpodyKTaMU HehTeXUMUUECKO nepe-
pabOTKH, MECTULMAAMH, XJIOPOPraHMYECKUMH U MHBIMU OMACHBIMU MOJITIOTaHTaMU.
Oco0yto 0MacHOCTb MPEICTABIAIOT PaiiOHbl, 3arpsA3HEHHbIE paIUOHYKIHIAMH.

B HacTrosiee Bpems pa3paboTaH AOCTaTOUHO OOMBILION apceHan METOI0B
JUIS BBIABIICHHS d(dexTa pa3nuuHbIX BO3ACHCTBUI HA COCTOSHHE OKpYXKaroIIeit
cpensl [1-5 u ap.]. [Ipu 3ToM OCHOBHAas npobieMa COCTOUT B MOBBILIEHUU UX (-
(DEeKTUBHOCTH U IOCTYMHOCTH JIsl LIMPOKOTrO NPaKTUYECKOTO UCTIONb30BaHHUSI.

B MOoCJIEAHEE BPEMA MHOT'O MUIIYT O HGO6XO,ZLI/IMOCTI/I CO31aHUA UHTETPAJIb-
HBIX METOJIOB OLIEHKU COCTOSHMS MPUPOIHON Cpesibl UM 00 OLIEHKE 310POBbsA Cpe-
nel [6-8]. B.M. 3axapos [8], roBopst 00 3Toit mpobieme, cripaBeyIMBO 3aMevaerT,
4TO MOJAEPKAHUE 310POBbs CPEbl B IEPBYIO OUepeab HEOOXOAUMO 1l obecre-
4YeHMs 3110pOoBbs uenoBeka. [Ipobnema obecredeHus 310poBbs OKpysKatoLleil cpe-
JIbl CBSI3aHA B NIEPBYIO OYepelb C KOJIOrUeil yeaoBeka kak OMOI0rH4ecKoro BUIa.
HecoMHeHHO, UTO 9KOJIOTHs YelOBEKA BO MHOTOM OMpeneNseTcs MeAULHHCKO
npo0aeMaTUKOd, HO «OMO3KOJOTMYECKHE aCHEKThl HKOJIOIUU YeJIOBEKa», €CIU
MOKHO TaK BbIPA3UThCs, HE MEHEE BaXKHBI.

bonblioe BHUMaHKe Ha MpoONieMy OLEHKH 30pOBbs Cpeibl oopariuaeT LieHTp
sKonorudeckoil nonuruku Poceuu. lupexrop Llentpa B.M. 3axapoB B kauecTBe OC-
HOBHBIX CTPaTernuecKHX 3a7ad peleHus npoonaemsl onpenenser cieytoumue [8]: 1.
KOHLENTyaslbHas pa3paboTKa MOHATUSA 310POBbs CPEIbl KAK OCHOBBI JUT 00eCeueH s
3710pOBbs UEIOBEKa; 2. pa3paboTKa KPUTEPUEB U €MHOI CUCTEMBI OOeCHeueHH s 3110-
POBbs Cpenibl; 3. OLIEHKA SKOJIOTMUECKOro pUCKa U ylepoa 310pOBbIO UEI0BEKA 10
COCTOSHUIO 300POBbsI OKPY>KArOLLEH Cpe/ibl, BKJIKOUasl pa3pabOTKy OLIEHOK U HOPMATUB-
HO-MpaBOBOIi 0a3bl A7is 0OecreueHus 310POBbs cpelbl. Pelenre STUX cTpaTernueckux
3a/1a4 MO3BOJIMT HAKWTU 3KOJIOTUUECKU ONPaBIaHHbII OanaHc MEKIy UHTEpECaMU XO-
39/CTBEHHO eATEIbHOCTH U KOJIOTMUEeCKOl 6e30MacHOCThIO HaceneHus [8].

IpoBeneHye MHTErPabHOM OLEHKU KaueCcTBa Cpelbl U 00eCreueHUe NOCTOSHHOTO
KOHTPOJIsl 32 €€ COCTOSTHUEM, [TOITOMY, ABMSETCA y3/0BO# 3a/1aueii Ha Bcex JTarnax opra-
HU3aLUK PaLMOHATIEHOTO MPUPOONONB30BaHKs T 0OecrieueHns yCTOHUMBOro cylie-
CTBOBAHMS YeJIOBEKA U 0OlecTBa. Peanu3aiys 0CHOBHBIX MPUHLUIOB MOINEPKAHMSA
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TaKOro yCTOMYMBOIrO pa3BUTHs HA MPAKTHKE MPEANoiaracT Haauuue o0parHoi CBa3u O
COCTOSHUM OKpY>KarolLlel cpezibl B OTBET Ha Kayk/Iblii LIar BCe BO3PACTarOLIEro aHTPOro-
TeHHOTO BO3/IEIICTBHSA Kak B NIOOATLHOM, TaK M B JIOKAIbHOM MacluTade. XOpOLIO MOHAT-
HO, UTO JUTsl IPAKTUIECKOro 00ecreueH s Takoii 0OpaTHOi CB3u HEOOXOAUMA OpraHu-
3alMsi MOHUTOPHHTA CPEJbl, T.€. MPOBENEHNE BCECTOPOHHET OLIEHKM COCTOSHHS OKpYKa-
IOILEH cpeibl Ha BCEX dTanax (0T IUIAHUPOBaHUs 0 NMPAKTUYECKOH peanu3alun) Bcex
BHUIIOB MPUPOJIONONB30BATENBCKON AeATeNbHOCTH. [Tpy 3TOM crelyeT OTMETHUTb, UTO
HECMOTps Ha BAYKHOCTb XUMHUECKUX 1 (PU3HUIECKHX aHATH30B, 00ECTICUMBAFOLIIIIX MOy~
4eHre 6a30BOi MH(OPMALNK O KOHLEHTPALNH MOJUTFOTAHTOB B cpefie U (DI3HYecKOit
crieuurKe AeHCTBYIOLINX HEraTUBHBIX (haKTOPOB, GHONOrHYecKas OLIEHKA KauyecTBa
HPUPOIHON Cpefibl, T.6. OUOIKOIOrMUECKUI MOHUTOPHHE, OKa3bIBAETCA NPUOPUTETHOM [4-
5]. D70 CBA3aHO C TEM, UTO JIMILIb OMOIKOOTMUYECKUI MOHUTOPUHT MO3BOMISET MOTy4aTh
UHTErpallbHbIe XapaKTepUCTUKU KaueCTBA CPEbl U JaBaTh PE3YJIBTUPYIOLIYIO OLEHKY
TOTO B Kakoil Mepe 3Ta cpefja MPUroaHa Jjisl AKU3HU YelloBeKa, KOoTopblil B Ouonoriyec-
KOM OTHOLIEHHH CaM SBJIAETCs YacThIo KUBOH mpupozpl [9].

[ToMMMO OLIEHKU HEMOCPEACTBEHHBIX OUOIKOIOTMYECKUX U MEAUKO-OUOII0-
IFMYECKUX MOCIEeACTBUI aHTPOMOTeHHbIX BO3/IefICTBHII, HEOOX0MA MPAKTHYEC-
Kasi OpraHu3anys CJIeKeHUs 3a €CTECTBEHHBIMU IPE0OPa30BAHUAMU U U3MEHEHU-
SAMH B COCTOSIHUM OKpY2Karolleil cpepl. BakHOCTb MpoBeneHNs TAKOro MOHUTO-
pHHra onpeaesseTcs TpeMs OCHOBHBIMU NPUYMHAMU: @) HEOOXOAUMOCTBIO OIle-
paTUBHOTO MOHMMAaHUS OOLIMX TEHAEHUMH B U3MEHEHUU cpenbl (yXyaweHue /
yJyulieHue); 6) CTpeMJIeHUEM BBISIBUTE OTHOCUTEJIbHYIO POJIb U yAENbHBII Bec
€CTECTBEHHBIX [TPOLECCOB U3MEHEHUS CPEJlbl [I0 CPABHEHUIO C AHTPOIOIE€HHbIMUY;
B) 3ajaueil MogyyeHus: MHTEerpaibHOM OLlEHKM KauecTBa CPeibl U e COCTOSHUS B
KOMIIJIEKCHOM I'paaueHTe Bo3aelcTBuii [5].

BaKHbIM MOMEHTOM HpPU OpraHU3alMyd MOHUTOPUHIA SBISETCS 1yBCTBU-
TENbHOCTb MOAXO0B, MPUMEHSIEMBIX ISl OLIEHKH COCTOsHUA cpenibl. OMBIT co0-
CTBEHHBIX UCCIIEIOBAHUI aBTOPOB U UMEIOILUECS B HALLIEM PACHOPSKEHUU JIUTE-
paTypHble 1aHHbIE MOKa3bIBAIOT, YTO JOCTATOYHO YyBCTBUTEJIbHBIM MHTErpallb-
HBIM MTOJXOJOM SBJIAETCS ()EHOTeHETHUECKHI, OCHOBAHHBIN HAa TOMYIALHOHHOM
(eHeTnueckoM ¥ MOp(OreHeTUYECKOM aHash3e, TEOPETUUECKUX JOCTHKEHHUAX
SMUTEHETUKH U, COOCTBEHHO, ()EHOreHETUKU U OMOJIOTUH pa3BUTHsA. Pa3BuBaeMble
MOAXOAbl HALEJIEHbl Ha JajbHelllee UCIO0Ab30BaHUE NIPH Pa3pabOTKe CUCTEMBI
00BEKTHBHOMN 3KCIPECC OLEHKU COCTOSHUS 3[0POBbs Cpeibl, OMpeAeneH e My-
OMHbI 00HAPYKEHHbIX U3MEHEHUN U MPOTrHO3UPOBAHUE HAMPABICHHOCTH BbISB-
JIEHHBIX TEHJEHUUH Ha OCHOBE TPAAMLIMOHHBIX U OPUTHHANBHBIX METOOMK 6e3
3HAUUTEJIbHBIX MATEPUANIbHBIX 3aTpaT. Pa3pab0Tka KOHKPETHBIX METOJOB OPUEH-
THpOBaHa Ha AaibHelmee 3gdexkTuBHOE MCMOMB30BaHNE TPH HOPMHUPOBAHUH
AHTPOTMOTEeHHBIX HArpy30K Ha YKOCUCTEMBI, Ha YCTAHOBJIEHHE KOHTPOJIS 3a SKONO-
FMYECKOM CUTyalMell B pa3IMYHbIX PETMOHAX Ypaljla U B KOHEUHOM UTOre obec-
NeYeHue 300POBbs MPUPOAHON Cpesibl sl COXpaHEHUs 310POBbS HAaCEeNeHMs.
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Hcxons u3 coBpeMeHHbIX 00muX TpeOOBaHUil K OpraHu3alii MOHUTOPHHTA,
cuctemMa (peHOreHeTHYeCKOro MOHUTOPUHIA I0MKHA ObITh OTHOCUTENILHO MPOCTOM U
JIOCTYIHO#, 4TO MO3BOJHUT €if OBbITh ONepaLlOHAILHBIM HHCTPYMEHTOM, IOMYCKAIOLLIMM
LIMPOKOE MPAKTUUECKOE HUCIMOJIb30BaHNE. XOPOLIO U3BECTHBI MHOTHE COBPEMEHHBIE
MOJIEKYJIIPHO-OMOIOrMUECKUE TECThI, UCMOb30BaHUE KOTOPBIX 3aTPyIHEHO Ha Mpak-
THKE U3-32 UX BBICOKOH TEXHOJIOTUUECKOH CIOKHOCTH U BBICOKOM CTOMMOCTH TpOLIe-
nyp aHanu3za. [1o 3Toii npuunHe Beerna CyliecTByeT BOMPOC O TOM, Hellb3s JIM MOJTy-
YUTb aHAJIOTMYHbIE Pe3yJIbTaThl OoJiee JOCTYHBIMU METOAAMM.

Mertonbl mpoBeneHus peHOreHeTH4eCckOro MOHUTOPUHTA, UCXOS U3 U3BEC-
THBIX K HACTOSILLEMY BPEMEHU TPeOOBaHUM, IOMKHBI YIOBIETBOPATH CIEAYIOLIUM
KpUTepusaM: a) 00naaarb BHICOKOH YyBCTBUTENIBHOCTBIO K BBISBJIEHHIO CaMbIX Ha-
YaJibHBIX CIIBUTOB B 3KOCUCTEME; 0) MHTErpajlbHO XapakTepu3oBaTh Haubosee Bax-
HBIE MapaMeTpbl OpraHu3Ma M MOMYJSILUM; B) Hecrenu(uieckn pearupoBarb Ha
BO3eiicTBUE JHOOBIX HEraTUBHBIX IKOJIOTMUECKUX (aKTOPOB; I') JOMyCKaTh Jado-
PaToOpHYIO MPOBEPKY 0OHApPYKEHHBIX B €CTECTBEHHOM cpene 3¢ deKToB; 1) AaBaTh
BO3MOYKHOCTb 00HAPYKUTh 3P (EKT MmociieneiicTBUs HeraTHBHBIX aHTPOTIOT€HHBIX
U cpenoBbIX (JaKTOPOB, a TAKXKe JAOMYCKaTh BO3MOKHOCTD MOTyUYeHUs MHGopMauun
0 MO3UTHUBHBIX M HEraTHBHBIX CABHIrax; €) IOMyCKaTh MIMPOKOE MCIOJIb30BAHUE
6narogaps AOCTYMHOCTH U HEBBICOKOH CTOMMOCTH aHaJUTHUYECKUX MpPOLEnyp.
Vcronp30BaHue STUX KPUTEPHUEB TIO3BOJIMT MOJYYUTh HAIEKHYIO CHCTEMY (eHO-
reHeTUYeCKOT0 MOHUTOPHUHTA JJIs1 ONIEPaTUBHOM, MHTErpabHOM, OMOIOTHYECKU
OPUEHTUPOBAHHOM OLIEHKU COCTOSIHUS SKOCUCTEM U €€ OTHENBbHBIX TPOhUUECKUX
Lenei, KoTopas 00ecrneunT paHHIO TUArHOCTUKY JIFOOBIX HEraTUBHBIX WIIM MO3U-
THUBHBIX U3MEHEHUI OKpY KaroLlel cpespl.

B nocnennue roapl NOSBUIIOCh MHOTO MCCIIEI0BAHUMN, OCBAIIEHHBIX UCTIONbB30-
BaHHIO ()eHOMeHa (UTyKTyUpYIOILeii aCHMMETPUN AJTETEPHATHBHBIX U KOJIMYECTBEHHBIX
MPU3HAKOB NP SKOJIOMMYECKOM MOHUTOPUHIE MPUPOIHBIX MomyJisiumii [6,10-12 v ap.].
I[Mon ¢mykTyupyroLieit acuMMeTpueit OuaTepaibHbIX MPU3HAKOB OOBIMHO MOpasyMe-
BAaeTCs CJTy4aiiHbI XapaKkrep MposBIEHHUs MPU3HAKOB HA Pa3HbIX CTOPOHAX Tella 0COo-
Oeit unm meramepos [ 13]. Ha akcriepyiMeHTaIbHOM M €CTECTBEHHOM Marepuasie ObLIo
MOKa3aHo, uTo QIyKTyupyrowas acuMmeTpus (PA) MOKET paccMaTpuBaThcs B Kaue-
CTBE CBOEOOPA3HOro MHAMKATOpa Hecrneurduueckoii pa3danaHCUPOBKY pa3BUTHs, Xa-
PaKTEPU3YIOLLETO COCTOSIHUE TIOMYJIALMN KaK B LIEJIOM, TaK U MO OTAENbHBIM (pyHKLH-
OHaJIbHBIM rpymmam [14]. B.M. 3axapoBy [6] 1 MHOT'HM €ro rocjienoBaressiM yaajlioch
YCTaHOBUTB, YTO TOBBILIEHNE (UTYKTYyUpYIOLIEH aCHMMETPUH Ha IPYTITIOBOM YPOBHE
yKa3bIBaeT Ha AeCTaOMIN3ALMIO MPOLIecca pa3BUTHs B MOMy/ALMU. Jlectadunnzanus
pa3BuTHs HaOmomaeTcs OObIYHO YK€ Ha OTHOCUTEIbHO HU3KOM YPOBHE CPEIOBBIX
HapyILEeHHUil, KOTOpbIE elle HE CBA3aHbl C HEOOPaTUMbIMU U3MEHEHUSMH B TIOMYJIALIM-
ax [6]. DTo nmo3BonseT ucnone3oBarh PA Kak UHAMKATOP JaKe HE3HAYUTENIBHBIX OT-
KIIOHEHUIi TapaMeTpoB cperibl OT GOHOBOTO COCTOSTHUSI, KOTOPBIE ellle He IPUBOIIT K
CyLLECTBEHHOMY CHIKEHHIO KU3HECTIOCOOHOCTH 0CO0eii.
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HauGonee oOwmuii myTh aHanu3a ABJAEHUA A€CTa0UIN3aLUK Pa3BUTUS 0CO0ei
B MOMYNALMH U OTIEJBHBIX €€ (yHKLIMOHATBHBIX IPYIII C Halllel TOUKU 3peHus co-
CTOMT B Clieflytolleil MoCeA0BaTeNbHOCTH MPUMEHEHHs TMarHOCTHYECKHX OLIEHOK:
1. n3yuyeHue criekTpa MOp(OreHeTHIeCKnX adepparyii 1 ypoucTB B MOMYIISALHAX 10~
MMHHPYIOLIMX BUJIOB; 2. aHAU3 MUT€HeTUYECKOH H3MEHUMBOCTHU MOMYIALUM, CBA-
3aHHOM C SBNEHUEM (ITyKTYHPYIOLIeH aCHMMETPUH, Ha TPPUTOPUSIX PA3HOIT CTEIeHH
HapyLIEHHOCTH: a) ONpeeNieHne TMHAMUKK YacTOT MOp(oreHeTUUeCcKUX abeppauuii
BO BpeMeHH; 0) OIleHKa YPoBHS An((epeHIPOBAaHHOCTH OCENIEHNI OPraHN3MOB Ha
TEPPUTOPHAX PA3HOI CTENEeHU Aerpajaluui; 3. HHTErpaubHas OLEHKA NOMy/IALUOH-
HO-()eHOreHEeTUYECKOM CTAOUIBHOCTH UHANBUAYATbHOTO Pa3BUTUS OPraHU3MOB Ha
OCHOBE TIPOSIBJICHHIT (PITyKTyHpyIOIIel acCHMMETPHH OMTaTepaIbHBIX CTPYKTYp: a) U3~
MepeHHe aucnepcuu GIyKTyupyrowieii aCuMMeTpHHU KONMUYECTBEHHBIX PU3HAKOB; 0)
OLIEHKA YPOBHS MHAMBUIYalIbHBIX abeppalinii MopdoreHesa B paciere Ha 0co0b; 4.
U3y4yeHHe BO3MOYKHBIX OTAANEHHBIX MOCIEACTBUI XPOHUYECKOTO IeHCTBUS MOJLITIO-
TaHTOB, BKJIFOUas JeHCTBHUE paJHaliy B MAIIbIX 103aX, HA YPOBHE SMUI€HETUUECKHX
3¢ hexToB HapymeHNS HOPMATIBHOTO TIPOTEKAHUS WHANBUIYATbHOTO PA3BUTHSA Y
MOJENBHBIX MHIMKATOPHBIX BUOB; 5. MPOBEAEHUE JTOKAIBHOTO (DeHOreHEeTUUECKO-
TO MOHHUTOPHHTA, BKJTIOYAs OPraHU3aLUIO ()OHOBOTO, TPOCTPAHCTBEHHOTO U BPEMEH-
HOTO KOHTPOJIA 32 MOJENbHBIMH HHANKATOPHBIMU BUIAMH.

[NocnenoBarenbHOCTb AUArHOCTUUECKUX OLEHOK IIOCTPOEHA TaKUM 00pasoM,
YTOOBbI OTPA3UTh CTENEHb U YPOBEHb HAPYLIEHHOCTH CPeibl, UHTErPallbHO BO3MEH-
cTByOIIEll Ha pa3BuTue ocobu. Hanbosee BeipaxkeHHbIe, MyOOKHEe HapyIIeHHs
cpeabl 3aTparuBatoT HauboJiee CyLECTBEHHBIE U PaHHUE 3Talbl MOp(OreHesa, a
TaKKe OKa3bIBAIOT MpsMoe Bo3/eiicTBHE Ha ()EHOTUI Pa3BUBAIOILEroCs OpraHu3Ma
(o mpUHLUIY «0K0ra»). Bropoii u TpeTuii OI0KM MHAUKALUY OTPAXKAOT HE TOJIb-
KO CUJIbHbIE BO3AEHCTBYA, HO U TaKH€, KOTOPBIE EILE HE CKa3bIBAOTCSA KaTacTpou-
4eCKUM 00pa3oM Ha COCTOSHHMHU KM3HECIOCOOHOCTU 0cobOeil, HO MpU YCUIIEHUH
MOTYT HOCUTb CyOBUTAJIbHBIH U Jake cyOneTalbHblil xapakTep. Hanbonee BaxxHbI
JIBa MOCNEHHUX 3Tara, MO3BOJAIOILMX OLEHUTh OTAAIEHHbIE MOCIEACTBHS JUTHTEb-
HOTO IeHCTBHS MOJUTIOTAHTOB Ha TMpoliecc Mop(oreHe3a y MOAENBHBIX BUIOB (Ha-
npUMep, MIEKOMUTAIOIIHX), YTO MOXKET OBITh MCMOIBb30BAHO IS MOCTPOEHHUS TOK-
CHKOJIOTMYECKOH MOJIeNTH NOMyNALMU YeJoBeKa.

Cnenyer NOAYEPKHYTh, YTO ()EHOIEHETUUECKUI MOHUTOPHUHI BKJIIOYAET B
cebs MpoBeAeHNE OLEHKU COCTOSHUS CPeJlbl Kak B MPOCTPAHCTBE (BbIABIEHUE pa3-
Maxa ()eHOreHETHUUECKUX Pa3IUUUil MeX 1y HaceJeHUEM pa3IUuHbIX MECTOOOU-
TaHMii), TaK U BO BpeMeHHU (omnpeJesieHHe U3MEHEeHUIl B COCTOAHUM HaceneHus
JKUBOTHBIX B OTHOM MECTe). DTOT MOAXO0] MO3BOJIAET TAKKe 00eCIeYnTh BO3MOXK-
HOCTb ONEPATUBHON PErucTpaluy OTKIMKOB OKPY>KaroLlel cpeabl HE TOJbKO Ha
yCUIIEHHE, HO M Ha CHIJKEHUE CTEeNeHH HeONaronpuaTHOro BO3AEHCTBHS, T.€. Ha
[O3UTUBHBIE CABUTHU [5]. DEeHOreHeTUYECKU MOHUTOPUHT MOXKET MO3BOJIUTh
pelnTh MHOTHE aKTyasbHble SKOJOTMUECKUE 3a7auM, BKIIouas orpeneleHue
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s dexra mocneneiicTBUA pa30BOTO BIMSHHSA TOTO WX HHOTO CHIIBHOTO TEXHOTEH-
Horo (akTopa Ha 3KOJIOTHYecKUe CBOHCTBA MOCIeAYOIUX MOKOIEHUI OpraHus-
MOB, a TaK)Ke yCTaHOBJI€HHE caMuX (aKTOB aKKyMYJSLUH U3 TIOKOJIEHUs B MOKO-
JIEHWE YPOACTB M IPYTMX HEONaronpusATHBIX OMOJOrHYECKUX 0COOEHHOCTEH,
CHIXKAIOLIMX OOLLYIO )KU3HECTIOCOOHOCTh MOTOMKOB, IPU XPOHUUECKOM BO3MIEH-
CTBUM PEareHTa Ha MOMYJALUI0 B OTHOCUTEIbHO MajbIX 103aX. M3BeCTHO, UTO
MPU BBICOKUX KOHLIEHTPALUAX CTPOHUUA-90 B CKelleTe )KUBOTHBIX YrHETaeTcs
MPOLECC OKOCTEHEHUs! XPSILEBbIX TKAHEH BIJIOTh 4O BOBHUKHOBEHUS CTPOHLMU-
eBoro paxura [15,16]. Takue HapylIeHUsS MOTYT MPOSIBUTHCS B BUAE PA3IMUHO-
ro poja aedopmanuii ckenera rpbI3yHoB, BbINaAeHUi (parMeHTOB KocTeil (oco-
OEHHO MOKPOBHBIX) y KHBOTHBIX, OOUTAIOLIUX HA 3arPsA3HEHHON paJluOaKTUBHbI-
MU MPOAYKTaMU IEJeHUs TEPPUTOPUH, a TAKXKE OTPA3UTHCS HA BCTPEUAEMOCTH
HEMETPUYECKHUX MPH3HAKOB CKeleTa. AHAIIN3 KPYMHBIX U MEJIKUX MOp(osIoruniec-
Kux abeppauuii (HeMeTpUUeCKUX MPU3HAKOB) CKeJeTa 4acTo MCMOJb3yeTcs MpH
UCCIIeIOBAaHUY BIUSHUS Pa3IMYHBIX (AKTOPOB Cpe/ibl HA UHAUBHIYalbHOE pa3-
BUTHE OPraHU3MOB B MOMYJIALUAX, BKIIIOUAsl paIMOAKTUBHOE 3arpsi3HEHUE TeppU-
Topuu [6, 10, 15, 17-20]. [TosTOMY, NpU UHAMKALIUK FKOJIOTHYECKOTO COCTOSHUS
NOMyAAUUil MOTYT ObITh IPUMEHEHBI METO/bI, OCHOBAaHHbIE HA BCTPEUAEMOCTHU
pa3NUuHBIX HapylleHnii Mop¢oreHesa, a Takke OLEHKe CTaOUIbHOCTH MHIMBU-
JlyaJlbHOTO pa3BUTUS [0 NPOSBIECHUAM (UIyKTyUpyrOLEed acuMMeTpuu Ounare-
pallbHBIX CTPYKTYp Ha NOMYJIALIUOHHOM YpOBHe [5].

Menkue MIEKOMUTAIOIINE SBIISIOTCS BaXKHBIM KOMIIOHEHTOM 3KOCHUCTEM U Ya-
CTO UCHOJIB3YIOTCS B KAUECTBE MOJE/IBHBIX O0BEKTOB B PaIIO3KOJIOTMUECKHX U KO-
TOKCUKOJIOTMUECKUX UCCIIEN0BAHUAX, BKIIIOYAs pPaJlOIKOIOrMYeCKUil MOHUTOPUHT
cpensl [2, 21-24]. CyiecTByeT MHOTO IPOTUBOPEUUBBIX JAHHBIX O BAMSHUM Pa3HbIX
J103 MIOHU3UPYIOLIEH paaraluy 1 MTHKOPIIOPUPOBAHHBIX B OPraHU3Me PauoM30TONOB
Ha MPOLECC pa3BUTUs MIEKOMUTAOIINX H OCTEOTeHe3 B €CTECTBEHHBIX YCIOBHAX pa-
JIMOAKTUBHOIO 3arps3HeHus [25-26]. BeiOop 3Toil rpynmnel opraHu3MoB B Ka4eCTBE
a/IeKBaTHOTO 00bEKTa JJIs Pa03KONIOTMYECKOro U 00Lero MOHUTOPUHTA CPEabl
onpeaesseTcss TeM, YTO OUOJIOrUs MEJIKUX MJIEKOMUTAOLIUX, IPEACTaBIEHHBIX B
OCHOBHOM IpbI3yHaMH 1 HACEKOMOSAHBIMH, IOCTaTOYHO TMOJHO U3y4YeHa KaK B ecTe-
CTBEHHOH cperie 00MTaHMUs, TaK U B 1a00PaTOPHBIX YCIOBUAX. DTO MHOTOUHMCIIEHHAs
rpymnmna OpraHiu3MoB, KOTOpas, B CHITy CBOETO MOJIOKEHUS B TPOPUIESCKUX LETIAX
SKOCHCTEM, HEMOCPEACTBEHHO BOCIIPUHIMAET JaBeHUE TeX UM MHbIX HEraTHBHBIX
(hakTOpOB cpebl Ha OONBIINX TEPPUTOPHAX H TTOTOMY MOXKET CITYKUTh OCHOBOIT JUTA
WHAUKALWK ee HapylleHHocTH. C ApyTroii CTOPOHBI, MOKa3aHa BO3MOXKHOCTb IKCTpa-
HOJIALMY B ONPENEIEHHBIX NPEenax pe3ybTaToB SIKOTOKCUKOIOTMYECKOTO aHaIu3a
C 3TOI IpyNIbl MJIEKONUTAIOIMX Ha YesoBeka [2].

Menkue MaeKonuTarollue, ABAsAsICh KOHCYMEHTaMHU NePBOro U BTOPOro
MOPSAIKOB, UTPAIOT CYIIECTBEHHYIO POJIb B (DYHKIIMOHUPOBAHUU MPUPOTHBIX
skocucTeM. [ToaTOMy Nt0GbIe HETraTUBHBIE TEXHOTEHHbIE BO3EHCTBUSA HA UX
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NOMyNSLUUY, BKJIOYas paAiM0aKTUBHOE 3arps3HEHUEe TEPPUTOPUU, MOTYT MpU-
BECTH K 3HAYUTEJbHBIM HapyLIEHUsAM B (yHKLHOHUPOBAHUM HAa3EMHbIX 3KOCH-
creM. K HacTosiieMy BpeMeHHU MOKa3aHo, YTO KaK [ BUAOBOIO COCTaBa, Tak
U NOMYJSIUMOHHOM CTPYKTYpbl U NOKa3aTeseil BOCIPOU3BOACTBA U CMEPTHOCTHU
MEJIKUX MJIEKOMUTAIOLMX XapaKTepPeH CyLIeCTBEHHbI OTKJIUK Ha BO3/AelcTBHE
TEeXHOTeHHBIX (hakTopoB. CHOpMYyIHPOBAHO TaKXKe MPEACTABICHHE O TOM, UTO
NyTH ajanTauuid MOmyasiuui MeNKMX MJIEKOMUTAIOIWMUX K IKCTpeMaJbHbIM
(hakTOopaM KaK €CTECTBEHHOTO, TAK U aHTPOMOTEHHOTO MPOUCXOXKICHHS aHa-
JIOTMYHBI, U UMEIOT nof coboii Hecneunduyeckyo ocHoBy [27, 28]. B nHacto-
slee BpeMsi Mbl pacrojiaraéM MepBUYHbBIM MaTepUajoM MO XapakTepUCTUKE
BUJIOBOTO U BHYTPUNOMYIALUOHHOTO pa3HOOOpa3us NaHHON IPpyIIbl )KUBOT-
HBIX B FPaJIl€HTE TEXHOTEHHBIX AKTOPOB, KOTOPbIH MOKET ObITH BCECTOPOH-
HEe UCIOJIb30BaH MPU MOHUTOpUHTE [24].

M3BeCTHO, YTO B YCJAOBUAX IJIUTENBHOIO (XPOHUYECKOT0) BO3EHCTBUS pa-
JIMOAKTHBHBIX BELLECTB B OTHOCUTEIBHO MaJIbIX KOHLEHTPALMAX (UTO UMEET Mec-
T0 Ha Tepputopurt BYPC unu B okpecTHOCTSX TOLIKOTO MOJIMIoHa) BbI3bIBa€Mble
UMM 5KOJIOTHYECKHE MOCAEeICTBUS, HapUMep, CHU)KEHHE MPOAYKTUBHOCTH TOMy-
JsILUii (B 4aCTHOCTH BOCIPOU3BOACTBA HACENIEHUS Y UEI0BEKA, KAK OMOJIOIUYECKO-
ro BUJA) U Ipyrue oTpuuarenbHble 3heKTbl MOryT NPOSBUTLCS HE cpasy, a uepe3
nokosieHus [26]. Menkue MIEKONUTAOIINE, IPOAOLKUTENBHOCTD JKU3HU KOTOPBIX
HaMHOIO MEHbIILIE, YEM y YeJI0BeKa, Oarogapsi 3TOMY MOTLYT CIIy>KUTb yNOOHBIM
MOZENbHBIM 00BEKTOM U1 U3yueHHs OTAAJCHHbIX MOCIEACTBUI 3arps3HeHus pa-
JOHYKJIMIAMU, TIOCKOJIbKY 3@ NPOLIEALINE C MOMEHTA YKA3aHHbIX BbILIE PaanuaLu-
OHHBIX MHLMIEHTOB rofibl Y YeJIoBeKa BOLIO B Haubosnee NpoayKTUBHYIO dazy
TOJIBKO OJHO MOKOJIEHUE, TOrAA KaK y FPBI3yHOB, HAPUMED, AaXe IPU IByX-TpeX
reHepalusax B roJ CMEHUIOCh B cpeHeM 0koj10 100 noxoneHui.

Ecnu ¢ 6051b1110# 0CTOPOAKHOCTBIO SKCTPAIONUPOBATh MOlyyaeMble (eHore-
HETUYECKUE OLEHKU Ha 4€JI0BEKA, TO MOXKHO MPUHTH K CIEAYIOLIUM 3aKJIOUEHU-
M. Borsipisemble heHOreHeTUUECKHE YKIOHEHHS B MIMIIAKTHBIX 30HaX MO3BOJISIOT
[peAnosararb, 4YTo AAUTENIbHOE MPOKUBAHUE JIIOAEH NPU CPABHUTEIBHO HU3KHUX
YPOBHSX 3arpsi3HEHUS paJUOHYKINAAMU MOXKET MPUBOIUTH K HAKOTUIEHUIO FeHETH-
4ecKH 00YyCJIOBIEHHBIX MEJIKMX MOP(ONOrHUECKUX YPOACTB U adeppauuii Mopgo-
reHe3a M yBEeJIMUYEHUIO UX YUCIIa B OC/IEAYOMUX NOKoNeHUsaX. [ToyueHHble Ma-
Tepualibl MO3BOJIAIOT Takke 000CHOBaHHO Mperoarark, YTo B paiioHax, MoaBep-
JKEHHBIX CUJIBHBIM U MPOJOJIKUTEIbHBIM TEXHOT€HHBIM BO3EHCTBUAM U AJTUTENb-
HOMY BJIMSIHUIO paJlaliy B MajlbIX 103aX, MOTYT ObITh OOHApyKEHb! OTIAIEHHbIE
MOCJEACTBU, MIPOABIAIOLINECS B HAPYLIEHUHU IPOLECCOB MHAUBUIYaIbHOIO pa3-
BUTHS Y MOZAE/bHBIX UHIUKATOPHBIX BUAOB MJIEKOMUTAOLIMUX, UTO TAKKE MOMKET
HaOMI0aThCs My YeJOBEKa, BhIPaKkasCh B HACIEACTBEHHOM CHMKEHUM OOLIei
COTIPOTHUBIISIEMOCTH K OOJI€3HSAM M MOBBILIEHWH YPOBHs o0uieit 3aboneBaeMocTn
JIroNieit B yrposkaembixX paiioHax [29,30].
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