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11ccne,!loBaHhl JaKOHOMepHOCTll npolleneHllH HapymeHllH JKllnKOBaHHJI KpbinbeB 60J1pbIIIIHHlll>l 

Aporia crataegi L. YcrnHoeneHo, 'iTO JTll HapyrneH11H 06paJy10T 'ieThipe T11na 611naTepanhHbIX KOM· 

Il03111111H II KOnll'ieCTBeHHO eapb11py10T no CTeneHll BblpaJKeHHOCTll B cpeHOT11ne. 3TO ,!laeT OCHOBaHHe 

paccMaTpllBaTb llX KaK ycTOH'illBbie COCTOJIHllJI noporOBblX HeMeTpll'leCKllX np113HaKOB co CKpbITOH 

KOnH'!eCTBeHHOH npHpO.llOH 113MeH'!HBOCTH, T. e. cpeHbl. IloKaJaHO, 'iTO npOJ1BJ1eH11e pa3HhlX Hapywe

HllH JKllnKOBaHllJI IlO,!l'illHHeTCJI pa3HhlM JaKOHOMepHOCTHM. HapymeHllJI JKllnKOBaHllj[ MOryT c OTHO· 

CHTenhHO BblCOKOH qacTOTOH npOHBnJITbCj[ COBMeCTHO y OJJ.HOH oco611 n1160 BCTpe'iaTbCJI He3aBHCllMO 

,!lpyr OT ,!lpyra. 0JJ.Hll HapyrneHHJI JKllnKOBaHHj[ npOllBnJIJOTCH npe11MymecTBeHHO aCllMMeTpH'iHO, CJJY· 

'iaHHO II He3aBllCHMO Ha pa3HbIX CTOpoHax Tena, B TO epeMJI KaK ,!lJlj[ ,!lpyr11x xapaKTepHa TeH,!leHQHJI 

K CHMMeTpH'IHOMY npOHBneHlllO. TonhKO Te HapyrneHHj[ JKHJIKOBaHHH, KOTOpwe npOllBnJllOTCJI HeJa

BHCllMO ,!lpyr OT ,!lpyra II BCTpe'!a!OTCJI cnyqailHO Ii He3aBllCllMO Ha pa3Hb!X CTOpoHax Tena, MOryT 

C'lllTaTbCJI cny'!aHHh!MH Olllll6KaMH pa3BHTHj[ Ii paccMaTp11eaThCJI B Ka'!eCTBe MapKepoe HecTa6HJJb

HOCTll pa3BHTllJI. OHll BCTpe'!aJOTCJI OTHOCllTenhHO pe,!lKO H COCTaBJIHIOT OKOno 20 % OT o6mero 'illCJJa 

o6HapyJKeHHh!X HapyrneHHH. 

Kmow6b1e cno6a: ttapyrneH11J1 JKHnKoeaH11H KphIJibee, cpeHeTHKa, cpettoT11n11'ieCKaJ1 HJMeH'IHBOCTb, 

cpetto,!lee11au11J1, cTa6HJihHOCTh pa3BllTHH, Lepidoptera. 

DOI: 10.31857/S0367144521030060 

BH)'TIJHBHJJ.OB<UI H3MeHtIHBOCTb )l(HJIKOBaHUj[ KpbIJibes xopomo H3BeCTHa y Mttornx 
aKTHBHO rreTarornux BHJJ.OB HaceKOMbIX (MapTbrnosa, 1948; Sotavalta, 1964; Oprroe, 1975; 
Ross, Robertson, 1990; Padro et al., 2014; Lopuch, Tofilski, 2016; Giilmez, 2019). 3aKOHO· 
MepHocTu npmrnrreHWI HapymeHHH )l(UJIKOBaHHH KpbIJibeB xopomo myqeHbI y BHJJ.OB Myx 
pon.a Drosophila Fallen, 1823, B npupop;HbIX nonyrrHUWIX p;pymx eup;os HaceKOMbIX H3)"la
JIHCb Ha npuMepe Me..QoHOCHOH nqerrhl Apis mellifera L. (Akahira, Sakagami, 1959; 
Smith et al., 1997; Porporato et al., 2014; Eligiil et al, 2017) u 6oxpbI!IIHHUbl Aporia 
crataegi L. (CorroHKHH H p;p., 2017). HapyrneHux )l(HJIKOBaHWI KpbIJibeB HaceKOMbIX, KaK 
npasurro, paccMaTIJHBaI-OTcx B Katiecrne npu3HaKoB c arrLTepHaTHBHOH eapuauueli (Hapyrne-
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m1e )l(HJIKOBaHIDI JIH6o HMeercSI, m160 oTcyrcrnyeT) (Smith et al., 1997; Lopuch, Tofilski, 

2016; ConoHKHH H ,n:p., 2017; Giilmez, 2019). qacro B OCHOBe ,n:HCKpeTHoro BapbHpoBaHIDI 

TaKHX npH3HaKOB Jie)l(HT CKpblTa.ll KOJIHl!eCTBeHHa.ll H3MeH'IHBOCTb HeKOTOpbIX napaMeTpOB 

MopcporeHe3a (HanpHMep, CHfHaJlbHblX Bem;ecrn): eCJIH BeJIHl!HHbl )THX napaMeTpOB .U:OCTH

raIOT nopora, TO B cpeHOTHIIe npOSIBJISieTCSI O,U:HO H3 aJibTepHaTHBHblX COCTOSIHHR npH3HaKa, 

a ecJIH He ,n:ocrnra10T - .n:pyroe (BacHJibeB, 1988, 2005; Halgrimsson et al., 2005; Palmer, 

2012). B paMKax 3IrnreHeTH'IeCKOH KOHuem1HH cpetteTHKH, KOTOpa.ll BOCXO,U:HT K 3IIHreHeTH

qecKHM npe,n:cTaBJieHHSIM K. X. YoMHHITOHa (1970) HM. A. llIHillKHHa (1984), ,n:HcKpeT

Hhie ycTOHl!HBble COCTOSIHHSI noporOBbIX HeMeTpHtieCKHX npmHaKOB Ha3hlBaIOTCSI cpeHaMH 

{Berry, Searle, 1963; BacHJiheB, 1988, 2005). <l>eHbI B ,n:aHHOM IIOHHMaHHH MoryT paccMa

'fPHBaTbCSI KaK npmrnneHHe B cpettOTHIIe aJibTepHaTHBHbIX nyTeii MOpcporeHe3a. C<iHTaeTCSI, 

qrn qacTOTbl BCTPetiaeMocrn cpeHoB no3BOJI.l!IOT oxapaKTepH30BaTh tta6op noTeHUHaJihHhIX 

rryreii pa3BHTIDI KaKOH-JIH6o MopcpOCTPYKTYPhl H BepoSITHOCTH HX peaJIH3aUHH, T. e. 3IlHre

HeTHl!eCKHH rratt.n:macpT nonyrrSIUHH (BacHJiheB, 1988; 2005). KocBeHHhIMH KpHTepHSIMH 

Ami OTHeCeHHSI ,U:HCKpeTHOro it>eHOTHIIH<ieCKOro npH3HaKa K rroporoBhlM CJIY)l(aT, BO-nep

BhIX, HaJIHl!He 4 THilOB 6HJiaTepaJihHhIX KOMil03HUHH (+/+; -/-; +/-; -/+; r.n:e «+» H ((-)) o6o-

3HaqaIOT pa3Hhle COCTOSIHIDI npH3HaKa), H, BO-BTOpbIX, KOJIH'IeCTBeHHOe BaphHpOBaHHe CTe

neHH Bblp~eHHOCTH npH3HaKa, eCJIH OH npoSIBHJICSI B cpeHOTHne (BaCHJiheB, 2005). 

B cpeHeTHl!eCKHX HCCJie,U:OBaHHSIX B~HO pa3JIH'IaTh ycTOatIHBhie ,U:HCKpeTHhle COCTOSIHHSI 

noporoBoro npH3HaKa (cpeHhl) H ycroiiqHBhle CO'IeTaHHSI COCTOSIHHH pa3HhIX npH3HaKOB 

(KOMD03HUHH tl>eHoB) (BacHrrbeB, 1988, 2005; Sereno, 2007). Op11 myqeHHH ttapymeHHH 

lKHJIKOBaHHSI KpbIJiheB O,U:Ha )l(HJIKa paccMaTpHBaeTCSI B Kaqecrne 0,U:HOro npH3HaKa, H Hapy

memu1, pacnoJIO)l(eHHhie B npe.n:errax O,U:HOR )l(HJIKH, C'IHTaIOTCSI O.U:HHaKOBh!MH (Akahira, 

Sakagami, 1959; Porporato et al., 2014; CorroHKHH 11 .n:p., 2017; Eligtil et al., 2017). 0,n:HaKo 

lK1UIKH HaCeKOMhIX o6rra,n:aIOT 3HatIHTeJihHOH npoTSI)l(eHHOCTbIO, H HapyllleHHSI )l(HJIKOBaHHSI 

MOryT <t>opMHpoBaTbCSI B pa3HhIX MecTax o,n:Hoii H Toil )l(e )l(HJIKH. Bo3HHKaeT Borrpoc, 

AOJI)l(Hhl JIH TaKHe HapyllleHHSI )l(HJIKOBaHIDI paccMaTPHBaThCSI KaK O,U:HH cpeH HJIH KaK pa3-

Hhle. CorrracHo npe,n:cTaBJieHHSIM o BhI,n:eneHHH H pa3rpaHHtieHHH Mop<t>orror11tiecK11x npH-

3HaKOB (Sereno, 2007; BacHJiheB, BacHJiheBa, 2009), ecJIH Ha pa3HhIX y'lacTKax o,n:Hoii H TOH 

lKe )l(HJIKH MOryT COBMeCTHO BCTPellaTbCSI O,U:HHaKOBhle HJIH pa3Hbie HapyllleHHSI, TO 3TH 

yqacTKH cnoco6Hbl K He3aBHCHMOMY BapbHpOBaHHIO H Il03TOMY .U:OJI)l(Hhl C'IHTaTbCSI pa3Hhl

MH npH3HaKaMH. 

HapymeHIDI )l(HJIKOBaHIDI KpbIJiheB HaceKOMhlX qacro paccMaTPHBaIOTCSI KaK crryqaHHbie 

oum6KH pa3BHTIDI, B CBSI3H c tieM qacTOThl HX BCTpeqaeMOCTH HCIIOJih3YIOTCSI B KaqecTBe 

AOITOJlHHTeJihHOH Mepbl ypOBHSI HecTa6HJibHOCTH pa3BHTHSI oco6eli B nonyJISIUHSIX HapSI,n:y 

c aeJJHl!HHOH <l>JIYKTYHpyrom:eii acHMMeTpHH (Ross, Robertson, 1990; Clarke, 1993; Smith 

et al., 1997; Padro et al., 2014; Lopuch, Tofilski, 2016). 0,n:HaKo B03MO)l(HOCTh npHMeHeHHSI 

qacTOT BCTpetiaeMOCTH pe,n:KHX COCTOSIHHH HeMeTpHtieCKHX npH3HaKOB (cpeHO,U:eBHaUHH) 

AJJSI oueHKH ypoBHSI Hecrn6HJihHOCTH pa3BHTHSI oco6eli ocTaeTcSI no.n: BonpocoM. Teopern

'!ecKoe o60CHOBaHHe KOppeKTHOCTH HCIIOJih30BaHHSI ,n:aHHOro MeTo,n:a B H3BeCTHOH HaM JIH

reparype oTcyTcTByer. Psi.n: aBropoB OTPHuaer B03MO)l(HOCTh npHMetteHIDI KaKoii-JIH6o .n:py

roH: Mepi,1 Hecrn6HJihHOCTH pa3BHTIDI, KpOMe <l>JIYKTYHpyiom:eli acHMMeTPHH (Debat, David, 

2001; Willmore et al., 2007; Takahashi, 2019). 

Ilo.n: CTa6HJihHOCTh!O HH,U:HBflll:YaJlbHOro pa3BHTHSI IlOHHMaIOT ycTOH'lHBOCTb K cnytiaH

HhlM HapyllleHIDIM Mop<t>oreHe3a (OHTOreHeTHl!eCKHH nzyM), cnoco6HOCTb peaJIH30BblBaTb 

~eHOTHOHqecey10 HOPMY npH ,n:attHOM reHOTHne H B o,n:HHX H Tex )l(e ycJIOBIDIX cpe,n:i,1. 
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CTafot:JlbHOCTh pa.3BHTIDI npHBJieKaeT BHHMaHHe HCCJie,1lOBaTeJieH KaK B03MO)l(HblH IlOKa3a

TeJib «KalJecTBa» oco6eH B nonyJUIIIHH H «Ka11ecTBa» cpe,1lhl, B KOTOpOH OHH o6HTal-OT. Tipe.ll

noJiaraeTCR, 'ITO Ha1160Jiee np11cnoco6rreHH1>1e oco611 xapaKTep113y1-0TCR Ha1160Jiee crn6HJ11>

HhlM OHToreHe30M (3axapos, 1987; Dongen, 2006; Klinbergen, 2019) . .l-hsecrno, 'ITO 

BepORTHOCTh peanma111111 B <t>eHOTHne pe,1lKOfO COCTORHIDI HeMeTpH'JeCKOro npH3HaKa 3aBH

CHT OT reHOTHna oco611, ycrrOBHH OKp~a1-0111eif cpe,1lbl BO BpeMR pa.3BHTHR, lJYBCTBHTeJib

HOCTH Mop<t>oreHe3a K 3THM <t>aKTopaM H CTeneHH ero HeCTa6HJibHOCTH (Debat, David, 

2001; Hallgrimsson et al. , 2005; Willmore et al., 2007; Takahashi, 2019). HapyweHHR >KHJI

KOBaHHR KpbIJiheB HaceKOMhIX MOfYT paccMaTpHBaThCR KaK MapKepbl HeCTa6HJibHOCTH pa3-

BHTHji TOJihKO B TOM cny11ae, eCJIH HX B03HHKHOBeHHe o6ycJIOBJieHO cny11aHHhlMH OIIIH6Ka

MH Mop<t>oreHe3a H He 3aBHCHT OT reHOTHna H ycJIOBHH OKp~a1-0111eH cpe,1lbl. 

HacKOJihKO HaM H3BeCTHO, He cymecTByeT MeT0,1la, KOTOpbIH 61>1 Il03BOJIHJI Ha MaTepHane 

H3 npHpO.llHhlX nonyMIIHH npRMO onpe,1leJIHTh BKJia,1l pa.3HhlX <t>aKTOpOB B pa.3BHTHe <t>eHo

THilH'IeCKOro OTKJIOHeHHji. ~ji KOCBeHHOH 011eHKH MO)l(eT 6hITh HCilOJib30BaH aHaJIH3 3aKO

HOMepHOCTeH aHrnMepHoro npoRBJieHIDI <t>eH0.1les11au110, pa.3pa60TaHH1>IH E. JI. Acrnypo

BhIM ( 197 4 ). EcJIH see oco611 o6Jia,1laI-OT OJlHHaKosoii npe.llpacnoJio)l(eHHOCTblO 

(reHernqecKOH HJIH HH.llYllHPOBaHHOH <t>aKTopaMH BHeIIIHeH cpe,1lbl) K pa.3BHTHI-O ,1laHHOH 

<t>eHO.lleBHaQHH, TO ee npORBJieHHe y KOHKpeTHhIX oco6eH 6y,1leT 3aBHCeTh TOJihKO OT cny

'IaHHhlX OIIIH60K Mop<t>oreHe3a. IlpH 3TOM eCJIH <t>eH0,1leBHaIIID! Ha pa.3HhlX cropoHaX Tena 

pa.3BHBaeTCR He3aBHCHMO, TO BepORTHOCTh ee acHMMeTpH'JHOro npORBJieHHR (pasymm) 6y,1leT 

pas Ha: 

a BepORTHOCTh CHMMeTpH'IHOro npORBJieHHR (p symm): 

Psymm =Pa* Pb' (2), 

r.n.e pa Hp b - sepm!THOCTH B03HHKHOBeHHR <t>eHo,1les11a11HH COOTBeTCTBeHHO Ha npaBOH H 

JiesoH cTopoHax TeJia (Acrnypos, 1974; Bac11JI1>es, 2005; Palmer, 2012). <l>eHo.nes11a111111, 

3MilHPH1JeCKHe qaCTOThl BCTpe11aeMOCTH KOTOpbIX 3Ha1JHMO He OTJIH'JaI-OTCR OT O)l(HJJ.aeMbIX 

B cny11ae HX CJIY11aHHOro H He3aBHCHMOro npORBJieHHR Ha pa.3HhIX CTOpOHax TeJia oco6H, 

MO>KHO paccMaTpHBaTb B KalJeCTBe MapKepOB, xapaKTepH3YI-OlIIHX HeCTa6HJihHOCTh pa.3BH

TIDI B HCCJie.n.yeMOH nonyJUIIIHH. 3TOT BhlBO.ll cnpaBe.D.JIHB TOJihKO .D.JIR KOHKpeTHOH aHaJIH3H

pyeMOH rpynn1>1. 0rJIH1JHji rpynn no lJaCTOTe BCTpe11aeMOCTH <t>eHO.D.eBHaIIHH MOfYT 6hITh 

o6ycJIOBJieHbl He TOJihKO pa.3JIH1JHRMH B ypoBHe HecTa6HJihHOCTH pa.3BHTHji, HO H reHeTHqe

CKHMH HJIH 3KOJIOfH1JeCKHMH <t>aKTOpaMH, Il03TOMY .D.JIR cpaBHeHIDI ypOBffji HecTa6HJihHO

CTH pa.3BHTHR B pa.3Hh!X rpynnax 11enecoo6pa.3HO HCilOJib30BaTb pe.D.KHe COCTOj!HHji He O.D.HO

ro, a HeCKOJibKHX He3aBHCHM1>1x .n.pyr OT .llpyra HeMeTp1111ecKHX npH3HaKoB. CornacosaHHoe 

H3MeHeHHe 11acTOT BCTpe11aeMOCTH pe.n.KHx cocTORHHH PR.Ila TaKHX npH3HaKOB, sepoRrnee 

BCero, 6y.1leT CBH,ll;eTeJihCTBOBaTh 06 H3MeHeHHH ypoBHR CTa6HJihHOCTH pa.3BHTHR. 

B ,ll;aHHOH pa6oTe npe,1lnpHHRTa nonLITKa Ha npHMepe HapyweHHH )l(HJIKosaHHji KpbIJILeB 

6oRpblIIIHHQhl paCCMOTpeTL cJie,1lyI-011111e BOnpOCLI: 1) RBMI-OTCR JIH HapyrneHHji )l(HJIKOBa

HHji KpbIJiheB noporoBhlMH npH3HaKaMH co CKphITOH KOJIH'JeCTBeHHOH npHpO.llOH BapbHpo

BaHHR? 2) MOfYT JIH pa.3BeTBJieHHji, B03HHKIIIHe B pa.3HblX MeCTaX OJlHOH >KHJIKH, ClJHTaThCR 

fOMOJIOfHlJHhIMH? 3) npORBJIRI-OTCR JIH HapyweHIDI )l(HJIKOBaHHji He3aBHCHMO .llpyr OT .llPY

ra? 4) MOfYT JIM 11acTOThl BCTpe11aeMOCTH HapyrneHHH )l(HJIKOBaHHji KphlJILeB HaCeKOMbIX 
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HCIIOJih30BaThCK B Ka'leCTBe Mepol ypOBHK HeCTa6HJihHOCTH pa3BHTHJI oco6ell: B IIOIJYJIKIIH

JIX? 

MATEPI1AJI I1 METOL(I1KA 

B pa6oTe wcrroJihJOBaHbI Bh16opKH HMaro 6m1pbIIIIHHUhI Aporia crataegi L. (3804 caMua H 3119 ca

MOK), c;::i:erraHHhie B 2013-2019 rr. B OKpeCTHOCTJl:X ;::i:ep. <l>OMHHO Ha 6aJe 6ttorrornqecKoii CTaHUHH 

YparrbcKoro <f>e;::i:eparrbHoro yHttsepcHTeTa (Csep;::i:rroscKrui o6rr., Cb1cePTCKHii p-H, 56°36' c. Ill., 

61°03' s. ;::i:.). MaTepttarr xpaHHTCll B MyJee MHCTHTYTa JKorrorntt pacTeHHii H )!(HBOTHhIX YpO PAH 

(EKaTepttH6ypr). IlOHCK HapyIIIeHHll )!(HJIKOBaHHll serrH, rrpocMaTpHBIDI OTrrperrapttposaHHhie KpbIJibll 

c seHTparrbHoii cTopoHhI rro;::i: 6uHoeyrrllpHbIM MHKpocKorroM MEC-10. HapyIIIeHHll )!(HJIKOBaHttll yqu

Tb!BaJIH OTJ:(eJihHO Ha Ka)!(J:(OM yqacTKe )!(HJIOK Ii B Ka)!(J:(Oll llqeiiKe KpbIJia, cxeMa paJ;::i:erreHHll )!(llJIOK 

KphIJia Ha yqacTKH rrpttse;::i:eHa Ha pttc. 1. Oco6eii 6eJ qacTH Kpbwa He yqttThIBaJIH rrptt aHarrttJe Hapy

rneHHii )!(HJIKOBaHHll Ha rrospe)!(J:(eHHOM yqacTKe, HO HCIIOJib30BaJIH Mll aHaJIHJa OCTaJibHbIX yqacTKOB 

KpbIJiheB, II03TOMY o6oeMbl BbJ6opoK no pa3HbIM )!(HJIKaM He COBIIa):(filOT (Ta6rr. 1 ). 

B pa6oTe paccMaTpHBaIOTCll HapyIIIeHHll )!(HJIKOBaHHll IIllTH THIIOB (pttc. 2): ;::i:orroJIHHTeJihHh1e pa3-

BeTBrreHttll )!(HJIOK (I); J:(OIIOJIHHTeJibHbie rrpo;::i:oJibHbie )!(HJIKH, pacrroJIO)!(eHHbie B llqeiiKax KpbIJia (II); 
crryqaH pe;::i:yKUHH rrpHCYTCTBYIOIUHX B HOpMe )!(HJIOK (III); CJIHllHHe rrpHCYTCTBYIOIUHX B HOpMe )!(HJIOK 

(IV) H rrorrHoe paJ;::i:erreHHe o;::i:Hoii )!(HJIKH Ha ;::i:se, pacrroJio)!(eHHbie rraparrrrerrhHO (THII V). MeTo;::i:ttKa 

yqern H KJiacctt<f>ttKaUHH HapyIIIeHHii )!(HJIKOBaHHJI rro;::i:po6Ho orrttcaHa B pa6oTe M. A. CorroHKHHa 

c coaBT. (CoJIOHKHH Ii ;::i:p., 2017), ,LIJill ,LlaHHOro HCCJit::J:(OBaHHll OHa 6bIJia HeJHaqHTeJibHO MOJ:(H<f>HUHpo

BaHa. B qacTHOCTH, s aHaJIHJ ;::i:o6asrreHhI HeKOTOpb1e yqacTKH )!(HJIOK (M
2
-M1 + R

4 
+ 

5
, R1-R2

• 
3

, 

M1 + R4 + 
5

, M
2 

Ha rrepe;::i:HeM Kpbwe ), KOTopb1e B rrpe;::i:hI.z:1YIUeii pa6oTe 6b!JIH HCKJIIOqeHbI. 

):(!Ill aHaJIHJa HJMeHqHBOCTH CTerreHH rrpOllBJieHHll HapyIIIeHHii )!(HJIKOBaHHll KpbIJibeB Ii MeCTO

IlOJIO)!(eHHll HapyIIIeHHii Ha )!(HJIKax 6hIJIH BbI6paHbl ;::i:sa Hatt6orree qacTO BCTpeqa!OIUHXCJI J:(OIIOJIHH

TeJibHblX paJsernrreHttll: )!(HJIKH Cu1 rrepe;::i:Hero Kpbwa H M
2 

Ja;::i:Hero Kphwa. Bcero 6hIJIH 

npoaHaJIH3HpOBaHbl Mop<f>oMeTpttqecKHe rrapaMeTpbI 149 paJseTBrreHuii )!(HJIKH Cu
1 

u 350 paJBeTBrre

HHii lKHJIKH M2• MJMepeHHll rrposo;::i:ttrrH rro;::i: 6ttHoeyrrllpHbIM MHKpocKorroM MEC-10 c rroMOIUhIO oey

JIJ1p-MttKpOMeTpa. CxeMa rrpoMepos rrpttse;::i:eHa Ha pttc. 3. IlapaMeTp 1 xapaKTepHJyeT o6iuyIO 

npoTJllKeHHOCTb )!(HJIKH OT TOqKH ee OTBeTBJieHHll ;::i:o KOHUa OCHOBHOH BeTBH, rrapaMeTp 2 - paCCTOJl

HHe OT TOqKH J:(OIIOJIHHTeJihHOro sernrreHHJI ;::i:o Kpall KpbIJia, Ii rrapaMeTp 3 - J:(JIHHY J:(OIIOJIHHTeJihHOll 

BCTBH pa3BeTBJieHHll. EcrrH o6e BeTBH 6bIJIH Bblpa)!(eHbl IIOJIHOCTb!O, TO rrapaMeTp 3 He H3Mepll!ICJI. 

BepxHJlll seTBh )!(HJIKH Cu1 rrpaKTHqecKH scer;::i:a (s 96 % crryqaes) 6hwa Bbipa)!(eHa rrorrHOCThIO, a HH)!(

HllJI qacro (s 69 % crryqaes) 6bIJia Bblpa)!(eHa crra6o, rroJTOMY sepxHllJI BeTBh paccMaTpttsarrach s Kaqe

CTBe OCHOBHOii, a HH)!(Hllll - B KaqecTBe J:(OIIOJIHHTeJihHOii. ~ pa3BeTBJieHHll )!(HJIKH M2 xapaKTepHa 

o6parHaJ1 KapTHHa: sepxHllll seTBh qacTO (s 85 % crryqaes) 6b1rra crra6o Bb!pa)!(eHa, a HH)!(Hllll - rrpaK

mqecKu scer;::i:a (s 98 % crryqaes) 6hIJia Bhlpa)!(eHa rroJIHOCThIO. B CBllJH c JTHM y paJsernrreHHll )!(HJI

KH M2 HH)!(HllJI BeTBb cqHTaJiaCb OCHOBHOii, a sepXHJlll - J:(OIIOJIHHTeJibHOii. 

):(rrll xapaKTepHCTHKH MeCTOIIOJIO)!(eHHll HapyrneHHll Ha )!(HJIKe HCIIOJib30BaJIH HHJ:(eKC I, paccqHTaH

llhlll no <f>opMyrre: (rrapaMeTp 2 I rrapaMeTp 1 ). ,[(Jill xapaKTepHCTHKH cTerreHH Bbipa)!(eHHOCTH ;::i:orrorr

HHTeJihHOii BeTBH pa3BeTBJieHHii HCIIOJib30BaJIH HHJ:(eKC 2, paccqHTaHHblll no <f>opMyrre: (rrapaMeTp 3 I 
DBpaMeTp 2). Me;::i:ttaHhl HH,LleKCOB, paccqHTaHHbIX ):(!Ill pa3HbIX pa3BeTBJieHHH, cpaBHHBaJIH c IIOMO

illb!O KpttTepull MaHHa-YHTHH ( U), a pacrrpe;::i:erreHHll HH;::i:eKcos - c rroMOJUhIO KpHTepttll KorrMoroposa

CMupHosa (d). 

B3auMOCBll3h rrpollsrreHHll pa3rrHqHhIX HapyIIIeHHii )!(HJIKOBaHHll Me)!(J:(y co6oii oueHHJIH c rroMOIUhIO 

m34>4JuuueHTa paHrosoii KoppeJillUHH CrrttpMeHa (R5). ,[(Jill KoppeJillUHOHHoro aHarrHJa 6bIJIH oT06pa

lllil Hapy1IIeHHJ1, BCTpeTHBIIIHecll 6orree 10 pa3 B o6iueii Bb16opKe HMaro o;::i:Horo rrorra. B pe3yrrhTaTe 

6wrru paccqHTaHhl KOppeJillUHH Me)!(J:(y 39 HapyIIIeHHJIMH )!(HJIKOBaHHll y caMUOB Ii 33 - y caMOK. Ilo

Jl)"ICHHble KOppeJillUHOHHble MaTpHUhl 6hIJIH o6pa60TaHbl MeTOJ:(OM MeTpttqecKoro MHOroMepHoro 

llllC8JiuposaHHJ1 (masHblX Koop;::i:ttHaT, PCO). 3aTeM rrposerrtt KJiacTepHhiii aHaJIHJ MeTO;::i:oM Yop;::i:a, J:(JIJI 
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Puc. 1. CxeMa ttopMaJILHOro lKHJIKOBaHHJ! KpbIJILee Aporia crataegi L. To'IKaMH o6o3Ha'leHbI 

rpaHHUbl aHaJill3llpyeMb!X yqaCTKOB lKHJIOK, npepbIBllCTOH JlllHHeH Bbl.lleJieHbl y'laCTKll lKHJIOK, 

llCKJIJO'leHHbie 113 aHaJI113a. ~mppaMH YKaJaHbl HOMepa JI'leeK KpLma. 

B 

M2 

E 

R4•5 Rs 

M1 
M1 

M1 

Puc. 2. AHaJIH311pyeML1e THilbl HapyrneHHH lKllJIKoeaHHJ! KpbIJILee Aporia crataegi L. 

A, E - .11onontt11TeJJbHhle pa3sernnett11ll lKllJJOK (T11n I), B - .11onontt11TeJJbHaJ1 lKllJJKa B ll'!ei!:Ke Kphrna (T11n II), 
r - pe.il)'KUl!ll lKllJlKll (rnn III),.[( - CJlllllHlle np11cyTCTBYIOIUllX B HOpMe lKllJlOK (rnn IV), E - IlOJJHOe pa3.lleJleHlle 

np11cyTcrny10mei!: B ttopMe lKllJJKll tta .11se (rnn V). I1o: ConoHKHH 11 .11p., 2017, c 113MeHeHllllMll. 
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PHc. 3. CxeMa npoMepos .!lOITOJIHHTeJU,HbIX paJBeTBJieHHH JKHJIOK M
2 
3MHero Kpb1na (A) 

H Cu1 nepe.uHero Kpbma (E) Aporia crataegi L. 

I - ,ll,1HHa lKHJIKH OT roqKH ee OTBeTBJJeHHJl .llO KOHUa OCHOBHOJ:i BeTBH, 2 - pacCTOJIHHe OT TQqKH 

.llOilOJIHHTe.1bHOro pa3BeTB11eHHJl .llO Kpall Kpb!JJa, 3 - lllllfHa l!OilOllHHTeJlbHOH BeTBH pa3BeTBJTeHHll. 

KOTOporo 6bIJIH oro6paHbl rmIBHhie KOOp,!IHHaTbl rrptt3HaKOB, KaJK,!lall H3 KOTOpbIX 06bl!CHJ1na He Mettee 

2 % o6I.Qei1 H3MeHqHsocrn (rrepsb1e 26 Koop.!IHHaT y caM11os H 24 - y caMoK). 

,[(!Ill aHaJIH3a 3aKOHOMepHOCTett aHTHMepHOfO npOl!BJieHHll 6bIJIH OT06paHbl HapyweHHll lKHnKOBa

HHJI, BCTpenrnwttecl! 6onee I 0 pa3. B .!laHHOM cnyqae yqeTHOH e.!lttHm.1eu cq11Tan11 cropotty Tena oco-

6H. Ecn11 Ha O.!IHOH H TOH lKe lKHnKe o6HapylKHBMH HeCKOJibKO o.uuHaKOBbIX HapyweHHH, TO TaKa11 

cropoHa Tena yqHTb!BaJiaCb 0.!IHH pa3 KaK CTOpOHa c HapyweHHeM .!laHHOH lKHnKH. B pe3ynhTaTe 3aKO

HOMepHOCTH aHTHMepHOfO npOl!BneHHll 6bIJIH npoaHaJIH3HpOBaHbl .!lnll 39 HapyweHHH y caMl(OB H 

32 y CaMOK. An:ll KaJK.!lOI'O HapymeHHll lKHnKOBaHHll 6bIJIH paccq11TaHbl qacTOTa ero BCTpeqaeMOCTH Ha 

npasou H JieBOH CTOpOHax TeJia (pa H Pb COOTBeTCTBeHHO) H KOJIHqecTBO oco6eH c aCHMMeTpuqHbIM H 

CHMMeTpttqHblM npOllBJieHUeM .!laHHoro HapyweHHJI. c l(eJiblO BblllBJieHHll HanpaBJieHHOH aCHMMeT

pHH cpaBHHBaJIH qacTOTY BCTpeqaeMOCUI KaJK.!IOfO HapyweHHJI lKHnKOBaHHll Ha pa3HbIX cmpoHax Tena 

c IlOMOIQblO TOqHoro KpHTepHll <l>Hwepa. 3aTeM BbJqHCJIA:JIH OlKH.!laeMbJe qacTOTbl BCTpeqaeMOCTH oco-

6eu c aCHMMeTpHqHblM H CHMMeTp11qHbIM rrpOllBJieHtteM KaJK.!IOro HapyrneHHll npH ycJIOBHH ero cny

qailHoro H He3aBHCHMOfO B03HHKHOBeHHll Ha pa3HblX CTOpoHax Tena no cpopMyJiaM (I) H (2). 
3MIIHpHqecKHe H OlKH.!laeMbie qacTOTbl BCTpeqaeMOCTH oco6eif c aCHMMeTp11qHblM H CHMMeTpHqHblM 

npollBJieHtteM KaJK.!IOfO HapyweHHJI cpaBHHBaJIH c IIOMOll(blO TOqHoro KpHTepHJI <l>11wepa, 3aTeM Bbl

'IHCJil!nH .!lOJilO oco6eif c acttMMeTp11qHbIM rrpol!BJieHtteM HapyweHHll oT o6mero qwcna oco6eJI, 11Me-

10mwx .!laHHOe HapyweHtte lKHJIKoBaHHJI (.uomo ac11MMeTp11qHoro rrpollBJieH11J1). B KaqecTBe 

IlOKa3aTeAA sen11qHHbl OTKJIOHeHHJI Ha6JIIO.!laeMbIX qacTOT BCTpeqaeMOCTH oco6eu c CHMMeTpHqHbIM 

npol!BJieHHeM HapyweHHll OT OlKH.!laeMbIX HCil0Jlb30BaJIH BeJIHqHHY pa3HOCTH MelK,!ly Ha6JIIO.!laeMOH H 

OlKH.UaeMoH .!lOJieif ac!fMMeTpHqHoro npollBJieHHJI .!laHHOro HapyweHHJI (D). I13MeHqHBOCTb D B JaBH

CHMOCTH OT nona HMaro H rpynnbl HapyweHHH npoaHaJIH3HpOBaJIH nyTeM .usyxcpaKTOpHOfO po6acTHO

ro ilHCnepcHOHHOro aHanHJa. Bo scex cnyqaJ1x MHOJKecTBeHHbIX cpastteHHH ypoBHH 3Haq11MOCT11 

KOppeKT11poBaJIH no MeTO.!lY EeH.!llKaMHHH-Xox6epra. An:ll xapaKTepttCTHKH Mep l(eHTpaJibHOH TeH

AeHl(HH HCIIOnh30BaJIH Me.!lHatty (Me). Bee rrpo11e1lypbl CTaTHCT11qecKOfO aHaJIH3a 6blJIH BbJIIOnHeHbl 

s nporpaMMe PAST 3.26 (Hammer et al., 2001) 11 B cpe.!le R (R Core Team, 2019). 

PE3YJihTAThI l1 OECY)K.D:EHHE 

CTeneHb npo.srnJiemui: ,z:i;o6asoqHoi1: seTBH pa3BeTBJieHHH )l(HJIOK Cu
1 
nepe,z:i;Hero KpbIJia H 

M2 38,ll;Hero Kporna sapoHpyeT B umpoKoM ,z:i;HanaJOHe, np11qeM HaH6oJiee qacTo BCTpeqa1-0T
cx pa3BeTBJieHID1 co CJia6o Bbipa)l(eHHOH ,z:i;o6asoqHoH: seTBhlO (puc. 4). CTeneHh npo.srnJie
HHH .uo6aeotJHOH BeTBH y pa3BeTBJieHHH Cu

1 
u M2 He ornuqaeTC}! Hll no Me,z:i;uaHe ( U = 9920; 

p = 0.11), Hll no pacnpe,z:i;eJieHuro B ueJIOM (d = 0.14;p = 0.16). HenpephlBH~ KOJilltJecTBeH-
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Puc. 4. Pacnpe.n:eJJettue .n:onoJJmneJJbHbIX pa:3BeTBJJeHHH lKHJJOK Cu
1 
nepe.n:ttero Kpb!JJa (A) 

H M
2 
Ja.n:ttero KpbIJJa (6) Aporia crataegi L. no cTeneHH Bb!paJKeHHOCTH .n:onoJJHHTeJJbHOH BeTBH. 

HM H3MeHqHsocTb CTeneHH npmrnJieHHH pa:JBeTBJieHHii Cu 
1 

H M2 II03BOJIHeT npe,n:nonaraTh, 

qTo B OCHOBe .!llfCKpeTHOro sapbHpOBaHHH )KlfJIOK JJe)KHT KOJJHqeCTBeHHrul H3MeHqHBOCTb 

KaKHX-TO napaMeTPOB MOpcporeHe3a KpbIJia If HapyrneHHe )l(lfJJKOBaHHH IIpOHBlli!eTCH B TOM 

cnyqae, KOr,n:a BeJilfqlfHbl 3THX napaMeTPOB OKa:JbIBaIOTCH Bblllie (HJIH HH)f(e) onpe,n:eJJeHHO

ro nopora (BacHJJhes, 2005; Halgrimsson et al., 2005). CornacHo HamHM Ha6JIIO.!leHHHM, 

,n:JIH OCTaJJbHbIX HapyrneHHH )l(lfJJKOBaHHH KpbIJibeB (pa3BeTBJieHHH, .!lOilOJIHHTeJibHbIX )Kif-

576 



JIOK, pe.n;yKQIIII )l(IIJIOK), TaK )Ke, KaK II )J;JUI npoaHaJIII3IIpOBaHHbIX 3,D;eCb pa3BeTBJieHIIH )l(II

JIOK Cu1 II M2, xapaKTeptta HenpepbIBHasI II3MeH'!MBOCTb cTeneHM npmrnneHMH. KpoMe rnro, 

HapyrneHMH )l(MJIKOBaHMH o6pa3yIOT qeTbipe TIIIIa 6MJiaTepaJibHbIX KOMII03MU:MH ( +/+; -/-; 
+/-; -/+). Cne.n;OBaTeJibHO, ttapyrneHMH )l(MJIKOBaHMH MOryT paccMaTpMBaThCH KaK ycToHqII

Bbie COCTOHHMH noporOBbIX HeMeTpM'IeCKMX IIpM3HaKOB co CKpbITOH KOJIMqeCTBeHHOH 

IIpIIpO,D;OH H3MeH'!MBOCTII, T. e. <t>eHbl (BacMJibeB, 2005). IlpM 3TOM IIpMpo.n;a <t>aKTOpOB, He

npepbIBHasI KOJIIIqecTBeHHasI M3MeH'!MBOCTb KOTOpbIX IIO noporoBOMY MexaHII3MY o6ycJIOB

JIMBaeT npoHBJieHMe ttapyrneHMH )l(MJIKOBaHHH, ocmeTCH HeM3BeCTHoii. Mo)l(HO npe.n;nono

)!(MTb, qTo qacTOTbl BCTpeqaeMOCTM pa3JIMqHbIX HapyrneHIIH )l(MJIKOBaHMH OTpa)l(aIOT CIIeKTp 

B03MO)l(HbIX nyTeH Mop<t>oreHe3a )l(MJIOK M BepOHTHOCTM MX peaJIM3aQMM II, TaKMM o6pa30M, 

II03BOJIHIOT oxapaKTepM30BaTh 3IIMretteTMqecKMH naH.n;rna<t>T MJyqaeMOH nonyJU1U:MM. 

OcTaeTcH HeHCHbIM, cne.n;yeT JIM paccMaTpMBaTh o.n;MttaKOBhle ttapyrneHMH, B03HMKaIOIQMe 

B pa3HbIX Mecmx o.n;ttoH M TOH )Ke )l(MJIKM, KaK o.n;MH <t>ett MJIM KaK pa3Hbie. MM nonyqMJIM 

npOTMBOpeqMBbie pe3yJibTaTbl, KOTOpble He II03BOJIHIOT OKOH'!aTeJibHO OTBeTMTb Ha 3TOT BO

npoc. YcTaHOBJietto, 'ITO o.n;MttaKOBhie ttapyrneHMH )l(MJIKOBaHMH BCTPe'laIOTCH COBMecTHO 

y o.n;ttoH oco6M Ha )!(MJIKe Cu1 B 5 % cnyqaeB, a Ha )l(MJIKe M
2 

- B 3 % cnyqaeB. qacTom co

BMeCTHOH BCTpeqaeMOCTM pa3BeTBJieHMH Cul Ha O,D;HOH )l(MJIKe COOTBeTCTByeT O)l(H,D;aeMOH 

IIpM ycJIOBMII IIX cnyqaHHOro M He3aBMCMMOro KOM6IIHMpOBaHMH (p = 0.07), B TO BpeMH KaK 

pa3BeTBJieHMH M2 COBMeCTHO IIpOHBJUIIOTCH 3Ha'!MMO pe)l(e, 'leM O)l(M,D;aeTCH IIpM MX cnyqaH

HOM M He3aBIICMMOM KOM6IIHMpOBaHMM (p = 0.006). 0.n;HOBpeMeHHOe IIpMCYTCTBIIe O,D;MHa

KOBblX pa3BeTBJieHMH B pa3HbIX MeCTax O,D;HOH M TOH )Ke )l(MJIKM IIOKa3b1BaeT, qTo pa3Hble 

qacTM O,D;HOH )l(MJIKM MOryT BapbMpOBaTb He3aBMCMMO .n;pyr OT .n;pyra M, CJie,D;OBaTeJibHO, 

):IOJI)l(Hbl paccMaTPMBaTbCH KaK pa3Hble IIpII3HaKM, a HapyrneHMH )l(MJIKOBaHMH, B03HMKaIO

mMe B pa3HbIX Mecmx )!(MJIKM, .n;oJI)l(HbI cqMTaTbCH pa3HbIMM <t>ettaMM (Sereno, 2007; BacM

JibeB, BacMJiheBa, 2009). C .npyroH cTopottbI, KaK BMAHO M3 pacnpe.n;eneHHH MH.n;eKca I Ha 

pttc. 5, pa3BeTBJieHMH B03HMKaIOT Ha BCeM npOTH)l(eHHM )!(MJIOK Cu1 M M
2

, a He B KaKMX-JIH6o 

onpe.n;eneHHbIX yqacTKax. BepoHTHOCTb <t>opMHpoBaHHH pa3BeTBJieHHH MMHMMaJihHa B6JIH-

3H OCHOBaHIIH o6eMX M3yqeHHbIX )l(MJIOK H IIOCTeIIeHHO B03pacTaeT IIO Mepe IIpM6JIII)!(eHHH 

K BHerntteMY KpaIO Kpbma (pIIc. 5). MecTOIIOJIO)l(eHMe pa3BeTBJieHMH Ha )l(MJIKax Cu1 II M 2 
He 

OTJIMqaeTCH HM IIO Me.n;MaHe (U = 26064; p = 0.99), HM IIO pacnpe.n;eneHIIIO B u;eJIOM 

(d = 0.10; p = 0.20). TaKIIM o6pa30M, Ha OCHOBe nonyqeHHbIX pe3yJibTaTOB HeB03M0)!(H0 

pa3,D;eJIIITb M3y'!eHHbie )l(lfJIKH Ha OT,D;eJibHbie yqacTKH, KOTOpble MO)l(HO 6blJIO 6bI aHaJIH3M

pOBaTb KaK caMOCTOHTeJibHbie IIpM3HaKM. 

IlpMMe'!aTeJibHO, 'ITO Ha pa3HbIX yqacTKax O)J;HOH )l(MJIKM y pa3HbIX oco6eH <t>opMMPYIOTCH 

O):IHH H Te )Ke BapIIaHTbl pa3BeTBJieHIIH. Pattee 6bIJIO IIOKa3aHO, qTo y 6oHpbIIIIHIIU:bl Ha pa3-

HbIX )!(MJIKax ycTOH'IMBO peaJIII3YIOTCH onpe.n;eneHHbie BapMaHTbl HapyrneHHH (CoJIOHKMH M 

-np., 20 I 7). C yqernM 3THX .n;aHHbIX oco6ettttocTH pacnoJio)l(eHMH pa3BeTBJieHHH Ha HJyqeH

HbIX )l(IIJIKax cne.nyeT cqMTaTb ,D;OKa3aTeJibCTBOM Mop<t>oreHeTMqecKoro e,D;MHCTBa O)J;HOH 

)l(HJIKH M cyiu:ecTBOBaHHH Mop<t>oreHeTttqecKMX pa3JIM'IMH Me)l()J;y pa3HbIMM )l(HJIKaMM. B Ha

CToHiu:ee BpeMH HapyrneHMH )l(HJIKOBaHMH MO)l(HO paccMaTPMBaTb JIH6o KaK <t>eHbl, JIM6o KaK 

KOMII03MQMM <t>eHOB pa3HbIX IIpM3HaKOB. 

He3aBMCMMOCTb npoHBJieHHH ttapyrneHMH )l(HJIKOBaHMH KpbIJibeB ou;eHMJIH c IIOMOIQbIO 

pacqem Ko3<l><l>Mn;IIeHTOB KoppeJIHU:MM CnIIpMetta (R,) Me)l()J;y pa3HbIMM ttapyrneHMHMII. Co

rrracHo pe3yJibTaTaM KJiaCTepHoro aHaJIM3a, Bee HapyrneHMH )l(MJIKOBaHMH pa3,D;eJIHIOTCH Ha 

-naa o6oco6nettHbIX KJiacTepa (pttc. 6). KnacTep npmHaKoB N2 I y caMQOB 06pa3y10T .nonon

HHTeJibHbie )l(MJIKM B HqeHKax N2 3, 8 M 9 nepe.n;ttero Kphma II B H'leHKe N2 I 3a,D;Hero Kphma. 
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Puc. 5. Pacnpe)leJiettue JlOilOJIHHTeJibHblX pll.3BeTBJieHHH JKHJIOK Cu 1 nepe)lttero KpbIJia (A) 
u M

2 
3a)lttero Kpbrna (I>) Aporia crataegi L. no ux MecTOnoJioJKeHHJO Ha JKHJIKe. 
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Puc. 6. Pe3yJihTaTbI KJiacrepHoro aHaJIH3a Koop,n:HHaT HapyweHHH JKHJIKOBaHHJI KphmheB 

Aporia crataegi L., IIOJiy'leHHbie B pe3yJibTaTe MHOroMepHoro MeTpH'IeCKOro IIIKaJIHpOBaHHJI 

KoppenHuHOHHOH MaTpHuhI. A - caMuhI, Ii - caMKH. 

F - rrepe1mee Kpbmo, H - 3!1,L(Hee Kphlrro, apa6cK11M11 umppaM11 yKa3aHhl HOMepa 1111eeK Kphlrra, p11McK11M11 
umppaMll - TllIIbl HapyrneH!IH JKllJIKOBaH!IK. 
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y caMOK B 3TOT KJiacrep BXO,llHT TOT )f(e Ha6op npH3HaKOB, H, KpOMe 3Toro, ,llOilOJlHHTeJib

Hble )f(HJIKH B J1qei.fKaX N!~ 4-6 nepeAHero Kpb1rra. Bee ocTaJibHbie aHarrH3HpyeMbie Hapyme

HHJI )f(l!JlKOBaHllJI COCTaBJIJIIOT KJiaCTep N2 2 (cM. pHC. 6). 3TOT KJiaCTep Hy caMUOB, Hy ca

MOK OTqeTJIHBO pa3,llem1eTCH Ha ,llBa KpynHbIX cy6KJiaCTepa. B Ka)f(AblH ll3 3THX cy6KJiaCTepoB 

nonaAaIOT HapymeHllJI )f(HJlKOBaHHH, OTHOCHmHeCH K pa3HblM THnaM, pacnOJIO)f(eHHble Ha 

pa3HbIX CTBorrax )f(HJIOK Ha nepe.aHeM H 3aAHeM KpblllbJIX. TaKl!M o6pa30M, He y.aaeTcH BbI

HBHTb 3aKOHOMepHOCTH, Ha OCHOBaHHH KOTOpbIX BbJAeJIHIOTCH 3TH )lBa IlO,llKJiaCTepa. 

HapymeHHH )f(HJIKOBaHHH, cocTaBJIHIOmHe KJiacTep N2 2, npoHBJ1J1IOTCJ1 npeHMymecTBeH

HO He3aBHCHMO .apyr OT .apyra (3HaqeHHJI K03<J.>qmuHeHTOB KOppeJ1J1UHH y caMOK BapbupyroT 

OT -0. I 6 .ao 0. I 9; Me = -0.02, y caMUOB - OT -0. I I .ao 0. I 8, Me = -0.0 I). IlpH 3TOM y caM

UOB 3HaqeHllJI K03<J.><J.>HuHeHTOB KOppeJ1J1UHH Me)f(Ay pa3HblMH HapymeHHJIMH 0,llHHX H Tex 

)l(e )l(HJIOK 3HaqHMO Bbillle, qeM Me)f(Ay HapymeHHHMH pa3HbIX )l(l!JlOK (Mel = 0.08; 

Me2 = -0.01; no pe3yJibTaTaM TecTa MaHHa-YHTHH, U= 1185,p < 0.001). liorrbmHHCTBO 

HapymeHHH pa3HbIX THilOB, pacnOJIO)l(eHHbIX Ha O,llHHX H Tex )Ke )l(HJIKax y caMUOB, rpynnH

PYIOTCH B 06m11e cy6KJiaCTepb1 (pHc. 6A). TaKHM o6pa3oM, ec1111 Ha Kpbrne caMua B03HHKa

eT 6011ee O,llHOro HapymeHHJI )l(HJIKOBaHHH, TO 6011ee BepOJITHO, qTo OHH 6yeyT pacnOJIO)l(e

HbI Ha 0,llHOH )l(HJIKe, a He Ha pa3HbIX. 

mm npH3HaKOB, COCTaBJIHIOlllHX KJiaCTep N2 1, B cpaBHeHHH c HapymeHHHMH )f(l!JIKOBa

HllJI H3 KJiacTepa N2 2, xapaKTepHo 6011ee qacroe COBMeCTHOe npoHBJieHHe y O.llHOH H TOH 

)f(e oco6H: 3HaqeHHH K03<J.><J.>11u11eHTOB KOppeJIJIUHH Me)f(Ay HHMH BapbHpyroT OT 0. I 1 .llO 

0.55 y caMOK (Me= 0.31,p < 0.05) HOT 0.12 .llO 0 .24 y caMUOB (Me= 0.17,p < 0.05). Ilo

CKOJibKY HapymeHllJI )l(HJIKOBaHllJI, BXOAJlmHe B KJiaCTep N2 2, npOJIBJ1JIIOTCH He3aBHCHMO 

.apyr OT .apyra, TO MaJIOBepOJITHO, ~o B3aHMOCBJ13aHHOe npOHBJieHHe HapymeHHH H3 KJia

CTepa N2 I 06yc110BJieHo cKOOP.llHHHpoeaHHocTbro npoueccoB Mop<J.>oreHe3a e pa3HbIX Hqen

Kax Kpbrna. CKopee ecero, coBMeCTHOe npollBJieHHe HapymeHl!H )l(HJIKOBaHHJI, npHHaAJie

)l(amHX K KJiacTepy N2 1, 06yc110BJieHo BJIHJIHHeM HeKoero <J.>aKTopa (HanpHMep, reHOTHna 

oco6H HJIH ycJIOBHH cpe,llbl), KOTOpbIH yBeJIHqHBaeT npe.apacnOJIO)f(eHHOCTb K B03HHKHOBe

HHIO ,llOilOJIHHTeJibHbIX )f(l!JIOK B HeKOTOpbIX j[qenKax Kpbrna. TaKHM o6pa30M, MO)f(HO BbJAe

JIHTb ,llBe rpynnbl HapymeHHH )f(HJIKOBaHHH KpbIJibeB 60J1pbillIHHUhJ. K nepBOH OTHOCHTCJI 

HapymeHHJI, BXO,llJllllHe B KJiaCTep N2 1, KOTOpble cpaBmfTeJibHO qacro BCTpeqaroTCJI co

BMeCTHO y 0.llHOH oco6H. Ko BTOpOH rpynne OTHOCJITCH HapymeHllJI H3 KJiacrepa N2 2 , KOTO

pbie npOHBJIHIOTCH He3aBHCHMO .upyr OT .upyra. 

HanpaBJieHHaH acHMMeTpmI B npoHBJieHHH HapyrneHHH )l(HJIKOBaHHJI KpbIJiheB oTcyTcTBy

eT (Ta611. 1.). Be1111q11Ha OTKJIOHeHHH Ha61110.aaeMOH .aorrH acHMMeTpHqHoro npoJ1erreHm1 OT 

O)l(H,llaeMOH (D) y pa3HbIX HapymeHHH )l(l!JlKOBaHIUI BapbHpyeT OT 0 .llO 35 % y caMUOB 

(Me= 7.2 %) HOT 0 .uo 55 % y caMOK (Me= 13.6 %). B 38 % crryqaeB y caMUOB H B 44 % 
crryqaee y caMoK 3TO OTKJIOHem1e 3HaqHMO (CM. n~6rr. 1 ). TaKHM o6pa3oM, aHTHMepHoe 

npOHBJieHHe pa3HbIX HapymeHHH )f(HrrKOBaHHH KpbIJibeB 6ollpbIIDHHUbI no,llqHHHeTCJI pa3-

HbIM 3aKOHOMepHOCTJIM: HeKOTOpbie HapymeHHH npOllBrrJIIOTCJI crryqanHO H He3aBHCHMO Ha 

pa3HbIX CTOpOHax Terra, B TO BpeMJI KaK npOllBrreHHe .upyrHx B 60JibllleH HrrH Mem,meH. CTe

neHH OTKJIOHHeTCH B cTopoey CHMMerpuu. C~aeB OTKJIOHeHllJI B cTopoey noBbimeHHOH 

aCHMMeTpnqHOCTH npOHBrreHllJI (T. e. CKJIOHHOCTH K aHTHCHMMeTpHH) He o6Hapy)f(eHO. 3To 

xopomo cornacyeTCJI c rruTepazypHbIMH .uaHHbIMn: <J.>eHo.aeeuauuu Ha pa3HbIX cTopoHax Te

rra npoHBJIHIOTCH crryqaH.Ho H He3aeucuMo .apyr OT .upyra (AcTaypoe, 1974; BacHrrbeB, 2005) 

HrrH .ueMOHCTpttpyroT TeH,lleHUHIO K CHMMeTpnqHOMY npOHBJieHUIO (Palmer, 2012). 

580 



•1111nrr111 nrr m n1r nr r ] ·· rr r r ~ 

Ta6.JJe .. a 1. 3aKOHOMepHOCTH aHTHMepttoro npo11eneHHll HapyrneHHH lKHJIKOBaHHll KpblJlbeB y Aporia crataegi L. 

0: lfacTOTa BCTpe'laeMOCTH ::s:: 
:i: 4ttcno oco6eii c ttapyrneHHeM CTopoH rena c 

0 
Cl) 

"'= Y'laCTOK lKHJIKH HJIH a HapyrnetttteM, % ::0 ~ N P, D,% P2 ~ ll'lettKa Kpbrna 
:i: 
~ ActtMMeTpH'IHbie CttMMeTpH'IHbJe npaeall JleeaH ::s:: 

f-< 

CaML\bl 

M2-M1 ,R. ,s I 3728 85 3 1.26 1.18 l 2.8 I 0.248 

R,- Ri+ 3 
I 3728 211 59 4.46 4.33 l 19.6 0.000 

R, I 3718 12 0 0.16 0.16 1 -0.1 

Ill 3718 72 9 l.23 1.18 I 10.5 I 0.003 
IV 3718 15 6 0.35 0.37 1 28.4 0.013 

R2 +J I 3706 43 0 0.56 0.59 I -0.3 

III 3706 16 0 0.29 0.13 0.818 - 0.1 
Cl) 
Cl) 

M, . R4 , 5 
I 3726 143 52 3.31 3.64 I 24.9 I 0.000 :i: 

':( 
Cl) 

A v 3726 15 8 0.37 0.45 1 34.6 0.002 Cl) 

I:: 
R•, s I 3717 18 0 0.32 0.16 0.811 -0.1 

R. I 3698 27 0 0.21 0.51 0.505 -0.2 

Rs I 3674 50 8 1.21 0.56 0.113 13.4 I 0.006 

III 3674 14 0 0.22 0.16 I -0.1 

M, I 
I 3676 22 0 0.32 0.27 I -0.1 

III 3676 17 I 0.22 0.30 1 5.4 
Vl I M2 I I 3689 00 22 0 0.30 0.30 I -0.1 



.·.~ .. ·-·-···-- ~ ~-··: "'-'5fj'!ll!'!'f 

~ Ta6nnna I (npoiJ01n1eeHue) 
N 

"' 4aCTIYra BCTpe'laeMOCTH :s: 
:c 4HCJIO oco6ei1 c HapyweHHeM CTOpoH TeJla C 0 

0 a ttapywetttteM, % 00: Y'lacroK lKHJIKH HJIH :a §: N P, D, % P2 0.. 114ei1Ka Kpbrna 
~ :c 

t:: ActtMMeTpH4Hb1e CttMMeTpH'IHbJe npaea11 Jleea11 :s: 
E-

MJ I 3688 25 2 0.38 0.43 I 7.2 0.419 
Cu,- M3 I 3727 16 0 0.29 0.13 0.818 -0.1 I 

Cu , I 3687 136 37 2.91 2.82 I 19.9 0.000 
Cu

2 I 3668 16 0 0.13 0.32 0.797 -0.1 I 
0 2A l 3644 77 23 1.35 2.00 0.479 22.2 0.000 0 :c 
<:( 

Ill 3644 26 I 0.46 0.30 I 3.5 I 0 
0.. 
0 

i::: N2 3 II 3687 107 40 2.50 2.55 I 25.9 0.000 
N24 II 3670 26 I 0.22 0.57 0.465 3.5 0.832 
N2 8 II 3665 10 4 0.27 0.22 I 28.5 0.069 
N2 9 11 3651 28 9 0.68 0.57 I 24.0 0.002 

N2 10 I[ 3622 217 55 4.42 4.70 I 17.9 0.000 

R, I 3693 12 I 0 .19 0.19 I 7.6 I 

M, I 3661 66 5 1.00 1.05 l 6.5 0.060 

0 III 3661 42 8 
0 

0.73 0.86 I 15.6 0.005 
:c 

M2 I 3656 299 54 5.41 5.70 I 12.4 0.000 lo:[ 
~ 

Ct") 

MJ l 3661 9 I 0.19 0.11 1 9.9 1 

Cu,- M3 I 3701 25 2 0.51 0.27 0.797 7.2 0.419 

Cu, I 3666 13 0 0.16 0.19 I -0. I I 



-J. I 1 

Vl 
00 
w 

... ... 
:i: 
"'I: 
c;j 

(Y) 

... ... 
:i: 
"'I: ... 
°" ... 
c: 

3A 

N2 I 

N23 

M2-M1 +R4+s 

R,-R2+3 

R, 

R1+3 

M, +R4+s 

R4+s 

R4 

Rs 

M, 

M2 

M3 

Cu, 

Cu2 

N23 

N24 

N2 5 

Ill 3666 23 

I 3660 190 

Ill 3660 40 

II 3673 26 

II 3633 128 

CaMKtt 

I 3023 37 

I 3023 138 

III 3014 75 

I 3005 35 

III 3006 14 

I 3026 45 

l 3017 13 

l 3010 27 

I 2993 62 

Ill 2993 9 

III 2993 5 

l 3003 16 

I 2995 23 

I 2995 86 

I 2992 22 

II 3001 86 

II 2989 30 

II 2974 9 

I 0.43 0.27 I 4.0 I 

21 3.19 3.18 I 8.3 0.000 

5 0.84 0.51 0.708 10.8 0.054 

2 0.51 0.32 0.993 6.9 0.419 

15 2.20 2.14 1 9.4 0.001 

1 0.49 0.79 I 2.3 1 

40 3.52 3.69 1 20.6 0.000 

7 1.55 1.38 1 7.8 0.014 

2 0.63 0.66 1 5.1 0.354 

0 0.23 0.23 I -0.1 1 

8 1.05 0.99 1 14.6 0.005 

0 0.07 0.36 0.357 -0.1 1 

1 0.53 0.43 1 3.3 1 

1 0.93 1.19 1 1.1 1 

2 0.23 0.20 I 18.1 0.348 

4 0.20 0.26 1 44.3 0.039 

3 0.40 0.33 I 15.6 0.165 

1 0.50 0.33 1 4.0 1 

14 1.95 1.85 1 13.0 0.001 

1 0.43 0.46 1 4.1 1 

79 4.23 3.92 I 45.8 0.000 

4 0.53 0.73 1 11.5 0.095 

II 0.46 0.56 l 54.7 0.000 



~ Tafi.ria._a 1 (npoOOJ1JK:e11ue) 
~ 

I>: 1facTOTa BCTpe'laeMOCTH :s: 
::c: 4HcJio oco6eii c ttapyrnettHeM CTOpoH TeJia c 0 0 3 

ttapyrneHHeM, % ~ Y 'laCTOK )l{HJIKH HJIH >. :a 0.. N Pi D,% P2 0.. ll 'leiiKa Kpbrna ~ ::.: ::c: 
I:: 
:s: AcHMMeTpH'IHb1e CHMMeTpH'IHb1e flpaBal! JleBal! E-

N26 II 2980 10 6 0.36 0.36 1 37.3 0.009 
0 N27 II 2991 10 3 0.30 0.26 I 22.9 0.139 0 
::c: 

~ N28 II 2980 17 14 0.76 0.73 1 44.8 0.000 
i::: N29 II 2971 20 18 0.93 0.96 1 46.9 0.000 

N210 II 2954 172 57 4.72 4.90 1 22.4 0.000 

R, I 2992 17 0 0.17 0.40 1 -0. l l 

M, I 2975 33 0 0.43 0.66 1 -0.3 1 

III 2975 7 3 0.23 0.23 1 29.9 0.128 

<U 
<U 

M1 I 2966 193 38 5.20 3.89 0.357 14.2 0.000 
::c: 

Cu, lII 2972 II 0 0.13 0.23 1 -0.l 1 t:[ 
~ 

CV) 

3A I 2993 145 17 3.08 2.91 1 9.0 0.001 

Ill 2993 21 4 0.43 0.53 1 15.8 0.092 

N2 l II 2980 20 11 0.60 0.83 1 35.1 0.000 

N23 II 2945 55 2 1.00 1.00 I 3.0 0.354 

n pH M e 'la H" ll. D - pa3HOCTb Me)l(ey tta6mo.11aeMOH " Q)l(lf,[laeMOH ,[\OilllM« aCHMMCTpH'moro npOllBJieH«ll HapyweHHll )l(ffJIKOBaHHll, P, - 3H3'l«MOCTb pa3il«'lHH Me)l(ey 

'13CTOT3MH BCTpe'laeMOCTH HapyweHHH cnpasa" CJieea,p, - 3Ha'lHMOCTb pa3iIH'lHH Me)l(,lly Ha6mo.11aeMblMH H O)l(H,[laeMblMH '13CTOTaMH BCTpe'laeMOCTH oco6eil c CHMMCTpH'IHblM 

H aCHMMeTpH'lHblM npo11BJ1eH«eM ttapyweHHH. 

~JLt.J .tu ... it . !JL ... Jt . . Ut .i!L! .. JL!Skt .. ttUUJ!LJUUUJLUUL ....• Jll ... Jldl[lU]li JiJJJL ... !llLLILL! __ 



ComacHo pe3yJibTaTaM po6acTHOro ,LJ,ucnepcuoHHoro aHaJIH3a, aenwrnHa OTKJIOHemur OT 

mKH,LJ,aeMOH ,Ll,OJIH aCHMMeTpH11HOfO npmmnemur: (D) B 3Ha'IHTeJibHOM Mepe 3aBHCHT OT To

ro, K KaKOM rpynne OTHOCHTCH HapyweHHe (,p = 0.001), " B MeHbWeii CTeneHH - OT nona 

HMarO (,p = 0.026). y caMOK npOHBJieHue HapyweHHM )l(HJIKOBaHHH B QeJIOM HMeeT 6onee 

CHMMeTPH'IHbIM xapaKTep, 11eM y caMQOB (pHc. 7). HapyweHHH )l(HJIKoaaHHH nepaoif rpyn

m.1 y o60HX nOJIOB npOHBJIHIOTCH 6onee CHMMeTpH11HO B cpaaHeHHH c ,L.1,pyrHMH HapyweHH

HMH (pttc. 7). TaKHM o6pa3oM, HapyweHHH )l(HJIKOBaHHH nepaoif rpynnbI cpaBHHTeJibHO 11a

CTO npOHBJIHIOTCH COBMeCTHO H CHMMeTPH'IHO y O,Ll,HOM oco6H. 0TMeTHM, 'ITO ace 

HapyweHHH )l(HJIKOBaHHH, OTHeCeHHbJe K nepaoii rpynne, npe,Ll,CTaBJIHIOT co6oii ,Ll,OfiOJIHH

TeJibHble )l(HJIKH, T. e. pe3yJibTaT H36blTO'IHOM H 3KTOilH'leCKOM ,Ll,HcpcpepeHQHpOBKH KJieTOK 

MeM6paHbI KpbIJia B KJieTKH )l(HJIOK. B03MOJKHO, 'ITO OHH B03HJIKaIOT B pe3yJibTaTe peanH3a

QHH O,LJ,Horo H roro )Ke MopcporeHen:111ecKoro nyTu, aepoHTHOCTb ocymecTBneHHH KOToporo 

3aBHCHT OT 3KOJIOrH'leCKHX HJIH reHeTH'leCKHX cpaKTopoa. Il03TOMY TaKHe HapyweHHH )l(HJl

KOBaHHH He MOryT paccMaTPHBaTbCH B Ka'leCTBe He3aBHCHMbIX npH3HaKOB, a qacTOTbI HX 

BCTPe11aeMOCTH He MoryT 6bITb ttcnOJib30BaHbl ,Ll,JIH xapaKTepHCTHKH ypoBHH Hecrn6ttnbHO

cTH pa3BHTHH oco6eii B nonyJIHUHH. 

Bee OCTaJibHble H3y11eHHbie HapyweHHH )l(HJIKOBaHJIH ( OTHeceHHble KO BTOpoii rpynne) 

npOHBJIHIOTCH He3aBHCHMO ,Ll,pyr OT ,Ll,pyra H, KaK npaBHJIO, aCHMMeTPH'IHO. 0,Ll,HaKO cpe,Ll,H 

HHX BeJIH'IHHa OTKJIOHeHHH (D) OT O)l(H,LJ,aeMOM ,Ll,OJIH aCHMMeTpH11HOro npOHBJJeHHH TaK)l(e 

CHJlbHO Bapb11pyeT. B Bbl6opKe caMQOB Benu1111Ha D y HapyweHttii JKHJIKOBaHHH BTopoii 

rpynnbl 3aBHCHT OT 11acTOTbI ux BCTPe11aeMOCTH: 11eM 11ame ,LJ,aHHoe HapyweHHe BCTPe11aeT

CH, TeM B 60JlbWeH CTeneHH ero npOHBJleHue CHMMeTpH11HO (~ = 0.69; p < 0.001). TaKHM 

o6pa30M, y caMQOB pe,LJ,KHe HapyweHHH JKHJIKOBaHHH, KaK npaBHJJO, cpopMHPYIOTCH BCJie,Ll,

CTBHe cny11aMHbIX owu6oK MopcporeHe3a, a B03HHKHOBeHHe OTHOCHTeJlbHO qacro BCTPeqa

IOIIJHXCH HapyweHHM B 60J1bWeii CTeneHH o6ycJIOBJieHO reHeTH'leCKHMH HJIH 3KOJ10rH11e

CKHMH cpaKTopaMH. y caMOK :na 3aKOHOMepHOCTb He BbipaJKeHa (Rs = 0.30; p = 0.15). 

B Ka'leCTBe MapKepa ypoBHH HecTa6HJlbHOCTH pa3BHTHH MOryT HCilOJib30BaTbCH TOJlbKO 

HapyweHHH )l(HJIKOBaHHH co CTaTHCTH'leCKH He3Ha'IHMOM pa3HOCTbIO (D) Me)l(,Ll,y Ha6J1IO,L1,ae

MOM H O)l(H,LJ,aeMoii ,Ll,OJIHMH acHMMeTpH11Horo npoHaneHHH. 3ToMy KpHTepHIO YLIOBJieTBopH

eT 3Ha'IHTeJ1bHaH qacTb H3y'leHHblX npH3HaKOB: 24 H3 39 npoaHaJIH3HpoaaHHblX npH3HaKOB 

y caMI.J,OB H 18 H3 32 - y caMOK. ~OJIH 3THX HapyweHHM )l(HJIKOBaHHH OT o6mero 'IHCJla 

o6HapyJKeHHblX HapyweHHM )l(HJlKOBaHHH ,Ll,OCTHraeT acero 21 % y caMI.J,OB H 23 % y caMOK. 

Cne,L1,0BaTeJ1bHO, 66nbwaH 11acTb npoaHanH3HpoBaHHMX HapyweHHii )l(HJIKoaaHHH He MOJKeT 

paccMaTPHBaTbCH a Ka11ecTBe nOKa3aTeJJH HecTa6HJJbHOCTH pa3BHTHH. TaKHM o6pa3oM, 

no 11aCTOTe BCTpeqaeMOCTH acew coaoeynHOCTH HapyweHHM )l(HJJKOBaHHH KpbIJibeB 

6oHpbIWHHI.l,bl HeB03MO)l(H0 cy,Ll,HTb 06 ypoaHe HecTa6HJibHOCTH pa3BHTHH oco6eii B nony

JIHI.J,HHX. 

IlOJIY'IeHHbie HaMH ,Ll,aHHbie Il0Ka3blBaIOT, 'ITO HapyweHHH )l(HJIKOBaHHH KpbIJibeB 6oH
pbIWHHQbl MOJKHO paccMaTpHBaTh KaK YCTOM'IHBbie COCTOHHHH noporoBbIX HeMeTpH'IeCKHX 

npH3HaKOB, T. e. cpeHbl. 3ro comacyeTCH c onucaHHOM HaMH paHee 3aKOHOMepHOCTbIO: Ha 

O,Ll,HHX " Tex )Ke y'IaCTKax )l(HJIOK, KaK npaBHJIO, B03HHKaIOT 0,Ll,HH " Te JKe pa3HOBH,Ll,HOCTH 

HapyweHHH (COJIOHKHH H ,Ll,p., 2017). IlO-BH,LJ,HMOMy, HapyweHHH )l(ffJIKOBaHJIH KpbIJlbeB 60-

HpbIWHHI.l,bl HapH,LJ,y c ,Ll,pyrHMH OfiHCaHHbIMH B JIHTeparype noporOBbIMH HeMeTPH'leCKHMH 

npH3HaKaMH MO)l(HO ClJHTaTb pe3yJJbTaTaMH peanu3aI.J,HH onpe,Ll,eJJeHHbIX, OTHOCHTeJJbHO 

ycTOHlIHBblX a6eppattTHbIX nyTeii MOpcporeHe3a (BacHJibeB, 1988; 2005). 
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HapyrneHIDI )l(MJlKOBaHIDI. KpbIJiheB 

Puc. 7. PaJHOCTb (D) MelK,!J;y tta6mo,!laeMoi1 H OJKH,!laeMow .!lOnllMH acttMMeTpwrnoro npol!BJleHttll 

HapyweHHH JKHnKoBaHHll y caM11os H caMOK Aporia crataegi L. 11pHBe,!leHhI cpe,!lHHe 3HatfeHHll 

H .!lOBepttTeJlbHbie HHTepBaJlbI. 

B ,naHHOH pa60Te ycrnHosneHo, qTO npmrnneHHe pa3HhIX HapyrneHHH )l(HJIKOBaHIDl no.n

qHHJleTCJI pa3HhIM 3aKOHOMepHocrnM. HeKOTOphie HapyrneHIDl (MHOrHe .nonoJIHHTeJihHhie 

lKHJIKH B jlqeiiKax Kpbma) npOllBAAIOTCH COBMeCTHO y o,nHOH ocofot: c OTHOCHTeJihHO BhICO

KOH qacTOTOH, B TO BpeMJI KaK .npyrne BcrpeqaJOTCH He3aBHCHMO .npyr OT ,npyra H He o6pa-

3YIOT ycToi:iqHBhlX $eHOTHnHqecKHX KOM6HHaUHH. 0,nHH HapyrneHIDl )l(HJIKOBaHHH npOHB

JIHIOTCH npeHMymecTBeHHO aCHMMeTpHqHo, cnyqaHHO H He3aBHCHMO Ha pa3HhIX CTOpOHax 

Tena (HanpHMep, .nonoJIHHTeJihHhie pa3BeTBJieHHJI )l(HJIKH M
1 
3a,nttero Kphma, cnyqaH pe.nyK

UHH )l(HJIOK 2A nepe.nHero KphIJia H 3A 3a,nHero KpbIJia), B TO BpeMJI KaK ,nAA ,npymx xapaK

TepHa TeH,neHUHJI K CHMMerpHqHoMy npoHBJieHHIO (B qacTHOCTH, ,nJIH 60JihlllHHCTBa .nonoJI

HHTeJihHhIX )l(HJIOK, pacnOJIO)l(eHHhIX B JlqeuKax KphIJia, H .nonoJIHHTeJihHhIX pa3BeTBJieHHH 

pa,nHanhHoro CTBorra Ha yqacTKe R
1
-R

2
+)· ToJihKO ttapyrneHHH )l(HJIKOBaHHH, KOTOphie npo-
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.SIBil.SIJOTC.SI He3aBHCllMO )J.pyr OT )J.pyra ll BCTpeqaJOTC.SI cnyqaiiHO ll He3aBllCllMO Ha pa3HbIX 

CTOpOHax Tena, MOryT cqttTaToC.SI cnyqaiiHbIMll onm6KaMll pa3BllTll.SI ll, cne)J,OBaTenoHO, 

paccMaTPHBaToC.SI B KaqecTBe MapKepoB HecTa6ttnbHOCTll pa3BllTll.SI. KaK rrpaBllilO, OHll 

BCTpeqaJOTC.SI OTHOCttTenoHO pe)J,KO ll II03TOMY COCTaBAAJOT MeHoIIIYJO qaCTb OT o6mero 

qttcna o6Hapy:)KeHHbIX HapyIIIeHHH. 

TaKHM o6pa30M, qacTOTbI BCTpeqaeMOCTll HapyIIIeHHH )KllllKOBaHll.SI KpomoeB, BepOHTHO, 

MO)KHO ttcrrono30BaTI> )J,il.H xapaKTepttcTttKH 3IIttreHeTttqecKoro naH)J,IIIa<jna rrorryAAU:ttii Ha

ceKOMDIX (BacttnoeB, 1988, 2005), 0)1,HaKO ou:eHttBaTo c llX IIOMOIIIblO ypoBeHb HecTa6ttno

HOCTll pa3BllTll.SI oco6eii B rrorrynHU:ll.SIX cne)J,yeT c KpaiiHeii OCTOpO)KHOCTblO. Hcrrono30BaH

HbIH HaMtt IIO)J,XO)J, MO)KeT 6oITb rrpttMCHeH )J,Il.SI aHantt3a 3aKOHOMepHOCTeii ll3MeHqllBOCTll 

)KllilKOBaHll.SI KpomoeB )J.pyrttx rpyrrrr HaCeKOMbIX, )],AA KOTOpoIX xapaKTepHbI aKTllBHbIH rro

neT ll OTHOCttTenoHa.SI ycToiiqttBOCTb Bll)J,OBOro rrarrepHa )KllilKOBaHtt.SI. 

EJIArO,[{APHOCTH 

ABTOpbI Bbipa)KaJOT rny6oey10 6naro)J,apHOCTI> coTpy)J.HttKaM I1HcTttTYTa 3Konortttt pacTe

Httii ll )KllBOTHbIX YpO PAH (EKaTepttH6ypr) A. r. BacttnoeBy ll 11. A. BacttnoeBOH 3a 06-

cy)K)J,eHtte pe3ynoTaTOB pa6oTDI, a TaK)Ke HaIIIttM KonneraM A. B. I1BaHoBy, T. C. OcnttHoii 

ll Il. B. Py)J,OllCKaTenJO 3a IIOMOIIIb B c6ope 3HTOMOilOrllqecKOro MaTepttana. 

<1>11HAHCHP08AHHE 

MHoroneTHttii c6op rroneBoro MaTepttana, KaMepanI>Ha.H o6pa6oTKa, aHantt3 tt ttHTeprrpe

TaU:ttH pe3ynoTaTOB BbIIIOilHeHbI B paMKax TeMbI rocy)J,apcTBeHHOro 3a)J,aHll.SI I1HCTllTYTa 

3Konomtt pacTeHttii tt )KttBOTHI>IX YpO PAH N2 AAAAAl 9-119031890087-7 rrptt <j>ttHaHco

BOii IIOMep)KKe PoccttiicKoro <j>oH)J,a <j>yH)J,aMeHTanoHDIX ttccne)J,OBaHttii (rrpoeKT N2 20-34-
90006). 
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WING VENATION ABNORMALITIES IN THE BLACK-VEINED WHITE 
APO RIA CRATAEGI L. (LEPIDOPTERA, PIERIDAE): 
INSIGHT IN TERMS OF THE MODERN PHENETICS 

I. A. Solonkin, E. Yu. Zakharova, A. 0. Shkurikhin 

Key words: wing venation abnormalities, phenetics, phenotypic variability, phenodeviance, 
developmental stability, Lepidoptera. 

SUMMARY 

Patterns of wing venation abnormalities appearance in the black-veined white (Aporia crataegi L.) 
were studied. It was shown that these abnormalities form four types of bilateral compositions and 
quantitatively vary in their degree of the phenotypic expression. This implies that wing venation 
abnormalities of the black-veined white butterfly can be considered as stable states of threshold 
nonmetric traits with hidden quantitative variability, i.e., «phenes». Patterns of various wing venation 
abnormalities appearance vary. Different abnormalities demonstrate a trend to joint occurrence in one 
individual or occur independently from each other. Some abnormalities appear mainly asymmetrically, 
randomly, and independently in different body sides, while others display the trend to symmetrical 
occurrence. Only the wing venation abnormalities that appear independently from each other, randomly 
and independently in different body sides can be considered as random developmental errors and as 
indicators of developmental instability. Such abnormalities are rare and make up less than 20% of the 
total number of abnormalities. 
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