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[To maHHBIM NPOBEeAEHHBIX B JIeTHee BpeMs uccienoBanuii B KyHrypckoii JlensiHoii neliepe, BO BpeMst
MaKCHMAaJIbHOM TYPUCTUYECKOI HATPY3KH, ClIeJIaHbI BEIBOIBI 00 aHTPOIOI€HHOM BIUSIHUM Ha MUKPOKJIH -
MaT M oJiefiIcHeHUe Telepbl. PaccMOTpeHbl OCHOBHBIE BUIBI BO3ACHCTBUS YeJIOBEeKa Ha TTOA3EMHYIO Cpely,
ocoboe BHUMaHME yIeJIeHO TeIIOBOMY BO3IEHCTBUIO HA U3MEHEHUE TEMIIEPATYPHOIO PeKMMa U MacCIlTa-
0a osieleHEeHUSI B CYIIECTBYIOIIMX YCIOBUsIX 3Kcrutyatauuu KyHrypckoii JlenstHoii memiepsbl.
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BBEAEHWE

Cpeay MHOTOYMCIICHHBIX MPUPOIHBIX MAMSITHU-
koB IlepMckoro kpast ocoboe MeCTO 3aHWUMAaeT
Kynrypckasg JlensgHasa memiepa. DTo omHa M3 caMBIX
U3BECTHBIX, TTOMYJISIPHBIX U UHTEPECHBIX TYPUCTHYE-
CKUX JIOCTONpUMEYATeIbHOCTEI, KOTOpasi Ha IPOTSI-
XeHuu yxe 6osee 100 et mpruHUMAaET rocTeii co BCe-
ro Mupa.

INeuiepa pacnonoxeHa B [Ipenypainbe, Ha TpaBoM
oepery p. CbuiBBI Ha oKpauHe ropoaa KyHryp (ceno
@Oununmoska). OHa o6pa3oBaHa B IIpeAesiax MIPOT-
HO BBITSIHYTOT'O BBICTYTIa TUTICOAHTUAPUTOBBIX OTJIO-
KEHUM JIeASTHONEIIEPCKOM TMauykKy (FOXXHBIM CKJIOH
JlenstHOIt TOpBI) U IIPEACTaBIISIeT CO00iT pa3BETBIEH-
HYIO CUCTEMY KapCTOBBIX ITyCTOT, COCTOSIIIIUX U3 IPO-
TOB M COEIMHSIIONINX UX IIPOXOJ0B, MPOTSHYBIINXCS
oT 6opTa goauHbl p. ChUIBBI (HA YpOBHE €€ MepBoit
HaInOMMEHHOM Teppackl) BIryOn JlemssHoit Topsl Ha
650 M. ITo mocaegHUM JAHHBIM, MPOTSKEHHOCTD €€
xonoB cocTaBisieT 8.15 km (Kpacukos, 2022). B Ha-
crosiee Bpems KyHrypckas Jlensinas nemepa — ofi-
Ha U3 CaMBbIX MPOTSKEHHBIX TUIICOBBIX Teliep Poc-
CUU U caMasl KpyITHasi CpeIi HUX 10 0OBEMY.

Taxkolt yHUKaJIbHBI 00BEKT MpUpoIbl Kak KyH-
rypckas JleasiHas melepa HyXmaeTcss B KOMILJIEKC-
HBIX MOHMTOPMHIOBBIX HaOMoaeHUsX. IlomoOHEBIE
MEPOIPUSITUS TTO3BOJISIIOT MONAEPKUBATh U COXpa-
HSITb €CTECTBEHHOE COCTOSIHME MaccuBa, KOHTPOJIM-
pOBaTh MPOLIECCHI, TPOUCXOASAIINE B YCIOBUSIX aH-

TPOIIOT€HHOI HAarpy3Ku, a Takxke od0ecreunBarh 0e3-
OMNacHOCTh mocenieHus nemiepbl. C 3TOH LEIbI0 B
1948 r. mpu meliepe co3naH HaydyHBIM cTallMOHap
(apiHe KyHrypckast maGopartopus-craumonap I'M
VpO PAH), coTpygHUKHM KOTOPOTO M 1O HACTOSIIIEe
BpeMSI UCCIEAYIOT MUKPOKIMMAaTUUEeCKUE, TS0~
JIOTUYECKHE, THAPOIeOJIOTUYECKUE, TUAPOXUMUYIEC-
CKHEe W reojormdeckme ocodoeHHoctn KyHrypckoit
JlensiHol melepsl, a TaKKe MPOBOIST MapKIIeiaep-
CKUi1 KOHTPOJIb ¥ TOPHOTEXHUYECKIE HAOTIONCHUSI.
JlenstHoe yOpaHCTBO — 3TO TO, YTO JeJIacT IIeIIepy
0COOEHHOM, MPUBJIEKAeT TYPUCTOB U MCCIIEAOBATE-
neit. JIeén B KyHrypckoii JlenstHoii neliepe HaKarii-
BaeTcs B IPUBXOIOBOI 4aCTH, II¢ C IOBEPXHOCTH Ue-
pe3 BepTUKaIbHbIEe paclleJMHbI ¥ KaHaJIbl IIPOHUKA-
0T aTMOocepHbIe U Tajible BOABI, a TaKXKe 3a CYET
KoHeHcalmoHHo Biaru. B 1969 r. E.I1. lopodeen
JlaJl HauOoJjiee IIOJIHOE OIMCAaHWEe M BBIASIWI He-
CKOJIbKO TUIIOB JIbJa: KOHXEJSILIMOHHBIE, cerperalm-
OHHEIE, CYOJIMMAaLIIOHHbBIE ¥ OCAT0YHO-MeTaMopPu-
yeckue Jbapl (Kameockas, dyonsHckuit, 2004).
KonxkensiumoHHbIe JIbAbI (MMEIOT IIpeobiamaroliee
pasButue — 98%) 0bOpas3yroTCs TIpU 3aMep3aHUH BO-
IIbI ¥ BKJTIOUAIOT B ce0s1 HAaTEUHBIE 00pa30oBaHMsI (CTa-
JIATMUTBI, CTATAKTUTHI, CTaJarHaThbl, TOKPOBHI U Kac-
KaJbl), JIbIBI BOMOEMOB, XUIbHEIC JIBIbI; CeTperai-
OHHBIC JIBABI OO0pasyloTCd U3 BOAbBI, KOTOpPHIC
coepKarcsl B MOpoe B Mepro MpoMep3aHus; Cy0-
JIMMAIMOHHEIC JILABI MOSBIISIIOTCSI B MECTaX KOHTaK-
Ta XOJIOMHOTO CYXOro M TEIUIOTO BJIaXKHOTO BO3IyXa

612



AHTPOITOTEHHOE BJIMAHUWUE HA MUKPOKJINMAT 613

WIN TEMJIOTO BO3AyXa W XOJOTHOTO OCHOBAaHUS Ha
CBOIOBOIT YaCTU MJIX CTEHAX TPOTOB U rajepeil, oHu
MpeNCTaBlIeHbl PA3IUYHBIMUA BUAAMHU KPUCTAJLIOB
(IMCTOBUAHBIEC, JOTKOBBIE, MUpaMUAAIbHEIE, IIpS-
MOYTOJIBHBIE, UTOJIbYAThIe, a TaKXKe 0oJiee CIOXHBI-
Mu ¢GopMaMu — CPOCTKaMHM); OCaZOYHO-METaMOp-
durdeckue TbIbI 00Pa3yIOTCs TP MageHUN KPUCTaI-
JIOB €O CBOJAa Ha MOJ TIellephl, IpeBpallasich
BITOCJICIICTBUU B 3¢pHUCTBIN (DUPH U JIET, 00Opa3yioT
ITOKPOB.

Ha ¢popmupoBanme tegssHBIX KPUCTAIOB BAUSIOT
TeMIlepaTypa BO3dyxXa, CTEIIEHb €ro IePeCHIIIEHUS
BJIAaroif U CKOpPOCThb ITOCTYIIJICHUSI 3Toi Biaaru. Ho
IIPOCTOIO OXJIAXKIAECHMsSI BO3ayXa HEOOCTAaTOYHO, He-
00xoauMo GOpMHUPOBAHNE OCOOBIX YCIOBUM BEHTU-
JISIUMU, KOTOPBIE BAUSIOT HA MHTEHCUBHOCTh OTBO/IA
TeIUla OT MecTa oOpa3oBaHUSI pPa3lMYHbIX BUIOB
apga. OlegeHeHUe TelIepbl ¢ MOMEHTa e€ Ojaro-
ycTpoiictBa B 1937 ., Korna ObL1 COOPYKEH BXOTHOM
TOHHEJIb, CTAJI0 3aBUCETh OT UCKYCCTBEHHOTO IPO-
BETpUBaHUS, a U1 TOTO YTOOBI COXPaHUTh MELIEpy U
KOJIMYECTBO JibJa B HEU3MEHHOM BUEC, HGO6XOL[I/IMO
0oJiee KaueCTBEHHO KOHTPOJMPOBATh TeMIlepaTyp-
HBII peXXUM U IUHAMUKY OJIeIeHEeHUSI BO BCEX Ipo-
TaX. BaxHeH1IMM BOIIpOCOM ympaBJeHUsI KOJOTH-
yeckuM coctosiHueM KyHrypckoit JlensiHoii neiiepsbl
SIBJISIETCS peryaupoBaHue e€ MUMKpOKJIMMaTa, a
WMEHHO — TeMIlepaTrypHoro 6aiaHca B mojoctu (Ka-
neockas, 2002; Kazanuena, Kageockast, 2017).

MukpoxkiuMmaTudeckuii pexxum KyHrypckoii mne-
LIEPHl OINpENesIeTCsl OOILMMU 3aKOHOMEPHOCTIMU
¢opMUpoOBaHUsS MUKPOKJIMMaTa KapCTOBBIX IOJIO-
cTeil, paCoJIOXKEHHBIX HA MEXIYPEYHBIX MTPOCTPaH-
ctBax (JlykuH, 1962). [TepBble n3MepeHUS TeMIlepa-
TYpbI BO3[IyXa Ha TTOBEPXHOCTHU U B TTellepe MPOU3BEI
B 1733 1. mpodeccop IleTtepOyprckoit AkameMun Ha-
yk WU.T. Imenun (dyomsaHckwuii, 2005). B 1934 1. kap-
cToBas rpyrnmna JIeHruapocTpoirpoekTa 060pyaoBa-
Jila B Meliepe MeTeopOoJornyeckre mocThl, Ha KOTO-
pbIX Havanuch HaOmwoaeHus. Ho perynsipHbie
usMmepeHus Hadatel ¢ 1951 r. B Hacrosiee Bpemst
U3MIIEpEeHUs TeMIIepaTypbl Bo3ayxa NpoBoasTcs B 31
rpoTe Meuephl.

Hns Kynarypckoii JlenstHoit nemepsl (puc. 1) xa-
pakTepHbl TPU MHUKPOKJIMMATUUECKUE 30HBI: 30HA
MOCTOSTHHBIX OTPULIATEIbLHBIX TeMIlepaTyp (B Teue-
HUe roga TeMriepaTtypa t £ —1°C), nepexonHas 30Ha
(ot —1 go +2°C) 1 30HA MMOCTOSTHHBIX MOJIOXKUTETb-
HbIX Temreparyp (t = +2°C) u ABe 30HbI OJIeICHEHUSI:
30HA ITOCTOSTHHOTO (CpeIHEeroaoBasi TeMIIepaTypa oT-
puLaTeNbHas) U CE30HHOTO (CMeHa 3HAKOB TeMIlepa-
TYpHI B TEeUEeHUE CE30HOB) oJieaieHeHUsI. Temmeparypa
Bosayxa B KyHarypckoii JlenstHoit memiepe Koseoaer-
cg B 3HAYUTEJIBHBIX TIpeaenax (JIETOM MOXKET BapbH-
poBath oT —4 u go +5.5°C), sumoit ot —20 u 10
+5.5°C), B IpuBXOA0BOi1 YaCTU KOJIcOAHUS BhIpasKe-
HbI HanboJiee OTYETIUBO.

JEI U CHET tom 63 Ned 2023

MukpoxmmMmat Kynrypckoit JlengHoit meniepsl
ompeesieTcsl ABUXKEHUEM BO3/Iyxa 1 BO MHOTOM 3a-
BUCUT OT ce3oHa. HaGioaeHus1 3a BO3AYIIHBIM pe-
JKMMOM OCHOBaHbl Ha BBITIOJHEHWU BO3MYLIHOM
CbEMKHU, KOTOpasi BKJIIOYAET 3aMepbl CKOPOCTEN U
HaIpaBJIeHU I BO3AYIIIHBIX TOTOKOB B OMpeaeEHHBIX
TOYKaXx MelIephl, UTO MO3BOJISIET PACCUUTATh PACXO]T
1 OIpeJe/IuTh HampaBleHUs] MOTOKOB Bo3ayxa. Jle-
TaJIbHOE U3YYEHME BO3MYIIIHBIX TOTOKOB, pacripee-
JIEHUs] TEMIIEPATYP U BJIAXKHOCTHU BO3/lyXa MO3BOJISIET
MpearpUHUMATL MEPHI JJIs TIOTIOJIHEHUSI 3araca Xo-
JioJila B 30HE MOCTOSIHHBIX OTpULIATEIbHBIX TEMITepa-
Typ. 3aKOHOMEPHOCTH IPOBETPUBAHUS TIEIIEPHI pac-
CMaTpUBAIOTCS UCXOISl U3 TEMIIEPATYPHBIX EPUOIOB
OKpY>Kalollleii cpelibl, KOTOPbIE MOXHO YCJIOBHO pa3-
JIeJINTh Ha Cliefylollre: XOJOAHbIN nepuos (Temre-
patypa okpyxarouieii cpeabl < 0°C), TEIUIbI epuo,
(temnepatypa > +5°C), npoMeXyTOYHbIE OCEHHUI 1
BECEHHUI (TeMnepaTypa Hapy>KHOTO BO3yxa KOJie0-
serca B npeaesiax oT 0 go +5°C). Ha ocHoBe cyliie-
CTBYIOLIETO perjaMeHTa MpOoBEeTPUBAHUS COTPYIHU-
KW PEryJIMpyIOT €CTECTBEHHbII BO3IYILIHBIN TTOTOK B
nemiepe: B TEIIoe BpeMs (IPU TeMIlepaType BhIIIE
+5°C) B neliepe MCIojb3yeTcsl peXXKUM MpoBEeTpUBa-
HUS, TIPU KOTOPOM BO BXOJTHOM M BBIXOJITHOM TOHHE-
JISIX IILTIO30BBIC JIBEPU 3aKPBIThI, B XOJOMHOE (TIpH
temneparype Huxe 0°C) — aABepu BXOAHOTO ILII03a
OTKPBITHI, a IBEPU BBIXOJHON ILJIIO30BOI YacTu 3a-
kpbIThl (Kpacukos, Kazannena, 2019). B 3umHuii ne-
pMoI TIOTOKM TEIJIOTO BO3AyXa MOAHUMAIOTCS TIO
BEPTUKAIbHBIM KaHajlaM U3 TPOTOB Ha MOBEPXHOCTH
3€MJIM, a XOJIOAHBIN U 00Jiee TUIOTHBIN aTMOCHepHbIi
BO3/IyX MOJICAChIBAe€TCsI B HUX IO CUCTeMaM TOPU30H-
TaJIbHBIX TAJIEPEN 1 MOCTYIIaeT BHYTPb MelIephl Uepes
BXOAHOM TOHHeNb U Ctapslii Bxoa. B mepBhIX rpoTax
CKOPOCTHU BO3IYILIHBIX MOTOKOB aocturatrot 0.9 m/c.
B netHee Bpemsi HampaBfieHWE BO3AYIIIHOTO MOTOKA
U3MEHSETCI Ha MNPOTUBOIMOJIOXHOE: 0oJiee XOJIoN-
HbIl BO3/1yX BBITEKAeT U3 KaHAJOB B OOpTax MaccuBa
JlensiHoii Tophl, a ¢ €€ TOBEPXHOCTU MocachiBaeTcsl
Oosiee TEMBIM Bo3ayX. JBU>KeHUE BO3Myxa B IIelIepe
B 9TO BpeMsI MUHUMAaJILHOE.

KoMrutekcHBIe WCCIeTOoBaHUS TeMIIEpaTypHOTO
pekumMa IMMpOBOAUIMCH B HEKOTOPHIX IeIepax, HO Ta-
KWe HcciaefoBaHusl HeMHorouuciaeHHbl. Tak, B Ho-
BoadoHcKoi1 memepe B Abxasuu (LlukapuinBuin,
1978; MasnogoB u ap., 2018) cpenHue BeTWYMHBI
TeMmIiepaTypbl Bo3ayxa H3MeHstoTcs oT +12.8°C B
KOHIIe 3uMBI 10 +16.6°C B KOHIlIe JieTa (aMITJIUTYyOA
kosiebanuii cocrapnsieT 3.8°C). B HacTos1Iee BpeMst
MaKCUMaJibHasi TeMreparypa BHYTpU melepbl Ta-
HeuknHoM (Crapomamoxckoit, JIeHmHrpaackas o0-
nmactb, nepeBHs1 Crapas Jlamora; IllexoBckmii,
Kyctukosa, 2020) +10.3°C 3a¢ukcupoBaHa Ha BO3-
BBIIIIECHHOCTSIX, a MUHUMaJbHas +1.1°C — Hemanmeko
oT Broporo Bxoma u +6°C Hax Bomoil y 3aIagHoro
Kpas o3epa. B memepe KunaepauHckoit um. 30-me-
s Mo6eapl Ha Ypaie (Jlo6anos, 1981) B mpuBxomo-
BO#T yacTW OJIM3 HaJeou TeMIlepaTypa Jaxke JIETOM



614

,H%/I Hb}H

Benuka

KA3AHIIEBA, KPACMKOB

Moxkpas
Kouka L
D bupHBIt

LleHTpabHbII

KopayutoBbrit

MeTteopHbIit

Beoiiika .
rpO3HBII/I CMmenbIx
Mopckoe JIHo

\ 3anamgHbIi Pyubl
\ )

\ K e o

aHTe €CTOBBII
Boixon A S A p
(! [TonsipHbI
BpunnmnanToBEII

! ( Crapblit
: ’; BXOIL

\ 0 100 m

N
=) s

S 30 1 2 3 4

5 6t °C :

Puc. 1. ITnan Kynrypckoit JleasiHoii neiepsl ¢ U30JUHUSIMU TEMITEpaTypbl Bo3ayxa B jieTHUi niepuon 2022 r.: / — KOHTYp Tie-
LIepbl; 2 — 30Ha MOCTOSIHHOTIO OJIeIcHeHUST; 3 — 30Ha CE30HHOTO OJIEIEHEHMS.

Fig. 1. Plan of the Kungur Ice Cave with air temperature contours in summer 2022: / — the contour of the cave; 2 — zone of per-

manent glaciation; 3 — zone of seasonal glaciation.

nepxutcss —12°C, a 3a HaJleAblo TOAHUMAETCS N0
+4...+8°C 1 TocTossHHA B TeueHHe rofa. B memepe
Iynpran-Tamr Ha VYpane (Jlaxauuxkuii, Yyiiko,
1999; JIsaxauukuii u ap., 2010) Bo BHyTpeHHUX 3aj1ax
TeMIleparypa IpakKTHIeCKd TOCTOSTHHA B TeUeHUE
BCETO Tofla M COCTaBsIeT oT +5 o —6°C.

MUKpOKJIMMAT TIeIephl OIpeaesieTcss Bo3meii-
CTBMEM BHEIIHUX (aKTOPOB — KIIMMATUYECKUMU U
MOTOAHBIMUA YCJIOBUSIMM Ha MOBEPXHOCTU, BCJEM-
CTBHUE YEro MPOUCXOIUT pacIpeacacHe BO3MYIIHbIX
IIOTOKOB M TEMIIEpaTyp O KOHTYpY Ieliephl. Temre-
paTypa — OOWH M3 CaMbIX BaXXKHBIX ITapaMeTPOB CU-
CTeMBl MOHUTOPUHTA, IO3BOJISIIOIINX OTCJICKUBATh U
KOHTPOJIMPOBaTh TEMIIEpATypHBIE YCJIOBUSI B 30HE
OTPULIATENILHON MUKPOKIMMATUYECKON TeMIlepa-
TYPHOII aHOMAaJIMM, 30HE NEPEXOMHBIX M TOJOXKHU-
TeJILHBIX TeMIlepaTyp. MHOroJeTHUM TpeH I U3MEHE -
HUS TeMIIepaTyphbl IIOKA3bIBAET, YTO B IIEPUOABI MO~
BBILIEHUSI TEeMIIEPaTyphl Bo3oyXxa (BeCeHHEe-JIETHUIA

IIepHro) Ha MOBEPXHOCTU MPOUCXOAUT ITOBBIIICHUE
TeMIIEpaTyphl B TpOTaxX 30H OTPULIATEIILHBIX U Tepe-
XOIOHBIX TEMIIepaTyp.

PerynupoBaHue ecTeCTBEHHOTO BO3IYIITHOTO IO~
TOKa B IIellepe IIPOBOAUTCS Ha OCHOBE CYIIECTBYIO-
IIIETO perlaMeHTa IPOBETPUBAHMSI, pa3pabOTaHHOTO
B 2008 1., IpM KOTOPOM B TEIUILIN 1 XOJIOTHBIN ITEPU -
OBl MCITOJIB3YIOTCS pa3Hble PEXUMbI ITPOBETPUBA-
HUS (Ha OCHOBE 3aKpBLITUSI/OTKPBITUSI OBEpPEii).
YcToituuBOCTb OJiefieHeHUS TIelIephl BhIpakaeTcs B
JIUHAMHUYECKOM PAaBHOBECUM ITOCTYIICHUS U pacXxo-
Ja Terula B ITellepe. YCTaHOBUBIIEECS OUHAMMYE-
CKO€ PaBHOBECHOE COCTOSIHUE OJICACHEHUS MOXKET
OBITb HAPYIIEHO ITPU U3MEHEHUSIX BHEIITHETO KJIMMa-
Ta, IIPUTOKA BOJBI B TENIEPHI, CTPOSHMUS ITOJIOCTEA.
M3MeHeHne BHEIIHEW TeMIlepaTyphbl BO3IyXa OTpa-
JKaeTcsl Ha OJISICHEHU U yepe3 U3MEHEeHe B Telepe
3araca XoJjoja: MOoTeIlJIeHUe B BeCeHHe-JIETHUM TIe-
pUOI TIPUBOAUT K YMEHBIICHHUIO 30HBI CE30HHOTO

JIEN Y CHET Ne 4
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OJIeICHEHNSI, TOX0JIOaH1E B OCEHHEe-3MMHUI TTepy-
ol — K e€ yBelqnueHMo. HanmpaBieHHOe U3MEHEHUE
TeMIIepaTyphl BO3AyXa B TCUCHME JJINTEILHOIO IIEpU-
0Ia BpEMEHHU CIIOCOOCTBYET MEpPEXOay TeMIIepaTyp-
HBIX YCJIOBUI B Melllepe Ha HOBYIO CTYIIEHb, YTO BEIET
K CMEIISHUIO TPaHM1I] CE30HHOTIO OJIEACHEHUS B ITO-
noctu. IIpm mmoxonomaHMAX 3amac Xojaoda B memiepe
YBEJIUYMBAECTCS M TPAHUIIbI CE30HHOTO OJIEACHEHUS
CMEIIAIOTCSI B MIYOMHY ITOJOCTH; IIPU MOTEIICHUSIX
3arac X0J04a YMEHbIIASTCSI U TPaHMUIIbI IIepeMeIia-
1otcs K Beixony (Kameocekast, 2008). ExkeronHo pac-
CUMTHIBACTCS TOIOBOM, JIECTHUM U 3MMHUIT OanaHC
MAacCCHI JIbIa, KOTOPBIii OIIPpeAeIsIeTCsI KaK COOTHOIIIS-
HUE YBEJUYEHUS M YMEHbBIIEHUS MOILIHOCTU JIeHsI-
HBIX OTJIOXEHUII B memiepe. B Hacrosiee BpeMs B
Kynrypckoit JlensgHoii riemepe HanooJrbImast ImoTepst
Jipaa 3auKcupoBaHa B 3UMHUIA TIEPUOI, JIETOM Ke
MMOTEepY MUHUMAJIbHHBI.

OtpaboTaHHasl ToJaMU CHUCTEMa MOHUTOPUHTa
MO3BOJISIET CO3[aTh ONTUMAJIBHYIO Cpely B TpoTax
Kynrypckoit JlegsgHoit memiepbl, KoTopasi CIioco0-
CTBYET MONJICPKAHUIO MelepPbl B yCTOMUUBOM COCTO-
SIHUM, COXPAHEHUIO CHEXHO-JIEASIHbIX 00pa3oBaHU
(HaT€YHBIX 0O0pa30BaHUI U pPa3IMYHbBIX BUIOB KpHU-
CTAJJIOB), POCTY U YBEJIWYEHUIO MPOAOJLKUTEIbHO-
CTH UX CYIIIECTBOBaHMsI, COXpPaHEHUIO rPaHUIl TOCTO-
SIHHOTO MHOTOJIETHErO OJiefilcHEHUS. 30Ha MOCTOS H-
HOro oJjiefieHeHUsI coxpaHsieTcsl B panuyce 200 M,
HayMHaeTCcsl BO BXOAHOM YyacTu mneuiepsl (rpoT bpuii-
JinaHTOBbIM 1 CTaphlil BXOI) 1 3aKaHYMBAETCS B TPO-
te KpectoBsiit 1 mpoxone [ope Tonctskam u Beico-
KuM (cM. puc. 1).

ITOCTAHOBKA ITPOBJIEMbI

Hns KyHrypckoii JlensiHo# meriepbl MOKHO BbI-
JIIeIUTh IBa TUIIA BO3OEHCTBUS: IPUPOMHOE (ecTe-
CTBEHHOE) M aHTPOIIOTeHHOE, KOTOPhIC IIPUBOIIT K
mpeoOpa30BaHUIO €€ KaYeCTBEHHBIX XapaKTe PUCTUK.
IIpuponHoe Bo3deiicTBME HaA Meliepy OO0yCIOBICHO
BJIMSIHMEM BHEIIIHETO KJIMMaTa 1 ero HamboJiee BaxK-
HBIX XapaKTepPUCTUK, TaKWX KakK TeMIleparypa u
BJIA>KHOCTD BO3/IyXa, CKOPOCTb M HAaIIpaBJICHUE BETPa.
AHTpOIIOTeHHOE BO3ASICTBYE CBSI3aHO C DKCILIyaTa-
mueii memepsl. KyHrypckas JlenstHas merepa ¢ maB-
HUX TIOp ITOCeIIajach U MCIIOJIb30BaIaCh YEIOBEKOM.
JlioamM He TOJIBKO OCMaTpUBAJIM TIEIIEpy, HO U cTapa-
JINCh TIpeoOpa3oBaThb, IIPUCIIOCOOMTH €€ I Oe3-
ormacHoro m ymo6Horo mocemieHus. C pa3BUTHEM
9KCKYPCUOHHOTO Jiesia (C KOHIIa MO3amnpollioro Be-
Ka, KOIJa XuTelim cena banHoe, HeHe OUINIIIOBKA,
HavyaJi BOAUThH B IeIIepy NPHUE3KMX) IMeliepa crajia
00BEeKTOM BCE 0o0Jiee BO3pacTalolero BIAUSHUS CO
CTOPOHEI YeJIOBEKa, ITOCKOIbKY POCT ITOCEIIAaeMOCTH
BBIIBUTAJI BCE HOBBIC TPEOOBAHMS K €€ IOCTYITHOCTH
(6naroycTtpoiicTBy) (AHOpeituyk, Jlopodees, 1995).

MOXXHO BBIIEIUTH HECKOJIILKO YPOBHEI aHTPOIIO-
reHHoro Bo3aeiicTBus Ha KyHrypckyto JlensiHyto 1e-
mepy. B omHOM cityyae yenoBeK BBICTYHAET KakK Ipe-
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oOpa3oBaTeb, TO €CTh BHOCUT TEXHNYECKME 1 MHIKE-
HEpHbIE W3MEHEHMsSI B TMpolecce IKCIUIyaTalluu
Memepel — OOYCTPOMCTBO BXOMHOTO M BBIXOTHOTO
TOHHEJIE, pACYMCTKA IIPOXOI0B OT IJIMHBI ¥ 00JIOM-
KOB, CHSITUE KPOBJIU HU3KUX XOAOB C IOMOIIbIO OYy-
PEHUS IIITYPOB U B3PBIBOB, COOPY:KEHME 3aIIUTHHIX
CTEHOK M MHOTOYMCJIEHHBIX KpeTieil, yCTaHOBKa CHU-
CTEMBbI OCBEIIIEHUS. DTO TaKKWe pabOThI, KOTOPbIE HE-
IIOCPEICTBEHHO BIMSIOT Ha M3MEHEHUE MUKPOKIIU-
MaTUYECKNX MapaMeTPOB MelIephl U €€ MOP(POMET-
pMIO, a TaKXKe TIPUBOJIST K Pa3BUTUIO CBOEOOpa3HOM
O6uoThHl (Hampumep, JamrioBoil ¢iopsl). Crooaa xe
BXOOWUT W PETYINPOBAHNE IIPOBETPUBAHMS MEIIEPHI
yepe3 OTKPbITUE IBEpPEil U YCThsSl BEHTUISILIMOHHOM
CKBaXXMHEI, UTO OYE€Hb CHJIBHO BJIMSIET Ha COCTOSTHUE
OJIeICHEHMS B IeIepe.

Btopoii ypoBeHb BO3IEUCTBMS, KOIJa YeJIOBEK
BBICTYyTaeT KaK (hU3NUECKUI, XMMUYECKUI U O1OJI0-
TMYECKUI MCTOYHUK M3MEHEHU (PU3NIECKOTO M
9KOJIOTUYECKOTO PeXXrMa, YTO MIPUBOIUT K 3arpsi3HE-
HUIO OTAEJIbHBIX KOMIIOHEHTOB ITOA3EMHOU Cpebl
(BOIbl, BO3AyXa, TOPHBIX MOPOJI U OTJIOXEHUI TTele-
pel, Bkitovass ja€n). K Takomy Tuily Bo3geMcTBUS
MOXHO OTHECTU MPUBHOC OPraHMYECKOro 1 Heopra-
HUYECKOTO MaTepuaia (Mycopa), Yy>KIbIX OaKTepuil
WIA IPYTUX OPTaHU3MOB, BBIIEJIEHUE YIIEKWCIOTO
raza (CO,) a rtakxke TerioBoe BosaeicTBue. Eciu
MepBble ABa TUTIA 3arpsI3HEHNST OUEBUIHBI, TO CTOUT
paccMOTpeThb MOAPOOHO MOCIEeIHUE 1BA.

BrineneHue yriieKnciaoro ra3a noCeTUTEISIMU I
pabOTHUKAMU — OAMH M3 BUIOB XMMHUYECKOTO 3a-
IpsI3HEHUsT Tieliepbl. B paMKaXx MOHUTOPUHTOBBIX
nccienoBanuii B KyHrypckoii JlensiHoi 1ienepe ObI-
JIM TIPOBEAEHBI CE30HHbIE HAOJIIOAEHUS 32 U3MEHEe-
HueM ypoBHs1 CO, B HEKOTOPBIX IPOTaX, a TAKXKe Olle-
HEHO BJIMSHUE SKCKYpCAaHTOB Ha ra30Bblil COCTaB
Bo3nyxa (KaszaniieBa, KpacukoB, 2017). Ce3oHHBbIe
usmepenuss CO, nokasajiu, 4YTO MPEXIE BCETO KOH-
LICHTpAalIMs ra3a 3aBUCHUT OT U3MCHEHMS TeMIIepaTy-
pBI BO3[yxa B IpOTaxX M HA IIOBEPXHOCTU: B 3UMHEE
BpeMsl KOHILIeHTpauus: Hu3kas (220—290 ppm), yto
CBSI3aHO C 3MUMHUM IPOBETPUBAHUEM, a B JIETHEE —
noBeieHHasa (1050—1490 ppm), MOCKOJIBKY JI€TOM
npoBeTpuBaHus HeT. IlpocnexeHa 3aBUCUMOCTb
MEXAY YMCIIEHHOCTBIO ITOCETUTENICI 1 KOHIIEHTpa-
1eii yriieKucioro rada B rporax KyHrypckoii Jlems-
HOI Telepbl: MUKW MaKCUMAaJIbHOIO COIEp>KaHUSI
CO, B BO3AYXE Ielepbl BOZHUKAIOT MOCje mocellle-
HUSI HauOOJIbIIeTo KojmdecTBa Jnoneit. [Ipu stom
coliepkaHUE YIJEKUCIOro ra3a He IpeBbIIIaeT mpe-
JeJIbHO TonycTuMble KoHlleHTpauu (5000 ppm), HU
B JICTHUM, HU B 3MMHUU IEPUOIBI.

O6opynoBaHMue TIelIepbl I 3KCKYPCUOHHOTO
MOCeIIeHUsI TIPEroaracT HaxoXaeHue B Heil 60J1b-
IIOT0 KOJIMYECTBA DKCKYpPCAHTOB. JII0OU BBIACISIOT
TEIUIO, KOJIMYECTBO KOTOPOI'O 3aBUCUT KaK OT IpH-
pOIHBIX (DAKTOPOB (TeMIepaTypa U BIaXKHOCTb BO3-
IyXa), TaK U OT HEKOTOPHIX MHAVBUIYATbHBIX OCO-
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OeHHOCTEN YeaoBeKa (€ro pa3Mephl, CKOPOCTb IBU-
>KEHUSI, 4YacToTa MAbIXaHWsI, OaeXIa U T.J.), U
BapbUpyeT B IIMPOKUX Mpeaenax. BiausieT nu Boiae-
JIIEMO€ TEIUIO Ha M3MEHEHNE MUKPOKINMATHISCKIX
napameTpoB nemiepbl? B.C. Jlykun B 1950-x romax
MPEIIOXKUI METOAMKY pacyéra BAUSIHUS TTOCEIaeMO-
CTU 1 OCBETUTEJIFHBIX IPHUOOPOB Ha M3MEHEHNE TeTUIO-
Boro Oananca B rnemepe (Jlykun, 1962). O.U. Kane6-
CcKasl CKOppEKTHUpOBajia TaHHbIE C YYETOM Bblaese-
HUS TeIUIa 3KCKYPCAaHTOB U  OCBETUTEIBHBIX
npubopoB (Kaneoekas, 2004). B 2000-x romax ObLI
BBITIOJTHEH Pacu€T 00lIero KoJnyecTBa Teria, BBIHO-
CHMOTO 13 Tellepsl (XOJIOIHBIN IIEPHUO), U IIPUTOKA
TeIUIa B Ieliepy (TEIUIbINA ITepUo/I) ¢ YYETOM pa3HbIX
rnmokaszareJieit (KoJaM4ecTBO TerJa, uayllee Ha Harpe-
BaHMe aTMOC(EPHOIO BO3AyXa, MOCTYMNAIOIIETO B IIe-
IIepy; OXJaXIeHWEe, BbI3BAHHOE YMEHbLIIECHUEM
TUIOTHOCTU BOCXOSIIIMX MOTOKOB BO31yXa; KOJIUYe-
CTBO TEIUIOTHI, NMOMIOLIAILIEICA B IPOLIECCe UcHa-
PEHUS BOIBI U JIbla; IPUTOK TEILIa B IELIepy OT pa-
OOTBI BJIEKTPOOCBETUTEILHOIO 000PYNOBaHMS; IPU-
TOK TeTjIa OT IIPOXOXKIECHMS 9KCKYPCAaHTOB B IIeIlIepe;
KOMIIEHCAlIMsl TEeTJIONPUTOKA U3 ITyOMHBI 3€MJIM B
yacTu Tellepbl, OTPaHUYEHHO HYyJNIeBO H30Tep-
moii) (Kanebckas, 2004). CpenHsisl IIPOOOIKUTEIb-
HOCTb IIepUoa, B KOTOPbIii IIPOMCXOIUT BHIHOC TEII-
Jia U3 neliephl, Korma TeMrepaTypa BHEIITHETO BO3IY-
xa Hmxe 5°C, cocrasisetr 203 cyTok. B 310 Bpems
MIPUTOK TEILJIa OT IMIPOXOXIECHUS 9KCKYPCAaHTOB B Ie-
mepe coctapister 26.2 MJIxx. B Ténuiblit miepuon Ha-
YMHaeTCs IIPUTOK TeIUIa B IEIIepy, KOIrma CpeaHss
TeMIiepaTypa BHEIIHETO BO3ayXa IOJIHUMAETCSI BbI-
re 5°C, cpeaHsisi IPOAOJIKUTEIbHOCT ITepuoa paB-
Ha 162 cytkam. CpemHuii IPUTOK TEIia OT MPOXOXK-
JIEHUSI DKCKYPCAHTOB 3a 3TOT Mepuoj B Iellepe pa-
BeH 31.0 MJIx. IlpeumyiiecTBeHHO B TEIIbII
IIEpHO MOCEIIAEMOCTh CKAa3bIBACTCSI Ha TEIUIOBOM
COCTOSIHUM Teliepbl. Ho mpsiMbIXx OCHOBaHUI U UC-
cJieI0OBaHM, TOKA3bIBAIOIIMX, YTO KOJIUUYECTBO DKC-
KYypPCaHTOB B/IMSIET HA MacIITaObl OJIEICHEHUS B IIe-
1epe, HeT, KaK HET U JaHHBIX 00 UBMEHEHUHU TeMIIe-
paTyphl B TpOTax Ielie phl IPU ITOCEIIEHUY TYPUCTOB.
B manHOiT cTaThe caeaHa MOMBITKA OLCHUTH BIIMSI-
HUE TYPUCTOB U BBIAEASIEMOro MU TeIlJIa HA MUKPO-
KJIMMAaTU4YeCK1Ee XapaKTepUCTUKHU, B YAaCTHOCTU TeM-
neparypy, B rporax KyHrypckoii JlenstHoit menepsl.
A TIOCKOJIBKY COXpaHeHUe U 00pa30oBaHUE CHEXKHO-
JIEISTHBIX 00pa3oBaHUi 3aBUCUT OT MUKPOKJIMMAaTa
MEIIEPhl, TO OLEHEHO BIMSIHUE TYPUCTUICCKOTO IO~
TOKa Ha U3MEHEHUE OJIeICHEHUS B TIeIepe.

METOJMKA UCCJIIEJOBAHU

st u3ydyeHust BeIOpaHbl ABa rpota (bpuuinanTo-
BBl 1 JlaHTE) B 30HE OTpHULIATEIBHBIX TEMIIEPATyp
(cpenHeromoBas TemIieparypa Bo3myxa Hike —1°C),
HaxoIsgIIUecs B NPUBXOJOBOM YacTU mellepbl Ha
paccrosgaum 40 u 106 M COOTBETCTBEHHO, OT BXOJA B
Meliepy, Tae CHEXHO-JIeAIHbIe 00pa30BaHUSI cCoOXpa-
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HSIIOTCSI KpyTJblii rom (cM. puc. 1). s oneHKu Biv-
SIHUSI MIOCEeTUTEIe Ha MUKPOKJIMMAT Mellepbl He-
IIPEePLIBHO B TEUEHMUE NBYX Hededab (C 24 MIOHS IO
8 mronst 2022 1.) BO BpeMsI IPOBEIEHUSI HA TEPPUTO-
puu ropoaa KyHryp ¢dectuBans BO3gyXOIJaBaHUS
“HebecHas sspmapka” (25 utoHs1 — 2 U10JIs1) 3alUChI-
BaJld 3HAYECHUSI TeMIIepaTyphbl KaXAyld MUHYTY. B
3TOT TIEPUOJ, OOBIYHO HAOIIOAAETCS OOJBIION MTOTOK
TYPHUCTOB B IeEllepy, CAeIOBaTeIbHO, 3TO HanuboJjee
MMOKa3aTeJIbHBIN NEePUO, IJIsI U3MEHEHUSI MUKPOKIIHU -
MaTUYEeCKUX TTapaMeTpPOB.

st HempepbIBHO 3alIMCU TEMIIepaTyphbl BO3ayXa
B MeIllepe HCIOJb30BaAJIM MAaTYUMKKU TeMIepaTyphl
HOBO Water Temp Pro v220. B rpote bpuinanTo-
BBbIli 1aTYMK YCTAaHOBJIEH HEMOCPEACTBEHHO HaJl DKC-
KYPCUOHHOM MJIOIIagKoi B 8§ M OT BXojaa B IrpoT, Ha
BoicoTe 2.5 M. B rpote /laHTe jiorrep Takke yCTaHOB-
JIEH HaJl 9KCKYPCUOHHOM Tporoii B 8.5 M OT Bxona B
IpoT Ha BbicoTe 2 M. Ha ocHOBe maHHBIX HadJOae-
Huii MmereoctaHuumn “MeteoscanPro 923”, yctaHOB-
JIeHHO Ha TeppuTopuun KyHrypckoii 1abopatopun-
crauuoHapa ' ¥pO PAH, olieHuBanu CUHOIITHYE-
CKHe€ yCJIOBUS (TeMIlepaTypa Ha MOBEpXHOCTH). Jlo-
noaauTenbHo y OO0 “CrazarMut”, KOTOPHIN Ha OC-
HOBE JIMLIEH3UU PEIOCTABISIET 9KCKYPCUOHHBIE Ty~
pUCTUYECKME YCIYTM, 3alpoCuid JaHHbIE O
KOJIMUECTBE TToceTuTeeil U BpeMeHU 3aX0A0B IPYIIIT
B [IEPUO USMEPECHUI.

PE3YJIbTATbHI UCCJIEJOBAHUN

Bonbiiyto poiab B ¢OpMUPOBAaHUU BO3AYIIHBIX
IMOTOKOB U TEMIIEPATypHOro pexXxuMa IMeuiepbl urpa-
10T BXOJHOW M BBIXOIHOM TOHHEJIM, a TAKXE BEPTU-
KaJIbHbI€ MOJOCTU, YEPE3 KOTOPhIE IPOUCXOIUT BO3-
IyX000MeH MeXIy melrepoii m armocdepoii. Ha oc-
HOBe TeMIepaTypHBIX MoKa3aTeeii, MOJIydeHHBIX 3a
NBYXHEJEAbHbIN Tepuoa HaOIIeHUl, MOCTPOEHbI
rpacMKy COOTHOIIEHHUSI TEMIEPATypPbl HA TTOBEPXHO-
CTM U B IpoTax Iellepbl, KOTOPbIE PACIOJOXECHbBI B
MIPUBXOI0BOI YacTu (puc. 2).

B mpuBXomoBoil yacTu memiepbl MUKPOKIMMAT
W3MEHYUB U XapaKTepU3yeTCs Pe3KUMM KOJIeOaHMSI-
MM TEMIIEPATyPHI: IIPU MOBLIIIIEHUH TeMIIEpaTyphl Ha
MOBEPXHOCTU TeMIIepaTypa B IpoTax Mellepbl TOXe
YBEJIMYINBACTCS, TP MMOHIKEHUH, COOTBETCTBEHHO,
HaoOopot. CpegHss TeMIiepaTypa Ha ITOBEpXHOCTH B
nepuon ¢ 24 uwoHs no 8§ uiwoad 2022 r. cocTapisia
+14.4°C, B rpote bpunauanrosslit — —0.6°C, B TpoTe
Hante — —0.2°C. PazHulia TeMIiepaTyp Ha MOBEpPX-
HOCTM M B Mellepe YMEHBIIAeTCs IPU JBUXCHUU
BHYTPh KapCTOBOTO MacCcHBa. XOPOIIO BhIPaXKeHBI 1
CYTOYHBIE KOJIeOAHUsI TeMIIepaTyphl B IIeliepe: B
HOUYHOE BpeMsl OTMeUYeHa TeHIASHIIMS K TIOHMXXEHUIO
TeMIlepaTyphbl.

B netHmii nepuon B neuiepe coda0gaeTCsl TaKoM
pEXUM, IIpY KOTOPOM BC€ IIJTF030BEIE IBEPU BXOTHO-
IO ¥ BBIXOAHOI'O TOHHEJIE 3aKPHBIThI U IIPUBHOC TEII-
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Puc. 2. CooTHollIeHMEe TeMIIepaTyphl BO3AyXa Ha IMTOBEPXHOCTU U B rpoTax KyHrypckoii JlensiHoit netepsl: @ — rpot bpuiiu-
aHTOBBII; 6 — rpoT [laHTe; I — TeMIiepaTypa Ha MMOBEPXHOCTH, 2 — TeMIlepaTypa B rpoTe.

Fig. 2. Correlation of air temperature on the surface and in the grottoes of the Kungur Ice Cave: a — Brilliantovy Grotto; 6 —
Dante Grotto; / — surface temperature; 2 — temperature in the grotto.

Jia C TIOBEPXHOCTH BO3MOXKEH JIMIIIb Yepe3 OpraHHbIe
TpyOBI, TPEIIMHBI MaccuBa. B 310 Bpems pa3pelnéH-
Hasl TypMCTMYeCKasl MPOIMYCKHasi CIIOCOOHOCTh CO-
CTaBJIsSIET 25 4YeJIOBeK B OAWH 3aXOo[ MpU MHTEpBaje
3axon0B B 15 MuH. 3a uccienyemslii tepuon KyHryp-
cKylo JlegsgHyIO0 TIemepy IMoceTniIo 0oiee IeCITH ThI-
cs4 4yesioBeK. MakcuMalIbHOE MPOXOXIEHUE JIoeit
3a(DUKCUPOBAHO B IeHb OTKPBITHUS (heCTHUBAJISI BO3IY-
XoIUIaBaHMs — 25 WIoHS 1 cocTaBmiio 1314 yenoBek (B
9TO BpeMsI peXuM padoThI MeLIephl ObLUI IIPOMIEH).
MuHuMalIbHOE KOJIMYecTBO Jtoaei (459) nmocetuno
Ne 4 2023
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nemiepy 28 nroHs. 3a OOMH 3aX07 3a BECh IIEPHUO, T1e-
1epy nocemaio ot 1 (MHAMBUIYalbHAsI 9KCKYPCHS)
O 25 4enoBeK.

TemriepaTypa Tella — KOMITJIEKCHBIN MOKAa3aTellb
TETIJIOBOTO COCTOSTHUSI OpraHW3Ma YeJioBeKa. 3a Hop-
MaJIbHYIO TEeMITepaTypy Tejla YCIOBHO MPUHUMAIOT
TeMIIEPATypy B MOAMBIIIEUYHONM BHAAUHE 300POBOIO
yesjoBeka B 17 yacoB nHs (36.4—36.8°C) (AHucUMO-
Ba, 2007). Temmieparypa Tejla KaxXaoro 4ejoBeKa B
TeueHHe JHsSI KoyieGyieTcss B HeOONbIIUX Ipeaeliax,
OoCTaBasIiCh B nuarna3oHe oT 35.5 no 37.2°C njis 3m0po-
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Boro 4esoBeka (Komkwx u gp., 2021). Jlaxke He3HaA-
yuTeJibHbIE KOJICOAHUSI TeMIIepaTyphl Tejla UrparoT
BaXXHYIO pOJIb B M3MEHEHUSIX OUOPUTMHYECKUX
¢dyHkauit opranmuama. CoxpaHeHHME TeMIIepaTyphl
TeJla B Mpeaeiax HOPMBI — HEOOXOIMMOE YCJIOBHUE
KUBHEAESATEIbHOCTU YeioBeka. ONTUMAaIbHBINA Ter-
JIOBOM peXuM, 00eCIeuMBAIOIINIACS 3a CUET TEIIO-
MPOAYKIIMH YeJIOBEKA U TeTIJIOBBIM COCTOSIHEM Cpe-
IIbI, Ha3bIBaeTCs TEIJIOBLIM KoM@opToM. [TonzemHas
cpenma He obecrieunBaeT KOM(POPTHBIX yenoBuii. Ye-
JIOBEK BBIHYXJIEH MOIIePKUBATh TETIJIOBOE pABHOBE-
cue 3a CUET (PUBUYECKOM U XUMUYECKOIN TepMOpEry-
JIIUAW OpTaHMW3Ma, OAeBaTh TEIUIYIO OHEXKIy, ITO-
CKOJIbKY Halll TIpUPOMHBIM TepMocCTaT ci1abo
MPUCITOCOOJIEH K TAKUM YCIIOBUSM, TaK KakK B 0OJIb-
IIWHCTBE CIydyaeB TeMIIEpaTypa 4eJIoOBeYeCKOTO Tesa
3HAYUTEJBHO TIPEBBIIIAET TEMIEPATypy IOA3EeMHOI
atMocdepnl. B Bo3ayxe Terionepenadya MpoOUCXOaUT
TpeMs IIyTSIMH: U3nydeHueM (45%), TerionpoBomI-
HocThIO (35%), cmapeHueM oTa M HarpeBOM BIIbI-
xaemoro Bo3ayxa (20%) (dyo6nsHckuit, 2000).

YTOOKI OLIEHUTD BIMSIHME 9KCKYPCAHTOB HA MUK-
pPOKJIMMAaTUYECKHUE XapaKTepPUCTUKU Mellephbl, Io-
CTpOEHbl TpapUKu W3MEHEHUS TeMIlepaTypbl TMpU
MPOXOXIEHUU 3KCKYpCUii (YUUTHIBAIU BpeMsl 3axoa
IPYIIbI B MElIepy) 3a BECh MEPUOJ UCCIEOBAHUS U
B OHW MaKCHUMaJIbHOM W MWHUMAJIbHOM Harpy3ku
(puc. 3—5). Ha rpadukax oT4E€TIMBO MPOCIEKUBACT-
Csl TEHIIEHIIMSI TIOBBIIIEHWS TEMIIEpaTyphl B THEBHOE
BpeMsI IIPU TTOCELIEHUY MEIIEPbl TYPUCTAMU, MEXIY
3axollaMM B TelIepy U B BeUyepHee U HOYHOE BpeMs
TeMmIieparypa naaaet. B To ke BpeMsl BeJIMuMHA J10-
CTOBEPHOCTH amIpoKcuManuu (cM. puc. 3) maja
(R? = 0—0.02) 1 yka3bIBaeT Ha OTCYTCTBHME 3aBUCH-
MOCTU MeXIy BeluuumHamu. B rpore BpuiiuanTo-
BbIli puMepHO uyepe3 11—15 MUHYT mocie 3KCKyp-
CaHTOB MOOTHUMAaETCS TeMIlepaTypa, a yepe3 4—8 Mu-
HYT TemIieparypa mnoHwuxaetcs. [ias rpora JlaHTe
XapaKTepHO TOBbILLIEHUE TeMIepaTypbl uepe3 15 mu-
HYT T10CJIe OCTAHOBKM 3/1€Ch TYPUCTOB, a IPUMEPHO
yepe3 7—12 MUHYT TeMIlepaTypa CHOBa OITyCKaeTCsl.
B HouHOe Bpems TeMmepaTypHbIii peXXuM B 00OUX
rpoTax BOCCTAaHABJIMBAETCS.

VYunteiBas, 4TO Mepen 3KCKypcueid BO BXOITHOM
TOHHeEJIe OJisI 3KCKYpPCAHTOB IIPOBOIUTCS KpaTKUit
MHCTPYKTaX O Mepax 0e30I1acHOCTU U ITOBEICHUN B
neniepe, BpeMs 3axoa B TpoT bpuimmaHTOBBII cMe-
maeTcs Ha 5 MUHYT. B rpot /laHTe moceTuTe u nora-
nIaioT yepe3 10 MUHYT I10ocie 00IIIero 3axoaa B Melle-
py. CiegoBaTelbHO, MEHSIETCSI BpEeMS ITOBBLIIIICHUS
TeMIIepaTypbl B IpoTax MOCJIe 3KCKYpCUU: B IpoTe
BpunnnanToBeiii oHO cocraBigeT 6—10 MUHYT, B
rpote Jdante — 5 MmuHYT. BO3MOXHO, MK TTOCEIIe-
HUsI COABUHYTHI M3-3a IMOJIOXEHUSI HATYUKOB (OJIM-
30CTh KPOBJIM TPOTOB), KOJINYECTBA SKCKYPCAaHTOB B
TpyIITe 1 MUHUMAJIbHOTO IBUKEHWST BO3IYIITHBIX IT0-
TOKOB B Melllepe B JETHUI Mepuo, 3a CYET KOTOPOTo
MIPaKTUYECKN OTCYTCTBYET IepeMEIIMBAHUE BO3IY-
Xa, BBIIBIXaeMOTO 3KCKypcaHTaMM U MOI3EMHOM aT-

Mochepoit. OTMeUeHO, UTO MOJOXEHUE IKCKYpPCU-
OHHOM TPYIIIbl 3aBUCUT OT 3KCKYpPCOBOJA, TO €CTh
OfHAa Ipyma MOXET CTOSTh B LIEHTPaJIbHOM 4acTu
rpoTa WM HeNOCPEACTBEHHO MOA JaTYMKOM, IpY-
rast — B ornajieHnu. MHOTIa TypUCTHI 3a1ep>XKMBAIOT-
Cs Y OTCTAIOT OT TPYMIIbI, YTOOBI cAeiaTh (POTO, IMO-
STOMY BpeMsl HaXOXIECHUSI TYPUCTOB B TPOTaX MEHSI-
ercs. Ilepmon MOHMKEHUSI TeMIIEpaTyphl OCTaETCs
MIPEXXHUM.

INpoaHanmm3npoBaB JaHHBIE OTASILHO II0 TPOTaM,
3axomaM B TIelIepy M M3MEHEHUSIM MHKPOKJIMMATA,
YCTAaHOBUJIM, YTO HE3aBUCUMO OT KOJIMYECTBA TypU-
CTOB B TpYIIIe TeMIlepatypa B TpoTaX IMOBBIIIAETCS
MakcuMyM Ha 0.1—0.2°C wiu ke ocTaéTcss Heu3MeH-
HOI1, a MECTaMU1 OTMEUEHO 1 OHWXKEHUE TEMIIepaTy-
pbol Ha 0.1°C.

OBCYXIEHMUWE PE3VJIIbTATOB

Mccnenyemsble rpothl (bpryuinantoBbiit u JlaHTte)
BXOZISIT B 30HY MOCTOSIHHBIX OTPUILIATEIbHBIX TEMIIE-
patyp, rae Jensinble 00pa3oBaHUsl MPUCYTCTBYIOT B
TeueHWe Bcero roma. Tak, B JIETHUN Mepuon C
24 nioHs 110 8 U0 B TpoTe bpuiinaHTOBEIN TeMIIe-
parypa usMensuiach ot —0.8 10 0.0°C, B rpote JlaHTe —
oT —0.5 mo +0.5°C. INonyyeHHbIe pe3yabTaThl MOKa-
3ajli, YTO BJMSIHUE TOCETUTeNeldi Ha M3MEHEeHUe B
JISTHUM nepuon Mukpokiaumara KyHrypckoii Jlensi-
HOIi Tielepbl HeBeJUKO. [ToBbIlIEeHUE TeMIepaTyphl
B TedeHue cyToK B rporax Ha 0.1—0.2°C HUKaK He MO-
XKEeT TIOBJUATH Ha OOIMI MUKPOKINMATUYEeCKUI
¢oH meliepsl U, COOTBETCTBEHHO, OTPa3UThCs Ha KO-
JIMYEeCTBe Jibaa U Macliutabde oneneHeHus. Camopery-
JISILIMS TEMITepaTyphl MOCJIe MPOXOXKIEHUS SKCKYpCH -
OHHOW TPYINbl MPOUCXOAUT B T€YESHUE HECKOJBbKMUX
MUWHYT B JTHEBHOE BpeMsl, & HOUbIO OHa IOJHOCTHIO
BOCCTaHaBJIMBAETCS 0 TeX IMPeeoB, KOTOpble ObLIU
B YyTpeHHee BpeMsi 10 OTKPBITUSI MelIephl, ¢ Kojieba-
HUSIMU B HECKOJILKO JIECSIThIX I0JIei Tpaayca, B 3aBU-
CUMOCTHU OT MOBEPXHOCTHBIX YCIIOBUMA.

OCHOBHYIO POJIb B U3MEHEHWHM TeMIIEPATYPHBIX
rmokazareJieii Bo3myxa Iellepbl UTpaloT KojieOaHUs
TeMITepaTyphl Ha TTOBEPXHOCTH, KOTHa TEIUIBIE BO3-
IYITHBIE TTOTOKW TPOHUKAIOT Yepe3 TPEITUHEI M BEp-
TUKaJIbHbIC TMOJIOCTU MaccuBa. CpaBHUBAsI TaHHBIC
TEIUIOTO JIETHETO nepuoaa (MioHb—anryct) B 2021 u
2022 rr. (Tabn. 1), HabmMOMaeM TEHACHIINIO K TTIOBBI-
LIEHUIO TeMIlepaTypbl Ha MoBepxHOCcTU Ha 1.8°C: B
2021 r. cpenHssa TeMIepaTypa Ha IIOBEPXHOCTU CO-
crapisuia +20°C, B 2022 r. — +21.8°C. Takoe u3me-
HEHUe He MOIJIO He OTPa3UThCsl Ha TeMIIEpaTypHOM
pexXmMe B Telepe: B 3TOT Iepro B rpoTax bpummm-
aHTOBBIII W JlaHTe TemIlepaTypa MOBBICIIIACH Ha
0.3°C (obu10 —0.7 1 —0.5°C, crano —0.4 u —0.2°C).
KonmyecTBo TToceTnTeNeit ¢ MIOHS MO aBTyCT COCTa-
BwIo B 2021 1. 50 ThIC., B 2022 1. — moytu 60 ThIC. Ye-
JIOBEK, HAUOOJIBIINI TTIPUTOK TYPUCTOB 3a(PUKCUPO-
BaH B uitojie. COmTacHO JISTHEMY PEXXUMY 9KCKYPCH-
OHHOM JesSTeIbHOCTA TPYIIIBLI 3aXONMJIM B TEIIEPY

JIEQ Y CHET Ne 4

TOM 63 2023
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Puc. 3. TeHaeHLMs1 U3MEHEHUsI TeMIiepaTypbl Bo3ayxa B rporax KyHrypckoit JleasiHoit nelepbl npy MoceleHnuy nemepbl Ty-
pucTaMu 3a Bech epuoa HabmoaeHuii (24 uioHs1 — 8 uioist): a — rpoT bpuwinanToBelit; 6 — rpot JlaHTe.

Fig. 3. Air temperature trend in grottoes of the Kungur Ice Cave when tourists visit the cave for the entire observation period

(24 June—8 July): a — Brilliantovy Grotto; 6 — Dante grotto.

Kaxaple 15 MUHYT, MaKCMMaIbHOE KOJIMYECTBO JIIO-
JIeii B TpyIIe 25 J4eloBeK.

B T0 ke BpeMs1 B TpoTax neliepbl OTMEYaeTCd TEH-
JIEHIIVS TTOBBILICHMST TeMITepaTyphl BO3yXa OT Hava-
Jla JIETHEro Iiepuoja K ero 3aBeplueHuio (tadmi. 2):
B IrpoTe BpuIMaHTOBBII TeMIlepaTypa BO3OyXa C
—1.1°C (uronb 2022 1.) moBbicuiack o —0.4°C (aB-

JIEN U CHET Ne 4

TOM 63 2023

rycT), B rpote [laHTe TemmepaTypa U3MEHUJIACh C
—0.8 1o —0.3°C. KonmmuecTBO Xe IToCeTUTENIeii TakKe
yBeJIMUMBaeTCs: eciu B moHe KyHrypckyio JleasHyo
nellepy NOCeTUIO OKOJIO 16 ThIC. YeJIOBEK, TO B aBry-
cre yxe 18 Thic. yenoBeK. CTOUT OTMETUTh, UTO B
HNIOHE MUBMCHCHUE TEMIIEPATYPHBI B I'poTax OT Haydajia
Mecsilia K ero KoHiy o6nu1o B ripeaeiax 0.5—0.7°C, a B
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Puc. 4. Mukpoxinmatrndeckue u3meHeHus1 B rpotax KyHrypckoii JleassHoit neiepsl B IeHb MaKCUMAaIbHOM 3arpyKeHHOCTH
(25.06.2022): a — rpot bpuyuinaHToBblit; 6 — rpot JlaHTe; / — KOJIM4eCTBO MoceTuTeseit; 2 — Temiieparypa B TpoTe.

Fig. 4. Microclimatic changes in the grottoes of the Kungur Ice Cave on the day of maximum workload (25.06.2022): a — Bril-
liantovy Grotto; 6 — Dante grotto; / — the number of visitors; 2 — temperature in the grotto.

aprycte —0.1°C. B wmioHe 4E€TKO MpPOCEKUBAETCS
CBSI3b MEXIy TeMIIepaTypoii Bo3Iyxa B Meliepe U Ha
noBepxHoctu (r = 0.79, npu r; = 0.45 npu o = 0.01,
R? = 0.62), cB3b MeXIy KOJIMYECTBOM TYPUCTOB U

TEeMITEpaTypOii BO34yxXa B IEIIEPE B TPOTAX CTATUCTH-
yecku He3Hauuma (r = 0.43, R?> = 0.18). B asrycre
CBSI3b MEXIY MapameTpamu otpuiiaTesabHa (r= —0.03...
—0.05), B 3TO BpeMsI KapCTOBbIIi MAacCHUB JIOCTUT

Taomuna 1. CpenHue gaHHbBIE MO TeMIIEpaType BO3Ayxa U KOJIMYECTBY MOCETUTENEH 3a TEMUIbII JIeTHUI nepuon (MIOHb—

aBryct) 2021—-2022 1.

Temmneparypa Ha Temneparypa B rpote (cpennsisi), °C KonuuecTBo oceTUTeeit,
MOBEPXHOCTH (cpemHsis), °C BpUWLTMAHTOBBII Tante TBIC. YeT
2021 +20 —-0.7 -0.5 50072
2022 +21.8 —0.4 —0.2 56286
JIEQ Y1 CHET  TtoMm 63 Ne 4 2023
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Puc. 5. MukpokimMatuyeckre u3MeHeHust B rpotax KyHrypckoii JleasiHoit reiepsl B AeHb MUHUMAJIbHOM 3arpy>KeHHOCTH
(28.06.2022): a — rpot bpuyutnaHToBelii; 6 — rpot JlaHTte; I — KOJTMYECTBO MOCETUTENIEH; 2 — TeMIlepaTypa B IpOTe.

Fig. 5. Microclimatic changes in the grottoes of the Kungur Ice Cave on the day of minimum workload (28.06.2022): a — Bril-
liantovy grotto; 6 — Dante grotto; / — the number of visitors; 2 — temperature in the grotto.

YCTOMUYMBOIi TeMITepaTypbl, HIO3TOMY KoJieOaHUsI ¢€ B
TpoTax HECYIIECTBEHHBI W BIMSHHUE TeMIIEPaTyphlI
BO3Iyxa Ha MIOBEPXHOCTH M MIOCETUTENICH Ha U3MEHEe-
HUE MUKPOKJIMMAaTa Tellephbl Takke HeBeauko. J1is
cpaBHEHUS, BO Bpems maHmemMun B mMae 2020 r. Hu
ONIMH YeJIOBEK He MOCeTu Teniepy. B aTo Bpems cy-
TOYHBIE KoJieOaHUsI TeMIlepaTyphbl BOo3ayxa B IpoTax
BpunnmanTtossiii n Jante coctaunu 0.1°C, cpenHsis
TeMmIieparypa B rpote bpuinantoBsiii 6bu1a —0.9°C,
Hante — —0.7°C, npu 3TOM cpemHsisl TeMreparypa
BO3Iyxa Ha ITOBEPXHOCTH 3a Maif 3apUKCHpoBaHa Ha
ypoBHe +13.3°C.

OueHKa AUHAMUKN M3MEHCHUS OJIENCHEHUS B
Kynrypckoit JlengHoit memiepe moO3BOJSIET 3aKITIO-
YUTh, YTO B TCYECHME TOJla IPOUCXOAAT U IIPUPOCT U
noteps Jbaa. B 1eTHee BpeMsI 4acThb JibIa B HEKOTO-
PBIX TPOTaX 30HBI MOCTOSIHHBIX OTPULIATEILHBIX TEM-

JEI U CHET tom 63 Ned 2023

nepatyp (bpwuimanToBbiii, JlaHTe) TaeT, a, HaIpU-
Mep, B IpOTax 30HbI IepexoaHbIX TeMmIiiepatyp (Kpe-
CTOBBIIT), HaoOOpoT, HapacTaeT. Kak Imoka3bkIBaioT
MHOTOJISTHE MOHUTOPUHIOBBIE MCCJIEIOBaHMS,
TPaHULBI ITOCTOSTHHOTO OJIEACHEHUST OCTAIOTCS HEU3-
MEHHBIMHU, a HAUOOJIBIINI BKJIaJ B a0JISIII0O BHOCUT
HUCIIapeHNe CHEXHO-JISASIHBIX 00pa3oBaHUl B 3UM-
HUI TIEpUO, a HE UX TasgHYUE B JIETHEE BpeMsI.

3AKJIIOYEHHME

VBennueHre TI0CEeIaeMOCT TYPUCTUUYECKUMU
rpynmnamu KyHrypckoii JlenssHoi neniepsl B JETHUNA
nepuon (MI0Jib) HE3HAUYUTEIBHO BIMUSIET HA U3MEHE-
HHUE MUKPOKJIMMAaTUYECKUX IMapaMeTPOB, a TAKKe Ha
onenecHeHue. [IpoaHanmu3npoBaHHbBIE NAHHKIE B IBYX
TpOTax 30HbI MOCTOSTHHBIX OTPULIATENBHBIX TEMIIEPA-
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Ta6mma 2. ExkemecssuHbIe TaHHBIE TIO TEMIIepaType BO3ayXa U KOJTWYECTBY MOCETUTENeH 3a BeCh TEIUIBIN JISTHUIM TTepUOJ

(uroHb—aBrycT) 2022 1.

Temneparypa B rpote (cpentsis), °C KOJIM4ecTBO MoceTUTeNE,
BpunmnmmanToBEIIT JlaHTe TBIC. 4YClI
UroHb —1.1 —0.8 15801
Hionb -0.6 -0.4 21989
ABrycr -0.4 -0.3 18496

Typ (bpriummanToBbii 1 JlaHTe) 1 ITOCTOSTHHOTO OJIe-
JIEeHEeHUST MOKa3aJIM, YTO Jaxke MPU MaKCUMalabHOI
TypUcTUUYecKoit Harpy3ke (825—925 uejioBeK B JeHb
U 6oJiee) TeMItepaTypa B TeUeHUE THS HEe U3MEHSIETCS
win nogHumaetcd Ha 0.1—0.2°C, a uHorma M MoHu-
xkaetcd. [TocaenHee Kak pa3 MOXKET yKa3bIBaTh Ha TO,
YTO YeIOBeUeCKUl (paKkTop He BIUSIET HA U3SMECHEHUE
TeMIIEpaTypPHOTO pexXuma Teriepbl. [1pu 3ToM BpeMms
BOCCTAaHOBJICHUSI TEMIIEPATYPhI IOCIE ITPOXOXKIACHUS
KaX[IO# TPyMIThl TYPUCTOB B THEBHOE BPEMSsI JOCTH-
raet 4—12 MUHYT, B HOYHOE BpeMsI TeMItepaTypa CHU-
KaeTcsd U TeMIIepaTypHBIA PeKUM MOTHOCTHIO BOC-
CTaHAaBJINBACTCS.

M3MmeHeHne BHEIIHEH TeMIlepaTyphbl BO3oyXa OT-
paxkaeTcsd Ha OJieAcHEHUU Yepe3 U3MEHEHHUE B Mellle-
pe 3araca xoJiojia, Ho He OT rmoceturesieit. OcraHoBKa
TYPUCTUYECKMX TPYHIl B JICTHUI Mepuon B MEPBBIX
nByx rpotax (bpumnuanrtoBslii, [TomspHbIit) 3ampe-
1meHa, B rpote JlaHTe n3-3a 00JbIIOro oObEMa raie-
peu BIUSHYE TYPUCTOB Ha CHEXXHO-JISASTHEIE 00pa30-
BaHUSI OTCYTCTBYeT. IlOCTOSIHHBIII KOHTPOJb 3a
CHEXXHO-JIEASHBIMM 00pa30BaHUSIMU 1 NX O0bEMaMU
IOKAa3bIBaET, YTO M3MCHEHME COCTOSIHMS JICOSHBIX
00pa3oBaHUi MPOUCXOAUT B 3SUMHMUIA TIEPUOJ, 32 CUET
WUCITapeHUsI, a He 3a CYET TasgHUSI B JIETHUM NEPUO]I.

OCHOBHOE BIIMSIHUME Ha MUKPOKIMMAT IIellephl
OKa3bIBaIOT MOBEPXHOCTHHIE YCIOBUSI, Ha 3TO YKa3bl-
BalOT BBICOKME 3HaUYeHUsI KO3 dULIMeHTa KOppeisi-
UM MEXIY TeMIIepaTypoil Bo3dyxa B Ieliepe U Ha
nosepxHoctu (r = 0.79). HaGnionaeTcs nosblilieHUE
TeMIIepaTypbl BO3IyXa Ha MOBEPXHOCTU U B IpoTax
mellepbl OT Hayvaja JIETHEro Ce30Ha K €ro OKOHYa-
HU1O. TypuCcTNYEeCKMiT TOTOK TaKKe PacTET, HO B TIe-
1epe K 3TOMY BpPEeMEHU YCTaHaBJIMBAIOTCSI TaKue
YCI0BUSI, IPU KOTOPBIX TEMIIEPATypa BO3Ayxa B Teue-
HUe Mecsia nsMeHsiercd Ha 0.1°C 1 BIUsTHUE TypU-
CTOB Ha TeMIIepaTypHBI PeXXUM U OJiefcHEHEe MU-
HUMAJIbHO.

Kynrypckas JlensiHas tmienmiepa — yHUKaJIbHBIN
OPUPOOHEIN OOBEKT PErMOHAJILHOIO 3HAYCHMSI, HC-
TTOJIb3YEMBI IJIsT MACCOBOTO KCKYPCHMOHHOTO ITOCe-
meHus. Ha npotsikenuu 6osee 70 JieT oHa U3y4daeTcs
CIIeUMAINCTAMUA M II03TOMY HECET 3HAYUTEIHHYIO
WHPOPMALIMOHHYIO Harpy3Ky M Takxke o0yagaeT
0OJBIION BCTEeTUYECKOl LieHHocThio. MccienoBa-
HMS, TIPOBEIEHHBIE aBTOpaMM, 000OCHOBaIN HEOOXO-
IUMOCTBh CJICIWUTh 3a TEeMIIEpaTYPHBIM PEKMMOM

Kynrypckoit JlensiHoit memiepbl, KOHTPOJMPOBATH
JIOCTYII BO3IyXa Yepe3 IIJII030BbIe IBEPU, YTO CO3NAET
YCJIOBUS IJIsI COXpaHEHMSI 1 BOCCTAHOBJIEHUSI CHEX-
HO-JICISIHBIX 00pa30BaHMil, a TAKXKe B YCIOBUSX aK-
TUBHOM TYpPUCTUUYECKOI HArpy3kKu MO3BOJISIET BECTU
MOICYET, OIIPEAEAsITh U PEryIupoBaTh ONTUMAIbHOE
KOJIMYECTBO TYPUCTOB, YTOOBI HE HABPEIUTh €CTE-
CTBEHHOI Cpelie Mellephl.

CITMCOK JIMTEPATYPbI

Andpeituyk B.H., lopoghees E.Il. AHTpOIIOTeHHBIN (haKTOP
un Kynrypckast nemiepa // KyHrypckas JlensiHast me-
wmepa. 1995. Bein. 1. C. 85-99.

Anucumosa H.B. TepmomeTpust Kak MeTon (hyHKIIMOHAb-
Hoii nuarHoctuku // M3Bectus Ilepmckoro roc. mex.
yH-Ta. PuUsnojorust U rurueHa 4yemoneka. 2007. Ne 5
(9). C. 36-38.

Hybaauckuii B.H. 3aHnumatenbHasi crneneosiorusi. Yens-
ounck: U3n-so Ypan JIT/, 2000. 528 c.

Hybaauckas ['H., lybasnckuii B.H., Kaodebckas O.HU.,
Kaoeockuii 10.B., Kamaesé B.H., Jlaspoe H.A., Jlas-
poea H.B., Maenaiodos b.P., Maxcumosuyu H.I., Mono-
wmanosea H.E., Hazaposa V.B., Huxugoposa H.A.,
Ilanvkoe H.H., ITIamynun M.C., Xydenvkas K.O., llly-
eanoe B.M. Kynrypckas JlenssHasi meliepa: OnbIT pe-
XUMHBIX HabOmoneHwuii. ExarepunOypr: YpO PAH,
2005. 385 c.

Kaoebckas O.H. IameHeHNe MUKPOKJIMMAaTa M 3arpsi3-
HeHue KapcToBbix Boa B KyHrypckoii JlensiHoit 1ie-
mepe // [1poGiaeMbl KOMIUIEKCHOIO MOHUTOPHHTA Ha
MECTOPOXIEHUSIX MOJE3HbIX HUcKomaeMbix. CO6. mo-
ximanoB. Ilepmsb: Topubrit nactutyT YpO PAH, 2002.
C. 2019—-2022.

Kaodebckas O.H. BnusiHue TypuCTCKO-3KCKYPCUOHHOM 1ie-
SITEJbHOCTU Ha TeIuioBoi 6anaHc KyHrypckoii Jle-
nsiHoit mewepsl // CTpaTeruss U IIPOLIECCHl OCBOE-
HUsI TeopecypcoB: Marepuaiibl Hayd. ceccuu [op-
Horo nH-Ta YpO PAH nio pesynsraram HUP B 2003 1.
19—23 amnp. 2004 r. Ilepmb: TopHbiit uHCTUTYT YO
PAH, 2004. C. 56—58.

Kaodebckas O.H. DKoJOTUUECKUIT MEHEIKMEHT B TIpejie-
Jlax 0c000 OXpaHsIeMOil MMPUPOIHOI TEPPUTOPUU pe-
TMoHaJIbHOTro Ha3HaueHus “JlemstHas ropa n KyHryp-
ckas JlensHas neepa” // T'eorpacduy. BectHuk. 2008.
Ne 2 (8). C. 214—-221.

Kaoebckas O.H., lybasuckuii B.H. T1lo KyHrypckoii Jleas-
Hoii nemepe. [Tepmb: 2004. 91 c.

JEI U CHET  Ttom 63 Ne4 2023



AHTPOITOTEHHOE BJIIMAHWUE HA MUKPOKJINMAT 623

Kazanuyesa A.C., Kadebckas O.H. JuHaMuKa oleacHESHUS
B KyHrypckoii JlensHoii nemepe // I'eorpacduy. BecT-
HUK. 2017. Ne 4 (43). C. 5—11.

Kazanyesa A.C., Kpacuxoe A.B. Ce30HHbBIE Bapualluu ra-
30BOTO cocTaBa Bo3smyxa B KyHrypckoii JlemssHoii 1re-
mepe // TopHoe 3x0. [Tepmb: BecTHuk I'opHOro nH-Ta
VYpO PAH, 2017. Ne 2 (67). C. 33-37.

Kowwxun M.JI., IInomnukosa K.P., Komunesey H./]. O He-
KOTOPBIX OCOOEHHOCTSIX MOHUTOPUHTA TeMITepaTyphl
nalueHTa // AKTyallbHbIe BOIIPOCHI pa3BUTHUS COBpE-
MeHHOM mudpoBoii cpeasl. Bonrorpan: U3n-so “U3-
natenbekuii nom Cupuyc”, 2021. C. 105—111.

Kpacukose A.B. YTouHeHne MOpGOMETPUICCKIX IMOKa3a-
Tejeil rpoToB U ranepeit KyHrypckoii gensiHoit me-
Iepbl 0 pe3yjbTaTaM Tolorpado-reomae3ndyecKux
pa6ot // W3B. By30B. TopHbIii xxypHai. 2022. No 4.
C. 76—89.

Kpacukoe A.B., Kazanyesa A.C. ®akTopsl, BIUsIOLINE Ha
IHaMUKy conepxanus CO, B TIpenenax Moa3eMHOTO
npocTtpaHcTBa (Ha npumepe KyHrypckoit JleasiHoit
nemepsl) // ChIkThIBKap: BecTHUK MHCTUTYTA reoso-
ruu KomuHII ¥pO PAH, 2019. Ne 9. C. 3—9.

Jlobanos I0. E. OTpuiiaTenbHbIe TeMIIepaTypHbIe aHOMAa -

JIMU 1 MOP(OJIOTHS Melep B KApOOHATHBIX MacCU-
Bax // AKKYMYJISIIMSI 3MMHETO X0JIo/la B TOPHBIX T10-

polax U ero MCIOJb30BaHKME B HAPOIHOM XO3dii-
ctBe. Ilepmb: 1981. C. 28—30.

Jlykur B.C. HaGnioneHusl 3a BO3AYIIHBIM PEXUMOM 3a-
KapCTOBaHHBIX MacCCHBOB Ha IpuMepe KyHrypckoit
Jlensinoit nemwepst // CeepanoBck: Tp. MH-Ta reojio-
run YOAH CCCP, 1962. Bein. 62. C. 107—119.

Jaxuuykuit 10.C., Yyiiko M.A. KoMILIEKCHbBIE UCCIen0Ba-
Hust KamoBoit mremepsr // Iemepsl. 1999. Beim. 25—
26. C. 21-37.

JMaxnuyruii F0.C., Owrko A.A., Munnukoe O.A., Yepes-
yosa O.4. Pe3ynbTaThl KOMIUIEKCHBIX MCCIICAOBaHUIA
Kamnosoit nmemepsl (Illynbran-Tamr) u npobGiaema eé
coxpaHeHust // Crieneosorusi U CIeJecToNoTus: co.
marepuanoB KkoHd. 2010. Ne 1. C. 13—17.

Maesnawooe b.P., Kydepuna T.M., Ipabenko E.A., Medge-
des A.A., Pkba A.A. Knumat HoBoadonckoii [1emie-
psl // Bormpocsl reorpacduu. Crieseosiorusst U Kap-
croBegeHue. 2018. Ne 147. C. 218—243.

Hukapuweuru K.JI. WN3ydenme wmukpoxkiaumara HoBo-
Adonckoit niewmepst // Iewmepst [pysun. 1978. Neo 7.
C. 17-25.

Ilexosckuii E.A., Kycmukosa M.A. Xapaktepuctuka Ta-
HeukuHoi (CTaposiagoXCKoi) Ielephl Kak 3MMOBKH

PYKOKPBLIBIX // MOCKOBCKUIT 5KOHOMUYECKUI XKYp-
Hai. 2020. Ne 6. C. 1-24.

Citation: Kazantseva A.S., Krasikov A.V. Anthropogenic influence on the microclimate and glaciation of the
Kungur Ice Cave during the period of maximum tourist load. Led i Sneg. Ice and Snow. 2023, 63 (4): 612—624

[In Russian]. doi 10.31857/S2076673423040087

Anthropogenic Influence on the Microclimate and Glaciation of the Kungur Ice Cave
during the Period of Maximum Tourist Load

A. S. Kazantseva®?# and A. V. Krasikov”

?Mining Institute of the Ural Branch of the Russian Academy of Sciences, Perm, Russia
bPerm State University, Perm, Russia
*e-mail: kazanalena @bk.ru

Received January 25, 2023; revised July 6, 2023; accepted October 2, 2023

The Kungur Ice Cave is visited by thousands of tourists every year, so the question of anthropogenic influence
on changing its state is acute. Snow and ice formations are the main attraction of the cave. From the moment
of discovery and improvement of the cave, the thickness of glaciation began to depend not only on natural,
but also on technical and anthropogenic conditions. First, this is a change in the temperature of the outside
air, the annual rise of underground and surface waters (the Sylva River), the construction of inlet and outlet
tunnels, artificial ventilation, and the number of tourists. To assess the impact of the flow of tourists on the
microclimatic characteristics of the Cave, the staff of the Kungur Stationary Laboratory conducted research
during the period of maximum anthropogenic load in the summer of 2022. The data analyzed in this article
made it possible to clarify that the existing tourist load has an insignificant impact on the microclimate of the
Cave. After the passage of each group of tourists, the air temperature in the grottoes slightly increases (by a
maximum of 0.1—0.2°C) but is restored during the daytime within 4—12 minutes, and at night the tempera-
ture regime is completely restored. The maximum tourist load per day is 825—925 people or more, depending
on the operating mode of the Cave. Thus, the visiting regulations and the allowed throughput of the cave are
currently chosen correctly. The number of tourists is not so large as to limit the visit to the Cave to protect the
ice formations, especially since the first-year ice is renewed every winter.

Keywords: Kungur Ice Cave, microclimate, glaciation, anthropogenic impact, thermal pollution
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