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IMPUPOJA U DKOJIOI'HMYECKHE IMTPOBJIEMbI KPBIMA

B.A. BOKOB, C.A. KAPIIEHKO
Taspuyeckuu HayuoHaneHblll yHugepcumem, np. Bepnaockozo 4,
Cumepeponons, Yxpauna

KntoueBsie ciioBa: npupona KpsiMa, penbed, knumar, MoBEpXHOCTHbIE M MOA3EMHbIE
BO/Ibl, PACTMTEbHBII H )KMBOTHBIN MHp, JaHawadThl, 3KOJIOrHYecKHe Npobiembl

Kpbim y 60nbLmHcTBa MtoaeH accounupyercs ¢ FOxHbIM 6eperom — y3koi
nonockod 3emnn Mexay KpeiMckuMmu ropamu W YepHbiM MopeM. 3aech,
ocobeHHO B 3amagHOM uacT, MpUpoAa HanoMuHaeT CpeaH3eMHOMODBE.
MMeHHO K 3To# 4acTH NnoslyocTpoBa NpHypoueHa 6obliias 4acTb CAHATOPHEB H
NaHCHOHATOB, U CIOJla YCTPEMJIIETCA OCHOBHAs YacTh OTABIXAIOLUMX B JIETHHI
nepuol: HaceneHue KpbiMa, cocTaBnstoiee 2,5 MJIH. 4eJOBEK, YBEIHYHUBAETCS
B 2-3 pa3a. OaHaKo MOJIyOCTPOB BKJIFOYAET MHOXXECTBO APYTHMX MPHUPOIHbIX H
KYJIbTYpPHO-HUCTOPHUYECKHX OOBEKTOB, JOCTOHHBIX BHUMaHHS.

PaBauHHbii KpbIM B OCHOBHOM pacrofiokeH Ha MaaThopMeHHOM
CTPYKTYpe — €€ KpUcTalIMyeckuid (yHOaMEHT JIE)KUT NOCTaTO4HO Iiy6oko,
CBEpXY NMPaKTHYECKH FOPH30HTANIBHO 3ajleraloT ocafiouHble nopoasl (Mypartos,
1960).

Topubtii Kpeim  sBnsiercs  wactelo  Anbnuiicko-I Mmanaiickoro  nosca,
OTAHYaeTCs MOBBIIEHHOH TEKTOHMYECKOH aKTHBHOCTbIO. KpbIMckHe ropbl
00pa3syloT TpH napaienbHble psifibl, MOHWKAOLIHECS K CEBEPY M TAHYLUHECS OT I.
Banaknasbl 1o r. ®eomocur Ha paccrosHud 150 kM npu wHpuHe a0 50 kM.
XapakTepHoH OCOOEHHOCTBIO BCEH MOpPHOH QyrM M KaKIOH rpsabl ABASETCS MX
ACUMMETPHYHOCTb, KPYTbl€ OXKHbIE W TOJIOTHE CEBEpHbIE CKIOHBI. BHyTpeHHss
(cpemusis) ¥ BHeuiHss (ceBepHast) rpsibl NMPEACTABAMIOT COO0H THIHYHBIE KyICThI
— HECUMMETpHYHbIE I'P/Ibl U YCTYMbl B penbede. BHelHss u BHyTpeHHss rpsbi
HEBBbICOKHE, BEpLUMHbI WX OKpyribie. BbicoThl BHyTpeHHe# rpsaabl mocTuraror
600— 750 M. BHewHss rpsga  HeBbicokas  (200—300 M), mnocTeneHHO
C/TMBAIOLLASICA C PABHUHHOH 4acTbIO MOJIyOCTPOBa.

InaBHas rpsma pocturaet Bbicotsl 1200—1500 m. ToBepxHocTe I'1aBHOM
rpsaabl npexacTaBaser coboil HaropHoe mMmuato (CTonoobpa3Hyro MOBEPXHOCTD),
Ha3biBaeMoe sinoH. JUis AHIbI  XapaKTepHO HAaIMYME MHOXKECTBA KapCTOBbIX
BOPOHOK, KOTJIOBMH, KappoBbix Mnojed. Ha moBepXHOCTH CTONOBbIX MacCHBOB
OTCYTCTBYET ruaporpaduueckas ceTb, MOCKOJIbKY aTMOC(epHble ocaakH ObICTpO
BoJa ObICTPO MpocauyuBaeTcs Ha ryOWHY MO TPELUMHAM, OTBEPCTHSM, LLIAXTaM,
KOJI0/ILIaM, MOHOpaM U aanee GopMHpPYET NOA3EMHbIE BOABI.
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FOxHBIH MaKpOCKIOH IIaBHOHM Ipspl NOBOJMBHO KpyToi. B paiione Sntei u
I'yp3yda ot obpbiBa siibl Ha Bbicote 1100 — 1200 M 10 Mops Bcero 5-8 km.
Bonblias kpyTH3Ha CKJIOHOB cO3JaeT TNpPEANoCbUIKH IS  pa3sHOOOpasHbIX
reoMop¢oJIOrHYeckHX MpoLEccoB: 0OBaIOB, OCbINeH, OMON3HEH, AeMOBHAILHOIO
CHOCa, pYCJIOBOH 3po3MH W Jp. B BOCTOYHOH 4acTH I0XKHOrO MakpoCKJIOHa
nposeastoTes cenebie npouecchl (Onudepos, 1994). Hapsamy co 3HauMTebHBIM
pacuneHeHHeMm penbeda (pakTopaMH, CrOCOOCTBYIOIIMMH CENSIM B BOCTOYHOM
YaCTH IOKHOrO  MaKpOCKIIOHa, SBJAIOTCS CyXOH KIMMat, cnaboe pasBuTHe
PacTUTENBLHOIO MOKPOBa M phIXJible MopoAbl (npeobnanaet ¢uimu).

Kmumar KpbIMa  xapakTepusyeTcs  HaIMYHEM  MHOXKECTBA  THIIOB,
¢dopMHUpyIOILIMXCSA B pasHbIX 4acTAX paBHHUHBI, rop W nobepexbs. [loa BausHHEM
rop ¥ MOps BO3HHKAEeT CYLIECTBEHHas pasHHLA TEMIepaTypbl Mexay paioHamH
cesepHoro KpbiMa W IOkHoro 6Gepera, pacrnonoxeHHbIMM Ha HE3HAYMTENLHOM
PacCTOSHHH YT OT ApYyra, KOTOpas B 3UMHEE BPEMS COCTaBIIsiET B CpeaHEM S-
6°C.

Xapakrep atmocthepHoi LMpKyaauMd Hal KpbiIMOM MeHseTcs B TeueHue
rona. B 3umHuii nepuwon  KpbIM Hepenko okasbiBaeTCs Ha HOrO-BOCTOUYHOM
nepudepyy aHTHLMKJIOHA C LIGHTPOM Hal 3amnafHbIMU paioHaMH YKpauHbl,
Benopyccueit M LEeHTpaibHbIMH  paifoHaMH eBponedckod uacth  Poccum.
Bo3ayiHbele Macchl Takoro THIMA pacnpOCTPaHAIOTCS He Bblie | KM H, He
MOTYT MepeBaINTb Aibl. Ecu 1 B paBHUHHOM YacTH TeMmepaTypa Bo3ayxa B
3TOT MEPHOJ MOXKET COCTaBAATh MHHYC 10-1 5° C, To Ha sii11aX OHa MOXET GbITb
Boime Ha 3-5°, a B toro-3amagHom KpeiMy TemnepaTypa MoxeT GbiTh W
NOJIOKUTEIBHOM.

3uMoii Takke HEpeNKH BTOPXKEHHS apKTHYeCKOro Bo3gyxa (c ceBepa),
BbI3bIBAIOLIHE PE3KHE MOHWKEHUS TEMIIEpaTypbl BO3QyXa, OCOOEHHO CWIBHO B
paBHHHHOM YacTH - MHoraa ao - 30 °C.

Pexxe 3WMOIf MOMYOCTPOB 3aXBaThbIBa€TCA MOTOKAMH IOro-3anajHoro
HamnpaBJIeHHs, MPUHOCAWMMH Tero (06buHO 10 10-15°C) M MHTEHCHBHBIE
ocaikd. JTOT Bo3ayX NMpUxoauT co CpeansemHoro Mops. Ocaaky BbINajaloT B
HaubosblUei cTeneHH B 10ro-3anafaHol 4acTi KpbIMCKHX rop Ha HaBETPEHHbIX
CKJIOHAX.

Jleto B Kpbimy >xapkoe W 3acyunuBoe. Hap nmonyoctpoBoM npeobnapator
MECTHble BO3JYIIHbIE MacChl, KOTOpble (GOPMHPYIOTCS Ha MECTE B YCJIOBHAX
BbICOKHX BEJIMYMH COJIHEYHOH paHalivH NMpH Masloi 06J1a4HOCTH.

BpeMeHamu Ha MOyOCTpPOB MPOPBIBAIOTCS aTJAHTHYECKHE LIMKIOHHYECKHE
NOTOKH, HAYLIHE C 3anaja H ¢ ceBepo-3anafa. OHM Jal0T OCaAKH Ha CEBEPHbBIX
cwioHax KpeIMckux rop, a roxHobepexbe OKa3biBaeTCs B BETPOBOH TEHH, W
30eChb KOJMYECTBO OCAJKOB YyMeHbLIaeTcs. AHTHLMKIOHAIbHbIA XapakTep
noroabl M3peAKa HapylUaeTcs CWIbHbIMH, HO KpPaTKOBPEMEHHBbIMHM JIMBHAMM
KOHBEKTHMBHOTO POHCXOXKACHHS.
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Temnepatypubliii peskxum. Haubonee Huskas cpeiHeroaosas Temneparypa
HabmopaeTcs Ha sinax: 3-4°C  Ha BbICOKMX fiHnax, 5-6°C — Ha HU3KMX. B
paBHUHHOM YacTH MOAYOCTPOBa CpelHss rofoBas Temnepatypa paBHa 10-1 1°C.
IOxHob6epexbe xapakTepu3yeTcs Haubosiee BbICOKOH CpeQHEroaoBoii
Temneparypoii - ot 11,0 no 13,4°C.

Bonbwas wacTth nonyocTpoBa  xapakTepH3yeTcs  OTpHULIATEIbHbIMH
SHBapCKUMH TeMmnepaTypaMu. MMeeTcs 1Ba MMHHMYyMa: B paBHHMHHOH 4acTH B
paioHe [lepekonckoro nepeuierka (-2,5%) u ua siinax — munyc 5° Ha 3ananHbix
u MuHyc 3-4° Ha BocTOuHbIX. 3UMHUE TeMnepaTypbl Ha FOxHoGepexne  Bbillle
0°C (ot 2° no 4° C).

HdocTtaToyHo mnpocTas 3aKOHOMEPHOCTb B  paclpeAefieHHH cpeaHeit
TeMreparypbl MMeeT MecTo jieToM. Ha sinax oHa HauMeHbluas - 13-16°. Ha
Oonbuieit yacTH paBHWHHOro KpbiMa jieTHHe TeMmnepaTypbl COCTaBISIOT 22-
23°C, a Baoab Beero nobepesbs — mioc 23° u biue.

[TpopomkuTenbHOCTh 6€3MOPO3HOrO MEPHUOJA COCTABAAET Ha HEOOJbILMX
BbicoTax okoJsio 200 aHeii, Ha BbicoTe 1000 M — 150 axeit. Ha siinax Tosibko B
vlojle W aBrycte He ObiBaeT 3aMopo3koB. KnuMar sin xapakTtepusyercs
CHIbHbIMM BETPaMH, TyMaHaMH, 3MMOH C HHTEHCHBHbIM TrOJIONEAOM H
meTensmu. [IposBneHue 3Toro ¢dakropa MpHUBENO K CHHXKEHHIO KM3HEHHOCTH
JIECHBIX JIECOHACAKAEHHH Ha KpPBIMCKHX fiax.

OueHb BaXkKHOE 3HAUEHHE HMEIOT 3UMHHE TEMIEpaTypbl, KOTOpbIE
OrpaHWYMBAIOT [pOM3pacTaHWe MHOrMX KyabTyp. BTopxkeHus ceepo-
BOCTOYHBIX XOJIOAHBIX MAacC MOTYT IJMTbCA OBE-TPH HEAESH M NPHUBOLAT K
cHmkeHuo TemnepaTypbl 10 -30° C M HeCKONbKO HMXKE B PaBHHUHHON 4acTH
peruoHa, a B paitone Sntbi — 1o -15° C.

AtmocdepHbie ocaaku. Ha noGepexbe BoNb BCero noayocTpoBa roaosas
cymma ocankos coctaBnsieT 300-400 MM (aocTuras MMHHMyMa Ha MeraHome —
270 mm). B ueHTpanbHOM yacTH paBHHHHOro KpbiMa KOJMYECTBO 0CaJKOB
Bo3pactaet A0 450 mM, B [Ipearopre — no 500-600 MM, Ha rnaBHOIl rpsnae — 10
1000-1300 mm, Ha FOBK - 300 - 650 MM (Bo3pacTaer k 3anany).

Bonbwas yacTh ocaakoB Bbinagaer B BuAe AoxaAis. Ha gomro TBepabix
ocaakoB npuxoautcs meHee 10%. Uucno nHeit ¢ noxasmu konebnercs ot 80 -
130 B crenHblx paioHax, 1o 150 - 170 B ropax. Jlerom B Kpbimy Habntonaercs
He Honee 5 - 10 qHe# ¢ noxasmMH 3a Mecsl. TeM He MeHee, HEPEIKO BbINaaaloT
MCKJIIOYHUTENbHO OOM/IBbHBIE NOXAW - JIMBHH, KOTOpble 0Opas’yloT, 4acTo B
Te4yeHUe OJIHOI MHUHYTHI, clioit Boabl B 2 - 4 MM, 3a aBa yaca — 40 - 90 mm, 3a
cytku 100 MM 1 Gonee. Mix BoimafeHHe BbI3bIBAET MaBOIKU Ha peKax.

B npearopuo#i uyactu (Cumdeponons, benoropck) koav4ecTBo 0cCaakoB
coctaBnser 500-600 MM B roa, Ha siiiax KOJMYECTBO OCaZKOB BO3pacTaeT 10
1000-1500 Mm/ron.
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KonuuectBo ocankoB pe3ko konebnercs ot roga k roay. Ilpu cpeaneii
BennuuHe 450 - 490 MM B npearopbe 1o rogaM oHH usmeHstorcs ot 200-300
1o 700 - 900 mm; Ha KOxHoM Gepery npu cpeaHuX 3HaueHHsx 430 - 650 mm -
ot 200 - 300 no 1000 MM; Ha 3anagHbIX Ainax Npu cpeaHeid BennuuHe 960 MM
usmensetcsa ot 410 no 1650 mm (Knumar.. ., 1983).

Ocaaky HepaBHOMEPHO pacrnpelensioTcs M no ce3oHaM roaa. Ha pucyHke
MOKa3aHO  pacrpedelieHHe  OTHOIUEHHS  CPeJHEMHOroJIETHEH  CyMMbl
aTMOC(epHBIX OCaJKOB 3a XOJIOAHBIH mepHon (HosOpb — MapT) K cymme
OCaJIKOB 3a TeIIbli nepuo (anpenb — OKTAOPB).

~ ] — ——

A f— 1

A

07 08 09 {0 13

o F:
o

OTHolIeHHEe CyMMBI aTMOCGEPHBIX OCalkoB 3a XOJNOAHBIH nepHon (HOAGPb-MapT) K CyMMe OCanKoB 3a
Tennsii nepHoa (anpens-okTA6ps)

Jins cenbCcKOXO3AHCTBEHHOH MEATENbHOCTH OONbIIOE 3HAYEHHE HMEIOT
pa3nu4Ms B CE30HHOM XapaKTepe BbiMaJCHHS OCAJKOB MEXAy KpaiHei toro-
3anmafiHoH 4acThio nosyoctpoBa (ot CeBacTonoss 40 ANyIUTbl), OTHOCALLEHCS
K cybcpeauseMHOMOpCkoH 4YacTH M ocTaJibHOM u4acTeio Kpbiva. B
cybcpea3eMHOMOPCKO# 4acTH 6oJbilas YacTb OCaJKOB BbINAJAET B XOJIOJHOE
BpeMs MpPEeHMYLIECTBEHHO B GopMe MOpocsliMX AoxaeH. DTo crnocobcTByeT
nydmedi HWHQWIBTPAUMH BNarH B MOYBY C MOCIEAYHIOIHM 3(EKTHBHBIM
HCMOJIb30BaHHEM CEJIbCKOXO3AHCTBEHHbIMH KyNbTypaMH. Ha octanbHoi yactu
KpbiMa npeobnamatior ocagku Temnoro nmnepudoaa. JIMBHeBble ocaaku B
3HAYMTENLHOH CTEMEeHH 00pa3yloT MOBEPXHOCTHBIH CTOK M TEM CaMbIM Maslo
MCTIOJNIB3YIOTCS PAaCTHUTENIbHBIM MOKPOBOM, a ciabble NOXKAH B GonbiIOH Mepe
NepexBaThIBAIOTCS JINCTOBOH MOBEPXHOCTBIO CENbCKOXO3AHCTBEHHBIX KYJILTYD,
a 3aTeM UCnapsIoTCs.
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B uenoM B KpbIMy MOXHO BbIIEIUTH TPH OCHOBHBIX THIA KJIMMaTa:

1)  roxHoOepexxHbli (@0 BbicoTbl  mpuMepHo  200-350 ™)
cybcpeiM3eMHOMOPCKHH €1ab0 KOHTHHEHTIbHBIH C )KapKHM CYXHM JIETOM M
NpoxJIafiHOH 3UMOH, KOTOpbIH ChOPMHpPOBAICS 3a cyeT 6apbepHOro BIUSAHHS
rop;

2) ropHbIH JIECHOH yMEpPEHHO BJaXXHbIH C MPOXJIAAHOH 3UMOH M TEMIbIM
JieToM (Ha 10XKHOM MakpockioHe Boiie 800 m);

3) crenHoH yMEpEeHHOH KOHTHHEHTAIbHBIH C JXXAPKHM CYXHM JIETOM H
XOJI0AHOM 3UMOH. Mexay HMMH HabmoAal0TCSA NEPEXOAHbIE THNIbI.

Msrkue 3uMbl ¢ MakcHMymoM ocaakoB Ha HOBK wumeroT pelnarouiee
3HaYeHHWe B ONpElesIeHHUH 3TOro KJIMMaTa Kak CcyOGcpeln3eMHOMOPCKOro.
Bnaronaps MArkMM 3umaM 34eCh BO3MOXHO pa3BEEHHE MHOTHMX HOKHbBIX
BHAOB pacTeHHH. HecMoTps Ha To, 4TO cpeiHss TemnepaTypa HH OAHOIO
MecsiLa Ha Gosbliet YacTH 10)kHOH nosnoBHHbI KpeiMa He majaeT HHXke Hyns,
BCE K€ MOYTH KaXKAblH roa O6bIBAIOT KpaTKOBpEMEHHbIE MOPO3bl. B oTaesbHble
roaibl Temnepatypa B FOxHom KpbiMy onyckaercs 10 - 10°C.... — 15°C, uTto
MPUBOAMT K  MOBPEXICHHIO CEJIbCKOXO3SAHCTBEHHbIX KyJbTYpP MOpPO3aMH.
Takum obGpasom, ycnoBus Ha FOxxHom KpbIMy 3HauuTenbHO cypoBee, YeM B
THITHYHO CpeaU3eMHOMOPCKHUX paiioHax Mcnanuu, ®@paHuun, Hranuu, ['peunn.

Pecypcbl Tenna no3BosisioT BblpawiMBaTh B KpbiMy MHOrue miaonosbie
KynbTypbl U BUHOrpal. OcobeHHo 61aronpUsTHbIE YCIOBUA CKIAAbIBAlOTCS Ha
10kHOOepexbe, B HEKOTOPbIX YacTix npearopbs. CyMma TeMneparyp Bbiie 10
rpanycos (no Llenbcuio) nocturaet B paitoHe Mucxopa 4200 rpagycos Bbillie
10°C.

B npumopckux wyactax nonyoctpoBa - B 10-30 kM oT nobepexbs -
NposABAAIOTCS GPHU3bl - BETPhl TEMJIOrO BPEMEHH roja, AyIOLIHE JHEM C MOpH,
HOUbIO - ¢ Cylid. Bpu3bl cMmsrdaloT AHeBHyIO NeTHIOIO >kapy. OHM Takke
OYHMILAIOT BO3AYX NPUMOPCKHX FOPOJOB OT MPOMBIILIJIEHHBIX U TPAHCMOPTHBIX
3arpsA3HeHUH.

IloBepxHOCTHBIE H MOA3eMHBIe BOAbL. Beero B KpbiMy HacuHThIBaeTCs 0KOJIO
1700 pek ¥ BpeMeHHbIX BOoAOTOKOB. Ho momaBnsiomias MX 4acTb OTHOCHTCH K
MaJTbiM pekam UTMHO#H 10 10 kM.

Ha BoaHblii pexxum pex KpbiMa B nepBylo ouepelb OKa3sbIBaeT BIIHSHHE
HaJIHYME TPELIHHOBATbIX H3BECTHAKOB, PETYJHPYIOLIMX MOBEPXHOCTHBIA M
nomseMHblii  cTtok. EcTecTBeHHbIH pexuM OONBIIMHCTBA peK  HCKakaeTcs
peryJMpyoILHM BIHSHHEM HCKYCCTBEHHBIX BOJOEMOB, a Takike 3a00poM BOIbI Ha
opouieHre. Ha TeppuTopuM perdoHa HacuuTbiBaeTcs Oosiee ThiCS4YM MpPYAOB K
BOJOXPaHUNMIL, ¢ 001LEeH NOBEPXHOCTBIO MOJHOIO 3epKajia okoso 27 kM (rUI0Iazk
BOJOXpaHWAUIL nopsakxa 14 KkM”), a o/Ie3Has BOAOOTAaua UX nopsaka 180 M. m’.

B nauane 70-x ronos XX cronerus B Kpesim 6611 nposened Cesepo-KpbiMckuii
KaHaJl, KOTOpbIi npuHec Ha nomyoctpoB Boxy JIHenpa. Ee o6bvem B Tpu pasa
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NpeBbILIAET E€CTECTBEHHbI MOBEPXHOCTHbIH cTok. [lpuxod Boabl MO3BONMI
opocuTb 400 ThIC. ra CENbCKOXO3AHCTBEHHBIX 3eMesb, 0OecneuuTh ropoaa U
nocenkyd paBHHUHHOro M mpearopHoro Kpeiva. IlpumepHo TpeTh o6bema Boabi
KaHaa copacbiBaeTcs B 03epo Cupall.

KpbIMCkHii NOTyOCTPOB CpaBHUTENbHO GEIEH NPECHBIMU MOA3EMHBIMHU BOJAMH.
B TopHom KpeiMy mnomsemHble BOAbl MPHYPOYEHbI K  BEPXHEHOPCKHM
3aKapCTOBaHHBIM M3BECTHAKAM M MECHYAHO-IJIHHHUCTBIM OTIOKEHHAM, MECTaMH, B
OTIE/bHBIX AEMpecCHsAX, - K MOpOAaM MeEJIOBOrO BO3pacTa M K UYETBEPTHYHBIM
obpasoBaHusAM. H3-3a HENOCTATOYHOrO KOJNIMYECTBA OCAIKOB LUIMPOKO Pa3BUTHIE B
parHMHHOM KpbIMy ueTBEpTHYHBIE OTI0XKEHHS O0OBOAHEHDI cnabo.

Peunbie Boabl KppiMa HCMonb3ytoTCs /151 OpOLLEHHS MOJEH, CaoB, OropoIOB H
BUHOrpaZHMKOB. B pesynbrare, pacxon Boabl B pekax pe3ko cokpatuics. Kpome
MOBEPXHOCTHBIX BOA /I 3TOH LE/NH pacXOMYHOTCS Takke MOAPYCIOBOM CTOK W
apre3uaHckue Bonbl. B obnactu okono 2000 apre3unanckux u 6osee 2300 waxTHbIX
KOJIOALIEB.

KadectBo BOAbI B peKkax M MOA3EMHBIX BOA B [MOC/IEIHHE OECATUIETHS
YXYyALIWIOCh, YTO CBA3aHO C POCTOM NMpPHUMEHEHHs YAOOpeHHH W SA0XUMHKATOB B
CEJIbCKOXO3HCTBEHHOM NPOM3BOICTBE, pa3BUTHEM MPOMBILLIEHHOTO
NpPOW3BOJCTBA, 0COOEHHO XUMHUECKOT0, COPOCOM KOMMYHATbHO-OBITOBBIX CTOKOB.

Ilousbl. PaBHuHHBIH KpeiM M KepueHckuii nosmyocTpoB pacrnonaratorcs B
NOA30HE [JEPHOBMHHO-3N1aKOBbIX CYXMX CTeneH, pa3BMTbIX [Ma  KKHbIX
majioryMycHbix (3-4% rymyca) uepHo3eMax M TEMHO-KalITaHOBbIX nousax. [lo
HanpaeneHuto k [lpucuBamickomy, Kapkunurckomy M EBnaropuiickomy mno-
bepexbsiM Ha BbicoTax 40-50 M u4epHO3EMBI CMEHSIOTCS  COJIOHLEBATbIMH
cnaboryMycHpoBaHHbIMM  TEMHO-KAlITaHOBbIMH  MouBaMH. HenocpeacreeHHo
BIOJIb MobOepexuil, Ha Oosiee HM3KMX YYacTKaxX, pacrpoCTpaHeHbl JIyroBble
COJIOHLIOBO-COJIOHYAKOBbIE MOYBBI B KOMILIEKCE C COJIOHYaKaMH.

Ha IOBK no Bbicotsl 400 M npeobnagaloT KOpHUYHEBble LIEOEHYATbIE MOYBbI
CyXHX JIeCOB M KyCTapHHKOB, C)OpPMHPOBABLUMECS HA MPOXYKTax BbIBETPHBAHHS
IJIMHUCTBIX C/IaHLIEB, NMECYaHUKOB H M3BECTHAKOB, MECTAMH BCTPEYAIOTCS KPAacHO-
Oypble mouBbl Ha M3BecTHskax. Beiwe, ot 400 no 700 M, pacnonaratorcs Oypble
necHble mousbl, ewé Boie (700—1200 M) dopmupyroTcs TEMHO-Oypble ropHo-
NecHble BbIlLENIOYEHHbIE MouBbl. Ha siinax pacrpocTpaHeHbl TOpPHO-TyroBble
4epHO3EMOBHIHbIE TOYBBI.

PactuTesbHOCT M KHBOTHBIH mHp. PacturenbHocts  KpbiMckoro
nonyoctpoBa ©Oorara U pa3HooOpa3Ha. 3aech NpeACTaB/ieH LENblid CEeKTp THIOB
PACTHTENBHOCTH:  OT  MYCTHIHHBIX  COJISHKOBbIX ~ COOOLUECTB  3aCONIEHHbIX
Hu3MeHHocTeid [IpucuBalibs M KOBBbUIBHO-THMYakoBbix cTeneit KepueHckoro
nosiyoctpoBa A0 AMy6oBbIX, OYKOBbIX M XBOHHbBIX JIECOB, (OPMHpYIOLLHUXCA B
ropHbix noscax. IInaroo6pastas BepiuvHa ['naBHo# rpsabl KpbiMckux rop 3aHsra
CBO€OOpa3HbIMH  IyCTO-TPaBSHbIMHM JITOBBIMM CTEMSIMM  WIHM  OCTEMHEHHbIMH
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ayramu. FOxHoMy Oepery CBOHCTBEHHa pacTHUTENBHOCTb, O/lH3Kas K Cpeau3eM-
HOMOPCKOMY THITY.

Oco0ylo LIEHHOCTb MpEACTaBIAOT FOPHbIE KPbIMCKME Jieca, (HOpMHpYIOLLHE
ocoOblif MeCTHbIH KJIMMaT, neHsaxHoe pasHoobpasue. J[o 3aceneHus MoyocTpoBa
YeNIOBEKOM JiecaMH ObLa MOKpbITa BCS ropHast 001acTh M Jaxke 4acTh paBHHHHOM
TeppuTOpHH. Pa3BHTHE CKOTOBOACTBA MPHBENO K MCYE3HOBEHHMIO JIECOB Ha
paBHHHAaX M 3HAYMTENILHOMY YMEHBIUEHHIO B Mpearopbsix WU roxkHom Oepery. K
Havarny XIX Beka niecamu 6buto nokpbrro 361 Teic. ra (LiBetkos, 1957). B 1888
roQy X Iioumiaab yMeHbiuwiach A0 334 teic. ra, B 1913 r. — no 318 Thic. ra, B 1929
r. — 10 274 toic. ra. CWIbHO NoCTpajaiy jieca Bo BpeMs Bropoiit MUpoBo# BOHHbI —
UX mowanb yMeHbiunnach a0 210 Teic. ra. B mocneBoeHHbld nepuon Gnarogaps
JIECOBOCCTAHOBHTENBHBIM paboTam ruioiaab o6JieCeHHbIX TEPPHTOPHIA Bo3pocia U
ceifuac cocTaBasieT MpUMepHO 296 Thic. ra.

OnopHcTHYECKHH COCTaB M XapaKTep pacTUTeNbHBIX coobuecte KpbiMa
OnM30K K CpeaH3eMHOMOpPCKOMY, HO OTIH4YaeTcs OOoJbLIMM pa3HooOpazueM
BUI0B: BO (y1ope ropHoro KpeiMa (miomaas 0koao 7 Thic. KM”) NpeCTaBIeHO
2173 Bupa, a Ha octpoBe Kput (mnomans 8,4 Thic. kM) — 1824, Ha octpoBe
Kopcuka (nnowmaaps okono 8,7 Thic. kM) — 0kos10 1900 BHIOB.

TunuyHO Cpeau3eMHOMOpPCKHE BHIbI, BXOIALIME B COCTaB cooOlIeCTB
pa3HbiX BapHaHTOB CpPeAH3EMHOMOPCKHX JaHAWA(TOB: MOMOKEBENbHUK
BbICOKHH (Juniperus excelsa), cocHa kpwiMckas (Pinus pallasiana), cocHa
CrankeBuua (P. stankewiezii), ¢ucramka TtynonucrHas (Pistacia mutica),
3eMJISHUYHUK MEJTKOTUIONHBIH (Arbutus andrachne), Wrivua TNOHTHIiCKas
(Ruscus ponticus), naganHuk kpbiMckuit (Cistus tauricus), cymax nyOUIbHbIH
(Rhus  coriaria), Monouaii xectkuii (Euphorbia rigida), xacMuH
KycTapHukoBbIH (Jasminum fruticans), nepxu-nepeBo (Paliurus spina —
christi), acbonenuHa xenras (Asphodeline lutea), kanepcol komouue (Capparis
spinosa) v ap.(barposa u ap., 2003).

OcobeHHOCTBIO  GayHbl  SBASETCS  HalMYyHe B HEH  BHMOB
CPeaM3eMHOMOPCKOro MPOHUCXOXKIeHHA. Y3 MiekonuTalolMx - 3TO JIeTyuue
MbIliM GonblioR M Manbii noakoBoHoc (Rhinolophus ferrumequinum, Rh.
hipposideros), a Taioke AIUHOKpbUT (Miniopterus schreibersi); u3 nTuy —
yepHblii rpud (Aegypius monachus), Genoronosbiii cun (Gyps fulvus); u3
pentunuii  —cpenuzemHomopckuil  rekkoH  (Tenuidactylus  Kotschyi),
neonapaoBbiii nono3s (Elaphe situla); u3 HacekoMbIX — LIHKaaa 0ObIKHOBEHHas
(Tibicen plebeja) v np.

[TonyocTpoB  moOAyuwn LIMPOKYIO H3BECTHOCTh Onaromaps  Gonbliomy
GuonormyeckoMy u JanauadTHoMy pasHoobpasmo. OH Bxoaut B uyucio 200
paioHOB MMpa, OTHECEHHBIX K TEPPHTOPHSIM C BBICOKUM GHOpa3sHooOpasHeM.

Ha nonyocTpoBe HacuMTBLIBAETCA OKOJNO THICSYH HHTPOAYLIEHTOB, TO
€CTb BBE3CHHBIX M NPWXKHUBLIMXCA 3/leCb pPacTeHHH, 4YacTO CTaBLIKX
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HEOTBEMJIEMOH  YaCTbIO  KPBIMCKOrO  Mei3axa: mnajlbMbl,  KHMapHCH,
10ACHOAMEPUKAHCKUI KaKTYC OMYHLMS, KuTalickuil aiaanT, kanaackas pobuHus
(benas akaums), UTATLAHCKAN FAAAMUMS H MHOTHE COTHH BUO0B. Ocobyio posb
MHTpOAYlLIEHTbl urpaloT B napkax Kpbima. Haubonee wu3BecTHbIM W
pacnpocTpaHeHHbIM HHTpoayueHToM Ha lOxHoM Gepery KpbiMa sBnsercs
kunapuc. Brnepssie oH nossunca B Kpoimy B koHue XVIII Beka. B napkax u
Ha HabepeKHOH MOXHO BCTPETHTh JICHKOPAHCKYIO aKalMIo, OJieaH/p,
MarHoJIMIO, SMOHCKYIO BEEPHYIO MaJIbMY, IOKKY, MTaJIbSHCKHE COCHbI (MHHUH),
nnataHbl, W MHorue apyrue. EcTb mpumepbl M KpaiiHe OTpHLATENbHbIX
MOCNEACTBUHA MOSIBACHHS HWHTPONYLEHTOB: BHEJpPEHHE B NpHOpexHbie
3KkocHCTEMbl YepHoro u A3oBckoro Moped rpeOHeBHKa W panaHbl NMPUBENO K
HapyLIEHHIO MHUILEBBIX UENeH, YMEHbIIEHHIO YUCIEHHOCTH TUIaHKTOHa.

B KpbIMy BbIAENSIOT CAEAYIOLIME OCHOBHbIE BH/IbI JIAHILIA(TOB:

1. T'opHo-npumopckue cybcpeau3eMHOMOPCKHE ' TaHAadTel NPHYPOUYEHb! K
to)kHoMy Oepery — ot Mops no Bobicothl 350 - 400 m. XapaktepusyroTcs
nposiBNeHHeM OpH30B, HEBBICOKHM YBI@KHEHHEM, MAJOMOLLUHBIMH [OYBaMH,
oOunMeM MeCTHbIX KIMMaToB. EcTecTBEHHas pacTHTENBHOCTb — MOXOKEBEJIOBO-
oy6oBble nieca, IMONAKH, powWM (QUCTAIIKK TYMOJWCTHOH, 3eMISHUYHHK
MEJIKOIUIOAHBIM, WUIIHL@ MoHTHHCKas W Ap. TeppUTopus ¢ 3TUMH naHawagTaMu
JaBHO 3HauWTenbHa 3aceneHa. KypoprHble roposa oOpasyloT MOYTH CIUIOLIHYHO
nojgocy BAOMb YepHOMopckoro rmnobepexbs. Ha  paHHOH — TeppuTOpHM
copmupoBanics ocoOblid JaHAWAdT, B KOTOPOM COYETAIOTCS TOpOAA, MNapkH,
BHHOTPAJIHHKH, pa3peXeHHble TyOoBble, (HCTALIKOBbIE, MOMOKEBEJIOBbIE Jieca,
KOTOpbl€ BbIILIE CMEHSIOTCS  COCHOBbIMH M OykoBbiMM JiecamM. Ha naHHo#
TEPPUTOPHH BBIPALMBAIOT LIEHHbIE COpTAa BHHOIPajia, M3 KOTOPBIX [JENatoT
BCEMHPHO M3BecTHble BHHA: KpbiMckuii MyckaT Genbiif kpacHoro kamus, Ilnno-
I'pu, YepHblit JOKTOP M Ap.

®opmupoBaHHe apeana cybcpeauseMHOMOpckoit npupoabl B Kpbimy Ha
KpaiiHeM oro-3anajge cBs3aHO ¢ KpbIMCKMMH ropamu, KOTOpble, ¢ OAHOH
CTOPOHbl OrPaHWYHMBAIOT XOJIOJHbIE CEBEPO-BOCTOYHBIE TMOTOKH 3HMMOM, C
OpYroii CTOPOHbI, IOXHBbIH MaKpOCKJIOH rop MoJjly4aeT HECKOJIbKOo Oosblue
COMHeYHOH paauvauud (0coOeHHO 3MMOH) MO CPaBHEHHIO C FOPU3OHTAILHOM
noBepxHocTbio. CpenuseMHOMOpckas TMNpHpoAa mpenacraBieHa B Kpbimy
HeckonbkuMd  BapuaHtamu (barpoBa u  ap., 2003). Hacrosuee
CpeM3eMHOMOpbE NMPECTaBIeHO HEOOIbIIMMH YYacTKaMH Ha Mbice MapTbsH,
Aliis 1 B HEKOTOpbIX ApYrux Mecrax. Ero cuMBonabl — ny6 nywuctoid (Quercus
pubescens), MOXOKEBENbHHK BbICOKMH M 3EMJISHUYHMK MENKOIUIOAHBIH.
Cy6cpeanseMHOMOpckUe aHaapTl 06pa3oBaHbl 1y60BO-MOXOKEBEIOBLIMH
1 1y60Bo-QHCTALLIKOBBIMU peakonecbiMH. HemopanbHble  BapHaHTbI
Cpean3eMHOMOpPCKHX NaHAwadToB — neca M3 Ayba MyLIKCTOro pacnosiokKeHbl
Ha ceBepHOM MakpocksioHe KpbiMckux rop. B HuxHeM ero mnosce XoTs M
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NpPOMU3pacTaloT  MPEACTAaBHTENH CPEAM3EMHOMOPCKHMX  JaHAWadgroB, HO
K/IMMaTHYECKME YCOBHA (CpelHME AHBapCKMe TemmepaTyphl Hibke 0,
MaKCHMMYM OCa/IKOB JIETHHI H Ip.) 30€Ch COOTBETCTBYIOT YMEPEHHOMY MOSACY.
[lepenneasnatckoe cybcpenM3eMHOMOpbE MNpEACTABIEHO B IOro-3anajiHoM
4acTH KpbiMckoro mpearopbs (Mexay Cesacrononem u baxuucapaem), rae
pacnpocTpaHeHbl ~ KOPHYHEBBIE  [OYBBI, KOTOpblEe  XapaKTepHbl  AJs
cpeau3eMHOMOpCcKUX naHawagToB. 3aeck, 3a npenenamu FIOBK, He Tonbko
ay6 nywucThli  xopowo cebs YyBCTBYET, HO M BCTpEYalOTCS TaKue
TermioMoOuBble  BHAbl pacTeHMH Kak (HUCTallka TYMOJMCTHAsA, HIiaMua
NoABA3bIUHAA, KACMHUH KycTapHHKOBbIH. [ToHTHYeckoe cybcpeanseMHOMOpbe
MOXXHO BBIJEIUTh B Mnpeaenax TapXaHKyTCKOro nobepexbs, rAe CTeMHble
MOHTHYECKHE  CPEAHU3EMHOMOPCKHE  3(eMepHble  3NeMeHTbl  006pa3yroT
cBoeoOpasHble CTenHble coob1ecTBa.

2.T'opHble (cpenHeropHsble) jaecHble JaHaadThl pacnookeHb! Ha BbicoTe 350
— 600 M u Bbie (10 1200 M). OTH TepPUTOPHH MOKPLITHH Ty60BBIMH, OYKOBLIMH,
rpaboBbIMH M COCHOBbIMH JiecaMH. HM3-3a ropHoro penbeda M NpOXJIAOHOrO
KJIMMaTa [UIOTHOCTb HACENEHHS HEBbICOKas — JIMLIb B PEYHBIX AOJHHAX €CThb
NOCENKH W HeOoNbLIKE TUIOLAAN caJoB. TeppHTOPHIO MepeceKaloT aBTOJOPOTH,
TYPUCTCKHE TPOTIbL.

3.I'opHble JTyTrOBO-JIECOCTEMNHbIE naHawagTbI - NaHawagThl
TUIOCKOBEPLUMHHBIX MoBepXHOCTeH KpbIMCKMX rop — sl — XapaKTepH3yloTcs
BBICOKMM aTMoC(epHbIM YBnaxkHeHHeM. KoiudecTBO aTMOC(HEpHBIX OCaIKOB
cocrasnsier 800-1500 mm/roa. CrenHblie OHOLIEHO3bI SiT 06pa3yloT OCTPOBa CcpeaH
OKpYXXaloLMX HX JlecoB Ha ciiloHax ['naBHo# rpsapl. Ha sitnax dopmupyercs
3HauMTeNIbHAs YacTbh PEYHOro cToka. Mx BbicOkoe BOJOOXpaHHOE 3HaYeHHe TpedyeT
3amnpelleHus 31ech NacTbObl CKOTa W CKONBKO-HMOYb MHTEHCHBHOH peKkpeaLy U
Aap.

4. TlpearopHble siecocTenHble NaHAWadTHl pacnoNokeHbl K CeBepy OT rop Ha
Beicore oT 250 — 300 M go 500-600 M. Xapakrepu3yloTCs KOHTPacTHbIMH
naHawadTaMU, COYeTaHHEM JIeCHOH (My6oBble jleca) W CTEMHOM PaCTHTENBHOCTH.
[Ipenropbe OTIHYaeTCs pacHieHEHHBIM pesbedoM, GONbIIMM  pa3sHooOpa3Hem
MECTOMOJIOKEHHH, Me30- H MHKPOKIMMATOB M 3KOJIOTMYECKHX HHIL. Xopolias
obecneyeHHOCTb BOAOH M BBIFOJHOE TPaHCMOPTHO-reorpaduyeckoe MNoJoKeHHe
obycnoBunu passurtHe B [Ipearopbe KpymnHbIX FOPOAOB, CETH aBTOAOPOT, XKeEJNE3HbIX
nopor. Cenbckoe XO3SHCTBO HMEET MHOTOOTPAcieBYIO CMELMATH3ALMIO: BOKPYT
ropozioB — MPHIrOpOIHOE XO3AHCTBO, B JOMMHAX peK — calbl, HA CKJIOHaX rop —
BHHOTPaJHUKH, 3(PHPOMACAHUYHbIE KYJIbTYpPbl. 3[eCh COYETAIOTCA JIECHbIE W
CTerHbIE 3KOCUCTEMbI, arPOIKOCHCTEMbI, YPOOIKOCHCTEMBI.

5. PaBHHHHbIE cTenHbie NaHawadThl 3aHMMAIOT OONBILYIO YaCTb PaBHHHHOTO
KpbiMa. EcTecTBeHHas pacTHTE/NbHOCTb MPAKTHYECKH YHHUYTOXKEHA M 3aMeHeHa
CeNIbCKOXO3AHCTBEHHBIMH MOJIAMH, CafaMH M BHHOrpaaHHkamH. [loaasnsioinas
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YacTb TEpPpUTOpUM paBHMHHOrO KpeiMa npeBpailieHa B arponaHawadTel —
YepeoBaHHE CEJIbCKOXO3AHCTBEHHBIX MOJIEH, NacTOMLL, CafioB ¥ BUHOTPAIHHMKOB,
Hacen€HHbIX MyHKTOB.

6. PaBHMHHO-NpUMOpCKHME CTenHbie JaHmwadThl. K HUM OTHOCHTCS Yy3Kas
nosioca (5 — 10 kM) Ha CTbIke MOpS M PaBHHHHBbIX cTened JaHmwapToB. ITH
naHawadThl XapaKTEPH3YIOTCS OTHOCHTENIbHO PacusieHEHHBIM pelibe)oM, MOuBbI
GonblueH YacTbIO MAaJIOMOILHBL. 31ech MNPOSBIAIOTCA OpHu3bl.  3dech BejMKa
peKpeaLOHHas Harpy3ka.

7.HuzmenHble cyxocTenHble JaHAWagThl 3aHUMAIOT nosiocy Baoib CuBauia W
KapkuHutckoro 3anuBa, HeGosbliye ydacTkd okono 03ép Cacbik W J[oHy3nas, a
Taioke Ha KepueHckoM mnosyocTpoBe. XapakTepu3yroTcsi OJNIM3KHM 3ajleraHuem
MHHEPATM30BaHHBIX IPYHTOBBIX BOA. 3[eCh MpeobiafaloT MoJIbIHHO-THITYAKOBbIE
crend, ranoduTHele Jyra. B cBa3u ¢ npoeeneHrem Cesepo-KpbiMckoro kaHana u
cobpocom Boa B CuBalll no cneuyanbHbiM KaHanam. [losroMy B mpepenax 3tux
naHmuadToB cHOpMHUpPOBATUCL 3a00NOYEHHbIE YYaCTKM C MpPEecHOW BOAOH U
HOBbIMH OHOLIEHO3aMH.

JKoJiora4ecKkne NpodieMnl

Oxonoruyeckas curyauus B KpbiMy oToOpakaeT ClOXKHOE HallokeHHe
npo6iieM, OCTaBILMXCS B HAC/IEICTBO OT COBETCKOM 3M0OXH, M MpobiieM BO3HHUKLIHX
B HOBbIX yC/IOBMAX 3a nocnegHde 20 jer. BeicTpblif pocT NMPOMBILIIEHHOrO M
cenbckoxo3giicTBeHHoro npousBoacTea B 50-80-¢ roapl XX Beka 00ycnoBu
JIOBOJIbHO 3HaYWTeNbHOE 3arps3HeHHe BO3QylUHoro OaccelHa B ropojax,
MOBEPXHOCTHBIX, MOA3EMHBIX M MpPUOPEXHBbIX BOJ, MOYBEHHOro rnokposa. Pocr
KOJIMYECTBa OTABIXAIOWMX (10 9 MIH MpPUEKHX Ha OTAbIX B roj BO BTOpOH
nosioBuHe 80-x ro1o0B) HENW30EKHO Besl K pOCTy Harpy3kH Ha Jieca ropHoro Kpeima.
Opouienne 400 TBIC Fa CENBCKOXO3AHCTBEHHBIX 3€MeNlb, COMPOBOXKIABLLIEECS
HapyLIeHHEM peXuMa [O/MBa, NPHBENO K HeONaronpusTHBIM Mpoleccam B
MOYBEHHOM TMOKPOBE: BTOPHYHOMY 3aCOJIEHHIO, CIIMTH3aLMM, YMEHbILEHHIO
coliepxaHus rymyca.

[lpoucwiemuas B 90-¢ rompl mnepecTpoika COLIMATbHO-DKOHOMHYECKHUX
OTHOIUEHHH  COMpOBOXIATaCh MaJeHHEM OOBEMOB  MPOMBILUIEHHOTO M
CeNbCKOXO3SCTBEHHOr0 MPOM3BOJCTBA, YMEHbILEHHEM IUIOIAH pacniaXHBaeMbIX
3eMeJlb, CHKEHHEM IUIOLLAIH OpolaeMbIX 3eMeltb. CHU3WIHCh 06beMbl BHIOPOCOB
sarpsizHstoiMx Bewects (ot 5000 000 toHn B 1991 romy, u3 kotopbix 40%
COCTaBMSUTH BbIOPOCHl MEPENBHKHBIX UCTOYHHKOB, A0 115 000 ToHH B 2009 rony,
M3 KOTOPBIX BIOPOCHI aBTOTPAHCTIOPTa COCTABMIIH Yke okosio 85% ).

OTH TeHAeHUHH, 6N1aronpusaTHbIE C TOYKH 3PEHUS YMEHbLUECHUS JaB/IEHUS Ha
NpUpOLY, MPOU3OLLIIM HE B Pe3yJIbTaTe LieJIeHaNpaBieHHOMH AEATENbHOCTH, a CTalH
pe3y/ibTaToM LieMH CTy4aHHbIX MPOLIECCOB, YTO HEH30EXKHO MpHUBENO K obLieMy
YXYOLIEHHIO 3KOJIOTHYECKOH CHTyaLMH: pe3KO YBEIWYMIOCh OpakoHbepCTBO,
BbIpyOJIEHO TMPHUMEPHO TMOJIOBHHA [MOJIE3ALUMTHBIX JIECOMONOC, 3aCTpauBaeTCs
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GeperoBas 1osoca, pa3pyllaloTcs HppuralMoHHble cucteMbl CeBepo-KpbiMckoro
KaHala, HapylleHa CHCTeMa ceBOOOOpPOTOB, B HAaCeJEHHbIX IMyHKTaXx pe3ko
BO3pOCJIO KOIMYECTBO MyCOpa, BO3POC/IO KOJIHYECTBO M10XKApOB B JIECAX.

Jns  ynaydileHus cnoxuBLIEHCS cHTyalMH TpeOyroTcs — BHeIpeHHe
COLMATBHBIX M 3KOHOMHYECKHX MEXaHH3MOB PELIEHHs JKOJIOTHYECKHX MpolemM,
IUMPOKOE Yy4YacTHe OOIIECTBEHHOCTH B BbIOOpE 3alUMTHBLIX MEXaHH3MOB
COXpaHEeHHs MPUPOIHOH Cpeabl.
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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

22



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 (HLW) 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 information 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. Clay formations

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 the 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
10 m are available.

3.1.3. Salt formations

The almost complete absence of water in the salt formation 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
postulated 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 ®*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/km’ at greater distance (UNSCEAR, 1977).

In the present assessment it is also assumed that the mean residence time of
22Ra and *°Th in mill tailings is 1000 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¢10™ of the borosilicate glass. Therefore the
complete dissolution of the glass would take over 3+10%years. The conservative
estimate of the delay before release would be, then, in the range 10* - 10°
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 10° years is representative of the delay without
sorption of radionuclides and a delay of the order of 10° 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°10° to 8.1¢10 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 (maneSv) from waste
arisings of reference fuel cycles per GW,ea is reported.

Table 1 - Summary of collective dose commitments (maneSv) from waste arisings of
reference fuel cycles per GW,*a (IAEA, 1980b).

LWR FBR HWR HTR
Operation Once U-Pu U-Pu Once U-Pu U-Th U-Th

through cycle cycle through cycle cycle cycle
Ore processing 370 220 2 330 130 13 100
Refining, conversion and 270 160 - - - 9.9 83
enrichment * 90 59 - - - 3.6 30
Fuel element fabrication™ <l <1 <1 <1 <1 <] <]

1 1 3 <1 1 5 <1
Reactor operation <1 <1 <1 <1 <1 <1 <1
Unreprocessed spent fuel © 89 - - 310 - - -

270 - - 450 - - -
Reprocessing ' - 31 18 - 137 26 25

- 50 52 - 117 36 12
Sum total * 730 410 22 640 270 61 210

730 330 58 780 250 280 250

* Upper and lower figures for migration times of 10° and 10° years, respectively

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., 10° or 10° 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 GW,ea 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 HTR

Once U-Pu  U-Pu  Once U-Pu  U-Th  U-Th

through cycle cycle through cycle cycle cycle
From: 3.7 0.2 0,4 11 0,1 1,2 0,6
To: 7.9 0.8 1,3 16 0,9 5,7 3,5

3.2.5. Individual doses.

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¢107 Sv/a for fuel cycle strategy “Light Water Reactor, U-Pu with
reprocessing” and 3¢10° Sv/a for fuel cycle strategy “Light Water Reactor,
once through”. The time of occurrence of all doses is of the order of 10° 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 postulated 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 Sv/a after periods exceeding 10° 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 1.2¢10* man Sv, most of
which being delivered by 10° years, with the collective dose rate reaching a
peak at 10° years (Mobbs, 1988).



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 er

al., 1988)
Repository Evolution | Pathway Max Time Radionuclides
individual | years
dose rate
(Sv/year)
Clay (Marivoet & Bonne, 1988)
Mol Normal Well 1.2:10°% 10° #Te
107 10 B"Np: 70%;'**Cs:30%
Normal River 1.1-10™" 106 PTc
0.8-10"" | 107 BNp; 2°Th
Climatic | Well 2.9¢107 107 BINp: 55%;'*°Cs:45%
change
Faulting | Well 10® 3+10° Tc

5.0-10° 2-10° 2Np

Granite (Van Kote & al., 1988)

Auriat Normal Water 5.7+107 310° ZNp: 80%;***Th:20%
Intrusion | (Miner) 160102 | 10° 2"Np; Th
Salt (Storck & al., 1988)
Gorleben Normal Water 10 1.5.107 | ®'Np
Early Water 9106 2:10* 3Cs
intrusion
Late Water 3410 710° 2Np
intrusion
Bedded salt | Sealing Water 5410 310* 1335Cs
(France) failure
Sub-seabed (Mobbs & al., 1988)
GME Normal Seafood 1810 | 10° Se
5.1-10"° | 2:10° ®Tc
Mining | Seafood | 1.4:107 | 10° *Tc; *°Cs; *’Th
Damaged | Seafood 130101 | 5410° 1B9+240py; 28 Am; '%5Sn
Penetrator

fon the seabe
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 10* -10° 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 data, 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 & C6me, 1990). A
comparison with the past, as given in Fig. 1, 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, 1996) 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 *’Pu had remained immobile until they

became harmless by radioact
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Figure 1. 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 Pogos 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 50-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 10 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° 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 Sv per year) and regulatory provisions 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 G1 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 G1, 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 oil),
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 1 = 24,000 years for 2°Pu) 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.
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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 conditions. 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
(Garnier-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 Assay and/or endpoints
Winter rye and 10-km ChNPP zone (12-454 Morphological indices of seeds viability,
wheat, spring  MBg/m?), Ukraine, 1986-1989  cytogenetic alterations in intercalary and

barley and oats

seedling root meristem (Geras’kin et al.,
2003a)

Scots pine, 30-km ChNPP zone (2.5-27 Cytogenetic alterations in seedling root

coach-grass uGy/h), Ukraine, 1995 meristem (Geras’kin et al., 2003b)

Scots pine Radioactive waste storage Cytogenetic  alterations in  needles
facility, Leningrad Region, intercalary and seedling root meristems
Russia, 1997-2002 (Geras’kin et al., 2005)

Scots pine Briansk Region radioactively Cytogenetic alterations in seedling root
contaminated in the meristem, enzymatic loci polymorphism,
Chernobyl accident (7-130 abortive seeds (Geras’kin et al., 2010;

Crested hairgrass

mGy/y), Russia, 2003-2009
Semipalatinsk Test Site (0.7-
36 uGy/h), Kazakhstan, 2005-

Geras’kin et al., 2011)
Cytogenetic alterations in coleoptiles of
germinated seeds (Geras’kin et al., 2009)

2008

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 (GDH, LAP, MDH,
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 STS 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-, B-, 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 1. 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 pGy/h, which is more
than 3 fold of the predicted no-effect dose rate of 10 pGy/h derived in the EC
ERICA project (Garnier-Laplace et al., 2010). It is, however, well below the
threshold for statistically significant effects (100 puGy/h) derived at the
FASSET Radiation Effects Database analysis (Real et al., 2004). It is not

46



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 FASSET 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 | 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 uGy/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
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 novo
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).
However, 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 1
Gy (Ipatyev 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 10-20 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 uGy/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 uGy/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 pGy/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 10-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 apportunity 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 (2001), 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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Figure 7. Aberrant cell frequency in root meristems of Scots pine seedlings after acute exposure of seeds to 15

Gy of y-rays. * -difference from the Ref site is significant, p<0.05; + - difference from the Refl site is
significant, p<0.05
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Figure 8. Aberrant cell frequency in coleoptile of crested hairgrass after dry seeds exposure to an acute y-ray

dose of 68.8 Gy (dose rate of 2970 Gy/h) in 2005 and 2006 and dose of 50 Gy (dose rate 39 Gy/h) in 2007. * -
difference from the Ref site is significant, p<0.05
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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 -
emitters, while on the a-, f- 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 f-
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 %o) 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.
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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 '’Cs 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 100 mm thickness
leaden protection. The *’Sr content was measured on low-background NRR-610
B-radiometer (“Tesla”, Czech). Minimal detectable activity was 0.04 Bq under
1000 s sample exposition. ***Pu and *****°Pu content in electrolytic samples
was determined by o-spectrometric tract by NUC-8192 impulse analyser
(“Elektronicus Merokeszulekek Gyara”, Hungary). The **'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, 1974) and in the apical root meristems of the four species of higher
aquatic plants: common reed (Phragmites australis), arrowhead (Sagittaria
sagittifolia), flowering rush (Butomus wumbellatus), fresh-water soldier
(Stratiotes aloides), 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 (Perca fluviatilis), 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 Chernoby! exclusion
zone was registered in the range from 0.8 to 3.4 Gy year. 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'. 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 1. 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 1. Average rate of aberrant cells in root meristem of higher aquatic plants of water bodies
within the Chernoby! exclusion zone and Kiev Storage Reservoir in 2008

Water body

Glubokoye
Lake

Dalekoye
Lake

Azbuchin
Lake

Yanovsky
Crawl

Krasnensky
Dead Channel

Kiev Storage
Reservoir (vig
Strakholesye)

Species

Stratiotes aloides
Sagittaria sagittifolia
Phragmites australis
Glyceria maxima
Sparganium erectum
Typha angustifolia
Sparganium erectum
Glyceria maxima
Butomus umbellatus
Phragmites australis
Typha angustifolia
Stratiotes aloides
Glyceria maxima
Butomus umbellatus
Phragmites australis
Typha angustifolia
Stratiotes aloides
Sagittaria sagittifolia
Glyceria maxima
Phragmites australis
Butomus umbellatus
Typha angustifolia
Glyceria maxima
Phragmites australis
Typha latifolia
Glyceria maxima
Phragmites australis
Typha_angustifolia

Quantity of
analyzed roots

8
15
26
7
6
9
11
11
10
30
8
9
10
11
29
12

wv N

10
10
9

Quantity of
analyzed ana-,
telophases
1098
2684
8048
897
1244
1026
1654
1209
1288
9260
1152
1065
2218
1128
7620
1522
698
1365
976
8080
954
868
1452
2644
964
2384
2314
1008

Rate of
aberrant
cells, %
118+14
11.8+1.1
7.6+0.6
76+1.6
75+12
60x1.1
7.1£14
70+£1.0
6.5+09
5706
52+09
103+1.6
6.1+09
59+04
5706
4407
6.7+0.9
6.1£0.6
52+02
4.0+03
32+04
36+09
6.1+1.5
42+0.5
4210
2.1+£06
1.6£0.1
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 Chernobyl 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 uGy h-1 and 0.01
uGy 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, ramifications etc. as well as cells
without nucleus in the blood of fishes from the lakes of the exclusion zone -
from 10 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%o. 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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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 Bqg/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
Chernoby! 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 long-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 S % 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 Ne 386 of the Council of Ministers
of the USSR on the site of the T.I. 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 809.1 hectares of the Black Sea. It
occupies a Karadag Mountain Area.

Mapro=EerKaradag. Natural Reserves
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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 1.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.

o shlde

xtinct volcano
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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 [UCN,
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
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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 of International 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 of Karadag.

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.

76



METHODS FOR PREDICTING “'CS 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.
MUZALEVSKAYA

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 137Cs 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 soils'. 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 remediation”. 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 territory’.
With this in mind, methods for predicting radionuclide contamination of
agricultural 1ands have recently come into use when planning farming on the
Chernobyl affected lands®.

* 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 *’Cs
and *’Sr contamination levels of territories considering only decay of these
radionuclides’. 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 soil®;

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

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

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 "“'Cs 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 preparation’, 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 1. Characteristics of the study districts in the Kaluga region

Arable land Hayland and pastures
L Number of
District Number of Number of
farms Area, ha Area, ha

plots plots
Zhizdra 11 41 1933 3 317
Ulianovsk 15 53 2320 11 341
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 '*’Cs contamination.

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

Qi = A-h-d-10°, kBg/m’, (1)

where (), is the soil contamination density (the radionuclide inventory in the
arable 0-20 cm layer per 1 m?), kBq/m?; 4 is the radionuclide concentration in
soil, Bq/kg; 4 is the depth of arable horizon, cm; d is the specific mass of soil,
g/em®; 10 is the coefficient to convert Bq/m? to kBg/m®.

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

(-0.693- Ar)
T
)
where O, s the density of "*’Cs contamination of farm lands in the year of the
first radlologlcal survey, kBq/m?; At is the time (number of years) from the first
radiological survey till 2007; T;,, is the "*’Cs half-life equal to 30.17 years.

The estimated for 2007 data on "*’Cs contamination of agricultural lands
were then compared with the data of real measurements carried out in 2007.

0,(N=0, -ex , kBg/m?, )

3. Results and discussion

The comparative analysis has demonstrated that estimated levels of “'Cs
contamination of the study plots in 2007 differed from the real (measured) ones
by 12% towards larger values (Fig. 1). The correlation between the estimated
and actual data was rather high (r=0.87). Since the predicted values which took
into account only '*’Cs decay were overestimated, it was suggested that in real
conditions measurement of this parameter could be also influenced by other
factors ("*’Cs 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 '’Cs contamination of plots in 2007, the ratio (0/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 ¥7Cs decay. If the ratio (Q/Q)) differs from unity,
the measurement of *’Cs 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 "*’Cs
contamination (except for 1992 and 2001) were close to 1 and ranged between
0.96 and 1.1. 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 "’Cs measurement were probably violated. Hence, it may be concluded

that "*’Cs 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 *’Cs contamination density of plots on
soil properties and type of agricultural land

95%
. . Geometric > Correlation Number of
Classification confidence ]
mean, Q/Q; . coefficient plots

interval
Soil mechanical composition*
Sandy, sandy loam 1.06 0.15 0.90 46
Light-, mediun loam 1.05 0.07 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

* - 1 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 *’Cs 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 'Y’Cs 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 *’Cs 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 *’Cs 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 '’’Cs 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 "*'Cs 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 '*’Cs 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
soil'®. 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 (9,/0,=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/100 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 "*’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 regioné"o. It cannot be ruled out that
at larger scales of countermeasures the reported regularities in reducing
accuracy of predictions of *’Cs contamination of farm lands could have been
more pronounced.
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Figure 3. Dependence of the ratio of estimated to actual "*’Cs 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 *'Cs 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 '>’Cs 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 *’Cs 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 *’Cs 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 B¥Cs
contamination need to be reduced by 15-20% dependent on the scale of
agrotechnical measures.
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BEPHAJICKOJIOT'HS1: POJIb B ®OPMHPOBAHHUU MOPCKOM
PAJIMOXEMOSKOJIOT MU U B PEAJIM3ALIUU TIPOT'PAMMBI
YCTOMYHUBOI'O PA3BUTUSA AKBATOPUM

I'.I". ITonukapmos, |B.H. ETOPOB, C.b. I'VJIMH

Huemumym 6uonozuu woxcneix mopei um. A.O. Kosanesckozo
HAH Ykpaunvl, omoen paduayuoHHou u Xumuieckou ouonozuu,
99011, Cesacmononw, Yxpauna

Pe3ome. Co3naHueM yueHHs o 6uocthepe u Hooctepe, pa3paboTkoi uaeH o
XKMBOM  BEILECTBE,  POXIACHHEM  paAMOreoJorHdi M OGHOreoXHMHH
panuosneMeHtoB B.M. BepHaackuii 3anoxun QyHOaMeHT COBpeMEHHOH
palMallMOHHOH M XHMHYecKoH GHONOrHM Mops, BKIOUalouleid B cebs Lebiid
KOMIJIEKC Hay4yHbIX [AHCLMIUIMH - PaJHO3KOJIOTHIO, PaJHOXEMOIKOJIOTHIO,
MOJIMCMOJIOTHIO, 3K300HOJIOTHIO - U OHONOTrHYECKHE TMPHHLMIIBI 3KOITHKH, a
TaKKe OCHOBbI MPHHLMIHAIBHOIO pelleHHs 3aia4 obecre4eHHs YyCTOHYHBOro
pa3BuTHs akBaTopuii UepHoro Mops ¢ mpUMeHeHHeM OHOGH3UYECKOH TeopUH
MUHepanbHOro obmeHa Mopckux opraHusMoB. [IpeacraBneHHas cTaThs —
CHHTe3 oTAeNbHbIX paboT, HanucaHHbiX '.I". [TonukapnosbiM 4 B.H. EropoBsim
B KadyeCTBE Hay4yHbIX CTaTei-KOMMEHTapHeB K [OATrOTaBJIMBAEMOMY B
nepcnektie ToMy B.H. BepHanckoro «Kusoe BewectBo», u matepuanos C.b.
I'ynuHa no paguoTpaccepam U «reOXMMHYECKUM yacam».

1. BBenenne

MHororpaHHoe ¥ o6IIMpHOE Hay4yHOe Hacieaue akaaemuka B.W. BepHaackoro,
reHus B 06J1aCTH €CTECTBO3HAHMS, MOCITY)KHJIO OCHOBOH AJIS CO3JaHUs MHOTHMX
COBpEMEHHBIX HayuyHbIX o0JsiacTeii, B TOM 4HClie paAMaLlHOHHONW H XMMHYECKOMH
OuomoruM Mops, B COCTaB KOTOpPOH B HacTosiee BpeMs BXOIAT
paMo3KOJIOTHsl, MOJIUCMOJIOTHS, 3K300HOIOrHs U GHOJIOrHYECKHE TPHUHLMITBI
akoatuku (Ilonunkaprnos, 2010; Polikarpov, 2008). ITocae otkpbiTHs B 1896 r.
A. DBekkepeneMm sBleHHS ecTeCTBeHHOH paauoakTuBHOCTH (Adloff, 1997)
nocieaoBald He TONbKO MEIWLMHCKHE W (H3HOJIOTHYECKHE paboThl MO
OHONOrMYecKOMy NEHCTBMIO HOHM3UPYIOIIHMX HW3JIyYeHHI paaus M [pyryx
NPUPOAHbIX PaAMO3NEMEHTOB, HO M OHOreOXHMHYECKHE HCCleNOBaHHUA
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HaXO0X/CHHs, PaCMpeNeeHHs H MHUTPAllMH 3THX PaJHO3JIEMEHTOB B NPHPOIE —
Ha cylue, B Mopsx U okeaHax (ITonukapnos, 1999, 2005).

B Poccun u Vkpaune - C.-Ilerepbypre, Mockse, Kuese, Cumdepomnorne -
B.M. BepHanckuit Obll MEpBbIM M3 YYEHBIX, KTO HaXOOWICA M aKTHBHO
nNeHcTBOBaJl Yy caMbIX MCTOKOB sAepHbIX Hayk. MIMeHHo Gnaronaps, npexne
Bcero, B.M. BepHaackoMmy, B CBS3M C €ro HayYHbIMM KOHTaKTaMH H €ro
npsaMbeiM coTpyaHuuecTBoM B Ilapwke ¢ Ilbepom u Mapueii Kiopu, Poccus u
VkpauHa OMNepaTHBHO BIJIIOYMIKCE B pa3paboTKy, HayaTylo Yy4YeHbIMH
®paHuuH, npobiieM paAHOAaKTHBHOCTH, OXBATBIBAIOLIMX TAKXKe WCCIENOBaHHUA
paAHOaKTHBHOCTH OKpY»katowei npupoaHo# cpens (Polikarpov, 1997). Hayke
Poccun u VYkpauHsbl, a Taxke O6piBmiero CCCP B uenom (1918-1991 rr.),
HeoObIYaHHO TMOBE3JI0 B TOM OTHOILIEHHH, YTO MOJIOAOH, 25-N€THHIA,
pa3sHOCTOPOHHE  oOJapeHHbIi  ectecTBoMcnbiTaTens B.U.  Bepnanckwui,
xpaHuTenbs MuHepanoruyeckoro kabunera C.-Ilerepbyprckoro yHuBepcHTeTa,
BeCbMa MpPOAYKTHBHO ocymiecTBun yxke B 1888-1890 rr. mpomomxurenbHyio
HayyHYl0O KOMaHIUPOBKY-3Kcneauuuio B 3anaaHyio Espomy (I'epmanuto,
LlIseinaputo, PpaHuuio U AHridio). Bo BpeMs 3ToH MHCCHH M CBOMX
uccnenoBanuii B AHrnuu (B 1889 r.) monmomodt  yweHslH Obln ymocToeH
M30paHUA €ro 4JICHOM-KOpPEeCNOHIEHTOM bpuTaHckoH accouuauuu Hayk.
[llupoko H3BECTHO, 4YTO BMOCIEACTBHHM OH ObLT M30paH akaJeMHKOM
Poccwuiickoli, Ykpaunckoi, @paHiysckoid U apyrux Akanemuii Hayk. B 1916-
1923 rr. [kypcuB Hau - I'TI] «... 2 Hu 00HO20 OHA He mepsn, oxéayenHOU 3mOl
uoeei [«... BbIPa3UThb B €IMHOH (opMysie 6HOreOXHMHUYECKYIO SHEPTHIO pocTa
M Pa3MHOXEHHs OpraHH3MOB, OOILYIO Ul BCEX OPraHM3MOB, H CBA3aTh €€ C UX
3acesieHueM Tru1aHeTo» (BepHanckuii, 1965, c. 292)] 6 moux nepeezdax u3
mozoawnezo Ilempozpaoa e Ilonmasy, Kues, Pocmos-na-/Jony, Hoeouepxacck
(mozoawruii Examepunooap), Anmy, Cesacmononb, Cumgheponons, Mocksy,
Bpno, Hapuxc» (BepHaackui, 1965, c. 293).

Wneu B.U. BepHaackoro, kak Bceraa, OCTalOTCS BECbMa MEPCNEKTUBHbIMH,
JKMBOTpENeLYIIHMH W CTHMY/IMPYIOLIMMH TIOMCKHM B Hayke. bosee nonyseka
(1956-2011 rr.) ero Maeu MOCHIBLHO pa3pabaThIBAIOTCA M CIYXAT HAy4YHBIM
OPHEHTHPOM B HCCJEJOBaHMAX OTAeNa PpaJHaLlMOHHOH M XHMHUYECKOH
6uonorun UHBIOM HAHY. Huxe npuBoasaTcs U 06CyXaloTCs HEKOTOPBIE H3
€ro OCHOBHBIX HIEH.

86



2. HcToKH M OCHOBAHHS COBpeMEeHHOH PaJHOIKOJIOTHH H PaIHAIIHOHHOH
skosiornu B Tpyaax B.H. Bepnaackoro

2.1. ®YHIOAMEHT UU1d PATMO3KOJIOTHH

Csoumu nuoHepckumu paboramu (Bepraackwmid, 1910, 1921, 1932, 1933, 1940)
B 00/1aCTH CO30aHHBIX MM MOPCKOH pagMOreosIorHd M MOpCKoH GHOreoXxuMHH
pagMo3/IEMEHTOB, H3YYalOIWX €CTECTBEHHbIE PAJHOINEMEHTHI M HX
6uoreHHyo murpauuto, B.W. Bepnaackuii chopMupoBan HayuHbli GyHOAMEHT
ans coBpeMeHHoit paauodkonoruv (Kysun, Ilepemenbckuit, 1956) u ee
HayyHO!l cepALEBHHbI - paauaUuoHHO#H OuoreoueHonorun (Tumodees-
Pecosckwii, 1957, 2009). A Ha npuMepe U3yueHHs paius U IABYX BHIOB PACKH B
KueBckux npyaax MM BBeJeHAa B HayKy Mepa HaKOMHTEJbHOH (B OTHOLIEHHH
paauMo3neMeHTa) CrocoOHOCTH THAPOOMOHTOB, BBIPaXKEHHas COOTHOIIEHHEM
KOHLIEHTPALMi pafiHOd/ieMEHTa B BOJHOM OpraHW3Me M OKpyxaiouleH ero
BogHol cpene (BepHaackuii, 1929, 1930). 3To cOOTHOLIEHHE BIOCAEACTBHH
Halljlo IIMpoyakiiee TNPUMEHEHHE B PAaJUALIMOHHOH T'HIPOOHOJIOTHH,
NPECHOBOAHOH H MOPCKOMH paInO3KOJIOTHH, MOTYyYHB Ha3BaHHE K03 Puyuenma
Hakonnenus (concentration factor) paIHOHYKIJIWIOB, a TAKXKE MX U3OTOMHBIX U
HeuzoTonHbix Hocutenei (Tumodees-PecoBckuii, 1957, 2009; Tumodeena-
Pecosckas, Ilonosa, [Tonukapnos, 1958; Tpane3snukos A.B., Mon4anosa U.B.,
KapaBaesa E.H., Tpane3uukosa B.H., 2007; Ilonukapnos, 1964; Polikarpov,
1966).

Ha VYpane B nabopatopun H.B. Tumodeepa-PecoBckoro ¢ 1947 r.
HCIOJIb30BAJICA TEPMHH «pagHallHOHHAass GHOreoLEHOJIOTHS», MpPelJIOKEHHbIH
UM eule paHee — B ero paborax 1941 u 1942 rr. B bepaun-byxe (Tumodees-
Pecosckuii, 2009). B o6wupHoit amepukaHckoit cBoake - kHure “Radioactivity
and Health: A History” (Stannard, 1988) coo6waercsa: «1950 roq — HauuHaeT
ynoTpebnaTecs TEPMHH «panuodkonorus»» (c. 751), a Takxke: «TepMuH
pPadHO3KOJIOTHS WIM paJHalMOHHAs OJKOJIOrHs Boulel B YynoTpebieHue
He3aBUCHMO U ofHoBpeMeHHO B CoeauHeHHbIx IliTatax u B CoBetckom Cotose
(Whicker and Schultz 1982, Vol. I)» (Stannard, 1988, p. 790).

Kak wusBectHo, B.M. BepHaackuii BBeNl NOHATHE «KOHLEHTPAaLIHOHHBIX
ObyHKkuMi» kUBOro BeilecTBa: «KOHLEHTPaLHOHHOM (YHKLUMEH KHBOrO
BELIECTBA A Ha3bIBalO0 T€ MPOLECCHl XXHUBOrO OPraHU3Ma, KOTOpbie CBOJAATCH K
U30HpaTenbHOMY BbIOOPY OpPraHH3MOM M3 OKpYXKaloLIeH cpelbl onpeaeseHHbIX
XHUMHUYECKHX 31eMeHTOB. KoHueHTpaunoHHbIMH QYHKLMAMH NEpBOro pojaa
Ha3bIBalO 3aXBAT KMUBBIM BEIECTBOM T€X XUMHYECKHX 3JIEMEHTOB, COEAUHEHUS
KOTOpbIX BCTpEHYalOTCsl B Tejle Bcex 0e3 HMCKIIOUEHHS >XHBBIX OPraHM3MOB.
KoHueHTpauuoHHble (GYHKUMM BTOPOro pOAa XapaKTEpU3YIOT HEKOTOpble
onpefesieHHble TPYMIbl JKWBBIX BELIECTB, a B APYIHX MOTYT COBCEM He
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HaxoauTbcs. KoHLeHTpauus opraHu3MaMu — BbIOOp H3 OKpYyxatouled cpeabl
NpoLEecCaMH JKU3HH — OTpeiEIEHHbIX 3JIEMEHTOB, COCTABIAIOLIMX TEJIO U TKaHH
XKUBOTHBIX W pacTeHUH, Opocaercs B rj1a3a U ecTb Haubosee ipkoe MposBIeHHE
BELIECTBEHHOTr0 XapakTepa B fBJE€HMAX *U3HH. OHa CO34aeT COBOKYMHOCTb
XKMBBIX OPraHH3MOB, T.€. )XMBO€ BewiecTBo» (BepHanckuii, 1965, c. 247)». B.U.
BepHanckuit (1965, c. 273) roBopuT Takke 0 OHOreHHOH MHrpauuH 3-ro poaa,
BbI3BIBAEMOI 4YEJIOBEYECKHM pa3yMOM H TpPYAOM, pe3Ko oTaAensiowmum Homo
sapiens OT BCEro >KMUBOTO BellecTBa. Pasymeercs, STUMH GYHKUUAMH BMecTe
OXBAaThIBAlOTCA, HapAAy C XMMHYECKHMH JJIEMEHTaMH, UX M30TOMNbI, HYKIHIbI,
BKJIIOYAs paJHOM30TONbl M PafMOHYKIMIbI, a TalKe paguodneMeHThl. Tak
BbISABJISETCS PpOJIb JKMBOTO BElIECTBA B MHUIPalMH W  pacrpeaeieHUuH
pagHo3/IeMEHTOB B OHOChepe, MPOUCXOAUT M3MEHEHHE >KHBBIM BELUECTBOM
(GU3MKO-XHMHYECKOH (OpPMBI M COCTOSIHHS PaAMOHYKIHAOB B MPHPOAHBIX
cpenax.

Henp3s He OTMETHTH 34ech TpyAHeHiylo npobnemy, noctasieHHyo B.H.
BepHaackuM ~ Ha  OanbHeiulylo  nepcrniekTHBY, a  MMeHHo:  «B
pafiHoreosIorH4ecKuX U GHOreOXMMHYECKHX MPOLIECCaX, CBA3AHHBIX C XKHBbIM
BELLECTBOM, MbI SICHO BHJIHMM, YTO XXMBOE BEILECTBO MOXET BBIOHpATh M3 HUX
omnpejeNeHHble W30TOMBbI, T.€. pa3jdyaTb aTOMbl Pa3HOro CTPOEHHS W Beca B
OOHOM H TOM X€ XHMHYECKOM dJieMeHTe. Mbl BBIXOAMM 31€Chb W3 MHpa
XHMHYECKUX SIBJIECHHH M MepexoJuM B MHpP aTOMOB — pPaJHOreoJOrH4eckux M
paaHOXMMHUECKHX BiIeHUI» (BepHanckui, 1965, c. 318).

OmuH u3 HamMx yuurtened-nocnenosareneit B.HM. Bephnanckoro - H.B.
TumodeeB-PecoBckuii BecbMa TOYHO W €MKO Ha3Bajl BCE MPOMAJIHOE HayyHOE
Hacneaue B.M. BepHanckoro eepraockonozuei. Ha 6asze sToro Hacneaus
uHdopMauus onpesesneHa kak ocHoBa xHu3HH (Koporoaus, Koporoauna, 2000).
HenaBHo mnpemtoxkeHo Hay4yHO-QHiIocOopCckoe Ha3BaHHe, O0ObeaUHSIOLLEe
Hacneaue B.M. BepHanckoro u H.B. Tumodeesa-PecoBckoro — 6uozeocogus
(llakupos, Unbsa3oB, 2010).

B otnene pagmauuoHHOH M xuMmH4eckod 6uonorun MHctuTyTa GHOMOrMM
tokHbiXx Mopeit uM. A.O. KosaneBckoro HauuoHanbHOH akageMuM Hayk
YkpauHbl M3HayaibHO, ¢ 1956 r. (B To BpeMs 310 6bina CeBacTomnosibckas
6uonoruveckas craHuus uM. A.O. Kosanesckoro Akagemun Hayk CCCP), Ha
CaMOM BBICOKOM MOYETHOM MECTe BCeraa HaxoJWTCS NMOopTpeT akaaeMHuka B.H.
BepHaackoro, a noa HUM - MOPTPEThl €r0 COBPEMEHHHKOB, CTOPOHHHMKOB H
nocnenoBatened — yuureneit oaOHoro w3 Hac: npodeccopo B.C.
EnnareeBckoro (Caparos), B.H. TapycoBa (Mockea), H.B. Tumodeesa-
PecoBckoro W E.A. Tumodeesoii-Pecosckoii (Ypan), HU.H. Bepxosckoii
(Mocksa). Ilpomonmxkas W paspabareiBas upen B.M. BepHaackoro u ero
nocnenosarens H.B. TumodeeBa-PecoBckoro, oqMH W3 aBTOPOB 3THX CTPOK
opranuzoBan B 1956-57 rr. nepsyro Ha YepHoM Mope (M OAHY H3 NEpBBIX B
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MHpe) J1abopaTopHi0 MOpCKOH paauoOHONOrHH M cHOpMHpOBal B CaMoM
Havasie 1960-x rr. MOpPCKYIO pagHO3KOJIOTHIO - HOBYIO Hay4HYIO JHCLIMIIMHY
(Tlonukapnos, 1964; Polikarpov, 1966), cTaBlyl0 NPUOPHUTETOM HayKH
6biBiero CCCP u ero cocraBHoi uyactu — YkpauHckoii CCP. A HenmaBHO
60IbILON KOJUIEKTHB Ha3BaHHOTO BbILIE OT/ENA, PyKOBOJMMOIO B HACTOsllEe
Bpems n.6.u. C.b. [ynuHeiM, omyOnukoBan KpymHylO MoHorpaduro
«Pazanoakosoryueckuii oTkiuk UepHOro mMops Ha YepHOOBUILCKYIO aBapHIO»
(Tonukapnos u Eropos, pex., 2008). Bo Bcex paboTtax 3toro otaena kpacHo#
HHUTBIO M MOCJIEOBATENIbHO MPOXOAAT UM M HayuHble MaeH akaaemuka B.H.
BepHanckoro.

CoBpeMEHHYIO  palMO3KOJIOTHIO Mbl pacCMaTpHBaeM Kak Hay4yHYyIO
JUCLIMIIMHY, W3Y4arollyl0 3aKOHOMEPHOCTH B3aUMOJEHCTBUS MEXAY JKHBbIM
BELIECTBOM M PaJHOHYKJIMAAMH (BKJIIOYAs WX HOHU3HPYIOUIME W3JTyuYeHHs) B
ycnoBusax Guocdepbl M Hoocdepbl. B aToM mpouecce orcusoe gewecmso
(Hapsgy ¢ OHOKOCHBIM M KOCHBIM BELIECTBOM), BBICTYyNaeT B KauyecTBe
obvexma, HaKalUIMBAIOILIEr0 W mepeHocslero (BMecte ¢ (U3HYECKHUMH
¢akTopaMH: rpaBHTalMeH, TEYCHUSMH H T.I.), a Takke TpaHC(HOPMHUPYIOLLEro
panqoHyKIMAbl (MpM  Y4acTHM M XHMHYeckuX ¢akropoB). Ilpu 3TOM
paouoHykauObl  BBICTYMAOT B KauecTBe cCyOvexkma, HaKaruIMBaeMoro,
NMEepeHOCMMOro M TPaHC(HOPMHPYEMOrO IKMUBbIM, OHMOKOCHBIM H KOCHBIM
BELIECTBOM, QHU3HYECKMMH U XUMHYECKMMH ¢akTopamu. C Ipyrod CTOpOHBI,
Jcugoe eeujecmeo - OJHOBPEMEHHO CYyOvekm HAEHCTBUS UOHUBUDYIOWUX
UBNYYeHUl PAOUOHYKNUOO8, A& DAOUOHYKAUObL — 0bbexkm, ACUCTBYIOLIHI Ha
Jcueoe  gewecmeo  UOHU3UpYIOwUMU  usnydyeHusmu. VIHBIMM  cloBaMH,
MPOMCXOAUT HEMpEPbIBHbIA ABYCTOPOHHHH MpoLecC B3aUMOIECHCTBHS HCUB020
gewjecmea u paOuoHykauoos (¢ yuacTHEM U UX HOHU3UPYIOUIMX U3TYUYEHH).

B cB3M ¢ 3TMM, MO aHAJIOTMH C palHOXHUMHEH M paguallUOHHOW XHUMHUEH,
Bcaen 3a A. Aapkporom (Aarkrog, Polikarpov, 1996) ™Mbl npemnaraem
paznuyath B obweli paouoskonozuu: (1) coO6CTBEHHO paduoskonozuio,
3aHUMAIOILYIOCS W3Y4YEHHEM IpOLIECCOB BO3/EHCTBHS XKMBOIO BelIECTBA Ha
PaZiMOHYKJIMABL’T.€. UX HaKOIUIEHHEM, MHUrpaluei U TpaHcopmalment, u (2)
PaouayuoHHy0 3K0N02UI0, UCCIENYIOILYIO 1eACTBHE HOHU3UPYIOUIEH paauaLy
paavoHYKJIMAOB Ha xuBoe BewecTBo ([Tonukapnos, 2005).

2.2. PAIMALIHOHHAS 3KOJIOTUA

B.HM. BepHaackuit npo3opauBo yaenss oco6oe BHUHMaHHE POJIH «eCTECTBEHHOM
PaJMOaKTHBHOM SHEPrHMH» B )KU3HEAEATEIbHOCTH OPraHU3MOB. «... OHOJIOTH He
YYHTBIBAIOT BCIOAY MPUCYTCTBYIOIMHA HCTOYHHK SHEPIHH BO BCEX OpraHU3Max,
A1 KaXA0r0 M3 HUX XapakKTEepHbI MO BEJIMYHHE TNPOAYKT, KOTOpPbIH He
npuHuMaeTcs OGuonoraMH BO BHHMaHHe. OJTO paJMOaKTHBHAs 3JHEpPrus,
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XapakTepHas  [Jid  KaXIOro  OpraHM3Ma, Kak TMokasaid  pabGoTsl
Buoreoxumuueckoi sabopatopus. ... [leno 6nwxaiimero 6yayuiero BbISCHUTh
3Ha4YeHHe A1 opraHusMoB 3ToH ¢opMsl 3Hepruu. Kakoe ee mpossnenune? B
(GU3HOJIOrHH JKMBOTHBIX W PAacCTeHHH 3Ta JHEpPrus He YYMTHIBAETCH W BCE
9KCMEPHMEHTBI MOCTABJICHbI B TAKHE YCJIOBHS, YTO OHA BCErJa MPUCYTCTBYET H,
OYeBHAHO, nposBigeTcs. Kak - Mbl He 3HaeM. DTy MONpaBKy HY>KHO BHOCHTb BO
BCe OnbIThl pusnonoros» (BepHanckwuii, 1965, c. 233).

BrnocneacTBuu ObUTH MpPEONPHHATHL JOPOrOCTOSILME MOMBITKH YYEHBIMH
pa3HbIX CTpaH H, B OCOOEHHOCTH, (QPaHLy3CKHMH YYEHBIMH, MO BbISBJIEHHIO
6uoNOru4YecKod poJIM HaTypaJlbHOr0 KOocMHuYeckoro ¢oHa M, Oonee Toro,
3HAYMTENIbHO OoJiee HHU3KWX, YeM HaTypalbHbIH (OH, MOLIHOCTEH 103
NPOHHKaKOLIeH pagHaLMH B YCIOBHAX 3aLMThl OT KOCMHUYECKHX JTyyei B ToJLIe
HU3KOPAAMOAKTHUBHBIX TOPHBIX TMOPOJ, a TaKXKe T[OCTaBlEHbl OMbIThI C
YMEHbLIEHHBIM cofepkaHueM ‘°K B Mbililax. PesynbTaThl oKasammch
HeomnpeneneHHbIMH. TloaToMy B cBoakax Ha 31y Temy (Ilonukapmnos, 1964,
2008; Polikarpov, 1978, 1998) Obl10 mNpemwIOKEHO, NPH  OMHUCAHUH
KOHLENTYaJbHOW MOJENH XPOHHYECKOro AEHCTBMS Ppa3IMMHBIX MOILIHOCTEH
MOHHU3MPYIOIIUX H3yYEeHHH OT HaMMEHbIIMX N0 MaKCHMalbHbIX B GHochepe
(puc. 1), Ha3BaTh 30HOU HeonpedenenHocmu 30HY AEHCTBHUSA CaMbIX HH3KHX
MOILHOCTEH 103, KOTOpbl€ 3HAYMTEIBHO HHXKE €CTECTBEHHOro (poHa, a 30HY
3TOro $poHa — 30HOU paduAyUOHHO20 OAA2ONONYYUS.

B otnene pamuauMoHHOM M xuMHyeckod Ouonormn HMHBIOM HAHY
BECOMBbIf BKIaJ B H3y4eHHE 30H QU3UONO2UNECKOU  MACKUPOBKU,
IKON02UHECKOU MACKUPOEKY W NOPAJCEHUs. IKOCUCMeEM B YCIIOBUAX aBapHH Ha
YAJSC BHec 60bLIOH KOUIEKTHB y4YeHbIX, B ToM uucie B.I'. Llpinyruna, I'.E.
Jlazopenko, H.H. Tepewmenko, H.JO. Mup3soesa u apyrue (Ilonuxapnos I'..I'. u
Eropos B.H., pen., 2008). Ha 3ToM pHcyHke BenMYHHA MOLIHOCTH 103bl ajibda-
U3TY4YeHHS %0 oweHeHa ¢ yueTOM ko3¢ duLHMeHTa kayecTBa, paBHoro 20. Ha
YepHom Mope B HaszBaHHOM Bbiiie otaene HMHBIOM HAHY Benyrcs
NPHOPHTETHBIE MHOTOJIETHHE U BCECTOPOHHHE MCCJIEOBaHMS HAKOMIEHHS U
murpauud 2P0 B MOPCKMX OJKOCHCTEMaX, a Takke JaeTci OLeHKa
paauobHoNorHyeckoMy JeHCTBHIO aibga-u3JIydyeHHst 3TOro Haubosbluero
no3oobpa3zoBarensi CpeAM BCEX ECTECTBEHHBIX PpaJHOaKTHBHBIX BELUECTB
(JIazopenko, 2008; Lazorenko, Polikarpov, Osvath, 2003).

Taxum ob6pazom, B pasButHe uaeu B.HM. BepHaackoro o BO3MOKHOM
BIIMSHUM HMOHH3UPYIOLIEro H3JIy4yeHUs MPHPOAHOHW pPagHOAKTHBHOCTH Ha
KHUBBIE OpraHM3Mbl CO3JaHa Ha OCHOBE JOCTH)XXEHHH COBpPEMEHHOM
paAMalLMOHHON 3KOJIOTHM KOHLENTyajlbHas MOJE]b XPOHHUYECKOro AEHCTBHA
WOHHU3HPYIOLIEr0 H3Jy4eHHs  BO BCEM BO3MOXHOM  JHamna3oHe 03,
C0371aBaeMbIX HCTOYHHKAMH HOHU3HPYIOLLETO U3TyYeHHs KaK MPUPOIHOro, TakK
M aHTpornoreHHoro mnpoucxoxaeHus (Polikarpov, 1998). Ona nossonser B

90



pasNM4HBIX  CHTyaUMsX OMEpaTHBHO  aHAJM3UpOBaTb  MaTepualbl MO
pajMalMOHHOM 06CTaHOBKE M OMNpeneNsTb WK MpPOTrHO3HPOBATh CTEMEHb
paZMalldOHHOM OMAcCHOCTH /I JKHBBIX OpPraHM3MOB H MX c000OLIECTB B
YCJIOBHUAX MOCTOSHHOTO (XPOHMYECKOr0) MX OOJIy4EeHHH. JTa KOHLENTyalbHas
MOJeNb CHNY)XHT TaKke Hay4yHO-TeopeTHueckoil 0a3zoli mns AanbHeiwuero
pa3sBUTHA 3k6u0O3UMempuu  WOHU3MPYIOIUMX H3NMyYyeHHH W BCeX Ipyryx
nospexnaromiux ¢akropoB ¢usnyeckol, XUMHUeckoi M OHOMOrH4eckoi
npuponsi (ITonukapnos u Eropos, pen.., 2006; Fuma & Polikarpov, 2010).
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Puc. 1. 30HbI MOLIHOCTEH 103 HOHU3MPYIOLUMX U3NTYYEHHH M UX AeicTBUE B GHochepe
(Polikarpov, 1998)
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3. Buodulnyeckas TeOpHS MHHEPAIBHOr0 00MeHa, MOJIECMOJIOTHSA H HX
OpaKTHYEeCKAaA 3HAYHMOCTh

HayyHoe Hacnenve akagemuka Bnagumupa HWBaHoBuua BephHaackoro
HacTONbKO BEJIMKO, YTO O CHX MOp TMNpPOJOJIKAETCS OCMBICIHBAHHE €ro
MoHorpaduueckux TpyaoB «O XHMHYECKOM CTPOEHHH 3EMIIH U €€ OKPYKEHHS
(1965), o «XKusom Bewectse» (1978) u o «XKuBoM BewectBe u Guochepe»
(1994). Ero reoxumuueckre KOHLUENMUUM BHECJH BaXKHBIH BKJIAA M B
pa3paboTKy mnpobnembl YCTOHYHBOrO pa3BMTHS MOPCKHMX aKBaTOpHUi B
YCJIOBUSIX UX @HTPOIMOr€HHOTO PaIMOAKTUBHOTO W XMMHYECKOTO 3arps3HeHus, a
TaKke B GOPMHPOBAHHE NPUHLMIIOB COBPEMEHHON MOPCKOH MOJMCMOJIOTHH -
HayKH O 3arps3HEHHUH.

B nocneaHue necATUNETHS aHTPOMOr€HHOE MOCTYIUIEHHE B OKPYIKAIOLLYIO
cpefly XHMHYECKHX 3JIEMEHTOB U COEJMHEHHUH, B TOM YHCIIE W PaAHOHYKIIH/IOB,
B psle Ciy4aeB MPEBBICHIO IOTOKH HMX €CTECTBEHHOH acCUMWIALUMH B
reoJIOTHYeCKMX [eno, YTO TMPHUBEJIO K TMOBBILIEHHIO KOHLEHTPaUMH 3THX
BELLECTB B MOPCKO# cpele OO0 ypOBHeH, MPH KOTOPbIX OHH CTalM OKa3biBaTh
HeraTHBHOE BO3JeHCTBHE Ha MopckHe pecypchl. [Ipobiema 3arpsa3HeHus mopeit
M OKeaHOB BHepBble oOCTpo obcyxaanace Ha koHpepeHuun OOH no
okpyxatowed uenoBeka cpege B CrokroasMme B 1972, r. O6beanHeHHOi
rpynmnoi 5KCMEpTOB MO HAay4YHBIM AacMeKTaM 3arpsA3HeHHs MOpPCKOW cpesl
(IMKO, 1977) ©Obina mnpuHATa GOpMYJIHpPOBKAa «3arps3HeHHe O3HayaeT
BHECEHHE YEJIOBEKOM MPSMO HWJIH KOCBEHHO BELUECTB WJIH 3HEPrHH B MOPCKYIO
cpeny (BKIOYass 3CTyapHH), B pe3yJIbTaTe Yero BO3HHKAIOT TakHe naryGHble
NOCNEACTBHA, Kak ymepd >KHBBIM pecypcaM, OMacHOCTb Ui 300pOBbS
yeJloBeKa, MOMEXH JUIi MOPCKOH [eATeNbHOCTH, BKJIIOYas pbIOOJIOBCTBO,
yXy[IIEHHEe KayecTBa MOTpeOIseMOil MOPCKOH BOAbI M 3CTETHYECKHX Onary,
KOTOpas OXBaTH/a BCE MHOXECTBO HETraTUBHBIX TMPOABJIEHHH BO3AEHCTBUA
storo ¢akropa. B nocnenyrooumue roasl B OCHOBHBIX OKeaHOrpadHueckux
Hay4HbIX LEHTpax MHpa ObLIM pa3BEpHYTHl HCCJIEJOBaHHS pPa3HOOOpa3HbIX
BMIOB 3arps3HEHHH M WX BO3/EHCTBHE Ha MOPCKYIO CpElly M €€ HaceleHHe.
OTa [eATeNBHOCTh KOOPAMHHUPOBAJIACh MHOXECTBOM PETHOHAIBHBIX U
MEXIyHapoIHbIX MpOrpaMM M Mepel HayKoH BcTajla 3ajaya ONpeaeseHHs
cnocobHocTH ruapocdepsl, kak M 6Hochepbl B ULEAOM, BbIAEPKHBATH
aHTPOMOreHHbIH Mpecc, KOTOPBIA B psAAe Cy4aeB y)ke MpeB3oLlesT MaciuTabbl
MPHPOIHBIX FEOXMMHYECKHX ABJICHHUIA.

B peweHnH nocraBiaeHHOH npo6ieMbl OFPOMHOE BJIMSHHE OKa3ajld WIACH
akagemuka B.M.BepHanckoro o 6uocdepe 3emnu. OH nucan: «B Hayke Her
[0 CHX TMOp SICHOTO CO3HAaHWs, YTO SBJIEHHUSN XH3HH M SBJAECHHS MEpPTBOH
NPHUPOABI, B3ATbIE C TeOJOTHYECKOH, TO €CTh TJIaHETAPHOH TOYKH 3PEHHS,
SBJIAIOTCSA [MPOSBNECHUAMH eauHoro mnpouecca» (BepHaackuii, 1994, c.12).
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[naBeHCTBYIOLIEE 3HAYEHHWE B MPOTEKAaHHMH TEOXHMMHMYECKHX MpPOLECCOB OH
OTBOJMJI XXHBOMY BetiecTBY. OH Ha3bIBal «KMBbIM BELIECTBOM» COBOKYMHOCTh
BCEX KUBBIX OPraHU3MOB, BKJIIOYas YEJIOBEKA, YYaCTBYIOIUMX B FEOXHUMHUYECKHUX
npoueccax (BepHanckuit, 1965a, c. 324; 1977, c. 217) K Hemy oH Tarke
OTHOCHJI 3aBeIOMO 0E3)KM3HEHHYIO MAaTEPHIO, TPYMbl, OTOPOCHI, BbIAENEHHS,
IKCKPEMEHTBI, NpHWJIEralolie YacTH BO3AyXa, BoAbl M noussl (BepHaackui,
1977, c. 178). On oTMeuan: «B xuBoi MaTepuu kak Obl MOArOTOBASETCS MX
cynsba B Oynmymem B 3eMHoit kope» (BepHanmckui, 1965, c.61). «XKusbie
OpraHu3Mbl HEMPEPHIBHO M3BIEKAIOT XMMHYECKHE 3IEMEHTBI U3 3EMHOI KOpbI U
BO3BpAlLLAOT UX B Hee BHOBb, [0 U3BECTHOM CTEMEHH NpeBpallas UX B HOBbIE
COeIMHEHHs, HEYCTONHUMBbBIE BHE Cpefibl X 00pa3oBaHMA. DTO NMPOM3BOIMTCS
OpraHM3MaMH [BOSIKHM ITyTEM — YacTbiO MyTeM MPHPOAHOro obMeHa, Koraa
OpraHM3Mbl NMPOBOAAT XHMHYECKHE JIEMEHTBI Yepe3 CBOM TeNa, YaCTbio MyTeM
M3MEHEHHs! MPUPOIHbIX COeAMHEHUH 6e3 mpoBeleHHs MX depe3 cOOCTBEHHbIE
Tena. DTO MocieAHee sSBJEHHE OYEHb SPKO IMPEACTaBICHO B MEOXHMHYECKOH
paboTe yenoBeyeCcTBa — TAKOBOH ABJASETCS BCSA €ro TEXHHYECKas AEATebHOCTb,
co3jalolas coBpeMeHHy uuBWiM3auuio» (Bephaackui, 1978, c. 136).
«BnusiHHe yenoBevecTBa OTJIMYAETCH, BO-NEPBbIX, MHTEHCHBHOCTBIO BCE
YBEJIMYMBAIOLIErOCs C XOJOM BPEMEHH CBOEro reosioruyeckoro 3ddexra u,
BO-BTOPbIX, TEM BJIUSIHHEM, KOTOPOE OH MPOM3BOAMT Ha BCE XHBbIE BEILECTBAY
(BepHapackuid, 1978, c.46).

Hnen axkanemuka B.H. BepHaackoro Hauuiv LIMpOKoe MPUMEHEHHE B
Otpene pagvauMoHHOH H xuMHyeckod Ouosorud HMHctuTyTe OMoOnoruu
1okHbix MopeH uM. A.O. Kosanesckoro HAH VYkpauHbl npH H3yyeHHH
6uoreoxumuueckux uuknoB. Ha ocHose npeacrasnenuit B.H. Bepnanckoro,
KpPYyroBOpoT XMMHUYECKMX BellecTB B Ouocdepe onpepensercs Hx
MOCTYIJIEHHEM M3 TeOJIOrMYECKMX [erno B pe3yJbTaTe BbIBETPUBAHHA M3
3eMHOH KOpbl M JOOBIYM MOJE3HBIX UCKOMAEMbIX, TpaHChopMaureH ¢usnko-
XMMHYeckuX GopM noa  BO3AEHCTBHEM  NPHPOAHBIX  (AKTOPOB U
TEXHOJOrHYECKOH NeATEIbHOCTH YeJIOBEYECTBA, CHHTE30M HE CYIUECTBYIOILHX
B TNpUPOAE XHMHYECKMX COEIWHEHMH M HMX TEXHUYECKHUM U OBbITOBBIM
MCMOJIb30BAaHHEM, AENOHHUPOBAHHEM B (POPMHPYEMBIX Ha CyllE re0JOrHYECKHX
CTPYKTYypax M TMOCTyIJEHHEM B MOpsS M OkeaHbl. B Mopckoi cpene OHH
NpeTepreBaloT NPeBpalLEHUsl B TAKOM BBICOKOAKTHBHOM (U3HMKO-XUMHYECKOM
peakTope, KakoBbIM fBJISETCA MOpPCKas BOAA, MHTPHUPYIOT 10 aKBaTOPHAM B
pe3ynbTate rUAPOQHU3MYECKHX MPOLIECCOB, COPOMPYIOTCS M TMOrJOLIAKTCS
HAHMBBIM U KOCHBIM BELIECTBOM M MHOTOKPATHO MEPEHOCATCS MO TPOPHUECKHUM
uensM. B koHeyHOM wurore, rnobanbHbIH OGHOr€OXMMHUYECKHH  LIMKII
3aBeplIaeTCs HMX MOCTYMJIEHHWEM B TeEO0JIOTHYECKME JEMOo B COCTaBe AOHHbBIX
OCa/IKOB.
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[Io coBpeMEHHbIM  MpEICTaBICHHAM  OHOreOXMMHMYECKHWE  LIMKJIbI
XHMHUYECKUX DJIEMEHTOB B MOPCKO#i cpefie pOpMHUPYIOTCS 3a CYET MEXaHH3MOB,
NpeACTaBIEHHBIX Ha PHC. 2.

ABUOTHYECKME BMOTHUYECKME
PAKTOPbI GAKTOPbDI
ACCUMMNALIMA M PASEAB/EHUE HOHUEHTPHPOBAHWME U OBMEH
B BOAHOM CPEAE 1 YKMBLIM BELLEECTBOM 9
| |
BOAHbIH NEPEHOC , NEPEHOC MMAPOBMOHTAMM
" BUMOTHYECKAR TPAHCOOPMALIMA
PAIMOAKTUBHBIM PACNAA 3 OU3MKO-XMMHUYECKUX ®OPM 11
| |
ABMOTHUYECKAR TPAHCOOPMALIMA BMOXMMMYECKAR
OUUKO-XMMMYECKMX DOPM 4 MMWHEPASIM3ALIMA 12
| ]
CEAMMEHTALIMA ,
TEPPHMIEHHBIX B3BECEW 5 BMOCEAMMEHTALIMA 13
| ]
XEMOTEHHOE CEOMMEHTALIMA MUKPOBHbBIX
-AAKOOBPA3ZOBAHUE ACCOUMALIMK HA
ocanl 6 TEPPMIEHHbIX B3BECAX 14
| |
COPBLIWOHHOE BUONOTMMYECKAS
B3AMMOJJEACTBMUE PEMOBMNM3ALIMA
C [PYHTAMM 7 M3 NOHHbIX OCAAKOB 15
1 |
"csga‘aﬂgfu'ﬁ' Bmx BCTNBITUE OPTAHMKM
e s CNY3bIPLKAMM TA3A ¢

Puc. 2. ®axTopsl opMHPOBaHHA GUreOXHMHYECKUX LIMKIOB XMMHYECKMX BELUECTB B MOPCKOH
cpene (Ionukapnos, Eropos, 1986)

H3yyeHue BIMAHMS OTMEYEHHBIX aOHOTHUYECKHX M OHOTHUYECKUX (akTopoB
ABJISETCA  LEHTPalIbHOW  3aflayell  NPAKTH4ECKH  BceX  NPODUIBHBIX
okeaHorpaduueckux yupexnaeHuit. [lporpecc B 3Toii 06nacTH cBsizaH c
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NPHUMEHEHHEM COBPEMEHHBIX TEXHHYECKHUX CPEACTB U3yUEHHs MOPCKOM Cpelbl,
MCMOJIb30BaHHA AHAIMTHYECKMX METOJA0B M 6anaHCOBOro MOAEIHPOBaHHMA.
PaspabarsiBatotcs paaMoTpaccepHble METO/IbI M3yYeHHs
6uokeaHorpapyeck1x XapaKTepHCTUK  aKBaTOPHM. HHTeHCHBHOCTD
BEPTHKAIBHOTO  BOJOOOMEHa  MpH  KpYMHOMAacWITabHOM  OCPeAHEHHH
onpenensnach no uiMeHeHuto B 1987-2000 rr. npodwuneil pacnpeaeneHus
MOCTYEPHOBBLILCKHX paguoHykmuaoB St u *'Cs B Boge (Egorov et al., 2001).
Jns onpeneneHHH CKOPOCTH MX 3IMMHMHALIMM M3 (QOTHYECKOro CJios Halues
npuMmeHeHHe ypaH-topueBbld Metox (Gulin S., 2000). [Ins omnpeneneHus
CKOPOCTH  OCAJKOHAaKOHAKOIUIEHHs, [JAaTHPOBKH JOHHBIX OCaJAKOB Ha
MoJyBEKOBOM MacluTabe BpEMEHH W OLEHKH MOTOKOB 3arpsA3HSIOLIMX BELLECTB
B TOJLIY JOHHBIX OTJIOXEHHH (puc.3) Obinu paspaboTaHbl Tak Ha3blBaeMble
«reoxumudeckue vacoi» (Gulin S., 2000a).

o5 CyuiHocTb 3TOro MeTtoJa
© A 3aK/II0YaeTCsad B TOM, YTO H3MEPSIOTCA
BEpPTHKaJIbHbIE npodunu

M3MEHEHHs  KOHLEHTpauuu B °'Cs B
L 1085 TOJIIIE OOHHBIX OTJIOKEHHH M B HHX
OMpeleNsloTCs MUKW, CBS3aHHbIE C
NOBBIIIEHHBIM  MOCTYIUIEHHEM  3TOrO
pagMOHYKJIMJa B J[OHHbIE OCAaAKH B
NEpHOA MAaKCHMMaIbHBIX aTMOCGhEpPHBIX
BeiMageHHit B 1964 r. B pe3ynbrare
UCIBITAHUH AZIEPHOrO  OPYXKHS, a
1965 TaKKe nocne aBapHMu Ha
YepHOoOBINbCKOH aTOMHOM
panuoctaHuuu B 1986 r. Tonuwmuna
Clos  AOHHBIX  OCAaAKOB  MEXIY
' , , , NMKOBBIMH 3HAYEHHUSAMH COAEpXKaHHUA
» o0 o » W ’Cs nossonseT onpenenuTh CKOPOCTH
oY) OCaJKOHAKOIJIEHUS H OLEHUBATh
NOTOKH JIENOHHUPOBaHUS

Puc.3. BepTukansHoe pacnpenenenue >’Cs p 3arPASHAIOIIHNX BEILCCTB.
LOHHBIX OT/OKEHUAX TMy6OKOBOAHOH HYacTH Jns  u3ydeHUs OUHAMHUYECKHX
HepHoro mops B HioHe 1993 T. XapaKTEPHUCTHK OHOTHYECKHX
B3aUMOACHCTBUH  MEXAY  >KUBBIM
BELIECTBOM M DPAaAHOAKTHBHBIMM M XWMHYECKMMH KOMIIOHEHTaMH MOPCKOi
Cpelbl HALUIK LWIMPOKOe NMpUMeHeHue GajlaHcoBble MeToabl, Oasupytolirecs Ha
MCMOJNb30BAHHKW  AaHHbIX  NPHPOAHBIX  HaGJIOAEHUH, pe3y/1bTaToB
9KCMEPHUMEHTOB C paJIMOAKTHBHON METKOM, a Talkoke METOIOB MaTEMaTHYeCKOro
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monenuposanus (Ilonukapnos, Eropos, 1986). I'eHepanbHas koHUeNuMs 3THX
paboT BbITekaeT M3 BbiCKa3aHHOW akagemukoM B.M.BepHagckuM runortessi o
TOM, 4YTO <OKHU3Hb, )KHBOE BEILECTBO, kak Obl caMo co3naeT cebe obnacTh
xu3Hu» (BepHanckui, 1965a, c. 241). IloaToMy OCHOBHOH ULENbIO 3THX
McclieioBaHUii Oblna 3ajjaua NPOBEPKH €ro TUMoTe3bl O TOM, HTO B MpoLecce
BOCIIPOM3BOZCTBA JKMBOIO BEIIECTBA BOCIIPOM3BOAATCA M YCJIOBHUS €ro
oburanus. B.M.BepHanckuii oTMewan, 4TO (OKHMBOE BELIECTBO AEHCTBYET B
reoXMMHYECKHX MpoLeccax 3eMHOH KOpbl CBOEH MaccoW, CBOMM XMMHUYECKHUM
cocTaBOM M cBoed 3Hepruei» (BepHaackwmii, 1978, c.289). [lostomy ans
KOJMYECTBEHHOH pealu3alMd €ero TrHMoTe3bl noTpeboBalioch CO3[aHHE
OCHOBAHHOM Ha pesyJpTaTax HabmoaeHuiH NOJTy3MITHPHYECKOM
O6uopu3nUeckol TEOpHH, OMUCHIBAIOLIEH KHHETHYECKHE XapaKTEPUCTHKH
MHHEPAILHOTO U PafHOM30TOMHOr0 OOMEHa MOPCKHMX OPraHHW3MOB M KOCHOTO
BelleCTBA B MOpCKOH cpene B Macwitabe BpeMeHH  MPOTEKaHHs
MeTaboIMYECKHX, COPOLIMOHHBIX MPOLECCOB H TPOQHUUYECKHUX B3aHMOJEHCTBHIA,
COBMECTHMOI MapaMeTpHYeCKH C COBPEMEHHbIMH TEOPHSMH ONKCcaHUA balaHca
BELLECTBA U SHEPTUH B MOPCKUX 3KOCHCTEMAX.

[Ipu paspabotke 3710t Teopuu (IlonukapnoB, Eropos, 1986) Obiiu
onpedeneHbl MHOTHE 3aKOHOMEPHOCTH TIEOXHMHMYECKHX B3aHMOAEHCTBHH
MOpPCKHX OpPraHW3MOB B MOPCKOH cpelle KOTOpbI€ WM BBITEKATH M3 WaeH, HIU
6bun mpeackaszaHbl akagemukom B.M. Bepnaackum. B.H. EroposeiM 6bu10
YCTaHOBJIEHO, YTO MeTabOIHYECKOE MOTJIOIEHHE XMMHUYECKHX 3JIEMEHTOB M HX
M30TOMHBIX M HEU3OTOMHBIX HOCHTENEH MMAPOOHMOHTAMH HEMOCPEICTBEHHO U3
BOAHOH cpelbl OCYIIECTBASAETCS B COOTBETCTBHM MeTabONH4YECKUMHU
peakuMsMH TMEPBOro MJIM HYJIEBOTO MOPSIAKOB W OMNMCBIBAETCS YpaBHEHHEM
Muxasnuca — Menten (IlatroH, 1967), W a nornoleHWe 3JEMEHTOB —
XMMHYECKHX aHajoroB, Hanpumep Sr u Ca, a Tawke Cs u K, upger
NPOMOPLIHOHATIBLHO TOKa3aTessIM MX reoxMMHueckoro cxonctsa (Eropos u ap.,
1989). OmnpeneneHo, 4TO MPH 3HAYMUTENBHOM TMPEBBbILIEHUH KOHLIEHTpaLMH
M30TOMHBIX W HEH30TOMHBIX HOCUTeNEH B BOJHOH CpeAe CBEpX YPOBHS,
XapaKTepH3yeMoro KOHCTaHTOH Mmuxasnuca — MeHTteH, MeTtabonuyeckue
peakuHHd KOHUEHTPHPOBAHHS HM3MEHSAIOTCS C MEpPBOro Mopsaka Ha HyJEeBOH
(ITonukapnos, Eropos, 1986). CraudoHapHble YpOBHH COpPOLIHOHHOTO
KOHLICHTPUPOBaHHA 3JIEMEHTOB TMAPOOHMOHTAMM M KOCHBIM  BELUECTBOM
OIpeleNIAIOTCA B COOTBETCTBUH ¢ ypaBHeHHeM Jlenrmiopa (HecmesHos, 1978).
[lpy nMIIEBOM MYTH MHHEPAIbHOrO MHUTAaHUA THMAPOOMOHTOB YCBOEHHE
XHMHYECKHX 3JIEMEHTOB MPONOPLUOHATIBHO UX OHOIOrHueckod 3HaYMMOCTH H
COCTaBJIIET TOJILKO YacTh OT KOJIHYECTBA BEILECTBA MHLIH, HCMOJIb3YEMOro Ha
coMaTHueckMi W reHepaTuBHbli pocT opranusmoB (Ilonukapnos, Eropos,
1986). Xumuyeckoe JIHMHUTHPOBaHHE [POLIECCOB pOCTa M Pa3MHOXKEHHS
MOPCKMX OpraHM3MOB Ppa3HbIX TaKCOHOMHYECKHX TIpynn H TpopHUYECKHX
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YPOBHEH MAET B cOOTBETCTBHM ¢ ypaBHeHusimu [araeiina (Dugdale 1967) u
Hpyna (Droop, 1974). B pe3yabrare usyuenus B.H. EropoBbiM kHHeTHueckHX
XapaKTePUCTHK  MPHXHU3HEHHOrO  BbIAEAEHUS  XMMHYECKHMX  BELIECTB
ruapoGHOHTaMH B OMbITaX C PaAMOAKTUBHOW METKOH OBbLIO yCTaHOBIEHO, YTO
MX BbIBEICHHE MOPCKHMHM OpraHM3MaMH HMIET B COOTBETCTBHM C
MeTabOJHUECKUM peakUMsIMH TEPBOro TNOpsAKa, a 3HAYeHHs TMokaszarteneild
CKOPOCTH HE 3aBUCAT OT MYTH MOCTYIUIEHUS H30TOMHBIX M HEH30TOMHBIX
HocuTeslelt B rUApOOHOHTBI, a Talkoke OT HMX COAEpXAaHWUS B BOAHOW cpeje
(Tlonukapnos, Eropos, 1986). HenaBHo Obu1  oOHapyXeH MexaHH3M
perynupoBaHuss ob6MeHa OypbiX BOAOpPOCIEH MPUMEHHUTENBHO K YCJOBHAM
¢pochaTHOl rUnepIBTpoPUKAUMH MOPCKOH Cpeldbl, 3akKIouaroLHiics B
MOBBILIEHHH  NEIBTpodUpYIOLIedl  cNOCOOHOCTH  BOAOpOCHed mo  Mepe
yBeJIHueHUs creneHd QochopHoi runepIsTpodukaunu Boa ([Tonosuues,
Eropos, 2009).

[lpy M3yueHUM TMOINOWIEHUS M BbIBEACHMS MeueHbIX 'l HOAMAOB M
MOJAaTOB  3€leHbIMH  BOJOPOCISAMHM  MOJYYEHO, YTO OHHM  [0-pPa3sHOMY
HaKarMBaJli OAHOBAIEHTHYIO U MATUBAJIEHTHYIO (PU3HKO-XHUMHUECKHE HOPMBI
flona, a BBIBOJMIIM HX B OJIHOBAJIEHTHOH (opMe, TO €CTh B Mpoliecce HOAHOro
obMeHa BOAOPOCIAMH MPOMCXOANIO YMEHBIUIEHHE BAJICHTHOCTH MPOAYKTOB HUX
merabonusma ([lonukapnos, Eropoe u gp., 1985). Otum cambiM, Obina
noaTBepkAeHa BblABUHYyTas akagemukom B.M.BepHagckum rumoresza o
BO3MOXXHOCTH  OHMOTHYECKOr0  HM3MeHeHHS  (U3MKO-XMMHYecKuX  ¢opm
npebbIBaHUs XMMHYECKHX 3JIEMEHTOB B MopckoH cpeae (BepHaackuii, 1994,
c.58-59).

3a nocneanue pecatunetds B.H. EropoBsiM ObulM 3KCIIEpUMEHTANBHO
ornpeneieHbl KOHCTaHTbI CKOopocTeil obMeHa 22Na, 32P, 54Mn, 5g'Fe, 60Co, 65Zn,
3°Rb, gy, |06Ru,mCd, B Mep Yicg, u 203Hg pAIOM BHUIOB OakTepui,
BOOpOC/EH, >HBOTHBIX T[UIAHKTOHHOrO KOMIUIEKCa, MOJUTIOCKOB M pblO
skocuctem CpenuseMHoMopckoro 6acceitHa, a Taioke Tuxoro, MHaumiickoro u
ATnaHTHuYecKoro okeaHoB. [[ns psaa 3neMeHTOB pasnuuHOW OHonoruyeckoi
3HaYUMOCTH MM ObUIM onpenesieHbl MapaMeTpbl ypaBHeHHH Muxasnuca-
Menrten u JleHrmiopa, a Takke 3aBUCHMOCTH MX MapaMeTpOB OT YJeJbHOH
MOBEPXHOCTH,  Pa3MEpHbIX  XapaKTEPUCTHK MOPCKHX  OpraHuM3MOB H
KOHLIEHTpPAaLUMH 3JIEMEHTOB — XWUMHYECKMX aHajloroB B BOAHOH cpene
(TTonukapnos, Eropos, 1986). Oto nmo3ponuno B.H. EropoBy npuctynuth k
3Tany MCccleOBaHHH, CBA3AHHOMY C M3YYEHHEM Ha MaTeMaTHYECKUX MOIENAX
B3aMMOJEHCTBUS JKHBOTO BELIECTBA pPAaJMOAKTHBHBIMH H  XHMHUYECKHUM
3arpsA3HEHUsIMH  MOpPCKOH cpeabl Ha MOMYyJASLUMOHHOM H  3KOCHCTEMHOM
YPOBHSX.

CTpyKTypa MOJENH 3KOCUCTEMbI (POTHUYECKOTO CII0st MOKa3aHa Ha puc. 4.
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Puc. 4. CtpykTypa MoZe/IH B3aUMOJEHCTBHS OTHYECKOTO C0S C pANHOAKTHBHBIMH W XMMHH-
4YecKuMH BellecTBaMu B Mopckoii cpene (ITonukapnos, Eropos, 1986)

B3auMopneiicTBHe Mexay ee KOMIIOHEHTaMH €€ CTPYKTYphl ObLJIO OMMCcaHO
6anaHCOBbIMM pPaBEHCTBAMH TNO BEIIECTBY, OHEPrHH, JIMMHUTHPYIOLLHM
OHOreHHBIM 3JIEMEHTaM U 3arpsA3HUTENIIM BOAHOM cpelbl C UCMOIb30BAHUEM C
COBPEMEHHBIX NPEACTaBIEHHH O MHHEPAIbHOM M PaJHOM30TONHOM OOMeHe H
TpohOJHHAMHKE MOPCKHX OpPraHM3MOB, COPOLIMOHHBIX B3aHMMOOTHOLIEHHUAX
MEeXIy >HMBbIM H KOCHBIM BELIECTBOM, a TaKKE C YYETOM HHTEHCHBHOCTH
CEeIMMEHTALMOHHBIX M THAPOJMHAMHUYECKUX MpoueccoB. B uenom B naHHOM
MoJeNH yuuThiBaIHCh 1-3 U 5 abuotnueckue u 9-10 u 12-13 dakropsl (puc.2)
¢opMHpOBaHUs OHOrEOXUMHYECKHUX LIMKIIOB.

YucneHHble 3KCIEPHMEHTBI Ha MOJE/H NMOKa3aJld, YTO NMPH HU3KUX YPOBHSAX
KOHLEHTPHUpYIOLIEeH cocoOHOCTH rMAPOOHOHTOB CoAep)KaHHEe 3arps3HUTENs B
Boae ¢otuyeckoro cnos (Q) JTUMHTHPOBAIOCH TOJBKO €ro BOJOOOMEHOM ¢
NOACTHJIAIOIIMMH BOAAMH M B LIEJIOM JIMHEHHO pOC/IO BO BpeMeHH (pucs, 1).
Ilpu oTHOCHUTENBHO 3HAYUMBIX (PHC.S, 2), WIH BbICOKHX (PHCS, 3) 3HaYeHHAX
K03 OHLIMEHTOB HAaKOTUIEHHS 3arps3HUTENs THAPOOMOHTAMH BCe MapaMeTphl
MOAENIM C TEYEHHEM BpPEMEHM BBIXOJWIM HAa CTaLMOHAapHble WM
aBTokojebarenbHple pexxumbl  ([Tonukapnos, Eropos, 1986). Ilpu sTom
HaOMoAATHCh PeXXUMbl GHOTHYECKOrO KOHAWLIMOHMPOBAHMS BOAHOW Cpedbl B
OTHOWIEHHH COAEP)KAHHUSA 3arpsA3HHUTENA 32 CHYET ero OHOoCeAHMEHTALHOHHOro
BbIHOCA M3 (OTHYECKOro C/10i. JTO OJHO3HAYHO MOATBEpPAHJIO0 GaecTsimee
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npeasnjienne akagemuka B.U.Bepmaacxoro (Bepnaackuii, 1965, ¢ 241) o

TOM, 4YTO B mpomecce BOCHPOH3BOACTBA JKHBOTO  BelIeCTBa
BOCIPOH3BOASATCS H YCJIOBHSI €r0 OOHTaAHHSL.
q ,rMe
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Puc. 5. M3MeHenne konuyecTBa 3arps3uutens B oge portuueckoro cnos Q (r M%) npu
OTHOCHTENbHO HU3KHX (1), cpeanux (2) U BoicokuXx (3) K03 PHUMEHTAX HAKOMIIEHHUS
3arpsA3HUTENS KOMIIOHEHTAMH KOCHCTEMBI.

INonumanue 3TOoro 06CTOATENBCTBA OTKPHUIO MYTH K IMOWCKY METOJO0B
onpezesieHHss CMOoCOOHOCTH MOPCKOH Cpelbl K CaMOOYMIUEHHIO M K Hayay
BOCbMH/ECATBIX TOJ0B ObUIM NMPHHATHI TEPMHHBI [Vl €€ OLIEHKH, Takde, Kak
accumunsunonHas (National, 1979; Uzpaane, L{pi6anb, 1983) u skonoruyeckas
(TTonukapnos, Eropos, 1981) eMkocTb, koIH4YeCTBEHHOH MEepOH KOTOpbIX ObL1
MOTOK, KOTOPBIH MOXKET U3BIMAThCS U3 MPOCTPAHCTBEHHO OrPaHUYEHHOH YacTH
MOPCKOI 3KOCHCTEMBI B pe3yJibTate TMIPOAHHAMHYECKUX H
OHOre0OXMMHYECKHX B3aUMOACHCTBHIA.

AHali3 4YMCJIEHHBIX DKCNEPUMEHTOB Ha Mozenad (puc. 4) Tawke
nokasan, (Ilonukapnos, Eropos, 1896) uro npuMEHHTENBHO K Ppa3IH4YHBIM
yCIOBMSM OHONOrMYECKOH TMPOAYKTHBHOCTH 3KOCHCTEMBI M BO3IECHCTBHS
MOTOKOB 3arpsA3HAIOLIMX BeLEeCTB HabMoJalMch pa3nHyHble CTaLHOHapHblE
COCTOSIHHA  CHCTEMbI  OHOCEIUMEHTaLHOHHOIrO KOHIULIMOHUPOBaHUS
¢oTtuueckoro cnos (puc. 6). HHrepBany OTHOCHTENIBHO HH3KHMX [OTOKOB
AHTPOMOTreHHOro 3arps3HeHUs BOA COOTBETCTBOBala 30Ha OHOTHYECKOTrO
KOHAMLUMOHUPOBaHUA Mopckoii cpemst (puc.6a), a mnortokam Oonee
MHTEHCUBHOIO 3arps3HeHHs - 30Ha TMOTepU YCTOWYHUBOCTH CHCTEMBI
OMOTHYECKOrO CaMOOUHILeHus BoA. Ha npencraBneHHOM pHUCyHKe BHAHO, YTO
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B 30He OMOTHYECKOrOo KOHIWULIMOHHMPOBAaHHS MOPCKOH cCpelbl MpeAe/bHbIe
3HaYeHus K03 HULMEHTOB HAKOMJIEHHS TMAPOOHOHTAMH HE U3MEHSIMCH (PHC.
6b), a KOHLEHTpalMs 3arpA3HUTENs B HHX pocja MpPONOPLUOHATIBHO
YBEJIMUEHHIO €ro coAepXkaHHus B Boje (pHc. 6¢). B 30He noTepu yCcTOHYHBOCTH
OGHOTHYECKOr0 CaMOOYHILEHHS BOJ CTAaLHOHAPHbIE 3HAUEHHS KOI(P(HLIMEHTOB
HaKOTUIEHHS! CHWXAIMCh (pUc 6b), a KOHLEHTpauus 3arpsA3HUTENs B
rUapOoOHOHTaX AOCTHIJIA MPEJEIBHOTO YPOBHS (pHc. 6¢).

C TOYKM 3peHHS COBpPEeMEHHbIX OHO(QHU3NUECKMX TMNpeACTaBleHUH O
KHHETHYECKHMX 3aKOHOMEPHOCTAX MHUHepainbHoro obmena (Ilatron, 1968),
MHTEpBaJly W3MEHEHHWs 3HAYCHHH KOHLEHTPaUMM 3arpsA3HHUTENs B BOJAE, B
npefenax KOTOporo ko3(QHLHMEHT HAKOIJIEHHS MOCTOSHEH, a COAepXkaHue
3arps3HUTENs] B OpPraHM3Max H3MEHSeTCs NPOMNOPLHOHATIBHO H3MEHEHHIO
KOHUEHTpAlLMK 3arpsA3HUTENs B BOAE, COOTBETCTBYET MEPBbI MNOPAAOK
MeTabo/IMYEeCKUX  peakLWi, a MHTEpBaJly HM3MEHEHHs KOHLIEHTpaLMH
3arpsA3HUTeNs B BOJAE, B Mpelenax KOTOpOro Ko3(pQHULMEHT HaKOMJIeHHMS
rHAPOOHOHTOB CHHXKAETCH, a KOHLEHTpPALMs 3arpA3HUTENs HE H3MeHseTcd,
COOTBETCTBYET HyJIEBOH mopsaaok MeTabonnyeckux peakuuit. OTcrona cieayer,
YTO 30HE NOTEPH YCTOHYMUBOCTH CHCTEMbl GHOTHYECKOrO KOHAMLHOHHPOBAHHUS
BOJ COOTBETCTBYET M3MEHEHHE MeTabo/NMYEeCKHX peakUUid MOPCKHX
OpraHM3MOB B OTHOLIEHHH MOIJIOIEHUS U BbIBEAECHHS 3arPSA3HHUTENS C MEPBOro
Ha HyneBoi. [IpencraBiaeHHble Ha pUc. 5 M 6 MaTepHabl B LIEJIOM MOKa3bIBaloOT,
YTO MOJIMCMOJIOTHYECKHE KPHTEpHH /JIf ONpedeleHHs JOMYCTHMOro
AHTPOMOreHHOI0 Mpecca JO/KHbI OXBAaThIBATh KAaK CAHHTAPHbIe HOPMbI
npefejbHO  AONYCTHMOro  3arpsi3HeHHS  THAPOOHOHTOB, TaK H
OHONMpoAYKIHOHHbIE, TPopHUYeCKHEe H MeTalo/IHUeCKHE XapaKTepPHCTHKH
KOMIOHEHTOB MOPCKHX IKOCHCTEM.

HM3BecTHO, YTO OCHOBHbIM TPeOOBaHHEM YCTOHYHMBOrO pa3BHTHS PErHOHOB
ABJISETCA HEOOXOAUMOCTb MOANEP)KAHUSA PaBHOBECHS MEXIY MCMOJb30BaHHEM
M BOCIPOM3BOACTBOM HMX pecypcoB. IIpUMEHHMTENbHO K pelIeHHI0 NMpobieMbl
YCTOHYMBOro pa3BHTHS MOPCKHM aKBaTOpHH B YCJIOBHSX aHTPOIOI€HHOro
3arpsi3HEHHs BOJ C Y4E€TOM CMbIC/Ia, BKJIA/IbIBAEMOT0 B TEPMHH «3arps3HeHHe»,
OCHOBHbIE KPMTEPHUH AOJDKHBI HOPMHPOBATb MpEAENBHO NOMYCTHMbIE MOTOKH
TaK, 4YToObl OHH KOMIMEHCHPOBAIWCH MOTOKAMH T'HAPOAHHAMHYECKOro M
OHOreOXHMHYECKOr0 CaMOOYMILEHHS MOPCKOH Cpelbl, a KOHLEHTpaLus
3arps3HAIOLIMX BEILIECTB BO BCEX KOMIOHEHTaX JKOCHCTEM, BKJIIOYas
Hace/leHHe, He MpeBbIlIala CAaHWUTApHBIX HOPM M pPEKPEaLMOHHBIX KauecTB
TeppuTOpHii. Toraa oTnoXUB 3TO 3HaYEHHE Ha OCH OPAMHAT pHC. 62, MOXKHO Ha
ocH abcuuce onpeneTuTh NOTOK GHOTHYECKOTO CAMOOYHILEHHS BOA.
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30Ha NoTepyn yCToNunBoCcTn
cucrembl GuoTuyeckoro
CamMOONULEHUA BOA

3oHa GuoTuueckoro
KOHAULINOHUPOBAHUA
MOpCKOW cpeabi Merato -
nuyecxue
peaxyuu
Hynesoro

nepsoro nopagka

Npeaen GuOTUYECKOro CaMOOUNLEHNA BOA

T l ! ] |

MoTok NOCTYNNeHUs 3arpA3HUTENs B BOAHYIO CPEAY

_org 3oHa GuoTuveckoro
KOHAWLMOHNPOBAHUA
MOPCKOW CpeAb!

30Ha noTepu ycTo#uuBoCTH
cuctembl GuoTuueckoro

MetaGonuuecxkue peaxumu CaMOOHULWEeHUA BOA

- Nepaoro Nopaaka

MeraGonuuecine peaxumn
HYNesoro NOpRAKa

—_——_—— — —_— — -

' I ‘ I ' |

KOHUeHTpauun 3arpasHuTens B Boae, Cw

org 30Ha GUOTUHECKOrO 30Ha NOTEpPH YCTOAUMBOCTH
KOHAULMOHUPOBAHUA CHCTEMBI GHOTUNECKOrO
MOPCKOW Cpeab! CaMOOYULLGHUA BOA

MeTaBonuyeckne peaxumu
Hynemoro nopaaxa
MeTabonuuecxne peaxymuv

nepsoro nopaaka

BB I [ I I

KoHueHTpauua 3arpasHuTens B soae, Cw

Mo oueHkam cneunanucroB (3aitueB, Ilonukapnos, 2002) HauGonee
HebnaronpuaTHas dkonorudeckas obcraHoBka B UepHoM Mope 3adMKcHpOBaHa
B TaK Ha3blBaeMbIX KPUTHYECKHX 30HaX, 3KOJIOFHYECKHE MPOLECCH B
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Puc. 6. H3ameHeHHe cTaLUHOHapHBIX yPOBHEH KOHLIEHTPALHH 3arpA3HHTENS B BoAe (HOTHYECKOTO
cnos C,, (a), ko3 puuneHTOB HakonneHHs (b) U KOHLEHTPaUMH 3arpA3HUTENS B MMAPOOHOHTaX
(c) B pe3ynbTaTe GyHKUHOHHPOBAHUA 3KOCHUCTEMBbI OTHYECKOrO C/IOS B YCIOBHAX BO3AEHCTBHA
N0TOKa aHTPOTNOreHHOr0 3arpA3HEHUA BOA.
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MPOTEKAlOT B  YCJIOBUAX, KOIZa AaHTPOMOTeHHbIH TMpecc MpeBbILIaeT
6uoTHYECKOE KOHIULIMOHHPOBAHHE MOPCKOMH Cpefibl B pe3yJibTaTe NPOTEKaHHUs
NPUPOIHbIX OMOreOXMMHUYECKHMX LMKIOB. B pesysnbrate coaepkaHHe B HHX
3arpsA3HSAIOIIMX BELIECTB MPEBHILIAIOT MPHUPOAHbIE YPOBHH M B KPUTHYECKHX
30HaX MOTYT TMpPOSBIATBCS BBI3BAHHBIE 3THM HEraTUBHbIE 3KOJIOTHYECKHE
NOCEACTBHA. AKBaTOPHH KPHUTHUYECKMX 30H PacrojOXeHbl B MPUYCTHEBBIX
y4acTKax BMaJaloLIMX B MOpe pek, B paHoHax cO6poca TEXHHYECKHX M CTOYHBIX
BOI, PANOM C pacrnoJIOKEHHBIMH Ha Oeperax KpyMNHbIMH HaceleHHbIMU
MyHKTaMM M, KaK TpaBWJIO, COBMAJAlOT MO TEPMHHOJOTHM aKaJeMHKa
B.M1.BepHaackoro ¢ 30HaMH cryuieHHi xuBoro Beiectsa (BepHanckuii, 1994,
c. 388). IlosromMy Mepbl 1O . MOANEP)KAaHHIO YCTOHYHBOrO pPa3BUTHA
KPUTHYECKMX 30H J[O/DKHBI B 3HAUMTENIbHOM cTeneHH OasupoBaTbcs Ha
GHOreOXMMHYECKMX KPHTEPHAX HOPMHMPOBAHMS TOTOKOB AHTPOMOr€HHOro
3arpsa3HeHus BoA. HccrnenoBaHus, BbINOJHEHHblE HAa KOHLENTyalbHOH Oase
npeacraBnennid  B.W.BepHanckoro (Bephagckud, 1994, c. 414) o
reoOXMMHYECKOH pOJIM XKHBOro BELIECTBA B MOPCKOH cpefie [M03BOJIUIH
pa3paboTaTh OHOr€OXMMHYECKHE KpPUTEPHMH JUIS ONpelesieHHs Mepuona
KpYroBOpOTa paJMOaKTHUBHBIX M XMMHYECKHX 3arpsi3HEHHI B MOPCKOii cpeze,
OLIEHKH PaJMOEMKOCTH JOHHBIX OCA[KOB, pacyera MpenesioB HHTEHCHBHOCTH
6uoTnyeckod TpaHchopMauMH (U3UKO-XMMHUYECKHX (OPM HEOpraHUYeCKHX
3arpsA3HeHHid B BOJHOH cpele M OMNpefeNeHHs TMpelefbHbIX MNOTOKOB
CeIUMEHTALMOHHOrO JEMOHHPOBAaHHA 3arpA3HAIOLIMX BELIECTB B TOJILE
noHHbIX oTnoxenuit (Eropos, 2001).

[TIpUMEHUMOCTb TAaKOroO MOAX0Ja MOXHO NMPOMJITIOCTPUPOBATh Ha MpHUMepe
HOPMHMPOBaHHUs NOTOKA PTYTH B aKBaTOPHU CEBACTOMNOILCKHX OyXT (pHc. 7-8).

Ha puc. 7 mnokasaHbl pe3y/bTaThl MHOTOJIETHUX HabMIOJEHHUI colepikaHHs
prytu B Bone CesepHoit OyxThl CeBacTonons. Ha rpaduke BuaHo, uro B 1988-
1990 rr. koHueHTpauus Hg B Boie npeBbllana CaHUTapHO JOIYCTHUMYIO HOPMY
(TIAK). B 1991 r Obuto OTMEYEHO pe3KOe CHIXKEHHE KOHLeHTpauuu Hg,
CBA3aHHOE CO CHH)KEHHEM TNPOMBIIUIEHHOH aKTMBHOCTH B pPErHoHe, KOTopas
6buta orcnexeHa Tarke M 1998 r. Ha puc. 7a, 7b u 7c BuAHO, uTO
KOHLEHTpalUus PTYTH B MMOHMAX W JOHHBIX OTJIOXKEHHSAX 3aBHCeNa OT ee
KOHLIEHTPALMH B BOJE.

ITpoBeneHHas Ha puc. 8 CHIOWIHOM JMHHEH annpoKCHMalHOHHas KpHBas
CBHMJETENILCTBOBAJIA, YTO 3aBUCHMOCTDb MEXY KOHLUEHTpaLHeH PTYTH B JOHHbIX
ocagkax W BOOE C JOCTaTOYMHOM CTEMeHbIO aJEeKBaTHOCTH OMMCBIBAIACh
ypaBHeHHeM JIeHrMIopa, yKa3blBaloLlEH, YTO NMPH KOHLIEHTPALMH PTYTH B BoAe
cBblle ypoBHs 50 Hr a” pocruranoce copbuuoHHoe HachleHHE (Cyacpu)
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Puc. 7. U3meHenue koHueHTpauun Hg B Boae (a), Muauax (b) M MOBEPXHOCTHOM CNO€ AOHHBIX
ornoxeHui (c) Ceacrononsckoit 6yxTsi (Koctosa u ap., 2001)
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Puc. 8. 3aBucuMoCTb U3MeHEHHs KOHUEHTpPaunu Hg B JOHHBIX OTNOKEHHAX (Ciq) OT
koHUeHTpauuu pTyTH B Boze (C,,) ceactononsckoii 6yxtel (Eropos. 2001)
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JOHHBIX OCAaJKOB PTYTbIO, HYTO OIPAaHHYMBAIO MAKCHMaIbHBII MOTOK
CEIMMEHTALMOHHOIO CaMOOYMIUEHHS CEBACTOMONLCKOH OyXThl OT 3TOro
BbICOKOTOKCHYHOTO 3arpsA3HHUTeNIs BOJ. OTO JIErKO MpPOCJAEAUTh MO JaHHBIM,
MpeACTaBJIECHHBIM Ha pHC. 9.
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Puc. 9. Mamenenne xonueHTpaurn Hg B Tose 1OHHBIX 0TNOXEHHH 1o riy6uHe (Eropos, 2001)

PacyeTsl noka3sanu, 4To NpH KOHUEHTPALIMH PTYTH B MOBEPXHOCTHOM CJl0o€
JIOHHBIX OCA/IKOB CEBACTOMONBLCKOM GyxTel B 1999 r., paBHo#t 369 Hr r’'
(KoctoBa u ap, 2001), 1 CKkOPOCTH CeUMEHTALIMK JOHHBIX OTIOXKeHH 0.24 cM
rox’, wi 607 r rpynra mM” rox’ (Kepxo, I'ymun C. U np., 2001) notok
NENOHUPOBAHUA PTYTH B O3TOM TFOAy COCTaBWJI 224 MKr M2 rog’. [1pu
COpOLIMOHHOM HaCBIIEHHH JOHHBIX 0cagKoB 10 YPOBHA Cacuw =2740 Hr r!
NpeAesbHbIA MOTOK JTMMHHALMM PTYTH M3 BOJ CEBAacCTOMONbCKOH OYXThl ObLn
paBeH 1660 Mkr M~ rox” , uTO ABMIOCH NPAKTHYECKH TEPBOM MPUrOAHON IS
OMOreOXMMHYECKOr0 HOPMHUPOBAHHS OLIEHKOH MaKCHMAanbHO BO3MOXHOTO
camoouHuieHus Boa. [lpoBeneHHas Ha puc. 8 CIUIOIIHOH  JHHHE#H
annpoKCHMalMOHHAs KpWBas CBUIETEIbCTBOBAIA, YTO 3aBUCUMOCTb MEXIY
KOHLIEHTpaLMeH PTYTH B AOHHBIX OCaJKaX W BOJE C AOCTATOYHOH CTEMEHBLIO
aJIcKBaTHOCTH OITKCHIBAJIach ypaBHeHHEM JIeHrMIopa, ykasbiBalollei, YTo npH
KOHLEHTpAallMK pPTYTH B BOJE CBbILE YpoBHS 50 Hr 1 jocTHranoch
copbunoHHoe  HachilleHHE (Cyacnuw) MOHHBIX  OCAJKOB  PTYTBIO, UTO
OrpaHHYMBAIa MAKCHMAJIbHBIA MOTOK CEAHMEHTALMOHHOIO CaMOOYHILEHHS
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CEeBaCTOMNOJIbCKOW OYXTBI OT 3TOr0 BHICOKOTOKCHYHOTO 3arpsi3HUTENs Bod. JTO
JIerko NpOC/IEAUTb MO JaHHbIM, IPEACTaBAEHHbIM Ha puc. 9. Pacuers
NoKa3ajii, YTO NPH KOHLEHTPALMH PTYTH B TMOBEPXHOCTHOM CJIO€ AOHHBIX
0CaJIKOB CEBACTOMOJIBCKON GyXThl B 1999 T., paBHoit 369 ur r”' (KocTosa u ap,
2001), # CKOPOCTH CEMMEHTALIMH IOHHBIX OTI0XKeHHUit 0.24 cM rox” , unn 607
r rpysta M~ roa’ (Kepko, Tynun C. Y ap., 2001) noTok AenoHMpOBaHHs
PTYTH B 3TOM IOy COCTaBHJI 224 MKr M? rox”. TIpu cOpOLIMOHHOM HACILEHHUH
JOOHHBIX 0cankoB A0 YPOBHA  Cyaeuw =2740 Hr r! npeAensHbIA MOTOK
3IMMHHALMK PTYTH M3 BOJ CEBACTOTONLCKOH GYXThI Gbin paBeH 1660 Mkr m™
roa’ , 4To ABMNOCH MPAaKTHYECKH MepBOi MPUTOIHOM AN GHOrEOXHMHUYECKOTo
HOPMHPOBAHHS OLIEHKOH MaKCUMAaJIbHO BO3MO>KHOTO CAMOOYHIIEHHS BOJ.

[IpoaeMOHCTPHPOBaHHbIE MaTepPHaIbl B LIEJIOM MO3BOJISIOT 3aKJIFOUHTh, YTO
ydyeHHe akaaeMuka BepHaackoro o jxuBoM BeuiecTBe B Ouoctepe okazano
onpenensiollee BIMSHHE Ha pelleHHe npobneM YCTOWYHBOrO pa3BHTHUA
MOpPCKMX aKBaTOpPHH TMpH aHTPOMOreHHOM BO3JEHCTBHUM 3arpA3HAIOLIMX
BeuwlecTB. Mx pasBUTHEe Ha KOHUeNTyalbHOH 6a3e mnpencTaBneHUH
B.H.BepHaackoro no3Bonuio pa3paboraTh NMPUMEHHMbIE IS MPaKTHYECKHUX
uesiel 6HOreoXMMHYECKHE KPUTEPHH HOPMHPOBaHHS MOTOKOB aHTPOMOTEHHOr0
3arps3HeHHs MOPCKOH cpenpbl.

4. DyHaaMeHT H NepPCNeKTHBA [JIs IK300H0JIOTHH

Axanemuk B.M. BepHanckuii obGoratmn Hayky pa3paboTkod Takux
Ba)KHEHIIMX 0006LIAIOIKX UIEH, KaK ULIES O 2e0102U4eCKOl 8e4HOCMU HCUZHU
Ha 3emiie, a Takke Ha Apyrux nnaHerax ¥ B Kocmoce, U naes o gcioonocmu
JICU3HU C YYETOM npedena dxcusHu 8 buocgpepe. «BecbMa BO3MOXKHO, BCE Kak
OyaTo Ha 3TO YKa3blBaeT, YTO B JPEBHHUX KayCTOOHMONHMTaX COXpaHAIOTCA
crnocobHble K BO30OGHOBJIEHHIO CMOPHI B JIATEHTHOM COCTOSHHM B TeYEHHE
MHWJITHOHOB M COTeH Thicsy Ner. S cTtaBmo 3Ty npobiieMy Kak TaKOBYIO;
TpebyeTcs JKcriepuMeHTalbHas mnpoBepka» (BepHanckuit, 1965, c. 220).
Bcroonocms arcusHu mpociiexuBaeTCa BO BCEX MPUPOAHBIX CpeAax Ha 3emie oT
MoObIX HHU3KUX [0 OHONOTMYECKH TMNEPEeHOCHMBbIX BBICOKHX TEMIMepartyp.
JlaBneHue >xu3HH, obecneyunBaioliee NOCTOSHHO NpeesbHYIO 3aroJHEHHOCTh
XKMBBIM BELIECTBOM BCEX JKHAKMX M TBepAblX cped (M, TEM CcaMbIM,
NOCTOSHCTBO MaccChl XXMBOrO BELIECTBA Ha MpPOTSHKEHHH BCEH MCTOPHHU 3eMIIH)
Ha TOBEPXHOCTH M Ha BceX IIyOuMHax HauleHd NUIaHeTbl MPH BCEX HH3KHX
(BnnoTb 00 abCOMOTHOrO HYJIA) M BLICOKHX, HO OHONOrMYECKH NMEPEHOCHMBIX,
Temnepatypax M npv JoboM ra3oBoM coctaBe cpel.  «Cmpamucgpepa —
ocagoyHas o6onouka — oOpa3yeTcs T[J1aBHBIM 00pa3oM MOpPCKHMMH H
OoKeaHWYeCKMMH OTIOXeHUAMU» (BepHanckuih, 1965, c. 85). «Crpatucdepa —
obosoyka oOcafoyHbIX MOPOA — B 3HAYUTENbHOH Mepe SBHO OHOreHHOro
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IMPOMCXOXKAEHHS M HAXOAMTCS OYEHb YacTO, MOXET ObITh, BCEraa, B BEPXHEH
cBoel 4acTH B 00JacTH MOA3EMHOr0, )XHBOrO BellECTBa (YacTbio B ¢opme
JIaTEHTHOM JKM3HM), T. e. B Ouocdepe» (BepHanckui, 1965, c. 83).
@usnuecKUMH (pakTopaMHu (BBICOKMM [aBJICHHEM, BLICOKOH TEMIEPaTypOH,
ropAsYduMH razaMH M T.JI.) «.. HEM30EXKHO CO3MAETCA HHXKHAA IpaHHLA
ctpaructepbl. CrpaTHcdepa NepexoauT B MeETaMOpP(HYECKYIO 00004KY»
(BepHanckuit, 1965, c. 84). Yxe Ha HeGonblIOH OTHOCHTENbHO TayOHHE
[«Cpennuit Tepmuueckuit rpagueHt — 1°Ha 30 M ...» (BepHaackuid, 1965, c.
94)] Temneparypa npubmkaerca k 100°C, mpu KOTOpOii XHBbie BellecTBa
Heus3bexHo oTcyTcTBYIOT (BepHaackuii, 1965, c. 84). Ilo-Buaumomy, npeoden
JcusHu 6 buocgepe, B ee rIyOHHaxX KIafeT BbICOKass TEMIeEpaTypa W Mepexon
Bozbl B ropsude mapsl (BepHaackui, 1965, c. 79). B.W. Bepnaackuit BBOAMT
NOHATHA KUCLOPOOHOU NOBePXHOCMU OKHCIUTENbHOH OHocdepbl W HudicHeu
epanuybl 6uocgepvl 8006we, T.e. BKIIOYas BOCCTAHOBHUTENBHYIO Ouochepy.
«Y100HO Ha3biBaTh HIKHIOI TpaHHLy cBobGoaHoro kucimopoma — O, —
KUCI0pooHot nogepxnocmouio /2/. Hike ee pe3ko MEHSETCS )KHUBOE BELLECTBOY
(BepHanckuit, 1965, c. 76). « HeusbexHO CyLIECTBYET HUNCHASL 2PAHUYQ
buocgepvr B 061aCTH, B KOTOPOH MO YCIIOBHAM TEMNEPATypbl, XMMHYECKOH
aKTHBHOCTH H QHU3HUYECKOrO COCTOSIHUSA BELIECTBA SBICHHUS )KU3HH UMETb MECTO
He moryT» (BepHaackuii, 1965, c. 83).

B.M. BepHaackudi  HAacTOHYMBO  MNOBTOpseT  Hael0  Oosbwworo
NPUHLMIHATILHOTO 3HAYEHHs B HayKe — MAEK O BO3MOXHOCTH HEOMPEIEIEHHO
JOJroi JNaTeHTHOH >XHM3HM crnop Ha Oosbliux rTyOMHaX HalleH IUIaHEThl
(kypeuB Hami — I.JIL): «Tak kak c yrinyOneHHeM K LIEHTPY IUIaHEThI
TeMrnepaTypa MOHWXaeTcsa [«... HO 3To Habmonaercs Huxke Ouoctepsl ...»
(BepHanckuii, 1965, c. 83)], BO3MOXHO, 4TO Tak Ha3blBaeMas JameHmMHAs
JCU3Hb CNOp MOXET COXpaHATbCA Ha OosblIMX rnyOHHAX HeonpedeneHHO
Oonzoe epems» (BepHanckwid, 1965, c. 83).

B cBa3M ¢ 3TMM, M3 uyMcia HawMx paboT, HENocpeaCTBEHHO
paspabarsiBarouinx uaeu B.H. BepHaackoro, a HMEHHO: 0 BCIOAHOCTH XKH3HU H
JaBJIEHWH >KH3HM - MPHUBEAEM KPaTKO pe3yJIbTaThl HaLIMX COBMECTHbIX paboT
nByx kosutektiBoB MHBIOM HAH VYkpauHbl — ero otaena paadalMOHHON M
xuMHuueckoii 6uonoruun (Cepactonons) U ero Onecckoro ®unuana (3aiiles
ap., 2007, 2008; Zaitsev & Polikarpov, 2008).

B HamMx HccrnenoBaHMAX HalaeHbl B TTyGOKOBOIHBIX CEPOBOJOPOIHBIX
uinax YepHoro Mopsi MOKOWBLIMECS TaM B T€YEHHE 3aMETHOIO BPEMEHH CIIOPbI
a3po6O0B - CyXOMyTHBIX, MPECHOBOAHBIX H MOPCKHX pacTeHHH. BospacT moHHbIX
0Ca/IoyHbIX CJI0EB (MOILHOCTBIO B 1,5-5 CM), B KOTOpbIX MOKOWIHCH CIOPbI,
onpeaened C.b. I'ynuneiM, OPXB HUHBIOM, u coctaBun 25-50 ner. B O®
UuBIOM HAHY noa pykoBoactBoM ak. HAHY IO.I1. 3aiiuesa Obiiu
npopauieHsl cnopsl 14 BHIOB OIHOKIIETOYHBIX BOAOpPOC/IEH (MOPCKHX,
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NMPeCHOBOHBIX, YOMKBMCTOB), MpHHaUIeXKalWMxX k oraenam Bacillariophyta,
Dinophyta, Chlorophyta, Cyanophyta, Chrysophyta u Silicoflagellata, Takxxe 7
BUIOB rpubOB (B TOM 4MCie, Ha3eMHBIX) oTAena Ascomycota M GpopMaabHOH
rpynnsl Anamorphic Fungi. OTH criopsl npopocns B afiekBaTHOH UM aspoGHO#
M ocBellaeMoit (113 (OTOCHMHTETHKOB) MUTaTeNbHOH cpene (3akues W 1p.,
2008; Zaitsev & Polikarpov, 2008). [IpuBeneHHble Bbilie (aKThl TOBOPAT O
TOM, YTO MPaBUIO BCEOAHOCTH XHU3HH Ha HaLleH MJIAHETE B OTHOIIEHHH UMEHHO
a’pobOB CBS3aHO C MX TMOKOALIMMMCS CMOpPaMH M LKCTaMH, CMOCOOHbIMH
BeCbMa JUIMTENbHOE WM, 1o BeipakeHuto B.M. Bepnanckoro (1965),
«HeomnpefefeHHo ponroe Bpems» (BepHanckuii, 1965, c. 83) nepeHocuThb
camble HeOGnaronpusTHble YycioBUs (MpelebHO HHU3KME TeMIEpaTyphl,
arpecCHBHYI0 cpelly) B COCTOSSHHM aHabMo3a B «OXXHMIAAHHM CBOEro yaca» -
yC/IOBHH, HEOOXOOWUMBIX MJIs aKTHBHOW J>KM3HENEATENbHOCTH adpoboB. B
HallleM CJlydae NPHHUMIT «BCIOJHOCTH» MPOSBUICA B JIAMEHMHOU HCUSHU -
BbDKMBaHMM ad’poboB, Gnaromaps aHabHO3y, B COBEPIUEHHO HEMPUIOAHBIX
YCIOBHAX /11 HX aKTHUBHOH XU3HH W pa3MHOXEHHS.

Yro kacaercs JaBJE€HHs XXH3HH CO CTOPOHBI a3poOOB, MPEACTABIEHHBIX B
paccMaTpUBaeMbIX YCJIOBHSX CEpPOBOJOPOIHbIX rTyOHMH YepHOro Mops TOJbKO
)KH3HECTIOCOOHBIMH MOKOSILIMMHCS CIIOPaMH W LIMCTAMH, TO, OYEBUIHO, YTO OHO
TaM paBHO HYJIIO B CBA3M C UX HeleATebHbIM cocTossHHEM. JIto6oe konnuecTBO
«CMSALLMX)» CMOP M LMCT HE MEHSET COCTOAHUA OTCYTCTBHS [aBJIEHHS XKHU3HH C
ux cTopoHbl. [I03TOMy TaM HeT OCBO€HHS, KOJOHHM3aLMH, 4Y>XIOH Cpebl,
HENpUrogHOW Ans oOWTaHHS JKHBOTHBIX M pacTeHHii-a3poboB. OpHako,
pasyMeeTcs, TaM CYIUECTBYET MpPEAENbHO CHIbHOE KOHKYPEHTHOE AaBlIeHHE
MH3HH CO CTOPOHBI 3BOJIOLIMOHHO OoJiee ApeBHUX (HOPM >KH3HH - aHadpoOOB -
apyr Ha apyra. Takum o6pa3oM, peub HAET O reoJOrH4ecko BEUHOCTH JKHU3HH
s c60600HO JHcugywux as3pobos ToNbKo B adpoOHOH cpeae, a Ans a’pobos.,
HaXOAAIMXCSA Ha CTAIUK NOKOAWUXCA CNOP U yucm, - U B aHadpoOHOI cpene.

KcratH, B 0ZHOM M3 HelaBHHMX H3AaHWH oOpatuno Ha cebs BHHUMaHHe
yTBepxkaeHHe (kypcuB Haul — I'.I1.), 4ro «... B HOHHHX Biawiagax YopHoro
Mops Ha raubuHax 600-2250 MeTpiB...» «... CipkOB0OHe8Ul wap HAceneHull
pisHomaHimuolo i nepesadxcHo endemiunolo gpaynoro» (bionoris, 2008, c. 446).
VuureiBasg TO 0O6CTOATENLCTBO, YTO HAyKE HE W3BECTHbI (PakThl Takoro poaa
(Fenchel & Finlay, 1995; Sorokin, 2002), Mbl BBINOJHWIH TIaHOBbIE
3KCMEJULIMOHHbIE HMCCIIE0BaHKs, BKJIIOYalOLMe B cebs MOMCKU ¢payHbr —
XHBbIX XXUBOTHBIX B C€p06000poOHbIX 2nybunax Hepnozo mopa. IlpuHuun
6CIOOHOCMU AKTUBHOW pa3MHOXalOLIEeHCs J#CuU3HY, BO3MOXKHON TOJbLKO B
aJilekBaTHbIX YCJIOBMSX OOWTaHMsA, W TpaBWIO oOaereHus xcuswu B.W.
BepHaackoro mnoaTBepAMIMCh M B 3TOM Clydae, a HMEHHO: B [OJIHOM
COOTBETCTBUM CO cpefoid oOHUTaHMA — OTCYTCTBUEM Kuciopoda M
arpecCUBHOCTbIO  CpeAbl A  KHMBOTHBIX — B Ha3BaHHBIX  BbllLE
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CEepOBOOPOJHBIX MTyOHHAX HaMH 3apErHCTPHPOBaHBI: (a) MOIbKO Ocesuiue u3
8EPXHUX KUCII0POOCOOEpHCAUUX CN10e6 («00HCOb mpynoe») be3xncusHeHHble
ocmanKu npedocmaeumeeil a10XMOHHOU (aynst, a kpoMme HUX — (6) TONbKO
aBTOXTOHHbIE MHUKpPOOBI-aHa3pOObl, KU3HECTIOCOOHBIE M pasMHOXAKOLHECS B
cBoeii cpene oburtanus (3akues u ap., 2007). UHbiMH cnoBamH, kak 3T0 U 6bLIO
M3BECTHO YyXe NaBHO, B UepHOM Mope a3poObl )KHBYT M pa3MHOXalOTCS B
aspobHoii cpene (3epHoB, 1934; KoncrantuHoB, 1986; Groves & Hint, 1980).
Kopoue roBops, NpOUMTHPOBAHHOE  BBbILIE YHUCTO  YMO3PHTENbHOE
npeacTaBlieHHe, YTo B NIyOuMHax YepHoro mMops SKoObl «... cipk08oOHesuil
wap Hacenenuii ... ¢paynoio» (bionoris, 2008, c. 446), morepsio cBoIO
IMOHPHYECKYI0 onopy B nanmbix (Sorokin, 2002; 3aiues u ap. 2007, 2008) u
OCHOBAHHBIX Ha HHX Hay4HbIX npeacTaBieHusx (Zaitsev & Polikarpov, 2008).

Kak oTrMeuvanoch Beilie, mo o6o6bmeHuto B.HM. BepHaackoro, Bo Bceii
MCTOpHH 3eMJId He 6bL10 NepHOJ0B MOMHOrO OTCYTCTBHS XH3HU (BepHanckui,
1965). PaccMaTpHBaeMble B 3TOM pa3fienie BONPOCHI, CBA3aHbl C 9k306uoN02Uel,
M3ydalolleil TOBENEHHE JKHUBOTO BEIUECTBA B HEaNEKBAaTHbIX 3E€MHbIX
(HanpuMep, cepoBOJOpPOAHBIX Iiy6HMHax YepHoro Mops A a’3poboB) H B
KocMHyeckux ycnoBusax. CepoBomopoaHas riyOOKOBOAHAas  KOTJIOBHHA
YepHoro Mops MpeaJioXkeHa HaMH B KauecTBE MEPCNEKTHBHOrO MOJMIoHa Ui
Hay4HbIX HcClefoBaHMH B 0061acTH 3K300HONOrMH MW  riyGOKOBOIHOM
paauoxemoakosnorud (Ilonukapnos, 2010). OnHo# U3 npobneM 3k300HONOTHH,
KaK M3BECTHO, CIIYXXHT «...ONpeAeseHHe MpeNesioB U M3YyYeHHE MeXaHM3MOB
BbDKMBAEMOCTH  3€MHbIX OpPraHM3MOB B  JKCTPEMAJbHBIX  YCJOBHAX
okpyxatowei cpensl...» (Pybun, 1978). OkcTpeManbHble YC/IOBUSA IS
a3poboB HMeloTcs B OOLIMPHOH cepoBoJOpoJgHOH 30He YepHoro Mops,
CMpaBeAJHBO CUHUTAIOIIEHCS MEPTBOM 30HOH M1 OOMTaHHA M Pa3MHOXKEHUA
cBOOOJHO >KMBYIIHMX >XHBOTHBIX, PacTeHHH M MHKpoOoB-aspoboB. Kak yxe
YKa3bIBaJlOCh, 32 BCIO HCTOPHIO HCCENOBaHHH He ObUIO Clly4yaeB HaXOXIAECHHS B
CEpOBOJOPOJHON TOJILE M JOHHBIX OTJIIOXKEHUAX Oarvanu YepHoro Mops
HaceJIAIOIUX WX KHBBIX )KUBOTHBIX U XHBbIX pacTeHu# (3ailiues, [Tonukapnos,
Eropos u np., 2007, 2008).

[lpuBeneHHble Marepuanbl, a Takke paboThl MO ryOOKOBOAHOM
paauoxemoskosoruu (Ilonukapnos, 1987, Ilonukapnos u Eropos, pea., 2008),
MO3BOJIAIOT peKOMeHI0BaTh GaTHane YepHOro Mopsi B kayecTBe MOJIMIOHa s
JanbHEHIEro W3y4eHHs paZHOXEMOIKONIOTMH M 3K300HOJIOTHH a’poboB ¢
YYETOM KaK TeOJIOTHYECKOH MNpOJO/KMTENBHOCTH M COXPAHHOCTH HX
NOKOAIIMXCA CTaAMH, TaKk W BO3pacTa «3aXOPOHSAIOMWIMX» HMX JIOHHbIX
omioxkeHHH. Hapsay ¢ LEHHOCTbIO 3THX CBEAEGHMH [N KOCMHUYECKOH
6MONOrHH, OHM BaXKHbI TaKKe IS NMOHUMaHHUsS W MPEABHACHHS BO3MOXHBIX
MpoLeccoB MaccoBoro (MycTh KpaiiHe peikoro, HO BEpOSTHOro Ha Maclutabe
reojiorHuyeckod HCTOPHH 3€MIHM) BO3BpALUEHHS B OKHMCIMTENIbHYIO Cpeny
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6uochepbl MHOTMX BHAOB MOCIE HX JIMTEIbHBIX MEpHOHNOB aHabWo3a Ha
craguu cnop W umMct. IlpencraBnser NpUHLMNHAIBHBIA HMHTEpEC OLIEHHTH
3HaueHUE SBJICHUA [OJITOBPEMEHHbIX OTPOMHBIX ()OHIOB CMOp M LMCT ANs
OMHaMHKH G6Hocdepbl U ee 4acTei, a Tawke CGHOPMYJIHUPOBaTh BO3MOXKHBIE
reoJIOrHyeckue, ruapoU3HYEecKHe WIM HHbIE MEXaHM3MBbl BO3BpALLUEHHA U3
3THUX (OHIOB «3aXOPOHEHHBIX» CIIOP W LMCT B OKHCIIHTENbHYIO 6HOChepy U Hx
MOCNeACTBUS /11 3BOJIIOLMOHHOIO Mpollecca Ha HaweH ruaHere. 3aech
OTMETHM JIMLIb, YTO, KPOME 3€MJIETPACEHHH, Takylo poiab B YepHoM Mope
MOTYT HrpaTh nomnajgaHus B Hero actepounoB (Schuiling, Cathcart & Badescu,
2007).

Yo kacaeTcs 300Mapa3uTOB-«aHadpoOOBY» U UX [IbIXaHHS, TO BCE H3BECTHBIE
300Mapa3|Thi-«aHadpoObl»  BXOJAT B COCTaB  BHYTPEHHEH  cpenbl
CBOOOJHOKMBYILMX [AbIIIALMX KHUCJIOPOAOM XO3s€B-a3po6oB. ['mOHeT oT
KMCJIOPOAHOTO YAYILIbS X03SHH—a3p0o0 — MOrudaeT U MoJHOCTHIO 3aBUCALIMH OT
KMCJIOPOAHOTO  [BbIXaHWUS 3TOro  XO3siWHa-adpoba ero He  [AblIalIUA
HEMOCPeICTBEHHO KHMCJIOPOJOM Mapa3HT-«aHaspob». [1oaToMy mo oTHOLIEHHIO
K KHCJIOPOAy KOpPpEKTHee paccCMaTpHBaTb €IHHYI0 a3pOOHYI0 CHCTeMY:
X035IHH-a3po0 BMecTe C €ro «aHadpoOHBIM» 300Mapa3’WToM,  abCONIIOTHO
3aBMCUMbIM OT XO351MHa-a’poba BO BCEM, BKJIIOYAs JbIXxaHHE XO3sHHa-a3pobda
kucnopoaom. O6HapyKeHHOE HTAIbTHCKMMH M AaTCKUMH yuyeHbIMH (Danovaro,
Dell'Anno, Pusceddu, Gamby, Heiner, Kristensen, 2010) kaxyiueecs
MCKJIIOYeHHe B OTHOLIEHHMH Metazoa (3 Buaa poxa Loricifera), oburaromux B
HeckucnopoaHo# cpene B rimy6uHax CpeAH3eMHOro Mops, JHILIb MOATBEPXKAAET
obuiee npaBwno. [leno B TOM, 4TO HaijgeHHble MMH Metazoa-"aHa3poObi"
umensl Mumoxonopui, BMECTO KOTOpbIX GYHKUHOHUPYIOT
THAPOreHOCOMHOOOpa3Hble OpraHeibl, acCOLMHPOBaHHbIE C aHaspobamu
npoxapuomamu-sHoocumbuonmamu. VHBIMM clOBaMH, nepel HaMH He
OTAeNbHbIE, CAMOCTOSATENbHbIE, BHAbI Metazoa, a 3BOMIOLIMOHHO CllaXKEHHbIE
HaJOpraHu3MeHHble aHAIPOOHble CHCTEMbl, BKIIOYalOIHEe B cebsa Kak
JOMHHHMPYIOIUMX B HHX B OJHEpPreTHYeCKOM OTHOLIEHHWH MpPOKapHOTOB-
aHaspoboB, Tak U «MOJH(HLIMPOBAHHBIX» OPraHU3MoB Metazoa.

B.H. BepHanckuii BHOCHT MOJIHYIO SICHOCTL MU B 3TOT BOIPOC, CUHUTas
He3aBUCHMBIMH OT CBOOOAHOrO KHCJIOpOAa TOJIBKO aHadpOOHbIX MHKpOOOB,
Gaktepuil M rpuboB: «He3aBHCMMO OT XJIOpOQHWIBHBIX pPacTeHHH, OT
CBOOOJHOrO KHCIOpOJa CYLIECTBYET MHpP Muxkpobos u bakmepui, 2pubos,
KOTOpbie SABJSIOTCS MM Mapa3sdTaMH  XJIOpOGHIBHOrO WKW JKHBOTHOIO
BEILECTBA, WIIM UCIONB3YIOT SHEPTHIO OHOreHHBIX MHHEPAJIOB M FOPHbIX MOPOJ,
HanpuMmep, Hedrei (BepHaackuii, 1956).

[peasunenne B.M. BepHaackoro crnocoGHOCTH >KMBOro BeELLECTBA, B
YaCTHOCTH, MHKpPOOPraHH3MOB, HEOMNpeleJeHHO A0Aro npebbiBaThb B
NOKOALLEMCS COCTOSHHH B BUAE CIOp B HeONMaronpHATHBIX YCJIOBHAX GrecTaiie
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NOATBEPAWIH HelaBHHE HccaeJoBaHUs YyHuBepcuTeTa Hetokactn (Hubert et al.,
2010). B BeuyHO#H Mep3/0Te NOHHBIX OTJIOKEHMH Ha MOPCKOM JHe Onu3
HInuubeprena 6butd  HaiiaeHs! crnopbl  TepMOGWIBHBIX OakTrepuit —
NpeanoNoKUTENBHO oOHTaTeNneH HEPTAHBIX MIACTOB MM TETUIBIX 00€qHEHHBIX
KHMCJIOPOJIOM T'PYHTOB Ha JHE ITyOWH OKE€aHOB, KOTOphble, OyHdyuH, BEpOSTHO,
3aHECEHbl TEYEHHUAMH, mposiexany 3jech 100 MWITHOHOB JeT, W, mocie
HarpeBanus 10 TpeGyembix umu 50° C, BO3BpaTWIMCh K aKTHBHO#M kM3HH. C
Yy4eTOM CTaJHH NMOKOSLIMXCS CIOp, 3TH OaKTEPHH OKAa3aIMCh OpPraHM3MaMH C
CaMbIM JJTUTEJIbHBIM XXH3HEHHBIM LIMKJIOM CpelH BCEX OpPraHM3MOB Ha Hallei
nnaHeTe, U3yYeHHbIX OO cUX mop. Takum o6pa3oM, BHECEH 3HAYUTENbHBIN
BKJIaJl B COBPEMEHHYIO 3K300HOIOrUI0 OakTepHii.

5. OcHoBaHnmns aaa JKOI€HTPH3MA H IKO3THKH

I'enuii akanemuka B.H. BepHaackoro oboratin Hayky UaesMH O Hoocgepe
(BepHanckui, 1965, ¢.323-330). MowHo 3BYYHT ero Hay4Ho 00OCHOBaHHOE
npeAcka3aHHe M MNpH3BIB K uesoBeyecTBY: «B reonoruueckoii ucropuu
6uocdepsl mepen 4eNOBEKOM OTKPHIBAETCH OrpoMHoe Oyayluee, eciu oH
noiimem ’mo u He Oydem ynompebaame ceoil pasym u ceoii mpyo Ha
camoucmpebnenue» (BepHanckuii, 1965, c. 327). OH Bo3naBan nomkHOE
pazyMy M Tpyay uenoBeka (momyxupHbid wpupr Ham — [.IL): «.. Bce
YeJIOBEYECTBO, BMECTE B3STOE, MPENCTAaBAAET HHUYTOXKHYIO Maccy BellecTBa
nnaHeThl. Molb ero cBf3aHa He C €ro MaTepHeil, HO ¢ ero Mo3rom, ¢ ero
pa3syMoOM H HampaB/jleHHBLIM 3THM pa3ymoM Tpyaom» (BepHaackuii, 1965, c.
237). 1 nopuepkuBan, 4Tto «YenoBeyecTBO, B3ATOE B LIEJIOM, CTaHOBHUTCS
MOILHOH reonoruuyeckoit cunoit» (BepHagckuii, 1965, c. 328) u urto «...
4eJoBeYeCKMH pasyM M BOJA  CMOCOOHBI LETUKOM mepepaboTaTh BCIO
oKpyxatomyio ero mnpupoay» (BepHanckmii, 1965, c. 272). U o xe
npegocTeperal 0T HEAAJbHOBUAHOIO MPHUMEHEHHS pa3pyLUMTENbHOW MOLIM
TEXHUKH U XUMHH B 6Hocdepe. McTopuuecku «IlepBbiM SBHIOCH OTKPBITHE
nopoxa eme B XIV Beke, upe3BblYaifHO YBeJHYHMBaBILEE CHIY
UMBUIIM30BAHHOTO YEJIOBEYECTBA M MOJIOKHBLIEE KOHEL, MOAYMHEHHIO €ro
XKH3HH OMAacHOCTAM OMKMX 3Bepeil. UenoBek mnodyBcTBOBan cebs LapeM
npupoas» (BepHanckuit, 1965, c. 275). «Ceituac, korga 4ejoBeK 3aXBaTHJI
Bechb 3eMHO#H mIap, NPUXOJUTCA pPEryJIHpPOBaTh YJIOB, TaK Kak CpeACTBa
HCTpeOJ/IeHHs NpeBLIMAKT NPHPOCT. Tak ke, Kak U Ha Cyllle, HO B MEHbILIEM
maciutabe, MEHseTCs BHIOBOH COCTaB HY)XHBIX 4elnOBeKY (GOpM TNpHPOIBI»
(Bepnanckuid, 1965, c. 221). «®akTom sAB/IAETCS BMEMIATEJIbCTBO
OpPraHH30BaHHOIO YeJIOBEYECKOro pa3yMa, HanpapisIOLIEro CH1y yenoBeka
M €ero 3HaHWA B 3Ty CTOPOHY W 3THM HApPYLIAKOLIEr0 IHepreTHYecKHi
XapakTep OKpY:’Kalollero, B JaHHOM cJjy4ae niaanetrb» (BepHaackuid, 1965,
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c. 274). «JInk nnaHerbi — OHocdepa — XHMHYECKH Pe3KO MeHSETCH
4e/I0BEKOM CO3HATeJbHO H IJaBHbIM 0o0pa3omM OGecco3HaTe/ILHO»
(BepHapnckwit, 1965, c. 328).

Takum o6pa3zoM, Hoocdepa B HacToslllee BpeMsl HaM MNpeACTaBAsAETCS, KaK
chepa obnanaomux pasyMoM (BHIOBOLIEHTPHYECKHX, T.€. STOMCTHUYHBIX IO
OTHOILEHHIO K IPYTHM BHIaM B NPUPOJE) >KHUBBIX CYLIECTB — UYEJIOBEUECTBA.
OHO HHYTOXKHO Masio Mo ofmeH Macce MO CpaBHEHHIO C OPYTHMH
KOMIOHEHTAaMH XHMBOTO BellecTBa OHocdepbl, ONHAKO CTalo IpO3HOH
reosIorHYeckoi CHJIOH, COmocTaBUMOH MO ero Bo3leicTBHIO Ha OGuocdepy c
CaMbIMM TIpaHAHO3HBIMM CHJIaMH MNpPUpPOAbl. BHIOBOLEHTPHYHOCTHL BHIA
Yenosex pasymuulii onpaBabiBaia cebs, Kak ONMpPaBAbIBAET OCTAIbHBIX JKHUBBIX
cyiuects, B 60pbbe 3a CylecTBOBaHHE IO TOH IMOpbI, MOKa YEJTOBEYECTBO HE
CTaJI0 OKa3blBaTh HEaJleKBAaTHOE HEraTHBHOE BO3JECHCTBHE Ha MpHpoOdy C
npuMeHeHHeM TexHuku. buocdepa crana npeodpasoBbiBaThes UM B Hoocdepy.
«B Hoocgepe reonoruuyeckas ponb yenoseka Beaywwas» (BepHanckui, 1965).
«bpaTbs HalllM MEHbLIME» - PACTEHHUA M XKHBOTHBIE — CTAHOBUJIUCH U Bce Gostee
CTAHOBATCS JIMIUHUMH Ha CBOMX TEPPUTOpPHUAX M B akBatopusax. Ho ¢ ux
BbITECHEHHEM M3 NpHpoAbl B OHoctepe HapacTaeT JajbHeMllee HapylleHHe
9KOJIOTHYECKOro paBHOBecHs. H. sapiens fiBjisieTcsl HeOTheMJIEMOH 4acThlO
npHpoabl, a He ee mapem. Bcraer Bonpoc 06 oTBeTcTBeHHOCTH H. sapiens
nepen >KMBOH npupomoi. B pmerpaaupyrouieli npupoae 4eaoBeyeCTBO caMo
Heu36exHO 0OpeueHo Ha BbIMHpPaHHE.

JXKHMBOTHbIE HMMEIOT CBOM OTLUTH(OBAHHBIE €CTECTBEHHbIM OTOOpPOM
npaBuiia MOBEAECHUS ¢ 0COOAMM BHYTpPH CBOEro BHMAA, rpyMMbl, CTak M T.N. Ha
OCHOBE MHCTHHKTA M 3a4aTKOB CO3HATENbHOH JEATENbHOCTH, T.€. CBOEro poaa
3THKY CJIOXKHBIX B3aWMOOTHOLUEHWH. YesnoBek, Kak CyLIECTBO >XHBOTHOTO
MPOMCXOXAEHHA, - W3 BbICOKOPa3BMTOro OTpsAa MpPHUMaToB kJiacca
MJIEKOMHUTAIOILKX — TeM OoJiee BOOPY)KEH STHYECKUMH MpaBHIAMH MOBEIEHUS
BHYTpH CBOEro BHIa, MJIEMEHH, poaa, rocyaapcrsa U T.4. Tonbko B Hoocoepe,
Onarozsaps pa3sBUTHIO pa3yMa, U B CBA3H C OCO3HaHHEM JIIOABMH CBOEH rpO3HOMH
paspyLIHTENbHOH CHIIbI 0011e6HOChEPHOro 3HaUEHHUS, @ TAKXKE B 3HAUYUTETbHOH
cTerneHH Ha ocHoBaHuHW uaed B.H. BepHaackoro, nossasercs Heo6X0AUMOCTb
B JKOLEHTPHYECKOM CO3HAaHHH POJIM YEJOBEYECTBA, MM KOTOPOMY JAaHO B
caMoM KoHLe mnpouioro Beka npodeccopom Otro Kunne (Kinne, 1997) —
aKonozuyeckas smuxa (3K03muxa), A1 rapMOHHU3aLMH OTHOILEHHH OGHocdepsl,
KaK LIeJIoro, W 4ejioBe4ecTBa, kak ero HeoThemyieMoid 4vactH (Kinue, 2002;
Kunne, 2003; ITonikapnos, Tepeuenko, 2008).

B cnyyae WrHopHpoBaHMs 4e€lIOBEYECTBOM JKOJIOTHYECKOH 3THKH €ro
OynyliMe NOKOJEHHs OKaXKyTcs MOJ HapacTalolled yrpo3oi 3KOJI0rH4eckoro
Haka3aHMs BIUIOTh 0 McUe3HOBeHUs BUAa H. sapiens (Puc. 10).
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OKOCHUCTEMEI,
BIUTIOHAA
Homo sapiens

{}

SKOCHCTEMEI CIIEHAPHH HMsomtposaBumch
6Ge3 <: BO3MOZKHOI'O OT 3KOCHCTEM,
Homo sapiens BYIOVIIETO

Homo sapiens

OKaXeTCs B TyTIHKe
HACTOSILEE:

Y

PaseuBaromuitcs

OKOCHCTEMEI B HallM OHU
Homo sapiens

7 E

ITPOILIJIOE:

OKOCHUCTEMEI,
BKJIIOYast MPHMHTHBHOT O
Homo sapiens

Puc. 10. [Tpounoe, HacTosiluee U ansTepHaTHBLI Oyayuiero passutus H. sapiens (BHE 3KOCHCTEM
WM BepHyBLIerocs B 3kocucteMsl) (ITonukaprnos, 2006)

OrtcbulaeM yMTaTeNs k IuTepatype 0 MexxayHapoaHoMm Corode DKO3THKH
(MC33), kotopsiii BodrnaBnsioT npesuaeHT MCO3 mnpod. O. KunHe, ero
Buue-npe3ueHT ak. HAHY I'.I'. IlonukapnoB U ero BTopoii BUlle-Npe3HIECHT
no pabore c¢ Momomexwto JLII. MapuykoBa, a B mnpeaenax YKpauHbl -
‘koopauHatop MC33 B a10i#i cTpane k.6.H. H.H. Tepeuenko, o npuHuMnax,
3agayax ¥ robansHo# ponin MCI3 (Kunne, 2003; ITonikapnos, TepeweHko,
2008).

3aKkI109HTEALHOE CJI0OBO

H3nosxxeHHble Bblllle HCCIENOBAHUA 1O CO3JaHHIO HOBOH 00J1aCTH HayKH —
mopckoi paguoskonoru (I'.I'. ITonukapnoB) u paspaborka 6uodusnyeckoi
TEOPHH  MHHepaJlbHOro oOMeHa  MOPCKMX  OpraHM3MOB, a  TaKxke
KOJIMYECTBEHHAs peajM3aliis KOHLENUUH akageMHka B.M.BepHaackoro o
€IMHCTBE TMpPOLIECCOB BOCMPOM3BOACTBA )XHBOrO BEILIECTBA W YCJOBHH ero
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obutanus (B.H. EropoB), Bouutn B uuii1 pabor MHCTHTYTa GHONOTHH FOXKHBIX
mopeit HAH VYkpauHbl, y10CTOEHHBIX rOCYAapCTBEHHOH MPEMHH YKpauHbl B
obaacTu Hayku ¥ TexHHkH 3a 2007 r. (Burar, 2007).

B 3akmoueHHe NpUBOAMM CJIOBa O 3HAYEHHM JIMYHOCTH, HAeH M pabot
BENHKOro yuyeHoro — akagemuka B.M. BepHanckoro, cka3aHHble nNepBbIM
aBTOpPOM JaHHO#M Mybnukauuu Ha ['eHepasbHO# accambnee MexayHapoaHoro
coto3a paauoakonorud B beprene, Hopserus, 18 uions 2008 r. (AnekcaxmH,
2009; Uudopmauus, 2009; MexayHapoaHas koHdepeHuus, 2008; XpoHuka H
undopmanus, 2008): «Bce, cBs3aHHoe ¢ umMeHeMm Brnanumupa U. BepHaackoro
— omHOro M3 Haubosee BbIJAIOLIMXCA €CTECTBOMCMbITATENEH, YYMTENS MOHX
y4uTeNel, BbI3bIBAET BO MHe riybouaiiiiee yBaxkeHHe. Kak W MHorue ero
nocieloBaTeNId, s TOPXKYChb TEeM, YTO MPHHAMIEXY K €ro KpynHeiweH
MeXIYHapoAHOH Hay4HO# Likone. Bcio MO0 XKH3HB 51 UMEIO YecTh paboTath B
HauuoHanbHOW  akaJeMHH HayKk YKpauHbl, CO3JaHHOH ee NepBbIM
[Tpe3unenTom - Bnagumupom MBanoBuueM BepHanckum 27 Hos6ps 1918 r. u
KOTOPYIO B HacTosfilllee BpeMs ycrnellHo Bo3riaeiseT ee IIpesuaeHT Bopuc
EBrenbeBuu IlaToH, okasbiBaolMi GONMBIIYIO MOANEPHKKY PagHOIKOJIOTHH»
(Xpoxuka 1 uHpopmaums, 2008).
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ECOLOGICAL RISK ASSESSMENT TO BENTHIC BIOCENOSES

VICTORIA G. TSYTSUGINA
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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 [1]. 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 Idothea baltica (Isopoda) 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 1. 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
i
chromosome P (number of eggs) mutagenesis, (%)

aberrations, %

0S¢ Chaetogammarus olivii 40 19
Bcs Chaetogammarus olivii 5 20
Pb®" Chaetogammarus olivii 40 28
Pb®") 50+0.6 Chaetogammarus olivii 5 18
Chlorphene Chaetogammarus olivii 40 30
Pb@+

+chlorphene Chaetogammarus olivii 40 30
137Cg4

+ chlorphene Chaetogammarus olivii 5 22
Sr Idothea baltica 20 20
0y Chaetogammarus olivii 40 5
gy Chaetogammarus olivii 5 5
8r+"7Cs+ 8.0+ 08

Pb(2+) +

+chlorphene Chaetogammarus olivii 40 5
gy Idothea baltica 40 8

Table 3 presents the results of such calculations for females with different
fecundity (5, 20, 50, 100 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 (%) of full value posterity in natural hydrobionts populations

Species

Mean number
of cells with

Number of
embryos (larvas)
with spontaneous

Habitat chromosome  chromosome
aberrations, % mutagenesis,%

Polydora ciliata Black Sea 95
Glaucus sp. Indian Ocean 91
Mpytilus galloprovincialis Black Sea 88
Chaetogammarus olivii Black Sea 76
Idothea baltica Black Sea 1.5+0.5 82
Idothea metallica Atlantic Ocean 80
Melita palmata Aegean Sea 85
Mysidacea gen. sp. Black Sea 83
Decapoda gen. sp. Atlantic Ocean 85
Pterocuma pectinata Black Sea 65
Dikerogammarus Dnieper Riv., Kakhovsky reserv. 60
haemobaphes Dnieper Riv.,Kiev reservoir 25405 56
Pontogammarus crassus Dnieper Riv., Kremenchug reserv. 56
Pontogammarus robustoides Atlantic Ocean 65
Decapoda gen. sp.

Glaucus sp. Indian Ocean 40
Melaraphe neritoides Black Sea 43
Anchylomera Brossevilei Indian Ocean 50
Chaetogammarus olivii Black Sea 44
Idothea baltica Black Sea 45
Pontogammarus crassus Dnieper Riv., 4.0+06 40

Kakhovsky reservoir

Pontogammarus crassus Dnieper, Kiev reservoir 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
Velella velella Pacific Ocean 5
Monodacna caspia Black Sea 83213 6
Gammarus lacustris 10- km Ch NPP zone ) ' 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 — 10 months. Crustaceans of the Ist 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 N}meer of posterity
chromosome with spontaneous females (number of with sponta.meous
i ; mutagenesis per a
mutagenesis,% mutagenesis, % eggs)
female
5 4
20 16
1.5+0.5 80 50 40
100 80
5 3
25+0.5 60 20 12
50 30
100 60
5 2
40+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
8.5£0.5 5 20 1.0
50 2.5
100 5.0
>10 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 1st 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 Mean number of cells with

Li
(number of eggs) chromosome aberrations, % m

40 357+£2.0 20.0 -53.6
5 155+1.0 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 incorporated *°Sr (22 MBg/I) [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 *°Sr

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 87£1.0 15 0.75

40 92+12 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).

Polychaet s

Gastropo |-

Bivalvia - .

Mysidace

Cumacea

Tanaidac

Isopoda

Amphib

Decapod

T T T T 1

0 2 4 6 8 10

Number of cells with chromosome aberrations, %

Figure 1 Ranges of chromosome mutagenesis critical levels for different taxons
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Identification of basic species in a community

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

L

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), L1, Alu and SVA. The number of human specific copies for
HERV-K(HML-2), L1, 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 L1 and HERV-K(HML-2) elements donate enhancers, promoters,

* To whom correspondence should be addressed
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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 introns 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
MAST?2 and of the 3’-terminal part of an SVA retrotransposon. According to
our estimates, this family, termed CpG-SVA, was far more active than the
ancestral SVA 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

1.1. RECENT EVOLUTION OF THE HUMAN GENOME

1.1.1.  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 modern 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 3-10° 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 protein 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 of Y 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 bp-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 HARIF 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. ldentifying 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 (L1, 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., 2001)).
Together, human specific retroelements constitute approximately 6.4
megabases of the human DNA (Figure 1), 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.

hsERV
hsSVA 5%
20%
hsAlu
hsL1 51%
“.hsRE 3% _
. Loy . . Figure 1. Endogenous
Delet:;ms Simple retroviruses occupy ~5%
20 ~~changes of the DNA shaped by
duplications 19% human specific
o,
78/" transposable  elements,
T which, in turn, form only
3% of the total lineage
specific DNA.

The first group, (~1200 human specific members), is the L1 family of
authonomous retrotransposons. The full-length primate L1s are about 6 kb long
elements encoding two open reading frames, for RT/integrase and RNA binding
protein. However, L1 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 bp long) and SVA (~1.5 kb in size)
retroposons, are non-authonomous TEs that recruit “heterologous” RT of the L1
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 L1 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.HAPERS

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
1%, 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
L1 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, L1 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
LTR and read-through into known gene sequences (Conley et al., 2008b).

—EQE—I—I—-—-—

serve as enhancers of gene transcription
—-mgi—.—[—-—-— disrupt gene exon-intronic structure

provide alternative promoters
& Retroelements >— '

' / cause premature (ranscriptional termination
serve as insulator elements ﬁ
_E__'_'_-_EE'_-_ serve as transcriptional silencers

generate antisense RNAs

Figure 2. Different mechanisms of RE influence on gene transcription.

1.2.2. TE:s 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
(HSS) of the locus control region in the human B-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 A/u 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 FAMS55C,
NLRP1, ZNF611, ADAL, RPP38 and RSPHI0B) 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 10% 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 SEPN/ (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 hydroxylase.

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 retrotransposons 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 ZNF195
(Kjellman et al., 1999). Human genes HHLA2 and HHLA3 utilize HERV-H
LTRs 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 introns 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 introns 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, L1s 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). L1s 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, L1-mediated transductions
have the potential to shuffle exons and regulatory sequences to new genomic
sites.

Recently it was shown that SVA elements are also able to transduce
downstream sequence and it was estimated that about 10% of human SVA
elements were involved in DNA transduction events (Ostertag et al., 2003;
Wang et al., 2005). Moreover, SVA-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 L1 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 1) in the great ape
genomes (Xing et al., 2006). Due to SVA 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 SVA. 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: ORF1p 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; Fudal 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 RNAs, ribosomal RNAs, small nuclear RNAs, and 7SL RNA.

TTAAAA Direct Repeats \-
’ © DAAAAAA

. ' Poly (A
59part 3’part oly (A)
WEIRD RNA, 5’ truncated MGL LINE RNAs,

snRNAs: 5’ truncated L1 LINE RNAs,
ue, 5’ truncated mRNAs of
uUs, cellular genes,
U3 4.5S rRNA,
5S rRNA, Alu,
7SL RNA, B1 SINE,
Alu B2 SINE,
ID SINE

Figure 3. Schematic representation of the bipartite chimeric retrogenes. Inserts are flanked by 10-
20 bp long genomic direct repeats.

The chimeras have the following common features: (i) 5’-parts are full-
length copies of cellular RNAs; (i) 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
T,A4 hexanucleotide or its variants (Buzdin et al., 2003a; Buzdin et al., 2002,
Gogvadze et al., 2005) that correspond to the T,A4 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 of a 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 L1 LINE element using an elegant experimental system of
retrotransposition in vitro (Gilbert et al., 2005). The authors managed to
characterize 100 de novo retrotransposition events in HeLa cells. Importantly,
one insert (1%) represented a newly formed chimera similar to those we
identified in human genome, consisting of a full length U6 snRNA fusedto a §’
truncated L1. Similar results were obtained in vivo with a transgenic mouse
model for L1 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 L1 structures, likely resulting from
RNA recombination between L1 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 L1 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-LTR 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 SVA 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 - SVA
retrotransposon sequences. The border between exonic and SVA parts was
located exactly between canonical acceptor splice site AG from exonic part and
non-canonical donor splice-site CC from SVA-part (396 position in the SVA
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 bp 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 length. These bipartite elements were flanked by 12-18 bp
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-SVA”
because its 5’ terminal part complementary to the first exon of MAST2 gene
included a CpG island sequence. CpG-SVA elements were found only in
human genomic DNA, whereas separately both SVA retrotransposons and
MAST? exon sequence exist in the genomes of all great apes. Therefore, CpG-
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SVA 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-SVA) have been simultaneously published, where this family was termed
either “MAST2-SVA” (Hancks et al., 2009) or “SVA-F1” (Damert et al., 2009).

, Direct repeats

T T T

r T T
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Figure 5. Structure of chimeric CpG-SVA retrotransposons. CpG-SVA Inserts are flanked by direct repeats.
Lengths of 5° terminal (exonic) part vary from 35 to 383 bp, lengths of 3’ (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 SVA).
All SVA fragments start from the position 396 of the SVA consensus sequence.

Basing on the structural features of the identified CpG-SVA family
members, we purposed a mechanism for their formation (Fig. 6). At the first
stage, SVA 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 SVA
polyadenylation signal. This RNA was further spliced which resulted in a
fusion of the first exon of MAST2 with a 3’-terminal fragment of an SVA
(starting from 393 nucleotide of the SVA consensus sequence). This spliced
chimeric RNA was then reverse transcribed by the L1 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-SVA 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
MAST?2 gene acceptor splice site AG of on the border between the MAST2- and
SVA-derived fragments. The putative donor splice site CC whithin an SVA 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 GG GTAG AA TT TT_'AG GT

b MAST2 ac' cc SVA GG GTAG AA TT TT_AG GT
Lo —i
exon1 °l (4
¢ Transcription,
splicing
AG CC

Reverse transcription
Insertion into new genomic locus

AG CC

— e

Direct repeat

Figure 6. Proposed mechanism of CpG-SVA 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 SVA 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-SVA family that continued proliferation in human
DNA. However, the ancestral allele of MAST2 gene comprising SVA insert was lost due to the negative
selection.

Interestingly, at present there is no fixed SVA 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 SVA sequence.

We have found among the CpG-SVA 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 SVA polyadenilation signals by the RNA polymerase II complex
with the subsequent termination on any downstream sequence. In case of 5’
CpG-SVA transduction, there was apparently transcription of CpG-SVA
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-SVA 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 SVA sequences. SVA length variations were caused by the Instability its
internal satellite repeat modules. The double transducer CpG-SVAs 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 SVA-derived parts had very different both lengths and
primary structure. In the SVA 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-SVA 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 SVA 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-SVA 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-SVA elements with identical exonic parts were
formed.

The observed peculiarities of distribution of lengths of CpG-SVA exonic
parts may be explained by the following factors: (1) there could be multiple
functional transcription start sites whithin CpG-SVA, or (2) in some cases
reverse transcription of the CpG-SVA RNA could terminate before the
complete copying of the template has finished. The resulting shortened CpG-
SVA inserts could, in turn, generate new elements having even shorter exonic
parts, etc.

What are the functions of exonic part of CpG-SVA? 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-SVA family members in testis. This may be
benificial for the CpG-SVA 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-SVA should be considered as very successful
one: offsprings of only one among more than 1000 SVA 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 LTRs 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 SV40 promoter activity was obtained in Tera-1
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’ LTRs have demonstrated the promoter strengths as high as 5-15% of the
cytomegalovirus (CMV) promoter activity in Tera-1 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 LTRs provided evidence for the presence of two functional promoter
regions within the LTR sequence (Kovalskaya et al., 2006). Both promoters
posess TATA box motif and other upstream regulatory sequences. The first
promoter was the canonical element located in the LTR 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 LTRs, whereas a classical retroviral life cycle
model implies that the transcription is driven from between the LTR 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
LTR, 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 novo 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 LTR Tags (ELTs), 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 LTRs
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 LTR primary structure and transcriptional activity was found. In
contrast, the LTR status (solitary, 5’ or 3’ proviral) was an important factor
affecting LTR activity: promoter strengths of solitary and 3’ proviral LTRs
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 LTRs 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’ LTRs 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 LTRs were mapped near known human genes, and as many as 86-
90% of all genes located in close proximity to promoter active LTRs are known
to be transcribed in testis. However, in general no clear-cut correlation was
observed between transcriptional activities of genes and closely located LTRs
(Buzdin et al., 2006a). Overall, LTRs 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 /FT172 (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 5’RACE technique (rapid amplification of cDNA ends), in
both cases the LTR-promoted transcription starts whithin the same position of
the LTR consensus sequence, which coincides with the previously reported
HERV-K (HML-2) LTR transcriptional start site (Kovalskaya et al., 2006).

IFT172
Exon 24 ‘ 23  Exon22
“short” transcript [FT-AS ~~  —=—a—m—- EU599579
“long” transcript I[FT-4S ~~  =—=————————- EUS599578
SLC4A8
Exon 6 ; Exon §
I 1
—
Transcript SLC-AS = — e e e EU599580

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
SLC448 mRNA level, and overexpression of IFT-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 LTR
retrotransposon family from rice genome called Dasheng likely regulate tissue-
specific expression of several adjascent functional genes via antisense
transcripts driven by the LTRs (Kashkush and Khasdan, 2007).

2.3.3.  Enhancer activity of human specific HERV-K(HML-2)

HERV-K (HML-2) LTR 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) LTR 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 LTR has demonstrated enhancer activity only in Tera-1 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 proline dehydrogenase.
Unlike the liver isoform, PRODH is involved not only in the proline
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
sequence itself is highly conserved among the mammalians, and the major
structural distinction of the PRODH 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 frans (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 1970s 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 and 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

165



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) Template 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 mutability 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 FACULTATIVE
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 genome 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, L1,
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 L1. More thirty L1-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
(1961) 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 F1 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 F1 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
(Figurel). First, an activation of mobile elements (significant part of FGE) in a
reply on diverse environment challenges. Second, insertional mutations and
chromosome rearrangements.

Environment

Highly repeated DNA
Mobile elements

Pseudogenes, “orphans™

Genes in
chromosomes Inserted viral coples
mitochondria Amplicons
B-chromosomes
Rhl‘ DNA
Plasmids
(_\ Cytobionts
Obligate Facultative
Elements L “» Elements
|
Mutations Variations

Figure 1. 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
FACULTATIVENESS

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
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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—component epigene is shown on Figure 2.
Feedback might be positive as in the system bacteria-phage with autoregulatory
cl gene function. The state of ¢/ 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. A' and
A® designate active and non-active states of the epigene. Crosses may result in epimutation in the
progeny of F1 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 Paleontological 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, 1 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’ of theriodonts (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 (Ornithura).

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 wused 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 Hallucigenia 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: Hallucigenia 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
appendages 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
(Kiihl et al., 2009).

Paleontologists are trying to reconstruct the most plausible phylogenetic tree
of the early arthropods based on the parsimony principle, which 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 4. 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
occurred 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
aculeatus) 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. ljiscussion

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-physiological, 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 Hox10 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).

43. 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, 09-05-01009).
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IMMPOCTPAHCTBA BO3MOXXHOCTEM JJIS 3BOJIIOLIUA

B.B. CYCJIOB’, H.A. KOJTYAHOB
Hnemumym yumonozuu u cenemuxku CO PAH, IIpocnexm
Axaoemuxa Jlaspenmvesa, 10, Hosocubupck, Poccus, 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.

KmoueBble ciioBa: aunemMma XodaeiiHa, ctpecc, aganrtauus, JlapsuHoBa 3Bosouus,
JlamapkoBa 3BOJIOLIMSA, 3aKOH FOMOJIOTHYECKUX psanoB Basunosa, a¢dexr bonnyuna.

Hunemma XonpeHHa CBA3bIBAET CKOPOCTb 3BOMIOUMH C 3¢ ¢EKTHBHOH
YUCIIEHHOCTbIO MOMYJAUMA: 111 3YKapHOT C XapakTepHOH 3¢¢eKTHBHOMH
yycneHHocToio ~ 10 000 ocobeit 0OMTHOBpEMEHHO 3BOIOLIHOHHPOBATH MOJXKET ~
10 — 15 renoB (PatHep u ap., 1985). Otcioaa NOHATHA BbICOKAs HAChILUEHHOCTh
renomMoB  monumoppusmMamu  (CycnoB u  ap., 2010), BbisgBiIcHHAs
NOJIHOr€HOMHbIMH MpOeKTaMH, — OTOOp NPOCTO HE YCMEBaeT O4YHMILAThH
nonynsuuu. Bonee Toro, okasanoch, 4TO TEHOM HACHILIEH JIATEHTHBIMH

187



PeryNSTOPHBIMH TOCJICJOBATENBHOCTAMH, IS (GYHKUMOHATH3ALMHU KOTOPbIX
JIOCTaTOYHO CYMTAHHBIX 3aMeH. Tak u3yueHHsIH in silico monumopdusm —20 (C
— A) B peryisaTopHOM paHOHEe IeHa aHFHOTEH3UHOreHa 4YejloBeKa BeleT K
BO3HHKHOBEHHIO HOBOTO CaiTa CBA3bIBaHHMS 3CTPaJHOJIOBOrO pPELENTOpa, YTO
NoBbIIIAeT pUCK runeproHun y OGepemeHHbix (Ponomarenko et al., 2003).
PaspyiieHue caiita cBA3bIBAHWS Taloke BeposATHO: MyTauus G — A B
HEeKOaWpyloleM paHoHe reHa TpuntodaH 2,3 NHOKCUreHasbl, Bedyuwlas K
cuHapomy Typerra, cBs3aHa ¢ pa3pylleHHEM caiTta cBs3biBaHMA YY1
(BacunbeB u ap., 2000). benku Taioke HECYyT NaTEHTHblE aKTUBHbIE CaMThI,
¢yHKUMOHANH3yeMble Kak aMHHOKHUCIIOTHOH 3aMeHoH (Ivanisenko et al., 2005),
TaK U M3MEHEHHEM B CIieKkTpe Haubosiee BEpOATHBIX KOH(popMaumui rnobyssi
(6enkoBbiit mpomuckyuteT (Nobeli et al., 2009)) B HeoObIYHBIX yclOBHAX,
HanpuMep u3MeHeHHe pH WiH KOHUEHTPaLUHMH HU3KOMOJEKYJIAPHbIX JIMTAHIOB).
®dusuko-xumuyeckas 6a3a B3aUMOJCHCTBHA CaAWTOB C  MHIUEHAMH -
KOH(pOpPMALIMOHHOE COOTBETCTBHE HEOONBIIMX - B Ipelenax [ecATKOB
MOHOMEpOB (aMHUHOKHCJIOT MM HYKIEOTHIOB) — YYacTKOB MOJIEKYJ, YTO
JenaeT  BEpOSTHbIM  Iapajule/IbHO€  HEOJAHOKPAaTHOE  BO3HHUKHOBEHHE
CTEPEOXMMHYECKHM CXOIHBIX MOJIEKYJIAPHBIX CTPYKTYp MpPH MHOTOKPATHOM
nepeGope OrpaHHYEeHHOro NpPOCTPAHCTBA BO3MOXHbIX 3ameH. KoHBepreHuus
CalTOB MO3BOJIIET CTABUTh TOJ PETYJIATOPHBIH KOHTPOJIb HETOMOJIOTHYHbIE
6enku u rensl (CycnoB u Konuanos, 2009). AHanus rpadoB reHHbIX ceTeit
E.coli v npoxokeii CBUIETENbCTBYET, YTO UX YC/IOXKHEHHE B XOA€ AyIUIMKaLMH
npotskeHHbIX YydacTkoB JIHK (reHoB Wmm HX peryjasTopHbIX paiOHOB)
OOBACHAET MOSBJIIEHHE MEHee MOJIOBHHBI perynsTopHbeix cBsaded (Teichmann
and Babu, 2004). BeisBneHHe KOH(GOPMALMOHHO NOAOOHBIX (BIJIOTH MO
WIEHTHYHOCTH) aKTHBHBIX CaliTOB B GeNlkax JajJeKHX TAKCOHOB TaKXKe OBOPHUT
3a IUMPOKOE pacnpoCTpaHeHHE KOHBEPreHLMH HeOGOoJbLUIMX  y4YacTKOB
6uononumMepos (MBaHuceHko 1 ap., 2008).

BeicTpas afmanTHBHas 3BOMIOLMA HaubOosee BaKkHa A MaJibIX MOMyIsALHHA
nepudepun apeana BHMAA, JKMBYIUMX Ha Tpejesie TONEPAHTHOCTH, WIH
HacensoMX HecTabWnbHBIA Kpald Ouoronma, rae BHewHss cpeaa (M,
COOTBETCTBEHHO, BEKTOp 0TOOpa) BapbHpPYET OYEHb ObICTPO - CPAaBHUMO HIIH
6bicTpee cMeHbl MokosieHHH. Tako# paboTatoiuii B 607bLIMX MOMYISLMAX
crnoco®  yCKOpeHHs  OJBOJIIOLMM, KaKk KpaTKOBPEMEHHOE  MOBbILICHHE
MyTabUIBHOCTH W60 MyTeM HHOYKLMH Benblllek TpaHcno3uuuii (Bjedov et al.
2003) u unkopnopauuu 3k3orenHoit JJHK (Koonin and Wolf, 2009), nu6o
YMEHbLIEHHEM TOYHOCTH CHCTEM TPAHCKPHUIMLMH, TPAHCIALUMHM M penapaLuH
(Torkelson et al., 1997) (nmycTh qaxke He B LIEJIOM 110 T€HOMY, a AN OTAEIbHbIX
reHoB (Roberts et al., 2010)), 3akpbiT A8 Majbix MOMyJALUUHA dUIEMMOMN
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Xonpeiina'. Tem He MeHee, Cclydad aHOMaJbHO ObICTPOH 3BOMIOLMH
MOMyJIALUMIA B NMECCUMaIbHBIX YCJIOBHSAX OMNHMCAaHbl, MPHYEM B OOHHUX CIIy4asx
AuBepreHuus 6buta cpaBHMUMa ¢ MexBHAOBOH (PacHuubiH, 2002), B mpyrux
(Paymen6ax, 1981) ObICTpO 3BOJIOLMOHHPOBATH MAIOIUIOAHbIE BHABL. B
nocnenHem cnydae Habmopancs d>¢dexr bonayuna (Baldwin, 1896) —
JYHAMHKKA 3BOJIIOLIMOHHOTO OTBETa MOMYJISALMH OBELl PaBHHHHBIX MOPOJ IpH
CHCTEMAaTH4YeCKOM OTrOHe Ha TropHble nacTOMIa KOMWpOBana IHHAMHUKY
(H3HONOrMYeCKOro OTBETa Ha FMIOKCHIO: B 000MX CTyyasx aganTtalMH 3a cHeT
KJIETOYHOro MetabonusMa GOpMHpOBATMCh Ha 3aKIIOYMTENbHOM (ase. Ecnu
JOMYCTHUTh OTOOp MpeACYLIECTBYIOIMX MYTalui (MpeaganTauui), 3aragoyeH
HU3KMH YpOBEHb TMpeajanTauMii KIeTOYHOro MeTabonu3Ma B HCXOAHOH
NOMyNALUMK poauTened W ObiCTpbIi oTOOp criepBa B MOJB3Y, a 3aTeM MPOTHB
SBHO alaNTHBHON HHTEHCH(HKALIUK FreMOAHHAMHKH.

HaxkoHeL, oco6H KpaeBbIX 30H NOMYISLHHA MOCTOAHHO OCBaHBAIOT COCEHHE
(ManpueBckuit, 1974, ®puaman u Epemkun, 2008), nopoi npocTpaHCTBEHHO
OTJAJICHHBIE 3KOHHIUM, NMPHYEM Jaxe B OTCYTCTBHE JKECTKOH KOHKYPEHLHMH B
coOCTBEHHbIX HHMLIAX WJIM HUIIAX Ha conpenenbHoi Teppuropun (Osborn,
1934, CumncoH, 1948). Mexay Tem, ecnd pealu3oBaHHas HUIIA Bceria
MeHblle (QYHOaMEHTalbHOH, coOBMagas C Heil JIMIIbL B  OTCYTCTBHE
HeOnaronpuaTHbiX ¢akropoB (Hutchinson, 1965), To MHBa3WsA B HOBYIO HHMLIY
Oyner ycneliHa Julb B cTy4ae nmpeagantauui. Ho kak HalTH npeajanrauuio
cpely MHOXXeCTBa MyTaLMH, €CJIH CKOpOCTh nepebopa orpaHH4eHa JHUIEMMOH
XonpeiiHa? HHbIMH cnioBaMH, BceJieHEl] OKa3bIBae€TCs B 3aBEAOMO XYILIMX
YCJIOBUSIX YeM BHA-abOpHreH, eClIi KOHEYHO ero ajanrauus — He apoMop¢o3.
Ho apomodo3sbl penxu, TpeOyror nonroro reneszuca (Cesepuos, 2008), a
MHBa3Ms 3a Mpelesbl SKOHMII — SBJIEHHE, XOTh U HE MaccoBOoe , HO OOBIYHOE.
B.B.)Xepuxun (2003) o6bscHMN 4YacTHBIM cilyyaH: MHBa3Ms yCMellHa, €ClH

! CpenoBas HHIyKUMA dMUreHeTHuYecKoM naMenunBocTH (Konuano u Cycnos, 2008; Uypacs,
2006) U MyrareHe3 MHAYUMpOBaHHbIH snureHetHkodt (HMHre-Beutomos, 2010) nonmanaior noa
nuneMMy XonaeiHa Kak M KJlacCHYeckHe MyTauuH. Takum o6pa3oM, ¢ TOUKH 3pEHHS 3BOIOLUMH
IMUreHeTHYeCKass M3MEHYHMBOCTL HHYEM KPOME TEMNOB BO3HMKHOBEHHS W pEBEpCHii He
OT/IHYAETCA OT reHeTHueckoi (TeM Gosee, 4To 06e 4YacTO MmepecekaloTcs U MO MOJEKYISApHO-
reHeTH4eckuM MexaHu3Mam (MHre-Beutomos, 2010)).

2 Tor dakT, 4YTO HHBa3UIO BEAYT COMHHMLBI (32 MCKJIIOYEHHEM “BOJH XKHU3HHK’), B

NOJITOBPEMEHHON MEPCNEKTHBE JENaeT WX YA3BUMBIMH: TeHOGOHA MNOMyNALMH-BCENEHIA
06eHEH N0 CPaBHEHHIO ¢ abopurenHoi nonynsunei (CpebensHbii, 2008)’.
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BCEJIEHLIbl NEPEeXBaThIBAlOT HHIIY y abOpHreHOB, Hapylias paHHHE CTallM
CYKLIECCHH .

Takum 06pa3om, reHOM OKa3ajCsl 3BOTOLIMOHHO IJIACTHYEH, PEryATOPHbIE
CalTbl CpaBHHMTEJBHO JIEKO TOSBAAIOTCA M  HCYE3alOT, YTO CTaBHT
HETpUBHAIbHBIE 3BOJIOLMOHHbIE 3afayd: 1) H36BITOYHAA H3MEHYMBOCTD
no/bkHa ObIT  CynpeccHpoBaHa (OOHeHTpasieHa), 4TOOBI He pa3MBbITh
ajanTHBHbIA (eHOTHN; 2) B HEeOGJAronpHATHBIX YCJIOBMSX HAAO0 YMEHBLIMTH
MpOCTpaHCTBO nepebopa, MpeacTaBMB 0oTOOpPY Haubojiee NEepCreKTHBHBIE C
TOYKH 3peHHs ajanTtaluy BapHaHTbl. KakuM ke 00pa3oM ynaercs ANMTENbHO
COXpaHATb €AMHCTBO ¢eHoTHnma? B cnydyae 3BONMIOLMH CAaWTOB CBSA3bIBAHHA
oTO0pOM OLIEHHBaeTCs (GYHKLUHOHAIbHBIH napameTp — adpduUHHOCTb, NpHYEM
OfIHAa M Ta e BeJIMYHHA apGUHHOCTH MOXET ObITh MOJIyHeHa 3a CUET pasHbIX
KOMOWHaIMi 3aMEH MOHOMEPOB — TMpPH3HAK W TEHOTHI OKa3blBalOTCH
BBIPOJKACHHBIMH  OTHOCHTEJIBHO ApPYr JApyra, a OrpaHH4YeHHOE YHCJIO
KOMOMHALIME MOHOMEpOB 3aJaeT MNpPOCTPAHCTBO Bo3MoxkHocTel (I1B) mns
aBomoury . HeHyneBas BeposTHOCTh mnonHoro nmnepebopa storo IIB He
MO3BOJISET OMHMCaTh 3BOJIOLMIO B HEM KaK YWCTO KOHBEPreHTHYIO HIIH
JMBEPreHTHYIO — JAMBEPreHLHs IOC/IE0BaTEIbHOCTEH COOTBETCTBYET Haualy
nepebopa IIB, KkoHBepreHuUMs — HCYEPMNAHHIO B>, JuBepreHTHO-
KOHBEpreHTHele LMKIbI B 3BomouuH caitoB JIHK onucansl y TATA-60kca
BHUY-1 (Suslov et al., 2010), B 3BONIOUMH aKTUBHbIX CaHTOB Oejka — y
AHTUTeHHBIX IETEPMHHAHT K BHpYcaM IpHnna U y poaoncuHoB (MBaHuceHKo H
ap., 2008). TIB ans 3BONMIOLUMH KapHOTHNOB (OPMHPYIOT pacripenesieHHe
rerepoxpomaTiHa (BopoHuos, 1988) unu ¢popyM-10MeHOB 1o XxpoMocome, HIH

! Xora B 3ToM cny4ae 3ameuanve C.J].Tpe6ensHoro (2008) oTmanaer, NpUMeEph! YCMEWHBIX
unBasmii y Xepuxuna (2003) yacto Toxe cBs3aHbl ¢ apoMopdo3aMH (MOSABIEHHE LIBETKOBBIX
pacTeHHH, JHTOMODHIHSA, PA3BHTHE TPABAHHUCTLIX HOPM).

2 Torza BBIPOXIEHHOCTb FEHETHYECKOTO KOAA K aMMHOKHC0TaM (PaTHep, 1964) - yacTHblii
cnyyaif: MpOCTPaHCTBO BO3MOXHOCTE OrpaHHYEHO TPEThel (MM BTOPOH M TpeTbeii) no3uuuen
KOZIOHa.

3 “LlMkn” B CMBICIIE MOBTOPSEMOCTH COOBITHH, HO HE B CMbIC/IE HX HANpaBlEHHOCTH —
mytauuu B [IB He3aBUCHMBI M HE BIHMSIOT Ha BEPOATHOCTH Apyr Apyra. Kak W Bcskuit mpouecc
JapBHHOBOM 3BoMOLUMM, LUMk1 B [IB HHAEeTepMHUHHpOBaH, T.e. MOXET ObITb MpepBaH NpH
M3MEHEHHH BeKTopa 0T6Opa MM NpH pa3pylueHUH HedyHkuMoHUpYowero 1B nonroii (okono)
HelTpaibHOM 3BOMoOLMel. He3akOHYEHHBIH LMKN BBIMMAOWT KAaK JMBEPreHTHas 3BOIOLIMA.
Takxe oH 6yner Boirisaers npu 6eccneHOM BBIMHDAHHH PANA TAKCOHOB-YYaCTHHUKOB, MO3TOMY
Haubonee MOATBEPHKACHHbIE NPUMEPBI IMBEPreHTHO-KOHBEPreHTHOrO LIMK/a M3BECTHBI 60 M3
supyconoruu (UBaHuceHko u ap., 2008, Suslov et al., 2010), rae 3BoOUMS NPOTEKAET KkpaiiHe
ObICTPO M BCE MOTOMKH HaHULO, MO0 U3 MAJICOHTOJOrMH TaKCOHOB MPUKPENIEHHBIX MaCCHBHO
nutatowuxcs ¢popm (6paxuonoast (AdaHacsesa, 1984), apxeounarst (Posanos, 1973), pactenus
(Meyen, 1971)), rae BO3MOXKHOCTH ABHXKYLIEr0 0TOOpa OrpaHHYEHBI.
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TpeXMepHbIM pacrnipeseneHeM xpomocoM B sazape (Konuanos u Cycnos, 2008).
Hakoneu, 1B 3apaer ctpykrypa nomynsuud. B nomynsuuu u3 Heb6onbimx
MOJYyH30JIATOB BO3MOXKHO MHOTOKPAaTHOE€ BOCCTAHOBJICHHE XapaKTEPHbIX
koMOuHauui nonumopdusmoB. Tak, nonuMopdH3Mbl, XapaKTepHble s
npoMoTopa reHa tbl, KOHTPOJMpYIOILEro pa3BHTHE [OYaTKa KyKYpy3bl,
MOOJMHOYKE  pacMpoCTpaHEHbl B  Pa3IMYHBIX MMOMYJALMAX TEOCHHTA.
CkpeluBas npeacTaBUTeNIed 3THX NMOMYJIALHMHA, MOXXHO BOCIIPOM3BECTH (HOPMbI
noyarka KyKypy3bl, H3BECTHbIE 110 HHAEHCKOMY HCKYCCTBY M apXe0JIOrHYeCKHM
HaxonkaM (Wang et al, 1999). B wuenoMm, auMBepreHTHO-KOHBEpreHTHas
3BOJIIOLMSA B BBIPOXKAEHHBIX MO OTHOLIEHHIO K ¢eHoTHmy [1B MonekynspHo-
FeHETHYECKOH, XPOMOCOMHON HIIH MOMYJISALIHOHHO-LIEHOTHYECKOH TMpPUPOABI
XOpOLIO  YK/IaAblBaeTCs B PpaMKH 3akoHa TOMOJIOTHYECKMX  pAIOB
H.HW.Basusnosa (1935).

Mukpoumnossie HccneqoBaHus BbIABHIM perynoru (Babu et al., 2004) —
HeOonblIME 3BOJIOLIHOHHO KOHCEPBaTHBHBIE IPYMIbl KOIKCIPECCHPYIOLIHXCS
reHoB. Tak, obiiue peryysors KOHTPOJHPYIOT (HOPMHPOBaHHE KOHEYHOCTEM
MMaro HaceKOMbIX H JIO)KHOHOXEK TYCEHHL, B TO BpeMs KaK JIOXHOHOXKH
JIMYHHOK MWIHIBIIUKOB MMEIOT oOliMe peryjord ¢ MaHauOyaaMu. B reHHsix
CETAX KpPbUIbEB HACEKOMBbIX M KOHEYHOCTEH MO3BOHOYHBIX BbIABJEHBI 00lHe
perynord. B nuddepeHuMpylowmeiics niaueHTe BbIABIEHO MHOXECTBO
PErysioroB, PperyjMpylolHX pocT M AH(dEepeHUMpOBKY LIMPOKOro Kpyra
TKaHe# He TOJIbKO Y MJIEKOMUTAIOIUX, HO U Y 3¢ MHOBOJHBIX, PbI0 W faxe paaa
6ecno3BoHOUHbIX.  YyacTHe  oOmmMx  peryioroB B  (GopMHpOBaHHH
HErOMOJIOTHYHBIX MPU3HAKOB MPEANOJaraeT, YTO reHble CETH 3THX NMPU3HAKOB
BO3HMKaIM KOMOMHAaTOpHO: 3a CYET KOHBEPre€HTHOrO TOSBJIEHUS CaHTOB
CBS3bIBAHHA 110 0OBbEAHHEHHE JPEBHUX XOPOILIO OTTECTHPOBAaHHBIX O0TOOPOM
GYHKUMOHATIBHBIX CBA30K “TeH-peryjsTop+reH-MHLIEHb” B HOBBIE TI'€HHbIE
cetd. Tak, nnauenra maekonutatromux 6bputa copMmupoBaHa M3 (parMeHTOB
FeHHbIX CeTeH, peryJupyrolux npoaupepaudo W AaXe MaJTHIHH3ALHUIO
wietok. [lo3zxe, mnpH (GOPMHPOBaHMM OTPANOB I[UIALEHTApHBIX, LA
napajjienbHas 3BOJIIOLMOHHAs HAcTpoHMKa IJIaLUEHT Ha XapaKTepHYIO
PENpONYKTHBHYIO CTpaTerHio OTpsaa (MHOTOIUIOAME WIH MAIOMUIOLHE;
HeNoOpa3BUThIE MJIH 3peIOpPOXKAEHHbIE JETEHBIILW U T.M.). B HWTOre, Hanpumep,

" WMeHHO ¢ Tako# CTpyKTypoil monynsauuu mnpeakosoro suaa H.M.Basunoe casbiBan

¢opMHpOBaHHE LIEHTPOB BHIOBOro pa3HooOpasus y pacTeHu# B ropHsix paioHax (CycioB H,
Konuanos 2009). Css3p Mexay MNpOBHHUHMANH3aLUMe MODPCKHX apeanoB, (GOpMUpOBaHMEM
6Mopa3HO0Opa3us U MOSBICHHEM FOMOJIOTHYECKUX PANOB BbISBIEHA Y MOJUTIOCKOB M Gpaxuomnon
(Adanacbena, 1984).
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NJaueHTbl  JIEMYpoB M 00€3psiH  JMBEPrHpOBaJlM, a JIEMypoB H
HenapHOKOMbITHRIX — koHBepriupoBanu (Cycnos u Konuanos, 2009).

Eme oauH BaxHBIH MexaHM3M OOHEHTpalIHBaHMA MyTaUMd - peakLHMH
roMeocTa3a B FEHHBIX CETAX: B KOHTYpe C OTpHLATe/NbHOM 0OpaTHOM CBA3bIO,
OTCJIEXXHMBAOIIEM KOHLIEHTPALMIO BELIECTBA, MyTalLlMH, €€ CHHXaloulue, OyayT
CKOMIIEHCHPOBaHbl ycHiaeHHeM ero cuute3a (CycnoB u Konuanos, 2009). B
MECCUMaIbHBIX YCJIOBHAX TOMEOCTa3 3aMeHseTcs cTpecc-peakuuei. Ilo
I.Cenbe (1972), HecneuMuyeckui aganTalMOHHBIH CHHAPOM — CTpecc —
Habop CTepeoTUNHBIX OHOXMMHYECKHX M  (DHU3HOJOrHYECKMX peakuui,
obecrneunBaroMil YCTOHYHBOCTh OPraHU3Ma K pa3IMuyHbIM HeGIaronpUsTHbIM
¢dakTopam (mepekpecTHas pe3ucTeHTHOCTh - IIP). Tak ycToW4MBOCTL K
obnmyuyeHuto (penkuit cTpeccop) CBsi3aHa, B YAacTHOCTH, C [eHaMW
OKCHIATHBHOIO CTpecca U reHaMH 3acyxoycToHuuBocTH (Azzam, 2010, Storz et
al., 2000, Macario et al., 1999) (o6biunHble cTpeccopbl). ['eHepanu30BaHHbI
OTBET Ha TaKHe CTPECCOpbl, KaK TUMep- W TMINOOCMOC, HU3KHE W BbICOKHE
Ttemneparypsl (Macario et al., 1999, Jlocs, 2007, KpxeukoBckas u ap., 2004,
Chao et al., 2009), runokcus, ronox U kceHobuoruku (Vaquero and Reinberg,
2009, Semenza, 2006) BrIOYaeT o6y GpPaKLHIO reHOB, MPUYEM OIHH MU Te
e TeHbl MOTYT BBITIOJIHATH pa3Hble (QYHKLUMM B OJHOM CTpecc-peakuuu
(Macario et al., 1999, KpxeukoBckas u ap., 2004, Chao et al., 2009). Takum
o6pa3oM, H3MEHYHBOCTb cynpeccupyetcs B (pase [TP Haubonee HecneunduyHo,
HO KpPaTKOBPEMEHHO - B OTJIHYHE OT rOMeocTasa, CTpecc B AOJIFOBPEMEHHOI
nepcrnekTHBe He MpelyCcMaTpUBaeT BO3BpaLlEeHHE OpraHW3Ma K HCXOJHOMY
coctosHuio (¢da3za wucTomeHHs - auctpecc). MHmenHo oa3ra daza u
NoAroToBHTENIbHAas ¢a3a TpeBorn Haubosnee cMepToHOCHbl. A B ¢asze [IP
OpPraHu3M MOXeET 4YyBCTBOBaTb ceOs Tak KOMGOpPTHO, HTO MOJIOXKHTH €€ B
OCHOBY HOBOH 3BOJIIOUMOHHOHM cTpaTernd. Tak, KallajJoT peryJspHO
nons3yercs [IP, uro6bl nmuTaTbhcs Ha rayOMHE KHUIOMETpa B TEYEHHE Yaca
(Tomunun, 1984). JlornyHo, 4To B KpaiiHe HeGnaronpHaTHO# cpene (Koraa Her
BpeMeHH MnepeOUpaTh BeCb CHEKTp MyTauuil), B HecTaOMIbHOH cpene, WIH
cpene, HeGnaronpuATHOMR cpasy 1Mo HECKOIbKHUM (pakTopaM (Korjaa HeBO3MOXEH
nocJieloBaTebHbIH MOUCK MYyTalUMH, afanTHBHBIX A Kaxaoro ¢akropa), s
HeOONMBbIIOH mOMyNsALMH Haubosee MNEPCNEKTUBHBIMM C TOYKH 3pEHHA
apantauud OyayT He MyTtauud, obecneuydBalolie npucrnocobneHHe K
KOHKPETHOMY (hakTOpy cpensl, a MyTaLlMH, ONTUMH3HPYIOLLME TEUEHHE CTpecca
(6sicTpoe mocTikeHue dasbl 1P, kynupoBaHue aucTpecca B (pazax TPeBOTH H
uctouienus). To ecTb, B NEepBbIX MOKOJIEHHIX MIET aJanTalus He K cpele, a K
COOCTBEHHOMY CTpecC-OTBETY OpPraHM3Ma, 3a CYeT TECTUPOBAaHHMA MYTaLMH B

192



OrpaHHYEHHOM Habope reHOB, IKCMPECCHPYIOLIMXCS B X0[€ crpecc-peaxuun'.
Jlvmb 3aTeM HauyMHaeTcs npHcriocobneHHe K BHEIIHeH cpene — oTGOp
TECTHPYET MPOUYUIM CMEKTP HM3MEHYMBOCTH. BO3MOXHBI Takke AyIUIMKALWH
reHOB CTpecca: oJHa komus oTBevaet 3a [IP, apyras — cneunanusupyercs no
KOHKPETHOMY CTpeccopy, U060 peKpyTHpPYeTCs B IeHHbIE CETH OHTOreHe3a. B
urore (GOpMHpyeTCs BOPOHKOOOpa3HBIi TpPEHA 3BOJIOLUMH: B MEPBBIX
TIOKOJIEHUsIX noJ oTOOp nonaznaroT reHsl crpecca. C pocTOM YHMC/a MOKOJIEHHIA
Habop reHoB, BTAHYTHIH B OpOMTY oTGopa, pacluupseTcs, Aenas Kaxayro
KOHKPETHYIO TPaeKTOPHIO 3BOJIIOLMH Bce MeHee mpenackasyeMoi. Takyro
3BOJIIOLHIO YAO6HO Ha3BaTh napopcHoi (0T ¢paHu. par force — GykBaJIbHO
“uepes cuiy”). @aKTHYECKH H3-3a (PyHKLIMOHUPOBAHHSA FeHHBIX CeTel cTpecca,
Ha nepBoi cTaaMM nNap@OpCHOH 3BOMIOUMH B OrPOMHOM  CHEKTpe

Orciofa, 3HaMEHHTOE [apBHHOBCKOE “BbDKMBaHHE HaHbonee MPHUCIIOCOONEHHBIX”,
paccMaTpMBaeMoe Kak kjaaccudeckuit mnpumep Ttasrosnorun (Popper, 1976) uam  “nodrtu
Tasronoruu” (Popper, 1978)“, ocTaercs TakoBoH Tonbko B pamkax CTO, coOCTBEHHO M
oTkpbiBluei 3Ty TaBronoruio (Fisher, 2000, Haldane, 1935, Waddington, 1960). deiicTBUTENBHO,
CTD onpexnenser NpUcrnocobIeHHOCTh Kak PENPOAYKTHBHLIN yCIeX AaHHOTO FEeHOTHIIA B OaHHbIX
YCNOBUAX Cpelbl. Y THIMTapHAs UEHHOCTb Takoii oleHkH BHe coMHeHHuH (TumodeeB-PecoBckuii
u ap., 1977). TeM He MeHee, Takas OlLEHKa NMPUCNOCOGIEHHOCTH aeKBaTHA JalleKo HE A BCeX
TaKCOHOB, XOT# Obl MOTOMY, YTO MHOTHE M3 HHX (CTPEKO3bl, CYXOMyTHble Kpabbl W Ap.
pakoobpa3Hele, Hanpumep, Birgus latro, npoxoaHbie phibbi, GonbLIas 4HacTh 3€MHOBOIHBIX,
CpelH MIEKOMHTAIOWMX - JIaCTOHOTHE), JKMBYT (alanTUpoBaHbl) B OOHOH cpexe, a
Pa3MHOXKAOTCA (M XXKMBYT Ha PaHHMX CTalMAX OHTOreHe3a) B ApYroii. JIns Takux TaKCOHOB HET
PENpPOAYKTHBHOTO yCrieXa B OaHHbIX YCIIOBHSAX cpelibl (OHH B 3THX YCJOBHAX HE Pa3sMHOXaIOTCH,
XOTS MpOBOAAT OGONMBLIYIO 4YacTb JKM3HH; IUIA BHIOB, pa3sMHOXAIOIIMXCS OJHOKPAaTHO —
MOJaBIAIOLLYIO YacTh), TO3TOMY 31€Ch NPUCNIOCOGIEHHOCTb KaK PEMPOAYKTHBHBIHA YCIIEX MOXHO
(aKkTHYECKHM OLIEHHTh TONIBKO MHTErpPaTHBHO AN HECKOJbKHMX cpel, 6o Boobue (Fisher, 2000)
post mortem. C ToukH 3peHHs nmap(opcHOi 3BOMOUMH NPHCMOCOGJEHHOCTh MOXXHO OLEHHTH
HEMOCPEACTBEHHO B AaHHBI MOMEHT HE NOXKUIOAACh HU Pa3MHOXXEHHS, HH TMOENH OpraHi3Ma, HH
OLIEHKHM BEPOATHOCTH BbDKHMBaHWA 6e3 oT6opa (HeHTpaibHbli apeiid, kak npeanaran K.Ilonnep
(1978)). bonee npucnocobiaeH TOT, KTO B OaHHblx YCIIOBUSX MCMBITHIBAET MEHBLIUMH IMCTpeECC.
Pa3MHOXkaeTcs OH B JaHHBIif MOMEHT MJIH HET, HE CYTh BaOXHO - OH COXPAHSAET HEHYJICBOH 1IAHC
OCTaBHTh MOTOMCTBO (YTO 3aTeM GyaeT N0/MkKHBIM 006pa3zom oueHeHo CTD) yxe no ToH NpHyMHE,
YTO MPOXHBET LOJIrO, MPUYEM MMEHHO HU3KHA YPOBEHDb IHCTPECCA B OQHHLIX YCIIOBUAX CPENbI H
yBE/IHYMBAET €ro WAaHChl MpPOXHTh [OJblIE, MPOTHB 6ojiee CTpeCCHpPOBaHHON (= MeHee
npucnocobnenHoit) oco6u. JltobonsiTHO, 4To HU cam Y.Japsun (1991, 1941), Hu ero KpUTHKH-
ssomouroHUcTs (Baldwin, 1896, Osborn, 1934) B popmyse I'.CneHcepa “BbbkuBaHHe Haubosnee
NIPUCNIOCO0EHHBIX” TABTONOTMH HE BHUIENH, Tak kak (B oTnMuue ot HeomapBuHucToB (Fisher,
2000, Haldane, 1935, Waddington, 1960)), He cBoAMAM MNPUCMIOCOGNEHHOCTL MPAMO K
penpoayKTUBHOMY YCIMeEXy, DOMycKas BO3MOXHOCTb MHOro 3MIMpHueckoro kputepus. OaHako,
npeanoxeHHsle BapuaHThl (oTaeneHue remMmyn ([JapsuH, 1941), apucrorenst (Osborn, 1934))
TpeGOBaIM NPAMOTro BAMAHHA Cpelbl Ha A depeHIHaTEHOE pa3sMHOXEHHE, MK Ha MOpgoreHes,
YTO  paBHOCM/ILHO  MeXaHoNaMapku3My.  HMCKOMBIM  HENaMapKMCTCKHM  KDHTEpPHEM
NpHUCNOco6aEHHOCTH MOXET ObITh YPOBEHb CTPECCHPYEMOCTH.
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reHOTUNHYECKOH W3MEHYHMBOCTH, BbieNseTcs orpaHudyeHHoe IIB, cBs3aHHoe ¢
reHamH, 4bs aJalTUBHOCTb Y>K€ MHOrOKpaTHO onpo6oBaHa B (QuiOreHese
TakcoHa. [Ipoue MyTtauuu B 3TO0 BpeMs MO0 oOHeHTpaieHbl, nUOO He
TECTUPYIOTCA KaK HECYIECTBEHHbIE Ul BbDKMBaHHA . Ha BTOpO# cTaguu 3to
[1B nocrteneHHO pacluupsieTcs, a CBA3b C IeHaMH CTpecca — IOCTENEHHO
yTpauHBaeTcs.

[Ipy 3axuBneHHMH paH 3amyckaeTcs (OPMHPOBaHHE  BOJIOCAHBIX
¢onnukynoB (GONBIIMHCTBO H3 HHMX pe3opbupyercs elle A0 00pa3oBaHHs
py6ua) (Ito et al., 2007). Takum o6pa3oM, OAHH WU TOT e KOMIUIEKC F€HOB
OKa3blBaeTCAd CBS3aH M CO CTPECCOM, U C apoMopdHOH MamMaH3aLueit
tepancua. Eme 6onee nosHo B AByCTaaHiiHYIO cXxeMy napdopcHOi 3BOIOLIMH
yKJIaAbIBaeTCA O3BOJIIOLMSA BOJOKOHEL[ XJIONKAa — YIJIHHEHHBIX KJIETOK,
(GOpPMHUpYIOLIMX MHKPOKIMMAT B KOopoOouke. Y MPUMHMTHBHBIX XJIONKOB C
reHoMoM F 1 D B ¢opMHpOBaHHH BOJIOKOHIIA OCHOBHYIO POJib MIPAOT IEHbl
cTpecca - aKTHUBHbIe (OpMBI KHCIOpOAa pa3MAT4aloT KJIETOYHYI CTEHKY,
no3BosAs KieTke YMIHHATBCA. Ilpouecc 3aBepuiaeTcss ¢ MNOBpeXIEHHEM
aKTHBHBIM  KHCJIOPOJOM >KM3HEHHO BaXKHBIX CTPYKTyp KieTku (¢dasa
MCTOLIEHHMS) W BOJIOKOHLE OkasbiBaeTcs kopoTkuM (Hovav et al., 2008). V
a3UaTCKUX JUIHHHOBOJIOKOHHBIX XJIOMKOB A TMOJ aJanTHBHYIO 3BOJIOLMIO
nonaid reHbl, OYMILAIOIIME KIETKY OT aKTHBHBIX (opMm kuciopoma. Y
amMepUKaHCKMX XjonkoB AD npousouuio ajanTuBHOe mnepepacrpeaeneHune
perynsuMd  (GOpMHpPOBaHHMSA  BOJOKOHLA MEXJAy TIeHaMH  KOHTpOJs
OKMCJIUTENbHOrO MeTabonu3ma (reHoM A) U reHaMH HOPMaJIbHOTO OHTOreHe3a
(renoM D) (Xu et al., 2010, Chaudhary, et al., 2009).

B ¢ase IIP opranMsam MOXET HEHafoJro MOKHAATb Mpeaesbl
KOIOrHYECKoH HUWHM Buma’. Clle0BaTeNbHO, ycrex BcenieHLeB B 6opbbe ¢
BUIaMH-abopureHaMH MoxeT ObiTb 00yclioB/ieH OTOOPOM Ha COBEPIUEHCTBO
reHHBIX CeTel cTpecca BcesleHLEeB. 3aTparuBas OTHOCHTEIbHO HEMHOIO I'€HOB,
Takas ajanrtalus MoOxeT c(GOpPMHPOBATbCS CPABHUTENBHO OBICTPO, MpUuEM

' DdexTsl paclIMpeHus aMILIMTYIbl M3MEHYHBOCTH ocobeii (aecTabunusupytowmit or6op)
(Benses, 1972) W HEKOTOPOrO CHHXXEHHS TEHETHYECKOH BapHabeNbHOCTH NOMyNSLUHK
(renocrasuc) (Mapkens, 2008) npu crpecce He AOMKHBI 3aTyLIEBLIBATh IIABHOE — AaHHas
M3MEHYHUBOCTb B MOMEHT €€ BO3HHKHOBEHMS aTellMiHa M ee AanbHeiiwas cyanba ewe Gyzer
onpeneneHa orb6opom. Hanpotus, ¢usmonornyeckas crpecc-peakuus IBrenuyHa. Ee
uenecoo6pasHOCTb (TOYHEE, LeNeco06pa3sHOCTh €6 KpaTKOBPEMEHHOTO 3aMycka) y)Ke MpoBepeHa
ot6opoM B ¢unoreHese Buaa (a 1A MOBEAEHYECKOH KOMIOHEHTH! CTPECCa Y BUIOB C pa3sBUTOM
LHC — u B oHTOr€HE3E).

> TakuM 00pa3oM, cxeMy 3kojoruueckodt Humu no G.E.Hutchinson (1965) cnenyer
NOMONHUTL CcTpecc-nepudepuedt, BbIXOAAIWIEH 32 paMkH (yHIAMEHTANLHOH 3KOHMLIM, HO
LIOCTYITHOH JTHLIB CYONOMyNALMK CTPECC-YCTOHYMBBIX OCOOEH.
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nosy4aer OoObACHEHHE W MapalyieH3M MeXIY AWHAMHKOH 3BOJIIOLMOHHOrO
OTBETa M JHHAMHKON (PHU3MOJOrHYECKOro aganTalMOHHOTO CHHApPOMAa — B 06a
npouecca BOBJAEYEH OOIIMA IMyn KOOPAMHHPOBAHHO 3KCMPECCHPYIOLIHMXCH
reHoB. Kpome TOro, CcTepeoTHMHOCTb CTpecc-peakLUHH obecrneynBaeT
3BOJIIOLIMOHHBIA Napajule/iu3M B PENPOAYKTHBHO HM30JIHPOBAHHBIX TaKCOHaX.
[MapannenusM mnopnepkuBaeTcs MHHMMYM Ha TpeX YPOBHAX: OOLIHOCTb
npeBHux 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), obwHocTs ¢yHkumii (Iwahashi et al., 2003, Ishii et al, 2005,
Slonczewski and Foster, 1996; Lin et al., 1995) (xors HaGop reHoB,
BbIMOJHAIOWHX OHY GYHKLHIO, MOXET HE COBMAJAaTh) H OrpaHHUYEHHBIH Habop
pabouux 3D-ctpyktyp GenkoB  (CycnoB u Konuanos, 2009; Macario et al.,
1999). HakoHeu, npu orbope Ha ONTHMH3ALMIO CTpecc-peakLuH Oynet
cTabuau3MpoBaHa HOpPMa peakUMd I8 MoAMHKALMH, BO3ZHHUKAIOLIMX B
pesynbTaTe paboThl FeHHbIX CeTel CTpecca, YTO BHELIHe OYAeT BHIMIANETh Kak
HacnenoBanve mno JK.-b.Jlamapky npusHakoB, npHOOpeTeHHBIX B Xxo#e
TPEHHPOBKM  OpraHoB  (TpEHMpPOBKa =  cTpecc-peakuus). Teopus
reHOKOMNHpOBaHUA Moaudukaumi paspaborana B 30 - 40 rr. XX Beka B Tpyaax
H.H.llImanbraysesa, E.H.Jlykuna u B.C.KupnuunukoBa. CornacHo eif
OoTOMpaloTCss  MYTalMH, YBEJIMYMBAIOLIME BEPOSTHOCTb  (HOPMHPOBaHHA
apantuBHbIX Moaudukaumi (MHre-Beutomos, 2010). OaHako, TecTHpoBaHHE
MOAMHMKALMA Ha aJanTHBHOCTb, a 3aTeM OTOOp MyTaLMii-reHOKOIMHH,
cornacHo auneMMe XoszeiHa, 3aTpyJHUTENbHbI 111 HEOOJBILIOH MOITYJISALMH,
CYILLECTBYIOLLEH Ha npenese TOHepaHTHOCTHZ. [MapdopcHas aBomouus 06X0aUT
npobyieMy: BO-TEPBBIX, aJaNTHBHOCTb CTPECC-OTBETAa YXE MHOTOKpPaTHO
onpoboBaHa B (HJIOreHe3e TakcOHa (CTPOro roBops, MOAM(HKALMA MOXKET
6bITh HEHTpaJIbHOH MM Ja)Ke YMEPEeHHO BpPENHOH — NOCTaTO4HO, 4TOObl OHa
Obina  (M3HONOTHMYECKH CBf3aHAa CO CTpecc-peakuHel; aJanTHBHOCTb
obecnieunBaeTcs He MoAM(HMKaLHeH, a CTpecc-peakLHed B LEJIOM); BO-BTOPBIX,
1P MoxeT naTh aJanTaLHioO K HECKONBKHM (akTopaM.

J.K.Benses (1972) BnepBbie OTMETHIT BaXHYIO pOJib AeCTabHIN3UPYIOLLETO
a¢pdekra crpecca B 3BomouuMH roMuHua. OpHako, y cTpecca ecTb H
cTaOUIM3UPYIOIMA 3pdeKT - CcrnocoOHOCTb MPOTHBOCTOATH HECKOJIbKHM
crpeccopaM B (aze IIP. Ilouck “reHoB ouenoBeYHMBaHHA”, COYETAIOLUUX
CTPOrYI0 MO3r-CeLM(PUUHYIO 3KCMPECCHI0O W adaNTHBHYIO JBOJIOLHMIO, Y

! KpoMe Toro Bo3MoxHa M OBIIHOCTb CTPECCOpa (1apBHHOBCKas KoHBepreHuus) (Slonczewski
and Foster, 1996; Lin et al., 1995).

2 To ecTh, TEOpUS TEHOKOMUPOBAHMA PaGOTAeT JMIbL MOCIHE TOro, KaK BMA “HAKOMMI” M
OTTECTHPOBAJ B X0I€ 3BOMIOLIMHM LOCTAaTOYHbIH penepTyap alanTUBHbIX MOAHHKALMIA.
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yes0Beka Jajl HEOXMIAHHbIC pPe3yJbTAaThl: TAKHX TEHOB HEMHOro (TmpH4yeM
aJlanTHBHas 3BOJIIOLUA HX noa comHeHHeM (Shi et al., 2006)), npeppoHTanbHas
KOpa KOHCEpBaTHBHEE CEMECHHHKA, MEYEHH, MOYek M cepaua no Habopy
perynoroB (Khaitovich et al., 2005), a HaubGosnee noxBep>KEHbI agaNTHBHOM
3BOJIIOLIMM T'eHbl, COYETAIOIIHE SKCIIPECCHIO B MO3ry C 3KCIIPECCHEl elle B
HECKONbKMX TKaHAX. CxolHas cHTyauus, oOHapyXeHHas TMpH H3YYeHHU
3BOJIIOLIMH TUTALIEHTHI, MO3BOJIET MPEANONIOKHTb, YTO H B 3BOJIIOLMH MO3ra
BaXHYI0 poJib Chirpajla KOMOMHAaTOpPHKa perysioros, c¢opMHpoBaBlLas
“obcmyxuBatomylo  HHppacTpyktypy”  (OH) Mosra’. ®dakTopoMm,
CKOOpAHHHPOBaBIIMM (popmupoBaHHe OH, Mor 6bITh OTOOP Ha ONTHMH3ALHIO
ctpecc-peakuuu. TTomynsuun npeakos Homo Hukoraa He GbLIM BENMKH H X
apomolMs 6blta orpaHMueHa aunemmod XonnefiHa. B xome napgopcHoit
3BOJIIOLIMM BHELIHAA Cpefia BBICTYMAET HE CTOJBKO TECTEPOM (Kak MpH JItoOoM
ApyromM BHAe OTOOpa), CKOJNBKO CTpEeCC-peiM3epoM. AJanTauus e HAET K
(H3HONIOTMYECKUM NOCIEACTBUAM (a3bl MCTOLIEHHSA, K KOTOPbIM MO3r, Kak
MeTaboMMYeCKH 3aTpaTHbIH opraH, oco6o 4yBcTBHTeNneH. PopmupoBanue OU
3alllMTHJIO MO3r, 06ecreyHB BO3MOXKHOCTb HHTEHCH(HKALIUK ero GYHKUMH, YTO
cHoBa moTpe6oBano ycwieHus OHW. BosHukuwas nonoxurensHas oGpaTHas
CBA3b, B WTOre, cHejala MBICIMTENBHYIO OEATENbHOCTh 3HIOT€HHBIM
CTpeccopoM, a yenoBeka — 06e3bsHOM, JKMBYLIEH NOJ CTPecCOM COGCTBEHHOM
MBICJIH.
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A. A. Crpekanos, H. B. Tumodees-PecoBckuii. O6HuHCK, 1972 1.

The golden wedding of N. W. and E. A. Timofeeff-Ressovsky’s. From left to right: V. L. Ivanov,
M. M. Antoschina, A. A. Strekalov, N. W. Timofeeff-Ressovsky. Obninsk, 1972



Huxkonait Buxroposuy Jly4Huk
Nikolay Victorovich Luchnilk

B uentpe (cnesa Hanpaso): H. B. JIyunuk, H. A. I[lopsakosa, H. B. Tumodees-PecoBckuii.
Mmuaccoso, 1950-¢ rr.
In the center (from left to right):N. V. Luchnik, N. A. Poryadkova, N. W. Timofeeff-Ressovsky.
Miassovo, 1950s



I'ennanuit I'puropseBud Ilonukapnos
Gennady Grigor’evich Polikarpov

Bnagumup Koporoaun u I'ennaguii [Tonukapnos. Mocksa, kadenpa 6noduzuxu MI'Y.
1950-e rr.
Vladimir Korogodin and Gennady Polikarpov. Moscow, Biophysics Department of MSU.
1950s



Bceonoa MaspukueBud KieukoBCKkui
Vsevolod Mavrikievich Klechkovsky



Tikvah Alper (1909—1995)

T Alper and J. S. Griffith developed the hypothesis during
the 1960s that some transmissible spongiform encephalopa-
thies are caused by an infectious agent consisting of proteins.

John S. Griffith (1920—2012)

S. B. Prusiner announced in 1982 that he had puri-fied
the hypothetical in-fectious agent («prion») and it
consisted mainly of a specific protein.

2,

Stanley B. Prusiner (1942)
The Nobel Prize Winner (1997)
for research into prions



Robert H. Haynes

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),
J. A. Heddle (Local Arrangements Committee)



Max Ludwig Delbriick

Molecular-genetics pioneers N. W. Timofeeff-Ressovsky, M. Delbriik, K. Zimmer,
the authors of the Three-Man Paper (Green Pamphlet)



IHOBAK MUHACOBHY ABAKSAH (1926-2011)

Jlerom 1986 r. mbl (Bnanumup MBanoBuu Koporoaus, s ¥ Hawa noyka Maua)
NpUJIETENH B APMEHHIO H 0XXHJAAJIM B a3ponopTy BcTpedatolero Hac I{oBaka
Munacosuua ABaksHa. Bpems TaHynoce poaro, 1 Banagumup MBaHoBHY cTan
paccka3biBaTh, 4T0 Hukonaii Bnagumuposny u Enena AnexcanapoBHa
Tumodeessi-PecoBckye ObLTH TECHO CBA3aHBI ¢ APMEHHEH, U B UX OKpYXKEHHUE
Bxoaunu apmsHe - lloBak ABaksH, PomeH ArasH, Apam 3ypabsH, CypeH
CemupmxsH u apyrue. Y EneHbl AnekcanapoBHbl ObUTH TIOOMMYHKH: «CaMbli
yMHBIH» - LloBak, «caMbiii KpacHBbI» - ApaM U «CaMblii HHTEJUIMFEHTHBIN) -
PomeH. Bckope mosBuics cam LloBak. bewio cpasy BuaHO, 4yto oH obnagan
BCEMH TpeMs NepeyHCIeHHbIMH KadecTBaMH. «Camas OTJIMYMTENbHas yepTa
LloBaka — oH naccuoHapuid. CMOTpH He BilOOHCH B Hero!» - myTauBo no6aBun
Bnagumup BaHOBHUY.

Bropsie Urenus

namsat B.1. Koporoauna
u B.A. llleBuenko.
y6Ha, 2009 r

Co csoiictBaMu mnaccHoHapus LloBaka MuHacoBHYa s T0O3HAKOMHJAcCh
6bicTpo. S 3aMeTHna, 4TO, MOMUMO HayYHOH AEATENIbHOCTH, OH BCEraa B rylie
CaMbIX aKTYaJIbHbIX H BaXHbIX COOBITHH M MI'Pa€T B HUX HE MOCJIEIHIO POJb.
To on ener ¢ Muccuer B Kapabax, To yepe3 Hero oCyLIEeCTBISETCS CBA3b C
apMsHCKOH auacrnopod B AMepHKe, - BCero He nepeducauiub. OH YyBCTBOBaJ
OTBETCTBEHHOCTH 3a MpPOMCXOAsLIee, H B 3TOM He O6buio danbmiy. B HeM xuno
CBOMHCTBO mpoOyXIaTh B JIIOAAX XOpOIUWE YYBCTBA M MpPOABIATH HX B
JIOCTOMHBIX Jienax.

B. JI. Kopozoouna
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3yOp B apMsAHCKOM HHTepbepe

LHOBAK M. ABAKJIH
Epesanckuii pusuueckuti uncmumym, Epeean, Apmenus

[Tocne Bbixoaa B cBeT kHUrU Jlanuuna I'panuna «3y6p» UM BbiaaroLerocs
yueHoro Huxonas TumodeeBa-PecoBckoro cTano u3BeCTHO BceM. ApMsiHe
OTKpBUTH ero aJis cebs eule paHbuie - TumogeeB-PecoBckuii cTOSI Y HCTOKOB
co3naHus naboparopuM paauauuoHHo 6uodusuku B EpeBaHe. O ToMm, kak
poccuiickuii  cTonOOBOK [BOpPAHHH, 4YeTBEpTb Beka MNpopaboTaBIIKii B
lepMaHHM M NpOLIEALIMI CTAIHHCKHE Jareps, CyMen okas3aTh BJIMAHHE Ha
OHOJIOrHYECKYI0 HayKy ApMeHHH, OYKBaIbHO 3a HEAENIO [0 CBOEH KOHYMHBI
ycnen pacckasaTh koppecrnoHaenty «[onoca Apmenuu»' opraHusatop oTaesna
paauauoHHOH 6uodu3uku EpeBaHckoro ¢pu3Hyeckoro HHCTUTYTa, HeNaBHO
yUleAWHid W3 KHU3HM JOKTOp Ouonormyeckux Hayk lLloBak MwunacoBuy
ABAKJH.

B koHue 50-x, korma cyasby 6uonoruueckoit Hayku B CCCP Bepumn
neyanbHoH naMATH JIbIceHKo, a caMo CJIOBO FeHeTHKa ObUIo NMpeaaHo aHademe,
B OJHOM H3 >KYpHAJOB MHe MOMNanach CTaThs 3a MOANMUCHIO THModeeBa-
Pecosckoro. OHa Obl1a YHHKaJIbHOH 1O BCEM MapaMeTpaM - SCHbIH, YETKHH
A3BIK, JOXOAYMBOCTh H3JIOXKEHHS M CaMO€ IJIaBHOE - aGCOJIIOTHO HOBBIH MOAXOA
K TeMe, HaJl KOTOpOH MbI Toraa paboranu. CtaThs cTana oTkpoBeHHeM. [ToTom
ObLIH U Apyrue Mmy6IUKaLHK 110 HCCNIEJOBAHHUAM, CIENaHHbIM B PYKOBOIUMOIA
1M nabopatopuu B MuaccoBo. Hukonaih BnagumMupoBHy Tak Lieapo genuiacs
CBOMUMH 3HaHHAMH, YTO BCE BOKPYI HEro MOCTOSHHO YEMY-TO YHHIHCh. «[lns
Cepbe3HOro pPa3BUTHA CEpbE3HbIX HayK HET HU4Yero mnaryGHee 3BepHHOMH
cepbe3aHocTH. HyxeH IoMOp U HekoTopas M3JeBka Haj coO0H M HaJ HayKaMH»,
- roBopun OoH. TuModeeB-PecoBckuii 3an0kun B Hac Ty (GYHAAMEHTAJIbHYIO
OCHOBY, Ha KOTOpPOH B JaJibHEHIlIEM CTPOMJIOCH Hallle OTHOLIEHHE HE TOJIBKO K
Hayke, HO H K XH3HH.

! Untepsbio ony6nukoBaHo B rasete «onoc Apmennn» 8 despans 2011 r., KOPpeCTOHAEHT
Hapa Kananosa. [1y6nukyercs B COKpalleHHH.
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MHorue  Hawy  OWOJIOTH  MpOULIH
CTakMpoBky B HWHCTHUTYyTE MEAHMLMHCKOH
pamwonorun B OOHuHcke.  Hukonah
BnaguMupoBHY U €ro Y4eHHKH rOTOBHIIH 11
ApMeHHH CMELHATHCTOB MO PaJHaLMOHHOI,
NOMYJIALHOHHOH W MEAMLIMHCKOH TEHETHKE,
6uoreoueHoIorTHH. AcniupaHtamu camoro HB
6bin Pomen AtasH, Apam 3ypabsH, Oauk
AkonsH, Heapn CumoHsH. BosHukio gaxe
noHsATHe - ApMsHCKas pecrybivka B
O6HuHCKe. Mbl OTHOCHIMCH K HeMy C
noyTeHWeM, Jaxe ¢ OnaroroBeHueMm. ITOT
yenoBek OyKBaJlbHO H3JIy4asn MbICIIH, 3HaHHA,
yysctBa. K ~ HeMy  TAHynuch  Bce
CTpeMHUBLIHECS MPHOOLIHTLCSA K BHICOKOMY.

Tumoodees-PecoBckuii caenan MHoroe u H.B. u E. A. Tumodeessi-Pecosckue

JUISl Pa3BUTHA FeHETHYECKHUX, GHodu3mueckux B Pasnane (Apmenns)
M paaMoOHONIOrHYeCKHX HccienoBaHui B ApMeHud. Hama nabGoparopus
610 H3NKH - MepBas 3TOro npoduns B ApMEHHH - B TO BpeMs ObLia B cocTaBe
HHctuTyTa 3emnienenus. bnaromaps TecHoMy coTpyaHHuYecTBY OHOJOroB H
¢u3MKOB HaM yJanoch cobpaTh psa OPUTHHAIBHBIX YCTAHOBOK, MO3BOJIAIOLIHX
NPOBOJUTh TOYHbIE OWOQHM3HMYECKHE OMBITHI Ha Ppa3HbIX OHONOrHYECKHX
obbekrax. Jlabopatopus OpicTpo mnpHoOpena cBoe nauuo. IIpoBoaunuce
9KCMEPHMEHTAIbHBIE HCCIIE0BAaHUSA B 00/1aCTH pafHallHOHHOH OHOGU3HKH.

B 1964 rony Tumodeer-PecoBckuit obpatuncs k ApreMy AnHMXaHsSHY ¢
NMUCBMOM, B KOTOpPOM Mpejaran opraHu3oBaTh B EpeBaHckom ¢usHueckom
MHCTUTYTe Jsabopatoputo paguauuoHHod Ouodusuku. «[IpuHumas Bo
BHUMaHWE  YHUKQJIbHOCTb  CTPOSILErocs  3JEKTPOHHOrO  KOJbLEBOTO
YCKOpHUTENs, - TMHCal OH, - MOXHO OXHIAThb OTKPBITHS  HOBBIX
3aKOHOMEPHOCTEH W ABJEHHH... BronHe MOAXOAAIMM SApPOM NS CO3JAaHHUS
Takoi naboparopun B Ep®HU cuuraio konnekTuB nabopaTopud OGHOGH3MKH
HHcrutyTa 3eMnenenus. S 3aMHTepecoBaH B 3TOM, MOCKOJNbKY MEXAY Moei
naGopaTopueli W 3lelIHeH YCTaHABIMBAlOTCA BCe GONee TecHas CBA3b M
cotpyanuuectBo». C mpocbOoi noamepxath mpemioxkeHHe o6 OpraHM3alUH
6uodusmnyeckoii naboparopuu npu Ep®U oH obpawancs u B ['ockomuter
CCCP no ucnonp3oBaHHIO aTOMHOM 3Heprud. Mbl Bceraa 6ynem GnaronapHsl
€My 3a 3Ty NMOAJEPHKKY.

C wuyeroii TuMogeeBbix-PeCOBCKHX MEHs CBA3BIBAIM CaMble TerUlbe,
Apyxeckve oTHoweHHs. Korma s ObiBan y HHX B roctix, a 3To OblLiM Ha
peaKocTh X1e60CoNbHbIE JIOAH, OH JEMOHCTPAaTHBHO NOJAaBaJl MHe NanbTo. S,
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KOHEYHO, COMpPOTHBIAJCSA, BO3HMKANa Jierkas liyToyHas Oopeba, M 1 ¢
yIUBJICHHEM oulylian ciiy ero 6uuencos. Ka3anoch cTpaHHBIM, 4TO 4Y€JIOBEK,
KOTOpBIA BCIO M3Hb TNpOBEN B CTeHax JabopaTopuu, Mor ObITh B TaKoM
npekpacHoii pusmnueckoit gopme.

Bcnomunas o Hukonae BnaguMupoBude, He MOy He CKa3aTh O €ro XeHe,
kosinere ¥ nomoiuHule EneHe AnexcaHapoBHe. Bes WX coBMecTHas XH3Hb -
3amMeyaTeNnbHOE CBHMIETENBLCTBO JIIOOBH, TpPENAHHOCTH, OECKOPBICTHOIO
clyxeHus JoasaM. B MoeM apxHBe cOXpaHHJIOCH MHOTO MHCEM H JIOKYMEHTOB,
TaK WM MHaue cBs3aHHbIX ¢ TumodeeBbiM-PecoBckuM. CaM OH nucan KpaiiHe
peako, He noOwi, a MoroM yxe W He Mor. [lenana 3to 3a Hero Enena
AJnekcaHIpOBHa.

B xuure I'panuna «3y6p» W BO MHOTMX BOCMOMHHaHHAX 0 TuModeese-
PecoBckoM ynoMuHaercs kapTHHa, Ha koTopoit HB u3o6paxeH noa noprperom
Hunbca Bopa co craryatkoii 3yOpa B pykax. Orcioma M HazBaHue — «Tpu
3y6pa». damuaMs aBTOpa HHIA€ HE YyKa3aHa, HO MM SBNSETCS M3BECTHBIH
apMAHCKH# XynoxHHK Py6en ['abpuensH. Ero kuct npuHannexut U pabora
«TuModeeB-PecoBckuii 1 ApMEHHU».
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pagHoOHOIOrHYECKHX HMCCNENOBaHHH C TPHMEHEHHEM  CHHXPOTPOHHOIO
M3Y4YEHHUS,  XEMHJIIOMHUHECLIEHLIMH, HccnenoBaHuii  6HMoMeMOpaH,
ony6JIMKOBaHHBIX B BUAE Hay4YHBIX CTaTel, MOHOrpagHi, Hay4HO-MOMYSAPHBIX
my6JaMKaLuii, 1WeCTH aBTOPCKHUX cBUiaeTeNbcTB. OH MCCNeloBasl BO3AEHCTBHE
CHHXPOTPOHHOT'O H3JTy4€HHs C pa3fIHYHbIMM JJIMHaMH BOJIH Ha OHONIOrHyecKue
obbekThl. COBMECTHO cO cneudanuctaMd U3 HMHcTHTyTa paguoOuonoruu
ropoga Kapncpys u HHctutyra 6Modu3uku ropoma @DpaHkdypr-Ha-Maiive
(®PI') ™etomom OIIP wuccnemoBan cBO6OAHOpPaAHKAIBHBIE IPOLIECCHI,
npoTekarolde B OOMyYEeHHOH ramMMa-u3lyuYeHHEM OJIEHHOBOH KHCJIOTe.
ITpumeuaTenbHbl Takke paboTsl L. ABaksiHa ¢ COTPYAHHKAMH, MOATBEPAHBLIHE
PaAHONPOTEKTOPHbIE CBOMCTBA JIa3€PHOTO M3JIy4EHHS TNpH BO3ACHCTBHM
MOHM3MPYIOILETO H3JyYeHHs Ha pasiuyHble OHonoruyeckue OOBEKTHI.
Haubonee 3HauuTeNbHBIE peE3yJbTaThl €ro HCCIEJOBaHHH, Kacawouuecs
«PEHTTe€HOBCKOTO 3pEHH», BOLUIH B YueOHYIO JIHTEpaTypy Mo paAHOOHONIOTHH.
Co3znannblii L. ABaksiHom coBMecTHO ¢ H. AmxsaHoMm npubop ans usMepeHus
XEMHIIOMHHECLIEHLIMH, JEHCTBHUTENbHO ABWICS HOBIUECTBOM B 00JacTH
perucTpaLMH cBepXcnabblX CBEUSHHH.

II. ABakdH HEOJZHOKPaTHO BBICTyNaJl C JOKJaJaMH B 3apyOeXHbIX
Hay4yHblx ueHTpax: B [epmanun, AHrauu, Opanuun, Uramum, CIIA,
Anonun, B Poccuiickoit Pegepanyu. IIpn ero HemocpeCTBEHHOM aKTHBHOM
yuyactun B EpesaHe u MockBe HEOJZHOKPaTHO OpPraHH3OBBIBAJIHChH
BCECOIO3HbIe M MeXJyHapoAHble Hay4Hble KoH¢epeHnuu. JlocroitHa
YIIOMMHAaHHUA TaKxke JeATenbHOCTh 1I. ABaksdHa, Kacaiomasca ero pabouymx
cBsA3eif ¢ apMAHCKO#H Aauacrnopoi. OH HEOZHOKPAaTHO BBICTYIAJ CO CTaThbIMH
u poxnagamu B Mpanckoit Mcmamckoit Pecrry6iuke, JIuane, Cupuitckoit
Apabekoit Peciy6iuke, Mopaanun, Uspaune. [Toutn verseprs Beka 1I.M.
ABakAH mnpemojaBan Ha GuonorudyeckoM daxynsreTre EpeBaHckoro
roCyZapCTBEHHOTO YHMBEPCHTETa, YUTas CIeljaJbHble KYPCHI 1Mo 6Hodu3MKe
Ha Kadepax 6HOPHU3UKH ¥ OHOXMMHUH.

Hapsagy c Hay4yHO-OpraHM3alMOHHOH JeaTenbHOCThIO II.ABakAH G6bLI
Tak)Xe aKTHBHBIM OGIIECTBEHHBIM JesTeseM, NMaTPHOTHYHO HACTPOEHHBIM
TPOKZAHMHOM. OTO OCOGEHHO fAPKO IPOABHJIOCH B TOMBl APIAXCKOTO
ocBoboguTensHoro AsmkeHua. Eme B 1988 romy oH opranusoBsiBaer
nocemeHHe Apluaxa TIpynmoit ydeHsIx H3 EpeBaHckoro ¢u3nyeckoro
HHCTUTYTa, YCTAaHaBJIMBAeT TeCHble CBA3H C PpANOM OpPraHM3aUMH MU
OTAEeNBHBIMH IIpeACTaBUTeNAMH pykoBojcrBa Haropuoro Kapa6axa.
Opranusyer pa3Ho06pasHyIo IIOMOIIb HOBOOOPa30BaHHOMY
CrenaHaKepTCKOMY YHHBEPCHTETY, MEJHIHMHCKUM YYpeXJeHHAM, BOMHaM
ocBoboguTensHoro ABHeHUA. OpraHusyer mocelieHue Aplaxa JeOBBIMH
monsmu u3 Apctpuu, CHIA, Tepmanuu, ®panmum, Cupum. B Apuaxe
II.ABakaH u36HpaeTcs 4YIeHOM OOIIeCTBEHHOH OpraHuMsauuu «AMmapac»,
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NpHHMMAaeT aKTHBHOE y4YacTHe B Ipoluecce cosfaHus CTemaHaKepTCKOro
OTHeNeHHA MeXAYHapogHOH opraHusauuu «Bpaum 6e3 rpanuuy,
CIIOCOOCTBYS. TEM CaMBIM IIOCTYIUIEHMIO B ApIax MeJHUIMHCKON MOMOLIM,
NpUHUMaeT JeATeJbHOE y4acTHe B H3laHMM raseThl «BomH» — medaTHOroO
opraHa Komurera Camosamuter Haroproro Kapa6axa.

3a CBOIO IPaXXJAHCKYIO H 06lecTBeHHYIO AeATenbHOCTh 1loBak ABaxksaH
HEOJZHOKPAaTHO YJOCTaMBaJICA MeJajnel u modeTHsIX rpaMor. B 1992 roxy sa
aKTHBHYIO IpomnaraHny ydeHus Tumodeepa-Pecosckoro u muxia pabor mo
CHHXPOTPOHHOMY H3JTy4eHHIO OH YZOCTOMJICA MeZanu uMeHH Tumodeesa-
PecoBckoro, 3a akTHBHOe y4acTHe B Jeje OpraHH3alMH AMepHKaHCKOTO
YHusepcutera ApmMenun — Meganu AYA, 3a BKJIaZ B Jes0 OCBOGOXAEHUA
Apuaxa — namaTHo# Meganu npesusieHnTa HKP u t.4. LloBak ABaksH cocrosan
YIeHOM peJaKIHMOHHBIX KOJJIerMi  MHOTMX H3JaHMH, B TOM 4MCIe
NpHHUMAJT JeATelbHOEe YydYacTHe B paboTe pefaKkIIMOHHOTO COBeTa
«Buonornyeckoro >xypHama ApMeHuu». Byayuum Bule-ipefcenaTeneM
semusyeckoro comwosa «Cypmary-Urgup» om B 2007 romy cocraBun u
npeAcTaBUI B medath o6beMHylo KHUTY «Cypmamy-Hraup: mcropudyeckue
pacmyThs».

SIpkasi NTHYHOCTH

TATBAHA I'. AMBAPLIYMSIH
Epesanckuii pusuneckuii uncmumym, Epeean, Apmenus

IloBak MuHacoBHY ABaksiH - sipkas JMYHOCTb, YYe€HbI M 0OLIECTBEHHbIH
JesTtenb, ObUT OOHHM M3 OCHOBOIOJIOXHHMKOB paJHaLMOHHOH O6HOPH3MKH B
Apmenun. OH Bollen B HayKy, KOrJja FreHeTHKa H KHOEpHETHKA TOJIBKO Hayald
OMpaBJATbCA OT MAEOJOIMYECKOro HAaCWIHMS  JIbICEHKOBLUMHBI, KOrja
TBOpYECKas MBIC/Ib CTPOro OrpaHHYHMBAIaCh TIOCYAAapPCTBEHHBIM HAA30pOM.
IMocnabneHus mecTHAECCATHIX rOJOB MPOLLJIOro CTONETHA CTajld OTKPOBEHHEM
JUIA MHOTHX MOJIOJBIX JIFOAEH, cTpeMsaLMxca B HayKy. Cpeau HUX OblIM M0ad
pa3HOro CBOMCTBA: OJHH CTPEMHIIUCh CaMH JieNlaTh OTKPBITHS B Hayke, Apyrue
— XOoTenu cbepeyb y)ke COCTOSIBLIMECS TaJaHThl U OTKPBITh BO3MOXXHOCTb JJIA
POXIEHHS HOBBIX. JTO JIOIH, KOTOPhIE CO3JaBaId MHCTHTYTHI M JJabopaTopHH
HOBBIX HarpaBJIeHHH, KOTOPbIE TOJILKO-TOJBKO HaYaJIH BHIXOJHTE H3 MOAMOJIb.
Monogoit LloBak MwuHacoBHY, YBIE€YEHHbIH paAHaLMOHHOH Ouosorueit H
FeHETHKOM, BOOAYLIEBJIEHHBIH IMYHOCTbIO U uaeaMu TuMmodeea- PecoBckoro,
B3 Ha ceOf OTBETCTBEHHYI pOJb ajenTa COBpeMeHHOH OHOdU3MKH B
Apmenun.  Ero ycunuamu Obina cosmaHa nabGopatopus B HMHcTuTyTe
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3emnenenus MuHucTepeTBa cenbckoro xossiictea Apm. CCP. Crenyromunm
waroM ObUI0O  co3aaHMe JabopaTOpuM  pagMaUHMOHHOH OHOGHM3MKH B
EpeBaHckoM ¢u3nueckom HHCTUTYTe. LloBak MHHacOBHY MpEKPACHO MOHUMAJ
CTPYKTypY 0611ecTBa, B KOTOPOM €MY JOBEJIOCH XKHTh H paboTath. OH cTapaics
IOPYXHTb C BNacTblO, U BECh MbUI 3TOH ApYXObl OH HAampaBisj Ha CO3JaHHE
naboparopuu B EpOH, nupexkTopoM koToporo 6bL1 BeTHKHI MaTPHOT APMEHHH
AWM. AnuxaHsH. [lns co3naHus nabopaTopHy OH MPHBJIEKAT MOJIOJbIX YYEHBIX,
3aKOHYMBILUMX acMUpPaHTYpy B JYYLIHX POCCHHCKHMX nabopaTopusx, Habupan
JyYyIIUX CTYAEHTOB M3 EpeBaHCKOro rocyJapcTBEHHOTO YHHBEPCHTETa, CaM
OTMpaBisA]l MX Ha CTOKUPOBKY MM B acnupaHTypy B Mocksy, [lymuHo,
CepniyxoB, OG6HMHCK. [lonb3ysich CBOMMH CBS3MH, NOOMBAICS TOKYIKH
JOpOorocToslled anmnapatypbl 4 XMMpEaKTHBOB. Bemyiiue creLMaTuCThl €ro
nabopaTopHuH COTPYOHHYAIH C TAaKMMHM SPKHMHM MpPEACTaBUTENSAMH HAYKH B
CoserckoM Cotose, kak B.HU. Koporoaun, 10.A. Yuzmanxes, M.X. YaiinaxsaH u
ap. JlabopaTopHs MOCTENEHHO CTAaHOBWIACh JIyyillled B ApMEHHH, He yCcTynaia
MOCKOBCKHM MO CBOE€H OCHALIEHHOCTH: 3eCh Obl1a M H30TONHAass KOMHaTa, U
peHTreHoOBckas anmaparypa A oOnyueHHs OHONOrHYecKMX OOBEKTOB,
noMelleHHe Ui Bapkd MHKpOOHONIOTHYECKMX cpel co Bced HeobXxoaumoii
MHPaCTPyKTypo#, YHHKanbHble crHekTpopoToMeTpl M mp. Pabora mua
NOJHBIM XOAOM - 3Aech paboTand W pagHoOGHOJIOTH, H MHMKpPOOHONIOTH, H
reHeTHKH, U MeMOpaHoiorH, H ¢H3MKH 3KCNIEPUMEHTATOpPbl M TEOPETHKH.
Bonsioe 3HayeHHe UMeno To, 4to, Haxonaach B coctaBe Ep®U, kotopelit umen
3NIEKTPOHHBIH KOJIbLIEBON YCKOPUTENb M HECKOJIbKO HEOONbIIHX JIHHEHHBIX,
nabopaTtopus pacliMpsia BO3MOXHOCTH HCClieOBaHMH, aenas ux Oonee
pazHOO6pa3HbIMU U JOCTOBEPHBIMH.

Mononasle 3apaxkanu Apyr Apyra 3HTy3Ha3MoM, pabora kumena HHoruma u
3a nonHoyb. lloBak MwuHacoBMY, KOTOpbIH moOGHN HamyckaTh Ha cebs
CTPOroCTh B BOMPOCAX PeXHMa, C paoCTbIO H FOPAOCTBIO BH/E/, KaK pacTeT U
obperaeT Mollb W aBTOPUTET ero aeTimle. Ero rnaBHBIM >KM3HEHHBIM
npuopureToM Obla 3Ta sabopaTopHs, KOTOPOi OH yMmesno pykoBoaui. B
OCHOBY B3aMMOOTHOIIEHHH C COTPYAHHKaMH, Kak, BIIpPOYeM, H CO BCEMH
moabMH,  Oblnl nonoxkeH mnpodeccHoHaTM3M. OH  JPYXKHJ C YueHBIMH,
XyJNOXXHHKaMH, KOMIIO3UTOPaMH, MHCATENIIMH H MOJIUTHKAMH — H BCEM UM OH
Obl1 HHTEPECEH M BCEMH JIIOOUM. Y Hero 6bUT YHHKaANBHBIH TalaHT OOLIEHHS C
JObMH.

MHorue cocTapisiOLIMe ero Ayl CTajld NOHATHBI nocie pazBana CCCP,
KOraa co BCeH MNpHUCylled eMy OTBETCTBEHHOCTBIO OH BKJIIOUWIICA B JeJ0
CTaHOBJIEHHUS apMAHCKOH rocylapcTBEHHOCTH kak B ApMeHHH, Tak U B HKP.
Ero ponb 6bu1a HEOLIEHHMOH B fiesie OKa3zaHHA noMolH Borowowemy Kapabaxy.
OH M1 ¢ CO3HAHHEM CBOEro MpeaHa3Ha4YeHHs - JesiaTh BCe, YTO B €ro cunax,
JU1s CBOEr0 HapoJa.
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IloBak MHMHacOBHY MpPOXHMJ XM3Hb, KaK HCTHHHbIH apMsAHHH. CBeTiblii
o6pa3 lloBaka MuHacoBHYa ABaKsHa, OCBATHBLIETO ce0s CIy)KEHHIO HAayKe
CBOEMY Hapojy, MPOKHBLIErO >KM3Hb HACBILIEHHO M YBJIEYEHHO, HaBCeraa
OCTaHETCs B MAMATH TeX, KTO 3HaJl €10 U APYKHJ C HUM.

Yaurtean

TOPI'OM CE®EPSH
Epesancxuii ¢pusuveckuii uncmumym, Epesan, Apmenus

[TozHakomuncs a1 c¢ ILloBakom MwuHacoBHyeM, Kkorja eme Yyuywics B
OakanaBpuare. S, kak OOBIYHO, CTaBWJ OMBIT B JabopaTopuu kadeapbl
6uodpusuku EI'Y, u B TOH k€ KOMHaTe HAaxXOAWJICA CTOJ MOEro Hay4yHoro
pykoBoautens mpodeccopa A.E. 3akapsHa. LloBak MwunacoBuu U ApMmeH
EropoBu4 6bu1M AaBHMMH Jpy3bSIMH, U B TOT JeHb LloBak MuHacoBuy 3awuen
HaBeCTHTb ero. CoTpyIHHKH 1a00OpaTopHH paJocTHO NMpuBeTcTBOBaH LloBaka
MuHacoBu4a. Sl TOXe MO310POBAICH U MPOJOKHI IKCIIEPHMEHT.

B cepenune pasroeopa ¢ A.E. oH Bapyr cnpocun 060 MHe, KTO s U 4YeM
3aHMMatoch. Yepes Heckonbko aHel LloBak MUHacOBHY BHOBB 3allen kK HaMm U B
KOHLE BCTPEYH TMOAOLIET KO MHE M CIOpocHI 00 O3KCIEpUMEHTE H O
KBAaHTOMETPHYECKOH YCTAaHOBKE, Ha KOTOPOH s CTaBWJI OMbIThl. B KoOHLUeE
pa3roBopa OH MOAApHJI MHE CTapylo KHHUIY, MOAMMCaHHYIO ero yyurenem - B.H.
TapycoBeiM. OH cka3aj, YTO pa3BHTHE 3TOTO HANpaBJIEHHS HAa4yalnoch C 3THX
pabot. S momyman, 3aueM MHe 3Ta cTapasd KHHMra, HO, KOria HayaJjl ee YMTarTh,
MOHAN, YTO 3TOT cOOpHHK ¢yHAaMeHTalbHBIX pabor - a3byka 3TOro
HanpaBjieHHs. SI MOHAJI, 4TO 3Ta KHHra He INpoCTas, 3TO Ta KHHra, KOTOpPYIO
JIaeT YUHTESb CBOEMY YYEHHKY Kak pelukBHIO. Ho s He moHuMal, noyeMy MHe,
s Beab He 6bU1 ero yueHukoM. Kak OH MOHSM, YTO s NPOAOJDKY HayaToe UMH
neno? HaBepHoe, B 3TOM €My NMOMOI MHOTOJIETHHI JKM3HEHHbIH onbIT. S 3Ty
KHMIY XpaHIO Kak 3TaJOH KayecTBa HaydHbix pabor ans cebs. M ¢ Toro
BpeMeHH Hayaioch Hame obuweHue. [Ipomsio MHOro BpeMeHM, W MOCJE TOro,
Kak f 3alUTHN JuccepTauuio, [loBak MuHacoBHY MpUriacuia MeHs Ha paboTy B
co3naHHylo UM naboparopuio B EpeBaHCKOM (pH3MYECKOM HHCTUTYTE UMEHH
A.W. AnuxansHa. O6masicb ¢ HUM Kax/bli A€Hb, 1 CHOBa U CHOBA yJMBIsICS
YHHKQJIBHOCTH OTOH JIMYHOCTH, LIMPOTE €ro Hay4yHoro kpyrosopa. LloBak
MuHacoBHY cTasl oueHb OJIM3KHMM MHE 4YeaoBekoM. Bo MHorux Bonpocax y Hac
OBLIM CX0XKHE MHEHHS, H CO BPEMEHEM 5 MIOHSJI, YTO B ITyOMHE AylUW OH Obln
JpPYyrHM 4YeJIOBEKOM: MOCTYNMKH JioJell M COObITHSA OH OLEHHBal M CyAHI
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CrpaBeIMBO, HO, KaK W BCEM HaM, eMy NPHXOAMIOCh MHOIAAa MNOCTynaTh
BOMNPEKHU CBOMM >KEJIAaHHSM.

OH Obln yenoBekoM, o6NafaBIIUM Oe3JOHHOW M YHHKAJIBHOW MaMATHIO.
[ToMHIO, Kak-TO pa3, B MepBble AHH COBMECTHOH paboThl, Mbl GecemoBain Ha
pasHble NpoecCHOHANbHbIE TEMBI, U OH MOYTH BCE CBOM CJIOBa MOATBEpPXKIA,
JOCTaBas M3 CBOEH OrpoMHOM OGHOIHOTEKH pa3fNHyHble KHHIH M TOKa3biBas
COOTBETCTBYIOLIME TEKCThI B HUX. S CIpOCHII, KaK OH MOMHHT BCE 3TH TEKCTBI
NOCTPaHUYHO, a OH, XaTyiACh Ha yXyHAIIeHHE MaMATH, cka3an: «PaHbuie ObiIO
nyywe». A Korja s yBHIEN €ro JOMAIUHIO OHOIHOTEKY BO BCIO CTEHY
FOCTHHOH KOMHAThl, BO MHOrO pa3 MpeBbllIaloLlyl0 pabouyyio, MHe cTal
MOHSATEH OrPOMHBIH MaciiTab ero 3HaHHH.

Ceiiuac, korza ero y»e HeT ¢ HaMH, Kbl pa3, 3aX0Ai B ero kabuHer, 1
NpeacTaBisio, 4TO OH OyaeT TaM H, ynbibasch, CKaXeT: «A-a-a, nprLen?»

B TpymHbIX cuTyauMsx, koraa s ocobo HyXJalochb B €ro coBeTax, f
BcrioMHuHato 1loBaka MHUHacoBHYa H B yMe THXO CIIpaLIMBalO, KaK MHe ObITb,
npeacTaBisio, kak Obl OH OTBETHI ,H, MPEACTaBbTE, PELIEHHS MPHUXOIAT Jierye.
A nymato, noka mMbl noMHuM LloBaka MuHacoBH4a, oH 6ynet ¢ Hamu U Gyner
noMorartk HaM ¢ Hebec.

Mbsl Bcerna Oynem nomHuTs Bac, [{JoBak MuHacoBuY.
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PAHCA JIbBOBHA BEPI" (1913-2006)

U3 kaurn « Cyxosei»
PAUCA JIbBOBHA BEPI"

HWms B.M. BepHanckoro — roHHMMOro, noJy3anpelieHHOro THTaHa —
CTaHeT B OOWH pAl ¢ MMeHamu [anunes, HrolotoHa, Jlamapka, DitHuireiiHa.
Bnectamero nocnenosarens oH Hawen B nuue H.B. Tumodeera-Pecosckoro.

Hukonaéi BnagumupoBuu TumocdeeB-PecoBckuii npeactasnsics MHe
THXUM PYCCKHUM HHTe/uIMreHToM. OH xun B ['epMaHuM, 1 HUKOraa He BuUAena
€ero, a TOJbKO YHTaa ero paboThl, HaMUCaHHble HA HEMELIKOM si3bike. Korma oH
nosBwics B MockBe, BbIHAA M3 3aKIIOYEHHUS, TMOJYCHENoi, W Mbl
MO3HaKOMMJIHCh, OKa3aJIOCh, YTO 3TO MOryYas pyccKas HaTypa, nojHas OyiHHo#
9Heprud. Moryuuii ronoc, HeoOblyaiHas MOABH)KHOCTb, HCKJIIOUHTENbHBINA
aptucTu3M. OH MIHOBEHHO AeNaics LEHTPOM BHMMAaHHSA W TOKJIOHEHHS B
mo6o#H komnaHuH. M BeINHTH TOXXEe He Aypak. S cnpocuna ero, noyemy 3To OH
Ka3aJicss MHe THXHM PYCCKHM HHTEJUIMI€HTOM, KOrjia s YdTana ero pabotsl. OH
cka3an: «IloToMy YTO Ha HEMELKOM A3bIKE HHYEM APYIHM, KpOMe KaK THXHM

PYCCKHM HHTEJUIMTEHTOM, ObITh Henb3s». — «Hukonait Bnagumuposuy,
novyeMy 3To Y Bac Ha py0alllke NMpSMO NMPOTHB Myna AbIpka?» — «A 4TOObI
my3o 6bulo ymo6Ho decatb». 310 — facon de parler. Tlpu Bcei

pa3yxabUcTOCTH OH BN coboi obpa3sel CTapUHHOH, W3BICKAHHOH, NaBHO
3a0bITOH BOCMUTAaHHOCTH, MCTHHHOTrO JMKeHTAbMeHcTBa. IIbecy Bynrakosa
«Iuu TypOunbix» 1 Buaena B MockoBckoM XyH0XKECTBEHHOM TeaTpe ABaXKbl
— B 1933 u B 1953 roxy. IlepBbiii pa3 B UCMIONIHEHWH CHJIbHEHIIET0 COCTaBa
Tpynmnbl, a NMOTOM ee Hrpaia Monoaexb Ctyaud umeHH CTaHHCIIABCKOrO.
Typbunsl — pnBopsHe. B mbece Bocrpou3BeneH OOpPBIBOK HMX IKW3HH.
CpaBHeHHE JBYX CIeKTaKIeH MOKasbIBaIO, YTO TeaTp YTeps 3HaHHE MpaBHI
JDKEHTJIBMEHCKOro NoBefeHHs B obmectBe. Manepsl TuModeeBa-PecoBckoro
BOCKpEIUAH B TAMATH TOT CTAPHHHBIHA CMIEKTaKJIb B HCMIOJIHEHHUH CHIIbHEHILEro
cocraBa MXATa, nmo6o-goporo 6110 Habmoaars.

OH roBOpHJI, YTO HMKAKOro KJIaCCOBOrO aHTaroHW3Ma He CYILECTBYET: Ha
OJHOM MOJIIOCE — apUCTOKPaT M NpOJIETapHii, Ha APYroM — MelaHuH. OH
coueTtasn B cebe nponerapus U apuctokpara. Ctpax — aTpuOyT MellaHCTBa —
eMy abCOJIOTHO YyKA.

" PJI. bBepr. Cyxoseil. BocnomuHanus reHeruka. M.: Hayka, 2003. (ITamarhuku
MCTOpHYECKOH MbIcan). Matepuan npenocrasied M.J1. 'ony6oBckum.
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brnecrammi y™m, ¢eHOMEHaNbHas CHIa M CTPOroOCTb MBICJIH, a/iOBO
TeprneHHe, NepBoKIaccHas MaMaTh. ECTh TpH KOMIOHEHTBI XOpoluei MaMsTH,
[0 M3BECTHOH CTENeHH He3aBUCHMbIE Ipyr OT Apyra — OAHa MOXeT
NPHUCYTCTBOBaTh, B TO BPEMSA KaK OTCYTCTBYET Apyras. OTo — 6osbloi 06beM
namatd, Oonblias CKOPOCTh 3allOMHHaHMA M OBICTPOTa  HM3BJIEYEHHS
MHOopMauMK M3 XpaHwiuwa. Hukonaii BnagumupoBuu obnamaer Bcemu
TpeMs. Boiiins W3 3akitoueHus, oH xui crnepBa B CBepANOBCKE, MOTOM B
O6HuHCKe Hepaneko oT MockBbl M M3peaka ObiBas B JleHuHrpaae. I'opoackum
TPaHCIIOPTOM OH He MOJb30BaNICA, a MO0 XOAUN MewmKoM, MO0 €311 B TaKCH.
ITewikoM OH X0AMN HE Tak, kak Bce J1oU. Mbl ¢ EneHolt AnekcaHapoBHOH, ero
KEHOM, HOPMaJIbHO MIEeM, a OH Briepeld O€XHT, OCTaHaBIHMBaeTCs WU OEXHT
obpaTHo, n00EXHT N0 Hac U onATh Brneped. B Takcu OH roBOpHWJI CBOMM
HeBOOOpPa3UMO KOJIOPUTHBIM TpPY>KHHHUCTBIM ronocom: «Jlenbka, naBai
yeTBepTak» — 25 py6buneit, korga Ha cueT4Hke ceMb. JOTO ObUIO, 3HAYMT, 10
AeHexHoi pedopMbl, koraa aeHsrd B 10 pa3 ymenbmuaucek. M Jlenska naBana.
U He ot 6GorarcTBa, u6o HorarcTBa HHKakoro He cymectBoBano. COBETCKHX
creneHer y Hukonas BnaaumupoBuya He 66110, WIEHCTBO B IBYX €BPOMNEHCKHX
aKaJeMUsAX — FepMaHCKOH M HTaIbSHCKOH — COBETCKHE Oyxrantepud npu
Ha4yMCJICHUH 3apmiaTel B pacyeT He MNPUHHMAIH, W ACHBIH LIJIH CaMble

MH3epHble, HO HaTypa TakoBa — [aBaTh, JapHTh, OJapHBaTh HampaBO H
HaneBo. lllodepnl JleHuHrpana — kiaH pabouei apUCTOKpaTHH, Te, 4YTO
nocrapiie, KOHe4HO, — ero 060kajli, MOMHHJIM C OJHOr0 pa3a, y3HaBaJH BO

MHE €ro CIyTHHLY M chpaBisyiice o HeM. M oH Obu1 ansd HUX «OAWH
npodeccop». «Bbl ¢ onHMM npodeccopoM co MHOH OAMH pa3 e€XaliH, TaK Kak
OH?», TPH pa3a JOBeJIOCH YCJIbIIATb.

B 26 net oH nonyuun Pokdenneposckyto cTHneHauIo U yexan B bepnuH B
HMHcTUTyT no usyyeHuto Mo3ra. OH CTan OUPEKTOPOM 3TOFO HHCTHTYTA,
BCEMHMpHAs cCjlaBa caMa MpHMLIa K HEMy — OH 3a Heil He roHsics. OH
ocraBaica B I'epmaHuu, xoraa k Biactv npuuen I'wtaep. Ero crapuuuit chiH
Obl1 YHHYTOXEH 3a y4YacTHE B COMNPOTHBIEHHM HALM3MY, O €ro CMepTH
AOrajblBaJIiCh, HHYETO HE 3HAIM, HANEAIUCh, KAAIM. YexaTh ObUIO HeENb3s.
Camoro Hukonas BaaaumupoBdua He Tporanv. JKepTBaMH ONPHYHHHBI
CTAHOBSATCA YeTblpe KaTeropvH JIIOACH: mepBas KaTeropus — CBETOYH — HX
YHHYTOXKEHHE 3aCTaBiseT NMPUTHXHYTh OOJbLIYIO rpynmy Jonei, BTopas —
CBMIETENHU TPECTYMJCHHUH, BOBJICYEHHbIE B KPOBaBYIO KYXHIO MOJNUTHKH —
MaBpbl, KOTOpble cleflald CBOE JeJio, TpeTbs — Biadeibupl Onar,
coOnasHAIOLMX OMPHYHMKOB, YETBEpTas — M3HAYalbHO 3aITyraHHbIE,
MOMYaJBHMKH, C€  HX  [OMOLIbIO  pa3birpblBalOT  MpPOLIECCHl  Haj
HECYILECTBYIOIUMMH  3aroBopiudkamMd. Hwukonas BnamumupoBuua Morna
nory6HTh NPUHAUIEXHOCTb K NEPBOH KaTeropuu, Ho He nory6una. Hu k oaHoi
M3 TpeX APYrHX KaTeropuid OH He npHHaIexan. M3BecTHbli wLiBenckui
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reHeTMk ApHe MIOHUMHI, noceTHBIMH JleHMHrpag B cocTaBe KakKoOMH-TO
JeneraluH, pacckaspiBajl MHe, 4To OH 6b11 B ['epManuu B 36 unu 37 roay Ha
KoH(pepeHLMH. 3acenanue 6bu10 npepsaHo. TpaHcaupoBanack peus ['uriepa.
Bce momkHbl cTos Moauya ciywars. M Bce cTosnu, W cpeau BceoOliero
MoJ4aHHus pasfancs rpoMoBoii ronoc Hukonas BnagumupoBuua: “Wann wird
denn dieses Wannsinn endlich aufhéren?” (Korna, HakoHew, npekpaTuTcs 3T0
6e3ymue?) OH roBopun Ha GepiuHckoM auanekre, aufhéren 3yuano ufhéren.
Takux He caxkaroT. C HUMH HaBO3HIIbCS. JIOBOJIBHO MOTYAJIbHUKOB.

Korma B 1945 romy bepaun nan, uHctuTyT Hukonas Brnaaumuposuua
okazancsa B CoBerckoM cektope. OH MOr ApanaHyTh Ha 3anaj, HO 3a HUM He
Ob10 HUKAKOH BUHBI nepen PoccHei, pycckoro rpakaaHcTBa OH He Obli
nuIeH, cyabba ero chiHa Oblia HEM3BECTHA, M OH Xkaan cBoMX. Jla u He Geran
OH HHKoOra — nopoaa He Ta. ['ox ero He Tporanu. B 1946 rony k Hemy sBuiics
H.W. HyxauH — TOT caMblii, €CIM MOMHHUTE, — OJHA M3 CaMbiX MEP3KHUX
¢uryp B MaHONTHKYME JIBICEHKOBIUUHBI, COTPYAHHK B npouuioM Baeuiosa,
Tenepb, B 1946 roay, JIbiceHKo — B35 THHHH APO30(QHII, MOMPOCHIT 3aBEPHYTh
AIWKH ¢ MpoOUpKamMH, rie NMOMELIATHCh JKUBbIE MYXH, HE B raseThl, a B
obeprouHyto 6ymary, u yexan. [locne aroro Hukonas BnagumupoBHua B3siH.
B narepe on nmoruban ot nesnarpel, noutu ocien. OH paccka3sbiBal NMPH MHe
B.I1. D¢pouMcoHy, 4yTO Takoe neyiarpa — €cjiv BaM PEI OS BOJBIOT YaHHYIO
MIOXKKY Yasi ¢ TpeMs YaMHKAMH, OHA TYT XK€ CO BCEMH TPeMs YaMHKaMH BbIIET
U3 Bac per rectum, — roBopui oH ¢ 4pe3BbluaiiHoN 6oapocThio. KakuMu-To
MHEe HeBeIOMBIMH cyanbaMM mocie ABYX JieT npebbiBaHMS B Jlarepe ero
OTBICKAJIH, N0 MPHKa3y CAHOBHbBIX TIOPEMILHKOB, TIOPEMILMKH HECAHOBHbIE YK
NI0JlyMEpTBOro NMPUBE3TH B MOCKBY, KaK-TO Y>KaCHO JICUHJIH, KaXKeTcs, CJIeNnoTa
— CJIeACTBHE HE CTOJBKO O0JIE3HH, CKOJIBKO JIEYEHHS, U OTIPaBHJIH B luapary,
rae OH MOTr 3aHMMaTbecs Haykod. Ero »keHa ¢ MiamlivM CbhlHOM Mpuexana K
Hemy B wiapary u3 bepnuHa, roe ona paborana B yuusepcurete y Haxrcreiima.
Onu npobeinu B 3awmoueHuH 8 sier. EneHa AnekcaHapoBHa MpHBesna B
Cubups nuHuu gpo3odpwn. Ho Bckope, B 1948 romy, onu Obiiu mo
CTpoXKaiiieMy TpHKa3y CBbille YHHYTOXeHbl. B 1956 roay Huxkonaii
BnamumupoBuy peaGunuTupoBan'. Sl MpHCYTCTBOBala Ha €ro nokiajge B

'"TumodeeB-PecoBckuii MO OKOHYaHHH CPOKA 3aKJOYEHHs ObLI AMHMCTMPOBaH H
CTal JKEpPTBOH 4YyIOBWLIHOM TPaBIM CO CTOPOHbI JILICEHKOBLEB W MPOUYHMX
MPHCIYXHUKOB BNacTH. Ecy U1 NpUCBOEHHS €My CTEMEHH JOKTOpa 6HONOrHUECKHX
HayK OKa3ajCs NOCTaTOYHBIM NBOPLOBHIA NEPEBOPOT, cMelleHHe Xpyluesa, TO s
peabunuraiuu, yBbl, notpeboBanock cobeiTHe Kysa 6onee 3Hayumoe: 19 asrycra 1991
roga. He npowno u AByX MecsLEB CO BpEMEHH HCTOPHYECKOTO pbiBKa, Kak 16 okTa6ps
«M3BecTHa» coolOmnnm, uto «eHepanbHblil npokypop CCCP nanpasun B BepxoBHbiii
Cyn CCCP cBoit mpoTecT, riae noctaBui Bompoc o6 oTMeHe mpurosopa BoenHoit
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MockBe. OH roBopus O pe3yibTaTaX HCCIENOBAHHH, BBIMIOJIHEHHBIX WM B
1apare. 3aHUMaJICs OH paaMoCTUMYysLMel pacteHuid. Ha cBoboae B bonbioii
30HE ero Hay4Has JesTeJIbHOCTb NMpHobpena rpaHaHo3HbIH pasmax. OH criepBa
ob6ocHoBancsa B CBepmioBcke. Ha FOxHoM Ypane B cka3o4HO KpacHBOM MeCTe
y Hero Obuna OuoctaHuus «MwuaccoBo», 0a3MC B MyCTbIHE 3alyraHHbIX. A
HaceJsIM 0a3kc MOYTH OAHM ObiBUIME 39KH. bHocTaHUMA cTana MecTom
NaJOMHHYECTBA YYEHBIX BceX crneuuanbHocTed. Paboranu tam ¢ ytpa mo
nozaHed Houu. HayuHwli cemMuHap 3aceman kaxknaeid Beuep. Ilorom H.B.
Tumogees-PecoBckuit nepebpaics B O6HuHck Kanmyxkckoit obnactu M
opraHusoBal B HHCTHUTYyTe MeAMUMHCKOH paaqonordu nabopaTopuio
palMaLMOHHOW  TEHETHKH  —  Lebld  WHCTHTYT,  BEJIHKOJIENHO
(GYHKUHOHHUPYIOLUHH, Ype3BbluaitHo auddepeHpoBaHHbId. M aToMy meTHiy,
B3JICJICSHHOMY Ha CKJIOHE JieT, CyxkIeHo Obino nmorubHyTh. PaszornHanu no
npsaMoMy ykaszaHHio KI'b. laxe 6narosuaHoro npeyiora He norpe6opanocs. B
1971 romy Hukonaii BnagumupoBuy crtan 6e3pabotHeiM. MwupoBoe
oblecTBEHHOE MHEHHe Ha 3TOT pa3 He cMoiuano. Jlaypear HoGeneBckoit
npemud Jensbpiok npuexan B Coro3, 4ytoObl roBoputh ¢ npesnaeHTom AH
CCCP M.B. Kengsiuem o Tumodeese-PecoBckom. Hukonait BnaaumupoBuy
Obl1 3aYMC/IEH KOHCYJNbTaHTOM B MHCTHTYT Meauko-6Hosornyeckux npodnem
AMH CCCP. PacnopsikeHue muio u3 Bbicminx cpep. Cyxy mo Tomy, yTo
CMeJIbIH 3TOT LIar He NMOBPEeJH Kapbepe AUPEKTOpa MHCTHTYTa — OH H36paH
akanemukoM. Kapbepuctsl Gosnuce naxe 3HakoMuTbes ¢ Hukonaem
BnagumupoBuyeM. OT 3HakoMcCTBAa € HHM OTKa3aici, B YaCTHOCTH,
npeycneBlMiA Ha4yalbHUK JKCMEAMLUHMH, B KOTOPOM DAHA C MEpBOro B3rjsna
pacno3Haina /mkeua. Ouens crpawnics KI'b.

M.E. Jlo6awes, Bo3miaBuB kadeapy reHeTHKH JIeHMHrpaackoro
yHuBepcuteTa, B 1958 rogy opranuzoBan BcecoroszHyio koHdepeHumio mo
aKcrepuMeHTalbHON reHetuke. IlokpoBurensctBoBan KoHdepeHuun cam
CTtoneToB — JIBICEHKOBEL,, BENMKMA OMIUIOMAaT, HayaBLIMH Yyxe Toraa
nepectpauBatbcs. OH B KayecTBE MHHHCTpa BbICIIEro oOpa3oBaHMs Bedan
YHMBEPCHTETaMH M BO3MaBiasn  kadeapy reHeTMkd  MocCkoBCKoOro
yHuBepcuteta. C ero paspewenus JlobGawes npuriacun BceX. JIbICEHKOBLbI
npeAcTaBieHsl B H300UMIUMH. OTBEpPrajoch TONbKO aHEKJOTHYECKH MOCTHIIHOE,
a MpocTo MOCThiAHOE He oTBepratock. Ho M reHeTHkH, BrIOYas OOpUOB, Ha
yAUBIE€HHE BceMy MHMpY npeacrtasineHsl — Panonopt, Kepuinep, 3¢gpoumcon,
Tumodees-Pecosckmii. Te3ucsl nokiagoB HanedaTaHsl. B caMblii  KaHyH

konnerun H. TumodeeBy-PecoBckoMy M 0O npekpalleHMM YroJOBHOrO Jefa 3a
OTCYTCTBMEM B €ro JEHCTBHAX COCTaBa MPECTYMIEHUS).
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KOHQEpEHUMH Mbl Y3HaIH, 4T0 1o pacrnopskeHuto LK koHpepeHuus
3anpelueHa. CbexaBlIHECs YYaCTHHUKH O€3pONOTHO pa3bexaiuch.

Hpy3bs yrosopunu Hwukonas BnaauMupoBHua 3aluiuiaTh AOKTOPCKYHO
aucceprauuio. borannueckuit MHCTHTYT AkaneMud Hayk CCCP npuHan ee k
3allMTe, M 3aliuTa cocrosack. beino 3to, kaxercs, B 1960 roay, oH ele Toraa
xun B Ceepmioscke. PaboTa mocBsieHa BEPHAACKONIOrHH, KaK OH TOBOpPHJL.
Tonpko Beiciias AtrecraunonHas Komuccus He cobupanach NpucBauBaTh eMy
cTeneHb. XpyllUeB y BAACTH, JBICEHKOBIIMHA MyXala CHOBa, M HE BHIATh Obl
TumodeeBy-PecoBckoMy cTeneHH AokTOpa, He ciyduch B 1964 roay Manoit
OKTAGPBCKOH pEeBOJIOLIMH, KaK Ha3bIBaJIM Mbl cMelleHHe XpyulieBa. CHOBa, Kak
B 1953 romy, korma ymep CTanMH M XOalM KPYTOrO MOBOPOTa HCTOPHH,
JbICEHKOBLbI 3aApoxand. ['eHetwka mouwa B ropy. CraTes 3a cTaTbei
NOSIBJSAJIMCH B raserax B ee 3awuty. [IoBOpoT kpyue, kyAa Kpyue, 4eM OecATb
net Ha3aj. ['oapl napcTBOBaHMs XpylueBa — BpeMs, KOrJa AepxKaBHble Opasbl
6butH ocabiieHbl, — JajJd BO3MOXHOCTb YYEHBIM APYIHX CreUHaTbHOCTeH
NMOMHMO TFeHETHKH — (H3MKaM, XHUMHKaM, MaTeMaTHKaM, KWOepHeTHKaM —
BLICTYNIUTb B 3alUTYy TeHeTHKH. M Temepb, HakoHel, CMyIUEHO YKa3aHHe
BOCCTAHOBHUTb I'€HETHUKY.

Ho nepenyr B cTaHe JIbICEHKOBLIEB MeHbllIE, YeM Toraa. Toraa oHu xaamu
KpoBaBoH pacrnpaBbl. Tenepb HpaBbl CMATYMIIMCh, Ia U OHHM 3HAJIU, KaK HYXHO
neicTBoBaTh, YToOB! yaepxkarh BiacTh. Hy)XHO nepxaThb HOC MO BeTpy, JaTh
HeMeUIeHHbIE COJIMAHBIE CBUAETENBCTBA CBOEH JIOSJIBHOCTH.

Beicias  AtrecrauvoHHas KomuccHs, Bcs HackBO3b NpPOHHW3aHHas
MeTacTa3aMH JIbICEHKOBIIMHBI, MPHCBOMJIA CTENEHb NOKTOpa OHONOrHYecKHuX
HayK JAeHCTBHTEIbHOMY WieHy HIBYX eBponeiickux Akagemuii Hukonaro
BnangumupoBuuy TumodeeBy-PecoBckomy.

B 1966 rony s pa6otana B MHcTuTyTe tmronorun u redetukd AH CCCP B
HoBocubupcke u 6bu1a wieHoM ero YueHnoro coseta. Ha 3acenanuu CoBeta Mbl
BBIABUIAIH KaHIMJATOB MO EHETHKE, S CKa3ala, YTO HaM CJieyeT BblABHHYTb
Tumocdeesa-Pecosckoro. 10.51. Kepkuc cka3san, 4To ero cieayer BbIABUHYTH,
HO He MO reHeTHke, a no Ouodusuke. Jouuo neno no Ouodusuku. U
npenectHas Hunen BopucoBHa Xpucromo6GoBa ckasana, 4to 310 OyneT ee
kaHauaatypa. Ho Tyt Beictynuna I'anuna AnapeeBHa CTakaH M ckasaia, YTo
OH, KaXkeTcs, COBeplual HemaTpHoTHueckHe mnoctynkd. A Onbra HMBaHoBHa
MaiictpeHko ckasana, 4to OoH xun B ¢awucrckoi I'epmanun. U Onui
OckapoBuu Paymen6ax BBICTYNHI M CKa3al, YTO OH OTKa3bIBAETCS BbIABHIaTh
TAKOrO0 4YejoBeka B aKaAeMHMKH, M 3amadpekropa [IpuBanoB Kk Hemy
MPUCOEIHHHIICS.

Torna 3arosopuna 301 CodponseBHa Hukopo. OHa ckasana, uto Aa,
Hukonait BnagumupoBuu xun B [epMaHud M paboTan B HMHCTHTyTe
PokdennepoBckoro ¢oHna, U oH He BepHyica. «Ho nocmoTpena Obl 1 Ha
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moboro M3 Tex, KTO ceHyac 3/ech BbICTynajl, kak Obl OH BepHyJjcs. BepHuch
Hukonaii BnaguMupoBuy, 1 HaM He o yeM Obl1o Obl 3nech pasroBapuBath. C
BEPOATHOCTBIO CTO MPOLIEHTOB OH Obl1 6bl yHHYTOXKEH. OTO0 Byxapun mor
pewntecs yexate B Ilapuxk, noxoauTe mo cBoOOAHOM 3eMile, MOABIIATH
cBOOOJHBIM BO3YXOM M BEPHYTbCS, 3Has, YTO OH YMpeT He 3a PoauHy, a kak
Bpar ee Hapoaa. Hukonaii BnaaMMHpoBHY He BEpHYJCS, HO OH He MpeaaBall
PoauHy, on cBetou ee Hayku, oH ed cnyxuin. IlpenaBanu Poauny te, kTO
npedaBal €e HayKy, KTO MHcall JOHOCH Ha €€ JIy4IIHX JIoAeH, MOAMUCHIBA
JIOXKHbBIE 3aK/II0UEHHS N0 0OBHHEHHUIO BO BpeauTenbcTBe. TUModeeB-PecoBckuii
JOCTOMH ObITb aKaEMHKOM IO CBOMM Hay4HBIM 3aC/TyraM, 4 €ro KaHaAuAaTypy
1 noaaepxuBaio». «Xyao, YTo Ha HalleM Y4eHOM COBETE 3ByHaT TaKHe peumn»,
— THXO0 M rpo3Ho cka3an LllkBapHukos, unen KIICC.

A.A. Tanny, PJL. Bepr u e¢ nous E.B. Kupnuunukosa B kade-kny6e «Ilon unrerpanom». HoBocuGupck,

mapT 1968. doto B. [lasbinosa (http://academgorodock.livejournal.com/17451.html)

CHoBa BbicTynun PaymeH6ax — oAMH M3 Tex, KTO [JaBajl JIOXKHbIE
3aKJII0YEHH MO0 OOBUHEHHIO BO BpEAMTENbCTBE OE3BMHHBIX JHofed —
300TEXHHKOB, — W CKazaJl C MCKpPEHHUM HenoyMeHueM: «Kak e 310
NPHUBEPKEHLIBI MHUYYPHUHCKOro y4eHus PoauHy npepaBanu, korma oHo LK
onobpeHo? A oH npenasal, B rUTIIEpoBckoi ['epMaHHH K1, BCAKOMY SCHOY.

Torna crpactHo U ybexaeHHo 3aroBopun P.M. CanraHuk —yenoBek oueHb
MHTE/UIMreHTHbIH,  oOpa3oBaHHblii ¥ TanmaHTauBbli. Ol  Hukonas
BnaaguMupoBHya y cebs 1oMa NpUHHUMaN M OYeHb XOpOLIO pa3bupancs, 4YTo K
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yemy. Ho oH eBpell, a iepTBa COBETCKOro eBpes Ha aiTapb
BEPHOMOAJAHHHYECTBA JO/KHA OBITh HE MPOCTO OOMJILHOM, a B3JeNesHHON Y
camoro cepaua. Canranuk ckaszan: « Tumodees-PecoBckuii Mor v 10o/mkeH Obin
BepHyTbCcs 3amonro no 1937 roaa, eme toraa, koraa HUKakoOM OMAacHOCTH He
6b10. A OoH moexan B npodamucTckyro I'epmanuio U octancs tam. BuaHo,
¢daumm3m Gonblile yCTpauBal €ro, YeM CTpaHa CTPOSIIErocs couuainsma». Ero
npepeaia Hunen bopucoBHa. OHa ckasaja, 4TO CHUMAeT CBOKO KaHAMIATYpY,
TaK Kak He xo4eT noaseprath Hukonas BnamgumupoBuuya Takoro popa
HanaakaM. M Tyt BcTpsna 4. S ckasana, yro Hukonait BnaauMuposuy noexan B
1926 rogy He B npodaiwumcTckyto 'epMaHHIO, a B CTpaHy, HaXOOMBLIYIOCS
HakaHyHe KOMMYHHCTHYECKOH pEBOJIIOLUMH, CTpaHy, KOMMYHHCTHYeCKas
napTHs KOTOpoii 6pu1a caMoi CHIIbHOH M3 mapTvii EBponsl M Bo BceM Mupe no
YHCJIEHHOCTH ycTynana Toiabko naptiu Kuras. ITobena ¢awmsma B I'epmanum
ceepwniack He 6e3 yuactus Coserckoro Coroza. PokoByto posib chirpasio To,
YTO TJIaBHBIM BparoM KOMMYHHM3Ma Obul OOBABIEH HE HalM3M, a COLMal-
neMokpatus. BocnpensatcTBoBaB 06pa3oBaHHIO equHOro ¢GpoHTa MpOTHB
Hauusma, CranuH cnocoberBoBan nobene I'mtnepa. Bonpoc o matpuoTH3Mme
Hukonas Bnagumuposuua Heneno craBuTh. OH M €CThb TO, 110 OTHOUIEHHIO K
4yeMy Ha[UIeXHUT ObITh naTpuoToM. B damucrckoit ['epMaHiu OH noTepsn chiHa
— yuactHuka ComnpotuBnenus. W ecam Hunen bBopucosHa cHumaer
KaHIUAATYpy, TO S ee BbiABMrawo. J[Ba Monoapix yenoBeka — ILIyMHbIH H
EBcukoB — noanepxanu kauauaarypy Hukonas Bnanumuposuua.

Hupexrop unctutyta . K. benseB no Ttoil mopsl Monuan. OH Bceraa
BBICTyNaJl B  POJM  3aKYJMCHOrO JAMpHXEpa TeaTpa  MAapHOHETOK.
JlMnnoMaTHyeckue ero crnocoOHOCTH pa3BUTHI A0 HempaBaonono6uii. Tenepb
OH CKa3aJl, 4TO, BHJS BO3HHKAIOLHE pa3HOIJIaCHs, OH OyMaeT, YTO HaM He
clielyeT BbIABMraTb HHUKOIO IO OTAENEHHI0 OHOOM3MKH. DTO MpeanoxeHue
npowno 60bHHCTBOM ronocoB. A 30t0 CoppoHbeBHY «rpopabaTbiBajin» Ha
ocoboM 3aceaHHH. MeHs ke He TpOraj, He 3Halo Y, noueMy. OTo ObUIO He
nepoe BoicTyrieHHe 304 CodpOHBEBHBI, N10C/IE KOTOPOro ee MpopabaThbIBAIH.

Ewe B 1963 roay, mo cHatus XpylueBa, OHa Ha 3aceaHHH, koraa 6buio
MpeUIoKEHO cOo3AaBaTh 6pUraibl KOMMYHHCTHUECKOTO TPYyJa, Cka3aja, YTO Mbl
He JOCTOMHBI BBICOKOTO 3BaHHs, YTO BOT B CTpaHe rosof, xjeba He XBartaer,
NpHYMHA — HEBEXECTBEHHOE IUIAaHUPOBaHHE CEJILCKOro XO3MHCTBa, a Mbl —
CMELHAIUCTBl MO CEJIbCKOMY XO3SHCTBY — MOJYHMM. 3Has, 4TO AENaloTCs
siBHbIE OIIMOKH, MBI JaXKe HE MBITAEMCS WX HCIIPaBHTh.

Ona rosopuna, 3ajJ, Hy He BeCb, a TPH YETBEPTH MOXET ObITb,
aroauposany. M torna Beickounn Ha TpubyHy JI.K. Benses u roopun Bce,
yro emy Obuto OBl nNpeasoXEeHO TOBOPUTH, HMMEH OH  BpeMd
NMPOKOHCYJIbTHpOBaTbcs B paiikoMe. CloBa «JieMaroruueckoe BbICTYIUIEHHE C
LIeJIBIO COpBaTh aluIOAUCMEHTBI» (HUIYPUPOBAIIH B €ro BBICTYIIEHHH. OH OYeHb
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KPacHBbIH, CYXOid, i€ y HEro He TOJICTass, CKOpee TOHKas, M OHa Jeprajiach B
HEPBHOM THKE, OT YIja pra K KmodHue. A nocie sroro 300 CopoHbeBHY
«npopabarsiain». H 10.I1. Muptota — cOTpyAHHK HHCTHTYTa, 4/I€H MapTHH,
3HaBwHK 3010 CoppoHbeBHY N0 'OpbKOBCKOMY YHHBEPCHTETY, I'ie OHH BMECTE
paboTanu 1 oTKyAa ee BoIrHaH B 1948 roay, — ckazan, 4To OH BCeraa cuuran
ee BpeAHTENeM, 4eJ0BeKOM Oe3HpPaBCTBEHHBIM. 3HAIOT JIM MPUCYTCTBYIOLIKE,
4TO OHa M0 BeYepaM B peCTOpaHe Ha posuie urpana? — A oHa AeHCTBHUTENbHO
urpaia, ¥ 3to 6bUl €IMHCTBEHHBIH 3apaboToK, Mocie Toro, kak ee BITHAIH. A 'y
Hee Tpoe CBOMX JeTei ObUIO M elle CKOMbKO-TO MPHEMHBIX.

Ho 1yt npucytcTBytomue 3abbuid 0 CBOEM MapTHHHOM A0JIre 3aHUMaTbCs
nepesocnutaHdeM 3ou CodpoHbeBHBI, HAOpoCHIIUCh Ha MHUpIOTY, U eMy He
no3nopoBHIOCh. TeM 3To mno3opuule M kKoHuunocs. Ho robuneir 3ou
CodpoHbeBHbl Ob1 oTMeHeH. HH oduumanbHOro 4ecTBOBaHHMA Ha YUYEHOM
coBeTe, HM O(HLHAIBLHOIO YBEJOMJEHHS O loOWIee BCEX MOTEHUHATbHBIX
nosapasureneil. Torga Mbl — ee KOJUIErH M YYEHHKH — CaMH OMNOBECTHIIH
KOro HaJo M YCTPOMWJIM TaKO€ YECTBOBAHHE, KAKOE U HE CHUJIOCH CAHOBHBIM.

B 1970 rony Hukonaio BnanyMHpoBHUYY HCTOJIHMIOCH CEMBIECAT JET, H
MockoBckoe 06lIecTBO HCIMBITaTeNied MPUPOABI MPa3fHOBAIO €ro roOHIe.
O6une#t HasHauuna u Akagemus Hayk. [lpurnameHus pasociaHsl,
JOKJIaMYMKH TMOMMEHOBAaHbI M HaneyaTaHbl Ha3BaHHA [OKIAJOB. A MOTOM
tobuneid ormenunu. IlpenctaBnsio, yTO conepKaJld JOHOCHI, KOTOpbIE
NOCTYXKHJIM NpUuKHHOH 3ToH oTMeHbl. U Torna-to bopuc EBceeBnu BoixoBckwuii
— axagemuk-cekperapp buootrnmenenus AH CCCP, k kotopomy s u3
M3JarenbcTBa B 300/I0THUECKMH HHCTHTYT IMOLLIa M KOTOPOro cly4aidHo
3acTana, ckasajl B BH/IE LIYTKH, YTO BOT CErofiHs lOOMJeH OTMEHSIOT, 3aBTpa
CChLIAaThCA 3aMpeTAT. DTy €ro MHIYIO IYTKY C/bIIAN JHPEeKTOp MOCKOBCKOTro
oTAeNeHHs u3matenbcTBa «Hayka», waM fnoma oHa [0 Hero uepe3 TpPeTbU
PYKH, U OH MPHHAJ €€ 3a AUPEKTUBY M CITyCTHJ MO MHCTAaHLMAM. BbixoBckui
Mor 00 3TOM U He 3HaTh.
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I'eHeTHk H 3BoMIONHOHKCT Panca JIbBoBHa bepr

MHUXAHWJI TOJIYEOBCKHH

Bcio orcusnb s nepexoouna om 00Hozo youenenus k Opy2omy ...
Hem nuuezo yenexamenvnee, cnadocmuee, azapmueti,

yem paspyuiums eceobujee yoexcoenue

u 6mecme ¢ Hum c8oe cobcmeeHHoe.

P.JI.bepr. CyxoBeii.

EcTb o, 0 KOTOpbIX X0ueTcs ckasaTh: «SBnenue [Ipuponsi!».
TakoBoii 6bu1a 1 ocTaeTcs B namaTu Pauca JIbBoBHa bepr.

Onucath CJI0BaMH €€ 3aBOPa)KHBAIOLILYIO NPHBJIEKATENbHOCTD CTOMb XKE TPYAHO
win naxe Oe3HanexHo, kak Bepbanu3oBaTh kpacoty 6amnan llomnena,
Kpaco4HO-4yBCTBEHHbI€ COMTHA Ha kapTHHax KiMMTa uinM koMOMHaLMIO Ha
IIaXMaTHOM JOCKE.

Ha cemuHape, B 1060M coobiuecTBe Bbl cpady Bbiaensiu Paucy JIbBOBHY -
N0  MHTE/VIEKTY, 1O TpyJHOMY, C  OMOLMOHAJIbHBIMH TeMOpPOBBIMH
nepeNuBaMH, royiocy, no ocobol MaHepe ABWKEHHH, MoBeAeHHs W GoraToi
nadocHOH peud, TrAe BOCMAapeHHe K BBICOTAaM 3HAaHUH COYETAIOCH C
NPHUCIOBUAMH W TEPNKHMH CJIOBEYKAMH, HACKOJBKO 3TO MO3BOJIMTENBHO
XKEHIIHHE. AHAJIOTHYHO, B JII060H ayJMTOPHH BMHI 3alieyaTtiieBainach JHYHOCTh
TumocdeeBa-PecoBckoro. Henapom 3TM aBa reHeTHka CTald COaBTOPaMH
naMatHoH cTtatbu 1961 r. o myTriax sBomouuH reHotruna B "[IpoGnemax
kubepHeTUKH" (BBIN.S).

Kpacora 6uopa3Ho06pa3us, CIOXHOCTb MyTeH O3BOJIIOUMH W TOYHOCTD
3aKOHOB T€HETHKH ObUTH MOAJIHHHOMN cTpacThio Paucel JIbBOBHBI. 3mech OHa
3HaJIa M OHKUMaJla Bce. JTa CTPacTh, MHE KakeTcs, Oblia HacaeICTBEHHOH WIIH
BPOXXI€HHOM, HO, HECOMHEHHO, M HMMIPECCUPOBAaHHOH B paHHEM [ETCTBE
MHTEJUIEKTYaJIbHOM aypoll M OKpYXXEHHEM €€ OTLa, BbIJAIOLLErocs 300J0ra-
3BOJIIOLIMOHHCTa M reorpada akagemuka JIbBa CemeHnoBHua bepra, aBTopa
M3BECTHOH KOHLIENLIUH HOMOreHe3a.

Co crynenuyectBa PJI npoHuiuiack MaesMHM W TpaaMUHMAMH nerepOyprckoi
IIKOJIBI 3BOJIIOLMOHHOM reHeTHKH Bo rnaBe ¢ }O. A. ®ununuenko v H. K.
BaBunoBeiM. Eme 10 okoHYaHHA kadenpel reHETHKM OHa Hayana paboTaThb
BMecTe ¢ OyayumiuM HoOeneBCcKUM JaypeaToM MeiiepoM, KoTopeii B 1927 1. ¢
MOMOLLBIO XPOMOCOMHOH HWHXXEHEPHH CO3Jal METOA MONlyYeHHS H
KONMYECTBEHHOr0 aHalli3a MYTaLMi B OMBITE W MPUPOJE.
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Cynbba MyTauuii B npupone craia mobuMoi TeMoi Paucel JIbBOBHBI.
[Tocne OTKpBITHA BCMbILIEK MyTalUWi B OQUKHX MOCENEHHAX APO30(HI OHA He
TOJIBKO TMOATBEpIW/Ia TMOJIOKEHHE KilaccMKa TreHeTHkH nae Ppuza o
HEpaBHOMEPHOCTH TEMIMNa MyTaLMH BO BPEMEHH, HO H oOHapyxuia GpeHOMeH
MoIbl Ha MyTauuu. B Hayane 40-x rr. Pauca JIbBoBHa nepeiina B MOCKOBCKYIO
nokTopaHtypy k akagemuky WM. U. llImansrayzeHy. Takum ob6pasom, oHa
npuoblUMIack H K MOCKOBCKOH 3BOMIOLIMOHHOH wikone. K pasHocTopoHHEMY
Te3aypycy Pauchi JIbBOBHBI Hano N00aBHUTH COBEpLIEHHOE 3HaHHE €I0 Tpex
eBponeickux s3bikoB. PJI okoHuuna Hemeukyko "Pedpopmupre lllyne" B
JleHuHrpape.

EcTb TpH BOCXOAflIHME CTYyNEHH MO3HAHHA - MPOCTO 3HAHHE O 4YEeM-JHOO,
MOHWMaHHEe TOro, YTO 3HACllb, M, HAKOHEL, 3MOLHOHAIBHOE OTHOILEHHE K
NMOCTUTHYTOMY B paMKax LEJOCTHOW rapMOHM4YHOH KapTuHbl. Hemapom B
nepBoii ¢paze KJIACCHYECKOH CTaTbH MOHAILECKH CTpOroro MeHuens CTOAT
cioBa "Mmopa3uTenbHas 3aKOHOMEpHOCTh". Ha BepliMHax 3MOLMIA BO3HHKaeT
YyBCTBO, KOTOpPOE€ HMCTOPUKH HAyKH MeTapopHYeckH Ha3BaIH '"CHHIAPOM
ITurmanuona". TBopel NMPOHUKAETCA MHMBBIM YYBCTBOM K MOCTHUTHYTOH HIIH
cO31aHHOM KpacoTe, kak ITurmanuoH 6sin 3aBopoxkeH [anareeii.

MHorum npuxoaunoch ciymarh, kak Pauca JIbBOBHa ¢ ynoeHHeM dacaMu
pacckasblBala O TaHHaX KOPpENSALMOHHBIX MJesa y pacTeHHH, o BHAax
nonuMopdusMa, 0 MOAE Ha MYTAalMH, KOrAa B pa3oOLEHHBIX MOCEJeHHAX
apo3o¢un BAPYr CTaHOBWIOCH MOAHBIM  xkentoe Teno (yellow), cmeHssch
3aTeM Ha HWCKpUBIeHHoe Opromko (abnormal abdomen) unu onajieHHble
weTuHku (singed). Kanampatckas aMcceprauus Obuia 3amuuieHa Paucod
JIbBOBHO# B 1939 r. TekcT ObLT TIIATENBHO BbIBEPEH, MALIMHUCTKA NOMYCTHIA
Bcero oaHy owubky. Ho 3aro kakyw?! Bwmecro mnomynsuuii
"PA3OBLLIEHHLIX " 6sin0 Haneuatano PA3OBJIAYEHHBIX...Takoe Obino
CYXOBeiHHOE BpeMms.

Cunapom Ilurmanuona npossasics y Paucel JIbBOBHBI HE TOJIBKO NO
OTHOLIEHHIO K cOOCTBEHHBIM paboTaM, HO H K TPO3PEeBaEMbIM €10
3BOJIIOLIMOHHBIM CJIEACTBHAM - J>KEMYY)KHHaM B pabGoTax Koyuier M Ipyrux
aBTopoB. HccnenoBarenud Hepeako, BpoA€ KpbUIOBCKOTO MNETyXa, CaMH He
3aMeYasld 3TH XKEMYY>KHHbI B "HaBO3HBIX Kyuyax" HOOBITBIX HMH ¢akToB. Miu
ke ObLTH He criocOOHbI MOAHATHCA Hall HUMH H BO3HECTHCh K 3BOJIIOLIMOHHOM
ceMaHTHke. C BBICOTBI CBOEro 3BOJIIOLMOHHOTO BUAeHHs Pauca JIbBoBHa B
1967-70-x rr. Hanmucana rno npocbbe penakuuu "3HaHue-Cuiaa" nomyaspHsle H
noHbiHe 3cce "[louemy kypuua He peBHyer?" , "Hem Kkollka OoT/iMYaeTcs OT
cobaku", «KoppensauuonHslie miesap». C Tex nop npouio 6onee 40 net, HO U
110 CHIO MOPY 3TH 3CCe BBIMIAAAT CBEXKO M KPENKO, Kak 6yYATO HX HE KOCHY/ach
natiHa BpeMeHH. OHHM aMrUIMGHUUMpYIOTCS HbiHe B HIHTepHeTe Ha MHOrux
caiTax.
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B uem 3nech cekper? PackpbiTHe TiTyG0KOro 3BOJIIOLIMOHHOIO CMBIC/IA
3HaKOMBIX BCeM (aKTOB W SBJIEHHH COYETANOCh B cTaThAX Pauchl JIbBOBHEI ¢
M3SIIECTBOM M BHYTPeHHeH cBoGomoH MoBecTBOBaHMA. BOT Hayamo onHom
nomynspHOH cTaTbu: «Ecau 2 Hao uyem-HubyOb Oymaio, MeHs unmepecyem He
MONbKO cam npeoOMem, HO U MHEHUsL 1100el O HeM.

A 6uonoz, a Oymaio A 0 HCUHU U CMePMU, U NOYeMY OHU eCMb, U KAk Obl
amo mo2no bvimb uHave, u novemy 6ce max, A He uUHAue, U HeNb3L U
ucnpagume mo, 4Ymo SEHO YCMPOEHO Na0X0, U He 6ydem nu om >3mux
ucnpaenenuti xakou 6edvl». JTOT CTHIb SPKO TPOSBHICA W B HW3BECTHBIX
memyapax "Cyxoseil". S He 3Hal, Kak OMNpPeNENUTh KpenocTb U
OpPHMIMHAJIBHOCTD CJIOra, HO CPEe/IM )KEHCKHX aBTOPOB B PYCCKO# Mpo3e psAaoM ¢
Paucoii JIbBOBHOM MOXHO TOCTaBUThH JIMIIB HECKOJbKO HMMEH: 3HHaujaa
I'unnuyc, Mapuna LseraeBa, Hapexxna Mannenswram, Huna bepbeposa. A B
3KOJIOTHYECKON HHILlE Hay4YHO-XYAOXEeCTBEHHBIX 3cce Pauca JIbBoBHa moyTtH
HeMNpeB30HAeHHa, BIII0Yass H MHOTOYHCJIEHHYIO MY2KCKYIO MOJIOBUHY.

BoBce He Jlerko ¢ XOmy Ha3BaTh IJIaBHOE THUIIOBOE OTIMYHE KOLIKH OT
cobakH, Mo OTHOLIEHHIO K KOTOPOMY BCE OCTaJbHOE BBICTYMaeT Kak (yHKLMs
Wi npousBogHoe. PJI  neMOHCTpHpyeT 3fech JIOTHKY 3BOJIIOLIMOHHOIO
MoJxo/a, ONUpasch Ha KoppensuuoHHble NMpUHLMNbI KioBbe. [lepBonpuuunHa -
B TexHonoruu no6biud nuumu. Cobaka - npecinenyeT >kepTBy, KOILKa -
noAcTeperaouil XumHUK. OTcI00a MOYT KOPPEIALMOHHbIE TUIESAbl Pa3IUUHuii
B TMOBEJEHHUH 3THUX 3Beped - CIyTHHKOB uenoBeka. [lanee uurvpyiro Paucy
JIeBoBHY: " Cosepwiug c80u omnpaenenus, Kowka oeucmeyem muamenbHoO U
axkkypamno. Cobaka 6 moiu dce cumyayuu nocmynaem uHaue. [lea-mpu
HeOPEeNHCHbIX OBUNCEHUA 3A0OHUMU HO2amu, Kak 6yOomo Ha nodcap chewum.
Obeprymucs cobaka He 0aem cebe mpyoa. Pumyan cosepuwaemcs ¢popmansro,
MOXCHO cKazamb, blopokpamuyecku... 3amaueambcs, ymober bbime coimoti,
cobake 8 ee UCKOHHOM COCMOSHUU He NpPUxXoounocb. Bowb, wym - eu ece
Hunouem. Yucmonnomnocmev cobaku - eecoma omuocumenvHa. Ilosm, y
komopozo becenok zosopum: «A cam 6 Henacmve naxny ncunow// H wepcmo
NUKHCY Neped OZHEM», - OUUbANCA: 3aNax NCUHbL U BbINU3bIBAHUE wepcmu - "06e
sewu Hecoemecmuule”, 00Ha - cobauvs, Opyzan- kowauvs. Tom, kmo nudxcem
wepcmo, He naxHem Huyem, uHave 3aiem Obl OH cman cmapamuca”.

PJI, npeBocxOAHO 3HaBILAas Hau3ycTb MHOroe M3 bijioka M ero okpyxeHus,
LUMTHPYET X KOMMEHTHPYET 31eCb U3BECTHbIE CTPOKM 3HHaMIbl ['vnnuyc u3
ctixa "JIpsaBosieHOK".

Iokropckas aucceprauus Paucel JIbBoBHBI Oblia MOCBSLIEHA CTAHOBJIEHHIO
KOPPENALMOHHBIX TUiesa Y pacTteHWi. Ilon 3TUM TEpMHHOM, BBEIEHHBIM B
6uonoruto 3oosorom [1.B.TepeHThEBEIM, NMOHHUMAIOT HE3aBMCHMbIE APYr OT
Apyra Tpynnbl KOPPEJMPOBAaHHBIX JOpPYyr C JpPyroM TpH3HaKoB. Y
HaCeKOMOOIBbIJIAEMBIX PacTeHHH  pa3Mep UBETKa W COrJIaCOBAHHOCTb €ro
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3JIEMEHTOB  I'€HETHYECKH [ECTEPMHHHUPOBaHbI W HE 3aBHUCAT OT YCJOBHH
NpoOU3pacTaHUs pacTeHHs, CTEMEHH pOCTa €ro BEreTaTMBHBIX YacTeH, HO
CTaHJapTH30BaHBbl K pa3MepaM M CTPYKTYpaM OpraHOB HaCEKOMOTO.

3neck GHONIOr BCTpeyaeTcs CO CTaHJAPTHOW OpraHu3alMel NpocTpaHCTBa
WIH C ero XopoJIOTHYECKHUM MOCTOAHCTBOM. bepr copMynupoBana BaxHbIi
3BOJIIOLIMOHHbIA  MPUHLMN:  CTaHAApTH3aLMs 4acTed opraHu3Ma, HX
NPOCTPAHCTBEHHOE TMOCTOSHCTBO HabyomaeTcs Be3ge, riae pa3oOLieHsl
¢dopmupytolre U oTOupatoLIHe GpakTopbl Cpesbl.

B cny4asx KOppeIsLMOHHBIX IUles] MPOUCXOAMT KOHTPOJIb OAHHUX YacTeH
OpraHu3Ma WJIM NMPH3HAKOB CO CTOPOHBI APYIHX 4acTe, kKakaas 0cOOEHHOCTD
MoJBEpraeTcs UCTILITAHHIO B €€ COYETaHHH CO BCEH opraHM3alMei BUaa.

OBO/MIOLIMOHHBIHA CMBICST CBOHMX HccienoBaHui Pauca JIbBoBHa BbIpa3una
YAMBHUTENBHO SCHO: «f cmasuna neped coboii 3a0auy noHaAMb 603HUKHOBEHUE
He3asucumocmu 6 npoyecce 3gonoyuu. Hezasucumocms, kak npucnocobnerue.
Abcyponoe cnosocouemanue? Hem. Hesasucumocme om 00HUX KOMNOHEHMO8
cpeobvl obecneyusaem npucnocobnenue k Opy2um KOMnoHeHmam cpeobvl. B unvix
cnyyasx om cmpo2ocmu cmasoapma 3aeucum JCU3Hb UNU CMepMb.
Koppenayuonnvie nnesadwr Tepewmvesa s paccmampueara 6 ceeme
cmabunuzupyrowezo ombopa LlImanveayzena. H camy smy meopuio s 8epryna x
ee ucmoxkam, K NpUHyunam 2emepoHomHo20 pocma. Llmanvecayzen cam He
noduepxueaem Hu20e 3mou C6A3U C60UX KapOuHanvHulx uoeil. Moe Oeno
ucmopuxka Hayku 6ckpbims ee. Jgomoyus onmozenesza! Ilosvluenue 6 npoyecce
380NIOYUU CMeENeHU He3ABUCUMOCMU OOHUX Yacmel Op2aHU3Ma N0 OMHOULEHUIO
K Opyeum 4acmam mo20 Jce Op2aHusmal.. 2eHvl, omeemcmeeHHbvle 3a
He3aBUCUMOCMb OOHUX Yacmeli Nno OMHOWEHUWIO K Opyeum yacmsam, oaiom
ceoum obraoamensim wancel 8 6opvbe 3a HCU3HL, YBENUNUBAIOM 8EPOSMHOCMb
ocmagume nomomcmeo? S pazeadana, 3auem HY*CHA HE3ABUCUMOCMb U KAK
obpazyemcs ona 6 npoyecce ombopa Haubonee cmabunvrvix cocmosnui. ( U3
kHHury «CyxoBeii».)

Pauca JIbBoBHa mnoka3ana BCeOOLIHOCTb MPHHLHIMA KOPPEISLHOHHBIX
Tes BIUIOTb O CJIOXHBIX (OpM NMOBEJEHHUs XHUBOTHBIX. M naxke ans uenoBeka
HE3aBUCUMOCTb MOPaJIbHBIX KPUTEPHEB B pa3HbIX cepax ObITHS OTHOCHTCA K
TOH e caMoil obnacTu SABNEHHH, YTO U HE3aBUCUMOCTh pa3Mepa LBETKAa OT
pasmepa pacTeHHs B LeJoM. XapakTep OTHOIIEHMH B cdepe nona, no
BbICTpaZlaHHOMY MHeHHI0 Paucbl JIbBOBHBI, B OCOOEHHOCTH HE MOAYMHEH
KOHTPOJIIO CO CTOPOHbI T€X KAaTerOpH4ECKUX HMIIEpaTHBOB, KOTOpbIE
yNpassioT 0OLIECTBEHHbIM MOBEJCHHEM YeJIOBEKA.

BbisBeHHEe KOppENSLMOHHBIX Miesa MpoBOAWIOCh bepr Ha ocHOBaHMM
CKpYMYJIE3HOTO CTaTUCTHYECKOITO aHana3a M3MEHYHBOCTH YacTel pacTeHHs H
ux cornacoBaHHocTH. Ho 3toT, ka3anoch 6bl, CyXoi 6MOMeTpHYECKHH aHaIU3
HE TOJIKO He 3aCTHJal KpacoTy (GOpM >KHBOH MPUPOIBI B LIEJIOM, HO BbI3biBaJl
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emle OGonbwyro 3kcnpeccHro uyBcTB. Pauca JlbBoBHa ob6namana penxoi
MO3THYECKOH CNOCOOHOCTBIO BepOaNbHOrO OMHCaHMA  YYBCTBAa KpPacOTI.
Iutupyto u3 ctatb «KoppensauuonHble muesnsl: «[jeemok, ecau cmompems
HQ He20 6 OUHOKYNAD, - OOHO U3 CaMbIX 60CXUMUMeNbHbIX 3penuwy. Yucmoma
KPAcoK, OpUSUHANbHOCMb U UOeANbHAsl 8blOeNKA (axkmypol, peHomeHarbHoe
bozamcmeo ommeHKO08, UCKYCHASl OpP2aHU3AYUSL YBEMOBLIX NOBEPXHOCMEN -
CNOKOUHble OOHOMOHHble OONbuLUe RNIOCKOCMU U PAOOM Kpan, 21a3Ku.
OmmbleKu uepeOyromcs C pesKumu OYepmanuaMu, yeemosvle KOHMpPAcmol ¢
HedcHoCcmbio nepexoda om yeema k yeemy. Cmenocmev u pasnoobpazue
gneuamasowux npuemos. brecmawue u mamosvie nogepxHocmu, mepyanue u
HeJCHeliwlue — ONnywleHus,  601aHbl,  Oaxpoma,  KAHmMbl,  UBOUPEHHAA
u306pemamenvbHOCMb 8 8APLUPOBAHUU POPMY.

Cunapom [IMrmMaiMoHa no OTHOLIEHHIO K CO3JaHWAM MPHPOABI SAPKO
npossisics y Paucel JIbBOBHbI M B €€ COBEPLIEHHO YHHKAJIbHOM CIOCOOHOCTH
LEePO H BCEIIaCHO BOCXHIIATLCA TAIAHTAMH APYTHX JIIOAEH U MpUBJEKaTh HX
B CBO# A0oM, 6yab 310 B JIeHUHrpane, WM B HOBOCHOMPCKOM AKaaeMropoike,
i Ha cpenHem 3anaae CLHA B Cent-Jlyuce, uau B MajleHbKOM JOMHKE Ha
okpauHe Ilapuxka (B nocneaHve roabl >xu3HH). Ee kBapTupa Bcerma
CTAQHOBHJIaCh CAJIOHOM HHTEJUIEKTYalloB, XYAOXHHKOB, MO3TOB, apTHCTOB. B
AxaneMropojike €€ HayyHbIMH H OpYXKECKUMH cobeceaHHKaMH ObUIH
U3BECTHbIE MAaTEMAaTHKH M KHOEPHETHKH, JIOAH SPKOH WHAMBHUAYaIbHOCTH —
A.AJlamynoB, H.A.Iloneraes, A.H.®er, 0.M.KynakoB. B Mockee #u
Jlenunrpane — akageMuku A.A.Caxapos u JI.B.KanTopoBuuy, nost Anekcanap
Iannu. Ha ee naye B Komaposo »wun B nepuoa rovenuit B CCCP noat Hocud
bpoackuii, 6y nyumid HobGesleBCKkHii naypear.

[IpuberHy k meradope, cmocoOHOM XOTh KaK-TO OMHUCATb CTHIb XH3HH H
auyHocTh Paucel JIbBoBHBI.  «Tpu fAeBULbI MO OKHOM NpS/IM MO3AHO
BEYEPKOM» M Ha3BaJIi CBOM 3aBeTHble xkenaHuid. OJHa - Ha BeCb KpeLleHbIH
MHp NpUroToBMiIa OBl MUP, Apyras - HaTkaja Obl MOJIOTHA, HY a TPETbs- PoIHIa
Ob1 Gorateips - ee ¥ BbiOpasn wapb. Tak BoT, Pauca JIbBOBHa HEMOCTHXKHMBIM
obpazoM Bomowana coboi OZHOBPEMEHHO BCE 3TH TPH BEYHBIX JKEHCKHX
MIMOCTAaCH.

OHa  MchbITHIBAIAa HCTHHHOE  YNOBOJILCTBHE  OT  XJ1eHOCOIIBHOrO
roCTeNpUUMCTBA, 3Has MHOXXECTBO T'YPMaHCKHMX YCJajl, HEMpepbIBHO TBOpA
HOBble MHILEBbIE BapHaUMH M  paAysch YAayHbIM Tpodo-skcrpoMram. B
OTJIMYHE OT KYpPTYa3HbIX BEJIMKOCBETCKMX HaM (PpaHLly3CKHX CaJlOHOB WIIH
onucaHHblX y JI. H. Toncroro B "AHHe KapeHuno#", y Paucbl JIbBOBHBI He
ObUIO KyXapkd WM noBapa. Bce 3akynanoch M HM3roTOBJISJIOCH €10 CaMoOid,
CJIOBHO NMOATBEPX/as JIECHUHCKYIO (PaHTaCMaropHio O KyXapKax, yrnpasJstolnX
rocy1apcTBOM.
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XenaHue HaTKaTh MOJIOTHAa Ha BECh MHUP - BTOpas )KEHCKas HUIOCTach - 3TO
MeTadopa COeAMHEHUS pa3pO3HEHHbIX HUTeH ObITHSA B LIEJIOCTHYIO TKaHb. Uner
JM pedb O JOMAILHEM CaJIiKe Ha OKOHHBIX MOJIKaX, "CBOAHHYECTBE" TANaHTOB
Opyr ¢ ApYroM, OpraHM3alMd BCECOIO3HBIX COBELIAHHWH Mo OHOMETpHH,
CHMIO3HyMa O TalHaxX Xy[0)KeCTBEHHOIO TBOPYECTBA HIH BbICTaBOK Pasbka 1
®dunoHoBa B AkaeMropoake.

LlBeThl - BOIMJIOLIEHHE KPacOThl W rapMOHHH B NMPHUPOJE - OBUIH CTPACThIO
Paucel JIbBoBHBI. Bxoas B nabGopaTtopHio, OHa MepBbIM [EJ0M yCTpPEMJIAIach K
cBoMM '"LBeTouykaM", MoOOOBHO NoNMBasg M yxaxuBas 3a HUMH. M uBers
OTBEYAIH €if B3aWMHOCTbIO, POCKOLUECTBYS B POCTE H LIBETEHUH, KaK HH y KOTO
Apyroro.

C Takoii xe crpacThio Panca JIbBoBHa TBOpWJIA Ha MOJIOTHaX M JIMCTax
OyMard 330TepHyeckHe HM3BMBbI M KpyxkeBa. IIoMHIO, kak B 3KCNEOMLUH B
Apmenuio B 1964 r. no3aHo HOYBIO 4 yBHAEN B kOMHaTe Paucel JIbBOBHEI cBET
M peluun 3arsaHyTh. OHa SpOCTHO MOJ3ala Ha KOJICHAX BOKpYT JIMCTa BaTMaHa,
norpy»ast OJieXKHyI0 WETKY B Ta3HK C Kpackoi U Boas eto no 6ymare. 1o Gbin
nepuon yBneyeHus Paucel JIbBoBHBI QUIypaTHBHBIM TaLIM3MOM.

Tpetbss jxeHckas unoctach - poAMTh Oorateips. 3aech MNpPOSBIAIOCH
HeoOblkHOBEHHOe Bie4yeHHe Paucel JIpbBOBHBI K TalaHTaM BO BCeX HX
TIPOSBJICHUAX, HO, MpEXIE BCEro, B HX MY)XCKMX MHKapHauusax. OHa 6bu1a no-
KEHCKH YyBieKkawowasci. TanaHtaM oHa npowana MHoroe. Iloatel u
XYHAOXHUKH MOIJIM MPUATH B rocTH B Jio6oe BpeMs cyTok, HHoraa "B
npabanaH" xBaruBiIMe xMenbHoro. Pauca JIbBoBHa ux He mnporoHssna. OHa
mobuna oOLEeCTBO TAaHTJIMBBIX MY)XYMH, a OHM JIoOuIH ee obiectBo. B TO
ke Bpems Pauca JIbBoBHa oOTHIOOb He Obula "po30BOH M IMyLIMCTOR",
UCNOJIb3Ys MOJIOJEXKHBIH cieHr. C TOH e CTpacThio, C KOTOPO# OHa pacToyana
NoXBajlbl, OHAa HalpaBisja CTpesibl CBOETO CBEPXBA3BHTEILHOIO WHTEIIIEKTa
MPOTHB OMIMOHEHTOB, B3Ikl KOTOPbIX MPOTHBOCTOANIM ee NpHHLUMNaM. [Topoi
ee Ooratoe BooOpaxkeHHe npeobnagano Hajy pasyMoM. OHa BbICTpauBala
BO3AyLUHblE 3aMKM M MpHIMChIBAJa MOMAaBLIEMY B HEMMJOCTb KOJUIere
¢daHTacTHYEeCKHEe BHUPTyalbHble NperpelieHHs W 3ible yMbicabl. CIOBHO B
noaTBepxAeHUE MoJbOBI Mo3Ta: "Munyi Hac nywe 6cex neuanei u 6apckuti
eHes u bapckas 110606b".

[IpuMeuaTeneH cTab Hay4yHOH paboThl M XKM3HEHHOW AMHAMHUKH Pamchl
JIbBoBHbI. OHa Obla SpKO BbIpRXEHHOM "COBOW", ee AaKTHBHOCTb SBHO
HapacTajia 1o Mepe CTyLIEHHs CyMepeK W JOCTHraja nuka K 12 yacam HOuH.
[Tpuxons Ha pabory B nabopatopuio uyacam Kk 3-4 OHs, MoMoOOBaBLIKCE,
npexzae Bcero, Ha niobuMbie LBeTo4ykH, Pauca JIbBoBHa camunack 3a CBOiA
pabounii cToN M, OKpYXKEHHas SIUHKaMH C MpobHpkaMH Apo30¢uI, CIOBHO
npuienBanach k crony. Camo3abBeHHO, yac 3a yacoM, 8-10 yacoB moapsa,
OHa cuaena 3a GHHOKYJSAPOM M JIMILIb JajieKO 3a MOJIHOYb BBIHYXIEHHO W C
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coXXalleHHeM TMokuaana nabopatopuio. Iloyepk M 3anucu B naGopaTopHOM
XypHaJle OTJIHYaJIKCh AaKKypaTHOCTBIO, KaUIHrpapUuecKOod CTPOroCThi0 H
kpacotodi. Korma oHa, aHanu3upys reHoQoHA NOMyJSAUMH, COTHAMH U
ThICA4YaMH "TOHsNa Apo3o¢Ha" (PEHOTHUN MyX W3 NPUPOIBI M Pe3ysbTaThl
CKpELIMBaHHUi), OT €€ LEMKOro XyJO0)XKECTBEHHOrO0 B30pa HE YCKOJb3alH
MaJiefilie OTKJIOHEHMs MyIIHHoro ¢eHoruna. " He npuampaiitech, 3TM MyXxu
HOpMaJibHbIe", - TOPO# rOBOPHIIH KoJIierH, koraa Pauca JIbBoBHa ycMaTpuBania
cnaboe M3MEHEHHME HAKJIOHA )KMIIOK, BbIPE3Ky Ha KpbUle WM LIEPOMHKY Ha
MYLIHHOM OpIOLIKe.

U ewme onHa oTnuuuTenbHas yepta Paucel JIbBOBHBI - apHCTOKpaTH3M ee
JyXa W HEMpUCTYMHOCTb QyXOBHOH TeppHTOpHH. HHKTO He Mor 3acrtaBuTh ee
CKa3aTh TO, YTO OHA HE AYMAEeT, a MPECTYNaIOILHIA €€ NYXOBHYIO TEPPHTOPHIO
NoJlyyan OOCTOMHBIH M A3BMTENBHBIH OTMOp. JlOCTaTOYHO mNpouYHTaTh B
"CyxoBee" cTeHorpaMMy pasHoca Paucel JIbBOBHBI B 3aKpbITOM YueHOM
CoBete HHcTUTyTa LMTONOTMM H TIeHeTHMKH B 1968 r. 3a ee moamuch B
KOJUITEKTMBHOM MHChbME YHEHbIX AkageMropoika B 3amuty CHHSBCKOrO W
Hauuong. 3a uckinroueHueM otBaxkHoH 3ou CadponueBnsl Hukopo, Bce n16o
NPUrHYJH CBOM TrOJIOBbI, JHOO HECIH HY)XHYIO NapTHHHOMY HayajbCTBY
COBETCKYI0O OOBHHMTENBbHYIO oOkojecuuy. Ilpomno 25 ner, u B 1993 rony
HHCTHTYT nocTynuna 61aropoiHo, M34aB MOJ CBOEH STMAOH MOAroTOBIEHHbBIH
camoii Paucoii JIbBoBHO# cOOpHHK ee paboT Mo 3BOMIOLIMOHHOMN FEHETHKE.

Pauca JIsBoBHa Bepr, nouusuias B Bo3pacte 93-x ner B Ilapuxe 1 mapra
2006 r., moHecna A0 HAac CBET YyWIeQied B TMpOLLIOE POCCHICKOM
HHTEJUTUT€HLIMH.
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AJIEKCAHJAP BOPUCOBHY JEBHH (1944-2007)

Anekcanap bopucosuu leBun

HATAJIMA KOJITOBAA
ObveduHeHnnblii uHcmumym s0epHbLX UCCNe008AHUM,
Iybna, Mockosckas o6a.

C Anexcanapom bopucosuuem
Mbl 3aKOHYMJIM OOHY H Ty Xe
kadenpy 61odusuku (c
uHTepBasiom B 11 Jjer),
koropoii B MOTH pykoBoaun
npod. 0. C. JlazypkuH u3
HAD um. U. B. Kypuarosa.
[lorom yxe cam AJekcaHap

BopucoBuy 6611

PYKOBOOMTENEM  JHUMIOMHBIX 8 .

paGoT y  MHOTFOYMCICHHbIX [H% \ . QENER 3.
«(pu3TEXOB», B TOM YHCIE M Y Anexcannp Bopucosuu Jesut. 2006 r. (u3 apxusa
MEHS. H.A. Konarosoit)

Bcio cBoio TpyAOBYIO KH3Hb BIUIOTH O CMEPTH OH MpopaboTan B OAHOM
nabopatopuu: cHayana B KypyaToBCkOM MHCTMTYTE, a 3aTeM B
oTnoykoBaBieMcs oT Hero MHCTHTYTE MonekyasapHO# reHeTHkH. E3nun oH Ha
paboTy C NpOTHBOMONOXHOIO KOHHa ropoaa, W3 JlocHHoro ocTpoBa,
3aTpayMBas OKOJIO TpeX-4eThipeX 4YacoB TOJbKO Ha mopory. OxHako Bpems B
Jopore y HEero He Mponajajo AapoM, MOCKOJIBKY OH OblT KHHUro4eeM M 4YHTall
Bceraa W Besfe. Ero spyauuus M BeNMKOJIENHAsA NMaMATh MOTPACAIM BCEX, KTO
6bUT C HUM 3HAKOM.

Anexcannp bopucoBud 6bul BENHKONENHBIM reHeTHKOM. CBOIO Hay4HYIO
mo6o3HATENLHOCTE OH 0OpaTH Ha mpo6yieMbl reHeTH4eCKO#H CTabMIbHOCTH.
Hayunyto paboty Hayan y Muru IlaBnoBHbl ApMaH B nabopartopun Hukonas
Hocugosuua Llanupo. Tem cambiM OH BHEC (HM3TEXOBCKYIO IPOMNOKEBYIO
ctpyto B MI'V-mwHyto cpeny. 3aHuMmancs oH npobiemMamu MyTareHesa, B
YaCTHOCTH aHAIM30M MpHpoAbl Mo3auuusama. C MOMOLIbIO T'€HETHYECKOro
aHalk3a MOKa3al, 4YTO MO3aMLM3M Y TOUYKYIOUMXCS JpO3OKeH BbI3BaH
FeTEPO3MrOoTHOCTbIO W BbILIEIUVIEHHEM  PELECCHBHOIO  aljiens, 4YeM
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POAEMOHCTPHUPOBANl HECOCTOATENBHOCTh rHmnoTe3bl LllapnoTei Ayapbax o
pa3HOM NpHUpOAE MYTALMH Yy MOJIHBIX MYTaHTOB M MO3aWKOB. BrnocnenctBuu
TpH aHATM3e HAIIYMEBLUETO SBJEHUS «PETUTHLMPYIOLIEHCS HECTaOHIBHOCTHY Y
AENAIMXCA APOXOKEH OH BBIABHMJI AMIUIOMJHOCTb AHAIU3UPYEMOrO «SKOOBI
ranjioMAHOro WTaMMa» M TOT e MPOLECC BBILEMICHUS PELIECCHBHOIO aJliess,
TEM CaMbIM «3aKpbIB» 3TO 3araJjlouHOe ABJICHHE.

CronkHyBUIMCH c
Bap1abesIbHOCThIO
4yBCTBUTEJIbHOCTH cyOKJIOHOB

JIPOAOKEH K a30TUCTOM KHCIIOTE, OH
NEPEKIIOYNICS B JajibHEHLIEM Ha
H3yueHue HeCTaOHbHBIX
reHeTHYeckux ¢akropoB. OnHuM
M3  Takux  (akTopoB  ObLd
MHUTOXOHAPHAIbHBIA reHOM. bbiio
Moka3aHo, 4TO CyOKJIOHanbHas
BapuabenbHOCTD obycnosneHa,
YaCTHYHO, M3MEHEHUAMH
MHTOXOHJPHAIBHOIO reHoMma,
KpYTNHbIE MEPECTPOHKH KOTOPOTro
NPHUBOIMIIH K HapyIIeHHIO
AblXaHus (petite) M NOBBILIEHHIO
YYBCTBHTEJILHOCTH K a30THCTOM
kuciore. B MHUTOXOHApHaNBEHOM
reHOME C BBICOKOH 4acTOTOi
Kypuarosckuii uHCTHTYT, 1998 1 NPOUCXOAAT HU3MEHEHHUS, He

HapylUuaoLHe JbIXaHHe, HO
B/IMAIOILME HAa YYBCTBHUTENBHOCT K IOBpEXIAIOIEMY areHTy. bbiiu
BbIZABUHYTHI MpPEAMNOJOXKEHHS 00 afanTHBHOM XapaKTepe HeCTabUIbHOCTH
MHUTOXOHJPHAJILHOTO TI€HOMa M BBILEIUVIEHWH MYTAHTOB petite U 0O
reHeTHYECKOM KOHTpOJie HeCTabHIbHOCTH. JIeiCTBUTENBHO, yANOCh BbIAETHTh
BbICOKOMEpapXxHU4Hble reHbl (Hanpumep, kuHaza CDC28), obycnosnuBaroumme
BbICOKYIO YacTOTy BO3HMKHOBEHHs MyTauMi petite. MyTauuu B 3THX reHax
MUIEHOTPOIHBI: OHH BIMSAIOT HAa CTaOWIBHOCTD HE TOJbKO MHTOXOHIPHAIBHOTO
reHoMa, HO U XpOMOCOM; Ha 4yBCTBUTeNbHOCTb K JIHK-TponHbiM arenTtam; Ha
penapaumio ¥ YeKMOMHT-KOHTPOJb. DTH BBICOKOHEPAPXUUHBIE IeHbl OKa3alHCh
reHaMH SMMreHeTHUYEeCKOH perynsud. B HacTosiiee BpeMs J1aBHHOOGpa3HO
HapacTaeT aKTUBHOCTb MCCJIEIOBaHHS 3TOHW HOBOHM CYNEPMOAHOW perynsuuu.
Jo6pocoBeCTHOCTb, HOBM3HA M NPHHUMIHAIbHAA Ba)XHOCTb MOJYYEHHBIX
pe3yibTaToB NMpUHECHH Anekcanapy bopucoBudy 3aciyxeHHOe yBaK€HHE CO
CTOPOHBI KOJIJIET.
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Hdns  AnekcaHapa bopucoBuua Oblna  XapakTepHa  MOBbILLEHHas
Tpe6OoBaTeILHOCTD, MpeXAe Bcero k camomy cebe. B pabore - moTOIIHOCTS,
CKpYITYJIE3HOCTb, JaXe B MeJloYaX, HUKaKoH «xansaBbl». [IoMHIO, Kak MHCAIHCh
HaMH MepBble COBMECTHble CTaTbH. CTaThs, Kak B MHHI-TIOHTE, HECHETHOE
KOJTMYECTBO pa3 Mepexoiwia OT OJHOro K JpyroMy ¢ O4epelHOH NpaBKOH H
3aMeyaHuAMH. TekcT uudoBaics TILATeIbHEHIIHM 06pa3oM, nepenuchBaICa
MHOro pas, 4Tobbl He OCTaBaJOCh HH OJHOrO JIMIUHEro CJOBa, NMOBTOpa WIH
HEACHOCTH. B pe3ynpTaTe MHOrocC/i0BHas CTaThs BbUIMBAIach B JIAlTHAAPHYIO
¢dopmy.

Anekcanap bopucoBH4 ObUT K1acCHYECKHM «Tpyaoroaukom». PabGoranu,
KaK TMpaBWJIO, AOMNO3/HA, A0 nocieqHed anekTpuukd. He obxommnoce u 6Ges
Kypbe3oB. Koraa nossuiauch koMmnbioTepsl, AnekcaHap bopucoBud ynuBun
MEHS CBOMM YBJICYCHHEM KOMIBIOTEPHBIMH HMrpaMH. B Kakoi-TO MOMEHT
KH3HH OH MrpaJl C TAKHM a3apTOM, YTO H3-32 HMIpbl OJMH pa3 omo3jal Ha
nocieaHIo 3ekTpHuky. [lo-BuaHMOMY, Hrpa Mo3BoJIA/Ia €My peslaKCHpPOBATh,
CHHMMaTb HallpsbkeHHE U OTBJIEKATbCS OT JKU3HEHHBIX MpobieM.

Anekcannp BopucoBuu Obln He3aypsaHBIM YENIOBEKOM M BEJIMKOJIEMHBIM
cobecenHukoMm. IIpekpacHO 3Hayl MO33HMI0, MY3bIKY, >XHBOMHCh. 3HaHHE
HECKOJIbKHX MHOCTPaHHBIX A3bIKOB (HEMELIKOrO, aHIJIMHCKOro, ¢ppaHLly3cKoro,
ANOHCKOro) U abconoTHas MaMATh MO3BOJIUIM €MY LIMTHPOBAaTh aBTOPOB Ha
a3blke opuruHana. borathiii poaHoH pycckuit s3blk oborawan ero peyb
3aMbIC/IOBaTIMH 000poTamMu, Jaenas ee HemoBTopuMod. O6 3TOM ke
CBUZETEJILCTBYIOT €ro nucbMa. Jlaxe paboras B HMHCTHTYTE, OH MpPOJOJIKA
COBEPLICHCTBOBaTh AaHIJIMHCKUK A3bIK Ha 3aHATHAX Yy Jlumbl Arpauesa
(nepeBomuvk HHCTHUTYTa MOJNEKYNSAPHOH Te€HETHKH): TaM OHH, TNOMHHTCH,
YUTAIM CIOXKHEHIUH TekecT «Mak6et» Lllekcnupa B HeananTHPOBaHHOM BHJE.
3HaHHE aHTJIMICKOro - MO3BOJISJIO MHMCATh CTaThbH Ha XOPOLIEM aHIJIMACKOM
a3bike Oe3 nepeBofYMKA. JHaHHE AMOHCKOro - obecrneynBao MpuUpaboTok B
TsDKEJIble BpEMEHa.

I'oBops 06 Anekcanape bopucoBuue, Helb3s He YIIOMAHYTS ellie 06 0qHOM
ero TajJaHTe — YMEHHH CO3/1aTh TEIUTYIO, HHTEJUIEKTYalbHyI0 aTMocdepy B
konnektuBe. Ero nobpoxxenatenbHOCTh H OT3BIBUMBOCTH He 3abyayTcs. Y Hero
HUCKaIM COBETa, KOHCYJbTHPOBAIMCH MO Hay4yHbIM BompocaMm. HcTHHHOe
HacllakJeHHe AOCTaB/IsUIM Oecelibl C HUM O JIMTEpaType, KHBOMUCH, MY3bIKE.
CMepTh HeoXHAaHHO paHo 3abpana Anekcanapa bopucoBuua, octanacek
CBeT/asg NaMATh O 3aMevaTesibHOM, focToiiHoOM Yenoseke.
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BJIAITUMHP WJIbUY UBAHOB (1932-2011)

Cgetaoii namsatu B.U. UBanoBa

COTPY JHUKH MEJIMKO-TEHETUYECKOI'O HAYYHOT'O
LIEHTPA PAMH

20 okta6ps 2011 r. ucnonHsercs rog co OHA cMmepTH akagemuka PAMH
Bnaagumupa Wnbuya MBaHoBa, oaHOro M3 Bblaarowmuxcs 6MOJOroB U reHETHKOB
HalleH CTpaHbl.

Bnaaumup Mneny MeanoB poamncs 21 mons 1932 rona B ropoae Xap6bun
(Kuta#t). C 1950 no 1953 r. oH yuuncs B XapOHHCKOM MOJUTEXHUYECKOM
MHCTHTYTE, 3aTeM MOCTYyNWI Ha OuWonoruyeckuil dakynpTeT VY pajibckoro
rocyaapcTBeHHoro ynueepcurera uM. A.M. lopbkoro B r. CBepasioBcke (HbiHe
r. EkatepunOypr).

[Tepsbie waru B.HM. MBaHoBa B Hayke ObUIM CB3aHbI C M3yYEHHEM pOJIH
THOHOBBIX GaKTepHit B NPHPOAHBIX H TEXHOJIOTHYECKHX MPOLIECCaX OKHCICHHUS
¥ pacTBOpeHHs CyabGUIHBIX MHHEpaoB. B Gonee mIMpOKOM cMbiciie 061acTh
€ro HCC/IENOBAaTEIbCKUX HMHTEPECOB B 3TO BpeMs — MpPHUMEHEHHe
MHKPOOHOJIOrHYECKUX METONOB B O0OOrallleHHH pa3iuyHbIX pyA. Pesynbrarsl
KpPOMOTIIMBOrO  HM3yYeHHs  MPUMEHEHHS  THOHOBbIX  OakTepuii B
TUAPOMETAUTYpPriH, OMmyOnHMKOoBaHHblE B 14 CTaTbhiX, M JIErIW B OCHOBY
KaHAUJATCKOM unccepTaupm], 3alMIIEHHON B 1962 . Yixe Oyayyd MacTUTHIM
y4yéHbIM, Bnagumup Wneuu Bcerna ¢ BUOMMBIM YIOBOJILCTBHEM OTMeEHall, YTO
€ero nmnepBble Hay4Hble HCCIEJOBaHHA TMOJYYHIH B THAPOMETATYpPruH
NpaKTHYECKOe NPUMEHEHHE.

EwE€ nmo okoHuanus B 1960 r. VYpanbckoro rocyaapcTBEHHOro
yHuBepcuteTa, Bnagumup Mnenu ¢ 1957 r. HauuHaet pabortate B MHCTHTYTE
6uonorun VYpaibckoro ¢unvana AH CCCP noa pykoBoactBom Hukonas
Bnagumuposuya Tumodeesa-Pecockoro. Hccnenoanus B.HU. HMBaHoBa B
Jlabopatopun GHOGHU3MKH, KOTOpyio Bo3riaeiin Hukonait BnagumupoBuu,
NOCBSILIEHBI MOBEACHHIO PaJMOM30TOINOB Pa3TMYHbIX XHMHYECKHX JJIEMEHTOB B
BOJOEMAX M MX HakoruieHHIo ruapoduontamu. He ciyyaitHo B 1960 r. Hapaay ¢
[BYMS CTaThMH 110 MHKPOGHONOrHYECKMM MeTolaM oboraileHus pya™ oH
myGAMKYeT U MepBYIO CTaThbiO MO HOBOW I ce6s TeMaTHKe — O MOTJIOEHHH
Le3Ms pPACTEHHAMHM TMPECHOBOAHBIX BOMOEMOB'. DTa M  mociemyrouue
MHoro4ucieHHble pabotbl B.M. MBaHOBa yxe npsMo Haxoauauch B pycie
paiMaLMOHHONW OHOTreOLEHONOTMH — HANpaBlIEHHs, KOTOPOE YCMEIUHO
passuBasii H.B. u E.A. Tumodeeni-Pecosckue.
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3onotas cBaasba TuMogeessix-Pecosckux. Cnesa Hanpaso: E.A. Tumogeesa-Pecosckas,
B.U. Koporoaun, P.K. 3akues, B.U. UpanoB, M.M. AnTowmnna, T.A. UBaHOBa. OGHHHCK,
1972 r.

B 1964 r. Bnagpumup Hnbuu Bmecte ¢ uerodi Tumodeenbix—PecoBckux
nepeesxaer W3 Ceepmnocka B OGHMHCK B HHCTMTYT MeaMUMHCKO#
panuonorun PAMH. 3nece OH BMecTe ¢ rpynmnod COTPYAHHKOB HayHHAeT
¢dyHnameHTanbHy0 paboTty mo paguoGHONIOrMH W paJHaLMOHHOH TeHEeTHKe
Arabidopsis thaliana. Bckope 3T0 HebonblIOE KpPECTOLBETHOE pacTeHUe
HauWHaeT pacCMaTPHBATbCA B HAYyYHOM MHMpE KaK «pacTHTeNbHas Apo30¢uan
— HaCTOJIBKO OHO CTaHOBMTCS YJOOHBIM Ui FEHETHYECKHUX KCIIEPUMEHTOB. B
3TOM ecTb HecoMHeHHas 3acayra B.H. MBaHoBa, koTopoMy yaanoch noiny4uTh
3HaYHTEJIbHOE YHMCJIO HOBBIX PpaJHALMOHHO MHAYLMPOBAaHHBIX MYyTaUHH Y
apabunoncuca. B.A. MBaHOB npemioxun MeTol, MO3BONSIOLIMHA YCTAHOBHTH
COOTHOLIEHHE MEXAY PEerMCTpUpYeMbIMH [OKa3aTeNiMH HHAYLIHPOBAHHOIO
MyTaLMOHHOro rnpouecca (XJ1I0podHuabHbIE MyTalUHH, SMOPHOHANBHBIE JIETATH)
M YHCJIOM MyTaluiH B KIeTKax 3apoabllieBod MepucTeMbl. HMroru pabotel Ha
apabuoncuce GbiIH CYMMHpOBaHbI B AMCCEPTALMK’ HAa COMCKAHME CTENEHH
JoKTOpa 6HONOrHYECKUX HAyK H B MOHOFpa¢HH6, Bbllleued B cBeT B 1974 1.
Pa3BuBas KJaccHYECKHE MOJNOXKEHHUS TEOPHH MHLIEHH W NPUHLIMNA MONaaaHus,
B.W. MBaHOB Ha HOBOM Marepuane yOGeauTeNbHO MPOAEMOHCTPHPOBAI, YTO
reHeTUYeCKHe MEXaHM3Mbl 3aHMMAIOT LEHTpalbHOE MecTO B (OPMHPOBaHHH
obuiero nopakeHus o6Jiy4eHHbIX OPraHU3MOB, a HHAYLIMPOBaHHbIE paJHaLHe
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MyTaUMH SBJISIOTCS XOpOIIMM HMHCTPYMEHTOM [UIs aHaiu3a Ccrnoco6oB
FeHETHYECKOTO KOHTPOJIS pa3BMTHsA apabuaoncuca. BaxHoe s ycmemHoro
pasBUTHA PaMOOHONIOrMYECKHX UCCIIEJOBAaHUH 3HaUEHHE UMeEN U TOT (aKT, YTo
B 1968 r. AToMu3gaT omy6auKoBa KHHI‘y7, B KOTOPO#l BIEpBbIE Ha PYCCKOM
A3blke  OblIa M3/M0XKEHA CYTh NPHHLMNA MONAJaHUs B pagvoOMONIOTHH,
npeanoxenHoro H.B. TumodeesriM-PecoBckum u Kyprom Llummepom, a ero
peanu3alus TNPOAEMOHCTPUpOBaHA COaBTOpaMHM 3Toro u3gawus (H.B.
Tumodees-Pecosckuii, B.. UBanoB u B.HU. Koporoaux), B Tom uucne, Ha
HOBBIX 0OBbeKTaX: ApoAOKax U apabuponcuce.

=

Cnesa: Iloprper B.HM. HUBaHoBa; cnpaBa: «Tpu 3y6pa» (H.B. Tumodees-Pecosckuit Ha ¢oHe
3y6pa 1 noprpera H. bopa). Xya. P.H. I'a6puensu. Muaccoso, 1950-e rr. CoGCTBEHHOCTh CEMBU
HBaHOBbIX.

Vxe B Hauane 70-x rr. B.M. MBaHoB 3asBnser o ceGe kak o Ouonore
wupokoro npo¢uns. OAHOBPEMEHHO C HCCIENOBaHHAMM Ha apabuaoncuce oH
aKTHBHO 3aHHMaeTcs NpobJieMaMH TeHEeTHYECKOro KOHTPOJIS OHTOreHesa
aposodpunsl. B 1972 r. Bnagumupa Hnbuua npurnawaior Ha paboty B
HUncruryr meauuunckoit reHetuku AMH CCCP, co3panHbiii B 1969 1. u
nepeexaBlIXi B HOBoe cobcTBeHHOe 31aHHe B 1971 r. 3neck OH Bo3ryaBiseT
paboty JlabopaTopuu 3KcrepUMEHTANBHOM F€HETHKH pa3BUTHA (B JaibHEHIIEM
— JlabopaTopuss TE€HETHKH pa3BUTHA), KOTOPOH MPOAOKAET PYKOBOAWTH
BIUIOTH 10 2004 r.

B nepBble xe roasl pabotel B MHcTuTyTe B.M. MiBaHOB npeBpalaer cBoro
nabopatopuio B HacTosAUMH YyueOHbIH Kjacc, rae Bce aclUpaHTbl H
opauHaTtopsl MHCTHTYTa nostyyaloT uis cebs peaKylo B Te rofibl BO3MOXKHOCTh
OCBOMTh a3bl OOILIEH TeHETHKH, BBIMOJNHAS MNPAKTUKYM Ha Jpo3oduie.
OpHoBpeMeHHO Toj  pykoBoacTBoM Bragumupa HMibuua Ha 3TOM
KJIaCCHYECKOM OOBEeKTe TIEeHETHKH COTPYAHMKaMM JlabopaTopuM aKTHBHO
BeNETCA M3y4yeHHe [eHCTBUA M B3aUMOAEHCTBHUS TOMEO3MCHBIX TEHOB Y
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Apo30o(uiIbl, KOTOpble, Kak Mpeanojarajyd aBTOpPbl 3THX HCCJIEOBaHHIA,
PErylHpyIOT akTHBHOCTb MHOTHX IreHOB. B pe3ynbrare U3 naboparopuu Beilia
cepHs M3 4YeThIpEX [ECATKOB CTaTei, MO3BOJMBLIMX TMOHATH HEKOTOpbIE
KOHKPETHbI€ MEXaHH3Mbl F€HETHYECKOH peryisilHH pa3BUTHA CErMEHTapHBIX
CTPYKTYp Y Apo3odunsl’. Kak BBIACHWIOCH BIIOCIEACTBHHM, OHH XK€ MMEIOT
OTHOLIEHHE K MEXaHH3MaM peryjsuMd TMpOLIECCOB pa3BMTUA H Yy
MJIEKOTIMTAIOILHX, B TOM YHCJle — Yy 4esoBeka. Eile OqHHM OpHUTHHaJIbHBIM
HanpaBJ€HHEM HMCCJICIOBaHUH, BBIMOJIHEHHBIX Ha Jpo3oguie, SBHIOCH
M3y4YEeHHE POJIH KJIOHHPOBaHHS NMPOreHUTOPHBIX KJIETOK HMaruHaJIbHBIX TUCKOB
B MopdoreHe3e pa3IMyHbIX obnacTed M CTPYKTyp B3pocioi ocobu. [lns Takoi
paboTsl 6bUIO MCMONB30BAHO MapKHPOBaHHE KJIETOK WMarHHaIbHBIX JHMCKOB
JIMYMHOK pa3HBIX BO3pPACTOB C MOMOILBIO PAJHALMOHHO HHIYLHMPOBaHHOTO
COMAaTHYECKOro KpOCCHHrosepa. B pe3synbrate ObIIO MOKa3aHO, 4TO He
CYILECTBYET CTPOroi CBS3H MeXIy KIOHHPOBaHHEM OIpENeIEHHON KIETKH
MMarHHaJIbHOTO AMCKa H J1(}epeHLIUPOBKOI U3 3TOro KJIOHA OJHOMH M TOH e
MMarHHaIbHOM CTPYKTYphl Myxu. OnpezieleHHe OKOHYATENbHOH Cyap0BI KIIOHA
NPOr€HUTOPHOMN KJIETKH HOCHT CTOXaCTHYECKHH XapaKTep, H MOXHO BBIIAETUTb
TONbKO  MPEUMYIUECTBEHHBIH, WIH MOJAJIbHBIH, THN CBA3H  MEXIy
KJIOHHMPOBaHHEM NMPOreHUTOPHOM KIETKH M nocieayolei nupepeHLIHpoBKOi
OMpEENEHHBIX MMArHHATLHBIX CTPYKTYP'.

Co Bropo# nmosnoBuHbl 80-X Ir. OCHOBHOE MECTO B HAYYHBIX W3BICKAaHHAX
Bnagumupa Wnbuya MpoyHO 3aHMMAlOT MEXaHM3Mbl OHTOr€He3a Yy YeslOBeKa.
CnoxuBuieecs NPH HMCCIENOBAaHHH BOMPOCOB 3KOJIOTHH, PagdoOHONIOTHMH H
OHTOTreHe3a obluee NpeAcTaBAeHHE O NPEUMYIIECTBEHHO CHCTEMHOM XapaKTepe
6HONMOrHYECKHX MPOLIECCOB MPH IUHPOKOH BapHallMM MX MPOSABJIEHHH MPHBOIUT
B.H. UBaHoBa ¢ coTpyHHMKaMH K HEOOXOJHMMOCTH MpHUBJICYEHHS AJIS aHAJIH3a
M3MEHYMBOCTH, KJIaCCHQUKALMHM W JHAarHOCTHKH BPOXIEHHBIX IOPOKOB
pa3sBUTHA 4eslOBEKa, OCOOEHHO NMPH XPOMOCOMHOM NaTOJIOTHH, Pa3IH4HBIX
METOZIOB KOMIIBIOTEPHBIX HCCIIeI0BaHHH, BKJIIOYAs pa3paboTky
MHOOPMALIMOHHO-AHAarHOCTHYECKUX CHCTEM M co3JaHMe 6a3  JaHHBIX.
Co3nanHbie B cepeauHe 90-x romoB mnox pykoBoactBom B.M. HBaHoBa
HHOPMALIHOHHO-IMATHOCTHYECKME ~ CHCTEMBI' "'  BCKOpE HAULIH  CBOE
npuMeHeHHe B paboTe psja MeIMKO-reHETHYECKHX KOHCYnbTauui Poccuu.

Emé€ B camom Hawane 90-x rojoB, KOraa Hayajach peaH3aLiis
MEXIYHapOJHOr0 MpOEKTa MO CEKBEHHPOBAHHIO I'EHOMAa 4YEJI0BEKa, CTaJlo
CHO, YTO 3TO MNpPHUBEAET K BO3HHKHOBEHHIO pAfia MOPaJIbHO-3THYECKHX
npobneM: BO3HHKIA HEOOXOOMMOCTb OOCYAMTb  OEHCTBHUTENIbHBIE H
NOTEHLUMANIbHbIE OMACHOCTH BHEAPEHHS HOBBIX T€HETHYECKHX TEXHOJIOTHH.
CoBMecTHO ¢ ApyruMH y4éHbiMH Brnagumup Wnbnu HauuHaer paszpabatbiBaThb
3THKO-NIpaBoBYl0 6a3y BHEAPEHHWS B MEOMKO-TE€HETHYECKYIO MpaKTHKY
MCC/IENOBaHUIM, OCHOBaHHBIX HAa TE€HOMHBIX, TI'€HHO-WHXEHEPHBIX M HHbIX

233



OHOTEXHOJIOTHSX, YTO €CTECTBEHHBIM 00pPa30M BBITEKAJIO U3 €ro PyKOBOACTBA
MeIMLUMHCKO#N YacThio poccuiickoit IlporpamMmel «I'eHoMm denosekaw. [To 3Toit
npo6nemaruke B.H. IBaHOB NpMHMMaET aKTUBHOE y4acTHe B MOArOTOBKE psaa
¢benepanbHbIX 3aKOHOB, PETYIHPYIOLIMX 3TH BHbI JEATENBHOCTH, a TAKXKE KaK
npeacraButens PoccuuM ydacTByeT B jesrenbHocTH Paboueit  rpynmbl
PykoBoasiero komuteTa no 6uostuxe Cosera EBponbi.

[Tlon pykoBoactBoM B.M. HBaHoBa O6bUIM  BBIMOJHEHBI HayyHbIE
MCCIIEIOBAHHA 3THYECKHX NpoOneM NPUMEHEHHS TEHOMHBIX TEXHOJIOTHH B
3apaBoOXpaHeHHH PoccHH B paMKax npoekTa pocCHitckoid nmporpaMmbl «I'eHOM
4yenoBeKa» M MEXKIAYHapoAHOro wuccinenoBaHus «Il'eHeTMka H  3THKay,
BO3[JIAaBJISEMOr0 aMepHKaHCKUMH yueHbiMH JI. Beptu u k. ®dneruepom. B
2004 r. 3a UMK HayuyHbIX paboOT MO 3THYECKUM NpobieMaM MeAMLMHCKOM
renetuku'>*® B.M. Upanos (Bmecte ¢ B.JI. Mkesckoi u JL.O. Kypuno) 6bin
yOOCTOEH IUIJIOMa MMEHHOH npeMuH Poccuiickoi akageMWH MeIMLIMHCKHX
Hayk umeHu C.H. [laBuneHkoBa.

B Te e roasl OH BXOJWI B 3KCNEPTHYIO rpynimy BceMupHo# opraHusauuu
snpaBooxpaHeHus (BO3), mnepex kortopoil Obu1a rnocTaBneHa 3agada
NPOAHAJIM3UPOBATh CYIIECTBYIOLIHE 3THYECKHE MPUHLMIBI  MEOULMHCKOM
FeHETUKH U MPEASIOKHUTb MEXIAYHapOAHOE PYKOBOACTBO, KOTOpPOE MOIJIO Obl
ObITh BOCIIPUHATO GONBLIMHCTBOM CTpPaH 3a OCHOBY. IIOHATHO, YTO AaHHYIO
3afa4y NPUXOAWIOCH pellaTh KaK KOMIUIEKCHYIO, BKJIIOYAIOLIYIO 3THYECKHE,
IOPUIMYECKHE, TEXHHYECKHE, PEIMIHO3HbIE, COLMAJIbHBIC, KYJIbTYPHblE H
apyrue acnektbl. O6najas SHUMKJIONEAMYECKMMH 3HaHMAMU B ob6nactH
OHOJIOTHH, TeHETHKH, coudonorud, penuruy, B.HM. HBaHoB, 6e3
npeyBeIHYeHHH, OKa3alics OJHOM W3 KJIIOYEBBIX MEPCOH JAaHHOH IKCIEPTHOMH
rpynnsl. Ero cmoco6HocTh BbicHymarh cobecefHWKa, 3aaTh KaBep3HbIH
BOMPOC W TYT )K€ MNPEIJIOKHTh €ro BO3MOXKHOE pelIeHHe, He pa3 Cracaju
rpynmy OT TYMHMKOBBIX (OPMYJIHPOBOK, OCOOEHHO KOrga 3TO Kacajioch
STHHYECKHX W COLMAJIbHBIX Pa3MYUA WIH PENMrHO3HbIX JOIMaTOB pa3HbIX
KOH(eccuil. B OTHOCHTENBHO KOPOTKHMH CpOK TIpyrnne YAaloch CO3AaTh
MEeXIYHapOJHOE€ PYKOBOACTBO 10 3THYECKMM MpHHUMNAM B 00JacTH
MEIHULIMHCKOH NeHETHKH H T€HETHYECKHUX cny>l<613"d.

IToMumo stHyecknx acnekroB, B.H. VBaHOB akTHBHO coOTpyaHHuan c
nporpamMmoii BO3 no reneruke uenoBeka B pOpPMHPOBAHHH €€ MPOrpaMMHbIX
JOKyMEHTOB M HamnpaBiieHMH pa3suTHs Y. 31ech MpOSBMINCH €ro Nywiiue
npodeccHoHaNbHBIE M YeOBeYeCKHe KayecTBa. Y MEHHE BHUAETH MEPCMEKTHBY,
OOlUMpHbIE 3HAaHWS, TNO3BOJAIOLIME BBIPabOTaTh HHTErpajbHbIA MOAXOHX K
pelleHHIO 3a/1a4ul, BPOXKIAEHHBIH IOMOp, MPEKPaCHOE 3HAHME fA3bIKa — BCE 3TO
no3sonsio Bnagumupy Mnbudy ObITh XenaHHbIM KOJIErod WM cobeceIHMKOM
cpenu 3apybexxHbix yuénbix. Ero yyactue B coBMecTHbIX coBewiaHuax BO3 ¢
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IPSEN Foundation (France, Paris) Bcerma Haxoawno y MOCIEAHHX CaMble
NOJIOXKHTENbHBIE OT3BIBBI H MOXKEJIaHHE JajlbHEHIeH COBMECTHOH paboThl.

KonoccanbHas spyanuus Bnagumupa Wipuya Bo MHOTHX 06JacTAX HaykH
Y 3HaHHUH, ero 1oO6poxkeNnaTeTbHOCTH MO3BOJISUIM EMY YCIEIIHO pacnpoCTPaHATh
Hay4Hble 3HaAHHA M TUIOJOTBOPHO OOCYKAATh KHUBOTpeneulylie npobaeMsl B
KOHTaKTax C MpeICTaBUTENSAMH pa3HbIX CJIOEB poccHiickoro obmecTBa. Tak B
1998 r. NpH €ro HENOCPEICTBEHHOM Y4aCTHH'® BIIEpBBIE COCTOSIIOCH 3aCeNaHHe
MeHKO-OHONMOrHYeckol CEeKLUMH B  paMKax VI  MexayHapoaHbIx
PoxxnecTBeHCkHX 06pa3oBaTeNbHBIX YTEHHH, HMTOrOM KOTOPOro SBHJIOCH
CO3/1aHHe LIEPKOBHO-OOILECTBEHHOrO COBETa MO OMOMEOMLIMHCKOM 3THKE MpH
Mockosckoii Ilatpuapxuu. JlestenbHoctd storo CoBeTa BO MHOroM ObUTH
oTAaHbl 3Heprus M 3HaHMs B.M. MBaHoBa B mnocnenHee AecATHIETHE ero
KH3HH.

Kak kpynHbifi opranuzatop Hayku B.M. MUBaHOB 10 mocneaHux AHei Obin
aKTUBHbIM YJIEHOM MHOIHX CIELHAIW3HPOBAaHHBIX COBETOB MO 3alUTe
JOKTOPCKMX M KaHOMIATCKMX [UCCepTalMi, YJIEHOM psAfa OPrkOMMTETOB
MEXAyHapoAHbIX ¢opymoB. OH sBiasiacs wieHoM broopo Menuko-
6uonoruueckoro ornenenus PAMH u npencenareneM MekBeOMCTBEHHOTO
Hay4yHOro coBeTa Mo MeauuUMHCKoW reHetuke. B.M. MBaHoB — oauH u3
yupeauteneit BececorozHoro o6lecTBa reHETHKOB U cesiekLHoHepoB uM. H.H.
Basunosa (BOI'uC — B HacTos1iee BpeMs BaBunoBckoe o611ecTBO FEHETHKOB H
CEJIEKLMOHEPOB) H Ha MPOTKEHHH MHOTHX JIET — npeacenatenb MockoBckoro
otaeneHus BOI'MC. OH Tarke BXOOHN B YMCIIO OopraHu3atopoB Poccuiickoro
obuiecTBa MEIULIMHCKHX TFEHETHKOB, aKTHBHO Y4YacTBOBaJl B TOATOTOBKE H
MPOBEJEHHWH CBE3NOB M KOHpepeHuWi o6oux obwectB. Byayuu uneHom
MockoBckoro ofmwecrBa ucnbitateneii npupoasl (MOHMIT) ¢ 1958 r.,
HEOJHOKpaTHO H30Mpajics B cocTaB Npe3uaMyMa coBera obmectBa. B.H.
HBaHOB sBNANACA 4YIEHOM PpeAKOJUIErHH XypHata «OHTOreHe3» H 4JIEHOM
penaKLHOHHOrO COBETa XKypHaia «MeauuuHckas ['eHeTHkay.

3HauuTenbHOe MecTo B xH3HH B.M. MBaHoBa 3aHMMano npenogaBaHHe
6uonorud W reHeTHKHM CTy[eHTaM, acnupaHTtaM W BpauaM. B 1984 roay
coBMecTHO ¢ H.I1. BoukoBbiM 1 A.®. 3axapoBbiM Bnagumup Mnbuy Hanucan
OIMH M3 MepBbIX YYeOHUKOB 1O MEAHLMHCKON IeHETHKE, KOTOpbIH OblT H3naH
cHauana B MockBe, a 3aTeM Ha HemeLkoM si3bike B [JIP .

Vxke B 1960-62 rr. oH BEn Kypc TexHU4ecKOW MHKpPOOHONOrMHH B
VpaibCKOM TMOJMTEXHHYECKOM HHCTUTYTe. Heckonbko mnosxke, nepeexaB B
MockBy, Ha MpPOTSHKEHHH psAla JIET YWTAT KYpC JIEKLHH MO IeHETHKE A
cryaeHtoB-6uopusukos MI'Y um. M.B. JlomoHocoBa u MockoBckoro
vHxeHepHo-Ppusnueckoro HHcTUTyTa (MUDH). Heonnokpatho B.HM. MBanos
Ha3zHayajcs TMpeAcelaTeseM TroCYAapCTBEHHbIX KOMHCCHH MO NpHEMY
3K3aMEHOB M 3alllWTe JUIUVIOMHBIX paboT Ha ¢aky/bTeTe €CTECTBEHHBIX Hayk
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HoBocHOGHpCcKOro rocyJapcTBEHHOrO YHHMBEPCHTETa, Ha OHOJOrMYECKOM
tdakynsTeTre MOpAOBCKOro rocynapcTBEHHOro yHuBepcuteta, B MUOU. B
1988-2004 rr. B.M. HBaHOB pykoBOAMI MO COBMECTHTENBLCTBY Kadeapok
reHETUKH Meauko-6uonornueckoro ¢axkynsreta (MB®) 2-ro MockoBckoro
rocyAapcTBEHHOro MeIuUMHCKoro MHcTuTyTa (¢ 1989 r. — PTMY) um. HH.
[Muporosa. 3a 3toT mepuoa 6bu1 co3naH yuyeOHO-HayuHbI KOMIUIEKC, Cpelu
psaa 3aJay  KOTOpOro OCYLIECTB/sUIach MOATOTOBKAa KagpoOB — Bpauei-
nabopantoB-reHeTukoB man1  MI'HII PAMH u  jgpyrux  HaydHo-
hcciaeaoBaTenbckux  yupexaeHud PAMH, a Take cneuuanuszauus
BBIITYCKHUKOB [0 MEIAMLMHCKOH TEHETHKE 4Yepe3 LEJEeBYI0 CTaOXKHUPOBKY H
acniupanTypy. K 2004 roay konnuecTBo BblITyCKHUKOB MB®, cBs3aBLINX CBOIO
JaTbHEHIYI0 Hay4YHYIO AESTENIbHOCTb C pa3iH4HbIMU JabopaTopusmu MI'HL]
PAMH, cocrtaBuno 6onee 40 wuyenoBek. J[oCTOHHBIM MTOromM mojyTopa
JNeCATWIETHI 3aBefoBaHUsA Kadenpoil sBWUJCS BbILIEAIIHA B CBET TMOJ
penakuueii B.H. MBaHoBa yueOHHK No oOLIeH W MEOULMHCKON reHeTHKe [Uis

BY30B, HanMCaHHbIH COTpyIOHHKaMH Kadeapbl MPH HENOCPEACTBEHHOM €ro
7

yuactun .
B.H. UBaHoBBIM omybiukoBaHo 340 HayuHbIXx cTaTtedd U 10 MoHorpadui (U3
HUX okono 100 — 3a pybGexom) Mo paaHOIKOIOrMH, MHKPOOHONOTHH,

panuMoOuoNIoruH, reHeTHke, 6HouH(opMaTHke, OHodTHKe W np. Llenbiit psan
nyOnukauuii MocBSAIIEH Bcerga BXxoAuBuied B obnacth uHTepecoB B.H.
MBaHOBa MCTOPHH HaykH, 0CO6EHHO reHeTHkH. Iloa ero penakuuei BbILUIM B
CBET MHOTHE Hay4Hble TPY/bl U H3AaHHS.

JIutepatypa
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BCEBOJIOJ MABPUKUEBHUY KJIEYKOBCKHI (1900-1972)

BceBosion MaspaknaeBn9 KiedkoBckmii

P.M. AJIEKCAXHH, T.U. LIUJIOBHUY
Bcepoccuiickuii HHH cenvckoxo3aticmeeHHou paduonocuu u
azpoakonozuu, O6HuHCK

B.M. KneukoBckuii — geiicTBUTENbHbIH 4YneH BcecorozHol akaneMHH
CeJIbCKOXO3AHCTBEHHbIX Hayk uM. B.W. JleHWHa, 4ieH-KOppeCNOHAEHT
AKaneMHH CesIbCKOXO3SMCTBEHHbIX Hayk ['epmaHckod JleMokpaTuueckom
Pecy6nvkH, [OOKTOp XHMH4YECKHX HayK, npodeccop, IBaxabl JaypeaT
[ocynapcrBenHo# npemun CCCP.

B.M. KiieukoBCkHii - aBTOp MHOHEPCKMX OIMbITOB, KaCAIOLIMXCS MOBEACHHA
HCKYCCTBEHHBIX PaIHOHYK/IUIOB B NMOYBaX M MX HAKOIUIEHHsS pacTeHHUAMH. OH
aBngeTcs ydyacTHUKOM AtomHoro npoekrta CCCP. Ero uccnenoBanusamu 6buia
(baKTHYECKH 3aJI0OKEHa CeJIbCKOXO03AHCTBEHHas paJHOdKOJIOTHA - OJHA M3
Haubosee MI0IOHOCHBIX BeTBEH paguoskonorud. B.M. KieukoBckuii no npasy
CYMTAETCHd OCHOBOTIOJIOXHHKOM  CENbCKOXO3AHCTBEHHOH PaAMOIKOJIOTHH,
NOCKOJIBKY €ro JOCTHXEHHS CTald OCHOBOI pa3BHTHA 3TOH 061acTH 3HaHUA B
HallMOHA/IbHBIX IPaHHLAX HalleH CTPaHBbI U 3a €€ NpeJeslaMHu.

BceBonon MaspukueBnu poawics 28 Hos6ps 1900 r. B Mockse. B 1929 r.
OH OKOHYWI MOCKOBCKYIO Ce/IbCKOXO3SAHCTBEHHYIO akageMuio MMeHH K.A.
TumHps3eBa, ¥ ¢ 3TOro MepuHoAa BCA €ro TBOpYECKas MAEATENBHOCTH Oblia
CBfi3aHa C 3THM CTapeHLIMM arpOHOMHYECKHM BY30M HaweH ctpaHbl. C 1956
no 1972 r. B.M. KneukoBckuii Bo3rnasnsn kapeapy arpoXxuMuH MocKoBCKoO#H
cenbckoxo3siicTBeHHOH akagemMun HMeHH K.A. TumupsseBa, mnpomoymkas
TPaAHLMK OCHOBOIOJIOXKHHKA OTEYECTBEHHOH arpoxWMuHu akagemuka JI.H.
[IpaHuIIHMKOBa B Jene TMOATOTOBKH KaJipOB COBETCKMX arpOXHMHKOB,
CMELIHATHCTOB 110 BOIIPOCaM MHTAHHS PaCTEHHH H XMMH3aLMH 3eMJIEIETHS.

B.M. KiieukoBckHii OJHHUM H3 NEPBBIX COBETCKHX arpoOXMMHKOB oGpaTHi
BHUMaHHE  HAa  TEPCMEKTHBHOCTb  HCMONB30BaHHA  HCKYCCTBEHHBIX
pagHoaKTHBHBIX HYKIHAOB U H3YY€HHS MHTAHHS PAcTeHHIH M NpPUMEHEHHs
ynobpenuii. B 1947 r. B.M. KnedukoBckoMy mopydaeTcs OpraHM3aLus B
MockoBckoi cenbckoxo3siicTBeHHOH akagemud HMmeHH K.A. Tumupsasesa
6uopusnueckoi nabopatopun — nepoit B CoBerckoM Corose s1abopaTopuu
TaKOro THMa, KOTOpas BCKOpe 3aHsAja BeAyllee MECTO B CHCTEME Hay4HbIX
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yupesxxaennit CCCP, pa3spabateiBaromux npo6ieMbl M30TOMHOH arpoXMMHUH H
PaaHO3KOJIOrHH.

BMecte ¢ HHTEHCHBHOMN pa3paboTkoii arpOXUMHYECKHX U
paauoGuonoruyeckux npobiaem B CENbCKOM Xo3aicTBe ¢ 1948 r. konnekTHB
Ouodpu3nyeckoil 1abopaTOpUH NMPHUCTYMHI K Pa3BUTHIO HMCCJEJOBAaHHI HOBOH
npobieMbl — W3YYEHHIO NMOBEAEHHA B MOYBAaX M PACTEHHSAX PaJAHOAKTHBHBIX
NpoayKTOB AeieHus. PelieHne 3Toi npobiembl OO BbI3BAHO HayaBIIWUMCS B
TO BpeMs IUHPOKHMM HCNbITAHHEM AaTOMHOTO OpYXHsS H BKIIOYEHHEM B
OMOJIOrHYECKHII KpPYroBOpPOT TMpPOLYKTOB AENeHHs TKENbIX saep. B.M.
Kneukosckuii BrepBoie B CoBerckoM Coro3e MPUCTYMHA K PELIEHHIO ITOH
npobaeMbl B TOT MEPHOA, KOTAAa B JMTepaType He ObLIO MOYTH HHKaKHX
CBEIEHHH MO 3THM BOMpOcaM. 3a CPaBHUTEJIbHO KOPOTKHH CPOK MM M ero
COTPYIHHKaMH ObL1 BBINOAHEH OONBLIOH OOBEM Hay4HBIX HCCIENOBaHHH,
BCKPBIBAIOIIMX CNELM(UKY MOBEAECHHUA PaTHOAKTUBHBIX MPOAYKTOB JENEHHS B
NoYBax M pacTEHHAX. DTH MCCIENOBAHMA OTIMYAIMCh LIMPOTOH, riyOOKHM
TEOPETHYECKHM AaHAIM30M W NPAKTHYECKOHW 3HAYMMOCThIO. JTa paboTta
NoJly4uia BbICOKYIO OLIEHKY — B 1952 r. rpynmne coTpyaHukoB naGopaTopun BO
rnaee ¢ B.M. KieukoBckuM Obuta npucyxaeHa [ocynapcTBeHHas npeMmus
CCCP.

Hauatrie B Hauane 50-x rofoB Mol HEMOCPEACTBEHHBIM PYKOBOJCTBOM
B.M. Kneuxosckoro YCClIeJOBaHHS MMrpaLHu MCKYCCTBEHHBIX
pagHoOHYKIMIOB MO OHONOTMYECKMM M TNHMILEBBIM LEMOYKaM BBUIMJIHCH B
IIHPOKYIO MPOrpaMMy KOMIUIEKCHBIX PaJMO3KOJIOTHYECKHX HMCCIIEIOBAHHi 10
JabHeHIIeMy U3Y4eHHIO NCHCTBUS MAJIBIX 103 HOHU3HPYIOWIMX U3NTyYeHHUH Ha
)KHBbIE OpraHU3MBbl U KPYroBOpOTa pafiHOHYyKJIH0B. MccnenoBanus B obnactu
paauoskosoruu npuHecau B.M. KneukoBckoMy MHpPOBYIO M3BECTHOCTb.

B.M. KieukoBckMi OAHHM M3 MNeEpPBBIX YYEHBIX-arpPapHUKOB OLIEHHI
3HaYeHHE AHTPOMOIEHHOro 3arpsA3HEHHs OKpYXKaloLeH 4YenoBeka Cpeasbl,
HaMEeTUB IyTH pelleHHs OTUX BOMNPOCOB, YYHTHIBAIOIIHE aAKTHBHOE
npeobpa3oBaHHe 4YeJOBEKOM NPHUPOAHOH cpeabl. Paspabotrka mnpobnemsl
M30TOMHOW arpOXMMHH W H3y4YeHHEe OCOOEHHOCTEH NOBENAEHHS MaKpo- H
MHKPOKOMIIOHEHTOB B CHCTEME [MOYBa-pacTeHHE C YYaCTHEM 3JIEMEHTOB-
aHaJIoroB, UrpaloLHX PoJib U30TOMHBIX HOCHTENECH, HAXOAATCA B TECHOH CBA3M
c TeopeTHdyeckMMH paboramu B.M. KneukoBckoro B obnactH TeopuH
[Teproauueckoii cucremsl anemeHToB [I.J1. MeHneneesa.

Hroramu 20-netHero Tpyna B 3To# obnactd sBWiIack MoHorpadus B.M.
KneukoBckoro  «PacnpeneneHHe  aTOMHBIX  3JIEKTPOHOB M MPaBWIIO
MoC/IeJ0OBAaTENIbHOIO 3alloNHEHUs (n + 1) — rpynn». 3Ta MoHorpadwus
MPEeACTaBSET BBIAAIOUIMICA BKIaJ B pa3BUTHE TEOPETHUECKHUX MPEACTABIEHUH
0 3aKOHOMEPHOCTSAX, JIeXallHX B OCHOBE pEabHOTO CTPOEHHS CHUCTEMBbI
anemenToB JI.M. Menaeneesa. [IpaBuiio nocnenoBatenbHOro 3anoiHeHus (n +
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1) — epynn, nonyuuBllee Ha3BaHWe mnpaBwia KieykoBckoro, BOLUIO B
COBpEMEHHbIe YUeOHHKH MO AAEPHOH PU3HKE.

B 1954 r. B.M. KieukoBckoMy MO COBOKYMHOCTH paboT 6e3 3aluuThl
JMCCEpTalMH MPHUCYXKAAeTCs CTeNeHb NOKTOpa XMMHUYECKMX Hayk. B 1956 r.
B.M. KneukoBckud Obu1 M30paH AeHCTBHTENBHBIM 4jleHOM Bcecoro3noi
aKafieMHM cesibcKoxo3siicTBeHHbIX Hayk MM. B.H. Jlenuna. C atoro BpeMeHH
OH TpMHMMall aKTHBHOE Y4YacTHE B OpPraHM3alMd. M  KOOPAMHALMH
KOMIUIEKCHBIX HCC/IEOBaHHH C NMPHUMEHEHHEM H30TOMNOB M HOHH3HPYIOIIHX
U3yueHHH B HayuHbIX yupexaeHusx BACXHMHIL

B 1957 r. Ha xuMuueckoM koMOuHaTe «Mask» (FOxHbli Ypan), nepseHue
COBETCKOH aTOMHO#M MpPOMBIIIJIEHHOCTH, NPEICTABISAIOIIEM KOMIUIEKC 10
HapaboTke Opy)XEHHOro TIUTyTOHMS, MpPOM30LIA KpyMHas paaHalHOHHas
aBapud, BCJIECTBHE KOTOPOH B OKpYXaloLylo cpeay Obljio BBIOPOIIEHO OKOJIO
20 MAH KIOpM paJMOAKTHBHbIX MPOAYKTOB OejcHHA. B 30He 3arps3HeHus
OKa3aJIiCh CeNbCKOXO34HCTBEHHbIE Yroabs (MallHH, Jyra, nacrouiua), Jjeca,
03epa, pe4Hble CHCTEMBI.

Bo3HuK1a ocTpas HEOOXOIHMOCTb MPOBEAEHHS peabUIIMTALIMOHHBIX paboT
Ha TeppuTopHH BocTOYHO-YpasibCkOro paiMOaKTHBHOIO Cll€fia Mo BO3BpATy
3arpA3HEHHBIX TEPPUTOPHH B  XO34MCTBEHHOE MCIMOJb30OBAaHHE W IO
OpraHM3allMM  Hay4HO-HCCJIEIOBATENbCKUX  HCCIECNOBAHMH AN OLEHKH
NOC/NEACTBUI aBapHH.

Ha kom6unare I10 «Mask» B 1958 r. 61710 cO30aHO creHaNM3HPOBAHHOE
noapasaenedve — OmnbiTHas Hay4yHO-HcClleoBaTeNbckas cTaHuus. HayuHoe
pykoBoactBo  aearesnbHocThio OHHMC  ocywectBnsn akaneMuk B.M.
KneukoBckuit. Ilpu noarotoske pewenus o6 opranusauny OHUC um ewe B
¢espane 1958 r. 6b11H CHOPMYTHPOBaHBI OCHOBHBIE HAYUYHBIE 331a41 CTAHLIUH:
M3y4eHHEe MHUIpalMH paJHOAKTHBHBIX BEIUECTB B YC/IOBHAX PaJHOAKTHBHOIO
3arps3HEHHUs! TEPPUTOPUH; U3yYEHHE HAKOTUIEHHS PaJMOAKTHBHBIX BELUECTB B
CENbCKOXO3AMCTBEHHBIX MPOAYKTaX; arpoTeXHUYECKHWE IPHEMbl CHHKEHHS
HaKOTUIEHHs  paJMOaKTHBHBIX  BEIECTB B  pacTeHUAX;  pa3paboTka
pPEKOMEHAALUHUH MO CeNbCKOXO3AHCTBEHHOMY HCIOJIb30BAaHHIO 3arpA3HEHHOMN
TEpPHTOPHM;  HM3y4YEHME  FEHETHHYECKMX  MOCIEACTBHH  BO3deHCTBHA
NoBbILIEHHOr0 ()OHa pajMallMM Ha JKMBOTHBIX W PpacTeHHs B YCJIOBHAX
PafiMOaKTHBHOrO 3arpsA3HEHHs TEPPUTOPHH.

Ha [Oxnoii VYpane B kpynHoMacwiTabHbIX 3KCHEpHMEHTax Oblna
npociexeHa MHOTOJIETHAS AWHAaMHKAa NepeHoca *sr, *7r, "Ry, ¥Cs, "Ce u
JpYyr¥X TEXHOTE€HHBIX PaAMOHYKIMAOB B [MOYBaX, PACTHTENILHOM [OKpPOBE,
ruapobHoLeHo3aX, B OpraHM3Max >KMBOTHBIX, B JIECHBIX 3JKOCHCTEMaX.
®aktnueckn 3a 10-15 ner wuccnenosanuwii Ha Tepputopun BocTouno-
Ypabckoro paaqMoakTHBHOrO ciieja ObUIH 3aJI0)KEHbl OCHOBbI PaJIMOIKOJIOTHH
KaK CaMOCTOSTE/IbHOH Hay4yHOH aucuumiuHel. B.M. KneukoBckuit oOparun
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ocoboe BHMMAHHE Ha KPYroBOPOT pPafHOHYKIHIOB Ha 3arps3HEHHBIX
CeJIbCKOXO3AHCTBEHHBIX yroabsx. Ilon ero pykoBoAcTBOM Oblia BBIMNOJIHEHA
nporpaMMa HMCCJIEIOBaHHH MO CENbCKOXO3SHCTBEHHOH PpaJHO3KOJIOTHH, rIe
M3ydasoch HaKOILUIEHHE PaaMOHYKITMIOB pa3/IMyHbIMH
CEbCKOXO03SHCTBEHHBIMH PACTEHHAMH H )KXUBOTHBIMH.

Panuoskonornyeckde  MCCNEAOBaHHMA  HE  OTPaHHUYMINCL  TOJIBKO
HaOnofeHHeM 3a TMOBEJEHHEM B OKpyXawolled cpeae "aBapHitHbIX"
PafAMOHYKIIHJOB H CBS3aHHBIX C 3THM JyueBbiX 3¢ ¢dexToB B npupoae. B 1965-
1975 rr. mpoBOAMIAack CEpHS pPaJAHOIKOTIOTHYECKHX OINBITOB, KOTOpbIE MO
CBOMM MacluTabaM JOJDKHBI ObITh C MOJIHBIM NPAaBOM OTHECEHbI K OJHHUM M3
Haubosnee KpynmHeIX B MHpoBoi mnpakTtHke. Ha OnbiTHOM HayyHO-
HCCIIEIOBAaTENIbCKOH CTaHUMM OBbUI COOpY)KEH caMblii kpymHbiii B Espone
TOYeuHbI#t HcTOuHHMK Yy-u3dydenus (32 xKu, 1,18 « 10" Bk 'Cs) mis
o6yueHHs: MpHPOAHBIX 3KOocHCTeM. Ha OCHOBE NaHHBIX, MOJIyYEHHBIX C €ro
MOMOILBIO, YAATOCh OMHCaTh OCOGEHHOCTH JIyY€BOrO MOPaXEHUS W MOCTpalu-
allMOHHOTO BOCCTaHOBJICHHUA JIECOB B CTPOr0 KOHTPOJIMPYEMBIX YCIIOBHAX M MPH
TOYHOH NO3MMETPHH (OOTy4YanHCh B TEYEHHE HECKONBKMX Helelb GoJbliue
YYacTKH jeca). AHaJIOTH4YHOe 00JTyYyeHHe U ONUcaHHe JTy4yeBbiX 3G dekToB Oblau
cienaHsl M A1 Jayroeoro coobmectsa. [lpoBoamnace Takke 3aTpaBka
CeJIbCKOXO3AMCTBEHHBIX XKHBOTHBIX (AOHHBIX KOPOB) OOJIBIIHMH KOJTHYECTBAMH
MOJIOABIX MPOAYKTOB SJAEPHOrO MNEJEHHS JUIS OLIEHKH JIyYeBOTrO MOpaKeHHs
KHUBOTHBIX W ONpele/IeHHs HMX MOJIOYHOH M MSACHOH TMPOAYKTHBHOCTH (3TO
0c06EHHO Ba)KHO KakK AJIs pa3jIMYHOro pojia CLieHapHeB aBapHHHBIX CUTYyaLHi C
BBIOPOCOM PaJMOAaKTHUBHBIX BEIIECTB B OKpPYXAIOLIyI0 Cpedy, Tak W [
peiieHHs 0OOPOHHBIX 3a/1a4).

Jns NMKBUAALMH MOCAEACTBHHA pagualiMOHHOH aBapuu Ha IOxHom VYpane
(Yensbunckas o61aacTh) MpPUBJIEKATIUCh CHELHATHCTHI ArpopH3H4ecKOro HH-
crutyta BACXHHWJL, MHHctuTyTa npuwiagHod reodpusukd ['naBHoro
ynpaeneHus ruapomereoctyx6sr CCCP, BcecorosHoro HHHM mopckoro
pbiOHOro xo3siictBa U okeaHorpapud Munpsi6xo3za CCCP, MI'Y, a Ttarxke
MockoBCKO# CenbCKOXO03AHCTBEHHOH akafieMHH (ee paboToH 3aech pyKOBOIMI
KneukoBckuii). BceBonon MaBpHkHMeBHY OpraHM3oBal COTPYAHHYECTBO C
y4YeHbIMH-MEMKaMH - CTIELIHaIMCTaMH{ B 00J1aCTH paiMaLHOHHOM MMIHEHbI, Ybs
JeATeIbHOCTh CKOHLEHTPHPOBAJach Ha OLEHKE MOCNeICTBHH 00nyueHHs
HaceJIeHHs, TMPOXKHBABIIETO Ha TEPPUTOPHH C MOBBILIEHHbIM COJAEpPXKaHHEM
PaaMOaKTHBHBIX BELIECTB, H H3bICKAHHH CMOCOOOB CHMXKEHHUS N030BbIX Harpy-
30k. MHoroe 6s110 caenano U punuanoM Ne 4 MHctuTyTa 6HODH3HKH.

Bceii aroii pabotoit pykoBoawn B.M. KneukoBckuit. OH paccmarpuBan
3arpsA3HeHHyro Tepputoputo Ha IOxHOM VYpane kak  yHHKaIbHbl
9KCMEPUMEHTAIbHBIA NMOMUroH. [IpekpacHO MOHMMas Ba)XHOCTb MHOTOJIETHHUX
HaTypHbIX HaOMOAeHHH MO MHrpalMM  paJHOaKTHUBHBIX BELIECTB B
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OKpYXatolle cpeae ¥ paaMauMOHHbIMH 3(dekramu B npupoae, B.M.
KneukoBCckMil CTal OOHMM W3 WHHLIMATOPOB NMpHAaHUS ocoboro cratyca s
YacTH TEPPUTOPHHM PAJHOAKTHUBHOTO Cjie/la, Ha KOTOpOH B COOTBETCTBHH C
nocraHosienneM Coseta MunuctpoB PCOCP 29 anpens 1966 r. 6b1 co3naH
BocTo4HO-Ypanbckuit  rocynapCTBEHHBIH 3alMoBEIHMK - TEPBbIA B MHpe
paavauMOHHBIH 3aMoBeJHHK Takoro THna (obuas miomans 16616 ra).

Pe3ynbTaThl 3THX KOMIUIEKCHBIX MHOIOJETHHX OMNBITOB B HAaTypHbIX
YC/IOBHSX TMO3BOJIMJIM MOJYYHTh BaXHYIO HH(OpMaLMI0O O 3arpsi3HEHHH
nuueBsix npoaykroB. KieukoBckuit npuman paboram Ha IOxxHoMm Vpane
IIMPOKHH MEXIUCUMIUIMHAPHBIH XapakTep M MNpPHBJIEK K WX BBINOJHEHHIO
BHHBIX YYEHbIX M3 pa3Hbix BeaomcTB - Akaaemun Hayk CCCP, I'mapomereo-
cnyx6u1 CCCP, BACXHWII, psana orpacieBbix MUHHCTEPCTB U BEIOMCTB.

B crpateruto obecrneyeHus paAHaLMOHHOH 3allUThl MPH PagHOAKTHBHOM
3arps3HeHuH okpyxatouied cpeasl B.M. KiieukoBckuit mpHBHEC nosiokeHHe O
Ba)XHOM pOJNM B CTPYKType [O30BbIX HAarpy30K Ha 4eJIOB€Ka BHYTPEHHEro
obyueHus, ¢dopmMupytolerocs 3a cyer norpe6ieHus
PagMOHYKJIMACOAEPXKAIUMX  MUIUEBBIX  NpoAykroB. B GonbmuHCTBE
PaZiMONIOTHYECKHX CUTYalMid M OTAENbHBIX PaAHOHYKIMIOB 3HaY€HHE 3TOro
KaHama o6sy4yeHHss MOXeT ObITb AOMHHHUPYIOUIMM, a IS OTHEJbHbIX
aBapHHHBIX CHTyalM#l posib 3TOr0 HanpaBlieHHs paJHallHOHHOrO BO3JAEHCTBHSA
BeCbMa 3HayMMa. Tak MpoM30LUIO MPH paJHaLMOHHBIX aBapuix Ha IOxHoM
Vpane B 1957 r. u Ha YepHoObuibckoit ADC B 1986 r. IIpu pannoakTHBHOM
3arps3HEHHH OKpY KaloLUeH cpe/ibl Ha 00 BHYTPEHHEro 06JIy4eHHs B pa3HbIX
3oHax YepHoObiibckoit aBapuu npuxoauiock oT 30 1o 80% ot obuieid 103080
Harpy3kH (T.e. 1o BHewHero obnydeHus paBHsanach 20-70%). KneukoBckui
M ero pagHo3KONOruMyeckas ILIKojga pa3paboTali CHCTEMY 3alllHTHBIX
MEPONPHATHI, MO3BONSAIOIMX PEryJHMpPOBaTh MOTOKH PaJHOHYKIIMIOB H, Kak
CJIeACTBHE, MHHUMH3ALMIO [030BOH Harpy3kv OT BHYTpEHHero obiiyyeHHs Ha
4eJIOBEKa, MPOXHBAIOILEr0 Ha TEPPUTOPHAX C TMOBBLIIEHHBIM COAEP)KaHHEM
panuoHyKnaoB. Crneflyer noq4epKHyTh, YTO ¢ IKOHOMHYECKOH TOYKH 3peHHs
peryjiMpoBaHHEe [030BOH KOMIIOHEHTbl BHYTPEHHero oOJyuYeHHs MOXeT
oka3aTbcsi ropasfo 6onee 3(QEKTHBHBIM, YEM OrpaHHYEHHE BHELIHEro
obnyyenus. Coopmynuposan B.M. KneukoBckHii M OCHOBHOE MOJIOKEHHE
CENbCKOXO3AHCTBEHHON PaJMO3KOJIOIHH, CBA3aHHOE C NMPUHLIUMaMH BBEJEHHS B
arpornpoMBbIIUIZIEHHOM MPOM3BOJCTBE 3arpA3HEHHbIX TEPPUTOPHI 3alIUTHBIX
MEpOMpPHATHH, HaNpaBICHHbIX Ha yMEHbILIEHHE COAEPKaHHUS PaAHOHYKIHIOB B
CENbCKOXO3AHCTBEHHOW NpoAyKUMH. B pacTeHHeBOACTBE  BaKHEHILHUM
Crnoco6oM OrpaHHYeHHs HAKOIUIEHHS pPaJHOHYKIIHAOB B YpOXKae CIYKHT
yBeJIMUEHHE TUI0JOPOAHSA MOYB.

Hccnenosanns B.M. KiieykoBckoro ¢ npUMEHEHHEM H3OTOMHBIX METOJ0B
LIHPOKO H3BECTHBI HE TOJILKO B HallleHd CTpaHe, HO W 3a pyGexxoM. Ero Tpyapl
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no M30TONMHOW arpoXuMMu ObUIH mnpenctaBneHs! Ha Ilepeoit u Bropoii
XKEHEBCKUX KOH(epeHLHAX N0 MHUPHOMY HMCIMOJIb30BaHHIO aTOMHOW 3HEPTHH B
1955 u 1958 rr. u Ha MexayHapoaHo# koHpepenuun FOHECKO mno
NPHUMEHEHHIO H30TOMOB B HAYYHBIX HCCIIEAOBaHUAX B 1957 r.

B.M. KieukoBckuii - aBTop 6onee 250 ¢pyHAaMEHTaIBHBIX H OPUTHHANIBHBIX
Hay4HbIX paboT, a Takxke aBTOp psna y4eOHHKOB M yueOHbIX MocoOuil, cTated
Hay4HO-MPOU3BOJCTBEHHOIO XapakTepa M APYTMX M3JaHWH. MHorue roasl oH
SBJIAJICA WIEHOM PEeJaKLMOHHBIX KOJUIETHH pA/ia Hay4YHBIX JKYpPHAJIOB.

Hayuynsie pabGotsi B.M. KileukoBCckOro o0xBaTbIBalOT IIHPOKHH Kpyr
BOMPOCOB arpOXUMHUH, 6UODHU3UKH, paaHOOHONIOTHH, a TAKOKE XMMHH U PU3HKH
W OTJIMYAIOTCA HOBHM3HOM MW TIIyOMHON TeopeTHYeckoro o0600weHHs. 3a
COBOKYMHOCTh paboT MO HMCC/IEJOBaHUIO NMHTaHHA PACTEHHH M NPHUMEHEHHs
ynobpenuii peweHueM Ilpesunuyma Axanemun Hayk CCCP B 1968 r. emy
npucyxaeHa neppas 3onotas Meaats uMeHd J.H. Ilpanumnukosa. 3a
KOMIUIEKC pabOT MO OXpaHe OKpYXKaloIleH cpeapl BMecTe C TIpynmnoH
cotpyaHukoB B.M. KneukoBckoMy B 1974 romy 6bina mpucyxieHa BTopas
I'ocynapcrBenHas mnpemus CCCP. Muorue Ttpyasl B.M. KieukoBckoro B
00J1acTH PafiMO3KOJIONHH CTaIM Ki1accHyeckWMH. B.M. KiieukoBckuii akTHBHO
paboTan B konnerud Bricieit aTrecTauMoHHOR KOMHCCHH. B Teuenne MHorux
JeT OH pYKOBOOWJI CEKLUMEeH I0 BOMpPOCaM MHrpalMHd pPaaMOaKTHBHBIX
HyKJIMI0B B GHOocdepe M sABIs/ICA 3aMecTHUTeneM mnpeacenarens HaywHoro
coseta «Paguoakonorus» AH CCCP.

HayyHas u oblecTBeHHas mesTtenbHocTh B.M. KineukoBckoro mosyduna
BBICOKYIO OLIEHKY €O CTOpoHbI COBETCKOro NMpaBUTENILCTBA: OH OBl HarpaxaéH
nByMs opaeHamH JleHuHa, opaeHamu TpynoBoro KpacHoro 3HameHu, «3Hak
ITouy€éra» 1 MHOTHMH MeAAAMH.

Hpen, 3anoxenHole B.M. KieykoBCKMM B OCHOBaHME OTEYE€CTBEHHOM
PaZMOdKOJIOTHH M  CEJIbCKOXO3AMCTBEHHON pagHONIOTHH, HAaXOOAT CBOE
AanbHeMlliee TUIOAOTBOPHOE pa3sBHTHE B MCCIENOBAHHAX €ro YYEHHKOB H
nociefoBaTeneit He TOJbKO B 06JIaCTH CENbCKOXO3IHCTBEHHOH HayKH, HO U B
LIeJIOM psie APYyrMX HaykK, B YaCTHOCTH, B OMOJIOrMH, MeHLMHE, reodpusuke
JpYTHX.

CeroHs pagMO3KOJIOTHYECKHE HCCIIENOBAHMA MOJYYHIH HOBBIA MOIIHBIHA
MMITyJIbC JUI CBOETO Pa3BHTHSA, CBA3aHHbIH C OYpHBIM pa3BHTHEM sIEpPHOM
9HEPreTHKH BO MHOIMX CTpPaHax MMpa, aBapHsAMH Ha paaHaLlHOHHO-OMACHBIX
obbekTax. DTH HMCCIIEOBaHHs MPOBOAATCS B Hallled CTpaHE MHOTOYHMCIIEHHOM
IKOJIOH paiuo3Koj0roB, co3nanHoi B.M. KneukoBckum.

B.M. KneukoBckuii 6bl1 MHHULIMAaTOPOM co3aaHUs Bcecoto3Horo HayuHo-
MCCIEIOBATEIbCKOTO  MHCTUTYTa CEJIbCKOXO3AMCTBEHHOH  paguonoruu
(BHUHUCXP), yyactBoBan B pa3paboTke M NpENCTAaBICHHUH B MPaBHUTEIbCTBO
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060CHOBaHHS Ha €ro CTPOMTENLCTBO H BbIOOp HampaBliEHHH McCiefoBaHUH. B
anpesie 1972 r. oH Bowén B cocTaB NMNepBoro Y4&HOro coBeTa HHCTHTYTA.
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HHUKOJIAM BUKTOPOBHY JIYUHHK (1922 — 1993)

The double helix of one life
Nikolai Luchnik - geneticist and radiobiologist

TATIANA KONDRASHOVA, 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 1947, 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 majority 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 of N.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.
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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, O. 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.
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TEHHAJIUI1 TPUTOPBLEBHY IIOJIUKAPIIOB (1929-2012)

IlITpuxn Bocnomunanuii 0 Hukonae Baaxamuposnade Tamodeese-
PecoBckom

I'.T". [TIOJIMKAPITIOB
Hremumym 6uonozuu 1oxcnvix mopeii um. A.O. Koganegckozo
Hayuonanvroii akademuu Hayk YkpauHel

Bmecmo egederusn

Ilen 1954-1955 roa. S 611 acnupaHTOM-6MOPHU3UKOM MO CNELHAIBHOCTH
"paguobuonorus”. Kadenpa Ouoduzuku 6uodbaka MIY pacnonaranack
BHayajsle Ha MoxoBo# ysnuue, 3aTeM - Ha JleHMHCkHX (HbIHe BopoObeBbix)
[opax, 3aBeayromuM kadeapoi 6b11 npogpeccop bopuc Hukonaesuu Tapycos.
Hamu ¢ Bonoae# (Bnagumupom HBanoBuuem) KoporoauHsiM nabopaTopHble
MecTa - B OJHOH KOMHaTe MNOJABaIbHOro 3Taxka Ouodaka. Tam y MeHs
aKkBapuyMbl ¢ ruapamu Pelmatohydra oligactis w3 mnpynoB MOCKOBCKOTO
300Mapka M OTAENbHO - C NadHUAMH B KauyecTBe KopMa 1is ruap. Psigom
KOMHATa C PEHTTE€HOBCKMM amnmapaToM Ui oOJy4eHHs H3y4aeMbIX XHBBIX
00BEKTOB U Ha TOM )K€ 3Ta)ke B CTMIELUHAIEHOM OTCEKE C 3aLlIMTHBIM JTJaOUPHUHTOM
- kobanbToBas (Co®®) ramma-nyika Toxe s 0GayYEHHA.

3aberas Bnepen, cooblLy O APKOM IS MEHS 3MHM30Ae, Koraa 3uMoi 1955-
1956 rr.  Hukonaét BnagumupoBuu o6xomun BnageHHs Kadeapsl B
conpoBoxxaeHHH Bbopuca HukonaeBuya (63 CaHKUHWH H BOMPEKH FPOMKOMY
KaTeropu4ecKoMy 3anpeTy TOTAallHero AekaHa 6uogaka "Kpenko 3aXJIONHYTh
nBepH  (akynabreTa nepes  MEHAETMCTOM-MOPraHUCTOM-BEHCMaHHUCTOM").
VYBuAEeB MOM aKBapHyMbl C 3j0feedl M COTHAMM T'HApP U Y3HaB TeMy Moei
acnupaHTckoi pa6otsl, Hukonait BrnagumupoBud ogo6pUTebHO BOCKIHKHY:
"Bot 310 s M0G0 BCAKYIO MPHPOAHYIO XHUBHOCTH!" OH cKasall, YTO OHH
opraHuzoBasiid (mociie "copokoBku", T.e. YensOuHcka-40) Ha OHOCTaHLMH
Muaccoso B HipmeHckom 3anoBeaHuke YensbuHckoit obnactu rpynmy
"BoanukoB", Hapsany ¢ "Baukucramu”, "I'poboBmnkamu”, "KaBanepucramu" u
ap. Y npurnacun MeHs Ha CTaKMpPOBKY B JIETHEE BpeMs MO BOJHOM 4YacTH,
KoTopo# 3aBeoBasa EneHa AnekcaHapoBHa, ero »keHa. S 6su1 cTpaiiHo panx U
cpady ycioBwics O KOHKpeTHoM nmpuesne. Korma s pobaBun, 4rto
pacnpeaensiocs Ha CeBacTonosbckyro 6uonornueckyto craHuuio AH CCCP,
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OH cBOMM  OoraTeiM  INAIANHHCKOTO THMNA  TOJOCOM  HapaclieB
npozewiamupoBan: "Ha I'padckoit npucranu, B CeBactonone, o Gepera
koTopo# 6unucek BosHb N-ckoro Mops!" BriocineacTBuu s y3Han, 4yTo OJHH M3
npeakoB ero 6oratoro yAalsiMH NpailypaMH poaa M3 poaa Propukosuyeit Gbu1
repoem CeBacrornons - anMupal HaxumoB, YbHM HUMEHEM Ha3BaHbI MPOCMEKT U
niowans. Pan Apyrux ero npeakoB akTUBHO MposBHIM ce6s B CpeanuzeMHOM H
YepHOM MOpSX, B TOM YHCJI€ BBIPHIBASCh M3 TYPELKOrO IJI€Ha U YroHss Ajis
aToro 6oeBble IUIaBCPEACTBa, BiUIOYas (perar.

[MoaTomy s cpa3y Oka3ajics NMPHYaCTHBIM HE TOJIBKO K Hay4YHOM cpele Mo
nuHud  "BoanukoB" 'y Enensl  AnekcaHapoBHbl Kk "pagHaliMOHHOM
ruapobuonoruu”, Ho ¥ B reorpadHYecKoM acrekTe - K cdepe >KH3HEHHBIX
UHTEpPECOB  OTBakHbIX  mOpeakoB  Hukonmas  BaagumupoBuua.  Tak,
nepBoHayanbHast (¢ 5 ceHra6ps 1956 r.) nabGoparopus pagHoOGHONOrHH
CeBactomonbcko ~ 6HOCTaHUMH  (BMOCIEACTBHM  pacIUMpeHHas  H
npeoOpa3oBaHHas B OTAEN paAHaLlMOHHOH U XUMHYeckoi O6uonorun MHcTuTyTa
6uonoruu 1oxHbIXx Moped UM. A.O. KosaneBckoro AH CCCP) crana BeTBbIO
MOTry4ero Hay4yHOro  JpeBa  "paauallHOHHOM 6u1oreoleHoIOrHH",
cpopmupoBaHHoro Hukonaem BrnagumupoBudem y "6acypmaHoB” (B bepnune,
KoneHrarene W ap.) W B '"MHOroyBaxkaeMoM, HO OOLIMpPHOM oTeuecTBe"
(Yenabuncke-40, CeepayoBcke, O6HHHCKe). Sl ¢ camoro Hayana BoopyxKajics
€ro ipKHMH BeceJIbIMM MYAPbIMM NpPHHUMNAMH. [lepBeHIINM U3 HHX CUHMTAIO:
"TIloueMy cue BaxHO B-mATHIX?" Jlpyrue Takke BOCIPUHMMAIOT HX C
onobpennem. Tak, 11 nexkabps 1996 r. nmpodeccop Ackep Aapkpor NoJIy4u
namaTHylo Menanb npodeccopa H.B. TumodeeBa-PecoBckoro (M3 pyk
BHy4aToro 3aBemyloluero cozaaHHoro Hukonaem BnaguMupoBuueM otaena B
CeepwioBcke, Tenepb onsATh EkatepunHOypre, Aunekcanapa BukropoBuua
Tpane3HukoBa), Ha KOTOPOH, Kak W3BECTHO, HamucaHO: "B >H3HHM M Hayke
Ba)XKHO OTJIMYATh CYLIECTBEHHOE OT HeCyHeCTBEHHOro". S BUaes 3HTy3Ha3M Ha
JIMLUE KPYNHOro JAaTCKOro y4eHoro B o6JIaCTH paaMOakTHBHOCTH Guocdepsl,
4TO MOATBEPAWIH He3aMEMJMTENbHO M ero ciosa: "O na, 1 oueHb U OYeHb
corJiaceH ¢ 3TUM NMpHHUHUNOM!"

A menepb 8ce no nopsaoky

B kauectBe acnupanTta (1953-56rr.) A BrphI3ajics B JUTepaTypy IO
pagMalMOHHONH OHOdH3HUKE, B KOTOPOH MOCTOSHHO BCTPEYAIHCh HMEHa
kopudeeB U3 3anmagHoil nutepatypsl: Lea, Timofeeff-Ressovsky, Zimmer u
apyrue. M1 Bapyr Ha kadenpe Bce ualle CTajld MOroBapuBaTh O TOM, 4YTO
sanagublii  knaccuk  Timofeeff-Ressovsky, okasbiBaercs, pabortaer Ha
ypanbckoM "oOBekTe", rae y Hero Lenas Hemeukas ero jaboparopus 3
Bepnun-Byxa, U uro oH opranusyer otaen B HMHctutyte Guonormn YOAH
CCCP u ckopo mosBuTCS B MockBe Ha KOHGEpEHLHH MO MeAWULIMHCKOH

252



pagvonorud. Ilpu 3TOM oOTMedasach MpPOTHBOMOJIOXKHAS peakUHUs PasHbIX
kpyroB B Mockse. [lanekuii cokOHHbIA KIaCCHMK M3 Hay4HOH JIHTEpaTypbl
BIpYT OKa3ajics 6JM3KMM BO3MYTHUTENEM CIIOKOHCTBUA B Hay4YHBIX Kpyrax, T.K.
O6bin  OmwkadwuM  komnerod  T.Moprana u I'.JI. Mennepa. Creayer
HallOMHHTb, YTO B TO BPEMs OTBETCTBEHHBIM 32 YHUCTOTY (B CMBICJIE YHCTKH) B
coBeTCKOH reHeTuke Obln mobumen reHcekoB ot CranuHa o0 Xpyluesa
HapoaHblit arpo6uosnor T.JI. JIbiceHko.

AR

S

{
+ Send

! | .

[Tpuesn H.B. Tumodeepa-Pecockoro Ha 6uodak MI'Y. Cnesa nHanpaBo: M. Acnausu, ['.T.
Ionukapnos, A.H. Tioptokanos, H.B. Tumodees-Pecobckuii, B.U. Koporoanx, B.M. I'nazep.
1960 r.

Hrak, koHpepeHLHss B OrpoMHOM, aM¢uTeaTpoM, KOHpepeHu-3ane. Mel,
MOJIOZIEKb, €CTECTBEHHO, - Ha 3aJHEM M BEPXHEM IU1aHe, HO 3aTO OTTyJa
BUAHee. B npe3uauyMe uyenoBeka TpPH, U3 HHX OJWH CTOMT, a ApYroH, kak Obl
Habbl4ach, SHEPrHYHO PacXaXXMBAaeT M CTOJb XK€ IHEPTHYHO 06Cy)KIaeT Bonpoc
0 Guosoryeckor Ne3aKTHBALIMH PaAHOAKTHBHBIX BoA. OIMH U3 HHX, CKa3aHO,
Tumocdees-Pecockuit Hukonait Bnagumuposuu. Ho kotopeiii? C 3anapa
JoJKkeH ObITh BBILIKOJIEHHBIM M TOC/E Mapbl JECATKOB JIET 3aNMagHON XKH3HH
IOJDKEH MMETb SBHbIH 3amajJHbli aKUEHT WM 3ByuyaHHe. A HECTaHOapTHO H
YBEPEHHO PacXaKHBABLUHH, K TOMY XK€ BpeMs OT BpEMEHH U1 NMOAYEPKUBAHUA
MBICJIH MPUMOJHUMABILHUICA Ha HOCKH, TOBOPHJ Ha abCONIOTHO YMCTOM, Jaxe
Kpaco4HOM M 04eHb 00pa3HoOM s3bike. U 310 OKasaics oH.
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3aTeM MocieaoBald €ro MO3JAHEBEYEPHHUE BBICTYIUIEHHsS MO IeHETHKE Ha
mMexmate (Ha ApyrMx ¢akyiabTeTax JUIA Hero ObUT TOJHBIA 3ampeT) y
npodeccopa JlamyHoBa, rae 6bi1 rocTHBLINIA y4yeHbiit U3 Benrpuu. [urensHas
JMCKyccHs OBlTa Ha HEMELKOM fA3biKE, HO yxe ObUIO ICHO, YTO PYCCKHMHM OH
3HAeT Jyyle J060ro U3 MOCKBHYEIA.

Hakonen, onomes mocelmieHHsA, HET, - ONepauus MO OpraHU3aluH
npouukHoBeHUss H.B. TumogeeBa-PecoBckoro B kayecTBe 4acTHOro JiMNa, 1O
TNpUITIALIEHHIO MOCETUTh Kadenpy 6HODU3UKH MY)KECTBEHHOTO 3aBEdYHOLIETO
stoit kapenpoi b.H. TapycoBa. Mbl, oprrpynna 13 nosyai0uHbl aClTMPaHTOB,
KIOATH B YCJIOBJIEHHOE BpeMs Y 61odaka, 4ToObl 06ecneyuTh UMBUIN30BaHHOE
npoxoXxJaeHHe MHMO uLepbepa B Toime uepe3 GokoBoii Bxox Ouodaka
(ueHTpabHBIH BXOA O6bUT HaueKy M HEMPOXOAUM, YTOOBI, 10 YKa3aHUIO JeKaHa,
Hora 6biBIIero cTyneHTa MI'Y, a HblHe "peakLMOHHOro" reHeTHKa He CTyNuia
B Alma Mater). HUrak, H.B. Tumodees-PecoBckuii B uuisne ¥ B MaibTo
Hapacnalmiky ObicTpoil moxoakod mpHOBIT K MeCTy BCTPeYH, MBI
NO3HAKOMMJIMCb, @ HYXHO CKa3aTh, YTO 3HaKOMWJICS OH He (OpMalibHO, a
3allOMHHaJ1 C OJHOTO pa3a M HaBCerAa UMs, OTYECTBO M GaMHIIHIO KaXIOro,
OTKyZJa POAOM M 4bHX NpodeccopoB yueHHK. Dotorpadus y 6uodaka stoit
MHULIMAaTHBHOM rpynnel (Mo mpoBeneHHIo Ha kageapy) ¢ H.B. TumodeeBbim-
PecoBckMM B LieHTpe - OIy6JIMKOBaHa B OJJHOM M3 HOMEpOB KypHana "Hayka u
ku3Hp" K ero robOwieto. 3ateM B KkabuHeTe 3aBemyrouero kadenpoii (B
Gonpioi ayAMTOPHUH [UIS IUMPOKON ayaUTOpPUM ObUIO HeNb3s) C y4acTHEM
TOJIBKO MPO¢ECCOpPOB, AOLEHTOB M aCMHPaHTOB OOCYXJAJMCh: a) Hay4Hble
uHTepechl kadenpsl - bopuc HukonaeBuu u ©6) rnaBHbIM 00pa3som,
"BEpPHAICKOJIOTHA C cykaueBWIMHOH" - Huxonaihi BnangumupoBuu. 3atem
nocnenoBan o6xon sabopatopuii. © HMEHHO 3TOT MOMEHT OTpaXKeH B KauecTBe
NIepBOro 3MnM30/a (Mpo ruap) B MOMX BOCNNOMHHAHHUAX.

Beuto  Beictymnende H.B. TumodeeBa-PecoBckoro Ha ceMHHape B
HUncturyre ¢usukn AH CCCP y ILJL Kanmuuel. IloMHI0  Bompoch
[LJI. Kannupr: "Kak BenmeT ce6s pagHOaKTHBHBIA Li€3Hid, oOpa3syroiuiics npu
UCTIBITAaHUAX ANEPHOTO OPY)XHS W BbINAJAIOWIMK M3 aTMocdepbl Ha mouBy?"
3anoMHwiIcs oTBeT: "B 0OBIYHBIX yCIOBHUAX cOpOMpyeTcs MOYBOH HaMepTBO".
U nopkpenwics 3TOT BBIBOJ €lle M elle nocie aBapuk Ha UepHOOBIIbCKO#
ADC.

[Mpumino Bpems, aumnoMatuuHbii B.H. CroneroB u3 MuHucTepcTBa
Beicliero o6pazoBaHus CCCP 3aHss NOBOJBHO BBHICOKMH aJMHHUCTPaTHBHbBIN
MOCT B PyKOBOACTBE HayKOH M, OYE€BHIHO, PELIUI MOKa3aTh ce0s TEPIUMBIM K
MHAKOMBICJIUIO B FeHETHKe, TeM Gosee, 4To "yueHue" JIbICEHKO CTaHOBHMIOCH
Bce 6osee OMO3HBIM, XOTA M MPOAOJDKAJIO ONHpaThes Ha reHceka. Ha cei pa3
H.B. Tumogees-PecoBckuii, npurnamenssiii B.H. CroneroBbiM, Bowen B
kopryc 61odaka obpHLHANBEHO Yepe3 LEHTPabHBIH BXOA W BbICTYNHA B Manoi
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aynuropun (bonbmas ayauropus Gbuia siBHO napagueii reHceka). Kak Bcerna,
BbicTyrieHuss Hukonas BnagumupoBuya ObUIM  BNEYATIAIOLIMMH, He
OCTaB/ISIM COMHEHHH W AOCTaB/AIIM MCTHHHOE 3CTETHYECKOE YAOBOJIBCTBHE.
Bce Tak Ha3biBaeMble "clOBECHble BOJIBHOCTH" OBIIH K MecTy H
BOCIMIPUHHMAJIUCh KAaK HWJUTIOCTPAaTUBHBIH METOA WIHM TNpHEM INS YCHIIEHHS
3anoMHHaHui. B pspe ciydaeB, OnATb-TakM K MECTY, OHH HAaNlOMHHAIH O
IIHPOKOM  JMana3oHe €ro JKU3HEHHbIX [IEPUMETHH: OT YTOHYEHHOH
npoueaypHoit uepemonun B KoponeBckom OOmectBe BenukoGpuranuu no
OMKHX CcnocoOoB BbDKMBaHMS C YroJOBHHKaMHM B Jlarepax 3akIHOYeHHBIX
Ka3axcraHa ¥ BbIACpXXKHMBaHMA 4yIOM "MOC/NeAHEro" IyTH B BaroHax-
CTOJIbIMUHKAX (3a0MTBIX [0 OTKa3a elle XHBbIMH, YMHpAIOIIUMH M [JaBHO
yMEpIIMMH 3aKimioyeHHbIMH) ¢ Boctoka B MockBy. MeHs Hukoraa He
NOKHJaNa MbICIb O TOM, 4YTO ecid Obl co3maTh paBHBIE YCJIOBHA UIs
nybnuyHbIX BbIcTyrieHHH W auckyccuit H.B. Tumodeesa-PecoBckoro u
T.J0. JIbicenko B YHHBepCHTETaX, HMHCTHUTYTaX, MO paaHoO, TEJIEBHAEHHIO, B
raserax M XypHajax, TO HcXol Bceraga 6but Obl ACHBIM U ompenaeneHHbIM. Ho
BJIacTh Obl1a BbILIE JIOTUKH U HHTEPECOB CTPAHBIL...

Kak ceftuac, no koHtpacty, nomHio "nexuuto” T.J1. JIbiceHko Ha GHodake
MI'YV 4, koHeyHo, B bonbwoi ayautopun, no "BugooOpazoBaHHIO".
BneuyatneHue ObUIO Y)KaCHbIM, U HaCTPOEHHE - HAJOJIIO WCIMOPYEHHBIM: 3TO
ObLI0 TyMJIEHHE IOPOJMBOTO MCTHUTEJIBHOIO MYXHYKa HajJ COBPEMEHHOH
Haykoi. [ToMH10 Bce ero nepnbl. KoHTpacT ycunusan curiblii rosoc. Bot ogxo
u3 Hux: "HekoTtopsie cuuTatoT JIBICEHKO OypakoM, HO OHH Y3HAIOT, YTO 3TO
3HaYMT, Ha CBOE# cOOCTBEHHOH LUKYypppe".

SlcHo, uTo Takoii cBepxHeyroaHsld, kak H.B. Tumogees-PecoBckuii, Mor
BBDKHMTB (HE CYMTast IKCTPEMaJIbHBIX HCTIBITAHHH B TIOPbMaXx M Jlarepsx) TONbKO
B MaJIOBEPOATHBIX YCJIOBHUSAX TMOJHOH HENOCTYNHOCTH: B MEXAyHapOJHOH
nabopatopuu B bepnuHe 1 Ha ObiBIIEM cekpeTHOM o6bekTe B UenabuHcke-40 B
Ka4yecTBe 3aKJIIOYEHHOTO PYKOBOAHMTEINS PEXKMUMHOM 1abopaTopHy MpH yMHOM
HadanbHUKe oObekra. Ho BO3BpailalMch jke€ €ro TMNpeaKH, HarpHMmep,
oTnpasnsBLIHecs M3y4yaTh CeBepHbIi Noioc, H3 appHKaHCKOro IUIEHa, YTHaB
s atoro ¢peratr u3 Typuuu B CeBacTononb, 3a YTO OAWH M3 HHUX MOJYYHI
BbICOKHI BOEHHO-MOPCKO# YHH.

Muaccoso, ecmpeuu, nepenucka

Kak yrosopunuch 3apanee, s nan tenerpammy: "Muacc YensGuHckoi
UnbMeHckuii 3anoBeaHuk OuoctaHuus MuaccoBo TumodeeBy-PecoBckomy
INpue3sxatro Muacc 10 uions [Tonukapnos Cesactonons".

[TpubsiBato, MLy riaazamMu BoauTeNs Ha neppoHe. Jlioned 6bu10 HEMHOrO.
Jlerko morapancs, npeacrasuics. "A rae Bropoit?” - "5 oaun". - "Kak oauH, a
CeBactbaHoB?" - "Her, s oaun". - "Torma mounu uckatb. CeBacThbSHOB!
CeactbaHOB!" U s Toxe kpuuan: "CeactbsiHoB!" IloTrom BoauTens ckasan:
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"3HayuT, OpYyr¥M Mmoe3aoMm npuenaer. byaem oxpmate". S Hayan cMyTHO
noranbiBaTthes U cnipoci: "A otkyna CesactesaHoB?" - "Kak otkyna? Ortryaa
xe, otkyna U Thl. Tenerpamma xe oaHa". - "Ilokaxure!" JleHcTBUTENBHO,
noanucs, "Tlonukapnos CeBacTesiHOB". Bce sacHo: Tenerpadmctka. Ckazan
BOJMTEJIIO, TOT BBIPYTaJicsl, 4TO TEPSIEM BpEeMs, a €XaTh AAJIEKO H, C MO3BOJICHHUA
cKasarthb, no "gopore".

[IpubniBaeM, umy k 6HOCTaHLMM, HaBcTpedy ObicTpbiM miaroM Hukonaii
BnagumupoBH4, 06HMMAET, BEIMYAeT M0 UMEHH-OTYECTBY H CIpAILUBAET: «A
rae ke CeBacTbsiHOB?» IIposcHeHHe - M rPOMKHH, Ha BCE OIpPOMHOE 03epo
Bonemoe MuaccoBo, B3peiB XxoxoTa. ITorom Hac moaro ¢ B.H. KoporoauHeim,
OH JI0 MeHs npHexai, 3Baiid 6paTbiMi CeBacTbAHOBBIMH.

MeHs onpeAenuIM B MajlaTKy, OKa3ald Hay4YHOE XO3SHCTBO U MPUIJIaCHIIH
Ha daernuTHe-cobecemoBaHue B kotremk k H.B. u E.A. TumodeesbiM-
PecosckuM. C yTpa cieayromero qHs 8 Obl1 B cocTaBe rpymnsl "BogHHKoB" U
Hayajl OMbIT MO HAKOIUIEHHIO LepHs-144 npecHOBOAHBIMH MOJUIIOCKAMHM IOJ
HEMOCpeACTBEHHbIM HabmoaeHHeM Muiedmiei M pobpedeit  Enens
AnexkcaHapoBHel. O Hay4HOH CTOpOHE 3TOro M ApPYrMX OINBITOB C JAPYTHMH
HYKJIMaMH W TMIpOOHOHTaMH paccKasbiBaTh He Oyay: MMEIOTCS ImyOaHKaLuH.
Kaxnoe nero, B 1957 u 1958 rr., 1 npuedkan B MuaccoBo H ycepaHo
TpyAwics. BrieyatneHuit oueHs MHoro (4 He Ha 10 ctpanuu). EctecTBenHo, uto
NMO3HAKOMMWJICA CO MHOTHMH, B TIIEpBYIO oO4Yepedb C MPEHCIOTHEHHBIM
OTBETCTBEHHOCTH  3aBEQYIOIUMM  OHOCTaHLMEH, OH Jk€  acHUpaHT
H.B. Tumodeepa-Pecockoro, HukonaeM  BacunbeBuueM — KynukoBbIM,
BIIOCJICACTBUH €r0 MPEEMHHKOM IO OTAENY, JOKTOPOM OHONOrHYEeCKUX Hayk,
npocgeccopom.

Bce 6buH TOrma ne3suHGOpMHpPOBaHBI M 3aITyraHbl, B TOM YHCJI€ aClHPaHT
A. TiopiokaHOB, KOTOpBIA BAPYr BO3HMK y MOe€# MajaTKi M IIENOTOM Hayal
BBIACHATh 06cTaHOBKY Ha 6MocTaHUMH. OH ObL1 ¢ rpynmnoii mousosenos MI'Y
(a MBI ¢ ogHoro 9 ataxa 3oHbl [{ B obmwexurun MI'Y). Mon, Bce roBopsr,
CTaBHJ OMNBITHI, 3Haelb, HA koM (?!) Tam B bepnune, u 1.4. ['oBopio: "Mau k
HeMy, MOroBOPH, YBHIMILUb, YTO TaKOH YEJOBEK B CHIYy CBOMX NMPUHLIMIOB H
XapaKTepa HMKAaKHX TaKHX OMBITOB Ha TOM, Ha KOM HE Ha[JIeXHT, He CTaBWI".
[Tpuxoaut nocne 6ecensl MpocBeTIeHHbIH. A motom 3adactun k Hukonaro
BrnaaumupoBuyy U cTan ero 6nmxaiIiiM MOMOILHHKOM.

OtMmeuy ellie JIMIIB, YTO OCHOBHOM MPHUTAraTe/IbHOM CHIIOH [UIS MaCTHTBIX U
MoJsiofiexH K GuocTaHuMM MuaccoBO, Hapsiay C BBIMOJHEHHEM COBMECTHBIX
MCClIeJOBaHWH, OBUIM peryispHble KOJUIOKBMM MoJ pykoBoacTBoM Hukonas
BnagumupoBuua. Ben OH HXx HAeanbHO, M BCE HCMBITHIBAIM OrPOMHOE
YIOB/IETBOPEHHE, KaK MpeofosieHHe ouepeaHoro nepeBana. Ho o6 3rtoii
CTOPOHE AEATEIbBHOCTH HMEETCS MHOTO BbICKa3bIBaHHH YYaCTHHKOB B MeYaTH.
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Moe  HenocpeacTBeHHoe  mpuHoOlleHHE K  MepeJoBOH  ILKoJe
H.B. Tumodeepa-PecoBckoro onpenenuno oCHOBHYIO HalpaBi€HHOCTb paboT
¢dopmMupoBasLieiics aboparopun Mopckoii paguob6Honoruu B CeBacTonosie Ha
CbC AH CCCP. s 6bin moryiomeH OpraHU3alMOHHON (M1aHHpOBaHHE
CMELMATBHOTO KOpITyca) M OJHOBPEMEHHO HCCIIENOBATENbCKOH paboToit B
nepeobopynoBaHHbelx otcekax craporo 3maHus CBC Ha [lpumopckom
6ynbBape. Ho nepenucka ¢ H.B. u E.A. TuModeeBbiMU-PecoBckHMH Benack, He
npepbiBasch, Noka OHH ObuiM >xuBH. Ha Mou mnucbMa otBevyana Enena
AnexcanapoBHa U3 CeepaioBcka (WM M3 MuaccoBo - JIETOM), a MOCiE HX
nepeesna - u3 O6nuHcka. [locewan 1 ux u B O6HuHcKe. Kak Bceraa, 3To 6bL1H
o4eHb cojepXkaTesibHble M N06poxenaTesbHble KOHTakThl. A koraa EneHb
AnexcaHapoBHBI HE cTao, nucai caM Hukonait BnaguMupoBuy, HecMOTps Ha
TPYAHOCTH co 3peHHeM. Sl 61 Ha moxopoHax EneHsl AsekcaHApPOBHBI B
O6HuHcke. YV MeHs B paboyeM kabuHeTe - HMX MOPTPEThI, MpPHUCIaHHBIE
Huxonaem BnagumupoBuyuem no moeii npocs6e. Han ux noprperamu - noprtper
B.YU. BepHanckoro.

B 1963 r. EneHa AnekcaHgpoBHa omy6iMKOBajla CBOIO MOHOrpaguio
"PacnpeneneHue pagMoM30TONOB MO OCHOBHBIM KOMIOHEHTaM MPECHOBOIHbIX
BogoeMoB" (Tpynsl uncturyta 6Monorun YOAH CCCP, Bein. 30), koTopas
cpasy xke 6bu1a omy6nHMKOBaHa Ha aHTTIMHACKOM s3blke B cepHH M3daHUH Ok-
Pumxkckoit HauuoHanbHOH naboparopun B CLIA. Bckope, yepes roa, 6buia
3allMTa ee KaHAMAATcKoi aucceprauuu B CBepaloBcke, a s Obl1 YAOCTOEH
4eCTH OMNMOHUPOBAaTh IJTOH BblaatoUleiics pabore, OTBeyaBlUEH BceM
TpeOOBaHHAM, TNpeabABISEMbIM K JAOKTOPCKMM aucceptauusM. [lepen
noe3akol s cymen TmnpeBo3MoYb cebs, OKa3aBIUMCh OTPaBJIEHHbIM B
CeBacTonone HenoOpPOKaYEeCTBEHHBIM XOJIOALUOM M3 MaraduHa OykBaJlbHO
HakaHyHe nosieta B CBepanoBck. JlupekropoM MHCTHTYTa 9KONOrHH pacTeHH#
1 xuBoTHIX YOAH CCCP u npeacenarenem CoBera no 3amuraMm O6bin
akagemuk C.C. HiBapu.

Kak u3BectHo, Hukonaii BnaguMHpoBHY OYeHb KPUTHYHO OTHOCHICS KO
BCEMY, OTJMYas CYIIECTBEHHOE OT HecylecTBeHHoro. He Tepnen oH
"Genubepasl”, "uyiin cobauser”. M3-3a psana cnabeix paboT No paaHo3KOJOrHH
Ha 3anane ¥ B MockBe 10CTaBajloch OT HEro M caMoMy TepMHHY. Mbl UMenu ¢
HHM BO3MOXHOCTH 06CyxaaTh TepMHH B MHaccoBo U CBepUIOBCKe.

A koraa Obin roauuHsiii otyet B CoBere no paguo6uonoruu AH CCCP B
OBH Ha yn. bonbwo# Kamyxcko#, 33, To Hukonait Bnagumuposuy otHec cebs
M TeX, KOro OH TNpH3HaBal Ha OO/DKHOM Hay4HOM YPOBHE, K "pa3yMHbIM
panuoskonoram". CBoe BBICTYMJIEHHE OH Tak M Hayan: "Mbl, pa3yMHble
paauosKkosiory, ..." WU Jajiee CNeJOBaJI0 M3JI0XKEHHE JOCTHXKEHHH ero otaena.
JleficTBUTENbHO, pAAMO3KONOrHA CTalla MOAOH M MHOrue, 0OcobGeHHO
TEXHOKPAThl, 0Ka3aJIMCh TOXKE PaAHOIKOJIOTAMH, HO HEPa3yMHbBIMH.
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[TomHIO, Kak nocie AJUTENBHOH 3KCNEAULMM B MEKCHKAHCKHMH 3alluB,
Kapu6ckoe mope 1 Ha Ky6y B 1965 r. 1 npuuiesn, 6yay4u B MockBe 0CEHbIO, Ha
nexumio Hukonas Bnaanumuposuya Ha 6uodake MI'Y, rae oH uutan kypce mno
nomyasuMoHHoH reHetuke. Ero ke He Bmyckanu Ha Guodak 10 ner Tomy
Hazaa! IlopanoBancsa nporpeccy. Eme 6onbuie Obin pan Bctpeue ¢ Hukonaem
BrnaguMupoBuyeM, KOTOpbIii ObL, Kak BCeria, O4eHb pagylueH.

Huxonait BnanuMupoBuy 9acto nosropst: "HacTosuiuii yueHsiii He MOXeT
ObITh TUIOXMM 4YeJoBeKOM, H Haobopor". OH cam u ero xeHa Enena
AnekcaHapoBHa ObUTH HACTOSIIHWMH JIOABMH U YUEHBIMH, a OH JIMYHO ObLN ele
M FeHUAJIbHBIM Y4€HBIM, OH OBUT CryCTKOM HEBEPOSTHOM SHEPTHH H MpefeSbHO
ACHOH (BMAeBLIEeH cpa3y "B-mATbIX") MbIiciK. OH IeApO onapuBai JoAei
cBoed 3Heprue. OH paBHO 3aMHTEPECOBAHHO pa3roBapHBaJl C MacTEPOBBIM
4eJIOBEKOM, YHHOBHHUKOM, HCKYCCTBOBEJOM, HcclieqoBaTeseM. S 4yBCTBYIO €ro
3HEpruio B cede.

Hapetoch BbIOpaTh BpeMs M oOmmMcaTh Bce NoApoOHee, MPOLMTHPOBAThH
NHCbMa, Ha3BaTh MHOTHUX KOJUIET, M3 KOTOPBIX 3/€Ch i YMOMSHYJ TOJIbKO
OTZeNbHBIX. BysieM paccyuTHIBaTh, YTO BCe BriepeaH!

CesacronoJis, 2000 r.
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NoJBalIbHbIX MOMELUEHUH HCTOpHuYeckoro ¢akysbTeTa, € pacrosiaraiach
nepoHayanpHo nepBas B CCCP monopas, 1953 roma poxaenus, kadenpa
storo npoduns) Ha JleHuHckue, Tenepb BopoObeBbl, ropbl B HOBOE 3[aHHe
Ouonoruueckoro ¢akynsreta MI'Y. O6urtaBiine B obumexutud MI'Y Ha ya.
CrpoMbiHka nepebupanuch B o6uIekHTHE B InaBHOM 37aHMH MIY Ha
JleHHHCKHX ropax (Mos acnupaHTCkas KoMHata 936 neBas, Ha 9 3Taxke B 30He
Jl c BUIOM Ha 31aHHe xuMdaka). ['py3uM npubopsl Ha MalMHBI HA MoX0OBOH M
pasrpyxaeM Ux Ha Guodake Ha 3 3Taxe, Ha KOTOPOM AJA Kapeapsl OHODH3NKH
BblAE/IEH OOMNBIIOH OTAENBHBIH OCHOBHOM OTCEK, M B MOACOOHBIE MOMEILEHHS
Kadenpsl B LIOKOJILHOM 3Taxke. MeT nomyTHO 3HaKOMCTBO.

Cpeau pazHooOpa3HOW rpynmbl HOBBIX MOJOIbIX COTPYAHHKOB H
aclUpPaHTOB BbIAEIICA OJHH CBOMMH PAcKOBaHHBIMH M - B TO X€ BpeMs -
HEHABA3YMBBIMH €CTECTBEHHbIMH MaHepamH. OH HENpPUHYXAEHHO BCTyNail B
apyxeckue 6ecelibl, ILYTH, CI0BOM, Aepxai ceds, kak eci 6b1 OH 6bLT JaBHO
3HakoM co BceMH. Tak, 6e3 ¢opMaibHOCTEH TMO3HaKOMMICS H S C
KoporoauHneimM, KOTOpbIi cpa3y ke cTan Ha3biBaTh MeHs «['eHka», a 1 ero
«Boska». Hac ¢ BoBkoii (4 ewwe anextpodusnonora pacTeHHH, OKOHYHBLIErO
TumupsseBky) pacnpenenunu B oqHy JlabopaTopHyi0 KOMHATy B Lokone. TaM,
Ha HOBOM MeCTe W Ha HOBOH nabopaTopHod 6a3e (psAdOM peHTreHOBCKas
KOMHaTa 1 oOyiydeHHs, a Jajblie 1o JIabUpHHTY KoOaibTOBas ramma-
Mywka), HayaJliCb OCHOBaTesibHble paboThl Hal TeMaMH KaHAMWAATCKHX
JUccepTalui.

Temsbl y Hac 6bLTH pa3Hble, y Bomoau - mo OeHCTBHIO MOHH3HPYIOLIMX
M3Ty4eHHH Ha MHKPOOPraHH3MbI — €ro JII0OUMBIE IPOXOKEBBIE KIETKH, Y MEHS
— Ha OKHMCJICHHE HEHaChILIEHHbIX >XMPOB M Ha MpPOLECCHl PaJHaLIHOHHOrO
nocneneicTBus y (Moux moOUMBIX ¢ 3-ro Kypca yHHBEPCHUTETa) NMPECHOBOIHbBIX
ruap. Mbl )KMBO HHTEPECOBAJIMCH U 00CYkKIaNH AaHHbIE KOKIOro U3 Hac — Mo
ApOXOKaM U no rugpaM. MHe MpUATHO OCO3HaBaTh, 4TO MOH Onrkaliuui
KoJulera B Haulei obweit naboparopHoit koMHaTe OOHAapY KU MEPBBIM B MUPE
3¢ deKT MoCTpaguaLlMOHHOTO BOCCTAHOBJIEHHS KJIETOK, 32 YTO eMy OblLi BblAaH
auniioM o6 oTkpbiTHM. Mbl ¢ BosmoneHi nepBbIMH CKPOMHO OTMETHJIM €ro
ycnex B npogeccopckoit cronoBoii MI'Y (B ueHtpanbHOM 3naHuu MI'Y Ha
BTOpPOM 3Ta)ke): BAHOBHHK TOP)KECTBA, KaK COTPYIHHK, 3afUlaTHi 3a 2 obeaa Ha
Hac C HUM TaJlOHaMH, BblJaBaeMbIMH 3a BPEAHOCTb, a f, KaK aclHpaHT 6e3
TaJIOHOB, BbicTaBMA 2 nuBa. Hepenko s ¢ ynoBoabcTBHEM nomoran Bonoae
HecTH ropy yaiuek Ilerpu Ha kadenpy Mukpobuonoruu s crepuanzauuu. [lo
jopore Tyda M o0paTHO Mbl HMBO OOCY)XIOaIM TeKyIIHE M HaCyIlUHbIe
npo6yieMbl paaHaLMOHHON 6HODHU3NKH B cTpaHe U B MHUpe. Poxkaanuch obuuue
HHTepechl H M1aHbl. OHUM Bonjowwanuch B obiue myonukaumu.
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Mo Kpeimckum ropam. B.H. Koporoaun, I'.T". [Tonukapnos. 1950-¢ rr.

ICOBMECTHO MBI aKTMBHO yYaCTBOBAIH B HayuHBIX KoH(bepeHuusx MIY u
3a ero npeaenamu. Tak, 6bu1a omy6nukoBana uHpopmauus: Koporoaus B. K.
u Tlonukapnos I'. I'. «[IlepBoe MexBy30BCKO€ COBEILaHHE NO PaAHOOHOIOTHH
B HOBOM XypHaite «buodpusuka» (1. 2, 1957) u Koporogun B. H. wu
IMonukapnos I'. I'. «MexBy30Bckoe COBELIAHHE MO PaaHOOHONIOTHH» B
KypHane «MeauuuHckas pagvonorus» (Ne 3, 1957). Hapany ¢
NepcOHANTbHBIMM, Kak Toro Tpe6oBanu npasuna BAKa, Mbl mybGnukoBanu u
coBMecTHble CTaTbd. OHH TalKe NOMOJHHUTENBHO XapaKTEPU3YIOT JHYHOCTD
MOero Ipyra ¥ kosuieru. JlononHuTensHo — notoMmy, uto B  «IlyOnukaumsx
B.1. Koporoauna» (ctp. 12-16) B Opounope «Bnagumup HBaHoBHY
Koporogun. K 70-netuto co aHsa poxaeHus». ([ybHa, 1998) npuseneH crucok
TONBKO CaMbIX BaXXHEHIIUX ero paboT. A B JaHHOM ciyyae HeOe3bIHTEpEeCcHO
BCMIOMHMTb H O MEPBbIX, MyCTb HE OCHOBHBIX, LIarax COBMECTHbIX HCKaHHH M
NOMCKa CTpaTerHd JalbHEHIIWX WCCIECAOBAaHWIA JUI1 KaXIOro M3 Hac B
OTAEIBbHOCTH.

BoT oHu, 3TH caMble mepBble 1Iard — W BCerjaa B ai(aBUTHOM MOPSAKE.
bupykos H. H., Koporonun B. HU. u Ilonukapnos I'. I'., Tpedbunos B.H.
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«/IlnHaMHMKa SpPKOCTH JIIOMHHECLEHLMH Kak [OKa3aTeslb paJdalMOHHOro
NOpaXKeHHUs» (bruoxumuueckue H (bU3MKO-XHMMHUYECKHE OCHOBBI
Ouonornyeckoro aeictBus paavaumit. Tesucwl noxnamos. M.: Uzn-so MI'Y,
1957). 1 B ToM xe coctaBe aBTOpoB Oblna omybnukoBaHa ctathsi «HoBoe B
MPUMEHEHUH JTIOMHUHECLEHTHOH MHKPOCKOIMHH TS U3y4YeHHs OHONOrHYeckoro
JNEeHCTBUS MOHU3MPYIOLUUX W3nyuYeHHit» B «KypHaile HayyHOI W MpUKIIaaHOIM
¢oTorpaduu u kuHemarorpaduu» (1. 3, BeIn. 2, 1958). Kcratu, ormeuy, uto
Hropbr Hukonaesuy bupykoB — coTpyaHHK Kadeapbl HayuHoil ¢ororpaduu u
kuHeMaTtorpapuu MI'Y, u ero «Hawen» Bonoas. B xypuane «Ycnexu
coBpeMeHHO# 6uonorun» (1. 44, Boin. 1(4), 1957) Bbimna crates: Koporoaux
B. H. u Ilonukapnos I'. I'. «IlepBuuHble nMpoLecch! MpH Jy4€BOM NOpPaKEHHH
(k BOmMpocy O MexaHHW3Me YCHJIeHHs paauHoOHonorudeckoro sddekra)». B
kuure «Mrtorn Hayku. 1. Pamumobuonorus» (M.: Hsm-eo AH CCCP, 1957)
omybnukoBaH 00MbLIOA 3aka3HON HcuyepnblBalOIIHA 0030p Ha 25 cTpaHHLax
«brodu3nyeckre OCHOBbI [EHCTBHS HOHU3MPYIOIUMX H3TyYyeHHH»  TpeMms
aBropamu: benesonenckum B.H., Koporoauubim B.Y. u INonukapnoseim I'.T.

V Bonoau BO3HMKaJ MHTEpec K MpoleccaM, MpoTeKawlluM B chepe
FepOHTOJIOTHH, a 1 HHTEPECOBAJICS C FOHHATCKOM MOPBI U 3HAJI, KAKKe pacTeHHs
W XKHUBOTHBIE CKOJIbKO XXHBYT. B pe3ynbTaTe Mbl ¢ HUM HAlMCIH H H3AAJH
cratbio «buonoruyeckoe neicCTBHE HOHM3MPYIOILMX H3NMYyYEHHH, MpPOLECCHI
CTapeHH M TPOJO/DKUTENBHOCTh JKHM3HH» B OKypHale «MeauuMHCKas
paauonorus» (Ne 4, 1958). 3arem Bonons ¢ npucyiueit eMy peliMTenbHOCTbIO
M 9Heprueil okyHysics B OypHbIii NpoLiecc UCC/ieIOBaHUi B pa3HbIX HHCTUTYTax
Mocksbl, Cubupu, O6HuHCcka, JIyOHbI U B CBA3aHHble C HUMH MMOE3[AKH B
3apy6exxbe Ha KOHrpecchl (06 3TOM cBeJeHHsl OMyOJIMKOBaHbI), a 1 cTabUIILHO
npuyanun Kk CeBacrononbckoit  Ouonorudeckoit craHuuu um. A. O.
Kosanesckoro AH CCCP, orTkyna otnaBan KOHUBI JIMIIB B MOpPCKHE H
OKeaHHYeckue SKCMeAULHH, Ha CUMITO3UYMbI H OJJHH pa3 Ha paboTy B MoHako
¢ Bo3Bpatom B CeBacTonosib. AnepHoAMYeckH MeHs HaBewlan Bosoas, Mbi
obcyxaanu, Mbl MUCAIM BMECTE, Mbl JEHCTBOBAIH co00LIa, HO 3TO He ObLIO B
paKypce ero OCHOBHOW [eATeNIbHOCTH, U MO3TOMY TaKHe CBENECHHS MOYTH He
HallUIK OTPaXKEHHS B €ro BOCNMOMHHaHHUsAX. CaMoi CHIbHOM 4epToii HaTyphl
MBICJIUTENILHOM  0CcOOeHHOCTBIO Bosiogu OBUIO  MOJNIHOE W MOCTOSIHHOE
NorJouieHHe NMPeaMETOM H JIOTHKOH MCCIieJOBaHHUS.

Ony6MKoBaHbl HEKOTOpBIE HallK ¢ HUM ¢ororpaduu (Mocksa U Kpeim). Y
MeHs ecTb oTtorpadus (npaBaa, Aaneko He syuuiero kadecrsa): npod. b. H.
Tapycos, Bonons u s Ha konoputHom 6asape B CeBacTomnone AerycTupyem
pa3MBHOE CyXO€ BWHOIpajiHOe BHHO.
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Kak-Huby b, Hafetoch, 106aBUTh KpaTKHe CBENCHHUA Ha CJIEAYIOLHE TEMBI.

1. Mel ¢ BoBko# muuieM Ui MOCKOBCKOTO DaJiMO CEepHI0 CTaTeil ajs
IOHHaTOB (paau HeGOIBLUIMX FOHOPApOB).

2. H. B. Tumodees-Pecockuii B nabopatopun (MI'Y) y Hac ¢ BoBkoii —
JPpOXOKH M rHApHL. Peakuus.

3. BoBkau g B b. MuaccoBo, UengbuHckas 061acTs.

4. Kuura K. Ilummepa. Mbl ¢ BoBkoii nuiieM peneH3uio. 3ateM UzgaeM
kHury [lumMmepa Ha pycckoM s3bike. BoBka penakTop, a s nepeBOAUHK.

5. Ipuesn npo¢. B. HU. Koporoauna B uepHoGbUIbCKHE JHU B KHeB K BHLie-
npe3unenty AH YCCP akan. AH YCCP B.H. Tpedunony.

6. Crarea B. . Koporoauna c A. Arpa (1960) npo Kapaudaii. JlnurenbHbli
JIaTEeHTHBIH mNepHoA W 3aTeM (NpH NpeAcTaBIeHHMH MHoK0 Bonoau
BOCXHILIEHHOMY npodeccopy Appuro Uunbes B Kuese nocne aBapuu Ha
YAIC n o6wacHenns Who is Who) - 6ypHas peakuus ¥ nepeusaHue
aToH ctaThbM B UTanum.

7. MexnayHaponusiii cumnosuyMm ACOPS (Advisory Committee on
Protection of the Sea) B CeBactomosie B 1996 r.

8. PaszHoe, MHoroe. HeonHokpaTHble npuriameHus BoBkod U aupekTopoM
OUAN mens B [ybOHy. IlocTossHHOE LMTHpPOBaHHE pPaaHO3KOJIOTaMH
crathM 0 Kapayae.

Eme, HaaCCh, BCIIOMHIO U HAIIMIIY O JaBHO No3a0bITOM ...

A OCHOBHBIE€ BOCITIOMHHAHHS OCTAlOTCA CBEXHMH, HE CTape€OLUIUMH.

CesacTonoJib, 2005
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ITamaTH BbIAalOMIErOCH YUEeHOTr0-paanoIKoJIora akagzemaka HAH
Ykpaunsl I'.I'. Ilonnkapnosa

B. H. ET'OPOB, C. b. I'VJIMH, H. H. TEPELLIEHKO
Hucmumym 6uonozuu rosxcuvix mopeti um. A.O. Kosanegckozo
Hayuonanvrou axademuu Hayk Ykpauno:

11 cenrsbps 2012 r. ywen v3 >KH3HM BbLAAIOLWIMIACSA Y4YeHbIH, co3aarenb
MOPCKOH palHOIKOJIOTMH M LIEJIOro psja HayuHbIX HAlpaB/ieHHH B H3y4YeHUH
9KOJIOTMH MOpsi, OCHOBAaTeNb OTAeNa paAHallMOHHON M XUMHYECKOi Guosoruu
HHcTuTyTa GHONOrMM 10XKHBIX Mopei, akagemuk HauuoHanbHOH akaneMuu
Hayk YkpauHbl, naypear 'ocynapcTBeHHOH npeMHM YKpaHHbI, 3acCily)KeHHBbIi
JedTenb Haykd ¥ TEXHUKU YKpauHbl, kaBajep opaeHoB «3Hak [loyera» u «3a
sacnyru» Il cremend, a Talkke MHOIMX JpPYTrMX OTEYECTBEHHBIX U
Me)XIYHapOIHbIX Harpaj, JOKTop GuonorHyeckux Hayk, npodeccop I'eHHanmii
I'puropeesuu [lonukapnos.

Ponuncs TI'ennaguii I'puropeeBuu 16 aBrycra 1929 B cene bBonbuas
I'nymnua Camapekoit (Kyi6simesckoi) obnacty B PCOCP (CCCP) B ceMbe
noytoBoro ciyxauiero ITonukapnosa I'puropus UBaHoBuua u [lonukapnosoii
(neBuuns - Cmaruna) Enensl IleTpoBHbl. Briciiee o6pasoBaHHe ¢ OTIHYHEM
nonyyun B 1952 r. B CapatoBckoM rocyHuBepcutere uM. H.I'. UepHblieBckoro
Ha 6HOJOro-noYBeHHOM (Gaky/JbTeTe MO CNEUHAIBHOCTH «300J0rHA». B
acrUpaHType MO CHeUHanbHOCTH «6Hodpu3mkay yumics B CapaToBCKOM
rocynusepcutere (B 1953-1954 rr.)) U MOCKOBCKOM TIOCYHHBEPCHTETE Ha
kadenpe 6uoduszuku Guosnoro-noyseHHoro akynprera (B 1954-1956 rr.). B
1952-1953 rr. paboran mnpernonaBaTreneM OHONOTMM M XHMHH B CTapUNX
iaccax Benuko-I'mymuukuii cpemnedi mkonsl (Ky#iObiueBckas o6nactb,
PC®DCP). A ¢ 1956 no 1975 r. paboran 8 U~HBIOM AH YCCP / HAH VYkpaunsl
Ha J0JDKHOCTSX MJaLero W CTapllero Hay4yHoro COTpyJHHKa, 3aBeAyOLIEro
otaenoM paauvobuonorud. B 1975-79 romax paboran B kHsxkecTBe MoHako B
MexnyHaponaHoii Jlaboparopuu Mopckoi panuoakTHBHOCTH MAIATO Ha
JOJDKHOCTH CTapllero Hay4yHoro coTpyiaHuka (P-5) - 3aBepylomiero cexuueit
«HccnenoBaHue okpyxxarolied cpeapi» M wraTHoro wieHa Cekperapuara
MAT'ATD (no nunauu MHU]J] CCCP - crapmuii coBeTHUK-nocnaHHuk). C 1979
no 1991 r. oH — 3aBedyIOLIMH OTAE/JIOM paAMaLMOHHOM M XHMMHYECKOM
6uonorun (OPXB), ¢ 1991 r. mo 2012 r. — rnaBHBIA Hay4HbIH COTPYIHHK
OPXB UubIOM HAH VkpauHsl.

B 1964-1966 rr. [Tonukapnos I'.I'. co3nan v 3aTeM pa3Bui HOBYIO HayuHYIO
OMCLMIUTMHY - MOPCKYIO paiaMOdKOJIOTHIO, a Taloke Ha ee O6ase -
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PaZiHOXEMO3KOJIOTHIO, MOJHCMOJIOTHIO M ekBHAo3MMeTpHio. Cdopmuposai
IIKOJTy MOPCKOH pafinO3KOJIOTHH, BBIPOC caM 10 akageMuka AH YkpauHckoi
CCP/HAH VYkpauHbl, BOCTIMTal H BBIPAaCTHI IUIEATy Hay4YHbIX KagpoB — 29
KaHAMAATOB HayK, 3 JOKTOpOB Hayk W akafeMHka HAH Ykpaunsl. [Tpeanoxun
B KoHUe 1950-x rr. ¥ nobuics 3aBepilieHHs CTpouTenncTtBa B 1973 r. B
MapteiHoBoii  6yxte CeBacTonosis CHELMABHOTO PagHoOHOIOrHYECKOro
kopnyca ans OPXB UHBIOM. BHec BecoMblii Hay4YHbli W MPaKTH4ECKHIi BKJIaJ
B OXpaHy ruapocdepsl OT PaJHOAKTHBHBIX M XMMHYECKHX 3arps3HeHui. OH
npeactaBun B 1950-x - Hayane 1960-x rr. o6ocHOBaHHYIO
PaZHO3KOJIOTHYECKYIO apryMEHTalMIO MpPOTHB MpEMUIOKEHUH  3amamHbIX
AIEPHBIX Jiep)KaB MCIOJb30BaTh IyOuHbI YepHOro Mops A1 cOpocOB OTXOAOB
AIEpHOH MPOMBIILIEHHOCTH. YdacTBoBaN B 1950-60-x rr. B MOHHMTOpHHre
riao0albHBIX PaJHOAKTHBHBIX BBINAJICHHH OT ACPHbBIX B3phIBOB, HEOOXOAUMOM
IUIA MOArOTOBKH MOCKOBCKOrO IOroBopa O 3ampelleHHH SAEPHbIX HCTIbITAHHH
B OTKpBITHIX cpenax. ['eHHanuit I'puropeeBHY B Ka4yecTBe 3KClepTa
MexayHapoaHoi Mopcko# opranuzauus (MMO - IMO) u MexayHapoaHoro
arentctBa no atoMHoi sHepruH (MAI'ATO - IAEA) no JloHnoHckoii
KOHBEHLIMM O JaMIIMHre paJHMOaKTHUBHBIX OTXOJOB CMOCOOCTBOBAN YCMEMIHOMY
npuHATHIO B 1985 r. MeXIyHapoJHOro MOpaTOpHs Ha yJajieHHe TBEpAbIX
PaAHOaKTHBHBIX OTXOI0B B OKEaHBI.

PaGoras B MexayHapoaHoii JlabopaTtopun MOpCKO# paJHOaKTHBHOCTH
MATAT3 B MoHako, ITonukaprnos I'.I". cpopmynupoBan B 1977 r. koHLeNLHIO
30HAJILHOCTH XPOHHYECKOro NEHCTBHS BCEX CYIIECTBYIOIUUX H BO3MOXKHBIX
MOILHOCTEH 103 HMOHH3WPYIOIIHX H3TyYyeHHH Ha BCe YPOBHM OpraHH3alHH
XM3HM (3TH 30HBI Ha3BaHbl B 3apyOexHOH JMTepaType «30HaMH
[NMonukapnoBay»). Y4yacTBOBajl B pagHO3KOJOTHYECKOM MOHHTOPHHIE CHCTEMBbI
npya-oxnagurens YADC - IIpunsars - [[Henp - YepHoe Mope - Oreiickoe Mope
W B JIMKBHJALMH nocieacTsui aBapuu Ha YepHoObuibckoit ADC. B 1984 .
BMecTe ¢ coTpyaHukamMu OPXDB o6HapyXum M M3yuua BbICOKOIUIOAOPOIHBIE
CBOKMCTBa CepOBOAOpPOAHOH mIyOMHHOM TommuM Box YepHoro Mops ans
MOpcKHX pacTeHHH. B 1989 r. yyacTBoBan BMecTe ¢ JOKTOPOM OHOIOrHUECKHX
Hayk, HbiHe akaneMukoM HAHY npodeccopom B.H. EropoBeiM M apyrumu
cotpyauikamy  OPXB B BBISBIEHMH  HMHTEHCHBHBIX  METAHOBBIX
razoBblIe/IEHHH, a B JaJIbHEHILEM H KPYITHBIX KOPAJIOBUAHBIX 6aKkTepHaIbHBIX
coopyxeHHii, B cepoBofopoaHoi 3oHe YepHoro Mops. B 1998 r. akapemuk
[Monukapnos I'.I'. opranuzoBan BMecte ¢ npodecopoM Otro KuHHe
(Tepmanus) MexayHapoaHsiii coro3 3kodTHkd (MCO3 - EEIU) u xypHan
«Ethics in Science and Environmental Politics». B 2007-2008 rr. yuacTsoBai
Bmecte ¢ akageMukoM HAHY IO.I1. 3aiiueBbIM U ApYrHMH COTPYIHHMKaMH
Opecckoro ¢unuana UHBIOM u OPXBE MHBIOM B BLISABNEHHMH W H3yuYeHHH
O6uochepHOH H KOCMHYECKOH pONM HEH3BECTHOTO paHee SBJEHHS B
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cepoBojopoaHoi OatHanu UepHoro Mops - HalIMYMS XKHMBBIX CMOP M LMCT
pacTeHHH-a’poOOB (MOPCKHX M TIPECHOBOAHBIX BOAOPOCAEH M Ha3eMHBIX
rpu6oB), HaXOAAIIMXCA [IMTENbHOE BpeMs B COCTOSHHM TIIOKOS B
ry6OKOBOAHBIX OTJIOXKeHHAX. B 2009 r. OH NpeIOXKHI HCNONB30BaTh
CEpOBOAOPOAHBIE YCIOBUA IyOHH UepHoro Mops kak aHOKCHYECKMH aHajor
3KOJIOTMYECKUX YCJIIOBMH Ha JPYrHX KOCMHYECKHX TeslaX, B Ka4eCTBE MOJMIoHa
IUTS U3yveHHs KocMHYeckor 6uonorun — 3k3o6uonoruu, B 2012 r. paspaboran
KOHLEMTYaIbHYIO MOJENb 3IKCTpeMalbHOro OHOreoLeHo3a cepoBOAOPOAHOH
30Hbl YepHOro Mops, 3a0XH1 OCHOBbI (HOPMHPOBaHHS IKCTpeMalbHOM
Mopckoi 6HONOrHH cepoBoaOpOAHON Tomud U 6arwanu YepHoro Mops mis
KOMIUIEKCHOrO  M3y4YeHHs 3aKOHOMEpPHOCTEH (YHKLHMOHMPOBAHHS 3TOro
KPYMHOro NPUPOJHOro 3KCTpeMalibHOro 6HoreoLeHo3a.

BceMHpHO NpH3HaHHbIA yyeHbIH — paguo3konor, oH Obu1 u3bpaH B 1991-
1994 rr. u 1999-2002 rr. Buue-npe3uIeHTOM MexayHapoJHOro corosa
panuoskonoruu (MCP), ¢ 2006 r. - TloyetHsi#t uneH MCP (®panuus). C 1998
r. OH - gaeWcTBUTenbHbIA uneH KpbiMckoit AkageMuu Hayk, ¢ 1994 r. -
akanemuk AH YCCP / HAH VYkpaunsl no paguo6uonoruu, ¢ 1990 r. - unen-
kopp. AH CCCP no ruapobuonorun Mmops, ¢ 1967 r. - mpodeccop mno
panHoOHOoNOruu ¥ ruapobHosoruy, ¢ 1968 r. - mokrop 6HOOrHYECKHX HayK, C
1964 r. - crapmMii Hay4HBIH COTPYOHHK, ¢ 1962 r. - unen Hayunoro Cosera
AH CCCP / PAH no paano6uonoruu u uneH ee Ilpesuanyma, uneH YveHoro
coseta UHBIOM HAH Vkpaunsl. Unen pencosetoB: «Journal of the Black
Sea/Mediterranean Environment» (Crtambyn), «Paguaumonnas Ouonorus.
Pamuoskonorus» (Mocksa), «Buonorus mops» (Bnamusoctok), «Mopckoii
akonoruyeckuit xxypHam» (Cesacromons). IlonukaprnoB I'.I. - aBrop 928
Hay4HbIX MyOnHKaLMii, B TOM yKcie 28 MoHorpaduii.

B 2006 r. eMy npHCBOEHO MOYETHOE 3BaHUE «3aciy)KEHHbIH NesTesib HayKH
M TeXHHKH YKpauHBI» «3a BECOMbIH JIMYHBIA BKJIaJ B Pa3BHTHE HaY4HBIX
HCcCNeI0BaHUH, YKpeNeHHe HayYHO-TEXHHYECKOro NoTeHIHaia YKpauHbl U 110
cnyvato 80-netus HaumoHansHOH akamemud Hayk YkpauHbl». OH yIOCTOEH
MHOTHX MPaBUTEJILCTBEHHBIX M Hay4YHbIX Harpal, Cpea KOTOpBIX OpAeH «3a
sacnyru» Il cremenn (2009 r.), nHarpama umM. B.H. Bepnanckoro
MexayHapoHOro coro3a paJHO3KOJOTHH «B 3HAK NPH3HAHHUA BbIJAIOLLETOCs
BKJIaJa B pa3sBUTHE M pacMpOCTpaHEHHE PaJHO3KOJIOrHMH» M 30/I0Tas Meaalb
B.M. BepHanckoro MexayHapoaHoro Coro3a  pagMO3KOJOTHMHM  «3a
BblAAlOWIMACS BKJ1aa B paadoskonoruio» (2008 r., bepren, Hopserus),
lNocynapcTBeHHas npemMus YkpauHbl B obnacTH Hayku M TexHukd 2007 r. 3a
udl  HayyHbix pabor  «[IpousBoaurenbHOoCcTh, 6HOpazHOOOpazus U
aKoJioruyeckas 6e3omacHocTb 3kocucTeM HYepHOro Mops ¥ NEPCNEKTHBHBIX AJIs
VYkpauHbl pernoHoB MupoBoro okeaHa», opaeH «3Hak [louera» (1979 r.),
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Menaip «3a caMooTBepKeHHBIH Tpya» (1971 r.) U MHorue apyrue moderHsie
Harpapl.

3a BpeMs cBOoeH MHOrOJIETHEH TBOpUYECKOH NesTenbHOCTH akaaemuk [.I.
[TonukapnoB omMy6IMKOBaT OrpoOMHOE KOJIHMYECTBO BBINAIOLIMXCA HAy4HBIX
TPYAOB, B KOTOPBIX OCBEIIAIMCh pPe3yJbTaThl MCCIEJOBAHUH MO KIIOYEBHIM
npobnemMaM MOpCKO# paaMoxeMo3kojorud. Tak, elue Ha 3ape sAEpHO# 3pbl
BO3HUKJIAa Hay4Has JUCKYCCHsA O B3aUMOACHCTBUH MEXKAY XKHMBBIM BELIECTBOM H
panHOaKTHBHBIMM KOMIIOHEHTaMH MOpCKOH cpeapl. OHa Obula cBsi3aHa c
He0OXOOMMOCTbIO TMO3HaHMA 3aKOHOMEPHOCTEH BO3JEHCTBUSA Ha MOPCKHE
OpPraHM3Mbl  HOHHM3HPYIOIIMX  HU3IYyYEHHH KaK OT  MCKYCCTBEHHBIX
paqUOHYKIIHAOB, 0OpasyloIMXCA NPH SAEPHBIX B3pbIBaX M TEXHOrE€HHBIX
katactpodpax B BHIAEC pPaJAMOAKTHBHBIX BbIMAfeHUH, a B ANEPHOH
NpPOMBILIEHHOCTH — B KaY€CTBE PaAHOAKTHBHBIX OTXOJOB, TaK U OT M3JIyYeHHUH
€CTECTBEHHBIX JOJIFOXKHMBYLIMX PaAHOHYKIHAOB KOCMOIEHHOIO H JIMTOTE€HHOTO
npoucxoxiaeHus. Jlpyrol BaxkHOH 3amaveit 3Toi  mpoOnemsl  Obula
HeOOXOIMMOCTb HM3YYCHHS MHIpallMHd pPaJHOHYKIMAOB B MOPCKOH cpeae B
pe3yiabTaTe  BO3IEHCTBHA  OHOreoXMMHuYeckMx LHMKIOB. [lepBble ke
MCCNIeJOBAHHA B OTMEYEHHBIX OONACTAX MOKa3ald, YTO )XHBOE H KOCHOE
BELIECTBO MOTYT Kak TpaHC(OpMHpOBaTh (H3HKO-XMMHYECKHE (HOPMBI
CYLIECTBOBAHUS PagHOHYKIMIOB B MOPCKOM Cpefie, TaKk M HaKalUIMBaTb MX 10
ypOBHeH, MpeBBILIAIOIKUX COAEPHAKAHUE B BOJE HA HECKOJIBKO, BILUIOTH 10 5-6,
MOPAAKOB BEJWYMH, YTO BBIBEJO B pa3pAld LEHTPAIbHbIX MpobiieMy H3yueHHs
3aKOHOMEPHOCTEH KOHUEHTPHPOBAHHS PaIHOHYKIHAOB rHAPOOHOHTaMH, CTAJIO
6a3ucoM HOBO# 06IENPHU3HAHHONH B MUPE HayKH — MOPCKOH paJIHO3KOJIOTHH.

IupokomaciuTabHble paiHO3KOJIOrHYECKHE MCCIENOBAHHS MOCIEIYOLIHX
JIeT MOKa3aik, 4TO (PyHKLMS HAKOIJIEHHS PaJHOHYKIHAOB XHBBIM U KOCHBIM
BELIECTBOM B 3HAYHUTEJIbHOH CTENEHH 3aBUCHT OT KOHLIEHTPALIMH H30TOMHBIX H
HEH30TONHBIX HOCHTENIEH B BOAE, a TakkKe ONpeAenseTcs XHUMHYECKOi
TpodoarHaMuKOH ruapobuoHTOB. [lo3TOMy 3TH HcciienoBaHHMs NeEpeluld B
obnacte HaykM - paaHOXEMO3KOJIOTHH, HM3y4alolleH B3aUMOJEHCTBHE MEXIY
XKHBBIM BELIECTBOM M PaJHOAKTHBHBIMH M XMMHYECKHMMH KOMIIOHEHTaMH B
Mopcko# cpene. Mx ocHOBHOMH 3anayeit cTano co3fiaHHe KHHETHYECKOH TEOPHH
MHHEpaJIbHOTO M PaJiMOM30TONMHOro OOMEHa MOPCKHMX OpPraHM3MOB, a TalkoKe
COpOLIMOHHBIX B3aMMOJEHCTBHII KOCHOro BelllecTBa B Mopckoi cpepe. [lpu
9TOM OAHY M3 KOHEYHBIX LieNled COCTaBMJIO BbIACHEHHE H30TOMHOIo M
XuMuueckoro  OajaHca B Mopckux ~ OMoreoueHo3ax Ha  €IOMHOl
napameTpuyeckoi 6aze. OTH NHMOHepckHe HcclenoBaHWA akagemuka [T
[MonukaprioBa ¥ €ro WKOJIbI LUUPOKO NMPEACTaBIEHbI B MUPOBOH Hayke.

IMposoaumsle noxa pykoBoactBoM I'.I'. [Tonukapnosa 6anaHcoBbie paboThl B
obnacTd  pagHOXEMOIKOJIOTMH  MO3BOJMAHM  M3y4aTh  CaMOOYMIIAIOLLYIO
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CMNOoCcOOHOCTE MOPCKHX OKOCHCTEM B OTHOIIEHMH paJHOaKTHBHBIX H
XHMHYECKHX 3arpsA3HEHHH. DTH HCCNeNOBaHUA MOATBEPAWIH CIpaBelTHBOCTh
runote3sl akagemuka B.HM. BepHaackoro o ToM, 4YTO B npouecce
BOCIIPOHM3BOJICTBA XMBOTO BELIECTBa BOCIIPOHU3BOJATCS U XHMHUYECKHE yCIIOBUS
ero obutaHus. KonuyecTBeHHas uHTepnperalus O9THX Hael Ha Oase
HCMOJIB3YEMBIX B MOPCKOM  paJMOXEMO3KOJOTMH  aHAJIMTHYECKHX,
PaAHOWHINKATOPHBIX, PaAMOTPACCEPHBIX, LHTOr€HETHYECKHX METOAOB, a
TaKke METOJOB MAaTeMaTHYECKOr0 MOAEJIMPOBAHMA TMO3BOJIM/IA H3Yy4aTh
npenenbl OHOTHYECKOrO CAMOOYMIUEHHS BOJ, Ha3BaHHbIe 3KOJIOTHYECKOMH
€MKOCTBbIO, TO €CTb OMNpEAENATbh T€ MAKCHMaibHble TMOTOKH 3arps3HSIOLIMX
BELIECTB, KOTOpble MOryT OBbIThb AaCCHMWJIMpPOBaHbl M TIEPEHECEHbl B
reoJIOrHYeCKHe JeNno 3KOCHCTEMbl B pe3ysibTaTe KOMIUIEKCHOTO BO3ACHCTBHS
OHOreoOXMMHUYECKHX MPOLIECCOB. ’

Axkanemukom [ TlonukapnoBelM M ero Hay4yHOM IUKOJOH 3a
MHOTOJIETHHI mepuo paboThl OXBaueH UIMPOKHH KpYr HOBBIX HampaBiieHHH
TEOPETHYECKHMX M MPaKTHYECKHX pa3paboToK, MOMyYeHHBIX B MpoLecce
MarucTpalibHbIX HcciieoBaHHMA. OHM CBHAETENBCTBYIOT, YTO METOAMYECKas W
TeopeTHyeckas MOArOTOBIEHHOCTh wWikonabl akagemuka [.I. IlommkaproBa
NO3BOJIWIA IEKBaTHO OTpearypoBaTh Ha MpobyieMy BO3MOXKHOIO 3aXOPOHEHHUS
PaZiMOaKTHBHBIX OTXOJOB B INTyOMHHOH cepoBoAOpoaHOi 30He UepHoro mops,
ObL1 M3yYeH ero paJuo3KOJIOTHYECKHH OTKIIMK Ha UepHOOBUIBCKYIO SOEepHYIO
katactpody, ObuiM  pa3paboTaHbl ~ HOBblE  pafAMOTpaccepHble  H
pagMOXpPOHOJIOTHYECKHE  METOAbl  HM3yyeHHs  OHookeaHorpadHyecKux
XapaKTepUCTHK  MOpA, MOJy4eHbl HOBble  JaHHble 1O  OJKOJOTHH
BOCCTAHOBHUTEJNbHOM 30HBI YepHoro Mops, a Taike pa3paboTaHbl
6uoreoXMMH4ECKHEe KPUTEPHH HOPMHPOBAaHHS AHTPOMOreHHOro BO3JACHCTBHA,
MCXOJIs U3 NMapaMeTPOB 3KOJOrHYECKOH EMKOCTH.

B  cooTBeTcTBMM ¢  paHee  BBICKa3aHHOM  HaMHM  MO3ULMEH
(Paouskonozuueckuu omxauk..., 2008) cnegyer OTMETUTb, YTO YEJIOBEYECTBO
(Homo sapiens), ucnosib3ys nepenoBble Hay4yHble TEXHOJIOTHH, HO MPOMOJDKas
OCHOBBIBAaTBCA HAa [PEBHEM JIO)KHOM TPHHLMIE AaHTPOMOLIEHTpH3MA —
NCHUXONIOTMM  "BnactenuHa 3eMiaH", TNpOJO/KAET YCHIHWBaTb pa3pbiB C
nopoausiueii ero 6Hochepoit U yxe BCTYNHIO ¢ Helt B rNoOaIbHbIA KOHQIIHKT.
VYcnoBue BbbDKHBaHMA OHosoruueckoro Buaa Yenosex pasymHubili COCTOMT B
OCO3HaHHOM 3aHATHH HM CBOEH KOJIOTHYECKOH HHMILH U B COANAHCUPOBAHHOM
cocyujecmeoganuu ¢ IpyruMH 4acTAMH 6Hocdepbl, B KOTOPOH OH — OZiHA U3 ee
MHOTOYHMCJIEHHBIX COCTaBHbIX YacTed. DTO OCYLIECTBHMMO JIMIIb Ha Hay4HBIX
9KOITHYECKHX MPUHLMMAX HEOOXOOMMOCTH COOJIIONEHHA COBMECTHMOCTH
MeXAy HOpMamMH oOMEHa BELIECTB B MPUPOZE W B YEJOBEYECKOM oOliecTBe,
00y31aHHs HEKOHTPONHMPYEMOH JKcIuUTyaTaudd Ouocdepbl, BOCCOEAHHEHHSA C
Heil M O6epekHOro OTHOIUEHHA K €€ 3[0pOBbIO, OT KOTOPOro 3aBHCHT
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BbDKMBaHHE U 370poBbe 4esoBeka (Kinne, 1997, 2001). MHorouuc/ieHHbIE
ny6nukaumu I'. TI'. TlonukapnoBa mNOATBEPXKIAIOT CTpPAaTErHYECKylo LENb
MCCIIEIOBAHUI €ro M ero IUKOJIbl, HalpaB/lCHHYI0 Ha MOJy4YeHHe 3HAaHHH |
pa3paboTKy TeopeTHYecKOH W MapaMeTpHueckod 0a3bl Ml HOPMUpPOBaHHS
aHTPOMOreHHOro BO3AEHCTBHSA, UCXOAS M3 KOHLEMLUH YCTOHYMBOTO pa3BUTHS
MOPCKHX PETHOHOB.

['T. TTonukapnoB - BBIAAIOLIMHCSA y4YEHbIH, YEIOBEK OrPOMHON Hay4HOM
SPYAHLHH H BBICOKOrO NMpodeCCHOHANN3MA, YBIECUYEHHBIH M YyBIEKalOLMi 3a
coboii HccnenoBaTesb, HEYTOMUMBIH IHTY3HACT HayKH ObUT 3aMeuaTesibHbIM
HACTaBHHKOM, YYHTENIEM, YeJIOBEKOM OONBLIONH MYIUH, BBICOKMX MOPAIBHBIX
kayecTB. I'eHHaguH I'pHropbeBHMY HaBCerha OCTAaHETCs AJA Hac NpPUMEpPOM
n06poXKeNaTeTbHOCTH M YEJOBEYHOCTH, CaMOOTBEPXKEHHOro TpylJa BO HMs
Hayku. CBeTias MaMATh BbIAAIOLIEMYCS YYCHOMY M YAUBHTEIBHOMY YEJIOBEKY.

O YepHoOblie, o j110A9X, 0 npapoae (M3 mepennckn B.JI. Koporoaunoii
¢ I''I'. [TosimkapnoBbIM)

Ileunaguit ['puropseBuuy  IlonukaprnoB — «npsmodi  yueHuk  EneHsl
AnekcanapoBHbl W Huxonas BnagumupoBuya Tumodeesbix-PecoBckux mo
NMHMM  "pajMallMOHHOM  ruapoGuomoruu"»'. UM 3T0o camas  TouHas
xapakTepucTuka I'eHHanus I'puropbeBHda, motoMy 4to wikona Tumodeena-
PecoBckoro naBana «MocBsLIEHHBIM» MHPOBO33peHHE, KOTOPOE Kacalochb He
TOJbKO Hay4HOH METOIOJIOTHHM, HO M HPABCTBEHHBIX NMPHHLMNOB. B TeueHue
mHorux et ['enHaauit ['puropbeBrHy OblI MHE COBETYHKOM B €€ COXPAHEHHS
nyxa TumodeeBckoit 1wkoabl, Oyap TO OpraHu3alMs KOHGEpPEHLHH,
my6GnuKauMs KHHI M MHoroe apyroe. Cneuuduyeckoi, xapakTepHoi uepToi
IMonukapnoBa 6buT0 IIIyOOKO 3THYECKOE OTHOLIEHHWE K Mpupoxe. Peuwexue
omy61HMKoBaTh HECKOJbKO Bbiaepkek U3 muceM I'TTI npuuino, yto6sl nokasathb
HarnpaBJICHHOCTh €r0 KM3HH Ha COXpaHEHHE NPHPOBI.

B.JI. Kopozoouna

' Buipaxenue I'.T". [Tonukapnosa (13 mucema I'TTI k BK).
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23 dexabpsa 2007 ..

ITIN - BK....
Jina Baiero noiHOro npeacTaBeHHs KPaTko o4Yepyy Je/ia TOrJallHUe .

IMocne 26 anpens 1986 rona Heckonbko AHe# odHlMaTbHAs HHPOpPMALMS
BOOBLIE orcyrcTBOBana, KpoMe IJIyXHX CIYXOB C OMNAacKOH W OMIAOKOH H
HEMCTOBO I'TYIUMBLIHXCS BPa)XXECKHUX PaJHOr0JIOCOB.

Ho Mbl - paauMo3kosiorH cpa3y pa3BepHY/JIH H3MEpeHHs aTMoc(epHbIX
0CaJKOB H MOHSJIH, YTO AEJIO MaXHET KEPOCHHOM.

[puctynunu HememneHHo, 6e3 pekiaMbl, K MOHMTOPHHTY Hauel
TEpPUTOPHH M aKBaTOPHH B MapThIHOBOI# OyxTe.

[epectany nokynath MOJIOKO W OBOLIM. 3a HaMM MO LIEMH MOC/IEA0BATH
MHOTHE COTPYAHMKH NPYrMX OTAeNoB. BnacTW Hayanu pblyaTh, YTO MBI
NoJpHIBaEM 3KOHOMHKY M TIBITaEMCS CEATh MaHMKy (Mbl Hayajlu W3MepATh
3arpsA3HEHHOCTb 00YBH JKeNaIOLHX).

Ho, Hakonenu, pasgancas u3 Kwea, u3 Ilpesupuyma AH VYCCP,
NPUIITYLIEHHBIH 3BOHOK, INOJYLIENOTOM IPEMIOKHBIUHMA, YTOOBI S CPOYHO
npuObLT B AKaJIEMHIO.

Exan B KueB B npakTHuecku IyCTOM BaroHe (a kaccHplla Ha X.J. BOK3aje
yausunachk: "Bee enyt u3 Kuesa u He 6epyT 6unerst B Kues").

Tam s cpasy moctynun B pacnopsxkeHue llltaba Akagemud H ro cBoei
MHHUMaTUBe opraHusoBan npH llltabe npsamo B momemenuu [Ipesumuyma
Axanemun PabGouyio KOMHCCHIO TO BOJHOH pPaJHO3KOJOrHH M3 MECTHBIX
CMELIHATHCTOB-BOJIOHTEPOB U3 Pa3HbIX HHCTHTYTOB H BEIOMCTB.

S 3axBatun ¢ coboil momapeHHble MHe eme B MHAccOBO JIMUHO H C
napcteeHHoi TuModeeBa-PecoBckoro mnepBele  cO0pHHKH JaGopaTopuu
6uodusmku. A B 6U6GIHOTEKE YHHUBEPCHUTETAa B3AJ CBOM KHHUTH W 4TO ObLIO
MMelolllee OTHOLIEHHE K paaHodkojordd. W Havanace HanpshkeHHas M
IUtMTeNIbHas pabora.

Kctatd, Mbl TONBKO 4YTO 3aKOHYWIH OONBILYIO KOJUIEKTHBHYIO KHHTY
namero OPXB” - 0606umenne 3a 1986-2007 rr. "PaguodKoI0rHUECKHH OTKIHK
YepHoro Mops Ha YepHOOBLIbCKYIO aBapHIO".

Tak 4T0 3TO - NMOJIHOLIEHHAas NpaBJa.

U paxe COopHuk c "OGnarocnoBeHueM" TumogeeBa-PecoBckoro 6buT Kak
paauoskosoruyeckas bubnus.

' Umeiorcs B BuAY aHM nocne YepHOOBINBCKO#H KaTacTpodbi. - B.K.
2 Oraen panHoxumuueckoi 6esonacHocty. - B.K.
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U 1, xak mpamoil yuyeHuk Enensl AnekcaHnpoBHel W Hwukonas
Bnagumuposuya TuModeeBbix-PecoBCkHX N0  JMHMHM  "paavallMOHHOM
rugpobuonoruu” (3to MuaccoBckuit, TuModeeBa-PecoBckoro, TepMuH), Hec
CnoBo Tumodeesa-Pecorckoro moasm B UepHOOBUILCKHIH NEpHOL.

Oto ans Bamero ounyieHus Tex AHEH H PUYACTHOCTH K MuaccoBo.

Hy, nagHo: nopa onsrs K Aenam!

Bpemenu He xBaraeT. HenaBHO y3Hau, 4To, OKasbIBaeTcs (8 MOCIEIHHM
y3Hai), JlyHa mnoctenmeHHO yaansercs OT 3eMJIM, M T[O3TOMY CYTKH
yMeHbLIaoTCs !

[ToneMmHory ...

25 Honbpa 2010 2.

BK —ITII ....

K coxanenuio - k Hawed obuei Gesne - mpUpoaa oueHb Xpyrnkas, a o Hei
JOAM, KOTOpBIE [NENAIOT AEHbIM HIM YCTPaWBAIOT CBOKO JXHM3Hb, BOBCE He
ayMawoT. Y Hac B [ToaMockoBbe - MOBajibHas 3MHUAEMHS YHHUYTOXEHHS JIECOB,
OT BbITAIITBIBAHHUA N0 CITHJIUBAHHUA. Pasl-mua TOJILKO BO BpPEMEHH - OT 2-3 nert
JI0 ABYX HeZieb.

ITIH—BK ...

Cneun¢uky mnpHoaeT CBOGHpPaBHE  BIAacTb  MMYLIMX, OCOOEHHO
HEOrpaHUYEHHYIO M UCTIBITAHHYIO HMH B X MPOLILJIOM.

B 3TOM - 3aJ10)KeHHas porpamMMa caMOYHHYTOXKEHHS YeJIOBEHECTBa.

HpesHuii nosyHr: "Ilocne Hac - xots moron!"

A M3Ha4YaJIbHO Yy MPEAKOB JIIOAEH (M Y MHOTHX APYTHX JKUBOTHBIX, KpOME
KOJIOHHAIbHBIX) He ObUT0 HEO6XOMMOCTH B COXpaHEHHH cpelibl 0OUTaHUA (OHH
4acTO MEHS/IH €€ Ha CBEXYIO) H B yNaleHHH 0Txoa0B (kak 66l B "pacueTe"” Ha
TO, YTO B NPHPOAE XBAaTHUT 3KOJIOTHYECKOH €MKOCTH Ul BOCCTaHOBJICHHA
0oTX0I0B B Teno GHoreoueHo3oB). M He jxanenu crenaeMbix M pasfeBaeMbIX
MaMOHTOB, cabse3y6bIX, TYpPOB, CTEIEPOBBIX KOPOB ...

Coxpasii U YHHYTOXXHIIH XXHUBBIX LieaeBpoB I[Ipuponsi.

U BbIKOpYEBaIH Jeca.

Teneps achansTHpyIOT NOYBY Ha 3eMie.

"Llens" ¥ nepcnekTBa sSCHa.

6 dexabpn 2010 2.

BK—ITII ...
Tyt y Hac 3aac¢anbTHpOBaH JieCOUeK, IIe Mbl BCET/1a I'YJIAJIH C TICOM. ...
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[T — BK...

3aachanbTHPOBaHHBIM Jlecoyek - Iar K 3aacanbTHPOBaHHIO Beeil
[Tpupoas! (Ha Haweit HeGonbuoii 3emne). [IporpamMa camonukBuaauMu 'omo
canMeHC BBIMONHAETCS A0 "nobeaHoro" KoHLA.

[pupona GbICTPO BOCCTAaHOBHT JMHAMHYECKOE PABHOBECHE H 3BOJIIOLHMIO
6e3 3TOro 3apBaBILIErocs MOJIOJOrO BHAA.

boH manc!

7 0exabpa 2010 ..

ITIT— BK...

bBonee monyseka Tomy Ha3zan Mbl Obiniv ¢ Bononeit Ha Kapapare, rae s
M3Mepsa MOBBIILEHHbIA (OH ByJIKaHWYECKOro paloHa W Ha 3ToM ¢oOHe
paZiHoaKTHBHBIE aTMOCGEPHBIE BHIMAEHHUS OT AAEPHBIX HCMBbITaHHH. OcobeHHO
xopouo GOHHIH KOPOBBM JIEMEIIKH. A y HHX - BEPXHAS YacTh B OTIHYHE OT
HkHei. [Totom s coobumn npo 3TotT 06HapyKeHHBIH HHAWKAaTOp B MHaccoBo
Hukonaro Bnagumuposuuy Tumodeey-PecoBckomy.

Hcropus-c.

BK — I'TTI....

Ortkyna saepHele ucnbitanua? B 50-x?

U nouemy BepXHss 4aCTb KOPOBbHX Jienewiek?
VY Bac coxpaHunuch ¢pororpapuu?

I'TIT — BK...

Bce sanepHble cBepxepkaBbl HHTEHCHBHO B3pbIBaJIH HallePErOHKH - BTOpas
nonosuHa 1950-x. U Xpyumes rpo3un "Ky3skuHo#i Matepbio" - B3opBath 50-TH
1 100 Mt BogopoaHbie 60M6bl.

BepxHAs - MOTOMy, YTO BbiMafieHHs W3 aTMochepbl CBEpXy Ha CBEXYIO
TETUTYO OPTaHHKy.
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TIKVAH ALPER (1909-1995)

COLIN SEYMOUR, CARMEL MOTHERSILL
McMaster University, 1280, Main Street West, Hamilton, ON
L8S4K1 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 Umversnty of
Zurich to Wolfgang Pauli, who later - A
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 In 1935 geneticist N. Timoféeff-Ressovsky.
Gene Structure" in 1935, which was radiation physicist K. G. Zimmer, and quantum

seminal in the development of molecular physicist M. Delbriick published “On the nature of
P gene mutation and gene structure,” known

biology . subsequently as the “"Three-man paper”
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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
Medal 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” [1]. 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” [1]. (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” [1].) 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 Phil. Hanawalt (lt.tﬁ) and Bob Haynes (right), ad;unkF-

hemical Basi f Life [8] professors of biology (the Stanford and California
C ‘emlca . A Universities, respectively). The picture was made for
enjoyed wide sales and an Rygsian J. Priroda.

international readership.

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 NTP 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 15"
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
[ 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.
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ALMA HOWARD (1913-1984)

COLIN SEYMOUR, CARMEL MOTHERSILL
McMaster University, 1280, Main Street West, Hamilton, ON
L8S4K1 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
1938, was on 'The correlation between chromosome behaviour 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 *’P 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 Vicia faba 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. O. 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 [JRB (1984, v. 46, pp 1-3).
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IMPHUJIOXKEHHUE
APPENDIX




ADECLARATION

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-government 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 Antonova (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-Delbriick-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, Moscow, 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 of Radioecology (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-Delbriick-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 of Hydrobiology, 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-lez-Durance Cedex, France

Dr. Yury Yu. Ilinsky (Institute of Cytology and Genetics, SB RAS, Novosibirsk, Russia)

Acad. RAS Sergey G. Inge-Vechtomov: Chief of the Coordination Council RAS on the problem
“Ecology and Natural Resources”; Editor-in-Chief of the journal “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. Viadislav 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 of Lethbridge, Lethbridge, Canada)

Prof. Olga Kovalchuk: CIHR Chair in Gender and Health Board of Governors Research Chair,
University of Lethbridge, Alberta, Canada

Dr. Irina Kozeretskaya (National Taras Shevchenko University of Kiev, Kiev, Ukraine)
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