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AKTyanbHOCTb Npobnemsl

 [MobanbHOEe TeXHOreHHoe yBEITIMYEHNE
paanaumMoHHOIO CbOHa (K KOHLY UCTbITaHWIi SiepHOro

OpYXuUsl pagnauuoHHbIN OH Ha NOBEPXHOCTU 3eMISIN BO3POC Ha 2%).

* JlokanbHble Npobnembl pagno3KoSIorum

(CxxunraHue yrns npMBoguT K exerogHomy ysenundeHmto poHa Ha 0,02% 3a
CYeT BbIOPOCOB ra3os, AbiMa, 30s1bl, Wiakos; aBapus Ha HASC)

* HeobxogmmocTb BbIpabOTKMU HOPM
OONYyCTUMBIX 003 A5d rnepcoHana

« OOHapyxeHne paanaLnoHHbIX 3PIEKTOB,
KOTOpble HEe HabntogatTca npu 60nbLLINX
no3ax



[Tpnmep: CxxuraHune yrrneu
(NMpenmMyLlecTBo yrofibHbix TOL?)

* EcrecTBeHHas paaroaktuBHOCTH yriied Ha 70-90% oOycioBieHa
PaZMOAaKTUBHBIMY PAaMH ypaHa U Topus U Ha 10-30% - K.

* ComnracHo manasiMm UNSCEAR (2000) cpenHeMUpOBBIE KOHIIEHTPAITUU
PaIMOHYKJIMAOB B YIVISIX HAXOJATCS B Auana3oHax bk/Kr:

140-850 mms *°K; 17-60 s 2*°Ra; 11-64 mns 232Th.

 Cpennssa macca 28U a4 yrieli, He OTHOCSIIUXCS K TPYIIIe
YPaHOHOCHBIX HE mpeBbIaeT 1 — 2 1/T.

* B Poccun HanOombiien yaeabHON paJuoaKTUBHOCTBIO 00JIaAal0T YIJIM
mraxt IlogmockoBHOrO, JloHEKOTO0, JIBBOBCKO-BOIBIHCKOTO
OacceliHoB, bepesoBckoro, Azelickoro, XapaHopcKoro
mecropoxaeHuid (Kpsuios, 1995).

e Ilpu nbLIEBUIHOM C)KUTAHUM YIVISI IPOUCXOAUT O0OrallieHue
PATHOHYKJIMAAMHU MPOAYKTOB COKUTAHUA: 30JIbI U IILJIAKA.

Ko3dpuuueHThl 000ramenus 1Js 30J1bI COCTABJIAIOT:
WK — 2.8; 2*°Ra — 2.6; >3*Th — 2.1;
JJIA IIJIAKA COOTBETCTBEHHO 2.65 2.9; 2.6 (Maypuuena T.C., 2007).



Ucnosib30BaHue MPOAYKTOB COKUTAHUA YIJISA,

COIVIACHO CAHUTAPHBIM HOpMaM P®
(CH. 2.6.1. 758-99) — dopoza sozne Mn-zasgoda?

YineabHas 3ppexTuBHAA
AKTHBHOCTb, BK/Kr

B03MOKHOCTH MCITIOJIH30BAHUSA

1m0 370 Bce Buapl ctpoutenbcTBa

370 — 740 JIOpOXXHOE CTPOUTEIIBLCTBO B MPEIEIAX HACEIICHHBIX
IIYHKTOB U 30H IIEPCIIEKTUBHOU 3aCTPOMKHU,
CTPOUTENBCTBO MPOU3BOACTBEHHBIX COOPYKEHUU

740 — 1350 JIOpOXXHOE CTPOUTEIBLCTBO BHE HACEIICHHBIX
IIYHKTOB

BeIIIE 1350 Bonpoc 00 ucnob30BaHUH PELIACTCS 10
cortacoBaHuto ¢ CaHAMUAECMHAA30POM

oomxee 7000 CduTars pauOAKTUBHBIMHU OTXOJAAaMH U HAIPaBJIATh

Ha 3aXOPOHCHHC




IlocTynnenue paluOHyKINI0B B OKPYKAIOIIYIO CpEaY
npu padote yrojapHou TOILI-1 . CeBepoaBuHCKa

PacuetHbie mapamerpsl uigd TII-1

KomuecTBo paguoHy KA, ITOCTYIIAKOIIECE B Cpedy ¢
YIIEYHOCOM, BK/TOT

KomiuecTBo paquoHyKIM/Ia, TOCTYHAKIIee Ha
30J100TBaJI, bK/TONq

VY nenbHag 3 PekTHBHAS AKTHBHOCTD
30JI0MIJIAKO0TX0I0B, BK/KT

I"'ogoBoli BRIOPOC pagHOHYKIIHIA ¢ JHIMOBBIMH
rasamu, bx/ron

MakcuMalIbHbIC TIPU3EMHBIE KOHIICHTPAIUU
PaTUOHYKIHUJIOB B IIPU3EMHOM CJIO€ BO3AyXa,
oOpasyrIpecs 3a cueT AbIMOBBIX razop TOILI-1, mpu
CPEAHET0JIOBOM CKOPOCTU BeTpa — 4,6 M/C, KOTOpBIE
MOTYT OBITh OOHapPYKEHBI Ha paccTOIHUH 5401 M oT
craHiuy, Bk /M °

I'010BBIC BHIMAJACHUSA HA MTOBEPXHOCTH 36 MJIH
PaTHOHYKINJIA, TIPH CPETHEH CKOPOCTH BETpa, HA
paccrosHuu 5401 m ot TOII-1, bx/ M’ TOJ

401

12,180’
24,64 X0
259,64
31,45X0°

1,50X107

IIPH CCBCPO-BOCTOYHOM BCTPC

0,54X107

IIPpH KOTO-BOCTOYHOM BCTPC

0,41X107

3,45X10°

0,02X10°

0,06X107

0,04X107

232Th
1,410

2,510

4,281 0°

2,04X10°

0,07X07

0,06X107



YTto Takoe manblie 403bI?

] «cMepmesibHbIe 003bI» ONA YenoBeka U

XXMBOTHLIX — rnocne obnyyeHmns 4acTb
nonynsaumu nornbdbaet B TeyeHme 30 (ang
XXUBOTHbIX) UnNu 45 (on4a yenoBeKka) CYTOK.

|:| YyCI1OBHA4A rpaHnua Mmexay bornbwumMu n

cpedHuUMU do3amu Anst MIeKONUTatoLLMX
coctaBngdeT npumepHo 1-2,5Ip

|:| Manble no3bl = HeNeTarnbHbIE



e Crapasi napagurma: bonbLine 0o3bl — bonbLine
NopaXeHus, Manble 003bl — MEHbLLUME NOBPEXOEHUSA

 HoBas napagurma: marble 003bl - Ka4eCTBEHHOE UHbIE
pagmobunonornyeckme apdekTol; HE «paboTaeT»
aKCTpanonaumnsa ns obnacTtm 6onbLUKX 003

* 3aBUCUMOCTb «103a-9PPEKT» UMEET HEMOHOTOHHbIN
BuAa (S-obpasHbin) (CM puc ganee)

NMAPAOUIMA (rpeu. paradeigma - npumep, obpasen), B domnnocodun,
COLIMONOrnm - UCXoaHas KoHUenTyanbHas cxema, MeHAKLWAasACs co
BPEMEHEM N XapaKTepHas Ans onpeaeneHHoro atana B pasBUTUM HayKu
MOJ€EnNb NOCTAHOBKM NPOBIEM 1 UX peLLEeHUs.



[ paHULbI ManbIX 003

HKOAP — (Hay4yHbin Komuter OOH no Oencrtemnio ATOMHOM
Paguauun)

* B cuny anckpetHocTu B3anMmoaencTesuns |(D)=GD+BD2
NI ¢ buonornyeckumm oobekTtamm
(krneTkamu, KrnetodHbiMu gapamm, [HK)

epaHuueu 0ns ebiderieHUss duariasoHa
Marsibix 003 rpedrioXeHa makasi 003a,
rpu Komopou 8 cpeOHeM Ha OOHY
Kriemky (MuweHb) rnpuxooumcsi 0OUH
MpPeK om rpoXoxX0eHUSs
UOHU3Upyrowelu 4yacmuubl (keaHma)

1,0 M[p — no3a y-nanyuerus °Co, npu
BO34EWUCTBUM KOTOPOW Ha OAHY KNETKY

3aBNCUMOCTb A03a-9dopekT
BblXxOo4da MHOIMMX TUMNOB
NOBPEXOEHUN, HOCSLLMNX
HeNIMHENHbIN (MMHEWHO-
KBagpaTU4HbIN) XapakTep.

Ha atoun KpnBou K Manbim
no3am byayT OTHOCUTBLCSH
Te, KOTOpble HUXEe 03,
BbI3blBalOLLMX BbIXOA

ANaMeTpoM 8 MKM NPUXOANTCA B CPEAHEM 6onbLUMHCTB?

OOWH TPEK (ansa a-4acTul C 3Heprven B 5 NOoBPeEXAEHUN 3a CHET

M3aB — okono 400,0 mIp) «KBagpartn4HOro»
KOMIMOHEHTAa.

HKOAP, 1993 r



[onsa obny4yeHHbIX KNeToK (AnameTpom 8 MKM) npu
BO3aencTBun y-usnydeHus °°Co B manbix go3ax

[o3a obny4yeHusn, mlp [o3a o6ny4YeHHbIX donsa o6ny4yeHHbIX
KJTIeTOK B nonynsuum, KNeTOK, UMEIoLLUX
% TONbKO OAWH TPeK, %
0,1 9,5 95,0
0,2 18,0 90,0
63,0 58,0
10,0 99,95 0,05

Lbio n gp., 2005



* [1lpn ocTpom BO3OENCTBUN PeOKONOHU3UPYIOLLEN
paanauum B gosax 200 mI'p 1 HMXKe HE OTMEYEHO
cry4aeB pa3BUTUSA OeTEPMUHMNPOBaHHbIX adbdrekToB (J1B)

« [1pu TON X€ O03€ HEe yOarioChb BbISIBUTb YBENUYEHUS
YyMcna 3noKa4yeCcTBEHHbIX OMyxonen (CToxacTuyeckme
adopekTbl) npu obnyyeHnn npu B3pbiBax bomo

 HKOAP npeaonoxun cuntatb go3sbl B 200 MIp n HUXe
ManbiMK, 32 Many MOLLHOCTb U3MTy4YeHUa cymTaTh
WHTEHCUBHOCTb BO34ENCTBUA PeaKOUOHU3UPYIOLLEN
pagnaunm B 0,1 mIMp/mMuH.



4., ramma-usnyyeHns ons
pasnnyHbIX DNONOrNYeCcKmnx

* [[paHuUbl Anana3oHa 00BbEKTOB
BENMUYUHbI «MarnbiX OO3» > HosaTo
BnaocneunguyHbl Jenosex 2 5-4

« ObBnacTtb MmanbIx 403, obesbsiHa 2,5-6
BbI3bIBalOLLMX 20pMe3Uc, Ha Mb'%fﬁ;“b'x 6-15
1-2 nopsinka Hwke LD, npu — 820
OOHOKpPaTHOM ODLLEM PbIBbI 8-20
obnyyeHnn amem 80-200

HacekoMble 10-100
pacTeHus 10-1500




Cxema nocrnegoBaTenbHOM CMeHbl 9 EKTOB,

BbI3bIBAEMbIX BHELLHMUM OBLLIMM OAHOKPAaTHbIM 0DNy4YeHUeEM
OpraHM3MoB B cybneTarnbHbIX go3ax
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EP® — ynbmpamaribie 003bl eCTECTBEHHOIO (NPUPOAHOI0) pagnaunoHHOro ooHa.
| — acbpekTbl 00nyyHeHns B ceepxmaribix do3ax (rmneppagnodyBCTBUTESNbHOCTD);

I — adpbdpekTbl 06nyyeHns B Marsibix 0o3ax, Bbi3blBalOLLMX CTUMYIISALNIO BMONOrnyecknx
npoLeccoB (ropMe3nc)

[l — pa3BuTHE CTPYKTYPHO-PYHKLUMOHAMNBbHbBIX NOBPEXAEHUN NpU 0BNy4YeHUN B cpedHUX
cybrniemarbHbIXx do3ax;

IV — ycnoBHas rpaHuua mexay 6obwumu n cpedHUMU 0o3amu ANst MNeKonuTaroLmx

coctasnset 1-2.5 'p. NMyHKTUP — NNHEeNnHaa aKcTpanonauma n3 oonactm 6onbLUNX J03



OPpdPekTbl B 0b6nacTn ceepxmarbiX
no3

 [uneppaduoyyecmeumesribHOoCmMb (00NacTb
cBepxmarbix 003, 5-20 cl'p) — bnoxmmmnyeckue
HapyLweHna (HapyLleHne OKUCITNTENbHO-
BOCCTAHOBUTENBLHOIO roMmeocTtasa), UMToreHeTu4eckme
HapyLleHus (abeppaumm XxpomMocom, Mukposiapa v ap.)

QKcnepuMeHTanbHO NokKasaH: Ha MOJ1eKyJiax, KrieTkax MnekonmTarLmnx
N Ha MHOIOKIMETO4YHbLIX OpraHn3Max

[Tpumepsbl:

1)npun yBennyeHun EP® Ha 1-3 nopsaaka HabniogaeTcs BCnneck
OKCMOATMBHbIX UBMEHEHMI B Nnununaax

2)YBennyeHne ypoBHS rOPMOHOB Y Mbillen, 0bryyeHHbIx B fose 0,6
MIp

OGbLACHeHuWe: BCrieck noBpexaeHnn — pesyneraTt acuHxXpoHHOCMU
rpoueccos rnospexxo0eHus U pernapauuu, OKUCIIEHNS U
BOCCTaHOBIIEHUS

Qb dekT HabnaaeTcs Kak Npy ogHOKPaTHOM, Tak W Npu
NPONOHIIMPOBAHHOM O0Ny4YeHNN




APpdeKkTbl B 0bnactn manbix 4o3

PaduauUOHHbu) eOPMe3UC (tepmuH 6611 npeanoxeH B 1980 roay T. 1.
JTakkm n o3HavaeT «bnaronpusaTHOEe» BO3OENCTBMUE).

Fopme3nc — ctumynauus kakom nnbo cuctembl OpraHn3mMa BHELLHMMW BO34EeNCTBUSMM,
NMEIOLLIMMM CUIY, HeQOCTaTOYHYIO NS NPOosBAeHNsa BpeaHbiX oakTopoB (BBeadeH C.
30HTMaHoM u [I. Opnuxom B 1943 1.).

*Hecneyumndnyecknmn apdekT BO3AENCTBUA Ha KNBblE OpraHU3Mbl B
MarblX go3ax (KOHUEHTpaUMsX), Bbi3blBaOLWLNX UBMEHEHUS,
aviameTparbHO NMPOTUBOMOSIOXKHbIE NOBpeEXaatoWwmnm adpdektam npu
BO3OenNCTBUM B BonbLLUNX A03aX = romeonaTtus

u3 dokrnada MexxoyHapooHozo komumema OOH no detucmeuro
paduayuu, 1994 a.:

«MexaHnam pagnaunoHHOro ropmesnca Ha YpPOBHE KNEeTKU
TEMNSTOKPOBHbIX XXMBOTHbIX COCTOUT B MHULMMPOBAHUN CUHTE3a benka,
aKkTmBauum reHos, penapaummn JHK B OTBET Ha cTpecc — BO3OeENCTBUE
Marnoun 0o3bl 0byyYeHus.

JTa peakund B KOHEYHOM UTOre Bbl3blBAE€T aKTUBALINKO MeM6paHHbIX
peuentopoB, CTUMyNnAUnO NMMYHHOU CUCTEMDbI».



«TOPME3NNC» -

UHBEPCUOHHas (OuamemparibHO
r1POMuUBOIrosioXHas) buonornyeckas
peakuusa opraHu3amMma Ha marsble A03bl
Kakoro-nmbo Bo3goencTBuS,
NPOTUBOMNONOXHAas TOWN, KOTopas
pa3BMBaETCs Ha bonee BbICOKME O03bl.

* PagnaunOHHbIN rOpMe3NC - NOHATHE
NONOXXUTENbHOIo CTUMYIUPYIOLLETO
BnnaHua manbix o3 M 0,1-1,5 I'p.



Teopuna ropmesunca
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. Fopme3|/lc KaK BapmnaHT OTBETa Ha ornpegerieHHble J03bl BO3eNCTBUA

OCHOBbIBAETCH Ha LLUMPOKO N3BECTHOM BMOTOrM4Yeckom 3akoHe ApHATa —
LLlynbua, cornacHo KoTopomy criabsie pasopaxxumeru 8036y»xdarom,
CPEOHUE — CMUMYJIUPYOM, CUSIbHbIE — MOPMO35IM, MakcuMaslibHble —
napanusyrom Xu3HeodesmesibHoCMmb op2aHu3Ma



0,8

OpaKuus BbDKHBLIHX KIETOK

0,9

ObbscHeHMe rnnep-
paAnOYYBCTBUTENBHOCTH
n ropmesunca

Kpusble 003a-9deKT KNeTokK
MNOMBbI (HerpoanuTenuanbHas
onyxonb), 00MNy4YeHHbIX B dpaszax
G1 n G2 knetoyHoro yukna (M.
[xonHep, 2001).

0,7 .
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0.4
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[NoBbIWEeHHaa paanovYyBCTBUTENIBHOCTb B AMana3oHe ManbliX
AO03 — C853bI8AEMCS C MOTYaHUeM cucmemsbl penapauuu, Orsi
8KITIOYEHUST KOmopou mpebyemcsi nepexod rnopo2o8o20 ypPOB8HS
nospexxoeHus [JHK.

Nnato Ha KpVIBOVI BbIXKMBaeéMOCTUN UK noBbILEeHUne
BbIXKMBAaeMOCTU — BKITHOYEHUE CUCTEMDbI penapauunn rnocrie
HaHEeCEeHUA KIieTKe onpeanerieHHoro 4Yncria HOBpG)K,D,eHMVI, nocrie
KOTOPOIro CHM>XaeTCsA noBpexgeHne Krietok



[Tpmepbl bBronorndyeckmnx addpeKToB 4EUCTBUSA
MOHU3NPYIOLLIENO N3Ny4YeHusa B 6onbLLINX U ManbIX J03ax
(Kyapswos, 2004; Ky3uH, 1989)

Pesynbrat gencrema paguauum

06beKT Kputepuit Manble nosbl,
bonbLine Oo3bl Bbl3blBaloLL e
ropmes3unc
[NoHWXeHne BnoTb
Mapameunn, puto- 1 300 CKopocTb geneHus, 110 NONHOMO
NMAHKTOH, APOXOKU, KIETKN B pocTa nonynsuuu, BO3pacTaHue
npekpaLleHms
KynbType cuHTesa OJHK
npouecca
BcxoxecTb ceMsH,
3agepxka,
CemeHa, pacTeHus POCT, pa3suTune CTUMynAUmA
N npekpawleHue
pacTeHnn
OMBPUNOHBI HACEKOMBIX U 3agepxka,
PocTt u passutue CTUMynAUMA
nTuy npekpawieHue
Hacekomble, NTuubl, pbibbl,
[1noaoBUTOCTb [NapeHne Bo3spactaHue
MIiekonmTaroLme
YKnBOTHbIE, YenoBek NUMMYHUTET yrHETEHNE akTmBaums




PaanauuoOHHO-MHAYLUUPOBaHHbLIN
adanmueHbIild omeem

« Peakuus brnonorndyecknx ob6bLEKTOB Npu KOTOPOKU Nocre BO3AENCTBUSA
N3nyyYyeHnem B MaJsibix (adanmupyrowjux) no3ax,
paguobunonorndeckuin adpekT oT NOBTOPHOro obnyveHuns yepes
onpeneneHHbI NHTepBan BpeMeHU B 60sbLUMX (MPOosBAIOLMX)
no3ax cHuxaetcs. T.e. HabnogaeTcs noebiweHue
paduoycmou4yusocmu.

(pasHMua B go3ax O0MmKHa BbITb MHOMOKpPaTHOM, MHTEPBAN BPEMEHM
MOXXET COCTaBMNATb OT YacoB A0 Hederb)

o 3gppexkm npoucxooum ripu 0o3ax meHbwe 200 mIp — 8 OCHOBHOM
0715 peOKOUOHU3UPYOWEe20 U3ITyHEHUS.

« BoamoxHbie criocobsbl peanu3ayuu adanmupyrowux
8030elcmeuu:
- BkntovyeHne HOBOW reHeTu4eCckou nNporpamMmmeil;

- MIHayKumns 3HOOrEHHbIX 3alMTHBIX PECYPCOB KNETKM (CMHTE3a Benkos,
MObuMnM3aynsa aHTUMOKCUOAHTOB).



Pagnobuornornyecknin aganTUBHbIU OTBET 3aBUCUT OT
Mouw/HoCcmMu aganTupytowen 4osbl,
gesiuYUHbI aganTupyoLwen 0o3sbl.

« [1ns 60onblMX A03 N3NYYEHNA XapakTepHa npsimast
3aBMCUMOCTb FTy4EeBOro NOPaXKeHUs OT MOLLIHOCTU A03b;

« [1na ManbIX 003 pacTdHyTasd BO BpeMeHU ao3a
XPOHUN4YeCcKoro obny4yeHuss MOXXeT OKa3biBaTbL bonee
CUNBbHbIN 3PP EKT MO CPpaBHEHUIO C TOWN XKEe 030,
Nony4YeHHOU NPU KPaTKOBPEMEHHOMW JTy4eBOU
3Kcno3muum oonbLie MOLLHOCTM.



Qb dekT lNeTko

B 1972 r kaHaackum y4yeHbiM A.lleTKo BnepBble NokasaHo Ans
KNETOYHbIX MEMOpaH: AnuTeribHoe obrlyYyeHue KreTok
Bbi3bIBasrio 0onblee NU3aMeHeHue NPoHnLaeMocTu MemMmopaH,
yeM KpaTKOBpeMeHHOe B TOM Xe [03e

(xpoHnyeckoe Bo3aeuCcTBUE MarnbixX 03 Oonee «BpeaHO»!)

«3d ekt [NeTko» - PpeHoMeH obpaTHOM 3aBUCUMOCTN OT MOLLIHOCTU
003bl NpY 06Ny4YeHNU KNETOK B HE3HAYUTENBLHOW MO BENUYMNHE 03€E
N X r’MNeppagmodyBCTBUTENBHOCTU NO HEKOTOPLIM KPUTEPUSM NP
obny4deHnn B cBepxmManbix 4o3ax



YHCI0 XpOMATHAHBIX H

[Mpsasmasa n obpaTHasa 3aBUCUMOCTU aganTUBHOTO

oTBeTa OT MOLWHOCTI OO3bl B obnacTtu manbix 003
(MoKa3aHOo Ha KreTkax U opraHn3max)
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0 0,04 0,08 0,12 0,16 0,20 0,04 008 012 0,16 0,20
MomuocTs a03sl, I'p/Mun MomuocTs a03ut, I'p/Mun

d — agantupytowas gosa = 0,01 I'p — obpaTHbIN 3 DEKT MOLLIHOCTY O03bI;

0 - apganTtupytowas gosa = 0,5 'p — npaAmon adoPekT MOLLHOCTN A03bl

3alTpuxoBaHHbIE MOSI0Ckl — AMana3oH cpeaHux 3HadeHnn adodpekta npu
OLHOKpaTHOM 06sTy4eHUU TOSTbKO B MPOSBIAOLLEN 403€ C OLMOKON cpedHen.



JddheKkT cBuaetTens

[lposiBrneHne «kBasusy4veBbIX» MOBPEXOEHUN B
HeOobny4YeHHbIX KIeTKkax, Haxo4aAWMXCA B KOHTAKTE C
00ry4YEeHHbIMU

CnocobHOCTL NOBPEXOEHHLIX KITETOK (OpraHM3mMoB)
BbI3bIiBaTb Ononorunyeckmne apdekTbl B HEOONYYEHHbIX
KrneTkax (opraHmamax)

[Mpmepbl Ha Mbiwax cm Lbid v ap., 20095, c. 265-270

n3-3a 3C adpPEKTUBHOCTL NopaxaroLlero 4EUCTBUS
ManbIX 003 pagnaumn Ha KNeToYHYo nonynsumio



3aBucumocTtb IC oT 0O3bl U BUAA
oony4yeHus

C I_IpOFIBJ'IﬂeTCFI KaK MNMpw bonbLwKnxX, Tak U rnpwu
MaJllblX 003aX

B o6nnacmu marnbix 0o3 3C boree
xapakmepeH ripu deucmeuu
MI0OMHOUOHU3UPYOWE20 U3TyYEHUS, YEM
PEOKONOHUNINPYIOLLIETO.

B obnacmu marnbix 003 3C cnabo
3asucum om 003kl 0bry4YyeHus



Cnocobbl nepenayn curHana
nospexaenus npmn 3C

« Obpa3oBaHMe aKTMBHbLIX POPM KMcropoaa
(M Opyrux pagnkanoB) - gokasaro

IKCNepmnmeHTaribHo. nobaBneHne aHTUOKCUOAHTOB CHUXAET
nopaxeHume KrneToK-cBmnaeTenemn

 [lepepgava curHana npuv NPAMOM KOHTaKTe
coceHUX KINeTokK. npmpoga curHanos??

 [lepenaya curHana 4yepes KynsryparnbHYHo

CPELAY (He sce obnyyeHHble Knemku ebiOernsiom cuaHarbl, He
gce Heobsly4YeHHbIe Kriemku 80CrpuUHUMarom cueHarsbl??)



MemOpaHHbIN MeXxaHN3M DUONOrnM4ecKoro
0encTBuUsa Marsblix 003

B obnactn manbix 403 NpoucxoauT rmbenb ToNbKO HEKOMopol Yacmu
KNEeTOYHOM nonynsumm, a B nogaBnsaoLLemM 60nbLINHCTBE KNEToK
pa3BmBatoTcsa 3 deEKTbI, MHULMATOPAMUN KOTOPbIX ABMASAIOTCS
N3MEHEHUSA CTPYKTYPbI U OYHKLNI Bronormyecknx memopaH

Kneto4yHble membpaHsbl (MHoz20 THXKK) — Hanbonee
pagnoYyBCTBUTENbHbIE MOMNEKYSbI - NepBUYHAsSA MULLEHb OENCTBUS
paguaummn B Mmanbix gosax (Anayc J1.X., 2001), a He AHK (!)

NMepBUYHbIE Hecneundunyeckne N3MeHeHNa B MemobpaHax (
HapyLleHne OKNCITNTENbHO-BOCCTAHOBUTESbHbLIX MPOLECCOB U
HapyLleHne PU3NKO-XMMNYECKNX CBONCTB NUNUO0B)

BeAyT K 3anyCcKy pagnaumoHHbIX 3(hheKkToB B KNeTKe

YNbTpacTPyKTypHble paanaLMOHHbIE UBMEHEHNS B N1a3MaTUYeCKNX
mMeMbpaHax NPUBOOAT K 3K30LMTO3Y pasnnyHbIX hakTopoB,
MOOYITMPYHOLLINX BbIXKMBAEMOCTb KINETOK.



Ponb oHKocynpeccopoB B POPMUPOBAHUNS -
«3pdekTa cBuaeTenar

* reH P53 — OHKOCYNPECOP - KOHTPONUPYET NPO- U
aHTManonToreHHble 0enku;

* benok p53 nmeeT OHKOCYNpPeCcCOopPHY OYHKLMNIO —
npu BO3HUKHOBEHUK noBpexaeHnn JHK (oanH
OBOWHOM pa3pbiB HA 14Pp0) ero cogepkaHme B
KIeTKe pe3Ko BO3pacTaer;

* C nomolLlblo pd3 perynmpyetca MexaHmnsm,
y4acCTBYIOLLMA B paganodbunoriorndyeckom «adpdoekre
cBuaeTena»

1986 r. — PobepTt YanHbepr BrnepBble naeHTUpuumpoBan rexH-
OHKocynpeccop (reH, NpoayKT KOToporo obecneymBaeT NpoPuUnNakTuky
OonyxoneBoun TpaHcopmMaLun KNeTok)




AP deKT B 001actn ceBepxmarnbix 403
(rMneppagnoYyBCTBUTENBHOCTbL) C TOYKU

3peHnss MemobpaHHOro MmexaHmama

* B obnactu cBepxmanbix 03— pagunaunoHHoe
obpa3oBaHMe oKcupaankanoB N HAKOMeHne
NPOAYKTOB MNEPEKNCHOIO OKUCIEHNA NUNNO0B B
nnasmaTnyecknx MembpaHax MHULMMPYIOT Kackaa
CTEPEOTUMHBIX BMOXMMUYECKMX PeaKLUuin B
cybnonynsyuu Haubosnee paduodyyecmeumesibHbIX
K/1emokK Ha noBpexjatollee BO3aencTene, B TOM Yncrne
TEX MEXaHN3MOB, KOTOpble NPUBOANAT KIETKN K
anonToay.




NPoaoIHKEHNE

* [lpn ganbHenwem yBenmyeHnn ceepxmanoun gosbi
(HUCxoOqaLWaa YacTb KpUBOU) — NPU OOCTUXKEHUU
onpeaeneHHoro 4o30BOro nopora NpPoncxoauT CHUXKeHue
YPOBHS MPOAYKTOB NEPEKNCHOIO OKUCNEHNS NUNUO0B
(BCreacrteune mMoburusayuu aHmuoKUCIUMmMeribHo20
MeXaHu3mMa 3aLlnThl),

* HabsnogaeTcsa akTMBaUMs KackagHOro MexaHmama peakumn
Ha noBpeXxaeHue, 3adepxxKa KJ1iemo4yHo20 Yukna u
ycusneHue pabomsbi cucmemsbi penapayuu [JHK e
ebiKUswWel cybrnonynsayuu KJ1emok.

* CHMXKaeTCcs nunonepokcuagaums.

BpeXJenue —3)

Mynsamig) OTBET (no




PagnayunoHHO-MHAOYyLUMpPOBaHHasA
HecTabuNbLHOCTb reHomMa

YacTb KNeTok, BbRKUBLUMX NOCIEe 00ny4YeHns, MOXEeT AaBaThb
PYHKLUMOHANbHO N3MEHEHHOE NOTOMCTBO, B KOTOPOM C BbICOKOW
4acTOTON Ha NPOTSKEHUN MHOIMX MOKONEHU BO3HUKAOT de novo (6e3
gorn. obnyyeHus!) abeppauunm XpoOMOCOM U FreHHble MyTauuu, B psiae
cny4vaeB npmBoAsiLMe K NOBbILLIEHHOM KIIETOMHOW CMEPTHOCTU NyTeM
anonTo3sa

B oTnnumne oT nepmaHeHMHoOU 2eHOMHOU HecmaburnbHocmu,
NPUBOASALLEN K HEKOTOPbIM HacneaCTBEHHbIM DOe3HaAM,
paduayuoHHoO-UHAyyupoeaHHasi HecmabusibHOCMb 2eHOMa MeeT
P OCODEHHOCTEN!

He onpefnendercs BO3HMKHOBEHMEM CTOMKUX HapyLeHNW B NepBUYHON
cTpykType OHK;

He ornpegenaeTcs KonmpoBaHWEM B KITETOYHOM MOTOMCTBE
paanaunoHHbIX nospexaeHnn OHK poantenbCKknx KreTok,

HEe MMEeEeT KINoHalbHOro Xapakrepa;

MOXET BO3HMKaTb B KIeTKax, He nogsepraslumxca obnyyvyeHunto (adoekT
cBugertens);

HecTtabunbHOCTb MOXET NPOSABAATLCA B OTAANEHHbIE CPOKWU NOCIe
0brny4eHus (MHorga Yepes COTHU LMKNOB OeNeHns).



HectabunnbHOCTb reHOMa:

CoxpaHeHne HI Ha npoTsXeHnn ecsaTKOB NOKONEHNN
KIMETOK XXMBOTHbIX ObINTIO BNEPBbLIE NOKa3aHO Npw
00rny4yeHnun B 60nbLUMX O03aX;

B 1970-80 e rr. oTe4eCcTBEHHLIMWN YY4EHbLIMU ObINO
nokasaHo, 4to HI MoXeT NnpoaBnATLCA U 'y NOTOMKOB
KIETOK, 0ONy4YeHHbIX B MarbIX O03aX;

HI" nposBnaeTcsa Kak nocne 4encTBus
NIOTHOMOHMN3NPYIOLLETO, TaK U PeaKONOHU3NPYIOLLIETO
N3ny4vyeHus

Y MHOrOKNEeTO4YHbIX opraHnm3amMmoB HIT nposasnseTca B
yBenM4YeHunn ymcna (4actoTbl) COMaTUYECKUX MYTaHTHbIX
KIEeTOK



MexaHn3M MHOVKLUWUW U nogaepXaHng
[EHETUYECKON HECTAOUITbHOCTU Maro

N3YYHEHbLI.
B pa3BMTUM reHETU4YECKOU HEeCTAaOUNBLHOCTU UrpaeT Ponb:

* ygeriu4veHue nopaxeHus [JHK u cHuxeHue agbcpekmusHocmu
pernapauuu - HapyweHue cucmeMbl KOHMPOIIS KIemo4YHo20
Uukra (aKcnepuMeHTarnbHOe rnoaTBepXXaeHne: Bo3pactaHme
reHeTU4YeCcKom HeCcTabnnNbHOCTM B MOTOMCTBE KMNETOK,
0OMy4YeHHbIX B NPUCYTCTBUN YCUNNTENS paanaLMOHHbIX
nopaxeHunn JHK)

*VI3MeHeHHbIU KriemoYHbil Mmemabornusm (?)— He ACHO Kak
nepenaetca (NOUCK pakTopoB rnepenadn) - SKCNePMMeEHTbI No
o0ny4eHnto unTonnasmbl U A4ep - peakTUBHbIE NPOAYKTHI
Kncriopoga

(ycuneHue rpodyKyuu akmugHbIX (popM Kucriopooa, 4mo
rnpueooum K ygsesriu4eHuUro0 oKkcudamueHbIX 1o8pexX0HuUl 8
monekynax [JHK u, kak cnnedcmeue, K y8eriud4eHUuro
Kosiudyecmea mymauuu)



[lpumepbl: 3KCNepUMEHTLI MO 0ONy4YeHUto

uumornsasambl U 90pa — nonsimka oueHums exnad
U3MeHeHHo20 memaboruama u rpsamoao rnogpexoeHus LJHK

° 06s1y4yeHUe y4yacmkoe yumornsia3mMbl YCKOPEHHbIMU
aapamm renvsa; Npu NpoxoxaeHnn 4 agep Yepes y4yacTok
LuuTonsiasmebl (He oTpaXarnocb Ha XXMU3HeCnoCobHOCTH
KIETKM) Y YacTu NOTOMKOB B TedeHne 40 nokoneHum
Habnoganmce Mukposigpa (pesynesraTt pparmeHTaumn OHK)

* [Ipu obsiy4eHuUU sidpa B Takon e Jo3e obpasoBaHue
MUKPOSAEP B TPEX NEPBbIX MOKONEHMSX ObIio bonee
4yacTblM, YeM Npu obnyvyeHnn ymutonnasmel. Hepes
HECKOJIbKO MOKONeHnn apdeKT ncyesan.

* Ponb peakmueHbIx NpooyKmoe Kucsiiopooa e
yeeriudeHuu yucra mymauuu (Habnioganochb yBenuveHme
yucna myTtauum rnocre obny4vyeHuns ymtonnasmsl. [Npu
BBEEHMN NepexBaTINKOB paanKanoB N YTHETEHUN
CUHTE3a rMyTaTuoHa (MOLLUHbIM aHTUOKCMAAaHT!) Yncno
MyTaLMU CHMXaroCh.



Pe3yanaTb| IKCNeEpUMEHTOB 1 BbiBOAbI

« ObnyyeHue yumornaambl NTPUBOAUT K yYaLLEHUIO reHHbIX* MyTaLuii
(XapaKTepHbIX Afsi COHTAaHHOro MyTareHesa)

« JlokarnbHoe 0bry4yeHue siopa — K y4alleHNI0 XPOMOCOMHbIX
nepecTpoekK

* Y MyTaHTHbIX KNETOK B HECKONMbKMX AeCATKaX NOKOMNEHNn coxpaHseTcs
BbICOKOE ColepKaHne KonmyecTBa BbICOKOPEeaKLUMOHHbIX MPOAYKTOB
Kucnopoaa.

* KM3ameHeHne meTabonnama KoppenmpyeT ¢ NoBbILLEHHOW
HEKPOTUYECKOW N anonToTUYECKOU rmbenbo

BbiBOoAbLI

AnutenbHaa HeCTabUNbHOCTbL reHOMa nocrne obny4yeHus
obycnoBneHa:

- HenocpeaCTBeHHbIM nopaxXxeHnem reHomMma CaMmMMm U3JNTyHYeHUNeMm,

- AOMNOSNIHUTENbHbLIM MOpPaXeHneM NpPpoayKTaMmm NU3MEeHEeHHOro
KIeTo4YyHoro metabonuima.

*FeHHad, unn ToukoBad, MyTaumsa npeactaBnseTr cobon naMeHeHne nocrnenoBaTenbHOCTU
HYKI1eOoTUAO0B B Npeaenax O4HOoro reHa, npueoasiLee K USMEHEHUIO XapakTepa
NEenCcTBuUS reHa



«FeHeTNYecKkass HeCTabMNbLHOCTb
obycrnoBreHa AnMMTENbHO COXPaHAKLMMCS
N3MeHeHnemM OYHKLIMOHNPOBAHUSA KIMETKU Kak
Lienoro, nepegaBaemMbiM NOTOMCTBY
nocpeacTBOM SMUreHETUYECKUX MEXAHNU3MOBY
(nogpobHoctu cm. B Kyapswos, 2004)

* [loBbILWEHHLIN YPOBEHbL MyTaLKUK
 [loBbILLEHHAA YacTOTa XPOMOCOMHbIX NEPECTPOEK

« CoxpaHsietca B TedyeHne 10-30 n bonee
reHepauymu



HecTaOnnbHOCTbL reHOMa

[ToBbILLEHWE YACTOTbl FEHETUYECKMX HAPYLUEHU Y MOTOMKOB
00Iy4YEHHON KIETKU

OtcyTcTByeT 3aBucumocTb HIT oT 403kl B O0nbLIOM AnanasoHe
003 (BO3HMKAET nocne obrnyyeHna B LUMPOKOM AuanasoHe 403,
Bkrtovas manble (<20 cl'p), ocobeHHO npu BO3aeNCTBUK
NSIOTHONOHU3UPYOLWNX N3NYYEHUIN)

HI" pernctpupyetcs y nuu, obnyyYeHHbIX B ManbiX o3ax Ha
aTOMHbIX NPOM3BOACTBAX U MPOXMBAKOLWNX HA 3arpA3HEHHbIX
TEPPUTOPUSAX B OTAANEHHLIE CPOKN — YBENTMYEHNE MEHHbIX U
XPOMOCOMHbIX MyTauun B nuMmdouuTax nepmndeprudeckom
KpOBWU

CnekTp MyTauun B otaarieHHble CPOKN (OANHOYHbIE N NapPHbIE
doparmeHTbl) OTNMYaeTcsa OT MyTauuil B HEMOCPELCTBEHHO
00ny4YeHHbIX KneTkax (AUUEHTPUKU, KOIbLEBLIE XPOMOCOMbI)



KaHueporeHes B obnacTtn marbix 003

B HacToswee BpeMA NPUHATbLI ABe KoHuenuunn pagnallmoHHOro
KaHUueporeHesa.

1. Nlopo2oeasi koHUenuyus (B obnactn manbix 403 UMEETCS Nopor
KaHLUEPOreHHOro 4enCcTBUS MOHU3NPYIOLLINX U3ITYYEHWNI)

2. becnnopozoeasi koHuenuyus (npun obnyyeHnn B ntobom manom gose
YBENUYNBAETCH PUCK 3NnoKadeCcTBEHHbIX HOBOOOpa3oBaHUN)

* Puck pa3sutua 3nokavyecTBeHHbIX HOBOOOpa3oBaHMN CBA3aAH C
HapyLUeHNEM B OHKOreHax n aHTUMOHKOreHax.

* O6nyqu|/|e B MallblX 03axX NnpmnBoanT K NoABJIEHUIO MYTAHTHbIX
KIeToK

« [ns MHOYKLUUN OMYXOJIn HeobXoaMMO BO3HUKHOBEHUE HECKOSTbKUX
MyTaunn B reHOME KITETKA

[Tpymep B nosnb3y gokasaTenbcTtBa 6ecnoporoBom KOHUENUMN:
[MTonyyeHbl NpAMbIe JOoKa3aTenbCcTBa MHOYKUUN 3N0Ka4eCTBEHHbIX
3abonesaHun npun obnyyeHnm B gosax okono 100 mlp (Y
nukemgartopos aBapun Ha HASC) — crmamucmuyecKku 3Haqyumabil
gocm B03HUKHOBEHUST J1elKo308, paka wumoeudOHOU xere3bl y

emeu



Obny4eHne B Marblx go3ax n comatnyeckmne
3aboneBaHuns

y nogen, obry4eHHbIX B ManbIx 4o3ax

e MHOXecTBO AaHHbIX O pa3BUTUU 3aboNeBaHUU HEUPOIHAOKPUHHOMN,
cepaedHo-cocyauctou (IMHXKK!!!), nnwueBaputensHON, UMMYHHON
cUcTem

 [loBbllEeHHOWU YYBCTBUTESIbHOCTU K AEUCTBUIO Pa3SIUYHbIX
TOKCUYeCKux cpakTtopoB

AHanorn4yHble adppeKkTbl onucaHbl y nogen, noaBeprwnxca 4encTBuio MarsblX
003 OTpaBnsArLLKMX BeLlecTB (HEMPOTOKCUHOB: 3apuH, TM 1 gp.)

CUHOPOM MHOXECTBEHHOMN XMMNYECKON YyBCTBUTENBHOCTU («bonesHb
OKpyXKatoLen cpeabl», « CUHOPOM BOWHbI B NEPCULCKOM 3arnBe» )—
NPOABIIAETCA Yepes3 HECKONbKO MecCsLieB-eT nocrie Bo34encTemg,
NPOSIBNSAETCA B anneprum n ap. CMMnToMax

Takune ke paccTpomncTBa XapakTepHbl Ana nukemagatopos aBapun Ha HASC —
npobnema: HeT AoKasaTenbCTBa pPagnoreHHOro NPONCXoXaeHna CUMNTOMOB

B Hacmosiwee epemsi ogpuyuasibHO OCHOBHbLIM 8PeO0HbIM nocsiedcmeauem
eo3delicmeust Ussiy4eHusi 8 Masibix 003ax paccMampusaemcsi moJsibKo
pazsumue 3J10ka4ecmeeHHbIX Hoeoobpa3zoeaHuu !!




Ponb ectecTBeHHOro pagMayuoHHOro
doHa onA XMBbIX OPraHU3MoB

B HacTosLlee BpeMA eCTECTBEHHbIN
pagnaLnoHHbIN POH COCTaBNMAET:

10-15 (20) mkP/yac (MOWHOCTL O03bl
N3ny4yeHus)

Okono 1 m3B/roa (ao3a obny4veHus)



OKCNEPUMEHTbLI NO BbISICHEHUIO
OMONoOrM4ecKkoro 3Ha4YeHnsa ectecTBeHHOro
pagnaLnoHHOro ooHa

AnekcaHgp Muxannosuy KysuH, yn.-
kopp. PAH (1906-1992)

NHcTuTyT Bnodpmnsnkm knetkm PAH

* KyauH A.M. (1991) lNpupoaHbIn
paguvoaKkTUBHbLIN (ODOH U ero 3HavyeHne ans
brnocdepbl 3emnu. M.: Hayka, 116 c.

* KyauH A.M. (1991) Npen pagnagnoHHOro
ropmesuca B atTomHoM Beke. M.: Hayka, 116 c.

« KyauH A.M., CypkeHoBa [.H. (1994)
O6HapyxeHne BTOPUYHOro, B1onornyecku
aKTUBHOIO U3MNy4YeHUs1 paCTUTENbHbIX CTPYKTYP

nocne g-obny4eHusi B manbix go3ax. [Jokn.
PAH., 334, 535-537.




JKpaHMpoBaHUe BHeLHero
obny4venuns (1965 -70 e rr)

9KpaHMpOBaHMEe eCTeCTBEHHOIo pagMauMoHHOro ooHa
- B CBMHLOBLIX Kamepax — EP® cHmxancsa B 20 pas,

- B N1oA3eMHbIX DyHKepax)

* Pesynbrathl:
- 3aMeS1IeHMe CKOPOCTU KNETOYHOro AerieHus (y NnpocTenLumnx, BOAOPOCen,
KynbTyp KI1ETOK),

- 3amMegrieHmne 3M6pVIOHaJ'IbHOFO pa3BnNTNA HaCEKOMBbIX, pOCTa N pa3BUTUA
pacTteHnn n XMBOTHbIX

* BHEeCeHue cosien ypaHa ansa soccraHosrneHus EP® — ncyesan
9o (PEeKT yrHeTeHUsa pasBUTUA OpPraHM3MoB

9KpaHupoBaHue BHewHero EP® — cHuxeHune
XXunsHecnocobHocTtn B 1.2-1.5 pas



JKpaHupoBaHue BHYTPEHHero u BHelUHero
obnyyeHus (akcnepumeHTbl 1980-90 rr)

* SKCFIepVIMeHTbI C BbICLULNMWN PaCTEHNAMU N KNBOTHbIMU

e OKpaHupoBaHue BHellHero EP®, ynaneHne pagoHa ns
Bo3ayxa, yaaneHue K-40 ns nuwn.
(HanomMuHaHwne:

B paluvoHe yernoseka B cyTku cogepxutcsa go 4.5 r K-40;

1 r K-40 ucnyckaeTt B cekyHay 26.2 6eta-yactuy n 3.4 ramma-KBaHTa)

 PesynbraTbl: y2HemMeHue XXUu3HeHHbIX rpouyeccoes 8
dea pa3a u 6orsee

BbiBOA
EcmecmeeHHbIU padualyUuoHHbIU GOH HE MOJIbKO He
gpeOeH 0rns buomesl, a Heobxooum Oris ee
cywecmeoegaHus Ha nnaHeme (KysuH A.M.)



[MpuMepsbl: skcnepumMeHTbl MHCTUTYTA
bnodounsunkm knetkn PAH

[Toka3aHo, YTO O4HOBPEMEHHOE
CHWXEHNE BHELLHEro NpUpoaHoOro
paanaunoHHOro gooHa
(3KpaHUpoOBaAHME CBUHLIOM),
BHYTPEHHENO (CHMXEHnEe
coagepxxaHus paguousorona °K) n
YCTpaHeHNs1 BO BObIXaeEMOM
BO34yXe padoHa pPe3Ko CHMXaeT (Ha
50%) poCT 1 pasBnTME BbICLUUX
pacTEHUN U MOSIOAbIX XXUBOTHbIX.
Bb1800 - ripupoOHbIl
paduoakmuegHbItU pOH Heobxooum
071 cyuwiecmeosaHusi buomel

rpaMmbl

BriusiHue CHUXXeHUs1 8HeWHe20 U 8HYMpPeHHe20 rnpupodHo20 0br1yYyeHuUs Ha
rnpusec macckl Mosiodbix Mbiwed. 1o ocu abecyucc - 11 cpasHusaemsbIx nap, o
ocu opOuHam - rpueec mersia 3a 8 Cymok 3KcriepuMmeHma




BrninaHue npupogHoro paguaumMoHHOro oHa
Ha pa3MHOXEHWe NPOCTENLLNX

157
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Bo3amMoXHas CBA3b eCTECTBEHHOIO
pagnauMoHHOro poHa 1 «brnornons» XXMBow

KINETKN

* Teopua A.M.KyanHa : pons EP® B
doopMmMpoBaHNnN «BTOPUHYHOIo OMOreHHoro
N3Ny4YeHna» - KorepeHTHoe cnaboe
yreTpadnosiETOBOE U3NTyYEHNE,
CTUMYNUPYIOLLLEE MUTO3bI, KITETOYHOE AeNeHne,
obpa3oBaHMe «BHYTPEHHEro paanaunoHHOro
nonsa»

« TapycoB b.H. n apyrue: nccnegosaHugd
«CBepxcrnaboro cBe4eHUs» -
BMO3NEKTPOXEMUMIOMUHECLIEHLIUN -,
MCNYCKaEeMOro XUBbIMU KNeTKaMu




brnonone HakoHeU OTKPbLITO
11.11.1996. "OIOHEK", Ne46

Mpn BO3aeNCTBUM U3NYyYEHUSA Ha XKNBbI€ MOJIEKY bl C HUMU NPOUCXOAAT OQHOBPEMEHHO ABa
npouecca: MOHM3auua (NoYemMy pagmaumns U HasblBaeTCcs MOHM3MPYoLEeNn) n Bo3dyxaeHue. B nepsom
Cnyyae 9MneKTPOoH BbIlMbaeTca U3 MOMeKysbl, U OHa paspyllaetcs. Tak, cobcTBeHHO, ybMBaeT aToMHas
6omba unu apyrme 6onblume 0o3bl pagmaunn. IHoe geno -- masnble 4o03bl. TyT OCHOBHbIM SBMAAETCA
BO30Y>XAEHME: ANEKTPOH, BbIOBUTLIN CO CBOEro 3aKOHHOIO MeCTa, He YrieTaeT, a NepexoanT Ha apyrom
9HEepreTnyYecKnin ypoBeHb. Bokpyr Monekynbsl 06pasytoTcst CryCTKN SHEPrun -- « CONIUTOHbI» (KakK UX Ha3Ban
KMeBCKUn nccriegosatens [aBblgoB) U «NosispuToHbl» (Mo TepmuHonorm Hemua dpuua MNMonna).

Heckonbko net Hasag atot [Nonn, obny4yaBwnm Monekysnbl yrsrpadunoneTom, yCTaHOBWI, YTO NONAPUTOHDI
XMBYT Yac-ABa, 3aTeM pacnagaroTca N UCMycKaroT BTOPUYHOE nanyvyeHmne. A UMEHHO -- cnabdblii BUANMbIN
cBeT (n3nyyeHne BaBunosa-YepeHkoBa)

OTO OTKPbLITME COBEPLUNIT HEAABHO POCCUNCKNI pagnobuonor na nywmnHckoro MHctutyTa 6modunamnkm
KneTku ynex-koppecnoHaeHT PAH Anekcanap KysuH. OH gogymancs, 4to aHanormyHoe BTOpUYHoOe
N3rlydeHne MOXET BbI3bIBaTbCHA HE TOSbKO YIibTpaunosrieTom, HoO 1 aToMHOW paauaunen. [NpoBepuTb 3TO
npeanonoXeHne He Nony4vanoch -- Ha Mbilen 419 3KCNepMMEHTOB eHer cenyac y4eHbIM He [aloT.
Mpuwnock Npu3BaTh Ha cryxby Hayke Npexae HeMcnosnb3oBaBLUMXCA BecnnaTHbIX TapakaHoB. [loragka
Ky3nHa nogTBepamnachk: npu obnyydeHmun mansiMm go3amm n3 Tapakanonx 6enkos n AHK nexogut
BTOPUYHOE M3NyYyeHne, Ha ceun pas, npasaa, He CBETOBOIo AManasoHa, a yrnsrpadguonertosoro. U ator
HOBbIN BU BTOPUYHOIO U3NYyYEHNA CTUMYIIMPYET B PaCTEHUSX XKU3HEHHbIE npouecchl. Hanpumep, B
crneunanbHON Kamepe, U305IMPOBaHHOM OT NPUPOAHOro dhoHa, Knanu Ha Mapinto 0bry4YeHHbIX 1
Heobny4YeHHbIX TapakaHoB -- C OTOPBaHHbIMW HOXKaMK, 4Tobbl He cbexanu. [Nog mapnen nomewanmu
CeMeHa pacTeHUn. HeT, HOXKM Yy TapakaHOB He BblpacTanu, HO ceMeHa u3-nog obsy4eHHbIX HaCEKOMbIX
npopocnu Basoe bbicTpee. ToT xe addekT Habnogancs B napax pacteHne-pacteHne. OnbiToB ObIno
MHOrO, @ OHW U NMPOAOSIKAKTCA -- BeAb Ha40 U3Yy4YNTb HOBOE SIBIIEHNE CO BCEX CTOPOH. HO rmaBHoe
YCTaHOBIEHO -- CTUMYSIMPYET He caMa pajnaums, a BbI3BaHHOE €10 BTOPUYHOE U3ny4eHue.



UsnyyeHne BaBunosa — YepeHKoBa - cBeyeHMe, Bbi3biBAEMOE B
Npo3padvHon cpeae 3apsXKeHHOU YacTuuen, Kotopasi ABUXKETCH CO CKOPOCTLIO,

npeBbliLLaroLwen oasoByo CKOPOCTb PacrnpoCcTpaHeHUs CBeTa B 3TON cpefe.

B 1934 roay NaBen YepeHkos
npoBoaunn B naboparopumn Cepres
BaBuioBa nccnegoBaHus
NIOMUHECLIEHLINMN XNOKOCTEN MoAa
BO3QENCTBMEM raMmMa-nsny4yeHums
n obHapyxunn crnaboe ronyboe
cBeYeHune, BbIaBaHHOE BbICTPbIMU
SNeKTpoHamMu, BbIOGUTbIMU U3
aTOMOB cpefbl ramMma-
nany4vyeHnem. osxe BbIACHUNOCD,
YTO 3TU ANIEKTPOHbLI ABUranuncb Co
CKOPOCTbIO BbILLE CKOPOCTU CBETA
B cpene.

* ODOHapyXeHHOe ABfieHne — He
NIOMUHECLEHLNS XKUOKOCTH, a
CBET N3MNy4aroT ABUXKYLUMECSH B HEWN
ObICTPbIE ANEKTPOHBI




PagoHoBble BAHHbI

PagoHoBble Boabl — MHeparbHble BOAbl Pa3nMYHOro cocTasa, coaepkalle pagnoakTUBHbIN ras —
pafoH. OnTMManbHasa KOHUEHTpaLumsa pagoHa AomkHa 6biTb okono 40 HKu/n.

« B 1900 roay, Ha koHrpecce B JlnccaboHe 1. Kiopn n A.bolwiap Jonoxmnu o ne4yedbHom
NPUMEHEHNN PagoOHOBLIX BOA,.

*  Yewckunint ropoa Axumos, onbiTel MNeep n Mapusa Kiopu,
B 1906 rogy OTKpbIT NEpPBbIN PagOHOBLIN KypOPT- KOrbl6enb aTOMHOro Beka.

llpomueonoka3aHus

* oCcmpble UHGEKUUOHHbIE 3aboresaHusl;

* ricuxuyeckue 3abosiesaHusi;

*  4acmo rnosmopsIUWUECS KPOBOMEYEHUS;

*  paccmpolicmea KpogoobpauwieHus IIb - Il cmadud;
» bepeMeHHOCmb 80 8CE CPOKU;

*  3/10Ka4ecmeeHHble U 00b6poKaYecmeeHHbIe OrlyXosiu Kpome goubpoMuUoM marn
KOMOPbIX He rpesbiluaem pa3mepo8 Mamku fnpu 3x — Mmecssi4HoU 6epeMeHHO

B HacTosiLee Bpems B Mupe nssectHo okosio 300 paaoHOBbIX KypopToB
Hanbonee n3secTHble:

« [awTenH (ABcTpus), bag-bpambax (l'epmanng), KuccuHreH (Ffepmanus), Mucaca (Anonus),
MomuH MNpoxog (bonrapus), Axumos (Mexus), JTowoH (PpaHums) AHrado (Mtanus), XmenbHuK
(YkpauHa), Uxanty6o ([py3us),

B Poccuu: MNaturopck, Antanckmin kpan, YntmuHckasa obnactb, VpkyTckas obnactb, KpacHospckui
Kpau

MexaHnam adbdoekta oo cux nop oobacHeH!!!



3agaHune

* 00630p Hay4yHOW CTaTbM Ha PYCCKOM UK
aHITIMNCKOM SA3blKax Mo TeMmam: «3dhdekT
ceBuaetens — bystander effect», «<aganTnBHbIN
oTBeT- adaptive responsey, “‘HeCcTabunbHOCTb
reHoma” (genomic instability):

CTaTblo BbIOVMpaeTe CaMOCTOATENBHO B HaYYHbIX
basax (Hanp., www.elibrary.ru, Web of science,
ap.), BbIDOp cornacyete ¢ npenogasartenem.

Cnadya 0630pa OCyLLECTBISIETCSA B BUOE YCTHOIO
COOOLLEHNA HA CEMUHAPE C UCMNONb30BaHUEM
npeseHTauun B dpopmarte Power Point,
aonuTenbHoCTb coobleHnsa 10-15 MUHYT.

Havano coayn — yepes Hegenio!




Cnepnytowaa tema

PaduoyyecmeumesnibHoOCmb mKaHeu U
op2aHOo8 op2aHu3Ma Msiekonumarou,ux



