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NPEAUCTNIOBUE

|

[eokpitonorus sBasieTcs ecTECTBEHHO-UCTOPUYECROM HAYKOU
FEOTOI MMECKOTo K4, KOTOpas M3yudeT 3AKOHE opMuposa
HIH, Pa3BUTHA M CYUICCTBOBAHMS BO BPEMEHM W MPOCTPAHCTHE
MHOT ONETHEMEP3TbiX (B TOM YHCIE CE30HHOMEP3JBIX) TOPHbIX
nopoji — HX cOCTaBd M COCToAHMS, KPHOTEGHHOIG CTPOEHUS H
CBOITCTB, kPMOIEHHEIX FEONOrUUECKHX TIPOLECCOB W B IEHHK

O0LEKTOM HCCACI0BAHNS TEOKPUONOTHHN SIBASIOTCH Mep3nibie
ropHbIe MOpeAbl BKIIOYAas Noa3eMHble M HA3EMHBIE CKOTUIEHHSI
JIbJa M cHera MOLWIHOCTL TOTIU MeP3TbIX TIOPOL H3MEHsETCs C
1012 Ha ceBep OT MEPRLIX AECATKOBR METPOB A0 HECKOTLKUX COTEH
1 JLaKe Thicsul MeTpon ¥ 60slee B BhICOKOTOPbsIX MnaneTsl Mep-
30451 30Ha TUTOCHEPD] XAPAKTEpHIYETCst OTPULIATESILHOM CpelHe-
roJoBolt Temrnepalypoii nopoa B Axanazone 0 —10,—17° Ha
paguuHay ¥ 0 —15,—30°C 1 Hione B BBICOKOIrophAX, a TaKXe
CONEPRAHMEM B HMX Tbid B Byle KPUCTATTOR, KRPYIHLIX Neas-
HBIX BKIIGYEHWH 1 BLICOKOMUHEPATH3OBAHHLIX OTPHLATE TLIHO-
Temnepaly pHolx Bol (KpHON 31 on)

K HacTosnue My BpeMeHit yeTKo onpeienetbl 00berTL H Kyl
OCHOBHDBIX 3244 TEOKPHONOTHU €€ HayUHdf H MpaKinyccKas
IHAGHIMOCTD, PA3PISOTAHDBl MeTOMfKa ¥ METOAL! CIIRUHATLHBIX
TeOkpHOAOTHYECKIY HCCTEeAOBAHNK B HAYYHOM I [PakTiuec-
KOM OTHOLICHUSX

OO0NACTbio C\UWECTBOBAHUA M PA3BUTHUS MeP3Thlx NOPO 1
cornacio B Y Bepnanckomy, A b loGpononibehovy H Apyvium
SIBASIE1CA K puochepa NPENC!apioiias coboy TaKs 1o 1€pMo IH
HamMHYeckvIo 0B0TOUKY 3eMnM, B KOTOPOIl ONHOBPEMEHHO MPH



OTPHUATEABLHOM TCMIIEPATY PE MOIYT CYIICLIBOBIIL 1ed BO'1d I
nap Mep3nuple 10PHBIE TIBPOL! TIPH ITOM UBUSIO 1S CICIBCI-
110~ HCTOPHHTCKIIMIL TCOTOTHHECKITMH OOPAOBAHIAMIT KOTOPbIC
XAPaKTEPU3YIOTCH CTPOTO OIIPEAETEHHLIMM, TONLKO 1M TIPHLY -
UM 3aKOHAMM BO3ZHMKHOBEHHS (FCHC3HLA) ) LECTBOBAHILA
M pacnpocTpalieHHA Ha MiaHete Leam Ke BBIMTH 3d Mpeieibl
3evnH, To oKaxeTess uto 60Jibldst 4C1b naner CotHeHon
cUCTEMBl W TBEPAblE KOCMMUEeCKUE Tes1a BeeneHHOM nonkb OLtib
KPHOTEHHBIMHM T € XaPAKTePU30BATHCS PdIBMTHUCM Hd HITY Mep-
31bIX TOPHEIX 110p0]

Kak u Besikast Apyrast oTpacib 3HAHUHM TEOKPHOTOTHS BO 3-
HUKIA M3 NOTPEOHOCTEH MPAKIHAM, d ¢ CTAHOBACHHE Orpdsii-
J10 MIPOLIECC OCBOCHIISA TeppUTOPHI 3eMIH, 3aHSTHIX «BeUHOM
Mep3a0Toil» B CBA3M ¢ 3THM [0CTATOUHO YKA3ATD, HTO T0ULLbL
PALTIPOCTPAHEHUS MEP3AbIX MTOPOA B HACTOSLIEE BPEMS COLTAR-
asieT Koo 25% Beeu ey 3eMnd M okosio 63% ninowaan Poc-
CHH

HM3yuyenue Mep3norsl 3¢MHOIG Liapa ObITO HAUATO [MIUL B
rorue XVII — navane XIX 8 Ho vike B 1940 r M M Cyniru-
npiM, CIT Kauypuneim, H W Tonernxnnsing 1 B @ Tymetem
H3,10eTCH TIEPBast Hay YHad kItHl a, o000UIMBLEAS [IPEACTAR € H S
0 Mep3iblx nopodas JddnpHelnee 0CBoeHIE PAMOHOR C «Beio-
MEP3TLIMU» TTOPOAAMIT TOTPEGOBANO HATHYMSA Cliellild IHCIOB -
MepatoToBeioB, ¥ B MY M M B Jlomonocosa 3 1953 1 6wl 1a
OpPTAHM30BAHA NepBdast B MUpe kadedpa MepaioToBeacHHI Mo,
pyxoBoacTBoM Tipodeccopa B A Kyapsisuera Yxe 5 1967 r
b H JocroBanoseiM M B A Kyapsipuenbinv L1s 06yueHust c1y-
JAEHTOB M aLMTUPAlITOB B YHHBEPCHTETaxX 11 BY3ax Obi7T H3/1aH nep-
BbIM yueBHuK «ObUiee MepanoToseacHues, a 8 1978 r — Bropot
«O01uee MepanoToBeneHue (FEOKPHONOTHS)»

Wsnanne yuebrurd «O6uiast reokpronolisi» (Epuios, 1990)
611,10 BbI3BAHO HEOBXOAUMOCTBIO 0GOBLIEH HSE KdUecTBEHHO Ho-
BOFo PAKTHUCCKOTO M 3KCNEPHMEHTATRHOMO MATEPHAILL U Pas-
paBoTKM HOBBLIX TEOPETHUCCKMX TIPEACTABIEHMI B FeoKpHOTO-
rn Bropoe uaadue nariol o yueSHMUKA B camMon Hauane XXI B
CBH3AHO TAKXKE C AdALHEHUIIA PA3BHTHEM 1€OPCTHUECKHX OC~
HoB reoxpHolor i Kpome ro1o, oH spisercs Onéanorpadn-
YECKOM PEAKOCTLIO, HECMOTPst Ha 10, uro B 1998 r Guin Hl.ian
Ha aHrauuckoM s3sike Magarerncrsom KemOpuaxckoio yHu-
BEpCHUTETA

Hosoe W3naHMe OO0TIO.IHCHHOLIO0 M nepepaboraHnoro yued-
HUKa Gyaer criocobCTROBATL JATLHEHIIUM TEOPeTHUHECKUM H
[IPAKTHYECKUM pa3paboTKaM TakHx HayHHDLIN HANpdBISHUH U
yueBHbIA AMCLHTUIMH, KaK IJTAHCTAPHAS KPHONOrUs (KpHo.lo-
IHsi TLIAHET), AUHAMMYCCKas i 10,JOTHIECKAs!, PElHOHAILHS,
NCTopUUecKast, HHACHEPHO-TeO TONTYECKAst M JKoBoruyecKa
reokputonoris ITo BCEM 3THM HAMPABASHIIAM 3a ITOCIEqHCE jc-
CATHJIETUE, HA OCHOBE AOCTIREHUM MATEMATHUECKOM, 3Kce-
PHMEHTANBHOMH, PETHOHAIBHOM, [IAHETIPHOH H UCFOPHUYECKOI



reOKpUOJIOTHY TTOJYUeHbl daHHbIe, HMelowue OoNbLloe 3HAUE-
HME LTS M3YUYEHHST TAKHX BOTIPOCOB, KaK rno0albHOE NOTerne-
HHMe xJIUMata 3emiau, MpobnemMa 3aXopOHeHMs PalHOAKTHBHBIX
oTX0408B, TIpobaeMa co3aaHus GaaroNnpHaTHoOH 9KOJIOrHYECKOH
00CTAHOBKY B BhICOKOLINPOTHBIX pernoHax 3emiin v ocobeHHo
Ha Cepepo-Bocroke Poccun

Bropoe uanaHue yuebuuka «O06wasd reokpHonorus» npei-
HasHaueHO IS U3YUCHUA W MPEnojaBaHus reoKpUoONoruu B
yHHMBEpcu1eTax M Byzax Poccuu u 3a pyGexom

B x0/1¢ 11011 OTOBKHM K M3ARHHUIO OTAENbHbBIE pa3aesbl yueOHM-
Ka 6pimn npocMotpenbl C H Byadosuuen, K A Kondpamovesou,
B H 3aiiyesoim, J C lapazyaei v C 1O [lapuysunsin HayuHoe
PeAAKTHPOBAHME M TeXHMYecKas TOAroTOBKA K HM3JAHHIO Bbl-
nonneHa K A Kondpamsvesou, pucydkn — O H Ilampux, ne-
penieyatka rekcra — H B Topdeesoii Bcem nepeuucaennvim compyo-
HUKQM a8mop Geipadicaem 2 1y6oKYI0 HPpUIHAMENLHOCMb



BBEQEHVE B FEOKPUONOMMIO 1
| rnasa

1.1. Ilpeamer oOweii reokpuoorun

I'cokpuoiorust (MepsioToBeleHMe) — 3TO £CTeCTBEHHO-MCTOPH-
yecKas HayKa reONIOTHYECKOTo LHKIA, KOTOpash W3aydaeT 3aKOHbl (hop-
MHUPOBAHMS M PA3BUTHS BO BPEMEHH U MPOCIPAHCIBE TONIL MCP3TbIx
1OPHBIX ITOPOS WX COCTABA, KPUOTEHHOIO CTPOSHUST 1 CBOMCTE, d 1aKXe
MEP2IOTHO-TEOJIOI MUECKHX [IPOIIECCOB U ABI1EHIMM  TOJNLIM MEp3iblx
FOPHBIX [[OPOJ, JOCTUTAs MOUIHOCTH B HECKOJNLKO COTeH MeTpos (/10
1500 M 1 Do7Tee) cocTaBISHOT MepP3NyIo 30HY nurocthepsl U Xapaxkre-
PHU3YIOTCSt OTPHLATEbHON TeMIlepaTypoii 1o —19°C u HuLke 1 comep-
sKamjiem B HUX JIGHAHBIX BKNIOUEHTUH UM KPUCTAUUIOR NbIa

K t1acTosiiueMy BpeMeHHM 4€1KO ONpeaeicHbl 06beKT U KpyI OCHOB-
HBIX 38129 TEOKPUOIOTUM, HAYUHAS M NPAKTHMYSCcKAs] 3HAUMMOCTh ee,
pa3paboTaHbl METOIMEA M METO/b! CEHUANBHLIX TEOKPHOIOI MUECKITX
UCCTEOBAHNI, chOPMHPOBATUCE OCHOBHbLIC PA3AeNbl MTH HAYUHbBIE
HATIPABAEHHS [ BEIPHCOBATICH Ol POMHBIE TIEPCTIEKTI BB PA3BUTHS Ieo-
KPUOTOIUU BB HAYYHOM U [1PAKTHYECKOM OTHOLIEHUAX

O0BbekTOM HECAEROBAHHSA TEOKPHIOJAOIHN SBNKIOTCS MEP3NbIC Op-
HDIC MOPOJbI, BKJIOUAs TOA3EMHBIC M HA3EMHDLIC CKOILICHUS Jibja M
cuera O61acTblo CyHIECTBOBAHMS M PA3BMIMS Mep3AbiX [10POA, CO-
riacHo paspaboikam A b Jlo6poso:ibekoro, B W Bepranckoio,
IT M Konockosa m ap , SBIICTCs kpuocdepa, NPeacTaBasiiowast co-
Ooll TepMoTUHAMMUECKY 10 060M0UKY 3eMIH, B KOTOPOI OHOBpEeMEH-
HO 11PM OTPUMLATENBIION TeMTIEPATYPE MOTYT COCYLICCTBOBATL ie/l Boia
U 11dp Mepaibie FOPHBIC TTOPOLbI ITPU 3TOM SIBISIIOTCS ECTECTBEHHO-
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HCTOPHYECKKUMM IeOJTOTHIeCKMMU 06pa30BAHMAMM, KOTOPhLIE XapaK-
TCPU3YIOLCH CTPOrO OMNpPENeneHHbIMHU, TOJbKO UM MPUCYLIUMU 3aKO-
HAMY BO3HUKHOBEHUS (reHe3uca), CYLIECTBOBAHUS, PA3BUTUSL U pac-
IPOCTpaHeHUsl Ha IU1aHeTe bosbluas yactb nianet ConHevyHoM cucTe-
Mbl M TBEPIbiE KocMUYecKHUe Tena BeesieHHON HOMXKHBL ObITb 1aKKe
KPUOIEHHBIMY C PA3BUTBIMM HA HUX MEp3JbIMU FOPHBIMU MOPOJAMMU
[To3TOMY B HACTOsLLEE BPEMST F@OKPHOJIOl M8 110 CYLUECTBY CTAHOBUTCS
NJAHETAPHOU HAYKOH, M3ydarOUlel He ToJbKO 3eMIT0, HO U Upyrue
rraneTsl ConneuHoit cucrevbl, Takue Kaxk Mape, Onunrep, Carypi
U np

B ucropum passUTHS HAlLEH MAAHE Ibl MPOCIEXKMBACTCS HECKOIBKO
NePHUONOB BO3HUKHOBEHHMS U CYLIECTBOBAHMS MEpP3NbIX [Opos, yepe-
JYIOLLMXCS C NMEPUOAAMN UX UCUEIHOBEHWST MU pe3KOro COKPALLleHHsT
rwiowani PacnpocTpaHeHue MepiroThl HA 3€MHOM LUApe B NpesHUe
JMOXU CBSI3AHO ¢ palioHavi oOHAPYKeHUsT APEBHUX MATEPUKOBLIX Ofle-
JeHEeHUIT 1 UX MOpeHHbBIX OTNIOXEeHUIT Penxoe Mx obHapy.xeHMe LBUIE-
TeJBCTBYET, YTO B MEPBYIO MOTOBUIY Fe0AOTHYECKOH UCTOpUM 3eMTH
(2,5 MAPA N H ) MHOTOJETHEMEPJJIbIE TOPOABI, OYCBUAHO, HE MOJIb30-
BaJIMCh pacrnpocTpaHelueM, NOCKONbKY TOIJAa CpaBHUTENbLHO cllabo
BBRIMY pazBUTHL TATPOPMEHHDBIE MACCHBBI M KOITUHEHTAABHBIE TI10-
UM, a J103bl PAIHOreHHOro TEM1a U3 Help ObLIN elle BelukH OnHa-
KO YA€ B paHHeM mporeposoe (2,5—2,1 MAPA 1 H ) MepanoTa cywe-
c1Bosana Ha CesepoaMepHKaHCKOM KOHTHHEHTE U B IOwHoi Adpu-
Ke, B no3aHeM npoteposoe (1000—600 man 11 ) — B npenenax Ce-
BepHoit 1 HOxnon Aviepuxn, I'peHnannnm, Ascrpa.ivu, LleHTpans-
Hoit u FOxnoii Adpuku, Pycckoit matdopmsr, Ypana, Kazaxcrana,
IOxnoro Kutast 1 Kopeu B maneoszoe (400—240 viin n 1 ) vepsinora
3axsateipasia {c mepepoisamu) LenrpansHyio u KOxnyo Adpuky, bpa-
aunui, FOxHy AMepuky, AHTApKTUIY, FOpHble panoHbl MHAUK,
ABcTpas il B ApaBUIiCKOTO MONyoCTPOBA

B Me3030e 1 paHHEM KaWHO30€ MEpP3/bIE MOPOAbLI, NO-BUIHMMOMY,
HE TOAb30BAIHUCH IIMPOKHM pacripocTpaHeHUeM B Hauane mozaHero
KaifHo3081 (25 MIH 11 H ) BHOBb MPOM30LLIO MOXON0AAHNE U HAYATACh
cepus osgeeHeHH, a B IJIMOLIEHE U NJIEUCTOLICHE — Pa3BUTHE MILO-
TOJIETHErO TIPOMEP3anusl MOPOoM, MPOAOIKAIONEECH 10 HACTOSLLErO
BpemMeHn PanMoHaMu HauBOIbILUCTIO PA3BUTUS MEP3IOTDL [IPH 3TOM 18-
Januck CepepHag Amepuka, Espona, Asusi, AntapkTuna, I'pennan-
ovst Haubosee npesHUE ciiefbl MHOTOMETHEMEDIIIBIX MOPOI LOKYMEH-
TallbHo 3a(ukcUpoBaHbl B paHHeM ruiciicToleHe (6onee 700 Toic 1 H )
W naxe B nosgsHeM nauoleHe (Gosee 1,8 M1 1 H ) B npenefax Ko-
JIBIMCKOM HU3MEHHOCTH, Avisicku u Kananbl

Takum o6pazom, faiHble 00 U3BECTHDLIX .IEAHHKOBLIX CODBITHSIX 1€0-
JIOTMYccKON HCTOPUM 3eMild CBHMAETETLbCI1RYIOT O HECKOJNbKUX KpyIl-
HBIX BpEMEHHBIX Ui 1epBasiax, Koria MHOroJleTHEMEP3ble TOPHbIE NO-
POILL 10/KHBI ObUIM 1TOJL3OBATHCS LIMPOKUM PACTIPOCTPAHEHHEM

PHYUHBL HEPABHOMEDPHOMW MEePUOANYHOCTH PA3BUTUS KPYITHDIX Jel-
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HUKOBBIX DMOX M MEP3JIOTHL Ha 1UIAHETEe M0 COBPEMEHHBIM TIPEAC FaB-
JeHUsIM CBS3AHBl ¢ TEM, YTO €¢ pa3BUTUE ObIIO BO3MOMKHO TONBKO b
TOM c1ydae, KOTZa Mopoabl TPUOGPETAIN OTPULIATEbIYIO TEMITEPATY -
py (Huxe 0°C, nnn 273,1 K). 310 BBI3bIBANO MEPEX0/l IPYHTOBO BJld-
' B JICH U, CACAOBATE/bHO, MCPEXO/ TOPOAb! B KA'UCCTBEHHO HHOBOC —
MEP3JI0e COCTOSTHHE.

MoxHo monaratb, UTO MEPUOABI JEAHUKOBBIX 3MOX U MEPITOTHI
BO3HMKAIN KAK Pe3YJbTAT COOTBETCTRYIOUIMX KIAWMATHYECKNUX H3Me-
HeHMI HA MJIAHETe, TIPENONpPeUeNeHHbIX B IEPBYIO O4ePelb ACTPOHO-
MUUECKHMIL (PAKTOPAMM M CBSI3AHHBIX TAKXKE C OCOOGHHOCTAMU TEK-
TOHUUECKOTO pa3BUTUs nutocdepnl. Tax, HA OCHOBE TEKTOHUKH JTH-
TocepHBIX TWIUT HanboNee KPyiible NEPUOLBI MOXONOAAHUI Ha 3ev-
Jie CBA3bIBAIOT ¢ OOPA3ZOBAHWEM TMTAHTCKUX MO TAOWAJAU MATEPUKOR
(JlaBpaznu, Ionnpanel, Iladren u gp.), Mo MecTOMOIOXEHMIO TIpH-
YPOUEHHBIX K OIHOMY U3 MOIIOCOB [IAHETHI.

[ToaTOoMY Mep3Jible FOPHBIE MTOPOJL! CNEAYET pACCMaTPUBATL HE KaK
VICKJIIOYUTENBHOE SIBTIEHHE B VCTOPWUM 3eMIM, a KaK AE1epPMHHUPO-
BaHHO 0BYCJIOBIEHHOE ecTeCTBEHHO-UCTOpUUeckoe o0pazosatie, Heod-
HOKPATHO BO3HMKABLUICE B ITPOIECCE €€ IeoJOTMYEecKOro pa3sBHMTHS B
PABIIHUHBIX yacTsX ru@deTnl. [1pu oToM cocTas, ¢Tpogiine, CTPYKTYp-
HO-1eKCTYpHbIe 0COOSHHOCTHY U APYIUe XAPAKTEPUCTUKN MEP3JIbIX rop-
HBIX TOPOJL, CYLIECTBOBABLUMX B APEBHUE 5110XM, He Obliv, ouycBlyl-
HO, WICHTUUHbLI COBPEMEHIILIM, a [TONBEPTAIUCh CYLICCTREIIHOMY 3B0-
JHOUMOHHOMY BHUAOMIMEHEHHIO B COOTBCTCTBUM ¢ HEOBPATHMOCILIO
3BOJIOLMY U TUITOB IUTOreHe3a, Takast HeoOpaTUMOCTh B MCTOPUK 3eMitn
TIPOSIBIISUIACL B TTOCTEIRHHOM BBITECHCHUM BYJIKAIIOICHIIO-0CA/IONHO-
ro THITA BHaYane 'yMUIHbBIM, a 3aTeM apuHbIM THIAMM U, HAKoHEll,
HAMEYACTCS! TEHACHUMST NPEOBAANAHMS KPUOLEHHO0 MUNL MIN02eHe3q
nam ApyruMu. Hapsity ¢ 9THM HeTKO MPOoCICANBALTSS TEPeXon OT 1pe-
MMYLLECTBCHHO XeMoT¢HHoro crtocoba obpazoBaHist GacceMHOBbIX oci-
KOB K XeMOTeHHO-TePPUTCHHOMY, a HayuHas ¢ kaftiiozos -- kK Tep-
purenHo-6uoreHHoMy. Cpszaio 310 © NOCTOAHHLIM yBEIMUEHCM 06~
e it IAOLLAAM KOHTHHEHTANBHDIX 1IaTopM, a TAKXKe repexodom 6roca
Ha CYLIY M PE3KMM BozpacTaiinem obiiei G1oMacehl XKUBOIO BCILECTRA.

TenmnoBoe COCTONHUE MHOLOJNCTHEMEDPINBIX [1OPO] CBSI3AHO ¢
TernnooGMeHOM Ha MOBEPXHOCTH 3eMIN Mexly AuTochepoit 11 atMoc-
tepoit. B To xe BpeMs 3ToT Ten1006MEH coBepuIaeTCs B ONpeleeH-
HOit reoforuyeckoil M reorpadmveckoit cpene, onpelensioiiedt co-
CTAB MEP3ABIX TOMLL M crelnpUKY UX pasBuThst. MHoronerHeviepsiple
TOJIM OPTaHMYeCKU CBSI3aHbl C 3TOil cpenoi, ABASIOTCH e cocTas-
HOM 4acTbIO M HAXOIATCH ¢ HEW B TeCHOM B3auMonmeicTsuu JuHamu-
Ky Pa3BUTHUSI MEP3IbIX ToJLL Helb3§l pACCMATPIBATh BHE 3aKOHOB Ieo-
NOTMYeCKON 1 reorpadyecKoi UCTOPUH Pa3BUTHS 3eMIIH, HO B TO Xe
BpeMs HeJb3si PACCMATPUBATE €€ M B OTPLIBE OT 3aKOHOB TerUTohu3u -
KW, XUMUK 1 MexaHuky. Tlostomy dopmupoBaHue U pasBUTUC MHO-
rONETHEMEDPINIBIX [OPOI OMPENENSICTCH TAKMAMU OCHOBHbBIMII ocoBeH-
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IIOCTSIMU 1€0JI0TMHeCKOH U reol padniueckKoil 00CTAHOBKH, KaK reoio-
IMHMECKOE CTPoeHMEe (IEOJIorYecKHMe W I COTEXHUUCCKME CIPYKIYPbI,
Xapakrep aneraHust U CaoXeHusl TOPHBIX 110PO4, UX T€HEMC U coc-
ras), Npolcccbl OCALKOHAKOMIEHMS W JIeHYIAUMH, HCOTCKTOHKYEC
Kue ABUXKEHUs!, reoMophoNorniueckue ocobeHHOCTH, XapaKiep paiu-
alMOHHO-TerIoBoro GaaaHca 1a rMoBepXHOCTH 3eMIU U TerjiooOMeH4
Mexay arvocdepon i nrocepon B 3aBUCHMOCIM 01 IUMPOTBLI MECT-
HOCTH, abcoNIOTILIX Bblco1 penbeda, ero GHopM K 3KCHOIMUKUUA, Ha-
3CMHBIX TIOKPOROB M JApyrux 1eorpaduiecknx gakiopos

Tennoghuznka, Xumua u Mexanuxa MEP3biX MOPOIL SIBJAIOTCS BAX-
Hou HayuHol npoGlieMoil B cMcTeMe PasBUTHs 1 CYLUECTBOBAHMS 3eMIlH
Mx sanaden sipasieTcst uccnenoBaHue (€ MoACKYISIPRO-KHHETHNECKUX
U TEPMOIMHAMHUYECKUX MO3NUME) [TPUPOALI U 3aKOHOMEPHOCTER [1Po-
TEKAHWUA (PUIMKO-XMMHUUECKUX., MEXaHMUYECKMX ¥ rerioM3nueckux
[IPOLIECCOB B MPOMEP3AIOUIMX, MECP3NbIX WU OTTAMBAIOLIUX [TOpoaaX.
[ToaToMy NMHAMKUKA Pa3BUTUSI CE30HHO- MU MHOTOMETHEMEPINLIX IMTO-
pon olpene/isieTcss TEPMOIUHAMUYECKMMHU, TEIA0MAcCOOOMeHHBIMH,
XUMMUECKUMH, DUINKO-XUMUYECKUMM, MEXAHUYECKUMHU, C1PYKTYPO-
U TCKCTypooOpa3osareibHbIMK MPOLECCaMU

Cpenu vMHoroofpasust Mep3nbiX 1 MOPO3IHbIX TOPHBIX Mopoa Hanbo-
Jiee CITOXKHBIM 00BEKTOM MCCIeN0BaHMs SBAKIOTCH JUCTIEPCHbIE [T0PO-
Ibl, TIPENCTABASIOIE MHOIOKOMITOHEHTHble MHorodasHble Karun-
JSIPHO-TIOPUCTBIE, A HEPEJIKO 1 KOJIOUHbIE IPYHTOBbIE cUCTeMbl Boza
B HUX OOBIYHO HAXOUMTCS B 1peX arperaTHhIX COCTOSIHUX B BUJIE b4,
napa 1 Hezamepslied Boabel Hezamepsuwias eoda rnpenctapisier coboit
yaclb HEBbIMEP3IIeH c843aHHOI 6006l, CONEPKAHNE KOTOPOU C [TOHMU-
KeHHEeM OTPULIATEeNIbHON TeMIiepaTypbl yMetibluaercs [1pu aToM nen u
He3aMepLiasl BoJa HAXOMATCA MOCTOSIHHO B JMHAMUUYECKOM paBHOBC-
cum Tak, Npu [OBBIIEHUM OTPUIIATEBHONW TEMIEpaTyphl Jlel 101~
MAABSIETCS W ITONOAHSET 3aIackl Hesaviepallie BoAbl, a Npu 11oHU-
KEHUM TeMIEePaTypbl I[IPOUCXONUT YBEIUUEHUE JIbAOCOAELPIKAHUSL B
TIOPOJC 3a CYET TOCTENEHII01 0 ¢¢ BeIMep3aHus CrenoBatebHo, Mep-
31051 [TOPOJA SIBASETCS BBICOKOIMHAMUUYHON CUCTEMOHU, Pearnpytoieii
HA BCSIKOE M3MCHEHME BHELIHMX 1€PMOIMHAMUYECKUX YCAOBUU

Mepanpie qucnepcHbLIe 10pOALI CYIIECTBEHHO OTAMYAIOTCS OT He-
MEP3JbIX MpEXUIE BCETO CBOSH MOHOANTHOCTBIO, 1 € CILIEMEH [MPOBAaH-
HOCTBIO MUHCPATLHBIX HACTULL JIBAOM U HATMUNCM KPUOTCHHOH CT1pyK-
TYPbl U kpuoTeHHON 1excTypbl Bce aTo obycnosampaeT (pa3oBbie I1e-
PeXobl pyHIORBOM BOMBI B Jie/l TIPH [IPOMEP3aHUUN 1 COIIPOBOXKIABTCS
PSIOM CIOXKHBIX (BIi3MKO-XUuMuuccKUx npoueccos CpsidaHbl OHM C
NnepeMeIUeHUCM (Muepaiiiieir) ITASHOMHON BOIBI U3 TAJIOU B [Tpovepsa-
I0lUYI0 4acTh NOPoUBl, € Koalyasiliueu, arperalivel n ycanxoii obes-
BOXUBAIOIWKMXC [PYHTOBBIX 4acTHL HUXKe ¢poHTa npoMepsanus, ¢
Lucneprauueit, ApobieHneM, HabOYXaHMEM W PACTYYMBAHWECM TPYH-
TOBBIX YACTUIL B MEDP3AOI YacTu MOPOADLI 3@ CHET PACKIIMHMWBAIOUIETO
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NefCTBUA TOHKUX MNeHOK MUTPUPYIOLLEN CIONA BTATH, Ce 3aMep3allisl
U yBeluueHUst obbema Ha 9%

fIpoMep3anue auMcnepcHBIX IOPON C MUrpalMell BjaalM
1npuBoautT K guddepeHunauu (cerperallii) (Opoakl HA MACCHBHO-
MEP3NYI0 (CKEJIETHO-MUHEPANIbHYIO) YacTh U BU3YAIbHO (uKcupye-
Mble TIPOCION MUTPALIMOHHO-CerperalluoHHOro Jibla, GopMUpyIOLIME
cr1elIMPUUECKY 0 KPHOTEHHYIO TEKCTYPY (CIOUCTYIO, CeTUATYIO, JHE-
30BMIYI0 U np ) KpUoreHHbIe TeKCTYPhl CKATBHBIX MOPO PA3TNYHOTO
MPOULXOXAEHUSA W cOCTABA OOYCIIOBIEHBl B OCHOBHOM XapdKIe€poMm
pacrpene;eHust B HUX TTycTOT (TpeliuH, [Top, KaBepH u 1p ) JleasHble
IIAUPBL U BKIIOYEHUS LENMKOM HACNEAYIOT 3TH TTYCTOThI, KOIOPbIE O
MpOMEP3aHUsT ObUIM NMOJHOCTRI0 WAW YACTUUHO 3aMOoJlieHbl Bogoil B
TOM CNyude, KOT/d B MEPIIOU MOPOAE NMPOCTION Jbia WK OTAEAbHDIE
BKJTIOU@HMS OTCYTCTBYIOT, @ JIEH-IEMEeHT 3dMONHseT JMIUb MOPOBOE
MIPOCTPAHCTBO TTOPOJIbI, GopMupyeTes OeCcLIHPOBasl KPUOTEHAS TeK-
CTypa, HaszbipaeMmast maccusroii B 1aHHOM ciydyae pedb MOXKET WITH O
Kpuo2eHHOol cmpyKmype 110poJbt

HInpoxoe pazBuTUe B KPUOJIUTO30HE HMEIOT MO 38 MHBIE JIbABI,
BCTPEYAIOLIMECS] B MEP3NbIX TOJIIAX TIOPOJA B BUIAE CAMOCTOSIIeAbHbIX
0Bpa3oBaHuil — MOHOMWHEPATBHBIX (NEASHBIX) ropHbIX opon Hau-
0oJiee pacripoCTPaHeHBb! [IpU 3TOM [OBTOPHO-XKUIbHbLIE AbIbl, Qop-
MUpYHOUMecs Mo Mopo3060HHBIM (TeMnepaTypHbIM) TpeLIUHAM,
JedsHbIE 1€/1a B Pa3.tUUHbIX Oyrpax Mmydueliysl, [1acTOBbIE 3aJICKH Jb.ld
U ap

CyurecTBeHHble PA3THYUS MEpJBIX M HEMEPIThIX [OPOL TIPOsIBIIs-
I01CH B UX XUMUKO-MUHEPAALHOM COCMAGe W QUCHEpCHOCHI, UTO CBSI3d-
HO co creuudHKoi MpoleKaHusi B KPUOJIMTO30HE TEOXMMHUECKUX
IPOLIECCOB M BBIBETPUBAHUS Tak, AUCNepCHble MOPOAbl, CLIEMEHTH-
POBAHHBLIC NBAOM, XAPAKTEPUIYEOTCS ITOBBILIEHHBIM COMEPNKAHIEM Y-
MTEKHCIOTH OTYETIUBO TMPOSIBISIOWENCS BOCCTAHOBUTEMbHOMH 00CTA-
HOBKOUW U KHCJOH cpeion BTo cosdnaer OnaronpusiTHbIC yCTOBUS J1 151
Pa3NOXKEHMs! CIIHKATOB M MHTPALMU XUMHYECKHX DIEMEHTOB 00pa-
30BAHMS 3aKUCHBIX HOPM Kele3a U IIeeBbIX ropu3oHToB B 311X ycno-
BUSAX 00pasytoTcs rHapociliofd 1 MOHTMOPWIJIOHHT, HAKAMIUBAKOICS
TaKUEe MUHEPAIbl, KAK BUBUAHMT, NMUPKUT, MAPKA3UT, CUACPUT KU Ip

C nporeccamy nponMep3aHusl U 0TTanBaHUs IopoJl M crieyupHiec-
KUM JHMdArele3oM MepaioTHOrO THUIA CBA3AHbI pe3kasi MHTeHCcUbIIKa-
IIUST TAKMX TTpOLECcCcOoB, KaK KapOOHATH3aUMS U cyabdaTHalus (Bbl-
NajeHue B OCalloK HpH MOHMXKEHHUHM OTPHUIATETLHOH TeMIepaTyphl
TPYAHOPACTBOPUMBIX CONlell U 00pa3soBAHUE KaNbLUTR, MUPAONINTA U
TUIICA), KPHOTEHHOE «OlPECHEHHE» [IOPOBOIO PACTBOPA MEP3/bix [10-
POJ M KpUOTEHHOE KOHLIEHTPUPOBAHUE (33 CUET JETKOPaCTBOPUMbBIN
coJieit) MoaAMep3noTHRIX Bod, (GPOPMHPOBAHNE TOPHU3OHTOB C ApPUON3-
eamu, Te ¢ COMeHbIMHM BOLAMM M PACCONAMU, MMEIOLIMMH OTpHLa-
TeNBHYIO TEMIIEPATYPY, 0OPA30BAHNE 2a30240pamos v Jip
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MHoro/ieTHeMep3,Jibie TOPHBIE TIOPObI BC/EACTBHE MHOTO(DAKTOPHO-
¢ty hOpMHUPOBAHUS JOCTATOUYHO PA3HOPOJHEI ITO COCTaBY, KpHOIEH-
HOMY CTPOCHUIO, THUIY KPHOTEHEe3d, KPUOTEHHOMY BO3pPAacTy, TeMIIe-
pPATYPHOMY PEXUMY, MOIUHOCTH, JbIUCTOCTH U OPYIMM XapaKTepuc-
THKAM.

TTox cobcTBEHHO MEeP3JILIMU MTOPOJTAMU MOHUMAIOTCS TOPHbBIE
MOPOIbI, XapaKTepU3YIOLIUECS OTPULIATENBHONU TeMITEPATypoil, BIaX-
HOCTBIO, TIPEBBILIAKIIEH BlIaX)HOCTE HeszaMep3lieil (rjleHOYHO-CBS-
3aHHoit) Boasl W, mpu faHHOM TeMIepaType, W JIBIOM, LIEMEHTUPY-
IOUIMM MUHEPAIbHBlEe YAaCTULLl W 3AMOJHSIONMM ITYCTOTHI, MOPLI U
TpeuHb B nopoae. K HUM MOryT OBITh OTHECEHBI KaK AUCIIEpCHbIE
noponabl (00JOMOYHBIE, MecyaHble, TIMHUCTBIE, TOopdsHBIE), TAK U
TPEUMHOBATLIC WU BBIBETpElble MAaTMaTUYeCKKe, MeTaMopduyecKue
U CLIEMEHTUPOBAHHEIE 0caoyHble Mopoakl. HazeMHBIe (peyHble, 03ep-
HBIE, MOPCKHe, JIeIHWKOBbIE M Jp.) U MOA3eMHBle (3aXOpOHEeHHbIE,
TTOBTOPHO-XWIbHbIE, cerperaliOHHble, HHbeKIHMOHHbIE, IACTOBLIE
U Jp.) CKOITJIEHUS JIBIA U CHETA [PU 3TOM PACCMATPHBAIOTCS KaK MO-
HOMUHepaTbHble TOPHBIE [OPOIBI, A Je1 — KaK cHelM(puuecKuit Mu-
Hepan. ['opHble MOpoIbl, UMEKIKE OTPHULIATENBHYK) TEMIIEPATYPY U
BJIXKHOCTb, MEHbINYI0 yeM W [Ip1 JaHHOM TeMMepaType, HO He COo-
Jepxaurie Jabga (MOHOJMTHBIE MarMaTudeckue, MetamophuyecKue,
CLIEeMEHTHPOBAHHBIE OCANOYHbIe TOpHBIE MOPOABL), HA3LIBAIOTCH MO-
DO3HBIMH.

Ilepuonnueckoe M3MeHeHUE TeMIEPATYpPHl TOPHBIX Topon, dop-
MUPpYIOLIelicsl B TeYeHWe roJJoBOro (MHOTOJETHEro, BEKOBOTO) epH-
olla, TIPUBOJUT K pasHOMY 3hheKTy TeMIOBOrO COCTOSIHUS IPUTIOBEP-
XHOCTHBIX CJIOEB FOpHLIX ITopoa (IToYB, TpYHTOB). TaM, rie cperHero-
JIOBAst TCMIIEpATypa Mopoj MoJoXUTeNIbHas (T.e. I, BBILIE 0°C), ¢ no-
BEPXHOCTU PAIBUTO cE30HHOE (3MMHEE) npomepaaHHe nopond. B atom
cIyyae cJIoif Ce30HHOIO MPOMep3aHUs TOJCTHIAETCS TATLIMU (WK
HeMep3ibiMH) nopogamu. HaoGopot, B 006/1acTU pa3BUTHst MHOTOJET-
HeMep3IbIX IopoJ TAy0XKe cJ0sl ce30HHOro (JIeTHEro) OTTauBaHUS
CPeZIHEro/10Bas TeMIlepaTypa TOPOA OTPHLATEIBHAS (T.e. {  HIDKe 0°C),
a CcJIol Ce30HHOTO OTTAUBAHUS ITOJCTUNIAETCI MHOTOJIETHEMEP3TBIMH
nopogamu. I'myOuHa ce3oHHOro mMpomepsaHus TATBIX Mopod (§ ) u
CE30HHOTO OTTaMBaHUs Mep3nbix Mopox (£ ) 0ObIYHO H3MEHSIETCS OT
MepBLIX JeCATKOB CAHTUMETPOB B JbIUCTLIX Topdax 1o 1—3 M B AHc-
[IEPCHBIX U 10 3—7 M B KOpeHHBIX [Topoaax.

MuoroneTHeMepaibsle TONIIM FOPHBIX [IOPOJ HO MUNY RPOMEP3AHUA
noopa3z0easiomes Ha 3nU2eHemuHeckl U ClUHeeHemu1ecky npomep3arolyie.
K snureHeTuyeckn mpoMep3lInM (SITUKPUOTEHHBIM) OTHOCSITCS TOp-
Hble [TOpOABl, KOTOpPbIe TMepelUl B MHOTOJIETHEMEDP3JIOE COCTOAHUE
Toc/ie TOro, KakK 3aBeplUIWics MpOoLlecC HaKOIIeHUSI OCaAKOB M HX
IuareHeruyeckoro mnpeobpasopanusi. CHHreHeTHYeCK IpoMep3line
(CMHKpHOTeHHbIE) TOpHbIe MOPobl GOPMUPYIOTCS, KaK MPaBUIO, U3
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OCA[OMHBIX OTIOXEHUH Ha yXE CyLIEeCTBYIOLLUEM Mep3ioM cybeTpare,
KOF4a reosorMyecKd CHHXPOHHO MMPOMUCXOAAT HAKO[IJIEHME OCAIKa U
ero repexon B Mepajioe cocTosiHue. KpoMe 3Toro Takxe BbAETSIOTCS
AMaKpHOreHHble (MapacHHKPUOTEHHbIE) TOMILH, KOTophle GOpMUDY-
IOTCS pYU MpoMep3aHuM (cBepXy BHHU3 U ¢ HOKOB) MepeyBaaxHeHHbIX
HEJUTUGDULMPOBAHHBIX TOPO] (CBEXEOTIOXKEHHEIX 0CAAKOB U U/IOB).

Iaybuna mnoeosemneeo npomepsakus FOpHbIX NMOPOA NO BePTUKAIH
(MOLLHOCTE Mepajoit TOJMIK) 3aBUCUT OT MHOTHMX (HPAKTOPOB K YCJIO-
BUH M UX M3MEHEeHUs B poliecce npoMepaanus. [ToaToMy ToJa Mep-
37IBIX 1TOPOJ OT KPOBJIM O MOAOCLIBLL MOXET UMeTh: 1) HerpepbiBHOE
(crIowWHOE) WU TIPEPBIBUCTOE PACTIPpOCTpaHeHue; 2) APYCHOCTD ca-
ralowyx ee ropoa (phIXbiIX HEOreH-4eTBEPTUYHBIX, CHHKPUOTEHHbIX
U 3THKPUOTEHHBIX; CKANbHbIX JOYETBEPTUYHBIX SMUKPUOIEHHBIX);
3) pa3TUYHOE COOTHOLLEHNE B pa3pese TIOPOA PasHbIX KpYOTreHHBIX TH-
noB {(Mep3/bIX, MOPO3HBIX, OTPHLATENbHOTEMIIEPATYpHEIX); 4) pas-
JIUYHYIO IJTHTE]bHOCTD CYLUECTBOBAHMS B MEP3/JIOM COCTOSIHUU M T.I.
HenpepbIBHEIMY 10 BEPTUKAIY SBAAIOTCA TaKXe KpaTKOBpEMEHHO-
Mep3Jible U Ce30HHOMEP3JIbIE MOPONbl, BEPXHSISI TOBEPXHOCTb KOTOPBIX
COBMaJAeT C MHEBHOM IOBEPXHOCTBIO, a HMXHSAS HAXOOUTCA HA He-
oonpiuoit (0,1--1,0 M) rnybuHe.

3ajieraHye B paspese THITOB MHOTC/IETHEMEPIIBIX [TOpOS OTpeaens-
£TCS X COOTHOUIEHHEM CO CJIOEM CE30HHOTO MJIM MHOTOJIETHErO OTTA-
uBaHus. Tak, ec/iv BepXHSAS TMOBEPXHOCTh MEP3JIBIX TOPOJ 3ajleraeTr
HETIOCPENCTBEHHO M0 CI0EM CEe30HHOrO OTTaMBaHMA, TO MEp3Jible
TOJIUIM ABJSIOTCS CAUGarOMUMUCA TIO paspesy. Ecau MexXmy BepxHeid
MOBEPXHOCTBIO MEP3MOM TOJIUH W [OAOIIBON CI0S 3HMHEIO ITPOMEp-
3aHUA COXPAHSIETCS TAJIbIA MMOJOXHTEIbHOTEMIEPATYPHBIA ClI0M, TO
OHA ABNACTCS Hecauearwyelics. B ciyyae MHOTONETHETO OTTAUBAHUS
MEp3II0i1 TOMIY Ha [YOUHY, BO MHOTO Pa3 MpeBbILIAIILYID CE30HHOE
OTTauBaHue, TAJble BOABl TP MOXONOJAHUHU KIUMATA WK NOJ BIMS-
HHMEM TEXHOTEHHBIX BO3ICHCTBUIA CHOBA MOIYT fIpoMep3aTth C MOBEPX-
HOCTU. B 3TOM ciiyyae Tona mopoa HaselBaeTcs d0gycaotiHoi. Tlpn atoM
BEPXHUIl CJIOM Mep3NbIX MOpon SIBISETCS MEOKPUOJIOTHYECKU MOJIO-
IbIM (TIO3AHEroN0LEeHOBBIM, COBPEMEHHBIM), @ HUXKHUNK — JIpeBHUM
VUIM «PEeIUKTOBBIM» (paHHe-, CpelHe-, MO3NHENeICTOIleHOBEIM HIIN
paHHerojoueHoBIM) (puc. 1.1).

PacnipocTpaHeHe MHOTOJIETHEMEP3JBIX [TOPO, 110 IO/ B 3a~
BHCHMOCTH OT COOTHOLIEHMS TAIbIX U MEP3NbIX TTOPOX B IAHE TMpPH-
HSATO Tompa3nesTh HA YeTsipe TMOA (puc. 1.2): 1) peaKooCTpOBHOE —
OTIe/IbHbIE Pa3obILEeHHbIE YIACTKH MEP3BIX TIOpo 3aHUMAIOT 10 25%
TEPPUTOPUM paifoHa; 2) MAacCHBHO-OCTPOBHOE — 25—75% rtepputo-
PUM C Mep3nbIMU MoponaMu; 3) npepoiBuctoe — 75—95% Tteppuro-
PUH C Mep3nbIMU MopoaaMu; 4) crijiolHoe — 95—100% ¢ Mep3nbiMu
HopOaaMHU.

[epBbie Tpy THMA MO JaHMUADTHO-KIMMATUYECKUM YCIIOBUAM U
YCJIOBUSIM PACTIPOCTPAHEHUST M COBPEMEHHOIO COCTOSIHUSI MHOTOJIET-
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Puc 11 VsmeneHHe CTPOCHUA Mep-
3/IbIX TOJILU C fOTa Ha ceBep (Ha NpHMepe
3anaagoit Cubupu)

I — ¢;10# ce3oHHO10 NpoMep3anns ( Ja)
W nporausaius (16) nopoa, 21 3 — coor-
BETCTBEHHO TO/OLICHOBLIE CNUBAIOIIHECH H
HECAUBAIONUIHECS MEPIIble TOIUIM, 4 — pe-
JIUKTOBLIE CMBAlOUIHECH (a) ¥ HeCIHBAIO-

gé?i;:cfﬂoM:f;g:fbgﬁu;ligc':xjsgag . ;0‘”' Puc 1.2, CooTHOLLIEHHE PACTIPOCTPAHEHHSA
BIE Ty forofleTHEMEPanbIX M TalblX NMOpod B

KH, 7 — I0RH28 I'PAHHLA COBPEMEHHBIX (a) . 5
M PCIHKIOBHIX (6) MEPANbIX Hopad «lOxtoii» (a, 6, 6) n «CesepHoit» (2)
TCOKPHOJOTHUCCKIX 30HAX:

HeMep3JIbIX I0POJ BXOIST B «FOx- @ — PE/IKOOCTPOBHOE, § — MAcCHBHOOCT-
POBHOE, 6 — TNpPePBIBUCTOE, 2 —CIJIONIHOE

HYIO F€OKPHOJIOTMHECKYIO 30HY?,  Mepanwie Tonmy 3alITpHXOBAHbI
yeTBepThlit TUN — B «CeBepHYIO

TEOKPUOJIOTUYECKYIO 30HY», OTAeNSIEMYIO OT TIEPBBIX TpeX rpaHuUei
CIUIOLIHOIO pacripoCTpaHeH st MHOTOJETHEMEPITLIX [TOPOJ.

FOxHas reokpuosoruyeckas 3oHa ¢ rora orpaHuyeHa JUHUEH,
Ha3bIBaEMOM «t0XKHOU IPAHULEN pacllpocTpaHeHUsT MHOTOJIeTHEMEP3-
JIBIX TTOPO/I», KOTOPAst Ha 0G30PHBIX M MEJIKOMACIUTAGHBIX TEOKPHOJIO-
TMYECKUX U reorpaduyecKux KapTax MPOBOAUTCS 110 06HAPYXEHHbBIM
«IOJKHBIM» OCTPOBAM MEP3MBIX MOPOJ ¢ YYeTOM JaHAIA(THO-KIIMMA-
THYECKUX YCJIOBUI MX PaclpocTpaHeHUs. B ropHblx paloHax HU3KUX
LIMPOT IPaHMUA paclIpoCTpaHEHUS MEP3JIbIX [TOPOJA HA3LIBAETCS «BbI-
COTHOW TpaHHUlleld» X paclpocTpaHeHHUs.

YyacTku MOT0XKUTEIbHOTEMIEPATYPHBIX MOPOJ, CYLIECTBYIOILUX B
KpUOJMTO30HE 3a CYET COMHEYHOH paauMalru, oTerIeHUs pyCIOBbIMU
M O3epHLIMH BOMAMH, BOJAMU TePMATbHBIX UCTOYHWUKOB W APYTUMH,
BCTPEYaeMoCTh U pa3Mephl KOTOPBIX YMeHBUIAIOTCS K CEBepy OT H0XK-
Ho#t rpaHuUbl (cM. puc. 1.1 1 1.2) 1 ¢ Bo3pacTaHneM BBICOTHI pebeda,
B TMpe/ies1ax KPUOIUTO30HbI HA3LIBAKOTCA maruxamuy. OHU BKIIOYAIOT B
celBsg Tanble U HeMep3nble NMOPoAbl M OrpaHUYEHBl MHOTOJETHEMEP3-
JBIMY 1 MOPO3HBIMM MOHOJIUTHBIMU MOpoAaMu. Tajble Mopoxbl — 3T0
HEKOr/1a MpoMep3Lile U 3aTeM OTTasiBLIMe MOpOJsl, HEMepP3lble — 3T0
[TIOPOaBI, HE HAXOOWBIHUECT B MHOTOJIETHEMEDP3JIOM COCTOSTHMMU B IO~
30HeM mieifcTolleHe. TanuKy MOTyT OBITh CIOXEHbI KaK BOJOHOCHHI-
MU, TaKk U HEBOAOHOCHBIMU MOPOJAMHU.

TeorpadmyecKoe pacnpocTpaHeHMe MHOTOJIETHEMEP3LIX TIOPOL CXe-
MaTnyHO mokasaHo Ha puc. 1.3. KpronurosoHa (cybaspanbHas, cy6-
IsnuansHasg, cyOMapuHHasl) B HacTosilliee BpeMsl B TOM HJIM MHOM
CTeTIeHH pacnpOoCTPaHeHa Ha cylle BCeX KOHTUHEHTOB 38MHOIO L1apa,
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Pirc 13 Cxema cOBPEMCHHOTO PACTIPOCTPAHCHUSI MHOTOICTHEMEP3ABIX 1 CC30H-
HOVIEPIIBIX TIOPOA Hd 3EMHOM lape

1, 2 — cybBaipaibnas Kpuo iM103oHa {/ — pasHUNHAg, 2 — ropHag), 3 — cyOMapHHHay
KPHONHUTO30HA, 4 — CyOr IUMaIbHAA KPUOTHTO30HA, 5, 6 — CC30HHAH KPHO THT030HA (5 —
MMULIHOTO W 6 — apuIHOTO THIIOB)

Ha weabte 1 octposax CesepHoro JleaoBnToro 1 AHTAPKTUUYECKOTO
OKEaHOR U HA BYAKAHUYECKUX BEPLUWHAX MATEPUKORB 3KBATOPHUATLHOU
30HbI M3 oflueu riolagn 3eMHOM CyliH ¥ WIeIbdha, cocTaBIsOlIen
Gosee 150 muH km?, noutd 40% 3atigTo MHOTOJIETHE ! KPUOJTUTO30HOM
BmecTe ¢ Ce30HHBIM TpoMep3dHWeM 3Ta raolans cocrasiser Gonee
60%

Haubonee kpuorenursiM sapnsercs CepepHoe noyiuapie 3emin,
0CcoOEHHO €ro BOCTOYHAsS YaCTh 34¢Ch COCPENOTOUCHA BOIbIIAY YaCTs
KOHTUHEHTOB, PAcrojiardlOmiMxcsl B CPEAHMX M BBICOKMX LIMPOTax,
rie MHOI'OJIETHEMEDP3JILIE NOPO/L! IHPOKO PACNpOCTpaHeHbl HA BCEX
aneMeHTax penbeda. B nuskux wuporax (Adpuka, HOxHaa Avepuka,
apxMIenard M ocTposa 3KBaIOPUATLHOM 30HBI) MHOTOIETHEMEP3ible
MOPOAbl NMPUYPOUEHLI K BLICOKOTOPHBIM BEPILUMHAM, LOCTHrAIOLIIM
OXJ1AKIACHHBIX croeB arMochepst (cM 1 1R])

1.2. Crpykrypa, 3202y M HayyHble HANPABJEHUS
reOKpHONOTHH

B konue XX u Havane XX1 B MpoucxoauT gajibHeliee yckopeiHoe
pa3BuTHe ¥ AnthepeHIIMALUS HAYKH O Mep3Jiblx TOPHAIX NOPOIAX

[eoxpuonorusi, pazpvBaloLlasca Kak y4eOHasl AUCUMUIIKHA C
1940 1, K HacToalIeMy BPEMEHU 3aaBHNIA 0 cebe KAK MONHOTIPABHAS
HayKa reofJoTMIecKoro KKa, cylWEeCTBEHHO PAclUUPUBILAs U YIITy-
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OMBIUAsT HAYYHBIE M IIPAKTUYECKHC CBSI3KU CO BCEMM pa3jienaMi reoso-
TUK — TFEOXUMHMEHR, MUIlEpaATol Ui, lieTporpadueit, TUToIOTUEN, Na-
JICOHTO.IOTHMEUN, TEKTOHUKOHW, MCTOPHMYECKONW M OHHAMHUUYECKOU
reosiol Hei, YeTBepTUYHOM reo 101 Mel, TMAPOreonoruct, reohunkou
u 4p B 1o ke Bpems reokpHonorHs, U3ydRIoWds MEP3IYIO 30HY JTH-
Tocepsl B Npeaeiax 3¢MHOTO Lidpa, BCASACTBHE MIUPOTHO-30HANb-
HBEIX M BBICOTHO-TI0SICHBIX OCOOCHHOCTEH €¢ pa3BuTHsI, TeCHO CBsi3aila
¢ HayKamu reorpacMiueckoro HHKIA — KIMMAaTOIOrMeH, METEOPOIO-
THEl, FIsuMonoruen, reoMopdosiorueil, rujaposol e, reobotTaHy-
Koii, nancoreorpadueil ¥ ap

[Tpakruyeckass HanpasIeHHOCTb FEOKPUOTOMHI CBS3aHA € 3dIIPO-
CAMH TMPaKTUKU B NPOMBIULIEHHOM, FPAKAAHCKOM M JIMHEHHOM Ha-
3CMHOM M [OA3¢MHOM CIPOMIENBCTBE, C [TOMCKAMM, Pa3BEAKON U
pazpaborkoit nojiesHblx ucKomaevelx [fo3Tomy reokpuonorus TecHo
CB3dHA C UHKEHEPHOIil reoslorueii, rpyHTOBEIEHUEM, dTPOOHON0IH-
ell, reookonorueil U ap

['eokpuonorus B pa3BUTHH TEOPHM W NpakTHKM Oazupyercss Ha
JOCTHKEHMSA TAKHX HAYK, KaK (DU3UKA, XUMUS, TeIobU3uKa, MdTe-
MATHKa, MEXaHIKd, actpoHoMus, actpodusnka u ap Kaxk cieayer us
BBILIEM3I0KEHHOIO, TEOKPUONOTHH [TPUXOAUTCS BCECTOPOHHE M LIH-
POKO MCCTICA0BATh NPAKTHYECKH BCE dCNIEKThI OPMUPOBAHHS, PA3BH-
TUS1 U CYILIECTBOBAHUS FOPHLIX MOPOJ, HO B HOBOM K4UECTBE — MEp3-
oM Mx cocTosikuu [losToMy ectecTBeHHO, YTO ChHOPMUPOBABILIASICS
CTPYKTYPd 3TOH HAyKHM B 3HAYMTEILHOMN CTENEHU MOBTOPSICT CTPYK Y-
py reojoruy OpHAKO CYLIECTBOBAHHE MEP3NsIX nopoa (M nbaad), B OT-
JTUYUE OT re0TOryH1, CBSI3aHO C HaTHUYUEeM Tak Ha3blBaeMoit Kpuocde-
PBI MW OTpULATEILHOTEMINIEPATYPHOH 000T0UKH 3eMIH, a TAKXKE ApY-
riux naaHe1 Connednoit cucreMsl [To3TOMy K HACTOSILIEMY BPEMEHY B
TeOKPUONIOrMYECKOM LMK Yycloituueo dopMUpyeTcst 6osee obuyas
HAayKa — KPUOJNOTHS [JaHeT, B paMKax KOTOpoH B BUAC CAMO-
CTOSITeJIBHBIX HAYYHBIX M YUeOHDLIX JUCUMTIIIMH BBICTYTAIOT 12KUC Ha-
YYHbIE HampaBleHHUs, Kak (PHU3HKA, MEXAHHWKA U XMMHUS MEP3IbIX [10-
poj, IMHAMUYECKAS TCOKPUOMOrUS, JIMTOTCHETUUYECKAS TEOKPHMONO-
TUSl, pervolanisHas U MCTOPUYECKAs reOKPHOJIOTHS, UHKEHEPHIA €0~
KPUOJ0THS, TEOKPHO.IOTHYECKUIU TPOFHO3 U Fe03KOJIOTHST KPUONUTO-
30HbI {Tabn 1 1)

Kpuosorus niaHeT, yCrewHO UCoIb3ysl 3HAHUST U 33KOHBI YUEHHsI
0 Mep3NbIX MoPoAax 3eMIM U IPOUCXOJAIIMX B HUX U Ha MOBEPXHOCTHU
KPUOTeHHDLIX TeoJJOrMYeckKrx MNpOoLeccax, HalpaBleHA Ha U3yueHue
KPUOTeHHBbIX OCODEHHOCTEH TIAHET U UX CIIYTHUKOB M UX CpaBlHEHUSI
¢ 3emneit Lenslo Takolo cpaBHEHUST SABASIIOTCS] TPOTHOZMPOBAHUE €C-
TECTBEHHOro PAa3BUTUS 3eMIM KAK ITAHEThl, obNanaloLleit B HacTos-
Hiee BpeMst IMPOKMM CIIEKTPOM Ouolornyeckoil Ku3Hu, U nepcrek-
THBHI YCOBEPLUCHCTBOBAHUS YCTIOBHI XH3HU HA Helt Kpowme Toro, usy-
YeHHE [LIaHeT, MX CNYTHUKOB H JPYrHX KOCMMUECKHX Tes IO Marte-
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Tadmua 1 1

HanpasneruA regkpuonoivun

CTpyKTypa 1 Hay4Hble

IHOLOLHIONdN ¥UIOrONe0a! # coHlodu yMMOIhKMIoKONdNOI |

Teokpuostorus

Wxenephas reokpuonorus

QOLHOWANOY XianganIpWdoH exiogederd n (seMOannlow
-ongodie ‘seHdod ‘BeRAI3LHOALD) BHIorondMOo) BeHdSHOXHK BeHHegodUEHIEHIIOU))

Wod2anody WITHLOIE
don annHorgedus ¥ roR1odU UMNDILMIOKOHANOAI-ORdOHINHM ‘UHHIKAJ00D Y 01HAdL
XIGredow JHMELOMITOWHEER JONOShHHEXIA M J0MOORMAMX-OMHEND *20M09RKMENdOLILD |

sHocoinroudy 8 [|Mrado YouTod
-ndu eHedXo ¥ SHWRBEOEINOLON JOHIURHONTIPA ‘BMHPIDIEN SUNDORNION0D]-OHAIHIKH Y

20LHAA) Xiauedow BUTREMLIML
EEND3hHIOK0-ORAIHINKHH W OHHOhAEHM ‘BHIOLOMAN 03] BPHADHINKHU BRHIKBHOMISY

PeryonaneBas
M HCTOPHYUCCRAST TCOKPHOJIOTHS

xeuot XiqHTod#du M XeHonldd XiaHrniged g ‘odem WOHWOIE BH
rodou Xiyedow MIOL (KHHIEOHFOhOU ¥ BUIMgeed ‘KHHIEOHMnHeod BUdOIM) BUTIINOSE

Todou X[UedInOHIONOIOHW H -OHHIOEID BHH
-oHed1doduord Miorrgo suHrdoduldey 1 annegodutoned mrol xarsdon sATIPEMUN Y

WHHOUEE
viaHLoredow v vodon xiredaw miol suHoHedidoduoed n srHeiorRE WULGOIDA ‘lgdAL
-edOUWIL ‘HIOOHMOW BHHRZOdHMdOd HMIDOHAIWOHONPE JMHAPHONIA H JIMHILRHOE

JTuroreHeTnueckas FCOKpUHO TOrHsl

BHIOrOUAN02] KEXDIRKMISHAIOALI]]

JHOFOLHIONAN 8 XIMWOBLIOMOM XITHEQNOL NHHITKOAOLION WXToY
-ced M godionol ‘suHesodnwdod M EHHedocedgoorodol OJOHROTEIO HMINOHHIQIOOQ

8074l ¥ Todoll XITHhROYEO0
xfaprdsn uunendod # uuled ‘GO0UUL XUNIIRMLOHIL XigHhuLeed SI0MO8D M BHHDIOALD
‘efeld00 yuinaced W BMHraodundod HLOOHAOWOHOMNEE JMHIVEHONIA] W NTHIVEHOL

019 ¥ vodol XITHhOTEI0 XIaredaw 9.10M080 U BHHI0dLY ‘eERLI00 JMHIhAEH M KMHeYOd
-MNdO( MIDOHUINOHONBE JMADIhHMHPXIW M UAOOhMNMX-OMHEUD ‘OMmidahuend oD |

Kpuornorusi nnaser,
WX CHYTHUKOB, METEOPOB
Y APYrUX KOCMUYECKUX TeJl

JuHaMmuvueckas reokpyo.iorys

YuHoray
K 80003n0d1 XMAOIhHIOK0A-OHIOrsdon KHikgced W suHeaoduwdo@d MLOOHIOWOHONEE

Todou XIredIWOHHOEID # ~DHLIILOIOHI (oL dMHPaodUeoHIOdU M anIndced) BIMWEBHH]T

1dos HOHNWIE XEOLD XMHXdog
49 BMHeguello— sMREEdaNOdU OJOHLOLO IOHW W OJOHHOEY g0709N0dU W Todou XIaue
-dok mroL suHeaodnwdod NI0OHAIWOHONERE dMNDILHEHDOLLIAL M SUNIDhMINPHUTOWDI |

vodou xKredsw eXHHBXOW M BHAMX ‘BXHEUD
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puanaM JUCTAHLIHOHHBIX M KOHTAKTHBIX CIIEKTPATbHBIX 1 naboparop-
HbIX AHAIH30B U CbEMOK KOCMHYECKHUMHU aritapartamu CHOCOGCTBYCT
[MOHUMAHHIO CTAAUU M BPEeMCHU CYLIECTBOBAHUSA ILIAHETH! 3eMJST B
o6uieM Xope pa3puTvs rnadeT CoMHEYHOU CUCTEMbI

YenelrHo pazsuBaeMast Kpuosiorus Mapca cniocoGernyet pazpaboTke
ocHoB KpHostoruy JIYHBl U aHANM3y HAKAMIMBAIOUIMUXCS UAHHBIX I10
KPUOJAOTHUU ITAAHET IOTIMTEPUAHCKOM TPYIIBI M APYrUX KOCMHUYECKUX
00BEKTOB.

Dn3uka, XMMAS 1 MEXaHUKA Mep3JbIX IOPOJ — 3TO HayuyHbi¢ Ha-
IpaBjieHus, ycrelHo cchopMuposasiiecs K KoHlly XX B Mx samaueit
SIBJISIETCS MCCAEIOBAHME C MOJEKYJISPHO-KUHETHYECKUX U TEPMOIU-
HAMWYeCcKHX MO3ULIMI IPUPO/L] ¥ 3aKOHOMePHOCTe ! MpoTeKaHus -
3UKO-XMMHWYECKMX, MEXaHUYECKHX U TelNoDH3INYecKUX MpolLeccoB B
TIPOMEP3AIOINNX, MEP3NbIX U OTTAWBAIOUIMX Nopoaax. HABisasce Mex-
JTUCUUAIUIMHAPHOM NpobneMoil, oHU clyXar TeopeTUuyecKHUM (hpyHIa-
MEHTOM JIJI PAaccMOTpEeHHs MOBEJeHUS MepIIOH MOpOAbl B IPpUPOJ-
Holt (reonoro-reorpacpuueckolt) obcraHoBke. CyTh 3aK1I0YAETCS B TOM,
4YTO Mep3aasi mopoja mpencrapisieT coBoi CIOXHYI (MHOFOKOMIIO-
HEeHTHYI0, MHOTO(A3HYIO, reTepOHoOpUCTYI0O U MOJUANCIEPCHYIO),
Ype3BbIYAiHO MUHAMUYHYIO PHU3NKO-XUMHUYECKYIO CUCTEMY, BKIIOYA-
I010YI0 B ce0s Bce TPH ¢a3bi BIArM (He3aMep3iyio Bofy, jel U nap),
Haxonslldecs B paBHOBECHOM COCTOSIHUM M COCOOHBIE K B3aUMHBIM
nepexonaM. [ToaTomy noBegeHUe Mep3TbIX NOPOH B 3HAYUTE/IbHONM Mepe
orpeesieTCsl TEMU TePMOJAMHAMUYECKUMHU, TeIoMaccooOMeEHHBIMU,
XUMUYECKHMHU, PUINKO-XHMUYECKUMHU, MEXaHUYECKUMU, CTPYKTYPO-
U TEKCTYpO-00pa3oBaTeIbHBIMU MPOLIECCAMM, KOTOpBle Pa3sBUBAIOTCS
B xone (opMupoBaHus ([IpoMep3aHus), AATbHENRLIEro CyLLECTBOBA-
HUA (TIpY OTPHUATEJLHON TeMIlepaType) M pa3BUTUA (NMPOTANBAHUS
WIN LUUKJIOB NPOMEP3aHUSI—NIPOTaUBAHUSA) 3TUX (PUBUKO-XHUMUYeC-
KJX TPYHTOBEIX cMCTeM. be3 3HaHMA yKazaHHBIX [IPOLIECCOB HEBO3MOXHO
HE TOJIKO I'PAMOTHOE MCTONKOBAHME UCTOPHU Pa3BUTUSA MEP3JILIX [TO-
POI, YCAOBHI UX BO3HUKHOBEHUS M PacHpocTpaHeHUs, ocobeHHOC-
Tell MpoTauBaHMUA W Pa3BUTHI MEPIIOTHO-FEOJOTUYECKHX MTPOLIECCOB
U SBIEHUH, HO 1 obecrieyeHe HayYHO 0BOCHOBAHHBIMU peKoMeHIa-
[UAMMU 110 ITPOTHO3Y UX U3MEHEHUS U LieJeHapaBNeHHOMY Npeobpa-
30BAHUIO (YITPABJIEHHUIO) B CBS3U C XO3JUCTBEHHBIM OCBOCHUEM Tep-
putopuit. [ToaTomy oueBUAHO, UTO DU3NKA, XUMUS M MEXaHUKA Mep-
3/1pIX TIOPOJ B LIEJTOM ABSIIOTCS (PYHAAMEHTATBHBIMU HayKaMu U cIy-
KAT B FEOKPUOJIOTMH BaXHellel TeopeTHyeckoi §aizoil nuHaMuyec-
KO, TUTOreHEeTHUECKOH, PErMOHANbHOMW, UCTOpHYecKoll, MHXEHep-
HO# TeOKPHOJOTHH, IEOKPUOAOTHYECKOTO TIPOrHO3a U Te03KOMOTHH
KPUOJUTO30HBI.

JInnaMnyecKas reOKPHOJIOTHA U3yHaem meniogoe cocmosnnue 3emau u
gaxmopet, eausrowue Ha e2o uzmereHue 1o HaNPaBTeHHOCTH U3YYEHHS
Mep3Noil 30HBI TUTOChEPEl AUHAMUYECKAA T€OKPHOIOIUS OTHOCUTCS
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K 001acTH reopu3nUCCKMX HdYK, TdK KdK M 3Y4CHHE [€IUIOBOrO pd3pe-
3a 3emull ¥ TPOMCNOSIIMX B HEM TTPOLECCOB CBA34H0 ¢ M3yUeHe\
MArHI FHBIX, J,IEKTPUUECKUX, TPABUTALMOHHBIX H APYTHX (DU 3HYECKIHY
U AMMHUCCKUX CBOMCTR ropHuiX nopoa lpsaMou zanaue auHasydec-
KOM TEOKPHOAOTUY SBISIETCA PACCMOTPEHNC HPOLLECCOR MTPOMCP3ALT IS
(NMPOTAMBAHUSAY, OXJAKACHUS (HATPEBaHHs). MPUBOLSIIUHN K (hopmil-
POBAHUIO CE30HHOMEP3IbIN, €€ 30HHOOTTANBAIOLLIMA 1 MHOTO/IETHEMEP-
3AbIX TOPHBIN MOPoA TAKOH alid/ii 3 BbITOMHACTCS C HOMOLLBIO dHAI -
[HYECKHUN peUleHHn U TPUMCHEeHMS BBINHCIUTENBHOM IEAHUKH, NO-
3BOSTSHOLIM Y PACCMA1PHBATL BEPOSITHLIE CUTYALLMY PA3BHTIS TMpouec-
COB MPOMEP3AHHS ~— O11aUBaAHUS B BEPXHUX TOPU3CHTAX 3EMIOH KOPb
M Ha ee MMoBePYHOCIH

PaccmoTpeHe 21HX M IPYyTHY TPOLICCCOB, HPOHCXOISILIX B MTPO
MEP3AIOLLIM X, AMEeP3Tblx U MPOTAMBAIOILHX [10POTdy, C IHEPICTHYCCRON
TOYKI 3peH s 110 CYULECTRY IPEACTABIsIE I mep MOduRaMeck it nodvod
K M3y4eHUIO pd3BUTHS TOJTLL Mep3nbiX opon PaspaboTka repyonmiia-
MUYECKHMN W Tern10hU3HUCCKHX OCHOB (hOPMIPOBAHMS TOLILLL MEP3THIX
nopoa HaAZNPYETCH HA WIYMSHUN TeNNO0OMEHT B Clitieve «a1voche-
pa—nurocdepa», parllalMOHHO- H BOIHO-TCIIOBOI O OdldHcd, Tev-
MeparypHoro pexxuva U dbaszoBbIX MEPEXoA0B B.1al M B TOPHbIA 11OpO-
JIaX, a raxxKe TeITOBLIX [POLeCCOB B BEPXHMX CMOSIX 38MHOM KOPb!
[TosrouMy McenenoBaHHC AMHAMMKM TOTMUL MHOTONCTHE- M CE30HHO-
MEp3Nblx MOPOA BO BPEMEHH, Mo IIOHIAAM PACMPOCIPAHEHHS] W Ty~
BUHE BO3MOXIIO rO1bKO NPH TeCHON YBI3Ke 1€11TOBOU CTOPOHDLI Mpo-
LECCOB MPOMEP3AHUS M MPOTAHBAHUSI [TOPO/ € MCOJNIOTHUECKUMH W 1€0~
rpaHiyecKMMU YCIOBHUSIMK CPe/Lbl, B KOTOPOH 2TH IPOLCCChI Npale-
KaioT B pesynbraTe MOACAVMPOBAHUS, pacueTd W aHanuza [List sodou
MPUPOJHOU OOCTAHOBKHM MOXKET BLISIBASATLCS HAMPABACHUE H XApAKTED
Pa3BUTUST MEP3JOTHOIO Npolleccd (MerpagalluoHHBIA, CrabHIbHbBIH,
arpagauMoKBHbIN), a4 TAKKE YCTAHARJIMBATLCS KPHOMEHHDLIM BO3pdCT
MHOTOJICTHEMCPAIbIX NTOPOd B CBSA3U C KOPOTKO-, CpeIlie- i JUITHHHO-
MEPHOIHBIMU KONEOAHMIMIT KAMMATA TIPH PA3IMUHLIX BO3IMOXHbBIN
Mepuo/dx Aerpagaund W arpagauni Ilpi JTOM MHOTHC Mapaveipbl
NPy pelleiiii JTUX BONPOCOB BLISIBASIOTCS 1O TEMIIEPA LY PHBIN Kpii-
BbIM L.IYOOKUX CKBAXKWUH, COM3MCPUMDIX € MOUWHOCIBLIO KPHOINTOI0-
Hbl, HAW IO JAHHBIM KOMIUICKCA L1yOOKOI0 [€OQUINUCCKOTO 3011 -
poBarusl

Hpyroit BAKHOIN 4aCThIO IMHANMHUECKOM TEOKPHOJOTHH, PellideMon
COBMeECTHO W TIPU NMOMOIIM PErHMOHAILHON [COKPHOJIONIIH, SIBJISIC s
U3ydeHue U MPOrHo3HPOBAHHE MEPII0MH0-2e0102HHeCKUX HPOUECCOR, B
peayibTate Ko1opbix hopMupyiorcs crenudnieckiie (huiiKo-1eono-
TUYECKIE SIBTEHUST — Mep3noripie (opsMbt peibeda 11 HOBbIE KPHO-
FeHHLIE reojlorMieckde 00pa3oBaAHM, rakide KdkK Mop03000lHbIC
TPEUIMHDI, MTOA3EMHLIE H HadeMHbIC LB, OAIKEpaxit, 0yrpol nyye-
HUSL, KypyMbl. conudaokuionubie Gopmsl (ITOTOKH  Ba'lbl, Teppd-
Cbl), TEPANOIPOINOHHBIC OBPArd, HMIEIM U AP
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B 1esioM MonemTupoBaHUEe M AHATUTHUECKHUE METONbL M3YYEHUS Mep-
3JIOTHO-Te€0MOTHYECKUX TIpolieccoB, HOpMUPYIOMUX clietrdhudecKue
sIB1eHMs U dopMbl peabseda, nMeloT GoNbluoe 3HAYCHUE 1T YCTaHOB-
JIEHUS HaITPaBJIeHHOCTH PA3BHTUS U CKOPOCTH MU3MEHEHUS reOKpUO-
JIornyeckoit o6CTaHOBKH B HAYaje TPETHEro ThHICSAUYCIIETHUS.

JInTorenerHuecKas reOKpnoorusi (KpHOIMTOIOTHA) BLISIBASET OOUIME
W YacTHble 3aKOHB!I QOPMUPOBAHUST QUCHEPCHOCMU, XUMUKO-MUHEDANb-
HO20 €OCMQBA, CMPYKIMYPHO-MEKCMYPHLIX 0cobenHoCmell 1 Cmpoerus
Mep3abix 0Ca0oUHbIX NOpod U 16008 HA OCHOBE XUMHYecKuX, GpUIHKO-
XHUMUYECKUX U (PUINKO-MEXAHUYECKHUX MPOLECCOB, PA3BUBAIOLINXCSA B
OCATOYHBIX TIOPOJAX KPHOINTO30HB! B XOJIe UX CTanUaIbHOrO Mpeob-
pazoBauusi OCHOBHBIMU HAYYHBIMH HAIPaBIEHUSIMH 3TOTO pasjiefa
TFeOKPHOJTOTUU ABASIIOTCS: WCCACAOBAHUE BEUICCTBEHHOIO COCTABA,
CTPYKTYPHO-TEKCTYPHBIX 0COOEHHOCTEN U CBOMCTR MeP3NBIX OCAN0Y-
HBIX NIOpOJ U JIBA0B (MeTporpadua ocamrouHbix MepabIX IOPO U CTPYK-
TYpHOE JICOBeJCHUE); BbIABIEHUE Ha OCHOBE MEp3NOTHO-(haluuaIb-
HOTrO ¥ Mep3J0THO-(GOpMaALIMOHHOIO aHATM30B 0cOBeHHOCTE! i 3aKo-
HoMmepHocTel hopMUPOBAHHUS cocTaBa, CTPOEHUS W CBOMCTB pazind-
HbIX TEHETUUECKHX THTOB, dauuit u GopMaurilt 0CaTouHbIX MEPIIBIX
ITOpOA ¥ JbIOB C LieJbl0 YCTAHOBICHUS! UX T€HE3uca, a TAKXe Mexa-
HU3Ma, JaHAWAad rHO-reoMopdoa0oTrMyYecKuX U IeoJJOTUYECKHUX YCIO0-
BUIH 00pa3oBaHUsl OCANKOB B KPUOJUTO30HE, M3yuYeHHE HA OCHOBE
MEP3JOTHO-CTAINATTBHOTO aHaNM3a HCTOpuU GOPMUPOBAHUS MEP3Ioi
OCaJIOYHOI ropossl, T.e. 0cOBEHHOCTEN ceIMMeHTOoreHe3a U npeodpa-
30B3HMA OCAKA B [TOPOAY B NIPOLIECCE BLIBETPUBAHUSA, NEpEHOC, KOH-
THHEHTAJIBHOTO U 6acCEHHOBOTO OCATKOHAKOIUIEHUS U MTOCIEAYIoLLe-
ro muareHesa (ocagodHoe rnmopogoobpazosaHue B KpuoluTosoHe). Y,
MO-BUAMMOMY, K 3TOMY pasliefly I'€OKpPHOTOIUU CIEAYET OTHOCUTH
HarpaBJeHHe, Ucceaylollee 3aKOHOMepHOCTH (DOPMUPOBAHUS U pa3-
BUTHUS COCTABA, CTPOCHHS U CBOMCTB MepalibiX MU MOPO3HBIX MarMaru-
4ecKHx, MeTaMop¢UIeCKUX U CLIEMEHTUPOBAHHBIX 0CAOMHBIX f10PO/]
(B OyaylLeM pa3fien NeTPOreHETUYECKON reoKpruoIoruu).

Tlockoneky opMmuposaHue cocTaBa, CTPOEHUSI U CBOMCTB Meps-
JIBIX OCATOYHBIX TTOPOJ TECHO CBSI3AHO €O CIIOCO0OM H YCTIOBUSMH X
poMep3aHUs, a TAKKE C XAPAKTEPOM U CKOPOCThIO 0CANKOHAKOILIE-
HHMS M TeKTOT€HE3a, JIMTOTeHETUIECKAas: TeOKpHOIOTis NPUIRET 0CO-
60e 3HAYCHME MIYUEHHUIO MEP3NbIX TOJIUL pasnuyHoro reHesuca. [Ipu
3TOM MOTYT OBLITh BBIIEJIEHBI CHHXPOHHO-, ACUHXPOHHO-3THKPUOreH-
HBIE U [1a7le0KPUO3TIOBUANILHBIE TOJIILKM KOHTUHEHTANBHBIX 00pa3oBa-
HUI, CHHKPUOTEHHBIE TOJIUU KOHTUHEHTAIbHO-CyDaKBaIbHEIX U KOH-
TUHEeHTaTbHO-CY0aspaibHbIX oToxeHnit u ap. Tlpu atom mpouecc
OCAIOYHOrO I110pOog000pa30oBAHUS B KPUOIUTO3OHE U €0 pe3ylbTar
OKa3aIMCh HACTONBLKO CHEUMHUUHBIMH, 4TO TO CYIIECTBY TellEPhb B
KayecTBe CaMOCTOSITEALHOIO CTAN BBIOEJATHCS KPDUOTEHHbBIH THUI
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antorenesa. OH sisasercs Hanbonee MO0ABIM, OKOHYATENLHO chop-
MU POBABLIMMCS JIMLLIb B IIPOTEPO30¢ U NPUobpelatoLim Bee 6obiini
Bec U 3Havelive B GoOpPMUPOBAHUY OTIOXEHUM 110 MEPe NPUOIIMKEH IS
K coBpemetiHol alloxe. OH xapakrepuayercsl YUETKO BLIPAXKCHHOM e~
00paInMoCIbIO CBOEK JIBOJIOUUKN

PervoHabHas M MCTOpPUYECKAA NeOKPHOJIOFNA LicCaedyem 30HatbHbIE,
GbICOMHO-NOACHLIC U PEUOHAALHBIE 3QKOHOMEPHOCTIL (HOPMUPOBAHUS Ut
PA3GUMUSA MOAY CE301HO- U MHO0NEMHeMep3bX nopod, UX PacrpocT-
pa”HeHust MO TUIOLIANM, YCAOBHI 3ajeraHus B paspede, cpeaHEH! TeM-
IlepaTypbl MOPOA 33 UccnelyeMblit riepruon korebaHnn KauMala (rono-
BoMH, MHOTOJIETHII, BEKOBOM), KPUOreHHOIQ CTPOEHUS! U MOLIHOCTH
Mep3IbIX ToNL, (hOPMUPOBAHUS, pasBUTUS ¥ CYLIECTBOBAHUS Meps-
JIOTHO-Ie0,IOTUUECKUX FIPOLIECCOB M SIBIeHUI U UX NPUYPOUEHHOCTH K
ofpeneseHHbIM NaHIAPTHO-TEONOTHUECKUM YCIOBUSIM Wayuetine
MOLLHOCTH MepP3.IbIX 10JLW, ¥X COOTHOUIEHUS C SAPycaMu ropol, co-
JEPXKALUIUX OTPHULIATEIbHOTEMIIEPATYPHBIE MUHEPAIMIOBAHHDIE MOJ13EM-
Hble BOMbl, F430TUAPATHI, BKJIIOYEHUS 17aCTOBbIX 3a1CKell Nb1a U CH-
CTEM MOILHBIX KIMHOBUIHO-XUJIBHbLIX J1bJ0B, HUHBEKIIHOHHLIX JILIOB B
Oyrpax nyueHus, HUHOUIbTPALNOHHO-CYONUMAIIMOHHBIX JBAOB B Ky-
pyMax, 3axOPOHEHHBIX HATEAHBIX W JETHWKOBBIX JIbAOB U APYrUX Je-
JSTHBIX BXJTIOUEHMH NMPOBOJMTCA B IIpoliecce MPOBEACHUS KOMIIIEKC-
HBIX FEOKPHONOTHUECKUX UCCNedOBaHMI B MOATOTOBUTE/NLHBII, TTOJe-
BOU M KaMepaabHbIH neponsl KayyeHue Bcex acrlieKToB reoKpuofo-
TMUECKHX YCJIOBH, B TOM 4HC/e U B3AMMOIeICTBUS MEP3bIX NTOPoL U
[oA3eMHbIX BOJI, TIPOBOJIMTCS NPU TECHOM yBA3KE NAHIIAGTHO-KIUMA-
THYECKUX, TCONOTMYECKUX, oporpaduyecKuX, reo6oTaHUYECKHX,
TUAPOJIOrHYECKUX U THAPOreoI0rHuecKX yoI0BUit ¢ Teriodusndec-
KUMH, (U3UKO-XUMHYIECKUMH, TIYOMHHBIMA TEOTEPMUUYECKUMH yC-
JIOBUSAIMM M3yuaeMoli TepprToprM Ha 3Tofi ocHOBE MPOU3BOAMTCS Kac-
CUMPUIIMPOBAHNE MEP3/BIX FTOPHBIX [1OPOJ U JbIOB IO HX COCTABY, KpH-~
OleHHOMY CTPOEHUIO, FeHE3NCY, BO3pacTy, YCIOBHUSIM Tennoobvena i
OCYLECTBISIOTCS PAOHKPOBAHUE U KAPTUPOBAHUE 00AACTHU PAIBUTHS
MHOTOJIeTHEMEPIIBIX TOPHBIX [TOPOJ, AETANLHOCTh KOTOPLIX Olipe-
IeaseTcss HAyYHOH W MIpaKTUYecKoN 3HAYUMOCTLIO H3YUdEMOUH reppu-
TOPUM W 3aJaeTcsl MacliTAOOM UCCleN0BAHUH

BaXXHbIM HAay4yHbIM HAMPABIEHUEM 3TOr0 PA3Acna FeoKpHoJIol MU
ABJIsIe1csl pa3paboTKa UCIOPUM BO3HUKHOBEHHSI M PAIBUTHSL MEP3JbIX
MopoJ B NPEAEaax PAMOHOB, PErHOHOB, MaTePUKOB K 3¢MHOI O 1IAPa B
uejom Ilpu 5TOM B HAcTOsiLlee BpeMsi MMEIOTCS 10CTaTOUHO JOCTO-
BepHble cReOeHMS U pa3paboTKu 1o BompocaM UCTOPHUU Pa3BUTHUS Mep-
3JIBIX TOJIIL A7l OTAE/JbHBIX PETHMOHOB, WU3YUYCHHBIX C NPUMEHEHHEM
KoMrurekca rinyOMHHBIX METOLOB UCCIeN0BaHHA, COUBMEPUMBIX C [1PO-
THO3MPYeMOil MOILIHOCTBIO MEP3JIoi 30Hbl, cPOPMUPOBaBILIeHcs IIaB-
HbIM 00pa30oM B UeTBepTUUHOM NepHole Bonpochbl pacnpOCTPaHEHUs
Y PasBUTHA (IBOIIOLMK) MEP3ILIX TOPHBIX TOPOI Ha [uiaHe1c B Gonee
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JpPEBHUE 3IIOXH NPOTeP030s1 U GhaHepo30si cTln pa3pabaThiBaThes TUIUL
B KoHile XX B.

Wixenepaas reoKpuoJioTUA NpPeACTABSICT cofoit pasnen 1pakTv-
4eCKoil TeOKPHOJIOrMH 1 3AHSITa UHXEHEPHO-TeOIOTUYECcKM obecrte-
YeHWEM NPOCKTUPOBAHNS, CTPOMTENLCTBA U IKCILTYATAUUN NHXEeHEep-
HBIX COOPYXXEeHWI B KPHOJIMTO30HE I 0BOCHOBaHK:A U Bplbopa Hau-
Bostee HANEXHBIX U SKOHOMHYHBIX CIOCOOOB XO35ICTBEHHOTO OCBOE-
HUA TEPPUTOPUR C Cce30HHO- U MHOTIOJEeTHEeMEp3NbIMU TIOPOIAMM.
JTi00ple KOHKpETHEIE U CITELNATU3UPOBAHHBIEC BHIIbI HHKEHEPHO-Te0-
JIOrHYECKIX U3bICKaHNM I TIPU 3TOM OCYILECTBAsAIOTCA Ha 0a3e paspabo-
TOK PETrMOHANBHOU WHXEHEPHOH TIeOKPUOJOTHY, KOTOPhlE NOMKHBI
ObITh NMONYUYEHH NPy [IPEANPOEKTHBIX HccaedoBaHMsIX. M ToroM takux
pa3paboToK ABASIOTCS COCTABAEHME UHKEHEPHO-TEOKPUONOTHYECKIX
KAPT [UIs pA3IUYHBIX BHIOB CTPOUTENBCTRA, BbIIaYa POrHO3HLIX OLe-
HOK WUHXeHEepHo-TeoKpHoiornyeckoi obecTaHOBKY ITpU X03s1iicTREH-
HOM OCBOCHUM TEPPUTOPUIL, a TaKKe paspaboTka obLIUX IIPOEKTOB M0
PALMOHAIbHOMY MCTI0NIL30BAHHUIO ITPHPOIHOMI cpelbl B KPHOIUTOIOHE
B CBSI3H € NTpeoOpa3oBAHUSIMH ECTECTBEHHBIX YCIOBHA.

C uensio BpIGOPA LIS XO3IMCTBEHHOTO OCBOSHMS KOHKPETHBIX paii-
OHOB, YYAaCTKOB M CTPOUTEIbHLIX ITOLIAZ0K Ha CTAIHAX TEXHUIECKOTO
TIPOeKTa U pabouMx depTexkeld obsi3arenbHBIMU SBSIIOTCS MPOU3BOI-
CTBO UHXXeHEPHO-TEOKPUONIOTHYESCKUX N3bICKAHUH 1 u3yyenue (1abo-
PaToOpHOE, HATYPHOE U IoJeBoe OIpoDoBaHUE) COCTABA, KPHOTeHHO-
ro CTPOeHUS U (HH3MKO-MeXaHHYEeCKHX CBOMCTB Mep3/TbiX, [TpoMep3a-
IOLIMX ¥ ITPOTAMBAKOIIMX I'PYHTOB U NbAOB KAK OCHOBAHI, Marepua-
JIOB ¥ BMELIAOILIEH cpebl 111 MHAKEeHEepHBIX coopyxeHuil. Obs3aTeb-
HOM COCTaBHOM YacCThi0 MHXEHEPHO-TEOKPUOIOTUIECKHX U3BICKAHUM
IIPK 3TOM SIBASiETCS COCTABJIEHHE TIPOTrHO3a TEXHOTCHHBIX M3MEHEH NI
Mep3NOTHBIX YCIOBMIT HA BBIOPRHHO MUTONIANLKE, 4 TAKKE peKOMeH/Ia-
Ui 110 pallUOoHATLHOMY HCITONB30BAHMIO M OXpale reoKpuoaoruyec-
KOH cpefbl.

Ha Bcex cramusix npoeKTUpoBaHUs, U ocoOeHHO Ha cTagumn pabo-
YUX YepTexeil, MpHUXOIHUTCS VACSITh epBOCTENIEHHOE 3HAYEHUE ITpO-
lieccaM B3apMOIeHCTBHs MEP3NbiX TPYHTOB U COOPYKEHUI

BompocH TemioU3MyecKoro 1 MexaHu4eckoro B3auMoeicTBus
HMHXEHEPHBIX COOPYXEHHU C MEP3ABIMU, NMPOMEP3AIOUIUMU U IIpO-
TAUBAIOLIMMH TPYHTAMM PEIAIOTCA HA OCHOBE pa3paboToK NHXKCHEPHOI
TerUtoM3UKI M MEXaHUKY MEP3TIBIX TPYHTOB. B Hacrosiuee BpeMst 60Jib-
1Ioe BHUMAaHHE yuejadeTcs M3YYeHHIO MpoleccoB QHU3MKO-XUMUYec-
KOTO B3aHMOeicTBUS] TPYHTOBBIX OCHOBAHH I U QYHIAMEHTOB Ha HUX,
XOTS MTPAKTHKA yoKe MOCTaBUNA Psil BOTIPOCOB TaKoro posa (nepepactl-
pelleNeHye BJIATH, U3MeHEeHHS JbAUCTOCTH, KDHOTEHHOTO CTPOEHUS U
MeXaHHYEeCKHX CBOWCTB rPpYHTOB BOMM3N YHRAMEHTOB, XMMHYECKHe
peakiyu ¥ NpollecCH, Koppo3usi QYHIAMEHTOR U Ap ). OcHOBLIBASCH
Ha pe3yybTarax K44eCTBEHHOTO M KOJNHYECTBEHHOIO UCCACHOBAHUS
B3aUMOJEeHCTBHSA MEp3JbIX TPYHTOB M COOPYXEHHU, OCYLUECTBISIETCH
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KOHKPETHbIA HMHXECHEPHO-ICOKPUOJOTHIECKUM NpOrHo3 noBeaeHus
OCHOBAHUI U HYHAAMEHTOB Ha NIEPUOLI CTPOHTENLCTBA U IKCILTyaTa-
1IMH WHXEHEPHBIX 00BEKTOB

TIpn HeGaaroMpuATHOM TIPOrHo3e paspabarbiBAIOTCA NpHUEMbI MO
LejieHanpasieHHOMY M3MeHeHHMI0 (npeoOpa3oBaHUIO) Mep3NOTHOM
00CTAHOBKU (TeMIepaTypsl, COCTABA, JBIUCTOCTH, KPUOTEHHOI'O CTPO-
CHUSI U CBOMCTB IDYHTOB) M MEP3JOTHO-HXKEHEPHO-TeoJ0THYeCKUX
[IPOLIECCOB U SIBJIEHUIA, T ¢ cocTaRisieTcs MPoekT MeponpUsaTHil mo
YIPAaBIEHUIO MCP3JOTHBIM IIPOLIECCOM

CrelMaiM3vpoBaHHAash MHXEHEPHAst reoKpUoioris HaleleHa Ha
pELICHUE BOIIPOCOB MHXKECHEPHO-IEOJOrueckoro obocHoOBaHKs Ha-
JI€XKHOTO H 3KOHOMHUYHOIO CTPOMTEIBCTBA U IKCILIYATAIIMM KOHKpPET-
HBIX UHXEHEPHBIX COOPYKeHMI Ha MEP3JTBIX, TPOMEpP3alollUX 1 Mpo-
TAUBAIOWKUX IpyHTax [Ipy 3TOM MOXHO BBIIEMUTH CHACAYIOLIWE HA-
[PaBJicHHS CIIELMAIU3UPOBAHHON NHACHEPHOI TeOKPHOMIOTUH CTPOH-
tefbHOE (IIpY NPOMBILJIEHHOM, IPaJoCTPOUTEILHOM, T'HApOTEXHHYE -
CKOM, TPAHCHOPTHOM, TPYOOTIPOBOLHOM M OPYIUX BHIAX CTPOUTENb-
CTBA), TOpHOe (ITOI3eMHBIE COOPYXeHUs, HedTera3oBblc MeCTOPOX-
JeHMsl, WAXTH, METpO, JpaXHble TMOJUTOHBI, KAPbepbl, TOHHEIN U
Ip ), arpobuonornyeckoe (JecHoe U CeNbCKOE XO3SUCTRO U 1P )

I'eokpuonoruyeckuii MPOrHO3 U re03KOJI0THS KPUOJIUTOIOHbI HANPAB-
JIeHbl HA pellieHUe TAKWX 33[a4, KOTOpble HMEIOT, C ONHOU CTOPOHBI,
COLMAIbHOE 1 TpaKTUYeCcKoe 3HA4eHWe IS U3YYCHHS! KU3HCHHBIX
VCIOBUHM AIO#EeN U B LEAOM XKUBOW [OPUpPOJbl, 4 ¢ JAPYIOH — ecTe-
CTBEHHO-UCTOpHUCCKOE, OOBICHALIEE OOBEKTHBHBIE 3AKOHbBI PA3BU-
THA 3eMAH, YCTOUYUBOCTb U3MEHEHUs OTIeJbHbIX KOMIIOHEHTOB
MIPUPOTHON Cpe/lbl K BIUSHUIO €CTECTBEHHbIX U AHTPOIOTeHHbIX (ak-
TOPOB

Ve B nocieaHeidl detBepT XX B TeOKPUONOTMUECKUE [TPOrHO3
cTan o0s3aTeAbHON YACTHIO UCCAEIOBAHUN KAK MHOTOJETHEMED3NLIX,
TAK 1 CE30HHOMEP3NbIX MOPOA B CBSI3M C MTposiBleHueM Hebadronpu-
SITHBIX IMOcaencTBUHM J1100oro MaclutabHOro OCBOEHMSI CE30HHOH M
MHOTOTIeTHeH KPHOAUTO30HE! Takvie ITOCNCACTBUS CBA3AHB] ¢ pe3KuM
W3MEHEHHEM CBOWCTR IOPOJ KaK IIPH epexo]e U3 TAIOro COCTOSHUS
B Mep3Joe, TAK U U3 MEp3/10oro B TAIoe W AAXKe IPU U3MCHEHHM TeM-
nepatypsl MOpoa B IIpelefiax OTPULATENbHBIX MW NOJOXUTEIbHBIX
(BOMM3M HYNA) 3HAHEHUH

Ve10BUS 3aeraHus ¥ pACTPOCTPAHEHUST MHOTOIETHEMEP3IbIX TOILL,
CBOMCTBA MEP3MbIX MOPOA, AAPAKTEpP KPUOTEHHLIX TEKCTYp, YCJIOBHSI
HOBOOOPA3Z0BAHM S MEPINOTHL, 4 TAKXKe paiBUTUe pasiudHblix Mep3JoT-
HO-Te0JJOTHYECKMX IPOLIECCOB M SIBMEHHM CylISeCTBEHHLIM 00pd3oM
onpeeNsoTCs TelooOMeHOM Ha roBepxHoctu 3eMaun [locnenHui
dopMupyeTcst B onpeneie HHbIX Feo0rMecKyX U reorpadmyeckmx yeio-
BUSAX H B CBS3M C OTUM TaKXe H3MEHseTCsl BMecTe C H3MEHEHHEM
MIpUpoAHOei 0OCTAHOBKH IO BAMSHUEM H3MEHEHWI KIIMMAaTa U npo-
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WABOJACTBEHHOrO OCBOSHUS TeppuToprid, Hallpawienioers H Xxapakrep
ITOI0 UIMEHEHUST YUMTBIBACTCS METO/IOM YCTAHOBICHMST KOJIMMECTBEH-
HbLIX CBSA3CH Mexay COCTaB/SIONMMM NPUPOAHOH Cpejibl ¢ ¢e ecTe-
CTBEHIIBLIM MJIM TEXHOTeHHbLIM U3MCHEHUEM U OIICABHBIMMK XapakKie-
PUCTUKAMH Ce30HHO- M MHOIOJICTHEMEPI/BIX IOPOA. YCTUHOBICHHbIE
SABUCHUMOCTH CAYKUT 0a3ofl AJs1 coCTamICHUsl reOKpHOIOIUCCKOrO
[POrHO34, UEJbI0 KOTOPOro SIB/SETCS HAYUHOe MPEeABUASHHE XapiK-
Tepa U3MEHEHUST MEP3TOTHLIX YCIOBHM, KOTOphie HACTYISIT B MpoLicc-
CE OCBOEHMSI TEPPUTOPHHK, W PA3pabOTKa MEPOIPUSITHI LTSI UX YAy~
LeHusl,

Borpocsl KOHKPETHOIO [IPOrHOZUPOBAHMSL PELUAIYT HA OcHoBe (i~
FUUECKOrO W MATEMATUYECKOTO MOACIUPOBALIS] U IPUMCHEHUS [1PK-
GIMNKEHHDBIX M TOYHBIX (¢ UcnobioBaHueM BBM) peiiernnit swiay o
MPOMEP3AHUK M MTPOTAMBAHM Y TOPHBIX TIOPOL C yUCTOM TCILIO~ 1 Mac-
cooBMeHa, BHYTPCHHUX M BHELIHMX MCTOYHUKOB 1SMia K JbIOBbIIE-
JeHUSI B CIEKTPE OTPULIATEIbHLIX TeMNepaTyp.

B cBsi3y ¢ o6LIMM POCTOM HEGAArOMPUSTHBIX BO3ASHUCTBHMI HA TpH-
POAHYIO CPELY KPHOIUTO30HI TEXHOMEHHBIE HAIPY3IKH Hi HEE OKA3bI-
BAIOTCSI CTOS1b CVILECTBEHHBIMH, YTO CTANY [IPUBOAMTE K PC3KOMY Ha-
PYWIERKIO CIOXUBILIETOCS KBA3UPABHOBECHOTO COCTOSIHUS CYLIECTBY-
IOWMX TeoKproaKocucreM. KpHonIMTO30HA BONpeKn paHee OhIToBAB-
LMV TIPEACTABICHUAM 0Ka3aiack Hambomee yst3sBUMOIT B aKoMOTHYEC-
KOM OTHOLUEHUHM, OCKOJLKY XapaKTepU3yeTcsl BLICOKOIl UyBCTBU-
TERLHOCTHIO NAaHAADTOB K aHTPOITOFEHHBIM BO3ZEHCTBUAM M 3aMefl-
JIEHHOCTBIO (4 HepelKo M Heobpa1uMocCThio) UX BoccTaHoBNeHMs:. [To-
3TOMY TTOCJICACTBUS TEXHOTeHHbBIX HAPYIIEHUH B OTHCIbHLIX MTPOMBILL-
JIEHHO PA3BUTHIX PerHOHAX KPUOAWTO30Hs! (3anagras Cubupsb, AMar,
Lentpansuas HAxyrus, Hopuneckuit, bparckuit, KOxHo-HkyTckui
KPYIiHbIE TEPPUTOPUANIBHO-TIPOU3BOACTBEHHBIE KOMIIJIEKChl, Tpacca
BAM, apaxnble noauronsl Cesepo-Bocroka cTpansl ¢ Ap.) B psie
CNyYaeB MMEIT HelpeNcKa3yeMblil M TPy4Ho KOUTPOAUpyeMblil xa-
pakiep U TpeOYOT He30TNAraTeNbHOIO PELLCHUS CIOKHER MK 9KO010-
THMEeCcKUX MpobiieM Ha oB1Uerocy/apeTBeHHOM H MUPOBOM yposHe. B
CBA3M C ITUM B reOKPUONOTHII B [TOCAEIHME [0l HHTEHCHBIHO PA3BM-
BAETCsI ¢llle OfHA (DYHIAMEH [ANLHA HAYUHAs [IPOoDICMA MEXKAUCILMIL-
JNHAPHOTO XAPAKTEPA — [EOIKONOIHA KPUOIUTO301bI, GA3MpyIOULas-
CSL HA M3YUeHMU BCEX NPEALIAYLUMX HANPABIEHUHM FEOKPUOIOIHH H 0CO-
OCHHHO HA TCOKPHOMOTHUECKOM TIPOrHO3UPOBAHIIU.

1.3. VicTopus u3ydyeHHs KPHOJMTO30HBI M CIATAIONMIHX €€
Mep3JIbIX N0poa

B vcTopru passUTHS CE30HHO- U MHOTOJETHEMCP3ALIX [10PO MOXK-
HO BBLLIEAKUTE 1ICCKOJILKO 3TAIOB.

1lepsbiii 3tan (XV — nepeas nojgopsuna XVII 8) xapakrepiizyercs
OBHAPYKEHKUEM MEepP3JIOIbl W MEePBbIMI MONbIIKAMH 0DLICHEH s TIPL-
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UMH e cyllecTBOBAHUS. [Tpy 3TOM He BhI3bIBAET COMHEHMIl, 4TO KO-
pEHHBIE XKUTE/IU CeBepHBbIX obnacteit 1 Cubupu Beerma 3HaIM O ee
cyliecTBoBaHUU. B ntutepatype nepevie cBeneHus o MepanoTe (KOTOpYIO
Ha 3anale Ha3blBATU «PYCCKUM COMHKCOM») CTAIH NOSIBAATLCSH, I10-
BUAUMOMY, JLb ¢ XVI B., Korga ycUIMIUCh NTOMCKUM PYCCKUMH Ce-
BEPHOTo MopcKoro fytu u3 Pocenu B Kutait. B counnennn 1598 r.
«OnHcanve 4ero paau HeBO3MOXHO OT ApXaHIeNbcKOro ropoia Mo-
peM mpoxonuTH B Kutalickoe rocymapcrBo M orTone kK BocTouHoit
Unanu» yxe colepXarcsi OTYETIUBLIE TIPEACTABICHUS] HE TOJLKO O
HAJIMYHMU, HO U 00 OBLIMX MPUUMHAX CYLLECTBOBAHMS MHOTOMAETHUX
Jb10B B APKTUKE, 4TO CBA3BIBATOCH C MATBIM MTOCTYIIEHMEM TEITA OT
CouHIA B BeICOKUX WHpoTax. [IpuMepHO B 9T Xe BpeMs NOSBISIOTCS
CBENEHMNS 0 CYUIECTROBAHUU Mep3JbiX Mopon B CepepHoit Amepuke. B
XVII B. B MockBy HaUMHAIOT MOCTYNATh MTUCHMEHHLIE JOHECEHUS OT
PYCCKMX BOEBOJ M MyTelllecTBEHHUKOB 06 0OHapy:KeHUU Mep3/bIX To-
pon B Cubupu 1 Ha Hosoit 3emne. Tak, B 1640 r. neHCKHe BOEBOIBI
[1.TonoBuH n M. Tne6os cooburanu B Mockay, yto «3emis-Ie, rocy-
Japb, cpenn JieTa Bes He pactausaet. B anoxy [letpa I ceBep 1 BocTok
Cubupy mocewaiv He TONbKO OTAENbHBIE NMYTEILECTREHHUKH, 4 JaXe
LeNble SKCTIEAULINN,

B to BpeMsi, korza yueHsle 3ananHoit Esporisl eute criopuin v B
Bo/IBIUMHCTBE OTPHLIAIN BO3MOXHOCTb CYUIECTBOBAHUS] MHOTOJTETHEN
mepanotol, M.B.JloMoHOCOB He TonbKO BOCIpPUHSN 3TOT (aKT, HO M
[lal BIOJHE HAYYHOE npejcTaBlieHue o0 yCIOBHsIX PAa3BUTHS U 1UHpO-
KOM pacnpocTpalieHUn MHOroJeTHeMep3/iblx ropod. Tak, B 1757 1. B
tpyne «CioBO 0 POXAEHUU METANIOB OT TpsiceHus 3emiin» JloMoHo-
COB MMUCAN: «..TEMOTA U OFOHb B HEeIpe 3€MHOM XMTEJILCTBYIOT Dec-
npepbIBHO. M TaK no/ieXuT rnocMoTpeTh Jajiee, eCTh M TaM X004 W
MOpo3, OHbIM MpoTuBHO#. [IpaBna, uto obluupHble Cubnpckue cTo-
poitel, a ocobauBo K JlenoBUTOMY MOpIO Nexalllue, paBHo KaK OHble
nosl NMpoCTPAHHbIC, COCTABISIIOLLME XpeOeT I'opbl MPeBbICOKOI, KOTO-
poio Kurtaiickoe rocynapcrso ot Cubupy otngensiercs, 3emiio B riy-
O6uHe OKoJ0 ABYX MIM Tpex (yTOB BO BCE JIETO 3aMEPUIYI0 MMEIOT...
Cute npunucado ObiTb MOXeT Oosiblle 3UMHEMY XOJIOLY, JETHU Kap
IPeo1o0EBalOILEMY, YTO CUM MecTa, OAHO paau OMU30CTH XOTOLHOro
KJIMMaTa, Apyroe st BBICOKOTO MOJOXEHUSt K CTYIEHOMY C/IOI0 aT-
Mocdepsl MogHSIBUIErOCs, AUILAIOTCSA KPOoTKoro Hebec aeicTaus». Ta-
KUM obpaszoM, Blepsble yke B cepeanHe XVIII B. Owino BbickazaHo
CyX/AeHHe O MpHUUHE CYLIEeCTBOBAHMSA MHOTOIETHEMEP3/bIX TOPOL.

Bropoii atan (Bropas noroeuHa XVIII —neppas nosoeuna XI1X B.) —
9T0 HakorieHue (haKTHUYECKOro MaTepuasia W NpU3HAHWE HAYYHON
00UIeCTBEHHOCTBIO LUMPOKOro pacnpocTpaHeHUsT MEP3JIOTEl Ha TeppH-
topuu Cubupu, Kpatinero Ceeepa u JansHero Boctoka. B nepiron ¢
1820 no 1828 r. pabotanu 1Be KpynHble 3KCIEIUILIUN — OHA B CEBEPO-
BocTouHbix obnactax Cubupu (P.I1.Bpanrens, @.@.MatwouIKUH,
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H.M.KosbmiuH), apyras — Ha HoBocubupckux octpoax (I[1.D.AHxy,
A.E. ®urypun 1 11p.), YAehuBiuKe 60/bIIOe BHUMAHME MEPINbIM 110~
poram U rog3eMHbIM baaM. [lepBble U3MepeHHsi TEMIEPATYpbl MHO-
rofeTHeMep3JIbIX [MOPOI ObLTU BhINONHEHbI A.DpMaHoM B 1825 . B be-
pe3oBe, B cKBaxiuHe rayGuHoi 18 M. B 1828 r. ®.1lleprun Bo3rnassii
pa6oty o npoxoake kostonua B Axyrcke ¥ B 1837 r., JOCTUTHYB riy-
OuHbt 116 M, He oOHApPYXUI Aaxe NpU3HAKOB Bofbl. Tak 3HaMeHUTAsI
Hleprutckast W1axra crajla UCTOPMYECKUM MaMSITHHKOM B U3YYEHUH
Mep3JIbIX NOPOLI.

CylliecTBEHHOE M3Y4eHUEe MepalioTsl ObUTO TIpeINpHHATO IKCean-
iueit akag. A.@.Mumengopda B 1842—1845 rr. Ha TeppuTopuU OT
Beperos Oxorckoro Mopsi o Exucesi. Tpyasl aToil 3KcreAULUN SIBU-
JUCh BAXHBIM 3TAMOM B pasBUTUM MepafoToReaeHus. [lpu sTom
A.®.MunnesnopdoM Opuia yCTAHOBAEHA 3aBUCUMOCTS TJIYOHHBI ce-
30HHOTC (JIETHEr0) OTTAWBAHMS [IOPOJ OT UX JIMTONOTMYECKOTO COCTAa-
Ba U TETUTONPOBOIHOCTH, 4 TAKXKE BIIEPBbIE OCYLUECTBAEHO N3MepeHue
TeMrepaTypsl Mep3ansix mopoa B lleprrHekoil maxre no caMoro jgHa
Ha tiyBiHe 116 M, YTO NO3BOJIUIO eMy BBICKA3aTh fiepBbIe [IPeIrnoio-
KEHUS O MOLLIHOCTY MHOTOJIETHEMEP3NBIX TIOpPO/I.

Tpernii 3tan (BTopas nojgoeuHa XIX — Hayato XX B.) B U3YYEHUH
Mep3T0Thl 3HAMEHYETCS 3apOX/IcHUEM MEp3TIOTORSICHHS KaK MpUKJIIaz-
HOM (MHXeHepHOH) OTpaciiu 3HAHUS U CBA3aH C HAYAIOM [MPOMBILI-
JeHHoro ocsoeHUs Cubipu (ctpoutensersoM Benukoit Tpancen6up-
CKOM XeJe3HONOPOXKHOH MarncTpaiu, pa3BUTHEM FOpHOro Ae/a, ycu-
NieHUEM CellbCKOXO3UCTBEHHOIO OCBOSHUS M NepeceeHYeCKAM ABU-
keHneM B Cubups). AKTUBHOE M3YyUeHUE MEP3JIBIX IOPO B ITOT IIepH-
0/1 ObL10 BHI3BAHO HEOOXOAMMOCTBIO MpeJoTBPaleHUs JethopMalinii U
pa3pylIeHUs] MHOIMX WHXKECHEPHBIX COOPYXEHUH, 4 TAKKE Cepbe3HBbI-
MU 3aTPYNAHEHUSIMU B BOmocHaOXeHUM 3abaiikaneckolt U AMypckoi
JKeJIe3HBIX TOPOT.

Hauvano storo atana (sropas nofdosuHa XIX B.) oTMeueHo MHOrO-
MIAHOBLIMU MCCNEIOBAHMSIMU BEYHON Mep3JIOTHl KAK Ha TeppUTOPUM
Cubupu (I'Maiigens, JT.A. fuescknii, B.A.O6pyues, H.M.KosbmuH,
A.N.BoeitkoB u ap.) n CesepHoil Amepuku (E.K.Jledbdpunrsenn,
K.Bpykc u gp.), Taxk u Ha ocrposax CesepHoro JlenoBuroro oxkeaHa
(M.AJlonatnx, A.Bynre, . Tosine u ap.). bonblioe BHUMAHUE MMpH
aToM OBITO yheseHo BonpocaM QOPMHUpOBAHMS MOA3EMHLIX (KHJIb-
HBIX) JIbOB, TMTAHTCKUX HAJNEACH, MON3EMHBIX BOJ U MEP3/OTHO-Te0-
JTOTMYECKUX IIPOLIECCOB U SIBJCHUI, UMEIOLIMX TePBOCTENEHHOE 3Ha-
uyeHHe s cTpouTtensersa Ha Cegepe.

bosbuioit B1ag B passuTHE MepaqoTtoBexeHus pHec JILA.Huesc-
Kuii, kotopeiit B 1889 r. B noxnane «O BeuHo Mepanoii nouse Cubupu»
NpeacTaBUl CXeMaTHUECKYI0 KapTy pacnpoCTpaHeHUsl BeUHOH Meps-
JIOTHI U ee 10XKHOI rpanullbl. OH OTMETH BaXKHOE 3HaYeHWe Wis dop-
MMPOBAHUA MHOTOJIETHEMEP3NbIX TIOPOI OTPULIATEIHHON TeMIIepary-
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pbl BO3JYXA, MOLIHOCTU CHEXHOTO MOKPOBd, peibcda, reosorudyec-
KOIO CI1POCHUST MECTHOCTH, COCTABA MOpox U UX OOBOAHEHHOCTH, a
TAKKE YKA3al HA HeoOXOAMMOCTb pACIIUPATL TEOPETHYECKHE MCce-
JoBaAHMSI Mepanblx opol B 1889 r A M BoeukoB B onybarKoBaHHOM
CBOJKE O M¢P3.IblX [IOPOIAX IO TMHUM CTPOUTENbCTBA KeJe3HOM 10po-
ri B Cubupu paccMoTpen BOMNPOC O BAMSIHMU KJIMMATUYECKUX YCJIO-
BUIT Ha npollecc fpoMepsaHus 3eMHoM Kopbl [lozgHee B A O6pyues
u H M Ko3sMHH BeICKA3aTH TepBble HAyYHbIC IIPENCTABIEHHUS O Tec-
HOM| CBSI3M TUAPOTeoIOTHYECKUX M MED3JIOTHLIX YCHOBHMU M MX B3d-
MMHOM BJIMSTHUU APYT Ha JIpyra

B 90-x ronax B Iletepbypie nmox npepcenatenscrsom M B Myuixke-
TOBa OblTa cosuana KoMmHccus 1Mo H3yUEeHHMIO Mep3lorbl B COCTABE
A U Boeiirosa, B A Otpyuesa, M A Prixayesa u K M Bornanosuua B
1895 r atoil KoMuccucit Oblla onybnukosaHa «HCTPYKIKS UTst H3Y-
yeHust Mep3nofl rouBel CHGUpH», SBHBLIASICA TIO CYUIECTBY MEPBOH
reyatHoOM pabo1oil Mo BOMpOcaM HHXeHepHoro MepsnotosBeaeHus B
ITOM K€ HAmpdBIeHUMW ObUIM MPOJOJIKEHbl UCCIeJOBAHUS MEP3NIbIX
ropoa u B nepsoit yersepT XX 8 B 1903 r C A [TogpsxoHOB mybauky-
eT padory «Hanenn BocioyHoit Cubupu 1 niprUuMHbBl KX BOSHUKHOBE-
Husi» B 1912 r H C bBornanoB B moHorpaguu «Beurnasi mMepanora u
COOPYKECHUSI Ha HEM» OCBELUACT CIIOCOOLI CTPOMTENLCTBA COOPYXKEHUH
B ycnoBusix 3abaiikanes B 1916 1 ony6aukosana pabora A B JleBoBa
«[Toucky 11 UCMIBITAHUS BOAOWMCTOUHUKOB BONOCHAOXKEH WS Ha 3anaf-
HOH YdCTH AMYPCKOH XETE3HOU JOPOTH B YCAOBUSIX BEHHOH Mep3io-
TLI [TOYB», KOTOPASI SABUJIACEH MEPBOH KPYITHOI CBOJKOM M0 IMApOreo-
TOrMYECKHM BOTpocay B 00JaCTH pacpOCTPAHEHHSI MHOTONETHEMED-
3ABIX TIOPO.L

Havano XX B osnavicHoBanoch MceaegosaHusimu Tlepecenenuec-
K010 yIpaB1eHus I Merteopoilorudeckoro 610po B obaacT KIMMATO-
JIOTHI, 1loYBoBeAeHHS U 3em1enenus anbHero Boctoka Pabdotsl B
ITOM TUIAHE TIPH TeCHoH yBSI3KE € MEP3NOTHLIMHU YCTOBUSIMHU ObLNH
BoinnoaHensl [T M Konockossiv, M M Cyvirnnbiu, JI M TpaconoBbin,
B H CykaueBbiv 1 ap

Yerpeprblit 3Tan (Hauano — cepeauHa XX B ) B UCTOPHUU H3Y4YEHUS
Mep3/oThl SIBSIETCS. ITANIOM CTAHOBIEHUS MEPIioioBeAEHMA KAK Ha-
VKU, CO3AAHHON TPy.JaMil COBETCKHX YUeHLIX roctte Beaukon OKTs0pb-
CKOHM penotoun OH xdpakTepr3yeTcsl OpraHu3anuei cllennaibHbIX
YUPEKACHHU 110 MOAr010BKE KAAPOB ST M3YYCHUST CE30HHO- U MHO-
TOJIEeTHEMEPITLIX TTOPOST

B 1920—1930 rr HAauMHAIOT BO3HUKAlb OPraHMU3AUNU, KOTOpPbIE HE
MOTIJIT OOXOAUTbCS Be3 3HAHMS MEP3TOTHBIX yCAOBUI TPH CIPOUTEIb-
CTBE Ha BEUHOMEPITbIX TPYHTAX (FoC MHCTUTYT Mo MMPOEKTHPOBAHITIO
METa LTy pruueckiX 3aponos, Mcenenoparenbekoe 6topo Llentp ynpas-
JleHust MeCTHOLO TpaHcnopTa, MHCTUTYT MHXEHEpOB XKele3Hodop
TpaHcliopTd 1 Ap ) B 3TUX OpraHu3anmsix CTajxu [0sIBNSITHCSI UCCIENO0-
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BATENTH, 3aHUMAIOLLIMECS U3YUYeHeM MepabIX nopod BosHukna Heol-
XOAUMOCTb 000GILEHUS HAKOIUIEHHBIX K TOMY BpeMeHM 3HAHHI Mo
MEP3A0TOBEIEHUIO, UTO Halljo otpaxeHue B Tpyne M U Cyuvruna
«BeuHast Mmepanora nousrsl B npegeirax CCCP» (1927)

B konue 1929 r no nanuuatuse M M Cymruna v akan B U Bep-
Hagckoro npy AH CCCP 0slna opraHuzoBaHa IIOCTOSIHHAST KOMUCCHS]
no usydeHuwo BedyHoH Mepsnoret (KMMBM) non npesncenarenscrBom
akan B A.OOGpyuesa. B nepuon ¢ 1927 o 1936 r KM BM opranusosana
HAay4HO-UCCIEN0BATENbCKUE Mep3TOTHbIe cTaHiMM B CKOBOpoarHO,
[Metponcko-3abaitkaneckoM, AHanslpe, Mrapke, Axyrcke, Bopkyte,
Hopunscke. [ToMuMo 1ieneHaNpapneHHOro U3y4eHUst MHOTOJIETHEMEp-
37IBIX [IOPOA B pa3nuyHbIX pernoHax cTpanel KUBM gBunack opraHu-
3VIOLLMM LEHTPOM [0 BceM BonpocaM usydeHus mepanorsl C 1930 no
1939 r. 6bU10 CO3BAHO 1IECTh BCECOIO3HBIX COBEIAHUMH [10 MEP3IOTOBEE-
HUIO, KOTOPbiE TMO3BOJMAHN CIIIOTUTh MHOTOYMCICHHBIM KOMIEKTUB
MepP3N0TOBEAOB Y KOOPIUHUPOBATD TIAHOMEPHbIE KcC/Ie0BaHHA BeY-
Holt 1 ce3oHHON Mepanotel B CCCP. Ocobo cnenyer oTME1HUTS, UTO B
1932—1935 rr, T €. B peAeaLHO CKAThle CPOKM, MEPITOTHLIE HUCCTe-
JIOBAHUS BBITTOJHSAINCE 1181 U3bICKAHUHA 1 NpoeKTUpoBaHus balikano-
AMYpCKoit Xene3HonopoxHo# maructpanu B 1936 r B cpssu ¢ pacluu-
PEHUEM HCCNEfOBAHUI B APKTHKE AKAIEMUsl HAYK peopraHu3osana
KW BM 8 Komurer no BeuHoit MepaioTe, Ha ocHoBe KoToporo B 1939 1
B Mockae 6511 opraHu3zoBan UHeTuTyT Mep3aiorosenenus v B A.O6-
pyuesa AH CCCP (MHMEPO), koropoMmy 06l lepesdt psiji Hayd-
HO-HCCeN0BaTe/NbCKMX MEPIIOTHLIX cTaHuuid [ToMuMo sToro ObLin
CO3/laHbl crieumaiibHas MepajorHas gabopatopust B Mockse # mep3-
JIOTHBIM CTALLMOHAD B paitoHe 3aropcka 1Jist U3yYeHHUs CE30HHOTro Mpo-
Mep3alus nopof. B 3T0T Xe [epron YCUIMIOCh H3YYEHHE PEIHolAIbHbIX
ocoberHocTelt objiacT pacpocTpaHeH st BEUHOU MEP3JIOThI M J1abopa-
TOPHBIE KUCCIEAOBAHUSI COCTARA, CTPOBHUSI U CBOMCTB MEPINbIX rop-
HbIx nopos. Hayamu nybankosarses MoHorpagun u Tpyiast MHMEPO
N0 U3YUEHMIO BEUHON Mep3i0Thl (0Ko0 20 BBINYCKOB), BBILAO YeTbl-
pe HoMepa XypHana «MepaliotoseaeHue». B 1937 r 6p11a olyGiaukopa-
Ha pabora H A Lisitosuya u MU CyMruHa «OcHoBaHHs MeXaHUKK
Mep3JIbIX IPYHTOB», B KOTOPOI BIePBble MOABOIMINCE UTOTH UCCIeno-
BaHUsl HU3NKO-MEXaHHYECKUX CBOWCTB Mep3ibIX rPpYHTOB W KX B3aW-
MonefCTBUS ¢ MHXEHEPHLIMH COOPYXKEHUSAMMU, a TAKXKe JABATKCh OC-
HOBBI pacyeTa U KOHCTPpYHpOBaHWs (YHIAMEHTOB COOPYXEHUH HA
Mepanblx rpyHTax B 1940 r Uncrturyt mepanororepernnust AH CCCP
BlepBble onyBarkoBal obobwawowmnii kKype «Obiee Mep3IoTOBEAE-
Hue» mol pemakuueit B A OGpyueBa, aBTopaMu KOTOPOTo SIBJSLIUCH
M H.Cymrun, C.I1 Kauypuu, H U Toacruxud, B ® Tymens. Ha npa—
TPU IeCATHUIETHS 3TA KHUIa OCTABANIACh EAMHCTREHHBLIM YUeOHbBIM [10C0-
6ueM 1S ceUHaNHCTOB PATHYHOro NPOodHIIN, H3YHAIOWMUX U OCBAM -
BaloLLMX paiionb! BedHoH MepanoTel B 1940 r usnana kHura b IT Beiiu-
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Gepra «Jlei», B KOTOPOU PACCMOTPElibl YCJI0BHsI 0OPA3OBAHMS Jibla,
€ro CBOMCTBA, CTPYKTYPA, d TAKAC J1e,{ B MEP3jbIX FOpHBIX nopojax B
1955 1 Bbiuna B ceet Monolpacdus 11 A Lllymckoro «OcHoBel cTpyK-
TYPHOTO JIEIOBEACH US>, 0000 BLLAS PE3YILTATLI [0 U3YYCHUIO JIbAA
KdK MHHEpAIA H FOPHOU TOPOIL

Vike B 30—40-¢ roanl B CBS3M ¢ WHMPOKHM ocBoetnem Cesepa BeTder
npobaeva 110ATOTOBKH MOJO/IbIX KAIPOB MEP3N010BeA0R ITO Modyau-
Jo M M CymMruHa K YTeHMIO JCKIHK M0 MCp3IOTOBEAeHMIO B JleHHI-
TPAACKOM TOPHOM MHCTUTYTe W JIeHUHIPAJICKoM YHHBEpCUTETE, & C
1940 r — B MOCKOBCKOM T'e0JI0TOPA3BEIONHOM UHCTHUTYTE B naibHel-
LICM UTEHIe Rypea o obleMy MepioTOBeEHUIO PONOTKUIN €10
yueliky Taxoif xe xvpe uniaica B MI'Y ¢ 19351 A E QeaocoBniv, ¢
1941 r C C Mopo3soBsin, 3ateM H W BuikosekuM, 4 ¢ 1947 r —
H @ TloatensiM Ho tonbko B 1953 1 Ha [eonorudeckov dakynbrere
MTY no unuuumaruse npod A H Mazaposuya 6bL1a oplaHizoBalid
nepsast B Mupe Kadeapa Mep3noToBEAEHHS, CTaBLUIdS LIEHTPOM TIOATO-
TOBKH CHEUMAIUCTOB-MEPNOTOBENOB Boarnasun kadenpy npod
B A Kyapsisues B 1961 1 na reorpadmueckov dakynsrete MI'V A U Tlo-
MOBLIM ObL1a OpralKn3oBaHa Kathenapa MosipHeIX CTpdH (BIIOCAEACTBHUH
Kagenpa KpMoMUToIory H MsiuMoaorui) B psae yueGHbIX 3aBe1eHUH
K 3TOMY BPEMEHM VKC HHUTATNUCH CNIELMANbIIbIC KYPChl IO MEP3INOTOBE-
nennio, a 8 MHMEPO 1 MT'VY nauaia pabotars acniHpaHTypa 1o 11og-
TOTOBKC BHICOKOKBATHPULUMPOBAHHBIX KAIPOB MEP310TOBLEIOB

B 31oT Xe nepuos B CBI3M C HeOOXOAMMOCTbIO MPOTHO3a W Y-
PABICHIST TEMITEPATYPHBIM PEXKUMOM MEP3ThIN [TOPOJL B CTPOUTENbIIbIX
U CEIBCKOXOBSIHCTBEHHBIX LIE TSN N0YUAIOT KUPOKOE PA3BHIKE HCCe-
JOBAHHS [10 Pd3paboTKe MerodikH TEIUIOTCXHUUECKUX pdcue1os (H-
3MUECKOTO U MATEMATHYECCKOTO MOACTHPOBAHUS TTpoliecca rponep3a-
Hus (nportanBanust) ropHux ropofn (I1 A borocnosekuu, J1 C Jleu-
BensoH, [ B Peuosybos, M M Kpuitos, B C JlykesHos, M [ lonos-
Ko, B A Kyupsisues, [ B Tlopxaes 1 .1p ) 3To norpedoBaio pacwipe-
HUSL W yLIYOTCHUS 3tlaHui QU3UKH, MeXaHUKH ¥ neTporpadun vep-
JIBIX, 11POMEPIAUOLIUN W HPOTAHBAOLIMX IOPOJ U M3YYEHHSI 1Tpollec-
COB MMIPALHIT BO,IbI, (Pa30BRIX MEPEXON0B IPYHTOBOK BAAIH, JbLOBbI-
HOENEHMS, KPUOTreHHOIO TeKCTypooOpasoBaHus, IIYYSHHUST K OCAAKK B
nopogax (M M Cymrun, A E ®enocos, H A Usirosny, A H Toabaw-
Teun, W A Tio1ionos, A M IMuenunues, A A Auanstt, B D XKykos,
IT A [iymckui, C C Bsutos) Llupokie ¥ MHoronnaHoBsle Hccieno-
BAHHS ObLIW BLIMOJHEHEl B JTOT MepHOA NpU pazpadoTke cliocodos
CTPOMTE/NILCTBA HA BEMHOMEPJI/IBIX [PYHTAX ANS TopHoaoOblBalOWeH
HPOMBILLIEHHOCTH, CEABCKOIO XO3SUC1BA U BOAOCHADXKEHUST HA Mep-
snore (H A Upirosny, H M Caxteikos, 1 U Konockos, T U Menb-
HukoB, A U Edumon, B I Tonbarvan, B M [onovapes u ap ) [lo
PALY PAMOHOB KPHOMHMTO3OHKI ObLTH MOJbITOXEHL! 3HAHUS O COCTABE,
CTPOEHUH, TEMIIEPATYPHOM PERMUME, PACTPOCTPAHEHHU MEPITbix [10-
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PO, 1HAPOTEONOFMYECKUY YCIOBHSX, MEPATOTHO-TEONOIHYECKHIX TIPO-
yeccax u apieguax (B.M.Tymens, W.5.Bapanos, C.IT.Kauypin,
.M. Ulsenos, B.A.Kynpsisues, I1.M.Mensuukos, B .K.fAHopckiiu,
[T.A.Conosbes, b H.JocTtosanor, A.WU.llonos, A.WA.Kanabun.
H.WU.Toxnctuxun., B M.IToHomapes 1 ap.) 3asepilleHUEM 3TOIO IL10-
AOTBOPHOrO MEPUONA B UCTOPUU KCCACIOBAH NS MEP 31bIX MOPOIL SIBISI-
etcs nyGaukamust B 1959 r. dyHAAMEHTANBHOTO ABYXTOMHOIO Tpyaa
«QCHOBBI FEOKPHUOMOTUM (MEP3JNOTOBEAEHUS)» MOA peaaKiieil
N.® isenosa, b.H docroanosa, H.W.Canrsixosa, a B 1961 r. —
Merogitueckoro pykosouactsa «llosieBble reokpuossornyeckue (Meps-
JIOTHBIC) HCCITENOBAHHUS».

ITatsiit 3Tan (Bropas nonosuna XX — Hawano XXI B.) gasisercs
COBPEMEHHLIM B HCTOPHM TEOKPHUONOTUYECKHMX HCCAEIOBAHUMU H Xa-
PAKTCPpHIyETCs JAanbHEIIIMM pasBHTHEM HaykH, ee anddepeHuranu-
el Ha PsIl HAYUHbBIX HAMPABNEHU, MHOTHME U3 KOTOPBIX YXe HPeTeH-
JYIOT HA CAMOCTOSTEbHBIC AHCUMUILTITHEL.

B 1961 r. MockoBckuil uuctrryt mepsiotoseneHist AH CCCP um
B A.O0pyueBa Gblt peopraiu3oBali, €ro NojapasieicHus ObLIM mepe-
aaubl B THUHMHC u HUHUOCI] Tocerpost CCCP, rne chopmupona-
J1Ch KPYNHLIE MEP3.10THBIE 0TAeAbL. B 370 xe Bpemst B SKyTcke Ha base
Cenepo-BocrouHol 0 oTaeneHUsT UHCTUTYTA MEP3INOTOBEACHUSI UM
B.A O0pyuesa Guln co3gan MuceTutyt MepsioloseaeHns Cubupexoro
otieneduss AH CCCP, xoropuiit Bosrnasun .M. Mensniikos. [Ton
CTO PYKOBOJICTBOM ObLIM PA3BEPHYTH! MCCACIOBAHUS MO PA3TUUHbBIM
HAMpaBIeHHUsIM MeP3TOTOBEACHUSA, B TOM YHCAE ONbITHLIE paboTul B
nom3evesibe 3UI0KEHHOM B MHOTOJIETHCMEP3/I0H TOMLIE ¢ KPYITHLIMII
npocaosivu sibaa. B 1966 r. B SAkyrcke Ha 6aze MHCTHTYTA Mep3noTOBe -
neuust CO AH CCCP 6sino nposenenio VI Beecotoznoe vexBenonm-
cTBeHHoe cosewadue, a B 1972 r — Il MexayHaponnas xotidepen-
LM 110 TEOKPUOTOTHM (MEP3TOTOBEACHHIO), TPYAbl KOTOPbIX ONyd/11-
KOBaHbI {Ka#a0ro B BocbMU Bointyckax). B 1970 r npu Mpezwanyme AH
CCCP s Mockse 6611 coznan Hayunbiii Coset 1o KpHosoruu 3esei,
a B 1983 r. Mo HHUIIMATHBE COBETCKMX YUEHLIX Obila OPraniizoBaHa
MexXayHapoHas accolinanwsl [o Mep3aoToBCAeHUIO, NepBhiM [TpeaniacH-
TOM KOTOPOI O U30paH akwt. [1.M.MensHukos. B 60—70-¢ rojipl reokpH-
osIoTHdecKe HeenegoBatust aktusHo ocymecrsistiiick 8 [THUWKHCe
HWKWOCTTe Focerpos CCCP, BCETMHTEO, 11a xadeapas Buiciumx
vueGHbIY 3aBeaenuy (MY, MUCH, JITHU, YITH, ATY u up.), a
TAKKE B [IPOEKTHBIX U HAVUHO-KCCACAOBAIEIBCKMX OPIAHUIALMUSIX M-
HHCTEPCIB 3HEPIETHKH, YIONLHOU, 1a30BOW 1 HECTSHOU MPOMbLIUI-
JIEHHOCTH, THAPOICXHHYECKOTO CTPOUTeABCTBA, TPAHCIIOPIHONO U ap

B 60—70-¢ roabt 8 MT'Y na kadeape Mep3ioroseieHis nos pyko-
BojcTBOM B.A.KynpsiBlieBa nriepBuie ObL1H paspaboTaHbl MeTOLMKI
KOMILIEKCHOIT MepP3.IOTHO-THAPOTreooTHUeCKO H \MEep3ao 1 Ho-1THKe-
HEPHO-T20N01 MULCKO CHEVKIL. KOMILIEKCHOTO MEP3TOTHOIO KAPLH-
POBAHS 11 MEP3NOIHOTO IIPOrHO3NpoBaHusl Ha 11x ocHoBe GblIK ye-
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MEUIHO [IPOBENEHbI MEP3IOTHO-THIPOreoJ0rHueCKUE U UilKeHepHo-
[EOKPUONOTMIECKHE HCCACNOBAHMS palioHos cTpouteabctia ['DC u
APYLCUX TUAPOTEXHWUECKUX COOPYXEHU, necolpPOMbIlLIEHHbIX
koMmaekcoB, A3C, ra3o- U HedTENPOBOAOB, XeJe3HbIX M 1IOCCeir-
HbIX 1OPOT W APYTHUX KPYITHBIX 00BEKTOB rocyaapcTBeHHOro U BeIOM-
CTBEHHOrO 3Hayenust B macwirtabax ucciegosanus ot 1 5000 no
1 500 000

Hayunble pe3yabTaThl, NO.IyYCHHBIE TPH W3y4eHUH PA3ANYHDIX pe-
rioHoB KpuosuTozoHsl Obisiero CCCP 3a nepuon 1961—1983 rr,
HAWNM OTpaXeHHe B 28 BuimycKax TpyaoB kadeipbl «Meparorwble
McCIe/IoBdHIsl». B 9TH Xe rolisl B COOTBETCTBUM ¢ IporpamMoit obyyve-
Hust ctyneHTos B 1967, 1978 u s 1981 rr ObLiM W3AaHBI Y4EOHUKH
«Obuiee mepanotoBeacHUe», «OdLIee Mep3noToBeneHe (FreOKpUOIO-
rus)», «Mepanotosenenue Kpatxuii Kype» non pepakuueir B A Kyn-
psiBliepa Takoke rog ero pegakuuen 6oy uzganbl B 1974 r. «OCHOBDI
MEP3JOTHOTO TTPOTHO3A IIPH HHKEHEPHO-IeoorHYecKuX 1cc/leqoBa-
Husx» 1 B 1979 r. «MeTonyka Mep3oTHOIM cbheMKM», a B 1983 11 1993 1
H.H Poztanosekiiit onybnnkosat yyeb6Hble nocobus «IloaseMuble Boab
KPUOINTO30HBI» U «OCHOBBI KpHOTeHe3a TUTOCGhEpPLI».

B 3T0T XK€ nepHoa TeMaTHIecKoe H3ydeHe KPUOTUTO30Hb! TPOBO-
aunoch B MI'Y Ha Kadenpe KpUONUTONOIUY ¥ TISLMOJOTHN MO Py-
kosoacteoy A Y Momora u B H.KoHuuiesa, na xadeape rpyHToBE-
JIeHUsI ¥ MHXXEHEPHOUW reosIorMHM roa pykosoactsoMm akag E M Cepre-
esa, I A Tosmonkosekoit u B T Tpodumosa, B MHcTUTYTe Mep3noTo-
seaenus CO PAH non pyxosoncrsom P.M Kamenckoro, M.A Hexpa-
coBa u B T.bano6aepa, 8 THUHUHWCe T'occtposs PP non pykoson-
ctBom B B baynuna u I' M dy6ukosa, 8 MHetuTyTe Kprocdephbt 3ev-
an CO PAH — axan B 1 MebHuUKOBA

C navana 8§0-x ronos Ha kadeape reokpuosordvn MI'Y Gosbluoit
o0beM UCCAENOBAHUI [TPUXOAKUIICA HA U3YUeHHe (PU3HKO-MEXanKHuec-
KHX U HUKKO-XUMHUECKHX MPOLIECCOB B TPOMEPIAIOILINX, MEPINBIX U
OTTAMBAOLLMX IT0POJAX, YTO II03BOJIUIO KOHKPETH3HPOBATh U IM0-HO-
BOMY paccMOTpETb TIPOLIECCH BlAronepeHoca, Mexanuam popMuposa-
HHUS KpUOreHHBIX TEKCTYpP, Pa3oBblif cOCTAB Baard H cyoIMManuio nia,
MUKpPOCTpoeHUe U Teruiodr3ueckue cBOMCTBA Mep3NbiX [10poa U Ap
[onyuenHpie pedyabTaThl sSBIIMCH OCHOBOW nns cospanus 3 J1 Ep-
LWIOBBIM pstAa KPYIHBIX paboT, Takux Kak MoHorpacdun «Kpuonurore-
He3» (1982), «BnaroilepeHoC ¥ KPUOTEHHBIE TEKCTYPLI B TUCIIEPCHBIX
nopofaxs (1979), yuedubie mocobust «DUIMKO-YHMUSL U MEXAHHKA
Mepaabix nmopoa» (1986), «Iletporpagus mepsinix ropom» (1987), a B
1990 r yuedHuk «ObIas reokpuosorus» Kpome 2Toro COBMECTHO ¢
COTPYAHUKAMU DKCIepUMeNTanbHOU J1abopaTopun Kadeapsl OblIu
co3nanibl Takue Hopbie paborsl, Kak «CybaumManug Jjpaa B aucrepe-
HbiX ropojaxs {1975), «®az0oBLlil cOCTAB BAArM B MEP3NLIX MOPOLAX»
(1979), «Tepmosposisa aucnepcHbix nopoj» (1982), «Ternodusiiec-
KHe CBOUCTBA 1 0pHbIX Topoa» (1984), «/ledhopMauunt U HAMPSIKEH K B

31



[poMep3aloLLUX U oTTauBaroux nopogax» (1985), «MukpocipoeHue
MepaaslX nopon» (1988), «MitkeHepHas reokpuosiorus CrpasoyHoe
rmocobue» (1991) u np. Yuebyuk «Obuast reokpuosorusi» 8 {990 r.
ObUI NepeBeneH Ha anIMNACKU A3hiK ¥ onybonukosad B KemOpuax-
ckoM yHupepenTtete (BennkobpuTtanus)

Kpynubim o6obuieHeM HakolUIeHHBIX K KOHLY XX B, reOKpUo.I0-
rUYecKMx MaTepuasos 1o Beeil Tepputopuu ObiBliero CCCP ssunucn
«I'eokpuonornyeckast kapra CCCP» macura6a 1:2 500 000 (1997) u
5-tomHast Monorpadus «[eokpuonoruss CCCP» (1988—1989), pabo-
T4 HAJl KOTOPhIMU Bejlach KONIEKTUBOM Kadeldphl reokpuonoruy 6o-
nee 15 nert.

O0e paboTsl BrepBbIe KOMILIEKCHO C UCIIONB3OBAHMENM (haKTHUEC-
KUX TNOJEBBIX 1 J1aDOPaTOPHBIX MaTepHaNoB OCBELIAOT YeaoBusl dop-
MMPOBAHHMS W Pa3BUTHA CE30HHO- U MHOTOJNETHEMEPIJBIX [Topod M
MEP3TOTHO-Te0JOTUUeCKUX MPOLIECCOB W sIBJIEHUMN, X OCHOBHBIE Xa-
PaKTEPHCTUKM U M3MEHUYUBOCTS T10 Tepputopuil Cesepo-Bocroka Poc-
CUH, a TAKXKE UCTOPUIO ee TeOKPUONOTHUECKOro passuTHst B Hacros-
ee BpenMst obe paboThl MO CYLIECTBY SABJISIOTCS CIPABOMHBIM PYKO-
BOJCTBOM JUIsl OLIEHKU TeOKPHOIOTHYECKUX YCIOBUI 110001 TepprTO-
puum 6rsiero CCCP,

boabiuas yuyebuyas ¥ HayyHas pabota Kadenps! crnocobcTBOBANA
TOMY, YTO [1pH aKTHBHOM TONAEPXKe HAYUHBIX U 1[POU3BOJCTBECHHLIX
opraHuzaluil, paboTaoMX B pailoHax ce30HHOI U MHOTOTETHE Mep-
310ThI, B 1996 1 2001 1T. Ha reonoruyeckom dakyiasrete MTV Goliiun
nposegeHbl Tlepeasi 1 Bropasi xoHpepeHUuu reokpyosoros Pocchn,
HAYUHBIC M ITPAKTHYECKHE MATEPUANbl KOTOPBIX OO THKOBAHDI.

K xkoHuy XX B. BO3HHK/Ia HEOOXOAUMOCTD JabHeALIero dHaina 1
06001eHNA NPAKTHYSCKNX, SKCIEPpUMEHTANBHBIX W aHANMHTUYECKUX
HAYYHBIX PE3Y/IbTATOB HA COBPEMEHHOII TEOPeTUYECKO OCHOBE HayKK
IMocne nepsoro takoro oGoGuleHusi B NBYXToMHOM Tpyae «OCHOBBI
reOKpUOJOTHM (Mep3aoToBedeH s )», u3naHHoM B 1959 r., npoiwio
40 net. [oaToMy Ha Kadeape reoKPUOIOTMY COIARA HoBAst 6-TOMHAs
MoHorpadust «QCHOBbL FeOKPHOJIOTHI», COTEPXKALLAsI 1e0Pe [TIYECKUE
HayuMble 0DODWEeHHs IO TAKMM HanpasAeHHsM, Kak «Duinko-xu-
MiUecKUe OCHOBYI reokprosioTuis (1993); «Jlurosioruteckas 1€oKpro-
Jorus» (1996); «PernonanbHas U UCTOprYeCcKas reokpruonoritst Mupa»
(1998); «dunamuyeckas reokpuonorus» (2001); «Muxenepnas reo-
kpuonorus» (1999) u «I'eokpHOTOrUUECKHI IPOTHO3 U TEODKONOIUs»
(2002).

1.4. MeTtoxosorayeckie 0CHOBBI N€OKPHOJIOIHH

MeTonohorudecke OCHOBBI TeOKPUOAOTYY OA3UPYIOTCH HA 3aKOHax
TUANeKTHUECKOTO MAaTepuaTu3Ma, KOTOPbLIE SABNSIOTCH OTIPABHbLIMU
NMYHKTAMY TS TIOCTPOGHUSI HAYYHBIX KOHUETUNU B TeOKpPUONOTHM,
chopmynuposanumx B.A.Kyapasuessiv B 1961 1. Tax, nanGonec o6-
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Wl JHANeKTHYeCKMI 3aKOH 00 3BOMIOLUHMOHHOM XApaKTepe KoJuye-
CTBEHHBIX UBMEHEHUR U CKAYKOOOPA3HOCTH Nepexona (Ha ofpeneieH-
HOM OJTarie) KOJMYecTBa B Ka4eCTBO MO CyLUecTBY Mpenorpemen
BO3HUKHOBEHME W pa3BUTHE caMoW TeoKproioruy. JdeilcTBUTENBHO,
U3MEHeHHe TeMIIEPATYphl TOPOA, B MONOXUTEMbHOI WK OTprULATE b~
Holt ofnactu (6e3 nepexona yepes 0°C) npuBogUT TONMBKO K Npeobpa-
30BAHHAM KOJMUYECTBEHHBIX TToKazareiel ropHsix mopoxn. [Mpu nepexo-
1€ Ke TeMnepatypsl ropHo# noponst uepes 0°C npouexonuT $azoBblit
nepexol BOAbl B JIEM U MOPOABI U3 HEMEP3JIOTO COCTOSIHUST MePEXOISIT
B Mep3noe (uam HaoBopor). [Ipu 3ToM npakTruecku ckaykoobpa3Ho
npoucxoauT rybokoe KayecTBeHHoe (IpeobpazosaHue opolikl, Ko-
TOPOE NPOABASETCS MPEXAE BCETO B CYLLIECTBEHHOM OTIMYKUM COCTABA,
TEKCTYPbI, CTPYKTYpb! W GOJbLIKHCTBA CBOHCTB Mep3dblx INopold oT
HeMep3bIX WA Tanelx. [1p1t 3ToM BO3HUKAET HoBBIM MUHepan — el U
00pasyloTCst HOBbBIE crielMUYecKre Mopoasl — KpPUOreHHbIE, T. &. 06~
pasyercs KauecTBEHHO HOBBIH TEoJJOTMYECKHH o0beKT — Mep3nas
ropHast nopona.

JUtsl TeOKPUOAOrMU BaXXHO BepHOE MOHUMAHME U TOJIKOBaHE 3aKo-
Ha OTPUILAHHSI OTPUIIAHUS (IPUMEHUTESBHO K IIpoleccy Nnepexola He-
MEpP3JIbIX OCALOUYHbBIX OPO] B MEP3/Ible, a 3aTeM IfocHenyIolero oTTa-
WBaHUS MEP3JIBIX NOPOJ U [lepexona vX B Taible. [TepBuyHoe oTpHLA-
HWE HeMep3sioll Nopolsl 3aKI0YaeTcst He MPOCTo B ee epexoie B
MEep3/I0€ COCTOSTHKE, a B CYLUeCTBEHHOM W3MEHeHWUH IpaHyIoMeTpu-
YEeCKOro, MUKPOArperaTHOTO M XUMUKO-MUHEPAILHOIO COCTaBa, TeK-
CTYDPBI, CTPYKTYpsl W cBocTB. [ToaToMy BTOpuuHOe oTpuliaHie, T.e.
BO3BPALIEHHE MeP3]0i [TOpolbl BHOBL B HEMep3soe (Tajioe) CoCTost-
HHe (coOCTBEHHO «OTpUlaHHe OTPULAHUS»), HUKOIIA He [puBeleT
3TY MEPIIYIO NOpoay K ee NepBOHAYATbHOMY kayecTBy. [TosToMmy B
TEOKPHOJIOTHM NPUXOAUTCST PACCMATPUBATD HE ToJIbKO HEMEP3bie (HHU-
KOIa He MTpoMep3aBLUNe) U MeP3/Ible MOPOALl, HO M Taible NOPOLb,
npeTepresLIKe IpoLecc MpoMep3aHus.

B uenom xe ropusie nopoist B KpUOJHTO30HE B COOTBETCTBHH C
NPUHLUITOM HEPa3pbIBHOCTU SAUHCTBA U 60pb6bx MPOTUBOIIONQKHOC-
Tell npeTepneBatoT CAOXKHBIA BOJIOUHOHHBIA (1YTh Pa3BUTHsI, HUKOT-
JlAd He BO3Bpalllasgch B MexopHylo no3uuuio. B npupone, takum obpa-
30M, JOJIKEH PaboTaTb 3aKOH HelpepblBHOTO Pa3zBHTUS KPUOIUTOC-
depbl, T.e. HeMPePbIBHOTO MOCTYIATEMLHOIO ABHKEHUS TIO CIUPATY B
COOTBETCTBUU C 0OOlLei ucTopueil passutus AuTocdepsl U BCEro 3eM-
Horo wapa. OTcio/1a BhiTeKaeT HEoOPATUMOCThL B UCTOPUI 3eMIH 3BO-
JOLUY KPHOJUTOIEHE3a U HEOOXOAUMOCTh UCITOJIH30BATD [TPH [EOKPHO-
JOrMYECKOM aHAINU3E OJHOBPEMEHHO TIPUHIMIIBI aKTyalu3Ma i UCTOo-
pu3ma.

Mepasisle nopoibl AB/SIIOTCS CHOXHBIM W IHHAMUYHBIM TIPHPONT-
HBIM 00beKTOM, HOPMUPYIOLIMMEH B OCOOBIX MPUPOAHBIX YCJIOBUSIX.
Mocnennue npencrasnsior coboit onpeseneHnbiv 06pasoM B3aAUMO-
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CBA33HHOE MHOXECTBO MPUPOJHBIX KOMIIOHEHTOB (C XapakTepHbIMU
JUTST HUX CTPYKTYpO#, CBOMCTBAMHM, IIpOLIECCaMii), 00pa3yOUIMX LejJo-
CTHOE €OWHCTBO B BMJIE [PUPOIHO-TEPPUTOPUANBHBIX KOMILIEKCOB,
EcTecTBeHHO, 4TO MOAXO[T K U3YHEHUIO MEP3NBIX TOPOLL [TOITOMY HOJI-
JKeH OBITh CUCTEMHBIM, KOMTLIEKCHBIM, 0a3UPYIOLIMMCS Ha 3aKOHAX O
BceoOLWEeH U MpUUNHHEON CBSI3H NPOLIECCOB U SABASHWI, O HellpephIB-
HOCTH Pa3BUTHA, O NepexoAe KOJHYeCTBa B KAYECTBO U APYIUX 3aKO-
Hax IHajneKTuueckoro Martepuammnima. MeTogomsoryeckoe 3HaueHue
TAKOTO NOJAX0AA COCTOWT B TOM, YTO MHOTOJETHEMEP3Jhle MOPOIBI
M3y4yaloTcsl B 3aBUCUMOCTH OT KaXJoro 3JeMeHTa KOMILIeKea {cHcTe-
Mbl) B OTAEGNbHOCTH W OT KOHKPETHOIO UX COYeTAHUS KAK €IHHOTO
tenoro. Ilpy sToM oNpeRefsoTCs 3aBUCUMOCTU M YCTAHABAUBAIOTCS
JyacTHBIe U 061Me 3akoHoMepHoctH (Kynpssues, 1967). Ilox nepBbi-
MH OOBIYHO MOHUMAKOTCSI [BYXCTOPOHHUE 3aBUCUMOCTH NUOO MexXxny
OTHAEJbHBIMH TEOKPHOJIOTHYECKUMH XapaKTePUCTHKAMH M OTAE/bHbI-
MU TIpUPOAHbIMU (akTopamu, TUb0 MEXIY HBYMS reoKpuojoruyec-
KUMU XapaKTepPUCTHKAMH, U3 KOTOPBIX OAHA PACCMATPUBACTCS KAaK
(bakTOp-NMPUUUHA, APYrasi — KaK CIEeJCTBHE.

[Ton obuiel 3aKOHOMEPHOCTBIO MOHMMAETCS CYMMAPHbINH pe3ybTaT
BO3aelcTBUST BCeX NPUPOAHBIX (AKTOPOBR, CBOHCTBEHHbIX NHAHHOMY
NPHUPOIHOMY KOMITUIEKCY, Ha GOopPMUPOBAHUE OTHOR U3 FeOKPHOJIOrH -
YECKHMX XapaKTePUCTUK, BbIpAKeHHONR T1Ub0 TeMnepaTypoil 1opoL, Jinco
WX MOLUIHOCTBIO, IO THUIIOM CE30HHO- M MHOTOJIETHEMEP3IIBIX [IOPO]
CO CBOUMH OTAMYHTENLHBIMK MPU3HAKAMM.

B ocHoBe M3ydeHUsT 3aKOHOMepHOCTeH JIeXkKaT aHaIN3 U cHHTes. M3y~
yeHHe MHOTOJETHEMEP3JIbIX TTOPO] MOXHO PAa3/IoKUTh HA DAl 33744,
CBSI3AHHBIX C M3YUYEHHEM OTJCNbHBIX XapaKTePUCTUK, TAKHX KaK co-
CTaB, CTPOEHHE, CBOMCTBA, MOIWHOCTb, TeMICPATYPHbLIH PEXUM U OD.
Kaxgas 1z reokpHonoryyeckrx XapakTePUCTHK OTPAXKAET OTpe/IefeH-
HOE KayecTBO 00bEKTA M ero CBA3D C IPYTUMU XapaKTepuUcTUKaMy (CBO -
CTBaMH, NPOABIEHMUSIMU). B LeToM Bee xapakTepHCTHKH IIPUPORHON
cpesibl 0BPasyIOT eIMHbIIA NPUPOIHBII KOMILIeKe — reocucTeMy. Dta
CB$i3b CIOXHAST U WHIUBHIYAILHO TMPHCYILA KAXIOU MPUPOAHON U B
TOM YHCTe I'eOKPUOJOIHYecKoi xapakTepuctike. B 1o e Bpems Bee
FeOKPHONOIMYecKre XapakTepUCTUKKW HAXOIATCS B CNOXKHOK B3auMo-
cBsi3u Mexay coboil. [ToaToMy B reoKprosoTHYeCKUX UCCael0BaHUNX
TPOYHO YKPEWJICI JHAJIEeKTHYECKHIT NOAX0I" OT CIOXKHOFO K NPOCTo-
MY U CHOBa K CJIOXKHOMY, OT YacTHOro K o0ieMy uepes aHanu3 u
CHOBA K oOlLIEMY Yepe3 CUHTe3 U T. 1T

Bech nporece No3HaHUs NPUPOOHBIX TeOKPUOROIHYECKUX CUCTEM
BO3MOXCH I1PY NPOBEIEHHUN KOMIUIEKCHO! reoKpHOIOrMiecKo cheM-
KU, KOTopast MO3BOJISIET B HATYPHBIX U 3KCNEPUMEHTANIbHBIX KCcaeno-
BAHMSIX, 8 TAKXKE TyTEM JOrUUYecKUX U MATEMaTUUYECKUX [TOCTPOSHHUH
BBISIBUTH 3ABHCUMOCTH U YCTAHOBHTDL 3aKOHOMEPHOCTH PACTIPOCTPaHe-
HUsT M IMHAMMKH PA3IUYHBIX THIIOB CE30HHO- 1 MHOTOJNIETHEMEP3NbIX
TIOPOJ1 CO CBOWCTBEHHBIMU MM XapaktepHcTikamu. Hanbosee orseva-
10T 3TOH LleJIM TaKWe HATYPHBIE UCCAE0BAHUS, KOTOPhIE MPOBOAATCS
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B BUJE MEP3JIOTHOI (reOKpUONOTrMUYEcKol) CheMKHU, onpeeieHHe Ko-
Topoit 6s110 chopmyauposaHo B 1961 r. B.A.KyuapsasuessiM. Mep3-
JoTHas (reokpuojiornvyeckas) CbeMKa MpeacTasigeT coboil Kom-
IJIEKC TONEBLIX, Ta0OPATOPHBIX M KaMEePaTbHBIX PaBoT, LEMbl0 KOTO-
pbIX SIBISIETCSl U3YYEHUE 3aKOHOMEPHOCTeH (POPMUPOBAHUS W pa3BU-
TUSI CE30HHO- ¥ MHOTOJETHEMEeP3/bIX TOPHBIX MOPOL U MEP3AOTHO-
reoJOrMyecKMUX MPOLIECCOB U SIBACHUH B 3aBUCHMOCTH OT CYLLIECTBYIOLLIHX
IIPUPOLHBIX YCIOBUIl, OT UX €CTECTBEHHbBIX U3MEHEHWU Il HA MpPOTIXKe-
HUH TIEHCTOLIEHA — TooUeHA M NMOA BAUSHUEM TEXHOTeHHBIX BO3-
IEeWCTBUMH, & TAKXKE COCTABIICHUE MEPINOTHBIX KAPT M MEP3JOTHOIO
MporHo3sa.

OCHOBHBIM METOOOM Mep3JOTHOH cbeMKU SBsETCS AaHO-
wapmHo-KA4eol, CYIHOCTb KOTOPOTo 3aKTIOYAETCH B CEIYIOLIEM.
Ha nepsoM 3Tane nmpoBoagyuTcsl TUMONOrMYECKoe JaHaadTHOE paito-
HUPOBAHHE (MUKPOPAHOHUPOBAHNKE) TepPUTOPUM TT0 haKTopaM U yc-
JIOBHSIM, € KOTOPBIMU CBSI3aHO GOPMUPOBAHUE M CYLIECTBOBaAHMKE OIfl-
peae/IEHHBIX THITOB CE30HHO- U MHOTOMIETHEMEP3bIX MOPOA. 3aTeM Ha
OCHOBE KapThl AAHIIA(THOTO palOHUPOBAHUS BBIGHPAIOTCS KIOYe-
BbI€ YYACTKH, HA KOTOPBIX B M10JIeBOI MMEPUOA C ITIOMOLUBIO PA3NTUYHBIX
METOHOB M3YYAIOTCS YACTHBIC M OOLUME [EOKPUOSOFHYECKHe 3aKO0-
HOMEPHOCTH M COCTaBJSIOTCH TE€OKPHONOTHYECKHE KapThl MyTeM
pacrpocTpaHeHVis MOAYYEHHbIX JAHHDLIX HA ONpee/IeHHbIe THITbI TAH/-
madTa B COOTBETCTBUM € KapToil naHawadTHoro paifoHUpoBaHUsl.

H3zyyenne MEpP3MOTHBLIX YCIOBUIA TEPPUTOPHUU [JOKHO BECTHCH C
YYETOM €CTECTBEHHO! W aHTponoreHoi IUHAMUKYW BCel npupodHoi
OOCTAHOBKM.

[TosTOoMy B XOpme reoKpUONOTHYECKON CheMKU MPOBOAATCS ClIelH-
aJbHble padoThl MO COCTAB/IEHUIO NTPOTHO3a, T.€. OXKHAAEMOro U3MeHe-
HUSt MEP3JTBIX XapaKTepUCTHK Ha ollpeAe/IeHHbIM MPOrHo3MpPyeMblil 1ie-
puon.

Hapsigy ¢ ofuenayyubiMy MeTONAMM, HCIOMb3YEMbIMU B JIPYTHX
HayKaX, B Fe€OKPHOJOTUM Pa3paboTaHbl cBOU, clielMbpUIecKue MeTo-
Jbl, TIO3BOSIONIME U3YUYATh KAK 33KOHOMEPHOCTH OpMUpPOBAHUA W
Pa3BUTUST CE30HHO- M MHOTOJETHEMEP3ABIX TOJIL MU MEPITOTHO-TEO0-
JIOTUYeCKHX MPOLECCOR U SIBeHWH, TaK U X U3HUECKYI0 IpUponLy
Ha pa3HbIX YPOBHAX MO3HAHUS (OT MUKPOCTPOGHMS 0 MAaKpo- M Koc-
MOCTpOEHHS).

OfHKM 13 rIaBHBIX ACITeKTOB MOGOH HAyKH SIBSIETCs MpaBUIbHOE
COOTHOLLUEHUE TEOPHU W TIPAKTHKY B ITpoLiecce Mo3HaHus: oT MTPAKTH-
Kl — K TeopuM M oT TEOpUH — K NpakTuKe. PaccMoTpeHHe mipakTu-
YECKHX BOIMpOCOB MOTPeOORaNO YCTAHOBABHHMS CBA3EH M o0LLKX 38K0-
HOB paszBuTHsA MepablX Nopof, T.€. Pa3paboTKH TEOPEeTUYECKUX OCHOB
Teokpronornn (Mnu yyeHus o Mep3nablx mopomax). IonydyeHuble Xxe
TeOpeTUyecKue paspaboTKY MTPOBEPSIOTCS U MOATBEPHAAIOTCS Ha ITpaK-
THKe 1 MogyyaloT HOBble UMNY/ALCHI IS MOCIENYIOWETo PA3BUTHSI.
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TENNOPUIUYHECKUE, PUSUKO-
XUMUYECKUE N MEXAHUYECKUE
NPOLIECChI B NPOMEP3ANOWNX, MEP3/bIX
N NPOTANBAIOWNX NOPHbIX NOPOJAX

TEMNOOUINYHECKUE MPOUECCH! B NMPOMEP3AIOLLUX 2

1 NPOTAUBAIOLLUX NOPOOAX
FNABA

2.1. Tensonepenaya U TeMuepaTypHoe noJie
B FOPHBIX MOPOJAX

TemnepaTypHblil peXUM FOpPHBIX TOPOI BEpXHel yacTH MUTocepsl
(opMUpyeTCH B pe3yabTaTe UX TEIUIOBOTO B3aMMOAEHCTBUS ¢ BHelll-
Hell cpenofft (arMocdepoi, KOCMHYECKUM IMPOCTPAHCTBOM U AP ) W
HIDKETEXKAWMMU oMU Topoi. [1pu 3ToM KoflyecTso Terna, noay-
yaemoro 3emjeidl K3 atMocgepnl (peumyluecTsenHo ot ConHia),
NpubAU3UTEAbHO HA TPU MOPsiIKA TIPEBOCXOAHT KOJMYECTBO Tenua,
npuxoisliero u3 3eMHbIX Heap [lIpolecc tertonepenayy B ropHbIX
MOPONAX MOXKeT OCYILECTBISITLCS B 001LeM ciydyae ¢ NMOMOIIBIO H3y-
YeHUs, KOHBEKUUU U KOHAYKLIMH.

TennoBoe u3NyuYeHUe NPeIcTABIseT codOi mpouecc HMcnyc-
KAHUS 3AEKTPOMArHUTHBIX BOJMH (JIYUHCTOH SHEPruH) HarpeThiM Te-
JIOM B OKpy:XKaloliee OpOCTPaHCTBO. Jn1HA BOJTHBI, COOTBETCTBYIOWIAS
HauboableMy Jy4yeHUCITYCKAaHUIO aBCONIOTHO YepHoro Tena, odbpatHo
MpOoTIOpLUHOHANbHA ero abcomoTHOM TeMnepartype donas Terna, nepe-
HOCHMOIO M3AYYeHUeM, B TOpHbIX Mopoaax oObIMHO He IpeBbIlAaeT
HeCKOJIbKHX IPOLEHTOB OT BEJIMYMHEI CYMMAPHOTO TENIONOTOKA

KoHBeKTUBHBIN (OT J4T. convectio — IpuWHeceHe, JOCTABKA)
menaonepeHoc OCYLIeCTRISeTCS MOABHUXHBIM TEIIOHOCHTEeNeM (K-
KOCTb, a3, BOLSHOMN nap), nepeMellaolMcs] B TYCTOTHOM NPOCTPaH-
ctBe (TMopax, TpellrHax) ropHsix nopon OObIUHO Mo KOHBEKTUBHOH
Ternionepenayeil MOHUMAIOT NepeHOoC eMKOCTHBIX 3anacoB Ternia (du-
3MUECKOTO TETUIOCOAEPXKAHUS) TeIUIOHOCUTENS, OUHAKO C IMOJHBIM
OCHOBAHHEM 3TOT TEPMHH OTHOCHUTCH W K LUUPOKO pacripOCTPaAHEH-
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HbIM B IIPUPOAE MPOLECCaM MEePeHOCa CKPBITON TENIOThl (ha3OBbIX
npeBpaueHuit. Takas cuTyauust BOZHUMKAET, €C/IH MoABIKHbII KOMITO-
HEHT IpH NepeMeIUeHUY B TyCTOTHOM IPOCTPAHCTBE 10pPOJ1 IEpexo-
IUT U3 00TaCTH C TeMIIEPATYPHBIMU YCIOBUSIMU, COOTBETCTBYIOLIMMU
yCTOHYUBOCTH 3TOr0 KOMITOHEHTA, B 00JIaCTh ¢ TeMriepaTypaMu HUXe
(BbILLE) TeMTIEpaTypEl ero $a3oBoro nepexona, rie MeHseTcs ero ar-
peraTHO€ COCTOSIHME W MPOMCXONMT BblaeleHue (MOriouieHHe) 3Ha-
yUTEeJBHOIO KoJMYyecTBa Telna. TakuM obpa3oM, KOHBEKTUBHASL Tell-
Jonepenaya BO3HUKAeT MPH [IePEHOCe BEUIECTBA, 3aMOHAOLIETO TTOPLI
¥ TPeLUMHBI FOPHBIX IOPOJ MyTeM CBOOOAHON U BBIHYXAEHHON KOH-
BEKLIMM BOIBI, ra30B M BOJSHIO 11apa, MUTPAIMy CBSI3aHHOM BJard,
muddysun sonsHoro napa v ap. Jlong Tenna, nepeHOCMMOro 3a cyet
eMKOCTHBIX TEIUI03aITacoB MMOABHXHOTO HOCUTE IS, B OGLUEM TErIorne-
peHoca oObIYHO HeBeaUMKa, U TOJIBKO B Clydae UHTEHCHUBHOW (PUNbT-
paury BOAbl WM ra3a B CHJIbHOTPELIMHOBATLIX CKANBHBIX, Ipy6oos-
JOMOYHBIX U MEeCYaHbIX 1TOpoax KOHBEKTUBHLBIN MexaHU3M Terione-
penayy UrpaeT CYIIECTBEHHYIO, @ 4acTO ¥ OIpe/leAIOILYIO POb.

KoupextHBHBIY nepeHOC TeNIA NOABHXHEIM HOCHTETENEM B BUIE
CKpBITOM TerI0THI (pa30Boro nepexona YacTo UMeer BHICOKUM 3HEpre-
THYEeCKHl ypoBeHb. Tak, Npy MpoMep3aHUHU TOHKOAMCIIEPCHBIX BIaX-~
HBIX MOPOJ, UMEET MECTO MUIPALIMS BIard M3 tajoil 30HB MOpPOI B
MEp3YIO 30HY (CM. 1. 3) C MOCTEAYIOIIMM BbIMEp3aHUEM TAM B CIIeK-
Tpe OTpHULATENbHBIX TeMrepaTyp. [Ip1 3TOM MurpanMoHHoe JbI0BHI-
JeeHre B Mep3/iol nopojie MOXeT JaXe MPeBbIIaTh KOMUYECTBO b4,
dopMupyloLLeecs: IPY 3aMep3aHUH Bard, H3HayaabLHO cofepKaBlleiics
B [IOPOBOM IIPOCTPAHCTBEe. DTO MUTPALIMOHHOE NhJOBbIIe eHHE DOp-
MHPYET MOLIHBIH OGBeMHBII UCTOYHUK TEILIA, HEYYET KOTOPOTO He-
136€XHO MpUBEAET K NPUHLUMUITHATBHBIM OLIMGKAM MpH pacyeTe TeM-
TlepaTypHOro I10JIsI B MEP3a0i 30He IpoMep3atomux ropox. Euie ox-
HUM [PUMEPOM KOHBEKTMBHOTO TEIUTONEPEHOCA B BIIE CKPBITOrO TeIia
ba3oBLIX Mepexo0B ABIAETCS 3HAYMTENBHOE OTeruisiioliee BIMSHUE
KOHIEHCALUM BOJSIHBIX T1aPOB B rpyOOAMCIIEPCHBIX TOPOIAX CIOs Ce-
30HHOTO OTTAMBAHUSI, KOTOPOE YACTO IMPEBOCXCAUT KOHBEKTHUBHBIA
oTersowni 3¢dekT UHOUNBTPALIMY TEIUIBLX JIETHUX OCAnKOB B TE€X
XK€ NpUpONHbIX YCIOBUAX. B 3TOM ciiyvae BongHOIM rap Kak rnyteM ngud-
byanu, tak u nyrem BEHYXKIEHHOH (BETPOBOIT) LMPKYNAUNN BIAX-
HOro Bo3fyxa B MycToTax 1mopoj, NepeMeLaeTes B 30Hy MpoTauBaoLLe-
IO cnod nopon ¢ teMnepaTypolt HUXe mouku pocst (0OOBIMHO BOIU3U
dponta nporausanus), rae ¥ MPOUCXOIUT BhyleNeHHE CKPBITON Teri-
JIOTBI KOHAEHCALIMM [Iapa, NIPUBOMSALLUEE K YBEIUYEHUIO IyGUHbI OT-
TAUBAHNS ¥ NOBLILIEHUIO CPeJHETONOBOM TEMMepaTyphbl TOPOA.

Yyer KoHBEeKTUBHOII cocTaBsTIONIEH TeMIOBOTO MOTOKA OCYLLECTB-
THETCS 60 uepes 3¢eKTUBHBIA KOIDOULIMEHT TEMTONPOBOIHOCTH
A.4» OBYCITOBNMBAIOLLNA CYMMApHBIif NepeHoC Tenja 3a cYeT KOHBeK-
UMK 1 Kowmykuuut, 160 OCPEACTBOM MPSIMOTO PacteTa IIOTHOCTH

37



KOHBEKTHBHOIO TEMNOBOTO ITOTOKa g , CBA3AHHOTO, HAMPHUMEP, C
dunbTpanuveil BoAbl WM TTOPOROTO pacmopa q,=C; vyt Thae C —
oOBeMHAsT TEIMIOEMKOCTb BOMBI (pacTBopa); v Vy CKOpOCTb qbvmb'rpa-
LIMM; ! — TeMINEepaTypa B KOHKPETHOM TOUKe pacyeTHOH 061acTH.

OcHOGHOII U HauGoAee CYU{eCMBEHHbII MEXAHUIM HEPeHOCa MEeRIa B
TOPHBIX ITOPOAax — KOHAYKTH BHBIH, TIpu KogyKIIMu TETUIO pacnpo-
CTPAaHACTCH B cpele BCICACTBHE KONeOAHMI aTOMOB M MOJIEKYJ KpHC-
TALIMYECKON PeleTKH, UHTEHCUBHOCTD KOTOPLIX BO3PAcTaeT C [TOBhI-
IeHHeM TeMiepaTypel. Peasindyercs 9Ta Tenonepenadya 3a cyeT Tei-
JIOMPOBOIHOCTH TOPHBIX NTopoyl. MateMaTuyeckul npoljece cratoHap-
HOIT KOHIYKTHBHOI Terutoliepenayu onuckipaercsi 3akoHoM Oyppe:
g, =—hgrads, rne g, — TUIOTHOCTb KOHAYKTUBHOM COCTAB/ISIIOILEN Terl-
JIOBOTO ITOTOKA; A — KO3(PPULIMEHT TEILTONPOBOAHOCTH CPeMlbl, YHC-
JICHHO paBHBII KONMYECTBY TEIJIOBOH 3HEPIruu, NIpOXOoasiueit 3a equ-
HULY BpeMeHH Yepes eIHHUIY Momaay Mpyu efMHUYHOM TpafueHTe
TeMIiepaTypsi gradz,

B uncToM BUC KOHIYKTUBHBIN TeIIONEPEHOC B IPUPOJIE peaiuay-
€TCSl TOJBKO B MOHOJIMTHBIX CKATBHBIX roponax. Bo Bcex ocTansHbIX
c/Iyqasix B FOpHbIX MOPoJax UMEET MECTO COBOKYMHOCTD pasHoolpas-
HBIX HOPM TiepeHoca Terula 1 BelecTsa. OHAKO OTHOCHTENbHBIH BKITAL
B TEILTONEPEAAYY Pa3THYHBIX KOHBEKTUBHELIX (opM TertooOMEHA B
OCHOBHOHM Macce ciiyyaeB OLIBAeT HEBENUK, YTo IMO3BOJAET C JoCTa-
TOYHOH TOYHOCTBIO OTTMCHIBATL LUIMPOKHUI KPyr 3amay TerniooOMeHa B
MopoJax B paMKax KOHAYKTHBHOrO 3aKOHa IepeHoca Tema.

OCHOBHbBIM N12PAMETPOM, XAPAKTEPU3IYIOILUM TEIOBOE COCTOSHUE
nopoJ, ABNSAETCH TeMneparypa. Ee pacnpedeseHre B FOpHBIX opoJax
Ha3bIBACTCH meMnepamypusiM nodem. B obllieM cnydae Temreparypa B
TOPHBIX TTOPOAAX MEHSIETCS OT TOYKH K TOUKE M BO BpEMEHHU, T.€, TeM-
neparypHoe IoJie onmuchiBaeTCs TpexMepHo HecTatHoHapHO#! dyHK-~
uuedl Hx, ¥, z, 7). B npupone Hepeaku cryyal, Korga TeMeparypHoe
nojie 3aMeTHO U3MEHSeTCS TOJbKO IO JBYM WM JaXe Mo oJHOH U3
NPOCTPAHCTBEHHBIX KOOPAHHAT, OCTABASICh MPAKTUYECKH HEU3MEHHBIM
MO OCTANbHBIM. B COOTBETCTBUM C 3TUM NMOAB3YIOTCS TIOHATHEM JIBY-
MEPHOTO #,(X, y, T) W1 OAHOMEPHOTO (X, T) TEMIIEPATYPHBIX MO,

[TpH ooHOpORHBIX TEMIEPATYPHBIX YCIOBUSX HA TUIOCKOH 36MHOM
MOBEPXHOCTH W MOCTOSIHHBIX [0 Moany TeitiodU3nyeckKnux CBofi-
CTBAaX B IIPUTIOBEPXHOCTHBIX C105X TOPHBIX NTopo GopMUPYETCS 00HO-
MEPHOe TEMIIePATYPHOE NOJIE, U30TEPMEI KOTOPOTO PAacllONoXeHbl fa-
PAUIEIbHO TTOBEPXHOCTH, TEIUIONIOTOKY OCYIIECTBIAOTCH B BEPTHKATb-
HOM HallpaBaeHUH, & TeMIIepaTypa Nopox Ha 0G0l 3anaHHoi raydu-
HE B TOpU3OHTAILHBIX HaNpPaRIeHUsAX B TIOOOH MOMEHT BpeMeHH He-
u3MerHHa, OfHOMEpHbBIMHM ABIAIOTCH TaKXKe TeMITepaTypHBIE TOJS C
oceBoil unu cepudeckoit cumMerpueil. B yactHocTH, Takue 6IM3KHe
K OAHOMEPHBIM TIONST TeMIlepaTyp GopMUPYIOTCS BOKpPYT 3arnybieH-
HbIX TPYOONPOBOAOB WK chepHUECKUX XPAHWINLL, IPUYEM B NIEPBOM
CAy4ae U3OTEPMUUECKHE TTOBEPXHOCTH MMEIOT BUA LMAMHAPUIECKHX
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MMOBEPXHOCTEN, KOAKCH~ 9
anbHBIX Tpybomnposony, a
BO BTOPOM — cep ¢ LeH-
TPOM, COBIMAagaIIUM ¢
LEHTPOM XpaHuauua B
[IpUpole BechbMa LUIHpoOKo 100
pacrpocTpaHeHbl dgymep-
Hbie TEMITEPATYPHBbIE [TOJIS,
Korna W3MeHeHWe Temlle-
pATYPDLI IO OMHOI U3 ITpo-
CTPAaHCTBEHHBIX KOOPAMHAT
npeHeOpexXuMo Malo, Ha- 6
MPUMEpP B BePTUKATLHBIX
pa3spe3ax FOPHbIX MOpPOZ,
TMEePNEHAUKYIAAPHBIX AU~
HeH{HBIM UCTOYHUKAM (CTO-
KaM) Tera Ha MoBEPXHO-
CTH, TAKUM KaK PEKH, BHI-
TAHYTbIE 03€pa, T0JIOCH
cToxa, a TakXe J0poru, [
BBITSIHYThIe 31aHus (BIaau
OT TOPLOB) U T A Tpexmep-
Hble ToAsl GOPMUPYIOTCS B
CIy4asX HEOHOPOAHBIX IO  pye 7 7 [Mpumeptl rpadu€eckoro H3o6paxcHUs
IIoman TeMIepaTypPHBIX  TemmepaTypHOTO noist (@ — ABYMEPHOrO CTaLu-
YCIIOBHI Ha MOBEPXHOCTH M OHapHOro, § — OXHOMEPHOrO HECTALMOHAPHO-
Teruodu3nyeckux cpojicte o) Msorepma 0°C — rpanuna mexay TanbiMu 1
nOpOﬂ, a Takxe an Ha- MEP3NIBIMHY nopodaMu
JUYMU BBIPAKEHHOTO penbeda

I'pacdnyecky TemnepaTypHble MO M300PAKAIOTCS NPH TTOMOLIH
usomepm — TUHUR UM TIOBEPXHOCTEH, COEIUHAIOLLMX PABHbBIE 3HaYe-
Hust Temrtepatypsl (puc 2 1) Eciu TeMitepaTypHOe 110Ne B KaXA0OH TOYKE
€O BpeMeHeM He U3MEHSIETCSI, TO OHO Ha3bIBAETCS CTALLHOHAPHBIM
(cM puc 21, a) B poTHBHOM CiIyyae OHO XapakTepu3yeTcsl KaK He -
CTauunonapHoe (cmpuc 21, 6) dns MateMaTHYECKOTO ONMHCAHMS
IipoLiecca HECTAUMOHAPHONW KOHAYKTUBHON TETJIONPOBOLHOCTU U Ha-
XOXIOEHHs paclipeje/ieHUA TeMITEPATYPEI BO BPEMEHH K MTPOCTPAHCTBE
MCToNb3yI0T ypaBHeH e TeronpoBogHocT Oypoe, NONOTHEHHOE CO-
OTBETCTBYIOWIMMY KPacBbIMU (HAYATBHBIMU, MPAHUYHEBIMU) YCIOBHA-
MU [nst ciydast ogHOMEpHOIO TeMITEPaTypPHOro IMoJsl OHO UMEET BUA

1501

hM

o002
Cosl2) - = az(x(z) az}+f(.), Q1

e flz) — nnoTHOCTL pacTpese]eHHbIX HCTOYHUKOB WK CTOKOB Ter-
1a, C (z) — o6beMHast TENI0eMKOCTh Cpeabl, YHCIEHHO PABHas KO-
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JUYECTRY TEIJIOBOI sHEpruu, HeoOXodUMOH I71s Harpesauus Ha 1°C
eIMHUIIB! O6BeMa BeltecTsa. JUist Haubonee MpoCTOTo cyvast cpejbl ¢
MOCTOSTHHBIMH TETIOMUINYECKUMU XapaKTePUCTUKAMU H IPY OTCYT-
CTBUM HMCTOYHHKOB Tenna (A=const, C_=const, flz)=0) ypaBHeHUE
HECTallMOHAPHOH TETIONPOBOAHOCTH UMeeT BUIL:
2

& _aZt (22)

o oz
rze a=)/C , — xoabdUUUEHT TeMIEPaTyPONIPOBOIHOCTH, CYXaILUH
[10Ka3aTesieM TeIlIOBOM MHEPLUWOHHOCTH cpeabl. AHATUTHUYECKHE De-
LIEHUS] HeCTAlMOHAPHOTO YPaBHEHHS TEILIONIPOBOIHOCTH [10JYYEHB!
JULG YIS TpOCTeHInX ciydaeB (OMHOPOLHAA U30TPOIHAA cpejla, He-
H3MEHHBIE BO BpEMEHM TeILIoQU3HYECKIe XapaKTepuCTHKH, TIPOCTHIE
rpaHUYHble YCIOBUS U T.IL.). B Hacrosiuee BpeMsl, B CBS3U C COBEp-
HIEHCTBOBAHHEM COBpeMEHHbIX OBM u mporpammuoro oGecrneyeHus,
ypaBHEHME TEILIOTIPOBOAHOCTH TIPY JIO0BIX KPaeBhiX YCJIOBUAX yellell -
HO pelliaeTcs YUCIeHHbIM METOAOM HE TONBKO B ONHOMEPHOM, HO U B
JBYMEPHOM BapHaHTe.

PelleHue cTalOHAPHOR 331241 TETUIONPOBONHOCTH OCYLLECTBIIS-
ercs 3HAYUTEABHO NPOUIE, YeM HECTALIHOHAPHONA. OTHM onpeaeseTcs
LUIUPOKOE UCMOB30BAHUE CTALMOHAPHBIX PEIUeHUI P rEOKPUOJIO-
rMYecKUX HcclefoBaHUAX. Tak, TOCKOAbKY CTALMOHAPHOE pellleHHe
OIUCHIBAET KOHEYHYIO ([IpeiebHYi0) CTAAHIO PA3BUTHUST TEMITEpATYp-
HOTO MOJS M0CNe KAKOro-I1m6o pazoBoro U3MeHEHHS YCIOBUM Terio-
oOMeHa Ha rpaHuiie obaacTi, OHO MOXET HEMOCPEICTBEHHO UCIOh-
30BaThCs A8 MPOrHO3MPOBAHUS U3MEHEHUI reoOKpUOIOruyeckKoil ob-
CTAHOBKM, XOTA N Oe3 onucaHua JUHAMMKHM TIpoliecca. Pacyer craum-
OHAPHOT'O TEMITEPATYPHOrO TOJS MIPY CYLIECTBYIOUIMX IPaHMYHBIX Y-
JIOBMSIX ¥ CpaBHEHHe ero ¢ HakTUyecKUM paclpeieieHUEM TeMriepa-
TYPEI B IIOpOIaX MO3BOJISIET CYAUTE O HAMPABACHOCTH U3MEHEHHUI TeM-
NepaTypHoOro pexuMa ropoj (UJIH ero cTalMOHApHOCTH) B HacTos-
A MOMEHT BpeMeHU. KpoMe Toro, CTaLiMOHApHBIE PEILUCHHSA IJIsl
TEMIIEPATYPHOro MO NPUMEHSIOTCS MpH MOJYYEHUH [pUBIUXeH-
HBIX PelleH Uit 3034 MpoMep3aHUSI—IIPOTAUBAHUS TIOPOJ TaK HAa3biBa-
€MbIM METOIOM MOC/IelOBATENEHON CMEHbI CTALMOHAPHBIX COCTOSTHUIA,
MPHUYEM HE TOJBLKO IU1S1 OLHOMEPHBIX, HO W NIl ABYMEPHBIX pacyer-
HBIX CXEM.

Haubonee mpocro peuleHue nojayyaercsi B OAHOMEPHOM CJIyyae,
KOrla TeMleparypa MeHseTes TOJBKO Ko niy6uHe. B yacTHocTH, Ha-
\OXIEHHE YCTAHOBUBILIETOCA TEMITEPATYPHOIO MO B CITOMCTHIX TOJ~
L{AX FOpHBIX BOpol (C pasnUYHBIMU TOCTOSHHbIMU TEIOPHINYECKU~
MU XapakTePUCTUKAMU B KAXIOM CJI0€) MPEeACTaBAsCT 3HAYUTEIbHbIi
WHTepec B FeOKPHOIOrHYEeCKUX HecAeaoBaHnaX. OCHOBHBIM CBOHCTBOM
CTallMOHAPHOIO OAHOMEPHOTO TEMIIEPATYPHOTO OIS ITPH OTCYTCTBUU
HE3aBUCHMBIX BHYTPEHHMNA MCTOYHMKOB (CTOKOR) Tellia sBJseTcs o-
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CTOSTHCTBO TEIUIOBOTO ITOTOKA 110 [UTH -
He pacueTHolt o6nactu. [Ipu 3TOM B
npefesiax Kaxaoro closi IPagueHT
TeMITEPaTyphl TOCTOSTHEH U TEMIIepa-
Typa MeHsiercs ¢ My6uHOW Mo U~
HeliHOMY 3aKOHy. B cuity nocrosiHeTBa
TEeIJIOBOTO FIOTOKA IpaJUeHT TeMrle-
paTypsl B KaXJIOM CIIOE 3aBUCHUT OT
ero TeruionposogHocTu. TakuM o6pa-
30M, CTAUMOHApHOE OAHOMEpPHOE
TeMIIepaTypHOe [ToJie B CIOUCTOI cpe-
ne u3obpaxaercss B BUIde NTOMAHOH pyc 2.2 Xapakrep oaHomepHOro cTa-
JUHUH, YUCJIO 3BEHBEB KOTOPOMH CO- LMOHAPHOro TeMIEPATYPHOTO MOJS B
BIMaJAET C YUCJIOM CJOEB IMOpO] ¢ CTOUCTOM reojOrHYecKok cpene:
Pa3HOI TEILIOMPOBOAHOCTHIO. HaktoH D= A< A< A 2= A< A< Ay I —
KAXIOTO M3 TAKUX 3BEHbEB (rpamu- M~ M hs 4= 4=h=h

eHT TeMITepaTypbi) 06paTHO Npormnop-

uHoHaler Ko3¢hdHUNEHTY TEITONPOBOAHOCTY COOTBETCTBYIOLIETO CJION
(puc. 2.2).

OTKIOHEHHUs OT JHHEHHOro 3aKOHA pachpelneeHUS TeMIEPaTyp B
FOPHBIX ITopoaax Ha ryOHHax, MPeBbIaoWUX IMyGUHY IPOHMUKHOBE-
HHA CE30HHbIX M3MEHEHUI TeMIepaTyp, MOTYT CBMIETENIbCTBOBATD O
HeCTaLMOHAPHOCTH TEMIePaTYPHOTO CNIOMA, €10 HEOTHOMEPHOCTH WK
0 HEOIHOPOMHOCTH Feosioriueckoro paspesa. Kpome Toro, TMHeHOCTh
pacripelieIeHHA TeMIIepaTyp MoXeT HapylaThes NMpH HAAHYUHW TIpo-
LecCOB KOHBEKTUBHOIO TiepeHoca TEIL1a Wi BHYTPEHHUX TeILIOBBae-
NeHNH. .

Tak, npy HATUYUU B TIOpodax IMOA3EMHBIX BOJ, ABMXYLUMXCS C
[IOCTOAHHON CKOpPOCTBIO B HANPABIEHHH [TOTOKA TEIIA (MAM HaBCcTpe-
4y) B YCIIOBUSAX CTALIMOHAPHOTO OZHOMEPHOTO TEMIIEPATYPHOTO MOJH,
NocjegHee XapaKTEepU3YETCs CAOXKHBIM HEAUMHEHHBbIM 33KOHOM pac-
NpeneneHus TemMreparyp no rayoune. ITpu 3ToM KOHBEKTHBHOE Terl-
JIOBbLAC/IEHHE B 00BEME IOPOI HE ABISETCA HE3aBUCHUMBIM HCTOUHU-
KOM Teruia — B IIpoliecce IBUXEHUS B IPAJMEHTHOM TOJIE [IOpol MO~
BUXHBII ¢umong (Bola) oxnaxaaertcsl (Harpepaercs), oTdaBasi (Mo-
IIongast) eMKOCTHOE TEILTO, KOTOPOE YBETMYMBAET (YMEHBLIALT) KOH-
OYKTUBHBI TeIIONOTOK B KaxaoM ceqyeHUH. CyMMapHBLi e Terio-
TIOTOK (KOHIYKTMBHO-KOHBEKTUBHEII) 110 ITYOHMHE UCCAEAYEMOTO €105
OCTaeTcd [TOCTOAHHBIM (IIpY OTCYTCTBUH APYTHX HE3aBUCHMBIX HCTOY-
HHKOB TeILIOBbIAEeHHS):

ot
Gy (2) = Cyvyt — ?»—a; = const, (2.3)

Tne C — ofbemHasl TEIUIOEMKOCTb BOIbI, ¥, — CKOpPOCTb (punbTpa-

)
UMK, A — TenyoNnpoBOXHOCTh MOPOII.
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L s°C

Puc. 2 3 OnHomMepHoe CTaLHOHAp-
HOE TeMIIepaTypHOE Mojie B CJI0¢
TIOPOX NpH Hanwyuy GWiLTpaum-
OHHOTO ITOTOKA'

1 — Hanpaenenne duabTPALNH,
KpHBbIE @ — (HAbTpaLMsA OTCYTCTBY-
eT, 6 — GUNBTpalHA HaNpaRIeHa MPo-
THB KOHAYKTHBHOTO TEILTONOTOKA, 8 —
HanpasieH#e GUIbTPaUKK coBNajacT
C HallpaRTeHHEM KOHZYKTHBHOTO Tem-
L JIONIOTOKA

Ty

AHaimn3 penlieHHs ypaBHeHMs (2.3) TOKA3biBAET, YTO YMCTO KOH-
JAYKTHBHAS (IMHEHHAs) TepMOTPAMMa BeIrMGaeTcsl B CTOPOHY HAIpaB-
JeHus. punpTpalny (pyuc. 2 3), npH4YeM 3TOT BBIFHO TeM CHIIbHEE, YeM
BbIilfe HHTEHCUBHOCTE QUABTPAUMOHHOTO NOTOKA. YKa3aHHAA 0COOEH -
HOCTb TEMIIEPATYpHOro moust, (hOpMUPYIOLIErocss ¢ YYaCTHEM KOH-
BEKTHBHOIO MEXaHM3MA [IepeHoCca Teilla, UCITOIb3YETCs, K TPUMEpY, B
MPaKTHKE TMAPOreosIorHYecKnX VcCaefoBaHUi Ul onpeleJeH!s pac-
XOJIOB HUCXOIAIUMX (BOCXOASIINX) GHIbTPALIOHHBIX TOTOKOB I10 J2H-
HbIM TEPMOMETPUIECKIX M3MEPEHUI B CKBXKKHAX, A TAIOKE MOXET UMETh
3HAYeHHe TPY UCCIENOBAHMH Pa3IMYHBIX TEOKPHOJIOTHYECKHX 3a12Y.

OnpeaeneHye CTALMOHAPHOIO JBYMEPHOIO U TeM BoJiee TpeXMep-
HOTO TEMIIEPATYpPHBIX MMOJIeHl B [MOPOAAX HA OCHOBE PELIEHMS 3aqaYun
TETUIONIPOBONHOCTH 3HAYUTENBHO Gojiee CJIOXHO, YEM B OXHOMEPHOM
caydae. Takue pellieHus: ITOyYEHB JIMILb IS TPOCTHIX PACYETHBIX CXEM
(oIHOpOIHAS M30TPOITHAS cpena, MPecThle rpaHuyHble yeaoBus I poxa,
OTCYTCTBHE BHYTPEHHUX HCTOYHHUKOB TeIlI4 U T.4.). TeM He MeHee oI~
pefenerue CTAllMOHAPHBIX MPOCTPAHCTBEHHBIX TEMITEPATYPHBIX ITOJIEH
LIHPOKO MCIONB3YETCS B TEOKPHOJOTHH ISl OPHEHTHPOBOYHOM OlleH-
K HAMpPaBJIeHHOCTH Pa3BUTHS MHOTONETHEMEP3NBIX Mopox (arpama-
uMsi—Ierpagaumd), MpOrHo3HeIX nocrpoeHuit u 1.0, Haubosxee mpo-
cToif opMOH pacueTHOH 0b61acTH ABASETCS NMOMYTIPOCTPAHCTBO, Or-
PaHUYEHHOE CBEPXY IUTOCKOCTRIO (HAMMPHUMED, B PABHHHHEIX YCJIOBH-
s1X), a B IByMEpHOH 3agaye — MOJYIUIOCKOCTb, OTPAaHUYEHHAS CBEPXY
npsiMoit TuHuel. B mocnenHeM ciyqae CTaMOHAPHOE TEMITEPATypHOE
MoJie B OHOPOJHOM Tolle mopoj (—x <x<, 7>() npu pacnpegee-
HUM TeMIlepatryp Ha BepxHeil rpanune #x,0)=¢(x) u npy 3HaYeHUH

ot
reoTepMHYECKOro rpaivdeHTa 5— =g OIIUCBIBACTCA CIEAYIOIIMM

zZ

=00

BBIPDAXKCHUEM!
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1(x,2) = gz+§ oj?(p(S)/[(S«x)z + :2]dS 2 4)

Pacnipenenienne Temneparyp Ha NOBepXHOCTH ¢(S) onpenensercst
NpHU HaTypHbIX uccledopaHuAx [IpakTuyecku B KauecTse @(.S) 3anaeT-
cA CTyrneHvarass QYHKUUS WIM JIOMAHHAS JMHUSA, 3BEHbA KOTOPOI
COOTBETCTBYIOT YYACTKAM C PAITUYHBbIMU TEMIIEPATYPHBIMH YCIOBHSI-
MU Ha nosepxHocTd Ilpu 3TOM uHTerpan, Bxoasimii B (2 4), pasbu-
BaeTcs Ha CyMMy TaOiMyHbIX MHTerpaioB Hanpumep, ecnau no teppu-
TOPYIH CO CPEIHErONOBOM TeMIEPATYPOl MOPOJ (7,) MPOTEKAET peka
LIMPUHON 2 ¢ TeMIiepaTypoit JOHHBIX OTIOXKEHHUIT Z,, TO CTALMOHAp-
HOe TeMIIEPATYPHOE 110JIe B CEUEHUHU MTOPON, TIEPIIEHANKYISAPHOM peKe,
oymer

t(x,z) =gz +1 +( 1)(arctg +arctg£1} (25)
Z z

rHe X — PACCTOSIHME OT CepelMHBbl PeKH AHAJIOIMYHBIE JBYMEPHEIE
pelleHHst MOTYT ObITb MOMYYEHBI U JU/I 3HAYUTEBHO OOMee CAOXHBIX
CJIy4aes, T € NPAKTUYSCKH AN JTo00ro 3aKoHa M3MEHeHUsl TeMrepa-
TYPBI TOBEPXHOCTH 1O IIHHE BepxHEil 1 paHULbl YpaBHeHMs TUITA (2 5)
MO3BOJISAIOT MOCTPOMTL M3OTEPMBI (JIMHUK PABHBIX TEMIEpaTyp) s
BCEH pacueTHOMH 08MacTh M UCCIEN0BATb CTPYKTYPY TETLIOBLIX TOTOKOB
B M000if TOYKe MOMYNPOCTPAHCTBA

B npuponHeIx yCAOBUSIX TeMIIEPATYPHOE TOJIE B BEPXHUX CIOAX 3¢M-
HOK KOpbl Bcerda UMEET B TOM MAM HMHOW CTENIEHM HECHMAUUOHADHbIL
XapakTep 9TO CBA33HO C HEMOCTOSHCTBOM BO BPEMEHM IPAaHMUYHbBIX
yCNOBUI1 TernooOMeHa U TIpeXIe BCEro Ha nosepxHocTH 3emau Ecnu
U3MeHeHHE BeJUUYMHBI IPYOCHHHOrO TEIJIOMOTOKA M3 Help MpPOHCXO-
JUT B TeUCHHKE reoNOrHyeckKy AIUTENIEHOrO BPEMEHM, TO TeMIIePpaTypa
HA MOBEPXHOCTH 3eMJIM 3HAYUTeJbHO MEHAETCS B CYTOYHOM, ['OTOBOM
U MHorofeTHeM LUKKIAaX, GOpMHUpYys B IIPUIIOBEPXHOCTHLIX CNOSIX IO~
PO pe3Ko HecTalMOHAPHOE TeMmepaTypHoe nojle TTockolbKy yKa3aH-
Hble u3MeHeHNs, KaK MPaBUIIO, HOCAT SPKO BBIPAKEHHYIO MEPUOAUY-
HOCTh, BaXXHOE 3HAYEHWe MpuoGpeTaeT ucciefoBaHWe Tak HasblBae-
MBIX Hepuooueckl YCMmanosUeIuxca TeMIepaTyPHBIX nonei, GopMu-
PylouIMxcs B r1opojax BOInu3M BepxHell TeMrieparypHoif rpaduibl Oco-
OeHHOCTBIO TaKoro INojs ABIAETCH TO, YTO OHO, OYAyud HECTAlMO-
HapHEIM B Npedeiax Kaxknoro HUK/IA, MONHOCTHIO IMTOBTOPAETCS ¢ MH-
Tepsanom, paBHbLIM Mepuony KonaeGaHU OripefesieHHe nepuoauyec-
KM yCTaHOBMBLLIETOCH peXXMMA ABNsieTcs 3aaa4yeil 6e3 HayalbHbIX YCII0-
BUMii, MOCKONBKY TP MHOIOKPATHOM TMOBTOPEHUM TEMIIEPATypPHOIo
XOJla Ha TOBEPXHOCTH BIMSIHUE HAYAIBHOIO PacTipeie/ieHUsl TeMnepa-
TYP npakTuyecku ucdesaeT OHO Kak Obl CTUpAeTCA U3 «TETUIOBOM Ma-
MSITH» cpefibl U ¢ HEKOTOPOr0 MOMEHTA MM MOXHO IpeHebpeyb
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Haubosree MpoCThIM U B TO XK€ BpeEMs O4eHb PACIIPOCTPAHEHHBIM B
NpuUpole clyyaeM peali3aluu NeproiuYeCcKH YCTAHOBUBLIErocs pe-
KHUMA SBISIOTCH CUHYCOMNANbHBIE KONeCaHUs TeMIEPaTyphl BO3YyXa B
CYTOYHOM, TOJOBOM MJIM MHOTOJIETHEM LIMKJIE W ITOPOXIAeMble HMII
TAKHE Xe CHHYCOUAaIbHbIe (rapMOHUYECKUe) KoJieDaHUs TEMITepaTy-
PBL B FOPHBIX NMopoaax. B 3ToM ciayyae roBopaT o paclpocTpaHEHWM B
ropodax TeMilepaTypHbIX BONH. QOPMATIbHO 3TH U3MEHEHHUS! TeMTlepa-
TYPBI MOXHO TMPEACTABNTL MPOCTOHN 3aBUCUMOCTLIO

H0,7) =12 o F Ay sin 2;( (2.6)

rae 1{0,1) — naMeHmoma;{csx BO BpEMEHHU TCMIEPATYPA [10BEpPXHOCTU
ropHbIX nopol; A, — (pusnueckas (pasias MOJOBUHE METEOPONOIH-
YyecKoi) amnnmyaa KoneOaHuil 3Toll TeMmepaTypsl B rofoBoM (cy-
TOYHOM WJIM MHOI'OJIETHEM) LMKIE, t“ — cpelHerogosast (cpejHecy-
TOMHAS! WM CPEIHEMHOTONETHAA) xeMnepaTypa [OBEPXHOCTH MOPOIL,
OKOJI0 KOTOPO¥ coBepuiaioTest koneGauus ¢ neproaoM 7. Takum oG-
pa3oM, KosebaHua TeMIepaTyps! Ha [TOBEPXHOCTH OLHO3IHAYHO ollpe-
AENSAIOTCA TPpeMsl BeNUUUHAMM! t° AuT

OueBuIHO, YTO pCabHbIi, uanpumep roJloBOM, X0/ TeMIepaTypsl
MOBEPXHOCTH CYLIECTBEHHO OTVIMYAETCH OT CUHYCOU/BI, [TOCKONLKY B
ECTECTBEHHBIX YCAOBHUAX HEPEAKO MTPOSIBAAIOTCS HEpery sipHbIe NoTer -
AeHUs W noxonojaHus Ha obiueM doHe W3MeHeHHS TeMIIepaTypol 34
rox (puc. 2.4,a). OaHaKo ecav OCPeNHSITh TEMIIEPATYPY 110 AeKafam, a
Tem Bonee Mo MecslaM, To TeMnepaTypHasl Kpusas Bce bonee npu-
O/uxkaeTest K cHHycoMaansHoi, B obuieM ciydae oTa KpuBasi Bcerna
MOXKeT OBITE TIpUBeJeHA K «U1eaNbHOH» CHMHYCOW/IE [TOCPENCTBOM 3KC-
TIEPUMEHTANBHOTO OTpefie/ieHus Miollaneit S, u S, pacronaratolmx-
CsT MEXAY OCbIO HyJeBOH TeMIlepaTyph! U pealsHON KPUBOM UIMCHE-
Hus TeMIepaTypst 32 niepuon 7, paBHelit onHoMy rofly. OcHoBHbIE Ma-
paMeTphl TAKON «W1eaJbHON» CUHYCOWIBI, T.€. CpedHErof108as TeMiie-
paTypa TOBePXHOCTH 1) 1 usnueckast aMIiuTyaa KosneGaHus Teme-
patypbl A, MpH 3TOM MOTYT ObITb HAKAEHBI CleyIOIUM 0Opazom:

[Sp - S] "52 ’ AO Sl Sz Tf
T T2

TemnepatypHpie konebannua Ha noBepxHocTu H0,1) BI3LIBAIOT KO-
nebaHus TeMIepaTypsl B MTOACTUNAIOILMX TOPHBIX Mopoaax Kz,1), T.€.
TeMIepaTypHas BOAHA, (hopMUpPYIOLLIAsCs Ha TIOBEPXHOCTH, Pacnpoc-
TPaHAETCs BIMYOb, B TOJIY FOPHDLIX NOPOJ, BOIOYXKHAs B HUX MOLo6-
Hble NepUOoIUYeCKHE TeMITepaTypHbie KonebaHusa Ha KaXA0M ypoBHE
[Mpu 370M BOAHA 110 Mepe ¢BOErO MPOABHXEHHSA BHM3 BCTPEYACT CO-
NIpOTUBMEHKHE CO CTOPOHBI MOPOA B BUJIE TEPMUUECKOTO CONPOTHBIIE-
HUst (BeNIMYUHA, OOPATHO MpPONOPLMOHATbHAS BEMUINHE KOIPDULH-
eHTa TeIUTONPOBOAHOCTH 1), a TakKe 3aTpayuBaeT CBOIO SHEPIHIO HA
NPOLIECChI, CBSA3aHHbIE ¢ U3MeHeHneM TeruoeMkocTu cpeast C . Tlo-
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Puc 2.4 TapMoHHYecKHE TEMIE-
paTypHble KOJeGAHUS HA TOBEPX-
HOCTY M B NOACTIIAKLIMNX NoPo-

Jax:

@ — TIPUBEACHHDBIE K «WIeaiLHOM> 1°C \\ \ \
CHHYCOHMAe KoIeGaHus TeMIeparyphl, 5 \
naboiogaenmsie 1la NMOBepxHocTH, 6 — gl @@@4‘1
pacTIPOCTpAtEHNe TEMAEPATYPREX @ A v
BONH B Tofliie TOPHBIX nopom, A4 — \ \ \
aMnAUTYAa KonebaHui, & — CABHT . \\ \ \\
koneBannii no Bpemenu, §,, 5, — N0~ t f 5\ A\\ \

WA TEMIepaTyporpalycodacos cooT- .
L - PR
BETCTBEHIIO B TENNbIA M XOOAHHIH 12‘>1ch-1
Nepuoabl M T =1ron
—>

3TOMY BOJIHA 3aTyXaeT ¢ [JIyGMHOIA, MpeTeprieBast MoCTelNeHHOe yMEHb-
WweHe 3HaueHus 4. MakcuManbHas raybuHa IPOHHKHOBEHUSA B TOJI-
L1ly TOPHBIX ITOPON MOBEPXHOCTHOM TEMIIEPATYPHON BOJHbBI (MHOTO-
feTHeil, ToAOBOI WM CyTOYHOI) HA3BIBAETCS 2ay6uKol pacnpocmpa-
HeHus Koaebanuil memMnepamypsl, Uiy 2Ayounoil Hy1egbixX (MHOTOJIETHUX,
TONOBBIX MJIH CYTOUHBIX) aMAAumy0 memnepamypsl. HpunoBepXHocT-
HBIE CJI0M TOPHbLIX [TOpOA, KOTOPBIE OTPAHNYMBAIOTCH CHHU3Y ITHUMU
3HAYeHUAMU TIYOHH, RA3bIBAIOTCA COOTBETCTBEHHO CA0EM MHO2OAeM-
HUx (N-JIETHUX), 20d0Gbix UIN CYMOUHbIX KoneGanuy memnepamypal.

PacnipocrpaHeHue TeMIePATYPHBIX BOJIH B Cpelax Ge3 (pa3oBbIX Ie-
PEXONOB OmuchiBaeTcs 3aKkoHamyu Pypbe, KOTopbie ABASIOTCA Cel-
CTBMEM pelleHHs TaK Ha3blBaeMON 3aladu ®ypbe 0 pacnpocTpaHeHUH
TEMIIEPATYPHbLIX BOJIH B OXHOPOAHOM cpele HeorpaHHueHHOro fnoay-
MpocTpaxcTsa 6e3 dasosbix Mepexonos. MareMaTuyeckast dbopmynn-
POBKA 33724y BLIIISANT CHELYIOWMM 00Gpasom:

2
ot(z,7) =aa l(Z,‘t), 250,
ot 822

1(0,7) = 1, +Aosin-2Tﬂr. (2.7
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HayanbHble yCIOBUS B TOCTAHOBKE 33Xa4YH OTCYTCTBYIOT, TOCKOh-
Ky TPUHUMAETCS, YTO IPOLECC TEIUIONEpeayy yXe BbIIeT Ha Nepu-
OIMYECKH YCTAHOBMBIIMICS pexXuM. PelleHNeM 3Toil 3a1a4y SIBISETCs
byHKIHAS

|
t(z,r)=tfp+A0e M sin 2%1_21{_"{_06_ \ (2.8)

KOTOpas olpefetser 3HaYeHe TeMIIEpaTyphl NIOPoN Ha 2000 2aybune
Z 6 210600 MOMEHM 8pEMERU T TIPY COOTBETCTBYIOIMX U3MEHEHUSAX TeM-
HepaTyphl Ha TMOBEPXHOCTH MOpoA. OHA MOJHOCTBIO OMUCHIBAET TIEpH-
OAMYECKH YCTAHOBHBLIEECS TeMIepaTypHoe none, chopMupoBaBLIee-
¢Sl B IOpoNaX B Pe3yNbTaTe CUHYCOUIANBHBIX KOJIe0aHHil TEMITepaTyphl
Ha noBepxHocTH. Ha ocHOBaHMM 2TOTO pellleHUs MOXHO CAENaTh Bbl-
BOJI, YTO B MOpPOAAX TAKXKe YCTAHABIUBAIOTCS KoJeGaHWsi OKOJo TOM
XKe cpenHe¥ TeMITepaTyphl tcg U ¢ TeM Xe TieprogoM 7, 4To ¥ Kojeba-
HHS Ha MoBepXHOCTH (cM. puc. 2.4, 6). TemnepaTypHas BOJHA B ITOPO-
JlaX paclpOCTpaHsAeTcs BHU3 C MOCTOAHHOM cKOpOcThiO V! (CKOpOCTh
TIOTPYXeHUs BKCTPEMYMOB TeMIIEPATYphI), KOTOpasl 3aBUCHUT TOJBKO
oT KoadbUUMEHTa TEMITEPATYPOITPOBOAHOCTH a (cM. 2.2) U NepHoad
Konebanu T

{
VB =12z ? (29)
HJ'[V[Ha TeMnepaTypHOf/'[ BOJIHBI, T.€. pACCTOSAHUE MEXIY JBYMS 6nu-
KAUUTUMU OOHOUMEHHBIMH 3KCTpEMYMAMHU (MaKCHMyMaMM HUIH MH-
HV[MyMaMH), COCTABJISIET B Joboit MOMEHT BpEMCHH

D! =2ynaT. (2.10)

Pan BaXHBIX BEIBONOB, CASAYIOIINX H3 ypaBHeHU (2.8), H3BECTHBI

TOJ1 HA3BaHUEM 3aKoH08 Dypbe U ABISIOTCS OCHOBOMOJIAraIOUIMMH JUIs

Npoliecca pacnpoCTpaHeHUs TEMITEPATYPHEBIX BOMH B FOPHBIX IIOpOJAX.

MepBuiit 3axon Dyphe ompepeNiser, YTo aMIUIMTYIA TeMIIe-
PATYPHBIX KOJ1eGaHMIl SKCITOHEHIIMANBHO YObIBaeT ¢ ryGuHoi

nCoG
A(z)=A0e ‘v AT . (211)

Kak cienyer 13 3TOM 3aBUCHMOCTH, CKOPOCTH 3aTyXaHUs TeMIlepa-
TYPHBIX KoaeOaHUii ¢ ryObuHoON ofpedensieTcsl CBOMCTBAMU Cpebl: YEM
OoJblie TeNNOMPOBOAHOCTL CPEABI (‘lCM MEHBIIE €€ TCpMHYECKOE
COTIPOTHBJIEHME) M YEM MeHbllUe TEILIOEMKOCTb, TeM MeJIeHHee 3a-
TyXaeT aMUILUTUTYA M TeM Ha OOMbluyI0 IyOUHY (IIPH IIPOYMX PABHBIX
YCIIOBUAX) MPOHUKAIOT TEMIIEpaTypHbie KojeGaHusl,

Kpuprle, orpaHiuyMBarolie Ha KaXXI0i KOHKpeTHOW ryGHHe Mak-
CUMAaJIbHblE ¥ MUHUMAJIbHbIE 3HAYEHUSI CHHYCOMIANBHBIX KOJeGaHMi
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+1°C

Puc. 2.5. XapakTep 3aTyXaHus TeMIepa-
TYPHBEIX KojaeGaHHit B nopoiax ¢ riaybiu-
HOU:

1 — ornbaoune TeMrepaTypHEIX Koneba-
HUH; 2 — TeMNnepaTypHbie KojebaHUs Ha no-
BEPXHOCTH M Ha InyOHHax 6 U 12 M; 3—4 —
COOTBETCTBEHHO aMIUTHTYBL KoNieOaHUHA B ocH
BpeMeHH Ha rmybunax 0, 6 u 12 M; & — ry-
GuHa CeI0HHOTO OTTaWBaHMA nopoa; M —
ryOMHa pacnpocTpaHeHBs TONOBBLIX Koseba- ‘
HHUH TeMNepaTyphl + Hep

M

TEMIIEPATYPbI, SABNSAIOTCH SKCNOHEHLMATbHBIMKM KPHUBBIMH, OIIpeje-
JIFIOLUMH XapakTep 3aTYXaHWsl aMIUTUTYX KOJeOaHUs TEMIIEpPaTyphl ¢
riybuHo (puc. 2.5). Jpyrumu cnoBamu, pewledue sagadyud Pypoe o
pacIpocTpaHEeHUH TeMITePaTYpHBIX BOJH B OMHOPOAHOMN Cpede MOKa-
3BIBAET, YTO BCE BO3MOXHBIE W3MEHEHHS TeMIEpPaTyphl IO ITyOUHE
3aKJIIOYEHB] B KOHKPETHEIX Mpefieiax, 3a KOTopble H3MEHEHHS TeMIIe-
paTyphl Ha TaHHO rtyOHHEe BRIATH He MOFYT. DTHMH TIpeleTaMH CITy-
KaT OTPE3KU BKCIIOHEHT t° 1 A(7), rne z usmeHsiercst ot O g0 ryGUHbBI
HyNeBbIX TOJOBBIX aMl‘IJ‘[I/ITYJI Tax, ecnu dbakTHyecKie JaHHBIE O W3-
MEDPEHHIO TEMITEPATYPHl B ONIHOW CKBAXHHE B TeYeHUEe rofd HaHeCTH
HA OMH PUCYHOK (pHc. 2.6), TO eNUHOBPEMEHHBIE 0 IIYOUHE TEMIIE-
paTypHbie KpUBEIE KaK OBl «3alOJHAKT> HEKOTOPYIO 00J4CcTh, Orpa-
HUYEHHYIO OTpe3KaMH 3KCIOHEeHT (KaK Obl OorubarolliMMH TeMIlepa-
TypHble KpuBble). [Ipy aHanu3e TeMepaTypHbIX MOJeCiH B FeOKPUOJIO-
THU HepeKo IS H300paXeHHs U3MEHEHUS TEMITEPATYPHI € TTYOUHOM
HOJIB3YIOTCA OTHUMM OrMOAIONIMMH, He H300pakas OTHENbHBIE TeM-
IepaTypHble KpUBLIE HA KOHKPETHBIH MOMEHT BpeMeHH (cM. puc. 2.5).

Btopoit 3akon ®Pypbe ykasbiBaeT, 4YTO TeMIlepaTypHhle KoJje-
GaHHA B nopoax NMPOUCXOnAT cO CABUrOM (a3, MpoMopLUHOHAIBHBIM
Fybune (cMm. puc. 2.4, 6). Bpemst 3anazapiBaHus KoJieOaHUi MOXHO
BBMUCTUTB 110 opmyne:

1 [1C,
(z) = —z,|]—28.
@=225

Cnsur xonebanuit no ¢ase ¢ ryGUHON MPOUCXOMUT BCAEACTBUE
OTPAHNYEHHS CKOPOCTH PACIpOCTPaHEHHUSI TEMITEpaTypHOH BOJIHBI B
Tlopoxax. Ora ckopocThb onpeensiercs TermIobH3nIeCKUMHU CBOCTBA-
MU Mopoaer ¥ nepuoaoM KoJiebaHuit, a TIOTOMY Ul OGHOPOIHBIX I10-
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Puc. 2.6 Xapaxrep U3MeHe-
HUA TeMrepaTypbl MOpon (B
CKBaXWHE) Ha paslu4Hbic
MOMEHTBI BPEMEHM Toja’

1—13 — TemmnepaTypHbie

“ kpunsle (J — 30/1X, 2 — 15/X,
3 — 24/X1, 4 — 17/XIl, 5 —
20/1, 6 — 3/11, 7—20/11, 8 —
24111, 9 — 26/1V, 10 — 2/VI,
11— 26/V1, 12— 27/V1II, 13—
29/VII1), 14 — oruGalomiyue Kpu-
BbiX OcTabHbe 0603HAYEHNA CM

Hioxw  wapuc 25

M

PO MOCTOSIHHA NO TAYOMHEe M BO BpeMEHU. B COOTBETCTBMH C ITHM
3akonoM Dypobe, HanpuMep, MUHUMAJIBHBIE 3UMHUE TEMIEPATYPhI HA
HeKOTOpo# rmybuHe 7 OyayT HAaGIonaTbcs He B MOMEHT CYLIECTBOBA~
HMS MX Ha MOBEpPXHOCTH, & CIIYCTsSI HEKOTOPOE BpeMsi, KOTopoe Heol-
XOOMMO BOJiHE, YTOOBI AOWTU OT ITOBEPXHOCTH HO 3TOH IpyOMHB! Z.
ITosTOMY B HATYpPHBIX YCTOBHMSX OGbIYHO HAOIIOMAETCA Cleyloilast
KApTHHA: KOIAa B IPUIIOBEPXHOCTHOM Y4CTH MOPOJ, HANpUMep, Ha-
CTYNaeT Nepros MOXOJOHaHHUS WIN TIOTeIUIEHHUs], TO B 3TO Xe BpeMs B
cpenHei YacTy cl0s NOJOBBIX KOJeOaHui TeMIepaTyphl ellie IpoLo-
XKaercst MepHoa MoTerIeHHs (WITH [TOX0JoNaHus), a B HUXKHeH yacTu
cnosi HaGniofaeTcsl elle MEepUol NOXONONAHUS (WM MTOTeNIeHUs) OT
NIpenblIyilieil TeMilepaTypHoit BonHbl (M. puc. 2.6, kpuBhie §u 10).

Tpetuit 3akoH Pypbe cBA3BIBACT MIYOHHY NPOHUKHOBEHHS
TeMITEPATYPHBIX KOJeGAHUI /1 C IepUOIOM M aMIUTUTYIO0M KoneOaHuit
TEMITepaTypHOH BOJHBI HA [TOBEPXHOCTH:

AT . A
h= In—
V7C " 4, (2.13)

Wicxonmst u3 3Toro BulpaXeHus, I1yOuHa NMpOHUKHOBEHUsT Kosieba-
HUM oKa3biBaeTcs TeM Gosiblie, YeM Gosiblile aMniurTyaa A, U Nepron
koiebGanuil 7. 3a MAKCMMAIBHYIO ITYOMHY ITPOHUKHOBEHUS (IIyOuHy
3ATYXAHHUST) TEMIEPATYPHBIX KoneOaHWU NMpHHUMAETCa Takasl rnybu-
Ha, Ha KOTOpo#i aMruMTyaa KoiebaHuii A, craHoBurcst Mensiue 0,1°C,
T.€. OKA3bIBAETCH COU3ZMEPUMOIL ¢ TOUHOCTBIO OTIpeNeeHUs TeMITepa-
TYpBl B HATYpHbIX ycnoBusX. [Toacrasup B Beipaxenue (2.13) 3Haye-
Hue 4,=0,1°C u paanuunbie YNC/ieHHbIE 3HAYEHUS Nepuoaa Koseba-
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HUit T, MOXHO NOKa3aTh, YTO NPHU IPOUMX PABHBIX YCIOBUAX HAHGO~
Jee ry0oKo NMPOHUKAIOT KoneGaHust ¢ GONBIIMM IIepUOIOM, 8 KOPOT-
KormepronHsle KonebaHust 3aTyxaloT BOAM3M NoBepxHOCTH /[leiicTBU-
TebHO, KakK IOKA3bIBAIOT PACUETHI M HATYPHBIE UCCIENOBAHMA, CY-
TOYHble KOJEOAHUA 1eMIMEPATYPBl MOTYT MPOHUKATB OO TNy6UH |—
2 M, ronoBssbie KONeBaHUsT — 10 15—25 M, a TpexcoTleTHHe KoJseba-
Hust — 10 150—200 M u Gonee CornacHo TpeTbeMy 3aKoHY Dypbe
CHENYET, YTO €CIU UMEIOTCA JBa KoJehaHusl ¢ HepaBHBIMK Mepuoia-
mu 1 u T, (T, # T,)), To tNyOMHBL =, W z,, HA KOTOPbIX MPOMCXOIUT
OUHAKOBOE 3ATYXAHHWE COOTBETCTBYIOLIMX KONeOaHuii, CBA3AHEI MeX-
Jty coBoi1 COOTHOUIEHUEM

LET A (2.14)

Tax, ecnu UMeIOTCs 1BA KoJebaHHUs TeMHIepaTyphl HAa MOBEPXHOCTU
nopod ¢ uepuogavi 1 roa ¥ 100 ner W M3BeCTHO, YTO AMIUIUTYHA
rOJIOROI 0 KONeOAHUS yMeHblnaeTcsi Ha rybuHe 10 M B 10 pas, To u3
BhipdKeHUs (2 14) cieayel, YTO AHATOTHYHOE 3ATYXAHUE AMIUIMTY/IHI
(B 10 paz) 100-ne1Hero xonebanust npousoiinet ua rnyoure 100 M

B 1ienoM, NockonsKy B MOBEPXHOCTHDLIX CAOSAX TOPHBIX MOPOJ Ha-
OmonaioTest epuonuiYekue (rapMoHUYecKre) KonebaHusa TeMnepary-
pLl (TeMMepdTypHbIEC BOJHEL), 10 1010BOH (CYTOUHBIA MM MHOrONET-
HUH) MEePHOJ U3MEHICHUS TEMMEPATYPBI B TIOpodx TIogpas3aesiercsl Ha
JIBE YACTH ITO.IYIIEPUOA HATPEBAHUSA W T0O/1YIIEPUO OXJTAXKACHUS

Vpasuenne Oypoe (2 8) mosposisier aHaTU3MPOBATh IUHAMUKY Tel-
JIOTIOTOKOB B Hccienyemoir obnactn BaXHoe 3HAYEHUE NTPH ITOM UMEeT
CTPYKTYpa TelljlofloToKa uepes rnosepxHoctb (-=0), oTpaxarwuas ypo-
BeHb 1€ILIONOTOKA Mopoa ¢ BHeulHel cpenoit [lpu nepuonnvecku yc-
TAHOBUBIUEMCS TCMIIEPATYPHOM PeKuMe TPUXOJ W PAcXon Tersd B
ropogax rpouUCXoduUT B IEUYCHME COOTBETCIBYIOUIMX MOJYIEPUONOB,
MTPUUEM TEIJIOTTOTOKM Yepes NOBEPXHOCTS 1A UX NPOTAXKEHUH UMEIOT
pasHble 3HakM KosnuecTBo Tenja, MpUXOAsILIEro B Nopody 34 Moay-
Neprol HArpeBaHUsa U YXO/SILULIO U3 Hee 3a IMOJIYNEPUON OXJAXIE-
HUS, Ha3bIBACTCS menatoobopomom B moponax B cayuae nepuoauyecky
YCTAHOBHBLIETOCS PeXuMa KosebaHuil Temrepatyp Tell10000poTH! 3
KAKABIJ U3 TTONYTIEPUOIOB PABHbI 110 abcoioTHOW Beanduue B ciyyae
UX HepaBeHCTBA MMEET Mecro nucbananc TernoobopoToB, CONPOBOXK-
JAoWHMKMes HaMeHeHWeM (IToBbIIIeHieM WM NOHMKeHHeM) cpenHe-
NepUOAHOI reMIiepaTyphl IOPOL BO BpeMEHHU

Benyua terionoroka B nopoge g (z,t) Haxogutcst nudibepeHLmn-
posanueM ypaBHeHus (2 8) no rayoune [pu =0 HAXOAATCS MOMEH-
ThI U3MeHeHUs 3Haka Teronoroka ¢(0,1)=0, KOTOpbIE OKA3bIBAKTCA
paBubiMu 3/8 u 7/8 T UuTcrprpoBaHie BeIMUMHB! TEIIOMNOTOKA Yepe3d
NOBePXHOCTL N0 BPCMEHU B Ipefeaax HaiIeHHbIX MoaylepUuoioB Ha-
rpeBaHus (OXIAKIEHHs) JAeT BbIPAXEHUE AT BEJIMUMHBI Te10060-
pora B
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"TC
B=v24,- =2, (2.15)

rae C, — oGbeMHas TeMIoeMKOCTs Nopo, BeandnHa reruiooGopora B
IIMPOKO UCITIONL3YETCsT MPU WCCAeJOBAHUM [Tpoliecca TelioobMeHa
TIOpPOJ C BHEIUHEeH cpeilod U BXOIUT BO MHOI M€ PACYETHBIE 3aBUCUMO-
CTH.

PaccMoTpeHHBIE BbILIE TEOpeTHYECKHEe 3aKOHOMEPHOCTH B peaib-
HOCTH OCHOXHAIOTCH MK WCKAXKAIOTCH PA3INUYHBIMU (paKTopaMH, He
YYUTBIBAEMBIMU TEOPHUEH MepromuyYecKH YCTAHOBUBILMXCH TeMIepa-
TYpPHbIX KojeGanuit. locTato4HO CKa3aTh, YTO B [IPUPOAHBIX YCIOBH-
X, KaK NPaBMJIO, KaXIbIM MocNenyouMil UMK KoaebaHuil Temnepa-
TYP Ha NMOBEPXHOCTH HM 110 OIHOMY M3 IAPaMeTPOB, 33 MCKIIOUEHUEM
IUTMTETEHOCTH IEPHO/Ia, MOJTHOCTBIO He [OBTOPSET MpeablAynid, 3To
OTHOCHTCH K CYTOUHBIM HJTM FOOBBIM KONe¢BaHHAM, HO, [0 BCeil Be-
POSITHOCTH, XapaKTepHo U JUIsi MHorolieTHUX. [ToaToMy npy aHanuae,
HanpuMep, rofoBoTo LMKIA TEIAoo0MeHa B IOpPoJax MCIMONB3YIOTCS
CpelHeMHOIOJIETHUE BEUYMHBI paciipeNe/IeHUs TEMITEPATyp MoBepX-
HOCTH [OPOJ BO BHYTpUrogosoM repuode I[lpu sToMm temnepaTypHsil
PEXUM TMOPOI B KOHKPETHBIN TOJ MOXET 3HAYMUTENIBHO OTIUYATLCS OT
TAaKOBOTO, [OJIYYAEMOTO PACYETHLIM TTYTEM.

Hanuuue ¢hpoHTOB NpoMep3aHUA—~—IIPOTAUBAHUS B YC.IOBUAX IIe-
pHOIMYECKU YCTAHOBUBILEIOCS TEMTEPATYPHOIO PEXUMa OKA3bIBAaeT
CYIIECTBEHHOE BJMSIHME Ha (hopMUpOBaHUE TeMIeparypHOro IoJs
MOpOx — BBICOKHMU 3HEpreTUdecKuil YPOBeHbB [IPOLECCOB BbIEAEHMUS
(rornoleHUA Tema MpU KPUCTALIN3AUMM ([LIABIEHHU) BOJBI B [10-
POBOM TPOCTPAHCTBE [OPOX BEAeT K CYLIECTBEHHOMY COKPALUCHMIO
MOIIHOCTH C€J10f TOJOBbIX TEILI0000POTOB, POCTY BENMYMHBI MOCHEI-
HUX, U3MEHSET CKOPOCTH [IPOXOXACHUA 0 pa3pesy (pa3 TeMMeparyp-
HBIX KomeGaHuit v T.1. OIHaKOo YKa3aHHble U3MeHEHUS HOCHT B OCHOB-
HOM KOJIMYECTBEHHLIN XapakTep, TaK Kak OCHOBHbIe O0ll[Me BLIBODI,
crenyroume U3 aHanusa peteHuss Gypoe (2.8), Mpu 3T0M 0CTAIOTCS B
cuie. 3o nozsonuno B.A Kyapsisiiesy paspaboTtars oB1IYI0 U TOYHYIO
METOAMKY pacyera ryOuHBI MPOMEP3aHNI —TPOTAMBAHMST BAAKHBIX 110~
PO, KOTOpasi OCHOBBIBAETCA MMEHHO Ha 3ToM pelueHuun (Kynpasies,
1961—1967)

Cnenyet ocobo NMOAYEPKHYTh, YTO PACCMOTPEHHBIE BBILLIE 3AKOHO-
MePHOCTH (POPMUPOBAHHUS TEMIIEPATYPHOIO MO B TOPHBIX MOPOAAX
HE YYHUTBIBUIM HAJNMUKUS POPH3OHTAAbHLIX K BEPTHKAIbHBIX [TOTOKOB
tervra. Hanpumep, eciu npMHUMaTth BO BHUMAHUE CYLUECTBOBAHME [IOTO-
Ka TeIna ¢ u3 Heap 3eMJIu, TO CpeiHerofoBas TeMIeparypa fmopoi rno
TAYOUHE €105 ¢ TONOBBIMU KoMeOaHus TeMIepaTyphl He ocTaeics Io-
CTOSIHHOM, @ MOBBILIAETCA B COOTBETCTBUM € TEOTEPMMHYECKHUM IPai-
EHTOM g, Te€.

1o (2) =15 +(g/ M)z (2 16)
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Teomepmuneckull kospguuuenm (g=q/\) Mpy 3TOM ITOKa3bIBAET, HA
CKOJIBKO FpanycoB B NAHHOHM TOYKe MeCTHOCTM M3MEHseTcs (3a cyer
MOTOKA Terula, UAYLWIETo U3 Helap 3eMyIu) TemIlepaTypa IpU U3MeHe-
HUM TTyOMHLI Ha eMHULY IIWHBL. BenuuuHa, obpaTHas reoTepMmu-
YyeCcKOMY IpalueHTy, Ha3BaeTcs eeomepmuteckoii cmynensro. OHA MOKa-
3bIBAET, HA KAKOM DAacCTOAHMM IO BePTUKAIM TEMIIEpaTypa [opol
u3MeHsteTcs Ha 1°C. [Ins rpyCoOpHeHTUPOBOYHBIX pacieToB Hepeako
NPUHMMAIOT, YTO TeoTepMUYECKas CTYIeHb B Mpefesax KOHTUHEHTOB
cocTaBiIfaeT B cpejHeM 33 m Ha 1°C.

Kpome BepTHKaIBHBIX MOTOKOB Terna M3 Heap 3eMJIM M BbI3BaH-
HBIX MU I'€OTEPMUYECKHX TPAIUNEHTOB TEMIIEPaTyphl B BepXHeil yacTy
autochepsl CYHIECTBYIOT Takke ¥ TOPU3OHTANbHBIE MOTOKU TEIlla,
COOTBETCTBEHHO M TOPHU3OHTANBHBIE TeMITEPATYPHBIE rpagueHThl. Oco-
GeHHO 3HAYUTENIbHBIE TOPU3OHTANBHBIE TEMITEPATYPHEIE IPAMEHTS! B
TOPHBIX [1OPOAaX HAOMIONAeTCs MpU MEPEXoHax OT OMHOIO IMEeMEHTA
peibeda K 1pyromy, ¢ UHOH OpUEHTUPOBKOH MO oTHOLeHUIO K ColiH~
1y, OONMBIIMM WAM MeHBIIMM HAaKJIOHOM TOBEPXHOCTH M YBJIAXHEHU-
eM, OT CylY K MOPCKUM HWJIU O3€PHBIM BOJOEMAaM, 4 Takxe K 6Gob-
1IMM BomoTokaM. JIpyruMH cloBaMK, B eCTECTBEHHBIX YCJAOBUAX yalile
BCETo NMPUXOAUTCS BCTPEUaThCH He ¢ OJ(HOMEPHBIMU, a ABYX- M TpeX-
MEPHBIMH TEMITEPaTyPHBIMU TIOJIAMHU.

2.2. IIpomep3aHue ¥ NpoTauBaHHe FOPHBIX NMOPOJI

Boiwre (cM. 2.1) paccMaTpUBAUCh TeMITepaTypHble NoJig Oe3 yuera
(bazoBeIX TEpeXOHOB BAard, T.e. 0e3 yyeTa 3aMep3aHUsl UIU TasHMS
BOJBI B TOPHBIX NMOPOAax Mpu nepexome TeMileparypel yepes 0°C. [Jpy-
TMMHM CJIOBaMH, aHAU3UPOBATUCH TPOLIECCHI HATPEBAHMSA MM OXJIaXK-
IOeHus NopoJi, a He coDCTBEHHO MX MpoMep3aHue UM MPOTauBaHUeE.
Takue cnyyam XapakTepHbl U TOPHBIX MOPOId, B KOTOPBIX MPAKTH-
YeckM OTCYTCTByeT Bozia. Hynepas uzorepMa B 5TOM clydyae MPUHIIM-
NMaIbHO He OT/IMYaeTcs oT 1000 NPyToil H30TePMbl TeMITepaTypHOTO
OIS

B neitcTBUTEIBHOCTH BO BIAXHBIX TPYHTOBBIX CHCTEMAX BOJIM3N MK
Ha HyJieBOM U30TepMe MPOUCXOMAT BaXHBIE Terodusnyeckue u ou-
3UKO-XMMUUECKHE TIPOLIECChl, OMpEeneNsIonIMe KaK cBOHCTBa, CTpoe-
Hye ¥ cocTaB Mopoj, TaKk K 0COGEHHOCTH TeMIIEPATYPHOTO I1OJIs [Op-
HBIX nopof. BaxHeluiyM U3 3THX IIpOLIECCOB ABIsETCS [epeXol Conep-
Xallefics B MOpoaax BOAbI U3 XXKMIKOTO COCTOSIHHS B TBEpRoe U o0par-
Ho, nocko/ibKy ¢ 3TuMu (ha3oBBIMH TIepeXonaMu CBSI3aHO BblaeJIeHue
Uy nornowerne Gonplloro Konuuectsa terna. [Toatomy B o0nacty,
Tne vayr ¢azosble repexoinbl, Kak Obl BO3HUKAIOT JOMOIHHUTENbLHbIE
HCTOYHUKM WMAM CTOKM TeNna, KOTOpble CYLIECTBEHHO BIUSIOT HA TEM~
NeparypHoe mose NMopoi U ero AMHamuKy. Tak, npu OXJIaXIeHUN HIXe
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0°C nucnepcHoit nopoasl ¢ BiaxHocThio 20% B pesyibraTe 3aMepsa-
HUA BJIar", coaepxauleiicst 8 1 r nopofsl, Beiaeasercs nopsaxa 70 Jhx
Tellja, KOTOPOro 0Ka3anock OBl JOCTATOUHO AjIs1 HAMPEBAHUS 3TOTO XKe
rpaMma nopofast moutu Ha 40°C KomuuecTso Teria Qqn BbIIEASIOLIE-
rocsl Uy NorfolaeMoro MpH MOTHOM 3aMep3aHuy UMM OTTAaMBAHUU
eAMHULSLI Macchl NOPOabl ¢ BECOBOH BIAXHOCTBIO (NBAUCTOCTHIO),
pasHOit W, u 06beMHON MACCOI CKeJleTa v, , OTPENeNsIeTCs U3 Bblpa-
KeHUs

Q(b:l‘ ;BYCK’ (2 17)
rae £=335 000 kx/M> — obbeMHan TerroTa $a3oBoro nepexona Bomibl
B Jieq U HaoGopoT

OyeBHIHO, YTO B Mpollecce 3aMep3aHKs BIAXHBIX NOpo MOHMXe-
HMe ux TemrepaTtypbl (Huxe 0°C) JOMKHO NMPOMCXOOHUTh MedaeHHee,
yeM npoctoe Mx oxaaxacHue [IpoMep3aioluit CIoi 10pHBIX TOPOLn
MpH 3TOM TOJIKeH MpefoXpaHsTh HIDKSTCKAUIUE TOPOabl OT WHTEH-
CHUBHOTro OXJXKIEHMs, TOCKOJIBKY HYACBASI M30TepMa He MOXET 1o/-
BUHYTbc BrAyOb, MOKA HA 3TOM IpaHMle HE NMPOU3OHAET 3aMepiaHie
Bceil cBOOONHOMN BOAB! M He BBIIEJUTCS COOTBETCTBYIOLIEE KOJUYECTRBO
TEIUIOTHI KpucTanuizauuu Hynepas uzoTepMa B JaHHOM CRydae Ciay-
XKWT TpaHULEel pasgena Taoi (HenpoMep3ileit)  Mep3aou (TpoMep3-
uleit) 4acTH mpoMep3alouieil MOpoAbl W Ha3bIBAETCH 2paHulel, UK
ponmom, npomepzanus HaobopoT, nporauBaHne Mep3fbIX [Topos 3a-
Me[AasieT WX HarpeBaHue, focKoAbKY Bosibliias 4acTh Terna, nocryra-
OlLero B MOPORY, 3aTpauuBaeTcs Ha (a30BbIA Iepexo JTbaa B BOAY
BONM3M HY/TeBOM U30TepMbl, KOTOpas B AAHHOM cllyHae ABJIsSeTcs rpa-
HU1lel I (ppoHTOM MpoTauBaHMs Takoe BO3ACHCTBUE HA TeMiepa-
TYpHOE MOJIE NPOMEP3A0LIHX UM MPOTAUBAIOWMX TIOPoA azoBbixX
NepeXo0B BAATH, COBEPIUAIOIUMXCH Ha HyaeBo# u3otepme, M M Cym-
MH HAa3Bajg HyneBOW 3asecoit

B coOTBeTCTBMM € 3THM siBAeHMeM IMyOMHA NPOHMKHOBEHUS rap-
MOHMYECKHMX (CHHYCOMAANbLHBIX) TeMIIEPATYPHBIX KonebGaHuil B rop-
HBIX MToponax NpH MpoTeKaHWM B HUX (PA3OBLIX MTEPEXOAOB BRArK OKa-
3bIBAETCA CYLIECTBEHHO MEHblle, HEXEAU B CYXHX nopogax, riae npo-
LlecCHl 3aMep3aHist U OTTAMBAHHA Bard OTCYTCTBYIOT B ToM ciydae,
Korjaa aMIUIMTyRa KoJaebGaHU| TeMIlepaTyp Ha TOBEPXHOCTU OKAa3blBa-
eTCH MeHbIIE CPeIHEr010BoI TeMITepaTyphbl Mopon (4, < [t [}, dazosble
Tepexo/ibl BI4ATH OTCYTCTBYIOT U [yOMHA npOHnKHoseHm rOMOBBIX
KoneGaHvit TeMIeparyp oxasbiBaeTCs HanbonswWey (puc 2 7) B npo-
TUBHOM ciTyyae (4, >]t ]) B BepXHell YacTy paspe3a FOPHbIX MOpPoJ Pas-
BUT C/I0H Ce30HHOTO OT‘TaHBaHIfm (1, <0) [TOJCUTRAEMBIIT MHOTONET-
HeMep3abIMy ropoaamu, nubdo Ce30HHOTO npoMep3aHus (7, >0) noj-
CTH/TaeMblit TaibiMU nopogamy Hanmuuue ciog cesoHHoro npomep3a-
HUA (MM OpOTaMBaHWUA) NMPHUBOLUT K CYLUECTRBEHHOMY COKPAIUEHUIO
MOLIHOCTH CJiod ¢ TOAOBBIMU KoNeGaHUusIMU TeMiepaTtyp (cM puc 2 7)
STO CBHA3AHO C TeM, YTO 3HAYMTENbHAH YACTh FOJOBBIX TEII0o000pO-
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Puc. 2.7. 3asucumocts Bemiunn M, & € OT COOTHOWICHMS CPCAHCrOL0BOM

TEMACPATYPBI { , M AMIINTYILE TSMACPATYPHBIX KONEOAHMH HA [IOBCPXHOCTH A
! — m)Gmm HYRBHIX TOOBLIX amniwTyn M, upnr <t <t < fy S 1, 2 -

o p, ey ;
mIYGHILA CEI0IHOIO OTTOMUBAIIKSI nopon, J—1 lmem ccaolitiors leOMepMHMSI 4 —"druda-

IOULHC 1eMIICPAIYPIBLIE KPUBBIC 5[ W i um‘ ¢ n =28 1pui npy - rn ,ipu it W rcm

gy \|\U’ 5011 o2
CCICHIIOE NPOMEPIOHHE M OITE\HBMIIIC OICYyrCroyion

TOB, KOTOpas Morna Obl 1TOITH HAa HarpeBaHue WM OXJaXIEeHue 1o-
POI, 3aJeralouInX HUXC closl CE30HHOTo MPOMEP3aHus WY poTau-
BAHUS, 3aTPAUMBAETCH B ITOM C/10€ Ha (Pa30BbIe MEPEX0abl BOALI B Jel,
u obparHo. [loaToMy TemneparypHasl BosHa MPOHUKAET Ha MEHBIUYIO
ray6uny. Ipuuem tem 60/1blie MOUIHOCTE CJT0A & WITH €,p» TEM MEHb-
we 6yaeT MOLIHOCTE CTOSl ¢ TOJOBBLIMU Kone6aHNAMY TeMHepaTyp H.
W nakoney, npu 1, =0°C (em. puc. 2.7) cnoii rofoBeiX kolebanuit TeM-
neparyp COBNAAET N0 MOLLHOCTH CO CAOSIMH CE30HHOIO npoMep3a-
HUs uan nporausanust (§=H ), T.e. Bce Tenno006OPOTHI MPOUCXOAAT
TOABKO B cjloe IPOMEPIAHUS WIN ITpOTauBaHMUs, a HIDKeJexailue
IIOPO/Ibl Me NOABEPraloTesl HH OXJaXAeHHIO, HYU HarpeBaHulo. B atom
ciryuae MOXeT HabjloJaTbesl NPOLECC KAK CE30HHOTO IpoMep3aHius,
TaK ¥ ce30HHOro npoTanpaHus. Bee Gyner 3aBucCeTh OT TOrO, B KAKOM
COCTOSIHUY (MHOTOJIETHEMEPINIOM MK TANOM) BYAYT HAXOAUTLCS hoo-
cmunaiowiie nopodul. I1pu atoMm cieayeT 0cobo MONYEPKHYTh, YTO MOLI-
HOCTb CJ1051 CE30HHOTO NMPoMep3aHus (TpOTAUBAHNS) TIPH £ '“O C oka-
3bIBAETCS MaKCUMATbLHOW, yOblBasi Mo Mepe ygeauuexus abeontommuoix
Snavenwu 1. Taknum obpasom, enybuna pacnpocmpanenin 20006uix Kone-
banu meMnepam}pbl MpH HaTUYUUW fpollecca Ce30HHOTe MpoMep3a-
HHUA (mpoTamBaHUa) paBHa:

11, = Enon + - (2.18)

B cioe h,, pacroaraioeMes MEXIY MOAO0LIBOH CJlOsI CE30HHOIO
NIpOMep3atius (WM MPOTAMBAHMS) U IAYOUHOM 3aTyXaHHs TOLOBbIX
KoneGanuit reMmneparyp (cM. puc. 2.7), ¢azossle repexonsl BI4ard B
Oposax npakTu4eCKy OrCyTCTBYIOT, & [IOTOMY 715l 9TOrO CJ10sT OKa3bl-
BAlOTCS cripaBeIMBbIMU paHee paccMmoTpeHHble B (2.1) 3akoHbl Py-
bre. Uenonpsyst hopmyay nis pacyera riybHHbI IPOHUKHOBEHHST TeM-
Uepatypunix kosebaHni (2.18), MOXKHO pacyuTaTh MOLIHOCTL CJIOA h,.
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Tpy HamuyYuK COST CE30HHOTO IIPOMEPIAHUS WU CE30HHOTO [1po-~
TAUBAHUSA U3MEHEHUE CPEIHETONOBOI TeMnepaTtypbl HOPOA ¢ IayOu-
HO# CYLIECTBEHHO OTIMYAETCH OT €€ U3MEHEHNS B CIYYyae OTCYTCTBUS
(hasoBbIx MepexoaoB. B uegom, ecay yuutbiBate Haubosee cyiecTseH-
Hble (aKTOphl, BIMSIOWME HAa QOPMHUPOBAHME TEMIEPATYPHOIO NOJsS
FOpHBIX OPOA NPH MEPUOAUYECKH YCTAHOBUBILEMCS TeMIEPAaTYPHOM
pexuMe, TO M3MeHeHHMe CPEIHEeronoBod TeMIIEpATyphl 10 riybuHe
(¢, (z)) MOXHO IpEACTaBUTH B BUNE JOMAHHON JUHWM, COCTOSILEN U3
pfma HPAMOTMHEMHBIX YJacTKoB. PaccMOTPUM STY KpUBYHO pasienbHo
JUIA CIIyyaeB CE30HHOTO IPOMEP3HANST M CE30HHOIO NPOTauBaHus (PHC.
2.8) HayyHas cO CPeAHErofOBOM TEMIEPATYPhl BO3AyXa f; HA BHICOTE
2 M, KoTopast o6bIYHO M3MePSETCS Ha BCEX MeTeOCTaHLUsIX.

B npuzemnom ciioe Bozayxa (0—2 M) pu aToM Hab/I0AaeTCs 10~
HIDKeHue CpefHeroqOBOM TeMITepaTypsl M0 Mepe YAANeH!s OT 3eMHOM
MOBEPXHOCTH, T.C. tc”>t:, rae ¢7 — CperHerogoBasn remMueparypa Ha
ITOBEPXHOCTH TOKPOBOB. Chai3aH0 910 ¢ TEM, YTO AMEHHO 3eMHas (AHEB-
Had, WIH aKTHBHAA) ITOBEPXHOCTH, MOMIOLIAIOWIAST COTHEYHYIO panl-
aumulo, rpeet Bo3ayx (a He HaoGopoT). B Tom ciydae, Korga Ha MoBepx-
HOCTH TOHBIX IOPOX OTCYTCTBYIOT Kakue-~1100 oKpoBsl, CpeaHerono-
Basl TemepaTypa Bo3[yXa oKa3blBaeTcsl HUXKe CpelHEroloBoi TeMiie-
PATYDbI MOBEPXHOCTH TPYHTA ¢, HA BEJAMYMHY TAK HA3bIBACMON padua-
yuoHHou nonpasku (At,), He npesblilatoei o6braro 1°C. Tpu Hanu-
YU Ha TPYHTOBO}! MOBEPHOCTH Pa3nU4YHOIO pojid IMOKPOBOB MEPexoll
oT t“ K cpexHerogoBo TeMiiepatype OBEPXHOCTH IPYHTA I“oxaablaa-
eTcs Bonee CIOXHBIM, TOCKOJIBKY [TOKPOBbL MOTYT OKA3bIBATH KAK OTEIl-
AAIOLee, TAK W OXJAXAaloWee BIUSIHUE.

a (..;p & r!cp
«+°C  lom .\ lucp 0 fmax fmo g .\_(ncp Imax +£°C

"—.Cp

g

Hios

e e e o
Hvom

-
&

4

Puc. 2.8 VismeHeHUe CpeaHerogoBoil TeMIEPATYphl ¢ IAYOMHON Anf Ce30HHOTOo
OTTBMBAHMA (d) ¥ ce30HHOTO mpoMep3aHus (6) nopox:

s P, B, — CPCAHETONOBbIC TEMIEPATYPL BOIAYXQ, Ha NOBEPXHOCTU MOKPOBOB, Ha
NOAOUIBE C10 CE30HHOTD OTTAMBAHMS (IPOMEP3AHHUA) COOTBETCTBEHNO, &, &, — COOTBET-
CTBEHHO FAYOMHBI Ce30HHOTO OTTaWBamus, NpoMepsanns, H, —— riyOMHa NPOHHKHOBCHUSA
1020BbIX KoneBahuil TeMnepaTyppl, H, — MOWJIOCTL MHOTONETHEMEPIIbIX TIOPOA

M
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He ocraercs noctosiHHOW cpelHeronoBas TeMmeparypa W B cjoe
Ce30HHOIO MpoMep3aHus (npoTauBaHus). OHA MOHMKAETCH C ray6GH-
HOW, YTO M NMPWBOAUT K BO3HUKHOBEHWIO [1EPBOTO M3JIOMa pacCMAT-
pUBaeMON TEMIIEPATYPHON KPHUBOM HA MOBEPXHOCTH TOPHBIX MTOPON
npy z=0 (cM. puc. 2.8). [IpuuuHO# taKoro NMOHHXEHUS f, Bcaoeg
ABMSICTCS PA3NMUKeE B 3HAYEHUAX K03dPHLMEHTOR TBHHOHPOBOJIHOCT]/I
TIOPOJ 3TOTO CJ/IOST B TAIOM A_ M MEPIJIOM A COCTOAHUSAX, YTO B CBOIO
OUEPEND CAYXUT NPUIKHOH GHOPMUPOBAHUSA B C/IOE TAaK HasbiBAeMoii
TEMMEePATYPHOW CABUNKKHK Af, ONpelensieMol KaK pasHOCTb
MEXIY CPeaHEeroloBOit TeMMepaTypoll Ha ITOJONIBE COsI CE30HHOTO
poMep3aHusa ([TPOTAURAHUS) rjp M CPEJHEroJIoBOM TeMIepaTypoi
MOBEPXHOCTH MOpod Npu MEPUOIHYECKU YCTAHOBUBILEMCS TeMiepa-
TYPHOM pexXuMe:

Aty =18 —13,. (2.19)

BaxHbIM 06CTOSTENECTROM ITPH 3TOM SIBASETCH TO, YTO Ha J1060H
rayOuHe ciiost TOROBBIX KOoneOaHWil TeMIIepaTyps! BHIMOJHSIETCA Ga-
JIAHC TeruIa, T.¢. 3a NOAYIepHOI HArPeRAHUA B [PYHT OCTYITaeT Teraa
POBHO CTONbKO, CKONBKO €r0 YXOMMUT 33 [OJYMepHON OXNaXIeHMUS.
Huave nepmonuyeck yCTaHOBMBILHIACH PEXHUM He MOT Bbl CyLLIECTRO-
BaTb. Hanpumep, eciii 6ol B TTONIyriepuoa HarpeBaHMs TeTia MocTyna-
Jo OBl Gonblle, YeM ero OTBOAWJIOCH OBl M3 I'PYHTA B MOJYNEpHON
OXJIAXKIEHNS, To LeJ OBl IIPOLlecC pa3orpesa MOpod, U UX CpegHero-
JIOBAag TeMMepaTypa MoBbellaiack 0wl co peMeHeM. CylllecTBOBaHHE
OanaHca «MPUXOIAILEro» U «YXOISLLETO» TEMNA HelIOCPeICTBEHHO MPK-
BOAUT K TOMY, UTO B FOpHLIX MOPOJAX, [T KOTOPBIX XapaktepHo pa-
BEHCTBO TeNnodU3NYECKHX XapaKTEPHUCTUK B TAIOM U MeP3/IOM COCTO-
SIHMM (B MepBYIO oyepenb KOIGGUUMEHTOR TEIIONPOBOAHOCTH: A =
A,), TeMIepaTypHast CABUXKKA OTCYTCTBYeT U 75~ 7). Ecnu xe A, # k
Taxas coBWKKa cyluectsyeT. [Ipy 3TOM, Kak [OKA3AMM MHOFOUMCTEH-
HBIE pacyeThl ¥ Pe3yNbTaThl MOAECHUPORAHNUS, APYrUe Terioduanyec-
KHe XapaKTepycTUKH, TaKue Kak TernoeMkocTs C . v Ternora ¢aso-
BbIX repeXxooB O, HA BeTU4MHY CIBUXKY HpaKTI/I‘{‘{eCKM He BAMURIOT.
Cornacuo p’lCl{eTHblM W 3KCrepMMEHTA/bHBIM JAHHBIM, Al U3MeHs-
eTcst o6LIuHO B mHTepBane 0,5—1,5°C.

Huxe cios cezoHHoro rpomep3aHus (IIpoTauBAHU) TeMIlepaty-
Pa nopop 3a cHeT reoTepMUYECKOrO rpaavieHTa fOBBILAETCH C MNyoH-
HOH, 4yTo MPUBOIUT KO BTOPOMY M310MY TeMIepaTypHol KpuBoit HA
NofomBe /1051 CE30HHOTO MPOMep3aHUs Wy nmpoTansanus 15 . Tpu-
€M ecnu 15 <0, To B pa3pe3e NPUCYTCTBYIOT MHoroneTHeMepanme no-
PORBI, ¢ roAOLBOIL KOTOPBIX CBA3AH ellle ofuH (TpeTHil) U3NoM pac-
CMaTpusaeMoit TeMmriepaTypHoil Kpusoit (cM. puc. 2.8, a). Tlpu 3Tom Ha
HUXHelt rpaHMUe MHOTONETHEMEP3AON TONIM KOHTAKTHPYIOT Taable
Y Mepsnsle noponsl, obaanaouye B oblem ciydae pa3iudHbIMU Ter-
Todusiyeckumu cBoiicTBaMi (Kak mpaBiito, A, > A ). Ho ecnn ara
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rpaHUlA He JBUXKETcd, TO TEIUIONOTOKYW B Mep3lodl M Tanoil 3oHax
HOJKHBL ObITh paBHBI ¢ =¢, T.e. A grad: =i grads. Tlpu A, > A,
grads <rpan# T.e. TeMIeparypa ¢ r1ybuHoi Bo3pacraet OblcTpee B Ta-
Jolt 30He, YyeM B Mep3noil. B pesynpTare Ha rpaHuIle pasiend TeMIepa-
TYpHas KpUBAsl U Tiperepriesaet usaoM. Ecau 15,>0, T.€. B paspese MHO-
roJieTHeMepaible MOpPo/ibl OTCYTCTBYIOT, TO HIDKE CNOst Ce30HHOIo Npo-
Mep3aH1s TEMITEpATypHas KPYBas OKa3blBAETCH MPpSMONUHERHOR (CM.
puc. 2.8, 6).

Hrak, pelweHne 3agayu TenjonmpoBoLHoCTH 0e3 yyera
tdha30BbIX NEpexon0B, chopMyaupoBaHHOe B 2.1 B BHIe 3aKOHOB
Oypbe (2.11)—(2.13), xorg ¥ MmeeT GoNbliioe 3HaAUEHUE A obLLero
MTOHUMaHUS NIPOLECCOB TeIIoONePeJauH B FOPHLIX NOpojax, s CTpo-
roro KoJIM4ecTBEHHOTO OMUCAHUA 3THX NpPOUEccoB MPUIOLHO JIKLIL
1JIS1 OYEHb Y3KOro KJ1acca NpuponHblx o6bekToB. K Takum obbexTaM
OTHOCSITCSI MaCCUBBI TOPHBIX NOPOJL, VISl KOTOPBIX npoleccamy haso-
BbIX IT€PEXOL0B BOAL! MOXHO npeHebpeyb. K HUM OTHOCSITCS MacCuBbl
MOHOJUTHBIX WX IPEHUPOBAHHBIX TPELWIUHOBATHIX CKANLHBIX Mopol,
MTOJHOCTBIO APEHMUPOBAHHBIX PHIXJILIX ITOPOA (UTO BCTPEYaeTCs KpaiHe
PEenKO), MacCHBhpl TATBIX UAM MEpP3AblX TIOPOM, B KOTOPBHIX 3a BpeMs
Ha6moneHuit ha3ossle repexonnl oTCYTCTBYIOT. B Go/ibIIMHCTBE Cryya-
eB Oe3 yyera ha3oBbIX NEPeXoiOB HEBO3MOXHO [TPABUIIBHO KOIMYe-
CTBEHHO OXAPaKTePH3OBaTh TEMIIEPATYpHBIE [OAS1 MACCUBOB IOPHBIX
[10pOA ¥ UX U3MEHUS BO BpeMeHHU.

Ipun aroM c dasoBbiMi NepexonaMy B CHEKTPE OTpULIATEsIbHBIX
TEMIIEpAaTyp OTpefeSieHHBIM o0pa3oM CBA3aHbi [poLlecchl MUIPALUK
BOJb! B MOPOJAX, KOTOPLIE, C OXHON CTOPOHBL, BAMAIOT HA Xapaxkrep
dopmupyollerocsl B Nopojax IoNs BRAAXHOCTHU (AbIUCTOCTH), a ¢
Ipyro# — OKa3blBAIOT 0OpaTHOe BAMAHME HA Tpouecc aloBhIX Ie-
PEXOIO0B, & 3HAYMT U Ha TeMMnepaTypHoe nofie. Hakowel, ysenuueHue
0ObeMa BoABI ITPH 3aMEP3aHIU, A TAKKE MUTPALMH €€ B TPOMEP3AIOLLYIO
30HY MOTYT MPUBOAUTE K M3MEHEHUIO NoNeit HanpsKeHWH B flopomax,
4TO TAKXe UMeeT obpaTHYIO CBA3b C fpolicccoM MpoMep3aHus (Ipo-
TanBaHus). BaxHoil 0coGeHHOCTHIO 30HbI (PA30BBIX MEPEXONOB, B KO-
TOPOH MPOUCXOAST OIIMCAHHEIE MTPOLIECCHI, ABAAETCA TO, YTO ee M0J0-
XeHUe Mo rayOuHe co BpeMeHeM He OcTaeTcsl MOCTOSIHHBIM. D1a rpa-
HULA (30HA) OBIKETCS U Ha Hel HabnoqaeTes ckayoK 3HAYEHHH Ter-
NIOBBIX MOTOKOB, [MOCTYMAIOMMX K 3TOH IPaHULE M YXOOSILLMX OT Hee.
BTOT CKAYOK U OTIPeAETIACT YOI08UA OGUNCEHIA (PA30BOI 2PARULLL 6 IMOAUYE
nopoo.

HonycTuM, YyTo Ha MOBEpPXHOCTH MACCUBA I'OPHBLIX MOPON, K HUX-
Hell rpaHylie KOTOPOTo U3 Help 3eMAM MOCTYilaeT MOCTOSHHBIA Ter-
JIOBO# MOTOK ¢, B HEKOTOPBIM HAauaTbHbIA MOMeHT BpeMeHH 1=0 TeMrie-
paTypa nepewna depe3 0°C, M Hayaics mpolecce npomep3anust (puc.2.9).
Temnepatypa Ha MOBEPXHOCTH ellle HEKOTOPOE BpeMst MTOHIXKATACH, a
3aTeM YCTaHOBMJIACh MoCTosSHHOM (oTpruareibHoil). M, Hakowel, no
MPOLLECTBMU elile HEKOTOPOro BpeMeHM OHa Hayana [MOBBILUATHCA,
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Puc 29 JAunamuka mpoasrxeHus1 daszosoi

rPaHHLBI IPH U3MEHSTIOLILMAXCS TEMIIePaTYPHbIX 1 (L -

—_———

yCJIOBUSIX Ha MOBEPHOCTH * &
1—I11l — cTaauM u3MeHeHMA TemnepaTypbl BO ./

ppeMenu (I — nonuxenue, |1 — crabunuzaunus, 11 — 9u

TIOBLILIEHHUE), & — NOnoxeHne (HA3OBONA rpaHuLbL, g, 9 @

¥ g, — WIOTHOCTS TENIOBOTD NOTOKA COOTBETCTBEH-
HO OT £ K NMOBEPXHOCTH U U3 TAION 30HBI K §

| |
Fr<gu |qT'qM gr Iqr>7u
z

oCTaBasiCh oTpUliaTebHO!. B 3ToM ciyyae npouecce npoMepsanus (1po-
TaBAHUA) ITOrO MACCHBA UMEET YETKO pasiuyMMble TPU CTAZHH (CM.
puc. 2.9). Ha repBoit craouy oTeoz Tellia g, oT o6pasopagiueitcs daso-
BoM I'paHWUBl 0Ka3plBaeTCsl DoJiblle, YEM TIPUXO €To M3 Helap 3eMiu
g, T.€. ¢, >q_. B pesynbTate 3Toro npoucXoauT ppoHTaibHOe NpoMep3a-
HUe, rpauulia & IBUXKeTCs BHU3, T.e. d€/dr=£'>0. Ha Bropoii craauu Ha
dazopoil rpaHuUle £ ycTaHABIVBAETCH OanaHc NPUXOASILIEr0 M YXOIs-
LIETO Tenaa, T e. 4, =¢,. 'paHuIa npoMep3aHHs TIpH 3TOM OKa3bIBAETCS
HEeNoLBUXHOMN, a E,’=(5 W, HakoHeLl, Ha TpeTbeil CTAAUM [TOTEIeHue
HA MOBEPXHOCTH NPHBOLUT K TOMY, 4TO Tella OT rPaHULb] & OTBOLUT-
cAl MeHbllie, YEM ero MocTyIaeT U3 Help, T.e. 4,<q,. B atom cryuae uner
OTTauBAHUE Mep3/bIX MOpoa cHU3Y. I'paHuLa oTTaMRaHUS £ TBUXKETCS
BBepx, a &'<0. MMenHO Tak BO MHOIMX cayqasX MPOUCXONUT NIPOLECC
MHOTOJIETHETO TIPOMEP3AHUST M OTTAMBAHUS MACCUBOB FOPHBIX MOPOL.

Crenyer OTMETMTb, YTO HEPABEHCTBO ¢, M g, T€ g, —q =Aq, & Ag=0,
ABASETCS Heobx00uMbiM YCIOBUEM TTPOTEKAHUS NIPpoitecca Ga30BbIX [ie-
PexooB B IIpoMep3aiolleil Wiy nporaupamolled mopoae. [lpuueMm 3a
moboit oTpe3ok BpeMeHM At [IPOTAMBACT WIK npoMep3aeT TAKoH ciiol
IpyHTa AE (Af =&'At), Ha Qa3zoBbIe epeXOAbl BOABI B KOTOpOM (Q, AL)
yimeT Beg pasHMLa MEXIy Mpuiuediium K (GPOHTY W YIIEMIHMM OT
Hero konuyecTsoM Tellia {(AgAt). Ipyr¥Mu cloBamMu, TerioBoe yeio-
BHe HA [OBMXHOH rpaHKlle MpoMep3aHus WIH NMpoTalBaHKsa TOPHBIX
opon MoxeT ObITh 3anncaqo B uge At(g,—¢)=0, WAE W3 storo Beipa-
KeHust MoxkeT ObITh HalIeHa CKOpOCTh NPOMEP3aHusl WK IpoTansa-
HUS TOPHBIX MOPOII, T.€. CKOPOCTh ABUKEHUS IpaHulibl pasoBbIX Iepe-
XO[ORB Byaru

EJ' ~ Gu — 4
Q(l)
Ortcya cnenyer, yto HarpeBaHue 3aaeraroumx nod GazoseiM hpoH-
TOM ropop 3a CHeT BLLIE/SIOLIeHCS TP NPpOoMeP3aHHK TeIIoTh! dazo-
BbIX Mepexof0B HEBOSMOXHO, TAK KAaK 3TO TEMNO MOXET BblEEIATbHCS
TONbKO Torga, Koraa OHO MOXET OTROAUThCS. [IpuueM ero Bblaeisiercs
POBHO cTonbko, CKONBKO MOXET OblTb OTBeleHO BO BHellHee IIpo-
CTPaHCTBO yepes BhILLENEXKAIMI CTOM HpoMep3akoLLKX MTOpO/l.
OBbiuHo nonyueHHoe BEIpakeHue olucsiBaeTces B Buie ¢, —q,=Q &'
WIM, packpbiBast BeIpaXeHUs 118 TETJIOMOTOKOB,

(2 20)
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M . =0y =
2z eeo Tt (.21)

rae f Vi f — TEMIIEPATYpPa MOpPOJ COOTBETCTBEHHO MEP3NOM M Tanoi
30H. JTO BhIpaxeHHe Ha3pBalT yenoBuaMU Credana HA MOX-
BUXHOW rpaHuue pasaena ¢az. OHo JaeT BOZMOXHOCTb YCTa-
HOBUTB 3aKOH MPoaBMXEHWS $azoBoil rpaHULibl. Tak, B cliyyae [10CTO-
SIHHOH oTpMLATeNbHOM TENEPATYPhl HA [MOBEPXHOCTH NMEPROHAYATBHO
TAnO0T0 MaccUBa rpaHuua IpoMmeps3aHus &(t) NMPOABHUracTcsl B riydb

MACCHBa 110 3aKOHY &(1) = o/t , TIe o — TIOCTOAHHBIA K03(DPULUHEHT,
3ABUCALIMI OT TelTodUIHYECKUX CBOMCTB MOPo/l, HaYyanbHoil TeMIle-
paTypbl MACCUBa U TeMIIEPATYPB! HA €0 MOBEPXHOCTH,

o,

A “A,

22£-0 oz

2.3. ITocTaHoBKa 3aja4yd O NPOMEP3aHHH
(IpoTaHBAHHM) TOPHLIX NOPO]

B 3aBrcuMMOCTH OT MOJIHOTH! yYeTa Xapaxrepa puznyecKux mpotec-
COB, [TPOTeKAIOIINX HA I'paHHUIle (Pa30BEIX HEPEXOAOB U B NPOMEP3at0-
e ¥ B MMPOTAUBAIOILEN 30HAX, BO3MOXHBL HECKOABKO TIOCTAHOBOK
3a7a4M O NPOMEP3AHUM (IPOTAMBAHUK) TOPHBIX Mopod. Beibop Toi
WY WHOM [MOCTAHOBKM U MPaKTUYECKUX PACUETOR OIperenseTcs
ocobeHHOCTAMU CTPOEHWS U CBOMCTB UccnenyeMoil Tonwm ropof. s
MPOCTOThE OYAEM PACMATPUBATL OXHOMEPHBIEC TEMIIEPATYPHBIE MONS B
OJHOPOIHAIX [PYHTOBLIX MACCUBAX.

TlocranoBka 3anayv o npoMep3anu (MPOTAUBAHHH) NoPo] ¢ obpa3o-
BaHueM TpaHuupl paznena ¢as (3apaya Credana). HanBonee npocroit
SIRJISIETCS] [TOCTAHOBKA 3aJayM TIpoMep3aHMs (MpoTanBaHHA) ¢ obpa-
3oBaHueM ¢ha3oBoil IpaHUlbl, T.€. TPAHMIIBI, HA KOTOPOU MOAICPXKU-~
BAETCsI TeMIlepaTypa (ha3oBbiX MEpexonoB Uit JAHHOTO IPYHTA; CYMTA-
eTcs, 4To Bee (pasosbie Hepexoibl BOObl [IPOUCXOAAT Ha STOW rpaHuile
(puc. 2.10). Torga Ha Heil Xe CKAYKOM GYAYT UIMEHSATLCS U TennodH-
3uyeckue cBodcTsa mopon: A #A , aza u C#C rae A_u A, — KoIP-
(UIIMEHTD] TEMTOMPOBOAHOCTH COOTBETCTBEHHO TANIBIX ¥ MEP3INbIX [10-
pon, a 1 a, — xkoa()GULIMEHTb! MX TeMIlepaTyponposoaHoctn, C u
C — Koacb(i)uunembx TETUIOEMKOCTH. DTa MMOCTAHOBKA XOPOLIO ONU-
CbIBAET Mpoliccchl MpoMep3aHusl (IIPOTauBaHMs) B KpyMHooOGIoMOY-
HBIX MOPOAAX M [ECKaX, a TAKXKe B TPEeLIMHOBATHIX (BOJOHACKILIEH-
HBIX) CKaNbHbIX mopoaax. 115 Takux rmopos XapakTepHo To, YT0 npak-
TUYeCKY Bce (Pa3oBble MepeXObl BOAB! MPOUCXOST MPH TeMIISpaType
3aMep3aHus f, pabnoit wiu Gnuskodt k 0°C. Tlpu nanbHelem ronu-
JKEHUM TeMmIlepaTyphl (aseBble Tepexolpl He HabnoaaoTes U Tellio-
du3MYecKre CBOICTBA MOpol OCTAIOTCH HEW3MEHHBIMHU.

MaremaTnueckas GopMYJIHPOBKA 3a1dYM B 3TOM Clyqyae BKJIOYaeT
/1Ba YPABHEHHUs TEMIONPOBOIHOCTA (/I TAIOH M Mep3ioi 30H) U
yenosue Credana Ha DOXBHXKHOM rpaHule pa3gena ¢pas ITo 3anuchl-
BACTCS ClAefyIouIuM oGpazom:
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1 {a=Ss A= const @
C-constT € = const T
1.;_ ..... 7 _.u..r)_..._é____

17 jc = const _C.@_._.._._'.__

@ l=const® t
1Y) C =const

=1 [

(173

8 }lw
S . .
2 = const — li
C = const ®— 1

7 T(T_——~—:_~~
t —
cw Kpnw) @ - *
L = const 4

I1{1C =const Q } t
Kw)

Puc 2 10. Cxema mpoilecca NpoMep3aHus (poTauBaHus) MOpox:

a — ¢ obpa3oBanueM TPaHHUbI paszena ¢as &, § — ¢ o6pa3oBaHUeM 30HBI IPOMEp3aHHs,
8 — C YY4ETOM MHIpalMH BAark B poMep3alollylo 30y, | — Mepaneie (M) 4 npomep3alouine
(np) nopoast, Il — Tanw€ (T) nopoxgbl, / — LUTHPBI CErPErallHOHHOTO JIbla, 2 — NOTOK
Bnar /,, M3 TajbX B MpoMeEP3aloulne nopojibl, 3 — TENJONOTOK g COOTBETCTBEHHO B Tailof,

npoMep3alIel 1 MepanoH Nopojax, 4 — TpaHKNa pasnena ¢as, A,

— BCJIHYMHA NYYCHUS

nopod, K — Xo3d¢uuueAT BIAronpoBOIHOCTH TaNbiX ¥ NPOMEP3AIOIHX NOPOX

mu@_aamum

o oz*
ot,(z,1) 4 62tT(z,r)
on gl
(1), ) =£(8(0), D =t3;
a2 =g,
0z, o T2 \1ues0

,0<Z<§(‘E);‘E>0J

e <z <l;t>0;

dé(t)
at

(2.22)

3

e /| — mojloxeHWE HWXHed T'PAHUILI paccMaTpuBaeMoil obnacTu.
Mocnennue qsa ypaBHeHUS SIRIFIOTCS YCA0GUAMU CONPANCEHUA PeuieHul]
YPasHenui menaonp0SOOHOCHU 8 MEP3A0H U Mol 30HAX HA NOOBUNCHOT
epanuye pasdena a3 (yenosue Cmegpana). OHV «CLUMBAIOT» yPaBHEHUS
TEILIONPOBOIHOCTH U TTO3BONISIIOT PEIUHTH 3Ty cucTeMy. s Toro 4ro-
Ob! moy4ynTh OMHO3HAYHOE pellieHUe TOCTABIEHHON 3ana4yu, Heo6xo-
AMMO IOIMOAHUTD MOCTAHOBKY KPaeBbIMH (HaYalbHBIMU U IPAHUYHbI-

MH) yCIOBUSMMU:

1 (2,0) =, (2), 0 <z <E(0);
£(2,0)=9,(2), §0) <2</,
0 (0,7) = D, (1);

TPaHUYHBIC YCJIOBHA
H@ﬂ=®ﬂﬂ}

} HAYaNnbHBIC YCIIOBUs

9Ta nocraxoska CITpaBeIBa JJIg Mpoliecca KaxK NMpoMep3aHus], Tak U
PoTauBanmst nopos, @ HANPABJIeHHOCT Mpolecca (MPoMep3aHHe W
"POTaHBaHHe) IIpH 3TOM OIIPpEENSIETCSt B XOAE peUIeHHUA 3aavH.
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B nanHo 3amMcH MaTeMaTHYECKOM (POPMYITUPOBKIT 31aUU B Kave-
CTBE TPAaHUYHBIX YCHAOBUH Ha Bepxdei z=0 M HWXHEH ==/ rpannuax
B3SITBI TPAHUYHbIE YCROBUA | pona, T.e. 3afaHLI U3MEHEHMS BO BPEve-
HU 3HAYEHWH TEMIEPATYPbl HA 3TUX TpaHMLax. Bo3voxHbl 1 apyiue
criocofbl 3alaHus rPaHUYHEBIX YCJIOBHE, 2 UMEHHO!

11 poAad, KOroa Ha paHuLe 3ajacTcst 3HAUCHHE TETUIONMOTOKA My

o1(z,1)
TPaMeHTa TeMITePaTypbl ~

= fl)
=0

111 pona, xorga ycnoBus Ha rpaHmliie 3ajaloTcsl B BUe KomMOuHa-
LMK 3HAYEHM I TEMIePaTypbl ¥ rPagveHTa TEMIepaTypsl Ha 3To! rpd-

HULE, TpUYEM 1O OTACABHOCTH 3HAUEHMSI HU TeMIepatypbl, HH | pa-

61(:,1)(
0z

nocTosiHHble Ko3(guuUueHTbl, OMpeaeaseMble XapakTepoM TCI006-
MeHAa Ha [OBEPXHOCTH.

Caynyet OTMETUTB, UTO @,(2), 0,(2), P (1), D,(1), f (1), w(1) s-
JISTIOTCS1 U3BECTHBIMU QYHKUMAMIM CBOUX APTYMEHTOB M 3a3at0TCst 11100
B BUAE ONpeNefecHHOM GOopMYabl, NO KOTOPON MOXKHO PACCHUTATD 1Y
3HAYeHHs B 000N TOYyKe WAM B AIOBOH MOMEHT BpemeHu, yidbo ©
thopme Tabruw A5 ONpeeIeHHOTo IUCKPeTHOro Habopa apryMeHTos
B Haubonee pacipocTpaHeHHEIX B FEOKPUOIOTYMH [IOCTAHOBKAX 38/1a%11
CredaHa rpaHHYHEBIE YCJIOBUS! SIBJISIIOTCS CMELUAHHBIMW: Ha BEpPXHEH
rpaHule, Kak [paBuno, 3azatrorcs yciosust [ pona, a Ha HMXHEH —
11 pona, T.e. 33na@7TCst TENAOTIOTOK M3 Heap 3eMIH.

Pewenne sagayu Credana gaxe B Takoi HanGosiee mpoctoii no-
CTAHOBKE TTOJYYUTh TOCTATOUHO CJIOXKHO, B HacTosLIee BpeMst TONLKO 1
HEKOTOPBIX YACTHBIX CAYUASX TIONYUEHO TOYHOE aHATUTHYECKOE PeLie-
HUe, T.e. pelueHre B Buie ¢GopMyll, MO KOTOPBIM MOXIO paccuulalhb
rmosioxeHue ¢GhpoHTa NpoMep3aust (MPOTAMBAHUI) Y TeMIEpPaTypiioe
rioste Ha 0G0 MOMeHT BpeMeHU. B obluem ciyuae 3axada peuacics
YUCIEeHHO ¢ HenonakloBaHuem DBM.

B ciyuae, xoraa teMriepalypHOeE MoJC HE MEHsIETCSl BO BpPEMEHI,
T.B. XOTna noje craguotiapyo, 01/81=0, ypasHeH1i¢ TeJONPOBOAHOC-
TH «BBIpOX/IAETCsI» B ypasHenne Jlannaca-

=W(1); rie o U f o~
r={)

AMEHTa HE M3BECTHDLI, T.e. «(0,1)+p

2 2 A2
% &t o 0
5 =0, WM B MHOIOMEPHOM Ciiyuae -—; +— +—, =0.
Oz 8 N, U 7o

~

)

Ecnu Ha rpaHuite dccneiyeMoit obaacTi 3aaainnl yenoBHs | posid.
TO TAKYIO 3a4avy HA3BIBAWT 3anavel JAupHXie, eCnM rpaHuuHbIC
yenosus Il pona — 3agaveit Heitmana,

IlocTanoBka 3agaun o npoMep3anvu (NPTaNBAHUK) NOPON B CAEKTPC
TemnepaTyp (c obpazosanuem 3ouel npomepsanus). Mccieosaiue npo-
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1ecCOB npomep3aHus ([IPOTAMBAHMSA) B TOHKOAMCIEPCHBIX [1OpOaax
[pUIEBATHIE IIECKH, CYIECH, CYTIMHKHU, DIMHBL U Jp.) MOKAa3bIBAET,
yTO PACCMOTPEHHAS MATEMATHYeCKas MOJIeNIb JAHHOTO MPOLIECCa B 3TOM
cy4ae OKa3bIBAETCA CTULIKOM rpy6oit. JlefcTRUTEIBHO, LIS TAKUX T10-
ofl XapaKTEPHO HATHUKe BONbLIOro KONHYeCTBa CBI3aHHOM Boabl. Kak
6pUI0 ITOKA3AHO paHee, IPH TeMIlepaType OKoJIo 0°C 3amep3aeT ToJb-
xo cBOBOIHAsT BOAA, TOTIA KAK CBA3AHHAS BOAA MEPEXOIMT B JIEX B
crieKTpe OTPMLATEIbHBIX TEMITEPATYP U AT (Ha3oBbIE MepeXobl oKa-
3pIBAIOTCS ellle MPAKTUYECKH CYLECTBEHHBIMH 10 TEMMEPATyp —5...
~7°C. Takum obpazoM, IpoMep3aiolLne Mopoabl MOIYT BBITh YCIOBHO
paslesieHbl He Ha J[Be 30Hbl — TIYIO ¥ Mepaiylo — ¢ YeTKOM rpaHu-
peit pasfesa, Kak 3To OGbUIO B NpeabIayiuem ciyyae, a Ha TpU — Ta-
1y10, POMEP3AOLIYIO ¥ MeP3yio (CM. puc. 2.10, 6). Tpannuet mexny
1a0ii 1 poMep3aloleii 30HaMU sIRisieTcsl HyneBas usotepMma (cTporo
roBops, TeMIepaTypa Hayaua 3amep3aHUs cBOGOIHOM Bopbl £, KoTo-
past IUisl TOHKOZMCIEPCHBIX [I0POJI OKA3bIBAETCS HECKONBKO HHXeE 0°C).
Ha aToil TpaHulle 3aMep3aeT Bes cBoGogHas Boma. I'panullia Mexmy
[pOMEP3aIOLUEN U MEP3NON 30HOW MeHee OMpENeNeHHas ¥ COOTRET-
CTBYET TEMIEpAType, NPH KOTOPOH 3aKaHYMBAIOTCH CJaOOMHTEHCHB-
Hble (a3oBele Mepexonsl. [ pasnyuHbIX [Topof 9Ta TEMIIEpaTypa H3-
MeHsieTcs B uHTepBase oT —3 1o —7°C. B 30oHe npoMep3anus uiyT ¢a-
30BBIE MEPEXOABI, HHTEHCHBHOCTh KOTOPBIX YMEHBLIAETCS C [TOHUXE-
HHUEM OTpULIATENBLHOM TEMIEPATypsl U MoXeT OBITb ONpefieNieHa 110
KPUBOIf He3aMmepaiiel Boabl (cM. puc. 3.4). OtoT PakT MOXKHO TpaKTo-
BaTh KaK Ha/u4ue B MpoMep3aiolleil 30He HelpePbIBHO paclpeie/ie -
HBIX UCTOYHUKOB (MIH CTOKOB) Terna

oW, (1) L dW,, () _8_1
ot dr o’

rie L — oBbeMHad TerioTa ¢pa3oBbIX MpeBpallieHuid BOAbI, Wm
06beMHas BAaXXHOCTb He3aMep3lleii BOJIBL.

Ha rpanune pasgena daz (mexay tasoit M mpomepsatoweil 30Ha-
M), rIe TemMepaTypa MOCTOAHHA i PABHA TEMITEPATYpe Havana gaso-
BbIX Nepexo10B, MPOMCXORAT (Pa3oBble NpeBpalLeHUst CBOGOMHON Boabl.

O3TOMY nox ynensHol TennoToil $ha3oBhIX NepPexooB Ha 3Toi rpa-
f;;;lue B JaHHOM cllyyae clelyeT NMOHMMaTh Benuuuny Q=LW —
Teﬁgé)]’ rie W — HayanbHast (o6beMHast) BIAXKHOCTb MOPOAbL; £ —
sa paTypa Hayana saMep3aHus (WIM TeMIepaTypa Hayama KpucTai-

M Hesamepslileit BOIBI Lo
TemlOTaKoyI MOCTAHOBKE 3a/aYM BAXHA CYLeCTBEHHAS 3aBUCHMOCTD
$usiyeckux xapakrepucTHK 1Opox B MpoMep3aiolei 30He OT
Me“g’;ful;ﬂypbl: 7‘M=f(f)’ C =¢(#), Tak KaK cooTHOlUEHUe J€1—HE3A-
Temme 1 BOJIA B 3TOI 30HE He OcTAeTCs MOCTOSHHBIM MPH U3MEHEHUH
Patypul. D10 ycnoxHseT 3amady, MOCKONbKY BXOAAIME B Hee
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napaMeTphl, ONPEAe/AIOIHe TeMITepaTypHOe Mosie, CaMu 38BUCHT OT
UCKOMOF BETUUYWHBI — TeMIepaTypbl. MTak ans cnyyas npoMepsaHus
MOPOA B CIIEKTPE OTPULIATEILHLIX TEMIIepaTyp MareMarHyeckas dop-
MyJIMPOBKA 33JaUuM MMEET BUI:

C,(, )a' (‘ 12 az[km(tm)a’“(z’T)}LdWmUM).ai

0z dr ot
0<z< é(r); (2.24)
4 2 s
5’r((3;>T) P ’gz(;‘) , EM)<z<l.

Ha noasywxHOI rpaHKLe MEXIy TAILIMH MTOPOIaMHU H NpoMep3aio-
LEei 30HOI BBIMTOJHAIOTCS CAEayIole YCNOBUS:

t(E(D, T =1, (51, D) =1,

o, (~ 7) A 0t (z,7)

)= oz

—0.5 [ (2.25)

z=t

=

KpaeBble ycloOBMS @HATOTHYHBI PACCMOTPEHHLIM B Tpeldblayllei
MOCTAHOBKE.

QopMynMPOBKY 3aJa4K¥ MOXHO 3aIicaTh Gojiee KOMITAKTHO, eCli
BBECTU NOHSITHE 3QPeKxmugHod menioemkocmiy IpoMep3aiolieif nopo-
mei: C, (t )=C (¢ )+ LW, (¢ ))/dt. Toraa ypaBHeHuWe 115t MEP3TTON 30HbI
npnMeT Bones TIPUBBIYHBIN BUI

3(b(rm)a’“; 9 _ 9 {k (1) 220 T)} 0<z <) (2.26)

PewieHre 3Toit 3amauu ellle cjoXHee, YeM B MEepPBOI MOCTAHOBKE,
Y OCYLUECTBJIAETCA YMCAEHHBIMU METooaMH C MCITOIb30OBAHUEM ObICT-
poneicTByionx DBM.

O06e paccMOTpeHHbIe MOCTAHOBKU YYWTBIBAIOT JWILUL KOHIYKTHB-
HBIii crtocod Teruroniepenauu, Mpu 3TOM BO3MOXHOCTL Tepeaayu Ter-
J1a ApyTUMHU crioco0aMu (B IEPBYIO OyYepenb KOHBEKTHBHBLIM) U3 pac-
CMOTpeHUs UcKIlouaeTcs. Kpome Toro, B 3THX MOENsX MPUHSITO, YTO
BCsl Boa (M cBOGOMHAS, M CBSI3aHHAsd) 3aMep3aeT B TOM MECTe, I/
OHAa HaXOAUTCH, T.e. U3 PACCMOTPEHUS UCKIIoUAeTCS BO3MOXHOCTD Tie-
peMelleHUA TPYHTOBOH Bard MyTeM MUTPALMU WIH (QUILTPALUU.
[To3ToMy, MCIOMb3ysl 3TU MOCTAHOBKU, HEJb3ST PAacCUMTATh MPOLECC
WWIUPOBOTO MbAOBLIAENEHUS, T.€. HENb3S HU3YUUTh 3aKOHOMEPHOCTH
(bopMHUPOBAHUSL KPUOTEHHOM CTPYKTYpPbI U TEKCTYPbI IPOMEP3AI0ILMX
ropon. B To ke BpeMs BAXHOCTb PelEHUS 3TOH 3a7auu ¢ TOYKH 3pe-
HUA H TEOPUH, U [MPAKTHKKU orpoMHa. JoCcTaTOYHO CKa3aTh, YTO KPUO-
TeHHOE CTPOeHHE BO MHOTOM OIpeiesisteT [IPOUHOCTHBIE CBOHCTBA Mep-
3NLIX MOPOJ, UCMOAB3YeMbIX B KaueCTBE OCHOBAHUH COOpYXEHWH.
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C mpoueccaMy MUrpalHi HENMOCPEACTBEHHO CBA3AHO TAKXKE MMyyeHHe
[PYHTOB NPH MPOMeP3aHUK U OTTAaWBaHUM U ap. IToaToMy uccrenosa-
HUE Mpolecca npoMep3aHusa (OTTaUBaHUS) TOPHbLIX TOPOI B paMKaXx
KOHAYKTUBHOM 3alladM B pAfe CAyYyaeB OKA3BIBAETCS HeAOCTATOYHBIM
JUTSL TIONHOTO OMUCAHUS 9TOr0 ABIECHUS.

ITocTanoBka 3azayd 0 NPOMeP3aHHHU MOPOJ C Y4ETOM MUTPALMH BJArH
B NpoMep3aroiiyto 3oHy. [Ipu mpomep3aHUK TOHKOIUCTTEPCHBIX TIOPOL, B
eCTECTBEHHBIX YCNOBHSIX HEPENKO HAOMIOOaeTcs MpOLEecC MUIPALHU
BITATM M3 TAJIOM 9acTH pa3pesa B MPOMEP3]I0LIYI0 30HY, MPOHUKAA B
KOTOpYIO CBA3aHHasg BONa BbIMep3aer, 00pasys jeqsHble BKIKOYEHHH,
B TOM UKCHe U B BUe Mpochoes nbaa. Koraa 21oT mpornece npotekaer
JOCTaTOYHO aKTHBHO, HabmiogaeTtcs myueHUe (medopmalius nosepx-
HOCTH) TPYHTa, T.€. BEPXHSS rpaHUna He OCTAeTCS HEeMOABUXHOU —
OHa TepeMellaeTcs] BBEPX. DTO HEOOXONMMO YYUTBIBAThL MIpU MaTeMa-
TUYECKol GopMyTUpoBKe 3a1a4M. TakuM obpa3oM, TIpH PaccMoTpe-
HUM MpoLecca MelIeHHOTO MTPOMeP3aHHs CYIecYaHo-CYITMHUCTBIX IT0-
PO, KOrna BO3MOXHA MHUTPALIMS BIarkd B MpOMEP3aoIy0 30HY, He-
00XOAMMO pelliaTh TEPMOBIAXKHOCTHYIO 33134y C YUETOM BO3MOXHOTO
MydeHUs] TPYHTOB. 3a/laya 3Ta OUeHb CTOXKHAA, U B HACTOMLIEE BpeMs
OKOHUaTebHO He chopMyUpoBaHa gaxe dusnyeckas MoAeNb S3TOTO
Mpolecca, Mo3TOMY KaXaad M3 MaTeMaTHYeCKUX ITOCTAHOBOK 3TOMH
3a/184H, MPElIOKEHHbIX Pa3TUIHBIMKY ABTOpaMH, UMEET CBOM cCyllie-
CTBEHHbBIE HEJOCTATKH.

ITockonbky cTporoe pelieHye 3a1a4u 0 NPOMEP3aHUM (IPOTAMUBA-
HWH) MOPOABI C YYEeTOM MHIPAIMU BIard M COBOKYIMHOCTH (U3UKO-
XUMHYECKUX U MEXaHWIEeCKUX NpOLEeCcCoB, COMYTCTRYIOMMUX MTPOLIECCY
TipoMep3aHuA (pOTaKUBaHMUS), HAXORUTCS €llle B CTaAUM pa3paboTki,
PACCMOTPUM JUILb CYLIHOCTb TerIodH3NIecKOl CTOPOHLI Mpoliecca
MIpOMEP3aHUA TUCTIepcHONH MOpPOIBl C yUETOM MUTPaUMH Bfard 1 00-
pasoBaHUs JeISHBIX MTPOCTONKOB.

3aMmep3aHue BoAbl B AUCMEPCHON TIOpo[e U ee nmpoMep3aHue Bo3-
MOXHBI TOTbKO [TIPYU OTBOZE TerTa KPUCTAIIN3ALUH, 1 ¢ TIPU HATUYUU
COOTBECTRBYIOILMX TPALUEHTOB TeMIlepaTypbl B pOMep3aiolleil yacTu
nioponsl (puc. 2.11, cioit 0—¢ ). Ipu 6oabIUKMX rpajneHTax Temrepa-
TYPBI rpaHULIA TIPOMEP3aHUS (inp) OLICTPO MPOABUTAETCH BHU3, a CO-
IepxKawascs B HUXKeJIeXallleM TaJoM clloe NIopoas! Bjjara He ycrebaeT
MUTPUPOBATL B MpoMep3at0Luii cjoii. B HTore moposad Biara B mopoae
buxcupyercs $hasoBbiM MEPEXONOM B Teg Ha MeCTe U oOpasyeTcs Mac-
ClBHasA KpuoreHHas tekctypa. ITo Mepe ypenuuyeHusa riyOUHB! npo-
Mep3aHKUA TPaAUEeHThl TEMIEPATYPhbl B MpoMep3atolieil 4acTd ymMeHb-
ajoted, yro obecreyuBaeT MOCTYIUIEHUE B 30HY NMPOMEp3aHUs yxKe
JocTaToyHOTO KOMWYeCTBa MUTPALIUOHHON BIard M3 Tajloi 4actu mo-
Ponel. 3aMep3aHue 3TOM BOIbI, pacnpelessioleiica B mpoMep3atollen
YACTH Mopoxbl MOBCEMECTHO WIH NOKAIBHO B BUAE cerperalMoHHbBIX
Tipocnoes Abfa (ropus3oHT AB), IPOUCXOIUT C BblIeleHHeM OONBIINX
KOnuyecTs TeruroThl KPHCTALIM3ALNT Q¢. Ecnu nipu stom Oynet Bbl-
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Puc.2.11. Tennodusuueckue ycnosus GopMHPOBAHYS B MOPOJE CETPCrallMOHHOTO
npocnos avda AB(@) v HanpasreHUe TEILTOBLIX ITOTOKOB BOMH3H AB(6):

9, 4., gl — Tennonotoxn B Tano#, MEPINOH M NPOMCp3AIOMIEH 30HAX COOTBETCTBEHIIO,
1—3 — mnopoanl (I — Mepanbie, 2 — npoMep3aioiive, 3 — Tannie), 4 ~ CeIperalHOHHBIN
npocaofl Abga (ropusont AB)

[TOJIHEHO YCNOBUE, YTO MMOTOK TEIIa ¢ CTAHET PaBHBIM CyMME OTBO-
AVUMOTO U3 IPOMEP3AIOLIEH MOPOAbI IOTOKA Tell1a ¢, 1 Telna, Bbige-
JITIOLETOCs B CBSI3H ¢ (Da30BhIMHU MepeXoaaMu NPy o6pa3oBaHnm LITH -
POB b2, TO ABIXEHHE U30TepMbi AB NpekpaTtuThes 1 OyaeT Habio-
OATbCHA POCT TOPU3OHTANIBHOIO Mpocnos Abaa. Apyrumu ciosamu, Oy-
JIET BBITIONIHATBCA TEILIOMhM3HYECcKoe YCIoBHE

0y —n = 04l (2.27)

rae &' — CKOPOCTb pOCTa efSTHOTO uuupa (mpocnos). Ipu nanbHeit-
1IeM JOHMXXEHUH OTPULIATeJbHOUN TeMIepaTypbl Ha NOBEPXHOCTU W
COOTBETCTBYIOIEM YBETUUEH UM OTBONMMOTO TeIIA ¢! 1eBasi yacTb ypag-
HeHUS craHeT OoJblle NMPABOIl, U TOTNA TOPU3OHT JbAOBLIETeHUS AB
HayHET MepeMEeLUATbCsl BHU3, UTO NMPHUBEICT K IIPEKPAILEHUIO POCTa
AelsHoro winupa. Tonpko Ipu BRIMOJHeHUHW yciopus (2.27) Ha Ka-
KOM-TO HOBOM 0oJle€ HU3KOM yPOBHE OyayT BO3MOXHEI 3apOXIEHHUE U
POCT BTOPOFO CerperaliMoHHOre npocnod ibaa. Panee cuuMTanocs, 4ro
ycnosue (2.27) MOXET U JOMXHO BBINOJHSATLCH TOALKO Ha TpaHulie
mpoMep3aHusl, MOCKONbKY B NMpOMep3arollieil 4acTd moponbl (Bbiilie
¢poHTa npomep3aHua) MUTpaUMs HesaMeps3iled BOAbl NPAKTHIECKH
oTcyTCTByeT. B HacTodiee BpeMsi IKCMepUMEHTAILHO 10KA3aHO, YTO
MUFpalUs He3aMep3llieit Boabl MOXeT ObITh DONBIIOM M TOCTATOUHOH
IUTd BBITONHEHUA Tennoduaudeckoro yenosus (2.27), a cienosateb-
HO, U 0N 06pa3oBaHusl cerperallMOHHbIX NPOC/I0eB JIbja [PU OTPULA-
TENBLHBIX TeMIlepaTypax BHYTPH IpoMepaatoiero cios. [Ipu atom uem
MeHBbIle TPafUeHT TelepaTypbl B MEPINOI YACTU ITOPOJIbI, TeM OIUXKE
K TpaHULie NMpOoMep3aHus PacloiaraeTcs u3oTepMa 06pasoBaHus rpo-
CJIOS JIbA.
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[Tpu uM3vMeHeHusIX pacripeleIcCHusl TeMITepaTypsl B npeaeiax npo-
MCP3AIOLIEN HACTYU 110PO/ibl BOIMOXKHbBL KaK 00pa3oBaHne HOBLIX cer-
peIALMOHHBIX 1IPOCIOEB Ab/Ad MPKU KBA3UCTALIMOHAPHBIX MOJ0XKEeHUsIX
W30TCPM (BBINOJHEHHUE yahioBust (2 27)), Tak U npeobpasosaHue wiu
JIKE McuestloBeHue paHee oOpasosaBLIMXCs Npocioes Jjibaa. [1pu aTom
BJlard MOXET MUTPUPOBATh OT OLHOIO 1IPOC/IOs K JIPYrOMY, 410 [103BO-
JIWT pacTy OIHUM 1IPOCHOSIM 34 CUCT APYIHX.

2.4. Metoasl pelierus 3aaay
H NpUOMIKeHHbIe hopMYJIbI pacuera
rayouH npomep3anust (IPOTANBAHUSA) OO,

[Mepsble MONBITKK PeLIMTb 3a1avy TEIJIOMPOBOAHOCTY C YUCTOM
BblAEJAEHIS TErnoThl (azoBbiX NMEPEXOA0B HA [IOABUXHOA rpativle
pasaesia a3 ObLin mpennpuisTsl B 1831 r wienamu Poccuunckoit Aka-
aemuu 1ayk dmsnkavim XK Jlsime u [1 Knaneiiponom Bonpoc o pacye-
Te rMyGHHbBI MpoMep3aHus 11opog ewe B 1862 1 riocTaBua 1 118t npo-
creiero cayaas pewna JI 3aansory MM Ooiia monyueHa npocras
dopmya as pacueTa, Koropast B JansHeHIIeM Moy Uia H3BEC THOCTD
kax «hovyna Credanar, Tak Kak apcTpuitcknn marematuk M Credan
BHEC OTPOMHBIN BKJIAJ B pelJEHME JAHHOMH 3atadyu

Tounoe peueHue 3agaun CredpaHa BriepBble ObUIO [10.1YUEHO
JI A PybuHwireunov B 1947 r, 0HAKO K3-3a CBOEX CJIONKHOCTU OHO
He ITOJIYU 0 WIPOKOI O UCMOIb30BAHMS B rocsienyroueM BRKHYIO posb
B [TOCTAHOBKE M PEUIEHHUU 331a4 O MPOMEPIAHUU TTGPOA Chll PATU pd-
6otbl B A Kyapsieuesa u B I’ Me.iamena (1957—1974) OuHoBpeMeHtio
passuBaTich NPUBIUAKEHRBIE METOXB! pelueHits 3anaun CredpaHa Cy-
LIECTBEHHBIM BKAAA B 3T0 HdnpasaeHue sHeceau J1 C JlenbeHsoH,
M M Kpbinos, B C Kosuep. B C Jlykbgror, I' B Hopxaes, K A 3o-
Aotapy, ' M DenbaMad u ap 3HauuTeIbLHBIT BKIAT B PELIEHHE OTHUX
3agauy BHec B A KyapsiBueB, KOTOPBIT MPEIIOXUA [IPpUBIMXKEHHBIE
hopayasl pacdeta 11y6MH ce30HHOTO M MIIOTONETHETO MPOMep3aHus
1 TennooBopoloB NpH NepHoAHYecKHX Ko.1eDaHUIX TeMneparypsl Ha
MOBEPXHOCTH 1LIOPO, UTO OCOBEHHO LICHHO L5l PEUIEHHSI MHOTHX TC-
OPeTUYECKUX M MPAKTUIECKHX BOMPOCOB 1€0KPUOAOTHH PaccMoTpum
HEKOTOPbIC U3 pelleHWH YKa3aHHOH 3a044H

(opuyaa Credana s onperenenns riay0uHbl Ce30HHOTO H MHOIO-
JdeTuero npomep3anus (npotamBanus) nopod. [isi opUEHTUPOBOUHBIX
pacyeros rayBUHbBI MPOMEP3AHHS HOPOI, eC/H U3BECTHBI HX Terogu-
3HYecKue JaHHbie U TEMIIepaTyplble YCAOBUS Ha MOBEPXHOCTH, NiC-
MOjb3yeTcsl TAK HasbiBaevas dopmyia Crepana OHa noaydeHa mpi
CIEAYIOLINX TPEATION0XKEH USIX'

1) paccMarpiB4eTCst ONHOPOJHAS [TONYOrpaHMYeHHas cpead, TeM-
neparypa KoTopoil B Ha4ajbHbIM MOMEHT BpeMeHUW 0AMHaKoBa 1o riy-
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O1He W paBHA TeMmnepaType (a3oBhIX Mepexofos: Hz,0)=const={, npu
>0 (6e3 orpaHnyeHHss OBLUIHOCTH) MOXHO cuuTats £ =0°C;

2) B Ha4aJbHbI MOMEHT BPEMEHH Ha MOBEPXHOCTH f MTHOBEHHO
3ajaeTcsl U B JabHelleM MoANePXKUBaeTCsl MOCTOsiHHAsL TeMIIEPaTy-
pa: #0,1)=const=¢,, ;s cy4as mpomepsanus 1,<0, u cpena B HAYANDL-
HBI MOMEHT HaxoAWTCHd B TAJOM COCTOSHUH,;

3) Bce (a3oBble Mepexodbl NPOUCXOAT NPU Temreparype f, T.€.
MUMEET MECTO C/lyuail mpoMeP3aHus ¢ o6pa3oBaHMeM IPpaHuLibl pa3aena
da3; (asosble Mepexoibl B CEKTPE OTPULATENBHBIX TeMIEPATYp, a
TAKXKe MPOLECCH MUTPALIMI BAATH TIPU MIPOMEP3aHUK He yYUThIBAKOT-
csl;

4) Hanbo.lee BaXHBIM MOMEHTOM B 3TOU [TOCTAHOBKE, MaKCUMalb-
HO YIPOLIAIOILMM pellueHUe 3a1a4di, SBAseTCs NPeanoNoXeHue o He-
cpaBHUMO OOJIbllIeM KOJAMYECTBE TEIUIA, BbLIENAIOLEMCS [TpU NPOMep-
3aHUU, O CPaBHEHMIO C TEIIJIOM, BhIAENSIIOUIMMCS 33 CUeT TelloeM-
KocTH nopo C, MpK NOHIKEHUHU TemnepaTypbl. DopmanbHo 37O Mpei-
nonokeHue 3anncomsaetcs B suae Q. » C [tf, B peaynurate 4ero ten-
noemkocThio C, MOXKHO rpeHebpets. JIuHaMuka TeMItepaTypHOro MoJls
B MepaJIoif 30HE NP 3TOM PE3KO YIIPOLIAETCs; TPAHUIIA [TpOMepP3aHus]
&(1) ABHXKETCH MOCTATOYHO MEMTEHHO, 4TOOBI B MEP3/IOi 30He TeMITe-
patypHoe ToJie ycrepajo MPUXOAUTh B CTALMOHAPHOE COCTOSIHUE,
KOTOpoe XapaKTepu3ayeTcsl JHHEHHBIM 3aKOHOM U3MEeHeHUs TeMITepa-~
Typbl ¢ DyGHHoOI (puc. 2.12, a):

!
MERSETE é(OT) z. (2.28)

B sToM ciyuae sakon IBMXeHUst dpoHTA npoMepsaHus £(1) Jerko
MONYYUTh U3 yeiosus CredaHa HA NONBUXKHOW rpaHMIe

5

ot (z,7)] o (z,1) . d
T A= —Qq,a-{, (2.29)

Tom Oz

A

z=t(1) z=4(1)

tiz,T)

&)
[ SR VS SRS TR W . 5 R SRV S S

- t{z1)=0

z
Puc.2 12. K Busony gropmyn Credana (a) 1 JleubeH3ona (6)
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rae de — ylensHaa teriora ¢dazoBeix nepexonos [lockonbky

M=O’ TaK Kak f(z,1)=0, a ou(n0) o

oz 0z &(1)
BBIYHMCAEHHBIE TpaauenThl B yenosue Credana (2 21), noayyuM obbIk-
HoBeHHoe anbdeperunansioe ypasieHue I nopsaka Q&'=-2, 1/,
pellieHHeM KOTOpOoro gs:siercss hYHKLIUA

2 ity 11
O
o (2 30)

AHanoruyHo BblBoAMTCS PopMyna AJd pacyera rinyOGuHBI MpoTau-
BaHUA, B KOTOPOH BMeCTO A NOJ/DKHO cTosaATh A, Dopmysna 3Ta, Kak yxe
rOBOPUTIOCH, MOXET OblTh HMCIIOIL30BAHA AN MPUKUIOYHBIX OLIEHOK
ryGuHBI TpoMep3aHus (nporausadusi) Kak npasuio, ona naer 3asbi-
[IEHHbIE PE3yJbTaThl, U yeM OJUXKe YCIOBUS MpoMep3aHus (NpoTau-
BaHUSI) OTMIMCHIBAKOTCS MOJIENBIO, MOJIOXKEHHON| B aCHOBY BbIBOZA 3TOMH
(opMyJTbI, TEM TOYHEE OHA OMUCHIBAET MPOIECe

BenunumHa [f[t=0(1) B reoKpHONIOrMH Ha3biBAETCH CyMMON MO-
po3orpanyco4acos (B ciydae NMPOMEP3AHUS NOPOL) UM TEIl -
Jorpanyco4acoB (B cayuae ux npotauBanust) Popmyma Credana
BBIBEIEHA M3 TIPENINOIOXKEHHUS 1I0CTOSIHCTBA TEMTNIEPATYPbI HA MTOBEPX-
HOCTH mopol (f;=const), OJIHAKO OHA MOXET ObITb WUCIONBL3OBAHA U
MpHU repeMeHHbIX #; 1St 370ro HeobXoIMO 10 X0y CE30HHBIX H3MEHE-
HUI TenepaTyphl NOBEPXHOCTU OMpPee/IUTh BETHYUHY MOPO30PAILYCO-
4YacoB MJIU Teriorpagycovyacos (Q“, QT) 33 OTPE30K BPEMEHU 1, B
TedeHHe KOTOPOro NMPOMCXOAUT MpoMep3aHuie UK nporausaHue Tor-
xa BbipaxeHue (2 30) npuobperaeT BUA

\/ 04 (231)

Pacyernl o dopmyne Crecana MOXKHO YTOUHUTb, ecliii H3BECTHA
LnyOuHa mpoMep3anus &, BbI3BAHHOTO U3BECTHOH cyMMoll vMopo3o-
Ipagycouacos Ha MopepxHocTH nopon Q, Torma ans rex xe mopon
Tnybuna rpomep3anus &, B pe3ynbTaTe BO3NCUCTBUS IPYroOi CyMMBI
MOpo30rpaycoyacos 2, cocTaBuT

TG, MOACTABJISA

>

= 1\/— (2 32)

Dopmyna JI.C.Jleitbensona 118 onpeaeneHus IyOHH CE30HHOTO M
MHOroneTHero npomMep3anus (nporamsanusi) nopoa. Kak Gbuto oTMeye-
HO Bpiure, cyiectBenHas norpeiHocts (opuynbt CredaHa cpsi3aHa
TOMMMO mpoyero ¢ Hey4yeTOM TEMIONOTOKA, HIYLIErO CHU3Y U3 TAJION
3OHBI, ¥3-32 OT.IMYMS TeMmepaTyphbl 2Toil 3ompl o1 0°C B monenu,
MPungTol JlenbensoHom, 3TOT GakT yUUTHIBACTCS BBEIEHHEM Hayallb-
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HBIX ycioBuit B Bune Hz,0)=1, rae f, — NMocTOSHHAS 110 pa3pe3y TeMrie-
paTypa rnopol nepen HauanoM MpoLecca npoMep3anus (npoTauBaHus).
B cnyuae npomepsanus ¢,>0. Kpome Toro, npearnonaraercs, 4To B npo-
Lecce npoMep3anus (NpoTauBaHUs TeMnepartypa ¢ mybuHoi B tanoi

2§ .
30HE U3IMEHAETCA IO 3aKOHY erf| ——= \f. , TIIe erf x = —-\/—__—je Yds — uH-
T mo

Terpan olWnboK, Mpu 3ToM erf(0)=0 1 Ipyu x—>+ erf(x)->1. B octanin-
HOM ITOCTAHOBKA 3aa4i COBMAJaeT ¢ MOCTAHOBKOMW NpH BeiBoae dhop-
mysbl CredaHa (cM. pric. 2.12, 6).

Taxym obpa3om, pacripeseneHue TeMNeparyp B obenx 30Hax rpu-
HUMAETCS CJIEMYIOLLHM:

tM(z,1)=t0————-§(°)z 0<z<E(1);
é( ) (2.33)
=terf] = z>¢&
t.(z,T)=ter ZGT\/T , 2> E(1),

rae a =%k /C — xo3¢hdULHEHT TeMNepaTypONpPOBOIHOCTH TaAbIX ITO-
pou.

3anaya pelaeTcs aHATOrMYHO NpedblaylieMy CIyYaro NoacTaHOB-
Koii B yciosue CredaHa Ha MOIBUXKHON rpaHULE MPOMEpP3aHUsl BbIpa-
KeHU TSl TeILTOMOTOKOB B TANOH ¥ Mep3ioH 30HaX U MHTErpupoBa-
HUEM MOJIY4aEMOTO NPH 3TOM ODBIKHOBEHHOTO AUddepeHIHATLHOTO
ypaBHeHU .

PeuieHue A1 HAXOXACHUA TYOUHBI TpoMep3aHust &(t) BHIITSAAT
clenyoluM obpaloM:

2hy [t ]t £1.Ct (6] [ACr
Q(p TIqu, Q¢ n

Ecnn paccmarpuBaertcs ciyyvaid nporauBaHusl, To B hopmyne (2.34)
A u A MensioTcsa Mectamu 1 BmMecto C Byner gurypuposats C .

CpasHenue 310it hopmynbl ¢ dopMynoit CredaHa mokasbiBaerT,
4TO 32 OJWHAKOBbII1 OTPE30K BPeMEHH 3HAYEHUS INIYOUHBI TpoMep3a-
Husi (IPOTaUBaHUS), BbIMMCREeHHbIe 1o Gopmyne JleiibeHzona, GyayT
MeHblle BBIYMCICHHKIX Mo hopmyne CredaHa. ITO eCTECTBEHHO, TaK
kax opmyJia JlefibeH30Ha yUUTHIBAET HEHYJIEBOE paclipefefleHUe TeM-
1epatyp B Tanoil (Mep3noit) 30He Tepej ee IMpoMep3aHueM (mpoTau-
BAHUEM), YTO 3aMeIIIsieT OBMxKeHUE (hpoHTA, TAK KAK YACTh TEILIOBOM
JHEPTUM MOET HA MOHIDKeHWe (TTOBBIILIeHUE) TeMITepaTyphl B 3T0oii 30He
L0 TeMIlepaTypbi Hauyana ¢a3oBbIx NepexoaoB, Kak H cnegoBaio oxu-
1aTb, €CAK HayanbHasg TeMrepatypa B Tadold (Mep3;10if) 30He paBHa
0°C, dopmyaa JleiiGensona nepexonut B dopmyny Credana.
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PaccMoTpeHHbIE MTPUBAMKEHHBIE pelieHus 3anaun Credana MMe-
IOT JOCTATOUHO OTPAHWUYEHHBIH KPYr NPUMEHEHUS, TTOCKOIbKY MOTYT
UCNO.1b30BATHECA TONBKO B CIY4Yade OrOJIEHHOH NMOBEPXHOCTH IMOPOL,
MpPH OTCYTCTBUH KaxuxX-N1MOO MOKPOBOB, BLINONHSAIOLIMX POJb TEM1o-
u3onsuuy Ha oCHOBaHMM NPHHUKIIA KBA3HCTALMOHAPHOCTH TeMMe-
paTypHBIX [oJieil B MPOMEP3AIOLIEM MAacCUBe NMopoa GbIO MOTYYEHO
MHOXECTBO pelleHHH, YYUTBIBAIOIUX TEeMJIOU30IUPYIouee BAHSAHHE
CHErd, PacTUTeNbHBIX 1 PABNUUHBIX HCKYCCTBEHHBIX [TOKPOBOB THK, B
Hanbonee npocToM ciyuae, KOrAa HayalbHasl TeMrepaTypa Maccupa
paBHa 0°C, ycnosue CrecdaHa Ha rpaHuue (ha3oBbix repexogoB NMpu
HAIHYM UK Ha TTIOBEPXHOCTH 110PO/1 CI0s! U3OJSILMK ¢ 1IOCTOSIHHBIM 1€P-
MMYECKUM CONPOTHBIACHUEM R U TEMMEPaTypon MOBEPXHOCTH MOKPOBA
t, B C.lyuae MpoMEpIAHUsT 3ATTHLLCTCH B BHAE

"—!(_I"’"" = Q([ gé ’ Rn = hn /;\’n’
&(1) dt
R, + )
M
OTKY/d [10C¢ UHTErPUPOBAHUS T10J1yHacTesl Hanbollee 11pocioe pelie-
HUE 3a4a'M NMPOMEP3aHusl TPYHTA CO CJIOEM H30JSIIMKU TOCTOSIHHOU

MOIILHOCTH
2)\'“ “n |T S‘Z _ hn

E(n)= |——F—+ S, S=h,

’( \/ Qd) " )"n (2 35)
rie A, A — cOOTBETCTBEHHO TCMIONPOBOAHOCTD U MOLLHOCTb MOKPO-
Ba HerpynHo 3aveTuth, 4TO 3aKOH ABHXEHUS DPOHTA IpoMep3aHus B
ITOM cTlyyae okalbiBaercsi Oojiee CAOXKHBIM, YEM B paccMOTPEHHBIX
panee caydasix (230 u 2 34)

Cpenu npubauKeHHbIX pacyeTHbIX GopMy | CIEAYeT OTMETHTh TdK-
xe dopmyny, npeanoxertyto B C JlyxbsinoseiM u M I [onosko B
1957 r, KoTopas YUUTHLIBAET TEIJIOEMKOCTh [POMEPIAIOIUX (TpoTan-
BAIOLMX) MOPOJI, a TAKKC HATUUME HA WX\ MOBEPXHOCTH TEILIOM30TH-
PYIOUIHX TOKPOROB DTHUMU MCCAE10BATETAMHU OBITO MTOTYHEHO TPAHC-
UEHICHTHOE YPABHEHHE OTHOCHTENBHO £, pellleHHe KOTOoporo mnpei-
CTaBlsieT ONpedesieHHble BLIUMCIUTEIbHBIE TpYAHoCTU [ToaToMy
M /1 TonoBko pa3paboTail ceTdaTyi0 HOMOTPAMMY, MO3BOJSIOLLYIO
JIETKO HAXOJAMTb PElleHHe ¢ JOCTATOUHOU LISt MPAKTHKU TOUHOCTHIO
Ipu Beeit uennoctu dopvynbl B C Jlykesanosa 1 M ] Tonosko anst
MHXeHepHbIX PACUETOB €€ CYLIECTREeHHBIM HEIOCTATKON SBISICTCS HEO-
Npee,1eHHOCTL MPH HA3HAYEHUW HEKOTOPBIX BXOAHbIA MaPaMe1poB

B uenom n1s pacyera raybuHbl npomep3aHus (MpoTauBaHust) Cy-
WecTByeT HeMalo (6osee COTHU) TMPUOJAMKEHHDBIX, U4CTO [OJIYIMIH-
Pudeckux GopMys, MPEIOKEHHBIX PAIHbIMU HecacnopateasiMn Ol-
HAaKo Bce oHK MOAYUeHbBl MPH [IPEANONOKEHUH O MTOCTOSIHCIBC BO Bpe-
MEHH |eM[1epaTypbl HA MOBEPXHOCTH [TOPOL, 4 [MTABHOE — HE OTPdKd-
IOT qe (Ko cpsisk 1ernod3nIecKon ¢1OPOHbL NMPOMep3dHUsl (I1PoTJ-
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UBAHUA)} MOpoa ¢ reosoio-reorpadryeckoi nmpuposoil 3IToro sshne-
Husg TAKUX HEOCTATKOR JIMICHEI MpUGnMKeHHbie dopmynsl B A Kyn-
pSABLIEBd

Hpuoamxennsie hopmysibl B.A Kyapsisuesa fis onpenenesus remno-
000pOTOB U IYOHH Ce30HHOr0 npoMep3aHus (npoTansanus) BxooHbIMU
napaMeTpamy ITUX QapMyt SBISIFOTCS KIacCUPUKAUOlHbie MPpU3Ha-
KM npouecca npomMepsaHust (rporaiiBaHust), npemioxeHHbic IT ¥ Ko-
JIOCKOBBLIM W pa3eutbic B A KvapssucssiM Hx ueTbipe’ TogoBast amrl-
MMTYa TEMTIEPATYP HA TIOBEPXHOCTH MOPONL A . CpeaHss ronoBas TeM-
repatypa Ha IMOAOIIBE CNOS Ce30HHOro MpoMep3anus (IpoTanBaHHUA)
15, COCTAB IOPOIL { BAAKHOCTD 110POIL, KOTopble OMNpenessioT BCe Ter-
norbmnqecxwe xapakrepuctukut (A , A, C_, Q ) Popvyns B A Kya-
PSIBLIEBA BBIBEACHDLI JUISI nepnommecxn yCTaHOBHBUJeI‘OCH TeMmepa-
TYPHOTO PEXMMA HA NOREPXHOCTH MOPOJ U SBISIOTCS 0000LIeHeM
3aKkoHOB Dypbe OHI MO3BOJIWIN PACIPOCTPAHHTE NPEACTABIEHHS O
TEMIEPATYPHBIX BOIHAX HA Cpejibl ¢ (ha3oBLIMU NEPexoiaMu

Camit opmyabl ans onpeaeienust tiyOUH poMep3aHus {npoia-
HBaHus) &, Ten0o0opo1oB Yepe3 TOBEPXHOCTD IS CHOsl CE301THOIQ
mpoMep3adits (NpoTtauBaHus) @ W TCII00OOPOTOR B TPYHTAX. MO~
CTHIAIOINIMX 3TOT CI0H, ¢ BBIVISLAST Cely U LM 06pasom

o
f C ( [ (‘37( +5Q(|1)O(l)\

204115 Dy
l LT
V ( M ~ (ZALDC + Q(b)

"AcpCéZ( + QQ)EA + V 1

(2 36)

gt

‘.Acp( + O(b

AT
(24,085 +0y8)0,
ATC wp 2 (i) b nC
=31 by I e

. W
ZACpC:Z( +Q(1)E.\+\[WC (ZAcp( +Q(|:)

210 JMC 238
Q_:\/Z]f\.pl\/‘ﬂ——v ( )
44— 115 o)

4 = i =4 239
wp Q(]) 2( ( )

1y + 5

In -
£ Q(b
,lq) + 20
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2125 [ 2TC

ézr = s

(2.40)
24,C +Q¢

rne C — oGneMHas TennoeMkoctb nopon; T — nepuon, pasHbiii 1-my
TOAY I/ CE30HHBIX TPOUECCOB NPOMEP3AHUA (IIpoTauBaHus); & — He-
W3BECTHAs [IyOKHHa MPOMEP3aHUs (NpOTauBaHus); t= — cpenHerono-
pasl TEMIEPaTypa nopos Ha rnybure &, 4) — aMrmmyna CUHYCOUIaMb-
HBIX KOJIeOaHUI TeMIepaTypbl Ha HOBerHOCTI/I nopon. [lpuBeneHHbIe
BbIPpAXKEHUS CIPABEIJIUBbL OJI onpeneneHud rny61/m KAaK CEe30HHOro
[poMep3aHus, TaK MU CE30HHOTO MPOTauBAHUS Mopos B caydae, eciu
TeTUIOPU3NYECKUE XapaKTEPUCTUKU PYHTOB B MEP3IOM U TAJlOM CO-
crosiHusAX paBHbl. B.A.KyapsBILIeBbIM MOJNYYEHb! peLeHHs U IS CTy-
qast pa3MTUYHbIX TEMIOPUIMYECKUX XapaKTEPUCTHUK, HO ATO 3HAYUTETHHO
YCJOXKHSET pacyerbl, MO3TOMY B NMpPaKTUYECKOW HeATEIbHOCTH UAYT
Mo MYTH UX OCPeIHEHUS MU [OAb3YIOTCS NPHBEIEHHBIMK XapaKTepH-
cTukami. Tak,

xnp=[xT(A0+t;,)+x (4,-191/24,, (2.41)
Cp= (Gt /T, (2.42)

rne 1, 1 1, — NPONOJDKUTEIBHOCTE CYLICCTBOBAHHMS INMOPOI COOTBET-
CTBEHHO B TAJIOM W MEP3JIOM COCTOSTHHUSIX.

[Mpueenentas gopmyna A ornpeneseHus riybuHbl IpoMep3aH s
(rmpotamBaHug) npencTasseT cob0oi KBAIPATHOE ypaBHEHWe oTHOCH-
TenbHO & KopHY 3TOro YpaBHEHHUST IEUCTBUTENbHbIE 1 PA3HOTO 3HAKA,
€CTU BBIMONHAETCA yenosue A >[rY, Heobxomumoe wist cyuiecToBa-
HUS ripolecca ce30HHOTO [POMeP3aHus (ﬂpOTay]BaHym), W3 dusnmyec-
KIX coobpaxeHuii otpuuare/bHblid KopeHb oTdpaceipaeTcs. 3nech cle-

IyeT OTMETUTD NpenmyuiecTBo opmynsl B.A Kynpsasuesa nepen pac-
CMOTpEeHHBIMHU BbIllE B ciy4ae, korna Q, HeBenuko. Bee npexbinyiuue
(bOpMyHbl BBIBCICHDbI MPH YCIIOBUU 6OJIbLUIAX dazopbIx IepexonoB, Koraa
0, >>C]fdj), U TepsIoT BCSKHN CMBICH, KAK 3TO Jerko IpoBepUTs NpU
Q —0. Gopmyna xe B.A.KyapsiBuesa BeneT cebsl mpu 9ToM 3aMmeya-
TeJIbHO TTOCKOJLKY MpHU Q =0

£= "l

[i

p
YTO B TOYHOCTH COOTBETCTBYET pelueHuio 3anaun Qypobe 114 cpen 6e3
$azobix nepexonos. Benuunna & B 1aHHOM Ciyyae rpencTABIsIET co-
Goit rmy6uny npOHMKHOBeHm{ HYJAEBON M30TepMbl UK TY DIYOUHY,
Ha xotopoit A =|rY. TakuM oOpa3oM, B Olpege/eHHOM Clyyde Ipu

Q¢,—>O bopmyna B A Kynpsisuesa nepexonuT 8 dpopmyny ®Pypee.

ITo dopmyne B.A Kynpsieuesa (2.36) moctpoeHbl HOMOIPamMBbl,
TpuBe e HHbIE BO MHOTHX JUTECPATYPHBIX UCTOMHMKAX, TIO3BOJSIOLLNE
ONpenenuts & depes 3ananubie 15, A, A, A, C . C, 0,. Kpome Toro,
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nyteM npeobpasoBaHusd ucxogHoH Gopmyasl (2.36) MOXHO nepeiTH
K 60Jlee IPOCTOMY BBIPAXKEHWIO, 110 KOTOPOMY pacdet LIyOUHBL Mpo-
Mep3aHus (TpOTauBAHMS) NMOPO/ HE BBI3bIBAET 3ATPYAHEHUM:

AT
S5 (2.44)
rae Ge3paszMepHasi BeAMYMHA £’ 3aBUCUT OT IBYX Ge3pasMepHsIX nepe-
MEHHBIX a-—2~£,40 H b_z'—g{:, | ¥ pasHa:
o Qs
E,* = \’(m+n)2 +n-m;
a+li 1 1 1
=ln—-7y, m==(a-D(+—)~n2+—)
b+l 2{( X n) ( a—b):l

®opmyna B.A Kyznpsasiesa MoXeT GbITb UCMOIb30BaHA M JUISL Bbl-
YUCNEHUS [IYyOUHBI MHOTOIETHETO TIPOMEP3AHUA ITOPON &, ECNU M3-
BECTHB! «CpeNHEeMHOTrO/IETHAS» TEMIIEPATYPa HA TOBEPXHOCTH £, M
AMIUTUTYIA MHOTOJIETHETO LIMKIA KofeGaHuit Temrepatypsl 4, .

3amaya ycNOXHSIETCA TEM, YTO CPEIHEMHOTOJIETHSA TeMIlepaTypa
rg Ha rnybune &, 3HayeHMe KOTopod BxonuT B dhopmyny B.A Kys-
piBLeBa 115 pacqua BEIMYMHBI €, B CBOIO OYEPE/b IMHENHO 3aBU-
cur oT €. KoapbunneHrom HpOHOpLIMOHaJ]bHOCTP! IIPH 3TOM CAYKHUT
BEJIMYMHA FEOTEPMUYECKOro MPAIUECHTA g

téu“ =l +g§MH' (245)
C HexoTOpbIMU yIIpolleHMsMU dopMyrta B.A Kyapssuesa B 3ToM
C/Iy4ae BBIMAAUT TAK:

[2/1@52(‘ Q¢ éMH] Q(b J;

iMH :§2C + (2 46)
Q AT o ¢ ’
{ Aokac 50 4o [A“’ *3 H[A“’ ’ 22)
e 4, =—<AMH+f * € Dy ZC, (2.47)

e

( MH ![O +g£.mn ‘)V &
24,C+ 0y

BTo ypaBHeHue npencTasaset coboli ypapHeHuUe 4-10 opsnka oT-
HOCUTENBHO § . PelueHne ero MoXeT GbITh JIETKO MOAYIEHO YUCIEH-
HBIMH METOJaMHU.

Ea = (2.48)
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BIAFONEPEHOC U NBAOBLIAENEHVE B QUCNEPCHbIX 3
TOPHBIX NOPOAAX
MABA

3.1. 3amep3anue Boabl U TasiHAE JbJA B TOPHBIX MOPOAAX

Bnaxxable ropHble TOPOIbl NPpU nepexole TeMneparyps! yepes 0°C
ABJSIIOTCSL BECEMA CJAOXKHLIMM T10 COCTABY, C1POCHUIO, CBOUCTBAM U
B3aMMOEHCTBUIO COCTABASIOLINX WX KoMIloneuToR u a3, Bee npu-
POJLHBIE BO/bI SIBASIOTCS, IO CYLIECTBY, PACTROPAMU, T.8. COCIO0AT U3
MOJICKY1 BObl, B Pa3HOM CTENEHMU CRSA3AHHDBIX PACTBOPEHHLIMU MOHA-
MU, B AucnepcHBIX mopoaax K 3ToMy A00aBRISIETCS elie U B3aMMoIeil-
CTBHE C AXTUBHBIMU [MOBCPXHOCTIMU MUHEPANbHBIX YACTHY, KOTOPOE
OCYILIECTBISIETCSI B 0CODOM CJI0€, Ha3bIBAEMOM «CBsI3aHHas Boday. IJo-
TOMY TIPM HM3YYEHUU CTPYKTYPhl U (DA3OBBIX NepexoldoB CBA3IAHHOM
BOLBI B JMCIIEPCHBIX Topogax HeoOXOAMMO DACCMOTPETh CTPYKTYPY
cobomioit (oObeMHO) BOALL, KOTOpPas CAYXUT KakK Obl 3TAJIOHOM
MPH UX CPABHEHUMU.

Tak, nipoliecch! (Pa30BbIX MEPexonoB NeA—obbeMHas Bola—Tap MO-
Tyt ObITh IpencTasieHbl CACAYIOWUM 00paszoM. T1pu Temneparype 1b1a,
Gauskoit k 0°C, xaxzaas Mojekyna, pACHOAAraoMAscs B y3jle peeT-
KU sip1a, 001anaeT MUHUMYMOM KHHETUUECKON SHEPrUM £ U Makcu-
MYMOM 3HepruM aKTusauuu E , T.e. CyMMApHoit 3Heprueit ceasu £,
WU B3aMMOLENCTBHSI €€ C OKpYXaioLWuMu MosteKynamu. Benuunna E
TPy 3TOM OKA3BIBAETCSA 3HAUMTENLHO MeHblle 3nauenust £ . [lo mepe
MonBoAd TETLIA K 00BeMY JThA MPOUCXONMT YBEIMEH e CKOPOCTH 1BU -
XKEeHMS MONeKyIL.

[Tpuxoasiuas aHeprust MOXET TAKXKE PACX00BaThesl HA [peojone-
HYE cBA3X OTACNALHLIX MOAEKYA B CTPYKTYPC JILAA W HA cOREPUICHHE
HMH TPAHCSIMOHHDIX cKauKos, koraa £ > £ Tlpu npojo/okalomes-
Csl BO3JCHCTBMM DHCPIMM HACTYNAET TAKOH MOMEHT, Koriaa B obuleit
COXHOCTH paspbisacrest Gonee 9—13% BOAOPOAHLIX CBICH W HAUN-
HACTCs NPOLIECC UIOTEPMUULCCKOTO TaAaBieHUs Abla, [TpoleHT pasop-
BaHHLIX BOLOPOAHDBIX CBHICH ONPE/EJSICTCS! U3 COOTHOIUEHIS Menin-
Mot naaanenun (5,9 klx/monn) u menaomut cybaumanuu (48,1 xAx/
Mong).

Paappp Takoro Koamuectsa BoopotHbix casseit monekya H,0 npo-
HCXOMUT B y3/iax KPUCTAMIMUCCKON PELIETKH JIba B PE3yabTATe BO3-
Pocuiero yucna TPAHCAIUMOHHBIX CKAYKOB MoJicky/1, Benencraue ato-
TO CTpojtHasA W aXypHAast CTPYKTYpa J1bAa, MMEIOLLAs A 1bHIOI0 yIIopsi-
doveHHoCTh, Kak Obl paciiagaeTest Ha Kyeku. [Tpu oToM B Tese KpHc-
Tanna BpinensoTes 1 060coBIsI0TCS IPYIIILI UK 4CCOLMATBI MOJIE-
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KYJi, VX HE MPpUAerapuide ApYyr K ApYyry cToNb TIPABMJIBHO, Kak BO
aeny. [Ans o6pazoBanust TaKux 000CO0IEHHBIX accOLMATOR HeobXxonu-
MO BBITOJIHEHUE ABYX YCHOBMH: 1) 0043aTeNbLHBIA pa3phiR 4acTu BO-
JIOPOAHBIX CBSI3Ei MEXIY COCENHMMY MOJIEKYNaMK U 10 KOHTYpY ac-
COLMATA BOARL, 2) TIPUBEAEHUE 060CODUBLIUXCS TPYII MOTEKY.T («KyC-
KOB JIbIa») B KonebaTeabHOoe (OPOYHOBCKOE) ABUXEHHE OKOJIO CBOUX
ueHTpoB paBHosecus. IlociegHee ocylLIeCTBASIETCS 32 CYET UMTIYJILCOR
tparcaupyiolx monekyn H,O. TIpu 3Tom npakrtudecku npexpauia-
eTCsl YBEIMYEHVE SHEPTUU BPALIATENHHO-KOIE0ATEIBHOIO ABMKEHUS
MOJIEKYJ TIpU Mpogomxawowemes noctymienuu rera H,O B yanax
KpUcTaInyecKod pewreTky Jpga. B ¢BI3M ¢ 9TUM TIPU [POAOIKAK-
LieMcs TOCTYIIIEHMY TeTjla He TIPOUCXOIUT JaibHeHIliero MoBbiiie-
HUS TEMIIePaTypPbl JIbIA.

B xome muapneHWsi NbAA TOA BO3ACUCTBUMEM MMIYJIBCOB KaK OT-
JEIBHBIX TPAHCAUPYIOIIMX MOACKYJI, TAK M UX FPYNIIT XPYITHbIE U HAu-
fosiee MeUICHHBIC ACCOLIMATHI MOJEKYJT BOIbI MOTYT JIpOOUTHCS 1 pas-
6uBaThesl Ha Goyee Meaxkune. O0mMA o6beM 1blad K BOAK! MIPU 3TOM
YMEHBILAETCS!, 4 TUIOTHOCTL BO3PACTAET RCAEACTRUE pas3pyLUIeHHMs dac-
TU TETPA3ApOB B FEKCATOHAMBHON CTPYKTYPC Nbaa M BHEAPEHHS MX
MOJEKYJT B IYCTOThI, KOTOPBIE enle COXPAHSIOTCS B HepaspylieHHBIX
YaCTAX KpUCTALIHIeCKON peleTky. KoopauHaivoHHoe YUCHo MoJie-
KYJ1 B TAKOM CUCTEME BO3PACTAET U CTAHOBRUTCS DO0.blile YeTBIpEX, YTO
O3HAYAEeT YBEIUYEHME YNCIA BOJOPOAHEIX CBSI3ed KaXIoi MOJIEKYHI,
T.€. MOBBILLCHWE IHEPTUH e¢ AKTHBALLMK. JIPyruMy cIoBaMU, DaTLHEH -
uiee gpobJieHHe ACCOLMATOR, JOCTUITIIMX B CpeHEeM HEKOH KpUuTHuec-
KOM Macchl, NpeKpaiiaeTes, a rnocTynaouiee Tersio 3aTpayuBaeTcs B
OCHOBHOM Ha yBEIWUEHHe KUHETUHYeCKOU DHEeprMM MoJleKya B acco-
uHarax 4 camMux acCouMaToB Kak elHHOro [egoro. Temmeparypa cucre-
MBI HAYUHACT MTOBBILIATECS, [TIABACHUE U JaJbHECHILUN pa3phis BoIO-
POJIHEBIX CBsI3el MpekpalaeTcs.

Ianee Hecr0XHO paccMoTpeTh ¥ oGpaTHBIR Xox npoliecca — MpeB-
pauicHue BORBL B JIefl, T.e. TIPOLECC 3amMep3anun (KPUCMArIu3ayul) 660sl,
Tax, nipy oTBOJe Ter1a OT BOABI YMEHBIIAIOTCS YUCIO TPAHCISILMOH-
HBIX CKaykos W ckopocTe quddysuu Kak monekyn H,O, Tak v He-
DonbIuuX accoliMaToB BOAbi. MMNyibesl, coobuiaeMsle TpaHcIHpyIo-
VMU YacTuiiaMy, craberoT. KosebaHus 0Kosio UeHTpOB paBHOBECHS
KPYTIHBIX ACCOUKATOB MOJEKY.T, COCTAB/ISIOILIMNX CTPYKTYPHBIH KapKac
BOJIBI, 3aMeUTSIOTCS M TeMIIEPATYPA BOILI 3AKOHOMEPHO ITOHUKAETCS.
Boapacraromas WHepUHOHHOCTh ACCOUUATOB MPUBONUT K TOMY. YTO
BOIOPONHBIE ChA3W Mexay molekynamMu H,O B cymMe okKasbIBaloTCs
CIOCOOHBIMH YISPKUBATE ACCOLMATHI K FPYIITBI MOAEKYA APYT OKOJIO
apyra. bpoyHOBckoe MBHMKEHUE ACCOUMATOB MONEKYI 3aMeiIseTcsl U
3ateM npekpamaercs Boobiute. IpoucxonuT ykpymHeHHe accoUATOR,
o0beIVUHEeHME UX W BO3PACTAHUE CpeHeil MAcChl BhILUE KPUTUUECKOH,
T.€. IIPEBPACHUE UX B MTONHOKPUCTAIINYECKUE 3aPOABILN AbIA, KO-
Topble HAUWHAIOT OBICTPO PACTH, BLUIEASS menao kpucmasaudayuu, K
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ITHM YKPYIHHUBIIMMCS ACCOIIMATAM HAYUHAIOT [IPHCOENMHSTECH 6o-
Jlee MeJKHe, a Takke OTHebHbie audbdyHaupyomue Morekynsl H,O.
ITockonbKy koopdunayuonnoe uucao monekyisl H,O B peluerke Jbaa
MEHBLUE, YEM B BOJIE, U PABHO UETHIPEM, a TAKXKE B CBSI3U C TeM, YTO
AeE KPUCTAJUTU3YETCS B 2EKCAZOHAALHOU CUH2OHUN, XAPAKTEPUSYIOLIIE -
CSl HAUTUYHEM MYCTHIX KAHANOB (IBIPOK), 00BEM CUCTEMLI MPH MEepexo-
JI¢ BOJIbI B /1]l BO3PACTAET, a [UIOTHOCThL cHUXaetcs. [lporcxoaur pac-
wupenue 800wl Ha 9% npu nepexode ee 6 aed.

OTMeYeHHBIA Bhillie MpoLecC 00BeUHEHUST U YKPYITHERUS acco-
uunaroB u Mojaekyn H,O conpopoxnaetcs obsi3aTenbHeiM 06pasoBa-
HUEM HOBBIX BOAOPOHBIX CBA3Ei Mexny monekyiamu H,O, yto mpo-
HCXOAUT, €CTECTBEHHO, C BBIAETICHUEM Terjia, KOTOpoe JOTKHO ObITh
OTBEACHO 34 MpPEeNEtbl CHCTEMBI.

MoxHO npelnorarate, YTO NPOLIECC 3aMEP3aHUST UOET CKAYKO00-
pasHo. Kak TolmbKo MOHM3UTCS, HAMTPUMED, TEMIIEPATYPA KPUCTAIOB
nbJla, HAYHETCH BBIPABHUBAHME TEMIIEPATYphl B cHUCTEME, U
KOHTAKTHPYIOUIAS ¢ KpPUCTANIAMU JIBAA TeMIepaTypa BONBI JOJDKHA
noHM3uThea. OXHAKO BOJA He MOXET NMOHM3UTb CBOW TeMIepaTypy,
TaK KaK IPoM30HIeT NpespalicHue ee B el (T.€. CBSA3bIBAHUE ACCOLU-
arop Monekya H,0). Hpyrumu crnosamu, n1000e JTOKATHHOE MOHMXKE-
HMe TeMIEpPATypbl KPUCTAIOB JAblda MM accouuaros monekya H,O
MPUBENET K KPUCTAIUTH3ALIMY U MepeXony yacTu soasl 8 1eg. Crenosa-
TEJbHO, TT0KA He COBEPIUMTCS TepeXxod BOAbL B Jied, Temileparypa cu-
CTeMbl He MOXeT MTOHI3HUThCS (puc. 3.1, a). UMenHo mosromy mpotiecc
3aMep3aHus BOMbI sIBNAeTCA uIomepmuveckiM. OH COMpPOBOXIAETCH
UHTEHCUBHBIM YKpYyIHEHMEM acCOUMATOB, XapaKTepU3ylouuxcs opo-
VHOBCKUM JIBUKEHHEM U BbLISICHUEM TETLIOTH! KpUcTain3auuu. [1pu

a 4]
+1°C +°C

: Ty T2 T
]
® ijv\
Iy

-r’DC

Puc. 3.1. XapakTep usMeHeHHS BO
BPEMEHU T TEMIICPATyp:

a — NepesXSIAXACHHA I 1 KpUCTat-
TM3anun {, BOdbI 1 6 — 3amep3alolici
TIMHUCTOH NTOPo/B! C HAYABHON BRAX-
HocTeio W <W,<W, nipu otBOZE C NO-
CToauH0ol ckopocTbio Tenna @, (cnnom-
Vag auuna) u @, (MyHKTUpHAA AUHHA) W
npu Q> Q, +°C !
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oyeHb GLICTPOM OTBOAE TEILIA OT 3aMepaalolilell cHcTeMbl 3aMep3aHue
MpOoW30iNeT MOYTU MrHOBeHHO. ODHAKO MPU 3TOM HE OYAEeT BblIe-
NAThCS TEILIOTAa KPUCTAUTU3ALMH, TAK Kak He OygeT MpPOUCXOIMTH
TpeobpazoBaHil CTPYKTYpPhI BOABI B CTPYKTYpY Nbaa. B atom cnyuae
ctpykrypa H,O Kax Ob1 PukcupyeTcs M BO3HUKAET TAK Ha3blBacMag
amoppran, a He Kpucmariueckas CTpYKTypa Jbaa.

Onuum U3 naubonee CIOXHBIX H HESICHBIX BOIIPOCOB B TEOPUU Kpi-
cmanau3ayuu 600bl ABISIETCA YCTAHOBACHUES KPUTHYECKOH Macchl acco-
uuatoB Mosiekym H,O, Korza oHu CTAHOBATCHA KPUCTATIMYECKUMH
3apOABILIAMY J1bJA, T.€. [TPEBPALLAIOTCS B [TONHOLEHHBIE TI0 CTPYKTYPE
MHUKpoKpucTanasl, Mccnegosanus nocieqHuUK AET NO3IBONKIOT NIpearno-
faraTb, YTO 3TO TPOUCXONUT INpPU KPUTHYECKOW Macce, paBHoif 472
H,O. PasMep aTolf afemeHTapHO! A4EAKH JbA OLEHUBAETCH IIPUMED-
Ho B 1072 cm? JIOoCTHUIHYB TAKOW MACCHI, 3TH acCoLyaThi yxe MOryT
WHTEHCMBHO pacTu, SIBISSACE OCHOBOM Oymyuliero kpucramna. Pacryr
KpHcTajpl 0OBIHHO paIUaTbHO OT LEHTpa 3apoasiiia. C TepMOAHHaA-
MHYeCKOH TOYKH 3peHHs 10 Hayana npoilecca KPUCTAH3ALUY Heob-
XOAMMO TOSBIEHUE NOTMOAHUTENBHBIX CWIT TIO CBA3BIBAHUIO MOJEKY.
1 accouuatos H,O B cTpyKTypy /b1, T.€. BO3HUKHOBEHHE LEHTPA AU
LEHTPOB KPUCTALTHIALHMH.

HiMeoTes 1Be TeOpHYM OTHOCKTENBHO PUPOAbI PA3BBUTHSL MUKPO-
Kpuctanos nbna. OnHa U3 HUX — 20MO2eHHas — PaccMaTpuBaeT 3a-
POXIeHUE LEHTPOB KpUCTANIM3allM¥ KakK 3aKOHOMEpPHBI npouecc
BO3HMKHOBEHHS 10CTATOYHOM Macchl accouuator monekyn H,O B pe-
3YyNBTATE MOHUXEHUA TEMIICPATYPbl ONHOPOAHOMN cpebl, 3aMe/l1eHUs
CKOPOCTH JBHXEHUS MOJIEeKYT ¥ UX 0ObeIMHEHUS ITOCPEICTBOM BOJO-
POIHBIX CBSA3eH. Jemepozennas Teopusl OCHOBBIBAETCS Ha HEW3OEKHOM
TIPUCYTCTBUM B pacrnase (BoAE) MHOPOIHBIX uyacTull (MpuMmeceit),
KOTOpBIE CNyXaT €CTECTBEHHON 3aTpaBKo#, T.e. LEHTpaMd KpucTal-
JTU33UMH. DTa TeopHst HE OTPULIAET TEOPETHYECKO BOIMOXHOCTH TOMO-
TEHHOTO 3aPOXICHUS KPUCTANI0B, HO NTOCKONBKY OT NMpUMecei B pach-
J1aBe ocBOOOIMTLCA MPAKTUYECKU HEBO3IMOXHO, B JCHCTBUTE/ILHOCTH
KPUCTA/UTH3ALINUS BBIIBIBACTCH MMEHHO 3THMM WHOPOLHBIMY YACTHUAMM,

OB6s3aTe/IBHBLIM YCIOBMEM TOMOIEHHOTO 3APOXKACHUS KPUCTANIU-
KOB JbJa SIBJASETCS! Nepexol B METACTAOMILHOE COCTOMHMWE, KOTrAd
XUIKOCTD [IEPEOXTANKIACTCH HUXKE TEMIIEPATYPBI e¢ 3amepaanusl. Ta-
KoM DIeMEHTapHbI! KPUCTWUIMK 3aPOXLAETCS CAMONPOUIBONLHO, 4
AanbHefwas ero cyabba 3aBUCUT OT CTENEHU NEepeoxnaxjicling pa-
crBopa. [Tpy HocTaTOMHOM NepeoxIakACHHH CUCTEMbI KPUCTLTUK ByieT
pacth. PacueTs! mokasslBaoT, 4TO 001aCTh METACTaOUNBHOTO COCTOS -
HUS A8 BOAbI HAXOAUTCH B WHTepBale TemnepaTypsl 0...—~55°C. Ike-
MepYMEHTAIbHO YAaBaloCh MEPEOXTAAUTE AUCTUIIIUPOBAHHYIO BOAY KO
—12...—16°C, a menxue xuakue Karmiu sBoasl no —72°C. Tlpu Takoit
TEMIIEPATYPE KPUCTALIA3ATIUSA HAYUHAACH Cpasdy BO BCeM 06BeMe KAIH.
Benuynna nepeoxyiaxaeHusi o0EMHO# BoAbl OOBIYHO He [PEBbIILAST
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HECKOJBKHUX IpanycoB ¥ 3aBUCUT OT COCTABA BOJIbl, NPEIABbICTOPUN €€
¢GOpPMUPOBAHUS ¥ CKOPOCTH OXTAXACHUS.

CoracHO reTeporeHHol TeopruM, BBIHYXKASHHAS KpHCTANNIN3ALINA
BbI3BIBACTCS 3aTpaBKaMH MPpH HaIW4YMy HeDOJBUIOrO TepeHachillie HUA
WM TepeoxnaxiaeHusT pacriiasa. Hauayyuieil 3aTpaskoit aBnsgioTes
YacTHLIBl {pUMecK) CAMOro BhrIpallliBAaeMOro KpycTamia abaa. 3aTeM
no cuje 3¢ GhEKTUBHOIO BO3NEUCTBUS HA KPUCTAUIN3ALMNIO CIEAYIOT
YACTHLBI U3OMOPGHBIX BElIECTB, CMOCOOHBIX HABATH ¢ KPHUCTAIIOM
TBepIbIE pACTRODbI, TAK HA3bIBAEMBIE 2A302UOpamel U Kpucmaiio2uopa-
mbl. ATOMBl UM MOHEI TAKOM MprMecH 3aHWMAIOT YIAbl KPUCTaNIN -
4ecKoil pellleTKH BoJbl. 3aTpaBKamu CIYXKAT TakKKe pacTBOPUMBIE B
BOIE€ KPHCTATINKN coneﬁ, MEXaHHYeckKHE MprIMecH M BElecTBa, KO-
TOPBIE MOI'YT AABATL C PACTYIIUM KPUCTAIOM 3AKOHOMEPHbIE CpOCT-
KH. B O6LU.€M KPUCTAJITU3ALHIO BOJAbI JOXKHbI BbI3BIBATH BCE TBEPAbIC
Tesa, CTPOEHUEe KOTOPHIX BIU3KO0 K CTPOEHUIO JILIA.

TMocnenyromuit (mocne obpazoBaHUA 3apodblld) POCT KPUCTALIA
NbJa ONpeaensercsi, ¢ ofHONR CTOPOHBI, 0CODEHHOCTAMH €ro Kpiuc-
TAJUIOXUMHYECKOTO CTPOEHUS, & ¢ APYrof — yCIoBUSIMU ero TUTAHUS.
Tak, [pu MOCTOSSHHOM TEMIIEPATYPHOM TIPalMeHTe M HellpepbIBHOM
yBeJIMYEHUM TIOBEPXHOCTY PACTYLLEro KPUCTALIA, a CAeNOBATENRHO,
TIpH BO3pacTaHUM SHEPreTMYECKHUX 3aTpaT Ha (a30BBIf Nepexon BOABI
B JIE, TeMIlepaTypa BOAbl BOKPYT KpUcTauia OyaeT BHAYANE HECKOMb-
KO TMOBBIIIATECA M TEM CAMBIM 3aMEIAThL ero poct. Benem 3a atum
HAYHETCS TMOHUXKEHHe TeMIepaTyphl 32 cYeT OTBOJA 3a IIpelesbl CHC-
TeMB! TEMNA, BbIASMUBLUETroCSd NPU KpUCTAIM3AUUHU Boabl. Jpyrumu
CIOBaMM, pOCT KPUCTANNOB Jiba B BOAE, NO-BUAUMOMY, HOCUT CKad-
K00OpasHbiil 1 LHKIWYecKnit XapakTep. B pesynprate HeGoIb1LIOrO HA-
rpeBaHus BOAbI BOKPYT PACTYLIEro KpUCTANIa M [OCAEYIOLLETO €€ OX-
JaXAeHMs BOHWKAIOT Mepernalbl MO MIOTHOCTYU BOMBI, YTO MOXKET [pU-
BECTH KaK K TeMMepaTypHOH, TaK U K KOHLEHTpaUHOHHOH Juddysun
moniekyn H,0. Stum obecrieunsaloTcs MpuToOK BELUECTBA K pa3iny-
HBIM yyacTKaM KpucTauia ¥ ero poct. CKOpocTb pocTta BOKpYT pebep u
BEPLIMH KpuCTala okasbiBaercsd Oollblileit, YEM Yy €ro MJI0CKOCTeH,
T.e. HabMonAeTCa aHU30MponUs 6 e20 pocme. BenencTBre Toro YTo BEp-
IIMHBI KPUCTANAOB YATHHSIOTCH BeIcTpee, 00pa3yroTes ASASHbIE UTIbI
U 3Be3004YKH, KOTOphIe B JalbHENHIIeM cPacTalOTCS B CIUIOLUHYIO Mac-
Cy Npy cOXpaHeHUM CKeJeTHOM (popMBI TOIBKO Mo KpasM. B yciosusx
OJHOCTOPOHHEIO PAaBHOMEPHOro OXTAXIEHMA 3TO MPUBOIUT K POCTY
TEX KPUCTANIOB, KOTOPble OpUEHTUPOBAHB! Hanbonee 61aronpusTHo.

eHee BBIFOJHO OPUEHTUPOBAHHBIE KPUCTAINB! BRIKIVMHUBatOTCS. [Tpu
3TOM, ec/lu rpaHb PacTyllero KpucTalja BCTPEYdaeT Ha CBOeM MyTU
Kakoe-nuGo nocTopoHHee TeNO, oHA HAYWHAET OTTANIKUBATL €ro C
HexoTopoit cuoif, KoTopasi Ha3blBAaeTCs KPUCMAANUIAYUOHHOH.

B npuponuoit Boae, conepxailleil pacTBOPEHHbIE COTH, NMPH KPUC-
Tainu3anuu o6uidHo Habmonaetcs auddepeHunaums (paccianBaHue)
KOMNoHeHTOB. B npoligcce OXIaXAEHHS TAKOTO pacTBopa MOJEKYJbl
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COJIEU, KAK M MOJEKYIbl BOABI, OPraHU3Y OICS B 3/EMEHTAPHYIO pe-
nretky. Mger pasaensHoe o6pasoBaHue pelieToK JAbIA H KaxKI0H COMTH
B Xoae samep3aHus 208MEHTApHbIE PELUETKU CONEH OTTeCHSIOTCS K
rpaHuiiaM CHIOBOTO TOMS, B KOTOPOM JNEHCTBYET 3apoAblill KPUCTA-
JIM3aUUY bIa. B KpUCTATHKAX j1b1a 0O0bIYHO COAEPAUTCA OUEHE MAIOC
KoJuyecTBo coneil. OaHako, ueM DONbIUe CKOPOCTh KPUCTALIN3ALKH,
TeM Gosblle cosleit 3aXBaTLIBAETCS KPUCTALIOM. TeMIepaTtypa 3amMep-
3aHUsT (KPUCTALIM3AUMM ) COJIEBOTO PACTBOPA BOJBI OKA3bIBAETCS HINE
0°C.

Mpu 0°C sofa obaadaem 3anacos anepeut 636 Jx/r, Toraa kak .1ed —
302 Ix/v Pasnocme 6 3anace suepenn mexny Humu (334 1x/r) co-
CTABASET CKPbUMYIO Menaomy niagleHiis Avda D12 NOJBOAMMAs M3BHEC
TETiora 3aTpaduBaeTcs Ha o0pa3oBaHMe pelleTKY BOAbI, T € Ha U3ve-
HEHME CPEHECTATHUECKOIO PACCTOSTHUST Mexay mosekyramu H,O Bo
JIBAY U BOIE.

3.2. ®a3oBble epexobl CBA3AHHON BOIbI B e[
B FOPHBIX MOPOJAX

[MpoBneva dhazoBslx nepexados ceazannol 8odbt 8 aed siBaseTcs 6O-
Jiee CAOXHOU, yemM da3oBbie mepexaabl B cBoboaHaii goge Hecmorpsi
Ha MX COOTBETCTBHE, OUEBHIIHO, YTO CBI3AHHASI MUHEPLIBILOI NTOBEDP-
XHOCTBIO BOZIA XApaKTepH3yercsl CTPYKTYPOU, O IIMYHON OT CTPYKTYPhI
cBOBOMHOI BOABI, TAK KaK YYaCTBYET B MOCTPOEHUH CITCLLUMDUIECKON
CTPYKTYPHOW pellieTKy, [TOBTOPSIOWEH CLPYKTYPHBI MOTHB KPUCTa(-
JIMYECKOH peleTKM MMHEPAIbHOM NoBepX1IOCTH (nomiaxku) Yem G-
Ke K MUHEPAILHOM NOBEPXHOCIH, TeM CyLIeCTBeHHee OylNeT MCKaXCe-
Ha CTPYKTYPa CBSA3AHHOU BOMBI B CpaBleHKH co cBoGoution. st obpa-
30BAHUA IIEPBBIX [IGTHOKPUCTAIHYCCKHX 38POAbIINE bAd B CBA3AH-
HOM BOAE, B KOTOPOH IPAKTHUECKH OTCYTCTBYIOT KPYITHBIC aCCOLMATDI
H,O, craraoumne CTpyKTYpPHYIO Pelle1ky oOBLeMHOM BOJbl, BHAYaje
TAKUE ACCOLMATH HALO OPraHM30BaTh /it 3TOro HeoOXOAHMO raKoe
HOHMXKEHME TeMITEPaTypEl, KOTOpOoe MO3BOAMI YMEHBLIUMTL KUHCIU-
YECKYIO U KONeQaTCNBHYIO 3HEPIUIo OTACBIILIX MOJIEKYI CBSI3aHHO
BOJIbI HACTOJIBLKO, YTO SHEPIUS CBA3M MOJeKY.T Mexay coboit £ (1
SHEPIHS AKTUBALKMU) OKAXKeTcH 0OsIbllie CYMMbl KMHETUYECKOU 3HEp-
TAK 1 SHEPIUM CBsI3U UX ¢ MUHEPATbHONM MOMTOXKHOI £~ Bomopor-
Hble cBsA3d Mojekyn H,O 6GyayT crnocobHbl npeojoeTs jeiicTBHe
FIOBEPXHOCTHBIX CUJI MMHEPAIbHBIX YACTHULL M CIPYINMPOBATL MOIEKY -
JIbl B JIBIOMOA06HBIE AcCOUHATEL. YCI0BUC 00pa3oBaHMs NEPBLIX MO~
HOKPUCTAJIMYECKUX 3aponabiiiuei! IbAa B CBA3AHHON BOME 3aITUChIBA-
I0TCS CASMYIOLUM 00pA3OM’

Ew>Ex+Emm’ (3 l)
rae E

o SIBJISIETCSL TIEPEMEHHOM BEJIMYNHOM, BO3pacTalollei B cre-
NMEHHOW 3aBUCUMOCTU [10 Mepe INPUONUXKEHHSI K MUHepajibHOU mo-
BEPXHOCTU M YMEHbILIEHMWS TOMMMUHDBL MIAEHKY /1 CBI3AHHON BOXLI, T €
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E = fl/h"), Tne n — nokasartens, BEJMYMHA KOTOPOTO 3aBUCUT OF
THITa B3aUMOEHCTBUA BOABI ¢ MOMNOXKoIt. Heobxoaumoe ans peani-
3A0UH 3TOrO YCTOBUS [MOHUKEHHE TEMITEPATYPh]l CBA3AHHOIM BOIBI 10
3HAYEHUs 7, PABHOTO TeMIIEPAType fepeoxiaxneHus, Oyner obyc-
NOBAUBATHCH BEUYUHOI QHEPTUU CBA3M BOILI ¢ MUHEPATBHOMH MO/-
noxkoit E_ - Yem 6onee sHepreTHyecku OyAeT cBA3AHA BOAA, TEM [0
Oonee HU3KOH TeMIlepaTyphl ee TioTpedyeTesi nepeoxIanuTs VMimenuo
C 3TUM cBsi3aH TOT (aKT, YTO MPU YMEHBIIEHNH HAYATbHOIO BJIAroco-
IepXaHus qucriepcHoit noposnt (W, <W,<W)), a cienoparensHo, Npu
YMEHbIIEHUY TONIUWHBI [UIEHOK CBS3AHHON BOAB! M COOTBETCTBYIO-
IIEeM YBENUYEHUH 3HEPTUU CBa3U Moiekyn H,O ¢ MunepanbHoil no-
BEPXHOCTBIO, TEMIIEPATYPA MePEoXIAKIeHUs OYyIeT XapaKkTepu308alb-
cs Bce BoJiee HU3KUMHU OTpULATEIbHBIMI 3HAYCHUAMHU (cM puc 3 1, 6).
Taxum obpazom, npupona acddexra nepeoxnakaeHus CBA3AHHON BOLLI
IIPH 3aMEP3AHUM JUCTIEPCHEIX OPOJ OGYCIOBICHa HEOOXOIHUMOCTDIO
BbIBOAA YACTY STOHM BOIbI M3-TIOA HCHCTBUS MOBEPXHOCTHBIX CHJI MU-
HEpaTbHBIX YACTHLI, TOTIA KAK NepeoXIaxaeHue ceo00nHOM BOAb He-
o0XoIUMO UG A1 OPraHM3ALUY MEPBBIX MOJHOKPUCTATHUECKHX
3aponpliiieit Apaa OTCloma CICAyeT, YTO MTOBEPXHOCTHAS 3HEPrus 3a-
BUCHUT OT TEMIIEPATYPHI, T € NANBHONEHCTBUE 3ATYXACT C ee MOHUXe-
HUEeM

TaxuM obpaszom, mocne TOCTMKEHMs] TPYHTOBOI cUCTeMOI TeMriepa-
TYpBI, DABHOW TeMIiepaType MepeoXIaxIACHHOH CBI3AHHOW BOJbI
(tnep<t ), IHEPTETUUYLCKU HAMMEHee CRiaHHasl yacTh €€ BBIXOAUT U3-
oy 1eHCTBUS MOBEPAHOCTHBIX CHA TPYHTOBBIX 4acTHIL, YTo criocobe-
TByeT 00pa3oBanui0 acCOUMATOB M3 oTZeNbHBIX Mojekyl H,O u unx
ykpynHeHuto Tlocnenyomee (o Mepe oTBoAa Telia M3 CUCTEMBI)
npexkpauleHye OPOYHOBCKOTo (KoieOaTeIbHOr0) NBMXKEHHS accolra-
TOB MpUBENET K NPEeBPALIEHHUIO UX B OJHOKPUCTAINYECKHE 3apOJIbI-
UM JbJA, a TAKXKe K TPYNNUPOBKE OTAENBHBIX MOJCKYIT H MEJKHUX ac-
counaroB H,O BOKpYyr 3Tux WIM UHOPOIHBIX SIEP KPUCTAILTUIALMU
TlpuyeM m18 MpoTeKaHUs 3TOro MPollecca B CBS3AHHONH IPYyHTOBOM
BojJe He foTpedyeTcs AONOJHUTEILHOIO NEPEOXIAXKICHUS, TTOCKOb-
KY, ¢ ofHoll CTOPOHSI, BhiNlOsIHEHUe yenoBus (3 1) yxXe npennonara-
eT HaTM4ne OOS3ATENbHOIO TIOHWKEHMUS TeMITepaTyphbl 10 £ <f", a ¢
Apyroit — rMOPOBBIl PACTBOp XapakTepusyeTcsl HATUYMeEM OOIbLIOrO
YUcAa HHOPOAHLIX sSSP KPUCTAIU3aUMM, YTO YeKOpAeT U WHTEHCH-
duumMpyeT neperpynupoBKy MoJIeKyd Boxbl B cTpYKTYpy abaa [Tpo-
Hecc NposIBAEHUsT HOBBIX 3apoibliileit J1bAa B cBA3aHHOM BONE AMCIIED-
CHBIX TTOPOA ¥ TipeBpALLEHUS WX B TTOJTHOLIEHHbIE TIO CTPYKTYPE KpUC-
TANNBI JIba OYIET NPOUCXORUTE C GbideeHiteM menioml Pazossix ne-
Pexodoe. ATo BbI3OBET CKAYK00Opa3Hoe N0BBILIEHWE TEMITEPATYPL] IPYH-
TOBOM CHCTEMSBI, A CIEA0BATENBLHO, U CBA3AHHOU BOIbI [0 TeMnepaTy-
Dbl Hauana ee 3aMep3aHUs WIW HAYanad KpUCTARIUIALKY ¢

K p
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1,°C Puc 3 2 Kpussle H3MEHCHUSE TemITepatyp rc-
PEONIIKICHHS £ 0 TeMepaTyp Hauala Kpuc-
TAUTABALHA T (cnylowHas NMHMSL) W Harpe-
BaHus (MIyHKTHpHas JMHUA) necka (1) #
ruHbl (2)

3JHayeHHe TeEMOEPATYphbl [TOPOI HA-
Yajga KPUCTANNU3AlLUK CBI3AHHOU
BOJbI B IMCTIEPCHBIX [TOPOJaX ONpense-
JASeTCs BETHYUHON 3HEPrUU CBI3M
IPYHTOBOH BJIArM ¢ MMHEPANbHOM NO-
BEPXHOCTBIO £ DKCIEPUMEHTANIBHO
YCTAHORJICHO, 4TO 4yeM GoJibllie 3Ta
3HEPTHsI U TOHbLIE MUICHKA CBA3AHHOM
BOJBI, TEM HMXKE TeMIepaTypa Hauama Kpycrauimsauuu Tak, B nec-
Kax, XapakTepu3yioluxces GoTbLIMM cofepKaHueM ¢1abocBA3aHHOM
(npaxTryecky cBoOONHOM) BOABI, TEMIIEpaTypa Hayala ee 3aMepsa-
HUg O1M3Ka K TeMMepaTtype 3aMep3aHus o0beMHOM (UMCTOH) BOABL
(IK3=O°C). B neckax ipu 3TOM TEMIEPATYPE MPOUCXOAUT 3aMep3anLe seeil
6060010 60dbt, A IPOLOIKUTEILHOCTD 3AMCP3AHUST 3ABUCHUT OT BiIaXK-~
HOCTH ITECKA W MHTEHCUBHOCTY oxjaxaeHust [Ipu nipopomkeHuu or-
BOJA TEI1a U3 3aMepP3aioLLero necka ero TeMmneparypa oyuer nocre-
nenHo noHuxarsca 0 —0,5...—1°C (puc. 3.2), 4To CBUAETEILCTBYET O
BbIMEP3aHUU 6ce Goaee céa3aHHoM BOABL U TIOATBEPXKIAETCS BblACAEHHMEM
HeOOJIBIINX KOTUUECTB TENNIOThl KPUCTAIIU3ALUHN.

B caunucmeix noponax TeMOEPATYPA HA4AAA KPUCHIAAAUIGHHU CBS-
3aHHON BOMAbl OKA3bIBACTCH CYLIGCTBEHHO Hidie, YEM B TECKaX, U Mo-
KeT JOCTHIaTh, HanpuMep, B MOHTMOPH/LIOHUTOBbIX [IMHAX IPH BiIdK-
HoeTH 41—45% nopsiaxka —2,5...—3,5°C. [Ipu oToM clienyeT yuUuThi-
BaTh, YTO HAJMKUYME PACTBOPUMBIX COlel H OOMEHHbIX KATHOHOB B CBSI-
3aHHOM BOe AMCNEPCHBIX MOPOL BYNET TAKKe MOHUKATD 3HAYEHME 1 .
Hanbreitwnit oTBOL TENAOTH (PA30BbIX MEPEXOAOR H3 MNIHHUCTOM cHc-
TE€MBI TIPUBOAMUT K TMOCTENCHHOMY NOHWXEHUIO OoTpHUATEILHOM Tem-
nepaTypbl MOPONbI 110 Mepe BhIMEP3aHUA Bce Gojee IHEPIETHMUECKH
CBSI3aHHBIX CNTOEB BoAbI (cM. puc. 3.2).

Takum obpazom, Kak B meckax (XoTs! 9To ¥ cnabo BbIPAXKEHO), TaK
¥ B TJIMHUCTBIX nopoaax ¢aloBkle MepeXonbl BoALI 1 BhILEASHUC TETl~
JOThl KPUCTULIM3AUUM TIPOUCXONSIT He MpH Kaxojt-J1ubo oaHOM
TIOCTOSIHHOM TeMIMepaType, a B CIIEKTPE OTPULIATEILHBIX TEMIIEPATYD.
B 3TOM cnyyae umeeT CMbICT BbLIEISITh TOABKO TeMIIepaTypy Hauana
KPUCTANNNA3aUNMA CBA3AHHON Bobl (1) ) [TponoaxuTeasHOCTh KpHC-
TAMU3ALUNH CBSI3AHHOU BOIBI, TaK Xe kax u cBobonHoM, OyneT onpe-
HeNsIThCsl CKOPOCTBIO OTBOAA TEIJIA M3 CUCTeMBl. Bofblasi cKopoCTh
OTBO/a TEIA NpHBeneT K fosee BbICTPOMY IO BPpEMEHU BLIMEP3aHUIO
CBSi3aHHOW BOABL, 4TO huKcUpyeTcst Ooslee pe3kKUM M3rnboM KpuBoi
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M3MeHeHHs! OTPULIATEIbHOM TEMITEPaTyph! 3aMep3aloilieit Mopoabl (CM.
puc. 3.1, 6).

st oObsicHe Hys TPUPOALL PA3OBBIX NPEBPALLIEHUH CBI3AHHON BOIBI
B CITEKTpe OTPUHATECIBHBIX TEMIIEPATYP CXEMATHYHO PACCMOTPHM IIpo-
1LlecC €€ BhIMep3aHus B AMCIIepCHOR Mopole Mo Mepe 0TBoJa Terlia.

JocTuKeHHe MopoAo#t TeMIlepaTypbl Hayama KpUCTALTIH3ALLUM
(tKPH<O°C) ¥ BO3HUKHOBEHHE MEPBBIX MONHOKPUCTATUTHYECKUX 32POIbI -
ek Jp1a o3HayYaeT oOpa3oBaHUe HOBOH U CIIOXHOU (PU3IMKO-XUMH-
YyecKOH CHCTEMBI C TTOBEPXHOCTSAME pa3fena: MUHepaJbHas [oBepX-
HOCTb—He3aMep3lilag (cBA3aHHAs) Boma—jed. BzauMHoe BiusiHue
MOBEPXHOCTHBIX CUJT MUHEPAIBHBIX YACTHUL W JbJa APYI Ha Apyra fpH
5TOM OyIeT MHHHUMAIBHBIM, & KPUBbIE U3MEHEHUST SHEPIUH CBA3LIBAHUS
He3aMep3ilel BOAbl MHHEPANbHOI MOBEPXHOCTRIO C YYETOM TOJLLIUHBL
xunkoobpasHoit mienku A (£, (H=A1/h")) u nvaom (E_(H=A1/h"))
[lepeceKaloTcsl MexXay co0OM Ha HEBBICOKOM HEPTreTUYECKOM YpPOBHE
(puc.3.3, ceuenue 1—I). Ceuennte I—I B Takom ciydae npenctasnseT
co0Boit YCTOBHYIO TPAHMLY pasielia ciiosl He3aMep3llieil BOALI HA aBe
yacTH. Jlepas yacTe MeXy 3TUM cedeHHeM B MUHePaIbHOH MOBEPXHO-
cThio (MIT) Byzer naxoaurbes rmof MpeobIafaOIUM BIUSHUEM [TO-
BEPXHOCTHBIX CUJ MHUHepajbHOM Toanoxku. Ilpasad (MeHslIas o
MOLLHOCTH) YacTb closl He3aMep3llleli BOMbl, OTpaHuUYeHHAas CeYeHU-
eM I—I u nexasnoit noeepxHoctoro (J1IT), OyaeT ymepxuBaThesa B oC-
HOBHOM [TOBEPXHOCTHBIMU CHUAAMU NEASTHON MOJTOXKM, 2 ee CTPyK-
TYpa OKaXeTcs MAaKCUMATBHO MpUOGANKEHHOM K cTpyKType apia. dpy-
'MMH c/ioBaMHM, 3Ta 4acTk He3amep3llieil BOABI TPEACTaBAseT coboi

4 Jin
2 <

é f £ =g <0°C

7 - an

Z 3

4 Afnn

Z B

Z Ea(b)i— —f ————————=— ==

g Emn(t) ) 3 Eca(ha) Epn(t) . 1 AEnn -

g P ﬂz.ff'.{'i"" N Eea(h) | Enn(ty)
M b h Eu(h) 11 A Euth)

Puc. 3.3 3aBUCHMOCTD TOMWMHEI ICHKH A He3aMepalled BOAbl OT 3HPETHH CBA~
ShIBAHUA ee E npu oTpULATEbHEIX TEMIIepaTypax 12621

1 — ¢ MuHepanbHoit nonepxHocTbio MIT; 2—4 — ¢ neaanon nosepxHoctsio JI (2 —
TPU A W1, 3~ nipu by W 1, 4 — NpU A 1 1)
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KBa3UXUAKYIO TUICHKY Ha TOBEPXHOCTH JBIA, CTPYKTypa KOTOpOil
npeTepriesa yxke YacTUYHY0 Monudukaiuio. I1pu 3ToM MoBepXHoOCT-
HBIE CHJTBI K&K MUHEDAIBHOM, TaK U IEASHO! NOMIOKKHU, KedopMUpys
CTPYKTYDPY BOIbl [OJ CTPYKTYPY CBOMX KPUCTA/UIMYECKUX DELIETOK,
BBI3LIBAIOT MCKAXKEHUWE BOJOPOAHBIX CBSI3eil B OIM3NIEXKALINX CIIOAK He-
3amep3iieit Boasl. Takoe uckaxeHue nepenaeTcs B NOCAENYIOIME CIIOU
BOZIBI MO 3CTAETHOMY MeXaHu3My.

TlockoapKy pasiniie B CTPYKTYPHBIX MApaMeTpax peLeTky JIbla U
BOJbI OyIeT 3HAYUTENBHO MEHBIUMM, YEM B CTPYKTYPHBIX NapaMeTpax
pelieToK MHUHEPAIbHbIX YaCTUIl U BONBI, TO UCKAXEHUE BOAOPOLHBIX
CBA3eil, BbI3bIBAEMOE IMOBEPXHOCTLIO Jinaa, OyaeT Gosee ciabbiM MO
CPaBHEHMIO C BJIUSHUEM MUHEPAIBbHOM MOBEPXHOCTH U NOMKHO pac-
HpOCTpaHsIThest B INyOb BolInl HA MeHblilee paccTosiHue. [ToatoMy To.1im-
Ha [UICHKH HE3aMEp3lleH BOJAbI, CBI3BIBAEMO MHUHEPANIbHON IMOBEPX-
HOCTBIO, OKA3bIBAETCH CYIIECTBEHHO OONBIIIE TONUINHbI TUIEHKHW, HaXo-
Js1eics B Mose ASHCTBUS TOBEPXHOCTHBIX CH JIbAA (cM. puc. 3.3). TTpu-
MEYATENBHO, YTO NOHINEHHE OTPHUATENBHOH TEMIIEPATYPhl TaKoh
JIHIOTPYHTOBOM CUCTEMEI Ha OIHO U TO XK€ 3HaYeHUe (Af,= AL= Af=...),
JIOJKHO MIPUBOAMTD K OTMHAKOBOMY M CYIECTBEHHOMY YBEITHUYEHUIO
cBoGO/HOM MMOBEPXHOCTHOM 3Hepruy Jibla (AE}= AE = AE*=..). Ee
yBennueHKe OyaeT Ha opsafok Goliblle O CPABHEHUIO C U3MEHEHHEM
3TON BeNMUYUHBL IS MUHepasibHOU rnoBepxHocTH. TloxrBepxaeHueM
CAYXKHMT TOT aKT, YTo Koaghguyienm memnepamypHou deghopmanuu nbia
o (M3MeHEeHMe IMHEeHOro pa3Mepa Tesa [Py U3MEHEHHH ero TeMIiepa-
TYpBI Ha equHMLY) Boslee yem Ha MOPSAOK NPEBbILIAET TAKOBOM JJis
MUHEPANIoOB U TOPHBIX Nopoa (ans auaa o pasHo (40—60)-107¢ [/rpan,
JUJISL MUHEPAJIBHOTO cKeJleTa IMHUCTBIX Topon — (0,4—0,8)-107¢ 1 /rpan,
JUis TpaHMTa, necyaHukoB u ciaaHuen — (3—10)-107¢ 1 /rpan).

YMeHbllleHMe Ke 00beMa TBEPALIX TE PU OXJIAXASHUK CBA3AHO C
YMEHbLUEHHEM CTPYKTYPHBIX [1apaMeTPOB HX KPUCTALIMYECKHX pelle-
TOK. boJiblliee U3MeHEHMe 3TUX CTPYKTYPHBIX [1APAMETPOB IPUBEIET K
QoablleMy 110 BEIMYMHE NeDOPMHUPOBAHUIO BOAOPOLHBIX CBS3€H B
OKpYXaloweH HezaMepaiel Bofe ¥ OyaeT NposBAsThCS Ha GoIblleM
PaccTOsiHIK 0T UcKaXaloreil noBepxHocTH. JIpYTUMH ClIOBaMH, SHEp-
TSl CBA3BIBAHMSA BOJBI [TOBEPXHOCTBIO JIba £ ¢ MOIMIHOCTE CIOSI He-
3aMep3liell BOAbl, YAEPXUBaeMOH 3Tol MOBEPXHOCTLIO, OYAYT BO3pa-
CT4Tb Ha MMOPSIIOK ObICTpee MPu IMOHMKEHHUU TEMITEpaTypsl, YeM 3TO
HabmonaeTes IS MUHEPaTbHBIX TTOBEPXHOCTEH TIMHUCTBIX YacTull,. B
CBSI3Y C 9TUM W3MeHeHMeM Beuutsl £ =1/h") npy MoHIKeHUH TeM-
nepaTypsl MOXHO MpereOpeun. Mamenenue ke kpusoit £ _(H=A1/h") 3a
CYET, HAMPHUMED, OXMHAKCBOTrO yBENUIeHUsI NMOBEPXHOCTHON SHEPIUU
npaa AE  TIpy NMOHWXEHUN OTPULATEIBHOM TeMIepaTypsl TOPOB! Ha
OIHY U TY Xe BEINYUHY A7 OKaXKEeTCs CYLIECTBEHHbIM, YTO K OTPAXEHO
Ha rpaduke (cM. puc. 3.3). [Tpu atom

E (1)< E (1)< E (1), (3.2)
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e t>u>t, alt ==l —t=Aru L (t)— £ (1)=E, (1)~ E (t)=AL
M Hauc rosBopsi, IOBEPXHOCTHBIE CHJIb] NIblA TIPH [IOHMXEHWU OTPHIIA-
TEJIbHOW reMIiepatypbt OyayT Bo3pacTaTh [aK CUAbHO, YTO YaCTh Hela-
Mep3iieil Bolbl, paHee CBS3bIBAEMAST MUHEPA.IbHONH [1OBEPXHOCTHIO,
MEPERET B [1oJ1e IeUCTBUS MOBEPXHOCTHBIX CHJ JIbAA, T € [POU30HIeT
Qasoebiu nepexod wacmu Hezamepsuiel 6odel 8 7ed MOLLHOCTB Xe €108
BOIBL, KOTOPbIN CBSI3bIBACTCS] HOBEPXHOCTHIO JbAA, IPY 5TOM JIOJIKHA
BO3pacTaTh

HMexonst M3 BBIIEU3NOXKEHHOTO, MOXHO OOBSCHUTb MPUUUHY
JansHEeNLIMX ha3oBBIX MTEPEXONOB CBA3AHHON (He3aMep3llen) BOIbI B
Jqen (rmocie oOpa3oBaHUs MEPBbIX NMOTHOKPUCTAANYECKUX 3apolblileit
Tb/1a NIPK TEMMEpPATYpe Havala KPUCTA/LIU3ALMY /) HE NPU MOCTOSIH-
HOM TEMIEPAType 1%, a B CMEKTPe OTPUUATENbHBIX TeMIIepaTyp

Ha MoMeliT BO3HUKHOBEHUS MEPBLIX MONHOKPUCTANTUIECKUX
3apOAbIIEN JIbAA B 3dAMEP3AIOLISH NOPOe MPH 4= 1" MOXHO IpH-
HATH, YTO B clAyyde MpeKpauieHus nanbHeiiero oTeona Teia us ta-
JIO{ I'PYHTOBOHW CHUCTEMBI B HEM YCTAHABIMBACTCS KBa3uMpaBHOBECHOE
COCTOSIHHE MEXAY He3aMeps3lied BoAoW M JIBAOM, W JdbHEH1Iero
BbIMEP3aHHUsI CBA3AHHON BOZbl MPOUCXOANTH He OyaeT B aTow c1yuae
IIpH TOALLMHE NJIEHKM CBA3aHHONM BOABI /1, ONpefessiollei paccTosl-
HUE MEX/y NMOBEPXHOCTBIO JNEAA U MHUHEPAIBHON 110BEPXHOCTBIO, Ha
KOTOpOH TeMIIEpaTypa UMEET 3HAYEHHE f,, IOJUKHO BbIMOTHSTECH yC-
JIOBHE

E ()= L )+ E (1), (33)

(9]

rie E (1) — MOBEPXHOCTHAs SHEPTUA MhAa, 3ATPAYMBAEMAS HA B3AU-
MOJEHCTBHE (CBS2b) C MPUJIETAINNMKY MOJIEKYJJAMH He3aMcpillen
Bonbl, £ (1) u E_ (1) — COOTBETCTBEHHO IHEPIUSI CBA3M MEXK/Y
MonekynamMu H,O u suepiusi cBA3U MOJEKy.1 HE3AMEP3LIEH BOABL ¢
MUHepPATbHOU TNIOBEPXHOCTRIO, PACTION0KEHHOH OT MOBEPXHOCTH Jibid
Ha PACCTOAHMM A, Npu TemmiepaType f, Taxoe KBa3MpaBHOBECHOE CO-
CTOSIHME MOXET ObITh HapyIIEHC TOJAbKO B Pe3yAbTaTe AOMOJIHHUTEIb-
HOT'O [MOABOAA UM OTBOJA TETLIA M3 cucTeMbl B ciyuyae nonroxa tenta
HaYyHeTCs MPOoLEeCC MCYE3HOBEHMS 3apOABILLCH NbAa U TepeBol UX B
CTPYKTYpY BOZbI, T € IIPOLIECC OTTAUBAHUSA NOpO/bl JJOMONHUTEILHBIMA
K€ OTBOJI HEKOTOPOTIO KOJMYECTBa TeIlia 13 3aMeP3aoLLel TpYHTOBON
CHCTeMBI NTPUBEUET K MOHXKEHUIO TEMITEPATYPHI JIb1a, CBA3AHHON BOIBI
U MUHEpaJIbHbBIX Y4CTHLL (IOMIYCTUM, Ha Ar=1,— L, tae 1< tk‘j) ITpu ra-
KOM MOHUXEHWUW TEMIEPATYPHI IPOU3OUIET YBENWYEHHE TIOBEPXHOCT-
Hoit 3Hepruu abaa Ha BenuuuHy AE = £ (1)) — L (#) n HckoTOpOe
BO3pacTaHWE IHEPTHH CBsi3bIBaHMS Mexay Motekynamu H,O B By
3aHHol Bosme HAa AL, Tak Kak £ (7)< E_(1,) BeanuuHa xe sHepriu
CBSI3H MOJIEKY] He3aMep3liel BOJbl C MUHEPATLHON MOBEPXHOCThIO,
KaK ObUIo MOKA3aHo paHee, He OV/IET CYIIECTBEHHO (N0 CPABHEHWIO CO
Tbniom) usmenatecs (£ (1)~ E,_ (1)) ITo npUBENeT K HApyLUCHUIO
yenosua (3 3) Takum obpasoM, 4TO
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Enn(t1)> Ecu(tl)+ E\nm(tl)' (34)
CregoBaTenpHo, B cuny Oonbllleil aHepruu CBSI3M MOJEKY He3a-
Mep3Lleit Boab!l ¢ TTOBEPXHOCTHIO NbIA YACTh MX OYACT BBICBOOOXKAATL-
€S U3-TI0J AeCTBUSI CU MUHEPATHHOM MOBEPXHOCTH ¥ MEPEXOAUTD B
Mone DeACTBUS TOBEPXHOCTHBIX CUMT JIbAA, T € JOMKEH OCYILECTRISATh-
csl a3oBblil Nepexo He3aMep3lleit BOAbL B JIER TIPU YCJIOBUM OTBO/A
U3 CUCTEMB! BbLAEJSIOICHCS TEMLTOTH KPHCTALIU3AILIMK. BpiMep3aHue
YACTH He3aMep3lleil BOAb!, 4 3HAYWUT U MepeMelleHue rpaHuLbl pasae-
N1a WIeHSHast TOBEPXHOCTh—HE3AMEP3LIAs BOAA» U3 NIOJIOKEHHSA A, 0/-
SKHb] TPOUCXOIUTB 1O HOBOTO PABHOBECHOTO MTONOXKEHUsI IPAHULIBI pa3-
nena h,, B KoTopoM OyA€T BLIMOJHATbCA ychosue E (1,)=E_ (7,)+
+EAI1H(f2)' . . . .
AJbHEIMI OTBOJL TellAa U3 3aMep3alolleil IPYHTOBOH CHCTEMBI
NPUBENET K HOBOMY IMOHMXEHHIO OTPULIATENBHON TeMIepartypsl ee
COCTABHBIX YacTel (HanpuMep, Ha Ar=¢,—¢, =t —¢,, rae £.<t) Ilonuxe-
HUEe TeMMepaTyphl Ha BeAIUUYMHY Af, KAK U B NepBoM cayyae, obec-
MEYUT yBEIUUSHUE TTOBEPXHOCTHOM 3HEPIUY JIb1A HA BENUYHHY AE, =
E (t)-E (1)=E (1)~ E (1,) n BO3paCTaHWe IHEPIUU CBA3M MOSe-
kyn1 H,O B Hesamepaiueit Boge tax, uto £ (£)>E (1,)>E, (1,). D10 Ha-
PYLIUT YCTAHOBMBLICECS KBAa3UPABHOBECHOE YCIOBUE M IPOH30iineT
HOBOE BbIMEp3aHUe TOMOMTHUTEILHOTO KONMYECTBa He3aMep3lleil Boabl
MPU YCAOBUM HEOOXOIMMOTO OTBOJA TETIOTH (PA30BBIX MepeXoioB U3
nopoibl. Kak 1 B mpenpiayiuem ciyyae, HeCTOXHO rpapuiecky Ha puc.
3.3 HalTH HOBOE NONOXEHHUE /1, IOBEPXHOCTH JIbAA, COOTBETCTBYOLIEE
OTpuLaTeIbHOW TeMTepaType 1,<7,.

Ha puc 3.4 npencrapieHa U3BeCTHAS MO SKCOEPUMEHTaM KpUBasi
3aBMCUMOCTY COAEPXAHUY He3aMepaluell BoJbl OT OTPULATEALHOM
TeMmnepatrypsl. TIpH 3TOM BMAHO, YTO IOCIELOBATENbHOE U3MEHEHUE
OTPHUUATENEHOR TEMIEPATYPL! MOPOABl HA OXHY U TY Xe BeIMUUHY Al
NPUBOAUT COOTBETCTBEHHO K BHIMEP3AHNIO KAXABINA Pa3 3HAYUTEIBHO
MeHbIUEeTo KOMUYeCTBA He3aMeP3LUed BOIbl U K YMEHBIIEHUIO TOMNIU-
Hbl MIEHKH CBSA3AHHON BoO[bl HAa MEHblUee 3Ha4eHue h,—h, > h,—h,.
OO0DBsICHAETCS 3TO LEMIKOM 38 CHET Pe3KO BO3PACTAIOLIETO C YTOHbLIE-
HUeM TUIEHKHM He3amepslieil Boibl 3HAYEHWS BHEPIUM CBASBIBAHUS
MOJIEKY)] CBSI3aHHOM BOILI MHHEPaibHOH MOBEPXHOCTHEIO B COOTBET-
cTBMU ¢ Kpuboit £ =f1/#"). D1a KpnBasg M onpeJle/isIeT N0 CYUIECTBY

xapakrep kpusoit W =fr). deiictu-
TeNbHO, MPU BBICOKUX OTPULATENb-
HbIX TeMIepaTypax IPOUCXOIUT UH-
TEHCUBHOE BBIMCP3aHUE CJAABOCBS-

~,°C
=l

Puc 34 3aBHCHMOCTL coacp)alHst Hela-
Mep3wieit Boabl W, OT MOMIKCHHS OTpH-
LATCALHOW TEMICPATYPBI MPH MHTCHCHBHDIX
(I), HeanaunTennubix (11) ¥ npakTHiecKn
oTcyTeTByowWMx (111) dazosbix repexogax

-.I3
._{2
—-11
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3aHHOMW BOIbI B 'PYHTOBBIX CUCTEMAX MPH MOHMXKEHUU TemilepaTyphbl
Ha 1°C, a B 06/1aCTH HU3KUX OTPHULIATENbHBIX TEMIIEPATYDP MPU TTOHU-
xeHuu Ha 1°C HabmioaeTcs cylLleCTBEHHOE 3aMelJIeHUe UIN IIpeKpa-
nieHue Ga3oBbIX NEPEX010B He3aMep3liel Bodsl B ied (cM.puc. 3.3), C
y4eTOM 3TOTO W B cootBeTcTBMU ¢ Kpusoit W, =f7) H.A llpiToBKy B
1973 r. npeaToXua pa3neuTs rmpouecc GasoBbIX IePexonoB BoAbl B
JUCIIEpCHBIX TIopojax Ha TpH obnactH (cM. puc. 3.4). I — obnacte UH-
TeHCHUBHBIX (ha30BbIX MTEPEXOA0B, KOTAA MPH U3MEHEHHH TEMIIEPaTyphl
Ha 1°C npouCXouUT U3MeHeH e COASPKAHUA HezaMepaitel Boan: Go-
nee yeM na 10%, t.e. AW, > 10%; Il — obnacts cnaBoHHTEHCHBHBIX
riepexo/ioB, Koraa npu At = 1°C AW, usMeHsietcs B uHTepsate ot 10
1o 1%; 11l — obnacts npakrTuyeckoro oTCyTCcTBUS (hasoBbIX [Tepexo-
JoB, Koraa nipu Ar =1°C AW, < 1%.

OnucaHHble 3aBUCUMOCTH OTHOCHINCEH K XUMHYECKH «HUCTOM» CBH-
3aHHOM Bojle B AUCTIepCHbIX moponaax. OgHaKko B MPUPOIHBIX YCIOBUSIX
CBSI3aHHAd TPYHTOBAS BOJA XapaKkTepu3yeTcst MpUCYTCTBueM Gonbliio-
FO KOJMYECTBA PACTBOPUMBIX COJEi, KOTOPblE CBSI3BIBAIOT MOJIEKYJIb
H,O 1 TeM caMBIM MpensITCTBYIOT MEPeXOAy OCMOTHYECKH CBA3aHHOM
BOJBI B J1ed. B cOOTBETCTBUH ¢ 3TUM yCIOBHE (a30BOTO MepeXoda B Jied
CBSI3AHHOW BOAB!, B KOTOPOIf MPHCYTCTBYIOT PACTBOPEHHEIE COMH, UIH
BbIMep3aHUsT MUHEPATH30BAHHOM BO/IbI B CIIEKTPE OTPULIATENLHAIX TEM-
nepatyp Mpd TOAIIMHE TUIEHKM A U TeMIlepaType 3aMep3aHud Ha ee
MTOBEPXHOCTH { 3AIIMCHIBAETCS B BUJE:

E (0> E (0t E(0+ E_ (. (3.5)

3nech E(r) — sueprus csasy momekyn H,O B Hesamepawed Boxe
HOHAMH DACTBOPEHHBIX cOJielt HAa PACCTOSIHUKM A OT MMHEpPalsHOH
nosepxHoctu. CornacHo yenosuio (3.5) oxasbiBaercsi, 4To 4eM 0oJib-
llIe KOHLIEHTpAlLUs pacTBopa HezaMep3alleil Bobl, & c/IeIoBATE/IbHO, 1
3Heprus B3aumoneicTus monexyl H,O ¢ vionamu, tem mpu Gonee
HU3KOM OTpMLATeNbHONI Temnepartype OyaeT OCyLuecTBAAThCA (aszo-
BbIJl nepexo/ ONHOIro U TOTO Xe KOoJAWYECTBa BOLLI B JIEL.

Hcnonbays UAToXKeHHbIE Bhillle NPEACTABICHUS 0 BhIMEP3aBUK HE3a-
Mepalueit Boapl B AMCTIEPCHLIX MOPOAAX B CHEKTPE OTPULATEILHBIX TEM~
nepartyp, MOXHO MOKa3aTh, YTo o6paTHbI (a3oBblit nepexoa (noxa-
ITaBACHHUE TbAa W YBEJIMYCHUE 33 CYET 3TOTO COAEPXKAHUS He3aMeps-
el oabl) Takxke OyaeT MPOUCXOAUTH HE OJHOBPEMEHHO U HE NpH
IToCTosIHHOW TEMIIEPAType, 4 [TOCTENEHHO MO MEpe MOBLILCHUH OT-
pHvuaresbHOR TeMIepaTyphl B OTTAUBAIOUENR TPYHTOBOK CUCTeME
(cM.puc.3.2).

Taxkum o6pasoM, B IpoMep3aloleil WIn Mep3sioit 1ucnepeHol no-
Pone Bcerna comepXMTCA ONpEC/CHHOE KOJMYECTBO Heaamep3teh
Bonpl, Tak, 3KCMEPUMEHTATLHO YCTAHORIEHO, YyTO Aaxe npu —100°C
BOKPYr TOHKOAMCMEPCHBIX MMHEPATbHBIX YacCTHLL €LUe COAECPXHTCS
NneHka Hesamepalleit Boabl ToauHON nopsuika 0,3 HM. [Ipu 3ToM
CllenyeT roguepkHyTh, YTO OTOXIECTBAATbL He3aMmep3lyi Bolly co
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CBSA3AHHOMU Helb3sl, TOCKOABKY B MOPO/IE HA TUICHKY CBA3AHHOM BOARI
M0G0 TONUUHBL SHEPTETUYECKOE BIUSHUE OKA3bIBAIOT TOABKO CHJIbI
MMHEPATLHON MTOBEPXHOCTH, a4 HA MJIEHKY He3aMep3iueil Boldbl TaKoM
K€ TOJIIMHBI — elie ¥ [TOBEePXHOCTHEBIE CUMBLL Jibaa, JpyIuMi clioBa-
MM, Taxas IUIeHka HezaMepallueii Boasl OyIeT cBI3aHa DHEepreTHUecku
culibHee ¥ JOJUKHA ObITe MeHee riogsuXHoi. [1pu 31oM moHsiTie Hesa-
Mep3Lei BOabl B NHCMEPCHBIX MOPOIAX B 3aRMCHMOCTH OT KOHKpET-
HBIX YCOBHIT MOXET BKJIOYATH MPAKTUYECKU BCE BHIbl MPYHTOBOI
snaru: 1) ceoGonnyio (3amep3aoutyto obsiuno tpu 0°C, a 11py Bblco-
KUX KOHUEHTPAUUAX IIOPOBOro pacTBopa — NpH TeMIICPATYPAX 3HauH-
TeanHo Hike 0°C); 2) Kanuaaapuyro (3aMep3afouyio B o0acti Bbli-
cokux, BOAM3u 0°C, oTpuLATEIBHBIX TeMnepatyp); 3) IUIeHOUHYIO;
4) ancopBUMOHHYIO (3AMEP3AIOLIYI0 B UIMPOKOM CIEKTPE O1pHLATe Tk~
HBIX TeMmmeparyp B1oTh 10 —100°C i 1uxe),

CreayeT TAUCKE OTMETUTD, YTO KKIO0IT OTPHLATCABHON TEMIICPATY PC
B KOHKPETHOU FPYHTOBON CUCTEME TIPH PABHOBECHOM COCTOSIHUIL 10N -
JKHO COOTBETCTBOBATL CTPOTO ONMPEIEIEIIHOE COJIEPKAHHE HesamMeps-
LIei BOABI WIK CTPOTO OMpe/lcieHHasl TOIUMHA BOAHOM ieHKI A. B
cnydae HecoOJKOIEHHsA 3TOTO YCJIOBUY TEPMOIMHAMUYECKOE COCTOS -
HUE CUCTEMbI He OyneT PaBHOBECHBIM M OYICT MPOUCKXOLHTDL IPoLiCTe
1160 BbIMeP3aHUA U30BITOUHON (CBEPX PABHOBECHOTO 3HAUMECHNS) Bd~
TW, Tubo MOAIIABACHHME JbJA, YTO HNPUBEAET K YBEAHUYEHHIO COACP-
JKAHUST He3aMep3ulei BOIbI IO er0 PaABHOBECHOIO 3HAYCHIA.

3.3. [Ipupoga 1 MeXaHU3M MHUTPAUNH BJIArU
B JUCIIEPCHBIX 10POAAX

[TepemertieHue BIary B HEBOJOHACKIIEHHEIX MCTIEPCHBIX TOPOIAX
XapaxkTepu3yeTcs CAOXHBIM MEXAHM3MOM MePeHOCa MACChl (I MHOIO-
o6pasneM ABUAKYLIMX cUn BraroobmeHa. [TpumeHntensHo K reokpuo-
JIOTUYECKUM 3aja4aM HAUOOIBIUUA HHTEPEC NPeACTABISIOT BOIIPOCH!
MUIpalUMK CBA3AHHON M KanmWUIAPHOK BOABl M Mapa, OT KOTOPBIX B
JUCHEePCHbIX TOPOAAX 3aBMCHT PeHISHUC Paid 3a1ay B obfacTh TpyH-
TOBENEHUS U MHXKEHEPHOIT €0 JOTHH, TOYBORCACHUSI U TEOKPHONOINHK
C ob1eit TepMOIMHAMUYECKOHM TOUKY 3PEHUS nPUHUHON MUepayuil godst
& napa B QMCTIEPCHBIX NOPOJAX SIBASIE ICSl HEPABHOBECHOE COCTOSIHHE
CUCTEMBI «IPYHT—BIArd», BBI3BIBACMOE M3MEHECHMEM BO BPEMCHM H
TIPOCTPAHCTBE TEPMOLMHAMMYECKNX TTAPAMETPOB (TeMIIepaTyps!, 1aB-
JEHHUsI, KOHUEHTPAUMH HMOHOB, BIAXHOCTH, 3.ICKTPHYCCKOIO, Maj-
HUTHOTO M IPAaBUTALIMOHHOTO TIOTEHIIMAAOB U [ip.). M3MepuTs Heroc-
PEACTBEHHO IBVKYLIME CHAbI KAKAOTO U3 MEXAHU3MOB B OTAEABHOCTH
HE Bcerla BO3MOXHO. JTUM, B HACTHOCTH, OGBSCHACTCS! CTPeVIIeH e
HafiTH egnHy0 (0000lIeHHYI0) cuiy. OoJiee WM MEHee MOJHO ydyu-
THIBAIOLUYIO COBOKYIMHOE AeHCTBHE OTACAbHBLIX COCTABASIOUIMX MUTPa-
LWHOHHOTO MTOTOKA. B pesynbrate cTa pa3sBuBaThes axepeemuueckiilt (rep-
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MOAMHAMUYECKHI) MOAX0d K MACCOINEPEHOCY B KOMNOUIHbBIX KallW/i-
JIIPHO-TIOPHUCTBIX TeJlaX, K KOTOPLIM OTHOCUTCS H FPYHTORASl CHCTEMA

Bes Bola B rpyHTax, uckiiouast CBOGOAHYIO (1paBUTALUOHHYIO),
YICPXMUBAETCS 32 cYeT CBOBOAHOU TNMOBEPXHOCTHOWU 3HEPruu
MUHepanbHoro ckenera nopoast £ [lpu slauvoneiicisun MuHepa-
JIOB € BOAOM, A TOUHEE C BOJHBIM PAacTBOPOM, 4aCTh 3HEPruu £ 3aT-
PAYVIBACTCS HA CBA3BIBAHUE MOHOB JBOMHOIO MIEKTPUYECKOrD CNOS U
MOJIEKYJT BOAbI Pasnocts £ —E =F npencrasisieT coGoit yacTb Hem -
pPACXO0BAHHOW Ha B3aUMOJEHCTBYE C ROAHBIM PACTBOPOM CROOOM-
HOM MOBEPXHOCTHON YHEPrMU IPYHTOBOM CUCTEMbI. QueBHMJHO, 4TO
OCHOBHOU ABMXYIIEH cunoil BaarorepeHoca Mo XMakoil dase (Te
MUTPAUMY BAArH B rpyHTax) sibnsiercs grad £, Te TrpajueHT 3ToR
oHepruu Tlox £ rmoHuMaeTcs BeMYNHA YACAbHON cBOGOMHOM 3Hep-
run [u66ca, KOTOpyio HepeaKo HAIBIBAIOT adCOMNOMHbIM XUMUMECKIUM,
WITH U300GPHO-UIOMEPMUHECK UM ROMENUAIoM LIS CBA3AHHOMN BOZBI |1/
YuurteiBas, uto aGCONIOTHBIE 3HAYEHMS BETHMUYHH MHOTMX TepMOLKIIa-
MUYECKHUX QYHKUUA, B TOM YKCae U (', HEONPENENUMBI, OTbICKUBA-
eTcs He a0CONIOTHBIA, 4 OTHOCUTEALHBIA TEPMOAMHAMKUYECKUN TTOTEH -
upan ca3aHHou Boael B = W' —u, Flpu 3ToM  sIBsieTCs a0COMOTHBIM
XUMHUYECKHM TOTEHLINAIOM JUIst cBOOOAHOM BONBI, a TaK Kak p' <p, TO
|, MMEET OTPULIATENbHBIM 3HAK

OmHocUmeavHblll IMEPMOOURAMUYECK U ROMENIIAT TPYHTOBOR BArH
Haubosee MOAHO OTPAXKAET BEIUMUHY NMOHMKEHUS SHepruu cBobos-
HOI BOJBI MTPH €€ B3AUMOACUCTBUM ¢ TBepabIM TetoM Ou npejicTanisi-
eT coboli paboTy, KOTOPYIO HYXXHO COBeplIHTh, YToObl OOpaTHMO H
H30TCPMMUECKH nepeBecTy | © cBoOOHGH BOABL B CBSI3AHHYIO Baaly
TToTteH1 a1 BRAary, XapakTepUYIOIMK SHEPIUIO CBS3H BOJALI B IpyH-
TOBON cuUcleMe ¢ TMOMOLUBIO B3sTOH ¢ oOpaTHBIM 3HAKOM paboThi,
U3MepsieTcsl B €IMHULAX pabOThl, OTHECEHHOM K JIUHHUE MACChl BO/IbI
(nanpumep. B Ix/kr, Ax/Modp 1 ap )

Tepmodunaruueckuti nomerua,l TPYH(OBOU BAATW SIBASETCH CYM-
MOW psiid YaCTHbIX ITOTEHIIKAJIOB'

=0 o toto o Yo+, (3.6)

THe @, — KapKacHblf, WM KaMWIIAPHO-aICOPOIMOHHbBINA, 10TEHUN-
a1, Te padoTa, KOoTopas 3aTpaumBaeTCa Ha NMepeBol eAUHNALLI MAcChl
BOIb! 3 PacTBOPA, TOXACCTBEHHOIO FPYHTOBOMY, B CBA3AHHYIO BIATY
(3TOT nOTEHIWA BKIIOYAET COPOLMOHIBIE U MEHICKOBDLIE SIBIEHUS),
P, — OCMOTHYECKMIl MoTeHlIMan, r.e paboTd, KOTOPYIO HYXKHO 3aTpa-
TUThb, 4TOOBI NEPEBECTH eIMHULY MACCHI BIArH U3 00beMa YHCTO BOABI
B 00BeM, copepXKalliy pacTBOpP, TOXKIECTBEHHBIM 1O COCTABY U CTPOE-
HUIO IPYHTOBOMY pPACIBODY; ¢, ~— IPABHTALMOHHbIN MOTCHLUAN, T €
pabota o nepeHocy pacTaopa, AHATOTUYHOTO TPYHTOBOMY, M3 OIHOM
TOYKY 1O BBICOTE B APYIYIO; ¢, — THAPOCTATHYECKUA (UM BHELLHEIO
Ta30B0TO JABNECHMS) n0TeHuuan BbIpAXaOUMil paboTy, NPOU3BOAM-
MYI0 Hag IpyHTOBOM BJIAroi 1104 BO3ACHCTBUEM BHEUWIHErO AaBlIeHIsl,
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®,, ¢, — COOTBETCTBEHHO JMEKTPUYECKHMH ¥ MATHUTHBIH [OTEHLHANIbI
piary. CireflyeT yUUTbIBAT, YTO C MMOBBIILEHUEM TEMIEPATYPRI TOTCH-
LWaJ Biary yBeIMYMBaeTcs. DTO CBA3AHO C BO3PACTAHUEM TPAHCISLY-
OHHOTO JBMXEHUS MONEKY) BOILbl M YMEHBIIEHUEM ee CBI3U C MUHE-
paNbHBIM cKeseToM IpyHTa. C yBeNMdeHMeM MTOTEHIIHANA, XapaKTepH -
3yeMOro OTPULIATE/BHBIM 3HAYEHHEM, BO3pACTaeT ero aarebpautiec-
Kaf BeJIMYMHA, B TO Bpems KakK ero abconoTHas BeIMUMHA NPU 3TOM
yOblBaerT.

INMoTeHuMan rpyHTOBOR BAATH [ 3aBHCHT OT BAArocoAepKaHMs 110-
pons! (W, rem™). TTo anamorun ¢ o6beMHON TeMIOeMKOCTbIO IS
TeMIlepatypHoro roJist A.B.JIbIKoBEIM OblTo BBEIEHO MOHATUE 0OBEM-
Ho} unu duppepentuansroli saazoemkocmu epyuma C, KoTopas 1oKa-
3BIBAET, KAKOE KOMUYECTBO BOJIBI HEOOXOAHUMO 106aBUTh B IPYHT, UTO-
651 UBMEHUTD 3HAUCHUE MoTeHIIWANA BoIbl Ha enuHULY. OHa aBnseTca
nepeMeHHoH BeNUYMHOM, 3aBUCALICH OT OTeHLMAa TPYHTOBOM BJa-
T, COCTAaBa W CTPYKTYPHO-MEXAHUYECKUX OCOOEHHOCTEH AUCIIEPCHOI
MTOPOIbI, U OIpeaeNsercs [0 COOTHOLICHUIO
C, ()= 2’1—
)

Hw

(3.7)

rae T — teMneparypa no KensBuny. [loTeHunan rpyHToBoit Bnaru u
JutdepeHIIMANbHAS BIArOEMKOCTE B TI0POJAX MOTYT M3MEHSTbCSl Ha
OMH—aBa Mopsanka (puc. 3.5, a).

C noteHuuManom Biiaru cesizado seeneHHoe b.B. Jdepsrunbim nonsitue
PACK/IMHMBAIOLIETO ABNCHUS TOHKHX ILICHOK CBA3aHHOW Boxs! P,
KOTOpO€ TIpeACTaBIseT coG0il mepernal AaBieHHs NP1 nepexone llepes
TUIOCKYIO MeX(a3HYI0 MOBEPXHOCTh OT XUIKOCTU, HAXONALLEHCH B
TOHKOM CJIOE, K BOIE, rpaHHyalleil ¢ HUM, ¥ paBHO

B [4:)
_H_L_Lil".._ WIH P = __A..L’ (3.8)

vm hﬂl
rae v, — MOJAPHBIA 06BEeM BOIbL, W! ¥ L&' — ITO/IHAIE TEPMOAMHAMU-
qyeckue MOoTeHUMANLl BOAb! B ITPYHTE W CBA3AHHON BOALI B IIEHKE;, A U
m — Kod(hhOULUUEHTEI, OTPaxauie ocobeHHOCTH COOTBETCTBEHHO
MHHEpanbHO! MTOBEPXHOCTH 1 BOAHOTO PACTBOPA; 4 ~ TONUIMHA MACHKH
CBA3AHHON BOIBI MEX/Y JIBYMS TPYHTOBBIMU YACTHLAMU. BeJnunHA 1"P
MIPU 2TOM UMEET OTPUILIATENLHOE 3HAUEHMUE.

B tom cnyvae, ecin P, o abeomoTHOMy 3HAYEHUIO OKaxeTes! 60Jb-
e, YEM CHITbl BIAUMOACHCTBIS MEXJY ABYMSA MUHEpaTbHbIMU YACTU -
uamu P u BHEIWHE! Harpy3ku Ha HUX g, TO OHU BylyT oTaaisThes
JPYT OT npyra 3a CYeT PacKIMHUBAKOILETO NeHCTBUS TITEHOYHON BOJIbI,
MUTPHPYIOWLEH clofa noa AelicTBreM [TOBEPXHOCTHBIX CUJI MUHEPAJIE-
HBIX YacTHil (pUc. 3.6). B 3ToM cryuae 06si3aTe/IbHO BLIMOJTHACTCS YCIO-
BAE WP > e, ripuveM ¥ < jus. Do u obecrneunBaeT MUTPALKIO BOAbI
B MEXIUJIOCKOCTHOM 3a30p MEXIYy YacTMUAaMM 10 MOMEHTa BbIpaBHU-
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Puc. 3.5, 3aBucHVOCTH: @ — NOTCHLMANA BAArH ., 1 06beMHol AnddepeHUnab-
Ho#t Braroemkoctd C (MyHKTUP); 6 — koadidULHeHTa BAaronpoBOAHOCTH PyH-
ToBOH Brary A, u xosdbduuventa auddynn K, ot BrarocosepkaHus aucnepe-
HBIX NMOPOL:

1 — cynecp serkas, 2 — cyneck TsDKenasi, 3 — CYIIMHOK CpefHHH nbuiesatelfl, 4 —
[JIHHA; 5 — KaoNMHMTOBas MHHA, 6 — THAPOCTIOINCTO-MOHTMOPHIIJIOHHTOBAs TNIHHA TIpH
p,=1,56 r/cM’

BaHUS MOTEHLIKATOB U yCTaHOBHeHI/IH HOBOTO PABHOBECHSI B CHCTEMe.
Mpn P <P +g, naxe Korna p, > ue, pasaBukeHue JaCTUL HE NPonc-
XOIHT. "Ecau BHewHss Harpyaka 6om,me YeM PacKJIMHUBAIOLILE JIAB-
NeHHe P W cuia OTTAIKUBAHUA P MeEXIy YacTLaMK (g>P +P ), To
YacTHUBI OyOyT cOMMXATbesA, @ BOAA BBITEKATh U3 MEXILTOCKOCTHOTO
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Puyc, 3.6, Cxema packnHHUBAOLICTO 1EMCTBIA TOHKMX MICHOK CBSI3aHHOM BObI
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3azopa. [Ipy TakoM noaxoje juasjeHue HaOyXaHUA TAMHUCTBIX MMOPOJL
CIeNlyeT paCCMATPUBATE KAK PE3YAbTAT MPOSBICHUA PACKIUMHNBAIOLLIE -
ro AeWMCTBUS TOHKUX TJIEHOK CBA3AHHOHU BOILI.

Murpauusi BOAB B JUCTIEPCHBIX MOPOAAX MOXET OCYIIECTBIATHCS B
KanuaaapHom (1151 COOCTBEHHO KalWIUISIPHOM BOJbI) U HAEHOUHOM (1151
cabocBszaHHoi Boasl) BUaax. [Ipuyem nepemellleHue KamuUiIpHO
Blary B OCHOBHOM OCYIIECTBASETCS MOJSPHBIM (0OBEMHBIM) MyTeM
33 CYET MEHUCKOBBIX (NTarIacoBbiX) CUI. B MepanbIX AHCIepcHbIX [10-
poaax GoJbIIYIO POJib UIPAET MUTPALIUS CBI3AHHON BOMBI, OCYLIECTB-
asteMass oOBIYHO B MJIeHOYHOM BHIe. B ToM ciyyae, Korga ngons ruie-
HOYHOIO [MepPEeHOCA OKA3BIBAETCS] COMOCTABUMOM € JoJei Karmuiisp-
HOro BAArolepeHocd M0 MUKPOMNOPaM [MOPOMbl, HEPENKO TOBOPAT O
CMEILIAHHOM KaMWLIAPHO-ITIEHOYHOM MEXAHU3Me TepeHoca. Pollb ke
MIEHOYHOre MEXAHW3Ma MHUrpaldy Bfald B oblLieM MEepeHoce BOMB!
0COOEHHO PE3KO BO3PACTAET MPU YMEHbBLICHHH BIArocoAepKaHus 1Mo-
poasl. B 3ToM mpouecce cyiliecTBEHHO TO, YTO Blara B [IIEHOYHOM CO-
CTOSTHUM TepeIBUraeTcst B FpYHTE He CILTOLIHOR Maccoif (oOBbeMHOC
nepeMellcHHKE), 4 OT YacTULB K yacTuue (MojekynapHoe AUddy3u-
OHHOE TepemelneHue). EcTecTBeHHO, YTO CKOPOCTH MHUIpaLIUK TTE-
HOYHOM BOJbI, @ CIEAOBATENBHO, U TIOTHOCTh MUTPALIKOHHOIO [T0TO-
Ka BJArW MPH 3TOM OKA3LIBAIOTCH 3HAYUTEIBHO MEHBIle M0 CpaBHE-
HUK ¢ KAaMWIIAPHBIM BJIATONEPEHOCOM.

C MOIeKY.IPHO-KUHETUUECKMX NMO3UIIMI TIcpeMellieHHe CBA3AHHOIM
BO/BI B IMCIIEPCHBIX MOPOAAX NPH HATUYHH HEOXAHOPOAHOIO CUIOBOTO
oS ONpeAcnsieTCs PA3HOCTHIO CKAYKOB MOJIEKYN BOABL B NPAMOM U
oOpaTHOM HAMpPaBIeHUAX MO JMHUK AeUCTBUS TPAAUCHTOB CMII.
CkauxoobpasHele NepeMelieHusl MpeacTaBasioT coboll camonmddy-
3UI0 YACTUIL Y HA3bIBAIOTCA MPAHCAAUUOHHbIMY. [17151 COBeplLIeHUS TPAHC-
ASIUMOHHOTO CKA4YKa U3 OJHUX Y3TOB pellleTKH B Apyrue HeoOxoauMo,
4yTOOBl KMHETUYecKas (KonebarenbHO-BpalaTe/lpHas) 3Heprus vac-
™y £, okasanach Gonblue 3HEPTUM CBA3M (B3auMOIEHCTBUA) ee ¢
npyrumy yactuamu £, t.e. £ > E . [Ipu aToM Clieayer yuuThiBath,
4TO MpU HATPEeBAHUM BElUECTBA KMHETWYeCcKas IHePrHsi YacTHL pac-
TeT, @ IHePTUST CBA3M MEXIY HUMU YMEHbIIACTCH.

PacueTHble naHHble MOKA3bIBAIOT, YTO, HAMPUMEpP, KAXAasl Moje-
KyJa Boxb! Nipy Temneparype 25°C cosepluaeT B | cekyHny oxono 6 108
ckaykoB. CKa4KY oTOeNeHbl APYr OT APYra NpoMexKyTKaMy BpeMeHH rpe-
OBIBAHUA MONEKY/IBI OKOJNO LUEHTPa paBHOBecHs, pasHeimu [,7:1077 c.
Monekysa Boap! 33 nepyUoa NpedbBAHUS B [TOJOXEHUY PABHOBECHA
(Mexny ckaukaMu) coBepluaet okono 1000 konebanuit. B uenow guc-
710 CKAYKOB MoJeKynsl B 1 cekyHmy (MAM uX yacTtoTa J) BBIpaxaercs
opmynoii:

g = gpe T KD, (3.9)

TIe j, — HEKOTOpbI Ko3ppUUUMEHT, CBA3AHHBIH ¢ YacTOTOM Koaeba-
HUS YACTULB! OKOJIO MONCXKEHUS PABHOBECHS; R — ra3oBas NoCTOSH-
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nasi; T — abcomotHas Temneparypa (rmo KesbBHHY); € — OCHOBaHUWe
HaTypaJibHOIO Jorapudma.

CpeaHee Bpemsi KoJieGaHUU 4aCTHIIBI OKONO OJHOIC LEHTPA Pas-
HOBeCHUs €CTh BeJIUUMHA, obpartHas /, T.e. t=1//. [IoMuMo paceMoTpeH-
HO#1 (HYOPMBI IBHKEHUS! OTIENBHBIX MOJIEKY B XKUIKOCTAX U ra3ax uMeroT
MECTO U TPYIITOBBIE IepeMEeIHEeHUST MOJIeKY/l, BbI3BAHHBIE TONYKAMU
CO CTOPOHBI OKPYXaIOLIMX 4acTyll. Takue accolaThl MONEKYJT IIPHXO-
AT B OpoyHOBCKOe IBUXKeHUE, 100aBisioLeect K TPaHCIALHOHHOMY
ABWXEHUIO oTAeNbHbIX Moekyn H,O.

PaccMoTpeHHble Bblilie MpeACTABICHHUS O TPaHCASLMOHHOM IBH-
KEHUM Moneky u accouratos H,O xacanuch XMMUIeCKH YUCTOI CBO-
GomHolt Boabl. OHY He YUUTBIBANY HU ABIEHUS euopamayuii UOHOE, T.€.
B3aMMOJICICTBHS HOHOB 3JEKTPOJMTA B BOTHOM PACTBOPE C MOJACKY-
AamMd BOABI, HU 3¢ddeKTa CBABIBAHUA MOJEKYS] BOAbI aKTUBHLIMU
LeHTpaMy MUHepaTbHON MOBEPXHOCTH TPYHTOBBIX yacTdil. IIpu 1x yyere
3HEPIUA CBA3M KAKION MOJEKYJIbl BOJbI BO3PACTAET HA BETUUUHY IHED-
MU cBs3biBatust woHoM DE| monexynsl H,O, ¢ ogHolt cTopoHsl, u
Ha BEJIWUMHY 3Hepruu cpasu monekynel H,O MuHepanbHoil mosepx-
HOCTBIO AL~ — C apyroit. B cootseTcTBUM ¢ 3TUM IS CBA3AHHOM
BOJBI, COACPXKAIIEH HOHBI IBOHHOIO 3ACKTPHYECKOTO CI0S, YACToTa
TPAHCAALMOHHBIX cKa4koB MoJiekyn H,O noixHa cHuxatees un GyaeT
onpenensThCs BRIpaKeHUEM

)= Joe~[(l:”+L‘“+F\"m)/R7 ] (3 10)

Takum obpasoM, nepemMelleHde (MUTpallusi) CBSI3aHHOW BONbI B
OUCIIEPCHBIX NOPOJAAX MOXeT paccMaTpHBaTbCs KakK pa3HOCTH
TPAHC/SILIMOHHBIX cka4ykoB MoJiekya1 H,O B npamoM u oOpaTHoM Ha-
npasieHusx. MHTeHCMBHOCTD Xe TpaHCIALMOHHBIX CKAYKOB MOJIEKY,
Kak ciaenyet U3 BelpakeHus (3.10), Bo3pacTaeT NpH MOBbILIEHHH TeM-
nepaTypbl U YMeHbUIEHUH 3HEPId CBA3M MOJIeKYNl BoJAbl MHHepab-
HOJ MOBepPXHOCTHIO YacTHl Uian woHamu Iuddy3Horo ¢aod, T.e. pu
YBEJIMYEeHU N MMOIBUKHOCTH MIeHOYHOH Boabl. [To3TOMY mpu npodymx
PaBHBIX YCJAOBUSIX MTepeMellieHue CBA3aHHON Boabl OYIET HA0NI0HaThCS
M3 TOJCTBIX TIEHOK, Te MOJeKy/jbl OKa3blBAIOTCS MEHee CBA3AHHDI-
MH, B TOHKME, OT MAeHOK ¢ Soslee BLICOKON TeMmmepaTtypolt (raoe rmoj-
BIKHOCTbh MOJIEKyJ1 Gonblle) K TuieHKaM ¢ Gonee HU3KOM TeMIIepary-
Poif, OT TLIEHOK ¢ MeHblIell KOHUeHTpauuei pacTBOpPeHHbIX Coel K
IleHkaM ¢ Oonblued KoHueHTpauueid noHoB U T.0. CroxXHoCTh pac-
CMOTPEHIS MUKPOCKOITMUECKON KAPTHHBI (C MOMEKYNSIpHO-KHHETH-
YecKUX MO3MIINKA) nepeMelneHHUS BJIard, a TakKe HeBO3MOXHOCTD 1M0Ka
€Ille Ha 3Toi OCHOBE KOJIUUYECTBEHHO OLEHUTD M POTHO3MPOBATh 1po-
Ugcc BnarorepeHoca B AUCTIEPCHBIX MOPOAAX, BBIHYKIAIOT [TPUMEHATD
00061eHHbIE TepMoAHAMUYECKHe ((PeHOMEHOMOIHYeCKHE) 3aKOHBI.
Ho amanoruu ¢ TakuMy sBAEHUAMHU, KK NepeHOC Temaa u dieKT-
Puyecrga (3akoHbl Pypbe u Oma), nuddysus napa, GUIbTPaLUs BOLBI
(sakonsr ®uxa u Japcu) U Apyrde, MPUHUMAETCS, YTO ILTOTHOCTD
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MUTPaUMOHHOIO MOTOKA CBA3aHHOMW Boaml (1, r/cMm?c) npu crauuo-
HApHOM peXuUMe INPAMO NPONOPLUOHATBHA MPAIHEHTY TepMOIHHA-
MHMYECKOTO NoTeHUWana (MoAHOTO UAKM JaCTHYHOTO) BIArolepeHoca

[ =—hA grad p, (3.11)
rae &, — Ko3dduUuenT BraronepeHoca nopoasl (em/c), pasubiit C K,
a K, — xo3duureHT rPYHTOBOH BATM, XapakTepu3ylOLMit cBoi-
CTBA AWUCMEPCHOH MOPOAbL B OTHOLWUEHUH MHEPLUUOHHOCTHU Pa3BUTHS
MoJist MOTeHUNATOR MM BAAXHOCTHoro roast B Heit (cm?/c). Cylue-
CTBEHHOW OCOBEHHOCTHIO Koaduuueutos A u K MOMHMO 3aBHCH-
MOCTU UX OT AUCITEPCHOCTH, XHMUKO~MHHEPATBHOIO COCTABA U CTPYK~
TYPHO-TEKCTYPHbIX 0CODeHHOCTEl SBISIOTCS MX HEIIOCTOSIHCTBO NPH
M3MEHEHMH BJIAXHOCTH ITOPONK! M Pe3K0 HeNuHeiiHas 3aBUCUMOCTL OT
Brarocogepxanus (cM. puc. 3.5, 6).

TpencraBreHHoe Bbillie BbipaXenue CTALWOHAPHOIO MUIPALIUOH -
HOTO TTOTOKA BJIArU B JMCIEPCHBIX MOpoaX 3aMUCaHo B MoTelLHAT b+
Hoii hopMe, T.e, Yyepeld TepMOAMHAMUYECKMI MoTeHLMal Baary. Ero
HEC/IOXHO TIPUBECTH K BJIAXHOCTHON chopMe 3anucu (Mpu gorylie-
HWUM OZHO3HAUHOI 3aBMcUMocTH Mexay u M W) [ =—K .grad W.

Jnsa ycnoBuii HecTALIMOHAPHOTO PEXUMA BAATOEpPeHoCA B AHCHENC-
HbIX MOpPOAAX UCTIONB3YIOTCS caenyowme anddepeHunanslise ypas-
HeHMs1 nepeHoca Baaru:

oW _B(, w) W _o(, oW
PR A e (3.12)

3.4. BnaronepeHoc u JbA0BbIAEI€HHE B MEP3JIbIX NOPOAAX

BnaronepeHoc B Mep3/bIX NIOPORAX ¢ OOMIUX TEPMOAUHAMUYECKUX
no3uuuit obycn0BiIeH B3aMMONEHCTBHEM TPaJMEHTOB KapKacHo-
KalMUJUIIPHOTO, OCMOTHMECKOTO, TEMITEPATYPHOro, 3A€KTPHYECKOTO
U APYTHX MOTEHINATOB — YACTHBIX COCTaBISIIOMIMX OOLIETO TEPMOIU -
HAMHYECKOTO MOTeHIIMAIA He3aMmep3liell BoAbl, ¢ KOTOPbHIM CBS32HO
sIBIeHNe B FPYHTOBOI cUCTeMe IpanueHTa Hesamep3iueit soan (grad W) ).
BrlpaxeHue IS MI0THOCTY CTALMOHAPHOTO NTOTOKA He3aMep3llei Bo/lbl
B MEp3/10ii nopone UMeeT BAJ

1% =<3 gradu, (3.13)
rae A M — Ko3hdUIMEHT BJAaroNpoBoAROCTM Mepaiiol nopossl. B ciy-
Yyae CYLecTBOBAHMS OAHO3HAYHON 32BUCUMOCTU MEXIY NOTEHLIMAJIOM
BJIArofIepeHOoCca M COepXKAHUEM HezaMep3lieid Biary B FpyHTOBoH cH-
CTeMe MOXET MCMOJb30BATHCSH BhIPAXeHWe, 3arucaiiioe BO BJIAXHOC-
THOMt hopme:

[:f =‘Kxgradmu’ (3.14)
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rue K — kosbbunnent aubdysun nesamepsiweir sogs; W, — co-
JepxkaHue HezaMep3leld Boabl B MepanoM rpyHTe. Creayer rnoguepk-
HYTb, YTO MUrpailis He3aMepalleil Boabl NPOUCXONUT 1104 AeCTBUEM
grad p, a He grad W, KOTOpbIH, K&K I0Ka3aau 3KCIIePUMEHTBI, MO~
KET MCMOJb30BATECS TOJALKO B OJJHOPOIHAIX IPYHTAX.

{laponepenoc u pexVM TEUEHUs! nAPO2A3060U cMecu B Topax Auc-
[epCHOM «IIOpOAL! OMPEaesIOTCs MMAaBHLIM 06pa3oM COOTHOLLIEHHEM
Mexuy anvHoil ceoboaHoro npobera monekyn (/=0,5-107%cm) u pasz-
MepaMu rop — kanuanspos nopons! ». Ecau <1073 ¢M, To 3akoHO-
MEPHOCTH aponepeHoca OYaYT oAUHHSATLCSH TEOPUH KHYICEHOBCKO-
TO TEUEHHMS!, XApaKTepU3ysach MojekynsipHbiM (3chdy3noHHbBIM) Mexa-
HU3MOM nepenoca. B MepansiX noponax 3dhdy3noHHbIN MeXaHU3M na-
poriepeHoca NMpakTUYeCKK He paboTaeT, MOCKOABKY YIBTpanopsl M
Haubonee y3KHe YYACTKHM YETOUHBIX KATMIAPOB AUCTIEPCHBIX ITOPOS,
rae MoxeT OuiTh passuta 3ddy3us napa, B boibllei cBoelt yacTu
OKA3bIBAIOTCS 3AM0JTHEHSI CBS3AHHOW (He3amepaweit) sonoit. [lpu
r>107% cM BosHuKawT auddy3us U MonapHslit naponepeHoc. INpu-
ueM, eciu #>1073 cM, To mpeobagaer BSIBKOCTHBIN peXuM TeHeHMUS,
T.e. MepeHOC NMapa OCYIIECTBAAETCS MOASPHBIM {0OBbeMHBIM) ITyTeM.
IM1oTHOCTE CTAUMOHAPHOTO IIOTOKA MAPOra3oBOd CMecH MpU 3TOM
onpenenseTes 3akoHoM [lyaszeiiis ¥ 0Ka3blBAETCS NPSAMO MIPOIOPLKO-
H&JIbHOI FpanMeHTy OOLIero NABNIeHUS] U 00paTHO NpolloplUoHaNbHOM
BA3KOCTU ra3a. Haubobliee 3HaYeHHE MOMSAPHBII MaponepeHoc Mpu-
obpeTaet B KpyMHoOOJOMOUHBIX MOPOKAX, 8 TAKKE B ITyCTOTAX U Tpe-
HIMHAX CKATBHEIX TOPO.

Juddy3noHHoe 1BUXeHHE apa B MUKPO- M MaKPOKAITUANAPAX ocy-
HIECTBIAETCS 32 CYET MOMEKYNAPHOTO [TepeMeLLeHHMsT BIark B Peayib-
TaTe TPaHCAMUMOHHOTO OBUXeHUs Monekyn mapa. duddyausa mapa
(koHUeHTpaLyoHHas, TepMoauddy3ns, Gapoauddy3us) onpeaensi-
eTcsi 3akoHoM Puka M BbI3BIBASTCH PAIMEHTOM KOHLEHTPALMU Ha-
ChILIEHHBIX NMApOB BOAbI (grad d ) WAM rpal¥eHTOM MapUUATLHOrO
OABNEeHUs mapoBo3ayluHoit cmecH (grad P). Takoit MexaHM3M npucyll
BJLarOHACHIIIEHHBIM TOKKOIMCITEPCHBIM TopoaaM. B ueiom, o6obiieH-
Hasg hopMyIa Lid MIOTHOCTH CTALMOHAPHOTO MOTOKA Tapa B MEP3NbIX
TOHKOAMCMEPCHBIX TOpoAax MOXeT ObITh TpeCTaBNeHa B BUle

F=—K+ gradd =—)* grad P, (3.15)

rme A% u K" — xoadduuneHTsI MApONpoBoAHOCTH U Andy3un mapa.

Bnaaronepenoc 1 JbIOBbIENEHEE B MEP3TIbIX NIOPOJAX N0, NEHCTBHEM
rpaguenTa Temmepatypul. Co3faHue ¥ NoLAepXKaHUe B MeP3Ioit Hopo-
Ie rpagueHTa TeMIIEPATyPhl NPUBOIUT K BO3HMUKHOBEHHUIO TPASUEHTOB
MIOTEHUMANOB CBA3aHHOH! Boabl (gradu ) ¥ MapoodpasHoii Braru
(gradpp), 4 TAKXKEe TPAIMEeHTOB KOHIIEHTPalMK1 HACBIIEHHBIX BOASIHBIX
niapos (grad ). 9Ti MOTEHLIHATIB BHI3BIBAIOT B CBOIO 04Yepeb Iepeme-
lWeHHe He3aMep3lleil BOAbI U Mapa U3 MecT ¢ OOJNbIUMM B MECTA C
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MEHDLIIMM MOTEHLHANOM BAAlM. T € OT YYACTKOB ¢ 60JeC BLHICOKOH B
yqacTky ¢ GoJlee HU3KOHW OTPULIATEIBHOM TEMITEpaTYPOU, TAC MElibilie
HE3AMeP31eil BOAL ¥ BOASIHBIX NapoB T1MoTHOCTL CYMMAapHOro CTalm-
OHApHOTO MOTOKA BJIATH B MEP3Joil mopoae BO BIaXHOCTHOU dopme
JATIHMCBIBAETCS B BUIE
r=Krglad W +K'giadd =K" 5" glad+ K5 gradys, (3 16)
1 3 H 6‘;‘ — TepMorpanneHribie Ko pUIIMeHTbl COOTBETCTBEHHO
HesaMepaileid BoAbl M HACBILUEHHOIO BOASIHOIO [Mapa MpM HATHYMH
hasosblx npespalienun OHu paccyuTbIBAIOTCS 110 KpusbIM W, =f1) 1
d =fl1) xak oTHouwenne AW, JAru d /A Kak cneayeT u3 BbIpaxeHus
(3 16), MIOTHOCTL MUTPALIMOHHOTO NMOTOKA BAATM 0Ka3blBASTCS TIPSMO
TIPOMOPUMOHAIBHA IPATHEHTY OTPULIATEIbHOM TeMIIEPATYPhl U CYILC-
CTBEHHLIM 0OPA30M 3ABHCHT OT COCTaB4, CIPYKIYPHO- [EKCTYPHBIX 0CO-
OeHHOCTEH IPpyHTA M BIATH, UTO HANOLUT OTPaXKeHUe B KoagpuuueH-
Tax K, K, 8%, 8" DkcrmepuMEHTaMK NTOKA3aHo, To JIOJs naporicpe-
HOCA CTaHOBHICS OLIYTHMOMH B CYyMMApHOM NOTOKE BAAIW TONLKO MpH
MaJo# cTeneny 3aMoNHeHUS [TOP MEPINOro TPYHTA Baarou U asjiom G
Hanpumep, B mIMHKUCTIX Nopo.dax yxe npu G > 0,5 nepeHocoM Mapa
MOXKHO MPAKTUYECKH TPeHeOpe b

[pu cytuecrBoBanny grads B Mep3aoi MOpo/Ic MPOUCNOIHT HE 101bKO
nepeMcLieHe BIark, Ho M CerperalloHHOe NbAOBBIICNEHHE U PA3BH-
THC PSIA CAOMRHBIA DU3IHKO-XUMUIYECKHX H (DUIMKO-MEXaHUYRCKUX
1potieccoB [lo Mepe NMPOABMAKEHHS! BAAIW B CLOPOHY Oofce HUIKHX
OTPHUATEILHBIX [EMIIEPATYP MJIOTHOCTL MOTOKA BAAI U B MEP3JIOH TTO-
POAE CHMXaelcs B COOTBCTCTBMH C YMeHbLUICHUEM KO3(DDOUUUSHTOB
K13 Dio npuBoauT K BBIMEP3AHKIO H3OLITOUHOTO KOIHYECTBA HE-
3AMEP3WCH BOABI B KAKAOM TIOCHEAVIOUIEM CeUeildi Mepaioil nopo-
Jbl, TIOCKOJIbKY CE IMOICHIIMANBI 0KA3BIBAIOTCS Bbllle OTHOCUTEBLHO
MO ISHIMAMA IPHCY1CTRYIOLIETO 31eCh MbAa Taxkoe BbiMepsaHue H30bi-
TOYHOI0 KOJIWUUECTBA MUIPHPYIOUICH He3amep3iulen Biard oOycioBau-
BdeT NONOAHWIENbHOE NbIOBBLUSIEHME 11 MOCIEIICHHOE YBEAUYEHUC
JABIMCTOCTU B MEP3JOM C10C TPpYyHTa ¢ B0/iee HU3KON olpuuaTeNbHON
renmeparypoit (puc 3 7) OdyeBuaHo, YTO HauboNee WHTCHCHBHO Npo-
1ICCC NBNOHAKOILIEHHA JOMXKCH [IPOUCXOAHTL Ha y4aclKe Pe3Koro
YMeHBLIEHIIST MTIOTHOCTH CYMMAPHOTO tIoToKa BIatit (f/Cv=max), T ¢
TIPCXKIE BCETO B TOM AMANIA30HE OTPULATEILHBIX 1eMITEPATYp, I8 Hal-
Dosiee cyllecTReHHO ymeHbLaoTes sHaucHus grad W (1 sHayeHs
K §") BemuuinHd JAbAOHAKOIICHUS ( [IPH 3TOM BYAET ONpeteisiThes

"

3 Bblp'd)l\eHHH
[ = (@l/av, (3 17)

rae é1/8x — MHTeHCHBHOCTE JILAOHAKOIIEH IS

B aKkcrepuvenTe Ta Mepa1as uacTh MOPOAb!, KOTOPAs XdPAKTEPH 30~
Ba.1aCh ©0.1¢C BLICOKMMU 01 PHLATEILHBIMU TEMIIEPATYPAMIL, HCITbITbI-
BATQ YMEHBIICHHE CyMMapHOH HAYaNLHOM BIKHOCTH 34 cUel MocTo-
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Puc 37 UamcHenue tevncpatypst (1),
COACPKIHUS He3aMep3LIei Bodbl {2), cyM-
vapHoM HaudanbHoi (3) 1 xoHeuHo (4)
BIAXHOCTH MO [ IMHC X Mep3thix obpa3-
OB KAOJIUHUTOBOW I'MUHbBI 63 MOLTOXKKM
Tbla

SIHHOI'O OTTOKA U3 HEE He3aMepslleH
BoJbl, yOLLIL KOTOPOH, B COOTBET-
CTBMU C MPUHLIKUIIOM PABHOBECHOIO
comepkaHust W, ot 1, TocTosTHHO BOC-
TIOTHSLIAch B pe3yabTare Mofniasie-
Hus noposoro npjia CHuabHoe 00es-
I N U

BOXUBAHME BblCOKOTEMMEpaTypHoit O 04 08 17 xom
q4ac1y Mep3Joio cI0sl NMPUBOIUT K
Pa3BUTHUIO MHTEHCUBHBIX YCANOUHBIX MPOLIECCOB BIIOTh A0 BO3HMK-
HOBEHMS 3A€Ch CETH YCAA0YHBIX TpellkH (prc 3 8, @) BbIe 310# 30HbI
BHAyAIe OOHAPYKUBANOCH 3apOXKIeHUE OTAeNbHBIX MUKPOLLTMPOB JTBIA,
KOTOpPble, MOCTENICHHO YTOMILASCh U YIJIMHSSICh, CAMBANUCh MEXIY
cobou, obpasys CIUIoIIHOK cerperallioHHeIi npocioit jisaa (puc 3 8,
6) OOpasell Mep3oUu NePOJIbl ITPU ITOM YBENMUMBANCS B pa3Mepe Ha
TOJUIMHY 3TOLO NEISHOIo npociost, T e ObU1a 3ahMKcHpoBaHa degop-
Mmayua nyvenya B amep3nsix obpasiax KaOAMHUTOBOU IMHbI (110 Cpas-
HeHWIo ¢ obpasiavMit MOHTMOPU/IOHUTOBOH [JIMHBI) NMPH GTHU3KMX
3HayeHnsIx grad ¢ Habmonaetes Gosiee GbICTPBIN POCT JeAsiIHOrO Mpo-
CHOSI, YTO OOBSICHSIETCS CYLLIECTBOBAHUEM B KAQIMHUTOBOH MMUHE 00J1b-
LIKUX TPAIMEHTOB Hedaviepalueil Bogsl ¥ 6onblnX Ko uiueHToB Iud-
by3uu Baaiy, xotopble W obecnedusaior Oojiee BbICOKME 3HAYEHNA
MIOTHOCTH TOTOKA He3amep3uled Boabl

B 1e1oM Ke B yCHoBUSIN «3aKpoimoi» CHCTEMBI (0€3 MOUTOXKH bAa
K ofpa3siy) MUTpallust BRark WAeT 3a cUeT flepepacipe/leeHuUsT NUIlb
CODCTBCHHBIX 3a[1aCOB BAACM MEP3NOre IPYHTA M HOCHUT 3aTyXamoiui
XapakTep

B ycnoBusix «omixpeimou» cucTeMsl (ITPU HANUUNK TPUMOPOXKEHHO-
TO ¢J105 JibJdd Y BLICOKOTEMITEPATYPHOIT 4acTH Mep3iore odpasua) no
CPABHEHUIO C «3aKPbIMOU» TINOTHOCTh MUTPALMOHHOIC NMOTOKA Hela-
Mepallefi Boabl non xeifctBueM giads cylllecTBEHHO Bo3pacTaeT ITO
NPUBOANT K GOpMHPOBAHKIO GOfiee MOLIHOIO NMPOCaos cerperaifioH-
Horo jibga {(cM puc 3 8, ) TloaTok HezaMepaiueit Bjary K 3ToMmy npo-
CJIOIO OCYILECTRISETCS YKe He 34 cUeT 00e3BOXKUBAHHS BbICOKOTEMITE-
PartypHoif yacTu Mepasioro odpasiia, a UEMHKOoM 34 CUET 3aITacoB Baarut
B puMopoxeHHOM K 00Opasuy citoe npa (puc 3 9) Otot ciol fabaa ¥
Oyner monosHsThL 3anachl HezaMepslieil BoJbl B BBICOKOTEMITEPATYD-
HOW vacTd obpasua, Kotopas pacxonyercs Ha GOPMUPOBAHME BHOBL
06pasoBaBLIETrocst cerperalHoHHOro npocost npaa [IprMopoxeHHbIR
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Puc 3 & [lbroobpazosaHue B MCpasnou
NOIMMUHCPAILHON TNKHE

a, 6 — Ges nojroka Bnay (=8 cyt, gad
=0 6°C/cwm), cpes obpasua noriepek (a) ¥ BAwin
(6) HanpapncHUA NOTOKA TCIia M BidlK & —
pH HAIMYHY TIOATOKA B 111H M3 JCH110M 11 1
crunet (1=14 cyt, gradr=0 6°C/cvy 1 - neas
Hol npociofl, 2 — uecylienitasg ol 3 —
JleNstHAs THIaciMia

c1oil nLAA Npu 3roM 06E3BOXUBA-
€TCSI, CTAHOBSICH BCe 0OIEE PHIXJIbIM
M [OPUCTBIM, H nipnodpeTaeT Oonee
CEETNYIO OKpacky (cMm puc 3 &, 6)
IpuseneHHble BBILIC DKCHCPH-
MEHTANbHbBIE JAHHEE MOTYYEHDBI B
OMBITAN [UTHTEJILHOCTHIO MEHEE ME
csitla B NpupogHbIX Xe YCIoBUSIX,
rae Mepsnible Mopolbl xapaKrepi-
3YIOTCS CJIOXHOM KPUOTCHHOW [€h-
CTYPOU C YEPEJOBAHUCM [TPOChoeh

CeTPerallMOHHOrO Jbld U MUHEPajibHOU MOPOAbl, CYLIECTBYIOIIMX it
OIHY COTHIO M TBICSIMY JIET, [TO-BUAMMOMY, TAKXE CJENyel OXILlaTb
(Ipy HATHYUK JOCTATOMHBIN FPafUEHTOB f) pocia OOHUX LIPOCIoCH
Jbaa 3a cdeT Apyrux MIEBIVIM ciosaMd, tpochion jibaa, GopMUpyIo
wpecst npy 6onee HU3KOH OTPULIATENIbHOW 1emMilepaType OynyT pacii
34 C4eT BLICOKOTEMITEPATYPHLIX MPOCJOEB Jbjla NyTeM rnepepac
peneneHust ILAUCTOCTH B pesynsrate Bo3MOXHO U3MCHEHHKE U FIEPBOHA-
yaabHOW KPUOTEHHON TeKcTyphl Mepsiibix nopol Haubosee peposient
TAKON MPOLECC B MEP3IbIX [OPOLaX CE30HHOTIPOTAUBAIOLICIO U CE
30HHOITPOMEP3AIOLLIETO CIIOEB, AaPAKTEPH3YIOLIHIXCS OORBbLUIMMU 3Hd
yenusvy giads TTpyu 370M BO3MOXHO HE TOMBKO U3MEHEHUE MOLLHOL
TH CYLIECTBYIOLLIMX CErperaliluOHHBIX NPOCNOEB NbJIa, HO M BOZHMKHO-
BEHHE HOBBIX MEHbLIEW MOIHOCTH

Cy6aumauus u gecydaumauns gaard B Mepsasix nopoaax. Cornacuo
TEPMOIUHAMUYECKHUM TNPENCTABNEHHUAM, cyOnumaus asda ecits ¢a3o-
6btli nepexod eelyecmea 13 meepioeo COCMOSIHUS @ 2a3000pa3Hoe, M) 1

| 0.5 oM ]
{dmmmmenanecsd
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Puc. 3.9. UameHenue teMneparypst (1), -
colepXaHus HezaMepsticit soapl (2), Wos% J Es
cymmapHou (3) 1 KoHeuHoit (4) Brax- 100=—==

HOCTH [0 ANMHE MEPINBIX 06PA3LOE rio- !
JIUMUHEPATEHOR TAUHBL ¢ NOMWIOXKON 80
mnacTiHel mpta (W' — Koxeutoe co-
HepxaHue Bolbl B obbeMe J1blA foche g
OTTOKA BOIBI B [TPOMEP3AIOUIUIA TPYHT)

40
JHCUOKOE, KOMOPBILL CONposodcoaen -
ca noeaowenuem menaa (ternnora 20
cybnaumanuu 2,83 xIx/r).

MexaHanaM npoueccoB cyonu- o o4 08
MaLUM¥ U a0NMMALHUU C TOYKM
3PEHHUST MOJIEKYJIAPHO-KUHETUYECKOH TEOPUH 3aKII04AETCS B ClIEAYIO-
weM. Monekynsl H,O, HaxonsilMecs B CTPYKTYPHOH pelIeTKe MOBEpX-
HOCTH NbJa W 0ONafaoMe B IAHHBIM MOMEHT HAUOOABLLEH CKOPOCTHIO
TenoBoro (KUHETHYecKoro, KoinebarennHoro) asuxkenns (£ > E ),
BEUIETAIOT B OKPYXAIOIge Ta30BOE [IPOCTPAHCTBO, OCBOBOXIAACH OT
B3aUMONENCTBUSI C OCTATBHBIMU MojieKynaMi. OfHOBPEMEHHO C 3THM
BO3MOXKEH MPOILECC 3aXBATA IMOBEPXHOCTHBIMU CHUIAMMY J1bAA OTHENb-
HBIX MOJEKYJN W UX TPYIIT, XaOTHMUHO IBIKYLIUXCA B OKPYXKAIOHIEM
ra30BOM MPOCTPAHCTBE M COYAAPSIIONIMXCS ¢ MOBEPXHOCTRIO JIbla. DTH
MOJIEKYNbI MIPU COYAAPEHUU TepPSIOT KMHETHYECKYIO SHEPrUi0 CBOETO
MTOCTYIATeAbHOrO IBUXEHUS U BKIIOUAIOTCH B KPUCTAIUIHYECKYIO pe-
WeTKY NnoBepxHOCTH nbaa. Ilpoyece cybaumayuu 160a pasBUBaSTCS MpH
ycnoBuy, 4to oTpblB Monekyn H,O ¢ mosepxHocTi Jibaa npeobaanaer
HAIl 3aXBAaTOM WX U3 OKPYXKAIOILETo rA30BOT0 MPOCTPAHCTRA. B NpoTHB-
HOM ciiyvae pa3BHUBAaeTCs npoliece abaumMayuu 600HbIX napog HA KPUC-
TAIMYECKON MOBEPXHOCTH JIbIA.

Ecny npuHATH rUMOTe3y O HATUYMY KBAR3IMKUIKOH MNeHKU HA MOo-
BEPXHOCTU /bAA, TO IO MIPOLIECCOM CybaumManiiu as0a caedyem noHu-
Mamp NpoYeCC UCnapeHus Mol NAeHKI ¢ NONOJIHeHUeM ee 3anacos 3a
cuem nodnaasaenun avoq. Kak mokaspisaror mMukpogotorpadudyeckue
HceenoBaHus, mpolece cyOnUMAIMU MIPOMCXOOUT HE PaBHOMEPHO
€O Bcelf ITOBEPXHOCTH NbJa, 8 C OTAeNbHBIX HAUDONee SHEePreTUYECKH
HeyCTOMYUBBIX YYACTKOB. TakuMH YIaCTKAMU MOIYT SIBAATLCA Pa3HO-
o6pasHble nePEKTbl KPUCTAJTUYECKOM CTPYKTYPBI Jbaa, a TAKxke peb-
Pa M BepIIUHBI KPUCTANIOB JIbaa Ha ero nopepxHocTh. [loaTomy B HA-
YAJIbHbIE MOMEHTHI CYONMMHUPOBAHUA MOBEPXHOCTD JIbAA OKA3LIBAETCH
ncneipeHHoi GONbIUIUM KOTUYECTBOM MENKHX yrayOneHHH yaweot-
PasHoit hopmbl (BopoHok). CybNUMAIIMOHHBIE BOPOHKH B 3TOT IEPU-
OJ1 XapaKTepu3yIOTCs MAJIBIMU ITOMEpEYHbIMH Pa3MepaMy U IMyOHHOM,
tbopmupys «coToBbIi» OBTMK MOBEPXHOCTH JIbAA. B moctenyoiiem npo-
VCXOAUT ux yrayGieHue, pacluMpeHde W 4YACTUYHOE CNUAHME, YTO
MPUBOAUT K HGOPMHUPOBAHUIO OPUEHTHPOBAHHBIX YIyO/AeHUH U KaHa-
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BoK. O4eBnAHO, PAa3BUTHE BOTHYTHIX MMKpoGhOPM HMEET CBOH Mpenen,
I1ocJIe 4€ro HaYMHaeTcst CyOIMMALUS ¢ TOBEPXHOCTH BBITYKIbIX HOPM,
XapaKTepU3YIOIIMXCst HA 3TOT MOMEHT DHepPreTHYECKOH HeycToiunBO-
cthto. [losiBsIOTCS KpYNHble I1aBHBIE hopMbl MUKpopebeda, U Ha
3TOH, TeNneph yXKe MMOJOTOBOAHMCTON, TTOBEPXHOCTH JIbJA BHOBb MPO-
C/IEXUBAETCS Aa/IbHEeHIee PA3BUTUE MEJIKUX CYOIMMAaLMOHHBIX BOpO-
HOK. B 1enoM Xe sKkcriepMMeHTaNbHbIE TOYKU BMONHE YIOBAETBOPH-
TEILHO PACIIOIAraloTCsl OKOJIO ITOCTOSIHHOTO {CPENHEro) 3HAYCHUS
HHTeHCUBHOCTH cybauMauuu jasaa (puc. 3.10, a). Tlockonbky B Ha-
YankHBIA MOMEHT BpEMEHM HA TIOBEPXHOCTH 00pasiia cyOinManns anaa
pPazBHBANACK JIUIUD C OTAEABHBIX IHEPTETHUYECKH HEYCTOHYMBbIX yyac-
TKOB, TO B 3TOT NepUol PpUKCUpyloTCd MUHUMANLHBIE 3HAYEHUS UH-
TEHCUBHOCTU CyDIMMALIMHY, KOTOPAST CHAYAIA CYUIeCTBEHHO BO3PACTAET
BO BpEMEHH, 4 3aTeM CTaOWIM3HUPYeTCsl B COOTBETCTBMU € OXBATOM
BCEH TLMOILANM ITOBEPXHOCTH CYONMMALNWM JhAA NPOLleccaMU BHELl-
Hero Tervlo- ¥ MaccooOMeHa.

{Ipotecc cybaumanuu B o0pasuax ¢ KpynHo- U MEJKOKPUCTaNIH -
4eCKUM JIBIOM 33 OJHO W TO Xe BpeMst [poTeKaeT ¢ pasINyHoON cko-
pocthio. Tak, y 00pasios MENKOKPHUCTATHYECKOTO JIbd OH PA3BUBAETCS
ObicTpee 3a cyeT GOMBINEro YHCNA CTPYKTYPHbBIX ACHEKTOB 1 BLICOKHX
3HAYECHUH 00bEMHO-TPATUEHTHBIX Ae(POPMALINiT, BOZHUKANOIIMX NIPU
HOPMUPOBAHUM MENKOKPUCTALIMYECKOTO JbAA B YCIOBHUAX HU3IKUX
OTpUlIATeTbHBIX Temnepartyp. JJIst TAKOro JIbAA XapaKTepen U MEHBLINH
pasdbpoc 3KCMEPUMEHTANBHBLIX JAHHBIX 110 MHTEHCHBHOCTH cyOnuma-
IIMM BOKPYT €¢ CPEIHEro 3HauUeHMs.

PaccMoTpeHHbBIe 3aKOHOMEPHOCTH pa3BUTHS npouecca cybnnma-
LMY JIpIA pacrIpOCTPAHSIOTCS U HA e[, HaxoasilUMiicss B Makporopax
rpyHTOBBIX cucTeM. OHAKo TaM OH OCNOXHSIETCst PUCYTCTBUEM He-
KOTOpOFO KOMMYECTRA HedaMep3iued BOALI, HAXOASMIUEHCS CO ILAOM B
JVHAMUYECKOM paBHOBecUU. CorNACHO MPHUHUMUITY PABHOBECHOIO CO-
CTOSHHS He3aMep3lieil BOAbl U JbJa B MepP3NbiX [PYHTAX KOMUYECTBO
ee Mpy JAHHOH TeMIepaType HOMKHO OCcTaBaThesi MocTosiHHbIM. [lo-
3TOMY Mo cyOIUMalueN JIbAa B TUCTIEPCHEBIX TPYHTAX MOXHO MOHU-
MaTh HE TOJBKO Mepexoj JbAa U3 TBEPIOIo COCTOSHUS B rasoobpas-
HOE, HO U UCMApeHUe He3aMmepsliei Bogbl C MOCTOSHHBIM [1OTIOJHE-
HIEM ee 3afiacoB 3a cueT NognnanieHus apna. MssectHo, 4To npouece
cyOMUMalMHY TbRA B JUCIEPCHRIX TPYHTAX CBA3aH KaK € MPOLeccaMy
cobcTBeHHO ©$a30BbIX MEPeXo1oB U NecopOUuH, TaK U ¢ IpoleccaMu
BHYTPEHHEro W BHELIHEro rnepeHoca Teruia U Biaard. [losToMy no cy-
HIECTBY OH mnpelcTasiser coboil npolecc uccylleHUsi TPYHTOB NpU
OTPHIATENIbHBIX TEMITEPATYPAX, T.€. HpoUecc Mopo3no2o uccyuwenus. Ipu
3TOM Mpoliecchl BHYTPEHHETO TEIIO- ¥ MACCOTEpPeHOCa OKA3BIBAIOT
npeobnajaoiiee BIUSHUE HA HHTEHCHBHOCTb MOPO3HOI0 UCCYLIEH M,
MOCKONABKY MHTEHCHBHOCTH CyONVMalun abAa ((pasoBbIX MEPeXoLoB)
B ECTECTBEHHbIX YCJIOBHUSIX JIMMUTUPYETCS CKOPOCTBIO OTBOAA U3 CUC-

98






