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OonbiT UCCNEAOBAHNA N MATEMATUHECKOIO MOAEJINPOBAHUSA CYBA3SPAJIbHbIX
N CYBAKBAJIbHbIX TAJIUKOB LLEHTPAJIbHOM KYTUM

B xoae Tpex oceHHe-NeTHUX NnoJjieBbix ce30HOB 2022—
2024 ronoB Ha aKCnepMeHTanbLHOM nonuroHe «Jleeas LLe-
ctakoBka» MIHcTuTyTa MepanotoseaeHus um. MN.". MenbHu-
koBa CO PAH, pacnonoxeHHoOM B 6acceliHe 04HOUMEHHOMN
pekun (Pecnybnunkmn Caxa (AkyTnsi)) BbINOSHAANCH KOMMIEKC-
Hble Hay4YHble PaboTbl, HanpaBeHHbIE HA N3yYeHne NMPOoLLeC-
COB TeMJIOMacconepeHoca B MHOMoIETHEMEP3J1bIX MOPoAax
1 Tanukax. OCHOBY MCCnefoBaHUiA COCTaBUAN MMAPOIIOrn-
yeckue (baTumeTpuyeckas cbemMka), reopusmnyeckmue (reo-
panapHoe NnpodunmpoBaHne 1 3fiekTpopasBenka), TepMo-
MeTpuyeckne (U3MepeHne TemrnepaTyp nopona, Bo3ayxa
1 BOAbl) U aKTUHOMETpPUYeckme namepenus. OTaenbHom
3ajavelt ABASN0Chk N3yYeHne BANAHNS MOXapoB Ha pPasBu-
TNe MHOroNeTHen Mep3noThl. Cxema pacnonoxeHus padoT
npencrtaeneHa Ha puc. 1. KoHeyHasa uenb nccnegoBaHui
3akJioyanach B CO34aHNUM MaTemMaTMyeckom Mogenm Tenso-
MaccornepeHoca, NO3BONAOLWEN NPOrHO3MPOBaTbL COCTOSA-
HNE MHOrONIETHEMEPS3IbIX MOPOA, U TAJIMKOB NPU Pa3NYHbIX
ycnoBusx. MNpu aToM Bce cobpaHHble NMosieBble MaTepura-
Jibl NCNOJIL30BANINCH B NapamMeTpmaaumm MmaTeMaTU4YeCcKom
MOeNN BO BPEMSA MOAENMPOBAHMS YKa3aHHbIX MPOLECCOB
B LleHTpanbHOM AkyTnn.

YyacTok «JleBas LLlectakoBka» nnoLaapio okono 1 km?
pacnonoxeH B 6acceinHe pekun LLiectakoBkM (neBbii npu-
TOK peku JleHbl) Ha NOSI0roM CKOHE AeHYAALIMOHHON paB-
HVHbI U XapakTepnadyeTcs abCoNOTHBIMW BbICOTaMM OKOJI0
200 M. Knumar paiioHa pesko KOHTUHeHTanbHbIN. CpeaHe-
rogoBasi TeMmrnepartypa OKpy>XaloLLLero Bo3ayxa 3a BeCb ne-
propn, meTeoponornyeckmx HabnoaeHnin (1830-2023) co-
ctaBnsaeT —10,0 °C. CpenHsas MHOroNeTHas Temneparypa
aHBaps —41,1°C, anona +18,3 °C. CpegHeronoBoe Konmye-
cTBO ocaakoB ¢ 1937 no 2023 rog oueHnBaeTcs B 265 mm/
ron. BepxHioo 4acTb reonornyeckoro paspesa oo ryouHbl
30 M cnaratoT pbix/ible NecyaHble OTNOXEHUS C PeaKMMmn
npocnosmu muH. Ha Tepputopumn Cnbumpckoin nnatpop-
Mbl, A€ W pacnonaraeTcs pamoH UCCnenoBaHUs, BENNYN-
Hbl FEOTEPMUYECKOro NMOTOKa BapbMpPYIOTCA B Npeaenax ot
13 no 63 MB1/M2. B I. AkyTCcke oHa cocTaBnseT 42 mBT/m2.
LleHTpanbHasa AKyTns OTHOCUTCA K 30HE CMJIOLHOro pac-
NPOCTPaHEHNS MHOrONeTHEMEP3JbIX Nopoa. Temneparypa
ropHbix nopop Ha rmy6uHe 100 m coctaBnset —1,6...—-0,6 °C.
B 3aBncumocTu oT naHgwadTa BapbUpyeT OT NOJSIOXUTESb-
HbIX (6113kmx K 0 °C) 3HaveHuit oo —3...—2 °C 1 Huxe. Mowy-
HOCTb CE30HHO-TAJIOr0 CNOS USMEHSAETCS OT 4 M Ha MOMOrnx

Puc. 1. Cxema pacnonoxeHus pabor:
1 — reopagapHble MapLupyTsl (2023 rog); 2 — nyHkTel B3 (2023 rog); 3 — nyHkTbl npomepoB rnybuH (2024 rop);
4 — NyHKTbI NUPaHOMETPUYECKIX 13meperuil (2023-2024 roppl); 5 — NyHKTbI TEpMOMETPUYECKUX U3Mepermil (2023-2024 roabl)
6 — NYHKTBI U3MepeHns Npodnns BnaxHoCTH rpyHTa (2024 rop)
11 3KCTIEPUMEHTOB MO UMUTaLM NecHbIX noxapos (2022 rog, 2024 rop)
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CKJIOHax 1 Bogopasaenax, NoKpbITbiX COCHOBLIM IECOM, 40
0,5 M Ha mapsax. OCHOBHOWM MHTEpPeC A1 nccnenoBaHus
NpeacTaBNSOT TaJIMKOBbLIE 30HbI, MOBCEMECTHO Pa3BUTbIE
B 9TOM parioHe. OueHka pacnpocTpaHeHus cybaspanbHbIX
1 cybakBasibHbIX TAJIMKOB BaXHa Kak B CBSI3W C TEM, YTO OHU
OKa3bIBaIOT CYLLECTBEHHOE BINSHNE HA XapakTep CToka Ma-
NbIX peK, Tak 1 419 YTOHHEHUS MHXEHEPHO-reoKpMoornye-
CKMX YCNTOBUI PErMOHA B XO4€e €ro TEXHOrEHHOrO0 OCBOEHMS.
Haunbonee pacnpocTpaHeHHbIE B KPYMHOM U I'YyCTOHACENeH-
HOM permnoHe LeHTpanbHOM AKyTUN rmaporeHHble Tannku
ABNAIOTCSA NEPCNEKTUBHLIMU NCTOYHUKAMM BOAbI.

leodursnyeckme nccnegoBaHms BbINOIHANNCH C LLESbIO
cbopa AaHHbIX ons Bepudurkaumm pedynsTatoB nocnenyio-
Lero MmatemMaTnyeckoro MoaennmpoBaHns GopmMrUpoBaHus
1 pasBuTMS cybaspasbHbIX TaNMKOB. leopagapHbie paboTbl
npoBoaunnck Ha obounx 6eperax peku LLlectakoBku (puc. 1)
npnoopom OKO-2 (OO0 «JlornC», Poccust) ¢ pa3aBuKHbI-
MK aHTeHHamMn AB-150 (4acToTa 30HAMPYIOLMX UMMYNbCOB
150 MI'u) no ctaHoapTHOM MmeToamke. Iony4yeHHble AaHHble
MoKa3bIBAKOT NPaKTUYECKM NOBCEMECTHOE Pa3BUTUE Taln-
Ka Ha Bcex yyacTkax paboT (puc. 1). InybuHa 3aneraHus
CE30HHO-MEeP3JI0ro Cos Ha NpaBoM Bepery pekn (Cbemka
Ne 1, puc. 1) B cpenHeM COCTaBSAET OKOO 2,3 M 1 MeHSIeTCS
B npenenax ot 1,8 0o 3,7 M. 3HaunTenbHOE ero 3arnybneHne
HabNoaaeTCs B LIEHTPASIbHOM U IOXKHOM HacTsX CbeMKU, rae
npeo6s1aaatoT OTKPbIThIE YHacTK1U MecTHOCTU. KpoBns Tannka
MapKMpyeTcs NOAOLLBOM CE30HHO-MEPS3I0ro Cosi, KOTOPbIN
pacnonaraeTcs B HTepBane rmybuH ot 2 0o 14 m npu cpen-
HeM 3Ha4veHuun 6,1 M. MybuHa 3aneraHms Ce30HHO-Mep3/10ro
cnosi Ha neBom bepery pekn (cbemka Ne 2, puc. 1) B cpeaHem
BapbMpyeT B npeaenax ot 2 Ao 4 m. 3arnybneHne cnos Ha-
OniogaeTcs B BOCTOYHOM YaCTW, NPUYPOYEHHOM K CKITOHY. I1o-
[OLLBa Tanmnka pacnosiaraeTcsl B UHTepeasne ryorH ot 3 M 4o
7,1 M npu cpegHem 3HaveHun 4,2 M.

Mpwn BLINOSIHEHUN 3NEKTPOPA3BEA0YHbIX Pa00T METO-
[IOM BepTUKaSIbHbIX 9NEeKTPUYEeCcKMx 30HaMpoBaHuin (BO3)
NPUMEHSANINCb 9N1EKTPOPA3BEA0UHbIN reHepaTop Toka SGD-
EGC200 “SKAT IV” CT'®dI1 420.00.00 1 anekTpopa3BenoyHbii
nameputens SGD-EEM “MEDUSA-B2” CI'dr 221.00.00-02
Bepcus V2.18 (HIMK «Cubleodpunslpmnbop», Poccus). N3-
MepeHUs BbIMNOJIHANNCL Ha NpaBoM bepery peku (puc. 1)
C MUCMOJIb30BAHNEM HETbIPEXINEKTPOLHON CUMMETPUYHOMN
ycTaHoBkM LLntomGepxe. Mony4yeHHble AaHHbIE yKa3biBaOT
Ha TO, YTO M3y4aeMbll y4aCTOK MOXHO YCNIOBHO noapas-
LEennTb Ha YeTbipe cnosd. BepxHuii, cunbHO anddepeHum-
POBaHHbIN MO 3N1EKTPUYECKMM CBOWNCTBAM, aCCOLUNPYETCS
C Ce30HHO-Mep3bIM. 115 Hero xapakTepHbl yaefbHble
conpoTtuBneHns B nHtepeane ot 590 no 4460 Om-m, a ero
MOLLHOCTb COCTaBsieT okoso 2 M. Huxe pacnonaraetcs

CJIOl HU3KOOMHbIX MOPOA, C YAENbHbIM CONMPOTUBEHNEM
100-270 OM:-M, 4TO CBOMCTBEHHO BOAOHOCHOMY Tanuky. OH
KOHTPACTHO BbIOENSAETCS Ha MPOTSXXEHUN BCEro Npoduns.
MoLuHoCcTb 3Toro cnost coctaenset 3,0-5,5 M. TpeTuii cnow
MOLLHOCTbIO 4—6 M 06n1agaeT BbICOKUM YAebHbIM COMpo-
TnBneHnem oo 2050 OM-M, 4TO XapakTepPHO St MHOroNeT-
HEMEP3/bIX MOPOA,. YOeNbHOEe CONPOTUBIIEHNE CAMOT0 HUX-
Hero cnosi coctaBnsieT 220 Om-m. OH accoummnpyeTcs nmbo
C U3MEHEHMEM INTONOMMYECKOr0 COCTaBa, MO0 C HaIMYMEM
rPYHTOBbIX BOA,. [€03N1eKTpruyYecknii pa3pes, COBMELLEHHbIN
C reopagapHbIM, NpeacTaBieH Ha puc. 2.

MccnenoBaHne cy6akBasibHbIX TANIMKOB BbIMOJIHANOCH
Ha npuMepe Tanuka, Haxoasuerocs nog o3epom Kiopatore-
nax (puc. 1). Boooem pacnonoxeH B 25 kM rno NMokpoBckoMy
TPakTy OT I. AAKyTCKa 1 MO NPOUCXOXOEHWUIO ABNSAETCH TyKy-
NaHoBbIM (KOT/IOBMHA BblayBaHUs). Ha o3epe Kiopatorensax
OblnV NpoBeAeHbl 6aTUMETPUYECcKMe, TePMOMETPUYECKME
(BOLbI M BO34yXA) N aKTUHOMETPUYECKUE NBMEPEHUS C Lie-
Nblo c6opa AaHHbIX A1 NOCNeayoWero MoaenMpoBaHus
dopmMmnpoBaHUA N pa3BnTUA cybakBanbHOro Tanuka. o
pe3ynbrataMm NpoMepoB ry6uH OblsIO0 YCTAHOBEHO, HTO
cpepHssa rnybuHa o3epa cocTtasnaseT 1,2 M, a MakCcUMaib-
Has pocturaeT 1,7 m. Penbed gHa nonorunii, 6€3 ceanos
rny6uH. Mnowaab Bogoema oueHeHa B 190 Tbic. M2 npwu
obbeme BOAHOW Macchl 0kono 228 Teic. M°. Anbbeno Boa-
HOW NOBEPXHOCTU BapbupyeT B npeaenax ot 0,07 oo 0,12
B 3aBMCMMOCTM OT 061a4HOCTN, MPO3PAYHOCTN aTMOCPEPDI,
BbICOTbI COMHLA 1 XapakTepa BOJIHEHUS, YTO YYUTLIBAETCA
npu mogennpoBaHun. CpeaHas Temnepartypa Bo3ayxa BO
Bpems HabntoaeHin cocTaensana okono 8,4, a soabl 9,3 °C.

[lns nony4yeHus 3HavyeHnin anb0eao oT NPoYUX pasnmy-
HbIX NOBepxHocTen B paboTax 2023 roga NpUMEHScsa Nn-
paHomeTp MEJIEHT CP-06-21 (OAO «[MeneHr», Pecnybnuka
Benapych), a B HabnoaeHuax 2024 roga 1Ucrnosib3oBanach
napa nupaHomeTpoB HOBO S-LIB-M003 (Massachusetts,
USA). CpepgHue 3HauyeHus anbbeno, NosyyeHHble Hag, Cno-
AMU MXa, NECHOW NOACTUIIKU, KYCTapHUYKOBOW PaCTUTENb-
HOCTW 1 NecYaHbIX OTNoXeHui, coctasnaioT 0,26, 0,21, 0,25
n 0,28. Mx nonoxeHne nokasaHo Ha puc. 1.

TepMOMeTpUYECKME N3MEPEHUS TaKKe OCYLLEECTBSIMCH
ONng nocneayoLwen sepndurkaLmm MmateMaTtyeckor Mogenu.
[nsa aToro npumensinuck Tepmoaatynku IBS-TH1 (Inkbird Inc.,
Kuran). lMonoxeHue NyHKTOB M3MepPEHNIA nokadaHo Ha puc. 1.
MonyyeHHbIe AaHHbIE YKa3bIBAIOT HA TO, YTO BapuaLmm CyTo4-
HOro Xo4a TeMNepaTypbl OKPY>KAIOLLLEro BO3ayXa He MPOHMKa-
10T B FPYHT rny6ye npumMepHo nonymeTpa. MNpu aTom, ecnm ero
NMOBEPXHOCTb MMEET HaMOYBEHHbI MOKPOB (MOX, Pa3HOTPaBbE
WM NIECHYIO MOACTUIIKY), FyOMHA NPOHUKHOBEHNS CYTOUHbIX
TemnepaTypHbIX Bapraumii 3aMeTHO COKpaLLaeTCs.

Puc. 2. PesynbTathl u3amepeHuit Metogom B33, coBMELLEHHbIE C reopagapHbIM pa3pe3om
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Puc. 3. SxcnepumeHT no nmutauuu necHoro noxapa 13.09.2022 (a), 30.08.2024 (6) v 03.09.2024 (s)

Jns BbISCHEHWS CTENEHWN BIMSIHWSA NOXAPOB HA MHOIO-
neTHemMep3asble Nopoabl ObIN0 NPOBEAEHO B OOLLEN CNOXHO-
CTV TPU MMUTaLMKN NeCHOro noxapa (puc. 3). ix nonoxeHne
nokasaHo Ha puc. 1. HenocpencTBeHHO Nog, MECTOM rope-
HUS B LUypde Ha pasdnnyHbix rMybrHax 6binn pacnonoXeHsbl
Tepmopatynkm. OguH HaXoA4MICSA Ha NMOBEPXHOCTU rpyHTa
Ha 3HA4YMTENbHOM yAaNEeHMM OT NATHA FOPeHNs Ans n3mepe-
HUS TEeMNepaTypbl Bo3ayxa. B kaxaom cnyyae 3arnybneHve
[aTYMKOB ObISI0 PA3NIMYHBLIM 1M ONPELENSANOCH XOA0M 3KCne-
puMeHTa. MakcumanbHoe 3arnybneHune coctasuno 80 cm,
a MYHVMManbHOE 5 CM OT AHEBHOW NOBEPXHOCTM.

Mopenb GopMupoBaHMsa 1 pas3BuTUS cybakBabHOro
Tanuka roguTcs ons 6€CCTOYHbIX U Masbix 03ep, TeYeHUs
B KOTOPbIX OTCYTCTBYIOT, @ Takxe AJ1si Clly4aeB, Koraa pac-
npepeneHns TemnepaTtypbl OKpyXatloLmx BOAHbIX Macc
NPUMEPHO OOMHAKOBEI, T. €. X GU3NYECKOE NEPEMELLEHME
B PACYETHYIO TOYKY HE MPUBHOCUT UCKAXEHWNS NONs TEMNe-
paTyp. AHanornyHas mogenb ans cybaspanbHOro tanuka
noaxonuT Ans Bcex TmnoB nopof. O6e oHW NOCTPOEHbI No
€AMHOMY NPUHLMMY WU PasnnyaloTcs NnLlb Hanndnem nmbo
OTCYTCTBMEM CJ10S1 BOAbI. B OCHOBY MONOXEHO YNCNEHHOE
pellueHe ogHOMepHOW MHorogasHor 3agayn CtedaHa.
BepxHUM rpaHnyHbIM YCIOBMEM SIBNSIETCS TENNOOOMEH C aT-
Mocdepori, a HUXHUM — TemnepaTypa MHOrosieTHeMep3-
JbIX MOPOJ, Ha HEKOTOPO rybuHe. MNockonbky Tennodunan-
Yyeckue napameTpbl CYLLECTBEHHO 3aBUCST OT BNAXHOCTH,
B MOJENN Takke pacCMaTpMBaeTCs HaCbILLLEHHAs N HeHa-
cbileHHasa GunsTpaums Boapl B rpyHT. lMoMmnmo aToro, y4u-
TbIBAETCS UCMAPEHNE C MOBEPXHOCTU, BbiNaAEHNE AOXAEN,
a TakXke Hanmyne CHEXHOro NokpoBa 1 ero GupHM3aums.

CornacHo peaynbtatam MatemMaTU4eckoro Moaenu-
pOBaHWs, BbINMOSIHEHHOIO C MOMOLLLbIO aBTOPCKOW Nporpam-
Mbl FrozenSoil 1 6a3bl Ten10dU3NYEeCcKmX 1 MexaHN4ecKmx
CBOWCTB FPYHTOB, FOPHbIX MOPOA, HAaNO4YBEHHOrO ClOS,
CcHera, ®upHa 1 Nbaa, 419 OTKPbIThIX y4aCTKOB MECTHOCTH,
CJIOKEHHbBIX NMecYaHbIMU OTIIOXKEHUSMU, HA KOTOPbIX Mpak-
TUYECKM OTCYTCTBYET HAMOYBEHHbIN CON MXa, XapakTep-
Hbl MOCTENEHHasa Aerpagaumns KPMONUTO30HbI U yBENMYE-
HMEe MOLLHOCTW Tanuka. Hannuve nepeBbeB, KYCTapHUKOB
M HaMoO4YBEHHOro NMOKPOBA YMEHbLLAET NMOTOK CONHEYHOWN
pagvauuun, nagaoLen Ha NOBEPXHOCTb, M MOTOK Tenna,
NPOXOASLLEro BHYTPb rPyHTa. TO, B CBOIO 04epenp, npe-
NATCTBYET NPOrpPeCCUBHOMY Pa3BUTUIO Tannka, a npu 601b-
LLIOW CMNJIOYEHHOCTW PACTUTENBHOCTU Aaxe NPUBOAUT K ero
NPOMEpP3aHUIO.

MopenuposaHmne Takxke nokasasno, YTO OCHOBHOMN
NPUYMHON GOPMUPOBAHUS N PA3BUTUS Tanuka B panioHe
ncecnepoBaHns (LeHTpanbHasa AkyTns) aBnsieTcs Hanuymne
CHeXHoro rnokposa. Cnoi Mmxa npenaTcTBYeT HarpeBy rpyH-
Ta B NIETHUI Nepunoa 1 He crnocobcTByeT GOPMUPOBAHUIO
Tanuka. Ero tennonsonupyowme cBONCTBa, C OAHOM CTO-
POHbI, KOHCEPBUPYIOT MMEIOLLMNCS Tenaos3anac rpyHTa,
a C gpyron — NpPensaTCTBYIOT €ro BbIXONaXMBAHUIO 3a CHET
HM3KOM TEMMEepaTypbl OKpyxatoLero so3ayxa. Kpome toro,
60/J1blLIOe 3HAaYEeHNEe UMEET KOHKPETHbIV TUM Hano4YBeHHOro
MOKPOBA, MOCKOJIbKY Pa3siniHbIE MXW, TNLLIANHUKM N KyCcTap-
HUKW XapakTepuaylTcs pasnnyHbiMm TENA0PUINYECKUMUN
KoadduruneHTamun. 3To BAnSeT Ha GOpPMMPOBaHME TaNn-
KOBbIX 30H. BaXHbIM 06CTOSATENLCTBOM AIBNSIETCS TOT daKT,
4TO CMEHA KmMmaTta MOXeT NPUBECTM K CMEHE ThMna Hamnou-
BEHHOIO MOKPOBA, 4TO, Kak Nokasaso MOAENNPOBAHNE, He-
MPEMEHHO CKaXeTCs Ha Npoueccax pa3BmMTUS Kak TasmkoB,
Tak U MHOrONIETHEMEPS3SbIX NOPOL.

[MoHnMaHne BaXXHOCTU N3YYEHNS NPOLLECCOB, MPO-
TekalLwmx B KPUOJIMTO30HE, Halllo oTpaxeHne B «CTpa-
Ternn passutua ApKTn4eckon 3oHbl Poccuiickon depepa-
unm n obecneyeHnsa HaumMoHanbHowm 6e3onacHocTn oo 2035
roga», yreepxzaeHHon Ykaszom lMpeanpeHTta PO Ne 645 ot
26.10.2020, a Takxe B lNocTtaHoBneHnn MNpaBuTenbLCcTBa
P®d Ne 1831 ot 1.11.2023 «O BHECEHUM U3MEHEHWIA B MO-
cTaHoBneHue MNpaButenscTea Poccuiickoii depepaumm ot
9 aBrycta 2013 . Ne 681». B nocnegHem JoKyMeHTe npsiMo
yKasblBaE€TCS Ha CO34aHNe «roCcynapCTBEHHOro GOHOBOIro
MOHUTOPUHIa COCTOSIHUS MHOIONIETHEN (BEYHOW) Mep3no-
Tbl», YTO MOAYEPKMBAET BaXXHOCTb U 3HAYMMOCTb TEMaTUKN
MPOBOANMBIX NCCIEA0BaHUN.

ABTOpbl Gnarogmapsat cBoux konner H.A. [lasnosy,
B.C. EpppemoBa n B.B. OroHepoBa (VIHCTUTYT mep3noToBese-
Hust um. T1.U. MenbHukoBa CO PAH) 3a nomoLyb B opraHu3aumm
nonesbix pabor; I.B. Mpsxury, B.A. PacnytuHy, A.M. ManbiueBy
n [.0. AHgpeeBy (CaHkT-lNeTepbyprckunii rocygapCTBEeHHbIA YHN-
BepCMTeT) 3a rnomMoLLb B riposeeHunu roJsieBbix paﬁor. Pab6oTta BblI-
noJsIHeHa rnpvl pUHaHCOBOW rnoAnepxXKe rpaHTa POCCUiCKOro Hay4-
Horo ¢oHAaa v slkyTckoro Hay4Horo ¢oHaa Npoekt Ne 22-17-20040
«Cyéaapaanble n rnogo3epHsle Tajinkv B CI/10LLIHOV KPUOJINTO30HEe
BocTto4Hori Cubupu: nponcxoxaeHne, CoBpeMeHHoe COCTOsIHVEe
u peakuns Ha UISMeHeHue Kiimmara».

C.B. lMonoB (AO «[IMIP3>»),
C.P. lLlepcteHHukoBa (Cr16ry), A.C. boporuHa (I'TU),
A.B. HemuuHoa (Cl16rY), J1.C. Jlebenera (VIM CO PAH).
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