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HMHTAIIMHOHHASA MOJAEJIDb JJA OLIEHKH BJIUAHUA
YCHJEHHUA IAPHHKOBOI'O 3PPEKTA
HA CE30HHbBIN X0 TEMIIEPATYPBI
B [IPUITIOBEPXHOCTHOM CJIOE JIUTOC®EPHI

IO. A. H3paanw, C. M. Cemenoé', B. H. 3cxun

PP, 107258, MockBa, ['s1e6oBckaa yia., 20B, HHCTHTYT raol0asbHOTO KJAHUMATA M
sxoJsoruu Pocruapomera u PAH
! Serguei.Semenov@mtu-net.ru

Pedepar. IlocTpoeHa MHHMMAJbHAA MMMTAIlMOHHAA MOAEJb, OIH-
ChIBalOUIas M3MEHEHHE BO BPEMEHH BEpPTHKAJBHOTO Npodujsa TeMuepa-
TYPhl ¥ a30BLIe ITepexoanl ,,BoAa—JjeZ’ B IPHIOBEPXHOCTHOM CJO€ JIU-
Tocdepnl. I'paHUYHEBIE YCIIOBHA HA 3€MHOM NOBEPXHOCTH OIIpeAesAIoTCA
B MOJeJIM pagranMoHHBIM OaslaHCOM M 3Heproo6mMeHoOM C¢ arMmocdepoi,
CBA3AHHBLIM C HCIIapeHHeM M KOHBeKuHeHn. IIpH nmpoBeaeHMHM TeCTOBBIX
CIHEeHAPHLIX pacyeToB AJA YCJAOBHMHM BEUYHOH MepP3JIOTHI AHTPOIIOI'€HHOE
BO3AEUCTBHE HA TEPMHUYECKHH pPeXUM NPHUIOOBEPXHOCTHOTIO CJIOA JIUTO-
chepnl rayorHOH 10 M MMHUTHPOBAJOCH AONOJRHTEJbBHBIM paiAHallHOH-
HuIM BoazelicrsueM (radiative forcing), paBHeIM 2,43 BT/M°. 3TO 3KBU-
BAJICHT AHTPOIIOI'€HHOI'0 YCHJIEHNA ITIapHUKOBOIO 3¢deKTa 3a 11oCJIeJHNe
100 ser. Pacuers! noKas3ayi, 4TO B OTBET HA TAKOE BO3/AeHCTBHe PABHO-
BeCHafa CpefHeroxoBas TeMIiepaTypa paccMaTpHMBaeMOro CJI0OA YBEJIHYH-
Baerca Ha 1—1,2 °C, a rmybnHa ce30HHOro nporanBasHusd (T. €. Ta MakK-
CUMAaJbHAaA raybuHa, Ha KOTOpoM 6hIBAIOT MOJIOXKHUTENAbHEIE TEeMIIEpaTy-
phel) yBeanuuBaerca Ha 0,1—0,4 M g8 BJI&XXHOro M Ccyxoro npodpuieHn
COOTBETCTBEHHO.

KmoueBnle ciaoBa. UMHTalIMOHHAs MOJAeJb, TeMIIepaTypPHBIN pe-
JKMM, BEPTHKA&JBHEIN NpoduJb, IPUIOBEPXHOCTHBIN CJOMH, JHTOCOhepa,
pagranoOHHOE BO3AENCTBHE, NAPHUKOBHIK 3deKT.

A SIMULATION MODEL FOR ASSESSING THE INFLUENCE
OF ENHANCEMENT OF THE GREENHOUSE EFFECT
ON SEASONAL TEMPERATURE DYNAMICS
IN SURFACE LAYER OF THE LITHOSPHERE

Yu. A. Izrael, S. M. Semenov', V. I. Eskin

Institute of Global Climate and Ecology of Rosgidromet and RAS, 20B, Gle-
bovskaya str., 107258 Moscow, Russia
1 Serguei.Semenovi@mtu-net.ru

Abstract. A minimal simulation model describing temporal dynam-
ics of the vertical temperature profile and the phase swater—ice»
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transitions in surface layer of the lithosphere has been developed. The
boundary conditions on the Earth’s surface are determined in the
model by radiative budget and energy exchange with the atmosphere
via evaporation and convection. In a series of test scenario calculations
for the permafrost conditions an anthropogenic impact on the thermal
regime of the surface 10 m-layer of the lithosphere was simulated
through additional radiative forcing of 2.43 W/m*. This is an equiva-
lent of anthropohenic enhancement of the greenhouse effect over last
100 years. The calculation showed an increase in the equilibrium an-

nual mean temperature by 1—1.2 °C in response to such impact for
wet and dry profiles respectively. The seasonal thaw depth (i. e.,
maximal depth at which positive temperatures occur) increased by
0.1—0.4 m respectively.

Keywords. Simulation model, temperature regime, vertical pro-
file, surface layer, lithosphere, radiative forcing, greenhouse effect.

Brenenue

HN3nyueHnne ConHua ABIAETCA OCHOBHRIM BHELITHMM (daKTOpoM, onpe-
AeJIAOIMM KIHMAT demau (I'py3a, XmeneBion, 1981). OJIHaRO KJIHNMAT
TaK)Ke CYIleCTBEHHO 3aBUCHT OT pAja BHYTPEHHHX, ,3eMHBIX” (PaxTo-
poB. Cpean mnocjJeZHUX BAKHYIO DPOJIb HUrpalT oTpa)Kamilas CIocoO-
HOCTL 3€MHOH IIOBEPXHOCTH M cocTaB aTmocdeprnl. Uanyuenue Consnua,
[IOCTyHallllee K 3eMJie IIpPeNMYLIeCTBEHHO B JHAalla3oHe KOPOTKHX H
VJIBTPAKOPOTKHNX BOJIH, IOIJIOLIAETCA 3€eMHON IoBepXHOCThIO. Ilponasa
II0CJIEAOBATEJBHOCTD IIpeBpallleHuH, 3TO N3JydeHHe YXOOUT B KocCMHUe-
CKOe NPOCTPAHCTBO NPEHMMYIIeCTBEHHO B BHUJAE AJHHHOBOJHOBOTIO H3JY-
yeHusda (Climate Change 1994, 1995).

JbdeKTHBHOCTL MEXaHN3Ma OTTOKA 3HEPruH M3 3eMHOr'0 NpPOCTPAaH-
cTBa B O0JBIIION CTEIleHH 3aBHCHUT OT cocTaBa armocdepnl. CymecTsyer
psAg ras3oB, TaKHUX, Kak anoxkcup yriaepoxa CO,, sakucoh asora N,O, meTaH
CH,, o301 O,, Haanyue KOTOPLIX B aTMocdepe CHNXKaeT 3(pheKTHBHOCTD
VIIOMAHYTOT'O BbILIIE MEXAHM3Ma OTTOKA JHEePru#l H3 3eMHOro Ipo-
cTpaHcTBa B KocMoc. OHM TeM caMbIM €CO34aI0T (B COBOKYIIHOCTH C HEKO-
TOPLIMH IPYIFHMH BellleCTBAMH, B IIepPBYI0 ouepelnb ¢ BOAAHBLIM NapoM)
INapHUKOBBIA 3(ddeKT, 3a 4TO MOJYUYNJIN Ha3BaHUe ,,IADHUKOBLIE I'a3nl .
Conep)xkaHHe NMapHUKOBHIX ra3doB B aTMocdepe CYIeCTBEHHO YBeJIN4H-
Jock 3a nociaename 100—150 Jser B pesyarTare MX AHTPOINOIeHHBLIX
aMUCCHH B arMmocdepy B xofe xo3sicTBeHHOH aesaTenabHocTH (Climate
Change 1995, 1996). BcaencTBie 3TOro yCHARJICA M IAPHUKOBBINA 3(-
dexT, 4TO NOPOAMJIO NpobJaeMy aHTPONIOTEHHOr0 NnorenjeHuda. PeanbvHoe
IIOBLILIIEHNE TEeMIEpaTyphl, npouclieaiuee 3a nocaeguue 100—150 ner,
10 OILleHKaM MeXNnpaBUTEeALCTBEHHOM TIPYNIEI 3KCHEPTOB 110 M3MEHe-

HUI0 Kaumara, cocrasiaser 0,6 * 0,2 (Climate Change 2001a, 2001,
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c. 3). B ceBepHrIX paiionax Poccuu 3a nocaegnue 25—30 jer treMnepa-
Typa Bo3ayxa noBuicujack Ha 0,2—2,3 °C (Mspasap u ap., 1999). Ox-
HUM H3 acCIIeKTOB NOTENJEeHUSA KJUMATa ABJAAETCS H3MEeHeHHe TepMuyYe-

CKOro pexXKuMa IIPHUIIOBEePXHOCTHOIO CJIOA JIUTOC(hEPEI.
Bonpoc 3TOT He TONBKO MHTEpeceH ¢ aKaAeMHUYeCKOl TOUYKM 3DeHUd,

HO UMeeT DoJIbIIoe NPaKTHYeCKOoe 3HaueHe, B HACTHOCTH TaM, I'Zie cyllle-
CTBYeT KPUOJUTO30HA — KOHTHHEHTAJbHAA BeuHasa MepajsoTa. M3meHe-
HUE TeMIepaTypPHOI'O perXuMa IIPUIIOBEPXHOCTHOrO CJos JIUTOocdhephl, B
TOM YHCJIe MaKCHMAaJbHOM IVIYyONMHBI ¥ Ce30HHOH IUHAMMKHY NIPOTANBAHUA
IIOTEeHIUAIBHO HMEIOT Cephbe3Hble I'mJpoJoruuyeckue, 6MoreoOXuMnuyecKkHe,
3KOJIOTHYECKHEe M XOo3AHCTBeHHble nociaeacrBusa (Beaumuxo, Heuaes,
1992: Heuaen, 2000; Halsey, 1995; Beilman, 2001; Vitt, 1994, 1999;
Climate Change 2001b, 2001). Oco3nanme aTOro MUpPOBBIM HAYYHBLIM CO-
oOHIeCTBOM, & TaKyKe NPAaBUTEJIbCTBAMH PAJa CTPaH, TEPPUTOPHH KOTO-
PBIX MMEIOT 3HAUYNTEJbHbIe 06/1aCTH BEUHOM MEP3JIOTHI (3TO IIpEeKae BCETo
Poccnss 1 Kanana) npuBesio K aKTHBU3AIIUH HCCJAENOBAHNN, HAIpAaBJIeH-
HEIX H& HaydHoe 000CHOBaHHe, MeTOoAHYecKoe obecrieyeHUe M CO3ZaHUe
CHCTEM MOHHTOPHHTa KPHOJHUTO30HbLI Ha HAIlMOHAJBHOM M MeXXIAYHapO.-
HOM YpOBHAX (MeJabHHKOB Hu Ap., 1993; GCOS/GTOS Plan for Terrestrial
Climate-related Observations 1997). llanHble 0 COCTOAHHNK M TeHIAEHIUAX
HU3MEHEHUA KPHOJHUTO30HKI, ITOJydaeMble B CUCTEMATHYECKOM peXuMe Ha
CeTH CTAHUUHU MOHUTOPHHIa, HMEIT MNepBOCTelleHHOe 3HaueHue AJaA 00-
HaApYXEeHNA M OLIEHKH AHTPONOr€HHbIX M3MEHEHHH IIPHIIOBEPXHOCTHOTIO
cyiosa aurocdepnl. OgHAKO IIodaJIbHOE M3MEeHEeHNe KJIMMATa — CpPaBHU-
TeJIbHO MEAJIEHHBIN Ipolecc. B yacTHOCTH, TEHAEHUMHN HU3MEHEHUS TEM-
IIepATYPHOrO peXxXuMa KPHOJHUTOIOHBI JHIIL NOCTelleHHO 6yayT nposAB-
JNATBCA B X0/J€ MOHUTOPHHra Ha (boHe ero eCTeCTBEHHBIX MEXCEe30HHbIX U
MEXXTI'OAOBRIX H3MEHEHHH. ITO 3aMMeT IO KpaulHen Mepe HecATHJIeTHH.
B 1O Xe BpeMsa y)Ke ceHuac CylecTByeT HeoOXOAMMOCTh B AHAJIN3€e JUHA-
MHKH KPHOJHTO30HBI B paMKaX TeX MJH MHBIX ClIleHapHeB IN100aJIbHOTO
H3MeHeHUAa KaumaTta. B ToM umcie, BecbMa Ba)XeH BOIIPOC O CPABHUTEJIb-
HOM YYBCTBHTEJILHOCTH PA3JIMUYHBIX IIOKAa3aTejJie TeMIepPaTypPHOro pe-
KUMAa KPHUOJINTO30HBI K YCUJICHHIO IapHUKOBOro addexra. Pelnnenue 3To-
ro BOIpOCa MO3BOJUT, B YACTHOCTH, OLI€EHHUTL INPHOPHUTETHOCTb Te€X HJU
NMHBIX IIOKa3aTrejied AJIA MOHMTOPHHra, 4TO BeChMa BAYXHO B YCJOBHUAX
OrpaHUYEHHOCTH pecypcoB Ha MOHHTOPHHr. I pemieHuA TaKUX 3aay
Heo0XoanMa UMHATAILIMOHHAA MOleJIb.

B HacTosIlee BpeMA yiKe HAKOIIJIEH 3HAUUTEJIbHBIN OMNBIT MOJEJH-
poBaHna KpHuocdepnl. B gaHHON cTaThe MbI He NpeAroJiaraeM OaBaThb
KaKoM-JIn60 0030p cynecTBYIONINX Mojesen. YIIOMAHEM, OQHAKO, pabo-
Tl (Anisimov, Nelson, 1996, 1997) u (Anisimov et al., 1997), Heno-
CPEeACTBEHHO KacaloliuecAd U3MeHEeHHUA 30Hbl KOHTHHEHTAJIbHOM BEeYHOM
MEep3JIOTHI NPH H3MEeHEeHHH KJaumara. OJHaKO 3TN MOJAeJIbHbIe MCCIeN0-
BaHUA OBLIJIM ODPHEHTHPOBAHbBI HA HECKOJbLKO HMHBIe IJiobasbHBIEC 1eJu

11



(mpexxae Bcero — Ha HCCJeJOBaHUE AUHAMHKU IJoajgeM, IIOKPBIThIX
BEUHOH Mep3JOTOM) H TpebyloT 3HaAUMTEeJbHOro obbeMa BXOJHOM HH-
dopMallM H MAIIMHHEIX pecypcoB. [InA pelneHUA BONPOCOB, CBA3AH-
HBIX C ONTHMMH3AllAell MOHHMTOPHMHra, HeobOxoamMa NpocTad TOdYedHAad
(rOpH30HTAJILHO OAHOPOAHASA) MOJAENb, HapaMeTpPhl KOTOPOX AOCTATOYHO
JIETKO OIpeZejAlTca U AJA paboThl KoTopoH ObljI0 OBl AOCTATOYHO
OOBIYHBIX BLIUNCJIATEJbHLIX CPeACTB YPOBHA Pentium.

Ilens masHOi CTATHR — INOCTPOEHNE MUHHMMAJBHOM MOPH30OHTAJBHO
OAHOPOAHOM HMHTAIIMOHHOH MOAEJU TEeMIIepATYPHOr'O peXuMa IIPUIo-
BEPXHOCTHOI'O CJI0A JUTOC(hEephl, MO3BOJAIOIIEH OLIEHNBATH €0 H3MeHe-
HHEe B OTBET Ha 3aJaHHOe YCHJIeHHe NMapHHUKOBOIo a¢pdeKTa.

MeTox nmocTpoeHHA MOXEIH

B MoZenn BepTHKAJIbHAA CTPYKTYpPAa IPHIOBEPXHOCTHOI'O CJIOA JIATO-
cthephl reoMeTpHUYeCKH npexcrasiser cobon N Kybos ¢ pebpoM eauHNU-
HOM AMuHHI (pHuc. 1). ITH eAMHMUIILI OObeMaA,

«F 7. e. KyObl, MOTYT OBLITH 3aNTOJHEHBI YEeThIPb-

KR F

MsA CYOCTAHIIMAMU: TBEepAbLIM KOMIIOHEHTOM,

BONOH, JbIOM K BoaayxoM. Cybcranumnsa

»TBEPABIM KOMIOHEHT He COIAEePHUT II0-
G+A caegHuXx Tpex. A obo3HaueHHUs IepBOM H3
1 Bepxxuncnon MOZEJILHBIX cyOCTaHIMil 34ech ynoTpedsaeT-
cA TepMHH ,TBEPABIM KOMIIOHEHT , & He
,MHHEPAJIBHBIX CyOCTpaT”, NOCKOJBKY YacCTh
TBEpAbIX dYacTHL,, B0oOOIIe TroBOpA, MOXKET
l T OBITH OPraHNYeCcKON NPHPOABLI.

B nepBrix N, kyb6ax (0 < N, £ N) nme-
IOTCA TOJIBKO TBepAbld KOMIIOHEHT M BO3-
nyx. B caegyromnx or (N, + 1) so Ny £ N

MMEIOTCA TOJBKO TBEepAbIHM KOMIOHEHT M
| | l T Bozga. [locaenyomue kybon ot (Ny + 1) mo
| - N COCTOAT TOJBKO M3 TBEPAOTO KOMIIOHEH-
| ta. Pasymeerca, 0 < N, < N, £ N. Cogep-

XKaHNe TBEepAOr0O KOMIOHEHTA B IepBRIX Ny,
T Kybax OANHAKOBO.

3eMHan NOBEepPXHOCTL

B

T
A

=
e .
lh
<

w Puc. 1. Cxema Mopdosioruueckoil CTPYKTYPhlI MOKeJb-
! J . & f HOrO npoduiaa (J1eBas KOJOHKA) H MOTOKOB HEPTrHH B
‘ HeM (npaBas KOJIOHKA).

- B nesoif KOJOHKe yKA3aHb MoAeJbHbe cyGcraHumu (A
. l T soaayx, W/I — Boaa mnm nen, G - rpyurt, ¢«+s — CHMBOX
_ | .,

cvecH cyOcrannmit). B npasoii KoJsoHKe cBepxy HM306pakeHh

NOTOKH, OCYyLUIeCTBAsAIOLEe IHeproobMeH ¢ arMochepolt (F, F,

F_F.); octajbHbie CTPEJIKH CHMBOJNIH3APYIOT TENJI000OMEH MexK-
AV MNOPHIOHTANLHBIMH CJAOSMHE JHTOCHEDHI,

lN HuxXHUIRCNOW

r— w4 AR g e s

L
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B ropnsoHTaNbHOM HAIIpaBJIEHHM CYMMapHBIe NIOTOKH Telja U Be-
II[eCTBA Uepe3 MOBEePXHOCTh KaXXJA0T0 M3 KYOOB CUMTAIOTCA HYJIEBHIMH,
T. €. MOJAeJb — TOPH3OHTAJNBHO OJHOpPOAHAaA. Mexay Ky0aMM mpoHCXO-
OIUT TenJooOMeH B BEPTHKAJBHOM HalpaBjeHuu. MaccooOMeH B BEepPTH-
KAJbHOM HAINPABJIEHHUM OTCYTCTBYET, UYTO O0O3HAUAET CTAllHOHAPHOCTDb
MOJEeJN B OTHOIIIEHHH BEPTHUKAJBHOI'O pacnperzejieHNs Macc paccMaTpH-
BaeMbIX cybcraHuuM. KakXanld U3 Kyb6oB 1, ..., N B KaXABIK MOMEHT
BpeMeHM CUHTaeTCA B MOJeJHM OAHOPOAHBLIM B OTHOILLIEHHH pacnpezeJie-
HUA YIOMAHYTHIX BhIIIe CyOCTAHIMH U TeMIiepaTypHhl.

JHepreTu4ecKknn 0ajaHC B NIepBOM, CAMOM BepxHeM, H3 Ky0oB (y
NOBEPXHOCTH JHUTOCEpPHI) onpenesaAeTca CJAeAVIOUIMMH IOTOKaMH
dHEepPruu:

a) IPpUXOAAIIINM IIOTOKOM F, KOPOTKOBOJIHOBOrO IIpPAMOro M pacce-
SSHHOTI'O COJIHEUHOr'0 H3JIYYeHHNs, NTOrJIolaeMoro 3¢eMHOM IIOBEePXHOCTHIO;

0) IPUXOOALIXM IIOTOKOM F, NJHHHOBOJHOBOI'O H3JIYYEHHUSA aTMO-
cheprl, DOIJIOLIAEMOr0 3eMHON ITOBEPXHOCTLIO;

8) YXOAAIINM IOTOKOM F, = -::r‘,,.Tl‘ﬁI OIJIMHHOBOJHOBOIO H3JYYEHUS II0-

BepXHOCTH 3eMJH, rge T, — abcosloTHas TeMiuepaTypa B BepXHeM Kybe
B rpaaycax KeiapBnHa, a G, — KOHCTaHTa, XapaKTepH3yloIasa H3Jyda-
TeJIbHBI€ CBOMCTBa O pe/ieJIeHHOT0 THUIIa NOACTHJIAIoNIe IIOBEePXHOCTH;

2) renjaoodOMeHOM ¢ arMmocheponrt F,, onperesiaeMbBIM HUCIIapeHHEM H
KOHBEKTHBHbLIM TenJI000MeHOM;

0) renyiooOMeHOM CO BTOpPHIM KyOom [(k, + k,)/2(T, — T,), rne T, n
T, — TeMmnepartypsi, a B, 1 Bk, — KO3@DUIMEHTH TENJONPOBOAHOCTH
cMecH cyOCTaHIIMM B IepPBOM H BTOPOM Ky0axX COOTBETCTBEHHO.

OJHepreTuyYecKuil 6ajlaHC B Ka)xXaAoM Ku3 kybos n = 2, ..., (N~ 1) on-
peaenseTca TEnJOoOOMEeHOM ¢ cocefHNMHU KybamMu (n — 1) n(n + 1):

{[(kn -1 + kn)/Z](Tn -1 Tn) + [(kn + kn + 1)/2](Tn +1 Tn)}! (1)

rae T, _,, T, nu T, ,, — Temneparypsl, a k, ., B, 1 R, , ; — KO3pdHIU-
€HTHl TEeIlJOIIPOBOAHOCTH cMecH cyocTarMA B(n — 1), nm(n + 1)-x Ry-
0ax COOTBEeTCTBEHHO.

JHepreTnyecKHil 6asanc B N-M, caMOM HocjJegHEeM, U3 KyDoB ompe-
nensercda renaoobomenom ¢ (N — 1)-m xybom:

[(kN g T kN)/z](TN TN)! (2)

rae Ty . 1 Ty — Temneparypsl, a ky ., 1 ky — KO3@(PpHALNEHTHI TENJO-
NIPOBOJHOCTH cMecHm cybctaHuuM B (N — 1) u N-x Kyb6ax COOTBETCT-
BEHHO.

JHEeprua KOPOTKOBOJIHOBOI'O M3JIYyUeHHA F, A AJMHHOBOJHOBOI'O M3-
JydeHHsa F,, morjomaeMas YY4aCTKOM 3eMHOM IIOBEPXHOCTH €IHHHIHOM
IJIOaA, B MOJEeJHN 3aBHCHT OT BpPeMeHH cJjeaymooniuMm obpasom. Hx
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3HAYEHHUA OIpPefeJAINTCA CHHYCONAAJBHBIMH (PYHKIHAMHN BpeMeHU.
Ilocnenuue 3a7al0TCA CpeAHEroJoBLIM 3HaueHHeM E, U E , MmakcuMaib-
HbBIM OTKJIOHEHMEM OT 3THX CpPeAHeroAoBhIX 3HaueHMU M u M, a TaKKe
HOMEPOM CYTOK OT HauaJja KajeHzapHoro roga D, n D,, B KOTOphIe pea-
JIN30BAJINCHE MAKCHMAJIbHbIE 3HAYEHHA COOTBETCTBeHHO. E, M u D aB-
JAIOTCA NapaMeTrpaMu MOJeJH N 3agaloTcs HCCJIeJOBATENEM INIPH Clie-
HADHBIX pacyerax.

B mpeannsmpoBaHHON CHTyalMH, KOrga paccMaTpHBaeTCsa H3Jjyye-
HHEe C NIOBEPXHOCTH TAK RAa3kIBAeMOro adbCcoJIl0OTHO 4YEepHOI'0 TeJjla, KOH-

CTaHTa C©, coBnagaet ¢ nocroaHHoM Credana-Boarnmana ¢ = 4,88 X
x 10°° xkxan/(m%-K*' -u) (Kyxamur, 1985). [Ina peasbHOil CHTyanuu
O, < 6. CyiHecTByIOT peKOMeHAalMy no BhIOOpY 3HaueHHUA O, AJIS pas-
JINYHBIX THIOB noAacruJjaroineil nosepxHoctu (World Climate Research
Programme (WCRP), 1986).

HNHTEeHCUBHOCTH TemyioobMeRBa F, ¢ arMocdepoil yepe3 y4acTOK 3eM-
HOHM NMOBEPXHOCTH eIMHHUYHOH IIOMIAAH B MOJZEJH He 3aBUCHT OT BpeMe-
HH1. Ee 3HaueHNe fABJseTCA MapaMeTpOM MOJEJIN B OnpeleIfeTca Hcce-

IOBaTeJeM IIPDH CIeHaPpHEIX pacyerax.
IIpn BHIMOJIHEHHMM MOJeJbHBLIX paCUETOB AJA KaKoro-To omnpeje-

JIECHHOI'O0 peruoHa 3HadeHudA napamerposB E., £, u F, cneayer 6paTh U3
OAHHBIX KJHNMATHYECKOTO0 MOHHTOPHHra, a MMEHHO, M3 pPe3yJbTATOB
AKTHHOMETPHYECKHX M3MepPEeHNH N N3MEePEeHUH COCTaBJAIOUINX OajaHca
Tenyia U BJjgaru. IIpm orcyrcTBMHM TaKMX AAHHEIX IO MOAEJNNPYEMOMY
PErnoHy (MJM e IIPH BBINOJHEHHUH TeCTOBHIX PacyeToB) AJIA NpUOJIN3N-
TEeJIbHOI'O OHpejieJieHNA PeaJIMCTHYHOro AMana3oHa 3HaAaYeHHHN nmapamMer-
poB E, E, u F, MOXXHO OrpaHMUYHUTLCA AAaHHBIMM O TeMIlepaType AJA
pPaccCMaTpHUBaeMOr'o permoHa M CBeiIeHNAMMU O rirobajbHOM OasaHce JHED-
rmy Ha noBepxHocTu 3eMmau. CorsacHo pabore (TennoBoit HajsaHC aTMO-
chepnl 1 moaCcTNJIAIONIEH ITOBepXHOCTH, 1956), E, : E, : F, =43 : 96 : 23.
Torpa abcomorHble 3HaueHusa E,, £, u F, MOXHO HNOJYYHUTh UCXOOA U3
fajlaHCca 3HEePruy C Y4eTOM 3TUX NpoIopumin:

E,+E,=F,+c,T, (3)

rae T, — cpeAHeronoBas TeMIlepaTypa NOBEPXHOCTH 3€MJIM B JAHHOM

pernoHe B rpagycax KenbBuHa, a G, onpeaensercs THUIOM HOACTHJIAIO-
11leM [IOBEPXHOCTH (CM. BBILIE).

3HaueHHe Ko3a(dPHUIIMeHTa TenJONPOBOAHOCTH AJIA CMECH uYeThipex
VIOOMAHYTBIX BhIllle CyOCcTAaHIIMH (TBEPAOIO KOMINOHEHTAa, BOALI, JbJa H
BO3/yXa) B KAKOM-JIN00 U3 KyOOB BREIYHACIISIETCA KAaK cpeJHeB3BellIeHHOe
K03(pDIHIINEeHTOB TENJONPOBOLHOCTH aTHX cybcTtaHuuu. B KadecTBe Be-
COB HMCIIOJIB3VIOTCA AOJIN 00'beMa, KOTOPhIE 3aHMMAIOT KaXXJasa U3 HUX B
paccMaTpHBaeMOM KyOe. [Iad ydeTa OTKJOHEHHMA paclpeneseHUs cy0-
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CTAHLUMHA BHYTPH KyDa OT ceMeHCTBA BEPTHKAJbHLIX CJOEeB (B 3TOM CJIY-
yae CYMMHUPOBaHMeE ¢ BeCaMM JaeT TOYHOe 3HadueHHe KoaddpHuuueHTa Te-
IJIONPOBOAHOCTH cMecH CyOCTaHIIMM) BBIYNCJEHHOE TaKMM o00pazom
3HaUeHNe YMHO)KaeTcsa Ha Koadduuuent (. Ilocrexuuit asageTca Mo-
OeJbHLEIM IIapaMeTpoM M 3ajaeTcs HCClef0BaTe/IEM IIPH IIPOBeJeHUH
CIIEHAPHBIX pPacyeToOB.

Bo3aMoOXXHOCTL IPHUCYTCTBHA, B TOM YMCJIe OJHOBPEMEHHOI'0, B pac-
CMATPHBAEMEBIX IIPOCTPAHCTBEHHBIX eIUHHIIAX — Ky0ax — BOAbI M JIbJA
neJiaeT HeoO6XOAMMBIM NOAPOOHBIN KOMMEHTAPHH IPOIEAYPhI BhIUHCJIIE-
HUA B MOJeJH H3MeHeHUA TeMmueparypul AT B oTBeT Ha MOCTYILJIEHHUE B
OAaHHEIH Ky0 MM OTTOK M3 AAHHOro Kyba onpenes€eHHOro KoJin4ecTBa
Tenyia Q. Ilycts B JaHHOM Ky0e MMeEIOTCSA TBepALI KOMIIOHEHT, BOJA,
JileX ¥ BO3ayX, a X mMaccet — G, W, I n A cOOTBEeTCTBEHHO M NyCTb T —
HCXOAHAas TeMIlepaTypa B JaHHOM KyOe. Mamenenmnmem o0bemMa BOALI M
JbAa npu Gas3oBeIX nepexonax Mel Oyaem npeHebperath. byger cum-
TaThCA TaKXKe, 4yTO (pa30Bhle Nepexolan! ,,Boga—Jjex’ NPOHCXOAAT Bcerna
npu 0 °C. O603HaunM yIeJbHBIE TENJIOEMKOCTH pacCMaTpPHUBAEMBIX Ue-
ThIpeX cyO6craHIMM uepes ¢;, Gw, ¢; A ¢, COOTBETCTBEHHO, a 4Yepel3 ¢ —
yAEJBbHYIO TEINJIOTY INJaBJeHHUsA Jbjaa. Torna AT BrIUNCAAETCA CIefVIO-
muM obpasoM (34eCh M HHXKe TeMIeparypa HM3MepAeTcA B rpajgycax
Ilenbcus, ecIm He OrOBOPEHO HHOE).

1.IIpu @ > 0 1 T > 0 B 1aHHOM KyDOe He MoXKeT OBITH JbJa, T. €. I = 0.
Bce npuineailiee TenJo HAeT Ha Harpes, T. €.

AT = Q/(qcG + gwW + q 1 + g,A). (4)

2. IIpn @ > 0 n T = 0 B nanHOM KyOe moxxeT OmiTh Jen (I > 0), a
MOXKeT ! He OBITE (I = 0).

2.1. lIpn @ > 0, T = 0 u I > 0 cuauasa uaeT npolecc TaAHUA JbJAa.
Ecan Bce npuienliee TenjJo pacxoZyeTcsa B XoZe 3TOro npoiecca, TO
Macca JbjAa CTaHOBUTCA HyJeBOH (I’ = (), Macca BOABI yBeJIHYHBaeTCH
Ha MCXOAHOe 3HadeHHue Maccel Jpga (W' =W + [ ), a Temnieparypa ocra-
eTcs HyJeBOou. Eciau >Xe He Bce NmpHIllejlliee TEIJO pPacXoAyeTcsa B Xone
TasdAHHUA JbIa, TO €ro OCTATOK Q' = @ — gl pacxoayercsa najiee Ha HarpeB

cMecH cybcTaHI MM B paccMaTpuBaeMoOM KyOe, npuueM AT BhIUHCIAETCH
110 popmyJe (4) npu HOBLIX 3HAUCHHUAX Q =Q', W =W'nl=1".

2.2.1lpn Q@ > 0, T = 0 n I = 0 TeMneparypa noBHIIIIAETCA B COOTBET-
CTBHHE C dopmyJion (4).

3. Ilpp Q@ > 0 u T < 0 B naHHOM KyOe He MO)>KeT OBITHL BOALI, T. €.
W = 0. IIpumesamniee Tengo pacxoAyeTcs HA HarpeB CMeCH B JAHHOM KY-
Oe. Ecanm npumezginero Temnsia He XBaTaeT HA JOCTHXKEHHE HYJIEBOH TeM-
nepaTypbl, TO0 AT Beiuucaserca no ¢opmyae (4). Ecau e xBaTaer, TO
Tenyio Q' = Q@ + T (q.,G + quwW + q, I + q,A), ocTaloileeca nocje LJOCTH-
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JKeHHA CMECBhIO HYJIEBOM TeMIlepaTyphl, PACXOAYETCA Ha TaAHHE JblJa U,
BO3MOX>KHO, Ha AaJbHEMIINII HarpeB cMecH. KojHMUeCcTBEHHO 3TOT IIPO-
1[eCC y>Ke OIIMCAaH B 11. 2.

4. lIpn @ < 0 u T < 0 B nanHOM KybGe He MOKeT OBITh BOABI, T. €.
W = 0. OrroK Tenjsa @ NPHBOAKT K NMOHMXXEHHIO TEMIIEPATYPhI CMECH,
npudeM AT Briuncasercda no dopmyae (4).

2. lipp @ <0 m T = 0 B kybe moxxeT 6m1THL Boga (W > 0), a MoxkeT n
He ObITH (W = 0).

2.1. IlIpn @ <0, T = 0 m W > 0 cHavaJia uJeT IIpoLEecC 3aMOPAaAKK-
BAHHA BOAbI. ECciIm Bechb OTTOK Temnjia yXOAHT Ha 3TO, TO MAacCC& BOALI
craHOBATCA HyJdeBou (W' = 0), a Macca apaa ysenuuBaeTcA Ha
HNCXOAHOe 3HadyeHHe Macchl BoAnl ([' = I + W). Ecam e OTTOK TellJja
U30BITOUEH AJIA 3aMOPaXKMBAHUA BCel Macchl BoAbI W B faHHOM Kybe, To
OCTaTOK @'= @ + gW 00ycs0BAT NOHM)KeHHe TeMilepaTyphl cmecH. Ilpu
aToM AT Brluncasierca o ¢dopmyJse (4) npu HOBHIX 3HaUYeHHAX @ = @,
W=W'anl=1I'

2.2.Illpn Q@ <0, T = 0 n W = 0 Temneparypa cMeCH NOHHUKaeTCA B
COOTBETCTBHU ¢ hopmyaon (4).

6. IIpn @ < 0 u T > 0 B paccMaTpuBaeMOM Ky0e He MOXKeT OBITH
apaa, T. e. I = 0. OrTok Tenna Q NPUBOANT IpPEXKAe BCEro K IMOHUMKEHUIO
TeMIIepaTyphl CMecH. EcJu npHM 3TOM HyJIeBasA TeMlepaTypa He AOCTHra-
eTcd, T. €. OTTOKa § TemnJja Ha 3TO He XBaTaeT, TO AT BBEIYHCJIAETCA IO
dopmyne (4). Ecam ke xBaraer, To ocrtatok Q@' = @ + T (g.;G +
+ gywW + q,I + g,A) o6ycaoBIKBaET 3aMOpaxKNBaHUeE BOALI H, BOBMOXKHO,
oajlbHeHlIllee NMOHUKEeHHEe TeMnepaTrypbl. KosHuyecTBEHHO 3TOT Hpolece
y2Ke OIMHUCaH B II. O.

7. IIpn Q = 0 HUKAKUX TepMHUYECKHX HUJHN Xe (Pa30BLIX U3MeHEeHUM
B paccMaTpuBaeMoOM Kybe He IPOHUCXOLHT.

B TeueHme ogHOro BpeMeHHOro niara At mo MCXOJZHOMY BEePTHKAJIb-
HOMY npoduiaro remneparyp (T, ..., T)) 1 -BepTHKaJIbHOMY pacnpene-
nenanio mace (G, ..., Gy), (W,, ..., W), Uy, ..., Iy) 1 (4,, ..., Ay) pac-
CMaTpPHBaeMbIX cyOCcTaHIIMM CHaAYaJia B COOTBETCTBHH C IIpaBHJIaMM a—0
1 ¢popmysamu (1) u (2) pacCUATHIBAIOTCA 3HAYEHUA INOTOKOB TenJja @,,
...y Q@y. 3aTeM no npaBmyiaM 1—7 BHIUHCIAIOTCA M3MEHEHHA TeMIiepa-

Typul AT,, ..., AT, 1 mMacc paccMaTpuBaeMHEIX CyOcTAHIIMHA B npoduJe
(HamnOMHUM, YTO PAKTHYECKH MOTYT MEHATHLCA TOJbKO MACCHI BOJABLI U
Japnaa). [Jlajsee nrepariin nNnOBTOPAIOTCA.

B naHHON MOJeJM He YUUTHIBAETCH IIOTOK TeIja U3HYTPH 3eMJH K
nosepxHoctH (3emiusa, 1952) Q, = (1+2) - 107° xan/(c-cm®). OH Gonee ueM
Ha NOPAAOK MEHBbIIle, YeM ApyrHe pacCMOTPEHHBIE BhINIE COCTABIAIOIIINE
dHepreTudeckoro 6asanca nNoACTHJIAIOIEN TIOBEPXHOCTH.

KaK y»ke roBopHJIOCh BEILIIe, AHTPONIOTeHHbIE IMHUCCHHA NAPHHUKOBRIX
ra3oB BLI3LIBAIOT AOCTATOYHO CJIOXHBIe M3MEHEHH§d B KJUMATHUECKOH
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CHUCTEME, H300HJAVIOImEeN NPAMBIMH H OOpaTHBIMM cBA3AMH. IIaa Toro
yTOoOBI B HanboJiee NPOCTOM HHTErpajJbHOM (popMe xapaKTepu3oBaTh pa-
OIUAITHOHHBIE IIOCJEICTBUA 3THUX 3MHUCCHII, BBEI€HO IIOHATHE ,,pagually-
OoHHoe Bo3aencTBHe” (radiative forcing (RF) B aHrji083LIYHOH JIMTEepa-
Type). Paguanuosrioe BO3AEeNCTBHE H3MepAeTCsa M3MEeHEHHEeM cpejHero
KOJINYEeCTBa 3HEePrun, JOCTYNHOK cucTeMe deMiad—arMocdepa B efMHU-
Iy BpeMeHH B pacyeTe Ha TIOPH30OHTAJBHYIO INJIOIIAAKY €eANHUYHOMN
nomanu. Bojiee TOUHO — 3TO ,M3MeHeHHe HeTTo-uMppaguauuu (Bt/m)
H& BHICOTE TPOMOIIay3hI ITOCJE JOCTUMKEHUA TeMIIepPaATYPOH cTpaTocdepnl
pPagHalIMOHHOIO PABHOBECHUA B TeUeHHE HECKOJIbLKHX MecdAlleB, HO NpH
HEeN3MEHHBIX TeMnepatrypax Tponochepkl U 3€eMHOH IOBEepPXHOCTH, a
Takxe BiaaxHocTu atMmocdepnl” (Climate Change 2001a, 2001, c. 109).
B Hamell MojesH 3TO OTpaxKaeTcd B U3MEHEeHHH KOJIMYeCTBa 3dHEpruu,

rocrynawllles B nNepBulil, BCPXHNH, Ky0 3a BpeMsa Af.

Pe3yasTaTnl ¥ 00cyxaeHue

U310KeHHBIM B IpEeALIAVIIIEM pasfeje aJropuTM, OIHCHIBAIOINH
H3MEeHeHUe BePTHKAJBLHOIO TeMIEepaTypHOro npodpmuaa ¥ BepTUKAJIbHOTO
pacnpeneeHUs MACC YeThIpex paccMaTpHBaeMbIX CyOCTaHIIUM — TBeEp-
IOr0o KOMIIOHEeHTAa, BOJALI, Jbla M Bo3ayxa ((paKTHUECKH MEHAITCHA
TOJBKO pacnpelesieHNdA Jbla ¥ BOAKI 38 cueT (asoBbIX IEpexoa0B) — 3a

BpeMeHHON 1ar Mogeau At, 6blJ1 peaJm3oBaH B BHAE IIPOTPAMMBLI HA
a3blke FORTRAN. I'onoBHaa nmporpaMmMa HMMeeT OLHY IOXIIpOrpaMMy,
KOTOpas ONHNCHIBaeT H3MEHEHMA TeMIlepaTyphl U (a3oBhie I1epexolbl B
KyO0e B 3aBHCHMOCTH OT IIOTOKA& TeIja § M cOCTaBa CMECH B HEM B COOT-
BeTCTBHH ¢ npasmiaMu 1—7. IIpn KoandecTBe BepTHKAJIBHBIX CJ0€B N,
paBHOM 100, HCHOJHUTEJBHBIM MOAYJL IPOrpPaMMEI HMeeT pa3Mep

210 K6. Ha PC Pentium-500 npu BpemedHoM 1are mozeau At = 0,1 u
OJAHMH aCTPOHOMHUYECKHNH roa coorsercTByer 20 ¢ pacyeTos.

CueHapHhle pacueThl, KOTOpPhI€ IIPOBOAMUJINChL IO 3TOM Nporpamme,
MMeJIH TEeCTOBBIM XapaKTep, a TaK:)Ke OBIJIM HanpaBJ/ieHbl Ha NMOJIYYEeHHEe
OTBETOB Ha CJeAVIOliNe YacTHhIe coaepKaTe/IbHbIe BOIIPOCHI:

— HACKOJBKO OBICTPO B MOAEJHPYEMOM I[IPHIIOBEPXHOCTHOM CJIO€
JauTochepsl yCTaHABJIMBAETCA AOCTATOUHO INOCTOAHHAA CpeAHeromgoBas
remneparypa (T, + ... + T,)/N;

— HACKOJBKO OBICTDPO VCTAHABJIMBAETCA 3HAYeHHe IJIYOHMHBI CEe30H-
HOro nporauBanmusa d, (MakcuMmajbHasaA raybnHa, rjge BCTPeYarTCH I10-
JIOXKUTEJIbHBIE CPeJHECYTOUHBIE TEMIIEPATYPHI);

— KaK BJINAeT Ha YCTAHOBHUBINMNECA 3HAUEHHUSA IIepeMeHHBIX 3THX
ABYX THIIOB AOIIOJHHUTEJbHOE PAAHAIIMOHHOE BO3eNCTBHE,

B KauecTBe JAONOJHHUTEJLHOTO PAaAHAIMOHHOIO BO3NEUCTBHUA HC-
N0Jb30BaJOChH 3Hauenue RF = 2,43 Br/M%, xoTopoe COOTBETCTBYET YCH-
JICHUI0 TNapHUKOBOro 3ddexkTa BCIeICTBHE AHTPOIIONeHHOM 3MHUCCHU
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NapHAKOBHIX rasoB B arMocoepy 3a nociaesame 100—150 ser (Climate
Change 2001a, 2001, c. 351).

B nanHOH pa6oTe MOAeIHMpPOBAJICA NPHINOBEPXHOCTHBIM CJOM JIATO-
chepnl rayouHou 10 M ¢ 00 beMHBIM cofiep)KaHNEM TBEPAOr0 KOMIIOHEH-
Ta 80 %. JieMeBTAapHBIE OPOCTPAHCTBEeHHLIe eQHHUIH (KyOhl) MMesH
JJAHHY peObpa 1 n1M. PuanuecKHe XapaKTepHCTHKHN MOJAEJBHBIX CyOCTaH-
IMHA — TBEpAOr0 KOMIOHEHTA, BOALI, JIbJA H BO3AYXA — IIPHUBEAECHLI B
Tabj. 1. [lna TBepAOro KOMIOOHEHTA OHM COOTBETCTBYIOT XapaKTepHUCTH-
KaM IIeCKa, JIerKO JOCTYIHLIM B @H3MUYEeCKHX CIPABOYHHUKAX. SHAUYEHHE

OTKJIOHeHHA { MOPGOJOrHuecKoil CTPYKTYPHl CMECH PacCMATPHBAEMBIX
cybcTaHIIME B Ky6ax OT CTPYKTYPH! ,,BePTHKAJBHEIX CJOEB” IPHHAMA-
noch paBHEIM (,5.

Tabauya 1
PH3HYECKHEe XAPDAKTePHCTHKH MoAeabHhIX cybcranumi (Kyxaunr, 1985)

Hassanue 3HaYeHHne Enuuuna pusuieckol
BeJTHYMHEL
IInorrOCTH
TBEPAOTO KOMIIOHEHTA Do 2,4 r-cM®
BOAEI Pw 1,0 r-cM”3
Abaa 0; 0,9 r-cM2
BO3ayXa DA 0,0013 r-cM?
TennonpoBoAHOCTE
TBEpPAOIr0 KOMIIOHEHTA k. 0,004 Kan-cMm™!-rpapgt-c!
BOABI Ry 0,0015 Kajg-cMm - I'pa.u;"‘ el
JabAa kf 0,006 KaJ-cM™!- I'pa.l'[_l ok
BO3JYXAa k, 0,00006 Kajg-cM -rpag!-¢’!
TennoeMKOCTH
TBEPAOrO KOMIIOHEHTA dc 0,2 Kaa-r ' -rpag '
BOAK dw 1,0 kajg-r ! -rpag!
JBAA q; 0,49 kan-r-rpag™!
BO3AYXa 4 0,24 Kaa-r'-rpag™!
YaenbHas TenjoTra ILJIaB- q 79,4 Kan-r

JIEHHA JIba

ToTr MOozeJbHEIN pernoH, AJA KOTOPOIO NPOBOAMJICA pacyeT, Xapak-
TePH3YyeTCA CpeAHeroAoBOM TeMIepaTypo 3eMHOM IIOBepXHOCTH
(—3 °C), 4TO COOTBETCTBYET KIHMATHYECKHM YCJIOBHAM IOKHOHM NepH-
¢depun 30HH BEYHOH Mep3NOThl HA TeppHTOpMH Poccun. 3BadYeHHeE
napaMeTtpa O, 6L110 NPHHEATO paBHHM 2,5 KKanx/(M*-K* - 4), T. e. B nmo-
JIOBHHY MeHbIIe, 4eM AJja abconioTHO depHOro rteja. CooTBETCTBYIO-
ImHe 3HaYeHHA NOTOKOB 3Hepruu E,, E, n F,, KoTophie ORLIN HaMJeHbl
U3 cooTHomenud (3), npuBegeHH B Tabua. 2. 3naveana M,, M,, D, n D,
Ha3HaAvYAaAJNCh IPH MOJAEJIMPOBAHNH 3KCIEPTHRIM nyTeM (cM. Tabua. 2).
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Tabauuya 2

XapakTepHCTHKH 2HepreTuueckoro 60ajjanca Ha 3eMHOM NOBEPXHOCTH B
MOAEJbHOM pPEerHoHe

HazBaHHe Obo3nayenune | 3HaueHue

CpenHeroopoe 3Ha4YeHHEe 3HEPruu KOPOTKOBOJHOBO- E_ 43
ro H3Jy4YeHUd, IOIJIOIAEMOr0 Yy4YacTKOM 3eMHO
IIOBEPXHOCTH €XMHHUYHOM IJIOLaau

CpeaHerogoBsoe 3HauyeHHEe 3HEPrHH AJHHHOBOJHOBO- E, 96
ro H3Jy4deHHda, NOOIJIOLIAeMOro y4YacTKOM 3eMHOHU
NOBEPXHOCTH eAUHNYHOM IIomagy”

CpeaseronoBoe 3HaYeHHe TEILIOOOMEHA YUaCTKa 3eM- F, 23
HOM HOBEPXHOCTH €AMHHWYHOHN ILIOILISAH C aTMocde-

poii, oImpeAenseMoro KCrapeHueM ¥ KOHBeKI{ue#'

MaxcumanbHOe OTKJOHeHHe F,oT E,’ M, 22
MaxcuMaabHOe OTKJOHeHue F ot E,” M, | 48
HeHb peann3anun MAKCHMAJBHOIO OTKJAOHEHHUA F, D, 175
ot E,, cuuTasa OoT HavaJla KaleHJapHOro rojga

HeHb peanu3aliny MAKCHMAJILHOTO OTKJIOHEeHUA F D, 175

oT Eﬂ, CUHUTadA OT HavdaJia KaJIeHAapPHOTI'O 1roga

“ 3HAYEHHUSA 3THX NApaMeTPOB NPHUBELeHK B MOZAeJBHRIX eaMHHuax (model units)
MU = 275 kan/(aM?- cyT).

CuenapHreIil pacueT ObIJI BHITIOJIHEH B ABYX BaApMAHTaX: AJA CYXOro
npopuaa (N, = N) u gna saasksHoro npopuaa (N, = 0, Ny, = N). Ilpn
3TOM B KaXJOM CJyuae pacCMaTPHMBAJINCH ABa PAJHAIIMOHHEIX PeXHMa:
dounoBrlit (RF = 0) u Bo3amymeHHult (RF = 2,43 Bt/M°). BpeMeHHOI
Imar Mogejan At npu faHHOM cueHapHOM pacuyete 0wl 0,1 4. HavanabpHEIH

npodpuabp TeMnepatTypbl — IOCTOSSHHasA 1o riaybmHe Temneparypa 0 °C.
O01ee BpeMsa pacuyeTa cOOTBeTCTBOB&JIO 50 acTPOHOMHUYECKHM rogaM.

B monenn 3a 50 acTpoHOMHMYECKMX JIeT TAKMEe KOJHYECTBeHHbIe Xa-
PaKTepUCTHKH pacnpelesleHHA TeMIepaTypel II0 riyOMHe paccMaTpH-
BAeMOIr'0 IIPHMIOBEPXHOCTHOro cjoa Jurochdepbl, KaKk cpegHeroaonas
cpenHaa no npoduiato remneparypa (T, + ... + T)/N m raybnua npo-
TaUBaHNA d,,, B JOCTATOUYHON Mepe CTa6MIN3HPOBAIHNCS.

B cayuae cyxoro npodbusia cpeaHerogoBas CpPeAHAA IO NpodPmaio
TeMInepatypa B 15-#1 rog oranuyaercsa ot 3HadyeHuAa B 50-u rox He 6oJiee

yeMm Ha 0,1 °C. 3ravenusa raybunnm nporanBauna d,, B 15-i1 1 50-i roger
OTJINYAIOTCA He 6oJiee uem Ha 0,1 Mm.

B cnyuae Bna)xkHOro npodunas cpeaHerofoBas cpeaHAs IO IMPOPHIIO
TeMneparypa B 30-d rox oranuyaercsa oT 3HadueHHA B 50-i rox He H6oJiee

gyeMm Ha 0,1 °C. 3HaueHusa ray6buHE nporanBaHusa d,, B 25-# n 50-i1 roaul
OTJInJawTcsa He 6oyiee ueMm Ha 0,1 M.

Ilepexonx or doHoBo#t curyauuu (RF = 0) Kk BoamyieHHoil (RF =
= 2,43 Br/M%) npnBOANT K M3MEHEHHIO TeX YPOBHeH, HA KOTODPBIX CTA-
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OMIU3MpYyeTCA cCpefHEronoBas CpeafHAA 1o npodpuiao treMieparypa. Hiasa
cyxoro npoopuins ee ssadenue B 50-i1 rog yseaunuunyoch Ha 1,15 °C, a gnsa
Baaxgoro — Ha 0,96 °C.

IIpn nepexone oT POHOBOK CHTYAlIlMH K BO3MYLIEHHOHM MEHAIOTCH H
3HaAYEeHHuA rIyOMHRI nporauBaiufa. [asa cyxoro npopuiaa ee 3HaYeHUE B
00-u rox yBeanunyocsk Ha 0,4 M, a a1a1a BiaaxHoro — Ha 0,1 M.

IlocienHee ecTh APryMeHT B NOJbL3Y TOI'O, YTO ONpeAeIeHHHHN IpPH-
OPHUTET IIPA MOHHTOPHHTIe, BO BCAKOM CJiydae AJIA BJAAXHBIX npodpnnen,
OOJIXKHA HMETh CPeAHAA N0 NpodnJio TeMoeparypa, NOCKOJbKY ee U3-
MEeHEeHHA NPH peajibHbIX 3HAYEHNAX BO3MYIeHHM ob6eljaloT ObITH 3aBe-
OIOMO pa3JndYuMBIMHU. B TO ke BpeMsa BO3MOXXHbIe H3MEHEHHKA IrI1yOMHLI
IIPOTANBAHUSA, ITO-BHANMOMY, NJA BJAXXHBIX npodunaed OyAyT HE3HAYN-
TEeJbHBIMH M NPH HAOJMIOAEHHMAX MOTrYyT OBITh JIErKO MAaCKHMpPOBAHBI CTa-
THCTHYECKHM ILIYMOM — €CTEeCTBEHHOM N3MEHUYNBOCTBIO.

OTMeTHM, YTO B MOJEJIH OINNCHIBAETCA TOJBKO HNPHUIOBEPXHOCTHRIA
caon aurochepsl rayomaon 10 M. B zercTBETEIBHOCTH 9HEPrua A0OHOJI-
HUTEJbHOro PaANallMOHHOI'0 BO3AEHCTBHA B KAKOH-TO Mepe pacnpene-
JsieTcst M Ha OoJsee raybokogexxkauipe ciaoH Jgutocdepbl, YTO TaKxKe
yMeHb11aeT 3¢ deKkT. OxHAKO nocaegHee 00CTOATENLCTBO IIO-BUAUMOMY
HE3HAUYNTEJNbHO CKAXXeTCA HA KOJHYEeCTBEHHBIX OIIEHKAaX, XapaKTepH-
3VIOIIMX CTAllMOHaApHOEe cocTosAHMe npoduisa. Korga B TeCTOBBIX LelAX
OBlJI IIpOBeeH MOJEJBbHBIN pacdeT AJd cjaoeB JuaTocdepnl rayduHon 10 u
30 M ¢ BpemeHHBIM IIarom 0,1 cyTok, TO pa3JiMuusa B CpEeJHEroXOBBIX
TeMIIepaTypax B BePXHHX JAECATH MeTpax JHTochephbl OKAalajlHucCh Npe-
HeOpe)XHMO MaJIbIMHM (pa3JM4yaJuch B COTHIX rpaayca). Pasymeercsa, B
TPHAZATHMETPOBOM CJO€ CTAllMOHApPHOE COCTOAHME YCTaHaBJINBAJIOCh
DOJIbIIE, YeM B eCATHMETPOBOM.

IlonyyeHHasgs oOlleHKa He NIPOTHBOPEUYHUT JAaHHBIM MOHUTOPHHTrA
KPHOJHATO30HEI. COIJIaCHO 3THM JAaHHKIM, B CeBepHBIX permoHax Poccun

IIPOM3OIJIO NOBHIIIEHHEe TeMIepaTyphl Mep3JnIX I'PYHTOB Ha 1°C B
npunoBepxHocTHOM cJoe (Ilasios, 1997; Kaunmenko, 2001). Oxa Takke
corjiacyercsa ¢ ONEHKaMH, INOoJIVieHHBIMH POMaHOBCKHMM C COaBTOpPaMH
(2001). CorsacHO MX AaHHBIM, TEMIOEPATYPA NPHUIOBEPXHOCTHOIO CJOA

aurocdepr ¢ 1960 mo 1990 r. nmosrickaack Ha 0,5—1,0 °C.

Moaenb, mocTpoeHHass B AaHHOHW pabore, ABJAsAETCA JHIIb IIePBON
BepcHe HeoOXOAHMMOro HHCTPYMEHTA KOJHYEeCTBEHHBIX oueHOK. OHa
HY>KJAaeTCA B JaJbHEHIIIeM Pa3BHTHH, OCOOEHHO B CJEAYIOIINX OTHOIIe-
HHUAX:

— THAPOJIOTHYECKHE XapPAKTePHCTHKH MOJAEJbHOr0 NpopHIa AOJIK-
HE! OLITH AMHAMHWYECKMMH, & He CTaTUYECKHMHU;

— CEe30HHBIN XOA MOTOKOB 3Heprun F,, F, u F, cnenyer 3aaBaThb MUC-
XOAA M3 3KCIIepPHMEHTAJIBHBIX HJAaHHBIX (B TOM UHNCJIE€ NAHHBIX KJINMAaTH-
YeCKOro MOHHUTOPHHTA).
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baaromapaocTm

ABTOpHI HcKpeHHe OJusarogapAaTr B. II. HeuaeBa 3a KoRCcyJabTalIMM 1O
TEOPETHYECKOH TIeOKPHOJIOTHH H JOoOpoXKesaTeJbHYI0O KPHTHKY. HHTe-
pecHble auckyccuH ¢ JI. A. CeBepoOBHIM IO MeTOAaM MOAEJIMPOBaAHUA
crrocobcTBOoBaNIM Hamen pabore, 3a YTO ABTOPBl €My INIPHU3HATEJNbHBEI.
Hama O6aarozapsocts I'. 9. HHCapoBy, KOTOpDHIM npoudes PYKOIIHCHh H
BRICKA3aJI pAJ NNOJIe3HBIX 3aMeuaHNH.
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MOAEJIb OCAXKAEHHSA INIOJNHNHCIIEPCHBIX YACTHII
H3 ATMOC®EPHI

M. B. 'anvnepun
PP, 121165 Mocksa, Ctysenueckan yia., 38—31

Pedepar. Ilpeanaraercsa IpREIIOINAJILHO HOBAA MOZeJb AJA pacye-
Ta OCAXKAECHHA IMOJHAMCIEPCHBIX YacTHIl, B KOTopou aAedopManusa pac-
IpexeIeHAA YaCTHI] 10 CKOPOCTAM CeANMEHTAIINHN IIPH OCaAXKACHNN YIH-
THIBAETCA NYTEM IIepecueTa MaTeMaATHUYeCKOro OXHAAHUA U ANCIEpPCHH
(a npm HeOOXOAMMOCTH W CTAPIIHX MOMEHTOB) 3TOrO pacHnpelesIeHHA.
Mozaesnp ImO3BOJIAET CYIIECTBEHHO COKPATHTHL 00'beéM BLHIYHCJICHHH IIPDH
pacueTre aTMocdepHON AuDDIY3NN N BHINAACHUN NOJNIUCHEPCHON CMECH
YaCTHIl 1 NNEePeHOCHMBIX UMH 3arpA3HAIOIINX BellecTB, & TaKXKe IIOBhI-
CHTH TOYHOCTDb PACUYEeTOB, OCOOEHHO AJA 6OJBLIIAX MHTEPBAJIOB BPpEMEHH.

KmoueBnie ciaoBa. A3po30Jb, 83PO30JbHEIE YACTHIIBI, CeJHMEHTA-
A, BRIIACHUSA, MOJEeJIMPOBaHHE.

A MODEL OF POLYDISPERSIBLE PARTICLES
DEPOSITION FROM THE ATMOSPHERE

M. V. Galperin
38—31, Studencheskaya str., 121165 Moscow, Russia

Abstract. An innovative model of deposition of polydispersible
particles is presented. A change in distribution of particles with sedi-
mentation velocity is taken into account through recalculation of
mathematical expectation and variance (and higher moments if neces-
sary) of the distribution. The model allows significantly reduce com-
puter resourses needed for calculation of atmospheric dispersion and
deposition of particles as well as substances transported by the parti-
cles. The model ensures good accuracy especially at long calculation
time.

Keywords. Aerosol, aerosol particle, sedimentation, deposition,
modeling.

Beeaerue

A3p030JibHBIE AHTPOIIOTeHHEIE YACTHIIN He TOJBKO caMM o cebe 3a-
IPA3HAIOT aTMocdepy, HO ¥ CJYKAT HOCHUTENAMH MHOIHX OIACHEIX 3a-
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PASHAIOINMNX BEleCTB, TAKHX KaK TAXKeEJhie MeTaJJIbl 1 ANOBHThIE OP-
raHHYeCKHe COoeJUHEHMA, BHIOpachiBaeMhbIX B aTMocdepy cTrammoHap-
HBEIMM HMCTOYHHKaMM, & TaK)Xe IPH aBapwmAX # APYrHX HHINAEHTAaX.
IIponiecchl pacnpoCcTpaHeHNA K BBHIBEEHHA a3PO30JbHBIX YACTHIL U3 aT-
Mocheprl O6blIEm moapobHO mM3ydeHH B 50—60-x romax (MaxoHBKO,
1968; MeTeoposorua m aTroMHas 3Heprua, 1971), m yHHKaJIbHBIE pe-
3yJBTATH 3THX HCCJEZOBAHHME ocTaloTca 6a30BEIMH A0 cHX nop. Cko-
POCTh CEAMMEHTAINH (IPABHTAIIHOHHOIO OCAXMAECHHUA) YACTHUIl B aTMO-
chepe H 3dPeKTHBHOCTL HX 3aXBaTa OCAAKAMH CYILECTBEHHO H HEJIH-
HeMHO 3aBHCAT OT PasMepoB H IJIOTHOCTH 4YacTHI. OTH 3aBHCHMOCTH
nokKasaHbl Ha puc. 1. CkopocTs ceguMenTannm yactun V (cM/c) nogan-
HieTca 3aKOHY CTOKCcA, KOTOPHM XOpOIIO BHINOJHAETCA B ANANa3oHe
pD? = 0,1—1000 MxM°-r/cM® (p — nnoTHOCTL B D — CpeaHMIt a3pORH-
BHaMHIJYeCKHH pa3Mep dactun) (Yopx 1 YopHep, 1980):

V = gpD?/18u = 0,003pD?%, (1)

rxe £ — ycKopeHmue cBOG0OAHOro nmajgeHns, || — AMHAMHIUECKAasa BA3KOCTh
BO3AyXa, 0 BRIpakxaeTca B I/ cM’ 1 D — B MKM. 9ddeKTHUBHOCTD 3aXBaTa
YACTHI] OCAAKAMHU Y TaK)Ke NogunHAeTcA 3aKkoRy CTOKCa B YyKa3aHHOM

V Mm/c Y OTH. eA.
1,00E+02 ® 1
L
- 0,9
1,00E+01
* 0,8
1,00E+00 0,7
1,00E—01 0.6
0,5
1,00E-02
0,4
1,00E-03 0,3
® ®
A 0,2
1,00E-04 A
0,1
1,00E-05 0
0,01 0,03 0,1 0,3 1 3 10 30 D mxm

Puc. 1. 3aBECHMOCTH CKODOCTH CeAMMeHTANnY (rPaBHTAIIMOHHOIO ocamaeHusA) V u adbek-
(peKTHBHOCTH 3aXBATa OCAZAKAMH Y OT 43POAHHAMHUYECKOro AHaMeTpa yacTun D.
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ananasoHe pD? (Mereopoaorus U aToMHasA 3Heprusa, 1971), m moatomy
OJ1 Hee MOXKHO NPHUHATEH AllNIPOKCHMAIHIO

V) =Y+ (1 —Y)V/W,, (2)

rae W, — macmrabuniit pakTop (V< W) n v, = 0,2 cooTrBeTcTByeT 3HA-

yeHnaMm pD?* < 0,1 Mxm®- r/cM°’, Npu KOTOPHIX IIOBeJeHUE YACTHI] CTAHO-
BUTCA NpaKTHYeCcKM 0e3MHEepHIHUOHHBIM IO OTHOLIEHHIO K OKPYIXKarolle-
MY BO3AVXY.

I'paBUTAIIHOHHOE OCAXKJEHHEe MAJbIX YacTHIL C pD2 < 0,1 MmxMm®-1r/cM®
XopoIno onucuiBaeTca 3aKOoHOoM CTokca ¢ nonpaBkoii KanHnurama:

V = gpD*(1 + aL/D)/18y, (3)

rge o = 0,7+0,9 — smnupuueckunn koagpdunumenr, L — aanHa cBoboj-
HOro npoobera 4acTHI B BO3AyXe. B npakTndyecKNx pacduerax arMmocgep-
HOI'0 IepeHoca nonpaska KaHHMHraMa Mo’KeT He YUHTHIBAThCA. B aua-
nasome pD? = 0,1+1000 MM r/cM® mompaBka MasO OTJIHUYAETCS OT
eSHHHULBI, a8 NpH MaanXx pD? maso u V, u uacTulbl BeayT ceba B aT™MoO-
cpepe nozobHO ,,HEBECOMOMY’ rasy, & IOTOMY BHOCHMAA IIOTI'PEIIHOCTh
He3HauYnTeJbHA.

Ilpn sMHCCHH CHEeKTp 4YacTHI] 10 pa3dmepy D o6bIuHO OLIBaeT HIH-
POKMM — BhIOpachIBaeTca NOJHUAMNCIIepcHaA cMech 4dacTuil. B cuay
VKA3aHHBIX 38BHCHMOCTEH 3TOT CIEKTp InpereplreBaeT H3MEHEHUA,
IIOKa3aHHBIe Ha puc. 2: HauboJee TAXKeJdble N Haubosiee JerKkue
JACTHUILbI BBLIBOAATCA OTHOCHTEJBHO ORICTpEe, YTO B CBOIO odYepenb
BeJeT K 3aMenJIeHHIO OCAXXJeHHUA CMeCH dYacTHull B neaoMm. OcobeHHO
CHJIBHO 3TOT 3ddeKT NpOoABJAETCA IIOA AeMCTBHEM O0CaaKoB (pHc. 3).
IloaToMy JgJ1s KOPPEKTHOro pacueTa IIepeHoOCa H  OCaXKIAEHHA
HEKOTOPOM MACCHI A3PO30JBHBIX YA&CTHI, HJH CBA3AHHOTO C HHMH
BeliecTBa TpedbyeTcs YVYMTHIBATH CIIeKTPAJBHHIN COCTAB YaCTHI[ H €ro
namMeHeHuda. IlpaMoil MeTox yuera NOJHAMCIHEPCHOCTH A3PO30JLHBIX
YacTHLU COCTOHUT B paclllenJIeHNH pacHnpenesyieHNa YacTHIl II0 pasMepaM
(HJIN CKOpOCTAM CeIHMEHTaInn) Ha 0oJiee UM MEeHee y3KNe Juanas3o-
HEl U NPOBEeJeHMH HEe3aBHCHUMOrO pacueTa AJA Ka)XAOro AUAanas3oHa
(puc. 4). IIpn 3ToM pazMep HaCTHI[ BHYTPH AMANa30HA NPUHUMaeETCA
IIOCTOAHHBIM. ITOT noaxox tpebyer 60JbIINX KOMIIBIOTEPHBIX pecyp-
COB AJIA NOJIYYEHU S AOCTATOUYHOU TOYHOCTH.

Hunxe paccMaTpuBaeTca COBEPILIEHHO HHOM NOAXO0ZA, OCHOBAHHBIN HAa
TOM, 4YTO AJIA pacueTa MHTEerpajJbHOH KOHIEHTPAIHH MNOJHIHKCIEpPCHOH
CMECH YAaCTHI] AOCTATOYHO 3HAHHA CPEeJHHX 3HAYEHHH CKOPOCTH CeIM-
MeHTaluu M 3(hPEeKTHBHOCTH 3aXBaTa YacTHL, ocagKkaMi, n npobjieMma
3aKJIOYaeTCs B oOIpeAesleHMH 3THX IIapaMeTpOB HA KaXKJOM Iluare Io
BPEMEHH H B KAXKJI0U TOUYKe IIPOCTPAHCTBA.
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]
¢
001 0.01 0. ' 10 100 1000 D mkm

0.001 0.01 0.4 1 10 100 1000 D MXM
Puc. 2. AsMeHeHHA NAOTHOCTH pacupefeleHREA YACTHI N0 AHAMETDPY B 3aBHCHMOCTH OT

speMenn npefusanua » armochepe.
6 — np=E EcxoxnoM cpexued D = 0,5 Mxu, § — npm mcxoxmoM cpexmex D = 10 mxxu.
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V mm/c 7 OTH. el

100 1.2
B
1.0
8 X
0.8
6
0.6
4
0.4
2
\)( eyt )( E—— 0.2
0 - | I L¢ 0
D.0 0.32 1 3,2 10 32 100 [ v

Puc. 3. U3MeHeHHA cpeAHUX CKOPOCTH CeAUMEHTaUHH V M 3PPeKTHBHOCTH 3aXBaTa 4ac-
THI, OCAJKAMH ¥ B 3ABMCHMOCTH OT BpeMeHH ¢ NpeGLIBAHNA NOJHUAHUCIEPCHON CMECH 4ac-

THI B ﬂTMOCQ)ep-e H 1104 BOBJIEI‘:ICTBHEM AOHKIAA.

Haganbhoe cpeaee D = 10 Mxm.

Puc. 4. IlpuMep pa3bneHusa crnexkTpa 4acTHI Ha AHAIIA30HHI,

IlocTpoeHHe MOae/IH

Ecan paccMaTpuBaTh a3p030JbHBIE YAaCTHIK KaK AaTMOCHEepHYIO
IIpMeCh, TO AJIA ONMACAHHA PACIIPOCTPAHEHNA MOHOAUCIEPCHBIX YACTHIL

27



MOXXHO HCHOJB3OBATH NOJIYOIMIHDPHUYECKOE ypaBHeHHe TypOyJeHTHOH
anddpy3un:

dc/dt = d(cV)/dz — 9 (cu,)/dx — d(cu,)/dy — Hcu,) 0z +
+ 0 [K,(dc/0x)]/0x + 0 [K (dc/dy))/dy + d [K (dc/d2)]/0z — Bc, (4)

rie ¢ — KOHIeHTpauuA 4acTull; ¢ — BpeMsA; X, Y U 2 — COOTBETCTBEH-
HO T'OPH30HTAJIbHBIE M BEPTHKAJbHAA KOODAWHATHI; U,, U, H U, —
KOMIOHEHThRI CKODPOCTH BeTpa (aABeKTHBHOro mepeHoca); K,, K, nu
K, — xoadpdranuenTn TypOyseHTHON Auddysum u f — HexkuH 00600-
LII€HHBIN KO3dduIMeHT BHIBeJeHNA. 3AeCh U HUXKe NPHHATO, YTO CKO-
POCTh CEeAMMEHTAIINH (rPaBATAIHOHHOI'O OcCa)XJAeHHusA) V HanpasJjeHa
NPOTHBOIIOJIOXKHO OCH 2. UnciaeBRHO ypaBHeHHe (4) pemaeTrcs ¢ paciierl-
JIEHHUEM 10 KOOPAMHATAM H IpPOoIeccaM Ha KaXAXOM BpEeMEHHOM lare,
IpUYeM NpeanoJjaraercsa, 4To KoahpdbunmesTel TypoyaeHTHON Anbdhy-
3N M aJBEeKI A He 3aBHCAT OT XapakKrepa npuMecH. IIpn aTux ycJiao-
BHAX MOJENh HNPOIECCOB CEAMMEHTAIMMN, CYXOro OCAXXEHHfA, BEPTH-
KaJdbHOU An(DGYy3uNN M BHIBEJEHNA C 0CAAKaAMM MOMXeT OLITh HOCTPOEHA
OJA TOPM30HTAJIBHO OAHOPOAHOTO cnodA 6e3 yuera nponeccoB afiBEKIINH
I TOPH3OHTANBHON IHPODY3IUH, KOTOPHEIE PACCUHTHIBAIOTCH HA KaXKIOM
[Iare He3saBHUCHMO.

Taknm 06pasoM, AJA MOHOZKMCIEPCHBIX YacTHI[ NpPOIecChl ocaKie-
HMA 1 BePTHKANLHOU AUPPY3UH MOTYT OBITE OTCAHLI YPABHEHHEM

dc/ot = d(cV)/0z + d [K ,(dc/02)])/0z — YA(I)c (5)

C HAYAJbHBIM ycJIoBHeM ¢(2, () m rpaHUMYHBIMH yCJIOBHAMH ,,HABEPXY
c(o0, t) = 0 1 Ha moACTHIAIOLIEH NOBEPXHOCTH:

0e(0,t) = K,3c/3z|, _, (6)

rae A — KoadHNIMEeHT BHIBeAeHNA ¢ ocaakaMn Jlanrmopa, 3aBuCcAI NI
or MHTEHCHMBHOCTH I H Thmna ocagkoB (Engelmann, 1965; Galperin,
1989) m v, — NOBEepXHOCTHAA CKOPOCTB CYXOro OCa)KJeHHs (3axBaTa
JACTHUI] HOBEePXHOCTHIO). 3aMeTHM, UTO npousseaenne c¢(0, ¢t )V oka3eiBa-
eTCcs B 'PAHNYHOM YCJIOBHH (6) cieBa M CIIpaBa ¢ OMMHAKOBBEIM 3HAKOM,
a IOTOMY COKpallaeTcs.

Iasa Toro 4robBl HOJYYMTH AHAJOr ypaBHeBMsa (D) AJA NOJIHUIHC-
IIePCHOH CMECH YacCTHIl, NOJIOXKHUM, UTO MACCOBaA IIJIOTHOCTHL pacupepe-
JIEHUA NMOJUAMCIEPCHBIX YaCTHI M0 CKOPOCTH CeANMMEHTAIlMH HA BLICOTE

z ectb ©(z, t; V) (TaK KaK C nNpakTHYeCKOH TOYKH 3peHUudA Tpebyercsa
3HaHHUEe MAacChl, & He YHCJla YaCTHIl B eANHNANE 00beMa, TO 3eCh ¥ HHAXKe
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paccCMaTpPHBAIOTCA MACCOBHE KOHHEHTPAIIMHM M IIJIOTHOCTH pacIipepelie-
HUA 4dacTHn). OHa cBA3aHA C pacnpefesleEMEeM YACTHIL IO 83POAHMHAMM-

YeCKOMY AHNaMeTpy W(z, t; D) oueBHAHEIM COOTHOINEHHNEM:

oz, t; V) = wylz, t; D(V)IdD(V)/dV, (7)

rae D(V) onpenenserca n3 ypaBeeHuns (1).
KoHIeHTpanua 4acTHIl, MMEIONIUX CKOPOCTh CeANMeHTanun V, ecTh

de(z, t; V) = C(z, t)o(z, t; V)4V, (8)

rae C(z, t) — HHTerpaJbHass KOHIEHTPAIIMA BCeX IOJHAAHUCIEPCHBIX
YaCTHII.

Ha noaydyeHmss ypaBHEHHS OCAXKAGHHUA NIOJHINCIEPCHOM cMecH
YACTHL, NOACTABHUM BeJHUYHURY dc(z, ¢; V) B ypaBHernusa (5) 1 (6) m npo-
nHTerpupyeM obe gacru (5) 1 (6) no V B npenenax (0, ). O6o3nayus

W, = CW, roe W(2, 1) — maTeMaTH4YecKoe OXHAaHHe V Ha BHICOTE Z B
MOMEHT BpeMeHH {, 1 NIPHHAB BO BEEMaHue (2) 1 (8), nonyunmMm

0C/dt = d(l,)/0z + [ K ,(aC/02)]/9z — A(T) [VcC + (1 — o)/ W, 1.  (9)

IPDEeKTHBHOCTD 3aXBATA YACTHI] OCAAKAMH He HOJIXKHA OhITH G0oJbIIIe
€eIUHAILI, NI03TOMY LeaecoobpasHo npurATe Wy, = V, + W, rge V, =
= 3 cM/c. 'paHNYHOEe yCcJI0BHEe Ha NOBEepXHOCTH mMeeT BuX: v, C(0, t) =
= K,0C / 0z

U3 ypasrermna (9) BMAHO, 4TO AJMA PEIIeHHA 3aXa9YH OHO AOJIYKHO
OBITEL IOIOJIHEHO YPABHEHHEM ANA VAENABHOINO BEPTHKAJIBHOTO MMNVJILCA

M, = CW, 06a COMHOXKHTENA KOTOPOI'0 €CTh HeH3BEeCTHRIE GYHKIIVHA 2 1
t. llogcraBus (8) B (5), yMHOKHB 06e dacTn Ha V u nBETerpupyda no V B
npegesax (0, ), noaxyunm

BI CoVdV/dt = o U CoVZidV J /)z +
+ 0 [K ,[aj CoVdV/oz ]] /':)z - I'yA(I )CoVdV (10)
0 0

UM ¢ yyeToM (2):

z2=0"

O\, /0t = 0ly/02 + J[K, (dl,/02)]/9z — A(D)[Yolty + (1 — Yo)H2 /Wo), (11)
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rae B, = C(6? + W?) — ynenpHBI# BTOpOHl HauaJbLHLI MOMEHT CKOPO-
CTH cefuMeRTanu® V m o> — amcnepcus V. I'paHNYHOe yCJIOBHE AJA
(11) Ha NOBEPXHOCTH UMeeT B

v.i,(0, t) =K, 0u,(0, t) /02

Y (12)

YpaBHenue, noaobnoe (11), D0JXXKHO OBITH NIOCTPOEHO AJA L, C TPETh-
HM Ha4daJbHBIM MOMEHTOM B IIpaBOM YacTH M TakK gajee. B obmem ciy-
yae nMeeM

OML,/0t = 0|, , /02 + [ K, (dy,/02)])/9z — AU)[ YoM, +
+(1 '"Yo)l-ln+1/Wn]: (13)

rae |, =IC<pV"dV, C TpaHMYHHIMH yciaoBmamm v M,(0, )= K, X
0

X on. ., (0, t)/0z

Bo3ankaer cuTryauusa, nogobHasa npobseMe 3aMBIKAHNA B TEOPHH
TYpPOYJIIeHTHOCTH, B YUCJIO YPaBHEHNH (MOMBIMO ypaBHeHHA (9)) A0JKHO
ORITH PABHO YHCJY 3a7aBaeMbIX He3aBHCHMO MOMeHTOB (2, 0; V). Han-
Oosnee npocToe HmpeAloJIOMKEeHHe, YTO 3TO OAHOIapaMeTpH4YecKoe pac-
npefejenne, AJA KOTOPOro 3ajaH mapametp p = ¢-/W* = const. He-

z2=0"

TPYAHO IIOKA3ATH, YTO B 3TOM cay4ae (V) ectb pacnpeaesieEne Ilupcona
3-ro poza H ypaBHEHHe JJi BEpTHKAJbHOr0 HMIyJjabca N0oA00HO ypaBHe-
HUIO IJIA KOHLIEHTPanuu;

ol /ot = (p + 1)d(Wy,)/0z + 0K (9|, /02)/0z — A(D)[Yelt, — |
—(1—-7)(@+ 1)Wu,/W,l. (14)

YpaBHeHHEA (9) 1 (14) 06pa3yioT HOJMHYIO CHCTEMY JIJIA PEIIEHUA 3a-
nadyy, KaK OPaBHJIO, JAIOIYVI0 AOCTATOYWHO TOYHOE IJIA NPAKTHKH IIPH-
6an)KeHHe ¥ PN APYrHX YHAMOAAJLHLIX pacupelieIeHNAX.

Ecan ucxoguoe pacnpepesnenne (V) mMeeT CIO0XKHYIO PopMy, HAa-

OIpUMEp MYyJAbTHMOAaNbHO, TO (V) MOXeT paccMaTpHBaThCA KaK pac-
IpeAeJieHHe CMeCH, U 3a/ia4a pas3jiaraeTca Ha OTAeNbHblie MOHOMOAAJIb-
Hble cyf3amaun, 94MCJI0 KOTOPhIX PABHO YHCJIY MAKCHUMYMOB.

IlpuMeHeHRHe MOJENH

Hanbosee cyiecTBeHHHRIM BONIPOCOM INPH MCIIOJB30BAHMH paccMarT-
PHBAEMOI MOJENH ABJAETCA BONPOC BRIOOpa cTapiiero MOMEHTA pac-
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npelesieHUA, U3MEHEHNA KOTOpOoro Heo6X0AMMO PACCUYUTHLIBATH, YUTOOKI
IIOIPEHIHOCTDL PacyeTa ocTaBaJjiach npeHedbpexumo manoit. [louAaTHO, YTO
MOZeNb leJiecooOpa3Ho MCIIOJIb30BaTh, €CJIM HOMED CTapiilero MOMeEHTAa

n <3, HHaue pacueThl HEONPABAAHHO YCJIOXHSAIOTCA.

Obuiasn omeHKa BOSHHKAIOUIKX METOAHUECKHX OLIHOOK 31ech BpPAXL
JIA BO3MOXXHA. OXHAKO TOYHOCTb METOJA MOXKHO OLIEHHTb Ha XapakKTep-
HuIX npuMepax. IlycTsr HauasbHOE paclipefesieHHe 4acTHIL 10 CKOPOCTH
ceAHUMEHTAIIMH IpeAloJiaraeTcad HeCMeIlleHHBIM JIOTHOPMAJILHBIM C

acuMMeTpnen =4 npH BBHIINIEYKA3aHHBIX IapaMeTpax MCTOYHHMKA U aT-
Mocdephrl. PaccMOTpuUM aBe CHTYQUMH: IPH OTCYTCTBHH OCAAKOB H IIPH
BhIITAJ€HHUHU HOXKIAA B TeueHHe 6 4 ¢ MHTEHCUBHOCTBIO 2 MM /4,

PacuyeT MoxeT OBITHL OCYIIIECTBJIEH IBYMA CIocobaMy: ¢ 3aMBIKAHU-
eM 8mopozo nopsadka, T.e. no ypaBHeHunsaMm (9) m (14) ¢ napamer-
poM ¢GOopMEI p = 1, B C 3aMBIKAHUEM mpembvezo nopadka Ha OCHOBe

CBOMCTBA JIOTHOPMAaJBHOrO pacupefenenns Py = pd /C%ué. Kpome roro,

IJIs1 CPAaBHEHMA OLIIN IIPOBeAEeHBI pACUYETHI IO ABYM ,,/pyOBIM”’, HO 4ACTO
HCIIOJIb3YEMEIM Ha NPAKTHKE cXeMaM, B KOTOphiX nedopmanusa ¢(V) B
npoiecce ceJNMeHTallH COBCEM He IPMHHUMAaeTCA BO BHHMaHue. B nep-
BOM M3 HHX CKOPOCTb CeJHMEHTAIlMH IIPeANOoJIaraeTcsa IOCTOAHHOH (ee
Ha30BeM CXeMOM nepeozo nopadka), BO BTOPOHM CeAMMEHTauuA BooOIe
He paccMaTpHBaeTcA KaK o0BeMHEIN npoilecc (T. €. B ypaBHEeHHH (D)
npuanmMaetrca V = 0), HO CKOpPOCTh MOBEPXHOCTHOI'O CYXOT0 OCAXKIACHUA
NMPUHAMAETCA paBHOM U, + V (cxema ny.sesozo nopadka). B xkadgecrtse
HHTErpalbHON XAPaKTEePHCTHKH IIpolecca (BIXOAHON BEJIMYMHEI) B3ATA
Macca yacTul, B arMmocdepe Q(t). dna pacueroB mcrnosab3oBaJsachk 90-
cJIOMHas Mogesb ¢ BhicOTOM cjosa 50 M. Pe3dyasTaThl pacueToB Npel-
CTaBJIEHHI Ha puc. 9 ¥ 6. OHNM NOKAa3LIBAIOT, YTO BBeAeHHE 3aMbIKaHUA
TPpeThero NopAJKa He BJIHNAET CYIIEeCTBEHHO Ha Pe3yJbTAThI pacdera, M
TAKUM 00pa3oM TOYHOCTB CXeMbI, OCHOBAHHOM Ha CHCTeMe YPaBHEHHH
(9) nu (14), npakTHUecKMN AocrarouHa. BmecTe ¢ TeM, HMCNOJL30BaHHE
»'PYORIX” ¢XeM ¢ 3aMEIKQHHEM HYJIeBOI'0 MJIM IIepBOTO NOPAAKA BeJeT K
3HAYUTEJbHBIM I'pyOLIM OINMOKAM B pacuerax, W IIO3TOMY HCII0JIB30BAa-
HHe TAKHUX CXEeM HeJIb3A CUUTATH ONNPaBAaHHLIM.

IIpuMeph! pacuyeTHBIX BePTHKAJbHBIX NPOPHIEH KOHLEHTPALUHI II0-
Ka3aHbl HA pPHUC. (. 3AeCh OLIJIHM NPHHATHI CJAEAYIOLINEe HCXOAHbLIE aH-
Hble: MI'HOBEHHBIA TOYEYHLIM MCTOYHMK HaXOoJAHMTCA Ha BhIcoTe 790 M
HJIM HA NOACTHJIAIONeM IIOBEPXHOCTH, HAYAJBbHBIN CpeIHUH a’3poiHuHAa-
MUYECKUI AuaMeTp 4acTHUI, — 10 MKM, IIJIOTHOCTb 4aCTHI — 2 r/cm’,
p=1, v, = 0,3 mm/c, Mmakcumym K,= 8 M°/c pacroyo’keH Ha BRICOTE
O0K0J10 900 M, BBICOTA MOrPAHHUUYHOIO C¢JOosA — OKoJio 1,5 kM. 14 pacye-
TOB HMCHnoONb30OBaJsach Ta e 50-cjoifHas MojeJis C BBICOTOM cjoa 50 M.
Ha puc. 7 xopouo BugHOo o6paszoBaHue 6MMOAAILHOrO NPoduas KOH-
HeHTpauu npH Jb60H BbIcOTe HCTOYHMKA. HMXHUM MakcuMyM obOpa-
3yeTca Oyarozapsi rpaBUTaAIlMOHHOMY OCEIAaHHMIO, 8 BEPXHUUN — BCJEACT-
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Puc. 5. 3aBBcuMocTE MacCH 9acTHR Q B BO3AyXe OT BpeMeHH ¢ MOMeHTa Bufpoca npH

OTCYTCTBHH OCAAKOB.
@ — ECTOYHEK HA BhicoTe 750 M, 6 — Dpmoemunk mcrounmx; / — nepasuik, 2 — sropoit, 3 — Tperxik,
4 — nyaenol nOpAZOK JAMBRAHES.
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Puc. 6. 3apucuMocTH MacCh! YacTHN Q B BO3AyXe OT BpEMEHH ¢ MOMeHTa BubGpoca MpH OCaj-
KA&X MPOACIXKHTENABbHOCTHIO 6 4 H HHTEHCHBHROCTLIO 1 MM/4, HCTOYHHK Ha BhIcoTe 750 M.

1 — nepsniit, 2 — sTOpO#l, 3 — TPeTER DOPAAOK JAMBKANEAA.

BHEe 3alIAparInx CBOYICTB I'PAHHAIIAI IIO'DAHNYHOTO CJIOA, CBA3AHHUIX CO

cnagoM K,. Ilogob6nbie npodHan KOHHOEeHTpalN# yacTnl 3adpHKCHPOBA-
HEI IIPDH CAMOJICTHRIX H3MepeRnAX (Pacyna u Ottar, 1988).

Pacuer npodniel KOHIeHTPAIKMH II03BOJIAeT NpoBecTH 0oJiee TOH-
KYIO IpoBepKy Mozenn. [lna npocrenmero cayuasa K, = const. 1 Toueu-

HOI'0 MCTOYHHKA NPOPHIN KOHRIEHTPAIN MOryT OLITH MOJIYVUEHEl IOJY-
aHanuTHdecKuM nyreM. B pabore (Mornsn, 1962) 6r1J10 nonyuyeHO aHa-

JINTHYECKOE pellleHNe ypaBHeHNud (5) npH rpaHHYHBIX ycnoBUAX (6) ansa
MOHOAMCIEPCHBIX YacTHI] ¢ PMKCHPOBAHHON CKOPOCTLIO CeIHMEHTAIINN
cy(2, t; V) 1 K, = const. Ilpx n3BeCTHOM HavYaJILHOM pacnpeneJeHHH
YacTHIL, N0 CKOopocTH ceamMeHTauuu ¢0, 0; V) = (V) aro pemenne
MOXXeT HCHOJbL3OBATHLCHA AJA pacdyeTa NPOPHAA KOHIEHTpalu¥ IOJIH-
AACNEePCHBIX YACTHIL:

o0

C(z, t) = _[ e\ (2, t, V)Q(V)AV. (15)

Ha prc. 8 nokasaHel BepTHKaJbHBIE NPOOMIN KOHIOEHTPAIIAN, pac-
CYHTAHHBIE NJA IBYX MOMEHTOB BpeMeHH 10 ¢opMmyJe (15) u ¢ npumMe-

HEeHHeM pPacCCMOTPeHHOH Moaean npH K, = const., yNIOMAHYTOM BhIIlIe
JJOrHOPMAJIbHOM pacHpefieIeHUHN YacTHI, p = 1 H 3aMBIKAHAH BTOPOTO
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nopaaxKa. MoXXHO BHAETH, UYTO PA3IHYHA MEXKAY NOJAYYEeHHLIMH npodH-
JIAMH BeChMA He3HAIATEAbLHEI.
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TPAHCOOPMAIIUSA NNOJA 3ATPASHEHHSA [1IOYBBI
HCKYCCTBEHHBIMH PATHOHYKJIHIAMH

E. B. Keacrnuxosa

P®, 107258, Mocksa, I'nebosckad vi., 20B, HHcTATYT rIo0asbHOIO KJIHMATA B KO-
aoruu Pocraapomera u PAH, kv.stuk@relcom.ru

Pedepar. PaccmaTpuBalOTCA pPe3yJbTaThl 3KCHEPUMEHTAJbHEIX pa-
00T 110 H3YYEeHHIO U3MEHEHNA IIOJIS PAAHOAKTHBHOrO 3arpsa3HEHNA Me-
CTHOCTH B JABYX KOHTPACTHBIX II0 NPHUPOAHBIM YCJOBHAAM DPEruoOHAX B
30H€ YepPHOORILCKMNX BHINaAeHUR: B IlnaBckoM m BpsaHCKOM 11e3MeBHIX
narHax. llpm pazmannoHBEOM MOHHTOPMHIEe IIpPHMEHeHBI reorpadpmnye-
CKHEe METOABI: IeOMOPG}OJIOrHH, reOXMMHH JaHAIabTa M KPYIIHOMAC-
IITaAaOHOr0 3KO0JIOTHYECKOro KaprorpadpmposaHusa. ['eorpadbmnuecKkme Me-
TOABI IO3BOJIUANA O0BHACHMTH HEKOTODHIE HaMedaloluecss TEHACHIHM B
H3MEHEHHH CTPYKTYPH II0JIA 3arpsA3HEHNs M IIOKa3aTh, YTO COBPEMEH-
Hble dK30T€HHbIE M reOXMMHAYECKHe NPOoNecCcH B YCJOBHAX PABHMHHBIX
TePPHATOPHI ¢ YMEPEHHBIM KJAMATOM Heé MOT'YT IPHBECTH 3a BpeMeHHOM
nepuoa 10—195 ser K 3SHAYMMBIM H3MEHEHHAM HOJI PAAHMOAKTHBHOIO
3arpsA3HeHNA MECTHOCTH pagmonesneM. B To ke BpeMAa nokasaHO, UTO
I10JIe MOITHOCTH H03bl raMMa-majiydeHns 1ne3mna-137 gepes 10—15 yer
IIOCJIe aBaAPMM MOXKET 3HAUUTEJbHO 3aBHUCETh OT JaHAMmMAaGTHHEIX YCIO-
BUM. MccienoBanna BaprabejbHOCTH 3HAYEHHW IIJIOTHOCTH 3arpsasHe-
HHSA MECTHOCTH Ie3ueM-137 nokasanm, 4TO TeHAEHINH TpaHchopManuu
oJiss 3arpsisHeHua gyepe3 10—15. jer MOXXHO YJIOBHTH IO OTHOCHTEJb-
HOMY VBEJIHUEHHIO NN YMEHBIIEeHNIO TAKOr'0 CTATHCTHUYECKOIr0 NOKAa3a-

TeNA, KaK KO3QdHOeHT BapHaAIIHUN.

KmoueBnie cioBa. VcKycCTBeHHBIe PaAMOHYKJHARI, Ie3uun-137,
MUTIpanyua paguoHYKJIAAOB, PAXMOAKTHBHOE 3arpsa3HeHue.

TRANSFORMATION OF THE FIELD OF SOIL
CONTAMINATION WITH ARTIFICIAL RADIONUCLIDES

E. V. Kvasnikova

Institute of Global Climate and Ecology of Rosgidromet and RAS, 20B, Gle-
bovskaya str., 107258 Moscow, Russia, kv.stuk@relcom.ru

Abstract. The results on the changes of the radioactive contamina-

tion field in two regions (Plavsk and Bryansk Caesium spots) with the
different nature conditions and contaminated by the Chernobyl deposi-
tion, are discussed. With the radiation monitoring the geographical
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methods were used; there are methods of geomorphology, of landscape
geochemistry and of the large-scale ecological mapping. Geographical
methods give a possibility to explain some trends in the change of the
contamination field, and to show, that the modern weathering and
geochemical processes during the period of 10—15 years on the plains
with the temperate climate cannot be the reason for the considerable
changes of spatial Caesium redistribution. At the same time, it 1s
shown, that the field of dose-rate of Caesium-137 gamma-irradiation
can be influenced by the landscape factors. The study of the values of
Caesium-137 soil contamination wvariability shows, that the 10—
15 years trends in the transformation of the contamination field can
be defined by the relative increasing or decreasing of the statistic in-
dex as a coefficient of variation.

Keywords. Artificial radionuclides, Caesium-137, radionuclide mi-
gration, radioactive contamination.

BBegenue

HacTosinjee nccenoBaHe NOCBAIIIEHO PEIIEHHNIO paAZia 3aAad B paM-
Kax PyHIAMEHTANIBHON HaYYHOM NpobjieMbl reOXHMHM HMCKYCCTBEHHRBIX
PagHOHYKJANAOB B JaHAmadTHON chepe. OTH 3a1aUN CBA3AHEI C OLIEH-
KOM BJIHAHHUA JaHAIIAPTHHIX MAKTOPOB Ha MHTpPAIMIO PAAUOHYKJINAOB,
KOTOpas B CBOIO OUYepeab IIPHBOAMT K NM3MEHEHHIO NOJS paJUOaKTHBHO-
Iro 3arpA3HeHN 4.

B HacTrosniee BpeMA paAHOAKTHBHOE 3arps3HeHye NOYB B CEBEPHOM
NoJIVIIapuy onpelgensieTca II0O&JLHBIMH BhINAJAEHUAMH PAZHOHYKJIHU-
IOB MocJe AAEePHBIX UCOBITAHNN B aTMocthepe, NPOBOAXMEIX B OCHOBHOM
B 50—60 rogax XX B., a TaKXe BRINAZEHHAMM NIOCJEe aBapuu Ha Yep-
HOOBLIBCKOM AJC (ATsiac paAHOAKTHNBHOIO 3arpsi3dHeny..., 1998).

PanoHYKJINAKEIN COCTAB HA eBponeMcKoM uyactu Poccuu B 30He
BOCTOYHOI'O 4YepHOOBLILCKOro cjeaa Ha pacctoAaHuM bOonee 100 kM ot
MeCTa aBaPpHH MOXKeT OBITh 0XapaKTEepPH30BaH CJAeAYIOINM 00pa3oM (1o
cocToAHHMIO HAa KoHel 90-x rogoB) (WBacHukoBa u ap., 2000):

13?CS . 134CS . QGSr . 233Pu . 239, 240Pu . 241Am —_

=1:0,018:0,047 : 0,00025 : 0,00073 : 0,00021.

M3 npuBeeHHOro COOTHOLIEHNSI BUAHO, UTO B PAXMOHYKJIHAHOM CO-
cTaBe 3arpsAsHeHua npeobaanaer *'Cs.

BcieacTBHe pasBHTHA AWHAMMUYHBIX 3K30TMeHHHIX IPONECCOB IIPO-
CTpPaHCTBEHHAd KapTHHa 3arpA3HeHHd, cJoKuBmasca B 1986 r., mpe-
TepneBaeT naMeHeHnsi. OHu 06yCJOBJIEHHl NpeJe BCEro TeM, 4To °'Cs
IPOYHO CcOpOMpYeTCA IIOYBEHHLIMH 4YaCTHIAMH, IIPEeMMYIIEeCTBEHHO
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HANCTOM PpaKLUM, N HnepeMeIaeTca COBMeCTHO ¢ HuMu. Takmum obpa-
30M, IPOILIECCHI IPO3NH NOYB B NIpeJeiaX PABHUH MOTYT CTATH IIPHYNHOHA
U3MEHEHHNA TOJA 3arpsi3HeHUs, 8 MeCTa AKKYMVYJIALHNHU Iepepacrpene-
nenHoro *'Cs Moryr naeHTUIHIMPOBATHCA OO NMOJOXKEHHIO reoX uMHuUe-
CKNX OaprepoB (MexaHMUYeCKHX, COPOIMOHHEIX H AP.) H& MECTHOCTH.
Bcaeacreue mepepacnpefieleHHMA 1e3UA BMECTe ¢ NOYBEHHBIMM YACTH-
IlaMH Ha reoxXxmMuuyecKuX OGaprepax MoOXKeT O0XXHAATLCA HGOPDMHPOBaHHE
HOBBIX JIOKAJBHBIX INATEH ¢ YBEJNUYEHHEM aKTHBHOCTH IE3HUs, He KOM-
NeHCHpyeMon pacnaiaoM. Ilasa uaydyeHusa rpaHchopMalluM IePBHYHOTIO
10J1A 3arpA3HeHUA HaAMH IIPMMEHSAIOTCA METOAhl MCCJeNOBAHMM Iepe-
MEeHIeHNH NOoYBEeHHOM MACCHhl M HN3YyYeHHUSA KOHTPACTHOCTH reoxXHMHYe-
CKHX VCJIOBHM MHTpPAIlMH XHUMHYECKHX 3JJEeMEHTOB B CONDPAXXEHHRIX
aJapamadTax MaJgblx BOAOCOOPOB.

HcceaenoBaHHA H3MEeHUYHBOCTH (BapHabeJbHOCTH) NMOJA 3arpA3HEHH A

1A Toro 4Tobh! NOHATH, HACKOJBKO H3MEHHUJIOCH II0JIe 3arpA3HeHN
3a 15 ser nocye aBapuu Ha YepHoOmabckon AJC B pesyiasTare BJIHA-
HUA NPpHUPOAHBIX (PaKTOpOB, HNpeacTaBadgeTcaA Haumbojsee HIPOCTHIM AJNA
BOCIIPHATHUA CIIOCOO COIOCTABJIEHNS PABHOTOUHBIX M3MEpeHHNH, CleJsaH-
HBIX B Mae—HIOHe 1986 r. (7. e. cpa3y mocJe BhITaeHNH) U B HACTOA-
111ee BpeMA. B caydae pacxoxaeHUA 3HaUeHNH, 3aMeTHO IIPeBhINIAOII[e-
I'0 IOTPEIIHOCTL U3MEPEeHNH, MOXXHO HONBITATHCA HAHTH CBA3L H3MEHE-
HUA YPOBHEH 3arpA3HeHHsA C PAIOM H3MepsAeMbIX IapaMeTpPOB IOYBEH-
HOM 3PO3MHM M NOYBEHHOM XHMHH, ABJAIOINIMXCA MHANKATOPAMH TOTO
HJIM HHOTO NPUPOAHOro npouecca. OAHaAKO TaAaKOH HOAXOX Ha INIPaAKTHKe
OKazajica MaJIoNnpurogeH, n60 HeBO3IMOXKHO 0oTOOpaTh Npody MOUBLI NO-
BTOPHO B TOM MecCTe, I'le OHa yXKe Omlja orodpaHa. ITO MOXKHO CHeJIaThb
TOJBKO PAJOM, YTO SABHTCA HAPYUIEHMEM YHCTOTHI 3KCIEepPHMEeHTa, II0-
CKOJIBKY COOCTBEHHO NePBHNYHAA BapHabeJIbHOCTD I€3MEeBhIX BHINAJEeHHNH
3 a3p030JIbHOM CTPYH 3arpA3HEHHOTO Bo3ayxa Oblja JO0CTATOYHO BHICO-
KoM (cM., Hanpumep, Uapaaas u ap., 1990). Kpome Toro, cneunajbHbIe
JagamadTHeIE IJIOCIIAAKH OJA JOJIOBPEMEHHBIX HCCJAEJOBAHUH MUIpa-
IHH PAZHOHYKJHIOB B 1986 r. O6BIIM 3a/102K€eHBEI B OCHOBHOM B 30-KM
sone YAIC n Ha TeppuTOpMH YKpauHH U Bejopyccumn, a B Poccnu Ta-
KHe NOJUIOHEI OBIJIM 3aJI0’KEeHBI CYIIeCTBEHHO IIO3Hee, KOorja NpHUpPOA-
Hble IIPOIECCH] YK€ YCIIeJH BHECTH CBOM KOPPEKTHBHI B CTPYKTYPY NOJA
lIepBUYHBIX BhinageHuu. Tak, Hanpumep, IlnaBcKoe 1e3neBoe NATHO B
Tynwckoit o06sactu, Haubosiee MHTEPECHOE C TOYUKH 3PEHHUA BINAHUA
IIOUBEHHOH JPO3MHM Ha IepepacnpenejJeHrne pPagUOHYKJIHUAOB, ORLJIO
3aduKcHpOoBaHO cpa3y nocye aBapun (AbGarsn u ap., 1986), Ho
noaApoOHO HcceyaenoBaHO TOJAbKO B 1989 r. (JlaHHBIE N0 PAAMOAKTHBHOMY
3arpsa3HeHn0..., 1989). IlleameBrnie mnaATHa DbpsaHcko-beaopycckoro
nojiecha OBLJIM HOAPOOHO HcCCJeZOBaHbBI paHbIle, K cepennHe 1987 r.
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(U3paaas u ap., 1990), HO aHANAN3 PeTPOCHEKTHBHON HMHMOPMAIMHK II0-
Kas3aJ, 4TO HCCJIeA0BAaHUSA NPEUMYIEeCTBeHHO IIPOBOANJINCH BAOJL Map-
IIPYTOB, NPUBA3AHHLEIX K aBTOAOPOraM, a He K JaHAIIA(PTHOU CTPYKTY-
pPe TEpPPHUTOPHHN.

B ¢BfA3M ¢ 3THM HaMH OBLJIO NIPHHATO pellleHHe HOAPOOHO HCCIIemo-
BATHb HECKOJIBKO IIPHUBOAOPA3LEJbHBIX IIJOCKUX IIOBEPXHOCTEH, KOTOPHIE
MOT'YT OBITHL omnmpejesieHbl K&K aBTOMOPODHBIN TreOXMMHUYECKHMH JaHJ-
madTr, rre npeobiazalOniEM THIIOM MHTPAIUMH 3JIEMEHTOB B MOYBE SAB-
JS1eTCA BEepTHKAaJbHBIA, 8 HE NOPH30OHTAJNbHBEIN nepeHoc. IIpm arom or-
60p npo6 npou3BOAHUTCA Ha INIYONMHY He MeHee 30 cM, rie onpeneasercs
IPpaKTHUECKH IIOJHBIK 3amnac ueamda-137, KxoTopell cpal3y nocJe BbIIa-
AeHuHN B Mae—uIoHe 1986 r. comeprkaiicsa Ha NOBEepPXHOCTH IIOYBHI H pac-
TeHHUH.

B oznoM m3 HamboJsee paiualnMOHHO-3arpA3HEHHLIX panoHoB Poc-
cux — IlnaBckoM mesmeBoM nATHe (550 KM or HAIC) — B 1995 r. On1a
o0cyiefOBaH yuacToOK Mexaypeubsa pek JIokHH 1 [Inxasei. EcTecTBeHHEBIN
JaHgma@dT Ha MeXXIypeube B HCCHEeAYEeMOM perHoHe HAWTH HOpaxTade-
CKY HEeBO3MOXXHO H3-3a IIOBCEMECTHOM pAacCHalIKH, IIO3TOMY YYaCTOK
IIPUYPOUYEH K IIIeHNYHOMY IIOJIIO ¢ pacrnamkon na rayounny 20—25 cm.

Cpa3y orosopmM, 4TO HMCCJIE€ZOBAHHA IPOBOJAHJIHCHL B paifoHaAX C Ta-
KEME 30HAJBHBIMHA KJIMMATHYECKMMH ¥ TI'HIPOMETEeOPOJIOrNYeCKHMMHU
VCJIOBUAMH, I'le 9PO3HUA M CMBIB IIOYBHI OKXHO3HAYHO npeodsazaloT Han
APYrEMH (aKkTopaMy IIepeHoca IOYBEHHOM MAacchl, B TOM YHCJI€ HAN
BEeTPOBLIM HepenocoM. inda Toro 4robsl MUHHIMHA3HPOBATE VUET BETPOBO-
I'0 BO3JAEHCTBHA HA BO3MOXKHVYIO T'OPH30HTAJBHYIO MUTDAIIMIO PaJaHoO-
HYKJIHUAOB, NpHBeaeM AaHHBIE, moJyueHHEIe B 30-KM 30He HAIC mo pe-
3yJbTATAM HCCIeRoBaBUK Ha penepHon cetnm (CrykmH m zap., 2000).
B 1988 1 1989 rr. gBaxasl B o Ha ceTH OBIIN BHIIIOJHEHBI 3KCIEPH-
MEHThI IO OTOOPY M aHaJsu3y npod mMoYBbI M BhINAJEHHHN HA IJAHIIETHI.
N3 comocraBieHNA AaHHBIX AHAJM30B IIPO0 NOYBBI M BHINAAECHHH HA
IJAHINETHl CJHeAyeT, 4YTO AJA TOro 4ToOLl HenpepbiBHBIE BhINALEHUA
“ICs nmpuBesm K 3arpsas3HeHHI0, CPABHHMOMY C y)Ke HMMEIOH[MMCH 3a-
IpA3HEHHEM IIOUBLI B TOM Ke MecTe, norpebyercs 10°—10* mecanen 6e3
CHEXXHOI'0 IIOKPOBa M NOXKIAA. ITH OIlEHKH MOXXHO PaCCMATPUBATh KaK
APTYMEHT B II0JIb3Y TOr0, 4TO 'OPHM30OHTAJIBHAA MHUI'PAIlUA IOJIA 3arpsas-
HEHHNA 3a CUeT NbhlJIeIepeHoca MaJja, U MOXKeT OBITh KOJIM4eCTBEHHO
oueHeHa 3HaueHueMm 0,2—0,5 % B MecaL.

BozopasgesbHEIA yuacTOK OBIN BHIOpaH Kak HauboJjiee IJIOCKaA
BEpPIINHHEAA 4aCTh MEXAYpPedbsaA C MHHKMAJIBHBIM BJIHAHHEM IIPOLIECCOB
CMbIBA Ha IepepacnpejejeEe NOYBEHHON MAaccChl. EcJAM He yYHTHIBATDH
BO3MOXKHBLIN BBIHOC 3arpA3HEHHOHN IIOYBLI 34 IpeleJikl paccMaTpHBaeMOH
IIJIOI8AKHA BMECTEe C KOJIeCAMH CeJbCKOXO03AUCTBEHHOH TEXHUKU M B pe-
3yJbpTaTe Onmorypbanunu (mepeMenIiuBaHHA M IIepeHOoca NOYBBI BCJIEACTBHE
"KU3HEAEATESPHOCTH IIOYBEHHOM (PpayHBI), TO B XAHHOM CJy4Yae MOXKHO
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CUHATAaTh BEePTUKAJIbHOE 3arjyylJieHHe M IlepeMelIMBaHHKe He3usa-137 npm
pacnamke B 20—25-cM cj0e IIOYBLI OCHOBHBIM MHT'PAIlMOHHAIM IIPOIEC-
COM, BO3Z€MCTBOBABIIMM Ha IOBeAeHME ITOr0 PAAHOHYKJIHAA B IIPO-
IeAInye rogkl IIOCJEe ero BhinaleHnsa. TakmM oOpa3oM, H3MEeHYHUBOCTD
COBPEMEHHOI'O I10JIA 3arpA3HEeHUA MOXXHO OLEHHTHL OJHM3KOM K nepBOHA-
JaJIbHOM, OTHOCAIIeHCcA K Hauanay mas 1986 r.

BrLi10 oT06pano 28 npo6 no cnrpaJiLHO UAVIIEMY MAapIpyTy. Takum
o6pasoM, cobJsiofasiack HeKas CJIYIaNHOCTL B paclnpelleIeHHH TOYeK
npo6oorbopa, IpyM 3TOM pa3MellleEHHMe MX OhIJIO BeChbMA IJIOTHRIM: pac-

CTOAHYE MeXXIY HUMH OBLIO Bcero 71—12 M.
Tabaruya 1
HA3MeHYNBOCTD 3arpA3HeHHA MEeCTHOCTH umeiuem-137
HA OJ{HOM M3 BOXOPA3AEJAOB, 00caenoBaHHBIX B OKTAOpe 1995 r.
B npepesgax Ilazasckoro neameBoro NATHA

Iloxasarenn sBapuanyu SHAYEHUSA NIOKa3aTeJeld Bapnaoun
Yucsao Todex 28
X, kKBx/M? 828
X .. kBx/M° 380
X, kBx/M? 562
o KBx/M° 91
CV!' % 16,3

! 3nech 1 ganee koadpduuMeHT Bapnanyuu paccuuthiBasica kak CV = o6/X,, 100 %.

IlonyuenHsin pa3bpoc sanadeHnu (Tabis. 1) npon3BOLUT BIIeYATIEHUE
napajoxca, IMOCKOJBKY OH IpeBhHIIIaeT 3adUKCHPOBAHHOE HAMH H3Me-
HeHHEe YPOBHEHM NJOTHOCTH 3arpA3HEHHMS ME)KAYy BepXHeN M HHIKHeH
TIICOMETPHYECKMMH TOUKAMH BJOJIb JIMHAHW HHTEHCHUBHOI'O CMAIBA I10Y-
BhI, XapaKTepu3yeMoro 3gaueHnaMu oxkoyao 10 r/ra B roz.

ComnocrasjienHe H3MEHUYHBOCTH 3arpA3HeHHMA B Jiecy
H HA MallHe B IMpeJesax ILIOCKOro BOAOpa3aeJia

B cenTabpe 1997 r. samu 68151 06CIeAOBAH NJOCKHK BOAOPAa3geN B
TOHi KXe MecTHOCTH. IIOMHMO NDAIIHH OH YACTHYHO 34HAT JIECONOJIOCOH,
OTKY/Ja BBIHOC Ile3uA-137 1 nepepacnpesejeHne Iocjae ero BHNagesusa B
1986 r. BpsAx ¥ OPOHCXOIWNJIN: BRIIAC TAM OTCYTCTBYET, TeXHHKA TyAa
IpoexXaTh He B COCTOSAHMH. Brijo orobpano no 19 npo6 Ha namiae u B
JiecormoJioce.

Kax m ciemoBajio O0XHMIaTh, CpedHss apHdPMeTHUeCKasd BeJINYHHA
IJIOTHOCTH 3arpsA3HeHHs MEeCTHOCTH mnesmeM-137 B Jeconojioce oxasa-
JIach HeCKOJIbKO BHIIIE, YeM Ha IalllHe, OAHAKO M pa3bpoc 3HaUeHHH TaM
okasayica Ooapme. HeCOMHEeHHO, MeXaHN4YeCKoe BO3IeHCTBHEe Ha IO4YBY
IPUBOZHUT K HEKOTOPOM rOMOreHM3anuy M pasy0O’KMBaHHUIO 3arps3He-
HHSA, KOTOpoe, OJAHAKO, IIPOABHNJIOCH BechbMa csaabo yepes 11,5 seTr mocae
BeInazeHnd (Tabi. 2).
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Tabauya 2

H3MeHRYHBOCTL 3arpA3HEeHHA MECTHOCTH ue3nem-137
HA OOHOM M3 BOXODPA3AEJO0B, 06caexoBaHHBIX B ceRTAOpe 1997 r.
B npeaeaax IlnaBsckoro ne3menoro NATHa

T——— —

YucJo Touex 19 19
X o KBK/M? 507 503
X__ kBr/M® 324 285
X p. op KBK/M? 368 392
o kKBx/M? 56 65
CV % 15,3 16,5

IlpnBegeHHbBIe HAMY AAHHBEIC ABYX 3KCIEePHMEHTOB BaXHBI AJA IIO-
HHMaHHUA TOro, HACKOJIBKO PEaJIbHO OTPpaKaeT CHTYAIHIO KasXJA0e OT-
JenpHOe m3MepeHne (Ham nmpoba HOYBH ¢ IIOCJIEAVIOINM H3MEepeHHEeM).
Hexass OAMHOYHBIE H3MEPEHUH HA MECTHOCTH HJIM IIPOBOAS OAMHOUHEIN
npo6ooTbop, cirexyeT NOMHHTEL O TOM, UTO PE3YJAbTAT AaJIeKO He Bceraa
Oyaer oTpakaTh cpefHee 3HAUEHHE HJIW MOJAY IIJIOTHOCTH 3aTrPA3SHEHUA
oA obcirenyeMod mJjomazm (Zaxke B TOM cCJydae, €CAH CHCIMHAJNHCT
CAMBIM TIONATEJABHEIM 00pa3oM BhIOpas penpe3eHTATHBHYIO B JIaHJA-
naTHOM OTHOLIEHMH IJICINAZKY), B HIPOABIAATHCH 9TO 00CTOATEIABCTBO
MOKeT He TOJbKO II0 IPUUYHNHE ONpeZesIeHHEIX anHapaTypHLEIX HecoBep-
IIeHCTB, HO B 3HAYHTEJHHON Mepe 110 IpHYNHE NePBHYHON H3MEeHYHBO-

CTH HOJIA 3arpA3HEeHHA.

Ha puc. 1 nokasaH pe3yJasTaT KpynHoMacmTabHOro kaprorpadupo-
BaHNA NOJIA 3arPA3SHEHNA BOAOPA3AEABHOI'O Y4aCTKa MEXAypedbs, IPDH
9TOM 3aMeTHA CAYIaMHOCTh X048 H30JIHHNH, A3rnbbl KOTOPEIX HE MOT'YT
6b1TH 00'bACHEHBI HIKAKIMH IIPOIIECCAMM, IIPOTEKAIOIINMH B Jarnmad-

Puc. 1. KaprocxeMa UOJOTHOCTH 3a-

rpasHeHns MecTHocTH %7Cs Boxopas-

ZenabHOH noBepxHocTH B OaccelHe

p. Jlokra (Tynsckas ob6J., Ilnasckmiz
paiion, 1996 r.).

TouxkaMua o0003HaueHH Mecra 0100pa 1uUpPOD
II0YBHl ¢ IHOCAEAVIOIHM IAMMA-CIeKTPOMET-
PAYECKAM AHANHMA30M; IIPOBEIEHBI M3OJIXHUER
IJIOTHOCTH 3arpasHenmsa MecrHoctE '*'Cs,
3HaueHHA n3oamuHu¥ xaHn B KBK/M® (3gpech u
nanee: 1 kBx/M® = 0,027 Ku/xm®; 1 Ku/kn’=
= 37 kBx/M?), pHCYHOX OpPHMEHTHPOBAH IO
CTOpPOHAM cBeTa, Maciurab: 7 MM — 20 M.

Kommenmapuli: oayxryausn  yposHel
3arpsa3HEHNA HEe CBA3AHH HH ¢ MEKpOpeJb-

epoM MecrHOCTHE (60pO3AN pacCIaAXaHHOIO
110414), HE ¢ OOIEM YKJOHOM INOBEpXHO-
cTE (C ceBepa HA Wr), OPE ITOM MexaHHde-
ckue 6apreprl Ha 006C/IeA0BAHHON TEPPATOPHE

20 0 20 40m OTCYTCTRYIOT.
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T€. ITO F'OBOPHT O TOM, UTO ONpEIeJAIOIIAM CTPYKTYPY IOJA 3arpa3He-
HHA QaKTOpPOM M B HACTOAILEEe BpeMA NPOAOJIKAIOT ABIATHCA 0COOEHHO-
CTH BRINIQJEHHH NIPUMECEH H3 a3PO30JILHOM CTPYH, 4 He 0COO0EeHHOCTH
Jagpamadra.

HUTak, panHbIe, NOJy4YeHHbIe Ha BOAOpA3AeaX, B HEKOTOPOM IIpH-
ONnKeHNnH MOXKHO, OYEBHAHO, CYATATh OTPAXKAIONIMMH IEPBHYHYIO HE-
OLHOPOAHOCTL IIOJIA 3arpsaA3HeHus, cPOpMHPOBABIOIECTOCA B Pe3YJLTATE
BRINAEHUN Ie3unsa-137 B KOHIEe anpensa — Havajye masa 1986 r. Ha 3Ha-
ynTeJbHBIX (0osee 100 KM) pacCTOAHHUAX OT NCTOYHNKA 3arpA3HEHHA
(3Xech MBI He paccCMaTpPHBaEM OCOOEHHOCTH CTPVKTYPHI IOJA 3arpsas3He-
HUA OanxHell aBapHHHON 30HBI, I'/Ie NPOHCXOANJIO BhINaZeHNEe TOIJINB-
HBIX YaCTHII).

B'ropmmaa H3MEHUYMBOCTD 3arpa3HeHHA HA CKRJIOHAX Memnypeqnii,
NOABECPDXKCHHBIX BOMGﬁCTBIﬂO CMbIEBA H IPO3HH

IIna cpaBHeHNA C OleHKaMHK BapnabeabHOCTH Ha INJOCKHX BOAOPAa3-
OEeJbHLIX IIOBEPXHOCTAX NIpHBeAeM B Tabiy. 3 pes3yabTaThl NOZOOHBIX
OLIeHOK, CAeJIaAaHHBIX IO AAHHBIM H3MEpPeHHMH BAOJb JHUHHN MAKCHAMAJIb-
HOT'O CMBIB& BAOJIb IIOJIOIHX JOXKOMHE CTOKA HA CKJIOHAX MEXAYpeudniu.

Tabruya 3

H3MeHITHBOCTDH 32rpA3HEeRMS MECTHOCTH ne3ueM-137 B Joxk6MEAX CMBIBA
Ha CKJIOHAX MexkAypeunda, obciaexoBanHoro B cenrabpe 1997 r.
B npepeaax IlinaBckoro me3meBoro NATHA

Iloxka3aTens BapManuu JIoxOuna 2

Juesao Todex 18 17
X .. KBx/M* 433 426
X . kBx/mM° 345 343
X, ap KBK/ M2 392 374
o KBk /M? 32 28
CV % 8,1 7,4

Ilo cpaBHEHHIO C CHTyallMel Ha Bojaopaszesie Ko3(pdHUIUEHT BapHa-
N7, DONVIYEHHEIM II0 JAaHHKIM BAOJL JOMONH MeXIypeduy, OKa3bIBaeT-
CA HHXe, T. €. BTOPHYHOE 'OPH30HTANbHOE NIepeMelenne nesna-137 sHo-
CHT He OXuJaeMyio 0oJiee CHJIBHYIO HEOOJHOPOAHOCTH IO CPABHEHHIO C
IIePBHYHOM, & HAIPOTHB, CriaakmBaeT ee. OrMernM, UTO B pacnpenelie-
HMHA TO4YeK M3MEPeHMH BAOJBL JOXXOHMH CMBIBA MOXXHO 3aMETHUTh HEKOTO-
phle TeHAeHINH. B nepBOM ciyuae ¢J1a00 KOHIEHTPHPOBAHHOI'O CTOKA
HabGJoqaeTCcA YMeHbIIeHVe 3HAYEHMH IIJIOTHOCTH 3arpA3HeHus B TpaH-
3UTHOH 30He cepeAMHLI CKJIOHA II0 CPABHEHHIO CO 3HAYCHAAMH B BepXHeM
IPHBOAOPa3AeIbHONM YaCTH JIOXKOMHEI M B HIKHEH aKKYMYJATHUBHON dac-
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TH JIOXKOMHEI. BOo BTOpOM cJiydae mpeodaazaioiiero pacCesHHOTO CTOKA
HaOmI0Z8eTcd yBeJIMUEHHE 3HAUEHHMH IJIOTHOCTH 3arpsA3HeHus B IeH-
TPAJbHOM YACTH JIOXKOMHE 110 CDABHEHHIO ¢ IPHABOAOPA3AEIHLHON YACTHIO,
OTKYAAa UAET CMBIB, H C HIKHEM YaCThIO JOXKOMHEI, KyAa CMBIB HE JOHO-
CHT IOUYBEHHYIO MacCy, paccenmBas ee B CepeAMHe CKJIOHA. JTH NMPOHECCH!
XOpOoINo BHMAHK HA IE3HWEBO KapTe CKJOHA Boaoc6opa, r'Ae 1e3ri BRICTY-
IaeT B posix reoMopdosIormuecKoi MeTKH nponecca geduiokmua (puc. 2).

. ' Puc. 2. KaprocxeMa ILIOTHOCTM 3a-
\ ’ \\ rpAsHeHus MecTHocTH *'Cs moJsiororo

Ae(dAIOKIIHOHHOIO CKJIOHA MeXXaype-
ypa B 6acceiine p. Jlokna (Tyanckas

ob6t., [Inasckus pasion, 1996).

Touxamnr ob6o3uaueHm Mecra orbopa npod
NO4YBhI HA PACNAXAHHOM CKJIOHE MeXaype-
YpA ¢ NOCJHEAYVIOLIEM IraMMAa-CIeKTPOMEeT-
PHEYECKHEM AHAJAM3OM; OpOoBeAeHH M30-
JHHHEH IJIOTHOCTH 3ArpfA3HEHHER MECTHOCTH
W1Cs, anaueHHs HIOAHHEE JaHH B KBK/M%,
nyakTupHoff nmumes oboszuauexa Opos-
Ka OasxE, ABNAOIAACA OKHOBPEMEHHO H
rpapune pacnamnikm, PHECYHOK OpHEH-
THPOBAHR IIO0 CTOPOHAM cBera, MacmTtal:

1cm — 50 M.

Koxmenmapuli: daykryanum ypoBHed
3arpA3HeHEA CBA3AHH ¢ O0LIEM YKJIOHOM
IOBEepXHOCTH (C 0ora Ha ceBep): paccesH-
HbiX CTOK NIPH ABH/KEHHH BHH3 NO CKJOHY
HMeeT ABE 30HhI pa3rpy3kH, B KOTOPhIX
IPOHCXOAMT K YBeJHUeHHe ypoBHe# 3a-
IpA3HEHEA (34lLUTPHXOBAHO); B HHIKHEH
YACTH CKJOHA MeXJAypeubA CTOK KOHIEH-
TpHUpyeTCcAa, H pajgoM ¢ OpoBxkolt fankm
GOpPMEPYIOTCA 3O0HBEI NOBHIIUIEHHOI'O 38-
rpA3HEHNA HA KOHYCAX BHHOCA NOYBEHHO-

ro MATEepHAJA.

&5k ¥ %0 140 ¥
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Onenkxa nepepacnpeneienns '“'Cs no pa3iaM4YHbIM 3jIeMeHTaM peibeda
B YCJIOBHMSAX HHTEHCHBHOTO OBPAXKHO-0AJIOUHOTO pACUYJIeHEHHUA
Cpenrepycckol BO3BBRIIMEHHOCTH

PesysabTaThl aHAJIN3a BapHallnM 3HAYEeHMI 3amaca ne3una-137 B reo-
cucremax Gankm Yacosenkos Bepx Gacceiina p. JIokHa ¥ npHJIeraomux
Mexxaypeunu, oocaenoBaHHBIX B 1995—1997 rr. B IInaBCcKOM ne3MeBOM
IIATHE, IpeACTABJEHEI B Tabs. 4 ¥ Ha puc. 3—4 (IPOLOJBHBIN U HOIIe-

pPeYHBIN npodnay 6aIKn).
Tabauua 4

Onenka ypoBHeil 3arpasHenus nous °’Cs pasaHusbIX 3JeMeHTOB BogocOopa
banxkun YacosenxoB Bepx (Tyanckan oﬁnacﬂ., IlnaBCKHH paﬁon, 1997 r.)

T~ 7%

TTHnIme 6aaKy 385 12,3
CKJIOHH 6aKH 21 354 81 22,8
Mesxaypeubs 43 318 49 15,5

Cpennpe 3HaYeHMA 3amaca ne3nsa-137 ana IHHUINa, CKJIOHOB DAJIKH T
OPpUJIeraliinx MeXAYpPedni CBUAETEJHBCTBYIOT 00 ONNCAHHON BHIIIIE
cjabo¥ TeHAEHIMH YVBEJHYEHUS YPOBHEH B IIOHHMXEHHBIX AKKYMYJIA-
TABHHIX (opMax peanneda, xapaxTepHBIX AJA CpegHEepyCCKOM BO3BHI-
IIeHHOCTH B YCJOBHAX HHTEHCHBHOI'O XO03AMCTBEHHOI'O OCBOEHHfA. 3HA-
YeHNA CPEeAHEKBaJAPATHUYECKOr0o OTKJOHEHHs O, NepeKphIBalilue Ba-
pHaIy 3a1Iaca B pacCMATPHBAEMEIX I'eOCHCTEeMaX, CBHAETEJbCTBYIOT O
TOM, 4TO F'OPH30OHTAJILHAA MHI'pannsa ne3and-137, gaxke B caydae Hanbo0-
Jleé CUJIbHBIX 3DO3NOHHBIX IPOILEcCOB B IIpenesax Pycckon paBHMHEIL, He
MOXKeT OBITH HPHYMCJEHA K 3HAYMMBIM IIapaMeTpaM, BJIHAIOIIHAM HA
H3MEHEHVEe BO BpPEMEHH CTPYKTYPHl IIEePBHYHOI'O NOJA 3arpaA3HeHH.
IlaxoTHEIE CKJIOHBEI Pa3JHYHON KOHDHUrypamuy MMEIOT YKJIOHHI OoT 1 no
15°, aro npu aauHe 250—350 M cnocobCcTByeT pa3BHTHIO HHTEHCABHEIX
3PO3NOHHBIX IIPOIECCOB B HUXKHHX YACTAX CKJOHOB, XapaKTepuU3yeMBIX

20—40 1/ra.

OTHOCHTEJbHAA IOTPEIIHOCTh 0, C KOTOpoi (hHMKCHpyeTcs YPOBEHb
3arpA3HEeHAA BO BCeX MCCJeJVEeMBIX reOCHCTEeMAaX, TaK:Ke HeBeJaukKa. Bo
BCeX caydasx oHa MeHee 25 %, nmpmdyeM HanOOJBIINX 3HAYEHHH OHA
DOCTHUTaeT Ha CKJOHAX, UTO HEN30€KHO B 30HE TPAH3UTA B ITePeoTOXe-
HHA CMBIBAEMOM C MEXIypedni IOYBHI.

Ha BomocOopax ¢ HU3KOM HMHTEHCHBHOCTHIO NPOABJIEHNS 3PO3UOH-
HBIX IIpoHeccoB B npepesax TyJabCKOro 1me3smeBOro NATHA OIYTHMOIO
nepepacunpenenenna °’Cs B npeaesax naxoTHBIX 3eMeJb He MPOM3OIILIO,
38 HCKJIYEHNEeM HMKHAX Kpaes NallHH, rae Habarogaerca YCHIeHHAA
AKKYMYJIAIHAA NOUYBEHHON MAaCChl, CMEIBaeMOH C paclIaxaHHBIX CKJIOHOB
(yBesnmueHnne 3anaca ne3msa-137 ¢ 320 xo 630—820 kBx/m?). 3oHaMu
NHTEHCHBHOM AKKYMYJISAINH ABJAIOTCA TaK)Ke 3aiepHOBaAHHLIE YIACTKH
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6aJI0O9HBIX CKJIOHOB, N0 KOTOPKM HPOHCXOAMT CTOXK BOJALI M HAHOCOB C
namaa. Joa DOZOOHKX CKJIOHOB, OTUETJIMBO MOPPOJOrHYECKH BhIDA-
JKeHHBIX, 10 HAMUM oneHKkaM (PpuaMaH # Ap., 1997), He npeBHIMIAET
10 % cyMMapHOil HpOTAMEHHOCTH GaNMOYHEIX CKJIOHOB. AKKYMYJIAINA
HAHOCOB B 0aJI0YHOM AHWIIE OTYETJIHNBO MPOABIAECTCHA TOJIBKO HA KOHY-
cax BRIHOCA.

B Tabn. 5 nmpexacTraBiieHbl pPe3yJbTATH OUEHKH IJIOTHOCTH 3anaca

137Cs mo pasIMYHBEIM 3JIeMEHTAM peaseda HCCIefOBAHHLIX 6ajlOK B mpe-
aenax Ilnasckoro nesmeBoro narHa. IIpa 5ToM 30HH aKKYMYJIAIHUHA BHI-
HeJAMUCEH IO Pe3yJbTATAM ONMNCAHMSA IIOYBEHHHIX pa3pe3oB, KOrja na-

hmM &)
190

170
150

Moiima 8TOPHUYHOID Bpe3a

Tanvser 6anxu

130 Pycno BTOPUIHOID 8pe3

0 2 4 6 8 10 KM

0 2 4 6 8 10 xm

Puc. 3. Hponmauﬁ npoduas xuuma Ganxm Yacoserkos Bepx (a) B pacnpe-
meneHue 3anaca *'Cs n.mm xEuiga Ganxe (6).

Puc. 4. Hamenenne 3anaca ¥7Cs BHM3 10 CKJIOHY B BepxHeii (a), cpexaeh (6) 1 HMXK-
Heik (6) vacTax Ganknm YacoseHKOB Bepx.

1 — Mexaypeube, 2 — GpoBKa 6aN0YHOTO CKAOHA, 3 — ThUIOBOX moB Auna, 4 — TAAbBEr (OCH
AHYIIA JONAHE), § — noliMa BTOPEYHOro Bpesa, § — pycio BTOPRYHOIO Bpesa.
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paMeTphl AKKYMYJAIAN YCTAHABJINBAJINACEH 10 XapaKTepPHOM CJOMCTOCTH
OTJIOXKEHHMH N APYT'HEM IpH3HaKaM (IBeTy, COOTHOIIEHMIO norpebeHHbIX
IOYBEHHBLIX I'OPH30HTOB U T. A.) (Yosnuer m ap., 2000). YBennuyenne
IIJIOTHOCTH 3arpdA3HeHHA IIO 3JIeMEHTaM peibeda OLeHHBAJIOCH IO IIpe-
BBIHMIEHHIO 3allaca PafHMOHYKJINAA IO CPABHEHHIO C 3aI1aCOM B OIOPHBIX
HeHapyIIeHHEIX (0e3 NIPA3HAKOB CMBIBA I AKKYMYJAIINN) pa3pesax.

Tabauya 5

Cpenureromossie TeMNhl AKKYMYJISIHA HAHOCOB M CyMMAPHBIH
(3a nmeproa 1986—1996 rr.) npupoct 3anacos *Cs
B JYroBO-4epPpHO3EeMHBIX NouYBax 60a09YHLIX X0aAMAH (110 3JIeMeHTaM peiaseda)

Banka I'vcunasa Jlanka Banka HYacoBerkosB Bepx

JJIEMEHTHI pesbetda Oankn 11’10; H-'IO; Caont
maane, Hiaiab-, IIOY BRI,
%1 % MM/rox
3azepHoBaHHEle Oopra | 0,3 170 11 0,8 120 10
6aJIOK C AKKyMyJasuen
NNO4YBEHHOT'O MaTepHaa
KoHyca BRIHOCA He onpeaeneno 0,01 400 30
Ienma G6anok-mputokos | 1,0 | 200 | 12 0,3 130 12
Huunine oCHOBHOM 6anKu:
TPAH3NTHO-AKKYMY- He onpezgeneno 0,17 110 O
JATHABHBIA YIACTOK
AKKYMYJATHBHEBIT 1,0 195 12 0,13 280 18
Y49aCTOK

TpaB3UTHBIA YUYACTOK 0,7 86 6 0,18 185 12

1 Monsa obmeii naomagn BogocGopa GanKH.

Panno3skoornuecxkue npobiemMsl 3arpa3HeHHA
MAaJasIX BogocbopoB CpegHepyccKol BO3BBIIIEHHOCTH

CpaBHHTeJBRHBLIN aHaJIM3 onpoGoBaHMA MOYB Ha BOXOCOOpAX ABYX
6anox B IlnasckoM paitone Tyanckon objsacTy IpH HMCCAEZOBAHHH 38-
rpA3HEHNA MECTHOCTH Ne3neM-137 mo3Bosn cBA3aTh OCOOEHHOCTH Bep-
THKAJBHOI'O pacnpefiejIeHHSA 3TOr0 PASHOHYKJINAA C MEXaHNYECKHMH
HApVIIeHNAMHU II0YB B NpoIecce NOYBEeHHOI aposun u cMuBa. Ha pue. 5
(xpuBaa 4) HpezcraBJIeH XapaKTepHHN HNPOPHIL BEPTHKAJIBHOrO pac-
npeAesieHNA 1e3ua-137 B HAMBIBHOM IOYBe AKKYMYJATHBHOM YACTH
bankn. OT™METHM, YTO HHTErpaJbHOE 3HAUCHNE IJIOTHOCTH 3arpA3HEHUA
nesueM-137 B aToi Touke (659 kBk/M°) B 2,1 pasa BuIle, YeM CpeaHee
3HAYEeHHUe ITOTO IOKA3aTe]d 10 BceMy Bogocbopy (311 xBk/nP).

[To nauunIM onpoboBaHMA 9 HOCHOMHEIX Npo0d yCTAHOBJEHa Koppe-
JAIDHNSA 3aIaca He3ns ¥ ero IPOHUKHOBEHHA B rIyOomHy mouBhl (puc. 6),
4YTO HeNPOTHBOPEINBO OOBACHAETCA BIAAHAEM HA 3TH BeJIMUYAHEI CMBIBA
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[ cM Puc. 5. Tunuunasie npodHuJin BepTHKAILHOIO
pacupenenenua 3’Cs B nouse HepacaxaHHEIX
damuin 6anouHoro Bogocbopa ¥ 6anku I'yvcuxas
10 Jlanka B 1997 r.

1 — neconosoca, 30HA MHHEMAJLHOIO BJAAAHHAA AKKY-

MYJATHBHO-ACHYAALHOBHLIX nponeccos; 2, 3, 4 —
20 aAanIne 0aaku (npodmanm OTPaXxaloT NOCTENeHHoe H3Me-

HEHHE 8KTHBHOCTY AKKYMYJALHHA HAHOCOB),

2 _ 2
30

H IIEPEOTHNOXKeHNnA daCThaL IIOYBHI BMe-
40 4 CTé C J3arpA3HAIIHAM pPajHOHYKJIHN-

noMm. Cpepgaasa raybuHa (cM. puc. 6)
50 onpejenasiacCh KaK IIepPBBIMI MOMEHT

BEPTHKAJBHOrO pacunpegeigeHns. Ha
60 KOppeJANMUOHBEIX Trpadurkax pumc. 6

HPOCJHEeAHNBACTCHA YEeTKaAaA CBA3b I110BhI-
20 INIeHHBIX 3HAYEHHI 3amaca M cpeaHeH

01 1 10 102 10° 10* DraAyOmHEI pacnpeneneHns 1e3unsa-137 B
Q Bk/kr IodBe IJA OHHUIIIA M CKJIOHOB DaJIKH;
HacorenkoB Bepx. CBaA3p yBeIn4YeHUA

zaraca M cpegHen rayOHMHBI CBHIE-

TeJBLCTBYET O IIOJIOXKEeHMH TOYeK nNpobooTbopa B 30HAX IPEeNMYILeCTBEH-
HOT'O CMBIBA MJIM NIEPEOTJIOXKEeHHNA JacTHI] HOYBhI (BMecTe ¢ COpONpOBaH-
HBEIM Ha HUX 1L[€3UEeM) Ce30HHLEIMHY BOAOTOKAMH. B 30HaX NepeoTIOKeHNA
YJACTHIIRI OCAXKIAIOTCSA M3 HOTOKA BOABI, 3aIaC I€3MS VBeIHYHUBAETCH, a
IepPBOHAYAJBHEIN NIPOPHIBL ,HAACTPAHBaeTCaA C IIOBEPXHOCTH CHAadaja
AKTHBHBIM, 4 IIOTOM H MeHee AKTHBHBIM MaTepHaXIOM. B 30HaX CMBIBA
IMIOBEPXHOCTHRIE CJOM NMOYBEI CMEIBAIOTCA, 3allac I[e3UA YMEHbIIaeTcA, a
npodnab oTobpakaeT rJayOMHHYIO YaCTh IEPBOHAYAJIBLHO 00pa3osasliie-
rocs pacupenenesuns. Koppeaanua cpegHen rayOMHbEI NPOHKKHOBEHUSA B
nouBy ¢ s3anacoM '°’Cs moxaspiBaeT mouTHM PYHKIHOHAJIBHYIO 3aBHCH-
MOCTh MEXXIY 3THMH BeJHUYMHAMH, UYTO I[NOATBEPXKAAET NPEAN0JOKEeHHe
0 bopMHEpPOBaAHNH NIPOPHIA B pe3yJbTaTe HAMBIBAHNA MeHee AKTUBHBIX
CJI0O€B. 3aBHCHMOCTDb 3anaca OT CpeAHero NpOHMKHOBEHUA B INOYBY OINU-

ChIBaeTcA ypaBHeHHMeM perpeccum L = -95,59 + 1,03Q + 1,02. HecmoTpsa
Ha HeOoJsbIoi 00beM BBHIOOPKH (3aBHCHMOCTbL PACCUMTAHA IO AAHHBIM
9 nocaonHBIX n1pob, U3 HMX 8 — B Pa3JIMYHLIX 3JJeMeHTax OalKu U OJ-
Ha — Ha Bogopasneie), Koadbdunumerr Koppeaannu cocrasasaer 0,949.
PaccunTaHa MOIHOCTL JKCIO3UIIMOHHON O3Bl raMMa-mU3JydeHHs
TOJIBKO OT e3ua-137 ¢ ucnoan3oBanueMm noaxonos (Korau u ap., 1991;
Ileroes, 1980). IIna reocucTeM JIecOnOJIOC HA MEKAYPEUbAX OHA GLEHU-
BaeTcsa B auamnasone 45—55 MxP /4, gna reocucreM MexAypedbsi C Tpa-
BAHWUCTON DPACTHUTEJIHLHOCTBHIO U MAJILKIM BJIHAHUEM IIEPEOTH0XKEHUA HAHO-
coB — 38—48 MxP/u (Takme reocncreMul peJKO BCTPEUYAIOTCA B peruoHe
13-32 NIOBCEMECTHOCTH pacIallKH), AJA PasJHYHBIX I'eOCHCTEeM OalKH
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Prc. 6. 3aBHCHMOCTL 3amaca OT cpexnein
rayOuHsl pacupegnenenud 3’Cs B nouse gHU-

ma (a) 1 ckaoHoB (6) 6ankm YacoBeHKOB
Bepx B 1996 r.

10 JIYyroBou pacTuTenbHoCThI0 — 20—50 MxP/u, ana naman — 15—
29 MKP/4. OrMernM, 9TO H3-3a HeM30HMpPAaTEeJIbHOCTH AO3MMETPHUYECKOMN
annaparypsl nogoOHRIE OIEHKHM MOTYT OBITH CZeJaHbI TOJBKO pAacder-
HBIM NIyTeM. TaKHe OIeHKH HHTEePEeCHO CONOCTABHTE ¢ JAaHHLIMH O MOIIL-
HOCTH AO3Bl OT €CTEeCTBEHHHIX PAAHOHYKJIHUAOB B MIOYBAX HMCCJIEAYEMOTO
paitoHa, paBHO#, coryacHo pabore (ATiac pagMOakTHBHOTO 3arpsasHe-
HAA..., 1998), 3—6 MKP/4, m pacueTHO® MOINHOCTBHIO O3Bl OT KOCMH-
9JeCKOr'o H3JIYV4eRHusd, onmeHmBaeMoM, o (ATiac pagnoOaKTHBHOIO 3Aa-
rpaA3HeHNnd..., 1998), Ha yposHe 3 MKP/u. B HacTroamee BpeMAa BKJIAJ OT
raMMa-ngsjydeHna ne3na-134 npesHeOpe)xkurenbHo Maj. TakmMm obpa-
30M, NMOKA3aHO, 4TO He3uu-137 B m3yuaeMOM pailOHe BHOCHT OIpeje-
JIAIOIMYIO A0JI0 B GOpMHAPOBAHHE BHEIIHEr0 00nyueHnsa.

YcTaHOBJIeHA OTPHLATENBHAA KOPPEIAnHas MOIIHOCTH 3KCIO3HITH-
OHHOM AO3BI M 3amaca nesma (puc. 7). 9to o6 bACHAETCA MAJIOM KOHIIEH-
Tpanyer 1e3nd B HaMBIBAeMEIX HA IIOBEPXHOCTD CJAOfAX IOYBHI IIO CPAB-
HEHUIO ¢ npodpniaem, chopMHPOBABIINMCA NPH BenageHuax. Ilepenoc
ne3nud NOBEPXHOCTHLIMHE BOLAMHY B TaHHOM cJydae ocjadjsgeT MOIIIHOCTD
X036l M B 00J1aCTH CMEIBA 3a CUET BBIHOCA HYKJHAA, 1 B o0gacTl OTJIO-
XXeHUSA 34 CUYeT JSKPAHHPOBAHNA H3JYUYEHHA CJIO0EB, INEepPEeKpPHIBAEMBIX
MaJIOAKTUBHLEIMH HaHocaMm. TakmMm o06pa3oM, MOXXHO YTBEpPXIATH
(KBaceukoOBa 1 Ap., 1999), uTo posb AKKYMYJATHBHBIX (danui B npexe-
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Puc. 7. 3asucuMocth 3anaca *'Cs or cpeaneit rayOGMHI pac-

npefefieHUA B oYBe ¥ TONHIHHLI HAMBITOI'O CJ10A (G) B MONTHO-

CTH SKCIO3HIIMOHHON AO3M raMMa-uanydeHrsa 3'Cs Ha BmicOTe
1 M or 3anaca *’Cs (0).

JIax MaJdeIX Bogoc6opoB B (GOpDMHPOBABME J03 BHEIIHero obixygenms,
BOIIPpEKH OXHIAAHWMIO, HE NIPEACTABIAAECTCS SHAUHTEJIbLHOM, HECMOTPA HA
TO YTO TAKHE NEOCHCTEMHI CJHYXKAT KOJ/JIEKTOPAMH 3arpA3HeHus. 3aBH-
CHMOCTb MEXAY VIOMAHYTHIMH BEJMUYHMHAMH ONHCHIBAETCH CJACAYIOIIAM
ypaBEeHHeM perpeccun: Ml = 77 — 0,088Q + 4,58.

OrMeTHM, 4TO PaKTHUYECKHA MATEPHAJ, NOATBEPKAAIONINA AaHHBIN
BEIBOJ, PEryJIApHO NONAaAaeTCA B HAYYHOH IIeYaTH, OAHAKO B CHJIY CBOeH
Pa3pO3HEHHOCTH OH HEe HHTEPIPEeTHPYeTCA KAK NOATBEPKAAIOINHM OT-
CYTCTBHE CEPBE3HOM OMacHOCTH GOPMHPOBAHMSA SHAUYMTENBERIX 03
BHEIITHEro ODJIYyYeHHA HACEeJEeHHS, IIPOKHBAIOLIEero B Ipejesax IeocCHC-
TeM-KOJIJIEKTOPOB 3arpa3HeHnsa. Taxk, HanpuMep, B pabore (apaBaesa
H Ap., 1997) npuBogATCcA AaHHBEIE IO NMIYOMHHOMY pacupeznesieHHIO Iie-
3nA-137 Ha no¥iMe pexk Teum m Hcerm (30Ha Bamarma IIO ,Maax”).
B pafoTe rpaMOTHO BRIABASAIOTCA YYACTKH IOHMMBHI ¢ Hambosbmed aKkkKy-
MyJISiHei HAHOCOB, rze B gosuHe Teum 3admKCHpOBaHBI YPOBHH HO
2000 xkBx/M?, aTO B ABa pasa ImpeBHIIIAET YPOBHH, OTMeUaeMble HA MPH-
PVCJOBBIX YUACTKAX NOMKMEI. IIpH 2TOM MAKCHMYM aKTHBHOCTH He3mfa-137
Ha IMEeHTpaJbHOM noiiMe nmpumxoauTca Ha raybmry 10—20 cM, a Ha npn-
PVCJOBBIX yuacTKax — Ha raybmry 0—10 cm. B pabore (Hocos u ap.,
1993), npeacrasasionmel nccaeNoBaHHE 3arpA3HEHHA NOJAMHE p. EBucek
(sora Bamaaua HKpacHoapckoro I'XK), HecmMoTps Ha OPHBOAHMOE
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YTBEPXKIEHHEe O TOM, YTO 034 BHEILIIHEero o06JIydeHNs MeCTHOro HaceJIeHHUA
CYLIeCTBEHHO 3aBUCHUT OT BPEMEHH NpebbIBAHNA Ha YYACTKAX JIOKAJIBHO-
ro 3arpsA3HEHHUA INONMBI, ONyOJNMKOBAHBI JaHHBEIE BEPTHKAJLHOIO PAaC-
npegesIeHus TaMMa-u3JydarlX PaIuoOHYKJIHIOB IIO TJAyOMHe B MO-
CJIOMHOH npobe, oTOOpaHHOM Ha ocTpOoBe Besbit (B ero yxBoCThe, T. €. B
MecTe Hanboiabineil akKKyMyJAIINA HAHOCOB). IIpn sTOM MakcMMyM ak-
THUBHOCTY LIe3na-137 npuxoauTca Ha Iyouny 28 cMm.

PaccMoTpeHHBIE pabOThEl BMECTE C 3KCHEPUMMEHTAJLHBIMY NJaHHBIMH
3TOM CTATBH CJYXKAT NOKAa3aTeJLCTBOM TOTIO, UTO AHHUINA JOJUHHO-
DaJIOYHOM CceTH aKKYMYVJAHNPYVIOT 3arpA3HAIOIHAE BellleCTBa, 3aX0paHNBadA
HX II04 eXXerofHbBIMH HAHOCAMH IO4YBbI, M HI'DAIOT POJb €CTEeCTBEeH-
HBIX KOJIJIEKTOPOB 3arpsisHeHHA. llpm 3TOM 3arpasHAOIINEe BellecTBa
pacCernBaIOTCA IO IIOUYBEHHOMY npoduian. U3MeHeHne paAla KiauMaTHye-
CKHX M THAPOJOTHYECKHX IIapaMeTpPOB, 4 TaKKe H3MeHeHHA B 3eMJie-
I10JIL30BAHUM MOTYT IIPHUBECTH K POCTY BTOPHYHBIX 9PO3MOHHBIX BpPe30OB
B JHUIIIA COBPEMEHHBIX CYXOJ0JIOB, YTO MOXKET CIIOCOOCTBOBATEL BHIHOCY
HAKOIIJICHHBIX 3arpa3HAIOIINX BellecCTB B I'maporpaduyuecKyio CeTb.
KoanmyecTBeHHBIE XAPAKTEPHCTHKH OINCAHHOIO IIpolecca MAOJIMKHBI
OBITH CIEIIMAJbHO HM3Y4eHHI M B JaJbHEMIIIEM CIPOrHO3MPOBAHBI. 3a
cUeT OBICTPOrO CaAMOOYMUIIEHNA BOAHBIX O00BEKTOB YPOBHHM 3arpA3HEHUA
IIOBEPXHOCTHBIX BOJ PaAHOHVKJIHAZAMHU Iocje aBapuy Ha YAIC He npe-
BRIIIAIOT NpeNeJIbHO JAONYCTHMBIX KOHIEHTpAIMH JaxKe B rpaHHMIax
CHJIBHO3ArpA3HEHHBIX TeppUTOPUHN (3a HNCKJAIOUeHUEeM O0eCCTOUYHEIX
o3ep). B 90-x romax cogepsxanue °'Cs B pekax 3arpa3HeHHBIX pPailOHOB
Poccun cocraBasio 15—44 mBk/n, U4TO CYIIeCTBEHHO HMXKe JAONYCTH-
MO# KOHIEHTPAaIMH AJA INIHTheBOM BOALI, paBHOM 505 BK/1 (Bakysos-
CKHH H Ap., 1996). Oguaxko nogobHaA CUTyalud MOXXEeT TPaHCHPOPMHUPO-
BATHCH NPH M3MEeHEeHHH YCJOBHH CTOKA& BOJABI CO CKJOHOB, K II€PEOTJIO-
KUBIIHECA B AHHINAX 0aJIOUHOM CeTH CHJIbHO 3arps3HEHHbLIe HAHOCHI
OyAyT BBIHECEHHI B PEYHYIO CETh.

TpaHchopManusa MOJA paJHOAKTHBHOIO 3arpA3HeHUsa IIO4YB
Bpancko-Beaopycckoro Ioxechsa

ITonecckue danamadTHl ABJAAIOTCA BeCbMa CliellM(PUUYHBIMUA B OTHO-
IIeHAH MUTPaAllM¥ MHOTMX XHMHUYECKHX 3JIEMEHTOB M IIO3TOMY H3yde-
HHe NOBeIeHHUA B HHUX PAAHOHYKJIHAOB TpebyeT HECKOJABKO HHBIX aK-
IIeHTOB B IPHMMEHEHHH H3BECTHBIX METOAOB PpagualilMOHHOI'0O MOHUTO-
puHra. B oramaune oT npeodbiiagaina reoMopdoJOrHYecKHX MeTOZOB IIPH
HCCJIeJOBAHUAX MUIpanUy PagHoOHYRJIXIOB Ha CpexHepyCcCKOH BO3BhI-
ImeHHOCTH, B JaHamadTax Ilosecha OCHOBHOH YIIOp AeJajicsd HAMHM Ha
IIDUMEHEeHUe 3HAHKN NreOXIMHUH JaramadTa.

* PeayasTaThl nojydesbl no rpantam POOU — Ben PODOU N 00-05-81160 u
Ne 02-05-81011.
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B pesyiabTaTe npeaupHMHATHIX 3KCIEPHMEHTANbHBIX pabGor B Bpsan-
CKO-beslopycCKOM 1e3MeBOM NATHe dYepe3 15 JjieT mocje aBapuu Ha
YASC mamu 6bla1 paccMOTpeH Bonpoc HakomgeHus '°'Cs Ha copbIHOH-
HOM H rjieeBoM Oaprnepe KpaeBbIX 30H O0JIOT.

PaboTh BHINONHAINCE HA IBYX KaTeHax Bogocbopa p. MocKOBKH:

— OT BEPINUHEI NAJIEOAIOHHOTO TEPPaCHPOBAHHOI'O X0JMA A0 HU3KOH
3a60JI04eHHON NOMMEI Yepe3 BRICOKYIO INOUMY C NIPATEPPACHBIM ITOHU-
deHUeM (npaBuii 6Geper p. MocKoBKH, AJanHA npoduiaa 0,8 km);

— OT NPHBEPIINHHOM YAaCTHU HOJIOTOT0 BOXHO-JEOAHHKOBOTO CKJOH&
MeXXaypeubs 0L KOPeHHBIM COCEOBBIM O0pPOM A0 CKJIOHA BBICOKOM IIOM-
MBI 4Yepe3 IIOJIOTHH CKJIOH MeXXAypeubs, OOIupHOoe 3a00JI0UeHHOEe IIO-
HMKEeHVe B THIJIOBOM YACTH BBICOKOM IMOMMEI M IPHPYCJIOBOM BaJj (JIe-
BEIX Oeper p. MockoBkHn, ajuHa npoduaa 1,7 km). Ha TakoMm He6OaB-
IIIOM y4uacTKe (Iomanasio 4 KM°) 6s1J10 o6cienoBaHo 6osee 350 Touexk.

TeopeTnuyecKOM IpPeANOCHIIKON IPH pa3paboTKe METOANKH NOJEeBhIX
pa6or B lloneche OBLIO IpeAcTaBJeHHE O MHIpallH¥M MHKPOKOJHYECTB
XMMHAYECKHAX 3JJIEMEHTOB B JIaHAIIAdTEe M MX HAKOIJIEHNHM HN/HJK pac-
CeAHHH Ha JaHAXmadpTHO-reoxnMnueckux O6apbepax (llepensman, Kacu-
MoB, 1999). I'maBHas ocoOGeHHOCTL INOJIEBHIX DPAGOT — BHIZEJIeHHE Ha
MECTHOCTH D#AAA 3JIeMEHTAPHBIX TeOXMMHUYECKM CONPHAMKEHHBIX JaHJ-
madTOB U HUX XapaKTEepPHCTHKA B OTHOUIEHMM KOHIUEHTPaIlMH pPaguo-
HYKJIHNIOB.

XapaKTepHCTHEA COBPEMEHHOr0 MoJasa pajJHOAKTHBHOIO
sarpasHenusa *'Cs majoro sogoc6opa Bpanckoro Ioaxecsa

IIonyuenHnie B 2000 r. pe3yssTaTel IPH HX COINOCTABJIIEHHUM C JaH-
HMH 1986—1989 rr. mokasmiBaioT, 4TO CPEAHHH YpPOBEHBL 3arpas3He-
HIA Ha 000HX yugacTKax pabor coxpaHmiacs 6e3 N3MeHEeHHH.

[IepBHuHOE 3arpA3HEHHE X&PAKTEPH3OBAJIOCH 3aMETHOH JIOKAJBHOH
BapmabeJbHOCTBIO YPOBHeM BrinageHHM. Jlas aToM nejsm HaMH Oblan
BHIOpAHBI ABE IJIOCKHE NPHUBOLOPa3feJbHbIE NOBEPXHOCTH M IIQJIOTHE
CKJIOHBI BOJHOJIEZHUKOBOIO MEXAypedbs IIOJ COCHOBBIM JIECOM B paii-
oHe gep. TynykosBmuHA, rge YPOBHM COBPEMEHHOro 3arpsasHeHusa °'Cs
(mo 25 m1 12 Touxkam no cocroaanio Ha HMI0OHb 2000 r.) oueHnBalOTCA B
235+ 44 kBx/M°, CV=19 %, u 278 + 65,6 kBx/M?, CV =23 %.

HanGosee BhICOKHe YPOBHH 3arpA3HeHHusa '°'Cs 3aperucTpHPOBaHLI
B THIJIOBOH YACTH TIOMMBEI C AePHOBBIMHU TOYBAMH C IPH3HAKAMMU OrJIee-

HuA pasanuHoit crenenn: 301 + 80 xBx/M?, xoabdunreHT Bapranuy
CV = 27 % . 9To yuyacTok, HauboJiee 3aTparuBaeMbli IpoIeccaMy mepe-
paclIpefejieHUA ¥ aKKYMYJIAINH IOYBEHHOI'0 MATepHaia B IEpPHOX IIa-
BOJAKOB H IIOJIOBOAHH. 3IeCh, OUY€BHUHO, IIPONCXOANUT HAYAJbHAA CTAAUA
HaKOIJIEHUA pagnone3nsa Ha COpPOIIMOHHOM M riieeBoM Oaprepe, KoTopas
He MOXKeT IOKa XapaKTepH30BaThCHd 3HAYHNTEJBHBIM yBeJIWUEHHEM
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YPOBHEHN 3arpssHEHHs, OJHAKO CaM IIPOIECC MOXKeT GbITh MAeHTUDUIIH-
POB&H 1O OTHOCHUTEJLHOMY YBEJINYEHHUI0O HEPABHOMEPHOCTH YPOBHeEMH
darpasHenuda. I'paruner 0appepa XOopoio (PHKCHUPYIOTCA IIO yBeJude-
HUI0 pH no sHavenuu 6osee 6,0, cogepkaHnio OPraHNYECcKoOro yriepoaa
(pesxkas rpaguenRTHAA CMeHa ypoBHeM oT 1 1o 5 %) ¥ MUKPO3JIeMEeHTHO-
My COCTaBy B npofax mouYBhEI (OTHOCHTEJBHO IOBBINIEHHLIE 3HAYEHUSA
copepxanuda Cr, Ag, Pb, Zn, Sr).

AHaJIOTHUHBIE YPOBHH 3apPErMcTPHPOBaHbl BO (DPOHBTAJIBHOM YacTH
IIOMMBbI, Ha JEPHOBLIX NIOYBaX, I'le, OAHAKO, IIOJI€ 3arPA3HEHNA XapaKTe-
pPH3yeTCA HU3KOM BaApHabdeJbHOCTHIO, CIVIaXXeHHOM IpoleccaMy TPaH3NTA
BelllecTBa B nepuoA 3aroniaeHusa: 299+ 39 kBxk/m%, CV =13 %.

Ha ropdaHo-00/0THRIX nmouBax HaMH ObLIH 3aMKCHUpPOBaHBI (BO-
OPEeKH OXXHIAHMIO) OTHOCHTEJNBHO INOHMIXEHHBIE YVPOBHH 3arpA3HEHUA:

227 + 44 xBx/M?, CV = 19 % . Bo3aM0>XH0, 4aCTh PAfgHOLE3ns, MUTDH-

PyA ¢ IOYBEHHBIMH BOJAAMH, paccesijiach o npodniaio, u, ordbmpasa npo-

6y Ha ray6ury 30—40 cM, MBI He GUKcHpyeM Bech 3amnac *'Cs.
Iloan)xeHHEIe ypoBHH OblIn 3adHMKCHPOBAHBI Ha JEJIOBHAJIBHOM

CKJIOHE TIOJIOTOro mecua”oro Mexaypeubsa: 191 + 32 kBr/M%, CV =17 %.
OTHOCHTEJBbHOE YMEHBbIIEHHUE YPOBHeH 3arpa3HeHHs IIOYB 37ecCh, OUe-
BHUAHO, MOXXHO 06 bACHUTE BRIHOCOM '*'Cs ¢ TBepABIM CTOKOM.

MaxcuManbHHH A8 ydyacTKa Bojoc6opa p. Mockoskm 3anac °*'Cs
6bL 3aMKCHPOBAH B MOYayKMHE THIJIOBOM 4YacTH NoMMbl: 1295 kBx /M,
yTo 60JIee 4yeM B UeThIpe pa3a [IpeBhIlIaeT cpeJHNe VPOBHU 3arpsa3HeHn s
Bonocoopa. ITo HameMy MHeHHIO, ZaHHLIHA (heHOMEH He MOXKeT OBITH CBA-
38H TOJILKO C MHUTpanyvey II0YBEHHOI0 MATEpHAJa C IOBEPXHOCTHHIM
CTOKOM, XOTA HNOAOOHBIe MOYAaX»KHMHKEI, 6€3yCJIOBHO, HIrpaloT pPoJb JIOBY-
IIeK MJIHCTHIX YaCTHI, HO, BO3MOXHO, MOXXeT OhITh 00'bACHEH BJIHUAHMN-
€M BHYTPHIIOUYBEHHOT'O CTOKA.

PaHXHUPOBAHHEIN pPAL JJEeMEHTAPHBIX COINPAMKEHHBIX IIOJEeCCKUX
nagzmadToB Maaoro Bogocbopa Ha IIpHEMepe HCCJIELOBAHHOINO VUaCTKa B

Bpanrckou obsacTH npeacTaBjeH B Tabdiu. 6.
Tabaruya 6

Pan 3jleMeHTAPHBIX JaHANIA(TOB, PAHKMPOBAHHBIA 110 YPOBHAM
zarpasHenus °>’Cs

137Cs kB /M2 | CV %
92,5 12

JlapamadTt

JPOAHNPOBAHHBIA OOpPT JpeHa*KHOro KaHaJja,
OHUINA MAJIBIX OBPAT'OB HA CKJIOHA&X AIOH
Ilosorui? CKJIOH BOAHO-JJEeAHHUKOBOIO MEXKAY-
peubs IIOA NYTOBBIM IIACTONIIEM

IloiimMeHHBIe 60JI0Ta; IPHBOAOPAa3AeJbHAA YACTh
BRITIOJIOXKEHHOI'0 ROAHO-JeIHHKOBOT'O MEXAY-
pedbsa oA COCHOBRIM OOpOM

TrINOBBIE YACTH IIOMM C AEPHOBBIMH NOYBAMH C
Pa3JINdHON CTEHEHbIO OIJIeeHN A

185+ 32,2 17

241 + 43,7 19

296 + 80,0 27
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