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NPUPOJIA H DKOJOI'HYECKHE ITPOBJIEMbI KPBIMA

B.A. BOKOB, C.A. KAPITEHKO
Taspuveckuil HayuonansHbIl yHugepcumem, np. Bepnaockoeo 4,
Cumepeponons, Yxpauna

KuoueBble cjioBa; npupona KpblMa, penbeq), KJIUMAT, NOBEPXHOCTHLIC H NOA3EMHBIC
BOObI, paCTMTe.ﬂbelﬁ M XHBOTHbIH MHD, JIaH)lU.laq)Tbl, JKOJIOFHYECKHUE l'1p06ﬂeMbl

Kpeim y 6onbminHeTBa moaei accouunpyercs ¢ KOxHbIM 6eperom — y3koi
nosockod 3emnd Mexay KpbiMckumu ropaMd H YepHbIM MopeM. 31ech,
ocobeHHO B 3amajHOH 4acTH, Mpupoga HanoMuHaeT CpeaH3eMHOMOpbE.
HmMeHHO K 3TOH YacTH noMyocTpoBa NpUypoyeHa 0o/biias YacTh CAHATOPHER U
NaHCHOHATOB, U CIOAA YCTPEMJISETCS OCHOBHAsA 4acTb OTABIXAIOLHX B JETHHH
nepHol: HacesneHve KpbiMa, cocraBasiioliee 2,5 MJIH. YEOBEK, yBEJIHUHBAETCA
B 2-3 pa3za. OHako MOJYOCTPOB BKJIKOYAET MHOXKECTBO APYTHUX NMPHPOIHbIX H
KYJIbTYPHO-HCTOPHYECKHX 0OBEKTOB, JOCTOHHBIX BHUMaHHA.

Paguunnniit KpeiMm B 0OCHOBHOM pacrnosioxkeH Ha miIaTGOpMEHHOH
CTPYKType — €€ KpHUCTWIINYEeCKHH (yHIAMEHT JEXMT NOCTaTOYHO MIyOoKo,
CBEpXY NpaKTHYECKH FOPU3OHTANILHO 3aJleratoT ocafouHble nopoasl (Mypatos,
1960). : ‘

Tlopubiii Kprnim  sgBnsercs  uacTelo  Asbnuiicko-I'uManakickoro  nosca,
OT/IMYaeTCs MOBbILIEHHOH TEKTOHWYECKOH aKTHBHOCTbIO. KpbIMCkME ropbl
00pasytoT TpH NMapasuieNbHble rps/bl, MOHKAIOLIMECS K CEBEPY M TAHYLUMECS OT I.
banaknaswt 1o r. ®eogocun Ha paccTosHuH 150 kM npu wmmpuHe 10 50 kM.
XapakrepHO#l 0cOOEHHOCTBIO Bceil rOpHOM OyrM W KaKAOH Ipsdbl SABISETCA HX
ACUMMETPHYHOCTb, KPYThIE KOJKHbIE W TOJIOTHE CeBEPHbIE CKJIOHbI. BHyTpeHHss
(cpemnsis) 1 BHewnss (ceBepHast) rpszibl NMPeACTaBIEOT COOOH THUMHYHBIE KY3CThI
— HECHMMETpPHYHbIE I'Psifibl H YCTYIbI B penbede. BHewHss 1 BHyTpeHHss rpsabl
HEBbICOKHE, BEpIIHHbI MX OKpyribie. BbicoTel BHyTpeHHe# rpsiael mocTuraror
600— 750 M. BHewmnss rpsga  HeBbicokad  (200—300 M), nocteneHHo
CUBAIOLLAACS C PABHUHHOMN YaCTHIO NOJTyOCTPOBA.

I'naBHas rpama gocturaet Bbicothl 1200—1500 M. IloepxHocTb I's1aBHOM
rpsabl npeacTaBnseT coboil HaropHoe mIaTo (CTo1000pasHYI0 MOBEPXHOCTD),
HasbiBaemoe fiiinoH. Jlns ginbl  XapakTepHO HAMMYHE MHOMKECTBA KapCTOBBIX
BOPOHOK, KOTJIOBHH, KappoBbix noseil. Ha mnoBepXHOCTH CTOMOBBIX MacCHBOB
OTCYTCTBYET ruaporpaduyeckas ceTb, MOCKOIbKY aTMOC(epHble ocagku ObICTpO
Boza ObICTpO mpocayuBaeTcs Ha MIYyOWHY MO TpeliHMHaM, OTBEPCTHAM, IIAXTaM,
KOJOZILaM, OHOpaM U aance GopMHUpyeT NMOA3EMHbBIE BOAbL.
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FOXHBIH MAKPOCKIOH MABHOM Ipsjibl OBONBHO KpyToil. B péﬁone Sntel u
I'ypsyda ot obpbia sitnbel Ha Beicote 1100 — 1200 M 1o mops Bcero 5-8 km.
Bonbwiad KkKpyrHsHa CKJIOHOB CO3JaeT MpPEANOCBUIKH U1 Pa3sHOOOpasHbIX
reoMop(honoruyeckux MpoLeccoB: 00BAIOB, OChINeH, OMOJ3HEMH, AETFOBUAILHOIO
CHOCa, pYC/IOBO 3pOo3MM H 1p. B BOCTOUHOH YacTH 10)KHOrO MakKpOCKJIOHa
nposBNAIOTCA ceneBble mpouecchl (Omubepos, 1994). Hapsamy co 3HauMTeNbHBIM
pacwieHeHHeM penbeda dakropaMH, cnocoOCTBYIOUIMMH CeiM B BOCTOYHOIA
YacTH IOKHOTO  MAaKpOCKIIOHA, SBNIAIOTCH CyxOH KiIuMar, cnaboe pasBHTHE
PacTHTENLHOTO MIOKPOBa M phixJible Moposbl (mpeobnagaet dhumw).

Kmumar KpbiMa  xapakrepusyercs — HalMiMeM  MHOXECTBAa  THIIOB,
(opMHpYIOILIMXCSl B Pa3HbIX HacTax paBHHUHBI, rop W nobepexbs. [loa BausHHEM
rop ¥ MOps BO3HHKAeT CyIIECTBEHHas pa3HHLa TeMIEepaTypbl MeXIOy paiioHaMu
cesepHoro Kpeima v IOsknoro Gepera, pacrofiOXEHHbIMH Ha HE3HAUMTENLHOM
PACcCTOSHHH JIPYT OT ApYyra, KOTOpas B 3UMHee BpeMs COCTaB/ieT B CPedHEM S-
6°C.

Xapakrep atmocepHoii LHpKyIauMK Haa KpbIMOM MeHSeTCs © B TeueHHe
roga. B 3umuuii nepron KpeIM Hepeako oKasbiBaeTCs Ha IOr0-BOCTOYHOH
nepudepuH aHTHUMKIOHA C LEHTPOM Hajl 3amaiHbIMH pafOHaMH YKpauHbI,
Benopyccueii  u LEHTPATbHBIMH  paHOHaMH - eBponeucxou yactd  Poccum.
Bosaywnble Macchl Takoro TMMa pacmpoCTPaHAIOTCA HE Bbiwe | kM W, He
MOTYT NepeBanuTh Aitibl. ECIM ¥ B paBHUHHOMN YacTH TeMnepaTypa BO3JyXa B
3TOT MEPHOL MOXKET cocTaBsTh MUHYC 10-15° C, To Ha siiinax oHa MOXeT GbITh
Boime Ha 3-5°, a B loro-sanagHom KpeIMy Temneparypa MoxeT GbiTb W
MOJI0XKHTENBHOM,

3uUMOi TakKe HEpelKH BTOP)KEHHMs apKTHHECKOro Bo3myXa (C cepepa),
BbI3bIBAIOWIHE PE3KHE TMOHWKEHHS TEMMEpaTyphl Bosnyxa ocoGeHHo CWIbHO B
PaBHHHHO¥ YaCcTH - HHOrAA 1o -30°C.

Pexxe 3MMOI MOJIyOCTPOB 3aXBaTLIBAETCS MOTOKAMH IOr0-3amagHoro
HanpaBJieHus, NpUHOCALIMMH Terio (oOsuno no 10- 15°C) ' u uHTeHCHBHBIC
ocafiki. DToT Bo3ayx Npuxoaut co CpeausemHoro mops. Ocajku BBINAAIOT B
Haubonblel cTeneHy B 10ro-3amagHoi yacTd KpbIMCKHX rop Ha HaBeTPEeHHBIX
CKJIOHaX.

Jlero B Kprimy apkoe M 3abyumusoe. Han nonyoctpooM mnpeobnajgaror
MEeCTHbIE BO3IYLIHbIE Macchbl, KOTOpble (GOPMHPYIOTCS Ha MECTE B YCIOBHAX
BBICOKHX BEJIMYHMH COJIHEUHOM paauaLy Npy Masoil o6nayHoCTH.

BpeMeHaMH Ha MOTYOCTPOB NPOPHIBAIOTCA aTJIAHTHYECKHE LIMKTOHHYECKHE
MOTOKH, HAYIIHE C 3aMaja u ¢ cepepo-3anana. OHM JAl0T OCAKH Ha CEBEPHBIX
ckoHax KpbIMCKHX rop, a 1oxHOBepexbe OKasblBaeTcsl B BETPOBOH TeHH,
31ech KONMMYECTBO OCAJKOB YMeHbllaeTcs. AHTHLMKIOHAIbHBIA Xapakrep
norofpl M3peAKa HapyllaeTcs CHIbHBIMHM, HO KPaTKOBPEMEHHBIMHM JIUBHAMH
KOHBEKTHBHOTO MPOHCXO0XKIACHHSL.
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Temneparypunbiii pexxnm. Haubonee HHU3kas cpeaHerofoBas TeMnepartypa
HabmopaeTcs Ha sinax: 3-4°C  Ha BblcokuX sitnax, 5-6°C — Ha Huzkux. B
PaBHHHHOM YacTH NOJYOCTPOBa Cpe/iHds rofoBas Temneparypa pasHa 10-1 1°C.
1OxHOGepexbe xapakrepusyeTrcs Haubonee BBICOKOH CpeqHeronoBoi
Temnepatypoi - ot 11,0 no 13,4°C.

Bonbumias uyacTh MONYOCTpOBa  XapaKTepU3YETCs  OTpHULIATENbHbIMH
SHBapCKUMH TeMrepaTypami. UMeeTca aBa MMHHMYMa: B PaBHUHHOMW 4acTH B
paitone ITepekonckoro nepemeiika (-2,5°) u Ha siinax — Munyc 5° Ha 3anagHbIX
u MuHyc 3-4° Ha BOCTOYHBIX. 3UMHHe TeMnepaTypbl Ha FOxkHOGepexbe  BbiLIe
0°C (o1 2° 1o 4° C).

HoctatouHo mpocTasi 3aKOHOMEPHOCTb B pacnpefefieHHH  cpepHei
TEMMepaTypsl MMeeT MecTo JetoM. Ha siinax oHa Haumenbinas - 13-16°. Ha
Gonbuieil yacTH paBHUHHOro KpbiMa NeTHHe TemmepaTypbl COCTaBNSAOT 22-
23°C, a Bjonb Bcero nobepesxbs — mwmoc 23° u Bbile.

[MponomxuTenbHOCT G€3MOPO3HOrO MEpPHOLA COCTABISET HA HeGOJbIIMX
BeicoTax okojio 200 pHei, Ha BhicoTe 1000 M — 150 aueit. Ha aiinax Toabko B
HI0Jle M aBrycte He ObiBaeT 3amopo3koB. KiMmaT sin xapakrepusyercs
CWJIbHBIMH BETpaMH, TyMaHaMH, 3UMOH C HHTEHCHUBHBIM TOJIOJIEAOM H
metensiMu. TIposBneHHe 3Toro ¢akropa NpHBENO K CHHKEHHIO JKU3HEHHOCTH
JIECHBIX JIECOHACAXK/IEHUH Ha KpPbIMCKHX siyax.

OueHb BaxkHOE 3HAaYeHHE HMMEIOT 3UMHHME TEMIepaTypbl, KOTOpbIE
OTPaHUYMBAIOT [IPOM3PACTaHWE MHOTMX KyibTyp. Bropxenus cesepo-
BOCTOYHBIX XONOJHBIX Macc MOTYT HTMTbCS [BE-TPH HEAENH M MPHUBOAAT K
cHWKeHHIo Temrepatypbl 10 -30° C M Hecko/NbKO HMKe B PaBHMHHOMN yacTH
pervoHa, a B paiioHe Sl — 10 -15° C.

Atmocdepnble ocagkn. Ha nobepexbe B0k BCErO MOJyOCTPOBA rofoBas
cymma ocaakoB coctasnseT 300-400 MM (nocturas MuHuMyMa Ha MeraHome —
270 mM). B ueHTpanbHOH YacTH paBHMHHOro KpbiMa KOJIMYECTBO OCaqKOB
Bozpacraet A0 450 mM, B IIpearopee — no 500-600 MM, Ha rnaBHoO# rpsjae — 00
1000-1300 MM, Ha FOBK - 300 - 650 MM (Bo3pacTaer k 3anany).

Bonbwass yacte OcaikoB BbIMajaer B BHAe A0XKAA. Ha nomo TBepabix
ocazakos npuxoautcs Menee 10%. Uucno auelt ¢ noxaamu konebnercs ot 80 -
130 B crenubix paiionax, a0 150 - 170 B ropax. Jlerom B Kpeimy Habntonaetcs
He Gonee 5 - 10 aHeii ¢ noxAsMH 3a Mecal. TeM He MeHee, HEPEIKO BbINaaloT
HCKJIIOUMTENbHO OOWIBHBIE A0XKIOW - JIMBHH, KOTOpble o0pasyloT, 4acTo B
TeyeHHe OJHON MHUHYTbL, CJIOH BOAbI B 2 - 4 MM, 3a aBa yaca — 40 - 90 mm, 3a
cyTku 100 MM u Honee. VX BeimageHUe BbI3BIBAET NABOJAKH Ha peKax.

B npearopHoit yacty (Cumdeponons, Benoropck) konuyecTBO 0CaakoB
coctaaser 500-600 MM B roa, Ha Aiinax KOJHYECTBO OCAJKOB BO3PacTaeT [0
1000-1500 mM/ron.
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KonuuectBo ocankos pe3ko konebietca ot roga k- roay. Ilpu. cpeaneii
BenduuHe 450 - 490 MM B mpearopse 10 roAaM OHH H3MeHsroTcs ot 200-300
a0 700 - 900 mm; Ha FOxxHoM Gepery mpu cpeAHHX 3HaueHHax 430 - 650 MM -
ot 200 - 300 no 1000 MMm; Ha 3anaaHbIX Aiinax Mpy cpeaHeit BenuuuHe 960 MM
u3meHsetcq ot 410 go 1650 mm (Knumar..., 1983).

- Ocanky HepaBHOMEPHO paclpeAeNAloTcs U Mo ce30HaM roga. Ha pucyHke
NoKa3aHO - pacmpelefieHHe  OTHOWIEHHS:  CPEJHEMHOTOJIETHEH  CYMMBI
aTMOCepHBIX OCAZKOB 3a XOJOAHBIA mepuoa (HOAOpL — MapT) K.cymMe
OCaJIKOB 3a TeIuIbl nepHoa (anpenb — OKTAOPSD).
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OTHoeHHE CYMMBL aTMOCIEPHBIX OCANKOB 33 XONOAHBIN nepHoa (HOAGpL-MapT) K CyMME OCAlKOB 3a
Tensii nepyo (anpens-0KTA6pE)

JIna CenbCKOXO3AHCTBEHHON IEATENBHOCTH GONBUIOE 3HA4YEHHE HMEIOT
pasiMiug B CE30HHOM XapaKTepe BLIMAJEHHA OCAJKOB Mex1y KpaiiHe# roro-
3anafHo# 4acThio monyoctpoBa (ot CeBacTomons o AJywTsl), OTHOCALIEHCS
K cyOcpeau3eMHOMOpPCKOH HacTd W octaspHOM 4acTeio KpeiMa. B
cybcpen3eMHOMOpPCKOH YacTH Gosblast HacTh OCAAKOB BBIMAJAET B XOJIOAHOE
BpeMs MpPEUMYLIECTBEHHO B (hopMe MOpOCAIIMX A0XIei. DTo cnocobcTByeT
nyuumiedf MHOUIBTPAUMM BlarH B TOYBY C MOCHEAYIOIMM 3((EKTHBHBIM
HCTOJIb30BAHHEM CETbCKOXO03AHCTBEHHBIMU Ky/bTypaMH. Ha octanbHoil uacTH
KpeiMa mnpeobGnamaroT ocagkd Temioro mnepHoaa. . JIMBHeBble OcCaakH B
3HAUHUTEJIBHON CTeMneHH 00pa3yloT MOBEPXHOCTHBIA CTOK M TEM CaMblM MaJio
HCIONB3YIOTCA PACTHTE/IbHBIM MMOKPOBOM, a ciabble J0Xau B OosbLIOH Mepe
NepexBaTbiBAIOTCA JTMCTOBOH MOBEPXHOCTBIO CEJILCKOX03AHCTBEHHbIX KYJLTYP,
a 3aTeM HCTapsroTCs.
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B uenom B KpbIMy MOXKHO BbIIEHTb TPH OCHOBHbIX THIA KITUMATa:

1)  1oxHoOepexubiii (@0 BeicoThl  mpumepHo  200-350  m)
cyOcpenu3eMHOMOPCKHI €1ab0 KOHTHHEHTANBHBIN € JKapPKUM CYXHM JIETOM H
npoxJiafAHOH 3UMOH, KOTOpbIH cOopMHpOBANCS 3a CYET 6apbepHoro BITHSIHHA
rop;

2) TropHBIH JlecCHOH YMEpeHHO BIAXKHBIH ¢ MPOXNagHOH 3UMOI U TEIUIbIM
JNeToM (Ha I0KHOM MakpockiioHe Beiite 800 m);

3) cTenHoil yMepeHHOH KOHTHHEHTAIbHBIH C JKapKHM CYXHM JIETOM H
xonoaHo# 3umoil. Mexay HMMH HaOMIOAAIOTCS NEPEXOAHbBIE THIIbL.

Msrkde 3uMbl ¢ MakcuMyMoM ocagkoB Ha IOBK uMeloT pewaroinee
3HaYe€HHe B OMNpPEACIEHHH 3TOro KJIMMara kak Ccybcpeln3eMHOMOPCKOro.
Brnaropaps MsarkuM 3uMam 3€Chb BO3MOXKHO pPa3BENCHUE MHOTHX HOXKHbLIX
BUJ0B pacTeHuil. HecMOTps Ha To, YTO CpedHss TeMmreparypa HH OIOHOro
Mecsua Ha Oonblliel yacTH 10KHOH MofoBHHBI KpeiMa He Mapaer HHXeE HyJis,
BCE K€ MOYTH KaX[bIH rol ObIBAIOT KPaTKOBPEMEHHBIE MOPO3bl. B oTaenbHbIE
roael Temneparypa B FOxuoM Kpeimy omyckaerces no - 10°C.... — 15°C, yro
NPHBOAWT K TOBPEXACHHIO CEJILCKOXO3AHCTBEHHBIX KYJIBTYp MOpPO3aMH.
Taxum oOpasoM, ycnosus Ha FOxxHom KpeIMy 3HauHTenbHO cypoBee, YeM B
THIHYHO CPEeAU3EMHOMOPCKHX paiioHax Mcnanuu, ®panuru, Utanuu, ['peunu.

Pecypchl Teria Mo3BOMSIOT BhIpawMBaTh B KpbIMy MHOTHE IIONOBBIE
Ky/bTypbl W BUHOrpaa. OcobeHHO 61aronpuaTHBIE YCIOBHS CKIAAbIBAIOTCS HA
K0KHOOEpexKbe, B HEKOTOPbIX 4acTax npearopbs. CyMma teMnepaTyp Boiuie 10
rpauycoe (no Llenscuio) pocturaet B paitoHe Mucxopa 4200 rpauycos BbILLIE
10°C. '

B npumopckHx uacTax mnonyoctpoBa - B 10-30 kM ot n06epe>xb;1 -
NposBIsIOTCA OpH3bI - BETPHI TEMJIOrO BPEMEHH roaa, AyIOILHE AHEM C Mops,
HOYBIO - C CYIIH. BpH3bl cMmsar4aoT AHEBHYHW JeTHIOK >xapy. OHM Taloke
OYHLIAIOT BO3AYX MPHMOPCKHX FOPOJAOB OT NMPOMBILIEHHBIX W TPAHCTIOPTHBIX
3arpA3HeHHI.

IloBepxnocTHbIe H Mox3eMubIe Bogkl. Beero B KpeiMy HacuuThiBaeTcs okono
1700 pex ¥ BpeMeHHbIX BonOTOKOB. HO nojaBnsomias Mx 4acTb OTHOCHTCSA K
MasleiM peKkam JUTHHOH 1o 10 kM.

Ha BomHeiii pexxum pek KpeiMa B MepBylo oudepenb OKasblBaeT BIIHSHHE
Ha/M4He TPEUIHHOBAThIX H3BECTHAKOB, pEryJHpYIOIIHX TIOBEPXHOCTHBIH U
nomsemMHbli  cToK.  EcTecTBeHHbI pexxum OonblIMHCTBA pek  HMCKakaercs
peryJMpyIoILMM BITMSHHEM HCKYCCTBEHHBIX BOJOEMOB, a Taloke 3a00poM BOIbI Ha
opoweHde. Ha TeppuTopHu perHoHa HacuuTbiBaeTcs Ooliee ThICAYM TIPYAOB K
BOJIOXPAHIIHILL, ¢ 061ei TTOBEPXHOCTBIO MOTHOTO 3epKaa okosio 27 kM (rUloIazs
BOZOXpaHWIHII nopsaka 14 kv?), a roie3Has BoaooTaua Hx nopsitka 180 MitH. M.

B navane 70-x rogoB XX cronerust B Kpoim 6611 nposeneH Ceeepo-KpbimMckuii
KaHall, KOTOpbI NpHHec Ha nomyoctpoB Bomy JlHenpa. Ee obwvem B Tpu paza
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NpeBbILIACT  €CTECTBEHHbIH MOBEPXHOCTHBIA cTok. [lpuxoa Boabl MO3BOMHI
opocuTb 400 ThIC. ra celbCKOXO3SHMCTBEHHBIX 3eMenb, OOecreyuTh ropoaa H
nocesiki paBHMHHOro M npearopHoro Kpbima. IlpumepHo TpeTh o0beMa Bojbl
KkaHana cbpacbiBaetcs B 03epo Cupatll, : ..

KpbIMckHit NOTyoCTpOB cpaBHUTENBHO OeA€H NMPeCHBIMU MOA3EMHBIMU BOAAMH.
B TIopiom KpbiMy mnomzeMHble BOObl MPUYpOYEHbl K  BEpXHEIOPCKHM
3aKapCTOBAaHHbIM HM3BECTHSKAM M M€CYaHO-TIMHUCTBIM OTJIOKEHHSM, MECTaMH, B
OTHENbHBIX JETpeccHsiX, - K MOpOJaM MeJOBOro BO3PacTa M K YETBEPTHYHBIM
obpazoBanusM. M3-3a HEOCTATOUHOTO KOMHYECTBA OCAAKOB LIHPOKO pa3BHUThIC B
paBauHHOM KpbIMy yeTBepTHYHbIE OTIIOXKEHHsS. 0OBOHEHB! cabo.

Peunble Boas! KpbiMa UCTIONB3YIOTCS UIS OPOLLUEHHS MONeH, cafioB, OrOPOAOB U
BUHOTpaaHHUKOB. B pesynbrare, pacxol Boabl B pekax pe3ko cokpariics. Kpome
MOBEPXHOCTHBIX BOA IS STOH LENH pacXOMyIOTCsl Taloke MOAPYC/IOBOH CTOK M
apre3uaHckue Boabl. B obnacti okono 2000 apresuanckux v 6onee 2300 waxTHbix
KOJIOZLIEB. , : ;

KauecTBo BOAbI B pekax M MOA3EMHBbIX BOA B MOCNEAHHE - AECATHIETHS
YXYIHAOCh, YTO CBS3aHO C POCTOM MPHMEHEHHs YAOOpeHHH M SH0XMMHKATOB B
CeNbCKOX03HCTBEHHOM NpOU3BOJICTBE, pa3BUTHEM TPOMBILLIIEHHOTO
NpOU3BO/ICTBA, 0COOEHHO XUMHYECKOro, COPOCOM KOMMYHaTbHO-OBITOBBIX CTOKOB.

Iloussl. PapHunnblit KpeiMm ¥ KepueHCKHMH MNOMyocTpOB pacriojlaratorcst B
MOA30HE JIEPHOBHHHO-3MAKOBbIX CYXHMX CTered, pasBUTbIX [Ma  FOXKHBIX
ManoryMycHolX (3-4% ryMyca) uepHO3eMax H TeMHO-KalUTaHOBbIX Mousax. Ilo
HanpaeneHuto K IlpucuBamickoMy, Kapkuuurckomy u EsnatopuiickoMy mno-
bepexxbaM Ha BbicotTax 40-50 M 4epHO3EMBI CMEHSIIOTCS  CONOHLEBATHIMH
c1aboryMycHUpOBaHHBIMM ~ TEMHO-KAIUTAaHOBBIMM  MouyBaMHd. HemnocpeacTBeHHO
Brony mnobepexcud, Ha Oojiee HHU3KMX YYacTKax, paclpOCTpaHEHbI JIYyroBble
COJIOHLIOBO-COJIOHYAKOBbIE MOYBbI B KOMILIEKCE C COJIOHYAKAMH.

Ha YOBK no Buicots 400 M mpeobnanatoT kopu4HeBble HieOeHYaThbie. MOYBLI
CYXHX JIECOB M KYCTApHHMKOB, c(hOpMHMpPOBaBLIHECS Ha MpPOAyKTaX BbIBETPHUBaHHs
[JIMHHCTBIX CAHLIEB, MECYaHUKOB M H3BECTHAKOB; MECTAMH BCTPEUAIOTCS KPacHO-
Oypble mouBbl Ha M3BecTHsKax. Beime, ot 400 no 700 M, pacronaratorcs Oypble
NecHble mousbl, ewé Bolie (700—1200 M) dopmupyroTess TEMHO-Oypble rOpHO-
JlecHble BbILIENOYEHHble NouBbl. Ha sinax pacnpocTpaHeHbl T'OPHO-TYTOBBIE
YepHO3EMOBHHLIE MTOYBHIL

PacrurenbHocTe W okuBOTHBIE  MAp. PacturensHocTs  KpeIMckoro
nojiyocTpoBa Gorara W pasHooOpasHa. 37ech Mpe/cTaBieH Lesblid CEKTP THIOB
pacCTHTENILHOCTH: OT  MYCTHIHHBIX  COJIAHKOBBIX  COOOLIECTB  3aCOJIEHHBIX
HusMeHHocTell [lpucuBambs W KOBBUIbHO-THMHYakoBbIX cTeneil KepueHckoro
nojTyocTpoBa A0 AYOOBBIX, OYKOBBIX M XBOHHbIX JiecOB, (GOPMHPYIOLIHMXCS B
ropHbix nosicax. [naroo6pasnas BepuinHa I'naBHo# rpaael KpbIMCKHX rop 3aHsTa
CBOEOOpPa3HbIMH  'YCTO-TPaBSIHbIMH JIYTOBbIMH CTEMSIMH  HJIH  OCTEMHEHHBIMH
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myramu. FOxHOMy Gepery CBOHCTBEHHA PaCTHTENBHOCTb, OIH3Kas K CpelM3eM-
HOMOPCKOMY THITY.

OcobyI0 LEHHOCTL MPEACTABIIAIOT TOPHBIE KPBIMCKHE Jieca, GOPMHPYIOLIHE
ocoOblif MecTHBI# KIMMaT, Neii3akHoe pasHooOpasue. J{o 3aceneHus MosyocTpoBa
YeJIOBEKOM JiecaMH Oblla MOKpBITA BCS TopHas o0nacTh W Aake 4acTb paBHHUHHOM
TeppUTOpHH. Pa3BUTHE CKOTOBOACTBA MNpPHBENO K HCYE3HOBEHHIO JIECOB Ha
paBHMHAaX H 3HAYHUTENBLHOMY YMEHBLICHHIO B NpeAropbsax M roxHOM Gepery. K
Hayaimy XIX Beka necamu 6bu10 nokperro 361 Teic. ra (Lpetkos, 1957). B 1888
TOIy UX IUIOIAb YMeHbUHack A0 334 Thic. ra, B 1913 r. —no 318 Tolc. ra, B 1929
r. — A0 274 teic. ra. CibHO noctpanaid Jieca Bo BpeMs Bropoi MupoBoii BOiHBI —
Ux Towank ymenbimwiack 10 210 teic. ra. B nocieBoeHHbl# iepuoa Gnarogaps
JIeCOBOCCTAHOBHTENbHBIM paboTaM ruioLans o6eceHHbIX TEpPHTOPHI BO3pocia U
ceiiyac cocTaBiseT MpUMepHo 296 Toic. ra.

®nopucTHUECKHH COCTaB M XapaKTep pacTHTeNbHbIX coobuiecTB Kpbima
6MM30K K CpeAH3eMHOMOPCKOMY, HO OTiM4aeTcs OoNbIIHM pasHooOpaszueM
BHAOB: Bo hrope ropHoro Kpeima (muotuans okono 7 Teic. ) NpeACTABIECHO
2173 Buma, a Ha octpose Kpur (mnomane 8,4 Teic. km2) — 1824, Ha ocTpose
Kopcuka (nnowane okono 8,7 Thic, kM) — okonto 1900 BHIOB.

TUMHMYHO cpedu3eMHOMOpPCKHE BHIbI, BXOAAIIHE B COCTaB COOOIIECTB
pa3HbIX = BApHAHTOB CPEAW3EMHOMOPCKHX JaHAWA(TOB: MOMOKEBETbHUK
BbiCOKUH (Juniperus excelsa), cocHa xpbiMckas (Pinus pallasiana), cocHa
CraHkeBuya (P. stankewiezii), ductamka TtynonuctHas (Pistacia mutica),
3eMJISHUUHHUK MeNKomnoanbiit (Arbutus - andrachne), urivua mnoHTUiCKas
(Ruscus ponticus), nagaHHuk kpeiMckuid (Cistus tauricus), cymax AyOMIbHBIHA
(Rhus  coriaria), - monouaii xectkuit ~(Euphorbia rigida), - xacMuH
KycTapHUKoBblii (Jasminum fruticans), nepxu-nepeso (Paliurus spina —
christi), achonenuna xentas (Asphodeline lutea), kanepcwl komouue (Capparis
spinosa) v ap.(barposa u ap., 2003).

OcobenHoctblo  tayHbl  ABNfeTCd  Hadgiue B HeHd  BHIOOB
CpeaH3eMHOMOPCKOTO MPOHCXOXKAEHUA. M3 MiekomUTalouux - 3TO JIeTyuHe
MbiliM OoJibioi M Manbli mofakoBoHoc (Rhinolophus ferrumequinum, Rh.
hipposideros), a Takxe IIHHOKpbU1 (Miniopterus schreibersi), U3 nTHU —
yepHbli Tpud (degypius monachus), 6enoronosblii cun (Gyps fulvus), us
penTHIHA  —cpeau3eMHOMOpckuit  rekkoH  (Tenuidactylus  Kotschyi),
neonapaossiii nono3s (Elaphe situla), u3 HaceKOMbIX — LMKaAa OObIKHOBEHHas
(Tibicen plebeja) v ap.

[TonyocTpoB  moMy4Hw1 IIMPOKYIO H3BECTHOCTb Oyaropaps  GosbLioMy
OuonornyeckoMy M naHmwadTHOMY pasHooOpazuto. OH BxoAauT B yucio 200
paiioHOB MHPa, OTHECEHHBIX K TEpPHTOPHAM C BLICOKHM GHOpasHooOpasueM.

Ha nmonmyocTpoBe HacuMTbIBAETCS OKOJIO ThICAYM HHTPOAYLEHTOB, TO
eCTb BBE3€HHbIX M MPHXHBIIKWXCA 34eChb pAaCTeHHii, YacTO CTaBLUMX

6penni@HERIA EHCTUTYT
AZlepHBIX UCCIle/I0BaHUM
,  BVIBJIMOTEKA
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HEOTHEM/IEMOM  YacTbiO  KPBIMCKOTO  MeH3aka: — nanbMbl,  KHUMapHchl,
103KHOAMEPHUKAHCKHIT KaKTYC ONYyHLHMA, KUTalickuil ailnanT, kauanckas pobunuys
(Oenaa akauus), uTanbsHcKkas MSAXYHS 4 MHOTHE COTHH BUa0B. Ocodyio ponb
UHTpoAylleHTht urpatoT B mnapkax Kpbima. Haubonee H3BecTHhIM H
pacrpocTpaHeHHbIM HMHTpoayueHToM Ha lOxHoM OGepery KpbiMa sBngetcs
kunapuc. Briepsoie oH nossuica B KpeiMy B koHue XVIII Beka. B napkax u
Ha Ha0Oepe)xkHOH MOXHO BCTPETHTb JIEHKOPaHCKYIO aKaLHio, OJieaHjp,
MarHoJIHIO, ATIOHCKYIO BEEPHYIO NaNbMYy, IOKKY, HTATbIHCKHE COCHbI (ITHHUH),
mnaTaHbl, W MHorue apyrue. EcTb mpumepsl H KpaifHe OTpHULATENbHBIX
NnocNneCTBUA MOABJIEHUA HMHTPOAYLEHTOB: - BHEApPEHHEe B NPHOpexHbIe
skocucTeMbl YepHoro 1 A3oBckoro Mopei rpebHeBHKa M panaHbl NMPHBENO K
HapyLIEeHHIO MULIEBbIX LeneH, yMEeHbIIEHHIO YUCIIEHHOCTH 1aHKTOHA.

B KpbiMy BbIensioT ciieQyrolme OCHOBHbIE BHIbI JIAHAWAGTOB:

1. TopHo-npuMopckHe cyGcpeaN3eMHOMOPCKHE  TaHamadThl . NPUypoOUeHsl K
toxkHoMy Oepery — oT Mops o BbicoTel 350 - 400 M. Xapaxrepusyiotcs
NposiBNieHHeM OpH30B, HEBBICOKHM YBIAKHEHHEM, MAJOMOILHbIMH [0YBaMH,
obUNMeM MECTHBIX KJIMMAToB. ECTeCTBEHHas pacTUTENbHOCT — MOMOKEBENOBO-
nyboBbie neca, WHONAKM, polM (UCTAIIKH TYNONHCTHOH, 3€MJISHHYHHMK
MEJNIKOTLTOAHBIN, UriML@a rnoHTuiickas U ap. Tepputopus ¢ sTuMM naHAwagTamu
JIaBHO 3HauWTesbHa 3aceiieHa. KypopTHble ropoga oOpasyloT MOYTH CIUIOLIHYIO
nosiocy  BHONb  depHOMopckoro nobepexbs. Ha  naHHOM  TeppuTOpHH
copmupoBancs ocobbli naHawagT, B KOTOPOM COYETAlOTCS opoja, MapkH,
BHHOIpaJHUKH, pa3pekeHHble ay6oBble, (DHCTAIIKOBbIE, MOMCKEBENOBBIE JIECA,
KOTOpbl€ BbILIE CMEHAIOTCS - COCHOBbIMM M OykoBbIMM JecamMH. Ha panHo#
TEPPUTOPHUM  BbIPALIMBAIOT LEHHbIE COPTA BMHOrpafa, M3 KOTOpPbIX JAEnaroT
BCEMHMpPHO M3BeCTHble BHMHA: KpbIMCKuH MyckaT Genblii kpacHoro kamHs, ITuxo-
I'pu, YepHbIi goktop M Ap.

dopmHpoBaHHe apeana cybcpeanseMHOMOpcKOH npupoasl B KpbiMy Ha
KpaiiHeM toro-3anajge cBfAzaHo ¢ KpbIMCKMMH ropamu, KOTOpbIE, C OJHOH
CTOPOHBI OrpaHHYHBAIOT XOJIOAHBIE CEBEPO-BOCTOYHBbIE TOTOKH 3HMOMH, ¢
ApYroil CTOPOHbI, I0XKHbIH MaKpPOCKJIOH Top TMOJNy4YaeT HecKOolbko OGosblie
CONHeYyHO# paauauuu (ocobeHHO 3MMOH) MO CpPaBHEHHIO C rOPHU30HTAILHOM
nosepxHocTeio. CpeauseMHoMopckas npHpoaa MpeactaBaeHa B Kpbimy
HeckonbkMMH  BapuaHtamMn  (barpoBa u  ap.; 2003). HacTosmee
CpeM3eMHOMOpbE MpeacTaBaeHo HEOOMbIIMMH Y4acTKaMH Ha Mbice MapTbsH,
Alisg U B HEKOTOPBIX APYTrHX MecTax. Ero cumBosbl — ay6 nywucteiii (Quercus
pubescens), MOMOKEBENbHUK BbICOKMH M 3€MJITHHYHHUK MEJKOTUIOAHBIM.
CybcpeanseMHoMopekue JaHawadTel 06pa3oBaHbl Ay60BO-MOXIKEBETOBBIMH
u  ay6oBo-(HCTALIKOBBIMH peakonecbiMH. HeMopanbHble  BapHaHTbI
CpeaH3eMHOMOPCKUX JlaHAwadToB — seca U3 ayba MylHCTOro pacnosiOKeHb
Ha ceBepHOM MakpociioHe KpbiMckux rop. B HmxHem ero mnosAce XoTd H
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NpOM3pacTalOT  MpPEACTaBHTENH  CPEeAH3EMHOMOPCKHMX  JaHAWadToB, HO
KIHMaTHUECKHE YCIIOBHS (CpeHMe SHBApCKMe TeMmnepaTypbl Hibke 0°,
MaKCHUMYM OCaJKOB JIETHHH W Jp.) 30€Ch COOTBETCTBYHOT YMEPEHHOMY TMOSACY.
MepenHeasnatckoe cybcpeau3eMHOMOpbE MpPENCTABIEHO B  IOro-3amagHoii
4acTH KpbIMCkoro mnpearopbs (Mexay Cesactrononem u Baxuucapaem), rae
pacrpoCcTpPaHEHB!  KOPHYHEBbIE  TOUBBI, KOTOpbiE  XapakTepHbl  AJi
cpeauzeMHoMopckux nanmuadToB. 3aeck, 3a npenenamu IOBK, He Tonbko
ay6 nywHcThIi xopolo cebs UYBCTBYET, HO H BCTPEYAKOTCA TaKHE
TeruoMoOUBbIe BHAbI pacTeHWit kak (HCTaliKa TYMNOJIMCTHAsA, WIHLA
NOABA3bIYHASA, )KACMHH KyCTapHHKOBbIH. [ToHTHYeCKoe cybcpean3eMHOMOpbE
MOXHO BBIAEIMTL B Mpefenax TapxaHKyTCKoro nobepexbs, A€ CTenHbIE
MOHTHYECKHE  Cpeau3eMHOMOpckue d(eMepHble  A/EMEHThl  00pasyioT
cBoeoOpasHble cTenHbie coodliecTsa.

2.T'opHbie (cpeaHeropHeie) necHble JanmadTbl pacronoxeHs! Ha BbicoTe 350
— 600 M 1 Bbiwe (10 1200 M). DTH TepPUTOPHH MOKPLITHH TyGOBBIMH, GYKOBBIMH,
rpaboBbIMH M COCHOBBIMH JiecaMH. H3-3a ropuoro penbeda W MpoXJIaQHOrO
KJIMMaTa [UIOTHOCTb HACENIEHHs HEeBBICOKAas — JIMIUb B PEYHBIX JOJNHHAX €CTh
NocENKH ¥ HeDoMbluHe TUIOLAnU canoB. TeppUTOpHIO NepeceKaloT aBTOAOPOTH,
TYPUCTCKHME TPOTIbI.

3.TopHeie JTYTrOBO-NECOCTEIHbIE naHamad T - nanmuadTh
TJIOCKOBEPLUMHHBIX TMOBepxHOCTEH KpeIMCKHMX rop — il — XapakTepusyloTcs
BBICOKMM aTMoc(epHbIM yBnaxHeHHeM. KomuuecTBo aTtMocepHBIX 0cafkoB
cocrasnser 800-1500 mm/ron. CrenHble GHOLIEHO3bI it 06pa3yloT ocTpoBa cpeau
OKpY>KaloLLMX MX JiecoB Ha cwioHax ['naBHoi rpsaabl. Ha sitnax dopmupyercs
3HauMTeNbHAs 4acTb PEYHOro cToka. Mix BbICOKOE BOIOOXPaHHOE 3HaUeHHe TpebyeT
3anpeuieHus 3Aech NacTbObl CKOTA M CKONIbKO-HUOYAb MHTEHCHBHOW peKpeallny v
ap.

4. T1penropHele fecocTenHble NaHAIAadTL PaCONIOKEHBI K CEBEPY OT rop Ha
BoicoTe oT 250 — 300 M go 500-600 M. XapakTepH3ylOTCs KOHTPacTHBIMH
naHawadTaMy, coueTaHHeM JiecHod (XyOoBEIe Jieca) W CTEMHOM PacTHUTENBHOCTH.
Tpenropse oTNHUaeTCs pacuNeHEHHBIM penbedoM, OONbLIMM - pa3HOOOpasHeM
MECTOTIONOXEHHH, Me30- U MHKPOKIMMATOB H 3KOMOTHYECKHX HHLI. Xopoluas
ofecrneyeHHOCTh BOJOM M BBHIFOQHOE TPAHCMOPTHO-reorpadiyecKoe MoNoKeHHe
obycnosuy pazsutHe B IIpearopbe KpynHbIX rOpPOAOB, CETH ABTOAOPOT, JKENE3HbIX
nopor. Cenbckoe XO03SHCTBO MMeeT MHOrOOTPAac/eBYHO CHeLHalH3aLUI0: BOKpYr
rOpofOB — MPHrOpOJHOE XO3SHCTBO, B AOJNMHAX PEK — Cajibl, HA CKJIOHaX rop —
BHHOIpaIHHKH, 3(hHpOMaciHYHble KylbTypbl. 34eCh COYETAlOTCS JIECHbIE H
CTeNHbIe SKOCHCTEMBI, arPOIKOCHCTEMBI, YPOOIKOCHCTEMBI.

5. PaBHuHHbIe cTenHble JaHahThl 3aHUMAIOT OONbLIIYIO YacTb PaBHUHHOIO
KpbiMa. EcTecTBeHHas pacTHTENBHOCTb MPaKTHYECKW YHUUTOXEHA W 3aMeHeHa
CENbCKOXO03SCTBEHHBIMU TONAMH, caJaMd M BHHorpaiHukamu. IlopaBnstoas
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4acTe TeppuUTOpHM paBHMHHOro KpbiMa mpeBpauieHa B arponaHamuapTbl —
yepeI0BaHHE CEJIbCKOXO3AHCTBEHHBIX NONEH, nacTOULL, cafoB U BUHOIPaIHHKOB,
HaceNnéHHBIX MyHKTOB.

6. PaBHuHHO-NpUMoOpckue crenHble naHamwadTel, K HUM OTHocHTCS y3Kas
nonoca (5 — 10 kM) Ha cTblke MOpA M paBHUHHBIX creneil NaHmwadroB. ITH
NaHawadThl XapaKTepU3ylOTCs OTHOCHTENBHO PACUIEHEHHBIM penbedoM, MoYBhLI
Oonbiued YacTbIO MaOMOLNHBL 3pech MNposBIAtOTCS Opusbl.  3pmech Benuka
peKpealLOHHas Harpy3ka.

7.HuamenHnsble cyxoctenHble jganquadThl 3aHUMAIOT Nojocy Baoab Cupallia v
Kapkunurtckoro 3anusa, HeOonblide yyacTku okono o3€p Cacelk W JoHy3nas, a
Takke Ha KepuenckoM mnomyoctpoBe. XapaKTepu3yloTcsi ONM3KMM 3aneraHueM
MMHEPATM30BaHHBIX IPYHTOBBIX BOA. 3Aech MpeobnajaloT MOJIbIHHO-THITYAKOBLIE
crenw, ranoduTHsele Jyra. B cBs3u ¢ nposenenreM Cesepo-KpbeiMckoro kaHana u
cbpocoM Boa B CHBail no crneuansHbiM kaHasaM. [loatoMy B npenenax 3Tvx
naHawapToB CHOPMHPOBATHCHL 3abO0NOYEHHBIE YYacTKM C MpECHOH BOJOH M
HOBBLIMH OHOLIEHO3aMH.

IKoJornyeckue npodaemsl A

Okonorudeckas curyauds B Kpeimy oToOpakaeT cnokHoe —HanoxeHue
npofnem, oCTaBUIMXCS B HAC/IEACTBO OT COBETCKOM 3M0XH, W MpobiieM BO3HHKILMX
B HOBBIX yCNOBHAX 3a mocneaHue 20 neT. BbICTpbI pOCT MPOMBILUIEHHOTO H
cenbckoxossiicteeHHoro mnpouseoiacTBa B 50-80-¢ romel XX Beka oOycraoBum
JIOBONILHO 3HAYWTeNIbHOE 3arps3HeHue Bo3gywHoro OacceiiHa B -ropojax,
NOBEPXHOCTHBIX, NOA3EMHbIX M NPUOPEXHBIX BOJ, NMOYBEHHOro nokposa. Pocr
KOJIMYECTBA OTAbIXaloWMX (10 9 MIH MpHeKUX HA OTABIX B TrOA BO BTOpOH
nosioBuHe 80-X rogoB) HeU3OEXKHO BeJN K pOCTy Harpy3ky Ha nieca ropHoro Kpeima,
Opotenue 400 Thic ra CcenbCKOXO3SHCTBEHHBIX 3€MENb, COMPOBOXKIABLIEECS
HapylleHHEM pEeXHMa [MOJMBa, TPHUBENO K HEONaronpusTHLIM MpolieccaM B
NOYBEHHOM T[IOKPOBE: BTOPHYHOMY 3aCOJIEHHIO, CJIMTH3ALUH, YMEHBIUCHHIO
COJIEP’KaHUs ryMyca. ‘ :

Mpoucwenwas - B 90-e roabl nepecTpoilka COLIMATBHO-OKOHOMUYECKHX
OTHOILEHUH  CONMpOBOXKZANACL MaJAeHHEM OObEMOB  MPOMBILIIEHHOTO U
CEJIbCKOXO35MCTBEHHOrO NPOU3BOJCTBA, YMEHBLIEHHEM IUIOLAAN PacnaxuBaeMbIX
3eMeJIb, CHIXKEHHEM IUIOLIAAH OpoIaeMbiX 3eMeltb. CHU3WIHCH 00beMbl BLIOPOCOB
sarpssHstowx Beuleets (ot 5000 000 TonH B 1991 romy, u3 kortopeix 40%
COCTaBISUTH BHIOPOCHI MEPEABUIKHBIX HCTOYHHKOB, 10 115 000 TonH B 2009 roxy,
M3 KOTOPBIX BBIOPOCHI aBTOTPAHCIIOPTa COCTABIISUTH Yike okoio 85% ).

OTH TeHAeHLMH, ONaronpHUsTHbIE C TOUKH 3PEHUS YMEHbIUEHHS JABJICHUs Ha
NpUpOAY, NMPOU3OLUIH HE B pe3yJbTaTe LieNeHANpPaBIeHHOH AESTENbHOCTH, a CTanu
pe3yNLTaToM Lienu ClyyalHbIX MPOLECCOB, YTO HEM30EXKHO MPHBENO K OOHIEMY
YXYAIUEHHIO 3KOJOIMYECKOH CHUTyalMH: pe3KO YBEIMYHIOCh OpaKOHLEPCTBO,
BbIpYOJIEHO TNpPUMEPHO TMOJIOBUHA TONE3ALIMTHBIX JIECOMOIOC, 3acTpauBaeTCs
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Oeperopas nosioca, pa3pyluaroTcs UppHraluoHHele chcteMbl CeBepo-KpbiMckoro
KaHajla, HapyllleHa CHCTeMa CceBOOOOPOTOB, B HaCENIEHHbIX MyHKTaX  pes3ko
BO3POCIIO KOJIHUECTBO MYCOpa, BO3POCJIO KOJIHYECTBO M0XKApPOB B Jiecax.

Jns  ymyuwinenus cnoxuslueiics cHTyauuu TpeOyrorcs  BHeapeHHe
COUHATBHBIX M SKOHOMHYECKHX MEXaHH3MOB PELLEHHs KOJOrHUecKHX npobiiem,
IIMPOKOE Y4YacTHe OOILEeCTBEHHOCTH B BbIOOpE 3aIHUTHBIX MEXaHH3MOB
COXpaHEHUs MPUPOAHOHN 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
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confusion between the perception of public and the achievements of science
and technology. The result of such confusion is the statement that problem of
the radioactive wastes has not yet found a solution.

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

For the purpose of this paper the High-Level Wastes (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. o

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 (JAEA, 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/km” 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,

28




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¢107 years. Such
values agree acceptably well with the order of magnitude of 106 years reported
before.

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

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

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

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

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

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

3.2.4. Collective dose commitments.

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

Table 1 - Summéry of collective dose commitments (manSv) 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 * 9 59 - - - 36 30
Fuel element fabrication ™ <1 <1 <1 <1 <1 <l <l
1 1 3 <1 1 5 <l
Reactor operation <1 <1 <1 <] <1 <1 <1
Unreprocessed spent fuel 89 - - 310 - - -
- 270 - - 450 - - -
Reprocessihg ' - 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., 1 0’ 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 (maneSv) from waste arisings of reference fuel
cycles per GW,+a integrated over 500 years.

Table 2 - Summary of the incomplete (500 years) collective dose commitments (man-Sv)
from waste arisings of reference fuel cycles per GW,*a (Argentma (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 02 . 04 11 0,1 1,2 0,6
To: , , 7.9 0.8 1,3 16 0,9 5,7 3,5

3.2.5. Indtwdual doses

The doses to the most exposed md1v1dual could obv1ously 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 magmtude for
somewhat idealized sites:" : :

The first one refers to a repository in a salt formatron 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 gramte 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 remammg 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 aqu1fers 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).
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3.2.8. Individual doses.

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

in Table 3.
Table 3 - Maximum individual dose rate for the reference repositories (data from Cadelli et
al., 1988) - ' -
Repository Evolution | Pathway Max Time - | Radionuclides
individual | years s
dose rate
(Sv/year)
Clay (Marivoet & Bonne, 1988) . )
Mol Normal - | Well 1.2:10° 10° *Tc -
: 107 107 BNp: 70%;'*°Cs:30%
Normal River 1110 ] 108 ®Tc
0.8-10"" | 10’ BNp; #°Th
Climatic | Well 2.9+107 107 2TNp: 55%;°Cs:45%
change s )
Faulting | Well 10® 3.10° #Te
e 5.0-10% 2:10¢ BINp' -
Granite (Van Kote & al., 1988) o : R :
Auriat Normal Water 5.7.107 3-10° 2"Np: 80%;2°Th:20%
Intrusion * | (Miner) 1.6+107 10° 2"Np; ®°Th’
Salt (Storck & al., 1988) ’ P
Gorleben Normal Water 10°¢ 1.54107 . | ®™Np’
Early Water 9:10° 2:10* 135¢Cs
|| intrusion ﬁ :
Late Water | 3:10° 710 | ®'Np
intrusion ‘ ‘ e
Bedded salt | Sealing | Water 5410 3-10* 3¢s:
(France) failure . :
Sub-seabed (Mobbs & al., 1988)
GME Normal Seafood 1.8:10" | 10° Se
51010 | 2.10° PT¢
Mining Seafood 144107 10° T, 15Cs; °Th
Damaged | Seafood 1.34101° | 5.10° B91240py; Am; '%Sn
Penetrator

on the seabedJ

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 & Coéme, 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 radioactive decay.
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Figure 1. A comparison between the geological repository life and the geological time scale.
(From Ahlstroem, ef 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 crlterlon is reduced by a
factor of ten (ICRP, 1985).

Therefore, most regulatory systems include provisions  for granting
exemptions: the grounds for exemptlons are that the source gives rise to small
individual doses (of the order of 10 Sv per year) and regu]atory 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 characterlstlcs 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 ora
disruption of this mechanism followed by a return to rather primitive
conditions. c

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 somety a satlsfactory 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 1o = 24,000 years for 2%py) would be no longer discarded as a waste but
used in the new fuel. At the same time this radionuclide, relevant from the point
of view of proliferation, would be no longer present among the waste.

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

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

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

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

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

One of the major difficulties in the implementation of an ecological risk
assessment is a lack of knowledge about the effect from chronic, low-level
exposures to contaminants. The acute phytotoxic effects of environmental
factors are well known, but the effects of long-term chronic exposure to low
pollutant concentrations is neither well understood nor adequately included in
risk assessments: There is growing evidence (Theodorakis, 2001; Peterson et
al., 2003) that subletal effects of chronic exposure to environmental
contaminants lead to population-level consequences. Although low dose rates
may be obtained in the laboratory by protraction, these may not adequately
represent true environmental radiation exposures. To properly understand the
effect of normal, real-world contaminant exposures, one must consider actual
field 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
Winter rye and
wheat, spring
barley and oats

Scots
coach-grass

pine,

Scots pine

Scots pine

Crested hairgrass

Site & Time
10-km ChNPP zone (12-454
MBgq/m?), Ukraine, 1986-1989

30-km ChNPP zone (2.5-27
wGy/h), Ukraine, 1995
Radioactive waste storage
facility, Leningrad Region,
Russia, 1997-2002

Briansk Region radioactively
contaminated in the
Chernobyl accident (7-130
mGy/y), Russia, 2003-2009
Semipalatinsk Test Site (0.7-

36 nGy/h), Kazakhstan, 2005-

Assay and/or endpoints
Morphological indices of seeds viability,
cytogenetic alterations in intercalary and
seedling root meristem (Geras’kin et al,,
2003a) v
Cytogenetic alterations in seedling root
meristem (Geras’kin et al:, 2003b)
Cytogenetic  alterations in  needles
intercalary and seedling root meristems
(Geras’kin et al., 2005)
Cytogeneticvalterations in seedling root
meristem, cnzymatié loci polymorphism,
abortive seeds (Geras’kin et al., 2010;
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 Chernoby! 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 halrgrass %. Slgnlf icant
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 puGy/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
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surprising, than, that in our study there are found significant cytogenetic effects
in crested hairgrass populations but no pronounced morphological alterations.
Thus, the findings obtained are in agreement with the benchmark values
proposed in the 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 1 are the reference populations. Significant difference
trom 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 pGy/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. i

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). : :

- 0.05 r

0.03 -

Null alleles
—e—
+——i

0.01 r

1 1 1 { i 1 1 J

0 20 40 60 80 100 120 140

Dose, mGy

Figure 3. Frequency of null alleles in enzymatic loci of endosperms (2005) in dependence on annual dose
absorbed by generative organs of pine trees

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

Populations living under unfavorable conditions (harsh climate, border of
the species areal, man-caused pollution) exhibit not only greater polymorphism
but also higher heterozygosity than those in optimal conditions. A decrease in
heterozygosity within individuals has been associated (Theodorakis, 2001) with
decreased resistance to diseases, decreased growth rates, and decreased fertility.
This would suggest that variations in individual heterozygosity may affect
population growth and recruitment. The observed heterozygosity in pine tree
populations at the radioactively contaminated sites is essentially higher then the
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expected one and increases with dose absorbed by generative organs of pine
trees (Fig. 5). -
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Figure 4. Phenotypic variability estimated via the Zhivotovsky index (2005) in dependence on annual dose
absorbed by generative organs of pine trees.
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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). ' A

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 puGy/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.

100
ORef
‘ @Ref1
. 80 - aVIUA
, asB
o [ A
°. Bz2
% 60 ......
o . *
0
[ .
240 ——— 1
5
2
< I T
20 R
0

.2007 2008

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 opportunity and exposure conditions (Bradshaw, 1991). Indeed, at
the South Urals radioactive trace, radioresistance increased 3-4 times in
radiosensitive plants, but remain practically unchanged in radioresistant species
(Shevchenko et al., 1992). It seems that if we examine radio-adaptation in
nature, we find as much evidence of it is not occurring, as we do of it is
existing. It quickly becomes obvious that the role of microevolutionary
processes in a population’s response to low-level chronic exposure is still not
clearly understood.

The response of a population exposed to low dose rate irradiation depends
on both the type of organism and the biophysical properties of radiation
(relative biological effectiveness, linear energy transfer, dose rates etc.).
Contrary to the increased radioresistance of seeds from' plant populations
inhabiting radioactively contaminated territories described:in Shevchenko et al.
(1992) and Kalchenko and Fedotov (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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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-, B- 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 -
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 Gylyear. 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. lMaterials and methods A

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 Z*****Pu content in electrolytic samples
was determined by a-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 Bg/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 umbellatus), 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

61



gastropod snail as chromosomal aberration rate, considering it as reaction of
snails on radiotoxicological condition of environment.

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

62



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

10
11
29
12
6

14
9

24
11

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, %
11.8+1.4
11.8+1.1
7.6+0.6
76x1.6
75+£12
6.0+ 1.1
7114
7.0+£1.0
6.5+09
57+06
5209
103+1.6
6.1+0.9
59+04
57+06
44+07
6.7+0.9
6.1:0.6
52+02
40+03
32+04
3.6£09
61£15
42+05
42+1.0
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 pGy 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 Bq/kg for 137Cs and 2000 Bg/kg for 90Sr (Gudkov, 2006). At that the
absorbed dose, caused by external gamma-radiation and radionuclides
incorporated in meristem tissue of plants, was reached more than 4.0 Gy/year
during last 10-15 years after Chernobyl accident. As have shown cytogenetical
studies the rate of chromosomal aberration in cells of meristem tissue of the
common reed in Dalekoye-1 Lake reaches to 18 % and is maximal among the
investigated reservoirs of the exclusion zone (Shevtsova and Gudkov 2009).
The damage events of common reed by larvae of gall fly of family Chloropidae,
genus Lipara has been registered as well.

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

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

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

4. Conclusion

Different radiation effects of ionizing radiation on hydrobionts within the
Chernobyl exclusion zone have been registered in post-accident period. Some
of these effects appear shortly, while an increasing importance is expected by
the remote consequences - genetic damages induced by a 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 5 % due to
radionuclides, incorporated in the tissues. The rate of external dose on
hydrobionts of the same water body can change in range of tree exponents and
depend from radioactive contamination level of ecological niche. At present
time the main dose-formed radionuclide in the majority water bodies within the
exclusion zone is 90Sr, which part of total internal radiation dose amount 90-
95 %.

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

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

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

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 lands 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
Uliariovsk 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 selectlon 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-hd-107, kBq/m’, (1)

where (; is the soil contamination density (the radionuclide inventory in the
arable 0-20 cm layer per 1 m%), kBg/m?% 4 is the radionuclide concentration in
soil, Bq/kg; A is the depth of arable horizon, cm; d is the specific mass of soil,
g/em’; 107 is the coefficient to convert Bg/m’to kBg/m®.

Previously, in various periods after the Chernoby! 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- A7)
Ty,

where O, s the density of 7Cs contamination of farm lands in the year of the
first radlologlcal survey, kBg/m?; At is the time (number of years) from the first
radiological survey till 2007; T, , is the 7Cs 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,

Q,W)=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 (»=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 ((,) and measured (Q,)
values for “’Cs contamination of plots in 2007, the ratio (Q/Q) was
determined, the resulting data were divided into groups for each study
parameter (factor) and data samplings were statistically processed. Evidently,
the closer to unity is the ratio (Q/(Q;), the more accurate is the prediction based
only on the consideration of '*’Cs decay. If the ratio (0/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,/(;) 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,/0;). 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

5%
. . Geometric 95% 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

* - | 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

n ¥'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 almed 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/0)
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 (0/0:=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’w. 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 #).

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 '“’Cs
contamination need to be reduced by 15-20% dependent on the scale of
agrotechnical measures.
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BEPHAJICKOJIOT'HA: POJIb B ®OPMHPOBAHHUH MOPCKOM
PAJTMOXEMO3KOJIOTHH U B PEAJIM3AIIMA ITPOT'PAMMBI
YCTOMYHBOI'O PA3BHTHS AKBATOPHUI

I'.T". ITonukapmos, |B.H. ETOPOB, C.b. I'VJIMH

Huemumym 6uonozuu 1ooicnoix mopeti um. A.O. Kosaneeckozo
HAH Ykpaunv, omoen paduayuoniou u xumuyeckou buoiozuu,
99011, Cesacmonons, Yxpauna

Pesiome. Co3zpnanveM y4eHus o 6uoctepe M Hoocoepe, pazpaboTKOH HAEH O
AHMBOM  BEIIECTBE, POXKIACHUEM  paJHOT€ONIOTMH U OHOreoOXHMHH
paguodneMentoB B.J. Bepagckuil 3anmoxun  QyHAAMEHT COBpeMeHHOM
pagralMOHHOH H XMMMYecKOil GHOIOTHH Mops, BKIOuawmei B cebs Lenblit
KOMIUIEKC HAy4YHBIX IHCUHIUIMH - paJHO03KOJIOrHIO, PagHOXEeMO3KOJIOTHIO,
MOJTHCMOJIOTHIO, 3K306HONOTHIO - H GHONOrMYECKHe MPHHUMIB 3KO3THKH, a
TAKKe OCHOBBI NMPHHLUMITHAILHOTO pelleHus 3aaa4 obecnedeHus yCcTOHYHBOro
pasBHTHA akBaTopuit UepHOro MOps ¢ pHMeHEHHEM GHO(H3UYECKOH TEOPHH
MUHepalbHOro obMeHa MOpPCKHX opraHusmoB. IlpenctaBneHHas cTaTbd —
CHHTe3 OTAeNbHbIX pabot, HanucanHbiX [.I". Ilonukapnossim v B.H. EropoBsim
B KayecTBe HAy4HbIX CTaTefi-kOMMEHTapHeB K TOATOTaBJMBAGMOMY B
nepcnektaee ToMy B.H. BepHanckoro «Kusoe BemecTBo», U MaTepHailoB C.E.
I'ynuHa no pagHoTpaccepaM H «re0XHMHYECKHM dacamy.

1. Bsegenue

MHororpaHHoe U 00IIMpHOe HayYyHOe Hacieaue akaaemuka B.W. BepHaackoro,
reHus B 06/1acTH €CTECTBO3HAHMUS, MOCIY)KHIIO OCHOBOH AJIS CO3JaHUS MHOTHX
COBPEMEHHBIX Hay4HbIX 00OnacTeli, B TOM uHCie paavalOHHONH U XHMHUYECKOH
OWonoruu Mops, B COCTaB KOTOpoH B HacTosllee BpeMs BXOJAT
PafHo3KONIOrHsl, MOJIUCMOJIOTHSA, 3K300HO0NOrHA U OHONOrHYECKHE TPHHLUIIBI
ak03THku (ITonukapnoe, 2010; Polikarpov, 2008). [Tocne otkpbitus B 1896 .
A. DBekkepeneM sBleHHs eCTeCTBeHHOH paanoakTuBHocTdH (Adloff, 1997)
nocneoBald He TONbKO MeOHLMHCKHE W (H3HOJoru4Yeckie paboThl Mo
OHONOrMYecKOMy OEHCTBUIO WOHH3UPYIOMUX HW3NY4YeHUH pagus W JApYrux
NPUPOAHBIX PafHO3TEMEHTOB, HO W OHOreoXMMHuYecKHe HCCIe0BaHuUS
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HaXO0XJeHHUs, pacnpeeseHHs H MHIPaltH 3THX PaJMO3IEMEHTOB B MPHPOIE —
Ha cyiie, B Mopsx H okeaHax ([Tonukapros, 1999, 2005).

B Poccun n Ykpanne - C.-Ilerepbypre, Mockse, Kuese, Cumdeponorne -
B.H. BepHaackuii ObIn1 TEpBBIM M3 YUEHBIX, KTO HAXOAWJICA H aKTHBHO
JeicTBOBaJl y CaMbIX MCTOKOB SJepHbIX Hayk. MIMeHHO Onaromaps, npexne
Bcero, B.M. BepHaackoMy, B CBA3M C €ro HayyHbIMM KOHTaKTaMH H €ro
npaMbIM coTpyaHnyecTBoM B [lapuxe ¢ Ileepom u Mapueit Kiopy, Poccus u
VYKpanHa ONepaTHBHO BKJIIOYWIHCL B pa3paboTKy, HayaTylo YYeHBIMH
®paHuuu, npobieM paaHOaKTHBHOCTH, OXBaThIBAIOLIHMX TaKXKe HCCI/e0BaHHS
PaaMOaKTHBHOCTH OKpYy»atoiieit npupoaHoi cpeast (Polikarpov, 1997). Hayke
Poccun n YkpauHsel, a Tawke Owpismiero CCCP B uenom (1918-1991 rr),
HeoOblYafHO TMOBE310 B TOM OTHOMIEHHH, YTO MOJOMOH, 25-TeTHHH,
Da3sHOCTOPOHHE  OJapeHHBI  ecrecTBoMcnbiTaTens B.M.  BepHanckui,
xpanuten» Munepanoruueckoro kabuxera C.-[leTep6yprckoro yHuBepcHTeTa,
BeCcbMa NpPOAYKTHBHO ocymecTBHa yxe B 1888-1890 rr. mpoapomkuTensHyo
HayYHYI0 KOMaHIHPOBKY-3KCNeAUuHIO B 3amaaHylo Espony (Iepmanuro,
Isefinapuro, @paHmpo H AHromo). Bo Bpems 3T0 MuccHH Pl CBOHX
uccnegoBaHud B AHriMH (B 1889 r.) Monomoli  ydeHblit Obl1 y#OCTOEH
n3bpaHHs €ro 4JeHOM-KOPPECTOHAEHTOM bpHTaHCKOH acconMalMH Hayk.
Illupoko H3BECTHO, 4YTO BIOCIEACTBMH OH ObUT H30paH aKaJeMHUKOM
Poccuiickoii, YkpanHckoH, OpaHiy3ckoi 1 apyrux Akagemuii Hayk. B 1916-
1923 rr. [kypcus Haw - ['TI] «... s Hu 00HO20 OHA He mepan, oxgaueHHOU MmOt
udeeil [«... BLIPA3UTb B €AMHON GopMyie GHOreOXMMHUECKYIO SHEPIHIO pocTa
¥ Pa3MHOXEHUA OPraHW3MOB, OOILYIO Ul BCEX OPraHU3MOB, U CBA3ATH €€ C UX
3acenieHHeM IuiaHeThl» (BepHaackui, 1965, c. 292)] 6 moux nepeesdax uz
mozdawnezo Ilempoepada e Ilonmasy, Kues, Pocmos-na-ZJony, Hoeouepxacck
(mozoawnuii Examepunodap), Anmy, Ceeacmonons, Cwudveponozzb Mockesy,
Epno, Hapusc» (BepHanckuid, 1965, c. 293). .

Wnen B.U. BepHanckoro, kak Bceraa, OCTaloTcsl BeCbMa MepcleKTUBHBIMH,
’KUBOTpENEeLIYIHMH H CTHMYJIHPYIOILUMH TIOMCKH B Hayke. Bonee momyeeka
(1956-2011 rr.) ero uaeH NOCUNBHO pa3pabaThIBAIOTCA M CIYXKAT HAayYHbIM
OPHEHTHPOM B = HCCNIEIOBaHHSAX OTAeNa paJHaUHOHHOH M ~ XUMHYECKOH
ononornn UHBIOM HAHY. Huxe HpPIBOﬂHTCﬂ U 00CYXa0TCd HEKOTOPBIE H3
€ro OCHOBHbIX HIEH.
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2. HcTOKH H OCHOBAHHH COBPeMEHHOH PAHOIKOJIOTHH M PaJHANHOHHOM
sxkosiornu B Tpynax B.H. Bepnajckoro

2.1. ®YHOAMEHT JJIA PATHOSKOJOI MU

CBouMH nuoHepckuMH pabotamu (BepHaackuit, 1910, 1921, 1932, 1933, 1940)
B 00J1aCTH CO3JaHHBIX MM MODCKOH paJHOTreos0orHH H MOpPCKOH OHOreoXUMHUH
PafHOdJIEMEHTOB,  H3YYalOWIMX €CTECTBCHHbIE paaHO3JIEMEHThI H  HX
6uorenHyto Murpauuto, B.H. Beprnanckuii copmupoBan HayuHblit ¢yHnaMeHT
ans  coBpeMeHHo# paauoskonoruu (Kyswun, Ilepenenbckmii, 1956) u ee
Hay4HOH CepAUeBHHbl - paavanuHoHHoM OuoreoueHonorun (Tumodees-
Pecosckwii, 1957, 2009). A Ha npuMepe U3ydeHHs pafus U ABYX BUIOB PACKH B
KueBckux npyaax MM BBeleHa B HayKy Mepa HaKOMHUTENbHOM (B OTHOLICHHM
paguo3sieMeHTa) CIOCOOHOCTH THAPOGHOHTOB, BhIpaXKEHHas COOTHOLIEHHEM
KOHLEHTpaUHH paauod/eMeHTa B BOAHOM OpraHM3Me W OKpyKarwollei ero
BoaHOH cpene (Bepnanckuii, 1929, 1930). 310 cooTHolIEHHE BMOCIEACTBUU
HallUIO IUMpouvaiillee NpPUMEHEHHWE B pPaAHalHOHHOH TrHAPOOHONOrHH,
TIPECHOBOZHOM ¥ MOPCKOMH painO2KOJIOTHH, MOTyYHB Ha3BaHHE k03 duyuenma
Hakonnenua (concentration factor) pafMOHYKJIHIOB, a TAKXe WX M30TOIMHBIX H
HeusoTtonHelx Hocutened (Tumodees-Pecobckuit, 1957, 2009; Tumodeena-
Peconckag, Ilonosa, Ilonukapnos, 1958; Tpanesnnkos A.B., Monuanosa U.B.,
Kapasaesa E.H., Tpaneszuukosa B.H., 2007; Ilonukapros, 1964; Polikarpov,
1966).

Ha Vpane B naGoparopuu H.B. Tumodeera-Pecockoro ¢ 1947 r.
HCTIONB30BAJICA TEPMHUH «pafilalliOHHas OHOreoLEeHONOTHSY, NPEIIOKEHHBIH
UM etle paHee — B ero pabortax 1941 u 1942 rr. B bepnun-byxe (Tumodees-
Pecosckwii, 2009). B obmMpHoii amepukaHckoii cBoake - kHUre “Radioactivity
and Health: A History” (Stannard, 1988) coobwaetcsa: «1950 rog — HauuHaet
ynotpebnaTbCs TEPMHH «paauodkonorus»» (c. 751), a tawke: «TepMuH
PaZMOdKONIOrHs MM paAdallMOHHas »JKOJOrus Bouien B ynotpebreHue
He3aBUCHUMO U onHoBpeMeHHO B CoennHeHHbIx Llltatax u B CoBerckoM Cotose
(Whicker and Schultz 1982, Vol. I)» (Stannard, 1988, p. 790).

Kak wussecrHo, B.M. BepHaackuii BBeN MNOHATHE «KOHLEHTPALMOHHBIX
¢byHkuMid» kuBoro BellecTBa: «KOHLEHTPaLHOHHOM ¢YHKUHEH >XHBOTO
BELUECTBA 5 Ha3bIBalO T€ MPOLECChl KHUBOTO OPraHW3Ma, KOTOpbIE CBOAATCA K
u3bupatesibHOMY BBIOOpPY OpPraHM3MOM H3 OKpYXKalolel cpelbl onpeaeieHHbIX
XMMHYECKHX 371eMeHTOB. KOHLEHTpalMOHHBIMY QYHKUHUAMY NEpBOro poja A
Ha3bIBAIO 3aXBaT )KUBBIM BELIECTBOM TEX XUMHUECKHX 3/IEMEHTOB, COCAMHEHHS
KOTOPBIX BCTPEYalOTCA B Telle BceX 0€3 MCKIIOYEHHsS KHBBIX OPraHH3MOB.
Konuenrpauyonsbie (YHKLUHMH BTOPOrO pOAAa XapaKTepH3YIOT HEKOTOpble
ofnpene/icHHblE TpyNIbl XKHUBBIX BEUIECTB, a B APYIHX MOTYT COBCEM He
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HaxoauThcs. KOHLEHTpalus opraHM3MaMH — BeIOOp M3 OKpyxarowleit cpefpl
TPOLIECCAMH JKU3HU — OMPEAENEHHBIX 31IEMEHTOB, COCTABNAIOLMX TEJ0 U TKAaHH
’KMBOTHBIX U pacTeHHii, Opocaercs B I1a3a M ecTh Haubounee spKoe NposBIEHHE
BELIECTBEHHOrO XapakTepa B sBIEHUAX H3HU. OHa cO34a€T COBOKYMHOCTb
JKHMBBIX OPraHU3MOB, T.€. XkHBoe BelecTso» (BepHanckuit, 1965, c. 247)». B.H.
Bepnaackuii (1965, c. 273) roBopuT Tarcke 0 6HoreHHoi Murpauuu 3-ro poaa,
BBI3BIBAEMOI HEIOBEUeCKHM pa3yMOM M TPYAOM, pe3ko oTaenswowium Homo
sapiens OT BCEro >XKMBOro BellecTBa. Pasymeercs, STUMHM QYHKLUMAMH BMecTe
OXBaTBIBAIOTCA, HAPAAY ¢ XMUMHHMECKUMH 3JIEMEHTaMH, UX U30TOMNBI, HYKJIHABI,
BKJIIOYAs PaAMOM3OTONBI H PaJMOHYKJIUABI, a TaKKe paaHo3neMeHThl. Tax
BBIAB/SETCA pONb JKMBOrO BelleCTBA B MHUrpalldd M paclpefe/ieHHH
pagHo3neMeHTOB B OHocdepe, MPOHUCXOOUT HM3MEHEHHE XXMBBIM BEILECTBOM
¢usuko-xuMHUeCKOH (GOPMBI M COCTOAHMS PANMOHYKJIUJAOB B MPHPOJHBIX
cpenax. ;

Henb3a He OTMETHTH 34€Ch TPyAHelyo mpobnemy, moctaBneHHyo B.H.
BepHaackuM. Ha  JafbHeiulyro  MEpClEeKTHBY, a. HMMEHHo: - «B
pagHoreosorniyeckux U 6MOreoXMMHYECKHX MPOLIECCaX, CBA3AHHBIX C XKHBBIM
BELECTBOM, MBI SICHO BHJHM, YTO XKMBOE BEIIECTBO MOXET BBHIOHpATh U3 HUX
Omnpefie/ieHHbIE U30TOMBI, T.€. Pa3lMyaTh aTOMBl Pa3HOro CTPOEHHS M Beca B
OOHOM M TOM >X€ XHMHYECKOM 3JeMeHTe. Mbl BBIXOAMM 34ech W3 MHpa
XMMHYECKUX ABICHUH W MEpPEeXOAUM B MHUpP aTOMOB — PaJHOreOJOrHYECKHX H
pajHOXMMHUeCKHX aBneHuiD» (BepHaackuii, 1965, c. 318). ,

OpuH u3 Hamux yuurenei-nocnenosateneit B.M. Bepnanckoro - H.B.
Tumodeen-PecoBckuii BecbMa TOYHO ¥ €MKO Ha3Bajl BCE IPOMaJIHOC Hay4yHOE
Hacneaue B.M. BepHaackoro eepnadckonozueii. Ha 6ase aroro Hacneaus
MH}opMaLHs onpenesieHa kak ocHoBa sku3HH (Koporoaus, Koporoauna, 2000).
HepaBHo mnpenanoxkeHo HayuyHo-¢punocodckoe HazBaHue, oO0beauHsAOUICce
Haciieaue B.M. Bepnanckoro u H.B. Tumodeena-PecoBckoro — buozeocogus
(Illakupos, Unesazos, 2010). :

- B otnene pagMalMOHHON W XUMHueckol Ouonoruu HMuctutyta Guonoruu
1oxkHbIX Mopelt uM. A.O. KosaneBckoro  HauuoHansHo# - akaneMHu Hayx
VYkpauHbl M3Ha4aIbHO, ¢ 1956 r. (B TO Bpems 3To Gnina CeBacTtonosbckas
6uonornueckas craHuua uM. A.O. KopaneBckoro Akagemuu Hayk CCCP), Ha
CaMOM BBICOKOM MOYETHOM MecTe BCeraa HaXoauTcs NMopTpeT akaaeMuka B.H.
BepHazickoro, a noj HUM - MOPTPETHI: €T0 COBPEMEHHHKOB, CTOPOHHHUKOB H
nocnenosareneit — yuutened opOHoro - M3 - Hac: mnpodeccopos B.C.
EnnateeBckoro (CapatoB), B.H. Tapycosa (Mockea), H.B. Tumodeepa-
Pecosckoro u E.A. Tumodeesoit-Pecockoit (Ypan), H.H. Bepxosckoii
(Mocksa). Ilponomxas u paspabarteiBas uged B.M. Bepnaackoro u ero
nocnenosarensd H.B. TumodeeBa-PecoBckoro, oauH U3 aBTOPOB 3THX CTPOK
opranuzoBan B 1956-57 rr. nepsytro Ha UepHoM Mope (M OAHY M3 NEpBBIX B
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mupe) naGoparopuio Mopckoii paanoSHonornm M cHOpPMHpPOBAN B CaMOM
Hauasie 1960-x rr. MOPCKYIO PaiHO3KOJIONHIO - HOBYIO HayuHyIO' AUCLHIUIMHY
(Tlonukaprnos, 1964; Polikarpov, 1966), cTaBiiyl0 TNPUOPHTETOM HayKH
GuiBwiero CCCP u ero cocraeHo#t yactd — Yxkpaunckod CCP. A HemaBHO
GONbLION KONIEKTHB HA3BAHHOrO BHIIE OTAENA, PYKOBOAHUMOrO B HacTosliee
BpeMa a.6.H. CB. TynuHbiM, OnyOnukoBaln KpYynHyio MOHOrpadHio
«Pamnoskonoruyeckdii oTKIMK YepHOro Mops Ha YEpHOOLUILCKYIO aBApHION
(Tlonukaprios U Eropos, pen., 2008). Bo Bcex paboTax 3toro otaena KpacHoi
HHUTBIO H TMOC/IEN0BaTeIbHO MPOXOJAT MM M HayyHble uiew akageMuka B.H.
BepHnaackoro.

CoBpeMEHHYI0 pPaJHO3KOJIOTHIO Mbl pacCMaTpHUBaeM “Kak Hay4HYIO
JUCLMILUTHHY, M3YYalol[YI0 3aKOHOMEPHOCTH B3aHMOIEIHCTBHS MeXAYy >KHUBBIM
BELIECTBOM M PagMOHYKJIMIAMH (BKJIIOYas MX HOHM3HMpPYIOLIHE H3/TyYyeHHs) B
ycnoBusax Guocdepbl W Hoocdepbl. B 3ToM npouecce  orcusoe sewecmeo
(Hapsmy ¢ GHOKOCHBIM M KOCHBIM BELIECTBOM), BBICTYMaeT B KauyecTBe
obbexma, HaKalUIMBAalOLIEro M mnepeHocsAmero (BMecTe ¢ (GHU3HHECKHMH
¢akTopamMH: rpaBUTaLUel, TEUEHHAMH H T.IL), a TaKke TPaHCHOPMHUPYIOLIEro
paguoHyKMasl (NpUM  y4yacTHM M XHUMHuYeckMx ¢akrtopoB). Ilpu a3toMm
PaouoHyxkauOul -~ BBICTYMAOT B  KayecTBe cyOvbekma, HaKarHBaeMoro,
NMepeHOCUMOr0 M TpaHCHOPMHUPYEMOro KHMBbIM, OHOKOCHBIM M KOCHBIM
BELIECTBOM, (PH3HYECKUMH U XUMHYeCKHUMH (akTopaMu. C Apyrol CTOpPOHBI,
Jcueoe geujecmgo - OOHOBPEMEHHO CyOwexm NEHCTBHA UOHUUDYIOWUX
USNYUEHUT ' PAOUOHYKRUOO08, A PAOUOHYKAUOW — 0bbexm, NEHCTBYIOUIMH Ha
oKcuUBoe  Gewecmeo  UOHU3UPYIOWUMY  u3nyyeHusimu. VIHBIMH  cIIOBaMH,
NPOMCXOAUT HENPEPbIBHBIA OBYCTOPOHHHIt MpoLiecc B3aUMOACHCTBUSA HCUB020
geuyecmea u paOUOHyKAUO008 (C y4acTHEM W X HOHH3HUPYIOIIHUX H3NYyYeHHH).

B cBs3u ¢ 3TUM, N0 aHaNOFUK © paguoXUMHEH M pagNallHOHHOH XHMHeH,
Bcaen 3a A. Aapkporom (Aarkrog, Polikarpov, 1996) Mpi npemiaraem
pasnudate B obueti paduosxonoeuu: (1) cobCTBEHHO paduoskonozuio,
3aHUMAaIOIIYIOCA M3Y4YEHHEM IMPOUECCOB BO3ASHCTBHS XXMBOTO BelliecTBa Ha
PaZMOHYK/IHABL,/T.€. UX HAKOIUIEeHHEM, MUrpauued u Tpanchopmauueit, u (2)
DPaduayuORHyI0 9K0N02UI0, UCCAENYIOIYIO JeHCTBHE HOHU3UpYIoLIeH paguauu
pafHOHYKJINA0B Ha >xuBoe BewecTBo (ITonukapnos, 2005). :

22. PAJUATITMOHHAS DKOJIOTUS

B.H. BepHaackuii npo3opauBo yaensn ocoboe BHHMaHHE POJIH «eCTECTBEHHOH
PagHOaKTHBHOH 3HEPTHUM) B XKU3HEAEATETLHOCTH OPraHM3MOB. «... OHOJIOTH He
YYHTBIBAIOT BCIOAY MPHUCYTCTBYIOIHMH HCTOYHHK SHEPIMH BO BCEX OPraHU3Max,
A1 KaXJA0ro M3 HHUX XapaKTepHbI MO BeJIHYHHE NPOJYKT, KOTOpPbIH He
npHHuMaeTca OHosloraMH BO BHHMaHHe. OTO paJHOaKTHBHas 3HEPrHs,
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XapakTepHas  JUI1  KaxJIOro  OpraHMamMa, Kak TMoKasald  pabGoTsl
broreoxumuueckoit naboparopuu. ... [eno 6mmxkakimero 6yayiero BhIACHUTh
3HaYeHHe Ul OpraHu3MoB 3TOil (opmbl 3Hepruu. Kakoe ee mposBnenue? B
(U3HONIOTMH KUBOTHBIX W PAacTEHHH 3Ta JHEprus He YYMTHIBAETCA W BCeE
9KCTIEPHMEHTHI MOCTABJIEHBI B TAKHE YCJIOBUS, YTO OHA BCEr[a MPHCYTCTBYET H,
OYEBH/HO, NposBaseTcs. Kak - Mbl He 3HaeM. DTy MOMpaBKy HY>KHO BHOCHTh BO
BCe ombITH (uznonoros» (BepHanckui, 1965, c. 233).

BriocneacTsii ObUTH MPEANPUHATHI AOPOrOCTOSALIME TOMNBITKH YYEHBIMH
pasHBIX CTPaH W, B 0COOEHHOCTH, (pPAHIy3CKMMH YYEHBIMH, MO BBISBICHHIO
GUONIOrMYecKOi PO HaTypalbHOro Kocmuueckoro ¢oHa H, Gonmee ToOro,
3HAYMTENBHO Oojlee HH3KMX, 4YeM HaTypanbHbli (OH, MoIIHOCTEH 103
MPOHHKAIOLIEH paJilalvy B YCJIOBHAX 3allMTHl OT KOCMHYECKHX JIyueii B Toule
HHM3KOPAAMOAKTHBHBIX TODHBIX TIOpPOJ, a TaKK€ TIIOCTaBJEHBI = OMBITHI C
YMEHBIICHHBIM COAEpKaHHeM 'K B MblLaX. PesynbTaThl oKasamuck
HeomnpeneneHHbIMU. [loaToMy B cBoakax Ha 3Ty TeMy (Ilonuxaprios, 1964,
2008; Polikarpov, 1978, 1998) O6rpino mnpemnoxkeHo, TPH OMMCAHUH
KOHLENTYyalbHOI MOJENH XPOHHYECKOro AEHCTBHS pa3/MYHBIX MOIIHOCTEH
MOHH3MPYIOLIHX M3/yYeHHH OT HaHMMEHbLIMX OO0 MaKCHMAalbHBIX B OHOchepe
(puc. 1), Ha3BaTh 30HOU HeonpedeneHHOCMU 30HY ACHCTBHUSA CaMbIX HH3KHX
MOLIHOCTEH [03, KOTOpble 3HAYHTENILHO HHXKE €CTECTBEHHOro ()OHa, a 30HY
3TOro (OHA — 30HOU PaAdUAYUOHHO20 BAA2ONOAYYUAL.

B ortmene paguauuoHHO# M XHMHYeckoi 6uonorun HWHBIOM HAHY
BECOMBI BKJIaJl B H3YYeHHE 30H  @usuonozuyeckou . Mackuposxu,
IKONO2UYECKOU MACKUPOBKYU W NOPAdICEHUs 3KOCUCMeM B YCIIOBUSX aBapUH Ha
YA3SC BHec OoblIIONH KOJIEKTHB y4YeHbIX, B ToM uucne B.IN. Llpiuyruna, I'.E.
Jlazopenko, H.H. Tepewmenko, H.IO. Mup3oeBa u apyrue (ITonuxapnos I'..T". u
Eropos B.H., pen., 2008). Ha aToM pucyHke BenU4HHa MOLIHOCTH A03bI allb(a-
W3TyYeHus 2% ouenena ¢ yuyeToM ko3¢ dHLmeHTa kadecTa, pasHoro 20. Ha
YepuoM Mmope B HazanHoM Boiite otaene HWHBIOM HAHY Bepytcsa
NPHOPUTETHbIE MHOTOJIETHHE W BCECTOPOHHHE HCCEO0BaHHS HAKOIUIEHHS H
‘murpamun *'°Po B MOpCKHX 3KOCHCTEMax, .a TaKKe JaeTcs OlleHKa
papuobuonornyeckoMy JeHCTBHIO anbha-H3TyueHHs 3TOro Haubonbluero
no3oo0pa3oBareiiss Cpedau . BCEX €CTECTBEHHBIX = pPaJMOAKTHBHBIX BEILECTB
(Jlasopenko, 2008; Lazorenko, Polikarpov, Osvath, 2003).

Takum of6pasom, B pasButHe uaed B.HM. BepHaackoro o BO3MOXHOM
BIMAHUM HOHH3UPYIOIIEro H3MyueHHs TMpUpPOAHOH paJMOaKTHBHOCTH Ha
)KUBble OpPraHH3Mbl CO3[aHa Ha OCHOBE  JOCTHXKEHHH COBpEeMEHHO
paJHaLMOHHOM 3KOJIOTHH KOHLENTyanbHas MOJENb XPOHHYECKOTO AEHCTBHS
HOHH3HPYIOLIEr0 W3NMy4YeHHs .= BO BCEM . BO3MOXXHOM  JHanas’oHe J03,
CO3/7aBaeMbIX HCTOYHHKAMH HOHU3HPYIOIIEro U3Jy4eHHs Kak MPHPOAHOro, Tak
¥ aHTpomoreHHoro mnpoucxoxaeHus (Polikarpov, 1998). Ona nossonser B
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PasnMYHBIX  CHTyauMsX OMeparMBHO  aHAJIM3HPOBaTh  MaTepualbl [0
paavalMOHHON 0OCTAHOBKE W OMpelelsTb HIH MPOrHO3WPOBaTh CTEMEHb
paJvalHOHHOH OMAcHOCTH IJs JKMUBbIX OPraHM3MOB M HMX COOOLIECTB B
YCNOBUAX MOCTOSHHOTO (XpOHHYecKoro) vx obsnyuyeHuu. Dta KOHUENTyanbHas
MOJIESIb CITY>KHT Takoke Hay4yHO-TeOpeTHYeckoi ©0a3oif s nanbHeimero
PasBUTHA 3K6UOO3UMEmMpUU ~ HOHHU3UPYIOLIMX H3NY4YeHHH H BceX Ipyrux
nospexaalomux (GakTopoB (QU3MUECKOH, XMMHUYeCKOH H GHONOrHYecKoH
npupoab! (ITonkapnos u Eropos, pex.., 2006; Fuma & Polikarpov, 2010).
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Puc. 1. 3oHb! MOWHOCTEH 103 MOHUIMPYIOIMX U3NyHeHUH U UX delicTBue B GUocdepe
(Polikarpov, 1998)
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3. Bno¢n3nqec1caﬂ TECOPHA MHHEPAJILHOIO oﬁmeﬂa, MOJ/IHCMOJIOTHA H HX
NpPAKTHYECKAad 3HATHMOCTb

Hayuynoe Hacnemve akanemuka Bnanumupa. HBanoBuua BepHaackoro
HACTOJIBKO BENMKO, YTO JIO CHX MOp MPOJO/KAETCS OCMBICIMBAHHE ero
MOHorpaduueckux TpyaoB «O XUMHYECKOM CTPOSHHH 3EMITH U ee OKPYKEHHS»
(1965), o «XKusom Beuiecte» (1978) u o «KuBom BelecTBe M GHOChepe»
(1994). Ero reoxuMuueckue KOHLEMLWHM BHECIH BaXKHBI BKIaJ H B
paspaboTKy npobneMbl YCTOHYHBOrO pa3sBUTHS MODCKHX aKBaTOpHH B
YCJIOBUSX MX QHTPOINIOT€HHOTO PaiHOAKTHBHOTO W XMMHYECKOTO 3arps3HEeHus, a
TaKkxe B (HOPMHPOBaHHE MPUHLMIIOB COBPEMEHHONH MOpPCKON MOJMCMOJIOTHH -
HayKH O 3arpsi3HEHUH.

B nocnenHre necaTHIETHS aHTPOMOTEHHOE MOCTYIUIEHHE B OKPYXKAKOLIYIO
cpeny XHMHYECKHX 3JIEMEHTOB U COCAMHEHHH, B TOM YHCIIE U PaUOHYKIH/IOB,
B Pl CIyYaeB IMPEBBICHIO [OTOKH WX eCTECTBEHHOM AaCCUMMIALMM B
reoJIOrH4ecKUX Jerno, YTO TPUBEJTO K IOBBIIEHHUIO- KOHLEHTpaUHi 3THX
BELECTB B MOPCKO# cpelle A0 YpOBHeH, MPH KOTOPBIX OHH CTaJld OKa3bIBaTh
HeraTHBHOE BO3JeiicTBUe Ha MopckHe pecypcehl. [Ipobnema 3arpsa3HeHus Mopeit
M OKeaHOB BIEpBble OCTpPO -obcyxnanach - Ha koHpepeHuun OOH mo
oKpyxarouie uenoseka cpeae B Crokroneme B 1972, r. O6neavHeHHOH
rpynnoil 3KCHNEepTOB MO Hay4HbIM acrekTaM 3arps3HeHHs MOPCKOM Cpeabl
(IMKO, 1977) ©6buma - npunsata ¢GopMyJTUpOBKa = «3arpsa3HeHHe O3HavaeT
BHECEHHE YeJIOBEKOM INPAMO MM KOCBEHHO BElIECTB MJIM SHEPFHH B MOPCKYIO
cpeny (BKJIIOYas 3CTyapHH), B pe3ysbTaTe Yero BOSHHKAIOT TakWe MaryGHbie
NoCNeACTBUS,  Kak yuiepbd JKUBBIM pecypcaM, ONAacHOCTb s 3[40pPOBbA
YelioBeKa, TOMEXH IS MOPCKOH JAeATeNbHOCTH, BKIIOYass pEIOOIOBCTBO,
YXyAlIeHHe KauecTBa MOTpebseMoi’ MOPCKOH BOAbI M 3CTETHYECKUX Grar»,
KOTOpas OXBaTHJa BCE MHOXECTBO HETATHBHBIX MPOSBIEHHIH BO3AECHCTBHA
atoro akropa. B mocneayroude rombl B OCHOBHBIX OKeaHOrpadHHYecKHX
Hay4HBIX UEHTpPax MHpa ObUIH pa3BepHYTHl HCC/IENOBaHHA PasHOOOPa3HbIX
'BUIOB 3arps3HEHHMil M MX BO3[EHCTBME Ha MOPCKYIO Cpeay H ee. HaceNeHue.
OTa [eATeNbHOCTh KOOPAMHHPOBANACh MHOXKECTBOM - PETHOHANIBHBIX H
MEXIyHApOJHBIX NPOrpaMM M Iepel HayKoH BCTana 3ajjadya ONpeAeieHHs
criocobHocTH  THApocdephl, kKak M OHOchepbl B . LIENIOM, BBIIEPKHBATH
aHTPONOreHHbIN MNpecc, KOTOPbIA B pAfe CiTyyaeB yxe MpeB3oLuien MacwTabbl
MPUPOJHBIX FEOXHMHYECKHX ABJICHHH.

B peleHuu nocrasneHHOH npobneMbl OFPOMHOE BIMSIHHUE OKa3ald WAeH
akaneMuka B.W.BepHaackoro o 6uoctepe 3emnu. On nucan: «B Hayke Her
JO CHX MOp SCHOTO CO3HAHMA, YTO SBIEHHA >KU3HM H SBJIEHUS MEpPTBOH
NpHpOIBl, B3ATBIE C TFEONOTHYECKOHM, TO €CTh IUIAHETApPHOH TOYKH 3peHHs,
ABJISIOTCSA MpPOSIBIIEHHAMH eAuHoro rmnpoueccay (BepHaackuit, 1994, c.12).
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InaBencTBylOLlee 3HayeHHE B IPOTEKAHHH TEOXHUMHYECKHX IpOLECCOB OH
OTBOJMIT JKUBOMY BelllecTRY. OH Ha3bIBAI KHBBIM BELIECTRBOM)» COBOKYNHOCTh
BCEX >KMBLIX OPraHH3MOB, BKJI}O4as Y€NI0BEKA, YYaCTBYIOLMX B F€OXHUMHYECKHX
npoueccax (BepHaackmii, 1965a, c. 324; 1977, c. 217) K Hemy oH Tarxe
OTHOCHJT 3aBeIoMO Oe3)KM3HEHHYIO MaTepHio, TpYymbl, 0TOpOCHl, BbIAENECHHUS,
SKCKPEMEHTBI, MpUJeraiollldie YacTH BO3myxa, Boabl M no4sbl (BepHaackwii,
1977, c. 178). OH oTMeuan: «B »xuBo# MaTepuH kak Obl MOAroTOBNSETCS MX
cyasba B OynmymeM B 3eMHOi kope» (Bepnaackuit, 1965, c.61). «XKubble
OpraHH3MBbl HEMpepbIBHO H3BIEKAIOT XHMHYECKHE 31eMEHTHI U3 3€MHOii KOpbI H
BO3BpANlalOT X B HES BHOBb, 0 M3BECTHOMN CTETEHHW TpEBpalllasd UX B HOBBIE
COeIMHEHHs, HeyCTOHYHBbIe BHE cpelbl HX 00pa3oBaHHA. OTO NMPOU3BOAHTCH
OpraHM3MaMH [BOSKHM IyTeM — YacTblO MyTeM MPHPOJHOr0 o6MeHa, KOrja
OpraHu3Mbl NPOBOAAT XMMUYECKUE JMEMEHTB! Yepe3 CBOH Tesia, YaCThio MyTeM
H3MEHEeHHs MPHPOAHBIX coeduHeHHH Ge3 nmpoBeldeHHs HX uepe3 cOOCTBEHHbIE
Tena. DTo MocielHee ABMCHUE OYEHb APKO MPEICTABIEHO B EOXMMHYECKOH
paboTe yenoBeUeCTBA ~ TAKOBOH ABMAETCA BCA €r0 TEXHUYECKAA AEATENbHOCTD,
co3falolias COBpPEMEHHYK uuBWau3auuioy (BepHaackuit, 1978, c. 136).
«BnusHve yYenoBeyecTBa OTIMYAETCSH, BO-MEPBBIX, HHTEHCHUBHOCTBLIO BCE
YBEJHYHBAIOLIErOCs ¢ XOAOM BPEMEHH CBoOero reosoruueckoro adgdexra o,
BO-BTOPbIX, TEM BIIMSHHEM, KOTOPOE OH MPOH3BOJHT Ha BCE JKHMBLIC BEILECTBA»
{Bepnaackui, 1978, c.46).

HUneu akanemuka B.H. Bepnaackoro Haumuid ULIMPOKOe MNPHUMEHEHHE B
Otnene paaMauUMOHHOW M XHMHYeCKOM Ouosnorud HWHCTHTYyTe GHOJIOrHH
toxkHbIX Mope#t uMm.  A.O. Kosanesckoro HAH VYxpaunbsl npm wusyuenun
6uoreoxuMuyeckix uuioB. Ha ocHose npeacranenuii B.H. Bepnaackoro,
KpYroBOpOT XHMMHYECKHMX BelecTs B Ouocdepe omnpegensercs — HX
MOCTYIUIEHHEM H3 T[EOJIOTHYECKHX MAENO B pe3ynbTaTe BLIBETPUBAHUA W3
3eMHOH KOpbl M O00bIYH MOJIE3HBIX HCKOMAEMBIX, TpaHcdopmauueit ¢u3uko-
XUMHYeckHX (GOpM = NOd  BO3AEHCTBHEM  MPHUpOAHBIX  (akTopoB
TEXHONOTHYECKOH 1eqTeIbHOCTH 4EIOBEYECTBA, CHHTE30M HE CYIIECTBYIOMIMX
B TNpPHPOAE XHUMHYECKMX COEJUHEHHH H HX TEXHHYECKHM H OBITOBBIM
UCTIONB30BaHHEM, AENOHUPOBAHHEM B (POPMHPYEMBIX Ha CYIIE re0JOrHYeCKHX
CTPYKTYpax M IMOCTyIJIEHHEM B MoOps W OKeaHbl. B Mopckoii cpeme oHM
NpETEpPIEBalOT NPEBPALEHHs B TAKOM BBICOKOAKTHBHOM (H3HKO-XMUMHYECKOM
PEaKTope, KaKOBHIM fABASETCH MOpPCKas BOJA, MUTPUPYIOT 1O aKBaTOPHIM B
pesynbTaTte TMAPOGHU3HYECKHX [POLECCOB, COPOMPYIOTCS W MOMIOIIAKOTCA
KHBbIM H KOCHBIM BELUIECTBOM H MHOTOKPaTHO MEPEHOCATCA MO TPOHHUYECKUM
uensM. B koHeydHoMm wurore, rnoOanpHuIi OUHOreoOXMMHUYeCKUM  UHKA
3aBEPINAETCA MX MOCTYIJIEHHEM B Te0JIOMMYECKHE JAENO B COCTaBE JOHHBIX
0CalKOB.
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Ilo coBpeMEeHHBIM  MpEACTAaBACHHSIM  OHOTrEOXUMHMYECKHE  IIMKIIbI
XHMUUYECKHUX JJIEMEHTOB B MOPCKOH cpesie pOpMHUPYIOTCS 3a CYET MEXaHH3MOB,
NpeACTaB/IEHHBIX Ha pHc. 2.

ABMOTHUYECKME - EUOTHYECHKUE
DAKTOPH . GAHTOPDI .
ACCHMMAALMSA M PA3BAB/EHUE " ROHUEHTPHPOBAHWUE ¥ OBMEH
B BOAHOH CPEAE 1 HMBBIM BELLEECTBOM 9
T i
BOAHbIA NEPEHOC 2 : NEPEHOC MMAPOBUOHTAMM: 10
- o " BUOTHYECKAS TPAHCOOPMALIMA
PAIMOAKTMBHBIM PACIAL OU3MKO-XUMHUYECKUX GOPM 11
ABMOTUHECKAA TPAHCOOPMALIMA : . BUOXMMMYECKAS
OHU3UKO-XHMHUYECKUX ®OPM 4 v MWHEPA/HM3ALIMA 12
. CEAMMEHTAUMR = -
| TEPPWIEHHbIX B3BECEW . | BUOCEAMMENTALMA |
| ' . ~ I -
. XEMOTEHHOE CEAWMEHTALIMA MWKPOBHbIX
; : ACCOLIMALIMI HA
OCANROOBPASOBAHME 6 - TEPPHMTEHHbIX B3BECAX . - 14
| , ; : ]
COPBLMOHHOE o BROAOTMUECHAS
B3AHMO£1EHCTBHE ‘ PEMOBMIN3ALINA
"C TPYHTAMM 7} M3 AOHHBLIX OCAAKOB 15
I ‘ ) ; ]
ngg%ﬁﬂéﬁ:"ﬂ"x : BCA/ILITME OPTAHMKM
-OEOMHEHNY 8 . CNY3blPBRAMMTASA ¢

Puc. 2. ®axropsl hopMHpoBaHHS GUreOXMMHYECKHX UMKIOB XMMHUUYECKUX BEILECTB B M0pCKOH
cpene ([Tonvkapnos, Eropos, 1986)

~ Hsyuenue BIMAHUS OTMEUEHHBIX aOHOTHYECKHX H OHOTHYECKHX (aKTOpPOB
ABNAETCA  UEHTpajbHOM  3ajaveif  npakTHYeCKH  BceX  MpOQMIbHBIX
okeaHorpapuueckux yupexaenuil. Ilporpecc B 3Toit obmactv cBs3aH c
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NpPYMMEHEHHEM COBPEMEHHbIX TEXHHMYECKUX CPEeCTB M3YyUeHHs MOPCKO#H cpessl,
MCTIONIB30BaHHUs AHATUTHYECKHX MeTOA0B M OanaHcoBOro MoOAeNHpOBaHHS.
PaspabatsiBatoTcs paauoTpaccepHble METObI U3yueHHs
OHoKeaHOrpaMUECKHX  XapaKTepUcTHK  akBatopul.  HMHTeHCHBHOCTB
BepTHKAJIIBHOrO  BogooOMeHa MNpH  KpynHoMacmtabHOM — OCpeaHeHHH
onpenensnack no uaMeHeHuro B 1987-2000 rr. npogunedi pacnpeneneHus
MOCT4EPHOBBLTLCKUX pamMoHyKmHaoB * St u *’Cs B Bone (Egorov et al., 2001).
Jns omnpeneneHHH CKOPOCTH HMX JJIMMHHALHMHM H3 (OTHYECKOTO CJ0s Harles
npuMeHeHHe ypaH-topHeBbli Meton (Gulin S., 2000). [Ins onpeneneHus
CKOPOCTH  OCaAKOHAKOHAKOIUIEHHs, JAaTHPOBKH [OHHBIX OCAJKOB Ha
[10JYBEKOBOM MacliuTabe BpeMeHH M OLECHKH NOTOKOB 3arpsA3HAIOILMX BELIECTB
B TOJILY OOHHBIX OTNOXeHHH (puc.3) ObumM paspaboTaHbl Tak Ha3bIBaeMble
«reoxumudeckue vacbl» (Gulin S., 2000a).

Cy1HocTb 3TOro MeToaa
" A . 3aKIIOYaeTCs B TOM, YTO M3MEpSIOTCH
BEPTHKAJIEHbBIE npodHH
M3IMEHEHHs  KoHLeHTpauuu B °'Cs B
%8S TOJIE OOHHBIX OTIOXKEHHH M B HHX
OTNpeNeNAOTCA [MHKH, CBA3aHHBlE C
NOBLILUEHHBIM  MOCTYIJIEHHEM  3TOrO
paaMOHYK/IHAAa B [OHHbIE OCaldKH B
NepHOA MaKCUMATBbHBIX aTMOCGEPHBIX
BbINafeHUit B 1964 r. B pesynbrate
HCMBITAHHHA ~ sAEPHOr0 OpYyXHs, a
1965 TaKxKe nocne aBapHH Ha
YepHoOblbCKOMH aTOMHOM
paavoctaHuMH B 1986 r. Tonmwuna
Clos  AOHHBIX  OCAafKOB  MEXAy
. . ' , NHUKOBBLIMH 3HAa4YEHUAMH COAEPXKaHHUA
2 4 @ ® W m ICs mosBonsieT onpeeanTh CKOPOCTh
50 (Bere) OCaJIKOHAKOIUIEHHS | OLIEHHBATb
TIOTOKH JETIOHHPOBAHHA

Puc.3. BeprukansHoe pacnpenencuue 'Cs g 3arPASHAIOUINX BELIECTB.
JIOHHBIX OTJA0XEHHAX Iy6OKOBOAHON 4YacTH ,ZIJIH H3YyY€HHA  AHHAMHYE€CKHX
Hepuoro mMops B mione 1993 r. XapaKTepHCTHK OHOTHUECKHX
B3aMMOACHCTBUH  MEXAY  KHUBBIM
BEILIECTBOM H PaJHOAKTHBHBIMM H XMMHYECKHUMHM KOMIIOHEHTaMH MOpPCKOMH
Cpelbl HaLIK LIMPOKOe MPUMEHeHue 6anaHcoBble MeToIbl, Ha3upylomuecs Ha
MCMONb30BAHHH  AaHHBIX  NpPUPOAHBIX  HabmwoaeHWid, pe3ybTaToB
3KCMEPUMEHTOB ¢ paIHOAKTHBHOH METKOMH, a TaKkske METOA0B MaTeMaTHYECKOro
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monenupoBanus (ITonukapnos, Eropos, 1986). I'eHepanbHas KoHUeNMA 3THX
pabot BbITeKaeT M3 BbiCKazaHHOH akaaemHkom B.M.BepHaackum rumotessl o
TOM, YTO (OKH3Hb, )KHBOE BelecTBO, Kak Obl caMo cozgaeTr cebe obnactb
xu3un» (BepHanckuit, 1965a, c. 241). IlooToMy OCHOBHOH LEABIO 3THX
McciieioBaHuit Obisa 3aaya NMpPOBEPKH €ro THUIOTE3bl O TOM, YTO B Mpouecce
BOCIMPOM3BOJCTBA JKHBOTO BEIECTBA - BOCIIPOM3BOAATCA W YCJIOBUA €ro
ofburanus. B.M.BepHanckuit ormeuan, 4To «okHMBOE BelleCTBO AESHCTBYET B
reoXHMHYECKHX Tpoleccax 3eMHOH KOphl CBOeHl Maccod, CBOUM XHMHUECKUM
cocTaBoM W cBoeil sHeprued» (Bepuaackuii, 1978, ¢.289). Ilostomy nns
KOJTMYECTBEHHOH — peaM3allMd ero THMoTe3bl NoTpeboBaIOCh CO3JaHHe
OCHOBaHHOM Ha pe3yJibTaTax HabsmoaeHuiH NOJIySMITUPHYECKOH
O6uodusnyeckoil TeopuM,  ONMCBHIBAIOIIEH = KHHETHMYECKHE ' XapaKTEPHUCTHKH
MHHEPAJILHOrO U PaMOM30TONHOrO 0OMEHa MOPCKHMX OPraHM3MOB H KOCHOTO
BelllecTBa B MopckoH cpege B Macwitabe BpeMeHH  IPOTEKaHHs
MeTabonHYecKHX, COPOLIMOHHBIX MPOLECCOB H TPOHUECKHUX B3aUMOAEHCTBUH,
COBMECTHMOI1 MapaMeTPHYECKH ¢ COBPEMEHHBIMH TEOPHSIMH ONHCaHHs HanaHca
BELIECTBA U SHEPTHH B MOPCKHX 3KOCHCTEMaAX.

IMpn paspaborke ost0ii Teopun (Ilosnmkapnos, Eropos, 1986) 6buin
omnpezeNeHbl MHOTHE = 3aKOHOMEPHOCTH TEOXWMUYECKHX B3aHMMOJCHCTBUH
MOpPCKHX OpraHH3MOB B MOPCKO# cpelie KOTOpble WM BBITEKAIH U3 UACH, WU
6bUlM npeackaszansl -akageMukom B.H. Bepuagckum. B.H. EropoBeiM 6bL10
YCTaHOBJIEHO, YTO MeTaboJIMUeCKoe MOMIOLIEHHE XUMHUECKHX 3JIEMEHTOB U HUX
M30TOMHBIX M HEM3OTOMHBIX HOCHTENEH rUAPOGHOHTAMH HEMOCPE/CTBEHHO U3
BOJAHOH cpeipl OCYyLIECTBASETCA B COOTBETCTBHH MeTabONHYECKHUMH
peakUMsMH TEPBOro ‘WM HYJIEBOTO MOPAAKOB M OINMCBIBAETCH YpPaBHEHHEM
Muxasnuca — Mented ([latroH, 1967), W a noOrJoUIEHHE 3JIEMEHTOB —
XHUMHYECKHX aHanoroB, Hampumep Sr U Ca, a Takwke Cs u K, uger
MPONOPLHOHATIBHO MOKa3aTeNsIM UX reoxummuyeckoro cxoacrsa (Eropos u ap.,
1989). Onpeneneno, 4To INpH 3HAYUTENBHOM MPEBBILIEHHH KOHLIEHTpaLUH
M30TOMHBIX M HEW3OTOMHBIX HOCUTeNleii B BOAHOH cpele CBepX YPOBHS,
'XapaKTepu3yeMOro KOHCTaHToii Muxasnuca — MeHTten, MeTabonHyeckue
peakUMy KOHLEHTPHPOBAHHA H3MEHAIOTCS C TEpBOro MOpsJiKa Ha Hy/eBoi
(TTonukapnos, Eropos, 1986). CrauuoHapHble YPOBHH COpPOLIMOHHOIO
KOHUEHTPHPOBaHHs 3JIEMEHTOB . FMAPOOMOHTAMH M KOCHBIM  BEIIECTBOM
ONpefieNIAIOTCA B COOTBETCTBUH ¢ ypaBHeHUeM Jlenrmiopa (HecmesiHos, 1978).
[lpy nuumEeBOM MyTH MHHEPAIFHOTO MHTAHUS THAPOOHOHTOB YCBOEHHE
XHMHYECKHX 3JIEMEHTOB MPOMNOPLHOHAIBHO HX GHOIOTHYECKOH 3HAUHMOCTH U
COCTaBJIieT TOJBKO YAacTh OT KOJMYECTBA BELIECTBA MULLIH, UCTIONB3YEMOro Ha
comaTHyeckMid W reHepaTuBHbIH pocT opranu3moB (Ilosnukapnos, Eropos,
1986). Xumuyeckoe JIMMMUTHPOBaHHE IMPOLECCOB 'POCTAa H Ppa3MHONKEHMs
MOPCKMX OpraHM3MOB pa3HBIX TAKCOHOMHYECKMX TpyNMm W TpodHUEeCcKHX
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ypOBHe# UAeT B COOTBeTCTBMM ¢ ypaBHenusiMu Harnmeiina (Dugdale 1967) u
Hpyna (Droop, 1974). B pesynbsrate usyuenus B.H. EropoBeiM kuHeTHYecKHX
XapaKTePUCTHK  TMPWKH3HEHHOTO  BBIAEJNEHHS  XHMHMYECKHX  BELIECTB
TUAPOGUOHTAMH B OMBITaX C PaAUOaKTUBHOW METKOH OBbIIO YCTaHOBJIEHO, YTO
MX BbIBEAEHHE MOpCKHMH OpraHM3MaMH HAET B COOTBETCTBHH C
MeTaboJIMUECKUM pPeakLMiIMH MEepPBOro MOpsAKa, a 3HaueHHs Mokasartelield
CKOPOCTH HE 3aBHCAT OT MYTHU [MOCTYIUIEHUA WM30TOMHBIX U HEW3OTOMHBIX
HocHTeNleit B ruApoOMOHTHI, a Takke OT MX COIep:KaHHUs B BOOHOH cpende
(Tlonukapnos, Eropo, 1986). HenaBHo O6bu1  0OHapyXeH MeXaHH3M
peryaupoBaHust oOMeHa Oypblx BOAOpOC/EH MPUMEHHTENBHO K YCJIOBHAM
doctarHoif runepIBTpodHKALtMH MOPCKOH cpelbl, 3aKIoYalolHiics B
NOBLIIIEHWH  AedBTpodUpyolleld cnocoOHOCTH BoAopoche mno  Mepe
yBeNnUueHUs cTeneHd QocdopHoi runeparTpodukauun Boa (I[TonoBuyes,
Eropos, 2009).

TIpy u3yyeHMM TOFNONMIEHMS ¥ BbIBENEHHA MeueHbIX ~'1 MOIMAOB M
MOJAaTOB  3€JeHbIMH  BONOPOCHSMH  TOJYYEHO, YTO OHH MO-pa3HOMY
HaKaruIMBalH OJHOBAJICHTHYIO U MATHBAIECHTHYIO QHU3HKO-XHUMHYECKHE HOPMbI
#fiona, a BLIBOAWIM WX B OJHOBANEHTHOH (opMe, TO ecTh B mpoliecce #oaHoro
oOMeHa BOAOPOCIIAMH MPOHCXOINIO YMEHbLIEHHE BAIEHTHOCTH NPOIYKTOB MX
merabonuzma (IlonukapnoB, EropoB u ap., 1985). Otum camebiMm, Oblna
NOATBEPXkKAEHAa BbIABHHYTas axageMukoM B.M.BepuaackuMm runotesa o
BO3MOXHOCTH  OMOTHYECKOro  HM3MEHEHHs  (QH3MKO-XMMHYECKHX  (opM
npeGbIBaHUA XHMHYECKHX 3JIEMEHTOB B Mopckod cpene (Bephaackuii, 1994,
c.58-59).

3a nocnenuue pecatwietis B.H. EroposeiM OblM 3KCHEpHMEHTANBHO
ompeaeneHsl KOHCTaHTh ckopocTeli ofMena Na, *?P, **Mn, *Fe, “Co, “Zn,
36Rb, 9°Sr, 1°6Ru,'°9Cd, 13'I, ]44Cr, BCs, u 203Hg psinoM BUAOB OaKTepHil,
BOJOPOC/ICH, JKHMBOTHBIX [UIAHKTOHHOTO KOMIUIEKCA, MOJUTIOCKOB H  pBIO
akocucTeM CpenuzeMHOMopcekoro Oacceitna, a takke Tuxoro, Muauiickoro u
ATnaHTHYeckoro okeaHoB. J{ns psna a1eMeHTOB pasnuuyHOil Ouosoruveckoi
3HAYUMOCTH WM ObUIM ONpenesieHbl MapaMeTpbl YpaBHeHHH Muxasnuca-
Menten u JleHrMiopa, a Takke 3aBUCUMOCTH UX [ApaMETPOB OT YHAENbLHOMU
MOBEPXHOCTH, ~ pa3MEpHbIX  XapaKTEPUCTHK MOPCKHX  OpPraHu3MOB U
KOHLIEHTPaLMH 3JIeMEHTOB — XHUMHYECKHX aHaloroB B BOJHOM cpene
(TTonukapnos, Eropos, 1986). 3to no3sonuno B.H. EropoBy npuctynuth k
3Tany UCC/eAOBaHHH, CBA3aHHOMY C M3YY€HHEM Ha MaTeMaTHYECKHUX MoAessax
B3aUMOJCHCTBUS  KMBOIO BEILECTBA pANHOAKTHBHBIMH M XHUMHYECKHUM
3arpsA3HEHHAMH MOpPCKOH cpeabl Ha TNONYJISLUOHHOM M 3KOCHCTEMHOM
YPOBHSIX.

CTpyKTypa MOJesH 3KOCUCTeMbl GOTHYECKOTO Clos MOKa3aHa Ha puc. 4.
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Puc. 4. CrpyxTypa Moeny B3auMonaeicTeus GOTUHECKOTO CNOS € PaAOAKTUBHBIMK U XUMHHU-
4YeCcKHMMHU BemecTBamu B Mopcko#t cpene (Tlonukaprnos, Eropos, 1986)

B3anmoneicTBHe MexAy €€ KOMIIOHEHTAaMH ee CTPYKTYpbl ObUIO OMHCaHO
6anaHCOBBIMH ~ PaBEHCTBAMH 10 BELIECTBY, 3HEPTHMH, JIMMHTHPYIOUIHM
OMOTeHHBIM 3IEMEHTAM W 3arpA3HUTENSAM BOAHON CpeAbl C MCMONb30BAHUEM C
COBpPEMEHHBIX MpECTaB/IIeHHH 0 MUHEPaJIbHOM U PagHOM30TONHOM oOMeHe M
TpooAHHAMHUKE - MOPCKHX OpraHM3MOB, COPOLIMOHHBIX B3aWMOOTHOLUEHHAX
MEXAy XHBBIM M KOCHBIM BELIECTBOM, a TaKKe C YYETOM WHTEHCHBHOCTH
CEIMMEHTALHOHHBIX M T'MApPOAMHAMHYeCKHX MpoueccoB. B LenoM B aaHHOM
Mozenu yuuThiBaTHCh 1-3 U 5 abuotnueckue U 9-10 u 12-13 ¢akrops! (puc.2)
dopMHUpoBaHHs 6HOTeOXMMHYECKHX LIHKIIOB.

YucneHHble 3KCNEPUMEHTBI Ha MOJETH MOKA3aJId, YTO MPH HU3KHUX YPOBHAX
KOHLEHTpHUpYIOllleH cnocoOHOCTH rHAPOOHOHTOB COAEPIKAHHE 3arpsA3HHUTENS B
Boze ¢orHueckoro cyosg (Q) TUMHTHPOBAJIOCH TOMBKO €ro BOJOOOMEHOM ¢
NOACTHIIAIOIIUMHY BOAAMH H B LIEJIOM JIHHEHHO pociio BO BpeMeHH (pucS, 1).
IIpy oTHOCHTENBHO 3HAYHUMBIX (PHC.5, 2), WIH BHICOKUX (pHCS, 3) 3HAYEHHIX
K03 QHLUHEHTOB HAKOIUIEHHS 3arpsa3HUTENs THApOOHOHTaMH BCE MNapaMeTphl
MOZeNd € TEe4YeHHEM BpeMeHH BBIXOAWIM Ha CTalMOHAapHble HIH
aBrokonebarensHele pexumsl  ([Tonuxapros, Eropor, 1986). Ilpu a3tom
HabMoaANHCh peXUMbl OHOTHYECKOr0 KOHIHLHOHHPOBAHHA BOAHOM Cpelbl B
OTHOILEHHH COAEPKAHUA 3arpA3HUTENS 3a cHeT ero OHoceqMMEHTALMOHHOrO
BBIHOCA M3 (DOTHYECKOro CJos. ITO OJHO3HAYHO NMOATBEPAHJIO GiecTsamiee
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npeasHaenne akaaemuka B.U.Bepunaackoro (BepHanckui, 1965, ¢ 241) o

TOM, 4YTO B mpouecce BOCHPOHM3BOACTBA JKHBOI0  BEIIECTBA
BOCHPOH3BOAATCS H yC/I0BHS €ro OOHTaHHSA, '
a‘ rme

15
10

05

0 { . ] i
N 100 150
Bpema, cym

Puc. 5. M3MeHeHHe koaHuecTBa 3arps3HUTeNs B Bode doTHyeckoro caos Q (r m?) npu
OTHOCHTENBHO HU3KHUX (1), cpenHux (2) u BoicokuX (3) ko3bduUMEHTaX HAKOMIEHHS
3arpsA3HUTENS KOMIOHEHTAMH 3KOCHCTEMBI,

[ToHuMaHHe 3TOro 0OOCTOATENILCTBA OTKPBUIC IIYTH K MOUCKY METOJOB
ofipefieNieHHs crnocoOHOCTH MOpCKOH cpelbl K CaMOOYHMILEHHIO M K Hadaly
BOCBMM/ECATHIX FONAOB ObIY NPUHATHI TEPMUHBI [ €€ OLEHKH, Takue, Kak
accumunauronHas (National, 1979; Uspaans, Lipi6ans, 1983) u sxonoruueckas
(ITonukapnos, Eropos, 1981) eMkoCTb, KONH4ECTBEHHOH MepoH kOTOpbIX ObIN
MOTOK, KOTOPBIi MOXET H3bIMAaTbCA M3 MPOCTPAHCTBEHHO OrpaHHYEHHOH YacTH
MOpCKO# 3KOCHCTEMBI B pe3yJibTare THAPOAMHAMHYECKHX 7
OMOreOXHMHYECKHX B3aUMO e HCTBHIA.

AHaIH3 YMCNIEHHBIX JKCMEPUMEHTOB Ha Moaend (puc. 4) Takke
nokasan, (ITonmukapnos, Eropos, 1896) uTo npuMEHWTENBHO K Ppa3iHYHBIM
yCNoBUAM OHOJIOTHYECKOH MNPOAYKTHBHOCTH 3KOCHCTEMBI H BO3AcHCTBHA
MOTOKOB 3arpA3HSAIOMIMX BEILIECTB HaOJMIOAaNuCh pa3fiduyHble CTallMOHApHbIE
COCTOSIHMS ~ CHCTEMBI  OHOCEHMEHTALMOHHOTO KOHIHUHOHHPOBaHUS
doTtuueckoro cios (puc. 6). MHTepBany OTHOCHTENIPHO HH3KHX MOTOKOB
aQHTPOINOTreHHOr0 3arpA3HEHHs BOJ COOTBETCTBOBaja 30Ha OMOTHUYECKOro
KOHIMLUMOHUPOBAHHUS MOpCKOM cpeapl (puc.6a), a notokaM Gonee
HMHTCHCUBHOTO 3arps3HEHHss - 30Ha TMNOTEpPH YCTOHYMBOCTH CHUCTEMEI
6uoTUHecKoro camooudiliedus Boa. Ha npefcraBneHHOM pUCYHKe BUAHO, YTO
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B 30He OHOTHYECKOTO KOHAHLMOHHPOBAHHSA MOpPCKOH cpeabl MNpeaebHble
3HaYeHHs Ko3(pPHUMEHTOB HAKOTUIEHHs MIPOOHOHTAMH HE M3MEHSUTHCH (pHcC.
6b), a KOHUEHTpauus 3arpa3HHTENs B HHX pPOCja [PONOPLUHOHAILHO
yBEJIHYEHHIO ero cofiepXkaHus B Bone (pHc. 6¢). B 30He motepu ycToiuHBOCTH
OHOTHYECKOTO CaMOOYHMILEHHS BOJ CTAaLHOHApHblE 3HAYeHHS KO3(dULHEHTOB
HaKOMJeHHUs CHIXamuch (puc 6b), a KOHUEHTpaLHs 3arpsA3sHHUTe]s B
ruaApoOHOHTaX JOCTHIIIA MPEeAEbHOrO ypoBHs (puc. 6¢).

C TOYKM 3peHHs COBpPeMeHHbIX OHodu3Mueckux mnpeacTaBieHHH o
KHHETHYeCKHX 3aKOHOMEpPHOCTAX MuHepanbHoro obmeHa ([latron, 1968),
WHTEpBANy W3MEHEHHWs 3HAYEHUI KOHLEHTpaLWu 3arpA3HuTens B BOAe, B
npeaesax KOTOPOro Ko3(GdHUMEHT HaKOMIEHHs MOCTOSHEH, a COAepXKaHHe
3arpA3HUTENs B OPraHM3MaX W3MEHAETCs MpPOMOPLMOHATEHO H3MEHEHHIO
KOHLEHTPaLUMH 3arpA3HUTENs B BOAE, COOTBETCTBYET MepBblii MOPAIOK
MeTaboJNIHYECKHX  peakUMil, - -a HHTepBally M3MEHEHHs KOHLEHTpaLHH
3arpsa3HUTENs B BOJAE, B Mpefdesiax KOTOpPoro Ko3hGbHLUHEHT HaKOIUICHUS
ruApoOHOHTOB CHHIKAETCH, a KOHLUEHTpaLMs 3arpA3HHTENs HE H3MEHseTcs,
COOTBETCTBYET HyJIeBOH Mopsaok Metabonnueckux peakuud. OTcioaa caenyer,
4TO 30HE MOTEPH YCTOHYHBOCTH CUCTEMbI OHMOTHUECKOrO KOHAMLIMOHHUPOBAHHS
BOA COOTBETCTBYET H3MEHEHHEe MeTaboIHYeCKUX peakLWil MOopckHX
OpraHM3MOB B OTHOLIEHHH MOTJIOLIEHHS H BbIBEJEHHS 3arpsA3HUTENs C NepBoOro
Ha HyneBoH. [IpencraBneHHble Ha puc. 5 1 6 MaTepHalibl B LIEJIOM NOKA3bIBAIOT,
YTO MOJIMCMOJIOTHYECKHE KPHTepHH sl Ompefe/ieHHSI JONYCTHMOIO
AHTPONOreHHOro mpecca JOJKHLI OXBAThIBATh KaK CAaHHTApPHbIE HOPMbI
npegenbHO ~ AONYCTHMOIO - 3arpsisHEHHst  rHAPOOHOHTOB, TaK H
OHonmpoayKUHOHHbIE, TPohHUEeCKHe H MeTa0oIHYeCKHe XapaKTepHCTHKH
KOMIIOHEHTOB MOPCKHX IKOCHCTEM.

U3BECTHO, YTO OCHOBHBIM TPeGOBAHHEM YCTOMYHMBOrO Pa3sBUTHS PErHOHOB
ABAseTcs He0OX0AMMOCTDb MOeP>KaH!s PaBHOBECHS MEXAY HCIOJIb30BaHHEM
M BOCMpPOM3BOACTBOM HMX pecypcoB. IIpMMeHHTENbHO K pelieHHIo nmpobemsbl
YCTOHYHBOrO pa3sBHUTHA MOPCKHM aKBaTOPHiI B YCJIOBHAX AHTPOMOIreHHOro
_3arpsA3HEHMs BOJ C YYETOM CMbIC/IA, BKIIAAbIBAEMOrO B TEPMHH «3arps3HeHHe»,
OCHOBHbIE KPHTEPUH NOJKHbI HOPMHPOBaTh MpeleibHO AOIyCTUMbIE MOTOKH
TaK, 4TroObl OHH KOMMEHCHPOBAIMCb MOTOKAaMHU THIPOAMHAMHYECKOr0 H
OHOreoXHMH4ECKOr0 CaMOOYHMILEHHS MOpCKOM cpedbl, a KOHLEHTpalus
3arpA3HSIOLIMX BEILECTB BO BCEX KOMIMOHEHTaX OKOCHCTEM, BKIIIOHas
HacejieHHe, He MpeBbllaga CaHUTapHbIX HOPM M PEKpPEeaLMOHHbIX KayecTB
TeppuTopuil. Toraa oT10KHB 3TO 3HaYEHHE Ha OCH OPAMHAT pHC. 63, MOKHO Ha
ocH abcuuce onpeaenuTh NOTOK OHOTHYECKOTO CAMOOYHLIEHHS BOJI.
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Puc. 6. U3aMeHeHHe CTAaLMOHAPHBIX YPOBHEN KOHLEHTPALHH 3arpA3HUTENS B Bode GOTHIECKOTO
cnos C,, (a), xkoabduuueHToB HakonneHus (b) U KOHUEHTPALMH 3arpsA3HUTENS B MMAPOOHOHTAX
(c) B pesynbTare GyHKUHOHHPOBAHHS 3KOCHCTEMBI GOTHIECKOTO CI08 B YCIOBHAX BO3ACHCTBHA
TI0TOKa aHTPOTIOFEHHOTO 3arPA3HEHHS BOA.

Ilo ouenxkaMm cneuuanucroB (3aiiues, [lonukapnos, 2002) HauGonee
HebnaronpuATHasA dKonoruyeckas obcraHopka B YepHOM Mope 3adHKcHpOBaHa
B TaK Ha3blBa€MbIX KPUTHYECKHX 30HaX, JKOJOMHUYECKHE MPOLECCH B KOTOPbIX
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MPOTEKAlOT B  YCJIOBHAX, KOTAAa aHTPONOreHHell Mpecc NpeBblaeT
OHOTHYECKOE KOHAHLIMOHHPOBAHHE MOPCKOH cpelbl B pe3yJbTare NpOoTeKaHUA
NPHPOAHBIX OHOreoOXHMHUYECKHX LHKJIOB. B pesynbrare comepkaHHe B HHX
3arpA3HAIOLIMX BELIECTB MPEBHILIAIOT MPHPOAHbIE YPOBHH H B KPHTHYECKHX
30HaX MOTYT TMpOSBISTbCS BbI3BaHHbIE 3THM HETATHBHBIE HKOJIOTHYECKHE
NocieAcTBUA. AKBAaTOPHM KPHTHYECKHX 30H pacrojOXeHbl B IPUYCTHEBBIX
yuyacTkax BMajalolliuX B MOpE peK, B paiioHax cOpoca TEXHHUYECKHX H CTOYHBIX
BOJ, PAAOM C PpAacrolIOKEHHBIMH Ha Oeperax KpYNMHBIMH HaceJeHHBIMU
OyHKTAaMH M, Kak TMpaBWIO, COBMAJAlOT MO0 TEPMHHOJIOTHH aKaJeMHKa
B.M.BepHaackoro ¢ 30HaMM cryiueHuii xusoro Beltlectsa (Bepranackuid, 1994,
c. 388). IloatoMy Mepbl 1O, MOMANEPKAHHIO  YCTOMYHBOIO pa3BUTHA
KPUTHYECKHX 30H [JOJDKHbI B 3HAYWTENbHOH CTeNeHH Oa3upoBaThcd Ha
6MOreOXHMMHMYECKUX KPUTEPUAX HOPMHPOBAHHA T[IOTOKOB aHTPOTOTEHHOrO
3arps3HeHds BoA. MccrnenoBaHus, BBINOMHEHHbIE Ha KOHLENTyalbHOH 6ase
npeacrapneHdii  B.W.BepHanckoro (BepHamckmii, 1994, c. 414) o
reOXHMHUYECKOH poJM >KHBOrO BellecTBa B MOPCKOH cpeae NO3BOJIWIH
paspaGotate OHOreoXMMHYECKHE KpPHUTEPHHM Ul OINpejeNieHHs Tephoja
KpYroBOpOTa pajHOAaKTHBHBIX H XHMHYECKHX 3arpA3HEHHH B MOpCKO# cpene,
OLIEHKH PajOeMKOCTH JOHHBIX OCAaJKOB, pacyera NpeiesoB HHTEHCHBHOCTH
6uoTHYeckol TpaHchopMaLUu (PU3UKO-XHUMHUYECKHX (OpPM HEOpraHHYEeCKHX
3arps3HeHHiit B BOAHOH cpeae M ONpedefieHHs TNpeleibHBIX [OTOKOB
CeIMMEHTALHOHHOI0 JENOHHPOBaHHs 3arpsA3HAIOLIMX BELECTB B TOJILE
JIOHHBIX oTJI0keHu# (Eropos, 2001).

[IpuMeHUMOCTB TAKOTO MOAX0JAA MOXHO MPOMIITIOCTPUPOBATE HA MPUMEpE
HOPMHPOBaHUS MOTOKA PTYTH B aKBATOPHH CEBACTOMNONBCKHX OYyXT (pHc. 7-8).

Ha puc. 7 noka3saHbl pe3ysbTaTel MHOTOJIETHHX HabnmoneHui cojiepikaHus
pryth B Boie CeBepHoii 6yxThl CeBacTonons. Ha rpaduke BuaHo, yto B 1988-
1990 rr. koHueHTpauus Hg B BoJe npeBblllana CAHUTAPHO HOMYCTUMYIO HOPMY
(T1IAK). B 1991 r 610 oTMeueHO pe3koe CHHXKEHWE KoHuUeHTpauun Hg,
CBA3aHHOE CO CHHXXEHHEM TPOMBIIIEHHOH aKTHBHOCTH B PETrHOHE, KOTOpas
.6eina otcnexeHa Taxxe u 1998 r. Ha puc. 7a, 7b u 7c BumHO, uTO
KOHLEHTpalMs PTYTH B MHIOMAX W JOHHBIX OTJIOKEHHAX 3aBHCeNa OT ee
KOHLIEHTpaLHH B BOJE.

[TpoBeneHHas Ha puc. 8 crulolHON AWHHEH annmpokcHMalLMOHHas KpHBas
CBHIETENLCTBOBAJIA, YTO 3aBUCHMOCTb M€Y KOHLEHTpauuei pTyTH B JOHHBIX
ocagkax M BOJAE C JOCTaTOYHOM CTEMEeHBIO aJleKBATHOCTH OMNMChIBANach
ypaBHeHueM JIeHrMiopa, yKkasblBarolle, YTo MpH KOHLEHTPalKUU PTYTH B BoJie
cBbime ypoBHs 50 ur 1" mocTuranock copbiponHoe Hachimenue (Cacyu)

102



Hrin
=
o

100

HIIT CHPOH MBCCH

3000

2000

1000

HF/T CyxoH Maccy

2 NAK ana Hg e soge
e
]
L
s &
| ]
I ! | T I ! 1
1955 1990 1963 2000
T b.
T | T T 7
1985 1990 1995 ) 2000
1 c.
4
' I T ! ' !
1985 1990 1995 2000

Puc. 7. Uamenenne xoHuenrpauun Hg B Boae (a), Muauax (b) H MoOBEPXHOCTHOM COE JOHHDIX
otnoxenui (c) Cesacrononsckoit GyxTei (Kocrosa u ap., 2001)

4000

Cse'd' HI/T Cyxon Macchl
N
S

]

1

i

| #

/

/ °
- ! T T 1 ! R
0 50 100 150

C,, . Hrn
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KOHUEHTpaluu pTyTH B Boae (C,,) ceacrononbekoi 6yxtsl (Eropos, 2001)
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JOHHBIX OC3JKOB pTYTBIO, 4YTO OFPAaHUYHBAIO MAKCHMAIBHBIH TMOTOK
CEIMMEHTALHOHHOTO CaMOOYHILEHHS CEeBacCTOMOJIbCKOH OyXThl OT 3TOro
BBICOKOTOKCHYHOIO 3arpsi3HHUTENS BOJ. OJTO JIErKO MPOCIEIUTh MO AaHHBIM,
NpeACTaB/IEHHBIM Ha pHC. 9.
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Puc. 9. M3smenenne xonuenTpaunu Hg B Tone noHHBIX 0THOXeHHHA no riy6uxe (Eropos, 2001)

PacyeTsl moka3asii, 4TO NPH KOHLEHTPALMH PTYTH B MOBEPXHOCTHOM CJIOE
JIOHHBIX OCA3JIKOB CEBAacTOMOJILCKOH OyxTel B 1999 r., paBHoil 369 Hr r!
(KoctoBa u ap, 2001), 1 cKOPOCTH CeJUMEHTALIHH JOHHBIX 0TyIOXKeHu# 0.24 cM
rox’, unu 607 r rpynra M~ rog’ (Kepko, Tymun C. U ap., 2001) notok
NIETIOHUPOBAHHS PTYTH B JTOM TOAy cocTaBun 224 Mkr M~ rom’. Ipu
COpOLIMOHHOM HACBILIEHHH JOHHBIX 0CaAKOB 0 YPOBHA Ciacpy =2740 HIr r!
‘TIpefeNIbHBIH MOTOK 3JHMHHALMH PTYTH H3 BOJ CEBACTOMOIBLCKOH OyXThl ObuNT
paBeH 1660 Mkr M2 rox” , uto ABUIOCH MPaKTHYECKH MEPBON NPUIOAHON 115
OHOreOXUMHYECKOTO0 HOPMHPOBAHHS OLEHKOH MaKCHMaJIbHO BO3MOXKHOTO
camoouHllleHHs Box. IlpoBeneHHas Ha pHuc. 8 crulolHOH  JIMHMeEH
annpokCHMMalMOHHAs KpHBas CBHIETEJILCTBOBAIA, YTO 3aBHCHMOCTb MEXIY
KOHLEHTpaluel pTYyTH B JAOHHBIX OCaJikax M BOJE C JOCTATOYHOH CTENEHBIO
aJIeKBaTHOCTH OTNHCHIBAJIACh YpaBHeHHeM JIeHrMiopa, ykasbiBarolleH, YTo Mnpu
KOHLEHTpAllWH pPTYTH B BOJAE CBbie YpoBHA S50 Hr J' JOCTHranoce
copbunonHoe HachllieHHe  (Cyacnw) JOHHBIX — OCAAKOB  PTYTBIO, HTO
orpaHH4MBajla MaKCUMAJIbHBIH MOTOK CEAWMEHTALHOHHOIO CaMOOYHINEHUS
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CeBacTONONBLCKOM OYXTHl OT 3TOr0 BHICOKOTOKCHUHOIO 3arpA3HUTENS BOA. DTO
JIETKO NpOCNEAUTh MO JAaHHBIM, NpeACTaBIEHHBIM Ha puc. 9. Pacuets
NoKa3aaM, YTO TMPH KOHLEHTPALMM PTYTH B TOBEPXHOCTHOM CJI0€ OOHHBIX
OCAJIKOB CEBACTONOMLCKOM GyXThl B 1999 T., paBHoii 369 ur r' (KocTosa ap,
2001), ¥ CKOPOCTH CeJHMEHTALIMH JOHHBIX OT/IOXKeHHit 0.24 cM rox” , wu 607
r rpysra M™ rox” (Kepko, Tymun C. M gp., 2001) NOTOK AEMOHHPOBaHMsA
PTYTH B 5TOM roay cocTasun 224 Mxr M™ rox”. TTpu cop6LMOHHOM HACHIIEHHH
JOHHBIX 0CafKoB N0 YPOBHA  Cppu =2740 Hr r' mpedensHbI 1MOTOK
3/IMMMHALIMK PTYTH M3 BOJ CEBACTOMONLCKOM GyxThl 6bim paBeH 1660 Mkr M~
rog” , uTo SBMIOCH MPAKTHUECKH MEPBOH MPUIOAHOM AN GHOreoXMMHUYecKOro
HOPMHpPOBAHHs OLEHKOH MaKCHMaIbHO BO3MOXHOT'O CaMOOYHIIEHHS BOZ.

[TponeMOHCTpUpOBaHHBIE MAaTeEpHANbl B LIEJIOM MO3BOJIAIOT 3aKIIO4YMTh, YTO
yueHHe akaJeMHMka BepHanckoro o KMBOM BemlecTBe B GHOCtepe OKa3ano
ompejieNiAlolIce BIMAHUE HA pelieHHe mnpobneM YCTOHUMBOTO pa3BUTHA
MOPCKMX aKBaTOpHHl TMpH AaHTPOMOreHHOM BO3JECHCTBHH 3arpsA3HAIOLIMX
Beitects. Mx pa3zBuTHe Ha KoHuemTyanbHoW ©Oase mnpeAcTaBneHHuii
B.H.BepHanckoro nossonuno paszpaGoTaTh NMPUMEHHMbIE U MPaKTHYECKUX
nenelt OuoreoXuMHUUecKre KpMTEPHH HOPMUPOBAHUA MOTOKOB AHTPOMOTEHHOTO
3arpsA3HEHHA MOPCKOH Cpefbl.

4, PynaaMeHT H DepcneKTHBA AJIA 3K300H0IOTHH

Axanemuk B.M. Bepnagckuif oboratun Hayky pa3paboTkoif Takux
BaxKHeHIIMX 0000LIAIOMHX HIeH, KaK UOES O 20102UYeCKOl BEHHOCMU HCUZHU
Ha 3emie, a Takke Ha Apyrux raHerax ¥ B Kocmoce, u uaes o ecroonocmu
JICU3HU C YUETOM npedena xcusHu 6 buocgepe. «BecbMa BO3MOXHO, Bce Kak
OyOTO Ha 3TO YKa3bIBaeT, YTO B JPEBHHUX KayCTOOHOIMTaX COXpaHSIOTCA
crocoOHble K BO30OHOBJEHHIO CMOPbI B JIAaTEHTHOM COCTOSHHH B TeUeHHE
MUJUTMOHOB M COTEH Thicau jer. S craBmio 3Ty npoGnemy Kak TaKOBYIO;
TpebyeTcs BsKCnMepUMeHTanbHas mnposepka» (BepHanmckuii, 1965, c. 220).
Bcroduocme xcusHu MPOCIESKMBAETCS BO BCEX NMPUPOAHBIX cpefax Ha 3emre oT
moObIX HHU3KHX A0 OHOJOTHYECKH MNEPEHOCHMBIX BBICOKHX TEMMEpaTyp.
JaBnenve xu3Hy, ofecneynBaroniee NOCTOSHHO NpeneNbHYIO 3anolHEHHOCTD
KUBBIM BEILECTBOM BCEX JKMIAKMX W TBepObIX cpeld (M, TeM CaMbIM,
MOCTOSHCTBO Macchl XKMBOT'O BELIECTBA Ha MPOTSXKEHUH BCeH HCTOPHUH 3eMITH)
Ha MOBEPXHOCTH WM Ha Bcex IyOMHax HameH MIaHeTsl NMPH BCeX HHU3KHX
(Bru1OTH N0 aBCONMIOTHOTO HYJIA) M BHICOKHX, HO GHOJIOTHYECKU NEPEHOCHMBIX,
TeMneparypax W npu JjoboM razoBoM coctaBe cped.  «Cmpamucgepa —
ocagouyHas obonoyka — oOpasyeTcss TInaBHBIM 00Opa3oM MOPCKHMH U
OKEaHHUYECKUMH oTnoxeHHAMH» (BepHaackuit, 1965, c. 85). «Ctparucdepa ~
obonouka ocafoyHbIX MOpOJ — B 3HAYMTENbHOH Mepe SBHO GHOr€HHOro
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NPOUCXOXKIEHUA U HAXOAWTCS OYEHb 4acTO, MOXKET ObITh, BCeraa, B BEpXHeEH
cBoei uYacTH B 00NacTH MOA3EMHOro, XHBOrO BeLECTBa (MacThio B ¢opMe
JaTeHTHOM »JKHU3HH), T. e. B OwWocdepe» (BepHanmckmii, 1965, c. 83).
®usnyeckuM ¢dakTopaMH (BLICOKHM JaBJIEHHEM, BBICOKOH TeMmepaTypoH,
FrOpAYMMH rasaMH H T.O.) «... HEH30EKHO CO3MaeTCs HHXKHAS TpaHHLA
crpatiucthepbl. CTpaTHcdepa NEpeXoAHT B MeTaMOpPPHUYECKYIO O0OOIOUKY»
(Bepnaackuii, 1965, c. 84). Vxe Ha Hebonbuiol OTHOCHTENBLHO TiyOHHE
[«Cpenuuii TepMuueckuii rpaauent — 1°Ha 30 M ...» (BepHanckuii, 1965, c.
94)] Temneparypa npuGmikaetcs k 100°C, mpu KOTOpoW >HBbI€ BelIECTBa
HeuzOexHo oTcyTcTBYIOT (BepHanckuii, 1965, c. 84). Ilo-uaumMomy, npeden
Jicu3nu 8 buocghepe, B ee rIyOUHaX KIafeT BbICOKAA TEMMEpaTypa W Nepexoj
BoAbl B ropaume napsl (BepHaackui, 1965, c. 79). B.H. BepHaackuii BBOAUT
NOHATHA KUCNOPOOHOU NOG8epXHOCMYU OKUCIHUTENbHOM OHocdepbl W HudicHel
epanuyel buocgepbr 6oobwje, T.e. BKIIOYAas BOCCTAHOBHTENbHYIO OHocdepy.
«YnoOHO Ha3bIBaTb HWKHIOK TIpaHULy cBobogHoro kuciopoga — O, —
KUcnopooHot nosepxnocmuio /2/. Huxke ee pe3ko MeHsSeTCs XHBOE BELIECTBOY
(Bepranckuit, 1965, c. 76). « HeuszbexxHo cywmiecTBYET HudicHas epanuya
6uocgeper B 0bnacTH, B KOTOpOH MO YCJIOBHAM TeMIepaTypbl, XHMHYeCKOH
AKTHBHOCTH H (JM3HYECKOr0 COCTOSHHS BEIECTBA SABJEHHS XKH3HH HMETb MECTO
He MoryT» (BepHanckwid, 1965, c. 83).

B.M. Bepnagckuii  HactoiluMBo  moOBTOpseT  MAeo  OosbLIoro
NPUHUMITHABLHOTO 3HAYEHHS B HAayKe — HIEI0 O BO3MOXKHOCTH HEOMNpeeNIEeHHO
JONrOf NTaTeHTHOH >XHM3HM cnop Ha OonmblIMX TiTyOWHAX Hauei TIUIaHeThl
(xypeuB nam — I.IL): «Tak kak c yrny6neHHMeM K LEHTpY IUTAHETHI
TeMmrepaTypa NoHWKaeTcs [«... HO 310 Habmopgaercs Huxe Ovocdepsl ...»
(Bepnaackui, 1965, c. 83)], Bo3MoxHO, YTO Tak Ha3plBaeMas JameHmHAs
JCU3HL ChOp MOXKET COXpaHATbCH Ha OonbluMx riyGHHaX HeonpedeneHHO
donzoe apems» (BepHaackwid, 1965, c. 83).

B cBa3M ¢ 3THM, M3 4Hcaa HawMx  paboT, HeNnocpeacTBEHHO
paspabatsiBarox uned B.H. BepHanckoro, a HMEHHO: O BCIOAHOCTH JKH3HH H
JaBIIEHHH JKH3HH - MPHBEAEM KpaTKO pe3yJ/bTaThl HAlIHX COBMECTHBIX paboT
aByx komnexktiBoB MHBIOM HAH VkpauHel — ero otgena paaHaiMoOHHOM H
xumHueckoii 6uonoruu (CeBactonons) u ero Opecckoro ®ununana (3aiiues
ap., 2007, 2008; Zaitsev & Polikarpov, 2008).

B HawmMx HccreloBaHHAX HaHAeHbl B MIYOOKOBOOHBIX CEPOBOAOPOAHBIX
Hiax YepHoro Mops NMOKOMBIIHECS TaM B TEYEHHE 3aMETHOIO BPEMEHH CIIOpbI
a3po6oB - CyXONyTHBIX, NPECHOBOJHBIX H MOPCKHX pacTeHHi. Bo3pacT noHHbIX
0CaJ04HbIX CJ0€B (MOLHOCTBIO B 1,5-5 CM), B KOTOPBIX MOKOMIIHCH CHOPHI,
onpeneneH C.Bb. I'ynunbiM, OPXB MHBIOM, u coctaBun 25-50 ner. B O®
UuBIOM HAHY noa pykoBoactBoM ak. HAHY IO.JI. 3aiiuea Obuin
npopauieHsl cnopel 14 BHAOB OAHOKJIETOYHBIX BOAOpOCTed (MOPCKHX,
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TpEeCHOBOAHBIX, YOMKBHMCTOB), NpHHapIexamux k otaenam Bacillariophyta,
Dinophyta, Chlorophyta, Cyanophyta, Chrysophyta u Silicoflagellata, Tarxe 7
BUJOB rpuGOB (B TOM YHCIle, Ha3eMHBIX) oTAena Ascomycota H (opManbHOH
rpynnbi Anamorphic Fungi. 3Ti criopsi npopociiu B afiekBaTHOH MM adpoOHO#H
M ocBemlaeMoii (ana (oTOCHHTETHKOB) MHTaTeNbHOH cpene (3adues u Ap.,
2008; Zaitsev & Polikarpov, 2008). IIpuBeneHHble BblE (haKTbl TOBOPAT O
TOM, YTO MPABUJIO BCIOAHOCTH JKH3HHU Ha Halllei njaHeTe B OTHOMIEHHH MMEHHO
a’po6oB CBA3AHO € MX MOKOSUIAMHMCA CrOpaMH H UMCTaMH, CIOCOGHBIMHU
BecbMa JUIMTeNIbHOe WM, mno BolpaxeHHio B.W. Bepnamckoro (1965),
«HeomnpeneneHHo nonroe Bpems» (Bepuanckuid, 1965, c. 83) nepeHocuts
cample HeGnaronpusTHble YycioBUA (MPEAenbHO HHU3KHE TEeMMEpPaTyphbl,
arpecCUBHYI0 Cpefly) B COCTOSHMH aHabHO3a B «0XXMIaHHM CBOEro 4acay» -
ycinoBUi, HeoOXOAMMBIX AJs AaKTHUBHOH >KU3HEAEATEIbHOCTH a’poboB. B
HallleM cllydae TPHHUMN «BCIOAHOCTH» MPOSABUIICS B JAMEHMHOU HCUSHU -
BbDKUBAHHWM a’poOoB, Onarojaps aHabHO3y, B COBEPIUEHHO HENPHUTOAHBIX
YCJIOBHAX JUTSl KX aKTHBHOH XHM3HH U pa3MHOXKEHHS.

YUro kacaeTcsd NaBJEHHA XH3HHM CO CTOPOHBI a3poGOB, NMpPEACTABIEHHBIX B
paccMaTpUBaeMbIX YCIOBHMSX CEpOBOAOPOAHbIX MyOuH YepHoro Mops TONbLKO
’KH3HeCNIOCOOHBIMH MOKOSILIMMHCS CIOPaMH M LIKCTaMH, TO, OYEBHJIHO, YTO OHO
TaM pPaBHO HYJIIO B CBA3H C UX HeAeATENbHbIM cOocTosHHeM. Jllo6oe konuvecTBo
«CTIAILMX) CMOP H WHMCT HE MEHSAET COCTOSHUA OTCYTCTBUS JaBJICHUS XXU3HH C
MX CTOpOHbl. ITO3TOMY TaM HET OCBOECHHA, KOJIOHH3ALMH, YYXKAOH cpenbl,
HENpUroAHOH Juis OOMTaHUA >KMBOTHBIX W pacTeHHiH-a’poboB. Onnako,
pasyMmeeTcs, TaM CYILECTBYET NpelesibHO CHIIbBHOE KOHKYPEHTHOE [aBleHHe
’KH3HH CO CTOPOHBI IBOMIOLMOHHO Oosiee ApeBHHX GOPM KH3HH - aHa3poboB -
Ipyr Ha apyra. Takum obpa3om, peub HOET O reONOrHYECKOH BEYHOCTH JKHU3HH
AN c80600HO dcusywyux asapobos Tonbko B adpobHOM cpene, a a1 a3poOoB,
HaxOJALUXCA Ha CTaAHUH HOKOAWUXCA CNOp U yucm, - U B aHadpoOHOH cpene.

Kcrati, B ogHOM W3 HemaBHMX H3laHuit oOpaTthno Ha ceGs BHHUMaHHe
yTBepakAeHHe (kypcuB Hami — I.IL), 4To «... B JOHHHMX Bimwiagax YopHoro
mops Ha rnubusax 600-2250 MeTpiB...» «... CIPKOBOOHe8uUl wiap HAceNeHull
Pi3HOMAHIMHOW | nepesasxcHo eHdemiunoio paynoroy (Bionoris, 2008, c. 446).
YuutbiBas T0 00CTOSTENBCTBO, YTO HayKe He M3BECTHBI (DaKThl TAKOro pona
(Fenchel & Finlay, 1995; Sorokin, 2002), Mbl BBIMOJHWIM TIAHOBbIE
3KCMEAULMOHHBIE HCCIENOBaHUA, BKUIIOYAIOIHEe B celOs MOUCKH (hayHbr —
KHBbIX JKUBOTHBIX B €ep0e80o0opodnsix znybunax Yepnozo mopa. IlpuHuun
8CIOOHOCMU AKTHBHOM pasMHOXarollleiics 0icu3Hu, BO3MOXKHOH TOJBKO B
aJcKBaTHbIX YCJIOBHAX OOWTaHHs, W TpaBWIo OJaenenus ocusnu B,
BepHaackoro mnoaTBEpAMIMCE M B 3TOM Clydae, a HMEHHO: B IIOJIHOM
COOTBETCTBHM CO cpefoH oOWTaHMs — OTCYTCTBHEM KHciIopoma H
arpecCUBHOCTBIO  Cpelbl A/ KHBOTHBIX — B Ha3BaHHBIX  BbIlLE

107



CepoBOJOPOJIHBIX INTyOMHAX HAMH 3aperMCTPUPOBaHEL: (2) MOJIbKO oceguiue U3
6EPXHUX KUCTIOPOOCOOePHCAUUX C10€8 («001c0b mpynoe») be3dcuzHeHHble
ocmanku npedcmaegumeieii an10XmMoHHOU hayHstl, a kpome HUX — (0) TOJIBKO
aBTOXTOHHBbIE MHKpOOBI-aHa3poObl, XKHU3HECTIOCOOHbIE U pa3MHOXaloLIHecs B
cBoeii cpene oburanus (3aiiues U ap., 2007). MHeiMu cioBaMH, Kak 3T0 U ObLI0
M3BECTHO Yyke JaBHo, B YepHoM Mope adpoObl XHMBYT M Pa3MHOXKAIOTCH B
a3spobHoii cpene (3epHoB, 1934; Koncrantunos, 1986; Groves & Hint, 1980).
Kopoue roBops, mNpOLMTHPOBAHHOE BBIIIE YHUCTO  yYMO3PHTEJbHOE
npeacTaBieHHe, 4To B riyOuHax UepHoro Mops sAKoObl «... Cipko8oOHesul
wap Hacenenuii ... ¢haynoro» (bionoris, 2008, c. 446), morepsao cBoio
3MOHPHYECKYI0 onopy B AanubIX (Sorokin, 2002; 3akues u ap. 2007, 2008) u
OCHOBaHHBIX Ha HHUX Hay4HBIX npejctaBieHusx (Zaitsev & Polikarpov, 2008).

Kax otmeuanocr Bhie, mo obobmennio B.M. BepHaackoro, Bo Bceii
HCTOPHH 3eMJIH He ObIIo NMepHOJ0B MOJHOTO OTCYTCTBUSA XH3HH (BepHaackuid,
1965). PaccMaTpuBaeMble B 3TOM pa3fiesie BOTPOCH], CBA3aHbl ¢ 3x300u0n02uUell,
u3yvaromeil ToBeJeHHE JKHBOTO BelleCTBa B HEafleKBaTHBIX 3eMHBIX
(HarnpuMep, cepoBOJAOpOAHBIX INy6uHax YepHoro Mops Ans a’poboB) W B
KocMuyeckHx ycrnoeusax. CepoBogopoaHas rnyOOKOBOAHAas KOTJIOBMHA
YepHoro Mops npeajioxkeHa HaMH B KayecTBE MEPCHEKTHBHOTO IMOJIMIOHA 1A
Hay4yHBIX HCclleloBaHWiH B obrmactH 3k300uMonoruM M riayGoKOBOIHOM
pagnoxemoskonoruu (ITonukapnos, 2010). OpHol u3 npobneM 3k306H0I0THH,
KaK H3BECTHO, CTY)KHT «...OTpeleNeHHe TNpeaenoB H H3yueHHEe MeXaHU3MOB
BBDKMBAaEMOCTH  3E€MHBIX = OPraHM3MOB B  3KCTPEMAIbHBIX  YCJIOBHAX
okpyxamwomei cpensl...» (Py6un, 1978). OkcTpeManbHble YCIOBHUS Ans
a’poboB HuMeroTcs B OOWIMPHOH cepoBOAOpOAHO# 30He YepHoro Mops,
CTpaBelJIMBO CHMTArOLIeHCs MepTBOH 30HOH Mns OOHMTaHHS M pa3MHOXKEHHUA
cBOOOAHO XMBYLIMX JXHBOTHBIX, pacTeHHH M MHKpo6oB-aspo6oB. Kak yixke
yKa3blBal0Ch, 32 BCIO UCTOPHIO HcCileoBaHHi He ObUIO CllyyaeB HAXOXIEHUS B
CEpOBOJIOPOAHON TONIIE M JOHHBIX OTNIOkKeHHAX Oatuanu YepHoro mops
HaceNfIoIMUX UX KUBBIX )KMBOTHBIX M XKUBBIX pacTeHuil (3akues, [Tlonukapnos,
Eropos u np., 2007, 2008).

IlpuBeneHHble MaTepHalbl, a Takke paboThl MO IiyOOKOBOAHOM
panuoxemoskonoruu (Ilonukapnos, 1987, ITonukapnos u Eropos, pen., 2008),
NO3BONOT peKOMeHaoBaTh OaTHanb YepHoro Mops B KauecTBe MONUroHa ANs
JanbHeHLIero M3y4YyeHHs pPaaMOXEMOSKOJIOTHH M 3K300HONIOTHM a’poboB ¢
y4eTOM ~KaK TeOJIOTMYeCKOi NpOAO/DKUTENBHOCTH H COXPAaHHOCTH HX
NOKOALIMXCA CTajiHif, TaK M BO3pacTa «3aXOPOHAIOWMX» HX AOHHBIX
oTnoxxeHHH. Hapsany ¢ LEHHOCTBIO 3THX CBeleHMH Ui KOCMHYECKOH
OHONOrMH, OHM BaXKHbI TAKXKe IS MOHHMAaHWS U MpPEABHACHHUS BO3MOXHBIX
HpPOLECCOB MaccoBOro (MycTh KpaiiHe peaxoro, HO BEPOSTHOrO Ha MacluTabe
reosyiorduyeckod HMCTOpUH 3eMJHM) BO3BpaIlleHHS B OKHCIHMTENBHYIO Cpely
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Gvocdepsl MHOTHX BHAOB mocie MX JIUTENbHBIX MepuoAoB aHabHo3a Ha
cragud crop M nuct. IlpemcTtaBnfeT NMpPHHUHIHAIBHBIH HHTEpEC OLEHWTDH
3HaueHHe ABJICHH AOJTrOBPEMEHHBIX OrPOMHBIX (OHAOB CMOp M LMCT AJIA
AvHaMMKH 6uocdepbl W ee uacTei, a Takke cHOpPMYITHPOBATH BO3MOMKHBIE
reosioruyeckue, rHApodU3NYecKHe WIH HHble MeXaHH3Mbl BO3BpAllEHHS W3
3THX (POHIOB «3aXOPOHEHHBIX» CTOP H LIMCT B OKHCIHTENbHYIO GHocdepy H Hx
TNOCNEACTBHA [/ 3BOJIOLMOHHONO Mpolecca Ha Halled nnaHere. 37eckh
OTMETHM JIHLIb, YTO, KpOMe 3eMJIETPACEHHi, Takylo posib B YepHOM Mope
MOTYT MrpaTh NonaaaHus B Hero acTeponnoB (Schuiling, Cathcart & Badescu,
2007).

Yt0 KacaeTcs 3001apa3suTOB-«aHa3poOOBY» U HX AbIXaHHS, TO BCE H3BECTHBIE
300Mapa3suThi-«aHaspoOb»  BXOAAT B cOCTaB  BHYTpeHHeH  cpelnsl
CBOOOOHOKHBYILUMX JbIIAINHX KHCIOpOAOM Xo3seB-a3poboB. ['ubuer oT
KHCJIOPOAHOTO YAYLLUbS X03SHH—-a3po6 — norubaet 1 NOJHOCTBIO 3aBUCAIIHHA OT
KUC/IOPOAHOTO  ABIXaHHA 3TOr0  XO3fUHa-aspoba ero He  Jplualui
HeNocpeaCcTBEHHO KHCIOPOJOM MapasuT-«aHa’pod». [1oaToMy nmo OTHOLUIEHHIO
K KHCIIOPOAY KOppEKTHee paccMaTpHBaTh eXHHYIO A3IPOOHYI0 CHCTEMY:
X0311H-a3po6 BMecTe C €ro «aHaspoOHBIM» 300Mapa3sHTOM,  abCOJIIOTHO
3aBHCHMBIM OT XO035HHa-a3pofba BO BceM, BKJIIOYas AbIXaHHE X03iHHa-aspoba
k1caopoaoM. OOHapykeHHOe UTaNbIHCKHMH H AaTCKHUMH Y4yeHbIMH (Danovaro,
Dell'Anno, Pusceddu, Gamby, Heiner, Kristensen, 2010) kaxyueecs
UCKIIIOUeHHe B OTHOWeHHH Metazoa (3 Buga pona Loricifera), oburatommx B
GeckucnopoaHoii cpese B riyOuHax Cpeu3eMHOT0O MOpS, JIHLIb NOATBEPKAAET
obuiee mpaBuno. Jleno B TOM, 4TO HaiiieHHble MMM Metazoa-"aHa3poObl"
JUMenbl Mumoxonopuii, BMECTO KOTOPBIX (GYHKIHOHHPYIOT
TUAPOreHOCOMHOOOpa3Hble OpraHemsbl, acCOUMHPOBAHHBIE C aHaspobamu
npoxkapuomamu-3Hoocumbuonmamuy. HVHBIMH clioBaMH, mepel HaMH He
OTHeNibHbIE, CAMOCTOATEeNbHbIe, BUAB Metazoa, a 3BOJIOLMOHHO ClIaKEeHHbIE
HAlopraHu3MeHHble @HAIPOOHble CHCTEMBl, BKIIOYAKOLIHEe B cedi Kak
JOMUHHUPYIOIUHX B HHX B 3HEPreTHYeCKOM OTHOLIEHHH MPOKApHOTOB-
aHa’poOoB, Tak U «MOOHU(HULIMPOBaHHBIX» OPraHU3MoB Metazoa.

B.J. BepHanackuii BHOCHT MOJIHYIO SCHOCTB H B 3TOT BONpPOC, CUHTas
He3aBHCHMBIMH OT CBOOOAHOrO KHCJIOPOAA TOJIBKO aHadpoOHbIX MHKpOOOB,
Gakrepuit u rpubos: «HesaBucuMo oT xiopoduNibHBIX pacTeHuii, OT
cBOGOAHOrO KHC/IOpOJa CYIIECTBYET MHp Mukpoboe u Gakmepui, zpubos,
KOTOpble SBIAIOTCA MM [apa3HTaMH XJOpOQHILHOrO HIH KHBOTHOTO
BELIECTBA, UIIH KCTIONIB3YIOT 3HEPTHI0 GUOTEHHBIX MUHEPAIOB U FOPHBIX MOPOJ,
HanpuMep, Hedreit (BepHanckuii, 1956).

TpenBunenue B.M. BepHaackoro crmocoGHOCTH »KHBOTO BELIECTBA, B
YaCTHOCTH, MHKpPOOPraHH3MOB, HeolpedelneHHO Joaro npebbiBaTh B
MOKOAIEMCS COCTOSHHH B BUE CTIOp B HeOIaronpHATHBIX YCJIOBHAX GrecTAlle
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NOATBEPAWIH HeJaBHHe HcclienoBaHHs yHuBepcuTeTa Hetokactn (Hubert et al.,
2010). B BeyHo# Mep3noTe NOHHBIX OTIOXKEHHH Ha MOPCKOM JHe O3
HInuubepreHa OviiM  HaffieHBl CTIOpel  TepMOQWIBHBEIX OakTepuii —
NpenoIoKUTENbHO obuTaTeNeil HeQTAHBIX MIACTOB HIH TEIUIBIX 00eqHEHHBIX
KUCIIOPOAIOM TpYHTOB Ha JHE TIIyOMH OKeaHOB, KOTOpble, OyIy4H, BepoATHO,
3aHeCeHbl TEYEHUSAMH, TMpojiexantd 3aeck 100 MWITHOHOB neT, W, mocie
HarpeBaHus 00 TpeGyeMbIX UMH 50° C, BO3BPaTHIIMCh K aKTUBHOH xuzHu. C
y4YETOM CTafMH MOKOSIIHUXCS CIOp, 3TH GakTepuH OKa3aaHch OpraHHM3MaMH C
CaMbIM JJIMTENBHBIM XHU3HEHHBIM LIMKJIOM CpeOH BCceX OPraHH3MOB Ha Haluei
niaHeTe, M3yUYeHHBIX N0 CHX mop. Takum o6pa3oM, BHeceH 3HaYMTENbHBIH
BKJIaJl B COBPEMEHHYI0 9K300H0M0rHI0 GaKkTepHii.

5. OcHoBaHHA [JIfl JKOLEHTPH3MA H IKOITHKH

I'enuii akanemuka B.Y. BepHanckoro oboratin HayKy HAEAMH O Hoocepe
(Bepuanckui, 1965, ¢.323-330). MoluHo 3BYYHT €ro Hay4iHO OOOCHOBaHHOE
npeAcKa3aHHe M MpH3BIB K 4esioBedecTBY: «B reosoruueckoil ucropuu
6uoctepsl Mepel 4eNOBEKOM OTKpBIBaeTCs OrpoMHoe Oynyuiee, eciu oH
noiimem 3mo u He Oydem ynompebname ceoil pasym u ceoll mpyo Ha
camoucmpebnenue» (BepHanckuii, 1965, c. 327). O Bo3maBan po/kHOe
pasyMy M Tpyay uesioBeka (Mmony:KUpHbeld mpudT Ham — I.IL): «... Bce
YeJIOBEHYECTBO, BMECTE B3ATOE, NpPEACTABISEeT HHUYTOXKHYIO Maccy BellecTBa
niaHeThl. Momb €ro cBfi3aHa He C ero MaTepueif, HO ¢ ero Mo3romM, ¢ ero
pa3symMoM H HampaBJIeHHBIM 3THM pa3yMoM Tpyaom» (BepHaxckuii, 1965, c.
237). U nopuepkuBai, 4ro «YenoBedecTBO, B3jATOE B LEJIOM, CTAaHOBHUTCS
MOLHOH reonoruuyeckoll cunoit» (Bepnanmckuit, 1965, c. 328) u yrto «...
4eJIoBeYECKHIT pa3syM W BONA CMOCOOHBI LieIMKOM TepepaboTath BCiO
oKpyxawilylo ero mnpupoay» (Bepuanckmii, 1965, c. 272). U oH xe
npenocTeperan OT HeJAILHOBHUAHOTO TPHUMEHEHHsS paspyLUHTENBHOM MOLIM
TeXHHKH U XHMHHM B GHocdepe. Hcropuueckn «IlepBbIM SBHIOCH OTKPBITHE
mopoxa eme B XIV Beke, 4pe3BblyaiiHO YyBelHYMBaBLIEE CHITY
UHMBHIIM30BAHHOTO Ye/OBEYECTBA H TMOJIOXKMBILEE KOHEL MOAYHHEHHIO ero
KH3HH oOMacHocTAM OuKHX 3Beped. YenoBek mouyyBcTBOBan cebs uapem
npuponbl» (BepHanckuii, 1965, c. 275). «Ceiiuac, Korna 4eJioBeK 3aXBaTHJI
BeCh 3E€MHOH mIap, MPHUXOOMUTCS peryjiupoBaTth YJIOB, TaK KaK CpeAcTBa
HCTpeOJICHHA mpeBBIIAT NpHpocT. Tak e, Kak ¥ Ha cyllie, HO B MEHBIIEM
macmtabe, MeHseTCs BHIOBOH COCTAaB HYXHBIX 4eNOBeKY (OpM NpHpOIbD»
(Bepuanckufi, 1965, c. 221). «®akTomM SB/IfETCH BMeIIATEILCTBO
OpPraHH30BaHHOI0 YeJIOBEYECKOro pa3yma, HalpaBlsIOIIEro CHIy yejoBeka
H €ro 3HaHHS B 3Ty CTOPOHY H 3THM HapylIalOMero 3JHepreTHYecKHH
XapaKTep OKpPY>Kalomero, B JaHHOM CJy4qae niuaaHeTsd» (BepHanckwii, 1965,
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c. 274). «JIuk naamernl — OGnocdepa — XHMHYECKH pe3KO MeHseTcs
yeJI0BEKOM CO3HATEJIBHO H TJaBHBIM 00pa3oM 0ecco3HaTeJLHO»
(Bepuapckuit, 1965, c. 328).

Takum o6pazoM, Hooctepa B HacTosllee BpeMsa HaM MpencTaBaseTcd, Kak
cepa ofnajgalomux pasyMoM (BHIOBOUEHTPHYECKHX, T.. STOMCTHUHBIX 110
OTHOILEHHIO K APYrHMM BHAAaM B NPHUPOAE) XMBBIX CYILECTB — YEIOBEHECTBA.
OHO HHUYTOXXHO Mano 1o obuwed Macce MO CpPaBHEHHIO C JPYTHMH
KOMIIOHEHTaMH - KHBOIO BelllecTBa OHOCepbl, OJHAKO CTI0 TIpPo3HOH
reoJIOrH4eckod CHIIOH, COMOCTaBUMOH MO ero BozAeHcTBHIO Ha OHocdepy c
CaMbIMH TpPaHOHO3HBIMH CcHUJIaMH npUpodsl. BHOOBOUEHTPHYHOCTH BHOA
Yenosex pasymuuili onpaBApiBaia ce0s, KaK OMpaBAbIBAET OCTAILHBIX KHBBIX
CylllecTB, B 6opbbe 3a cylecTBOBaHHE 0 TOHM NOPHI, MOKa YEJIOBEYECTBO He
CT&I0 OKa3biBaTh HEANEKBaTHOE HEraTHBHOE BO3ICHCTBHE HAa MpPHPOLY C
NpUMeHeHHeM TexHUKH. buocdepa crana npeobpasoesiBatbes UM B Hoocdepy.
«B Hoochepe reosioruyeckas posb 4YenoBeka Bedyluas» (BepHaackui, 1965).
«bpaTbs HalIX MEHBILIHE» -~ PACTEHHMS U )KHBOTHbIE — CTAHOBHJIMCH H Bce Oollee
CTaHOBSATCS JIMIIHMMH Ha CBOHX TEppUTOpHAX U B akBaTopHsax. Ho ¢ ux
BbITECHEHHeM M3 MpHpoabl B Ouocdepe HapacTaeT AanbHeifuee HapylieHWe
3KOJIOTHYECKOr0 paBHOBecHA. H. sapiens aBjasieTcsl HeoTbeMJeMOH 4acThH)
npHpoakl, a He ee napeM. Bcraer Bonmpoc 06 oTBeTcTBeHHOCTH H. sapiens
nepel XHBOH npHponoi. B nerpamupyromeil NpHpode 4YENOBEYECTBO CaMoO
Hen3OerkHO oOpeueHo Ha BhIMHpaHHe.

JKMBOTHBIE HMEIOT CBOM OTLUIHGOBaHHbIE €CTECTBEHHbIM OTOOpOM
NpaBuja NoBeaeHUs ¢ 0coOAMM BHYTPH CBOEro BHAA, IPYMIBI, CTaH H T.I. Ha
OCHOBE MHCTHHKTA M 3a4YaTKOB CO3HATE/NbHOM AEATEeNIbHOCTH, T.€. CBOEro pola
9THKY CJIOXHBIX B3aHMOOTHOIIEHHH. UenoBeK, Kak CYLIECTBO XHBOTHOTO
MPOUCXOXKAEHHs, - W3  BBICOKOPA3BHTOrO OTpsda NPHMATOB Kjacca
MJICKOIUTAIOIIHX — TeM Oollee BOOPYXKEH 3THYECKHMH MPaBUIaMH MOBEIEHHS
BHYTPH CBOEro BHA, IUIEMEHH, poja, rocyaapcTea U T.4. Toneko B Hoocdepe,
6narogaps pa3BHTHIO pa3yMa, H B CBSI3H C OCO3HAHHEM JIIOJbMH CBOEH IpO3HOM
pa3pyLIMTEeNBHOM CHbI 00IeOHOCepHOro 3HaYeHHS, a TAK)Ke B 3HAYHTENIbHOH
cTeneHH Ha ocHoBaHuHW uzeil B.W. BepHanckoro, nossnsercs HeoO6XoaUMOCTh
B 3KOLEHTPHYECKOM CO3HAHHH POJIH 4eJIOBEYECTBA, UM KOTOpOMY [aHO B
caMoM KoHue mnpouoro Beka npogeccopoM Otro Kunhe (Kinne, 1997) —
9Kon02UNecKas smuxa (3KosmuKa), I8 rapMOHH3aUMH OTHOIIEHUH Guocdepsl,
KaK LeJIoro, U uejoBeyecTBa, kak ero HeoThemyeMoii uactu (Kinue, 2002;
Kunne, 2003, [Monikapnog, TepeweHko, 2008).

B cnyyae WrHopHpoBaHHs 4€JOBEYECTBOM OJKOJIOTHUECKOH I3THKH €ro
Oyoyumue MOKOJNeHHs OKaKyTcs MOJ HapacTarollel yrpo3od 5KOJIOTHYeCKOro
HaKa3zaHHs BILIOTh 0 Mcue3HoBeHus BUIa H. sapiens (Puc. 10).
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BKOCHCTEMEI,
BKJTFOHAS
Homo sapiens

N

BKOCNCTEMEL CIIEHAPHH HsompopaBumch
6es <‘—r: BO3MOXKHOIo —™N| OT 3KoCHCTeM,
Homo sapiens BYIVIIELO [+ Homo sapiens
OKaXxeTcs B TYIIUKe

i

HACT OAILIEE: l

PaspuBaromuiics
OKOCUCTEMEL B HaIK JHU
Homo sapiens

7

IIPOUIJIOE:

BKOCHCTEMEL,
BIJTIOHas MPHMHTHBHOT'O
Homo sapiens

Puc. 10. Ipounoe, HacTosee U anbTepHAaTHBEI Oyayuiero passutus H. sapiens (BHe aKocHCTEM
WM BepHyBUIerocs B 3kocucTeMs!) (TTonukaprios, 2006)

OrcpinaeM yuraTens K Jurepatype o MexayHapoaHoM Coroze DKOITHKH
(MCD33), kotopbiii BosrnasngwT npe3zugeHt MCOO npod. O. Kunue, ero
Buue-npesuaeHT ak. HAHY I'.I. [lonukapnoB U ero BTopo#H BHLE-TIPE3UOCHT
no pabore c monomexsto JLII. MapuykoBa, a B mnpenenax YKpauHbl -
.koopauHatop MC33 B ato# crpane k.6.H. H.H. Tepewmenko, o npHHUHMDaXx,
3agauax u riobaneHo#t ponu MC33 (Kunne, 2003; IMonikapnos, TepeweHko,
2008).

3aKJII0YHTENAbLHOE CJIOBO

HsnoxeHHble BBIIE HUCCIENOBaHUA MO CO3JAHHIO HOBOH 061acTH Haykd —
mopckoii pamuoakonoruu (I'.I'. [MonukapnoB) u paspaboTka GuodH3HUECKOH
TEOPHH  MHHEpalbHOro -obMeHa  MOpPCKHX  OpPraHM3MOB, a  TaKkKe
KOJIHYECTBeHHAs peald3alus KoHUenudu akagemuka B.M.BepHaackoro o
€[MHCTBE NPOLIECCOB BOCMPOHM3BOJACTBA JKHBOTO BelECTBA M YCJOBHH ero
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obutanus (B.H. Eropos), Bouutd B uuk1 pa6ot MHCTHTYTa GHONOTHH HOXHBIX
Mopeit HAH YxpanHbl, yIOCTOEHHBIX MOCYJapCTBEHHOH NpeMHH YKpaHHEI B
obnactu HaykH H TexHHKH 3a 2007 r. (Burar, 2007).

B 3aiilioueHHME TIPHBOIMM CJOBA O 3HAYEHHM JIMYMHOCTH, MueH M paGoT
BEIUKOro ydeHoro — akajemuka B.H. BepHanackoro, cka3aHHble nNepBBIM
aBTOpPOM AaHHO# myOinkauMy Ha [eHepanbHO# accambnee MexayHapoaHOro
cor3a paguoskonorud B beprene, Hopserus, 18 mons 2008 r. (AnekcaxuH,
2009; Mudopmauus, 2009; Mexaynapoasas koHbepenuus, 2008; Xponuka H
uHpopmauus, 2008): «Bce, cBa3zanHoe ¢ uMeHeM Bnanumupa K. BepHaackoro
— OfHOro W3 Haubonee BBLAAIOLIMXCS €CTECTBOMCILITATENEH, YUHTENS MOMX
yuuTesed, BbI3bIBACT BO MHe riybouakiee yeaxkeHue. Kak M MHorue ero
nocnefoBaTesid, A TOpXKychb TeM, 4YTO MpHHamIeXky K ero KpynHeiuei
MEK/IyHapOIHOH Hay4yHOH wKosie. Bero MOKo XKH3HB 51 HMelo 4yecTh paboTaTh B
HannonaneHoit  akageMuH Hayk YKpauHbl, CO3JaHHOH e€e  mMepBbIM
Ilpesupentom - Bnaaumupom HBanoBuuem BepHaackum 27 Hos6ps 1918 r. u
KOTOpPYIO B HacTodlllee BpeMs YcmelHo Bo3riaensgeT ee Ilpe3upeHt bopuc
EprenbeBdu IlaToH, okaspiBatoluii GoNbIIyl0 MOMIEPKKY paaHOIKOIOTHH»
(Xpouuka u uHpopManus, 2008).
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ECOLOGICAL RISK ASSESSMENT TO BENTHIC BIOCENOSES

VICTORIA G. TSYTSUGINA
The A.O. Kovalevsky Institute of Biology of the Southern Seas,
NAS, Nakhimovv prospect,2, Sevastopol, 9901 1, 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 c¢lls with Species of females with spontaneous
chromosome (number of eggs) mutagenesis, (%)
aberrations, % ‘ '

0gr Chaetogammarus olivii 40 19

Ycs Chaetogammarus olivii 5 20

Pb®" Chaetogammarus olivii 40 28

Pb@" 5.0£0.6 Chaetogammarus olivii 5 18

Chlorphene Chaetogammarus olivii 40 30

Pb® )+

+chlorphene Chaetogammarus olivii 40 30

l37C s+

+ chlorphene Chaetogammarus olivii 5 22

0Sr Idothea baltica 20 20

0gr Chaetogammarus olivii 40

3¢ Chaetogammarus olivii 5

%8r+YCs+ 8.0+ 08

Pb@+

+chlorphene Chaetogammarus olivii 40

gy Idothea baltica 40

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 adaptlve p0551b111ty may be expected in

populatlons 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
Mytilus 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 25+0.5 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
Ildothea baltica Black Sea 45
Pontogammarus crassus Dnieper Riv., 4.0£0.6 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 £038 11
Podon polyphaemoides Black Sea 15
Velella velella Pacific Ocean 5
Monodacna caspia Black Sea 83+13 6
Gammarus lacustris 10- km Ch NPP zone ) ) 3

[8]. The Ist 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 1st 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

Number of posterity

Mean level of Number of posterity ~ Mean fecundity of .
) with spontaneous
chromosome with spontaneous females (number of .
. . mutagenesis per a
mutagenesis,% mutagenesis, % eggs)
female
5 4
) 20 16
1.5£0.5 80 50 40
100 80
5 3
25£05 60 20 12
50 30
100 60
5
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+05 5 2 1o
50 2.5
100 S50
>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. : ' B S

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, % 1m

40 ' 35720 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/l) [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 8.7+1.0 15 0.75
40 92£1.2 10 , 4.0
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4. Analgorithm 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 ' ) .

Gastrona ~ L, a

Bivalvia - . [

Mysidace

Cumacea | - a

Tanaidac N » —

Isonoda B - _

Amnhin i . i

Decanod L a’
T 1 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

125



A 4

; Assessment of average levels of chromosome mutagenesis in populations of
E basic species in situ ( cytogenetic analysis of posterity)

A 4

Determination of critical levels of chromosome mutagenesis for populations of
different species

Comparison of existing levels of chromosome mutagenesis with critical ones
for populations of different species

A

Assessment of adaptive populations possibilities and identification of the most
vulnerable species

A

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 MAST? regulatory sequence was
recruited during the evolution to provide effective CpG-SVA transcnptlon in
human testicular germ-lme cells.

Keywaords: 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: |

() 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 fmdmg 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 ommbus 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

133



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 functtonal 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 Neu5Ge 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 dlfferentlally 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, ie. 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 59, .

20%

hsAlu

hsL1 51%

“.hsRE3% °

\ Figure 1. Endogenous

De;el::]ons Simple retroviruses occupy ~5%
and —changes of the DNA shaped by
duplications 19% human specific

) 78:% transposable  elements,

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).

serve as enhancers of gene transcription

disrupt gene exon-intronic structure

provide alternative promoters

1 5
T 2.3
' cause premature (ranscriptional termination

serve as insulator elements ‘r- P T —
_E_._'__-_m_-__ serve as transcriptional silencers

generate antisense RNAs

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

1.2.2. TEs as transcriptional enhancers

There are many examples of TE enhancer activity in human tissues in vivo. For
example, the ERV9 LTR element upstream of the DNase I hypersensitive site 5
(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 4/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 FAM55C,
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 SEPNI (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 IIl — 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 ZNFI195
(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 m 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.

Direct Repeats

TTAAAA

5’ part 3’ part
WEIRD RNA, 5’ truncated MGL LINE RNAs,

snRNAs: 5" truncated L1 LINE RNAs,
ue, 5’ truncated mRNAs of
Us, cellular genes,
U3 4,58 tRNA,
5S rRNA, Alu,
7SL RNA, BI1 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,A, 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

143



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 mtegratlon into the host
genome (Buzdln 2004).

1) Binding of SINE, LINE or cellular mRNA
by LINE-encoded proteins

Cytoplasm v
T - 2) Transfer of ribanucleoprotein ™ S
G intoa nucleus : .
/ Nucleus : D N\

. + : ' \
: ; . A\
\
\\‘\%_ 3) Reverse transeription
Genomic DNA". S ‘
4A) Insertion-of cDNA

SRS l’,’»——-~'\\| B n :
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SA) lnsertlon of chimeric cDNA R SB) Additional - . .
i template '
“switching

-4B) Template switching
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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 fused to a 5’
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?2 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).

Vs Direct repeats
/S A(:}(:g: DN

/ CEG\= /. SVA \\b

T 4 T
500 bp 0 500 bp 3000 bp

Figure 5. Structure of chimeric CpG-SVA retrotransposons. CpG-SVA Inserts are flanked by direct repeats.
Lengths of 5° terminal (exonic) past 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-SV A 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).

b MAST2 ¢’ ‘cc_SVA GG GTAG AATT TT_AG GT

splicing
AGCC

l Transcription,

Reverse transcription
Insertion into new genomic locus

AG CC

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-SV A 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-SV A family to trace their reciprocal
neighborhood. According to the primary structure similarity, CpG-SVA
elements were grouped into three major branches (Fig. 3). Interestingly,
although there was a kind of correlation between the size of “exonic” part and
sequence localization on the tree, all three above brunches contained elements
having exonic parts of very different lengths. There was also no connection
between the position on a tree and lengths of the 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 linserts 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-SV A famly as it facilitates fixation of new inserts in the
genome. To be fixed, RE insertion must occur into germ line cells, e.g. those
localized in testis. Indeed, in terms of proliferation in the genome, the
evolutionary young family CpG-SVA should be considered as very successful
one: offsprings of only one among more than 1000 SV A copies that resided in
human DNA at that time (i.e. < 0.1%) have generated 76 new fixed inserts
(~9% of all 860 human specified SVA elements) (Bantysh and Buzdin, 2009).
Experimental investigation of this hypothesis will be a matter of our further
studies.

2.3. FUNCTIONAL CHARACTERIZATION OF A FAMILY OF HUMAN
SPECIFIC ENDOGENOUS RETROVIRUSES HERV-K(HML-2)

2.3.1.  Identification of human specific promoters

Promoter activity of human specific 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 /FT/72 (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 on 22

“short” transcript [FT-AS s e EU599579

“long” transcript [FT-AS et mem s ot s e e EU599578
SLC4A48
Exon 6 ; Exon §
Transcript SLC-AS s aum s e vae s s 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
SLC4A8 mRNA level, and overexpression of IFT-4S transcript 2.9-fold reduced
the level of JFT172 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 lackmg 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 élements 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 trans (as antisense regulators and
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RNA recombination hotspots). At least three genes have been identified that are
the subjects of a human-specific regulation by the TEs. Considering that only a
relatively small portion of the human specific TEs was thoroughly analyzed to
the date (~2% of all human specific TEs), one can expect that in the future the
detailed genome-wide functional characterization of all human-specific TEs
will make it possible to identify tens- or hundreds of genes having unique for
human expression profiles. This knowledge, hopefully, at least partly will help
us to answer the question “What makes us humans?” ... On the molecular level,
of course.
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Abstract. Facultativeness in the genome structure and function reflects the
general principle of the life organization and evolution: the unity of the whole
and the freedom of the parts. The genome or cell hereditary system codes,

‘maintains and transfers the hereditary information in both structurally and

dynamically. Generalized genome concept presents a genome as an ensemble
of both obligate and facultative elements. Template processes (Replication,
Transcription and Translation) and Basic genetic processes (Repair,
Recombination and Segregation) are capable of functional facultativeness and
dynamic (epigenetic) alterations. It is reasonable to discriminate between three
kinds of heritable changes - mutations, variations and epigenetic alterations.
Structural genome facultativeness is expressed as a subdivision of cell DNA
and RNA elements on two subsystems: Obligate genetic elements ( OGE) and
Facultative genetic elements (FGE). FGE include various kinds of repeated
sequences, mobile elements, amplicons, inserted viral and foreign DNA, B-
chromosomes, plasmids and cytobionts. The number and intracell topography
of FGE varies from cell to cell, in different tissues and individuals. Changes in
structure or order of OGE are mostly correspond to classical mutations. For
diverse changes in number or cell/tissue topography of FGE (as it is well
known for mobile elements) the term variations seems appropriate. Mutations
and variations significantly differ on the character and mode of their
occurrence. Variations may occur simultaneously in many cells/individuals and
are induced by non-mutagenic factors. Spontaneous hereditary changes in
nature usually occur in the system ENVIRONMENT - FGE — OGE via two-
step mechanism. FGE are the first to react to both internal and external
environmental challenges. Then their activation induces gene/chromosomal
mutations. Both variations and epigenetic alterations (epimutations) may have
non-mendelian features, occur simultaneously in many individuals, sometimes
reminding phenomenon of inheritance of acquired characteristics.

Keywords: genome, facultative elements, mutation, variation, epigene, heritable
changes.
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1. Introduction

The genome, which in the broad sense is the cell’s hereditary system, codes,
stores and transfers information both structural and dynamic ways. Thus we
need - discriminate between different forms of structural heritable changes of
genome and dynamic ones (or epigenetic). Amusing absence of the strict
correlation of DNA content in the haploid nuclear DNA content with
taxonomic status of species and 2-10 fold differences in genome size in closely
related species was called in 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
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P-M hybrid dysgenesis in Drosophila multibreak rearrangements occurr mostly
in the sites of insertions of P-mobile elements ( Berg et al., 1981; Kim, 1981).
Similarly, in the species D. virilis, that normally has very stable karyotype,
activation and amplfication of Penelope mobile element in the situation of
hybrid dysgenesis is accompanied by multisite rearrangements. Important that
about 50% of them discriminate various species of this Drosophila subgenera (
Evgen’ev et al., 2000). Such facts indicate on involvement of mobile elements
in the speciation process

Subdivsion of the hereditary system on Obligate and Facultative subsystems
reflects the universal principle in organization and evolution of life organisms:
the unity of the whole and the freedom of the parts. Or similarity in design but
differences  in details. FFG elements may be mobile regulators of gene
expression in many chromosomal sites. Thus chromosome/cell topography of
FGE may predetermine the direction of genomic evolutionary changes. In this
paper we discuss how diverse interactions in the OFG and FGE subsystems
lead to non-canonical (non-mendelian) heritable changes.

Facultativeness characterizes also the function of two triades of genetic
processes universal for all living organisms. 1) 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 genomé

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 condltlons (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 modulatmg 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,
thalassemla DMD).

Changes in number and chromosome topography of intra-cell populatlon
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
Moblile dements

GcncS in Psendogenes, “orphans™
chromosomes nserted viral coples
mitochondria Ampllcons

B-chromosomes
Ring DRA
Plaswalds

: K_\ Cytobionts
Obligate Facultative

Elen{ents w Elemlents

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 amphconsmlght 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).

23 TEMPLATE AND BASIC GENETIC PROCESSES AND
FACULTATIVENESS

An occurrence and ﬁxatlon 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
¢l 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 Instltute Proﬁoyuznaya 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 astraightforward, 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 homopla51es and mosaic
distribution of characters.

Feathers, that originally evolved for maintaining body temperature and
attracting mates, eventually were used for gliding and flight. Recently
paleontologists discovered several species of astonishing four-winged
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dinosaurs, e.g., Anchiornis who lived a little earlier than Archaeopteryx (Hu et
al., 2009), and Microraptor, who lived some 30 million years later. Microraptor
was probably a good flyer; it had large pennaceous feathers both on its hind
limbs and forelimbs (Hone et al., 2010). Flying or gliding forms evolved
independently in several different lineages of coelurosaurs, e.g., in
Troodontidae, Dromaeosauridae, and Aviale (a clade containing Archaeopteryx,
several other fossil genera, and Ornithura). Some dinosaur species even may
have secondarily lost the ability to fly (Turner et al., 2007; Hu et al., 2009).

2.3, ‘ARTHROPODIZATION’

The similar pattern of mosaic distribution of characters and parallel acquisition
of advanced traits revealed itself during the ‘arthropodization’, an evolutionary
transition from wormlike ancestors to typical arthropods (Cisne, 1974;
Tatarinov, 1987; Ponomarenko, 2004). Until recently, arthropods were thought
to be descended from polychaetes. However, paleontological (as well as
molecular) data provided no support to this hypotheses. Instead of predicted
transitional forms between polychaetes and arthropods, numerous bizarre
fossils were discovered with unexpected combinations of derived arthropod
characters and ancestral characters of wormllke 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. Discussion

4.1. CONSTRAINTS AND CHANNELING OF EVOLUTION

The reasons underlying this ubiquitous pattern of multiple homoplasies during
adaptive radiations are poorly understood, although some plausible hypotheses
can be proposed. The fact that parallelisms represent a common feature of
major evolutionary transitions and adaptive radiations implies that evolution-in
general is largely constrained and canalized by multiple genetic, ecological,
morpho-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 HoxI0 restores lumbar ribs in modern mouse. It is suggested
that “the loss or gain of Hox gene function to pattern the vertebral identities is a
plausible mechanism for homoplasy of lumbar ribs in early mammals” (Luo et
al., 2007).

4.3. HYBRIDIZATION AND LATERAL GENE TRANSFER’

There is no direct evidence.of lateral gene transfer causing homoplasies during
the adaptive radiations. But there is a related possibility- which appears to be
more plausible: episodic hybridization as means of genetic exchange between
rapidly diverging lineages (Seehausen, 2004). - o

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 Pre51d1um of RAS
“Biodiversity and the dynamics of gene pools” and “Origin of the Biosphere
and the dynamics of geo-biological systems”, and Russian Foundatlon for
Fundamental Research (grants 10-05-00342, 09-05-01009).
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MMPOCTPAHCTBA BO3MOXKHOCTEH JJIs 9BOJIIOIINH

B.B. CYCJIOB®, H.A. KOTYAHOB
Huemumym yumonozuu u zenemuxu CO PAH, IIpocnexkm
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.

Kiouesbie ciioBa: nunemMa XonaeliHa, ctpecc, afanTtauus, JJapsHHOBa 3BOIOLKS,
JlamapxoBa 3BONIOLIMA, 3aKOH TOMOJIOTHYECKUX psnoB BaBunosa, a¢ ekt Bonayuna.

Junemma XonpefiHa CBA3BIBaET CKOPOCTb 3BONIIOUMH € 3¢dexTHBHOM
YHCJIEHHOCTbIO MOMYJISLMHA: JUIT 3YKapuOT C XapakTepHO# 3¢ (deKTUBHOM
uHCcsIeHHOCTbIO ~ 10 000 ocobel 0jHOBPEMEHHO 3BOIOLMOHUPOBATh MOKET ~
10 — 15 renoB (Patrep u ap., 1985). Otciona noHATHA BEICOKAs HACKHILIEHHOCTh
reHomMoB  nonumopdusmamu  (Cycnor u  gp., 2010), BwIABIeHHas
NOJIHOTEHOMHBIMH MPOEKTaMH, — OTOOp NPOCTO HEe YCMeBaeT OYHIIAThH
nonynsuvH. bonee Toro, okasanoch, YTO TFEHOM HACBIIEH JIATEHTHBIMH
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peryJIATOPHBIMH MOC/IEI0BATENBHOCTAMH, WIS (QYHKIUHOHANH3ALMH KOTOPLIX
JOCTAaTOYHO CHYHMTAHHBIX 3aMeH. Tak U3yueHHsli in silico monumopdusm —20 (C
— A) B peryJiITOpHOM palfoHe reHa aHTHOTEH3HHOTeHa 4YejlOBeKa BeAeT K
BO3HHKHOBEHHIO HOBOTO CaiTa CBA3BIBAHMS 3CTPAJHOJIOBOTO PELENTOPa, YTO
MOBBIIIACT PHCK TUMEPTOHMH Yy Oepemennbix (Ponomarenko et al, 2003).
Paspymienne caiita CBA3bIBaHHSA Takke BeposTHO: Myrtais G — A B
HEKOJHpYIOLIEM paifoHe reHa TpuntodaH 2,3 AWOKCHreHasbl, Beaymias K
cuHapomy Typertra, cBsizaHa ¢ paspymieHHeM caiiTa cBasbiBaHud YY1
(BacunbeB U ap., 2000). Benku Takke HecyT JIATEHTHbIE AKTHBHBIE CaHTEHI,
¢byHKUMOHANHM3YyeMble Kak aMHHOKHCIIOTHO# 3aMeHoit (Ivanisenko et al., 2005),
TaKk M M3MEHEHHEM B CreKkTpe Haubosiee BepoATHbIX KoHbopMmalui rnobyibi
(6enxoBerit nmpomuckyuretr (Nobeli et al., 2009)) B HeoOBIYHBIX YCIIOBHAX,
Hanpumep H3MeHeHHe pH Wi koHUEeHTpaluy HU3KOMOJIEKYIAPHBIX JIMTaHAOB).
duzuko-xumudeckas 0a3a  B3aUMOASHCTBUS CalTOB ¢  MHUIUCHAMH -
KOH)OPMALIMOHHOE COOTBETCTBHE HEOONBIIMX - B MpeaeNiax [decATKOB
MOHOMEpPOB (aMHHOKHCIIOT HWJIM HYKIEOTHAOB) — YHYacTKOB MOJIEKYJI, YTO
HeNnaeT  BEpOATHBIM  MApajUleIbHOE  HEOJAHOKPATHOE  BO3HMKHOBEHHE
CTEPEOXUMUYECKH CXOMHBIX MOJEKYISPHBIX CTPYKTYp MPH MHOTOKPATHOM
nepebope OrpaHHYEHHOro NMpPOCTPAHCTBA BO3MOKHBIX 3ameH. KoHBepreHuus
CaliTOB MO3BOJISET CTaBHUTh MOJ PEryJSATOPHBI KOHTPOJIb HErOMOJIOTHYHBIE
6enku u rensl (CycnoB u Komuanos, 2009). AHanu3 rpadoB reHHsIx ceTed
E.coli n npoxokeil CBUIETENBCTBYET, YTO HX YCJIOKHEHHE B XOA€ AYTUIMKaUMH
npoTskeHHbIX yuyacTkoB JIHK (reHoB WaM uX peryisTopHbIX paHOHOB)
OOBACHAET MOSBIEHHE MEHee TMOJIOBUHBI perynsaTopHeix cBszed (Teichmann
and Babu, 2004). BeisBneHne koHGOpPMaLHMOHHO mNOAOGHBIX (BIUIOTH A0
HICHTHYHOCTH) aKTUBHBIX CaHTOB B 6€/Kax JajleKMX TAKCOHOB TaKXE FOBOPHT
32 HIMPOKOE pAacrnpoCTpaHeHHe KOHBEPreHUMH HeOONBIINX  Y4acTKOB
6uononumMepos (MeauuceHko u ap., 2008).

BeicTpas ajmanTuBHas 3Bonolus Haubonee BaKHa IS MasbIX MOMYJISALMA
nepudepud apeana BHMIa, KHUBYLWIMX Ha TIpelelie TOJIEPAHTHOCTH, HJIH
HaceNsIOWMUX HecTaOWibHbIA Kkpalt Oworoma, rae BHewHAs cpeda (u,
COOTBETCTBEHHO, BEKTOp O0TOOpa) BapbHUpPYET Ou€Hb OBICTPO - CPaBHHMO WM
ObicTpee cMeHbl ToOKOJieHHH. Takoit paboTaromuit B GONMbIIMX TNOMyNALMAX
cnoco®d yYCKOpeHHs D3BOJIIOUMM, Kak KpaTKOBDEMEHHOE  MOBBILICHHE
MYyTaGHIBHOCTH MO0 MyTeM MHAYKUMH Benblek TpaHcno3uuuii (Bjedov et al.
2003) u uHkopropauud sk3oreHHoit JJHK (Koonin and Wolf, 2009), nu6o
YMEHbIIEHHEM TOYHOCTH CHCTEM TPAHCKDHMLMH, TPAHCIAUMM M penapaLyH
(Torkelson et al., 1997) (mycTb naxke He B LEAOM MO IeHOMY, a Ul OTACIIBHBIX
reHoB (Roberts et al., 2010)), 3akpbIT AAS ManbiX MOMYNAUMA AHIEMMOH
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Xonneﬁﬂal. Tem He MeHee, ciayyal aHOMaIbHO OBICTPOIl 3BOMIOLIMH
NOMy/sAUMH B MECCHMaJIbHBIX YCIOBHAX OMHCaHbl, MPHYEM B OOHHX CIyyasx
AuBepreHLMs Obula cpaBHHMa ¢ MexBUAOBoH (PacHuupiH, 2002), B apyrux
(Paywen6ax, 1981) 6bicTpo 3BOMIOLMOHHPOBAIH - MAJIOILUIOAHBIE BHABL B
nocinefHeM ciy4yae Habmopancs 3¢dext Bonnyuna (Baldwin, 1896) —
AMHAaMHKa 3BOJIIOLMOHHOrO OTBETA MOMYJSALMH OBEL| paBHUHHBIX NMOPOJ INpH
CHCTEMATHYECKOM OTIFOHE HAa TOpHBIE NacTOMIA KOMHpOBala AWHAMHKY
(GH3HOIOrHUECKOrO OTBETA Ha THIIOKCHIO: B 000HX ClTyyasx aJanTallH 3a cYeT
KJIETOYHOro MeTabonn3Ma GOpMHPOBAIMCH Ha 3aKiIrouuTenbHOH ¢ase. Ecnu
JOMyCTHTh OTOOpP MpeicyllecTBYIOIMX MyTalui (npeazanTtaumii), 3arago4eH
HU3KWH YpOBEHb mNpeajanTaliid KIeTOYHOro MeTabolM3Ma B HMCXOIHOH
NOMYJIAUMH poAMTeneii U ObICTpBIii -0TOOp crepBa B MONb3Y, a 3aTeM MpPOTHB
SBHO aJlanTUBHOH MHTeHCH(UKaLIUK FreMOJMHAMUKH.

Hakonew, oco6H kpaeBbIx 30H MOMYJIALMHA TOCTOSHHO OCBaHBalOT COCENHHE
(Manbuesckuit, 1974, @punman u Epemxun, 2008), nopo#i mpocTpaHCTBEHHO
OT/AJIEHHBIE 3KOHHUIUH, MPUYEM JaXKe B OTCYTCTBHE KECTKOH KOHKYypeHLHMH B
coOCTBEHHBIX HHMILIAX WIM HHMINAX Ha compenenbHoit Tepputopuu (Osborn,
1934, Cumncon, 1948). Mexny Tem, ecid peald3oBaHHas HMINAa BCeraa
MeHblle (QYHIAMEHTWIbHOH, COBMajas C Heil JIMIIb B  OTCYTCTBHE
HeOnaronpuaTHelx ¢akropoB (Hutchinson, 1965), To HHBa3HuA B HOBYIO HHILY
Oyner ycnelHa JMiub B ciiyyae npeagantauui. Ho kak Halith mpeaganTawuio
CpellM MHOXKECTBA MYTallMi, eC/IH CKOpPOCThb nepebopa orpaHHYeHa AHIEMMOH
XonpeiiHa? WHBIMH clioBaMH, BCEJIEHEL| OKa3blBacTcs B 3aBEJOMO XYAIUHX
YC/IOBHAX YeM BHI-abOpHreH, €C/ii KOHEYHO ero ajanTalus — He apoMopdo3.
Ho apomodo3bl penku, TpeOytorT monroro reHesuca (Cepepuos, 2008), a
MHBa3MA 3a Mpelesibl SKOHUII — SBJIEHHE, XOTh M HE MaccoBOe , HO OObIYHOE.
B.B.Xepuxun (2003) ob6bacHUN yacTHBI cnydaii: WHBa3HA YChellHa, eclid

" CpenoBas MHAYKUMA 3NHreHeTHyeckoli uamenunsoctu (Konyanos u Cycnos, 2008; Uypae,
2006) u MyrareHe3 MHIyUMpoBaHHBIA 3nmureHeTHkoi (HHre-Beutomos, 2010) nonagaior nox
aunemMy XonaeiHa Kak U Kiaccuieckue MyTauui. TakuM o6pa3oM, ¢ TOUKH 3peHHS IBOIOLMH
SMUreHETHYECKas! HM3MEHYMBOCTh HHMYEM KDOME TEMMOB BO3HHKHOBEHHS M peBepcHil He
OTNHHAETCS OT reHeTHdeckolt (TeM Gonee, yto 06€ 4acTO MEPECEKAOTCS M MO MOJNEKYNApHO-
reHeTHYeckuM MexaHusMaM (MHre-Beutomos, 2010)).

2 Tor ¢akt, YTO MHBAIMIO BEAYT CAMHMUB (32 MCKIIOYCHMEM “BONH Ku3HH”), B

JIONITOBPEMEHHOH MMEPCNEKTHBE MAeNaeT WX YS3BUMBIMH: TeHOQOHA MomynsauMu-BCeneHIa
06eaHEH N0 CpaBHEHMIO ¢ aBopureHHOM monynsumei (Tpebenbubtii, 2008)’.
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BCE/EHLIbl MEepexXBaTHIBAIOT HUINY Y abOpHUreHOB, Hapyumias paHHHE CTaaMH
cyKueccuul.

Takum 06pa3oM, reHOM OKa3ajcs 3BOMIOLMOHHO IIACTHYEH, PerysaTOPHBIe
CalThl 'CpPaBHHUTEIBHO JIEFKO MOSBIAIOTCA M HCYE3alOT, YTO CTaBHUT
HETPHBHAJILHBIE 3BOJIOLMOHHBIE 3amayd: 1) W30BITOYHAs H3MEHYHBOCTD
nombkHa ObIThb  cympeccupoBaHa (oOHeHTpasneHa), 4TOObl He pa3MBITh
afanTHBHBIA (deHoTHM; 2) B HeGJAroNpHATHBIX YCJOBHAX HAalAO0 YMEHBILMTH
npocTpaHcTBO Mepebopa, mpeAacTaBMB OTOOpY Haubolsiee MEPCHEKTHBHBIE C
TOYKH 3peHHs ajanTtaliy BapuaHTbl. KakuM ke o0pazoM ynaetcs AMHMTENBHO
COXpaHATh eAMHCTBO (eHoTHma? B cnyuyae 3BOMIOLMM CaliTOB CBA3BIBAHHs
oT0OpOM olieHHBaeTcs (DYHKUHOHANBHBIH MapamMeTp — ap@HUHHOCTB, MpUyeM
OflHA M Ta xe BeMuMHa ahGHHHOCTH MOXET OBITh MOMYY€EHA 3a CUET Pa3HBIX
KOMOWHalMi 3aMeH MOHOMEpPOB — TMpPH3HAaK H TEHOTHN OKa3bIBaIOTCH
BBIPOXKIIEHHBIMH  OTHOCHTEJIbHO OpYr Jpyra, a OrpaHHYeHHOE YHCIO
KOMOMHalMii MOHOMEpPOB 3aJiaeT MpOCTpaHCTBO Bo3MoxkHocted (I1B) mns
3BOTOLHK’. HenyneBas BeposTHOocTh mnonHoro mnepebopa atoro IIB He
NO3BOJIAET OMHCATh 3BOJIOLMIO B HEM KaK YHCTO KOHBEPreHTHYIO WIH
JMBEPreHTHYIO — JUBEpPreHLMs MOC/NelOBaTeNbHOCTEH COOTBETCTBYET Hayaly
nepeGopa IIB, KkoHBepreHUMs — HCYEPMNAHHIO B>, JuBepreHTHO-
KOHBepreHTHele LMKIBI B 3Bomoluu caiitoB JIHK omucanel y TATA-6okca
BHY-1 (Suslov et al., 2010), B 3BOMIOLIMM aKTHUBHBIX CaHTOB Oeika — y
AHTHIeHHBIX AETEPMHHAHT K BUpPYCaM IpHUMNa U y pononciHoB (MBaHHCEHKO H
ap., 2008). I1B mis 3BOMOLMM KapHOTHIIOB (GOPMHPYIOT pacnpeieleHHe
rerepoxpomariHa (Boposuos, 1988) unu ¢opyM-noMeHoOB o xpomocome, HIlH

! Xora B 3ToM cnyuae 3amedanne C.J.I'peGensnoro (2008) ornanaer, NpUMEPH! YCMEWHBIX
unBasuil y depuxuna (2003) 4acto Toxe CBA3aHBI C apoMOp(o3aMi (MOSBIEHUE LIBETKOBBIX
pacteHHi, SJHTOMOGHIHS, PA3BHTHE TPABAHHCTLIX POPM).

2 Torna BEIPOXIEHHOCTH FEHETHHECKOTO KOJa k amMHHOkucnoTam (PatHep, 1964) - uacTHsli
Cllyuail; IPOCTPaHCTBO BO3MOXKHOCTEH OrpaHH4EHO TpeThel (MnH BTOPOA M TpeThel) Mo3xuMe
KOIOHA.

3 “llukn” B CMbICTE MOBTOPAEMOCTH COGBITHH, HO HE B CMBICIE WX HANPABJEHHOCTH —
mytauus B I1IB He3aBHCHMBI M He BIMSIOT Ha BEPOATHOCTb Apyr Apyra. Kak u Bcsku# mpouecc
JA2PBHUHOBOH 3BOMOLMH, LMKI B IIB HHACTEPMHHHPOBaH, T.. MOXET OBITh NpEpBaH MNpH
M3MEHEHHH BEKTOpa oT0O0pa WM Npu paspylleHuy HedyHkuuonupytomero 1B aoaroft (oxono)
Heﬁ'rpam,Hoﬁ spomoureil. He3akoHueHHBI LMK BBIMISAMT Kak [AHBEPreHTHAd 3BOJIOLMS.
Takxe oH OyZeT BHIMNSACTE NPH GECCNEAHOM BLIMUPAHHH PAa TaKCOHOB-y4YaCTHHKOB, MO3TOMY
Haubonee NOATBEPKICHHBIE PUMEPH! AMBEPIEHTHO-KOHBEPIEHTHOrO LMKNA W3BECTHBI 60 U3
supyconoruu (MBanucenko u ap., 2008, Suslov et al., 2010), rae 3BoMIOLMA NPOTEKAET KpaiiHe
GBICTPO M BCE MOTOMKH HAJHLO, AM60 U3 MAaNCOHTONOrUH TAKCOHOB MPHUKPENIEHHBIX MACCHBHO
nutatoumxcs $popM (6paxuonoast (Adanacsesa, 1984), apxeounarsi (Posanos, 1973), pactenus
(Meyen, 1971)), rae BO3MOXHOCTH ABHXKYLIEr0 0T60Pa OTPaHHYUEHEL.
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TPEXMEPHEIM pacrnpeneneHueM xpoMocoM B sape (Konuanos u Cycnos, 2008).
Haxkonen, IIB 3amaer crpykrypa nomyisuud. B nomynsuun uz HeGonbuimx
TIOYH30JIATOB.  BO3MOXKHO MHOTOKPaTHOE BOCCTaHOBJIEHHE XapaKTepHbBIX
koMOuHaumii nonuMopdusmoB. Tak, nonmuMopdH3MBI, XapakTepHble OJiA
NpoMoTOpa reHa tbl, KOHTpONHMpYIOLIErO pasBUTHE MNOYaTKa KYKypy3bl,
MOOAMHOYKE  paclpoCTpaHeHbl B  Pa3IMYHBIX  TOMYJNALUHAX TEOCHHTA.
CkpelunBas npeacTaBUTeNei STUX MOMyJISALHH, MOXKHO BOCHPOHU3BECTH GOpMBI
royaTka KyKypy3bl, H3BECTHBIE 110 HHASHCKOMY UCKYCCTBY M apXe0J0rHYeCKHUM
HaxoakaM (Wang et al, 1999). B wuenoMm, IuBepreHTHO-KOHBEpreHTHas
3BOJIIOLHA B BBIPOXICHHBIX MO OTHOWIEHHIO K (eHoTunmy [IB MonekynspHo-
FeHEeTHYECKOH, XPOMOCOMHOH WM MOMYJIALHOHHO-UEHOTHYECKOH NPUpPOAE]
XOpOHIO  YKJAABIBAETCS B PaMKH 3aKOHa TOMOJIOTHYECKHX  PSHOB
H.W.Basunosa (1935).

Mukpouunossle UccrenoBaHUS BBISBHUAM peryiorn (Babu et al., 2004) —
HeOorbIIHe 3BOJIOLMOHHO KOHCEPBATHBHBIE IPYINIBI KO3KCIPECCHPYIOLHMXCH
reHoB. Tak, ofiue peryiaord KOHTPONHPYIOT (GOpMHUpOBaHHE KOHEYHOCTEH
MMaro HaceKOMBIX H JIOKHOHOXEK TyCEeHHL, B TO BpeMs KakK JIO)KHOHOXKH
JIMYMHOK MWIMIBLIMKOB MMeloT ofllne peryyors ¢ MaHauOynaMu. B reHHbix
CeTAX KpBUIbEB HACEKOMBIX W KOHEYHOCTEH MO3BOHOYHBIX BEISBIEHHI 00LIHE
perynord. B nauddepeHumpyromelics raneHTe BBISBIEHO MHOXECTBO
peryjioroB, peryjHpylolUX pocT H AUdPepeHLHpPOBKY LWHPOKOro Kpyra
TKaHEH He TOJIBKO Y MJIEKOITHTAIOLIHUX, HO H Y 3eMHOBOJHBIX, pPBIO M Jaxe pana
0ecro3BOHOYHBIX.  YyactHe  oOmMX  perynoroB B (OpPMHPOBAaHHH
HEroMOJIOTHYHBIX MPH3HAKOB MpEANoaraeT, YTo reHble CeTH 3TUX TNMPHU3HAKOB
BO3HMKAIH KOMOMHATOPHO: 3a CuYeT KOHBEpPreHTHOrO TMOSABJIEHHS CaHTOB
CBA3BIBAHHA LLIO0 0OBEAMHEHHe APEBHUX XOpOLIO OTTECTHPOBAHHBIX OTOOPOM
($YHKIMOHANBHBIX CBA30K “TeH-peryjsTop+reH-MUuieHs” B HOBble TEHHbIE
cetd. Tak, miaueHTa Miekonuraroliux Oeina chopmupoBaHa M3 GparMeHTOB
FeHHBIX CceTeH, peryaupylluux nponudepalyio W Aaxke - MaJUTHH3ALHUIO
kietok. [lozxe, npu ¢GOpMHPOBaHMM OTPAAOB IUIALEHTApHBIX, ULIA
napamnenbHas 3BOJIOLMOHHAs HAcTpoiKa IUIaUeHT Ha XapaKTepHYIo
penpoAyKTHBHYIO CTpaTerdio oTpsga (MHOrorjiogWe MM MaJoIUIOJHeE;
HeJopa3BUThIE WIIH 3pEOpOXKICHHbIE JETEHbIUIH H T.0.). B urore, Hanpumep,

! MMeHHO ¢ Takoil CTpYKTypoH momynsuMH npeaxoporo Buaa H.M.Bapunop cessbipan
(opMHpOBaHHE LIEHTPOB BHIOBOro pa3sHooOpasus y pacTeHuii B ropHsix paiioHax (CycnoB H,
Komuanos 2009). Casssbp Mexay NpOBMHLManM3alMell MOPCKHUX apeanoB, ¢opMUpOBaHHEM
61opa3Hoobpasus 1 MOABICHHEM FOMOJIOIHUYECKUX PSIOB BhISABICHa Y MOJUIIOCKOB M GpaxHonon
(AdaHacbeBa, 1984).
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MIALUEHTBl  JIEMypoB M - 00e3bAH  JOMBEPrHPOBaJiH, a JIEMypOB H
HEMapHOKOMBITHBIX — KOHBepruposaiH (Cycios u Konyanos, 2009).

Eme omuH BaxHbIH MexaHH3M OOHeHTpaiMBaHUS MyTauMii - peakLMH
roMeocTasa B FeHHBIX CETAX: B KOHTYPE C OTpHLATENbHOH 00paTHOM CBA3BIO,
OTCJIEXKMBAIOILEM KOHLEHTPALMIO BELIECTBA, MYTALHH, €€ CHHXaowHe, Gyayt
CKOMITEHCUpOBaHbl ycHiieHHeM ero cuHresa (CycnoB u Komuanos, 2009). B
NeCCUMAIBHBIX YCJIOBHAX TIOMEOCTa3 3aMEHSEeTCs cTpecc-peakudei. [lo
I'.Cemve (1972), Hecneuupuveckuil amanTaUMOHHBIH CHHIPOM — CTpecc —
Habop CTEpEOTHMHBIX OHOXHMHYECKMX H  (DHU3HONOTHYECKHX peaKuMid,
obecneyHBalOmKi yCTOHYHBOCTD OpraHM3Ma K pas3IMYHbIM HeGJ1aronpHsTHEIM
¢akropam (mepekpecTHas pesucteHTHocTh - IIP). Tak ycTtoiuuBocTs K
obnydyeHuto (pemkudl cTpeccop) CBf3aHa, B YacTHOCTH, C TeHaMH
OKCHIATHBHOTO CTpecca U reHamH 3acyxoyctoitunBoct (Azzam, 2010, Storz et
al., 2000, Macario et al.,, 1999) (oObunbie cTpeccopnl). 'enepanusoBanHbIi
OTBET Ha TaKHe CTPecCOpbl, KaK THMep- W TMIIOOCMOC, HH3KHE H BBICOKHE
teMmneparypsl (Macario et al., 1999, Jlocs, 2007, Kp:xxeukoBckas u ap., 2004,
Chao et al., 2009), runokcus, ronoa U kceHo6uoTHkH (Vaquero and Reinberg,
2009, Semenza, 2006) BKTIOYaeT OOUIYIO (PAKLMIO T€HOB, MPHYEM OIHH H Te
Ke TeHbl MOTYT BBLIIOJIHATH pa3Hble (YHKUMH B OOHOH CTpecc-peakiMy
(Macario et al., 1999, KpxxeukoBckas #u ap., 2004, Chao et al., 2009). Takum
06pa3oM, H3IMEHYHBOCTh cynpeccupyeTcs B (paze [1P Haubonee HecneuuduuHo,
HO KPaTKOBPEMEHHO - B OTJIHYHE OT rOMEOCTa3a, CTPecC B AOJIOBPEMEHHOMH
MepcrneKTHBE HE MpelyCMaTpHBaeT BO3BpAalieHHE OpraHH3Ma K HCXOIHOMY
cocrosHuio (daza HCTOWEHHWA - gOucTpecc). KMeHHo dTa ¢dasa
MOArOTOBUTENbHAA (a3a TpeBord Haubonee cMepToHOCHB. A B (aze IIP
OpraHH3M -MOXET YyBCTBOBaThb ce0f Tak KOMQOPTHO, YTO TMOJIOKUTH €€ B
OCHOBy HOBOH DJBOMIOLMOHHOH cTpaTerud. Tak, KamajgoT perysspHO
nons3yercs 1P, uytoObl nuTathcs Ha TIyOuHEe KWIOMETpPa B TeueHHe uaca
(TomunuHn, 1984). JloruuHo, uto B Kpaiine HeOnaronpuaTHo# cpene (koraa HeT
BpeMeHH MNepeOupaTh Bech CHEKTp MYTaUHil), B HecTaOWIBHOH cpede, WiH
cpene, HeOnaronpuaTHOH cpa3y Mo HECKOJIbKHM (akTopaM (KOraa HEBO3MOKEH
NOC/IEA0BATENbHBII MOMCK MyTalMi, aNanTHBHBIX Ul KaxXIoro (akropa), ans
HeOonpIOi mnomynauuMd Haubonee MNEPCNEKTHBHBIMM C TOYKHM 3peHHd
anantauud Oynyr He MyTtauud, ofecrneuuBarolMe nNpHcnocobneHHe K
KOHKpPETHOMY (haKTOpy Cpeabl, a MyTaLHH, ONTHMH3HPYIOLIME TeUEHHE CTpecca
(6sicTpoe mocTikeHue dasbl [1P, kynupoBaHue AMCTpecca B (a3ax TPEBOTH H
ucrouieHus). To ecTh, B MEPBBIX MOKOASHHAX MAET ajanTalus HE K CPEAE, a K
COOCTBEHHOMY CTpECC-OTBETY OpraHM3Ma, 3a CYET TeCTHPOBaHHMA MYTauWH B
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OTPaHHYEHHOM Habope FeHOB, SKCIIPECCHPYIOUIHUXCA B XOI€ crpecc-peaxuuu‘.
Jlume 3aTeM HauuHaeTcs mnpHcnocobneHHe Kk BHEIIHEH cpexe — orbop
TECTUPYET NPOYMIl CHEKTp H3MEHYMBOCTH. BO3MOXHBI Takke AYIUTHKaUMH
reHoB cTpecca: oJHa konus oTBevaet 3a [1P; apyras — cneuuanusupyercs no
KOHKPETHOMY CcTpeccopy, JIM00 peKpyTHpYyeTcs B F€HHble CETH OHTOreHesa. B
utore ¢GopMHpyeTcs BOPOHKOOOpasHbIf TpeHJ 3BOJIIOLMH: B  MEPBBIX
TIOKOJIEHUsAX 1o 0TOOp nonajatoT reHsl ctpecca. C pocToM YMcia NOKoNeHHH
Habop reHoB, BTAHYTHIii B opbuty oTOopa, pacumupseTcs, Aenas KaKAylo
KOHKPETHYIO TpPaeKTOPHIO 3BOJIIOLIMM BCce MeHee npefckazyeMoil. Takyto
3BOJIIOLHIO YN0OHO HasBaTe napdopcHoit (oT ¢paHu. par force — GykpanpHO
“uepe3 cuity”). OakTHYeCKH U3-3a (GYHKLIHOHMPOBAHHUSA IeHHbIX ceTel cTpecca,
Ha nepBoi ' cTaguM naphOpCHOH 3BOMIOLMM B OTFPOMHOM  CIEKTpe

' Orciona, 3HAMEHMTOE JIapBHUHOBCKOE  ““BBLIXXHBAHHE HauGonee NpHCIOCOGNEHHBIX”,

paccMarpHBaeMoe Kak KlaCccHueckHi npumep Tasronorud (Popper, 1976) wunu “moutH
taBTonorun”- (Popper, 1978)*®, ocraercs TakoBoH TONEKO B pamkax CTD, cobctBeHHO H
oTkpsBiLel 3ty TapTonoruio (Fisher, 2000, Haldane, 1935, Waddington, 1960). ieficTBUTENBHO,
CTD onpeaenset Npucnoco6neHHOCTh Kak penpoAyKTHBHBIA YCIEX JaHHOTO FEHOTHITA B OQHHbIX
YCIOBHAX cpeibl. Y THAMTAapHas LEHHOCTh Takod oueHkH BHE comHeHuH (TumodeeB-Pecorckuit
u ap., 1977). TeM He MeHEe, Takas OLEHKA MPUCNIOCOONEHHOCTH ANEKBaTHA JANeKo He s BCEX
TAKCOHOB, XOTA Obl MOTOMY, YTO MHOrHE H3 HHX (CTpEeKO3bl, CyXOMyTHble kpabGbl M Ip.
pakoobpasHele, Hanpumep, Birgus latro, npoxonHsle pribbl, Goiblwas YacTh 3EMHOBOIHBIX,
cpeAM MIEKOMHTAIOIMX - JIaCTOHOTHE), KHUBYT (ananmTHpOBaHB])) B OAHOH cpeme, a
Pa3MHOXKAIOTCA (M )KMBYT Ha PaHHMX CTanHAX OHTOTEHE3a) B Apyrof. g TakMX TaKCOHOB HET
PENpPOIYKTHBHOTO YCIeXa B OQHHbIX YCIOBHAX CPENBI (OHH B ITUX YCAOBHAX HE Pa3MHOXKAKOTCH,
XOT MNpoBoAAT OGOJBIIYfO HACTh KM3HHM; 1% BHIOB, Da3MHOXAIOUWIMXCA ONHOKPATHO —
TNOAABSIONYIO HACTh), OITOMY 3/1€Ch NPHCIIOCOBNEHHOCTh KaK PENPOLYKTHBHBIN YCIEX MOXHO
(akTHYECKH OLIEHHTH TOJILKO MHTETPATHBHO 18 HECKONBLKUX cpel, 1ubo Boobiue (Fisher, 2000)
post mortem. C TOuKM 3peHHs Nap¢OpcHOM 3BOMOUKHH MPHCIIOCOGNEHHOCTE MOXHO OLEHHTH
HEMOCPEACTBEHHO B JaHHBIH MOMEHT HE JOKHAAACH HH Pa3MHOXKEHHUS, HY THOENH OpraHu3ma, HH
OLEHKH BEPOATHOCTH BhDKHBaHMs Ge3 othopa (HeHTpanbHei apeiidy, kak npeanaran K.ITonnep
(1978)). Bonee npucnocobneH TOT, KTO B daxxbix YCIOBHAX MCIBITHIBAET MEHBUIMI JHCTpecC.
PasMHoXaeTcs OH B JaHHBI MOMEHT HIH HET, HE CYTh BAXHO - OH COXPaHAET HEHYNEBOH ILAHC
OCTaBHMTb MOTOMCTBO (uTO 3aTeM OyaeT DomKHBIM 00pasoM ouecHeHo CT3) yxe nmo To#t NpHuHHE,
YTO MPOXKHUBET AONTO, IPHYEM UMEHHO HU3KUM YPOBEHb AMCTPECCA B OaHHbIX YCIOBUAX CPEIbl U
yBeAHUMBAEeT €ro LWAHCHl NMPOXHTL JOMblle, NPOTHB Gonee CTPECCHPOBAHHOH (= MeHee
npucriocobnenHoit) ocobu. JlroGoneiTHO, 4TO HU ¢aM Y.JJapBuH (1991, 1941), HH €ro KPUTHKH-
spomouroHncTsl (Baldwin, 1896, Osborn, 1934) B dopmyne I'.CreHcepa “BopkHBaHHe Haubolee
NpHCNOCco0eHHBIX” TaBTONOTHH HE BHICTH, Tak kak (B OTAMuME OT HeoxapBuHucTOB (Fisher,
2000, Haldane, 1935, Waddington, 1960)), He cBoaMnM mNpHCOCOONEHHOCTE NPAMO K
PENpONYKTHBHOMY YCIIEXY, HOIyCKas BO3MOXHOCT HHOTO OMITHPHUYECKOro KpuTepHsa. OIHako,
npeAnoxeHHsle BapHanTsl (oTAeneHue remmyn (Japeun, 1941), apuctorenst (Osborn, 1934))
TpeboBany NpAMOro BNUSHUA cpelbl Ha AuddepeHUHanbHOE PA3MHOKEHHUE, HIH HA MopdoreHes,
YTO  DaBHOCHIBHO  MEXaHonaMapkuaMmy.  HCkoMBIM ~ HENaMapKHCTCKMM  KpHTEpHEM
NpUcnoco6aeHHOCTH MOXKET ObITh YPOBEHD CTPECCHPYEMOCTH.
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reHOTUMHYECKOH H3MEHYMBOCTH, BblengeTcs orpaHuueHHoe I1B, cag3anHoe ¢
reHaMH, 4Ybs aJJaNTUBHOCTb YK€ MHOTOKpAaTHO onpo0oBaHa B (uiioreHese
TakcoHa. Ilpouue Mytauun B 3T0 BpeMs nubo oOHelTpaneHbl, JuOO He
TECTHPYIOTCA KaK HecyHleCTBEHHble Ui BbLKMBaHHA . Ha BTOpO# cTaguu 310
[1B nocreneHHo pacliupsercsi, a CBA3b C TFeHaMH cTpecca — TMOCTENEHHO
yTpauyyBaeTcs.

Ilpu  3axkuBneHMH paH 3amyckaeTcs (OPMHpPOBaHHE  BOJOCSHBIX
dosnkyn0B (6OABUIMHCTBO M3 HHX pe3opbHpyercss emle 10 00pa3oBaHHA
py6ua) (Ito et al., 2007). Takum o6pa3oM, OAMH U TOT e KOMILIEKC IeHOB
OKa3plBa€TCA CBA3aH M CO CTpecCoM, U ¢ apoMopdHOH MaMManusanuei
teparnicual. Eme Gonee nonHo B aBycTaauiiHyIo cxeMy napgopcHOii 3BOMIOLMH
YKJIAABIBACTCA 3BOMIONMSA BOJIOKOHEI[ XJIOMKA — Y/UIMHEHHBIX KIIETOK,
¢dopMHpyIOIHX MHKPOKIHMAT B KopoOouke. Y NPHMHTHUBHBIX XJIOMKOB C
reHoMoM F u D B ¢opMHpoBaHHH BOJIOKOHI]A OCHOBHYIO POJIb MIPAIOT IeHbl
cTpecca - akTHBHble (OPMBI KHCIOpOJa pasMATYaloT KIETOUHYIO CTEHKY,
no3Boiss KiIeTke ymAnuHATbes. Ilpouecc 3aBepliaeTcs ¢ MOBPEKAECHHEM
aKTHBHBIM  KHCJIOPOJOM JKH3HEHHO BaXKHBIX CTpPYKTyp KieTkd ((a3a
MCTOILEHHA) U BOJIOKOHLE OKaseiBaeTcs kopoTkuM (Hovav et al., 2008). V
a3uaTCKUX [JIMHHOBOJIOKOHHBIX XJIOMKOB A T10J aJanTHBHYIO 3BOJIIOLHUIO
nonajd TreHbl, OYMINAIOIKME KIETKY OT akTHBHBIX ¢opM Kuciopoga. Y
aMepHKaHCKHX XJIONKOB AD npou30HUI0 afanTHBHOE TMepepacnpenaciieHHe
peryasudd  (GoOpMHpOBaHHMA  BOJIOKOHLIIA  MEXIY Te€HaMH  KOHTpOJs
OKHCJIUTENBHOr0 MeTabonusma (reHoM A) M reHaMH HOPMaJIBHOTO OHTOreHe3a
(resom D) (Xu et al., 2010, Chaudhary, et al., 2009).

B ¢aze IIP opranusM MOXeT HEHafoNro TMOKHAATh - Mpejesibl
3KONOTMUeCKOH HUM Bupa’. CleaoBaTebHO, ycniex BeesneHueB B Oopube ¢
BHIaMH-a6OpUreHaMH MOXeT ObITh 00yc/oBIEH OTOOPOM Ha COBEpUIEHCTBO
FeHHBIX CeTel cTpecca BCeleHLeB. 3aTparuBas OTHOCUTEbHO HEMHOIO MeHOB,
Takasg ajanrtais Moxer chOpPMHpPOBaTbCA CpaBHHUTENBHO OBICTPO, NpHUEM

' DdeKTsl pacluMpeHHs aMIUTHTYIbI H3MEHYMBOCTH ocobelt (necTabHAH3HpyIOWHii 0TEOp)
(benses, 1972) M HEKOTOPOro CHHXEHHS TeHETHYecKOH BapHabGenbHOCTH MOMYJALMH
(renocrasuc) (Mapkenb, 2008) mpH- cTpecce HE JNODKHBI 3aTyLIEBHIBATh TNAaBHOE — JaHHad
M3MEHYHBOCTH B MOMEHT €€ BO3HMKHOBEHMS aTeJH4YHa W e¢ JanbHeiflas cyasba ewe Oyner
onpegeneda otrbopom. Hanpotus, dusnonoruveckas crpecc-peakuus 3IBTenu4Ha. Ee
LenecoobpazHocTb (ToYHee, Lenecoo0pa3HOCTh e¢ KPaTKOBPEMEHHOIO 3aIlycKa) yxe IpoBepeHa
or6opoM B (puoreHese BrAA (a ANA MOBEAEHYECKOH KOMIIOHEHTHI CTPECC Y BUIOB ¢ Pa3BUTON
LJHC — u B onTorenese). :

2 TakuMm o6pa3oM, cxemy oskonoruueckodi wumm no G.E.Hutchinson (1965) caenyer
JIOTIONHUTL  CTpecc-niepudepueii, BLIXOAsINEH 3a paMKM (YHAAMEHTANLHOM JKOHMIUM, HO
JOCTYITHOH JHLIL cybnonyasuuy crpecc-ycToi4YHBBIX ocobeil.
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nosnyyaetT oObACHEHHE M MApPALIENH3M MEXAY AHMHAMHKOH 3BOJIIOLIMOHHOTO
OTBETa U JUHAMHMKOR (PH3HONOTHYECKOTO afanTalMOHHOIO CHHApOMaA — B 06a
npolecca BOBle4YeH OOWMH Mya KOOPAWHHPOBAHHO 3KCMPECCHPYIOLIUXCA
reHoB. KpoMme TOro, CTepeOTHMHOCTb CTpecc-peakLHH obecneyuBaeT
3BOJIIOLMOHHBIH Mapaiiesu3M B pEeNpOAyKTHBHO H30JMPOBAHHBIX TaKCOHaX.
[TapannenusM noanepx uUBaeTCi MHHHMYM Ha Tpex YPOBHAX: OOIIHOCTH
OpeBuux redos (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), obwnocts ¢yuxumii (Iwahashi et al.,, 2003, Ishii et al., 2005,
Slonczewski and Foster, 1996; Lin et al, 1995) (xots naGop reHos,
BBIMOJTHSIOILHX OHY (PYHKLHMIO, MOXKET HE COBMNAaAaTh) H OrpaHU4eHHbIH Habop
pabounx 3D-ctpyktyp 6enkoB (CycnoB u Komyanos, 2009; Macario et al.,
1999). Hakonen, npu orGope Ha ONTUMHU3ALMIO CTpecc-peakuuu Oyaer
crabMnH3UpoOBaHa HOpMa peakuuu s MoOU(QHKauMii, BO3HHKAIOUWIHX B
pe3ynbTate paboThl FeHHBIX CETelt cTpecca, YTo BHelllHe OyIeT BINIAAETh KakK
HacnenoBanHe no JK.-bB.JlamMapky mnpu3HaKoB, MpPHOOPETEHHLIX B XOME
TPEHHPOBKM  OpraHoB  (TPeHHpOBKa =  cTpecc-peakuus). Teopus
reHOKONnUpoBaHUs Mogudukauuii pazpaborana B 30 - 40 rr. XX Beka B Tpyaax
W.U.IImanerayzesa, E.M.Jlykmna u B.C.Kupnuunukosa. CornacHo e#
oTOHpaloTCs  MYTalMH, YBEJIMYHBAIOLIME BEPOATHOCTH  (HOPMHPOBAHHA
ananTuBHbeIX Mogudukauuii (Mure-Beuromos, 2010). OgHako, TecTHpOBaHHe
Moau(HKauMH Ha aJanTHBHOCTh, a 3aTeM OTOOp MyTalLMH-TeHOKOMMH,
corylacHo quieMMe XosaeHHa, 3aTpyAHUTEIbHBI A HeOOJIBIION MOIMyJISLHH,
CYLLECTBYIOLIEH Ha rpenene TOJIepaHTHOCTHZ. [TapdopcHas 3onmouHs 06X0AHT
npobneMy: BO-NEpBbIX, aJaNTHBHOCTb CTPECC-OTBETa YK€ MHOIOKpaTHO
onpoboBaHa B ¢uyioreHe3e TakcoHa (CTpOro roBops, MOAM(HKALHUA MOKET
ObITh HEHTpPaIbHOM WIH Jake YMEPEHHO BpeOHOH — JOCTaTOYHO, 4TOObI OHa
Oblta  (U3HONOTHYECKH CBf3aHa CO  CTpecc-peakuMel; afganTHBHOCTb
obecneunBaeTcs He MoaU(HKaLHeH, a cTpecc-peakLiHel B 11eJI0M); BO-BTOPBIX,
TP MoxeT AaTh aganTalHio K HECKOILKUM (hakTopam.

J.K.Benses (1972) BnepBble OTMETHJI BOKHYIO POJIb A€CTa0HIIU3HPYIOLIErO
spdekta cTpecca B 3BomouMM romuHnna. OnHako, y cTpecca ecTb H
crabunusupytomii  3b¢ektT - crnocoOHOCTh NPOTHBOCTOATH HECKOJIBKHM
crpeccopaM B ¢ase IIP. Ilouck “reHOB oOueJOBEYHBAHHA”, COYETAIOUIHUX
CTPOTYI0 MO3r-CHEUMGMHUUHYIO 3KCIpPEeCCHI0 M afanTHBHYIO JBOMIOLMIO, Y

! KpoMe Toro Bo3MoxXHa M 0BLIHOCTE CTpeccopa (1apBMHOBCKas koHpeprenuus) (Slonczewski
and Foster, 1996; Lin et al., 1995).

2 To ecrs, TEOpHS T'€HOKOMHUpOBAHUA paboTaeT JNHlIbL NOCIE TOrO, KaK BUA “HAKOMHI™ H
OTTECTHPOBAN B XOJ€ 3BOJIIOLUMH JOCTATOYHBII penepTyap aflanTHBHEIX MOAU(UKaLIHI.
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YeJIOBEKA [aJl HEOXKHIAHHBIE PE3yNbTaThl: TAKHX T€HOB HEMHOro (mpHyem
aJlanTHBHAA BOJIOLMSA HX oA comMHeHueM (Shi et al., 2006)), npedpoHTansHas
KOpa KOHCEpBaTHBHEEC CEMEHHHMKA, IEYSHH, NMOYeK M cepaua mo HaGopy
perynoros (Khaitovich et al., 2005), a HanGosnee moaBepkeHBI afaNTHBHOM
9BOJIIOLIMHM TeHbl, COYETAIOIINE JKCMPECCHIO B MO3TY C JKCTpeccHel euie B
HECKOJNIBKHMX TKaHAX. CxoflHas CHTyauMs, oOHapy)k€HHas INpH H3y4YEeHHUH
3BOJIIOLIMH IIALEHTHI, MO3BOJIAET IPEANONIOKHTh, YTO U B IBOJIOLHH MO3ra
BOXHYIO poONb ChIrpajla KOMOWHaTopHka perynoros, cGOpMHpOBaBIas
“o6cnykuBaloLLYIO unppactpykrypy”  (OH) Mo3ra’. ®akropoMm,
ckoopaMHHpoBaBiuM GopmupoBanve OU, Mor ObITE 0TOOP HA ONTHMH3ALHIO
crpecc-peakuut. [Tomynsunn npenxkoB Homo Hukorna He GBUIH BENMKH M HX
spoytolMs Obina orpanuueHa auwnemmoil XonpeiiHa. B xome napdopcHoii
3BOJIIOLIMH BHELIHAS CPeAa BBICTYNAET He CTOJIBKO TecTepoM (Kak mpH Jo6oM
JApyroM BHAe oTOopa), CKONBKO CTpecC-PEeNH3epoM. AfanTtalis ke HOeT K
(HM3HONOTHYECKUM MOCNEACTBHAM (a3bl MCTOLUECHHS, K KOTOPBIM MO3r, Kak
MeTaboJIMUECKH 3aTpaTHBIA opraH, ocobo uyBcTBHTeneH. Popmuposanue OU
3alUTHIIO MO3T, 00ecrneYuB BO3MOKHOCTE HHTEHCU(HUKALIMH ero QYHKLHHA, 4TO
cHOBa moTpe6oBano ycunenus OH. BosHukuas nonoxuTensHas o6paTHas
CBA3b, B UTOre, CHAENATA MBICJIMTENIBHYIO JEATENBHOCTh 3HAOTEHHBIM
CTpeccopoM, a 4enoBeka — 00e3bsHOH, XKUBYLIEeH NMoa cTpeccoM cOOCTBEHHOIM
MBICITH.

BaaronapnocTh:

PaGota mopmepxkana: nporpamma PAH 26, A.IL6, B.25, B.27; nporpamma
Ilpesunuyma PAH “TIpoucxoxnenue OHochepsl M IBOMIOLMA  reo-
GHONOrMYECKHX CHCTEM”; HHTErpallHOHHBIH npoextst CO PAH 50, 119;

! Pasznnung NaTTepHOB OKCIIpECCHM Y YEJOBEKa M IUHMIIAH3E HaiizeHo B 32% reHoB

‘CEMEHHHKa U 10 ~8% reHOB IpYrHX OPraHoB, NpHYEM B MO3TY Pa3jIHMHA KONHHYECTBEHHO
HauMmeHblHe. Haubosbluee pasnnuyue BBIABICHO Y TEHOB TMeueHH. B ceMeHHHMKE U mouke
QNanTHBHO 3BOMIOLHMOHNPOBANO Haubonbluee YHCNO TkaHecreunduuHex reHoB (Khaitovich et
al., 2005).

? Obcnyxupatomas HHppacTpykTypa (OM) Mosra B y3KOM CMBICTE — TEHHEIE CETH
MeTabonu3Ma, NyTedl nepefayd CHCHANoB, BPOXACHHOTO WMMYHHTETa M CTpecca: 3KCTpeccHs
BCEX 3THX FEHHBIX CETel MM MX (ParMEeHTOB HE OrPaHHYEHa MO3TOM M BKJIIOHAET Pa3HbIE TKAHH.
B mmpokoM cmbicie OH BLIXOAHUT 3a paMKH MO3ra, BKIIOYas MEHHBIE CETH IMHILECBAPHTENbHOH
CHCTeMBl, CBA3aHHBIE ¢ MeTabonusmMom OenkoB M JUNUAOB, HEOOXOAMMBIX B KPHUTHHECKHE
TIEpHOJBI OHTOreHe3a Mo3ra. YkasaHHsle reHHbie cetd (Shi et al., 2006, Khaitovich et al., 2005)
oboraieHsl reHamy, aJanTUBHO 3BOMIOLHOHHPYIOWIHMH NPY OMBEPreHLUHMH IUMMIAH3E U
yeoBeKa.
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3y6p B apMaAHCKOM HHTEpbepe

HHOBAK M. ABAKSIH
Epesanckuii pusuveckuii uncmumym, Epesan, Apmenus

Iocne Beixona B cBeT kHUTH Januuna I'panuna «3y6p» UM BelAatoLIerocs
yueHoro Huxomas TumodeeBa-PecoBckoro crtamo HM3BecTHO BceM. ApMsHe
OTKpPHLTH ero Ais ceds eue panblie - Tumogeer-PecoBckuit cTosn y ucToxos
co3gaHusa naboparopuM paavauvoHHoii 6uoduszuku B EpeBane. O ToMm, kak
poccuiickuii cTonGoBoil ABOpPAHWH, 4YeTBepTh Beka MpopaboTaBuIMii B
lepManuu M npomemuui CTaIMHCKHE Jlareps, cyMell OKas3aTh BIUSAHHE Ha
6uonoruyeckyro Hayky ApMeHHH, OYKBaJIbHO 3a HENENIO OO CBOEH KOHYMHBI
ycren pacckasaTh koppecrionaeHty «l'osioca ApMeHMH»' opraHusaTop oTaena
paauauMoHHON 6Hopu3ukH EpeBaHCKOro (M3M4YeCKOro HWHCTHTYTa, HEHABHO
yumemuuii w3 ku3sHU Jokrop Ouonoruyeckux Hayk lloBak MuHacoBuu

ABAKSH.

B konue 50-x, korma. cyapby Guonoruueckoit Hayku B CCCP BEPLIHI
nevyanbHoi naMaTH JIbiceHko, a caMo cI0BO reHeTHKa OBIIO nMpeJaHo aHadeMe,
B OJHOM M3 )XypH&IOB MHE Monaizach CTaThs 3a MOAMHCBIO THModeeBa-
PecoBckoro. OHa Obiia YHHKQJIBHOH MO BCeM MapaMeTpaM - SCHBIM, 4eTKHi
A3BIK, JOXOAYHBOCTD H3JIOKEHHS U CaMoe IJIaBHOe - abCOMOTHO HOBBHA MOAX0
K TeMe, HajJ KoTopoii Mbl Toraa paboranu. Ctates ctana oTkpoBeHueM. [ToTom
ObUTH U apyrue MmyOaHKaLMH MO HCCIEeJOBaHHAM, CACTAaHHBIM B PyKOBOJHUMOM
uM naboparopun B MuaccoBo. Hukonaii BnaguMupoBHY Tak LieApo AenHics
CBOHMH 3HaHUSAMH, YTO BCE BOKPYr HETO MMOCTOSHHO YEMY-TO YYHJIHCH. «J[ns
CEpbE3HOr0 pPa3BUTHMs CEpbEe3HBIX HayK HET HHYero rmnaryOHee 3BepHHOMN
cepbe3HocTH. HyxeH 1oMOp M HeKoTopast U3fieBKa Haj coboi M Hal HayKkamMHy,
- roBopHa oH. TuModeeB-PecoBckmii 3amoxun B HaC Ty (QyHIaMeHTAIbHYIO
OCHOBY, Ha KOTOpO# B JajJbHEHILIEM CTPOWIOCH Hallle OTHOIIEHHE He TOJIBKO K
HayKe, HO H K XH3HH.

! Unrepesio ony6nukosaso B rasete «[onoc Apmenun» 8 debpans 2011 r., KOPpeCTIOHAEHT
Hapa Kananosa. [1y6nukyercs B COKpalleHUH.
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Muorue . Hamiy  GHoOJNIOrM - - MPOLLIH
CTaXHpOBKY - *B .. MIHCTUTYTe = MeRHLMHCKOM
pagdonorud B O6HuHcke.  Huxonai .
BnagdMUpOBHY H €ro YUYeHUKH FOTOBHIIH [UIA
ApMEHHH CHEUHAJIUCTOB TI0 PajHallMOHHOMH,
NOMYJALMOHHON W MEIHUHHCKOH FeHeTHKe,
GuoreoleHoIOTHH. AcnupaHTaMu camoro HB
6t Pomen ATtasn, Apam 3ypabsaH, Dauk .
AxonsH, Heapny CumownsH.: Bosukio paxe -
noHaTHe - ApMsHckas pecnybnuka B
O6HHHCKe. MbBI. OTHOCWIHCh K HEMYy ¢
noyTeHHeM, Aaxe C OnaroropeHueM. OTOT
yesloBeK OYKBAJIBHO M31yHasl MBICIH, 3HAHHUA,
yyBcTBa. - K ~ HeMy.  TAHyJIHcb  Bce:
CTpeMHBLIHECS NPHOOIIHUTLECS K BHICOKOMY. :

Tumogdeep-Pecockuil caenan MHoroe W H.B.u E A. THMO(DCCBH-PCCOBCKHC
JUTS Pa3BHTHS FeHETHYECKHX, GHobu3uyeckux B Pasaane (Apmenus)

M PpanMoOHOIOrHyeCKHX HccenoBannii B Apmenud. Hama naboparopus
6uo¢u3MKH - nepsas 3Toro npodusas B ApMEHHH - B TO BpeMsl Oblila B COCTaBe
UncturyTta 3emnenenus. braromaps TeCHOMY COTpYyAHM4YeCTBY GHONOTOB M
¢H3UKOB HaM yaanock cobpaTh psAl OPUrHHAIBHBIX YCTAHOBOK, MO3BOJISAIOINX
NPOBOJUTh TOYHbIE OHO(PHU3MYECKHE OMBITHI HAa Pa3HbBIX OHONIOTHYECKHX
obnektax. Jla6opatopus .6eicTpo npuobpena ceoe suuo.. IIpoBomunuces
3KCNEpHUMEHTAJIbHbIE HCC/IE0BaHUA B 00J1acTH paaualMOHHOH GHODH3HKH. -

B 1964 rony Tumodeen-PecoBckuii obparics k Apremy - AJNHXaHSHY <
MHCHMOM, B KOTOpPOM Mpefjiaran opraHu3oBaTh B EpepanckoM ¢u3HyeckoM
MHCTHTYTe JlabopaTopuio panualuoHHOH - OnodHsuku. «[IpuHuMas - Bo
BHMMAaHHE  YHUKAIBHOCTb. CTPOSUIErocs . 3JEKTPOHHOIO ;. --KOJIbLIEBOTO
YCKODHTENs, - - MHCal ..OH, - - MOXHO OXHIATh: . OTKPHITHI  HOBBIX
3aKOHOMEPHOCTEH M ABJIEHHH,.. BHONHE MOAXOMALIMM AAPOM IUIA CO3JAHHs
Takoi nabopatopun B Ep®M cumtaio xonnextur naboparopun Ouodusmku
WuctutyTta 3emnenenus. S 3auHTepecoBaH: B 3TOM, MOCKONBKY -MEXAYy Moek
naboparopueii - 3ielHeR. ycTaHaBiaMBaloTCS Bee Cosee TecHas CBA3bL .M
cotpyaHuyecTso». C. npoch0oii Momepxarts NpeulokeHHe 06 OpraHH3allMH
buodusnueckoii naboparopur npu Ep®H oH obpawancs u B I'ockomurer
CCCP no ucnonb3oBaHui0 aTOMHOH 3Hepruu. Mbl Beeraa Gynem GnaronapHsl
€My 3a 3Ty NOANEPKKY. , .

C. yeroii TumodeenbIx- Pecoscxux MeHS CBA3BIBAIM  CaMbie - TeIUTbIE,
Apyxeckue OTHOlIeHHs.. Korma s OblBan y HMX B-TOCTAX, a 3TO ObUIM Ha
PeAKOCTh XJe60CcoNbHBIE MOAH, OH AEMOHCTPAaTHBHO M0JaBajl MHE MNanbTo. S,
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KOHEYHO, CONPOTHUBIANCA, BO3HMKANa Jierkas LIyToyHas Oopeba, M g €
YIOMBIICHHEM Olylan cuily ero 6unencos. Kasanock cTpaHHBIM, YTO 4eNOBeK,
KOTOPBIi - BCIO JKM3Hb IIPOBEJl B CTeHax jabopaTopuH, Mor ObITh B TakoM
npeKpacHoi Qpu3MUecKoii popme.

BenomuHas o Hukonae BiaguMHpoBHYe, HE MOTY He CKa3aTh O €ro XeHe,
Kosnere U moMouHune Enene AnexcangpoBhe. Bes ux coBmecTHas »H3HD -
3aMe4aTe/lbHOe CBHOETENLCTBO JIOOBH, TMNpPENAaHHOCTH, 6eCKOPBICTHOTO
CIy>KEHHs JIoAAM. B MoeM apxHBe COXPaHHIIOCH MHOTO MHCEM H JOKYMEHTOB,
TaK WIH HHave cBa3aHHbIX ¢ TumodeeBbiM-PecoBckuM. Cam OH mucan kpaihe
pedko, He yobun, a moroM yxke M He Mor. [lenana 3to 3a Hero Enena
AnexcaHJpoBHa.

B xnure I'pannna «3y6p» W BO MHOTHX BOCOMHMHaHMAX o Tumodeese-
PecoBckoM yrioMHHaeTcs KapTHHa, Ha koTopoi HB n3o6paxen nox noprpetom
Hunbca Bopa co ctarystkoi 3ybpa B pykax. Orcioga W HaszpaHHe — «Tpw
3yOpa». DaMHIUA aBTOpa HHUTAE HE yKa3aHa, HO WM SBJSETCS H3BECTHbIN
apMsHCKHH xynoxxHHK PyGen I'abpuensn. Ero kucti npuHamnexur u pabora
«TumodgeeB-PecoBeckuil 1 ApMEHHAY.

Hamaru II.M. ABakana

Peoaxyus « Buonozuueckozo scyprana Apmeruu»

LloBak ABaksH poauics 24 utoHs 1926 rona B Epesane. B 1952 romy 3akoH4nn
¢baKynbTeT pPaAHOTEXHHKH MOCKOBCKOrO MHCTHTyTa CBA3H, B 1956-58 rr.
YUYWICS B aclHpaHType, nocie dero paboran B MuctHTyTE DH3MONOrnM nmMeHu
Opbemn AH Apwmsauckoii CCP. B 1968 r. B HHHM mnousoBeneHus
MuHucTtepcTBa cenbekoro xossiictBa Apm. CCP oH opraHH30Ban nepBylo B
ApMeHHH HayuHYIo TabopaTopHio B 0671acTH OHODH3HKH, U B TOM XK€ roay, 1o
NpUriameHuo qupekropa EpeBanckoro ¢M3M4eckoro MHCTHUTYTa aKafeMHKa
AM. AnuxaHsHa, OH OCHOBBIBAET B OJTOM MHCTUTYTe JlabopaTopHio
pagMauMoHHON 6MOQH3UKU, KOTOPOH PYKOBOIMT Ha MPOTSHKEHUM MHOTMX JIeT.
Hapsany c¢ stuM, B nepuox 90-96 rr. OH pyKOBOOWJ OTHAEJIOM BHEIIHHX
cHOlleHH MUHUCTepcTBa 0OPa3OBaHUA ¥ HAYKH, BKJIaiblBas OTPOMHbIC YCHIINS
B CO3JaHHe W pa3BHUTHE Hay4HbIX cBsseil mexay Pecrybnukod u mpyrumu
crpaiamu. J{oxtop OGnonornyeckux Hayk LioBak Munacosny ABaksdH sBnsnics
npeacenareneM BceapMsaHckoro 6uodusuyeckoro obliecTBa M 4IEHOM
HayuHoro coseta no paauauroHHo# 61onorun Poccuiickoit AH.

LloBak ABakdH IO TIPaBy CYMTAETCA OOHHM W3 OcHoBaTened OGHOGMH3MKH B
Apmenun. OH aBTop Oonee yem 200 paGor B 06JacTH caMbIX pa3IUYHBIX
OCHOBOMOJIAralolUX BOMPOCOB, KacalolUXcAd pagHaLHOHHOH OHODH3HKH,
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paauoOHONOTHYECKHX HCCNeOBaHUil C TNPUMEHEHHEM  CHHXPOTPOHHOIO
H3TyHEHHs,  XEMHJIIOMHHECLIEHLIHH, uccaeaoBaHuii  OHomeMOpaH,
onyGMMKOBaHHBIX B BUJIE HAYYHBIX CTaTeH, MOHOrpadHi, Hay1HO-TIONY NS PHBIX
MyOnuKalui, LIeCTH aBTOPCKHX CBUAETENLCTB. OH HCCNEAOBaNl BO3AeHCTBHE
CHHXPOTPOHHOT'O M3/1y4€HHS € Pa3/IMYHBIMH JJIMHAMH BOJIH Ha OGuonornyeckue
o0bekTel. COBMECTHO cO creuHanucTaMi w3 HMHcTHTyTa pagno6uonorun
ropoga Kapacpys u HHctutyta 6HOQuU3KMku ropoma ®paHkdypr-Ha-Maiine
(®PT) M™eromom -JIIP. wuccnemoBan cBoGOAHOpaAMKABHBIE TPOLECCHI,
npoTekatouiye - B 00MyuYeHHOH =~ raMma-H3JlydeHHEM OJIEMHOBOH  KHCIOTE.
ITpuMeuaTtenbHbl Taloke pabots! L. ABakdHa ¢ COTPYAHHKAMH, TIOATBEPAHBLINE
PafMONPOTEKTOPHBIE CBOWCTBA . JIa3€PHOrO M3JIyYeHHs TpPH  BO3ACHCTBUM
MOHM3HPYIOIEr0 H3AyYeHHSs Ha pa3aMuHbele © OHONOrHueCKHe OOBEKTHI.
Hanbonee 3HauHTenpHble pe3yJbTaThl - €0  HCCACIOBaHHI, = Kacawouuecs
«PEHTreHOBCKOTO 3peHHs», BOLLIH B yueOHYIO IMTEpaTypy no paidoGHOIOTHH.
Cosnannbiii LI, ABakaHom coBMecTHO ¢ H. AmisHoM npubop mis u3MepeHus
XEMHWIIOMHHECLICHIIMH, AEHCTBHMTENBHO * ABHJICA HOBIIECTBOM B obnactu
perucTpaLuu cBepxciabblx CBEYECHHI.

[I. ABaxAH HEOJZHOKpAaTHO BHICTYNIAN C MOKJaJaMH B 3apy6e>Kme
HayyHbIX LeHTpax: B I'epmanuu, Anrmuy, Opannunm, Hranuum, CIIA,
Anonun, B Poccuiickoit Pemepanuu. [Ipu ero HemocpeACTBEHHOM aKTHBHOM
yuactun B Epepane u MocCKBe HEOJHOKPATHO OpPTaHM3OBHIBAMCH
BCECOIO3HEIE M MEeXAYHapoAHBle HayuHbie KoHdepennuu. Jlocroitna
YIOMHHaHHS Takke AeATeabHOCTS LI, ABaksana, Kacaromascs ero pa6ouux
cBa3eit ¢ apMAHCKOH guacropoit. OH HeOZHOKPaTHO BBICTYIIAN CO CTATHAMH
u jgoknagamu B Mpancko#t Mcnamcko#t Pecniy6nuke, JluBane, Cupuiickoit
Apabcxkoit Pecny6nm<e, I/IOP,T.LaHHH, Hspaune. [Tourn verseprs Beka I[.M.
ABaxaH mpemoxaBal Ha = GHONOrMYecKOM daxynsrere * EpeBanckoro
roCyZapCTBEHHOTO YHHBEPCHTETa, YHTAS cneuanbnme KyPCHI 110 6Hoq)nsmce
Ha Kadeppax 6140(1);{31{1{1{ ¥ 6HOXHMHUH.

Hapsgly ¢ Hay4HO-OpraHM3al{MOHHO# ,T.Le}ITeJIBHOCTBIO II.ABaxaH 6sin
TaKXXe 'aKTHBHEIM onecrneHHHM AieATeNieM, MATPHOTHIHO HaCTPOEHHBIM
TPaXAAHHHOM. DTO OCO6eHHO APKO NpPOABMIOCE B TOZAEI - apLAXCKOTO
ocsoboputensHoro npikeHuda. Eme B 1988 romy oH opranusoBriBaer
mocemenue Apuaxa TIpynmoil yueHBIX W3 EpeBaHCKOro (H3HYeCKOTO
MHCTHTYTa, YCTAHABJMBAET TECHbIE CBASM C PpANOM OpTaHM3AUMil U
OTZEeNbHEIMH TpEeJCTaBHTENAMH pyKoBoacrBa Haropuoro Kapa6axa.
Opraunsyer paanopraanym moMomp HOB006p83OBaHHOMy
CrenaHakepTCKOMY YHHBEPCHTETY, MEIMIIMHCKHM YdYpeXAeHHAM, BOMHAM
ocBoGoauTensHOrO ABMKeHUA. OpraHusyer mocelleHHe Apliaxa AelTOBBIMH
mopbmu u3 Apcrpuu, CHIA, Tepmanun, d)panmm, Cupun. B Apuaxe
II.ABakan u36upaeTcs uwieHOM O6IECTBEHHOH oOpraHusanuu «AMapach,
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TpUHMMAeT aKTHMBHOE yYacTHe B Tipouecce co3faHusa CremaHaKepTCKoOro
OTHeNeHMA  MEXAYHapOAHOH opraHusamuu «Bpaum Ges rpanumy,
cnocoOCTBYS TeM CaMBIM IOCTYIUIEHHIO B ApIlax MeZUIIMHCKOH MMOMOLIHM,
IPUHMMAeET JesATenbHOe y4yacTHe B HM3JAHMM raseTsl «BOHMH» — IeyaTHOro
opraa Komurera Camosamurs: Haroproro Kapa6axa.

3a CBOIO IPaX/JAHCKYIO H OGlIeCTBEHHYIO AeATenbHOCTHh [loBak ABakan
HeOJIHOKPAaTHO yAOCTaMBaJICA Mefaseit ¥ moueTHsIx rpamot. B 1992 rogy 3a
aKTHBHYIO IpomaraHny yueHusa Tumocdeepa-PecoBckoro u nuxi pabor mo
CUHXPOTPOHHOMY M3JTy4YeHHIO OH YIOCTOMJICA MeJand HMeHH Tumodeesa-
Pecosckoro, 3a akTHBHOe y4acTHe B Jefe OPraHM3auMH AMepPHKaHCKOro
YHuBepcuteTa ApMeHMH — Meglanu AYA, 3a BKJIaZ B Heno oCBOGOXKIEHHUS
Apnaxa — namaTHoil Megamy npesunenta HKP u r.4. [oBak ABaksaH cocrosin
“WIEHOM PpeAAKIVIOHHBIX KOJJIerMmii — MHOrMX H3JaHU#l, B TOM 4HCIe
IpUHHUMAJN JeATeNIbHOE Yy4acTHe B paboTe peAaKIMOHHOLO COBeTa
«buomornyeckoro xypHasa ApmeHuu». DBynyuu Bume-mpepcesateneM
semusyeckoro coroza «Cypmany-HUrpup» o B 2007 romy cocraBun u
IIPeACTaBMJ B NeyaTh o6beMHy10 KHUTY «CypMany-Wrpup: ucropuueckue
pacmyThs». '

Sflpxas nTHYHOCTH

TATHAHA T'. AMBAPLIYMSIH
Epeeancxuil pusueckuii uncmumym, Epeean, Apmenua

LloBak MuHacoBHu ABakiH - spKas JIMYHOCTb, YueHBIi M 0OLIeCTBEHHbIH
Jgesrenb, ObUT OJHHUM M3 OCHOBOMOJOXHMKOB paJvanvoHHOi Omoduzmku B
Apmennn. OH BolLeN B HayKy, KOTJ@ TeHETHKA U KUOEpHETHKA TOJIBKO Hayallu
OMpaBJATbCS  OT HACOJOTHYECKOTO HACH/IHA  JIBICEHKOBIUWHBI, KoOraa
TBOpHYECKass MBICIb CTPOTO OTPAHHYMBANACH TOCYJAPCTBEHHBIM Haa30pOM.
[MocnabneHus WeCTHASCATHIX TOOB MPOUIIOr0 CTONETHS CTaM OTKPOBEHHEM
JUIL MHOTHX MOJIOABIX JIIOJIeH, cTpeMsIuxca B Hayky. Cpean HHX OBUIH JIOAH
pa3HOro CBOHCTBA: OJHH CTPEMHJIUCh CAMH JIeJIaTh OTKPBITHA B HayKe, JpyTHe
— xoTeNu cbepedb yxke COCTOABLIHECS TATAHTHl H OTKPBITH BO3MOXHOCTD Ul
POXKJIEHHA HOBBIX. JTO JIFOAM, KOTOpBIE CO3ABAIM UHCTUTYTHI ¥ naboparopun
HOBBIX HANpaBJIeHHii, KOTOPbIE TONBKO-TOJBKO HaYallH BBIXOAUTD H3 NIOANOJbS.
Mononoit LloBak MmuHacoBuy, yBI€4eHHbIH paJHaLIMOHHOH Ouonorueid
reHeTHKOH, BOOAYILeBJICHHBIH JIHYHOCTHIO U UessMH TuMogeeBa- PecoBckoro,
B3N Ha ceOA OTBETCTBEHHYIO pONb ajenTa coBpeMeHHOW Ouodu3uku B
Apmennn.  Ero ycunusamu Obuta co3pmaHa Jnaboparopus B HMHcTuTyTe
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3emnenenus MuHucTtepcTBa ceibekoro xossiictea ApMm. CCP. Crneayroium
warom 6bUtO - co3maHde - nabopaTopuM  pagvanMOHHOH OuOU3UKH B
EpeBanckomM ¢pusuyeckoM HHCTUTYTe. LloBak MHHacoBHY “NIpeKpacHO MOHUMa
CTPYKTypYy 0o0L1ecTBa, B KOTOPOM €MY JOBEJIOCH KHTh U paboTtaTs. OH cTapaycs
IPYAKHTh C BJACTHIO, H BECh TMBLT 3TOH JpyXObl OH HANPABIAJ Ha CO3JaHHE
naboparopuu B EpOH, nupekTopoM KOTOPOro ObU1 BETUKUIH NATPHOT ApPMEHHH
AH. Amnxansn. [1ns cosnanus 1abopaTopuH OH MpUBJEKaJT MOJIOABIX YUEHBIX,
3aKOHYMBLUMX ACMHPAHTYPY B JIYYIUHX POCCHICKUX nabopaTopusx, HaGHpasn
JYYIUUX CTYAEHTOB W3 EpeBaHCKOro rocyaapcTBeHHOTO YHHUBEPCHTETa, caM
OTMpaBNAn MX ‘HA CTAXHMPOBKY WIH B acnupantypy B Mocksy, IlyuuHo,
CepniyxoB, O6HuHCK. Ilonb3ysch CBOMMH ' CBA3SMH, JOOMBAICS TMOKYNKH
AOpOroCTOSILEeH amnmapaTypsl ¥ XHMpEAKTHBOB. Bedylide cHeLManuCTEI €ro
nabopaTopul COTPYAHHYANM C TaKMMM SPKHMH TIPEICTABUTENSAMHM HAayKH B
CosetckoM Corose, kak B.H. Koporoaun, F0.A. YnsMamxkes, M. X. YaiinaxsH u
ap. JlaGopaTopHs MOCTENEHHO CTAHOBHJIACH Jiyylleil B ApMEHHH, He ycTynana
MOCKOBCKHMM T10 CBOE} OCHAILEHHOCTH: 37eCh GbIa M M30TOMHAs KOMHATA, U
PEHTTEHOBCKAs ~anmapaTypa Uil OGNyveHHs GHONOTMYECKMX OOBEKTOB,
TMoMellieHHe I Bapkd MHKPOGMONOTHYECKMX Cpel €O Bceif HeoGxomammoii
MH(PACTPYKTYpoH, yHHKalbHble crekTpodoTomeTpsl M mp. PaBora mia
MOJIHBIM XOAOM - 3Aech paboTali M paguoOHONIOTH, W MHKpoGHONOrH, U
FeHeTHKH, U MeMOpaHONOTH, U (U3MKH 3KCIIEPUMEHTATOPbl M TEOPETHKH.
Bonpuioe 3HaueHHe MMEJO TO, YTO, HAXOIACH B cocTaBe Ep®DH, koTOphIi Men
3MEKTPOHHBIA KOJIBLEBOH YCKOPHTENh H HECKONBKO HeGONBILNX NHHEHHBIX,
nabopaTtopus pacIuMpsia BO3MOXKHOCTH uccneuonaﬂuu ,uenaﬂ ux Gosee
Ppa3Ho0Opa3HBIMU M JOCTOBEPHBIMH.

Mosnonasie 3apakayiu Apyr Apyra 3HTy3Wa3MoM, paboTa kunena HWHOrAa W
3a monHoub. L[loBak MHHacoBHY, KOTOpBIH moOun HamyckaTh Ha cebs
CTPOTOCTh B BONPOCAX PEXKHMMA, C PAJIOCTBIO H TOPAOCTBIO BUIEN, KAK PacTeT U
ofpeTaeT MOIIL M aBTOPHTET €ro mervwe. Ero IMaBHBIM  KH3HEHHBIM
TNpHOpHTETOM Gbula 3Ta nabopatopus, KOTOpoH OH ymeno pykoBoaun B
OCHOBY B3aHMOOTHOLUCHMH C COTPYAHHMKAaMH, Kak, BIPOYEM, H CO BCEMH
MOABMH,  ObLT  TIOJIOXKEH - npodeccuonanusM. OH OpYXWi ¢ Yy4YeHbIMH,
XyHOXKHUKAMH, KOMIIO3UTOPaMH, NIUCATENSAMH U MONMTHKAMH — U BCEM MM OH
ObLT MHTEpECEH H BCEMH moGHM Y Hero 6b11 yHHKaanbm TanaHT obwenus ¢
JHOABMH. ;

MHOTHe COCTABJISAIOIIME €T0 AYLIH CTAIM MOHATHBI rocne passana CCCP,
KOTJa CO BCelf TpHCYIIEH eMy OTBETCTBEHHOCTHIO OH BKJIOYMICS B JEJIO
CTAHOBJICHHS APMAHCKOM FOCYJIapcTBEHHOCTH Kak B ApMeHuH, Tak ¥ B HKP.
Ero ponb 6bl1a HEOUEHMMO# B Jie/le OKa3aHHs OMOIM Bororomemy Kapa6axy.
OH HJI C CO3HAHMEM CBOETO NpeJHa3HAYEHHS - JeNaTh BCE, YTO B €ro CHiax,
IJis CBOErO HapoJa.
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IloBak MHMHAacOBHY NpPOXHI KM3Hb, KaK WCTHHHBIM apMAHHH. CBeT/bIH
obpas LloBaka MuHacoBH4a ABaKAHa, MOCBATHBIIETO ceOs CILY>KEHHIO HayKe U
CBOEMY HapoAy, NMPOXXHBLIEro >KM3Hb HACBILIEHHO W YBJE4YE€HHO, HaBceraa
OCTaHeTCs B AaMATH TeX, KTO 3HaJl €ro U APYKHUII C HUM.

Yunrtensb

TOPI'OM CE®EPSH
Epesancxuii pusuneckuii uncmumym, Epesan, Apmenus

ITosnakomuncs s ¢ lloBakoM MuHacoBHueM, Koraa eme y4yuics B
Gakanaspuare. I, kak O0Obl4HO, CTaBMn oOneIT B jaGopaTopuM Kadenpsl
6nodusuxn EI'Y, U B TOH ke KOMHaTe HaxXOAWICS CTOJ MOEro HayyHOro
pyxosoautensa npogeccopa A.E. 3axapsna. lloBax MuHacoBuy H ApMeH
EropoBuy 6pu1M OaBHUMH ApYy3bsMH, U B TOT JeHb LloBak MuHacoBuy 3auien
HaBecTHUTB ero. COTpyAHHUKH J1aG0paTOPHH pajoCTHO NPHBETCTBOBAIH 1{oBaka
MunacoBrya. 5] Toxe NO3AOPOBAICS U NPOAOIKHSI IKCTIEPUMEHT.

B cepeaune pasroeopa ¢ A.E. oH BApPYr cnpocun 060 MHe, KTO S H 4eM
3aHuMatroch. Yepes Heckonbko JHei LloBak MHHacoBHY BHOBB 3allie) K HaM U B
KOHLIE BCTPEYH IMOAOLIEN KO MHE M CHpOCHI 00 3KCMEpUMEHTE M O
KBAaHTOMETPHYECKOH YCTaHOBKe, Ha KOTOpOH 5. CTaBHJ OIMbITHL. B KoHLE
pasroBopa OH MOAApUI MHE CTapyIo KHHUTY, OANHCaHHYIO ero yuurteneM - 5.H.
TapycoBbiM. OH cka3ajl, YTO pa3BHTHE 3TOTO HamNpaBlieHHs HA4aloCch C 3THX
pabort. 51 momymai, 3a4yeM MHe 3Ta cTapas KHUra, HO, KOrja HauyaJl ee 4uTaTh,
MOHI, 4TO 3TOT CcOOpHHUK = ¢yHOaMeHTaneHbIX pabor - a3byka atoro
HampaB/ieHHUs. S MOHsAJI, YTO 3Ta KHHra He MpOCTasd, 3TO Ta KHUra, KOTOpYIO
JIaeT YYUTENb CBOEMY YYEHHKY Kak penuksuio. Ho g1 He moHuMan, nouemMy MHe,
s Beap He ObUT ero yueHHKoM. Kak OH MOHsJI, YTO s MPOJOJIKY HauaToe UMH
neno? HasepHoe, B 3TOM €My MOMOT MHOTOJIETHHH JKM3HEHHBIA OmbIT. S oTy
KHUTY XpaHIO Kak 3TalOH KauyecTBa HayuHbix paboT mia cebs. M ¢ Toro
BpEMEeHH Hadasoch Hame obmeHue. Ilpomno MHOTO BpeMEeHH, U MOCHE TOro,
KaK i 3alUTHI auccepTaumio, lloBak MuHacoBuY NnpHrinacun MeHs Ha paboTty B
co3JlaHHy0 UM Jabopatopuio B EpeBaHckoM (M3M4E€CKOM HHCTUTYTE MMEHH
- A.A. AnuxaHsHa. O0masce ¢ HUM KaxKIblH JeHb, 1 CHOBAa M CHOBA yAMBIIAICA
YHHKQJIBHOCTH 3TOM. JIMYHOCTH, WIHMPOTE ero Hay4yHoro Kpyrosopa. Llosak
MunacoBu4 cTan oyeHb 6M3KMM MHE denoBekoM. Bo MHOrMX Bompocax y Hac
ObLIM CXOKHE MHEHHS, U CO BpEMEHEM 5 MOH, YTO B ryOHMHE OyLIH OH Obin
JPYTHM .YETIOBEKOM: IOCTYNKH JIOAEH H COOBITHA OH OLEHHMBaJl W CyIMI
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CTIpaBEJUIMBO, HO, KAaK M BCEM HAM, €My NPHXOJHIOCh MHOTAA MOCTYNATh
BOTPEKH CBOMM JKEJITAHHAM.

OH Opl1 uenoBeKOM, oOnafgaBlIMM Oe3MOHHOH H yHPIKaJILHOPI MaMATEIO.
[TomHIO, Kak-TO pa3, B MepBble AHH COBMECTHOMH paboThbl, MBI GeceoBad Ha
pasHble MPO(ECCHOHANBHBIE TEMBI, H OH TOYTH BCE CBOH CJIOBA MOATBEPKIAN,
AocTaBas M3 CBOEH OrpoMHOM O6MONHOTEKH pa3yM4Hble KHHTH M MOKa3blBas
COOTBETCTBYIOIIME TEKCTHl B HHUX. SI CIPOCHII, KaK OH MOMHHT BCE 3TH TEKCTHI
MOCTPaHHYHO, a OH, XaNMysACh Ha yXYIUIEHHE NMaMaTH, ckasan: «PaHsle ObLTO
nyduwie». A KOrja s YBHAeN ero NOMALIHIOI OHOIMOTEKy BO BCIO CTeHy
TOCTHHOH KOMHATEI, BO' MHOro pas - HpeBLILlIa}OlHle pa60qy10 MHe cTan
TIOHATEH OTPOMHBII MacliTab ero 3HaHui.

Ceiiuac, korja ero yxe HeT ¢ HaMH, Ka&XbIi pa3s, 3axozm B €T0 KaGHHeT; s
MpeACTaBsAIo, YTO OH Oy AET TaM H, ynLIGa;{CL CKaXeT: «A-a-a, npuen?»

B TpyAHBIX CHTyalHMsX, Korga i 0co6o HYXJIaloCh B €ro COBETaX, A
BcrioMuHaro 1JoBaka MHMHacoBH4Ya M B yMe THXO cnpammaalo KaK MHe GBITh,
npencrasnmo Kak Obl OH OTBETHI ,H, TIPECTABETE, pelleHHs NPUXOAAT nerue.
S mymaro, noka Mbl moMHuM LloBaka Mmlacosma OH OyZeT ¢ HaMH H 6yz[eT
noMoraTth Ham ¢ Hebec. -

Ms1 Bcerna 6ynem nomuuts Bac, IJoBak MuHacoBH.
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PAUCA JIbBOBHA BEPI' (1913-2006)

W3 xnurn « Cyxoseii»

PAUCA JIbBOBHA BEPT

HUmsa B.M. BepHagckoro — rOHHMOTO, MOJy3alnpelieHHOTO THTAHA —
CTaHEeT B OAUH pAA ¢ umeHamd [amunes, Hetotona, Jlamapka, DitHiureiina.
Brnectawero nocnenosatens oH Hawen B auue H.B. TumodeeBa-Pecosckoro.

Hukonaii BnagumupoBuu Tumodees-PecoBckuit mnpenctasnsanca MHe
THXHUM PYCCKMM UHTesuTdredToM. OH un B ['epMaHuu, 1 HHKOT[a He BHIeNa
€ro, a TOJIBKO YWTAsa ero paboThl, HANMCAHHBIE HA HEMEIKOM A3bike, Koraa oH
nosiBuicss B MOCKBe, BBIHAS H3 3aKIIOYEHHs, TOJYCJIENOH, H MEI
MMO3HAKOMHJIUCH, 0KA3aJI0Ch, YTO 3TO MOTYHas pyccKas HaTypa, rnoynHas OyHHoH
SHepruH. Moryuuii rosoc, HeoOblualHasd IOABHXXHOCTb, HCKIIOYMTESbHBIH
aptucTu3M. OH MTHOBEHHO [eJalICi LEHTPOM BHHMAHHS W TOKJIOHEHWS B
moGoii komnanuu. M BEIMUTE TOXe He Aypak. Sl cnpocuna ero, moyemy 3710 OH
Kazajics MHE THXHM PYCCKHM HHTEJJIMTEHTOM, Koraa g uutana ero pabotsl. OH
ckazal: «IloToMy 4TO Ha HEMELIKOM A3bIKe HHYEM APYTHM, KPOMe KaK THXHM

PYCCKHM HHTEJUIMTEHTOM, OBITb Henb3sd». — «Hukonait Brnaaumuposuy,
roveMy 3TO y Bac Ha pyOallike NpsMO MPOTHB IMymna AbIpKa?» — «A 4TOOHI
nyso Obuto ymobHO wuyecatk». OT10 — facon de parler. Tlpu Bceit

pa3syxabucTocTH OH BN coOoH oOpasell CTAPHMHHOH, W3BICKAHHOH, AABHO
3a0bITOH BOCIUTAHHOCTH, HCTHHHOTO MxeHTJAbMeHcTBa. IIbecy Bynrakosa
«JTnn TypOuHeix» s BHIena B MockoBCckoM Xy0KECTBEHHOM TeaTpe ABaIbl
— B 1933 u B 1953 roay. IlepBblii pa3s B HCIIONHEHHH CHIIBHEHHIErO cOCTaBa
TpYNmMbl, a MOTOM ee Hrpana Monofexb Crymuu uMeHd CTaHMCIAaBCKOTO.
Typbunet — pgBopsHe. B meece BocrnpoH3BelieH OOpBIBOK HMX KM3HH.
CpaBHeHHe OByX CIEKTaKiIeH Moka3blBano, YTO TeaTp YTepsl 3HaHHE MpPaBHII
JUKEHTJIbLMEHCKoro rnosefeHus B obuwecrse. Maneps Tumodeesa-Pecosckoro
BOCKpeEIIANy B NaMATH TOT CTAPMHHBIN CIIEKTAK/IbL B UCIIOTHEHHH CHITBHEHIIETO
coctaBa MXATa, mo6o-goporo 66110 Hab0aaTh.

OH roBOpHJI, YTO HHKAKOro KJIacCOBOrO AHTAarOHW3Ma He CYLIECTBYET: Ha
OAHOM TOJIIOCe — APHCTOKpAaT M mpoJieTapud, Ha ApyroM — MeinaHuH. OH
coueTan B cebe mposieTapus u apucTtokpata. CTpax — aTpubyT MelaHcTBa —
eMy abCOIIOTHO HyXKN.

* PJI. Bepr. Cyxosedl. BocmoMunanus reHetuka. M.: Hayka, 2003. ([TamATHUKH
HcTopHyeckoll Mpicnu). Marepuan npegoctasien M.J1. [ony6oBckum.
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bnectsamuit yM, QeHoMeHalpHas CHJIa M CTPOrOCTh MBIC/IH, aJlOBO
TEpIeHHe, MEPBOKIACCHAA NMAaMATh. ECTh TP KOMIIOHEHTHI XOpolleil maMaTH,
JI0 M3BECTHOH CTeNeHH HE3aBHCHMBIE ApPYr OT Jpyra — OJHa MOXeET
NPUCYTCTBOBaTh, B TO BPEMs KaK OTCYTCTBYET Apyrasf. 310 — 6osbLIoit 06beM
namaTd, OoJbLIas CKOPOCTh 3alMOMHHaHHA M OBICTPOTa H3BIEYEHHS
uHpopMaurH Hu3 XxpaHuiMiia. Huxonait BragumupoBuu o6namaer BCeMH
Tpemd. Briiias u3 3awmovenus, oH xkun crieppa B CepAnoBcke, MOTOM B
O6nuHCcKe Heaaneko oT Mocksbl H u3penka ObiBan B Jlennurpane. ['opoackum
TPaHCTIOPTOM OH HE ITOJIb30BAJICH, a IHOO XOANIT NELIKOM, JTHO0 e3AHI B TAKCH.
IemkoM oH XOAMJI He TaK, Kak Bce moau. Mel ¢ EneHoit AnexkcanapoBHoi, ero
)KEHOH, HOPMaNbHO MIEM, a OH BrepeAH OeKHT, OCTaHaBIHBaeTCH M OEXHT
obpaTHO, noOEXMUT N0 Hac W OMATH Bneped. B TakcH OH TOBOPHJI CBOHM
HEBOOOpa3sUMO KOJIOPUTHBIM TIPYXHHHCTBIM rojocoM: «Jlenbka, naBaii
yeTBepTaK» — 25 pybneii, Koraa Ha CHeTYHKE ceMb. DTO ObUIO, 3HAUHUT, [0
aeHexHoMH pedopMsl, koraa aeHbr B 10 pa3 ymensmmnauce. M Jlenbka nasana.
U ue ot GorarcTBa, HGo OoraTcTBa HHMKaKoro He cyulecTBoBaso. COBETCKHX
creneneit y Hukonas BnagumupoBuua He 6bU10, 4IE€HCTBO B ABYX €BPONMEHCKHX
aKaJIeMHAX — TFePMaHCKONH H MTANBAHCKOM — COBETCKHE OyXTaNTepuH MpH
HAYMCJIEHHH 3apIUviaTel B pacdeT HE NPHUHHMAIH, W JA€HBIH LUIM caMble

MHU3EpHBle, HO HaTypa TakoBa — J[aBaTh, JapuUTh, OJapHBaTh HampaBo H
HaneBo. Lllodepsl JlenuHrpaga — kiaH paboueit apUCTOKpaTHH, Te€, HTO
rocTapiie, KOHeYHo, — ero 060skaH, MOMHUIIH C OJHOTO pa3a, Y3HaBaJld BO

MHE €ero CHYTHHLUY H CHpaBlsuiich 0 HeM. M oH 6BbUT ons HHX «OOMH
npodeccop». «Bbl ¢ 0JHHM MpodeccopoM cO MHOM OIHH pa3s exan, Tak Kak
OH?», TPH pa3a A0BEJOCH YCIBIILIATE.

B 26 ner on nonyuun Pokdenneposckyio cTunenauio U yexan B bepiun B
HuctutyT Mo u3yueHuto Mozra, OH CTal OUPEKTOPOM I3TOr0 HHCTHTYTAa,
BCEMHpHas cjllaBa cama MNpHIUIa K HEMY — OH 3a Hel He rossacsi. OH
octaBanics B ['epMaHuH, Korga Kk BiaacTH npuwen ['vmiep. Ero crapumii chin
ObUT YHHUYTOXKEH 3a Yy4acTHE€ B COMPOTHBJICHMH HalM3My, O €ro CMEpTH
JorafblBaJIiCh, HUYMEro He 3HANH, HAACSUIHCh, JKAAIM. YexaTb ObUIO Henb3s.
Camoro Hwuxomas BnagumupoBuua He Tporand. JKepTBamMH ONPHYHHHBI
CTAHOBATCA YETbIpE KaTeropuu JiofAci: mepBas KaTeropus — CBETOMH — HX
YHUYTOXKEHHE 3aCTaBlSeT MPUTHXHYTb Oonbllyio rpynmy maioaei, BTopas —
CBUJETENH TNpeCTYIUIEHHH, BOBJEYEHHbIE B KpOBaBYIO KYXHIO MOJIHTHKH —
MaBpbl, KOTOpble CAeNalnd CBOe feNo, TpeTbs — BlageabUbl Onar,
coOnasHAOIINX ONPUYHHKOB, YETBEpTas — H3HAa4YaIbHO 3alyraHHbIE,
MOMYaJBHHKH, ¢ WX  TOMOLIBIO  pasbilpbIBAlOT  MpPOLECCHl  Haj
HECyIECTBYIOIUMMH  3aroBopllivkaMd. Hukonas Bnagumuposuuya Morna
norybuTh NpHHAUIEKHOCTD K NepBOi KaTeropuu, Ho He morybuna. Hu k oaxoi
M3 Tpex [ApPYrHX KaTeropud OH He mnpHHaanexan. M3secTHwlil wiBeackHid
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reHeTHK ApHe MIOHLUMHT, mMoceTUBIUHH JleHHHrpax B cocTaBe KakoH-TO
Jeneraluy, pacckaspiBajl MHe, 4yTo OH 6bu1 B I'epManuy B 36 win 37 roay Ha
koH(pepeHUMH. 3acenanue 6bu10 npepsaHo. TpaHciaupoBanace peus 'mTiepa.
 Bce pomxner cros Momya ciaymarts. M Bce cTosiH, W cpead BceoOuIero
MO/4aHUs paspaics rpomoBoH ronoc Hukonas BragumupoBuya: “Wann wird
denn dieses Wannsinn endlich aufhdren?” (Koraa, HakoHeL, npekparurcs 310
6esymue?) OH roBopua Ha GepiuHckoM auanekte, aufhdren 3Bydano ufhoren.
Takux He caxatoT. C HUIMM HaBO3HIILCA. JIOBOBHO MOJTYaJIBHUKOB.

Koraa B 1945 roay bepnun nan, uuctutyt Hukonas Bnaaumuposuua
oxazanca B CoBeTckoM cektope. OH MOr ApanaHyTh Ha 3amaj, HO 3a HHM He
Obi10 HUkakoM BUHBI neped Poccuel, pycckoro rpakaaHcTBa OH He Obul
JHLIeH, cyAr0a ero chiHa Oblia HEW3BECTHA, H OH KAaj cBouX. Jla u He Geran
OH HHKOrAa — nopoja He Ta. 'ox ero He Tporamu. B 1946 roay k HeMy siBuncs
H.W. Hy:xauH — TOT caMbili, ecy NMOMHMUTE, — OJHA M3 CaMBIX MEP3KHX
¢uryp B MaHOMTHKYME JIBICEHKOBIUMHBI, COTPYAHUK B mpouiiom Basunosa,
Teneps, B 1946 rony, JIbIceHKO — B35 TMHUM APO30duI, NOMPOCUI 3aBEPHYTh
SIHKH C TpoOUpKaMH, e NOMEILAUCh KUBBIE MYXH, He B rasethl, a B
obepTounyio 6ymary, u yexan. Ilocne storo Hukonaa BraguMupoBrua B3smu.
B narepe oH moru6an ot nenarpsl, oyt ociaern. OH pacckasbiBajl MPH MHE
B.I1. D¢pormcoHy, 4TO Takoe Nemiarpa — €civ BaM PEI OS BONBIOT YaiiHYyO
JIOXKKY 4ad C TPeMA YaMHKaMM, OHa TYT JK€ CO BCEMH TPeMs YaHHKAMH BBIAIET
u3 Bac per rectum, — roBopuit oH ¢ upesBbIyaiiHoH 60apocThio. KakuMu-To
MHe HeBeIOMbIMH cyasbamM rnocie ABYX JieT NpeObiBaHHS B Jlarepe ero
OTBICKAJIH, IO NPHKa3y CAHOBHBIX TIOPEMILHKOB, TIOPEMILHKH HECAHOBHbIE YKe
NOJIyMEpPTBOro NpHBe3H B MOCKBY, KaK-TO Y2KaCHO JISUHJTH, KaXeTcd, clefloTa
— CJIEACTBHE He CTOJbKO 60/Ie3HH, CKONIBKO JIEUEHHs, U OTIPaBH/IM B LIapary,
re OH MOT 3aHHUMAaThCs Haykod. Ero jkeHa ¢ MIamIIMM ChIHOM MpHexaja K
HeMy B wapary u3 bepnuna, rae oHa pabotaia B yHHBepcuTeTe y HaxtcreiiMa.
Onu npoObutn B 3akmoueHHH 8 sieT. Enena AnexkcanapoBHa MNpHBesna B
Cubupp nuauu aposodpmn. Ho Bckope, B 1948 romy, oHH ObutH no
CTpoXailieMy TmpHKasy CBblle YHHUYTOKeHB.. B 1956 romy Hukonait
BnaguMupoBuy peabuiuTHpoBan'. I TPHCYTCTBOBala Ha €ro JOKTaje B

'Tumodeen-PecoBckuil Mo OKOHYaHHH CpOKa 3aKMOUYeHHA ObT aMHHUCTHPOBAH M
CTan XKepTBOM 4YyHOBMINHOM TpaBlMH CO CTOPOHBI JIBICEHKOBLEB H IPOYHX
TIPUCHTY)KHUKOB BiacTH. ECiyM ;s NpUCBOECHUA eMy CTENEHM JOKTOpa GHONOTHYECKHX
HaYK OKa3anci MOCTATOYHBIM JBOPUOBHIA MepeBopoT, cmeumienue Xpyuiesa, TO i
peabunuTauuy, yBel, norpeGosanock cobrITHe Kyaa 6onee 3HauuMoe: 19 aBrycta 1991
roga. He npouusio ¥ 1ByX MecALeB cO BpEMEHH HCTOPHUECKOTO PHIBKA, KaK 16 okTa6ps
«H3Bectua» coobmmnnu, uto «enepanpuptit npokypop CCCP Hanpasun B BepxoBHbiii
Cyn CCCP ceoii mpotect, rae noctaBun onpoc o6 oTmeHe npurosopa BoeHHo#H
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Mockse.  OH roBopus1 0O pe3ynbTaTaXx HCCIEAOBaHUH, BBITIOJIHEHHBIX HM' B
apare. 3aHUMaJIC OH pagHOCTUMYJIsiLMer pacTeHuit. Ha cBobone B bonbuoi
30HE €ro Hay4Has AesATeNnbHOCTh Npuobpena rpaHAHO3HBIH pa3Max. OH criepBa
obocHoBasics B CBepanoBcke. Ha IOxHOM Ypane B cka304HO KpacHBOM MecTe
y Hero Obina OHOCTaHUMA «MHACCOBO», 0a3HC B' MYCThIHE 3alyraHHbIX. A
HACENANM O0a3NC TMOUTH OfHM OBIBINME 33KW. BHOCTAaHLMS CTala MeECTOM
NaJIOMHHYECTBA YYEHBIX BceX cneudansHocTed. PaboTanu TaM ¢ yrpa Ao
no3aHeR Houu. HayuHblii cemuHap 3acenman kaxneidi Beuep. ITorom H.B.
Tumodees-Pecobcknit nepebpaincs B OOHMHck Kanyxckoit obnactu u
opranuzoBan B~ MHcTHTYTE MeOWUMHCKOH pagHoloTHH nabopaTopuio
palMalMoOHHOHM  TeHETHKH —  Uelbli  HHCTUTYT,  BEJIHKOJIEITHO
(bYHKLMOHHPYIOLIHA, Upe3BblyaiiHo auddepeHpoBanHbii. M aToMy neTuiny,
B3/IEJIESHHOMY Ha CKJIOHE JIET, cyxJaeHo Obuto morubHyTh. PazorHanu mno
npaMoMy ykazaHuio KI'B. [{axxe 6naroBuaHoro npemora He notpebopanocs. B
1971 romy Huxona#t BnagumupoBuu cran 6Ge3paboTHeiM. MupoBoe
ofliecTBeHHOe MHEHHE Ha 3ToT pa3 He cMonuano. Jlaypeat HoGeneBckoit
npémun envOprok npuexan B Coro3, yrtoOBl roBOpUTh C mpesugeHToM AH
CCCP M.B. Kengsiiem o Tumodeepe-Pecockom. Hukonait BraguMHpoBuy
OBl 3a4MC/IeH KOHCYIBTAaHTOM B MIHCTUTYT Meauko-GHoNOrHueckux npobaeM
AMH CCCP. Pacnopsxenue uuio u3 seicminx chep. Cyxy nmo Tomy, uto
CMEJIBIH 3TOT 1Iar He MOBpEAHJ Kapbepe JHPEKTOpa HHCTHTYTa — OH H30OpaH
akagemukoM. KapeepucThl 60snuch paxe 3HakOMHTBes ¢ Hukonmaem
BnaguMmupoBuueM. OT 3HAaKOMCTBa ¢  HHM OTKa3ajcs, B - YaCTHOCTH,
NpeycneBlIHi HAa4YaJIbHUK 3KCMENHLMH, B KOTOPOM DJHa C MEpBOro B3rfAa
pacnio3Hana mkeua. Ouens crpamuncs KI'b.

M.E. Jlo6awes, Bo3rnaBuB Kadeapy TeHeTHMkH JIeHHHrpajacKoro
yHuBepcHuTeTa, B 1958 romy opranuzoBan BcecorosHyro KOH(epeHLHIO MO
aKcnepuMeHTaNbHOH reHetuke. IlokposutenscTBoBan - KoHdepeHuun -cam
CToneToB — IIBICEHKOBELl, BENHKHI . AWIJIOMAT, HAyaBIUWH yxe TOraa
nepectpauBathca.. OH B KadecTBe MHHHCTpAa BBICLIETrO -00pa3oBaHHs Bemal
YHHBEPCHTETaMH M BO3[JaBIAN  Kabdeapy TeHEeTHKH  MOCKOBCKOTO
yHuBepcuteta. C ero paspeieHus JlobaieB mpurnacun BceX. JIBICEHKOBLBI
npeAcTaBneHs! B H306unuu. OTBepranock TOJNIBKO aHEKJOTHYECKH MOCTBIAHOE,
a TPOCTO MOCTBIAHOE HE orBepranock. Ho W reHeTwkH, BIOYas OOpLOB, Ha
yaHMBIIEHHE BceMy MHpY rnpeAcTasBneHsl — Panonopt, KepuuHep, DdpormcoH,
TuModees-PecoBckuii. Te3uchl noknamoB HameyaTaHsl. B camblii KaHyH

komternn H. TumodeeBy-PecoBckoMy M 0 mnpekpalieHHH YroJIOBHOrO Jlena  3a
OTCYTCTBHMEM B €r0 IICHCTBMﬂX COCTaBa MPECTYIUICHUAY.
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KOH(EpPEeHUMH MBI Yy3HauH, uTo mno pacnopsxendto 1K koHdepenuns
3anpeuieHa. CbexaBlyecs YYaCTHUKH O€3pONOTHO pa3beXaiich.

Jpy3ps yropopuan Hukonas BnaguMupoBHuYa 3auiimate IOOKTOPCKYIO
aucceprauuio. boraHnyeckuit HHCTHTYT AkageMun Hayk CCCP npuHan ee k
3alIuTe, M 3allHUTa cocTosack. beuto ato, kaxercs, B 1960 rony, oH etie Torna
xun B Csepanoscke. Paborta mocsAlieHa BEPHAACKOIOIHH, KaK OH TOBODHIL
Tosexo Beicmas Atrectanmonnas KoMuccHs He cobupanack npucBauBaTh eMy
cTeneHb. XpyIleB y BACTH, JILICEHKOBIIMHA MYXajla CHOBA, M He BHAATh Okl
Tumobeeny-PecoBckoMy cTerenu AOKTOpa, He Ciiyyuch B 1964 roxy Masoii
OKTAOpBCKOI pPeBOSIOLIMH, KaK Ha3biBaliM MbI cMelmenne Xpyumesa. CHoBa, Kak
B 1953 ropy, xorga ymep CTaiMH M KAaiM KpPYTOTO TNOBOPOTa HCTOPHH,
NBICEHKOBUB! 3agpoxkand. [eHeTuka nouwia B ropy. CraTes 3a craTheil
MOABJISUTHCE B ra3zeTax B ee 3aliuTy. [ToBOpOT Kpyye, Kyaa Kpyue, YeM AecsTh
net Ha3ad. [ozel uapcTBOBaHMA XpylleBa — BpeMs, KOTAa AepkaBHbie Opa3nbi
ObuTH ocnabieHbl, — Jajii BO3MOXKHOCTb YYEHBIM ApYTuX crienuaibHocTei
MOMHMMO TeHeTHKH — (H3MKaM, XUMHKaM, MaTeMaTHKaM, KMOepHeTHKaM —
BBICTYIIUTh B 3aUIMTY TeHeTHKH. M Temepp, HakoHel, CIyUIEHO YKa3aHue
BOCCTAHOBHTb I'€HETHKY. : '

Ho neperyr B cTaHe JIICEHKOBLIEB MEHbIIE, YeM Torga. Toraa OHH XKAalu
KpoBaBoii pacnpaBbl. Tenepb HpaBbl CMATYHIIMCH, @ U OHH 3HaJIH, KaK HY)XHO
neHcTBOBaTh, 4TOOBI ynepkaTh Biacts. HyxxHo mepxaTth Hoc 1Mo BeTpy, HaTh
HeMeUTeHHbIe COTHAHBIE CBHAETEBCTBA CBOEH JIOSJIBHOCTH.

Beicitas  ATrectauvoHHas KoMuccus, Bcs HAacKBO3b - MPOHH3aHHAs
MeTacTa3aMH JIBICEHKOBLIMHBI, MPUCBOMIA CTENEeHb NOKTOpa OHOJIOrHYECKHX
Hayk HOeHCTBUTENBHOMY wWieHy naByX eBponeiickux Akagemuii Hukonaro
BnagumupoBuuy TuModeery-PecoBckoMy.

B 1966 rony s pabotana B UHctutyTe upronorud v renetuku AH CCCP B
HoBocubupcke u 6bu1a uieHoM ero YueHoro coseta. Ha 3acemanun Cosera Mbi
BBIJBHTaH KaHIHAATOB 10 T€HETHKE, 5 CKa3aja, YTO HaM CIE€AYET BBIABHHYThH
Tumodeena-Pecosckoro. }0.5. Kepkuc cka3san, 4To ero cieayeT BbIABHHYTb,
HO He Mo TeHeTHKe, a mno Ouodusuke. Jouuto neno no 6uodusuku. U
npenectHas Hunen BopucosHa XpucromoboBa ckaszana, 4yto 310 Oyner ee
kanaupatypa. Ho TyT Beictynuna I'anuna AnppeeBHa CTakaH M cka3sajia, uTo
OH, KaXeTcs, cOBepilias HemaTpuoTHueckue noctynku. A Onera MBaHoBHa
MaiicTpeHko ckasana, yto oH un B damuctckoil I'epmannn. M 1Ommit
Ocxaposuy Paymen6ax BRICTYyNH M CKa3ai, YTO OH OTKa3bIBACTCS BBIIBUTaTh
TAKOro 4YejnoBeKa B akafeMuKW, W 3amaupekropa IlpuBanos x Hemy
MPUCOEANHHUIICA.

Torpa 3aroBopuna 3os CodponseBHa Huxopo. Osa ckasana, 4To fa,
Huxonaii Brnagumuposud »xun B [epMadud M paGoTan B UHCTUTYTE
PoxdemnepoBckoro ¢oHna, U oH He BepHyiacs. «Ho mocMortpena 6b1 1 Ha
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yeMy. Ho oH . eBpeif, a kepTBa COBETCKOro eBpes Ha aiTaph
BEPHOTIONIAHHHYECTBA JIO/KHA OBITH He MpocTo OOHIIBHOH, a B3NenesHHON y
camoro cepaua. Canranuk ckazan: «Tumodees-Pecosckuif MOr ¥ noskeH Gpin
BepHYThCH 3aj0iro a0 1937 ropa, ewme Toraa, KOraa HUKakod OMacHOCTH He
6put0. A OH moexan B mpodalucTckylo 'epManuio U octasica TaMm. Buano,
tamnsm Gonplie ycTpaHBal ero, YeM CTpaHa CTPOSLIErocs couManuiMay». Ero
npepsana Hunen BopucosHa. OHa ckasana, uTO CHHMAeT CBOIO KaHAUAATYDY,
TaK KaKk He XodyeT mnozaeepraTe Hukonas BnagumupoBuya Takoro poaa
Hanagkam. M Tyt BcTpsna 1. S cka3sana, yro Hukonaii Bnaaumuposuu noexan B
1926 romy He B mpodamncrckyio I'epMaHHIO, a B CTpaHy, HaXxOAMBILYKOCA
HaKaHyHe KOMMYHHMCTHYECKOH pEBONIIOLMH, CTpaHy, KOMMYHHUCTHYECKas
napTHs koTopoi 6blia caMoi cHiIbHOH K3 mapTHH EBpomnsl H Bo BceM MHUpe 110
YUCJIEHHOCTH ycTynana Toibko naptud Kutas. Ilobega damusma B ['epmanuu
ceepiimnack He 6e3 ydactus Coserckoro Corosa. POKOBYIO posib ChIrpaso To,
YTO TJIaBHBIM BParoM KOMMyHH3Ma Obul 00BsBleH He HalM3M, a coluan-
JeMoKpaTHs. BocrnpensTcTBoBaB ~00pasOBaHHIO €OHHOTO (POHTa MPOTHB
Hauusma, CranuH cnocoberBoBan nobene 'mriaepa. Bonpoc o marpuotusme
Huxonas Brnagumuposuya Heseno craBuTh. OH M €cTh TO, M0 OTHOLIEHHIO K
YeMy HaJJIEXHT ObITh NaTpHoTOM. B dammcTckoi ['epMaHmu OH roTepan ceiHa
— yvactHHka ConpotueiaenHs. KM ecnn Hunen bBopucoBHa cHUMaer
KaHOUJaTypy, TO i ee BblABHraio. JIBa Monoapix yenosexka — IllymHBIH U
EscHkoB — noanep:xanu kauaunatypy Hukonas Bnanumuposuya.

Hupekrop uHctuTyTa JI. K. Benses mo Tod mopel momuan. OH Bcerna
BBICTyN&Jl B POJH  3aKyJIHCHOTO- JHpHXepa Tearpa  MapHOHETOK.
JurnioMaTHueckye ero cnocoOHOCTH pa3BHTHL 10 HempaBaonoxobuii. Tenépb
OH CKa3an, YTO, BMAZ BO3HHMKAIOLIKe Pa3HOMNIACHA, OH AYMAeT, YTO HaM He
CleflyeT BBIABHTaTh HUKOTO 10 OTAeleHHI0 GHOGH3HKHM. DTO MpensiokeHHe
npouno 60nbWHHCTBOM ronocoB. A 3oto CoppoHbeBHY «npopabaTeiBain» Ha
ocoboM 3acenaHHH. MeHs ke He Tporai, He 3Halo yX, moyeMy. Ito OpUIO He
nepeoe BoicTymenue 3ou CodpoHbeBHBI, NOCIE KOTOPOTO ee NpopabaThiBa.

Ewe B 1963 rogy, no cHatus XpylieBa, OHa Ha 3aceJaHHH, korja ObLio
NpenioKeHo co31aBaTh 6pHrajsbl KOMMYHHCTHYECKOTO TPYZAa, CKa3ajia, YTO Mbl
He JOCTOMHBI BBICOKOIO 3BaHHs, YTO BOT B CTpaHe rojiof, xjeba He XBaTaeT,
NpHYKHHA ~— HEBE)XECTBEHHOE TUIAHHUPOBAaHHE CENBCKOTO XO3AHCTBA, a Mbl —
CMELHATHCTBl MO CEJNBCKOMY XO3SHCTBY — MOJYHMM. 3Has, 4To AenalTcs
SBHbIE OLIMOKH, MBI Jaxke He MbITaeMcs HX HCTIPaBUTb. ‘

Ona roBopuna, 3an, Hy He Bech, a TPH YETBEPTH MOXKET OBIT,
amonupoBany. U torga seickounn Ha Tpubyny JLK. Benses u rosopun Bce,
uro eMmy Obut0 OBl MpemIOKEHO TOBOPHTb, HMeH OH  Bpems
MPOKOHCY/IBTHPOBaThCs B paiikoMe. Cri0Ba «JIeMaroruyeckoe BhICTYIJIEHHE C
LIeJIBIO COpBATh arIOANCMEHTBI» GUTYPHPOBAIH B €TI0 BhICTYIUIEHHH. OH o4eHb
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KpacHBbli, CyXOH, les y Hero He TOJICTasA, CKOpee TOHKas, H OHa Jeprajgach B
HEPBHOM THKe, OT yrJjla pTa k Kkmouydue. A nocie storo 300 CodpoHbeBHY
«npopabateisanmy». U F0.I1. MuproTa — COTpPYHHK HHCTHTYTa, YJieH MapTHH,
3HaBuHi 30t0 CodpoHbeBHy N0 ['OpbKOBCKOMY YHHBEPCHUTETY, Flle OHH BMeCTe
paBoTanu 1 OTKyZa ee BBIPHaNM B 1948 rofy, — cKasa, 4TO OH BCerjia CYHTAJ
ee BpeauTesieM, HeNOBEeKOM Oe3HpaBCTBEHHbIM. 3HAIOT JIM MPHCYTCTBYIOLIHE,
4TO OHA IO BEYEpaM B pecTopaHe Ha posse urpana? — A oHa JeHCTBHUTENBHO
urpaa, ¥ 31o 6bUT € JUHCTBEHHBIH 3apaboToK, Mocje TOro, Kak €€ BBITHAIU. A Yy
Hee Tpoe CBOHX AeTel ObU10 U ellle CKOMbKO-TO NPHEMHBIX.

Ho Tyt npucyTcTBytomue 3a6biid 0 CBOEM MapTUHHOM JOJITE 3aHHMAThCS
nepesocniutaHueM 3ou CodpoHbeBHBl, Habpocwiuch Ha MHUpIOTY, U €My He
no3gopoBwiaock. TeM 3To mozopHule M KoHuwinock. Ho 1o6uneli 3ou
CodpoHbeBHbI 6bIn. 0TMEHeH. Hu odHLHanbHOrO 4ecTBOBaHHA Ha Y4EHOM
coBeTe, HH O(HUUMATBHOrO YBeIOMJEHHS O lobwiee BceX TNOTEHUMAIBHBIX
nosapasutened. Torga Mpl — ee KOJUIETH M YYE€HHKH — CaMH OIOBECTHIIH
KO0 Ha/Io M YCTPOMJIH TAaKO€ YeCTBOBaHHE, KAKOe U He CHUJIOCh CAHOBHBIM.

B 1970 roay Huxonaio BnaguMupOBUYMY HCIOMHWIOCH CEMbIECAT JIET, H
MockoBckoe 06uIecTBO HCNBITaTeNeil MPUPOABI MpPa3fAHOBAIO €ro roOuneit.
O6uneit HasHaumna M AkageMus Hayk. IlpurnameHus —pa3ocnaHsl,
JOKIAM4YMKH TOMMEHOBaHbl M HarieyaTaHbl Ha3BaHMA OOKIAZoB. A TIOTOM
robuneii ormenwin. IlpencraBnsio, 4YTO coAepkamM AOHOCH, KOTOpbIe
TIOCJTY>KWIIH NpU4YHHOK 3ToH oTMeHbl. M Torna-Tro Bopuc EBceeBnu BrixoBckwmii
— akageMHk-cekpetaps buootaenenus AH CCCP, k koTtopoMy 5 U3
U3qaTenbcTBa B 300JI0THYECKMH HHCTMTYT MOLUIA W KOTOPOTO ciy4aifHo
3acTaja, CKasajl B BHAE LIYTKH, YTO BOT CErofHs roOuyiel OTMEHAIOT, 3aBTpa
CChIIAThCA 3alPeTAT. DTy €ro MIIYIO LIYTKY CIbllian AUpeKTop MOCKOBCKOro
oTaeneHus usnatenbcrBa «Hayka», WM Ooluia OHa JO HEro 4epe3 TPEThH
PYKH, U OH MpHHAJ e€ 33 JUPEKTHBY U CIYCTWI M0 MHCTAHLUMSAM. BbIXxOBckHii
mor o6 3TOM U He 3HaTh.
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I'enetuk 1 3Bo10nHOHACT Panca JIbBoBHa Bepr

MUXAWJ TOJIVBOBCKUH

Bcio sicusno s nepexoduna om 00no20 yousnenus x opyaomy...
Hem nuuezo yenexamenvnee, cradocmuee, azapmuet,

yem paspywums eceobujee ybexcoenue

u 6Mecme ¢ Hum ceoe cobcmeaenHoe.

P.J1.Bepr. Cyxogei.

Ectr 101, 0 KOTOPBIX X04eTcs cka3ath: «SIBnenue [Ipupoasi!».
TakoBsot# 6b11a ¥ ocTaercs B naMaTH Pauca JIbBoBHa bepr.

Omnucate COBaMHU €€ 3aBOPAKMBAIOLLYIO MPHBIICKATENEHOCT CTONb JKe TPYIHO
WIH jpaxe OesHalexkHo, Kak Bepbanu3oBaTh kpacotry 6Oammaa Illomewa,
KpPacO4YHO-4yBCTBEHHble COMTHS Ha kaptvHax KinumTta WiH komOHHaiMIO Ha
axXMaTHOH J0CKe. '

Ha cemuHape, B mo6oM coobuiecTBe Bbl cpasy BbiaensinH Paucy JIbBOBHY -
MO  MHTEJUIEKTY, MO TIPYAHOMY, C  3MOLMOHAIBHBIMH TeMOpPOBBIMH
niepenuBaMH, rosocy, no ocoboit MaHepe ABHXKEHMH, nMoBeneHus n Goratoii
nadgocHOH pe4dH, TZe BOCMapeHHE K BBHICOTAM 3HAHMI coyeranoch ¢
TNPHUCIIOBUAMH H TEPNKHMH CJIOBEYKaMH, HACKOJBKO I3TO MO3BOJIUTENBLHO
KEeHILHHe. AHAIOTHYHO, B MO60H ay ITMTOPHH BMHI 3aMieyaT/ieBalach JUHYHOCTD
TumocdeeBa-Pecosckoro. HenapoM 3TH fABa reHeTHKa CTajlH COaBTOpaMH
nmaMsTHOH - ctathM 1961 r. o myTsax 3somouuH redoruna B "IIpobnemax
kubepHeTHkH" (BBIN.S).

Kpacota Guopa3nooOpasus, CIOXHOCTb MyTeH O3BOMOLMHM M TOYHOCTh
3aKOHOB TeHETHKH OblmH moanuHHOH ctpacThio Pawichl JIbBoBHBI. 3pech oHa
3Hajla M MOHUMAaJa Bce. JTa CTpacTh, MHE KaxkeTcs, Obula HaclIeACTBEHHOH WIH
BPOXAEHHOH, HO, HECOMHEHHO, M HMMIIPECCUPOBAHHOH B paHHEM [ETCTBE
HHTEJUIEKTYaJIbHOH aypoif M OKpYXeHHeM ee OTLa, BBIAAIOLIErocs 300Ji0ra-
9BOJIIOLIMOHMCTa H reorpada akagemuka JIbBa CemeHosHua bepra, aBropa
M3BECTHOM KOHLIETILIMK HOMOTEHE3A.

Co crynenuectsa PJI npoHukiace HaeaMyu M TPaAHUMAMH NeTepOyprekoi
WIKOJIBI SBOJIIOLMOHHON reHeTHKH BO rnae ¢ 0. A. @uiumuenko u H. H.
BasunoebiM. Eme 10 oxoHuaHus kadenpbl reHeTHKH OHa Hadayna paborathb
BMecTe ¢ OyaymuM HoOesleBCKHM J1aypeaToM MesiepoM, koTopblit B 1927 . ¢
MOMOILIBIO XPOMOCOMHOH HHXEHEPHM CO34an METOA  IMOJIyYeHHd |
KOJTMYECTBEHHOTO aHaTH3a MYTaLMH B OMBITE H NMPHUPOJE.
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Cynbba MyTtaumii B npupome ctana nobumoii temoit Pauchkl JIbBOBHBL
ITocne oTKpbITHA BCmbILIEK MyTalMH B AHKHX IMOCENIEHHAX ApO30(dHI OHa He
TOJBKO TMOATBEpAMIA MNOJOXKEHHEe Kilaccuka TreHeTHKH aAe @pmuza o
HEpPaBHOMEPHOCTH TeMIa MYTaLHii BO BpPEMEHH, HO H OOHapyuia peHoMeH
mMoabl Ha MyTalu. B Havasie 40-x rr. Pauca JIbBOBHa Nepeliia B MOCKOBCKYIO
JokTopaHTypy K akagemuky M. W. IlImanerayzeny. Takum obpa3oM, oHa
npHodLMIack H K MOCKOBCKOH 3BOMIOIMOHHON mkose. K pasHocTopoHHEMy
Te3aypycy Paucel JIbBoBHBI Hago n006aBHTh COBEpILEHHOE 3HAHHUE €10 TpEX
eBponeickux 3bIkoB. PJI okoHumna Hemeukywo "Pedopmupre LHlyne" B
JlenuHrpane.

Ecte TpH BOCXOnslME CTYNEHH MO3HAHHA - MPOCTO 3HaHHE O 4YeM-nHbo,
NOHUMaHHe TOro, YTO 3HACIlb, W, HAKOHEL, MOLMOHAJIBFHOE OTHOLIEHHE K
NOCTUrHYTOMY B paMKax LEJIOCTHOH rapMOHH4HOH KaptuHbel. HepapoM B
nepeoii dpaze wiIaccHueckoit CTaTbU MOHALIECKH CTPOroro Meupens CToAT
cjoBa "nopasuTeNbHas 3akOHOMepHocTh'. Ha BepmiMHax 3MoOLMI BO3HHKaeT
YYBCTBO, KOTOPOE€ HCTOPHKH HaykH METaQOpHYECKH Ha3BalH "CHHAPOM
ITurmanuona". TBopel MPOHHKAETCS KHBBIM HYBCTBOM K MOCTHTHYTOH WIIH
CO3aHHOH KpacoTe, kak [IurmanuoH 6bu1 3aBopoxeH I'anateei.

MHorum npuxoaunoch cnymars, kak Pauca JIbBoBHa ¢ ynoeHweM wacamu
pacckasbplBana .0 TaiHaX KOPpPENALMOHHBIX IUIes[ y pacTeHHH, o BHAaX
nonmuMopdusMa, 0 Moae Ha MyTalMH, KOraa B pa3oOIIeHHBIX MOCEeNeHHsX
Ipo30¢Hun BAPYr CTAHOBWJIOCH MOAHBIM  kentoe Teno (yellow), cMeHsACH
3aTeM Ha HCKpHBJeHHoe Opiomko (abnormal abdomen) wnu onanenHsie
metunky (singed). Kanpuparckas aucceprauusa Owina 3amMinena Pawucoid
JIeBoBHOI B 1939 r. TekcT OBl TIATENEHO BBIBEPEH, MALIWHHUCTKA JOITYCTHIIA
Bcero omHy omubky. Ho 3ato  kakywo?!  Bwmectro  nomynaumit
"PA3OBIIEHHBIX " 6pu10 HanewataHo PA3BOBJIAYEHHEIX... Takoe Obuio
CYXOBEifHO€ BpeMs.

Cunngpom IlurManuona nposensuics ¥y Paucel JIbBOBHEI HE TONBKO MO
OTHOLUEHHIO K COOCTBeHHBIM paGoTaM, HO M K TMpO3PEeBaEMbIM €10
JBOJIIOLIHOHHBIM _CJIEACTBHAM - XKEMYy)KHHaM B paboTax KoJjier W Opyrux
aBTopoB. MccriemoBateny Hepeako, BpoAe KpPBUIOBCKOTO MeETyXa, CaMH He
3aMeqay 3TH KeMUYXKHHBI B "HaBO3ZHBIX Kydax" HoOBITBIX UMM dakToB. Wnu
xe ObUIH He CTIOCOOHB! MOAHATHCS HaJ HUMH H BO3SHECTHCH K 3BOJIIOLIHOHHOIM
cemaHTHKe. C BBICOTBI CBOEro 3BOIOLIMOHHOro BuaeHHs Pauca JIpBOBHa B
1967-70-x rr. Hanucana no npockbe pegakuuu "3Hanue-Cuna" MomyJspHble U
noHelHe 3cce "[loueMy kypuiia He peBHyeT?" , "UeM Kollka OTJHYaeTcs OT
cobaku", «Koppensaunonnsle esansy. C Tex nop npouwto donee 40 net, HO
10 CHIO NOPY 3TH 3CCE BBINIAAAT CBEXKO M KPEMKo, kak OyATO UX He KOCHYJach
natuiHa BpeMmeHH. OHH ammuuuMpytoTcs HbiHe B MHTepHeTe Ha MHOTMX
cafTax. ‘
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B 4em 3pmeck cekper? PackpbiTe riy6OKOro 3BOJIOLIMOHHOIO CMBICHA
3HAKOMBIX BCEM ()AaKTOB M ABJIEHMH co4eTaloch B cTaTkiaxX Paucel JIbBOBHEI ©
H34LIECTBOM M BHYTpeHHeH cBobopmoil moBecTBoBaHMA. BoT Hauamo opHoit
NonyJIApHOH CTaThu: «Ecau 2 HAO yem-HubyOb Oymaio, MeHs uHmepecyem He
MOAbKO cam npeomem, HO U MHEHUsS J00ell 0 HeM.

A buonoe, a Oymaio s 0 JHCUSHU U CMePMU, U NOYEMy OHU eCmb, U KaK bbl
amo moeno bvimb uHaye, u novemy 6ce max, a He uHaue, U Henb3d Au
uchpagume mo, YmMo S6HO YCMPOEHO hA0X0, U He OyOem Ju om 3mux
ucnpaenenui kaxou 6edbl». DTOT CTHIb SPKO MpPOABWICA H B M3BECTHBIX
memyapax "CyxoBeii". S He 3Hal0, Kak ONpeOe/IUTh KpemocTb U
OPHTHHAIBHOCTH CJIOTra, HO CPeAH XEHCKHX aBTOPOB B PYCCKOii Ipo3e psaaoM ¢
Paucoit JIbBOBHOH MOXXHO MOCTaBUTh JHIIBP HECKOJBKO HMeH: 3uHaupa
Mannuyc, Mapuna lperaesa, Hane:xxna Mangensiitam, Huna Bepbeposa. A B
9KOJIOTHYECKOH HHILIe Hay4YHO-XYAOXKEeCTBEeHHBIX 3cce Pamca JIbBoBHa mouTH
HenpeB30oHeHHA, BKJIIOYas U MHOTOYHCIICHHYIO MYXCKYIO MOJIOBHHY.

BoBce He nerko ¢ xofy Ha3BaTh IJTaBHOE THUIIOBOE OTIHYHE KOIIKH OT
cobakH, 110 OTHOLIEHHIO K KOTOpOMY BCE OCTAJbHOE BBICTYMaeT Kak hyHKLus
WM npousBofHoe. PJI neMOHCTpHpYeT 374ech JIOTHKY 3BOJIOLMOHHOrO
noaxoJa, onupaiach Ha KoppensuHoHHble npuHLUMNEl KioBre. IlepBonpuunHa -
B TexHomorud noObiyu numm. Cobaka - mpecnenyeT JKepTBy, KOIUKa -
noAcTeperalolii xUIHUK. OTcroaa HAYT KoppeIsaLHOHHbIE TUesabl pa3InyHii
B TMOBEISHHUH D3THX 3Beped - CyTHHKOB 4enoBeka. [lanee uutupyro Paucy
JIeeoBHy: " Cogepuiue ce6ou omnpagnenus, Kowka Oelicmgyem muyameibHo U
axxypamuo. Cobaxa 6 moi xce cumyayuu nocmynaem unauve. Jea-mpu
HebpedcHuIX 08UdICeHUsl 3a0HUMU Hozamu, kak b6yomo Ha noxcap chewum.
Obepuymucs cobaka He 0aem cebe mpyoa. Pumyan cosepwaemcs ghopmansvHo,
MOXCHO cxazamy, Olopokpamuyecku... 3amausamucs, umobvl Obimb CoiMol,
cobaxe 8 ee UCKOHHOM COCMOSHUU HE Npuxoounocb. Bowv, wym - eii ece
Hunoyem. Yucmonnomuocmv cobaxu - eecbma omuocumenvna. Iloam, y
xomopozo becenok zosopum: «f cam 6 Henacmwe naxuy ncunow// H wepcmo
JUDICY neped OzHeMy, - OuWUbQICA: 3anax NCUHbL U BLLAU3LIBAHUE wepcmu - "0ge
gewu Hecoemecmuvie”, 00Ha - cobauws, Opyzasn- kouwauss. Tom, kmo nuscem
wepcmy, He naxHem Huuem, uHaie 3avem bvl OH cman cmapamucs”,

PJI, npeBocXoqHO 3HaBIlUas HaU3ycTb MHOroe U3 bioka H ero okpyxeHus,
UMTHPYET H KOMMEHTHPYET 3[eCh HU3BECTHble CTpokH 3WHaHAbl ['MIOnMyc M3
ctuxa "JIpaBoneHoK".

,HOKTopCKaﬂ aucceprauua Pauckl JIbBoBHB! OblTa MOCBAILEHA CTAHOBJIEHHIO
KOPpeNALMOHHBIX TUiesa y pacteHuid. ITox 3THM TepMHHOM, BBEIECHHBIM B
ouonoruio 3oonorom I1.B.TepeHTheBHIM, MOHMMAIOT HE3aBHCHMBIE APYr OT
Opyra rpynIsl KOppeTHPOBaHHBIX Apyr C JpPyroM TMpu3HakoB. Y
HACEKOMOOIBIIAEMbIX PacTeHH  pa3Mep LBETKAa M COrJIaCOBAHHOCTh €ro
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2JIEMEHTOB  TE€HETHYECKH [eTePMHHHPOBAHBI M HE 3aBHCAT OT YCJIOBHH
NpOM3pacTaHHsl pacTeHHs, CTeleHH pocTa ero BereTaTHBHBIX 4YacTeif, HO
CTaHJApTH30BaHbl K pa3MepaM U CTPYKTYpaM OPraHOB HacEKOMOTO.

3peck OHosor BcTpeyaeTcs CO CTaHAApTHOH opraHu3ainueii MpOCTpaHCTBa
MM ¢ ero XOpoJOTHYECKHM TMOCTOAHCTBOM. Bepr chopMysHpoBana BaxHblit
OBOMIOLHOHHBIH  MPUHLMIL  CTAaHJApTH3allMd  vacTedl  opraHusma, Hx
NpPOCTPaHCTBEHHOE TMOCTOSHCTBO HabmiopgaeTcs Besne, rAe pa3oOIeHB
hopMmupyomHe H 0oTOHparolLHe $HaKTOpb! Cpeabl.

B cnydasx KoppenaLHMOHHBIX MiesA MPOHCXOAUT KOHTPOJIb OJHHUX yacTei
OpraHu3Ma HWiH MpPH3HAKOB CO CTOPOHBI APYTHX 4YacTei, kakaas ocoOeHHOCTh
noJBepraeTcs HCMBITAHHIO B €€ COYETaHHH CO Bcel opraHu3aldel Buaa.

OBOMIOLMOHHBIH CMBICST CBOMX HccnenoBaHui Pauca JIbBoBHa Bhipasuia
YOMBHTENLHO SACHO: «f cmasuna neped coboii 3a0a4y noHsame 03HUKHOBEHUE
He3asucumocmu 6 npoyecce sgomoyuu. Hezasucumocme, kax npucnocobrenue.
Abcyponoe crosocowemanue? Hem. Hezagucumocms om 0OHUX KOMNOHEHMOS
cpedbr obecneuusaem npucnocobnenue k Opy2um KOMNOHeHmam cpeobst. B unbix
CAYYaAX Om cmpo2ocmu CmawHOapma 3a8uUCUM  JICUBHb UAU  CMepMb.
Koppenayuonnvie nneaovt Tepewmvesa s paccmampueana 6 ceeme
cmabunusupyrowezo omoopa Llimanveaysena. M camy smy meopuio s epHyna k
ee uUCMOKaM, K NpUHYUnam 2emepoHOMHOo20 pocma. IlImanveaysen cam we
nodyepxueaem Hu20e 3moil C6A3U CEOUX KAPOUHANbHBIX ulel. Moe Odeno
ucmopuxa Hayku 6ckpbims ee. Jgontoyus onmozenesa! Ilogviuenue 6 npoyecce
380MOYUU CIMENEHU HE3ABUCUMOCMU OOHUX Hacmell Op2aHu3Ma no OMHOUEHUIO
K Opyaum uacmam mo20 Jice op2anusmal.. 2eHvl, omeemcmeeHHvle 3a
He3a6UcCuMoCmos OOHUX Hacmeli N0 OMHOWEHUIO K Opy2uM Hacmsam, oawom
ceoum obradamensim waHcol 8 bopbbe 3a JHCU3Hb, YEEAULUBAIOM BEPOAMHOCMb
ocmasums nomomcmeo? A paseadana, 3auem HYJCHA HE3AGUCUMOCMb U KAK
obpazyemcs ona 6 npoyecce ombopa Haubonee cmabunvnolx cocmosnui. ( U3
kHuru «CyxoBei».)

Pauca JIbBOBHa moka3ana BCEOOIMHOCTh MPHHLMNA KOPPENSLHOHHBIX
TUIesA BIUIOTh A0 CIIOXKHBIX OPM MOBENEHHS KUBOTHBIX. M maxe u1s yenoBeka
HE3aBHCUMOCTb MOPAJIbHBIX KPHTEPHEB B pa3HbIX chepax GBITHA OTHOCHTCA K
TOU e caMO# 00ylaCTH SIBNEHMI; YTO U HE3aBMCHMOCTH pa3Mepa LBETKa OT
pasMepa pacTeHMs B LelOM. XapakTep OTHoOlleHMH B cdepe mnona, mno
BBICTPaflaHHOMY MHeHHI0 Paucel JIbBOBHBI, B OCOOEHHOCTH HE MOJYHUHEH
KOHTPOJIIO CO CTOPOHBI TeX KAaTeropHYeCKUX HMIIEpaTHBOB, KOTOpbIE
yNpaBsAioT 0011ECTBEHHbIM NIOBEJCHHUEM Ye0BeKa.

BrisBneHHe KOppesLMOHHBIX - Miedn NpoBoAwiock bepr Ha OCHOBaHHMH
CKpYNYJIE3HOTO CTaTHCTHYECKOITO aHana’a M3MEHYHBOCTH 4YacTel pacTeHHs H
ux corsacopaHHocTH. Ho atoT, kaszanock Obl, cyxoli GuoMeTpuueckuii aHanus
He TOJNBKO He 3aCTHial KpacoTy GOpM >KHBOH MPHPOAbI B LIEJIOM, HO BbI3bIBal
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eute 6Gospmyro skcmpeccHro 4ysBcTB. Pauca JIbBoBHa o6najana penxoit
NO3THYECKOH CMOCOGHOCTBIO BepOaTbHOTO OMMCAaHMS  YYBCTBAa KpPacCOTBI.
Lutupyro n3 craten «KoppensuvoHHsle nnesnpl: «Ljeemox, ecau cmompemo
HA HE20 8 OUHOKYAAP, - OOHO U3 CaMblX 60CXUMUMENbHbIX 3penuty. HYucmoma
KDACOK, OPUSUHANbHOCMb U UOEANbHAA BbIOENKA DAKMypbl, (PeHoMeHanbHoe
bozamcmeo OMMeEHK08, UCKYCHAR Op2aHU3AYUA YBEMOBLIX NOGepXHOCMEd -
CNOKOUHble OOHOMOHHble Oonbuwiue NIOCKOCMU U PAOOM Kpan, 2iasku.
Ommbigku uepedylomcsa ¢ peskumu OYepmManuIMy, yeemoavle KOHMpPAacmel €
HeJXCHOCMblo hepexoda om ysema k ysemy. Cmenocme u paswoo6pasue
gneuamnalowux npuemos. brecmawue u mamogvie NOGEPXHOCMU, Mepyarue U
HeJCHeliwiue — Onywenus,  6oaaWbl,  baxpoma,  KaHmbl,  UIOWPEHHAA
u306pemamenvHOCMb 8 6APLUPOCAHUYU POPMY.

CunnpoM IlMrmMainoHa no OTHOWIEHHIO K CO3JaHHAM TNPHPOIbI APKO
npossnsnca y Pauce! JIbBOBHBI M B €€ COBEPLIEHHO YHHUKAJIbHOH COCOOHOCTH
HEAPO M BCETIacHO BOCXHMIIATBCA TATAHTaMH JAPYTUX JIOJeH U NPUBIeKaTh UX
B CBOH 10M, Oyab 5To B JIeHMHrpaze, WM B HOBOCHOMPCKOM AKaJeMIrOpOJKe,
nwm Ha cpeaneM 3anage CHIA B Cenr-Jlyuce, umu B MaleHbKOM JOMHKE Ha
okpauHe Ilapuxa (B mocienHue rombl ku3HH). Ee KsapTHpa Bcerma
CTAaHOBHJIaCh CAJIOHOM HWHTE/JIEKTYasIOB, XYAOXHHKOB, MO3TOB, apTHUCTOB. B
AKafeMropogke €€ Hay4yHbIMM ¥ JpYyXeckuMHM cobecenHukamMu Obuin
M3BECTHBIC MaTEMaTHKH M KHOEPHETHKH, JIOAH APKOH MHAMBHIYaIbHOCTH —
A.AJlanynos, HW.A.Iloneraes, A.H.Qer, IO.U.Kynakoe. B Mockse u
Jlenunrpane — akagemuku A.A.Caxapos u JI.B.Kantoposuy, noat Anekcauap
lanny. Ha ee nave B Komaposo xun B nepuod roHenuit B CCCP noat Hocug
Bpoxnckuii, 6ynyumi HobenesckHii naypear. '

[Ipuberny k MeTadope, COCOOHOH XOTh Kak-TO OMUCATh CTHIb XH3HH M
nuyHocTh Pauchl JIbBOBHBL. — «TpH OEBHLBI MOL OKHOM MNPSAH NO3AHO
BEYEPKOM» M Ha3BAIH CBOW 3aBETHble kenaHHA., OfHa - Ha BEeCh KpelCHbIH
MHp MpPHroToBHNa 661 NHp, Apyras - HaTkasa 6bl NOJIOTHA, HY a TPEThS- poauIa
Ob1 Goratbips - ee ¥ BblOpan uapb. Tak BoT, Panca JIbBOBHa HEMOCTHXKHUMBIM
obpasoM Bomsiowana coGo  ONHOBPEMEHHO BCE 3TH TPH BEYHBIX JKEHCKHX
HIoCTacH.

OHa HchbITHIBAIa WCTHHHOE  YAOBOJBCTBHE OT  XJIe6OCOIBHOrO
rOCTENpPUUMCTBA, 3Hasd MHOXECTBO TYPMaHCKMX YCiaz, HENpEpPHIBHO TBOPA
HOBBI€ MHILEBBlE BapHallWM M Padysach YHAa4yHbIM Tpodo-skcnpoMTam. B
OT/IHYME OT KYPTYa3HbIX BEJMKOCBETCKMX JaM (paHLy3CKHX CalOHOB HIIH
onucaHHeix y JI. H. Toncroro B "AnHe Kapenunoii", y Paucsl JIeBOBHH He
OBIIO KyXapkH WIM noBapa. Bce 3akynanock W M3roTOBJAJIOCHE €10 CaMOH,
CJIOBHO NMOATBEP:KJas JIEHHHCKYIO HaHTaCMaropHIo 0 KyXapKax, YIpaBJIsSiouux
rocyAapcTBOM.
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JXenaHue HaTKaTh MOJIOTHA Ha BECh MHP - BTOpas »KEHCKas UIOCTACh - 3TO
MeTadopa coeJHHEHHS Pa3pO3HEHHBIX HUTeH OBITHA B LIEIOCTHYIO TKaHb. Hner
JM peub O JOMAlIHEM CaJuKe Ha OKOHHBIX MNOJIKaX, "CBOIHHUYECTBE" TaJaHTOB
IOpyr C OpYroM, OpraHH3allid BCECOIO3HBIX COBEHIaHMH 1o OGHOMeTpHH,
CHMITO3HyMa O TaiHax Xyd0XeCTBEHHOTO TBOPUYECTBa MM BhicTaBok dajbKa U
®unoHoBa B AKaJeMIropoJke.

IleTri - BOMIOLIEHHE KPacOThl H rapMOHHH B MPHPOAE - OBIIH CTPAcTbiO
Paucr JIbBoBHBI. Bxons B naGopatopHio, OHa NEPBBIM JEJIOM YCTpeMIIsiach K
CBOMM "lBeTOukaM", NIOOOBHO MOJMBas U yXaxuBas 3a HUMH. U uBeTsl
OTBeYaJId eH B3aHMHOCTBIO, POCKOLIECTBYSl B pOCTe U LIBETEHHH, KaK HH Y KOTO
Jpyroro.

C Takoif xe crpacThio Panca JIpBOBHa TBOpHIAa Ha MOJIOTHAX W JIMCTAaX
OyMaru 330TepHHecKHE H3BUBBI U KpyxeBa. [IoMHIO, kak B 3KCneauLMH B
Apmenuto B 1964 r. no3aHo HOYBIO 1 yBUAEN B koMHaTe Paucel JIbBOBHBI CBET
M peluun 3arnsHyTb. OHa pOCTHO M0J3aJa Ha KOJIEHAX BOKPYT JIHCTa BaTMaHa,
forpy»as OJexHyI0 LIETKY B Ta3HK ¢ Kpackod M Boas ero no OyMare. Oto Obun
nepyo yBiedeHus Paucsl JIbBOBHBI GUIypaTHBHBIM TalLlU3MOM.

Tpetbs keHCKas HIOCTaCh - POAMTH OoraTelps. 3meck MNpPOSABIANOCH
HeoObIKHOBeHHOe BnedyeHHe Pauchl JIBBOBHBI K TanaHTaM BO BceX HX
NpOABJIEHHAX, HO, NIPEKAE BCETo, B MX MYKCKHX HHKapHaiusax. OHa Gputa no-
JKEHCKH yBiaekatowjasica. TanmantaM onHa npowana. MHoroe. Ilosthl H
XyOOXKHUKM MOIJIH NPHATH B TrocTH B Jitoboe Bpems CyTOK, MHOraa "B
npabagaH" xBatuBliHe XxMenabHoro. Pauca JIbBoBHa ux He nporonsna. OHa
mobuna oOLEeCcTBO TANAHTIMBEIX MYXKUHH, a OHH T06UM ee obuiectBo. B 10
ke Bpemsa Pauca JIpBoBHa oOTHIOAb He Obula "po30oBOH W IyuIMcTOR',
UCTIoNB3Ys MoJloAeKHBIH cneHr. C Toi ke cTpacTbio, ¢ KOTOPOi OHa pacToyala
NOXBajibl, OHAa HAlNpaBiiia CTPeJibl CBOEro CBEPXBA3IBUTENBHOTO HHTEJIEKTA
MIPOTHB ONIOHEHTOB, B3I/IAAblI KOTOPBIX MPOTUBOCTOAIM ee puHLHNaM. [Topoi
ee Ooratoe BooOpaxeHHe mpeobnanano Han pasymoMm. OHa BhICTpauBasa
BO3AYLUHbIE 3aMKM M TpUIMHCHIBAla TOMAaBLIEMY B HEMMJIOCTh KOJUIEre
¢QaHTacTHUECKHE BHUPTyalbHble MNperpelieHds W 37able yMbICAbl. CIOBHO B
NOATBepXKAeHHE MOJNBOBI MoaTa: "Munyu nac nywe ecex neuaneti u 6apckuil
2Hee u bapckas 110606b".

[IpuMeuateneH cTHAbL HaydHoH paboThl M KM3HEHHOH NHHAMUKH Pamcei
JlbBoBHel. OHa ObUTa pKO BbIpaAXEHHOH "COBOH", ee aKTHBHOCTb SBHO
HapacTaja no Mepe CTyILUeHHs CyMEpeK W JOCTHraja ndka K 12 yacaM HO4H.
[puxons Ha paboty B jaboparopuio 4acaM Kk 3-4 naHsA, MmomoGOBaBIIMCE,
npexae Bcero, Ha JoOuMble 1BeToukH, Pauca JIbBoBHa cagunach 3a cBOW
pabounii cTonm W, OKpYXEHHas sIHKaMH ¢ MpoOHpkaMH Apo30Qui, CIOBHO
npukiedBaiack k crony. CaMo3abBeHHO, 4ac 3a 4acoM, 8-10 uacoB moapan,
OHa cufesa 3a GHHOKYJAPOM M JIMILIbL JaleKO 3a TMOJIHOYb BBIHYXKAEHHO H C
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coXaJleHHeM nokuaana jaboparopuio. Ilouepk M 3amucu B JaGopaTopHoOM
KypHaJle OTIMHANUCh AaKKypPaTHOCTBIO, Kannurpaduueckol CTPOrocThiO U
kpacotoii. Korna oHa, aHanusupys TreHO(QOHI TNONYJSNHH, COTHAMH H
TeICAYaMU "ToHsna Apo3odun” (peHoTHN MyX M3 MPUPOABI U pe3ynbTaThl
CKpelIHBaHHH), OT €€ LEeMNKOro XyAOXXECTBEHHOTO B30pa HE YCKOJB3aJIH .
Maneiune oTKIOHEHHS MywHHoro ¢eHotuna. " He npuaupaiitecs, 3T MyxH
HopMaJibHble", - MOPOH FOBOPHIIH KoJulerH, koraa Pauca JIeBoBHa ycMaTpuBana
cnaboe M3MEHEHHE HAKIOHA JKWIIOK, BBIPE3KY Ha KpbUle WIH epOMHKY Ha
MYLIMHOM OpIOLLKE.

U eme onHa oTnnuuTenbHas yepta Pauchl JIBBOBHBI - apUCTOKpaTH3M ee
JyXa M HEeMpUCTYITHOCTh JyXOBHOH TeppHTOpuH. HHKTO He Mor 3actaBuTh ee
CKa3aTh TO, YTO OHa He OYyMAaeT, a MPEeCTYMAIOIHii €€ JYXOBHYIO TEPPHTOPHIO
nojiyyan [JOCTOHHBIH H sA3BHTENbHBIH ornop. JlocTaToyHo mnpoYuTaTe B
"CyxoBee" cTeHorpamMmy pasHoca Paucel JIbBOBHBI B 3aKpbITOM YueHOM
CoBete MIHCTHTYyTa LMTOJIOTHM M reHeTHKH B 1968 r. 3a ee moamuce B
KOJUITEKTHBHOM MHChbMe Y4YeHBIX AkageMropoiaka B 3amiuty CHHABCKOTO H
Jauwana. 3a uckmoueHueM otBaxkHoi 3ou Cadponuesnsl Hukopo, Bee aubo
NPUTHYJIM - CBOM TOJIOBBI, MO0 HECIH HyXHYIO NapTHHHOMY HadalbCTBY
COBETCKYI0 0OBHHMTENBHYIO OKonecuiry. [Ipouwio 25 ner, 1 B 1993 rony
HuctutyT noctyni 61aropoaHo, M3JaB MoA cBoeH 3rufoi MoAroTOBIEHHBIH
camoit Paucoii JIbBoBHOI cOOpHUK ee pabOT N0 SBOIIOLIMOHHON IeHETHKE.

Pauca JIsBoBHa Bepr, nounBias B Bozpacte 93-x net B [lapuxe 1 mapra
2006 r., moHecna OO0 HAac cBeT Yylledmwled B MpPOLUIOE POCCHACKOMH
HHTEJUTHIeHLINH.
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Hna  Anekcanapa bopucoBuua Oblma  XapakTepHa  MOBBILLEHHaA
TpeboBaTeNnbHOCTh, NpexIe Bcero k caMoMy cebe. B pabote - moTowHocTs,
CKpYIyJIE3HOCTh, JaKE€ B Meo4aX, HHKakoH «xanasel». [IoMHI0, kak mucanuch
HaMH [MEpBBIE COBMECTHBIE CTaTbH. CTaTbsl, KaK B IHHI-TIOHre, HECHETHOE
KOJIHYECTBO pa3 MEPEXOAWIa OT OJHOTO K JAPYroMy C OYepeIHON MpaBKOH M
zamMeuyaHuaMH. TekcT wnugoBaics TmaTensHeHuM 06pa3oM, NepenuchiBaics
MHOro pa3, uto0OBl HE OCTAaBaJOCh HH OJHOrO JIMIIHErO CJIOBa, MOBTOpA HIIH
HEACHOCTH. B pesynbTaTe MHOroc/oBHas CTaThsi BhUIMBAJIAch B JIAMHAApHYIO
¢dopmy.

Anexcannp BopucoBuu ObLT KJIaccHuUeCKHM «Tpyaoronukom». PaGotanw,
KAk NpaBWio, AONO3[Ha, 10 nocneaHeit snekrpuuku. He obxomunoce u 6e3
Kypbe3oB. Korma mosBwiHce KommbloTepbl, AnekcaHap bopucoBud yauBun
MEHS CBOMM YBJICUEHHEM KOMIBIOTEPHBIMH HIpaMH. B Kako#i-TO MOMEHT
’KH3HH OH Mrpal ¢ TaKMM a3apToOM, YTO M3-3a MIpbl OAHWH pa3 omo3faln Ha
nocieaH o 31eKTpyuuKy. [To-BHAMMOMY, Hrpa No3BONs/Ia eMy pelakCHPOBaTh,
CHHMATh HaNpsDKEHHE M OTBJIEKAThCA OT XKH3HEHHBIX MpobieM.

Anexcannp bopucoBHu OblT He3aypsAHBIM 4Y€JIOBEKOM H BENHKONEMHBIM
cobecenHukoM. IIpekpacHO 3Hanm MO33UI0, MY3BIKY, JKHBOMHCh. 3HaHHE
HECKOJIbKHX MHOCTPAHHBIX A3BIKOB (HEMELIKOTO, aHIJIMICKOro, (paHLy3cKOro,
AMOHCKOro) U abcoNIIOTHas NaMATh NMO3BOMANH €My LHMTHPOBaTh aBTOPOB Ha
a3bike opuruHana. boraTelli pomHoH pycckui A3blk oboraman ero pedb
3aMBICNIOBAaTHIMH o0OpoTaMH, Jenas ee HenoBTopuMoi. O6 3ToM xe
CBHMAETENLCTBYIOT €ro nuceMa. Jlaxxe paboras B MHCTUTYTE, OH ITPOJOJIKAI
COBEpIIEHCTBOBATh AHIVIMACKHH A3BIK Ha 3aHATHAX Yy Jlumel Arpauesa
(nepeBomuuk HHCTUTYyTa MOJIEKYNApHOH TEHETHKH): TaM OHH, NOMHHTCH,
4UTaNH coxHeHni TekcT «Mak6et» lllekcniupa B HealanTHPOBAaHHOM BHJE.
3HaHHE AHIJIMACKOrO - MO3BOJIANO MHCATh CTaTbH HAa XOPOLUEM AHTIHHCKOM
a3bike Oe3 mepeBoguMKa. JHaHME AMOHCKOro - obecneunBano npupaboTok B
TSKeEJIblE BpEMEHA.

[oBops 06 Anexkcanspe bopucoBuue, Henbas HE YNOMAHYTH eiie 00 0qHOM
€ro TaJaHTe — YMEHHH CO3/aTh TEIUIYIO, UHTE/UIEKTYalbHYI0 aTtMocdepy B
kosektHBe. Ero nobpoxxenaTebHOCTh M OT3BIBUHBOCTB He 3a0ynyres. YV Hero
HCKaJIi COBETa, KOHCYJbTHPOBAIMCH [0 HayuHbIM BompocaM. HMcruHHOe
HaclaKieHHEe NOCTaB/AIK Oecelbl ¢ HUM O JIMTEPAType, KUBOMHUCH, MY3bIKE.
CMepTe HeoxupmaHHo paHo 3a0pana AnekcaHapa bopucoBuua, ocrtanack
CBETJas MaMAThk O 3aMeYaTeIbHOM, H0CTOHHOM Yenoseke.
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BJIAJMMHP WIBAY UBAHOB (1932-2011)

Cgeroii namsaru B.U. Usanosa

COTPY THUKU MEJTUKO-TEHETHYECKOT'O HAYYHOT'O
IIEHTPA PAMH

20 oktabpa 2011 r. ucnosnHseTcs rog co AHS cMepTH akagemuka PAMH
Brnagumupa Mnbuya MBaHoBa, 0AHOrO U3 BbIJAIOIIHXCS OHONIOTOB H F€HETHKOB
HallleH CTpaHbl.

Brnagumup Mnpuy MBanos poauncs 21 urona 1932 roma B ropone Xap6un
(Kurait). C 1950 mo 1953 r. on yuusics B XapOMHCKOM ‘MOJHTEXHHYECKOM
MHCTHTYTE, 3aTeM MOCTYNMWJI Ha OWonoruueckuif daxyiabTer - Ypanbckoro
rocynapcTBeHHOro yHuBepcHuteTa MM. A.M. Topbkoro B r. CBepanoBcke (HbIHe
r. ExarepunOypr). '

‘Tlepspie waru B.W. HBaHoBa B Hayke ObUIM CBS3aHbI C H3yYEHHEM POJIH
THOHOBBIX GaKTepHii B IPHPOIHBIX H TEXHOIOrMYECKHX MPOLIECCAX OKHCICHHS
¥ pacTBOpeHHs cynb(UAHBIX MUHepanos. B Gonee mupokoM cMbicne obnacth
€ro  HCC/ICNOBATEIbCKUX HMHTEPECOB B 3TO BpeMs — TpHMeHEHHE
MHKPOOHOJIOTHYECKHX METOAOB B 0oOOraleHHH pa3nu4HbIX pyd. PesynbraTei
KpOMOT/IMBOrO  HM3y4eHHUs  [MpUMEHEHHA  THUOHOBBIX  OakTepudl B
THIPOMETAJUTYpPrHH, OIMyONHKOBaHHBIE B 14 CTaThAX, M JIETIH B OCHOBY
KaHAHIATCKOH nuccepTauunl, 3amUIEHHON B 1962 r. Ve Oynyud MacTHThIM
yuéHpiM, Bragumup Mibuu Bceraa ¢ BUAMMBIM YAOBOJIBLCTBHEM OTMEYal, YTO
€ro nmnepBble Hay4Hble HCCIECOOBAHUS MOJYYWIH B THIPOMETAUTYPrHH
NpaKTH4YeCKOe NPHMEHEHHE. -

Emé no oxoHwanus B 1960 r. VYpanbckoro rocyaapcTBeHHOro
yHuBepcHuteTa, Bragumup Mipnu ¢ 1957 r. HauunHaeT pabotats B HHcTHTYTE
6uonorun Ypanbckoro ¢unuana AH CCCP nom pykoBoactBoM Hukonas
Bnagumuposuda Tumodeesa-Pecoeckoro. Hccnemosanus B.M. HsanoBa B
Jlabopatopun Ouodu3uky, KoTopyto Bo3riasisn Huxonait Brnagumuposud,
TMOCBSAILEHbI MOBEJEHHIO PaHOH30TONOB Pa3IHYHbIX XHMHYECKHX 3JIEMEHTOB B
BOZOEMAX M UX HakomUieHuto runpobuoHTamu. He cnyyaiino B 1960 r. Hapsany ¢
ByMsi CTATBAMH 110 ‘MHKPOGHOIOTHYECKHM MeTolaM oforamenus pya™ oH
my6JIMKyeT H MepByIO CTaThbiO MO0 HOBOH As cebst TeMaTHKe — O TOIIOLEHHUH
Le3Ms pACTEHMAMH TPECHOBOAHBIX BONOEMOB'. OTa M MOCHemyrOLHe
MHorouucieHHsle pabotsl B.M. WBaHoBa yke mpsaMo HaxXoguiuch B pyclie
paaMallMOHHOH OMOTeOLEHONOrHH ~— HamnpaBeHUs, KOTOpOE YCIELIHO
passuBain H.B. u E.A. Tumodeessi-Pecosckue.
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Apo30(uIbl, KOTOpble, Kak MpEeANoJiaraii aBTOphl OSTHX HCC/IEAOBaHHH,
peryMpyloT akTHBHOCTh MHOTHX IreHOB. B pesynbrate u3 nabopatopuu Beinuia
cepus M3 4eTBIPEX OECATKOB craTed, MO3BOJIMBIIMX IOHATH HEKOTOphIE
KOHKpETHBIE MEXaHU3Mbl F€HETHYECKOH peryislyH pa3BUTHUS CerMEHTapHBIX
CTpYKTYp v Apo3soduisl’. Kak BBIACHHIOCH BIOCNEACTBHH, OHH K& HMEIOT
OTHOLIEHHE K ME€XaHH3MaM peryjsilMH TIpoLEecCOB pa3BUTHA U Y
MJICKONHUTAIOIMX, B TOM 4YHCJIE — Y uenoBeka. Eme OAHUM OpHrMHaJIBHBIM
HampaBJieHHEM HCCeJOBaHHH, BBINOJHEHHBIX Ha Jpo3oduie, SBUIOCH
U3yueHHe POJIM KIOHHPOBaHHS MPOreHUTOPHBIX KIIETOK UMAarHHAIBHBIX JHCKOB
B MopdoreHese paznuuHbix obnacTeii U cTpykTyp B3pocioi ocobu. g Takoii
paboTel OBUIO HCMOJIB30BAaHO MAapKHPOBaHHE KJIETOK WMarHHaIbHBIX JHCKOB
JIMYHHOK Pa3HBIX BO3PACTOB C TOMOLIBIO PAJHALMOHHO HHJYLIHPOBAHHOTO
COMaTH4eCKOro KpoccHHroeepa. B pesynprare OBUIO MOKa3aHO, 4TO He
CYLLECTBYET CTPOTOi CBA3H MEKAY KIOHHPOBAHHEM OIpeAeNeHHOR KIETKH
HUMarMHaJIbHOrO JUcka U auddhepeHMPOBKOH M3 3TOro KJl0Ha OJHOM U TOMH Xe
HUMardHaibHOM CTpYKTYphl MyxH. OmnpezeneHre OKOHYaTebHOM Cyqp0BI KJIOHA
NpOTeHUTOPHOM KJIETKH HOCHT CTOXacTHYECKHH Xapakrep, U MOXKHO BBIOEJIHUTH
TONBKO MPEUMYILICCTBEHHBIH, WIM MOJAIBHBIH, THN CBA3H MEXIY
KJIOHMPOBaHHEM MPOTE€HUTOPHOM KIETKH U Nocheayouei uddepeHLHpoBKoH
ONpeIeNEHHBIX MMarHHAJIBHBIX CTPYKTYD'.

Co Bropo# nmonoBuHBl 80-X IT. OCHOBHOE MECTO B HAayUHBIX H3BICKAHHAX
Bnagumupa Mnbuya mpoyHO 3aHMMAalOT MeXaHH3MBI OHTOTEHe3a Yy uesloBekKa.
CnoxuBlleecd NPH HCCAEJOBaHHM BONPOCOB 3KOJIOTHH, paAHOOHOJIOTHH H
OHTOreHe3a ofllee NMpeCTaBlIeHHE O IPEUMYLIIECTBEHHO CUCTEMHOM XapakTepe
6HoNOrMYeckux NpoLEccoB NpH HUPOKOH BapHaLIUM UX MPOSBICHUH IPUBOIUT
B.H. MBaHoBa ¢ cOTpyaHHKaMH K HeOOXOAMMOCTH MpPHUBICYEHHS IS aHaAJIW3a
M3MEHYHBOCTH, KIacCUQHMKAIMM M JAHarHOCTHKH BpPOXIAEHHBIX TOPOKOB
pa3sBUTHA 4eNoBeKa, 0COOEHHO NpH XPOMOCOMHOH NaTOJIOTHH, pa3IH4HBIX
METO/IOB KOMIBIOTEPHBIX HCClIeI0BaHHH, BKJIIOYas pazpaboTky
HMHQOPMalIMOHHO-IHArHOCTHYECKHX CHCTEM M co3laHHe 0a3 JaHHBIX.
Cospanneie B cepeguHe 90-x romoB mox pykoBoacTBoM B.M. Heanosa
HH(OPMALIOHHO-IMATHOCTHYECKHE ~ CHMCTEMBI' "'  BCKOPE HALIMH  CBO&
npuMeHeHHe B paboTe psaaa MeJUKO-TeHeTHYeCKUX KOHCYNbTauuii Poccun.

Em¢ B camoM Havane 90-x ronoB, KOrAa Havanach peaTd3alds
MEXIYHapOJHOTO TNpOEKTa MO CEKBEHHPOBAHHIO TeHOMa dYeJioBeKa, CTajio
SICHO, YTO 3TO MNpHUBEAET K BO3HMKHOBEHHIO psiJla MOPAIbHO-3THUECKHX
npobseM: BO3HMKIAa HEOOXOAMMOCTh OOCYIWTB  JOEHUCTBUTENbHBIE W
NOTeHLUHANbHBlE OMAacHOCTH BHEJPEHHS HOBBIX T'E€HETHYECKMX TeXHOJIOrHH.
CoBMecTHO ¢ IpyruMH yuéHsiMH Brnaaumup Mneuy HauuHaer paspabarsiBaTh
3THKO-NpaBoByl0 6a3y BHEApPEHHs B MEQUKO-TEHETHYECKYH NpaKTHKY
HccileoBaHUH, OCHOBAaHHBIX Ha TEHOMHBIX, T€HHO-HHXXCHEPHBIX M HHBIX
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OHOTEXHOJIOTHAX, YTO €CTECTBEHHBIM 00pa30oM BBITEKAIO U3 €ro PyKOBOICTBA
MeIHUMHCKOH yacThio poccuiickoit Ilporpammer -«['eHoM uenoBeka». o 3Toit
npobnemaruke B.H. BaHOB IpHHHMAaET aKTUBHOE YYacTHe B ITOArOTOBKE paaa
(denepaibHBIX 3aKOHOB, PETYIHPYIOLIHX 3TH BUbI JEATENBHOCTH, a TAKKE KaK
npeAacraBuTeNnb PoccHHM  y4yacTByeT B fAeATeNbHOCTH Pabouell  rpynmsl
PykoBoasmiero komurera no 6uostuxe Cosera Erponsi.

Ilon pykosoactBom B.M. HBanoBa OBUIM BBINOJNHEHBI Hay4YHbIE
HCCIEOBAHMSA OTHYECKMX MpoOsieM NpPHUMEHEHHS TE€HOMHBIX TEeXHOJIOTHH B
3apaBooxpaHeHHH PoccHH B paMKkax nmpoekTa poccHHckoi nporpaMmsl «'eHoM
YyenoBeKa»y M  MEXKIYHAPOJHOro HcClemoBaHUA «[€HeTHKa M - 3THKay,
BO3IVIaB/IAEMOTO aMepHKaHCKUMH yueHbIMH JI. Bepru [k, ®netuepom. B
2004 r. 3a UMKI Hay4HBIX paGOT 1O ITHYECKHM NpoGieMaM MeAHLMHCKOM
renetuku' ¢ B.W. Uanor (BMecte ¢ B.J[. Mxenckoit u JL.O. Kypuio) 61
yIOCTOEH JUIUIOMa MMEHHOH mpeMuH PoccHiickoH akageMHH MeIULIMHCKHX
Hayk uMeHd C.H. JlaBuaenkoBa.

B Te ke roapl OH BXOJWI B 3KCIIEPTHYIO Ipymnny BceMHpHON opraHu3aluu
3apaBooxpaHenus (BO3), mnepen kotopoH Obula mocTaBieHa 3agava
NPOaHATM3UPOBATh CYLIECTBYIOIIHE 3THYECKHE NPHHLMOBI  MEIHLHHCKOM
FeHETHKH W TPEAIOKUTh MEXKAYHAPOJHOE PYKOBOJACTBO, KOTOpOE MOrNO OB
OBITE BOCIIPHUHATO OONBLIMHCTBOM CTpaH 3a OCHOBY. IIOHATHO, YTO JaHHYIO
3afa4y TMPUXOJWIOCH peliaTh KaK KOMILIEKCHYIO, BIUTIOYAIOMIYIO JTHYECKHE,
IOpUAMYECKUE, TEXHUYECKHE, DPEIMIHO3HBIE, COLMAIBHBIE, KYJIbTYpPHBIE H
apyrue acmektel. OOnajas SHUMKJIONEAHYECKMMHM 3HaHMAMH B 00nacTH
OMoJlorMH, TeHeTHKH, couuonorud, penurud, B.M. HeaHos, 0e3
NpeyBeJIMUeHUH, OKa3alICsd OJHOH M3 KIIOYEBBIX NEPCOH NaHHOH SKCIEepTHOH
rpymnel. Ero crnocoGHOCTB BBICTYIIaTh cOBECENHHKa, 3ajaTh KaBep3Hbiit
BOMIPOC M TYT K€ IPEJIOKHTh €ro BO3MOXKHOE peElleHHe, He pa3 cracaliu
rpynny OT TYNHKOBHIX (OPMYJIHPOBOK, OCOOEHHO KOrJa 3TO Kacalock
STHHYECKHX H COLHAIBHBIX Pa3lMYHi WIM pPEJIUTHO3HBIX JOTMATOB pa3HbIX
koHpeccuil. B OTHOCHTENBPHO KOPOTKHMH CpOK Tpymme yAaaloch - CO3AaTh
MEXIyHapOJHOEe pPYKOBOACTBO 10 JTHYECKHMM INpHHLMNAM B obsactu
MEIMLIMHCKO# TeHETHKH H FeHETHYECKHX CITyk6 >,

IToMumo sTHYeckux acnektoB, B.JM. MBaHOB akTHBHO COTpyIHHYal C
nporpammoii BO3 no reHeruke yenoBexa B GOPMHUPOBAHHH €€ MPOrPaMMHBIX
JOKYMEHTOB H HANpaBlieHHii pasBuTHs ™%, 31ech NpOSBMIHMCH €ro Jiydme
npodeccHOHaNbHBIE U YeNoBeUeCckHe KauecTBa. YMEHUE BUAETDb NEPCNeKTHBY,
oOluUMpHBIe 3HAHHUA, TO3BOJAIOMIME BbIPabOTaTh HMHTErPAIBHBIA IOAXOA K
PEIISHHMIO 33/ia4H, BPOXKAEHHBIH IOMOp, TIPEKPAaCHOE 3HaHME A3blKa — BCE 3TO
nospoasno Bnagumupy Mibnuy OBbITH jKENaHHBIM KOJUIEroif H cobece AHHKOM
cpeau 3apybexxHbIX YuéHbIX. Ero yyactue B coBMeCTHBIX copemanuax BO3 ¢
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IPSEN Foundation (France, Paris) Bcerna Haxoowio y MOCIEAHHX CaMble
TOJIOKHTENbLHBIE OT3LIBBI H NIOXKETAHHE JanbHeHlIeil coOBMECTHO# paboTsl.

KonoccansHas spynuuus Bnagumupa Wnbuva Bo MHOrHX 06MacTIX HayKH
1 3HaHH#, ero A06pOoXKeNaTENBHOCTD MO3BOJISIIH €MY YCTIELIHO paclpOCTPaHSTh
HayyHble 3HaHHUS U TUIOAOTBOPHO 0OCY)KNATh >KUBOTPEIIEIIyIiHe NpobaeMsl B
KOHTaKTax ¢ MpPEACTaBUTENSAMH PasHbIX CIOEB poccHiickoro obmectBa. Tak B
1998 r. ipH €r0 HEMOCPENCTBEHHOM YUACTHH '~ BIIEPBBIE COCTOSIOCH 3aceaHHE
MEOUKO-OHONOTHYECKOH CEeKUMM B  paMKax VI MexayHapoaHbix
PoxxpecTBeHCkHX 0Opa3oBaTeNbHBIX YTEHHH, HMTOrOM KOTOPOTO SBHJIOCH
CO3/laHHEe LIEpKOBHO-0OLIECTBEHHOTO COBETA 10 OGHOMEAHUMHCKOH 3THKE NpH
Mockoecko#i IMatpuapxun. JestensHoctH atoro CoBeTa BO MHOroM ObuiM
oTAaHbl JHeprHd M 3HaHud B.W. HBaHoBa B mnocnefHee OecATHIIETHE €ro
AKH3HH.

Kak kpynHblit opranusatop Hayku B.W. MBaHoB 10 nocneaHux aHeit 6bin
AKTHUBHBIM 4YJI€HOM MHOTHX CIELMaIM3HPOBAHHBIX COBETOB MO 3aIlUTE
JIOKTODCKHX M KaHAMAATCKHX OMCCEpTalMi, 4YIEHOM psla OPrkOMHTETOB
MEXOyHapoaHbIX ¢opymoB. OH sensncs wieHoM bBiopo  Menwuko-
Guonoruyeckoro otaeneHus PAMH u npencenatenem MexBe1OMCTBEHHOTO
HayyHOro cOBETa MO MeAWLHHCKo# reHetuke. B.M. HBaHoB — oguH wu3
yupeaureneit BeecorosHoro obiecTBa reHETUKOB M ceneklMonepoB um. H.M.
Basunosa (BOI'uC — B HacTos1ee BpeMs BaBH10Bckoe 00IECTBO FEHETHKOB H
CEJIEKLIMOHEPOB) M Ha NMPOTXKEHHH MHOTHX JIET — npeAceaarenb MoCKOBCKOro
otaenerus BOT'uC. OH Tarke BXOAMNI B YHCJIO OpraHu3aTopoB Poccuiickoro
o0ImecTBa MEAHUHHCKHX TEHETHKOB, aKTHBHO Y4acTBOBal B MOATOTOBKE H
NPOBEEHHH CBHE3NOB M KOHepeHumii oboux oOmectB. byayun unenoM
Mockosckoro obmectsa HcnbiTarened npupomer (MOMII) ¢ 1958 r,
HEOJHOKPaTHO H30HMpancs B COCTaB npe3uavyMma cosera obmectBa. B.H.
MpBaHoB sABjANCA WIEHOM peakoiuieruu xypHana «OHTOreHe3» W 4JIEHOM
PEeAaKLMOHHOro coBeTa XXypHana «Meauuunckas ['eHeTHKay.

3HauuTenbHoe MecTo B Jku3HH B.M. HMBaHoBa 3aHMMano mnpenoaaBaHue
6HMONOTMM W TEHETHKH CTyAeHTaM, achmupaHTtaM W BpayaM. B 1984 roay
coBmecTHO ¢ H.I1. BoukoBeM u A.Q. 3axapoBeiM Bragumup Uneuu Hamucan
OAMH M3 NEPBBIX yUeOHHUKOB MO MEeIULIMHCKOM reHeTHKe, KOTOpblH OBLT M34aH
cHavyana B MockBe, a 3aTeM Ha HeMelKOM sA3bike B ['JIP e,

Vxe B 1960-62 rr. oH BEM Kypc TeXHH4YECkoH MHKpoOHONOTHHM B
VpanbckoM NOJUTEXHHUYECKOM HHCTUTYTe. Heckonbko mo3sxke, mepeexasB B
MockBy, Ha NpOTSAKEHMH psja JIEeT YUTAN Kypc JIeKUMH MO TeHeTHKe s
crynenroB-6uopusnkoe MI'V um. M.B. JlomoHocoBa M MockoBckoro
HHxkeHepHo-puanueckoro uHctutyra (MHUOHU). HeonnokpatHo B.M. HBanos
HasHauaJics MpeAcejaresieM TOCYNAapCTBEHHBLIX KOMHCCHH no  mpuEMY
9K3aMEHOB W 3alUTe JUIUVIOMHBIX paboT Ha ¢akKyNbTeTe eCTeCTBEHHBIX HaykK
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HoBocHOHpPCKOTO rocyapcTBEHHOTO YHMBEPCHUTETa, Ha OHONOMHYECKOM
¢bakynsTeTe MOpPAOBCKOrO roCyAapCTBEHHOTO yHuBepcuTeTa, B MHUOHU. B
1988-2004 rr. B.H. MBaHOB pyKOBOAMI IO COBMECTHTENBCTBY Kadeapoii
reHeTHKH Meluko-6Honoryueckoro daxkynereta (MB®) 2-ro Mockosckoro
rocyJapCTBEHHOr0 MeAHUMHCKOro MHCTHUTYTa (¢ 1989 r. — PTMY) um. HH.
IMuporosa. 3a sToT nepuon 6wl co3naH yueOHO-HAyUHBIH KOMIUIEKC, Cpedu
pima 3ajay KOTOpPOro OCYIIECTBIsJach MOATOTOBKA KaJpoB Bpayei-
nabopanros-reHetukos 11 MIHLL PAMH u  pgpyrux  HayuHo-
uccnenosarenbckux  yupexgennii PAMH, a  Takxke cnenumanuzanms
BBITYCKHUKOB TI0 MEAHLUHMHCKOH TeHETHKE Yepe3 LENEeBYI) CTaXXKUPOBKY H
acriupanTtypy. K 2004 roay xonuuecTBo BBITyCKHHKOB MB®, cBs3aBLIMX CBOIO
JanpHERNIYIO HAyUHYIO JeATeNbHOCTh ¢ Pa3fNuuHbIMM Jabopatopusmu MIHL]
PAMH, coctaBuno 0Oonee 40 wuenopek. JloCTOMHBIM HTOroM mnosyTopa
NeCATHNIETHI 3aBefioBanuA Kadeapoll sBWICH BBIMIEAIIMA B CBET MOA
penaximeii B.M. MBaHoBa yueOHUK 1Mo 00miel U MeAUUMHCKOMN TeHETHKE g
BY30B, HAaIlHCaHHBIH COTpPyOHHKaMH Kadeapbl NpH HEMOCPEACTBEHHOM €ro
yuacTau . _

B.H. HBanoBEIM ony6ankoBaHo 340 HayuHbIX crateit H 10 MoHorpaduii (13
Hux okoio 100 — 3a pybGexxoM) Mo paaHO3KONIOTHH, MHKPOOHMOJIOrHH,
paauoOuonoruy, reHeTuke, OnonHdopmaTuke, O6nostke W Ap. Llensni pan
nybnukanuid mocBAmEH Bcerza BXoAuBlIEH B obnacte HHTepecoB B.H.
HBaHoBa MCTOPHM HayKH, 0COOEHHO reHeTHKH. [loa ero peaakuueil BBHILIM B
CBET MHOTHE HAyUHbIE TPYJB! U U3AAHUS.
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BCEBOJIOJ MABPHKUEBHY KJIEUKOBCKHI (1900-1972)

BceBosiogq MaspukneBnu KieukoBckuii

P.M. AJIEKCAXHH, T.H1. IHTWJIOBHY
~ Beepoccuiickuii HHH cenvcxoxosaiicmeennoli paduonozuu u
azpoaxonozuu, QO6HUHCK

B.M. KneukoBckuii — peiicTBuTenbHbI 4ieH Bcecoro3Hoif akageMuH
CEJIbCKOXO03AlicTBeHHEIX Hayk uM. B.M. JleHuHa, uieH-kOppecnoHIECHT
AKkaJeMHHM CeNbCKOXO3AHCTBEHHBIX Hayk I'epMaHckoii JleMokparHueckoii
Pecrybnuky, OOKTOp XHMHYecKHX Hayk, MNpodeccop, ABaxAbl Jaypeat
[ocynapcreenHoii npemun CCCP.

" B.M. Kne4koBCKHH - aBTOp NMHOHEPCKHUX OINBITOB, KacalolMXCA MOBEACHHA
HCKYCCTBEHHBIX PalHOHYKITHIOB B IOYBaX W UX HaKOIUIEHHA pacTeHUAMH. OH
aBnsetca yyactHUKOM Atomuoro npoekta CCCP. Ero uccnepoBaHusmu 6suta
¢GaKTHYeCKH 3aJI0’KeHa CeJIbCKOXO3AHCTBEHHAs PAagHO3KOJIOTHS - OJHA W3
Haubonee NNOAOHOCHBIX BeTBeH paauoskoiaorud. B.M. KiieukoBckuii mo npaBy
CUHTAeTCd OCHOBOIIOJIOXXHHKOM  CelIbCKOXO3SMCTBEHHONH  paJHO3KONOTHH,
TNIOCKOJIBKY €0 JOCTH)XXEHHS CTalld OCHOBOH pa3BUTHSA 3ToH 06JIacTH 3HaHHA B
HallMOHAJILHBIX MPAHMLIAX Hallel cTpaHbI U 3a €€ NpelesaMu.

Bcesonoa MaspuxueBuu poauncs 28 noadps 1900 r. B Mockse. B 1929 r.
OH OKOHYHJI MOCKOBCKYIO CeNbCKOXO3SHCTBEHHYIO akameMuio uMmeHH KA.
TumupszeBa, U c 3TOro mepuoAa BcsA ero TBOpYECKas JesTeNbHOCTh Oblia
CBfi3aHA C 3THM CTapeHIUM arpOHOMHYeCKHM By30oM Haueit ctpaHsl. C 1956
no 1972 r. B.M. KneukoBckuii Bo3rnasnsn kadenpy arpoxuMmuu MockoBCkoi
cenbCcKOxo3fiicTBeHHON akamemud uMeHu KA. Tumupssesa, npopomxkas
TpaaWLKMH OCHOBOIOJIOXKHHKA OTEYeCTBeHHOH arpoxumuu . akagemuka JI.H.
IpsHuIIHMKOBAa B Jefie MOATOTOBKM KaApOB COBETCKHX arpOXHMHKOB,
CMELHANTUCTOB 110 BONPOCaM MHTAaHUSA pacTeHHH U XMMH3aLUH 3eMIIEAEHS.

B.M. KneukoBCKHIA OHHUM M3 NEPBBIX COBETCKHX arpoXWMHKOB oOpaTuin
BHHMaHHE€  Ha  MEPCNEKTHBHOCTb  MCMOJNB30BaHMA . HCKYCCTBEHHBIX
PaAMOaKTUBHBIX HYKJIMAOB IJIS M3YYEHHS MUTAHUA pacTeHUH U NMpPUMEHEHHA
yaobpenuii. B 1947 r. B.M. KneukoBckoMy Mopy4aercs opraHuzayvs B
MockoBckoii cenbckoxo3siicTBeHHOH akageMud uMmeHH K.A. Tumupsasesa
6uodusuyeckoii nabopatopun — nepsoit B CoserckoM: Cotoze nabopatopuu
TaKOro THMa, KOTOpas BCKOpE 3aHsANa BeAyLlee MECTO B CHCTEME HayYHBIX
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yupexnaenuii CCCP, pazpabatpiBaroliiX npoOneMsl M30TOMHOH arpOXHMHH H
PaaHO3KOJIOTHH.

BMecTe ¢ UHTEHCHBHOM pazpaboTkoii arpoXHMHUYECKHX H
pannoGHONOrHUecknX MpobrieM B cenbcKoM xo3siicTBe ¢ 1948 r. xonnekTHBs
6rotusnueckoil n1abopaTopUu MPHCTYIHI K Pa3BUTHIO HCCIIeNOBaHWIl HOBOM
npobiaeMbl — HW3YYEHHIO NMOBEJACHHA B NOYBAX W PACTEHHAX pPaJMOAKTHBHBIX
NpoayKTOB AeneHus. PeuieHne 3Toit npobnemel ObIIO BBI3BAHO HAYaBIIHUMCS B
TO BpeMs IIHPOKHM HCMBITAHHEM AaTOMHOIO OpY)XKHA M BKJIIOYEHHEM B
OMOJIOTMYECKH KpYroBOpPOT MpPOAYKTOB JAeieHWs TokENbIX sApep. B.M.
Kneukosckuii Bnepsele B CoerckoM Colo3e NPUCTYNMHI K pelIEHHIO 3TOM
npoGneMbl B TOT MEpUOA, KOrAa B JMTepaType He ObUIO MOYTH HUKAKHX
CBEJEHHH MO 3THUM BomMpocaMm. 32 CPaBHHUTEIBHO KOPOTKHH CPOK MM H €ro
COTpYAHHKaMH Obln BbINOJNHEH Oosbliol O0OBEM HayuHBIX HCCJIEOBaHHH,
BCKPBIBAIOLLMX crieUH(HKY NMOBEAEHHS PaJHOAKTUBHBIX MPOAYKTOB JEJICHUS B
MoyBax M PacTeHHAX. OTH HCC/IeOBAHWS OTJIMYAIUCh IIHUPOTOH, rIIyOOKHM
TEOPETHYECKUM aHAIM30M H TMpakTHYeCKOH 3HaYyMMoOcCThio. OJta pabora
MoJTy4YHia BEICOKYIO olieHKy — B 1952 r. rpynme cotpyJHHKOB 1abopaTopuH BO
rnase ¢ B.M. Kneuxkosckum Obina npucyxpaeHa [ocymapcTseHHas npemus
CCCP. ' ‘

Hauatele B Hayane 50-x rofoB Mo HemocpeJCTBEHHBIM PYyKOBOJACTBOM
B.M. Kneukosckoro UccIleI0BaHus MHIpauuu HCKYCCTBEHHBIX
PanMOHYKJIMAOB MO OMOJOrMYECKUM H MHIUEBBHIM LEMOYKaM BBUIMINCH B
IIHPOKYIO MPOrpaMMy KOMIUIEKCHBIX PaAHO3KOJIOrMYECKHX HMCCIENOBaHHH MO
JanbHeHIlIeMY U3YUYeHHIO JeHCTBHUA MalIbIX 103 HOHU3HPYIOLIMX H3NYyYeHUH Ha
’KHUBBIE OpPraHU3MBl U KPYroBopoTa pafuoHyknunos. Mccnenosanus B obnactu
paauoskonoruv npuHec v B.M. KneukoBckoMy MHpPOBYIO H3BECTHOCTb.

B.M. KieukoBckuii OAHMM M3 TMepBbIX YYEHBIX-arPapHUKOB OLGHHI
3HayeHHE aHTPOIOTeHHOr0 ' 3arpsA3HeHHs OKpYXKalollleii YenoBeKa Cpensbl,
HaMEeTUB IIyTH pelieHUs OTHX BONPOCOB, YYUTHIBAIOLIHE AaKTHBHOE
npeobpa3oBaHHe 4YelnOBEKOM NpHpoAHOH cpeapl. Paszpabotka npobneMsl
M30TOMHONH arpoXMMHH H H3y4YeHHe ocoOeHHOcTeill MoBEeNeHHs Makpo- U
MUKPOKOMIIOHEHTOB B CHCTEME TMOYBa-pacTeHHEe C YyuyaCTHEM OdJIeMEHTOB-
aHaJIOrOB, HIPalOLINX POJIb U30TOMNHBIX HOCHUTENEH, HAXOASTCS B TECHOH CBSA3U
c TeoperHiyeckuMu paboramu B.M. KneukoBckoro B o6nacTd Teopuu
Tlepuoauueckoi cuctemnt anemenToB JI.1. MeHaeneesa.

Hroramu 20-netHero Tpypga B 3Toi obnacTH sBHinace MoHorpadus B.M.
Kneuxosckoro  «PacmpeneneHue  aTOMHBIX  DJIEKTPOHOB M MpPaBHIIO
nocjef0BaTe/ILHOrO 3anolHeHus (n + 1) — rpynm». 3rta MoHorpadus
NpeCTaBI[ET BhIIAOILMACA BKIA/ B Pa3BUTHE TEOPETUUECKUX NpeacTaBneHui
0 3aKOHOMEDHOCTHX, JIeKALlMX B OCHOBE PEAIBHOTO CTPOEHHUSA CHCTEMBI
anemeHtoB .M. MeHneneesa. [IpaBuiio mociie 10BaTENLHOTO 3aMONHEHHUS (B +

240



1) — epynn, nonyuuBuiee Ha3zBaHHe nNpaBwila KieukoBckoro, Bomuio B
COBpeMeHHble yueOHHKH N0 A1epHOH pU3HKe.

B 1954 r. B.M. KieukoBckoMy mo coBokymHocTH pabor 6e3 3aluuTel
JMCCEpTaLMH TIPHCY)KAAETCs CTeneHb JOKTOpa XHMHYeckux Hayk. B 1956 r.
B.M. ‘KneukoBckuit 6bl1 M3OpaH neHcTBHTENbHBIM 4jleHOM BcecorosHoit
aKaJieMHH ceJIbcKkoxoadiicTBeHHBIX Hayk UM. B.M. Jlenuna. C sToro BpeMeHM
OH TpWUHUMAT aKTHBHOE Y4YaCTHe B OpraHH3alMH H KOOpAHHALMH
KOMIUIEKCHBIX HCCIEA0BaHUI C MpPUMEHEHHEM H30TOMOB H HOHHM3HPYIOLIHX
H3NyueHHH B HayuHBIX yupexaeHusx BACXHUIL

B 1957 r. Ha xuMH4eckoM KoMGuHate «Mask» (HOxubiii ¥Ypan), nepeeHue
COBETCKOM aTOMHOH TNpPOMBILUIEHHOCTH, MpPEACTABIAIOIEM KOMIUIEKC 10
HapaboTke OpYKeHHOro TUIYTOHMs, TNPOM30LLNA KpyMHas paauallHOHHas
aBapH4, BCJEJACTBHE KOTOPOH B OKpY»Xalollylo cpeay Obl10 BHIOpOIIEHO OKONO
20 MiaH KIOpM paaHOaKTHUBHBIX MpPOAYKTOB AcneHHA. B 30He 3arpa3HeHus
OKa3aJIUCh CeJIbCKOXO3AHCTBEHHbIE yroaps (MalllHY, Jiyra, mactOuiua), jeca,
03epa, pevHble CHCTEMBI. ‘

‘Bo3Huwiia octpas HeoGX0IMMOCTD nponeueﬂm peabunuTaunoHHBIX paboT
Ha TeppuTOpHM BocTouHO-Ypanbckoro pagHoaKTHBHOIO ciiefla M0 BO3BpaTy
3arps3HEHHBIX - TEPPUTOPHH B  XO3AHCTBEHHOE HCIOJB30BAaHHE M MO
OpraHM3allMH  Hay4HO-HCCIEeJOBaTebCKMUX  HMCCIEAOBAaHHH  [UIs  OLIEHKH
MoCcAeICTBHH aBapHH.

- Ha xombunare 110 «Mask» B 1958 r. 61110 cosnaHo CreLHaTN3UPOBaHHOE
noapaszaenedue — OmnbITHas Hay4HO-HMccienoBaTenbckas cTaHuusA. HayuHoe
pykosoactBo  aearenpHocThio  OHMC - ocymectBnsan  akanemuk B.M.
Kneukosckuii. [Ipu noaroroeke pemeHus o6 opranuzauun OHHUC um ewe B
dempane 1958 r. Gbinu chopMyaHpPOBaHEI OCHOBHBIE HayUHBIE 33141 CTAHLIMHU:
H3yueHHE MHUTPaLMM PaJHOAKTHUBHBIX BEILECTB B YCIOBHSX PagHOaKTHBHOTO
3arps3HeHUs. TEPPUTOPHH; H3yueHHe HAKOIUIEHWS PaJHOAKTHBHBIX BEILECTB B
CENbCKOXO3AMCTBEHHBIX TNPOAYKTAX; arpOTEXHHYECKHE - NIPUEMBI  CHHMKEHHS
HakoMeHHs ~ paJiMOaKTHBHBIX  BEIECTB B  pacTeHHAX;  pa3paboTka
pEKOMeHAALM. M0 CeNbCKOXO3AHCTBEHHOMY HCIMO/Ib30BAHUIO 3arpA3HeHHOH
TEPPUTOPHH;  M3YYEHHE  TEHETHYECKHX  MOCAeACTBHH  BO3AEHCTBHA
MOBBIIIEHHOTO (poHA paavallMM Ha JKHBOTHBIX M PpacTeHHS B YCJOBHAX
PafiMOaKTUBHOTO 3arps3HEHUS TEPPUTOPHH. ,

Ha IOxuHo#t Vpane B kpynHomacwiTabHBIX 3SKCNepUMEHTax Oblia
MpOC/IeKeHa MHOTONETHAS JMHAMUKA NepeHoca ~Sr, ~°Zr, '®Ru, *'Cs, "™Ce u
JpYrMX TEXHOTE€HHBIX PaJHOHYKIHAOB B [OYBAaX, PACTHTEIBHOM MOKpOBE,
ruapobHoLIeH03aX, B OpraHW3Max J>KUBOTHBIX, B JIECHBIX 3KOCHCTEMaXx.
QaktHuecku 3a 10-15 ner wuccnemoBaHMit Ha TeppuTOopHH BocTouHo-
Ypajibckoro paziMoakTHBHOTO ciefia GbUTH 3a10XKeHbI OCHOBBI PaJHO3KOIOrHU
Kak CaMOCTOSTENIbHON HayuyHo# aucuuruinHel. B.M. Kieukosckuii o6partun
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ocob0e BHHMaHHE Ha KpYroBOpOT paaMOHYKIMAOB Ha 3arps3HEHHBIX
CENBCKOXO3SAMCTBEHHBIX yroapsaX. Ilon ero pykoBOACTBOM Obljia BBHINOJHEHA
nporpaMMa HMCCNEIOBAHUM 10 CENbCKOXO3AHCTBEHHON pafMOIKOMOTHM, Te
U3ydanoch HaKOIJIeHHE PanHOHYKITHAOB Pas3IHYHBIMH
CEJIbCKOXO039HCTBEHHBIMH PACTEHHAMH U )KUBOTHBIMH.

Pafvo3KONOTHUECKHE ~ WCCNEOBAHHUA  HE  OTPAHHUYMIMCE  TOJNBKO
HabimroJeHHeM 3a T1OBe€HHEM B OKpykamollel cpege "aBapuitHBIX"
PanMOHYKJIMIOB M CBA3aHHBIX C 3TUM JIy4eBHIX 3¢dekToB B npupone. B 1965-
1975 rr. mpoBoauiachk Cepusl PagMO3KOJNIOTMYECKHX OIBITOB, KOTOpBIE [0
CBOMM MacmitabaM IO/DKHBI OBITH C MOJHBIM TPaBOM OTHECEHBI K OMHHUM H3
Haubojiee KpYnHeIX B MHpOBOH mnpakthuke. Ha OneiTHOH HayuHo-
HCCIIEI0BATENIBCKOH CTaHUMM OBUI COOpYKeH caMblii KpymHblii B Espomne
TOYeUHBIH HCTOUHMK Y-Halyuenns (32 xKm, 1,18 + 10 Bk 137Cs) i
obny4yeHus: PUPOAHBIX skocHcTeM. Ha OCHOBE HaHHBIX, MOJNYYEHHBIX C €ro
TMOMOILBIO, YAATOCh ONHMCaTh OCOOEHHOCTH Jy4EBOTO MOPaXKeHHs M MOCTPaH-
ALMOHHOTO BOCCTAHOBJIEHHS JIECOB B CTPOTO KOHTPOJHpPYEMBIX YCIOBHAX M NPH
TOUHOH no3uMeTpuH (00Ny4anuch B TEYCHHE HECKOABKMX Henenb Oonbliive
YYacTKH Jieca). AHATIOTHYHOE 06JTyYeHHe M ONUCAHHUE JIyueBbIX 3 (heKTOB ObLIH
clenaHbl M i1 JiyroBoro cooOmectea. IIpoBoaunace Takxke 3aTpaBka
CEJILCKOXO3SMCTBEHHBIX XKHUBOTHBIX (AOHHBIX KOPOB) GONBUIMMH KOJTHYECTBAMH
MOJIOABIX MPOAYKTOB SJEPHOTO AENEHHs U1 OLEHKH JIyueBOro MOPaXKeHHS
KHBOTHBIX W ONpEENICHHS HMX MOJIOYHOH M MSACHOH MNMpOXYKTHBHOCTH (3TO
0COOEHHO BaXXKHO KaK U1 pa3/IMYHOro poJa CLEHapHEB aBapUHHBIX CHTYalHi ¢
BBIOPOCOM PaJIMOAKTHBHBIX BELIECTB B oxpyxcaxomyro cpe;(y, Tak U [id
pelieHnst 0OOpOHHBIX 32434 ).

Jns nMKBHAALMH MOCJEACTBHH pagHallMOHHOM aBapuH Ha HOxxHoM Vpane
(Uensabunckas 0651acTh) MPHUBIEKATHCH CHELHATHCTB ArpodH3U4ECKOro HH-
crutyta BACXHHWJI, WHctutyra npuxnagHoii reodusuku [nasHoro
ynpasiaenuss rugpomereocityx6sr CCCP, Bcecorosnoro HHUHM mopckoro
pbIOHOro xossiictBa M okeaHorpagpuu Munpsioxoza CCCP, MI'Y, a takxe
MockoBcko# cenbckoX03aMCTBEHHON akageMuH (ee paboToif 3fech pyKOBOAKMI
Kneuxosckuii). BceBosion MaBpHkHeBHY OpraHM30Bal COTPYIHHYECTBO C
y4YEHBIMH-MEHKaMH - CTIeLHaTMCTaMH B 00/acTH pafiMallHOHHOH THIHEHB!, Ybs
JEATENIBHOCT CKOHLIEHTPHPOBAJaCh Ha OLEHKe MOc/eACTBHH o0iydyeHus
HaceJleHHs, MPOXXHBABUIEr0 Ha TEPPUTOPHH € MOBBILIEHHBIM COJEpIKaHUEM
PaAHOAKTHBHBIX BEINECTB, H U3BICKAHHUM CIIOCOOOB CHMKEHHS JO30BBIX HArpYy-
30k. MHoroe 6b110 caenano U punuanom Ne 4 HuctutyTa 6HOGH3NKH.

Bceii aToit paborod pykosoamn B.M. Kneukosckuii. OH paccmarpuBan
3arpssHeHHyro TeppuToputo Ha IOxnHoM VYpane Kak  yHUKanbHbIH
9KCTIEPUMEHTAIBHBIA TMONUroH. IIpekpacHO NMOHHMMas BaXKHOCTh MHOTOJETHHX
HaTypHbIX HaOJIOJEHHI 1O MHIpalMHM pagHOaKTHUBHBIX BEIUECTB B
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OKpyalolel cpele M pajHalHOHHBIMH 3(dektamH B mnpupose, B.M.
KJteukoBCKHil CTal OJHMM M3 HHHLIMATOPOB MpHAaHHsA ocoboro craryca Ajis
YacTH TEPPUTOPHH PAAMOAKTHBHOIO clela, Ha KOTOPOH B COOTBETCTBHMH C
nocraHosnenHeM Cosera MunuctpoB PCOCP 29 ampens 1966 r. 6si1 co3nan
BocTouHO-YpanbckHil rOCyJapcTBEHHBI 3alOBEJHMK - TEPBBI B MHpe
paaHalMOHHBIH 3aroBeAHUK Takoro THna (obiwas niowaas 16616 ra).

Pe3ynbTaTel 3THX KOMIUIEKCHBIX MHOTOJIETHHX OMNBITOB B HAaTYPHBIX
YCIIOBHAX TO3BOJIMIM TMOJYYHTh BAXHYIO HHPOpMaLMI0O O 3arpa3HeHHH
nuuieBslX npoAaykroB. KieukoBckuit mpupman pabGoram Ha [OxHom Vpane
IUMPOKUM MEXAHUCLMIUTMHAPHBIA XapakTep M MNpHBIEK K HMX BBINOJIHEHHIO
BMIHBIX YYEHBIX U3 pa3Hbix BefoMmcTB - Akagemuu Hayk CCCP, I'mapomereo-
cnyx6s1 CCCP, BACXHMII, pana orpacneBbIX MUHUCTEPCTB U BEIOMCTB.

‘B cTpatermio ofecneuenns panvalMOHHOMN 3aIlUTHI MPH PaAHOAKTUBHOM
3arpsa3HeHuH okpyxatomei cpeasl B.M. KiteukoBckuil NpHBHeC MOJIOXKEHHE O
BaXXHOH pOJIM B CTPYKTYpe HO30BBIX HAarpy3oK Ha YeJIOBeKa BHYTPEHHEro
obnyuenus, - ¢dopMupylowerocs 3a cyer notpebneHus
PafMOHYKJIHACOAEpXKALIMX  MNHLIEBBIX  NpoAykToB. B GonbuiMHCTBE
PafHONIOrHYEeCKUX CHTYaUMi 1)1 OTAENIBbHBIX PaAHOHYKIHJOB 3HAUYEHHE 3TOro
KaHana oONy4eHHs - Mo)keT OBITH  JOMHHHUpPYIOUIMM, a A8 OTAENbHBIX
aBapMifHpIX CUTyalMil POJIb 3TOr0 HampaBJIeHUS paJHaLMOHHOTO BO3AEHCTBHSA
BecbMa 3HauMMa. Tak MpOW30II0 MpH paAMalHOHHBIX aBapuix Ha IOkHOM
Vpane B 1957 r. u Ha YepHoObinsckoit ADC B 1986 r. Ilpu paguoakTHBHOM
3arpsA3HEHMH OKPY’KaIolEeil Cpe/ibl Ha 00 BHYTPEHHETO 06Iy4YEHHS B PasHbIX
3oHax UepHoOsinbekolt aBapuu npuxoaunock ot 30 no 80% ot obuieit no3oBoi
Harpy3kH (T.e. [oas BHeulHero o6iy4eHus pasHsiack 20-70%). Kneukosckuii
M ero pajvodKonoryyeckas inkona paspaboTan¥ cHCTEMY 3alllMTHBIX
MEepOMNpPHATHH, MO3BOJIAIOLMX DPEryJIHpOBaTh MOTOKH PaAHOHYKIHIOB M, Kak
CJIEACTBHE, MMHUMM3ALIMIO 1030BO# Harpy3KM OT BHYTPeHHEro obiyyeHHs Ha
ye/lI0BeKa, MPOXKHUBAIOLIEro Ha TEPPUTOPHUAX C MOBBIUEHHBIM COJepKaHHEM
paauoHyKJIHIoB. CreflyeT MoaYepKHYTh, YTO C SKOHOMHUYECKOH TOUKH 3peHHs
pEryJMpoBaHHE [O30BOH KOMIIOHEHTH BHYTPEHHEro OONyuYeHHS MOXKeT
okasaTbcsi ropazgo Oonee 3QQeKkTHBHBIM, YeM OrpaHHYeHHe BHEIHEro
obnydenns. Chopmynupoan B.M. KiieukoBckHii M OCHOBHOE MONOXEHHE
CeNbCKOXO03SHCTBEHHOH PalHO9KONIOTHH, CBA3aHHOE C MPUHLIMIIAMU BBEIEHHS B
arponpoMBIIIIEHHOM MPOHM3BOJACTBE 3arpia3HEHHBIX TEPPUTOPHI 3aLUTHBIX
MEpONpUATHH, HaNpaBJIeHHbIX Ha YMEHBLIEHHE COAEPXKaHHS PaJHOHYKIUAOB B
CEeNbCKOXO3AHCTBEHHONH mpoAykuud. B pacteHHeBoicTBe  BakHeHIHUM
Crnoco0OM OrpaHMYEHHS HAKOIUIEHMS PAOHOHYKIWIOB B YpOXae CIyXKUT
yBeJIHUEHHE MIIOA0POHS MOYB. ' ‘

Uccnenosanns B.M. KieukoBckoro ¢ NMpUMEHEHHEM H3OTOMHBIX METOIOB
WIXPOKO M3BECTHBI HE TOJILKO B Hamiel cTpane, HO  3a pybesxoM. Ero Tpynp
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no HM30TOMHOH arpoxWMuH OBUIM mnpescTaBneHbl Ha Ilepsoit m Bropoit
KEHEBCKUX KOH(QEPEHLMAX MO0 MHPHOMY HCIIO/Ib30BAHHIO ATOMHOM 3HEPTHH B
1955 u 1958 rr. m Ha Mexnynaponoii koHdepenunn IOHECKO mo
NPUMEHEHHIO H30TONOB B HAYUHBIX HCC/IeIoBaHHsX B 1957 .

B.M. KneukoBckuii - aBTop 6onee 250 GpyHAaMEHTATBHBIX H OPHTHHAIBHBIX
Hay4HbIX paboT, a Takke aBTOp piaga y4eOHHKOB H y4eOGHBIX nocoOwuii, cTareii
Hay4YHO-MPOH3BOACTBEHHOIO XapakTepa M JPYrHX H3[aHWiA. MHoOrue roael oH
ABJIAJICA WIEHOM PeJaKUHOHHBIX KOJUIETHH psijia Hay4HBIX 3y pHAIIOB.

Hayuynbie pabotsl B.M. KieukoBCKOro OXBAaTBIBAlOT ILUMPOKUH Kpyr
BOIIPOCOB arpoXUMHH, 6HOGH3HKH, paiHOOHOIOTHH, a TAlOKe XUMHH H (DU3HKH
W OTJIHYAIOTCA HOBH3HOH M miIyOMHOH TeopeTHueckoro o6oOmieHHd. 3a
COBOKYIHOCTBb paboT MO HCC/EJOBAHHIO NUTAHHA PACTEHHH H MpPHUMEHEHHs
ynobpennii pemenneM Ilpesumuyma Axkamemun Hayk CCCP B 1968 r. emy
npucyxnaeHa nepBai 3onorad Mepans WMmeHd J[.H. IlpaHuiunukosa. 3a
KOMIUIEKC paboT MO oXpaHe OKpyXalolleH cpeabl BMecTe C Tpymnnoi
cotpyaHukoB B.M. Kneukosckomy B 1974 rony Obuia mpucyxzaeHa BTOpas
IocynapctBennas mpemus CCCP. Mmuorue tpyast B.M. KieukoBckoro B
obacTH pafiHO3KONOrHH CTalu KiaccuueckuMu. B.M. KieukoBckuii akTHBHO
pabotan B koJuierHu Beicniel aTTecTaliHOHHOH KOMHCCHH. B TeueHHe MHOTUX
NMeT OH PpYKOBOJAWI CEKUHeH II0 BOMpOCaM MHIpaldH paJHOaKTHBHBIX
HYKJIHAOB B OHocdepe W sABmAiCA 3aMecTHTeneM mnpeacenarens HayuHoro
coseta «Pagnoakonorus» AH CCCP. ,

Hayunas u ofmectBeHHas nestensHocTh B.M. KieukoBckoro monyumuna
BBICOKYIO OLIEHKY - €O CTOpOHBI COBETCKOIO NMPaBUTENBCTBA: OH OBl HArpaXXAEH
aByMs opaeHamu JlenuHa, opneHaMu Tpynosoro KpacHoro 3HamenH, «3Hak
ITouy&ra» 1 MHOTHMH MeasisMH.

Hpen, 3anoxennele B.M. KineukoBckHM. B OCHOBaHHE OTEUE€CTBEHHOM
PaAMO3KONIOTHH M . CEJIbCKOXO3AMCTBEHHOH paoMOJIOTHH, HaxXoOAT CBO&
JajbHellee IUIONOTBOPHOE pa3BUTHE B HCCIIC[IOBAHUAX €ro YYEHHKOB H
rocjieioBaTe/iell He TOJNBKO B 00J1aCTH CEeNTbCKOXO3AHCTBEHHOH HayKH; HO M B
LIEJIOM psfie APYTHX HayK, B YAaCTHOCTH, B GHOJNIOrHH, MEULIUHE, reo(H3HKe U
JpYTHX. , :

CerogHs paaMO3KOJIOTHYECKHE HCC/IENOBAaHHS MOJIYYHIM HOBBIH MOINIHBIH
HMIYJIBC U CBOErO Pa3BUTHs, CBA3aHHBIH ¢ OypHBIM pa3BHTHEM SAEpHOH
9HEPreTHKH BO MHOTHX CTpPaHaX MHpa, aBapHiIMHM Ha paaHaliHOHHO-OMAacHBIX
oOBeKTax. 3TH UCCIEAOBaHUA MPOBOATCA B HalleH cTpaHe MHOTOYMCIIEHHOH
ILKOJIOH paJIno3KoIoroB, co3naHHol B.M. KiieukoBckuM. , :

B.M. KneukoBckuit OpIn HHHIHATOPOM cO3JaHHA Bcecoro3HOro HayuHo-
HCCJIEIOBATENIbCKOTO  MHCTHTYTA CeNIbCKOXO3AHCTBEHHOH  paaMoJIoruu
(BHHMHUCXP), yuactBoBan B pa3paboTke M MPEACTaBJICHHH B IPaBHTEJILCTBO
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060CHOBAHMS Ha €r0 CTPOUTENBCTBO U BHICOP HANpaBIEHWH uccnenoBanuii. B
anpene 1972 r. on BowEN B COCTaB NepBOro Y4&HOro cOBETa HHCTHTYTA.
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HUKOJIAM BUKTOPOBHY JIVUHHK (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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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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T'EHHAJIUYA I'PUTOPLEBUY IIOJIMKAPIIOB (1929-2012)

IITpuxu Bocnomananuii 0 Hukonae Bnanamapossde THmodeese-
PecoBckom

[.I". [TIOJINKAPIIOB ‘
Huemumym 6uonozuu 1oicuorx mopeti um. A.O. Kosanesckozo
Hayuonanvroii akademuu nayx Yrpaunwvt '

Bmecmo esedenusn

Hen 1954-1955 roa. S 6611 acnupaHTOM-6HO(H3HKOM 1O CMIELHATBHOCTH
"panuobuonorus”. Kadenpa 6uoduszuku Ouopaka MIY pacnonaranack
BHauane Ha MoxoBo#i ynHue, 3ateM - Ha JlennHckux (HblHe Bopo6beBbix)
['opax, 3aseayromum kadenpok 6em npodeccop bopuc Hukonaesnu Tapycos.
Hamu ¢ Bononeit (Bnagumupom Hpanosnyem) KoporoanHsiM nabopaTopHsle
MecTa - B OJHOH KOMHaTe MOABAIBLHOTO 3Taxka Ouodaka. Tam y MeHs
akBapuyMel ¢ ruapamu Pelmatohydra oligactis w3 npynoB MocKOBCKOro
300Mapka M OTAENbHO - C AadHUSAMH B KayecTBe Kopma mis ruzap. Psaom
KOMHAaTa ¢ PEHTTEHOBCKHM anmaparoM  JUis oOJyueHHs HM3y4yaeMBIX >KHBBIX
0OBEKTOB H Ha TOM XK€ 3TaXe B CIIeLHANEHOM OTCEKE C 3AIMHTHEIM JaGHPHHTOM
- kobaneTosast (Co®) ramma-nymka Toxe st 061yUeHHUS.

3aberas Bnepen, cooOlly O APKOM JUIS MeHs 3MH304e, Koraa 3uMoit 1955-
1956 rr. Hukonait Bnanumuposuu obxomwn  BhageHHs Kadenpel B
conposoxaennd Bopuca Hukonaesuua (6e3 caHkuuu BOIIPEKH TPOMKOMY
KaTeropMYecKoMy 3ampeTy TOrjauiHero AekaHa GHodaka "Kpenko 3aXJI0NHYTh
nsepu  (akynbTeTa Mepel  MEHIENHCTOM-MOPTraHHCTOM-BeHicMaHHCTOM").
VBUzEeB MOH aKBapUyMBbl C 3J0fAeeif M COTHAMM THAP H y3HaB TeMy Moel
acripaHTckoit pabotel, Hukonaii BnagiMupoBHY ogoOpUTENBHO BOCKIHKHYII:
"BoT 310 8 MoO6MI0: BCAKYIO MpUpOAHYHO >kHBHOCTH!" OH cKaszan, YTO OHH
opraHusosand (mocne "copokoBku", T.e. UenabuHcka-40) Ha OHOCTaHLMH
Muaccoso B HnpmeHckoM 3anoBegHuke YensbuHckoi obnactu rpynmy
"Boanukos", Hapsany ¢ "baukucramu”, "I'po6oBmnkamu”, "KasanepuctaMu" u
ap. U npurnacun MeHs Ha CTaXXUpOBKY B JIETHee BpeMs 0 BOAHOM 4acTH,
koTopoii 3aBefoBasia EneHa AnekcanapoBHa, ero »keHa. S 6bu1 cTpaliHo pana u
cpasy YCJIOBMJICS O KOHKpeTHoM mpue3fe. Korma s nmoGaBun, dtoO
pacnpezensiock Ha CepacTononbsckyro Ouonoruueckyio cranuuio AH CCCP,
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OH cBoMM  0oraTelM  INATAMMHCKOTO ~ TUMA  TOJNOCOM  Hapacres
npoxexiamupoar: "Ha T'padckoit npuctann, B CeBactomone, o Oepera
KoTopoii 6unuck BosHbel N-ckoro Mopa!" BriocnencTsuu g y3Hall, YTO OIMH U3
npeakoB ero 6oraToro yJalbiMH NpallypaMH poja 3 poaa Popukosuueii Gt
repoeM CeBacTonond - aamMupain HaxumoB, ybHM HMEHEM Ha3BaHBI POCHEKT
niowane. Pax Apyrux ero npeakoB akTHBHO NposBuiH cebsg B CpetH3eMHOM U
UepHOM MOpAX, B TOM HYHC/I€ BBIPBIBAACH H3 TYPELKOro IUIEHAa M YroHad And
3Toro 60eBbIe MIABCPECTBA, BKIIIOYas (perar.

IMosToMy s cpasy okasaics NpHYaCTHEIM He TONBKO K HayyHOH cpene mo
nuHud  "BopHukoB" y  EneHel  AnekcaHOpoBHBI K "paaHalMOHHOM
ruapobHosoru”, Ho U B reorpaduyeckoM acnekte - kK cepe KH3HEHHBIX
UHTEpecCOB  OTBaXHBIX mnpedakoB  Hwukomas  Braaumuposuua.  Taxk,
nepsoHavaipHass (¢ 5 ceHTabpa 1956r.) naGopatopHs paguoOHONIOTHU
CeBacTomonbckoif  O6HOcTaHUMH  (BIOCIEACTBHH pacluMpeHHas M
npeobpa3oBaHHasA B OTAEN paAHaLIHOHHOHN U XUMU4eckoi Ouonoruu UHcTHTYyTA
Huonorun 1oxHeIX Mopeit MM. A.O. Kopanesckoro AH CCCP) crana BeTBEIO
MOrydero ' HayyHoro  JpeBa  "paJHalMOHHOMH 6HoreoleHoNnoOruu",
copmupoBanHoro HukonaeMm BragumupoBuuem y "Gacypmatos” (B bepnume,
Komenrarene u fap.) H B "MHOroyBaxaeMoM, HO oOWHpHOM oTeuecTBe"
(Menabuncke-40, Ceepanoscke, ObuuHCKe). S ¢ camoro Havana BoopysKajics
€ro SpKUMH BECENbIMH MYAPBIMH NpHHUMNAMH. [TepBeHIIUM H3 HHX CUHMTAIO:
"TloyeMy cHe BaxHO B-nATBIX?" JIpyrHe Takke BOCNPHHHMAIOT HMX C
onobpenueM. Tak, 11 pexabps 1996 r. npodeccop Ackep Aapkpor nomyuun
namaTHyro Meaanb npodeccopa H.B. TumodeeBa-PecoBckoro (M3 pyk
BHYY4TOro 3aBefyoluero cosaanHoro HukonaeM BrnaauMupoBuyeM oTzena B
Ceepmnoscke, Tenepb omsath ExarepuHOypre, Anexcasigpa Bukroposuua
Tpane3HnkoBa), Ha KOTOpOi, KaKk H3BECTHO, HamucaHO: "B XH3HH H Hayke
BaXHO OT/IMYATh CYIIECTBEHHOE OT HECYIIECTBEHHOro". 5] BHAEN SHTY3Ha3M Ha
JIMLie KPYNHOTO AATCKOrO Y4eHoro B o0nacTd pagvoaKTHBHOCTH Ouocdeps!,
YTO MOATBEPAMIM He3aMeNINTelbHO H ero ciopa: "O nga, 1 o4eHb H OYEHb
corjaceH ¢ 3THM nNpUHLUNoM!"

A menepw 6ce no nopaoxy

B kauyectBe acnupaHTta (1953-56rr.) 4 Brpei3ajica B JHTEpaTrypy HO
panuauuoHHON 6HOGH3HKE, B KOTOPOH MOCTOAHHO BCTPEYAIMCh HMEHA
kopudees H3 3anmanHoil nutepatypel: Lea, Timofeeff-Ressovsky, Zimmer u
apyrve. U1 Bapyr Ha xadenpe Bce uaiie cTaaM NOroBapHBaTh O TOM, YTO
sanagublii - kiaccuk  Timofeeff-Ressovsky, okasbiBaeTcsa, paGoTaer Ha
ypaibckoM "oObekTe", rae y Hero Lenas HeMeukas ero Jabopatopus U3
Bepnun-Byxa, u yto on opranmsyer otaen B Huctutyte OGuonormn YOAH
CCCP u ckopo mosBuTcS B MoOCkBe Ha KOH(epeHUMH MO MEAULMHCKOH
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3aTeM MOCHENOBANM €ro MO3JHEBEUEPHUE BHICTYIJIEHMS MO reHETHKE Ha
mexmaTte (Ha Jpyrux ¢akynpTeTaXx Ui Hero ObU1 MONHBIA 3amper) y
npogeccopa JlsanyHosa, rae Opu1 rocTHBIUMH yueHsll U3 Benrpun. JnurensHas
AMCKYCCHA ObLTa Ha HEMEUKOM f3BIKE, HO YK€ OBUIO SCHO, YTO PYCCKHiA OH
3HaeT JTy4iue Joboro U3 MOCKBHYEHA.

HakoHen, »sromes [OcElleHMs, HeT, - OflepapMs [0 OpraHU3alHH
nponukHoBenus H.B. TumogeeBa-PecoBckoro B kauecTBe YacTHOTrO JIMLIA, IO
NpHrJalieHHI0 HOCETHTh Kadeapy GHOQH3NKH MY)KECTBEHHOTO 3aBedyIOLIEro
atoii kadenpoit b.H. Tapycosa. Msl, oprrpyiina U3 nonyai0KUHb aCITHPAHTOB,
XJlaJI B YCJTOBJICHHOE BpeMs y OHodaka, 4Tobbl obecreynTs HHBHIHM30BAHHOE
npoxoxaeHHe MuMO Hepbepa B Tonme dYepes -Gokosoil Bxon GHodaka
(ueHTpaJIbHBIN BXOJ OBUT HaueKy U HEMPOXOAUM, YTOOBI, 110 YKa3aHHIO JAEKaHa,
Hora ObiBiero cryneHra MI'Y, a HelHe "peakLIMOHHOTO" reHeTHKa He CTYITIa
B8 Alma Mater). HUrak, H.B. Tumodeen-PecoBckuit B wuisme U B MalbTo
Hapacramky  ObicTpoii moxoAkodt mpuOBUT K MecTy BCTPEYH, MBI
MO3HAKOMIIMCh, a HYXHO CKa3aTh, YTO 3HaKOMHJICS OH He QopMaibHO, a
3aMOMHHAI C OJHOTO pa3a W HABCErAa HUMs, OTYECTBO H (PAMHJIHIO KAXKIOro,
OTKYyAa poAOM H 4bHMX mpodeccopoB yyeHHK. Dotorpadus y 6uodaka stoid
HHHIMATHBHOH rpynmsl (Mo npoBeaeHuio Ha kadenpy) ¢ H.B. TumodeeBbim-
PecoBckuM -B LIeHTpe - onmyOHKOBaHa B OAHOM M3 HOMepOB KypHaiia "Hayka u
*kH3HB" K ero- 1o6wiero. 3atem B kabuHeTe 3aBenyrowero kadenpoit (B
GonpLIoH ayUTOPHH [N LIMPOKOH ay UTOpHH OBLIO HEJb3d) C YYacTHeM
TONBKO TPO(ECCOPOB, AOLEHTOB M ACTIMPAaHTOB OBGCYXIANCh: a) HayuYHbIE
uHTepechl kadenpel - bBopuc Huxomaeenu u 6) miaBHEIM 00pasowm,
"BEpHAJCKOJIOTHS C CyKaueBMHON" - Hwukonaii BraguMupoBuu. 3arem
nociiefoBan odxoa naboparopuit. M MMenHo 3T0T MOMEHT OTpakeH B KauecTBe
NepBOro 3nu3o/a (Mpo rKap) B MOMX BOCIIOMHHAHHSAX.

beuto  Beictymnenne H.B. Tumodeepa-PecoBckoro Ha ceMHHape B
Hucturyre o¢usukn AH CCCP y ILJL Kanuusi. [lomHio BOmpoch!
I1.JI. Kanuupi: "Kak Benmet ceGs pamHoakTHBHBIA Lie3uii, obpasyrommiics npu
HCIBITAHHAX SIEPHOTO OPY)KHS M BBIMajalol(uii M3 atMocdephl Ha no4sy?"
3anoMHwiIcsa oTBeT: "B 0OBIMHEBIX yC/IOBUAX cOpOHpyeTcs Mo4BOil HamMepTBO'.
U noaxpenwics 3TOT BBIBOJ elle W ele nocie aBapud Ha YepHoOBUIbCKOIl
ADC.

Ipuuuto Bpems, aumomatHuHelii B.H. CroneroB n3 MunsMcTtepcTBa
Bhiciiero o6pazoBanHus CCCP 3aHsnm HOBOJBHO BBICOKHH aJMHHMCTPaTHBHbIH
NOCT B PYKOBOACTBE HAyKOM W, OYEBHAHO, PELIHJ MOKa3aTh ceb TepNUMBIM K
HHAKOMBICIIHIO B TeHeTHKe, TeM Oonee, uTo "yuyeHHe" JIbICEHKO CTaHOBHIIOCH
Bce GoJiee OAHMO3HBIM, XOTSA H MPOAOKAIO OMMpaThes Ha reHceka. Ha ceii pas
H.B. Tumogeen-Pecosckuii, npurnamenssiii B.H. CronetoBeiM, Bowen B
Kopryc 6uodaka odhHUMaATBHO Yepe3 LEHTPATbHBIH BXOA H BRICTYNHI B Manoii
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aynuropuu (bonbwas ayautopus Oblna sBHO napagueii reHceka). Kak Bcerna,
BoicTyruieHds Hukonmas BnaguMupoBHua ObUTH  BNEYATIAIOIIMMH, He
OCTaBJIA/IM COMHEHHH M JOCTaBJIVIH HCTHHHOE 3CTETHYECKOE YIOBOJILCTBHE.
Bce Tak Ha3sblBaeMble "CIOBECHblE BONBHOCTH" OBUIH K MeCTy H
BOCTIPHHHMAJINCh KAK HIUTIOCTPATHBHBIH METON WIH TIPHEM JUIS YCHIEHHS
3anoMHHaHus. B pdane ciyvyaeB, ONATh-TakM K MECTy, OHH HallOMHHAIH O
IIAPOKOM  [Hamna3oHe ero JKU3HEHHBIX TMEPUIETHH: OT YTOHYEHHOM
npouenypHoii nepemMonun B Koponesckom O6mectBe BenukoGputanuu no
OUKHX CocOGOB BHDKHBAHWA C YTFONOBHMKAMHM B Jarepax 3aK/FOUeHHBIX
Kaszaxcrana ‘W BelAepKHBaHMA 4yAoM 'mocieaHero" MyTH B BaroHax-
CTONBINMMUHKAX (3a0MThIX JO OTKa3a eIlle >KWBBIMH, YMHMPAOIWMMH W IaBHO
YMEpIIUMH 3aKIlO4eHHBIMH) ¢ Boctoka B ‘MockBy. MeHs HHKorga He
NOKMAaJa MBICIb O TOM, 4YTO ecnd Obl co34aTh paBHBIE YCJOBHA /A
myOnnuHbIX BBICTyIUIEHHH W auckyccuii H.B. Tumodeesa-PecoBckoro u
T.J. JIbiceHKO B YHHMBEpCHTETaxX, MHCTHTYTax, 1O pajHO, TEJEBHICHHIO, B
raseTax M XypHanax, TO UCX0J Bceraa Gbut Obl CHBIM W onpedeneHHbIM. Ho
BJIaCTh OBbUIA BEILIE JIOTHKH H HHTEPECOB CTPaHBL...

Kak cefiuac, no koHrpacty, nomHro "nekumio" T.J[. JIbiceHko Ha Guodake
MI'V u, koHeyHo, B Dbonemoi ayautopun, no "BHA0OOpa3oBaHHIO".
Brieuatnenue ObLTO Y)XaCHBIM, M HAacTPOEHHE - HAJOJI'O HCHOPUYEHHBIM: 3TO
ObII0 TTyMJIEHHE IOPOAMBOIO MCTHTENBHOTO MYKHUKA HaJ COBPEMEHHO#
Haykoii. [ToMHio Bce ero nmepinbl. KoHTpacT ycunuBan cumistit ronoc. Bot ogHo
u3 Hux: "HekoTopelie cumtaioT JIbICEHKO AypakoM, HO OHH Y3HAIOT, YTO 3TO
3HAYMT, Ha CBOEH coGCTBEHHOM Kypppe".

ScHo, uto TakoH cBepxHeyronHslit, kak H.B. Tumodees-PecoBckuii, Mor
BBDKHMTB (HE CUMTAs IKCTPEMAIBHBIX HCTIBITAHWH B TIOPbMaX M Jlarepsx) TOJBKO
B MAaJIOBEPOATHBIX YCJIOBHAX MONHOH HEJOCTYMHOCTH: B MEKIYyHapOAHOMH
nabopatopuu B bepnuHe u Ha ObiBIeM cekpeTHOM 0O0bekTe B YenabuHcke-40 B
Ka4ecTBE 3aKIIOYEHHOTr0 PYKOBOAMTENS PEKHUMHOH 1abopaTopHH NMpH YMHOM
HauaneHUke 00bekTa. Ho Bo3Bpalmanmuch ke ero TMNpeAkH, HampuMep,
oTnpaBnsaBiIdecs U3ydatb CepepHbIi Mostoc, U3 adpUKaHCKOrO IUIeHa, YrHaB
ans aroro ¢perat u3 Typuun B CeBacTomnosib, 32 YTO OAMH H3 HHX INOTYYHII
BBICOKHi BOEHHO-MOPCKOMH UMH. : '

Muaccoso, ecmpeuu, nepenucka

‘Kak YrOBOpUNHCE 3apaHee, A fdan Tenerpammy: "Mwuacc UYensOuHckoit
HnemeHckuit 3anoBenHuk 6HoctaHuus MuaccoBo TumodeeBy-PecoBckoMmy
IMpuesxaro Muace 10 uons [onukapnos CesacTonons".

ITpubbiBato, umty riazamu BoguTens Ha neppoxe. Jliopei 6buto HEMHOroO.
Jlerko poranancs, npeacrtasuics. "A rae BTopoit?" - "5 oaun®. - “Kak oauH, a
CeBacTthaiHoB?" - "Her, 1 ogun". - "Torma noummu uckats. CeBacThgHOB!
CesactesaHoB!" U 51 Toxe kpuuan: "CeBactesHoB!" IloToM BoguTens ckasar:
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"3HauuT, ApYruM. moesgoM npuener. bynem xaare”. S Havan cMyTHO
noranpiBaThcs M cnpocui: "A otkyna CesacteanoB?" - "Kak otkyna? Ortryna
*e, OTKyJda M Thl. Tenerpamma ke omua". - "[loxaxure!" [leiicTBHTENBHO,
noanucek "ITonukapnoB CesacTesiHOB". Bce sicHo: Tenerpaductka. Ckasan
BOJMTEJIIO, TOT BLIpyr‘aJ'lCﬂ, Y4YTO TepsAEM BpEMS, a €XaTh JAIEKO H, C TI03BOJIEHHS
cKa3ats, 1o "gopore".

ITpuObiBaeMm, umy k OHOCTaHLMM, HaBCTpeuwy 6LICTpLIM maroM Hukonait
BrnagumupoBHY, 0OHHMAeT, BeJIMYAET MO0 MMEHH-OTYECTBY M CIPALIMBAET: «A
rae xe CeBacTpHOB?» IIposcHenMe - U rpoMkHi, Ha Bce OTPOMHOE 03epo
Bonbmwoe Muaccoso, B3pbIB X0xota. Ilotom Hac. posiro ¢ B.M. Koporoaussim,
OH 110 MeHs npuexai, 3Baii OpaTbsiMi CeBacThbSHOBBIMH..

MeHs onpeAeaHIH B NanaTKy, NOKa3ald Hay4yHOe X038HCTBO H npnrnacmm
Ha yvaenHTtHe-coOecemoBanHe B koTremk K H.B. u . E.A. TumodeeBpim-
Pecosckum. C yTpa clielylomero aus s 6bi1 B cocTase rpynmsl "BogHukos" u
HayaJ ONBIT MO HAKOIUIEHHIO LepHs-144 npecHOBOAHBIMH MOJUTHOCKAMH TOX
HEMOCpeACTBEHHBIM  HabmojgeHHeM Muwielimeit u  pobpeiiweit  Enenst
AnexkcaHapoBHbel. O Hay4yHOH CTOpOHE 3TOrO W APYTHX ONBITOB C JAPYTHMMH
HYKJIMIaMH U FHAPOOGHOHTAMH paccKa3biBaTh He Oydy: HMEIOTCS MmyO/IMKaLHH.
Kaxnoe nero, B 1957 u 1958 rr., s npuesxan B MwuaccoBo U ycepaHo
TpyAawics. Briedatsienuit oueHs MHoro (M He Ha 10 ctpanuu). EctecTBeHHo, uto
NO3HAKOMMWICS CO MHOTHMH, B TIEpBYl0 OYepeAb C TPEHUCIIOIHEHHBIM
OTBETCTBEHHOCTH  3aBeqyromuM  OHOCTaHIMEH, OH K€  achHpaHT
H.B. Tumodeepa-Pecockoro, Hukomaem  BacuneeBuuem  KynukoBbiM,
BIIOCJIECTBHH €r0 NMPEEMHHKOM IO OTAEJTY, AOKTOpPOoM GHONIOrHYecKHX HayK,
npodeccopom.

Bce Obliu TOrAa ne3uHGOpPMHpOBAHBI U 3allyTaHbl, B TOM YHCIE aCTIHPaHT
A. TIOpIOKaHOB, KOTOpBIH BAPYr BO3HMK y MOeH MalaTKH M IIEMOTOM Haval
BBIACHATH 00cTaHOBKY -Ha OnoctaHimu. OH.ObUT ¢ rpynnoii nousosenos MI'Y
(a MBI ¢ ogHOro 9 artaxa 3ounl J| B obmexurun MI'Y). Mo, Bce rosopr,
CTaBMI/ ONBITHI, 3Haellb, Ha KoM (?!) Tam B Bepnune, u 1.4. [oBopio: "Mou k
HEMy, TIOTOBOPH, YBH/MILb, YTO TaKOH YeJOBEK B CHIY CBOMX NPHHIMIIOB H
XapaKTepa HUKAKHX TAKUX ONBITOB Ha TOM, HA KOM He HaJIeXKHT, He CTaBmII".
Ipuxoout nocne Gecenbl MpocBeT/IEHHBIH. A 1oroM 3avyacthn k -Hukonaro
BranumMupoBHYy H cTa ero GHxalliUM TIOMOIHHKOM.

OTtmeuy enie Jimillb, YTO OCHOBHOM NpUTATaTeNbHON CHIIOH U1 MacTHTBIX
MosofiexH K GHOCTaHIMM MHMACcCOBO, Hapsiy C BBIMOJHEHHEM COBMECTHBIX
MCCIeN0BaHMM, OBIMM peryispHble KOJUIOKBHH NMOA pyKoBoacTBoM Hukonas
BnagumupoBuua. Bem OH HMX uHOeanbHO, H BCE HCNBITHIBAIM OTPOMHOE
YJOBJIETBOPEHHE, KaK IpeojoneHHe ouepenHoro mnepeana. Ho 06 otoii
CTOpPOHE ACATEIbHOCTH HMEETCS MHOTO BBICKA3bIBAHHI YHaCTHHKOB B ME€4aTH.
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Moe  HenocpeacTBeHHOe — npuoOLIeHHE K TNEPENOBOH  LIKOJiE
H.B. TumoeeBa-PecoBCKOTO OMpe/ENHI0 OCHOBHYIO HAmNpaBIEHHOCTh paboT
¢opMupoBaBueiics nabopaTopuu Mopcko# paano6Hosoruu B CeBacTonosie Ha
CbC AH CCCP. 5 6bul mornolieH OpraHM3alUMOHHOH (TNaHHpoBaHHe
CMELMaNbHOTO KOPIyca) H OJHOBPEMEHHO HCCIEN0BATeNbCKOM paboToll B
nepeobopynoBaHHbIX oTcekax craporo 3naHMs CBC  Ha IIpHMopckom
OynbBape. Ho nepenucka ¢ H.B. u E.A. TumodeeBbimu-PecoBckuMU Benacsk, He
npepbiBasich, Moka OHH ObTH kHMBHl. Ha Mou mnucpma orBeyana EneHa
AnexcanapoBHa U3 CeepanoBcka (M u3 MuaccoBo - JeTOM), a Mocie HX
nepeesna - u3 O6HuHcka. Iloceman 1 ux ¥ B O6HuHcke. Kak Bcerga, 310 ObLTH
OYeHb coAepkaTeNibHbie M AoOpokenaTenbHble KOHTakThl. A korzaa Enenwl
AnekcaHApOBHBI He cTajio, nucan caM Hukonal BrnaguMupoBuy, HeCMOTpS Ha
TPYAHOCTH €O 3peHHeM. S Ob1 Ha moxopoHax EseHb! ANeKCaHAPOBHBI B
O6HuHcke. Y MeHs B paboyeM KkabOHHETe - HX NOPTPETHl, NpHCIaHHbIE
HukonaeM BnagumuposuueM no Moeii npocsbe. Hax ux noptpetamu - nopTper
B.H. BepHanckoro.

‘B 1963 r. EneHa AnekcaHapoBHa ONy6JMKOBada CBOKW MOHOrpaduio
"PacnpesienieHHe paJlHOU30TONOR MO OCHOBHBIM KOMIIOHEHTaM IPEeCHOBOAHBIX
BogoeMoB" (Tpyast uHctuTyTa OHONOrMH Y®AH CCCP, BN, 30), KOTOpas
cpasy ke Obula ormy6JIHKOBaHAa Ha aHIVIMICKOM s3blke B CepHHM M3gaHHii Ok-
Pumxckolt HauMoHanbHoO#H naboparopuu B CILIA. Bekope, uepes ron, Obina
3allMTa ee KaHAMAATCKoH aucceprauud B CBepAnoBcke, a s ObUT yAOCTOEH
4eCTH ONMOHHPOBATh D3TOH BhIAatomleiica paboTe,  OTBeyaBIUEH BCEM
TpeOOBaHUAM, TPEABABAAEMBIM K OOKTOPCKMM AucceptaumsaM. [lepen
noe3akod s cymen mnpeBo3Moub cebsd, OKa3aBLIMCh . OTPaBJIEHHBIM B
CepacTonone HeJOOPOKAYECTBEHHBIM XOJOALOM M3 MarasMHa GyKBalbHO
HakaHyHe nosieta B CBepanoBck. JAHpekTopoM MHCTHTYTa 3KOJIOTHH pacTeHHi
U xuBOTHBEIX Y®AH CCCP n vnpencenaTeneM CoBeTa no 3amuram ObUI
akanemuk C.C. Hlpapu.

Kak usBectHo, Hukonali BnaauMHpoBHY OYEeHb KPHTHYHO OTHOCHIICA KO
BCEMY, OT/IMYas CYHIECTBEHHOE OT HecyiuecTBeHHoro. He Tepnen oH
"Genubepant”, "uyun cobaubeii”. M3-3a paaa ciaabeix paGoT Mo pagHo3KOIOTHH
Ha 3anane U B MockBe JOCTaBaJIOCH OT HETO H CaMOMY TEPMHHY. Mbl HMeNH ¢
HHMM BO3MOXKHOCTH 00cyK1aTh TepMHH B MuaccoBo u CBepioBCKe.

A xorga 6el1 roguuHeiii otyet B Coeete no papuobuonorun AH CCCP B
OFBH Ha yn. Bonbuio# Kanyxcko#, 33, To Hukonaii BnaguMupoBuy oTHec cebs
M TeX, KOro OH MNpH3HaBal Ha AO/DKHOM HAY4YHOM YPOBHE, K "pasyMHBIM
paauoskonoraM”. CBoe BBICTYyIUIeHHE OH Tak M Hayai: "Mbl, pasyMHble
PagHOAKOMOrH, ..." U Jaliee CIEA0BAN0 WM3NOKEHUE NOCTHXKEHUH ero otrgena.
JlelicTBUTENLHO, ~ pafMO3KOJIOTHS CTajla MOAOH M  MHOTHe, OCOOEHHO
TEXHOKpAThl, OKa3aMuCh TOXKE PAAHOIKONOraMH, HO HEPa3yMHBIMH. :
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TloMHIO, KaKk Tocne NHUTENBHON SKCMeAuld B MeKCHKaHCKMi 3auB,
Kapub6ckoe Mope u Ha Ky6y B 1965 r. 1 npyuen, 6yayun B Mockse 0ceHbl0, Ha
nexuuio Hukonas Bnagumuposuda Ha 6uotake MI'Y, rae oH udran Kype 1o
NOMyAUMOHHON TeHeTuke. Ero e He Bmyckanu Ha Guodak 10 ner Tomy
Haszan! ITopamoBaiics. nporpeccy. Eme Gonbme 6pu1 pan Betpeue ¢ Hukonaem
BnanuMupoBuyeM, KOTOPBIH ObL, Kak Bceraa, OuyeHb pagylieH. :

Hukonaii BnanumupoBu4 yacto nosropsan: "Hacrosuuii yueHsli He MOXET
6bITe NIOXHUM 4YenoBeKOM, u Haobopotr". OH caM u ero >xeHa Enena
AJnekcaHapoBHa ObUTH HACTOSLIMMH JTIOJbMH H YUEHBIMH, a OH JIHYHO OBl emme
M TeHHAIBHBIM YYEHBIM, OH ObLT CI'yCTKOM HEBEPOSTHOH 3HEPTHH M NpeIeIbHO
AcHO# (BuneBwwIei cpasy "B-matbix") Mpicnd. OH ILeApO OHapHBal Jozei
cBoell sHepruedl. OH paBHO 3aMHTEPECOBAHHO pa3roBapHBal C MacTEpPOBBIM
4eJJ0BEKOM, YHHOBHHKOM, HCKYyCCTBOBEIOM, HCclienoBaTeneM. S 4yBCTBYIO €ro
SHepruio B cebe. ‘

Hanetoch BbIOpaTh BpeMs H OmMcarh - Bce noApoOHee, MPOLMTHPOBAThH
MHUChMa, Ha3BaTh MHOTHX KOJUIET, W3 KOTOPHIX 3[€Ch S YHOMSHYJ TOJIBKO
OTHeNbHBIX. BylleM paccuHThIBaTh, YTO BCe Brepeny!

Cesacronons, 2000 r.

Ilepssiii Badpocok o B.H. Koporoaune

JInuHble BOCITOMHHAHHUS

o Brnamumupe MBanosnue Koporoause,

BBIJIAIOIIEMCS paiio6HONIOre-TeHETHKE,

PaIMO3KOJIOTe aBapHITHEIX 30H, 061IeM 6Hoore,
MbIcUTeNe-hmIocode B chepe HHGOpMALIUHU H KU3HH,

MO€EM JIaBHEM 3aMedaTeNIbHOM JIpyTe C YHUBEPCUTETCKUX BPEMEH

T.T". IIOJIUKAPITIOB
Huemumym 6uonozuu wocnvix mopeii um. A.O. Kosanegckozo
Hayuonanvroii akademuu Hayk Ykpaurvt

1955 roa. 3amoMHuWiICs HaBceraa mepeesn kadeapol 6uodusnuku 6uodaka
MI'V = Bo rnaBe ¢ 3aBeayromuMm Kadenpodt npod.- b. H. TapycoBbim,
3amecTuTeNieM 3aBeayrouiero kadeapoii npod E. B. Bypnakosoii u  yueHsiM
cekpeTapeM Kadeapsl M pykoBOoAMTENEeM bonbmoro mpakTHkyma, —TOraa
JoueHToM, a HblHe npotdeccopoM, O. P. Konse - ¢ MoxoBo#t ynuusl (43
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NoJBaNIbHBIX MOMEIUEHNH HCTOpHYeckoro QakynpTeTa, A€ pacronaranack
nepoHayanbHo nepBas B CCCP momonas, 1953 roma poxnenus, kadenapa
atoro npoguis) Ha JleHuHckHe, Tenepb BopoObeBbl, Topbl B HOBOE 3JaHHe
6ronoruyeckoro akynsrera MI'Y. Oburamue -8 obmexutus MI'Y Ha yn.
CtpoMbIHKa NepebHpaiuck B OOLIEKHMTHE B IjaBHOM 3aaHud MIY Ha
JleHuHckHX ropax (Mos.acnHpaHTckas koMHaTa 936 neBas, Ha 9 3Taxke B 30He
]l ¢ BuoM Ha 3nande xuMdaka). Tpy3nM npu6opsl Ha MalIMHBL HA Mox0oBOH U
pasrpyxkaeM HX Ha GHodake Ha 3 ataxe, Ha KOTOpOM A8 kadenps! OHOPUINKU
BBIZIENIEH 60JIBIION OTAENBHBIA OCHOBHOH OTCEK, M B MOACOOHBIE MOMEILEHHS
kaeapbl B LOKOJIBHOM 3Taxe. MaeT nonyTHO 3HAKOMCTBO.

Cpeau pasHooOpasHOi rpynnbl HOBBIX MOJIOABIX COTPYAHHKOB _H
aCMUPAHTOB BBIAEIAICS OJMH CBOMMH DackOBaHHBIMH U - B TO K€ BpeMs -
HEHaBS34YHBBIMH €CTECTBEHHBIMH MaHepaMH. OH HEMpPUHYKIEHHO BCTynaj B
Apy)ecKkHe Oecenbl, LIYTHI, CIIOBOM, Aepxai cebs, kak ecyin 61 OH OblT JaBHO
3HAaKOM cO BceMH. Tak, 6e3 QopManbHOCTeH Mo3HaKOMWICS H 8 C
KoporoauHbiM, kOTOpBI cpa3y ke cTan Ha3plBaTh MeHs «[eHka», a s ero
«BoBka». Hac ¢ BoBko#t (u ele anekrpodusnonora pacteHuH, OKOHYHBLIETO
THMUps3eBKY) pacnipedesuiy B OfiHy 1abopaTopHyIo KOMHaTy B LOKoJe. Ta,
Ha HOBOM MecCTe M Ha HOBoH nabopaTopHoii 6aze (psAAOM peHTreHOBCKas
KOMHaTa ans obnydyeHus, a pganblie no nabMpUHTY kobajbTOBas ramma-
MylIKa), HaYaJIMCh OCHOBaTeJIbHble paboOTBl HaJl TeMaMH KaHIWOATCKHX
JAvccepTauui.

TeMsl y Hac ObUIH pa3Hble, Y Bojgogu - no AedCTBHIO HOHH3HUPYIOLIMX
H3TyYeHH Ha MHKPOOPraHH3MBbI — ero JIIoOUMBIEe IPOOKEBbIE KIETKH, Y MEHS
— Ha OKHCJEHHE HEHACHIEHHBIX >KHPOB M Ha MNpOLECCHl paJHaLlMOHHOro
nocneneicTBUs y (MOHX JIIOOHUMBIX ¢ 3-ro Kypca yHUBEpCHTETA) NPECHOBOAHBIX
rugp. Ml %HMBO MHTEPECOBATHCE H 00CY KIlal¥ JaHHbIE KaXJA0ro U3 Hac — Mo
JpoXoKaM M MO ruapaM. MHe NpHATHO OCO3HaBaTh, UYTO Mo Omvxaimui
KOJIera B HalleH oOleH JabopaTopHoOi koMHaTe 0OHapY KU NEPBBIM B MHUpe
3¢ ¢eKT NOCTpaAHALIHOHHOTO BOCCTAHOBIIEHHS KJIETOK, 33 YTO eMy ObLT BBIJAaH
adninoM o6 oTkpeiTHH. Mbl ¢ Bonoje#t nepBBIMM CKPOMHO OTMETHIIH €ro
ycriex B npodeccopckoii crosoBoit MI'Y (B ueHTpanbHoM 3gaHud MIY Ha
BTOPOM 3TaXX€): BHHOBHHK TOPXECTBA, KaK COTPYAHHK, 3alU1aTH 3a 2 obena Ha
HAC C HAM TaJOHaMH, BblJaBaéMbIMH 3a BPEJHOCTb, a f, KaK acnHpaHT Oe3
TaOHOB, BbicTaBun 2 nuea. Hepeako s ¢ ymaoBonbcTBHEM nomoran Bonoae
HECTH ropy uaitiek Iletpn Ha kadeapy Mukpobuonoruu ms crepunusauds. I1o
Aopore TyAa ¥ oOpaTHO Mbl XHBO OOCY:XA&IM TeKylllie ¥ HacylHbie
npobnemMbl paaHalHOHHOH OHOGU3NKK B cTpaHe H B MHpe. Poxxpanucek obuiue
HHTepechl U maHsl. OHH Bomowanuck B 061He myOnHKaLuH.
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«/lvHaMHKa = SPKOCTH JIIOMHHECLEHLUHH Kak [0Ka3aTenb -pajdalloOHHOro
MOPAXKEHUA (buoxumMuieckue H (bH3UKO-XUMHUYECKHE OCHOBBI
Ouonornyeckoro aeiictBus paguauuid. Tesucsl moknagos. M.: HUsp-so MI'Y,
1957). 1 B ToM ke cocTaBe aBTOpoB Oblna omy6nukopaHa craths «HoBoe B
NPUMEHEHHH JTFOMUHECUEHTHOM MHUKPOCKOMHUH 1151 U3y4eHHs: GHOMOTrHYecKoro
JEWCTBHS MOHHU3UPYIOIMX H3MydyeHHi» B «KypHane HaydyHOH W MPUKIaAHOM
doTorpaduu u kuHemaTorpadhum» (T. 3, Boin. 2, 1958). KcratH, oTMmeuy, uro
Hrope HukonaeBuu bupykoB — coTpyaHHk Kadeapsl HayuHoH ¢oTorpaduu u
kuHeMatorpaduu MI'Y, u ero «uawen» Bosoas. B xkypHane «VYcnexu
coBpeMeHHOH Guonorun» (1. 44, Boin. 1(4), 1957) Boiuwa craresa: Koporoaus
B. Y. n ITonukapnos I". T". «IlepBH4HBIE NPOLECCH MPH TYyYEBOM NMOPAKEHHH
(k BOMpOCY O MexaHH3Me YCWIEHHs paauobuonorudeckoro sddekra)»y. B
kHure «Hrtorn Hayku. 1. Papuobuonorus» (M.: Usp-so AH CCCP, 1957)
onybnukoBaH Gonbloi 3aka3zHOH HcuepnbiBaOmMA 0630p Ha 25 cTpaHHUIax
«brodusnyecke OCHOBBI NECHCTBHUS HOHH3HDYIOILIHX “H3Iy4EeHHH»  Tpems
aBTopamu: benesonenckum B.H., KoporoauusiM B.W. u [MonukapnossiM I'.T.

VYV Bonoau BO3HHKaN HHTEpeC K MNpolieccaM, NpOTEKaouUM B cdepe
FEpOHTOJIOTHH, a 51 MHTEPECOBAJICS C IOHHATCKOH MOpPHI M 3HaJI, KAKHE pacTeHHs
H JKHBOTHBIE CKOJIBKO >KHBYT. B' pedynbrare MBI ¢ HUM HamnMcald W HU3AAIH
cratelo «buonoruueckoe AeHCTBHE HOHM3MPYIOUIMX H3JIy4YeHHi, mnporueccsl
CTapeHHS M MpPOJO/UKHTENIBHOCTD JKH3HM» B KypHasie «MenuuuHckas
panuonorus» (Ne 4, 1958). 3atem Bonons ¢ npucymeit emy PELINTENBHOCTBIO
H 3Hepruei okyHyncs B 6ypHBIH MpoLiecc HeCleA0BaHHiA B Pa3HbIX HHCTHTYTaxX
Mocksbl, CubupH, O6HHHCKa, [IyOHBI M B CBSI3aHHBIE C HHUMH NOE3IKH B
3apy6exxpe Ha KOHrpecchl (06 3TOM cBelleHHS ONyOJHKOBAaHEL), a § CTAOHIIBHO
npuyanun Kk CeBacTononbckod OHonoruueckoid crtaHuun uMm. A. O.
Kosanesckoro AH CCCP, oTkyna oTmaBan KOHUBI JMIIb B MOPCKHE H
OKeaHH4ecKHe JIKCTeAULMH, Ha CUMIIO3HYMBI M OJHH pa3 Ha paboTy B MoHako
c Bo3zBpaTtoM B CeBacTonoJb. AMepHOIHYECKH MeHs Hapeman Bonoas, Mbl
obcyxaany, Mbl THCaJid BMecTe, Mbl AHCTBOBaIM coollua, HO 3TO He ObLIO B
paKypce ero OCHOBHOH JEATENBHOCTH, U MO3TOMY TaKHe CBEACHHS MOYTH He
HallJId OTPa’KEHHA B ero BOCMOMHHaHHUAX. CaMoif CHNIBHOH 4epToH HATyphl U
MBICIIMTENIBHOH  ocoOeHHocTbi0 Bonoau ObuUl0 moONHOE W MOCTOSHHOE
TIOTTIOLIEHHE TIPeIMETOM M JIOTHKOH HCCIIEA0BaHUS.

Omny6nukoBaHbl HeKOTOpPbIe HalK ¢ HUM (otorpadun (Mocksa 1 Kpeim). V
MeHs ecTb ortorpadus (npasaa, ganeko He Jyullero kayecrtsa): mpod. b. H.
Tapycos, Bonons u a1 Ha konoputHoM 6asape B CeBacTomone AerycTupyem
pa3IMBHOE CyX0€ BHHOTPAJHOE BHHO.
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Kak-uubyns, Haneroch, 106aBUTH KpaTKHe CBEJCHHA Ha CIIEAYIOIUHE TEMBI.

1. Mbi ¢ BoBkoii nuimeM 118 MOCKOBCKOro palmo cepHMio cratei i
OHHATOB (pazm ‘HeGOoNBIIMX ronopapos)

2. H. B. Tumodees-Pecockuii B maGopatopun (MI'Y) y Hac ¢ BoBkoii —
JpOAOKH ¥ MIpEl. Peakius. -

3.Boskau g4 B b. Muaccoro, UengOunckas 0051acTs.

4. Knwra K. Ilummepa. Mbl ¢ BoBko# muieM peneHsuio. 3ateM H3gaeMm
kHHry IluMMepa Ha pycckoM a3bike. BoBKa peakTop, a i IepeBOAYHK.

5. Ilpuesn npod. B. M. Koporoauna B yepHOOBUIECKME AHH B KHEB K BHLE-
npezunenty AH YCCP akan. AH YCCP B.U. Tpedunosy.

6. Cratea B. . Koporoguna ¢ A. Arpo (1960) npo Kapauaii. [inurenshelii
NaTeHTHBIH nNepyoA W 3aTteM (NP TpeACTaBiAcHMH MHOK Bonoan
BOCXHMIEHHOMY npodeccopy Appuro Yunea B Kuepe nocsie aBapuu Ha
YAISC u o6wvacHenus Who is Who) - OypHas peakima ¥ nepeusfanue
9TOii cTathu B Hranuu. '

7. MemyHapoﬂHLm cumrozuym ACOPS (Advisory Committee .on
Protection of the Sea) B Ceactonosne B 1996 r.

8. Paznoe, MHoroe. HeomHokparHele npurnaieHHs BoBkoii u AupekTopoM
OHUSHN mens B [Jy6Hy. IlocTodHHOe LMTHpOBaHHE paAMO3KOJIOTAMU
ctated o Kapauae.

Eue, Haieroch, BCIOMHIO M HanuIy O JABHO 103a0bITOM ...

A OCHOBHBIE BOCTIOMHHAHHA OCTAlOTCA CBEXHMMH, HE CTapEIOIHUMH.

- CepacTomnons, 2005
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ITamsaTH BBIZaIOLIETOCH YUEeHOTO-pagHodK0I0Ta akanemuka HAH
Ykpannsl I'.I'. IlosinkapnoBa

B. H. ET'OPOB, C. b. I'YJIMH, H. H. TEPEHIEHKO
Hucmumym 6uonozuu woicnuix mopeti um. A.O. Kosanescxkozo
Hayuonaneroii akademuu nayx Yxpaunoi

11 cents6ps 2012 r. ymen M3 >KM3HH BHIJAIOLIMHCS Y4YeHbIH, co3naTelb
MOPCKO# PaJJMO3KOJOTHH M LENOro psijia HayuHbIX HaNpaBlIeHHH B H3YUeHHH
3KOJIOTHH MOps, OCHOBATelb OT/AeNa PAAHALMOHHON U XUMHYECKON GHOIOTHH
Hncturyta OMonoruu 1oxkHbix Mopel, akaaemuk HaivonanbHo#t akanemun
Hayk YkpauHbl, naypear ['oCyfapcTBEHHOM NpeMHH YKpaMHBL, 3aCJTyKEeHHbIH
JesTeNlb HAYKY M TEXHHKH YKpaMHbl, kaBanep opaeHoB «3Hak Iloueta» u «3a
zacmyru» III cremeHu, a Takke MHOTHX J[APYrUX OTEYECTBEHHBIX W
MEKIYHapOJHBIX Harpaa, AoKTop OHonmoruveckHx Hayk, npodeccop Iennamuii
['puropbesuy [Tonukapnos.

Popunca Tennammit T'puropbeBuy 16 asrycra 1929 B cene Bonbiuas
[nymmua Camapckoii (Ky#6eimenckoit) obnacth 8 PCOCP (CCCP) B ceMmbe
noyToBoro ciyskaero [lonvkapnosa I'puropus HMeanosuua u Ionukapnosoit
(neBuubs - Cmaruna) Enens! [letpoBHbl. Briciuee o6pazoBaHHe C OTIHUHEM
nonyuun B 1952 r. B CaparosckoM rocyHusepcutete um. H.I'. UepHbimesckoro
Ha GHONMOro-NOYBEHHOM ()AKYJBTETE MO CMELUHATBHOCTH «300J10THA». B
acrmUpaHType 10 CreuHanbHOCTH «Ouodusnkay yuuncs B CapaToBCKOM
rocyHusepcHrete (B 1953-1954 rr.) u MoOCKOBCKOM TroCcyHHBEPCHTETE Ha
kadenpe 6uodusuku OHonoro-noyseHHoro daxyinbrera (B 1954-1956 rr.). B
1952-1953 rr. paboran npenogaBareneM OHONOMMH H XHMHHM B CTapllHX
wiaccax Bemuko-I'mymmukuit cpeaneii mxonsr (Ky#HOpimmesckas o6nacTs,
PC®CP). A ¢ 1956 no 1975 r. pa6oran B MnubIOM AH YCCP / HAH VYkpauns
Ha JO/DKHOCTSX MJIAJINEro ¥ CTapllero Hay4yHOro COTpPYJHHKa, 3aBeyIOLIEro
otaenom paguobuonorud. B 1975-79 romax paboran B kHsxkecTtBe MoHako B
MexaynaponHoit Jla6opatopun Mopckoit pamvoakTHBHOCTH MATATD Ha
JODKHOCTH CTapilero HayyHoro coTpynHHka (P-5) - 3aBemyiomlero cekumeif
«Uccnenosanne oxpyxatomed cpenbl» M wrtaTHoro uneHa CekpeTapuara
MATATD (no nuanu MUJ] CCCP - crapmuii coBeTHHK-nocnanHuk). C 1979
nmo 1991 r. on — 3aBeQylOlIMH OTAENIOM paJHALMOHHOH W XHMHYECKOH
6uonoruu (OPXDB), ¢ 1991 r. mo 2012 r. — rnaBHBIA Hay4yHBIA COTPYAHMK
OPXb UubIOM HAH VYkpauHsl. '

B 1964-1966 rr. Ilonukapnos I'.I". cozaan u 3aTeM pa3BHiI HOBYIO HayyHYIO
AMCLMANMHY - MOPCKYIO paiMOdKONOrMIO, a Takke Ha ee 6ase -
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PaHOXEMO3KOIOTHIO, MOJIMCMOJIOTHIO H eKBHOo3uMeTpuio. Chopmuposan
IIKOJTy MOPCKOH PaJIHO3KOJIOrHH, BRIPOC caM o akajgeMuka AH VkpauHckoit
CCP/HAH YkpauHbl, BOCIHTaNn H BBIPACTWUN TUIesSJy HayYHBIX KagpoB — 29
KaHAWIATOB Hayk, 3 NOKTOpOB Hayk H akageMuka HAH Ykpaunsl Ipennoxun
B koHUue 1950-x rr. u no6uics 3aBepileHds CTpouTenscTsa B 1973 r. B
MapteiHoBoit  Gyxte CeBacTomons CrneLHaLHOTO - pamHo6HOIOTHYECKOTO
xopryca ans OPXB HuBIOM. BHec BecoMblit HayuHBIi H NPaKTHYECKHl BKIA
B OXpaHy ruapocdepsl OT PagHOAKTHBHBIX H XHMHYECKUX 3arpA3HeHuit. OH
npeactaBun. B 1950-x - Hawane 1960-x rr.  o6oCHOBaHHYIO
PanHOIKOJIOTHYECKYIO apryMeHTaun}o' NPOTHB TPEMTOKEHHH ~ 3amaJHBIX
SIEPHBIX IEPHKAB UCTIONB30BATh [ITyGHHEI I-IepHoro Mops A c6pocoxa OTXOJI0B
A7epHON TMPOMBIIUIEHHOCTH. YuactoBan B 1950-60-x IT. B MOHPITOpPIHFe
TI0GATbHBIX PANHOAKTHBHBIX BHINAACHHH OT ANEPHBIX B3PHIBOB, HEOGXOMHMOM
IS TOArOTOBKH MOCKOBCKOrO J0roBOpA O 3aMpelieHHH AAEPHBIX HCTILITaHHUiA
B OTKPHITBIX cpemax. Iennamuii I'puropbeBMd B KauecTBe IJKCIepTa
MesxayHapoqHo Mopcxoﬁ opraimsauss (MMO - IMO) u MexayHapoaHoro
areHTCTBA MO aToMHOH sHeprum (MATATO - IAEA) no JIoHmOHCKo
KOHBEHIMH O JAMIIMHIE PaJHOAKTHBHBIX OTXOJOB CTIOCOGCTBOBAMT YCTICIHOMY
npuHATHIO B 1985 T. MexayHapomHoro Mopatopus Ha ynanex—me TBepI[be
PaAHOaKTUBHBIX OTXOJOB B OKEaHbI.

Pa6oras B Mesxumynapoamoii JlaGopaTopun Mopckoit pafHOaKTHBHOCTH
MATATD B MoHako, ITomuxapnos I'.T". cdopmymuposan B 1977 r. KOHUENLMIO
30HATBHOCTH XPOHHYECKOTO JEHCTBHA BCEX CYyIIECTBYIOLIMX H BO3MOXKHBIX
MOILHOCTEH 7103 HOHH3HPYIOLMX HM3yYeHHH Ha BCe YPOBHHM OpraHu3alMu
KH3HH (3TH 30HBI Ha3BaHel B 3apy6exHoi JIUTEPAType  «30HaMH
TonukaproBa»): Y4acTBOBAI B PaTHOIKONOTHYECKOM MOHHTOPUHTE CHCTEMBI
TPy A-OXJIafHTeNb YADC - l'Ipvmsm) HAuenp - Yephoe Mope - 3reuc1<oe Mope
H B JIMKBHIALHM TIOCIEACTBUI aBapuM Ha qepHoﬁbLHbCKOH ADC. B 1984 r.
BMecTe ¢ coTpyaHHkaMu OPXDB 0GHapy»H1 U H3yYusl BBHICOKOTUIOAOPOAHEIE
CBOMCTBa CepOBONOPOAHOH TIMy6uHHON Tonmu Box UepHOro Mops A
MOpCKHX pacTeHuii. B 1989 r. yuacTBoBas BMECTE ¢ AOKTOPOM GHONOrHYECKHX
Hayk, HblHe akaaeMukoM HAHY mpodeccopom B.H. EropOBLiM H JpYTHUMH
cotpyanukamd  OPXB B BBIABICHHH  WHTEHCHBHBIX ~ METaHOBBIX
ra3oBbIAENCHMUH, 4 B NanbHeliilleM ¥ KpyTHBIX KOPa/IOBMAHBIX 6aKTepHanbHBIX
coopyxeHuii, B cepoBojopoaHoii 3oHe YepHoro Mopsa. B 1998 r. akamemux
Homukaprnios TI'.I. opranusoan BMmecTe ¢ npodecopom Otro Kunne
(TepManus) MexayHapoaHslii coro3 skostuku (MCID - EEIU) u xypHan
«Ethics in Science and Environmental Politics». B 2007-2008 rr. yyactBoBan
BmecTe ¢ akanemukom HAHY 10.J1. 3aiiueBbiM M APyrHMH COTPYIHHKAMH
Onecckoro ¢unuana UHBIOM u OPXB MHBIOM B BBISBICHHHM M M3y4EeHHH
OGuocepHot M KOCMHMYECKOW pONH HEM3BECTHOrO paHee SBICHHUS * B
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cepoBofopoAHOH GaThanyn UYepHoro Mops - HalIWYUA XKHBBIX CIIOP M LMCT
pacTeHuii-a3po6oB (MOPCKHX H TPECHOBOAHBIX BOJOPOCHEH M Ha3eMHBIX
rpuboB), HaxXOAAIIMXCS AJIMTENIbHOE BpeMs B COCTOSHHM TIOKOS B
rTy0oKOBOAHBIX OTNOXKeHHAX. B 2009 r. oH mNpemIoKWI HCMOJIB30BaTh
CEpOBOJIOPO/IHbIE YCOBUs Ty6uH UepHOTO MOpPA KAK aHOKCHUYECKHH aHamor
3KOJIOTHYECKHX YCJIOBHIH Ha JPYrHX KOCMHYECKHX Te/laX, B Ka4eCTBE MOJIMToHa
AN M3yueHHs KOCMHYecKOH 6Hosoruy — sk306uonoruy, B 2012 r. paspaboran
KOHLENTyalbHyI0 MOJENb 3KCTPEMATBHOTO OHOreoleH03a CepoBOAOPOAHOM
30Hb UepHOTO MoOpsA, 3aI0XKHI OCHOBBl (DOPMHPOBAHHA BKCTPEMalbHOM
Mopckoli GHONOTHMM CepoBOAOPOAHOH TONM M Gatanu Yepnoro Mops ans
KOMIUIEKCHOTO ~ HM3Y4YeHHA 3aKOHOMepHOCTeH (YHKLUHOHHPOBAaHHA 3TOrO
KpPYITHOTO MPHPOJHOTO 3KCTPEMalIbHOTo 6HOTeoLeHo3a.

BceMMpHO NpH3HaHHBIH YYeHbIH — paiModKONOT, OH 661 M36paH B 1991-
1994 rr. u 1999-2002 rr. BHUe-mpe3uAeHTOM MeXayHapoaHOro coro3a
paauoskonorud (MCP), ¢ 2006 r. - ITouetHslif uwien MCP (®panuus). C 1998
. 'OH - JeHCTBUTENBbHBIH YseH KpeiMckoli Akamemuu Hayk, ¢ 1994 r. -
akageMuk AH YCCP / HAH Vkpaunsl no paguo6uonoruu, ¢ 1990 r. - uneH-
kopp. AH CCCP no ruapobuonoruu Mops, ¢ 1967 r. - mpodeccop mno
PaaMOGHONOTHH M ruapoGHoNorky, ¢ 1968 r. - nokTop GHONOTHYECKUX HayK, C
1964 r. - cTapummii Hay4HbIH COTPYIHHUK, ¢ 1962 r. - uned Hayunoro Cosera
AH CCCP / PAH no paguo6uonorud u uneH ee Ilpe3unnyma, uneH YueHoro
coseta UHBIOM HAH Vkpaunrl. Unen pencoseros: «Journal of the Black
Sea/Mediterranean Environment» (Crtam6byn), «Paguanmonnas Ouoyorus.
Paguoskonorus» (Mocksa), «buonorus mops» (BnaguBoctok), «Mopckoii
skonorunveckuit xypHam» (Cesactonons). Ilomukapnos I'.I'. - aBrop 928
Hay4HBbIX myOnHKauuii, B TOM yuciie 28 MOoHorpaguii.

B 2006 r. eMy npucBOeHO NMOYETHOE 3BaHHE «3acNy)KEHHBIH JIeITeNb HayKH
M TeXHUKH YKpauHBI» «3a BECOMBIH JIMYHbIH BKJIaJd B Pa3sBUTHE HayuyHbIX
MCCIIEOBAHHH, YKPEIIEHHE HAYYHO-TEXHHYECKOTO MOTEHLMANa YKPaHHBI H 110
cnydato 80-netus HauuoHansHO#M akafeMuu Hayk Ykpaunel». OH ya0CTOEH
MHOTHX NPaBHTENBCTBEHHBIX U HAay4YHBIX Harpaj, cpeld KOTOPBIX OpAeH «3a
sacmyru» III cremenn (2009 r.), Harpama wum. B.M. Bepnaackoro
MexayHapoAHOTO COK3a PafMO3KOJOTHM «B 3HAK NPU3HAHMS BBHIAIOMErocs
BKJIafa B pa3BMTHE M PacCMpOCTPaHEHHE PaJHOIKONOTHK» M 30J10Tas Mejalnb
B.M. Bepnaackoro Mexaynapognoro Coroza  palHOIKOJNIOTHH  «3a
BblAAIONIMICA BKJIaJl B paauoskojoruto» (2008 r., Bepren, Hopserus),
[ocynapcTBeHHas nmpemus YkpauHbl B o6nactd Haykd M TexHukd 2007 r. 3a
UMKN  HayyHbIX pabor  «IIpoM3BOAMTENBHOCTs, OHOpasHoOOpasus  u
akonoruyeckas 6e30macHocTb d3kocucteM YepHOro Mops ¥ NEPCNeKTUBHBIX AN
VkpauHbl perHoHoB MupoBoro okeaHa», opaeH «3Hak [louera» (1979 r.),
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Menanb «3a CaMOOTBEPXEHHBIH Tpya» (1971 r.) u MHOTHe Apyrue moveTHbie
Harpajsi. '

3a BpeMs cBoell MHOroseTHeli TBOpUecKoi nesTenbHOCTH akaneMuk I.T.
[TonuxapnoB omyOnMKOBal OrpOMHOE KOMMYECTBO BBINAIOUIMXCS HAay4HbIX
TPYHOB, B KOTOpBIX OCBELIAIMChL PE3YJIbTaThl MCCIAECAOBAHHH MO - KITOUEBBIM
npobiieMaM. MOPCKOH paaHoxeMoskosorud. Tak, eme Ha 3ape sJepHO# 3phl
BO3HHKJIa Hay4Has QUCKYCCHs O B3aUMOJAEHCTBHH MEXIY )KHUBBHIM BELLIECTBOM M
paZlMOaKTUBHBIMH KOMITOHEHTaMH Mopckoi cpensl. OHa Obula CBsi3aHa C
Heo0X0UMOCTBIO TO3HAHHUA - 3aKOHOMEPHOCTeH BO3AEHCTBUA Ha - MOPCKHE
OPraHM3MBl ~ MOHM3MDYIOIIMX  M3IIY4eHM  Kak = OT  HCKYCCTBEHHBIX
PaMOHYKITHIO0B, 00pa3yloluXcs Mpy- sACPHBIX B3phIBAX M TEXHOTEHHBIX
katacTpoaXx B BHAE PANMOAKTHBHBIX _BbIMAJeHHi, a B AACPHOI
NPOMBIIIIEHHOCTH — B KAYE€CTBE PaIHOAKTHBHBIX OTXOMOB, TaK H OT H3Ty4eHHUI
€CTECTBEHHBIX J0JIFOXKHBYIMX PaAHOHYKIHIOB KOCMOr€HHOTO H JIMTOT€HHOTO
mpoucxoxaeHus.  JIpyroli  BaxHoii 3anaueil  3Toif npobnemMsl  6blIa
HEOBXOAMMOCTb H3YyYeHHs MMIPalMH PafMOHYKIHAOB B MOPCKOi cpene B
pesynbTaTe  BO3ACHCTBMS . OMOTEOXMMHMHYECKMX IMKIOB. IlepBhle ke
HCCIIE/IOBAaHUA B OTMEYEHHBIX 06NacTAX MNOKA3aid, YTO JKMBOE M- KOCHOE
BEIECTBO MOIYT KaK TPAHC(HOPMHMPOBATh. (DHU3MKO-XHMHYECKHE (OPMBI
cymécmonamm PaNHOHYK/IHIOB B MOPCKOM Cpefie, Tak M HaKaIlJIMBaTh HX IO
YPOBHeH, NPEeBBIIAIOIHX COAEPKaHHe B BOJE HA HECKOJBKO, BIUIOTH 10 5-6,
NOPAAKOB BENUYUH, YTO BHIBEJIO B paspsll uem‘panbﬂmx npo6iieMy H3yYeHHs
3aKOHOMEPHOCTeH KOHLEHTPHPOBAHHS PaJHOHYKIH0B THAPOGHOHTAMH, CTAIIO
6a3ucoM HOBOH _061‘u"e'ﬂp.ﬂ31-tlaHHO}?lﬂB MHPpE HayKH — MOPCKOH PafiO3KOIOTHH. .

..~ HlupokomacuitaGHble paAMOdKOTIOTHYECKHE MCCENOBaHUA MOCIEAYIOINX
€T MOKA3aIH, YTO (YHKUMS . HAKOIUIEHHS PAAMOHYKIMOB XUBBIM U KOCHBIM
BEILECTBOM. B 3HAYHTEJILHON CTENEHH 3aBHCHT OT KOHLEHTPALMH H30TOMHBIX H
HEH3OTOMHBIX HOCHTENEH. B BOJAE, a TakkKe. OMNpefeNiseTCs XHMHYECKOH
TPopOIHHAMHKOH TruapoOHOoHTOB. Ilo3TOMy 3TH Hccne,qoaaﬂux! nepelvin B
0671aCTh HaYKM - PaJIMOXEMOIKONOTHH, M3ydarollieil B3aHMOMIEHCTBHE MENIY
XMBDBIM BELIECTBOM M DaJHOAKTHBHBIMH M xummeckumu KOMIIOHEHTaMH B
mopckoii cpenie. Hx ocHoBHo# 3anaveii crano CO3/iaHNe KMHETHYECKON TEOPHH
MHMHEPAILHOTO U PAAHOM30TOMHOrO OOMeHa MOPCKMX OpPraHM3MOB, a TaKKe
COPOLIMOHHBIX B3aMMOJCHCTBHI ; KOCHOTO. BellleCTBa B MOpCKOH cpene. Ilpu
3TOM OJHYy M3 KOHEYHBIX LeJiedl COCTAaBHJIO ' BBIACHEHHE H30TOIMHOTO H
XMMHYECKOro  GanaHca B MOPCKHX, 6noreoueH03‘ax Ha | e,upmon
napamMeTpuyeckodl 6ase. OTH NHOHEPCKHE HCCJIEAOBAaHHA aKaJeMHKa I'r.
TTonMKapTIOBa M €0 WIKOJIBI IIHPOKO NpECTaBNeHbl B MUPOBOH HayKe,

[Tpoeoanmbie nox pykosoacTBoM I'.I". [Tonnkapnosa HGanancosele paboThl B
06NacTH  PaZIMOXEMOJKONOrUY - MO3BONMIM  M3y4aTh . CaMOOYMUIAIOLIYIO
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CMOCOOHOCTD MOPCKMX 3KOCHCTEM B OTHOIIEHMH PpaJHOaKTHBHBIX H
XHMHYECKHX 3arpa3HeHUH. OTH McClieIoBaHHMs MOATBEPAWIH CIpaBel/IHBOCTh
runote3sl  akagemuka B.W. Bepraackoro o ToMm, dYTo B . mporgecce
BOCIPOM3BOJCTBA »KHBOrO BELIECTBA BOCIPOU3BOAATCA H XMMHYECKHE YCJIOBHA
ero . obutanusa. KonuuectBeHHas UWHTeprpeTauus 3THX uaeld Ha Gase
UCMONb3yeMbIX B~ MOPCKOH  paJHOXEMO3KOJIOTHH  aHaIUTHYECKHX,
PaAHOHMHAMKATOPHBIX, PaJHUOTPACCEPHBIX, LIMTOr€HETHYECKHUX METOAOB, a
TaKKe METOJOB MaTeMaTH4YecKoro MOJAENHpOBaHUA [MO3BOJIWIA. H3yuaTb
npenenbl OHOTHYECKOrO CaMOOYMINEHHS BOJ, Ha3BaHHbIE 3KOJIOTHYECKON
€MKOCTBbIO, TO €CThb OMNpEeNIATh Te MaKCHMajlbHble MOTOKH 3arpA3HAIOLIHX
BELIECTB, KOTOpble MOTyT OBITb aCCHMHJIHPOBAaHbl M TEpeHECeHbl B
reoJIOrHYecKHe Aeno 3KOCHCTEMBbl B pe3ynbTaTe KOMIUIEKCHOrO BO3JeHCTBHUA
6HOreoXMMHUYECKHX MPOLIECCOB. ’

AxagemuxoM [I'.I'. [lonMkapnoBelM UM ero Hay4yHO#l IIKOJIOH 3a
MHOrOJIETHUH nepHoz paboThl OXBauyeH HIMPOKHIT KpYr HOBBIX HarpaBjieHUH
TEOPETHYECKHX M TpaKTHYECKHX pa3paboTOK, MONMYyYeHHBIX B IpoOLEcce
MarucTpalibHbIX HccienoBaHuil. OHH CBHOETENBCTBYIOT, YTO METOAHYeCKas U
TeopeTHYeckas MOArOTOBIEHHOCTb MmKkoabl akagemuka I.I'. Tlonukapmnosa
1Mo3BOJIMIIA aICKBaTHO OTPearupoBaTh Ha Mpo6iaeMy BO3MOXKHOIO 3aXOpOHEHHS
PaAHOAKTHBHBIX OTXOZIOB B ITyOMHHOMN CepOBOAOPOAHOI 30He UepHoro Mops,
GBI U3Y4YeH €ro pajMo3KONOrHYECKHi OTKIHK Ha YepHOBLUTBCKYIO AAEPHYIO
katacTpody, 6biM  pa3paGoTaHel ~ HOBBIE  pajqMOTpaccepHble M
PaaMOXPOHONIOTHYECKHe  MeToabl  M3ydeHus  OHookeaHorpaduyeckux
XapaKkTEPUCTHK  MOpH, . TOJy4YeHbl HOBblE JaHHBlE MO  3KOJOTHH
BOCCTAHOBHTENIbHOW  30HBI  YepHoro Mopsa, a Takke pa3paboTaHbl
6HOreOXMMHYECKHE KPHTEPHH HODMHPOBAHMS aHTPOTIOreHHOro BO3JeHCTBHS,
HCXOJIsl M3 TAPaMETPOB 3KONOrHYECKOH eMKOCTH.

B cooTBeTcTBMM ¢  paHee  BbICKa3aHHOW  HaMH  TO3HLHMEH
(Paousxonozuueckuii omxaux..., 2008) clexyeT OTMETHTB, 4TO 4€JOBEYECTBO
(Homo sapiens), ucmonb3ys nepeaoBble Hay4YHbIE TEXHOJIOTHH, HO MPOAOKas
OCHOBBIBATbCS Ha JpeBHEM JIOXKHOM [MpHHLMIIE aHTPOMOLEHTpU3Ma —
NCUXOJIOrMH  "BracTeNMHa 3eMyIM", TNPOAO/DKAET YCWIMBaThb pas3pbiB €
nopoaMsiueii ero 6uoctepoit M yxke BCTYNWIO ¢ Hell B r106aJIbHbIH KOHQIIHKT.
Vcnosre BbDKHBaHHA OHoONOrHueckoro Bupa Yenosex pazymuulii COCTOMT B
OCO3HAHHOM 3aHATHH UM CBOEH SKOJIOrHYECKOi HUILH H B COAIAHCUPOBAHHOM
cocyujecmeo8anuu ¢ IpyruMu YactaMu 61ocdepsl, B KOTOpPOil OH — OiHA 3 ee
MHOTOUYHC/IEHHBIX COCTaBHBIX YacTeH. DTO OCYIIECTBUMO JIMILL HAa HAYYHBIX
9KO3THYECKHX TMpPUHUMMIAX HeOOXOOUMOCTH COONMIOAEHHS COBMECTHMOCTH
MeXIy HOpMaMH oOMeHa BelLIeCTB B NMPHpPOAE M B YeloBeuYeCKOM oOlLecTsBe,
06y3naHHs HEKOHTpPONHpPYeMOi sKcIuTyaTauuH GHocdepsl, BOCCOEOMHEHHA C
Hell M GepeKHOr0 OTHOIIEHHA K €€ 3[0POBbIO, OT KOTOPOro 3aBHCHT
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BbDKMBaHHE W 340poBbe uenoBeka (Kinne, 1997, 2001). MHorouucieHHble
my6nukaumy I'. I'. IlosnkapnoBa NOATBEPKOAIOT CTPATErHYECKYlO Lelb
HCCIIeIOBAaHMI ero W €ro LIKOJbl, HAampaBJeHHYI0 Ha MOJydeHHe 3HAHHH H
pa3paboTKy TeOpeTH4YeCKOoil H mNapaMeTpuuyeckod 6aspl I HOPMHPOBAaHHS
AHTPOIOreHHOr0 BO3AEHCTBHA, HCXOMAA M3 KOHLEMNLUWH YCTOHYMBOrO pa3sBUTHS
MOPCKHX PErHOHOB.

I'T. HonukapnoB - BbINAalOMUIACA yueHBbIH, UelOBEK OrPOMHOH Hay4HOM
3pYAMIMH M BBHICOKOro NpodeccHoHaNn3Ma, yBJICUCHHBIH U yBiieKaomui 3a
coboif ucciienoBaTe/lb, HEYTOMHMBIH 3HTY3HACT HAyKH OBUT 3aMeuarelibHbIM
HAaCTaBHHKOM, YUYHMTeJIEM, 4eJIOBEKOM OONpIION AymH, BBICOKMX MOpaJbHBIX
kauecTB. ['eHHaaui I'puropeeBHY HaBcerJa OCTaHETCS IS Hac NpPHMEPOM
J00pOXKeNnaTeJbHOCTH H YEJIOBEYHOCTH, CaMOOTBEPKEHHOro0 TpyJa BO HMs
HaykH. CBeT/1as NaMATh BBIAAIOIIEMYCS YUEHOMY H YAHBUTEIBLHOMY YEJIOBEKY.

O YepnoOniae, 0 10aax, o npupoae (M3 nepenuckn  B.JI. Koporoannoii
¢ I'T". IlosinkapnoBbiM)

I'ennaguéi  I'puropeeBuu  IlonukapnoB —  «nipsamod  yueHuk  Enensr
AnexcanapoBHe! W Hukonas BnaagumupoBuuya Tumodeesbix-PecoBckux mno
NUHEA " paauMalHOHHOM rugpoGuonorun™»'. M 3To camas  TouHas
xapakTepucTtvka ['enHanus I'puropseBnua, moroMy uTo Likona TuModeeBa-
PecoBckoro faBana «MOCBSIIEHHBIM» MHPOBO33peHHE, KOTOpOE Kacalioch He
TOJILKO Hay4HO! METOJOJIOTHH, HO M HPaBCTBEHHBIX NMPHHUMIOB. B TeueHue
MHorux JieT 'eHHanuii ['puropreBuy ObUT MHE COBETYHKOM B €€ COXPaHEHUs
ayxa TumodeeBckoit mkonel, Oyap TO oOpraHuM3auusa KOHGepeHUHi,
myGMKalus KHHr M MHoroe apyroe. CneurduYeckoH, XapakTepHOH 4epToi
Tonukapriopa 6110 ry6oKo 3THYECKOE OTHOILEHHE K NpUpofe. PemeHue
omyGNMKOBaTh HECKONBKO BeiAeprkek u3 nuceM I'TI1 npuino, yTobr nokasats
HATIPABIEHHOCTH €TI0 XU3HH HA COXpAHEHHE NPHPObI.

B.JI. Kopozoduna

! Beipaxkenne I'.I". Ionukapnosa (u3 nucema I'TTI k BK).
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23 oexabpa 2007 2.

I'TIT— BK....
JIns Bamero noJiHOro npe/CTaBeHHs KPaTKO 0Yepy JeNia TOrIalIHue .

IMocne 26 anpens 1986 roga Heckonpko AHeH odHUManbHas HHOOPMaLHUA
BOOBIIE otcytcTBOBasia, KpOME FiyXMX CIYXOB C ONAacko M orjsakoit u
HEHCTOBO I'JYIIHUBIIUXCS BPOKECKHX PaJHOr0JI0COB.

Ho MBl - paanosKkosiorH cpasy pasBEPHYJH HM3MEPEHHS aTMOC(EpHBIX
0CaJIKOB M MOHSJIH, YTO JEJIO MaXHEeT KEPOCHHOM.

[puctymunu HeMeneHHO, 6e3 pewlaMbl, K MOHHUTOPHHTY Haluei
TEPPUTOPHH H aKBaTOpHU B MapTeIHOBO# 6yXTe.

INepectanu nokynmath MOJIOKO M OBOIUM. 3a HAMH MO LiEMH MOCJIEAOBAIH
MHOrME COTPYAHHMKM APYrHX OTAEOB. BiacTw Hayan¥ phiyaTh, YTO MBI
MOJAPHIBAEM 3KOHOMHMKY M TBITaeMCA CesThb NMaHUKY (MBI Ha4alH H3MepATb
3arps3HEHHOCTH OOYBH JKENAIOILHUX).

"Ho, Hakownen, paspancs u3 Kwuesa, u3 Ilpesumuyma AH VCCP,
TPULITYILIEHHBIH - 3BOHOK, MOJYLIENOTOM MNpEJIOXKHBIIHM, YTOGEI 5 CPOYHO
npuOBLT B AKafieMHIO.

Exan B KueB B MpaKkTH4YeCKH MyCTOM BaroHe (a KaccHplua Ha >X.A. BOK3aje
yauBunace: "Bee enyt u3 Kuera u He OepyT Ounetsl B Kues").

Tam s cpasy nmoctynun B pacnopsbkende llltaba AxameMuu H Mo cBoei
MHHLMaTHBe opraHuzoBan npH Illtabe npsMo B. momeweHud Ilpesumuyma
Axagnemun PaGouyio KOMHCCHIO MO BOAHOH paJHO3KONOTHM H3 MECTHBIX
CIIELIHAINCTOB-BOJIOHTEPOB U3 Pa3HBIX HHCTHTYTOB H BEJOMCTB.

51 3axBatun ¢ coboli momapeHHble MHe emle B MHAaccoBO JIMYHO H C
napctBeHHoH TuMmogeeBa-PecoBckoro mepBble cOOpHHKH — 1aGopaTopHH
6uoduzuku. A B GUONMHOTEKE YHHMBEPCHTETA B3AN CBOM KHMIH W YTO OBINO
HMeEIoILiee = OTHOLIEHHE K paguoskonorud. W Havanace HanpskeHHas H
IyMTeNIbHasA paboTa. : : -

KctatH, MBI TOJIBKO YTO 3aKOHYWIM OONBUIYIO KOJUIEKTHBHYIO KHHIY
namero OPXB’ - o606menue 3a 1986-2007 rr. "PagMo3KOIOrHIECKUil OTKIHK
YepHoro Mops Ha YepHOOBUIBCKYIO aBapHIO". ‘

Tak 4To 3TO - NONHOLICHHAs NpaB/Ja.

U paxxe COopHuk c "6GnarocnoeenueM" Tumodeepa-PecoBckoro G kak
panuo3konoruveckas bubnus. :

' UmeroTcs B BUIY IHHM nocne YepHoObuIncKOi KaTacTpodsl. - B.K.
? Ornen pannoxumuueckolt GesonacHoctu. - B.K.
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U 1, kak npamoi ydenuk Enensl Anekcanaposusl W Huxonas
Brnagumuposnua TumodeeBbix-PecoBckux mnmo nuHMM  "pagMauMOHHOR
rugpobuonorun” (3to MuaccoBckui, Tumodeera-PecoBckoro, TepmuH), Hec
Cnoeo Tumodeena-Pecorckoro moasm B HepHoOsinbckuii nepuop.

3Jro mns Bawero oulyueHns Tex aHeH 1 npuyacTHOCTH K Muaccoso.

Hy, nagno: nopa onars k aenam!

Bpemenu He xBaraer. HepmaBHo y3Han, 4rto, OokaspiBaeTcCa (i MOC/IEAHHM
y3Han), JlyHa mocTeneHHo yjanisercs OT 3eMiH, W IIO3TOMY CYTKH
yMeHbHaoTcs !

TlonemHory ...

25 nonbpa 2010 2.

BK—ITTII.... o

‘K coxanenuio - k Hawel obuieH 6ene - mpupoJa oyeHp Xpynkas, a O Hei
JIOAH, KOTOpble AenaloT JeHBIH WIH YCTPAaHBAIOT CBOKO JKH3HBb, BOBCE He
ayMmatoT. ¥ Hac B TlogMOckoBbe - ITOBaIbHAs 3MMHACMHA YHHUYTOXKEHHS JIECOB,
OT BBITANTHIBAHHA O CIHJIHBaHHUA. Pa3sHHLA TONBKO BO BPEMEHH - OT 2-3 JeT
[0 ABYX HeJelb.

ITIT— BK ...

Cneunduky TpHAAeT CBOCHpaBME  BJIACTb  UMYIIHX, OCOOEHHO
HEOrPaHHUYEHHYIO H UCTIBITAHHYIO HMH B HX IPOLILIIOM.

B 3TOM - 3an0xxeHHas nporpaMma caMOYHHUTOXKEHHUS YeJI0BEYeCTBa.

JpeBuuii no3yHr: "Ilocne Hac - xots noron!" (

A W3HaYyaJIbHO Y NpeaKoB JOAeH (M'y MHOIHX JPYrHMX »KMBOTHBIX, KPOMeE
KOJIOHHAJIbHBIX) He ObU10 HEOOXOMMOCTH B COXpaHEHHH cpefibl OOUTaHus (OHH
YacTO MEHSIM ee Ha CBEXYIO) U B yJaJleHHH oTXoloB (kak Obl B "pacuere” Ha
TO, YTO B IPHPOJE XBaTUT 3KOJIOTHYECKOH €MKOCTH /11 BOCCTAHOBJIECHHS
0TXOJ0B B Tesio GHoreoLeHo3oB). M He kanenu cbefaeMbIX M pa3leBaeMbIX
MaMOHTOB, cabJie3y0bIX, TypOB, CTEJUIEPOBBIX KOPOB ...

Coxpali M YHHUTOXKUITH XKUBBIX HieeBpoB [Ipupoasr.

Y BeIkop4eBAIIH Neca.

Teneps achansTHPYIOT HOYBY Ha 3eMJle.

"Uenp" ¥ nepcrekTyBa scHa.

6 oexabpa 2010 2.

BK —ITTI ...
Tyt y Hac 3aachansTHPOBAIH JIECOUEK, [Ie MBI BCErJa IYJIAIH C TICOM. ...
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ITIT— BK...

3aacdanbTHpoBaHHBIH Jlecoyek - Iar K 3aacGajJbTHpOBaHMIO Bcei
IIpupons! (Ha Hawmeii He6onpwoi 3emne). [Iporpamma camonukBugauru I'omo
CamnMeHC BBINOHAETCS 0 "mobeqHoro" KoHua.

Tlprpona GHICTPO BOCCTAHOBHT AMHAMHYECKOE paBHoaecne M 3BOJIIOLMIO
6e3 aToro 3apBaBllierocs MOJIOAOro BHIA.

Bon manc!

7 oexabpa 2010 2.

ITI1— BK...

Bonee monyseka ToMy Haszam Mel 6euiM ¢ Bononedi Ha Kapapare, rae s
M3Mepsl MOBBILIEHHBIH  (OH BYJIKAHHYECKOro paifoHa U Ha 3ToM (oHe
PafHOaKTHBHEIE aTMOCHEPHbIE BEIMAJCHUS OT SACPHBIX HCTIBITaHKI. OcobenHo
X0powo (HOHHIH KOPOBBH JIETIEWKH. A y HUX - BEPXHAS 4acTh B OTIMYHE OT
HwkHeil. [IOTOM 5 coo6IKA Npo TOT 06HAPYKEeHHBIH HHAUKATOp B MHaccoBo
Huxonato Bnanumuposuuy TumodeeBy-PecoBckomy.

HUctopus-c.

BK —ITTI....

Otkyna saepHble ucnbitanua? B 50-x?

U nouemy BepxHsA YacTh KOPOBBHX Jienemek?
¥ Bac coxpaHunuch gpotorpapuu?

ITIT— BK...

Bce simepHbie CBepx/iepKaBbl HHTEHCHBHO B3pBIBAJIH Haneperomm - BTOpas
nonoBuHa 1950-x. 1 Xpymes rpo3un "Ky3pkuHoii MaTepblo - B3opBath 50-TH
# 100 Mt BogopoaHsie 6oMGEL.

BepxHssg - moToMy,. 4TO BBIMAJCHHA M3 aTMOC(eEphl CBEPXY Ha CBEXYIO
TEIUTYIO OpPraHHKY. ‘
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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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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 Schrédinger’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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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 INTP 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
I assisted. We met many times in Toronto to unravel organizational thickets and
prune personality thorns, often retiring at the end of the day to an excellent
downtown Thai restaurant. Humor was a vital device in many of our tasks, and
the solidity and liquidity of this restaurant well supported our desire to continue
in this most human of revitalizing behaviors. Indeed, Robert H. Haynes was as
good a storyteller as they come, although most of his deliverances cannot ever
be writ down. His laugh was deeply genuine and carried far. Once, he was
present at a party at my house in Chapel Hill, North Carolina The weather being
fine well into the evening, about a dozen of us retired to the rear deck. We must
have been quite noisy, because soon the front doorbell rang; but instead of an
irritated neighbor, it was a recent divorcee from a few houses down the street,
who begging to meet “that wonderful man with the laugh.” Indeed, she did.
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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 Radlotherapeutlc
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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A DECLARATION

by the participants of the Third International Conference on “Modern problems
of genetics, radiobiology, radioecology, and evolution” dedicated to the Russian
scientists N.W. Timofeeff-Ressovsky, V.I. Korogodin, and V.A. Shevchenko,
at the NATO Advanced Research Workshop on “Radiobiological issues
pertaining to Environmental security and ecoterrorism” and the Round Table on
“Problems of Crimean ecology” (Alushta, October 9-14, 2010). . The problems
of variability among living organisms and. of evolutionary -processes at the
genetic, population, and biosphere levels were.discussed -at the joint Crimean
symposium. Biosphere changes accelerated by anthropogenic impacts were
especially considered. '

In recognition of these problems, participants at the conference recommended
support for the efforts of scientists and non-government: orgamzatlons to
preserve the unique natural resources of the Crimea. ,

Participants of the conference suggest the followmg specific recommendatlons

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

286



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 Bloorganic Chemrstry,
Moscow, Russia)

Dr. Elena Antonova (Institute of Plant and Animal Ecology, UD RAS Ekaterlnburg, Russra)

Prof. Edouard Azzam (New Jersey Medical School Cancer Center, New Jersey, USA) .

Prof. Michael Bader. (Max-Delbrilck-Center for Molecular Medicine, Berlin Buch, Germany)

Dr. Nikolay Belyaev (Dnepropetrovsk National University = of Railway Engineering,
Dnepropetrovsk, Ukraine)

Prof. Victor S. Bezel (Institute of Plant-and Animal Ecology, UD RAS, Ekatermburg, Russra)

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 Vermnadsky 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 Bioorgamc 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 Ukrame)

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) i )

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 Medicme 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 1. 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. Vladislav V. Korjenevsky (National Nikitsky Botanical Garden, Yalta, Ukraine)

Prof. Vladimir G. Korolev: Director of Biophysics Department of St-Petersburg Nuclear Physics
Institute, RAS, Gatchina, Russia

Dr. Anton V. Korsakov (Bryansk State Technical University, Bryansk, Russia)

Dr. Victoria L. Korogodina (Joint Institute for Nuclear Research, Dubna, Russia)

Prof. Igor Kovalchuk (University 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)

Dr. Nina S. Kus’mina (N.I. Vavilov Institute of General Genetics, RAS, Moscow, Russia)

Dr. Vladimir A. Lapchenko (Karadag Nature Reserve of NASU), Feodosia, Ukraine

Dr. Olga Lyanna (Dnepropetrovsk State Medical Academy Dnepropetrovsk, Ukraine)

DR. Alla I. Lypskaya (Kiev Institute for Nuclear Research of NAS of Ukraine, Kiev, Ukraine)

Dr. Yulia A.- Maklyuk (Chernobyl Center for Nuclear Safety, Radioactive Waste and
Radioecology, Chernobyl, Ukraine)

Mrs. Tatiana V. Marinenko (Institute of Cell Biology and Genetic Engineering of NASU, Kiev,
Ukraine)

Dr. Alexander V. Markov (Paleontological institute, RAS, Moscow, Russia)

Dr. Pavel M. Marosik (Institute of Genetics and Cytology at NAS of Belarus, Minsk, Belarus)

Mr. Alexey N. Moiseev (National Research Nuclear University MEPhI, Moscow, Russia)

Dr. Inna V. Molchanova (Institute of Plant and Animal Ecology, UD RAS, Ekaterinburg,
Russia)

Mrs. Nadezhda N. Mordkovich (Institute for Genetics and Selection of Industrial
Microorganisms, Moscow, Russia)

Dr. Alla. L. Morozova: Director of National Karadag nature reserve NASU, Feodosiya, Ukraine)

Prof. Irma B. Mosse (Institute of Genetics and Cytology at NAS of Belarus, Minsk, Belarus)
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Prof. Carmel Mothersill: Director. of Radiation and Envnronmental Science. Centre, McMaster
University, Hamilton, Canada. , : T

Ms. Liliana Namolovan (Joint Institute for Nuclear Rcscarch Dubna, Russxa)

Mr. Alexander B. Nazarov (Chernoby! Radioecological Center, Chernobyl, Ukraine)

Mrs. Valentina K. Novikova (Joint Institute for Nuclear Research, Dubna, Russia)

Dr. Natalia A. Orekhova (Institute of Plant and Animal Ecology, UD RAS, Ekaterinburg,
Russia)

Dr. Ludmila P. Osipova (Institute of Cytology and Genetics SB RAS, Novosibirsk, Russia)

Dr. Alla A. Oudalova (Russian Institute of Agricultural Radiology and Radioecology, RAAS,
Obninsk, Russia)

Prof. D. Oughton (Norwegian University of Life Sciences, Oslo, Norway)

Ms. Ekaterina Plusnina (Institute of Biology of the Komi Science Center of the UD RAS,
Syktyvkar, Russia)

Dr. Vera N. Pozolotina: Deputy of Editor-in-Chief of the journal “Ecology” of the Ural
Department of RAS; Chief of Ecology Lab of Institute of Plant and Animal Ecology, UD
RAS, Ekaterinburg, Russia

Dr. Ilya Prokopiev (Institute of Biological Problems of Cryolitozone SB RAS, Yakutsk, Russia)

Dr. Olga Pronina (National Taras Shevchenko University, Kiev, Ukraine) -

Dr. Larisa N. Rasina (Institute of Plant and Animal Ecology, UD RAS, Ekaterinburg, Russia)

Prof. Michael Resnick: Head, Chromosome Stability Group, National Institute of Environmental
Health Sciences, Research Triangle Park, USA

Prof. Michael Rosemann (Helmholtz Center Munich, Munich, Germany)

Prof. Susan Rosenberg: Cullen Endowed Professor of Molecular Genetics, Baylor College of
Medicine, Houston, Texas, USA

Prof. Alexandr V. Rubanovich: Chief of the Laboratory of Ecologlcal Genetics, N.I. Vavilov
Institute of General Genetics RAS, Moscow, Russia

Dr. Nadezhda I. Ryabokon (Institute of Genetics and Cytology, NAS of Belarus, Minsk, Belarus)

Dr. Lubov’ E. Sal’nikeva (N.I. Vavilov Institute of General Genetics RAS, Moscow, Russia)

Prof. Colin Seymour (McMaster University, Hamilton, Canada)

Ms. Julia Soshkina (St-Petersburg State University, St-Petersburg, Russia)

Dr. Elena Stepchenkova (St-Petersburg State University, St-Petersburg, Russia)

Prof. Boris P. Surinov (Medical Radiological Research Center, RAMS, Obninsk, Russia)

Mr. Valentine V. Suslov (Institute of Cytology and Genetics, SB RAS, Novosibirsk, Russia)

Dr. Victoria G. Tsytsugina (Institute of Biology of the Southern Seas NAS of Ukraine,
Sevastopol, Ukraine)

Dr. Olga V. Usmanova (Institute of Plant Physiology and Genetics Academy of Sciences of the
Republic of Tajikistan, Dushanbe, Tajikistan )

Dr. Valentina Vateryga (National Nikitsky Botanical Garden, Yalta, Ukraine)

Dr. Olga P. Vasilenko (Institute of Cell Biology and Genetic Engineering of NASU, Kiev,
Ukraine)

Prof. Cristina Viera (University Lyon 1, Lyon, France)

Dr. Lidia E. Yalkovskaya (Institute of Plant and Animal Ecology, UD RAS, Ekaterinburg,
Russia)

Dr. Ludmila P. Zakharenko (Institute of Cytology and Genetics of the Russian Academy of
Sciences, Novosibirsk, Russia)

Dr. Marina V. Zheltonozhskaya (Kiev Institute for Nuclear Researches, NAS of Ukraine, Kiev,
Ukraine)

Mrs. Anna Zhuk (St-Petersburg State University, St-Petersburg, Russia)
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Mrs. Larisa V Znamenskaya (Karadag Nature Reserve of NASU), Feodosia, Ukraine
Dr. Nickoly Zyuzikov (Centre for Oncology and Molecular Medicine, Dundee, UK)
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Hayunoe uznanue
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