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P A,ll;M03KOJl0rl-UI 

liMOC<l>EPOJIOrMJI 

RADIO ECOLOGY 

BIOSPHEROLOGY 



IIPIIPO,l.t;A II 3KOJIOrifqEcKIIE IIPOiiJIEMhl KPhIMA 

B.A. EOKOB, C.A. KAPITEHKO 

Taepu1JecKuu HGlJUOHaJlbHblU yHueepcumem, np. BepHaocK020 4, 
CuMrjJepono!lb, YKpauHa 

KmotJeBhle CJIOBa: np11po.ll,a KpbIMa, peJibecp, KJil1M3T, noBepXH0CTHbie 11 TT0.ll,3eMHbie 

80.ll,bl, paCTHTeJibHblH 11 )1(11B0THblH M11p, JI3H.ll,W3<pTbl, 3K0JI0rtt4eCKl1e npo6JieMbl 

KphIM y 6oJihllIHHCTBa JIIOJWH accoQ1111pyeTc51 c JO)I(HhIM 6eperoM - Y3KOH 

TTOJIOCKOH 3eMJIH Me~y KpblMCKHMH ropaMH H qepHbIM MopeM. 3)].eCh, 

oco6eHHO B 3ana,L1.HOH qaCTH, npttpo,Ll.a Han0MHHaeT Cpe,L1.H3eMHOMOpbe. 

HMeHHO K 3TOH 11acTH noeyocrpoBa npeypo11eHa 6oJihilla51 11acTh caHaTop11eB 11 

naHCH0HaT0B, H CIO)].a ycTpeMJI5leTC51 0CH0BHa51 qacTb 0T)].hJXalOI.QHX B JieTHHH 

nepH0,LI.: HaceJieHHe KpbIMa, C0CTaBJI51IOI.Qee 2,5 MJIH. qeJI0BeK, yBeJIH'IHBaeTC51 

B 2-3 pa3a. O)].HaKO noJiyocTp0B BKJIIOlJaeT MH0)KeCTB0 .D.pyrnx np11p0,L1.HhJX H 

KYJibTypH0-HCT0pH'IeCKHX o6beKTOB, ,LI.OCTOHHhIX BHHMaHH51. 

PanuunnhIH KphIM B ocH0BH0M pacnoJI0)KeH Ha nJiaTqJOpMeHHOH 

CTPYKType - ee KpHCTaJIJIH'leCKHH cpyH)].aMeHT Jie)KHT )].0CTaT0'IH0 rJiy6oKO, 

CBepxy npaKTH'leCKH rop1130HTaJihH0 3aJieralOT oca,LI.0lJHhle nop0,Ll.hl (MypaTOB, 

1960). 
ropnL1ii KpLIM 51BJI5leTC51 11acTh10 AJihnHttcKo-f HMaJiaifcKoro nosica, 

0TJIHlJaeTCH TTOBhJllJeHHOH TeKTOHH'leCKOH aKTHBH0CThlO. KpblMCKHe ropbl 

o6pa3y!OT TPH napaJIJieJihHhJe rp51,L1.hl, TT0HH)Ka!OI.QHeC51 K ceBepy H rnttyI.Q11ec51 OT r. 

oaJiaKJiaBbl )].0 f. <l>eO,LI.OCHH Ha paCCTOHHHH 150 KM npH llIHpHHe )].0 50 KM. 

XapaKTepHOH oco6eHHOCThlO Bceif ropHoH JJ.YrH H K~OH rp5l.Ll.hl HBJIHeTC51 HX 

acHMMerp1111H0CTh, KPYThie JO)I(HhJe H noJiorne ceBepHhie CKJI0HhJ. BttyrpeHH5151 

(cpe,L1.H51H) H BHellJH5151 (ceBepHasi) rp51,L1.bl npe,L1.CTaBJI51IOT co6oiI THTTH'IHble KY3CThl 

- HeCHMMeTpH11Hbie rp51,L1.bl H ycrynhI B peJibecpe. BHellJH51H 11 BttyrpeHH5151 rp51,L1.hl 

HeBhIC0KHe, BepllIHHhl HX 0Kpyrnhie. BhJCOThl BHyrpeHHeH rp51,L1.hl ,LI.0CTHraIOT 

600--- 750 M. BHellIH51H rp51,L1.a HeBblC0KaH (200--300 M), nocreneHH0 

CJil1BalOI.QaHCH C paBHHHHOH 4aCThlO noJiyocrpoBa. 

rnaBHaH rp51,L1.a ,LI.0CTHraeT BhlC0Thl 1200--1500 M. IToBepXHOCTh L'laBHOH 

rpH.D,hl npe,L1.CTaBJI5leT co6ott HaropHoe nJiaTO ( CTOJIOo6pa3ttylO noBepxH0CTh ), 

H33hJBaeMoe 5IHJIOH. .l1/IH 5IHJlhl xapaKTepH0 HaJIH4He MH0)KeCTBa KapCT0BhlX 

B0p0H0K, K0TJI0BHH, Kapp0BhIX noJieH. Ha noBepxH0CTH CT0JI0BhIX MaCCHB0B 

0TCyTcTByeT rH,L1.porpacp1111eCKaH CeTh, TT0CK0JihKy aTMOC<pepHbJe oca,uKH 6bICTPO 

BO.LI.a 6hICTpO npocalJHBaeTCH Ha rnyforny no TpeI.QHHaM, ornepCTH51M, llJaXTaM, 

K0JI0,Ll.l(aM, noHopaM H .D,aJiee cpopMttpyeT no)].3eMHhie B0)].hl. 
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IQ)KHblH Ma.KpOCKJIOH rnaBHOH rpMbl .[(OBOJibHO Kpyroii. B paiioHe 51JIThl H 

fyp3y<pa OT o6pb1Ba HHJibl Ha BbICOTe 1100 - 1200 M .uo MOp51 BCero 5-8 KM. 

DOJiblllaH KpyrH3Ha CKJIOHOB C03.[laeT npe.unocbIJIKH )J)UI pa3H006pa3HbIX 

reoMop<pOJIOrWieCKHX npol..{eCCOB: o6BaJIOB, OCbmeii, onOJI3Heii, .ueJIIOBHaJibHOro 

CHOC8., pycJIOBOH 3p03HH H .up. B BOCTOlJ:HOH qacm IO)KHOro MaKpOCKJIOHa 

npoHBJIHIOTCH ceneBhie npol..{eccbl (OnH<pepoB, 1994}: HapH.uy co 3HatJHTeJibHhIM 

pac11JieHeHHeM peJihe<pa <prucropaMH, cnoco6cTByIOI.QHMH ceJIHM B BOCTOlJ:HOH 

qacnt fO)KHOro MaKpOCKJIOHa, 5IBJI5IIOTC51 cyxoii KJIHMaT, CJia6oe pa3BHTHe 

paCTHTe.JlbHOro noKpOBa H pblXJibie nopO.[(bl (npeo6na,n,aeT <pJIHlll). 

K.rinMaT KpbIMa xapaKTepH3yeTCH HaJIWIHeM MHO)KeCTBa THilOB, 

<popMHPYIOI.QHXCH B pa3Hb!X qacrnx paBHHHbl, rop H no6epe)Kb51. ITo.u BJIHHHHeM 

rop H MOpH B03HHKaeT cyI.QeCTBeHHaH pa3HHUa TeMnepazypbl Me)K.[(y paiioHaMH 

ceBepHoro KpbIMa H JO)KHOro 6epera, pacnoJIO)KeHHbIMH Ha He3HalJ:HTeJihHOM 

pacCTOHHHH .upyr OT .upyra, KOTOpaH B 3HMHee BpeM·H COCTaBJIHeT B cpe.uHeM 5-
60C. 

XapaKTep aTMoc<pepHoii UHPKYJIHUHH Ha,n, KpbIMOM MeHHeTCH B reqeHHe 

ro.ua. B 3HMHH» nepHO.U KpbIM Hepe.[(Ko OKa3hIBaeTCH Ha 10ro-BoCTOlJ:Hoii 

nepH<pepHH aHTHUHKJIOHa C l..{eHrpOM Ha,rJ, 3ana,rJ,HhIMH paiioHaMH Y KpaHHbl, 

EenopyccHeii H uettrpaJihHhIMH paiioHaMH · eBponeiicKoii qacm PoccHH. 

Bo3.uymHh1e Macchi TaKoro THna pacnpocrpaHHIOTCH He Bhillle 1 KM H, He 

MOryT nepeBaJIHTb HHJibl. EcJIH H B paBHHHHOH qacTH TeMnepazypa B03.Uyxa B 

3TOT nepHO.U MO)KeT COCTaBJIHTb MHttyC 10-15° C, TO Ha HHJiaX OHa MO)KeT 6h1Tb 

BhlllJe Ha 3-5°, a B 10ro-3ana,n,HOM KpbIMY TeMnepazypa MO)KeT 6bITh H 

noJIO)KHTeJibHOH. 

3HMOH TaIOKe Hepe.uKH BTOp)KeHHH apKTWiecKoro · B03.uyxa (c ceBepa), 

Bbl3bIBafOI.QHe pe3KHe nOHH)KeHHH TeMnepazypbl B03.uyxa, oco6eHHO CHJibHO B 

paBHHHHOH qacm - HHor.ua .uo - 30 °C. 

Pe)Ke 3HMoii nonyocrpoB 3axBaTbrnaeTcH noToKaMH 10ro~3ana.uHoro 
. . 0 . 

HanpaBJieHHH, npHHOCHI.QHMH TenJio ( o6bilJ:HO .uo 10-15 C) H HHTeHCHBHbie 

OCa,rJ,KH. 3TOT B03.UYX npHX0.UHT co Cpe.umeMHOro MOpH. Oca.[(KH Bbma.uaIOT B 

HaH60JihllleH CTeneHH a 10ro-3ana.uHoii qacTH KpbIMCKHX rop Ha HaBeTpeHHhIX 

CKJIOHaX. 

Jlero B KpbIMY )KapKoe H 3acyllIJIHBOe. Ha.n. nonyocrpoBOM npeo6na,n,aIOT 

MeCTHbie B03.UYllIHbie MaCCbl, KOTOpbie <popMHPYIOTCH Ha MeCTe B ycJIOBHHX 

BbICOKHX BeJIHlJ:HH COJIHelJ:HOH pa,n,HaUHH npH MaJIOH o6JialJ:HOCTH. 

BpeMeHaMH Ha nonyocrpoB npopbIBaK>TCH aTJiaHTHlJ:eCKHe UHKJIOHH'•{eCKHe 

noTOKH, H.UYIUHe C 3ana.ua H C ceBepo-3ana.ua. OHM .uaIOT oca.[(KH Ha ceBepHblX 

CKJIOHax Kpb!MCKHX rop, a IO)KH06epe)Kbe OKa3hIBaeTC51 B BeTpOBOH TeHH, H 

3.[leCb KOJIHlJ:eCTBO oca.uKoB· yMeHblllaeTCH. AHTHUHKJIOHaJihHbIH xapaKTep 

norO.[(hl H3pe.uKa HapymaeTCH CHJihHhlMH, HO KpaTKOBpeMeHHhIMH JIHBHHMH 

KOHBeKTHBHOro npoHCXO)K.[(eHHH. 
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TeMneparypub1ii peJKnM. Hatt6oJiee Htt3Ka51 cpe,nHero,noBa51 TeMneparypa 

Ha6mo,naeTC51 Ha 51ttJiax: 3-4°C Ha BhlCOKHX 51ttJiax, 5-6°C - Ha HH3KHX. B 

paBHl1HHOH t.Iacrn noJiyocTPOBa cpe,nH5151 ro,noBa51 TeMnepaTypa paBHa 10-11 ° C. 

IO)KH06epe)Khe xapaKTeptt3yeTc51 Hatt6oJiee BhICOKOtt cpe,nHero,noBott 

TeMneparypott - OT 11,0 )].O 13,4°C. 

b0Jlhllla51 t.IaCTh noJiyocTpOBa xapaKTepH3yeTC51 OTpttQaTeJihHhIMH 

51HBapCKHMH TeMneparypaMtt. I1MeeTC51 )].Ba MHHHMyMa: B paBHHHHOtt '!aCTH B 

pattoHe IlepeKoncKoro nepelllettKa (-2,5°) 11 Ha 51ttJiax - MHH)'C 5° Ha 3ana,nHhIX 

11 Ml1HYC 3-4° Ha BOCTO'!HhlX. 3ttMHtte TeMneparyphl Ha IO)KH06epe)Kbe Bhlllle 

0°C (oT 2° ,no 4° C). 
,nocTaTO'IHO npocTa51 3aKOHOMepHOCTh B pacnpe,neJieHHH cpe,nHeH 

TeMneparyphI 11MeeT MecTo JieTOM. Ha 51ttJiax oHa HattMeHhllla51 - 13-16°. Ha 

6oJiblllett '!aCTH paBHHHHOro KphIMa JieTHtte TeMneparyphl COCTaBJI51IOT 22-

230C, a B)].OJlh BCero no6epe)Kh51 - nJIIOC 23° H Bhlllle. 

Ilpo,nOJI)KHTeJihHOCTh 6e3MOp03HOro neptto,na COCTaBJI51eT mi He60JihllIHX 

BhICOTaX OKOJIO 200 )].Hett, Ha BhICOTe 1000 M - 150 )].Hett. Ha 51ttnax TOJihKO B 

1-uone 11 aBrycTe He 6hrnaeT 3aMopo3KOB. KJittMaT 51ttJI xapaKTepH3yeTC51 

Cl1JlhHhlMH BeTpaMH, T)'MaHaMH, 3HMOH C HHTeHCHBHhIM ronone,noM 11 

MeTeJI51Ml1. Ilp051BJieHtte 3Toro cpaKTopa npttBeJIO K CHH)KeHHIO )KH3HeHHOCTH 

JieCHhIX JieCOHaCa)K)].eHHtt Ha KphIMCKHX 51ttJiax. 

Ot.IeHh Ba)KHOe 3Ha'!eHtte HMeIOT 3HMHHe TeMneparyphl, KOTOphie 

orpaHH'IHBaIOT npoH3paCTaHtte MHOrttX KYJihT)'p. BTOp)KeHH51 ceBepo­

BOCTO'!HhIX XOJIO)].HhIX Mace MOryT )].JIHThC51 ,nBe-Tptt He,neJIH H npttB0)].51T K 

CHtt)KeHHIO TeMnepaTyphl ,no -30° C H HeCKOJihKO Htt)Ke B paBHHHHOtt '!aCTH 

pernoHa, a B paiioHe 51JIThI - ,no -15° C. 
ATMoc4>epHble OCaJ);KH. Ha no6epe)Kbe B)].OJlh Bcero noJiyOCTpOBa ro,noBa51 

cyMMa oca,nKOB COCTaBJI51eT 300-400 MM (,nOCTttra51 Ml1HttMyMa Ha MeraHOMe -

270 MM). B I..(eHTpanhHOtt '!aCTl1 paBHHHHOro KphIMa KOJIH'!eCTBO oca,nKOB 

B03pacrneT ,no 450 MM, B Ilpe,nrophe - ,no 500-600 MM, Ha rnaBHOtt rp51,ne - ,no 

1000-1300 MM, Ha IOEK - 300 - 650 MM (Bo3pacrneT K 3ana,ny). 

b0Jlhllla51 '!aCTh oca,nKOB Bhma,naeT B Bl1)].e )].O)K)].51, Ha )].OJIIO TBep,nhIX 

oca,nKOB np11XO)].HTC51 Mettee 10%. lJ.ttCJIO )].Hett C )].0)K)].51MH KOJie6neTC51 OT 80 -

130 B CTenHhIX paiiottax, ,no 150 - 170 B ropax. JleTOM B KphIMY Ha6n10,naeTC51 

He 6onee 5 - 10 )].Hett C )].0)K)].51MH 3a MeC51Q. TeM He MeHee, ttepe,nKO Bhma,naIOT 

HCKJIIO'll1TeJih!-IO 0611JihHhie )].O)K)].H - JIHBI-IH, KOTOphie o6pa3yIOT, '!aCTO B 

Te'!eH11e O)].HOtt MHHYThl, CJIOH BO.LI.hi B 2 - 4 MM, 3a )].Ba t.Iaca - 40 - 90 MM, 3a 

cyTKl1 100 MM H 6onee. I1x Bhma,neHtte Bhl3hJBaeT naBO)].KH Ha peKax. 

B npe,nropHott t.Iacrn (C11McpeponoJih, EenoropcK) KOJittt.Iecrno oca,nKOB 

C0CTaBJI51eT 500-600 MM B ro,n, Ha 51ttnax KOJil1'!eCTBO oca,nKOB B03pacTaeT ,no 

1000-1500 MM/ro,n. 
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KonnqecTBo oca.u,KOB pe3KO Kone6neTcg OT . ro.na K ro.ny. Ilpn cpe.nHeM 

aennqnHe 450 - 490 MM B npe.nrophe no ro.naM OHH H3MeHgIOTcg OT 200-300 
,AO 700 - 900 MM; Ha lQ)l(HOM 6epery npn cpe,AHHX 3HaqeHHjJ:X 430 - 650 MM -

OT 200 - 300 .no 1000 MM; Ha 3ana,AHhIX gifnax npn cpe.nHeM aennqnHe 960 MM 

H3MeHgeTCjJ: OT 410 ,AO 1650 MM (KnnMaT ... , 1983). 
Oca,AKH HepaBHOMepHo pacnpe.nengioTcg n no ce3oHaM ro.na. Ha pncyHKe 

nOKa3aHO pacnpe.neneHne OTHOilleHHjJ: cpe,AHeMHOfOJieTHeM cyMMbl 

aTMOC<pepHbIX OC8JJ,KOB 3a XOJIO,AHbIM nepno.n (Hog6pb - MapT) K cyMMe 

OC8JJ,KOB 3a TenJihIM nepno.n ( anpeJib - OKrn6pb ). 

1%@;~ 
0.6 0.7 0.8 0.9 l.0 t.3 

Ornowem1e cyMMLl 'aTMOc<!JepHMX 0Cll.llK0B 3a xon0,llHblll nepH0,ll (HoJ16p1>-MapT) K cyMMe 0Cll.llK0B 3a 
Tenn1>1li nepH0.ll ( anpem,-0KTJ16p1,) 

,[{Jrn ceJibCKOX03jJ:MCTBeHHOM .negTeJibHOCTH 60JihllIOe 3HaqeHHe HMelOT 

pa3JIHqng B ce30HHOM xapaKTepe BhID8JJ,eHHjJ: OC8JJ,KOB Me)l(.Ay KpaMHeM 10ro-

3ana,AHOM qacThlO nonyocTpoBa (en CeBacTonong .no AnyllIThI), OTHOCgl.l{eifcg 

K cy6cpe,AH3eMHOMopcKOM qacTH n ocTaJihHOM qacThIO KphIMa. B 
cy6cpe,AH3eMHOMOpCKOM qacTH 60JibllIM qacTh oca,AKOB Bblna.naeT B XOJIO,AHOe 

BpeMg npeHMYIIWCTBeHHO B cpopMe MOpOCjJ:LQHX ,AO)l(,AeM. 3TO cnoco6cTByeT 

nyqllleM HH<pHJibTpal{HH BJiarn B noqBy C nocne.nyIOLQHM 3cpcpeKTHBHhlM 

HCnOJib30BaHHeM ceJibCKOX03jJ:MCTBeHHhIMH KYJibzypaMH. Ha OCTaJibHOM qacTH 

KphIMa npeo6na.u,aIOT oca,AKH Tennoro nepno.na. JlnBHeBbie oca.u,KH B 

3HaqnTeJihHOM CTeneHH o6pa3yIOT noaepXHOCTHbIM CTOK " TeM caMhIM MaJIO 

HCnOJih3YIOTCjJ: paCTHTeJihHblM noKpOBOM, a cna6b1e ,AO)l(,AH .B 6oJibllIOM Mepe 

nepexaaTbIBaIOTcg JIHCTOBOM noaepxttoCThIO cenhcKoxo3gifcTBeHHhIX KYJihTYP, 

a 3aTeM ncnapg10Tcg, 
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B QeJioM B KpbIMY MO)KHO Bh1,n:eJIHTb TPH ocHOBHbIX THna KJIHMaTa: 

1) lO)KH06epe)KHbIH (,n:o BbICOTbl npHMepHO 200-350 M) 

cy6cpe,n:H3eMHOMOpCKHH CJia6o KOHTHHeHTaJibHblH C )KapKHM cyxHM JieTOM H 
npoXJia,D:HOH 3HMOH, KOTOpb!H cqiopMHpOBaJICH 3a c11eT 6apbepHoro BJIHHHHH 

rop; 

2) ropHbIH JiecHOH yMepeHHO BJia)KHbIH c npoXJia,n:HoH 3HMOH H TenJibIM 

JieTOM (Ha lO)KHOM MaKpOCKJIOHe BblllJe 800 M); 

3) CTenHOH yMepeHHOH KOHTHHeHTaJibHb!H c )KapKHM cyxHM JieTOM w 

XOJIO,D:HOH 3HMOH. Me)K,D:y HHMH Ha6JIIO,n:aIOTCH nepexo,n:Hble THnbI. 

Msi:rnwe 3HMbI c MaKCHMYMOM oca,n:KoB Ha IOEK HMeIOT pelliaIOll.{ee 

3Ha'leHHe B onpe,n:eJieHHH :noro KJIHMaTa KaK cy6cpe,n:H3eMHOMopcKoro. 

DJiaro,n:apsi: MHrKHM 3HMaM 3,D:eCb B03MO)KH0 pa3Be,n:eHHe MHOrHX lO)KHblX 

BH,D:OB pacTeHHH. HeCMOTPH Ha TO, 'ITO cpe,n:HHH TeMneparypa HH o,n:Horo 

Mecsi:Qa Ha 6oJibllieH 11acTH IO)KHOH noJIOBHHbI KpbIMa He na,n:aeT HH)Ke HyJIH, 

Bee )Ke nO'ITH Ka)K,D:blH ro,n: 6bIBaIOT KpaTKOBpeMeHHbie M0p03bl. B OT,D:eJibHbie 

ro,n:bI TeMneparypa B IO)KHOM KpbIMY onycKaeTcsi: ,n:o - 10°C ••.. - 15° C, 'ITO 

npHBO.D:HT K nospe)K,D:eHHIO ceJibCKoxo3si:HcTBeHHbIX KYJihTYP Mopo3aMH. 

TaKHM o6pa30M, ycJIOBHH Ha JO)KHOM KpbIMY 3Ha11HTeJibHO cyposee, 'leM B 

THnH'IHO cpe,n:H3eMHOMOpCKHX paHOHax HcnaHHH, <l>paHQHH, HTaJIHH, fpeQHH. 

PecypcbI TenJia no3BOJIHIOT Bbipall.{HBaTb B KpbIMY MHOrHe nJIO,D:OBbie 

KYJihTYPhI H BHHorpa,n:. Oco6eHHO 6JiaronpmITHbie ycJIOBHR cKJia,n:bIBaIOTCR Ha 

lO)KH06epe)Kbe, B HeKOTOpblX qacrnx npe,n:ropbH. CyMMa TeMneparyp BbillJe 10 

rpa,n:ycoB (no QeJibCHIO) ,n:ocrnraeT B paiioHe Mwcxopa 4200 rpa,n:ycoB Bbillie 

I0°C. 

B npHMOpCKHX qacrnx noJiyocTpoBa - B 10-30 KM OT no6epe)KbSI -

npOHBJIHIOTCH 6pH3bl - BeTpbl TenJioro BpeMeHH ro,n:a, ,n:yIOll.{He ,n:HeM C MOpH, 

HO'lblO - C cyllIH. EpH3bl CMHr'laIOT ,n:HeBttylO JieTHIOIO )Kapy. OHH TaK)Ke 

Ol{Hll.{aIOT B03,n:yx npHMOpCKHX ropo,n:oB OT npOMblllJJieHHbIX H TpaHcnopTHblX 

3arpH3HeHHH. 

IIoeepxuocTHL1e u DOAJCMHble BOALI. Bcero B KpbIMY Hac11HTbIBaeTcsi: OKOJIO 

1700 peK H BpeMeHHblX BO,D:OTOKOB. Ho no,n:aBmIOll.{aH HX qacTb OTHOCHTCH K 

MaJibIM peKaM .D)IHHOH ,n:o 10 KM. 

Ha BO,D:HbIH pe)KHM peK KpbIMa B nepByIO oqepe,n:b OKa3hIBaeT BJIHRHHe 

HaJIHl{He Tpell.{HHOBaTbIX H3BeCTHHKOB, peryJIHPYIOll.{HX noBepxHOCTHb!H H 

no,n:3eMHblH CTOK. EcTeCTBeHHblH pe)KHM 60JibllIHHCTBa peK HCKa)KaeTCH 

peryJIHpyIOll.{HM BJIHHHHeM HCKYCCTBeHHblX BO,n:oeMOB, a TaK)Ke 3a6opoM BO,D:bl Ha 

opollieHHe. Ha TeppHTOpHH perHOHa HaC'IHTbIBaeTCH 6oJiee TbICR'IH npy,n:oB K 

Bo.n:oxpaHHJIHll.{, C 0611.{eH noBepXHOCTblO nOJIHOro 3epKaJia OKOJIO 27 KM
2 

(nJIOll.{a,D:b 

BO,noxpaHHJIHll.{ nopsi:,n:Ka 14 KM
2
), a noJie3HaH BO,D:OOT,n:aqa HX nopsi:,n:Ka 180 MJIH. M

3
• 

B Ha'laJie 70-x ro.n:oB XX CTOJieTHH B KpbIM 6hm npoBe,n:eH Cesepo-KpbIMCKHH 

KaHaJI, KoropbIH npttHec Ha noeyocTpOB Boey ,[(Henpa. Ee o6beM B TPH pa3a 
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npeBbiruaeT ecTeCTBeHHblH noaepxHOCTHb!H CTOK. IlpHXOA BOAbl nO3BOJHUl 

opOCHTb 400 Tb!C. ra ceJibCKOX03HHCTBeHHblX 3eMeJib, o6ecneqHTb ropoAa H 

noceJIKH paBHHHHoro H npeAropHoro KpbIMa. IlpHMepHo TPeTb o6beMa BOAbI 

KaHana c6pacbrnaeTC»: B O3epo CHaaw. 

Kpb!MCKHH no.nyocTpOB cpaBHHTeJibHO 6eAeH npeCHbIMH nomeMHbIMH BOAaMH. 

B ropHOM Kpb!M)' nomeMHb!e BOAbl npeypoqeHbl K BepxHe!OpCKHM 

3aKapCTOBaHHhIM H3BeCTHHKaM H necqaHO-rJIHHHCTbIM OTJIO)KeHHHM, MecTaMH, B 

OTAeJibHbIX AenpecCHHX, - K nopoAaM MeJIOBOro BO3pacTa H K qernepTHqHblM 

o6pa30BaHHHM. l13-3a HeAOCTaTOqHoro KOJIH9eCTBa OCMKOB WHpOKO pa3BHTb[e B 

paBHHHHOM Kpb!M)' qernePTH9Hble OTJIO)KeHHH o6BOAHeHbl CJia6o. 

PeqHbie BOAbI Kpb1Ma HcnoJib3YIOTCH AJIH opoweHHH noJiett, CMOB, oropoAOB H 

BHHOrpaAHHKOB. B pe3yJibTaTe, pacXOA BOAbl B peKax pe3KO COKpaTHJICH. KpoMe 

noaepxHoCTHbIX BOA AJIH 3TOH u,eJIH pacxoey!OTCH TaK)Ke noApycJioBott CTOK H 

apTe3HaHCKHe BOAbl. B o6JiaCTH OKOJIO 2000 apTe3HaHCKHX H 6oJiee 2300 waxTHbIX 

KOJIOAU,eB. 

Kaqecrno BOAbl B peKax H nomeMHbIX BOA B nocJieAHHe AeCHTHJieTHH 

YXYAWHJIOCb, qTo CBH3aHO C pOCTOM npHMeHeHHH YA06peHHH H 51AOXHMHKaTOB B 

CeJibCKOX0351HCTBeHHOM npOH3BOACTBe, pa3BHTHeM npOMbIWJieHHOro 

npOH3BOACTBa, oco6eHHO XHMHqecKoro, c6pocoM KOMMYHaJibH0-6bITOBblX CTOKOB. 

Ilo'llBbI. PaBHHHHhIH KpbIM H KepqeHCKHH no.nyOCTPOB pacnonara!OTCH B 

nOA3OHe AepHOBHHHO~3JiaKOBbIX cyXHX crenett, pa3BHTbIX na IO)KHbIX 

MaJIOryM)'CHbIX (3-4% ryM)'ca) qepHO3eMax H reMHO-KaWTaHOBbIX noqaax. no 

ttanpaBJiemno K IlpHCHBawcKoM)', KapKHHHTCKOMY H EanaTOpHHCKOMY no-

6epe)Kh»:M Ha BbICOTax 40-50 M qepHO3eMbl CMeH51IOTCH COJIOHU,eBaTblMH 

CJia6oryMycHpOBaHHhIMH TeMHO-KaWTaHOBbIMH noqaaMH. HenocpeACTBeHHO 

BAOJib no6epe)KHH, Ha 6onee HH3KHX yqacTKax, pacnpocTPaHeHbI nyroab1e 

COJIOHU,OBO-COJIOH9aKOBbie noqBbl B KOMTIJieKce C COJIOH9aKaMH. 

Ha IOEK AO BbICOTbI 400 M npeo6JIMaIOT KopHqHeBbie w.e6eHqaTbie TIOl!BbI 

cyxHX JieCOB H KYCTapHHKOB, ccpopMHpoBaBWHeCH Ha npoeyKTax BbIBeTpHBaHHH 

rJIHHHCTbIX CJiaHU,eB, necqaHHKOB H H3BeCTHHKOB; MeCTaMH BCTPel!alOTCH KpacHO-

6ypbie noqBbl Ha H3BeCTHHKax. BbIWe, OT 400 AO 700 M, pacnonara!OTCH 6ypble 

JieCHbie noqBbl, ew.e BbIWe (700--1200 M) cpopMHPYIOTC51 TeMHo-6ypb1e ropHO­

JieCHbie BbIW.eJioqeHHbie noqabI. Ha »:HJiax pacnpocTpatteHbI roptto-nyroab1e 

qepHO3eMOBHAHbie noqBbl. 

PacTuTeJibHOCTb u iKHBOTHbiii Mnp. PacTHTeJibHOCTb KpbIMCKoro 

no.nyocTPOBa 6oram H pa3Hoo6pa3Ha. 3AeCb npeACTaBJieH u,eJibIH cneKTp rnnoa 

paCTHTeJibHOCTH: OT nycTbIHHbIX COJI51HKOBbIX coo6w.ecTB 3aCOJieHHbIX 

HH3MeHHOCTeH IlpHCHBaillbH H KOBblJlbHO-THnqaKOBblX crenett KepqeHCKOro 

no.nyOCTPOBa AO ey6oBbIX, 6yKOBblX tt XBOHHbIX JieCOB, cpopMHpy!OW.HXCH a 

ropHb!X noHcax. Ilnarno6pa3HaH BepwHHa r JiaBHOH rpMbl KpblMCKHX rop 3aHHTa 

CBoeo6pa3HblMH rycTO-TpaB51HblMH .JIYfOBblMH CTenHMH HJIH OCTenHeHHblMH 
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JiyraMH. IO)KHOM)' 6epery CBOHCTBeHHa pacnneJlhHOCTh, 6JIH3Kllil K cpe,nmeM­

HOMOpCKOM)' mny. 
Oco6yio QeHHOCTh npe,ncTaBJUIJOT ropHb1e KphlMCKHe neca, qiopMttpyioI.QHe 

oco6b1H MeCTHhIH KJIHMaT, nett3a)KHOe pa3Hoo6pa3He . .[(o 3ace11eHID1 noeyocTPOBa 

tJeJIOBeKOM necaMH 6hma noKpb!Ta BCH ropHllil o6naCTb 11 ,nruKe tJaCTb paBHHHHOH 

TeppHTOpHH. Pa3BHTHe CKOTOBO,nCTBa npHBeJIO K HCtJe3HOBeHHIO JleCOB Ha 

paBHHHax H 3HatJHTeJlhHOM)' yMeHbllieHHJO B npe,nropbHX H JO)KHOM 6epery. K 

HatJaey XIX BeKa JleCaMH 6h!JIO TTOKpbITO 361 Tb!C. ra (QaeTKOB, 1957). B 1888 
roey HX nJJOI.Qa,nh yMeHbllIHJlaCb .no 334 Tb!C. ra, B 1913 r. - .no 318 Tb!C. ra, B 1929 
r. - .no 274 ThIC. ra. CHJJhHO nocTPa,naJIH neca BO BpeMH BTOpoii MHpOBOH BOHHhI -

HX nnoI.Qa,nh yMeHhUIHJJacb .no 210 ThIC. ra. B nocneBoeHHhIH neptto,n 6naro,napH 

JieCOBOCCTaHOBHTeJibHbIM pa60TaM nJJOI.Qa,nh o6neceHHb!X reppHTOpHH B03pocna H 

ceiitJac COCTaBJIHeT npHMepHO 296 Tb!C. ra. 

<l>nopHCTHlJeCKHH COCTaB tt xapaKTep pacTHTeJlbHhlX coo6mecTB KpbIMa 

6JIH30K K cpe,nH3eMHOMOpCKOMY, HO OTJIHtJaeTCH 60JlbllIHM pa:moo6pa3HeM 

BH,noB: BO qinope ropHoro Kpb!Ma (nnoI.Qa,nb OKOJIO 7 Tb!C. KM
2
) npe,nCTaBJleHO 

2173 BH,na, a Ha OCTpOBe KpHT (nJIOI.QMb 8,4 Tb!C. KM
2
) - 1824, Ha OCTPOBe 

KopCHKa (nnoI.Qa,nb OKOJIO 8,7 Tb!C. KM
2
)- OKOJIO I 900 BH,nOB. 

TttnHtJHO cpe,nmeMHOMOpCKHe BH,nhI, BXO,nHI.QHe B COCTaB coo6I.QeCTB 

pa3Hb!X BapHaHTOB cpe,nmeMHOMOpCKHX naH,nUiaq>TOB: MO)K)l(eBeJlbHHK 

Bb!COKHH (Juniperus excelsa), COCHa KpbIMCKaH (Pinus pallasiana), COCHa 

CrnHKeBHtJa (P. stankewiezii), q>HCTaUIKa rynonttcTHaH (Pistacia mutica), 

3eMJIHHHtJHHK MeJIKOnno,nHhIH (Arbutus andrachne), HrJIHQa noHTHHCKaH 

(Ruscus ponticus), na,naHHHK KpbIMCKHH (Cistus tauricus), cyMax ,ny6ttJibHhIH 

(Rhus coriaria), MOJIOtJaii )KeCTKHH (Euphorbia rigida), )KaCMHH 

KycTapHHKOBbIH (Jasminum fruticans), ,nep)KH-,nepeBo (Paliurus spina -
christi), acqio,neJIHHa )KeJITaH (Asphodeline lutea), Kanepcb1 KOJIIOtJHe (Capparis 
spinosa) H ,np.(EarpoBa H ,np., 2003). 

Oco6eHHOCTblO qiayHhl HBJIHeTCH HaJIHtJHe B HeH BH,nOB 

cpe,nmeMHOMOpCKOro npOHCXO)K_neHHH. J,fa MJleKOTTHTaIOlQHX - :no JleTytJHe 

MbtllIH 60J1bllIOH H MaJibIH no,nKOBOHOC (Rhinolophus ferrumequinum. Rh. 
hipposideros), a TaK)Ke ,nnHHOKphm (Miniopterus schreibersi); m nmQ -

tJepHbIH rpttq> (Aegypius monachus), 6enoroJIOBbIH cttn (Gyps fulvus); H3 

pemHJIHH --cpe,ntt3eMHOMopcKHH reKKOH (Tenuidactylus Kotschyi), 
neonap,noBhIH no1103 (Elaphe situ/a); m HaceKoMhIX - QHKa,na o6btKHOBeHHaH 

(Tibicen plebeja) H ,np. 

ITonyocTPOB nOJI)'tJHJJ llIHPOKYIO H3BecrnocTh 611aro.napH 6onbUIOMY 
6HOJIOrH"4eCKOMY H JlaH,nUiaq>THOM)' pa3H006pa3HIO. OH BXO,nHT B lJHCJIO 200 
paHOHOB MHpa, OTHeceHHblX K TeppHTOpHHM C Bh!COKHM 6ttopa3H006pa3HeM. 

Ha nonyocTpOBe HaCtJHTbIBaeTCH OKOJIO TblCHlJH HHTpo,nyQeHTOB, TO 

eCTb BBe3eHHbIX H npH)KlfBllIHXCH 3,necb pacTeHHH, tJaCTO CTaBllIHX 

i6'bE',l])Ill(lHH1IH HHCTHTYT 

.i,LJ;epHhlX HCCJie,r:t;OBaHIUI 

BHBnI10TEKA 



HeOTbeMJJeMOH '-laCThlO KphIMCK0ro ne113a)Ka: TTaJJhMhl, KttnapttChl, 

1m1n10a1v1epttKai1cKHt1 KaKTyc onym11rn, KHTai1c1<11i:i a11nai1T, Kaimn,c1<a.51 po6murn 

(6eJJa.51 mrn1urn), l1TaJJbSHICKaH fJlH,'lH'-IHSI l1 MHOrne C0THl1 811/l0B. Oco6y10 pom, 

1111Tpo;1yue11n,1 urpaioT B napr<ax KphIMa. Hatt6onee H3BeCTHhIM H 

pacnpocTpaHeHHblM HHTpo.n.yl.{eHTOM Ha IO)KHOM 6epery KpbIMa .s!Bm!eTCSJ: 

Kttnapttc. Bneps1,1e OH nosi:sttncsi: B KpbIMY B KOHL{e XVIII seKa. B napKax tt 

Ha Ha6epe)KHOH M0)KHO BCTpeTHTb JJeHKopaHCKYIO aKal.{HlO,_ oneaH.n.p, 

MarHOJlHIO, si:nOHCKYIO BeepttylO OaJJhMY, IOKKY, HTaJJb.51:HCKHe C0CHhl (nttHHH), 

nJJaTaHbl, H MH0rHe .n.pyrne. EcTb npttMephl H KpaHHe 0Tpttl.{aTeJlhHblX 

nocne,LI,CTBHH nosi:BJJeHH51 HHTµ0.Ll.YL{eHTOB: . BHe.n.peHtte B nptt6pe)l(Hble 

3K0CHCTeMbl qepHoro H A30BCK0f0 MopeH rpe6HeBHKa H panaHhl npirneno K 

HapyrneHHIO nml{eBhIX L{eneH, yMeHbllleHHIO '-IHCJleHH0CTH nnaHKT0Ha. 

B KphIM)' BbI,LI,eJJ51lOT CJle,LI,ylOll.{He OCHOBHbie BH,LI,bl JJaH,LI,lllaqnoB: 

I. r opHo-npttMopcKHe cy6cpe.n.meMHOMOpCKtte · JJaH,LI,lllaq>Tbl npttypo'-!eHbl K 

IO)KH0MY 6epery - OT M0p51 ,LI,0 BhIC0Tbl 350 - 400 M. XapaKTepH3yIOTCSJ: 

npo51BJleHtteM 6ptt30B, HeBbICOKHM YBJJa)l(HeHtteM, MaJJ0M0ll.{HblMH 00'-IBaMH, 

o6ttntteM MeCTHhIX KJlHMaTOB. EcTeCTBeHHaSJ: pacTHTeJlbH0CTb - MO)K)KeBeJJOBO­

.n.y60Bhie neca, rntt6Jl51KH, poll.{H q>HCTallIKH rynoJJHCTHOH, 3eMJJSJ:HH11HHK 

MeJJKonno,LI,HbIH, ttrnttl.{a nomttiicKasi: tt .n.p. Teppttropttsi: c 3THMH naH,LI,rnaqnaMH 

.n.aBHO 3Ha'-IHTeJlbHa 3aceneHa. KypoµTHbie ropo.n.a o6pa3yIOT 00'-ITH CnJJOlllttylO 

nonocy B.LI.0JJh '-IepHoMopcKoro no6epe)Kb51. Ha .n.aHHOH reppHTopim 

ccf>opMI-tpOBaJJC51 oco6bIH JJaH,LI,lllaq>T, B K0T0pQM CO'-leTalOTC51 ropo.n.a, napKtt, 

BHHOrpa,LI,HHKH, pa3pe)KeHHbie .n.y6oBbie, q>HCTallIKOBhie, MO)K)KeBeJJ0Bbie neca, 

K0TOpbie Bblllle CMeH5llOTC51 COCHOBhIMH H 6yKOBbIMH necaMH. Ha ,LI,aHHOH 

reppttTOptttt Bhipall.{HBaIOT L{eHHhie C0pTa BHHOrpa.n.a, H3 KOTOphIX .n.enaIOT 

BCeMttpHO H3BeCTHb!e BHHa: KpbIMCKHH M)'CKaT 6eJJhIH KpacHoro KaMH.51, TTttHO­

r pH, qepHblH ,LI,0KT0p H ,LI,p. 

<I>opMttposaHne apeana cy6cpe.n.meMHOMopcKoH np11po.n.h1 B Kpb1My Ha 

Kpai1HeM 10ro-3ana.n.e CB513aHO C KpblMCKHMH ropaMtt, KOTOphie, C O,LI,HOH 

CT0p0Hbl orpaHH'-IHBalOT XOJJ0,LI,Hble cesep0-B0CT0'-IHbie nOTOKH 3HMOH, C 

.n.pyroi1 CT0p0HhI, lO)KHhlH MaKpOCKJJOH rop nony'-!aeT HeCK0JlbK0 60JJbllle 

COJJHe'-IHOH pa.n.ttal.{HH ( oco6eHHO 3HMOH) no cpaBHeHHIO C ropH30HTaJJbHOH 

nosepxH0CTbIO. Cpe.LI.tt3eMHOMopcKa51 npnpo.n.a npe.n.crnsneHa B Kp1,1My 

HeCK0JlbKHMH sapttaHTaMH (Earposa n .n.p.; 2003). HacTOSJ:ll.{ee 

cpe.n.meMHOMOpbe npe,LI,CTaBJleHo He60JlhllIHMH y'-laCTKaMH Ha MbICe MapTbSJ:H, 

Ai151 tt B HeK0Top1,1x .n.pyrnx Mecrnx. Ero cttMBOJJbI - .n.y6 nyrnttcTbIH (Quercus 
pubescens), M0)K)KeBeJlhHHK BbICOKHH H 3eMJJ51HH'-IHHK MeJJKOTTJlO,LI,HblH. 

Cy6cpe,LI,H3eMHOMOpCKHe JJaH,LI,lllaqnhI o6pa30BaHbl .n.y6oBO-M0)K)KeBeJJOBbIMH 

H .n.y60BO-q>HCTallIKOBbIMH pe,LI,K0JleCb51MH. HeMOpaJJbHbIC BapHaHThl 

cpe,LI,H3CMH0M0pCKHX JJaH,LI,lllaq>TOB - neca H3 .n.y6a nyllIHCT0ro pacnoJJ0)KeHbl 

Ha cesepH0M MaKpOCKJl0He KpbIMCKHX rop. B HH)KHCM ero 0051Ce xorn H 
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npOH3pacTalOT npe.ncTaBHTeJIH cpe.nH3eMHOMOpCKHX naH,l\lllaqnoB, HO 

KJIHMaTH'-IeCKHe ycJIOBH.s! ( cpe,AHtte .s!HBapcKtte TeMnepaTypbl Htt)l(e o0
, 

MaKCHMYM OCa,AKOB JieTHHH H .np.) 3,AeCb COOTBeTCTBYIOT yMepeHHOMY no.sicy. 

TTepe,AHea3ttaTCKOe cy6cpe.nH3eMHOMOpbe npe,l\CTaBJieHO B IOro-3aila,l\HOH 

tJacrn KphIMCKoro npe.nroph.si (Me)l()\y CeaacTOnoneM tt EaxtJttcapaeM), r.z:te 

pacnpocTpaHeHbl KOptttIHeBhie IlOlJBbI, KOTOpbie xapaKTepHbl AJI.s! 

cpe,Att3eMHOMOpCKHX naH,ArnaqnoB. 3.z:teCh, 3a npe.z:tenaMH JOEK, He TOJibKO 

Ay6 nyrnttCTblH xoporno ce6.si tJYBCTByeT, HO tt BCTpetJaIOTC.s! TaKtte 

TenJIOJII06HBhle BHAbl pacTeHttH KaK qmcTarnKa rynoJIHCTHa.si, ttrnttua 

nOAb.s!3bllJHa.si, )l(aCMHH KycrnpHHKOBblH. TTOHTHtJeCKoe cy6cpe,Att3eMHOMOpbe 

MO)l(HO BbI,AeJIHTb a npe.nenax TapxaHKYTCKOfO no6epe)l(b.s!, r.z:te cTenHbie 

noHTHlJeCKtte cpe,AH3eMHOMOpCKtte 3<peMepHbie 3JieMeHTbl o6pa3yIOT 

caoeo6pa3Hb1e cTenHhie coo6ll(ecTBa. 

2.fopHhie (cpe.nHeropHbie) necHh1e naH,Arna<pThI pacnoJIO)l(eHhI Ha Bh1core 350 

- 600 M tt Bb!llle (.no I 200 M). 3TH TeppttTOptttt IlOKpbITHH .ny6oBhIMH, 6yKOBbIMH, 

rpa60BblMH H COCHOBbIMH necaMH. l13-3a ropHOro penbecpa H npoxna,AHOro 

KJIHMaTa IlJIOTHOCTb HaceneHtt.s! HeBblCOKa.si - JIHlllb B petIHblX ,l\OJIHHax eCTb 

noceJIKH tt He6oJibllltte IlJIOll(a,AH Ca,AOB. TeppHTOpttlO nepeceKaIOT aBTOAOpom, 

T)'pttCTCKHe TpOilbI. 

3.fopHhie nyroao-necocrenHbie naH,Arna<pTbI naH,Arna<pThI 

nJIOCKOBeprnttHHblX noaepXHOCTeH KpbIMCKHX rop - .s!HJI - xapaKTepH3yIOTC.s! 

Bb!COKHM aTMOC<pepHblM yan~eHtteM. KOJIJflleCTBO aTMOccpepHblX OCa,AKOB 

COCTaBJI.s!eT 800-1500 MMlro.z:t. CTenHbie 6ttoueH03bl .s!HJI o6pa3yIOT OCTpOBa cpe,Att 

OKpy)l(alOll(HX HX JieCOB Ha CKJIOHax rnaBHOH rp.s!.l\bl. Ha .s!HJiax qiopMttpyere.si 

3HalJHTeJibHa.s! tJaCTb petIHOfO CTOKa. 11x BblCOKOe BOAOOXpaHHOe 3HatJeHtte Tpe6yeT 

3anpell(eHH.s! 3,l\ecb naCTb6bI CKOTa H CKOJibKO-Htt6y.nh HHTeHCHBHOH peKpeautttt H 

Ap. 

4. TTpe.z:tropHbie necocTenHb1e naH,l\rna<pTbI pacnoJIO)l(eHbI K ceaepy OT rop Ha 

BbICOTe OT 250 - 300 M AO 500-600 M. XapaKTeptt3yIOTC.s! KOHTpaCTHbIMH 

JiaH,Alllaq>TaMH, COtJeTaHtteM JieCHOH (.ny6oBbie neca) tt CTeilHOH paCTHTeJibHOCTH. 

TTpe.z:trOpbe OTJIH'-laeTC.s! pactJneHeHHblM penbeq>OM, 60JibllIHM pa3HOo6pa3tteM 

MeCTOilOJIO)l(eHHH, Me30- H MttKpoKJittMaTOB H 3KOJIOrttlJeCKHX HHlll. Xoporna.si 

o6ecnetJeHHOCTb BO,l\OH tt BbirOAHOe TpaHcnoprHo-reorpaq>JflleCKOe IlOJIO)l(eHtte 

o6ycJIOBHJIH pa3BHTtte B TTpe.z:tropbe KpynHhIX ropOAOB, ceTtt aBTOAOpor, )l(eJie3HbIX 

AOpor. CeJibCKOe X03.s!HCTBO ttMeeT MHOfOOTpaCJieByIO cneuttanH3aUttlO: BOKpyr 

ropo,l\OB - npttropo,AHOe X03.s!HCTBO, B ,l\OJittHax peK - Ca.Ahl, Ha CKJIOHax rop -

BHHOrpa,AHHKH, 3q>ttpoMaCJIHlJHhie Kj'JlbT)'pbI. 3.necb COlJeTaIOTC.s! JieCHbie H 

crenHble 3KOCHCTeMbl, arp03KOCHCTeMbl, yp603KOCHCTeMbl. 

5. PaBHHHHbie CTenHhie JiaH,l\rnaq>Tbl 3aHttMaIOT 60JihllIYIO tJaCTb paBHHHHoro 

Kpb!Ma. EcrecTBeHHM pacTHTeJibHOCTb npaKTJflleCKH yHttlJTO)l(eHa H 3aMeHeHa 

CeJihCKOX03.s!HCTBeHHbIMH IlOJI.s!MH, Ca,AaMtt H BHHOrpa,AHttKaMH. TTo.naBJI.s!IOll(a.s! 
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tiaCTb -reppHTOpHH paBHHHHOro Kpb!Ma npeBpalll.eHa B arpoJiaH,!J.lllaq>Tbl -

11epe.D,OBaHHe ceJibCKOX0351HCTBeHHbIX TTOJiett, naC1UHlll., Ca.D,OB H BHHOrpa.D,HHKOB, 

HaCeJieHHbIX TTYHKT0B. 

6. PaBHHHHO-npHMopcKHe CTeTTHbie JiaH,!).lllaq>Tbl. K HHM OTHOCHTC51 Y3Ka51 

TTOJIOCa (5 - 10 KM) Ha CTbIKe MOp51 H paBHHHHbIX CTeTTett JiaH,!J.lllaq>TOB. 3m 

JiaH,!J.lllaq>Tbl xapaKTepH3yIOTC51 OTHOCHTeJibHO pactIJieHeHHb!M peJibeq>OM, 0OllBbl 

60JibllleH tiaCTblO MaJIOMOW.Hbl. 3.D,eCb npo51BJI51IOTC51 6ptt3bl. 3.D,eCb BeJIHKa 

peKpeaQHOHHa51 Harpy3Ka. 

7.HH3MeHHbie cyxocTeTTHble JiaH.D,lllaq>Tbl 3aHHMaIOT nonocy B.D,OJ!b CttBallla H 

KapKHHHTCKOro 3aJIHBa, He60JibllJHe y11acTKH OKOJIO 03ep CacbIK H ,ll;otty3JiaB, a 

TaIOKe Ha Kep11eHCKOM nonyocTPOBe. XapaKTepH3YIOTC51 6JIH3KHM 3aJieraHtteM 

MHHepaJIH30BaHHbIX rpyHT0BbIX BO.D,. 3.D,eCb npeo6Jia.D,aIOT 0OJiblHHO-THnllaKOBbie 

cTentt, ranoq>HTHbie nyra. B CB513H c npoBe.D,eHtteM CeBepo-KpbIMcKoro KaHana H 

c6pocoM BO.D. B CttBalll no cneQHaJihHbIM KaHaJiaM •. ITo:noMY B npe.D,enax 3Tl1X 

JiaH,!J.lllaq>TOB Cq>OpMHpOBaJIHCb 3a6ono11eHHbie y11aCTKH C npecHOH BO.D,OH 11 

HOBbIMH 6ttoQeH03aMH. 

31.:oJioruqecKue npo6JieMhl 
3Konorn11eCKa51 cmyaQtt51 B KpbIMY oro6proKaeT cno)Kffoe HaJIO)KeHtte 

npo6neM, 0CTilBlllHXC51 B Hacne.D,CTBO OT COBeTCKOH 3TTOXH, H npo6neM B03HHKlllHX 

B HOBbIX ycJIOBH51X 3a nocne.D,HHe 20 JleT. ObICTPbIH pocT np0MblllJJieHHOro H 

cenbCKOX0351HCTBeHHOfO npOH3BO.D,CTBa B 50-80-e fO.D,bl xx BeKa . o6ycnOBHJI 

.D,OBOJibHO 3HatIHTeJibHOe 3arp513HeHHe B03.LJ.YlllHOro 6accei1Ha B . ropo.D,ax, 

0OBepXHOCTHblX, TTO.D,3eMHbIX H nptt6pe)Kffb!X BO.D., 0OtIBeHHOfO noKpOBa. PocT 

KOJIH11eCTBa OT.D,bIXaIOlI.J.HX (.D.O 9 MJIH nptte3)KHX Ha 0T.D,b!X B ro.D, BO BTOpOH 

nonoBHHe 80-x ro.D,oB) Hem6e)KHO Ben K pocry Harpy3KH Ha neca ropHoro KpbIMa. 

OpollleHtte 400 Tb!C ra ceJibCKOX0351HCTBeHHbIX 3eMeJib, conpOBO)K.LJ.aBllJeec51 

HapyllleHtteM pe)KHMa nonttBa, npttBeno K He6naronptt51THbIM npoQeccaM B 

OOtIBeHHOM noKpOBe: BT0pH11HOMY 3aconeHHIO, CJIHTH3aQHH, yMeHbllleHl1IO 

co.D,ep)KaHH51 ryMYca. 

ITpottcllJe.D,llla51 B 90-e fO.D,bl nepeCTPOttKa COQl1aJibH0-3KOHOMl1lleCKHX 

OTHOllleHHH conpOBO)K.D,aJiaCb na.D,eHHeM o6beMOB npOMblllJJieHHOro 11 

ceJibCKOX0351HCTBeHHOro npOH3BO.D,CTBa, yMeHbllleHHeM OJ!OlI.J.a.D,H pacnaxttBaeMblX 

3eMeJib, CHH)KeHtteM OJ!OlI.J.a.D,H opolllaeMbIX 3eMeJib. CHH3HJIHCb o6beMbl BbI6pocoB 

3arp513H51IOW.HX Belll.eCTB (OT 5000 000 TOHH B 1991 fO.LJ.Y, H3 KOTOpbIX 40% 

COCTaBJI51JIH BbI6pocbI nepe.D,BH)Kffb!X HCTOllHHKOB, .D,0 115 000 T0HH B 2009 fO.LJ.Y, 

H3 KOTOpb!X Bb16p0Cbl aBTOTPaHcnopTa COCTaBJI51JIH y)Ke OKOJIO 85% ). 

3TH TeH.D,eHQHH, 6naronpH51THbie C TOllKH 3peHH51 yMeHbllleHH51 .D,aBJieHl151 Ha 

npttpO.LJ.Y, npOH30lllJIH He B pe3yJibTaTe QeJieHanpaBJieHHOH .D,e51TeJlbHOCTH, a CTaJIH 

pe3yJibTaTOM Qentt CJIY4aHHblX npoQeCCOB, llTO Hett36e)KH0 npttBeJIO K o6w.eMy 

yxy.D,llleHHIO 3KOJIOrH11eCKOH cttryaQttH: pe3KO yBeJIHllHJIOCb 6paKOHbepcTBo, 

Bbipy6JieHO np11MepHO 0OJIOBHHa none3aW.11THblX necononoc, 3aCTpa11BaeTC51 
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6eperoBrui noJioca, pa.3pyrnaIOTC.SI 11ppHra1.tH0HHbie CHCTeMhl CeBepo-KpblMCKOro 

Kattana, ttapyrnetta CHCTeMa ceBoo6opoTOB, B ttaceJieHHhIX nymcrax pe3K0 

B03p0CJI0 K0JIHqecTB0 MYC0pa, B03p0CJI0 K0JIHqecTB0 no)KapoB B Jiecax. 

,lvi.si yeyqrneHH.H CJIO)KHBllleHC.SI cmyaI..tHH TPe6yIOTC.SI BHe,npeHHe 

C0J..tHaJihHh!X H 3K0H0MHqecKHX MeXaHH3M0B perneHH.SI 3K0JI0fHqeCKHX npo6JieM, 

lllHp0K0e yqacTHe o6mecTBeHHOCTH B BbI6ope 3aIUHTHhIX MeXaHH3M0B 

coxpaHeHH.SI npHpO,nHOH cpe,nbl. 
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Abstract. The ethical principle according which the concept of "sustainable 
development" implies "satisfying the needs of the present, without 
compromising the ability of future generations to meet their own needs" is 
considered to be and absolute principle. Nevertheless also absolute principles 
have a their own range of application. Outside such a range they may lead to 
unwanted situations. With reference to radioactive wastes they should be 
managed in a way that secures an acceptable level of protection for human 
health and the environment, and affords to future generations at least the level 
of safety, which is acceptable today, But by referring to the rate of evolution of 
the human society with an extremely great increase in the last centuries, it is not 
possible to consider the far future generations as equivalent to the current one. 
In particular, the trend of evolution of the human society forecasts a strong 
acceleration never observed till now. Consequently the habits of the far future 
generations will be totally different from the today. Therefore also the criteria 
to be adopted for the safe containment of a geological repository must be take 
into account this fact. In fact it must be stressed that an excessive degree of 
protection implies, very often, only a waste of resources without any advantage 
and implying an absolute negative balance. 

Keywords: sustainable development, radioactive waste management, protection, 
human health and environment, evolution. 

1. Introduction 

The problem of the radioactive wastes is generally considered as probably the 
most relevant one for the development of nuclear energy. Frequently there is 
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confusion between the perception of public and the achievements of science 
and technology. The result of such confusion is the statement that problem of 
the radioactive wastes has not yet found a solution. 

Another source of confusion is the inclusion in the big basket of the 
radioactive wastes any kind of them without any difference among them: low, 
medium and high levels, alpha emitters and long living radionuclides. 

For the purpose of this paper the High-Level Wastes (HL W) generated by 
the reprocessing of spent fuel from nuclear power reactors to recover uranium 
and plutonium, and the Alpha-Bearing Wastes (ABW) that are contaminated 
with long lived, alpha emitting nuclides are considered. Spent fuel that is not 
reprocessed is also considered a High-Level waste (Cigna, 2010). 

Such High-Level and Long-Lived wastes could be disposed of in mined 
deep underground repositories, while the medium and low level wastes do not 
require such a long and stringent isolation. But sometimes, under the pressure 
of the public opinion, which is frightened qualitatively by radioactivity without 
any consideration for the quantities involved, the authorities concerned with the 
problem of the radioactive wastes choose to avoid any distinction and any type 
of radioactive waste is disposed of in the same repository. Other radioactive 
wastes are normally kept in surface deposits and do not imply relevant 
problems. 

It is never stressed enough that the problem of radioactive wastes is purely 
political because the solutions from a scientifical and technological point of 
view have already been found. 

2. Ethical and environmental considerations 

The timescales over which the intrinsic toxicity of long-lived radioactive wastes 
can extend go well beyond the life spans of current or forthcoming generations, 
for many thousands of years into the future. Therefore, for fairness and equity 
considerations, the current generations are responsible for the risks and burdens 
to future generations (Cigna, 2010), 

Such an ethical principle has been illustrated by the World Commission on 
Environment and Development using the concept of "sustainable development" 
put forward by the so called "Bruntland Commission" (WCED, 1987) and 
defined as: "satisfying the needs of the present, without compromising the 
ability of future generations to meet their own needs". 

This principle was taken into account as the basis for assessing the 
acceptability of strategies for the long-term management of radioactive wastes 
(NEA, 1995). The practical implementation of this principle, when applied to 
very long time intervals, implies a number of factors and requires a special 
attention. The Radioactive Waste Management Committee of the OECD 
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Nuclear Energy Agency reported that in the management of wastes having a 
long term potential for harm, interest focuses on two classes of ethical concern. 

The first is the achievement of "intergenerational equity" to minimize the 
resource and risk burdens passed to future generations by the current 
generations which produce the wastes. The second concern is the achievement 
of "intragenerational equity" and in particular an ethical approach to the 
handling, within current generations, of questions of resource allocation and of 
public involvement in the decision-making process (NEA, 1995). 

While the latter class does not rise particular objections provided the public 
involvement is assured within the frame of persons with at least a minimum of 
competence on the matter, the former must be based not only on a theoretical 
principle but also the effect of the evolution of the human society must be taken 
into account, as it will be discussed later with more details. 

3. Systematic comparison of emplacement options 

After an interim storage to obtain the elimination of the short-lived fission 
products, the radioactive wastes have to be disposed of in a suitable 
repository, which can be placed in different environments. According the long­
term isolation strategy, the high-level wastes can be emplaced in deep 
geological formations; three land-based options can be considered: clay, hard 
rock and salt. In the past, as a possible alternative to land disposal, the sub­
seabed emplacement was considered. But in 1972 the contracting parties of the 
London Convention decided the total ban of immersion· of radioactive wastes 
into the sea, and the sub-seabed alternative was abandoned. The same parties 
voted a total ban · on the disposal at sea of radioactive wastes and other 
radioactive matter in November 1993 (NEA, 1996). 

3.1. THE PAGIS PROJECT 

In 1982, within the European Community, it was started a project for 
Performance Assessment of Geological Isolation Systems (PAGIS). This 
exercise was conceived as an intermediate step between the generic site 
independent safety assessment and those made in view of the licensing of 
particular disposal sites. A large body of scientists in EC countries have worked 
together for six years producing both the data and the methods required for the 
analysis. In particular sensitivity analysis of model parameters has shown the 
areas where additional research will be more effective for decreasing the 
uncertainty. In this chapter the results and conclusions obtained by PAGIS are 
reported (Cadelli et al., 1988). 
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The reference waste arising refer to the high level waste from Light Water 
Reactors spent fuel reprocessed by the Purex process, vitrified as borosilicate 
glass and contained in stainless steel canisters; in PAGIS Project the interim 
storage before disposal was assumed to be from 30 to 100 years. For continental 
repositories, the reference designs are based essentially on the shaft-gallery­
borehole concept. For the sub-seabed option, the infonnation has been obtained 
from the Seabed Working Group of OECD-NEA (NEA, 1988); the free fall 
penetrator is the reference emplacement technique, the drilled hole being the 
variant. 

The multibarrier concept for describing the pathway to man of the 
radionuclides has been adopted. For each option, "normal evolution scenarios" 
representing the gradual changes, which may be expected on the basis of the 
geological trends and the information available on the repository effects, were 
firstly considered. Then, "altered evolution scenarios", representing 
perturbation by events largely of probabilistic nature, which can modify the 
parameters determining the normal evolution, or generate new evolution 
scenarios, were also taken into account. 

3.1.1. Clayformations 

The low permeability of clay results in negligible pore water movements 
and its high retention capacity for many radionuclides further reduces 
radionuclide migration. In the PAGIS study, the Mol site has been chosen as 
reference site where a sub-horizontal Boom clay formation 110 m thick is 
covered by at least 160 m sediments. 

In a normal evolution scenario the majority of the radioisotopes, which 
would be released from the waste packages, do not travel beyond a few metres 
from the repository and disappear through decay. Only a few long-lived 
nuclides poorly absorbed in the clay matrix are able to induce a contaminated 
plume in the aquifer in at least half a million years before any significant 
radioactivity would be noticed at the surface. 

Altered evolution scenarios have been analyzed. A fault crossing the 
repository would not change the situation found for the normal evolution 
scenario because only a very limited portion of the repository would be 
affected. If heavy climatic changes would occur, the radionuclides dilution 
would be reduced by a factor of 4 compared with that computed for the normal 
evolution. 

As a conclusion, a clay formation can ensure long-term protection for a 
high-level waste repository, provided that the clay layer has a sufficient 
thickness and care is taken in characterising the overlying aquifers. 
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3.1.2. Granite formations 

The very low permeability of granite, if not exceedingly fractured, and the large 
and stable formations commonly found, allows a very slow groundwater 
movement with long pathways to the biosphere. Auriat, in France, was the 
reference site for PAGIS since it has been the subject of geological and 
hydrogeological investigations. 

No appreciable exposure is expected before 250,000 years for a normal 
evolution scenario. The case of a human intrusion was considered as an altered 
evolution scenario. By assuming that a cavity would be excavated in the 
vicinity of fhe repository, the underground water system would be perturbed 
and workers and surface dwellers exposed. The probability of such an event is 
expected to be low and the consequences of an intrusion at 100,000 years would 
result in an exposure of the same order of magnitude of that due to miners by 
the natural background from' the rock itself. Vertical faults would also have 
negligible effects unless connected by horizontal pathways through the 
repository. 

Uncertainties are relatively large as compared with the other continental 
options but the high-level waste would be adequately confined in granite if an 
appropriate repository design is made and good rock properties in a thickness of 
IO mare available. 

3.1.3. Saltformations 

The almost complete absence of water in the salt format!on and the capacity of 
rock salt to quickly fill any open cavity prevent radionuclides migration. The 
reference site for PAGIS was the salt dome at Gorleben in Germany where a 
large amount of information has been collected. 

Under normal evolution scenario, no contamination can attain the biosphere 
unless dissolution of the salt dome itself would allow the aquifers to reach the 
repository level. It was assumed a dissolution rate of 0.033 mm/a and therefore 
the time span involved in the release would be of the order of million of years. 

An altered evolution scenario involving brine intrusion via an anhydrite vein 
which may intersect the access shaft would not result in radionuclides release 
unless the presence of an undetected brine pocket near to a corner borehole is 
postulateq together with an early intrusion time within 200 years after the 
closure of the repository. Also under all these very pessimistic assumptions, the 
release would occur 20,000 years after disposal, and the exposure of local 
people would be similar to that occurring in the normal evolution scenario. 
These results show that the long-term protection can be ensured by rock salt, 
since extreme situations are needed in order to allow the radioactivity to reach 
the biosphere. 
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3 .1 .4. Sub-seabed 

In the seabed there are very thick sedimentary layers with long-term stability 
where radioactive waste, conditioned in suitable containers, could be emplaced. 
Two alternative methods were considered: the freefall penetrators containing 
the canisters of vitrified waste or their emplacement in boreholes drilled in the 
lithified sediment below the unconsolidated one; the reference area was the 
Great Meteor East on the Madeira Abyssal Plain in NE Atlantic. 

The normal evolution scenario has been defined as the slow degradation of 
the waste packages, diffusion of radionuclides through the sediments, 
dispersion in the ocean and exposure pathway to man mainly via marine 
foodstuff. The maximum exposure would occur 100,000 years after disposal 
with values less than one millionth lower than the natural background. 

Altered evolution scenarios covering a range of natural events, human 
actions and accidents including damaged penetrators on the seafloor have been 
considered. In the worst case the maximum exposure would always be one 
thousandth lower than the natural background. 

Therefore the post emplacements doses and risks from the disposal of high 
level waste in the sub-seabed are negligible. As it was reported above, this 
solution was abandoned after the decision of the London Convention. 

It must be emphasised that the option of the sea dumping of both large and 
heavy blocks of concrete and iron pipes (which in principle could be 
contaminated essentially by 6°Co by neutron activation) would have been the 
cheaper solution with a negligible detriment of the marine environment. 

3.2. THE RADIOLOGICAL EFFECTS OF RADIOACTIVE WASTES 

The International Nuclear Fuel Cycle Evaluation (INFCE) was organized at a 
conference held in Washington, DC, on 19-21 October 1977. The participants 
defined a programme based upon the principles that nuclear energy for peaceful 
purposes should be made widely available to meet the world's energy 
requirements, the danger of proliferation of nuclear weapons should be 
minimized without jeopardizing the development of nuclear energy and the 
specific need and conditions in developing countries. 

Since then on, INFCE was supported by IAEA and a series of meetings took 
place from 1978 to 1980. Environmental, health and safety issues were 
addressed by the INFCE Working Groups within their terms of reference, to 
determine whether specific fuel cycle activities could be carried out in 
conformity with accepted standards and study of these problems showed that 
these standards could be respected (IAEA, 1980a). 

The radiological effects have been extensively examined by INFCE with 
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reference to the different fuel cycles taken into account (IAEA, 1980b) and by 
PAGIS Project with reference to different disposal options (Cadelli et al., 
1988). 

In addition, it must be stressed that the assessment presented by INFCE are 
not site-specific and they are attempts to obtain representative values of the 
collective dose commitments resulting from disposal of radioactive wastes for 
comparison between different fuel cycle alternatives. On the other hand the 
PAGIS Project aimed to obtain data from reference sites, which are, therefore, 
site-specific. Therefore any comparison between these two sets of data must 
take into account their intrinsic differences. 

The calculations to evaluate the radiological impact have been made by 
INFCE on the basis of ICRP Publication 26 (ICRP, 1977). It was not deemed 
necessary to update the results for the purpose of this work by taking into 
account the changes (e.g., in the weighting factors) introduced by ICRP in its 
more recent publications. The collective dose commitment from different 
sources and fuel cycle are now reported. 

3.2.1. Mill tailings (Argentine (CNEA), 1979) 

The radiological contribution of thorium mill tailings can be neglected in 
comparison to that of uranium mill tailings. Therefore only the latter will be 
taken into account. In addition to the assumptions listed before in the 
descriptions of the different nuclear fuel cycles, calculations were carried out 
assuming that the tailings are covered with 2 m of soil and that the population 
distribution around mills is of 3 person/km2 at short distances (less than 80 km) 
and 25 person/km2 at greater distance (UNSCEAR, 1977). 

In the present assessment it is also assumed that the mean residence time of 
226Ra and 230Th in mill tailings is I 000 years, these elements being gradually 
removed from the tailings area to circulating waters. 

3.2.2. Geological repositories (Argentine (CNEA), 1979) 

The behaviour of the radionuclides in the wastes depends on the characteristics 
of the containers. Notwithstanding that, in principle, the life of such containers 
could be much longer and for the purpose of the collective dose assessment it is 
assumed that the mean life of containers is over 1000 years. At the same time it 
is assumed a leach rate of about 4• l 0·4 of the borosilicate glass. Therefore the 
complete dissolution of the glass would take over 3• I 04years. The conservative 
estimate of the delay before release would be, then, in the range 104 

- 105 

years. Successively the radionuclides would start their pathway according to the 
characteristics of the repository. 

In the previous chapters fours options have .been described (clay; granite, 
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salt and sub-seabed). As no realistic values of the delay provided by geological 
isolation for each waste radionuclide are available, the assessment presented by 
INFCE cannot be carried out by using sophisticated compartment analysis of 
the time functions of the resulting contamination of the biosphere. This type of 
analysis is more applicable to site-specific assessments. 

Therefore, the collective dose commitment has been roughly estimated to 
range between two extreme values, corresponding to the entry into circulating 
waters of an undisturbed mixture of waste radionuclides of an age taken to be 
equal, respectively, either to the shortest or to the longest delay found for the 
nuclides of the mixture. 

Taking into account the engineered isolation factors and the time of water 
migration, it was assumed that 105 years is representative of the delay without 
sorption of radionuclides and a delay of the order of 106 years was taken to 
represent the case where sorption is the main retardation factor. 

An assessment carried out for INFCE by a geosphere model (Bond et al., 
1979) for an hypothetical repository in a reference salt formation involving a 
geological event as a release assumption, found estimated arrival times for 
fission products and actinides ranging from 6.7• l 05 to 8.1 • l 07 years. Such 
values agree acceptably well with the order of magnitude of 106 years reported 
before. 

It is interesting to compare the assumptions made by INFCE for the delay of 
the release of radionuclides with the evaluation found by PAGIS for the 
reference sites and reported in a previous chapter: once again the agreement is 
quite acceptable. This means that the results obtained by INFCE are still valid 
after ten years and a large amount of rather detailed studies have not modified 
the main INFCE conclusions. 

3.2.3. Assessment of dose commitments from waste repositories: INFCE 
(Argentine (CNEA), 1979). 

For the assessment of the dose commitments from waste repositories, the 
transport of the long-lived radionuclides by groundwater was considered to be 
the normal mechanism by which they return to the biosphere notwithstanding 
that disposal repositories are located in formations with a very scarce amount of 
migrating groundwater. 

It was found that the drinking water and fish consumption pathways give the 
most important contribute to the dose to man. Also irrigation of crops, when 
practiced, can contribute significantly while other fresh water pathways are in 
general negligible for the collective dose. 

The ocean contribution may result either from the fresh waters flowing into 
the sea or when the exposure pathway starts directly from the sea as, e.g., in the 
case of the sub-seabed disposal. Several pathways are considered in the 
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assessment of the human exposure from radionuclides dispersed into the marine 
environment: fish and seafood consumption and sediment resuspension 
inhalation. It was found that external exposure to sediments in general 
contributes negligibly to the collective dose commitment compared to the other 
pathways. 

When unconventional pathways are considered, because they may be added 
in the future, also desalted water contribution appears to be negligible because 
desalination processes will separate most radionuclides from the water with 
varying decontamination factors, probably in the order of 100. On the contrary 
small zooplankton might have conceptually a significant contribution to the 
collective dose commitment, as the concentration factors for many 
radionuclides in plankton are substantially higher than in fish. 

3.2.4. Collective dose commitments. 

In Table 1 a summary of collective dose commitments (man•Sv) from waste 
arisings of reference fuel cycles per GWe•a is reported. 

Table 1 - Summary of collective dose commitments (man•Sv) from waste arisings of 

reference fuel c_rcll:s_per GW.•a (IAEA, 1980b). 

L WR FBR HWR HTR 

Operation 

Ore processing 

Refining, conversion and 

enrichment • 

Fuel element fabrication • 

Reactor operation 

Unreprocessed spent fuel • 

Reprocessing • 

Sum total• 

Once 

through 

370 
270 
90 

<1 
1 
<1 

89 

270 

730 
730 

U-Pu 

cycle 

220 
160 
59 

<1 
1 
<1 

31 
50 
410 
330 

U-Pu 

cycle 

2 

<1 

3 
<1 

18 
52 
22 
58 

Once 

through 

330 

<1 
<1 
<1 

310 
450 

640 
780 

U-Pu 

cycle 

130 

<1 
I 
<1 

137 
117 
270 
250 

• Upper and lower figures for migration times of 106 and !05 years, respectively 

U-Th 

cycle 

13 

9.9 

3.6 
<I 

5 
<1 

26 
36 
61 
280 

U-Th 

cycle 

100 
83 
30 
<1 
<1 
<1 

25 
12 
210 
250 

As it was stated in advance, the estimation of the collective dose 
commitment has been carried out by integration to infinity. This procedure 
implies knowledge of the future, which is totally unrealistic because the 
evolution of the human society is continuously accelerated and therefore it is 
absolutely impossible to argue what will be the size, the habits and the needs of 
human kind in, e.g., 105 or I 06 years. 
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Therefore, when the exposures are delivered over very long time after the 
practice has ceased, the estimation of the incomplete collective dose 
commitments, i.e. the collective dose commitments integrated over only a few 
hundred years, provide a useful tool for the evaluation of impact which can be 
expected in the near future. In Table 2 are reported the ranges of the incomplete 
collective dose commitment (man•Sv) from waste arisings of reference fuel 
cycles per GWe•a integrated over 500 years. 

Table 2 - Summary of the incomplete (500 years) collective dose commitments (man•Sv) 

from waste arisings of reference fuel cycles per GW,•a (Argentina (CNEA), 1979). 

LWR FBR HWR 

Once U-Pu U-Pu Once 

through cycle cycle through 
From: 3.7 0.2 0,4 Jl 

To: 7.9 0.8 1,3 16 

3.2.5. Individual doses. 

U-Pu 

cycle 

0,1 

0,9 

U-Th 

cycle 

1,2 

5,7 

HTR 

U-Th 

cycle 

0,6 

3,5 

The doses to the most exposed individual could obviously be higher than the 
population average doses. The actual values would be site-specific and it is not 
possible to have a generic estimate. Within the INFCE programme two 
assessments were carried out to evaluate at least the order of magnitude for 
somewhat idealized sites: 

The first one refers to a repository in a salt formation• at 250 m below the 
surface located in a large sedimentary basin. The release assumption involves a 
geological event creating a fracture, which results in brine flowing through the 
repository. The maximum annual effective dose equivalent ranges between the 
lowest 2• l 0·7 Sv/a for fuel cycle strategy "Light Water · Reactor, U-Pu with 
reprocessing" and ;3• 10-5 Sv/a for fuel cycle strategy "Light Water Reactor, 
once through". The time of occurrence of all doses is of the order of I 06 years 
(Argentina (CNEA), 1979; Bond et al., 1979). 

In another.study, the individual doses from a repository in granite were 
assessed for possible sites in Sweden. The release was postulate<;l to occur by 
groundwater flow and different pathways were considered including also 
ingestion, inhalation and external irradiation. The maximum value was 
estimated to be of the order of 10-4 Sv/a after periods exceeding 105 years 
(KBS, 1977). · 

It can be assumed, therefore, that the maximum doses to the critical group in 
the vicinity of repositories will be very low and occur in a very far distant 
future, well beyond the time interval, which can be reasonably taken into 
account. 
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3.2.6. Assessment of dose commitments from waste repositories: PAGIS 
(Cadelli et al., 1988) 

The models adopted by PAGIS are more sophisticated than those utilized by 
INFCE because in the decade elapsed between the two projetcs the knowledge 
of the behaviour of radionuclides in the global environment largely increased. 

The concept of near-field and far-field compartments was adopted. The 
former extends to the limit where the host rock is unaffected by the disposal 
techniques or alterated by the presence of waste; beyond this, there is the far­
field region which include the remaining host rock and the surrounding 
geosphere. 

Two sets of models were used in general. The first set represents at the best 
the current knowledge of the various physical-chemical phenomena involved in 
the release and migration of radionuclides. Such models are used for 
deterministic evaluations of doses. But, when repeated calculations are needed 
in order to statistically simulate the behaviour of the repository, another set of 
models, more appropriate for a stochastic approach, was elaborated. 
Multidimensional geosphere models have mostly been used in the deterministic 
calculations, while simplified 1-D models have been employed for the 
stochastic evaluations. A crucial work of calibration linked the two sets of 
models to ensure an agreement between them. An advantage of using such 
advanced models was the possibility to evaluate, in addition to doses, also the 
local sensitivity (response of the dose rate to perturbations of single parameters) 
and to carry out the uncertainty (distribution of dose-time functions) and the 
global sensitivity analysis. 

All relevant pathways from the underground aquifers to man were 
considered. Since there are no justifiable procedures to forecast human habits 
and diets in the long term, the biosphere parameters were assumed to be 
constant with time, neglecting spatial variability as well. The "hypothetical 
critical group" was characterized by very high food consumption rates that are 
unlikely to be reached in future generations' diet. As it was anticipated in a 
previous chapter, both a normal evolution dose rate and altered evolutions dose 
rates were evaluated. 

3 .2. 7. Collective dose commitments. 

The collective dose commitment was calculated only for the case of the sub­
seabed reference repository of the Great Meteor East area in the Madeira 
Abyssal Plain (Atlantic Ocean). It was found to be l .2• 104 man Sv, most of 
which being delivered by 106 years, with the collective dose rate reaching a 
peak at 105 years (Mobbs, 1988). 
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3.2.8. Individual doses. 

These values are available for each repository and some results are .summarized 
in Table 3. 

Table 3 - Maximum individual dose rate for the reference repositories (data from Cadelli et 

al., 1988) 

Repository Evolution Pathway Max Time Radionuclides 
individual years 

dose rate .. 

(Sv/year) 

Clay (Marivoet & Bonne, 1988) 

Mot Normal Well 1.2•10"8 106 99Tc 
10-1 107 237Np: 7O%;135Cs:3O% 

Normal River ·1.1-10•!! 106 99Tc 

0.8•10" 11 107 231Np; 229Th 

Climatic Well 2.9•10"7 107 237Np: 55%; 135Cs:45% 
change 

Faulting Well 10·8 3•105 99Tc 

5.0•10"8 2•106 231Np·. 

Granite (Yan Kote & al., 1988) 

Auriat Normal Water 5.7•10"7 3•106 237Np: 8O%;229Th:2O% 

Intrusion (Miner) l.6-10"2 105 231Np; 229Th 

Salt (Storck & al., 1988) 

Gorleben Normal Water 10-6 1.5•10"7 . 231Np, 

Early Water 9•10"6 2•104 135Cs 

intrusion 

Late Water 3•10"5 7•105 231Np 

intrusion 

Bedded salt Sealing Water 5•10"6 3•104 135Cs 
(France) failure 

Sub-seabed (Mobbs & al., 1988) 

GME Normal Seafood 1.8• 10-10 105 79Se 
5.l• 10·10 2•105 99Tc 

Mining Seafood l .4• 1O·7 106 99Tc; mes; 229Th 

Damaged Seafood 1.3•10·10 5•103 239+240Pu; 243 Am; 126Sn 

Penetrator 

Km the seabed 

Note. Dose rates from altered evolution scenarios (i.e. those not marked "Normal") are 

conditional on the occurrence of the event and are associated with a probability factor. They 
cannot be compared, therefore, with those from normal evolution. 
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It must be emphasized the great detail achieved in the case of the sub~ 
seabed repository in comparison with the other options. This fact is due mainly 
to two reasons. Firstly, on account of the models which have been developed 
for the marine environment in the framework of CRESP (NEA, 1980; 1983; 
1985; 1986; 1989; 1990; 1996). In addition, a relevant research on ocean-floor 
burial of high-level waste have been carried out since 1977 in the framework of 
the Seabed Working Group established under the Radioactive Waste 
Management Committee of the OECD Nuclear Energy Agency. 

The work of the Seabed Working Group provided scientific and technical 
information to assess the safety and engineering feasibility of seabed 
disposal. The results were published in a series of eight volumes (NEA 1988; de 
Marsily et al. 1988;_ Shepard et al. 1988; Hickerson et al. 1988; Mariette & 
Simmons 1988; Pentreath et al. 1988; Brush 1988; Lanza 1988). They are 
consistent with those obtained within the PAGIS framework. 

4. Environmental and ethical aspects 

The basic principles of radiation protection underwent a certain evolution to 
take into account all the possible implications, which became evident with time. 
In particular, when radioactive wastes containing long-lived radionuclides are 
involved, there is the problem of far future detriments. It is evident that such 
detriments could be treated differently from the present ones. This would imply 
the assumption of a weighting factor with respect to the present or the 
immediately foreseeable future. 

Because of social time preferences less weight could be assigned to far 
future detriments. But, for ethical considerations, the opposite assumption could 
be made because people who neither have an advantage from the practice 
would incur such far future detriments nor had any influence on the decision 
leading to their exposure (NEA, 1984; ICRP, 1985). 

Calculations of doses resulting several thousands of years from now are 
based on current living habits and any estimate of far future living conditions 
would be largely speculative. Therefore these calculations are an illustration of 
what the doses would be if the release occurred today, rather than as a 
prediction of the actual dose to some human living in the far future (NEA, 
1995). 

In ICRP Publication 60 (ICRP, 1991) it is reported that when the current 
practices give rise to doses, that will be received in the future (and sometimes in 
the far future), these future doses should be taken into account in the protection 
of both populations and individuals, although not necessarily on the same basis 
as is used for current doses. Also the probability of incurring such future 
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exposures is important, in addition to the magnitude of the exposures. 
On the practical side, there are difficulties in predicting future conditions, 

whether demographic, biological, physical or other aspects, with sufficient 
confidence to make useful estimates of long term radiation impacts (ICRP, 
1985). Another aspect of the problem of exposures in the far future is related to 
the evaluation of collective doses over long timescales of I 04 -109 years. This 
aspect has been studied by Barraclough et al. (1996) and their conclusion was 
that in decision-making, less significance should be attached to collective dose 
estimates relating to periods beyond 500 years into the future than those relating 
to shorter time periods. 

If the extrapolation of the present society is taken into account, also a time 
interval of 500 years is probably too long. The habits and the problems of 
mankind 500 years ago, i.e. at the time of the discovery of the. New World, 
were rather different from today and any extrapolation from that time into our 
present time would have resulted in a substantially wrong description of the 
present situation. Since the evolution of the society is faster now than in the 
past, another unpredictable factor adds its contribution in the general 
uncertainty. 

When much longer time intervals are involved, any extrapolation becomes 
totally unreliable. In fact, if one of our ancestors (e.g. a Neanderthal man) had 
forecasted the needs of our society based on his available knowledge, he would 
have identified the flint as the limiting factor for society's development and the 
degree of civilisation attainable (Cigna, 1996). Of course the results of such an 
analysis would have been completely wrong, notwithstanding a set of correct 
starting ?ata, because other factors have substantially changed the situation in 
the meantime. 

There is no reason to consider ourselves in a better position to assume that 
ionizing radiations will be a threat for populations in the far-future: for example 
cancer will probably not be so important in the future as it is today (Merz & 
Schifferstein, 1990; Johansson & Haegg, 1990; Chapman & Come, 1990). A 
comparison with the past, as given in Fig. I, clarifies the concept of the 
impossibility to obtain reliable forecast over very long periods. 

The scenarios and the models adopted by the different projects lead to dose 
assessments, which are rather low. Nevertheless it must be emphasized that 
there is a good chance that such assessments are wrong because they are too 
much conservative, i.e. pessimistic. In fact there are some examples resulting 
from special geological conditions, which give results more optimistic .. 

The Oklo phenomenon has been studied extensively (Hagemann, Nief & 
Roth, 1974; IAEA, 1975; Blanc & Von Maravic, I 996) and the natural reactor 
zones contain essentially all of the radioactive material present at the end of the 
reaction period. Isotopic analysis of the uranium grains in a microscopic scale . 
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showed that fission products and 239Pu had remained immobile until they 
became harmless by radioactive decay. 
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Figure I. A comparison between the geological repository life and the geological time scale. 

(From Ahlstroem, et al. 1980, modified) 

Another case is given by the ore deposit of Koongara at Alligator Rivers 
(Australia) where the radionuclides in the superficial layer subject to the 
leaching by the meteoric water moved downstream some ten of meters in 
millions of years but they did not move at all in the deeper protected layers 
(NEA, 1994b ). 
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Also an open pit uranium mine at Prn;:os de Caldas, Minas Gerais, Brazil, 
was extensively studied with similar results. Therefore, when the natural 
analogues are taken as a kind of validation of the models (Andersson et al., 
1990), it should be concluded that the evaluations obtained by such models are 
to be considered as a pessimistic upper level of what can be really expected. 

5. The international recommendations 

The recommended limit of the effective dose for the public is presently 
established in 1 mSv in a year (the average over 5 years must not exceed 1 mSv 
per year) (ICRP, 1991). This dose limit applies to the sum of the relevant doses 
from external exposure during 1 year and the SO-year committed dose from that 
year's intake of radionuclides. When both individual and collective exposures 
are small and not in excess of the• dose limits, it is adequate to use the product 
of the expected dose and its probability of occurrence as if this were a dose that 
was certain to occur (ICRP, 1991 ). 

To avoid that limited resources are wasted on trivial problems at the cost of 
neglecting major problems it is necessary have exemption rules. An annual 
probability of death of the order of 1 o·6 per year is largely accepted, because it 
is not taken into account by individuals in their decision as to actions that could 
influence their risks. This level of risk corresponds to an annual dose of the 
order of 10-5 Sv. In order to ensure that the total annual dose to a single 
individual will not exceed this value, it is almost certain that this result is 
achieved if the annual individual dose exemption criterion is reduced by a 
factor of ten (ICRP, 1985). 

Therefore, most regulatory systems include provisions· for granting 
exemptions: the grounds for exemptions are that the source gives rise to small 
individual doses (of the order of 10·6 Sv per year) and regulatory pro~isions will 
produce little or no improvement in dose reduction since the protection is 
optimised. If the collective dose is small (of the order of 1 man Sv per year) 
protection is often assumed to be optimised (ICRP, 1993). 

6. Conclusion 

The ethical principle adopted can be summarized as follows: wastes should 
be managed in a way that secures an acceptable level of protection for human 
health and the environment, and affords to future generations at least the level 
of safety which is acceptable today, but there seems to be no ethical basis for 
discounting future health and environmental damage risks (NEA, 1995). This 
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strategy should aim at bequeathing a passively safe situation, which places no 
reliance on active institutional controls (Cigna, 2010). 

As reported above, such assumptions do not take into account anything else 
than the characteristics of the present environment and are designated to assure 
a strict compliance with the requirements of the present society. 

Now let's move back into the past in a prehistoric time, e.g. 10,000 years 
ago, and imagine a meeting at the Grotta Romanelli, a well known prehistoric 
cave in South Italy where a Mesolithic culture developed. At that time, the 
world population was about 10 million people and the "Gotha" of the 
Romanellian culture had their G 1 to discuss the problem of mankind evolution. 

A number of person inhabited caves or rock shelters and, if the number of 
individuals increased too much (let's say to 6 billions ... ) there would have been 
a shortage of caves suitable for living in. But the solution of rock shelters 
suggested a good way out, i.e. by building artificial equivalents to rock shelters 
as huts or pile-dwellings according the local environmental characteristics. 

But another important issue, concerning technology, had to be considered. 
By taking into account the trend of the number of individuals, which was 
assured to have a steady increase, the participants to their G 1, who were 
extremely careful about the life style of the future generations, focused on the 
identification of the limiting factor after a very long time interval. On the basis 
of their living habits the answer was easily obtained. At that time they were 
already compelled to look for flint even in distant locations, therefore if the 
mankind evolution would have resulted in a very large number of individuals, 
as for instance the 6 billions quoted above, the availability of flint-stones was 
unanimously identified as the limiting factor: after, for example. 10,000 years, 
would there have been enough flint-stones for the needs of everyone? Certainly 
not, at least on the basis of their knowledge and experience. 

Now, contrary to the wise, but wrong, forecast of our ancestors, flint-stones 
cannot be considered a limiting factor for us, because life style and habits 
evolved in a way totally different from the view of our ancestors. This fact 
confirms that an extrapolation into an age far removed from our own leads to 
completely wrong conclusions. 

The evolution of mankind in the past 10,000 years was absolutely not 
uniform. In a mathematical slang the second derivative of the evolution is 
positive, i.e. its speed increases with time. Life habits changed very slowly from 
Mesolithic to Neolithic. Later on, in historical time, the life styles of every day 
during the Egyptian, the Greek, the Roman, the Middle Age cultures kept rather 
similar. 

But after the industrial revolution the changes were every day more 
important, up to the present time when we perceive a great change within a 
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single generation. In fact, most of the world's industrial production has taken 
place in the last few centuries 

Many problems facing the present society are already totally different from 
those of few tens years ago. Therefore the life habits of human kind evolve 
presently faster and faster and in a rather close future they may become quite 
different from the previous ones. Already beyond 100 years from now it is very 
hard to foresee the development of ecology, medicine, technology, economy 
and social structure. 

Therefore, it is absolutely not justified to choose a management of 
radioactive wastes based only on radioactive decay without any consideration 
for the biosphere and living habits of the humans that are expected to change 
drastically in less than a few hundred years. 

Someone could object that the biological characteristics of human 
individuals with respect to radiation could (or would) be the same of today, but 
as pneumonia is no longer a mortal illness as it was. only some tens of years 
ago, it is unlikely that cancer will keep the same degree of gravity of today after 
some hundreds of years. 

The uncertainties associated with assessment results increase with time and 
at present it is not possible to make any reliable forecast of the life style of far 
future generations. Nevertheless, it is possible to identify two likely main 
trends: a continuation of the fast evolution observed in the last centuries or a 
disruption of this mechanism followed by a return to rather primitive 
conditions. 

In the first case, it is obvious to imagine that mankind should have such a 
competence and technological capacity to face any possible contact with the 
radioactive waste both as a consequence of an intrusion and a release for a 
natural event. 

In the second case, with a mankind decayed to habits and life stile similar to 
those of prehistoric times (it could be defined a "post historical" mankind) the 
chance of an intrusion would not exist for lack of a suitable technology while 
the risk from a release due to a natural event would be unimportant on account 
of the small probability to have a population in the area interested by the 
release. But, what is much more relevant, the danger of this event would be 
negligible in comparison to the dangers in the environment inhabited by our 
poor descendants. 

The validity of the ethical principle of offering to society a satisfactory level 
of safety for both current and future generations is not questioned but it must be 
emphasized that the same current needs cannot be considered valid for any 
future generation. Previously it was pointed out the large difference between the 
Romanellian population and the present generation, which would have 
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obviously implied at present an absurd statement, about the limiting factor for 
future development. 

Since the speed of the evolution of human kind is every day faster, the 
ethical principle reported above must be applied by taking into account the 
potential evolving requirements of the future generations which will be affected 
by the decision of the current generation. A servile application of the principle 
by attributing the same current requirements to far away future generations 
would imply unjustified burdens, which would be, not only useless to the future 
generations but could also result in a waste of resources. 

If these considerations are taken into account, the ethical principle reported 
above implies an important change of some current positions. In particular 95% 
of the potential energy is still contained in the used fuel after the first cycle. 
Therefore, since uranium is a limited resource ( even if more abundant than oi I), 
the recycle of used fuel should be adopted to achieve a better efficiency. The 
advantage would be double because, by so doing, a very long-lived radioisotope 
(T 112 = 24,000 years for 239Pu) would be no longer discarded as a waste but 
used in the new fuel. At the same time this radionuclide, relevant from the point 
of view of proliferation, would be no longer present among the waste. 

The criterion of having a number of safe requirements implemented for 
10,000 or 100,000 years after disposal as currently assumed by some regulatory 
authorities, is absolutely not justified since in such a long time interval the 
human society (if still existing!) is expected to be totally different from the 
present generation. 

Therefore the safe requirements to be applied to a geological repository 
should be assured for a much more limited time interval, e.g. a few generations. 
Even by adding a coefficient of safety to take care of unforeseen events, a safe 
containment for few centuries would assure to the future generations the same 
treatment accepted for the present one. Obviously such time lengths belong to 
the human scale and not to the geological one, and the burden charged to the 
current generation is, therefore, perfectly acceptable. 

In addition it must be emphasised that the problem of the radioactive waste 
disposal is purely political since the technological solutions now available 
comply perfectly with the radiation protection requirements and the ethical 
principles. 

The point of view described here can be adequately summarized by a 
passage of an Italian writer Giuseppe Tomasi di Lampedusa in his book "The 
leopard" (Chapter 1): "For us a palliative promising to last for one hundred 
years is equivalent to eternity. We may even be worried about our sons, 
perhaps about our grandchildren; but beyond those we may hope to caress with 
there hands, we ha no obligation to fulfil". 
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EFFECTS OF CHRONIC IRRADIATION IN PLANT POPULATIONS 
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Abstract. An assessment of the state of plant and animal populations inhabiting 
polluted territories and the analysis of mechanisms of their adaptation to 
adverse environmental conditions undoubtedly have general biological 
importance. Consequently, studies that examine biological effects on non­
human biota in natural settings provide a unique opportunity for obtaining 
information about the potential biological hazard associated· with radioactive 
contamination. The results of long-term field studies in the Bryansk region of 
Russia affected by the Chernobyl accident and in the Semipalatinsk Test Site, 
Kazakhstan are presented. Although radionuclides cause primary damage at the 
molecular level, there are emergent effects at the level of populations, non­
predictable solely from knowledge of elementary mechanisms of the pollutants' 
influence. Plant populations growing in areas with relatively low levels of 
pollution are characterized by the increased level of both cytogenetic 
disturbances and genetic diversity. Radioactive contamination of the plant 
environment activates biological mechanisms, changing a population's 
resistance to exposure. However, there are radioecological situations where 
enhanced radioresistance has not evolved or has not persisted. 

Keywords: radioactive contamination; plant populations; absorbed doses; genetic 
effects; reproductive ability; radio-adaptation 
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1. Introduction 

One of the major difficulties in the implementation of an ecological risk 
assessment is a lack of knowledge about the effect from chronic, low-level 
exposures to contaminants. The acute phytotoxic effects of environmental 
factors are well known, but the effects of long-term chronic exposure to low 
pollutant concentrations is neither well understood nor adequately included in 
risk assessments: There is growing evidence (Theodorakis, 2001; Peterson et 
al., 2003) that subletal effects of chronic exposure to environmental 
contaminants lead to population-level consequences. Although low dose rates 
may be obtained in the laboratory by protraction, these may not adequately 
represent true environmental radiation exposures. To properly understand the 
effect of normal, real-world contaminant exposures, one must consider actual 
field cpnditions. Only in the field we can see what actually happened. However, 
for most wildlife groups and endpoints there are very few studies that link 
accumulation, chronic exposure and biological effects in natural settings 
(Gamier-Laplace et al, 2010). These data gaps imply that the protection of the 
environment from ionizing radiation will require more experimental data 
related to effects of chronic low-level exposure to radionuclides at the 
population level. In this connection, several questions arise: 

-what do we know about mutagenic effect of chronic low dose rate radiation 
exposure? 

-what do we know about the fate of induced by radiation mutations in 
altered ecological conditions? 

-can chronic low dose rate radiation exposure be regarded as ecological 
factor changing the genetic make-up of a population? 

To answer these questions, a well-directed accumulation of knowledge is 
needed and appropriate experimental data analysis is necessary. Previously 
completed and ongoing field studies that have been carried out in Laboratory of 
Plant Ecotoxicology, RIARAE with different species of wild and agricultural 
plants are briefly summarized in Table 1. A wide range of radioecological 
situation and climatic zones have been covered in frames of this work. To 
illustrate the main findings, two field studies are discussed here in more details. 

2. Material and methods 

In 2005-2007 seeds of crested hairgrass (Koeleria gracilis Pers.) were collected 
from four locations of the Semipalatinsk Test Site (Kazakhstan). Radiation 
background at the sites and activity concentrations of the most dose-forming 
radionuclides in the soil samples were measured. Absorbed doses to crested 
hairgrass were calculated. Squashed slides for cytogenetic analysis were 
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Table 1. Field studies on wild and agricultural plants. 

Species Site & Time 

Winter rye and IO-km ChNPP zone (12-454 

wheat, spring MBq/m2
), Ukraine, 1986-1989 

barley and oats 

Scots pine, 

coach-grass 

Scots pine 

Scots pine 

Crested hairgrass 

30-km ChNPP zone (2.5-27 

µGy/h), Ukraine, 1995 

Radioactive waste storage 

facility, Leningrad Region, 

Russia, I 997-2002 

Briansk Region radioactively 

contaminated in the 

Chernobyl accident (7-130 

mGy/y), Russia, 2003-2009 

Semipalatinsk Test Site (0.7-

36 µGy/h), Kazakhstan, 2005-

2008 

Assay and/or endpoints 

Morphological indices of seeds viability, 

cytogenetic alterations in intercalary and 

seedling root meristem (Geras'kin et al., 

2003a) 

Cytogenetic alterations in seedling root 

meristem (Geras'kin et al., 2003b) 

Cytogenetic alterations in needles 

intercalary and seedling root meristems 

(Geras'kin et al., 2005) 

Cytogenetic alterations in seedling root 

meristem, enzymatic loci polymorphism, 

abortive seeds (Geras'kin et al., 201 O; 

Geras'kin et al., 201 I) 

Cytogenetic alterations in coleoptiles of 

germinated seeds (Geras'kin et al., 2009) 

prepared of coleoptiles (2-5 mm of length) of germinated seeds. In every slide, 
all ana-telophase cells ( 4800 - 11900 ana-telophases in 30-90 slides) were 
scored to calculate frequency of aberrant cells. Detailed description of methods 
used is given in (Geras'kin et al., 2009). 

To study biological effects in chronically exposed Scots pine (Pinus 
sylvestris L.) populations six test sites were chosen· in the Bryansk Region of 
Russia radioactively contaminated as a result of the Chernobyl accident. Pine 
cones were collected in autumns of 2003-2008. Activity concentrations of 
radionuclides in soil samples were measured, and doses to the pine trees' 
generative organs were estimated. Aberrant cells were scored in root meristem 
of germinated seeds in ana-telophases of the first mitoses. The method of 
isozymic analysis of megagametophytes was used for an estimation of genetic 
variability in Scots pine populations. Five enzymatic loci (GOH, LAP, MOH, 
DIA, and 6-PGD) were studied in endosperms of the seeds collected in 2005. 
Detailed description of materials and methods used can be found in (Geras'kin 
et al., 2010; Geras'kin et al., 2011). 

3. Results and discussion 

The Semipalatinsk Test Site (STS) used to be the main site for testing nuclear 
weapon in the former Soviet Union. Between 1949 and 1989, 459 nuclear tests 
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were conducted at the STS. Among them, 116 explosions were above ground. 
As a result, large-scale, heterogeneous radioactive contaminations occurred at 
the STS and adjusted territory. The ST~ is a unique place to study effects of 
chronic low dose rate exposure on non-human species over several generations. 
The wide range of plots different in levels and spectrum of radioactive 
contamination, an availability of plots with dominating contribution of 
particular types of radiation ( a-, ~-, and y-radiations) to dose absorbed by plants 
and animals as well as specific climatic conditions provide a unique opportunity 
for studying long-term biological effects in chronically exposed ecosystems 
against the background of extreme environmental conditions. A study of crested 
hairgrass populations, a typical wild cereal for Kazakh steppe, showed that the 
frequency of cytogenetic alterations in coleoptiles of germinated seeds 
increases proportionally to the dose absorbed by plants (Fig. 1 ). Severe 
alterations of single and double bridges as well as laggard chromosomes 
contribute mainly to the observed cytogenetic effect (Geras'kin et al., 2009). 
The agreement between findings from three years of study (2005-2007), 
different in weather conditions, suggests the leading role of radioactive 
contamination in an occurrence of cytogenetic effects. 
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Figure I. Aberrant cells frequency in coleoptiles of germinated seeds of crested hairgrass, %. Significant 
difference from the reference level: * - p<0.10; •• - p<0.05 

Dose rate in the epicenter of nuclear tests exceeds 30 µGy/h, which is more 
than 3 fold of the predicted no-effect dose rate of 10 µGy/h derived in the EC 
ERICA project (Garnier-Laplace et al., 2010). It is, however, well below the 
threshold for statistically significant effects (100 µGy/h) derived at the 
FASSET Radiation Effects Database analysis (Real et al., 2004). It is not 
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surprising, than, that in our study there are found significant cytogenetic effects 
in crested hairgrass populations but no pronounced morphological alterations. 
Thus, the findings obtained are in agreement with the benchmark values 
proposed in the F ASSET and ERICA projects to restrict radiation impacts to 
biota. 

Investigations over the last several decades (Mankovska and Steinnes, 1995; 
Kozlowski, 2000; Kozlov and Zvereva, 2007) have demonstrated that forest 
ecosystems are vulnerable to human-induced environmental stresses, resulting 
in a progressive loss of biodiversity and general declines in forest health. 
Adverse impact to the forest ecosystems lead to concomitant changes in the 
quality and extent of wildlife habitat (Galbraith et al., 1995). Forest trees have 
gained much attention in recent years as nonclassical model eukaryotes for 
population, evolutionary and ecological studies (Gonzalez-Martinez et al., 
2006). Because of their potential to affect many other species, any responses to 
selection pressures that are exerted on such keystone species as forest trees are 
especially important to quantify. The low domestication, large open-pollinated 
native populations, and high sensitivity to environmental exposure make 
conifers almost an ideal species for the study of environmental effects of 
radioactive contamination. 

The Chernobyl accident caused dramatic and long-term increases in ambient 
radiation doses to many forest environments. Sites still exist in the Bryansk 
Region of Russia, 20 years after the Chernobyl accident, where radioactive 
contamination significantly exceeds background. In the study reported herein, 
cytogenetic effects in Scots pine populations growing in the Bryansk Region 
have been investigated for 6 years, and the findings are presented in Fig. 2. 
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Figure 2. Aberrant cells in root meristem of germinated seeds (%) from Scots pine populations collected in 
the Bryansk Region of Russia, 2003-2008. Ref and Ref I are the reference populations. Significant difference 
from the reference populations: * - p<0.05 
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There were no significant differences in frequencies of cytogenetic 
abnormalities, observed in the same study site from year to year. Thus, the 
effects observed can be regarded as quite robust and replicable over time. 
Aberrant cell frequency in root meristem of germinated seeds collected from 
these populations significantly exceeds the reference level and shows 
correlation with the dose absorbed. Combined with data from other our studies 
(Geras'kin et al., 2003a; Geras'kin et al., 2005), these findings indicate that an 
increased level of cytogenetic alterations is a typical phenomenon for plant 
populations growing in areas with relatively low levels of pollution. 

Absorbed doses in generative organs of pine trees were assessed with an 
original dosimetric model (Geras'kin et al., 2011). In 22 years after the ChNPP 
accident, the annual doses are about thirty times lower than the 0.4 mGy/h 
guideline proposed by IAEA as safe for terrestrial plants (IAEA, 1992). On the 
other hand, dose rate for two most contaminated sites exceeded the ERICA 
generic predicted no-effect value of 10 µGy/h, applicable as an incremental 
dose rate in addition to the background for generic ecosystems (Garnier­
Laplace et al., 2010). These comparisons suggest that radiation levels at the 
study sites were high enough to induce cytogenetic rather than morphologic 
abnormalities in the exposed populations. Indeed, the aberrant cell frequency, 
as well as the occurrence of severe types of cytogenetic alterations in root 
meristem of germinated seeds collected from the impacted populations, 
exceeded the reference level during all six years of study (Fig. 2). This supports 
the conclusion that exposure to low levels of radiation resulted in cytogenetic 
effects in the pine tree populations contaminated from the Chernobyl accident. 
It should be noted that, in the STS study, a wide range of doses from 4 to 265 
mGy absorbed by the plants was studied, and a regular dependence of 
cytogenetic effects on dose was revealed. On the contrary, in the Bryansk 
Region, the range of doses absorbed by the pine trees at the study sites is much 
narrower; this could be the reason for an absence of statistically significant 
increase of biological effect with the dose absorbed in some years of 
observations. 

It is becoming increasingly clear that cytogenetic alterations detected in our 
studies might only be tip of an iceberg, reflecting global structural and 
functional rearrangements induced in exposed populations. An increase in 
mutation rate can affect the population genetic structure by producing new 
alleles or genotypes, and thereby has ecologically relevant effect. Alterations in 
the genetic make-up of populations are of primary concern because somatic 
changes, even if they lead to a loss of some individuals, will not be critical in 
populations with a large reproductive surplus. To analyze whether an exposure 
to radionuclides causes changes in population genetic structure, we evaluated 
frequencies of three different types of mutations (null allele, duplication and 
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changing in electrophoretic mobility) of enzymatic loci in endosperm and 
embryos of pine trees from the studied populations. It is found that chronic 
radiation exposure results in the significant increase of total occurrence of 
enzymatic loci mutations. In particular, frequencies of mutations for loss of 
enzymatic activity increase with the dose absorbed by generative organs of pine 
trees (Fig. 3). 
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Figure 3. Frequency of null alleles in enzymatic loci of endosperms (2005) in dependence on annual dose 
absorbed by generative organs of pine trees 

There are plenty of theoretical interpretations of evolution, but what is 
important is to see what happens in practice. Mutations in plant or animals are 
not necessary bad events when they do not adversely affect the population 
fitness. Mutation is one of the mechanisms that maintains genetic variation 
within a natural population and thus enables that population to cope with an 
adversely changing environment. Indeed, phenotypic variability in the exposed 
pine tree populations, estimated via the Zhivotovsky index (Zhivotovsky, 
1980), significantly exceeds the reference level and increases with dose 
absorbed by generative organs of pine trees (Fig. 4). 

Populations living under unfavorable conditions (harsh climate, border of 
the species areal, man-caused pollution) exhibit not only greater polymorphism 
but also higher heterozygosity than those in optimal conditions. A decrease in 
heterozygosity within individuals has been associated (Theodorakis, 2001) with 
decreased resistance to diseases, decreased growth rates, and decreased fertility. 
This would suggest that variations in individual heterozygosity may affect 
population growth and recruitment. The observed heterozygosity in pine tree 
populations at the radioactively contaminated sites is essentially higher then the 
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expected one and increases with dose absorbed by generative organs of pine 
trees (Fig. 5). 
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Figure 4. Phenotypic variability estimated via the Zhivotovsky index (2005) in dependence on annual dose 
absorbed by generative organs of pine trees 
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Figure 5. Heterozygosity in endosperms of Scots pines in dependence on annual dose absorbed by generative 
organs of pine trees: Significant difference from the Ref population: * - p<0.01 
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From the data presented we can conclude that the relationship between 
radioactive contamination and genetic variability provides evidence of 
adaptation which optimizes the physiological response of a population to 
environmental changes. Keeping in mind all the data mentioned, it could be 
concluded that a high level of mutation occurrence is intrinsic for descendants 
of pine trees in the investigated populations, and genetic diversity in the 
populations is essentially conditioned by radiation exposure. So, in spite of their 
low values, dose rates observed can be considered as a factor able to modify 
genetic structure of populations. Furthermore, an increased genetic diversity 
within the population of keystone species is likely to be positively correlated 
with increased species diversity of the depended community (Whitham et al., 
2006). 

Although great progress has been made in understanding the nature of 
mutations, too little is yet known about the way in which mutations can lead to 
observable effects in life traits of organisms and populations. The traditional 
theory of population and quantitative genetics mostly concerned evolution 
based on standing variation and largely ignored evolution based on de nova 
mutations. However, a recent theory has increasingly explored the role of 
mutations (Orr and Unckiess, 2008; Futuyma, 2010). A high level of mutational 
variability could lead to an acceleration of microevolutionary processes in the 
populations. Because plants lack a germ line, epigenetic and genotypic changes 
are readily generated and selected in the soma and can be transmitted to 
progeny (Walbot, 1996). In particular, this fundamental property underlies the 
remarkable phenotypic and genotypic plasticity of plants, and their elasticity to 
rapidly changing environments, including high levels of man-made pollution 
(Macnair, 1993). 

The effect of severe stress on populations is often thought to eliminate the 
most susceptible individuals (Pitelka, 1988; Prus-Glowacki et al., 1999). 
How.ever, an alternative effect is to change the number of offspring produced 
by individuals (Valladares et al., 2007). It is true that a much larger number of 
seeds are produced than that which develop into adult plants, and that the 
changes in frequency of the different genotypes are due to a greater death of 
some genotypes than others. In such a way, a greater percentage of tolerant 
offspring would be expected from trees subjected to pollutants. This is a form 
of response to selection, and a very powerful one. 

In the first year after the Chernobyl accident a significant decrease in 
reproductive ability of pines (reduction of seed mass and their number per cone, 
as well as increase in portion of abortive seeds) was observed at doses over l 
Gy (lpatyev et al., 1999; Fedotov et al., 2006). Eleven years after the accident 
this tendency still persisted. In 1997, the portion of abortive seeds from pine 
populations that had received doses of l 0-20 Gy in 1986 significantly exceeded 
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the correspondent reference level (Fedotov et al., 2006). The effect of 
radioactive contamination on reproductive ability of pine trees was also 
observed at the South Urals radioactive trail. Chronic exposure of pine trees at 
dose rates of 4.2-6.3 µGy/h resulted in a significant decline of seed mass, as 
well as an increase in the fraction of abortive seeds (Kalchenko and Spirin, 
1989). At a lower dose rate of 0.8 µGy/h, the enhancement in percent of 
abortive seeds was not observed. In 2000-2001, decrease in pollen viability as 
well as increase the number of anomalous pollen grains in Scots pine 
populations from Bryansk region at dose rates of 1.8-5.4 µGy/h have been 
detected (Scock et al., 2005). In contrast to the results mentioned above, we 
failed to find any clear linkage between reproductive ability and doses absorbed 
by generative organs of pine trees (Fig. 6). So, the high mutation rate found in 
our study (Fig. 2 and 3) had no effect on the reproductive ability of the exposed 
populations. 
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Figure 6. Proportion of abortive seeds in the Scots pine populations at the study sites. Difference from the Ref 
population is significant: * - p<0.05 

An appearance of some standing factors ( either of natural origin or man­
made) in the plants' environment may activate genetic mechanisms, changing a 
population resistance to a particular stress. Laboratory studies of repair 
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inhibitions, dose-effect relationships for low- and high-LET radiations, 
measurements of unscheduled DNA synthesis and an efficacy of the single 
strand breaks recovery (Shevchenko et al., 1992) suggest that the divergence of 
populations in terms of resistance is connected with a selection for changes in 
the effectiveness of repair systems. Another study on the possible mechanisms 
of adaptations to radioactive contamination (Kovalchuk et al., 2004) showed 
extremely low (more than I 0-fold) recombination levels, and a higher level of 
global genome methylation in chronically irradiated plants that may have 
prevented extensive genome rearrangements. Although our understanding of 
mechanisms of adaptation is far from complete, these studies give good 
evidence that the response of biological systems to stress have been produced 
by normal evolutionary processes in relation to the environments in which the 
populations occur. This is, of course, a wasteful system since metabolic energy 
has to be used to produce the adaptive trait even when it is not required. 
Actually, increased fitness in unfavorable environments is associated (Hickey 
and McNeilly, 1975) with decreased fitness in favorable environments. As a 
result, there are situations (Hoffmann and Hercus, 2000) when resistance to 
environmental changes has not evolved or has not persisted. Moreover, 
adaptation is often observed in one species but not found in others, despite an 
equivalent opportunity and exposure conditions (Bradshaw, 1991 ). Indeed, at 
the South Urals radioactive trace, radioresistance increased 3-4 times in 
radiosensitive plants, but remain practically unchanged in radioresistant species 
(Shevchenko et al., 1992). It seems that if we examine radio-adaptation in 
nature, we find as much evidence of it is not occurring, as we do of it is 
existing. It quickly becomes obvious that the role of microevolutionary 
processes in a population's response to low-level chronic exposure is still not 
clearly understood. 

The response of a population exposed to low dose rate irradiation depends 
on both the type of organism and the biophysical properties of radiation 
(relative biological effectiveness, linear energy transfer, dose rates etc.). 
Contrary to the increased radioresistance of seeds from plant populations 
inhabiting radioactively contaminated territories described in Shevchenko et al. 
(1992) and Kalchenko and Fedotov (200 I), no significant difference in 
resistance to subsequent y-ray exposure between seeds collected from the 
reference and exposed Scots pine populations was found in our study (Fig. 7). 
Similarly, the seeds from the crested hairgrass populations that have been 
experiencing radiation exposure for more than a half century and are bearing 
the elevated levels of cytogenetic abnormalities do not show any reliable 
increase in resistance to the additional acute y-ray exposure (Fig. 8). Moreover, 
the results remain qualitatively the same at considerable variation in the dose 
rate of acute irradiation (more than 70 times, from 2970 Gy/h to 39 Gy/h). An 
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improved DNA repair capacity and ability to germinate under abiotic stress 
(salinity and accelerated ageing) was shown in seeds embryos of evening 
primrose growing near the Chernobyl NPP on sites contaminated with y- and P­
emitters, while on the a-, P- and y-contaminated site such an improvement was 
not found (Boubriak et al., 2008). This is in line with data on the successful 
adaptation of wild vetch populations on sites most highly contaminated by P­
emitters, but not by a-emitters (Syomov et al., 1992). Consequently, there are 
good theoretical and practical reasons for more attention being paid to the 
mechanisms by which populations become more radioresistant, and to those 
situations where radio-adaptation appears not to be taking place. 

4. Conclusions 

A basic level of concern within a newly developing system for radiological 
protection of the environment is a population. Of specific importance in this 
context are studies on plant and animal populations inhabiting sites with 
contrasting levels and spectra of radioactive contamination. Special attention 
should be paid to population-level effects such as radio-adaptation, changes in 
sexual, age and genetic structure of populations, since knowledge of elementary 
mechanisms of the radionuclides' impact is insufficient to predict them. 
Corresponding studies are likely to increase in importance as the rate at which 
we change the environment worldwide continues to accelerate. It is of great 
value for both justification of radiation exposure risk assessments to humans 
and the environment as well as for understanding the complicated processes in 
the biosphere caused by increasing levels of man-made impact. 

The findings presented here clearly indicate that plant populations growing 
in areas with relatively low levels of pollution are characterized by an increased 
level of both cytogenetic alterations and genetic diversity. Concordant 
responses between changes in population genetic structure and elevated levels 
of cytogenetic damage provide evidence that the population genetic changes are 
influenced by exposure to radionuclides. Man-made pollution may influence an 
evolution of exposed populations through a contaminant-induced selection 
process. The long-term existence of some factors (either of natural origin or 
man-made) in the plants' environment activates genetic mechanisms, changing 
a population's resistance to exposure. However, there are radioecological 
situations where enhanced radioresistance has not evolved or has not persisted. 
The effects of chronic exposure on living organisms and populations remain 
poorly explored, and represent a much needed field of research as a global 
increase in energy production from nuclear reactors is forecast (Grimes and 
Nuttall, 2010). Much more is to be elucidated in our understanding before we 
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will be able to give an objective and comprehensive assessment of the 
biological consequences of chronic, low-level radiation exposures to natural 
plant and animal populations. 
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Abstract. The effects of chronic radiation exposure on aquatic biota within the 
Chernobyl accident exclusion zone during 1998-2009 were studied. The 
absorbed dose rate for hydrobionts registered in range from 1.3 mGy/year to 
3.4 Gy/year. The heightened chromosomal aberration rate in the embryo tissue 
of snails (up to 27 %) and in the root meristems of higher aquatic plants (up to 
18 %) was determined. In hemolymph of snails from contaminated lakes the 
quantity of death cells averages 36-44 %; the part of phagocytic cells averages 
41-45 %, as well as decrease of the young amoebocytes quantity to 10-20 %. In 
peripheral blood of fish the high rate of abnormal red cells (up to 29 %0) as 
different type of invaginations, ramifications, micronuclei etc. was marked. The 
high level of parasitic fungi and gall-producing arthropods of the common reed 
in the most contaminated lakes within the exclusion zone was registered. Above 
mentioned phenomenon may testify upon the decreasing of the parasitical 
stability of plant under impact of long-term radiation exposure. 

Keywords: Chernobyl NPP accident; radioactive contamination; aquatic ecosystems; 
hydrobionts; absorbed dose rate; chromosomal aberrations; haematological indices; 
parasitical instability · 

• To whom correspondence should be addressed. Dmitri Gudkov, Freshwater radioecology Dept., Institute 
ofHydrobiology, Geroyev Stalingrada Ave. 12, 042IO Kiev, Ukraine; e-mail: digudkov@svitonline.com 

59 



1. Introduction 

In spite of 25 years, past after the Chernobyl NPP accident in 1986, self­
purification of closed water bodies in the Chernobyl exclusion zone, defined as 
a roughly circular area of 30-km radius around the destroyed unit, is extremely 
slow process. Therefore, ecosystems of the majority of lakes, dead channels and 
crawls possess high level of radionuclide contamination of all the components. 

The basic problems of radiation safety of the Chernobyl exclusion zone 
concern radionuclide wash-off with surface drainage water to river network, 
their export outside the exclusion zone and affection of the water quality in the 
Dnieper River. Undoubtedly one of the most important and still insufficient 
studied problems of aquatic ecosystems within the exclusion zone is research of 
chronic impact of ionizing radiation on non-human biota. 

Thus the investigation of biological effects of long~term exposure on 
hydrobionts, inhabiting the radioactive contaminated water bodies, has a 
theoretical and applied importance for ecological hazard understanding, 
associated with changing of environmental radioactivity state due to human 
activity. 

Our main tasks were: ( 1) dose rate estimation due to external and internal 
sources of irradiation for different groups and species of hydrobionts; (2) 
evaluation of cytogenetical, hematological and parasitological effects dynamics 
due to long-term radioactive impact on hydrobionts in conditions of water 
bodies within the Chernobyl exclusion zone. 

2. Materials and methods 

Our researches were carried out during 1998-2009. The water bodies of 
research were the flood plain reservoirs of the Pripyat River - Azbuchin Lake, 
Yanovsky, Dalekoye-1 Lake, Glubokoye Lake as well as Uzh River and Pripyat 
River within the Chernobyl accident exclusion zone. The results of the 
cytogenetical and haematological analyses compared to the data received for 
hydrobionts from the control lakes, located in the neighbourhood of the Kiev 
City: Vyrlitsa, Opechen ', Pidbirna, Goloseevo as well as Kiev Storage 
Reservoir. 

External gamma irradiation dose rate was measured by DKS-01 dosimeter 
and by_ Na-I field radiometer SRP-68-03. The estimation of the internal dose 
rate for snails was carried with use of dose conversion coefficients (Handbook 
for assessment, 2003). The 137Cs content was measured by y-spectrometry 
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complex: PGT IGC-25 detector (France), "Nokia LP 4900 B" analyser 
("Nokia", Finland), low-volt feeding source - crate NIM BIN, amplifier NU-
8210 ("Elektronicus Merokeszulekek Gyara", Hungary) and I 00 mm thickness 
leaden protection. The 90Sr content was measured on low-background NRR-6 I 0 
P-radiometer ("Tesla", Czech). Minimal detectable activity was 0.04 Bq under 
I 000 s sample exposition. 238Pu and 239

+
240Pu content in electrolytic samples 

was determined by a-spectrometric tract by NUC-8192 impulse analyser 
("Elektronicus Merokeszulekek Gyara", Hungary). The 241 Am content was 
measured by x-ray-spectrometric line including x-ray detector EG&G Ortec 
LOAX-51370/20 CFG-SU-GMX ("EG&G Ortec", USA) and analyser 
"Nokia LP 4900 B". The results were measured in Bq/kg at natural humidity 
and the mistake of estimated radionuclide concentration fell within 15-20%. 

The chromosomal aberration rate was measured in embryo cells of 
gastropod pond snails (Lymnaea stagnalis) by the standard anaphase method 
(Pausheva, I 97 4) and in the apical root meristems of the four species of higher 
aquatic plants: common reed (Phragmites australis), arrowhead (Sagittaria 
sagittifolia), flowering rush (Butomus umbellatus), fresh-water soldier 
(Stratiotes a/aides), narrow-leaved cat's-tail (Typha angustifolia), broad-leaved 
cat's-tail (Typha latifolia), branched bur-reed (Sparganium erectum ), rush 
flower (Butomus umbellatus) and manna (Glyceria maxima) by the modified 
method (Shevtsova et al., 2005). Haematological studies were carried out in 
mantle liquid of gastropod snails (Lymnaea stagnalis) by the analysis of dead 
cells, young amoebocytes and phagocytic cells quantity (Majone et al., 1987; 
Dzyubo and Romanova, 1992). The rate of abnormal red cells as different type 
of invaginations, ramifications, micronuclei, .amitosis etc. was analysed in 
blood of pike (Esox lucius), perch (Perea jluviatilis), roach (Rutilus rutilus), 
redeye (Scardinius erythropthalmus) and crucian carp (Carassius carassius) 
from the most contaminated lakes of the exclusion zone. 

3. Results and discussion 

3.1. CHROMOSOMAL ABERRATION RATES 

The freshwater snails have great importance for the processes of radionuclide 
biogenic migration in aquatic ecosystems. Due to ability to accumulate 
practically all of radionuclides which registries in water these invertebrates can 
be considered on the one hand as bio-indicators of radioactive contamination of 
aquatic ecosystems and from another hand - as organisms which can take active 
part in the processes of radionuclide redistribution in hydrobiocenosa. In this 
part of studies was evaluated the cytogenetical effects level in embryo tissue of 
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gastropod snail as chromosomal aberration rate, considering it as reaction of 
snails on radiotoxicological condition of environment. 

The absorbed dose rate for snails from lakes within the Chernobyl exclusion 
zone was registered in the range from 0.8 to 3.4 Gy year·1

• The highest rate was 
found in snails from lakes Dalekoye-1 and Glubokoye located within the 
dammed territory on the left-bank flood lands of the Pripyat River, the lowest -
from the Pripyat River and Uzh River. Molluscs from the control lakes were 
characterised by absorbed dose rate about 0.3 mGy year·1

• The rate of 
chromosomal aberration was found in snails from lakes Dalekoye-1 and 
Glubokoye - 21-22 %. In the embryo tissue of snails from Yanovsky Crawl the 
chromosomal aberration rate was about 18 % and in Azbuchin Lake - about 23 
%. About 3.3 % of aberrant cells were registered in snail's embryo from the 
Pripyat River and in snails of Uzh River the aberration rate was about 2.3 %. 
The rate of chromosomal aberration for snails from the control lakes was about 
1. 1-2.0 % (Fig. 1 ). 
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Figure I. Chromosomal aberration rate in pond snail's embryos in water bodies within the Chernobyl 
exclusion zone and control lakes within the Kiev City area. 

During 1998-2008 a tendency to decrease of chromosomal aberration level 
in molluscs from all lakes of the exclusion zone was registered. The 
probabilistic prediction of the chromosomal aberration rate for gastropod snails 
in lakes of the Chernobyl exclusion zone have shown that spontaneous 
mutagenesis level (2.0-2.5 %) (Tsytsugina, 1998) can be reach in Azbuchin 
Lake and Yanozsky Crawl in 2020s-2030s and in Dalekoye-1 Lake and 
Glubokoye Lake - in 2060s-2070s. 
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The studies of the different species of plants within the exclusion zone have 
revealed a numerous morphological anomalies as repeated organs, gigantism or 
dwarf, underdevelopment or sterility of reproductive organs, excessive 
branching, growth inhibition of the secondary points of growth etc.- All of this 
variety of plant anomalies of development is testify that the vegetation within 
the exclusion zone has undergone to strong damage of the genotype, which 
consequence is the long genetic instability and thus increased variability of 
many species. The spontaneous rate of aberrant cells for higher aquatic plants 
from the control lakes does not increase 2.0-2.5 %. We found 7.5 % aberrant 
cells in common reed of Yanovsky Crawl. The highest rate of chromosomal 
aberration was registered in plants from Azbuchin, Glubokoye and Dalekoye-1 
lakes - 9.0 %, 10.8 % and 17.8 % respectively. In comparison, the data received 
for reed from Goloseevo Lake amount to 1.0 %. The rate of chromosomal 
aberration in reed from closed water bodies within the left-banked flood plain 
of the Pripyat River was in 5-8 times higher than spontaneous mutagenesis 
level. 

During 2008 a sufficiently comprehensive cytogenetical data concerning 
rate of aberrant cells In root meristems of six species of higher aquatic plans 
from different water bodies within the exclusion zone, as well as from the part 
of Kiev Storage reservoir (near vlg Strakholesye) adjacent to the exclusion zone 
as a control (Table 1 ). 

The positive correlation between absorbed dose and rate of aberrant cells of 
apical root meristems of the common reed and embryos of the gastropod pond 
snail was found. According to our data this dependence more corresponds to a 
power-mode function (Fig. 2). 

3.2. HEMOTOLOGICAL EFFECTS 

Hematopoietic and immune system of animals are the most sensitive ones to the 
impact of ionizing radiation. Molluscs is one of the first group of animal that 
have got cell immunity during the evolution. The protective function has the 
cells of mantle liquid (hemolymph), which peculiar to high proliferation, 
heterogeneity and sensitivity to radiation impact. The most functional and 
active elements of hemolymph of the snails are the granular amoebocytes, 
which have morphological and quantitative reaction on the physiological 
changes of organism. The decrease of adsorbed dose rate coses the decrease of 
young amoebocytes quantity in hemoliph. The decrease of total agranulocyte 
quantity in cell population occurs due to decrease of amoebocytes quantity and 
due to increase of granulocyte quantity, which involves in phagocytic reaction. 
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Table I. Average rate of aberrant cells in root meristem of higher aquatic plants of water bodies 

within the Chernobyl exclusion zone and Kiev Storage Reservoir in 2008 

Quantity of 
Quantity of Rate of 

Water body Species 
analyzed roots 

analyzed ana-, aberrant 

telophases cells,% 

Stratiotes aloides 8 1098 11.8 ± 1.4 

Sagittaria sagittifolia 15 2684 11.8 ± I.I 

Glubokoye Phragmites australis 26 8048 7.6± 0.6 

Lake Glyceria maxima 7 897 7.6 ± 1.6 

Sparganium erectum 6 1244 7.5 ± 1.2 

Typha angustifolia 9 1026 6.0 ± I.I 

Sparganium erectum II 1654 7.1 ± 1.4 

Dalekoye 
Glyceria maxima 11 1209 7.0 ± 1.0 

Lake 
Butomus umbellatus 10 1288 6.5 ± 0.9 

Phragmites australis 30 9260 5.7 ± 0.6 

Typha angustifolia 8 1152 5.2 ± 0.9 

Stratiotes aloides 9 1065 10.3 ± 1.6 

Glyceria maxima 10 2218 6.1 ±0.9 
Azbuchin 

Butomus umbellatus 11 1128 5.9 ± 0.4 
Lake 

Phragmites australis 7620 29 5.7 ±0.6 

Typha angustifolia 12 1522 4.4 ± 0.7 

Stratiotes aloides 6 698 6.7 ±0.9 

Sagittaria sagittifolia 14 1365 6.1 ± 0.6 

Yanovsky Glyceria maxima 9 976 5.2±0.2 

Crawl Phragmites australis 24 8080 4.0 ± 0.3 

Butomus umbellatus II 954 3.2 ± 0.4 

Typha angusllfolia 6 868 3.6± 0.9 

Glyceria maxima 5 1452 6.1 ± 1.5 
Krasnensky 

Phragmites australis 9 2644 4.2± 0.5 
Dead Channel 

Typha latifolia 8 964 4.2 ± 1.0 

Kiev Storage Glyceria maxima 10 2384 2.1 ±0.6 

Reservoir (vlg Phragmites australis 10 2314 1.6 ± 0.1 

Strakholesye) Typha angustifolia 9 1008 1.6 ± 1.0 
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Figure 2. The dependence of chromosomal aberration rate from absorbed dose rate in cells of the 
common reed (a) and embryos of the gastopod pond snails (b) from water bodies. within the 
Chernobyl exclusion zone. 

In hemolymph of snails from Dalekoye-1 Lake, Azbuchin Lake and 
Glubokoye Lake the quantity of dead cells averages 36.2 %, 39.2 % and 43.8 % 
respectively, the part of phagocytic cells averages 44.3 %, 41.2 % and 45.0 %, 
as well as decrease of the young amoebocytes quantity _to 13.2 %, 20.1 % and 
9.5 % respectively (Fig. 3). 
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The insignificant quantity of abnormal cells and micronuclei has been 
observed here as well. In conditionally "clean" water bodies the part of dead 
cells averages from 2.2 to 5.3 % and the quantity of phagocytic was at level 3.0-
4.2 %. The quantity of young amoebocytes has increased here to 79.7-89.6 %. 

Fishes is object of special interest at the study of chronic radiation impact 
on aquatic species as occupying in aquatic ecosystems top trophic levels and 
characterized by comparative high radio-sensitivity. However, radiobiological 
researches of fishes in the reservoirs of the Chernobyl exclusion zone were 
limited mainly by the analysis of morphometric indexes, including fluctuating 
asymmetry of pair organs, and also estimation of the state of the reproductive 
system of representatives of ichthyofauna mainly in the Chernoby I NPP cooling 
pond. Unfortunately, hematopoietic and immune system remained out of 
attention of researchers both for fishes of the Chernobyl NPP cooling pond and 
other reservoirs of the exclusion zone, characterized by the extremely low rates 
of natural purification and by increased chronic radiation dose rates on 
hydrobionts. 

The comparative leukogram of peripheral blood analysis of fishes from the 
lakes of the Chernobyl exclusion zone shows the presence of increased part of 
lymphocytes, presence of pseudobasophiles and foamy cells, as well as low 
maintenance of mature neutrophils, due to young granulocytes (mainly 
myelocytes and promyelocytes), that can testify to probable adaptation of white 
blood to the long-term radiation exposure in low doses. Correlation of red blood 
cells to leucocytes and thrombocytes of fishes from the exclusion zone is 
higher, than in the control Kiev Storage Reservoir. 

Drawing attention the high rate of red cells aberrations and abnormalities in 
peripheral blood of fishes from the lakes within the exclusion zone, where dose 
rate on the fish organisms due to incorporated radionuclides on three orders 
higher in comparison with background water bodies - 20 µGy h-1 and 0.01 
µGy h-1 respectively. It can testify to certain mutagenous of environment and 
possible display of radiation-induced genetic instability of fishes in the 
.conditions of chronic radiation impact. Micronuclei and double-nucleus red 
cells in the blood of control fishes of the .Kiev Storage Reservoir are not 
discovered. Making a point of the amount of red cells with atypical shape of 
nucleus as different type of invaginations, ~amifications etc. as well as cells 
without nucleus in the blood of fishes from the lakes of the exclusion zone -
from IO to 60 times exceeding a similar index for fishes from the control 
reservoir and reference (Fig. 4). 

The atypical shape of red cell nucleus in blood of healthy fishes, from data 
of row of authors, meets with the frequency 0,4%0. The increase of frequency of 
red cells with the deformed nucleus (invagination of nuclear envelope) is 
estimated by different authors as degenerative changes of red cells, arising up 
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Figure 4. Part of red 
cell abnormalities in 
peripheral blood of 
fishes from the 
Chernobyl exclusion 
zone. 

as a result of negative action of environmental factors on the organism of fishes 
(Kalinina, 2002; Lugas'kova, 2003). 

The analysis of the conducted researches allows to assume that the 
qualitative indexes of red cells of peripheral blood of fishes are more sensible to 
chronic radiation influence in comparison with the elements of white blood and 
can be used for conducting of the haematological monitoring of radioactive 
contaminated water bodies. 

3.3. ARTHROPOD-BORNE AND PARASITICAL FUNGI DISEASES 

In reservoirs with the increased level of radioactive contamination (lakes of the 
dammed territory of the left-bank flood plain of the Pripyat River) the high 
level of the common reed damage by gall-producing arthropods, in particular by 
mites Steneotarsonemus phragmitidis since 2000 is observed. This phenomenon 
for the first time was registered at the territory of Ukraine within the Chernobyl 
exclusion zone (Gudkov et al., 2005). We suppose the scales and speed of 
distribution of this phenomenon in reservoirs of the exclusion zone deserve the 
special attention. As the common reed is almost cosmopolitan it is quite logical 
to predict wide moving of mites in other reservoirs, which the Polesye region 
(woodlands) is so rich. Thus if in 2000 and 2001 the damaged individual 
registered only in one of seven reservoirs of sampling in the exclusion zone -
Dalekoye-1 Lake, during 2002-2009 the damaged individuals of the common 
reed began to meet in all other researched water objects. At that if in some 
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reservoirs we fond a single affected individuals only, in Yanovsky Crawl and 
Azbuchin Lake the described phenomenon quickly has received distribution 
and in 2005 the share of damaged plants was accordingly 74 % and 32 %. 

The highest percent of affected plants observed in Dalekoye-1 Lake 
(practically 100 %), located on the dammed territory of Krasnensky flood­
lands. This territory is characterized by the maximal density of radioactive 
contamination in the exclusion zone. The specific activity of radionuclides in 
the reed's tissue (at natural humidity) during the researched period reached to 
10000 Bq/kg for 137Cs and 2000 Bq/kg for 90Sr (Gudkov, 2006). At that the 
absorbed dose, caused by external gamma-radiation and radionuclides 
incorporated in meristem tissue of plants, was reached more than 4.0 Gy/year 
during last 10-15 years after Chernobyl accident. As have shown cytogenetical 
studies the rate of chromosomal aberration in cells of meristem tissue of the 
common reed in Dalekoye-1 Lake reaches to 18 % and is maximal among the 
investigated reservoirs of the exclusion zone (Shevtsova and Gudkov 2009). 
The damage events of common reed by larvae of gall fly of family Chloropidae, 
genus Lipara has been registered as well. 

The influence of parasitic fungi Claviceps purpurea (ergot) lesions on the 
seed production of the common reed was determined. The positive correlation 
between registered abnormalities and parasitic fungi lesions of the common 
reed with levels of radiation exposure on plants, sampled from lakes within the 
Chernobyl exclusion zone was registered. Registered high level of parasitic 
fungi lesions ratio for the common reed plants sampled from the lakes of the 
left-bank dammed floodplain of the Pripyat River, which are the most 
radioactive contaminated water bodies of the exclusion zone. Such sugnificant 
damage of the common reed's panicles by the parasitical fungi in lakes of the 
Krasnensky flood land was observed on the background of the most low 
parameters of seed production in water bodies of the exclusion zone. 

The increase of the parasitic fungi lesions ratio simultaneous the 
enhancement of absorbed dose rate of ionizing radiation, which may conclude 
of chronic low-dose radiation influence upon the populations of the common 
reed within the Chernobyl exclusion zone, was determined. At that the Pirson 
correlation coefficient for the parasitic fungi lesions ratio and absorbed dose 
rate of ionizing radiation was 0.913 and error coefficient was 0.030. 

Relation of potential seed production and effective seed output is one of the 
significant parameter characterizing rate of reproductive performance 
suppression of plant. Thus for the cultural cereal explorers observed complete 
or partial sterility (Grodzinsky et al., 1991) but for the common reed we found 
that panicle sterility ratio does not exceed 72 percents. In normal case 1 panicle 
produces about 5,000 viable seeds (Dubina et al., 1993) but in our case even 
potential seed production was much lesser. Above mentioned phenomenons 
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may testify upon the decreasing of the parasitical stability of the common reed 
under impact of long-term irradiation 

4. Conclusion 

Different radiation effects of ionizing radiation on hydrobionts within the 
Chernobyl exclusion zone have been registered in post-accident period. Some 
of these effects appear shortly, while an increasing importance is expected by 
the remote consequences - genetic damages induced by a Jong-term irradiation. 
These remote consequences are a long-drawn realization of changes in 
molecules of heredity, where the initial molecular damages have a latent period 
without any display and can be transferred through the many generations of 
cells to be a reason of genome instability in future. 

The absorbed dose rate for hydrobionts of litoral of the . researched water 
bodies within the Chernobyl exclusion zone during 1998-2009 was registered in 
a range 1.3 mGy year-1 - 3 .4 Gy year-1. The highest levels were registered in 
lakes of the dammed territory of the left-bank floodplain of the Pripyat River -
Glubokoye Lake and Dalekoye-1 Lake, the lowest one - for running water 
objects. The ratio of doses, caused by an external and internal irradiation of 
hydrobionts in different reservoirs, essentially varies and depends on the 
contents of gamma-emitting radionuclides in bottom sediments of littoral zone 
and soils of shoreline. At their high level of radionuclide contamination up to 
95 % of radiation dose can form due to external sources and only 5 % due to 
radionuclides, incorporated in the tissues. The rate of external dose on 
hydrobionts of the same water body can change in range of tree exponents and 
depend from radioactive contamination level of ecological niche. At present 
time the main dose-formed radionuclide in the majority water bodies within the 
exclusion zone is 90Sr, which part of total internal radiation dose amount 90-
95 %. 

The long-term impact of low dose irradiation in aquatic ecosystems, 
especially in lakes within the inner (10-km) Chernobyl exclusion zone exhibits 
in increased level of chromosomal aberrations and, connected with it, in 
reproductive death of cells. Cytogenetical research of hydrobionts in the 
exclusion zone testify to a high level of chromosomal aberration in embryo 
tissues of gastropod snails and in root meristems of higher aquatic plants in the 
most contaminated lakes. High chromosomal aberration rate in tissue of 
hydrobionts from the closed water bodies of the exclusion zone repeatedly 
exceeds a spontaneous mutagenesis level for aquatic biota and can be display of 
radiation-induced genetic instability. 

Haematological research of hydrobionts in the exclusion zone shows 
essential changes of hemolymph structure of molluscs and high amount of red 
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cells with atypical shape of nucleus as different type of invaginations, 
ramifications etc. as well as cells without nucleus in the blood of fishes from 
the water bodies with high levels of radioactive contamination that allows to 
assume that the qualitative indexes of red cells of peripheral blood of fishes are 
more sensible to chronic radiation influence in comparison with the elements of 
white blood. 

For the common reed in lakes of the inner exclusion zone, the high level of 
affection by parasitic fungi Claviceps purpurea and by gall-producing 
arthropods, in particular by mites Steneotarsonemus phragmitidis (sometimes 
up to 100 % of a vegetative population of lake), was discovered. During 2002-
2009 affection by mites quickly propagated in other closed reservoirs of the 
exclusion zone, essentially reducing rates of growth, seed efficiency and 
bioweight of plants. Now there are no bases finally to approve, that the damage 
of a reed causes by the impact of ionizing radiation, however we are anxious 
about the fact, that this mite species for the first time is registered in Ukraine 
within the Chernobyl exclusion zone, in the territory which is the most 
contaminated by radionuclides. In this connection it is supposed, that one of the 
possible reasons of a total plants disease can be a loss of them a parasitical 
stability in conditions of chronic radiation influence. 
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THE KARADAG NATURE RESERVE OF THE NAS OF UKRAINE 

ALLA L. MOROZOVA, NATALIE S. KOSTENKO 
National Karadag Nature Rreserve NASU, Feodosiya, Ukraine 

The Karadag Nature Reserve of the National Academy of Sciences of Ukraine 
was established on Aug. 9, 1979 by decision .N2 3 86 of the Counci I of Ministers 
of the USSR on the site of the T.l. Vyazemsky Karadag Biological Station, 
founded in 1914 ( and since 1963 called the Karadag Department of the Institute 
of Biology of Southern Seas, Academy of Sciences of USSR). The total area of 
the Reserve is 2,874.2 hectares including 809. l hectares of the Black Sea. It 
occupies a Karadag Mountain Area. 

The history of the Karadag Biological Station is connected with the names 
of many Russian and Soviet scientists. Here worked such prominent 
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researchers as geologists A.P. Pavlov, F.U. Levinsong-Lessing, A.E. Fersman, 
and D.E. Sokolov, botanist D.P. Syreyschikov, zoologist I.I. Puzanov, 
hydrobiologists and directors of the station Prof. V.L. Pauli and Prof. K.A. 
Vinogradov, physiologists E.M. Kreps and G.E. Shulman, and many others. 

The Karadag Mountain Area is located in the eastern part of the Main Ridge 
of the Crimean Mountains in the border area of Feodosia in the district of the 
Autonomous Republic of Crimea (Ukraine). 

Karadag originated as a dormant underwater volcano of the Jurassic period, 
which was raised to the surface by subsequent geological processes along with 
erosion of softer structures. Volcanic rocks compose Mt. Svyataya (height 
576m) and the Beregovoy Range, which includes several mountain ranges: 
Karagach (333m), the Haba-Tepe (440m), Magnitny Range (378m), Kok-kaja 
(314m), and several dome-shaped summits. 

Karadag consists of lavas and tuffs, magma and lava flows, breccia dykes, 
mineral veins, and volcanic bombs. The basic forms of weathering (exotic 
buttes, towers, poles, spades) are very common. One can find about 50 
minerals that are rare derivatives of quartz. 

A compound of forest (oak fluffy oriental hornbeam, juniper, high forest, 
etc.), forest-steppe, and sub-Mediterranean vegetation are typical. Flora is 
represented by approximately 3000 species of plants. Among the 1,176 
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vascular plants, 53 endemics are known, three with restricted localization 
(hawthorn Poyarkovo, Eremurus Junge and Anthemis Tranzscheliana), and 
hundreds of rare and endangered species. Some 80 species of plants are 
recorded in the Red Book of Ukraine, 33 species in the European Red List, 19 
species in the Red List of the International Union for Conservation of Nature 
(IUCN), eight species in the List of the Berne Convention, 23 species in the 
International Convention CITES, and one kind of moss in the Red Data Book of 
European bryophytes. The large variety of plant communities include broad­
leaved forests, herb-feather-grass steppe, shiblyak and friganoid steppe 
communities, and juniper and pistachio-oak woodlands. 

There are more than 5500 species in the fauna of the Reserve. Of these, 135 
are in the Red Book of Ukraine, 75 in the list of the Bonn Convention, 196 in 
the Berne Convention, 53 in the CITES convention, 22 in the list of the IUCN, 
and 29 in the European Red List. Within the Reserve there are 35 species of 
mammals, 236 species of birds, and 232 species of spiders. The discovery 
and description of new genera and species of animals within the Reserve 
continues. Foxes, wild pigs, deer, stone martens, squirrels, rabbits, hedgehogs, 
small shrews, small bats, Crimean lizards, rock lizards, and Mediterranean 
geckos can be found. Among the birds are jays, chaffinches, oxeyes, pheasants, 
starlings, and blackbirds. The rare animals of the Reserve include leopard whip 

74 



snakes, peregrine falcons (listed in the IUCN Red List), green cormorants, the 
empuza mantis, the ascalaphus fly, and various carabid beetles (included in the 
Red Book of Ukraine). 

Within the Reserve there are places where one can encounter the ancient 
Mediterranean representatives of the animal kingdom, relics of the Jurassic 
period, such as soil mites which amount to 300 species. Many rare species of 
birds use the Karadag Reserve for the winter stay; these include field harriers, 
black vultures, and great bustards. Migrating yellow herons, serpent eagles, 
golden eagles, the rare black stork, and vultures are recorded. 

The sea organisms of the Reserve reflect the great variety of the flora of the 
Black sea and currently number 556 species, or 31 % of the flora of the Black 
Sea, and 1050 species of fauna, or 43% of the entire Black Sea fauna. Forests 
of red, green and brown algae serve as breeding grounds for many fish species: 
Black Sea scad, Black Sea goatfish, tarwhine, grouper, etc. Altogether, there 
are 114 species of fish and over 500 species of benthic animals in the sea areas. 
Among the mammals there are three species of dolphins in the Red Data Book 
of Ukraine: a bottlenose dolphin, the common dolphin endemic to the Black 
Sea, and porpoises (sea pigs). 

The Reserve has one of Europe's largest colonies of bats, represented by a 
three-color myotis, a species protected by the Bern and Bonn Conventions and 
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included in the Red Data Book of Ukraine. 
Scientific work in the Reserve is aimed at studying the biodiversity of 

coastal ecosystems of the south-eastern Crimea. The territory of the Reserve is 
one of the major preservation centers of biological diversity of the Crimea. In 
2001, the complex of plants and animals as well as the old book and manuscript 
fund of the library of the Reserve were declared a National Treasure of Ukraine. 

The "Aquatic-rock complex of Karadag" was included in the list of 
Wetlands oflnternational Importance (Ramsar Convention) in 2004. 

The Reserve is a scientific institution, the territory of which is important for 
basic researches in the natural sciences conducted by diverse experts from 
academic institutions of Ukraine and Russia and students of establishments of 
higher education; an educational base for training (a popular place for practical 
training); an interesting object of environmental education for numerous 
visitors who can learn about the Reserve using the special permitted routes of 
ecological trails, and can visit the Museum ofKaradag. 

The volcanic component of the geological structures, the rare mineral and 
petrographic varieties, complex and exotic terrain of Karadag, landscape 
beauty, proximity to marine waters, unique biocenoses and ecological 
complexes, and the immediate vicinity of the cultural heritage landmarks in the 
area are important reasons for the proposed inclusion of this unique natural 
complex in the World Heritage List. 
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METHODS FOR PREDICTING 137CS CONTAMINATION LEVELS OF 

SOIL SUITABLE TO OBTAIN PLANT AND FODDER PRODUCTS IN 

COMPLIANCE WITH THE ADOPTED STANDARDS 

ALEXEY V. PANov·, RUDOLF M. ALEXAKHIN, ANNA A. 
MUZALEVSKA YA 
Russian Institute of Agricultural Radiology and Agroecology 
(RIARAE), Russia, 249032, Obninsk, Kievskoe shosse, 109 km. 

Abstract. Using southern districts in the Kaluga region affected by the 
Chernobyl accident as an example, a comparative analysis has been made of 
estimated levels of 13 7Cs contamination of agricultural lands with data of real 
measurements. The estimated data which consider only the radionuclide decay 
are quite reliable, however . for better accuracy scales of agrotechnical 
countermeasures need to be considered. 

Keywords: radio nuclides; radioactive contamination; contamination density; 
protective measures 

1. Introduction 

At all stages after a radiation accident the basis to assess the radioecological 
situation in the agricultural complex and planning of agricultural production in 
accordance with the adopted standards are data on radionuclide contamination 
of soils1

• Following the Chernobyl accident the results of radiological survey of 
the agricultural land have become the basic information for decision making on 
the affected land remediation2

. It should be noted that measures of the large­
scale radiological survey of agricultural lands are rather expensive, laborious, 
and are usually held in rounds, once every 4-5 years, on the same territory3

. 

With this in mind, methods for predicting radionuclide contamination of 
agricultural lands have recently come into use when planning farming on the 
Chernobyl affected lands4

• 

• To whom the correspondence should be addressed: Alexey Panov 
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In 2009, Atlas of the present and predicted (till 2056) aspects of impacts of 
the Chernobyl NPP accident for Russia and Belarus was released, where with 
some settlements as an example, principles are justified for prediction of 137Cs 
and 90Sr contamination levels of territories considering only decay of these 
radionuclides5

• This approach is quite adequate for mapping, but how much 
accurate it is for predicting radionuclide contamination of a specific site (arable 
land, meadow, pasture) is still a question. 

As was apparent after investigations following the Chernobyl accident, 
reduction in the contamination density of farm lands with time is influenced by 
a number of factors other than radionuclide decay: 

- radionuclide migration in soil6
; 

- protective agrotechnical measures such as plowing of agricultural lands 
which results in radionuclide redistribution in the soil profile7

; 

- part of radionuclides over a long period of time can be removed with plant 
and fodder products8

• 

Estimation of the impact· of all these disregarded factors on the prediction 
accuracy of radionuclide contamination of farm lands is essential for both 
optimization of the radiological situation and planning of agricultural 
production in the affected regions. 

The objective of the present paper is a comparative analysis of the predicted 
values of 137Cs contamination density of farm lands estimated for different 
periods after the Chernobyl NPP accident and real measurements, as well as 
evaluation of the role of factors influencing the accuracy of these predictions. 

2. Methodology 

In 2007, in the context of Atlas preparation5, specialists from the RIARAE 
and Kaluga center "Agrochemradiology" carried out a radiological survey of 
agricultural lands on 36 farms in three southern districts in the Kaluga region 
affected by the Chernobyl accident On these farms 155 plots (135 arable land 
and 20 pastures) were monitored. The total surveyed area was 7.9 thousand 
hectares, with 90% of it being an arable land (Table 1 ). The area of plots varied 
Table I. Characteristics of the study districts in the Kaluga region 

Number of 
Arable land Hayland and pastures 

District Number of Number of 
farms 

plots 
Area, ha 

plots 
Area, ha 

Zhizdra JI 41 1933 3 317 
Uliartbvsk 15 53 2320 II 341 
Khvastovichi 10 41 2753 6 219 
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from 2 to 250 ha, averaging some 52 ha. The criterion for selection of plots 
was relatively uniform level of 137Cs contamination. 

On the each study plot soil samples were collected in accordance with the 
methodology described in9 and mes concentrations were measures in the 
samples. Based on this information, the density of plot contamination in 2007 
was estimated by the formula: 

Q =A·h·d·l0·3 kBq/m2 
I ' ' 

(I) 

where Q; is the soil contamination density (the radionuclide inventory in the 
arable 0-20 cm layer per I m2

), kBq/m2
; A is the radionuclide concentration in 

soil, Bq/kg; h is the depth of arable horizon, cm; d is the specific mass of soil, 
g/cm3

; I 0·3 is the coefficient to convert Bq/m2 to kBq/m2
• 

Previously, in various periods after the Chernobyl accident (1992-2005), the 
same plots were also subject to radiological survey which was accompanied by 
the study of soil properties ( estimation of agrochemical parameters and 
mechanical composition) and collection of data on the application of protective 
and remedial measures on these farm lands 10

• Based on the collected 
information during the initial radiological survey, forecasts were made of soil 
contamination levels by mes (Q,) in 2007. In this case an expression was used 
that takes into account only decay of the given radionuclide: 

{
(-0.693· &)] 2 Q, (t) = Q

11 
• ex ---- , kBq/m , 

T½ 
(2) 

where Q1 is the density of 137 Cs contamination of farm lands in the year of the 
first radio

1

logical survey, kBq/m2
; Mis the time (number of years) from the first 

radiological survey till 2007; T;12 is the 137Cs half-life equal to 30.17 years. 
The estimated for 2007 data on 137 Cs contamination of agricultural lands 

were then compared with the data of real measurements carried out in 2007. 

3. Results and discussion 

The comparative analysis has demonstrated that estimated levels of 137 Cs 
contamination of the study plots in 2007 differed from the real (measured) ones 
by 12% towards larger values (Fig. I). The correlation between the estimated 
and actual data was rather high (r=0.87). Since the predicted values which took 
into account only mes decay were overestimated, it was suggested that in real 
conditions measurement of this parameter could be also influenced by other 
factors (137Cs migration in the soil and trophic chains, specific features of the 
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agricultural practice, application of countermeasures). To find out the level of 
influence of these factors between pairs of estimated (Q,) and measured (Q;) 
values for mes contamination of plots in 2007, the ratio (Q/Q;) was 
determined, the resulting data. were divided into groups for each study 
parameter (factor) and data samplings were statistically processed. Evidently, 
the closer to unity is the ratio (Q/Q;), the more accurate is the prediction based 
only on the consideration of mes decay. If the ratio (Q/Q;) differs from unity, 
the measurement of mes contamination density is influenced by another factor 
in addition to the radionuclide decay. 
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Classification of (Q/Q;) data by the dates of the first radiological survey of 
the plots has identified two groups of results obtained in different periods after 
the Chernobyl accident: 1992-1994 and 1999-2005 (Fig. 2). It is suggested that 
with time part of radionuclides are removed from the soil with the agricultural 

. produce. Then the ratio (Q/Q;) for 1992-1994 will differ from unity more than 
that for 1999-2005. However, as seen from Fig. 2, the time factor (annual 
removal of the radionuclide with products) did not produce significant effect on 
the accuracy of estimations. Except for the 1992 survey data, the other results 
from comparison showed a high correlation coefficient (0.72-'0.95) and 
insignificant scattering in (Q/Q;). The mean estimated to actual values for mcs 
contamination ( except for 1992 and 2001) were close to 1 and ranged between 
0.96 and I. I. Significant differences in mean values in 1992 and 2001 are 
explained. by small samplings. In these years only 7 plots were surveyed, 
whereas in the other time their number varied from 11 to 35. In 1992, 
considering large data scatter from the (Q/Q;) mean, methods of soil sampling 
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and mes measurement were probably violated. Hence, it may be concluded 
that mes is annually removed from the soil with phytomass in negligible 
amounts, thereby producing no significant effect on the prediction accuracy of 
cesium contamination of the agricultural land within both small and large time 
spans after radioactive fallout (15 years and more). 
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Table 2 Dependence of estimated to measured ratio of 137 Cs contamination density of plots on 

soil properties and type of agricultural land 

Geometric 
95% 

Correlation Number of 
Classification confidence 

mean, Q/Qi 
interval 

coefficient plots 

Soil mechanical composition* 

Sandy, sandy loam 1.06 0.15 0.90 46 

Light-, mediun loam 1.05 O.Q7 0.85 108 

Type of agricultural land 

Arable 1.06 0.06 0.87 135 

Haylands and pastures 1.08 0.31 0.85 20 

• - I plot of 155 on peat land was not considered 

Classification of the study plots by soil mechanical composition did not not 
reveal any influence of this factor on the accuracy of predictions (Table 2). The 
ratio of estimated to measured cesium contamination densities of farm lands 
differed from unity by 5-6% for both soil groups typical for the given region 
which is well within the standard system of measurement errors. For a long 
time after radioactive fallout on both sandy and loamy soils the bulk 137Cs is in 
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the upper 20 cm layer, migration of this radionuclide has a local pattern and it 
does not leave the top horizon of the soil cover. 

Division of the study . plots into the types of agricultural land has 
demonstrated that on arable land predictions proved to be more accurate than on 
meadow-pasture lands. For arable land, the ratio of estimated to measured data 
on mes contamination was nearest to unity at a small confidence interval 
(Table 2). On meadow-pasture lands this ratio was somewhat higher. On the 
one hand, it could be associated with greater removal of mes radionuclides 
with fodder -compared with plant products. produced on arable land. On the 
other hand, active application of agroameliorative measures on meadow-pasture 
lands could be a potential reason responsible for the difference between the 
estimated and actual 137Cs depositions. 

Based on the available data on the application of countermeasures on the 
study plots, effects of these have been assessed on the accuracy of mcs levels 
estimation for the agricultural land. In the period of investigation ( 1992 - 2005), 
30% of the study plots received a range of agrochemical and agrotechnical 
measures aimed at increasing productivity of the agricultural land and 
decreasing mcs uptake by plants, namely application of increased rates of 
potassium fertilizers, liming and use of rock phosphates. Mineral fertilizing was 
accompanied by soil replowing, deeper than in the usual practice. This caused 
redistribution of radionuclides in the top soil. Classification of plots into two 
groups, with and without countermeasures, showed that the ratio (Q/Q;) 
amounted to 1.03 in the latter case and 1.15 with countermeasure application. 

A better insight into the effects of countermeasures on the estimation 
accuracy of 137Cs contamination of the agricultural land can be gained from the 
soil agrochemical properties changeable in response to countermeasures. Thus, 
on the study plots located in the southern districts in the Kaluga region in the 
absence of countermeasures average pH varies between 4.4 and 5.1 and the 
mean weighted content of mobile potassium ranges from 7.6 to 9.3 mg/100 g 
soi1 10

• Agrochemical measures reduce soil acidity and increase soil content of 
. mobile potassium. Since mineral fertilizing of the agricultural land was 
accompanied by agrotechnical works, the dynamics of soil agrotechnical 
parameters can be used as an indicator of scales and effectiveness of 
countermeasures. 

All the study plots were divided into 3 groups by soil agrochemical 
parameters influenced by countermeasures. Treating soil acidity as one of these 
parameters it should, be noted that in the absence of countermeasures (pH 4.0-
5 .2) the accuracy of prediction proved to be the highest (Q/Q;=0.97). With the 

. decrease in soil acidity caused by liming the reliability of predictions dropped 
since the (Q/Q;) value grew to 1.11-1.14 (Fig. 3-A). 
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The same situation is reported for the parameter describing soil content of 
mobile potassium. The application of increased rates of potassium fertilizers 
which caused increment in the fraction of mobile potassium to 17-35 mg/I 00 g 
soil the prediction accuracy fell by 17% (Fig. 3-B). Naturally, the estimation 
accuracy was influenced by the scales of agrotechnical works (deep replowing) 
which have resulted in redistribution of radionuclides to the lower (25-40 cm) 
soil layers rather than mineral fertilizing. This in turn contributed to the 
reduction in 137 Cs contamination density on the plots. 

It should be concluded that the farm lands in the southern districts of the 
Kaluga region affected by the Chernobyl accident saw smaller scales of 
countermeasures compared to the Bryansk region6

•
10

• It cannot be ruled out that 
at larger scales of countermeasures the reported regularities in reducing 
accuracy of predictions of 137Cs contamination of farm lands could have been 
more pronounced. 
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Figure 3. Dependence of the ratio of estimated to actual 137Cs contamination density of farm 
lands on soil agrochemical properties: A - acidity and B - content of exchangeable potassium 
(numerical values - correlation coefficient r). 

Consequently, it is concluded that long-term prediction of 137Cs levels on 
farm lands can be reasonably accurate based only on the radionuclide decay. In 
this case the estimation error is within 5-8%. Despite the fact that on meadow­
pasture lands 137Cs removal with fodder products is slightly higher than with 
plant stuffs produced on arable land, transfer of this radionuclide with 
phytomass doe not produce noticeable effect on the reliability of predicted 
values. With time after radioactive fallout 137Cs is neither removed from the soil 
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with agricultural produce nor migrate into the deeper horizons. The bulk of the 
radionuclide is deposited in the top 20 cm soil independent of the mechanical 
composition. At the same time estimated values are always higher than the 
actual data. In addition to radionuclide decay, predictions of 137Cs levels on 
farm lands must take into account a factor of countermeasure application. On 
plots which saw agrotechnical works part of radionuclides are transferred to the 
deeper soil layers, thereby resulting in reduced contamination density of the 
agricultural land. Therefore, on these plots estimated values for 137Cs 
contamination need to be reduced by 15-20% dependent on the scale of 
agrotechnical measures. 
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BEPHA,[l;CKOJIOrM.H: POJih B <l>OPMMPOBAHMM MOPCKOH 

P A,Ll;MOXEM03KOJIOrMM M B PEAJIM3AQMM IlPOrPAMMhl 

YCTofiqMBoro PA3BMTM.H AKBATOPMH 

f.f. ITommaprroB, ,B.H. EfOPOB, C.E. fYJIHH 

H11cmumym 6uoJ102uu IO;JICHblX Mopeu UM. A. 0. Ko0(1Jle6cK020 
HAH YKpaUHbl, omoeJl paouatfUOHHOU u XUMU'leCKOU 6UOJl02UU, 
99011, Ce0acmonollb, YKpau11a 

Pe110Me. Co3JWHHeM yqeHH.s! 0 6noccpepe " HOOccpepe, p33pa6oTKOH HJ].eH 0 

,KHBOM Bell\eCTBe, po,KJJ.eHHeM PaJJ.HOreo11orHH " 6noreOXHMHH 

paJJ.H03JieMeHTOB B.11. BepHa)].CKHH 3aJIO,KHJI cpyHJJ.aMeHT coapeMeHHOu 

paJJ.HaQHOHHOH H XHMHqecKou 6uo11ornu Mop.si, BKJIIoqaJOU\eH B ce6.si QeJihIH 

KOMnJieKC HayqHhIX JJ.HCQHnJIHH - pa)].H03KOJIOrHIO, pa)].HOXeM03KOJIOrHIO, 

MOJIHCMOJIOrHIO, 3K306HOJIOrHIO - " 6no11oruqecKHe npHHQHnhI 3K03THKH, a 

TaK*e ocHOBhI npHHQHnHaJihHOro perneHn.si 3a)].aq o6ecneqettn.si ycTouquaoro 

p33BHTH.s! aKBaTOpHH qepHoro Mop.si C npuMeHeHHeM 6uocpmuqecKOM TeopHH 

MHHepaJibHOro o6MeHa MOpCKHX opraHH3MOB. Ilpe)].cTaBJieHHa.si CTaTb.s! -

CHHTe3 OT)].eJihHhlX pa60T, HanHCaHHhIX f .f. IloJIHKapnOBhlM H B.H. EropOBhIM 

B KaqecTBe HayqHbIX CTaTeH-KOMMeHTapHeB K no)].roTaBJIHBaeMOMY B 

nepcneKTHBe TOMY B.11. BepHaJJ.cKoro «)Kuaoe Bell\eCTBO», H MaTepuanoa C.E. 

fynnHa no paJJ.HOTpaccepaM H «reoxHMHqecKHM qacaM». 

1. BBeAenue 

MttororpaHHoe H o6rnnpttoe ttayqttoe HacJieJ].He aKa)].eMHKa B.11. BepttaJJ.CKoro, 

reHH.s! B o6nacTH ecTeCTB03HaHH.s!, nocJiy)KHJIO OCHOBOM )].JI.s! C03J].aHH.s! MHOrHx 

COBpeMeHHhIX ttayqHbIX 0611acTett, B TOM qHCJie paJ].HaQHOHHOH " XHMHqecKOM 

6HOJIOrHH Mop.si, a COCTaB KOTOpott a HaCTO.s!ll\ee BpeM.si BXO)]..s!T 

paJ].H03KOJIOrH.si, MOJIHCMOJIOrH.si, 3K306HOJIOrH.si " 6uonoruqecKHe npHHQHnhI 

3K03THKH (IloJIHKapnoB, 20 IO; Polikarpov, 2008). Ilocne OTKphITH.si B 1896 r. 
A. EeKKepe11eM .sianettn.si ecTecTBeHHOH PaJJ.HOaKTHBHOCTH (Adloff, 1997) 
nocJie)].OBaJIH He TOJlhKO Me)].HQHHCKHe " !pH3HOJIOrHqecKHe pa60Thl no 

6HonornqecKoMy JJ.eiicTBHIO HOHH3HPYIOU\HX H3JiyqeHHH paJJ.H.si H JJ.pyrnx 

npHpOJJ.HhIX paJJ.H03JieMeHTOB, HO H 6noreOXHMHqecKHe HCCJie,noBaHH.s! 
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HaXO)K)].eHHH, pacnpe,n;eJieHHH H MHrpaQHH 3THX pa,AH03JieMeHTOB B npHpo,n;e -

Ha cyrne, B MOpHX H OKeaHax (TTOJIHKapnoB, 1999, 2005). 

B PoccHH H YKpaHHe - C.-TTeTep6ypre, MocKBe, KHeBe, CHM<peponone -

B.11. BepHa,ACKHH 6hIJI nepBbIM H3 yqeHbIX, KTO HaXO,AHJICH H aKTHBHO 

,AeHCTBOBaJI y caMbIX HCTOKOB 51,AepHbIX HayK. 11MeHHO 6naro,n;ap51, npe)K)].e 

BCe"ro, B.11. BepHa,ACKOMY, B CB513H C ero HayqHbIMH KOHTaKTaMH H ero 

np51MhIM corpy.n;HHqecTBOM B TTapmKe c TTbepoM H MapHeif K10pH, PoccH51 H 

YKpaHHa onepaTHBHO BKJIJOqHJIHCb B pa3pa60TKY, Haqazy10 yqeHbIMH 

<l>paHQHH, npo6JieM pa,AHOaKTHBHOCTH, OXBaTbIBalOI.QHX TaIOKe HCCJie,AOBaHH51 

pa,n;HoaKTHBHocm oKpy)l(aIOI.QeH npHpo,n;HoH cpe.AhI (Polikarpov, 1997). HayKe 

PoccHH H YKpaHHhI, a TaIOKe 6brnrnero CCCP B QenoM (1918-1991 rr.), 

He06b1qaifHO noBe3JIO B TOM OTHOlIIeHHH, qTo MOJIO,AOH, 25-JieTHHH, 

pa3HOCTOpOHHe o,n;apeHHhIH. ecTeCTBOHCilbITaTeJib B.11. BepHa,ACKHH, 

xpaHHTeJih MHHepanornqecKoro Ka6HHeTa C.-TTeTep6yprcKoro yHHBepcHTeTa, 

BeCbMa npo,n;yKTHBHO ocyI.QeCTBHJI y)l(e B 1888-1890 rr. npO,AOJI)l(HTeJibHylO 

HayqHyIO KOMaH,AHpOBKY-3KCile,AHQHlO B 3ana,n;uy10 Espony (repMaHHlO, 

lllBeiiQapHIO, <l>paHQHIO H AHrnHIO ). Bo speMH 3TOH MHCCHH H csoHx 

HCCJie,AoBaHHH B AHrnHH (B 1889 r.) MOJIO,AOH yqeHbIH 6bIJI y,n;ocTOeH 

H36paHH51 ero qJieHOM-KoppecnoH,AeHTOM EpHTaHCKOH aCCOQHaQHH HayK. 

lllHpOKO H3BeCTHO, qTo BilOCJie,ACTBHH OH 6bIJI H36paH aKa,AeMHKOM 

PoccHHCKOH, YKpaHHCKOH, <l>paHey3CKOH H ,n;pyrnx AKa.n;eMHH HayK. B I 916-

1923 rr. [ KypCHB Halli - rTT] « ... Jl HU OOH020 OHJl ne mepfUl, OX6GIJeHHOU 3mOU 

uoeeu [« ... Bblpa3HTb B e,AHHOH cpopMyJie 6HoreOXHMHqecKyIO 3Heprn10 poem 

H pa3MHO)l(eHH51 opraHH3MOB, 061.QylO ,AJ151 BCex opraHH3MOB, H CB513aTb ee C HX 

JaceneHHeM nnaHeTbl» (BepHa,ACKHH, 1965, c. 292)] e MOUX nepee3oax u3 

mo2oaume20 llempo2paoa e lloJ1maey, Kuee, Pocmoe-na-,l{ony, Hoeo1.[ep1<.accK 

(mo2oawnuu EKamepunooap), JlJ1my, Ceeacmonollb, CuMrjJeponollb, MocKey, 

Epno, llapu:J1C» (BepHa,ACKHH, 1965, c. 293). 

11,n;eH B.11. BepHa,ACKOro, KaK BCer,n;a, OCTalOTCH BeCbMa nepcneKTHBHbIMH, 

)l(HBOTpeneI.QyI.QHMH H CTHMYJIHpylOI.QHMH IlOHCKH B HayKe. Eonee nonyBeKa 

(1956-2011 rr.) ero H,AeH IlOCHJibHO pa3pa6aTbIBalOTC51 H CJiy)l(aT HayqHblM 

OpHeHTHpOM B HCCJie,AOBaHHSIX OT,AeJia pa,n;HaQHOHHOH H XHMHqecKOH 

6HonornH 11HEIOM HAHY. HmKe npHBO.AHTC51 H o6cy)K)].aIOTCH HeK0Topb1e H3 

ero. OCHOBHbIX H,AeH. 
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2. HcTOKU u 0CH0BaHUH coepeMeHHOH pa.L(U0JK0JI0ruu u pa.L(uau;uouuoii 
JK0Jioruu e Tpytlax B.H. Bepua.L(cKoro 

2.1. <DYH,[(AMEHT ,[(JUI PA,[(H03KOJIOfHH 

CBOHMH IIHOHepCKHMH pa6oTaMH (BepHa.L(CKHH, 1910, 1921, 1932, 1933, 1940) 
B o6naCTH CO3.L(aHHbIX HM MOpCKOH pa.L(HoreoJIOfHH H MOpCKOH 6HoreOXHMHH 

PMHO3JieMeHTOB, H3yqaJOll(HX ecTeCTBeHHbie pa.L(HO3JieMeHTbl H HX 

6ttoreHttyIO MHrpaQHIO, B.11. BepHa.L(CKHH ccpopMHpOBaJI HayqHbIH cpyH.L(aMeHT 

.L(JI51 COBpeMeHHOH pa.L(HO3KOJIOfHH (Ky3HH, flepe.L(eJihCKHH, 1956) H ee 

HayqHOH cep.L(QeBHHbl - pa.L(ttaQHOHHOH 6ttoreoueHOJIOfHH (TttMocpeeB­

PeCOBCKHH, 1957, 2009). A Ha npttMepe H3yqeHmI PMH51 H .L(BYX BH.L(OB pSICKH B 

KtteBCKHX npy.L(aX HM BBe.L(eHa B HayKy Mepa HaKOIIHTeJihHOH (B OTHOIIIeHHH 

PMH03JieMeHTa) cnoco6HOCTH rH.L(po6ttoHTOB, Bbip8,)l(eHHaSI COOTHOIIIeHHeM 

KOHU.eHTPaU.HH pa.L(HO3JieMeHTa B BO.L(HOM opraHH3Me H OKpy)KaIOmett ero 

BO.L(HOH cpe.L(e (BepHa.L(CKHH, 1929, 1930). 3TO COOTHOIIIeHtte BIIOCJie.L(CTBHH 

HaIIIJIO IIIHpoqattIIIee IIpHMeHeHHe B pa.L(HaQHOHHOH fH.L(p06HOJIOfHH, 

npeCHOBO.L(HOH H MOpCKOH PMHO3KOJIOfHH, nonyqHB Ha3BaHHe K03qJifJUtfUeHma 
HaKonnemm (concentration factor) pa.L(HOttyKJIH.L(OB, a TaK)Ke HX H3OTOIIHhIX H 

HeH3OTOIIHhIX HOCHTeJieH (TttMocpeeB-PecOBCKHH, 1957, 2009; TttMocpeeBa­

PeCOBCKaSI, IlonoBa, IlonHKapnoB, 1958; Tpane3HHKOB A.B., MonqaHoBa 11.B., 

KapaBaeBa E.H., Tpane3HHKOBa B.H., 2007; IloJIHKapnoB, 1964; Polikarpov, 

1966). 
Ha Ypane B na6opaTOpHH H.B. TttMocpeeBa-PecoBcKoro c 1947 r. 

HCilOJih3OBaJICSI TepMHH «pa.L(HaQHOHHaSI 6ttoreou.eHOJIOfHSI», npe.L(JIO)KeHHblH 

HM eme paHee - B ero pa6ornx 1941 H 1942 rr. B EepnttH-Eyxe (TttMocpeeB­

PecoBcKHH, 2009). B o6mttpHoii aMepttKaHcKoii CBO.L(Ke - KHHre "Radioactivity 

and Health: A History" (Stannard, 1988) coo6maeTcSI: « 1950 ro.L( - HaqttHaeT 

ynoTPe6JISIThCSI TepMHH «pMHO3KOJIOrHSI»» (c. 751), a TaK)Ke: «TepMHH 

PMHO3KOJIOfHSI HJIH pa.L(HaU.HOHHaSI 3KOJIOfHSI BOIIIeJI B ynoTpe6JieHHe 

He3aBHCHMO H O.L(HOBpeMeHHO B Coe.L(ttHeHHhIX lllTaTax H B CoBeTCKOM Co103e 

(Whicker and Schultz 1982, Vol. I)» (Stannard, 1988, p. 790). 
KaK H3BeCTHO, B.11. BepHa.L(CKHH BBeJI IIOHSITHe «KOHU.eHTPaU.HOHHhIX 

cpyHKQHH» )KttBoro Bemecrna: «KoHQeHTPaUHOHHOH cpyHKU.tteii )KHBOro 

Bell(eCTBa SI Ha3hIBaIO Te npou.ecchI )KHBOfO opraHH3Ma, KOTOphre CBO.L(SITC51 K 

H36ttpaTeJibHOMY Bb16opy opraHH3MOM H3 OKpy)KaIOmeii cpe.L(bl onpe.L(eJieHHhlX 

XHMHqecKHX 3JieMeHTOB. KOHU.eHTpaU.HOHHhIMH cpyHKQHSIMH nepBoro po.L(a SI 

Ha3bIBaIO 3axBaT )KHBblM BemecTBOM TeX XHMHqeCKHX 3JieMeHTOB, coe.L(HHeHHSI 

KOTOpbIX BCTpe1rnIOTCSI B TeJie Bcex 6e3 HCKJIJOqeHHSI )KHBhlX opraHH3MOB. 

KOHU.eHTpaUHOHHhie cpyHKU.HH BTOporo po.L(a xapaKTepH3YIOT HeKOTOpbie 

onpe.L(eJieHHhie rpyIIIIbl )KHBhIX BemecTB, a B .L(pyrttx MOfYT COBCeM He 
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HaXO)],HTheR. Kom.{eHTpaQHR opraHH3MaMH - BbI6op H3 OKpy)l(aIOmeii epe)],hl 

npoQeeeaMH )l(H3HH - onpe)],eneHHhIX 3neMeHTOB, eoeTaBnRIOI.I.{HX Teno H TKaHH 

)l(HBOTHhIX u paeTettuii, 6poeaeTeR B rna3a u eeTh ttau6onee RpKoe nposrnnettue 

BemeeTBeHHOro xapaKTepa B RBneHHRX )l(H3HH. Otta e03)],aeT eOB0KYilH0eTb 

)l(HBhIX opraHH3MOB, T.e. )l(HB0e BemeeTBo» (Beptta)],eKHH, 1965, e. 247)». B.11. 

Beptta)],eKHH (1965, e. 273) rOBOpHT TaK)l(e o 6uoreHHOH MHrpaQHH 3-ro po)],a, 

BhI3hrnaeMoii 11enoBe11eeKHM pa3yM0M u TPY)].OM, pe3KO OT)],enRIOI.I.{HM Homo 
sapiens OT Beero )l(HBOro BemeeTBa. Pa3yMeeTeR, 3THMH <pyHKQHRMH BMeeTe 

OXBaThIBaIOTeR, ttap.si:)].y e XHMH11eeKHMH 3neMeHTaMH, HX H30TOilhI, ttyKnH)],hI, 

BKnl011M pa)].HOH30TOilhl H pa)],HOttyKnH)],hI, a TaK)l(e pa)].H03neMeHThI. TaK 

BhIRBnReTeR ponh )l(HBOfO BemeeTBa B MHrpaQHH " paenpe)],eneHHH 

pa)],H03neMeHTOB B 6uoe<pepe, npoueXO)],HT H3MeHeHHe )l(HBhIM BemeeTB0M 

<pH3HKO-XHMH11eeKOH <popMhl. H eoeT0RHHR pa)].H0ttyKnH)],0B B npupO)],HhIX 

epe)].ax. 

Henh3R He OTMeTHTh 3)],eeh TPY)].Heiimy10 npo6neMy, noeTaBnettttyIO B.11. 

Beptta)].eKHM Ha )],anhtteiiwy10 nepeneKTHBY, a HMetttto: «B 

pa)],H0reonoru11eeKHX " 6uoreOXHMH1IeeKHX npoQeeeax, eBR3aHHhIX e )l(HBhIM 

BemeeTBOM, Mhl .si:etto BH)],HM, 11TO )l(HBOe BemeeTBO MO)l(eT BhI6upaTb H3 HUX 

onpe)],eneHHbie H30T0Ilhl, T.e. pa3nH11aTb aTOMhl pa3HOro eTP0eHHR H Beea B 

0)],HOM H TOM )Ke XHMH1IeeKOM 3neMeHTe. Mbl BhIXO)],HM 3)],eeb H3 MHpa 

XHMH11eeKHX RBneHHH H nepeXO)],HM B MHp aTOMOB - pa)],uoreonoruqeeKHX H 

pa)].HOXHMH11eeKHX RBneHHH» (BepHa)],eKHH, 1965, e. 318). 

O)].HH H3 ttarnux y11uTeneii-noene)],0BaTeneii B.11. Beptta)].eKoro - H.B. 

TuMo<peeB-PeeoBeKHH BeehMa T011H0 H eMKO Ha3Ban Bee rpoMa)],HOe ttayirnoe 

ttaene)],He B.11. Beptta,n:eKoro eepHaocKollo2ueu. Ha 6a3e 3Toro ttaene)],HR 

HH<pOpMaQHR onpe)],eneHa KaK oettoBa )l(H3HH (Koporo)],HH, Koporo,n:utta, 2000). 

He,n:aBHO npe,n:no)l(etto ttay11tto-<punoeoqieKoe Ha3Battue, o6be,n:HHRIOI.I.{ee 

ttaene)],He B.11. Beptta)].eKoro u H.B. TuMoqieeBa-PeeoBeKoro - 6uo2eocorjJUR 
(lllaKHpOB, J1nb.H30B, 2010). 

B OT)].ene pa)].HaQHOHHOH u xuMu11eeKoii 6uonoruu HtteTuryTa 6uonoruu 

IO)l(HhIX Mopeii HM. A.O. KoBaneBeKoro HaQuottanhttoii aKa,n:eMHH ttayK 

YKpaHHhl H3Ha11anhHO, e 1956 r. (B TO BpeMR 3TO 6bma CeBaeTOnonheKaR 

6uonoru11eeKa.si: eTaHQHR HM. A.O. KoBaneBeKoro AKa,n:eMuu ttayK CCCP), Ha 

eaMOM BhJeOKOM no11eTHOM MeeTe Beer)],a HaXO,[{HTeR nopTPeT aKa,n:eMHKa B.11. 

Beptta,n:eKoro, a IlO)], HUM - nopTPeThl ero eoBpeMeHHHKOB, eTOpOHHHK0B " 

noene,n:oBaTeneii - y11uTeneii o)],0ttoro H3 - Hae: npoqieeeopoB B.C. 

EnnaTheBeKoro (CapaTOB), E.H. TapyeoBa (MoeKBa), H.B. TuMocpeesa­

PeeoBeKoro u E.A. TuMo<peeBoii-PeeoBeKoii (Ypan), 11.H. BepxoBeKoii 

(MoeKBa). ITpo.n:on)l(aR u pa3pa6aThIBaR u,n:eu B.11. Beptta)].eKoro u ero 

noene)],oBaTenR H.B. TuMoqieeBa-PeeoBeKoro, o,n:utt H3 aBTopoB 3THX eTpoK 

opraHH30Ban B 1956-57 rr. nepByIO Ha qepHOM Mope (u O.[{tty H3 nepBhIX B 
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MHpe) Jia6opaTOpmo MOpCKOH pa,n;H06HOJ10rHH H ccpopMHpOBaJI B caMOM 

Hal.Jane 1960-x rr. MOpCKYIO pa,n;H03KOJ10rHIO - HOBYIO Hay'-lttyIO .ll.HCI..(HnJIHtty 

(ITOJIHKapnoB, 1964; Polikarpov, 1966), CTaBllIYIO npHopHTeTOM HayKH 

6hrnrnero CCCP H ero cocTaBHOH 1.JaCTH - YKpaHHCKOH CCP. A He,n;aaHo 

60JihllIOH KOJIJieKTHB H83BaHHOro Bbillie OT,D;eJia, PYKOBO.ll.HMOro B HaCTOHI.l{ee 

BpeMH .n;.6.H. C.E. fyJIHHbIM, ony6JIHKOBaJI KpynttyIO MOHorpacpHIO 

«Pa.n;H03KOJIOfHI.JeCKHH OTKJIHK qepHOro MOpH Ha qepH06hIJihCKYIO aaapHIO» 

(IloJIHKapnoa H Eropoa, pe.n;., 2008). Bo acex pa6ornx 3Toro oT.n;eJia KpacHoii 

HHTblO H nocJie.n;oaaTeJihHO npoxo.n;HT HMH H Hayl.JHhie H,D;eH aKa,n;eMHKa B.H. 

BepHa,n;cKoro. 

CoapeMeHHYIO pa.n;H03KOJIOrHIO Mhr paccMaTpHaaeM KaK Hay1.JHYIO 

)J.HCI..(HnJIHtty, H3yl.JaIOil\YIO 3aKOHOMepHOCTH B3aHMO,D;eHCTBHH Me)K.ll.y )I(HBbIM 

Bell{eCTBOM H pa,n;HOttyKJIH)J.aMH (BKJIIOI.JaH HX HOHH3HpyIOil\He H3Jiyl.JeHHH) B 

ycJIOBHHX 6Hoccpephr H Hooccpephr. B 3TOM npoQecce JJCueoe eeUJ.ecmeo 
(HapH.IJ.Y c 6HOKOCHbIM H KOCHbIM Bel.ll;eCTBOM), BhrcrynaeT a Kal.Jecrne 

o6beKma, HaKanJIHBaIOl.ll;ero H nepeHOCHl.ll;ero (BMeCTe C !pH3Hl.JeCKHMH 

cpaKTOpaMH: rpaBHTal.(HeH, Tel.JeHHHMH H T.n.), a TaK)I(e TpaHccpopMHpyIOl.ll;ero 

pa,n;HOttyKJIH.D;hl (npH y'-laCTHH H XHMH'-leCKHX cpaKTOpoB). ITpH 3TOM 

paouo11y101uOb1 BhrcrynaIOT B Ka1.Jecrne cy6beKma, HaKanJIHBaeMoro, 

nepeHOCHMoro H TpaHccpopMHpyeMOro )I(HBbIM, 6HOKOCHhIM H KOCHhIM 

Bell{eCTBOM, q>H3Hl.JeCKHMH H XHMHI.JeCKHMH cpaKTOpaMH. C .n;pyroi1 CTOpOHbI, 

JICU60e 6eUJ.eCm60 - O.ll.HOBpeMeHHO cy6beKm .n;eHCTBHH UOHU3upy10Uf,WC 
U3Jly'leHUU paouo11y101U006, a paouo11y101UObl - o6beKm, .n;ei1:cTByIOil\HH Ha 

JICU60e eeUJ.ecmeo UOHU3Upy10Uf,UMU U3Jly'leHUJlMU. I1HhIMH CJIOBaMH, 

npOHCXO.D;HT HenpepbIBHbIH .IJ.BYCTOpOHHHH npoQecc B3aHMO)J.eHCTBHH JICU6020 
eeUJ.ecmea u paOUOHY10lU006 ( C y1.JaCTHeM H HX HOHH3HpyIOl.ll;HX H3Jiyl.JeHHH). 

B CBH3H C 3THM, no aHaJIOrHH C pa.n;HOXHMHeH H pamrnQHOHHOH XHMHeH, 

BCJie.IJ. 3a A. AapKporoM (Aarkrog, Polikarpov, 1996) MhI npeMaraeM 

p83JIHI.JaTh B o6Uf.eu paouo3KOJ102uu: (I) co6crneHHO paouo3KOJ102u10, 
3aHHMaIOil\YIOCH H3yl.JeHHeM npoQeCCOB B03,D;eHCTBHH )I(HBoro Bel.ll;eCTBa Ha 

pa.n;HOttyKJIH.D;hI,'T.e. HX HaKOnJieHHeM, MHrpaQHeH H TPaHccpopMal.(HeH, H (2) 

paoualfuo1111y10 3KOJ102u10, HccJie.n;y101.ll;yIO .n;eiicTBHe HOHH3Hpy101.ll;eii pa.n;HaQHH 

pa.n;HOHYKJIH)J.0B Ha )I(HBOe Bel.ll;eCTBO (IloJIHKapnoB, 2005). ' 

2.2. PA)U1AI..U10HHA5I 3KOJIOfI151 

B.H. BepHa.IJ.CKHH npo3opJIHBO y.n;eJIHJI oco6oe BHHMaHHe poJIH «ecTeCTBeHHOH 

pa.n;HOaKTHBHOH 3HepmH» B )I(H3He.n;eHTeJihHOCTH opraHH3MOB: « ... 6HOJ10rH He 

Y'-IHThIBaIOT ac10.n;y npHcyTCTBYIOl.ll;HH HCTOI.JHHK 3HepmH BO Bcex opraHH3Max, 

)J.JIH Ka)I()J,Oro H3 HHX xapaKTepHbIH no BeJIHI.JHHe npo.n;yKT, KOTOpbIH He 

npHHHMaeTCH 6HoJioraMH BO BHHMaHHe. 3TO pa.n;HOaKTHBHaH 3HepmH, 
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xapaKTepHa51 ,wrn K~oro opraHmMa, KaK noKa3aJIH pa6oTbI 

EuoreOXHMH'leCKOM na6opaTOpHH ..•. ,[(eJIO 6mra<aifrnero 6y.nymero Bbl51CHHTb 

3tta11ettue AJI51 oprattH3M0B 3TOM cpopMbI 3tteprnH. KaKoe ee npo51BJiettue? B 

<pH3HOJIOfHH )KHB0THbIX M pacTeHHM 3Ta 3HeprH51 He YllHTbIBaeTC51 M ace 

3KCnepuMeHTbl nocTaBJieHbl B TaKue ycJI0BH51, 'IT0 Otta acer,na npucyTCTByeT M, 

0'leBH,[{H0, np051BJI51eTC51. KaK - Mbl He 3ttaeM. 3Ty nonpaBKY tty)KH0 BH0CHTb BO 

ace 0ilbITbl <pH3HOJIOfOB» (Beptta,[{CKHM, 1965, C. 233). 
BnocJie,[{CTBHH 6bIJIH npe,nnpMH51Tbl ,noporocT051lllHe Il0ilbITKH y11ettblMH 

pa3HbIX CTPaH M, B oco6ettHOCTH, cppaHizy3CKHMH y11ettblMH, no Bbl}IBJieHHIO 

6HOJIOfH'leCKOM poJIH ttaryparrbH0f0 K0CMH'leCK0fO cpotta M, 6onee Toro, 

3Ha'IHTeJibH0 6onee HH3KHX, 'leM ttaryparrbHbIM cpott, MOll{HOCTeM ,[{03 

npOHMKa10meif pa,nuau,uu B ycJI0BH51X 3alllHTbl OT K0CMH'leCKHX nyqeif B T0Jill{e 

HH3K0pa,nuoaKTHBHbIX ropHbIX nopo,n, a TaK)Ke nocTaBJieHbl 0ilbITbl C 

yMeHbIIIeHHbIM co,nep)l<aHHeM 
4
°K B MbIIIIU,aX. Pe3yJibTaTbl 0Ka3aJIHCb 

tteonpe,neJieHHbIMH. Ilo3TOMY B CB0,[{Kax Ha 3TY TeMy (IlOJIHKapnoB, 1964, 
2008; Polikarpov, 1978, 1998) 6hmo npeAJI0)Ketto, npH onttcaHHH 

KOHU,enryarrbHOM M0,[{eJIH xp0HH'leCK0fO ,neMCTBH}l pa3JIM'IHbIX MOlllHOCTeM 

H0HH3Hpy10mux H3JIYlleHHM OT HaHMeHbllIHX ,no MaKCHMaJibHbIX B 6uoccpepe 

(puc. 1 ), Ha3BaTb 301-IOU 1-1eonpeoeJ1e1-11-1ocmu 30tty ,neMCTBH51 caMbIX HH3KHX 

M0lllHOCTeM ,[{03, K0T0pbie 3Ha'IHTeJibH0 HH)Ke ecTeCTBeHH0ro cpoHa, a 30tty 

3T0f0 cpoHa - 301-IOU paouatJU01-11-1020 6J1a20noJ1y'lWl. 

B oT,nene pa,nuau,uoHHOM M XHMH'leCKOM 6uonornu HHEIOM HAHY 
BeC0MblM BKJia,n B my11eHHe 30H qJU3UOJl02U'leCKOU MaCKUp06KU, 

'3KOJl02U,'leCKOU MaCKUp06KU H nopaJICeHWl 'JKOCUcmeM B YCJI0BH51X aaapHH Ha 

qA3C Bttec 6oJibllIOM K0JIJieKTHB y11eHbIX, B TOM 'IHCJie B.r. QbIIzyrHHa, r.E. 

Jia3opettKo, H.H.TepemeHKo, H.IO. Mup3oeaa u ,npyrne (IlonuKapnoa r .. r. H 

Eropoa B.H., pe,n., 2008). Ha 3T0M pucyttKe BeJIH'IHHa M0lllH0CTH ,[{03bl aJib<pa­

H3JIYlleHH51 
210

Pa ou,eHeHa C y11eTOM K03<p<pHU,HeHTa Ka'leCTBa, paBH0f0 20. Ha 

qepHOM Mope B Ha3BaHH0M BbIIIIe 0T,nene HttEIOM HAHY ae,nyTcH 

npuopuTeTHble MHOf0JieTHHe M BCeCT0p0HHHe HCCJie,noaattH}l HaK0UJieHH}l H 

. MHrpau,uu 
210

Pa ., B M0pCKHX 3K0CHCTeMax, . a TaK)Ke ,naeTCH ou,eHKa 

pa,nuo6uonorn11eCKOMY ,neMCTBHIO aJib<pa-H3JiyqeHH51 3T0ro HaH60JiblUero 

,no3006pa3oBaTeJI51 cpe,nu acex ecTeCTBeHHbIX pa,nuoaKTHBHbIX aemecTB 

(Jla3opettKO, 2008; Lazorenko, Polikarpov, Osvath, 2003). 
TaKHM o6pa30M, B pa3BHTHe tt,neu B.H. BepHa,ncKoro o B03M0)KH0M 

BJIH51HHH H0HH3Hpy10mero H3Jiy11eHH}l npupo,nHOM pa,nuoaKTHBH0CTH Ha 

)KMBbie opraHH3Mbl C03,[{aHa Ha 0CH0Be ,[{OCTH)KeHHM coapeMeHHOH 

pa,nuau,HOHHOM 3K0JI0fHH K0HU,enryarrbHa51 M0,LleJib xpoHH'leCK0f0 ,neMCTBHH 

H0HH3Hpy10mero H3JIYlleHH51 BO BCeM B03M0)KH0M ,nuana30He ,[{03, 

C03,naaaeMbIX HCT0'IHHKaMH H0HH3Hpy10mero H3JIYlleHH51 KaK npupo,nttoro, TaK 

H aHTP0noreHHoro npoucxo)K,[{eHH51 (Polikarpov, 1998). OHa no3B0JI51eT B 
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pa3JIH'IHhIX CHT)'aQHHX onepaTHBHO aHaJIH3HpOBaTb MaTepHaJihl no 

pa~HaQHOHHOH o6CTaHOBKe H onpe~eJIHTh HJIH nporH03HpoBaTb CTeneHb 
PMHaQHOHHOH onacHOCTH ~JIH )KHBhIX opraHH3MOB H HX coo6mecrn B 

ycJIOBHHX noCTOHHHOro (xpoHHqecKoro) HX o6JiyqeHHH. 3Ta KOHQenryaJihHaH 

Mo~eJih cJiy)KHT TaK*e Hayqtto-TeopeniqecKott 6a3ott ~JIH ~aJihHettIIIero 

pa3BHTHH 3K6U003UMempuu HOHH3Hpy10mHx H3JiyqeHHH H Bcex ~pyrnx 
nospe~aIOmHx cpaKTopos <pH3HqeCKOH, XHMHqecKOH H 6HOJIOrnqecKOH 

npHpo~hI (IToJIHKapnos H EropoB, pe~ .. , 2006; Furna & Polikarpov, 2010). 

JlernJILHLIH n eJleJI JlJIJI BCCH IiHOC e LI 

3ona 

nopamenm1 
3K0CHCTeM 

.3ona :JK0JI0• 
rn'leCKOH 

M3CKHp0BKII 

,ll;erpaAa1.1nn 

O6eA11enue 

I'!i6e,1b 

p3AII0'IYBCTBHTeJlbHLIX B~0B 

YMeHbllleHne 'IIIC.~eHH0CTH 

y CHJieune paAHOyCTOH'IHBOCTH 
nonyJin1.111ii 

Y ABoenue M,Ta1.1nit 

CnIMyJin1.111n 
HJIII 33AeplKK3 

3ona ct,n3HOJIOfll'leCKOH 
M3CKHp0BKH 

3ona 

paAH31.1II0HH0ro 
6JiaronoJiy'lnn 

1 102 

MoLQHOCTb L{O'lbl, rp,ro.z:(1 

103 

P11c. I . 30Hbl M0IUHOCTeil ,!l03 H0HH3HPYIOIUHX H3JJY'leHHH H HX ,!leHCTBHe B 6noccjlepe 
(Polikarpov, 1998) 
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3. Jiuo«1>uJH1IecKaH TeopHH MHHepaJlbHOro o6Meua, MOJIHCMOJIOrHH u HX 

npaKTH'leCKaH JHa'lHMOCTb 

Hayqttoe ttacJieJJ,He aKaJJ,eMHKa BJiaJJ,HMHpa lfaattOBH'-la BepHMCKoro 

HaCT0JibK0 BeJIHK0, qTo )1,0 CHX nop npoJJ,0JI)KaeTCH 0CMbICJIHBaHHe ero 

MOHOrpaqrnqecKHX TPYJJ,0B «O XHMHqecK0M CTp0eHHH 3eMJIH H ee 0Kpy)KeHHH» 

(1965), o «)l{HBOM BemecTBe» (1978) H o «)l{HBOM BemecTBe H 6ttoccpepe» 

(1994). Ero re0XHMHqecKHe K0HQenI._\HH BHeCJIH Ba)KHbIH BKJia)], H B 

p8.3pa60TKY npo6JieMbI ycrniiqHBOro p8.3BHTHH M0pCKHX aKBaTOpHii B 

ycJI0BHHX HX aHTP0D0reHH0ro paJJ,H0aKTHBH0ro H XHMHqecKoro 3arpH3HeHHH, a 

TaK)Ke B cpopMHpOBaHHe npHHQHil0B COBpeMeHHOH MOpCKOH M0JIHCM0JI0rHH -

HayKH 0 3arpH3HeHHH. 

B Il0CJie)],HHe JJ,eCHTHJieTH51 aHTP0noreHH0e noczynneHHe B 0Kpy)KaIOmy10 

cpeJJ,y XHMHqeCKHX :meMeHT0B H coeJJ,HHeHHH, B TOM qHcJie H P.MH0I-t)'KJIH)],0B, 

B pHJJ,e cnyqaeB npeBbICHJI0 Il0T0KH HX eCTeCTBeHHOH aCCHMHJIHQHH B 

re0JI0rHqecKHX JJ,eno, qTo npHBeJI0 K Il0BbIIIIeHHIO · KOHQeHTpaQHH 3THX 

BemecTB B MOpCKOH cpeJJ,e )1,0 ypoBHeii, npH K0T0pbIX 0HH CTaJIH 0Ka3hIBaTb 

tteraTHBH0e B03)],eHCTBHe Ha M0pCKHe pecypcbI. Ilpo6JieMa 3arpH3HeHHH Mopeii 

H oKeattoB BnepBhre 0CTP0 06cy)K)],anach Ha KottcpepeHQHH OOH no 

OKpy)KaIOmeii qeJI0BeKa cpeJJ,e s CTOKfOJibMe B 1972. r. O61,eJJ,HHeHHOH 

rpynnoii 3KCnepT0B no ttayqHbIM acneKTaM 3arpH3HeHHH MOpCKOH cpeJJ,bI 

(IMKO, 1977) 6hIJia npHHHTa cpopMyJIHpOBKa «3arpH3HeHHe 03HaqaeT 

BHeceHHe qeJI0BeK0M npHM0 .HJIH K0CBeHH0 BemecTB HJIH 3HeprHH B MopcKyIO 

cpeJJ,y (BKJIIOqaH 3CryapHH), B pe3yJibTaTe qero B03HHKaIOT TaJ<tte nary6Hbie 

Il0CJie)],CTBHH, KaK ymep6 )KHBbIM pecypcaM, onaCH0CTb )],JIH 3)1,0p0BbH 

qeJI0BeKa, noMeXH )],JIH MOpCK0H JJ,eHTeJibH0CTH, BKJIIOqM pbr60JIOBCTBO, 

yxyJJ,IIIeHHe KaqecTBa IlOTPe6JIHeMoii MOpCKOH B0)1,bl H 3CTeTHqecKHX 6Jiar», 

K0T0pM OXBaTHJia BCe MH0)KeCTB0 HeraTHBHbIX npoHBJieHHH 803)],eiicTBHH 

3T0r0 cpaKTOpa. B nocJieJJ,yIOIUHe r0)],bI B 0CH0BHbIX OKeattorpacpw1eCKHX 

ttayqHbIX QeHTPaX MHpa 6bIJIH p8.3BepttyTbI HCCJie)],0BaHHH p8.3~oo6pa3Hb!X 

. BH)],08 JarpH3HeHHH H HX B03)],eHCTBHe Ha M0pcKyIO cpeJJ,y H ee. ttaceJieHue. 

3Ta JJ,eHTeJibH0CTb K00pJJ,~HHp0BaJiaCb MH0)KeCTB0M pernoHaJibHbIX tt 

Me)K)],yttapo,uHhIX nporpaMM H nepeJJ, ttayKQii BCTaJia 3atlaqa onpeJJ,eJieHHH 

cnoco6ttocTu rn.upoccpep~r, KaK u 6ttoccpep1,1 B . QeJioM, BhIJJ,ep)KHBaTb 

aHTPOnoreHHhIH npecc, K01,'0Phiii B pH,ue cnyqaeB y)Ke npeB30IIIeJI MaCIIITa6br 

npttp0,UHbIX re0XHMHqeCKHX HBJieHuii. 

B peIIIeHHH IlOCTaBJieHHOH npo6neMhl orp0MH0e BJIHHHHe 0K8.3aJIH HJJ,eH 

aKa,ueMuKa B.11.BepttaJJ,cKoro o 6uoccpepe 3eMJIH. Ott nttcan: «B ttayKe HeT 

)1,0 CHX nop HCH0ro C03HaHHH, qT0 HBJieHHH )KH3HH H HBJieHHH Meprnoii 

npupo,Ubl, B3HTbie C reonorttqeCKOH, TO eCTb nJiaHeTapHOH T0'-IKH 3peHHH, 

HBJIHIOTCH npoHBJieHHHMH eJJ,HH0ro npoQecca» (BepHa,UCKHH, 1994, c.12). 
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f JiaBeHCTBYJOI.Qee 3HaIJeHHe B npoTeKaHHH reoXHMHlJeCKHX npoQeCC0B OH 

0TB0.[(HJI )KHB0MY BeI.QeCTBy. OH Ha3bIBaJI (()KHBbIM BellJ,eCTB0M» C0B0KYTIH0CTb 

Bcex )KHBbIX opraHH3M0B, BKJIJOlJa.SI IJeJI0BeKa, y1:1aCTBYJOI.QHX B re0XHMHlJeCKHX 

npoQeccax (BepHa.[(CKHH, 1965a, c. 324; 1977, c. 217) K HeMy OH TaK)Ke 

0TH0CHJI 3aBe,[(0M0 6e3)KH3HeHttyJO MaTepHIO, TPYilbl, OT6pocbI, BbI.[(eJieHml, 

3KCKpeMeHTbl, npHJieraJOllJ,He IJaCTH B03.[(yXa, B0.[(bl H Il0lJBbl (BepHa.[(CKHH, 

1977' C. 178). OH 0TMelJaJI: «B )KHBOM MaTepHH KaK 6bJ Il0.[(fOT0Brn1eTCSI HX 

cy.[(b6a B 6y.[(yrn,eM B 3eMHOM Kope» (BepHa.[(CKHH, 1965, c.61). «)KHBbie 

opraHH3Mbl HenpepbIBH0 H3BJieKaJOT XHMHlJeCKHe 3JieMeHTbl H3 3eMHOH K0pbI H 

B03BpaI.QaJOT HX B Hee BH0Bb, .[(0 H3BeCTHOH CTeneHH npeBpaI.QaSI HX B H0Bble 

coe.[(HHeHHSI, HeycTOMlJHBbie BHe cpe.[(bl HX o6pa30BaHHSI. 3To np0H3B0.[(HTCSI 

opraHH3MaMH .[(B0SIKHM nyTeM - IJaCTbJO nyTeM npHp0.[(H0fO o6MeHa, Koma 

opraHH3Mbl np0B0.[(SIT XHMHlJeCKHe 3JieMeHTbl 1:1epe3 CB0H TeJia, IJaCTbJO nyTeM 

H3MeHeHHSI npHp0.[(HblX coe.[(HHeHHH 6e3 npoBe.[(eHHSI HX 1:1epe3 co6CTBeHHbie 

Tena. 3To Il0CJie.[(Hee SIBJieHHe 0lJeHb SipK0 npe.[(CTaBJieH0 s. reoxHMHlJeCKOH 

pa6oTe IJeJioBelJeCTBa - TaKOBOM SIBJISieTCSI BCSI ero TeXHHIJeCKa.SI ,[(eSITeJibH0CTb, 

C03.[(aJOI.QaSI C0BpeMeHttyJO QHBHJIH3aQHJO» (BepHa.[(CKHH, 1978, C. 136). 

«BJIHSIHHe 1:1eJI0Be1:1eCTBa 0TJIHIJaeTCSI, Bo-nepBbIX, HHTeHCHBH0CTbJO BCe 

yBeJIHlJHBaJOrn,erocSI C X0.[(0M BpeMeHH CB0ero reoJI0fHlJeCK0ro 3<p<peKTa H, 

80-BT0pblX, TeM BJIHSIHHeM, K0T0poe OH npoH3B0.[(HT Ha Bee )KHBbJe BeI.QeCTBa» 

(BepHa.[(CKHH, 1978, c.46). 

il.[(eH aKa.[(eMHKa B.H. BepHa.[(CKoro HalllJIH lllHpoKoe npHMeHeHHe B 

OT.[(eJie pa.[(HaQHOHHOH H XHMHlJeCKOM 6HOJIOfHH HHCTHryTe 6HOJIOfHH 

JO)KHbIX Mopeii HM. A.O. KoBaneBcKoro HAH YKpaHHbI npH H3y1:1eHHH 

6HoreoxHMHIJecKHX QHKJI0B. Ha ocHose npe.[(CTaBJieHHM B.H. BepHa.[(CKoro, 

KpyroBopoT XHMHIJeCKHX BeI.QeCTB B 6HOC<pepe onpe.[(eJISieTCSI HX 

nocrynneHHeM H3 re0JI0fHlJeCKHX ,[(eno B pe3yJibTaTe BbIBeTpHBaHHSI H3 

3eMHOH K0pbl H .[(06bllJH Il0Jie3HbIX HCK0naeMbIX, TPaHc<popMaQHeH <pH3HKO­

XHMHIJeCKHX <pOpM TIO.[( B03.[(eHCTBHeM npHp0.[(HblX <paKTOpOB H 

TeXHOJIOfHlJeCKOM .[(eSITeJibH0CTH 1:1eJI0Be1JeCTBa, CHHTe30M He cyrn,ecTBYJOI.QHX 

B npHp0.[(e XHMHlJeCKHX coe.[(HHeHHH H HX TeXHHlJeCKHM H 6bJTOBbIM 

HCil0Jib30BaHHeM, .[(eTI0HHp0BaHHeM B <pOpMHpyeMbIX Ha cyllle reoJI0fHlJeCKHX 

CTpyKrypax H nocrynJieHHeM B M0pSI H 0KeaHbl. B MOpCKOH cpe.[(e 0HH 

npeTepneBaJOT npeBparn,eHHSI B TaK0M BblC0K0aKTHBH0M <pH3HKO-XHMHlJeCKOM 

peaKTope, KaK0BblM SIBJISieTCSI M0pCKaSI B0.[(a, MHrpHpyIOT no aKBaTopHSIM B 

pe3yJibTaTe rH.[(pO<pH3HlJeCKHX npoQeCC0B, cop6HpyIOTCSI H Il0fJI0I.QaJOTCSI 

)KHBbJM H K0CHbIM BeI.QeCTB0M H MH0roKpaTH0 nepeH0CSITCSI no TpO<pHIJeCKHM 

QenSIM. B K0HelJH0M HTore, rno6aJibHblH 6HoreoXHMHlJeCKHH QHKJI 

3aseplllaeTCSI HX nocrynJieHHeM B reoJI0fHlJeCKHe ,[(eno B C0CTaBe .[(0HHblX 

oca.[(K0B. 
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Ilo COBpeMeHHbIM npe,n:cTaBJieHHSIM 6uoreOXHMHqecKHe U,HKJibl 

XHMHqecKHX 3JieMeHTOB B MOpCKOH cpe,n:e cpopMHpyIOTCSI 3a cqeT MexaHH3MOB, 

npe,n:cTaanetttthIX Ha puc. 2. 

A6MOTH4ECKHE I 6HOTHllECKIIIE 
4>AKTOPbl <t>AKTOPbl 

~ 
ACCHMHn$ll.-l,HJ! H PA36ABflEHHE KOHI..\EHTPMPOBAHME H 06MEH 

B BOAHOH CPEAE 1 .>KHBblM BEIJ.tECTBOM 9 

BOAHblK nEPEHOC 
2 

nEPEHOC rHAP06HOHTAMH 
10 

PAAHOAKTHBHblK PACnAA 31 
I 6MOTH!.iECKAR TPAHC4>0PMAUMR 

4>M3HKO-XMMM4ECKMX 4>0PM 11 

A6HOTWlECKAR TPAHC4>0PMAUMR 6HOXHMH4ECKAR 
<t>H3HKO-XIIIMlll4ECKIIIX <t>OPM 4 MHHEPAnJ.13AI..\HR 12 

CEAHMEHTAI..\HR 
6HOCEAMMEHTAI..\HR TEPPHrEHHblX B3BECEH C 13 

XEMOrEHHOE 

61 I CEAHMEHTAUMR M~KP06HblX 

OCAAK006PA30BAHHE ACCOI..\HAI..\IIIM HA 
TEPPMrEHHblX B3BECRX , 14 

COP61..\MO!;fHOE 61,10flOrH4ECKAR 
S3AMMOnEMCTBHE PEM06MflM3AI..\MR 

1.5 crPYHTAMM 7 M3 AOHHbIX OCAAKOB 

nEPEXOA flEJY4MX acnnblTIIIE OPrAHHKH 
COEAHHEHMH B 

8 C nY3blPbKAMM rA3A 
ATMOC4>EPY 16 

PHC. 2. <l>aKTOphl cpopMHpoeaHHJI 6HreOXHMHqecKHX UHKnOB XHMHqeCKHX eemecTB e MOpCKOH 
cpe.ne (l1onHKapnoe, Eropoe, 1986) 

J,fayqettue BJIHSIHHSI OTMe4eHHbIX a6HOTH4eCKHX M 6HOTH4eCKHX cpaKTOpOB 

SIBJISleTCSI u,ettrpaJibHOH 3a,n:aqeii npaKTH4eCKH Bcex npoqmJihHblX 

OKeattorpacpuqecKHX yqpe)KJ{ettuii. Ilporpecc B 3TOH o6nacTH cBsi:3aH c 
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npHMeHem1eM COBpeMeHHbIX TeXHH'IeCKHX cpe.[{CTB H3y11eHH.sl MOpCKOH cpe.[{hl, 

HCTIOJib30BaHml aHaJIHTH'IeCKHX MeTO,[{OB H 6anaHCOBoro MO,[{eJIHpOBaHH.H. 

Pa3pa6aTbIBalOTC.H pa.[{HorpaccepHbie MeTO,[{bl H3y11eHH.H 

6HoKeaHorpaqrn11eCKHX xapaKTepHCTHK aKBaTOpHH. HHTeHCHBHOCTb 

aepTHKaJibHOro B0,[{006MeHa npH KpynHoMacrnTa6HOM ocpe.[{HeHHH 

onpe.[{eJI.HJiaCb no H3MeHeHHIO B 1987-2000 rr. npoqrnnett pacnpe.[{eJieHH.H 

TIOCT'-!epH06bIJibCKHX pa.[{HOHYKJIH,[{0B 
90Sr H 

137
Cs B BO,[{e (Egorov et al., 2001) . 

.D:n.H onpe,[{eJieHHH CKOpOCTH HX 3JIHMHHaU.HH H3 ~OTH'-leCKOro CJIO.H HarneJI 

npHMeHeHHe ypaH-TOpHeBhlH MeTO,[{ (Gulin s., 2000). ll:n.H onpe,[{eJieHH.H 

CKOpOCTH OCa.[{KOHaKOHaKOTIJieHH.H, ,[{aTHpOBKH ,[{OHHblX oca,[{KOB Ha 

nonyBeKOBOM Macrnrn6e BpeMeHH H ou.eHKH TIOTOKOB 3arp.H3H.Hl0Il{HX BellieCTB 

a TOJillIY ,[{OHHblX OTJIO)KeHHH (pHc.3) 6hIJIH pa3pa6oTaHbl TaK Ha3bIBaeMbie 

«reoxHMH'-!eCKHe qacbI» (Gulin S., 2000a). 

ao A 
19.)5 

CyllIHOCTb 3Toro MeTo.[{a 

3aKJIIO'-laeTC.H B TOM, '-!TO H3Mep.HIOTC.H 

BepTHKaJibHbie npo~HJIH 

H3MeHeHH.H KOHU.eHTpaU.HH B 
137

Cs B 

I~ TOJillie ,[{OHHblX OTJIO)KeHHH H B HHX 

onpe.[{eJI.HlOTC.H TIHKH, CB.H3aHHhie C 

TIOBbIIIIeHHblM noczynneHHeM 3Toro 

pamIOHyKJIH,[{a B ,[{OHHbie oca,[{KH B 

nepHO,[{ MaKCHMaJibHblX aTMOC~epHblX 

BbITia,[{eHHH B 1964 r. B pe3yJihTaTe 

HCTibITaHHH .H.[{epHoro opy)KH.H, a 

1%5 TaK)Ke nocne aaapHH Ha 

1955 

P11c.3. BeprnKaJJbHoe pacnpe.neneHHe 137Cs s 

,llOHHbIX OTJJOlKeHHllX rny60KOBO.llHOH 'laCTH 

4epHoro MOpll B HIOHe 1993 r. 

qepHofihIJihCKOH aTOMHOH 

pa.[{HOCTaHU.HH a 1986 r. TOJillIHHa 

CJIO.H ,[{OHHbIX oca,[{KOB 

TIHKOBblMH 3Ha'-!eHH.HMH CO.[{ep)KaHH.H 
137 

Cs TI03BOJI.HeT onpe.[{eJIHTb CKOpOCTb 

oca,[{KOHaKOTIJieHH.H H ou.eHHBaTh 

TIOTOKH ,[{eTIOHHpOBaHH.H 

3arp.H3H.HlOllIHX BellieCTB. 

ll:n.H H3y'-leHH.H ,[{HHaMH'-leCKHX 

xapaKTepHCTHK 6HOTH'-leCKHX 

B3aHMO.[{ettcTBHH Me)K.[{y )KHBblM 

BellieCTBOM H pa,[{HOaKTHBHblMH H XHMH'-leCKHMH KOMTIOHeHTaMH MOpCKOH 

cpe,[{bl HaIIIJIH IIIHpOKOe npHMeHeHHe 6anaHCOBbie MeTO,[{bI, 6a3HpYIOllIHeC.H Ha 

HCTIOJlb30BaHHH ,[{aHHbIX npHpO.[{HblX Ha6JIIO,[{eHHH, pe3yJibTaTOB 

3KCnepHMeHTOB C pa,[{HOaKTHBHOH MeTKOH, a TaK)Ke MeT0,[{0B MaTeMaTH'-leCKoro 
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MOJJ.em1poBaHH.S1 (IloJittKapnoB, EropoB, 1986). r ettepaJibHa.H KOHu,enu,mI 3THX 

pa6oT BbITeKaeT H3 BbICKa3aHHOH aKaJ].eMHKOM B.H.BepttaJJ.CKHM mnoTe3bI o 

TOM, 1ITO (()KH3Hb, )KHBOe sew.eCTBO, KaK 6bi caMO C03J].aeT ce6e o6JiaCTb 

)KH3HH» (BepHaJ].CKHM, 1965a, C. 241 ). Ilo3TOMY OCHOBHOM u,eJiblO 3THX 

nccJieJJ.oBaHHH 6bIJia 3a)].a11a nposepKH ero rnnoTe3bI o TOM, 11To B npou,ecce 

BOCilpOH3BOJ].CTBa )KHBOro sew.ecTBa BOCilpOH3BOJ]..SITC.SI H ycJIOBH.SI ero 

o6ttTaHH.SI. B.H.BepHaJJ.CKHii OTMe11an, 11To «)KHBOe sew.ecTso JJ.eiicTByeT B 

reoxHMH1IeCKHX npou,eccax 3eMHOH KOpbl CBOeM Maccoii, CBOHM XHMH1IeCKHM 

COCTaBOM " csoeii 3Hepmeii» (BepHa)].CKHH, 1978, c.289). Ilo3TOMY )].JI.SI 

KOJIH1IecTBeHHOH peanmau,HH ero rHilOTe3bl IlOTpe6oBaJIOCb C03)].am1e 

OCHOBaHHOH Ha pe3yJibTaTax Ha6JIIOJ].eHHH noJiy3MilHpH1IeCKOH 

6ttocpH3H1IeCKOH TeopHH, OilHCbJBaIOw.eii KHHeTH1IeCKHe . xapaKTepHCTHKH 

MHHepaJibHOro "pa)].HOH30TOTTHOro o6MeHa MOpCKHX opraHH3MOB" KOCHoro 

Bew.ecTBa B MOpCKOH cpeJ].e B Macrnrn6e BpeMeHH npoTeKaHH.SI 

MeTa60JIH1IeCKHX, cop6u,HOHHbIX npou,eccoB " TpocpH1IeCKHX B3aHMO)].eHCTBHH, 

COBMeCTHMOH napaMeTptt11eCKH C COBpeMeHHblMH TeopH.SIMH onncaHH.SI 6anattca 

sew.ecTBa H 3HeprHH B MOpCKHX 3KOCHCTeMax. 

Ilptt pa3pa6oTKe 3TOH Teopnn (IloJIHKapnos, Eropos, 1986) 6bIJIH 

onpeJ].eJieHbl MHOrHe 3aKOHOMepHOCTH reOXHMH1IeCKHX B3aHMOJ].eHCTBHH 

MOpCKHX opraHH3MOB B MOpCKOH cpeJJ.e KOTOpble HJIH BbITeKaJIH H3 H)].eH, HJIH 

6hIJIH npeJJ.CKa3aHhI aKaJ].eMHKOM B.H. BepttaJJ.CKHM. B.H. EropoBbIM 6hmo 

ycTaHOBJieHO, 1ITO MeTa60JIH1IeCKOe nornow.eHHe XHMH1IeCKHX 3JieMeHTOB " MX 

H30TOilHbIX " HeH30TOilHblX HOCHTeJieii rHJJ.p06HOHTaMH HenocpeJJ.CTBeHHO H3 

BOJ].HOH cpeJJ.bl ocyw.ecTBJI.SleTC.SI B COOTBeTCTBHH MeTa60JIH1IeCKHMH 

peaKU,H.SIMH nepsoro HJIH ttyJieBoro nop.SIJJ.KOB " OilHCbJBaeTC.SI ypaBHeHHeM 

MttXa3Jittca - MeHTeH (IlaTTOH, 1967), H a nornow.eHHe 3JieMeHTOB -

XHMtt11ecKHX aHanoroB, HanpHMep Sr H Ca, a TaK*e Cs H K, HJJ.eT 

nponopu,HOHaJibHO IlOKa3aTeJI.SIM MX reOXHMH1IeCKOro CXOJ].CTBa (EropoB " JJ.p., 

1989). OnpeJJ.eJieHo, 1ITO npH 3Ha1IHTeJibHOM npeBbIIlleHHH KOHU,eHTpaU,HH 

H30TOilHblX H HeH30TOilHblX HOCHTeJieii B B0)].HOH cpeJJ.e csepx ypoBH.SI, 

. xapaKTepn3yeMoro KOHCTaHToii Mnxa3Jittca - MeHTeH, MeTa60Jin11ecKtte 

peaKU,HH KOHU,eHTpttpoBaHH.SI H3MeH.SllOTC.SI C nepBoro nop.SIJ].Ka Ha ttyJieBOH 

(IloJIHKapnoB, EropoB, 1986). CTaU,HOHapHble ypOBHH cop6u,HOHHOro 

KOHU,eHTpHpOBaHH.SI 3JieMeHTOB . rHJJ.p06HOHTaMH " KOCHbIM Bel!WCTBOM 

onpeJ].eJI.SllOTC.SI s COOTBeTCTBHH c ypaBHeHHeM JleHrMIOpa (HecMe.SIHOB, 1978). 

IlpH IlHW.eBOM nym MHHepaJibHOro IlHTaHH.SI rHJJ.p06HOHTOB ycsoeHHe 

XHMH1IeCKHX 3JieMeHTOB nponopU,HOHaJibHO MX 6ttOJIOfH1IeCKOH 3Ha1IHMOCTH " 

COCTaBJI.SleT TOJibKO 11aCTb OT KOJIH1IeCTBa Bew.ecTBa IlHW.H, HCilOJib3YeMoro Ha 

coMaTH11ecKHH " rettepaTHBHhiii pocT opraHH3MOB (IloJIHKapnos, Eropos, 

1986). XHMH1IeCKOe JIHMHTHpOBaHHe npou,eccoB poem " pa3MHO)KeHH.SI 

MOpCKHX opraHH3MOB pa3Hb!X TaKCOHOMH1IeCKHX rpynn H TpOq>HLJ:eCKHX 
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ypoBHeH H)],eT B COOTBeTCTBHH c ypaBHeHH.SIMH ,[{ameifJia (Dugdale 1967) 11 

,[{pyna (Droop, 1974). B pe3yJihTaTe 113y11eHH.SI B.H. EropOBhIM KHHem11eCKHX 

xapaKTepHCTHK npmKH3HeHHOfO BhI)],eJieHH.SI XHMHlfeCKHX Bell.leCTB 

rH.ll,p06HOHTaMH B OilhITax C pa.ll,HOaKTHBHOH MeTKOH 6b!JIO ycrnHOBJieHO, lfTO 

HX Bh!Be)],eHHe MOpCKHMH opraHH3MaMH H)],eT B COOTBeTCTBHH C 

MeTa60JIHlfeCKHM peaKQH.SIMH nepBOro nop.SI.ll,Ka, a 3HalfeHH.SI TTOKa3aTeJieH 

CKOpOCTH He 3aBHC.SIT OT nyTH nocrynJieHH.SI H30TOTTHhlX H HeH30TOTTHhlX 

HOCHTeJieH B rH.ll,po6HoHThI, a TaIOKe OT HX CO.ll,ep)l<aHH.SI B B0)],HOH cpe.ll,e 

(ITOJIHKapnoB, EropoB, 1986). He)],aBHO 6hJJI o6Hapy)KeH MeXaHH3M 

peryJI11poBaHH.SI o6MeHa 6yph1X BO.ll,OpOCJieH npHMeHHTeJihHO K ycJIOBH.SIM 

cpoccpaTHOH mnep::rnTpOcpHKaQHH MOpCKOH cpe.ll,hl, 3aKJIIOlfaIOI.QHHC.SI B 

OOBhIIlleHHH )],e3BTpocp11pyIOll.lei:i cnoco6HOCTH B0.ll,OpocJieH no Mepe 

yBeJIHlfeHH.SI CTeneHH cpoccpopHOH mnep3BTpocpHKaQHH BO)], (ITonoBHlfeB, 

EropoB, 2009). 

ITpH H3ylfeHHH TTOfJIOll.leHH.SI H BhIBe)],eHH.SI MelfeHhlX 
131 1 110)],H)],OB H 

HO)],aTOB 3eJieHhlMH BO.ll,OpOCJI.SIMH noJiylfeHO, lfTO OHH no-pa3HOMY 

HaKanJIHBaJIH O)],HOBaJieHTHYIO H O.SITHBaJieHTttyIO qJH3HKO-XHMHlfeCKHe cpopMhl 

HO)],a, a Bh!BO)],HJIH HX B 0)],HOBaJieHTHOH cpopMe, TO eCTh B npoQecce HO)],HOfO 

o6MeHa BO.ll,OpOCJI.SIMH npoHCXO)],HJIO yMeHbllleHHe BaJieHTHOCTH npo.ll,yKTOB HX 

MeTa60JIH3Ma (IToJIHKapnoB, EropoB H .ll,p., 1985). 3THM CaMhIM, 6hJJia 

no)],TBep)K)],eHa BhI.ll,BHHYTa.SI aKa.ll,eMHKOM B.H.BepHa)],CKHM rnnoTe3a o 

B03MO)KHOCTH 6HOTHlfeCKOfO H3MeHeHH.SI qJH3HKO-XHMHlfeCKHX cpopM 

npe6hrnaHH.SI XHMHlfeCKHX 3JieMeHTOB B MOpCKOH cpe.ll,e (BepHa)],CKHH, 1994, 

c.58-59). 

3a nocJie)],HHe )],eC.SITHJieTH.SI B.H. EropOBhIM 6hJJIH 3KCnep11MeHTaJihHO 

onpe.ll,eJieHhI KOHCTaHThI cKopocTeii o6Metta 
22

Na, 
32P, 54

Mn, 
59

Fe, 
6
°Co, 

65
Zn, 

86
Rb 

90
Sr 

106
Ru 

109
Cd 

131 1 144
Cr 

137
Cs H 

203
Hg p.SITTOM BHTTOB 6aKTep11ii 

' ' ' ' ' ' ' ,'-Ii -'-' ' 

BO.ll,OpocJieii, )KHBOTHhIX nJiaHKTOHHOfO KOMnJieKca, MOJIJIIOCKOB H ph16 

3KOCHCTeM Cpe.ll,H3eMHOMOpCKOro 6accetttta, a TaIOKe T11xoro, 11H)],HHCKOro H 

ATJiaHTHlfeCKOfO OKeaHOB. ,[{JI.SI p.SI.ll,a 3JieMeHTOB pa3JIHlfHOH 6HOJIOrHlfeCKOH 

3HalfHMOCTH HM 6bJJIH onpe.ll,eJieHhl napaMeTphl ypaBHeHHH MHXa3JIHCa­

MeHTeH H JlettrMIOpa, a TaIOKe 3aBHCHMOCTH HX napaMerpoB OT y)],eJihHOH 

noBepXHOCTH, pa3MepHhlX xapaKTepHCTHK MOpCKHX opraHH3MOB H 

KOHQeHTpaQHH 3JieMeHTOB - XHMHlfeCKHX aHaJIOfOB B B0)],HOH cpe.ll,e 

(IT0JI11Kapn0B, EropoB, 1986). 3TO no3BOJIHJIO B.H. EropoBy np11cTyn11Th K 

3Tany HCCJie)],OBaHHH, CB.SI3aHHOMy C H3ylfeHHeM Ha MaTeMaTHlfeCKHX MO)],eJI.SIX 

B3aHMO)],ettCTBH.SI )KHBOfO Bell.leCTBa pa.ll,HOaKTHBHhIMH H XHMHlfeCKHM 

3arp.SI3HeHH.SIMH MOpCKOH cpe.ll,hl Ha nonyJI.SIQHOHHOM H 3KOCHCTeMHOM 

ypoBH.SIX. 

CTpyKTypa MO)],eJIH 3KOCHCTeMhl qJOTHlfeCKOfO CJIO.SI noKa3aHa Ha pHc. 4. 
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Pnc. 4. CTpyKTypa Mo.nenn B3aHMO.lleMCTBIIJI lpOTH'!eCKOrO cnoJI C pa.nnoaKTIIBHbIMII II XIIMIIII­
qecKHMII eemecTBaMII e MOpCK0M cpe.ne (TionnKaprrOB, EropoB, 1986) 

B3aHMOJJ.ettcTBue Me)K)].y ee KOMUOHeHTaMH ee c-rpyKT)'phI 6hmo onucaHo 

6a.naHCOBbIMH paBeHCTBaMU no Bell(eCTBY, 3Hepruu, JIHMHTHPYIOII.(HM 

6uoreHHbIM 3JieMeHTaM " 3arp.SI3HHTemIM BO)J.HOH cpe)].bl C HCilOJib30BaHHeM C 

COBpeMeHHblX npe)J.CTaBJieHHH O MHHepa.JibHOM H paAHOH30TOTIHOM o6MeHe H 

TpO<pO)J.HHaMHKe . MOpCKHX opraHH3MOB, cop6QHOHHbIX B3aHMOOTHOIIIeHH.SIX 

Me)K)].y )KHBbIM H KOCHbIM Bell(eCTBOM, a TaK*e C yqeTOM HHTeHCHBHOCTH 

ce)J.HMeHTaQHOHHbIX " rHAPOAHHaMuqecKHX npoQeCCOB. B QeJIOM B )J.aHHOH 

MO)J,eJIH yquTblBa.JIHCb 1-3 u 5 a6HOTHqecKue u 9-10 u 12-13 cpaKTOpbl (puc.2) 

<pOpMupoBaHH.SI 6uoreOXHMUqecKHX QHKJIOB. 

qHCJieHHhie 3KcnepuMeHTbl Ha MO)J,eJIH Il0Ka3a.JIH, qTo npu HH3KHX ypoBH.SIX 

KOHQeHTJ)HpyIOII.(eH cnoco6HOCTH rH)J.po6uoHTOB CO)J.ep)Kattue 3arp.SI3HHTeJI.SI B 

BO)J,e <pOTHqecKoro CJIO.SI (Q) JIHMHTHpOBa.JIOCb TOJibKO ero BO)J,006MeHOM C 

IlO)J.CTHJiaIOII.(HMH BO)J.aMU u B QeJIOM JIHHeHHO pocno BO BpeMeHH (puc5, 1 ). 
Ilpu OTHOCHTeJibHO 3HaqHMbIX (puc.5, 2), HJIH BhICOKHX (puc,5, 3) 3HaqeHH.SIX 

K03<p<pHQHeHTOB HaKOUJieHH.SI 3arp.S13HHTeJI.SI rHAp06HOHTaMH Bee napaMeTJ)bl 

MO)J,eJIH C TeqeHHeM BpeMeHH BhlXO)J,HJIH Ha CTaQHOHapHbie HJIH 

aBTOKOJie6aTeJibHbie pe)KUMbl (IloJIUKapnoB, EropoB, 1986). Ilpu 3TOM 

Ha6JIIO)J.a.JIHCb pe)KHMbl 6uoTuqecKoro KOH)J.HQHOHHpOBaHU.SI BO)J,HOH cpe)J.hl s 

OTHOIIIeHUH CO)J.ep)KaHU.SI 3arp.SI3HHTeJI.SI 3a cqeT ero 6uoce)J,HMeHTal{HOHHOro 

BblHOCa H3 <poTuqecKoro CJIO.SI. 3To OJ:{H03Ha'IHO DOJ:{TBepJ:{HJIO 6JieCTH~ee 
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npeABHAenue aKaAeMHKa B.U.BepnaACKOro (BepHa,ACKHH, 1965, c 241) o 

TOM, 'ITO e nponecce eocnpouJBOACTBa mueoro eell(ecTea 
eocnpoHJBOAHTCH u ycJIOBHH ero o6uTaHHH. 

1,5 

f,O 

O,S 

o----'!!"", ______ __.. __ 
SJ 100 150 

BpeMR, .cym 
Pttc, 5. HJMeHeHtte KOntttiecrna Jarpll3HttTens1 e eo.ue ¢0Tw1ecKoro cnoll Q (r M"

2
) nptt 

OTHOCHTenbHO HH3KHX (I), cpe.uHHX (2) H BblCOKHX (3) K03¢¢ttutteHTax HaKonneHHll 

3arpll3HHTenll KOMnoHeHTaMH JKOCHCTeMbl. 

IlOHHMaHHe 3TOro o6CTOHTeJibCTBa OTKpbIJIO nyn1 K ITOHCKY MeTO,[{OB 

onpe.[{eJieHHH cnoco6HOCTH MOpCKOH cpe.[{hl K caMooqm:u;eHHIO H K Haqany 

BOCbMH,[{eCHTblX fO,[{OB 6hIJIH npHHHTbl TepMHHbl MH ee ou:eHKH, TaKHe, KaK 

aCCHMHJIHU:HOHHaH (National, 1979; ffapa3Jib, LI;b16aHb, 1983) H 3KOJiornqecKaH 

(IloJIHKapnoB, EropoB, 1981) eMKOCTb, KOJIHqecTBeHHOH Mepoii KOTOpblX 6hIJI 

ITOTOK, KOTOpblH MO)KeT H3bIMaTbCH H3 npOCTPaHCTBeHHO orpaHH'leHHOH qacTH 

MOpCKOH 3KOCHCTeMbl B pe3yJibTaTe fHAPOAHHaMHqecKHX H 

6HoreOXHMH'{eCKHX B3aHMO,[{eHCTBHH. 

AHaJIH3 qHcJieHHblX 3KCnepHMeHTOB Ha MO,[{eJIH (pHC. 4) TaK)Ke 

ITOKaJaJI, (IlOJIHKapnoB, EropoB, 1896) qTQ npHMeHHTeJibHO K pa3JIHqHblM 

ycJIOBHHM 6HOJIOrnqeCKOH npOAYKTHBHOCTH 3KOCHCTeMbl H B03,[{eHCTBHH 

ITOTOKOB 3arpH3HHIOl.l(HX Bell.\eCTB Ha6JIIO,[{aJIHCb pa3JIHqHbie CTaQHOHapHbie 

COCTOHHHH CHCTeMbl 6HOCe,[{HMeHTaU:HOHHoro KOH,[{HQHOHHpOBaHHH 

cpornqecKoro CJIOH (pHC. 6). l1HTepsany OTHOCHTeJihHO HH3KHX ITOTOKOB 

aHTponoreHHOro 3arpH3HeHHH BO,[{ COOTBeTCTBOBaJia 30Ha 6HOTH'leCKoro 

KOH,[{HQHOHHpoBaHHH MOpCKOH cpe,[{bl (pHC~6a), a ITOTOKaM 6onee 

HHTeHCHBHOro 3arpH3HeHHH 30Ha noTepH ycTOM'IHBOCTH CHCTeMbl 

6HOTHqecKOro caMOO'IHl.l(eHHH BO,[{. Ha npe.[{CTaBJieHHOM pHCYHKe BH,[{HO, qTo 
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B 30He 6ttOTttqecKoro KOH)],HUHOHHpOBaHmI MOpCKOH cpe.ll,hl npe.ll,eJihHhie 

3HaqeHml K03cpqrnutteHTOB HaKOnJieHml rtt.ll,po6ttOHTaMH He H3MeH51JIHCh (pttc. 

6b ), a KOHUeHTPau1rn 3arpH3HttTem1 B HHX pocna nponoputtoHaJihHO 

yBeJittqeHHJO ero CO.ll,ep)l<aHHH B BO)],e (pttc. 6c). B 30He noTepH ycTOHqHBOCTH 

6ttOTttqecKoro caMooqm.QeHHH BO)], CTaUHOHapHhie 3HaqeHHH K03!p!pHUHeHTOB 

HaKonJieHHH CHH)KaJIHCh (pttc 6b ), a KOHUeHTpauttH 3arpH3HHTeJIH B 

rtt.ll,po6HOHTaX )],OCTttfJia npe.ll,eJihHOfO ypOBHH (pttc. 6c ). 

C TOqKH 3peHHH COBpeMeHHhIX 6ttocpmttqecKHX npe.ll,CTaBJieHHH 0 

KHHeTttqecKHX 3aKOHOMepHOCTHX MHHepaJihHOro o6MeHa (ITaTTOH, 1968), 

HHTepBaJIY H3MeHeHHH 3HaqeHHH KOHUeHTPaUHH 3arpH3HHTeJIH B BO)],e, B 

npe.ll,enax KOTOporo K03!p!pHUHeHT HaKOnJieHHH nOCTOHHeH, a CO.ll,ep)KaHife 

3arpH3HHTeJIH B opraHH3Max H3MeHHeTCH nponopUHOHaJihHO H3MeHeHHJO 

KOHUeHTpaUHH 3arpH3HHTeJIH B BO)],e, cooTBeTCTByeT nepBhIH nopH.ll,OK 

MeTa60JIHqecKHX peaKUHH, a HHTepBany H3MeHeHHH KOHUeHTpaUHH 

3arpH3HHTeJIH B BO)],e, B npe.ll,eJiax KOToporo K03!p!pHUHeHT HaKOnJieHHH 

fH.ll,p06HOHTOB CHtt)KaeTCH, a KOHUeHTpaUHH 3arpH3HHTeJIH He H3MeHHeTCH, 

COOTBeTCTByeT ttyJieBOH nopH.ll,OK MeTa6onttqecKHX peaKUHH. OTCJO)],a CJie)],yeT, 

qTo 30He noTeptt ycToHqHBOCTH CHCTeMhl 6ttOTHqecKoro KOH.ll,HUHOHHpOBaHHH 

BO)], COOTBeTCTByeT H3MeHeHHe MeTa6onttqecKHX peaKUHH MOpCKHX 

opraHH3MOB B OTHOIIIeHHH nornomeHHH H BhIBe)],eHHH 3arpH3HHTeJIH C nepBOfO 

Ha ttyJieBOH. ITpe.ll,CTaBJieHHhie Ha pttc. 5 tt 6 MaTepHaJihl B ueJIOM nOKa3hIBaJOT, 

qTo MOJIHCMOJIOfttqecKtte KpHTepuu AnH onpeAeneHHH AODYCTHMOro 

anTponoreuuoro npecca AOmKHhl oxeaTLIBaTh KaK cauuTapnhle uopMLI 

npeAenhHO AODYCTHMOro 3arpH3HCHHH rnApo6uoHTOB, TaK H 
6uonpOAYKQHOHHbie, Tpof}>u11eCKHe H MeTa6onu11eCKHe xapaKTepHCTHKH 

KOMUOHCHTOB MOpCKHX JKOCHCTeM. 

YbBeCTHO, qTo OCHOBHhIM Tpe6oBaHHeM ycTOHqHBOfO pa3BHTHH perttOHOB 

HBm!eTCH Heo6XO)],HMOCTh no)],)],ep)KaHHH paBHOBeCHH Me)K)],y HCnOJih30BaHHeM 

H BOCnpOH3BO)],CTBOM MX pecypcoB. ITpttMeHttTeJihHO K perneHHJO npo6JieMhl 

ycToHqHBOfO pa3BHTHR MOpCKHM aKBaTopttH B ycJIOBHHX aHTponoreHHOfO 

'3arpH3HeHHH BO)], C yqeTOM CMhICJia, BKJia)],hIBaeMoro B TepMHH «3arpH3HeHtte», 

OCHOBHhie KpHTepttH )],OJI)KHhl HOpMttpoBaTh npe.ll,eJihHO )],OnyCTHMhie noTOKH 

TaK, qT06hI OHM KOMneHCHpOBaJIHCh noTOKaMH fH.ll,pO.ll,HHaMttqecKoro H 

6HoreoXHMHqecKOfO caMooqHI.QeHHH MOpCKOH cpe.ll,hl, a KOHUeHTPaUHH 

3arpH3HHJOI.QHX BeI.QeCTB BO BCex KOMnoHeHTax 3KOCHCTeM, BKJIJ0qa51 

HaCeJieHtte, He npeBhllllaJia caHHTapHhIX HOpM H peKpeauttOHHhIX KaqeCTB 

TeppttTOpHH. Tor)],a OTJIO)KHB 3TO 3HaqeHHe Ha OCH op.ll,HHaT pttc. 6a, MO)KHO Ha 

OCH a6cuttcc onpe.ll,eJIHTh noTOK 6HOTHqecKoro caMooqttI.QeHttH BO)],. 
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PHC. 6. l-hMeHeHHe CTaUHOHapH!,IX ypOBHeli KOHUeHTpaUHH 3arpll3HHTeJill B BO)le cpOTHqecKoro 

CJIOll Cw (a), K03cp<iiHUHeHTOB HaKonneHHll (b) H KOHUeHTpaUHH 3arpl13HHTeJill B rnapo6HOHTaX 

(c) B pe3yJibTaTe cpyHKUHOHHpoeaHHll 3KOCHCTeMbl <tioTHqecKOro CJIOll B ycJIOBHllX B03)lelicTBHll 

noToKa aHTponoreHHOro 3arpll3HeHHll BOJl. 

no oQeHKaM cneQmlJIHCTOB (3atl:QeB, TToJIHKapnos, 2002) tta116onee 

He6naronpmnHa$1 3KOJIOrHlleCKa$1 o6cTaHOBKa B l.JepHOM Mope 3a<pHKCHpOBaHa 

B TaK Ha3hlBaeMblX KpHTHlleCKHX 3OHax, 3KOJIOrHlleCKHe npoQeCChl B KOTOpbIX 
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npoTeKaIOT B ycnoam1x, Kor.n:a aHTPOnoreHHbIM npecc npeBhmrneT 

6HOTHqecKoe KOH.D:Hl..lHOHHpoBaHHe MOpCKOU cpe,n:hl B pe3yJibTaTe npoTeKaHHSI 

npHpo,n:HbIX 6HoreoXHMHqecKHX [lHKJIOB. B pe3yJibTaTe co,n:ep)I<aHHe B HHX 

3arpS13HSIIOll\HX Bell\eCTB npeBbIIIJalOT npHpo,n:Hbie ypoBHH H B KpHTHqecKHX 

30Hax MOryT npoS!BJIS!TbCSI Bbl3BaHHbie 3THM HeraTHBHbie 3KOJIOrHqecKHe 

nocne,n:CTBHSI. AKBaTOpHH KpHTHqecKHX 30H pacnonmKeHbl B npHyCTbeBbIX 

yqacTKaX Bna,n:aIOll\HX a Mope peK, a pauoHax c6poca TeXHHqecKHX H CToqHbIX 

BOJ:{, pS!,n:OM c pacnoJIO)KeHHbIMH Ha 6eperax KpynHbIMH HaCeJieHHblMH 

nyHKTaMH H, KaK npaBHJIO,. COBna,n:aIOT no TepMHHOJIOrHH aKa,n:eMHKa 

B.11.BepHa,n:cKoro C 30HaMH Cryll\eHHU )KHBOro Bell\eCTBa (BepHaJ:{CKHU, 1994, 

C. 388). Ilo3TOMY Mepbl no. no.n:,n:ep)KaHHIO ycTOuqHBOro pa3BHTHSI 

KpHTHqecKHX 30H J:{OJI)KHbl B 3HaqHTeJibHOU CTeneHH 6a3HpOBaTbCSI Ha 

6HoreoXHMHqeCKHX KpHTepHS!X HOpMHpOBaHHSI noTOKOB aHTponoreHHOro 

3arpS13HeHml BOJ:{. Hccne,n:oBaHHSI, BbITIOJIHeHHbie Ha KOH[lenzyaJibHOU 6a3e 

npe,n:cTaBJieHHM B.11.BepHa,n:cKoro (BepHa,n:cKHM, 1994, c. 414) o 

reoXHMHqecKOU poJIH )KHBOro Bell\eCTBa B MOpCKOU cpe,n:e no3BOJIHJIH 

pa3pa6oTaTb 6HoreOXHMHqecKHe KpHTepHH J:{JISI onpe,n:eJieHHSI nepHO,n:a 

KpyroaopoTa pa,n:HoaKTHBHbIX H XHMHqecKHX 3arpS13HeHHU B MOpCKOU cpe.n:e, 

O[leHKH pa,n:HOeMKOCTH J:{OHHbIX oca,n:KOB, pacqeTa npe,n:eJIOB HHTeHCHBHOCTH 

6HOTHqeCKOU TPaHC<pOpMa[lHH <pH3HKO-XHMHqeCKHX cpopM HeopraHHqecKHX 

3arpS13HeHHU B BOJ:{HOU cpe,n:e H onpe,n:eneHHSI npe,n:eJibHbIX nOTOKOB 

ce,n:HMeHTa[lHOHHOro ,n:enOHHpoBaHHSI 3arpS13HSIIOll\HX Bell\eCTB B TOJill\e 

,n:OHHbIX OTJIO)KeHHM (Eropoa, 2001 ). 

IlpHMeHHMOCTb TaKoro no,n:xo.n:a MO)KHO npOHJIJIIOCTPHPOBaTb Ha npHMepe 

HOpMHpOBaHHSI nOTOKa PTYTH a aKBaTOpHH ceaacTOnOJibCKHX 6yxT (pHC. 7-8). 

Ha pHC. 7 nOKa3aHbl pe3yJibTaTbl MHOrOJieTHHX Ha6n10,n:eHHU co,n:ep)KaHHSI 

pzyrn B ao,n:e CeaepHou 6yxThI CeaacTOnOJISI. Ha rpacpHKe BH.D:HO, qTO B 1988-

1990 rr. KOH[leHTPal..lHSI Hg a Bo,n:e npeBbllllaJia caHHTapHO ,n:onyCTHMYIO HOPMY 

(II,[(K). B 1991 r 6bIJIO OTMeqeHO pe3KOe CHH)KeHHe KOH[leHTpa[lHH Hg, 

CBSl3aHHOe co CHH)KeHHeM npOMblllIJieHHOU aKTHBHOCTH B perHOHe, KOTopaS! 

. 6hma OTCJie)KeHa TaK)Ke H 1998 r. Ha pHc. 7a, 7b H 7c BH,n:Ho, qTo 

KOH[leHTpa[lHSI PTYTH B MHJ:{HSIX H J:{OHHbIX OTJIO)KeHHSIX 3aBHCeJia OT ee 

KOH[leHTPal..lHH B Bo,n:e. 

Ilpoae,n:eHHaSI Ha pHC. 8 cnJIOllIHOU JIHHHeM annpOKCHMa[lHOHHaSI KpHBaSI 

CBH,n:eTeJibCTBOBaJia, qTo 3aBHCHMOCTb Me)KJ:{y KOH[leHTpa[lHeU PTYTH B .D:OHHbIX 

oca,n:KaX H BO,n:e C .D:OCTaToqHoM CTeneHblO a,n:eKBaTHOCTH onHCbIBaJiaCb 

ypaBHeHHeM JleHrMIOpa, yKa3bIBaIOll\eU, qTQ npH KOH[leHTpal..lHH PTYTH B BO,n:e 

CBbillle ypoBHSI 50 Hr n·
1 

.n:ocTHranocb cop61..lHOHHoe HaChill\eHHe (CHacb,uJ 
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PHC. 8. 3aBHCHMOCTb H3MeHeHHJI KOHlteHTpal.(HH Hg B ./lOHHbIX OT,lOJKeHIUIX (C .. d) OT 

KOHl.(eHTpal.(HH pryrn B BO.Ile (Cw) ceeaCTononbCKOH 6yxTh1 (EropoB. 200 I) 
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.L(OHHbIX oca.L(KOB PT)'TbIO, 11TO orpamfqUBaJIO MaKCUMaJlbHbIH IlOTOK 

Ce.L(UMeHTaUUOHHOro caMooquI.QeHU51 ceBaCTOilOJibCKOH 6yXTbl OT 3TOro 

BbICOKOTOKCUqHoro 3arp513HUTeJI51 BO.[(. 3To JierKO npocJie.L(UTb no .L(aHHbIM, 

npe.L(CTaBJieHHbIM Ha puc. 9. 
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Pttc. 9. l13MeHeHHe KOHI.{eIITpauHH Hg n TOmue ,llOHHl,JX OTJIOlKeHHH no rny6ttHe (EropoB, 2001) 

PacqeTbl IlOKa3aJIU, qTo npu KOHQettTpauuu PT)'TU B IlOBepXHOCTHOM CJIOe 

.L(OHHbIX oca.L(KOB ceBaCTOilOJibCKOH 6yXTbl B 1999 r., paBHOH 369 Hr r·' 

(KocToBa u .L\P, 2001), u CKOpOCTU Ce.L(UMeHTauuu .L(OHHbIX OTJIO)l(eHUH 0.24 CM 

ro.[(·
1
, UJIU 607 r rpyHTa M

02 
ro.L(·l ()KepKO, rynuH C. 11 .L(p., 2001) IlOTOK 

.L(enoHupoBaHU51 PT)'TU B 3TOM ro.L(y COCTaBUJI 224 MKr M
02 

ro.L(•l. Ilpu 

cop6uuoHHOM HaChIJ.UeHUU .L(OHHbIX oca,L(KOB .L(O ypOBH51 CHacbllll =2740 Hr r·
1 

. npe.L(eJihHbIH IlOTOK 3JIUMUHauuu PT)'TU U3 BO.[( ceBaCTOilOJibCKOH 6yxThl 6hIJI 

paBeH 1660 MKr M
02 

ro.[(
01 

' qTQ 51BUJIOCb npaKTnqeCKU nepBOH npuro.L(HOH .L(Jl51 

6uoreoxuMuqecKoro HOpMupoBaHU51 oueHKOH MaKCUMaJibHO BO3MO)l(HOro 

caMooquJ.UeHnH BO.[(. IlpoBe.L(eHHM Ha puc. 8 cnnoIIIHOH JIUHueii 

annpOKCUMaUUOHHM KpUBa51 CBU.L(eTeJibCTBOBaJia, qTO 3aBUCUMOCTb Me)l(.L(y 

KOHQeHTPauueu PT)'TU B .L(OHHblX oca,L(Kax " BO.L(e C .L(OCTaToqHoH CTeneHbIO 

a,L(eKBaTHOCTU OilUCbIBaJiaCb ypaBHeHUeM JleHrMIOpa, YKa3bIBaIOJ.UeH, qTo npu 

KOHQeHTPauuu PT)'TU B BO.L(e CBbIIIIe ypoBH51 50 Hr n"
1 

AOCTHfaJIOCb 

cop6uuoHHoe HaCbIJ.UeHue (CHachnJ AOHHhIX oca.L(KOB pT)'ThIO, qTQ 

orpaHuquBana MaKCUMaJlbHbIH IlOTOK ce.L(UMeHTaQUOHHOro caMOOqHI.QeHH51 
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ceBaCTOTTOJibCKOH 6yXTbl OT 3TOf0 BbICOKOTOKCHlJHOfO 3afpH3HHTem1 BO.D;. 3TO 

JiefKO npocJie,D;HTb no ,n;aHHbIM, npe.n;cTaBJieHHbIM Ha puc. 9. PactJeTbl 

TTOKa3aJIH, 1JTO npu KOHU:eHTpau:uu PTYTH B nosepxHOCTHOM CJIOe .D;OHHblX 

oca,n;KOB ceBaCTOTTOJIE,CKOH 6yXTbl B 1999 f., paBHOH 369 Hf f-l (KOCTOBa u ,n;p, 

2001 ), u CKOpOCTH ce,n;HMeHTal.{HH .D;OHHblX OTJIO)l(eHHH 0.24 CM ro,n;-
1 

, HJIH 607 
f fPYHTa M-

2 
ro.n;-

1 
()KepKO, fyJIHH C. H ,n;p., 2001) TTOTOK ,n;enOHHpOBaHHH 

PTY™ B 3TOM ro,n;y cocTaBHJI 224 MKf M-
2 

fO.D;-
1
• Ilpu cop6u;uoHHOM Hacb1ll{eHHH • 

.D;OHHbIX oca.n;KoB ,n;o ypoBHH CttacLIU\ =2740 Hf f-I npe,n;eJibHbIH noTOK 

3JIHMHHal.{HH PTY™ H3 BO.D; ceBaCTOTTOJibCKOH 6yXTbl 6bIJI paBeH 1660 MKf M-
2 

fO.D;-I ' 1JTO HBHJIOCb npaKTHtJeCKH nepBOH npHfO.D;HOH .D;JIH 6HOfeOXHMH1JeCKOf(} 

HOpMupoBaHHH ou:eHKOH MaKCHMaJibHO B03MO)l(H0f0 CaMOOtJHll{eHHH BO,D;. 

Ilpo,n;eMOHCTpHpOBaHHbie MaTepHaJibl B u:eJIOM TT03BOJIHIOT 3aKJII01JHTb, 1JTO 

y11eHue aKa,n;eMHKa BepHa,D;CKOfO O )l(HBOM Bel..l.(eCTBe B 6uoccpepe OKa3aJIO 

onpe,n;eJIHIOll{ee BJIHHHHe Ha perneHue npo6neM ycTOHlJHBOfO pa3BHTHH 

MOpCKHX aKBaTOpHH npu aHTpOTTOfeHHOM B03,D;eHCTBHH 3afpH3HHIOillHX 

Bel..l.(ecTB. Hx pa3BHTHe Ha KOHU:enryaJihHOH 6roe npe,n;cTaBJieHHH 

B.H.BepHa,D;CKOfO TT03BOJIHJIO propa6oTaTb npnMeHHMbie .D;JIH npaKTH11eCKHX 

u:eneH 6nofeOXHMH11eCKHe KpHTepHH HOpMHpOBaHHH TTOTOKOB aHTponofeHHOfO 

3afpH3HeHHH MOpCKOH cpe,D;bl. 

4. <l>yui:.aMCHT H nepcneKTHBa i:.na JKJ06HOJIOrHH 

AKa,n;eMHK B.H. BepHa.D;CKHH o6oraTHJI HayKy pa3pa60TKOH TaKHX 

Ba)l(Heifwux 0606ll{aIOll{HX u,n;eif, KaK u.n;eH o 2eoJ102uttec1wu eettnocmu :JICUJHU 

Ha 3eMJie, a TaK)l(e Ha ,n;pyfHX nJiaHeTax u B KocMoce, u u,n;eH o ec10011ocmu 
:JICU3HU C yqeTOM npeoeJla :JICU3HU (3 6uocrjJepe. «BecbMa B03MO)l(H0, BCe KaK 

6y.n;To Ha 3TO YKa3bIBaeT, 11:TO B ,n;peBHHX KaycT06HOJIHTax coxpaHHIOTCH 

cnoco6Hble K B0306HOBJieHHIO cnopbl B JiaTeHTHOM COCTOHHHH B TetJettue 

MHJIJIHOHOB H COTeH TblCH11 JieT. .51 CTaBJIIO 3TY npo6JieMy KaK TaKoByIO; 

Tpe6yeTCH 3KCnepuMeHTaJibHaH nposepKa» (BepHa,D;CKHH, 1965, C. 220). 
Bc10011ocmb :JICUJHU npocJie)l(HBaeTCH so scex npupo,n;tthIX cpe,n;ax Ha 3eMJie OT 

JII06bIX HH3KHX .D;O 6uonorn11ecKH nepeHOCHMbIX BblCOKHX TeMneparyp. 

,[(aBJieHJ.ie )l(H3HH, 06ecne11HBaIOI..l.(ee nOCTOHHHO npe,n;eJibttylO 3aTTOJIHeHHOCTb 

)l(HBbIM Bell{eCTBOM BCex )l(ff,D;KHX H TBep,D;blX cpe,n; (H, TeM caMbIM, 

TTOCTOHHCTBO MaCCbl )l(HBOfO Bel..l.(eCTBa Ha nporn)l(eHHH BCeH HCTOpHH 3eMJIH) 

Ha nosepXHOCTH H Ha Bcex rny6uHaX Harnett nJiaHeTbl npu BCex HH3KHX 

(BnJIOTb .D;O a6COJIIOTH0f0 ttyJIH) H BbICOKHX, HO 6HOJIOfH1JeCKH nepeHOCHMbIX, 

TeMneparypax H npu n1060M fa30BOM cocTaBe cpe,n;. «CmpamucrjJepa -
oca,n;o11HaH o6oJI011Ka - o6proyeTCH rnaBHblM o6pa30M MOpCKHMH H 

OKeaHH11eCKHMH OTJIO)l(eHHHMH» (BepHa,D;CKHH, 1965, C. 85). «CTpaTuccpepa -

o6oJI011Ka oca,D;011HbIX nopo,n; - B 3Ha11HTeJibHOH Mepe HBHO 6HOfeHHOf0 
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npoHCXO)K,D,eHH.ll H HaXO,D,HTC.ll oqeHb qacTo, MO)KeT 6hITb, scer,D,a, s BepxHeM 
CBOeM qacTH B o6JiaCTH nO,D,3eMHOro, )KHBOro semecTBa (qacTblO B <pOpMe 
JiaTeHTHOM )KH3HH), T. e. B 6HOC<pepe» (BepHa,D,CKHM, 1965, C. 83). 
<l>H3HqecKHMH <paKTopaMH (BbICOKHM ,D,aBJieHHeM, BbICOKOM TeMneparypoii, 
rop.si:qHMH ra3aMH H T.,D,.) «... HeH36e)KH0 C03,D,aeTC.ll HH)KH.ll.ll rpaHHIJ,a 
cTparnc<pephI. CTparnc<pepa nepexo,D,HT B MeTaMOp<pHqecKyIO o6onoqKy» 
(BepHa,D,CKHM, 1965, C. 84). Y)Ke Ha i:!e60JibrnOM OTHOCHTeJibHO rny6HHe 
[ «Cpe,D,HHM. TepMHqeCKHM rpa,D,HeHT - 1 ° Ha 3 0 M ... )) (BepHa,D,CKHM, 1965' C. 
94)] TeMneparypa npH6JIH)KaeTC.ll K 100°C, npH KOTOpOM )KHBbie sew,ecTBa 
Hem6e)KH0 OTCYTCTBYIOT (BepHa,D,CKHM, 1965, C. 84). TIO-BH,D,HMOMY, npeoeJI 
;JJCUJHU e 6uocrjJepe, B ee rny6HHax KJia,D,eT BhICOKM TeMneparypa H nepexo,D, 
BO,D,bl s rop.si:qHe napbl (BepHa,D,CKHM, 1965, C. 79). BJ1. BepHa,D,CKHH BBO,D,HT 
TTOH.llTH.ll KUCllOpooHOU noeepxHocmu OKHCJIHTeJibHOM 6HOC<pepbl H HU;JJCHeU 
2paHU1,Jbl 6uocrjJepbl 6006UJ,e, T.e. BKJIJOqa.si: BOCCTaHOBHTeJihttylO 6HOC<pepy. 
«Y,D,06HO Ha3hIBaTb HH)KHIOIO rpaHHQY CB060,D,HOro KHCJiopo,D,a - 02 -
KUCllOpOOHOU noeepXHOCmblO /2/. HH)Ke ee pe3KO MeH.HeTC.ll )KHBOe semecTBo» 
(BepHa,D,CKHM, 1965, C. 76). (( Hem6e)KH0 cymecTByeT HU;JJCHflfl 2paHU1,JG 
6uocrjJepbl s o6JiaCTH, s KOTOpOM no ycJIOBH.llM TeMneparypbl, XHMHqeCKOM 
aKTHBHOCTH H <pH3HqecKoro COCTO.HHH.ll semecTBa .llBJieHH.ll )KH3HH HMeTb MeCTO 
He Moryrn (BepHa,D,CKHM, 1965, c. 83). 

B.11. BepHa,D,CKHM HacToiiqHso nosTop.si:eT H,D,eIO 6onhrnoro 
np11HIJ,11TTHaJibHOro 3HaqeHH.ll B ttayKe - H,D,eIO O B03M0)KH0CTl1 tteonpe,D,eJieHHO 
,D,OJiroM JiaTeHTHOM )KH3HH cnop Ha 6oJibrnHX rny6HHax Harnett nJiaHeTbl 
(KypCHB Harn - r.TI.): «TaK KaK c yrny6JieHHeM K IJ,eHTpy nJiaHeTbl 
TeMneparypa TTOHH)KaeTC.ll [« ... HO 3TO Ha6JIIO,D,aeTC.ll HH)Ke 6HOC<pepbl ... » 
(BepHa,D,CKHM, 1965, C. 83)], B03MO)KH0, qTO TaK Ha3bIBaeMa.si: JlameHmHafl 
;JJCUJHb cnop MO)KeT coxpatt.si:TbC.ll Ha 6onhrnHx rny6HHax HeonpeoeJ1eHHO 
00J12oe epeMR» (BepHa,D,CKHM, 1965, c. 83). 

B CB.ll3H C 3THM, H3 qHcJia HarnHX pa6oT, Henocpe,D,CTBeHHO 
pa3pa6aThIBaIOIUHX H,D,eH BJ1. BepHa,D,CKoro, a 11MeHHO: 0 BCIO,D,HOCTH )KH3HH 11 

,.D.aBJieHHH )KH3HH - npHBe,D,eM KpaTKO pe3yJibTaTbl HarnHX COBMeCTHblX pa6oT 
.D.Byx KOJIJieKTHBOB lfHEIOM HAH YKpaHHhI - ero OT,D,eJia pa,D,HaQHOHHOH 11 
Xl1MHqecKOM 6HOJIOrHH (CesaCTOTTOJib) H ero O,D,eCCKoro <l>HJIHaJia (~attIJ,eB H 
,D,p., 2007, 2008; Zaitsev & Polikarpov, 2008). 

B HarnHX HCCJie,D,oBaHH.llX Hatt,D,eHbl s rny6oKOBO,D,HbIX cepOBO,D,OpO,D,HbIX 
HJiax 1.JepHoro Mop.si: TTOKOHBrnHec.si: TaM B TeqeHHe 3aMeTHOro BpeMeHl1 cnopbl 
a3po60B - cyxonyTHbIX, npeCHOBO,D,HbIX H MOpCKHX pacTeHHM. Bo3pacT ,D,OHHbIX 
oca,D,oqHblX CJIOeB (MOllJ,HOCTblO s 1,5-5 CM), B KOTOpbIX TTOKOl1JIHCb cnopbl, 
onpe,D,eJieH C.E. fyn11HhIM, OPXE 11HEIOM, H cocTaBHJI 25-50 neT. B O<l> 
11tt:6IOM HAHY no,D, pyKoBO,D,CTBOM aK. HAHY IO.TI. 3atiQeBa 6bIJil1 
npopaw,eHbl cnopbl 14 BH,D,OB O,D,HOKJieToqHbIX BO,D,OpocJieH (MopCKHX, 
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npecHoBOJJ.HbIX, y6HKBHCTOB), npHHa)].Jie*all.{HX K OTJJ.eJiaM Bacillariophyta, 

Dinophyta, Chlorophyta, Cyanophyta, Chrysophyta H Silicoflagellata, TaK)l(:e 7 
BH)].0B rpH60B (B TOM 'IHCJie, Ha3eMHbIX) OTJ].eJia Ascomycota H cpopMaJibHOH 

rpynnh1 Anamorphic Fungi. 3TH cnopbI npopocJIH B aJ].eKBaTHott HM a.3po6Hott 

H OCBell.{aeMOH (.n;m1 q>OTOCHHTeTHKOB) nHTaTeJibHOH cpe.n;e (3attl.{eB H JJ.p., 

2008; Zaitsev & Polikarpov, 2008). I1pHBe)].eHHbie BbIUie cpaKTbl fOBOpHT o 

TOM, 'ITO npaBHJIO BCIO)].HOCTH )l(:H3HH Ha HaUiett nJiaHeTe B OTHOUieHHH HMeHHO 

a.3po6oB CB513aHo C HX CTOK05Ill.{HMHC51 cnopaMH H l.{HCTaMH, cnoco6Hb!MH 

BeCbMa )].JIHTeJibHOe HJIH, no Bblp~eHHIO B.11. BepHa)].CKOfO ( 1965), 
«HeonpeJJ.eJieHHO )].OJiroe BpeMH» (BepHa)].CKHH, 1965, C. 83) nepeHOCHTb 

caMbie He6JiaronpH5ITHbie ycJIOBHH (npeJJ.eJibHO HH3KHe TeMneparypbl, 

arpeCCHBttyIO cpe.n;y) B COCTOHHHH aHa6H03a B ((0)1(:H)].aHHH CBOero qaca» -

ycJIOBHH, He06XO)].HMblX )].JIH aKTHBHOH )l(:H3He)].e.SITeJibHOCTH a.3po6oB. B 

HaUieM cnyqae npHHL{Hn «BCIO)].HOCTH» np05IBHJIC51 B Jlamenmnou :JICU3HU -

BbJ)l(:HBaHHH a.3po6os, 6naro.n;ap51 aHa6H03Y, B COBepUieHH0 HenpHrO)].HblX 

ycJIOBHHX )].JI51 HX aKTHBHOH )l(:H3HH H pa3MHO)l(:eHH51. 

qTO KacaeTCH .n;aBJieHHH )l(:H3HH co CT~pOHbl a.3po6oB, npe)].CTaBJieHHbIX B 

paccMaTPHBaeMbIX ycJIOBHHX cepOBOJJ.OpOJJ.HblX rny6HH qepHoro MOpH TOJlbKO 

)l(:H3Hecnoco6Hb!MH TTOK05Ill.{HMHC51 cnopaMH H l.{HCTaMH, TO, O'IeBH)].HO, 'ITO OHO 

TaM paBHO ttyJIIO B CB513H C HX He)].eHTeJibHbIM COCTOHHHeM. JI106oe KOJIH'IeCTBO 

«CnHU{HX» cnop H l.{HCT He MeHHeT COCT05IHH51 OTCYTCTBHH .n;aBJieHH.sJ )l(:H3HH C 

HX CTOpOHbl. I1o3TOMY TaM HeT OCBOeHHH, KOJIOHH3al.{HH, 'IY)l(:)].OH cpe)].bl, 

HenpHro)].HOH )].Jl51 o6HTaHH51 )l(:HBOTHblX H pacTeHHH-a.3po6oB. O)].HaKO, 

pa3yMeeTC51, TaM cyll.{ecrnyeT npeJ].eJibHO CHJlbHOe KOHKypeHTHOe J].aBJieHHe 

)l(:H3HH co CTOpOHbl 3B0JIIOL{HOHHO 6onee JJ.peBHHX cpopM )l(:H3HH - aHa.3po6oB -

JJ.pyr Ha JJ.pyra. TaKHM o6pa30M, pe'Ib H)].eT O reoJIOfH'IeCKOH Be'IHOCTH )l(:H3HH 

)].JJH C60600110 :JICU6YUJUX a3po6o6 TOJlbKO B a3p06HOH cpe)].e, a )].JIH a3po60B, 

HaX0)].5Ill.{HXC51 Ha CTa)].HH nOKORUJUXCJl cnop u quern, - H B aHa3p06HOH cpe)].e. 

KcTaTH, B OJ].HOM H3 He)].aBHHX H3)].aHHH o6paTHJIO Ha ce651 BHHMaHiie 

yrnep)l(:)].eHHe (KypCHB Halli - r.rr.), 'ITO « .•. B )].OHHHX Bi)].KJiaJ].aX qopHoro 

MOpH Ha rJIH6HHaX 600-2250 MeTPiB •.. » « .•• cipK0600He6UU utap nacellenuii 
pi3110Manim11010 i nepe6a:J1C110 e11oeMi1J11010 pay11010» (EionoriH, 2008, c. 446). 
Y'IHTbIBaH TO o6CT051TeJibCTBO, 'ITO HayKe He H3BeCTHbl cpaKTbl TaKoro po)].a 

(Fenchel & Finlay, 1995; Sorokin, 2002), Mb! BbinOJIHHJIH nnaHOBbie 

3KCne)].Hl.{HOHHbie HCCJie)].OBaHH.sJ, BKJIIO'IaIOU{He B ce651 noHCKH payllbl -
)l(:HBbIX )l(:HBOTHblX B cepoeoi>opodnblX my6unax l/epnozo MOpR. I1pHHL{Hn 

6C100HOCmu aKTHBHOH pa3MHO)l(:aIOU{eHC51 :JICU3HU, B03M0)1(:HOH TOJibKO B 

aJ].eKBaTHbIX ycJIOBH.sJX o6HTaHH51, H npaBHJIO OQ6JleHUJl :JICU3HU B.M. 

BepHa)].CKoro TTO)].TBep)].HJIHCb H B 3TOM cJiy'Iae, a HMeHHO: B TTOJIHOM 

COOTBeTCTBHH co cpe)].OH o6HTaHH51 OTCYTCTBHeM KHCJIOpOJJ.a H 

arpecCHBHOCTbIO cpe)].bl J].Jl51 )l(:HBOTHbIX B Ha3BaHHblX BbIUie 
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cepOBOJJ.OPOJJ.HbIX rnyfornax HaMH 3apemcTpHpoBaHbI: (a) fflOllbKO oceomue U3 

oepx11ux «ucJ1opoocooepJ1Catu,ux c!loeo («OOJICOb mpynoo») 6e1:>1cm11e1111b1e 
ocmaHKU npeocmaoumeJleU QJl/lOXmOIIIIOU <J>ayHbl, a KpOMe HHX - (6) TOJibKO 

aBTOXTOHHbie MHKp06bI-aHa.3po6bI, )KH3Hecnoco6Hble H pa3MHO)KaIOW,HeCH B 

CBOeH cpene o6HTaHHH (3auu.eB H JJ.p., 2007). l1HbIMH CJIOBaMH, KaK 3TO H 6bIJIO 

H3BeCTHO y)Ke )].aBHO, B qepHOM Mope a.3p06bI )KHBYT H pa3MHO)KalOTCH B 

a.3po6HOH cpene (3epHOB, 1934; KoHCTaHTHHOB, 1986; Groves & Hint, 1980). 
Kopoqe fOBOpH, npOU.HTHpoBaHHOe Bblllle 'IHCTO YM03pHTeJibHOe 

npe)].CTaBJieHHe, 'ITO B rny6HHax qepHoro MOpH HK06bI « ••. cipK0600Heeuu 

wap 11aceJ1e11uu ... <J>ay11010» (EionoriH, 2008, c. 446), noTepHno ceoro 

JMDHpH'leCKYIO onopy e AaHHbIX (Sorokin, 2002; 3auu.eB H JJ.p. 2007, 2008) H 

OCHOBaHHblX Ha HHX HaytJHbIX npeJJ.CTaBJieHHHX (Zaitsev & Polikarpov, 2008). 
KaK OTMetJanoch Bhillle, ·no o6o6w,eHHIO B.11. BepHaJJ.CKoro, Bo Been 

HCTOpHH 3eMJIH He 6hIJIO nepHO)].OB TIOJIHOro OTCYTCTBHH )KH3HH (BepHa)].CKHH, 

1965). PaccMaTµHBaeMbie B 3TOM pa3)].eJie BonpOCbl, CBH3aHbl C 3K306UOJI02Ueu, 

H3ytJaIOw,eu TIOBe)].eHHe )KHBOfO Bew,eCTBa B Hea)].eKBaTHbIX 3eMHbIX 

(HanpHMep, cepOBOJJ.OpOJJ.HbIX rny6HHax qepHOro MOpH )].JIH a.3po6oB) H B 

KOCMHqeCKHX ycJIOBHHX. CepoBOJJ.OPOJJ.HaH rny6oKOBO)].HaH KOTJIOBHHa 

qepHoro MOpH npe)].JIO)KeHa HaMH B KatJeCTBe nepcneKTHBHOfO TIOJIHfOHa )].JIH 

HaytJHblX HCCJie)].OBaHHH B o6JiaCTH 3K306HOJIOfHH H rny6oKOBO)].HOH 

pa)].HOXeM03KOJIOrHH (TioJIHKapnoB, 2010). O)].HOH H3 npo6JieM 3K306HOJIOrHH, 

KaK H3BeCTHO, CJIY)KHT « •.. onpeneneHHe npe)].eJIOB H H3yqeHHe MexaHH3MOB 

Bbl)KHBaeMOCTH 3eMHbIX opraHH3MOB B JKCTpeMaJibHbIX ycnoBHHX 

OKpy)KaIOw,eu cpe)].bl. .. » (Py6HH, 1978). 3KCTµeMaJibHbie ycJIOBHH )].JIH 

a.3po6oB HMeIOTCH B 06llIHpHOH cepoBOJJ.OPOJJ.HOH 30He qepHoro MOpH, 

cnpaBe)].JIHBO ClfHTaIOw,encH MepTBOH 30HOH )].JIH o6HTaHHH H pa3MHO)KeHHH 

CB060)].HO )KHBYW.HX )KHBOTHbIX, pacTeHHH H MHKpo6oB-a.3p060B. KaK y)Ke 

YKa3bIBaJIOCb, 3a BCIO HCTOpHIO HCCJie)].OBaHHH He 6bIJIO cnyqaeB HaXO)K)].eHHH B 

cepOBOJJ.OPOJJ.HOH TOJIW,e H )].OHHbIX OTJIO)KeHHHX 6aTHaJIH qepHOro MOpH 

HaceJIHIOllJ,HX HX )KHBblX )KHBOTHblX H )KHBbIX pacTeHHH (3auu.eB, TioJIHKapnoB, 

EropoB H np., 2007, 2008). 
TipHBe)].eHHbie MaTepHaJibl, a TaK)Ke pa60Tbl no rny60KOBO)].HOH 

pa)].HOXeM03KOJIOrHH (TIOJIHKapnoB, 1987, TioJIHKapnoB H EropoB, pen., 2008), 
TI03BOJIHIOT peKOMeH)].0BaTb 6aTHaJib qepHoro MOpH B KatJecTBe TIOJIHfOHa )].JIH 

)].aJibHeHlllero H3ytJeHHH pa)].HOXeM03K0JI0rHH H 3K306HOJIOfHH a.3po6oB C 

ytJeT0M KaK reonorHqecKOH np0JJ.OJI)KHTeJibH0CTH H coxpaHH0CTH HX 

TI0K0HllJ,HXCH CTa)].HH, TaK H B03pacTa «3axopOHHIOllJ,HX» HX )].OHHhIX 

OTJIO)KeHHH. HapHJJ.Y c u.eHHOCThIO 3THX cBe)].eHHH )].JIH KOCMHtJeCKOH 

6HOJIOfHH, OHH Ba)KHbl TaK)Ke )].JIH TI0HHMaHHH H npe)].BH)].eHHH B03M0)KHbIX 

npou.eccoB MaCCOBOf0 (nycTb KpanHe pe)].K0ro, HO BepOHTH0f0 Ha MaCllITa6e 

reoJIOfHtJeCKOH HCTOpHH 3eMJIH) B03Bpaw,eHHH B OKHCJIHTeJibttyIO cpeny 
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6Hoccpepbl MHOrHX BH,D;OB nocne HX ,n;JIHTeJibHhlX nepHO,D;OB aHa6H03a Ha 

CTa,D;HH cnop " l.lMCT. TTpe,n;cTaBmleT npHHQMilHaJihHblH HHTepec ou:eHMTb 

3HaqeHHe HBJieHH}l ,D;OJiroBpeMeHHhlX orpOMHbIX cpoH,D;OB cnop H QHCT ,D;Jl}l 

,D;HHaMMKH 6Hoccpepbl H ee qacTeH, a TaIOKe ccpopMyJiupoBaTh B03MO)l(Hhle 

reonorHqecKue, ru,n;pocpmuqecKHe HJIM MHhie MexaHM3MhI B03BpameHMH m 

3TMX q>OH,D;OB «3axopoHeHHhIX» cnop " U:MCT B OKMCJIMTeJibttylO 6uoccpepy H MX 

nocne,n;cTBMH MH 3BOJIIOU:MOHHoro npou:ecca Ha Harneu nnaHeTe. 3,n;ech 

OTMeTHM JIMllih, qTo, KpOMe 3eMJieTpHCeHMH, TaKyIO poJih B qepHOM Mope 

MoryT urpaTh nona,n;aHMH B Hero acTepou,n;oB (Schuiling, Cathcart & Badescu, 

2007). 
qTO KacaeTC}l 3oonapa3HTOB-«aHa3po6oB» H MX ,D;bIXaHMH, TO Bee M3BeCTHhie 

30onapa3HTbI-«aHa3p06bI» BXO,D;HT B COCTaB BttyTpeHHeH cpe,n;hI 

CB060,n;HO)l(MBYinMX ,D;billiamux KMCJiopo,n;oM X03HeB-a3po6oB. ru6HeT OT 

KHCJiopo.n;Horo y,n;yllih}l X03HMH-a3po6 - noru6aeT" nOJIHOCTblO 3aBHCHII.lMH OT 

KHCJIOpo,n;Horo ,D;hIXaHM}l 3TOro X03HMHa-a3po6a ero He ,D;billiamuii 

Henocpe.n;cTBeHHO KMCJiopo.n;oM napa3HT-«aHa3po6». TTo3TOMY no OTHOllieHMIO 

K KMCJIOpo,n;y KOppeKTHee paCCMaTpuBaTb e~unyro a3po6ny10 CHCTeMy: 

X03HHH-a3po6 BMCCTe C ero «aHa3p06HbIM» 30onapa3HTOM, a6coJIIOTHO 

3aBHCHMhIM OT X03HHHa-a3po6a BO BCeM, BKJIJOqa}l ,D;hIXaHHe X03HMHa-a3po6a 

KMCJIOpo.n;oM. O6Hapy)l(eHHOe HTaJib}IHCKHMH H ,n;aTCKHMM yqeHhIMH (Danovaro, 

Dell'Anno, Pusceddu, Gamby, Heiner, Kristensen, 2010) Ka*YmeecH 

HCKJIJOqeHHe B OTHOllieHHH Metazoa (3 BH,n;a po,n;a Loricifera), o6MTalOII.lHX B 

6ecKHCJIOpO,n;HOH cpe,n;e B rny6HHax Cpe,n;meMHOro MOpH, JIMllib no,n;TBep)l(,Ll;aeT 

o6mee npaBHJIO. ,D;eno B TOM, qTo Haii,n;eHHhie HMH Metazoa-"aHa3po6h1
11 

llUUleHbl MUmOXOHOpUU, BMeCTO KOTOpbIX cpyHKU:HOHHpyIOT 

rn,n;poreHOCOMH006pa3Hbie opraHeJIJihl, acCOQHHpoBaHHbie C aHa3p06aMU 
npoKapuomaMU-3HOOCUM6UOHmaMu. 11Hh!MH CJIOBaMu, nepe,n; HaMH He 

OT,n;eJibHbie, CaMOCTOHTeJihHbie, BH,D;bl Metazoa, a 3BOJIIOU:HOHHO CJia)l(eHHhie 

ua~opraHH3MCHHhie ana3p00Hble CHCTCMhI, BKJIJOqaJOmHe B cefo1 KaK 

,D;OMHHHPYIOinHX B HHX B 3HepreTuqecKOM OTHOllieHHM npoKapHOTOB­

aHa3po6oB, TaK H «MO,D;Mq>HU:HpOBaHHhIX» opraHH3MOB Metazoa. 

B.11. BepHa,D;CKHH BHOCHT IlOJIHylO HCHOCTh H B 3TOT Bonpoc, cqHTaH 

He3aBHCMMbIMH OT CB06o,n;Horo KHCJIOpo,n;a TOJihKO aHa3po6HhIX MHKpo6oB, 

6aKTepHH " rpH6oB: «He3aBHCMMO OT xnopoq>HJibHhIX pacTeHHH, OT 

cB060,n;Horo KHcnopo,n;a cymecTByeT MHp MUKpo6oe u 6aKmepuu, 2pu6oe, 
KOTOpbie }IBJIHIOTC}l HJIH napa3HTaMH XJIOpoq>HJihHOrO HJIH )l(HBOTHOro 

Bell(eCTBa, HJIH HCilOJih3YIOT 3HeprHIO 6HoreHHhIX MHHepaJIOB H ropHblX nopo,n;, 

HanpHMep, Heq>TeH (BepHa,D;CKHH, 1956). 
TTpe,n;BH,n;eHHe B.11. BepHa.n;cKoro cnoco6HocTH )l(HBoro BemecTBa, B 

qacTHOCTH, MHKpoopraHH3MOB, Heonpe,n;eJieHHO ,D;OJiro npe6hIBaTb B 

noKm1meMCH COCTOHHHH B BH,n;e cnop B He6naronpHHTHhIX YCJIOBHHX 6JieCTHI.l(e 
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no)].TBep)].HJIH He)].aBHHe 11ccne)].0BaHm1 yHHBepcHTeTa HhloKacrn (Hubert et al., 

2010). B BelJHOH Mep3JI0Te )].0HHblX OTJIO)KeHHH Ha M0pCK0M )].He 6JIH3 

lllmm,6epreHa 6bIJIH HaH)].eHbl crropbl TepMO!pHJihHblX 6aKTepHH 

npe)].Il0JI0)KHTeJibHO o6HTaTeJieH Heq>THHblX ITJiaCT0B HJIH TeITJiblX o6e)].HeHHblX 

KHCJI0pO)].0M rpyHT0B Ha )].He rny6HH 0KeaH0B, K0T0pbie, 6y)].ylJH, Bep051TH0, 

3aHeCeHbl TelJeHH51MH, rrpoJie)KaJIH 3)].eCb 100 MHJIJIH0H0B JieT, H, nocne 

HarpeBaHH51 )].O TPe6yeMbIX HMH 50° C, B03BpaTHJIHCh K aKTHBHOH )KH3HH. C 

ytJeT0M CTa)].HH Il0K051Ill,HXC51 cnop, 3TH 6aKTepHH 0Ka3aJIHCb opraHH3MaMH C 

caMbIM )].JIHTeJibHblM )Klf3HeHHblM l..{HKJI0M cpe)].H Bcex opraHH3M0B Ha HarneH 

nJiaHeTe, H3ylJeHHblX )].O CHX nop. TaKHM o6pa30M, BHeCeH 3HalJHTeJibHblH 

BKJla)]. B C0BpeMeHttylO 3K306HOJIOrHIO 6aKTepHH. 

5. OcnooannH ,llJIH JK0QCHTpH3M3 H JK0JTHKH 

reHHH aKa,!J.eMHKa B.11. BepHa)].cKoro o6oraTHJI HaYKY H)].e51MH o nooc,Pepe 
(BepHa)].CKHH, 1965, c.323-330). MOIIJ,HO 3BYlJHT ero HaylJH0 o60CHOBaHHOe 

npe)].CKa3aHHe H npH3blB K lJeJI0BelJeCTBy: «B reonorHlJeCKOH HCT0pHH 

6ttocq>epb1 nepe)]. tJeJioBeKoM 0TKpbrnaeTC51 orpoMHoe 6y)].yIIJ,ee, ec/lu on 
noiutem :Jmo u ne 6yi>em ynompe6J1Rmb caoii pa1yM u caoii mpyi> na 
CaMOUCmpe6Jlenue» (BepHa)].CKHH, 1965, C. 327). OH B03)].aBaJI )].0Jl)KH0e 

pa3yMy H TPY.L\Y qenoaeKa (rrony)KHpHhIH rnpttq>T Harn - r.rr.): «... ace 

lJeJI0BelJeCTB0, BMeCTe B351T0e, npe)].CTaBJI51eT HHlJTO)KttylO Macey BeIIJ,eCTBa 

nnaHeTbI. MoIQb ero coH1ana He c ero MaTep11eii, HO c ero Mo1roM, c ero 
pa1yMoM n nanpaoJiennblM JTHM pa1yMoM Tpy,11;0M» (BepHa)].CKHH, 1965, c. 

237). 11 n0)].lJepKHBaJI, lJT0 «qeJIOBelJeCTBO, B351T0e B l..{eJI0M, CTaH0BHTC51 

MOIUHOH reOJIOrHlJeCKOH CHJIOH)) (BepHa)].CKHH, 1965, C. 328) 11 lJT0 « ... 

qenoaeqecKHH pa3yM H B0JI51 crroco6HhI l..{eJIHK0M nepepa6oTaTb BCIO 

0Kpy)KaIOIIJ,YIO ero rrpttpo)].y» (BepHa)].CKHH, 1965, C. 272). 11 OH )Ke 

rrpe)].0CTeperan OT He)].aJihH0BH)].Horo rrpHMeHeHH51 pa3pyrnttTeJibHOH M0IUH 

TeXHHKH H XHMHH B 6Hoccpepe. 11cTOpHlJeCKH «IlepBblM 51BHJI0Cb 0TKpbITHe 

rropoxa eIIJ,e B XIV BeKe, qpe3BhilJaHHO yaeJIHlJHBaBrnee c11ny 

l..{HBHJIH30BaHH0ro lJeJI0BelJeCTBa H n0JI0)KHBlIIee KOHel..{ n0)].lJHHeHHIO ero 

)KH3HH onacH0CTHM )].HKHX 3BepeH. qeJIOBeK Il0lJYBCTB0BaJI ce651 l..{apeM 

rrpHp0)].bI» (BepHa,!J.CKHH, 1965, C. 275). «Ceiiqac, K0f)].a lleJioBeK 33XB3THJI 
Beeb 3eMHOH map, npHX0)].HTC51 perynttpoBaTb YJI0B, TaK KaK cpe,11;CTBa 
HCTpe6JiennH npeBblW3IOT npnpocT. TaK )Ke, KaK H Ha cyrne, HO B MeHblIIeM 

MaClIITa6e, MeH51eTC51 BH)].OBOH C0CTaB tty)KHblX lJeJI0BeKy cpopM npHp0)].bI» 

(BepHa)].CKHH, 1965, C. 221 ). «<l>aKTOM HBJIHeTCH BMemaTeJibCTB0 
oprann1ooannoro 11eJiooe11ecKoro pa1yMa, HanpaBJI51IOIIJ,ero cm1y qenoaeKa 

H ero 3HaHH51 B 3TY CT0poey H 3THM uapymaIOIQero JuepreTH'leCKHH 
xapaKTep 0Kpy;1mro1Qero, B ,ll3HH0M CJiy11ae DJianeTbl» (BepHa)].CKHH, 1965, 
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C. 274). «JIHK DJianeTLI - 6uoc<f>epa - XHMH11eCKH pe3KO MeHHeTCH 

11eJ10BeKOM C03H3TeJihHO H rJiaBHhlM o6pa30M 6ecco1HaTeJILHO» 

(Beptta,ncKHH, 1965, c. 328). 
TaKHM o6pa30M, HOOC<pepa B HaCT0HI.Qee BpeMH HaM npe,ncTaBJrneTCH, KaK 

ccpepa 06na,na10I.Qux pa3yMOM (BH.[{OBOQettTpw1ecKux, T.e. 3r0HCTH'IHhIX no 

0TH0IIIeHHIO K ,npyruM BH,[{aM B npupo.ne) )KHBbIX cyI.QeCTB - qeJI0Be'leCTBa. 

Otto HH'IT0)KH0 MaJI0 no 061.QeH Macce no cpaBHeHHIO C ,npyrHMH 

K0MnoHeHTaMH )KHB0fO BeI.QecTBa 611occpepb1, 0.[{HaK0 CTaJI0 rp03HOH 

reoJIOrH'leCKOH CHJIOH, conoCTaBHMOH no ero B03.[{eHCTBHIO Ha 6uoccpepy C 

caMbIMH rpaH.[{H03HbIMH CHJiaMH npHp0.[{bl. BH.[{OBOQeHTpH'IHOCTb BH,na 

lfell06eK pmyMHblU onpaB.[{bIBaJia ce6H, KaK onpaB.[{bJBaeT OCTaJibHbIX )KHBbIX 

cyI.QeCTB, B 6opb6e 3a cyI.QeCTB0BaHHe .[{0 TOH nopbI, noKa 11eJI0Be11ecTBO He 

CTaJI0 0Ka3hIBaTb Hea,neKBaTH0e HeraTHBH0e B03.[{eHCTBHe Ha npttpo.ny C 

npHMeHeHHeM TeXHHKH. DHOC<pepa CTaJia npeo6pa30BbIBaTbCH HM B Hooccpepy. 

«B HOOC<pepe re0JI0rH'leCKM p0Jib qeJI0BeKa Be,nyI.QaH» (Beptta.[{CKHH, 1965). 
«EpaThH HaIIIH MeHbIIIHe» - pacTeHHH 11 )KHB0THbie - CTaH0BHJIHCb 11 Bee 6onee 

CTaH0BHTCH JIHIIIHHMH Ha CB0HX TeppHT0pHHX H B aKBaT0pHHX. Ho C HX 

BbITecHeHHeM H3 npHp0.[{bl B 611occpepe ttapacTaeT .[{aJibHeHIIIee HapyIIIeHue 

3K0JI0fH'leCK0ro paBH0BeCHH. H. sapiens HBJIHeTCH ueoTLeMJieMOU 113CThlO 

npupo.a:L1, a ue ee ._apeM. BcrneT Bonpoc 06 oTBeTCTBeHH0CTH H. sapiens 
nepe.n )KHBOH np11po,noii. B ,nerpa,nupy10I.Qeii np11po,ne 11eJI0Be11ecrno caMo 

Hem6e)KHO 06pe11etto Ha BhIMHpaHue. 

)l{HBOTHhie HMelOT CB0H OTIIIJIHq>OBaHHble ecTeCTBeHHbIM oT6opoM 

npaBHJia noBe,neHHH c oco6HMH BHYTP" CBoero BH.[{a, rpynnhI, CTaH u T.n. Ha 

0CH0Be HHCTHHKTa H 3a11aTK0B C03HaTeJibHOH ,neHTeJibH0CTH, T.e. CB0ero po,na 

3THKY CJI0)KHblX B3aHMOOTHOIIIeHHH. qeJioBeK, KaK cyI.QeCTB0 )KHB0THoro 

np0HCX0)K.[{eHHH, H3 BblC0K0pa3BHT0ro orpH,na npHMaT0B KJiacca 

MJieKonHTalOI.QHX - TeM 6onee B00py)KeH 3TH'leCKHMH npaBHJiaMH noBe.[{eHHH 

BHYTPH CBoero BH.[{a, nJieMeHH, po,na, rocy,napcrna H T . .[{. TOJibKO B HOOC<pepe, 

6naro,napH pa3BHTHIO pa3yMa, " B CBH3H C 0C03HaHHeM JIIO.[{bMH CBOeH rpo3HOH 

pa3pyIIIHTeJibHOH CHJibl 06I.Qe6uoccpepHoro 3Ha'leHHH, a TaK)Ke B 3Ha'IHTeJibHOH 

CTeneHH Ha 0CH0BaHHH H.[{eH B.11. BepHa.[{CKOro, noHBJIHeTCH Heo6xo,nHMOCTb 

B 3K0QeHTpH11eCK0M C03HaHHH p0JIH 11eJI0Be1IeCTBa, HMH K0T0p0MY ,naHo B 

caM0M K0HQe np0IIIJI0ro BeKa npocpeccopoM OTTO KHHHe (Kinne, I 997) -
3KOll02U'leCKQ5/. 3mUKQ (3K03mUKa), .[{JIH rapM0HH3aQHH OTHOIIIeHHH 611occpepbl, 

KaK uenoro, H 11eJI0Be11ecrna, KaK ero HeoneMJieMott 11acTH (Kitttte, 2002; 
KHHHe, 2003; floniKapnoB, TepeI.QeHKO, 2008). 

B cny11ae HfH0pHp0BaHHH 11eJI0Be11ecTB0M 3KOJIOfH'leCKOH 3THKH ero 

6y,nyI.QHe n0K0JieHHH 0Ka)KYTCH no.n ttapacTaIOI.QeH yrp030H 3K0JI0fH4eCK0ro 

HaKa3aHHH BnJI0Tb .[{0 HC4e3H0BeHHH BH.[{a H. sapiens (PHC. 10). 
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3KOCHCTEM:E,I 
6e:i 

Homo sapiens 

3KOCHCTEMl>I, 
BKJJIO'lal! 

Homo sapiens 

HACT051J..QEE: 

fuOJll{pOBaBWHCb 

OT 3KOCHCTeM, 

Homo sapiens 
OKa::t::eTCll B TynHKe 

!" P3.3BH:::;:~:~-·-····-1 

3KOCHCTEMl>I ! B Haw11 AHii j 
! Homosapiens J 
t., __ .. _., ___ .. __ .... _,., __ ,,_, __ ,,_,._..,., ..... 

IIPOlll.TIOE: 

3KOCHCTEMl>I, 
BKJJIO'lal! npHMHTHBHoro 

Homo sapiens 

PHc, 10. Ilpournoe, HaCTOlllllee Ii aJlbTepHaTHBI,I 6y.Qymero pa3BHTHll H. sapiens (BHe 3KOCHCTeM 

mm aepHyBwerocll B 3KOCHCTeMbI) (IloJmKapnOB, 2006) 
Orc1,maeM q1ITaTem1 K JIIITepazype o Me)K)J;yttapo.n;ttoM Co103e 3K03THKH 

(MC33), K0TOp1>1u B03rnaBJIHIOT npe3tt,D;eHT MC33 npoqi. 0. Ktttttte, ero 

BHQe-npe3tt,D;eHT aK. HAHY r.r. IloJIHKapnoB H ero BTOpou BHQe-npe3H,D;eHT 

no pa6oTe c M0JI0,D;e)l(blO n.rr. MapqyKOBa, a B npe.n;enax YKpattHhl -

Koop.n;uttamp MC33 B 3TOH crpatte K.6.H. H.H. TepeJ..QeHKO, o npttHQttnax, 

3a.n;aqax u rno6aJihHOH ponu MC33 (Ktttttte, 2003; IloniKapnoB, Tepel.l.\eHKO, 

2008). 

3aKJIIOIIHTCJlbHOe CJIOBO 

l13JIO)l(eHHbie Bblllle HCCJie,D;0BaHHH no C03,D;aHHIO HOBOH o6JiaCTH ttayKH -

MOpCKOH pa,D;H03K0JI0rHH (f.f. IlOJIHKapnoB) H pa3pa60TKa 6ttOq>H3HqecKOH 

Te0pHH MHHepaJibH0ro o6MeHa M0pCKHX opraHH3M0B, a TaK*e 

K0JIHqecTBeHHaH peanH3aQHH K0HQenQHH aKa.n;eMHKa B.11.BepHa,D;CKOro 0 

e.n;ttHCTBe npoQeCC0B B0Cnp0H3B0,D;CTBa )l(HB0ro Bel.l.\eCTBa H ycJIOBHH ero 
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ofonamrn: (B.H. EropoB), BOlllJIU B l.{UKJ1 pa6oT .HHCTUT)'Ta 6uoJioruu IO)KHblX 
Mopeii HAH YKpattHhI, yJJ,ocToeHHhIX rocyJJ,apcTBeHHOH npeMuu YKpattHhI B 
o6JiaCTU HayKu u TeXHUKU 3a 2007 r. (Burnr, 2007). 

B 3aKJ110qettue npUBO}J,UM CJIOBa O 3HaqeHUU JIUqHOCTU, UJJ,eH " pa6oT 
BeJIUKOfO yqeHoro - aKaJJ,eMUKa B..H. BepHa}J,CKoro, CKa3aHHbie nepBblM 
aBTOpOM JJ,aHHOH ny6JIUKal.{UU Ha rettepaJibHOH accaM6Jiee Me)K}J,yttapoJJ,HOro 
co103a pMttOJKOJIOruu B Eeprette, HopBerm1, 18 HIOHH 2008 r. (AneKcaxutt, 
2009; .HmpopMal.{UH, 2009; Me)K}J,yttapOJJ,HM KOH<pepeHL{UH, 2008; XpOHUKa u 
uttcpopMaQuH, 2008): «Bee, CBH3attttoe c uMeHeM BJIMUMupa .H. BepttaJJ,cKoro 
- O}J,HOfO U3 Iiau6onee Bbl}J,aIOI.QUXCH ecTeCTBOUCilbITaTeJieH, yquTeJIH MOUX 
yquTeJieii, BhI3bIBaeT BO MHe rny6oqaiilllee yBa)Kettue. KaK u MHorue ero 
nocneJJ,oBaTeJiu, H rop~cb TeM, qTo npttHaJJ,Jie~ K ero KpyntteHllleH 
Me)K}J,yHapOJJ,HOH HayqHQH lllKOJie. BcIO MOIO )KU3Hb H UMeIO qeCTb pa60TaTb B 
HaQUOHaJihHOH aKaJJ,eMuu HayK YKpauHhI, co3JJ,aHHOH ee nepBbIM 
flpe3UJJ,eHTOM - BJiaJJ,UMUpOM .HBaHOBuqeM BepttaJJ,CKUM 27 Hcm6pH 1918 r. u 
KOTopyIO B HaCTOHI.Qee BpeMH ycnelllHO B03rJiaBJIHeT ee flpe3UJJ,eHT Eopuc 
EBreHheBuq flaToH, OKa3b1Ba10muii 6oJihlllYIO no}J,}J,ep)KKY paJJ,HOJKOJioruu» 
(XpoHUKa u UHq>OpMal.{UH, 2008). 

JlnTeparypa 

AJieKcaxuH P.M 3ononui Me,nan1, HMem, B.11. Bepmi.n.cKoro - r.r. IlonHKapnoay II HoaoCTH 
HayKH. OpraHH3aUHll HayKH. 3Konornll II IlpHpo.na. - 2008. - NQ IO. - C. 83. 

Eio1102iR, c.446 II HauioHaJJhHa AKa.neMill HayK YKpai'HH. 1918-2008 . .D:o 90-piqqll ai.n .QHll 
3acHyaaHHR I ronoa. pe.n. Ii.€. IlaTOH. - K.: BH.D.-BO KMM, 2008. - 624 c. 

BepHaOCKUU B.H. 0 Heo6xo.nHMOCTH Hccne.n.oBaHHll pa.n.HoaKTHBHbIX MHHepaJJ0B PoccHHCKOH 
HMnepHH. - CI16, 1910. - 54 c. 

BepHaocKuu B.H. 0 Heo6xo.nHMOCTH HJyqeHHll llBneHHH pa.nHoaKTHBH0CTH IOllmoro 6epera 
Kp1,1Ma II 113B. Pace. AKa.n.. HayK, Cep. 6. - 192 l. - T. 15, N2 l-18. - C. 403-408. 

BepHaocKuu B.H. 0 K0HUeHTpauHH pa.n.Hll lKHBblMH opraHH3MaMH II .D:oKn. AH CCCP. - 1929. -
Cep. A, N2 2. - C. 33-34. 

BepHaOcKuu B.H. TopHtt HnH Me30T0pHi1 B M0pcKott ao.n.e II IlpHpo.na. - 1932. - N2 5. - C. 413-
426. 

BepHaOCKUU B.H. feOXHMHll, 6HoreOXHMHll H pa.n.Hon0rHll Ha H0B0M :nane. 113BneqeHHe H3 
oTqern o 3arpaHHqHoi1 K0MaH.nHp0BKe 1932 r. II BeCTHHK AH CCCP. - 1933. - N2 11. - C. 
17-24. 

BepHaocKuu B.H. EHoreoxHMHqecKHe oqepKH. 1922-1932 rr. - M.: 113.n.. AH CCCP, 1940. - 249 
C. 

BepHaocKuii B.H. XHMHqecKoe cTpoeHHe 3eMnH Hee oKpyJKeHHll. - M.: 113,n-ao «HayKa», 1965. -
175 C. 

BepHaiJcKuu B.H. XHMHqecKoe crpoeHHe 6Hocljlep1,1 3eMnH H ee oKpyJKeHHll. - M.: 113.D.-BO 
«HayKa», 1965a. - 374 c. 

113 



BepHaocKuu B.H. )1(1rnoe semecTBo. - M.: I-hn-so «HayKa», - 1978. - 358 c. 
BepHaocKuu B.H. )1(1rnoe semecTBo tt 6wocqiepa. - M.: 113n-so «HayKa», 1994. - 672 c. 
BumRz 3 YKa3Y Ilpe3HJteHTa YKpai'Htt sin 10 rpynm1 2007 poKy, N2119112007. 
Ezopoe B.H. HopMttpoBaHtte noTOKOB aHTponoreHHOro 3arpll3HeHHll qepHOMOpCKHX pernoHOB 

no 6ttoreOXHMH'leCKHM KpHTepHllM II 3KOJ10rHll MOpll. - 2001.- Bhm. 57. - C. 75-84. 
Ezopoe B.H., ,aeMuHa H.B., Ky11e6aKuHa JI.I'. MaTeMaTtt'!eCKoe onttca-Htte KHHeTHKH o6MeHa 

:meMeHTOB - . XHMH'!eCKHX aHanoros MOpCKHMH MaKpOq>HTaMH. 113B. AH CCCP. Cep. Etton. 
1989. - N2 1. - C. 79-87. 

)!{epKo H.B., I'y11uH C.E., Ezopoe B. H., MaJ1axoea JI.B. Ilonttxnop6ttq>eHHJJhI B KOMnoHeHTax 
3KOCHCTeMhl CesacTOnOJJhCKOtl 6yXThl. 3KOJ10rH'!eCKal! 6e3onaCHOCTh nptt6pe)KH0tl Ii 

wenhq>OBOtl 30H H KOM-nneKCHOe HCnOJJh30BaHtte pecypcoB wenhcpa: C6. Hay'I.Tp.­
CesaCTononh: 3KOCl1-fHJtpOq>tt3ttKa, 2001. - C. 153-158. 

3aulfe6 JO.fl.. llOJlUKapnoe r.r. 3KOJ10rH'leCKHe npouecChl B KpHTH'leCKHX 30Hax tJepHoro MOpll: 
CHHTe3 pe3yJJhTaTOB nsyx HanpasneHtttl HCCnenosaHHtl C cepenHHhl xx no Ha'!anaXXI 
BeKOB II MopcKotl 3KonornqecKHtl )KypHan, N2 1, T .. 1, 2002. - C. 33- 55. 

3aulfeB JO.fl., llo11uKapnoe I'.I'., Ezopoe B.H., A11eKcaHopoe E.I'., I'apK)'Ula O.ll., Konb1muHa 
H.H., KypU11oe A.B., Hecmepoea ,a.A., Huo3BelfKall JI.M, HuKoHoea C.E., llo11uKapnoe H.I'., 
llonoeu11ee B.H., PycHaK E.M, CmoK030B • H.A., Ten11uHCKaJ1 HI'., TepeHbKO JI.M 
CpenoTO'IHe OCTaHKOB OKCH6HOHTOB H 6aHK )KHBhIX cnop BhICillHX rptt60B H nttaTOMOBhIX B 
no.HHhIX OTJJO)KeHHllX ceposonoponHOtl 6aTttanH tJepHoro MOpll II JJ:onosini HAH YKpai'HH. -
2007. - N2 7. - C. 159-164. 

3aulfeB JO.fl., llo11uKapnoe I'.I'., Ezopoe B.H., I'y11uH C.E., Konb1muHa H.H., KypUlloB A.B., 
Hecmopoea ,a.A., Huo3BelfKall JI.M, llo11uKapnoe H.I'., CmoK0306 HA., Ten11uHcKaJ1 H.I'., 
TepeHbKO JI.M EttonornqecKoe pa3H006pa3He OKCH6HOHTOB (B BHne )Kli3Hecnoco6HhIX 
cnop) H aHa3p06HOHTOB B noHHhIX ocanKaX ceposonoponHotl 6aTHanH tJepHoro MOpll II 
JJ:onosi.ni HAH YKpai'HH. - 2008. - N2 5. - C. 168-173. 

H3pa3Jlb JO.A.. L(b16aHb A.B. 06 accttMHJJllUHOHHOtl eMKOCTH Mttposoro OKeaHa. -
OKeaHonornll, 1983, T. 272, N2 3, c. 703-705. 

HHr/JopMalfuu. 0 Harpa)l(JleHttH r.r. IlonttKapnosa 3on0Totl MenanhJO B.11. BepHancKoro. Pe'!h 
feHHa}llill fpttrOpheBH'la IlOJJHKapnosa nptt spy'!eHHH eMy 30JlOTOtl Menantt. B.11. 
BepHa}lCKOro Me)l(JlyHaponHoro Co103a Pantt03KOJ10rHH (Ilepeson C aHrntttlCKOro ll3h1Ka 
r.r. IlOJJHKapnosa) II EHOJJOrHll MOpll. - 2009. - T. 35, N2 1. - C. 80-82. 

KuHHe 0. (Kinne 0.) II Me)l(JlyHaponHhitl co103 3K03THKH. JJ:ononHeHHhitl tt 3aHoBo 
OTpenaTHpOBaHHhltl TeKCT no 3K03THKe, 01.05.2002. Ilepeson Ha pyCCKHtl ll3hIK C 
aHrntttlcKoro H.I'. llo11uKapnoea (KphIMCKOe OTneneHtte EEIU) // EEIU Brochure. - Russian 
Translation. - Oldendorf/Luhe: Inter-Research, 2003. - 8 p. 

KiHHe 0. (Kinne 0.) II Mi)l(HaponHa cninKa eKonori'IHOi' eTHKH. .D:onosHeHtttl TeKCT no 
eKOeTHUH: 01.05.2002. IlepeKJJa}l Ha yKpai'HChKY MOBY. 3 aHrntttlChKOi' TepeUfeHKO H.H. 
(CesaCTononh, EEIU) // EEIU Brochure. Ukrainian Translation. - Inter-Research. -
Oldendorf/Luhe. - 2002. - 8 p. 

KopozoouH B.H., KopozoouHa B.JI. 11Hq>OpMaUHll KaK ocHosa )KH3HH. - l13n. UeHTp «<l>eHttKc». 
- Jl:y6Ha. - 2000. - 208 C. 

Kocmoea C.K., llonoeu11ee B.H., Ezopoe B.H. MHoroneTHtte wccnenosa-Httll 3arpll3HeHttll 
pTyThlO cesaCTonOJJhCKHX 6yxT (tJepHOe Mope). 3KOJ10rHll MOpll. - 2001. - Bhln.56. - C. 
99-103. 

Ky3uH A.M., llepeoe11bcKuu A.A. OxpaHa npttponh1 tt HeK0Toph1e sonpoch1 panwoaKTHBH0-
3KonornqecKH~ csill3etl II OxpaHa npwponh1 H 3anosenHoe neno B CCCP. - E10nn. 1. - M.: 
l13n-so «HayKa», 1956. - C. 65-78. 

114 



Jla:10peHKO I'E. Pacnpe.nenem1e np11po.nHoro pa.n110HyKJ111.!la 2 toPo a KOMnoHeHTIDC 3Koc11CTeM1,1 
lfopHOro MOpll II Pa,n1103KOJIOfl!'leCKIIH OTKJIIIK qepHoro MOpll Ha qepH06blJlbCKYIO aaap1110 I 
ITo.n pe.n. r.r. ITon11Kapnoaa II B.H. Eropoaa. - CeaacTonon1,: 3KOCJ1-r11.npotlm311Ka, 2008. 
- rn. 4. - C. 311-337. 

Me:»coyHapooHaJI KOHpepeHIJUR. Pe% r.r. Ilon11Kapnoaa np11 apy'leH1111 eMy 3on0Toi1 Me,nan11 
IIMeHII 8.11. BepHa,nCKOro MelK.!lyHapo.nHoro COI03a pa,n1103KOJl0fllll ( 18 IIIOHJI 2008 r., 
EepreH, HopaernJ1) II Pa.n11au110HHaJ1 611onornJ1. Pa.n1103KonornJ1. - 2008. - T. 48. N2 5. - C. 
635-637. 

HecMeRHOe A.H. Pa.n11ox11M11J1. - M.: X11M11J1, 1978. - 560 c. 
JlammoH A. 3HepreT11Ka II KIIHeTl!Ka 6110XIIMll'leCKIIX npoueccOB. - M.: M11p, 1968.-159 C. 
JlolluKapnoe rr Pa.n1103KonornJ1 MopcK11x opraH113MOB I ITo.n pe.n. B.IT. lllae.noaa. - M.: 

ATOMll3.llaT, 1964. - 295 C. 
JlOllUKapnoe I'I' He06XO.llllMOCTb <jJOpMllpOBaHIIJI rny60KOBO.llHOH MOpCKOH pa,n1103KOJl0fllll II 

pa3BIITIIJI pa,n1103KOJIOfl!'leCKIIX IICCJJe,noBaHHH B npoMe)KYTO'IHOU 30He peKa-Mope II 
11H<jJOpM. EIOnn. HayqHoro CoaeTa AH CCCP no npo6neMe pa.nHo6HonornH. - 1987. - N2 
34. - C. 18-21. 

JlOJIUKapnoe I'I' MopCKaJI pa,n1103KOJ!Ofl!JI B aKa,neMHJIX HayK POCCHH H YKpaHHbl ( 1896-2004 
rr.) II ITpo6neMbl pa.n1103KOnorn11 11 norpaHll'IHHX .llHCUHnniH - EKaTepHH6ypr: 113P)K YpO 
PAH, 2005. - 81,m. 6. - C. 4-23. 

JlOJIUKapnoe r.r Pa.n11auHOHHaJI 3KOJ!Ofl!JI KaK HayqHaJI OCHOBa pa,nHaUHOHHOH 3alllHTbl 
611oc<jiep1,1 II 'leJJOBe'lecTBa II ITpo6neMbl pa.n1103KOJ!Ofl!H II norpaHH'IHHX .n11cu11nJJHH. -
EKaTepHH6ypr: 113P)K YpO PAH, 2006. - 81,1n.8. - C. 3-28. 

fl OJIUKapnoe r.r. ITepcneKTHBHblH non11roH 3K306HOJIOfl!'leCKHX H pa.n11oxeM03KOJIOfl!'leCKHX 
HCCJJe.llOBaHHH B 6arnanH qepHoro MOpll HCbl) II VI e1,e3,n no pa.nHaUHOHHblM 
11ccne.noaaHHJIM pa.nHo6HOJIOfl!JI, pa,nH03KOJIOfllJI, pa,nHaUHOHHaJI 6e3onaCHOCTb) (MOCKBa, 
PoccHJI 25 - 28 OKTJ16pJ12010 r.). -Te3 . .noKn.-ToM II (ceKUHH VIII-XIV). - 2010. - C. 62. 

JloJ1uKapnoe rr., Ezopoe B.H. MopCKaJI .n11HaM11'leCKaJ1 pa.nHoxeM03KonornJ1.- M., 1986. 177 c. 
JlOJIUKapnoe r.r., Ezopoe B.H. 3,naTHiCTb MOpCbKHX eKOCHCTeM .no Bi.naneHHJI pa.nioaKTHBHHX i 

xiMi'IHIIX 3a6py.nHeH1, 3 <jioTH'IHOro rnapy. BicH.AH YPCP .- 1981 .- N2 2.- C.73-81. 
JloJ1uKapnoe r.r., Jla30peHKO I'E., Ezopoe B.H., KyJ1ee IO.I(. MaTeMaTH'lecKoe on11caHHe 

KIIHeTHKH B3aHMO.lleH-CTBHJI noaepXHOCTHOrO CJIOJI .llOHHblX OTJIO)KeHHH C pa,nHOHYKJIH.llaMII 
B BO.llHOH cpe.ne. ,U0Kna,n1,1 HAHY. - 1995. - N2 5 - C. 148-152 

JlolluKapnoe r.r., Ezopoe B.H., pe.n. II Pa.n1103KonornqecKHi1 OTKJJHK qepHoro MOpll Ha 
'!epH061,rn1,cKy10 aaapmo I IlollUKapnoe r.r., Ezopoe B.H., I'ylluH C.E., CmoK0306 H.A., 
Jla30peHKO I'E., Mup3oeea H./0., TepeU{eHKO H.H., L(bZIJYZUHa B.I'., KyJZe6aKuHa 
JI.I',Ilonoeu'lee B.H., KopomKoe A.A., EemyiueHKo/(.E., H.B. )l(epKo. - Ceaacrnnon1,: HITU: 
«3KOC11-fll.!lpo<jJH311Ka», 2008. - 666 c. 

IlolluKapnoe r.r, Ezopoe B.H., JeceHKO A.JI., Ceemameea CK. Kon11'lecrneHHaJ1 oueHKa 
TpaHC<jJOpMauHH XHMll'leCKHX <jiopM HO.Ila MaCCOBbIMH MOpCKHMII B0.llOPOCJIJIMII. BicHHK AH 
YPCP, N2 11 1985. C. 32-38. 

JlolliKapnoe r, TepeU{eHKO H. Mi)KHapo.nHa cninKa eKonori'IHoi" eTHKH: neprnHi1 l0Binei1 i 
ni.ncyMKH ,niJ1J1bHOCTi II BicH11K HAH YKpai"HII. - 2008. - N2 5. - C. 52-53. 

Ilonoeu'le6 B. H., Ezopoe B. H. KHHeTH'leCKHe 3aKOHOMepHOCTH <jioc<jiopHOro 06MeHa 
qepHOMopcKoi1 6ypoi1 ao.nopocn11 Cystoseira barbata. II MopcKoi1 3Konorn'leCKIIH )KypHan, 
2009. - T. 3 - N2 I. - C. 55-66. 

Py6w1 A.E. 3K30611onorHJ1 II EC3, T. 29. - M., 113.ll·BO «CoBeTCKaJI 3HUIIKJ1one.n11J1», 1978. - C. 
591. 

115 



TUMo<jJeee-PecoecKuu H.B. Tip11MeHem1e mnyqeHHH 11 mnyqaTeneii B 3Kcnep11MeHTaJibHOH 
611oreoueHonorn11 // EornH. )KypH. - 1957. -T. 42, N2 2. - C. 161-194. 

TUMo</Jeee-PecoecKuu H.B l·l36paHHbie Tpy,nbI / Tio,n pe,n. O.r. f!l3eHKO 11 B.H. HeaHoea. - M.: 
HayKa, 2009. - 211 c. 

TUMo</Jeeea-PecoecKcm E.A., llonoea 3.H., llolluKapnoe r.r. 0 HaKonneHHH npecHOBO,llHbIMH 
opraHH3MaMH XHMJ.lqeCKHX 3JieMeHTOB 113 B0,llHHX paCTBOpOB. I. KoHUeHTpaum1 
pa,n11oaKTHBHblX H30TOnOB qiocqiopa, UHHKa, CTpOHUHH, pyreHHH, ue3HH H uepHH 
pa.3n11qHbIMH e11,naM11 npecHoeo,nHbIX MOJIJIIOCKOB // E10nn. MOHTI, OT,n. E11onorn11. - 1958. -
T. 63. - C. 65-78. 

XpoHuKa u uH</Jop.Mai4uR. 3onoTM Me,nanb HM. B. H. BepHa,ncKoro Me)K,llyHapo,nHoro co103a 
pa,n1103Konorn11 np11cy)K,1leHa aKa,neMHKY r.r. Tion11Kapnoey. Short oration by Gennady G. 
Polikarpov during receiving the V. I. Vernadsky IUR Award: Gold medal & Diploma 
(Bergen, Norway, 18 June 2008 // MopcbKHH eKonoriqHHH )KypHan. - 2008. - T. VII, N2 3. -
C. 97-98. 

illaK11poe <l>.X., HnbH30B P.r. E11oreocoq>HH - anropHTMbI Mo,nepHmau1111 / Ka.3aHb: H,nenb­
npecc, 2010. - 360 c. 

Aarkrog A., Polikarpov G.G. Development ofradioecology in East and West// Radioecology and 
the Restoration of Radioactive-Contaminated Sites / NATO ASI, Ser. 2. - Environment. -
1996.-Vol.13.-P. 17-29. 

Adloff J.P. The centennial of the discovery of radioactivity// Proc. Intern. Symp. «Radionuclides 
in the Oceans» RADOC 96-97 (Cherbourg-Octeville, (France), 7-11 Oct. 1996). - Part 1: 
Inventories, behaviour and processes / Eds. P. Germain, J.C. Guary, P. Guegueniat, H. 
Metivier. - Radioprotection-Colloques. -1997. - Vol. 32, C2. -P C2-3 - C2-11. 

Danovaro R., Dell'Anno A., Pusceddu A., Gambi C., Heiner I. & Kristensen R.M. The first 
metazoan living in permanently anoxic conditions// BMC Biology. 2010. - Vol. 8, # 30. - 27 
p. Article URL http://www.biomedcentral.com/1741-7007/8/30. 

Droop M.R. The nutrients status of algae cells in contiuous culture. - Journ. Mar. Biol. Ass. UK., 
1974, v. 55, N2, p. 541-545. 

Dugdale R.C. Nutrients limitation in the sea: dynamics, identification and significance. -
Limnol. Oceanogr., 1967, N 12,. P. 685-695. 

Egorov V.N., Stokozov N.A., Mirzoyeva N. Yu. Long-term post-chernobyl 90Sr and 137Cs profiles as 
the indicators of the large scale vertical mixing in the Black Sea // Intern. Conf. IAEA, 
Vienna, Austria, 23-27 April, 2001. - P. 182-184. 

Fenchel T. & Finlay B.J Ecology and Evolution in Anoxic Worlds. - Oxford, New York, Tokyo: 
Oxford University Press, 1995. - 276 p. 

Furna S. & Polikarpov G.G. Comparative Risk Assessment Between Ionising Radiation and 
Other Stressors. Working Group under the chairmanship of the IUR President Dr. F. 
Brechignac, International Union ofRadioecology, France, 2010. - P. 8. 

Gu/in SB. (2000). Recent changes of biogenic carbonate deposition in anoxic sediments of the 
Black Sea: sedimentary record and climatic implication. Marine Environmental Research, 
49/4, pp. 319-328. 

Gu/in SB. (2000a). Seasonal changes of 234Th scavenging in surface water across the western 
Black Sea: an implication the cyclonic circulation patterns. Journal of Environmental 
Radioactivity, 51/3, pp. 335-347. 

Hubert C., Arnosti C., Bruchert V., Loy A., Vandieken V., Jorgensen B. B. Thermophilic 
anaerobes in Arctic marine sediments induced to mineralize complex organic matter at high 
temperature// Environmental Microbiology. April 2010. - Vol. 12, Issue 4, P. 1089- 1104. 

116 



IMCOIFAOIUNESCOIWMOIWHOIIAEAIUN Joint Group of Experts on the Scientific Aspects of 
Marine pollution (GESAMP). Reports and Studies, N 7. United Nations, New York, 1977. -
35 p. 

Kinne 0. Eco-Ethics International Union. Eco-ethics further developed text 01.05.2002. English 
// EEIU Brochure. - Oldendorf/Luhe: Inter-Research. - 2002. - P. I - 6. 

Lazorenko G.E., Polikarpov G .. Osvath I. Doses to the Black Sea fishes and mussels from 
naturally occurring radionuclide 210Po // Intern. Conf. on Protection of the Environment from 
Effects of Ionizing radiation (Stockholm (Sweden), 6-10 Oct. 2003): Contributed papers. -
Stockholm: IAEA-IUR, 2003. - P. 242- 244. 

National Oceanic and Atmospheric Administration. Capacity of U- S coastal waters for 
pollutans. Proc.of Workshop at Crystal Mountains, Wash., July 29 -August 4, 1979. 

Polikarpov G .. G .. Radioecology of Aquatic Organisms / Eds. V. Schultz, A. Klement, Jr. -
Amsterdam: North-Holland Publ. Co. - New York: Reinhold Book Div., 1966. -314 p. 

Polikarpov G .. G .. H. Becquerel - P. & M. Curie - V. Vernadsky and marine radioecology studies 
in Russia and Ukraine // Proc. Intern. Symp. «Radionuclides in the Oceans» RADOC 96-97 
(Cherbourg-Octeville, (France), 7-1 I Oct. I 996). - Part I: Inventories, behaviour and 
processes I Eds. P. Germain, J.C. Guary, P. Guegueniat, H. Metivier . .,.. Radioprotection­
Colloques. - 1997. - Vol. 32, C2. - P. C2-13. 

Polikarpov G .. G .. Conceptual model of responses of organisms, populations and ecosystems to 
all possible dose rates of ionizing radiation in the environment // Radiation Protection 
Dosimetry. - 1998. - V. 75, Iss. 1-4. - P. 181-185. 

Polikarpov G .. G .. The future ofradioecology: in partnership with chemo-ecology and eco-ethics 
// J. Environ. Radioactivity. - 2001. - Vol. 53, N2 I. - P. 5-8. 

Schuiling R.D., Cathcart R.B. & Badescu V. Asteroid impact in the Black Sea: a black scenario // 
In: S.J. Rzoska and V.A. Mazur (eds,), Soft Matter under Exogenic Impacts. - 2007. -
Springel. - P. 1-8. 

Sorokin Y.l. The Black Sea: Ecology and Oceanology. - Leiden: Backhnys Publishers. - 2002. -
875 p. 

Stannard J.N. Radioactivity and Health: A History. Ed. by R.W. Baalman, Jr. - DE88013791 
(DOE/RL/01830-T59), National Technical Information Service, Battelle Memorial Institute. -
Springfield, Virginia. - I 988. - 1963 p. 

Whicker F. W. & Schultz V. Radioecology: Nuclear energy and the environment, Vol. I. - Boca 
Raton, Fla: CRC Press, Inc. - 1982. - 212 p. 

Zaitsev Yu.P., Polikarpov G .. G .. Recently discovered new biospheric pelocontour function in the 
Black Sea reductive bathyal zone// J. Black Sea/Mediterranean Environ. - 2008. - Vol. 14, N2 
3. - P. 151-165. 

117 



ECOLOGICAL RISK ASSESSMENT TO BENTHIC BIOCENOSES 

VICTORIA G. TSYTSUGINA 
The A.O. Kovalevsky Institute of Biology of the Southern Seas, 
NAS, Nakhimovv prospect,2, Sevastopol,99011, Ukraine 

Abstract. On the basis of experimental data and cytogenetic studies of marine 
and freshwater invertebrates natural populations it was shown that different 
species had approximately equal part (%) of full value posterity at the same 
average level of chromosome mutagenesis for populations, independing on 
deleterious factors and females fecundity. This phenomenon made it possible to 
calculate specimens reproductive contribution for species with different females 
fecundity and to assess expected reduction of population adaptive potential and 
the increase of ecological risk at different levels of population damage. It is 
suggested that the adaptation to pollution will be more effective in populations 
with high female fecundity. Adaptive possibilities of populations and the 
resistance of posterity were considered as a alternative properties of populations 
Ranges of chromosome mutagenesis critical levels for different hydrobionts 
taxons were determined. An algorithm of ecological risk assessment to 
benthic communities was proposed. 

Keywords: benthic communities, pollution, fecundity, adaptation, ecological risk 
assessment. 

1. Introduction 

Approaches to ecological risk assessment are based mainly on "dose 
(concentration) - effect" dependencies [l]. But the most constructive and 
adequate approach to ecological risk assessment is the study of adaptive 
potential of natural populations. It is known that genetic variability and adaptive 
possibility are connected with effective population size (i.e. the number of 
specimens which breed and determine genetic structure of next posterities). 
Effective population size depends on the dispersion of reproductive 
contribution of specimens. Increasing of reproductive contribution dispersion 
leads to decreasing of effective population size and adaptive potential [2]. For 
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the assessment of specimens reproductive contribution a number (%) of 
posterity with spontaneous mutagenesis (up to 2% cells with chromosome 
aberrations [3]) may be used as the criterion of full value posterity because one 
with higher number of cells with chromosome aberrations is less viable [ 4]. 
Proceeding from data on the number (%) of full value posterity in population 
and the mean fecundity of females it is possible to calculate the number of full 
value posterity per a female (i. e. reproductive contribution). Obviously the 
increase of ecological risk may be expected if there is less than one full value 
embryo ( or larva) per a female. The average levels of chromosome mutagenesis 
in populations inducing such effect may be considered as critical ones. 

2. Adaptive populations' possibilities 

2.1. ADAPTIVE POTENTIAL OF HYDROBIONTS POPULATIONS WITH 
DIFFERENT FEMALES FECUNDITY 

2.1.1. Experimental data 

Experimental data on separate and combined effect of ionizing radiation and 
chemical mutagens on the posterity of Chaetogammarus olivii (Amphipoda) 
and Jdothea baltica (lsopoda) females with different fecundity (5, 20 and 40 
eggs) have shown that approximately equal part (%) of full value embryos at 
the same average level of chromosome mutagenesis for populations was 
observed, independently of the eggs number and a type of injure factors (Table 
1) [4]. 

2.1.2. Natural populations 

This data were compared with the results of cytogenetic studies of embryos and 
larvas in natural invertebrates populations (20 marine and freshwater species 
from 11 taxons of coelenterates, annelids, mollusks, arthropods) from different 
biotopes in 1975 - 2003 (3, 5 , 6] (Table 2). These species have the fecundity 
from several eggs to hundreds ones. In Table 2 it can be seen that (such as in 
experiments) different species had approximately equal part (%) of full value 
posterity at the same average level of chromosome mutagenesis for populations. 

The observed phenomenon makes it possible to calculate reproductive 
contribution of specimens for species with different fecundity as well as to 
assess expected reduction of population adaptive potential and the increase of 
ecological risk at different levels of environmental pollution. 
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Table I. Part(%) of full value crustacean posterity at the same average level of chromosome 

mutagenesis (experimental data) 

Mean number Mean fecundity Number of embryos 
Mutagen of cells with 

Species 
of females with spontaneous 

chromosome (number of eggs) mutagenesis, (%) 
aberrations, % 

90Sr Chaetogammarus olivii 40 19 
mes Chaetogammarus olivii 5 20 
Pb<2+> Chaetogammarus olivii 40 28 
Pb<2+> 5.0 ± 0.6 Chaetogammarus olivii 5 18 

Chlorphene Chaetogammarus olivii 40 30 
Pb<2+>+ 

+chlorphene Chaetogammarus olivii 40 30 
mes+ 

+ chlorphene Chaetogammarus olivii 5 22 
90Sr Jdothea baltica 20 20 

90Sr Chaetogammarus olivii 40 5 
90Sr Chaetogammarus olivii 5 5 
90Sr+mCs+ 8.0 ± 08 
Pb<2+>+ 

+chlorphene Chaetogammarus olivii 40 5 
90Sr Jdothea baltica 40 8 

Table 3 presents the results of such calculations for females with different 
fecundity (5, 20, 50, I 00 eggs) at the mean number cells with chromosome 
aberrations from 1.5 to 8.5%. 

It can be seen that the reduction of adaptive possibility may be expected in 
populations with low fecundity of females (5 eggs) already at environmental 
pollution inducing in the mean 6% cells with chromosome aberrations (less 
than one full value embryo per a female). Obviously the adaptation to pollution 
will be more effective in populations with higher female fecundity (20 - 100 
eggs) even at higher mean level of damage. 

3. Adaptive populations' possibilities and posterity resistance 

On the other hand, it was shown on Chaetogammarus olivii (as a example) that 
the posterity of females with high fecundity is less resistant to deleterious effect 
[7]. Populations of the Black Sea Amphipoda produce 3-4 generations a year 
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Table 2. Part(%) offull value posterity in natural hydrobionts populations 

Species 

Polydora ciliata 

Glaucus sp. 

Mytilus galloprovincialis 

Chaetogammarus olivii 

ldothea baltica 

ldothea metallica 

Melita palmata 

Mysidacea gen. sp. 
Decapoda gen. sp. 

Pterocuma pectinata 

Habitat 

Black Sea 
Indian Ocean 
Black Sea 
Black Sea 
Black Sea 
Atlantic Ocean 
Aegean Sea 
Black Sea 
Atlantic Ocean 

Black Sea 

Number of 
Mean number embryos (larvas) 
of cells with with spontaneous 
chromosome chromosome 
aberrations,% mutagenesis,% 

1.5 ± 0.5 

95 
91 
88 
76 
82 
80 
85 
83 
85 

65 
Dikerogammarus Dnieper Riv., Kakhovsky reserv. 60 

haemobaphes Dnieper Riv.,Kiev reservoir 2.5 ± 0.5 56 
Pontogammarus crassus Dnieper Riv., Kremenchug reserv. 56 
Pontogammarus robustoides Atlantic Ocean 65 
Decapoda gen. sp. 

Glaucus sp. 

Melaraphe neritoides 

Anchylomera Brossevilei 

Chaetogammarus olivii 
ldothea baltica 

Pontogammarus crassus 

Pontogammarus crassus 

Indian Ocean 
Black Sea 
Indian Ocean 
Black Sea 
Black Sea 
Dnieper Riv., 
Kakhovsky reservoir 
Dnieper, Kiev reservoir 

4.0±0.6 

40 

43 
50 
44 
45 
40 

45 

Pontogammarus crassus Dnieper Riv., Kremechug reserv. 18 
Pontogammarus robustoides Dnieper Riv., Kremenchug reserv. 13 
Pontogammarus robustoides Dnieper Riv., Kakhovsky reserve. 6.0 ± 0,8 11 
Podon polyphaemoides Black Sea 15 

Ve/el/a velella 

Monodacna caspia 

Gammarus lacustris 

Pacific Ocean 
Black Sea 
I 0- km Ch NPP zone 

8.3 ± 1.3 

5 
6 

3 

[8]. The 1st and the most numerous generation appears in spring, the 2nd - in 

summer, the 3rd - in autumn and the 4th one - at the end of a year. The life 

span of these crustaceans is 6 - IO months. Crustaceans of the I st and the 2nd 
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generations breed in summer and autumn, the 3rd, the 4th and partly the 2nd 

generations - · in winter and spring. Depending on water temperature the time 

needed for maturation varies from 1.5 to 3 months. Maturation of these 

crustaceans is faster in summer and autumn; therefore the size of females 

during reproduction is always smaller than in winter and spring. Big individuals 

of the 3rd and 4th generations with the length of 6-10 mm dominate in 

Table 3. Reproductive contribution calculated for females with different fecundity 

Mean level of Number of posterity Mean fecundity of 
Number of posterity 

chromosome with spontaneous females (number of 
with spontaneous 

mutagenesis, % mutagenesis, % eggs) 
mutagenesis per a 

female 

5 4 

20 16 

l.5 ± 0.5 80 50 40 

100 80 

5 3 

2.5 ± 0.5 60 20 12 

50 30 

100 60 

5 2 

4.0 ± 0.6 40 20 8 

50 20 

100 40 

5 0.75 

6.0± 0.8 15 20 3 

50 7.5 

100 15.0 

5 0.25 

20 l.O 
8.5 ± 0.5 5 

2.5 50 
100 5.0 

>IO no 
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the population in winter and spring months. They are the main reproduction 
fund for the spring breeding. They are going to die in May after finishing 
reproduction. Radical· change of age and size composition of the population 
happens in this period. Females of 4- 5 mm length dominate in the population 
of the crustaceans at the end of May and the beginning of June. They are 
crustaceans of the I st generation of the current year. Already bigger females of 
the 2nd and the 3rd generations of 5 - 6 mm size dominate in late autumn. 

Experiments with acute r-irradiation were carried out in different seasons: 
in spring (April) when females producing large amount of eggs breed and in 
summer (June) when in population there are only females with low fecundity 
[7]. In Table 4 it can be seen that the posterity of females with high fecundity 
demonstrates less resistance to the irradiation.· It is possible that age 
physiological peculiarities of parents contribute to definite extent into this 
difference. 

Table 4. Cytogenetic effect of acute r- irradiation (5 Gy) on posterity of Chaetogammarus 

olivii females with different fecundity 

Mean fecundity of females 

(number of eggs) 

40 

5 

Mean number of cells with 

chromosome aberrations, % 

35.7 ± 2.0 

15.5 ± 1.0 

Lim 

20.0 - 53.6 

3.6 - 30.0 

However, the main cause apparently is as follows. As it was shown in the 
work [8]., fecundity of females depends on their size. The relation is expressed 
by the power function with the index of extent, equaled to 3, and the constant to 
0.0409. Small females with the size of 3-4 mm produce averagely three eggs, 
bigger females (5 - 6 mm) - 12 eggs and the biggest females (7 - 10 mm) -
40-50 eggs. The relation between sizes of females and their fecundity is 
observed for other groups of Crustacea, specifically, for Cumacea, Mysidacea 
and some others. Radioresistance of posterity depends, apparently, on fecundity 
of females and is decreased significantly for big females, producing large 
amounts of eggs. It is obvious, that fecundity of females and resistance of 
posterity compensate each other. Maximum adaptation of each generation is 
reached in such a way. The alternative (number of embryos - embryos' 
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resistance) is solved differently in different seasons. In spring., in a decisive 
time for a population, when a radical change of its composition occurs, the 
winter big crustaceans of older age groups, making up the base of the 
population and its main reproductive fund for spring reproduction, completely 
realize their biotic potential before their mass death, producing a numerous, 
though less resistant posterity. In May-June young females of the 1st generation 
produce a small number of eggs, significantly more resistant ones. The 
alternative is solved in this case for the benefit of greater life ability of a small 
number of individuals. 

From the data obtained it might be inferred that obviously higher resistance 
posterity in populations with low females fecundity and more wide adaptive 
possibility of populations with high females fecundity can be considered as a 
alternative properties of populations with different females fecundity. 

As a model of such alternative the analysis of cytogenetic study of Ch. olivii 
population in the sewage region may be discussed. The adaptation of this 
population to pollution is accompanied by growing of non-specific resistance to 
high damage by incmporated 90Sr (22 MBq/1) [7]. 

In order to assess adaptive possibility of this population in different seasons 
when females with high or low fecundity breed calculations of specimen 
reproductive contribution were made (Table 5). The results show that the 
posterity of females with high fecundity ( 40 eggs) is less resistant but amount 
of full value embryos per a female is 5 times more than this in females with low 
fecundity. This example clearly demonstrates that though the resistance of the 
posterity in populations with low fecundity of females may be high but chances 
on the adaptation in populations with high females fecundity will be obviously 
greater. 

Table 5. Reproductive contribution of Chaetogammarus olivii specimens under the action of 90Sr 

Mean fecundity Mean number of Number of Number of embryos with 

of females cells with embryos with spontaneous 

(number of chromosome spontaneous mutagenesis per a 

eggs) aberrations, % mutagenesis, % female 

5 8.7 ± 1.0 15 0.75 

40 9.2 ± 1.2 10 4.0 
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4. An algorithm of ecological risk assessment to biocenoses 
(communities) 

Of the basis of the benthic invertebrates fecundity [9 - 13) as well as of the 
calculations of specimens reproductive contribution at the different average 
numbers of chromosome aberrations for populations we determined ranges of 
chromosome mutagenesis critical levels for the basic macrozoobenthic taxons 
(Fig. 1 ). It can be seen that variations of critical levels are different. These 
ranges are more wide in taxons with greater species difference in females 
fecundity. Lower levels are determined for small crustaceans .. 
The results obtained allow an algorithm of ecological risk assessment to 
biocenoses (communities) to be proposed (Fig. 2). 

Polvchaet ■ 

C.utrono 

Bivalvia ■ 

Mysidace 

r.nmarr.a 

Tanaidac 

honolla 

Decaood 
■ 

0 2 4 6 8 10 

Number of cells with chromosome aberrations, % 

Figure I Ranges of chromosome mutagenesis critical levels for different taxons 
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Assessment of average levels of chromosome mutagenesis in populations of 
basic species in situ ( cytogenetic analysis of posterity) 

Determination of critical levels of chromosome mutagenesis for populations of 
different species 

Comparison of existing levels of chromosome mutagenesis with critical ones 
for populations of different species 

., 
Assessment of adaptive populations possibilities and identification of the most 

vulnerable species 

Ecological risk assessment (impoverishment or transformation of community) 

Figure 2. An algorithm of ecological risk assessment to benthic communities 

5. Conclusion 

On the basis of experimental data and the results of cytogenetic studies of 
marine and freshwater invertebrates populations ( coelenterates, annelids, 
mollusks, crustaceans) approaches to ecological risk assessment to the benthic 
biocenoses (communities) were development. 
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Abstract. Transposable elements (TEs) are selfish fragments of DNA able to 
reproduce themselves into the host genomes. TEs typically occupy ~40-50% of 
the mammalian genomes. In our studies, we focus on evolutionary recent TE 
inserts that appeared in the DNA of human ancestor lineage after divergence 
with the chimpanzee ancestry, i.e. less than ~6 million years ago. These human 
specific elements (hsTEs) represent only a minor fraction of the whole TE 
cargo of the human genome. hsTEs are represented by the four- families called 
HERV-K(HML-2), LI, Alu and SVA. The number of human specific copies for 
HERV-K(HML-2), LI, Alu and SVA families is approx. 150, 1200, 5500 and 
860 copies per genome, respectively. Taken together, hsTEs shape ~6.4 
megabases of human DNA, which is about 6-times lower than what is occupied 
by the human specific simple nucleotide polymorphisms, and 23-times smaller 
than the overall length of human specific deletions and duplications. However, 
although modest in terms of genomic proportion, hsTEs should be regarded as 
the perspective candidates for being molecular genetic agents of human 
speciation. Unlike most of random mutations and duplications, each novel 
insert of hsTE has provided to the recipient. genomic locus a set of functional 
transcriptional factor binding sites positively selected during the TE evolution. 
For example, clusters of novel inserts of Alu elements may serve as CpG islets, 
SVA-elements provide functional splice sites and polyadenylation signals, 
whereas LI and HERV-K(HML-2) elements donate enhancers, promoters, 
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splice sites and polyadenylation signals. Significant proportion of the human­
specific genomic deletions, duplications and translocations has been also 
generated due to ectopic recombinations between the different individual TE 
inserts. Among the other, we report for the first time a detailed functional 
characteristics of the HERV-K(HML-2) hsTEs done at the genome-wide level. 
We have identified 65 active in vivo human specific promoters contributed by 
these elements. We also identified three cases of the hsTE -mediated human 
specific transcriptional regulation of functional protein-coding genes taking part 
in brain development during embryogenesis. We found ~180 human specific 
polyadenylation signals transferred by the SVA elements into the intrans of 
known functional genes. Scaling of these data to the total number of the hsTEs 
predicts that hundreds of human genes are regulated by these elements. Finally, 
we discovered the first exclusively human specific TE family, represented by 
~80 members formed by a combination of a part of a CpG islet of human gene 
MAST2 and of the 3 '-terminal part of an SV A retrotransposon. According to 
our estimates, this family, termed CpG-SVA, was far more active than the 
ancestral SV A family. Our data indicate that MAST2 regulatory sequence was 
recruited during the evolution to provide effective CpG-SVA transcription in 
human testicular germ-line cells. 

Keywords: human evolution; genetic instability; transposable elements; human specific 
promoters; antisense transcripts; regulation of gene expression; brain development; 
hybrid family of retrotransposons 

1. Introduction 

l. l. RECENT EVOLUTION OF THE HUMAN GENOME 

.J.1.1. Major genetic differences between humans and chimpanzees 

Understanding of the genetic basis that accounts for the obvious differences in 
phenotypes of humans and their closest relatives, chimpanzees, is one of the 
most interesting tasks of modem life sciences. This task is also challenging, 
mostly due to strikingly high similarities in their genome structure and 
organization (consortium, 2005; Cooper et al., 2003; Osada and Wu, 2005; 
Sakaki et al., 2003). Indeed, an average divergence between human and 
chimpanzee DNAs is about 1.24% (Ebersberger et al., 2002), being as low as 
only 0.5% in protein coding regions (Goodman, 1999). Human and chimpanzee 
ancestor lineages diverged relatively recently in evolution, approximately 6 
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million years ago (Haile-Selassie, 2001). At present, we still don't know exactly 
what genetic traits make us humans, but a number of functionally important 
differences between human and great ape genomes have been identified. In 
general, they can be classified into the four major groups: 
(i) diverse chromosomal organization, including deletions, inversions, 

duplications and translocations 
(ii) variations in copy number, genomic localization and functional status 

among the pre..:existing common sequences 
(iii) differences in protein coding regions 
(iv) lineage-specific genomic insertions of transposable elements (TEs). 

1.1.2. Non-TE differences 

Millions of mutated loci, mostly single nucleotide polymorphisms (SNPs), are 
known to be polymorphic in humans. However, they should not be considered 
here due to the lack of a functional role in human speciation for these 
sequences, which are presented only in a fraction of human population. Human 
and chimpanzee genomes, both approximately 3 · 109 base pairs in size, share 
~98.8% sequence identity (Ebersberger et al., 2002), thus making identification 
of functional human-specific sequences finding the needle in a haystack. 
Theoretically, recent success in human and chimpanzee DNA sequencing 
projects (consortium, 2005; Ruvolo, 2004) has provided an instrument for the 
direct comparison of genomes with the subsequent association of genomic 
changes with interspecies differences at the level .of protei_n expression. 
However, in practice the chimpanzee genome draft, currently available in 
public databases, is not sufficiently accurate for such a comprehensive study 
(Chen et al., 2007), altough many successful large-scale bioinformatical 
screenings have been performed (Hahn and Lee, 2006; Lee et al., 2007; Pollard 
et al., 2006; Prabhakar et al., 2006). A plenty of lineage-specific substitutions, 
deletions, insertions, duplications, expressed pseudogenes, anonymous RNAs, 
transposable elements have been identified nowadays, but the ·omnibus study 
still remains to be done. 
Cytogenetic differences. The comparison of human and African great ape 
karyotypes using fluorescent in situ hybridization has revealed the most 
important lineage-specific distinction, which is the fusion in human lineage of 
two ancestral chromosomes (human chromosome 2), corresponding to 
chimpanzee chromosomes 12 and 13 (Yunis and Prakash, 1982). Other major 
points are numerous changes in centromeric and telomeric regions· (Horvath et 
al., 2000; Meneveri et al., 1995; Nickerson and Nelson, 1998; Royle et al., 
1994) and lineage-specific rearrangements and amplifications of several gene 
families in non-recombining parts ofY chromosome (Glaser et al., 1998). Apart 
from translocations, insertions and deletions have together given rise to at least 
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150 Mb of genomic DNA sequence that is either present or absent in humans as 
compared to chimpanzees, according to the recent estimation by Kehrer­
Sawatzki and Cooper (Kehrer-Sawatzki and Cooper, 2007). Interestingly, 
mostly chromosome ends were the "hot spots" of recent genome evolution 
(Kakuo et al., 1999). 
Emerging or inactivation of functional genes. Few functional genes are known 
to distinguish human and ape DNA. First of all, this is the functional deletion of 
an exon within the protein coding sequence of human gene CMP for syalic acid 
hydroxylase. Mutation caused by the human specific insertion of an Alu 
retroelement into 92 hp-long CMP exon, disrupted normal open reading frame 
for this enzyme and resulted in the lack of N-glycolyl neuraminic acid 
(Neu5Gc) on a surface of human cell membranes (Chou et al., 1998; Irie et al., 
1998). Neu5Gc, thus, is replaced in humans by its precursor, N-acetyl 
neuraminic acid (Neu5Ac). This absense of Neu5Gc is the major biochemical 
distinction between human ,and chimpanzee, which, theoretically, may 
influence intercellular interactions and embryo development. Some other 
ancestor genes, mostly encoding olfactory receptors (Gilad et al., 2003), have 
been lost or pseudogenised in the human lineage due to premature stop codon 
accumulations (Hahn and Lee, 2006; Wang et al., 2006). On the contrary, 
transcribed human specific sequence termed clorf37-dup gene, encoding for 
short transmembrane protein of unknown function, is selectively expressed in 
several human tissues including brain (Yu et al., 2006). Also, a number of new 
copies of genes involved in immune response such as leukocyte receptors or 
antigens, have been acquired, lost or mutated during the recent human lineage 
evolution (Gagneux and Varki, 2001). Finally, Pollard et al. (Pollard et al., 
2006) recently reported a novel human specific gene HAR] F for a putative 
regulatory RNA that is expressed specifically in the developing human 
neocortex from 7 to 19 gestational weeks, a crucial period for cortical neuron 
specification and migration. 
Gene duplications. Gene duplications may influence cell physiology by 

. providing additional copies of transcribed genes, thus escaping the original 
qualitative control of gene expression. For example, 7-11 copies of the 
olfactory receptor gene OR-A reside in human DNA, whereas the chimpanzee 
genome posesses only one copy of that gene. Different human copies are 
transcribed with different specificities, depending on their new genomic context 
(Lane et al., 2001; Trask et al., 1998). Similarly, eight genes for keratinocyte 
growth factor KGF were mapped in human DNA, in contrast to only five copies 
in the chimpanzee (Zimonjic et al., 1997). 
Lineage specific nucleotide substitutions. Millions of human specific single 
nucleotide substitutions, short deletions, duplications or microsatellite 
amplifications have been documented to the date (Kehrer-Sawatzki and Cooper, 
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2007; Sakaki et al., 2003). Many of them have been mapped in the regulatory 
genomic regions or in protein coding sequences. For example, chimpanzee 
dopamin receptor gene D4 has 12 bp long deletion, as compared with its human 
ortholog (Livak et al., 1995). However, the biological significance of these 
numerous changes accounting for a total of ~36 megabases in our DNA (mostly 
single nucleotide substitutions) is still unclear. 
Differences in gene expression; Identifying differentially transcribed sequences 
may be a better solution for the direct finding of functional genes that might be 
involved in human speciation (Enard et al., 2002; Fu et al., 2007). For example, 
Nadezhdin et al. managed to identify differential transcription of a gene for 
transthyretin, the carrier of thyroid hormones, in the cerebella of humans and 
chimpanzees (Nadezhdin et al., 2001). However, one has to compare samples 
from the same sex/physiological state groups of tissue donors. Due to an 
extremely limited number of the available chimpanzee tissue specimens, no 
reliable comparizon has been made so far, and the observed interspecies 
differences in gene expression remain frequently less in amplitude than the 
intraspecies ones (Enard et al., 2002). · 

1.1. 3. Insertions of transposable elements 

TEs are DNA fragments, capable of self-reproducing and changing their 
location into the host genome, i.e. to transpose. These selfish repetitive 
elements proliferate either directly via their DNA copies (DNA transposons), or 
through RNA intermediates (retroelements) utilizing the mechanism termed 
'reverse transcription' and the RNA-dependant DNA polymerase enzyme, 
called reverse transcriptase (RT). The newly formed DNA copy of the element 
then integrates into the genome, using a combination of host and self-encoded 
proteins, depending on the TE origin (Buzdin, 2006). Retroelements, which 
constitute >42% of human DNA, are the only class of TEs, able to transpose in 
mammals (Buzdin, 2004; Sverdlov, 2000). Four retroelement families (LI, Alu, 
SVA and HERV-K(HML-2)) were transpositionally active after the divergence 
of human and chimpanzee ancestries, thus forming relatively modest fraction of 
human-specific inserts ( ~ 7800 copies (Mills et al., 2006), compared to a total of 
~ 3 millions of human retroelements (Lander et al., 2001; Venter et al., 200 I)). 

Together, human specific retroelements constitute approximately 6.4 
megabases of the human DNA (Figure I), which is 6-fold lower than that 
formed by short nucleotide substitutions, and 23-fold lower than human specific 
deletions/duplications. However, such a modest proportion is somewhat 
compensated by the active role of functional Genome Res.hapers that is being 
played by human retrotransposons (Buzdin, 2004; Deininger et al., 2003; 
Sverdlov, 1998; Sverdlov, 2000; Wessler, 1998). TEs are known to be 
recombination hot spots (e;g., human specific Alu-Alu recombinations resulted 
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in deletion of at least 400 kb of human DNA (Sen et al., 2006)). It is known that 
retroelements can modify the activity of pre-existing human genes (Brosius, 
1999b; Buzdin, 2004; Deininger et al., 2003; van de Lagemaat et al., 2006). At 
least one third of all human specific retroelements has been mapped whithin or 
close to genes (Mills et al., 2006). Therefore, REs may well be one of the 
causative agents responsible for the phenotypic differences between Homo 
sapiens and its closest relatives, Pan paniscus and Pan troglodytes 
chimpanzees. These differences can, be envisioned to arise not from the 
appearance of any new and/or disappearance of old genes but due to variations 
in the regulation of some genes common for the related species. 

hsSVA 
hsERV 

5% 

Deletions 
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',hsRE3% 
\ 

Simple 
-changes 
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Figure 1. Endogenous 
retroviruses occupy -5% 
of the DNA shaped by 
human specific 
transposable elements, 
which, in turn, form only 
3% of the total lineage 
specific DNA. 

The first group, (~1200 human specific members), is the LI family of 
·authonomous retrotransposons. The full-length primate Lis are about 6 kb long 
elements encoding two open reading frames, for RT/integrase and RNA binding 
protein. However, LI inserts are mostly 5 '-truncated deficient copies 
originated, most probably, due to abortive reverse transcription (Boissinot et al., 
2000). The next two groups, Alu (-:--300 hp long) and SV A ( ~ 1.5 kb in size) 
retroposons, are non-authonomous TEs that recruit "heterologous" RT of the LI 
origin for their own proliferation (Wang et al., 2005). These two groups, 
presented in human DNA by ~5500 and ~860. lineage-specific copies, 
respectively, lack any protein coding genes and can be regarded as the parasites 
of LI retrotranspositional machinery (Buzdin, 2004). Finally, authonomous 
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HERV-K (HML-2) endogenous retroviruses are the most complex group of 
human TEs. They harbor three typical retroviral functional genes and one 
additional gene encoding for a small regulatory protein. 

1.2. TRANSPOSABLE ELEMENTS AS GENOME RES.RAPERS 

Repetitive sequences occupy a huge fraction of essentially every eukaryotic 
genome. Repetitive sequences cover more than 50% of mammalian genomic 
DNAs, whereas gene exons and protein coding sequences occupy only ~3% and 
I%, respectively. Numerous genomic repeats include genes themselves. Those 
generally encode "selfish" proteins necessary for the proliferation of TEs in the 
host genome. The major part of evolutionary "older" TEs accumulated 
mutations over time and fails to encode functional proteins. However, repeats 
have important functions also on the RNA level (Gogvadze and Buzdin, 2009). 
Repetitive transcripts may serve as multifunctional RNAs by participating in 
the antisense regulation of gene activity and by competing with the host­
encoded transcripts for cellular factors. Moreover, polymorphic intron-located 
LI and Alu elements have been shown recently to decrease transcription of the 
corresponding alleles when compared to the expression of retroelement-free 
alleles (Lebedev et al., 2007; Ustiugova et al., 2006; Ustyugova et al., 2006). In 
addition, genomic repeats include regulatory sequences like -promoters, 
enhancers, splice sites, polyadenylation signals and insulators, which actively 
reshape cellular genome and transcriptome. 

1. 2.1. · TEs as transcriptional promoters 

Whole-genome analysis revealed that about 25% of all human promoters 
contain REs in their sequence (van de Lagemaat et al., 2003). Moreover,,7-10% 
of experimentally characterized transcription factor binding sites (TFBS) were 
shown to be derived from repetitive sequences including simple sequence 
repeats and transposable elements (Polavarapu et al., 2008). TFBS that 
originated from repeats evolve more rapidly than non-repetitive TFBS but still 
show signs of sequence conservation on functionally critical bases. Such 
rapidly evolving TFBS are likely to direct species-specific regulation of gene 
expression, thus participating in evolutionary process (Fig. 2). 

In the majority of examples reported to date, REs act as alternative 
promoters, but may also represent the only known promoter for some human 
genes. For example, LI and Alu sequences act as the unique promoter for 
HYAL-4 gene, necessary for hyaluronan catabolism (van de Lagemaat et al., 
2003). The application of novel high-throughput techniques such as cap 
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analysis of gene expression (CAGE) and· paired-end ditag (PET) sequencing 
recently revealed 51197 endogenous retrovirus (ERV)-derived promoter 
sequences. In 1743 cases, ERVs were located in gene proximal or 5' 
untranslated regions. 114 ERV-derived transcription start sites drive 
transcription of 97 human genes, producing chimeric transcripts initiated within 
L TR and read-through into known gene sequences (Conley et al., 2008b ). 

~iii I I - • 
serve as enhancers of gene transcription ~--- -· -- ~ ·disrupt gene exun-intronic .,·tructure 

provide alternative promoters 

~ 
f·-·····•--····-·······-·····-···•X 

cause premature transcriplianal termination 

~ 
~ 

.......____..., 
serve as transcripliunal silencers 

•·----·----
generate antisense RNAs 

Figure 2. Different mechanisms of RE influence on gene transcription. 

1.2.2. TEs as transcriptional enhancers 

There are many examples of TE enhancer activity in human tissues in vivo. For 
example, the ERV9 LTR element upstream of the DNase I hypersensitive site 5 
(HS5) of the locus control region in the human ~-globin cluster is responsible 
for controlling expression of this cluster in erythroid cells (Long et al., 1998). 
The enhancer of human apoliprotein A was shown to reside within LINE 
element (Yang et al., 1998). Alu sequence is a part of enhancer element located 
in the last intron of the human CD8 alpha gene (Hambor et al., 1993). 

1.2.3. TEs as the alternative splice sites 

Apart from the modulation of transcription, TEs can also regulate splicing of 
pre-mRNA. In a genome wide comparison of the genomes of human and 
mouse, a' total of 3,932,058 and 3,122,416 transposable elements have been 
identified in human and mouse, respectively. Interestingly, 60% of transposons 
in human are located in intronic sequences, whereas introns occupy only 24% 
of the genome (Sela et al., 2007). All TE families in human can ,,exonize", i.e. 
be included in the exons of mature mRNA. TEs that are shared between human 
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and mouse exhibit the same percentage of exonization in the two species, but 
the exonization level of a primate-specific retroelement Alu is far greater than 
that of other human transposons. This results in a higher overall level of 
transposon exonization in human than in mouse (1,824 exons compared with 
506 exons, respectively) (Sela et al., 2007). Alus are the most abundant 
repetitive elements in the human genome. The major burst of Alu retroposition 
took place 50-60 million years ago and has since dropped to a frequency of one 
new retroposition for every 20-125 new births (Batzer et al., 1993; Cordaux et 
al., 2006). Alus are presented by more than 1.1 million of copies (Chen et al., 
2009), and over 0.5 million of them reside in introns of human protein coding 
genes (Levy et al., 2008). Almost all Alu-derived exons are alternatively 
spliced. Alu-derived exons typically have significantly weaker splicing signals 
compared to non-repetitive constitutively spliced exons and other alternatively 
spliced exons. However, at least six Alu-containing exons (in genes FAM55C, 
NLRPJ, ZNF611, ADAL, RPP38 and RSPHIOB) are constitutively spliced in 
human tissues (Lin et al., 2008; Makalowski et al., 1994; Sorek et al., 2002). 

In some genes, Alu elements strikingly increased the average amount of 
sequence divergence between human and chimpanzee up to more than 2% in 
the 3'-UTRs. Moreover, 20 out of the 87 transcripts carrying Alu insert either in 
the 5 ' - or in the 3 '-UTR contained more than I 0% structural divergence in 
length. In particular, two-thirds of this structural divergence was found in the 3'­
UTRs, and variable transcription start sites were conspicuous in the 5'-UTRs 
(Sakate et al., 2007). In both 5'- and 3'-UTR sequences, presence of an Alu 
element may be important for post transcriptional regulation of gene 
expression, for example by affecting protein translation, alternative splicing and 
mRNA stability (Hasler et al., 2007). Alu exonization might have played a 
certain role in human speciation. For example, there is a muscle-specific 
inclusion of an Alu-derived exon in mRNA of gene SEP NJ (gene implicated in 
a form of congenital muscular dystrophy), which appeared due to a human­
specific splicing change after the divergence of humans and chimpanzees (Lev­
Maor et al., 2008). The second example is the above mentioned functional 
deletion of an exon of human gene CMP for syalic acid hydroxy lase. 

Overall, the proportion of proteins with TE-encoded exons (approximately 
0.1 %), although probably underestimated, is much less than what the data at 
transcript level suggest (approximately 4%)(Gotea and Makalowski, 2006). 

1.2.4. TEs as providers of polyadenylation signals 

mRNA polyadenylation is an essential step for the maturation of almost all 
eukaryotic mRNAs, and is tightly coupled with termination of transcription in 
defining the 3'-end of genes. A polyadenylation signal (AAUAAA) nearby the 
3' end of pre-mRNA is required for poly(A) synthesis. The protein complex 
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involved in the pre-mRNA polyadenylation is coupled with RNA polymerase II 
during the transcription of a gene, and only RNA polymerase II - products are 
terminally polyadenylated with the remarkable exception of two polyadenylated 
polymerase III - transcribed RNAs (Borodulina and Kramerov, 2008). 
Autonomous retrotransposoris encode proteins and utilize functional poly(A) 
signals at the 3 '-termini of their genes. Therefore, insertions of these elements 
in genes in the sense orientation can influence the expression of neighboring 
genes by providing new poly(A) signals. For example, 5' LTR of the retrovirus 
HERV-F may function as the alternative polyadenylation site for gene ZNFJ95 
(Kjellman et al., 1999). Human genes HHLA2 and HHLA3 utilize HERV-H 
L TRs as the major polyadenylation signals (Mager et al., 1999). Recently it was 
estimated that ~8% of all mammalian poly(A) sites are associated with TEs 
(Lee et al., 2008). 

In general, there is a clearly seen strong negative selective pressure on the 
intron-located autonomous TE inserts oriented in the same transcriptional 
direction as the enclosing gene (Buzdin, 2007; Cutter et al., 2005; van de 
Lagemaat et al., 2006; Wheelan et al., 2005; Zemojtel et al., 2007). Indeed, all 
protein-coding intronic retroelements (including LINEs and LTR 
retrotransposons) oriented sense to gene transcription are underrepresented in 
all investigated genomes compared to statistically expected ratio of 
sense/antisense inserts. In contrast, non-autonomous retroelements like Alu 
don't employ polyadenylation of their transcripts and, thus, may have only 
casual AAUAAA sequences. However, such poly(A) signals are very weak and 
are highly affected by the surrounding sequence (Roy-Engel et al., 2005). 

1.2.5. TEs as the antisense transcriptional regulators 

It has been demonstrated that TE inserts in gene intrans are preferentially fixed 
in the antisense orientation relatively to enclosing gene transcriptional direction 
(Medstrand et al., 2002; van de Lagemaat et al., 2006). Therefore, promoters of 
the intronic TEs may drive transcription of the RNAs that are complementary to 
gene intrans and/or exons. Moreover, some retrotransposons are also known to 
possess bidirectional promoter (Copeland et al., 2007; Domansky et al., 2000; 
Dunn et al., 2006; Feuchter and Mager, 1990; Huh et al., 2008; Matlik et al., 
2006), and even downstream insertions of these elements relatively to genes 
may result in production of the antisense RNAs. Recently applied CAGE 
technology identified 48718 human gene antisense transcriptional start sites 
within transposable elements (Conley et al., 2008a). 

One possible mechanism of the antisense regulation on the pre-mRNA level 
is connected with the generation of alternatively spliced mRNAs. It has been 
shown previously that antisense transcripts can inhibit splicing of pre-mRNA in 
vitro and in vivo (Galante et al., 2007). The possible mechanism involves 
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pairing of antisense transcript and a sense target RNA with the formation of 
double-stranded RNA that could induce the spliceosome to skip the paired 
region, thus forming an alternatively spliced transcript. This would result in the 
formation of non-functional RNAs containing multiple premature transcription 
termination codons. Normally, such RNAs are immediately degraded in the 
cytoplasm by nonsense-mediated decay machinery (Fasken and Corbett, 2005). 
Alternatively, antisense transcript basepairing to the target RNA can lead to its 
rapid enzymatic degradation directly in the nucleus. 

1.2.6. TEs as recombination agents 

Recombination is a powerful factor of evolution that produces genetic 
variability by using reshuffling of already existing blocks of biological 
information (Makalowski, 2000). Because of their high copy number and 
sequence similarity, TEs are the ideal substrates for illegitimate homologous 
recombination, also called ectopic recombination. The chance that an ectopic 
recombination will occur depends on the number of homologous sequences and 
on the length of the elements (Boissinot et al., 2006; Song and Boissinot, 2007). 
Recombination causes genetic rearrangements that can be deleterious, 
advantageous or null. Alu-derived ectopic recombination generated 492 human­
specific deletions, the distribution of which is biased towards gene-rich regions 
of the genome (Sen et al., 2006). Finally, Lls were shown to join DNA breaks 
by inserting into the genome through endonuclease-independent pathway, thus 
participating in DNA double-strand breaks repair (Morrish et al., 2002). 

1.2. 7. TE-transduction of the flanking sequences 

The ability to transduce 3 '-flanking DNA to new genomic loci was firstly 
shown for the L1 elements (Goodier et al., 2000; Moran et al., 1999; Pickeral et 
al., 2000). Lls have a rather weak polyadenylation signal; therefore, RNA 
polymerase sometimes gets through it and terminates an RNA synthesis on any 
polyadenylation site located downstream. It was estimated that ~20% of all L1 
inserts contain transduced DNA at the 3'ends. The length of these sequences 
varies from few bases to over 1 kb. Taken together, such transduced DNA 
makes up ~0.6-1 % of the human genome. Therefore, LI-mediated transductions 
have the potential to shuffle ex,ons and regulatory sequences to new genomic 
sites. 

Recently it was shown that SV A elements are also able to transduce 
downstream sequence and it was estimated that about 10% of human SV A 
elements were involved in DNA transduction events (Ostertag et al., 2003; 
Wang et al., 2005). Moreover, SY A-mediated transduction can serve as a 
previously uncharacterized mechanism for gene duplication (Xing et al., 2006). 
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It the latter case new sequences may appear either on the 5 ' - or on the 3' 
terminus of an SVA (5' and 3' SVA transduction, respectively). 3' 
Transduction mechanism is similar to that proposed for LI retrotransposon. The 
size of genomic sequence transferred in such a way may differ from several 
base pairs to over 1.500 bp. The most striking example is the transduction of a 
whole gene AMAC (acyl-malonyl condensing enzyme I) in the great ape 
genomes (Xing et al., 2006). Due to SV A 3' transduction, human genome has 
two additional copies of AMAC. 

Another kind of transduction results in attaching of new sequences to the 5' 
end of an SV A. TE transcription initiation, may proceed from any promoter 
located upstream in the genomic sequence. In this case termination of 
transcription and RNA processing usually occur using normal polyadenylation 
signal of a TE. This results in a mature RNA having on its 5' end an additional 
copy of flanking genomic sequence and a copy of RE at its 3' end. Subsequent 
reverse transcription and integration into the genome of a nascent cDNA result 
to a new RE genomic insert carrying 5' transduced part (Brosius, 1999a). 

2. Results 

2.2. DISCOVERY OF NEW HUMAN TE FAMILIES 

2.2.1. RNA recombination-derived TEs 

A typical LINE element encodes two proteins: ORFlp that is a RNA binding 
protein which likely helps reverse transcription as a nucleic acid chaperone 
(Martin, 2006), and ORF2p, the reverse transcriptase and the endonuclease 
(Kazazian, 2004). Due to a 'cis-preference', the enzymatic machinery of a 
retrotransposition-competent LINE predominantly transposes its own copies 
(Wei et al., 2001). However, LINEs are also able to mediate the transposition of 
other sequences, mostly non autonomous elements termed SINEs, but also 
cDNAs originating from different cellular RNAs, leading to the formation of 
processed pseudogenes (Dewannieux et al., 2003). Recently, we have shown 
that LINEs are involved in the formation of bi- and tripartite chimeric 
retrogenes during reverse transcription in many genomes including human and 
fungi (Buzdin et al., 2003a; Buzdin et al., 2002; Buzdin et al., 2005; Fuda! et 
al., 2005; Gogvadze et al., 2005). Bipartite chimeric retrogenes with an unusual 
structure were identified in three mammalian and in one fungal genomes 
(Figure 3). 

A total of 82, 116, 66 and 31 elements were found in human, mouse, rat and 
rice blast fungus Magnaporthe grisea DNAs, respectively (Buzdin et al., 2003a; 
Buzdin et al., 2002; Fudal et al., 2005; Gogvadze et al., 2005). These elements 
are composed of DNA copies from cellular transcripts either directly fused to 
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each other or more frequently fused to the 3' part of a LINE retrotransposon. 
The various cellular transcripts found in these chimeras correspond to 
messenger RN As, ribosomal RN As, small nuclear RNAs, and 7SL RNA. 

TTAAAA 
Direct Repeats 

5'part 
WEIRD RNA, 
snRNAs: 
U6, 
U5, 
U3 
5SrRNA, 
7SLRNA, 
Alu 

3'part 
5' truncated MGL LINE RNAs, 
5' truncated LI LINE RNAs, 
5' truncated mRNAs of 
cellular genes, 
4.5S rRNA, 
Alu, 
Bl SINE, 
B2 SINE, 
ID SINE 

Figure 3. Schematic representation of the bipartite chimeric retro genes. Inserts are flanked by I 0-
20 bp long genomic direct repeats. 

The chimeras have the following common features: (i) 5 '-parts are full­
length copies of cellular RN As; (ii) 3 '-parts are 5 '-truncated copies of the 
corresponding RNAs (mostly LINEs); (iii) sites of these truncations occur at 
random in the corresponding RNA; (iv) both parts are directly joined with the 
same transcriptional orientation; (v) chimeras have a poly (A) tail at their 3' 
end, and (vi) chimeras are flanked by short direct repeats. 

The last structural feature demonstrate that these elements were transposed 
as bipartite DNA copies. Indeed, mammalian chimeras carried at their 5' ends a 
T2A4 hexanucleotide or its variants (Buzdin et al., 2003a; Buzdin et al., 2002; 
Gogvadze et al., 2005) that correspond to the T2A4 genomic site used by LINEs 
to initiate reverse transcription on oligo (A) motifs and separate newly inserted 
DNA by short tandem repeats (Jurka, 1997). The simultaneous integration of 
both parts of these chimeras was further supported by the data came from PCR­
based evolutionary insertion polymorphism assay (Buzdin et al., 2003a; Buzdin 
et al., 2002). 

This suggests that these bipartite elements are generated by a specific active 
mechanism. It frequently combines functional cellular transcripts that have 
nothing in common with transposable elements (Buzdin et al., 2007). Many of 
the chimeras can be considered as new genes, as they were shown to be 
transcribed, some of them in a tissue-specific manner (Buzdin et al., 2003a; 
Gogvadze et al., 2007; Gogvadze and Buzdin, 2005; Gogvadze et al., 2005). 
Later on, in the mammalian and fungal genomes we found also the tripartite 
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chimeras ofa similar structure (Gogvadze et al., 2007). We further proposed 
that these chimeric retrogenes were generated through a mechanism involving 
RNA recombination during the reverse transcription of cellular RNAs (Fig. 4). 
This model includes a switch from the nascent cDNA serving as template for 
the reverse transcription of the 3' part of the chimera to another RNA template 
corresponding to the 5' part, followed by the chimera integration into the host 
genome (Buzdin, 2004). 
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Figure 4. Mechanism for the chimeras' formation using LINE enzymatic machinery. (Step 1) 
LINE pre-integration complex binds LINE, SINE or RNA in the cytoplasm. (Step 2) The 
resulting ribonucleoprotein is transferred to the nucleus. (Step 3) Reverse transcription of the 
bound RNA primed by a genomic DNA single-stranded break (target site primed reverse 
transcription). (Step 4A) Successful integration of the reverse transcribed cDNA copy into the 
genomic DNA. (Step 4B) Switch of templates on another RNA during the reverse transcription. 
(Step 5A) Integration of the chimera formed into genomic DNA. (Step 5B) The second template 
switch to another RNA with subsequent DNA reparation mediates formation of a tripartite 
chimeric retrogene insertion flanked by short direct repeats. The normal LINE integration 
pathway is: steps (1)- (2)- (3)- (4A). 
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Although RT main enzymatic activity is the continuous synthesis of the 
cDNA on RNA template, RT is able to switch templates during reverse 
transcription. For example, in retroviruses, RT jumps from one site of the RNA 
template to another site, are necessary for the synthesis of LTRs. Moreover, as 
retroviral particles usually contain two independent RNA molecules (Temin, 
1993), the high template switch frequency significantly increases the retroviral 
diversity through recombination between these RNAs (Kandel and Nudler, 
2002). These recombination events most probably account for the mosaic 
structure of most retroviruses (Jamain et al., 2001; Swanstrom et al., 1983). 

This model for the chimera formation was further supported by results 
obtained with human LI LINE element using an elegant experimental system of 
retrotransposition in vitro (Gilbert et al., 2005). The authors managed to 
characterize 100 de nova retrotransposition events in HeLa cells. Importantly, 
one insert (I%) represented a newly formed chimera similar to those we 
identified in human genome, consisting of a full length U6 snRNA fused to a 5' 
truncated LI. Similar results were obtained in vivo with a transgenic mouse 

-model for LI retrotransposition by Babushok and coauthors that characterized 
33 novel retrotransposition events. 13% of these events likely result from 
template switching during reverse transcription (Babushok et al., 2006). 
Interestingly, it has been recently postulated that RT template jumps from LINE 
RNA to host genomic DNA might facilitate integration and, thus, could be 
normally required for successful LINE retrotransposition (Babushok et al., 
2006; Bibillo and Eickbush, 2004). 

Besides generating chimeric retrogenes, template switching events during 
LINE reverse transcription could give rise to chimeric SINE elements 
(Nishihara et al., 2006) and to mosaic rodent LI structures, likely resulting from 
RNA recombination between LI templates (Brosius, 1999a; Hayward et al., 
1997). Evolution of certain LINE families might also involve RNA-RNA 
recombination, resulting in the fusion of the 3' part of a LINE to a new 
sequence at their 5' end, as suggested by the observation that the 5 ' -
untranslated regions of human, murine, rat and rabbit LI families are not 
homologous to each other (Furano, 2000). Interestingly, RT encoded by another 
member of LINE superfamily - R2 from arthropods, was documented to jump 
from one template to another in vitro, with R2-R2 chimeras being formed 
(Bibillo and Eickbush, 2004). 
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Furthermore, it is speculated that LTR-containing retrotransposons and 
SINEs themselves represent chimeric elements (Kramerov and Vassetzky, 
2001; Kramerov and Vassetzky, 2005; Malik and Eickbush, 2001; Ohshima et 
al., 1996). A phylogenetic analysis of the ribonuclease H domain revealed that 
LTR-containing retroelements might have been formed as a fusion between 
DNA transposon and non-L TR retrotransposon (Malik and Eickbush, 2001 ). 
tRNA-derived SINEs likely descended from retroviral strong-stop DNAs 
(Ohshima et al., 1996). They consist of two regions: a conservative, including a 
tRNA promoter and a core domain, and a variable one similar to 3 '-terminal 
sequence of different LINE families. The core domain of tRNA-like SINEs has 
conservative regions similar to fragments of lysine tRNA-primed retroviral 
LTRs. On the basis of these structural peculiarities it was suggested that tRNA­
derived SINEs emerged due to the integration of retroviral strong-stop DNA 
into the LINE 3 '-terminal part. The RE formed could be transcribed by RNA 
polymerase III and spread through the genome. Such a mechanism of SINE 
formation could also explain how these elements can transpose in the genome. 
Namely, it seems very likely that they recruited the enzymatic machinery from 
LINEs through a common "tail" sequence (Ohshima et al., 1996). 

2.2.2. Human-specific hybrid family CpG-SVA 

Detailed structural analysis of the human specific SV A retrotransposons 
revealed 76 elements of an unusual structure. At the 5' termini these elements 
carried copies of the first exon of MAST2 gene, whereas at the 3' end - SV A 
retrotransposon sequences. The border between exonic and SV A parts was 
located exactly between canonical acceptor splice site AG from exonic part and 
non-canonical donor splice-site CC from SV A-part (396 position in the SV A 
consensus sequence). Lengths of both parts of chimeric elements significantly 
varied: from 35 to 383 bp for the 5'-terminal part and from 662 to 4255 hp for 
the 3' terminal part. The border between the two parts was constant in all the 
chimeras (Figure 5). On the 3' terminus, the chimeras harbored a poly (A) 
sequence of variable lerigth. These bipartite elements were flanked by 12-18 hp 
long direct repeats. In one case the length of direct repeats was unusually big 
(131 bp). Presence of the direct repeats surrounding chimeric inserts suggets 
implication of L1 retrotranspositional machinery in their formation, whereas 
poly (A) sequence indicates that retrotransposed RNA was transcribed by RNA 
polymerase II. The identified family of chimeric REs was called "CpG-SV A" 
because its 5' terminal· part complementary to the first exon of MAST2 gene 
included a CpG island sequence. CpG-SV A elements were found only in 
human genomic DNA, whereas separately both SV A retrotransposons and 
MAST2 exon sequence exist in the genomes of all great apes. Therefore, CpG-
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SV A may be regarded as a new human specific family of retrotransposons 
(Bantysh and Buzdin, 2009). 

Two other papers describing the same family of hybrid retrotransposons 
(CpG-SV A) have been simultaneously published, where this family was termed 
either "MAST2-SVA" (Hancks et al., 2009) or "SVA-FI" (Damert et al., 2009). 

Figure 5. Structure of chimeric CpG-SVA retrotransposons. CpG-SVA Inserts are flanked by direct repeats. 
Lengths of5' terminal (exonic) part vary from 35 to 383 bp, lengths of3' (SVA-derived) part vary from 662 
to 4255 bp. 5' Terminal parts are homologous to the first exon of MAST2 gene, 3' terminal parts - to SVA 
retrotransposon. Junction point between the two parts is identical in all CpG-SVA elements (canonical splice 
acceptor site AG from the side of exonic part and non-canonical splice donor site CC from the side of SV A). 
All SVA fragments start from the position 396 of the SVA consensus sequence. 

Basing on the structural features of the identified CpG-SV A family 
members, we purposed a mechanism for their formation (Fig. 6). At the first 
stage, SV A retrotransposon most probably has inserted into the first intron of 
MAST2 gene in the sense orientation. After that there was formed an aberrant 
RNA driven by MAST2. promoter and terminally processed using SV A 
polyadenylation signal. This RNA was further spliced w_hich resulted in a 
fusion of the first exon of MAST2 with a 3 '-terminal fragment of an SV A 
(starting from 393 nucleotide of the SVA consensus sequence). This spliced 
chimeric RNA was then reverse transcribed by the LI retrotranspositional 
machinery followed by integration of a nascent cDNA into the genome. This 
resulted to emerging of the master copy of CpG-SVA inserted into human DNA 
and flanked by direct repeats. The newly Inserted CpG-SV A element appeared 
to be transcriptionally active, possible due to the enclosed CpG-islet, and gave 
rise to a new family of REs. 
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This hypothesis is supported by the observation that there is the canonical 
MAST2 gene acceptor splice site AG of on the border between the MAST2- and 
SV A-derived fragments. The putative donor splice site CC whithin an SV A is 
not canonical, what may be explained by the peculiarities of MAST2 exon­
intronic structure where non-canonical splice sites form the majority (Fig. 6). 

a MAST2 AG GA G/ilvl'Aiif('"n lAa GT . ·-~n1~-~--~~~---~-~--► 

b MAST2 AG/\c SVA GG GT AG AA TT TT AG GT 

C=..ji;• I • ■ -exon1___ O/Y(A,j 

I Transcription, 
T splicing 

AGCC 

=> 
I Reverse transcription T Insertion Into new genomic locus 

AGCC 

~ 
Figure 6. Proposed mechanism of CpG-S VA family formation. a - schematic representation of genomic locus 
comprising human gene MAST2. Dotted arrow designates transcriptional direction, exons and splice sites are 
shown. b - Insert of an SV A retrotransposon in the sense orientation has changed gene exon-intronic structure 
and gave rise to aberrantly spliced mRNA polyadenylated at SVA sequence. Copy of this mRNA has inserted 
into a new locus of human genome and gave rise to CpG-SV A family that continued proliferation in human 
DNA However, the ancestral allele of MAST2 gene comprising SV A insert was lost due to the negative 
selection. · 

Interestingly, at present there is no fixed SV A insert into MAST2 gene intron in 
the human genome. Apparently, an ancestral allele containing the above SVA 
element in gene intron was eliminated by the negative selection as it could not 
provide functional MAST2 mRNA formation because of the aberrant splicing of 
transcripts and/or preliminary polyadenilation on the SV A sequence. 

We have found among the CpG-SV A elements several cases of 5' and 3' 
transduction of unrelated genomic DNA, proven by the mapping of the 
enclosing direct repeats. As in the classical 3' transduction mechanism, it is 
likely that the downstream genomic fragments were captured due to "getting 
through" of SV A polyadenilation signals by the RNA polymerase II complex 
with the subsequent termination on any downstream sequence. In case of 5' 
CpG-SV A transduction, there was apparently transcription of CpG-SV A 
elements initiated from upstream genomic promoters. Overall, we identified 18 
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and 11 cases of the 5' and 3' CpG-SVA transductions, respectively. The size of 
transferred genomic sequence differed from 8 to 854 bp for 5 ' - and from 141 to 
734 bp for 3' transduction events. Remarkably, four CpG-SV A elements 
contained both 5' and 3' transduced sequences. These four elements were 
highly identical and consisted of 364 bp long MAST2 exon and 2143-3361 bp 
long SV A sequences. SV A length variations were caused by the Instability its 
internal satellite repeat modules. The double transducer CpG-SV As were 
flanked by Alu sequence (member of evolutionally ancient AluSc family) at the 
5'-termini and by the 400 bp long sequence including evolutionally ancient 
AluSp element at the 3' ends. These structure similarities evidence common 
ancestry of these four elements from a single progenitor CpG-SVA element. 

Once the exonic parts of the chimeras varied in length, but not in their 
primary structure, the SY A-derived parts had very different both lengths and 
primary structure. In the SV A parts there were different genetic changes like 
insertions, deletions, duplications, quantitative changes in tandem repeat 
composition and even insertions of retrotransposons. Together with the 
presence of transduced genomic sequences, this enabled us to construct 
phylogenetic tree for the members of CpG-SV A family to trace their reciprocal 
neighborhood. According to the primary structure similarity, CpG-SVA 
elements were grouped into three major branches (Fig. 3). Interestingly, 
although there was a kind of correlation between the size of "exonic" part and 
sequence localization on the tree, all three above brunches contained elements 
having exonic parts of very different lengths. There was also no connection 
between the position on a tree and lengths of the SV A parts. In several cases 
different tree brunches were including elements with the exactly same lengths 
of exonic part. For example, brunch 2 contained one CpG-SV A element with 
364 bp long exonic part, whereas brunch 1 - five such elements. Exonic parts 
of seven elements from brunch 2 and of one element from brunch 3 were 148 
bp long. There were also similar coincidences for the lengths 64, 76, 88 and 361 
bp. These coincidences of exonic part sizes evidence that there were multiple 
independent events when CpG-SV A elements with identical exonic parts were 
formed. 

The observed peculiarities of distribution of lengths of CpG-SV A exonic 
parts may be explained by the following factors: (1) there could be multiple 
functional transcription start sites whithin CpG-SV A, or (2) in some cases 
reverse transcription of the CpG-SV A RNA could terminate before the 
complete copying of the template has finished. The resulting shortened CpG­
SV A inserts could, in turn, generate new elements having even shorter exonic 
parts, etc. 

What are the functions of exonic part of CpG-SV A? Considering that ( 1) the · 
first exon of MAST2 gene includes CpG island, (2) CpG islands usually play 
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major roles in gene transcriptional regulation, and (3) MAST2 is strongly 
upregulated in testis, It can be hypothesized that the exonic part provides 
increased transcription of CpG-SV A family members in testis. This may be 
benificial for the CpG-SV A famly as it facilitates fixation of new inserts in the 
genome. To be fixed, RE insertion must occur into germ line cells, e.g. those 
localized in testis. Indeed, in terms of proliferation in the genome, the 
evolutionary young family CpG-SV A should be considered as very successful 
one: offsprings of only one among more than 1000 SV A copies that resided in 
human DNA at that time (i.e. < 0.1 %) have generated 76 new fixed inserts 
(~9% of all 860 human specified SVA elements) (Bantysh and Buzdin, 2009). 
Experimental investigation of this hypothesis will be a matter of our further 
studies. 

2.3. FUNCTIONAL CHARACTERIZATION OF A FAMILY OF HUMAN 
SPECIFIC ENDOGENOUS RETROVIRUSES HERV-K(HML-2) 

2.3.1. Identification of human specific promoters 

Promoter activity of human specific L TRs was investigated in both in vitro and 
in vivo assays. In transient transfection experiments with the luciferase or GFP 
reporter genes, the same human specific element from contig L47334 displayed 
very low promoter activity in three of the ten cell lines tested, moderate activity 
(10-20% of the SV40 early promoter) was observed in six cell lines and, finally, 
the maximal value of~ 100% of SV 40 promoter activity was obtained in Tera- I 
cells, similarly to the above enhancer activity tests (Domansky et al., 2000). In 
the experiments by Lavie et al (Lavie et al., 2005), five human specific proviral 
5' L TRs have demonstrated the promoter strengths as high as 5-15% of the 
cytomegalovirus (CMV) promoter activity in Tera-I cells (AP000776 - 15% of 
CMV promoter expression, AC025757 - 9%, AC072054 - 8%, AC025420 -
6% and AL590785 - 5%). The authors have demonstrated that the promoter 
activities of these elements directly depend on the methylation status of their 
CpG dinucleotides. Interestingly, the same five LTRs were strongly 
transcriptionally repressed in T47D cells (Lavie et al., 2005). 

In in vivo experiments, 5' RACE (rapid amplification of cDNA ends) -
based mapping of transcriptional start sites for five actively transcribed human 
specific L TRs provided evidence for the presence of two functional promoter 
regions within the L TR sequence (Kovalskaya et al., 2006). Both promoters 
posess TAT A box motif and other upstream regulatory sequences. The first 
promoter was the canonical element located in the L TR U3 region, whereas the 
second one was mapped in the very 3' terminus of the LTR R region. Both 
promoters appeared to be active in solitary LTRs and in full-length proviruses. 
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Surprisingly, this second non-canonical element was even more active than the 
classical U3-located retroviral promoter. Therefore, the R region is excluded 
from most transcripts initiated on L TRs, whereas a classical retroviral life cycle 
model implies that the transcription is driven from between the L TR U3 and R 
elements (first promoter), and the R transcript is a 5'-terminal component of the 
newly synthesized proviral RNA. Such a mode of proviral DNA transcription is 
a basis of the life cycle that provides the possibility of template jumps during 
proviral RNA reverse transcription. A shift of the transcriptional start site can 
be explained by the presence of at least two alternative promoters within the 
L TR, one of which is normally used for viral gene expression, and the other for 
transcription of retrotransposition-competent copies of the integrated provirus. 
The latter type of transcripts is supposed to be far less abundant, what basically 
corresponds to the above observations. It should be mentioned that alternative 
promoters with unknown functions were found earlier for many other 
retrotransposons (Buzdin, 2004; Deininger et al., 2003; Nigumann et al., 2002). 
Recently, we performed the comprehensive study of the expression of human 
specific LTRs in vivo in human germ-line tissue (testicular parenchyma) and in 
the corresponding tumor (seminoma) sampled from the same patient (Buzdin et 
al., 2006a). These were chosen because of markedly high endogenous retroviral 
transcriptional activity in germ-line cells, which is most probably needed to 
make de nova retroviral integrations inheritable (Lower et al., 1996; 
Prudhomme et al., 2005). To this end, a new experimental technique that makes 
it possible to detect repetitive element own promoter activity has been 
developed (Buzdin et al., 2006b ). This technique, termed GREM (genomic 
repeat expression monitor), combines the advantages of 5'-RACE and nucleic 
acid hybridization techniques. GREM is based on hybridization of total pools of 
cDNA 5' terminal parts to genome wide pools of repetitive elements flanking 
DNA, followed by selective PCR amplification of the resulting hybrid cDNA­
genome duplexes. A library of cDNA/genomic DNA hybrid molecules obtained 
in such a way can be used as a set of tags for individual transcriptionally active 
repetitive elements (Buzdin et al., 2006b). The method is both quantitative and 
qualitative, as the number of tags is proportional to the content of mRNA driven 
from the corresponding promoter active repetitive element. The GREM 
outcome was a set of amplified cDNA/genomic DNA heteroduplexes, below 
referred to as Expressed L TR Tags (EL Ts), which were further cloned and 
sequenced. This study was the first detailed characterization of the functional 
promoters provided by a particular group of genomic repetitive elements. The 
data obtained in such a way suggest that at least 45% of human specific L TRs 
possessed promoter activity, and a total of 60 new human promoters have been 
identified. Individual LTRs were expressed at markedly different levels ranging 
from ~0.001 to ~3% of the housekeeping beta-actin gene transcript level. 
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Although HS elements formed several subclusters on a phylogenetic tree 
(Buzdin et al., 2003b; Medstrand and Mager, 1998), no clear correlation 
between L TR primary structure and transcriptional activity was found. In 
contrast, the LTR status (solitary, 5' or 3' proviral) was an important factor 
affecting L TR activity: promoter strengths of solitary and 3' proviral L TRs 
were almost identical in both tissues, whereas 5' proviral LTRs displayed 
higher promoter activity ( ~2-fold and ~5-fold greater in testicular parenchyma 
and seminoma, respectively). These data suggest that a proviral sequence 
harbors some yet unknown downstream regulatory elements that provide 
significantly higher 5' LTR expression, especially in seminoma (Buzdin et al., 
2006a; Buzdin et al., 2006b). Another important factor affecting promoter 
activity was the LTR distance from genes: the relative content of promoter­
active L TRs in gene-rich regions was significantly higher than in gene-poor 
genomic loci. 

The data obtained suggest also a selective suppression of transcription in 
both tissues for proviral 3' L TRs located in gene introns. Such a transcriptional 
suppression might be aimed at silencing of the proviral gene expression in 
gene-rich regions. In testicular parenchyma, the promoter strength of 
intronically located solitary LTRs was also significantly decreased. This may 
suggest yet unknown mechanism(s) for selective suppression of "extra" 
promoters generated due to mutations or viral integrations and located within 
gene introns or very closely to genes. Such a mechanism might minimize 
possible destructive effects of undesirable transcription. Many transcriptionally 
competent L TRs were mapped near known human genes, and as many as 86-
90% of all genes located in. close proximity to promoter active L TRs are known 
to be transcribed in testis. However, in general no clear-cut correlation was 
observed between transcriptional activities of genes and closely located L TRs 
(Buzdin et al., 2006a). Overall, L TRs provided at least 60 functional human 
specific promoters for host non-repetitive DNA, that are transcribed at different 
levels ranging from ~0.001 to ~3% of beta-actin transcript level. 

2.3.2. Antisense regulation of functional genes by the human specific HERV­
K(HML-2) elements 

Later on, we reported the first evidence for the human specific antisense 
regulation of gene activity occurring due to promoter activity of HERV­
K(HML-2) endogenous retroviral inserts (Gogvadze and Buzdin, 2009; 
Gogvadze et al., 2009). Human-specific LTRs located in the introns of genes 
SLC4A8 (for sodium bicarbonate cotransporter) and IFT172 (for intraflagellar 
transport protein 172) in vivo generate transcripts that are complementary to 
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exons whithin the corresponding mRNAs in a variety of human tissues (Fig. 7). 
As shown by using S'RACE technique (rapid amplification of cDNA ends), in 
both cases the LTR-promoted transcription starts whithin the same position of 
the L TR consensus sequence, which coincides with the previously reported 
HERV-K (HML-2) LTR transcriptional start site (Kovalskaya et al., 2006). 
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Figure 7. Types of the antisense transcripts found and their corresponding accession 
numbers. 

The effect of the antisense transcript overexpression on the mRNA level of the 
corresponding genes was investigated using quantitative real-time RT-PCR. 
Almost four-fold increase in SLC-AS expression led to 3.9-fold decrease of 
SLC4A8 mRNA level, and overexpression of !FT-AS transcript 2.9-fold reduced 
the level of IFT172 mRNA. In all cases the level of the antisense RNAs in the 
transfected cells was close to or lower than in many human tissues (Gogvadze 
et al., 2009). Similarly, intronically-located representatives of an L TR 
retrotransposon family from rice genome called Dasheng likely regulate tissue­
specific expression of several adjascent functional ·· genes via antisense 
transcripts driven by the L TRs (Kashkush and Khasdan, 2007). 

2.3.3. Enhancer activity of human specific HERV-K(HMD-2) 

HERV-K (HML-2) L TR sequence harbors a complete set of regulatory 
elements required for regulation of the retroviral transcription in vivo. and 
include a functional enhancer element including multiple transcription factor 
binding sites. HERV-K (HML-2) L TR enhancer activity was extensively 
studied in vitro, mostly for non-human specific members (Domanskii et al., 
2002; Illarionova et al., 2007; Ruda et al., 2004), with the only exception of the 
human specific solitary LTR from the genomic contig L47334 (Ruda et al., 
2004). In transient transfection experiments on a panel of 10 mammalian cell 
lines, this L TR has demonstrated enhancer activity only in Tera-I human 
testicular embryonal carcinoma cells (thus showing ~8-fold increase in 
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luciferase expression, as compared to control plasmid lacking the enhancer 
element) (Ruda et al., 2004). 

In our recent studies, we found that ~ one-third of all human specific 
HERV-K (HML-2) LTRs are located in the close gene neighborhood. Nine 
such elements reside in the upstream regions of known human genes, close to 
transcriptional start site (i.e. at the distance less than 5 kb). In our experiments, 
three elements over nine have shown a strong enhancer effect in cell culture 
tests (up to 9-fold increase in transcriptional activity). However, only one 
element, located upstream human gene PRODH, has demonstrated a correlation 
between the enhancer activities in vitro and in vivo. In the case of two other 
elements, the LTR inserts were deeply methylated in all the investigated tissues. 
In contrast, the LTR from PRODH region was mostly unmethylated in genomic 
DNAs of human brain and spinal cord. Our further studies revealed that the 
LTR enhancer activity is fully regulated by the methylation: the higher is the 
level of the methylation, the weaker is the LTR enhancer activity, and vice 
versa. Importantly, PRODH promoter is unmethylated in all the tissues, and this 
gene is transcribed predominantly in the central nervous system (CNS). In the 
experiments with the mouse brain progenitor cells, we have shown that in vitro 
the LTR insert has a strong enhancer activity on the PRODH promoter, thus 5-
fold increasing transcriptional level of a reporter gene. Furthermore, we have 
identified a family of transcriptional factors SRY /SOX, that are the most likely 
candidates for being the LTR activity mediators in germ cells and in.the CNS. 

PRODH encodes a CNS-specific isoform of the praline dehydrogenase. 
Unlike the liver isoform, PRODH is involved not only in the praline 
catabolism, but, mostly, in the synthesis of neuromediators like dopamine, 
GABA, aspartate and glutamate. The deficiency in PRODH activity causes 
first-type hyperprolinemia, that is frequently linked with severe cognitive 
disorders and CNS malfunctions, and, in several documented cases, with 
schizophrenia. Due to its important functions, PRODH expression is tightly 
regulated in human brains, and its expression profile in humans has little in 
common with the rodent ones. It should be noted, that PRODH promoter 
sequ.ence itself is highly conserved among the mammalians, and the major 
structural distinction of the PRO DH upstream region in human, rat, mouse and 
chimpanzee is the presence of the HERV-K (HML-2) LTR insert in human. 

3. Concluding remarks 

Thus, the detailed analysis of a small fraction of human specific 
transposable elements revealed that they may regulate our genes by acting both 
in cis (as promoters and enhancers) and in trans (as antisense regulators and 
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RNA recombination hotspots). At least three genes have been identified that are 
the subjects of a human-specific regulation by the TEs. Considering that only a 
relatively small portion of the human specific TEs was thoroughly analyzed to 
the date (~2% of all human specific TEs), one can expect that in the future the 
detailed genome-wide functional characterization of all human-specific TEs 
will make it possible to identify tens- or hundreds of genes having unique for 
human expression profiles. This knowledge, hopefully, at least partly will help 
us to answer the question "What makes us humans?" ... On the molecular level, 
of course. 
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Abstract. Facultativeness in the genome structure and function reflects the 
general principle of the life organization and evolution: the unity of the whole 
and the freedom of the parts. The genome or cell hereditary system codes, 
·maintains and transfers the hereditary information in both structurally and 
dynamically. Generalized genome concept presents a genome as an ensemble 
of both obligate and facultative elements. Template processes (Replication, 
Transcription and Translation) and Basic genetic processes (Repair, 
Recombination and Segregation) are capable of functional facultativeness and 
dynamic (epigenetic) alterations. It is reasonable to discriminate between three 
kinds of heritable changes - mutations, variations and epigenetic alterations. 
Structural genome facultativeness is expressed as a subdivision of cell DNA 
and RNA elements on two subsystems: Obligate genetic elements ( OGE) and 
Facultative genetic elements (FGE). FGE include various kinds of repeated 
sequences, mobile elements, amplicons, inserted viral and foreign DNA, B­
chromosomes, plasmids and cytobionts. The number and intracell topography 
of FGE varies from cell to cell, in different tissues and individuals. Changes in 
structure or order of OGE are mostly correspond to classical mutations. For 
diverse changes in number or cell/tissue topography of FGE (as it is well 
known for mobile elements) the term variations seems appropriate. Mutations 
and variations significantly differ on the character and mode of their 
occurrence. Variations may occur simultaneously in many cells/individuals and 
are induced by non-mutagenic factors. Spontaneous hereditary changes in 
nature usually occur in the system ENVIRONMENT - FGE - OGE via two­
step mechanism. FGE are the first to react to both internal and external 
environmental challenges. Then their activation induces gene/chromosomal 
mutations. Both variations and epigenetic alterations (epimutations) may have 
non-mendelian features, occur simultaneously in many individuals, sometimes 
reminding phenomenon of inheritance of acquired characteristics. 

Keywords: genome, facultative elements, mutation, variation, epigene, heritable 
changes. 
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1. Introduction 

The genome, which in the broad sense is the cell's hereditary system, codes, 
stores and transfers information both structural and dynamic ways. Thus we 
need: discriminate between different forms of structural heritable changes of 
genome and dynamic ones (or epigenetic). Amusing absence of the strict 
correlation of DNA content in the haploid nuclear DNA content with 
taxonomic status of species and 2-10 fold differences in genome size in closely 
related species was called in l 970s the "C- value paradox" (Gregory, 2001; 
King and Stansfield, 2002). It appears that in most eukaryotes protein-coding 
sequences constitute only small part of nuclear DNA. For example, in humans 
they occupy less than 5% of the haploid nuclear DNA. Other parts comprise 
regulatory DNA regions (about 15% of genomic DNA) and diverse kinds of 
repeated sequences including mobile elements (International Human Genome 
Sequencing Consortium, 2001). The recent study of 270 human individuals 
from four populations in Europe, Africa and Asia revealed a total of 1,447 
copy number variable regions covering 360 megabase or about 12% of the 
genome. These variable regions contained hundred genes, functional elements, 
segmental duplications and repeats (Redon, Ishikawa, Fich et al., 2006). 

To describe· such unusual eukaryote genome organization and its variability 
we suggest to discriminate between two genome subsystems: OGE or Obligate 
Genetic Elements (genes and their families) and FGE or Facultative Genetic 
Elements. FGE are predominant fraction in the genome content of most 
eukaryotes. FGE include various kinds of repeats, mobile elements, amplicons, 
viral and foreign DNA, B-chromosomes, plasmids an nuclear/cytoplasmic 
cytobionts. The number and intracell topography of FGE varies from cell to 
cell, in different tissues and individuals. Mutations in their classical Morgan's 
sense ( point and chromosmal) are mainly changes in the OFG subsystem. 
Various changes in the number or cell topography of facultative elements were 
coined as variations ( Golubovsky, 2000; Golubovsky an~ Manton, 2005). 

Mutations and variations tremendously differ in the rate of their occurrence, 
level of genotype/environmental dependence, stability and pattern of genome 
topography. FGE are the first to react to genetic background or environmental 
challenges. They constitute an operational genome memory. Activation of OFG 
leads directly or undirectly to both gene mutations and chromosome 
rearrangements. The process of occurrence of heritable changes in nature has 
two-step pattern being mainly mediated by mobile elements and other 
members of FGE. Recurrent global and local bursts of definite mutations in 
wild Drosophila populations observed during long-term observations (Berg 
1982) appeared to be result of activation and insertion of diverse mobile 
elements (Golubovsky, 1980; Golubovsky and Belyaeva, 1985). In the case of 
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P-M hybrid dysgenesis in Drosophila multibreak rearrangements occurr mostly 
in the sites of insertions of P-mobile elements ( Berg et al., 1981; Kim, 1981 ). 
Similarly, in the species D. virilis, that normally has very stable karyotype, 
activation and amplfication of Penelope mobile element in the situation of 
hybrid dysgenesis is accompanied by multisite rearrangements. Important that 
about 50% of them discriminate various species of this Drosophila subgenera ( 
Evgen'ev et al., 2000). Such facts indicate on involvement of mobile elements 
in the speciation process 

Subdivsion of the hereditary system on Obligate and Facultative subsystems 
reflects the universal principle in organization and evolution of life organisms: 
the unity of the whole and the freedom of the parts. Or similarity in design but 
differences in details. FFG elements may be mobile regulators of gene 
expression in many chromosomal sites. Thus chromosome/cell topography of 
FGE may predetermine the direction of genomic evolutionary changes. In this 
paper we discuss how diverse interactions in the OFG and FGE subsystems 
lead to non-canonical (non-mendelian) heritable changes. 

Facultativeness characterizes also the function of two triades of genetic 
processes universal for all living organisms. 1) Temp late processes 
Replication, Transcription and Translation and 2) Basic genetic processes -
Recombination, Repair and Segregation. These two triades determine coding, 
maintenance and transfer of genetic information during individual development 
and during inter-generation transmission. 

Dynamic aspects of coding, storage and transfer of genetic information are 
called epigenetic. The spectrum of epigenetic changes is wide: from the 
transformation of serotypes . in paramecium to chromosomal and gene 
imprinting. The terminology in this field is not yet stabilized. We argue a 
heuristic value of· an epigene concept developed both in theoretical ad 
experimental aspects (Tchuraev, 2000). 

2. Facultativeness of structure and function of the genome 

2.1. GENOME AND CELL INFORMATION SYSTEM 

The term "genome" was coined by cytologist Winkler in 1920 to designate the 
haploid set of chromosome for a species. The term was used for an analysis of 
allopolyploid species or for such mutations as an amplification in chromosome 
numbers. Then its meaning has widened to include the entire hereditary 
constitution of the cell: both structural and dynamic modes of coding, storage 
and transfer of species-specific hereditary information. 
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Necessity of including in the genome concept of stochastic dynamics comes 
from the discovery of regulatory genes and specific chromosome sequences ( 
like enhancers) that control the level and stability The genome contains not 
only blueprints, but a coordinate program of protein synthesis and cell function. 
The holistic aspects of species-specific hereditary systems might be viewed 
metaphorically as the structural design of a temple that cannot understood by 
studying separate breaks - genes - at a fixed point in time. The discoverer of 
the operon the principles of gene regulation entitled their classical paper as 
"Teleonomic mechanisms in cellular metabolism, growth and differentiation" 
(Mono, Jacob 1961). To preserve intracellular homeostasis and the adaptive 
response of he genome to environmental challenges, they emphasized the 
biological purposefulness or teleonomy of cell's regulatory systems. Recent 
molecular discoveries of signal transduction pathways and chromosome 
organization has shifted focus from genes as units of inheritance and function to 
the genome as a complex dynamic system. 

The cell's abilty to analyze external and internal conditions (and to control 
growth, movement and differentiation) can be compared to an information 
computing network and check-points. By means of signal transduction 
pathways a cell receives external signals and transmits, amplifies and directs 
them internally. The seventeen discovered pathways are highly conserved in 
nematodes, flies and vertebrates (Nebert, 2002). 

Each pathways includes signal accepting receptor, membrane or cytosolic 
proteins including kinases and phosphatases to convey the signal and key 
transcription factors capable of switching its state, activating or suppressing 
transcription of definite genes. 

DNA repair. systems remove damages. Multiple proofreading mechanisms 
recognize and remove errors that occur during DNA replication or due to 
mutagens. Repair systems allow cells not be passive victims of random physical 
and chemical forces. They control the level of muta~ility by modulating repair 
system activity (Caporate, 2000). 

Mobile genetic elements found now in all eukaryotic genomes, can move 
from one chromosomal position to another and induce chromosome 
rearrangements (review: Kazazian, 2004). ME contain genetic punctuation 
signs (promoters, enhancers, stop signals of transcription etc.) that regulate 
expression of genes and promote an appearance of new constructs. The term 
"Natural Genetic Engineering" coined by Shapiro (1999, 2002) emphasizes that 
biotechnology uses the same enzymes (nucleases, ligases, reverse 
transcriptases and polymerases) that living cells use to reshuffle the genome 
and its function. Though ME are repetitive and dispersed on different 
chromosomes, they can be activated simultaneously by cell signal (e.g., HSP90, 
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the genetic "capacitor") resulting in outbreaks of non-random genetic 
variability. 

2.2. GENOME STRUCTURE: OBLIGATE AND F ACUL TA TIVE 
ELEMENTS 

The eukaryotic genome can be naturally subdivided on two subsystems: 
Obligate and Faculative genetic elements. FGE include the hierarchy of intra 
and extra chromosomal elements in nucleus and cytoplasm. Nuclear FGE 
comprise a highly repeated and nucleated DNA sequences, pseudogenes and 
retrotranscripts, transposons, amplcons and even an additional or B­
chromosome. In cytoplasm FGE include plasmids, amplified rod and circular 
segments, and endosymbionts (Figure 1 ). 

OGE and FGE exhibit different patterns of heritable changes. Mutations in 
their classical sense are changes in structure, position and number of genes. 
These events are connected with OGE. Diverse changes with FGE are titled as 
variations. Let'see human genome (International Human Genome, ·2001). 
Coding sequences comprise less than 5% of all DNA; 15-20% is connected 
with gene/chromosome activity regulations. FGE occupy about 50% of the 
genome and include highly repetitive sequences, duplication of chromosome 
segments and distinct ME of four types: three kinds of retroelements (LINE, 
SINE and Alu) and one class of transposons. Segmental duplications of 1-200 
kb blocks are a remarkable feature of the human genome and comprise about 
3,3 % of all DNA. Other repetitive elements are simple sequence repeats 
(SSRs) : a short repeat units or microsatelite (1-11 b.p) and longer SSR.as 
minisatellites (14-500 b.p). SSR comprising ~3% of the genonie are important 
in human genetic studies because they show a higher degree of length 
polymorphism in populations and promote to molecular localization. The 
genome includes also several families of human endogenous retroviruses 
dispersed on chromosomes (Kazazian, 2004). The LINE-1 retrotransposon, Ll, 
has in the human genome 3000-5000 full length copies and 500,000 truncated 
copies, ~ 15-17% of the genome. About million copies of Alu retrotransposons 
comprise 10-12% of the genome. One of every 100-200 human births has a de 
novo Alu insertion. A similar rate is found for L 1. More thirty LI-mediated 
insertion mutations leading to diseases were observed (hemophilia A and B, 
thalassemia , DMD). 

Changes in number and chromosome topography of intra-cell population 
of FGE are drastically different from gene mutations. Jacob and Wollman 
(196 I) were the first who studied similar hereditary changes in the system 
phage -bacteria and called them as variations. It became clear now that 
variations in eukaryotes are frequent phenomena and embrace diverse 
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changes in an intra-cell populations of diverse FGE. Typical example is the 
phenomenon of hybrid dysgenesis established in Drosophila. In Fl hybrid from 
crosses of paternal P-stock containing active P-transposons with females of M­
stocks devoid of P-active copies of cytoplasmc repressor mass P-transpositions 
occur in the germ line accompanied by multiple insertion mutations and 
rearrangements. Their incidence in Fl progeny of dysgenic crosses may reach 
about 10%. 

Chromosomal breaks in the cases of P-M hybrid dysgenesis are ordered and 
site specific: they occur near P-site localization. Multisite inversions occur in 
dysgenic hybrids as often as single ones (Berg et al., 1980; Lim, 1981 ). 
Activation of diverse of ME in nature result in mutation burst of definite 
genes in distant natural populations (Golubovsky, Belyaeva 1985). 

Variations or hereditary changes in the FGE subsystem may be induced by 
non-mutagenic environmental factors such as interline crosses, 
food/temperature fluctuations. 

There is a two-step mechanism of spontaneous mutation process in nature 
(Figure I). First, an activation of mobile elements (significant part of FGE) in a 
reply on diverse environment challenges. Second, insertional mutations and 
chromosome rearrangements. 

Envb·onment 
Highly ~eated DNA 

Genes in 
chromosomes 
mitochondria 

PsmdOlmts. "orphans" 

Obligate~ 
Ele1nents ~_,,... 

j 
Mutations 

B-dl'Nmo,omes 

RlngDNA 
Plmnldt 

Cytobionts 

Facultative 
Elements 

1 
Va'riations 

Figure I. Obligate an Facultative elements of the genome and two types of hereditary changes: 
mutations and variations. Arrow indicates of the link, while their width corresponds to the 
intensity of their force. 
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Typical example of variation are changes in the ratio of OGE and FGE. 
These changes accompany phenomenon of amplification of definite 
chromosomal segments during development or an adaptation of somatic cells to 
drugs that block cell division. 

Amplified segments or ampliconsmight be as tandem duplications or be 
transformed into plasmids or even mini-chromosomes capable to autonomous 
replication in cytoplasm. Both the number and topography of amplicons varies 
over cell lines. Amplification of chromosomal segments containing myc 
oncogene occurs in 25% human neuroblastomas. The exact number of 
amplified segments cannot be determined even in daughter cloned cells 
(Khesin, 1984). 

2.3 TEMPLATE AND BASIC GENETIC PROCESSES AND 
F ACUL TA TIVENESS 

An occurrence and fixation of new hereditary information are realized via two 
triades of genetic events acting both in prokaryotes and eukaryotes: template 
and basic genetic processes. Template processes include Replication, 
Transcription and Translation. Basic genetic processes include Recombination, 
Repair and Segregation (Golubovsky 2000, 2005). To be hereditary, all DNA 
changes need go through template and basic genetic processes. Among the 4228 
genes of bacteria E.coli the number of genes involved in these processes are 
following. Replication, recombination and DNA repair - 115 (2. 7% ). 
Transcription, synthesis and modification of RNA - 55 (1,3%). Translation and 
post-translation. protein modification - 182 (4,2%). Ribosomal r-RNA 
synthesis- 21 and tRNA - 86 genes (Blattner, Plunket, et al., 1997). 

There are a lot of examples of facultativeness in function of template and 
basic genetic processes. · First, facultative hyper=replication or under­
replication of chromosome segments enriched by DNA repeats ( 
heterochromatin areas). Amplification is another example of facultative local 
DNA hyper-replication during development or environmental challenges. 

Near 60% of genes in humans are capable to_ alternative transcription and 
alternative splicing, depending on specific tissue or cell/tissue physiology. This 
ability is based on existence of two or more promoters and exon/intron 
structure of eukaryotic genes. Thus, in humans due to an alternative gene 
splicing there are average of 2,6 transcripts per gene. 

Facultative translation is well established in yeast. Thus, in the presence of 
protein Sup35 which control a subunit of the translation termination complex 
and exhibit prion traits, ribosomes begin to read through stop codons an 
appreciable fraction in time. This releases a hidden genetic variation and creates 

170 



a variety of new phenotypes especially in the stress conditions (Tyedemers, 
Madariaga and Lindquist, 2008). 

DNA repair is the main guardian of diverse errors and damages of DNA 
structure. 

In addition to normal mechanisms of the repair process there are facultative 
ones: photoreactivation, excision and postreplicative repair. Facultative 
recombination includes such its variants as site-specific recombination and 
replicative transposition of LTR-containing mobile elemens. Segregation 
process as the necessary final of both mitotic and meiotic divisions might be 
also facultative as in the case of some genetic factors like Segregation 
Distrortion or some chromosmal rearrangements (Khesin, 2004). 

3. Dynamic inheritance and the logic of an epigene 

Dynamic aspects of coding, storage and transfer of genetic formation are called 
as . an epigenetic. The spectrum of epigenetic inheritance is wide: from the 
transformation of serotypes in the paramecium to gene and chromosome 
iimprinting. The term "epigenotype' was introduced in 1960s. Holiday (1987, 
1990) first used the term "epimutation" and indicated on variations in DNA 
methylation profile as the main its source in diverse organisms. 

Since the middle of 1970s the concept of an epigene as a unit of 
epigenetic inheritance is developing. This fruitful idea was experimentally 
validated by artificial epigene synthesis (Tchuraev, 2000, 2009). The epigene is 
an auto-regulatory hereditary unit, a genetic system with cyclic links or 
feedback, having two or more functional states and capable of maintain each 
other over cell generations. A one-<:omponent epigene is shown on Figure 2. 
Feedback might be positive as in the system bacteria-phage with autoregulatory 
c 1 gene function. The state of c 1 gene determines the option between lambda 
phage lysogenic or lythic regimes. Similarly, transposons P in Drosophila and 
Ac and Spm.in corn are organized as epigenes with positive auto-regulation. 

Figure 2 shows possibility of stochastic switching (trans-activation) from 
inactive to an active epigene state in cell epiheterozygotes. Such switching 
represent an epimutation with non-mendelian inheritance. 

Noteworthy, if we have five independent· epigens in the genome, the cell 
may have 64 potential variants of phenotype without any structural changes in 
DNA sequences. 
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Figure 2. A scheme of an epigene. Epigenes constitute autoregulatory feed back links via DNA 
binding proteins. The figure shows the positive auto-regulation at the transcription level. A1 and 
A0 designate active and non-active states of the epigene. Crosses may result in epimutation in the 
progeny of Fi epiheterozygotes. 

4. Conclusion 

The presented generalized approach to the genome organization and 
function posits a division of the genome on two subsystems OGE and FGE and 
assumes at least three types of heritable changes: mutations, variations and 
epigenetic alterations. Heritable changes of diverse facultative genome 
elements or variations occur simultaneously in many individuals. They might 
be site specific and are induced by various weak non-mutagenic environmental 
factors as temperature, interpopulation crosses or nutritional shifts 
("genotrophs" in plants). The same is right for an epigenetic alterations. 

Activation of mobile elements in nature results in mutation bursts: insertion 
-connected gene mutations and rearrangements. Insertion mutations in 
Drosophila embraces about 70% of spontaneous visible mutations. 
Facultativeness principle and generalized approach to the genome organization 
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and function have an important implications. We indicate only on necessity a 
three-generation approach in demography and epidemiology. (Golubovsky, 
2005; Golubovsky, Menton, 2005). 
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PARALLELISMS DURING MAJOR EVOLUTIONARY 

TRANSITIONS 

ALEXANDER V. MARKOV* 
Borissiak Paleonto/ogical Institute, Profsoyuznaya 123, 117997 
Moscow, Russia 

Abstract. Parallel evolution is generally regarded as important evidence of 
directionality and predictability of macroevolutionary trends. Paleontological 
data imply that multiple parallelisms are typical during major evolutionary 
transitions (aromorphoses). This pattern reveals itself in numerous.transitional 
fossils with mosaic distribution of ancestral and derived characters. The typical 
examples include: (i) 'ornithization' of theropods, a process during which 
different avian characters evolved independently in several clades of theropod 
dinosaurs; (ii) 'arthropodization', a major evolutionary transition from 
wormlike ancestors to typical arthropods; (iii) 'hominization', or parallel 
evolution of derived 'human' characters in different lineages of 
australopithecines; (iv) 'mammalization' of theriodonts, which involved parallel 
acquisition of various derived mammalian features in different lineages of 
theriodont reptiles; and. many others. The same pattern of numerous 
homoplasies can be observed in smaller-scale evolutionary processes, e.g., 
during adaptive radiations of closely related founder populations on different 
islands or isolated lakes. This pattern tend to obscure phylogenetic relationships 
between taxa and impair the applicability of cladistic procedures based on 
parsimony analysis. The fact that parallelisms are an ubiquitous feature of 
major evolutionary transitions implies that evolution in general is largely 
constrained and canalized by multiple genetic, ecological, morpho­
physiological and developmental limitations. 

Keywords: parallelism, homoplasy, adaptive radiation, aromorphosis, paleontology, 
directionality of evolution 
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1. Introduction 

The ratio between randomness and directionality in evolution remains one of 
the most controversial questions in evolutionary theory. Parallel and convergent 
evolution is generally regarded as important evidence of directionality and 
partial predictability of macroevolutionary trends. Paleontological data imply 
that multiple parallelisms represent a typical feature of major evolutionary 
transitions (aromorphoses) and adaptive radiations (Romer, 1949; Krassilov, 
1977; Tatarinov, 1987). Generally, the more we know about some particular 
transition, the more apparent it is that many important features of the derived 
taxon evolved independently in more than one subclade within the ancestral 
clade. This pattern reveals itself in numerous transitional fossils with mosaic 
distribution of ancestral and derived characters. 

Different derived characters that comprise an aromorphosis sometimes 
develop almost simultaneously in several lineages, or they can appear at 
different times and even in different order. Derived characters gradually 
accumulate, until they all are combined together in one or few lineages. These 
lineages then will be considered as belonging to a new, 'higher' evolutionary 
grade (Tatarinov, 1987). The formation of a new evolutionary grade thus often 
have the appearance of a directed, regular process, which may even look 
'teleological' (aiming for a goal). 

Here, I discuss several examples from the fossil record showing that 
multiple homoplasies during the formation of a new major taxon are typical 
rather than exceptional. Further I consider several cases of recent and ongoing 
adaptive radiations and discuss possible explanations of the observed pattern. , 

2. Examples from the fossil record 

2.1. 'MAMMALIZATION' OF THERIODONT REPTILES 

The evolutionary transition from theriodonts to mammals (Late Permian -
Triassic) took about 30 to 40 million years and was accompanied by successive 
acquisition of derived 'mammalian' characters (e.g., superior nasal conchae, 
molars with three tubercules, vibrissae, enlarged brain hemispheres, soft lips 
and lip muscles, jaw joint between dentale and squamosum, three bones in the 
middle ear) in several different lineages of theriodonts and early mammals. This 
pattern was called 'mammalization' oftheriodonts (Tatarinov, 1976); the term 
highlights the parallel development of similar derived characters in different 
lineages. Later research confirmed multiple homoplasies at the base of 
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mammalian phylogenetic tree, particularly in the evolution of the middle ear 
( e.g., Luo et al., 2007). 

2.2. 'ORNITHIZATION' OF THEROPODS 

'Ornithization' was a process during which avian characters (e.g., pennaceous 
feathers) evolved independently in several clades of theropod dinosaurs 
(Kurzanov, 1987). Like 'mammalization', the 'ornithization' took several tens 
of million years (Late Jurassic to Late Cretaceous). 

For many decades, the only known transitional fossil filling the gap between 
'reptiles' and birds was Archaeopteryx, one of the most famous transitional 
animals, that lived about 150 million years ago. As long as Archaeopteryx 
remained the only fossil with combination of reptilian and avian traits, the 
origin of birds seemed to be a straightforward; linear process: dinosaurs gave 
rise to Archaeopteryx, which then gave rise to real birds (Ornithi.lra) . 

. During the last three decades a great number of new transitional fossils were 
discovered, which, instead of further clarifying the situation, made it much 
more complicated and confused (this is a typical story in paleontology). 
Archaeopteryx is no longer alone. A variety of feathered creatures with 
different combinations of reptilian and avian characters was found in the 
Jurassic and Cretaceous rocks of China, Mongolia, South and North America 
and other regions. Some of them, like Confuciusornis and Enantiornis, are 
related to Archaeopteryx and usually classified as birds, although it is still 
disputed exactly how closely they are related to modern birds (Chiappe, 1995; 
Kurochkin, 1995; Fountaine et al., 2005; Walker et al., 2007). 

Moreover, there are many transitional fossils that are classified as dinosaurs, 
but have a number of avian characters, including feathers. Apparently, many 
small coelurosaurian dinosaurs were acquiring different avian characters at 
different times. Feathers were quite common among coelurosaurs (Turner et al., 
2007). Feathers probably evolved for thermoregulation; some species (e.g., 
Epidexipteryx hui) apparently used their large, brightly coloured feathers to 
attract mates in the way modern birds of paradise do (Zhang et al., 2008). 

A very typical pattern during the ornithization was the mosaic distribution 
of morphological characters among clades. For instance, Epidexipteryx is 
"characterized by an unexpected combination of characters seen in several 
different theropod groups, particularly the Oviraptorosauria" (Zhang et al., 
2008). Such a combination apparently implies multiple homoplasies and mosaic 
distribution of characters. 

Feathers, that originally evolved for maintaining body temperature and 
attracting mates, eventually were used for gliding and flight. Recently 
paleontologists discovered several species of astonishing four-winged 
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dinosaurs, e.g., Anchiornis who lived a little earlier than Archaeopteryx (Hu et 
al., 2009), and Microraptor, who lived some 30 million years later. Microraptor 
was probably a good flyer; it had large pennaceous feathers both on its hind 
limbs and forelimbs (Hone et al., 2010). Flying or gliding forms evolved 
independently in several different lineages of coelurosaurs, e.g., in 
Troodontidae, Dromaeosauridae, and Aviale (a clade containing Archaeopteryx, 
several other fossil genera, and Ornithura). Some dinosaur species even may 
have secondarily lost the ability to fly (Turner et al., 2007; Hu et al., 2009). 

2.3. 'ARTHROPODIZATION' 

The similar pattern of mosaic distribution of characters and parallel acquisition 
of advanced traits revealed itself during the 'arthropodization', an evolutionary 
transition from wormlike ancestors to typical arthropods (Cisne, 1974; 
Tatarinov, 1987; Ponomarenko, 2004). Until recently, arthropods were thought 
to be descended from polychaetes. However, paleontological (as well as 
molecular) data provided no support to this hypotheses. Instead of predicted 
transitional forms between polychaetes and arthropods, numerous bizarre 
fossils were discovered with unexpected combinations of derived arthropod 
characters and ancestral characters of wormlike animals, probably not related to 
polychaetes. 

Some fossils from the latest Precambrian (Ediacaran period) superficially 
resemble the expected transitional forms between polychaetes and arthropods. 
For instance, Spriggina has a crescent-shaped head similar to that of some 
trilobites, and long segmented polychaete-like body. However, its segmentation 
is very different from that of either arthropods or polychaetes: the segments of 
the body alternate along the midline, as if the left side of the body was shifted 
half a segment forwards or backwards relative to its right side (Fedonkin, 
1998). Such 'alternating bilateral symmetry' is not found in polychaetes and 
arthropods, and is very difficult to explain in terms of comparative anatomy and 
embryology of extant invertebrates. This unusual symmetry is present in many 
other Ediacaran animals. The relationship between these forms and annelids or 
arthropods is not clear (Fedonkin, 1985, 1998). 

Cambrian faunas of soft-bodied arthropod-like creatures also did not 
provide any simple picture. The most well-known finds of these animals came 
from the Middle Cambrian Burgess Shale (Canada) (Gould, 1989; Briggs et al., 
1995). One of these forms, Hallucigenia, was especially difficult to understand. 
The first fossils of Ha//ucigenia seemed to have three appendages on each 
segment: two hard spines and one soft tentacle. There was no "alternating" 
symmetry typical of the Ediacaran animals: Ha//ucigenia has normal bilateral 
symmetry, but three appendages per segment are probably even more bizarre 
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than alternating limbs. It was originally suggested that Hallucigenia walked on 
paired spines and had a single row of soft tentacles sticking from its back. Later 
it became clear that there were two tentacles per segment rather than one. This 
discovery resulted in a more credible reconstruction. The animal has been 
turned upside down and put on its paired tentacles, so that hard spines turned 
into protective appendages, like the spines of a sea urchin. In this position, 
Hallucigenia vaguely resembles Onychophorans (Gould, 1992). Other animals 
similar to Onychophorans were found in Burgess Shale ( e.g., Aysheaia). 

Another bizarre Middle Cambrian animal, Anomalocaris, was originally 
described as several different animals. Its oral disc was thought to be a strange 
jellyfish with an opening in the middle; sharp teeth were later discovered at the 
edge of the opening. Other fossils, originally described as shrimps, turned out to 
be paired appendages located near the mouth. Only when some better preserved 
specimens were found, it became possible to reconstruct this strange carnivore. 
Its segmented body had flat swimming lobes, located ventrally, but no 
segmented legs typical of arthropods. The only pair of large segmented 
ap'pendages for grasping prey was near the mouth. 

The soft-bodied fauna of Burgess Shale and other Cambrian localities 
contains a variety of animals with different combinations of 'arthropod' 
characters. For instance, there is Opabinia, apparently a relative of 
Anomalocaris, but with five eyes rather than two, a strange flexible proboscis, 
and no segmented limbs (Gould, 1989; Briggs et al., 1995). There are also 
Anomalocaris-like forms with biramous limbs (a typical arthropod feature) on 
the trunk segments, e.g., Schinderhannes from the Early Devonian of Germany 
(Kuhl et al., 2009). 

Paleontologists are trying to reconstruct the most plausible phylogenetic tree 
of the early arthropods based on the parsimony principle, -~hich implies that the 
number of homoplasies should be minimized. But it appears to be not possible 
to remove all homoplasies from such trees. This is why in papers describing 
transitional fossils we often read either about "an unexpected combination of 
characters seen in several different groups" (Zhang et al., 2008), or about 
polyphyletic origin of some important morphological traits, e.g., biramous 
limbs of arthropods (Daley et al., 2009). Apparently, different arthropod 
characters evolved independently in different lineages, a process that resulted in 
mosaic distribution of derived traits among basal arthropods and their ancestors 
(Tatarinov, 1987; Ponomarenko, 2004). 

2.4. 'HOMINIZATION' OF AUSTRALOPITHECINES 

Parallel evolution of derived 'human' characters in different lineages of 
australopithecines represents another example of multiple homoplasies during a 
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major evolutionary transition. As long as the fossil finds were scarce, human 
evolution was thought to be a straightforward, linear process ( exactly like the 
origin of birds, see above). The discoveries made during the last two decades 
showed that human evolution was not linear. Hominids were a diverse group, 
and their evolution was accompanied by multiple homoplasies (McHenry, 
1994; Lockwood and Fleagle, 1999, 2007). For example, it turned out to be 
extremely difficult to find out which of the australopithecine species gave rise 
to the genus Homo. Several species currently compete for the role of the human 
ancestor: Kenyanthropus platyops, Australopithecus afarensis, A. africanus, 
and recently discovered A. sediba, to name just a few. Each of these species has 
some advanced 'human' characters combined with some ancestral 'ape-like' 
ones. Once again we see multiple homoplasies and mosaic distribution of 
derived characters. The recent discoveries demonstrate that 2.5 - 1.8 million 
years ago in South and East Africa there were several populations of advanced 
australopithecines that probably experienced similar selection pressures and 
were evolving generally in the same direction, though with different speed. 
Some of these populations probably could interbreed with each other, while 
others could have been partially or completely isolated. The borderline between 
'apes' (australopithecines) and 'humans' (Homo) currently looks more blurred 
and arbitrary than ever (Berger et al., 2010). 

2.5. 'EXOCYCLIZATION' OF ECHINOIDS 

Irregular echinoids (Irregularia) are a subclass of Echinoidea adapted to 
sediment-feeding and burrowing lifestyle, which evolved secondary bilateral 
symmetry. In regular echinoids (Regularia), the periproct (flexible plated 
membrane carrying the anus in its center) is situated on top of the test and is 
surrounded by ten apical plates (apical system). 

In the Jurassic period in several lineages of regular echinoids the periproct 
started to move backwards. This trend was triggered by the evolution of 
sediment feeding, because it is extremely maladaptive for a sediment feeder to 
have periproct on top of the test: such position of the anus increases the 
probability of repeated swallowing of the same particles of sediment. 

Posterior shift of the periproct required a large-scale transformation of the 
apical system. This resulted in major changes of the test architecture, because 
the distal edges of apical plates function as growth zones where new plates of 
the test are produced during ontogeny. In different lineages of sediment-feeding 
echinoids these transformations were different. The ancient connection between 
the periproct and the apical system could not be abandoned at one stroke. The 
necessity to shift the periproct backwards resulted in origination of several 
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aberrant forms with various additional plates; in one lineage (Spatangacea) the 
apical system was ruptured into two separate parts. 

Eventually the complete separation of the periproct from the apical system 
occut_Ted independently in at least five separate lineages. This evolutionary 
transition has been called 'exocyclization', because apical system with periproct 
inside is called 'endocyclic', while apical system that does not surround the 
periproct is called 'exocyclic' (Solovjev and Markov, 2004). 

Other spectacular paleontological examples of parallel evolution include 
adaptive radiations of mammals on isolated continents ( e.g., Simpson, 1980), 
"angiospermization", or parallel development of characters typical of 
angiosperms in different lineages of the Mesozoic gymnosperms (Krassilov, 
1977; Ponomarenko, 1998), and Cambrian radiations of agnostids (Trilobita) 
and archaeocyaths. In the last two cases the homoplasies are so abundant that 
some paleontologists find it more practical to use 'periodic tables' of species 
instead of conventional hierarchical classifications or tree-like phylogenetic 
reconstructions (Rozanov, 1973; Naimark, 2011). 

3. Examples from the recent and ongoing adaptive radiations 

Parallel evolution takes place not only during major transitions. It appears to be 
a common feature of adaptive radiations of any scale. The same pattern of 
numerous homoplasies can be observed during adaptive radiations of closely 
related founder populations on different islands or isolated lakes. 

One beautiful example concerns the parallel evolution of finches 
(Nesospiza) on two small islands in the Tristan da Cunha archipelago in the 
South Atlantic Ocean. Each of the two small islands (Inaccessible and 
Nightingale) has two varieties (incipient species) of finches: one with larger 
beak, specialized for feeding on the large seeds of the local tree, and another 
with smaller beak, specialized for feeding on the small seeds of the local grass. 
Ornithologists originally thought, based on morphology, that small-beaked 
finches from both islands are closely related to each other, and so are the two 
large-beaked finches. However, the genetic analysis demonstrated that each of 
the four varieties of finches is most closely related to the second variety from 
the same island, rather than to the variety with the same morphology from 
another island. In this case, parallel speciation of finches was obviously driven 
by: (i) similar ecological situation on the two islands (each island has a pair of 
distinct ecological niches); 2) similar ancestry: both islands were originally 
colonized by the same species of finches from the continent (Ryan et al., 2007). 

Another example is presented by the threespine stickleback (Gasterosteus 
acu/eatus) which has diverged into two distinct forms, benthic and pelagic, 
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independently in each of the seven different lakes in British Columbia. This 
parallel adaptive radiation took place over the past 10,000 years (Rundle et al., 
2000; Boughman et al., 2005). 

Interesting example of parallel evolution was described recently in the Aral 
sea which is rapidly drying out. The sea has divided into two isolated basins: 
the Greater and Lesser Aral. Salinity has increased greatly in both basins, 
driving many species to extinction, but some bivalves survived and started to 
evolve rapidly. All suspension-feeding molluscs died out, whereas many 
sediment-feeders survived. They started to diverge and to occupy vacant niches. 
Burrowing sediment-feeders of the genus Cerastoderma started to move onto 
the surface of the sea bottom and turn into suspension feeders. The shell 
morphology changed accordingly. Interestingly, this process went on in a 
similar way in both isolated basins. Now this unique natural experiment came 
to an end because the salinity in the Greater Aral became to high for any 
molluscs to survive (Andreeva and Andreev, 2003). 

4. Discussion 

4.1. CONSTRAINTS AND CHANNELING OF EVOLUTION 

The reasons underlying this ubiquitous pattern of multiple homoplasies during 
adaptive radiations are poorly understood, although some plausible hypotheses 
can be proposed. The fact that parallelisms represent a common feature of 
major evolutionary transitions and adaptive radiations implies that evolution• in 
general is largely constrained and canalized by multiple genetic, ecological, 
morpho-physiofogical, and developmental limitations (Beldade et al., 2002; 
Brakefield and Roskam, 2006). 

Mutations may be random, but selection is definitely not, so it is expected 
that genetic and phenotypic variation in closely related populations (species) 
under similar selection pressures should be limited, predictable, and similar 
between populations. This predictability and similarity of variation reveals itself 
in Vavilov's law of homologous series in heritable variation. 

This pattern may be related to some kind of general law of the development 
of complex systems. A complex system, such as an organism ( or its 
developmental 'program'), a system consisting of several interconnected blocks 
or elements, can exist in several stable states, but the number of such states is 
limited, and their nature is determined by the properties of the elements and 
their interactions (Meyen, 1975; Tatarinov, 1987). 

Evolutionary arms race between competing lineages that evolve in parallel 
can account for the similarity of selection pressures acting upon them, and it 
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also may facilitate the emergence of a positive feedback in the process of 
parallel evolution (e.g., when a predator evolves faster gait, prey will evolve 
faster gait too, and so other predators will experience stronger selection 
pressure for faster gait) (Ponomarenko, 1998, 2004). 

4.2. HOMEOTIC MUTATIONS 

The mutations of regulatory genes may play an important role in major 
evolutionary transitions. Homeotic mutations can result in major morphological 
novelties. Is it absolutely inconceivable that such a mutation could instantly 
transform, for example, Anomalocaris, with only one pair of segmented limbs, 
which evolved specifically for grasping prey, into a form like Schinderhannes, 
with small segmented limbs on each segment of the body? And if so, could 
such mutation happen independently in several different lineages? 

Such events probably happen sometimes. One possible example was found 
in the early evolution of mammals. Modern mammals have no lumbar ribs, 
while the earliest mammals had them. During the early evolution of mammals, 
lumbar ribs were lost and then sometimes acquired again, in several different 
lineages. It was shown experimentally that a loss-of-function mutation of the 
homeotic gene Hoxl O restores lumbar ribs in modern mouse. It is suggested 
that "the loss or gain of Hox gene function,to pattern the vertebral identities is a 
plausible mechanism for homoplasy of lumbar ribs in early mammals" (Luo et 
al., 2007). 

4.3. HYBRIDIZATION AND LATERAL GENE TRANSFER. 

There is no direct evidence.of lateral gene transfer causing homoplasies during 
the adaptive radiations. But there is a related possibility which appears to be 
more plausible: episodic hybridization as means of genetic exchange between 
rapidly diverging lineages (Seehausen, 2004). 

Studies of ongoing rapid adaptive radiations ( e.g., lake Tana barbs, cichlids 
of the Great African lakes, etc.) showed that morphological and ecological 
divergence, facilitated by behavioural isolation mechanisms, may proceed much 
faster than the development of genetic incompatibility. For instance, lake Tana 
barbs started to diverge 10,000 - 25,000 years ago, and by now there are 15 
distinct morphotypes, considered by some ichthyologists as 15 separate .species 
( de Graaf et al., 2010). The morphological difference between the morphotypes 
is so great that, if the fossil skeletons of these fishes were found by 
paleontologists, they would probably describe several distinct genera or even 
families. However, these morphotypes still can interbreed and produce fertile 
hybrid offspring (although they probably seldom do it in nature) (Dzerzhinskii 
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et al., 2007). The same is true for the cichlids from the African Great Lakes. In 
some cases, even species that diverged 3 - 7 million years ago or more still can 
interbreed, despite of major morphological differences. Remote hybridization 
sometimes produces interesting morphological novelties; average amount of 
phenotypic novelty in F2 hybrids increases with genetic distance (Stelkens, 
2009). 

Was it also true for ancient adaptive radiations? Could Anomalocaris 
occasionally breed with Opabinia to produce a Schinderhannes-like hybrid? 
The idea may be less improbable than it seems at first glance. 

4.4. APPLICABILITY OF PARSIMONY PRINCIPLE 

Multiple parallelisms near the bases of many major and minor clades tend to 
obscure exact phylogenetic relationships between taxa and impair the 
applicability of classic cladistic methods based on parsimony analysis. These 
methods try to minimize the number of homoplasies, but if homoplasies are 
typical during adaptive radiations, then why should we consider a tree with 
minimal number of homoplasies as the most plausible of all trees? 

Moreover, parsimony method can greatly exaggerate the "tree-likeness" of 
phylogenetic reconstructions of adaptive radiations. This point is illustrated by 
the recent study, in which 12 isolated experimental strains of viruses evolved 
under 2 distinct sets of conditions. The genomes of the evolved strains were 
sequenced and compared, and the common procedures of phylogenetic 
reconstruction unequivocally produced tree-like schemes (Paterson et al., 
2010). However, in this case we know the real topology of their phylogeny:, it 
was "star-like", with 12 independent branches diverging from a single ancestral 
strain. The common stem in the tree-like reconstruction arose as a consequence 
of several homoplasies in the evolution of all 12 experimental lineages. 

It seems perfectly plausible that some adaptive radiations ( e.g., of lake Tana 
barbs, early arthropods during the Cambrian, and early irregular echinoids in 
the Jurassic) were "star-like" rather than "tree-like". If this is so, then the 
attempts to obtain a 'completely resolved' dichotomous cladogram may be 
dramatically misleading. 

This work was supported by the Programs of the Presidium of RAS 
"Biodiversity and the dynamics of gene pools" and "Origin of the Biosphere 
and the dynamics of geo-biological systems", and Russian Foundation for 
Fundamental Research (grants 10-05-00342, 09-05-0 I 009). 
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IIPOCTPAHCTBA B03MO:>KHOCTEH ~JUI 3BOJIIOIJ;HH 

B.B. CYCJIOB*, H.A. KOJilIAHOB 
H1-1cmumym 4umoJ102uu u 2e1-1emuKu CO PAH, IlpocneKm 
AKaoeMuKa Jlaepe1-1mbeea, JO, Hoeocu6upcK, PoccUR, 630090 

Abstract. Whenever the evolution of biodiversity is spoken of, it is usually 
linear and divergent. We consider cases of evolution associated with the 
enumeration of possibility spaces in diverse levels from populations/cenoses to 
proteins and DNA sequences. A non-zero probability of the full enumeration of 
possibilities prevents this evolution from being described as absolutely 
convergent or absolutely divergent, rather this is a divergent-convergent cycle. 
Like any process in Darwinian evolution, this cycle is indeterministic, that is it 
can be broken on both convergent and divergent branches as the current vector 
of selection is replaced by another. Non-trivial evolution problem: reduce the 
cost of natural selection by letting only those mutations that most promise for 
fitness. As a non-specific adaptation syndrome, stress provides resistance to 
several adverse factors (cross-resistance - CR) in a short term; however, it 
damages in a long term (distress). In hostile environment stress-genes 
automatically switches. For a small population will be better the optimizing of 
the stress flow (prolonging the CR, neutralizing distress) by natural selection of 
the small set of the stress-genes than testing of all mutation in genome in 
preadaptation search. Phenotypically this process will look as Lamarck's 
evolution (training~ stress) but without inheritance of acquired characters. 

KJIIO'leBLie CJIOBa: J].liJieMMa XOJIJ].eHHa, CT))ecc, aJ].arnaum1, ,n:apBHHOBa 3BOJIIOUlUI, 

JlaMapKOBa 3BOJIIOUHR, 3aKOH roMOJIOfH'IeCKHX PRJJ.OB BaBHJIOBa, 3<pcpeKT EOJIJJ.YHHa. 

,[J;m1eMMa Xon.n.ettHa CBSl3bIBaeT CKOpOCTb 3BOJIIOQHH C 3cpcpeKTUBHOH 
lfHCJieHHOCTbIO nonyJIHQUH: ,D,JISI 3yKapuoT C xapaKTepHOH 3cpcpeKTUBHOH 
lfHCJieHHOCTbIO ~ 10 000 oco6ett O,D,HOBpeMeHHO 3BOJIIOQHOHHpOBaTb MO)KeT ~ 
10 - 15 reHOB (PaTHep u .n.p., 1985). OTCIO,D,a noHSITHa BbICOKaH HaCbIIQeHHOCTb 
reHOMOB noJIUMOpcpu3MaMU (CycJIOB " .n.p., 2010), BbISIBJieHHaSI 
nOJIHOreHOMHbIMlf npoeKTaMH, - oroop npoCTO He ycneaaeT OlfUIQaTb 
nonyJIHQHH. Eonee Toro, OKa3aJIOCb, lfTO reHOM HaCbIIQeH JiaTeHTHblMH 

• Aupec /lll~ nepem1cKH: }:..~J.Yl!.@.ll.i!m.\;LD..~9..,.rn 
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peryJI.HTOpHbIMH IIOCJieAOBaTeJibHOCT.HMH, AJI.H q>yHKUHOHaJIH3aUHH KOTOpbIX 

AOCTaTOquo cqHTaHHhIX 3aMeH. TaK H3yqeHHhIH in silico IIOJIHMOpq>H3M -20 (C 

- A) B peryJI.HTopnoM paifoue reua auruoTeH3uuoreua qeJioBeKa BeAeT K 

BO3HHKHOBeumo HOBOfO caiiTa CB.H3hIBaHH.H 3CTpaAHOJIOBOfO peuerrTopa, qTo 

IIOBhilllaeT pHCK rurrepTOHHH y 6epeMeHHhIX (Ponomarenko et al., 2003). 
Pa3pyI11euue caiirn CB.H3hIBauu.H TaIOKe Bepo.HTHo: MYTaUH.H G - A B 

HeKOAHpy10meM paiioue reua TpHIITOq>aH 2,3 AHOKCHreHa3hl, BeAyma.H K 

CHHAPOMY TypeTTa, CB.H3ana c pa3pyI11euueM caiirn CB.H3hIBaHH.H YYl 
(BacHJiheB u AP-, 2000). EeJIKH TaIOKe uecyT JiaTeHTHhie aKTHBHhie canThI, 

q>YHKUHOHaJIH3yeMhie KaK aMHHOKHCJIOTHOH 3aMeHOH (lvanisenko et al., 2005), 
TaK H H3MeHeHHeM B crreKTpe uau6onee BepO.HTHhIX KOHq>OpMauuii rno6yJihl 

(6eJIKOBhIH npoMHCKYHTeT (Nobeli et al., 2009)) B ueo6h1qnhlx ycnomrnx, 

uarrpHMep H3Meueuue pH HJIH KOHUeHTpauuu HH3KOMOJieKyJI.HpHbIX JIHraHAOB). 

<l>H3HKO-XHMHqecKa.H 6a3a B3aHMOAeHCTBH.H caUTOB C MHllleH.HMH 

KOHq>OpMaUHOHHOe COOTBeTCTBHe ue60JiblllHX - B npeAeJiax AeC.HTKOB 

MOHOMepoB (aMHHOKHCJIOT HJIH ttyKJieOTUAOB) - yqacTKOB MOJieKyJI, qTo 

AeJiaeT BepO.HTHhIM napanneJihHOe ueOAHOKpaTHOe BO3HHKHOBeuue 

CTepeOXHMHqecKH CXOAHhIX MOJieKyJI.HpHbIX CTpyKTyp npu MHOroKpaTHOM 

nepe6ope orpauuqeuuoro rrpocTpancrna BO3MO)l(HhIX 3aMen. KonBepreHUH.H 

caiiTOB IIO3BOJI.HeT CTaBHTb IIOA peryJI.HTOpHbIH KOHTpOJib ueroMOJIOfH'-IHhie 

6eJIKH u rettbI (CycJIOB u KonqauoB, 2009). AttaJIH3 rpaq>OB reHHhIX ceTett 

E.coli " APO)K)Kett CBHAeTeJibCTByeT, qTQ HX ycJIO)l(HeHHe B XOAe AYIIJIHKaUHH 

rrpOT.H)KeHHbIX yqacTKOB ,[(HK (reHOB HJIH HX peryJI.HTOpHbIX pattOHOB) 

060.HCH.HeT IIO.HBJieHue Mettee IIOJIOBHHbI perynnopHbIX CB.H3ett (Teichmann 

and Babu, 2004). Bhl.HBJieuue KOHq>OpMaUHOHHO IIOA06HbIX (BIIJIOTh 'AO 

HAeHTHquoCTH) aKTHBHbIX cattTOB B 6eJIKax AaJieKHX TaKCOHOB TaIOKe fOBOpHT 

3a lllHpOKOe pacrrpocTpatteuue KOHBepreHQHH ue60JiblllHX yqacTKOB 

6uonOJIHMepoB (11:BaHHCeHKO u AP,, 2008). 
bhICTpa.H aAaIITHBHa.H 3BOJIIOUH.H uau6onee Ba)l(Ha AJI.H MaJihIX norryJI.HQHH 

rrepuqiepuu apeana BHAa, )KHBymux ua rrpeAeJie TonepattTHOCTH, HJIH 

uaceJI.HIOmux uecTa6HJibHhitt Kpatt 6uoTona, rAe BHelllH.H.H cpeAa (u, 

COOTBeTCTBeHHO, BeKTOp OT6opa) BapbHpyeT oqeub 6bICTp0 - cpaBHHMO HJIH 

6bICTpee CMeHbI IIOKOJieHHH. TaKOH pa6ornIOmutt B 6oJihlllHX rronyJI.HUH.HX 

cnoco6 ycKopeHH.H 3BOJIIOUHH, KaK KpaTKOBpeMeHHOe IIOBhII11euue 

MyTa6HJihHOCTH JIH60 nyTeM HHAYKUHH BCIIbillleK TpaHCII03HUHH (Bjedov et al. 

2003) u HHKoprropauuu 3K3oreuuott ,[(HK (Koonin and Wolf, 2009), nu6o 

yMeHhllleHHeM ToqHOCTH CHCTeM TpaHCKpHIIUHH, TpaHCJI.HUHH H penapauuu 

(Torkelson et al., 1997) (nycTb Aa)Ke ue B uenoM no renoMy, a AJI.H OTAeJihHhIX 

reHOB (Roberts et al., 2010)), 3aKpbIT AJI.H MaJihIX nonyJI.HUHH AHJieMMOH 
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X v 1 T 6 v OJI,[(eHHa . eM He Mettee, cnyqaH aHOMaJihHO hICTpOH 3BOJIIOQHH 

nonym1QHH B neccHMaJihHhlX YCJIOBHHX onttcaHbl, npttqeM B 0,[(HHX cnyqaHX 

,[(HBepreHQHH 6bma cpaBHHMa c Me)l(BH,[(OBOH (PaCHHQhIH, 2002), B .[(pyrnx 

(Payrnett6ax, 1981) 6bICTp0 3BOJIIOQHOHHpOBaJIH MaJIOruIO,[(Hbie BH,[(hl. B 

nocne,[(HeM cnyqae tta6JIIO.[(aJICH 3cpcpeKT Eon.[(ytttta (Baldwin, 1896) -
,[(HHaMHKa 3BOJIIOQHOHH0f0 OTBeTa nonyJIHQHH OBeQ paBHHHHblX nopO.[( npH 

CHCTeMaTHqeCKOM OTroHe Ha ropHbie nacroHI.I.{a KOnHpOBaJia ,[(HHaMHKY 

!pH3HOJIOfHqecKoro OTBeTa Ha fHilOKCHIO: B o60HX cnyqaHX a,[(anTaQHH 3a cqeT 

KJieTOqttoro MeTa60JIH3Ma cpopMHpOBaJIHCh Ha 3aKJIIOqHTeJibHOH cpa3e. EcJIH 

.[(OnyCTHTh OT6op npe.[(cyI..QeCTBYIOI..QHX MYTaQHH (npea,[(anTaQHH), 3ara,[(oqeH 

HH3KHH ypoBeHb npea,[(anTaQHH KJieTOqHoro MeTa60JIH3Ma B HCXO,[(HOH 

nonyJIHQHH pO.[(HTeJieii H 6hlCTpbIH oT6op cnepsa B Il0Jlh3Y, a 3aTeM npOTHB 

HBHO a,[(anTHBHOH HHTeHCH!pHKaQHH reMO,[(HHaMHKH. 

HaKOHeQ, oco6H KpaeBbIX 30H nonyJIHQHH IlOCTOHHHO OCBaHBaIOT coce,[(HHe 

(ManbqeBCKHH, 1974, <l>pH.[(MaH H EpeMKHH, 2008), nopoii npocTpaHcTBeHHO 

OT,[(aJieHHhie 3KOHH.l.lIH, npHqeM ,[(a)l(e B OTCYTCTBHe )l(eCTKOH KOHKypeHQHH B 

co6crneHHhIX Httrnax HJIH HHrnax Ha conpe.[(eJihHOH TeppttTopHH (Osborn, 

1934, CttMncoH, 1948). Me)l(.[(y TeM, ecJIH peanmosatttta~ HHIIIa scer.[(a 

MeHhIIIe cpyH,[(aMeHTaJibHOH, COBila,[(M C Heii JIH.lllh B OTCYTCTBHe 

tte6naronpHHTHhIX cpaKTOpOB (Hutchinson, 1965), TO HHBa3HH s HOBYIO HH.l.lIY 

6y.[(eT ycnerntta JIHIIIh B cnyqae npea.[(anTaQHH. Ho KaK HaHTH npea,[(anTaQHIO 

cpe,[(H MHO)l(eCTBa MyTaQHH, eCJIH CKOpOCTh nepe6opa orpattttqetta .[(HJieMMOH 

XOJI.[(eiitta? 11Hh!MH CJIOBaMH, BCeJieHeQ OKa3hIBaeTCH B 3aBe,[(OMO xy.[(IIIHX 

ycnoBHHX qeM BH.[(-a6opttreH, ecJIH KOHeqtto ero a.[(anTaQHH - tte apoMopcpo3. 

Ho apOMO!p03hl pe.[(KH, Tpe6yIOT ,[(OJiroro rette3HCa (CeBeRQOB, 2008), a 

HHBa3HH 3a npe.[(eJihl 3KOHHIII - HBJieHHe, XOTh H He MaCCOBoe
2

' HO 06b1qttoe. 

B.BJKepHXHH (2003) o6'bHCHHJI qacTHhIH cnyqaii: HHBa3HH ycnerntta, ecJIH 

1 
Cpe.noarui HH.llYKUHll :mttreHeTH'leCKOH H3MeH'IHBOCTH (KOJI'laHOB Ii CycJIOB, 2008; l!ypaea, 

2006) Ii MyrareHe3 HH.llYUHpOBaHHblH 3IIHreHeTHKOH (I1Hre-Be'ITOMOB, 2010) nona.nruoT no.n 

.llliJieMMY XOJl.llettHa KaK Ii KJiaCCH'leCKHe MyraUHH. TaKHM o6pa30M, C TO'IKH 3peHHll 3BOJIIOUHH 

JnttreHeTH'!eCKlUI li3MeH'IHBOCTb HH'leM KpOMe TeMnOB BO3HHKHOBeHHll Ii peaepCHH He 

OTJIH'laeTCll OT reHeTH'leCKOH (TeM 6onee, 'ITO o6e qacTO nepeceKalOTCll tt no MOJieKyJillpHO­

reHernqecKHM MexaHH3MaM (I1Hre-Be'ITOMOB, 2010)). 

2 
TOT <paKT, 'ITO HHBa3HIO ae.nyr e.nHHHUbl (3a HCKJIIO'leHHeM "BOJIH )l(li3HH"), B 

.nonroapeMeHHOH nepcneKTHBe .nenae-r HX Yll3BHMl,IMH: reHO<pOH.ll nonyJJllUHH-BCeJieHua 

o6e.nHeH no cpaBHeHHIO c a6opttreHHOH nonyJJllUHeH (fpe6eJJbHl,IH, 2008)7. 
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BceneHI.(hI nepexBaTbIBaIOT mnny y a6opurettoB, ttapyrna» pattttHe cTa.nuu 

cyKUeCCHH
I
. 

TaKHM o6pa30M, reHOM OKa3aJJCH 3BOJJIOUHOHHO nnaCTHqeH, peryn»TOpHbie 

cattTbl . cpaBHHTeJJbHO nerKO TTOHBJJHIOTCH H ucqe3aIOT, qTo CTaBHT 

HeTPHBHaJJbHbie 3BOJJIOUHOHHbie 3a.[laqu: 1) M36bITOqHa» H3MeHqHBOCTb 

.nom1rna 6bITh cynpeccupoBatta ( o6tteiiTPanetta), qT06h1 He pa3MbITh 

a.nanTHBHbIH <peHOTHn; 2) B tte6naronpHHTHblX ycJJOBHHX Ha.no yMeHblIIHTb 

npocTpattcTBO nepe6opa, npe.ncrnBHB oroopy Hau6onee nepcneKTHBHbie c 

ToqKH 3peHHH a.nanTaUHH BapuaHTbl. KaKHM )Ke o6pa30M y.naeTCH .[(JJHTeJJbHO 

coxpaHHTb e.[(HHCTBO <peHOTHna? B cnyqae 3BOJJIOUHH. cattTOB CBH3bIBaHHH 

oroopOM oueHHBaeTCH <pyHKUHOHaJJbHblH napaMeTP - a<p<pHHHOCTb, npuqeM 

O.[(Ha H Ta )Ke BeJJuquHa a<pq>HHHOCTH MO,KeT 6bITb nonyqetta 3a cqeT pa3HbIX 

KOM6HHaUHH 3aMeH MOHOMepoB - npH3HaK H reHOTHil OKa3bIBalOTCH 

BbipO)K.[(eHHblMH OTHOCHTeJJbHO .npyr .npyra, a orpaHuqeHHOe qucno 

KOM6HHauuii MOHOMepoB 3a.naeT npocTPaHCTBO B03MO,KHOCTeii (ITB) .nn» 

3BOJJIOUHH
2
. HeeyneBa» Bepo»THOCTh nonttoro nepe6opa 3Toro ITB He 

IlO3BOJJHeT onucaTb 3BOJJIOUHIO B HeM KaK qucTO KOHBepreHTttylO HJIH 

.[(HBepreHTttylO - .[(HBepreHUHH nocne.noBaTeJJbHOCTeii COOTBeTCTByeT Haqany 

nepe6opa ITB, KOHBeprettuu» - ucqepnaHHIO ITB
3
. ,[(uBeprettTHO­

KOHBeprettTHbie UHKJJhI B 3BOJJIOUHH cattTOB .[(HK onucatthI y TATA-6oKca 

Bl-fll-1 (Suslov et al., 2010), B 3BOJJIOUHH aKTHBHbIX cattTOB 6enKa - y 

aHTHreHHblX .neTepMHHaHT K BHpycaM rpunna H y po.nonCHHOB (l-lBaHHCeHKO H 

.np., 2008). ITB .[(JJH 3BOJJIOUHH KapHOTHTTOB q>OpMupyIOT pacnpe.nenettue 

reTepoxpoMaTHHa (BopOHUOB, 1988) HJJH <popyM-.[(OMeHOB no XpOMOCOMe, HJJH 

1 Xorn B 3TOM cn)"Iae 3aMe'lamie c.,n:.rpe6em,Horo (2008) omanaeT, npttMep1,1 ycnelllHl,IX 

HHBaJHH y )l(epHXHHa (2003) tJaCTO TO)Ke CBJI3aHl,I C apoMop¢o3aMH (TIOJIBJieHHe UBeTKOBl,IX 

paCTeHHH, 3HTOM0¢HJIHJI, pa3BHTHe TpaBJIHHCTl,IX ¢opM). 
2 Tor.na e1,1po)l(JleHHOCT!, reHeTH'leCKOro KO.Ila K aMHHOKHCJIOTaM (PaTHep, 1964) - tJaCTH!,IH 

cnytJaii: npocrpaHCTBO B03MO)KHOCTeii orpaHH'leHO TpeT1,eii (HJIH BTOpoii H TpeTbeH) TI03HUHeii 

KO.!lOHa. 

J "U:ttKn" B CMl,ICJie TIOBTOpJieMOCTH co61,1THH, HO He B CMblCJie HX HanpaaneHHOCTH -

MYTaUHH B TTB He3aBHCHMl,I H He BJIHJIIOT Ha BepoJITHOCT!, .npyr .npyra. KaK H BCJIKHH npouecc 

.aapBHHOBOH 3BOJIIOUHH, UHKJI B TTB HH.!leTepMHHHpOBaH, T.e. MO)KeT 61,ITI, npepBaH npH 

H3MeHeHHH BeKTopa OT6opa HJIH npH pa3pyllleHHH He¢yHKUHOHHPYIOillero TTB .nonroii ( OKOJIO) 

HeHTpaJI!,HOH 3BOJIIOUHeii. He3aKOH'leHHMH UHKJI Bl,lrJIJl.!lHT KaK ./lHBepreHTHaJI 3BOJIIOUHll. 

TaK)Ke OH 6y.neT 81,lrJIJI.!leTI, npH 6eccne.nHOM Bl,IMHpaHHH pJI.!la TaKCOHOB-ytJaCTHHKOB, TI03TOMY 

Hatt6onee TIO.!lTBep)l(JleHHl,Ie npHMep1,1 .!lHBepreHTHO-KOHBepreHTHOfO UHKJia H3BeCTHl,I JIH6o H3 

ettpyconomH (I1eaHttceHKO H .ap., 2008, Suslov et al., 2010), r.ne 3BOJIIOUHJI npoTeKaeT Kpatltte 

61,1CTpO H ece TIOTOMKH HaJIHUO, JIH6o H3 naneOHTOJIOrHH TaKCOHOB npHKpenneHHblX naCCHBHO 

TIHTaIOillHXCJI ¢opM (6paxHOTIOJll,I (A¢aHac1,eea, 1984), apxeOUHaTbl (Po3aHOB, 1973), paCTeHHJI 

(Meyen, 1971 )), r.ne B03M0)KH0CTH .!lBH)KYillero OT6opa orpaHH'leHl,I. 
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TpexMepHblM pacnpe.neJieHHeM xpoMOCOM a .s1.npe (KonqaHOB H CycJIOB, 2008). 
HaKoHeQ, IlB 3a.naeT cTpyKzypa nonyn.s1QHH. B nonyJI.sIQHH H3 He6oJihlIIHX 

nOJIYH3OJI.sITOB I BO3MO)KHO MHOfOKpaTHOe BOCCTaHOBJieHHe xapaKTepHbIX 

KOM6HHaQHH nOJIHMOpq>H3MOB. TaK, noJIHMOpq>H3Mhl, xapaKTepHbie ,llJl.sI 

npoMoTOpa re Ha tb 1, KOHTPOJittpyIOmero pa3BHTHe noqaTKa KYKYPY3hI, 

nOO,llHHoqKe pacnpOCTPaHeHbl B pa3JIHqHhlX nonyJI.sIQH.sIX TeOCHHTa. 

CKpeLQHBa.sI npe,llCTaBHTeJieH 3THX nonyJI.sIQHH, MO)KHO BOCnpOH3BeCTH cpopMbl 

noqaTKa KYKYPY3hI, H3BeCTHhie no HH,lleHcKoMy HCKyccTBY H apxeonornqecKHM 

HaXO,llKaM (Wang et al., 1999). B QeJIOM, ,llHBepreHTHO-KOHBepreHTHa.sI 

3BOJIIOQH.sI B BblpO)K,lleHHhIX no OTHOllleHHIO K cpeHOTHny IlB MOJieKyJI.sipHO-

reHeTnqecKoH, xpoMOCOMHOH HJIH nonyJI.sIQHOHHO-QeHOTHqecKOH npttpO,llbl 

xopOlIIO yKJia,llbIBaeTC.sI B paMKH 3aKOHa fOMOJIOfHqecKHX p.s!,llOB 

H.11.Baannoaa (1935). 
MHKpoqHnOBbie HCCJie,llOBaHH.sI Bhl.sIBHJIH peryJIOrH (Babu et al., 2004) -

He60JihlIIHe 3BOJIIOQHOHHO KOHCepaaTHBHbie rpynnhI KO3KCnpeccttpyIOll.{HXC.sI 

reHoB. TaK, o6mtte perynorn KOHTPOJIHPYIOT cpopMHposaHHe KOHeqHocTeH 

HMaro HaceKOMhIX H JIO)KHOHO)KeK ryceHHQ, B TO apeM.sI KaK JIO)KHOHO)KKH 

JIHqHHOK nHJIHJlhl.QHKOB HMeIOT o6mne perynom c MaH,llH6ynaMH. B reHHhIX 

cernx KpbIJibeB HaceKOMhlX H KOHeqHOCTeH nO3BOHoqHhIX Bhl.sIBJieHbl o6mne 

perynorn. B .nmpcpepeHQHpyIOLQeHC.sI nJiaQeHTe Bhl.sIBJieHo MHO)KeCTBO 

perynoros, perynttpyIOLQHX pocT H .nttcpcpepeHQHpOBKY lIIHpOKOro Kpyra 

TKaHeH He TOJlbKO y MJieKOnHTalOLQHX, HO H y 3eMHOBO,llHbIX, pb16 H ,lla)Ke p.s1.na 

6ecn03BOHOqHhIX. YqaCTHe 061.QHX perynoroa B cpopMHpOBaHHH 

HefOMOJIOfHqHbIX npH3HaKOB npe.nnoJiaraeT, qTo reHbie ceTH 3THX npH3HaKOB 

BO3HHKaJIH KOM6HHaTopHo: 3a cqeT KOHBepreHTHOro no.sIBJieHH.sI caHTOB 

CB.sI3bIBaHH.sI lIIJIO o6be,llHHeHHe .npeBHHX xopOlIIO OTTeCTHpOBaHHbIX oT6opoM 

cpyHKQHOHaJihl:lhlX CB.s!3OK "reH-peryJI.sITop+reH-MHllleHh" B HOBhie reHHbie 

ceTH. TaK, nJiaQeHTa MJieKOTTHTalOLQHX 6bIJia ccpopMHpOBaHa H3 cpparMeHTOB 

reHHhIX ceTeH, perynttpyIOLQHX nponttcpepaQHIO H ,lla)Ke MaJIHrHH3aQHIO 

KJieTOK. Ilo3)Ke, npH cpopMttpoaaHHH OTP.sI.llOB nJiaQeHTapHhIX, lIIJia 

napanJieJibHa.sI 3BOJIIOQHOHHa.sI HaCTpOHKa nJiaQeHT Ha xapaKTepeyIO 

penpo.nyKTHBHYIO CTpaTerHIO OTP.sI,lla (MHOfOTTJIO)J.He HJIH MaJIOnJIO)J.He; 

He.nopa3BHTbie HJIH 3penopo)K,lleHHble ,neTeHbllIIH H T.n.). B HTOre, HanpHMep, 

1 l1MeHHO C TaKOH CTpyKTypoli nonym1u1m npe.llKOBOro Blf,/la H.11.BamrnOB CBll3h!BaJI 

cpopMttpOBaHtte ueHTpOB Blf,/lOBOro pa3H006pa3ttll y paCTeHttH B ropHhlX palioHax (CycnoB Ii, 

Kon'!aHOB 2009). CBll3h Me)K)ly npOBHHUliaJltt3aUttel1 MOpCKHX apeanoB, cpopMttpoBaHtteM 

6ttopa3H006pa3ttll Ii nOllBJ!eHtteM rOMOJIOrtt'!eCKHX Pll.llOB BhlllBJ!eHa y MOJIJIIOCKOB Ii 6pax11ono.n 

(AcpaHaCheBa, 1984). 
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nJlal{eHTbl JleMypoB " o6e3MIH )].MBeprnpOBaJlM, a JleMypoB " 
HenapHOKOnbITHblX - KOHBeprnpOBaJlM (CycJ10B u KoJlt.iaHOB, 2009). 

Ell\e OJJ.MH BIDKHbIH MexaHM3M o6HeHTPMMBaHMH MyTal{MH - peaKL{MM 
roMeOCTa3a B reHHbIX cernx: B KOHrype C OTPML{aTeJlbHOH o6paTHOH CBH3bl0, 
OTCJle)KMBaIOl..l\eM KOHL{eHTPal{MIO Bell\eCTBa, MyTal{MM, ee CHM)KaIOl..l\Me, 6y.n.yT 
CKOMneHcupoBaHbI ycuJ1eHMeM era CMHTe3a (CycJ10B u KoJ1t.iaHOB, 2009). B 
neCCMMaJlbHblX ycJlOBMHX roMeOCTa3 3aMeHHeTCH CTpecc-peaKL{MeH. Ilo 
r.CeJ1be (1972), Hecnel{mput.ieCKMH a.n.amal{MOHHbIH CMHJJ.pOM - CTpecc -
Ha6op CTepeoTMilHbIX 6MOXMMMt.ieCKMX " <pM3MOJ10fMt.ieCKMX peaKL{MH, 
06ecnet.iMBalOl..l\MH YCTOHlfMBOCTb opraHM3Ma K pa3J1MlfHbIM He6J1aronpHHTHblM 
<paKTopaM (nepeKpecTHaH pe3MCTeHTHOCTb - TIP). TaK YCTOHlfMBOCTb K 
06J1yt.ieHMIO (pe)].KMH CTPeccop) CBH3aHa, B t.iaCTHOCTM, C reHaMM 
oKcu.n.aTMBHoro CTPecca u reHaMM 3acyxoycTOHt.iMBOCTM (Azzam, 20 I 0, Storz et 
al., 2000, Macario et al., 1999) ( o6hit.iHbie CTPeccopbr). feHepanu3oBaHHhIH 
OTBeT Ha TaKMe CTpeccopbI, KaK runep- M runoOCMOC, HM3KMe M BbICOKMe 
TeMneparyphr (Macario et al., I 999, Jlocb, 2007, Kp)Ket.iKOBCKaH u .n.p., 2004, 
Chao et al., 2009), rnnOKCMH, roJ1OJJ. u KCeHo6uoTMKM (Vaquero and Reinberg, 
2009, Semenza, 2006) BKJlIOt.iaeT 061..l\yIO <ppaKL{HIO reHOB, nput.ieM OJJ.HM u Te 
)Ke reHbl MoryT BbinOJlHHTb pa3Hbie <pyHKL{MM B O)].HOH CTpecc-peaKL{MM 
(Macario et al., 1999, Kp)Ket.iKOBCKaH u .n.p., 2004, Chao et al., 2009). TaKMM 
o6pa30M, M3MeHt.iMBOCTb cynpeccupyeTCH B <pa3e TIP Hau60J1ee Hecnel{M<pMlfHO, 
HO KpaTKOBpeMeHHO - B OTJlMt.iMe OT roMeOCTa3a, CTPeCC B )].OJlroBpeMeHHOH 
nepcneKTMBe He npe.n.ycMaTPMBaeT BO3Bpall\eHMe opraHmMa K MCXO)].HOMY 
COCTOHHMIO (<pa3a MCTOl..l\eHMH - )].MCTpecc). 11MeHHO 3Ta <pa3a " 
no.n.roTOBMTeJlbHaH <pa3a TpeBorn Hau60J1ee CMepTOHOCHbI. A B <pa3e TIP 
opraHM3M . MO)KeT t.iyBCTBOBaTb ce6H TaK KOM<pOpTHO, lfTO nOJ1O)KMTb ee B 
octtoBy HOBOH 3BOJ1IOL{MOHHOH CTPaTernu. TaK, KaIIIMOT peryJ1HpHo 
nOJ1b3yeTCH TIP, lfT06bI nMTaTbCH Ha rny6uHe KMJlOMeTpa B Tet.ieHMe qaca 
(ToMMJlMH, 1984). Jiornt.iHO, lfTO B Kpaii:He He6J1aronpHHTHOH cpe.n.e (Kor.n.a HeT 
BpeMeHM nepe6upaTh Beeb cneKTP MyTal{uii:), B HecTa6uJ1hHOH cpe.n.e, MJlM 
cpe.n.e, He6J1aronpHHTHOH cpa3y no HeCKOJlbKMM <paKTOpaM (Kor.n.a HeBO3MO,KeH 
nocJ1e)].OBaTeJ1bHbIH noMCK MyTal{MH, a.n.amMBHbIX )].JlH Ka)K)].OfO <paKTOpa), )].JlH 
He60J1blll0H nonyJlHL{MM Hau60J1ee nepcneKTMBHbIMM C TOlfKM 3peHMH 
a.n.anTal{MM 6y.n.yT He MYTal{MM, o6ecnet.iMBaIOl..l\Me npucnoco6J1eHue K 
KOHKpeTHOMY <paKTopy cpeJJ.bI, a Myrnuuu, onTMMM3upyIOl..l\Me Tet.ieHue cTpecca 
(6bICTpoe .n.ocTM,KeHue <pa3bI TIP, KynupoBaHue JJ.MCTPecca B <pa3ax TpeBorn 11 

MCTOI.L{eHHH). To eCTb, B nepBbIX noKOJleHMHX M)].eT a.n.anTal{MH He K cpe.n.e, a K 
co6cTBeHHOMY CTPecc-oTBeTY opraHM3Ma, 3a c~eT TecTupoBaHMH MYTal{HH B 
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o~pattHqeHHOM tta6ope reHOB, 3KCnpeccHpyIOll.(HXCH B xo.n.e CTpecc-peaKQHH
1
. 

JlHIIIh 3aTeM ttaqHHaeTCH npHcnoco611eHHe K BHeIIIHeii cpe.n.e - oT6op 

TeCTHpyeT npoqHii cneKTp H3MeHqHBOCTH. Bo3MO)KHhl TaK)Ke .n.ynJIHKaQHH 

rettoB CTpecca: o.n.tta KOTTH$1 orneqaeT 3a ITP, .n.pyraH - cneQHaJIH3HpyeTCH no 

KOHKpeTHOMY CTpeccopy, JIH60 peKpyTHpyeTCH B reHHhie ceTH OHTorette3a. B 

HTOre <pOpMHpyeTCH BOpOHKoo6pa3HhIH TpeH.n. 3BOJIIOQHH: B nepBhIX 

IlOKOJieHHHX no.n. OT6op nona,n.aIOT reHhl CTpecca. C pocTOM qHcJia IlOKOJieHHM 

tta6op reHOB, BTHttyThIH B op6Hry OT6opa, paCIIIHpHeTCH, .n.enaH Ka)K.lJ.yIO 

KOHKpeTHYIO TpaeKTOpHIO 3BOJIIOQHH Bee Mettee npe.n.cKa3yeMOH. TaKyIO 

3BOJIIOQHIO y.n.o6Ho Ha3BaTh napcpopcHOH (OT cppaHQ. par force - 6yKBaJihHO 

"qepe3 CHJiy"). <l>aKTHqecKH H3-3a <pyHKQHOHHpOBaHHH reHHhIX ceTeH CTpecca, 

Ha nepBOH CTa,ll.HH napcpopcHOM 3BOJIIOQHH B orpoMHOM cneKTpe 

I OTCIO,!la, 3HaMeHHTOe .napBHHOBCKOe "BbllKHBaHHe HaH6onee npHcnoco6neHHbIX", 

paccMaTpHeaeMoe KaK KJiaCCH'IeCKHH npHMep TaBTOJIOfHH (Popper, 1976) HJIH "nO'lTH 

TaBTOJIOrHH" (Popper, 1978)48, OCTaCTCll TaKOBOH TOJlbKO e paMKax CT3, co6CTBeHHO H 

oTKpbrnlllett 3TY rnernnornIO (Fisher, 2000, Haldane, 1935, Waddington, 1960). JJ:ei1cTBHTeJibHO, 

CT3 onpe.nenlleT npHcnoco6neHHOCTb KaK penpo.nyKTHBHbIH ycnex .naHHOro reHOTHna e OQHHbl.X 

ycJIOBHllX cpe,!lbl. YnrnHTapHal! ueHHOCTb TaKOH oueHKH BHe COMHeHHH (THMo<peee-PecOBCKHH 

H .up., 1977). TeM He MeHee, TaKal! oueHKa npHcnoco6neHHOCTH a.ueKBaTHa .11aneKO He .!lJlll ecex 

TaKCOHOB, XOTJI 6bI nOTOMY, '!TO MHOrne H3 HHX (crpeK03bl, cyxonYTHbJe Kpa6bI H .up. 

paKoo6pa3Hbie, HanpHMep, Birgus latro, npOX0.11Hbie pb16bI, 6oJiblllal! 'laCTb 3eMHOBO,!lHblX, 

cpe.11H MJieKOnHTaIOIUHX - JiaCTOHOrne), lKHBYT (anamttpoeaHbl) B O,!lHOH cpe.ne, a 

pa3MHOlKalOTCll (H lKHBYT Ha paHHHX CTa/lHllX OHTOreHe3a) B .npyron. JJ:m1 TaKHX TaKCOHOB HCT 

penpo.nyKTHBHOro ycnexa B OQHHb!X ycJIOBHJIX cpe,!lbl (OHH B 3THX ycJIOBHJIX He pa3MHOlKalOTCll, 

XOTJI npOBO,!lllT 6oJibllIYiO 'laCTb lKH3HH; .11Jlll BH.110B, pa3MHOlKalOIUHXCll 0.!lHOKpaTHO -

no.naBJilllOIUYIO 'laCTb), no3TOMY 3,!leCb npHcnoco6neHHOCTb KaK penpo.11yKTHBHbltt ycnex MOlKHO 

¢aKTH'leCKH oueHHTb TOJlbKO HHTerpaTHBHO .11Jlll HeCKOJlbKHX cpe.11, JIH6o eoo6me (Fisher, 2000) 
post mortem. C TO'lKH 3peHHll nap<popCHOli 3B0JIIOUHH npHcnoco6neHHOCTb MOlKHO oueHHTb 

Henocpe.11crneHHO B .naHHbltt MOMeHT He .110lKH.11al!Cb HM pa3MHOlKeHHll, HH rn6e1111 opraHH3Ma, HH 

oueHKH eepOllTHOCTH BbllKHBaHHll 6e3 OT6opa (HettTpaJibHbltt .npett<p, )(aK npe.nnaran K.nonnep 

(1978)). Eonee npHcnoco6neH TOT, KTO e OQHHb!X ycnoBHJIX HCnbITbIBaCT MeHblllHH ,!lHCTpecc. 

Pa3MHOlKaCTCll OH B ,!laHHbltt MOMeHT HJIH HCT, He CYTb BalKHO - OH coxpaHJICT HeHyneeon lllaHC 

OCTaBHTb noTOMCTBO ('ITO 3aTeM 6y.11CT .!lOJllKHbIM o6pa30M oueHeHO CT3) ylKe no TOH npH'lHHe, 

•no npOlKHBCT .11011ro, npH'leM HMeHHO HH3KHH ypoeeHb .11HCTpecca B OQHHb!X ycJIOBHllX cpe.!lbl H 

yee/lH'lHBaCT ero lllaHCbl npOlKHTb .110Jlbllle, npOTHB 6onee crpecc11poeaHHOH (= MeHee 

np11cnoco611eHHOH) oco6H. JlI060nbITHO, '!TO HH CaM q_,z:i:apBHH (1991, 1941), HH ero KpHTHKH-

3B0/IIOUHOHHCTbl (Baldwin, 1896, Osborn, 1934) e <popMyne r.CneHcepa "ebllKHBaHtte HaH6onee 

npHcnoco6neHHblX" TaBTOJIOfHH He e11.11e1111, TaK KaK (B OTJIH'me OT Heo.11apBHHHCTOB (Fisher, 

2000, Haldane, 1935, Waddington, 1960)), He CB0.11HJIH np11cnoco611eHHOCTb npl!MO K 

penpo.11yKTHBHOMY ycnexy, .nonyCKal! B03MOlKHOCTb HHOfO 3MnHpH'leCKOrO KpHTepHll. O.11HaKO, 

npe.nnolKeHHble eapHaHTbl ( OT.!leJieHHe reMMYJI (JJ:apBHH, 1941 ), apHCToreHbl (Osborn, 1934)) 
Tpe6oeanH npllMOro BJIHJIHHJI cpe.!lbl Ha .11H<p<pepeHUHaJibHOe pa3MHOlKeHHe, HJIH Ha MOp<poreHe3, 

'!TO paBHOCHJlbHO MexaHOJiaMapKH3My. HcKOMblM HeJiaMapKHCTCKHM KpHTepHeM 

npHcnoco6/leHHOCTH MOlKCT 6b1Tb ypoeeHb crpeccHpyeMOCTH. 
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reHOTHnwrecKOH H3MeHqHBOCTH, BbIAeJUieTCR orpaHHqeHHOe IlB, CBR3aHHOe C 

reHaMH, qI,R aAanTHBHOCTb y)Ke . MHOfOKpaTHO onpo6oBaHa B qrnnoreHe3e 

TaKCOHa. IlpoqHe MyTal.{HH B :no BpeMR JIH6o o6HeHTpaJieHbl, JIH6o He 

TeCTHPYIOTCR KaK HecyUJ,ecTBeHHI,Ie AJIR BI,l)KHBaHHR
1
. Ha BTOpOH CTaAHH 3TO 

IlB nocTeneHHO pacumpReTCR, a CBR3b c reHaMu crpecca - nocTeneHHO 

yTpaquaaeTCR. 

IlpH 3a)KHBJieHHH paH 3anycKaeTCR <pOpMHpOBaHHe BOJIOCRHblX 

<pOJIJIHKYJIOB (60JII,UIHHCTB0 H3 HHX pe3op6HpyeTCR eUJ,e AO o6pa30BaHHR 

py6Qa) (Ito et al., 2007). TaKHM o6pa30M, OAHH H TOT )Ke KOMnJieKc reHOB 

OKa3bIBaeTCR CBR3aH H co CTpeccoM, H C apoMop<pHOH MaMMaJIH3al.{HeH 

TepancHA. EUJ,e 6onee noJIHO B ABYCTaAHHttyIO cxeMy napqiopcHon 3BOJIIOl.{HH 

yKJiaAbIBaeTCR 3BOJIIOl.{HR BOJIOKOHel.{ XJIOnKa - YAJIHHeHHI,IX KJieTOK, 

<pOpMupyIOUJ,HX MHKpOKJIHMaT a KOpo6oqKe. Y npHMHTHBHbIX XJIOnKOB c 

reHOMOM F H D B qiopMHpOBaHHH BOJIOKOHl.{a OCHOBttyIO pOJII, HrpaIOT reHbl 

CTpecca - aKTHBHbie <popMbl KHCJIOPOAa pa3MRrqaIOT KJieToqey10 CTeHKY, 

nO3BOJIRR KJieTKe YAJIHHRTbCR. Ilpol.{eCC 3aBepUiaeTCR C noape)K)J,eHHeM 

aKTHBHbIM KHcnopOAOM )KH3HeHHO Ba)KHbIX cTpyKryp KJieTKH ( <pa3a 

HCTOUJ,eHHR) H BOJIOKOHl.{e OKa3bIBaeTCR KOpOTKHM (Hovav et al., 2008). Y 
a3HaTCKHX AJIHHHOBOJIOKOHHblX XJIOnKOB A nOA ManTHBttyIO 3BOJIIOl.{HIO 

nonaJIH reHbl, oquUJ,aIOUIHe KJieTKY OT aKTHBHblX <popM KHCJIOPOAa. y 
aMepuKaHCKHX XJIOnKOB AD npOH3OllIJIO aAaITTHBHOe nepepacnpeAeJieHHe 

peryJIRl.{HH <pOpMHpOBaHHR BOJIOKOHl.{a Me)K)J,y reHaMH KOHTPOJIR 

OKHCJIHTeJibHOfO MeTa60JIH3Ma (reHOM A) H reHaMH HOpMaJibHOfO OHTOreHe3a 

(reHOM D) (Xu et al., 20 I 0, Chaudhary, et al., 2009). 
B <pa3e IlP opraHH3M MO)KeT HeHMOJiro noKHAaTb npeAeJibI 

3KOJiomqecKOH HHllIH BHAa
2

. CneAOBaTeJibHO, ycnex BCeJieHl.{eB B 6op1,6e C 

BHAaMH-a6opHreHaMH MO)KeT 6bITb o6yCJIOBJieH OT60p0M Ha COBepUieHCTBO 

reHHbIX ceTeH crpecca BCeJieHl.{eB. 3arparHBM OTHOCHTeJibHO HeMHOfO reHOB, 

TaKM MaITTal.{HR MO)KeT cqiopMHpOBaTbCR cpaBHHTeJibHO 6blcrpo, npHqeM 

I 3cjicjieKThl pacnrnpeHml aMilJIHTY,/lhl H3MeH'!HBOCTH oco6el1 (necTa6HJIH3Hpy!OlllHH OT6op) 

(Een»eB, 1972) H HeKOToporo CHHiKeHHll reHeTH'!eCKOH sapHa6eJihHOCTH nonyJillUHH 

(reHOCTa3HC) (MapKem,, 2008) npH CTpecce He ./lOJiiKHhl 3aryweBh1BaTh rnaBHOe - )laHHa» 

H3MeH'!HBOCTh B MOMeHT ee B03HHKHOBeHHll aTeJIH'!Ha H ee )laJihHeliwa» cy.n:h6a eme 6y.n:eT 

onpe.n:eneHa OT60pOM. HanpOTHB, cjJH3HOJIOrH'!eCKa» CTpecc-peaKUHll 3BTeJIH'IHa. Ee 

uenecoo6pa3HOCTh (TO'!Hee, uenecoo6pa3HOCTh ee KpaTKoapeMeHHOro 3anycKa) yiKe nposepeHa 

OT6opoM B cjJHJioreHe3e BH)la (a ./lllll nose.n:eH'!eCKOH KOMilOHeHThl CTpecca y BH./lOB C pa3BHTOH 

U:HC - H B OHToreHe3e). 
2 TaKHM o6pa30M, cxeMy 3KOJIOrH'!eCKOH HHWH no G.E.Hutchinson (1965) cne.n:yeT 

./lOilOJIHHTh CTpecc-nepHcjiepHeH, BhlXO./lllllleH 3a paMKH cjiyH./l8MeHTaJihHOH 3KOHHWH, HO 

./lOCTynHOH JIHWh cy6nonyJillUHH CTpecc-ycTOH'IHBhlX oco6el1. 
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nonyqaeT 060HCHem1e " napanneJIM3M Me)K)];y ,AMHaMMKOH 3B0JIIOU.MOHHOro 
OTBeTa u ,AMHaMMKOH qJM3MOJIOruqecKoro a,AanTaU.MOHHOro CMH.ApOMa - a o6a 
npou.ecca aoaneqeH o6m.uii nyn Koop.AMHMpoaaHHO 3Kcnpeccupy10muxcH 
reHoB. KpoMe Toro, cTepeoTMnHOCTh CTpecc-peaKU.MM o6ecnequaaeT 
3BOJiioU.MOHHblH napanneJIM3M B penpO.AYKTMBHO M30JIMpOBaHHblX TaKCOHax. 
TTapannenmM noMep)l(MBaeTCH MMHMMYM Ha TPex ypoam1x: o6m.HoCTh 
.ApeBHMX reHoB (Storz et al., 2000, Macario et al., 1999, Chao et al., 2009, 
Iwahashi et al., 2003, Ishii et al., 2005, Slonczewski and Foster, 1996, Lin et al., 
1995), o6m.HoCTh qiyHKU.MH (Iwahashi et al., 2003, Ishii et al., 2005, 
Slonczewski and Foster, 1996; Lin et al., 1995) (xorn Ha6op reHoB, 
BhinOJIHHlOllJ.MX O.AHY qiyHKU.MlOf MO)l(eT He COBTia,AaTb) u orpaHuqeHHbIH Ha6op 
pa6oqux 3D-cTpyKryp 6eJIKOB (Cycnoa u KonqaHoB, 2009; Macario et al., 
1999). HaKOHeu., npu oroope Ha OTITMMM3aU.MIO CTPeCc-peaKU.MM 6y,AeT 
crn6umm1poBaHa HOpMa peaKU.MM ,AJIH MO,AMqJMKaI.J.MH, B03HMKa10mux B 
pe3yJibTaTe pa60Tbl reHHbIX ceTeH CTPecca, qTo BHemHe 6y,AeT BhirJIH,AeTh KaK 
HacJie,AOBaHMe no )1(,-E.JlaMapKy npmHaKOB, npuo6peTeHHh!X a XO,Ae 
TpeHMpOBKM opraHOB (TPeHupoBKa = CTPecc-peaKI.J.MH). TeopMH 
reHOKOTIMpOBaHMJI MO,AMqJMKaU.MH pa3pa60TaHa B 30 - 40 rr. xx BeKa a Tpy,Aax 
11.11.lllManhray3eHa, E.11.JiyKnHa u B.C.KupnuqHMKOBa. CornacHo eii 
OT6upaIOTCH MyTaU.MM, yaenuquaa10mue BepOHTHOCTb qiopMnpoaaHMJI 
a,AaTITMBHhlX MO,AMqJMKaU.MH (HHre-BeqTOMOB, 2010). O,AHaKO, TeCTMpoaaHMe 
MO,AMqJMKaU.MH Ha a,AaTITMBHOCTh, a 3aTeM OT6op MyTaU.MH-reHOKOTIMH, 
cornacHo .AMJieMMe Xon,AeiiHa, 3aTPY.AHMTeJibHhI .AJIH He6oJihlliOH nonyJIHU.MM, 
cymecTBy10m.eii Ha npe,Aene TOJiepaHTHOCTM

2
• TTapqiopcHaH 3BOJIIOU.MH o6xo,AMT 

npo6JieMy: Bo-nepBbIX, a,AaTITMBHOCTb CTpecc-OTBeTa y)l(e MHOroKpaTHO 
onpo6oBaHa B qJMJIOreHe3e TaKCOHa. ( CTPOfO roaopH, MO,AMqJMKaU.MH MO)l(eT 
6bITh HeHTPaJihHOH MJIM ,Aa)l(e yMepeHHO ape.AHOH - ,AOCTaTOqHo, qT06bI oHa 
6hIJia qJM3MOJIOrnqecKM CB513aHa co CTpecc-peaKu.Meii; a,AaTITMBHOCTb 
o6ecnequaaeTCH He MO,AMqJMKau.ueii, a CTPeCc-peaKU.MeH B u.enoM); B0-BTOpbIX, 
TTP MO)l(eT ,AaTb a,Aanrnu.mo K HeCKOJibKMM qiaKTOpaM. 

,[(.K.EeJIHeB (1972) BnepBbie OTMeTMJI Ba)l(ttylO pOJib ,Aecrn6MJIM3Mpy10m.ero 
3qJqJeKTa CTPecca B 3BOJIIOU.MM rOMMHM,A. O,AHaKo, y CTPecca eCTb " 
CTa6MJIH3Hpy10m.uii 3qJqJeKT - cnoco6HOCTh npOTHBOCTOHTb HeCKOJibKMM 
cTpeccopaM B qia3e TTP. TToucK "reHOB oqenoaequaaHttH", coqeTa10mux 
CTporyIO M03r-cneu.uqi11quy10 3KCnpecCHIO M a,AanTHBttylO 3BOJIIOU.MIO, y 

I KpoMe TOro 8O3MOJKHa H o6IUHOCTb CTpeccopa (.uapBHHOBCKlUI KOHBepreHUHJI) (Slonczewski 
and Foster, 1996; Lin et al., 1995). 

2 To eCTb, TeOpHll reHOKOnHpOBaHHJI pa6oTaeT nHUJb nocne TOro, KaK BH./l "ttaKOnHn" H 
oTTeCTHposan B xo.ue :JBonIOUHH .uocTaTO'IHbIH penepTyap a.uamHBHbIX Mo.umtmKaUHH. 
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qeJIOBeKa )J,aJI HeO)KU)J,aHHbie pe3yJibTaTbI: TaKMX reHOB HeMHoro (npuqeM 

a)J,anTUBHIUI 3B0JIIOUMSI MX no)], COMHeHMeM (Shi et al., 2006)), npe<ppOHTaJibHaSI 

Kopa KottcepBaTMBttee ceMeHHMKa, neqettu, noqeK u cep,IJ,l~a
1 

no tta6opy 

perynoroa (Khaitovich et al., 2005), a ttau6onee no,1J,aep)KeHbI a,IJ,amuattoii 

3BOJIIOUMM reHhI, coqeTaIOlllMe 3Kcnpeccu10 B M03ry c 3Kcnpeccueii ellle B 

HeCKOJibKMX TKaHSIX. Cxo,IJ,HaSI cuzyauuSI, o6ttapy)KeHHIUI npu u3yqeHMM 

3BOJIIOUUM nnaueHTbl, n03B0JISleT npe)J.nOJIO)KUTb, qTo U B 3B0JIIOUMM M03ra 

Ba)KttylO pOJib Cblrpana KOM6MHaTOpHKa perynoroB, CglOpMupoaaarnaSI. 
2 

"o6cJiy)KMBaIOlllYIO MH<ppaCTPYKTYpy'' (011) M03ra . <l>aKTOpOM, 

CKOOpJJ.MHUpoBaBillMM <popMupoaattue 011, Mor 6h!Tb OT6op Ha onTMMM3aumo 

CTPecc-peaKuuu. ITonyJISIUMM npeJJ.KOB Homo HMKOr)J,a He 6hmu aenuKu u ux 

3BOJIIOUMSI 6hma orpaHuqeHa )J,UJieMMOH Xon)J,eHHa. B XO)J,e nap<popcHOM 

3BOJIIOUMU BHeillHSISI cpe)J,a BblczynaeT He CTOJibKO TecTepoM (KaK npu JII060M 

ApyroM BUAe oT6opa), CKOJibKO CTPecc-penM3epoM. AAanTaUUSI )Ke MAeT K 

<pM3MOJIOruqeCKUM nocJieACTBMSIM <pa3bl MCTOllleHMSI, K KOTOpb!M M03r, KaK 

Mern6onuqecKu 3aTPaTHhIH opraH, oco6o qyacTBMTeJieH. <l>opMupoaattue 011 
3alllMTMJIO M03r, o6ecnequa B03MO)KHOCTb MHTeHCM<pUKauuu ero <pyHKUMH, qTo 

CHOBa noTpe6oaano ycuneHUSI 011. Bo3HMKilla» nOJIO)KUTeJibHaSI o6paTHaSI 

CBSl3b, B MTOre, CAenana MbICJIUTeJibttylO AeSITeJibHOCTb 3HAOreHHblM 

CTPeccopoM, a qenoBeKa - o6e3bSIHoii, )KUBYllleii no)], CTpeccoM co6cTBeHHOH 

MbICJIM. 

6naro.r.apuocTH: 

Pa6orn noMep)Katta: nporpaMMa PAH 26, A.11.6, E.25, E.27; nporpaMMa 

Ilpe3HAuyMa PAH "Ilpoucxo)K)J,emie 6uoc<pepb1 u 3BOJIIOUMSI reo-

6uonoruqecKHX cucreM"; MHTerpauuoHHhIH npoeKTbI CO PAH 50, 119; 

1 
PaJJ!H'IHJI naTiepH0B JKCnpeCCHH y 'leJ!0BeKa 11 lllHMnaHJe HaluleH0 e 32% reH0B 

ceMeHHHKa H no -8% reH0B LIPYrHX opraH0B, npH'leM B M03ry p83JIH'IHJI K0J!H'leCTeeHH0 

HaHMeHhlllHe. Ha1160J1hlllee p83JIH'IHe BhlJIBJieH0 y reH0B ne'leHH. B ceMeHHHKe H n0'IKe 

aaam11eHo JB0JIJOUH0HHpoeano Ha116onhrnee 'IHCJio TKaHecneumlm'IHhlX reHoB (Khaitovich et 

al., 2005). 
2 

O6cJiy)lmBaJOIUaJI HHcfipacrpyKTypa (OH) M0Jra B YJK0M CMh[CJie - reHHhle cern 

MeTa60J!H3Ma, nYTeii nepeL1a'IH CHfHaJI0B, Bp0)l(J:leHH0ro HMMYHHTeTa H CTpecca: JKCnpeCCHJI 

ecex JTHX reHHhlX CeTeii HJ!H HX cfiparMeHTOB He orpaHH'leHa M03f0M H BKJIJO'laeT p83Hhle TKaHH. 

8 lllHp0K0M CMhlCJie OH BhlX0LIHT 3a paMKH M03ra, BKJIIO'laJI reHHhle CeTH n11meeap11TeJihH0ii 

CHCTeMhl, CBJIJaHHhle C MeTa6oJIH3MOM 6eJIKOB H J!HnHLI0B, He06XOLIHMhlX B KpHTH'leCKHe 

nepH0Llhl 0HToreHeJa MoJra. YKaJaHHhie reHHhie CeTH (Shi et al., 2006, Khaitovich et al., 2005) 
o6orameHbl reHaMH, aaanTHBH0 JB0J!JOUH0HHpyJOIUHMH npH LIHBepreHUHH lllHMnaHJe 11 

'lenoeeKa. 
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l(osaK MHttacosHq Asa1urn 
Tsovak M. Avakian 

Cnesa ttarrpaso: r. reraM»H, A.H. TttMo<pees, 1(. M. AsaK»H. 
Me)l(.n,yttapo.n,tta» KOH<pepeHI.(Hjl «CospeMeHHhie rrpo6neMhI retteTHKH, pa.n,0060onorn0, 

pa.n,H03KOnorHH H 3B0lllOUHH», IIOCBHIJ.(eHHml I 00-neTHIO 
co ,[1,Hj! po)l(.D,eHH» H.B. THMO<peesa-PecoscKoro. ,[l;y6tta, 2000 

From left to right: G. Gegamian, A. N. Timofeev, Ts. M. Avakian. 
The N. W. Timofeeff-Ressovsky Centennial conference «Modem Problems of Genetics, 

Radiobiology, Radioecology and Evolution». Dubna, 2000 
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A. E. ,[(eB11H 11 11. II. ApMaH. 2004 r. 
(113 apx11Ba H. A. KonTOBoii:) 

A. B. Devin and I. P. Arman. 2004 
(photoarchive ofN. A. Koltovaya) 



Bna)],HMHp J1JibH'I I1BaHOB 
Vladimir Il'ich Ivanov 

3onoTaj! caa,11,b6a THMoq>eeBhix-Pecoacrrnx. Cneaa ttanpaao: B. 11. I1aattoB, M. M. AttTOIUHHa, 
A. A. CTpeKanoa, H.B. THMoq>eea-PecoacKHH. 06HHHCK, 1972 r. 

The golden wedding ofN. W. and E. A. Timofeeff-Ressovsky's. From left to right: V. I. Ivanov, 
M. M. Antoschina, A. A. Strekalov, N. W. Timofeeff-Ressovsky. Obninsk, 1972 
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Nikolay Victorovich Luchnilk 
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In the center (from left to right):N. V. Luchnik, N. A. Poryadkova, N. W. Timofeeff-Ressovsky. 
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feHHa,11,1111 fp11ropbeBJ1Lf TIOJIHKapnoB 
Gennady Grigor 'evich Polikarpov 
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Vladimir Korogodin and Gennady Polikarpov. Moscow, Biophysics Department ofMSU. 
1950s 



Bcesono)J. MaspHKHesHq KJieqKoBCKHH 
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Executive Committee, 16th International Congress of Genetics, Toronto, 1988. 
Standing, left to right: K. J. Kasha (Canadian Program Committee), J. W. Drake 
(International Program Advisory Committee). Seated, left to right: J. D. Friesen 

(Local Arrangements Committee), R.H. Haynes (President), · 
A. Nasim (International Coordinator), D. B. Walden (Secretary General), 
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Max Ludwig Delbriick 

Molecular-genetics pioneers N. W. Timofeeff-Ressovsky, M. Delbriik, K. Zimmer, 
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IJ;OBAK Ml:IHACOBJ:lq ABAKRH (1926-2011) 

fleTOM 1986 r. Mb! (BJiaAHMHp .HaaHOBHlf KoporoAHH, jl H Harna AOlfKa Marna) 

npHJieTeJIH B ApMeHHIO H O)KHAaJIH B a3ponopry BCTpelfaJOI.I.lero Hae l.JpBaKa 

MHHacoBHlfa AaaKj{Ha. BpeMjl rnttyJIOCb AOJiro, H BnaAHMHp .HaaHOBHlf cTan 

paccKa3bIBaTb, lfTO HHKOJiaH BnaAHMHpOBHlf H EneHa AneKcaHAPOBHa 

THMO<peeab1-PecoacKHe 6bIJIH TecHo CBj{JaHbI c ApMeHHeH, H a HX oKpy)KeHHe 

BXOAHJIH apMj{He - UoaaK AaaKj{H, PoMeH ATajlH, ApaM 3ypa6j{H, CypeH 

CeMHPA)KjlH H Apyrne. Y EneHbI AneKcaHApOBHbI 6bIJIH n106HMlfHKH: «caMbIH 

yMHbIH» - UoaaK, «caMbIH KpacHBbIH» - ApaM H «caMbIH HHTeJIJIHreHTHbIH» -

PoMeH. BcKope nojlBHJICjl caM UoaaK. obIJIO cpa3y BHAHO, lfTO OH o6naAaJI 

BCeMH TpeMjl nepelfHCJieHHbIMH KalfeCTBaMH. «CaMajl OTJIHlfHTeJibHajl qepTa 

UoaaKa - OH naccHoHapHH. CMoTpH He sn106Hcb a Hero!» - rnyTJIHBO Ao6aBHJI 

BnaAHMHp .HaaHOBHlf. 

8TOph1e lfrettHJI 

naMJITH B.11. Koporo.!lHHa 

H B.A. llleB'!eHKO . 

.[(y6tta, 2009 r 

Co CBOHCTBaMH naccHoHapHjl UosaKa MHHacoBHlfa jl no3HaKOMHJiaCb 

6bICTpO. 51 3a~eTHJia, lfTO, nOMHMO HaylfHOH Aej{TeJibHOCTH, OH BCerAa B ryl.I.le 

caMbIX aK'I)',µJbHblX H Ba)Kffb!X co6b!THH H HrpaeT s HHX 1:1e nocJieAHIOIO pOJib. 

To OH eAeT c MHCCHeH B Kapa6ax, TO qepe3 Hero ocyl.I.leCTBJijleTcjl CBj{Jb c 

apMjlHCKOH AHacnoP.OH B AMepHKe, - scero He nepelfHCJIHlIIb. OH lfYBCTBOBaJI 

OTBeTCTBeHHOCTb 3a npOHCXOAjll.I.lee, H B 3TOM He 6b!JIO q>aJiblIIH. B HeM )KHJIO 

CBOHCTBO npo6y)l(AaTb B JIIOAjlX xopornHe lfYBCTBa H npOjl8Jlj1Tb HX B 

AOCTOHHbIX AeJiax. 

B. JI. Kopo2oouHa 
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I 

3y6p s apMHHCKOM HHTepbepe 

QOBAK M. ABAI0IH 
EpeemtcKuu <JnnutJecKuu w1cmumym, Epeea11, ApMemm 

Iloene BblXO.n,a B eBeT KHlffH ,[(aHHHJia fpaHHHa «3y6p» HMH BbI.D.aJOrn,eroeH 
y11euoro HHKOJIM THMOq>eeaa-PeeoBeKoro eTano mseeTHO aeeM. ApMHHe 
OTKpblJlH ero .D.JIH ee6H ern,e paHbllle - THMOq>eea-PeeoBeKHH eTOHJl y HeTOKOB 
eo3.n,aHHH na6opaTOpHH pa.n,HaQHOHHOH 6HOq>H3HKH B Epeaaue. 0 TOM, KaK 
poee11iieKHH eTOn6oaoii .n,aopHHHH, 11eTBepTb BeKa npopa6oTaBIIIHH B 
fepMaHHH H npollle.D.lllHH eTaJIHHeKHe narepH, eyMeJI OKa3aTb BJIHHHHe Ha 
611onorn11eeKyIO uayKy ApMeHHH, 6yKBaJibHO 3a ue.n,enIO .n,o eaoeii KOH11HHbl 
yen en paeeKaJaTb Koppeenou.n,eury «r onoea ApMeHHH» 1 opraumaTOp OT.n,ena 
pa.n,HaQHOHHOH 6HOq>H3HKH EpeBaHeKoro q>H3H11eeKoro HHeTHTYTa, ue.n,aBHO 
yllle.n,IIIHH H3 )KH3HH .D.OKTOp 6HOJ10rH11eeKHX uayK QoBaK MHuaeoBH11 
ABAI0IH. 

B KOHQe 50-x, Kor.n,a ey.n,h6y 611onorn11eeKoii uayKH B CCCP aep1IIHJ1 
ne11anhHOH naMHTH Jlb1eeuKo, a eaMo enoao reueTHKa 6bmo npe.n,auo auaq>eMe, 
B O.D.HOM H3 ~pHaJIOB MHe nonanaeb eTaTbH 3a no.n,nHebJO THMOq>eeBa­
PeeoBeKoro. Ona 6bma yuHKaJibHOH no aeeM napaMeTpaM - HeHbIH, 11eTKHH 
H3bIK, .D.OXO.D.11HBOeTb H3J10)KeHHH H eaMoe rnasuoe - a6eoJIIOTHO HOBblH no.n,xo.n. 
K TeMe, ua.n, KOTOpOH Mbl TOr.n,a pa6oTaJIH. CTaTbH eTana OTKpoBeHHeM. IloTOM 
6blJ1H 11 .n,pyrne ny6JIHKaQHH no Heene.n,oBaHHHM, e.n,enaHHblM a PYKOBO.D.HMOH 
HM na6opaTOpHH B M11aeeoao. HHKonaii Bna.n,HMHpOBH11 TaK rn,e.n,po .n,enHneH 
eBOHMH 3HaHHHMH, 11TO Bee BOKpyr Hero noeTOHHHO 11eMy-To y11HJ1Heb. «,[(JIH 
eepbe3HOro pa3BHTHH eepbe3HblX uayK HeT HH11ero nary6uee 3BepHHOH 
eepbe3HOeTH. Hy)KeH JOMOp H HeKOTOpM m.n,eBKa ua.n, eo6oH H ua.n, uayKaMH», 
- roaopHn ou. THMOq>eea-PeeoaeKHH 3aJIO)KHJI B nae ry q>yu.n,aMeHTaJibffYJO 
oeuoBy, Ha KOTOpOH B .D.aJibHeHllleM eTpOHJIOeb Hallie OTHOllleHHe He TOJlbKO K 
uayKe, HO H K )KH3HH. 

1 11HTepBblO ony6nttKoeatto e nl3e-re «ronoc ApMeHtttt» 8 <jieepam1 2011 r., KoppecnoHt1eHT 
Hapa Kattattoea. IIy6nttKye-rc>1 e coKpameHtttt. 
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MHorne Haum 6Honorn npoumH 

eTm1rnpoBKY · B . UHeTHryTe Me,n;m.{HHeKou 

pa,n;HOJIOrHH B O6HHHeKe. HHKOJiaH 

Bna,n;HMHpOBHq H ero yqeHHKH fOTOBHJIH ,n;m1 

ApMeHHH eneQHaJIHeTOB no pa,n;HaQHOHHOH, 

nonym!QHOHHOH H Me,D;HQHHeKOH reHeTHKe, . 

6HoreoQeHoJiornH. AenHpaHTaMH eaMoro HB 

6bmH PoMeH Arnsrn, ApaM 3ypaforn, 3.n;HK . 

AKomrn, HBap,n; CHMOIDIH .. Bo3HHKJIO .n;mKe ., 

IlOHSITHe ApMSIHeKaSI peeny6JIHKa B 

O6HHHeKe. Mbl OTHOeHJIHeb K HeMy e 

noqTeHHeM, ,n;a*e e 6naroroBeHHeM. 3ToT 

qeJI0BeK 6yKBaJibHO H3Jiyqan MbieJIH, 3HaHHSI, 

qyBeTBa, K HeMy rnuynHeh Bee, 

eTPeMHBlllHeeSI npH06ll.{HTheSI K Bbie0KOMy. . ;,._ 

THMOcpeeB-PeeoBeKHH e,n;eJiaJI MHoroe H H.B. H E. A. TttMO<peee1,1-PecoecKtte 

,D;JISI pa3BHTHSI reHeTHqeeKHX, 6HO!pH3HqeeKHX B Pa:i)laHe (ApMeHH.11) 

H pa,n;Ho6HonornqeeKHX Heene.n;oBaHHH B ApMeHH~- Ha~a . na6opaTop_HS1 

6HO!pH3HKH - nepBM :noro npO!pHJISI B ApMeHHH - B TO BpeMSI 6bma B coeTaBe 

11HeTHryTa 3eMJie,n;eJIHSI. Enaro~apSI TeeHOMY e0TPY.All~qecTBy 6HOJIOroB H 

!pH3HKOB HaM y,n;anoeb co6paTb PSI.A opHrHHaJibHblX yeTaH0B0K, Il03BOJISIIOU.{HX 

npOBO,D;HTb T0qHbie 6HO!pH3HqeeKHe 0ilbITbl Ha pa3Hb!X 6HOJIOrHqecKHX 

ofaeKTaX .. Jla6opaTOpHS1 6hICTJ)O npHo6pena CBOe .JI.JJQO., IlpoBO,D;HJIHeh 

3KenepHMeHTaJibHbie HeeJie,D;0BaHH.SI B o6Jia~TH pa,n;HaQHOH,HOH 6HO!pH3HKH; : 

. B 1964 ro,n;y TH_MocpeeB-PecpBeKHH 96paTHJieS1 K ApTeMy AJIHXaHSIHY e 

nHebM0M, . B K0T0pOM npe,wrnran opraHH30BaTh B . EpeBaHCKOM cpH3HqeeKOM 

HHeTHryTe Jia6op~TOpHIO pa,n;HaQHOHHOH 6HOq>H3HKH. ~<IlpHHHMaSI . BO 

BHHMaHHe YHHKaJibHOeTb eTP0Slll.{eroeSI 3JieKrpOHHOro ;• KOJihQeB0ro 

yeKOpHTeJISI, IlHCaJI . OH, ' - M0)k'.H0 O)k'.H,n;aTb 0TKpbITHSI HOBbIX 

3aKC>HOl\1epHOeTeH H SIB_JieHHH_... BnOJIHe IlO,D;XO,ll;Slll.{HM Sl,D;pOM ,D;JISI eo3,n;aHHSI 

TaKOH Jia6opaTOpHH B ~p<l>l1 eqHTalO K0JIJieKTHB Jia6opaTOpHH 611ocpH3HKH 

11HeTHTYTa 3e~Jie,n;eJIHSI. 51 3aHHTepeeoBaH. B 3T0M, qoeKQJibKY Me)i\'.,ll;y MOeH 

Jia6opaTOpHeH H 3,D;elllHeH yeTaHaBJIHBaIOWSI _Bee 6oJiee TeeHaSI CBSl3b .. · H 

eoTpy,n;HHqeeTBo». C. npocb6ou no,n;,n;ep*aTh npe.AJio*eHHe 06 opraHmaQHH 

6HO!pH3HqeeKOH Jia6opaTOpHH npH Ep<l>l1 OH o6pall(aJieSI H B r oeKOMHTeT 

CCCP no 11enoJib3oBaHHIO aTOMHOH 3HeprHH. Mb1 Beer,n;a 6y,n;eM 6naro,n;apHbI 

eMy 3a 3TY no,n;,n;ep*KY. 

C . qerntt THMO<peeBhix-PeeoBeKHX MeHSI eBSl3hIBaJIH caMble TenJihie, 

,n;py)k'.eeKHe 0TH0llleHHSI .. Kor,n;a j! 6hIBaJI y HHX B,-rocrnx, a 3TO 6h!JIH Ha 

pe,n;K0eTb XJie6oeOJibHbie JIIO,D;H, OH ,n;eMOHCTpaTHBHO no,n;aBaJI MHe -IlaJibT0. 51, 
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KOHelfHO, conpOTHBJUIJIC.s!, B03HHKarm nerKa.si rnyTO'IHa.si 6oph6a, H .s! C 

YAHBJieHHeM orn;yrn;an CHJIY ero 6HQenCOB. Ka3aJIOCb CTpaHHbIM, 'ITO qenoBeK, 

KOTOpbIM BCIO. )KH3Hb npoBeJI B CTeHaX na6opaTopHH, MOr 6h!Tb B TaKOU 

npeKpacHoii q>H3HqecKou q>OpMe. 

BcnoMHHa.si o HHKonae BJIMHMHpOBHlfe, He Mory He cKa3aTh o ero )KeHe, 

Konnere H noMOlll;HHQe EneHe AneKcaHApOBHe. Bc.si Hx coBMecTHa.si )KH3Hh -

3aMeqaTeJihHOe CBHAeTeJibCTBO JII06BH, npeAaHHOCTH, 6eCKOpblCTHOfO 

cJiy)KeHH.s! JIIOA.s!M. B MOeM apxHBe coxpaHHJIOCb MHoro nHCeM H AOKyMeHTOB, 

TaK HJIH HHaqe CB.s!3aHHbIX C THMOq>eeBbIM-PecoBCKHM. CaM OH nHCaJI KpaifHe 

peAKO, He JII06HJI, a noTOM y)Ke H He Mor. ,n:enana 3TO 3a Hero EJieHa 

AneKCaHApOBHa. 

B KHHre rpaHHHa «3y6p» H BO MHOrHX BOCnOMHHaHH.s!X O THMOq>eeBe­

PeCOBCKOM ynoMHHaeTC.s! KapTHHa, Ha KOTopou HB H306pa)KeH nOA nopTpeTOM 

HHJibCa Eopa co CTaTY3TKOH 3y6pa B pyKaX. OTCIOAa H Ha3BaHHe - «TpH 

3y6pa». Cl>aMHJIH.s! aBTOpa HHrAe He YKa3aHa, HO HM .s!BJI.s!eTC.s! H3BeCTHbIH 

apM.siHCKHM xyAO)KHHK Py6eH ra6pHeJI.siH. Ero KHCTH npHHaAJie)KHT H pa6orn 

«THMOq>eeB-PecoBCKHM H ApMeHH.si». 

IIaMHTH I.J;.M. Aea1rnua 

PeoGKl,JWl «EUOJI02U'ieCK020 ;JK;YPHGJIG ApMeHUU» 

[{oBaK ABaK.s!H POAHJIC.s! 24 HIOH.s! 1926 ro.[\a B EpeBaHe. B 1952 rOAY 3aKoHqlfJI 

<paKyJibTeT PMHOTeXHHKH MocKOBCKOro HHCTHTYTa CB.s!3H, B 1956-58' rr. 
yqHJIC.s! B acnHpaHrype, nocJie qero pa60TaJI B HHCTHTYTe q>H3HOJIOrHH HMeHH 

Op6eJIH AH ApM.siHCKoii CCP. B 1968 r. B HMM noqBoBeAeHH.si 

MHHHCTepcTBa ceJibCKOro xo3.siiicTBa ApM. CCP OH opraHH30BaJI nepByIO B 

ApMeHHH HayqttyIO na6opaTOpHIO B o6nacTH 6HOq>H3HKH, H B TOM )Ke fOAY, no 

npHrnarneHHIO AHpeKTOpa EpeBaHCKOro q>H3HqecKoro HHCTHTYTa aKaAeMHKa 

A.H. Anuxatt.sitta, OH octtoBhrnaeT B 3TOM HHCTHryTe na6opaTopmo 

paAHaQHOHHOU 6HOq>H3HKH, KOTOpou PYKOBOAHT Ha npOrn)KeHHH MHOrHX JieT. 

Hap.siAy C 3THM, B nepHOA 90-96 rr. OH pyKOBOAHJI OTAeJIOM BHellJHHX 

CHOllJeHHH MHHHCTepCTBa o6pa30BaHH.s! H ttayKH, BKJIMbIBa.si orpOMHbie YCHJIH.s! 

B co3Aattue u pa3BHTHe HayqHhIX cB.si3eu Me)l{Ay Pecny6nHKOH H APYrHMH 

CTpaHaMH. ,n:oKTOp 6HOJiorHqecKHX ttayK [{oBaK MHHaCOBlfq ABaK.s!H .s!BJI.s!JIC.s! 

npeACe.[\aTeJieM BceapM.s!HCKoro 6HOq>H3HlfeCKOro o6rn;ecTBa H q.JieHOM 

Hayqttoro coBeTa no paAHaQHOHHOH 6ttonomu PoccHHCKoii AH. 

IJ;oBaK ABaK.s!H no npaBy cqHTaeTC.s! OAHHM H3 OCHOBaTeJieu 6HO!pH3HKH B 

ApMeHHH. Ott aBTOp 6onee qeM 200 pa6oT B o6naCTH CaMbIX pa3JIH'IHblX 

OCHOBononaraIOrn;Hx BOnpocoB, KaCaIOrn;HXC.s! paAHaQHOHHOU 6HO!pH3HKH, 
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pa;:um6ImnornqecKHX HCCJie,n:oBaHHM C npHMeHeHHeM CHHXp0Tp0HH0f0 

H3JiyqeHH.sI, xeMHJilOMHHecQeHI.J;HH, HCCJie,n:oBaHHM 6HOMeM6paH, 

ony6nHKOBaHHblX a BH,n:e HayqHbIX CTaTeM, MOHorpaqmu, HayqHo-nonyn.sipHblX 

ny6JIHKaQHM, rneCTH aBTOpCKHX CBH,n:eTeJibCTB. OH HCCJie,n:oaan B03.ZJ:eMCTBHe 

CHHXP0TP0HH0f0 H3JiyqeHH.sl c pa3JIHqHblMH JJ:JIHHaMH B0JIH Ha 6HOJIOrnqecKHe 

061,eKTbl. CoBMeCTHO co cneQHaJIHCTaMH H3 l1HCTHT)'Ta pa,n:H06HOJIOfHH 

ropo,n:a Kapncpy3 H l1HCTHT)'Ta 6Hoq>H3HKH ropo,n:a cI>paHKq>ypT-Ha-ManHe 

{<l>Pf) MeT0JJ:0M 3IIP HCCJie,n:oaan cao6o,n:Hopa,n:HKaJibHble npoQeCCbI, 

npoTeKalOUJ;He - a o6nyqeHHOM raMMa-H3JiyqeHHeM OJieHHOBOM KHCJI0Te. 

IlpHMe!-laTeJibHbI TaIOKe pa6oTbI U:.ABaK.sIHa c C0TPYJJ:HHKaMH, no,n:TBep,n:HBrnHe 

pa,n:HonpoTeKT0pHbie CBOMCTBa Jia3epHoro H3JiyqeHH.sl npH B03,n:enCTBHH 

H0HH3Hpyiomero H3JiyqeHH.sl Ha pa3JIHqHbie 6HOJiomqeCKHe 061,eKTbl. 

HaH6onee 3HaqHTeJibHbie pe3yJihTaTbl ero HCCJie,n:oBaHHM, KaCalOUJ;Hec.si 

«peHTreH0BCK0f0 3peHH.sI», B0illJIH B yqe6ttyl0 JIHTeparypy no pa,n:Ho6HOJIOfHH. 

Co3,n:aHHblM u. AaaK.sIHOM C0BMeCTH0 C H. AJJ:)K.sIHOM npH6op JJ:Jl.si H3MepeHH.sl 

XeMHJilOMHHeCQeHQHH, ,n:eMCTBHTeJibHO .s!BHJIC.sl H0BilleCTB0M a o6JiaCTH 

pemcTPal\HH caepxcna6b1X caeqeHHM. 

u;. Aaarurn HeO,ZJ;H0KpaTH0 BLIC'ryrraJI C ,Zl;0KJiap;aMH B 3apy6e)KHl,IX 

Hay'IHLIX n;eHTpax: B fepMamrn, AHrJIHH, <l>paHD;HH, l1TaJIHH, CIIIA, 

Rrromrn, B PoccHHCKOH <l>e,n;epan;HH. IlpH ero Herrocpe,n;cTBeHHOM aKTHBH0M 

yqacTHH B EpeBaHe H MocKBe He0,ZJ;HOKpaTH0 opraHH30BLIBaJIHC1, 

BCeCOI03HI,Ie H Me)K,Zl;yHapop;HLie HayqHLie KOH<pepeHn;HH. ,ll;oCTOHHa 

ynoMHHaHmI TaK)Ke ,n;eJ.CTeJILH0CTI, u;. ABaKJ.IHa, KaCaIOIIJ;aJ.ICJ.I ero pa6o'!HX 

CBJ.13eH c apMJ.CHCKOH p;Hacnopott. OH Heo,n;HoKpaTH0 a1,1crynaJI co cTaTLJ.IMH 

H p;oKJia,n;aMH B HpaHCKOH HcJiaMCKOH Pecny6JIHKe, JlHaaHe, CHpHHCKOH 

Apa6cKoH Pecny6JIHKe, Mop,n;aHHH, J13paHJie. Ilo'ITH qeTBepTL aeKa IJ;.M. 

AaaKJ.CH npeno,n;aaaJI Ha 6HoJiornqecKbM qiaeyJILTeTe EpeaaHCKoro 

rocy,n;apcTBeHHOro ymtaepCHTeTa, 'lHTaJ.I cnen;aJILHLie KYPCLI no 6HOq>H3HKe 

Ha Kaq>e,n;pax 6HOq>H3HKH H 6HOXHMHH. 

HapR,n;y c HayqHo-opraHirnan;HoHHOH p;eRTeJILHOCTLIO LI;.AaaKJ.CH 61,m 

TaK)Ke -aKTHBHLIM o6~ecTBeHHLIM p;eJ.CTeJieM, naTPH0TH'lHO HacTpoeHHLIM 

rpa)K,Zl;aHHHOM. 3TO OC06eHHO RpKO :rrpO.llBHJIOCL B rop;1,1 apn;aXCKOrO 

ocao6op;HTeJILHOro ,Zl;BH)KeHHJ.I. EIIJ;e B 1988 ro,n;y OH opraHH30BLIBaeT 

noceIIJ;eHHe Apn;axa rpynnoH yqeHLIX Ji3 EpeaaHcKoro q>H3H'!eciwro 

HHCTHT)'Ta, -ycTaHaBJIHBaeT TeCHLie CBJ.13H C p.ll,Zl;OM opraHH3aD;HH H 

OT,ZJ;eJILHl,IMH npep;CTaBHTeJIJ.IMH pyKOB0,Zl;CTBa HaropHoro Kapa6axa. 

OpraHH3yeT pa3HOo6pa3HYIO IT0MOIIJ;I, . HOBoo6pa30BaHHOMY 

CTenaHaKepTCKOMY YHHBepcHTery, Me,ZJ;Hll;HHCKHM yqpe)K,Zl;eHHJ.IM;. BOHHaM 

ocao6o,n;HTeJILHoro p;BH)KeHHJ.1. OpraHH3yeT noceIIJ;eHHe Apn;axa ,n;eJioa1,1MH 

nro,n;LMH H3 AacTpHH, CIIIA, fepMaHHH, <l>paHn;HH, CHpHH. B Apn;axe 

IJ;.ABaKJ.IH H36HpaeTCJ.I 'lJieHOM 06I1.J;ecTBeHHOH opraHH3aD;HH «AMapac», 
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rrpHHHMaeT aKTHBHOe yqacTHe B rrpol{ecce C03,D;aHH.ll CTerraHaKepTCKoro 

oT,n;eneHHJI Me)K,D;yHapo,n;Hoii opraHH3al{HH «BpaqH 6e3 rpaHHL{», 

crroco6cTBYJI TeM caM:&IM rrocryrrneHHIO B ApQax Me,n;Hl{HHCKOH rroMo~H, 

rrpHHHMaeT ,n;eJITeJI:&HOe yqacTHe B H3,II;aHHH ra3eT:&I «BOHH» - rreqaTHoro 

opraHa KoMHTeTa CaM03a~HT:&I HaropHoro Kapa6axa. 

3a CBOIO rpa)l{,n;aHceyro H o6~ecTBeHHYIO ,n;eJITeJI:&HOCTh IJ;oBaK ABaKJIH 

HeO,II;HOKpaTHO y,n;ocTaHBaJIC.ll Me,n;aneii H rroqeTH:&IX rpaMOT. B 1992 ro,n;y 3a 

aKTHBHyro rrporraraH,n;y yqeHHJI THMoq>eeBa-PecoBcKoro H l{HKJI pa6oT no 

CHHXPOTPOHHOMY HJnyqeHHIO OH y,n;ocTOHJIC.ll Me,n;aJIH HMeHH THMoq>eeBa­

PecoBcKoro, 3a aKTHBHoe yqacTHe B ,n;ene opraHH3al{HH AMepHKaHCKoro 

Y HHBepcHTeTa ApMeHHH - Me,n;anH AY A, 3a BKJia,n; B ,n;eno ocBo6o)l{,n;eHHJI 

ApQaxa - rraM.llTHOH Me,n;aJIH rrpe3H,n;eHTa HKP H T.,n;. IJ;oBaK ABaKJIH cocTO.llJI 

qJieHOM pe,n;aKL{HOHH:&IX KOJIJierHH MHOrHX H3,II;aHHH, B TOM ql{CJie 

rrpHHHMaJI ,n;eHTeJI:&HOe yqacTHe B pa6oTe pe,n;aKL{HOHHOro COBeTa 

«EHonorHqecKoro )l{ypHana ApMeHHH». Ey,n;yqH BHL{e-rrpe,n;ce,n;aTeJieM 

3eMJl.llqecKoro COI03a «CypMany-11r,n;Hp» OH B 2007 ro,n;y COCTaBHJI H 

rrpe,n;cTaBHJI B rreqaT:& 06':oeMHyro KHHry «CypMany-11r,n;Hp: HCTopHqecKHe 

pacrrYT:&JI». 

HpKaH JIH11HOCTL 

TATbfilIA r. AMEAPWM5IH 

Epeea11c1<uu rjnl3u'leC1<Uu u11cmumym, Epeea11, ApMeHUR 

QoBaK MHuacoeHq ABal(jfH - .si:pKrui: JrnquocT:&, yqeu:&IH. H 061I-leCTBeHHhIH. 

,ne.si:TeJih, 6:&IJI O.[{HHM H3 OCHOBOilOJIO)l{HHKOB pa,n;HaJ . .{HOHHOH. 6HOq>H3HKH B 

ApMeHHH. Ou BOIIIeJI B uayKy, KOr,na reueTHKa H KH6epueTHKa TOJibKO uaqaJIH 

onpaBJI.sITbC.sl OT H.[{eOJIOrHqecKoro HaCHJIH.sl JlhICeHKOBII-lHHhl, KOr.[{a 

TBOpqecKa.sI MhICJih CTPOro orpauHqHBaJiaCb rocy,napcTBeHHhIM HamopoM. 

I1ocna6JieHH.sI IIIeCTH,[{eCHThIX ro,noB npOIIIJIOro CTOJieTH.sl CTaJIH OTKpOBeHHeM 

.[{JI.sl MHOrHX MOJIO.[{hlX JIIO.[{eH., c-rpeM.sIII-lHXC.sI e uayKy. Cpe.n;H HHX 6:&IJIH JIIO.[{H 

pa3HOro CBOH.CTBa: 0.[{HH CTpeMHJIHCb CaMH ,neJiaTh OTKpbITH.sl B uayKe, ,npyrne 

- XOTeJIH c6epeq1, y)l{e COCTO.sIBIIIHec.si: TaJiaHTbl H OTKpbITh B03MO)l{HOCTE, .[{JI.sl 

po)l{.[{eHH.sl HOBhIX. 3TO JIIO.[{H, KOTOpbie C03,[{aBaJIH HHCTH'I}'Tbl H Jia6opaTOpHH 

HOBhIX HanpaBJieHHH, KOTOp:&1e TOJihKO-TOJihKO uaqaJIH Bb!XO.[{HTh H3 no,nnOJIE,.sl. 

Mono,nott QoeaK MHuacoeHq, yeneqeuu:&1tt pa.n;HaQHOHHOH 6Honorneu H 

reHeTHKott, eoo,nyIIIeBJieHHhIH JIHquocT:&IO _ H H.n;e.si:MH THMOq>eeea- PecoBcKoro, 

B3.sIJI Ha ce6.si: OTBeTCTBemzyIO pOJih a,nenTa COBpeMeHHOH 6HOq>H3HKH B 

ApMeHHH. Ero ycHJIH.sIMH 6r,ma co3,naua na6opaTOpH.si: B 11HcTH1}'Te 
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3eMJieAenm1 MuHucTepcTBa ceJibCKOro X03HncTBa ApM. CCP. CneAyIOll{HM 

waroM 6blJIO C03AaHue na6opaTOpuu paAHaQHOHHOn 6uoq>H3HKH B 

EpeBaHCKOM q>H3uqeCKOM HHCTHlyTe; QoBaK MuHacoauq npeKpaCHO TIOHHMaJI 

CTPYKTYPY o6ll{eCTBa, a KOTOpOM eMy AOBeJIOCb )KUTb u pa6oTaTb. OH CTapaJICH 

APY)KHTh c anacTbIO, u aecb TihlJI 3TOn APY)K6h1 OH HanpaBJIHJI Ha C03AaHue 

na6opaTOpuu a Ep<l>H, AHpeKTOpOM KOTOporo 6hlJI BeJIUKHn naTpHOT ApMeHHH 

A.H. AnuxaHHH. ,[(Jrn C03AaHHH na6opaTOpuu OH npHBJieKaJI MOJIOAbIX yqeHhIX, 

3aKoHquawux acnupaHrypy B nyqrnux poccuncKux na6opaTOpHHx, Ha6upan 

nyqrnux cryAeHTOB H3 EpeBaHCKOfO rocyAapCTBeHHOfO YHHBepCHTeTa, caM 

OTnpaBJIHJI ux Ha CTa)l(HpOBKY HJIH B acnupaHrypy B MocKBY, Ilyll{HHO, 

Cepnyxoa, O6HHHCK. IloJih3YHCh caouMu CBH3HMH, A06uaancH noKynKu 

AOporocTOHll{en annaparyphI u xuMpeaKTHBOB. BeAYll{He cneQuanuCThI ero 

na6opaTOpuu COTPYAHUqanu c TaKHMH HpKHMH npeACTaBUTeJIHMH HayKH a 

CoaeTCKOM Co103e, KaK B.11. KoporoAHH, IO.A. qH3MaA)KeB, M.X. qaUJiaxHH u 

AP- Jia6opaTOpHH nocTeneHHO CTaHOBHJiaCb nyqrnen a ApMeHHH, He ycrynana 

MOCKOBCKHM no caoen OCHall{eHHOCTU: 3AeCb 6hlJla " H30TOTIHaH KOMHaTa, " 

peHTreHOBCKaH annaparypa MH o6nyqeHHH 6uonoruqecKux o6neKTOB, 

TIOMell{eHue MH BapKH MHKpo6uonoruqecKHX cpeA co Been He06XOAHMOn 

HHq>pacTpyKrypon, YHHKaJihHbie cneKTPOq>OTOMeTpbI u np. Pa6oTa nma 

TIOJIHbIM XOAOM - 3AeCb pa6oTaJIH " paAH06HOJIOfH, " MHKpo6uonoru, " 

reHeTHKH, " MeM6paHOJ10fH, " q>H3HKH 3KcnepuMeHTaTOpbl " TeopeTHKH. 
DOJlblIIOe 3HaqeHue HMeJIO TO, qTo, HaXOAHCb B COCTaBe Ep<l>H, KOTOpbln UMeJI 

3JieKTPOHHhin KOJlbQeBon ycKOpHTeJib " HeCKOJlbKO He60JiblIIHX JIHHeHHbIX, 

na6opaTOpHH pacwupHna B03MO)KHOCTH uccneAoBaHun, Aenai ux 6onee 

pa3HOo6pa3HbIMH u AOCTOBepHbIMH. 

MoJIOAbie 3apa)KaJIH Apyr Apyra 3Hry3Ha3MOM, pa6oTa KHnena HHOrAa " 
3a TIOJIHOqb, QoaaK MuHacoauq, KOTOpbin JII06UJI HanycKaTb Ha ce6H 

CTporoCTb B Bonpocax pe)KUMa,' C PaAOCTbIO " ropAOCTbIO BHAeJI, KaK pacTeT " 

o6peTaeT MOII.{b " aBTOpHTeT ero AeTUI:l\e. Ero rnaBHbIM )KH3HeHHbIM 

npuopuTeTOM 6bma 3Ta na6opaTOpuH, KOTopon OH yMeno _PYKOBOAHJI. B 

OCHOBY B3aHMOOTHOllleHHn C COTPYAHHKaMH, KaK, BnpoqeM; H co BCeMH 

JIIOAhMH, 6bm noJio)KeH · npoq>eccuoHaJIH3M. OH APY)KHJI c yqeHbIMH, 

XYAO)KHUKaMH, KOMTI03HTOpaMH, nucaTeJIHMH H TIOJIHTHKaMH - H BCeM HM OH 

6bm HHTepeceH u aceMu n106uM. Y Hero 6hm yHHKaJihHhin TaJiaHT o6ll{eHHH c 

JIIOAhMH. 

MHorue cocTaBJIHIOll{He ero Ayrnu CTaJIH noHHTHhI nocne pa3Bana CCCP, 

KOrAa co Been npucyll{en eMy OTBeTCTBeHHOCTbIO OH BKJIIOqUJICH B AeJio 

cTaHOBJieHHH apMHHCKOH rocyAapcTBeHHOCTH KaK B ApMeHuu, TaK u a HKP. 

Ero ponh 6bma HeoQeHuMon B AeJie OKa3aHHH noMOll{H BOIOIOll{eMy Kapa6axy. 

OH )KUJI C C03HaHUeM CBOero npeAHa3HaqeHHH - AeJiaTh BCe, qTo B ero CUJiaX, 

AJIH CBOero HapoAa. 
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QoBaK M1rnacom1q npmKMJI )KM3Hh, KaK MCTMHHhIH apM.si:HMH. CBeTJihIH 

o6pa3 l.JpBaKa MMHaCOBMqa ABaK.sIHa, IlOCB51TMBIIIero ce6.si: cJiy)KeHmo HayKe M 

CBOeMy Hapo.n;y, npO)KMBIIIero )KM3Hb HaCbIIUeHHO M YBJieqeHHO, HaBcer,n;a 

OCTaHeTC51 B naM.sITM Tex, KTO 3HaJI ero M ,n;py'1<MJI C HMM. 

Y•rnTeJib 

TOPrOM CE<l>EP51H 

EpeeaHcKuu rjnnuJ:JecKuu w,cmumym, EpeeaH, ApMeHw,, 

TTo3HaKOMMJIC51 .sI C QoBaKOM MMHaCOBMqeM, Kor,n;a eme yqMJIC51 B 

6aKaJiaBpHaTe. 51, KaK o6brqHo, CTaBMJI 0ilbIT B Jia6opaTOpHH Ka<pe,n;pbl 

6MO!pM3MKM ErY, 1-1 B TOH )Ke K0MHaTe Hax0,D;MJIC.sI CT0JI M0ero HayqHoro 

pyKoBo,n;MTeJI51 npo<peccopa A.E. 3aKap.si:Ha. QoBaK M1-1Hac0B1-1q M ApMeH 

EropOBMq 6bIJIM ,n;aBHMMM ,n;py3h51MM, M B TOT .n;eHb QoBaK MMHaCOBMq 3aIIIeJI 

HaBeCTMTb ero. COTPY,D;HMKM Jia6opaTOpHH pa,n;0CTH0 npHBeTCTB0BaJIM QoBaKa 

MMHaCOBMqa, 51 T0)Ke 003,D;0p0BaJIC.sI M npo,n;0JI)KMJI 3KcnepHMeHT. 

B cepe.n;MHe pa3roBopa c A.E. OH B.n;pyr cnpocMJI 060 MHe, KT0 51 M qeM 

3aHMMaIOCb. qepe3 HeCK0JibK0 ,n;Heu QoBaK MMHaCOBMq BH0Bb 3aIIIeJI K HaM M B 

K0HQe BCTpeqM no,n;oIIIeJI KO MHe M cnpocMJI 06 3KCnepHMeHTe M 0 

KBaHTOMeTPMqecKOU ycTaH0BKe, Ha KOTOpou 51 CTaBHJI 0ilbITbl. B K0HQe 

pa3r0B0pa OH no,n;apMJI MHe crnpyIO KHMry, 00,D;IlMCaHttylO ero yq1-1TeJieM - E.H. 

TapycoBbIM. OH CKa3aJI, qTo pa3BMTMe 3Toro HanpaBJieHM.sI HaqaJI0Cb C 3THX 

pa6oT. 51 no,n;yMaJI, 3aqeM MHe 3Ta cTapa.si: KHMra, HO, Kor,n;a HaqaJI ee q1-1TaTh, 

Il0H.sIJI, qTQ 3TOT c6opHHK <pyH.n;aMeHTaJibHbIX pa6oT - a36yKa 3TOro 

HanpaBJieHM51. 51 Il0H.sIJI, qTo 3Ta KHMra He npocTa.si:, 3T0 Ta KHMra, K0T0py10 

,n;aeT yqMTeJib CB0eMy yqeHMKY KaK peJIMKBMIO. Ho .sI He Il0HMMaJI, noqeMy MHe, 

51 Be,D;b He 6bIJI ero yqeHMK0M. KaK OH Il0H51JI, qTo 51 npo,n;0JI)KY HaqaToe HMM 

,n;eJio? HaBepHoe, B 3T0M eMy noMor MHOroJieTHMH )KM3HeHHhIH onhIT. 51 3TY 

KHMry xpaHIO KaK 3TaJI0H KaqecTBa HayqHbIX pa6oT ,n;JI51 ce651. J1 C Toto 
BpeMeHM HaqaJI0Cb Hallie o6meHMe. TTpOIIIJIO MH0ro BpeMeHM, 1-1 Il0CJie Toro, 

KaK 51 3aIUMTMJI ,D;MCCepTaQMIO, QoBaK MMHaCOBMq npHrnacMJI MeH.si: Ha pa6ory B 

C03,D;aHHylO MM Jia6opaTOpHIO B EpeBaHCKOM <pmMqecKOM MHCTMzyTe MMeHM 

A.H. AJIMXaH.si:Ha. O6ma.si:cb c HMM Ka)K}];hltt ,n;eHh, .si: cHoBa M CH0Ba y,n;MBJI51JIC51 

YHMKaJibH0CTM 3TOU JIMqH0CTM, IIIHp0Te ero HayqHoro Kpyro3opa. QoBaK 

MMHaCOBMq CTaJI oqeHb 6JIM3KMM MHe qeJI0BeK0M. Bo MH0rMX Bonpocax y Hae 

6bIJIM CX0)KMe MHeHM.sI, 1-1 co BpeMeHeM .si: Il0H.sIJI, qT0 B rny6MHe .n;yIIIM OH 6hIJI 

,n;pyrMM qeJI0BeK0M: nocrynKM JIIO,n;eu M co6bITM51 OH 0QeHMBaJI M cy,n;MJI 
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errpaBe.[{JUIBO, HO, KaK H BeeM HaM, eMy rrpHXO.[{HJIOeh HHOr,[{a rroezyrraTh 

BOrrpeKH eBOHM )l(eJiaHH.slM. 

OH 6hIJI qenoBeKoM, o6na.[{aBIIIHM 6e3.[{0HHOH H YHHKaJihHOH rraM.si:ThIO. 

IlOMHIO, KaK-TO pa3, B rrepBbie .[{HH eOBMeeTHOH pa60Thl, Mhl 6eee.[{OBaJIH Ha 

pa3Hh!e rrpoqieeeHOHaJihHhie TeMhI, H OH rroqTH Bee eBOH eJIOBa IlO.[{TBep)l(.[{aJI, 

.[{OeTaBa.sl H3 eBOeH orpOMHOH 6H6JIHOTeKH pa3JIHqHhie KHHrH H Il0Ka3hIBa.si: 

eooTBeTeTBYIOIUHe TeKeThl B HHX. JI errpoeHJI, KaK OH IlOMHHT Bee 3TH TeKeThl 

rroeTpaHHqHo, a OH, )l(aJiy.si:eb Ha yxy.[{IIIeHHe rraM.slTH, eKa3aJI: «PaHbllle 6bIJIO 

nyqIIIe». A KOr,[{a .si: YBH.[{eJI ero .[{OMalllHIOIO 6H6JIHOTeKy BO BelO e,Tetty 

roeTHHOH KOMHaThl, BO MHOfO pa3 rrpeBhIIIIalOIUYIO pa6oqyIO, MHe eTaJI 

IlOH.slTeH orpOMHhIH MaeIIITa6 ero 3HaHHH. ' 

Ceifqae, KOr.[{a ero y)l(e HeT e HaMH, Ka)l(,[{h!H pa3, 3aXO.[{.sl B ero Ka6HHeT; .si: 

npe.[{eTaBJI.si:IO, qTo oH' 6y.[{eT TaM H, ynh16a.si:eh, eKa)l(eT: «A-a-a, rrpHIIIen?» 

B TPY.[{HhIX eH'l}'aI.{H.si:x, KOr.[{a .si: oeo6o tty)l(.[{aIOeh B ero eoBeTax, .si: 

BerroMHHaIO QoBaKa MHHaeoBHqa H B yMe THXO errpaIIIHBaIO, KaK Mtte 6hITh, 

rrpe.[{eTaBJI.sllO, KaK 6bi OH OTBeTHJI ,H, npe.[{eTaBbTe, peIIIeHH.sl rrpHXO.[{.slT Jierqe. 

JI .[{)'MalO, IlOKa Mhl IlOMHHM QoBaKa MHHaeOBHqa, OH 6y.[{eT e HaMH H 6y.[{eT 

IlOMOraTb HaM e He6ee. 

Mb! Beer.[{a 6y.[{eM rroMHHTh Bae, QoBaK MHHaeoBHq. 
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PAHCA JlhBOBHA JiEPr (1913-2006) 

HJ KHHru « Cyxoseii» • 

PAHCA JibBOBHA EEPf 

HMR B.H. Beptta,[{cKoro - rottHMoro, nony3anpemettttoro nrratta -

CTaHeT B 0,[{HH pH,[{ C HMettaMH f aJIHJieR, HblOTOHa, JlaMapKa, 3iIHIIITeiitta. 

Enecrnmero nocne,[{oBaTeJIR ott ttaIIIeJI B Jim._\e H.B. TttMoqieeBa-PecoBcKoro. 

HuKoJiaiI Bna.[{HMHpoBuq TuMoqieeB-PecoBCKHM npe.[{CTaBJIRJICR MHe 

THXHM pyccKHM HHTeJIJIHreHTOM. Ott )KHJI B fepMaHHH, R HHKOr,[{a He BH,[{eJia 

ero, a TOJibKO quTaJia ero pa60Tbl, ttanucaHHbie Ha HeMel..\KOM R3bIKe. Kor,[{a OH 

IlORBHJICR B MoCKBe, BbIM,[{R H3 3aKJIIOqeHHR, noJiycnenoiI, H Mbl 

Il03HaKOMHJIHCb, OKa3aJIOCb, qTO 3TO MoryqaR pyccKaR ttazypa, IlOJIHaR 6yfrnoii 

3Hepruu. Moryquif roJIOC, He06b1qaifHaR IlO,[{BH)KHOCTb, HCKJIIOquTeJibHbIH 

apTHCTH3M. Ott MfHOBeHHO ,[{eJiaJICR l..\eHTPOM BHHMaHUR H IlOKJIOHeHHR B 

JII060H KOMilaHHH. H Bb!IlHTb TO)Ke He .[{ypaK . .51 cnpocuJia ero, noqeMy 3TO OH 

Ka3aJICR MHe THXHM pycCKUM HHTeJIJiureHTOM, KOr,[{a R quTaJia ero pa60Tbl. Ott 

CKa3aJI: «ITOTOMY qTo Ha HeMel..\KOM R3b!Ke ttuqeM .[{pyruM, KpOMe KaK THXHM 

pyccKHM HHTeJIJIHreHTOM, 6b!Tb HeJib3R». - «HHKOJiaM BJia,[{HMHpOBUq, 

noqeMy 3TO y Bae Ha py6aIIIKe npRMO npoTHB nyna ,[{blpKa?» - «A qrn6hI 

ny30 6bmo y.[{o6tto qecaTh». 3TO - /aeon de par/er. ITpu Bceii 

pa3yxa6UCTOCTH OH RBJIRJI co6oiI o6pa3el..\ CTapHHHOM, H3bICKaHHOM, ,[{aBHO 

3a6bITOM BOCilHTaHHOCTH, HCTHHHOro ,[{)KeHTJihMeHCTBa. ITbecy EynraKOBa 

«,[(HU Typ6HHbIX» R BH,[{eJia a MocKOBCKOM Xy.[{O)KeCTBeHHOM TeaTpe ,[{Ba)K.[{hl 

- a 1933 u B 1953 ro,[{y. ITepBblM pa3 B HCilOJIHeHHH CHJihHeMIIIero COCTaBa 

TPYililhI, a noToM ee urpana MOJIO,[{e)Kh Czy.[{uu HMettu CTattucnancKoro. 

Typ6HHhl - ,[{BOpRHe. B Ilbece BOCilpOH3Be,[{eH o6phIBOK HX )KH3HH. 

Cpanttettue .[{Byx cneKTaKJieiI noKa3hIBaJIO, qrn TeaTP yTepRJI 3Hattue npaBHJI 

,[{)KeHTJibMeHCKOro IlOBe,[{eHUR B o6mecrne. Mattepbl THMO!peeBa-PecOBCKOro 

BOCKpeIIIaJIH B naMRTH TOT CTapHHHhIM cneKTaKJib B HCilOJIHeHHH CHJibHeHIIIero 

cocTaBa MXA Ta, n1060-.[{oporo 6bmo tta6JI10,[{aTh. 

Ott ronopun, qTo HHKaKoro KJiacconoro aHTarottH3Ma He cymeCTnyeT: Ha 

0,[{HOM IlOJIIOCe - apHCTOKpaT H npoJieTapHM, Ha .[{pyroM - Mell.{aHUH. Ott 

coqeTan B ce6e nponernpHR u apucToKparn. CTPax - aTptt6yT MemattcTBa -

eMy a6cOJIIOTHO qy)K.[{. 

• P.JI. 6epr. Cyxoaeii. BocnoMHHaJUHI rem:THKa. M.: HayKa, 2003. (TTaMJITHHKH 
liCTOpliqecK0H Ml,ICJm). MaTepmUI npe.nocTaBJieH M.)],. rony60BCKHM. 
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Enecrnmuii YM, cpeHOMeHaJlbHrul CUJia. u CTJ)0fOCTb MbICJIU, a)].0B0 

TepneHue, nepB0KJiaCCHaR naMRTb. EcTb Tpu K0Mil0HeHTbl xoporneii naMRTU, 

)].0 U3BeCTHOH CTeneHU He3aBUCUMbie npyr OT npyra - 0)].Ha M0)KeT 

npucyTCTB0BaTb, B TO BpeMR KaK OTCyTcTByeT npyraR. 3TO - 60JibllIOH o6neM 

naMRTU, 60JiblllaR CK0p0CTb 3ail0MUHaHUR u 6bICTJ)OTa U3BJieqeHUR 

uHcpopMauuu u3 xpaHunuma. HuKonaii BnanuMupoBuq o6nanaeT BceMu 

TpeMR. Bbltt)].R U3 3aKJIIOqeHUR, OH )KUJI cnepBa B CBep.D.JIOBCKe, Il0T0M B 

O6HUHCKe He)].aJleK0 OT MocKBbl u mpe.D.Ka 6bIB8J1 B JleHUHrpane. r op0.D.CKUM 

TJ)aHCil0PT0M OH He Il0Jib30B8J1CR, a Jiu6o X0)].UJI nellIK0M, nu6o e3)].UJI B TaKCU. 

IlernKOM OH X0.D.UJI He TaK, KaK Bee JIIO)].U. MbI c EneHoii AneKcaHnpoBHoii, ero 

)KeHOH, H0pMMbH0 U)].eM, a OH Bnepenu 6e)KUT, 0CTaHaBJIUBaeTCR u 6e)KUT 

o6paTHO, no6e)KUT )].O Hae u 0ilRTb Bnepen. B TaKCU OH roBopuJI CB0UM 

HeBoo6pa3UMO K0JIOpUTHblM npy)KUHUCTbIM r0JI0C0M: «JieJibKa, )].aBaii 

qernepTaK» - 25 py6neii, Korna Ha cqeTquKe ceMb. 3To 6bmo, 3HaquT, no 

nette)KHOii pecpopMbI, Korna neHbrtt B IO pa3 yMeHbllIUJIUCb. M JleJibKa naBMa. 

11 He OT 6oraTCTBa, u6o 6oraTCTBa HUKaKoro He cymecTB0BaJIO. CoBeTCKUX 

CTeneHeii y HUKOJirul BJia)].UMUpoBuqa He 6bIJIO, qJieHCTB0 B .D.BYX eBponeiiCKUX 

aKa)].eMURX - repMaHCKOH u UTaJlbRHCKOH - C0BeTCKUe 6yxraJ1Tepuu npu 

HaqucJieHUU 3apnnaTbl B pacqeT He npUHUMaJlU, U )].eHbfU llIJIU caMbie 

MU3epHbie, HO HaTYpa TaK0Ba - )].aBaTb, napUTb, onapuBaTb HanpaB0 U 

HaJleB0. lllocpepbl JleHUHrpana - KJiaH pa6oqeii apUCT0KpaTUU, Te, qTQ 

Il0CTaprne, K0HeqHo, - ero o60)K8J1U, Il0MHUJIU C 0)].H0ro pa3a, Y3HaB8J1U BO 

MHe ero cnyTHUey u cnpaBJIRJIUCh 0 HeM. 11 OH 6bIJI .D.JIR HUX «0)].UH 

npocpeccop». «Bbl C O)].HUM npocpeccopoM co MHOH 0)].UH pa3 eXaJlU, TaK KaK 

OH?», TJ)U pa3a )].0BeJI0Ch ycJibilllaTb. 

B 26 JieT OH nonyqun PoKcpennepoBCKYIO cTuneH.D.UIO u yexM B Eepnutt B 

11ttcTuryT no myqettuIO M03ra. Ott CTM nupeKTopoM :noro UHCTUTYTa, 

BCeMupHaR CJiaBa caMa npurnna K HeMy - OH 3a Hett He roHRJICR. Ott 

0CTaBaJlCR B fepMaHUU, K0r)].a K BJiaCTU npurneJI fuTJiep. Ero CTaprnuii ChlH 

6hm yttuqTo)KeH 3a yqacTue B conpoTUBJieHuu HaUU3MY, o ero CMePTu 

)].0fa)].bIBaJlUCb, Huqero He 3H8J1U, Ha)].eRJIUCb, )K)].8J1U. YexaTh 6bIJIO HeJih3R. 

CaMoro HuKOJiruI BnanuMupoBuqa He TporMu. )KepTBaMu onpuqHUHhI 

CTaH0BRTCR qeTbipe KaTeropuu JIIO)].eii: nepBaR KaTeropuR - CBeToqu - ux 

yttuqT0)Kettue 3aCTaBJIReT npUTUXttyTb 6oJihllIYIO rpynny JIIO)].eii, BT0paR -

CBU)].eTeJIU npeCTYilJieHUH, B0BJieqeHHble B Kp0BaByIO KYXHIO Il0JIUTUKU -

MaBphl, K0T0phie C)].eJiaJlU CB0e )].eJI0, TpeTbR - BJia)].eJihUbl 6nar, 

co6Jia3HRIOII{UX onpuqHUK0B, qeTBepTruI U3Haq8JlhH0 3anyraHHbie, 

MQJiqaJlhHUKU, C ux Il0MOII{hIO pa3blrpbIBaIOT npouecCbl Ha)]. 

ttecymecrny10muMu 3aroBopmuKaMu. HuKoJiaR BnanuMupoBuqa Morna 

nory6uTh nputta.D.Jie)KH0CTh K nepBoii KaTeropuu, HO tte nory6una. Hu K onttoii 

U3 Tpex npyrux KaTeropuii OH He nputta)].Jie)KaJl. 113BeCTHhIH llIBe)].CKUH 
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reneTMK Apue MIOHI-lMHr, rroceTMBIIIMH JleHMHrpa.n. B cocTaBe KaKoM-TO 
.n.enerau;MM, paccKaJhIBaJI MHe, qTo OH 6hIJI B fepMaHMM B 36 HJIM 37 ro.n.y Ha 
KOH<pepenu;MM. 3ace.n.anMe 6hmo rrpepBaHo. TpaucnMpoBanacb pe% fMrnepa. 
Bee JJ.OJI)l(HhI cTOJI Monqa cnyIIIaTb. H Bee CTOJIJIM, M cpe.n.M Bceo6ll.{ero 
MoJiqauMJI pa3JJ.aJIC51 rpoMOBOH ronoc HMKOJiaJI Bna.n.MMMpOBMqa: "Wann wird 
denn dieses Wannsinn endlich aufhoren?" (Kor.n.a, naKoneu:, rrpeKpaTMTCJI 3TO 
6e3yMMe?) Ou roBopMJI ua 6epJIMHCKOM JJ.MaJieKTe, aufhoren 3Byqano ufhoren. 
TaKMX He Ca)KaIOT. C HMMM HaB03MlllbC51. ,ll;oBOJibHO MOJiqaJibHMKOB. 

Kor.n.a B 1945 ro.n.y EepJIMH IIaJI, MHCTMTyT HMKOJia51 BJia)J.MMMpOBMqa 
OKa3aJIC51 B CoBeTCKOM ceKTOpe. Ott Mor .n.parrattyTb Ha 3arra.n., HO 3a HMM He 
6hmo HMKaKoM BMHhI rrepe.n. PoccMeM, pyccKoro rpa)K)J.aHcTBa on He 6bm 
JIMIIIeH, cy.n.h6a ero CbIHa 6bIJia HeM3BeCTHa, M OH )K)J.aJI CBOMX . .n;a M He 6eraJI 
on HMKor.n.a - rropo.n.a ue Ta. r o.n. ero ue rporaJIM. B 1946 ro.n.y K neMy JIBMJICJI 
H.H. Hy)K)J.MH - TOT caMbIM, ecJIM IIOMHMTe, - O)J.Ha M3 caMbIX Mep3KMX 
<pMryp B rraHOIITMKyMe JibICeHKOBll.{MHhl, COTpYJJ.HMK B rrpOIIIJIOM BaBMJIOBa, 
Terrepb, B 1946 ro.n.y, JlhICeHKO - B351JI JIMHMM .n.po30<pMJI, rrorrpOCMJI 3aBepttyTb 
51ll.{MKM C npo6MpKaMM, r.n.e IIOMell.{aJIMCb )KMBbie MYXM, He B raJeTbI, a B 
o6epToquyio 6yMary, M yexan. ITocne 3TOro HMKOJIM Bna.n.MMMpOBMqa B351JIM. 
B narepe on rrorM6aJI OT rrennarphI, noqTM ocnerr. Ou paccKaJhIBaJI npM MHe 
B.IT. 3<ppOMMCOtty, qTO TaKOe neJIJiarpa - eCJIM BaM per OS BOJiblOT qaHttyIO 
JIO)KKY qa51 c rpeMJI qaMttKaMM, oua zyT )Ke co BCeMM rpeMJI qaMHKaMM BhIMJJ.eT 
M3 Bae per rectum, - roBopMJI OH C qpe3BbiqaifHOH 60.n.poCTbIO. KaKMMM-TO 
MHe HeBe)J.OMblMM cy.n.b6aMM IIOCJie JJ.BYX JieT npe6bIBaHM51 B Jiarepe ero 
OTbICKaJIM, ITO npMKaJY caHOBHbIX TIOpeMI.QMKOB, TIOpeMll.{MKM HecaHOBHhie y)Ke 
IIOJiyMepTBoro npMBe3JIM B MoCKBY, KaK-TO y)KaCHO JieqMJIM, Ka)KeTC51, CJieiloTa 
- CJie)J.CTBMe He CTOJibKO 6oJie3HM, CKOJibKO JieqeHM51, M OTnpaBMJIM B IIIapary, 
r.n.e OH Mor 3aHMMaTbC51 HayKoH. Ero )Ketta C MJia)J.IIIMM CblHOM rrpMexana K 
neMy B IIIapary M3 EepJIMHa, r.n.e oua pa6oTaJia B yttMBepcMTeTe y HaxTcreifMa. 
OHM npo6hmM B 3aKJI10qeHMM 8 neT. Eneua AneKcan.n.poBHa npMBe3Jia B 
CM6Mpb JIMHMM .n.po30<pHJI. Ho BCKope, B 1948 ro.n.y, OHM 6bIJIM no 
CTpO)KaHIIIeMy npMKaJY CBbIIIIe YHMqTO)KeHhl. B 1956 ro.n.y HMKOJiaH 
BJia)J.MMMpOBMq pea6MJIHTMpOBaH1. JI npMCYTCTBOBaJia Ha ero )J.OKJia.n.e B 

1THMOcpeee-PecOBCKHH no OKOH'lamm cpoKa 3aKJIIO'leHHH 6blJI aMHHCTHpoeaH H 
CTaJI )KepTBOH 'IY.!tOBHU{HOH TPaBJIH co CTOpOHbl JlbJCeHKOBUeB H npO'IHX 
npHCJIY)KHHKOB BJiaCTH. ECJIH .zurn npHCBOeHHH eMy CTeneHH .ztOKTOpa 6HOJIOrH'leCKHX 
HayK OKa3aJICH .ztOCTaTO'IHblM .zteopuoBbIH nepeBopoT, cMemeHHe Xpymeea, i-o .IIJIH 
pea6HJIHTaUHH, YBbl, noTpe6oBaJIOCb C06bITHe Ky.Ila 6onee 3HalJHMOe: 19 aerycrn 1991 
ro.11a. He npOWJIO tt }].Byx MeCHUeB co BpeMeHH HCTOpH'IeCKOfO pbIBKa, KaK 16 OKrn6pH 
«J.faeecTHH» coo6IUHJIH, 'ITO «feHepanbHbIH npoKypop CCCP HanpaBHJI B BepxoBHbIH 
Cy.11. CCCP ceoti npoTecT, r.11.e nocTaBHJI eonpoc 06 oTMeHe npttroeopa BoeHHOH 
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MocKBe. Ott rosopHJI O pe3yJihTaTax HCCJie}lOBaHHH, BhITI0JIHeHHhIX HM B 

rnapare. 3attHMaJIC.SI OH pa.llHOCTHMYJI.SIQHeu pacTeHHH. Ha cso6o}le B EoJihIIIOH 

3.otte ero ttayqua.SI }le.SITeJihHOCTh npuo6pena rpatt}lH03HhIH pa3Max. Ott;cnepsa 

o6octtosanc.SI B Csep.llJIOBCKe. Ha IO)l(HOM Ypane B CKaJoquo KpacusoM MeCTe 

y Hero 6hIJia 6ttOCTaHQH.SI «MttaCCOBO», Oa3HC B nyCThIHe 3anyrattHhIX. A 

HaCeJI.SIJIH Oa3HC noqTH O}lHH 6bIBIIIHe 33KH. DHOCTaHQH.SI CTaJia MeCT0M 

nanoMttuqecrna yqetthIX scex cneQHaJihttocTeu. Pa6oTaJIH TaM c YTPa .llO 

no3}ltteu uoqu. HayqtthIH ceMttttap 3ace}laJI Ka)l(JlhIH seqep. TToToM H.B. 

TttMo<pees-PecoscKHH nepe6panc.SI B O6HHHCK Kany)l(cKoii o6nacTH H 

opraHH30BaJI B 11:ttCTHTyTe Me}lHQHHCKOH pa}lHOJIOrHH Jia6opaTOpHIO 

pa}lttaQHOHHOH retteTHKH QeJihIH HHCTHTyT, BeJIHK0Jientto 

<pyHKQHOHHPYIOLQHH, qpe3BhiqaifHO JlH<p<pepeHQHpOBaHHhIH. 11 3T0MY }leTHIQY, 

B3JieJie.SIHHOMY Ha CKJiotte JieT, cy)l(Jletto 6bmo nortt6ttyTh. PaJorttaJIH no 

np.SIMOMY yKaJaHHIO KfE. ,ll;a)l(e 6naroBHJlHOro npe}lJiora tte noTpe6osanoch. B 

1971 ro}ly HHKOJiaH BJia}lHMHpOBHq CTaJI 6e3pa6oTHhlM. Mttposoe 

061.QeCTBeHHOe MHeHHe Ha 3TOT pa3 He CMOJiqaJio. JiaypeaT Ho6eJieBCKOH 

npeMHH ,ll;eJih6pIOK npuexan B Co103, qT06h1 rosopttTh c npe3tt}leHTOM AH 

CCCP M.B. KeJI}lhIIIIeM o TttMocpeese~PecoscKOM. HttKonaii BJia}lHMttposuq 

6bIJI 3aq11cJieH KOHCYJihTaHTOM B 11:ttCTHTyT Me}lHK0-6HOJIOrttqecKHX npo6JieM 

AMH CCCP. Pacnop.SI)l(ettue rnno m BhICIIIHX c<pep. Cy*Y no TOMY, qTQ 

CMeJihlH 3TOT mar He nospe}lHJI Kapbepe JlHpeKTOpa HHCTHTyTa - OH m6patt 

aKa}leMHKOM. KapbepHCThl 60.SIJIHCh }la)l(e 3HaK0MHThC.SI C HHKOJiaeM 

BJia}lHMHpOBHqeM. OT 3HaKOMCTBa C HMM OTKa3aJIC.SI, B qacTHOCTH, 

npeycneBIIIHH uaqaJihHHK 3KCne}lHQHH, B KOTOpOM 3}lHa C nepsoro B3rJI.SI}la 

pacno3ttaJia JI)l(eQa. Oqetth CTPaIIIHJIC.SI KfE. 

M.E. Jlo6arnes, B03rJiaBHB Ka<pe.llpy retteTHKH Jlettttttrpa.llcKoro 

YHHBepcHTeTa, B 1958 ro}ly opraHH30BaJI BcecOI03ttyIO KOH<pepeHQHIO no 

3KCnepHMeHTaJihHOH retteTHKe. · TToKpOBHTeJihCTBOBaJI Kott<pepeHQHH caM 

CTOJieTOB - JlhICeHKOBeQ, BeJIHKHH }lHnJIOMaT, uaqasIIIHH y)l(e TOr}la 

nepecTpattBaThC.SI. Ott . B KaqecTBe MHHHCTPa BhICIIIero o6pa30BaHH.SI Be}laJI 

YHHBepCHTeTaMH H B03rJiaBJI.SIJI Ka<pe}lpy retteTHKH MocKOBCKOro 

yttttsepcttTeTa. C ero pa3pernettH.SI Jlo6arnes npurnacun scex. Jlb1cettKOBQhI 

npe}lCTaBJieHhl s mo6HJIHH. OrnepraJIOCh TOJihKO atteK}lOTHqecKH 0OCThl}lHOe, 

a npoCTO OOCThl}lHOe He OTBepraJIOCh. Ho 11 retteTHKH, BKJIJOqa.SI 6opQOB, Ha 

Y.llHBJietttte sceMy Mttpy npe}lcTaBJietthI - PanonopT, Keprnttep, 3<ppOHMCOH, 

TttMo<pees-PecoscKHH. Te3HChI JlOKJia}lOB ttaneqaTaHhI. B caMhIH Kattytt 

Konnemtt H. TttMocpeesy-PecoscKOMY H o npeKpaw,eHHH yronosttoro .nena 3a 
OTC)'TCTBHeM B ero .neiiCTBHSIX cocnisa npecrynneHHll». 
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KOH<pepem.1,HH MbI Y3HaJIH, qTO no pacnopsrm:eHHIO [(K KOH<pepett1.1,m1 

3anpe11.1,etta. CoexaaumecH yqacTHHKH 6e3ponoTHO pa3oeXaJIHCb. 

.lJ:py3hH yroaopmu1 HHKOJIM Bna,[{HMHpoanqa 3a11.1,n11.1,aTh ,[{OKTopcKyIO 

,[{Hcceprn1.1,n10. EornttnqecKHH HHCTHTYT AKa,[{eMHH ttayK CCCP npHHHJI ee K 

3aIIJ,HTe, H 3a11.1,HTa COCTOHJiaCb. ObIJIO :no, KruKeTCH, B 1960 ro,[{y, OH e11.1,e TOr,[{a 

)KHJI a Caep,[{JIOBCKe. Pa6oTa nocBHIIJ,eHa Beptta,[{CKOJIOfHH, KaK OH roaopHJI. 

ToJibKO BbicrnaH ATTecrn1.1,HOHHM KoMHCCHH He co6npaJiacb npncaanaaTh eMy 

CTeneHb. Xpy11.1,ea y BJiaCTH, JlbICeHKOBIIJ,HHa MY)KaJia CHOBa, n He BH,[{aTb 6bI 

TnMo<peeay-PecoBcKOMY cTenettH ,[{OKTopa, He cnyqncb B 1964 ro.[{y MaJIOH 

OKrn6pbCKOH peBOJIIOIJ,HH, KaK Ha3bIBaJIH Mb! CMeIIJ,eHHe Xpy11.1,eaa. CttoBa, KaK 

a 1953 ro,[{y, KOr,[{a yMep CTaJIHH n )K,[{aJIH KpyTOro noaopoTa HCTOpHH, 

JlbICeHKOBIJ,bl 3a,[{p0)KaJIH. fetteTHKa nornna B ropy. CTaTbH 3a CTaTbeH 

noHBJIHJIHCb B ra3eTax B ee 3a11.1,nry. IIoaopoT Kpyqe, Ky,[{a Kpyqe, qeM ,[{eCHTb 

JieT Ha3a,[{. f O,[{bl 1.1,apCTBOBaHHH Xpy11.1,eaa - apeMH, KOr,[{a ,[{ep)KaBHbie 6pa3,[{bl 

6bIJIH ocna6neHbl, - ,[{aJIH B03MO)KHOCTb yqeHbIM .[{pyrnx cneIJ,HaJlbHOCTeH 

noMHMO reHeTHKH - !pH3HKaM, XHMHKaM, MaTeMaTHKaM, KH6epHeTHKaM -

BhlcrynHTb B 3a11.1,nry reHeTHKH. M Tenepb, HaKotte1.1,, cny11.1,etto YKa3aHHe 

BOCCTaHOBHTb retteTHKy. 

Ho nepenyr B CTaHe JlbICeHKOBIJ,eB MeHhllle, qeM TOr,[{a. Tor,[{a OHH )K,[{aJIH 

KpOBaBOH pacnpaBbl. Tenepb HpaBbl CMHrqHJIHCb, ,[{a H OHH 3HaJIH, KaK tty)KHO 

,[{eHCTBOBaTb, qTo6bI y.[{ep)KaTb BJiaCTb. Hy)KHO ,[{ep)KaTb HOC no BeTpy, ,[{aTb 

HeMe,[{JleHHbie COJIH,[{Hbie CBH,[{eTeJibCTBa CBOeH JIOHJlbHOCTH. 

BbIClllaH ATTecTaIJ,HOHHM KoMHCCHH, BCH HaCKBO3b npOHH3aHHaH 

MeTaCTa3aMH Jlb!CeHKOBIIJ,HHbl, npHCBOHJia CTeneHb ,[{OKTOpa 6nonornqecKHX 

ttayK ,[{ettcTBHTeJibHOMY qnetty .[{Byx eaponeifcKHX AKa,[{eMHH HnKoJiaIO 

Bna,[{HMHpOBHqy THMO<peeay-PecOBCKOMY. 

B 1966 ro;iy H pa6oTaJia B HttcTHryTe IJ,HTOJIOrHH H retteTHKH AH CCCP a 

Hoaocn6npcKe H 6bma qnettoM ero Yqettoro coBeTa. Ha 3ace,[{aHHH Coaern MbI 

Bbl,[{BHraJIH KaH,[{H,[{aTOB no reHeTHKe, jj CKa3aJia, qTo HaM CJie,[{yeT Bbl,[{BHttyTb 

TnMo<peeaa-PecoacKoro. IO.JI. KepKHC cKa3aJI, qTo ero cne.[{yeT BbI,[{BHttyTh, 

HO tte no reHeTHKe, a no 6no<pH3HKe. ,n:ornno ,[{eno ,[{O 6no<pH3HKH. M 
npenecTHaH Hutten Eopncoatta XpncTon106oaa CKa3aJia, qTO 3TO 6y,[{eT ee 

KaH,[{H,[{arypa. Ho ryT Bh1crynnna f aJIHHa Att.[{peeatta CrnKaH H cKa3aJia, qTO 

OH, Ka)KeTcH, coaeprnaJI HenaTPHOTHqecKHe nocrynKH. A Onhra HaaHOBHa 

MaHCTPeHKO CKa3aJia, qTQ OH )KHJI B <pallIHCTCKOH r epMaHHH. l1 IOJIHH 

OcKapoaHq Payrnett6ax BbICrynHJI n CKa3aJI, qTO OH OTKa3bIBaeTCH Bbl,[{BHraTb 

TaKOro qeJIOBeKa B aKa,[{eMHKH, H 3aM,[{HpeKTOpa IlpHBaJIOB K HeMy 

npHcOe,[{HHHJICH. 

Tor,[{a 3aroaopnna 3oH CoqipottbeBtta HnKopo. Otta CKa3aJia, qTo ,[{a, 

HHKOJiaH Bna,[{HMHpOBHq )KHJI a fepMaHHH n pa6oTaJI a HHCTHryTe 

PoK<pennepOBCKOro !pOH,[{a, n OH He BepttyJICH. «Ho nocMoTpena 6bI H Ha 
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mo6oro 113 Tex, KTO cei1'-laC 3,necb BbICl)'naJT, KaK 6bt OH BepttyJICH. BepH11Cb 

H11Konai1 Bna,n11M11poB11'-I, 11 HaM He o '-!eM 6bIJIO 6bt 3,necb pa3roBap11BaTb. C 

BepOHTHOCTblO CTO npo~eHTOB OH 6bIJI 6bt YHl1'-ITO)l(eH. 3To Eyxap11H MOf 

penIHTbCH yexaTb B ITapH)I(, noxo,nHTb no CB06o,nHOH 3eMJie, no,nbtlllaTb 

CB060,nHbIM B03AYXOM 11 BepttyTbCH, 3H~, '-!TO OH yMpeT He 3a Po,n11ey, a KaK 

Bpar ee Hapo,na. H11Konai1 Bna,nHMHpOBH'-1 He BepeyncH, HO OH He npe,naBa.n 

Po,n11ey, OH cBeT0'-1 ee HayKH, OH ei1 cJiy)l(HJI. I1pe,naBa.n11 Po,nHH)' Te, KTO 

npe,naBa.n ee HayKy, KTO nHCaJl ,AOHOCbl Ha ee JIY'-lllll1X JIIO,nei1, no,nnl1CblBaJl 

JIO)l(Hble 3aKJIIO'-leHl1H no 06B11HeHl1lO BO Bpe,n11TeJibCTBe. T11MocpeeB-PecoBCKl1H 

,AOCTOl1H 6bITb aKa,neMl1KOM no CBOl1M Hay'-!HblM 3acnyraM, H ero KaH,nH,narypy 

H noMep)l(11BaIO». «Xy,no, '-!TO Ha HallleM Y'-leHOM COBeTe 3By'-laT TaK11e pe'-IH», 

- T11xo 11 rpo3HO CKa3aJT lliKBapH11KOB, '-IJieH KITCC. 

A.A. fllJlH'I, P.Jl. 6epr H el! )lO'lb E.B. KHpnH'IHHKOBa e Ka<j>e-KJTy6e «non HHTerpllJIOM». HoeOCH6HpCK, 

MapT 1968. <l>oTo B. L{aebJJlOBa (http://acadcmgorodock.livejournal.com/ 17451 .html) 

CHOBa Bb1Cl)'nl1JI PayI1IeH6ax - 0,AHH 113 Tex, KTO ,naBa.n JIO)l(Hble 

3aKJIIO'-leHl1H no o6BHHeHl1lO BO Bpe,n11TeJibCTBe 6e3Bl1HHbIX JIIO,nei1 

300TeXHl1KOB, - 11 CKa3aJT C 11CKpeHH11M He,noyMeH11eM: «KaK )Ke 3TO 

np11Bep)l(eHI..(bI M11'-lyp11HcKoro y'-leH11H Po,n11Hy npe,naBa.n11, Kor,na OHO UK 
o,no6peHo? A OH npe,naBa.n, B rnrnepOBCKOH repMaHl111 )1(11JI, BCHKOMY HCHO». 

Tor,na CTpacTHO H y6e)l(AeHHO 3ar0Bop11n P.11. Ca.nraH11K -'-!eJioBeK O'-!eHb 

11HTeJIJI11reHTHbti1, o6pa3oBaHHhti1 11 Ta.naHTJil1Bhti1. OH H11KoJiaH 

Bna,n11M11pOBl1'-la y ce6H ,AOMa np11Hl1MaJl 11 O'-!eHb xopOI110 pa3611pa.ncH, '-!TO K 
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qeMy. Ho OH eBpei:i, a )l(eprna coBeTcKoro eBpe.si Ha a.rnaph 

Bepttono)UJ.aHH11qecrna ,A0JI)l(Ha 6b!Th He np0CT0 o611JihHOH, a B3JieJie.SIHHOH y 

caMoro cep.nl.la. Canratt11K CKa3aJI: «T11MoqieeB-PecoBcK11tt Mor 11 .U0JI)l(eH 6hm 

BepttyThC.SI 3a,nonro ,no 193 7 ro,ua, eI.Qe Tor.ua, Kor,ua H11KaKoi:i onacttocT11 He 

6hmo. A OH noexan B npoqianmcTcKy10 r epMaHHIO 11 ocTaJic.si TaM. B11,utto, 

qiaIII113M 6oJihIIIe ycTPaHBaJI ero, qeM CTPatta cTpo.siI.Qeroc.si C0l.lHaJIH3Ma». Ero 

npepBaJia H11tteJI Eop11coBHa. Otta CKa3aJia, qTo CHHMaeT cBoIO Katt,u11,uarypy, 

TaK KaK He xoqeT no,uBepraTh HHKOJia.SI 8Jia,UHM11pOB11qa TaK0ro po,Ila 

ttana,uKaM. H T)'T BCTP.SIJia .si. 5I CKa3aJia, qTo H11KOJiatt Bna,Il11M11p0B11q noexan B 

1926 ro,uy He B npo<paIII11CTCKyIO fepMaH11IO, a B CTpatty, HaX0,U11BIIIYlOC.SI 

HaKattytte KOMMYHHCT11qecKOH peB0JIIOl.l1111, CTPatty, K0MMytt11cT11qecKa.si 

napT11H KOTopoi:i 6hma caMott c11JihHOH H3 napT11H EBponhI 11 BO BceM M11pe no 

q11cJieHH0CT11 ycrynana T0JlhK0 napT11H KHTa.SI. Ilo6e,ua <paIII113Ma B fepMaH1111 

cBepIIIHJiach He 6e3 yqacT11sr CoBeTcKoro Co103a. PoK0By10 poJih chirpano To, 

qTQ rnaBHhIM BparoM K0MMYHH3Ma 6bIJI 060.SIBJieH He Hal.lH3M, a C0l.l11aJI­

,ueMOKpaTHH'. Bocnpen.SITCTBOBaB o6pa30BaH11IO e,u11ttoro <ppOHTa np0T11B 

ttal.l113Ma, CTaJI11H cnoco6cTBOBaJI no6e,ue f11Tnepa. Bonpoc o naTp110TmMe 

H11KOJia.SI Bna,uHMHpoB11qa HeJieno CTaB11Th. OH 11 eCTh TO, no 0TH0IIIeH11IO K 

qeMy Ha,uJie)l(11T 6hITh naTp110T0M. B <paIII11CTCKOH r epMaH11H OH IT0Tep.siJI Cb!Ha 

- yqacTHHKa ConpoTHBJiett11sr. H ecJIH H11tteJI Eop11coBHa cH11MaeT 

KaH,n11,narypy, TO .SI ee Bhl,UBHraIO. ~Ba M0JI0,Ilh!X qeJI0BeKa - lllyMHhlH 11 

EBC11KOB - no.LUJ.ep)l(aJI11 Katt,n11,uarypy H11KoJia.si Bna,u11MHpoB11qa. 

~11peKTOp HHCTHT)'Ta ~- K. EeJI.SieB .uo TOH nophl MQJiqaJI. Ott Bcer,Ila 

BhlCT)'naJI B p0JI11 3aKyJI11CHoro ,u11pH)l(epa TeaTpa Map110HeT0K. 

~11nnoMaT11qec1<.11e ero cnoco6ttocT11 pa3B11ThI ,no ttenpaB,nono,uo611i1. Teneph 

OH CKa3aJI, qTo, BH,n.SI B03H11KaIOI.QHe pa3H0rJiaCH.SI, OH ,uyMaeT, qTQ HaM He 

cne,uyeT BhI.UBHraTh H11Koro no 0T,uenett1110 611oqim11K11. 3TO npe,uno)l(ett11e 

np0IIIJI0 6oJiblll11HCTBOM r0JI0C0B. A 3010 Co<ppOHbeBtty «npopa6aTh1BaJI11» Ha 

oco6oM 3ace,natt1111. Mett.si )Ke He Tporan11, tte 3HaIO y)I(, noqeMy. 3To 6hIJIO He 

nepBoe BhlCT)'ITJieH11e 3011 CocppOHheBHhI, IT0CJie K0T0poro ee npopa6aTblBaJI11. 

Eme B 1963 ro,uy, ,no CHHT11.SI XpyI.QeBa, otta Ha 3ace,natt1111, Kor,na 6b1JI0 

npe,uno)l(etto co3,uaBaTh 6p11ra,nb1 K0MMytt11cT11qecKoro TPY.Ua, CKa3aJia, qTo MhI 

He ,UOCTOHHhl BhIC0K0ro 3BaH11H, qTo BOT B CTPaHe roJI0.U, XJie6a He XBaTaeT, 

np11q11Ha - tteBe)l(eCTBeHttoe nnatt11p0Batt11e ceJihCKoro X03.SIHCTBa, a MhI -

cnel.lHaJI11CThl no ceJihCK0MY X03.SIHCTBY - M0Jiq11M. 3tta.si, qTo ,ueJiaIOTC.SI 

.SIBHbie OIII116K11, Mhl ,Ua)l(e He nhnaeMC.SI 11X 11cnpaB11Th. 

Otta roBop11na, 3aJI, tty He Bech, a TP11 qeTBepT11 M0)l(eT 6hITh, 

anJI0,U11p0BaJIH. H TOr,na BhICKoq11JI Ha Tp116yey ~.K. Een.sieB 11 roB0pHJI BCe, 

qTo eMy 6bIJIO 6bI npe,IlJI0)l(eH0 roB0pITTh, 11MeH OH BpeM.SI 

np0K0HCYJihTHpoBaTbC.SI B pattKOMe. CJioBa «,ueMarornqecK0e BhlCT)'nJiett11e C 

l.leJiblO copBaTh anJI0,UHCMeHThI» qi11ryp11pOBaJIH B ero BhICT)'ITJieHH11. Ott oqeHh 
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KpacHBbIH, cyxoH, me.SI y Hero He TOJICTa.SI, CKOpee TOHKa.SI, H Otta .nepranacb B 

HepBHOM THKe, OT yrna pm K KJilO'IHQe. A nocne 3TOro 3010 CocppOHbeBtty 

«npopa6aTbIBaJIH». 11 IO.IT. Mup10Ta - COTPY.LlHHK HHCTHTYTa, 'IJieH napTHH, 

3HaBllIHH 3010 CocppottbeBtty no fopbKOBCKOMY yttusepcuTery, r.ne OHH BMecTe 

pa6oTaJIH u OTKy,na ee BblrHaJIH s 1948 ro.ny, - CKa3aJI, 'ITO OH Bcer.na C'IHTaJI 

ee Bpe,nHTeJieM, qeJioBeKOM 6e3ttpaBCTBeHHbIM. 3HalOT JIH npucyTCTBYlOII.{He, 

'ITO Otta no aeqepaM B pecTOpatte Ha pO.S!Jie Hrpana? - A Otta ,neHCTBHTeJihHO 

Hrpana, H 3TO 6hIJI e,nHHCTBeHHhIH 3apa60TOK, nocne Toro, KaK ee BhirHaJIH. A y 

Hee Tpoe CBOHX .neTeH 6bIJIO u ell{e CKOJibKO-TO npHeMHbIX. 

Ho TYT npHcyTcTBy10rn.ue 3a6hIJIH o caoeM napTHHHOM .nonre 3aHHMaTbC.SI 

nepeaocnHTaHHeM 3ou CocppottbeBHhI, Ha6pOCHJIHCh Ha Mup10ry, u eMy He 

no3,nopOBHJIOCh. TeM 3TO no3opull{e H KOH'IHJIOCh. Ho 106uneH 3ou 

CocppOHheBHhl 6bIJI. OTMeHeH. Hu O<pHQHaJihHOro qecTBOBaHH.SI Ha YlleHOM 

COBeTe, HH O<pHQHaJibHOro yae,noMJieHH.SI O l06HJiee acex noTeHQHaJihHhIX 

no3,npaBHTeJieH. Tor.na Mbl - ee KOJIJierH H yqeHHKH - caMH onoBeCTHJIH 

KOro Ha.no H YCTPOHJIH TaKoe qecTBOBaHHe, KaKoe H He CHHJIOCh caHOBHbIM. 

B 1970 ro.ny HuKona10 Bna,nHMHpOBH'IY ucnoJIHHJIOCh ceMh,nec.SIT neT, H 

MocKOBCKOe 06ll{eCTBO HCnhITaTeJieH npHpOJlhl npa3.LlHOBaJIO ero 106HJieH. 

I06uneH Ha3Ha'IHJia H AKa,neMH.SI ttayK. IlpurnarneHH.SI pa3ocnatthI, 

,noKJia,n'IHKH noHMeHOBaHbl H ttaneqaTaHhl Ha3BaHH.SI .LlOKJia,noB. A nOTOM 

I06HJieH OTMeHHJIH. Ilpe,ncTaBJI.SllO, 'ITO co.nep)KaJIH .LlOHOChl, KOTOpbie 

nocJiy)KHJIH npH'IHHOH 3TOH OTMeHbI. 11 Tor.na-To .6opHc Eaceeauq ohIXOBCKHH 

- aKa,neMHK-ceKpernpb EHooT,neneHH.SI AH CCCP, K KOTopoMy .SI H3 

m,naTeJibCTBa a 3oonorH'leCKHH HHCTHTYT nornJia u KOTOporo cJiy'laHHO 

3aCTaJia, CKa3aJI B BH,ne llIYTKH, 'ITO BOT cero,ntt.SI l06HJieH OTMeH.SllOT, 3aBTPa 

ccbIJiaThC.SI 3anpeT.S1T. 3ry ero MHJIYlO rnyTKY CJihilllaJI .nupeKTOp MocKOBCKoro 

OT,neJieHH.SI m.naTeJibCTBa «HayKa», HJIH JlOllIJia Otta .no Hero qepe3 TPeThH 

pyKH, H OH npHH.SIJI ee 3a .nupeKTHBY H cnycTHJI no HHCTaHQH.SIM. DhIXOBCKHH 

MOr 06 3TOM H He 3HaTh. 
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reueTHK H 3B0JIIOQHOHHCT Pauca JlbBOBHa liepr 

MI1XAl1JI fOJIYEOBCKHH 

Bc10 JICU3Hb Jl nepexoowza om OOH020 youeJ1eH1,lf/, K opy20My ... 
Hem HU1J,e20 yeJ1eKameJ1bHee, cJ1aoocmHee, mapmHeu, 

1/,eM pmpywumb eceo6Ufee y6e:J1CoeHue 
u eMecme c HUM ceoe co6cmee1moe. 

P.JI.Eepr. CyxoBeH. 

Ecn, JUO.[(H, o K0T0pbIX xoqeTc.11 CK83aTb: «RBnem1e IlpupO.[(bI!». 

TaKOBOH 6bma H ocTaeTc.11 B naM.si:TH PaHca JlbBOBHa Eepr. 

OnncaTb cnoBaMH ee 3aBopIDKHBaIOlllYIO npHBJieKaTeJibH0CTb CT0Jib )Ke TPY.[(H0 

HJIH .[(IDKe 6e3Ha.[(e)l(HO, KaK Bep6anmoBaTb Kpacory 6anna.[( llloneHa, 

KpacoqHo-qyBCTBeHHbie C0HTH.11 Ha KapTHHax KJIHMTa HJIH KOM6HHal.(HIO Ha 

maxMaTHOH .[(0CKe. 

Ha ceMnHape, B JII06oM coo6mecTBe Bbl cp83y BbI.[(en.si:nu Pancy JlbBOBHY -

no HHTeJIJieKTy, no rpy.[(H0MY, C 3M0I..(H0HaJibHbIMH TeM6pOBblMH 

nepennBaMH, ronocy, no oco6ou MaHepe .[(BH)l(eHHH, noBe.[(eHH.ll u 6oraTOH 

nacpOCHOH pequ, r.[(e BocnapeHHe K BblC0TaM 3HaHHH coqeTaJI0Cb C 

npHCJI0BH.llMH Ii TepnKHMH CJI0BeqKaMH, HaCK0JibK0 3T0 n03B0JIHTeJibH0 

)l(eHI.QHHe. AHanoruquo, B mo6oii ay.[(HT0pHH BMHr 3aneqaTJieBanach JIIfqHo~Tb 

TnMocpeeBa-PecoBcKoro. He.[(apoM 3TH .[(Ba reHeTHKa CTaJIH coaBTopaMH 

naM.llTHOH CTaTbH 1961 r. 0 nyrnx 3B0JIIOI..(HH reH0THna B "Ilpo6JieMax 

Ku6epHeTHKH
11 

(Bbm.5). 

KpacOTa 6uop83H006p83H.ll, CJI0)l(H0CTb nyTeH 3B0JIIOI..(HH " T0qH0CTb 

3aK0H0B reueTHKH 6bIJIH noMHHHOH CTpaCTblO PaHCbl JlbBOBHbl. 3.[(eCb 0Ha 

3HaJia " n0HHMaJia Bee. 3Ta CTPaCTb, MHe KIDKeTC.11, 6bma HaCJie.[(CTBeHHOH HJIH 

BpO)l(.[(eHHOH, HO, HeC0MHeHH0, " HMnpeccupoBaHHOH B paHHeM .[(eTCTBe 

HHTeJIJieKTyaJibHOH aypou H 0Kpy)l(eHHeM ee 0TI..(a, BbI.[(aIOmeroc.11 300JI0ra-

3B0JIIOI..(H0HHCTa H reorpacpa aKa.[(eMHKa JlbBa CeMeHOBHqa Eepra, aBT0pa 

H3BeCTHOH K0HI..(enl.(HH H0MoreHe3a. 

Co CTy.[(eHqecTBa PJI npoHHKJiaCb H.[(e.llMH u TPa.[(Hl.(H.llMH neTep6yprCKOH 

IIIK0JibI 3BOJIIOI..(HOHHOH reHeTHKH BO rnaBe c IO. A. <l>HnnnqeHKO u H. H. 
BaBHJIOBbIM. Eme .[(0 0K0HqaHH.ll Kacpe.[(pbl reHeTHKH 0Ha uaqana pa6oTaTb 

BMeCTe c 6y.[(yll.(HM Ho6eneBCKHM naypeaT0M MennepoM, KOTOpblH B 1927 r. c 

n0M0II..(blO xpoMOCOMHOH HH)l(eHepHH C03.[(aJI MeT0.[( nonyqeHH.11 H 

KonuqecTBeHHoro aHaJIH3a MYTallHH B onhrTe u npnpo.[(e. 
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Cy,n;h6a MyTaQHH B npHpo,n;e cTarra mo6HMOH TeMoH PaHCbI JlbBOBHbI. 

Ilocne OTKpbITHH BCflbIIIIeK MYTaUHH B ,[{HKHX noceJieHHHX ,n;po30Q)HJI OHa He 

TOJibKO no,n;TBep,n;HJia noJIO)KeHHe KJiaCCHKa reHeTHKH ,n;e <I>pma 0 

HepaBf!0MepHOCTH TeMna MYTaUHH BO BpeMeHH, HO H o6Hapy)KHJia qJeHoMeH 

M0.[{bI Ha MYTaUHH. B Haqarre 40-x rr. PaHca JlbBOBHa nepeIIIna B MOCKOBCKYIO 

,[{0KTopaHTypy K aKa,n;eMHKY 11. 11. IllMarrbray3eny. TaKHM o6pa30M, OHa 

npH06I.QHJiaCb H K MOCKOBCKOH 3BOJIIOUHOHHOH IIIKOJie. K pa3HOCTOpOHHeMy 

Te3aypycy PaHCbl JlhBOBHbl Ha,n;o ,n;o6aBHTb COBepIIIeHHOe 3HaHHe eIO Tpex 

eaponettCKHX H3hIKOB. P JI oKoHqHJia HeMeUKYIO "PeqJopMHpTe Illyne" B 

JleHHHrpa,n;e. 

EcTb TPH B0CXO,[{HI.QHe cryneHH n03HaHHH - np0CTO 3HaHHe O qeM-JIH6o, 

nOHHMaHHe Toro, qTo 3HaeIIIb, H, HaK0Heu, 3MOQHOHaITbHOe OTHOIIIeHHe K 

nocTHrttyTOMY B paMKax uenocTHOH rapMOHHqHoH KapTHHbI. He,napoM B 

nepBOH Q)pa3e KJiaccHqecKOH CTaTbH MOHaIIIeCKH crpororo MeH.n;eJIH CTOHT 

CJIOBa "nopa3HTeJibHM 3aKOHOMepHOCTb11
• Ha BepIIIHHax 3MOQHH B03HHKaeT 

qyBCTBO, KOTopoe HCTOpHKH HayKH MeTaqJOpHqecKH Ha3BaITH 11CHH,n;poM 

IlHrMaITHOHa". TBopeQ npOHHKaeTCH )KHBbIM qyBCTBOM K nOCTHrttyTOH HJIH 

co3,n;aHHOH KpacoTe, KaK IlHrMan:HOH 6hm 3aBopo,KeH f arraTeei1. 

MHOrHM npHXO,[{HJIOCb cnyIIIaTb, KaK PaHca JlbBOBHa C ynoeHHeM qacaMH 

paCCKa3bIBarra O TaHHax KoppeJIHQHOHHblX nneH,n; y pacTeHHH, 0 BH,[{ax 

nOJIHMOpqrn3Ma, 0 MO,n;e Ha MYTaUHH, Kor,n;a B pa306I.QeHHbIX noceJieHHHX 

,n;po30Q)HJI B,n;pyr CTaHOBHJI0Cb MO,[{HbIM )KeJITOe Teno (yellow), CMeHHHCb 

3aTeM Ha HCKpHBJieHHoe 6pIOIIIKO (abnormal abdomen) HJIH onarreHHhie 

IIJ,eTHHKH (singed). KaH,n;H,[{aTCKM ,n;HccepTaQHH 6bIJia 3aI.QHI.QeHa PaHCOH 

JlbBOBHOH B 1939 r. TeKCT 6bIJI TIIJ,aTeJibHO BbIBepeH, MaIIIHHHCTKa ,n;onycTHJia 

Bcero o,n;ny OIIIH6Ky. Ho 3aTO KaKy10?! BMecTo nonynHQHH 

"PA3OEIJ.J;EHHbIX " 6bmo HaneqarnHo PA3OEJIA qEHHblX •.. TaKoe 6hmo 

cyxoaei1Hoe BpeMH. 

CHH,n;poM IlHrMaITHOHa npoHBJIHJICH y PaHChI JlbBOBHbI He TOJibKO no 

OTHOIIIeHHIO K co6cTBeHHbIM pa6ornM, HO H K np03peBaeMbIM eIO 

3B0JIIOQHOHHbIM cne,n;CTBHHM - ,KeMqy)KHHaM B pa6oTax KOJIJier H ,n;pyrHx 

aBTOp0B. 11ccne.n;oBaTeJIH Hepe,n;KO, Bpo,n;e KpbIJI0BCKOro neryxa, caMH He 

3aMeqan:H 3TH )KeMqy,KHHbl B "HaB03HblX Kyqax" ,n;o6bITbIX HMM qJaKTOB. 11nH 

)Ke 6bIJIH He cnoco6Hbl no,n;HHTbCH Ha,n; HMMH H B03HeCTHCb K 3B0JIIOQMOHHOH 

ceMaHTHKe. C BbICOTbl CBOero 3B0JIIOQHOHH0rO BH,[{eHHH PaHca JlbBOBHa B 

1967-70-x rr. HanHcarra no npocb6e pe.n;aKQHH "3HaHHe-CHna" nonynHpHbie M 

n0HbIHe 3CCe "IloqeMy KYPHQa He peBttyeT?" , "qeM KOIIIKa OTJIHqaeTCH OT 

co6aKM
11

, «KoppenHQHOHHbie nneH,n;hm. C Tex nop npoIIIJIO 6onee 40 neT, HO H 

no CHIO nopy 3TH 3CCe BbirJIH,[{HT CBe)KO H KpenKo, KaK 6y.n;To HX He KOCttyJiaCb 

nanrna BpeMeHH. OHM aMnJIHQ)HQHpyIOTCH HbIHe B 11HTepHeTe Ha MHOrHX 

caifrax. 
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B qeM 3)].eCb CeKpeT? PacKpbITHe rny6oKoro 3BOJUOI.l,HOHHOfO CMbICJia 

3HaKOMbIX BCeM cpaKTOB H ~IBJieHHU coqeTaJIOCb B CTaTbSIX PaHChl IlbBOBHbI C 

H3SIUleCTBOM H BttyTpeHHeU CB060)].0U IlOBeCTBOBaHHSI. BOT Haqano O)].HOU 

nonyJISipHOU CTaTbH: « Ecllu fl HQO tte.M-Hu6yob oy.MalO, .MeHfl UHmepecyem He 
mOllbKO Ca« npeO.Mem, HO U .MHeHUfl JIIOOeU O He.M. 

JI 6UOJI02, a oy.MalO fl O ;JICU3HU u C.Mepmu, u notte.My OHU ecmb, u KQK 6bl 
:Jmo M02JIO 6bzmb uHatte, u notte.My ece maK, a He UHatte, u Hellb3fl flu 
ucnpaeumb mo, ttmo fl6Ho ycmpoeHo nnoxo, u He 6yoem JIU om 3mux 
ucnpaeJleHUU KQKOU 6eObl». 3TOT CTH.Jlb SipKO npOSIBHJICSI H B H3BeCTHbIX 

MeMyapax "CyxoBeu". 51 He 3Haio, KaK onpe)].eJIHTh KpenocTh H 

opHrHHaJibHOCTb CJiora, HO cpe)].H )KeHCKHX aBTOpOB B pyccKOU npo3e pSI)].OM C 

PaHCOH IlbBOBHOH MO)KHO IlOCTaBHTh JIHIIIh HeCKOJlbKO HMeH: 3HHaH)].a 

fHnneyc, MapHHa QBeTaeBa, Ha)].e)K)].a MaH)].eJihIIITaM, HHHa Eep6epoBa. A B 

3KOJIOfHqecKOU HHIIIe HayqHo-xy)].O)KeCTBeHHhIX 3CCe PaHCa JlbBOBHa noqTH 

HenpeB30U)].eHHa, BKJUQqaSI H MHOroqHcJieHeylO MY)KCKYIO IlOJIOBHtty. 

BoBce He JierKO C XO.!J.Y Ha3BaTb rnaBHOe THilOBOe OTJIHqHe KOIIIKH OT 

co6aKH, no OTHOIIIeHHIO K KOTopoMy BCe OCTaJihHOe BhICrynaeT KaK cpyHKI.l,HSI 

HJIH npOH3BO)].HOe. Pfl )].eMOHCTPHpyeT 3)].eCb JIOfHKY 3BOJIIOI.J,HOHHOro 

IlO)].XO)].a, onHpaSICh Ha KOppeJISII.l,HOHHbie npHHI.l,Hilbl KIOBbe. ITepBonpHqHHa -

B TeXHOJIOrHH )].06b1qH IlHlllH, Co6aKa - npecne.!J.YeT )KepTBy, KOIIIKa -

IlO)].CTeperaIOUlHH XHlllHHK. OrcIO)].a H.!J.YT KoppeJISII.J,HOHHhie nJieSI)].hl pa3JIHqHu 

B noBe)].eHHH 3THX 3Bepeu - cnyTHHKOB qeJIOBeKa. ,[{anee I.J,HTHpyio PaHcy 

IlhBOBey: " Coeepwue ceou omnpaeJ1eHUR, KOULKa oeucmeyem mU{,amellbHO u 
aKKypamHo. Co6aKa e mou ;JK;e cumya1JUU nocmynaem uHatte. ,l{ea-mpu 
He6pe;JK;HblX oeu;JK;eHUR 3aOHUMU H02a«u, KaK 6yomo Ha no;JK;ap cnew~m. 
06epHymbcfl co6aKa He oaem ce6e mpyoa. PumyQJI coeepwaemcfl rjJop.MaJlbHO, 
.MO;JJCHO CKQ3Qmb, 610poKpamutteCKU... 3amaueambCfl, ttmo6bl 6blmb Cblmou, 
co6aKe e ee ucKOHHOM cocmoflHUU He npuxoowzocb. BoHb, wyM - eu ece 
Hunotte.M. l/ucmonnomHoCmb co6aKu - eecb.Ma omHocumellbHa. IJ03m, y 
Komopo20 6eceHOK 2oeopum: «JI ca« e HeHacmbe na:x:Hy ncuHoull 11 wepcmb 
JIU;JJCY nepeo 02He.M», - OUlU6QJICfl.' 3anax nCUHbl U 6blJIU3bl6QHUe Ulepcmu - "i'Jee 
eeUJu Hecoe.MecmHbze", ooHa - co6attbfl, opy2aR- KOUlattbfl. Tom, Kmo J1u;J1Cem 
wepcmb, He na:x:Hem Hutte.M, uHatte 3atte.M 6bz OH cmQJI cmapambCfl". 

p n, npeBOCXO)].HO 3HaBIIIaSI HamycTh MHoroe H3 DJIOKa H era OKpy)KeHHSI, 

UHTHpyeT H KOMMeHTHpyeT 3)].eCh H3BeCTHbie CTpOKH 3HHaH)].hl f Hnneyc H3 

CTHXa ",[{bSIBOJieHOK
11

• 

,[{OKTOpCKaSI )].HCCepTal..{HSI PaHCbI IlhBOBHbl 6hIJia IlOCBSillleHa CTaHOBJieHHIO 

KOppeJISil..{HOHHhIX nJieSI)]. y pacTeHHH. ITO)]. 3THM TepMHHOM, BBe)].eHHhlM B 

6HOJIOfHIO 300JIOfOM IT.B.TepeHTbeBbIM, IlOHHMalOT He3aBHCHMhie Jl.pyr OT 

Jl.pyra rpynnhI KoppeJIHpoBaHHbIX Jl.pyr C Jl.pyroM npH3HaKOB. Y 
HaceKOMOOilbIJISieMhIX pacTeHHH pa3Mep I.J,BeTKa H cornacoBaHHOCTh era 
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3JieMeHTOB reHeTHlJeCKH ,!],eTepMHHHpOBaHbl H He 3aBHCSIT OT ycJIOBHH 

npOH3paCTaHHSI pacTeHHSI, CTeneHH pocTa ero sereTaTHBHbIX qacTeH, HO 

CTaH,!l,apTH30BaHbl K pa3MepaM H CTPYKzypaM opraHOB HaceKOMoro. 

3)].ecb 6uoJior BCTPetJaeTcsi co cTaH,!l,apTHOH opraHH3aQueii npocTPaHCTBa 

HJIH C ero xopOJIOrHlJeCKHM noCTOSIHCTBOM. Eepr ccpopMyJIHpOBaJia BIDKHbIH 

3BOJIJOQHOHHbIH npHHQHn: CTaH,!l,apTH3aQHSI qacTeH opraHH3Ma, MX 

npocTpaHCTBeHHOe nOCTOSIHCTBO Ha6JIJO)],aeTCSI Be3)],e, r)],e pa3o6meHbl 

cpopMttpyIOII.(He H oT6upaIOIQHe q>aKTOpbl cpe,!l,bl. 

B cJiyqasix KOppeJISIQHOHHbIX nJieSI)], npOHCXO)],HT KOHTpOJib 0)],HHX qacTeH 

opraHH3Ma HJIH npH3HaKOB co CTOpOHbl ,!l,pyrux qacTeH, KIDK,!l,aSI oco6eHHOCTb 

IlO,!],BepraeTCSI HCilbITaHHJO B ee COlJeTaHHH co BCeH opraHH3aQHeH BH,!],a. 

3BOJIJOQHOHHbIH CMbICJI CBOHX HCCJie)],OBaHHH Pauca JlbBOBHa Bbipa3HJia 

y)].HBHTeJibHO sictto: «51 cmaeUJ1a nepeo co6ou 3aiJa'-ly noHflmb eo3HUKHoeeHue 
He3aeucUMocmu e npou,ecce 360ll10U,UU. He3aeucUMocmb, 1<a1< npucnoco6JleHue. 
A6cypoHoe cJloeoco'-lemaHue? Hem. HeJaeucUMocmb om oiJHux KOMnoHeHmoe 
cpe~bz o6ecne'-lueaem npucnoco6J1eHue K opy2UM KOMnoHeHma.M cpeobz. B UHbZX 
clly'-lcmx om cmpo20cmu cmaHoapma Jaeucum :J/CU3Hb UJIU cMepmb. 
KoppellflU,UOHHbze nlleflobz TepeHmbeea fl paccMampueaJ1a e ceeme 
cma6UJ1u3upy10Uf,e20 om6opa IllMaJ1b2ayJeHa. J1 ca.My 3my meopu10 fl eepHylla K 
ee ucmo1<aM, K npuHu,una.M 2emepoHOMH020 pocma. IllMaJ1b2ay3eH ca.M He 
noo'-lep1<ueaem HU20e 3mou C6fl3U ceoux 1<apOUHa.JlbHblX uoeu. Moe OeJlO 
ucmopuKa Hay1<u ec1<pbzmb ee. 3eoJ110U,Ufl 0Hmo2eHe3af IloebzuteHue e npou,ecce 
360J110u,uu cmeneHu HeJaeucUMocmu ooHux '-lacmeu op2aHU3Ma no omHouteHu10 
K opy2UM '-lacmJLM mo20 :J/Ce opzaHU3Maf... 2eHbz, omeemcmeeHHbze 3a 
He3a6UCUMOCmb OOHUX '-lacmeu no OmHOUleHUIO K iJpy2UM '-laCmfl.M, iJa,om 
ceoUM 06J1aoamellJl.M utaHCbl e 6opb6e 3a :JICU3Hb, yeeJ1u'-luea10m eepoflmHocmb 
ocmaeumb nomoMcmeo? 51 pm2aoaJ1a, Ja'-leM HY:JICHa HeJaeucUMocmb u 1<a1< 
o6pmyemcfl oHa e npou,ecce om6opa Hau60J1ee cma6UJ1bHblX cocmoflHUu. ( J,fa 
KHlfftt «Cyxoseii».) 

Pauca JlbBOBHa nOKa38Jia BCe06ll.(HOCTb npHHQHna KoppeJISIQHOHHbIX 

nJieH,!], BilJIOTb )],0 CJIO)KHbIX q>opM noBe)],eHHSI )KHBOTHblX. 11 )],a)Ke )],JISI tJeJIOBeKa 

He3aBHCHMOCTb MOpaJibHbIX KpHTepHeB B pa3HbIX ccpepax 6bITHSI OTHOCHTCH K 

TOH )Ke caMOH o6JiaCTH SIBJieHHH, 'ITO H He3aBHCHMOCTb pa3Mepa QBeTKa OT 

pa3Mepa pacTeHHSI B QeJIOM. XapaKTep OTHOilleHHH B ccpepe noJia, no 

BbICTpa,!l,aHHOMY MHeHHJO PaHCbl JlbBOBHbl, s oco6eHHOCTH He IlO)],lJHHeH 

KOHTPOJIJO co CTOpOHbl TeX KaTeropHtJeCKHX HMnepaTHBOB, KOTOpbie 

ynpaBJIHJOT o6IQeCTBeHHbIM noBe,!],eHHeM tJeJIOBeKa. 

BbIHBJieHHe KoppeJISIQHOHHblX nJieSI)], npOBO,!l,HJIOCb Eepr Ha OCHOBaHHH 

CKpynyJie3HOro CTaTHCTtttJeCKOrro aHaJia3a H3MeHtJHBOCTH qacTeH pacTeHHH H 

HX cornacosaHHOCTH. Ho '.HOT, Ka38JIOCb 6bI, cyxoii 6ttoMeTpH1IeCKHH aH8JIH3 

He TOJibKO He 3aCTHJI8JI Kpacozy cpopM )KHBOH npttpO,!l,bl B QeJIOM, HO Bbl3bIBaJI 
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eme 6om,wy10 3KCrrpeccHIO qyBCTB. Pattca JlhBOBHa o6Jia;J,8Jia pe,n.KOH 

Il03THqecK0U crroco6HOCTblO Bep6aJihHOro 0IIHCaHHR qyBCTBa KpaC0Tbl. 

[(HTHpy10 H3 cTaTbH «KoppeIIRUHOHHbie rrneR.n;h1: «/_f 6emoK, ecJlu cMompemb 
Ha He20 6 6uHOKYllRp, - OOHO U3 CaMblX 60CXumumeJlbHblX 3pellUUf. lfucmoma 
1<.pacoK, opU2UHClllbHOCmb U uoeClllbHClJl 6blOellKa pa1<.mypbl, peHOMeHClllbHOe 
602amcm60 ommeHK06, uc1<.ycHClJl op2aHU3atfWl tf6emo6blX no6epxHocmeu -
cno1<.0UHbie ooHomoHHble 60J1butue 1VlOC1<.ocmu u pRooM 1<.pan, 2Jla3KU. 
0mMbl6KU 'iepeoy10mcR C pe3KUMU O'iepmaHWlMU, 1,J6emo6ble KOHmpacmbl C 
He:J1CHOCmb10 nepexooa om tf6ema K tf6emy. CMeJlocmb u pa3Hoo6pa3ue 
6ne1JamllR10UfUX npueMo6. EllecmRUfue u Mamo6ble no6epxHocmu, MeptfaHue u 
He:J1CHei'1utue onyuteHWl, 60JlQHbl, 6axpoMa, KaHmbl, U30UfpeHHQJl 
U306pemameJlbHOCmb 6 6apbUp06QHUU popM». 

CttH.n;poM I1HfM8JIHOHa no OTH0llleHHIO . K C03.ll;aHHRM rrpHpO.ll;bl RpKO 

rrpoRBJIRJICR y PaHCbl JlbBOBHbl H B ee COBepweHHO YHHK8JibHOU cnoco6HOCTH 

me.n;po H BcernaCHO BocxmuaTbCR TaJiaHTaMH .n;pymx JIIO.ll;eH H rrpHBJieKaTb HX 

B CBOH .ll;OM, 6y.n;b 3TO B JleHHHrpa.n;e, HJIH B HOBOCH6HpCKOM AKa.n;eMropo.n;Ke, 

HIIH Ha cpe.n;HeM 3ana.n;e CllIA B CeHT-Jlyttce, HIIH B MaJieHbKOM .n;oMHKe Ha 

oKpaHHe ITapmKa (B nocne.n;HHe ro.n;hI iKH3HH). Ee KBapmpa Bcer.n;a 

CTaHOBHJiaCb C8JIOHOM HHTeJIJieKTyaJIOB, xy.n;OiKHHKOB, Il03TOB, apTHCTOB. B 

AKa,n;eMropo.n;Ke ee HayqHblMH H .n;pyiKeCKHMH co6ece.n;HHKaMH 6bIJIH 

H3BeCTHbJe MaTeMaTHKH H KH6epHeTHKH, JIIO.ll;H RpKOH HH.ll;HBH.ll;YaJibHOCTH -

A.A.llinyHoB, 11.A.IToneTaeB, A.11.<l>eT, I0.11.KynaKoB. B MocKBe H 

JleHHHrpaJJ.e - aKa.n;eMHKH A.A.CaxapoB H JI.B.KaHTopoBHq, II03T AneKcaH.n;p 

faJIHq. Ha ee .n;aqe B KoMapoBo iKHII B rreptto.n; roHeHHH B CCCP no3T Hocmp 

Epo.n;cKHH, 6y.n;yI.QHH Ho6eneBCKHH naypeaT. · 

I1pH6erny K MeTacpope, cnoco6HOH XOTb KaK-TO OIIHCaTb eTHJib iKH3HH H 

JIHqHOeTb PaHebI JlbBOBHbl. «TpH .n;eBHUbl no.n; OKHOM npRJIH Il03.ll;HO 

BeqepKOM» H Ha3B8JIH eBOH 3aBeTHbie )KeJiaHHR. O.n;tta - Ha Beeb Kpemettb!H 

MHp npHrOTOBHJia 6bi IIHp, .n;pyraR - ttaTKaJia 6bI IIOJIOTHa, HY a TpeTbR- po.n;HJia 

6bi 6oraTblpR - ee H BbI6paJI uapb. TaK BOT, Pattea JlbBOBHa HenoeTHiKHMbIM 

o6pa30M BOIIJIOI.QaJia eo6ou O.ll;HOBpeMeHHO Bee 3TH TpH BeqHb!X iKetteKHX 

HIIOeTaeH. 

Otta HeIIblTbIBaJia HeTHHHOe y.n;oB0IIbeTBHe OT xne6oeOJibHOro 

roeTenpHHMeTBa, 3HaR MHOiKeeTBO rypMaHeKHX yeJia;J,, ttenpepb!BHO TBOpR 

HOBbie IIHI.QeBhie BapHaUHH H paJJ.yReb y.n;aqHbIM TPOqJ0-3KenpOMTaM. B 

OTJIHqHe OT KYPTya3HbIX BeJIHK0eBeTeKHX .n;aM cppattey3CKHX eaJIOHOB_ HJIH 

ontteattttbIX y JI. H. ToneTOro B "Atttte Kapettttttou", y PattebI JlbBOBHbI He 

6hIJIO KyxapKH HJIH noBapa. Bee 3aKynaJioeb H H3rOTOBJIRJIOCb eIO eaMOH, 

eJIOBHO no.n;TBepiK.ll;aR JieHHHeKyIO cpaHTacMaropHIO O KyxapKaX, ynpaBJIRIOl.QHX 

rocy.n;apeTBOM. 
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)KenattHe HaTKaTb noJIOTHa Ha Beeb MHp - BTOprui: )KeHCKmI HnOCTaCb - :no 

Mernqiopa coe,n:HHeHH.SI pa.3p03HeHHblX HHTeH 6bITHH B ueJIOCTH)'IO TKaHb. H.n:eT 

JIH pe'lb O .[{OMaUIHeM Ca,[{HKe Ha OKOHHblX nOJIKax, 11CBO.[{HH'leCTBe" TaJiaHTOB 

.n:pyr C .n:pyroM, oprattmau;HH BCeCOI03HblX COBell(aHHH no 6HOMeTPHH, 

CHMII03eyMa O TaHHax xy,n:o)KeCTBeHHOfO TBOp11ecTBa HJIH BblCTaBOK <l>aJibKa H 

<l>HJIOHOBa B AKa,n:eMropo,n:Ke. 

IJ;BeTbl - BOnJIOll(eHHe KpaCOTbl H rapMOHHH B rrpHpo.n:e - 6hIJIH CTpaCTblO 

PaHChI JlbBOBHhI. Bxo,n:H B na6opaTOpH10, otta rrepBbIM .n:enoM ycTPeMJIHJiacb K 

CBOHM "u;BeTO'IKaM", JII060BHO IIOJIHBrul H YXa)KHBaH 3a HHMH. 11 UBeTbl 

OTBe'laJIH eH B3aHMHOCTblO, poCKOIIIeCTBYH B pocTe H UBeTeHHH, KaK HH y KOro 

.n:pyroro. 

C TaKOH )Ke CTPaCTbIO PaHca JlbBOBHa TBopHJia tta nonoTttax H JIHCTax 

6yMarH 330TepH'leCKHe H3BHBbl H Kpy)KeBa. floMHIO, KaK B 3KCne.n:HUHH B 

ApMeHHIO B 1964 r. n03.[{HO HO'lblO H YBH,[{eJI B KOMHaTe PaHCbl JlbBOBHbl CBeT 

H peIIIHJI 3arJIHH)'Tb. Otta HpOCTHO nomana Ha KOJieHHX BOKpyr JIHCTa BaTMaHa, 

norpy)KruJ: O,[{e)KttylO ll(eTKY B Ta.3HK C KpaCKOH H BO.[{H eIO no 6yMare. 3TO 6hIJI 

nepHO.[{ YBJie'leHHH PaHCbl JlbBOBHbl q>HrypaTHBHblM TalIIH3MOM. 

TpeTbH )KeHCKrul HnocTaCb - po,n:HTb 6oraTb1pH. 3.n:ech rrpoHBJIHJIOCb 

He06bIKHOBeHHOe BJie'leHHe PaHCbl JlhBOBHbl K TaJiaHTaM BO Bcex . HX 

rrpOHBJieHHHX, HO, npe)K,[{e Bcero, B HX MY)KCKHX HHKapttaUHHX. Otta 6bIJia no­

)KeHCKH YBJieKalOll(rulCH. TanaHTaM Otta rrpomana MHoroe. flo3Tbl H 

xy,n:O)KHHKH MOrJIH npH.[{TH B fOCTH B JII06oe BpeMH cyTOK, HHOr,n:a 11 B 

.n:pa6a,n:att" XBaTHBIIIHe XMeJibHOro. PaHca JlbBOBHa HX He rrporOHHJia. Otta 

JII06HJia o6mecTBO TaJiaHTJIHBbIX MY)K'IHH, a OHH JII06HJIH ee o6mecTBO. B TO 

)Ke BpeMH PaHca JlhBOBHa OTHIO.[{b He 6bma "p030BOH H nyIIIHCTOH", 

HCIIOJib3YH Mono,n:e)l(HbIH cnettr. C TOH )Ke CTPaCThIO, c KOTopott otta pacT011ana 

IIOXBaJibl, Otta ttarrpaBJIHJia CTPeJibl CBoero CBepX'bH3BHTeJibHOro HHTeJIJieKTa 

npOTHB onnotteHTOB, B3rJIH.[{bl KOTOpblX rrpoTHBOCTOHJIH ee npHHUHnaM. flopOH 

ee 6oraTOe Boo6pa)KettHe rrpeo6na,n:ano tta,n: pa.3yMoM. Otta BbICTPaHBaJia 

B03.D:YIIIHbie 3aMKH H rrpHIIHCbIBaJia norraBIIIeMy B HeMHJIOCTb KOJIJiere 

qiattTaCTH'leCKHe BHp'fYaJibHbie rrperpeIIIeHHH H 3Jlble YMbICJlbl. CJIOBHO B 

no,n:TBep)K.[{ettHe MOJ1h6b1 noJTa: "Munyu nae nyUf,e ecex ne'laJleu u 6apcKuu 
211ee u 6apcKClfl mo6oeb ". 

flpHMe'laTeJieH CTHJlb ttay'IHOH pa60Tbl H )KH3HeHHOH .[{HHaMHKH PaHCbl 

JlhBOBHbl. Otta 6bma HpKO Bblpa)KeHHOH 
11
COBOH 11

, ee aKTHBHOCTb HBHO 

ttapacTana no Mepe crymettHH cyMepeK H ,n:oCTHrana IIHKa K 12 11acaM HO'IH. 

flpHXO.[{H Ha pa6ory B na6opaTOpHIO 11acaM K 3-4 .[{HH, non1060BaBIIIHCb, 

npe)K.[{e Bcero, Ha JII06HMbie UBeTO'IKH, PaHca JlbBOBHa ca,n:HJiaCb 3a CBOH 

pa60'IHH CTOJI H, OKpy)KeHHaH HIUHKaMH C npo6HpKaMH ,n:p030qJHJI, CJIOBHO 

rrpHKJieHBaJiaCb K CTOJiy. CaM03a6BeHHO, qac 3a 11aCOM, 8-10 qacoB rro.n:pH.n:, 

Otta CH,n:ena 3a 6HHOKYJIHpOM H JIHIIIb ,n:aneKO 3a IIOJIHO'lb Bbltty)K.[{eHHO H C 
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cmirnJ"JeHHeM noKHAaJia na6opaTopmo. fJoqepK n 3anncn B na6opaTopHoM 

)K)'pHane OTJIH'IaJIHCb aKKypaTHOCTbIO, KaJIJIHrpaqmtJeCKOH CTporoCTbIO " 

KpaCOTOH. Kor,[(a oHa, aHaJIH3HpyS! reHO!pOH,[( nonyJISII.{HH, COTHSIMH H 

TbICSl'IaMH "romma AP030q>HJI" (cpeHOTHn MYX H3 npnpOAbI H pe3yJihTaTbl 

CKpeI.QHBaHHH), OT ee uenKoro XYAO)KeCTBeHHOro B30pa He ycKOJib3aJIH 

Maneuume OTKJIOHeHHSI MYllIHHoro cpeHoTnna. " He npHAHpaifTech, 3TH Myxn 

HOpMaJibHbie"' - nopou fOBOpHJIH KOJIJiern, KOr,[(a Panca flhBOBHa ycMaTpHBaJia 

CJia6oe H3MeHeHHe HaKJioHa )KHJIOK, Bbrpe3KY Ha Kpbme HJIH I.Qep6HHKY Ha 

MYllIHHOM 6pIOUIKe. 

11 eI.Qe 0,[(Ha OTJIH'IHTeJibHM qepTa PaHCbl flhBOBHbl - apHCTOKpaTH3M ee 

Ayxa H HenpnczynHOCTb .[(yXOBHOH TeppHTOpHH. HHKTO He Mor 3aCTaBHTb ee 

CKa3aTb TO, 'ITO OHa He AyMaeT, a npeczynaIOI.QHH ee AYXOBttyIO TeppHTOpHIO 

nonyqan AOCTOHHbIH H Sl3BHTeJibHbIH OTnop. .D;ocTaTO'IHO npO'IHTaTb B 

"CyxoBee" cTeHorpaMMY pa3Hoca Panchr flhBOBHbI B 3aKpbITOM YtJeHOM 

CoBeTe 11HCTHTYTa UHTOJIOrHH " reHeTHKH B 1968 r. 3a ee no.[(nHCb B 

KOJIJieKTHBHOM nHCbMe yqeHbIX AKaAeMrOpO,[(Ka B 3aI.Qnzy CHHSIBCKOfO H 

,lJ;aHH3JISI. 3a ncKJIIOtJeHneM oTBa)KHOH 3on CacppoHneBHbI HnKopo, Bee nn6o 

npnrttyJIH CBOH fOJIOBbI, JIH6o HeCJIH tty)KttyIO napTHHHOMY HalJaJibCTBY 

coBeTcKyIO o6BHHHTeJibttyIO OKOJiecnuy. IlpoUIJIO 25 neT, n B 1993 roAy 

11HCTHTYT noczynHJI 6naropoAHO, mAaB noA cBoeu 3rHAOH no,[(roTOBJieHHbIH 

caMoH Pancou flhBOBHOH c6opHHK ee pa6oT no 3BOJIIOUHOHHOH reHeTnKe. 

Panca flhBOBHa Eepr, notJHBl.llaSI B B03pacTe 93-x JieT B Ilapn)Ke 1 Maprn 

2006 r. 1 AOHecna AO Hae CBeT YllleAUieu B npol.llnoe poccnucKoif 

HHTeJIJIHreHUHH. 
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AJIEKCAH,[(P 60PHCOBH1J ,[(EBHH (1944-2007) 

AneKcaui:.p 6opucoeu11 ,[(eeuu 

HATAJIIDI KOJITOBAR 

O6beou1-1e1-11-1bLU u1-1cmumym J1oep1-1bLX uccJle0oBa1-1uu, 
/.{y61-1a, MocKOBCKQJl o6Jl. 

C AneKcaHAPOM EopHcosHqeM 

MbI 3aKOHqHJIH OAH)' HT)' )Ke 

Ka<peApy 6HO<pH3HKH ( C 

HHTepsanoM s 11 JieT), 

KOTOpOH B M<I>TH PYKOBOAHJI 

npo<p. IO. C. Jia3ypKHH H3 

11A3 HM. 11. B. KypqaTOBa. 

IloTOM y)Ke caM AneKcaHAP 

EopHcosHq 6hm 

pyKoBOAHTeneM AHnJIOMHbIX 

pa6oT y MHOroqHcJieHHbIX 

«<pH3TeXOB», B TOM qHCJie H y AneKCaHJlp EopHCOBH'I .D:eBHH. 2006 r. (H3 apXHBa 

Mem1. H.A. KomoeoH) 

Bc10 csoIO TPYAOBYIO )KH3Hb snJIOTb AO cMepTH OH npopa6oTan s OAHOH 

na6opaTOpHH: CHaqana B KypqaTOBCKOM HHCTHT)'Te, a 3aTeM B 

OTnoqKoBaBllleMCH OT Hero l1HCTHT)'Te MOJieKynHpHOH reHeTHKH. E3AHJI OH Ha 

pa6ory C npOTHBOnOJIO)KHOro KOHI..{a ropoAa, H3 JiocHHOro OCTPOBa, 

3aTPaqHBM OKOJIO TPex-qeTbipex qacos TOJibKO Ha AOpory. OAHaKO speMH B 

AOpore y Hero He nponaAanO AapoM, nocKOJibKY OH 6bIJI KHHroqeeM H qHTan 

scerAa H se3Ae. Ero 3PYAHI..{HH H seJIHKonenttaH naMHTb noTPHCanH scex, KTO 

6bIJI C HHM 3HaKOM. 

AneKcaHAP EopHcosHq 6hm senHKOJienHbIM reHeTHKOM. CsoIO ttayqtty10 

JII0603HaTeJibHOCTb OH o6paTHJI Ha npo6neMbI reHeTHqeCKOH CTa6HJibHOCTH. 

HayqHyIO pa6ory Haqan y l1Hrn IlasnoBHbI ApMaH B na6opaTOpHH HHKOJiaH 

J1ocH<posHqa lllanHpo. TeM caMbIM OH BHec <pH3TexoscKyIO APO)l()l(esy10 

CTpyIO B MrY-rnttyIO cpeAy. 3aHHMaflCjf OH npo6neMaMH Myrnrette3a, B 

qacTHOCTH aHanH30M npHpOAbl M03aHI..{H3Ma. C nOMOI.l.{blO reHeTHqecKoro 

aHanH3a nOKaJan, qTo M03aHI..{H3M y noqKyIOI.l.{HXCH APO)l()l(eH BbI3BaH 

reTep03HroTHOCTblO H BbII.l{enJieHHeM pel{eCCHBHoro anJieJIH, qeM 
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npoJJ,eM0HCTpHp0BaJI HeC0CT0.s!TeJlbH0CTb rnnoTe3bl illapnOTbl Ay3p6ax 0 

pa3HOH npHpoJJ,e MyTaI.J,HH y nonHbIX MYTaHT0B H M03aHK0B. BnocneJJ,CTBHH 

npH aHaJIH3e HarnyMesrnero srnneHH.ll «pennm(Hpy10ll.(eHc.si Hecrn6HnhHOCTH» y 

JJ,emll.I.(HXC.ll APO)l()l(eH OH Bbl.s!BHJl )],J,!CTJl0J,1)],H0CTb aHaJIJ,13),lpyeMoro «.s!K06bI 

rann0H)],H0f0 lllTaMMa» ),I TOT )Ke npou,ecc BbIW.enneHH.ll peu,ecCHBH0f0 aJIJlen.si, 

TeM caMbIM «3aKpb1B)) 3T0 3araJJ,0'!H0e .s!BJleHHe. 

CTOJlKttyBlllHCb C 

sapHa6enbHOCTblO 

ttyBCTBHTeJlbH0CTJ,1 cy6KnOHOB 

APO)l()l(eH K a30THCTOH KHcnoTe, OH 

nepeKnIO'!HJlC.ll B )],aJibHeHrneM Ha 

H3ytteHHe HeCTa6HJ1bHbIX 

reHeTHtteCKHX cpaKTOpOB. OJJ,HHM 

J,13 TaKHX cpaKTOpOB 6hin 

MHTOXOHJJ.PHaJibHhIH reHoM. Ehino 

n0Ka3aH0, 'ITO cy6KnOHaJibHa.si 

sapHa6enhHOCTb o6ycnosneHa, 

ttaCTH'!H0, H3MeHeHH.llMH 

MHT0X0HJJ.pHaJibH0f0 reH0Ma, 

KpynHbie nepecTpOHKH K0Toporo 

npHB0)],J,!JlJ,1 K HapyrneHHIO 

)],bIXaHH.ll (petite) ),I n0BbillleHHIO 

ttyBCTBHTeJlbH0CTH K a30THCTOH 

KHcnoTe. B MHT0X0HJJ.PHaJihH0M 

reH0Me C BbICOKOH ttaCTOTOH 

Kyp11aTOBCKl1H 11HCTl1TYT, 1998 r np0HCX0)],.llT H3MeHeHH.ll, He 

HapyrnaIOll.(He )],bIXaHHe, HO 

BJlH.lllOW.He Ha ttyBCTBHTeJlbH0CTb K nospe)K)],aIOW.eMy areHTy. bbinH 

Bbl)],BHttyTbl npeJJ,n0Jl0)KeHH.ll 06 aJJ,anTHBH0M xapaKTepe HeCTa6HJ1bHOCTH 

MHT0X0HJJ.pHaJibH0f0 reH0Ma H BbIW.enneHHH MyTaHT0B petite H 0 

reHeTHtteCK0M K0HTpone HeCTa6HJ1bHOCTH. ,D;eHCTBHTeJlbHO, YJJ.aJI0Cb BbIJJ,eJlHTb 

BbIC0K0HepapxHttHbie reHbI (HanpHMep, KHHa3a CDC28), 06ycnosnHsa10w.He 

BbIC0KYIO ttacT0Ty B03HHKH0BeHH.si MYTaUHH petite. MyTaUHH B 3THX reHax 

nneHOTponHbI: 0HH BJlH.lllOT Ha CTa6HnbHOCTb He T0JlbK0 MHT0X0HJJ.PHaJibH0ro 

reH0Ma, HO ),I xpoM0C0M; Ha ttyBCTBHTeJlbH0CTb K ,D;HK-TponHbIM areHTaM; Ha 

penapauHIO H tteKnOHHT-KOHTpOJlb. 3TH BbIC0K0HepapxH'!Hbie reHbl 0Ka3aJIHCb 

reHaMH 3nHreHeTw-IeCKOH peryn.siI.J,HH. B HaCT0.llW.ee speM.si naBHH006pa3HO 

HapacTaeT aKTHBH0CTb HCCJleJJ,0BaHH.ll 3TOH HOBOH cynepMOJJ,HOH peryn.llUHH. 

,D;o6pocoseCTHOCTb, H0BH3Ha ),I npHHUHCTHaJibHa.ll Ba)KH0CTb nonytteHHbIX 

pe3ynhTaT0B npHHecnH AneKcaHJJ.PY EopHCOBHtty 3acny)KeHH0e ysa)KeHHe co 

CT0p0Hbl K0J1J1er. 
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,[(Jrn AneKcaH;:i:pa Eop11coa11qa 61,ma xapaKTepHa noa1,m1eHmU1 

TPe6oaaTeJinHOCTb, npeiK,Ue acero K caMoMy ce6e. B pa6oTe - ;:i:oT0IIIH0CTb, 

CKpynyne3H0CTh, ;:i:IDKe B MeJioqax, HHKaKOH «xamIBbI». IlOMHIO, KaK nHCaJIHCI, 

HaMH nepBbie C0BMeCTHbie CTaTbH. CTaTMI, KaK B nHHr-noHre, HecqeTH0e 

KOJIHqecTBO pa3 nepexo;:i:HJia OT 0;:J;H0f0 K ;:i:pyroMy C oqepe;:i:H0U npaBKOU H 

3aMeqaHmIMH. TeKCT IIIJIHq>OBaJIC.11 TIUaTeJibHeUIIIHM o6pa30M, nepenHCblBaJIC.11 

MH0f0 pa3, qT061,1 He 0CTaBaJI0CI, HH 0;:J;H0f0 JIHIIIHero CJI0Ba, n0BT0pa HJIH 

He.llCH0CTH. B pe3yJII,TaTe MH0fOCJI0BHa.11 CTaTI,.11 BI,IJIHBaJiaCb B nanH;:i:apttyIO 

q>OpMy. 

AneKcatt;:i:p EopHCOBHq 61,m KJiacc11qecKHM «TPYJJ:0f0JIHK0M». Pa6oTaJIH, 

KaK npaa11no, ;:i:ono3;:i:Ha, ;:i:o nocne;:i:Heu :meKTPHqKH. He 06xo;:i:11noc1, H 6e3 

Kyp1,e3oa. Kor;:i:a no.11BHJIHCb K0Mnb10Tep1,1, AneKcaH;:i:p EopHcoaHq y;:i:HBHJI 

MeH.11 CB0HM YBJieqeHHeM K0MnbIOTepHblMH HrpaMH. B KaKOH-TO M0MeHT 

)KH3HH OH Hrpan C TaKHM a3apT0M, qTo H3-3a Hfpbl 0;:J;HH pa3 on03;:J;aJI Ha 

nocne;:i:HIDIO :meKTPHqKy. Ilo-BH;:J;HMOMY, Hrpa no3aon.11na eMy penaKCHpoaaTb, 

CHHMaTb Hanp.ll)KeHHe H 0TBJieKaTI,C.11 OT )KH3HeHHblX npo6JieM. 

AneKcatt;:i:p EopHCOBHq 61,m He3ayp.ll;:J;HblM qeJI0BeK0M H BeJIHK0JienHblM 

co6ece;:i:HHKOM. IlpeKpacHo 3HaJI no33HIO, MY3bIKY, )KHB0ilHCb. 3HaHHe 

HeCK0JII,KHX HH0CTPaHHblX .ll3blK0B (HeMeUKOfO, aHfJIHUCKOfO, q>paHI.zy3CKOfO, 

.11nOHCKOro) H a6coJIIOTHa.ll naM.llTI, n03B0JI.llJIH eMy UHTHpoBaTb aBT0p0B Ha 

.1131,1Ke opHrnttana. EoraTbIU po;:i:Hou pyccKHU .ll3bIK 06ora111an ero peqi, 

3aMblCJI0BaTblMH o6opOTaMH, ;:i:ena.11 ee HenOBTOpHM0U. 06 3T0M )Ke 

CBH;:J;eTeJII,CTBYIOT ero IlHCI,Ma. ,[(IDKe pa60Ta.ll B HHCTHTYTe, OH npo;:i:0JI)KaJI 

C0BepIIIeHCTB0BaTb aHfJIHUCKHU .ll3I,IK Ha 3aH.llTH.llX y ,[(HMbl Arpaqeaa 

(nepeao;:i:qHK HHCTHTYTa MOJieKyn.11pHOU reHeTHKH): TaM 0HH, n0MHHTC.11, 

qHTaJIH CJIO)KHeUIIIHU TeKCT «MaK6ern llieKcnHpa a Hea;:i:anTHp0BaHH0M BH;:J;e. 

3HaHHe aHfJIHUCKOfO - n03B0JI.llJI0 IlHCaTb CTaTbH Ha xopoIIIeM aHfJIHUCKOM 

.ll3bIKe 6e3 nepeao;:i:qHKa. 3HaHHe .llTT0HCK0fO - o6ecneqHBaJIO npHpa6oTOK B 

T.ll)KeJI1,1e apeMeHa. 

roaop.11 06 AneKCaH;:i:pe Eop11coa11qe, Heni,3.11 He ynoM.llffYTb eme 06 o;:i:HoM 

ero TaJiaHTe - yMeHHH C03;:J;aTb Tenny10, HHTeJIJieKl)'aJibttylO aTMOC<pepy B 

K0JIJieKTHBe. Ero ;:i:o6po)KeJiaTeJibHOCTI, H 0T3I,IBqHB0CTI, He 3a6y;:i:yrc.11. y Hero 

HCKaJIH C0BeTa, K0HCYJibTHp0BaJIHCI, no HayqHI,IM B0npocaM. HcTHHHOe 

HaCJIIDK;:J;eHHe ;:J;0CTaBJI.llJIH 6ece;:i:1,1 C HHM 0 JIHTepazype, )KHB0TTHCH, MY3bIKe. 

CMepTb ueo)KH;:J;aHH0 paHo 3a6pana AneKcaH;:i:pa EopHCOBHqa, ocTanaci, 

CBeTJia.11 naM.llTI, 0 3aMeqaTeJibH0M, )];OCTOUHOM qeJIOBeKe. 
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BJIA,ll;IIMIIP IIJihlfq IIBAHOB (1932-2011) 

CeeTJioii naMHTH B.II. lfeauoea 

COTPY,[(HHKH ME,[(HKO-fEHETWIECKOfO HAYqHoro 

QEHTPAPAMH 

20 oKni6p51 2011 r. HcnoJIH51eTC51 roA co AHH cMepTH aKa.lJ;eMHKa PAMH 

BJia)J;HMHpa 11JihH1-Ia HBaHOBa, O)J;HOro H3 Bbl)J;aIOIIJ.HXC51 6HOJIOfOB H reHeTHKOB 

Harneu cTpaHhI. 

BJia)J;HMHp HnbHq HBaHOB p0.l1;HJIC51 21 HIOJIH 1932 ro)J;a B ropo,ne Xap6HH 

(KHTaH). C 1950 no 1953 r. OH yqHJIC51 B Xap6HHCKOM noJIHTeXHHqecKOM 

HHCTHTYTe, 3aTeM nocTYnHJI Ha 6HoJiorHqecKHH cpaKyJihTeT YpanhcKoro 

rocyAapcTBeHHoro yHHBepcHTeTa HM. A.M. fopbKoro Br. CBep,nJIOBCKe (Hhrne 

r. EKaTepHH6ypr). 

IlepBbie rnam B.H. HBaHoBa B HayKe 6bIJIH CBH3aHhI c H3yqeHHeM poJIH 

THOHOBbIX 6aKTepHH B npHpO.[(HblX H TeXHOJIOfHqeCKHX npoQeccax OKHCJieHH51 

H pacTBopeHH51 cyJihq>H.IJ;HbIX MHHepaJIOB. B 6oJiee llIHpOKOM CMbICJie o6JiaCTb 

ero HCCJie,noBaTeJihCKHX HHTepecoB B 3TO BpeM51 - npHMeHeHHe 

MHKp06HOJIOfHqecKHX MeTO.!J;OB B o6orarn.eHHH pa3JIHqHbIX py,n. Pe3yJihTaTbl 

KponOTJIHBOro myqeHH51 npHMeHeHH51 THOHOBbIX 6aKTepHH B 

m,npoMeTaJIJiyprHH, ony6JIHKOBaHHbie B 14 CTaTb51X, H JierJIH B OCHOBY 

KaH,nH,naTCKOH .IJ;HCcepTal{HH1, 3aIIJ.HIIJ.eHHOH B 1962 r. Y)l(e 6y.1J;yqH MaCTHTblM 

yqeHhIM, BJia.[(HMHp 11JihHq Bcer)J;a c BH)J;HMbIM YAOBOJihCTBHeM OTMeqan, 4TO 

ero nepBbie .HayqHbie HCCJie,noBaHH51 noJiyqHJIH B fH.!J;pOMeTaJIJiyprnH 

npaKTHqecKoe npHMeHeHHe. 

Ern.e AO oKoHqaHH51 B 1960 r. YpanhcKoro rocy.1J;apcTBeHHoro 

yHHBepcHTeTa, BJia,nHMHp HnbHq c 1957 r. HaqHuaeT pa6oTaTh B HHCTHTYTe 

6HoJIOrHH YpanhcKoro q>HJIHaJia AH CCCP no.n pyKOBO.[(CTBOM HHKOJia51 

BJia,nHMHpOBHqa THMocpeeBa-PecoBCKoro. HccJie,noBaHH51 B.H. HBaHoBa B 

Jia6opaTOpHH 6HO<pH3HKH, KOTopyIO B03rJiaBJI51JI HHKOJiaH BJia,[(HMHpOBHq, 

ITOCB51IIJ.eHbl noBe,neHHIO pa,nHOH30TOITOB pa3JIHqHblX XHMHqeCKHX 3JieMeHTOB B 

BO,[(OeMax H HX HaKOnJieHHIO m,npo6HOHTaMH. He cJiyqaii:HO B 1960 r. Hap51,ny C 

.[(BYM51 CTaTb51MH no MHKpo6HOJIOfHqecKHM MeTO.[(aM o6orarn.eHH51 PYA
2
'
3 

OH 

ny6JIHKyeT H nepByIO CTaTblO no HOBOH .[(Jl51 ce651 TeMaTHKe - 0 nornorn.eHHH 

l{e3H51 pacTeHH51MH npecHOBO.IJ;HbIX B0.[(0eMOB
4

• 3Ta H nocJie,nyiorn.He 

MHoroqHcJieHHhie pa60Th1 B.H. HBaHoBa y)l(e np51MO Haxo,nHJIHCh B pyc11e 

pa,nHaQHOHHOH 6HoreoQeHoJiorHH - HanpaBJieHH51, KOTopoe ycnernHo 

pa3BHBaJIH H.B. HE.A. THMocpeeBhI-PecoBCKHe. 
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3onOTaJI csanh6a THMocpeeshlx-PecoscKHX. Cnesa Hanpaso: E.A. THMocpeesa-PecoscKaJI, 
B.H. Koporo.UHH, P.K. 3aKHeB, B.H. HsaHoB, M.M. AHTOI.llHHa, T.A. Hsattosa. 06HHHCK, 
1972 r. 

B 1964 r. BmtAHMHp l1.nbHlf BMecTe c l.feToH THMocpeeBhix-PecoBcKHX 

nepee3)1(aeT H3 CBep)J,JIOBCKa B O6HHHCK B 11HCTHTYT Me)J.HI..{HHCKOH 

pa,u1-1onorn1-1 P AMH. 3.11.ecb oH BMecTe c rpynnow COTPY .D.HHKOB HalfHHaeT 

cpyH,uaMeHTaJibttylO pa6ory no Pa.D.H06HOJIOfHH H pa.11.Hal..{HOHHOH reHeTHKe 

Arabidopsis thaliana. BcKope :no He6oJihrnoe KpecTOI..{BeTHoe pacTeHHe 

HalfHHaeT paccMaTPHBaTbC51 B HaylfH0M MHpe KaK «paCTHTeJibHa51 .D.p030Q)HJia» 

- HaCTOJlbKO OHO CTaHOBHTC51 y.11.06Hb!M )J,JI51 reHeTHl.feCKHX 3KCnepHMeHTOB. B 

3TOM eCTb HeCOMHeHHa51 3ac11yra B.11. 11BaHOBa, KOTOp0MY Y.D.aJIOCb noJiylfHTb 

3Hal.fHTeJibHOe lfHCJIO HOBblX pa.11.Hal..{HOHHO HH,UYI..{HpoBaHHbIX MyTal..{HH y 

apa6H,uonCHCa. B.11. 11BaHOB npe)J,JIO)l(HJI MeTO,U, TT03BOJI51IOI.IJ.HH ycTaHOBHTb 

COOTHOllleHHe Me)l()J.y perHCTPHpyeMblMH TTOKa3aTeJI51MH HHJJ.YI..{HpOBaHHOfO 

MYTal.\HOHHOfO npoI..{ecca (xnopo<pHJibHbie MyTal.\HH, 3M6pHOHaJibHbie JieTaJIH) 

H lfHCJIOM MyTal.\HH B KJieTKax 3apO,UbillleBOH MepHCTeMbl. 11TOfH pa60Tbl Ha 

apa6H,UOTTCHCe 6hIJIH cyMMHposaHbl B )J.HCcepTal.\HH
5 

Ha COHCKaHHe CTeneHH 

,UOKTOpa 6HOJIOfHl.feCKHX HayK H s MOHOrpacpHH6, Bblllle,urnew B CBeT s 1974 r. 

Pa3BHBa51 KJiaCCHl.feCKHe TTOJIO)l(eHH51 Te0pHH MHllleHH H npHHL\HTTa nona.11.aHH51, 

B.11. 11saHOB Ha HOBOM MaTepHaJie y6e,UHTeJibHO npo.11.eMOHCTPHPOBaJI, lfTO 

reHeTHl.feCKHe MexaHH3Mbl 3aHHMalOT I..{eHTpaJibHOe MeCTO B cpopMHposaHHH 

06ll..lero nopa)l(eHH51 o6Jiyl.feHHblX opraHH3MOB, a HH.D.Yl.\HpOBaHHbie pa.11.HaI..{HeH 

231 



MYTaU.HH HBJUIIOTCH xopournM HHCTpyMeHTOM J].JlH aHaJIH3a cnoco6oB 

reHeTw-IeCKOfO KOHTp011H pa3BHTHH apa6HJ].OTTCHCa. Ba)l<HOe J].JlH ycneurnoro 

pa3BHTlrn paJ].H06HOJ10rHlJeCKHX HCCJle)].OBaHHH 3HatJeHHe HMeJl H TOT cpaKT, 'ITO 

B 1968 r. ATOMH3)].aT ony6nHKOBaJ1 KHHry7, B KOTOpOH BnepBhie Ha pycCKOM 

H3hIKe 6b1Jla H3JlO)l(eHa cyTh npHHU,Hna nonaJ].aHHH B paJ].H06HOJ10rHH, 

npeJJ.JlO)l(ettttoro H.B. THMo<peeBhIM-PecoBCKHM H KypToM U:HMMepoM, a ero 

peanH3aU,HH npoJJ.eMOHCTPHPOBatta coaBTopaMH :noro H3JJ.aHHH (H.B. 

THMO<peeB-PecOBCKHH, B.I1. I1BaHOB H B.I1. Koporo)].HH), B TOM lJHCJle, Ha 

HOBhlX 061,eKTax: JJ.PO)l()l(aX H apa6HJ].OTTCHCe. 

CneBa: TiopTpeT BJ1. I1BaHoBa; cnpaBa: «TpH 3y6pa» (H.B. THMo<peeB-PecoBcKHH Ha cj>oHe 
Jy6pa H nopTpeTa H. Eopa). Xy.n. P.I1. fa6pHemrn. MHaccoBo, 1950-e rr. Co6cTBeHHOCTb ceMbH 
I1BaHOBblX. 

Y)l(e B ttatJane 70-x rr. B.I1. I1BaHOB 3MBn»eT o ce6e KaK o 6Honore 

urnpoKoro npo<pHJlH. OJJ.HOBpeMeHHO c HCCJleJ].OBaHHHMH Ha apa6HJJ.OTTCHCe OH 

aKTHBHO 3aHHMaeTCH npo6neMaMH retteTHlJeCKOfO KOHTp011H OHTOreHe3a 

JJ.p030<pHJlhl. B 1972 r. Blla)].HMHpa I1nhHlJa npHrnawaIOT Ha pa6ory B 

I1HCTHTYT MeJJ.HU,HHCKOH retteTHKH AMH CCCP, C03JJ.aHHhIH B 1969 r. H 

nepeexaBWHH B HOBOe co6crneHHOe 3)].aHHe B 1971 r. 3)].eCb OH B03rnaBJ1HeT 

pa6ory Jla6opaTOpHH 3KCnepHMeHTaJ1hHOH reHeTHKH pa3BHTHH (B J].aJlbHeHllleM 

- Jla6opaTOpHH reHeTHKH pa3BHTHH), KOTOpOH npOJJ.OJl)l(aeT PYKOBOJ].HTh 

BTTJlOTh J].O 2004 r. 

B nepBbie )Ke fOJ].hl pa60Thl B I1HCTHryTe B .I1. I1BaHOB npeBpallJaeT CBOIO 

na6opaTopHIO B HaCTOHIUHH yqe6ttblH KJ1acc, r)].e Bee acnHpaHThl "' 

OpJJ.HHaTOpbl I1HCTHryTa nonytJalOT J].JlH ce6H peJJ.KYIO B Te fOJ].hl B03M0)KH0CTh 

OCBOHTh a3hl o6mei1 reHeTHKH, BhtnOJlHHH npaKTHKYM Ha JJ.P030Q>HJ1e. 

OJJ.HOBpeMeHHO noJJ. pyKoBOJJ.CTBOM BnaJJ.HMHpa I1nhHtJa Ha 3TOM 

KJlaCCHlJeCKOM o6'heKTe reH.eTHKH COTPYJJ.HHKaMH na6opaTopHH aKTHBHO 

BeJ].eTCH H3ytJeHHe J].eHCTBHH H B3aHMOJ].eHCTBHH roMe03HCHhIX reHOB y 
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.npo30qlHJlhl, KOTOpbie, KaK npe.nnonaraJIH aBTOpbl 3THX HCCJie.[{OBaHHH, 

peryJIHPYIOT aKTHBHOCTh MHOrHX reHOB. B pe3yJihTaTe H3 na6opaTOpHH BhIIIIJia 

cepm1 H3 11eThipex .nec.SITKOB CTaTeH, Il03BOJIHBIIIHX IlOH.sITh HeKOTOpble 

KOHKpeTHbie MexaHH3Mhl reHeTH'leCKOH peryJI.sIUHH pa3BHTH.sI cerMeHTapHbIX 

CTPYKTYP y .np03ocpHJihi8. KaK BhI.sICHHJIOCh snocne.ncTBHH, OHM )Ke HMeIOT 

OTHOIIIeHHe K MexaHH3MaM peryJI.sIUHH npoueccOB pa3BHTH.sI H y 

MJieKOilHTaIOI.QHX, B TOM 'IHCJie - y 11eJI0BeKa. EI.Qe 0.[{HHM opHrHHaJihHhlM 

HanpaBJieHHeM HCCJie.[{OBaHHH, Bh!IlOJIHeHHhIX Ha .npo30(pHJie, .sIBHJIOCh 

my11eHHe poJIH KJIOHHpoBaHH.sI nporeHHTOpHbIX KJieTOK HMarHHaJihHhIX .[{HCKOB 

B MopcporeHe3e pa3JIH11HhIX o6nacTei1 H CTPYKTYP B3pocnoi1 oco6H. ,lvrn TaKOH 

pa60Thl 6hIJIO HCilOJih30BaHo MapKHpOBaHHe KJieTOK HMarHHaJihHhlX .[{HCKOB 

JIH'IHHOK pa3Hh!X B03paCTOB C IlOMOI.QhlO pa,n;HaUHOHHO HHJlYUHpoBaHHOfO 

COMaTH'leCKOro KpOCCHHfOBepa. B pe3yJihTaTe 6hIJIO IlOKa3aHo, 'ITO He 

cymecTByeT CTporoH CB.sI3H Me)K)ly KJIOHHpOBaHHeM onpe.neneHHOH KJieTKH 

HMarHHaJihHOro .[{HCKa H .[{HcpcpepeHUHpOBKOH H3 3TOro KJIOHa O.[{HOH H TOH )Ke 

HMarHHaJihHOH CTPYKTYPhI MYXH. Onpe.neneHHe OKOH'laTeJihHOH cy.nh6b1 KJIOHa 

nporeHHTOpHOH KJieTKH HOCHT CTOXaCTH'leCKHH xapaKTep, H MO)KHO BhI.[{eJIHTh 

TOJihKO npeHMyI.QeCTBeHHhIH, HJIH MO.[{aJihHhIH, THil CB.sI3H Me)K.[{y 

KJIOHHpOBaHHeM nporeHHTOpHOH KJieTKH H nocne.ny101.QeH .[{HcpcpepeHUHpOBKOH 

onpe.neneHHhIX HMamHaJihHhIX CTPYKTYP
9
, 

Co BTOpOH IlOJIOBHHhl 80-x rr. OCHOBHOe MeCTO B Hay11Hb!X H3hICKaHH.sIX 

Bna.[{HMHpa l1.nhH11a np011HO 3aHHMaIOT MexaHH3Mhl OHTOreHe3a y qeJIOBeKa. 

CJIO)KHBIIIeec.si npH HCCJie.[{OBaHHH BOilpOCOB 3KOJIOfHH, pa.nHo6HOJIOfHH H 

OHTOreHe3a 061.Qee npe.ncTaBJieHHe O npeHMyI.QeCTBeHHO CHCTeMHOM xapaKTepe 

6HOJIOrH11eCKHX npoueccoB npH IIIHpOKOH BapHaUHH HX npO.sIBJieHHH npHBO.[{HT 

B.11. 11BaHOBa C COTPYJlHHKaMH K He06XO.[{HMOCTH npHBJie'leHH.sI .[{JI.II aHaJIH3a 

H3MeH11HBOCTH, KJiaCCHcpHKaUHH H .[{HarHOCTHKH BpO)K.[{eHHhIX nopOKOB 

pa3BHTH.sI qeJIOBeKa, oco6eHHO npH xpoMOCOMHOH naTOJIOfHH, pa3JIH11Hh!X 

MeT0.[{0B KOMilhIOTepHbIX HCCJie.[{OBaHHH, BKJIIO'la.sI pa3pa60TKY 

HHcpOpMaUHOHHO-.[{HarHOCTH'leCKHX CHCTeM H C03.[{aHHe 6a3 .naHHhIX. 

Co3.naHHb1e B cepe.nHHe 90-x ro.nos no.n pyKoBO.[{CTBOM B.11. 11BaHOBa 

HHcpopMaUHOHHO-.[{HarHOCTH'leCKHe CHCTeMb1
10

•
11 

BCKOpe HaIIIJIH CBOe 

npHMeHeHHe s pa6oTe p.si.na Me.[{HKo-reHeTH'leCKHX KOHCYJibTaUHH PoCCHH. 

Eme B caMoM tta11ane 90-x ro.nos, Kor.na Ha11anach peanmautt.si 

Me)K.[{yHapo.nHoro npoeKTa no ceKBeHHposaHHIO rettoMa 11enoseKa, CTano 

.sICHO, 'ITO 3TO npHBe.[{eT K B03HHKHOBeHHIO p.si.na MOpaJibH0-3TH11eCKHX 

npo6JieM: B03HHKJia Heo6XO.[{HMOCTh o6cy.nHTh .neHCTBHTeJibHhie H 

IlOTeHUHaJihHbie onaCHOCTH BHe.npeHH.sI HOBhIX reHeTH'leCKHX TeXHOJIOfHH. 

CoBMeCTHO C .npymMH y11eHbIMH Bna,[{HMHp l1nhH11 Ha'IHHaeT pa3pa6aTbIBaTb 

3THKO-npaBOBYIO 6a3y BHe.npeHH.sI B Me.[{HKO-reHeTH'leCKYIO npaKTHKY 

HCCJie.[{OBaHHH, OCHOBaHHhIX Ha reHOMHhIX, reHHO-HH)KeHepHbIX H HHhIX 
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6HoTeXHOJIOrm1x, qTo ecTeCTBeHHhIM o6pa30M BhITeKaJIO H3 ero PYKOBO,ll;CTBa 

Me,IJ;HI.l,HHCKOH qaCTbIO pOCCHHCKOH TTporpaMMhI «r eHOM qeJIOBeKa». no 3TOH 

npo6JieMaTHKe B.11. 11:BaHOB npHHHMaeT aKTHBHOe yqaCTHe B no,z:i;rOTOBKe pH;:i;a 

cpe;:i;epaJibHhIX 3aKOHOB, peryJIHpyIOII.J,HX 3TH BH,ll;hl ;:i;eHTeJibHOCTH, a TaIOKe KaK 

npe,z:i;cTaBHTeJib PocCHH yqacTByeT B ;:i;eHTeJibHOCTH Pa6oqeii rpynnhI 

PyKOBOAHII.J,ero KOMHTeTa no 6H03THKe CoBeTa EBponhr. 

TTo;:i; pyKoBO,ll;CTBOM B.11. HBattoBa 6bIJIH BhIIlOJIHetthI ttayqtthie 

HCCJie,z:i;oBaHHH 3THqeCKHX npo6JieM npHMetteHHH reHOMHbIX TeXHOJIOrHH B 

3;:i;paBooxpatteHHH PocCHH B paMKax npoeKTa pocCHHCKOH nporpaMMbl «feHOM 

qeJIOBeKa» H Me)K)J.yHapo,z:i;Horo HCCJie,ll;OBaHHH «r etteTHKa H 3THKa», 

B03rnaBJIHeMoro aMepHKaHCKHMH yqetthIMH ,n;. Bepn.1, H ,n;)K. <l>neTqepoM. B 

2004 r. 3a I.l,HKJI ttayqHhIX pa6oT no 3THqeCKHM npo6JieMaM Me,IJ;HI.1,HHCKOH 

retteTHKH
12

a-d B.11. 11:BaHOB (BMeCTe C B.,n;. H)KeBCKOH H JI.Cl>. KypHJIO) 6hIJI 

y;:i;ocToett ,z:i;HnJioMa HMeHHOH npeMHH PoccHHCKOH aKa;:i;eMHH Me,IJ;HI.J,HHCKHX 

ttayK HMeHH C.H. ,l1;aBH;:i;ettKoBa. 

B Te )Ke ro,z:i;hI OH Bxo,z:i;HJI B 3KcnepTttyIO rpynny BceMHpHoii opraHmaI.J,HH 

3.z:i;paBooxpaHeHHH (BO3), nepe;:i; KOTOpOH 6bma noCTaBJieHa 3a.z:i;aqa 

npoaHaJIH3HpOBaTh cymecTByIOII.J,He 3THqecKHe npHHI.J,HnhI Me,IJ;HI.l,HHCKOH 

reHeTHKH H npe,ll;JIO)KHTb Me)K)J.yHapo,z:i;Hoe PYKOBO,IJ;CTBO, KOTOpoe MOrJIO 6hI 

6bITb BocnpHHHTO 6oJihlllHHCTBOM crpaH 3a OCHOBY. TTOHHTHO, qTo ,z:i;aHHYIO 

3a.z:i;aqy npHXO,ll;HJIOCb pelllaTb KaK KOMilJieKCttyIO, BKJIJOqaJOII.J,yIO 3THqecKHe, 

IOpH,z:i;HqecKHe, TeXHHqecKHe, peJIHrH03Hbie, COI.l,HaJihHbie, KYJihTYPHhie H 

;:i;pyrHe acneKThI. O6Jia,z:i;aH 3HI.l,HKJIOne,z:i;HqecKHMH 3HaHHHMH B o6JiaCTH 

6HOJIOrHH, reHeTHKH, COI.1,HOJIOrHH, peJIHrHH, B.11. 11:BaHOB, 6e3 

npeyBeJIHqeHHH, OKa3aJICH o,z:i;HoH m KJIJOqeBhIX nepcott ;:i;attHOH 3KcnepTHOH 

rpynnhl. Ero cnoco6HOCTh BbICJIYlllaTb co6ece;:i;HHKa, 3a,IJ;aTb KaBep3HbIH 

Bonpoc H TYT )Ke npe,z:i;JIO)KHTh ero B03MO)KHOe pelllettHe, He pa3 cnacaJIH 

rpynny OT zynHKOBhIX q>OpMyJIHpOBOK, oco6eHHO Kor;:i;a 3TO KaCaJIOCb 

3THHqeCKHX H COI.l,HaJihHbIX pa3JIHqHH HJIH peJIHrH03HhIX ;:i;orMaTOB pa3HbIX 

KOH<peccHii. B OTHOCHTeJihHO KopoTKHH cpoK rpynne y,z:i;aJIOCh co3,z:i;aTh 

Me)K)J.yttapo,z:i;Hoe pyKOBO,ll;CTBO no 3THqeCKHM npHHI.J,HnaM B o6JiaCTH 
~ 613a-d Me,ll;HI.l,HHCKOH retteTHKH H reHeTHqecKHX CJIY)K . 

TToMHMO 3THqecKHX acneKTOB, B.11. HBaHoB aKTHBHO coTpy,z:i;HHqaJI c 

nporpaMMOH BO3 no reHeTHKe qeJIOBeKa B q>OpMHpOBaHHH ee nporpaMMHhlX 

,IJ;OKyMeHTOB H HanpaBJieHHH pa3BHTHH
14

a-d. 3;:i;ecb npOHBHJIHCh ero JiyqlllHe 

npocpeCCHOHaJibHhie H qeJIOBeqecKHe KaqecTBa. YMettHe BH,ll;eTb nepcneKTHBY, 

06lllHpHbie 3HaHHH, n03B0JIHIOII.J,He Bbipa6oTaTh HHTerpaJibHhIH no;:i;xo;:i; K 

pellleHHIO 3a.z:i;aqH, BpO)K)J.eHHhlH IOMOp, npeKpacHoe 3HaHHe H3h!Ka - Bee 3TO 

no3BOJIHJIO Bna,z:i;HMHPY 11JihHqy 6hITh )KeJiaHHhIM KOJIJieroii H co6ece,z:i;HHKOM 

cpe;:i;H 3apy6e)KHbIX yqeHbIX. Ero yqaCTHe B COBMeCTHhlX COBeII.J,aHHHX BO3 C 
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IPSEN Foundation (France, Paris) Bcer)J.a ttaxo)J.IDIO y nocne)J.HHX caMhie 

noJimKHTeJibHbie OT3h!Bhl H no)KeJiaHtte )J.aJibHeihneii COBMeCTHOH pa60Thl. 

KoJIOCCaJibHaH 3py)J.HQHH Bna)J.HMttpa Hnbttqa BO MHOrHX o6nacrnx HayKH 

H 3HaHHH, ero )J.06po)KeJiaTeJihHOCTh TI03BOJIHJIH eMy ycneurno pacnpOCTPaHHTh 

ttayqubie 3HaHHH H TIJIO)J.OTBOpHO o6cy)K)J.aTb )KlfBOTPenemymtte npo6JieMbl B 

KOHTaKTaX c npe)J.CTaBHTeJIHMH pa3Hh!X CJIOeB pOCCHHCKOro o6mecTBa. TaK B 

1998 r. nptt ero Henocpe)J.CTBeHHOM yqacTHH
15 

BnepBhie COCTOHJIOCh 3aCe)J.aHHe 

Me)J.HK0-6ttonornqecKoii ceKQHH B paMKax VI Me)K)J.yttapo)J.HhIX 

Po)K)J.eCTBeHCKHX o6pa30BaTeJibHhlX qTeHHH, HTOfOM KOTOporo HBHJIOCh 

C03)J.aHHe QepKOBHO-o6mecTBeHHOfO COBeTa no 6HOMe)J.HQHHCKOH 3THKe npH 

Moc1<0Bc1<oii TTaTPttapxttH. .D:eHTeJihHOCTH 3Toro CoBeTa BO MHOroM 6hIJIH 

OT)J.aHhl 3HeprHH H 3HaHHH B.11. 11BaHoBa B nocne)J.Hee )J.eCHTHJieTHe ero 

)KH3HH. 

KaK KpynHhIH opraHH3aTOp HayKH B.11. 11BaHOB )J.O nocne)J.HHX )J.Heii 6bIJI 

aKTHBHhIM qJieHOM MHOfHX cneQHaJIH3HpoBaHHhIX COBeTOB no 3aIIJ.HTe 

)J.OKTOpCKHX H KaH)J.H)J.aTCKHX )J.HccepTaQHH, qneHOM pH)J.a oprKOMHTeTOB 

Me)K)J.yttapO)J.HhIX <popyMOB. OH HBJIHJICH qJieHOM oIOpo Me)J.HK0-

6ttonornqecKoro OT)J.eneHHH PAMH H npe)J.ce)J.aTeJieM Me)l(Be)J.oMcTBettttoro 

ttayqttoro COBeTa no Me)J.HQHHCKOH reHeTHKe. B.11. 11BaHOB - O)J.HH H3 

yqpe)J.ttTeneii BcecoI03Horo o6mecTBa retteTHKOB tt ceneKQHottepoB HM. H.11. 

BaBHJIOBa (BOfttC - B ttacTOHmee BpeMH BaBHJIOBcKoe o6mecTBo retteTHKOB tt 

ceJieKQHOHepoB) H Ha nporn)KeHHH MHOfHX JieT - npe)J.Ce)J.aTeJib MocKOBCKOfO 

OT)J.eneHttH BOfttC. Ott Tal()Ke BXO)J.HJI B qucno opraumaTOpoB PoccttiicKoro 

o6rn.ecTBa Me)J.HQHHCKHX reHeTHKOB, aKTHBHO yqaCTBOBaJI B nO)J.fOTOBKe tt 

npoBeJJ;eHHH C'be3)J.OB H KOH<pepeHQHH o6ottx o6rn.ecTB. oy)J.yqH qJieHOM 

MocKoBcKoro o6mecTBa ttcnbITaTeneii npttpO)J.hI (MOHTT) c 1958 r., 

HeO)J.HOKpaTHO m6ttpancH B COCTaB npe3H)J.ttyMa COBeTa o6mecTBa. B.11. 

11BaHOB HBJIHJICH qJieHOM pe)J.KOJIJierHH ~pttana «OHToreHe3» H qJieHOM 

pe)J.aKQHOHHOrO COBeTa ~pttana «Me)J.HQHHCKaH f etteTHKa». 

3HaqHTeJibHOe MeCTO B )KH3HH B.11. 11BaHOBa 3aHHMaJIO npeno)J.aBaHHe 

6HOJIOrHH tt reHeTHKH cry)J.eHTaM, acnttpaHTaM tt BpaqaM. B 1984 ro)J.y 

coBMeCTHO c H.n. Eoq1<0BhIM H A.<l>. 3axapoBhIM Bna)J.ttMHp Hnhttq ttanttcan 

O)J.HH H3 nepBblX yqe6HHKOB no Me)J.HQHHCKOH retteTHKe, KOTOpbIH 6hIJI H3)J.aH 

cttaqana B MocKBe, a 3areM tta tteMeQKOM H3hIKe B r,n:P 
16

• 

Y)Ke B 1960-62 rr. OH BeJI Kypc TeXHHqecKoii MHKpo6ttOJIOrHH B 

YpanhCKOM noJIHTeXHHqecKOM HHCTHTYTe. HeCKOJihKO n03)Ke, nepeexaB B 

MocKBY, Ha nporn)KeHHH pH)J.a neT qHTan Kypc neKQHii no retteTHKe )J.JIH 

cry)J.eHTOB-6tto<pmHKOB MrY HM. M.B. lloMottocoBa tt Moc1<0Bc1<oro 

HH)Ketteptto-qimttqecKoro HHCTHTYTa (MH<l>H). Heo)J.HOKparno B.11. 11BattoB 

Ha3HaqancH npe)J.Ce)J.aTeJieM rocy)J.apcTBeHHhlX KOMHCCHH no nptteMy 

3K3aMeHOB H 3aIIJ.HTe )J.HilJIOMHblX pa6oT Ha <paKyJibTeTe ecTeCTBeHHhlX ttayK 
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Hosocu6upcKoro rocyAapcTBeHHoro yHttBepcttTeTa, Ha 6uonoruqecKOM 

cpaKynhTeTe MopAOBCKoro rocyAapcTBeHHOro yHttBepcttTern, B Ml1<1>11. B 

1988-2004 rr. B.11. 11BaHOB PYKOBOAHJI no COBMeCTHTeJihCTBY KacpeApOM 
reHeTHKH MeAHKo-6uonornqecKoro cpaKynhTeTa (ME<!>) 2-ro MocKoBcKoro 

rocyAapcTBeHHOro MeAHI..\HHCKOrO HHCTttzyTa (c 1989 r. - PfMY) HM. H.11. 
Ilttporosa. 3a 3TOT nepHOA 6bIJI CO3AaH yqe6Ho-HayqHhIM KOMnJieKC, cpeAH 
PHAa 3aAaq KOTOporo ocyrn,eCTBJIHJiaCh noArOTOBKa KaApOB Bpaqett-

na6opaHTOB-reHeTHKOB MH MrH~ PAMH " Apyrnx HayqHo-
uccneAoBaTenhcKttX yqpe)I()];eHHH PAMH, a TaIOKe cneQttaJitt3aQttH 

BhIIlYCKHHKOB no MeAHQHHCKOH reHeTttKe qepe3 QeJieByIO CTa)KHpOBKY H 

acnupaHTypy. K 2004 roAy Konuqecrno BhlnycKHHKOB ME<l>, CBH3asnmx CBOIO 

AaJibHeHIIIYIO HayqttyIO AeHTeJibHOCTh C pa3JIHqffhIMH na6opaTOpHHMH MfH~ 
PAMH, cocTasuno 6onee 40 qenoBeK. .lJ:ocTOHHhIM ttToroM nonyrnpa 

AeCJITHJieTHH 3aBeAOBaHHH KacpeApOH HBHJICH BhIIIIeAIIIHM B CBeT nOA 
peAaKQtten B.11. 11BaHoBa yqe6HHK no o6rn,ett tt MeAHQHHCKOH reHeTHKe AJIH 
BY3OB, HanucaHHhIH coTpyAHHKaMtt KacpeAphI nptt HenocpeACTBeHHOM ero 
yqacTHH 17. 

B.11. 11BaHOBbIM ony6nttKOBaHO 340 HayIJHbIX CTaTen H 10 MOHOrpacptttt (113 
HHX OKOJIO 100 - 3a py6e)KOM) no paAHO3KOJIOrHH, MHKpo6HOJIOrHH, 

paAtto6uonorntt, reHeTHKe, 611011HcpopMaTttKe, 6tt03TttKe H AP- ~eJihIH pHA 
ny6nttKaQHH nOCBHilJ,eH BcerAa BXOAHBIIIett s o6naCTb HHTepecoB B.11. 

11BaHOBa HCTOpHH HayKH, oco6eHHO reHeTHKH. IloA ero peAaKQHett BhIIIIJIH s 
CBeT MHOrtte HayqHbie TpYAhI H H3AaHH5I. 
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BCEBOJIO,[I; MABPHKHEBHq KJIEqKOBCKHH (1900-1972) 

BceeoJIOA Maepmrneeuq KJie11KoecKnii 

P.M. AJIEKCAXl1H, T.11. Illl1JIOBWI 

BcepoccuucKUU HHH CeJlbCKOX03flUCmeemwu pa0UOJI02UU u 

a2po3KOJI02UU, 06HUHCK 

B.M. KJieqKoBCKHH - ,AeHCTBHTeJIJ,HhIH qJieH BcecoI03HOH aKa,n:eMHH 

ceJibCKOX03HHCTBeHHhlX HayK HM. B.11. JleHHHa, qJieH-KOppecnOH,AeHT 

AKa,AeMHH ceJibCKOX03HHCTBeHHhlX HayK f epMaHCKOH ,[(eMOKpaTuqeCKOH 

Pecny6JIHKH, AOKTOP XHMHqecKHX HayK, npoqieccop, ABIDKJJ.bl naypeaT 

focy,AapcTBeHHOH npeMHH CCCP . 

. B.M. KJieqKOBCKHH - aBTOp nHOHepcKHX onhITOB, KaCaIOll\HXCH noBe,AeHUR 

HCKYCCTBeHHhIX paAHOHYKJIHAOB B noqeax H MX HaKonneHHH pacTeHHHMH. OH 

HBJIHeTcH yqacTHHKOM ATOMHOro npoeKTa CCCP. Ero uccJieAOBaHHRMH 6hma 

qiaKTHtJeCKH 3aJIO)KeHa CeJibCKOX03HHCTBeHHaH pa,AH03KOJIOfHH - OAHa H3 

Hau6onee nJIOAOHOCHhIX eeTBeH paAH03KOJIOrHH. B.M. KJieqKoBCKHH no npaey 

cquTaeTCH OCHOBOnOJIO)KHHKOM CeJibCKOX03HHCTBeHHOH pa,AH03KOJIOfHH, 

nocKOJlhKY ero AOCTH)KeHHH CTaJIH OCHOBOH pa3BHTHH 3TOH o6JiaCTH 3HaHHH B 

HaQHOHaJihHbIX rpaHHQax Harneii CTPaHbl H 3a ee npe,AeJiaMH. 

BceBOJIOA MaBpHKHeBHtJ POAHJICH 28 HOH6pH 1900 r. e MocKBe. B 1929 r. 
OH OKOHtJHJI MocKOBCKYIO ceJibCKOX03HHCTBeHttyIO aKa,n:eMHIO HMeHH K.A. 

THMHpH3eBa, H C 3TOro nepHo,Aa BCH ero TBOptJeCKM ,AeHTeJibHOCTb 6bma 

CBH3aHa C 3THM CTapeHillHM arpOH0MHtJeCKHM BY30M Harneii CTpaHbl. C 1956 
no 1972 r. B.M. KnetJKOBCKHH B03rJiaBJIHJI Kaq>eApy arpoXHMHH MocKOBCKOH 

ceJihCKoxo3HHCTBeHHOH aKaAeMHH HMeHH K.A. THMHpH3eea, npoAOJI)KM 

TPaAHQHH OCHOBOnOJIO)KHHKa OTeqecTBeHHOH arpOXHMHH aKa,n:eMHKa ,[(.H. 

IlpHHHillHHKOBa B ,AeJie nO,AfOTOBKH Ka,ApOB COBeTCKHX arpoXHMHKOB, 

cneQHaJIHCTOB no eonpocaM nHTaHHH pacTeHHH H XHMH3al{HH 3eMJie,AeJIHH. 

B.M. KnetJKOBCKHH OAHHM m nepBbIX coBeTCKHX arpOXHMHKOB o6paTHJI 

BHHMaHHe Ha nepcneKTHBHOCTb HCnOJih30BaHHH HCKYCCTBeHHbIX 

paAHOaKTHBHhlX ttyKJIHAOB AJIH H3ytJeHHH nuTaHHH pacTeHHH H npHMeHeHHH 

yAo6pettHH. B 1947 r. B.M. KJieqKOBCKOMY nopyqaeTCH opraHmaQHH B 

MocKOBCKOH ceJihCKOX03HHCTBeHHOH aKaAeMHH HMeHH K.A. THMHpH3eea 

6HOq>H3HqecKOH na6opaTOpHH - nepBOH B CoBeTCKOM CoI03e Jia6opaTOpHH 

TaKOro THna, KOTOpaH BCKOpe 3aHHJia BeAyll\ee MeCTO B CHCTeMe HaytJHbIX 
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yqpe)l()J,eHHH CCCP, pa3pa6aTbIBaIOII.(HX npo6neMbI H30TonHoii arpoxHMHH H 

pa):{H03KOJIOfHH. 

BMeCTe -c HHTeHCHBHOH pa3pa6oTKOM arpoXHMH'-leCKHX H 

pa):{H06HOJIOfH'-leCKHX npo6neM B ceJibCKOM X03RHCTBe C 1948 r. KOJIJieKTHB 

6HO<pH3H'-leCKOH na6opaTOpHH rrpHCTYIIHJI K pa3BHTHIO HCCJie,[{OBaHHH HOBOH 

rrpo6neMbl - myqeHHIO IIOBe,[{eHHR a IIO'-IBax H pacTeHHRX pa):{HOaKTHBHbIX 

npo):{yKTOB ,[{eJieHHR. PerneHHe 3TOH rrpo6neMbl 6hIJIO Bb13BaHO Hal.faBIIIHMCR B 

TO BpeMR urnpOKHM HCIIb!TaHHeM aTOMHOfO opy)KHR H BKJIIO'-leHHeM B 

6HonornqecKHii KpyroaopoT rrpoAyKTOB ):{eJieHHR rn)KeJibIX RAep. B.M. 

Kne'-IKOBCKHH arrepBbie B CoaeTCKOM CoI03e np11crynm1 K perneHHIO 3TOH 

npo6neMbl a TOT nepHO):{, KOf,[{a B JIHTeparype He 6bIJIO nO'-ITH HHKaKHX 

CBe,[{eHHH no 3THM BOnpocaM. 3a cpaBHHTeJibHO KOpOTKHH cpoK HM H ero 

COTPYAHHKaMH 6bIJI BbIIIOJIHeH 60JibllIOH o6neM Hay'-IHbIX HCCJie,[{OBaHHM, 

BCKpbIBaIOII.(HX cneu;H<pHKY noBe,[{eHHR PMHOaKTHBHbIX npOAYKTOB ,[{eJieHHR B 

noqaax H pacTeHHRX. 3TH HCCJie,[{OBaHHR OTJIH'-laJIHCb IIIHpOTOH, rny60KHM 

TeopeTH'-leCKHM aHaJIH30M H npaKTH'-leCKOM 3Ha'-IHMOCTblO. 3m pa6orn 

nony'-IHJia Bb!COKYIO ou;eHKY - B 1952 r. rpynne COTPYAHHKOB na6opaTOpHH BO 

rnaae c B.M; Kne'-IKOBCKHM 6hma np11cy)l()J,eHa focyAapcTBettHaR npeMHR 

CCCP. 

Ha'-laTbie B Ha'-lane 50-x f0,[{0B no,[{ Henocpe):{CTBeHHbIM pyKOBO,[{CTBOM 

B.M. Kne'-IKOBCKOfO HCCJie,[{OBaHHR MHrpau;HH HCKYCCTBeHHblX 

pa):{HOttyKJIH,[{0B no 6HOJIOfH'-leCKHM H nHII.(eBblM u;enoqKaM BblJIHJIHCb B 

IIIHpOKYIO nporpaMMY KOMIIJieKCHblX pa):{H03KOJIOfH'-leCKHX HCCJie,[{OBaHHH no 

,[{aJibHeiirneMy myqeHHIO :neiiCTBHR MaJibIX ,[{03 HOHH3HpyIOII.(HX H3Jiy'-leHHH Ha 

)KHBbJe opraHH3Mbl H KpyroaopoTa pa):{HOttyKJIH,[{OB. 11ccJie,[{OBaHHR B o6naCTH 

pa):{H03KOJIOfHH rrpHHeCJIH B.M. Kne'-IKOBCKOMY MHpOBYIO H3BeCTHOCTb. 

B.M. Kne'-IKOBCKHH 0,[{HHM H3 nepBbIX yqeHbIX-arpapHHKOB ou;eHHJI 

3Hal.feHHe aHTponoreHHOfO 3arpR3HeHHR OKpy)KaIOII.(eH qeJIOBeKa cpe):{bl, 

HaMeTHB nyTH perneHHR 3THX BOIIpOCOB, Y'-IHTbIBaIOIIJ;He aKTHBHOe 

npeo6pa30BaHHe qeJIOBeKOM npHpO):{HOH cpe):{bl. Pa3pa60TKa npo6neMbl 

H30TOnHOH arpOXHMHH H myqeHHe oco6eHHOCTeii noBe,[{eHHR MaKpO- H 

MHKpOKOMnOHeHTOB B CHCTeMe noqaa-pacTeHHe C yqacTHeM 3JieMeHTOB­

aHaJIOfOB, HrpaIOII.(HX ponb H30TOnHbIX HOCHTeneu, HaXO,[{RTCR B TeCHOH CBR3H 

c TeopeTH'-leCKHMH pa6oTaMH B.M. Kne'-IKOBCKOfO a o6nacTH TeOpHH 

IlepHOAH'-lecKoii CHCTeMbI 3JieMeHTOB ~.11. Mett):{eneeaa. 

11TOraMH 20-neTHero TPYAa B 3TOH o6nacTH RBHJiacb MOHorpa<pHR B.M. 

Kne'-IKOBCKOfO «Pacnpe):{eJieHHe aTOMHb!X 3JieKTPOHOB H npaBHJIO 

nocne):{oBaTeJihHoro 3anonHeHHR (n + 1) - rpynn». 3m MOHorpa<pHR 

npe):{CTaBJIReT BbI,[{aIOII.(HMCR BKJia,[{ B pa3BHTHe TeopeTH'-leCKHX npe):{CTaBJieHHH 

0 3aKOHOMepHOCTRX, Jie)Kall.(HX B OCHOBe peaJibHOfO CTpOeHHR CHCTeMbl 

3JieMeHTOB ~.11. Mett):{eneeaa. IlpaBHJIO nocne):{oBaTeJihHoro 3anonHeHHR (n + 
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I) - 2pynn, no.rryqumnee Ha:maHHe npaawrn KJieqKOBCKoro, B0IIIJI0 a 

coapeMeHHbie yqe6HHKH no HJJ.epHou q>H3HKe. 

B 1954 r. B.M. KJieqKQBCKOMY no C0BoKynH0CTH pa6oT 6e3 3aI.QHTbl 

JJ.HCCepTaQHH npucy)KJJ.aeTCH CTeneHb JJ.0KTopa XHMttqeCKHX HayK. B 1956 r. 

B.M. . KJieqKOBCKHH 6bm m6paH JJ.eHCTBHTeJibHhIM qneHoM Bcecmo3HOH 

aKa;:J.eMHH ceJibCKOX03HHCTBeHHbIX HayK HM. B.11. JleHHHa. C :noro apeMeHH 

OH npHHHMaJI aKTHBH0e yqacTHe B opraHH3aQHH " K0OpJJ.HHaQHH 

K0MTIJieKCHblX HCCJieJ].OBaHHH C npHMeHeHHeM H30T0n0B H H0HH3HpyIOI.QHX 

mnyqeHHH a HayqHhIX yqpe)KJJ.eHHHX BACXHHJI. 

B 1957 r. Ha XHMHqecK0M KOM6HHaTe «MaHK» (IO)l(HbIH Ypan), nepaeHQe 

COBeTCKOH aTOMHOH np0MblIIIJieHH0CTH, npeJJ.CTaBJIHIOI.QeM K0MnJieKc no 

ttapa6oTKe opy)l(eUHOro nnyTOHHH, np0H30IIIJia KpynHaH paJJ.HaQH0HHaH 

aaapHH, BCJie)J.CTBHe KOTopou a 0Kpy)l(alOI.QYIO cpeJJ.y 6bIJIO BbI6poIIIeHO 0K0JI0 

20 MJIH KIOpH paJJ.H0aKTHBHhIX np0JJ.YKT0B )J.eJieHHH. B 30He 3arpH3HeHHH 

0Ka3aJIHCb ceJibCKOX03HHCTBeHHbie yr0J].bH (naIIIHH, nyra, nacroHI.Qa), neca, 

03epa, peqHb)e CHCTeMbl. 

Ho3HHKJia 0CTPM Heo6xOJ].HMOCTb npoaeJ].eHHH pea6HJIHTal.lHOHHbIX pa6oT 

Ha TeppHTOpHH BocTOqHo-Y panbCK0ro paJ].H0aKTHBH0ro CJieJ].a no B03Bpary 

3arpH3HeHHbIX TeppHTOpHH B X03HHCTBeHHOe HCn0Jib30BaHHe H no 

opraHH3aQHH HayqH0-HCCJie)J.0BaTeJibCKHX HCCJie)J.OBaHHH J].Jljl 0QeHKH 

nocne,ncTBHH aaapHH. 

Ha KOM6HHaTe IlQ «MaHK» B 1958 r. 6hIJIO C03J].aH0 CneQHaJIH3Hp0BaHH0e 

noJJ.pa3JJ.eJieHHe - OnbITHaH HayqHo-uccneJJ.oBaTeJibCKaH CTaHQHH. Hayquoe 

pyKoaoncTB0 JJ.eHTeJibH0CTbIO OHHC ocyI.QecTBJIHJI aKa;:J.eMHK B.M. 

KJieqKoBCKHH. IlpH nonroT0BKe peIIIeHHH 06 opraHmaQHH OHHC HM eI.Qe a 

cpeapane 1958 r. 6bIJIH ccpopMyJIHpOBaHbl 0CH0BHble HayqHble 3a,naqu CTaHQHH: 

H3yqeHHe MHrpaQHH pannoaKTHBHblX BeI.QeCTB B ycnoBHHX paJJ.H0aKTHBH0fO 

3arpH3HeHHH TeppHT0pHtt; myqeHHe HaK0TIJieHHH .paJJ.H0aKTHBHbIX BeI.QeCTB B 

ceJibCKOX03HHCTBeHHbIX npo,nyKTax; arpoTeXHHqecKHe npHeMbl CHH)l(eHHH 

HaK0nJieHHH pa,u.ttoaKTHBHbIX BeI.QeCTB B pacTeHHHX; pa3pa6oTKa 

peK0MeH,naQHH no ceJibCKOX03HHCTBeHHOMY HCn0Jib30BaHmo 3arpH3HeHHOH 

TeppHT0pHH; H3yqeutte reHeTttqeCKHX nocJieJJ.CTBHH B03)].eHCTBHH 

TI0BbIIIIeHH0f0 q>oHa pa,u.HaQHH Ha )l(HB0THblX " pacTeHHH B ycJI0BHHX 

paJJ.H0aKTHBH0ro 3arpH3HeHHH TeppHT0pHH. 

Ha IO*HOH Ypane B KpynHoMaCIIITa6HhIX 

npocne*eHa MH0roJieTHHH JJ.HHaMHKa nepeHoca 
90Sr, 

3KCnepHMeHTax 6hma 
95Zr, 106Ru, mes, 144Ce H 

.u.pyrnx TexuoreHHblX paJJ.H0ttyKJIHJJ.0B B noqBax, paCTHTeJibH0M noKp0Be, 

rn.u.po6HOQeH03aX, B opraHH3MaX )l(HB0THblX, B JieCHbIX 3K0CHCTeMaX. 

<l>aKTHqecKH 3a 10-15 neT ttccne,u.oBaHHH Ha TeppHT0pHH BocToquo­

YpanbcKoro PaJJ.H0aKTHBH0ro cne.u.a 6bIJIH 3aJI0)l(eHbl 0CH0Bbl paJJ.H03K0JI0fHH 

KaK caMOCTOHTeJibHOH uayquoii )J.HCQHTIJIHHbl. B.M. KJieqKQBCKHH o6paTHJI 
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oco6oe BHHMam1e Ha KpyroBopoT paJJ,HOHYI<JIH)],0B ua 3arpH3HeHHhIX 

ceJibCKOX03HHCTBeHHblX yro.D,hHX. Ilo.D, ero PYKOBO)],CTBOM 6bma BblilOJIHeHa 

nporpaMMa HCCJie.D,OBaHHH no ceJibCKOX03HHCTBeHHOH pa.D,H03KOJIOrHH, rJJ,e 

H3YqaJIOCb uaKOITJieuue paJJ,HO"YKJIH)],0B pa3JIHqHblMH 

ceJibCKOX03HHCTBeHHbIMH pacTeHHHMH H )KHBOTHbIMH. 

Pa)],H03KOJIOruqeCKHe HCCJie.D,OBaHHH ue orpauuqHJIHCb TOJihKO 

ua6moJJ,euueM 3a noBe.D,euueM B oKpy)KaIOm;eu cpeJJ,e "aBapuiiuh1x" 

paJJ,HOHYKJIH)],0B H CBH3aHHhIX C 3THM nyqeBbIX 3cpcpeKTOB B npupoJJ,e. B 1965-
1975 rr. npOBO)],HJiaCb cepHH paJJ,H03KOJIOrH'ieCKHX onhITOB, KOTOpbie no 

CBOHM MaCIIITa6aM )],OJI)KHbI 6bITb C nOJIHbIM npaBOM OTHeceHbI K 0)],HHM H3 

uau6onee KpynuhIX B MHpoBou npaKTHKe. Ha OnhITHOH uayquo­

uccneJJ,oBaTeJibCKOH CTaHI.{HH 6bm coopy)KeH caMhIH KpynuhIH B EBpone 

TOqequhIH HCTO'IHHK y-H3nyqeuuH (32 KKu, 1,18 • 1015 
EK 

137
Cs) MH 

o6nyqeHHH npupoJJ,HbIX 3KOCHCTeM. Ha OCHOBe JJ,aHHbIX, nonyqeuHbIX C ero 

noMOIIJ:hIO, YJJ,aJIOCb onucaTb oco6euuocTH nyqeBoro nopa)KeHHH u nOCTPa)],H­

al.{HOHHOro BOCCTaHOBJieHHH necoB B CTPOrO KOHTPOJIHpyeMblX YCJIOBHHX H npu 

TO'IHOH )],03HMeTPHH ( o6nyqanucb B Te'ieHHe HeCKOJibKHX He)],eJih 60JibIIIHe 

yqacTKH neca). Auanornquoe o6nyqeuue u onucauue nyqeBbIX 3cpcpeKTOB 6hIJIH 

cJJ,eJiaHhI H MH nyroBoro coo6m;ecrna. IlpoBO)],HJiacb TaK)Ke 3aTPaBKa 

ceJibCKOX03HHCTBeHHbIX )KHBOTHbIX (JJ,OHHhIX KOpOB) 60JihllIHMH KOJIHqecTBaMH 

MOJIO)],bIX npoJJ,yKTOB HJJ,epuoro )],eJieHHH )],JIH 01.{eHKH nyqeBoro nopa)KeHHH 

)KHBOTHbIX H onpeJJ,eJieHHH HX MOJioquou H MHCHOH npoJJ,yKTHBHOCTH (3TO 

oco6euuo Ba)KHO KaK MH pa3nuquoro poJJ,a Cl.{euapueB aBaputtHhIX curyal.{HH c 

BbI6pocoM J)aJJ,HOaKTHBHbIX Beru:ecTB B OKpy)KaIOru;yIO cpe.D,y, TaK u )],JIH 

peIIIeHHH o6opOHHbIX 3a)],a'i). 

,[(.rm JIHKBHJJ,al.{HH nocneJJ,CTBHH paJJ,Hal.{uouuou aBapuu ua JO)KHOM Ypane 

(qeJIH6HHCKaH o6naCTb) npHBJieKaJIHCb cnel.{HaJIHCTbl ArpocpmuqecKOro HH­

cmryTa BACXHHJ1, HucTuryrn npHKJiaJJ,uou reocpH3HKH rnaBuoro 

ynpaBneuuH rnJJ,poMeTeocny)K6bI CCCP, Bceco103uoro HHH MopcKoro 

pb16uoro X03HHCTBa u oKeauorpacpuu Muupb16xo3a CCCP, MrY, a TaK)Ke 

MocKoBCKOH ceJihCKOX03HHCTBeuuou aKaJJ,eMHH ( ee pa6ornu 3)],ech pyKOBO)],HJI 

K.ne'IKOBCKHH). BceBOJIO)], MaBpHKHeBH'i opraumoBan COTPYJJ,Huqecrno c 

yqeubIMH-Me)],HKaMH - cnel.{HaJIHCTaMH B o6naCTH paJJ,Hal.{HOHHOH rnrneHbI, 'ibH 

)],eHTeJibHOCTb CKOHI.{eHTpHpOBaJiaCb Ha Ol.{eHKe nocne)],CTBHH o6JiyqeuHH 

uaceneHHH, npO)KHBaBIIIero Ha TeppHTOpHH C nOBbIIIIeHHbIM COJJ,ep)KaHl-ieM 

paJJ,HOaKTHBHbIX Beru;eCTB, H H3hICKaHHH cnoco6oB CHH)KeHHH )],030BbIX uarpy-

30K. Muoroe 6bIJIO C)],eJiaHO H !pHJIHaJIOM N'!! 4 l1HCTHTYTa 6uocpH3HKH. 

Bceu 3TOH pa6oToii pyKoBO.D,HJI B.M. K.JieqKoBCKHH. Ou paccMaTPHBaJI 

3arpH3HeHuyIO TeppHTOpHIO Ha IQ)KHOM Ypane KaK YHHKaJibHhIH 

3KCnepHMeHTaJihHbIH nonurou. IlpeKpacuo noHHMaH Ba)KHOCTb MHOrOJieTHHX 

uarypHbIX ua6JIIO)],eHHH no MHrpal.{HH paJJ,HOaKTHBHbIX Bem;ecTB B 
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OKpy)KaJOmeu Cpe,lle H pa,nual.{MOHHbIMM 3cpcpeKTaMM B npupo.n:e, B.M. 

K.JieqKOBCKMH CTaJI 0,[{HHM M3 MHMI.{MaTopoB npu.n:aHM.SI oco6oro CTaryca .[{fl.SI 

qacTM TeppuTopuu pa,nuoaKTHBHOfO cne.n:a, Ha KOTopou B COOTBeTCTBMM C 

nocrnHoBneHueM CoBeTa MuHMCTPOB PC<l>CP 29 anpen.si 1966 r. 6bm C03.[{aH 

BocTOqHo-YpaJibCKMH rocy.n:apcTBeHHbIH 3anoBe.[{HMK - nepBbIH B Mope 

pa.n:ual.{MOHHbIH 3anoBe.[{HMK TaKoro Tuna ( o6ma.si nnoll{a.[{b 16616 ra). 

Pe3ynbTaTbl 3TMX KOMnneKCHblX MHOroneTHMX OilblTOB B HarypHbIX 

ycnOBM.SIX Il03B0flHflM nonyqHTb Ba)KttylO HH<pOpMal.{HIO O 3arp.SI3HeHHH 

numeBbIX npo.n:yKTOB. K.JieqKOBCKMH npM.[{aJI pa6oTaM Ha IO)KHOM YpaJie 

umpOKMH Me)K,[{HCI.{HilflHHapHblH xapaKTep H npHBfleK K HX BbIIlOflHeHHIO 

BH.[{HbIX yqeHhIX H3 pa3HbIX Be.[{OMCTB - AKa.n:eMuu HayK CCCP, fu.n:poMeTeo­

cny)K6b1 CCCP, BACXHHJI, p.si.n:a OTPacneBbIX MHHHCTepcTB H Be.[{OMCTB. 

B CTpaTerHIO o6ecneqeHM.SI pa.n:Hal.{HOHHOH 3all{MTbl npH pa.n:uoaKTHBHOM 

3arp.SI3HeHHH oKpy)KaIOI.I.{eii cpe.n:bI B.M. K.JieqKOBCKHH npHBHec nono)KeHHe o 

Ba)KHOH ponu B CTPYKrype .[{030BbIX Harpy30K Ha qenoBeKa BttyTPeHHero 

o6nyqeHH.SI, cpopMupyIOI.I.{eroc.si 3a cqeT noTPe6neHH.SI 

pa.n:uottyKflM,[{CO.[{ep)Kall{HX IlHI.I.{eBbIX npo.n:yKTOB. B 60flbllIHHCTBe 

pa.n:uonoruqecKHX curyal.{HH AA.SI OT,[{eflbHbIX pa.[{HOttyKflH,[{0B 3HaqeHHe 3TOfO 

KaHaJia o6nyqeHH.SI MO)KeT 6bITb ,[{OMMHHPYIOl.IlMM, a ,[{fl.SI OT,[{eflbHblX 

aBapHHHblX curyal.{HH ponb 3TOro HanpaBneHH.SI pa.n:Hal.{HOHHoro B03,[{eucTBM.SI 

BeCbMa 3HaquMa. TaK npOH30lllflO npH pa.n:Hal.{HOHHbIX aBapH.SIX Ha IO)KHOM 

YpaJie B 1957 r. u Ha qepHo6hmbcKou A3C B 1986 r. IIpu pa.n:uoaKTHBHOM 

3arp.SI3HeHHH OKpy)KaIOI.I.{eU cpe.[{bl Ha ,[{OfllO BttyTPeHHero o6nyqeHM.SI B pa3HblX 

30HaX qepH06b!flbCKOH aBapHH npHXO,[{HflOCb OT 30 ,[{0 80% OT 061.1.{eH ,[{030BOH 

Harpy3KH (T.e. ,[{On.SI BHellIHero o6nyqeHH.SI paBH.Sinacb 20-70%). KJieqKQBCKMH 

" ero pa,nH03KOflOfHqecKa.SI llIKOna pa3pa6oTaJIH CMCTeMy 3all{HTHbIX 

MeponpH.SITMH, Il03B0fl.SIIOlllHX perynupoBaTb IlOTOKM pa.[{HOttyKflH,[{0B H, KaK 

cne.[{CTBHe, MMHHMH3al.{HIO ,[{030BOH Harpy3KH OT BttyTPeHHero o6nyqeHM.SI Ha 

qenoBeKa, npO)KUBaIOI.I.{ero Ha TeppHTOpH.SIX C IlOBblllleHHbIM co.n:ep)KaHHeM 

pa,nHOttyKflM.[{0B. Cne.n:yeT no.n:qepKttyTb, qTQ C 3KOHOMHqecKOH TOqKH 3peHM.SI 

perynupoBaHHe ,[{030BOH KOMilOHeHTbl BttyTPeHHero o6nyqeHH.SI MO)KeT 

0Ka3aTbC.SI ropa3.[{0 6onee 3cpcpeKTHBHbIM, qeM orpaHHqeHHe BHernHero 

o6nyqeHH.SI. CcpopMynupoBaJI B.M. KJieqKoBCKHH H ocHOBHOe nono)KeHue 

cenbCKOX03.SIHCTBeHHOH pa.n:uo3Konoruu, CB.SI3aHHOe C npHHI.{MnaMH BBe,[{eHH.SI B 

arponpOMbllllfleHHOM npOH3B0,[{CTBe 3arp.SI3HeHHbIX TeppHTOpHH 3all{HTHbIX 

MeponpH.SITHH, HanpaBneHHblX Ha yMeHbllleHue co.n:ep)KaHH.SI pa.[{HOttyKflH,[{0B B 

cenbCKOX03.SIHCTBeHHOH npo.n:yKI.{HM. B pacTeHHeBO.[{CTBe Ba)l(HeHllIHM 

cnoco6oM orpaHuqeHH.SI HaKonneHH.SI pa,nuottyKnH.[{OB B ypo)Kae cny)KHT 

yBen11qeH11e nno.n:opo.n:u.si noqB. 

Hccne.n:oBaHH.SI B.M. KJieqKOBCKoro c np11MeHeHHeM H30TOITHbIX MeTO.[{OB 

umpOKO H3BeCTHbl He TOflbKO B Harnett CTpaHe, HO H 3a py6e)KOM. Ero TPY.[{bl 
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no H30TOnHoii arpoxuMuu 6bmu npe,ll,CTaBJieHbI Ha IIepBoii u Brnpoii 

)KeHeBCKUX KOH<pepeHI.{UHX no MUpHOMY ucnOJib30BaHUIO aTOMHOM :mepruu B 

1955 u 1958 rr. u Ha Me)K,l],yHapo,ll,HOM KOH<pepeHQUU IOHECKO no 

npuMeHeHUIO U30TOnOB B HayqHbIX UCCJie,l],OBaHUHX B 1957 r. 
B.M. KJieqKOBCKUM - aBTOp 6onee 250 qJYH.D.aMeHTaJibHbIX u opuruHaJibHbIX 

HayqHbIX pa6oT, a TaK)Ke aBTOp pH,!],a yqe6HUKOB u yqe6HbIX noco6uii, CTaTeii 

HayqHo-npOU3B0,l],CTBeHHOro xapaKTepa U ,ll,pyrux U3,l],aHUM. MHorue fO,l],bl OH 

51BJI51JIC51 qJieHOM pe,ll,aKQUOHHbIX KOJIJieruii pH,ll,a HayqHbIX )KYPHaJIOB. 

HayqHbie pa6oTbI B.M. KJieqKoBcKoro oxBaThIBaIOT umpoKuii Kpyr 

BOnpOCOB arpOXUMUU, 6uoq>U3UKU, pa,ll,uo6uonoruu, a TaK)Ke XUMUU " q>U3UKU 

u ornuqaIOTCH HOBU3HOM u rny6uHoii TeopeTuqecKoro 0606I1leHUH. 3a 

COBOKynHOCTb pa6oT no UCCJie,l],OBaHUIO nHTaHUH pacTeHUM u npuMeHeHUH 

y.D.o6peHuii perneHueM Ilpe3u.D.uyMa AKa,!J,eMuu HayK CCCP B 1968 r. eMy 

npucy)K,l],eHa nepBM 3oJIOTM Me,!J,aJih uMeHu ,z:i:.H. IlpHHUllIHUKOBa. 3a 

KOMUJieKc pa6oT no oxpaHe oKpy)KaIOllleii cpe,ll,bI BMecTe c rpynnoii 

COTPY.D.HHKOB B.M. KJieqKoBCKOMY B 1974 ro.D.y 6hma npucy)K,l],eHa BTopaH 

focy.D.apcTBeHHM npeMUH CCCP. MHorue TPY.D.hI B.M. KJieqKoBcKoro B 

o6JiaCTU pa,ll,U03KOJIOfUU CTaJIU KJiaccuqecKUMU. B.M. KJieqKOBCKUM aKTUBHO 

pa60TaJI B KOJIJieruu Bb!Cllleii aTTeCTaQUOHHOM KOMUCCUU. B TeqeHue MHOfUX 

JieT OH PYKOBO,l],UJI ceKQUeii no BOnpocaM MUrpaQUU pa,ll,UOaKTUBHbIX 

ttyKJIH.D.OB B 6uocqiepe u HBJIHJICH 3aMeCTUTeJieM npe,ll,ce,l],aTeJIH HayqHoro 

co Bern «Pa.D.U03KOJioruH» AH CCCP. 

HayqHaH u 06I1leCTBeHHM ,!J,eueJibHOCTh B.M. KJieqKoBcKoro nonyquna 

BbICOKYIO OQeHKY co CTOpOHbl CoBeTCKOfO npaBUTeJibCTBa: OH 6bm Harpa)K,l],eH 

.D.BYMH op.D.eHaMu JleHuHa, op,ll,eHaMu Tpy.D.oBoro KpacHoro 3HaMeHu, «3HaK 

IJoqeTa» U MHOfUMU Me,l],aJIHMU . 

li,!J,eu, 3aJIO)KeHHbie B.M. KJie'IKOBCKUM B OCHOBaHue OTe'leCTBeHHOM 

pa,ll,U03KOJIOfUU U ceJibCKOX0351MCTBeHHOM pa,ll,UOJioruu, HaXO,!J,HT CBOe 

,l],aJibHeiirnee nJIO,!J,OTBOpHoe pa3BUTUe B UCCJie,l],OBaHUHX ero yqeHUKOB " 

nocJie,l],oBaTeJieii He TOJibKO B o6JiaCTU ceJibCKOX0351MCTBeHHOM HayKu, HO " B 

QeJIOM pH.D.e ,ll,pyrux HayK, B qacTHOCTu, B 6uonoruu, Me,!J,UQUHe, reoqiu3uKe u 

.D.pyrux. 

Cero,!J,HH pa,ll,U03KOJIOfU'leCKUe UCCJie,l],OBaHUH noJiy'IUJIU HOBblM MOlllHbIM 

UMnyJihC ,l],JIH CBOero pa3BUTU51, CBH3aHHbIM C 6ypHbIM pa3BUTUeM 51,ll,epHOM 

3HepreTUKU BO MHOrux CTPaHax MHpa, aBapUHMU Ha pa,ll,UaQUOHHO-onaCHblX 

o6neKTaX. 3TH UCCJie,l],OBaHUH npoBO,l],51TC51 B Harnett CTPaHe MHOfO'IUCJieHHOM 

rnKonoii pa.D.H03KOJIOroB, C03,!J,aHHoii B.M. KJie'IKOBCKUM. 

B.M. Kne'IKOBCKUM 6hm UHUQuarnpoM C03,!J,aHUH BcecoI03Horo Hay'IHO­

uccJie,!J,oBaTeJibCKoro UHCTUryTa ceJibCKOX0351MCTBeHHOM pa,ll,UOJIOfUU 

(BHMHCXP), yqacTBOBaJI B pa3pa6oTKe u npe.D.cTaBJieHuu B npaBuTeJibCTBO 
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o6oCHOBaHH51 Ha ero CTpOHTeJibCTBO H BhI6op HanpaBJieHHH HCCJie,[{OBaHHH. B 
anpene 1972 r. OH BOllleJI B COCTaB nepBoro YqeHoro COBeTa HHCTmyrn. 
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HIIKOJIAM BIIKTOPOBifq JIYqHIIK (1922 - 1993) 

The double helix of one life 
Nikolai Luchnik - geneticist and radiobiologist 

TA TIANA KONDRASHOV A, VICTOR SOKOLOV 
Medical Radiological Research Center, Obninsk, Russia 

Nikolai Luchnik (1922-1993) was a brilliant researcher, one of the heirs - and 
promoters - of the old Russian scientific school, an extremely interesting and 
versatile person. 

He was born in Stavropol, a city in the south of European Russia, in the 
family of a known entomologist. In 1939, at an age of 17, he entered the best 
Russian University- the M.V. Lomonosov Moscow State University- initially, 
following his instinctive drive to mathematics, the Mathematics and Mechanics 
Department, but after a year, maybe being inspired by his father, he changed for 
the Biology Department. Two his great loves, Mathematics and Biology, can be 
traced throughout the whole his life. 

Luchnik's happy University years were dramatically interrupted in the year 
of 1941, when the Second World War rushed into Russia. He went to the front. 
An incomparably worse disaster was waiting for him in the spring of 1943. As a 
result of a libel (those who happen to be briefed on the USSR history might 
realize what a libel could actually mean at that time), he got arrested by Soviet 
authorities, and was confined to a concentration camp. Having spent in the 
camp over two years and being already at the very brink of exhaustion, Luchnik 
still managed to find a way to rescue. In autumn 1945, when the manufacturing 
of the Soviet A-bomb was an issue of a primary governmental interest, he 
declared to the camp administration that he had developed a number of ideas on 
the structure of the atom nucleus. He succeeded in being brought to a series of 
special committees of increasing importance level, where he presented his 
ideas. Eventually, late in 194 7, he was sent from the camp to a secret institution 
in the Urals, named Laboratory B, alias Post Box 0215. There, he found a 
refined research community - K.G. Zimmer, A.Z. Catsch, N.V. Timofeef­
Ressowsky, and other prominent scientists. All of them had been brought to the 
Laboratory after the War, and were working in various fields of radiation 
biology, under relatively comfortable life conditions, yet keeping the status of 
prisoners, without a possibility to leave a limited cordoned territory. There, 
Luchnik commenced his studies in radiobiology. 
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The maJonty of radiobiological studies in those years focused on dose­
response dependences . Nikolai Luchnik chose to examine the time-response 
curves. His approach proved to be fruitful in elucidation of regularities in 
radiation effects on both the chromosome and body level. He made two 
important findings in the early 1950-ies. The first one, the phenomenon of 
repair of primary cytogenetic radiation injury was described by Luchnik in 
1951 ( at that time, chromosome repair was generally understood as 
chromosome break restitution, in frames of the classic Sax and Lea theory, and 
repair in bacteria was found only 10 years later). The second finding was the 
existence of several peaks in animal mortality curves corresponding to different 
causes underlying radiation death (1957). Besides, throughout this period 
Luchnik conducted experiments in the search for agents exerting post radiation 
protection. He found and classified a variety of such chemicals (1958). 

Lecture ofN.V. Luchnik. Miassovo, 1950th. 

After Stalin's death in 1953, changes in political situation in the country 
entailed large-scope changes in many personal lives. A novel period started in 
Luchnik's life as well. In the mid-1950-ies, the Laboratory B was transformed 
into an open one and moved to Sverdlovsk, a large administrative center in the 
Urals. Here, Luchnik continued his studies on chromosome repair after varying 
radiation doses, for various physiological states of the cell, and at different 
stages of the cell cycle. 

Interest in the molecular mechanisms of gene mutations led him to the task 
of deciphering the genetic code. In early 60-ies, this problem was in the center 
of interest of many western laboratories with state-of the art technical 
equipment. Luchnik had at his disposal only a pen, paper, and published data. 
His mathematical abilities proved very useful in solving the challenging task. 

247 



Having performed a scrupulous statistical analysis of the available published 
data on in vitro experiments with cell-free systems on the one hand, and 
naturally occurring amino acid substitutions for a variety of biological objects 
on the other, Luchnik managed to establish the essential general properties of 
the genetic code (that it is degenerate, triplet, that a codon includes two 
nucleotides characteristic of an amino acid and a facultative third one), and to 
define by 1963 the correct meanings of triplets more completely than other 
researchers did at the time. His results were published - however, most 
unfortunately, in issues that were inaccessible for western researchers. 

From left to right: V.I. Korogodin, L.S. Tsarapkin, N.A. Poryadkova, 
N.V. Luchnik, 0 . V. Malinovsky. Miassovo, 1956. 

In 1962, Nikolai . Luchnik was rehabilitated. That meant a strikingly new 
degree of freedom in the development of his life helix. He was no more 
restricted in the choice of place where to live! Capital cities, Moscow and 
Leningrad (Saint Petersburg nowadays) were still beyond his reach . In 1963, 
Luchnik left for Obninsk, a small town in 100 km from Moscow, where a dozen 
of research institutes had been created since 1954, when the first in the world 
nuclear power plant had been constructed. In Obninsk, he headed the Radiation 
Cytogenetics Laboratory in the Medical Radiology Research Center. 

His main research interests in this period were mechanisms of chromosome 
lesion production. He investigated time dependences of cell response to 
radiation and chemicals, and analyzed the relationship of these responses to the 
normal activities of the cell. This approach allowed him to make a number of 
very interesting findings. For example, statistical analysis of the regularities of 
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sister-chromatid exchange and isolabel production suggested that they were 
end-points of the same process, the isolabels appearing in the case of a violation 
of the process (1977). A study of chromosome effects of a number of chemicals 
modifying cell metabolism made it possible to define some of them as 
pseudomutagenes, i.e. agents that do not cause DNA damage themselves, but 
promote the expression of spontaneous premutagenic lesion via induction of 
repair restrains. The combined action of radiation and pseudomutagenes gave a 
superadditive effect (1978). Also, with this approach, Luchnik corroborated the 
'template hypothesis', which he had first suggested earlier (in 1959). The 
'template hypothesis' supposed that primary genetic injury was the local 
irreversible inhibition of chromosome template activity, followed, unless 
repaired, by defective synthesis of daughter chromosomes (1966). 

In 1971, the Studia Biophysica published the first Luchnik's paper on the 
'two-check hypothesis', which was proposed to explain regularities of 
chromosome aberration production. The hypothesis postulated two regular 
control processes in the cell cycle, occurring before replication synthesis and 
before mitosis, comprising heteroduplex formation, and aimed at eliminating 
spontaneous lesions. The 'two-check hypothesis' was, in a sense, an extension 
of the 'template hypothesis', as it suggested a molecular mechanism for 
realization of primary chromosome lesions via deficient synthesis of new 
chromosome subunits. Between 1971 and 1993, Luchnik published about 50 
works relating to the two checks. In theoretical papers, he showed that the 
hypothesis, being initially based on radiation data only, also allowed to explain, 
without any additional assumptions, regularities of chromosome aberration 
induction following exposure to UV and alkylating agents, as well as 
chromosome reduplication patterns and crossover mechanisms. In experimental 
works, the hypothesis was successfully used to interpret time-effect curves for 
different aberration types in various biological objects, as well as data on split­
dose exposures. 

Is it not wonderful that Luchnik, as early as in 1970-ies, having at his 
disposal only data on radiation-induced chromosome aberrations, was able to 
unveil the cell cycle checkpoints - a finding to which researchers equipped with 
blotting, PCR, sequencing and variety of other advanced techniques, came 
twenty years later? 

Luchnik died, after six years of an illness that deprived him of physical 
abilities but not of the power of his spirit and mind, in Obninsk on 5 August 
1993. 

Nikolai Luchnik was a brilliant researcher. His creative heritage comprises 
over 273 research publications in journals and books. For a number of years, he 
was a member of editorial board of Mutation Research and other journals 
relating to genetics and radiobiology. 
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But Luchnik was much more than a researcher. He was the author of two 
popular books on genetics (Why I'm like dad) and radiobiology (The Invisible 
Contemporary), which were translated into many languages. A manuscript of 
the third one (Chromosomes' dance, dedicated to the cell cycle) was, 
unfortunately; lost. He took serious interest in philately, was an owner of an 
outstanding collection, and published about ten works as a philatelist. He was a 
talented artist. He was strong in versification. He was the author of interesting 
assays on religion and philosophy. He was a bright personality, unforgettable 
for everyone who knew him. 

The double helix of his life - we took this metaphor not only because DNA 
was a permanent and persistent focus of his interest. We also tried to emphasize 
that two intertwisting life-streams, black and white, 'downstream' and 
'upstream', had been contributing to the way he developed himself and to the 
memory he left. 

250 



rEHHAJJ;lIH rPIIrOPhEBIIq IIOJIIIKAPIIOB (1929-2012) 

IIITpnxn eocnoMnnaunii o HnKoJiae BJiaAnMnpoen11e TnMofJ>eeee­
PecoecKOM 

r.r. ITOJUfKAPITOB 

H11cmumym 6uoJ1ozuu 10::>JCHbZX Mopeu UM. A. 0. KoeaJ1eecK020 
Hal,fUOHaJlbHOu aKaoeMuu 11ayK YKpauHbl 

BMecmo eeeoemm 

llleJI 1954-1955 ro.n;. JI 6I,m acnttpaHTOM-6HocpH3HKOM no cneQttaJibHOCTH 

"pa.n;no6uonorm1". Kacpe.n;pa 6nocpn3HKH 6ttocpaKa MrY pacnonaranach 

BHaqane Ha MoxoBOH ynnQe, JaTeM - Ha JleHHHCKHX (HhIHe Bopo6heBhlx) 

ropax, JaBe.n;yIOI.UHM Kacpe.n;pou 6bIJI. npocpeccop Eopttc HnKonaeBnq TapycoB. 

Haum c Bono.n;eii (Bna.n;ttMnpoM HBaHoBnqeM) Koporo.n;nHhIM na6opaTOpHbie 

MeCTa - B O.D;HOH KOMHaTe nO.D;BaJibHOfO :nruKa 6uocpaKa. TaM y Mem1 

aKBapnyMhI c m.n;paMH Pelmatohydra oligactis m npy.n;oB MocKoBcKoro 

30onapKa H OT,AeJibHO - C .n;aq>HHHMH B KaqecTBe KOpMa .D;Jljl m.n;p. PH.D;OM 

KOMHaTa C peHTreHOBCKHM annapaTOM .D;Jljl o6JiyqeHH51 myqaeMbIX )KHBbIX 

o6'beKTOB " Ha TOM )Ke :na)Ke B cneQHaJibHOM OTCeKe C 3aI.UHTHbIM Jia6ttpHHTOM 

- K06aJibTOBa51 (Co
60

) raMMa-nyrnKa T0)Ke .D;Jljl o6JiyqeHml. 

3a6era51 Bnepe.n;, coo6my O HpKOM )];Jljl MeHH 3nH30.D;e, KOr.n;a 3HMOH 1955-

1956 rr. HHKOJiaH Bna.n;HMttpOBlfq o6xo.n;HJI BJia.n;eHffjf Kacpe.n;pbI B 

conpoBo)K.D;eHHH Eopuca HnKonaeBnqa (6e3 caHKQHH tt BonpeKH. rpoMKOMY 

KaTeropuqecKoMy Janpery Tor.n;arnHero .n;eKaHa 6nocpaKa "KpenKo JaxnonttyTh 

.n;BepH cpaKyJibTeTa nepe.n; MeH.n;eJIHCTOM-MOpraHHCTOM-BeHCMaHttCTOM"). 

YBn.n;eB MOH aKBapnyMbl C 3JIO.n;eeu H C0THHMH ru.n;p H Y3HaB TeMy MOeH 

acnupaHTCKOH pa6oTbI, HnKonau Bna.n;nMnpoBuq o.n;o6pnTeJihHO BOCKJittKttyJI: 

"BoT 3T0 H n106n10: BCHKYIO npupo.n;ey10 )KHBHOCTh!" OH CKaJaJI, qTo OHM 

opraHH30BaJIH (nocne "copOKOBKH", T.e. qeJI516HHCKa-40) Ha 6ttOCTaHQHH 

MuacCOBO B HnbMeHCKOM 3anoBe,AHHKe qeJI516HHCKOH o6JiaCTH rpynny 

"Bo.n;HHKOB", HapH.n;y c "EaqKncTaMn", 'Tpo6oBI.UHKaMtt", "KaBanepttcTaMn" u 

.n;p. J1 npurnaCHJI MeHH Ha CTa)KHpOBKY B JieTHee BpeMR no BO.D;HOH qacTH, 

KOTopoii JaBe.n;oBana EneHa AneKcatt.n;poBHa, ero )KeHa. JI 6hIJI CTµarnHo pa.n; u 
cpa3y ycJIOBHJICjf 0 KOHKpeTHOM npue3.n;e. Kor.n;a jf .n;o6aBHJI, qTo 

pacnpe.n;eJIHIOCb Ha CeBacTOnOJihCKYIO 6uonomqecKy10 CTaHQHIO AH CCCP, 
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OH CB0HM 6oraTbIM mammHHCKoro THna roJI0C0M HapacneB 

npo)],eKJiaMHpomm: "Ha r pa<pcKou npHcTaHH, B CesacTOnone, o 6epera 

KOTopou 6HJIHCh B0JIHhI N-cKoro Mop.s:1!" Bnocne)],CTBHH .s:1 Y3HaJI, qTo 0)],HH H3 

npe)],K0B era 6oraTOro Y)J.aJiblMH npall{ypaMH po)],a m po)],a PIOpHKOBHqeu 6bIJI 

repoeM CeBaCTOnOJIH - a)],MHpaJI HaXHMOB, qbHM HMeHeM Ha3BaHbl npocneKT H 

nJI0I.Qa)],b. PH)], )J.pymx era npe)],K0B aKTHBH0 np0HBHJIH ce6.s:1 B Cpe)],H3eMHOM H 

qepHOM M0pHX, B TOM q11cne BbipbIBaHCb H3 zypeI.tKoro UJieHa H yroHHH )],JIH 

3Toro 6oeBh1e nnascpe)],CTBa, BKJIIOqaH <pperaT. 

Ilo3TOMY H Cpa3y 0Ka3aJICH np11qaCTHbIM He T0JibK0 K HayqHQU cpe)],e no 

JIHHHH "Bo)],HHKOB" y EneHbI AneKcaH)],poBHhI K "pa)].Hal.(HOHHOH 

rH)],p06HOJIOrHH11
' HO H B reorpaip11qecKOM acneKTe - K c<pepe )l(H3HeHHbIX 

HHTepecos 0TBa)l(HhIX npe)],K0B HHKoJia.s:1 BJia)].HMHpos11qa. TaK, 

nepB0HaqaJibHaH (c 5 ceHrn6p.s:1 1956 r.) na6opaTOpHH pa)].H06HOJIOrHH 

CeBaCTOnOJibCKOH 6HOCTaHl.(HH (snocJie)],CTBHH pacmHpeHHaH 11 

npeo6pa30BaHHaH B 0T)],eJI pa)],Hal.(HOHHOH H XHMHqeCKOH 6HOJIOrHH MHCTH'fYTa 

611onom11 IO)l(HhIX Mopeu HM. A.O. KosanescKoro AH CCCP) cTana seTBhIO 

Moryqero HayqHoro .[1,peBa "pa)],Hal.(HOHHOH 6Horeol.(eHOJIOrHH11
, 

c<popMHpOBaHHOro HHKOJiaeM BJia)],HMHpOBHqeM y "6acypMaHOB 11 (B EepJIHHe, 

KoneHrareHe 11 .[1,p.) 11 s 11MH0royB8)1(aeM0M, HO o6umpHOM OTeqecTBe" 

(qeJIH6HHCKe-40, Csep)],JIOBCKe, O6HHHCKe). 51 c CaMoro Haqana Boopy)l(aJICH 

era HpKHMH seceJihlMH My)J.pb!MH npHHl.(HnaMH. IlepseHlllHM H3 HHX cqHTaIO: 

"IloqeMy CHe 88)1(H0 B-nHTbIX?" ,lJ;pyrHe TaK*e B0cnpHHHMalOT HX C 

O)J.o6peHHeM. TaK, 11 )],eKa6p.s:1 1996 r. npo<peccop AcKep AapKpor nonyq11n 

naMHTffYIO Me)],aJih npo<peccopa H.B. T11Mo<peesa-PecoBcKoro (113 pyK 

BeyqaTOr0 3aBe)J.yIOII{ero C03)],aHH0ro HHKOJiaeM Bna)],HMHpOBHqeM 0T)],eJia B 

CsepMOBCKe, Tenepb 0DHTh EKaTep11H6ypre, AneKCaH)],pa BHKTopos11qa 

Tpane3HHKOBa), Ha KOTopou, KaK H3BeCTH0, HanHcaH0: "B )l(H3HH H HayKe 

Ba)l(H0 0TJIHqaTh cyll{eCTBeHH0e OT 'HeCyll{eCTBeHH0ro". 51 BH)],eJI 3H'fY3Ha3M Ha 

JIHl.(e KpynHoro )],aTCK0ro yqeHoro B o6JiaCTH pa)].H0aKTHBH0CTH 6Hoc<pepb1, 

qTo n0)],TBep)],HJIH He3aMe)],JIHTeJihH0 H era CJI0Ba: "O )],a, H oqeHb H oqeHh 

cornaceH C 3THM npHHl.(Hn0M ! 11 

A menepb ece no nopRiJ1<.y 

B KaqecTBe acn11paHTa (1953-56 rr.) H BrpbI3aJICH B JIHTepazypy no 

pa)],Hal.(HOHHOH 6HO!pH3HKe, B KOTOpOH n0CT0HHH0 BCTPeqaJIHCb HMeHa 

Kop11<pees H3 3ana)].HOH JIHTeparypbI: Lea, Timofeeff-Ressovsky, Zimmer H 

)J.pyme. M B)J.pyr Ha Ka<pe)].pe see qaI.Qe CTaJIH norosapHBaTh o TOM, qTQ 

3ana)],Hb1u KJiaccHK Timofeeff-Ressovsky, 0KaJhrnaeTcH, pa6orneT Ha 

ypanhCK0M "o6'beKTe", r)],e y Hero Qena.s:1 HeMel.(KaH era na6opaTopHH H3 

EepJIHH-Eyxa, H qTo oH opraHmyeT 0T)],eJI B MHCTH'fYTe 611onom11 Y<I>AH 

CCCP H CKopo noHBHTCH B MocKBe Ha KOH<pepeHI.tHH no Me)],HI.tHHCKOH 
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pa,D,110JIOflUI. I1p11 3TOM OTMe'-laJiaCb npOTl1BOTTOJl0)KHaH peaKQml pa3Hb!X 

KpyroB B MocKBe. ,[(aJieKMH cnoKOHHhIH KJiacc11K 113 Hay'-IHOH JI11Teparypb1 

B,D,pyr OKa3aJICH 6Jil13Kl1M B03MYTl1TeJieM cnoKOHCTBl1H B Hay'-IHblX Kpyrax, T.K. 

6bIJI 6JI11)Kaihm1M KOJIJieroi1: T. MopraHa 11 r.,n;. MeJIJiepa. CJie,D,yeT 

HanOMHl1Tb, '-ITO B TO BpeMH OTBeTCTBeHHbIM 3a '-111CTOTY (B CMbICJie '-111CTK11) B 

COBeTCKOH reHeT11Ke 6bIJI mo611MeQ reHceKOB OT CTaJil1Ha ,!l,O XpymeBa 

Hapo,D,HhIH arpo6110Jior T.,[(. JlbrceHKO. 

TipHe3.ll H.B. THMO<peeaa-PecoacKoro Ha 6Ho<paK MfY. Cneaa ttanpaao: M. AcnaHllH, r.r. 
TionHKapnoa, A.H. Ti0p10KaHOB, H.B. THMO<peea-PecoacKHH, B.11. Koporo.llHH, B.M. fnaJep . 
1960 r. 

J.1TaK, KOHcpepeHQ11H B orpOMHOM, aM<pl1TeaTpOM, KOHcpepeHQ-3aJie. Mbr, 

MOJIO,D,e)Kb, ecTeCTBeHHO, - Ha 3a,D,HeM 11 BepxHeM nJiaHe, HO 3aTO OTry,D,a 

B11,D,Hee. B npe311,D,eyMe qeJioBeKa Tp11, m H11x o,D,11H CTOl1T, a ,D,pyroi1:, KaK 6hr 

Ha6bI'-laCb, 3Heprn'-1HO pacxa)Kl1BaeT 11 CTOJib )Ke 3Heprn'-1HO o6cy)K,!l,aeT BOnpoc 

0 6110JIOfl1l{eCKOH ,D,e3aKTl1BaQ1111 pa,D,11oaKTl1BHbIX BO,!],. O,D,11H 113 Hl1X, CKa3aHO, 

T11Mo<PeeB-PecoBcK11H H11KoJiai1: BJia,D,11M11p0B11'-I. Ho KOTOphrH? C 3ana,D,a 

,!l,OJI)KeH 6hITb BhllllKOJieHHblM 11 nocJie napbl ,D,eCHTKOB JieT 3ana,D,HOH )Kl13Hl1 

,!l,OJI)KeH 11MeTb HBHblH 3ana,D,HbIH aKQeHT 11Jil1 3By'-laH11e. A HeCTaH,D,apTHO 11 

yBepeHHO paCXa)Kl1BaBllll1H, K TOMY )Ke BpeMH OT BpeMeHl1 ,!l,JIH TTO,!l,'-1epK11BaHl1H 

MbICJll1 np11nO,D,Hl1MaBIIIl1HCH Ha HOCKl1, f0B0p11JI Ha a6comOTHO '-111CTOM, ,!],a)Ke 

KpaCO'-IHOM 11 O'-leHb o6pa3HOM H3bIKe. 11 3TO 0Ka3aJICH OH. 
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3aTeM nocJie)lOBanl1 ero nO3.[(HeBeqepH11e BbICT)'nJieHml no reHeT11Ke Ha 
MeXMaTe (Ha Jlpyrux <paKyJibTeTax )lJI51 Hero 6bIJI noJIHbIU 3anpeT) y 
npocpeccopa llimyHoBa, r)le 6bm rocTl1BIIIl1M yqeHbIM 113 BeHrp1111. ,ll.ri11TeJibHa51 
)ll1CKYCCl151 6bma Ha HeMeQKOM 513bIKe, HO y)Ke 6hIJIO .sICHO, qTo pycCKl1U OH 
3HaeT nyqIIIe mo6oro 113 MOCKB11qeu. 

HaKOHeQ, :mone51 nocern;eHl151, HeT, - onepaQ1151 no opraH113aQ1111 
npoH11KHOBeH11.s1 H.B. T11MocpeeBa-PecoBcKoro B KaqecTBe qacTHoro Jil1Qa, no 
np11rnaIIIeH11IO noceTl1Th Ka<pe.llpy 611ocp11311K11 My)KecTBeHHoro 3aBe)lyIOrn;ero 
3Toii Ka<pe.llpou .6.H. TapycoBa. Mhl, oprrpynna 113 nonyJlIO)Kl1HhI acn11paHTOB, 
)K)lanl1 B ycJIOBJieHHOe BpeM51 y 611ocpaKa, qT06bI 06ecneq11Tb Ql1B11JIH3OBaHHOe 
npoxo)K)leH11e Ml1MO Qep6epa B Tonne qepe3 6oKoBon BXOJl 611ocpaKa 
(QettTpanbHbIU BXO)l 6bIJI HaqeKy 11 HenpOXO)ll1M, qT06bI, no YKa3aHl1IO )leKaHa, 
Hora 6hIBIIIero CT)')leHTa MrY, a HhIHe "peaKQ110HHOf0 11 reHeTl1Ka He CT)'TIHJia 
B Alma Mater). lfraK, H.B. T11MocpeeB-PecoBCK11ii B IIIJI.si:ne 11 B nanhTO 
HapacnaIIIKY 6bICTPOii noxo)lKOU np116hm K Mecry BCTPeq11, MhI 
no3HaKOMHJil1Ch, a tty)KHO CKa3aTb, qTo 3HaKOMl1JIC51 OH He cpopManbHO, a 
3anOMl1Han C O)lHOro pa3a 11 HaBcer)la 11M51, oTqecTBO 11 cpaMl1Jil1IO Ka)K)loro, 
oTKy.lla pOJlOM 11 %11X npocpeccopoB yqeH11K. <l>oTOrpacp11.s1 y 611ocpaKa 3Tou 
11H11l.{HaTl1BHOU rpynnhI (no npoBe)leHl1IO Ha Ka<pe.llpy) C H.B. T11MocpeeBbIM­
PecoBCKl1M B QeHTPe - ony6n11KoBaHa B OJlHOM 113 HOMepoB )KypHana "HayKa 11 
)KH3Hb11 K ero 106HJieIO. 3aTeM B Ka611Here 3aBe)ly10rn;ero Kaq>Mpou (B 
60JibIIIOU ay)ll1TOpH11 )lJI51 III11pOKOU ay)lHTOp1111 6bIJIO HeJib351) C yqacT11eM 
TOJibKO npocpeccopoB, JlOQeHTOB 11 acn11paHTOB 06cy)K)lan11cb: a) HayqHbie 
11HTepeCbl Ka<pe)lpbl - .6op11c H11KoJiaeBH'I 11 6) rnaBHbIM o6pa30M, 
"BepHa)lCKOJIOfH.sI c cyKaqeBID;11HOU11 

- HHKOJiaU BJia)lHM11p0B11q, 3aTeM 
nocJie)lOBan o6XO)l Jia6opaTOp11U. H 11MeHHO 3TOT MOMeHT OTPa)KeH B KatJeCTBe 
nepBoro 3nH3o)la (npo rH.llp) B MOl1X BOCnOMl1HaHl151X. 

.6bIJIO BbICT)'TIJieHue H.B. T11MocpeeBa-PecoBcKoro Ha ceM11Hape B 
HHCTHT)'Te <pl1311KH AH CCCP y II.JI. KanHQbI. IIoMHIO Bonpocb1 
II.JI. KanHQhI: "KaK Be)leT ce651 pa)l11oaKT11BHh1ii Qe311u, 06pa3y10rn;11uc51 np11 
11cnb1TaHl1.sIX 51.[(epHoro opy)Kl1.sl 11 Bb1Tia,[(aIOrn;11u H3 aTMOC<pepbl Ha noqBy?" 
3anOMHHJIC.sI OTBeT: "B o6bJqHbIX ycJIOB11.sIX cop611pyeTC51 noqBoU HaMepTBo". 
H no.llKpenHJIC51 3TOT BbIBOJl ern;e 11 ern;e nocne aBap1111 Ha llepHo6hmbcKou 
A3C. 

IIpHIIIJIO BpeM51, )ll1nJI0MaT11qHbIU B.H. CTOJieTOB H3 M11H11cTepcTBa 
BbICIIIero o6pa3oBaHl151 CCCP 3aH51JI JlOBOJibHO BbICOK11ii a)lMl1Hl1CTPaT11BHbIH 
nOCT B PYKOBO)lCTBe HayKOU 11, oqeBl1)lHO, peIIIl1JI nOKa3aTb ce651 Tepn11Mb!M K 
11HaKOMblCJil1IO B reHeT11Ke, TeM 6onee, qTo "yqeH11e" JibICeHKO CTaHOBl1JIOCb 
Bee 6onee OJll1O3HbIM, xorn 11 npOJlOJI)KanO on11paTbC51 Ha reHceKa. Ha ceu pa3 
H.B. T11MocpeeB-PecoBcK11ii, np11rnaIIIeHHhIU B.H. CTOJieTOBbIM, BOIIIeJI B 
Kopnyc 611ocpaKa O<p11Ql1anbHO qepe3 QeHTPanbHbIU BXO)l 11 BblCT)'n11JI B Manoii 
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ayAHTOpHH (EOJibIIIa.si: ayAHTOpH.si: 6hIJia .llBHO napaqmeu reneeKa). KaK BeerAa, 

BbierynneHH.ll HHKOJia.ll BnaAHMHpOBHqa 6bIJIH BneqaTJI.lllOII.(HMH, He 

oeTaBJI.llJIH eOMHeHHH H AOeTaBJI.llJIH HeTHHHOe 3eTeTHqeeKoe YAOBOJibeTBHe. 

Bee TaK Ha.3hIBaeMbie "enoBeeHbie BOJihHOeTH 11 6bIJIH K Meery H 

BoenpHHHMaJIHeh KaK HJIJIIOeTpaTHBHhIH MeTOA HJIH npHeM M.ll yeHJieHH.ll 

3anoMHHaHH.ll. B p.si:Ae enyqaeB, On.llTh-TaKH K Meery, OHH HanOMHHaJIH 0 

IIIHpOKOM AHana.30He ero )KH3HeHHhIX nepHneTHH: OT yTonqeHHOH 

npou:eAypnou u:epeMOHHH B KoponeBeKOM O6meeTBe BenHKo6pHTaHHH AO 

AHKHX enoeo6oB Bhl)KHBaHH.ll e yroJIOBHHKaMH B narep.si:x' 3aKJIJOqeHHhIX 

Ka.3axeTaHa H BhIAep)KHBaHH.ll qyAoM "noeneAHero" nyTH B Baronax­

eTOJihlilHHKax (3a6HThIX AO OTKa.3a ern;e )KHBhIMH, YMHpaIOII.(HMH H AaBHO 

yMepIIIHMH 3aKJIJOqenHhIMH) e BoeToKa B MoeKBy. Men.si: HHKOrAa ne 

nOKHAaJia MhleJib O TOM, qTo eenH 6bI e03AaTh paBHbie yeJIOBH.ll AJI.ll 

ny6JIHqHbIX BhlerynneHHH H AHeKyeeHU H.B. THMocpeeBa-PeeoBeKoro H 

T.,n:. JlbieeHKO B YHHBepeHTeTax, HHeTHryTax, no paAHO, TeJieBHAeHHIO, B 

ra.3eTax H *YPHanax, TO HeXOA BeerAa 6bIJI 6hI .si:eHhIM H onpeAeJieHHhIM. Ho 
BJiaeTb 6hma BhIIIIe JIOfHKH H HHTepeeoB eTPaHhl. .. 

KaK eeuqae, no KOHTPaery, noMHIO "neKQHIO" T.,n:. Jlh1eeHKO na 6HocpaKe 

MfY H, KOHeqno, B nOJihllIOH ayAHTOpHH, no 11 BHA006pa.30BaHHI0 11
• 

BneqaTJieHHe 6bIJIO y)KaeHhIM, H HaeTPOeHHe - HaAOJifO HenopqeHHhIM: 3TO 

6bIJIO rnyMneHHe IOpOAHBOro MeTHTeJihHOro My)KHqKa Ha,ll eoBpeMeHHOH 

nayKou. IToMHIO Bee ero nepnh1. KonTpaeT yeHJIHBaJI eHnJihIH ronoe. BoT OAHO 

H3 HHX: "HeKOTOphle eqHTaIOT JlbieeHKO AypaKOM, HO OHH Y3HaIOT, qTo 3TO 

3HaqHT, Ha eBoeu eo6eTBeHHOH IIIKypppe". 

Reno, qTo TaKou eBepxneyroAHhIH, KaK H.B. THMocpeeB-PeeoBeKHH, Mor 

Bhl)KHTh (He eqHTM 3KeTPeMaJihHhIX HenhITaHHH B TIOpbMax H narep.si:x) TOJihKO 

B MaJIOBepo.si:THhIX yeJIOBH.llX nOJIHOH HeAoerynnoeTH: B Me)K,llyHapOAHOH 

na6opaTOpHH B EepJIHHe H Ha 6blBIIIeM eeKpeTHOM o6'beKTe B qen.si:6HHeKe-40 B 

Ka'leeTBe 3aKJIJOqennoro pyKoBOAHTen.si: pe)KHMHOH na6opaTOpHH npH YMHOM 

na'lanhHHKe o6oeKTa. Ho B03BpamanHeh )Ke ero npeAKH, nanpHMep, 

OTnpaBJI.llBIIIHee.si: myqaTh CeBepHhlH nonIOe, H3 acppHKaHeKoro nnena, yrnaB 

AJI.ll 3TOfO cpperaT H3 TypU:HH B CeBaeTOnOJih, 3a 'ITO OAHH H3 HHX nonyqHJI 

BbleOKHH BOeHHO-MOpeKOH 'IHH. 

Muaccoeo, ecmpe~u, nepenucKa 
KaK yroBopHnHeh 3apanee, .si: AaJI TenerpaMMy: "MHaee qen.si:6HHeKou 

11JihMeHeKHH 3anoBeAHHK 6HoeTaHU:H.ll MHaeeoBO THMOcpeeBy-PeeoBeKoMy 

ITpHe3)KaJO MHaee 10 HIOH.si: ITonHKapnoB CeBaeTononh". 

ITpH6hIBaIO, Hmy rJia.3aMH BOAHTen.si: Ha neppoHe. JlIOAeH 6bIJIO HeMHOro. 

JierKo AOraAane.si:, npeAeTaBHne.si:. "A rAe BTopou?" - "R OAHH". - "KaK OAHH, a 

CeBaeTh.llHOB?" - "HeT, .si: OAHH". - "TorAa noIIIJIH HeKaTh. CeBaeTh.llHOB! 

CeBaeTb.llHOB!" 11 .si: TO)Ke KpHqan: "CeBaeTh.llHOB!" IToTOM BOAHTeJih eKa.3an: 
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"3HaquT, .D.pyruM noe3,l1,0M npue,lJ,eT. Ey.D.eM )K,l],aTb". .51 Haqa.rr CMYTH0 

.D.0ra,l],bIBaTbC.ll u cnpocHJI: "A 0TKy.D.a CeBaCTb.llHOB?" - "KaK OTKy.D.a? OTiy.D.a 

)Ke, 0TKy.D.a u TbI. TenerpaMMa )Ke O.D.Ha". - "IIOKa)KHTe!" ~eiicTBHTenbHO, 

no.D.nHcb "IIonuKapnoB CeBaCTb.llHOB". Bee .s1cHo: TenerpacpucTKa. CKa3a.rr 

B0,lJ,HTemo, TOT Bbipyra.rrc.s1, qTo Tep.s1eM BpeM.ll, a exaTb ,l],aJieK0 u, C n03B0neHH.ll 

CKa3aTb, no ".D.opore". 

IIpu6brnaeM, H,lJ,y K 6uocrnHI.lHH, HaBCTPeqy 6bICTPbIM rnaroM HuKonaii 

Bna,l],HMHpOBHq, o6HHMaeT, BenuqaeT no HMeHH-0TqeCTBY u cnpaIIIHBaeT: «A 
r,l],e )Ke CeBaCTb.llHOB?» IIpo.s1cHeHue - u rpoMKHH, Ha Bee orpoMHoe o3epo 

Eonbrnoe MuaccoBo, B3pbIB xoxoTa. IIoTOM Hae ,l],0nro c BJ1. Koporo,lJ,HHbIM, 

OH ,l],0 MeH.ll npuexa.rr, 3BaJIH 6paTb.llMH CeBaCTb.llHOBbIMH. 

MeH.sI onpe.D.enHJiu B na.rraTKY, noKa3aJIH HayqHoe X03.llHCTBO u npurnacHJiu 

Ha qaenUTue-co6ece,lJ,0BaHue B KoTTe,lJ,)K K H.B. u . E.A. TuMocpeeBbIM­

PecoBCKHM. C yTpa cne.D.y10w:ero .D.H.ll .s1 6bIJI B cocTaBe rpynnb1 "Bo.D.HHKoB" u 

Haqa.rr onbIT no HaK0IIJieHHIO Qepu.s1-144 npecH0B0,lJ,HbIMH MonnIOCKaMH no}], 

Henocpe,l1,CTBeHHbIM Ha6nIO,l],eHHeM MHJieiirneii " ,l],06peiirneH EneHbl 

AneKcaH,l1,pOBHbI. 0 HayqHoii CTopoHe 3Toro u .D.pyrux onbIT0B c .D.pyruMu 

HY~H,lJ,aMH u rH,l1,po6uoHTaMH paCCKa3bIBaTb He 6y.D.y: HMeIOTC.ll rry6nuKaQHH. 

Ka)K,l],oe neTO, B 1957 u 1958 rr., .ll npue3)Ka.rr B MuaccoBo u ycep.D.H0 

TPY.D.IDIC.ll. BneqaTneHHH oqeHb MHoro (u He Ha 10 CTPaHuQ). EcTecTBeHHo, qTO 

n03HaK0MHJIC.ll co MH0fHMH, B nepByIO oqepe,l1,b C npeucnonHeHHbIM 

0TBeTCTBeHH0CTH 3aBe.D.YIOW:HM 6uocTaHQHeH, OH )Ke acnupaHT 

H.B. TuMocpeeBa-PecoBcKoro, HuKonaeM BacunbeBuqeM KynuKOBbIM, 

Bnocne,l],CTBHH ero npeeMHHK0M no 0T,l],eny, ,l],0KT0p0M 6uonoruqecKHX HayK, 

npocpeccopoM. 

Bee 6bIJIH T0r,lJ,a ,l],e3HH<pOpMHpoBaHbl " 3arryraHbl, B TOM qucne acnupaHT 

A. T10p10KaHOB, KoTopbIH B.D.pyr B03HHK y Moeii na.rraTKH u rnenoToM Haqa.rr 

Bbl.llCH.llTb o6cTaHOBKY Ha 6uocrnHQHH. OH 6bIJI c rpynnoii: noqBoBe.D.0B MfY 

(a Mbl C 0,l],H0f0 9 3Ta)Ka 30Hbl ~ B o6w:e)KUTHH MfY). Mon, Bee f0B0p.llT, 

CTaBun onbITbI, 3Haernb, Ha K0M (?!) TaM B EepnuHe, H T.,l],. fOBOpIO: "11.D.u K 

HeMy, noroBopu, YBH,l],Hlllb, qTo TaKOH qenoBeK B cuny CB0HX npHHQHn0B " 

xapaKTepa HHKaKHX TaKHX onbIT0B Ha TOM, Ha K0M He Ha,l],ne)KHT, He CTaBHJI11
• 

IIpuxo,lJ,HT nocne 6ece,lJ,bI npocBeTneHHbIH. A noToM 3aqacTun K . HuKonaIO 

Bna,l],HMHpOBHqy u CTaJI ero 6nu)KaHIIIHM n0M0W:HHK0M. 

OTMeqy ew:e nHIIIb, qT0 OCHOBHOU npHT.llraTenbHOH cunoH ,l],n.ll MaCTHTblX u 

M0n0,l],e)KU K 6uocTaHQHH MuacCOBO, Hap.ll.D.Y c BbIII0nHeHHeM C0BMeCTHbIX 

uccne,lJ,OBaHHH, 6bIJIH peryn.llpHbie Konn0KBHH no}], PYK0B0,l],CTB0M HHKOna.ll 

Bna,l],UMHpOBUqa, Ben OH HX H,l],eaJibH0, " Bee HCnbITblBaJIH orpoMH0e 

y.D.oBneTBopeHue, KaK npeo,lJ,oneHue oqepe.D.Horo nepeBa.rra. Ho 06 3TOH 

CT0poHe ,l],e.llTenbH0CTH HMeeTC.ll MH0ro BblCKa3bIBaHHH yqacTHHK0B B ne'laTH. 
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Moe Henocpe.[{cTBeHHoe npuo6mem1e K nepe.[{oBon llIKOJie 

H.B. TuMocpeeaa-PecoacKoro onpe.[{enuno ocH0BH)'IO HanpaaneHH0CTh pa6oT 

cpopMupoaaallleUc51 na6opaTOpHH MopcKon pa.[{uo6uonomu B CeaacTOnone Ha 

CEC AH CCCP . .51 6hm nornomeH opraHmaQHOHHou (nnaHupoaaHue 

cneQHaJihH0r0 Kopnyca) " 0.[{H0BpeMeHH0 HCCJie.[{OBaTeJihCKOU pa6oTOU B 

nepeo6opy.[{oBaHHhIX OTCeKaX CTaporo 3,[{aHH51 CEC Ha ITpHMOpCKOM 

6ynhBape. Ho nepenucKa c H.B. u E.A. TuMocpeeBhIMH-PecoacKHMH Benach, He 

npepbIBMCh, noKa OHM 6bIJIH )KHBhl. Ha MOH nHCbMa 0TBe11ana EJieHa 

AneKcaH.[{poaHa H3 Caep.[{JIOBCKa (HJIH H3 Muaccoao - JieToM), a nocne ux 

nepee3.[{a - H3 O6HHHCKa. IToceman 51 ux u B O6HHHCKe. KaK acer.[{a, :no 6hIJIH 

011eHh C0.[{ep)KaTeJihHbie " .[{06po)KeJiaTeJibHhie K0HTaKThl. A K0r.[{a EJieHbl 

AneKcaH.[{pOBHhI He cTano, nucan caM HuKonau Bna.[{HMHpoau11, HeCM0TP51 Ha 

TPY.[{H0CTH co 3peHHeM. .51 6hm Ha noxopoHax EneHhI AneKcaH.[{pOBHhI B 

O6HHHCKe. y MeH51 B pa6011eM Ka6uHeTe - MX nopTPeThl, npHCJiaHHhie 

HuKonaeM Bna.[{HMHpoau11eM no Moen npoch6e. Ha.[{ ux nopTPeTaMH - nopTPeT 

B.11. BepHa.[{cKoro . 

. B 1963 r. EJieHa AneKCaH.[{pOBHa ony6JIHKOBaJia CB0IO MOHOrpacpHIO 

"Pacnpe.[{eJieHHe pa.[{H0H30T0n0B no 0CH0BHhlM K0Mn0HeHTaM npecH0B0.[{HhIX 

BO.[{OeMOB" (Tpy.[{hI HHCTlfTYTa 6uonomu Y<I>AH CCCP, Bhm. 30), KoTopa51 

cpa3y )Ke 6hma ony6nuKOBaHa Ha aHrnuncKoM 513hIKe B cepuu H3.[{aHuu OK­

Ptt.[{)KCKOH HaQHOHaJihHOH na6opaTOpuu B CllIA. BcKope, 11epe3 ro.[{, 6hma 

3allIHTa ee KaH,[{H.[{aTCKOU .[{HCCepTaQHH B Caep.[{JIOBCKe, a 51 6hIJI y.[{0CT0eH 

11eCTH onnoHHpoBaTh 3TOH BhI.[{aIOmeuc51 pa6oTe, OTBe1IaB1lleH BCeM 

Tpe6oaaHH51M, npe.[{b51BJI51eMhlM K .[{0KT0pCKHM .[{HCCepTaQH51M. ITepe.[{ 

noe3.[{KOH 51 cyMeJI npeB03M01Ih ce651, 0Ka3aBllIHCh 0TPaBJieHHhIM B 

CeaacTonoJie He.[{06poKa11ecTBeHHhlM X0JI0.[{Q0M H3 Mara3HHa 6yKBaJihHO 

HaKattyHe noJieTa B Caep.[{JIOBCK. ,[l;upeKTOpOM 11HCTHTYTa 3K0JI0rHH pacTeHHU 

tt )KHB0THhIX Y<I>AH CCCP u npe.[{ce.[{aTeJieM Coaern no 3amurnM 6hm 

aKa.[{eMHK C.C. lllaapQ. 

KaK H3BeCTH0, HHKOJiaU BJia.[{HMHpOBH'I 0'IeHh KpHTH'IH0 0THOCHJIC51 KO 

BCeMy, 0TJIH1Ia51 cymecTBeHH0e OT HecymecTBeHH0ro. He TepneJI OH 

"6enu6ep.[{hI", "11ylllu co6a11hen". J13-3a p51.[{a cna6h1x pa6oT no pa.[{H03Konoruu 

Ha 3ana,[{e u a MoCKBe .[{0CTaBaJI0Ch OT Hero u caM0My TepMHHy. Mbl HMeJIH c 

HMM B03M0)KH0CTH o6cy)K.[{aTh TepMHH B MuacCOBO "Caep.[{JIOBCKe. 

A K0r.[{a 6hm ro.[{tt'IHhIH oT'IeT B CoaeTe no pa.[{uo6uonomu AH CCCP B 

OEH Hayn. oOJihllIOH Kany)KcKou, 33, To HttKOJiau Bna.[{HMHpoau11 0THec ce6sr 

H Tex, Kora OH npH3HaBaJI Ha .[{0JI)KH0M Hay11H0M ypoBHe, K "pa3yMHhIM 

pam103KOJioraM". Caoe BhICrynneHue OH TaK H Ha11rui: 11 Mh1, pa3yMHi.ie 

pa.[{H03K0JI0rH, ... " H .[{aJiee CJie.[{0BaJI0 H3JI0)KeHHe .[{OCTH)KeHHU ero OT.[{eJia. 

,[l;euCTBHTeJibHO, pa.[{H03K0JI0rH51 CTaJia M0.[{OH " MHome, oco6eHHO 

TeXH0KpaThI, 0Ka3aJIHCh T0)Ke pa.[{H03K0JI0raMH, HO Hepa3yMHhIMH. 
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IloMHIO, KaK noene MHTeJihHOH 3Kene,!J,uu,uu B MeKeHKaHeKHH 3aJIHB, 

Kapu6eKoe Mope u Ha Ky6y B 1965 r. H npurnen, 6y.D.yqu B MoeKBe oeeHhIO, Ha 

JieKu,010 HuKOJIM BJia.D.HMHpoBuqa Ha 6uoqiaKe MrY, r.D.e oH quTan Kype no 

nonyJIHU,HOHHOH reHeTUKe. Ero )Ke He BnyeKaJIH Ha 6uoqiaK 10 JieT TOMY 

Ha3a)].! Ilopa.D.OBaJieH nporpeeey. Eme 6onhrne 6bm pa.D. BeTpeqe e HuKonaeM 

BJia)].HMHpOBUqeM, KOTOpbIH 6bIJI, KaK Beer)],a, oqeHb pa,!l,yrneH. 

HuKonaii BJia.D.HMupoBuq qaeTO noBTOpHJI: "HaeTOHll.J,HH yqeHhIH He MO)KeT 

6bITh nnoxuM qeJioBeKOM, u ttao6opoT". Ott eaM u ero )Ketta Enetta 

AJieKeaH,!l,pOBHa 6bIJIH HaeTOHll.J,HMH JIIO)].hMH u yqeHhlMH, a OH JIUqHo 6bIJI eme 

" reHHaJihHhIM yqeHbIM, OH 6bIJI eryeTKOM HeBepoHTHOH 3Hepruu " npe,!l,eJibHO 

HeHOH (BH,!J,eBrneii epa3y 11B-TIHThIX11
) MbieJIH. OH ll.J,e,!l,pO O,!l,apHBaJI JIIO)],eH 

eBOeH 3Heprueii. Ott paBHO 3aHHTepeeoBaHHO pa3rOBapHBaJI e MaeTepOBhIM 

qeJIOBeKOM, quHOBHHKOM, UeKyeeTBOBe,!J,OM, ueeJie)],OBaTeJieM . .51 qyBeTBYIO ero 

3Hepru10 B ee6e. 

Ha,!J,eIOeb Bbi6paTb BpeMH " onueaTh Bee TIO,!l,p06Hee, npOU,HTHpOBaTb 

nuebMa, Ha3BaTh MHOfHX KOJIJier, H3 KOTOpblX 3)],eeb H ynOMHttyJI TOJlhKO 

OT)],eJibHhIX. Ey)].eM paeeqHTbIBaTh, qTO Bee Bnepe,!l,H! 

IlepBbiii ua6pocoK o B.H. Koporo,llnue 

JfaqHble BOCilOMHHaHIUI 

o Bna.r:t:HMHpe l1aaHoa11qe Koporo.n:11He, 
Bni.n:ruom:eMcH pa.ri:110611orrore-reHeTHKe, 

CeBaeTonoJih, 2000 r. 

pa,r:i:110JKorrore a:sapniiHnIX 30H, o6m:eM 611orrore, 
MI,ICJIHTerre-qrnrroc0<pe B cq_>epe HHQ_)OpMaU,HH H )Kli3HH, 

MOeM )].aBHeM 3aMeqaTeJinHOM .n:pyre C YHHBepcHTeTCKHX BpeMeH 

r.r. IlOJIMKAPilOB 

H1-1cmumym 6uoJ102uu 10:J1C1-1bzx Mopeu UM. A. 0. KoeaJ1eec1<020 
HalJU01-ICUlb1-IOU a1<aoeMUU 1-1ay1< Y1<paU1-lbl 

1955 ro)].. 3anoMHHJieH HaBeer,!J,a nepee3,!J, Kaqie.D.phI 6uoq>H3HKH 6uocpaKa 

MrY ...;.. BO maBe e 3aBe.D.yIOll.J,HM Kaqie.D.poii npoqi. E. H. TapyeoBhIM, 

3aMeeTHTeJieM 3aBe.D.y10mero Kaqie.D.poii npoqi E. B. EypnaKoBoii u yqeHhIM 

eeKpeTapeM Kaq>e,!l,phI u pyKOBO.D.HTeJieM EoJihrnoro npaKTHKyMa, TOr,!J,a 

Jl.OU.eHTOM, a HhIHe npoqieeeopoM, 0. P. Konhe - e MoxoBoii ynuu,hI (H3 
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no,n;BaJihHhIX noMerueHHH ucTopnqecKoro q>aKyJihTeTa, r.n;e pacnonaraJiaCb 
nepBoHaqaJibH0 nepaa» B CCCP MOJIO,n;M, 1953 ro.n;a po)KJ{eHH», Kaq>e.n;pa 
3T0ro npoq>HJIH) Ha JleHHHCKHe, Tenepb Bopo6heBbI, ropbl B H0B0e 3.[J;aHHe 
6noJI~ruqecKoro q>aKyJihTeTa MrY. O6urnaume B o6rue)KHTHH MrY Hayn. 
CrpoMbIHKa nepe6npaJIHCh B 061I1e)KHTMe B rnaBH0M 3.n;aHnn MrY Ha 
JleHHHCKHX ropax {MOH acnnpaHTCKa» K0MHaTa 936 JieBM, Ha 9 3Ta)Ke B 30He 
~ C BM,[J;0M Ha 3,[J;aHne XHM!paKa). r py3HM npn6opb1 Ha MallIHHbl Ha MoxOBOH H 
pa3rpy)KaeM MX Ha 6noq>aKe Ha 3 3Ta)Ke, Ha K0T0p0M ,[J;JIH Kaq>e,n;pbl 6noq>H3MKH 
BbI,[J;eJieH 6oJibllIOH OT,[J;eJibHblH OCHOBHOH OTCeK, n a no.n;co6Hbie noMerueHHH 
Kaq>e,n;pbl B U0K0JibH0M 3Ta)Ke. 11.n;eT nonyTH0 3HaKOMCTB0. 

Cpe.n;n pa3H006pa3HOH rpynnhl H0BbIX M0JI0,[J;blX corpy.n;HHK0B " 
acnnpaHT0B BbI,[J;eJI»JICH 0,[J;HH CB0MMH paCK0BaHHblMH " - B TO )Ke BpeMH -
HeHaB»3qHBbIMH ecTeCTBeHHblMH MaHepaMH. OH HenpHHy)KJ{eHH0 aczynaJI B 
.n;py)l(eCKHe 6ece.n;hI, IIIYTHJI, CJI0B0M, .n;ep)l(aJI ce6», KaK eCJIH 6MOH 6bIJI ,n;aBH0 
3HaK0M co BCeMH. TaK, 6e3 !pOpMaJibHOCTeH no3HaK0MHJICH " » C 
Koporo.n;HHbIM, KOTOpbIH cpa3y )Ke CT8JI Ha3bIBaTb MeH» «feHKa», a » ero 
«BoaKa». Hae c BoBKOH (n eme 3JieKrpO!pM3HOJiora pacTeHHH, oK0Hqna1IIero 
THMHp»3eBKY) pacnpe,tieJIMJIH B 0.[J;Hy Jia6opaTOpHyIO K0MHazy B U0K0Jie. TaM, 
Ha H0B0M MeCTe n Ha HOBOH Jia6opaTOpHOH 6a3e (p».n;OM peHTreH0BCKa» 
K0MHaTa ,n;JIH o6nyqeHHH, a ,[J;8Jlbllle no Jia6npHHTY K068JlbTOBM raMMa­
nyllIKa), HaqaJIHCb 0CH0BaTeJibHbie pa60Tbl Ha,[J; TeMaMH KaH,n;n.n;aTCKMX 
.n;ncceprnunH. 

TeMbI y Hae 6bmn pa3Hhie, y Bono.n;n - no ,n;eHCTBMIO H0HM3upyIOIUHX 
H3JiyqeHHH Ha MHKpoopraHM3Mbl - ero JII06HMbie .n;po)l()KeBbie KJieTKH, y MeH» 
- Ha 0KHCJieHne HeHaCbIII.{eHHbIX )l(Hp0B H Ha npouecCbl pa.n;HaUH0HH0ro 
nocJie,n;eHCTBHH y {MOHX JII06HMblX c 3-ro Kypca YHHBepcnTeTa) npeCH0B0,[J;HblX 
ru.n;p. Mb! )KHB0 HHTepeC0B8JIHCb H o6cy)KJ{8JIH ,n;aHHhie Ka)KJ{0ro H3 Hae - no 
,n;p0)l()l(aM H no ru.n;paM. MHe npHHTH0 0C03HaBaTb, qTo MOH 6JIM)l(aH:IIIHH 
K0JIJiera a HallleH o6rueH Jia6opaTOpHOH K0MHaTe o6Hapy)KMJI nepBbIM a MHpe 
3qJ!peKT nocTpa,n;naunoHH0ro B0CCTaH0BJieHHH KJieTOK, 3a qTo eMy 6bIJI BbI,[J;aH 
,n;HnJI0M 06 0TKpbITHH. MbI C Bono,n;eH nepBblMH CKp0MH0 0TMeTMJIH ero 
ycnex B npoq>eccopCKOH CTOJIOBOH MrY (B ueHrpaJibH0M 3,[J;aHMM MrY Ha 
BT0p0M 3Ta)Ke): BMH0BHMK T0p)KeCTBa, KaK C0Tpy.n;HHK, 3anJiaTHJI 3a 2 o6e.n;a Ha 
Hae C HHM T8JI0HaMH, Bbl,[J;aBaeMblMH 3a Bpe,n;H0CTb, a », KaK acnnpaHT 6e3 
T8JI0H0B, BblCTaBHJI 2 nuaa. Hepe,n;KO » c y,n;oB0JibCTBMeM n0M0raJI Bono.n;e 
HeCTH ropy qallleK Tierpn Ha Kaq>e.n;py MHKpo6MOJIOrHH ,[J;JIH CTepHJIM3aUHH. no 
.n;opore zy.n;a n o6paTHO Mbl )KUBO o6cy)KJ{8JIM TeKyrune n HacyIUHbie 
npo6neMbl pa.n;naunoHHOH 6MO!pH3MKH B CTpaHe H B MHpe. Po)KJ{aJIHCb o6rune 
HHTepeCbl H nJiaHbl. OHH B0nJI0IIl8JIHCb B 061I1ne ny6JIHKaUHH. 
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no Kp1,1MCKHM ropaM. 8 .11. KoporoAHH, r .r . no11HKapnos. 1950-e rr. 

lcosMeCTHO Mb) aKTHBHO yqacTBOBa.JIH B ttay'IHbIX KOHCpepeHI._(lfj!X MrY H 

3a ero npe.n,enaMH. TaK, 6blJia ony6JIHKOBatta umpopMal..(Hjl: Koporo.n,HH B. 11. 

u TionuKapnos r. r. «Tiepsoe Me)l(sy3oscKoe cosemattHe no pa.n,uo6uonornH» 

B HOBOM )l(yptta.Jie «Euoq>H3HKa» (T. 2, 1957) u Koporo.n,HH B. 11. H 

TioJIHKapnOB r . r . «Me)l(BY30BCKOe cosemattHe no pa.n,uo6HOJIOrHH» B 

)l(yptta.Jie «Me.n.HUHHCKM pa.n,uonornj!» (N~ 3, 1957). Hapj!.LJ.Y c 

nepcotta.JibHbIMH, KaK Toro rpe6osa.JIH npasuna BAKa, Mb! ny6JIHKOBa.JIH H 

COBMeCTHbie CTaTbH. Ottu TaK)l(e .n,onOJIHHTeJibHO xapaKTepH3YlOT JIH'IHOCTb 

Moero .n,pyra u KOJIJiern. ,ll;onOJIHHTeJibHO - nOTOMY, 'ITO s «Tiy6JIHKal..(Hj!X 

B .11. Koporo.n,utta» ( crp. 12-16) s 6porn10pe «Bna.n,HMHp 11sattosuq 

Koporo.n,HH. K 70-neTHlO co .LJ.Hj! po)l(.LJ.ettHj!». (,ll;y6tta, 1998) npuse.n,ett cnucoK 

TOJibKO caMbIX Ba)l(HeHllIHX ero pa6oT. A B .n,aHHOM cnyqae tte6e3blHTepecHo 

BCnOMHHTb H O nepBbIX, nycTb He OCHOBHbIX, rnarax COBMeCTHbIX HCKaHHH H 

nOHCKa CTpaTerHH .Ll,a.JlbHeHllIHX HCCJie.n,oBaHHH .Ll,Jlj! Ka)l(.Ll,Oro H3 Hae B 

OT.Ll,eJihHOCTH. 

BoT OHH, 3TH caMbie nepBbie warn - H scer.n,a B a.Jiq>aBHTHOM nopj!.LJ.Ke. 

EupyKos 11. H., Koporo.n,HH B . 11. H TionuKapnos r . r ., Tpeq>unos B .11. 
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«.ll:HHaMHKa .si:pK0CTH JIIOMHHecuemurn KaK Il0Ka3aTeJib paAHaQM0HH0f0 

Il0pa,)KeHH.sl» (oMOXMMJflleCKMe H Q)M3MKO-XMMMqeCKMe 0CH0BbI 

6ttoJiorw1ecKoro AeiicTBM.si: paAHaQMH. Te3MCbI A0KJiaA0B. M.: l13A-BO MfY, 

1957). M a TOM )Ke C0CTaBe aBTOp0B 6hma ony6JIMKOBaHa CTaTb.sl «HoBoe a 

npMMeHeHMM JIIOMMHeCQeHTHOH MMKp0CK0ilMM AJI.sl Jf3yqeHM.sl 6MOJIOfHqecKoro 

AeiicrnM.si: M0HH3MPYIOll.\MX M3Jiy11eHMH» B «)KypHaJie HayqHoii M npMKJiaAHOH 

cpoTOrpacpMM tt KMHeMaTOrpacpMM» (T. 3, BbIIl. 2, 1958). KcTaTM, 0TMe11y, qTQ 

Hropb HMKOJiaeBM11 DMPYKOB - C0TPYAHHK KacpeApbI Hay11HOH cpoTOrpacpMM H 

KMHeMaTOrpacpMH MfY, M ero «Harnem> BoJIOA.si:. B *YPHaJie «YcnexM 

COBpeMeHHOH 6MOJIOfHM» (T. 44, BbIIl. 1 ( 4), 1957) BblllIJia CTaTb.sl: KoporOAMH 

B. 11. H fIOJIHKapnOB f. f. «fiepBM11Hbie npoQeCCbI npM Jiy11eB0M Il0pa,)KeHMM 

(K Bonpocy 0 MeXaHH3Me ycMJieHM.sl PMM06MOJIOrtt11eCKOf0 3cpcpeKTa)». B 

KHMre «HTOrn HayKM. 1. PMH06HoJiorn.si:» (M.: l13A-BO AH CCCP, 1957) 
ony6JIHKOBaH 6oJihllIOH 3aKa3HOH Mc11epnbIBaIOll.\MH o63op Ha 25 CTPaHHQax 

«EttocpM3H11ecKHe 0CH0BhI AeiicTBM.si: M0HM3MPYIOll.\MX M3Jiy11eHHH» TpeM.si: 

aBTOpaMH: EeHeBOJieHCKMM B.H., Koporo,[{HHbIM B.11. M ITOJIMKapnOBbIM r.r. 
Y BoJIOAM B03HHKaJI MHTepec K npoueccaM, npoTeKaIOll_\MM B ccpepe 

rep0HT0JI0fMH, a .s1 MHTepeC0BaJIC.sl C IOHHaTCKOH nopbl M 3HaJI, KaKMe pacTeHM.sl 

M )KHB0THbie CK0JibK0 )KHByT. B pe3yJihTaTe Mbl C HMM HanMCaJIH M M3AaJIM 

cTaTbIO «EttoJiorn11ecKoe AeiicTBMe H0HH3HPYIOll.\HX M3Jiy11eHMH, npoueccbI 

crnpeHH.sl H np0A0JI)KHTeJibH0CTb )KM3HM» B *YPHaJie «MeAHQHHCKa.si: 

paAHOJIOfH.sl» (NI~ 4, 195 8). 3aTeM BoJIOA.sl c npMcymeii eMy pernHTeJibH0CTblO 

H 3Heprneii 0KYttyJIC.sl B 6ypHbIH npouecc MCCJieAOBaHHH B pa3HbIX HHCTMryTaX 

MocKBbI, Ctt6MpH, O6HHHCKa, .ll:y6Hbl M B CB.sl3aHHbie C HMMM noe3AKH B 

3apy6e)Kbe Ha K0HrpeCCbI (06 3T0M CBeAeHM.sl ony6JIMKOBaHbI), a .si: CTa6HJibHO 

npMIIaJIMJI K CeBacTonoJibCKOH 6HoJiorM11ecKoii CTaHQMM MM. A. 0. 

KoBaJieBcKoro AH CCCP, 0TKyAa 0TAaBaJI K0HQhI JIMillb B MopcKMe H 

0KeaHM11eCKMe 3KCileAHQHH, Ha CHMil03ttyMbl M 0AMH pa3 Ha pa6ory B MoHaKo 

c B03BpaT0M B CeBaCTOTTOJih. AnepMOAMIIeCKH MeH.si: HaaemaJI BoJioA.si:, MbI 

o6cy)l(AaJIH, Mbl IlMCaJIM BMeCTe, Mbl AeHCTBOBaJIH coo6ma, HO 3T0 He 6hIJIO B 

paKypce ero OCHOBHOH Ae.si:TeJibH0CTM, M Il03T0MY TaKMe CBeAeHM.sl Il011TM He 

HarnJIH 0TPa*eHM.si: B ero aocnoMHHaHM.si:x. CaMoii CMJihHOH 11epToii HaryphI H 

MbICJIHTeJibHOH oco6eHHOCTblO BoJIOAM 6hIJIO Il0JIH0e M Il0CT0.slHH0e 

nornorneHHe npeAMeT0M M JIOfHKOH MCCJieA0BaHH.sl. 

Ony6JIMKOBaHbl HeK0T0pbie HallIM c HHM cpoTOrpacpHM (MoCKBa M KpbIM). Y 

MeH.si: ecTb cpoTOrpacpH.si: (npaBAa, AaJieKo He Jiy11rnero Ka11ecrna): npocp. E. H. 

Tapycoa, BoJioA.si: H .si: Ha K0JiopMTH0M 6a3ape B CeaacTonoJie AerycTMpyeM 

pa3JIHBH0e cyxoe BHH0fPMH0e BMH0. 
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KaK-Hn6y.[{h, HMeIOCb, ,[{06aBUTb KpaTKUe CBe,[{eHUH Ha CJie,[{yIOl.l{Ue TeMbl. 

1. MbI c BoBKOH nurneM MH MOCKOBCKoro pMuo cepu10 crnTeii .[{JIH 
IOHHaTOB (PM" He60JibIIIUX roHopapoB) . 

2. H. B. TuMocpeeB-PecoBCKUH B na6opampuu (MIY) y Hae c BoBKoii -
.[{pO)K)l{H " rll,[{pbl. PeaKI.(UH. 

3. BoBKa u H B E. MuaccoBo, qenH6uHcKaH o6nacTb. 

4. KHura K. U:nMMepa. MbI C BoBKOH IlUIIIeM peu;eH3UIO. 3aTeM U3,[{aeM 
KHUry QUMMepa Ha pycCKOM H3bIKe. BOBKa pe,[{aKTOp, a H nepeBo,[{quK. 

5. Ilpue3,[{ npocp. B. M. KoporO,[{UHa B qepH06bIJibCKUe ,[{HU B KueB K BUQe­
npe3U,[{eHTy AH YCCP aKM. AH YCCP B.M. TpecpunoBy. 

6. CTaTbH B. M. Koporo.[{UHa c A. Arp3 (1960) npo Kapaqaii. ,[(JiuTeJibHhIH 
JiaTeHTHblH nepUO,[{ U 3aTeM (npu npe,[{CTaBJieHUU MHOIO BoJIO,[{U 
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Ell{e, HMeIOCb, BCil()MHIO " Hanurny O ,[{aBHO Il03a6hITOM ... 

A OCHOBHhie BOCilOMUHaHUH OCTalOTCH CBe:ll<UMU, He'CTapeIOl.l{UMU. 
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IlaMHTH BLIAaromerocH yqeuoro-paAH0JK0Jiora aKaAeMnKa HAH 
YKpaUHbl r.r. IIOJIHKapnoea 

B. H. EfOPOB, C. E. fYJUfH, H. H. TEPEI.QEHKO 
H1-1cmumym 6uoJ102uu 10J1C1-1bzx Mopeu UM. A. 0. Koe(1Jleec1<020 
HatfUOH(lJlbHOU a1<aOeMUU 1-1ay1< Y1<pau1-1bz 

11 ceHrn6p.si 2012 r. ywen H3 )KH3HH BbI,D.aIOI.QHHC.si yqeHbIH, co3,D.aTeJib 
MOpCKOH pa,D.H03KOJIOrHH H QeJioro p.si,D.a HayqHblX HanpaBJieHHH B myqeHHH 
3KOJIOrHH Mop.si, OCHOBaTeJib OT,D.eJia pa,D.HaQHOHHOH H XHMHqecKOH 6ttOJIOrHH 
lfHCTHryTa 6HOJIOrHH IO)KHblX MOpeH,. aKa,D.eMHK HaQHOHaJibHOH aKa,D.eMHH 
HayK YKpaHHbI, naypeaT focy,D.apcTBeHHOH npeMHH YKpattHbI, 3acJiy)KeHHbIH 
,D.e.s!TeJib HayKH tt TeXHHKH YKpaHHbl, KaBanep op,D.eHOB «3HaK floqeTa» tt «3a 
3acnyrn» III CTeneHH, a TaK*e MHOrHX .D.pyrHX OTeqecTBeHHbIX . H 
Me)K,D.yHapO,D.HbIX Harpa,D., ,D.OKTOp 6HOJiornqecKHX HayK, npocpeccop r eHHa,D.HH 
f pHrOpbeBHq I10JIHKapnOB. 

Po,D.HJIC.s! r eHHa,D.HH fpttropbeBHq 16 aBryCTa 1929 B ceJie D0Jlbllla51 
fnywttQa CaMapcKOH (Kyii6billleBcKoii) o6nacTH B PC<l>CP (CCCP) B ceMbe 
nOlJTOBOrO cJiy)Kamero I1oJIHKapnoBa f pttropH51 lfBaHOBHqa H ITOJIHKapnoBOH 
(.D.eBHlJb51 - CMarnHa) EneHbI I1eTpOBHbI. Bb1cwee o6pa3oBaHHe c omnqneM 
nonytJHJI B 1952 r. B CapaToBCKOM rocyHHBepcHTeTe HM. H.r. llepHbIWeBcKoro 
Ha 6HOJIOro-nolJBeHHOM cpaKyJibTeTe no cneQHaJibHOCTH ((300JIOrH.si». B 
acnttpaHrype no cneQHaJibHOCTH «6HOqJH3HKa» yqHJIC.s! B CapaTOBCKOM 
rocyHHBepCHTeTe (B 1953-1954 rr.) tt MoCKOBCKOM rocyHHBepcHTeTe Ha 
Kacpe,D.pe 6ttocpH3HKH 6HOJIOro-nolJBeHHOro cpaKyJibTeTa (B 1954-1956 rr.). B 
1952-1953 rr. pa60TaJI npeno,D.aBaTeJieM 6HOJIOrHH tt XHMHH B CTaplllHX 
KJiaccax BeJIHKo-fnywttQKHH cpe,D.Heii lllKOJibI (Kyi16b111IeBcKa.si o6nacTh, 
PC<l>CP). Ac 1956 no 1975 r. pa6oTaJI B lfHEIOM AH YCCP / HAH YKpaHHbI 
Ha ,D.OJI)KHOCT.s!X MJia,D.wero H CTapwero HaylJHOro COTPY.D.HHKa, 3aBe,D.y10mero 
OT,D.eJIOM pa,D.H06HOJIOrHH. B 1975-79 ro,D.ax pa6oTaJI B KH51)KeCTBe MoHaKo B 
Me)K,D.yHapo,D.HOH Jia6opaTOpHH MopcKOH pa,D.ttoaKTHBHOCTH MAf A T3 Ha 
.D.OJI)KHOCTH cTap11Iero HaytJHoro coTPY.D.HHKa (P-5) - 3aBe,D.y10mero ceKQHeH 
«lfccne,D.oBaHHe oKpy)KaIOmeii cpe,D.bI» H WTaTHOro lJJieHa CeKpeTapttaTa 
MAf A T3 (no JIHHHH Mlf,n: CCCP - crnpwnii coBeTHHK-nocJiaHHHK). C 1979 
no 1991 r. OH - 3aBe,D.ylOLQHH OT,D.eJIOM pa,D.HaQHOHHOH H XHMHqeCKOH 
6nonorntt (OPXE), c 1991 r. no 2012 r. - rnaBHbIH HaytJHhIH COTPY.D.HHK 
OPXE lfHEIOM HAH YKpaHHbI. 

B 1964-1966 rr. I1oJIHKapnoB r.r. C03,D.aJI H 3aTeM pa3BHJI HOBYIO HaytJHYIO 
,D.HCQHnJIHtty - MOpCKYIO pa,D.H03KOJIOrHIO, a TaK*e Ha ee 6a3e -
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pa,n;uoxeM03KOJIOrmo, MOJIHCMOJIOrmo H eKBHJ:{03UMeTpHIO. CcpopMHpOBaJI 

IIIKony MopcKou pa,n;uo3Konoruu, Bbipoc caM J:{O aKa,n;eMuKa AH YKpauHcKou 

CCP/HAH YKpauHhI, BocnuTan u BbipacTun nneHey HayqHhIX Ka,n;poB - 29 

KaHJ:{UJ:{aTOB HayK, 3 J:{OKTopoB HayK u aKa.L{eMuKa HAH YKpauHbI. ITpe.L{JIO)KHJI 

B KOHI.~e 1950.-x rr. u J:{06UJICH 3aBepIIIeHUH CTP0HTeJibCTBa B 1973 r. B 

MapTbIHOBou 6yxTe CeBacTononH cneQHaJihHoro pa.L{uo6uonoruqecKoro 

Kopnyca MH OPXE MHEIOM. BHec BecoMhIH HayqHhIH u npaKTuqecKuu BKJia;:J; 

B oxpatty rU,L{poccpepbl OT pa.L{UOaKTUBHbIX H XHMuqeCKUX 3arpH3HeHUH. OH 

npe.L{cTaBun B 1950-x - Haqane 1960-x rr. o6ocHoBaHttyIO 

pa.L{U03KOJIOrHqecKyIO apryMeHTaQUIO npOTHB npe.L{JIO)KeHUU' 3ana,n;HhIX 

HJ:{epHblX J:{ep)KaB ucnOJib30BaTb rny6HHbl qepHOro MOpH J:{JIH c6pocoB OTXOJ:{OB 

HJ:{epHOH npOMblIIIJieHHOCTH. YqaCTBOBaJI B 1950-60-x rr. B MOHHTOpHHre 

rJI06aJihHbIX pa.L{UOaKTHBHblX BbITTa;:J;eHUH OT HJ:{epHbIX i33pbIBOB, He06XOJ:{UMOM 

MH no.L{rOTOBKH MocKoBcKoro J:{OroBopa o 3anpeLQeHHH HJ:{epHhIX ucnbnaHuu 

B OTKpbITbIX cpe.L{ax. f eHHa;:J;HH fpuropbeBuq B KaqecTBe 3KCnepTa 

Me)KJ:{yttapo.L{Hou MOpcKou opraHH3aQHH (MMO - IMO) u Me)KJ:{yHapo.L{Horo 

areHTcTBa no aTOMHOH 3Hepruu (MAf A T3 . - IAEA) no floHJ:{OHCKou 

KOHBeHQUH O J:{aMnHHre pa,n;uoaKTHBHbIX OTXOJ:{0B cnoco6cTBOBaJI ycneIIIH0My 

npHHHTHIO B 1985 r. Me)KJ:{yHapOJ:{H0rO MOpaTOpHH Ha ymu1eHue TBep.L{blX 

pa.L{uoaKTUBHblX·oTXOJ:{OB B OKeaHhl. 

Pa60TaH B Me)KJ:{yHapOMOH na6opaTOpuu MOpCKOH pamioaKTUBHOCTH 

MAf AT3 B MoHaKo, ITonuKapnoB r.r. ccpopMynupoBan B 1977 r. KOHQenQuIO 

30HaJibHOCTH xpoHuqecKoro J:{eUCTBHH Bcex cyLQeCTBYIOLQHX H B03MO)KHbIX 

MOLQHOCTeu J:{03 UOHH3HpyIOLQHX H3JiyqeHUH Ha Bee ypoBHH opraHU3aQUH 

)KU3HH (3TH 30Hbl Ha3BaHbl B 3apy6e)KHOH JIHTepazype «30HaMU 

ITonuKapnoBa»); YqaCTBOBaJI B pa.L{U03KOJIOruqecKOM MOHUTOpHHre CHCTeMbl 

npy.L{-oxna.L{uTeJib qA3C - ITpunHTh - ,[{Henp - qepHoe Mope - 3reucKoe Mope 

u B JIHKBHJ:{aQuu nocne.L{CTBHH aBapuu Ha qepHo6bmhcKou A3C. B 1984 r. 

BMecTe c C0TPYJ:{HHKaMu OPXE o6Hapy)KHJI u u3yqun BhICOKonno.L{opo.L{Hhie 

CBOHCTBa cepOBOJ:{OpOJ:{HOH rny6uHHOH TOJILQH BO.[( qepHOro MOpH J:{JIH 

MopcKux pacTeHuu. B 1989 r. yqacTBOBaJI BMecTe c J:{OKTopoM 6uonoruqecKux 

HayK, HhIHe aKa.L{eMHKOM HAHY npocpeccopoM B.H. EropOBhIM u J:{pyruMu 

COTPYJ:{HHKaMu OPXE B BhIHBneHuu HHTeHCHBHhIX MeTaHOBhIX 

ra30BhIJ:{eneHuu, ·a B J:{aJihHeuIIIeM u KpynHhIX KOpannoBHJ:{HhIX 6aKTepuanbHhIX 

coopy)KeHuu, B cepOBOJ:{OpOJ:{HOH 30He qepHoro MOpH. B 1998 r. aKa.L{eMHK 

ITonuKaprioB r.r. opraHu3oBan BMecTe c npocpecopoM Orro KuHHe 

(fepMaHuH) Me)KJ:{yttapo.L{Hhiu co103 3K03THKH (MC33 - EEIU) u *YPHaJI 

«Ethics in Science and Environmental Politics». B 2007-2008 rr. yqacTB0Ban 

BMecTe c aKa,n;eMHKOM HAHY IO.IT. 3auQeBhIM u J:{pyruMu COTPYJ:{HHKaMu 

O.L{eccKoro cpunuana MHEIOM u OPXE lfHEIOM B BhIHBJieHuu H myqeHuu 

6uoccpepHOH " KOCMuqecKOH ponu HeU3BeCTHOro paHee HBJieHUH .. B 
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cepOBO,D,OpO,D,HOH 6aTH8JIH qepHoro Mop» - H8JIH1-IH5I )KHBhIX cnop u l..{HCT 
pacTeHHH-a3po6oB (MopCKHX u npeCHOBO,D,HhlX BO,D,Opocneu u Ha.3eMHhIX 
rpu6oB), HaXO,D,5Ill(HXC5I ,D,JIHTeJibHOe BpeMH B COCTOHHHH nOKOH B 
rny6oKOBO,D,HhlX OTJIO)KeHHHX. B 2009 r. OH npe,D,JIO)KHJI HCnOJib30BaTb 
cepOBO,D,OpO,D,Hbie ycJIOBHH rny6uH qepHoro MOp» KaK aHoKcuqecKHH aHaJIOr 
3KOJIOrnqeCKHX ycJIOBHH Ha ,D,pyrux KOCMuqecKHX Tenax, B KaqecTBe nonuroHa 
,D,JIH myqeHHH KOCMHqecKOH 6uonornu - 3K306HOJIOrHH, B 2012 r. pa.3pa60T8JI 
KOHl..{enryaJihttyIO MO,D,eJih 3KCTpeM8JlhHOro 6uoreol..{eH03a cepoBO,D,OpO,D,HOH 
30Hbl qepHoro MOpH, 38JIO)KHJI OCHOBbl qiopMupoBaHHH 3KCTpeM8JlbHOH 
MOpCKOH 6uonoruu cepoBO,D,OpO,D,HOH TOJIII(H u 6aTH8JIH qepHoro Mop» ,D,JIH 
KOMnJieKCHOro myqeHHH 3aKOHOMepHOCTeH QJYHKl..{HOHHpOBaHHH 3Toro 
KpynHoro npupo,D,Horo 3KCTpeMaJihHoro 6uoreol..{eHo3a. 

BceMHpHO npH3HaHHhlH yqeHhIH - pa,D,H03KOJIOr, OH 6bIJI H36paH B 1991-
1994 rr. u 1999-2002 rr. BHl..{e-npe3u,D,eHTOM Me)K,ll,yHapo,D,Horo co103a 
pa,D,H03Konornu (MCP), c 2006 r. - ffoqernhIH qneH MCP (<l>paHl..{H»). C 1998 
r. · OH - ,D,eHCTBHTeJihHhIH qJieH KphIMCKOH AKa,n;eMHH HayK, c 1994 r. -
aKa,n;eMHK AH YCCP / HAH YKpaHHhI no pa,n;006uonornu, c 1990 r. - qneH­
Kopp. AH CCCP no rH.D.po60onorn0 Mop», c 1967 r. - npoqieccop no 
pa,D,006uonornu u rH,D,po6uonornu, c 1968 r. - ,D,OKTop 6uonoruqecKHX HayK, c 
1964 r. - cTapnrnii HayqHhIH coTpy.D.HHK, c 1962 r. - qneH HayqHoro CoBeTa 
AH CCCP / PAH no pa,D,0060onorn0 u qJieH ee Ilpe3H.D.uyMa, qneH YqeHoro 
coBeTa MHEIOM HAH YKpaHHhI. qJieH pe,D,coBeToB: <<Journal of the Black 
Sea/Mediterranean Environment» (CTaM6yn), «Pa,D,Hal..{HOHHa» 6uonorn». 
Pa.D.H03KOJiorn»» (MocKBa), «Ettonorn» Mop»» (Bna,D,HBOCTOK), «MopcKou 
3KOJIOrnqecKHH )KYPHaJI» (CeBaCTOnOJib). IloJIHKapnoB r.r. - aBTOp 928 
HayqHbIX ny6JIHKal..{HH, B TOM qucne 28 MOHorpaqiuu. 

B 2006 r. eMy npHCBOeHO noqeTHOe 3BaHtte «3acJiy)KeHHhlH ,D,e»TeJib HayKH 
H TeXHHKH YKpaHHhI» «3a BeCOMhIH JilfqHhIH BKJia,D, B pa.3BHTHe HayqHhIX 
HCCJie,D,0BaHHH, yKpenJieHHe HayqHo-TeXHHqecKoro noTeHl..{HaJia YKpaHHhl H no 
cnyqa10 80-neTH» Hal..{HOHaJihHOH aKa,D,eMHH HayK YKpaHHhI». OH Y.D.OCTOeH 
MHOrHX npaBHTeJibCTBeHHhIX u HayqHhIX Harpa,D,, cpe,D,H KOTOpbIX op,D,eH «3a 
3acnym» III cTeneHH (2009 r.), Harpa,D,a HM. B.M. BepHa,D,cKoro 
Me)K,ll,yHapo,D,HOro COI03a pa,D,H03KOJIOrHH «B 3HaK npmHaHHH BhI,D,aIOII(eroc» 
BKJia,D,a B pa.3BHTHe " pacnpocTpaHeHHe pa,D,H03KOJIOfHH» " 3oJIOTa» Me,D,8Jlh 
B.M. BepHa,D,cKoro Me)K,ll,yHapo,D,Horo Co103a pa,D,H03Konomu «3a 
Bbl,D,aIOII(HHCH BKJia,D, B pa,D,H03KOJIOrHIO» (2008 r., EepreH, HopBem»), 
rocy,D,apcTBeHHaH npeMHH YKpaHHhl B o6nacTH HayKH H TeXHHKH 2007 r. 3a 
l..{HKJI HayqHhIX pa6oT «TipOH3B0,D,HTeJibHOCTh, 6ttopa.3H006pa3H5I H 
3KOJIOmqecKa5I 6e3onacHOCTh 3KOCHCTeM qepHoro MOpH " nepcneKTHBHbIX ,D,JIH 
YKpaHHhI pemoHOB MupoBoro oKeaHa», op.D.eH «3HaK IloqeTa» (1979 r.), 
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Me,[{aJib «3a CaMOOTBep)KeHHblH Tpy.Ll» (1971 r.) u MHoru,e J:lpyrue Il0':leTHbie 

ttarpa.[lbI. 

3a BpeM.SI CBOeH MHOrOJieTHeH TB0p':leCKOH ,[{e.SITeJibH0CTH aKa,[{eMHK f .f. 
IloJIUKapnoB ony6JIHKOBaJI orp0MH0e K0JIH':leCTB0 BbI,[{aIOll(HXC.SI ttay':IHbIX 

TPYJ:10B, B K0T0pbIX 0CBell(aJIHCb pe3yJihTaTbl HCCJie,[{0BaHHH no· KJIIO':leBhIM 

npo6JieMaM MopcKoH pa.[luoxeM03K0Jioruu. TaK, eme Ha 3ape .SI.[{epttoH 3pb1 

B03HHKJia Hay':IHa.SI ,[{HCKyccu.SI 0 B3aHMO,[{eHCTBHH Me)K,[{y )KHBblM Bell(eCTB0M fJ 
PaJ:IH0aKTHBHblMH K0Mil0HeHTaMH MOpCKOH cpe,[{bl. Otta 6bIJia CB.SI3aHa C 

He06XO,[{HMOCTblO Il03Ha_HH.SI 3aKOHOMepHOCTeH B03,[{eHCTBH.SI Ha M0pCKHe 

opraHH3Mbl H0HH3HpyIOll(HX H3JIY':leHHH KaK OT HCKYCCTBeHHb!X 

pa,[{H0ttyKJIH,[{0B, o6pa3yl0ll(HXC.SI npu . .SI,[{epHblX B3pbrnax " TeXH0reHHb!X 

KaTaCTpO<pax B BH,[{e pa,[{H0aKTHBHblX . Bblila,[{eHHH, a B .SI,[{epHOH 

np0MbIUIJieHH0CTH - B KaqecTBe pa,[{H0aKTHBHbIX 0TX0,[{0B, TaK H OT H3JIY':leHHH 

ecTeCTBeHHbIX ,[{0Jif,0)KHBYlllHX pa.[{H0ttyKJIH,[{0B K0CMoreHH0ro " JIHT0reHHoro 

npoucxo)K,[{eHH.SI. ):{pyrou Ba)KHOH · 3Maqeu 3TOH npo6JieMbI 6hma 

He06XO,[{HMOCTb H3Y':leHH.SI MHrpaQHH PaJ:IH0ttyKJIH,[10B B MOpCKOH cpe,[{e B 

pe3yJihTaTe B03,[{eHCTBH.SI ' 6uoreOXHMH':leCKHX l{HKJI0B. IlepBbie )Ke 

HCCJie,[{0BaHH.SI B 0TMe':leHHbIX o6nacrnx Il0Ka3a.JIH, '!TO )KffB0e '" KOC Hoe 

Bell(eCTB0 M0ryT KaK TpaHC<pOpMHpOBaTb !pH3HKO-XHMH':leCKHe cpopMbl 

cyll(eCTB0BaHH.SI PaJ:IH0ttyKJIH,[{0B B MOpCKOH cpe,[{e, TaK u. HaKailJIHBaTb HX ,[{0 

ypOBHeH, npeBbIIIIalOll(HX C0,[{ep)KaHHe B B0,[{e Ha HeCK0JibK0, BilJI0Tb ,[{0 5-6, 
nop.SIJ:IK0B BeJIH':IHH, '!TO BhIBeJI0 B pa3p.SIJ:l QeHTpaJibHblX npo6JieMy H3y':leHH.SI 

3aKOHOMepHOCTeH KOHl{eHTpttpOBaHH.SI pa,[{HOttyKJIH,[{0B ru,[{po6uoHTaMH, CTaJI0 

6a3HCO,M HOBOH o6menpH3HaHHOH B Mupe ttayKH - MOpCKOH pa,[{H03K0J10rHH. 
. . ,', .·• ' 

lllupoKoMaCIIITa6Hble PaJ:IH03K0J10rH':leCKHe HCCJie,[{0BaHH.SI Il0CJle,[{yIOLQHX 

JieT Il0Ka3a.JIH, '!TO <pyHKl{H.SI. HaK0nJieHH.SI pa,[{H0ttyKJIH,[10B )KHBbIM H K0CHblM 

Be~eCTB0M. B, ,3Ha':IHTeJibHOH CTeneHH 3aBHCHT. OT K0Hl{e~TpaQHH H30TOilH,bIX H 

HeH30T0ilHbIX HOCHTeJieii B BO.Ile, a TaK*e, onpe,[{eJI.SieTCSI, XHM.1:f':lecKOH 

TpO!pO,[{HHaMHKOH rH,[{po6uoHT<;)B. Ilo3TOMY '3TH HCCJie,[{0BaHH.SI, nepeIIIJIH B 

o6JiaCTb ,HayKH - pa,[{H0XeM03K0J10rHH, u3yqa10mei1 B3aHM0,[{eHCTBHe Me)K,[{y 

)KffBblM 'Bell(eCTB0M " PaJ:IH0aKTHBHblMH " XHMH':leCKHMJf, K0M,Il0HeHTaMH B 

MopcKOH cpe.[{e. Mx ocHOBHOH 3a.[{aqeu CTaJI0 C03,[{attue KHHeTuqecKoH Teopuu 

MHHepaJibH0ro H pa,[{H0H30T0ilH0f,0 o6MeHa M0pCKHX opraHH3M0B, ,a TaK)Ke 

cop6QHOHHhIX B3aHMO.[{eHc'J:'BHH.;,KOcHoro BemecTBa .B MopcKOH cpe.[le. Ilpu 

3T0M 0,[{tty Ip K0He':IHbIX QeJieH C0CTaBHJI0 Bbl.SICHeHue H30T0nHoro l:I 

XHMH':leCK0ro 6aJiaHCa .. B M0pCKHX 6uoreoQeH03ax Ha ., e,[IHHOH 

napaMeTpH':leCKOH 6a3e. 3TH IlH0HepCKHe HCCJie,[{oBaHH.SI aKa,neMUKa f .f. 
IloJIUKapnoBa " ero IIIK0Jibl IIIHp0K0 npe.[{CTaBJieHbl B MHpOBOH HayKe. 

IlpoBO,[{HMbie Il0,[{ PYK0B0,[{CTB0M r.r. IloJIUKapnoBa 6aJiaHCOBbie pa6oTbl B 

o6JiaCTH pa,[{H0XeM03K0JI0rHH Il03B0JIHJIH H3y':laTb caM00':IHLQalOll(YlO 
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cnoco6HOCTh MOpCKHX 3KOCHCTeM B OTHOIIIeHHH pa,nuoaKTHBHhIX H 

XHMHIIeCKHX 3arp.si:3HeHHH. 3TH HCCJie,noBaHH.ll no,nTBep,nHJIH cnpaBe,nJIHBOCTh 

runoTe3hI aKa,neMHKa B.H. BepHa,ncKoro o TOM, qTo . B npoQecce 

BocnpOH3BO,nCTBa )KffBOfO BemecTBa BocnpOH3BOMTC.ll H XHMHqecKHe ycJIOBH.ll 

ero • o6urnHu.si:. KonuqecTBeHHa.si: HHTepnpernQH.si: 3THX u,neu Ha 6a3e 

HCTTOJih3yeMhIX B MOpCKOH pa,nuoxeM03KOJIOfHH attaJIHTHqecKHX, 

pa,nHOHH,nHKaTopHhIX, pa,nHOTpaccepHhIX, QHTOreHeTuqecKHX MeTo,noB, a 

TaK)Ke MeTo,noB MaTeMaTuqecKoro Mo,nenupoBaHH.ll no3BOJIHJia u3yqaTh 

npe,neJihl 6HOTHqecKoro caMooqumeHH.ll BO,n, Ha3BaHHhie 3KOJIOfHqecKOH 

eMKOCThlO, TO eCTh onpe,neJI.llTh Te MaKCHMaJihHhie nOTOKH 3arp.ll3H.lll01UHX 

Bern.ecTB, KOTOphie MOryT 6h!Th aCCHMHJIHpOBaHhl u nepeHecetthl B 

reonoruqeCKHe ,neno 3KOCHCTeMhl B pe3yJihTaTe KOMnJieKCHOfO B03,neHCTBH.ll 

6HoreOXHMHqecKHX npoQeCCOB. , 

AKa,neMHKOM r.r. TToJIHKapnOBhIM H ero HayqttoH IIIKOJIOH 3a 

MHOfOJieTHHH nepuo,n pa60Thl OXBaqeH IIIHpOKHH Kpyr HOBhIX ttanpaBJieHHH 

TeopeTuqecKHX H npaKTuqecKHX pa3pa6oToK, nonyqeHtthIX B npoQecce 

MarHCTpaJihHhlX HCCJie,noBaHHH. OHH CBH,neTeJihCTBYIOT, qTo MeTo,nuqecKa.si: H 

TeopeTuqecKa.ll no,nroTOBJieHHOCTh IIIKOJlhl aKa,neMHKa r.r. TToJIHKapnoBa 

TT03B0JIHJia a,neKBaTHO OTµearupoBaTh Ha npo6JieMy B03M0)KH0f0 3axopoHeHH.ll 

pa,nuoaKTHBHhIX OTXO,nOB B rny6HHHOH cepoBo,nopo,nHOH 30He qepHoro Mop.si:, 

6hIJI H3yqeH ero pa,nH03KOJIOfHqecKHH OTKJIHK Ha qepH06hIJihCKYIO .si:,nepttyIO 

KaTaCTµO<py, 6bIJIH pa3pa6oTaHhl HOBhie pa,nHOTµaccepHbie u 

pa,nHOXpOHOJIOfHqecKHe MeTO,nhI H3yqeHH.ll 6HOOKeattorpacpuqecKHX 

xapaKTepHCTHK MOp.si:, nonyqeHhl HOBhie ,naHHhie no 3KOJIOfHH 

BOCCTaHOBHTeJihHOH 30Hhl qepHoro MOp.si:, a TaK)Ke pa3pa6oTaHhl 

6HoreOXHMHqecKHe KpHTepHH HOpMHpoBaHH.ll aHTponorettuoro B03,neHCTBH.ll, 

HCXO,n.si: H3 napaMeTµOB 3KOJIOfHqeCKOH eMKOCTH. 

B COOTBeTCTBHH C paHee BhlCKa3aHHOH ttaMH TT03HQHeH 

(Paou3KOJ102u1JecKuu <JmKllUK ... , 2008) cne,nyeT OTMeTHTh, qTO qenoBeqecTBo 

(Homo sapiens), HCTTOJlh3Y.ll nepe,nOBhie HayqHhie TeXHOJIOfHH, HO npo,nOJI)Ka.ll 

OCHOBhIBaThC.ll Ha ,npeBHeM JIO)KHOM npHHQHne aHTµOTTOQeHTµH3Ma -

TTCHXOJIOfHH 
11

BJiacTeJIHHa 3eMJIH", npo,nOJI)KaeT ycHJIHBaTh pa3ph1B c 

nopo,nHBIIIeH ero 6uoccpepoii u y)Ke BCTYTTHJIO c Hett B rno6aJihHhIH KOH<pJIHKT. 

y CJIOBHe Bhl)KHBaHH.ll 6HOJIOfHqecKOf0 BH,na f.feJI06eK pa3yMHblU COCTOHT B 

OC03HaHHOM 3aH.llTHH HM CBOeH 3KOJIOfHqecKOH HHIIIH H B c6ana11cupo8a11110M 
cocyU4eCm808llllUU C ,npyrHMH qacrnMH 6uoccpephl, B KOTOpOH OH - O,nHa H3 ee 

MHoroqucJieHHhIX COCTaBHhIX qacTeH. 3TO ocyrn.eCTBHMO JIHIIIh Ha HayqHhIX 

3K03THqecKHX npHHQHnax Heo6xo,nHMOCTH co6JIIO,neHH.ll COBMeCTHMOCTH 

Me)K,ny HOpMaMH o6MeHa BemecTB B npupo.ne H B qenoBeqecKoM o6mecTBe, 

06y3,naHH.ll HeKOHTponupyeMOH 3KcnnyaTaQHH 6uoccpepbl, BOccoe,nHHeHH.ll C 

HeH H 6epe)KH0f0 OTHOIIIeHH.ll K ee 3,nopOBhlO, OT . KOTOporo 3aBHCHT 
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BhDKHBaHHe H 3,D.OpOBbe 11eJIOBeKa (Kinne, 1997, 2001). MHoro11HCJieHHhie 

ny6JIHKaQHH f. f. IJOJIHKapnoaa IlO,D.TBep)K.lJ.aIOT crpaTerH11eCKYIO QeJib 

HCCJie,D.OBaHHH ero H ero IIIKOJihI, HanpaBJieHuyIO Ha nony11eHHe 3HaHHH H 

pa3pa60TKY TeopeTH11eCKOH H napaMerpH11ecKOH 6a3hI ,D.JIH HOpMHpOBaHHH 

aHrponoreHHOfO B03,D.eHCTBHH, HCXO,D.H H3 KOHQenQHH ycTOH11HBOro pa3BHTHH 

MOpCKHX perHOHOB. 

r.r. IlOJIHKapnoB - BhI,D.aIOIIJ,HHCH y11eHhIH, 11eJIOBeK orpOMHOH Hay11HOH 

3PY.D.HQHH H BhICOKoro npocpeccHOHaJIH3Ma, yane11eHHhiii H yaneKaIOIIJ,Hii 3a 

co6oii HCCJie,D.OBaTeJih, HeyTOMHMhIH 3ffTY3HaCT HayKH 6hIJI 3aMe11aTeJibHhIM 

HacTaBHHKOM, Y11HTeJieM, 11eJIOBeKOM 60JihIIIOH .D.YIIIH, BhICOKHX MOpaJibHhIX 

Ka11ecTB. f eHHa,D.HH f pHrOpheBH11 HaBcer.n.a OCTaHeTCH ,D.JIH Hae npHMepOM 

.n.o6po)KeJiaTeJihHOCTH H 11eJIOBe1IHOCTH, caMOOTBep)KeHHOro Tpy.n.a BO HMH 

HayKH. CaeTJiaH naMHTh BhI,D.aIOIIJ,eMycsi: y11eHOMy H y.D.HBHTeJihHOMY 11enoBeKy. 

0 qepuo6L1J1e, o JIIOAHX, o npnpoAe (Jfa nepenucKn B.JI. KoporoJ{uuoii 
C r.r. IlOJIHKapnoBhIM) 

r eHHa.n.Hii fpHropbeBH11 IloJIHKapnoa - «npsi:Moii y11eHHK EneHhI 

AneKcaH,D.pOBHhI H HHKOJiaH Bna,D.HMHpoaH11a THMocpeeBhix-PecoBcKHX no 

JIHHHH "pa,D.HaQHOHHOH fH,D.po6HOJIOfHH
11» 1. H 3TO caMaH TO11HaH 

xapaKTepHCTHKa f eHHa,D.HH fpHropbeBH11a, IlOTOMY 11TO IIIKOJia THMOcpeeaa­

PecoBCKOfO .n.aaana «IlOCBHIIJ,eHHhIM» MHpOBO33peHHe, KOTopoe KaCaJIOCh He 

TOJihKO Hay11HOH MeTO,D.OJIOfHH, HO H HpaBcTBeHHhIX npHHQHilOB. B Te11em~e 

MHOrHX JieT r eHHa,D.HH fpHrOpheBH11 6hIJI MHe COBeT11HKOM B .n.ene coxpaHeHHH 

.n.yxa THMOcpeeBCKOH IIIKOJihI, 6y.D.h TO opraHH3aQHH KOHcpepeHQHH, 

ny6JIHKaQHH KHHr H MHoroe .n.pyroe. CneQH<pH11ecKoii, xapaKTepHoH 11epTOH 

IloJIHKapnoaa 6bIJIO rny6oKO 3TH11eCKOe OTHOIIIeHHe K npHpo.n.e. PeIIIeHHe 

ony6JIHKOBaTb HeCKOJihKO BhI,D.ep)KeK H3 IlHCeM ffIJ npHIIIJIO, 11T06b! IlOKa3aTb 

HanpaBJieHHOCTh ero )KH3HH Ha coxpaHeHHe npHpO,D.hI. 

B.JJ. Kopo20ou11a 

I BblpIDKeHJie r.r. TIOJlliKapnoaa (113 nHCbMa rrn K BK). 
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23 OeKaOpR 2007 z. 

rrn-BK .... 
,[(.rm Barnero no.riHoro npe.[{cTaBJ1eHm1 KpaTKO oqepqy ,[{ena TOr,[{arnHueI . 

Ilocne 26 anpem1 1986 ro,[{a HeCKOJibKO ,[{Heu oqmQHaJihHa.SI umpopMaQu.SI 

BOOEI.QE OTCYTCTBOBana, KpoMe rnyxux cnyxoB c onacKou u OrJI.SIJ:{KOH u 

HeHCTOBO rJIYIIIHBIIIHXC.SI BpIDKeCKHX pa.[{HOfOJIOCOB. 

Ho Mbl - pa.[{H03KOJIOru cpa.Jy pa.3BepHyJiu H3MepeHH.SI aTMOCcpepHbIX 

oca,[{KOB " nOH.SIJIH, 'ITO ,[{eJIO naxHeT KepOCHHOM. 

IlpucrynHJIH HeMe,[{JleHHO, 6e3 peKJiaMbl, K MOHHTOpuHry Harneu 

TeppuTOpuu u aKBaTOpHH B MapTbIHOBOH 6yxTe. 

IlepecTaJIH noKynaTb MOJIOKO u OBOll.\H. 3a HaMH no Qenu nocJie,[{OBaJIH 

MHorue COTPYJ:{HHKH J:{pyrux OT,[{eJIOB. BJiaCTH HallaJIH pbillaTb, 'ITO Mbl 

no,[{pbIBaeM 3KOHOMHKY H ni,naeMC.SI Ce.SIT!, naHHKY (Mbl HallaJIH H3Mep.SITI, 

3arp.SI3HeHHOCTI, o6yBH )KeJialOll.\HX). 

· Ho, HaKOHeQ, pa.3.[{aJIC.SI H3 KueBa, H3 Ilpe3HJ:{uyMa AH YCCP, 

npurnyrnettHblH 3BOHOK, nonyrnenOTOM npe,[{JIO)KHBIIIHH, llT06bI .SI cpOllHO 

npu61,m B AKa,[{eMHIO. 

Exan B KueB B npaKTHllecKu nycTOM Baro He ( a Kaccuprna Ha )K.,[{. BOK3ane 

y.[{HBHJiaci,: "Bee e.[{yT H3 KueBa u He 6epyT 6uneTbI B KueB"). 

TaM .SI cpa.Jy nocrynHJI B pacnop.SI)KeHue ll1Ta6a AKa,[{eMuu u no cBoeu 

HHHQHaTuBe opraHH30BaJI npu ll1Ta6e np.SIMO B. noMell.\eHuu Ilpe3HJ:{uyMa 

AKa,[{eMHH Pa6oqy10 KOMHCCHIO no B0,[{HOH pa.[{H03KOJIOfHH H3 MeCTHbIX 

cnel.{HaJIHCTOB-BOJIOHTepoB H3 pa.3HbIX HHCTHTYTOB H Be,[{OMCTB. 

51 3aXBaTHJI C co6ou no,[{apeHHble MHe ell.\e B MuaCCOBO JIH'IHO " C 

J:{apcTBeHHOH TuMocpeeBa-PecoBcKoro nepBbie c6opHHKH na6opaTOpuu 

6uocpH3HKH. A B 6u6JIHOTeKe YHHBepcuTeTa B3.SIJI CBOH KHHrH " 'ITO 61,mo 

HMeIOll.\ee OTHOIIIeHue K pa,[{H03KOJIOfHH. 11 Hallanacb Hanp.SI)KeHHa.SI H 

,[{JIHTeJibHa.SI pa6oTa. 

KcTaTH, Mb! TOJlbKO 'ITO 3aKOH'IHJIH 60JibIIIYIO KOJIJieKTHBHYIO KHHry 

Harnero OPXE
2 

- o6o6ll.\eHue 3a 1986-2007 rr. "Pa.[{H03KOJioruqecKuu OTKJIHK 

qepHoro Mop.SI Ha qepHo6MJibCKYIO aBapu10 11
• 

TaK 'ITO 3TO - nOJIHOI.{eHHa.SI npaB,[{a. 

M ,[{a)Ke C6opHHK c "6narocnoBeHHeM" TuMocpeeBa-PecoBcKoro 61,m KaK 

pa.[{H03KOJioruqecKa.SI Eu6nu.SI. 

1 
I1MelOTCll e BH.llY ,llHH nocne lJ:eptto61,m1,cKOH KaTaCTpO$hI. - B.K. 

2 
(}f,lleJI Pa.IlH0XHMH'!eCKOH 6e3onacHOCTH. - B.K. 
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11 .si:, KaK np.si:MOH yqeHHK EneHbI AneKeaH,npoBHbI M HMKOJia.si: 
Bna,nMMMposuqa TMMocpeesbrx-PeeoBeKMX no JIMHMM "pa,nMau,MOHHOH 
rM,npo6uonorMM 11 (3TO MMaeeoseKMH, TuMocpeesa-PeeoBeKoro, TepMMH), Hee 
CJIOBO THMOcpeeBa-PeeoseKoro JIIO,A.slM B qepH06bIJibeKMH nepMO,A. 

3TO AA.II BaIIIero oru.ymeHu.si: Tex ,nHeH M npMqae'tHoeTM K MMaeeoso. 
Hy, na,nHo: nopa on.si:Tb K ,nenaM! 
BpeMeHM He xsaTaeT. He,naBHo y3HaJI, qTo, OKa3bIBaeTe.si: (.si: noene,nHHM 

Y3HaJI), JlyHa noeTeneHHO y,nan.si:eTe.si: OT 3eMJIH, " IlO3TOMY eyTKH 
yMeHbIIIaIOTe.si: ! 

IloHeMHOry ... 

25 IIOR6pR 2010 Z, 

BK- rrn .... 
· K eo)KaJieHMIO - K HaIIIeH o6meH 6e,ne - npMpo,na oqeHb xpynKa.si:, a o HeH 

JIIO,AM, KOTOpbie ,neJialOT ,neHbrM HJIM yeTPaMBalOT eBOIO )KH3Hb, BOBee He 
,nyMalOT. Y Hae B Ilo,nMOeKOBbe -~noBaJibHa.sl 3IlM,AeMM.sl YHHqTO)KeHM.sl JieeoB, 
OT BbITanTbIBaHM.sl ,no enMJIHBaHH.sl. Pa3HMU,a TOJibKO BO BpeMeHM - OT 2-3 JieT 
.no ,nsyx He,nenb. 

rrn - BK ... 
Cneu,McpHKY npM,naeT esoeHpaBMe BJiaeTb MMylll,MX, oeo6eHHO 

HeorpaHuqeHttylO M MeilbITaHH)'IO HMM B MX npoIIIJIOM . 
B 3TOM - 3aJIO)KeHHa.si: nporpaMMa eaMoyHMqTo)KeHM.sl qenoseqeeTBa. 
.l];peBHMH no3yHr: "Iloene Hae - XOTb noTon!" 
A H3HaqaJibHO y npe,nKOB JIIO,AeH (M y MHOrHX ,npyrux ,)KMBOTHbIX, KpOMe 

KOJIOHMaJibHbIX) He 6bIJIO Heo6xo,nMMOeTH a eoxpaHeHHM epe,Abl o6MTaHM.sl ( OHM 
qaeTO MeH.si:JIM ee Ha eBe*YIO) M a y,naneHMM OTXO,AOB (KaK 6bI B "paeqeTe" Ha 
TO, qTo B npMpo,ne XBaTHT 3KOJIOrMqeeKOH eMKOeTM ,AJI.sl BOeeTaHOBJieHH.sl 
OTXO,AOB B TeJIO 6Moreou,eH030B). 11 He )KaJieJIM e1,e,naeMbIX " pa3,nesaeMbIX 
MaMOHTOB, ea6Jie3y6bIX, zypoB, eTeJIJiepOBbIX KOpOB ... 

Co)KpaJIH u yHMqTO)KHJIM )KMBbIX IIIe,nespos Ilpupo,nhr. 
11 BbIKopqesaJIM neea. 
Tenepb aecpanbTMpy10T noqsy Ha 3eMne. 
"[(enb" M nepeneKTMBa .si:eHa. 

6 de«a6pR 2010 z. 

BK-+- rrn ... 
TyT y Hae 3aaecpaJibTMpOBaJIM JieeoqeK, r.ne Mbl Beer,na ryJI.si:JIM e neoM ..... 
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rrrr - BK ... 
3aacq>aJibTHpOBaHHhIH neeoqeK - mar K 3aaeq>aJibTHpOBaHHIO Beeu 

IlpupO,!l,bl (Ha Harnett He6oJiblIIOH 3eMJie). IlporpaMMa eaMOJIHKBHJJ.auuu foMO 
eanueHe BbinOJIHSleTeSI ,!l,O "no6e,!l,HOro" KOHl..{a. 

Ilpupo,!l,a 6bieTPO aoeeTaHOBHT ,!l,HHaMuqeeKoe paBHOBeeue " 3B0JIIOUHIO 
6e3 3TOro 3apaaarneroeS1 MOJIOJJ.oro BHJJ.a. 

EoH matte! 

7 oe1<a6pa 2010 z. 

rrrr 4 BK ... 
Eonee nonyaeKa TOMY Ha3aJJ. MhI 6bmu e Bono,!l,eu Ha Kapa,!l,are, r,!l,e SI 

H3MepSIJI nOBhilIIeHHhlH q>OH BYJIKaHuqeeKoro pauoHa H Ha 3TOM q>OHe 
pa,!l,HOaKTHBHbie aTMOeq>epHbie Bbina,!],eHHSI OT Sl,!l,epHblX uenbITaHHH; Oeo6eHHO 
xoporno q>OHHJIH KOpOBbH JienelIIKH. A y HUX - aepxHSISI qaen, B OTJiuque OT 
HH)KHeu. IloTOM SI eoo6~HJI npo 3TOT o6Hapy)KeHHbIH HH,!l,HKaTOp B MuaeeOBO 
HilKoJiaIO Bna,!l,HMttpoauqy TuMoq>eeay-PeeoaeKoMy. 

l1eTOpuS1-e. 

BK-rrrr .... 
OTKy,!l,a Sl,!l,epHb!e uenbITaHHSI? B 50-x? 
11 noqeMy aepXHSISI qaeTb KOpOBbHX nenerneK? 
y Bae eoxpaHHJIHeb q>OTOrpaq>ttH? 

rrrr-BK. .. 
Bee Sl,!l,epHbie eaepX,!l,ep)KaBhl HHTeHeHBHO B3pbIBaJIH HaneperOHKH - BTopasi 

nonoautta 1950-x. 11 Xpy~eB rpo3HJI "Ky3hKHHOH MaTepb10 11 
- B30pBaTh 50-Tu 

H 100 MT BO,!l,OpO,!l,Hbie 6oM6bI. 
BepXHSISI - IlOTOMY, qTo Bbina,!l,eHHSI H3 aTMOeq>epbI eaepxy Ha eBe)KyIO 

Tenny10 opraHHKY. 
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TIKVAH ALPER (1909-1995) 

COLIN SEYMOUR, CARMEL MOTHERSILL 
McMaster University, 1280, Main Street West, Hamilton, ON 
L8S4Kl Canada 

Tikvah Alper was a legendary figure whom we 
first met at Association for Radiation Research 
meetings. She always sat in the front row, 
appeared to doze during the presentation, and 
then asked penetrating questions, the worst 
being "Are you aware of the literature in this 
area?" She would then cite several relevant 
papers that disputed your findings. We would 
not have been able to publish our seminal 
lethal mutations had Tikvah not agreed to be 
on the paper. However, she only did this after 
analyzing the raw data, and then passing the 
data to her statistician son. 

Tikvah Alper was head of the Medical 
Research Council Radiopathology Unit at 
Hammersmith Hospital, London, from 1962 to 1974. She was also an ardent 
feminist and a skilful educator of deaf children. 

Alper's parents were poor Jewish immigrants to South Africa from what was 
then the Russian Empire. She went to Durban Girls High School and then won 
a scholarship to the University of Cape Town to read mathematics and physics. 
In 1930, at the age of 20, she went to Berlin to work for a doctorate under Lise 
Meitner, who later discovered nuclear fission. She was unable to remain long 
enough to obtain her doctorate, but her paper on delta rays (slow secondary 
electrons) won the Junior Medal of the British Association in 1933. Meitner 
was later also forced to leave the laboratory because she was Jewish. 

On her return to South Africa Alper married Max Sterne, who became a 
well-known research worker in veterinary medicine. At that time there were 
restrictions on work for married woman in South Africa so Alper devoted 
herself to her family. Her oldest son was born profoundly deaf. When she found 
little educational provision for the deaf in South Africa she went to the United 
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States to train. She then worked as a teacher of the deaf before becoming a 
lecturer in physics at Witwatersrand University. 

After the Second World War she spent a short time in England doing her 
first research on the biological effects of radiation and then returned to a 
government scientific post in South Africa. But in 1951 she circulated a petition 
in the laboratory protesting against the removal of coloured voters from the roll 
in Cape Province. For this offence she was threatened with the loss of her 
passport; so at the first opportunity she and her family moved to Britain, where 
she worked for the rest of her life in the Medical Research Council Unit. 

In science, as in other areas, Alper was never one to avoid argument, and 
published a controversial book entitled "cellular radiobiology". 

Alper retired in 1974, but kept up her scientific work. Latterly her main 
interest was the transmissible agent in scrapie and lethal mutations. 
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MAX DELBRUCK (1906-1981) 

Max Delbruck Centre for molecular medicine, Berlin-Buh 

The physicist and biologist Max Delbruck is considered to be one of the co­
founders of molecular biology. Together with Alfred Day Hershey (Carnegie 
Institution, Cold Spring Harbor, New York, USA) and Salvador Edward Luria 
(Massachusetts Institute of Technology, Cambridge, Massachusetts, USA), he 
received the Nobel Prize for Physiology and Medicine in 1969. The three 
geneticists were awarded the prize for their discoveries concerning the 
replication mechanism and the genetic structure of bacteriophages. 

Max Delbruck was born on September 4th, 1906 in Berlin. He studied in 
Tubingen, Berlin, Bonn and Gottingen, concentrating first on astronomy, then 
astrophysics and finally physics. In 1930, he completed his doctorate in 
Gottingen with a dissertation on a quantum mechanical theory of Max Born. He 
went to Bristol, England on a Rockefeller Fellowship, then to the physicist and 
Nobel laureate Niels Bohr in Copenhagen and finally to the University of 
Zurich to Wolfgang Pauli, who later 
received the Nobel Prize. 

Niels Bohr aroused Delbruck's 
interest in biology. While he was 
assistant to Lise Meitner at the Kaiser 
Wilhelm Institute for Chemistry in 
Berlin-Dahlem in the 1930s, Max 
Delbruck concentrated on quantum 
mechanical models of genes. He 
collaborated closely on this with the 
Russian geneticist Nikolai Vladimirovich 
Timofeeff-Ressovsky, who was working 
at the Kaiser Wilhelm Institute for Brain 
Research in Berlin-Buch, and with the 
physicist Karl Gunter Zimmer of the 
radiation department of the Cecilienhaus 
in Berlin-Charlottenburg. This 
collaboration resulted in the publishing 
of "On the Nature of Gene Mutation and 
Gene Structure" in 1935, which was 
seminal in the development of molecular 
biology. 

274 

In 1935 geneticist N. Timofceff-Ressovsky. 
radiation physicist K. G. Zimmer, and quantum 
physicist M. DelbrUck published "On the nature o1 
gene mutation and gene structure," known 
subsequently as the "Three-man paper'" 



In 1937, Max Delbruck received another Rockefeller Foundation 
fellowship, which he used to pursue research at the California Institute of 
Technology (Caltech) in Pasadena, California. After the fellowship expired, he 
became an instructor of physics at Vanderbilt University in Nashville, 
Tennessee. In 1947, he was appointed professor of biology at Caltech. From 
1961 to 1963, he was guest professor and director of the Institute for Genetics 
of the University of Cologne (Germany). In 1969, he came back to Germany 
again and helped build up the department of biology at the newly founded 
University of Constance. 

Max Delbruck, who initially did research in the U.S. on the genetics of the 
fruit fly, Drosophila melanogaster, · introduced bacteriophages, viruses that 
infect bacteria, as the simplest biological objects in genetic research, thus 
enabling new methods of access to biology. Together with Hershey and Luria 
he founded the "phage group". 

Max Delbruck received numerous awards, including the · Gregor Mendel 
~edal of the German Academy of Sciences Leopoldina, Halle, in 1967. He was 
a member of the American Academy of Arts· and Sciences, the Royal Danish 
Academy, the Royal Society in London and the French Academy of Sciences. 
Numerous universities awarded him honorary doctorates. He died at the age of 
74 on March 9, 1981 in Pasadena, California. 

Further information: 
,,Geneticists in Berlin-Buch", with contributions by Fritz Melchers, Manfred 

F. Rajewsky, Jens Reich, Volker Wunderlich; published by the MDC, May 
2008 
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ROBERT HALL HAYNES (1931-1998) 

JOHN W. DRAKE 
Laboratory of Molecular Genetics, National Institute of 
Environmental Health Sciences, National Institutes of Health, 
Research Triangle Park, North Carolina 27709-2233, USA. e­
mail: drake@niehs.nih.gov 

Robert (Bob) Hall Haynes was born on August 27, 1931 in London, Ontario, 
Canada and died on December 22, 1998 in Toronto. This sketch of his lively 
and interesting life draws heavily on a 1993 autobiographical chapter [ 1] and a 
1999 obituary [2], both of which offer some nice informal photographs, and to 
some extent on my own fallible memories. Only a handful of key references are 
provided here; the interested reader can find extensive citations in the above 
two sources and, of course, in PubMed, which often points the way to no-cost 
electronic copies, especially from the older literature. 

As a boy and a young man, Bob was inspired by his father's amateur 
but informed interests in science, but was focused by his mother's religion and 
her hope that he would take up medicine. As a result, he first studied classical 
Greek and Latin together with the Bible, although he found the latter's accounts 
of the "origin and fate of the universe" to be "fantastic, unattestable, and 
contrary even to my youthful knowledge of the natural world" [l ]. Becoming 
familiar with the "historical warfare" between science and religion, he 
encountered the philosophy of Epicurus, which he embraced throughout his 
adult life (as well as the habit of quoting epigrams from both classical tongues). 
Entering the University of Western Ontario with the aim of studying medicine, 
he quickly turned instead to physics and mathematics, taking a B.Sc. in 1953. 
He started graduate studies at McGill University in theoretical nuclear physics 
but, like so many other physicists of those times, became entranced by the 
romance of Erwin Schrodinger's What Is Life? [3] and instead took up 
biophysics at the University of Western Ontario. "I became imbued with the 
fantasy that sufficiently clever physicists could, through further developments 
in the quantum mechanics of molecular interactions, solve the deep problems of 
biological reproduction and heredity: Biochemistry was messy and could be 
safely ignored" [l]. (Later in life, he delved into the historical roots of this book 
and clearly understood the 1930s thinking and insights of the physicists [ 4,5], 
even as his own work contributed to the successive intellectual selective sweeps 
that replaced their views.) However, his professor diverted him from his desire 
to study how radiation induces mutations into an analysis of the rheology of 
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blood, and he only obtained his Ph.D. some time later. In the meantime, he 
applied his mathematical talents to questions in chromosome movement and 
cancer radiotherapy. The last led him into a postdoctoral fellowship in 1957 in 
the Physics Department of St. Bartholomew's Hospital Medical College, 
University College, London. After considering a further fellowship with in 
Paris, Bob instead took up a position as an Instructor (a now all but extinct 
bottom academic rank) in the biophysics community at the University of 
Chicago. 

His observations on his colleagues' choices of experimental systems at 
Chicago soon pointed Bob towards microbial systems, where exciting progress 
was being made in the early 1960s concerning DNA repair. He was involved 
with early studies of "liquid-holding recovery after damage by X-rays, 
ultraviolet radiation, and nitrogen mustard. By chance, Bob came across an 
early article about the work of V. I. Korogodin [6] who was one of the first to 
describe "dark repair" (in contrast to photoreactivation) or liquid-holding 
repair" in yeast. (Later, Bob was to become well acquainted with Vladimir 
Korogodin, whom he came to especially admire because of his role in 
surreptitiously teaching classical genetics during the Lysenko period by 
labeling it as "radiobiology" [I].) By 1965, the field had progressed sufficiently 
that Bob and Shelly Wolff were able to organize a now historically famous 
international conference on "Structural Defects in DNA and Their Repair in 
Microorganisms" in Chicago. 

In 1964, Bob moved to 
the University of California at 
Berkeley and published papers 
reporting a variety of 
inactivation and repair 
phenomena in several bacteria 
and in yeast over the next 
several years. He teamed with 
Phil Hanawalt to edit the first 
Scientific American book on 
molecular biology, The 
Molecular Basis of Life [7]. 
This and their subsequent The 
Chemical Basis of Life [8] 
enjoyed wide sales and an 
international readership. 

Phil.Hanawalt (left) and Bob Haynes (right), adjunkt­
professors of biology (the Stanford and California 
Universities, respectively). The picture was made for 
Russian J. Priroda. 

In 1968, Bob moved to York University in Toronto where he took up 
the chairmanship of the Biology Department at the new Keele campus. Over 
subsequent years, he built the department into a strong unit and continued to 
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explore aspects of DNA repair, notably by defining phenotypic traits shared by 
different yeast radiation-sensitivity mutations isolated by various groups in the 
yeast community (a precursor to their later classification into epistasis groups 
by others), adding mutagenesis to his list of interests, and continuing to express 
his fondness for mathematical modeling of complex biological phenomena such 
as survival, recombination and mutation-yield dose-response relationships. A 
topic taken up some years before, when seeking to use radiolabeled 
thymidylate, expanded at York to include a detailed biochemical and genetical 
analysis of several aspects of pyrimidine uptake and biosynthesis in yeast, plus 
a study of the mutagenic impacts of dNTP pool imbalances. 

It is hardly known, even in the yeast community, that Bob had 
extraordinary additional interests. One was an exploration of how a dead planet 
such as Mars might be seeded with microbes and pushed into a rapid path of 
evolution towards a world far more habitable by humans [9]. Indeed, he 
invented a word from the Greek, ecopoiesis ("house production"), meaning 
planetary engineering by the introduction of a complex microbial ecosystem on 
a sterile planet as a first step in rendering it habitable. One result was "an 
invitation to speak which both surprised and pleased him most ... to deliver the 
1991 Sigma Lecture of the NASA (U.S. National Aeronautics and Space 
Administration) Langley Research Center on the occasion of the 15th 

anniversary of the Viking Landon on Mars" [2]. 
Bob's interests in history and philosophy, not surveyed at all in this 

brief note, were energized by a strong commitment to science education, which 
he saw. as key to economic and social development. This interest, plus his 
superb public-speaking powers, led to invitations to speak in numerous cities 
and. countries throughout the world and to election to several extra-Canadian 
academies of science. He was also a skilled committee worker and politician as 
served, for instance, on the governing board of the National Research Council 
of Canada (1975-81), as Vice-President of the Biological Council of Canada 
(1975-80), as a founding executive member of the Canadian Institute for 
Advanced Research (1982-97), and as the Chair of the Natural Sciences and 
Engineering Research Council of Canada (1985-87). He also served on the U.S. 
National Academy of Sciences-National Research Council Committee on 
Radiobiology (1963-73) and the International Commission for Protection 
against Environmental Mutagens and Carcinogens (1987-92), and as President 
of the International Association of Environmental Mutagen Societies (1989-93). 
He was a member of the editorial boards of many scientific journals. For a 
while, he moved to California to serve as the President of Annual Reviews, but 
he found the work somewhat boring and the resources inadequate to the 
challenges he imagined, and soon retreated to York. These activities were 
strongly supported by his love of good words and good sentences, as, for 
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instance: "Successful and expanding scientific specialties, such as 
contemporary yeast genetics, seem inevitably to differentiate into a multitude of 
solitudes with different immediate interests and domestic dialects" [1]. 

Bob's services were numerously rewarded, in part by: the Queen 
Elizabeth II Silver Jubilee Medal (1977), the (U.S.) Environmental Mutagen 
Society Medal (1984), the Gold Medal of the Biological Council of Canada 
( 1984), the Flavelle Medal of the Royal Society of Canada (1988), and the 
Award of Excellence of the Genetics Society of Canada (1993). He was elected 
a Fellow of the Royal Society of Canada (1982) and a AAAS Fellow (of the 
American Association for the Advancement of Science) (1984). He was 
awarded the highest civilian honor offered by his government, the Order of 
Canada, in 1990. Towards the end of his life he received honorary degrees from 
several Canadian universities. 

One of Bob's later duties was to serve as President of the Royal Society 
of Canada (1995-97). This institution is unusual among its peers in bundling 
together the Academies of Arts, Humanities and Sciences of Canada. His 
description of the RSC to me was that of uncomfortable bedfellows, particularly 
because of the difficulties in judging nominees from areas that were often far 
from the familiarities of the individual members. Thus, while he believed that 
most outstanding scientists have sufficiently interfaced with the arts and 
humanities to at least attempt an assessment of an A&H nominee, the reverse 
did not hold; in particular, it was sometimes difficult to garner the votes for an 
excellent scientist. He proposed splitting the RSC into more cohesive parts, but 
for once, his political skills did not carry the day, and he was disappointed. 

Bob worked hard to bring the XVI International Congress of Genetics 
to Toronto in 1988 and served as its organizer and President, a task with which 
I assisted. We met many times in Toronto to unravel organizational thickets and 
prune personality thorns, often retiring at the end of the day to an excellent 
downtown Thai restaurant. Humor was a vital device in many of our tasks, and 
the solidity and liquidity of this restaurant well supported our desire to continue 
in this most human of revitalizing behaviors. Indeed, Robert H. Haynes was as 
good a storyteller as they come, although most of his deliverances cannot ever 
be writ down. His laugh was deeply genuine and carried far. Once, he was 
present at a party at my house in Chapel Hill, North Carolina The weather being 
fine well into the evening, about a dozen of us retired to the rear deck. We must 
have been quite noisy, because soon the front doorbell rang; but instead of an 
irritated neighbor, it was a recent divorcee from a few houses down the street, 
who begging to meet "that wonderful man with the laugh." Indeed, she did. 

279 



References 

1. Haynes, RH (1993) My road to repair in yeast: the importance of being ignorant, pp. 145-171 
in The Early Days of Yeast Genetics, ed. MN Hall and P Linder. Cold Spring Harbor 
Laboratory Press 

2. Kunz BA, Hanawalt PC (1999) In memoriam: Robert Hall Haynes. Environ Mol Mutagen 
33:257-265 

3. Schrcidinger, E. (1944) What Is Life? Cambridge University Press, Cambridge 
4. Timofeeff-Ressovsky NW, Zimmer KG, Delbriick M (1935 Ober die Natur der Genmutation 

under der Genstruktur. Nachr Ges Wiss Gcittingen FG VI Biol NF l: 189-245 
5. Timofeeff-Ressovsky NW, Zimmer KG (1947) Das Treflerprinzip in der Biologie. Hirzel, 

Leipzig 

6. Korogodin VI, Malumina TS ( 1959) Recovery of viability of irradiated yeast cells. Priroda 
48:82-85 (in Russian) 

7. Haynes RH, Hanawalt PC, editors (1968) The Molecular Basis of Life. WH Freeman, San 
Francisco 

8. Hanawalt PC, Haynes RH, editors (1973) The Chemical Basis of Life. WH Freeman, San 
Francisco 

9. Haynes RH, McKay CP (l 992) The implantation oflife on Mars: feasibility and motivation. 
Adv Space Res 12:133-140 

280 



ALMA HOWARD (1913-1984) 

COLIN SEYMOUR, CARMEL MOTHERSILL 
McMaster University, 1280, Main Street West, Hamilton, ON 
L8S4Kl Canada 

We first met Alma Howard at an association for Radiation Research 
meeting, where we were presenting split dose survival curves, where the 
primary survival curves shoulder and the secondary survival curve shoulder 
were not identical. This was contrary to all the current radiobiology dogma of 
the time. Alma Howard later congratulated us on our courage for presenting the 
data, and said that she had very similar results but at the time she obtained them 
had not the courage to present them. Her support was inspirational in giving us 
the confidence to believe our own data. 

Alma Howard was born on 23 October 1913, in Montreal, and was educated 
at McGill University. She graduated B.Sc. in 1934 with an honours degree in 
Botany and Zoology and entered the Department of Genetics at McGill for 
graduate studies under Professor C. L. Huskins. Her Ph.D. Thesis, submitted in 
193 8, was on 'The correlation between chromosome b_ehaviour and 
susceptibility to mammary gland cancer in mice' and she was awarded the 
Governor-General's medal for graduate work in science. During 1939 and 1940 
she was a demonstrator in Genetics at McGill and held the Finney-Howell 
Research Fellowship. In the course of this work she discovered a new murine 
mutation, called 'rhino' because the mice had crumpled skin. 

Dr. L. H. Gray was at that time looking for a cytologist to work in his 
radiobiology team in the Medical Research Council's Radiotherapeutic 
Research Unit at Hammersmith hospital. On a preliminary visit to the Unit, 
Alma met Dr. Stephen Pelc and was very interested in his use of radioactive 
iodine for the autoradiography of rat thyroid slices. In the interval before taking 
up her appointment she had time to think out how this technique might be 
applied to investigate the dynamics of the mitotic process. 

As a member of the MRC staff at Hammersmith she suggested to Pelc that 
they might inject a mouse with 32P and study the rate at which that isotope was 
incorporated into the DNA of dividing cells in the testis. A mouse was duly 
injected. A week later the first autoradiographs were developed and they 
showed some promise of success. In later work, cells of the bean root Vicia 
faba, already a familiar experimental system in Gray's laboratory, proved more 
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amenable for the elegant studies of the different stages in the cell cycle that 
Howard and Pelc succeeded in demonstrating-a truly seminal discovery. 

While at Hammersmith, Alma worked with Dr. K. Tansley on cataract in 
the lens of the rabbit and, with Dr. Michael Ebert, discovered that excess 
pressures of the rare gases xenon, krypton and argon could suppress the oxygen 
enhancement effect on the radiation killing of Viciafaba cells. 

In 1956 Alma joined the new Research Unit in Radiobiology which Dr. 
Gray was setting up at Mount Vernon Hospital with support from the Cancer 
Research Campaign and a capital grant from Dr. 0. C. A. Scott towards the cost 
of buildings. Much of her time in the period 1960-62 was taken up with 
arrangements for the Second International Congress of Radiation Research, for 
which she was an outstanding Secretary-General. In 1963 Alma moved to the 
Paterson Laboratories in Manchester, where she became Head of the 
Radiobiology Group, and in 1966 she became Deputy Director. She retired in 
1976. 

In her scientific work at Manchester, Dr. Howard and her students and 
collaborators used various test systems, including, of course, mammalian cells 
in vitro and in vivo. Her early training in botany, however, enabled her to bring 
into use also some botanical systems with interesting properties, such as the 
alga Oedogonium cardiacum, the spores of Osmunda regalis and the desmids, 
Closterium moniliferum. Alma was author or joint author of some 94 papers in 
the fields of genetics and radiobiology. 

As Joint Editor (1963-75) of Current Topics in Radiation Research and as 
Joint Editor from 1966 until her death of the International Journal of Radiation 
Biology, Alma Howard served the research community well by her rigorous 
standards of scientific accuracy and of literary style. She also served as 
Chairman of the Association of Radiation Research and of the British 
Association for Cancer Research and gave the L. H. Gray Memorial Lecture to 
the International Association for Radiation Research in 1966. She was also for 
four years Secretary and later Chairman of the L. H. Gray Trust which supports 
workshops and symposia on topics of radiobiological interest. 

A more detailed obituary can be found in the IJRB (I 984, v. 46, pp 1-3). 
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IlPHJIO)KEHHE 

APPENDIX 



A DECLARATION 

by the participants of the Third International Conference on "Modern problems 
of genetics, radiobiology, radioecology, and evolution" dedicated to the Russian 
scientists N.W. Timofeeff-Ressovsky, V.I. Korogodin, and V.A. Shevchenko, 
at the NATO Advanced Research Workshop on "Radiobiological issues 
pertaining to Environmental security and ecoterrorism" and the Round Table on 
"Problems of Crimean ecology" (Alushta, October 9-14, 2010) .. The problems 
of variability among living organisms and of evolutionary processes at the 
genetic, population, and biosphere levels were discussed at the joint Crimean 
symposium. Biosphere changes accelerated by anthropogenic impacts were 
especially considered. 
In recognition of these problems, participants at the conference recommended 
support for the efforts of scientists and non-go:vernment organizations to 
preserve the unique natural resources of the Crimea. 
Participants of the conference suggest the following specific recommendations: 

RECOMMENDATION 

to the Committee on "Man and the Biosphere" UNESCO 
Ukraine National Academy of Science 

To nominate the Karadag Nature Reserve for enrolment in the UNESCO World 
Natural Heritage Register. The basis is as follows: stratigraphic complexes of 
volcanogenic rock strata, rare mineral and petrographic varieties, compound 
and exotic Karadag relief, great biodiversity, landscape amenities, unique 
ground and sea biocenoses, in close proximity to objects of cultural heritage. 
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RECOMMENDATION 

to the. Government of AR Crimea 

To support the innovative project to develop a museum of noosphere 
(Universum) created at the Black Sea economic forum (Yalta, November 26-27, 
2010) presented by a team of the Taurida National University. The basis is as 
follows: opportunity to create a great exposition of noosphere formation using 
material of the Crimean peninsula, complementation of cultural heritage 
preservation, and development of a broad educational program. 

Scientific secretary of the conference, 
Co-director of NATO ARW (JINR) 

Dr. Victoria L. Korogodina 
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LIST OF THE PARTICIPANTS OF THE CRIMEAN MEETING 

Mr. Oleg Afanasiev (Joint Institute for Nuclear Research, Dubna, Russia) 
Ms. Kristina Afanasieva (Joint Institute for Nuclear Research, Dubna, Russia) 
Acad of RAAS, Rudolf M. Alexakhin: Vice-president of International Union of Radioecology, 

Director of Russian. Institute of agricultural radiology and radioecology; RAAS, Obninsk, 
Russia. 

Mrs. Elena A. Alexandrova (Shemyakin-Ovchinnikov Institute , of Bioorganic Chemistry, 
Moscow, Russia) 

Dr. Elena Anton ova (Institute of Plant and Animal Ecology, UD RAS; Ekaterinburg, Russia) 
Prof. Edouard Azzam (New Jersey Medical School Cancer Center, New Jersey, USA) 
Prof. Michael Bader (Max-Delbrilck-Center for Molecular Medicine, Berlin Buch, Germany) 
Dr. Nikolay Belyaev (Dnepropetrovsk National University of Railway Engineering, 

Dnepropetrovsk, Ukraine) 
Prof. Victor S. Bezel (Institute of Plant and Animal Ecology, UD RAS, Ekaterinburg,. Russia) 
Prof. Yu. F. Bogdanov (N.I. Vavilov Institute of General Genetics RAS, Mos9ow, Russia) 
Dr. Alexandra Bogomazova (N.I. Vavilov Institute of General Genetics RAS, Moscow, Russia) 
Prof. Vladimir A. Bokov (Taurida National Vernadsky University, Simferopol, Ukraine) 
Prof. Alexander Ya. Bolsunovsky (Institute of Biophysics SB RAS, Krasnoyarsk, Russia) 
Acad. of RAS Vladimir N. Bol'shakov: Chief of Russian Committee on the UNESCO Program 

"Man and the Biosphere" under RAS Presidium; Editor-in-Chief of the journal "Ecology" of 
Ural Department of RAS; Director of Institute of Plant and Animal Ecology, UD RAS, 
Ekaterinburg, Russia 

Dr. Anton Buzdin (Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, RAS, Moscow, 
Russia) 

Prof. Arrigo Cigna: Past President of the International Union ofRadioecology (Turin, Italy) 
Prof. Stefka Chankova: expert of Biosafety (Biosafety Clearing House, Montreal, Quebec, 

Canada); principle investigator of the Central Laboratory of General Ecology, Bulgarian 
Academy of Science, Sofia, Bulgaria 

Prof. Valentina Chorna (Dnepropetrovsk State Agrarian University, Dnepropetrovsk, Ukraine) 
Prof. Eugeny V. Daev (St-Petersburg State University, St-Petersburg, Russia) 
Mr. Alexey V. Dikarev (Russian Institute of Agricultural Radiology and Radioecology, RAAS, 

Obninsk, Russia) 
Prof. John W. Drake: Past President of the International Genetics Federation; former Editor-in­

Chief of GENETICS (the world's leading journal of genetics); Principle Investigator at the 
National Institute of Environmental Health Sciences, Research Triangle Park, USA. 

Prof. Yuri E. Dubrova (University of Leicester, Leicester, UK) 
Prof. Marco Durante: Director of Biophysics Department, GSI, Darmstadt, Germany 
Mrs. Tatiana A. Dutova (Institute for Genetics and Selection of Industrial Microorganisms, 

Moscow, Russia) 
Corresponding Member, NAS of Ukraine Victor N. Egorov (Institute of Biology of the Southern 

Seas NAS of Ukraine, Sevastopol, Ukraine) 
Dr. Gudrun Erzgraber (Max-Delbrilck-Center for Molecular Medicine, Berlin Buch, Germany) 
Prof. Stanislav A. Geras'kin (Russian Institute of Agricultural Radiology and Radioecology, 

RAAS, Obninsk, Russia) 
Prof. Michael D. Golubovsky (University of California, Berkeley, USA) 
Mr. Nikolay G. Gorbushin (Medical Radiological Research Center, RAMS, Obninsk, Russia) 
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Dr. Dmitry Gordenin (National Institute of Environmental Health Sciences, Research Triangle 
Park, USA) 

Prof. Dmitry I. Gudkov (Institute ofHydrobiology, Kiev, Ukraine) 
Prof. Sergey B. Gulin (Institute of Biology of the Southern Seas NAS of Ukraine, Sevastopol, 

Ukraine) 
Nikolay N. Kharytonov (State Agrarian University, Dnepropetrovsk, Ukraine) 
Prof. Thomas Hinton: Leader of Group "Biota Dose Effects Modelling", Institute of 

Radioprotection and Nuclear Safety, St-Paul-Jez-Durance Cedex, France 
Dr. Yury Yu. Ilinsky (Institute of Cytology and Genetics, SB RAS, Novosibirsk, Russia) 
Acad. RAS Sergey G. lnge-Vechtomov: Chief of the Coordination Council RAS on the problem 

"Ecology and Natural Resources"; Editor-in-Chiefofthejournal "Ecological Genetics"; Head 
of the Chair "Genetics and Selection" of St-Petersburg State University, St-Petersburg, Russia 

Dr. Elena Isaeva (Medical Radiological Research Center, RAMS, Obninsk, Russia) 
Dr. Sergey A. Karpenko: Director of Center of Technology for Sustainable Development, 

Theodosia, Ukraine 
Dr. Elena Khlestkina (Institute of Cytology and Genetics SB RAS, Novosibirsk, Russia) 
Dr. Igor M. Khokhutkin (Institute of Plant and Animal Ecology, UD RAS, Ekaterinburg, 

Russia) 
Dr. Elena P. Khramova (Central Siberian Botanical Garden SB RAS, Novosibirsk, Russia) 
Ms. Elena Klimenko (Helmholtz Center Munich, Munich, Germany) 
Dr. Irina Klimkina (National Mining University, Dnepropetrovsk, Ukraine) 
Dr. Nataliya A. Koltovaya (Joint Institute for Nuclear Research, Dubna, Russia) 
Prof. Vladislav V. Korjenevsky (National Nikitsky Botanical Garden, Yalta, Ukraine) 
Prof. Vladimir G. Korolev: Director of Biophysics Department of St-Petersburg Nuclear Physics 

Institute, RAS, Gatchina, Russia 
Dr. Anton V. Korsakov (Bryansk State Technical University, Bryansk, Russia) 
Dr. Victoria L. Korogodina (Joint Institute for Nuclear Research, Dubna, Russia) 
Prof. Igor Kovalchuk (University ofLethbridge, Lethbridge, Canada) 
Prof. Olga Kovalchuk: CIHR Chair in Gender and Health Board of Governors Research Chair, 

University of Leth bridge, Alberta, Canada 
Dr. Irina Kozeretskaya (National Taras Shevchenko University of Kiev, Kiev, Ukraine) 
Dr. Nina S. Kus'mina (N.I. Vavilov Institute of General Genetics, RAS, Moscow, Russia) 
Dr. Vladimir A. Lapchenko (Karadag Nature Reserve ofNASU), Feodosia, Ukraine 
Dr. Olga Lyanna (Dnepropetrovsk State Medical Academy Dnepropetrovsk, Ukraine) 
DR. Alla I. Lypskaya (Kiev Institute for Nuclear Research ofNAS of Ukraine, Kiev, Ukraine) 
Dr. Yulia A. Maklyuk (Chernobyl Center for Nuclear Safety, Radioactive Waste and 

Radioecology, Chernobyl, Ukraine) 
Mrs. Tatiana V. Marinenko (Institute of Cell Biology and Genetic Engineering ofNASU, Kiev, 

Ukraine) 
Dr. Alexander V. Markov (Paleontological institute, RAS, Moscow, Russia) 
Dr. Pavel M. Marosik (Institute of Genetics and Cytology at NAS of Belarus, Minsk, Belarus) 
Mr. Alexey N. Moiseev (National Research Nuclear University MEPhI, Moscow, Russia) 
Dr. Inna V. Molchanova (Institute of Plant and Animal Ecology, UD RAS, Ekaterinburg, 

Russia) 
Mrs. Nadezhda N. Mordkovich (Institute for Genetics and Selection of Industrial 

Microorganisms, Moscow, Russia) 
Dr. Alla. L. Morozova: Director of National Karadag nature reserve NASU, Feodosiya, Ukraine) 
Prof. Irma B. Mosse (Institute of Genetics and Cytology at NAS of Belarus, Minsk, Belarus) 
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Prof. Carmel Mothersill: Director of Radiation and Environmental, Scien_c«? ,Centre; McMaster 
University, Hamilton, Canada , , . , . :-; 

Ms. Liliana Namolovan (Joint Institute for Nuclear Research, Dubna, Russia) 
Mr. Alexander B. Nazarov (Chernobyl Radioecological Center, Chernobyl, Ukraine) 
Mrs. Valentina K. Novikova (Joint Institute for Nuclear Research, Dubna, Russia) 
Dr. Natalia A. Orekhova (Institute of Plant and Animal Ecology, UD RAS, Ekaterinburg, 

Russia) 
Dr. Ludmila P. Osipova (Institute of Cytology and Genetics SB RAS, Novosibirsk, Russia) 
Dr. Alla A. Oudalova (Russian Institute of Agricultural Radiology and Radioecology, RAAS, 

Obninsk, Russia) 
Prof. D. Oughton (Norwegian University of Life Sciences, Oslo, Norway) 
Ms. Ekaterina Plusnina (Institute of Biology of the Komi Science Center of the UD RAS, 

Syktyvkar, Russia) 
Dr. Vera N. Pozolotina: Deputy of Editor-in-Chief of the journal "Ecology" of the Ural 

Department of RAS; Chief of Ecology Lab of Institute of Plant and Animal Ecology, UD 
RAS, Ekaterinburg, Russia 

Dr. Ilya Prokopiev (Institute of Biological Problems ofCryolitozone SB RAS, Yakutsk, Russia) 
Dr. Olga Pronina (National Taras Shevchenko University, Kiev, Ukraine) 
Dr. Larisa N. Rasina (Institute of Plant and Animal Ecology, UD RAS, Ekaterinburg, Russia) 
Prof. Michael Resnick: Head, Chromosome Stability Group, National Institute of Environmental 

Health Sciences, Research Triangle Park, USA 
Prof. Michael Rosemann (Helmholtz Center Munich, Munich, Germany) 
Prof. Susan Rosenberg: Cullen Endowed Professor of Molecular Genetics, Baylor College of 

Medicine, Houston, Texas, USA 
Prof. Alexandr V. Rubanovich: Chief of the Laboratory of Ecological Genetics, NJ. Vavilov 

Institute of General Genetics RAS, Moscow, Russia 
Dr. Nadezhda I. Ryabokon (Institute of Genetics and Cytology, NAS of Belarus, Minsk, Belarus) 
Dr. Lubov' E. Sal'nikova (NJ. Vavilov Institute of General Genetics RAS, Moscow, Russia) 
Prof. Colin Seymour (McMaster University, Hamilton, Canada) 
Ms. Julia Soshkina (St-Petersburg State University, St-Petersburg, Russia) 
Dr. Elena Stepchenkova (St-Petersburg State University, St-Petersburg, Russia) 
Prof. Boris P. Surinov (Medical Radiological Research Center, RAMS, Obninsk, Russia) 
Mr. Valentine V. Suslov (Institute of Cytology and Genetics, SB RAS, Novosibirsk, Russia) 
Dr. Victoria G. Tsytsugina (Institute of Biology of the Southern Seas NAS of Ukraine, 

Sevastopol, Ukraine) 
Dr. Olga V. Usmanova (Institute of Plant Physiology and Genetics Academy of Sciences of the 

Republic ofTajikistan, Dushanbe, Tajikistan) 
Dr. Valentina Vateryga (National Nikitsky Botanical Garden, Yalta, Ukraine) 
Dr. Olga P. Vasilenko (Institute of Cell Biology and Genetic Engineering of NASU, Kiev, 

Ukraine) 
Prof. Cristina Viera (University Lyon l, Lyon, France) 
Dr. Lidia E. Yalkovskaya (Institute of Plant and Animal Ecology, UD RAS, Ekaterinburg, 

Russia) 
Dr. Ludmila P. Zakharenko (Institute of Cytology and Genetics of the Russian Academy of 

Sciences, Novosibirsk, Russia) 
Dr. Marina V. Zheltonozhskaya (Kiev Institute for Nuclear Researches, NAS of Ukraine, Kiev, 

Ukraine) 
Mrs. Anna Zhuk (St-Petersburg State University, St-Petersburg, Russia) 
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Mrs. Larisa V Znamenskaya (Karadag Nature Reserve ofNASU), Feodosia, Ukraine 
Dr. Nickoly Zyuzikov (Centre for Oncology and Molecular Medicine, Dundee, UK) 
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