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®OPMUPOBAHUE PAJIUAIIMOHHOM J]O3bI
OBJIVIEHUA ITIPECHOBOJHBIX Pblb HA
IMBPUOHAJIbBHON CTAINUN PASBUTUA

M3yyanu ocobeHHoCT hopMMpPOBaHUSA A03bl 06TyYEHMS MPECHOBOAHbIX Pbib Ha
3MBPUOHANBHON CTaANUN PasBUTHS. YUUTbIBANM B-, y-u3nyderne > Cs v f-usnyyeHne
Sr, cocpeaoToYeHHbIX B BOAHbLIX Maccax, AOHHbLIX OTIIOXEHMSIX U BbICLLUMX BOOHbIX
pacTeHusIX, a Takke B-U3nyvyeHne MHKOPNOPUPOBAHHBIX PaAVOHYKNUAOB. PacuéTbl
npoBeaeHbl AN BUOOB, pasnuyaloLmxcsa cybcTpaTtom pasButust aMOprMOHOB 1 CpoKa-
MU HepecTa. YCTaHOBIEHO, YTO MOLLHOCTb 403bl 00nyyYeHust ambproHoB pbib Knes-
ckoro BogoxpaHunuwa cocraensiet ot 183 go 8000 HIp/cyT. Ha ocHoBaHuW npoBe-
[OEHHbIX Pac4éToB MPeAoXeH NMPUHLMN 3KOMOrMYEeCKOr0 HOPMUPOBAHUST PaOMOHYK-
NNHOTO 3arpsA3HEHUst JOHHbIX OTIIOXEHWI NPECHOBOAHbBIX BOJOEMOB.
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Knroueswvie cnosa: smopuonvl pvib, MOWHOCHL 003bl 001YYeHus, ST,
137C
S.

B ecTecTBeHHBIX BOAOEMAX A03a OOAYUEHHUS T'MAPOOHOHTOB (DOPMUPYETCS B
pe3yAbTaTe MU3AYYEHUS PAAUOHYKAUAOB, COCPEAOTOYEHHBIX B aOMOTHUYECKUX U
OMOTHUYEeCKUX KOMIIOHEHTAaX 3KOCUCTeMBI. OAHAKO AO HACTOSIIEro BpeMeHU He
pa3paboTaHbl METOAOAOTHUYECKHE TIOAXOABL, ITIO3BOASIIONINE IIPU PaCYETax y4ecThb
BCe BO3MOJKHBIE MCTOYHMKH, COCTaBASIOIINE CyMMapHYIO A03y. OCOOEHHO 3TO
AKTyaAbHO AAST IOABMIKHBIX THAPOOMOHTOB, B YaCTHOCTH PHIO, AAS KOTOPHBIX Xa-
PaKTepHBI U3MEHEHUS OTHOILIEHUMN C OKPY’KaolIel CpepOr Ha PasHBIX CTAAUAX
OHTOTeHe3a. BEIAEATIIOT ABa OCHOBHBIX II€PHMOAA OHTOreHe3a PhIO — paHHUM U
B3POCAOI'O COCTOSIHUSA. B CBOIO 04epeAb, paHHUU MOAPA3AEAdIeTCa Ha 9MOpUOHa-
ABHBIY, AMUMHOUYHBIM M MAAbKOBBLIU. YKa3zaHHbIe MEPUOABI YETKO Pa3AMYAIOTCS
YPOBHEM OpraHW3alluy W, YTO OUYeHb Ba*KHO C TOYKU 3PEHUsS PaAMOIKOAOTHYe-
CKUX U PAAMOOMOAOTHUYECKUX UCCAEAOBAHUM, OTHOIIIEHUSIMHU OpraHu3Ma C OKpY-
>Karolel cpepOd U papuMoOdYyBCTBUTEABHOCTBIO [11]. YcTaHoBAeHHE OCOOEHHO-
cTel (hOPMUPOBAHUSA AO30BBIX HArPY30K Ha PbIO HA PAHHUX CTAAUSX OHTOTEHe3a
KpalHe HeOOXOAUMO, IIOCKOABKY UMEHHO B 3TOT IIEPUOA OHU HauboAee UyBCTBU-
TEeABHBI K BO3AEMCTBUIO MOHU3UPYIOWMIETO m3AydeHHda. OpAHAKO B paboTax, IIO-
CBAIIEHHBIX METOAAM OII€HKHU AO30BBIX HAarpy3oK Ha psIo [10, 13, 14], paccmoTpe-
HBI AQAEKO He BCe IIyTH (DOPMUPOBAHUSA OOAYUEHUSI HAa S5MOPUOHAABHOM CTAAUU
pasBuTus. [To3TOMy 1jeAblo Halllel pabOoThI ObIAA pa3pabOoTKa II0AXOAOB K OIleHKe
AO30BBIX Harpy3oK Ha OpraHNU3M IIPeCHOBOAHBIX PBIO Ha 3TOM CTAAMU.
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Marepuaa u MeToANKa UCCAeAoBaHMI. B paboTe 1CIIOAB30BaHbI AQHHEIE, T10-
AydeHHble B 2010—2012 rr. B akBaTopum [Ipungarckoro orpora KneBckoro Baxp.
[1, 2, 9]. Copepxkanue Sr u 137Cs B BOpAHEIX Maccax, AOHHBIX OTAOKEHHUSX,
3eAEHBIX HUTUYATHIX BOAOPOCASX, BBICIIINX BOAHBIX PACTEHUSIX M PHIOAX OIIpeAe-
ASIAM CTQHAQPTHBIMHM TaMMa-CIIEKTPOMETPUYEeCKUMU U PAAUOXUMUYECKUMU Me-
TopaMU [7]. AAS pacyéTra AO30BBIX HArpy3oK Ha UKDy pBIO COAEpIKaHUE PAAUO-
HYKAMAOB IIDUBOAMAM B BK/KI' ecTeCTBEHHOM BAAKHOCTH. BrIpaskeHme «Ccopep-
>KaHUe PaANOHYKAMAOB B BereTUPYIOIel MATKONM PaCTUTEABHOCTH» O3HadaeT UX
YCPEeAHEHHOE COAepsKaHUe B 3eAEHBIX HUTUATHIX BOAOPOCAIX poaa Cladophora n
HECKOABKUX BHAAX MOTPY’KEHHBIX BBICIIINX BOAHBIX PAaCTEeHUH (pAecTe rpebeHua-
ToM Potamogeton pectinatus L., ppecTe IpoH3éHHOAUCTHOM P. perfoliatus L., ypy-
T Koarocucron Myriophyllum spicatum L., snopee kaHapckou Elodea canadensis
Michx. u poroauctHuke norpy>xénnom Ceratophyllum demersum L.). Beipaske-
HHUEe «Copep’KaHWe PAaAMOHYKAMAOB B MHPHBIX pbiOax» O3HadYaeT WX
YCPEeAHEHHYIO YAeABHYIO aKTUBHOCTE B IINOTBe OOBIKHOBeHHOM Rutilus rutilus L.,
AuHe o3epHoM Tinca tinca L., ryctepe Blicca bjoerkna L., aellle OOBIKHOBEHHOM
Abramis brama L., kapace cepebpsinom Carassius auratus gibelio (Bloch)., kpac-
Honépke Scardinius erythrophthalmus L., uexounu Pelecus cultratus L. u cunie Ab-
ramis ballenus L. a BeIpa’keHHe «COAep KaHUe PAAUOHYKAUAOB B XHUITHBIX PHI-
Oax» — B 1IyKe Esox lucius L., cyaake oOBIKHOBeHHOM Stizostedion lucioperca L.,
okyHe peuHoM Perca fluviatilis L., come oObIKHOBeHHOM Silurus glanis L., )xepexe
Aspius aspius L., ronaBae Leuciscus cephalus L. [TpuHapAAe>KHOCTD PBIO K 9KOAO-
TAYEeCKUM IPYIIIAM 10 XapakKTepy Pa3sMHOJKEeHUS U Pa3BUTHS, OCOOEHHOCTSAM II0-
BeAEHUS U AUaMeTPy UKPHUHOK IIPUBOAUAU I10 AUTEPATYPHBIM AQHHBIM [4]. MeTo-
AUKY pacdéra AO30BBIX HAarpy30K Ha SMOPHOHBI PBIO pa3pabaThblBaA Ha OCHOBA-
HUM CIIPABOYHBIX AQHHBIX U METOAWYECKUX YKa3aHui [3, 5, 8]. Aag pacuéTta p030-
BBIX HArpy30K Ha pa3BUBAIOUIYIOCS MKPY OT BHENIHETO y-U3AYYeHUs B IPUOAU-
>KeHUU OeCKOHEYHON reOMETPUU UCIIOAB30BAaAU AO30BBIe KO PUIMeHTH! [12].

Pe3yasmamust uccaedosanuil u ux oocyicdenue

[To xapaKTepy pa3MHO’KEHUS U PAa3BUTHUS IPECHOBOAHBIE PBIOBI IIOAPA3AEAs-
IOTCS1 Ha NeAaroUAbHBIE, AUTO(MUABHBIE, IICAMMOMUABHBIE, (PUTOPUABHBIE U
ocTpako@UuAbHEIE [4]. BeIMeTaHHag MKpa NeAaroUABHBIX PBIO HAXOAUTCS B BO-
AHBIX Maccax B IAABy4eM COCTOSAHUU. BUABI U3 AUTOPUABHOU M ICAMMOPUABHOU
TPYIII UCIIOAB3YIOT B KQUeCTBe HEPECTOBOI'O CyOCTpaTa KaMEeHUCTOe U IleCYaHoe
AHO MEAKOBOAUM, @ (PUTOPUABHON — BETETHUPYIOUIYIO U OTMEPIIYIO PACTUTEAb-
HOCTB. K 0CcTpako(puABHOU IpyIIIIe OTHOCATCS TOABKO r'OpYaKy, OTKAAABIBAIOIINAE
HUKpPY B ’KaOEepHYIO MOAOCTb ABYCTBOPUYATHIX MOAAIOCKOB (B AQHHOM paboTe OHM
He paccMmarpuBaroTcsd). HeoOXOAMMO OTMETHTB, 4YTO He BCEe PBIOBI MOI'YT OBITh
CTPOT'O OTHECEHHBI K TOU UAU WHOM 3KOAOTMYECKOU I'PYIIle, HEKOTOPHIE COYeTAl0OT
CBOMCTBA AUTOMPUABHBIX U (PUTOMUABHBIX UAU JKe OTHOCATCS K CyOCTpaTy WUH-

AP PEepeHTHO.

Ao03a BHelTHero oOAy4YeHHUs PO B IIepHOA 3MOPUOHAABHOIO Pa3BUTUSA 00Y-
CAOBAEHA KOHIIEHTpAIed PAAMOHYKAUAOB B BOAHBIX Maccax, AOHHBIX OTAOJKe-
HUSX HEPECTUAUII, a TaK)Ke B BETETUPYIOUIUX U OTMEPIINX PacTeHUSAX, UCIOAb-
3YEeMBIX A OTKAAQAKU UKPBI, BHYTPEHHErO — PAAUOHYKAMAAMU, UHKOPIIOPUPO-
BaHHBIMU B UKpuHKe. [Ipu pacuére AO3BI OT -U3AYUAIOLINX PAAMOHYKAUAOB He-
00XOAUMO YUUTHIBATH €6 AuaMeTp.
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ITpu pacuyérax A03bI OOAYUYEHUS UKPBI OT PAAMOHYKAUAOB, COCPEAOTOUEHHBIX
B BOAHBIX Maccax, IPUHUMAaAHM, YTO IOTAOIIEHHAd Ao3a (D, I'p) paBHa paBHOBeC-
HOM AO3e, (POPMUPYIOIMIENCS B BOAHBIX MaccaxX 3a CcYeT - u y-m3AydeHus . AAs
-m3AyUeHHsI UCIOAB30BAH HanOOAee KOHCEPBATUBHBIM BapHaHT. PacuéTsl mpo-
BOAUAU TI0 POPMYAE

D = XCypKapppt 1 = 1, k (1)

rae Cy(j) — KOHIIEHTPAIUs [-TOr0 PAAMOHYKAMAA B BOAHBIX Maccax, BKk/A, mpuHsi-
TO, 4TO | A BOABI MMeeT Maccy 1 Kr; Kd(i)(ﬁ,y) — AO30BBIU KO3((PUIIUEHT {-TOTO pa-
AAOHYKAMAQ (-, y-u3aydenue), (I'p/cyT)/(Bk/Kr); t — BpeMs, cyTKH; k — KoAude-
CTBO [, y-M3AyYAIOUINX PAANOHYKAUAOB.

[Tpu pacuérax A03BI OOAyUYeHUs 3MOPHUOHOB PBHIO OT PAAMOHYKAUAOB, COCpe-
AOTOUYEHHBIX B CyOCTpare, HEOOXOAUMO YUUTEIBATH OCOOEHHOCTH PACIpPOCTPaHe-
HUA [, y-U3AY9YEHUS B Pa3HBIX CPEAAX (BOAE, AOHHBIX OTAOKEHUSIX, PACTEHUSX U
UKpUHKax). [ToaToMy cHadara pacCMOTPUM OCOOEHHOCTH (DOPMHUPOBAHUS AO3BI
Y-U3Ay4eHHEeM CcyOcTpara.

B cayuae, Korpa MOCAOMHYIO CTPATU(PUKAIIUIO PAAMOHYKAUAHOTO 3arps3He-
HUS AOHHBIX OTAOKEHUU MOJKHO IIPEACTABUTHL B IPUOAMIKEHUUN OECKOHEYHOU
reOMeTPUH, MOIIHOCTh AO3BI Y-U3AYYEHUsI AOHHBIX OTAOKeHu# (P,; I'p/cyT) Mox-
HO PacCYUTaThb II0 POPMYAe

P = gk XCsed(y Kaypyy 1 = 1, 1, (2)

TAE gy — TeOMeTpUYeCKUH (PaKTOp, Ha MMOBEPXHOCTU AOHHBIX OTAOJKEHUHN paBeH
0,5; Cseq(iy — KOHIEHTPAIUS [-TOTO PAAMOHYKAMAA B AOHHBIX OTAOJKEeHUsIX, BK/Kr
€CTeCTBEeHHOU BAAKHOCTH; Kq(j)(,) — AO30BBIN KOIPPUITUEHT Y-USAYUISHUS -TOTO
papnoHYKAUAL, (I'p/cyT)/(BK/KT); n — KOAWMYECTBO Y-U3AYUYAIOIINX PAAMOHYKAU-
MOB.

'amMMa-cocTaBASIONTYIO MOIITHOCTH TOTAOIIEHHON MKPOH A03HI (P, I'p/cyT) oT
PaAMOHYKAUAOB, HaXOAAIINXCS B PACTEHUSX, OIIPEACASIAY ITyTeM PacueTa aKTUB-
HOCTH [-TOTO PAAMOHYKAMAA CyOCTpaTa B 0OBEME BOABL:

P = XCpuan(i) Kapey 1 = 1. k
C _ ASpIan(i) (3)
plan(i) _Twat'
rAe Cpian(ij — OOBEMHAsT aKTUBHOCTHL CyOCTpaTa, BK/A; Aspjgn() — AKTUBHOCTH

pacTeHUY Ha eAVHUIIE TIAOMIAAU (3KBUBAAEHT IMAOTHOCTH 3arpsi3HEHUs MOBepX-
Hoctn), BK/M2%; m,,,; —Macca (06bEM) BOABI Ha EAMHHIIE IAOLIAAN HEPEeCTHAMII,
A/ M2,
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[Tpu pacuéTe AO3BI, CO3AABaeMOM [-U3AydeHHEM CyOcCTpaTa, YIUTBIBAAU
ocrabaeHHe TIOTOKA SHEPTUHM B UKPUHKE, & TaK)Ke 3HEPTUI0, U3AydaeMylo CyOCT-
paToM. [Tpu 3TOM paccUUTBIBAAU 3HEPTUIO, ITOTAOIIAEMYIO CAOEM, PaBHBLIM AMa-
MeTpy UKPUHKU:

E = Eyexp (-Ux X), (4)

rae E — MAOTHOCTb 9HEPruu -4acTUll Ha MMOBEPXHOCTU CAOS BEI[eCTBa TOAIIU-
HOU X; Ej — mAOTHOCTH 3Heprum B-yacTuil 6e3 MMOTAOIIAOIIETO CAOS; [y, — AH-
HEeWHBIN KOIPPUITMEHT OCAaOAeHUS B BellleCcTBe.

PacTureAbpHEBI CyOCTpaAT NPEACTABAIAU OECKOHEYHOU ITIOBEPXHOCTBIO B ABYX
BapUaHTaX: TOACTOM M TOHKOM. B KauecTBe TOACTOU IPUHUMAAM CyOCTpaT, IIpe-
BBIIIAIOUINYM TOAIITUHOM MaKCHUMAABHBIM IIpober $-4acTul], TOHKOM — TOAIIMHOU
MeHBbIIIe 3TOoro npodera. PacuéT sHeprum, n3aarydaeMou B-uyacTuiiamMu cyocTpara,
IIPOBOAWAU MHTETPUPOBAHUEM 3HEPrUM, M3Ay4aeMOM OeCKOHEYHO TOHKOU Io-
BEPXHOCTBIO OT HYASI AO TOAIIUHEL TIOBEPXHOCTH (y). C yuéToM ocAaOAeHUS TOTO-
Ka PB-u3ayueHusi B cyOCTpaTe W UKPUHKE, a TakkKe e€ MacChl, (pOpMyAa AAS
pacyéTra MOILIHOCTH A0O3BI P OT B-u3AydeHUd cyOCcTpaTa UMeeT CAeAYIOIIUI BUA!

Pyi = 0,586400 Any < E; > p,, [1 - explyt, 7)1 - explpt, x)](,p, 0" (5)

rae 86400 — Ko3(pPUNIMEHT, yIUTHIBAIOIINH KOANYECTBO CEKYHA B CyTKaxX; A, —
KOHIIEHTPAIIUS I-TOr0 PaAMOHYKAUAA B cyOcTpaTe, BK/Kr ecTeCTBEHHOMN BAAYKHO-
cty; < E; > — cpepHss sHeprus B-U3Ay4eHUs [-TOTO PAAMOHYKAWAL, AJK/paciaj,
Py(Px) — HMAOTHOCTB CyOCTpaTa (MKpSI), Kr/ cm3; Hyi (M) — KOd(pHULMEHT ANHEeN-
HOTO OCAAOAEHWS B-M3AYYEHHs (-TOTO PAAMOHYKAMAA B cyOcTpaTe (Mkpe), cm L
y — TOAIIIMHA AMCTA (A AOHHBIX OTAOJKEHHUH 3HAaueHMe Y CTPEeMUTCS K OecKo-
HEYHOCTHU, T. €. PACCMATPUBAETCS BAPUAHT «TOACTOM» IOBEPXHOCTH), CM; X —
AAaMeTp UKPUHKHU, CM.

A03y BHYTpeHHero ooAydeHus sMOpHUOHOB PbIO (P, I'p/cyT) paccumThiBaAn
1o popMmyae

Pint = ZCqi\Kawpfop ) 1 = 1, k, (6)
rae Cr;) — KOHIIEHTpAIMs (-TOTO PAAMOHYKAMAA B UKpe, BK/Kr; Kg(;)p) — A030-
BBIN KO3(PUIIMEHT i-TOTO PapAnoOHyKAMAA (B-msayuenue), (I'p/cyt)/(Bbr/kr); k —
KOAMYECTBO PAAMOHYRAMAOB; f(;p)(X) — KOB(DPULIMEHT, YIUTHIBAIOUUN AOAIO

9HEPTuHU PB-UBAYUEHUS i-TOTO PAANOHYKAMAQ, PEAAU3YIONIYIOCS B MKPUHKE AMa-
MeTpOM X.

KoappunmeHT fj(p)(X) PACCUUTHIBAAN HCXOASL U3 KOHCEPBATUBHOTO IIPEATIO-

AOKEHHS O TOM, YTO BCSI aKTUBHOCTD {-TOTO PAAMOHYKAMAA COCPEAOTOUYEHA B I[eH-
Tpe UKPUHKHU.
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Ha OCHOBAaHMM ONMCAHHBIX BBHIIE MOAXOAOB ObIAA ONpPEAEACHAa MOITHOCTH
copmupoBanHoit usayderrem 29Sr u 137Cs p03b1 BHelIHero 1 BHyTpeHHEro 06-
Ay4deHHus 5MOpPHOHOB pBIO Ha HepecTtuauinax [lpunarckoro orpora Kuesckoro
BOAOXPaHUAUIIA. [IpH pacuéTax GBIAM IPUHATHI CACAYIOIHE YCAOBUSL: 1) meAaru-
YyecKast MKpa HaXOAUTCSI BHE 30HBI BAUSTHUSI AOHHBIX OTAOJKEHUH; 2) MKpa IIyKH,
JKepexa M TOAABAsI PACIOAAraeTcsi HellOCPeACTBEHHO Ha AHe; 3) MKpa Aela, Iyc-
Tepel, CHHIIA ¥ IAOTBBEI pacloAaraeTcsa Ha paccTossHuuu 20 cM OT AHA; 4) MKpa
AMHSI, KPaCHOIIEPKU M Kapacs paclioraraeTcsl Ha paccTtosaHuu 50 cM OT AHQ; )
MKpa COMa U CyAaKa HaXOAMTCS B THE3AAX M3 OTMepIIell paCTUTEABHOCTH, PacIio-
AOJKEeHHBIX Ha AHE; 6) yAeAbHOe COAepPIKaHMe PAAMOHYKAMAOB B IPYHTE B MecTax
HepecTa coMa U CypaKa COOTBETCTBYeT PaAMOAKTHBHOCTH 3aMACHHBLIX MECKOB,
OCTaABHBIX BUAOB — IIPOMBITEIX [IECKOB; 7) BepTHKaAbHas crparudukanus 37Cs
B AOHHBIX OTAOKEHHUSIX B MECTaX HEpecTa IO3BOASIET IMPOBOAMTL PACYET AO3LI

Y-M3AYUYEHHUs B IPEAIIOAOKeHUU OeCKOHEUHOW reoMeTpuy; 8) yAeAbHas aKTHUB-
HOCTb PAAUOHYKAUAOB OIIAOAOTBOPEHHOM MKPBI PBIO HAXOAUTCS Ha YPOBHE, 3a-
PEerucTpupOBaHHOM B TOHAAAX M MBIIIEYHBIX TKAHAX B3POCABIX ocobel. [Tpunsa-
Thle HaMU YCAOBHSI PACIIOAOKEHMS UKPBl (PUTOMUABHBIX BHAOB OCHOBAHBI Ha
TOM, YTO PBIOBI MEUyT UKPY IIPU PA3HOU TeMIlepaType BOABI M, COOTBETCTBEHHO,
IIPU pa3HOM yYPOBHE Pa3BUTHUS BBICUINX BOAHBIX PACTEHUM, TI03TOMY 3MOPHUOHBI
IIO3AHEHEPECTAIIUXCS BUAOB (Kapacs, AUHA U KPACHOIEPKH) MOTYT Pa3BUBATbCA
Ha 3HAUUTEABHOM PACCTOSHHUU OT AHA.

Kpome Toro, kak caepyeT u3 (OPMYAHL (5), A03a OOAyYEeHHUsI SMOPHUOHOB 3aBU-
CHUT OT TOAIIMHEBI CyOCTpaTa, Ha KOTOPOM pa3BUBaeTCcsA MKpa. [Ipm pacyérax MBI
HUCXOAMAM U3 TOTO, UTO TOAIIIMHA AMCTOBBIX IIAAQCTUHOK IIOI'PY’KEHHBIX PACTeHUM
cocraBageT 0,05—0,2 mm (B cpepnem 0,1 mM) [6], oTMepnx cTeOAeU porosa u

TpoCTHHKA — 6GoAee 9 MM. MakcuMaAbHEIN 1pober B-uactur 9Sr+9Y pasen
okoao 10 mm, 137Cs — 0koAO 1 MM, COOTBETCTBEHHO CyOCTPaT, Ha KOTOPOM Pac-
IIOAOJKEeHA UKPQA, OTOXKAECTBAAAU C TOHKOM UAU TOACTOM IIOBEPXHOCTHBIO.

TakuMm oOpa3oM, MbI OOBEAMHUAM MCCAEAOBAHHBIE BHUABI PBHIO B HECKOABKO
IPYII, XapaKTePU3YIOIIUXCS CXOAHBIMU YCAOBUSIMH OOAYUYEHUS Ha 9MOPUOHAAD-
HOU CTaAWU Pa3BUTHUSA, U 0O03HAUYMAU OCHOBHEIE TTapaMeTphl, HEOOXOAUMEIE AAS
pacuéTa CyMMapHOM MOIITHOCTY AO3BI BHEIITHETO U BHYTPEHHEro OOAyYeHUs d9MO-
puoHOoB 1o dopmyaam (1)—(6) (Tada. 1, 2).

PacuéTsl mokaszanu, 94To A03a OOAyUeHUST SMOPUOHOB IIPEACTABUTEAS TPYIIIBI
I — 4yexonu (neaarodunra) cpopmMupoBaHa B OCHOBHOM HMHKOPIIOPUPOBAHHBIMU
papnoHyKAUAAMH. Bkaaa naayuenns 90Sr u 137Cs BopAHBIX Macc cocTaBaseT MeHee
1% cymmapnou p03bl. K mpeacraButensm rpynnsl II oTHocaTca puTodUABHBLE
BUABI, HepeCT4dlluecs IIOPIIMOHHO NIpU TeMIlepaType Boabl 20—26°C. Vix HepecT
COBIIapaeT C IEPUOAOM aKTUBHOTO YBeAWUEeHUsT OMOMACCHI BBICIIMX BOAHBIX pac-
TEHWMU, T. €. UKpa MOJKET pPacloAaraThCs Ha 3HAUYUTEABHOM (OKOAO 50 cM) paccTo-
aHuU oT AHAa. OAHAKO U B 3THUX YCAOBUSAX PAAMOHYKAUABI, ACIIOHHMPOBAHHEBIE B
AOHHBIX OTAOKEHUSIX, BHOCAT 3HAUUTEABHBIN BKA@A B CYMMapHYIO MOIIHOCTH
MO3BI 0OAYyUeHUsI 35MOPUOHOB (puc. 1).

Q@uTroduAbHBEIE BUABI, OTHECEHHEIE K rpymne III, HepecTaTcs Ipu TeMIiepary-

pe Boabl oT 7 po 20°C, T. e. B mepuop, HavaAa BereTalud BOAHBIX pacTeHUHU, M03-
TOMY UX SMOPHOHEI pa3BUBAIOTCS Ha pacCTosSHUM 0KOAO 20 cM oT pAHa. CaepoBa-
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1. YcaoBus 06/1y4eHnsi NPeCHOBOJAHBIX PHI0 Pa3HbIX BUA0B Ha IMO pPHOHAJIBHO i
CTaJiuu Pa3BUTHSA

CyoGcrpatr
I'pymmst Buabr peIo Jk ot 951 ot 197Cs X, MM
I YexoHb 0 — — 6,0
II KpacHonepka, Kapach, AMHb 0,10 1 1 1,0—1,5
I11 Aer, rycrepa, nAoTBa, cusern, 0,33 1 1 1,4—1,8
OKYHb
v [Ilyka, >kepeX, TOAAGBAB 0,50 2 2 2,0—2,6
vV Cyaak, coMm 0,50 2 2 1,5—3,0
I[TpumMedaHuUue. gy — reoMeTrpudeckuil GakTop; X — AUaMeTp UKPUHKU; «—» — CyOCTpaT OTCYT-

CTBYeT, 1 — ToHKasa TIOBEPXHOCTE, 2 — TOACTas IIOBEPXHOCTD.

2. Conep:xkaHue paIHOHYKINI0B B A0 MO THYECKHX U O MO THYECKHX KOMIIO HEHTAX
HepecTusmil Ilpunsirckoro orpora KueBckoro Bo10XpaHWJIMIa

KoMnoueHTb! 90Sr 137Cg
Bopa, Bk/m3 150 50
AOHHBIE OTAOKEHUS, BK/KT
IIeCOK 50 500
TIeCOK 3aUuAeHHBIN 100 2000

Pacturenpnocts, BR/Kr
MsATKas BereTUpyrolias 1,4 50
oTMepIas 1,8 50
PeIOBI (roHAABI), BK/KT
MUPHBIE 1 15

XUITHBIE 1 50

TeABHO, A03a OOAyYeHUs 3THX PBIO OOyCAOBA€HA IIPEUMYINEeCTBEHHO U3AYYEHU-
eM PaANOHYKAUAOB, AeTIOHNPOBAHHBIX B AOHHBIX OTAOKEHUIX. BKAGA ADYTUX UC-
TOYHUKOB COCTaBASIET MeHee 1%, a MOIHOCTb CYMMAapHOM! AO3bl OOAYYEeHUSA dMO-
PMOHOB 3HAYNUTEABLHO BHIIIIE, UeM y TTPEACTaBUTEAEH TTIEPBBIX ABYX I'PYIIII (PHC. 2).
Emé Beillle oHa y pbIO, OTHECEHHBIX K rpymnne IV, YaCTUYHO WAU IIOAHOCTBHIO
BBIMETHIBAIOIINUX MKPY HENIOCPEACTBEHHO Ha IIPOMEITHIE IeCcKH. [IpepcTaBuUTEeAn
V Irpynnsl OTKAQABIBAIOT UKPY B THE3AQ, IOCTPOEHHBIE Ha AHe U3 OTMeplIel IIpo-
IIAOTOAHEU PACTUTEABHOCTH, PACIIOAOJKEHHEBIE, KaK IIPAaBUAO, HA 3aUAEHHBIX yua-
crkax pHa. Copepkanue 9Sr u 137Cs B 3aMAeHHEIX ITeckaX 3HAUUTEALHO BEINIE,
4eM B IIPOMBITHIX, UTO IPUBOAUT K (DOPMUPOBAHUIO MAKCUMAABHOU AO3BI OOAYyUe-
HUS OSMOPHUOHOB 3THUX BUAOB IO CPAaBHEHUIO C APYTHMH TPYIIIaMU.

Pa3paboTaHHBIN HaMU IOAXOA K PACUETy MOIITHOCTH AO3BI OOAYIEHUST IMOPH-
OHOB MTPECHOBOAHLIX PBIO TTO3BOASIET OIIPEAEAUTH SKOAOTHYECKU 6e30TacHoe Co-
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1. Brutag MICTOYHUKOB U3IIy4eHHs] B CyMMAPHYIO 103y 00JIyueHUsI SMOPUOHOB Kapacs, KPAaCHONEPKU U
JIUHS: | — JTOHHBIE OTIO0KEHHS; 2 — MHKOPIOPUPOBAHHBIC PAAUOHYKINUIbI: 3 — BOJIHBIEC MACChI; 4 —
pacreHusl.

wlp /cym
9000 A 8000
8000 -
7000 -
6000 -
5000 A
4000 A
3000 - 2430
2000 1057
1000 A 183 273 I—‘

0 e | B |

I 11 I v Vv

2. MourHocTh 1036l 00TydeHus1 SMOPUOHOB pbIO Ha HepecTrininax [Ipunsitckoro orpora Kuesckoro
BojoxpaHmimia: I — yexons; Il — kapacs, 11Hb, KpacHonépka; [1I — semt, rycrepa, mioTsa, OKyHb;
IV — myxka, ronasis, xepex; V — Cyaak, cCOM.

AE€prKaHUe PAAUOHYKAUAOB B AOHHBIX OTAOJKEHHMIX HepecTuamil,. [Ipu pacuérax
MBI MCIIOAB30BAAM IIIKAAY 30HAABHOCTU AEUCTBHS MOHU3UPYIONIETO U3AyUEHUS
Ha BOAHBIE OPTraHU3MBI [15] 1 yuUThIBaAM, YTO HauboAee BBICOKUE AO3bI 0OAyUe-
HUS 5MOPHOHOB PBHIO (POPMUPYIOTCI B Pe3yAbTaTe BO3AEUCTBUS HA OIIAOAO-
TBOPEHHYIO UKPY UBAYUEHUS PAAMOHYKAUAOB, AeIIOHMPOBAHHBIX B AOHHBIX OTAO-
SKeHUSAX HepeCTUAUl]. TakuM oOpa3oM, Ha OCHOBE IIKaAbl 30HAABHOCTH MOJKHO
OLIEHUTh YCAOBUS Pa3BUTUS SMOPUOHOB PBIO IIPU OIPEAEAEHHOM COAEPKaHUMU
PaAUOHYKAUAOB (TabA. 3). HeoO6X0AMMO OTMETHUTE, YTO Ha SMOPUOHBI PBIO AECHCT-
ByeT usAydeHue 9Sr BepXHero CAOsi AOHHBIX OTAOJKEHUI TOAIIMHOM 1 CM 1 U3AY-
genne 137Cs, HaXOASIIErocs B CAOe TOAIIMHOMN He MeHee 30 CM.

CoraacHo I'papalivy, HpeACTaBAeHHOfI B Ta6AI/ILIe 3, AOHHBIE€ OTAOXEHUI He-

pectuani, KueBCKOro BOAOXPaHHUAUIIA IO CTEIIEHU PAAMAlIOHHOTO BO3AEMCT-
BUSI Ha SMOPUOHEL PHIO OTHOCSITCS K 30HE PAAMAIMOHHOTO GAATOIIOAYYHS.
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3. I'panauus coaep:KaHus PaIHO HYK/INI0B B J0HHBIX 0T/I0KEHUAX HEPeCTHIIHLIL
(kBK/KT ecTeCTBEHHOM BJIa)KHOCTH)

30HBI PaAHALMOHHOIO Bo3AeiicTEHs [ 15] e
90Sy 187Cs
PapranmoHHOTO OAQronoAydYusd <20 <25
Du3roAOTUIECKOU MaCKUPOBKHU 2—20 2,5—25
OKOAOTMUECKOM MaCKUPOBKU 20—2000 25—2500
[MTopakenuga > 2000 > 2500

3aKxatouenue

O6nyuyeHne amMBPHOHOB nenarodubHbIX Pbib HPOPMUPYETCs ABYMS MCTOHHUKAMM

— -, y-M3ny4eHneM pPagMoOHYKIMEOOB, COCPENOTOUEHHbIX B BOGHbIX Maccax, U -uany-
YeHMEM MHKOPMOPHPOBAHHBIX PagMOHYKNMAoB. Ha passuBatoLLytocs MKPY doUTODMIIL-

HbIX BUO,OB BMMSIFOT HA3BaHHbIE BbILLE UCTOYHMKM, [3-, Y-M3NyUeHHe paguoHYKIMAOB, ae-

MOHMPOBAHHbIX B PAacTeHusX (BEreTMpyroLyX UM OTMEPLLMX), M Y-M3NyHeHHe pagmo-
HYKITMA,0B, AEMNOHMPOBAHHbIX B LOHHbIX OTIOXKEHMsIX. Y POBEHb BO3AENCTBMS Ha IMBpPH-
OHbl MCTOYHMKOB OBMyYeHMsl, HaXOASLUMXCS B JOHHbIX OTNOXEeHusiXx, oBycrnoBneH Ton-
LUMHOM crosi BoAbl Hag, AHom. ObrnyuyeHue HaxopAMXCs Ha AHE 3IMBPHOHOB HOPMM-
pyeTcs u3nyyYyeHMem MHKOPMOPMPOBAHHbIX U COCPEAOTOUYEHHbIX B BOOE PaAMOHYKM-

AO0B, a TaKXe B—, Y-u3nyyeHmem nenoHUpPOoBaHHbIX B AOHHbIX OTNOXEeHUAX.

MpoeeneHHbIe MccrenoOBaHUs NMOKAa3bIBAlOT, YTO B 3arpsasHéHHbIx 70Sr u 137Cs so-
AHbIX 3KOCMCTEMAX, @ MMEHHO K TaKMM MPMHAANEMT BepXxHss YacTb Kuesckoro Bogo-
XpaHUNULLLA, OTHOCHTENLHO GnaronpPUATHbIE YCOBUS Pa3BMTMS SMBPUOHOB CKNaabIBa-
FOTCS ANA NenarombHbIX M NO3LHEHePECTALLMXCS PUTODUIBHBIX BUAOB pbi6. Haubo-
nee BbICOKME A,03bl 06NyyeHMs Ha HepecTunMuLax [NpunsTcKoro oTpora hopmMHpyroTCs
B pe3ynbTaTe BO3AENCTBUS U3MyUHEeHUs PadMOHYKITMIAOB, AEMNOHMPOBaHHbIX B 3aMNEHHbIX
neckax Ha 3MBPHUOHBI HEKOTOPbIX BMIOB.

[ns kpuTHMUECKO# rpynnbl pbib yaenbHas aktueHocTb 20Sr u 137Cs B goHHbIX oTno-
YKEHUAX HEPECTMIULL, He [OIMKHA npesbiwaTte cooteetcTeeHHo 2000 u 2500 bk /kr. Ta-
Kue ycrnosus obecneuvat passuTue pblb B 30He pagnaumMoHHoro Gnarononyyms (cornac-
HO Lkane, paspaboranHon . . Monukapnossim [15]).

*%k

Busuanu ocobnusocmi gopmyeantsi 003u ONpomMiHeHHs NPICHOBOOHUX pubd Ha
embpionansuiii cnudii pozeunxy. Bpaxosyeanu p-, y-eunpominioeanns *’Cs i p-gun-
pominiosanns *’Sr, 30cepedenux Y 600HUX MACAX, OOHHUX 8IOK1aA0AX [ 600OHUX POC-
aunax. Pospaxynxu npogedeno 0ns 6uois, AKi po3pizHAIO NbCA CYOCHPanom po36uny
ikpu mu cnpokamu Hepecnmy. Bcmunoeneno, wo nomyowiicnb 003U OnpoMiHeHHs.
embpionie pub Kuiscoxoeo sodocxosuwa cmanoeuns ¢io 183 0o 8000 ul'p/ooba. Ha
0CHOBI NPOBEOEHUX 00CLION@Hb 3ANPONOHOBAHO NPUHYUN eKOIO02IUH020 HOPMYEAH-
H5l pAdioHyKIIOH020 3a0pYOHEHH OOHHUX 8IOKAADI8 NPICHOBOOHUX BOOOUM.

*%k
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Peculiarities of formation of the radiation dose of the freshwater fishes at the emb-

ryonical stage were studied. p-, y-radiation of '¥'Cs and B-radiation of *’Sr containing

in water, bottom, sediments and higher aquatic plants, and B-radiation of incorporated
radionuclides was taken into account. The calculations were performed for embryos
that develop on different substrates and at different temperatures. Dose rate fish emb-
ryos of the Kiev reservoir was established to vary over the range 183 to 8000 nG/day.
On the basis of the calculations the principle environmental standardization of radio-
nuclide contamination of sediments of freshwater body was proposed.
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