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IIpuBezienbl pe3ysbTaThl NCCJIE0BAHMS, TPOBEAEHHOIO HA FeOKPHOJIornueckoM crarmonape “Tyiimaazna”
B llentpanbroil Axytnn. [IpoananmsmpoBana cBA3b NCIAPEHNS C TOBEPXHOCTH MTOYB € JKUIKUMHI OCATKaMU 32
terbtit iepuoz 2015-2016 n 2019 rr. u n3yuen ux xumudeckuii cocraB. Cpe/iHsis BeJMYIHA UCIIAPEHUST, KOTO-
past TIPeBBICHIIA KOJIMIECTBO 0caIKoB puMepto Ha 40 %, cocrasmira 1.37 (0.33-3.13) mm/cyT. nTencuBHOCTD
ucnapeHnst 0cOGEHHO BEJIMKA B Mae, YTO CBSI3aHO ¢ OTTAWBAHMEM MEP3JIbIX MOPOJI ¥ IIPOCAYMBAHNEM CHETOBOI
BOJIbI B CE30HHOTAIBIIT CJ10i1. XMIUYecKuii coctas arMOChePHBIX OCAIKOB B TeUEHHE JIETa OCTACTCS CTaOUIbHBIM
IUAPOKAPOOHATHO-KAIbIIMEBBIM, HO MUHEPAIM3aIUs TTOHMKaeTcs K ocernin Ha 20—40 %. Copepakarye 60IbITNH-
CTBa XMMHUYECKUX DJICMEHTOB MEHSIETCsI CO BPEMEHEM, MAKCUMYM IIPUXOAUTCSE Ha Maii—utonb. Haubosbinast
KOHTPACTHOCTD JIJIS1 XJIOPUIOB, CYIb(ATOB, HATPUS I AMMOHUS XapaKTePHA B IIEPUOBI MAKCUMAJIBHOTO U MU-
HUMAJIbHOTO UCITAPEHMUsI C TIOBEPXHOCTH MOYB.

Kntoueswie crosa: ammochephvie 0caoku, UCNapenue, XUMUYECKULL COCMAG 0CA0K08, MHOZOLEMHEMEP3Ible
nopoObL, KPUOLUMOIOHA.
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QUANTITATIVE ASSESSMENT OF EVAPORATION AND CHEMICAL COMPOSITION
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The results of a study of the relationship between evaporation from the soil surface and atmospheric
precipitation during the warm seasons of 2015-2016 and 2019 at the Tyimaada geocryological research station
in Central Yakutia are analyzed. The volumes of evaporation from the soil surface and precipitation>s amount
and chemical composition were studied. The average evaporation was 1.37 (0.33-3.13) mm/day, exceeding
precipitation by about 40%. The intensity of evaporation was especially high in the first month of the warm season
(May), which was associated with the thawing of frozen soil and the seepage of meltwater from snow into the
seasonally thawed layer. The bicarbonate calcium chemical composition of atmospheric precipitation during the
summer remained stable, but the degree of mineralization decreased by 20-40% by autumn. The content of most
chemical elements in precipitation was higher in May—June and decreased in the second half of the warm season.
The greatest contrasts in the concentrations of chlorides, sulfates, sodium, and ammonium in the atmospheric
precipitation were observed during the periods of maximum and minimum evaporation from the soil surface.

Keywords: atmospheric precipitation, evaporation, chemical composition of precipitation, frozen ground,
permafrost zone.

BBEJAEHUNE

[Iporecc ncnapenus sBJseTcss OJHUM U3 OCHOB-  CTH IIOYBbIL. Teopus ncrapenns Bo/bl C TOBEPXHOCTH
HBIX 3BEHBEB B KPYTOBOPOTE BOJIbI HA 3eMHOM IIIAPE U [IOYB UMeeT OOJIBIIIOE HAYTHOE U MPAKTHYECKOE 3HA-
BaKHEHTINM (haKTOPOM TeTI00OMEHA Ha TIOBEPXHO-  YeHHeE JIJIS CeTbCKOTO X035 CTBA, OEHKN 6e30TacHo-

© B.H. Makapos, A.®. JKupxos, B.II. Ocunos, C.A. Mapxkosa, 2024

38



KOJIMYECTBEHHAS OIIEHKA UCITAPEHUA U XUMUYECKHUI COCTAB ATMOC®EPHBIX OCA/[KOB

CTHU F€0TEeXHUIECKUX COOPYKEHUH B IEPUOJIBI 3aCy XU
u ap. [ITasnos, 1975; Illymosa, 2018; Teng et al., 2014].
Jlist miccoteloBaHust MPOTIecca NCTIapeH st ObLIN pa3-
paboTaHbl Pa3IMYHbIE HKCIEPUMEHTAIBHBIE TIOIXO0-
JIbI, CUCTEMA TECTUPOBAHUSI CTOJIOA TIOUBBI, JIMZUMETP,
aKoJIornueckas kamepa [ Peiigpep u dp., 1976; Miralles
et al., 2016], nojy4yeHa oleHKa CyMMapHOIo uciape-
HUST METOJIAMU YKMCJIeHHOro MonenaupoBanus |Ha-
dexcuna u 0p., 2020], usydenbl BpeMeHHbIE U [IPO-
CTPAHCTBEHHbBIE BAPUAIINH CO/IEP;KAHNUS BOJIBI B TIOUBE
[Dolman, 2010]. OnHaKo BbINOJHIETCS MAJIO IPSIMBIX
M3MepeHni HcIapeHus 13 oYB, ocobeHHo B BocToy-
Hoit Cubupu.

C 1mouB, pacroJOKEHHBIX HA Pa3HbIX HJI€eMEHTAX
pesbeda U B PA3IMYHBIX KIMMATHIECKUX YCIOBUSIX,
UCIapsieTcsl HeOMHAKOBOE KOJIMYECTBO BO/bL. BeJu-
YMHA UCTIAPEHUS HAIPSIMYTO 3aBUCUT OT KOJUYECTBA
0CaJIKOB: 4eM GOJIbIIIe KOJTMYECTBO JIETHUX OCAJIKOB,
TeM MHTEHCHBHee Ncrnapenue. B 3acymnuinBsie ro/ibl
UCIIapeHre YMEHbIIIAeTCs BCJIEICTBIE CHUYKEH WS BJla-
ro3aracoB B JiesiTeTbHOM coe. IIporece ncnapenns B
ycaoBuax IlentpanbHoil AkyTun nporekaer oueHb
WHTEHCUBHO, CyMMAapHasi BeJIMYNHA €T0 BaDbUPYET OT
100 mo 120—150 MM 3a BereTanMOHHBIN TIEPUOJL U OT
150 mo 190 MM 3a Bech TerLIbIin mepuo roaa | [aepu-
aoea, 1973; Taspuives, 1991; Yeapos, Mandapos,
2000]. HecmoTps Ha 210, BAusSHUE aTMOCHEPHBIX
0CA/IKOB Ha BEJINYUHY MCIAPEHIS B MEP3JIOTHBIX Paii-
OHAaX IOKa M3y4eHo c1abo. [IpakTuaecKu Herceaen0-
BAHHBIM OCTAETCS TAKKe BJIUSHUE BOJIBI, UCTIAPSIO-
IIelicst ¢ TIOBEPXHOCTH TI0YB, HA XMMITYECKUIT COCTAB
aTMOoc(epHbIX 0CA/IKOB.

Ha dbopMupoBaHure XUMHYECKOTO COCTaBa aT-
Moc(hepHBIX 0CaJKOB B OCHOBHOM BO3/IEHCTBYIOT
MIPUPOIHO-KINMaTHYecKe (M3Bep:KeHre BYJIKAHOB,
CKOPOCTh, CUJIA U HAIPaBJieHUe BeTPa, MHTEHCUB-
HOCTb UCIAPEHUS U JIP.) U TeXHOTeHHbIe (haKTOPBI
(BBIXJIOTHBIE T'a3bl aBTOMOOMJIEH, TPOLYKTHI Cropa-
HUS TOIJINBA MPU IKCIIYaTAIlMU IPOMBIIITIEHHBIX
00bekToB). [TocTymaomue B arMochepy BellecTsa
MIEPEHOCATCS BO3/IYIITHBIMU TOTOKAMU HA PACCTOSTHUS
OT HECKOJIBKUX COTEH /[0 HECKOJIbKUX THICSY KIJIOMe-
poB [Kopobra u dp., 2014; Cemeneu, 2018; Ceucmos
u dp., 2023]. Tlepemeliienne 3arpsi3HSIIONIMX BEIIECTB
Ha tepputopuio [enrpanbroit AxyTnn ocyiecTsis-
€TCsT 3a CUeT TPe0OIIAAIoNIero 3aMaHOTO TIepeHoca
BO3IyIIHBIX Macc [laspuiosa, 1973].

B ¢Bs31 ¢ 9TUM 11€J1bI0 HACTOSAIIEH paGOTHI SBJISI-
IOTCST OIleHKA M aHATN3 IMHAMUKHU UCTIAPEHWS BOJIBI C
MTOBEPXHOCTH TTOYB ¥ €T0 POJH B (DOPMUPOBAHUH XU -
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Puc. 1. KoMiiekcHbIii reOKpUOJIOTHYECKHIT CTAINO-
Hap “Tyiimaaga”.

1 — ucnapurenn; 2 — yeraHoBKa /st c60pa 0CaIKoB; 3 — U30-
TUIICBI, M; 4 — JIyT; 5 — COCHOBBII JIec.

MHYECKOro cocTaBa aTtMocdepHbIX ocaikos llent-
pasbHoil Axyruu.

MATEPHAJIBI U METO/1bI
NCCIHEJOBAHUA

W3ydenue komnyecTBa BBINAAAIOIINX aTMOChED-
HBIX OCAJIKOB M BEJIMYUHBI UCTIAPEHUS C TOBEPXHOC-
TH TIOYB MPOBEAEHO HAa KOMIIJIEKCHOM T€OKPUOJIO-
rudeckoM cranuonape VHCTUTyTa MEp3I0TOBEIE-
wug um. [L.V. Meapaukoa CO PAH “Tyiimaama”
(KTCT), ¢ mas o centsiops 2015-2016 u 2019 rr.

(puc. 1).

Teppuropus uccie0BaHus

Crammonap “Tyi#imaana” pacnonosken B [lent-
pasnbHoit AxyTun Ha Il Hagnolimennoit reppace p. Jle-
HBI B TIPUTOPO/THON 10T0-3a11a/THOH YacT T. AAKyTCcKa 1
mpejcTaBisieT co00il MOYTU TOPU3OHTATIBHYIO TIO-
BEPXHOCTb ¢ alnbTuTy0ii okoso 110 m. Cpennerono-
Basi TeMIleparypa mous Ha riayoune 1 u 2 M na KICT
cocrasJsier —2.4 1 2.0 °C cooTBercTBeHHO (TabJ. 1).

losoBoe KOJIMUECTBO OCAKOB B CPEIHEM 32 Tie-
puoz ¢ 1961 mo 2020 r. Bapbupyert ot 140 10 250 My,
koadduiment ysrakanenns paset 0.8—1.0. Ocagxn B

Ta6auna 1. Temneparypa rpyuros (°C) Ha KOMIUIEKCHOM T€OKpUOJIOTHYeCKOM craiuonape “Tyiimaana”

3a nepuoxa 1995-2019 rr.

Cpeanerozosas Temneparypa Abcomotupiii | AGCOMOTHBIT
Tiy6uHa, M Amrunryna
HanbosbIast cpejHss HanuMeHbIIast MaRkCIMyM MHAHAMYM
1 -1.3 —2.4 -4.0 8.8 —14.5 23.3
2 -1.3 -2.0 -3.2 0.2 -8.1 8.3
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JIETHUH TIEPUO/I BBITIA/IAIOT HEPABHOMEPHO, B IEPHO]I
HaOJIOJIeHUIT X KOJUYECTBO cOCTaBUJIO oT 11 7110
67 MM B Mecsil. [Ipo1o/zKuTeIbHOCTD XOJIOHOTO T1e-
puona (co cpelHeCYTOYHOU TeMIlepaTypoil HUKe
0 °C) okosio 220 gHeil, TeNJI0TO MEPHOAA — OKOJIO
145 mueit. CpenHsist 3UMHSIST TeMIlepaTypa BO3IyXa
(okTs6pb—amnpenp) cocrasisier —25.9 °C, cpeauss
JietHsist (Mail — certstOpn) pasta 12.3 °C [ Bapramos u
dp., 2021].

Besnunna victiapeHust ¢ TOBEPXHOCTH MOYBHI B
1.5—-2 pasa mpeBbiiiaeT KOJUIeCTBO 0caaKoB (350—
450 MM), TTOITOMY JIETOM MTPOUCXOAUT CUIHHOE UCCY-
nieHue mouBbl. MIHeKe CyXoCTu /iJisl JIeTHEro ce30Ha
paBet 3.0, 0cO6EHHO HEZIOCTATOUHOE YBJIAKHEHIE OT-
MedaeTcst BeCHOW U B Havauie Jieta [ Tam arce].

st IlenTpasbHoil SIKyTHH XapaKTepHBI crabble
BETPBHI, 3UMOI IpeobaanaeT mtuiab. CpeaHeMecsayHast
CKOPOCTb BeTpa 3UMOIi 10 2 M/c, jetom — 10 3.0—
3.5 M/c; cpemHEeTOMOBasT CKOPOCTh BeTpa oT 1.8 1o
2.4 m/c. Jlerom 1ipeobafialoT BETPhI 3al1aJHOIO, ce-
BEPHOTO ¥ CEBEPO-3aTIAJHOTO HATIPABJIEHUST, 3MMOIT —
I0T0-3aMaHOTO U 3anagHoro. CHeXHbII TOKPOB 06-
pasyercst B OKTIOpe U Jepskutcst 6osee 7 Mecsen
(B cpexem 205—215 aueit). Hanbospiieil BBICOTHI OH
npocrturaet B Konite depaist — 30—40 cM, B OT/1€1b-
Hble TobI — 45—60 cm. [TosHbI ¢X0 CHEKHOTO 110-
KpoBa HabJonaeTcs B IepBbIX uymciax mas [Kiau-
mam..., 1982; Bapramos u dp., 2021].

Puc. 2. Ucnapurennr nouseuusriit ITU-500-50M
(TP-25).

60

HenTpanpras AxkyTus xapakTtepusyercs 3Ha-
YUTETHbHBIMH PECYPCAMU COJIHEYHOI 9HEPTUU. ITO
CBSI3aHO C COOTBETCTBYIOIIUMHU ITUPKYJISAITHOHHBIMA
YCJIOBUSIMU, ONPEIEISIONIUMU TOBTOPSIEMOCTb aHTHU-
LUKJIOHAJIBHOI 110T0/1bI (¢ MaJIoii 06/IauHOCTHIO U BbI-
CcOKOIl mpo3paynocThio atrmMochepsr). C Braxk-
HOCTBIO BO3/lyXa U ee fe(UIUTOM TECHO CBA3AHBI
npoieccel cnapenus. CpemaHsis rooBas ucmapse-
MocTb Kojebiercss ot 400 no 450 mm [Kaumam...,
1982]. Bricokast mcnapsieMocTh 0OyCI0BIEHA JIET-
HUM MIPOTPEBOM M 3HAUUTEJNbHON BEJUYNHON KOA(D-
cunmenTa yBiaKHEHUSI.

I/IHCprMeHTaJ'IbHaﬂ OI[€HKa UCIIapE€HUsA

Jliist m3Mepenuss BeJIUUMHBI UCITAPEHUS C T10-
BEPXHOCTU TIOYBBI, TOKPHITON PACTUTEIBHOCTHIO,
UCITOJIb30BAJICS BECOBOW MOYBEHHBIN MCIAPUTENDb
tuma [TU-500-50M (puc. 2), cOOTBETCTBYIOMIHI
TY MEKP.416314.001.

[TouBennsIit ncmapuTesb (JIU3UMETP) COCTOUT
U3 JIBYX IUJIUHPOB, IUAMETP BHYTPEHHETO ITUJINH-
npa-ucrapuressa 25.2 cM, Bbicota 50 ¢M, BHYTPEHHUI
UJIMH/IP TJIOTHO BXOJUT B HAPYKHbIH. Bo BHYTpeH-
HUH IUJTWHDP 3aKJIQ/IBIBAJIM TOYBEHHBIA MOHOJIHNT.
Buemnuii muannap yCcTaHABJIMBAIN HA MECTO BbIHY-
TOW MOYBBI, HA JIHE €TO TIOMEINAJN CIeIMaTbHbBIN BO-
JNOCOOPHBIN COCY/I /IS y4eTa [pocayrBalonieiicss Bo
BpPeMs JIOK/IS BOJIBI U 3aTe€M BKJIQ/[bIBAJIN BHYTPEH-
HUHN IAJIUHAP ¢ HOYBOM. JIuaumerp BOMBAIN B [IOYBY
BPOBEHb C €T0 TIOBEPXHOCTHIO U BHITACKUBAJIH C TI0Y-
BeHHbIM MOHOJIUTOM. OIleHKAa CyMMapHOTO UcIape-
HUST IPOU3BOIMIACH TTyTEM U3MEDPEHUS U pacuera
BCEX OCHOBHBIX KOMIIOHEHTOB BOAHOIO OasaHca: Ko-
JINYECTBA BBITIABITUX aTMOCHEPHBIX 0CAZKOB, JPeHa-
JKa TIOBEPXHOCTHBIX BOJI, U3MEHEHU 3a11aca BOJIbI B
MMOYBEHHOM MOHOJTHUTE.

Habmoienns 3a u3MeHeHneM Beca OYBEHHOIO
MOHOJIUTA MMPOBOJIMJINCH Pa3 B Ba JAHs. Yepe3 Kak-
abie 30 gHel MoYBEHHBI MOHOJIUT MEHSIN, YTOOBI
nu3bexarh rmepechiXaHust pu ucnaperun [MKupros,
2019]. Bec ucnapuresis onpeesasaan ¢ ITOMOIIbIO
ckyazcknx BecoB truna CAS o 60 xr, ¢ morper-
HocThio 50 T.

Bemmunna ncnapenns (W) onpenensiaach 1Mo us-
MEHEHUIO Beca MOYBEHHOTO MOHOJIUTA, TTOMENEHHOTO
B UCIAPUTENh, TP OJJTHOBPEMEHHOM yuYeTe BbITIaB-
ITUX OCA/IKOB M KOJIMYECTBA BOJIbI, IPOCOYUBIIUXCS
yepe3 MOHOJIUT, 110 (hopmyite [ Peiigpep u dp., 1976]:

W :%(})1 =P))+r =1,
rae S — IJI0Maab HOMepevyHoro CeueH s ITHINH/Ipa-
ucnapuresis (500 cm?); P, — Bec McnapuTeisi B Peibl-
nyliiee BpeMs, T; P, — Bec MCTIapuTess B HACTOsIIIEe
BpeMs, T; 7{ — KOJUYECTBO OCAJIKOB, MM; 7y — KOJINYe-
CTBO BOJIBI, TPOCOYMBIIIENCS B BOTOCOOPHUK, MM.
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XuUMHYECKHII COCTaB 0CaJKOB

Jlns uzyuennst oGbeMa 1 XUMUUYECKOTO COCTaBa
atMocdepHbix ocagkoB Ha Teppuropun KI'CT 6bLia
CMOHTHPOBaHA yCTaHOBKA 110 cO0PY ocankos (puc. 3).

B mecre ycTanoBKu anmapaTypbl OTCYTCTBYIOT
JePEBbS U KyCTapHUKU, UCTOUHUKU 3aTPA3HEHUS
armocdepbl, Janama@T UCKII0YaeT BbICOKOE 3allbl-
JIeHUe Bo3/lyXa. ATlmapaTtypa yCTaHOBJIEHA B IIEHTPe
BBIOPAHHOTO y4YacTKa Ha BbicoTe 1.2 M HaJ[ TOBEPXHO-
CTBIO 3eMJIM. MOHUTOPUHT (DU3UYECKUX XapaKTEePHC-
THUK U XUMIYECKOTO COCTaBa aTMOC(HEPHBIX 0CATKOB
Begercst HerpepbiBHO ¢ 1996 1. OT60p npob ocyiiect-
BJIIeTCA O/IMH Pa3 B Mecsll [ Maxapos, 2007].

XUMHUUYeCKUN aHaJIN3 OCAJKOB BBITIOJIHIETCS B
J1abopaTOPUN TOABEMHBIX BOJ U TECOXUMUU KPUOJIH-
tosonsl M3 CO PAH. B o6pasiiax ocaikos omnpe-
JlesIseTcs CoflepKanue MaKpOKOMIOHeHTOB: SO3 ™,
HCOj, Cl-,NO;, NO;, NH,, Na*, K*, Ca%*, Mg?";
MmukpoasiementoB — Cs, Li, Sr, Ba, F, P; uamepsiorcs
sesmunba pH, Eh 1 asexrponposognocts (v).

KonunuectBo Buimazenuii u3 armocdepnr (P,
mr/m? 3a 30 gHeit), HOCTYIMBLINX € OCaJIKaMK Ha 3eM-
HYIO TIOBEPXHOCTD, PACCUUTHIBATIOCH IO hopMyJIe

P 100CV)

TCTZ

rie C — KOHIIEHTPAIMsI B pacTBOpe 00pasiia, Mr/MiI;
V — uccnemyeMbiii 06beM, MJT; 7 — PaJUyC TOPJIBIIIKA
cocy/ia ¢ 06pasIoM, MM.

PE3YJIbTATBI 1 OBCYKIAEHUE

PesynbraThl HAOIOEHWIT TTOKA3aJIH, YTO MPO-
necc ucnapenus #a reppuropun KI'CT nporekaer
WHTEHCHUBHO, UCIAPSIEMOCTD ITPEBBIIIAET KOJIMYECTBO
BBIIAJAIONIUX JETHUX aTMOC(EPHBIX 0CALKOB, COOT-
BerctBennto, 208 u 150 MM (puc. 4). ITo cormacyercst
C TIPOBEJIEHHBIMU paHee ucciaenoBanusmu |l aspuio-
ea, 1973; Iaeros, 1975; Ckpsbun u op., 1998], noka-
3aBuinMu, uto B LlenTpanproit AxyTun ucnapenue
IPEBLIMIAET KOJTUYECTBO BbITIAIAIOIMUX JIETHUX aT-

a
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Puc. 3. Ycranoska mist c6opa 0caakoB.

MocdepHbIX ocafkoB puMepHo Ha 40 %. Ha cymie-
CTBEHHYTO POJIb UCTIAPUTETHHOTO (DPAKIIMOHUPOBA-
Hus ipu (GOPMUPOBAHNN aTMOC(EPHOI BITark yKasbl-
BAIOT ¥ PE3YJILTATHI U3YUYEHUST CTAOUITBHBIX H30TOTIOB
180 u D B ocankax Ientpanbhoii SIkyrun [[aranumn u
op., 2019].

VHTEHCUBHOCTD MCITAPEHMsI 0COOCHHO BEJINKA B
TTepBbIN MecsI] (Mall) TEeTJIoro mepuo/ia, 3aTeM, B aB-
rycre u ceHTa0pe, 00beM 0CaJKOB HaYMHAET IIPE0l-
JanaTh Hag uctapennem Ha 20—25 %. OqHoBpeMeHHO
MOHWMKAETCST MUHEPAJIU3alusl 0KAEeBbIX BOJ ¢ 22—
26 mr/n B Mmae—uioHe 0 15—-19 Mr/1 B utosie—cen-
Ts16pe. B nauase temnoro mepuozga roga (B Mae) mc-

0
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hﬂﬂil

Maii ABryct CeHTs6pb

[]12019r.

McnapeHne, Mm

MioHb ionb

Puc. 4. KomuyecTBo ocankos (a) U BemurHa ucnapenus (6) 3a Temblii nepuoa (Maii—centsiops) 2015, 2016,

2019 rr.
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Puc. 5. Usmenenne koadduiueHTa yBaasKHeHHs B
teriblii nepuox 2013, 2016, 2019 rr.

y=0.275x-0.158
R2=0.9271

KoapdnumeHT yBnaxHeHns

rapeHue MPEBBIIAeT KOJTUIECTBO 0CAKOB MTOYTH B
4 paza (Ha 64 MM — cpejiHee 3a IeprozL HaOJIoAeHUIT )
u coctasJisieT 40 % ot 061ero 00beMa UCIapeHusl.,

Takast HepaBHOMEPHOCTH MCTTAPEHUS CBsI3aHA C
GOJIBLIMM KOJUYECTBOM BOJIbI, KOTOpas 0Opasyercs
MIPU OTTaWBAaHWHU MEP3JIbIX MTOPOJ U TTPOCAYNBAHNH
CHETOBO BOJIbl B BeCeHHUIT 1Iepuojl. Besmunna Koad-
(utrenTa yBraskHeHUS 3aKOHOMEPHO TIOBBITIAETCS
OT HavaJIa K KOHITY Terioro nepuoja: ot 0.26 B mae 110
1.36 B centsabpe (puc. 5).

Bricokas ncnapseMocTb BbI3BaHA HACHIIIIEHHO-
CTBIO TIOYB BOION (MTPAKTHUYECKH /10 TIOJTHON BIaroeM-
KOCTH) 32 CYET KPUOTEHHOTO BOJOYIIOPA, JETHETO
MIPOrpeBa M COOTHOMIEHUST KOJIMYECTBA OCATKOB 1 HMC-
napsiemoctu. Cpeiasig Beananaa KoagduimenTa yBs-
JlaKHeHUs B nepuoj; Habuoaenunii cocrapaser 0.72
(Tabu. 2).

W3BecTHO, 4TO YeM BbITIE TEMIIEpaTypa BO3/IyXa,
TeM GOJIbIIE OH MOJKET COJEPKATh BOISHOTO Mapa.
IMTomo6Hast 3aBUCHMOCTD KOJMUYECTBA UCTaPSTIOIeiicst
BOJIbI OT TeMIIepaTyphl BO3AyXa HabJII0JaeTCsa U Ha
KI'CT. [Ipu noBbitiieHuy cpeiHell 3a TETIbI TEPUO/T
TemmepaTypsl Bozayxa Ha 2.3 °C B 2019 r. o cpaBHe-

Tabauma 2. Cpeanue 3HaYeHUs BEJIUYNHDI UCTIAP €HUST
U KOJIMYeCTBa 0CA/IKOB Ha ctanonape “Tyiimaaga”
B 2015, 2016, 2019 rr.

Ocazkn Koad- | Pasuuna
, Wcnape- | punment| wucnape-
Mecsn ;ﬁ;‘;ﬁ%‘;’ Ko/m4e- | gue, I\IZM dng]._TIIaX(- III/IE*OIC)a/I-
Mr/1 CTBO, MM HEHUA KU, MM
\% 26 22 86 0.26 64
VI 22 31 42 0.74 11
VII 18 34 32 1.06 -2
VIII 15 44 34 1.29 -10
X 17 19 14 1.36 -5
Cpennee 19 30 42 0.72 12
Cymma - 150 208 - 58
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TemnepaTtypa Bo3ayxa, °C
Puc. 6. 3aBucUMOCTb BEeJUYHHBI HCTIAPEHUS 3a Te-
IUIBII IEPUO/T TO/Ia OT CPe/IHEl 3a ITOT MEPUO/T TEM-
nepaTypsl BO3/[yXa Ha KOMILIEKCHOM reOKpPHOJIOTH-
yeckoM crammuonape “Tyiimaana”.

uuto ¢ 2016 . comepskaHme mapa Bo3pacraer Ha 3 %
(puc. 6).

PesysibTaThl MOHUTOPUHTA XMMIYECKOTO COCTA-
Ba atMochepubix ocankoB Ha Tepputopun KI'CT B
terabiii mepron 2015, 2016 u 2019 rr. mpuBeaeHsI B
Tabur. 3.

B nauase Tenioro Bpemenu 2016 r. (maii, uionb)
HA0JTI0/1AeTCST aHOMAJIBHOE JIJIST TOTO TIEPUO/IA TIOBBI-
NnIeHne MIHEPATU3aIu 0CAIKOB (3JIEKTPOIPOBOJI-
HOCTH B 2—4 pasa Boiiie, 4eM B 2015 u 2019 rr.). Poct
MUHEPATU3AINH OCAIKOB CBSI3aH C BBICOKOW KOHIEH-
Tparueit cysibgartoB, HaTpud U ammonusi. OHOBpe-
MeHHO BesimunHa pH 0caikoB mepexoauT u3 Kucaoi
obsractu B caabomuienounyio (em. tabu. 3). Bosmoxk-
HOH IPUYMHON JAHHOU aHOMAIUK MOKET ObITh PEru-
OHAJIBHBIN TIEPEHOC CEPBI U A30Ta C I0T0-3aMaJa U3
VpkyTtckoit obmactu. Paree OBLIO yCTaHOBJIEHO, YTO
aTMocdepHbIe 3arpsI3HEHNs] TAKOTO POJa B 3UMHUI
1epuoji MOTYT JIOCTUTraTh paiiona 1. Jlencka [Maxka-
pos, 2007].

[IpeBbitieHe BeTNIUHBI UCTTAPEHUS HAJ OCAJI-
KaM# 0COOEHHO YeTKO 3aMeTHO B Mae: +81 MM B
2015 ., +75 MM B 2016 . 1 +37 mm B 2019 1. IIpu
5TOM HAGJIIOIAETCS U TOBBIIIEHHAS] MUHEPATIM3ATHST
aTMOC(hEepPHBIX 0CATKOB KaK CJIE/ICTBIE MHTEHCUBHOTO
MOCTYILJIEHUST PACTBOPEHHBIX BEIECTB B aTMOC(hepy B
BECEHHUI TIEPHOI.

B mae—uiote, korjia B 6ajiatce uciapeHne—oca-
K 11peobiagaer ucnapenue (M. tabJr. 2), MUHepaiu-
3aIMst TOKIEBBIX BOJ yBEJNIUBAETCS 10 23—35 Mr /71
Ipyu MUHUMaJIbHOM 00beMe ocagkos (puc. 7). B me-
PHOJI UI0JIb—CEHTSIOPD, KOT/Ia POJIb UCIIAPEHUST MUHK-
MaJibHa, C YBEJTMYEHNEM KOJTUIECTBA OCATKOB CHUKA-
eTcst nX MuHepanmsanus (cM. puc. 7).

B nauase temsnoro nepuoza roaa, 0co6eHHO B
Mae, KOT/[a BBICOKOE UCHAPEHUE CBSI3aHO ¢ OOJIBIIIM
KOJIMYECTBOM BOJIbI, MOCTYTHAOIUM TIPU TasTHUN
CHE’KHOTO MOKPOBA M MEP3JIBIX TOPOJI, MIHEPAJIN3a-
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Ta6auma 3. Xumuyeckuii cocraB arMmochepHbIX ocaaKos Ha ctanuonape “Tyiimaana” B 2015, 2016, 2019 rr.

HCO, | sof | No, | No; | cf | car | Mg | Na | NH; | HPO, |
Mecsn | pH !
M/ MCwm/cm
20151,
v | 593 211 | 300 | 004 | 190 | 040 | 344 | 037 | 042 | 035 | 0005 | 70
VI | 591 | 188 | 069 | 008 | 090 | 006 | 220 | 026 | 046 | 030 | 0423 | 50
VII | 629 | 250 | 132 | 002 | 120 | 036 | 200 | 023 | 040 | 030 | 0005 | 80
VI | 648 | 178 | 086 | 046 | 100 | 036 | 129 | 019 | 024 | 050 | 0120 | 25
IX | 643 | 235 | 120 | 036 | 066 | 027 | 130 | 026 | 042 | 014 | 0005 | 30
2016 .
v 710 | 162 | 128 | o002 | 107 | 350 | 40 | 09 | 240 | 140 | 0109 | 150
VI | 764 | 183 | 990 | 013 | 100 | 200 | 25 | 100 | 140 | 140 | 0216 | 180
VII | 671 | 164 | 122 | 004 | 035 | 046 | 11 | 047 | 024 | 280 | 1.140 | 40
VI | 655 | 145 | 089 | 049 | 110 | 030 | 14 | 024 | 0290 | 090 | 0005 | 30
IX | 613 | 169 | 250 | 027 | 177 | 100 | 26 | 040 | 080 | 030 | 0444 | 40
2019 r.
v 630 ] 180 | 200 | 030 | 098 | 100 | 52 | 09 | 09 | 080 | 0200 | 36
VI | 620 | 164 | 250 | 034 | 190 | 290 | 45 | 047 | 130 | 040 | 0289 | 30
VII | 620 | 208 | 160 | 009 | 140 | 190 | 36 | 042 | 130 | 070 | 0442 | 34
VII | 610 | 136 | 098 | 081 | 071 | 075 | 25 | 033 | 08 | 100 | 0005 | 15
IX | 585 | 130 | 100 | 004 | 035 | 130 | 25 | 038 | 098 | 015 | 0016 | 14

ITpumeuvanue pH — nokaszaresns kucaornocti; HCO5 — ruapokapbonars; NO, — uutputsl; NOg — nurparss; Clo —
xaopubt; Cat — kanbumit; Mg?* — marnmii; Na* — narpuit; NH, — ammonuii; HPO, — docdarthr; SO%’ — cysibatbl; Y — JIEKTPO-

MTPOBOIHOCTH, MCM/CM.

IS OCAJKOB MPAKTUYECKU HE 3aBUCUT OT UX KOJInJe-
CTBA, YTO COTJIACYETCS C Pe3yJIbTaTaMU, TOJTy4YEeHHbI-
mu patHee [ Maxapos, 2007].

B cepenwne u KOHIlE TEMJIOTO TIEPUO/A, KOTIA
HabJTo1aeTcs mpeobaaganre 0CaJKoB HaJ Mcmape-
nueM (B uiosne—asrycre 2016 r. na 25—-28 % u B aBryc-
te—centssbpe 2019 1. wa 6-9 %), KoHIEHTpAIUS
GOJIBIIMHCTBA HOHOB B XMMUYECKOM COCTABE OCAJIKOB
MunuManbha (tadu. 4). VckimodenueMm sBJsIeTCs
AHOMAJIBHOE JIJIsI BCETO MIeprojia HabJII0IeH il coiep-
sKaHue B ocajkax B uioHe—umJe 2016 r. aMMoHuda
(2.8 mr/n1) u pocharos (1.14 mr/n) BeaeacTBue
JIECHBIX TTOKapoB B AxyTun. JleTHUE MecsAIIbr — Maii,
HIOHB, UI0JIb — HanboJiee TOKapOONaCHbIe, KOTIa
0CaJIKOB MaJio, a TpaBa, Jieca — cyxue [ Mameseesa,
2021]. Beicokoe conepskaHne B 0CQ/IKaX aMMOHUS U
ocdaros B aT0 BpeMs, BOBMOKHO, SIBJISIETCS CI€-
cTBUEM TpuMeHeHns GocdopHOIl KUCIOTHI U CYJIb-
(bara aMMOHMST KaK XUMUYECKUX areHTOB IIPH TYIIIe-
HUU TT03KAPOB.

C mas 110 ceHTA6pbh XMMUYECKUI cOCTaB aTMO-
c(hepHBIX 0CAJKOB OCTAETCs CTaOUIBHBIM THIPO-
KkapbOHATHO-KAJIbI[UEBBIM, OJIM3KUM K IIOYBEHHbBIM
BOJIaM: HUTPATHO-TUPOKAPOOHATHBIM HATPUEBO-
KaJbIHEBBIM. ATMOC(hEPHBIE OCaZKU CIabOMUHEPa-
sm3oBaHHbIe (13—34 MT/J1), TPENMYIIECTBEHHO CJla-
6okucibie (pH = 6.1),

BecHoii B pe3yibrate MOBBIIEHUS TEMTIEPATYPBI
BO3/IyXa U CXOJa CHEJKHOTO TTOKPOBA PAa3BUBAETCS

KOHBEKIIMS BO3/YNTHBIX Macc, KOT/la He3aKpeIJieH-
HbIE PACTUTEHHBIM ITOKPOBOM YaCTUIIbI [TOUBBI ITO/I-
HUMAIOTCS B BO3/yX, a BBITIQ/IAI0NIME OCAJTKH TIOTJIO0-
mAioT u pacTBOPsioT nx. Cozepskanue YaCcTHUIL IMbLIN B
noxaeBbix Bogax KI'CT B Mae—wmioHe mouTH B 4 pasa
BbILIIE, YeM B UI0JIe—CEeHTAOpe.

B aBrycre—cenTsiope MUHepaau3aIus 0CaaKOB
cHmzkaetcst 10 15—17 mr/n. [loHnxenne MuHepam-
3alMK JOXKAEBbIX BOJ K KOHILY TEILJIOrO Ieproja 00-
YCJIOBJIEHO YMEHbIIIEHUeM KOHIIEHTPAITUY CYJTh(haTOB
U XJIOPUJIOB KaJIbITUSI.
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Puc. 7. CooTHOIIEHHE KOJTHMYECTBA 1 MUHEPAIU3AIIH
JIETHUX OCAJIKOB Ha KOMILUIEKCHOM Tre€OKPHOJIOTHYE-
ckoM cranuonape “Tyiimaana”.

1 — obractb 1peobiraianist 0caKoB; 2 — 06J1acTh peodIaiaHust
UcnapeHust.
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B.H. MAKAPOB 1 JIP.

Tabauua 4.

KosmuecTtBo 0Ca/IKOB, B€JIMYNHA UCIIAPEHUA

1 00beM BbinazieHuil u3 arMocdepsl XUMHYECKHX 3JIEMEHTOB B Telwibiid nepuox 2015, 2016, 2019 rr.

Cymma |Ckopoctb| Kosnue- C S N P lHt102| <l O6bem
lox, | ncnape- | ucnape- CTBO (oC s /0 BbiTla/ie-
mecsit | uus (1), HU, 0CaJIKOB | P’ MCwm/cm HUI,
MM mm/cyt | (O), MM r/(m*mecs) mr/m2
2015
\% 97 3.13 16 7.3 70 6.06 | 0.066 | 0.016 | 0.011 | 0.0003| 2.18 | 6.368 494
VI 56 1.87 56 15.5 50 1.00 | 0.199 | 0.013 | 0.025 | 0.0259 | 6.65 | 3.244 1284
VII 22 0.73 16 20.4 80 1.38 | 0.080 | 0.007 | 0.009 |0.0003| 0.83 | 5.846 501
VIII 23 0.77 24 171 25 0.96 | 0.080 | 0.007 | 0.016 | 0.0110| 0.78 | 8.507 521
X 1 0.37 16 5.6 30 0.69 | 0.075 | 0.007 | 0.006 | 0.0003| 1.21 4.404 458
2016
A% 92 297 17 7.6 150 5.41 | 0.011 | 0.054 | 0.074 - 0.13 | 59.08 927
VI 40 1.33 27 16.0 180 1.48 ]0.0053| 0.097 | 0.092 - 0.06 | 54.14 1360
VII 39 1.30 67 18.1 40 0.58 | 0.105 | 0.208 | 0.027 - 1.26 10.38 1458
VIII 24 0.77 49 13.4 30 0.49 | 0.115 | 0.139 | 0.015 - 1.38 14.71 1158
IX 10 0.33 10 6.9 40 1.00 | 0.006 | 0.032 | 0.008 - 0.72 9.58 270
2019
\Y% 69 2.26 32 9.0 36 2.16 | 0.116 | 0.022 | 0.031 | 0.002 1.65 | 3293 991
VI 31 1.03 1 19.2 30 2.82 | 0.034 | 0.009 | 0.009 | 0.001 0.66 | 30.48 323
VII 35 1.17 18 19.3 34 1.94 | 0.075 | 0.010 | 0.016 | 0.003 1.16 | 35.09 588
VIII 54 1.74 60 15.8 15 0.90 | 0.159 | 0.029 | 0.070 | 0.001 | 4.73 | 44.66 1282
X 22 0.73 31 7.0 14 0.71 | 0.083 | 0.011 | 0.007 | 0.001 | 4.48 | 41.08 622

pumeuanue. f, — cpenuss remneparypa Bosiyxa, “C; y — anexrponposoganoctsb, MCnm/cm; M/O — otHouenue cymMmbl
HCnapeHns K KOJIMYecTBY 0cakoB. I110THOCTD aTMOChEepHBIX Bbilagenuii (coepxanus anemMentos, r/(m2-mecan)): C — yriepoza,
S — cepsl, N — asora, P — docopa, Cl — xsopa, H*-102 — Bogoposa.

Copepskannie GOJBITUHCTBA XUMUYECKUX dJl€e-
MEHTOB B OCA[[KaX BbIIIE B HAYAJIbHBIIT IEPUOJ U TI0-
HUZKAETCST BO BTOPOUI TIOJIOBUHE TEILJIOTO BPEMEHHU.
Taxkast sxe TeHjeHIUs ObLIa YCTAHOBJEHA paHee
H.II. AnucumoBsoii [ 1980], usyuasnieii armochep-
Hble U KOHJIeHCallnoHHbIe BOAbI B [leHTpanbHOMN
AxyTtum.

MaxkcuMabHast HEPABHOMEPHOCTD MOCTYTLIEHUS
€ OCAJIKAMW B Pa3JIMYHBIE TIEPUO/IBI TETLIOTO BPEMEHU
rozia (BecHa,/0CeHb) XapaKTepHa JIJIsT XJIOPUJIOB, CyJIb-
dartoB, HATPUS 1 aMMOHUS, KOA(PPUITNEHT KOHTPACT-
Hoctr (KK) koropsix kosebsercs ot 3.1 g0 4.7. Or-
MeYeHO OTHOCUTEJILHO O0Jiee PABHOMEPHOE B TEUEHIE
TEIJIOT0 BPeMEeHU T0/Ia IIOCTYILJIEHIEe HA TOBEPXHOCTb
¢ ocaakamu ruzpokap6onatos, KK = 1.1 [Anucumosa,
7980]. 1lo n3aMeHeHNI0 KOHTPACTHOCTU BBITIA/ICHNI B
HAYAJIBHBIN ¥ KOHEYHbII IEPUO/IbI TEILIOTO BPEeMEH!
roja (Maii—ceHTsIOpb) KOMIIOHEHTBI TPYTITUPYIOTCS B
caenyionuit psj (1o ymenbinennio KK):

Cl (4.7) > SO, (3.7) > Na (3.4) > NH, (3.1) >
> Mg (2.3) > Ca (2.5) > NO4(2.2) > HCO4 (1.1) >
>pH (1.1).

Bricokoe cozpepskaHue XJTOPHUAOB, CyJb(haToB,
aMMOHWS U JIPYTUX MOHOB B OCaJKax Hayaja JieTa
(Mait, IoHb) 06YCJIOBIEHO MHTEHCUBHBIM MCIAPEHU -
€M BOJIOPACTBOPUMBIX COJIEH, HACBIIAIOIINX ITOYBY, B

atMmocdepy.
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KosnyecTBeHHO mcIapeHre XapakTepu3yeTcst
CKOPOCTBIO UCTIAPEHUST — CJION BOJIBI, KOTOPAS MICTIAPSI-
eTCs1 C eJIMHUIBI TOBEPXHOCTH (M?) 3a eAMHUILY BpeMe-
nu (cytkn). Ero cpennsig Besmunna na KI'CT 3a Tpex-
JletHuii epuog cocrapusia 1.37 mm/cyT (lmomMecsaHbIi
unrtepBan 0.33—-3.13), 4To BBIIIE TPAHUITHI IUATIA30HA
OIIEHOK McTiapeHus mouBbl, paBHOro 0.17-0.89 mm/cyT,
MTOJIYY€HHOTO HA OCHOBE OTIEPATUBHBIX MOJIEJieH 3eM-
HOI1 TOBEPXHOCTH U aJIbTEPHATUBHOTO MPOYKTA JIHC-
TAHIIMOHHOTO 30HAupoBanus [Abolafia- Rosenzweig et
al., 2020]. 1o OTKIOHEHNE OT CPEAHUX OIEHOK 00Y-
CJIOBJIEHO TEOKPHOJIOTUIECKUMHI YCIOBUSIMH, OTIpeie-
JISTIOTIUMU BBICOKYIO BJIAJKHOCTD TTOYB ZE€SITETbHOTO
ciost. CKOPOCTh UCTIapeHusi 0COOEHHO BEJIMKA B Mae
(2.79 mMm/cyT) u coctaBJsieT oT 33 10 47 % cKOpocTH
JUISE TETLTIOTO TIEPUOJIa TO/IA, YTO CBA3AHO ¢ GOJIBITIM
KOJIMYECTBOM BOJIbI, KOTOPast 00pas3yeTcs pu TastHuu
MEP3JIBIX [TOPOJL U [TPOCAYUBAHUY CHETOBOIT BOJIBI B Be-
cennnil nepuoj. ITocrynienue ocaskoB HauMHaeT
npeobJiaaTh Hajl HCAPEHIEM TOJBKO BO BTOPOU TI0-
JIOBUHE TETJIOTo Teprozia (B aBrycre u ceHTsiope).

BbIBO/IbI

HabmoeHIsIMI YCTAHOBIIEHO, UTO BEJTMYIHA WC-
napeaus (208 MM) TIpeBbIIIAET KOJTUYECTBO JETHUX
arMochepHbix ocagkos (150 Mm) B cpeaHeM Ha 58 MM

(39 %).
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lFeokpuosiornueckue ycjaoBus OnpenesasioT Bbl-
COKYIO BJIQ&KHOCTH ITOYB JIEATETHHOTO CJIOST, [T09TOMY
Ha IePBbII 6€3MOPO3HBINA Mecsl (Mail) IPUXOAUTCS
ot 33 10 46 % cyMMapHOTO UCITAPEHMsI TEILJIOTO Bpe-
Menu rojia. CKOPOCTb UCTTapeHus B Mae KoJiehJIeTcst B
npenenax 2.26-3.13 mm/cyrt. [loctynienne ocankos
HauuHaeT MpeobJraaTh Hajl HCIIAPEHUEM B aBTyCTe—
ceHTsAbpe ¥ CKOPOCTh UCHAPEHUS CHUKAETCS /IO
0.41 MmM/cCyT.

CpenHss CKOPOCTD UCTIAPEHUS B TEIIJIOE BPEM:I
rojia 3a TpexJieTHuii epuoj cocrasmia 1.37 mm/cyT.
Hab6urromaercst (hyHKIIMOHATIBHAS 3aBUCUMOCTD BEJIU-
YUHBI UCIIAPEHWST BOIBI OT TEMIIEPATYPBI BO3/YXa.

Cpemnnii K0ahGUIUEHT YBIAKHEHNUS B TIEPUO]L
HaGmonennit cocrasaser 0.72. KoahduimeHr ys-
JIAKHEHUST 3aKOHOMEPHO TIOBBIIIAETCS OT Hayaaa K
KOHILy Telioro nepuoza: mail — 0.26, cenrsabpp —
1.36. Takasg HepaBHOMEPHOCTH UCITAapEHUs TaKKe
cBsi3aHa ¢ GOJIBIINUM KOJIMYECTBOM BOJIBI, KOTOPast 06~
pasyeTcs Mpu MPOCAYNBAHUY CHETOBOI BOJIbI U Tasi-
HUU MEP3JIBIX TI0POJ] B BECEHHUI TEPHUOI.

J171s1 MoK /IeBBIX BOZL XapaKTepHa OTPHUIIATeIbHAST
KOPPEJIAINs BeJTMUNHBI MIUHEPATU3AIUU U 00beMa
BBINIA/IAIONINX OCAKOB. B Havase Terioro nepuoja
roga, 0Co6eHHO B Mae, MUHEPAJIU3AI[Usl OCAJKOB
MPAKTHYECKH He 3aBUCUT OT KOJIMYIECTBA OCAIKOB.

[TpeBbliienne ucnapeHus HAJl OCAAKAMU COTIPO-
BOJKIAETCSI W TIOBBIIIIEHUEM COJ/IEPKAHUS PACTBOPH-
MBIX BeIlecTB. B 11esioM XxapakTepHO paBHOMEPHOE
yMeHblIleHre MUHEPAIU3AINHI OCAKOB IIPU BO3PaC-
TaHUU oObeMa BhIMaJeHUst T0KAEeBbIX BoA. OMHAKO B
Mae—HIOHe, KoT/la B Gasiance ucnapeHne—oCaaKy mpe-
obJstajiaeT UcnapeHne, MUHEPATU3AIHsT J0KIEBBIX BOJL
yBesmunBaercst 10 23—35 mr/i1. [ToBbienne mute-
paJU3aIK OCAJKOB B ATO BpeMst 00YCJIOBJIEHO T10-
CTyILUIEHUEM B aTMOoC(hepy OTHOCUTETBHO MUHEPAJIH -
30BaHHBIX [TAPOB UCIAPSIOINIEICsT BOIBI IPU ecTe-
CTBEHHOI KOHBEKIIUU BO3/YXa.

XUMHU4YeCKU cocTaB aTMOC(hEPHBIX 0CATKOB B
nepuoa HabaoAeHil ObLI rHAPOKapOOHATHO-Kalb-
[[MEBBIM, OJIM3KUM K TIOYBEHHBIM BOJIaM, CTENIEHb MU-
Hepanmsaty — ciabast (13—34 mr/m). Tlpu mocTosiH-
CTBE XMMUYECKOTO COCTABA MIHEPAJIN3AIINST OCATKOB
moHmKaeTcst K ocennt Ha 20—40 %, mo 13-20 mr/n1 B
ceHTaAOpE.

Copepskaniie GOJBITNHCTBA XUMUIECKUX DJIe-
MEHTOB B OCA/[KaX BBINIE B Mae—HUIOHE U MTOHMKAETCS
BO BTOPOI1 [TOJIOBHHE TETLJIOTO BpeMeHu. MakcruMalib-
Hasg KOHTPACTHOCTD MOCTYTIIIEHUS C OCAIKaMH B Pa3-
JINYHBIE TTePUOBI TEIJIOTO BPeMeHU rofa (BecHa,/
oceHb) XapaKTepHa /i XJIOPU/I0B, CYJib(haTOB, HAT-
pUst U aMMOHWUSL.

Brazodapnocmu. Hamypuvie ucciredosanius
BHINOIHEHBL 8 PAMKAX 20CYIAPCMEEHHBIX 3A0ANUT
HUOKTP Ne 122011800062-5 “Tennosoe noue u
kpuozennas moawa Cesepo-Bocmoka Poccuu. Oco-
bennocmu gopmuposanus u ounamuxa”; HUOKTP

No 122012400106-7 “Ilodsemivie 60061 KPUOLUMO-
30HbL 3AKOHOMEPHOCTNU POPMUPOBANHUSL U PEICUMA,
0COBEHHOCTNU B3AUMOOCTUCMEUSL ¢ NOBEPXHOCTNHBIMU
600aMIUL U MEPSILIMU NOPOOAMU, NEPCIEKNUBHL UCNOIb-
306anus”. AHaius pe3yibmamos 6blnojiHen npu Qu-
nancuposeanuu PH® (epanm No 23-61-10032 “Pas-
pabdomra camooOyuauetics CUCIEMbl OUEHKU PUCKOE
IKCNAYamauuu U OUAZHOCTIUKY COCTMOSHUS 006eKMO8
ungpacmpyxmypot 6 pationax Kpaiinezo Cesepa na
base 2ubpuUOH020 UHMENIEKMA U BbLCOKONPOUIBOOU-
MENLHBIX BLIYUCIUMENLHBIX cucmem”).
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