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HHBEPCMfl AAHHblX 30HAMPOBAHMM MACCMBA
METOAOM llEPEXOAHblX FIPOUECCOB

H. 0. KoxeBHMKOB, E. K). AHTOHOB

AHHOTAI1.H3. Upedcmaejienbi u o6cyMcdaK>mcx peayjibmambi uneepcuu dannux sondupoeanuu MemodoM nepexodnbtx npo-
ueccoe, ebinojiHeHHbix e 1984 z. na odnoM us jiedauicoe e Apicmuice. Ha ecex zpa<puKax nepexodnozo npou,ecca omMenaemcsi
CMCHO nojinpnocmu 9flC, tmo ceudemejibcmeyem o BJIUSIHUU undyKHUOHHO-ebtseaHHOU nojiapu3au,uu. UymeM uneepcuu yda-
non e poMicax Modejiu Koyji-Koyji onenumb ydejibHoe 3JieK.mpUHecK.oe conpomuejiemie u nojinpusanuoHHbie napajuempbi uaccuea
jibda. 3mu napaMempw npcucmuvecKU He omjiunaiomcx om usjuepenHbix e Jia6opamopuu HO o6pa3u,ax npecnozo nonuKpucmaa-
jiimecKOZo Jibda. IIoAyieHHbie OUCHKU unmepecHbi COMU no ce6e; KpoMe smozo, OHU Moeym oicasambcx nojiesHUMu dnx ucmoji-
Koeanua pesyjibmdmoe 3JieKmpoMaeHumHUX cbeMOK e ceeepnbix pezuonax.
KiHoneebie c/ioea: uneepcua, 3OHdupoeanue MemodoM nepexodnux nponeccoe, jiednuicu e ApKmuKe, napaMempu Maccuea Jibda.

ABSTRACT. The results of inversion of sounding data by made in 1984 on one of the glaciers in the Arctic have been presented
and discussed in thearticle. Polarity changing of electromotive force is marked in all graphs of the transition process. It indicates
the influence of inductive-induced polarization. The resistivity and the polarization parameters of the ice mass managed to
estimate by inversion within the scope of model Cole-Cole. These parameters do not differ from those measured in the laboratory
on samples of fresh polycrystalline ice. The obtained estimations are rather interesting; they may prove useful for interpreting
the results of electromagnetic surveys in the northern regions.
Key words: inversion, transient electromagnetic method, Arctic, resistivity, polarization parameters, ice mass.

3jieKTpHHCCKHe CBOHCTBa MOHO- H nOJIHKpHCTaJUIHieCKOrO

Jibfla npH pasHbix TeMnepaiypax B IIIHPOKOM flHanaaoHe
qaCTOT H B 33BHCHMOCTH OT MHHCpajIH3aUHH HCXOAHOFO

pacTBOpa xopomo HayneHbi B JiaSopaxopHbix YCJIOBHHX Ha
ecTecTBCHHbix H HCKyccTBCHHbix oGpaauax [16]. HTO Ka-
caercH 3JieicrpoMarHKTHbix napaMCTpos CKoruieHHft
B YCJIOBHHX ecTecTBCHHoro saneraHHH, TO HaH6o;iee
HO MCTOflaMH COnpOTHBJICHHH HSyHCHM yflCJIbHaH 3JICKT-

pOnpOBOflHOCTb Ha IIOCTOflHHOM (HJIH HHSKOiaCTOTHOM)

TOKC H BbicoKoiacTOTHaa aHs^eKipHHecKaH npoHHuae-
MOCTb paflHOJIOKaUHOHHHMM 3OHflHpOBaHHHMH. HaCTOT-

naa flHcnepcHa yaejibHoft 3JieKrponpOBo^HocTH H/HJIH flH-
3JieKTpHHCCKOft npOHHUaCMOCTH npHpOflHblX MaCCHBOB

Jib^a HsyneHa HeflocraTOMHo, H ny6jinicauHH Ha sty xeMy
HCMHOrOHHCJieHHbl [24].

HsyHCHMC HaCTOTHOft flHCnepCHM SJlCKXpHMCCKHX

CBOHCTB Jibaa B ycjioBHflx ecTecTBeHHoro aajieraHHH Ba»-
HO, BO-nepBbix, B KanecTBc caMOcroHxejibHoro Hanpasjie-
HHH B o6jiaCTM flHSJlbKOMCTpHH Mep3^bIXTOJTm, H, BO-BTO-

pblX, flJIH nOCTpOCHHH nCTpo4)H3HHeCKHX, 3JieKTpO<J)H3H-

HCCKHX H reO3JieKTpHHCCKHX MOflCJiefl M3CCHBOB H CKOR-

JICHHH npHpoaHoro Jibfla. KpoMe sroro, HH(})opMauHH o
npOHHUaCMOCTH H yflCJIbHOft 3JICKTPO-

npHpoflHoro Jibfla Heo6xo4nMa pjin HHTep-
aaHHbix 3JieKTpopa3BCfloqHbix MeroaoB, CCJIH

HSMCpeHMfl BblHOJlHHlOT H3 HCCKOJIbKHX HaCTOTaX (M3,

AMT, cneicrpaJibHbift Metoa BIT) mm npw HSMepenHHX BO
BpeMCHHott o6jiac™ (Mnil, BIT).

Flo noHaiHUM npHHHHaM npoBefleHHe nojieBoro SK-
cnepHMCHTa B paHonax, we pacnpocxpaHCHbi npHpo^Hbie
cKoruieHHH Jibaa, conpHjKCHO c 6ojibuiHMH opraHHsau,H-
OHHHMH TpyflHOCTHMH H (J)HHaHCOBbIMH 3aTpaT3MH. Ffo-

3TOMy aaHHbie Kaxjioro HS nofloGnbix sKcnepHMenxoB
npejotcxaBjiHioT 6ojibiuyio ueHHocxb. B sxoft CBHSH Hac npii-
BJieioia nyS^nicauHH [3], rae npHBCflenbi pesyjibxaxw MHO-
ropasHocHoro 3OHflHpoBaHHH MexoflOM nepexo^Hbix npouec-
COB (3MIin), BbinojiHCHHoro B 1984 r. Ha OSHOM H3 JieflHH-
KOB B ApKXHKC. MoiUHOCXb npCCHOBOflHOrO JIbfla B paHOHC

30H4npoBaHHH npeBbiiiiaex 500 M, ao rjiyGHHbi 400 M npo-
BeflCHo SypeHHC. TeMnepaxypa Jib^a B SXOM HHxepBajie
rJiy6nH cocxaB^aex OKOJIO -10 °C, cyMMapnoe coflepxa-
HHC COJTCH - 20 MF/JI; pas6poc coflepxaHHfl xjiopa - npH
cpeflHCM coflepacaHHH 1,5 UT/JI ox 1 so 4,5 ur/n; Bcxpe-
naexcH Fe, Na, Ca, HCO3, H2SO4.

JJjifl BosGyjKflCHHH H H3MepeHH« nepexojjHbix npouec-
COB Hcnojibsosajracb annapaxypa "KacKaa" [14]. COBMC-
meHHbie KBaapaxHbie nex^H c AJIHHOH cxopOHH 25, 50, 100
H 200 M pacnojiara^HCb xaKHM oGpasoM, HTO HX ueHXpbi
coBnaaajiH. B UCJIOMT Kak oxMe^aiox aaxopu ynoMHHyxoft
CTaXbH, MSMCpCHHH KaHeCTBCHHbie H flOCTOBCpHbie, MHO-

roKpaTHo npOKOHXpojiHpoBaHHbie. Hcnojib3OBaHne6ojib-
UIHX nHTaiOlUMX TOKOB BbI3Ba^[O npOflOJI^KHTCJIbHbie CO6-

npoueccbi B Konxypax ripn BbiioiwHeHHH, BJIH-
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HHH6 KOTOpblX 6bIJIO yHTCHO nyXBM BHeCBHHfl COOTBCTCTBy-

lomero BpeMCHHoro cflBHra nepexoflHOH xapaKxepwcxH-
KH [14].

PHcynoK us paGoibi [3], Ha KOTOPOM noKasanw nepe-
XOflHblC XapaKXCpHCXHKH, 6bIJI OUH(J)pOBaH, 4X0 I103BOJIHJIO

nojiyiHXb MaccHB flaHHbix juia HHxepnpexauHH. nocxpo-
eHHbie na OCHOBC STHX flaHHbix nepcxoflHwe xapaKxepHC-
THKH npHBeflCHbi Ha pHc. 1. Ha BCCX rpa<J>HKax oxMenaexca
H3MeneHne noJiapnocTH 3,HC. Ha paHHHX BpeMenax CHF-
Haji HMeex nonoacMTejibHyio nojiapnocxb, saxeM npoHcxo-
4HT CMCHa 3HaKa, nocjie iero orpHuaxejibHafl 3RC npo-
flOJDicaex ySbisaxb, flocxHraex MHHHMyMa H saxeM yGbisaex
no a6cojiK>xHOH BejiHMHHe. C y^exoM xoro HXO
6bIJIH BbinOJlHCHbl COBMemCHHblMH ycxaHOBKaMH,

xapaKxep cnrHajia oflHosnaiHO csHaexe^ibcxByex o BJIHHHHH
BFIH - HHAyKUHOHHO-BblSBaHHOH nOJI»pH3aUHH [25].

B XO BpCMfl, KOFfla npOBOflHJIHCb H3MepCHHH H3 JlCfl-
HHKC, eme He noHBHjiHcb nporpaMMH fljia MHBCPCHH HH-
.uyiajHOHHbix nepexoflHbixxapaxxepHCXHK c ynexoM BI1H.

eHHbie Mexo^u OUCHKH napaMexpos
paspesa, P. H. Bocxpeuoa c coaBTopa-

MH npHIUJIH K BblBOfly O CHJIbHOH H3CXOXHOH flHCnepCHH

flHs^eKxpimecKOH npoHHitacMocxH MaccHBa jibfla [3].
CorjiacHO HX oueHKaM HH3KoiacxoxHaa oxHOCHxejibHafl
aH3JieKxpHHecKaH npoHHuaeMocxb BepxHeft lacxn paspe-
3a cocxasjiaex 200 - 600, Bospacxaa Ha rjiySHHe 0,0 800 -
2000. VaejibHoe sjieicipH^ecKoe conpoxnBJieHne jitaa oue-
HHBaexca sHaneHHCM OKOJIO 2500 -10 000 OM-M. OUCHKH
nOCXOJIHHOH BpCMCHH H BpCMCHHOH 33BHCHMOCTH HOJIH-
pHsauHOHHoro npouecca ne npoBoamiHCb.

B nocneaHee aecaxmierHe B CBHSH c noHBJieHHeM ao-
cxynHbix nporpaMM 4Ji» SHcrporo peuieHHa npaMbix H
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PMC. 1. MHAyKUMOHHbie nepexoAHbiexapaKiepucTHKM, na-
MepeHHbie Ha OAHOM us ^BAHUKOB B Apiowe [3]:
ujucjjp rpacf>HKOB - flnnna CTOPOHW reHeparopHO-npneMHoi/i ner-
nw, M; cn^oiDHbie rpatJ)HKn - 3flC nonoxure/ibHaq, nyHKinpHbie -

oSpaxHbix aa^aM HMnyjibCHoft MHflyKXHBHOH
BCJ1KH B paMKaX M046^H rOpHSOHXaJIbHO-C^OHCXOft nOJIH-

pHsyiomeHCH cpeflbi noHBunacb BOSMOxnocxb "nojiHoueH-
Hoft" HHBepcHH H3MepeHHbix B 1984 F. nepexo^Hbix xapaK-

* xepucxHK. nocKOJibKy Ha O^HOH XOHKC GH^H npOBeflenw
H3MepeHHH ycxaHOBKaMH pasHoro pasMepa, aaxopaMH
HacxoameH cxaxbH c noMombio nporpaMMbi TEM-IP [1]
BbinojmeHa HHaHBHayajibHaH H coBMecxnaa HHBCPCHH
nepexoflHbix xapaKxepHCXHK. B noc^eflHCM cjiynae MMHH-
MH3HpOBa^CH djyHKUHOHaJI HCBflSKH, B KOXOpblH BXOflH-

JIH aaHHbie ycxanoBOK paanoro paaMepa [7, 8, 21].

onHcaHUH vacTOTHOM
reojioriwecKux cpep,

B 6ojibiuHHCXBe cjiynaes npn pemeHHH npaMOH H 06-
aaaan Mnn OXKJIHK cpeaw paccHHXbiBaiox cna-

B HacxoxHoii o6jiacxH, a aaxeM npeoGpasyrox ero BO
BpeMCHHyio oSjiacxb. Ynex BnH ocyiuecxBJiHexcH nyxeM

KOMnjieKCHOH, 3aBHCHmefl ox Macxoxw
xH (Y3n) o*(co),

CMOH <J)opMy^oH Koyji-Koyji [13, 19]:

J*((0)=CT0- (1)

rae -/-I; o - Kpyrosaa nacxoxa, paa/c; CTO - yflejibHaa OTCK-
XponpOBOflHOCTb H3 nOCTOHHHOM XOKC, CM/M; T| - HOJia-

pHsyeMocxb, c - noKaaaxejib creneHH; T - BPCMH p&naKca-
UHH, c. 4nana30Hbi BO3MO5KHbix 3HaMeHHfl napaMexpa r\
OX HyjIH flO eflHHHUM, T - OT HyjTH 4O 6eCKOHCHHOCTH.

napaMexp c H3MeHflexcH B npeaejiax ox 1 (oflHo speMfl
pejiaKcauHH) 40 0 (SecKOHeHHo mnpoKoe paBHOMepnoe
pacnpeae^eHHe BPCMCH pejiaKcauHH). nojiapinsyeMocxb r\X Sbixb sanHcana B

(2)

rae CTO - yaejibHaa sjieKxponpoBOflHocxb Ha nocxoHHHOM
XOKB (na npaKXHKe, H3MepeHHaa Ha nacxoxe, naMHoro
MCHbiiieft nacxoxbi pejiaKcauHH a>e = T"1); CT^ - sjieKxpo-
npoBOflHocxb npH G) —» °° ((^aKXHiecKH na lacxoxe, 3Ha-

npeBbimaromeH coe).
onHcaHHH nacxoxHOH aHcnepcHH cpeflH c noMO-

4>opMyjibi (1) npeflnojiaraexca, HXO
Kaa npoHHuaeMocxb He saBHCHX ox qacxoxw H He
Baex B^HHHHH na H3Mep«eMbie curHajiw. C flpyrott cxopo-
HH, noKasano [9, 20], HXO B nacxoxnoM H/HJIH BpeMeH-
HOM flHanasonax, B Koxopbix nposoflflx HSMepeHHH B HH-
flyKXHBHOft 3^eKXpOpa3B64Ke, HCnOJIb30BaHHC BblpaXCHHH
(1) SKBHBajienxHO onHcaHHio cpeflbi na OCHOBC ajibxepna-
XHBHOH Mo^ejiH. B paMKax 3XOH MOflejiH npeanojiaraex-
CH, 4x0 yae^bHaa "oMHiecKaa" syieKxponpoBOflHocxb
cpejtbi CTQ He saBHCMT ox nacxoxbi, xbraa KaK flH3jieKxpH-

npoHHuaeMocxb HBjmexcfl KOMnjieKCHOH H lacxox-
. BbipaxeHMe aJiH flHSJieKxpHHecKOH npo-

, onucbmaeMOH MOflejibro Koyjr-Koyji, HMC-
ex BH.H [17]
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(3)

nocTOHHHan (8,854-10~12 O/M);
- oxHOCHxejibHbie cxaxHMecKan H

npoHHuaeMocxH, COOXBCXCXBCHHO; T - nocxoflHHaa Bpe-
MCHH flH3JicKxpHHecKOH pejiaKcauHH; c - noKasaxejib cxe-
neHH. TaKoft cnoco6 onHcaHHH 6bicTponpoxeKaiomHX npo-
ixeccoB nojiHpn3aiiHH npHHHX cpeflH cneuHaiiHcxoB B 06-
jiaciH flHSJibKOMCxpHH Mcpsjiwx nopojj, [16, 18]. Cjiynaft,
Koraa c = 1, cooxBexcxsyex xaK HasbiaaeMOM

3JieKXponpoBOflHocxb c*(d)) nopoflbi c nac-
XOXHO-HC3aBHCHMOH (OMHICCKoK) SJieKXpOnpOBOflHOCXblO

OQ H KOMIUieKCHOft aHSJICKXpHMeCKOft npOHHIiaCMOCXblO

(3) sanHCbiBaexcH K3K

= a0
e -e

(4)

JlflH MOflCJIH (1) MCpott CnoCO6HOCXH CpCflH nOJIHpH-

sosaxbCH nofl fleftcxBHCM npHJioaceHHoro ajieicrpHHecKo-
FO nOJIH HBJIHCXCH nOJIHpHSyCMOCXb 1\, flJIH MOflCJIH (4) -

pasHHua Ae MOtcay oxHOCHxejibHbiMH cxaxHiecKoft H aH-
HaMHHecKoft npoHHuaeMocxflMH: Ae = 6j - £„. IlapaMcxp
Ae, KOTOpbitt B aHrjioflSbiiHOH JiHTeparype HasuBaercH aM-
[UiHxyflHHM noKasaxejrcM nwcnepcHH (HcnojibayercH xaicxe
xepMHH dispersivity), cBoGoflCH ox BJIHHHHH 3d>4>eKxoB
OMHHCCKOft HJIH "CKBO3HOtt" (T. C. npH <» —» 0) npOBOflH-

MOCTH o0, Toraa KaK Ha i\X KHK nojinpHsauHH, xaK
H OMHHCCKafl npOBOflHMOCTb [22, 23]. O6MHHO E^ « 6j,
Ae = ê , nosTOMy B Kaiecxse Mepu flwcnepcHM MOXCHO HC-
nojibsosaxb e.s.

B cjiynae aeGaescKoft pejiaKcauHH (c = 1) B lacxoxnoM
H/HJIM BpCMCHHOM flHana3OHaX, OCBOCHKHX HHJiyKXHBHOft

3jieKXpopa3BeaKoft, Ae H r| CBsmHH cooxHomeHHCM [9,20]:

T|= 1 +

v - I

e0Ae
(5)

3xo osHanaex, HTO saaaHHe noJiflpusauHOHHbix CBOHCTB
reojionmecKoft cpeaw c noMombio OMHiecKoft npoBOflHMo-
CTH a0 H KOMnJICKCHOft flHSJieKXpHHeCKOft npOHHUaCMOC-

TH e*(co), onpeflejiHCMoft (popMyjioft (3) npn c = 1, SKBH-
BaJICHTHO HCnOJIbSOBaHHK) KOMIUICKCHOft yaCJIbHOH 3JICK-

TpOnpOBOflHOCTH CT*(CO), OnHCblBaCMOH 3aBHCHMOCTbK) (1)

c napaMexpaMH: o0, c = 1 H nojinpusyeMocxbio (5).

Peay/ibrarw HHBBPCUH

HHBCPCHH nepexoflHbix xapaicrepHCTHK samiioiajiacb
B OTblCKaHHM FOpH3OHXaJIbHO-CJIOHCXOft MOflCJIH, HaHJiyH-

I1IHM o6pa3OM oGbHCHHIOmeH SKCnepHMCHXajlbHbie flaH-

Hbie. 3dxt>eKXbi BIIH yroxbiBaJiHCb nyxeM HcnojibsosaHMH
KOMIUieKCHOft HaCXOXHO-3aBHCHMOft SJICKXpOITpOBOflHOCXH,

onHcbiBaeMoft dropMyjioft (1). Ilpoueflypa HHBCPCHH noa-
poSno H3JiojKCHa B paGotax [5 - 8, 15, 20, 21].

Ha rpat})HKax nepexoflHbix xapaicrepHCTHK (CM. pnc. 1)
MHHHMajibHaa BpeMeHHaa aanepXKa pasna 3 MKC. XOTH
P. H. BocrpeuoB c coasTopaMH [3] yq^H KOHCHHOC BpeMfl
BUKJUOHCHMH TOKa B reHepaTopHoft ner^e nyreM cjiBHra
nepexoflHoft xapaKTepHCTHKM, aaHHbie, HSMepcHHue Ha
speMCHax MCHCC 10 MKC, HC yHHTbiBaiiHCb npH noa6ope
woflcjieft. PesyjibTatbi HHflMBHflyajibHott H coBMCCTHoft
HHBCpCHH OX* paSHOTO COHCTaHHH yCTaHOBOK npHBCfleHbl

B xa6^Hue.
Bo BCCX cnynaHX B pesy^bxaxe nofl6opa "noJiyMHJiacb"

AByxcjioftHaa MOAeJib c nojiapHsyioiUHMCfl BepxHHM c^o-
CM H HenojiflpHsyiomnMca ocHOBaHHCM. CpenHflfl MOIU-
Hocrb CJIOH 120 M; yaejibHoe sjieKxpHHecKoe conpoxHBjie-
HHe CJIOH - 2-103 OM-M, ocHosaHMH - 3,5-103 OM-M. Cpea-
Hee 3HaHCHHe noJiapHsyeMocxH CJIOH r\ = 0,36, IIOCXOHH-
H3H BpeMeHH pejiaKcauHH il = 37 MKC, noKasaxejib cxe-
neHH Cj = 0,9.

Peayflbxaxbi nHnuBMAya^bHoti M coeMecxHoii MHsepcun MHAyKUMOHHbix nepexoAHbix xapaKTepucruK,
nswepeHHbix coBMeaieHHbiMM ycraHOBKaMM Ha Maccnee
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. PasMepw ycrahOBOK: 1 - 25 M x 25 M; 2 - 50 M x 50 M; 3 - 100 M x 100 M; 4 - 200 M x 200 M. 3naKOM "+"
ycraHOBKM, peay/ibrarw M3MepeHHM c KOTOPUMU ysMTbma/iMCb npn
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KanecTBO no^Gopa npM HHHHBKnyaJibHoft HHBCDCHH .OJIH
H3 yCTEHOBOK MJUUOCTpHpyeT PMC. 2. B 3TOM CJiy-

qae cpeflHeKBaapaTHHHoe pacxoxneHHe a Moimy SKcnepn-
MemuribHOH H MoaeJibHott nepexoflHbiMH xapaKxepHCTH-
K3MH COCTaBJIHCT 9 - 33%. COBMCCTHaH HHBCpCHH (pMC. 3)

npHBCJia K GojibiuHM (OT 45 40 70%) SHaneHHHM o.
TOT <|>aKT, ITO C] = 1, CBHUCTeJibCTByeT 06 yaxoM pac-

speMCH pejiaKcauHH; no cymecTBy,

nepexoflHbiH npouecc MOJKCT 6brrb onHcan
ySMBaromeft SKcnoHeHToJi c nocTOHHHott Bpevie-

HH TJ, T. e. dedaeecKou Modejibio. 3ro HOSBOJIHCT, Hcno^b-
3yH BUpaJKCHHe (5), OUCHHTb AEj (COOTBCTCTByiomHe 3H3-
qeHHH npHBCfleHbi B TaGnnue).

KaK yxe oTMeqajiocb, B OTJIHHHC OT nojiapHsyeMocTH
TI napamcTp Ae csoGoaeH or B^HHHHH npoBoaHMocra. Kpo-
M6 3TOFO, CC^H C = 1, nOJIflpH3yeMOCTb H nOCTOHHHaa

e(t)//, B/A

0,001 "I >
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10 100 10
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PMC. 2. Pesy/ibTatbi
f\n$ yciaHOBOK pasHux pasviepoa:
curHa/ibi: 7 - naMepeHHbifi, no/ioxcme^bHbiM, 2 - nsMepeHHWM, OTpnuaTe/ibHbiPi; 3 -

MHBepcuH soHAHposaHMM M6TOAOM nepexoAHblx npoueccoB Ha Maccnae
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PMC. 3. Peay/ibTaibi coBMecTHott HHBepcun 3OHAHpoBaHM(i MGTOAOM nepexoAHblx npoueccos Ha waccMBe /ibAa:
a, 6 - yciaHOBKu 1 (25 M x 25 M) M 2 (50 M x 50 M), o = 45%; B, r - 2 (50 M x 50 M) u 3 (100 M x 100 M), a = 56%; ocraflbHbie yen. o6o3H. -
CM. puc. 2
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K03<J)<})HUHeHT flCTepMHHaUHH, HaHflCHHblH OO

BCCft COBOKyilHOCTH TOHCK, paBCH 0,03. ECJIH

y6parb "Bbi6poc" (TOHKa 4), TO R2- = 0,16. Ha-
CTOJIbKO HH3KHC 3HaHCHHa KO3(})4)HUHeHTa fle-

TCpMHHaUHH CBHfleTCJIbCTByiOT O HC3aBHCHMO-

CTH napaMCTpOB p j H AEj.
HeCKOJIbKO CJIOB HC06xdflHMO CKaSETb O

MOIUHOCTH H COnpOTHBJICHHH BepXHCFO CJIOH.

KaK BHflHO H3 flaHHHX, npHBCfleHHblX B Ta6jIH-

UC, p336pOC SHaHCHHH P j H h\.

OflHaKO OH He CBHsan co cJiynaftHMMH oiiiH6-
K3MH HJIH HH3KHM KaHCCTBOM flaHHblX, 3 flBJIfl-

CTCH npOaBJICHHCM 5-3KBHBaJICHTHOCTH: OO

CpaBHCHHIO C pj H hl npOBOflHMOCTb CJIOfl 5j =

AJ/PJ, cpeflHee 3HaneHHe KOTopoft cocTaBjiaeT
0,06 CM, xapaKrepHsyeTCH snaiHTejibHO
Iliett HSMCHHHBOCTbK) (pHC. 5).
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PMC. 4. Peay/ibraTbi MHBepcMM, npeAcraaneHHbie B
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7 - peayjibTaibi MHeepcun; 2 - cpeflHee; 3 - cpeAHee 6es 2 M 4

4000 5000

rpa<J>WKOB
(r):

BpCMCHH T HC HBJIHK)TCH HCSaBHCMMMMH [20], 3TO BHflHO

Ha PMC. 4, me peayjibxaTbi HHBCPCHH noKasaHbi B Koop-
aHHajax TJ M rij, tl H A£l5 p j H i\ pl H A6].

Ha PHC. 4, a npocMaxpHBaercH flBHaH aaBHCHMOCTb
Mexay nocToaHHoft BPCMCHM H nojiapHayeMocxbio. B STOM
cjryMae HCT OCHOBaHHtt ox^aTb npeanoHTCHHe KaKott-^H6o
H3 TOHCK, o6pa30BaHHbix napaMH SHaneHHtt TJ H TJ j. ECJIH
)KC B KaiCCTBC MCpH cnOCOGHOCTH nOJ[HpH3OBaTbCH HC-

AEj, Koppe^Huna oTcyrcTByei (CM. pwc. 4, 6):
oSpasyioT KOMnaKTHoe "o6^aKo" HJIH coBOKyn-

HocTb. MajieHbKHM TpeyroJIbHHKOM c BepiiiMHott, HanpaB-
JieHHoft BBepx, noKasana TOHKa, KoopaHHarw Koropott
npeflcraBJiaioT, COOTBCTCTBCHHO, cpe^HHe SHaneHHH TJ H
Ae, no BCCM pesyjibxaxaM HHBCPCHH. IIpH HCKJHOMCHHH H3
paccMorpeHHH TOMCK 2 H 4, KOTOpue pacnoJioxeHbi najie-
KO or "oSjraKa" HJTH uempa pacnpeaejieHHJi, "no^ynaeT-
CH" TOHKa, noKaaaHHaa TpeyrojibHMKOM c BepiiiHHoft, na-
npaBJICHHOft BHH3.

BjlH3KyK) K JIHHCflHOft KOppCJIflUHK) MeJKfly 3HaHCHHfl-

MH Pj H TJ,, HattflCHHWMH B pCSyjlbTBTC HHBCpCHH nepCXOa-

HWX xapaKTepHCTHK, MJiJuocTpupycT pHc. 4, e. ECJIH an-
npoKCHMHpoaaTb rpafyHK na pac. 4, e jiHHCHHofl saBMCH-
MOCTbK) C yHCTOM BCCX T04CK, TO K03d)(J)HUHeHT ^CTCpMH-

HaUHH (KB34P3T KO3(J)4)HUMeHTa MHOXeCTBCHHOtt KOppe-

^auHH) ^2=0,61. HcicnioHMB TOHKy 3 KaK "BbiGpoc", nojry-
HaeM R2 = 0,83. Koraa BMCCTO r\ B KanecTBe Mepu cnoco6-
HOCTH nojiapHsoBarbca HcnojibsyeTca Ae, (CM. pnc. 4, z),

Bcero, HeoSxoflHMO flaTb KOMMCH-
no noBo^y TOFO, HTO B pesyjibTaTe HHBep-

CHH Swjia nofloGpana jJtByxcjioHHaa Mo^ejib c
noJwpHsyiomHMca BCPXHHM CJIOCM H HenoJiapH-
3yjOIUHMCfl OCHOBaHHCM. IloCKOJIbKy MOIIlHOCTb

jibfla cocTaBJiaeT He MCHCC 500 M, MOXCT BOS-
HHKHyrb Bonpoc, noicMy "nojiyHHJica" nojia-
pH3yioiUHHca CJIOH, a HC noJiapHsywmeeca no-
JtynpocxpaHCTBO. BepoaTHaa npHHHHa saioiio-
laCTCH B TOM, HTO, K3K 3TO SbIJTO nOKa33HO CHC-

UHajibHbiMH HccjiejjoBaHHaMH [6, 7], Han6ojib-
UIHH BKJiaJJl B nOJiapH33UHOHHyiO COCTaBJWIOmyiO

OTKJIHK3 nCTJICBOH yCTaHOBKH BHOCHT BepXHHH

CJIOH, MOIUHOCTb KOTOpOFO COH3MepHM3 C JXJIH-
HOH CTOpOHH FCHepaTOpHOH nCTJIH. Do HH^yKUHOHHblM

nepexoflHHM xapaicrepHCTHKaM nojiapHsauHOHHbie napa-
sepxHero CJIOH onpeflejiflioTCH ysepeHHO, roria
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PMC. 5. PflCyHOK, Wn/lKDCTpHpyKDlUMM S-3KBHBa^6HTHOCTb
npn onpeASJieHMM napaweTpos sepxHero cjioq:
POM6MKM - peay/ibTaibi MHBepcun (CM. Ta6^nuy); nyHicrnpHaq /IM-
HMfl - annpoKCHMnpywmaq MX /iMHe&Hafl saencuMocTb; KpecruK -
TOHK3, KOOpflMHaTbl KOTOpOM paBHbl CpeflHMM 3HaH6HMflM P1 M /11

no Bcefi coBOKyrmoctM
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OCHOB3HHH - C 6oJlbllIHMH nOrpeiUHOCTHMH (OCOSeHHO B

xex cjiynaax, Koraa yaejibHoe conpoxuBJieHHe cjioa MCHb-
Uie, HCM OCHOBaHHfl). IloCKOJIbKy MaKCHMaJIbHOC BPCM3

H3MepeHHH nepexoflHoft xapaKxepHCTHKH aaxe npH HC-
noJib30B3HHH C3MOH GojibiuoR (200 M x 200 M) nexjiH
cocxaBHJio Bcero 300 MKC, HC yuaaocb onpeflejiHXb H
nojiHyjo MouiHOCxb JieflHHOH XOJIIIJH Ha ynacxKe pa6ox.
UosxoMy, cxporo roBopa, OCHOBHOH pesyjibxsx HHBCPCHH
nepexoflHbix xapaKxepncxnK saKJironaexca B OUCHKC no-
jiapHsauHOHHbix napaMexpOB sepxHeft nacxH JieflHHKa
MOIUHOCTblO nOpStdKd 100 M.

B HacToameft cxaxbe HaHSoJibiiiHH HHxepec npeacxas-
jmiox HaHfleHHbie B pesyjibxaxe HHBCPCHH SHaneHua napa-
MexpoB p, Ae, T, c Jibfla B MaccHBe H MX cpasHCHHe c H3-
MepeHHbiMH B jia6opaxopHH Ha oGpasnax npecHoro no-
jiHKpHcxajuiHHecKoro Jibfla. IIo flaHHbiM jia6opaxopHbix HS-
MepeHHH oxHocHxejibHaa ansjieKxpHHecKaa npoHHuae-
Moctb BOflbi H Jibaa onHCbisaexca 4»opMyjioft fle6aa [4, 17].

e =
1 + y'cot

noJiapnsauHa MOJieKyji Boabi npo-
xeK3ex 6bicxpo (T = 10"11 c), HO KaK xojibKO BOfla saMep-
saex H npespaiuaexca B Jiefl, speMa pejiaKcauHH sospac-
xaex 6ojiee HCM na 6 nopaflKOB [11,12]. Jtna npecHoro no-
jiHKpHcxaiuiHHecKoro Jibfla T (B ceKyHnax) MOXCHO ouennrb
no 4>opMyjie [4]

(6)lgt= 2900/7-15,3,

rae T - a6co^K)XHaa xeMnepaxypa, K. ComacHO
4>OpMyjlC B6^H3H X01KH 33Mep3aHHH T COCXaBJlHCT OKOJ10

20 MKC, a npn noHHxeHHH TeMnepaxypw flo -60 °C BOS-
pacxaexflo 20 MC. CoraacHO onySjiHKOBaHHHM flaHHHM,
E^ Jibfla cocxasjiaex OKOJIO 100 [4, 16], £„ = 3. IlocKOJibKy
e.^ « 102, MO)KHO npunaxb, HXO Ae = 102.

KaK ynoMHHajiocb Bbime, xeMnepaxypa Jibfla cocxas-
JIHCX -10 °C. OopMyjia (6) fljia xaKoK xeMnepaxypw aaex
T = 50 MKC. npHMepHO X3KH6 >KC SHaMCHHa T,

HblC MCXOflaMH JiaSopaXOpHOft flHSJIbKOMCXpHH,

B pa6oxax [14, 16, 24]. TaKHM oGpasoM, juia MaccHBa Jibfla
(CM. xaGjiHuy) xapaKxepabi 3HaneHHa T, SJIHSKHC K HSMC-
peHHbiM na oGpasuax H npeflcKasbisaeMbiM 4>opMyjioft (6).

HanoMHHM, HXO corjiacHo pesyubxaxaM HHBCPCHH no-
Kasaxeiib cxeneHH cfljia MaccnBajibfla6jiH3OKKeflHHHiie,
HXO roBopHX o fleGacBCKoft pejiaKcauHH, Koxopaa Ha6jno-
aaexca B JiaSopaxopHH na MOHOKpucxaJiJiax Jibfla, a xaicxe
na oGpasuax HCKyccxBCHHoro H npHpo^Horo nojiHKpHC-
xa^/iHHecKoro Jibfla [16, 24].

Hxo Kacaexca amnjiumydHozo noKaaame/ix flHcnepcHH Ae,
xo 3xox napaMexp "B MaccHBe" (Ae = 103) na nopaflOK H Sojiee
npeBbimaex snaneHHa, nojiyneHHbie B Jia6opaxopnH Ha 06-
paauax npecHoro nojiHKpncxajuiHHecKoro Jibfla (Ae = 102).
O6cy>KfleHne BOSMOXHHX npHHHH 3xoft pasHHUbi BHXO-
flHX sa paMKH Hacxoamefl cxaxbH H aojixHo cxaxb npefl-
MCXOM cneuHanbHoro paccMoxpeHHH. B flaHHbift MOMCHX
JIHLQb OXM6XHM, HXO M3CCHB Jibfla npeflCXaBJiaeX Co6oH

cjioxHyro rexeporeHHyro cHcxeMy, B Koxopott, Hapafly c
flH3JICKXpHMeCKOH peJiaKCaUHCH, B KpHCXajIJiaX Jibfla flCH-
cxByiox flpyrae MexaHH3Mbi

HaKoneu, HecKOJibKo cjioB no noBOfly yflejibHoro SJICK-
xpHHecKoro conpoxHBJieHHH p MaccHBa Jibfla. KaK CBHfle-
xejibcxByrox aaHHbie B xaGjiHue, p cocxaBJiaex nepswe XH-
caiH OM-MCXpOB, HXO H3 HCCKOJIbKO HOpHflKOB HHXC HO

CpaBHCHHK) C XCMH SHaHCHHHMH, KOXOpblC HpHBOflaXCB B

Jinxepaxype fljia npecnoro nojiHKpHCxajiJiHHecKoro Jibfla,
BX. H. fljia JieflHHKOB [16]. 3xo HecooxBexcxBHe yKasbisaex
Ha xo, HXO B MaccHBe Jibfla noaBjiaioxca nyxH fljia npoxe-
KaHHa sjieKxpHHecKoro xoKa, Koxopwe ne cymecxsyrox HJIH
HC Hrparox cymecxseHHOH pojin B Macmxa6e JiaSopaxop-
HOFO oGpasaa.

IIoflBOfla HXOFH, oxMCXHM npHMeHaxejibHbift 4>aKi. Xoxa
P. H. BocxpeuoB c coaBXOpaMH [3] He pacnojiarajiH cpefl-
cxBaMH fljia MOflejiHpoBaHHH HHJiyKUHOHHbix nepexoflHbix
xapaKxepHCXHK c ynexoM B11H, nojiyneHHbie HMH npnGjiH-
XCHHbie OUCHKH yflCJIbHOFO SJICKXpHHeCKOrO COnpOXHBJieHHH

H HH3KOHaCXOTHOH flHSJieKXpHHCCKOH npOHHUaCMOCXH 6JIH3KH
K HaHflCHHblM nyXCM "nOJIHOIICHHOH" HHBCpCHH.

Ha Ham ssrjiafl, Hacxoamaa cxaxba MOXCX npeflcxasJiaxb
HHxepec B HecKOJibKHX oxHouieHHax. Bo-nepsbix, B HCH
nocpeacxBOM pemcHHa o6paxHofl saaann MIHI Ha OCHOBC
MOfleJiH Koyji-Koyji flana oueHKa noJiapHsauHOHHbix napa-
MexpoB H yflejiLHoro sjieicrpHiecKoro conpoxHBJieHHH MOC-
cuea Jibda, xapaicrepHbiH paaMep Koxoporo onpeflejiaexca
pasMepaMH HcnojiKJOBaBuiMXca ycraHOBOK, T. e. BflHanaso-
HC ox nepsbix ACCHTKOB ao nepawx COTCH MexpoB.

Bo-BTOpbix, HS npeflcraBJieHHux MaTepuanoB BHOHO, HXO
flMsaeicrpHiecKaH npoHHuaeviocxb H, B

cxeneHH, yuejiuioe conpoxMBJieHHe npwpoflHo-
ro npecHoro Jibfla B MaccHBe orjiHiaioTcfl or HSMepeHHbix
B jia6opaxopMH. 3rH paajiHHMH rosopax o Heo6xoflHMOcxn
paspaGoxKH MOfleJiH, o&bacnaiomeH 3JieKxpo(})H3HHecKHe
CBoiicxBa JieflHHKOB H flpyrax cKomienHH npnpoflHoro Jibfla.

H, HaKOHeu, B-xpexbHX, npHBefle'HHbie napaMexpw
MOfleJiH Koyji-Koyji BaxHbi fljia HCXOJiKOBaHHH pesyjibxa-
XOB CT>CMOK MexoflOM nepexoaHHX npoueccoB B ceBepHHX
pemoHax, nanpHMep B flKyxHH, rae HepeflKO Ha6jnoflaiox-
ca 3HaKonepeMeHHbie nepexoflHbie npoueccw. HSBBCXHO,
HXO SXH npoiieccbi CBasanw c 6bicxpo npoxeKaromett HH-
flyKUHOHHO-BH3B3HHOH nOJIHpH3aUHCH. OflH3KO KOHKpCX-

Hbie MexaHH3Mbi, nopwuflaiomHe BI1H, ocxaioxca npefl-
MCXOM flHCKyCCHH. CoFJiaCHO OflHOH H3 XOHCK 3peHH3,

xaKHM MexaHH3MOM aBJiaexca nojiapnsauHa Jibfla, nocKOJib-
Ky 6wjio saMCHCHO, HXO B pafle cjiynaes HHxencHBHOcxb npo-
aBfleHHH BI1H nponopuHOHajibna JibflHcxocxH [15]. ECJIH
3X0 XaK, XO JIOFHHHO npeflnOJIOXHXb, HXO MaKCHMaJlbHble

SHaneHHa HH3KonacxoxHOH flHSJieKxpHnecKoii npoHHuae-
MOCXH flOJDKHH Ha6jHOflaXbCa B npHCyXCXBHH IlOpOfl, JlbflH-

cxocxb Koxopux pasna 100%, x. e. npn HSMepennax Ha
MaccHBe Jibfla. KaK noKasaHO B Hacxoaiueft cxaxbe, B SXOM
cjiynae MOJKHO oxHflaxb, HXO Ae = 103. OflHaKo B HKyxHH
3HaneHna Ae, HaftfleHHbie B pesyjibxaxe HHBCPCHH MHflyK-
UHOHHHX nepexoflHbix xapaKxepncxHR, nonaflaiox B ana-
nasoH 1,5-lQ4 - 2-105 [20], x. e. OHH na 1 - 2 nopaflKa
npeBbimaiox HSMepeHHbie na Maccnse Jibfla. 3xo roBopHX
o XOM, HXO B Mepsjibix nopoflax Hapafly c nonapHsauneH
Jibfla "BKJiioHaioxca" flpyrne MexaHHSMbi, KOXOPHM B pa-
6oxe A. J^. Opojiosa [16] cooxBexcxsyex xepMHH "MaKpo-
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nojiHpHaauHH". CKOpee Bcero, BKJiafl nojiapn-

HeaHawnxeJieH no cpaBHCHHio c STHMM Mexa-
HH3M3MH, HSyHCHHC KOTOpblX flOJIXHO COCTaBHTb npCflMCT

cneUHaJIbHblX'HCCJieflOBaHMH. BO3MO}KHbIM HCKJIIOHeHH-
eM HBJIHKJTCH KpynHOflHcnepcHbie Mepsjiue nopoflbi c

HH3KHM COflepXCaHHCM HC3aMep31IieH BOflbl [2, 10].

Aemopbt 6jiazodapHbi peu,eH3eHmy, donmopy mexn. nayn

H. H. Moduny 3a saMeHanux u npedjioytcenun no y/iyniuenuio

cmambu.
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^acmb zeonozimecKozo paspesa, MazHunwan ensKOcmb zeono-

zimecKiix cped, apxeozeocpusuKa , zeotpusuKa Kpuonumo3OHbi.

Aemop 6ojiee 60 naynHbtx ny6jiuKau,uu.

E-mail: kno48@yandex.ru

AHTOHOB
Saeedyiomuii fia6opamopueu zeo3JieK.m-

PUKU Mncmumyma necpmezasoeou zeo-

jiozuu u zeocpu3UKu CO PAH, Kandudam

mexH. nayK, doi^enm. BbinycKHUKMexa-

HUKO-MameM.ammecK.ozo ipaKyjibmema

Hoeocu6upcKOZo zocydapcmeeHHozo

ynueepcumema. OcnosHbie Hayntibie UH-
mepecbi - MameMamwecKoe Modejiupoeanue HecmanuonapHbtx

3JieKmpoMazHumHbtx nojieu e ducnepcnbix u cjiOMCHonocmpoeH-

Hbix zeonozimecKux cpedax. Aemop 40 Haywux ny6jiunau,uu.

E-mail: antonovemf@yandex.ru

- donmop mexn. nayx. H. H. Modun.
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