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YAK 551.46

B xuure paccMoTpeHsl IIpOLECCH 06PA30BaHus, pOCTa H TASIHHS MOPCKOTO JbJad,
ero pedopmanun u npouyHocth, OCHOBHOE BHHMAaHHE YIeNeHO (DH3HYECKUM CBOHCTBAM
Abla, B HaUGOJbIIEH CTENEHH BJAMSIOLIMM HA €ro MakpoMacliTaGHble XapaKTepHCTHKH,
T. €. TeMao(pH3UUECKHM, PANHALUOHHEIM W MexaHH4eCKuM. [IpUBONATCS  CBENEHHS
O CTPYKType MOPCKOTO JbJa U €r0 COJEHOCTH.

Mopckoti Jien paccMaTpHBaeTcsl Kak NPOAYKT B3aHMOmeHcTBHS atMmocdhepsl H oOKe-
ana. VIsnaraiorcsi 0COGEHHOCTH 3aMEp3aHHs MOpS U DPaclpoCTPAHEHHs JbIa HA €ro
MOBEPXHOCTH 1104 ACHCTBHEM PA3JUUHBIX TeDMHUECKHX U NHHAMHUecKuX (HakTopos, U3y-
yaeTcsi H3MEHEeHHe CIIOYEHHOCTH JIbJOB M Apefid. VccaemyioTes Takike BONPOCH [1POH-
HOCTH MOPCKOTO Jbfa M HECYILIasi CIOCOGHOCTh JIEASHOrO MOKPOBAa IpH NEHCTBHH HA
HEro  CTATHYECKHX W JHHAMHYECKHX HArpPy30K.

"Kuura npegHasHaueHa fJisi OK€AHOJIOTOB, CIEIHAJKCTOB IO JIEJIOBEACHHIO H JELO0-
TeXHHKe, 3aHHMAIOIMXCs H3YUEHHEM MOPCKOro JexsHoro noxkposa. OHa Gyzner mosesHa
CTYNEHTAM W ACHHPAHTAM COOTBETCTBYIOLIUX CIEIHAJIbHOCTEIL. '

bl

The book deals with the processes of formation, growth and melting of sea
ice, its strength and strain. The main attention is given to the physical properties
of ice having the most pronounced effect on its macroscale characteristics such
as thermophysical, radiation and mechanical properties. Information on the struc-
ture and salinity of sea ice is given.

Sea ice is considered as a product of interaction between the air and the ocean. -
Peculiarities of the sea ice formation and distribution over the sea surface as el-
fected by different thermal and dynamic factors are discussed. Ice concentration
variations and ice drift as well as problems of ice strength and carrying capacity
of the ice cover under the action of static and dynamic forces are studied.

The book is intended for oceanographers, ice research and engineering experts
engaged in studies of the sea ice cover. It will be useful to students and post-
graduates concerned with the relevant studies. )
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IIPETHCJIOBHE

Baxuelime#l xapakTepHOH yepTod MOpel NOMSPHEX M yMEPEeHHBIX
UIMPOT SIBJISIETCST HAMHuUMé OGoJiee HJIM  MeHee YCTOHYHBOTO JIEASHOTO
noxkposa. IIpakTHuecKoe oCBOeHHME YKa3aHHEIX DafOHOB CYIIECTBEHHO

3aBHCHT OT TOTO, B KaKOH CTeIeHH HSyqu 9TOT IOCTOAHHO lIEHCTBy}O-'

IMUA NPHPORHBEIA (aKTOPp.

$IcHo, yTO HmocTaTO4YHO TIOJHBL yuer JensiHOro. noxposa npu peme-
HUY OKeaHOJOrMuecKMX, TeXHHYeCKHUX H HHBIX . 3aJay HEBO3MOMKEH
6e3 noApO6GHOro H3yueHHd qgusmecxux CBOUCTB H- ,U,I/IHaMHKI/I Mop-
CKOTO JIbJia.

Boapuioe xomuuecTBO MaHHBIX HaTyprIX Ha6JIIOlIeHI/IH . axcnepn-
MEHTOB, TEOPETHUECKHE HCCJIeJOBAHHS, & TaKXe BHEIPEHUE BBIYHC/IH-
TeJNbHOH TeXHHKH. CIOCOGCTBYIOT B. HACTOsLIEe: BPeMs yFJIy6JIeHHOMy
U3Y4EHHUIO MOPCKHUX JILIOB.

Vcc/eloBaHAI0 OTAENbHBIX YaCTHHX 3a7au 3TOM HpO6JIeMbI ocs4-
ueHO GoJbiloe YHCAO PaGOT PA3IHUHLIX .aBTOPOB. OnyGfinkoBaH P
MoHorpadu, rae dbusMKa AeIAHOr0 NOKPOBA paccMaTpyBaeTcs BeCchbMa
noppo6uo. OxHako B GOJbIIMHCTBE 3THX pabor mopgkodl sem usyua-
ercad nu60 ¢ MO3HUMH (HUsHKH TBepmoro Tenda /(B. B.. Jlaspos,
IT. A. Hlymckuit u np) JU60 .¢ TOUKH 3peHHs HfXKeHepHO-TeXHHUe-
- CKHX NPHIOKEeHHHE (U. C. Iecuancxkuii).

B Hacrosmle# KHHre Jiefl paccMaTpPHBAETCHA XKax (dusuueckuil 065—
€KT, CYIECTBOBAHME U CBOHC KOTOpPOT0 OIpefesNsiOTCs NpoLeccamu
B3aMMOJENCTRUSA _QKEeaHa M aTMOCHEDEL. O6pa30BaH’He W-TagHde Jbla,
H3MEHEHHEe ero TOJIIMHE U IPOYHOCTH 3aBHCAT OT CBOMCIB Jbla K4K

TBEpAOLo-%eda. B To e BpeMs pacupOCTPAHEHHE Jbia, €ro Apend,
Hecyllasi CIIOCOGHOCTb JIEAAHOTO IIOKPOBA M Psil APYIHX XApaKTepH-

CTHK HpOHBJIHIOTCH TOJMBKO B YCJOBHAX €rQ BBaI/IMOCBHSI/I C BOI[HOH“’“"’

H BO3JI¥HIH.GK2C3§E€IL&WL

He ocraBassa B CTOPOHE (PH3HYECKHe U TeXHHUeCKHe acCIeKThl l‘IpO6-
JeMBl B I€JOM, aBTOPH BHIST CBOIO TIJVIABHYIO 3aJady B BO3MOXKHO
6oJiee TIOTHOM PacKpLITHH CBOVCTB. MOPCKOQLQ JIENSTHOI'O HOKpOBa KaK
‘OIIHOFO JA3. CHIDOJLOLMYECKUX, 3JeMEHTOB 3aMeD3alollux. . MOpeH Or-
ciojla o0uIas OKeaHOJOTHYeCcKas HalpaBJeHHOCTb KHHUTH.
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Takasi MOCTAHOBKA TEMBI IO CYIIECTBY SIBJsSETCA MPOAOJKEHHEM
paGor H. H. 3y6oBa, KOTOpBHI BCECTOPOHHE, KOMILIEKCHO MOAXOIMI
K M3y4eHHI0 MOPCKHX JIbLOB. 3a NPOMIEANIHE C MOMEHTa H3JaHUs ero
KHHTHM TPH JecfiTKa JeT (POHT paboT B 3TOH 00JACTH CYIIECTBEHHO
pacmupuicsa. Ilpy sToM Hapsily €O SHAUHTENBHBIM YBeJMYeHHEM U
KayeCcTBEHHLIM oforanieHHeM (PAaKTHYeCKOr0 Marepuaja pPa3BHBAIOTCA
KOJIMYeCTBEHHbIE METOLB H3YUeHHs (U3HKH JbJa U AUHAMUKH Jeasd-
HOTO TOKpoBa. PaspabaTHBAIOTCSI aHATUTHYECKHE W UHCJIEHHBIE Me-
TOIbI HCCJIENOBAHMM, CYLIECTBEHHO pacIIupseTcs HUX TeopeTHuecKas
6asa.

ABTOpH CUHTAIOT IIesecOOGPa3HBIM, COXPaHAs oflnee KOMIJIEKCHOE
HampaBJeHue HCCAeLOBAaHHE, H3JIOKHTb MaTepHasJ KHUTH B CBeTe
COBPEMEHHBIX NPEJCTaBIeHNA. DTO OTHOCUTCS KaK K pasjenaM, ocBe-
[AIONUM CTPYKTYPY, GHIUKO-MexaHH4yeCKHe U TelJoQH3HYecKHe CBOH-
cTBa Jblla, TaK M K pasjenaM, UAe HCCAELYCTCH NUHAMHUKa JeISHOTO
HNOKpOBa. DoJjiblloe BHUMaHHE B KHUTe YIAESeTCS YHCACHHBIM MOJe-
JIsIM, ONKCHIBAIONHM 00pasoBaHME JIEASHOIO IIOKPOBa, Apehd mabia
U HM3MeHeHHe ero CIJioueHHOCTH. PaccmMaTpuBaooTcs aHajnTHYEeCKHe
METOALI OLEHKH I'PY30IORBEMHOCTH JIeASHOTO NOKPOBA M €r0 BJHMSHHE
HA pacnpocTpaHeHHe HNDUJIMBHHIX BOJH. Ilo MHeHHIO aBTOpOB, MJA
yuTaTeAsd TOpasjio NOoJe3Hee ONHCAHHe XOPOIIO HNPOAYMAHHOH, HeENpo-
THBOpPEUHBOH (HU3MYECKOH MOJeNH, OODACHAIONIe# OCHOBHEIE HYEPTHI
IPUPOMHBIX -TIPOIECCOB, YeM COOPHMK IUTAT, CCHUIOK H DPa3pO3HEHHBIX
9KCIIEPUMEHTAIbHBIX AAHHBIX. DTOT NPHHIHUN [0 BO3MOXKHOCTH BBIAEP-
JKHMBAJICSl B Ipollecce HANMCAHUS Bced KHUTH. HeoGxonuMele Jaurepa-
TypHBIE 3aUMCTBOBAHUS U MTaHHEIE ONLITOB IIOMELIAJNICEH JHIIb [I0CTOb-
Ky, HOCKOJBKY OHH HJJIOCTPHPOBAJH Te WJH HHBIE aclleKTH CyIIEecTBa
Apo6aeMbl. ABTOpE, KOHEYHO, HE MOIJIH B DaBHOH Mepe OCBETHTDH BCe
BOTIPOCH], BOSHHKAIOMIME TpPH H3YYEHHH MOPCKHX JblI0B. Bnibop TeMm
HCCelOBAHUST TIPOU3BOLUJICS [JIABHEIM 06pas3oM u3 cooOpaKeHHH HX
TPaKTHYECKOTO HCHOJMb30BAHUS AJd pelleHHs OKeaHOJOTMYEeCKHX M WH-
JKeHepHO-TeXHHYECKHX 3anay. B omnpenejeHHOl mepe 3TOT BHIGOp OT-
paxaer npodeccHoHaNbHbIE CKJIOHHOCTH aBTOPOB.

Caasst 1, 2, 4—7, 13, pasnenst 1-—4 raaswel 12 nanucaun 10.I1. Jo-
poHuHBIM, TaaBel 3, 8—I11, pasmeawn 5, 6 raaspl 12-—JI. E. Xe#t-
CHHBIM.

B 3ak/ioyeHHe aBTOPHI CUMUTAIOT CBOUM INPHATHLIM AOJATOM IobJja-
rofnaputh A-pa reorp. Hayk B. JI. IlypuroBa 3a psii LEHHBIX 3aMe-
YaHuH.

0. 1. Hoponun
A. E. Xelicun



I'JTIABA 1

3AMEP3AHHE MOPCKOH BOZbI

1. Bausinue coaeHocTu HA HeKOTOPblE CBOUCTEA MOPCKOLL 800061

dusnyeckue CBOHCTBA BOIbl 3aBHCAT OT ee CTPOEHHS, HAJNHUHS NPH-
Mecell U MX cBOHCTB. MoJiekynsipHOe CTpOeHHe BOABI BO BceX ee ¢aszax
uccieflyeTcst Ha NPOTSXKEHHH AJANTEeNbHOrO IepHojia BpeMeHH. XUMHU-
yeckasg ¢opMyJa 3TOTO CAMOrO PAacCIpOCTPaHEHHOTO -Ha IJaHETe Be-
IIecTBa HACTOJBKO IIPOCTA, YTO MOMKHO TOJBKO YAUBJAATLCS, TOUEMY
TaK MaJO H3BECTHO O PACCTAHOBKE aTOMOB U MOJIEKYJ B ha3ax BOIHL
B xoHLe KOHIIOB, HMEHHO OHa OIpejesseT YIaKOBKY MOJIEKYJ, a cie-
JIOBATEJbHO, IVIOTHOCTh H ADYTHE CBOHCTBA BellleCTBA.

OnHa rpaMm-moJeKyna Boxel Becut 18,016 ©r u  comepxuT
6,025. 1028 monexyn. CreaoBaTe/bHO, CPEeNHSs Macca OIHOH MoJie-
KyJAsl Boawst npuMmepHo 3-:1072% r, ITlocKOABKY MJIOTHOCTL BOZBI
~1 rfem®, 10 06BEM Modexkynsi Bopbl 3-10723 cm3. Ecam npen-
CTaBJATbL MOJIEKYJAbl BOAbl B BHJE IMIaPHKOB, TO MX paiMyc NpH yKa-
3anHOM o6beMe 1,93-10-% cM, uTO 3HAUHTENIbHO GOJbIIE BHYTPHMOJIE-
KyJsipHOTO paccrosinud, paBHoro 0,96 10-% cm. Takum o6pasoM, modie-
KyJbl B BOJle YIaKOBAHH HE OYeHb NJOTHO.

Hannune B MOpCKOHl BOLe HOHOB DAaCTBOPEHHBIX BEIIECTB IPHBO-
IHT K M3MEHEHHMSIM CBOHCTB BOXEI, 3aBHCSAIIHX OT pa3MepOB HOHOB,
UX 3apsAloB, KOHIeHTpanud. B Mopckoit Bome, Xak M B JitoGoM pac-
TBOpe, BO3HUKAIOT GoJiee MM MeHee yCTOHYMBHIE BO BPEMEHH acCouua-
IMH M3 HOHa PACTBOPEHHOTO BeHleCTBa M OKPYKAIOIIHX €ro MOJEKYJ
H0, 1. e. uayT Tak HaswLiBaeMble IIPOLECCH THApaTauuu [126].

Pasjuuaior 6aMXKHIOI M JajbHIO ruapatanuio. Ilox mepsoit mo-
HEUMAaKT IIPOYHOEe CBSA3bIBaHHE HOHOM OGumxkahmux Mosexya H,O,
a ToJ BTOPO#l — BJUSIHHE MIOHA Ha OCTaJbHBIE MOJEKYJIH BOABI, NPHBO-
Isilee K H3MEHEHHWI0 CKOPOCTH AH(QY3HH, IJIOTHOCTH M PSia APYTHX
cBoiicTs. JlanpHAs THApATAUus TNPHUBOIUT K YBEJHUYEHHIO MJIOTHOCTH
BOABI, OOHapy:KeHHOMY Ha paccrogHuu nopaaka 10 apdexTHBHEIX
JMaMeTpOB OT LeHTpa HOH&. '
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0. 4. Camoinos [135] ormeuaer, uTO mojA AeHCTBHEM HOHA MEHS-
eTcs Tax HashBaeMBbIH NOTEeHNHANbHHH Oapbep AJ, pasmenasiouail co-
cellliie TMOJOXKEHHSI paBHOBecusT MosekyJa (tabu. 1). I1pu momoxuresns-
Hoft pesinunne AY Gamkalimue K HoHY MoaekyJau HeO craHoBATCH Me-
Hee NOABIXKHBEIMH, & IPH OTPHUATENbHON — 60Jiee TMOABHAKHBIMA. -

Tabauya 1
Hsmenenune noreHuuadbpHoro Gapbepa moHamu (kJx/r-uon)
Mom . . . ... Nat Mg¥ Ca2t K+ cl- Br- -
A .. .. .. 1,06 10,91 1,88 —1,06 -—1,13 —1,21 —1,34

Kpome TOro, HOHB HCKaXKalOT CTPYKTYPY BOJBLI TE€M, UTO MX B3a-
umoneicTBre ¢ MoJekynol HoO ornuyaercs oT B3aHMOAEHCTBHS MO-
JIEKYJ1 BOIBL MeXIy co060#. [Ipu 3TOM B BOMNE MOABJAIOTCS MOJEKYJIbI
WM HOHbI IPYTOTO Painycd, MeHseTCs KOGDAMHANUOHHOE YHCAO (Ccpef-
Hee CTATHCTHUYECKOE YHCJI0 MOJEeKYJs, HaXONAIIMXCI B CBS3M C [aH-
HOH), HAKOHEN, MeHseTcsl OpHeHTaUus GJMKANIUIMX K HOHY MOJIEKYJH
HyO. 311 30 derTs NPUBOASAT K H3MEHEHHIO IJIOTHOCTH BOJHI, TeMIle-
paTypH 3aMep3aHHs], TENJOPH3NYECKHX H APYrux ee cBohcTB. Teopus
0011ero BO3JAEHCTBHS HOHOB W HX COENUHEHHH Ha BOIY IIOKa ellle
He paspabGoraHa. [losTOMy KOJHMUeCTBEHHBIE OIEHKH BJHSHHS COJe-
HOCTH . Ha CBOHCTBA BOABl HAKOTCS 4Yallle BCEro C MOMOIIBIO IMIHpUUE-

CKUX . popMys. B UACTHOCTH, IJ51 ONPENeJNEHHS MJIOTHOCTH MOPCKOH

BOJLI y OOBIYHO HcmoJsb3yercsl dopmyna KHyldceHa MM coCTaBJjeHHAs
no weii Tabmuna [68]. s pacueToB IUVIOTHOCTH MOBEPXHOCTHOTO CJI0S
BOAK 4acTO mpuMensiercs ynpomenunas Gopmynaa O. M. Mamaesa [106]

1=1--10"3[28,152 —0,07356 —0,0046962 - ,
+-(0,802 — 0,0026) (S — 35)], C(L1)

rae 0 — remneparypa Bojanl B °C, S — cOJEHOCTb MOPCKOH BOALI B IPO-
MHJLIE.

B o6uen, yBeJIquHHe COJIGHOCTH TPHBOAUT K POCTY MJIOTHOCTH
Mopcko#l Bogwl. IIpu sTOoM BospacraerT abCOJIOTHAs BeJNHYMHA MJOT-
HOCTH H- €€ MaKCHUMyM cJBHraercs B o0sacTb 6oJsee HU3KOH TeMIe-
paTtypsl, ueM y IpecHoil Boxpl. IloaToMy pacmpecHeHHe IOBEpXHOCT-
HBIX BOJ 32 CYET PEYHOro CTOKA, OCAaiKXOB WJIH TASHHS Jbfa TPHBOIHT
K TMOBBIIIEHHIO YCTOHYHBOCTH BEPTHKAJBHOHN IJIOTHOCTHOH cTpaThduKa-
UK MOpPS, a OCOJIOHEHHWE B pe3yJbTaTe HCIHAPEHHs HJIH 06pa3oBaHHUS
JAbJla MOMKET CO3LaTh HEYCTONUHBYIO ¢cTPAaTUDUKALNIO U YCUIHTD BEPTH-
KaJbHOE TepeMellnBanne BOL.

BropsiM BajKHBIM CHCACTBHEM HAJHYHS IPHMECEH, PacTBOPEHHBIX
B BOJE, ABJSETCA H3MEHeHHEe TeMIlepaTyphl 3aMep3aHusi MOPCKOH BOJLL.
W3 repMoAMHAMHKH H3BECTHO, UYTO W3MEHEHHE TeMIepaTyphbl 3aMepsa-
HHSI pacTBOPa 3dBHCHT OT KOHUEHTPAUMH A PACTBOPEHHOIO BELIECTBA.
Ono onpenensierca GopMyJon

e kN 0%

K :
aSy - Ty —1 (12)




rie Ok — TeMmepatypa 3aMepsanus pactBopa B K; kg =1,38X
X 10-28 Ix/K — nocrosgnas bDosabnMana; Na=6, 023102 MOJIb~1
nocTosiHHas Asorampo; M, — 1 ="6- 10® [x/M0sab — pasHOCTb 3HTaJb-
U BOAB M JbAa, WIH, YTO TO K€ CaMOe, MOJIHpHaH TemJIoTa KpHCTal-
Ju3auun; Sy — MOJSIpHAS KOHIIEHTpaIlH.

Pemenune ypaBHeHus (1.2) umeer BHI

o _ kN 028 kN s RN 0 S2 I
e [1— kBNA@nSM . Ny — 1] ™ Mg—71 .
@ w1 . . :
1 { kN ,© I ' )
e (B s ] a9

tie Oy —TeMIeparypa 3aMep3aHus NpPeCHO! BOAB B K @—TeMne-
parypa 3amepsaHusi MOpckoil Boisl B “C.

‘Us-3a TPYAHOCTH ONPEACIeH s MOJISIPHOI KOHHeHTpaHI/II/I pacrso-
PEHHBIX B MOPCKOH BOJI€ BELIECTB B OKEAHOJOIHH NOJB3YIOTCS OTHOCH-
‘TeJBHOH KOHIIEHTpallMe#l (COJEHOCTbIO), B 3aBHCHMOCTH OT  KOTOPOH

TeMnepaTypa 3aMep3aHusi BBLIYUCISIETCS 10 sMnanqecxon dbopmyiie
Kprommens

0=—10" 3(3+52 7840, o4s2+0 000483) (1.4)

Ilo cBoell crpykType ara gopmyaa 6au3ka K TeopeTquCKou (1.3),
CTpOTO¥ 1Jisi cJaGBX PacTBOPOB, HO B OTJHYKME OT MocaeijHed B ¢op-
myae (1.4) uMeercss CBOGOAHBIH U/NEH, YYUTHIBAKUIHE TO, 4TO (DAKTH-
YeCKHM 3aMep3aHue BOJLl HACTYNAeT IIPU HEKOTOPOM IeDEOXJaXKIeHHH.

XapakTepHBIM [Jisi COJEHBIX BOZ SIBJAsieTCS TO, uTo npu S<<24,7%
MaKCHMyM MJIOTHOCTH HAacTynaer elie J0 HayaJja 3aMep3aHHs, a IIpH
GoJbInel  COTEHOCTH — IIPH TeMilepaTtype, 60jee HU3KOH, ueM TeMIe-
patypa 3amepaaHus. Bomwl ¢ S<(24,7% Ha3bIBalOTCH COJIOHOBATHIMH,
a ¢ $>24,7% — MopckuMu. DTO SBJEHHE OKa3bIBaeT Ype3BLIUaHHO
6oJpllIOe BJIMSIHUE HA ‘PA3BHUTHE INePeMellUBAHUS B IOBEPXHOCTHBIX
ciroax Mopsi. Jlaxe npu HEM3MEHHOI COJNEHOCTH TI0 BEPTUKaaW B pe-
3yJbTATE OXJAXKAECHHA NMOBEPXHOCTHOTO CJIOSI MOPCKOH BOALI €ro IJOT-
HOCTb OKa3blBAeTCS DOJIbHIE; UeM Y HMKEeJexRalluX, 60Jee TENablx BOI,
crpaTuduUKaLUS  CTAHOBUTCH HEYCTOHUYMBON M NPOHCXOAHMT BEPTHKAJb-
HOe mepeMemuBaHue. Ecau BOAE NOBEPXHOCTHOTO CJOS MODS OTHO-
CcATCA K KJaccy COJIOHOBATHIX, TO NOCTAE HX OXJaXKIEHWSI 1O TeMIle-
partypsl Haubonbiiel MJIOTHOCTH JasbHellliee TOHHKEHHE TeMIIepaTyphl
TIPUBOJAXT K YMEHBIIEHHUIO NIJIOTHOCTH, BePTHKAJILHOE IJIOTHOCTHOE Iepe-
MeIUBaHue TpeKpamaeTcs W CO3MAOTCA YCJAOBHS s 3aMep3aHus
TIOBEPXHOCTHOTO ¢J10s1 BoAbl. Ecau ke $>24,7%, To npu oXJaXkIeHHH
3a cyer termoobMena ¢ atMocdepoll BepTHKaJbHOE lepeMelInBaHHe
He mpekparniaercsi, obecrieunBas NOATOK K NOBEPXHOCTH GoJiee TeINJIBIX
rAyGUHHBIX BOX M TPENATCTBYs O0Opa3s0BaHHIO JbAa HAa IIOBEPXHOCTH
MopH. :

Qopmyasr (1.3) m (1.4) cupaBeLJUBH, KOTrZa JAaBJeHHe PaBHO
atMochepHoMy. [eficTBUTEJIbHO, B 0OINEM- BHAE YPaBHEHHE COCTOSHHA
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MOpCKOfI BOIBI, 3allHCAHHOE MJIsT YIOEJbHOIrO ob6beMa BOJBl vy, HMeEET
BHUI,

\’w:\’ (6, S)‘ p)'

Ecnu paBneHue P paBHO aTMocepHOMY, T. €. IPAKTHUECKH IIO-
CTOSIHHO, TO YAEAbHBIH 06b€M BOLB 3aBHCHT TOJBKO OT TeMIEepaTyphl
u conenocts. IIpu vy, COOTBETCTBYIOIIEM IIOTHOCTH Y, B YPaBHEHUH
COCTOSIHUSI OCTAIOTCS TOJBKO JBe ITepEMEHHBIe — COJICHOCTh H TeMIle-
patypa 3aMep3aHus, MEeXKAY KOTOPHIMH €AHHCTBEHHAs CBA3b BHIPAXKEHA
YOOMAHYTBIMH (HOpMYJIaMH.

Ipu mepemMeHHOM 1aBJIEHHH TEMIIepaTypa 3aMep3aHHs MOXKeT ObTh
onpejesieHa W3 ypaBHEHHs, XaPAaKTePHU3YIONero YCIOBHS CYIIECTBOBA-

5 HUst (a3 BOAHL:

pmbap i A aP I
30 | / T e = - (19
n | Vlnaekcsl y CHMBOJIOB 3HTaJbIHH U
| yIeabHOr0 o6BheMa 03HAaYyaloT MpH-
20# P I HAaJJeXHOCTb K OFHOH HJHM HpYron
' thasze.
B I Ha puarpaMme ¢a3oBbBIX COCTOS-
oL II HHf BORH (puc. 1), mocrpoenHoil 1o
: pemenussM ypasHeHus (1.5), BunHoO,
| YTO C POCTOM JAABJEHHS NOHHKAETCS
B TeMIeparypa - 3aMep3aHusi. [losTomy

1 o

I — 7 0 207° VOL TOMUICH JIENHHKOB, HAampHMep
B AHTapKTHIe, Boja 3aMmep3aer IIPH
Puc. 1. luarpamma ¢a3osbix coctod-  Gojiee HUSKOW TEMIEpAType, 4eM IpH
Hult BOTHL. armocepHoOM OaBJEeHHH. Buano rtax-

I — map, Il — »x)ugKocTh, I — qen.
HyHKTI/I;)pOM noxasaHa TpaHUNA pasjena XKe, 4TO COJICHOCTb CIABHIACT KDHBYIO
das npn S~35%o. pasnena ¢as B obgacth 6ojee HH3-

KHX TeMIeparyp.

CoJIEHOCTD BJII/ISIGT Ha MHOrue Apyrue CBOXCTBA BOJBL. I[JIH 3ajgayg,

CB3aHHBIX ¢ (a30BEIMH NIPe00Pa30BAHUSMY, B IIEPBYI0 OUEPENb BAKHO

3HaTb 3dBHCHMOCTb TeILIOEMKOCTH OT COJLepXKaHusi coJell B BoIe.
CBozka 3KCIEPUMEHTAJNDbHBLIX ONpeNeNeHHNl 5TOro Mapamerpa NpHBe-
reHa y O. 1. Mamaesa [106]. U3 nux caenyer, uto ¢ pocTtoM coJieHO-
CTH TEIVIOEMKOCTb BOABI Cy, YObIBaeT. DMIHPHUUECKOE BHIPAXKEHHE MAJS
YAEJIBHOH TelVIOEMKOCTH BOJAEl HMeeT BUI

Cp=4,1784-1-8,46 - 1076(6, — 33,67)2--0,005075S —
—0,0000148? x/(r - rpam). (1.6)

2. Koneexrusnoe nepemewusanue 8 mope

B pesynbraTe [IOHHXKEHHS TEMIEPATYDH NPH BHIXOJAKHBAHUH JHGO
BCJIEACTBYE OCOJIOHEHMS 33 CYeT BLIAECHHS B BOLY COJIell IIPH HCIa-
pPEeHHY WJIH TIpH 00pa30BaHHH JbJA IPOUCXOANT MOBHIIEHHE IJIOTHOCTH
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TIOBEPXHOCTHOI'O CJIOf BOABI, HUTO MOXKET IIPUBECTH K HEYCTOHUHBOI -

crpaTudHKAIME ¥ KOHBEKTHBHOMY IepeMeIlNBAHHIO BOX. B atoM ciy-

yae K NOBEPXHOCTH MOPS MOXKeT IIOCTYHaTh M3 TIJIYGHHBI GOJblIoe’

KOJIMYEeCTBO TeIlia, CyIeCTBeHHO B/HSIOIIEE Ha XapaKTep 3aMep3aHus
Mops 4 HapacraHus Jabfa. KoHBeKTUBHOe IepeMellnBaHKe IIOBEPXHOCT-
HBIX CJIOEB BOAH B ApDKTHKE W AHTapKTHKEe B OCCHHE-3WMHHUH NEpUOXN
HACTOJIBKO fPKO BHIpaXKE€HO H CBOeo6pas3Ho, YTO €My HAaHO Ha3BaHHE
BepTHKAJbHOH 3HMHel nupkyasanuu. -‘Paspaboramusii H. H. 3y6oBrM
[66] mMeTom pacuera 3J€MeHTOB 3TOH LHUPKYJANHH MOJIYYHI IIHPOKOE
IpUMEHEHHE B NMPAKTHKE OKEAHOJOTHYECKHX HCCJeJOBaHMHA. DTOT Me-
Ton Gasupyercsl Ha OueHb NPOCTOH (GU3NIECKON MOHETIH, CMBICT KO-
TOPOM 3aKJIOYaeTcss B TOM, YTO KAaKOB GBI HH ObLI MeXaHH3M IIOBBILIE-
HUS TJIOTHOCTH TOBEPXHOCTHOTO CJIOSI BOABI, CTPATH(HKANUS HE MOMKET
O6LITb HEYCTOHUMBOM H KOHBEKIMS pacIpocTpaHseTcs A0 TaKoH IJy-
O6uHLI, Ha KOTOPOH IJIOTHOCTh CJIOSI KOHBEKTHBHOTO IepeMellnBaHus
CTAHET PABHOM IIOTHOCTH BOJHI, €llle He YUacTBYIOLIEH B IlepeMellu-
BaHMH. TeMmIepaTypa W COJEHOCTh BOABI B CJI0€ KOHBEKTHBHOIO Ilepe-
MelIMBaHUsl NMPUHUMAIOTCSI HEU3MEHHBIMH, a CKOPOCTb I[epeMeluHBa-
Husl — 6€CKOHeuHO GOJbLIOH.

H. H. 3y60B HeZoCTaTOYHO KOPPEKTHO YueJ TEMJIO0GMEH ¢ aTMO-
chepolt, He NPHHAJM BO BHHMaHHe AUGGY3HIO Temaa H COJEH MEXIY
CJI0eM KOHBEKINH M HAXEJNEeXAallnMH CJIOSIMH, HE PaccMOTpe BJHAHHE
axBeKnuH Temaa u cosefl. IloaToMy ero cxeMa HEOLHOKPAaTHO yTOYHS-
Jach, a TakKmxe yIpomlajach Merofuka pacueToB. HauGosee ypauno
B MarteMatHuecKoM orHoweHuu upeu H. H. 3y6osa Guinu opopmiIeHsl
B. A. HHKyHOBbIM [157], cocraBHBLINM CHCTEMY ypaBHEHHH, pelleHHe
KOTOPOH MO3BOJIAVIO N0 3aZaHHOMY TemnoobMeny c¢ atMmocdepoi nHaxo-
OUTL TEMIEPATYPY, CONEHOCTh M TOJLINHY CJOS KOHBEKIMH. Brocaen-
CTBHH €0 MOAeJb OBlIZ NONOJHEHA COOTBETCTBYIOUIHMH yDaBHEHHSIMHU
¥ DacNnpoCTpaHeHa Ha cJyuyail NOAJIEAHONH KOHBEKIHH, a MJIs ee pelle-
HHS ucnoas3oBagach DLBM [b4].

TemnepaTypa u COJIEHOCTb BOAH B C10€ KOHBEKTHBHOIO MEpPEMEIIH-
BaHMsl ONpeleJANHCh H3 HHTErPaJbHBIX YPaBHEHHH 0asjaHCOB Telia
1 coJieH:

v Ay i+ tir1
Cotly 182 = | cyitydz—+ j cattyde+ | @t
(] t.
] R J
1+1 1+1 13 ,
4 5 Mo S| dt 4 f jchW dz dt; (1.7)
J
%41 TS i+

.
1 ,+1dz—5 1S, dz - 5 1S, dz - j b dt -

Sty

1+1 A

+§ hoy 22| dtt j S«HJV dzdt, (1.8)




rfle MHAEKCHI j, j+ 1. yKa3bIBaloT Ha MOMEHT BPEMEHH, B KOTOprH bux-
CHPYETCH COOTBETCTBYIOIIME JIEMEHT.

JleBble uyacTH 3THX yPaBHEHHH XapaKTEPHUSYIOT TeNo3anac u co-
JepkKaHue coJjiefl B .C/J0€ KOHBEKTHBHOTO MHEPEMEIIUBAHUS TOJALIHHON
fi;;1 Ha MOMEHT BpeMeHH fj. llepBble wieHbl mpaBOil YacTH Xapakrte-
PH3YIOT 3amachl Temsa U cosiell .B MOMEHT BpeMeHH [; B CJA0€ TOJIIH-
HO¥ /i;. BTophle ciaraeMble I10Ka3BIBalOT IPHTOK Telja U COsell 3a
cueT M3MEHEHHS TOJIIHUHE CJ0T KOHBEKNMH OT fi; IO fij.u. Tperbu
WIEHbl . CYMMBI OIpPENEJATIOT MPUTOK Telda @ u cojell ¢ B pesyqabrare
Terioo6MeHa ¢ -aTMocepoll W NPOLECCOB OCOJNOHEHUS HJU OIPECHEHHs
MIOBEPXHOCTHBIX BOJ, a UETBEPTHIC — B pe3yabTare TypOyJeHTHOR Aud-
bysun Mexay clloeM KOHBEKIHH U HHUIKeJeKAIIHMH CJOSIMH 34 MHTEp-
Bas BpeMeHH Afl={;u,—7;. Koabduuueatsl . TypOyJeHTHOH TENIOIPO-
BOIHOCTH Ay ¥ AHGDY3uN By B LaHHOM ciydae ONPEAeasIoTCH He3aBH-
cuMbiM crocoGoM. [locaenuue caaraemble B ypasHenusix (1.7) u (1.8)
XapaKTePU3yIOT ‘aIBEKIHIO TEIJIa U COJeHl O CKOpPOCTbio TeueHHss W
B HaNnpaBJAeHHH A.

I'y6HHa KOHBEKTHBHOrO [EpEMElIHBaHUS ONpENENseTcs H3 YCI0-
BH$I, YTOOBI IJIOTHOCTb BOJABI B CJO€ KOHBEKUHH Yj.1 Oblia He GoJablue
IJIOTHOCTH B MOACTHVIAIOMEM CJIOe y(hJ+1)

T;+1<’1’(h1+1) . (1.9)

B cnyyae BHIHYXKIEHHOH KOHBEKUHH 33 CUET BETPOBOIO IepeMelln-
BaHWsl, KOrga TOJIIIHHA BEPXHEr0 TOMOTEHHOTO CJIOS H3MeHseTcs Ot fi;
10 fijs, TeMIlepaTypa MU COJICHOCTb 3TOrO CJOf OHNHCHIBAXOTCS TEMH XKe
YPAaBHEHUSIMH, UTO K NPH CcBOOOAHOH KOHBeKUHH. OCOGEHHOCTb 3aKJI0-
yaercd B TOM, UTO I'Ty6uHA fij 37ech Onmpelelsercs He TOJAbKO COOT-
HOLIEHHEM IJIOTHOCTEH BBINIE- M HIKEJEeXKAUIUX CJOeB, HO M MeXaHH-
YecKHM BO3LeHCTBHEM BETpa.’

HraK, ecn MOTOKH TemIa  COJefl K GO0 KOHBEKTHBHOTO Hepe-
MENIHBAHHS MOJ4raTh H3BECTHBIMH, TO CHCTeMa ypaBHeHHH (1.7)—
(1.9) noaHoCTHIO ONIpefesigeT ONHCHIBaeMBLI (QH3MUECKHI TNpoLece.
OnHako B GOJIBIIMHCTBE CJAy4aeB 3TH IOTOKM B SIBHOM BHIE HEH3-
BECTHBI, II03TOMY KX IPHUXOAHUTCH BblpaxkaTh u4epe3 CTaHAapTHHIE
TFHAPOMETEOPOJOTHYCCKUE JIEMEHTHL, ‘

ITorox Temna @ HDOCTATOUHO IPOCTO- ONpeNeNseTcs N0 NAHHBIM
CTaHAAPTHBIX H3MepEeHU ¢ NOMOINbID ypaBHEHHUs TeIJIOBOTO OajaHCa
IIOBEPXHOCTH MOPS:

B, p St(b—0) U-1-L,p Da (@— 40 U+5, (1.10)

Tlle Ca H p— TEIJIOEMKOCTh IIPH NOCTOSHHOM [aBJeHHHd U IJIOTHOCTH
Bo3nyxa; Lyp— ymedapHas temnora ucmapeHus Boapl; St, Da —uucia
CranroHa u JlanbrtoHa.
B ¢opmyse (1.10) nmosararoTcss H3BeCTHBIMH PALHANMOHHBIN asaHe
B, temnepatypa 9, yaedabHasi BJAa}KHOCTb BO3LYyXa Ha BHICOTE CTAHLAPT-
HBIX H3MepeHHit (¢) W y' IOBEPXHOCTH MOps (go), CKopoctb Berpa U.
OcoJioHeHne TTOBEPXHOCTHOIO ¢JIOST BOABI 3a CUeT HCIapeHHs JErkKo
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BBHIUHCASAETCS 110 JaHHBIM O COJMICHOCTH M TOJIIHUHE HCIIAPHUBLIETOCS CJI051

BOZBI:

- ('1:.11)

Ecau INPOUCXOAHUT pacinpeCHCHHE, TO OHO 3aBHCHT OT KOJHYECTBA
BpIIIaBIINX "OCaJKOB HJIH INOCTYIJIEHHSI PEYHBIX W TaJbIX BOA:

fe 5y Lhn dhn .

Briyucienue rpafueHTOB TEMIIEPATYPHl H
HH{ TIOTOKOB TeIJIa U COJeH MEeXLY CI0eM

(1.12)

COJICHOCTH NIpH ONpeneJie-
KOHBEKLHH H HHUXKeJexa-

IHMMH CJI0SIMH TPOM3BOAMUTCH M3 YPaBHeHHH Nu(PODY3HH COOTBETCTBYIO-
IIUX 3JEMEHTOB:

‘ hpM
i} 50~
B rwl 62(1%0) (1.13)
o 40 . /
Ananoruusslil BHL HMeeT ypaBHeHHe : : o
TEIJIONPOBOLHOCTH. a0k
Pemenne npuBeneHHON CUCTEMBI ypaBde- oo & e
HH# N0Ap0o6HO u3n0xeHo B pabore 0. 1. [lo- ,,1 ol
ponuHa [54]. OHoO mO3BOJISET MO HCXOA- s
HOM cTpaTH(UKANWH TeMIepaTyphl U co- 7ol 3%
JIEHOCTH BOJbl M IIO M3BECTHOH METEOpOJIO-
ruueckodl uHGOPMAUHXU BHUHUCAATL .TeMie- ¢ e o

paTypy, COJIeHOCTh U TJIyOMHY pacrpocrpa- 020 30 40 hgm

HEHHS! KOHBEKTHBHOTO IEepeMeINHBAHHS Ha  Puc. 2. Pacuerwas (f1p) u
J000H MOCAefYOWHA MOMEHT  BpeMeHH. @:ggﬂgeCK:ﬁe (hcb)K Hmyg::a
B xauectBe mpuMepa Ha puc. 2 gaHO COIO- gompng;gM*;H?::aHHg I;eIKap-
CTaBJieHHE pacueTHHX H (DAKTHYECKHX TIay- CKoM Mope (B MeTpax).
OHUH pacnpocTpaHeHus KOHBEKIHH.

CBoeobpa3sne yCI0OBHH KOHBEKUHH B 3aMEp3aloUIuX MOpﬂx onpene-
JsieTcsl HaJHyueM B BECEHHC-JIeTHHH INepHOL 3HAUHTENbHOTO paclipec-
HEHHS TOBEPXHOCTHOTO ¢J0Sl BCJIEACTBHE TasfHUS JbJOB M PEYHOro
croka. B pesyabrate geficTBHS 39THX (DAKTOPOB cO37aercs pesKad
HEOZHOPOAHOCTb BOLHBEIX MacC 1o riy6uHe.- HepaBHoMepHoe pachpene-
JIeHHe JIefsIHOIO IOKPOBa IO CIJIOYEHHOCTH H TOJIL{HHE, HepaBHOMeEp-
HOe ero TasHHE Ha aKBAaTOPHMH, a TaKxKe HepaBHOMeEpHOe pacnpeeJe-
HYe pPEUHBIX BOA B MOpPE BLHI3BIBAIOT TOPH3OHTAJNbHYIO HEOAHOPOAHOCTD
IJIOTHOCTH BOJ apKTHUYEeCKHX Mopel, Ee mepepacnpejiesieHne ¢ reue-
HHEM BPEMEHH NIPOUCXOIHUT 34 CUET BETPOBHLIX M IOCTOSIHHBIX TEUEHHH.

B GosbmuHCTBe pajioHOB apKTHYECKHX MOpEl H3MEHUHBOCTb MOJS
IJIOTHOCTH 3aBHCHT IVIaBHLIM 006pd30M OT H3MEHEHHS HOJS COJIEHOCTH,
KOTOpOE B pe3yJ/brare NeHCTBHS yKa3aHHBLIX ¢aKTOPOB MEHSeTCH B LIH-
POKHX mIpejenax. BrlyucieHHble XapaKTePHCTHKHA CJOs- KOHBEKIHUH IIO-
3BOJIHJIM OIHCATh HEKOTOPble OCOGEHHOCTH 3TOrO Ipouecca B apKTHYe-
cKuX Mopsix [58].

Tosmuna roMoreHHoro cjosi % Ha KOHell JeTa M0BOJILHO OJHO-
pOIHA II0 BCEH aKBAaTOPHHM apKTHUECKHX MOpeH. B aTor mepuon ocHoB-
HelM (aKTOpOM, ONpeReNsIOLUM BCJIHUYHHY /i, SBJISETCH  BETPOBOE
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nepeMelinBanye, TaK Kak TYPOYJeHTHBIH OOMeH C HHXKeJeKalluMu
CNOSIMHM CHJBHO 3aTPYNHEH BCAEACTBHE pPE3KOTO pacClOeHHs BOJHL,
a TIPOLECCH KOHBEKIWH OTCYTCTBYIOT. TaKoli xapakTtep nepeMelinBa-
HHUSl COXPaHSeTCSl B IepBOH W BTOPOK JHeKafax CeHTSOps, H B 3TO
BpeMs MaJio H3MEHSEeTCS MOLIHOCTD JeATeJbHOrO CJIOs.

Co BTOpOH HOJOBHMHBE CeHTAOpPS BO MHOTHX pPalOHax HaumHaeTcs
oxJax/aeHne TOBEPXHOCTHOTO CJIOSI MOpS, yMEHBLIAETCS IPHUTOK Ipec-
HBIX BOJA M BO3HHKaeT KOHBEKTHBHOe TlepeMernuBanune. TosiluHa TOMO-
TEHHOI'O CJIOS BOJBI YBEAHUHBAETCS.

Takoe popMupoBaHye €105 KOHBEKIMH B apKTHUECKHX MOpPAX CBA-
3aHO B OCHOBHOM C DEXKHMOM TeueHHH.

OceHHe-3UMHHE NIPOIECCH KOHBEKIHM B 3HAYUTEJNLHOH CTEIEeHH 3a-
BHCST OT HauaJbHOTO IOJS IJIOTHOCTH B JIETHHH NEPHOA. B -6onbmuH-
CTBE CJyYaeB aHOMAJIMH. TOMIIMHBI AEATEeNBbHOTO CJ0sS B HagaJbHBIH
MOMEHT CPaBHHTENbHO YCTOHUMBO COXPaHfAIOTCSI B TEUEHHe BCEro Ie-
puona oxJjaxjaenus. B 3aBHCHMOCTH OT XapakTepa arMochepHBIX IpPO-
I[ECCOB OCEHbI0 OHM MOTYT WJIM YCHJIHBATbCS, HJIH HECKOJbKO YMEHb-
HIaThesl, OMHAKO OOIINe 4epThl HAYaJbHOI'O paclpeleseHHs aHOMAaJIuH
CPaBHHTE/JAbHO XOPOHIO COXPAaHSAIOTCA BIWIOTh A0 HayaJja Jeloobpaso-
BaHUS, v

ApanorugHbM 06pa3oM NMPOTEKAET HPOLEcC KOHBEKTHBHOIO IlepemMe-
[IMBAHHS Ha J(PYTHX aKBaTOPHAX, TJAe OH HMeeT MecTo. PasHuua co-
CTOHT JIHLIb B TOM, 4T0 B Mopsax CesepHoro JleAoBUTOro OKeaHa pac-
IpecHeHHe NHOBEPXHOCTHOTO CJIOS BOAB CHJILHO MEHSEeTCS OT rojia
K TOLYy, TO3TOMY MeXKroJ0Basi U NPOCTPAHCTBEHHAS H3MEeHYHBOCTb TOJ-
UIMHBL CJ0S1 KOHBEKLWH Besnnka. B 6OJbIIHHCTBE APYTHX MOpeH, faxe
B AHTapKTHKE, paclIpecHEHHe IIOBEPXHOCTHOTO CJIOSl BEIPAXKEHO MeHee
pe3Ko, T03TOMYy KOHBEKIHS pacnpocTpaHsaercs X0 GoJbiunedl riryOuHEL
HO ee OTHOCHTeNbHas HM3MEHUYHBOCTH -MeHbmie. HampuMep, B ceBepHOH
yacTH ATIAHTHUECKOTO OKeaHa KOHBEKTHBHOE IepeMeIluBaHHe B OCeH-
He-3UMHHH IepHOJ pacnpocTpaHsieTcs 10 IMIyOWHbI B HECKOJBKO COTEH
MeTpOB H B aKTHBHOM Temja000MeHe c. aTMocthepoli yuacrtByer 60Jb-
mas macca BoAbl. [TosToMy OHa BhIXOMaXKHBaeTCs MeNJIEHHO H HeycIe-
Baer OXJaJMTbCsS IO TeMIlepaTyphl 3aMep3aHusd.

3. Merod pacuera dar aedoobpasosanus

IlepBrie nperajpHBE aHAJHTHYECKHE HCCAENOBAHHS TEPMHUYECKOro
pexuMa MOpSl B HepHOJ OCeHHero oxaaxieHus nposenensl A. I'. Ko-
JgecauxoBbiM, 1. C. JIunefixuabimM u C. B. Jlyrkosckum. A. I'. Konecuu-
KoB [78] paccMmoTpen - dopMHpOBaHKMe TeMOepaTypsl. MOPS B IEPHOA
OT MOMEHTa JOCTHXEHHS MOpeM MaKCHMaJbHOIO NporpeBa IO Hauajna
3amepsanuns. llpeanosaranock, uTo H3MEHEHHE TeMIepPaTypH BOIBI
OCYHIECTBJASETCS 32 CYeT Telloo6MeHa ¢ aTMocepod u afBeKIHH.
Ilpu 3TOM NpHHHMAJOCh, UTO aABeKLHs TellJia TEUEHHSIMH 3ajaHa, Io-
3TOMY 3aZada (pakTHYECKH SBJAANACH OZHOMEDHOH.

BauskuMu no moctaHoBke 3amaun siBasiorcss padorwl I1. C. Jluned-
kuHa [95] u C. B. Jlyrtkosckoro [99]. T1. C. JIune#ikuH nan pelleHHe
OJHOMEPHOTO YpaBHEHHS TeNJIONPOBOJHOCTH C IIPOHU3BOJIBHLIM ‘XapaKTe-
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POM. H3MEHEHHT KOS(b(l)HImeHTa’ TypOyJeHTHOX TeNJIONPOBOTHOCTH
no ruy6use. Ha HuXXHeH rpaHHIE HREATENbHOTO CJIOS NPUHHMAJIOCh
YCJIOBHE OTCYTCTBHSI TEIVIOOOMEHA C HUXKeIeXKaUIMMH CJI0oIMu. 3anaua
00 yueTe aJBEKTUBHBIX YJIEHOB B yPaBHEHHH TENJIONPOBOAHOCTH Dpac-
cMOTpeHa WM B caMblx obmux deprax. C. B. JIyTkoBckuii mpu perue-
HHM OJHOMEPHOTO yYpaBHEHHUS TENJIONPOBOJHOCTH € NOCTOSHHBIM KO3(-
GHUIIHEeHTOM TeMIIePaTyPONPOBOAHOCTH YUeJ IIOTOK Tellja OT TPYHTA.

Bo Bcex 3THX pa60Tax He NpHHHMaJICA BO BHHMaHHE TOT BaxKHBIR
¢daxT, uTo B IEepPHOJ OXJajKAEHHS B MOpe OOBIYHO pasBHBaeTCcid KOH-
BEKIIUsI, B pe3y/bTaTe KOTOPOH TPOHUCXOIUT HHTCHCHBHOE NepeMellH-
BaHHE BOJBI C COOTBETCTBYIOLIEH TemiooTRauell B atmMocdepy. Ilpu sTom
HHTEHCHBHOCTH IIEPEMEIIUBAHUS B CJAO€ KOHBEKLHH W B HUKEJEKAUIUX
CNOAX pasjiHyHa. BepxHMI CJOH CTAaHOBHTCA IPAaKTHYECKH TOMOTEH-
HEIM, a TOJIIMHA €r0 C TeYeHHeM BPeMeHM pacreT. I1OCKOJbKY YIJIOT-
HeHHe BEDXHHX CJIOEB BOJBI NPOUCXOAUT He TOJBKO 3a CUeT BBIXOJaXKH-
BaHHUS, HO ¥ 3& CUET IPHTOKA coJefl, TO AJs OnpeJeeHHs TeMIepaTypsl
BOABI U TIJyOMHBI TPOHHKHOBEHHsS KOHBEKTHBHONO IlepeMEeIIHBaHHs
HEJOCTATOYHO OJIHOTO YPABHEHHS TeIIONPOBOJHOCTH H HYKHO YUHTHI-
BaTh TMPHTOK COJEH.

B kakoii-To cremenu myﬁnHa NepeMEeliuBaNusg YYUTBIBACTCA B CIIO-
cob6e pacuera o6pas3oBaHus JbLAa B DanTHHCKOM MOpe, IpPelJOXKEHHOM
Poms {127]. 3gecy mpeanosaraercs, 4TO M3MEHeHHE TeMIEpaTypHl INO-
BEPXHOCTH MOPSI NPONOPIHOHATIBHO PA3HOCTH TEMIEpPaTyp BOJALI H BO3-

nyxa. KoadduuueHt nponopuuoHaJbHOCTH 3aBUCHT OT TIYGHHBI MOPS
M ONIpefeNnseTcd N0 HUMEeIUIUMCS xapaKTepHchaM CPOKOB J1e11006pa-
30BaHHA U TEIIOOOMEHA.

CxomHast ¢ 5TOfi METOIMKA BBIYHCAEHHS ATl JEN006Pa30BaAHHS
paspaboTaHa rpynmnoi AMOHCKHX y4eHBIX [165]. OHH yuuTHIBAIOT Cpel-
HIOO TIJyOMHY paciIpoCTPaHEeHHs KOHBEKTHBHOrO MepPEMEIHBAHHSA H
B 3aBHCHMOCTH OT €€ BeJHYMHB HAXONAT 3amas3iblBaHHE AaThl JeH0-

. 00pasoBaHMsi OTHOCHTENBHO MOMEHTA Iepexofia TeMIepaTyphl BOAEL

yepes TOYKY 3aMepsapus. Xo4 TeMIepaTypsl BOAB BHUHCIACTCH
IO XO4y TeMmepaTtypsl Boziyxa. OH uMeeT MEHBUIYIO aMILIUTYLY H He-

_CKOJII::KO 3anasjabplBaeT 110 (baae

O6a stux cnoco6a pacyera 00pasOBaHUS JbJA MOXKHO oTHECTH
K KaTeropuy MNOJYSMIHPUYECKHUX METOJO0B, KOTOpbie ¢ TOH HJH HHOH
CTENEHPI0 TOYHOCTH HMO3BOJSIOT PACCUHTHIBATH OJlHy XapaKTepUCTHKY
THAPOJIOTHYECKOr0 PEXUMA.

llpuBenennele B HpenblfylieM naparpade ypaBHEHHS -JJs ONpe-
JENIeHUs] 2JIEMEHTOB CJIOSI KOHBEKTHBHOTO IIepEMENINBAHHS ¢ YIOBJe-
TBOPHTEBHOH NOJHOTOH OHHCBIBAIOT NPHUPONHLIH (HIHUECKHH MPOLECC
U OPUMEHHMEl JJIS pacueTa AaThl 06pas3oBaHus Jbla HAa IOBEPXHOCTH
MOpAl Haxe B TOM cjyyae, KOT/a BLIXOJaXKHBaHWE MOPS NpepblBaercs
HpOrpPeBOM.

Pemtenne ynoMsiHYTBIX ypaBHEHHH 3HAUUTENIbHO 00Jeryaercs TEM,
4TO CJ0# KOHBEKTHBHOTO HJM BETPOBOTO NeEpeMEIIHBAHUS SIBJISETCS
NpaKTHYEeCKH FOMOreHHBIM. IIpH BBIUHCICHHH HHTETPAJOB BTOPHIX cJ/a-
raeMelx npaBo#l yactu ypaBHeHm#H (1.7) u (1.8) cruenyer BeIGUpATh
HHTEpBaJ BpeMeHH Af=1;,;—1%; TakuM, uYroOBl H3MEHEHHe TOJU[HHEI
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‘ClI0s KOHBEeKUHH Af="M;y— A; GBIO MOCTATOYHO MaJIbIM H [T03BOJIHIIO
NPENCTABATL HHTETPANBl NMPHOIHKEHHO!

Riv1

§ catty dz=05cu1 [0;4-8; (hy)] (y 21— 1),
J (1.14)

Riy

_s‘ 185 dz=0,57 [S;~+S; (h;41)] (j41— By).
R .

Kpome Toro, B ocrasbHbIX usiieHax ypaBHeHuit (1.7) u (1.8) muot-
HOCTb HNPHHHMAaeTCsd IOCTOSHHON ¥ BBIHOCHTCS H3-II0J 3HaKa HHTET-
pana. Ecnu paccMaTpHBAIOTCS HE JIOKAJbHBIE H3MEHEHHs XapaKTepH-
CTHK BOJRHON MacChl, a HHJHBHIyasbHbIE, TO aJBEKTHBHBIE Claraembie
BO BCEX ypaBHEHHSX NPONALAOT.

- Tlocre MPOBEAEHUS nepeqncneﬂﬂmx npeo6pasoBaHUuil IIOMy4aeTcst
CcHCTeMa YPABHEHHUH, pelleHHe KOTOPOH HaXOLHTCH MEeTOJOM nocieso-
BATEJbHBIX NpuONHKCHHHA:

.

fjer vt fivt
j ® dt—c,pSt | («‘H— L, Do )Udt—}— { Bai—
4 ol g

Lo LD
wo,5capsw{e§+a+e,~+ LeD2 140 (6504 0001 A7,

B —05 [( )e +(1 —_—)e (h,+1)]—|—
' 1 f,~+1 (1.15)
+0w7ﬁj+1 tj‘ (CD_HW 0z |z= ﬁ) |
- j
h h
(41 j j
Si+ “0’5“ Fer) 1+<1_ b,+1>SJ ,+1)]
: tie1
1
+ Thjy ,;5‘ (gﬁ—l_k”ﬂ 0z |z= h)dt’
j J
hj,l_]:ﬁj—l—lfgh, IC=O, 1, 2,. .. (1.16)

O6MeH TEIJIOM M COJNSMH MEXKAY CJIOeM KOHBEKTHBHOILO ITepeMEIlH-

" BaHUA U HUXKEJEKAIHUMH CJIOSIMH BEIUHCAACTCA Ha OCHOBAHHU peme-

Hus ypasHeHus (1.13), KoTopoe nocse nmepexona K HOBOH NepeMeHHOH
y=n—W1{, BHI3BAHHOrO ONpeNeJeHHEM WHAMBHAYa/bHLIX W3MEHEHHH
TeMnepaTypr W COJIEHOCTH, CBOJHMTCA K [POCTPAHCTBEHHO-OXHOMED- .
HOMY. R ‘ ‘ o '
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" [ocaenoBatenpHOCTL ONepalyuil Npy pacyerax AaTthl AeZ000pa3oBa-
Hus caenyiomas. . [lepeoHavanbio B Qopmyne (1.16) npuHHMaercs
#=0 u mo crpaTHHUKALKH TEMIIEPATYPHl H COJEHOCTH BOABI Ha j-THIH
MOMEHT BPEMEHH, a TaKKe HO MeTeOpOJOrHiuecKoil mudopmauuy, 3a-
JLaHHOH B MHTepBaJie BPeMeHH fj.—*j, 110 IPUBEIEHHON CHCTEME ypaB:
HEHHH BBIYHCIAIOTCS HTEPAUHOHHBIM CIIOCOOOM [0 IOJYYEeHHs. HeoO-
XORMMOH TOYHOCTH NPOOGUIM TEeMIIEPATypPH H COJCHOETH Ha MOMEHT
BpPeMeHH [j,1. ECJIH [JIOTHOCTL BOAKI B CJIO€ KOHBEKTHBHOTO II€peMellHt-

BaHWA OKawKeTcsd »6OJIbIHe, 4eM Ha rOPH3OHTE :ﬁj_,_“ TO K yBeJHYHBaeTCH,

Ha eIWHHIY M Bech-pacuer TIOBTOPSIETCS [0 NepBOHAYANbHOH HHOOP-
Manuu. Takas nmpouenypa NmOBTOpsieTcS AO TE€X IOpP, II0OKa IJIOTHOCTb
BOALl B CJ0O€ KOHBEKTHBHOIO INlepeMeIUNNBAHHA - He OyZeT paBHa HIH

1/
. ° . .
1XH - Y e @
) H o.:.'. * o ®
L .
) oo . %' . R
1X/--‘ ,_.00539 0“.’@:. . o .
"005.0° '. . % O )
S | Il AN RPN S WIS B 1

o
0 20 .30 40, 0. 60 70hm,

" Puc. 3. 3aBucHMOCTh CPOKOB YCTONYHBOTO JeH006paso-
‘BAHKUSA OT rJIy6ym'b\ pacnpochaHemm' KOHBEKIHH, -

MeHblle IIOTHOCTH HA ropn30HTe ﬁm, nonomeHHe KOTOpOI‘O Tio Bep—‘
THKaJHd BO BPEMEHH. MEHserTcd.. .

Ilpu MajoM 1mare IO BpPeMEHH. A? u3MeHeHHs TeMHepaTypm u co-
JIGHOCTH B CJIOE KOHBEKTHBHOTO. IlepeMelIdBAHYS HEBEJHKH, M OBBLIYHO
ObiBaeT HOCTATOYHO OZHOM-ABYX WTEPALMUH I/ IOCTHXEHHS He06X0-
JIUMOH TOYHOCTH. Ecsay BpeMeHHO! .1ar He.G6oJee CYTOK, TO MOXKHO
BOOOIIe He NPOBOJHUTh MTEPAHMOHHOIO IpPOIECCa HO M, TAK KaK HCIbI-
TaHuA cxeMbl Ha DUUBM. nokasanau, 4T0 pacuersl agBEeKUHH ¥ IIPUTO-
KOB TEmIa M COJMeH K CJIOI0 KOHBEKTHBHOTO INepeMELIHBAHUS CBEPXY
W CHH3Y IIO.[IaHHLIM-HA HayaJo WHTepBaja.l!; H.yTOYHEHHBIM JAHHBIM
IPaKTHYECKH OAMHAKOBHL. BO BCSAKOM ciiyyae BO3HHKAIOIAS, NPH 3TOM
NOrPelIHOCTh 3a- CUeT HETOYHOCTEH B ONpeleseHHsIX HMHTEHCHBHOCTH
TypOY/JIEHTHOTO = IlepeMEeNINBaHUA ¥ . CKOPOCTH TeYEHHS He: MeHbIIe
HEBASKH MEXNy NBYMf HEPBEIMH HTEDAIHIMH. - N

OJIHOBpEMEHHO C:peIIeHHeM YKa3aHHON 'CHCTEMSBI - ypaBHeHnn onpe-.
IeJiseTcss TeMreparypa. 3aMep3aHud. Mowmenrt, BPEMEHH, ‘B KQTOPHIH
paccuMTaHHas TeMIlepaTypa - BOJLI. CTAHOBUTCH, PABHOH TeMIepaType.
3aMep3aHus;, QUKCHPYETCs, U IO- HeMY JIETKO YCTAHABJIMBAETCS. KaJjeH=
JapHas jata o0pasoBaHUs Jbfa HA TOBEPXHOCTH MODHA., -

HcnpiTanme H3/10:KEHHOTO MeTOAa pacyeTa KaThl 3amep3a}mﬁ MOpH
IPOBOAMJOCH: KK M/ €r0 OTIAeJbHBIX IYHKTOB, KOTZa B YPABHEHHAX.
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B SIBHOM BHJI€ YUMTHIBaJach, TOPU3OHTAJIbHAS aNBEKIHs Temia H coJieH,
TaK W AJad Bcedl aKBaTOPHM MoOpsl, KOTAa pAaCCUHTHIBAJIHCH HHIHBH-
IOyanbHble H3MEHEHHSI TeMIIePaTypHl U COJIEHOCTH.

Ha puc. 3 noxasaHa cBfisb MexX1y IIyOHHOH NPOHHKHOBEHHS KOH-
BEKTHBHOTO lepeMeImuBanug u AaTOH JeN0006pa3oBaHusl, [OCTPOeHHAs
Ha OCHOBAHHHW Pe3YyJbTATOB pacyeTa IO NAHHBIM 83 THAPOJOTHYECKUX
cranuui 3a 18 uaer. HecmoTps Ha TO, 4TO BeJ@YHHA NpOrpeBa
A cTpatudUKaAUUA Ha KaxXK/JOH CTaHIUH MOrYT ObITb PAasJHUHBIMY,
HECMOTPsi Ha CBOeoOpa3HEIl XapaKTep METEOpPOJNOTHUECKHUX  YCJIO-
BHHl B OCEHHHI NepHOJ, B LeJOM M3 DHCYHKA BHAHa CBA3b MeXIY
CpPOKaMu Jefo0o0pa3oBaHus U INIYOUHOH PacnpOCTpaHEeHUS KOHBEKIUH.
EcTecTBEHHO, 4UYTO BCJAEACTBHE PAa3JHUHBIX METEOpPOJOTHIECKHX H
THIPOJIOTHYECKHX YCJAOBHMH [Js NPHUBENEHHOIO NMYHKTA PHCYHOK HOCHT
WITIOCTPATHUBHBIA XapaKTep, OXHAKO SICHO BHIHO, YTO IPH MaJoOH TOJ-
LIMHE CJIOST KOHBEKTHBHOIO MepeMellnBaHus Jeroo0pa3oBanue ObiBaeT
IIPEUMYIIECTBEHHO paHHee; DY PACIPOCTDAHEHHH KOHBEKIHH A0 §OJb-
woi rAy6uHs JegooGpasoBaHHe NPEeHMYIIECTBEHHO N03JHee, DTO IO-
JIOXKEHHE B OOHIEM CIPABEAJHBO M AJg APYrHUX PaHOHOB MOpS.

Taxum o6paszoM, MIOMHUMO TeIJo3anaca MOPS K MOMEHTY OCEHHEero
BBIXOJIAXHBAHUS H XaPaKTEPHCTHK €ro Teloo6MeHa c¢ armochepoi,
OOJIBIIYI0 POJIb B OIPEAETEHHH CPOKOB JieLooOpa3oBAaHUA Hrpaer
OJIOTHOCTHAS CTPaTH(HKAUHUA BOXABI, IIOCKOJbKY HMCHHO OHa ONpene-
JseT TIyGHHY NPOHMKHOBEHHS KOHBEKTHBHOIO MepeMellMBaHusA. Tax .
KaK INIOTHOCTb BOJBI B OCHOBHOM oONpele/seTcs ee COJEHOCTbIO, TO
[0 paclnpefeneHnio COJECHOCTH B NMPEROCEHHUH NEPHOX MOXKHO MOJY-
YHTb TIPEACTABJIEHHE O BO3MOXKHOH HHTEHCHBHOCTH KOHBEKIHH.

Crenyer 3aMeTHTb, 4TO 3TOT (QaKT MoxeT ObITh OZHOH ¥U3 NIPUYHH
pasbpoca TOdex Ha TIpadHKax CTATHCTHUECKHX CBA3EH YCTOHYHBOIO
Jenoofpa3oBaHusl ¢ XapaKTeDPHCTHKAMH aTMOChepHBIX NPOIECCOB, KO-
TOpBle OBUIM IOJYUYeHbl pasJHYHEIMH aBropamu [34, 72 u xp.]. Irtu
CBSI3M YCTAHABJIHBAIOT KOPPEJISHUOHHOE COOTHOUIEHHE MeXJy CPOKaMH
ycToliupBoro Jexoofpa3oBaHHsl M XapaKTEePHCTHKAMH TeMIEpPaTyPHL
BO3AyXa B JETHHH M OCCHHHUH NEPHOABI, JELOBHTOCTBIO MOPS H PA3HO-
CTAMH HABJIEHHS HA PA3JHYHBEIX CTBOpAX, HHAEKCAMY LHDPKYJISLHH U T. I.
CocTosHre BOAHOH Macchl — crpaTH(UKauys MO IVIOTHOCTH M INEPEHOC
BOJHBIX MacC, BAHSIOMWUE HA IJIOTHOCTHYIO CTpaTH(PHKAIHIO, — HE YUH-
THIBAJIOCh, BMecTe ¢ TeM B HeKOTOpBIe rofbl yuer storo daxropa,
[IO-BHAHMOMY, MO3BOJIKHJ OBl OOBSICHUTH, NIOUEMY HavgaJo Jeroobpaso-
BaHHS HE COOTBETCTBYET Pa3BHTUIO aTMOCQEPHBIX IIPOLECCOB.

IIpn pacuerax Jsenoo6pa3oBaHus IO Bcell aKBATODHH MOpPS Ha Hel
NpeIBapHTENbHO BBIAEISAIOTCS Y3JBl CETKH, B KOTOPHIX 3alaeTcs Ha-
uyaspHasi uHbDOpPMalMsa O TeMIlepaTypHOH M COJIEHOCTHOH crTpaTHdHUKa-
HUH, TOJHIMHE U CIVIOYEHHOCTH JIbIOB. B.rpaHHuHBIX y3nax f06aBOYHO
YKa3eBaeTcsl TEMIEPATypa M COJEHOCTh BOABI, KOTOPAask MOXKET NOCTY-
OUTh B pafioH y3Ja IPH aJBEKLHH H3-3a [PEJesOB BBIICJICHHON akBa-
TopuH. B NpHOpPEXKHBIX y3/ax OTMEYAIOTCsI FOPH3OHTH, ¢ KOTOPHIX IIpHU
CrOHHBIX -BE€TPAaX NMPOUCXOIHUT IOABEM BOILL C COOTBETCTBYIONIUMH 3HA-
JeHHAMH TeMIepaTyphl H coJieHocTH. Bes sta moGaBouHas mH(OpMa-
0ug 3apaHee IOJATOTABAHBAETCS HCXONSI M3 PEXKUMHBIX OcCOOeHHOCTEH
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MOpSI ¥ YYHTHIBAa€TCd NpH peanmsauuu anropurMa Ha IIUIBM. 3arem
[0 CKOPOCTH H HAaIpaBJeHMIO IIOCTOSHHOTO H ApPeH(POoBOro TeueHui
OTPENENIOTC TOYKH, W3 KOTOPBIX B KaxKJABIH y3eJ CETKH NPHXOAAT
BOJMHBlE Macchl 3a BBIGpaHHEIN HHTepBaJ BpeMeHH Af, MaTepnoasnuei

40 70100

70

100 | 130

Puc. 4. O6ecneueHHOCTh METOA PacueTa CPOKOB YCTOHUHBOTO JIe00GpasoBanHus
(B npouenTax OT O6uero yucaa ciaydyaes) B mpedenqax +20% ammauryxst.

40 70 100 160

160

100 130

Puc. 5. OddekTHBHOCTL METOJA PacyeTa CPOKOB YCTOHUMBOTO J1ef006pa30BaHUS.

IO COCeNHHM y3JaM B 3ITHX TOYKax onpepeisercd Bcs HeoGxopumasi
AxgopManus, cayxamas B KauecTBe HCXOJHOH INpPH pacyere Ha MoO-
MEHT BPEMEHH lj1. Bce 3TH T'HIApPOJIOTHYECKHE XapaKTEPUCTHKH Tepe-
HOCATCS B COOTBETCTBYIOLIHE Y3JBl C YY€TOM HM3MEHEeHHH, BHIUHCIsIe-
mMbIx 1o ypaBaenusM (1.15), (1.16).

PaccuuranHbie 3HaYeHHS THAPOJOTHYECKHX 5JAEMEHTOB WO . Beel
4KBATOPUH MOpS Ha MOMEHT BPEMEHH [jy SIBJSIIOTCH MCXONHBIMH IDH
pacuere Ha CJIeIyIONIMH HHTepBas] BpeMeHH. Ecuu B paioHe KakKoro-
AHGO y3/aa CEeTKH TeMIeparypa HOBEPXHOCTHOIO CJIOS BOALI CTAHET

9 3axkas Ne 487 ﬂe:.:HHr.pa
Thermenrramannn -ATE 37 AT HH-TE

nend ! 17
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pPaBHOH TeMIIEpATYpE 3aMep3aHusd, TO 2TOT HQMEp ulara cpnxcnpyeTcsi
Kak fara JIelIOOﬁpaBOBaHI/IH .

B . panbHefiimeM. cucreMa ypaBHeHHH ILJIH aT0rO y3a1a HECKOJIBKO
BHIOU3MEHSIETCS, C TeM YTOOBl: yYyeCThb HapacTaHHe TOJIIMHE - JbJa
H TIPOMCXOZAILEE IPH ITOM OCOJOHEHHUE. I/IsmeHeHHa;{ cucTeMa ypaBHe-
HUll IpHBefeHa B IiaBe 6.

VcnbITanne H3I0KEHHOTO METOAA pacyera 5/eMeHTOB OCEHHETo
THAPOJOTHUICCKOTO PEXKHMA, B TOM UHC/IE H CPOKOB JIefoo0GpasoBaHusd,
TNPOBOJAHUIOCH. HA MaTepHalaX METeOPOJOrHIeCKHX U THIPOJOTHUECKUX
Habniopennii B Mopsix CoBerckoii Apktuku. Heo6xonumble sHaueHHS
METeOPOJIOTHUECKHX 3JEMEHTOB 3a MepPHOI C aBrycTa: no nekabpb Gpa-
JIHCH TIO Pe3yJbTaTaM Hab/MI0AeHui Ha TIONAPHBIX cTaHluax. Mcxoanse
PHJPOJIOTHYECKHE TaHHbIE OLIpEAENIACH RO pesdyabtaTaM THAPOIOTH-
YECKAX CTAHIMH, BHIIOJHEHHBIX NATPY/bHLIME: CYNAME B, TeUeHHE aBry-
cTa, a JIeJ0BEle YCIOBHS BLIGHPATHCH TIPEHMYIIECTBEHHO C KapT Jeno-
BBIX pasBeloOK.

.B Hekoroprle roanl Hab/JIOfeHHA B OTIEJIBHEIX  pafioHax MopeH
He NPOBOJAM/INCH. B TAKHX Caydasx BMECTO HELOCTAIOMIMX JaHHBEIX Opa-
JIICh 3HAYEHHUs COOTBETCTBYIOLIErO 3J1€MEHTa M3 aHaJOrHYHOTO 110 pas-
BUTHIO IPOIECCOB-TOfA: - Takum- 66pa3oM; UUCIO--UCIBIFaHEH MeTOLa
[0 KaXkAOMY MOPIO onpenemmoc&; Hanuyuem mnponormecxoro MaTe-
puasa.

Onenka meroza pacqua Obl1a BbIHOJIHeHa nyTeM COIOCTABJIEHUS
pACYeTHBIX JAHHBIX C (AKTHUECKHMH. IIDH 5TOM HCIOIB30BANOCh AJb-
TEPHATHBHOE ONpe/le/IeHHe ONPaBAbIBACMOCTH: €CIH OTK/IOHEHHE pac-
4eTHOH BeNUuUMHB OT (akTHUecKOH Haxozmsnoch B mpefenax *+209%
cpelHel MHOTONETHEN aMIUIUTYAb H3MEHEHHWH CPOKOB Jiefoo6paso-
BaHHS, TO Pacyer CUHTAJCS ONPABAABIINMCH; €CIH 9TO YCIOBHE HE BhI-
OJHANOCh, TO' ’pacuer paccMaTPHUBAJICH Kak HeonpaBnaBmm“ICH.
Ha puc. 4 npuBeaeHs pesyJIbTaTbI TaKO¥ NPOBEPKH, - .

Buaso, uro HAHOO/IbIIAS - o6ecnequHOCTB MeT@IIa oTMeyaercs
B GOJIBIIMHCTBE PaiioHOB npn6pe>KHon rfosocs’ u B MeHTPabHbIX Ta-
CTIX MOpeH, a HauMeHbIldd — B cesep_ux D710 CBN3AHO C TEM, UTO,
BO-IIEPBHIX, yUeT afABeKUHH TelAd M COJeH ¢ ceBepHOW CTOPOHBI aKBa-
TOPHH B TPAHHUHBIE Y3JB IIPOU3BOJLUTCA LOBOJBHO IPpydo; BO-BTOPEHIX,
B CEBEPHBIX pafiOHaX MOpeH H3-3a JIELOBBIX YCJIOBHH TIyGOKOBOTHEIE
TUIPOJOTHIECKNE HABMIOAEHYS BEITIOMTHIIOTCS He KaXIBIH IO, MO3TOMY
Ka4yeCTBO. ICXOMHBIX NAHHEIX. HE.BCELA yAOBIETBOPUTENLHO;. B-TPETUX,
(haKkTHyeCcKre CPOKM YCTONUMBOTO JIeT0o0Opa30BaHHA B CEBEPHEIX paiio-
HaX apKTHUECKHX MOpeH ONpENEJEeHbl HE COBCEM TOUHO. Hawubonee
st dexTuBeH MeTon N5 Tex PafOHOB, THe BeJHKa €rg 00eCHeyeHHOCTh
¥ MaJa ofecreyeHHOCTh HOPpMBL (pHC. 5). o

B usimoxenHo#t MeTogHKe pacuera JaaT nenoo6paaoBaHHH HeT. orpa-
HHYEHHH, CBSI3aHHBIX ¢ KOHGHTypauue, rJay6uHON HJH reorpadude-
CKMM TIOJIOXKEHHEeM BOJOeMa, M03TOMY-:OHA, NO-BHAMMOMY, IIpHMEHAMA
ILJjs 060ro MOps, B KOTOPOM B NEPHOA OXJaxKIeHHS. CYIIeCTBEHHYIO
POJIb. HTPAIOT TUPOUECCH . KOHBEKTHBHOTO - NepeMeinuBanus: OTHeAbHBIE
HpOBepPKH pacqua 10 IPYTHM MOpPSIM aann TIOJIOKATEIbHBIH  pe-
3yJbLTAT.
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CyliecTBeHHAs 3aBHCHMOCTh H3MEHEHHs TeMIIEPaTyphl MOBEPXHOCT-
HOT'O CJIOS MOpPSI B IIEPHOJL €ro OXJaXKIeHHs OT INIOTHOCTHOH cTpaTtHdu-
KallHH BOJBI, a He TOJAbKO OT aTMOc(hepHBIX YCJAOBHH II0SBOJSAET HE/N1aTh
BLIBOJB! MPOTHOCTHYECKOTO XapaKTepa O TOM, YTO IIPH CHJBHOH pac-
NIPpEeCHEeHHOCTH NOBEPXHOCTHOI'O CJ0Os BOABI B JeTHHI nepuon Goapliue
BEPOSITHOCTD PAHHETO Jenoo6pasoBaHusg B HaoOopor. Eciau Hcmoanso-
BaTh METEOPOJOTHYECKHH INPOTHO3, TO HPEACTABJSETCS BO3MOXKHOCTH
NPOrHO3UPOBAThL HATH JeXo0o6pa30BaHUA 110 aKBATOPHH Mops [59].




TI'JIABA 2

OBPA30OBAHHE H POCT KPHCTAJJIOB JbJIA

1. Hepeoxnraxcdenue 8odor u o6pazosanue KpuUCTarios

. Ilepexon BemecTBa u3 ONHOIO ATPeratHOTO COCTOSIHUS B APYTOe
MOXKeT NPOUCXOAUTH TOJABKO B TOM cJyuae, e€cjld NMapaMeTphl €ro ¢o-
CTOFHUSA CTAHOBATCS OTJAHYHBIMH OT HUX PaBHOBECHHIX 3HAUEHHI. DTO
O3HauaeT, 4TO TEMIeparypa, AaBJjeHWe H COJEHOCTh BOMABI JOJXKHBI
OBITH TAKUMH, YTOOHl Ha AuarpamMme (as3oBBEIX COCTOSHHUE (cM. puc. 1)
TOUKA NepeceueHus] STHX XapaKTePUCTHK He HaXONWJach Ha JHHHH
paszena ¢as.

CreneHb OTKJOHEHHSI BBHIIENEHHOTO 0GBEeMa BOJABl OT MOJOMKEHUS
paBHOBECHSI OIIpeflesisieT JBMIKYULYIO . CHIY KPUCTAJNIH3ALHH, PaBHYIO
Pa3HOCTH CBOGOINHBIX SHEPrHH TepMOLHMHAMHYECKOH CHCTEMBI, MpPOIOP-
I¥OHAJBHOH IlepeoXsaXKIeHHUIO, TI0L KOTOPHIM IIOHHMAaeTcsl PasHOCTb
MeXAY TeMIlepaTypol paBHOBecusl U (paKTHUeCKOI.

JlBuXymast cujia XapakTepH3yeT CHOCOGHOCTb BeEIIeCTBA K KpH-
CTa/JUIM3alMK, HO He CKOPOCTb CaMOH KpPHCTAJ/AJIH3aLHH, [OCKOJLKY
Ha Hee BJUSIOT Takue (akKTOPEHl, KaK KWHeTHUecKast SHEpPTHS MOJEKYJI,
OpHeHTHpyOIlee BJIHSHME NpPHMeceH, NMyJbCallHH TeMIEPaTypH, coJje-
HOCTH W JaBJeHHS W T. A. B HarnggHo# ¢opMe Mepexon BellecTBa
B KpHCTaJIHYecKoe cocrosHume omucad B kuure 1. I'. Ilerpoma,
E. B. Tpe#isyca u A, Il. Kacarkuna [126]. Dueprus MoJexyJbl BOIH,
CBSI3aHHOH ¢ JPYTHMH MOJIEKYJaMH B XKHUAKOM HJIM TBEPAOM COCTOSI-
HHUH, MEHbIIE, YeM H30JHPOBAHHON, TaK UTO OHA HAXOAMTCA B TaK Ha-
3bIBa€MOH «NOTeHHHAaNbHOH aMmes. [losToMy nsisi mepexofa B cocelHee
[IOJIOXKEHHe pPAaBHOBECHS Ha KPHCTAJI WIH ¢ KPHCTAJIA B KHIKOCTh €l
HYKHO IIPEOJOJIET HEKOTOPHIH 3Heprerudyeckuii Gapbep. Ha puc. 6
CXEMAaTHUECKH II0Ka3aHbl SHEPTeTHYecKue YPOBHH BOJHL, B Iepeox/axK-
JeHHOM COCTOSIHHH Ji W B KpHCTa/ie Ji. YpoBeHb I3 (COOTBETCTBYET
3HEPTMH aKTHBallMH, a BBICOTY Oapbepa Is3—3I; HABLIBAIOT TEMIOTOH
akTuBanuyu. OHa 3aBHCHT OT SHEPTHH, HeoO6XOAMMOH' AJS paspHBa
MeXMOJEKYIAPHBIX CBs3eH.
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Ilepexon 13 OXHOTO COCTOSIHMSI B Jpyroe OBLI OB  HEBO3MOKEH,
ecin On He OBLIO (UIyKTyalufi KHHETHYECKOH SHEPTHH MOJEKYJL.
Tonbko BeaencTBue QUyKTyaluil HEKOTOPHIE MOJEKYJIbl BpeMEHHO -fipH-
0o6peraloT SHEPruio, AOCTATOYHYIO IS IIpeodoJeHHsl 3Toro Gapbepa..
Tipu temnepatype Gosee BBHICOKOH, ueM TeMIleparypa 3aMep3aHusd,
SHeprusi MOJeEKyJ JOCTATOYHO BeJHKa, UYTOOBl COBEPIIATH IIepPEeCKOKH
H3 HOJOXKeHusd I3 B moJoxKeHue I U o6paTHO. [103TOMY HEBOZMOXKHO:
o6pa3oBaHue 00J1aCTH, B KOTOPOH OBl CKOHIEHTPHPOBAJIHCh MOJIEKYJIBL
¢ 3HeprusiMu J» B YNOPSANOUEHHOM COCTOSIHHH KPHCTAJLJIHYECKOH pe-
meTKy Japna. [Ipu mepeoxmakieHHH cpPefHAS SHEPTHS MOJEKYJ BOIBL
MeHbIlle BBICOTHI Oapbhepa, # 3a cueT GJAyKTyalu#l sHeprHH Gojaee Be-
pOsTEH Iepexox u3 NOJOXKeHus Iy B Iz, ueM B OOPATHYIO CTOPOHY.

CocoGHOCTD . XKHAKOCTH K II€Pe0XJazKIeHHIO 3aBHCHT OT PAa3/IHUHS
B CTPYKType XuAKoi u TBephok ¢a3. Ona tem Gonbine, yeM GOJbIIe:
pasauuue CTPYKTyp. YKe OTMeyasaoch, 4To,

HECMOTPs Ha OJMXKHIOI YIOPSAOUEHHOCTDH I

BOABI B XKHAKOM COCTOSIHHH, HEKOTOpHIE oz

CBSI3H MEXAY MOJEKYJaMH y Hee pa30pBaHE
U ee CTPYKTYypa HECKONBKO  OTJIHYAeTCs
OT CTPYKTYPHL JbJa. DTO CO30aeT BO3MOXK-
HOCTb NOJYYaThb IepeoxJsaxIeHHe BOLEL, LO-
CTHralollee ~-HeCKOJIbKHX [ECATKOB Tpany- |
COB. ,

B ecTecTBeHHBIX YCI0BHAX (GIYKTyallHu
[1apaMeTpoB COCTOSTHHSI MOCTATOYHO BeJH-
KW, uToOb ofecneuutb ILepexon OGapbepa
aKTHBALUY, W JIO3TOMY IepeoXJaxK/IeHHE He _ :
MOXKET OBITb CYLIECTBEHHBIM. AHANHTHYE- pyc 6, Pacnpenerente smep-
CKO€ BbIpa)>K€HHE€ BEJHYHHBI IIE€PEOXJaXKI€-  reTHUecKHX  YPOBHEH H 3Hep-
HHS B HacTOsillee BpPeMsSl NaTh HE IpEL- THH aKTHBALKYU NP (asoBom
CTaBJSIETCS BO3MOXKHBIM H3-3a TPYAHOCTH Tiepexone.

XOTd OBl NONYUEHHSI CBSI3H MEXAY BEJHUH-

HOH M NOBTOpsieMOCThl0 QuyKTyauu#i faxe B NHCTHIIMPOBAHHOH BOJE.
MoOXHO nHImb KOHCTATHPOBATb, UTO MJIS1 MEPEXOJa BOXBI M3 KMAKOTOr
COCTOSIHHSI B TBEPJOE HeOGXOAHUMO HEKOTOpPOe IepeoxJaxKAeHHe.
BenencrBrue QaykTyanuii TepMOOHHAMHUSCKHX IAPAMETPOB COCTOSHHUST
BOABl YCJNOBHS, GJAroNpHSATHBIE [JIS KPHCTAJNIH3ALHH, BO3HHKAIOT HE
cpasdy BO Bceli ee Macce WJIM BO BCeM OXJaxKAaoNIeMcs [IOBEPXHOCT-
HOM cJI0e, a B OTAJbHBIX TOYKaX, Ha3blBaeMBIX IIEHTPAMH KPHCTAJIH-
sanuu. I'oMorenHasi Teopusi, OGBSICHAIOIASA TAKHM 00pa30M MeXaHH3M
KPHCTANIH3aliu B OTHOPOJAHOH cpeje, NPENIogaraer, 4To B LEHTpax
KPHCTAJIH3alMKM B PE3yJbTaTe CJAYYAHHBIX CTONKHOBEHHH  MOJIEKYJT
MOTYT OGDPa30BLHIBATLCS KOMIIEKCHI MOJEKYJ, HMeIoIne KPHcTaanuye-
CKO€ CTPOCHHE. DTOT 3JeMeHTAPHBIH KPHCTAJNJIHK IPHHATO HA3HBATH:
KPHCTAJJINYECKHM 3aPOIBIIIEM HIH SAPOM KPHCTANIH3ANHH.

B Bacrosilee BpeMsl elle HeT YCTAHOBUBIUEHCH TOUKH 3PEHHS
Ha TO KOJHYECTBO MOJIEKYJ, IPH KOTOPOM 3apoAplm OyHeT yCTOHYH-
BuIM. O6G30p TeopHil BO3HHKHOBEHHS LIEHTPOB KPHUCTAJIH3AUMK M o6pa- -
3oBaHus 3aponusimed cuenan B. A. CasenneB [134]. [lo ero MHeHu,
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MHUHHMaJIBHBI pasMep KDHCTA/UIMYECKOro 3apofiblllia JIOMKEH GhiTb
paBeH o0beMy 3JIeMEHTApHOH sYeHKH KDHCTANJIHYECKOH peIIeTKH,
48,385 1024 cM3, DTuUM U ompeneseTcs YHCIO MOJEKYJN. B HeM. B ecre-
CTBEHHBIX YCJIOBHAX TakHe MaJjeHbKHE 3apOJbILUH HE MOLYT CYHIecTBO-
BaTh, TAK KaK OHH TEPMOJAMHAMHYECKU HEYCTOHYHUBH. DTO OODACHAETCS
TEM, UTO [EPEXOJ MOJIEKYJ BHYTPb KpPHCTAJIa CONPOBOKAAETCS YMEHb-
HIeHHEeM WX CBOGOAHON 3HEPTUH M yBEJAHUEHHEM CBOGOIHOH 3HEPrHH
MOJIEKYJI, OKa3aBIIUXCSl HAa IIOBEPXHOCTH. pasfiena TBepAOH M KHIKOH
$as, 1. e. pag o6pas3oBaHus 3apoAbIla HeoOXOAHMa 3aTpara CBOOGOL-
HOH »HEpPTHH, MAyIleH Ha cO3LaHHE HOBOH NOBEPXHOCTH pasfena. 3a-
pOOLII GyAeT TePMOAMHAMUUECKH YCTOHUUB TOJNBKO B TOM cCaydae,
KOrja ero pasMmep JOCTATOYHO BEJHK U obliee yMeHbIIeHHe cBOOOLHON
SHEPTHM 34 CYeT IlepeXofa MOJIeKyJ BHYTPb KPHCTaJia OOJblue BO3-
pacTaHusi MOBEPXHOCTHOI cBOOOLHOMH 5Hepruu. Ecjn 3T0 ycaoBUe He BHI-
TOJIHSeTCsl, TO CBOOOAHAS 9HEPTHs Yy 3apOAbllla OKasbiBaeTcsl 6OoJblie,
uyeM B OKpYIKAaloIleH cpelle, H OH pacnaznaercsa. Kak TOIbKO pa3Mepol
3apOoAbIIIa OKaXyTCs TAKHUMH, UTO UHCJIO IIOBEPXHOCTHBEIX MOJEKYJ
OKa)KeTcsi MHOT'O MEHbIIEe YHC/IA BHYTPEHHHX, OH CTAHOBUTCA TEPMOIH-
HAMHAUECKH YCTOHUMBBIM ¥ MOMKET DAaCTH, €CJAH, KOHEeUHO, IJIs ITOro
MMEIOTCA COOTBETCTBYIONINE YC/I0BHS. Ha OCHOBAHMM TEOPETHYECKHX
€000parkeHHH BENUUMHA TAKOrO 3apOAblla AOIKHA HMETh JIHHEHHbIe
pasmepnt mopsaka-100-10—2% cm, T. e. pe6po KpHUCTaJJa DaBHO He-
CKOJIBKHM. eCSITKaM aTOMHBIX paccrosuuil [82].

OO6pasoBanne 3apofbllla 3aBHCUT OT TEMIepPaTypHl KHAKOCTH. UeMm
OHa HIXKe, TeM chaafee -IOCTYIaTeNbHOE . [BHKEHHE MOJEKYJ U MeHee
BepOSITHO paspylieHue o6pa3oBaBlIerocs 3apoibimia, Emie Ipu TeMile-
parype Gojiee BBICOKOM, UeM TeMIepaTypa 3aMep3aHHs, . B BOJe BO3-
HHUKAIOT CTPYKTYPHO yIOpPSLOUYEHHBIE OOMACTH, OXBaThIBAIOIINE NeCITKH
MOJIEKYJI, PAacIOJiOXeHHe KOTODBIX COOTBETCTBYeT KDHUCTaJJIHYeCKOH
peuletke apfa. OgHaKo nop AefictBHeM (IYKTyalHHd 5TH TPYINNHPOBKH
pacnanatoTtced. C HOHHMKEHHeM TeMIEpaTypbl KOJIHUECTBO H YCTOHUH-
BOCThL TAKHX IPYNIHPOBOK Bo3pacraiot. IlosToMy ¢ pocToM nepeoxaax-
JeHus YBEJHUUBAETCS YHCJAO LEHTPOB KPHCTA/JIM3alHH H UHCJIO 3apO-
JblIer,

BeposiTHOCTD 06pa30BaHHH HOBOH q)aSbI COrJIaCHO KHHETHUYECKOH
TEOPHH, PAa3BUTOH DUHIITEHHOM, ONpPELeNseTcsd ypaBHEHHEM

I=le "% 2.1)

rae Fx —paGora, 3aTpaunBaeMasi Ha oOpasoBamue 3apogwiuia; [o—
KOHCTAHT4, 3aBUCANlAs OT CTEPEOMETPHH KpHCTAAIa H IKHIAKOCTH,
H3 KOTOpO#l oH obpasyercs.

Pa6ora, 3arpaunBaemasi Ha oépaaoBaHne 3apOJIbIIIa, ONpeessercs

q)opMyJIOH
1N, o CXD
Fumg 229,l1;~552, 2.2)
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B KOTOpO#H J; — MOBEPXHOCTHAS SHEPrHs Ha I'PAaHM KPHUCTaJ/ia B BOZLE;
I1; — nJjonazb MOBEPXHOCTH TpaHH; X — XapaKTepHBIA pasmep KpH-

CTanna; 3=9 3pI‘/CM2——OCpeIIHeHHaH [IOBEPXHOCTHAS SHEPTHS, T. €. Ta
sHeprusi, ¢ KoTopol Mosekyna HyO ¢ moBepxXxHOCTH KpuCTa/ia BTATU-
Baercss BHYTPb XUAKOCTH; Cy — NMOCTOSIHHAS, 3aBUCALIAs OT CTPYKTYpP-
HEIX OCOGeHHOCTEH Kpucramia; Ons Ky6a Cx=24, gas oxTasipa Cx=
=29,79. _

Uz dpopmyn (2.1) u (2.2) caexyer, 4TO BEPOSTHOCTb 06pasOBaHHS
MaJiBlX 3apoAbimiedl OoJblie, 4YeM KpPYIHBEX, HO XH3HECIIOCOOHOCTDb
GOJIBIIHX TPYNIHPOBOK MOJEKYJI. ¢ KPHCTAMINUECKAM CTPOEHHEM BHIIIE,
yeM MaJiblX, H ¥3 HHX ¢ OOJbIueHd BEPOATHOCTBIO o6pasyercst 3apOAbILl.
B To xe BpeMs G0JbLION acCOUMAUWH MOJIEKYJ TpyLHEe MPUHATL
(bopMy yIOPSIAOUEHHON KPUCTANIMIECKOH pEIIeTKH BCACACTBHE (JIyK-
Tyaunil. [leACTBUTENbHO, TEPMONMHAMHYECKH YCTOAUMBBIA 3apONBILT
JOJIKEH COCTOATh H3 HECKONBKHX COTEH MOJICKYJ. ITostoMy B HUCTHI-
JUPOBAHHOH BOJE, HAXOASIIEACS B CHOKOHHOM COCTOSIHHH, BEPOAT-
HOCTb 006pa30BaHHsA, TAKOTO KOMILIEKCAa MOJIEKYJ Maja, H OHa MOKeT
IePEeOXAaxKAaThCsl 10 HECKOJNBKHX HNECSITKOB I'DafycoB, OCOGEHHO eClIH
o6beM Nepeox/a)kAaeMoll. BOAB Makl ¥ B HEM NPAKTHYECKH OTCYT-
CTBYIOT ayKryauuu.

B nacrosimiee BpeMsi 60JbLIOE PACIPOCTPAHEHHE HMEET TETEPOreH-
Hasl TE€OPHHA, COTJIACHO KOTOPOM KPHCTANIM3ALHS BONBI NPOHCXOLUT
He TyTeM CaMOTpPOH3BOJBHOTO 0GPa3OBAHHS 3aPONBINIEH HpH, dayxrya-
LUAX MapaMeTpoB COCTOSHHS CHCTEMBI, "2 BCAENCTBHE  BO3NEHCTBHSA
HaXOMSIIUXCS B BOJIE TIOCTOPOHHHX TeJ, Ha3bIBaeMBIX 3aTpaBKamMu. Cuu-
TaloT, 4To pabora Ha co3naHue 3apolbllia Ha TBepAOH CTEHKE HHOPOI-
HOI'O TeJa MEHbIIE, UeM B ONHOPOAHOH cpege. IloaTomy Kpucrannusza-
IIHIO B IIepPeOXJIaxKJIeHHOH BOJe NOJIKHBL BHI3BIBATH BCE TBEpPIBIE Tena,
HO HauOoapmull 3G¢eKT BLI3LBAIOT KPUCTALNL caMmoro Jpfa. Cieryio-
muMy 1o sddexTuBHOCTH, KaK otMeuaer b. A. Casenves [134], asmas-
IOTCS YACTHUKH M30MOPQHBIX BeNIeCTB, CIOCOOHBEIX NaBaTh ¢ KpHCTAJ-
JIOM TBepnble pacTBOpPH. OTMeyeHA AKTHBHAS pOJb PaCTBOPEHHBIX
B MOpCKOIL. Boje conefi. [To-BHAHMOMY, KaTaJusupymoliee BJIHSHHE 3a-
TpaBKU OyzaerT TeM OoabiHe, yeM OJHXKe TreOMeTpHUYeCKHe pa3Mephl ee
KpHCTaJaInyecKol siwefiku K pemietke Jabfa. Kpucramnusanuu crnoco6-
CTBYIOT MHOTHe BellecTBa, agcopbupyromue mMosnekyasl HoO. OrMeueno
BJNSIHHE Ha KPHCTANIM3alHI0 CHJAOBOrO NoJd, o0pasyeMoro. Haxomnsd-
IUMHCS B BOAE HOHAMH H MOJIEKYJaMH.

B. A. CaBenpes ormeuaer, 4To HauajbHOE nepeoxnaxmenne BOABL

onpesesisieTcs. Toll SHepruel, Koropas Tpebyercs .AJs PeopraHu3aluy -

MOJIEKYJT BOABI B BJCMEHTAPDHYIO KPHCTAAJIHYECKYIO ﬂ‘leI/IKYI/I saxpenne—
HUA uX B OIPEACJNEHHBIX TIOJOXKEHHAX PCUICTKH. Ecau SanaBKOI/I
ABJAIOTCH KPUCTAJJNJMUKHK JAba, TO Ha CO3MaHHE PEIICTKH HeE Tpe6yeTcsr
JOTOJHATENbHOH 9HEPruu, U MOJEKYJbl BOADBI, TIOIIafasi B 3JICKTPHUUEC-

CKO€ TIOJIe 3aTpPaBKH, COOTBETCTBYIOINHUM 06pa30M OPHEHTHPYIOTCST .

¥ TpHCcOoenuHsOTCH K Hell. TloaTomy mepeoxmaxaeHue BOAB B NPHCYT-
CTBHH KPHCTAJNJIHKOB' JbJa OUeHb Mand. B 1ab0opaTOPHBEIX yCIOBUSX,
KOTZla B BOAY BHOCHTCH HeGOJbLIOE YHCAO KPHCTAJIHKOB JbAa, Hepe-
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OXJaXKIeHHEe MOXKET JOCTHFraTh HEeCKOJbKHX [pPaiycoB. DTO AOCTATOYHO
y6eUTENbHO TMPOLEMOHCTPHPOBAIH B CBOHX JKCIEDUMEHTAaX ¥YMaHO
u Kasacaxu [290] (puc. 7). W3 pucyHka BHJIHO, 4TO IPH HaJHUHH Ta-
KOH 3aTpaBKH U IlepeMellNBaHNs 60JbLIOe NepeoXAaXKAeHHe AO0AT0 CY-
IIeCTBOBATh He MOXKeT W OBICTPO yOBIBaeT IO COTHIX XOJeH rpanyca.

Bousbiioe 4ACIO HAOMIONEHAH NepeoxaaxIeH s MOPCKUX BOJ B IIpHU-
PpoxHBLIX ycaoBuax npuseneHo B pabore C. C. Uukosckoro [175]. Onor-
MeuaeT, yTo mnepeoxsaxkienue Habsmogaercs kak B CesepHoMm Jlepo-
BHTOM OKeaHe, TaK H B aHTAapPKTHYECKHX BOJAAX, OCOOEHHO B HX IIO-
BEPXHOCTHBIX CJIOSIX. BeluuuHa 3TOro nepeoxyiaKIeHHs CyLeCTBEHHO
MeHbllle, YeM B J1a0OpaTOpPHBIX YCJAOBHAX, H OOBIYHO He IpPEeBHIIAeT
COTHIX JoJiell Tpafyca. MaxkcuMaJjbHas BeJHYHHA IepeoXJaxKIeHHs

- B CesepHoM JlenoBHTOM OKeaHe

: OoTMeuyeHa B pafioHe ['pennan-
IHH, TJe NTOBEPXHOCTHEIA 50-MeT-
POBHIHI CJIOII BOABI 3HMOH OBL1
nepeoxnaxjer nouru Ha 0,2° C,
a caMplfi BEPXHHH b-MeTPOBBIH
cJjoit Ha 0,29° C.

B meroTopbix nogabHbSIX FOXK-
HOrO0 OKeaHa  3a()HKCHPOBaHBI
eme GOJbIIHE BEJNHUMHBL TEpe-
oxnaxaenns—mupo 0,4°C, a B ToH-
KOH MHOBEPXHOCTHOH IJIEHKE BO-
ael naxe pmo 2°C. Ormeueno,
YTO IIPH OTCYTCTBHH HeETIOCpe-
CTBEHHOTO KOHTAKTa CO JIbJIOM
~1,90 1 L ' ! IepeoxJaKaeHHe MOKET coxpa-

’ § 1 & t”‘”f HHI’;‘bCH JIJHTEIbHOE BpeMs. gro
Puc. 7. Ilepeoxnaxaenue BOAH NPH BHece- Xopowo BHAHO Ha puc. 8 [175].

HHH B HEE Jba. Karanusupymomiee nefictBue
20T Kpomin meas cockotmemmoro ¢ ‘Gons.  MHOPOJIHOTO TBEPIOTO Tella Ha
ome S 55 Apyro ewetrn; 4o npuwenne 1 PHCTA/IHSALMIO BOBL, 110 MHE-

3TOro XKe nfgg’; 5— OKOJO B T 'rorop Ke I;IbJJ,a. Huio CaBesibeBa [134] 3aKJII0-
gaercss B TOM, uTO ancopOupo-
BAHHHBIH HM CJIOH MOJIEKYJ BOAHE CIOCOGCTBYET  YHOPSILOYEHHOCTH
-COCEAHHX MOJIEKyn u obJgeruaer (GopMHpOBaHUE 3apOABIIIA JbIA.
Bce e Ha 1mocTpoeHHe pelIeTKH B 3TOM caydae Tpefyercs
GoJbIle 3HEPTUH, YeM IPH 3aTpaBKe H3 KPHCTAIUKOB JIbIA, OITOMY
3l1eChb BO3MOXKHA GOJbIIasi BeHYHHA TEPEOXJIaxIeHusa. JKCIePUMEHTH
TNOATBEPKAAIOT 3TO Nosoxenne. HanpuMep, ncnosib3oBanne B KauecTse
:3aTPAaBKH KBApUEBOTO II€CKa BLISEIBAJIO KDPUCTANJIH3ANHIO BOBL NPH
Tepeoxaaxaenun no —4,6° C [87].

B nacrosuiee BpeMs cuHTaeTCs, uTO Karaiu3Hpyollee NeHCTBHE
PACTBOPEHHEIX B BOJE HNpHMecel ciaabee, dueM TBEPIABIX TeJd, H MPEATO-
Jlaraercsi, 4TO OHO OOYCJOBJEHO BJIHSIHHEM 3JIEKTPHUYECKOrO MO
nonos. B o6sope B. B. Jlasposa [87] mnokasaHo, uTO mnpHCyTCTBHE
B BOLE pas[WuHbX HOHOB BBISEIBACT KPUCTAWIH3AIMIO NDH Tmepe-
OXAaXKIeHun 10 —H u gaxe —15°C

~1,70
~1,75%
1,801

~1,85
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PassoobpasueM npuMecell B IPHPOJHOH BOAE, NO-BUAHMOMY, 00D-
scHsieTcs TOT (akKT, 9TO IepeoxsaaxkIeHHe He OLIBAeT OJHHUM H TeM
xe. BeaelcTsre 3TOro 3aTPYIHHTENBHO INPEAJNOXKHTbL CKOJbKO-HHOYAL
YIOBJETBOPHTRNBHYIO 3aBHCHMOCTD BEIHYHHEI [1€PEOXJIaKAECHHS OT MaK-
poMacIuTa6HEX BHEIIHAX (QaKTOpOB.

DKCHEPHMEHTHl 110 IIePeoXJaxKAeHUIO XHAKOCTeH u 00pa3oBaHHIO
B HHX 34POXBIIEH KPUCTAJIOB NI0Ka3ajaH, 4TO 00pa3oBaHue OTAENbHBIX
3apoOJpilllell OKAa3blBAeT OPHEHTHDYIOUIee BJHSHHE Ha DACIONONKEHHBIE
noGAN30CTH MOJEKYJHB BOJBL, CIIOCOOCTBYS BO3HHKHOBEHHIO HOBBIX
LEeHTPOB KpuCrajnusauumd. M3 HUX npH OJaronpUsTHHIX YCAOBHSAX
06pa3yioT¢sl HOBbIE 3apOMLILIH, CIIOCOOCTBYOUIHE (QOPMHPOBAHHIO HO-
BBIX LIEHTPOB KDHUCTaJJH3aLMH, T. €. BO3HHKAeT CBOeoOpasHas LenHasd
peaknus. IToaToMy KpUCTaNIH3ANSA IEPEOXIAKACHHON BOLB NPOXORUT

RN R SR NN RN RN RN

5 305 05 | w5 305
" Mapm Anpens Maq Hrone

Puc. 8. OtknoHeHHe TeMmepaTyphi OTKPBITOH BOIBI OT TEM-

nepaTypel 3aMepsanus (AO) B moBepxHOcTHOM 0,5-MeTpOBOM

cnoe npudpexkrof mosocel Gyxthl Omnachofi sanusa Auja-
meeBa B 1968 r.

Bcerja O4eHp ObICTPO, OCODEHHO B TeX c/Iydasix, KOrja Bofa Iepeme-
muBaerca. B. B. JlaBpo oTmeuaer, 9TO IOc/e OMYyCKAHHS Ha IHO CO-
cylla ¢ NepeoXJaxk[AeHHOU BOXOH OJHMHOYHOTO KYCOYKAa Jbjd — IO €ro
T€PMHHOJOIHHY, AApa NepBOro IOpslAKa — yxe depes 2—3 ¢ Ha Heko-
TOPOM PacCTOSHHH OT HEr0 OTMEYaJOCh BCIJIBITHE KPHUCTAJNHKOB JbIa
B ()OpMe 3Be3/0UEK, YBEJHUYUBAIOUIUXCS B pPasMepe 0 Mepe BCIJILITHS.

Eciu cocyn Ha HEKOTOPOM PacCTOSIHMM OT AHA HEPEropa)KHBaercs
CEeTKOH, He NPONYCKAIoWeHd BCIVIHBAIONIKE KPHUCTAMNIL, TO uepe3 10—
15 ¢ Ha paccrossHun 0,5—! cM Ham NOBEPXHOCTLIO CETKH TIOABJSIOTCH
HOBBbIE€ KPHCTAJIbl — s1{pa BTOPOro nopsaxa. Mx nepeonayajabHbIl pas-
Mep Takke HeOOJIbIIOH, a 10 Mepe BCIJIBITHS OHM BBIPACTAIOT A0 3/4 MM
B auaMerpe. IIpu meperopaxkusaHuu COCyHa HECKONbKHMH CETKaMH IO-
JydaoTed fipa KPUCTANIU3ANNM CACAYONHX nopsaakos. Yucio obpa-
3yIOIIHXCs 3apOABIIeH TeM OoJblie, a BpeMs HX 00pa3soBaHHA TeM
MeHblle, 4eM BoJbllle IepeoxaaxaeHHe BOIHL.

OKcrepuMeHTH JlaBpoBa IOKa3a/lu, 4TO B CHOKOHHBIX YCJIOBHSIX
HOBHIE 3apDOABIIKM OOpasyIOTCS INPEHMYLIECTBEHHO HE HHXKE yDOBHS
«MATePUHCKOTO» KpHCTadia. BeposTHo, 310 06BsicHSIETCAS TeM, YTO
CTPYKTYPa . PacloJOXKeHHS MOJEKYyJd B IeHTPe KPHCTAMIH3ALHH
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TIPUBOJHUT 'K JIOKAJbHOMY YMEHBIICHHIO INIOTHOCTH B 3TOH 06J1aCTH, B pe-
3yJbTaTe UYero OHa HMeeT TEeHIEHUHIO K BCHJIBITHIO,  BO3DacTaloOLlyIo
NpU JadbHeHIleM yBEeJHYEHHH KOJIHUECTBA MOJEKYJ B 3TOM 00beMe
1 o0pasoBaHuyu 3apoibima. I1osToMy B ecTecTBeHHBIX YCIOBHSAX Iepe-
OXNaxICHHAs BOAA MOXKET CYUIeCTBOBATb IOA JICAAHBIM IIOKPOBOM,
€CJIM UMEIOTCS COOTBETCTBYIOLIHE YCJOBHSA, - TIOANEPKHUBAIONIME IIepe-
oxJaxIeHue., DTO ABJIeHHe HabmaiofaerTcs Ha GOJbIIHX aKBaTOPHUSX,
BILIOTH N0 PasMepoB HeIOro Mopd, Kax B Apkruke, Tak H B AHT-
apkruke [175].

C noBepxXHOCTH KPUCTAJJIBl NPOHHKAIOT B TVIyOb BOABL TOJBKO B pe-
3yabTaTe nepememuBaHus. ITogo AbIOM OHO MOXKeT OBITh BBEI3BAHO
TJIOTHOCTHOH KOHBEKUMEH 3a CueT OCOJIOHEHHs BOAB NPH HapacTaHHH
TOJIIHUHLL JbJa. [J09TOMYy IIpM HHTEHCHBHOM KOHBEKTHBHOM Il€peMelIH-
BAHWK BPAJ JM MOMKHO ONHIATh CYNECTBOBaHHA MNOMJIEAHOTO CJIOS
Iepeoxaaxk/eHHOK BOIHL.

2. Poct xpucraanros avda

B cBf3u ¢ BO3HNKHOBEHHEM IIeJOH, OTPACJH HCKYCCTBEHHOIO BhHIpa-
TMBAHUSA KPUCTAANOB sl PA3JUUYHBIX NPOMBIIIIEHHBIX HYXKA I[ONY-
YHja COOTBETCTBYIOLEe PasBUTHE U TeopHusi 3Toro npouecca. Ilpumens-
TEJbHO KO JbJy OHa H3joxeHna B kHure b. A. CasespeBa [134]
OH oTMeuaer, 4TO POCT KPHCTAJINKa JbJla 3aBUCUT OT €r0 PasMepos,
CTEMEHH TIEPEeOXJaxkKIeHNsI, CKOPOCTH YXajeHHs TEIJOTH], BLIAJISIO-
medcss IpW KPUCTANIM3AUMM, W HaJdudds BOAU3H elle 3apoibIlIeH.
CHocoBHOCTb. PacTH HMEIOT TOJABKO T€ 3aPOIbIIIeBble KPHUCTAJIL, Pas-
MepHEl KOTOpHEIX GoJsblile KPUTHYECKHX. B NIPOTHBHOM cJayyae OHHM pac-
TBOPSIIOTCA.

®opMa eIUHHYHOTO KPUCTAJJIA ONpelesaercsa yCaoBueM MHHHMyMa
CBOOOAHON 3HEPTHH TNpH LaHHOM O0BeMe M TeMmnepartype (Hha30BoOro
PaBHOBECHS C XKUIAKOH (asofl. [Ipu ouenb MelJeHHOM POCTE KpHCTasaa
TPUCOeJUHEHHE OuepeJHOH MOJeKYJbl CONPOBOXKIACTCA BbLICJCHHEM
HEKOTOpPOTo KOJHYECTBA - YHEPTHH, 3aBHCALIEH OT MecTa; Ha KOTOpoe
OHa Ocefaer; T. €. 00YCJIOBJE€HO PETUKYIAPHOHN IJIOTHOCTLIO PEIIETKH,
OIpeneNsaeMOl UYHUCIOM VY3J0B, TNPHXOASIINXCH HAa €IHHHLY TOBEPX-
Hoctd, OOpa3oBaHue TpaHu C OGOJLIIOH PETHKYJASAPHOH IIIOTHOCTBIO
OPHBOJAHT K BBIAEJEHHIO GOJIBILIErO KOJAMYECTBa TemJa, 4eM npu obpa-
30BaHMM TPaHH ¢ MaJjoll IVIOTHOcThio. Hamuure B kpucTa/ie rpasei
C pasHOW PETHKYJISPHOH IJIOTHOCTBHIO NPHBOAUT K BLIACACHHIO PasJIny-
HOTO KOJIMYeCcTBa® TeIVIa W DPa3JUuHIi0 B CKOPOCTH HX DPOCTa, KOTOPOe
CTaHOBHTCS OCOOCHHO 3aMeTHBIM IpH ciaboll nudpdysud BHASHHBIIE-
rocs TemJa.

Y snbpa HauGOAbLIEH MJIOTHOCTbIO OOsajaer 6asucHas IJIOCKOCTD,
TIO3TOMY CKOPOCTb POCTa KPHUCTaJJa B HalpaB/AeHHH IVIAaBHOH ONTHYUE-

-CKOH oCH MeHbllle, 4yeM B HAIDaBJICHUH HOOOYHEIX Ocefl. DTO IPUBOJLHAT

X 06pa30BanMIo0 CILIIOCHYTHIX TIO TJIABHOH OCH KPHCTAJJIOB.
Hanpasaenuss amcop6uuu- MOJIEKYJ, NOUABLIMX B MOJe NCHCTBHSA
CHJI KPHCTAJJa, XOPOoUIo BUAHBI Ha puc. 9, HA KOTOpOM HuUppaMH OT-
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MeyeHp! B IIOCJAEN0BaTeJbHOM TIOPSJKE ‘TepeXoanl MOJeKyJs, obecreyn-

BalOll[Me HEKOTOpPOe BHICBOOOXKIEHHE BHEPTHH, HAUHHAS C MaKCHMaJjb-
Horo {126]. Cornacuo MOJMEKYASIPHO-KHHETHYECKOH TEOPHM pocTa’ KpH-
CTaJJIOB, MOJIEKYJbl OCENAIOT NMPEHMYIIECTBEHHO B' TAKHX MecTax, [je
OHH 00Jafal0T MHHEMyMOM cBOOOZHOH sHepruu. Takum MecToM sIB-
JSIeTCSl TPeXIpPaHHBH YroJ, rie MOJeKy/Jda HMeeT MHHHMYM CTeNeHelr
¢B0o60ABL. [lpi HeGONBIIOM TEPEOXJaXKIEHHU POCT KpHCTajjia IIPOHC-
XOJHUT TaKHUM 06pasoM, YTO IEPEXOJ], K HOBOMY CJIOK MOJEKYJ COBEpP-
IIAaeTCs JHIIb 10c/ae IOCTPOCHHUS TIOJHOTO cl0st QOPMHUPYIOIEHCS 10~
ckoctd. IloaTomy Takue Me,t[JIEHHO paCTyume KPHCTAJIIbI 06JIaI[aIO’I‘
COBEpILUEHHLIMY (HOPMaMH.

Ilpu ycunenun nepeoxsmakIeHHs MOJEKYJbl BOJBI qmyKTyIrIpyioT'
MeHbllle ¥ BEPOATHOCTb OCEHaHHSA B ABYrDAaHHHIH yroJ y HHX BO3pa-
cTaer, a npy emfe 6oabLIeM nepeoxna}KneHnH OHM OCELaIOT U Ha caMy
rpanb. IlpaBuapHelft xapakTep
KpucTasia UpH 3TOM Hapyuia-
eTcd, 4 ero PoCT NPOUCXOJMHUT
IpeNMYyILeCTBEHHO BIOJIb
TJIaBHOH ONTHYECKOH OCH.

Hapywenuss BospacraioT
U BCJAEICTBHE TOr0, 4TO MHr-
PUPYIOIIKE TI0 IJIOCKOCTH MO-
JEeKyJH He YCIeBalT 3amol-
HATH PACTYIIYIO MIOCKOCTH H
MOTYT SBJSITBCS HaYajIoM HO-
BOH. B pesysbrate NOABISIOT-
csl HapylIeHHsT B CTPOEHHH _
KPUCTAMIMYECKON  DenieTKH, Puc. 9. BapnanThl mepexofoB MOJEKY: Tpw
TaK HasplBaeMmble HeQeKTH. pocTe KpucTaia.

KoHneuHo, KpoMe INepeoxjax- '

JIeHHs BOJBI M YCKOPEHHS POCTA KPUCTANAA, NeheKThl €ro PeImeTKH Ofl-
PEnesIOTCS MHOXECTBOM APYTrHX axtopoB. B mnepsyio ouepenp 3mech.
CJeLYeT OTMETHTb BO3MOXKHOCTb IIOTVIOIIEHHS DACTYIIUM KPHCTAJAJAOM
HaxoIsIuMXcs NOGJAN30CTH 3apojipliiefl, BKJAIOUEHHE B TeJA0 KpHCTAaLIa
[DOCTODOHHHX IIpHMecell, XOTS H3-3a  Pa3iHuus KpHCTaMIorpadHuiecKux
NapaMeTpoB y pPemleTOK JbJla W IpuMeced, B HACTHOCTH coJjieH, OHK
IPEeHMYyIIeCTBEHHO OTTECHSIOTCS K TPpaHUIlaM CHJIOBOrO TOJS KpH-
CTAJTHKa JIbJa.

Tak kax MOJeKyJabl Ha BepIIMHAX KM pebpax rpaHedl Kpucrajia
¥MeroT GOJblile HEHACHIEHHbIX CBs3€l, YeM Ha ero rpaHsX, OHH OKa-
3bIBalOTCsT U 0O0Jiee aKTUBHEIMH, cnoco6HbIMn 00pa30BKIBATH * OKOJIO
OKOHEYHOCTell KPHCTajljia HOBble 3aPOABIIIM M NPUCOENUHATL HX K pa-
CTyIleMy KDHCTaday. B TO Xe BpeMs yIOMSHYTHE MOJEKYJH HauMe-
Hee NMPOYHO CBA3aHbl € KPHCTANJIOM, a IIOTOMY INIpH (QaAYKTyalusx
OTPHIBAIOTCA B [IEPBYIO Ouepelb. DTH ABa IPOTHBONOJIOXKHO HATIPaBJIEH-
HBIX Tpolecca B 3HAUHTENbHOR CTENeHH . ONpelensioT (GopMy  KpH-
craana. B. B. JlaBpos {87] oTmeuaer, uTo npu nepeoxJamKIeHUH BOJIBE
Ha 0,2° C o6pasyiorcst NpeuMyLleCTBEHHO IVIOCKHE KPUCTAJIIBL B opme
nruckoB. [lpw yBeauueHwu fiepeoxaawxpenus. -no. 0,4°C' cuabHee
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UPOABAACTCS AKTUBU3HPYIOIAA POJb BBICTYIOB KPHCTAJAJIOB ¥ OHHU
TIpEHEMAIOT (POPMY LIECTHYroNbHUKOB. I1pH elfe GoJiblieM NepeoxJiaK-
JeHHH BHICTYIBI ellle 0oJiee aKTHBH3HPYIOT KpHCTAJAH3auuio u dhopMa
KPHCTaJJIOB. JbJa CTAaHOBHUTCS BETBHCTOH — B BHIE 3BE3L0YEK WJIH JH-
CTBEB TIATIOPOTHUKOB.

Bosnbmoe Bausnne Ha pocT U GOpPMYy KPHUCTANIOB OKA3BIBAET COJIE-
HocTh Mopckofi Boael. B. A. Casenves {134] ykaseiBaer, uTo mpu 3a-
Mep3aHHH MODCKOH BOIBI NPOHCXOAHT PasjesbHOe 06pa3oBaHue pelre-
TOK JibJa M KaXKJofl COJIM, TaK Ha3plBaeMoe paccnauBaHue. Ms-3a or-
TECHEHHsI cojell K INepudepuy KPHUCTAJJIUKOB BO3HMKAIOT Xak Obl
KJIETKH, OKPYXKeHHble OoJsiee COJIeHOH BOLOH, yeM Ta, M3 KOTOPOH BO3-
HUKJH KPHCTanNAel Jbfa. C POCTOM KPUCTAJNJNOB 3TOT COJEHBIH CJOH
BOJBI HENPEPLIBHO OTXKMMAETCH, MOMOJHASCh B TO XKe BpeMs COMAMH
W CTaHOBfICh eulle Gosee coseHblM. Takoil mpomecc IpoTekaer A0 TeX
0P, TIOKa 3TOT CJOH NOBBIIIEHHOH KOHIEHTPALHU COJIeH He BCTPETHUT
AHAJOTMYHLIA CJOH COCeNHero KpPHUCTANJIWKa M HE COJNbeTCA ¢ HUM.
B nanpHefimieM KpHCTaJa MMeeT TEHLEHNMIO PACTH B HAIpaBJeHHH IIO-
HHMXKEHHOH COJIEHOCTH OKPyXKaloule#l NJIEHKH BOJH, nMefonleﬁ fonee
BLICOKYIO TeMIlepaTypy 3aMep3aHud.

B pesyaprarte Takoro xapakxrepa KpHCTaJumsauHH MODCKOH BOJBI
BO JbJy 00pasyioTca MeXKpHCTaJJH4YeCKHe MHHEDAJH30BaHHBIE IPO-
CJIOHKY BOJBI, UMelIlell 60/ee HU3KYIO TeMNIEPATYPY 3aMep3aHus. DTH
TIPOCJIOAKA B CEUEHHH MOTYT MMETb PA3MEPLl OT HEeCKOJbKHX MHKPOHOB
JO HECKOJILKHX CaHTHUMETPOB.

Cogepxamuecss B MOPCKOH BOAE COTH HEMHHYEMO BXOAAT H B KpH-
crajn Jgpaa. KonuuecTBo TakuxX BKIIOYEHHH 3aBHCHT OT Pa3HOCTH Hep-
THil agcopOuui Ha KPHCTAJNJIE MOJEKYJ BOLBI B, u npuMeceit J; H OT
COJIEHOCTH MOPCKOU BOZAbI. B KauecTBEHHOM OTHOIIEHHH -COJIEHOCTb KPH-
cTajxna Jbla Sy MOXKET OHTbh NPOMIIOCTPHPOBaHa GOPMYJOH, moiay-
yeHHOH Ha ocHoBauuu cootdouenus e Bypa [126]:

- se=S exp (TTL) (2.3)

roe Tg — teMuepartypa apia B K.

Sueprusi aAcoOpOLMH OIpPENENsSeTCS B OCHOBHOM THIOM XHMHUYECKOH
CBSI3M B CTPOEHHH KPUCTAJJIMYECKHX DPEIIeTOK JbJa H cosell. Pasnnuus
9TH CYUIECTBEHHBI M IIO3TOMY 3SHEprHsl aACcOopOIHM - COJMeH MHOrO
MeHbIle, YeM BOJAM, a CJeJOBATENbHO, H KOJMUYECTBO HX BKJIIOYECHUH
B KPUCTAJJI HEBEITHKO.

Ha Bxoxnenne cojfefl B KPHCTaJ1 BJAHsSET CKOPOCTEL €ro pocra,
B CBOIO Ouepelb 3aBHcAIllag OT ancopbuum npnMeceH BLISBIBAIOLIHX:
AedexTri. M3BecTHO, 4TO, KpoMe NIPHBEIEHHOH MOJEKYISIPHO-KHHETH-
YeCKOH TeOpHH, CYUIECTBYeT TaK Ha3blBaeMasl TEOPHsl HECOBEPUIEHHOro
pocCTa KpPHCTANNOB — TeopHus Aucnoxanuil. lemo B TOM, 4TO POCT KpH-
CTAJJIOB TOCPEJCTBOM 00pasoBaHuA ABYMEDHBIX 3apOAbIIIed HAa MHO-
FOMOJIEKYIAPHBIX CJI0gX Tpebyer JHGO CYMIECTBEHHOro HepecHUIeHus,
JH60 TepeoxJMaXMIeHuss, Tak Kak SHeprus nepexoja Ha INIaAKyo No-
BEPXHOCTb, KaK BHAHO U3 puc. 9, MHHUMAaJbHa. B COOTBETCTBHH C T€O-
pUell TUCIOKALUH TPHMECH. CO3aI0T HEPOBHOCTH Ha NOBEPXHOCTAX Ipa-
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Heli. Takne Xe HEPOBHOCTH CO3J4IOTCSA NPH JIOO0OM HEYIOPSAOUEHHOM
PacnosoXKeHHH MOJIEeKyJ BOAB Ha IpaHH. DTa IIEPOXOBATOCTb TpaHel
UPUBOAKUT K OOPA3OBaHHIO MHOTOYHCAEHHHIX YIJOB, Iipu audpdysuu
B KOTODHIX MOQJEKYJABl BOJAB BHIACAAIOT OOJblIe 3HEPTHH. [loaToMy
IIPH TAKOM MEXaHH3Me pocra He Tpebyercd OOMBLIOTO NEepeoxJarKie-
uns [8].

Ckopocth pocra JI0GOro KpHCTaJJa, B TOM YHCAE H KPHCTAJLIA
JbJla, ONpENeasieTcsi HHTEHCHBHOCTBIO IPHTOKA K HeMy NHTATEJLHOTO
BeUlecTBa, B JaHHOM cJayuae MOJIeKyJ BOALI, H TOH MHHHMaJbHOH 5Hep-
THell, KoTopas He JaeT BO3MOXKHOCTH MM OTOPBATbCH OT KpPHCTaJJIa 32
cyeT QayKTyauui. _

B nacrosiiiee Bpemsi NpPHHUMAaeTcd, 4TO MOTOK BellecTBA K KpH-
CTAJIy 3aBHCHT OT TpajWeHTa XUMHYeCKOro IOTeHLHana, KOTOPHIH
B CBOIO Ouépelh 3aBUCUT OT TPAfUCHTOB TEMIEPATyPH W KOHIEHTpa-
IHM nHTaTeapHOro Bemectsa {126]. CkopocTh pocTa MacCH KpHCTajmia
Jbna My TIpH 3TOM YCJIOBHH GyIET, OYEBHIHO, ONPENEJAThCA BEJHYU-
HOH TepeoxynaxleHns, CO3LAMINEro IpalueHT TEMIepaTyphl, H MOXKer
OBITb BHIpazeHa H3BECTHHIM ypaBHeHHeM Puka

AM Ay dT
7 =1 —an YL (2.4)

rie L —ypenvsas temsora NJaBiieHusi JbAa, /] — miomaAb NoBepX-
HOCTH KPHCTaJNa, 7 — HOPMAadb K HEMY.

. HanGosiee Tpyano ompepensieTcs- B 3TOM- YpaBHEHHH K03PQUUHEHT
TEIJIONPOBOAHOCTH. Pasnuuaior HECKOJbKO PEXHMOB, IJS KaxkAOoro
U3 KOTOPHIX Ay CYLIECTBEHHO MEHSIETCS. .

Tlpu MouseryaspHoli IHGODY3HH, UMeOUIEH MECTO B HENOABHKHON
BOZE, CKOPOCTb IIOCTYIJICHHSI CTPOHTENBHOIO MaTepHata K KPHUCTAJIY,
KaK npasmio, Maya. K ero BepliuHaM H pe6paM, HaXOXALIUMCS B Go-
Jee 6arONPHATHHIX AJS POCTa YCJOBHAX, 3TOTO MaTepHasd IOCTYHIAET

, Goubliie, yeM K cepepuHaM rpanefi. Vs-sa BbifesieHHs TeMJIOTH KpH-

cTajdausanuu u 6ojee 3aTpyLHEHHOro ee orroka muddysuel or cepe-
JUHEI FPaHEd BOSHUKAeT IPafueHT TEMIEPATyPHl OT HEHTPAJSbHON 4acTu

. TpaHH K ee Nepudepun, 3aMelIAIOUHH NPHUPOCT KPHCTAMIA B 3TOH
- o6nacry. Ilpu cnaGoii Audpdysun Temna Takoe HpoTeKaHHe Hpolecca

pocTa MOXKeT IIPHBECTH K DpasBHUTHIO ckejetHelx ¢opum. Beaencr-
BHE MaJOH BENIHYHHBl MOJeKyJAspHOH AHubdy3uH NpaBHAbHBIE KPHC-
TaJJbL JbJA MOTYyT BBIPACTATb TOJILKO IIPH HeOONBHIOM MEPeoXJaxk-
JeHuHn.

B mnpeo6aapamiieM uxcae CHYYAeB TIPH JOKaJbHOM HOBHIIICHHH
TEMIEepPaTyphl 3a CYET BHILCJCHHUS TEMJIOTH KPHMCTAJNNAH3alWH W IpH

. OCOJIOHEHHH NPHMBIKAIOIIEro K KPHCTAJMIY CJAOH BOAB IIPOMCXOAMT H3-

MEHEHHE €€ INIOTHOCTH M KOHBEKTHBHOE HNEpEMEIHBAHUE. Ono obecie-

. yuBaer 6oJiee MHTEHCHBHHIH, YeM IIpH MoJekyJaspHOH nuddysuu, npu-

TOK CTPOHMTENbHOTO MaTepHana K KDHCTaJ1y M Gosee ObICTPHIA ero
pocr. ) :

rpalIPIEHTbI TEMIOEPAaTypol ¥ COJCHOCTH, BOSHUKAIOUIKWE BLOJb I'PaHH,
IIpY NepeMellHBaHuy YMEHDbIIaoTCs. 210 NPHUBOAHUT K POCTY OOAHOPOAHBIX
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KDHCTAJKIOB  IIPH CYIIECTBeHHO OOJBLINX IIepPeOXJaXKIAEHUAX U cxopo-
CTAX POCTa, UeM NpPHU MOJNEKYAAPHOH AUPDYy3HuH. '

Pasyuualor ellfe BBIHYKAEHHOE KOHBEKTHBHOE nepememuaaHne 06
YC/IOBJIEHHOR NEHCTBHEM DASJMYHBLIX BHEIIHHX CHJ, a He TOJBKO Tpa-
NHEHTOM IJIOTHOCTH. IIpMHNUNUANbHBIX OTAHYHE OT -MeXaHH3Ma CBO-
GOIHOH KOHBEKUHH 3JeCh He HMEeTCs, 3a HCKJIIOYeHHeM 6oJiee CHJlb-
HOTO NepeMelIMBaHHS, BBHI3EIBAIOIIero eme 60Jee HHTEHCHUBHBIR ITOATOK
CTPOUTENBHOTO ‘MaTepHaia K KPHCTAMIY U. Gojee OBICTPEI. €T0 POCT.
YMeHbIlleHNEe TPaLUSHTOB TeMIEePATYPhl. U COJEHOCTH OKOJIO KpI/ICTaJIJIa
croco6eTBYeT: DOPMHUPOBAHUIO €r0 HPaBUJIbHON (POPMHEL. . v

JKCepUMEHTH ITOK43BBAOT, 4TO CYLIecTByeT HeKoTopas Kpnm-
JecKasl CKOPOCTh JABUKEBHS KHIKOCTH OKOJO. KPHCTaMJIA, II0. IPEBHI-
NIEHUH KOTOpPOM :MepeMellUBAHUE  YyXKe - He , OyAer CIOoCOBCTBOBATD.
pocty OOJIBUINX, TPaBUIBHBIX: MOHOKPHCTAJJIOB, . TaK. KaK . OBBIIALTCH
BEPOATHOCTb Kak HpHCO@ILI/IHeHI/IH TaK 0pr13a MeJKHX KpHUCTAJ-
JIHKOB.

Ilpu ucmonb30BaHHY q)opMyan (2 4) s onpefeneHust CKOPOCTH
pocta KpHCTalja OYEHb 4YacTO BMECTO . IpajyieHTa. reMmneparypsl Ge-
percsi CTeneHb MEPEOXJakKIeHUs, YTO 10 CYTH He MeHdeT CylIecTBa
¢opMyaBl, TaK Kak. NPU ITOM MOMKHO [IOJaraTh H3BECTHOH TeMIiepa-
Typy dponTa Kpucrasnusauut. Tak, nanpumep, JI. A. Byxuna [27] npn
HCCJIEIOBAHUH KPHCTAJNJIHU3AIUH BHYTPHBOAHOTO JbJa B YCAOBUSIX BHI-
HY:KIEHHOH KOHBEKIIHH HCXOLHJIA H3 (bopMyJIbI

o s -
i _wnA@ e (25)

rae A® — cremnenb nepeoxnamﬂeﬂns{ B °C, ocw——Koaq)chuHeHT TEIJIO-
o6MeHa.

Benvunna NOCHENHET0 HECKONbKO: YMEHbLIAeTCs ¢ yBeJIquHHeM
TepeoXJIakeHHsT i BO3PACTACT C POCTOM CKODOCTH ABHKEHHS TOTOKa,
B KOTOPOM NPOHCXOAHT KPHCTAJIH3ALHS. B cpenHeM N0 NaHHBIM
J1a60paTOPHBIX SKCIEPHMEHTOB 3TOT ' Koa(pq)mmem “HMeeT BEeJHUHHY
2% 102 Br/(m2-°C).

Orpenbunie HAGIIONEHHUS - CBI/IILeTeJIbCTBy}OT 4TO 'BO MHOTHX CaIy4asix
POCT KPHCTAJIOB TPOUCXOMMT FOPasfo GbicTpee, YeM' 9TO CIELyeT H3
dopmynrt (2.5), npu yHOMAHYTOH BENHYHHE K094)Q)HuHeHTa TEMmJI006-
meHa. Xaqaner [232] nabmiofan pocT KPHCTAMIOB JbAa Ha NOBEPXHOCTH
CHEKHHIL €O CKOPOCTBIO 50 MK B CEKyHAY NPH TePEOXJarK[eHUH
Boiel B 1°C. Iasi. Toro  YTOOGH NOJYYHTHL -CKOPOCTb DPOCTA. TAKOTO
nopanxa, KodbduuuesHt Termoo6MeHa lIOJI}KeH 6bITb cymeCTBeHHo
YBEJIHUEH. ‘

Xunmunr u TepuOyna [156] ykaswBalor Ha IONTyueHHOe B SKCIepH-
MEHTaxX COOTHOIIEHHE MEXKIY CKOpOCTb}O pocra nepeoxna}xneHHeM
BOJHI B ﬂnanasorxe or 0,01 z0 10°C

+ 0,03

X — (0,158 + 0, 009) A@’ 0 (CMIC), o (26)
T. €. nepeoxnax{neﬂue BXOMMT B Goaee ..BI:I‘CO'KOI‘:Iv CTeNenH, YeM nepBas.
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OHI TIOTMHITAHChL TEOPETHUYECKH OOOCHOBATH PE3yJbTATH 3KCIEpH-
MEHTOB M TOJYYHIH (POPMYJY; B KOTOPOH IepeOXJakAeHHE  BXOLUT
B KBajapaTe, HO; MHOXKHTeJb nepep; A@2 OKasaJICH Ha nopsmox MeHbLIe
9KCIIEPHMEHTANBHOTO. '

B HexoTophix Ccayuasx Jus -ONpefeseHus CKOpOCTH pocra * KpH-
CTajis1a MCIOJIb3yeTcs yC0OBHE KOMIEHCALMH OTTOKA' TellJia 4epes KpH-
CTanJ TENJOTOH KpHCTammsauHH ‘T. €. [0 CYTH l'IpI/IMeHSIeTCH ypaBHe-

HHe CTe(baHa '

dLX‘_*l‘dT‘._-.;.,

at . Lp dn ... . -.;(2'7)
3mecs p‘—nnomocm' Jlbl[a"%%-TéHJIOHpOBO,ILHf)CTb hbﬂa‘B HahpaBJIe-

vy

dT
HUH HopMaJm K paCTymeH rpany, a —d—n——rpa/:mem TeMHepaTypm

B KpI/IC'I‘aJIJIe o TOMy xe HaHpaB.HeHH}O *

U3 dopmyasl caexyer, 4ro pacTyT 6bICTpee Te rpaHH, Ko3(bu-
IMEHT TEIUIONPOBOAHOCTH, [0 HOPMaJH K KOTOpHIM MuHuManeH. ITo-
5TOMY KPHCTA/LI OTPaHeH TaKHMH _TPaHAMH, CKOPOCTb POCTA KOTOPHIX
MHEHHMMAJIbHA.

B dopmyne (2.7) npu Beefi ee npocm’re He y‘-II/lTbIBaeTCH BJIMSIHHE
TepeoXNaXNeHusl Ha CKOPOCTb KPHCTAJNH3alMH, B TO e BPEMS OHa
COrIACYETCH ¢ NMPOMIEANIAMY GONBIIYI0 SKCIEPHMEHTaNbHYIO NIPOBEPKY
dbopmynamy, UCMOJIB3YEMBIMHA JUISt PAacUeTa HAPACTaHMs TONIHUHDL JIbJa.
Ilo-BuaumMoMy, TpY OYEHb MaJBIX nepeoxnamnennﬂx oHa crpasen-
JuBa.
 Yro6H yuecTs nepeoxaakAeHue, ‘cnenyer npeanonomm‘b YTO CKO-
POCTb POCTa KPHCTAJIIA TOJIKHA ONPENENsThCsl COBOKYIHBIM nefcTBrEEM
NePeOXJaXIeHHs] 1 OTTOKA TEIa, BBIAE/AIOUErocs PH KPUCTANIN3a-
uuu, J1as 3TOro HyXKHO 06’beIlI/IHI/ITb (opMyJIEL IEPBOrO ¥ BTOPOTO THIIA.

3. Pocr kpucrarnos /zbaa 8 NPupodHsbIX YCAOBUAX

Kpucrann nbma aHM30TPONEH NO CBOMM CBOHMCTBAM BHOJIb M MOTiE-
pex omntnueckoli ocu {182]. SIcHo, 4TO CBOMICTBA MOPCKOTO JIbAa 3aBH-
CAT OT OPUEHTHUPOBKH KPHCTa/sOB B HeM. Kpome Toro, mo dopme u
pasMepaM KPHCTAJ/UIOB MOXKHO NOJMYYHTH MNPEACTABJIEHHE 00 HCTOPHUH
(GopMHEpOBaHHUS JIEASTHOTO NOKPOBA M O IIPOLECCaxX, CONPOBOXKIABIIHX
ero o6pasoBanne. IlosToMy B Hacrosmiee BpeMms yaeasiercs GoJbLIoe
BHUMAaHHE o6pasoBaHmo KPHCTAMIOB JIbAa B MOpE, XOTA O606HIeHHbIX
HCCAENOBAHWH BHIIOJHEHO HEMHOTO.

[Toxa eme Her ycraHopuBlIefics TOYKH 3peHMsl Ha (GOpMy MepBHuU-
HbIX KpuctannoB. CuuMraercs, yTo MepBOHavaslbHas Gopma KpucTadia
3aBHCUT OT ODHMEHTHPOBKHU ONTHUYECKOH ocu. B ToMm cayuae, xoria ochb
HanpaB/eHa MEPNEeHIUKYISPHO NOBEPXHOCTH MOPS, Tallle BCTPEUAIOTCS
miockue Gopmel KpucTasinos. Eciu och nanpasiena mapajuiesbHO 110-
BEPXHOCTH MODS, BRIPACTAIOT KPHCTANNH B Bufe ura [232].

* B. A. Casennen [134] oTMeuaer, 4TO NEPBUUHBIE KPUCTAJIL JbJa
Ha BONHOH IOBEPXHOCTH IPEHMYIIECTBEHHO HMeIT (OpMy Wura
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€ OIITHYECKOM OChIO, HANPABJEHHON NEepNeHAUKYIsIPHO HX TeoMeTpuue-
CKOH OcH, T. €. HX POCT HPOMCXORUT NO Ga3ucHo# miaocKkocTu. B Oga-
TONPUATHHIX YCJOBHAX TaKHe KPHCTAJIbl MOTYT BBIPACTATE OO GOJb-
INHX pas3MepoB. B rupposornueckol nyHkKe Ha Apelidyomell craHIHU
Capesnben Ha6mofas KpUCTAIBL IJAHHOH A0 2,5 M, wHpHHO# A0 5—
10 cm u rommuuoit 0,3—0,5 cwm.. [IpuuyuHy Takoro u3GHPaTENBHOIO
pocra OH BHAHUT B. TOM, YTO B HNPHPOLHBEIX YCIOBHAX BCerjla CyulecT-
BYIOT JIOKaJIbHbIE IICPEOXJAXKICHUS HIH JPYrue HeOJHOPOAHOCTH, HpH-
BOJSIIIME K PasBUTHIO OTAEJbHOTO ydactkKa Kpucramiaa. Jlocratouno
3TOMY Y4acCTKy BBIABHHYTHCS BIIEPel, Kak OH nomajgaer B GoJee Gaa-
FONpPHSATHBEIC YCIOBHUS JJIS1 POCTA, YEM OCTAJ/bHBIE YUACTKH.

[Tayumep {121] Taxxke cuuTaer, 4ro OpPH CIOKOMHOM MOBEPXHOCTH
MOpSI OpPHEHTALHS ONTHYECKOH OCH IIePBHYHBIX KPHCTAJJIOB BCErLa Bep-
THKaJbHa, HO (OpMa KPUCTANIOB IJOCKAs, B BHIE NUCKOB WJH IIa-
CTHHOK. Buammo, Takoe pas/juuyue B IPEJCTABJICHHUSX O IEPBHUHBIX
$hopMax KPHCTAJNJIOB MOPCKOrO JibJa OOBSCHSeTCS pasHoobpasHeM yc-
JIOBHY, TIPH KOTOPEIX OHH 06pasyioTcs.

Us-3a dayrryanuii TeMneparypsl IIOBEPXHOCTH MOPS KPHCTAJLIH-
3auust BOABI HUKOIJA He NPOHCXONUT Cpa3y Ha OOJbIIOH IJIOMAnH,
Jaxe NpH OMUHAKOBOM (OHe BBHIXOJNAXKHBaHUS. B NOBepXHOCTHOM cioe
MOpSI BCerfla COLEPIKHTCS OrPOMHOE KOJHYECTBO sifiep KPHCTAJIH3a-
UM, pacrnpefe/eHHbX, KaK NpaBHiIo, §osee HJIH MeHee PaBHOMEPHO,
[O3TOMY K 3aMEP3aHWI0 OH BCErfa IOATOTOBJEH H GOJbIIHE Hepeox-
JAaXACHUS] B €CTECTBEHHBIX YCJAOBHSIX BCTPeUaloTCs He uacto. Beaen-
CTBHE TaKHX YCJIOBHH BO3HHKIIAS B OTIAEIbHEIX Odarax KpPHCTaJJIH3a-
st OBICTPO pacmpocTpaHsercs o 6OJbIION aKBATOPHH. 34 HECKOJIbKO
YACOB OHAa IOKPHIBAETCS JENSHBIM «CaJOM», NPHAAIIUM IOBEPXHOCTH
MOPS MACJASHUCTHIH OJIECK. '

JlensiHoe caso COCTOMT H3 [€PBUYHBIX KPHCTANJIHKOB JbAA.
B. A. CaBenbeB 0TMEUAET, YTO C POCTOM UIVIOOGPA3HBIX KPHCTAJJIHKOB
W yBEJIHYEHHEM HX UHC/IA BO3PACTAET BBUIEJNCHHE TEIJIOTH KPHCTAJIH-
3aIH¥, NOTOMY HepeoXNaXKAeHHe YMEeHbIIAeTCs U MeXJy HIaI006pas-
HBIMH KPHCTAJJIaMH MOABJSIOTCS NUCKOOOpasHele. Berep u BOJHNBL Ile-
peMelInBaloT KPHCTAJLIH, HX OPHEHTHPOBKA CTAHOBHUTCH XaOTHUECKON
BIUIOTH IO IJIyOWHBI, HA KOTOPYIO OHH 3aHOCATCS TyPOYJICHTHBHIM Hepe-

L

MEIIHUBAHUEM. e

CBOGOAHBIH poCT KPHCTaJJAa NPOHCXOOUT A0 TeX NOP, IMOKa .OH He
BCTpeUaeT HPENsITCTBUS B BuAe Apyroro. Kpucraaia. CMmepsasich, KpH-
cTa/bl 06pasyloT JeAsgHON TOKDOB.

B macroslilee BpeMs elle HeT CAOXKHUBIUEHCS TOUKK 3pPEHHS Ha POCT
KpHCTaJI0B B JensuoM 1nokpose. Iaymmep (121] cumraer, uto mnpu
pOCTe KPHCTaJJa B OCHOBHOM BJOJb Ga3HCHOH MIIOCKOCTH HPOHCXOJAHUT
HOCTENEeHHOe BBIKJIHHHBAHHE W HCUE3HOBEHHE KPHCTAJJIOB, ¥ KOTOPHIX
OIITHUeCcKass oOch OJuXe K BepTHKaAbHOMY mnoaoxenuio. [lostomy
C yHlaJeHHEM OT IOBEPXHOCTH BO Jbly HOJXKHBEI Npeobiagath KpH-
CTaMJE C POPH3OHTAJbHO OPHEHTHPOBAHHOH ONTHHECKOH ochlo. Heko-
TOpHe SKCHepUMEHTaNbHble JaHHble, TpuBenennse [laynnepom, cBume-
TeJbCTBYIOT B [10JIb3y TAKOro MeXaHH3Ma H30HpPAaTEeNbHOrO POCTa KPH-

CTaJIJIOB.
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B. A. Casesbes [133] ormeuaer, uro HauGoJiee GJarONpHATHEIM YC-
JIOBHEM JJIfi POCTA SIB/ISIETCA TaKOe IMOJOKEHHE KPHCTaJ/ia, KOTAa ero
6as3ucHas IJOCKOCTh HANpaBileHa 1O TEIOBOMY noTOKY. [losromy

B ITIOBEPXHOCTHOM CJ10€ JbAa COLEPKATCA B OCHOBHOM KPHCTaJJIBI con- -

THYECKHMH OCSMH, TMapajjeJbHBIMH IIOBEpXHOCTH 3aMepsaums. [locie
00pa30BaHus HEKOTOPOTO CJOS JbAa AaJbHEHMHE €ro poCcT MPOHCXO-
ILUT 3a CYeT OTTOKA TeIvia 10 BePTHKAJM uepe3 3ToT caod. [lpu stom
IPOUCXOUT MEPEOPUEHTANNA KPUCTANIOB, B Pe3ybTate KOTOPO# yBe-
JHYHBAETCI KOJHMYECTBO KPHUCTANJIOB C BePTHKAJIbHO HalpaBJeHHOM
ONTHYECKOH OChbIO, T. €. MPENJIOKEHO TOJKOBAHHE SIBJEHHS, MPUBOMLS-
mee X JAHAMETPAJbHO I[IPOTUBOINOJOXKHOK KapTHHe, uyem Yy Ilayu-
Iepa.

Hpuruunuanbio HOBas TPaKTOBKA OpHeHTHpOBKH H RaJbHefniero
pocTa KpHCTaMJIOB B JeISHOM TOKpoBe npennoxena H. B. Uepena-

HoBEIM [168]. O cunTaer, 4YTO YroJ HAKJIOHA ONTHYECKOH OCH OT BEp- -

THKAJABHOTO [0 FOPHU30HTAJBHOIO MOJOMKEHHS B pPeaJbHBX YCIOBHAX He
MoxeT OhiTh OOBsICHEH HH (HU3MYECKUMH CBOHCTBAMH KpHCTajja, HU
3aKOHOM TreOMeTpHUecKoro ot6opa. B pesysbTaTe MHOTOUHCJIEHHBIX
9KCIIEpHMEHTOB OH YCTAaHOBHJ, UTO Ha XapaKTep pocTa KpHcTadna Jbxa
BJUSIeT TIOTOK Temyia U3 BoAbl. Ecauw crpatudukanus BogoeMa YCTOH-
YHBa, YTO OOBIYHO HMEeT MECTO NpPH CJ1aboM IepeMelIHBAHHH U He-
60/IBIIOM TIOTOKE TeNJa, TO He3aBHCHMO OT IIePBHYHON OPHEHTHpPOBKH
KpHCTAJ/JIOB B TIOBEPXHOCTHOM CJO€ DPAa3BHBAIOTCS B OCHOBHOM KpH-
CTaJJIBl C ONITHYECKOH OCbI0, HaNPaBJeHHOH NepNeHIHKYJISIPHO NOBEPX-
HOCTH 3aMep3anus, T. €. K 1oBepxuoctu Mops. C BO3pacTaHueM ycTol-

YHBOCTH CTpaTH(HKAU¥u TOPU30HTA/bHBIE pa3MePbl KPHCTAJJIOB YBe-:
JHYMBAIOTCS H OHH INpHOGperaioT GopMy HpHSM C TOPH3OHTAJIBHO .

OPHEHTHPOBAHHEIMH OCHOBAHHSAMH.
Ulpu HeycTOMuHBOM cTpaTHUKANMH MOPs, KOTEA [IOTOK Temjia KO

JAbAy AOCTATOYHO BEJUK, TPOUCXOAHT HpeHMyHleCTBeHHbII/I POCT KpH- -

CTaJlJIOB C ONTHYECKHMH OCSIMH, HAKJIOHEHHLIMH TOX MAaJbIMH yTJaMu
K TOPH30HTY. B 2TOM ciyuae Kpucrainl Gojee MejKHe, HO MoryT
GEITb TaK)Ke BEITAHYTHIMH B BEDTHKANbHOM HANDABJIEHHH.

Kaxoro-nu6o o0BACHeHUSI TAKOrQ UPEe3BHIUAMHO HHTEPECHOrO sBJIE-
g Uepenanos He zpajd. MOXHO Julb TNpeamosarath, 4TO BCe Ke
B TAaKOM MeXaHHM3Me POCTa KPHCTAJJIOB NPOSBJISETCS aAHH30TPONHS
TEIJIONPOBOAHOCTH OTHOCHTENbHO €ro OITHYECKOH OCH, B pE3y/bTaTe
4€ro TENJIOBOH IIOTOK CYIIECTBEHHEE TOPMO3HT POCT KPHCTaLIa IO Ha-
NP aBJEHHIO ONTHYECKOH OCH, YeM B ADYTHX HANpPaBICHHSIX.

IIpoBona nabmofeHuss 3a OPHEHTHPOBKOH KPHCTAJJIOB B JIEASHOM
nokpose Kapckoro mops, Uepenanos [167] orMeTusa, 4TO HX onTHue-
CKHe OCH NPH FOPH30HTAJLHOM IOJIOKEHHH DAacloNaraioTcsl ¢ ompefe-
JIEHHOHA CTEIEHBIO YNOPAZOUEHHOCTH Ha GOJILINHX ILIOIMAAAX. DTO 03-
HayaeT, yTo BHEWHHe (akTopbl NuUGO JOJNKHB JEHCTBOBATH BO BCE
BpeMsl pocTa KPHCTAJJIOB B OMHOM HalpaBJeHHH, JNHOO OHH CO3ZAIOT
OTpe/le/IeHHOe OPHEHTHPYIOIlee AeHCTBHE TOILKO HA NEPBHYHEIE KDH-
crannsl. [locnennue npu TOPH3OHTAALHOM TOMOMKEHWH OCeH OpHEHTH-
POBKY B fasibHefIleM He MEHSIOT, €CJIH, KOHEYHO, 5TH KPHCTAJJIBl He
BHIKJIHHHBAIOTCA KPHUCTANIAMH C BEPTHKANBLHBIMA OCSIMH.
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"Poct KpHUcTasia TPOHCXOLUT TOJNBKO B TOM CIydae, €CJH Bbille-
JASIOMAsiCs TEIIOTa KPHCTAJJIH3ALME HENPepPBIBHO yransiercs. B mpo-
THBHOM CJIyuiae BO3HHKAeT JIOKA/JbHOE IOBLIIIEHHE TEMIEPATYPHI, Npe-
PHIBAIOLIEE €FO POCT. - ‘

Ho naxe nmpu 67aronpuATHBIX YCJAOBUSX, T. €. IIPH HOBOM OTTOKE
TemJa, pocT KPUCTadyia BO3OOHOBJSETCS, W OH CAYXKHUT JHIb SAPOM
KPHCTAJJIM3aLlHH, Ha KOTOPOM: BEIPACTAIOT HOBBle Kpuctanasl. [losTomy
TOJIbKO B OJHOPOJHBIX TEPMHUECKHX YCJIOBHSX MOTYT BBHIpacTaTh KpHU-
CTaJNJBl JJIHHON B JecsaTku cautumerpos. H. B. Uepenanos [170] orme-
YyaerT, 4TO KPHUCTAJJIbL: IIMHON Haxe Gosjee 1 M BCTpedaloTCd B aPKTH-
YEeCKHX MEJAKOBOAHBIX MOPAX, KOTOPBIE K HauajJy JeJo006pa3oBaHus
BBHIXOJIAXKUBAIOTCS MPAKTHUECKH JO TeMIlepaTyphl 3aMep3aHHs MO Bcel
ray6une. Yame Bcero. 3To HaGJ0AaeTcsd B NPUOPEXKHBIX pAHOHAX MO-
peit Bocrouno-CuGupckoro u JlanTeBblX, rfle HEINPEPEIBHOMY POCTY
KPHCTAJJIOB CIIOCOOCTBYIOT U KJIHMATHUECKHE YCJIOBHSL.

ﬁ) : ~ Ilpu He6aarONPUSATHBIX YCJO-
a) BHSIX, KOT/Ia TIPOUCXOAUT pe3Koe
H3MeHeHHe OTTOKa Temna B aT-
Mocepy JUG0 MeHseTCs IMPUTOK
. TEIJIa U3 BOJBIL, KPUCTAJJIH 60Jb-
o AJMHHBL He BHIpacraioT. [Ipe-
KpallleHHe pocTa. - KPUCTAJNIOB
BCJEJCTBHE U3MEHEHHUS BHEIIHHX
YCJIOBHE OOGBIYHO XOPOWIO IIpO-
CJIeXXHBaeTcsl BU3YaJbHO Ha Bep-
THKAaJbHBIX Pa3pe3ax Jblad BBULE
JOCTATOYHO pe3Koro (hpoHTANb-
HOT'O BBIKJIHHUBAHHSI.

Ha pocr Kpucraiia BJusieT M3MEHEHHe COJEHOCTH MPHUJIETralOLIero
K HEMYy CJIOsi BOIBI. DKCIEDHMEHTHl I0Ka3asd, YTO XapaKTep IOBEpX-
HOCTH pasjesa MeXAy JbIOM H BOJOH S8aBHCHT -OT CKOPOCTH pocTa
KPHCTAJJIOB Jbja. ToJbKO B Ja6OPaTOPHEIX YCJAOBHAX TIPH OYEHb MeX-
JIEHHOM pOCTE€ KPHUCTAJIJIOB B JEASHOM IIOKDOBE HHKHSIS IIOBEPXHOCTD,
HOCJeNHero. 3epKaJbHO TIyajKasl. B eCTecTBeHHBIX . YCJIOBHSIX IIPH
BHITECHEHHH KPUCTAJLJIAMH  COJIEll . BO3HHKAIOT  HEOAHOPOIHOCTH
B [IPOCTPAHCTBEHHOM pAacHpeleseHHH COJeH - TeMIepaTyphl 3aMmep-
-3aHUS.

JIOKaJIbHEIE MTepPeOXIaxK/IeHUs. BAUAIOT Ha CKOPOCTb POCTa KPHUCTaJ-
JIOB, KOTOpHE IPHOGPETAIOT BUJ BETBUCTHIX OTPOCTKOB, Pa3AEJEHHBIX
wejobkamu mupunoit b0—100 Mk. Mx xapakrep noxasar Ha puc. ]10.
VY BepUINH BHICTYNOB COJIEHOCTh OKA3BIBAETCS IIOHHXKEHHOH, 4TO IHOBBHI-
IIaeT TeMmIlepaTypy 3aMep3aHHsl U CIOCOGCTBYET DPOCTY KPHCTAJJIOB
Jbxa B jauny. Ilocnennsis oleHHBaeTcs KakK (QYHKLIHA CPEIHEro rpa-
IHEeHTa TeMIIepaTypbl B TBEPHOI Macce U Pa3HOCTU COJIEHOCTEH y Bep-
LIWHBLL M Y JHa BBHICTYIIA. ,

JauHa T4KHX BBICTYIOB Ha HMXKHEH ITOBEPXHOCTH JbJa COCTABJASET
1—10 cm [36].

Ilpu pocre BBICTYNAIOIMINE KPHCTAJIBI BETBSTCSA, CTPEMSCh JOCTHI-
"HYTh Y4aCTKOB BOABI, 00/1afalolluX INOHUAKEHHOH COJICHOCTHIO, TOBHI-

Puc. 10. CxeMaTH9eCKO€ H300paKeHHe Bbl-
CTYNIOB B CKeJIeTHOM: caoe [36].

‘@ — nes3pHeO6pasHbie, 6 — 3yGuaTsle.
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NICHHON TeMIepaTypod 3aMep3aHHus, a CAeLOBAaTebHO, U GOJNbLIEH CTe-
MeHbl0 NepeoxaaxieHus. MexIy BeTOYKaMH CMep3alOIIMXCHd KPUCTAJ-
JIOB ocTaeTcs BOLa ¢ TOBHIILIEHHOH KOHUIeHTpanue# conefi. OHA He 3a-
Mep3aer BCJAEACTBHE MOHMKEHHOH TeMIepaTypHl 3aMep3aHHsA H OKa3bi-
BaeTcs MeEXaHHMYECKH BKJIOUEHHOH B JelA, QODMHPYSL €ro COJNIEHOCTb.
DTOT cJIOH /ba TONIHUHON B HECKOJLKO CAHTHMETPOB HOCHT Ha3BaHHE
CKEJIETHOTQ HJIM KapKacHOro. B HeM BBICTYNBl KPHCTAJJIOB, HHAaUe Ha-
3BIBaeMble mJacTHHKaMu {121], pacuomoxeHs! B OCHOBHOM BEpTH-
KanbHo. [lpu nanbHellleM NOHMKEHHH TeMIepaTyphl 4acTh BOABI H3
paccosia 3aMepsaer, NPUBOAS K YTOJILEHHIO KPHCTAJJIOB;, a MeXKpH-
CTAJJIMYeCKHe MPOCAOUKH YMEHbIIAIOTCH NO TOJNUIHMHE A0 MHKPOCKONH-
YeCKHX pasMepos. '
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I'JTIABA 3

CTPYKTYPA MOPCKOro JbJIA

1. Crpykrypa kpucrassia avoa

Kpucrannuueckas CTPYKTypa JbJa ONpeAe/sieTcs CTPOSHHEM MoJie-
KyJpl BOAb, oGpasyiollell paBHOOEADEHHBIH TPEYTOJbHUK C AAPOM
aToMa KHCJOPOHA IIpH BEpIIHHE W ABYMS I[POTOHAMH B OCHOBAHHH.
Kaxkapifi atoM KHCJI0pPOLA B KPHCTAJIE JIba OKPYKEH YeThIPbMS APY-
ruMH, 00pasysl NpaBWIbHBIA TeTpPasnp, NpHYEM 4TOMBl KHCJIOPOZLA
CKPeIJIeHHl APYT C IPYrOM BOAOPONHBIMH CBSI3SIMH.

Bo03MOXKHBIMHU THNAMEH CTPYKTYPHI, 06pasyolleiica U3 MOJEKYJ TeT-
pasgpHyeckoil (QOpMEI, ABJAAIOTCS FeKCarOHAJbHBIH THII WIH KybOuue-
ckuil. MccnenoBanue KpPUCTAMJIOB JbJa METOLOM AU(PPAKIHH pPEHTTE-
HOBCKHX Jydefi nmpoBojusock eme Bperrom (1927) u Bapucom [198].
OZRHAKO OKOHUATEJBHO KPUCTAJIOTPa(HIecKoe pacloOKeHHe aTOMOB
KHCJIOPOZA, ABJSIOMUXCA OCHOBHEIMH LEeHTPaMu Audpakuud, GBLIO yc-
TAHOBJICHO 3HAUHTENbHO No3auee {264 u np.).

ATOMBl KHCJOPOJA B KPHCTAJJNMUYECKOH peIIeTKe Jbla pacnoJara-
I0TCS B BHJE TeKCATOHAJIbHBIX KOJell. -ATOMBI Ka¥kJIOr0 TAKOTO KOJbIiad
pacmojiaraloTc B JABYX [JIOCKOCTSX, OTCTOSIIUX HA PAaCCTOSIHUH
0,923 1078 cm apyr ot Apyra. OouH cI0f TeKcarOHAaJbHEIX KOJEI OT-
CTOHT OT Apyroro cjosi Ha 2,76 1078 cm. PaccrosHne MexAy aToMaMH
KHCIOpOAAa, HaXONSUIMMUCS B OJHOH IIOCKOCTH, coctaBisier 4,523X
X108 cm.

Ha puc. 11 o ofe IJJOCKOCTH CJI05 TeKCATOHAIbHBIX KOJIEl, CIpPOeK-
THPOBAHBI HA IIOCKOCTb PHCYHKA. ATOMBI KHCJIODOZA, PACNOJIOKEHHbIE
B 3THX ILJJOCKOCTSIX, 0603HaueHbi GEJBIMH W UEPHLIMH  KpPYXKKaMH.

Ha puc. 116 npepcraBieH BepPTHKAJbHBIA paspes IJIOCKOCTH
reKcaroHaJbHBHIX KoJel (mo mTpuXoBOH JHHHH puc. lla). Artomsl
KHCJIOpPOa, 00603HAUEHHBIE KPYKOUKAMH, JexaT B IJIOCKOCTH 0108
AToMBI, OB0O3HAYEHHBIE KPECTHKAMH, JexaT B OLHOH BepTHKAJb-
ol maockoctd 0707, orcrosinefl Ha HEKOTOPOM PAacCTOSHMH OT IJIO-
cxoctu ‘00"
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DneMenTapHas siuedika sabpaa [184] cocTouT #W3 ABYX TeTpasapuye-

CKHX MOJeKyJ. XapaKTePHBIH pasMep ee BAOJb OCH, NMEPIEHIHKYJISIP-
HO} CJIOI0 TeKcarOHaJbHBIX KoJjel, paseH 7,367 -10-® cm, a monepes-
HBIH pasmep cocrasJisier 4,623+ 1078 cm. [Togeaus Maccy ABYX MOJEKY.JT
Jblla Ha OO'BEM 3JeMeHTApHON AUeiiKH, MONYyUAM TEOPETHUECKOe 3Haye-
gue naorHocTH abia p=0,916 r/cm® {133]. .

THUn KpPHCTAMJIHUYECKOH CTPYKTYPH, NMOJOGHBIA ONHUCAHHOMY, BCTpe-
gaerca y psfa MeramioB (Mg, Cd) um y TBepABX rajoMAOB MLIeN0Y-
HBIX MerasaoB, TakuX, kak NaCl. HecMoTpst Ha CXOACTBO CTPYKTYDHL,
Jgen obnamaer psAmOM aHOMAaJuH, B TOM YHCJIe BeCbMa HH3KOH TeMIle-
paTypoit miaBjeHus NO cpaBHeHHUIO, Hanpumep, ¢ 800°C y NaCl, u ot-
JIMYHOH OT HyJA OCTATOYHOH SHTpONHeH. DTO OOGBICHIETCS TEM, 4TO
KpucTana Jbda OTHOCHTCH He K HOHHOMY THIY, a K MOJEKYJISpPHOMY.

KGIOH
X

’ 0=4,523-10" L‘M’

Puc. 11. Caou rekCaroHajbHbIX KOJEL.

7,367-10"%m

276-107%m X
c

T
r

@ — NpoexknHs Ha OGa3HCHOH MNJOCKOCTH; 6 — NPOEKNHUsi Ha IJIOCKOCTb, NPOXOASILYIO
gepes ¢-0cb; /—I — MIOCKOCTH CKOJbKEHHSI.

Ero oco6ennocru o6yCJIOBJ1HBa}0Tc51 PaCIOJIOKEHHEM ATOMOB BOAOPOAA
(IPOTOHOB) B KPHCTaJIHUECKOH pelleTKe.

Kpucrannorpapuuecku YNOPsJIOueHHAsl peueTka, 06pasoBaHHas
aToMaMu KHCJI0pOna, CBA3aHa CHCTeMOH BONODOLHBIX cBssell. Pacmo-
JIOXKE€HHe aTOMOB BOJOPOAA HA ITHX CBA3SX IOJIKHO YIOBJETBOPSTH
npaBuinaM DBepuama—®aynepa {200]: BoO-mepBHIX, OKOJO KamkIOTO
aToMa KHCJOPOAAa AOJKHO UMEThCH IO [IBa aTOMa BOAOPOXAA, T. €. MO-
JeKyasipHas CTPYKTypa BOJABI COXpaHSeTcs W B KPHUCTAJJIHUECKOH pe-
HIETKE Jblla; BO-BTOPHIX, aTOMBl BOLOPOZA PACIONATAIOTCS HAa JHHHLIX,
COeIHHSAIOMMX ABA aToMa KHCIODOAA, IPHYEM MEXAY [IBYMS COCEi-
HHMH aTOMaMM KHCJIOpPOAA MOXKET HaXOJHTbCS TOJIBKO ORMH MPOTOH.

B ™momenn, npennoxennoii Ilomunrom [267], paccrosimme O—H
BHYTPH MOJIEKYJBl JbJa CYHUTAETCH INOCTOSHHBIM. Torga Ha weThpex
‘CBA3AX “Ka)XAOTO aroMa KHCJIOpOAa IPOTOHBL MOXKHO Da3MECTHTh
mecThio pasauuHBIME clocobaMu. Ecnu xoTsa 6bl OOMH H3 STHX CIIO-
c060B OblJ NPEANOYTHTENbHEE APYIUX, TO Jef 0OHapYXRHUBAN OBl MHPO-
H Ibe303JIeKTpHYecKue cBoicTBa. ITockonbKy sT0 He Tak, [Toaunr npen-
TOJIOXHWJA, YTO BCe CNOCOOH PACCTAHOBKU INPOTOHOB PaBHOBEPOSITHHL
CpenHecraTHCTHUECKAsI  CTPYKTypa  MOXeT  OblTb  YCTAHOBJEHA
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" C IOMOI[bI0 THUNOTE3Bl O TOM, YTO B CHCTEME £ aTOMOB KHCJIODPOAa
pacrionaraercsi 4n «IOJOBUHOK» aTOMOB BoZOpoAa. I103TOMY KaXKnblii
ATOM KHUCJOPOJA OKPYKEH YeTBIPbMsi «IIOMOBHHKAMu» IPOTOHOB, pac-
IIOJIOJKEHHBIX BOKPYT HEro B BepIIHHAX TeTpasjpa. JTO O3HAYAeT, UTO
IOJIOBUHY BPEMEHH aTOM BOAOPOJA IPOBOLMT Ha ONHOH CBSI3H, & I10-
JROBHHY — Ha JAPYTOH.

JKCcrmepUMEHTAMbHAS [POBEPKA CTATHCTHYECKON Mojenn IloiuHra
NOATBEPANIIA PEANLHOCTb CHeTaHHBIX NOMYIEHHUH, Teopernueckue pac-
YeThl OCTATOYHOH SHTPONHH, NPOH3BEleHHbIE 110 YTOYHEHHON CTATHCTH-
YECKOIl MOJENH, XOPOIUO COFJACyIOTCS C SMIHPUUECKUMH 3HAUCHUSMH
[256, 283]. Uayuenne nupparuuu HEeATPOHOB B KPHCTAJLIAX JIbAA TAKKE
NOATBEPAHNAO NPHHSITYIO MOJENb.

Jlio6oe Hapymenne npasua beprasa—®Paynepa npuBoduT K o6pa-
30BaHn0 nedekToB CTPYKTYpwl Jabia. Ecau Hapylzaercss mepsoe Ipa-
BHJIO, TO OOpasyeTcs Tak Ha3biBaeMBIH HOHHBIH Je{eKT: aToM' KHC-
JOpOAa, OKPYKEHHBIH TpeMsi aTOMaMH{ BOAODPOAA,- LaeT MOJIOXKHTEe/b-
upiit won (HsO)*, a arom Kuciopoma Bcero ¢ OAHHM NPOTOHOM JaeT
orpunartenpueit now (OH)-. Korma Hapymaercsi Bropoe 1paBuio, BO3-
HUKAIOT TaK HasblBaeMele nedekrtsl boeppyma [201]: D-pedexr, ecau
Ha BOJOPOJHON CBSi3W CHIST ABa NpoToHa, u L-Jedext, ecau TaM Her
Hi OZHOro HPOTOHA. YCTAHOBJIEHHE [PHPOAEl BOAOPOAHLIX CBS3E€H BO
JIbJy UPE3BLIYAMHO BaXKHO AJs OOBSCHEHUS €ro 3JEKTPUUYECKUX H Tep-
MOAMHAMHYECKUX CBOHCTB. MHOrHe 0COGEHHOCTH MeXaHHYEeCKHX Xapax-
TEPHCTHK JIbJa TaKXKe OINPEJeNsIOTCS TUIOM €ro BOAOPONHBIX CBSi3eH.

OrMmeueHHBle XapaKTepHbIE YepTbl CTPOCHHUS Jbla OGBACHAIOT 3HA-
YHTEJbHYI0 9acTh ero (u3nuecKux cBOHCTB. OLHAKO MHOTHE KadecTBa
Jbla, 00YC/J0OBIAUBAIOIINE YCJAOBHSL e€ro pocra u JAedopMaluu, onpese-
JSIIOTCSl TVIABHBIM 06pa3oM reOMETPHYECKOH CTPYKTYPOH ero KpHCTaJ-
JIMUECKOH pellerTKH. B HesoM ee MOKHO XapakKTepu3oBaTh Kax PHIXJIYIO
OTKPBITYIO CTPYKTYPY MaJjol IJoTHOCTH. Bakuelimefl ocOG€HHOCTHIO
pelieTky SBJAAETC HaJWyHe TOJBKO OJHOH TJIaBHOI TeKCaroHaJbHOM
ocu cuMMerpuu (c-0OCH), SIBASIOIIEHCS ONTHYECKOH OChI0 KpHCTajIa
apaa, HasBanue sTo#l Ocu CBSI3AHO C ONTHYECKHMMH CBOHCTBAMH KpPH-
crasaa Jbjia. Jlyy cBera, najaloluil Ha KPHCTAJJI HapaljlejbHo C-0CH,
npoxojuT OOGBIYHBIM IIyTeM. lIpy . HaKJIOHHOM INafleHdH NPOHCXOLUT
IBOHiHOE JydelpeJOMJICHUE, SABJSIONIECCT BaXKHBIM CBOHCTBOM JIbja.
OHO IIHPOKO. HUCIIONB3YeTCs] TMPU KPHCTadaorpadHyeckux HCCaeoBa-
HUSIX €r0 CTPYKTYDHL.

OnTHueckas OCb NEPIEHAUKY/ILPHA VIOCKOCTH FeKCATOHABbHBIX KO-
Jel, HasblBaeMoil 6asucHOi maockocThio. Kpome GasucHON NJocKOCTH,
B KPHCTAJJIHYECKOH pelleTKe JIbJa MOXKHO NPOBECTH APYTHe IJIOCKOCTH,
cojiepkaliiue ysabl pemerku. Kak Buino u3 puc. 11, atrombl KHca0pona
pacroaraloTcs IIOTHOYNAKOBAHHBIMU DsillaMM GJIH3KO K IIOCKOCTSIM,
IEePIEHAUKYISAPHBIM C-0CH. Takas KOHUEHTpalHus aTOMOB KHC/JIOPOAA
NPUBOAUT K TOMY, UTO IIPK PaspyllieHuu JA1060H sieMeHTapHoOl A4elky,
BKJIIOUAIOIIEH 4eThIpe aToMa KHCJI0DPOoJa, IPOUCXOAANEM BLOJAL Gasuc-
HOH IJIOCKOCTH, Pa3phIBAOTCS' TOJNBKO ABe cBA3W. PaspymieHue BLOJb
JI060H [JIOCKOCTH, TepHeHAUKyAspHO# O6asucuoli, Bjieder 3a coboi
paspuiB 110 MEHbIIEH Mepe ueTblpex CBA3edl. ITHM OOBACHAETCA ycTa-
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HOBJICHHOE 3KCIEPHMEHTANbHO CPAaBHUTEJBHO cnagoe CONPOTHBJICHHE
Jbia CABUraM, IPOHCXOAAMUM BAOAb OA3UCHOH MJIOCKOCTH. .
Hast o6o3HaueHHsT Y3/J0BBIX IIOCKOCTEH B KPHCTAJJIHUECKHX pe-
LIeTKaX reKCaroHaJbHOH CHHTOHHU HPHUMEHSIOTCS TaK HasbiBaeMble HH-
Jekcel - Munnepa—Dbpaps. Hx Hcnosb3oBaHMe OCHOBAHO Ha BaxKHOM
KpucrajjorpaduueckKoM 3aKOHE I[eIBIX UHCEN, XapaKTEPU3YIOIEM Ieo-
METPHYECKYIO CTPYKTYpPy pPeHleTKH. B rekcaronaJbHOW KpHUCTaJdIdue-
CKOH pelleTKe BBOIAAT YeTHIPE KOODIAMHATHBIE OCH, KaK IOK43aHO Ha
puc. 12. basucHaa nmiaockocTb mpu 3ToM HMeer uupekc {(0001), a 6oko-

BBie IpaHn— uHAekcH (1100), (1010) u (0110) B 3aBHCHMOCTH OT Ha-
npasJsenus ocedl, Crucrema oGo3HaueHus ¢ MOMOIIbIO HHIEKCOB Mui-
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Puc. 12. KoopaunaTHble OCH B TeKCATOHAJbHOK KpHCTal-
Jquyeckoit petileTke. O603HAUEHHE Y3JIOBBIX TLIOCKOCTERL.

Jepa—bpars yacro HCHOJAb3yeTcs B JmTepaType ITpuanun 0603Haqe-
HHS IIJIOCKOCTEH SiCeH M3 pHCYHKA. :

B maockocru (0001) MoxkHO BBLAETHTH ABA HaHpaBJIeHPIH a-0Chb,
NPOXOAAILYI0 Yepe3 CePeluHy CTOPOHBI IIeCTHYTOJbHHKA, W HampaB-
Jgenne nox yraoM 30° K ag-ocu (puc. 13). Pasnnune B cBoficTBax Jbia
IO 3THM HAallpaBJIEHUAM HEBEJHKO, [I03TOMY B Ga3HCHON IJIOCKOCTH Jek,
M30TPOIIeH. 3HAYHTENbHAS Pa3HHLa B CBOMCTBAX JIbIA OTMEUYAETrcs IO
HampaBjieHHSIM, TapajJeJbHHIM H HepIeHIHKYJISIpPHBIM  ONTHYECKOH
OCH.

Pocr KpHCTAJIOB JIba MOXKET NPOHUCXOJAHTh B HANpPaBJEHHUAX YKa-
3aHHBIX ocefi. Ecam xpucranasn pacter B HamlpaBJeHHH €-OCH, TO obpa-
3y10TCH JefAHBe Hrab. [Ipuw pocre B HanpaBJeHHH @-OCH WJIH d-OCH
o6pasylorcs JelsdHble CA0H. Ilpu OJHOBpEMEHHOM pocTe B HampabJe-
HUSIX C-OCH M Q-OCH 00pasyloTcs JeAsdHble MIacTHHKHM. CXeMaTHuecKHe
CTPYKTYpPHI 3THX GOPMOOGPa3oBaHull NpUBEJeHbl Ha puc. 13.
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Pasmépsl Becex siueex o6pas3oBaBuieiicss TakKuM o0pasoM KPHCTANHU-
YEeCKOI pelleTKH NOCTOSTHHEL. Paccmorpum puc. 11 6, rie TYHKTHPOM
0603HaYeHO PACIONOXKEHHe TaK HasbiBAEMOH MJIOCKOCTH CKOJIbIKEHHS
(cmeura). Ecsum uyacTh KpHCTadna COBHHYTH 1O 3TOH IVIOCKOCTH Ha
paccTosiHue, KpaTHOe XapaKTepHOMY pa3Mepy & 3JeMEeHTApHOH siyelKu
JbJla, TO CTPOEHHE KPHCTalna He M3MeHuTcd. Tak e MOXHO CABHTaTh
9aCTh KPHCTAJLIA BILOJb C-OCH Ha PaCCTOSHHE, KPATHOE PasMepy ¢ 3Je-
MEeHTapHOH fUeHKH. : :

Kak yxe orMeuanoch B ryiaBe 2, IPEHMYNIECTBEHHOE HANpaBJeHKe
pocra KpPHUCTAJJIOB ONpefeNsieTcsl aHH30TPOnHeH NOBEPXHOCTHOH 3Hep-
THH Da3HBIX rpaHell KpHcTajna JbAa. IloBepxHocTHAA 3Heprus OGOKO-

Puc. 13. O6pasoBanse neAsHBIX HIJ H IIaCTHHOK
MpH pOCTe KPHUCTAJJIOB JbJa B DPAa3/JHYHBIX Halpas-
JIEHHSX.

BLIX Tpadefl CYIeCTBEHHO MeHbIle MOBEPXHOCTHON SHEPTHH IJIOTHOYIA-
kKoBaHHOH mockocta (0001). Ilosromy poct Xpucranma Jbfa TPOHUC-
XOAUT TJaBHBIM 06pasoM B HalpaBJeHHUsX, MapajJelbHbX 6Ga3ucHON
NJOCKOCTH. BejencrBye H30TPONHOCTH CBOMCTB KpHCTad/da B, 3TOH
IJIOCKOCTH HEJIb3s BLIIEJHTH NMPeHMYIIeCTBeHHBIX HalpaBJeHH POCTa.
B pesyabraTe mepBHUHHMM (opMamu Jbma, o6pasylomerocs B BOIE,
ABASAIOTCS Kpyrible Tockue puckm [191]. Mx mmamerp mocturaer 2—
3 MM B 3aBHCHMOCTH OT CTENEHH NePeOxyaKAeHHT BOMALL.

Ilo mocTukeduy ONPEAEJNEHHOTO KPHTHYECKOrO pasMepa, yBEJIHUH-
BAIOIIEroCcsl ¢ yMEHbIIEHHEM COJIEHOCTH BOJAbLI, JeAsHble HHCKH CTaHO-
BATCSH TEPMOJAMHAMHYECKH HEeyCTOHUMBBIMM. JlanbHeHIIHH pocT KpH-
CTaJJIOB NPUBOAMUT K OGPA30BAHHUIO MAEHAPUTHBIX (OPM, COCTOANIHX H3
reKcaroHaJbHEIX 3BeSNOYeK, JIydu STHX 3Be3JI0YeK OpPHEHTHPOBAHEI
B HampaBJeHHAX q-Ocelfl KPHUCTa/Mla JbAa, a (as3ucHbie IJIOCKOCTH Ia-
panJeNbHbl I0BEPXHOCTH BOJHL. :
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O6pasoBanne MOPCKOTO JbAa NMOAPOGHO ONHCAHO B ryase 2. 3/eCh
CTOWT JiMIlIb yKa3aTh HA TO, YTO B IIPOILECCe POCTa KPHUCTANJIOB MOp-
CKOro JIbJla, KaK NPaBujo, o6pasyioTesi Gojee WIx MeHee OHOPOLHBIE
IJIACTHHKH WYHCTOTO JbJAa (3JeMeHTapHple MJIACTHHKH) TOJIIHHON
B cpennem 0,5—0,6 MM. DT IIacTHHKM, OPHEHTHPOBAHHBIE OLMHAKO-
BHIM 00pa3oM, 06pasyloT OTAeJbHble 3€pHA JbHA, HIH KPHCTAJJIHTHIL.
TaguM' 06pa3oM, MaKpPOCKOMHUECKHe KPUCTAJJIBL Jbjla 00JafaloT miaa-
CTHHUATOH CYyGCTPYKTYpOIl, YTO CYIIECTBEHHO BJHSAET Ha HX (H3HUKO-
MeXaHHuecKue CBOMCTBA. '

Mopckoll JiefITHON TIOKPOB COCTOHT H3 OTHENbHBIX KDHCTAJJIHTOB
(3epeH) MaKPOCKONHWYECKHX Da3MEpOB, OPHEHTAUHS KOTOPBHIX MOXKET
6BITb pasauyHoil. T10CTOPOHHHE BKJIIOUEHHSI H PACCOJ 4aCTHYHO BHITEC-
HSIOTCA Ha TPaHWMIy MeXAy 3epPHaMH, a 3HAuMTeNbHast 4acTbh paccoJa
COLEpPXKHUTCS B AueHKax BHYTPU 3epeH. [lmaMeTp TakuxX sf4eeK COCTaB-
aser B cpendeM 0,05 MM, a AJaMHA H3MEHHETCS B HIHPOKHX Npelenax.
Maxkpockonuueckas CTPYKTypa JEASHOTO NOKPOBa U paclpeleseHue
TIOCTOPOHHHX BKJIOUEHHMH H paccosia .B MOPCKOM JIbAY paccMaTpuBa-
I0TCSL HUKE.

2. Kpucraaauyeckoe crpoetiue 1e0AH020 NOKPosa

Kpucrannnueckoe cTpoeHHe MOPCKOTO JbJa 34BHCHT OT MHOTHX
€CTeCTBEHHBIX NpUYHH. g onHONEeTHero Jbia Haubojee BaXKHBIMH
SIBJISIIOTCSL YCAOBHSA JIEA006Da30BaHHS, T. €. TEMIEpATypa H COJEHOCTb
MOPCKO# BOJABI BO BpeMsi 00pa3OBaHHS M POCTA JibJa, BETPOBOE Mepe-
MeUIMBaHUe BOABI B HauaJbHLIH IepHox u 1. A. K uncay onpepensiio-
mMHX - GaKTOPOB OTHOCHTCS BEIMYHHA TEMIIEPATyPHOTO TrpafneHTa
B BEPXHEM CJI0€ BOZKL :

CTpyKTypa MHOTOJIETHHX JIbIOB TOABEPraeTcs 3HAUMTEJIbHEIM H3Me-
HEHHUsIM C TeYeHHEM BpeMeHH. BepXuue cjod Jbja CTamBalOT 3a JeT-
HUH mepuon. Hapacranne nbga uier CHM3Y, XOTS B OTAE]bHBIX pafio-
Hax BO3MOXKEH POCT JIEASHOTO IIOKpPOBAa CBEPXy 3a cuer ocajgkoB. Ye-
pe3 HEKOTOPOe BPeMsl JICASHOH IOKPOB MOXKET NOJHOCTbIO OOHOBHTHCA.

OcCHOBHOll 0COGEHHOCTBIO KPHCTAJLIMYECKOTO CTPOEHHST MOPCKOTO
Jbla TI0 CPABHEHHIO C NPECHHIM ABJSETCS MaJjas BEJIHYHHA KPHCTaJ-
J10B. DT0 OGBACHAETCS TEM, UTO NPHUCYTCTBYIOUIME B BOJE HMOHBI COJEH
YMEHBINAIOT pajuyc AeHCTBHS Sfep KPHCTAJIM3AlHH, TOSTOMY HX KOH-
neHTpauus Bospactaer [133]. Hanuume XuAKHX W TBEPABIX NPOCIOEK
MeXJy 3epHAMH 3aTPYAHSET W 3aMeNJIsieT POCT yike 06pa3oBaBHINXCS
KPHCTAJJIOB, YTO TaK¥Ke NPHBOAHUT K YMEHbLIEHHIO HX pasMepoB. Mei-
KOKDHCTA/JIHYECKOE CTPOEHHEe MOPCKOTO JIbJla CYIIECTBEHHO BJHsIET Ha
JAepopMalHIO H IPOYHOCTD JIEASHOTO [IOKPOBA.

CTpoenre mopckoro snbaa, KpOMe PasMepOB KPHCTAJJIOB, XapaKTe-
pusyercs X OpHEHTalUell, a Taxxe HaJuyHeM CYOCTPYKTYDHI, olpele-
JISIeMOil PacrosioXKeHHueM siueek ¢ paccosioM. Kak oTmeuasoch B riase
2, MOJIHOH SCHOCTH OTHOCHTEJBHO NpPEeHMYILeCTBEHHOH OpHEHTAIIHH OI-
THUECKUX OCell KPHCTA/IOB JbJa MO TOJIIE MOPCKOTO JeLgHOro IIO-
KpoBa HeT. PasjnyHble HCcuefoBaTeld INPHAEPIKHUBAIOTCA  pasHBIX,
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3a4acTyi0 MPOTUBOTIOJONKHBIX TOUEK 3PEHHUsI. DTO OODBACHIETCS CPABHHU-

. TEJIbHO MAJIBIM KOJIFUECTBOM HATYPHBIX NAHHBIX 110 CTPYKTYPE MOPCKHX
Jab10B. OOBIUHO IS KPHCTAIOTPAGHIECKOTO HCCIEN0BAHUS CTPYKTYPHL
JIEASHOT0 NOKPOBA IPUrOTABJAUBAIOT WIHDHL JIbIa, PoTorpadupopanue
KOTODHIX B NOJSAPH30BAHHOM CBETE I103BOJIZET CTPOHTb CTEPEOrpaMMEL,
XapaKTepH3yIolye HaNpaBaeHue onTHueckKux oceil. s obuiell oleHKn
OPHEHTHPOBKY KPHCTA/JIOB B JI€ISHOM NOKPOBE MOTYT IIPHMEHSITbCHA
ceficMHuyeckue MeToAbl. OHH OCHOBaHBEI Ha TOM, . UTO - OPHEHTHPOBKa
KPHCTAJJIOB OKAa3bIBAe€T SHAUUTENbHOE BJIHSHME. HA PACHPOCTPaHEHHE
YIPYFux BOJH BO JbAY, BLISHIBAas 2aHM3OTDPONHIO €ro YIPYTHX CBOHCTB.
PasnuyHas opueHTHpPOBKa KPHUCTANJIOB B XOJOAHOM MOPCKOM MBIy MO-
JKeT BBI3BATb AHH30TPOIHIO O 15%, T. €. AO BIIOJIHE omyTHMon Be-
JHUUHHH [3]. ‘ :

JKcnepuMeHTaNIbHbIE I/ICCJIellOBaHI/IH MOPCKHX JIbOB IOKa3aln
GoJbiloe pasHOO6pa3de HX KPUCTAJIHYecKOl cTpykTypsl. ONHAKO, KaK
IPABHUJIO, MOKHO BBILENUTH PNl OCOOEHHOCTEH, B TOU WJ/IM. HWHOH Mepe
OPUCYIIMX MOPCKHM JbJaM H PaZUKAJbHO H3MEHSIOMIUXCH  TOJBKO
¢ ux Bo3pactoM. OfHOJETHHE MOPCKHE JbJABL, HAIpUMep, XapaKTepH-
3YIOTCSl yBEJHUEHHEM DasMePOB 3€pPeH KHH3Y U OTHOCHTENBHO yIIOpsi-
JOUEHHOH opUeHTalHel KPUCTAJIOB JAbAa O TOPH3OHTAM.

Bepxuuil c/0il 0gHOJETHETO JeJSHOTO NOKPOBa 00pa3oBaH Hayalb-
HBIMH (OPMAaMHU JIbJa, BOSHHKIIHMH B Pe3y/JbTaTe CMEP3aHusd NepBHYU-
HEIX KPUCTaJ/I0B. PasMeprl u OpHEHTHPOBKA ITHUX KPHUCTAJJIOB OIpele-
JSIIOTCS  BBIIQAAIOUIHM . CHEFOM ¥ TE€PMOXAaJHHHOI CcTpaTHQHKaLueH
BEPXHUX CJOEB BOJXEI. [IpH NOHUKEHUH TeMIEPaTYPEl BEPXHErO CJOS
BOJIBI 1O TOYKH 3aMeP3aHHA UIH ¢Ja00M NepeoXNaxkAeHuH 3/1eCh B H30-~
61y 006pasyoTCss KPUCTAIIL ¢ POU3BOJBHOR OpHeHTaluel c-ocei.
Pocr xpucranmos nDpoHCXOAMT KaK NapajJeJbHO IOBEPXHOCTH BOJHI,
TdK W B APYrHX HaOpaBieHHsX. TONMHMHA [EPBHYHOTO JICASHOTO IIO-
KpoBa, 06pa30BaBIIerocss B pPe3yJbTaTe CMEP3aHHUSl 3THX KPHCTAJLIOB,
JOCTHTAaeT HECKOJbKUX CAHTUMETPOB.:

B CHIOXOHHBIX YCIOBHSAX M OCOOEHHO B C/1a60COMEHBIX BOZOEMAX
¢ yeroffuuBo#t cTpaTudUKaluedl NPOUCXOAUT MJIACTUHYATHIH POCT mep-
BHYHBIX KPHCTAJJIOB BJAOJAb NOBepxHOCTH BOAnL. O6pasyercs cpaBHHU-
TEJbHO TOHKHH .CJAOH IWIACTMHYATOTO JbJA NPEMMYIIECTBEHHO C Bep-
THKaJIbHBIM HallpaBje€HHeM OIITHYecKHX ocell. MHTepecHO, UTO IpH. OT-
CYTCTBHH CHETa MOXHO BU3Ya/JbHO OLEHHTb PA3JHUYHA B ODHEHTALHH
C-0CeH NepBUYHOTO JIbLAa M0 H3MEHEHHIO aJb0el0 IOBEPXHOCTH JEeAsd-
HOTO TOKPOBa. ['OpH30HTaNBHOMY PpAacCIOJIOKEHHIO C-0CeH COOTBETCT-
Byer  6ojiee TEeMHAsi OKpacKa I[OBeDXHOCTH JbAa, BEPTUKANLHOMY —
cBersias. TOHKasi KOpKa NEPBHYHOTO JbJa, 00pa3oBaBIIasCd Ha IO-
BEDXHOCTH MOps, OTAeNsieT BOAY OT HCTOUHHKA xonoja. Ilpu nocuae-
NYIONeM POCTe XKPUCTAJIOB JibJa PasMEPHl 3€PeH U MX OPHEHTHPOBKA
BHauajie COXpaHgIOTCS TAKUMHE Ke, YTO M Ha HHUXKHeH MOBEPXHOCTH CJIOS
OEePBUYHOTO JbAad. Takum 006pasoM, M0 KaKOH-TO CTENeHH CTPYKTypa
BCEro JIEASTHOrO NOKPOBA ONpefelnsercs 0COOEHHOCTAMH YCJAOBHH, cymle-
CTBOBABUIMX B- HauaJje JefoobpasoBanust [300].

Kaxk yxke oTMeuasoch B raBse 2, KPHCTAJNIH, PACTyIiue Ha HIXHEH

IOBEPXHOCTH Jibjla, JHIIEHE OJHOH -CTEHeHH CBOGOAB! pocra (B GOKO-
A
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BOM HanpaBJeHUWH) H JajbHedllee yBeJHYEHHe HX Da3MEpOB OIpefe-
JsieTcsl 3aKOHOM reoMerpuueckoro orbopa. IIpu BepTHKaAbLHOM pocTe
npeuMyliectBoM OyAyT 06JaamaTh KPUCTAJ/JIbl, Ga3UCHBIE TIJIOCKOCTH KO-
TOPBIX PACIOJNOKEHH BEPTHKAJNbHO, a ONTHYECKHE  OCH — FOPH30H-
TaabHo, [To Mepe pocTa KPHCTAJILL. C HEBLITOAHLEIM HalpaBJeHHEM OIl-
THYECKHX Ocell OYAYT NOIJIOHIaThCcs OBICTPO PACTYIIUMH COCEASIMH H
OTHENATLCS OT BOABL. DTO siBJEHHEe HA3LIBASTCA HHAMBHAYAJbHBIM BEI-
KIuguBagHeM KpucTasnos {184]. B .ciayuae GokoBOoro pocra IHpeuMy-
mecTBo OymeT 3a KpHUCTAAJIOM C 6a3UCHOH NJOCKOCTBIO, PACIONOKEH-
HOH TOpu30HTaJbHO. MIHANBHAYaAbHOE BHIKJIMHUBAHHE KPUCTAJJIOB NIPH
5TOM OCYIHECTBJAETCS 3a CUeT CTECHEHHOTO H306MpaTesbHOro GOKOBOTO
pocra [133]. ‘ .

Caofi sibna, B KOTOPOM NIPOHCXOMMT HU3MEHEHHE OPMEHTAlUH KpHU-
CTaJJi0OB Ha INPEANOYTHTENLHYIO, -00/1a/laeT XapaKTePHOH CTPYKTYpoi
M Ha3BIBAETCSI MepeXONHBIM cjoeM [268] miu 30HOH reoMeTpHueCKOro
or6opa. Ecyiu OpHeHTallHsi KPHCTA/JIOB HA HUXKHEH NOBEDPXHOCTH Tep-
BHUYHOH KODKH JibAa CJydyailHass, TO H3MEHEHHE OpDHUEHTALHH C-OCell
IPOUCXONUT BLICTPO M NEePEXOAHBIH CI0# GyLeT BHIpaKeH O4eHb YeTKO.
Ilpu BepTHKaJabHOH OpHEHTAUHH C-OCell B HAYAJBLHOM CJIOE JibJa Teo-
MeTpuueckuil .orbop O6yner NEHCTBOBATHL IOCTENEHHO, TAK UTO IO IIOJ-
HOW CMeHp!I HalpaBJeHWsl C-Oceil Ha TOPH30HTAJBHOE JEASHOH TOKPOB
MOXET BHIPACTH J0 3HAUUTEJNbHOH TOJIIHHEL. ‘

B MOpCKOM /by TO/IIIMHA 30HBI I€OMETPHUECKOrO O0T6Opa 0OBLIYHO
cocraBjsier 5—10 cM, XOT B OTAENBHBIX CJAYYasiX HHUKHIOI T'DaHHUILY
NePeXOoLHOro ¢J0g HaXoAunH Ha ypoBHe 50 CM HHUKe BepxHell NoBepX-
HocTH qibAa {270]. Kpucramisl MOPCKOrO JbJa, PaCloNOkKeHHbIe Y HHXK-
Hell KPOMKH TEPeXOJHOrO CJIOsd, HMEIOT NPEeHMYILIECTBEHHO TOPHU30H-
TaJbHOE pacnojioxkenune c-ocel {299]. : ’

B Mopckux ycioBHAX MHTEHCHBHOE TYPOYJIEHTHOE IepeMelIuBaHHe,
BBI3BAHHOE TOMJIENHBIMH TEYEHHSIMH, ApefdoM saba W APYrHMH NpPH-
YMHAMH, BHIPABHUBAET TEMIlepaTypy NOAJefHoro c¢josi Boawl. Ecau ta-
Kasg TroMoTepMHUYecKas CTpaTUpUKanusg COXpaHseTcd MJIUTEIbHOe
BpEMS IpH HapaCTAHUH JIbJA, TO NOAAaBJAONMee OOJbIIHHCTBO KPHCTA-
JIOB 110 BCEH TOJIHHE abJa OyleT UMeTb ONTHUECKHE OCH C HampasJe-
HHUSIMH, GJH3KHMH K TODH30HTAJBHOMY. B 3TOM ciyuae HHXKe Iepexof-
HOro cjiost Jiel, MMeeT XapakTepHYo cTonbuaTyro  (BOJOKHHCTYIO)
CTPYKTYPY, XOTZa KDHCTAJJIb 3HAUUTEJNbHO BHITIHYTH B HalpaBJje-
HHH TENJIONOTOKAa M HMEIOT YeTKO BLIPAXKEHHYI0 TOPH30HTAJbBHYIO OpH-

eHtanmo c-oceir. CpenHuil pasMep 3epHa d BO3pacTaeT IO Mepe
VBEJIHYEHHS PacCTOSHHS 2 OT BEpPXHeH [OBEePXHOCTH JbAaa (puc. 14)
JleACTBHTENIbHO, ¢ POCTOM JbJla TEIJIOH3OJISLHS 30HB KPHCTANJIH3a-~
IIHH, T. €. €r0 HHXHEH ITOBEPXHOCTH, YBeJHUYHBaeTcsA. I'pajiueHT TeMIe-
PaTypHl B TOJILE Jbja yOpiBaeT. PocT KpHCTa//IOB 3aMefssieTcsd, a OHH
CaMH CTAHOBATCA H0JIee KPYIHBIMH. ' :
KpoMe noasipHoro yrsia (yroa Mexay TJIaBHOH ONTHYECKO  OCbIO
KpHCTaJJla M BEPTHKAJbIO), OpPHEHTalMsi KPUCTAJJIOB B JEISHOM
IOKPOBE XapaKTepU3yeTCd a3UMYTAJbHBIM YIJIOM, H3MEPSIEMBIM OT
HEKOTOPOTO (PHKCHPOBAHHOTQ HamnpaBJeHHd, HalpHMep, OT JHHHH
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ceBep—ior. Pacmpenenenne asuMyTanbHLIX VYTJAOB OOLIYHO HMeeT
XAOTHUECKHUIl XapakTep 3a DEIKHMH HCKJAIOUECHHAMH. DB mnocieiHee
Bpemsi H. B. Uepenano [169] o6Hapy:Kua HeKOTOpEIe 3aKOHOMED-
HOCTH B pacHpejle/IeHHH as3UMyTaJbHbIX YIVIOB. B KauecTBe mpexBa-
PHTEJbHOHN THIIOTE3H OH CBSISLIBAET pacrpefeseHHe OINTHYECKHX OCEH
KDUCTAJJIOB MODCKOTO JbJla C HAampaBJCHHEeM CHJIOBBIX JIHHHI Mar-
HUTHOTO IOJIST 3eMJIH. ‘

Kak yxke oTMeuasnoch B ryiaBe 2 Ipd HHTEHCHBHOM HapacTaHUH
MOPCKOTO JibJla Ha €ro HHKHeH NOBEPXHOCTH 00pasyeTcs Tak Ha3blBa-
€MBIH «CKEJeTHBII» C/JO0H, HHOIA Ha3blBaeMEIll «axypHBIM». IIpu o6pa-
30BaHUH aXKyPHOrO CJAOS INIOCKAsl TIOBEPXHOCTh pasjesa Jel—Boja
CTAHOBHUTCS HEYCTOHUYMBON W HauWHaeTcs AEHIAPUTHBIA WM SUEHCTHIH

7 oM pocr Kpucraniaos. Ilepexox x cronGuaroit
60 CTPYKTYype MOPCKOro JibjJa NIPOHUCXOJUT B
paiione cnadiku COCENHUX JeAAHBIX IJIaCTH-
.HOK. Ilpm sTOoM paccos mnomagaer B IasHl
MeXJy IJaCTHHKaMH U ocTaeTcs Haj 006-
Pa30BaBIINMUCH MOCTHKaMH, (QopMHpYs
XapakTepHyio cyOCTPYKTYPY COJIEBBIX BKJIIO-
yeHHH B MOpPCKOM JbAy. Ecau ot6op rtemaa
U3 30HBl KPUCTANAM3ALMUH IIpeKpamiaercsd,
TO aXypHBIE CJOH MpONajaeT ¥ HUKHSIA
0 \ | .{ | . UOBEpPXHOCTb MOPCKOTrO JbJa CTaHOBHTCH

P 2 dom TAanKof.
Prc. 14, 3aBHCHMOCTD CPefi- ‘Hesnaunrenbhple OTJHUHS B OPUEHTA-
= UHE COCEAHMX IJIACTHHOK BEI3BIBAIOT HEKO-

Hero pasmepa 3epHa d OT pac-

cTosiHns 2 1o Bepxuel mosepx-  TOPYIO HECOIIaCOBAHHOCTH Ha TPAHHMLAX 3€-
HOCTH JIbAA. pen. Kaxpgoe Takoe 3epHO COCTaBJEHO H3
maxera [JAaCTHHOK, OTHEJEHHBIX APyl OT
Jpyra CJIOSIMH, COLEPIKaIIUMHU TUeHKH € PacCoJoM. Paccrosnne MeXLy
COCEHHUMH psiflaMHu SueeK B KpHCTaJJe, H3MeDEHHOE IapaesbHO
C-0CsIM, Ha3bIBAaeTCs WIaTOM sUeeK dg. DTO PacCTOSHHE YBEJHYUBAETCS,
KOTJla CKOPOCTb POCTa Jibja yMeHblnaercs. ITostoMy mo Mepe ysenu-
YeHHS] TOJIIHMHBI JbJa PACCTOSHHE MEXIY CJIOSIMH SUeeK C PaccoaoM
B oflieM JOMXKHO BOspacraTh. [lo-BumumoMy, Apyrue 3/JeMEHTH Cy6-
CTPYKTYpHI, HanpuMep AuaMeTp ¥ MJAHMHA fYEeK, PACCTOAHHE MENKAY
HUMH B FOPU30HTAJNbHON MJIOCKOCTH H T. II., TAKXKE 3aBUCST OT YCAOBHH
pocra. Takoe mpenno/yoxeHue -OBLIO NPHHATO IIpH paspaboTKe TeO-

pHH IIPOYHOCTH MOPCKOro Jabaa [298].

Ha BepTuKaJbHBIX paspe3ax MODPCKOrO Jbla B CTOJNGYATOH 30HE
00BIYHO XOpOIIO 3aMeTHa XapakTePHas FOPH3OHTAJbHAA CJOUCTOCTD,
06yc/IoBIeHHas 0COGEHHOCTSIMY TEPMHUIECKOT0 peXKMa, QPpOoOHTaNbHBIM
BHIKJMHUBAHUEM KPHUCTAJJIOB U PSAOM IPYrux npuduH., O6BLIYHO FOpH-
30HTaJbHAsT CJAOHCTOCTb, 00pasyioliasicss IpU POCTe MOJOAOTO JbAa,
'BbI3BaHA JHO0 Pe3KUM H3MEHEeHHEM TEIVIONOTOKa uepe3 Jel, Jubo u3-
MeHeHreM KOHIEHTPAUHH 3apOojblllell KPUCTAMNIOB JAbJa B NOMJIETHOM
cioe Boapl. O6a »TH ¢daxTopa CBSI3aHBl APYr C APYroM M yacro AeH-
CTBYIOT OJHOBPEMEHHO.
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Kak yxe roBopusocs BHIIIE, DE3KOEe H3MEHEHHE TEIIONOTOKA Uepes
Jell, HanpuMep HpH TMOBHIUEHHH TEMIEPaTypsl BO3MAyXa, NpeKpaliaet
pOCT KpHCTaNJIOB JbJa Ha HUKHeH moBepxyocru. ITocnenyiomee noxo-
JIOLAHHEe BHI3BIBaeT 06PA30BaHHE HOBLIX OUaroB KPHCTAJ/JIH3ALUH, I10-
CKOJIbKY BO30GHOBJIEHHE POCTA CTAPHIX KPHCTAMIOB TEPMOAHHAMHUIECKH
HEeBHIrOAHO. Tak NPOHCXOZUT HpOUecc (GPOHTAJLHOTO BHIKJIHHUBAHHS
KPHCTAJIJIOB.

BO3HHKHOBEHHE TODH3OHTAIBHOH CJIOHCTOCTH, BHISBAHHOE DESKHMH
H3MEHEHHSIMH YCJOBHil pocTa KPHCTAJLIOB, CBA3aHO, BOOGIIE roBops,
C yBeJHYEHHEM KOHUIEHTPALWH 3aPOAbIIIEH KPHCTANIOB V HUXKHEHN I10-
BepxHocty abfa. H. B. Uepenanos {167] otmeuaer, yro HauGoaee 6aa-
TONPUATHBIC YCAOBHS MAJsS STOTO CO3LAIOTCH B TIEPUOJ HHTEHCHBHBIX
NOABMXKEK JeISHOro NOKpoBa. IIpu 5TOM MOABAAIOTCS 3HAYMTENbHBIE
PasBoAbS W NOJBIHBH, NPOHCXOLSAT CHJIbHBIE PA3JIOMblI JbJa M 3HAUH-
TeJbHOE TOPOCOOGpa3OBaHue.

MexaHuueckie pasnoMbl JIbla COTPOBOKAAIOTCH O6Pa30BaHHEM
MHOXKECTBA MEJKHX JIEASHBIX YaCTHI[ Yy IIOBEPXHOCTH Mops. B ycio-
BUSIX HH3KHX TEMIEPATYD HaJHYHe OTKPBITOH BOABI GJaronpUsiTCTBYET
ee TepeoxJaxAeHHI0 U 06Pa30BAHHI0 MacC BHYTPHBOAHOrO Jbiaa. Ta-
KUM 00pa3oM; NOSBJASeTCS GOJBUIOE KOJHYECTBO 3apOoAmlIell KpHCTal-
JI0B, KOTODEIE [IONAfaloT NOA Jef. CKOPOCTh HX [EPEMEINeHHS 3aBHCHT
or Apefipa sbIa, TOBEPXHOCTHBIX TeueHU# B TypOYJEHTHOIO mepeMe-
IMBAHHUS.

HoBrle 3apoapiniy NIpUMEP3alOT K HUXKHEH IIOBEPXHOCTH JIbAa,
HAPYIIAIOT HOPMAJbHBIN X0 KPHUCTAIIH3AUHH H 00Pa3ylOT Pe3KO BbI-
paxKeHHyio rpaHully. BHOBb o6pasoBaBuiasics Kpucraaauueckas CTPYK-
Typa XapaKTePH3YeTCsl MeJKO3EDHHCTHIM CTPOEHHEM C H30METpHue-
CKHMH KpHCTaJgjaaMu pasmepamu o 5—10 cm. OpHeHTHpOBKA ONTH-
YeCKHX OCEeHl B 3TOM CJO€ XaOoTHuYeCKas.

B OTHOCHTE/NBHO CIIOKOHHBbIE IIEDPUOAB! IOCTYILIEHHE HOBBIX 3apOJbI-
mel KPHCTANIH3ANUH TPeKpallaercs, yCJAOBUsl J1eL006pasoBaHus CTa-
ounusupyorcsa. IIpoHCXODHT OPHEHTHPOBAHHBIA  POCT  KPHCTAJJIOB
mectoBaTol Gopmpl. TakuMm o6pa3oM, H3MeHEHHe THAPOMETEOPOJIOTH-
YeCKHX YCJIOBHH BJMSIET Ha CTPYKTYPY JeAsIHOTO MoKpoBa. ['opu3oHTAaIb-
Hasl CJIOMCTOCTb JIbJA OTPaxKaer INOCIeLOBATENbHYI0 CMEHY IIE€PHOLOB
CPaBHHTEJNBHO CIIOKOHHOTO Apefiha mepuojaMu nojasuxkek. MHTeHcus-
HOCThb 9THX IIPOLECCOB B 3HAUHTEJIbHON Mepe ONpelessieT BeJIHYHHY
u $OpMy KPHCTAJLIOB B IPOCIOHKAX, HX OPHEHTHPOBKY, pacnpeneneHHe
COJIEBBIX W BO3AYIUHBIX BKJIOUEHHH.

['opu3oHTaIBHbBIE CIOH BO JbAY MOKHO NPOCJELHTH MO BO3AYIIHBIM
Ny3bIpbKaM, BBIAEJHBIINMCS M3 BOJbI NPH NOTEIVIEHHH. DTH Iy3BIPbKH
0oObiYHO HMEIOT TPYGUaToe CTPOEHWE W PACloNaraloTcs BLOJAb HATIPAaB-
JIEHHsI pocTa JibAa [0 COOTBETCTBYIOIIHM ropu3oHTaM. B mpomecce mo-
creaymomux MeraMopdos yNopsiIoUeHHOE pacHosIOXkKeHHe BO3AYLIHBIX
ny3BIpbkoB mponagaer. OHE HAYMHAIOT MHUIPHPOBATH B TOJINE JbJA
IpeX e BCEro MOJ BAMSHUEM TPajHeHToB TeMuepartyps {153, 248, 279].
Hanuuwe BO3HYIIHBIX BKJIOUEHHH, YHOPSIAOYEHHBIX IO TOPU30HTAM,
CBHIETENLCTBYET O MOJIOJOCTH JbJAA, He IOJBEPraBLIErocs 3HAUHTENb-
HBIM TEPMHYECKHM BO3LEHCTBHSIM.
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H. B. Uepenanos [169] ykaseiBaer, 4To0 Ha BEPTHUKAJbHOM CPE3E
JdbZa MOXKHO NpPOYECTh BCI €ro HCTOPHIO C MOMEHTAa IIOSBJCHHA Hep-
BHuHO#l (opMbl. Kpucranauueckas CTPYKTypa Jbla B YCJIOBHUSIX CO-
XpausIouXcs HU3KUX TeMIlepaTyp BecbMa ycrofiuuBa, llepBoHauann-
Hble pasMeprl, opMa W OPHEHTAUHS KPUCTAJIOB COXPAHSIOTCA OUYEHb
Joaro. MeraMopdusanusi nbfa He3HauurenbHa. [IpeobpasoBanus npo-
HCXONIAT 10 MEXKPHCTAILIHYCCKHM TOBEPXHOCTAM W CBA3AHBI TVIABHBIM
06pa3oM ¢ MUrpaunuell paccosia.

KapruHa CyllecTBEHHO MeHseTCst AJisT MHOTOJIETHUX JIbJOB, IOJA-
BEPTramIlHXCsl TASIHUIO M INOBTOPHOMY 3aMep3aHuio. OCOBeHHOCTHIO
9THX JILJOB fBJSETCH HANHYHE BEPXHErC AEATENbHOrO ¢J10S1 TOJLHHOM
50—80 cM xapaKrepHoro 6e0BaTOro OTTEHKA. B 3TOM cjloe MpPOWUC-.
XOAMT o6BeMHOe TasiHHe, YCHJEHHas MUIDalyus paccosa H T. I.
Huxuas rpassna AesaTesqpHOTO C/OS CMEUlAeTcss BHHA3 N0 Mepe Tasi-
HUf JbJa CBEPXY, OLHAKO €ro TOJIIWNHA ocraercs O0jee HJIH MeHee
¢TabuJIbHOL.

IIpu BecenHe-eTHEM TAgHHU JeJ Pas3pblxasercs, 06pa3yiorcess MHO-
TOUUCJECHHbIE TIOPBI, CKBO3HBIe KAWL, KaHasibl ¥ TPOMOUHEL Ta-
Jgas crabocoieHas BOLA ONyCcKaeTcsl K HUKHEH NOBEPXHOCTH Jbla, T'Ae
TeMIepaTypa HUXe TOYKH ee 3aMep3aHus. 37ech OHA 3amep3aer, 06-
pasys Jiel NMOPHCTO-CKEJIETHOH CTPYKTYPHL C MaJbIM Pa3MepoM 3epeH.

ITocne croxa TaJofl BOABI KaHAJALI W NPOMOHHE! 3alOJHSIOTCS MOP-
CKOIl BONOH, KOTOpas npu 3amep3aHuu o6pasyeT MOJMOAOH Jel, NPOHH-
3BIBAIOIMH B BEPTHKAJIbHOM HaNpaBJAECHHH TOJILY Craporo  Jbia
ITo nanueim B. A. CaBembeBa [133], BeamuuHa TaKHX BKpallIeHUHA
Moxer pocrurath 309 Bcell maccwi Jbga. BHoOBb o06pasoBasiuuecs
KPHCTAJJIB HMEIOT XaoTHUeCKylo OpHeHTHPOBKY. [lo mpoliectBuu He-
CKOJIbKHX CE€30HOB YKa3aHHEBIE MPOLECCH YCHIMBAIOT Xa0THYHOCTh B OPH-
€HTAIlHH KPUCTAMNNIOB MHOTOJIETHETO JIBIA. ‘

I'opusonranbHas CJAOUCTOCTb, CBSI3aHHAst ¢ (POHTAJBHEIM BHIKJM-
HYBAHUEM KPHCTAJIOB, B MHOTOJIETHHX JbJax He Habaronaerca. MoxHO
BEIAENNTh MEJKOKPHCTAJNJIHUECKHEe CJIOM CPAaBHHUTEJNBHO MaJoH TOJ-
HIUHBI, [I0-BHIHMOMY, COOTBETCTBYIOIIHE JbLY, 06pa3oBaBlIeMyCs NIPH
3aMep3anuu tajgoil Boansl. H. B. UepenaHoB o0HapyXua TaKo CI0OH Ha
yposHe 200 cM OT BepXHEl IOBEPXHOCTH JbAA.

BecbMa xXapakTepHyl0 CTPYKTYPy HMEIOT MHOrOCTIOHHBIC JIbABL, 06-
pa3oBaBIIdecs B pe3yJbTaTe IOACOBOB OJHOTO JENSHOrO TOJS IIOX
Ipyroe, u JelsiHble OCTpoBa. B uacTHOCTH, JeAsgHOH OCTPOB, HA KOTO-
poM pacnosmarajnach Apeiddyiomas craHnus «CII-6», Gpu1 aeTanbHO
uccaenosan H. B. Uepenanoswmm [166], 060cHOBaBIUMM €ro MOPCKO€
npoucxoxfaenue. Ilpyrue H3BeCTHBHE ﬂpen(py}onme JEJISIHBIE OCTpPOBa
UMeNH LieJb(OoBOe NPOUCXOKICHHUE.

Brlio oTMeueHO TOPH3OHTAJbHOE PACIOJOXKEHHE ONTHYECKHX OCeH
KPHCTAJ/IJIOB JIba MO BCEH TOJLIMHE JEAAHOTO OCTPOBA U COBEPIICHHO
HeoObluyHAs AJS MOPCKAX JIbJOB NpaBHJALHAS ODHEHTHPOBKA ONTHYE-
CKHX OCEH 1O a3uMyTy. 3MepsannuCh TOJIIHBEL 3J1€MEHTaPHbIX MIACTH-
HOK Jbfa. VX cpemHsis TOJIIMHA OKasajach JOCTATOYHO CTAOMILHON
Ha PasHHIX rOPHU3CHTAX M PaBHAJAcCh B cpeldHeM 1,4 MM B OTJIIHUHE OT
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MOJIOABIX MOpcKux sbRoB (0,2—0,8 MM no maHHBIM AHmepcona u Buxca
[190]) u ma’ke MHOTOJIETHHX JIBIOB, L€ OHA COCTABJAsET 06bYHO 0,5—
0,9 MMm.

CBoeobpa3Hoe CTpoeHHe HMEIOT MOPCKHE aHTapKTquCKHe JIBIBL,
CTPYKTYPHEIH aHaJH3 KOTOPHIX NPOBOAMJACH JHILIL B CPABHHTENbHO y3-
KOH npubpexHo#t o6aactu [77]. B ¢popMHUPOBAHUH JEISTHOTO MOKPOBA
aHTAPKTHUYECKHX BOJ, DEIaoIlyl0 POJib HUTPalT THAPOMETEeOPOJOrHue-
ckve (QakTtopnl. Bosblioe KOJWUECTBO CHera, BhITamawllee Ha JeL H
[OBEPXHOCTE MOpPSL B Nepuojl JeRooOpa3oBaHus, NPHUBOAUT K 06paso-
BaHHI0 MAacChl JIBAOB ¢ MEJKO3€PHHUCTLIME CTPyKTypaMu. BTopag oco-
6eHHOCTh HOPMHPOBAHHSA JIEIHOTO IOKPOBA CBsi3aHa ¢ OGMJILHBIM 06-
pasoBaHHMEM BHYTPUBOAHOIO JbJa. BecbMa 3HAUMTENBLHYIO pOJb
UTpaloT IPOLECCH TEPMHUECKOro MeTaMopduaMa, NPHBOAANHE K 06-
Pa3sOBAHWIO BTOPHYHBIX CTPYKTYP, Pe3KO HM3MeEHSIONHX CBOHCTBA
JbJA.

3.. CTpyKTypHble TUNGL MOPCKUX N60086 .

MHoroo6pasne KPHCTAJIHYECKOTO CTPOEHHS JbAa 3aTPYAHSIET CH-
CTeMATH3AIMIO OCHOBHHIX THIIOB €ro CTPYKTYPHL. Hemee DOMBITKH
TAKOH CHCTEeMAaTH3alWH MODCKHX JBIOB 1O OCOGEHHOCTAM HX CTPYK-
TYPBl ¥ TeKCTyphl Oblau caeaadnl M. T1. TonoBkoBuM [41], ucossso-
BaBIIKM IeTporpaduueckyio TepMHHOJOrHI0. OH BHIAEAHA IATH OCHOB-
HBIX THIIOB TEKCTYDHI JIbAOB: CKPBITO3€PHHCTYIO, 3€PHHUCTYIO, CJIAHIE-
BaTYIO, IIECTOBATYIO U NMy3HIPUCTYI0. KpOMe OCHOBHBIX THIIOB, I OJOBKOB
paccMoTpesn npoMexXyTOuHble GOPMEI: F'HEHCOBYIO, BOJOKHHCTYIO, CJIOH-
CTYI0 H KaTaKJacTHYeCKyI0 TEKCTYPYy PasfpoGIeHHS W pa3pyIleHHs.

B. A. Casennbes [133] orMeTua CYWIECTBEHHEIE HEJOCTATKH KJACCH-
tbukanuu mo M. II. I‘OJIOBKOBy, IDaHHOH B OTPHIBE OT TEPMHYECKHX H
THAPOJIOTHYECKHX YCAOBHA (GOPMHUDPOBAHUT H pocra JIeASHOTO MOKPOBaA.
OH mpeanoXXun1 HecKONbKO BHAOM3MEHEHHBIH BapHaHT CHCTEMATH3a-
IHH CTPYKTYP MOPCKUX JbXOB, BIPOUEM, MAJO owmqarompmca OT TIpH-
HsaToro M. I1. ['on0BKOB®IM.

sl MpecHBIX PEYHBIX M O3ePHHIX JbJOB B 1969 r. Muuen u Pawm-
3aliep paspaboranu kaaccuduKranuio, OCHOBHIBAIOIYIOCS Ha Mophoo-
THYEeCKHX YU TeHeTHYeCKUX MpHHOunax. OHH BHIASTHIN NEPBHUUHLIHN, BTO-
PHYHBIA ¥ TPETHUHBIN JIbJBI, IOAPA3NETHB HX Ha MOJKJIACCH B COOT-
BeTcTBHH ¢ Mopdosoruefi. Knaccupurauns cTpyKTYpH NMpPecHHX JbIOB
no Muuyeny u Pawmsafiepy cefiuac’ IUHPOKO HCIIOJNB3YETCST KAHAACKHMHE
ucciaeposareasamu [228]. B xako#i-To Mepe ee MOKHO NPHMEHSATH H IJIS
ONIpENENEHHS CTPYKTYPHl MOPCKUX JBIOB.

H. B. UYepenanos [170] npensoxuj CHCTEMATH3ANIUIO OCHOBHBIX
THIIOB CTPYKTYP MOPCKHX JbJOB 110 MOP(}OJOTHUECKHM XapaKTEpPHCTH-
KaMm # KpHcTajsiorpaduueckoil OPHEHTHPOBKE, OMPERESIONIAMCS 0CO-
GenHOCTAMH uX 06pas3oBaHust W pocra, OH BBHIAENHA TPH OCHOBHBIX
THNa KPHCTAJIHYECKHX CTPYKTYP MOPCKOTO JbIA: NPU3MATHYECKHH,
BOJIOKHUCTHIA M 3epHHCTHH. IIpn 3TOM nepBhle ABa THIIA XapaKTePHEHI
TOJBKO NI KOHXKEAUMOHHBEIX JbJAOB, 06Pa3yIOUIHXCSl NP HENocpes-
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- CTBEHHOM 3aMepP3aHHH BOJABL. 3E€PHHCTEIH THI CTPYKTYPH NPHCYI Kak
KOHXKEJSIIIMOHHBIM, TaK U OCAaZOYHBIM M MeTaMOp(QHUECKHM JbIaM.

OO6BIYHO MOPCKOH JIEASHOH [OKPOB HE COCTOHMT IEJIMKOM H3 JbAA
KaKOTo-TO OJHOTO CTPYKTypHOro Ttuma, Paxtuuecku cPopMHPOBAB-
Iascsl CTPyKTypa Jibga 3aBHCHT OT YCJIOBI/IfI aenoobpasopanus. [Ipu
X HU3MEHEeHHW NPOUCXONUT JuGO IIaBHBIH, JUOO CKatIK006pa3Hbm ne-
PeXoJ, OT OXHOrO THIA CTPYKTYPH! K JPYIOMY.

Ilpusmartugeckasi CTPyKrypa Jibfa XapakTepH3yercs NPeHMyIecT-
BEHHO Da3BUTHEM KDPHCTAJNJIOB B HalpaBJeHHH INIaBHOH KpuUcTajjorpa-
¢duueckof ocu (c-ocu). [To muenuio H. B. UepenanoBa, Takas CTPYK-
Typa dopMupyerca npu o6pas3oBaHHM JbJOB B COJOHOBATHIX BOJAX.
Ilpu 3TOM KpHCTANJIBl UMEIOT BUI TIPU3M, YCEUEHHBIX NHUPAMUJ, IIECTH-
KOB, HrJl u T. A. HaunGosee XapaKTepPHBIMH SBJSIOTCS HIrOJbUYATHIE U
crosGuarhie (lUectoBaThie) KpHUCTAJABL. [0 OTHOIIEHHIO K MOBEPX-
HOCTH JIeIHOr0 NOKPOBA OHH PACHOJATaloTCsl BEPTHKAJALHO, a HX Ol
THUYEeCKHE OCH HalpaBJeHH KaK BEPTHKAJbHO, TaK H TOPH30HTAJBHO.
PasMephbl KpUCTAJIOB CPABHUTENbHO KPYIHBIE, a UX COOTHOHIEHYE PaB-
HOMepHOe. DopMa. KPUCTANIOB, 06Pa3yIOLIHXCS B CHJIBHO PaCIpeCHEH-
HEIX BOZOeMax co cnabpiM IepeMeNInBaHWeM, NpaBuibHasg. B Gojee
COJIGHBIX BOJOEMAaxX C MeHee YCTOHUMBOH cTpathduKaumed gopma Kpu-
CTaJJIOB HEeNpaBUabHAS.

Crnaboe nepememnBaHue BOL IIPH pPOCTe Jbla NPU3MATHYECKOH
CTPYKTYPHl IIPHBOLUT K COMKHYTOCTH (GpoHTa XpHcrannusanud. [Ipu
3TOM BKJIOUEHHS NPHOOPETAaoT 3HAUYMTeNbHbIE pasMepsl M pacipefe-
JISIOTCST HEPAaBHOMEDHO IO TOJIMHe JabAa. Hampumep, BOsAyIIHEE
BKJIIOYEHHS] YaCTO HMEIOT BBITAHYTYIO LUJIUHAPHYECKYI0 GopMy u pac-
noJiaraloTes pycaMy, X0pollo HaOaoaeMbIMH BH3YaJbHO. Takue oco-
GEHHOCTH TEKCTYPhl XapaKTEPHbI MJIS NPECHLIX JbJOB NPH3MAaTHIECKOH
CTPYKTYPHI.

B conenbix MOpckEx Bofax o6pasyercs JeX BOJOKHHCTOH CTPYK-
Typhl. st atoro Tuma XapakTepeH POCT KPHCTAJUIOB B HAIpaBJICHHH
OHOH 3 MOGOYHBIX OCel, coBmafalouell ¢ HanpaBJIeHHEM TEMIEPATYP-
Horo rpagueHra. KpucCTajyabl PacTyT BEPTHKAJbHO N0 OTHOIIEHHIO
K TIOBEPXHOCTH JIEJSHOTO IIOKPOBA, a HX -OIITHYECKHE OCH TOPH30H-
TaJbdel. H. B. Uepenanos cuuraer, 4To pocT KPHCTAJJIOB BOJOKHUCTOH
CTPYKTYPBL IIPOMCXOAUT TP OTCYTCTBUH MOATOKA TeNJa K HHXKHEH Mo-
BEPXHOCTH Jba. JTO MOATBEPKAaeTcs TaKkKe HaHHBIMH Bukca u Ac-
cypa [300], xorophle HAGMOLANN JbABl BOJOKHUCTOH CTPYKTYPHI B Iipec-
HEIX BOJOE€Max, THe He MOIVIO ObITh IIOATOKA Temaa cHu3y. [HeficTBue
3aKOHa reoMeTpUYecKoro oréopa B 3TOM ciayuae He npossasgerca. Kax-
JIBIH KPHCTAJJI BOJOKHHCTOT'O THIIA COCTOHT U3 OOJBIIOTO YHCAA JeIs-
HBIX IIJJACTHHOK — BOJIOKOH — ToqiuHoi 0,6—1,2 MM. B 3aBHCHMOCTH
OT YCJIOBHH JexnooGpa3oBaHus B BOLOEME Da3Mephbl KPHCTAJJIOB H3Me-
gsorest ot 3—10 go 80—100 MM B nonepeuHuKe, a IO BepPTHKAaNH MO-
I'YT JDOCTHUTATh HECKOJbKHX MeTpoB. Takue BOJOKHA OKPYXKEHDLI €O BCEX
CTOPOH Me/abUafIINMHU COJEBLIMH ¥ BOSAYLIHBIMH BKJIOYEHHSIMH.

PaccMoTpeHHbBIE CTPYKTYPHBIE THIBL SIBJASIOTCS .OCHOBHBIMH - JUISI
CTaGUABHLIX yCa0BUi Jenoo6pasoBanus. [Ipuamaruueckuil Tun npeoo-
Jajgaer B PACIHPECHEHHBIX BOJOEMax ¢ H30TEPMHUECKUM DeXHMOM,
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a BOJIOKHHCTBHIH XapaxTepeH B MOPCKHX YCJIOBHSX, THAE PEXUM [OMO-
TEPMHYECKHH. ’

B ecTecTBEHHBIX YC/IOBHSX Da3HOOGPa3HbIE THAPOMETEOPOJIOTHYE-
CKHe TIpOlleccHl BJAUAIOT Ha GOPMHPOBAHHE W POCT JENSHOrO IIOKPOBA,
Hapyliass HOpMaJabHBIE pocT KpucrasioB. Taxue HapylleHHS CBS3aHEI
C PEe3KHMH H3MEHEHHSIMH TEPMHUYECKOrO pPeXHMAa M BHECEHHEM B MOI-
JeIHble CIOW BOABI 3HAUHTEJIbHOTO UHC/IZ HOBHIX KPHCTANIHUECKHX 3a-
ponwimefi. TlepBasi npHuWHA OPUBOAUT K (POHTAJBHON CJIOHCTOCTH
JbJa, a BTOpas crHocoGCTBYyeT 06pPasoBAHHIO JbJA 3€PHHUCTON CTPYK-
Typul. ITocnennss naubonee MHUPOKO BeTpeuaercs B Mopsax. Kpueramiasl
JAbJla TAKOH CTPYKTYPH HMEIOT CPaBHHUTENPHO HeGOoJbLIHEe pa3Mephl H
XapakTepH3YIOTCS PABHOMEDHBIM Da3BHTHEM BO BCEX TpPEX HalpabJe-
HHUSX, HX OITHYECKHE OCH ODHEHTHDPOBAHBI XAOTHYECKH. BKioueHus
pacnpelensiioTcss B OCHOBHOM IO IPaHHMIAM KPHUCTAJJIOB,

Ilo pasmepy pasnnyarmoTcs MHKpO3epHuCTHe Kpucrajias (0,05—
0,1 cm), menxosepuucrele (0,1—0,5 cM), cpennesepuucroie (0,5—
1,0 cM) m xpymHosepHucThie (cBhiIe 1 cM). ITo cooTHOmenuo pasme-
POB BBIAEJSIOTCS PaBHOMEPHO-3€DHHCThIE H HEepaBHOMEPHO-3€PHHUCTHIE
CTPYKTYPHL. :

Kpome uucro mopdosoruueckux NpH3HAKOB, KaacCubHKAUMS MOP-
CKUX JbJOB YYHTHIBAET THIPOJOrHYECKHe OCOGEHHOCTH BOAOEMOB H
ycaoBus Jemoo0pas3oBanus. Takum o6paz3oM, BHIAEASETCS HECKOJBKO
THIOB JIbJOB.

KonxenanuoHsm# Jsel, 06pasyouuics npyu KpUCTANTH3AIHE MOP-
CKO#l BOAXI 6e3 BEJIOUEHHH 3JeMeHTOB BHYTPHBOAHOTO JbJa, O0GJafaeT
XapaxkTepHOU NapaJJeqbHO-BOJIOKHHCTOH CTPYKTYpOH C YIOPSIAOYEH-
HBIM DaCIOJOXEHHeM CONEBEHIX M BO3LYIIHEIX. BKJIIOYEHHH MO TMOSCaM.
KonxenaHOHHO-BHYTPUBOJHEIE JbAL 00pasyloTCs IPH CMepP3aHUH
BHYTPHUBOZHOrC JbZa. MOXHO BHIEINTb 3HMHHE H BeCeHHe-JeTHHE
BHIBl TaKOro Jbja. Pasnuyaior TakxKe BOJHO-CHEXKHBIH JIEH, HIYTOBOH
Jiefi, MHGUAbTPAUVOHHBIH CHEXKHO-BOAHBIH JIed H HEKOTOpBle IpyrHue
PA3HOBUIHOCTH MOPCKHX JabIoB. CTPYKTypa 3THX BHJOB JibAa OINpe-
JeJsieTcsl YCJAOBHIMHY UX 00Pa30BaHUs U POCTA.

[ToneBrle MccaeqOBaHHUs B HAacToOslee BpeMsl MO3BOJISIIOT CAENATDb
" HEeKOTOpPEIE BHIBOJALI O paclpelefeHHH PA3NHUHBIX CTPYKTYPHBIX THIIOB
JbIa B ApkTHKE M yacTHUHO B AHTApKTHKE, XOTH IO NOJHOTO COrJIacus
HccnepoBartesell, KIacCHGUUUPYIOIIMX JbAb, elle Jajexko. Tak,
H. B. Uepenanos {170] nenuT sensnoil nokpos Apxrudeckoro Gaccefina
Ha J(Be OCHOBHBIE 30HBI: 30HY KOHMKENANWOHHHIX ALAOB M 30Hy MerTa-
MOpGuUUEeCKHX JbJOB. K IepBOH 30HE OTHOCATCI PpaloHEL pacIpo-
CTPaHeHHsI MOJIOABIX JIBAOB, BO BTOPOH 30He IPe0GJIafaloT MHOFOJET-
HHEe JBABL. .

KomxXenaiuoHnHas 30Ha XapaKTepusyercss HepBHYHBIMH (opMamu
JIbIOB, 00Pa30BaBINUMHUCS TPH HENOCPEACTBEHHOM 3aMEp3aHHH BOJbI
pasno# comeHoctd. K 2710# 30He OTHOCATCA pafOHHE! JAbJOB NMPHU3MATH-
YeCKOH CTPYKTYPHI, AJsSI KOTOPHIX XapaKTePHLI 3HAUHTENBHOE paclpec-
HeHHe BOJH M CPABHHTENbHO YCTOHYHBEIE YCJIOBHS JELOOODa30BaHHSA.
Jlen BoMOKHHCTON CTPYKTYpH! HanboJiee 9aCcTO BCTPeUaeTcss B IeHTpadlb-
HOH YaCTH CeBePHHIX MOpel. 3epHHCTad CTPYKTypa JbLOB Ipeobaagaer
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B 06JacTsiX C NOBbILEHHON AWHAMUUHOCTBIO JIEASHOTO TOKPOBa, T. €.
B MeCTaxX HHTCHCHUBHBIX NOJBUIKEK M TOPOIIEHUH JBbIOB, Tle HaGa01a-
I0TCS 3HaYuTeJbHLEIEe pa3peXennd u cxkatud. BpeMenHble Win HOCTOSIHHO
CyHleCTBYIOIIHE IOJBIHBY TaK¥Ke CIOCOGCTBYIOT 00pas30BaHUIO M pac-
NPOCTPAHEHHIO JbJOB 3€PHHCTOH CTPYKTYpBL JIbAH B 3THX pafoHax
OTJIMYAIOTCS KpafiHedl CTPYKTYDPHOH HepaBHOMEDHOCTbIO. JHAUATENLHOE
KOJIMUEeCTBO JbJOB 3€PHHUCTOH CTPYKTYPH OTMeuaercss B pafoHE Mare-
PHKOBOT'O CKJIOHA.

3ona -MeraMopuIeCKuX JIbZOB, 3aHHMaIOMlasg  UEHTpasabHbIE 00-
aacty Aprruyeckoro GacceliHa, xapakTepusyercsi pa3BUTHEM BTODHU-
HBIX CTPYKTYpP, O6YCJOBJEHHBIX TEPMHUECKHMH H AHHAMUYECKUMH BOS3-
JeACTBHAME Ha MHOTOJETHHH JeIfHOi nokpos. CTPYyKTypa JeAsHOTO
NOKpOBa MeHSeTCs IJIaBHBIM 06pa3oM. B PE3y/IbTaTe TePMHUUECKHX IpPO-
IeCCOB, BHISLIBAIOUIHAX TepMHUeCKH# MeTaMopdu3M JeAsSHOrO MOKpPOBA.
HunavomMeraMopdusM 3Rech HIPAET 3aMETHO MEHBHIYIO POJb.

Mopckue ababl AHTAPKTUKH H3yYEHB MeHee NMOAPOGHO, 38 HCKJIO-
yeHneM, MOXKeT OBbITh, Npubpexuol objgactu. B HekoTOphIX patfioHax
AHTAPKTUYECKHX MOpEH 3HaUMTeJbHAs UYaCTb JIEASHOrO IIOKpOBa 006-
paszoBana wHGUABTPAaUHOHHEIM Jblom ([142]. TlokasartenbHO, YTO TIO
Mepe yLajeHus oT Oepera K KPOMKe IIpUNAs 3HAUUTEAbHO MEHAETCS
COOTHOUIeHHe CTPYKTYPHBEIX THIOB MODCKOrO aHTAPKTHYECKOTO Jbla
[I0 €r0 TOJIL(HMHE: 3aMETHO YMEHbIIAETCS MOILHOCTh BOJAHOrG KOHXKe/dA-
HHOHHOrO JbAa € NapajieNbHO-BOJTOKHHCTOH CTPYKTYDOH H yBEJHUH-
BaeTcs KOJHYECTBO HHOHABLTPALIHOHHOTO CHEKHO-BOJHOIO Jbla MEJKO-
3epHHUCTON CTPYKTYpHI [77].

3naunTeibHOe Pa3BuTHE HUMEIOT OCEHHHe WyToBhle Jbanl. Coenyer
OTMETHTD, .4T0 IIYrOBOH H HHGUILTPAUHOHHBIH JbJAb HMEIOT BeChbMa
CXOILHEIe (H3HWUECKHe CBOHMCTBA, TAK YTO HEKOTOPBHIE HCCIEN0BATETH
npenJaralT HX paccMaTpuBaTh Kak ofus THI [300].

4. Tepmunecruii u Ounamuseckuii meramoppusm cIpyrTypsl 166a

H3MeneHUs] KPUCTAIHIECKOH CTPYKTYDH! JbAA NPH TEJIOBEIX BO3-
IEeHCTBHUSIX CBONSITCSA TJIABHBIM 00pasoM K cobupaTesbHO. pexXeasun-
OHHO¥ TEPEeKPHCTaNNH3alUNY, K YCHUICHHOH MMIPAUHH M W3MEHEHHIO
(GOpMHL COJIEBBIX M BO3NYLIHBIX BKJIOwenuni. Ilpoucxomur mnabrparenb-
HBI POCT OAHHX KPHCTaJJIOB 32 CYeT APYTUX, OPHEHTHPOBAHHBIX Me-
Hee BHITOLHO B TepMOAMHAMHYECKOM OTHOINEHUH. FisMeHeHns CTPYKTYPH
IPY TEINJIOBBIX BO3AEHCTBUAX 3aXBaTLIBAIOT BCIO TOJILY JbA4, NPHYEM
HauboJiee 3HAUHTENbHEIE NIPEOOGPA30OBAHUS IIPOUCXOAAT B €ro BEPXHEM
IesATeNbHOM CJIO€ B Y HUKHEH NMOBEPXHOCTH.

CyIecTBeHHYI0 pPOJib B MeTaMOp(hu3Me CTPYKTYphl NOBEPXHOCTHHIX
CJI0EB JibJla Wrpaer CHEXXKHEIH NMOKPOB. IIpy HHM3KHX TeMIlepaTypax €ro
peo6pasoBanus, 3akJUalolirecs B CyOJuMManMH W BO3TOHKE KpH-
CTaJIJIOB, UAYT HLOBOJbHO MeljeHHO. CKODOCTb 3THUX IIPOLECCOB OINpe-
JeJISIeTCs CHJIAMH IIOBEPXHOCTHOTO HATSIKEHHUS, T. €. KDPHBHU3HOH IIO-
BEPXHOCTH KPHCTAJJIOB JbAd, H TEMIEpaTypubiMi rpaguentamu [306].
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HauGosbIiell BeqMuuHB TEMIEPATYPHBIE T'PaZMEHT AOCTHraeT Ha
rpaHulle pasfiena CHer — BepPXHsAsl [OBEPXHOCTb JEASHOTO MOKPOBA.
31ech HAET UMHTEHCHBHAs NEPEKPUCTAJ/IM3alMsl CHETa, a C HayajJoM
TasgHUs o0pasyeTcs HHOQUIbTPALUOHHBIH Jefl .MeJKO3epHHCTOH CTPYK-
TypHl. TloBEepXHOCTHBIN CJIOi Jiba IOABEPraeTcsi MHOTOKPATHOMY Tasi-
HUIO U 3aMep3anHIo. Tanas BOLa W CHEXKHHUIBI PACIpefensioTcs HepaB-
HOMEPHO IO NOBEPXHOCTH JEASTHOTO IIOKPOBA, B COOTBETCTBHU C €ro
peabedom. IIpu mOBTOPHOM 3aMep3aHUH 00pPA3YIOTCS MpecHble KOHIKe-
JISIIMOHHBIE JIBABl PH3MATHUECKOH CTPYKTYPhI, BKIIOUEHHLIE B METAMOP-
(PM3NPOBAHHYIO KPHCTAJJINYECKYIO CTPYKTYPY MHOTOJETHHX JIBLOB.

Ilocne cxoma CHeXHOrO NMOKpPOBA HIET MHTEHCHBHOE paJHallMOHHOE
TasHHe, BHI3BIBalOlllee HauboJee 3aMeTHble CTPYKTYpPHEIE Npeobpaso-
BaHHs BEPXHETo c¢Jos Jjbja. TagHue HAeT TJAaBHEIM O6pa3oM IO MeX-
3ePEHHBIM IIPOCAOHKAM, TaK KaK HAaXOHAIIMICA TaM pacco] CHJIBHO
TIOTJIOM(AeT JAYUHCTYIO sHepruio. IIpH NocaenyioleM 3aMep3aHHM pac--
€0JIa IIPOUCXOAHUT OBICTPHIH POCT U yCJIOXKHeHHe (GOPMEL JEASHBIX KpH-
CTaJJoB.

PannanuonHoe TtasiHHe SIBJISETCS CBOEOGpPasHBIM IIPOLECCOM, NpPH
KOTOpPOM Jell HarpeBaercss H3HYTPH, B TO BpeMsl KaK €ro IOBEPXHOCTb
MOXKeT HMMeTb TE€MIIepaTypPy HHXKe TOUYKH IJaBJaeHHs. B sToM ciayuyae
o6pasoBaHue XHAKOH ¢asbl 3aBUCHT OT yOpyrux nAedopmauuii, conpo-
BOXKIAOIINX BO3HHKHOBEHHE KAleJbKH XKHIKOCTH BHYTPH TBepIOTO
KPHCTAJJIUYECKOTO TeJIA.

CTpyKTypHBIE Ipeo6pPa30BaHusl BEPXHUX CJIOEB MOPCKOLO Jibla BO3-
HHKAIOT TaKXKe 3a cyer €ro TEIVIOBOTO pacuiupeHHs M cxartusd. C mo-
HUXKEHHEM TEMIIEPATYypBEl MODCKO# Jel CXKHUMaeTcs, W3 HaXONAIIerocs
B €ro TOJOCTAX paccosia o6pasyercd IpecHHA Jel, IpH BO3HHUKHOBE-
HHHM KOTOPOTro 0O0beM TBepRoil ¢asel yBeanuusBaetcs [123]. UHTeHcus-
HOCTBb TemJaoBO# NedopMaluu JbJa CYLUIECTBEHHO 3aBUCHT OT €ro coJe-
HOCTH.

B pesyabrate Bcex 3THX IIPOIECCOB CTPYKTypa BEPXHEro CJos
JbAa OKa3bIBAeTCsl HeINpaBH/AbHO-3€pHHCTOH. ToOMIIHHA STOTO CHJBHO
MeTaMOP(H3UPOBAHHOrO CJIOSI B NMOJNSAX OAHOJETHETO Jbia OOGBIYHO HE
posee 20—30 cM, a B MHOroJieTHUX JbLax pocturaer 50—80 cm. Ha-
TPOMOXKJEHUS TOPOCOB, XapakTepHble MAJS1 MOPCKHUX Apeddylomux
JbJ0B, TaKie IPETEepHeBAalOT 3HAYUTEJbHBIE H3MEHEHHs, CBI3aHHBIE
¢ TePMHUYeCKMM MeTaMop(duaMoM JbA0OB. IIpOHCXOAHT MHOTOKpATHOE
TasgHHe W CMep3aHue OTAENbHBIX JEeNJHBIX I'VIBI0 B MOPCKOH M nIpecHOH
Tajaoil Boge. PopMHpPYIOTCS KaK MEJIKO3EPHHUCTHIE JbIbl C PasMepamu
KPHCTaJAJOB NOpsAKa 2—3 MM, TaK H KPYIHO3EDHHCTHE CTPYKTYPHI
¢ KpHCTaJJaM# CJIOXKHOH BETBUCTOH (OpPMBI, NOCTHraIOMIHMH 50—
150 MM B mJauny. YKpyIHEHHe KPUCTAJNIOB 3[4€Ch BHI3bIBAETCS IPOILEC-
CaMH peXeJALUOHHOH NePEeKPUCTaNIU3aluy, 3aKJIoyawlelica B II0-
TJIOLIEHNY MEJKHX KPHCTAAJOB KPYNHEIMH INOA HeHCTBHEM BHELIHHX
NaBJeHnl. DTO NOTJIOLIEHNE TIPUBOAUT K YMEHbIICHHIO CYMMapHOH mo-
BEDXHOCTH KPHCTAJJIOB, T. €. .K YMEHBbIIEHHIO H36LITOUHOH [TOBEPXHOCT-
HOH 3HEPru. .

B Tosme MHOroJeTHUX JbIOB CTPYKTYDHEIE H3MEHEHHUS NPOHCXOAAT
3gauuTeNnbHo Melnensee; OHE BRI3BIBAIOTCS IVIABHRIM 06pa3oM MHrpa-
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el paccosa N0 MeXKPHCTANIUYECKHM IPOCAOHKAM C TMOCAEXYIOM UM
3aMellleHHeM ero Taaol BoJoH. I1pn MOBTOPHOM cMep3aHHH KPHUCTAJJIBL
npuoGperaT OKpyrayio GopMy, Jed CTAHOBHUTCS MOHOJHTHBIM, IIPOY-
HOCTb €r0 BO3pacTaerT.

Huxe ropusonta 200 cM OT BepxHEll NOBEPXHOCTH JbAA CTPYKTYp-
Hble H3MeHeHHs He oOHapyXHBaloTcsd. JIHIb B pafioHe CTOKOBHIX DY-
CeJl, T. €. CKBO3HBIX KAHAJOB, [0 KOTOPBHIM MPOUCXOAUT CTOK paccoJa
U TaJ0H BOABI C NOBEPXHOCTH, NPOUCXOAAT 3aMeTHHe M3MeHeHus. [1pu
3aMep3aHuy 3J4ecb 00Pa3yiOTCsS BTOPHUYHBIE MEJKO3ePHHCTHIE CTPYK-
TYPHl MOJIONOTO MODCKOTO JIbfla BePTHKAJBHOrO HAIPaBJEHHS C PA3BH-
TOH I'OPU3OHTAJILHON BETBUCTOCTBIO.

Ha xapakrep XKpPHCTAJIHYECKON CTPYKTYPBl MHOTOJETHHX MOPCKHX
JbJOB HauboJiee CYIIECTBEHHO BJAMSIOT H3MEHEHHMS, MPOHCXOASUINE Ha

' HHJKHeH TIOBEPXHOCTH JbXA B JIeTHe-OCEHHUH mepuon. Brauase rtanas
BOZAa, MONafasi B XOJOILHYIO MODPCKYIO BOJLY OOJBIION COJNEHOCTH, GBi-
crpo KpHcrammudyercs. [losgyuuBiuuecss oueHb MeJKHe KPHCTAJJIE
(0,5—1,5 MM) 06pasyloT JEeTHHE CJI0H JIbJa NPEUMYILECTBEHHO C arjo-
MepaTHOH CTPYKTypoi. [lanpHelniee NOCTyMJIEHHE TAJl0H BOALI [IPHBO-
IUT K MOTEIIEHHIO B PACHDPECHEHHIO NOAJEIHLIX CJI0eB MOPCKOH BOIEL.
Ha HuHeH NMOBEPXHOCTH JIEISHOrO IMOKPOBA HAPACTAIOT CJIOH IPECHO-
BOLHOTO Jbjla KPYNMHO3€pPHHCTOH CTPYKTYypHl. Takoit xapakrep mnpeol-
pa3oBaHUs HHUKHEH NOBEDXHOCTH JIbJOB OMPENENSET CIOHCTOE CTPOE-
HHe MHoOroJernero Jjbfa. Eciam Jenx CyllecTByeT XOCTATOYHO MIOJITO,
TO CTauBaHHE €ro CBepXy W HapacTaHHe CHU3Y MPHUBOLAT K TOMY, UTO
€r0 CTPYKTypa OKa3blBaeTcs INOJHOCTBIO HM3MEHEHHOH IO CPaBHEHHUIO
C NIEPBHYHOH KOHXKEJSIHOHHON (HOopMOH.

B HaTypHBIX YCJAOBHAX TEePMHUECKHe IpeobpasoBaHHUSl CTPYKTYPHE
MOPCKHX JbIOB CONPOBOKIAIOTCH AHHAMHUECKUMH HapYIIEHHUSIMH HX
CTPOEHHUsl, DTH HApylLIeHHs BLISHIBAIOTCI YHCTO MEXaHHYECKHMH BO3-
JeHCTBHSIMH TIPH pas3pyUIeHHH W pasApo0JieHHH JbJa, KaTaK/lacTHie-
CKHMH SIBJIEHHSIMH paclafa HalpskKeHHBX KPHUCTAJIOB Ha 6oJiee Mes-
KHe H PeXeJNsIHOHHEIM MeTamopdusMom. PopMupoBaHHE CTPYKTYpPHI
MHOTOJIETHHX MODPCKHX JIbAOB INPOUCXOAUT B Pe3yjbTaTe CJAOXKHOTO
B3aHMOJENCTBUS TEPMHUYECKHX H AUHAMHYECKHX IIPOIECCOB.

TepMuueckuil ¥ THHAMHYCCKHH MeTaMOPGbHU3M CTPYKTYPH MODPCKOTO
Jblla CONPOBOXKAaeTcs 3HAUMTEJNBHLIMH H3MEHeHHAMH (GOpPMBI M pac-
Ipefe/ieHus BO3AYUIHbIX, JKUIKHX ¥ COJIEBHIX BKJIOUEHHUH BO JbAY. DTH
npeo6pasoBaHHsi, 4acTO XOPOMI0 OTMeYaeMble BU3YaJbHO, MOTYT CJIYy-
JKHUTh OPHEHTHPOM IIPU OIpeJeJeHHH BO3PAcTa JbJOB H HX TeHes3uca
[154]. ViameneHus1 B CTPyKType JbJa TaKikKe CONPOBOXKAAIOTCS BO3HHK-
HOBEHHEM ¥ YHHUTOXKEHHEM PasjHUHbIX NOP H TPEIIHH, BO MHOXKECTBE
coNepXKAaIINXCsA B MOPCKOM JbJY.

KpoMme mpeoGpaszoBanus HopMbl, IPOUCXOLUT CJIHSIHHE OTAEJbHBIX
BKJIIOUEHHU, NMOIJIOMIEHAE MajblX BKJAOYEHHH OOJAbIIUME H T. 1. DTH
npeo6pa3oBaHus NPOUCXOLAT TAKHM 00pa3oM, 4TO cyMMapHas 1oBepX-
HOCTb BKJIIOUEHHH, a CJAEAOBaTeAbHO, H NOBEPXHOCTHAH SHEPTHS YMEHb-
maiores. Tak NMpOUCXOZUT, HAIPUMED, CAHSHHE (KOaJeCUeHIHUs) NOJO- -
creii (mop) Hpu coGHpaTeNbHOH pexpucTanausdanud. ITopel, ABHXKY-
IM¥ecst BCJAEH 3a TPaHHUIAME 3epeH, HPU HOIVIOIEHHH KPHUCTAJdJda CJH-
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BAIOTCS B OJAHY, HMMEIOUIyI0 00beM, paBHBIEI CYMMapHOMY, H MHOTO
MEHBIUYIO JI0IAaMb. ‘

B craGuuabHBIX yCIOBHSX MPOLECCH M3MEHEHHSI CTPYKTYDHL Ompele-
JSIOTCS 00bEMHON WM NOBEPXHOCTHON nudpdysmell aToMOB U mpore-
. KaloT OYeHb Me[JICHHO. VX CKOpOCTb pe3xo yBeJAUYMBAETCH IOJ, BJIHS-
HUeM TeMIlepaTypHHX FpaiNeHTOB WAM CcuiaoBhIX moJeil. Ilon neficr-
BHeM 3THX (PaKTOPOB IPOUCXOAUT TAKKE MHTPAlHs [OP H BKJIOUEHHH
Bo Jbiy. HanpaBieHHOCTh- MUPpalMK Ompenessercs npuHuunom Jle-
IaTesnbe, corgacHo KOTOpPOMY IIEPEHOC MACCHl MEXKAY OTHENbHLIMU
yuacTKaMy BKJNIOYEHHH MIPOUCXOAMUT BCJeLCTBHE IPOLECCOB, CTpeMs-
IINXCH BEPHYTH CHUCTEMY B COCTOSIHME DaBHOBECHS, M3 KOTODOro OHa
BBIBOJHUTCST CHJIOBEIM TOJIEM.

" Ilog BausinmeM rpajueHTa TeMIEpPATYpPLl BKJIIOUEHHS MHUTPHPYIOT
B cropoHy Oosbmedl TeMnepatypsl. IIpu 3TOM NpPOHCXOZHUT HCHapeHHE
(pacmnaBneHue) Jbfa Ha <«ropsyeM» KOHIE BKJIIOYEHHS U KOHLEH AU
Ha «XOJIOLHOM». MexaHH3M NlepeHoca 3iech fuddy3nouubi. B o6imem
ClIyuyae CKOPOCTb NePeMEUIeHHsT BKJIOUEHHS W@ IPONOPLHOHANbHA TPa-
IHEHTY XUMHUYECKOro [OTeHIkana V u;

Dy
W= — —F— Vp«,
kg7
rae Dy — koaddunvent nudpdysuu, kg — nocrosingas Boabnmana.
B nosie rpasuenra HanpsuKenuit Vo uMmeeM
Dovy

wW—=— Vs,
kBT

rie v;—o00beM, NMPUXOAALIMHACT Ha ONHY YACTHIY, T. €. B JaHHOM
cly4yae MOJEKYJTY BOIBI. .

[lepememenue 1op, MOMOCTEH W MHBEIX BKJAOUEHHH MOXKET IPOHCXO-
JUTb TakXe B Ipolnecce cOGHpATENbHOH pEKPHCTALNIU3AIMH, KOrLa
CMEeIAITCS IPaHulBl MeXKAY OTACNbHEIMA 3epHAMH JblA.

YBeJpueHHe TEIJIONOTOKA Uepes Jell pe3Ko yGLICTpsieT ero MeTa-
mopdusm. Hamuune nons HanpsiKEHHH CHOCOOCTBYeT — YOBICTpPEHHIO
npouecca, He H3MeHss ero 3akoHoMepHocrel. C TeueHneM BpPEMEHH TEp-
MHYECKHH ¥ B MEHbIIEH CTENeHH AUHAMHYeCKHH MeTaMOp(husM cyile-
CTBEHHO H3MEHSIOT CTPYKTYPY MOPCKHX JbLOB, GOpPMHpYs XapaKrep-
HBIE THIB MHOTOJIETHHX JbJOB. TeM caMbIM OIpelessieTcsi POJb ITHX
nporneccos B 00mell AUHaMHUKe MOPCKOTO JIeJSTHOTO [IOKPOBA.

5. II@0THOCTE U NOPUCTOCTL MOPCKOZO A6

Teopernyeckoe 3HaueHHe IVIOTHOCTH JIbJA Ok, BHIUHCJIEHHOE 10 pas-
MepaM 3JeMeHTApPHOK sdelixp KpHcranana upu 0°C, cocrasaser -
0,9168 r/cm®. Daxrryeckas MJOTHOCTD MOPCKOTO JIbJa, OIpPELessi-
eMasl KakK CPeIHsAs I/ KOHEUHBIX o0ObeMOB, MOXKeT KosebaThbes
B 3HAYMTEJbHBIX Ipenesax. VisMeHeHHS NJIOTHOCTH 3aBHUCAT OT HaJH-
Yhs BOBIAYLIHBIX H COJIEBBIX BKJIOUEHHH, T. €. OT IOPHCTOCTH, TeK-
CTYPHL H TEPMHYECKOTO PeXKHMa JbAA.
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[TopucTOCTh MbAA OUPENENAETCS YCAOBHSIMH €ro O6pasoBaHHs U
pocra. Cjiou NEPBUYHOTO JbJa OOBIYHO XapaKTePU3YIOTCsS GOJBIIOHN 11o-
PHCTOCTHIO BCJIENCTBHE MHTEHCHBHOTO 3axXBaTa BO3LyXa M paccona
0pH CMep3aHuH OTAENbHBIX KPHCTAJJIOB. DTOT NpPOIECC YCHIHBAETCS,
€c/iM 3aMep3aHHe NPOHCXOAUT B YCJAOBHAX PA3BHTOrO BETPOBOrO mepe-
MeIIUBAHNS BEPXHEro CJOos BOAbl. BO3HHKINWH CIJIOUIHOH JEeASHOH Mo-
KpoB 3aMe[iser oO6pasoBaHUe IIOP, XOTS NIPH MHTEHCHBHOM CKEJETHOM
pocTe Jbla B aXypHOM CJIOe COAEPKAHHE 10D TAKKe MOXKET DEe3KO
Bo3pacrath. B oflleM MOXHO OTMETHTb TEHIEHIHIO K 00pa3’0BaHHIO
MAaKCHMMYMOB IODHCTOCTH B BEDPXHHX H HWKHHUX CJOSX JENSHOTO . r1o-
kpoBa. Hannune BHYTpeHHHX Cji0€B TOBBILIEHHON ITOPUCTOCTH HA OII-
pelesleHHEIX TOPH30HTAaX CBSI3aHO C OCOOEHHOCTSIMH TEPMOJHHAMHYE-
CKOro peXuMa pocra JbAa.

ITopucrocts 0GBIYHO XapaKTepuayercs 0e3pasMEpPHBEIM OTHOIIEHHEM
cyMMapHoro o6semMa nop K o6beMy obpasmna. B JenoBeIeHHH HCIOJb-
30BaJjach TaKkKe pas3MepHas XapaKTePHCTHKA, paBHas O0BEMY 10D
B KyCKe Jabfaa maccoil ! xr (cm®¥/kr).

[Topucrocts 1 ¥ pakTHUeckask IVIOTHOCTb JbJId O CBSI3aHBl MEXKIY
€060 3aBUCHMOCTHIO

n— Pk — P .
P

B kauecTBe XapaKTEPHCTHKH MOXHO HCIONb30BATh Takke Ko3ddu-
IIHEHT TOPHCTOCTH, BBeleHHHH B. M. ApHoabpn-Ans6eeBbIM:

ITopucrocTs NJIOTHOrO NPO3PAYHOrO JbJa OGHLIYHO HE IIPEBHIIIALT
1 cm®/kr. Ins OpOYHOrO MOPCKOTO JbJa XapakKTepHa IIOPHUCTOCTb
B npefenax ot 1 mo 50 cm®/kr. Ilpu CHIBHBIX MEXaHHYECKHUX HJIH Tep-
MHYECKUX BO3ZeHCTBHSIX IOPHCTOCTL Bo3pacraer jgo 10—100 cm?/kr,
Jieq npuobperaet MyTHEIN BUN. Takas NOPUCTOCTh HEyCTOHUYUBA U C Te-
yeHHeM BpeMenu yMenbinaercs [133]. Hakonen, qen ¢ 60JbMIMMU 3HA-
qeHusAMu nopucroctd (H0—400 cm3/kr) umeer cHerooOpasHBIA BHIL.
Taxko#l TOPHUCTOCTHIO MOXKET 00/JaJaTh CHErOBOH HH(PUIBTPAILHOHHBIHN
Je.

C rTeuenweM BpPeMeHH MOPHCTOCTb MOPCKOTO JbAa IIPETEpIEBaer
3HauyuTeabHble uU3MeHeHus. Haubosee uHTEHCHBHO H3MeHsercs (opMa
NOop MaJjblX ¥ Mesabualiliix pasMepoB (MHKpO- M yabrpanopsr). Ilpo-
HCXOANUT caMO3aloJiHeHHe MaJblX MOop, BhI3BaHHOE-IuDdy3nell U KOH-
JeHcanuell BOASHOTO [apa, 3apacTaHHe. MEJKHX TPEUIHH U T. IL.

[Ipouecc npeofpaszoBanusi GopMbl mOp BO JbLY CBSI3aH C TEM, 4YTO
BBUAY MaJOCTH MX PasMepOB OKAa3HBAKTCA CYILIECTBEHHHIMH 3DdeKTH,
BbI3BaHHble HCKPHUBJEHHEM TIPaHHOBl MeXKIY - COCYLIECTBYIOIIUMH | (ha-
3aMu: Jiel — BOISHOH map (BO3AYLIHBI{I NY3BIpeK), Jel — BoJa (fueldKa
paccosia). Hannure MCKPUBJESHHON I'PAHULLI BLI3LIBACT IIOSIBJIEHHE TaH-
TeHIIHAJbHBIX CHJ IOBEPXHOCTHOIO HATSKEHUS M JLONOJHUTEIHHOTO
JaBJeHHs '
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AP.=312K,

rae Jjp— yldesnbHas NOBEPXHOCTHAS 3HEPrHsl Ha TPaHHLUE pasfena
¢as, K —KpuBu3HA NOBepXHOCTHU. sl [MOBEPXHOCTH pasjena .JbLa H
BOAAHOTO Tapa HMeeM =87 AuH/CM, A NOBEPXHOCTH pa3fena
BOZALI M BO3AyXa J12=73 muH/CM. ,

Ecau nopel v BK/IIOUEHHMs HMEIOT HENPABHJIBHYIO (QOpPMY, .TO OHW
CTPeMATCS INPHOOpPECTH  pPABHOBECHYI0  H30METPHUECKYI  (opMy
cheprl — NMOBEPXHOCTH OAMHAKOBOH KpDHBH3HHEL. [Ipomcxomur Xopouo
n3BectHag cdeponiuszanus BrAOueHul. KpoMe Toro, GoJbIixe TOPET
HOrJIOILAI0T MeHblIue, TepMONUHAMHUYECKH 3TO OOBSCHIETCS cTpem-
JIEHHeM. CUCTEMEBl K YMEHbIIEHHIO SHEPTHH, T. €. K YMEHbIICHHIO CBOe#
NOBEPXHOCTH.

TepMozmHaMqucxoe paBHOBecHe a3 OCYIIECTBJIAETCS IPH paBeH~
crBe TeMnepatyp T ¥ XMMHYECKHX IOTEHUHAJOB p. M3Menedue nas-
JIeHHsi BLI3BIBaeT H3MeHeHWe XHMMYECKOro norennuana i-toif ¢assi,
OTHECEHHOT'0 K rpaMM-MOJIeKyJie, Ha BEJUUHHY

Ap;=yv; AP,,
THLe Vi — MOJSPHBIH o6Ben ¢)a31:1
PaccmarpuBast BoASAHOH map Kak HAeanbHEHIA ras, JIErKo HOJIY‘{I/ITB

BEJIUYHUHY H30BITOYHOIO AaBJIEHHS Ha I/ICKpI/IBJIeHHOI/I HOBerHOCTH pas-
JieJsia JibAa-"u BOAAHOTO mapa::

APy=Py— Py==3 12K

Pol

' - 1
rie M — MOJeKyJasApHas Macca NbIa; v=——é——yneﬂbﬂuﬁ o6beM Jbla;

R — yuuBepcasnbHast razoBas nocrosuuasi; Po— paBHOBecHOe [aBJie-
HHE BOASHOro napa IpH IJIOCKOH rpaHuie ¢as.

YacTo mpolre HMeTh AeN0 ¢ 06beMOM Vi, TPUXOAAIMMCS Ha OJHY
YacTHIY, T. €. B TaHHOM CJyuyae MOJEKYJy BOABL. HamoMHHM, YTO vi=
v

Na’
nocrosHHas BosbuMana), MOAyUHM

AP2:312K _/;B—lf— P().

Na—nocrosiHHas ABoragpo. YuutsiBas, uto R=Nak  (k;—

ITpu K, ornuudoM ot Hynsd, AP:5=0 U TepMOIHHAMUYECKHH NPOLEcC
HalpaBJieH B CTOPOHY yYMeHbIeHus1 APg, a cienoBarenbno, u K.

Ecan kxpuBu3Ha K NOJOXKHTEIbHA, UTO UMEET MECTO IPH -BHINYKJ/IOH
NIOBEPXHOCTH, TO P2>P, ¥ NPOUCXOAMUT BO3TOHKA JbIa. IIpu oTpuna-
TeJbHOH KpuBu3He Py<lPy, UTO NPUBOAMT K KOHAEHCATHH BOASHEIX IIa-
POB H 3allOJHEHHI0O BOTHYTHIX oOsacrell. HaJjuyue moJs BHEUIHHX Ha-
TPSIKEHHH W TeMNEePaTypHOrO TpajfiMeHTa CYLIeCTBEHHO YCKOPSeT 3T
nponeccel. OcoOOEHHO pe3Koe X YCHJICHHEe IIPOHCXOLUT, €CJHU HMEeercs
BO3MOKHOCTb KOHBEKTHBHOTO TlepeHO0Cca -TeMJIa H MacCH.

UccnenoBanne renesnca BO3AYIIHBIX BKJIOUEHHH IIOKA3aJ10, YTO I[H-
AuHApUYecKas dhopma Tpyduarhx nop HeycrofuuBa [154]. C Teuenuem
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 BPEMEHH OHM NPEeBPaNlaloTcss B BBHITAHYTHIE SUEHKH, KOTOPHIE 3aTeM
BCe Gosee npubmmxaiTcs K chepuueckoir dpopme. O6pasopaBinecs
CQepuueckre OpH MUTPHPYIOT B TOJILE JbAA NOL HEHCTBHEM TEMIle-
PATYPHBLIX H CHJIOBHIX TPAXHEHTOB.

B coorsercTBHH ¢ 0COGEHHOCTSIMH POCTa MOPCKOTO JIbAa €ro MOpH-
CTOCTb HEOJHHAKOBA T0 BepPTHKaJH. BepxHue ¥ HUKHHE CJIOH JbAa
00Jafal0T MaKCHMaJbHOH MOPHUCTOCTbIO. OTMeyaercss Takke ee H3Me-
HeHHe 10 ce3oHaM. Tak, HanpuMmep, 0 HEKOTOPEIM H3MepenusiM B Kap-
CKOM Mope B (heBpaJie IOPUCTOCTD JbJa He npesbimana 1,3%, B MapTe
OHa yBeanumaace 10 4—5%, a k maw Bospocaa no 55%. CoorBercr-
BEHHO MEHSJ1ach IIOTHOCTD JbJd.

VsMeHeHHe TNOPHUCTOCTH JbJa B 3aBUCHMOCTH OT €T0 COJIEHOCTH §
u TeMmnepatypsl T, mo pacuetram H. H. 3yGosa [66], npuemeno
B Ttaba. 2. C NOHMXKEeHHWEM TEeMIepaTyphl MOPHCTOCTh YMEHLUIAETCH,
TIPOHCXOAAT CTPYKTypHbBIE IPe06pPa30OBAHHS JIbJA, 4 €r0 IJIOTHOCTh YBe-

Tabauya 2

Hopucrocth Mopckoro sbpa (%) npu samemeHuu BO3AYXOM COJIEBLIX sdeeK

T°C
%00 T
—2 —4 —6 —8 —10 -15 —20 —23
2 4,9 2,5 1,8 1,4 1,1 0,8 0.6 0,6
4 9,9 5,1 3,6 2,8 2,3 1,7 1,3 1,2
6 14,9 7.7 5.5 4,2 3.4 2.6 1,9 1,8
8 20,0 10,3 7,3 5,7 4,6 3.4 2,6 2,3
10 25,1 12,9 9,2 7.1 5.8 4,3 3.3 2.9
15 38,2 19,5 13,9 10,7 8.7 6,3 5,0 4,4 .

JHUHBaeTCA. Pacuer IJIOTHOCTH JbHA IO NAHHBIM 9KCIIEPHMEHTOB IIpO-
u3BojuTes 1o dopmyde [133]

Px

p:
14 —2

Ve

Ile v, — 00'beM TaJsofl BOABL, IIOJYUEHHON B pe3y/brarTe TagHHS 00-
pasua JbRa; vy — 06beM BO3[yXa, BBIAEJNHUBILETOCST H3 JAbAa H NpiBe-
JEHHOro X HauasabHeIM ycaoBusaM: T=0°C u P=1000 mbap.

[TnoTHOCTH MOPCKOTO JIbJA 3HAUHTEJbHO MEHSETCS OT Ce30Ha K Ce-
30Hy H 3aMETHO 34BHCHUT OT TeMIEpPaTyphl W coseHocTH. IIi0THOCTB
3UMHEro JbJ1a JOBOJbHO Beauka H, no mgaHuelM M. C. Ilecuanckoro
[124], cocraBaser 0,860—0,920 r/cM® mast onHOMerHero Jbna u 0,830—
0,900 r/cM® past MuOTOMETHETO. JIeTOM ¥ CHALHO BRIBETPHBIIErocs MOp-
CKOro JbJa IJIOTHOCTb BCJIEXCTBHE CTOKa paccosa napaer xo 0,560—
0,640 r/cm3, a y MHOTOJETHHX JIbJAOB OTMEUaeTCs CHJbHBIH pasbpoc:
0,620—0,933 r/cM®. HauGoJblmell IMI0THOCTHIO 06/afAI0T CPENHUE COH
JibJla, HAaHMEHbIIIeH — BEPXHUHA U HUXKHHHA.

IlnoTHOCTH YHCTOTO JbAA € TIOHMMKEHHEM TEMIEPATYPHl YBEJIHUH-
BAeTCsI 3d CYET CIKATHSI M MOMKET GBITh BLIUKCJEHA 110 QopMyJe
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o Px

P=T3 7 -

rae y—Xo3(p(uuueHT OOBEMHOTO TEIIOBOTO PACLUIMPEHHS JIbJa.

VsveHeHue MIOTHOCTH MOPCKOrO Jbfa, SBASIONIErocs MHOro$haso-
BOH CHCTeMOH, IPOHCXOIUT cJOXKHee. B 06I1eM NAOTHOCTh JbLA PACTET.
C yBeJHUEHHEM COJICHOCTH X YMEHbIIEHHEM TEeMIEPaTypbl. ¥ ASJbHBI
06b€M MOPCKOrO JbJa v CBSI3aH C COJEHOCTBIO JbIA S W COJEHOCTHIO
paccona Sy caenyiomeit popmyioit [66]:

y—S_ 1 (1_L) !
o Sp fn

>

rie pp~1,00040,0008 S, — naoTHOCTL paccosia, Pp-—— IJIOTHOCTH KOM-
HaKTHOTO YHCTOTO JIbJA.

Tabruya &

M10THOCTH KOMNAKTHOro mMopckoro Jabpa (r/cm®)

T°C

%00
-2 —4 —6 —8 —10 —15 —20 —23

0,924 | 0,922 | 0,920 | 0,921 | 0,921 | 0,922 | 0,923 | 0,923
0,927 | 0,925 | 0,924 | 0,923 | 0,923 | 0,923 | 0,925 { 0,925
0,932 | 0,928 | 0,926 | 0,926 | 0,926 | 0,925 | 0,926 | 0,926
0,936 { 0,932 | 0,929 | 0,928 { 0,928 | 0,928 | 0,929 § 0,929
0,939 | 0,935 | 0,931 | 0,929 | 0,929 | 0,929 | 0,930 | 0,930
0,953 | 0,944 | 0,939 | 0,937 | 0,935 { 0,934 | 0,935 | 0,935

—t it ’
IO OO N

3Ha4eHHs IVIOTHOCTH MOPCKOrO JbJa JJIsi PA3iuyHEIX TEMIepatyp
u cojeHocTell 6bliH BHuuciaedsl H. H. 3y6oBbiM ¢ momorpio npuban-
XKeHHHX Gopmya. PesynbTaTel BHIUHCAEHHH NpHBeneHu B Taba. 3. Ha-
JIMYHe MUHEMYMa ILIOTHOCTH ONpPefefsieTcss TEM, 4TO, ¢ OAHOH CTOPOHHL,
NPOHCXOAHT CXKATHE JbJa NMPH OXJaXKAEHUH, a C APYroll — pacumpe-
HHE 3a CYeT BhIIEJEHHs 4acTH Jpfa u3 paccoqa. [loxpo6Ho 3TOT BO-
npoc ucejefoBan Manpmrpenom [105].




TI'JIABA 4

COJIEHOCTbh MOPCKOIO JIBJIA

1. @a3zosoiii cocras mopckozo avda

. Mopckon. nen. sBasieTca . CIOXKHBIM . TenoM.. KpoMe KpUCTanI0B JbAa,
B HeM COJEpIKAaTCs COJH, KaK B TBEPJAOM COCTOSHHUH, TaK U B PacCCOJie,
JKuikasi $asza ¢ BHICOKOH KOHLEHTpaiueHd coJed — paccos, BKpailie-
HHSI BO3AyXa W JIPYTHX anMeceﬁ Colep:kaHue BO JbIY IOCTODOHHHX
BEIECTB 3aBHUCHUT OT YCJIOBHH, B KOTOPLIX OH (dopmMHpyeTCs, H OT KOH-
LeHTpalul TpHMecel B BOXe, H3 KOTOpOH o6Gpasyercd jeld. B nacros-
Tllee BpeMsi elle He YCTAHOBJEHO CTPOTHUX 3aKOHOMeEpPHOCTel, onpele-
JISTIONIHX KOJHYECTBEHHOE COAEPXKAHNE TOH WJIM HHOH IIPHMECH BO JIbLY.
OTMeuaercsi JIMIIb yBEJWUEHHE IIy3BIPHKOB BO3AyXa, ecau Jjefd obpa-
3yeTcsl ‘B YCAOBUSIX CHEroNnafia U IIPU BOJHEHHH; €CIH CKOPOCTb €ro
pocra FOCTATOUHO BeJIHMKA, INPH IOBBIIIEHHOM BBIIENEHHH U3 BOMLBI
rasos. B aHTAPKTHYECKHX JIbAAX OTMEYaeTcs NOBLIMICHHO COAEPKAnHe
Bomopocek [26]. ‘

Doabure uccaenoBaHuil BHINOJAHEHO B LeAAX BBIICHEHHS (DOPMHUPO-
‘BaHHsI COJEBOTO COCTaBa MOPCKHX JIbAOB. IloayueHs HeKOTOpLIe Ipen-
CTABJEHHS] 0 BeJWYMHE COJEHOCTH 00pasylolierocs JAbLa U O ee Aafdb-
HellllleM H3MeHeHHH 3a cueT Murpamnud. llocnenHss B sHauyuTeJbHON
CTeNleHH 00YCJOBJeHAa HA/JHUMeM BO JbAY XKUAKOH (aswl. Ee xomuue-
CTBO B CBOIO OU€PEeIb ONpPEAe/seTcs COJNeHOCTRIO U TeMIIepaTypol Jbia.
Tlostomy, mpexne ueM paccMaTpuBaTh (POpMUPOBAHHE H H3MEHEHHE
COJIEHOCTH JIbJa, HYXKHO OTMETHTb COQTHOINEHHUS, ONpeAessIONive co-
Jepxanue das.

B rmase 1 yiKe OTMedYasJoch, YTO MEXAY KOHHEHTpalHeH cOJeH
B MOPCKOH BOJE M TEMIEpaTypOH ee 3aMep3aHMsl, CYIIeCTBYET CBS3b.
‘Ona ocraercs CIpaBeAJUBOA U A/ ONPEAENCHUS COJEHOCTH paccoia
Kax OYHKIHE TeMIepaTypsl, uMes IPH 3TOM B BHAY H30HpaTEeNbHOCTD
KPUCTANLIH3AUNH COAePKaUIuXCs B Paccose cometl.

Ilag nonyuenust 3aBHCHMOCTEH, ONpelessioliuX cooTHOonieHne ¢as
B MOPCKOM JblLy, OyldeMm cuuTaTh, 4TO ero obmas Mmacca M cocrout

58




H3 KPHCTAJLIHYECKOH BOAH (IIpecHoro /bna) My, BOAB B XKHIKOM CO-
crossiun My u conett M, T. e.

M= My M- M, (4.1)

B 3aBucuMOCTH OT TeMIEpPaTyphl YacTh COJeH MOKET HaXOLHThbCSs
B KPHCTAJJIHUECKOM COCTOSIHUH Mqe, & 4acTh B pacTBOpeHHOM Mpe:

M= Myt M. (4.2)

OG6hlyHO Jief XapaKTepHu3YIOT He ofliell Maccoifl coJel, a HX KOJH-
HeCTBOM, MPHXOAAMMMCS Ha BECOBYIO eIMHHIY MODCKOTO JbAZ, T. €.
COJIEHOCTBIO

Y, NS

a COJIEHOCTb paccosia Sp XapaKTePH3yI0T MAaccod pacTBOPEHHBIX COJIel,
NPUXOASIIMXCS HA BECOBYIO €IMHHIY paccoJa:

Mpe
Mpc+M}|< . (4.4)

S=

Sp=

Paspennm Brlpaxenue (4.1) Ha M W NOACTABHM BMECTO COOTBET-
CTBYIOILIMUX YJIEHOB S H Sp:

M M
=t S

Ioce saMensl My Ha Sp o cooTHOWEHUAM (4.4) n (4.2) momyunm

My My (
1= Tg'p—}—mg(l—sp). _, (4.5)

OTClOI[a JIETKO OIIpellensierCs- OTHOCUTEAbHAA HAOJA NPECHOro Jblaa -
B MOPCKOM:

My : S | My
=1 — e (1 =S, (4.6)

[Ipu remneparype Bhime —8° C HoJs BHIABHIAX B OCANOK coJel
HHYTOXKHA M TOJyvarolleecs B TAKOM CJydae BHIPAXKEHHE NPAKTHYECKH
coBnajaer ¢ npupefenHnM B kuure H. H. 3y6osa {66].

Macca paccosa B MOPCKOM JIbJy ONpelessieTcss CyMMOR KHIKOH.
BOJBl M PACTBOPEHHEBIX COJIEH:

My=M, M, ‘ 4.7)

Tlomenus Bce Ha 06IIYI0 MacCy Jbla M M HCIOJIb30BAB COOTHOIIE-
Hust (4.2)—(4.4), noayuum

My s Mse .

—m*:'g—_M—i,‘- (4:8)

B rsaBe 1 oTMeuasnoch, YTO MeXAY KOHIEHTpaluel coell i TeMIepa-
TYpOil -paBHOBeCHS -(pa3 CyHIECTBYET BIOJHE ONPELENEHHOE H € THHCTBEH-
HOe TNpH HEH3MEHHOM JaBJEHHMH COOTHOmIeHHe. Eciam. B pesysibrarte
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Karux-Nubo MNpHUMH TEeMIepartypa JbLa MEHAeTcs, TO MOJXKHA H3-
MEHWTbCS ¥ KOHIEHTpanus paccosa. [Ipu moBbleHun TeMmIepaTyphl
COJIEHOCTD, KaK 3TO BUAHO u3 Qopmysusl (1.3), HomKHA yMEHLLIUTHCS,
a TPH NOBLIEHUH — YBEJIHYUTbCS. 1J03TOMY B IepBOM c/ayuae mpouc-
XOIHT TasiHHe HEKOTOPOro KOJIMUecTBa JbLa ‘M 00pasoBaBIlasicsd BoLA
pasbaB/sieT paccos, a BO BTOPOM — HEKOTOPOE KOJHYECTBO BOIBI U3
paccosa KPUCTAINM3YeTCH, NOBHILIAS TEM CAMBIM €ro KOHIEHTPAIUIO.
Uro6bl onpenenuth (azoBble NPeoOpPa30BaHHs, HZOCTATOYHO IIPO-
nuddepennuposats Bepazxkenue (4.1) mo T ¥ NPUPABHATL HYJIIO:

dM  dMy | dMy | aMe
dT —  dT aT + arT =0.

Tlocnennuil wien Toro BhIpaXKeHHs TAKXKe DaBeH HYJIO, TaK Kak 00-
masi Macca coJeil Toxe He MeHsieTcsi. CIE€H0BaTENbHO,

dMy AdMy

ar 4T
ITosromy nmsi onpeneneHns: (a3oBHX NPeoOPa30BaHUH B MOPCKOM
JbLy HNOCTATOYHO NpoiupdepeHNupoBaTh 10 TeMmeparype (popMmynay
(4.6), yunuThiBag NOPH 3TOM, YTO COJEHOCTb JIbJA OT TEMIEPATYDH He

3SaBHUCHUT: ‘
S P SR Y T
M dT S% Ms) dT 'V M\ S aT

Haist npakTnuecknx pacyetroB Ho 3Tol GHopMyse HEOOXOLUMO HMETDb
COOTHOIIEHHSI, ONPEASISIONHe COJEHOCTh Paccosa U KOJIHUECTBO TBEP-
ABIX coJiefl KaK GYHKLUHUIO TeMIIePaTyph.

3aBHCHMOCTb ; MacChl BHINANAIOIMX B OCANOK cojiell OT TeMmepa-
TypHl He sBasiercst riagkoit Gymknuedi. Couam, comepxkamuecs B MOp-
CKOH BOMie, UMEIOT PasJMuHble TEMIIEPATYpHl KPHCTAJIH3AUMH H Iepe-
XOAST B TBEpHOE COCTOSIHHe IOouYepeaHo. PyHAaMeHTaJbHOE HCCIAEHLO-
BaHHe CONepKanust XKUAKOH (asel W CcOJE€H B MOPCKOM JbAY
conepxurcs B kHure B. A. CaseareBa [133]. On ormeuaer, 4TO TEM-
nepaTypbl KpHCTAJNIM3alHH HEKOTOPLIX cOJIeH YCTaHOBJIEHB! NOKa elle
HegocTaTouro tBepno. Cuuraercs, uto Ao TeMnepatype —7,6° C coau
HE NePexXONsT B TBEpPLOE COCTOSIHHE H3 Paccoja, XOTd N0 HEeKOTOPHIM
JAHHLIM KPHCTAJ/N3AlUs YIIEKHCIOr0 Ka/JblUs HAaCTyNmaer yxe IpH
tremnepatype —1,9°C, a yriekucioro marpusa—npun —2,1°C. Bmpo-
yeM, cOIepiKaHHe THX COJell B BOAe MasJd M He BJHSET CYLUIeCTBEHHO
Ha TOYHOCTb OIIpelejeHus -MaccH TBepAnX cogefl. Ilo  nmamHbBIM
K. 3. TurrepMana W CBOHX 3dKcIepuMeHTOB CaBesbeB BBIYUCIUI CO-
neprKaHue TBEPIOH H XKHUAKOH (Gaspl, B TOM UHMC/Ie M MacCy KPHCTaJj-
auyeckux coseil. OQHaKO B €ro pacyeThl BKPAJHCh OMHOKH, KOTOPHIE
NpPUBEJNH K TOMY, 4TO IIPH TeMIIepaType KPHCTaJIH3alHH XJOPHCTOTO
HATPHUS COJEHOCTh PAccojia OKasajach HHKe COJICHOCTH BOJE, H3 KO-
TOpOi 06pasoBaJcs Jel.

MHoro wMarepuasoB mno (a30BOMy COCTaBy Jabja 060G6IIHI
10. JI. Hasunues [114]. Ha nocTpoeHHOM UM MO 3KCIEeDUMEHTAJbHBIM
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J2aHHBIM DAas/JMUHBIX 4BTOPOB pHC. 15 BHAHO, YTO COJEHOCTH Paccosa
pacreT c IOHHXKEHHEM TeMIePaTyphl, NpaBla, HUXKE TEMIEPATYpPHI
Kpucraanusauun NaCl yBeqnueHue KOHIEHTPANUM paccona HeGOodb-
uroe, Tak Kak OCHOBHAs Macca coJeH yxKe HaXONUTCd B TBEPIHOM CO-
CTOSIHMH. ‘

OIseparderep [277] saBucuMOCTb KOHIEHTPAIMM OT TEMIEPATypHI
paccosa annpoxcuMuposas JAuHehnof dopmyno#r. Ilpu atom nns BH-
pa’keHHus KOHIEHTPallMd OH IIOJIb30BAJCS OTHOIIEHUEM KOJWYECTBA CO-
Jeli B paccosie K Macce coflepxKalielics B HeM BOJBI:

Mpe
MIZK ——1,848 . 10727 npu 0> T > —7,6°C; (4.10)

M. -
- =(6,240—1,0317) - 1072 mpu —7,6 > T >—23°C. (4.11)
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Puc. 15, KoHuentpauus paccoia NpH BHIMOpaXKuBanuu Boaml [114].
| Haumpie Turrepmana (I), Heabcona u TomicoHa. (2), Punrepa (3).

Ha ocnoBamum annpoxkcuManmu IIBeparderepa Jserko mnosyuuth
! CKOPOCTb HBMEHEHHsI COJIEHOCTH B 3aBHCHMOCTH OT TeMIIEpPaTyphl:

dS, .
T AT MW (4.12)

Toe o-—Ko3(hdHUIHeHT NPONOPIMOHAJLHOCTH MEeXIY KOHIEHTpaIHeH
paccojia 1 TeMnepaTypoH

—1,848-10™ mpu 0>T>—7,6°C, 13
“:{—1,031 107 mpn —7,6>T>—93°c,  (*19)
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Benencreue uabHpaTebHOCTH KPHCTAMIH3AUMH COJIEH W TPYRHO-
CTeHl B SKCICPUMEHTAJNbHOM OIIPeNeNeHUH WX MAa/JBX KOJHYECTB IIOKA
CYLIECTBYIOT PAa3/IMUHble MHEHHS O 3aBHCHMOCTH MacChl BLINABIIMX
B Ocafok cojeil or TeMmnepartypul. B. A. CaBenpeB npumepKuBaercs
MHEeHHs, uto NpH TeMueparype —22,6° C kpucramausyercs 92,1% Bcex
coxert Bo abny. YO, JI. Hazuuues [114] ucnonb3oBana B CBOMX pacyerax
Te XKe ucxomuele paHuble K. 3. ['urrepmana, uto u B. A. CaBenbes,
HO HOJYYHM/J HECKOJBKO MEeHBINYI0 MAacCy KpHUCTANLAHUECKHX COJel.
K TperbeMy pesyJabTaTy MO TOH Ke HUCXONHOH HH(pOpMAIuH NPHUIILIHN
A. T1. llypukoBa u B. JI. llypuxos [158] (ra6i. 4). ‘

Tabauya 4

Macca KpucTajanueckux coJeit (r), npnxommaﬂcn Ha 1 kr abpa
cojieHocThio 10%

T°C -7,6- —9,5 -—10,6 —12,3 —17,0 —22,6
[To Hasunuesy 0,049 0,533 0,704 . 0,849 1,05 1,90
ITo Ilypuxoseim 0,05 0,54 0,68 0,82 0,98 1,80
ITo CapenbeBy 0,06 0,54 0,69 0,81 1,63 9.2
T°C —24,2 -—26,0 —28,0 —30,8 —34,2 —35.,5
ITo Hasuuuesy 5,39 6,74 7.28 7.69 7,98 8,07
ITo ypurosbiM 5,28 6,61 7.12 7.50 7.89

[To CaBenbery 9,06 9,33 9,27 9,30 9,47 9,47

UTo6hl MOAYYUTh Maccy KPHUCTANIHYECKHX cojiell NI JibAa JPYrol
COJIGHOCTH, IOCTATOYHO yKa3aHHbIE B. TaGJHUIlE BEJUUHHEL yMHO}KI/ITb Ha
OTHOLIEHHE HOBOH cosieHoCcTH JAbja K 10%o. ‘

Hcxona u3 obieil coMEeHOCTH JibAa, MAaCCh KpI/ICTaJIJII/II{eCKI/IX cosel
H COJICHOCTH DAaccofia, JIErKo ONPENeNHTh Kak Maccy paccoia, Tak H
pasliesibHOe COREpPKAHHE B HEM BOJL! H PACTBOPEHHBIX- conen

MP=MPC+M)K:£T§;£”£& : (4.14)

IockoubKy coseHoCTH paccosa B Macca KPHCTAJIHYECKHX COJeH
JUIS JIbJa OJHON W TOM K€ COJIEHOCTH 3aBHCAT OT TeMIepaTyphl, TO H
Macca paccoJa, Kak 1o cihenyer u3 popmynnt (4.14), TakKe ABASETCS
dbynknuelt TeMnepatypsl. Kak yxe oTMedaJsoch, HMEIOTCS HEKOTOpLIE
pasyuuysi B ONpPefle/ieHHbIX PAa3JUUHEIME UCCASLOBATEASMH BeJHUHHAX
KOHIlEHTPaNUK paccoja U KPHCTANIHIECKHUX COJieH, TT03TOMY, €CTecT-
BEeHHO, M ‘Macca paccoja HeONHHAKOBa. HarisgHoe mOpelcTaBJeHHe
0 Macce paccodia B MOPCKOM JAbALy maet puc. 16. -

W3 pucysKa BHAHO, 4TO BCe 3KCIIEDHMEHTH 10Ka3blBAIOT yMEHble-
HY€e XUAKOH (assl B MOPCKOM JIbAY NPH NOHHKEHHH €r0 TEMIEPaTypPHI.
CKOpoCTh yMEHbIIEHHS COJepIKAHUS XHUAKOH ¢as3bl ¢ IOHMXKeHHeM
TeMIepaTyphl IJIaBHO yOBIBaeT A0 MOMEHTa, KOrja HauMHaeTCsi KpH-
cTasu3anus xjaopucroro watpus. Ilpu aTofi TeMpepatrype NpOHCXORHT
6BICTPOE YMEHbIIEHHE MaCCEl pPacco/ia, a 3aTeM CKOPOCTb CHOBA Mafiaer.

Canefyer OTMETHTDb, UTO, HECMOTPA HA JOCTATOYHO GOJbLIME DAa3JH-
ghs B NMOJYYEHHBIX Maccax KPHUCTANIHUECKHX cOJiel, BCJIeJCTBHE HX Ma-
JIOTO CONep¥aHusi B MOPCKOM JbAy oOllee KOJHYECTBO paccosa, 0co-

62




A\

GenHo npu TeMmieparype He muke —20°C, u3BecTHO € HOFpeLLIHOCTbIO
He 6osee 1—2%.

ITo u3BecTHOH Macce JIeTKO ONpeReNAoTcsi 00BeMbl paccota vp
IPECHOTO JbAA Vg B MOPCKOM. Lyl 9TOr0 XOCTATOYHO PAasfeNHTh HX
MacChl Ha COOTBETCTBYIOIIHE INIOTHOCTH Yp H P

ITockonpky M =pv, TO 06bEM paccosa ONPEeReNuTCs U3 BBHIPaxKeHHus

vpmmy e e (4.15)

Splp Splp
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Puc. 16. Macca paccosa B | X' MODCKOro JIbZa NpH pasiHyHOf
Temnepatype [114].

1—mo Puﬂrepy (8=35,05%9); 2— mo Turrepmany (S=33,10%,); 3 — no
Accypy (S=34,32%,).

O6beM NpecHOro JbJla HaxoAuTca no Gopmyie
ooy (1 SV Mae
= [(1 s )+ e (1 Sy)] - (4.16)

ITepeuncnennsie 3KCIepHMeHTaJbHEIE AaHHBE (PAa30BOTO cOcTaBa
. MOPCKOTO JbJa CIpaBelMBHl JIHIIb B TOM CJyd4ae, KOTAA MHUTPalus
. paccosia OTCYTCTByeT. BceiefcTBHE H30HPATENBHOCTH KDPUCTAJNIH3ALUM
¥ MWTpaliuu paccoja BMeCTe ¢ PACTBODEHHBLIMH B HEM COJIIMH B ecTe-
CTBEHHBIX YCJIOBHMAX COOTHOILEHHE COJieH B MODCKOM JIbLy MOIKeET
HECKOJIbKO OTJIHYaThCf OT IOJYYEHHOro B JaGOPaTOPHBIX YCIOBHSX.
Drto oTpasuTcs Ha $a3oBOM COCTABE, KOTOPHIH IIPH 9TOM He GyJeT IoJ-
. HOCTBIO COBNAJAThb C [I€PEUHCACHHEIMY JaHHBIMH.
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. 2. Muepayus paccora

KonnuectBo paccosa B MOPCKOM JbIy 3aBHCHT He TOJBbKO OT CO-
JICHOCTH JIbJla H €r0 TeMIepaTypHl, Ho W or Murpamuu. Ha sro siBieune
ob6parun BHuMaHue eme ©. HaHceH BO BpeMsi CBOUX apKTHYECKHX 3KC-
neaunuf. MHorouuc/aeHHble HAaGIIOLEHNS, IPOBENEHHbIE ¢ TeX MOp, II0-
3BOJIMJIM YCTAHOBHTb, UTO MODCKOH Jiell ¢ TEUEHHEM BpEeMeHH ompec-
usercs. [lockonbKy MHOrHe (Qu3nHUecKHe CBOHCTBA JIbJA 3aBUCAT OT €T0
COJIEHOCTH, TO BIIOJHE.OOBSICHUM HHTEpec, HPOSBJASEMBI K MeXaHHs-
MaM H IpolieccaM, BHI3BIBAIOIHM €€ H3MEHEHHUE.

Brime 6bi10 OTMeUeHO, 4TO B KPHCTA/LIaX JbJa COLEPKHUTCS OUeHb
Majno cojefl. OCHOBHasi WX Macca HAXOZUTCA MEXAY KpHUCTaNJIaMu
B TBEPAOM HJH XKHUIKOM COCTOSHHH. DTO COOTHOIUIEHHE ONpPENENseTCs
TeMnepaTypoi. Paccos COAEpPKHUTCA B MEXKPHUCTAMINUECKUX IIPOCTIOH-
KaX, B CKBO3HBIX KalW/Jspax W B BHAE 3aMKHYTHIX fiueeK pa3/IHYHOH
¢opmbi, Brosne ecTecTBEHHO, uUTO XapakTep W CKOpPOCTb MHIPAlUU
paccosa 6ynyr 3aBucerh ot GOPME ero BrJueHuil. CraTHcrHdeckas
KapTHHA HX paclpeleneHHss BO JbJy NOKa ellle He ycTaHOBJeEHa, IO-
TOMY MHUTrpanusl paccosa OOHIYHO paccMaTpUBaercsi MPHUMEHHTEIbHO
K KaKoH-n1u6o HieaJu3upOBaHHOH (hopMe ero BKJOUEHHH aubo Gopma
COBEPUIEHHO HE IPHHHUMAETCs BO BHUMAHHE.

Cumraercsi, 4TOo MHUrpamus paccoja I[POHCXOZUT NOJ JeHCTBHEM
mMHoxecTBa GaKTOPOB, OTHOCHTE/IbHAS DPOJb KOTOPHIX IIOKa elile He
BIIOJTHE BHISICHeHA, B Hacrodliee BpeMsl B KayecTBe OCHOBHBEIX IPHUYHH
OPUHAMAIOTCA HAJMHYHE TEMIEPaTyPHOTO rpajueHTa BO JbAY, BJIHAIO-
Hlero Ha KOHIEHTpAUHWI0 paccosa B suefiKe IO HAIlpaBJeHHIO 3TOro
rpaguenTta, AeHCTBHe TpaBHTALHOHHBIX CHJI, CHOCOGCTBYIOUIMX CTeKa-
HHIO paccosia BHHU3, NEHCTBHE THIPOCTATHYECKOTO MNABJEHHS, BBHIXKH-
Malollero paccos u3 siyeek. MeHbmiasi pojib OTBOAMTCH INEUCTBHIO CHJE
[IOBEPXHOCTHOTO HAaTAXKEHHS Ha BKJIOYEHHST paccosa, Pa3HOCTH [aB-
JIEHHS [1apOB, OCMOTHUECKUX IPOIECCOB U T. [. ’

DKCrepHMeHTaNbHbE HAaHHBIE NOKa3hHBAlOT, YTO OCHOBHAS Macca
paccosia BHITEKaeT U3 JbJa B NepHOJ ero o6pasoBaHus, KOraa Jej cpas-
HUTENbHO TOHKHI M €ro TeMIepaTypa INOBOJIBHO BBHICOKA, 4 TaKXke Je-
toM. [Ipu BBICOKOH TeMHOepaType Jbpja B HEM YBEJHIHBACTCH Macca
KHAKOH (dasel, paspymaloTcs CMOPO3H MeXJy KPHCTANIAMH H OTKPHI-
BAIOTCs NOPHI, IO KOTOPBIM PAaccoJ CTeKaeT. B XOMOAHBI neproA roga
CKOPOCTb MHUTPaLUA Pacco/ia U3 JbJa CYMIECTBEHHO 3aMENIAETCH. Tlo-
9TOMY €CTb OCHOBaHHME CYMTAThb TPABHTALHOHHBIH CTOK OLHHUM H3 OC-
HOBHBIX MEXaHH3MOB, HNPUBOJSAIIHMX K YMEHBIIEHHIO COJIEHOCTH JbAA.

Ecin 6m CKOPOCTH CTOKA paccosa wp ONPEleNsaach TOJbKO €ro
IJIABYYECTbIO W BSI3KOCTBIO RpYp, TO LM ONpPeJeseHHss CTOKAa MOXKHO
6BI7I0 WCIONb30BATH YPABHEHHe NBHKEHHs, 3allHCanHOEe B (opme

dwp pj kywy
rae g— yCKopeHue CBOGOXHOTO NAaNEHHs, p;— IVIOTHOCTb BO3AYyXa,
ecJTH BHIIENEHHBIH 06BeM paccosia HaXOIMTCS HaJ YPOBEHHOH IOBEpX-
HOCTbIO, HMJH INIOTHOCThL MODCKOH BOJBI, €CJAH 3JEMeHTApPHBIH 00BeM
paccosia HaXOZMTCS HHIKE YPOBHS MOpS;, r— paiuyc Kanuwuisipa.
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Pemenne ypaBHeHHsi TaKOro THIA U3BecTHO. [IpH IOCTOSHHBIX na-
paMeTpax OHO MMeEeT BUJ

kpt kpt

w—w,(0)e 7+ 1 P T @)
P Tp

ITpu ofelyHo BCTPeUAOIKKCS BO JIbAY CEUEHHSIX KaNWISAPOB IO-
KasaTesb SKCIOHEHTHI CTAHOBHUTCS OOJBIIHM uepe3 HHTEPBaJ BpeMeHH
MeHee yaca, IM0STOMY CTOK PAaccoJia, BBHI3BAHHBIA NEHCTBHEM MEpEUHc-
JICHHBIX CHJI, IPAKTHYECKH CTAlHOHAPHBIN. Ero CKOpOCTb OUeHb CHJILHO
3aBHCHT OT CEUEHMs KaNuIspa ¥ PasHOCTH IJIOTHOCTEH paccosa H
MODCKOH BOABI HJIH BO3AyXa.

Srta dopmyna, mo xpalHeli Mepe KaueCTBEHHO, XapaKTEPU3YET CKO-
pPOCTh MHI'pallH paccoJa, COTIACYILIYIOCS ¢ pesyJbTaTaMH HabJaoje-
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Puc. 17. VsMeHenHe COJIGHOCTH JIbJA.
a — B Kapckom Mmope [133]; 6 — B AnrapxTuke [25].

Hufi. OHa Ha TpU TNOpsigka GoJblue AJs HAABOAHON YacTH JibJa IO
CPaBHEHHIO ¢ TIOABOAHOM, 1109TOMY NMOBEPXHOCTHEIE CJIOH JIbla YPE3BHI-
9afiHo GHICTPO ONpPecHAIOTCA. B Xos0LHOe BpeMsi roja O4YeHb CHJIBHO
YMEHbLIAETCS CEeUeHHe KallWJISPOB, B Pe3ysabTaTe 4ero najaer H CKo-
pocth cToka paccoJa. Ilpu yMeHbIIEHHH COJEHOCTH JIbJia HOHMKAETCS
IJIOTHOCTb paccosia W MeHblle CTAHOBHTCS PAa3HOCTb. MeXAy -Hed H
IUIOTHOCTBIO BOJBI, @ 5TO B CBOKO OYEPe/b NPHBOAMT K YMEHKLICHHIO
CKOPOCTH CTOKa. B mnpepene mpu paBeHCTBe IVIOTHOCTEH ,paccoiia H
MOPCKOIl BOJBI CTOK IIpeKpalaercs.

WsmeHeHHe COJIGHOCTH JbAA NOA HEHCTBHEM l‘paBHTaIlI/IOHHLIX cpm
[IPONOPIHOHAJNBHO aJBEKIUH COJEH:

as ds :

Pernlenue 3T0r0 ypaBHEHHS IIPH COOTBETCTBYIOIIEM BHIGODE CeueHHS
KaluasipoB, NJOTHOCTH H BS3KOCTH Paccojia MOXET HaTb COJNIEHOCTb
Jbjla KaK (DyHKUHIO BpeMeHH, GJAH3KYIO K NpeCTaB/lAeHHOR Ha puc. 17.

- Creradye paccojia MO OTKPLITHIM KANUAJASPAM HE NPHUBOJMT, €CTe-

.CTBEHHO, K HX OCYUICHHIO, TaK KaK IOJA JNelCTBUEM THAPOCTATHYCCKHUX -
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CHJI H IIOBEPXHOCTHOI'O HATSIKEHHS O OHH OCTAIOTCA 3AaMOJHEHHBIMH
KHUIKOCTBIO, 00pasylomeics OT cMecH NOIHHUMAONIEHCT MOPCKOH BOIHI
H paccosa. BricoTy mogbeMa JKHIKOCTH 110 KamWLISpYy & Hax ypos-
HEM MOpsd MOXKHO onpeneiuts no npuseieHHoMy y B. A. CasenbeBa
(133] ypamnenuio A. I1. TlopxaeBa, KoTOpoe B CTANMOHAPHOM CJydae
TIO3BOJISIET TIOJNYYUTE HPOCTYI0 GopMyay

. 2ocos¢ , :
b=, (4.20)

rjie {p — MEHHUCKOBBLIA yTOJl.

Ilpn mManblx ceueHHMAX KANHAASAPOB THAPOCTATHYECKHE CHJIBI MOTYT
IPHUBOAHTE K IOLBEMY paccofa BIJIOTH A0 IIOBEPXHOCTH JIpAA. IDTO
HMeeT MeCTO yxXKe IpHu pajuyce kanuansipa meHee 0,1 mm. JleficrBiem
9THX KANWJAPHBIX cusl OOBACHAETCH OTCYTCTBHE MIOJHOTO BHIMBIBA-
HHUS COJIell NOBEPXHOCTHHIMH TaJIbIMH BOLAMH B JeTHHH mepuol. TOMbKO
YBEIMUEHHE CeYeHHsl KaNWJIsgpa U yMeHblieHue & MO3BOJISET pacrpec-
HEHHOH BOJlé BLITECHHTb paccos M3 KpymHBEIX nop. CJaenoBaTenbHO,
JaXke HaJHYHe HA TIOBEPXHOCTH MEJIKOIOPUCTOTO Jbla TaJ0H BOAH He
MOYeT INIPHUBECTH K TIOJHOMY €ro ONpecHeHHI0. MunuManbHas coJe-
HOCTb Jibfla OYyZeT 3aBHMCETH OT COJIEHOCTH MOPCKOH BOABI S M KOJIH-
4ecTBa Nop [ NMPUXOAAIINXCS HA eIHHHIY IO all ni-

YA "
‘ Smm=-—n§—' S. (4.21)
s

Sta QopMyaa cnpaBelIuBa W IJs ONpENENeHHS MHUHHMAJbHON CO-
JIEHOCTH KpPYIHOIOPHCTOTO Jibld HHXKE YPOBHS E, eCaM HA HEM HET
TaJofl BoAbI. BElIe ypoBHS & M IIPH OTCYTCTBUH TASIHUS MOIKET TPO-
H30HTH TIONHOE OTPECHEHNE 32 CUEeT TPABUTAIMOHHOTO CTOKA.

B xononmublfl Nepuol rofa B pe3yJbTaTe 3aMep3aHHsl paccosaa oc-
HOBHAsT 4YacTh CKBO3HBIX KaNWJISPOB, NIO-BHAMMOMY, HCUE€3aer, Ipe-
Bpaliasicb B 3aMKHYTBle sSYelKH, Pas[eJeHHble IepeMBplYKAMH JbAAa.
DTH SIUeHKH TOJ NefCTBHEM TEMTEPaTypPHOTO TpajueHTa CMEIaloTCs
B CTOPOHY IOBBIIEHHOHM TeMmepatyphl. IlockoabKy paccos B siuefike
HaXOOWTCS B TEPMOAMHAMHUECKOM PaBHOBECHH, TO B o6JacTH GoJsee
BBICOKOH TeMIepaTyprl KOHIIEHTpallug paccosa HHXKe, yeM B 00JaCTH
NOHHKEHHON TeMmmeparypul. BenenctBue mubdysnn conell BHYTPH
sIuelKy TIPOUCXONUT BLIpABHUBAHHE KOHIIGHTpPAIMH paccoja H DPABHO-
Becue Hapymaercs. [l ero BOCCTAHOBJEHHS HEOOXONHMMO NJIaBJEHHE
Jblla W pa3baBjeHHe paccoja B TOH YacTH SUCHKH, TAe TeMIeparypa
BEIIIE, ¥ BEIMEP3aHWe paccoja ¢ o6pa3oBaHHeM UMCTOro Jbia B 00-
JIaCTH TIOHMMKEHHOH TeMIepaTyphl. BriTauBanWe Jnpia B TEIJOH 4YacTH
siyeflKM ¥ HaMep3aHnude B XOJOJAHOH IOCTEIEHHO NePEMEINaeT ee U3 XO-
JIOLHBIX CJI0eB JbJa B 0G0Jee Telsble, BIVIOTh A0 CTEKaHHsS B BOLY.

CxopocTh NBUKEHHUS AYEHKH 3aBHUCHT HE TOJLKO OT BEJHYHHBI rpa-
JNMeHTa TEMIEPATyPhl, HO H.OT MHTEHCHBHOCTH HHGOY3uu cojed, cua
TIOBEPXHOCTHOTO HATSXKeHHs, 00yCIOBJEHHOr0 (asoBEIMH INepeXofaMHy,
IPABUTANMOHHON CHAH ¥ psina Apyrux. OcoxHseT. NocTpoenne obulei
TEOPHH TPOIlecca 3aBHCHMOCTb HEKOTODHIX CHJI OT PasMepoB sUeiKH.
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[TosToMy IpH H3YyYeHHH MHUTpAUUH fuUeeK OTrpaHUYHBAIOTCH paCCMOT-
peHueM OTJEJNbHBIX CTOPOH 3TOTO CJHOXKHOTO SIBJIEHHS.

Haubonee pacnpocCTpaHeHB WCCJAEAOBAHUS, ONpefensioniie ¢Ko-
pOCTh ABHIKEHHS siueeK KakK (PYHKUHMIO rpafHeHTa TeMIeparypsl H AHD-
dysun voHOB B paccosie. 3Lech BHIENAIOTCS ABa MOAX0La: B mepBoM
npeanodaraercs ckopocTb AMGY3HH HOHOB [OCTATOUHO :GOJBIIOH,
yTOGbl KOHUEHTpPaLHUA paccosaa BO Bcell duelike 6bl1a OAHHAKOBOH H
CKODOCTb TasfiHHS H 3aMep3aHus : 110 TepudepHu - SUeHKy 3aBHcesaa
TOJILKO OT OOMeHa TeNJOM MeXJy Hel U:OKpy:KaioMmHuM NpOCTPaHCT-
BoM. CoriacHo BTOPOMY MOAXOMy, CKOpocTh Au(PHY3uH HOHOB B pac-
CoJle KOHEYHA HIIPHBOJHT K HEKOTOPOMY I'PaJHEeHTY COJEHOCTH B TUEHKe.
ITosToMy CKOpOCTH ee IBHIKEHHS ONpeNesercs He TOMIBKO TEeN1006-
MEHOM C OKDYXKAIOlIeH CPefiofl, HO.H BEIHYUHON OTKJIOHEHHs! KOHIEHT-
pauHu paccosa OT PaBHOBECHOTO COCTOSIHHA.

Ilpu paccMOTpeHHM CKOPOCTH MHIPALHM SUEHKH B pe3y/abTarte He-
IPEPLIBHOTO HapylleHUs TePMOZMHAMHUECKOTO DABHOBECHS 32 CYET
OBICTPOTO BHIPABHUBAHHS B Helf KOHLEHTPAIMH Paccoja clenyeT HMeTh
B BHIY, UTO TaKas THIOTe3a 3aCTaBJ/IseT NPEeNNoJOXKUTh HAJTHUHE B XO-
JIOHO/l 30He syelK¥ MOCTOSHHO JAEHCTBYIOLIEro HCTOYHHKA TeIIa 3a
cyer (asoBHIX INIEPEXOAOB INPH BBHIMEP3AaHHH paccosa, a B TeIIoH
30H€ — CYIIECTBOBAHHE IIOCTOSTHHOTO Je(uUHTa TellJia BCIEACTBUE Bbi-
TauBaHHs JbXa. DTa TEIIOTa (a30BLIX NMEPEeXOJ0B LOJXKHA NMPHBECTH
K JIOKaJbHBIM HU3MEHEHHSM TeMIEepaTyphl, MaKCHMAJbHBIM Ha KOHIaX
suefiku. Ecam mosararth, 4ro TeMiepaTtypa AuefKH Takasi ke, KaK H
B OKPYXaIOeM ee JIbAY, ¥ HUKAKHX JOKAJbHHIX 06JacTell NOBBIIIEH-
HOM W NOHUIKEHHOH TeMIIepaTypnl BOKPYI Hee HeT, TO 3TO MOXKeT ObITh
TOJILKO B TOM CJyuae, KOrja Temiora (pasoBbIX NpeobpasoBaHUH IIOJ-

' HOCTbIO KOMIIEHCHPYETCSI TEMJIOOGMEHOM C OKDPYKaIOIHM JIbIOM. Cie-
JOBaTEJbHO, Ha OCHOBAHHSX IMJIHHADHUECKOH SUeHKH, IepneHIuKy-
JSPHBIX ee ocu 2, JOJIXKHO BHIIOJHATBCS yCJIOBHE Gananca Temia

oL oT :
Tabauya 5
MocnoiiHoe n3MeHeHHe CONEHOCTH MOpcKoro abaa (%)
0. YeAHHeHusa - npoJ. Buabkuuxoro npoa. Marouxkun Ulap
Tny6una,
o XII J1 111 v XI11 I I | Iv XII II II1 IV
0 9,4|6,9/8,686|6,5[46[4,6]46]93|7.5/|9.4!56,8
20 6,6 4,4(15214,112,7(3,713,9{4,2|6.9|6,7(5,8}6,4
40 14,9|5,4]14,814,612,63,4|13,6|3.7] 6,3|5,8](86,4]6,1
60 3,5(14,014,514,713,0]12,8(3,0(3,8]10,4|(4,0/(5,0]5,1
- 80 6,54,714,914,512,413.1(3,0(3,1] — | — |4,2]|4,2
100 — (4914050 — (38|43 41| — |55(5.8]5,1
120 — |7,613.2(44] — | — | =137 — | — |4,21686,0
140 — | —19.0(57) — | — | — |4,1
160 — | - =45} —- | = | = | -
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Jlerko OUEHUTDb, 4TO TpPH BEPTHKAJIbHOM Mepenaie TeMIepaTypsl
10° Ha meTp JbHa, corviacHO 3ToH GopMmyJe, syefika CMECTHTCS BHH3
3a Mecsl Ha (=18 cwm.

[lo nopsiAKy BeJuWuHHB 3Ta OIIEHKA COIVIACYETCS CO CMeIleHHeM
3KCTPEMYMOB COJIGHOCTH Jiblla B 3MMHee BpeMs KakK B ApKTHKE, Tak
H B AdTapKTHKe, 4TO MOCTATOYHO XOPOIIO BUAHO H3 TabJa. 5, cocTas-.
JEeHO! nmo JaHHBIM, npuBeneHHbM y B. A. CasenbeBa {133], u u3 puc. 18.

Crnelyer OTMETHTb IIONBITKH ONPEAENHTb H3MEHEHHE COJEHOCTH
JbJa B pe3yabTaTe TEMIEPaTypPHOM MUIpalUM sYeeK paccoJia, Ipel-
npunarsie B, JI. Llypukosbim {162, 163]. K coxaneHuo, OH HCXOZHUI
u3 dopmyse- 5. A. CapenbeBa, He MMeEOUIEH OTHOWICHHS K CKODOCTH
5 . IBYIKEHHS SIYefKH, TJe BeJHUHHA CMe-
of—f 1 & %% wmenns stueiiku Gbi1a OTOKIECTBIEHA CO

CKOPOCTBIO ee JIBHKEeHHS.

20 B cropoHe ocrajcd TakiKe BOIPOC
O peansauuy TemIOTH q)asoBbIX npeo6-
40 pasoBaHUH.
] XoTs mo aGCoJIOTHOH BeJgHuHHE KO-
60 JINUECTBO TeENJa, BBILEJUBLIETOCH B XO-
JONHOHK 30HE #AYEHKH, [OJKHO OHITb
60 paBHO €ro HAeUUHUTY B TemJOH 30HE,
BPSIL JIH MOMKHO IPENIOJOXKUTb, UTO
ZZZ Takass KOMIIEHCALHSI IIPOHCXOMHT.

B ToMm cayuae, Korja JonycKaercs

o HaJHuyHue rpajuenTta COJEHOCTH B pacco-

Puc. 18; Msmenenne comeno- o gyejixy, Macca semectBa Mg, yaact-
~ CTH JibJa 3a CYeT MUTrpauuu . S

paccosa.  Peity  Mupsoro, BYIOLIETO B ¢$ha30BEIX NIpeodpa3oOBaHUsAX,

1965. NPUHAMAETCS TIPONOPUHOHAIBHON TOTO-

Ky cosiefl, 00yCJOBJIEHHOMY TIDalHeHTOM

[ PR

i ) U HHTGHCHBHOCTH Hu(dysun

I/IX KOHIIeHTpaIlI/II/I B sUeiKe V( S
0

ks [278]

Sp
My=Fkg1,V (W) . | (4.23)

ﬂJIH Ol‘IpeILeJIeHI/IH CBsI3H MEXKIY KOHHeHTpaHI/IEﬁ HachpIIeHUsI U TEM-
HepaTypou HCTIOMIb30Batach hopMyaa

Sy=S8o4T(To— T}), (4.24)
B KOTOpOH So— KOHIEHTpaunusi paccoaa npu rtemneparype To, a I'=

Sp

oT :
CKOpOCTb [BHIKEHH4 SIUEHKH @ OIpele/sfeTcs U3 YCJIOBHS 3aKOHA

CoxpaHeHuss Macchbl

B OKPeCTHOCTH TOYKH To.

pw - My=0, j (4.25)

Ha OCHOBAHMHU KOTOpOI‘O u GopMy (4.23) u (4.24) naxomures
L S 4.26
o7 —‘Z@)—“—‘W \Y pe ( . )
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Ecau BHIpa3uTh rpajyueHT TEMIEpaTyphl paccoja uepe3 rpPafueHT

OCHOBHOM Macchl JibAa VT, TO CKOPOCTb IBHXKEHHS siuefiKH OYHeT OIl-

penmenena. [Has pemenus stoi safayu Ilpus ucnoabsoBan ypaBHeHHe
TeNJIoBOro faJjaHca, B KOTOPOM CyMMa MOTOKOB TeIJla H3HYTPH ST4eHKH
D; u c ee BHEIIHeH CTOPOHH DaBHAJACh HYJIO, T. €. HE IPHBOAMJIA
K JIOKa/IbHOMY H3MEHEHHIO TEMIepaTypEHL. ITepBHIfl OTOK ONpeREAsETCS
cymMon nuddysuonsoro u $pasoBoro Temia

Lok T :
s )VT, @20)

Py=—DV I+ LMy=— ( +——

a BTOPO#l 3aBHCHT OT TEIIONPOBOAHOCTH JIbAia A ¥ TpalHeHTa TeMIe-
paTyphl:

P——\VT.  (428) f5n ””’;“' v
1
Ecau 61 rpauuna pasgena Me- : /
XKy PACCOIOM U JbIOM GELIA TIO- g 5
CKOH W mocTaToyHo GOJbLIOA 110 10 I3 / §

2

IJIOL(anH, 4TOOH IpeHebpeub G0Ko-
BHIMH [IOTOKAMH TelJa, TO HJs BHI-

A.:-u|aotajl'll'ig

| paxenusi rpajueHTa TEMIEPaATYypPHI ‘ ¢
paccosia uepe3 BHEMIHUWH T'pafueHT  § .

' [OCTATOYHO TPHPABHATb JBa TO- T 3 3¢

. cAeflHHe BHIpaxkeHHdA. B npoTHBHOM 4 ii .

. xoopauHat. C uX yyeroM us Qop-

clydgae  OTHOLIEHHE TpaiHueHTOB < ' o
3aBHCHT OT (POpPMHl SueHKH, ompe- _‘7,5 7 570
IeqsieMoli HEKOTOPEIMH IapaMeTpa-
MH 8; [10 COOTBETCTBYIOIIUM i-OCSIM

Puc. 19. Cxopocts Murpanuy chepu-
YECKHX YeeK C PACCOJIOM.

71— NaCl, 2—KCl, 3 — KCl nume spTek-
MyJa (426)—-—(428) HaXO4AHUTCA THUECKON TeMmepaTypsl [278].

v, [ Lo sy S (1_ai+kT")}_l. (4.29)

- Hupmekc i B dopmyne (4.29) oGosHauaer HampapJeHHE, IIO KOTO-
pOMY paccMaTpHBaercsi uepeMeineHne suefixu., B wactHoctH, mpm pac-
CMOTPEHHMH TIepeMelleHHs [0 TepPNeHAMKYJsIpy K IJOCKOH TIpa-
HHlle pasfiena paccon—ien O;=1. Ecnu sAuefixu wmwapoo6pasHbe, TO
8i=1/s

Paccuurannas IllpuBom mo 3roli (opMyse CKOPOCTb MHUIDALHH
chepHuecKuX sYyeeK ¢ PacCOJOM IOJYYHIach HOBOJBHO OJU3KOH K Ha-
6/I0JeHHON B SKCIHEPHMEHTaX W 3aBHUCUMON OT TeMIepaTypH H3-3a
BTOPOTO CJaraeMoro suameHatens (puc. 19).

HexoToprie uccienoBaTenu mpuzaloT oNpefeNeHHOe 3HaueHue 3¢-
(exTy BEDKHMAaHHS paccoJa H3 NHOp B pe3yJbTaTe yBeaudeHus oObeMa
IIpU ero 3aMep3aHHH B XOJIOAHEIM Iepuof roxa. Iljs oneHku H3MeHe-
HHSI COJIEHOCTH JIbJla 3a CYET TOTO NPOLECCa, COTIACHO UCCAeAOBAHNIM
YHTepTeiinepa {293], MOXHO BOCIOJb30BAThCs BhIpaxkeHumeM (4.15),
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U3 KOTOpPOTO CJAEAyeT, 4TO ds JIPOTIOPUHOHANLHO H3MEHEHHIO of6beMa
paccona U PAa3HOCTHU IJIOTHOCTEH BOJABI U JIbHA:

S
ds— ﬂ;“’ = d, (4.30)

B 10 xe BpeMs oGBeM paccosa B MOPCKOM JbLY SIBASETCA (PyHK-

uneit ero temiepatypsl. Ilostomy, ecnn mpomuddepeHunposats: Gop-

myay (4.15), mo temnepartype, HMes B BHIY 34BHCHMOCTb COJIEHOCTH
paccojia oT TeMnepatypnl B GopMe (4.12), He YUHTEIBATD COJIU B TBEp-
JIOM BHJe M IOACTaBUThL NOJYUYEHHOE BHIpAKeHHE BMeCTO dvp B ¢op-
myny (4.30), To noayuum

ds . ApadT Ap adT

— - (481)

s p(1+a7+d')(ar+d'> o (aT+a") ’
rae d’=0,0624. '

I/IHTerpHpOBaHHe 3TOr0 ypaBHeHI/IH OpUBORHT K (opMyse, ompene-

JAIOIIEH COOTHOUICHHE MEKIAY- TOHHZKEHHEM TEMIEPATYPhl H YMCHbIIIE-
HUEM COJICHOCTH JbJa 3a CYET BEITECHEHUS paccoJa:
dp

s - al 44 e
Eo__:( alo+d’ ) : (4.32)
Jlerko saMeTuTh, YTO ¢ HOHMKEHHEM TEMIEPATypHl BJHSHHE NaH-
HOro mponecca Ha H3MEHEHHe COJEHOCTH JbJa ociabeBaeT BCJAEACTBHE
yMeHbIIeHHs] o0beMa paccosa, a IPH BBICOKOI TeMIepaType OTHOCH-
TebHOE YMEHBIIEHHE COJICHOCTH COCTABJAET BENMIMHY NOPSIKA 1%
Ha rpamyc.

PaccmoTpenHble THIB MHTDallid Paccoia B MOPCKOM JbAy SBJSA-

I0TC OCHOBHBIMH, W OHH OOYCJOBJIHBAIOT H3MEHEHHE COJEHOCTH JbAa
BO BpEMEHH. '

3. HabupareavrocTo Kpucrarauzayun coaell paccoara

B rsnaBe 1 oTMeuasnoch, uTO 3SBTEKTHUECKHE TEMIIEPATypPHI COJEH,
BXOJAIIKX B PAccoJ, pasiauuibl. B HacTosilee BpeMsl OHM ONpeJeseHbl
TOJILKO [Jifi ABYXKOMIIOHEHTHEIX 3aKDBITHIX CHCTEM, T. €. HEe OOMeHH-
BAIOIUXCS BEIIECTBOM C OKPYXKAIOMUM HIPOCTPAHCTBOM. JlaHHEIE 06
9THX IBTEKTHUECKHX TeMmIepartypax mnpuBexensl y B. A. CaBenbeBa
[133], [Taynmepa {121], U. C. Ilecuanckoro [123]. Hekoroprie u3 Hux
YIOMHUHAJHUCh B T'1aBe | U JJis OCHOBHBIX COJIEHl MOPCKOH BOMABI 0600-
Imens B Taba. 6.

Tabauya 6
DBTEKTHYECKAS TeMIepaTypa conei
Comb . . . .. . CaC03 Na2C03 KQSO4 NaQSO4 MgSO4
DBTeKTHYECKAS
temnepatypa, °C~ —I1,9 —2,1 —2,9 —3.5 —3,9
Com . ..... Kal CaSO,  NaCl MgCly CaCly
DBTexTHUECKAS
rémmepatypa, °C —11,1 17 —21,1 33,6 —55
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B mopckoit Bome cofiepKarcs NPAKTHYECKH BCE XMMHYECKHe dJie-
MEHTHl ¥ HX B3aUMOJEHCTBHe MPHBOJHT K M3MEHEHMIO Ipolecca KpH-
CTAMJIM3AIMH ¥ SBTEKTHUECKHX TeMueparyp. OueBHIHO, IPHUCYTCTBHE
B Paccojie HOHOB JAPYIHX COJed IPHBOAHT K TOMY, 4TO BBIIajeHHE
B Ocaliok cysibdaTa HaTpus NPOUCXOIMT mpu TeMueparype —7,6°C,
a me mpu —3,5°C, KaK HONXKHO OBITh B CJIyYae YHCTOTO PACTBOpa

{3TOHA coJiu. BbIMopa}KI/IBaH_I/Ie MOPCKOH. BOJBI II0KAa3aJ0, YTO W XJODH-
. CTBII KaJuii HayuHaeT OCAXKAAThCS IPH .3HAUUTENBbHO Oojiee HH3KOH
- teMmnepatype (—34,2°C), yeM u3 uucroro pacrsopa. ITourn Ha 10°C
 HEXe CTAHOBHTCS IBTEKTHYECKas TEMNEPATypa y XJIOPHCTOTO Maruus

HpPH ero BEIMOPaXKUBAHHH H3 MOPCKOH BOJEL

ITockoaBKY coJim cOAepIKaTcs B Paccojie B BHIAE HOHOB, TO BhIMNa-
JeHHEe B OCAflOR yKe MepBOM COJMH TPHBOAUT K H3MEHEHHIO COOTHOIIE-
HYUY MOHOB N0 CPABHEHWIO ¢ WX COACPXKaHWeM B MOPCKON BOIE H K BO3-
HUKHOBEHMIO XHMHUecKux peaxkuu#i. B. A. CaseabeB [133] ormeuaer,
uTO BHINAZieHHe B OCajloK' Cyibdara HaTpus BHI3BIBAeT B paccoie
peaxuuio

CaSO,--2NaCl — CaCl,+Na;S0, 1

fB pesyanaTe KOTOpOH 06p33yIOTCH HOBBIE TMOPIHH KPHCTAJNIU3YIO-

meticst comu NagSO,, a. B paccosie noBlaercs OTHOCHTEJNbHAST H0Js
HOHOB KaJjblius M XJopa. Taxas peakmust IPOTEKAeT N0 TeMIepaTypHl

‘KpI/ICTaJIJII/I3aH\I/II/I CYJIb(baTa KaJbllHsl, HHXKE KOTOPOH OHa HpHHHMaeT

o0paTHOe Hanp aBJEHHE:
'CaS0, | +2NaCl <~ CaCl,+Na,SO,.

Tlpu sToM mHpekpamiaercd 06pa30BaHHE KPHUCTALIHIECKOFO cyabdara

HATPMSI M M3 paccoJia cHauaja HauHHAeT BHNAanaTh B OCafOK cyJabdar
KaJblud, a TPH TEMIepaType- —22,6° C — XJIOpHCTOrO HATpPHS.

Ilpu ewe Gosnee HH3KOH TeMIepaType BOSHHKAEeT DEaKLHS, IIPUBO-
AsIass K 06pa30BAHUIO XJOPHCTOTO MAarHusi:

CaCl,-+MgSO,— MgCl, |-+CaSO, |.

BcenencrBue Toro, uto teMmepatypa 'KPHCTAJIM3AIMH XJIOPHCTOTO
Margusi ¥ cysabdaTa KaJblusl BhHIIE, YeM COJeft B JIeBOIl yacTH ¢op-
myasl, b. A. CaBeJbeB NpPHHHMAET, YTO IPH 3aBEPLIEHHH KPHCTAJLIH-
sauuun MgCl, xunko#t Passl BO JBLY He OCTAETCS, XOTSA II0 HEKOTO-
PHIM 3KCIEDHMEHTaM CJAeIBl paccosa OblIH OGHADYIKEHBl IIPH OXJaXK-
JeHnu B JabOpPaTOPHBIX YCJIOBHSIX 06pa3n;013 COJIEHOTO JIbA2 11a>Ke J0
reMmnepatypun —80° C {121].-

Murpanus paccona NPHBOAUT K TOMY, UTO MOpCKOH Jell. CTaHo-
BUTCA OOraue TeMM COJISIMH, KOTODHIE HMEIOT GOJiee BHICOKYIO 3BTEK-
THIECKYIO TEMNEePaTypy M HaXONATCS MPEHMMYIIECTBEHHO: B TBEPAOM CO-

| CTOSTHHH. HOBTOMy OnpeAecseHue I10. XJa0py COJICHOCTH MOPCKOTO .Jbla,
10co6eHHO IIpOCyUIEeCTBOBABILEro AJUTEJAbHOE BpeMﬂ HeH36eKHO npHu-

BeJleT K NOTPEIIHOCTH. B mepBylo ouepenb Jef CTaHOBUTCS Goraue Kap-

'GOHATaMM KaJblus W HATPHs, UTO NPHBOLHT K yBequeHmo ero Iie-
qounoctn. Ilpopemennwniit B. A. CaBenbeBHIM XUMHUECKMH AaHaJH3
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JAbJ0B B patione Apehidyiomenn cranmum «CII-4» mnokasama, uto, He-
CMOTDSl Ha JIETHIOI0 MHIDaIHiO cosieH, BepXHHE CJIOH MHOTOJETHEro
Abfa 06JafaloT MOBLIEHHOH IMeno4HocTbio. I[lo-BHAMMOMY, Haxe
B YCJOBHAX HMHTEHCHBHOH JIeTHeH MuTrpanuu kKap6oHaThl caabee, uem
Ipyrue COJIH, TMEPEXOAST B paccos W crexaior BHu3. COOTHOINeHHE CO-
Jefl B HIKHUX CJOSIX MHOTOJIETHErO JbJa OKa3aJoCh TAKHUM Ke, KakK
B MOPCKOH BOJI€, H3-3a TPOCAYUBAHUS TIOCAeAHEH BBEPX NOJ AeHCTBHEM
THIPOCTATHYECKOT'O A ABJICHHS.

' B MOJIOABIX TOHKHX JbAX IIEJOYHOCTh MaJj0 OTJAHYAETCS OT ee

OTHOCUTEJbHOH BEJUYUHEI B MOpCKOfI BOIE, HO C TEYCHHUEM BpPEMCHH .

M3-3a MHTpallUy XJOPHCTHIX conelr Alk/s Bospacraer.
W3 ta6a. 6 BHIHO, YTO CPABHHUTEJbHO BLICOKA 3BTEKTHYECKAS TEM-
meparypa psiia coJjel, cofepxamux cyiabdatHuii uoH. [lostomy mnx
BHIIAZICHUE B OCAJOK JOJIKHO IPHBECTH

S05/ 0V , K oforameHui0 Jbia cyJdbbaraMH.
0,5 e | o B OosbiiuHCTBE CJIyYaeB 3TO SBJICHHE
/ nMeer Mecto. Tak, HanpuMep, B o030pe

041 ' / HCCAENOBAHUIT COJEHOCTH MOPCKOTO JIbAA,
/ cneragnom JI. K. DBuawmnosmim  [12],

o3 / OoTMeuaercs, 4To BO JbJax DaJatuiickoro,
// Benoro u Bapennesa mMopefl OTHOLIEHHE !

0,21 o -cyabbaT-uoHa K XJaop-uouy B 899% cay-
.‘/// yaep HabaoneHudl Obio GoJblie, YeM B

ol = Mopckol Bone. Tak e Kak KapOOHATEHL,
' MAaKCUMaJbHBIX  BEJHUMH  OTHOIIEHHE

0 l 1 ! 1 1 SO2-/CI~ pmocturaer B MOBEPXHOCTHHIX

0 20 30 40 HeM  cpogx mbaa. MHHMMYM 3TOTO OTHOIIEHHS

Puc. 20. 3asucamocts SO~ /C®  IPEHMYIIECTBEHHO PACIONAraeTCs B CPef- |
B HIKHeM ¢JI0€ JbJa oT Toja- HHX CJIOSIX JIEASIHOTO IOKDPOBA. Ho B MHO- |

LL{HHEL roJeTHHX JbIaX, KaK II0Ka3aHo IO He-

ckombKUM u3MepenusM bB. A. Cagesbe-

BBEIM, H3-32 JIETHEH Murpanuu cyibdaThl B NOBEPXHOCTHHIX CJIOSIX MO-

TYyT COAEPKATbCS B HE3HAYHTENbHBIX KOJIHUECTBAX WM Aaxe COBCEM

oTCyTCTBOBaTh. B ONHONETHEM e JbAY B paiioHe Apeldyomel craH-

iun «CII-4» GBI0 OTMEYEeHO NOBBIIIEHWE BEJIHUYUHBL STOTO OTHOLIEHHSA
K TIOBEPXHOCTH.

JI. K. biauHOB B KadeCTBe NOATBEPXKIEHHS, 4TO TaKOH Xapakrep
pacrpesfesneHuss HOHOB IO TOJIIMHE JbJa O00YCJAOBAUBAETCH pas3aHuHeM
B SBTEKTHUYECKHMX TeMIlepaTypax M MHrpanuell paccoja, IIpHBEJ IO
NaHHBEIM HaOJ/I0eHH# SANOHCKUMH YUYEHEBIMH COJIEHOCTH JbJa B palioHe
o. Xokkaigo 3aBucuMocTb otHomenuss SOZ7/Cl™ oT TonmMHB JAbla
(puc. 20).

IlpuBeneHHbI!l HA PHCYHKE XapaKTep CBI3H OH OOBSICHHJ TEM, UTO
IpH Masofl TONIIMHE JbJa CKOPOCTh €r0 HapacTAHHs BeJHKa H COJe-
BOH cOCTaB HUMKHHX CJI0€B JbJa He yclleBaeT H3MEHHTbCS BCJELCTBHE
¢rexkaHusl paccosaa, C yBejHYeHHEM TOJIHIMHBEL JbJA CKOPOCTb €ro Ha-
pacranus yMeHpllaercs, NPHBOAA K 6o.nbmeMy yAEPIKAHHIO Cy/ibda-
TOB 110 CPABHEHHIO C XJIOPHIAMH.
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IanHble 0 comepXaHuu APYTHX HOHOB B MODCKOM JIbLYy MEHee Cu-
CTEMATH3HPOBAHH, YeM CBEJEHHS O COIep:KaHUH KapOOHATOB, CyJb-
{aToB ¥ XJOPULOB.

JI. K. BIMHOB OTMeuaeT, 4TO COZEpKAHHE HOHOB HATPHA M KaJHus
BO JIbLy OTHOCHTEJbHO MaJd M yMeHbIIaeTci C POCTOM XJOPHOCTH.
OTKJIOHEHHs KOHUEHTPAlU{ HOHOB KaJblLMS U MAarHus OT HX HOPMEI
B BOIEC NIPUMEPHO PABHOBEPOSITHEHL.

4. Counenocre avda
HeonHopoJHOCTb OpPHEHTHPOBKH KPHCTAJJIOB, OCOGEHHO B HEpPBHUU-
HHIX opMax JbJa, PasHas CKOPOCTb UX POCTAa U CMEP3aeMOCTb COIPH-
KacalolXcs KPUCTAJJIOB IPUBOLST K O0Pa30BAHHIO MEXIY HHMH IIO-

. IOCTell, 3alI0JIHeHHBIX paccosioM. Eme mabmonenus ®. Magabmrpena,
- IPOBEJIEHHEIE BO BpeMsl SKCreAuuuu Ha cyaue «Mon» B 1922—1925 rr.,
- TIOKa3aJy, MTO, YeM ObicTpee 06pasyeTcss U Hapacraer Jel, TeM Goablue

B HEM 3a1€pPKHUBAETCA paccosa H TeM 6oJbllle- €T0 COJMEeHOCTb. B cBA3H
C MHOI‘OO6p213PIeM (paKTOPOB BJAUSIOIINX Ha YyCJAOBHA 3aXBaTa COJIeHO
BOJBL JIbAOM U HHTEHCHUBHOCTb BBLITCKAHHsS paccoJia, HOKa He yﬂaHOCb
IIOCTPOHUTEL O6HIV!O Teopmo q)OpMI/IpOBaHI/IH U H3MeHEeHHd COJIeHOCTH

i JIbAa.

Habmonenna HOKEISbIBa}OT YTO COJIEHOCTb JIbJAa OUEHb CHJbHO 3a-
BHCHT OT TeMIePaTyphl BO3LyXa U CKODOCTH BeTpa B NMEPHOA (HOpMHPO-

| BaHHA JIEISTHOTO [TOKPOBA. DTO OOBSCHSIETCS TEM, YTO NPH HU3KOH TeM-
. IiepaType CKOPOCTb POCTA KPHCTaJI0B 60Jblle, a HX Pa3Mephl MEHBIIE,
4yeM IIpH TIOBBHILIEHHOH Temuepartype. Bciencrsue GoJbluel yaeabHOH

IOBEDXHOCTH OHHM YIepXHBaIOT OoJibllle paccoja. Berep u BojHeHUe
IPUBOJAT K XaOTHUECKOMY II€peMEelIHBAaHUI0 KPUCTAJJIOB, IIPH KOTOPOM
CKOpPOCTb BBITEKAHHsS paccoja MeHblle, yeM IIPH HX YIOPSANOUEHHOH,

' ocobeHHO BepTHKAJNbHOH opueHTHpOBKE. IloaTOoMy Hu3kad TeMneparypa
. 11 6osbIIasg CKOpPOCThb BETpa B COBOKYMHOCTH CHOCO6CTBleT ¢dopmuposa-

HUIO JIbJIA C IOBHIIIEHHOH COJIEHOCTBIO.
OcoBeHHO BLICOKOH COJIEHOCTH JibAa GHIBA€T B TOM C/ydae, KOTAa

 OH obpasyeTcs W3 BLIMAfaOLIero Ha NOBEPXHOCTb MOpSl CHera, yuep-
| JKUBAIOIIEI'0 H3-32 AXYPHOCTH CHEXUHOK O0JbIIOE KOJUUECTBO MOp-
. CKOH BOJBL. DTO OYeHb XOpOLIO BHUIHO U3 puC. 21, IMOCTPOECHHOTO MO

IaHHBIM HaOaloneHuii BOMU3U nobGepexbs n-oBa Jlabpamop [302]. Vka-
3aHHBIM Ha pHc. 21 BepxHuU cJoi TOMIIMHON 7,5 cM oOpasoBasics

| U3 CMECH CHEeXUHOK U JIeISHBIX KPUCTAJJIOB H €ro COJeHOCTh B Hayalb-
| HBIfI TIepHOJ, JTULIb BIOJIOBUHY MEHbIIE COJIEHOCTH BOJBI, H3 KOTOPOH OH
' obpasoBaJcs.

[
\
|

B. JI. Llypuxos [161] paccmoTpen dopMupOBaHHEe COMEHOCTH MOJIO-
JIOT0 NbJla B CHOKOHHBEIX YCHOBUSX M NMPEAJoXHA PopMysy nJd onpene-
JIEHHSI § B 3aBHCHMOCTH OT CKOPOCTH pocTa ero Toamuubl. OH HCXOIHUI

| U3 TIPEANOJIOXKEHUs], YTO MOPCKOH Jel COCTOMT H3 IpaBHJBHBIX KPH-

CTAJIJIOB NPSIMOYTOJNBHOTO CEUYeHHs, MeXKIy KOTOPHIMM HAXOLATCA NPO-
CJIOKKH paccosa TocTOSTHHOR Ttoamuabl Ax=0,007 cm. IlnoTHOCTb

"M COJIEHOCTBb paccoJjia noJgarajucb paBHLBIMH NJIOTHOCTH U COJIEHOCTH
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3aMmepaaromlell ‘Mopckofi BoAbl. IIpmHMMasoch TakkKe, YTO IIAPHHA
IJIACTHHOK KPUCTAMIOB Ay W CKOPOCTh POCTA TOJIIHUHBL JIbJa CBA3AHBI |
Mexay co00li COOTHOLIEHHEM ‘

dH ’ ‘
]/ —Cl—const (4.33)
B pesyabrate TaKOH CXeMaTH3aUUH CTPOEHHSI MOPCKOTO JbAa

B. JI. LlypukoBy aJsis caydasi, KOIJla CTOKa paccodia HeT, yAaJoch IoJay-
YHUTL IPOCTYIO0 GOPMYJTY

. (4.34)
0 10 2|0 $%o0
20 28 X1l
30Xl
301 -\ 3
40 - 141
zeM o 2%1

Puc. 21. ITpoduan co/leHOCTH MOIOZOIO MOPCKOTrO JibAa. Jlex o6pasoBadcs
B IIEPHOA BETPOBOrO BOJHEHHS (@) M B CIOKOHHBIX YCJAOBHSX (6).

I —qnen B BHAE CMeCH CHEXHBIX U JEHSIHBIX KPHCTAMIOB, 2 — KOHXKeJSIIUOHHBIH
Jaen.

Koncranra onpegeassace mo naGopaTopHBIM SKCMEPHMEHTAM,
H B CPE/IHEM 0Ka3aJ0Ch; 4TO

Ci=0,5C;=0,112 mm"’* . v~',

IIposepka sroii Gopmyarl, npoussenenHas . A. IlecrenepoBeim
[179] ma HeGosbimoM MaTepHase HaGMIONEHHN, OKa3a/ia, YTO PACCUH-
TaHHAsl [0 HeH COJIGHOCTDb JbJa SIBJAAETCS pPeasbHOM.

Ilo mepe yBeJqHYeHHs TOJIIMHEL JbJa CKOPOCTb €ro POCTa yOBIBAET,
pacrosioXXeHHe KPHUCTAJN/IOB CTAHOBHTCS GoJiee YHOPSIAOUEHHBIM, a pas-
Mepol 6oJsee KPymHbIMH. Bce 3TO cHOCOOGCTBYET BHITEKAHHIO paccoga,
U eCJIM eT0 MHUTpalud H3 BEPXHHUX CJIOEB JbJa HENOCTATOUHO BENHKA, TO
IPOHCXOLUT yObIBaHHE COJIEHOCTH IO HEKOTODOTO TOPH30HTA, HUKE KO-
TOPOIO OHa CHOBA BO3PAacTaeT B CBA3U C OOJBHIMM KOJHIECTBOM 3a-
IOJHEHHLIX PacCo/IoM KaNHMAJSAPOB M MOJNOCTEH, HAXOASIUHXCA B HUK-
HeM cJIoe JbJa BCJ/IEJCTBHE BBICOKOH TeMnepaTyphl. Taxoe pacupenee-
HHE COJIEHOCTH II0 TOJINYHE JbJa XOPOHIO BUAHO Ha puc. 21.

M3-3a yacTUUHOrO BBITEKAHHSI paccoja COJNEHOCTh Jbla = Bcerjaa
MeHbIIe  COJEHOCTH BOABI, H3 KOTOpoX OH o6paszoBajcs. C TeueHueM
BpeMeHH 3a CYeT MHUTpPalMH paccosia COJMEHOCThb - Jibda elle GoJblie
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yMeHbLIaeTcs ¥ ee MHHHMYM, Kak OBIO NOKasaHo Ha puc. 18 u:21,
nepeMenaeTcss B 60jee rayGOKHe CJIOH JbA.

Oco6eHHO GHICTPOe yMeHbIIeHHe COMEHOCTH JbAa HpOPICXOILHT c Ha-
uaJIoM ero TasHud. B 3TO BpeMsa BCaeNCTBHE NOBBINIEHHS TEMIEPaTypPhl
TP OHCXONHT yBeJHYeHHe MacChl paccosia 3a CueT PacTallIHBaHHS JbIa
BOKDPYT fI4efiKH M KaNu/asgpoB. MHOrHe siyefiKM HpU  3TOM CJIHBAlOTCA
B CKBO3HblE KaNUJJNADbI, AHAMETD KOTOPHIX HENPEPHIBHO YBEAHUHBA-
€Tcsl, u4TO, KaK OBLIO NOKa3aHO B pasjene 2, CnocOGCTBYeT MHUIPaIluH
paccoJia ¥ GBICTPOMY YMEeHbBIIEHHIO COMEHOCTH Jbja (cM. puc. 17). rtor
NIpolLecc CTAaHOBUTCH ellle MHTEHCHBHee TOH BO3LEHCTBHEM TaJjbIX BOL.

HauGonmee 6bICTPO COJEHOCTH YOBIBAET B -IIOBEPXHOCTHOM .CJIO€

Jbla. 37ecb BCACACTBHE TAPHHUKOBOTO 3¢ (deKTa, BHI3BAHHOIO IOINO-

| CBEpXy paccosia, a 3aTeM MOKeT pacloJararthes
| OIATb MHHHMYM, 00pa3oBaBIIMHCA ellle 3HMOH.

IIeHHeM KOPOTKOBOJIHOBOH pajualyH, Jel CTAHOBHTCS NODUCTHIM
A paccoi NPAKTHYECKH Bech CTeKaeT. TI09TOMY K KOHIY JeTHEro
1epHOAa TIOBEPXHOCTHLIH CJOH HMeeT MHHU- :
MaJbHYI0 COJEHOCTb. I'ay6ke OHAa Heckoabko g2 % 5%
pacreT 3a CyeT HAKalJHBAHMS CTEKAIOM[ErO & R

«

XapakTepHb#l npodHIb COJEHOCTH TAKOTO abA2 )
T0OKa3aH Ha puc. 22. -
"HecMoTps Ha TO YTO MHOTIOJIETHHH Jiel Me- 21€
Hee COJIeHBIA, YeM OJHOJETHHH, OH He MOKeT AN
OLITb COBEPLIEHHO IIPECHHIM HE TONBKO H3-3a. 4l . S~
KaNHAJASIPHEIX IPOLECCOB, HO H H3-32 TOTO, 4TO HM
€XMETOJIHO - CHH3Y HApaCTaeT COJeHBIH JIe, o == oo Beprikanm-
a CTauBaeT JIETOM  CBepXYy pPACOPECHEHHBIN. “.b ypodmms comeno-
Yurepmreiinep [293] mokasas, YTO H3MEHEHHE Ty MHOTOJETHETO JbIA
COJIEHOCTH 34 CYeT 3TOro Hpolecca NPONOpPIHO-
HAJbHO CKOPOCTH 3MMHEro IPHPOCTa TOJNHIHHEL
JbIa U TPAXHEHTY COJEHOCTH.
B cBa3u ¢ pasHooGpasueM YCIOBHH, B KOTOPHIX GOPMUPYETCS U XKH-
BET JeJsIHOH HOKPOB, aOCOJMIOTHBIE 3HAUEHHS €ro COJNEHOCTH OueHb

. CHJIBHO MEHSIOTCS BO BPEeMEHH H B IIPOCTPAHCTBE. Kaxk IIpaBu/O, MUHH-

MaJbHa COJEHOCTb JBJOB MOpell yMEepEHHOH 30HBI, JbAH APKTHKH CO-

| OTBETCTBYIOILEIO BO3pacTa HMeIOT OOJBIIYIO COJEHOCTh H ele GoJbiie

OHa Yy aHTapKTHYECKHX JIbJIOB. 310 00DBACHIETCS KJAHMATHUECCKMMHU yc-
JIOBHSIMH, BJAHAIOIIHMH Ha JIeI[OO6p330BaHI/Ie, KOTOpO€ B TIOJAPHBIX

' pafionax npoxoaut OGBICTDee, TOMINHHA JbLa 3[ech GOJbIle, a ero TeM-

nepaTtypa HHXe. Bce 310 cmoco6cTByeT GoJsiee MHTEHCHBHOMY 3aXBaTy
coJiell pacTYIIKMM JbIOM M MeHbIleMy HX BHTekanuwo. OOmee npen-

| CTaBJIEHHE O COJIEHOCTH OJIHOJIETHEro JblXa B CeBepHOM JIeILOBI/ITOM

OKeaHe W ero Mopax maer puc. 17. Jibnsl aKBaTOpHH YMEPEHHOA 30HH
UMeIOT coJieHocTh Ha 1—2%¢ MenblIe.

MopckHe aHTapKTHUECKHe JbIb B cpenHeM Ha 0,5—1%, Goaee co-
JeHble, ueM apkTuyeckue. [1o-BUINMOMY, 3TO CBSI3aHO C PSANOM MPHUHH.
K HuM ciaenyer oTHeCTH Da3jHuHe B CTPYKTYpPE Jbja: 3HAUHUTEIBLHYIO
MacCy aHTapKTHYeCKOrO JbAa COCTABJASIOT CJAOW PHIXJAOTO BHYTPH-
BOJLHOTO H IIOBEPXHOCTHOrO BOJHO-CHErOBOTO JbJld C XaOTHUYECKON
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OpI/IeHTI/IpOBKOﬁ KpPHCTaJJIOB -H- OOJIBIINM KOJHUUYECTBOM 3aMOJHEHHBIX

paccosioM nojocTeli. B ¢Bsisu ¢ GoJbIIMM KOJNHUECTBOM CHera, CAyBae-
MOro ¢ Marepuka Hu BHIIAJalOIiero B BHJE OCALKOB B IIEPHOJ JeO0-
o6pa3oBanns, 06pasyeTcss BOJHO-CHEIOBOH Jielli BHICOKOH COJIEHOCTH.
{TosToMy nJs aHTapKTHUYECKHUX JbIOB XapakTtepHa 6oJee BEICOKAf CO-
JIEHOCTb IIOBEPXHOCTHOTO CJIOS, UeM AJd JbAOB APYTHX aKBaTOPHI.
XapakTep H3MeHEHHs] COJIEHOCTH - JibJa BO BPeMEHHM IIOKasaH Ha
puc. 17. Bunno, uto nocne oOpas3oBaHUSA JbJa €r0 COJIEHOCTb 3a 1-—
2 Mecsna yMeHbIIaeTcsi TTOUTH B 2 pasa. 3UMO oHA MeHsieTcsl CpaBHU-
TeJbHO MaJo., [lepexom oT 3UMHEr0 pexXHMa COJEHOCTH K JeTHeMY
TaK2Ke TPOUCXOJUT OUeHb OBICTPO — B TeueHHe 1—2 Mecsales.
CoJ/ieHOCTh MHOTOJIETHHX JIbJIOB, KaK y2Ke OTMeUaJoCh, CyIeCTBEHHO
MEHbIIle, yeM OJHOJNETHHX. B cpenneM oHa penko Ipesnimaer 1—2%.
BepTuxanabHEIl NpoQuIAbL ee NOJA BJAHSHHEM MHOTOJETHEH MHUTrpaldu

paccoJqia CrJaaxKuBaercs, HOBerHOCTHbIﬂ CJIOH JIbla CTAHOBHUTCS npak-

THYECKH NPECHBIM, 4 B €r0 IIOIBOAHOM YaCTH COJEHOCTD ¢ TJIyOHHOH BO3-
pacraer. '

Eme pas crenyer nopuepKHYTb, YTO (pakTHUecKasl COJAEHOCTb JbAa
OT rofia K Fofy Aa¥Ke B OZHOM ¥ TOM e paHOHE MOMKET CHIBHO OTJIH-
qaTbCsl OT ee cpelHell BeqHUHHBL. [T09TOMy H3MepeHHs B psile TOYeK
HeGOMBINOre paloHa MOTYT AaTh LUCIEDPCHIO COJNEHOCTH TAKOTO XKe MOo-
pfAJKa BEJNUYHHE], KaK U ee cpelHee 3HAUeHHe.




I'JIABA 5

TENJIOPH3HYECKHE XAPAKTEPUCTHKH
MOPCKOro JbJA

1. Tenaoemrocre MopcKozo avda

TennoeMKoOCTp J1bjla, KaK u J1060T0 APYTOr0 BelllecTBa, fABJIAETCS
OJIHOH U3 OCHOBHHIX TePMOJAMHAMHUECKHX XapaKTEPUCTHK M olpenessaer
COOTHOIIEHHe MEXAY U3MEeHEeHHeM TeMOepaTyphl Jba U COOTBETCTBYIO-
UM noTtokoM Tensa. Ha npakTuke OOBLIYHO MCIOJAL3yercs TaK Ha3Hl-
BaeMas yIeJbHas TEMJOEeMKOCTh BEIlecTBa ¢, YHCJIEHHO DaBHAS TOMY
KOJIMYECTBY TeIlJla, KOTOPOE HYXKHO COOOIIMTbL €IMHMIE MacChl 3TOrO
' -BelllecTBa, uTOOBl €ro TeMllepaTypa IPHU MOCTOSTHHOM 3HAUEHHWH OCTaJjb-
HBIX IapaMeTPOB COCTOSTHUS M3MEHHJIach HA OMUH rPafyc.

TenyoeMKOCTb BelllectTBa 3aBHCUT OT er0 CBOHCTB, I03TOMY Y MHO-
TOKOMIIOHEHTHHIX T€Jl OHAa OIpelessieTcsl YIeTbHBIMH TellJIOeMKOCTAMHE
H MaccaMH KOMIOHEHTOB. Kak -yXe 0TMeuasoCh, OCHOBHBIMH COCTaB-
HEIMH YaCTSIMH MODCKOIO JIbJa SIBJSIOTCS IPECHBIY Jiell, PAccoJji, BO3-
IyX ¥ COJIE B TBEPJOM COCTOSTHHH. Kaxnag U3 HUX IPH U3MEHEHUH TeM-
nepaTypsl MEHSET CBOH 00beM, HA UTO sa*rpaqHBae'rcsr’ﬁeKOTopoe KON~
yeerso Tenia. TIe iy "”p?ﬁéﬁma}oT IBa BHIA ™ TEMIOEMKOCTEN: NpH
“HOETOSHEOM 00BbeMe ¢y U NPH TOCTOSHHOM JaBJjieHUH Cp. PasHuna
MeXJy HHMH ONpejenserTcs No TepPMOZHHAMHYECKOMY COOTHOIIECHHIO

: T, k2
Cp—cv:‘—Kkl—Q—, (5.1)
p
rae kg, kp— K03(phHUINEHTH TeMIepaTypHOTO pACIIHPEHUS ¥ MJIOTHO-
CTHOTO CATHS KaXJOrQ M3 KOMIOHEHTOB; Vo — eTUHIYHBIH ynenbnmn
o0BeM.

PasHuia MexXny yAeNbHEIMH TEIVIOEMKOCTSMH Cp ¥ Cy IPECHOTO
Jbla B €CTECTBEHHEIX YCJIOBHSIX COCTaBjsieT NpHMepHO 2% wux Beau-
yunpl. Eule menbute ona y Bogel (MeHee 1%). ¥ BKIIOUEHHBIX B Jel
Ny3HIPBKOB BO3AyXa Cp NPHMEPHO Ha 30% npeBnimaeT Cy, HO NpPH
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nepeMeHe TeMIepaTyphl BO3AYX MPAKTHYECKH HEe MOMKET HU3MEeHHThb
cBoero ob6mema. Kpome Toro, aGcosioTHBIM 06BeM BO3AYyXa BO JBIY
OTHOCHTEJIbHO HeBesuK. I103TOMYy.. B  OQJBIIHHCTBE  JEAOTEPMUYECKHX
MCCIIEIOBAHUM.-PASIHYMH MEK LY. TII0EMKO it
HOM. CcJydae ¢ HOTPElIHOCTbIO, He HpeBbIIHaIOHleI/E 2007
30BaThCsl HX CPeJHsis BelMYHHA. ITO BHOJHE “HOHYCTHUMO, TaK Kak
B fipaKkTHYeCcKuX. 3afadax.(asoBbifi COCTAB JbAA, OT.-KOTOPOLO. 3ABUCHT
TENJAOEMKOCTD,.-ObIBAE€T H3BECTEH C IOPas3f0 MEHbIIeH TOYHOCTLIO.

Kak yxe 6BLIO OTMEUEHO, DpPH H3MEHEeHHH TEMIepaTyphbl JbJa Me-
HsIeTCsI, COOTHOLICHHE B HEM TBepnon u xunkol has. OtH hasoBrie Ipe-
o6pasoBaHHﬂ c OXIAIOLCS BOIETCHUEM HJIH NOrVIOMeHIEM Tela,
m%pl\féﬂpeHﬁym_....QT,QHJIOGMKOC,TB,. IlepBEiE  TEOpeTHUECKHE
0GOCHOBaHUS BJMSHUS cpasoBoro cocTaBa MOPCKOTO JIb/la Ha ero TemJIo-
Bble XapaKTePUCTUKY LAHE MaJhMIrpeHOM Ha OCHOBAHHUM IIPOBELEHHBIX
UM 35KCIEPUMEHTOB BO BpeMs AKCIeIHUUU “Ha cyzHe «Mom» (1922—
1925 rr.). CaM xe-(akT BJIHSHHA paccosia Ha .AaHOMaJbHble CBOHCTBA
MOPCKOT'O JIbJla 110 CPABHEHHUIO. C IIPECHBIM. OBl1 OOHApYXKeH B 3KCIIEpH-
MeHTax pasee [66]. B. B. Illyneikpmn. [182] u H. H. 3y6os 0606munn
CBEJIeHNsS O TeIJIOBBIX XapaKTEPUCTHKAX MOPCKOTO JbJla ¢ yyeTOM He-
KOTOPBIX 106aBOYHBIX HccnefoBanué. [losnHee MOSBHINCH HOBEHE HaH-
Hele 06 M3MEeHEHHM KOHIIEHTpPAalluH paccoia BO JbLY B 3aBUCHMOCTH
OT TeMIepaTtypel, uro no3soauto b. A. Casenweny [132, 133), 10. JI1. Ha-
suruesy [111, 113] u Olseparderepy [277] yTOUHATH TEIIOBBIE CBOM-
CTBa MOPCKOIO Jbjla, B TOM UHCJIE €I0 TellJIOEMKOCTb.

Corsiacuo pa6ore IO. JI. Hasunuesa [113], TemI0eMKOCTL MOPCKOTO
Jblla_NDPEACTABJACTCA KaK Cpe/HeB3BelleHHas BeJUYMHA. CYMMBL Ter-
JTGEMKOCTEIL IPECHOTO JBJE,"paccora;” K)Ke TerJIOTHI, BbIlLeLIHEMOH

: Husx. LIBEPATPETEp Tpefinaraer pasieabHO
YVUUTHIBATE B paccone YHUCTYI0 BOLY M COJH, XOTS B NPEJJIOXKEHHOH UM
dopMyne BRAAHL TEMJIOEMKOCTH conen U3-3a HX MaJOCTH He YYUTH-
BaeTcs. v

Ecsn ofmas macca Jabfa M, a Maccel comepXalluXCs B HeM Ipec-

Horo Jibna My, Bomsl B paccose My, comeir B paccose My, u B ocaike
Mo, Bo3myxa M,, TO M3MEHEHHE TeMIEPATyphl JbJa, BHIBBAHHOE NOTO-
KOM Temia @, onpenenuTcs ypapHeHHEM

\ o—cmar—3 e;m;a74 31
T s /A\ . A

IlepBeifi YieH CyMMBEI XapaxkTepH3yeT %)QgrBeHHo TEIIJIOEMKOCTb

MOPCKOTro Jblid KaK CJHO0KHOLO.Ieda, a BTOPOI/I q.HeH,ﬂQ6OSHa'~IaET Tel-

10Ty (a30BLIX NEPEXONOB, BONE! H coJelt, 06A3aTEbHO HMEIONIYI0 MECTO
npﬁ‘moOblx H3MEeHEeHHsX TeMIepaTyprl. JTa_TeII0TA, IPONOpIHoHalbHa

acce. BEIIECTBA, TNEPEXOAANIErQ H3  ONHOLO COCTOAHHSA B . NPYTOE,
H yIeJbHON TeMIQTE. 11114 BASHHUS-H/IL. KPACT /1113 a0un L;.

3HaKu Iepen cjaaraeMbIMHU, OIpene/sIOIUMH TEIJAOTY (I)aSOBbIh ne-

PEXOA0B, yCTAHABJHUBAIOTCA B 3ABHCHUMOCTH OT HallpaBJIEHUS Hepexona.'

Ecan nponcxoauT NoHHXKeHHe TeMNepaTyphl, TO BCJAEACTBHE TOLO, 4TO
PHTANBINA KHUAKOH (pasbl 60Jblle, YeM TBepLOH, MPOUCXOAUT BblIeJe-
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uue tensa u L;>0. [Ipu srom B Kauecrse dM;/dT HyxHO paccMaTpu-
BaTb H3MEHEHHe JXUAKOH (dasbl. ITd BeJHYHHA B JAHHBIX YCJAOBHAX
TaKKe NOJOXHTeNbHas. Ecay e paccMaTpHBATb M3MeHEHMe TBepAOH
¢dasbl, TO U NpH Ompele/eHHH 3HAKa YHEAbHOH TENJOTH MJIaBJIEHHS
Hy2KHO HCXOAHUTb M3 Iepexofa oT TBepho#l ¢aswl K KHAKOH. Pa3HocTb
SHTAJbINH 3THX COCTOSHHH eCTh BeJHUHHA OTPHLATE]bHasd, a cleJoBa-
TeqbHO, L;<<0. B Tom cayuae, Korja - yAesabHas -T€NJI0Ta IJaBJIEHHS
OTOK/AECTBJISIETCS C YAEJbHOH TEIIOTOH KPHUCTAJNNH3aLUK U HPHHU-
MaeTcsl MOJNIOKHTEJIbHOH BEAWYMHON, 3HAK Tepel - COOTBETCTBYIOLIHM
claraeMuIM LOJKeH MeHSIThCS Ha 0OpaTHHIH.

10 IpU OLEHKAX TENNOEMKOCTH MOPCKOrO JbAa orpaHHqHBa-

cosoM Mp ¥ BHINABLINMH B ocaﬂox COSIMH Mﬂh Ec.nu HCHOJIbSOBaTb
5T6 TI0I0KeHHe "W PASLEAUTh Bhpakenne (0.2) Ha M dt, To moayunMm

_ My Mp » My S ( My dSp
=ty T ey e\l s ar
Le 1 adMc

ITocne 3ameHsl MacCel NPeCHOr0 JbJa U paccosia Mo ¢dopMmynam
(4.6) u (4.8) BHIpaxKeHHe AJA TEMJOEMKOCTH MOPCKOro Jbja Ipeobpa-
3yeTcs CIeRyIoIUM 00pa3oM:

Cemafim - ] .
o M _Ln-s%(l—%—) e I, jd( )—”’24%;.(5.4)

3mecy Ly u L 0603HaanOT TENJIOTY IJIABJEHHsI IPECHOTrO JibAa
H coJiedt.

Ecin teMnepaTypa JbLa He HHU3Kas, TO COJIM B OCAJOK -He BHINA-
JAaIOT, H BHIPaXKe€HHE TeIJNOEMKOCTH MOpPCKOro JbJa IPHHHUMAaeT BHI,
npuBeleHHb B kuure H. H. 3y6oea [66].

Ilo BHemHeMy BHAY HOJYYeHHOE BhIpazKeHHE II0XO0Ke Ha (OopMYyJy,
npenaoxenuyio IO, JI. HaanueBblM [114], HO. KO3 dUIKUEHTH 31eCh
HOJIyYeHEl 6oJiee CTPOro.-

b. A. CaBenbes [133] TennoeMKOCTb, YYHTHIBAOLLYIO TEILJIOTY (ba-
30BHIX NIIpeo6pas3oBaHuil, Ha3BaJxd a(p(peKTHBHOH B OTJINYHe OT UCTUHHOH
TENJOEeMKOCTH, B KOTOPOH He NPHHHMAaeTCsd BO BHHMAaHHE BHIIEAEHHE
UJIH TOIVIOIIeHHe Tensia Npu (asoBbIX NpeoOpPa3oBaHUSX, T. €. HE YUH-
THIBAIOTCA NOCAefHHEe IBa uneHa ¢dopmyasr (5.4). Ias ouedky Takoi
TENJIOEMKOCTH HYXKHO - 3HaTh CcOJepXKaHHe KOMIIOHEHTOB B MOPCKOM
JBLY U HX yHeabHBIE TemoeMKocTH. @a30BEIl COCTAB yiKe paccMaTpH-
BaJICS BBHILUE.

Wo JbJa ,ZlOCTaTO‘-IHOmeOJLp»Q(@iQ .pasobpaHa
B xkHHMrax B. B yiaengnafia-[182] u B. A. CaBenbeBa [133]. Ormena-..
eTcsl, YTO OHA YMEHBIIAeTCs C IOHHKEHHEeM TeMIepaTyphl JbAa; U IO
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JAAHHBIM OOJbIINHCTBA SKCIICPUMEHTOB NPH HOPMAJbHOM [aBJI€HUHU €€
NpeJCTaBISAIOT SMIUPHIECKOl HopMyJIoi

L— €y=(2,12-+0,00787°) Jx¢/(r - rpan). (5.5)

B npunuune TensoeMKOCTb paccosa JOJKHA 3aBHCETb OT ero da-
30BOT0O COCTaBa, KOTOPHIH, KaK OblJI0O OTMEUEHO paHee, MEHSETCS C H3-
MeHeHHEM TeMIlepaTypsl BCAEACTBHE BLIGOPOUHOH KPHUCTAJIU3ANUH CO-
aefi. B xuure B. A. CdBesiveBa [133] npusenera tabauia TelJI0eMKO-
CTel PacTBOPOB TpeX COJIell, COCTABJSIOIIHX B CyMMe cBhime 929
CONlepKaHUs BCeX cosefl B paccode (Tabua. 7).

Tabauya 7
YaeabHas TEMI0EMKOCTh pa'CT_Bopos conei (Jx/(r-rpan))
Konuentpanus, %/¢
20 60 120 180 l 220 i 260
NaCl 4,07 3,97 3,74 3,55 3,40 3,27
CaCly 4,16 3,97 3,57 3,26 3,06 3,72
MgCly 4,15 | 3,81 3,52 3,22 3,26 2,89

M3 s1oif TaGaulLpl BHIHO, UTO TENJOEMKOCTH IIE€PEUMC/IEHHBIX pac-
TBOPOB MaJio OTJaMualoTca Apyr or Apyra. [lostomy oGLIYHO TpHHHU-
MaloT, YTO TEIIOEMKOCTb Paccojia MMeeT TaKOH »Ke MOpAAOK, Kak H
TEIJOeMKOCTH 3THX OCHOBHBLIX €r0 COCTaBHHIX uacTell. OcHOBBIBasChH Ha
JaHHBIX T2_16J'IPIU,I)I, MOXKHO INPENJOXKUTEL OJad OIpeaeseHHsa TEIJIOEMKO-
CTH paccosa SMIHPHUYECKYIO GopMyay

c,—(4,1868 —4,55 - 1073S,) Jlx/(r - rpan), (5.6)

YIOBJIETBOPUTENBHO COOTBETCTBYIOL(YIO H3MEPEHHAM 0. COMEHOCTH pac-
coqa nopsiaka 220%.

Ecnu B dopmyne (5.6) XKOHILEHTpPAIIHIO Pacco/ia BEIPA3HTh Uepes TeM-
nepatrypy, TO NMOJYYHM CBSI3b MeXKIYy TeIlJIOEMKOCTBIO paccosia H ero
TeMIepaTypoi, 4To IPH HEKOTOPHIX TENJIOBBIX pacuerax GoJee yIOGHO
HCIonb3oBaTh. Takasi paGora npomenana 0. JI. Hasunuermm [114].
On paccunurtas 3aBHCHMOCTD TEIVIOEMKOCTH HACHIIIEHHHX PAaCTBOPOB CO-
aeit NaCl 1 MgCly, npeofianaomux B MOPCKOH Bojie, OT TEMIIEPaTYpHI,
a 3aTeM HHTEpPHOJHPOBAHHEM C YYETOM INPOUEHTHOTO COAEpIKaHHS HO-
HOB HaTPHUs U MAarHus B Paccojie MODCKOTO JIbJa BHIYHCAMJ HEKOTOpHIE
3HAYEHHsT TEeIJIOEMKOCTEH M NPHHAJ HX 3a TelJNIOEMKOCTb paccoJa
(puc. 23). M3 pucyHKa BHAHO, UTO NpH TeMmmepatype pbime —10°C,
KOTJa BO JIBLY COLEPKHUTCS GOJbHIOE KOJHUECTBO PACCOJIA; PACCUUTAH-
Hag no ¢opmyse (5.6) TENIOEMKOCTb COTacyercss ¢ JaHHBIMH, [10JIY-
uennbivMy 1O, JI. HasuauesriM. PacxoxaeHns saMeTHH Npu 6oJiee HU3-
KHX TeMIepaTypax: o

S LeII0EMEQCTh TBE PABL K COLLH ) Iero  0Camka CyI[ECTBEHHO

MeHble; yeM 'y paccona. ITo mpuenenssiM b. AT CaBenbeBEIM  |[133]
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IaHHBIM, TEIVIOEMKOCTb XJIOPHCTOIO HATpHs HpH TeMnepartype —38°C
pasua 0,825 Ox/(r-rpan), a xJgopucrtoro xanus 0,74 Ix/(r-rpan).
B nanbrefilleM BHe 3aBUCHMOCTH OT COCTaBa KPHUCTAJJIHYECKHX COJIEH
HX TEIJIOEMKOCTh NmpuHUMaJsach paBHo# 0,8 Ix/(r-rpan). ITockomasky
B €CTECTBEHHBIX YCJIOBHSIX TBEPHAbIe COJNH COCTABJSIOT AECATHIE JIOJH
NpOLEHTA OT Macchl JAbLA, TO TaKasd TOYHOCTb ONpPeleseHHA HX TEemJIO-
€MKOCTH He IOBJIHSeT CYLIECTBEHHEIM 06pa30M Ha OKOHUYATEJbHBIH pe-
3yJbTAaT.

OcHOBEBIBASICL Ha _II€DEUNCAEHHBIX TENJI0EMKOCTAX H BECOBBIX NOJAX
KOMIIOHEHTOB MODPCKOrO JbJia Obliia BHIGHC/AEHA CyMMAapHas TemioeM-
KOCTb, ONPEIeNTEH A NepBLIMH = TPeMsl uJeHAMH - (HOPMyJIH (5.4)

Tabd1. 8). e :
( Onpenesennas B. A. Capenp- ¢ A¥/(2%C) .

EBHIM KaJODUMETPHUYECKHM = CIIO-
co6oMm addexrTuBHas TemgoeM- 40
KOCTb MOPCKOTrO JbAa  CYIIECT- ¥
BEHHO OTJHuaJach OT CyMMap-

HOM (rabr. 9). \’E\y

Yto6w 10 popmy.se (5.4) mo- \'\
AyaHTb 5Q(HEKTHBHYIO TemmoeM- Y[ o eEe—
KOCTb JIbJa, HYXHO HMETh. faH- \D \.
HBle O KOJHYeCTBe coJedl, mepe- N \. 3
IIEANTUX B TBEPAOE COCTOSHHE, - 02
H 3HaThb KOHIEHTPAMIO paccosa gol - - 1 ! g
HJIH ee 3aBHCHMOCTb OT TeMIIe- 0 -10 -20 -307°C
paTypal. Puc. 23. TenaoeMKoCTb COJIEBBIX HACHILIEH-
ITo pesyabraraM anmpoKCH- ' HBIX PacTBODOB.
mauun [lIBeparderepa, MOCHEA- | NaCl, 2— MgCls, 3 — paccon MOPCKOR BOAH,
HAA IPH TeMIlepaType paccoJsa He : 4 —no dopuyre (5.6).

nuxke —23°C Mmoxer GHTH oI

peneneHa mo dopmyne (4.12). B rnaBe 4 mpuBeleHB TaK¥XKe MacChl
KPHCTAJLJIMUECKHX cOJMeH KakK (QYHKIMM TeMIepaTyphl H COJIEHOCTH
MOpPCKOTO Jbaa. UToBH Ha OCHOBAHUM 3THX LAHHBIX MOXHO OBIIO BHI-
YHCJIUTD TEIJIOTY (ha30BBIX I€PEXOAOB NPH KPHCTAJIH3ALMA HIH IJIaB-
JIEHHH COJIeH, HYXKHO 3HATh YAEJBHYIO TEIVIOTY KPHCTAJJIU3alUU BCEX
couser, comepxamuxcs B MopckoM dabny. 0. JI. Hasusmes [114]

Tabauya 8 - Tabauya 9

CyMmMapHas TemJI0eMKOCTh " Od¢deKkTHBHAA TEMI0EMKOCTD

MODPCKOTO' JIbJa mopckoro abpa (Jx/(rerpan))

(Ax/(r-rpan)) [0 AAHHBIM SKCHEPHMEHTOB

/o0 8%/00
T°C T°C

2 5 10 15 20 2 5 10 15 2 -
—5,6(2,1112,16| 2,26 2,30(2,43 —5,6(3,521 4,65| 7,96} 8,71]12,61
—10,612,061 2,08} 2,13| 2,182,22 —10,62,85| 3,35| 4,65 — | 6,41
—15,0{2,01; 2,03| 2,07 | 2,10]2,13 —15,0|2,60( 2,97 | 3,62| 4,53 | 4,65
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OTMeUaeT, YTO OHH He OJMHAKOBEI HE TOJbKO II0 BeJNHYUHE, HO H MO
3Haky. OueHka BeJHUYHHBL TelJd, CBA3aHHOTO ¢ 3THUMH (a30BLIMH Ie-
pexonamu cosieif, obaeryaercst TeM, 40 aBCOMOTHOE conepx«:aHHe co-
JIell BO JIbJly MaJo.

Bocnosb3oBaBminch NpUBENEHHEIMH B TJaBe 4 JaHHBIMH O (ha30-
BOM COCTaB¢ JIbJla W BLIYHC/JEHHOH TeNJIOTOH KPHCTAJNAH3ALMH COJEH,
HONYyYHM NpUBeJeHHbe B Taba. 10 pacueTHble BeqMUUHHE 3)PeKTHBHOH
TeNJ0eMKOCTH.

Tabauya 10
Pacyernas addexruBnas remioemMkocTb Mopckoro Jbaa (Jx/(rerpan))
8% 00
TeC
2 5 10. 15 20
—5.6 3,25 |- 5,03 7,97 10,87 13,88
—10,6 2,31 2,65 3,24 3,83 4,41
—15,0. | 72,14 2,36 | 2.73 3,10 |. 3.46

CpaBHeHHE 3KCIEPHMEHTAJbHO OIpeleNeHHhIX H PACCUHTAHHBIX Be-
JuduH 3G GeKTUBHON TENJ0eMKOCTH MOPCKOTO JIbZa INOKAa3bIBAET, UTO
nociaefHne npu teMmneparype —5,6°C B OCHOBHOM HECKOJBKO BHIIIE,
a npu temneparypax —10,6 u —15,0°C HuXKe, ueM 3KCHEpPUMEHTATb-
Hble BeMYHHBEL. TaKue PacXOXIEHHS MOryT OOBbSCHATBCA KAax IOTpell-
" HOCTIMH B OIpeJleJIeHHU HCXOAHBIX NAaHHBIX, HCIOJNb30BAHHBIX B pacue-
Tax, TaK ¥ IOTPEIIHOCTSMH SKCIIEPUMEHTOB. Bo BCSIKOM ciiyuae JaHHBIE
SKCIIEPHMEHTOB IpH TeMHnepartype Himke —10° C mpencrasisioTesi SBHO
3aBBIIIEHHBIMH, TAK KaK NPH TaKOH HU3KOH TEMIepaType COAepKaHue
XKUAKOH (a3bl BO JbAY CHHMIKOM MaJjd W H3MEHEHHE ee arperaTHOro
COCTOSIHHSI He MOXKeT NPHBECTH K TaKuM 3HAYUTENbHBIM . HCTOUHHKAM
HIW CTOKaM Tennaa. Bo3aMoOXHO, 4YTO  H3-3a  3TOrQ O0OCTOATEJNbCTBA

Bb. A. CaBesbeB npu cocTaBieHHH Tabaulbl 5()HEKTHBHONA  TENTIOEMKO-.

CTH MOPCKOTO JIbJld ‘He cocJsaJjicsi HAa CBOH 3KCIepHMEHTH], a B TaGJuIy
IIOMECTHJI TOJIBKO PE3YJbTATHl PACUeTOB, KOTOPLIE NIPU YKA3AHHBIX TEM-
mepatypax HHXe SKCHepI/IMeHTaJIbHO OHpeAeHeHHbIX TEIJI0eMKO-
CcTeil.

CpaBHeHnHe BeJHYHH 3(13(peKTHBHon TETUIOEMKOCTH, BHIYHC/IEHHBIX
Maubmrpenom [66], B. A. Caseabersim [133], 0. JI. Hazunuesbim [114]
u o hopmyae (5.4), mOKa3bBAET, YTO C MOTPELUIHOCTBIO,  He IIPEBHIIAI0-
1Ilell HECKOJbKC IMPOIEHTOB, OHM COTJACYIOTCH MeXAy cobon. O6mum
st 9 QPEKTHBHON TeNJI0eMKOCTH, MOJYYeHHOH Pas/IHUHBIMH HCCJIENO-
BATEJNSIMH, ABJSETCA €e CYIIEeCTBEHHEIH pOCT ¢ yBEJHUEHHEM COJEHO-

CTH JbJla H YMEHbIIEHHe ¢ TOHHXKeHHeM TeMuepaTyphl. He6oabumoi

CKayKkoOOpasHbIfl POCT ¢ OTMedaeTcs IPH TeMIepaType KPHCTaJLIH-

3a0HH XJOPHUCTOTO HanI/IH '3aT€M OHa CHOBa YMeHbINaeTca A0 BEJIH-

YHHBI, OJIH3KOA K TEMIOEMKOCTH HpeCHOI‘O JbAa.
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2, Ten/zora naagAenus mopc:coeo avda

Kax %ngamm; INJaBJeHue U KpI/ICTaJIJIPlsaHHH Mopcxoro JIbJla
NPOUCXQAAT _He IPH KAKOU-TO _ (DAKCAPGBATHOMRIE
Y MPEcHOro /IbAa, a HeNpepLIBHO, HaunHasd OT TeMIuepaTyphl 3aMepsa-
'K NIt [EDATYPEL, IPU KOTOPOU BECh PACCOJL 3aMep3-
HET. Tlo ,,g,g«maqnsaemy}o Ha TJIABJEHHE MODCKOTO JbAa -
WM BBIIEJSIEMYIO NIDH 3aMeD3AHMH. MOPCKOH BONDI, HeJb3sl OTOKIECTB-
JISITH C yAGIbHOM TEILIOTOILEPHCT A3 ALY BOJILI.

Brnepsoie 'Ha Takofi xapakTep IJAaBJEHHS MOPCKOrO Jbaa 0OpaTHJ
BHHMaHUe Q %anbmrpeﬂ, NpPEeJOXKHUBIIHE BMECTO MOHSTHS TENJIOTHL ILJIaB-
JIEHUS HCIIO HekoTopoe 3pdexTHBHOE Ten1o Ly, HeoOxomuMoe
Ha IJIaBJEHHE eIHHHUIIEl MacCEL. MOPCKOTO. TbAA, B3ATOT0. IPX HEKOTOPOH
temnepaTtype 7. OHO 3aBHCUT OT COOCTBEHHO TEIIOTEl, pPacXOLyeMOH
Ha [JaBJjieHHe YUCTOTO JbJa, COHEPXKalllerocst B MOPCKOM, M OT TelJa,’
NOTPeOHOTO Ha INOBBILIEHHE TeMIepaTyphl Jbla U paccona J10. TeMIIe-
PAaTYPHL-MOJHOTO THIABIEHHS -MOPCKOTO-ba- O

BripaxkeHue Ajsi onpeneseHus 3TOro Q(I)(I)EKTI/IBHOI‘O Temia MOMKHO
NOJY4HTb, €CJAH IIPOMHTErPHPOBATh N0 TeMmeparype oT T xo © remso-
eMKOCTh Jpfa (5.4). Ecau BoiOpannas TeéMneparypa BHIle TeMile-
paTypbl KPHCTANINIU3aINH HaxXO[SIIHUXCA BO JbRY COJel, TO HOCJIefHHE
HAXOZATCS TOABKO B paccole U Mq.=0. Kpome rtoro, mpu Taxoi
CPaBHHUTEJLHO BLICOKOH TeMIEepaType COJEHOCTb paccoja MOXKeT OHITh
BbIpaxKeHa ¢ moMoIbio GopMysasl LIBeparderepa (4.10)

ol

P=m—. ‘ : (57)

- Ipu yI‘IOMﬂHyTbI}\ YCIOBUSAX . HHTerpHpOBaHHe NPUBOJNT K _BHIPA-
JKEHHIO

L—4%0—®+%ﬂ0"H%%—%) m@+¢( —=)
' (5.8)

MoXHO IPHHATH, UTO IPH TeMIepaType 3aMmepaanus ¢gopmyaa (5.7)
OCTaeTCsl CIpaBelJJuBOH, HO BMeCTO COJIEHOCTH paccoJa B Hell ¢GUrypu-
pyeT COJIeHOCTDL JbjAa. Torma NmoacTaHOBKA ee B NOCASRHUH YJeH BHIp2-

xKenus (5.8) BULOU3MEHSIET.€ro; . I \!

: ' s T ©s
@;mu—wwﬁu>m+@—m7mv—m@—gﬁv@%\
Ecin B mepBhiX 1BYX WieHax NMOJYYEHHOTO BHIDAXKEHWS MNDHHATb -
s=0, To OHO coBmagaer ¢ QopMyJoH mjs pacuera 3PPEKTHBHOTO -
Tellsla, HNpengoxkeHHol MaabMmrpeHom [66]. B ciydae NpecHOro Jbjaaj

s=0mnu aq)q)eKTHBHoe TENJIO COBIalaer ¢ yneanon TENJOTOH KpHCTaJ- \
ﬁmsauun IPECHOH BOMIBI: ’ \

Ln=334 D,x(/r. L
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Tbaa. 1 paccona or.I. 10 O,
\ w@asoBbe JISDEXONOB. Hpn
woaﬁ"oﬁ U TOH K€ COJEHOCTH JbJa OHAa PACTET C MOHHXKEHUEM TeMIlepa-
TYpPHl, TaK KaK IPH 3TOM YBEJIHUHBACTCS KOHUeHTpauus paccosa. Iloja-
HOe BeIpaxeHHe (5.9) mMo3BOJSET BBIUHCAHTH TEIJIOTY, MOTPeGHYIO ISt
HJIABJIEHUs €AVHUYHOH Macchl JbJa, B3ATOH Npu Temuepatype I. He-

KOTOpble 3HaueHHs 3TOTO TelJa NpHuBefeHsl B Taba. 11.

Tabauya 11

Tennora, norpeGHas AJsi MOJHOTO MiaBiNeHus 1 r Mopckoro Jpja (Jx)

8/ eo
T°C -
0 1 2 4 6 8
—0,5 <335 300 264 194 124 53
—1,0 336 318 301 | 266 230 195
—2,0 338 329 320 302 284 264
—3,0 340 334 328 316 303 291

Haunele Tabauupl npuMepHo Ha 3% MeHblle COOTBETCTBYIOUIHX Be-
JIMYMH, BEIUHCTeHHBIX Manpmrpenom [66], © IpEMEPHO Ha TaKyIO Xe Be-
AuuuHy  GoJblile  pe3ysabTaToB, nHoayduenHsix  lHBeparderepom
[277]. Hckmiouenyie cocTaBIAIOT 3HAYEHHS TEIJIOTH HOJHOrO ILIaBJe-
HHA TpH GOJBIIOH COJIEHOCTH JbAAa W BHICOKOH TeMmepartype (B HaH-
HoM cayyae —O0,5° C), rme nanuele lllBepartderepa cymiecTBeHHO 3a-
HUKEHBI. ‘

CpaBHeHHe NpUBefEeHHBLX B Ta0JAHle BeJHYHH IOKAa3LIBAET, YTO MPH
TIaBJCHHY JIPECHOro JbAa TpeGyeTcsi CpaBHUTENLHO HeGObLIO TipH-

SO

TOK TeHJIa JJI1 HOBbIIHeHI/IH €ro TeMH‘:paTypr JIO TOT{KI/I IlJ"IaBJIeHI/IFI

.

wIe O I/I K Ha‘{aJIy CTaI/IBaHI/Iﬂ C I10BEpXI [ (
BHYTpeHH O ,aHHI/Iﬂ HpeILCTaBJ'IHET ==C060H -JOBOJBHO pa%eneHH IO

" HpI/I OIIEHKe TEIJIOTHI, HOTpe6HOH JJId TaHHI/IH MOpCKOI‘O JbJa B €C-
]TGCTBGHHI:IX YCJAOBUAX, HeO6XOJ.II/IMO HMETb B BUAY, 4TO C HOBLIIICHHEM
£

TEMIEPATYPHI YCHINBACTCA-MUFPAIHSA-PACCONA, B PESYIBTATE UETO da-
30BLIf..COCTAB-MEHICEEA;-2 ITO BJHAET Ha HGO%XOILI/IMyIO Beiiduny
/ sdtpar Temma. Eciu 3TOrO He yYMTHIBATb, TO TalJaHHA Haer JHIIb
KauecTBEHHOe IpefCTaBJeHHe O TEHIEHIHM B 3aTpaTax  Telljla Ha

/
(\ TasaHue,




3. TenaonposodrocTs MOPCKO20 A60A

’

TeHJIOHpOBOIIHOCTb SIBJISICTCS ONHOMN M3 BaXKHEHIINX Tenohuanue-

CKHX XADAKIEPUCIAK JbIa. De3 ee 3HAHUS HEBO3MOKHO ONPENENHTE HA

TEMIIEpaTyPHOE NOJe, JhAa, HE HADACTAHUE. EIO0-TOMMHHbY-HH TeNI000-
Yy ATMOCHEpOl 1. OKeaHOMw‘-IepeS JIEHSIHON IOKPOB.

BEIECTRO, . B+ -K@T@p@)MmCOCII‘aBHbIe,,MqaCT;I/ImHeMIOJLbKQm wpia&cgpﬁemeneﬂm
HeDABHOMEDHO, HO M COOTHONICHHE HX MEHSIECTCH BO BDEMEHU B 3aBHCHMO-

18 CTBHS BHENIHHX. (DAKTOPGB. TeIA0N POBOLHOCTh JOGON0 CIOK-
HOTO BemeCTBa B TOM YHCJIe MOPCKOTO JIbZa, 3aBUCHT OT TEIIOIPOBO-
HOCTeH €T0 KOMIIOHEHTOB H HX PacnoJJIOKEHHS. Hau6Goabmumi OTHOCH-
TeJbHLIE 06beM B MOPCKOM JbAy 3aHAMAIOT KPHUCTAJJIBI IIPAKTHUECKH
JLPECHOLO JIBJA, PACCON ¥ NMYSEIDEKH rasa. TemIonpoBOXHOCTb STHX CO-
CTaBHBIX yacTeH JbAa paSJII/I‘IHa “ECiH TenQipoBOLH0CT PACCONA Ap

NPEMEPHO. Bl PAAE. MEHBIITE Tgnnongpx_gggﬂocgg "GHCTOTQ JIbia Ax, TO
Zénop;{,zLKa MeHblIIe, yeM

MOJIeKYJIApHAas Ter_mongosogﬁocm rasa A

hg. TTO3TOMY BIIQJHE T
pucrocTu JbAa €ro 1. Tegg
JIOTIPOBORHOCTH yKA3aHHBIX KOMIOHEHTOB MODPCKOTO JIbJa HENOCTo:™
stuibl, Ho ¥ npH QUKCHpPOBAHHBIX BHEIIHHX NapaMeTpax HeT CTPOTHX
ompeneseHui 3THX TeNI0PH3HIECKUX XapaKTePHCTHK.

Haunbonbllee KOJHYECTBO HCCAEHOBAHHE IPOBENEHO IO TeOpeTHYe-
CKOMY ¥ 3KCIIEPUMEHTAJbHOMY OINpeJeseHHIO TeIJIONPOBOAHOCTH IIpe-
CHOTO Jibja. VI3 TeopeTHuecKWx onpeaeneHud Ax H3BecTHa padora
A. C. IlpensonureneBa, noxpo6Ho usmoxeHnHas B. B. Illynefikuabim
[182]. B ocHOBe 3TOi TEOpHH JI€KUT NpeJLcTaBlaeHHe 06 aHaJOrHH KO-
nebaTeNbHOTO JBWKEHUS MOJEKYJ JbJAa, BBI3BAHHOTO TENJOBLIMH
U akycTHuecKuMu BosiHaMu. OnpenenuB W3 ypaBHEHHH YIDPYTHX KoJe-
Ganuili ¥ nuddysun Temsaa MEMEHTH aKyCTHYeCKHX H TelJIOBHIX BOJH,
A. C. TlpenBopuresnep mokasas, 4To KO3GGHIHEHT TENJONPOBOAHOCTH
HNPONOPIHOHAJEH AJMHHe TeMIepaTyPHOH BOJHEI H CKOPOCTH €€ paclpo-
crpanenusi. Vicxons U3 HAEHTHUHOCTH TeMIEPATyPHBIX M aKyCTHUECKHX
BOJIH, €My yAaJ0Ch BHPA3HTb IJHHY BOJHH Yepe3 CTPOEHHE JIbJa,
a CKOPOCTb ee pPaCHpOCTPAHEHHUs] — 4Yepe3 yNnpyrhe IOCTOSHHEIE, B pe-
3yJbTaTe 4YETO AJsA ONpefeseHHss Kod(pdumuenTa TemIONPOBOAHOCTH
JAbJla GBLJIO IOJMYYEHO BHIpAXKEHHe

H 110-

=V (V& %8, +2V ). (5.10)

7
4(6n2NA) 3
[ocrosiHHBIe @1 U @2 cBA3aHHE ¢ MoAyJeM IOnra E ¥ xosdpdunuen-

TOM Hyacc0Ha W COOTHOLICHUAMR

wE
Armd—2m

al—_'— a2=

E
T+op° (6.11)

ITo dopmyse (5.10) B. B. lllynefikun onpegennn

2=2,22 Br[(m - rpan). l/ ,

85




BcenencrBue aHM30TPONMH YHPYTHX CBORCTB KPHCTAJJa Jbla. 1O OT-

HOUICHUIO K €ro OLTUYECKON OCI/I&E@BJIQ-ELP_O.BOL’LHOCTI) TaKKE HCCKOJNBKO

Mendercs B 3aBACHMOCTH OT BHIOOpa Hampas/enus B _KpucTajie. I1o-
3TOMY npenMymeCTBeHHOCTb TBTOPHEHTHPOBKE ™ "KPUCTAMIO0B BO AbILy
€©CTECTBEHHOI0 00pa3oBaHHs JOJNKHA MNPOSBUTHCA H B AHU30TPONHN
TeHJIOHpOBO)IHOCTI/I
OKCIEPHMEHTANBEEIE. ONPeNeIeHHs K09 PULHEHTa TENIONPOBOJHO-
;’ ‘CTH TIPECHOr0 NbJa Jaj¥ Pe3yJbTaThl, JOBOJBHO G/M3KKe K YKA3aHHOI
%;Teopemqecxou BequunHe [l14]. SMHHqueCKH yCTaHOBJICHA 3aBHCH-
jMocTb Ax OT TeMOepaTypsl, 6.IM3Kast K JMHEHHON I BbIpaxkaeMmas, 1o
7 arcnepumentam IO, JI. HaspIHU,eBa dopmyoi

L7 he=2,22(1 _o ,01597") (BT (™ - rpaﬂ)) (5.12)

B EL&C,TOﬂHleemeeMH HAMECTCs HeKOTQer )KOJIH‘-IECTBOMSKCIIE.,I)I/IMGH-
TaJIbeIX OHpe,ELeJIEHI/II/I TeHJIOHpOBOlII-IOC’I‘I/I 110 I/ICTOI‘O’ JIbI[a HU3BCCTHEI

/'Lan/(M"’C)
25

21 Puc. 24. TemnonpoBoJHOCTL ITOPH-

croro Jpia [Br/(M-rpanm)].

I —nen ¢ Menkumu Tnopamu; Il —jen
¢ KpynabiMu nopamu; [l — pacuer HO
dopmyae (5.16) mpu A,=0,03 BT/(m - rpax).
DKCIepUMEHTANIbHble JaHHble: I — MeTO-
OOM 3JIEKTPOTEIIOROH aHAJIOruH; 2 — me-
TOJOM DPETYJIsIPHOrO peXMMa; 8'— IO onpe-
nenenunam B. B. Llynefixuna; 4 — mo ¢op-
Myse A6Genbca.

4,7

1,3k

5 5 10 5 20 v%

. 51 paBHOMepHoe_Racnpene-
JIeHne BO JIb,lIy ILbeIpbKOlaI‘asa T.-sieer _pahco‘?ﬁ’a A onpeneseHusT
. = 3ABHCAMOCTH TEMJONPOBOLHOCTH OT COIEP:KaHHsI rasa OH HCIOJb30BA
TIOMTy9eHHYI0 Magxkcsesiom  gopmyay l’IpOBOILI/IMOCTI/I IOPHCTBIX TeJ,
#3 KOTOpOH BbIBeJI

1405 —v(1=f) .
= T 057 T 05 A= v (5.13)

rvne [=Ap/Ax, Vs-— OTHOCHTENbHBLIH ‘06bEeM COMEPKAIEroCT BO JIBIY
rasa, Ay — TENJIONPOBOJHOCTh HOPHCTOrO Jb/A.

10. JI. Hasunues [114] 0600mua sKcnepUMeHTasbHElE TAHHLIE 110
TeIJIONPOBOAHOCTH NOPUCTOrO Jbla (pHC. 24) W MOKasas, 4To Ay pas-
JIMYHA /I MEJKONY3BIPUCTOH W KPYNHONY3BLIPHCTOH TEKCTYPHL JbId.
Ha sTor Xe pHCYHOK HaHeCeHE!l pe3yJbTATH . PacueToB 10 (opMmyne
(5.13). Bunno, yro XxapaxTep H3MEHEHHs BLIYHCJIEHHOH TEIIONPOBOA-
HOCTH TaKoOfi e, KaK y KPYINHONODHCTOro JbAa. Pasiuuyme 3aKJIO-
YaeTcs B TOM, YTO TENJONPOBORHOCTH MonojauTta sapfa IO. JI. Ha-
3UHIEBBIM B3sdTa HECKOJBKO 6onbmeu ueM OTMEUEHO BHIIIE HJST KPH-
CTaJIIOB. :
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Ilpu onpenenennu BausiHus paccosa HIseparderep npennonoxum,
uTO AueHKM paccoja MMeIOT BUJ BEePTHKaJJbHBIX UMJAMHADOB. Ilnomans
CeueHys, 3aHATas COOTBETCTBEHHO MOPHCTHIM JBIOM M SiMeHKaMM pac-
coJia, cocrasasier [y u [1p, a TOTOKH Tela uepes Jel M siueHKH pac-
cona Oynyt DPn u Pp. Uepes pasHoCTH TeMIEpaTyphl H TEIJIONPOBOL-
HbCTb 3TN ITOTOKH BBIpazKalwTCsg H3BECTHBIMH COOTHOIUCHHUAMH

I1—Ty

(Dnz)‘n Az s

T —To

Pp=hy Az

B rakom cayuae o6IIMH NMOTOK TeIJia yepe3 MOpPCKOH Jien BhIpa-
3UTCS B BHJE CYMMBI OTHOCHUTEJLHBIX BeJHUYWH 3THX YAaCTHBIX IIOTOKOB:

D=11,0, 1T, =1 10, (5.14)

Otciona crenyer, uToO
A= [T, -2, 0T, (5.15)

'UlBepnr DeLep NDHHSJI, YTO OTHOINeHHe IJIOMANEd CeYeHHH sueeK
paceosd 1 JbAa PAaBHO OTHOIIEHHIO WX 00BHEMOB. DTO IOCHAeTHee JIerKO
HaXOAUTCSl KaK (DYHKIHUS COJMIEHOCTEH JibZla M paccojia U COOTBETCTBYIO-
IUX IJOTHOCTEH:

I, Y% Sem (1—3S8p)
Iy = v Spyp (1—s/Sp) -~

(5.16)

Iockoabky I+ IIz=1, T0o U3 5THX ABYX BHIPaXKeHHH JIerKo onpese-
JIIOTCA IVIOIANM CeYeHHH, MOACTAHOBKA KOTOPHIX B (opMyay (5.15)
Jaer

S, —s) -1
LA i (5.17)

)\= ‘T ()\n _‘)\P) [1 +m

Ecin ofbeM IpecHOro: bja ONPeNequTh KaK pPasHOCTh 0GHEeMOB
MODPCKOTO JbJa M paccosa, kak 370 npussaia IlIseparderep, To Bhipaxke-
HHA IUIOLajlelt CeueHUH sueeK paccoa H MPecHOro JbJa, a TAKKE OKOH-
yatenbHas GopMyJia TENIONPOBOAHOCTH OYAyT APYTUMH:

A=hy— O — ) (1 — S,) stp' : (5.18)

Hus1 pacueros TensonpoBopHocT# Gopmynaa (5.17) mpeacrasasercs
6osiee NPeNNOYTHTENBHOH, TaK KaK MJIOTHOCTb MOPCKOrO JbJa B CBOIO
ouepesb MeHsieTCs ¢ M3MEHeHueM COJICHOCTH M TeMiepaTypw npu ¢a-
30BBIX Ilepexo/ax. .

- M3 obenx_dhopMys crepyer, 4TO TEIJONPOBOLHOCTE MOD

AN A : EOLO, ARJA.....
YMEHbIIAETCH, C.DOGPOM-RRO~€OCHOCTH.Lay BENHUL. IIpy _Bospacra- .
HANKOHLUCHTPalUH PACCONA, T I PH-OHIKEHIL- TeMAEPATYPEL:~DKE-
NepuMEHTLT TOATBEPK JAIOT 3TO 06CTOSTENBCTBO. .
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Ho ofuee uucio skcrnepuMeHTaJbHEIX JaHHBIX HeBeauko. O AByX
'3 HuX ynomunaer Illeeparderep. B mepBom ciyuae mpoBOLHIOCH

‘CpaBHEHHE TEMIIEpaTyPHBIX

A Bri/(M-°C)

24-

2,21

T

2,0

TPaJlMeHTOB B €CTECTBEHHOM Jbly ['ya30-
HOBa 3a/1MBA W BKJIOYEHHOTO B 3TOT
Jen ofbpasma IIpecHOro Jabjga. Bo
BTOPOM cCJydae TeNJIONPOBOAHOCTD
OnpeneNsiach Ha OCHOBAaHHH YpaB-
Henus CredaHa IO H3BECTHBIM Be-
JIMYHHAM [IPHPOCTA JbJA W TPaji-

2 eHrtam rtemIepatypsl. OTMeuaercs,

Puc. 25. 3aBucumocrs TenmonpoBogHO-
crd [Bt/(M - rpaa)] Mopckoro apga (s=

0 ] —-10

=4,7%) oT TeMmepaTypeL
I — 3KCHepHMenT, 2 —~mo dopmyae (5.21).

15T

YTO pasanuue MEXKAY TE€OPETHUECKH onpeneneHHoﬁ TEIJIOIIPOBOJHOCTBIO

H OCPENHEHHON M3 SKCIepPHUMEHTOB He mpesbiaer 0,085 Br/(M - rpan)

TeHfeHINI0O K yMeHbIe-
HUIO A C POCTOM COJIEHO-
C¢TH apga orMetun Hobyo
OHo [263], wucciaenoBas-
mus TEIJIOTIPOBOJHOCTD

Mosoforo Jbia B Oxor- .
ckoM Mope. Ho xoamye-

CTBEHHBIX COOTHOIUEHHI OH
He TPUBOJIUT.

Hexkoropoe Xo/anuecTBO
SKCHEPHMEHTATIbHEIX ONpe-
JeJNeHUH  TEIJIoNnpPOBOLHO-
ctu Ha JabopaTOpHLIX 00-
pasnax Jabia  pasNHYHOM
coseHoctr nposea 1O, JI.
Hasunuer [114]. Otu nau-
HBIE = TIpeJCTaBjeHb  Ha
puc. 25. Xorsl B pane ciay-
yaen TEIMJIONPOBOLHOCTD
0Ka3a/Jacb SIBHO 3aBbIIIEH-
Ho#, o0I1as TEHAEHIUs po-
cTa A C TIOHHXKEHHEM TeM-
TiepaTyphl OTME€UeHa BO BCeX
BKCIEepUMEeHTaX., ‘

3aBUCHMOCTD TEIJIONPO-
BONHOCTH MODCKOTO JbJa
OT €ro HOPHCTOCTH, COJe-
HOCTH ¥ TEMIEPATYPH TPH-

P TennonpoBodnocms A
1 2 8 4  510%%an/(emeC)
g 1 I ] T ] .
(=]
= 0,25
3
[~
3
3
S
E g,50+ o 1
§ A g
3 . A4
R 0%
g X5
o
1,00L

t

" Puc. 26. BeprukaabHEI NPOQHAL TENJIOMNPO-
BOJIHOCTH MOpPCKOro mnja [114].

1 — oxnonetrnuil jen («CII-4», 1957 r.); 2 — mByxjaer-
auit Jgen («CIT-4», 1957 r.); 3 -— ORHOJETHHH Jed
(«CII-5», 1956 r.); 4 — msyxaernuil nen {(«CII-B»,
1956 r.); & — muorosiernuit qmen («CIT-6», 1956 r.).

BOJNUT K TOMY, UTO 3TOT IapaMeTpP OKAa3bIBAETCHA IEPEMEHHBIM, XOTA H
B MEHbIIEH cTeneny, ueM a¢deKTuBHAsA TemIoeMKkocTb. [lociokinbie us-
MepeHHsT A TOKasajH, UYTO H3-3a MOBBILIEHHOH NOPHCTOCTH MOBEPXHO-
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CTHBIX CJIO€B MOPCKOTO JibJa HX TeIJIONPOBOLHOCTH HECKOJBKO MOHH~
skeHa. Takxe yMeHbIIaercss A HHXHHX CJO€B JibJa BCACACTBHE Gosee
BBICOKOH HX TeMIepaTyphl U GOJIBIIEro COAEPKAHHS: paccond. JTo XO-
poio BHAHO u3 pHuc. 26. Tako# e XapaxkTep H3MEHEHHsl TEIIONPOBOJ-
HOCTH IO TOJIIIMHE NPUNAHHBIX JbIOB MOPS JIaNTeBHIX MOJIYYEH O H3-
MmepenusM temnepatypsl 1. C. Mnatopmm [69].

4. TemnepaTyponposodnocTs MopcKozo av0a

Tlon TEMIEPaTyponpoOBOOHOCTLIO 00010 TEJa, B TOM HYHCJAE MOp-
CKOro JibJa, IOHHMAeTCA OTHOIHEHHE TEIJIONPOBOAHOCTH STQI‘O TeJdJa.

K 06'b€MHOH TEINJOeMKOCTH:
A .
K= - L/ (5.19)

DTOT.IApaMEID XapaKTepH3YeT. CKOPOCTh. U3MEeHCHUST-FeMIEDATY DBl
_Teaa B 3aBHCHMOCTH. .OT-TOCTYLIHH. K_HEeMY - tena. CrenosarennHo,.
“NipH 5ToM HEOGXONHMO YUHTHIBATD BCe MCTOUHHKH TElia, B TOM 4HC/Ie-
H BHYTpDeHHHe, 06ycJiOB/JeHHbIE (Da30BLIMH IT€PEXOIaMH.

SIBnsisich GYHKIMEH Tpex NapaMeTpoB, KaXkIBIA M3 KOTOPBIX He
OCTaeTrcs IOCTOSHHBIM, TEMIEPaTyPONPOBOJHOCTE MOPCKOTO JbJa Me-
HSIeTCsl CJIOKHBIM 00pasoM BO BPeMeHH M B Ipoctpasctse. B_pepsyio.
ouepefb CeNyeT OTMETHTb 3aBHCHMOCTL K OT HHTEHCHBHOCTH )A3OBBIX

€DEXOMI0B, U3MEHSIONIUX TeNJI0EMKOCTD JbAa, ] DI TOBGIIICHHBIX 3HA~
YeHHSIX COJCHOCTH H TeMnepaTym_b a.Bospacraer o Sq)(ﬁéKTI/IBHaH Ten-.
TOEMKOCTD,  HPHBGAAINAT K yMeHpUEHNIO TeMIEPATyDOI POBOLIOCT]
Sromy c11oco6c'T“B’VéyemeHne TPH BTHX YCAOBHHX TElJIOIPOBOJ-
HOCTH JIbJia. YBE/IHUEHHe NOPHCTOCTH - JbAa LPHBOIAT K yMEHbLICHHIO:
ero TemJIol| QCTH H_IIJIOTHOCTH, TI0STOMY HiMreHenseTEMIEpaTy-
POTNPOBORHOCTH B 3T yuae 6y11eT MEHbBIIE, UeM OTMEUEHHBIX IBYX:
napaMerpos. :

B cBA3H ¢ OTMEUEHHBIM XapaKTEPOM 3aBHCHMOCTH OT ONpeNe/sio--
wux (hakTOPOB TEMIEPATyPONPOBOLHOCTE MOPCKOTO JibJa HUMEeT MaK-
CUMAaJ/IbHYIO BEJHYHHY B BEPXHHX CJIOAX JIbJa H MHHUMAJbHYIO B HHK--
HHX. Y MOJIOZOTO JbJla BeJIHUHHA K MEHbIUE, YeM y CTaPOro, 0COBEHHO
Yy MHOTOJIETHETrO.,

5. Tennrosas depopmayus mopcrozo avda

ITox rennosoil nedopmanuel a0G0To Teja TOHAMAETCS OTHOCHTEJb--
HOe u3MeHeHHe ero ofbeMa, NPOHCXOAsllee NPU H3MEHEHHH TeMiepa-
TYPHL. LIaCTO 9TY XapaKTepUCTHKY HAa3bIBAlOT TENJIOBHIM pacIMpEHHEM..
Y MOpCKOro JibZa, KaK CJIOXKHOTO Teja C IIePEMEHHBIM COCTABOM, IIPO-
HCXOXHT HE TOJbKO COGCTBEHHO TeMIepaTypHOe pacIlHpeHHe HJIH CiKa-
THE cJaralolliX €ro KOMIOHEHTOB, HO ¥ H3MeHeHHe abGCOJIOTHRIX BeJH--
YH XHUAKOH M TBEPAOH MaccH 3a cyeT (as3oBux Nnepexonos. [locaenuee
MeHder oOmeM BeIecTBa TOPa3Lo CHJbHee, YeM OOBIUHOE TEIJIOBOe:
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pacmyperue. JlanHbii a(b(I)eKT Bl'IepBbIe B aHaJHTHueCKOH (opme yu-
ten Manburpenom. [lpu BhiBoge GOpMyJbl OH NPHHAT, YTO K03 hu-
IOUEHT PaCIIHPEHHsT MOPCKOTO JIbLa paBeH CYMMAapHOH BeJHUYHHE KO-
5@ duurenTa pacHpPeHnsi MPECHOrO Jbjia ¥ 106aBOUHOMY H3MEHEeHHIO
ob6bema 3a cueT Ha30BbIX NpeoGpasoBaHui BOAH [66].

B npunuunne npu onpefeneHHH OGBEMHOrO. paclUMpeHHs MOPCKOro
JbJa HYXHO YVYHTHIBATb PaCIIUpPeHYe He TOJbLKO HPECHOTO Jibja, HO H
paccona. OnHako OOIee ero COmep:KaHHe CYIIECTBEHHO MEHBIIE, YeM
KPHCTAJJIOB JIbJa, H TEIJIOBOE PaclINpeHye Paccosaa, Kak 1 BOJIB, CyIle-
CTBEHHO MEHBIIIE, YeM JIbjia.

B xuure B. A. CasesnneBa [133] npuBenena tabnuna Ko3GhGHUIHEH-
TOB OObEMHOIO PaCIIMPEHHs IPECHOro JbJa Ry, MOJYYEHHBIX pas3niHy-
HBIMH HCCaenoBaTesssMH. B cooTBercTBum ¢ 3T0OH Tabuuiei

dv
by e = 1,44 - 107 (rpax.™). (5.20)

Ho MaJIbMI‘peH u cam CaBenbeB 6pajid HECKOJBKO 60J‘IbIHI/IH K03}-
thunuent, pasuei 1,65« 1074

Ilpn onpenesenny . 1o6aBOYHOIO M3MEeHEHHS o61;eMa 3a cuer (aso-
BBIX TIpeo0pasoBanuit kg Magemrped, a 3a HuM H. H. 3y6os
u B. A. CaBesnbeB HCXOOMAM W3 H3MEHEHHs .MacChl Jbna. Ilpu GoJee
CTPOrOM IIOAXOIe B KauecTBe OTIIPABHOTO MOMEHTA CJIELYeT HCHOJb30-
BaTh H3MeHeHHe o0beMa IPH 3aMep3aHUN XKUIKOH (Baskl V!

VeV 1 dav ‘- :
b= L (521

TIpHHAB MIOTHOCTD Jibla NPH TeMnepaType hasoBOro mepexoja Be-
JUYMHON HPUMEPHO MOCTOSHHON W YMHOXKHUB Ha Hee YHCJIUTENb U 3HA-
MeHaTeJJ b IIOCJAEIHEr0 COMHO2KHUTEJA, NOJYIUM

B YTV 1 dMy v—vy M s . 4Sp o
¢ vy My dT ~— v My Sg ar |

(V—u) S dsp
Sp\io(Sp—S) daT

CyMMapHOe H3MeHeHHe o0beMa MODPCKOTO Jbja 3a CUeT TepMHue-
ckux (baKTOpOB OIpefensercss CYMMOH IIepeudCJeHHBIX YaCTHBHIX kg
U kg

1 dv o s(v—1g) -dSp

kT:WTr+ Sy (Sp—s) dT * (5.22)

ITpu BuBOAe 5TOK (HOPMYJEl HE NPHHMMAJIOCE BO BHHMaHHe H3Me-
HeHue 06beMa 3a CUeT Iepexoja CoJel B TBepAOe COCTOSHHE MJIH B pac-
coJ. DTO BIOJHE IONYCTHMO, TaK KaK OTHOCHTeNbHAs JOJg  coJell
B MOPCKOM JIBLLY QUeHb MaJa.

Ilo o6memMy BULY mosyueHHas (opMyJia OueHb GJu3Ka K QopMyJe
MasabMrpena [66], HO B Helt y:Ke He HYXKHO JeJHuTh K03 PUIMEHT 06D-
e€MHOr0 pacLINpeHHs MPECHOTo JbJa (nepBbm wieln Gopmyan (5.22))
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Ha IJIOTHOCTb JIbAA IJIS COOJIONeHUS OXMHAKOBOM paSMepHOCTH O6OHX
YJIEHOB.

W3 ¢opmyner (5.22) cmepyeT, uTo NpPH TNOHUMKEHHH TEMIIEPATYpBI.
ee BTOPOE cJaraeMoe OTPHIATENBbHOE, T. €. IPOUCXOAHT He CXKaTHe
Jba, KOTOPOE OTMedaeTcd NMepBHIM cjaraeMblM, a paclIHpeHHe Bcjael-
CTBHE 3aMep3aHHs paccosa. lIpu NoBbIIeHHH TeMIepaTyphl SBJAEHHE
6yner o6paTHEIM. TakuM 06pa3oM, AefiCTBHE BTOPOTO C/araeMoro mpo-
THBOIOJIOXHO 110 3HAKy 30 (eKTy, OKa3bIBAeMOMY IEepPBBIM CJaraeMbIM.

B taGua. 12 npuBeneHsl BeJUYHHE KO3(OUINEHTOB TEPMHUIECKOH Je-
(dopMau¥H MODPCKOTO JbZa HPH HEKOTOPHIX 3HAYEHHSIX TeMIepaTyphl
H COJIEHOCTH, BBHIUKCJIEHHEIE 110 (hopmyite (5.22).

Tabruya 12

Kosdduumentol repmuueckoir nedopmauun mopckoro apaa (k; - 104 rpaa')

T°C

8% ¢ .
—2 —4 —6 -8 —10 —12 —14 —16 —18 —~20

—22,56| —4,48|—0,99} 0,32 0,71| 0,88 1,00| 1,06 1,14 ) 1,18
—48,96/—10,78/ —3,51'1 —0,85|—0,04} 0,32| 0,55} 0,70! 0
—79,06—17,46| —5,991—2,06 |—0,81 (—0,27| 0,08 0,18 0,51 | 0,64
—1183,56(—24,56| —8,91| —3,31 |—1,63 |-—0,881—0,40|—0,09 | 0

OO A ND

Orivune BesMYUH 3THX K03GGDHIMEHTOB OT BBHIUUCIEHHBIX MasbM-
rpeHOM 3akgaouaercd B 6oJee ToYHOM yuere sddexra $Ha30BhX Npeobd-
pa3oBaHHH BO JIbLY, UYTO NPHBETO K HECKOJBKO GOJbIIMM HM3MEHEHHSIM
| ofbeMa 3a cueT BEIMOPaXKHBAHHS paccosia, B faHHOM ciaydae OPHHSAT

TaKXe HECKOMbKO MeHbIIHH KOI(Q(HUHEHT PACUIMPEHHs IIPECHOTO JIbJA.

OTpuuaIﬁabkLQQ%kaquHe ko3 duuyienTa 0603HAYALT, YTO.IPH. TIO-

HIKEHHH TeMIepaTyphl ﬁ“s:&”a“‘ngg/l_g_xolgm He CXKATHE, “KaK _y, IIPECHOLQ,

DB A PACTHRpEHEe: TP TIOBRIICHIH JKe TeMIepaTy] pm rOM 1po-

chonm He_paclupeHHe, a cxKarue e bia, Ecnu paccol H /el He HaXo-

[AATCS ‘BO B3aMMHO HANDHAKERHOM COCTOAHHH, TO NMOBHIIIEHHe TeMIepa-

TYPH M NpPOHCXOJsIllee NpPH 3TOM BLITAHBaHHe JbAa 10 Nepubepun

STU€EK C PaccojioM MOKET IPOCTO YBeJHUHTb 00beM siueek, HO He BHI-

3BaTh cxaTus Jbna. IloaTOMy NpH NOBBIIIEHHH TEMIIEPATYPHl MOP-
_ CKOTO JbJla ero ckaTue B O0JaCTH OTPHLIATENBHBIX KO3Q(HUINEHTOB
| MOXeT OBITH MeHBLUHM, ueM ciaenyer no dopmynae (5.22).

i W3 Ttabaunel BHAHO, uUTO BJAHSIHHE (Da30BHIX NpeoGpasoBaHHME TeM
. Goublite, ueM BHILlEe TeMnepartypa U GoJbllle CONCHOCTh JbAa. I1pn Hu3-
|  KOH TeMmmepaType H MaJioH COJIEHOCTH IepPexOinl XKUAKOH ¢aswl B TBep-
| Zyio u 06paTHO MaJHl U ki CTpeMHTCH K K03 QUIHEHTY TEIIOBOro pac-

IIMpEeHNs TPECHOTO JbAa.

HpoaBneHneM TeH.HOBOI‘O cma%ﬁ&g@&;&g@gﬁ,&w “A%
yI0-

pacnpeCHeHHbm CHGHABAA  CKUMAETCH, a HUKHHIE CJIOH, uMelomue Bosee

IIOHI/I}KeHI/II/I TeMHepaTypm B s1OM ‘caydae HOBerHOCTHbIH
BBICOKYIO COJIEHOCTb H Haxonsmmec;{ Inpu GoJiee BEICOKOH TeMIeparype, }

ot




pacwmupsiorcs. [lostomy TepMuUecKHe TpellWHBl MPOHHKAIOT He Ha
BCIO TONIIMHY JbJd, & TOJIBKO C NOBEPXHOCTH 10 HEKOTOPOH Tiry-
OuHBI, Ha KOTOPOH c3KaTHE M paclidpeHHe Gojiee WIH MEHEE€ KOMIICHCH-
PYIOT ZPYT Apyra ¥ KO9Q QHIHEHT TelIOBOro pacmupeHHﬂ CTaHOBHTCS
6JIM3KUM K HYJIIO. -

OcofeHHO MHTEHCHBHBLIMM TPEIIHHE GBIBAIOT B TOM cjyyde, KOTJa
TOJILUIMHA JIbJla, 4 CAE€A0BAaTeNbHO, M TeMIlepaTypa Mo IIOm ALl He OLH-
HaKOBH. DTO HMERT MECTO, KOI/la JIeIsSHOe II0Je COCTOHT H3 MOJOOrO
M MHOTOJETHero Jbja. KX COMeHOCTb ¥ CPefHsA TeMIepaTypa pasiu-
YaloTCs CYLIECTBEHHO, U mosTOMY TepMHYECKHE NedopManyn TakKke Oy-
IyT passHdyuHbL.

C koapdumyenToM o6bEMHOTO TENJOBOI'O PACIUHPEHHUS] TECHO CBSi-
3aH K03 (PUIKEHT JUHEHHOr0 pacliupeHHs

1 dl . .
k’—WTT . (5.23)
g YCTaHOBJIEHHS] 3TOH CBASH [ILOCTATOYHO Bpra3HTb Oﬁ’bEM ye-
pes JUHeHHYIO Mepy [, B pe3yJ/bTaTe Yero
' 372

dl .

IlpoBenennsie na npefidpyromein cranmuu «CII-17» usmepetus k; mo-
KasaJjM, 4TO 5TH BEJHUYHHBl TEIVIOBOTO DacCIIMpPEeHHs B HECKOJBbKO pas
MeHblIe ONpefleleHHBX B JabopaTopHblx yciaoBuax. A. I1. Jlerennkos
u B. II. Yraes [94] npeanosaraioor, 4To TPHYHHOH TAKOrO DPA3/IHUHSA
MOMKET CIyXHTh CPaBHHTENbHO cjabas H3MEHUMBOCTbL TEMIEPAaTypHl
OCHOBHO# Macchl JIbJIUHBI, KOTOpasd UMesaa TOAmuny oT 2 1o 5 M. Kpome
TOrO, Hab/IONANOCh PA3JHUHE CONEHOCTH IIOBEPXHOCTHRIX H HIKHHX
CJIOEB JIbJIa, TPOHCXOIMJIO 3ana3fbiBaHie KH3MeHeHHH TeMIlepaTyphl
OT NOBEPXHOCTH X [MIyOHMHHBIM CJOAM. DBce 5TH gBJeHHs NPHBOLAT
K TOMY, UTO HUXKHHe CJIOH JbJa OKa3bIBAIOT COUPOTHUBICHHE TepMHUUe-
ckoit nedopmanuy BepXHUX croeB H HdobopoT. Ho nedopmanuu naruda
JbIHHbl B 3THX cAyuyaax HabjmoneHHsMH He Obio otMeveno. A. II. Jle-
reHbKOB [PENoiaraer, yTo NPUYHHON TAKOTO NOBEICHHS JbAMHBI CIY-
KaT ee BeC H apXUMeNoBa CHJIA, co3ldaloollye Takde H3THbaromue MO-
MEHTHI, KOTOpbIe YHHUYTOKAIOT KPUBH3HY JIbJHHBI, BLI3LIBAEMYI0 HEO[-
HOPOIHOHU TeMIepaTypoi. '

6. Paduayuonnsie c8oiicTea ne06ar1020 NoKposa

[TpuTOK JyuyHCTOH SHEPTHH KO JIbAY SBJSETCS ONHHM H3 OCHOBHBHIX
KOMIIOHEHTOB TENJOBOTO 6asaHca JMeASTHOI0 ITOKPOBA, B 3HAYHTENBHOMH
CTeIIeHH ONpeAeNIoNUX ero TeMIepaTypy, HapacTanue U TagHue, Ipoyu-
HOCTHBIE CBOICTBA M MHOTHE IPYrHe XapakTepHCTHKH. B To e Bpems
NOIVIOLIEHHE JbJOM 3TOH SHEPIHH 34BHCUT OT CBOHCTB CaMOro JIejs-
pmoro mnokposa. K coxaseHuio, HeCMOTPS Ha JOCTAaTOYHO GOJbLIONH
06beM MPOBEJEHHBIX SKCIEPHMEHTOB, CTPOrOH TEOPHH M aHaJUTHUe-
CKHX COOTHOLICHHE MeXIy BeJMYHHOH NOTOKA MOIVIONIEHHOH JbAOM pa-
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JUalUH U ero COCTOSHHEM [0 CHX NOp He noJayueHo. Takoin ypOBeHb.'
H3yUEHHOCTH PaiMalUOHHBIX CBOHCTB MOPCKOTO .nbna B OU€Hb CHJIBLHOH
Mepe 00YCJIOBJIEH CIOKHOCTBIO €r0 CTPOEHHS.

Eme B Hauase NpomIOro CTOJETHS GBIIO YCTAHOBJEHO, UYTO KpPH-
CTaJlJI JbZa ONTHYECKH HeoxHopoJeH:. OH MMeeT OJHY ONTHYECKYIO OCh,
coBIlalalolyio ¢ KpHcraanorpaduueckoir. Eciu jyy cBera Halpas/eH
BIOJb 3TOH OCH, TO OH IPOXOAHT KpPHCTaaJa OOBIYHBIM HyTeM. Ho npm
[ONaflaHHM Jiy4d B KPHCTAJJI MOX HEKOTOPHIM YIVIOM K ONTHUYECKOH OCH
IIPOHCXOUT €ro pas/oXKeHue Ha TaK HasblBaeMble OOBIKHOBEHHLIH U He-
OOLIKHOBEHHBIH Jy4H. B mepBoM KoJeGaHUA CBETOBOIO BEKTOPa IIPOMC-
XOIAT B HalpaBJeHHM, MEePHIEHAUKYASIPHOM TIJIaBHOMY CEUeHHIO KDPU-
cTasnna, a BO BTOPOM — B HaNpaBJEHHH TJIaBHOrO ceuenus.. CKOPOCTb
pacrnpocTpaHeHHs OOBIKHOBEHHOTO Jy4Ya B KpHCTaJde Jbjla OOJbIlE,
ueM HeOOBIKHOBEHHOro. ITosToMy IpesoMienne STHX JydeH pasiudHoe.
Ha atom cBOMCTBE KPHCTAJJIOB OCHOBAH METOM MCCJAENOBAHHA HX OPH-
€HTHPOBKY B LIJIK(e JbAa.

Ecau 6Bl OpUEHTHPOBKA - pasMepr KPHCTAJJIOB B MODPCKOM JbAY
OBlIM yIOPSIIOYEHHBIMY, TO M3BECTHEIE 3aKOHBI PACTIPOCTPaHEHHs CBETa
B KpHCTaJjie MOKHO OBlio Gbl IPUMEHHTD K JIeASTHOMY noxpoBy. OxHako
B DeaJbHOM- by KPUCTAJJIH HMEIOT BechMa pa3H006pa3Hb1e tbopMmBI,
pa3MepBl M OPHEHTANHIO, OHH MEePEMeRAlTCs AyelikaM# paccoJsa, BO3-
IYUIHBIX TYSEIPHKOB M IPYTHX npumeceit. ITosToMy mpociesuTh pacnpo-
cTpaHeHMe Jydeil CBeTa, X MHOTOUHCJEHHBIE NPEJOMJEHHsT Ha IpaHsix
KPUCTAJJIOB U BKJIOUEHHSX DA3IHUHBIX TpUMecell, OTparKeHHsa U pac-
cedHye B CKOJMbL-HUOYAbL BosbmioM ofbeMe Jblla TPAKTHYECKH HEBO3-
MOXKHO. '

TpYyAHOCTH B H3YUEHHWH DATHALHOHHEIX CBOMCTB JIbAA KaK CJHOXKHOIO
TeJa YCYTyOJsIoTCa ellle TeM, YTO NOTOK PANHALUH He SBJSETCS MOHO-
xpoMatudeckuM. OH HpeicTaBgasgeT cO0OH CHEKTP pPAasjHYHBIX BOJH
C pacrpefeseHHeM SHEPTHH, 3aBHCAIINM OT TEMIEPATypPhl H3JAYUATEN .
OTpaxeHde XKe U TOLVIOLIIEHHE JYUYUCTOH SHEPTHH JbJOM SABHCHT OT
IJIMHBL BOJIHEL.

" CJI0XKHOCTb CTPOEHHs Jbja W CIEKTpa JYUYHCTON - SHEPTHH 34CTaB-
JIIeT IIPH M3YyYeHHH BJHSIHHS IIOCJAefHEH Ha Jiel I0Jb30BaThCd Cpel-
HUMHU XapaKTepUCTHKAMH.

OO61myIo KapTHHY PaclpOCTPaHEHHs JYUYHCTHIX IOTOKOB B JIEASHOM
TIOKPOBE MOXKHO IIPeJCTaBHTb B BHIE CXeMBbI, Ha KOTOPOH IOCTYHaIo-
M HHTerpajbHLM TOTOK pajMalui (Qy YacTHUHO OTpaXKaeTcs, a oc-
TaJbHasl €r0 A0/ IPOXOAUT B TOJILY JbJa. 31ech NPOHCXOAUT IOIVIO-
IeHHe ¥ paccessHHEe pajualuu ¢ 00paTHBIM BBIXOJOM HEKOTOPOH ee ya-
CTH Ha NIOBEPXHOCTD JIbJa H CYMMMPOBaHHEM C OTPaXKeHHOH panuanued.
Kpome 5THX NOTOKOB, JIefl, KaK BCsKOe QH3NUECKOE TEJNO0, H3JAydder Jy-

. UUCTYIO 3HEpPruio, OCHOBHOE KOJHUYECTBO KOTOpOfI B COOTBETCTBHH C €I'0

TEMIepaTypoli COCPELOTOYeHO B 00/1aCTH JJIMHHOBOJIHOBOH uacTH
CIEKTpa.

Haun6osblilee 9HCIO HCCTIENOBAHHH pafMalHOHHEIX CBOHCTB Jend-
HOTO HOKPOBa OTHOCHTCS K H3Y4YEHHIO ero Ko3(h(HNUeHTa OTpaKeHHd,
T. €. ajbbeno, KOTOpOoe MeHsIeTCs B OUeHb MIMPOKUX Iipefenax. K coxa-
JIGHHIO, SKCIEepHMEHTANBHBIX JaHHBIX H HCCASAOBAHHHA OTpaKaTeabHOMN
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CcnocoGHOCTH JbJla B PA3JIMYHBIX yYacTKax clekTpa odeHb Majo. CyTh
HX CBOIUTCA K TOMY, 4TO Jiell JOCTATOYHO XOPOIIO OTpaXKaeT M Ipomyc-
KaeT KOPOTKOBOJHOBYIO palHalHyio, HO IPAKTHYeCKH HENpO3payeH AJd
IJUHHOBOJIHOBOTO y4YacCTKa CHEKTpa TeNJIOBOT'O H3JyueHHS.

B ripeo6nanawmeM GoOJIbIIHHCTBE CAYYaeB B SKCIEepHMEHTax H3Me-
pAanoch cyMMapHoOe anbbeno AJst Bcell KOPOTKOBOIHOBOH W JJIHHHOBOJI-
HOBOH 00JiacTH cliekTpa. Mamepenus nokasasu, uTo ajbbeno KOpPOTKO-
BO/MHOBOH pamguanun A HanGosee CUJBHO 3aBHCUT OT COCTOSIHHUS CHeXK-

HO-JIeAsTHON noBepxHOCTH. Ecau B X0JIOAHBNA Iepuox TIojxa, KOraa.

Tasiife OTCYTCTBYET ¥ HA JbLY HMeEeTcs MOCTATOYHO TOJCTEI CJIOk
cHera, anbbeno Gosee UM MeHee ONMHAKOBO, TO B NEPHOJL TasTHUA Jaxke
TOTrO K€ CHEMKHOTO NOKPOBa OHO MEHSIeTCs B 3aBHCHMOCTH OT CTagHH
TagHUs. ‘ : »
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Puc. 27. Anb6eno. cHexHO-/IeASHON OBEPXHOCTY B MOJIEHD,

] — rMajJKuit TIOKPOB CBEXKero cHera; 2 — CBeXHH CHer; 3 — MeTesb;
4 -— CBeXXHH CHEr CMeTeH, NOBEPXHOCTbL IIePOXOoBaTaf; § — NoBepxX-
HOCTB lIepoXoBaTas; 6 — MSITKHi CBeXHK CHer; 7 — cHeromad; 8 —
CHEXHBI MOKPOB TOJIIMHOK 1 ¢M, HEGOJBUINE YHACTKH OTOJIEHHOTO
Jnbaa; 9 — moseMka; 10 — cHer rpsagaMH HokpHBaer 10% naomanwu;
11 — Metenn, 2—3 cM CBeXero MSTKOro cHera; [2 — cHer rpaiamu
nokpeiBaer 50% niowmtangu; /3 — cHera Ha JbAY 5—10%; 14 — MeTedn,
1—2 cm cBexero -cHera; I§ — cHera Ha MOBEPXHOCTH JhXa HET.

Uccnenosanus H. H. Bpsasruna [17] u H. T. Uepuurosckoro [172]
[IOKAa3aJH, 4TO B CpelHeM ajb0elo CHEXXHOTO MOKPOBA Ha JIbIY BECHOH
H ocenbio coctaBiser 0,77 u 0,88 coOTBeTCTBEHHO HJIsI TJIOTHOTO U CBE-
JKEBBIIABIIEr0 CHera cO' CpeJHEeKBaIPaTHYHBIM OTK/JIOHEHHEM IPHMEPHO
10%. H. T. UepuuroBcku#l oTMeuaeT, 4TO KoJeGaHHS albbelo CHeX-
HOrO HMOKPOBa BO BPEMEHH CBSI3aHB INIaBHBIM 06GPa30oM C H3MEHEHHEM
(hU3MUECKUX CBOHUCTB CHEra M ero ToJIuHb. Brlnagedne CBexXero cHera,
o6pasoBaHue HACTa, YBEJHUYEHHE TOJNIIMHBI CJOS CHEra COoCOGCTBYIOT
pOCTY €ero oTpaxKaTeJbHOMN CIIOCOOHOCTH. YIVIOTHEHHE cHera, o6pasoBa-
HHe QupHa, NoABJIeHHEe TeHeH OT HepOBHOCTeH pesabeda NP HU3KOH BHI-
core CoJiHIIa IPUBOIAT K yMeHbIieHHIo ambbeno. O xapakrepe uaMeH-
UHBOCTH ajbGelo CHEXKHO-JeASHOfl IOBEPXHOCTH MOXKHO CYAMTh IO
puc. 27, coctaBieHHOMY ¥Yaamaepom [304]. Becuoli, naxe no navasna uH-
TEHCHBHOTO TAfHHS, XapakTep TOBEPXHOCTH UHCTOrO -CHEXKHOIO IIO-
KPOBa 3aBHCHUT, OUEBHIHO, OT TEPMHUECKOTO COCTOSIHHSI CHera, KOTOpoe
B CBOIO Ouepelb CBI3aHO C TeMIepaTypOH NpHJEraloniero CcJaos BO3-

oyxa.
94



B nepuos MHTEHCHBHOTO TasiHHS -OTpaXKaresbHble CBOHCTBa Jels-
HOTO NMOKPOBA CTAHOBATCH UPE3BBIYANHO H3MEHUMBEIMY KaK BO BPeMEHH,
Tak WU B IpocTpaHctBe. K cHer, H JeJ Ha pa3HBIX 3Tanax rasHus obia-
JAIOT pasjHuHOH CHOCOGHOCTBIO OTPAXKATH - KOPOTKOBOJHOBYIO paiua-
nuwo0. Eciu B mepBulfl MepUON TasHUSL CHET CTAHOBUTCSH TIIOTHHIM, BJIAXK-
HBIM, CEpOBaTO-0eqOro IBeTa H HMeerT. aabbeno mpumepno. 0,7, To

B NI€PHOJ MHTEHCHMBHOI'O TasgHHSA aabbeno NpOnHUTaHHOTO BOJIOM CHera Iio-

amxaerca no 0,35-[17]. dro ke otHOCWTCS: KO JbAYy. B saBucuMOCTH
OT OTTEHKa €ro NOBEPXHOCTH H.CTaWH TasHUs anbbeqo MoXer Me-
usteest ot 0,7 no 0,4. B mponecce TasHuA Ha JeAAHOM NOKpoBe obpa-
3yeTcsl MHOTO CHEXXHHIL Pa3JIMyHO# [IyOUHEI, JeAsHble OYrphl; MecTaMu
OCTaeTCHl TalOHHil CHEr, MO3TOMY cpeiHee ajab6efo KaKoi-TO IJoUaiu
3aBACUT OT OTHOCHTENBHOH HOJH 3THX 00BEKTOB. OCOGEHHO GOJbLINE
BJHSIHME Ha cpeljHee aJb0elo OKas3bIBAIOT CHEXHHIEB!, o6saajnaioline
CPaBHUTEJDbHO MaJiofl oTpaxarteabHoll cnocobuocrteio (0,36—0,13). He-
KOTOpOe TpejicTaBJdeHHe O CpPeiHHX BeJHuHHax ajpbelo Tarolero
CHeXKHO-JIe/IIHOTO MOKpPOBa MOXeT AaTh Tabha. 13, cocrarieHHas Ha OC-
nHoBaHuu fadHeix H. T. Hepuurosckoro.

Tabauya 13
CpenHee anbbefo CHEXHO-JIEASHOTO OKPOBA B MEPHON TAdHHS
) - ‘Paspymensoctsb PaspymeHHOCTD
Xapagtep noBepxHOCTH | - ﬁoaep;/mocm, A Xapaktep NMOBEPXHOCTH noaepé;ﬁocm, A
. . 0 B 0
Cuer, .Hauajgo yc- -0 0,67 } Taomuit 6eaniit aex 40 0,47
TONYHBOTO TASHHA . ) co. crao passu-
Unrencusuo Taio- 10 0,62 “TBIMYM CHEXKHH-
IMHA CHEr, MecTa-| uamMH
My Genblit jex Tawwuit nen co 50 0,41
HHTeHCHBHO Tal0- 20 0,56 CHEeXKHHIAMH ) :
g CHEr H Taio- WnureHcuBHO Taio- 60 0,39
mui Oennlit Jen . LIHE Jief
Tarommus sieg ¢ 6e- | 30 0.51 || Jled co cHexHHIA- 70 0,33
" 70t HOBEPXHO- S MH ‘
CTBIO

Ilpu onpeneseHuu cpemHero mo HEKOTOPOH IJOMIAAM JAbAa aabbeno
YaCcTO HCNOJABb3YIOTCH HaOMOLEHUS C caMoJieTa MU BEpTOJIeTa [22, 83,
245 u 1p.]. OTH KaHHBIE IPHUBOAAT K YETKO BBIDAXKEHHON CBASH MEXIY
OTpPaXKaTeNbHOk CNOCOGHOCTBIO JIbJa H €r0 Pa3pyUIeHHOCTHIO.

1 KOJIMYeCTBEHHON OLEHKH 3aBHCHMOCTH STOI'O aabGeflo OT pas-
PYLUIEHHOCTH JIbJia, OJHUM H3 OCHOBHBIX KDHUTEpPHEB KOTOPOTLO. SIBJASETCH

OTHOCHTEJbHAA IJIOManb CHe}KHKU, u nporanus Iy, npejnaraorcs sm-
nupHYeckue GopMyJibL:

A=0,59—0,32/1, (Jlaurzeben),
A=0,62—0,36/1, (Kysneuos, Tumepes).

(5.25)
(5.26)
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Ha Benuuuny:anbGefno JeJfHOT0 IOKpOBa BJHSAET NMOTOK paccesH-
HOM KOPOTKOBOJIHOBOH pajMalUM, BHIXOAAIEH M3 TONIU JdbAa. IDTOT
TOTOK TeM O6oJbllle, YeM crapllie Jef ¥ 60Jblle ero TOJLIHHA, pacCeH-
BAIOIasl ¥ OTpaxalollasi NOCTYNAOYI0 Paiualuio. DTa 3aBACHMOCTb
QUEHb XOPOLIO BUAHA Ha puc. 28.

.Bolime yKe oTMeuasoch BAHsSIHHE CHETa HA OTPaKaTeNbHYIO CIOCOG-
HOCTb JeISHOr0 MOKPOBAa. DCJaH OH NOKPLIBAeT Jief HepaBHOMEPHO, TO
CpenHsis 0 IJIOWANY BeJHUHHA aib0eldo ONpele/sercs, KaK U IIPH Ha-
JIHYUW CHEXHHIL, B BHAE CpefHEB3BEIIeHHON H3 HJollajzeH OroJeHHOTO
Jblla W HOKPBITOI'O-CHETOM M HX OTpa)aTeJbHHIX CIOCOGHOCTEH.
H. M. Kysueuos u A. A. Tumepen [83] npefcraBu/Ix 3Ty 3aBHCHMOCTb
aMmnupryeckoil Gopmysion . :

A=0,06/1.+4A,, ' (5.27)

rae Ap-— anb6efo OroJEeHHO-
—.—3 TO apaa, Il — oTHOCHTeIbHAs
TUIOINaAb CHEra Ha JbHy.
Bonapmoe Bausinue Ha 07-
paxeHHe  KOPOTKOBOJHOBOH
palHanuu  OT CHEeXHO-Jeas-
HOIl IIOBEPXHOCTH OKashBaeT
ee  3arpsa3HeHHOCTb. AHaTH3
HaOMONeHUH,  NPOBENEHHBIX
KysgenopsiM ¥ TuMepeBHIM
[83], mosBOMMII ClenaTh BHIBO,
UTO MpH pa3pyLIEHHOCTH JbLA
) 10 2 6aJI/IOB yBeJUYEeHHE 3a-
! TpsI3HEHHOCTH Ha 1 6ansi yme-
HbIlaeT anblelo HPHUMEpPHO
Puc. 28. 3asucumocrs anbbemo or toammusl  ga 5%, I[lpu Goawsmelr paspy-

A%

g 1 1 1 l :
40 80 120 160 Hcm

apAa [83]. INEHHOCTH YMEHbIIEHHE aJb-

! —no waGmogeHuam W. M. Kysmemosa, A. A. Tu-
MepeBa, 2-— o manebiM B. B. Bermma [11], 8 —~no 66,&0 BOSpaCTaeT u H;OXOILHT
naueiv [lectepuxosa [180]. J0 10% Ha KamxJAui GaJna

YBeJNHYEHUSL 3arps3HEHHOCTH.
MHorue uccienoBaTeNs OTMEYAlOT 3aBHCUMOCTb ajbbeno Jbra [Jd
KODOTKOBOJIHOBOH paguanuy oOT BelcoTHl CoJHIA Hal TOPHU3OHTOM.
[To-BupuMOMy, 3TO CBSI3aHO € POCTOM JYYHCTOI LIEPOXOBATOCTH IPH
yMeHbUlenuu BbIcOTHl CosHua. [ToaTBepikaeHueM 3TOro Npeanosoxke-
HUST MOXKeET CJAYKUThb OTUETJNHBO BBHIPA)KEHHOe VBeJWYCHHe aJbbeno
Jbla TPH yMeHblueHuu BhicoThl CosHua. Ho mpum ofnagnoir morone,
KOTJa BeJUKa paccesHHAasl paiualisi, TAKOH CBSI3H He IPOC/AEXKHBACTCA
[11, 101, 129 u ngp.]. CornacHO 3TUM HCCNENOBAHHUAM, B SICHHH JeHb
npu yBeauuenuu 3eHutHoro yrsia Couauma or 0 mo 80° ampbeno sbpapa
Bospactaer Ha 10—209%. Haubosee 3amerHo anpbeqo yBeTHIUBACTCS
npu GONBIINX 3€HUTHERIX yrJax, HaunHas ¢ 40—50°.
Taxkum o6pasoM, oTpaxkaTenbHasi CIOCOGHOCTL JIEASIHOTO IOKPOBa
IJISL KOPOTKOBOJHOBOR pafualliil 3aBUCHT OT MHOTHX, B OOJblIeH YacTH
B3aHMOCBA3aHHEIX. (pakTOpoB. HecmoTpsi Ha upe3BbluaiiHO  GOJBLIYIO
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posib anb0efo. B XKH3HH JbJa TEOPUA 3TOrO Ipoliecca N0 CHX [Op He
co3JaHa.

OTpaxeHHe NJIMHHOBOJIHOBOH pajnuanuu B 06/aCTH TeNJOBOrO H3-
JYYeHHs! OT CHEXHO-JIeJAHON OBEPXHOCTH MEHSETCS SHAUUTENbHO C/Ia-
Gee. Cylsi IO NaHHHIM H3MEPEHHM Das3JHYHEIX Hcc/efoBaTeselr 0600-
mennnx K. . KouapareeBmim [79] B 3TOM J[MamasoHe [JIHH BOJIH
or cHera orpaxaercs ot 0,5 mo 3,1% mnoctymatomere noroka pajnHa-
I{H, B 3aBHCHUMOCTY OT COCTOsIHMs CHera, oto Jbaa oTpaxaercs 3,5%
IOTOKA  NJHBHOBOJHOBOH paguanuu. TakuM o6pa3gM IO CBOeH IIOrJo-

H_LaTeJIbHO I/I3JIy‘{aTeJIbHOI/I CHOCO6HOCTI/I 0 OTHOHIEHHIO K TeHJI e

e

Pivitcyieacs oo (ch O OG5 0]/ no’ﬁﬁfﬁ?‘“ﬁmﬁé‘d””“K“aédé?ﬁ'b*rﬁo qepHOMy Teny.
IFfq-pAfiianms HpakTHUECKH HE HPOXOLHT B~ TOfIY chHera M sbia,
W B HACTOsILlee BpeMs CHUTAIOT, UTO €€ H3JyUEHHE U IIOrJIOUEHHe TIPOKC-
XOHAT Ha CaMOH CHEeXHO-JeNSHOH NOBEPXHOCTH M 3aBUCAT OT €€ TeM-
nepatypbl. [103TOMYy NPHHATO TemJOBOE H3Jy4deHHe JIEASHOr0 NOKpPOBa

Iy onpenensiTh Mo abCOJIOTHOH! TeMIlepaType ero HOBerHOCTI/I Tk:
Ii=c(l1—A)) Tx, (5.28)

TAEe O -— IOCTOSTHHAaH CTe(baHa——BonbumaHa An——anbﬁeuo IUTHHHO-
BOJIHOBOY pafdalliH.

B 1mpoTHBONOJIOXHOCTE  NTHHHOBOJNHOBOM panHan iy KOPOTKOBOJI-
HOBas{ TIOTAOLIACTCS HE CaMBIM M TIOBEpXHOCTHBIN CHOCK ARAA HAR ¢
Ha HeM, a B o
poﬁ”ﬁf}?ﬁﬁﬁm, 0Kasb e
B uaCTHOCTHE, 3HATHA HO 66/IbIIasi MPOHULAEMOCTD JbJla U CHEra JJist
KODOTKOBOJIHOBOH pafiHalyM IO CPABHEHHUIO C JJIMHHOBOJHOBOH NpPHBO-
INT K «NIapHUKOBOMY 3(hdekTy», B pesy/bTaTe 4ero NPOHUCXOMHUT Taf-
HHE B UX TOJILE elle NPH CPaBHATEJBHO HU3KOH TeMneparype BO31YXa.

Kak wspecTHo, ociabieHHe MOHOXPOMAaTHYECKOTo ~TIyuka cBeTa

SAAHAE HA TEPMUUECKUN PERUM STHX Ces.

. . C IJUHO¥ BOJIHBI A MPOUCXOOHUT 110 BKCHOHBHLU/IaJIbHOMy 3aKOHY

I @=I,Oe *, (5.29)

riie @ ,— CHeKTpasbHblil K09hdunueHT ocnablieHus painaLu.

B npuHuMme AJas ONpeleJieHHst IIOTOKA CYMMAapHOH paiuauuu
B TOJIIIE JIbJA CJAELOBAJO OBl MPOCTO NPOBECTH CYMMHPOBAHHE N0 BCEM
nauaaM BosH. Ho, K coxkajenuto, cnekrpasbhble KO3(QHIHEHTH He-
H3BECTHHI M N03TOMY dopmyay (5.29) oTHOCAT KO BCeMy CNEKTPY C OX-
HEM ofmuM Ko3hdunmeHtoM ocnabjeHus a. DKcHepUMEHTAJbHbIE
ompene/ieHHs] IOTOKAa PajHalliu B TOJILEe JAbla M pacyeThl IO HEMY KO-
s dunrerTa g nMoKasaay, 4YTO KakK B IIPECHOM, TaK M B MOPCKOM JbJY
OH uMeeT MaKCHMaJbHYIO BENHYHHY B BepxHeM 10—I5-caHTHMETPOBOM
CJIOe, OUeHb OHICTPO yOBIBAs NPH 3TOM, - [ajlee MEHSIeTCst CpaBHH-
teqpno caabo [21, 102]. B xauectBe npumepa B TabJ. 14 mpuBeneHH
XapakTepHBE 3HaueHHst @, BbluuC/IeHHBle A. §I. BysyeBniM 1o naHHBIM
gabaonenuii MPOHUKHOBEHHS pajHalud B MODPCKOH OJHOJETHHE Jel.

IIpuurHa pesKOro YBEJHYEHHs IMOIVIOLIEHHS paiadaliu B CaMOM
BepXHEM TOHKOM cJIoe Jbfla TOKa eille He BhlsgcHeHa. [Ipennonaraior,
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Tabruya 14

Koadduuuent ocnabienus pagualuy

B MOPCKOM JBAY

Caoi#t abga, oM

a cM™?
o HabJ0je-
HHSM B HUile

a cyq1
no Hab.awoge-
HUAM [OR mja-
CTHHKAMH JbAa

- UMeIoTCesA
- JaHHble,

4TO . 3TO - ABJIEHHE MOXKeT OBbITh
CBSI3aHO C. NpeobJaajariiuM no-
IVIOIIEHHEM H pacCesiHueM nps-
MO# pajuauuu. JleHCTBUTENBHO,
3KCNepUMEHTaAbHbIE
CBHAETENBCTBYIOINE
0 TOM, UTO Yepe3 OJUH H TOT

XKe. cI0od Jbaa IIpOXOOUT MEHb-

o_s 0.970 0.300 LA IIOTOK JIYYHUCTOH 2HEPTHH,
530 0,085 0,078 eclli OHA TIOCTYNaeT B BHAE Nps-
10—15 0.039 0,078 MO¥ COJHEHWHOH pajmanuy, a He
15—30 0.016 — B BHJe paccesHHo#. ITa pas-
..30—70 0,010 .| . — HOCTb NPOXOASIIUX- uYepe3 Jex

NIOTOKOB BO3paCTaeT TIpH yBeJHU-
: YEeHUH - IIODHCTOCTH JbKA, HO
B obumem He npesocxomur 10—15% nocrynatomeit paguaunu [102].

BoickaspiBaercs NPeAINIONOKEHHe, 4TO ociab/eHye 3aTyXaHHs pa-
Huaunun ¢ ray6uHoll o6yciaoBiaeHO a(deKkTaMH ee BTODHYHOIO pacces-
HHsA. MoxeT ObITh, ONmpeleseHHYI0 POJb UFPAeT CeJEeKTHBHOCTh MOIVIO-
ILEHNs PajHalydl B Pa3jJUYHBIX HHTEpPBaJaxX CIEKTpPa, TaK KAK BO BCeX
CTydasxX U3MepA/CA MHTerpajibHbid NOTOK. Crerrpa/bHble H3MEPeHHsl
MOKa3biBAIOT, YTO B MPENeJax BUAMMOrO YdYacTKa TIOTJIOIEHHe BCeX
IJIMH BONMH TPOUCXONUT NPUMEPHO OFMHAKORO, XOTs HalJomaemoe
B pasjoMax rojyGoe CBeYeHHe JEAHHKOB H MHOTOJIETHHX MOpCKI/IX
' JIBJIOB CBHJIETE/IbCTBYET O OOJblieM pPacCeMBAHHU TOJMYOBIX Jydell
Kpacuee qyyn nmorqomarotcs cuabree [103]. BosmoxHo Taxxke, uro
B JaJsbHell KOPOTKOBOJHOBON YaCTH CIEKTPA [IPOUCXOAUT OLICTPOE yBe-
JIHYEHHE CHEKTPaJbHBIX KO3((GUUHEHTOB IIorJomeHHdA. B peayaprate
3HAYUTEJBHAS UACTb JYYHCTOH SHEPTHH, UPHXOASIAfACH HA 3TOT yya-
CTOK CIIEKTpa, IIONVIONAeTCsl B CAMOM JIOBEDXHOCTHOM CJIO€ JIbJa, d IIPO-
Xolsllasi B TOJILY Jbfa pajHalHs CTaHOBUTCH 60Jee KOPOTKOBOJIHO-
Bol. Bo BCsiKOM caryuae GrICTpOe YOBIBAHHE Koa(uuuenta ocnabrenus
¢ ray6uHol Hesnb3s OOGBACHUTHL  NOBBILIEHHOMH HOpI/ICTOCTb}O IOBEPXHO-
CTHOTO CJIOS IbJA.

HHreHCcHBHOE MOIJIOUIEHHE JNYYHCTOH HHEPIUH B TOHKOM IOBEDPXHO-
CTHOM CJIO€ JIbJia TIPMBOAMT K TOMY, YTO B Ipenesax Bepxuux 15—20 cm
TIOTJIOI aeTCA NOJOBHHA NOCTYNAIIeH B Jel pasnanuu. [1y6xe norao-
meHne ocaabeBaeT, U yepes Jel TOMLIHHOHN 2 M NPOHHKAET JIMIIL He-
CKOJIbKO TIPOLEHTOB OT IoCTyHaloweld pannanuu. Hanwunme moctopon-
HHX NpHMecell BO JbAYy YCHJMBAET NOTVIOUIeHHe paJHalHHd H CIOCOBCT-
ByeT BHYTPeHHeMY TasHHIO JbJa B BeceHHe-leTHUH mepuon. OcobeHHO
XOpOILIO 3TOT MPOLEecC NPOCHeXHBAETCS B AHTAPKTHYECKHX JbIaX, 006-
JafalolUX BLICOKHM ajb6eflo B cOoJepKalluX NPHMeCH MHKPOCKOMHYe-
CKHX OPraHH3MOB.

CylrecTBeHHOe B/IMAHHE HA NPOHMKHOBEHHe pajMallH B Jiel OKa-
3BIBAeT HaxoAfumuiics Ha HeM cJOI crera, obsmanaromuil GoJbiuel 1mo-
ryomarTenpHon cnoco6rocteio. Mccaenosanusivmu H. T. Yepuuronckoro
[172] ycTanoBieHO, 4TO DO HauyaJa TAasHHUS CIOH CHera TOJIUHOH 5 cMm
B cpenneM mponyckaet e Gonee 8—10% panwanuun. C navanom ras-
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HUS H3MEeHsleTCl CTPyKTypa CHera: oH nmpuoGpeTaeT 3epHHCTOE CTpOe-
uue. IToutu mpospaunble 3epHa Jydille NPONYCKAOT KOPOTKOBOJNHOBYIO
panuanuio, W JetoM cJaoH cHera TtoamuuHon 20—25 cM mpomyckaer
CTOJIBKO 2K€ JIYUMCTOH 3HEepruH, CKOJIBbKO MPOXOAHT BeCHOH uepe3 5-caH-
THMETPOBLIH CJIOI. ;

C 60-x romoB Bce OoJiblllee BHHMaHUE YIEHAETCS H3YUCHHIO
CBOMCTB JIbAa B OTHOLIEHHH H3JYUYeHHs B 06JIaCTH CAHTHMETDPOBBLIX
BOJIH CIeKTpa. BesnuuHa moToKa HEPrHH B 3TOM Yy4acTKe CIEKTpa He-
GoJsbuias, HO Jiel AJs STHX AJUH BOJH OKa3aJjcs AOCTATOYHO NpPO3pay-
HEIM, H TIPOXOAAIIMI Yepe3 Hero NOTOK pagHalyM SBJSETCA CYMMOH
K3JIyUeHus MOAJEIHOTO CJI0S BOJABI, C YUETOM €ro IONJIOIIEHHS BO JbLY,
W M3JyUYeHUs Bcefl TOJILIM JbAa. OObIYHO B pajuojHanasoHe JJHH BOJH
H3MepsieTCsl He NMOTOK M3JIyUeHHS, a TaK Ha3blBaeMas pajHOsAPKOCTHAS
Temnepatypa Is, T. €. TeMIlepaTypa abcoJIOTHO 4epHOro TeJsa, MUMelo-
Llero Takoe XXe H3JyueHHe, Kak H HaOJI0NAaeMBIil MCTOUHUK. Sra exu-
Hulla M3MeDeHHs OueHb YNOO6HA, TdK KaK MOIIHOCTb pafiHOH3JIyYeHHs
IPONOPIHOHAJbHA IIEPBOH cTeleHu abCOMIOTHOH TeMmepaTtypul. Jlen
B 9TOM JHalla3OHe AJIUH BOJIH He ABJSETCS aGCOJIOTHO UEPHHEIM TEJNOM,
U €ro pKOCTHas TeMIlepartypa onpefuesstercsa GopMyJIon

Tﬁ—-——‘_—'aﬂ TK+a0®K, . (5.30)

Tae 0z — KO3 (UIMEHT SPKOCTH, 3aBUCALIMA OT MJHHBE BOJHB U TEM-
neparypel; @o— K03(QGhuUHEHT ocaabjeHus, 3aBUCALHHE OT JJIMHHI

BOJIHEL ¥ TOJIUMHHE JAbJa; Tx u ©Ox — COOTBETCTBEHHO TeMIeparypa

Japna 1 Boan B K.

B macrosmee BpeMsl TeOpHs paLHOU3JYyUeHHs ABYXCJAOHHBIX Cpel,
K KOTODPBIM OTHOCHTCSI H3Jy4y€HHE BOABL yepes JIeILHHOfI IIOKpOB, nO-
npo6Ho paspaGorana [14] ¥ Ha ee OCHOBe HO SIPKOCTHOI TeMiepaTtype
JbLa, KO3 (duIueHTy ocnab/leHds H HEKOTOPLIM APYTHM IapaMeTpaM
BBIYMCAAETCS TOMIIKHA Jba Ge3 HEMOCPEICTBEHHOro ee H3MEepeHHS.
31eCh MMEETCs ellle MHOrO TPYAHOCTeH, OGYC/IOBIEHHBIX BJIHAHHEM CO-
JIGHOCTH, H3MEHEHHEM TeMIIepaTypHl IO TOJILMHE Jb/la H 3aBUCHMOCTBIO
OT HHUX H3Jy4aTesbHO-IIOTJIONIATENbHON CHOCOOHOCTH, HO H3MEpeHH:
Ha [PECHOM JIbIY JaJH HOJOKUTEAbHEE Pe3YJIbTATHL.
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IJIABA 6

: diOPMHPOBAHHE JEAJAHOrO lIOKPOBA

1. O0wue 3aKOHOMEPHOCTIL TePMULECKO20 POCTA TOAUUNL N60A

Kpucrannusauus, BO3HHKIIAA B OTHEJNbHBIX OdYarax, GBICTPO pac-
npocTpaHsAeTcss Ha OOJbIIYI0 IJOWIaAb MOPS BCJAeACTBHE OBOJbIIOTO
KOJIMYecTBa fAAeP KPHCTANIH3aLUU B IIOBEPXHOCTHOM CJO€ BOABL U JIO-
BOJILHO paBHOMEPHOro OXJaxJeHHUs 10 GoJblIof axBatopuu. Habio-
JaTteqd OTMedajoT, 4YTO HayasabHble GOpMBIJbad 00pa3yloT HA CHOKOH-
HOIL BOJE CIVIOIIHYIO TOHKYIO IIeHKY. llajbHeillllee yBe/JIHYeHHe TOJ-
IIUHEL 9TOTO CJIOS JbJa TPOMCXOAUT 32 CYET PAa3HOCTH IIOTOKOB Telsia
B. aTMOC(epy U B3 BOABI KO JbAy P, KOTOpasi KOMIEHCHPYETCsS TeIIo-
TOH KPHCTANIH3aLUH NPH 3aMep3aHUM HOBBIX IOPLME BOJH, NpUiIe-
raromux Ko Jb1y.

IlockosbKy NOTOX Telsia BBEpX uepe3 Jiel IPOIOPIHOHANEH TelJo-
IPOBOZHOCTH JIbJla M IPajueHTy TeMnepatypsl 071/0z, a Temjiora KpH-
CTaJJM3aluy NPONOPIMOHaJbHA Macce 00pas3oBaBIIerocs Jbaa, TO
ypaBHeHHe TeIJIOBOro 0ajiaHca, XapaKTepH3YIOIice . COOTHOLIEHHE
MeXK]Jy 3THMH NOTOKaMH Ha IpPaHHlle pasjesa Jel—B0Oja, NPeACcTaBd-
eTcsl CJAeAYIONNM 06pa3oM:

oM oT
L =2 — 0. (6.1)

Ecnn Y4eCTh KOJHUYECTBO IIPECHOrO JibJla B MOPCKOM H 3aBUCHMOCTDH
y}lGJIbHOI:I TEIVIOTHI IIJIaBJAEHHSI MOPCKOI'O JibJa OT €ro COJE€HOCTH U TeM-
nepartypel, TO, OTHECA BCE IIOTOKU K €IHUHULEe MJOILLaLH, MOJYyUUM

N

9L, GE)

. OH
L' =5 0z

rae
L’:L(l —%p-)jL@)(cw%—cn).

100 ' =



B nocnenHeM BBIpayKEHHH NEPBHI uWieH XapakTepH3YyeT TEIIOTY,
BEIIEIAIOILYIOCS TIPH 06pa3oBaHUU €IHHUYHOTO O6'bEMa MOPCKOTO JIbJa,
a BTODOil — TEIUIOTY 32 CYeT H3MEHeHHs: OOBEMHOJ TEIIOEMKOCTH 3a-
Mepaamwllel BOAH IIPH TeMIlepaType 3aMep3anus O.

TpyauocTh peltenus ypapBHeHus (6.2) sakgaiouaercs B TOM, YTO IO-
TOKH TelJa, CTOAIIYE B ero NPaBod YacCTH, 3aBUCST HE TOJNBKO OT BHEII-
HUX YCJIOBHH, HO H OT U3MEHeHHs caMOH TOJIIUHE JbAa. M3-3a Temio-
€MKOCTH JIbZA ITPOHCXOJUT H3MEHEHHE aMILIUTYAB M. CABHr  (asbl
pacrnpocTpaHsIoNIerocss BO JbAY TEIJIOBOIO MOTOKa, BCIAEACTBHE YETO
npodQuab TEMNEPATYPHl II0 BepTHKAJH OTJAHUAETCS OT JHHelHoro. [as
€r0 BLIUHCJIEHHUS HCXONAT W3 YpaBHEHUs TEIJIONPOBOLHOCTH, KOTOpOE
B CJay4yae TOPH30HTA/JAbHO-OLHOPOJHOIO JEISHOrO IOKPOBAa HMEET BHI

0 0 oT
o0 = (A1), 0<e<H (), (6.3)

rae / — MOINHOCTDb TEIJIOBEIX HCTOUHHKOB BO JIBLY.

OOEIUHO MOIIHOCTh BHYTPEHHHX HCTOYHHKOB TemJa, CBA3aHHBIX
¢ (a3oBEIMH Npeo6pPa30BAHUAMHY B TOJILE JbJd BCASACTBHE H3MEHEHHI
TeMIlepaTypbl, YUHTHBAIOT Yepe3 TeIJIOEMKOCTh MOPCKOro JbJa, KakK
3TO GBINIO 110KA3aHo B ryiaBe 5. B TakoM ciayuae non / NOHUMAIOT TENIO-
Bble HCTOYHUKH, CBA3ANHLIE, HATIPUMED, C MOMVIOMERHEM KOPOTKOBOJIHO-
BOM panHalliy B TOJIIE JbJA.

TennmonpoBOIHOCTL MOPCKOTO JibJla, KAK H TEIVIOEMKOCTb, 3ABHCUT
OT COJep:KaHus BO JbIY KHUIKOH (hasbl, a clel0BATEJIbHO, OT Er0 TEM-
nepaTypel. Bece 9To MpUBOAUT K TOMY, YTO ypaBHenHe (6.3) craHOBUTCA
HEJIMHEHHBIM, M ero afa/JHTHUYECKOe DellieHUe ellle He MOJY4YeHO.

He MeHbINHe C0KHOCTH BO3HHKAIOT IIPH  ONpeAe/IEHHH IIOTOKA
TelJla U3 BOAB K HUKHEH NMOBEPXHOCTH /bJa. JTOT NOTOK IIPOHOPLHO-
HaJIeH BEPTHKAJbHOMY TPajHeHTy TeMIEpPaTypPhl BOABE IOAO JbAOM
U TypOyY/JeHTHOH TemaonpoBOAHOCTH. IloclenHsisi CHABHO 3aBUCUT
OT OCOJIOHEHHSI BOZBI, POHCXOAALIEro NpH oOpasoBanuu Jbaa. lo-
3TOMY 3TOT HOTOK TelJla HAal0o PACCUHTHIBATL C YUeTOM CHCTEMBI ypaB-
HeHHI, HCIIONb30BAHHEIX B IJTaBe | IPH OnpejleIeHHH CPOKOB JexooGpa-
30BaHHUS ¥ JAONOJHEHHBIX HOBHIM UCTOYHUKOM OCOJOHEHHS.

A. B. JInikos [100] oTMeuaeT, 4TO BIEPBEE aHAJHTHUECKOE pellleHHe
ypaBHeHHs1 (6.3) 0e3 TENJOBBIX HCTOYHHKOB K C NOCTOSHHBIMH TEILIO-

.@HaneCKHMH KOHCTaHTAMHU OblJI0 IIOMYUEHO B 1831 r. unenamu Poccuii-

cKoil Akamemuu Hayk mpodeccopamu Jlsime u Kuane#ponom. Beens

HOBYI0 NEPEMEHHYIO x=—2—_-, OHM BBIDAsu/Ju ypaBHeHue (6.3) uepes
Vi

IMOJHBIE TPOU3BOAHEIE H HOHy‘IHJIItI -€T0 peuieHue B BUIe

x y?

T(¢, 2)=Ci+Cy y e * dy, | (6.4)

0
A
rie K=——.
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Ilpu onpeneneHun ogHO# U3 NMOCTOSIHHEIX HHTerpHpoBanus C; JisMe

u Knanefipon npuHuMaJ/u TeMIepaTypy HOBepXHOCTH Jbma (2=0) pas-

-Holt 0°, uto npuseso K Cy=0. Ho B npunnune ona mMoxer OBITH M0G0
nocrostHHOK Tc. BTopas NOCTOSIHHAST HHTErPHPOBAHHUS MOMXKeT OHITh

omnpesieseHa TONbKO NPH H3BecTHOM 3HaueHmd H (f). ITockoabky sapa-

Hee TOJIIMHA JbJa Ha JI0GOH MOMEHT BPEeMEHH HeHusBecTHa, TO Jlame

u Knaneiipon npennonoxumau, uto H =47 ¢. [Tocie M0ACTAHOBKH 5TOR
‘OYHKUMU B ypaBHeHHe (6.4) M B ycjaoBue Oajsanca rtemna (6.2) npn
_©=0 ynaercss NOJyYATh ABA COOTHOLIEHUSI, H3 KOTOPHIX MOXKHO Ofpe-
“nenuTh nocrosinueie Co U 4, a 3aTe€M W TeMIEPATYpY Jbja:

' f 2
T 2)—Te 2Vt ) 6.5
8 —T. —erf 4! (6-5)
2Vx
LpVrr '~ T exp(— ZZ) 6.6
2 -/l—( - C)T—A—‘_: ( . )
2V
riue
. . :
— = dy.
erf x= V{Ofe y

Cnycrss noutu 60 Jjer nocje noaydeHuss storo . pemenus Credan
ony6JHKOBA pellleHHe IBYXCJAOHHOH 3afaud O HapacTaHWy JbJa H
IIpOMep3aHHy TPYHTA, B NPUHUHIE He OTIHYAIOIIEECS OT HU3JI0XKEHHOTO.
Ilpun HemaMeHHOCTH TeMIepaTyphl TaJOH 30HBl HWJH BOIHl IOJYUYEHHbIE
HM BBIPaXKeHUS NOJHOCTHIO COBIAZAIOT C NPHBEJEHHBIMH BHILIE.

IIpuHsiTEIe YC/I0BHA MOCTOSIHCTBA TeMIIEPATypbl MOBEPXHOCTH JIbAA
H IIPOMOPIHUOHAILHOCTH TOJIIHHEL JbJa KOPHIO KBajJpaTHOMY H3 Bpe-
MEHH OYeHb CHJIBHO OTPaHHYHBAIOT OGJACTb NPHMEHEHHs TOJYyYEeHHBIX
tdopmya. [losTomy B panbuefimeM crapaiotcsl oGoHTHCH §e3 3THX orpa-
uuuennii. B wacrtooctu, A. A. Ulenenesckuii [178] masi onpenesnenus
yapacTaHHs TOJNLIMHEl IIPECHOTO JbJld HCIIONB30BaJ CBSI3b MEXKIY TeM-
nepatypoit u A B Bune nuddepeHnuanbHOr0 ypaBHEHHS, MOAYIEHHOTO

8 =70, =3[t (557) + i (e )+ |+
) ) e

OrpaHnuMBIINCh B KaXKIOM M3 IPHUBENEHHBIX DPSJOB IEPBLIM udie-
oM, A. A. IlleneseBckuii, o cyTH, Npullle K ypaBHeHu0 GaJjaHca
tena (6.2) ¢ JuHeAHBIM IpodiieM-FeMEePATYPEl BO JbIy. Ero perme-
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HUE MOSTOMY He TpeOyer HpeABapHTENIbHON0 MHTETPHPOBAHHUS ypaBHe-
HUA TeHJIOHpOBOIIHOCTI/I u HMeeT BI/I,U,

H:\/H3+ f*p é 0—T¢ 0)—%H(ej] de. (6.‘8)

_ Ilpu orcyrcrBum moToka Temaa ot BoAsl @ ¢opmyna (6.8) nosso-
JISieT dJeMEeHTapHO ONPEeeauTh IPHPOCT TOJMMIYHE JbJa B 3aBHCHMOCTH
OT TeMmIeparypel ero nosepxHocrefl. Ilpum arom, cornacHo mnpuHsTOH
cXeMaTusaluu npoduis Temnepatypsl, usMenenus I (f, 0) MTHOBEHHO
pacnpocTpaHATCS Ha BCIO TOJLIUHY Jbla W BJUSIOT HAa ee NPHPOCT.
3to B GoJblilefl UM MeHbIIEf CTelleHH COOTBETCTBYET peasibHOMY Ipo-
I[ecCy TOJBKO B CJydae ero KBa3UCTAUHOHAPHOCTH, KOTIlAa H3MeHEeHUE
TeIJIOCOAEPKaHUs JIbJia COCTABJ/seT OYeHb MAJYIo BEIHUIUHY OT MOTOKA
Telsia yepe3 Jef. Takue yCJOBUS MMEIOT MECTO IPH MaJoil TOJI[HHE
JbIA HJIH-IPH HOCTATOYHO IOCTOSHHON TeMIlepaType ero NoBepXHOCTH.
Jl19 yyera HecTaUMOHApPHOCTH IpOIecca HYXKHO OpaTh IOCJeLyIOmHe
yiaeHsl pagos (6.7). Ho naxe NpH #crnonb3oBaHUM TOJBKO ABYX IEPBHIX
UIEHOB STHX DSNOB BBIDAXKEHHE IJIsl ompejeseHus [ CTAHOBHTCH He-
YAOOHBIM TIPH €r0 IPAKTHYECKOH peasH3aluH.

" Tlpn onpeiencHnn Hpopuias TEMIEPaTypsl H HAPACTAHHSA TOJILHHDI

MOPCKOTO JbJla, KaK y&e OTMeuasaoch, CAELyeT HMETb B BHLY BHYTPEH-
HYe HCTOYHHKH TelJa, 06ycaoBaeHHble (Pa30BEIMH NEPEX0LaME B TOJLIE
abga. OHM MOTYT OBITH YuT€HBl JHGO HEMOCPEICTBEHHO, JHGO uepes
TenJIoQU3SHUECKHe mapaMeTphl, Kak 9T0 clenaHno B Isase b. Ho saBucu-
MOCTb 3THX NapaMeTPOB OT COJAEHOCTH M TEMIEPaTypPHl Jbla oKasajach
CJIOXKHOH, B pe3yJbTaTe HWero IOJNYYeHHe aHaJHTHUECKOTO pelIeHHs
ypaBHEHWs TeIJIONPOBOAHOCTH elie OOJbINe 3aTPYyAHAETCH.

B cayyae npuGJHKEHHOTO yueTa (pa30BHIX NMEPEXOLOB TOJNBKO Yepes

TEIJIOEMKOCTb _MOPCKOTQ  JIbjia_ IIPU  TOCTOSHHOH TENJIONPOBOLHOCTH

ypaBHeHHe (6 3) NIPUBOJUTCS K BHAY.

1 ns-\ 0T . 02T
(7 + 2 ) =, 0<z<HO), (6.9)
L X .
rpe n=— xnp ; .0.—IapaMeTp, YHCJAeHHOe 3HaYeHHe KOTOPOro olpe-
]I

nensercs Bpra}KeHI/IeM (4.13).
Yurepuitefinep [292] mpensioXKHJ YUUTHIBATH TAKKe 3aBHCHMOCTh

j TeH.TIOHpOBOJ.IHOCTH MOpCKOFO JIbJ.Ia OT COJIEHOCTH, B DE3YJbTaTe 4Yero

JOTTSUMAETO nepHoNa NpaBds 4acTh ypasuenus (6.9) JIOTIOJTHANaCh
- MHOXKHTEJIEM

(6.10)

B KOTOPOM B IPUHATHIX 0003HaueHHAX b=1 17(,[{}1{ cm?)/(r-c).

YpaBHeHHe TEMJIONPOBOLHOCTH MOPCKOTO JIbAA B BuAe (6.9) wim ¢ MHO-
JKUTeJIeM, NPEeNJOXKEHHBIM YHTEPIITeHHEPOM, SBASETCS HEJHHEHHBIM
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W B NpPUHNUNE MOXKeT OBITb pelleHo TOJbKO. uHhcaeHHo. Ho mas
CPABHHMTEIbHO TOHKOIO MOJOJOTO JIbAA, KOTHAa paclpocTpaHeHue B HeM
TeMIepaTypbl KBA3UCTALlHOHAPHO, MOXKHO MOJYYHTb NPHOIUKEHHOE pe-
IeHUe, HCMOJIb3Ys METOI N10CJel0BATE/NbHbIX NPHOIMKEHN, TPHMEHEH-
poii- M. E. Hleeuom [177] myisi OnpeneseHuss HapacTaHHUS TIPECHOTO
JbJlA. '

Ecan mpomexyTox BpeMeHu (0<<#={#;), 3a KOTOpLIA HYXHO ompe-
IeJUThL U3MEHeHMe TOJNIMHHEBL Jbja, He CJAHIIKOM OOJbIIOH H B TeYyeHUE
€r0 MOYKHO CUHTATh CKOPOCTb H3MEHEHHUS TOJIIUHLL JbJa BEJHUYHHON HO-
CTOSTHHOH: ’

H (Y)=H,y+yt, - (6.11)

TO JIETKO IHOJYYHTh IPUOJIKEHHOE DeIleHye, Onpejedsiollee TOJIHHY
JbJa Ha MOMEHT BpeMeHH /1 [54]:

H (t)y=Hy— -+

2]

2 v Hy® 2CH;
+y/) et (0=T— B Jar  —F
. * — - o ——
B (1—5-¢) 0 1——2C
(6.12)
3].IECb JJIsi COKpallleHHsd 3alluCH BBEACHDBI 0003HaYeHHSA:
8%
C=—::— [TO'(tl)_‘ To (0)],
L*P*
1 3
e 1 L o))
n____L ns T0+® To
=+ (To—0)2 [ To—6 =g — ]
T _ A(O—Ty) nsk To+ 8 279 To
L*’L{l T BwLe® Lg* [e(ro—@) T (To— 8)2 mT]}’
pr=p(1—-F),

Ty u © —reMmIepaTypa BepxHeldl W HUXKHEH IOBEPXHOCTel Jbaa. BoJ-
HHCTas YepTa XapaKTepU3yeT OCPeNHEHHEI mapaMeTp. ;
Bausinde HECTAaIMOHAPHOCTH TeMIEPAaTyPhl IIOBEPXHOCTH Jbja Ha |
U3MeHeHHe ero TOMIIUHE yuuThiBaeTcs B dopMydse (6.12) mapamerpoMm
C. boiee uiayu MeHee CyIIECTBEHHO 3TOT MapaMeTp BJAHAET Ha IOCHeN-
HAH YieH NOAKOPeHHOTo BhipaxKeHusi (6.12) mpu cpaBHHTEBbHO GOJb-
UIOH TOJLIMHE JbHa. B MOMOABX TOMKHX JbJax KoOJeGaHHA TeMiepa-
TYpBI [IOYTH HE 3ala3[AKBAIOT MO (ase ¢ TTyOHHOH, IO3TOMY BEPTHKAJb-
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HBIA TpoQUIL TeMmepaTypsl OJH30K K JHHEHHOMY M yIOMAHYTHIH
NOCJAeHHN 4JieH MHOLKOPEHHOrOo BHIDaXKEHHH CTAHOBHTCS MaJEBIM.
YMeHbIIaeTCq BKJAL 3TOTO UJeHa U C yBeJHYeHHEM NIPOMeXyTKa Bpe-
MEHH, Ha KOTOPBLIA POU3BOAUTCA pacueT H. DTO 0OBACHAETCS TEM, UTO
B TeuyeHHe OOJBIIHX HHTEPBAJOB BpeMeHU HaxKe OOJblIHe NOBLHILIEHUS
U DOHHXKEHHS TeMIepaTypH NOBEPXHOCTH JbJla B HEKOTOPOH CTENeHH
KOMIIEHCUPYIOT APYr ApPyra M HUX cyMMapHBIH 3(h¢eKT oxashBaeTcsa He
TaKHM YK 3aMeTHBIM.

IlockoabKy 3HaMeHaTeN b Nepefl BTOPHIM WIEHOM IOAKOPEHHOIO BHI-
paxenus (6.12) meHblie, yeM I/ IPECHOTO Jbla, TO IPH NIPOYHX PAB-
HBIX YCJOBHSIX MOPCKOH JIe[l HapacTaeT HeCKOJNbKO GEHICTpee INPECHOBOJ-
HOTrO. D10 OOBACHAETCS TeM, UTO IpH OO0pa30BAHHU eIUHUIL o0beMa
MODCKOrO JibJa 3aMep3aer TOJbKO 4acTb BOAB, a He BCH, KakK IpH 006-
pasoBaHWM IpecHoro Jabfa. lloaroMy nis KoMIOeHCaUuu OTTOKa Ka-
KOrO-TO KOJIHUECTBA Tellja B aTMochepy xoakeH o6paszoBaThecsi 6OJb-
Ml 06beM MOPCKOrO JbJAa, ueM npecHoro. Ho o6mias macca 3aMeps-
mell BOXEL, T. €. 0O6Pa30BABLIETOCST YUCTOTO Jbla, B O0OUX CJAydasix
IOJIKHA OBITH TPUMEPHO OXMHAKOBOH. 3Jech YHOTpebJeHO CJIOBO
«IpUMepHO» BCJENCTBHE Pa3HMIB B TEILUIONPOBOLHOCTH IIPECHOIO
W MODPCKOrO JbJa W UpeHeOpeXeHHS TemJIoTOH KpHCTAJLIH3alUuu
coJgied.

Eciu yyecTb, YTO TEIJIONPOBOAHOCTD MOPCKOTO Jibfila HECKOJBKO
MeHbIIe TelJONPOBOLHOCTU IIPECHOTO, TO YBeJHYEHHE CKODOCTH POCTa
MOPCKOIO Jibla 10 CPABHEHHIO C IIPECHEIM JOJXKHO ObITb HeGOJbIIHM.
Apasnus sKcuepuUMeHTANbHBIX NaHHBIX, HpoBefeHHu# B. A. Caseisbe-
BoiM [133], moxTBepxgaer GaKT HEKOTOPOrO YBEeJIHYEHHs IIPHPOCTA
JIbJIa C POCTOM €T0 COJIEHOCTH.

B mpupozHBIX ycaoBHSX yanle ObiBaeT M3BeCTHA TeMIEparypa BO3-
Jlyxa Ha HEKOTOPOH BHICOTE, YeM TeMIlepaTypa IIOBepXHOCTH Jbaa. [lo-
3TOMY Lenecoo6pasHo NPOaHAMU3HPOBATb, HACKOJAbKO CYIIECTBEHHO
BJHsEeT Ha CKOPOCTh HapacTaHUS TOJIIMHEL JbJA 3aMeHa TeMIlepaTyphl
[IOBEDXHOCTH JbJa TeMIepaTypoi Bosiayxa. s 3Toro cienyer BoC-
TIOJIb30BATHCS YPaBHEHHEM TeIlJIOBOro GajaHca JesHOro IOKPOBa

~[Kep(agr L) 5

=B. (6.13)

Z=

Vcnonbays norapugMUYHOCTb BEPTUKAJBHOTO NPO(HJIS METEOPOJO-
THYECKHX 3JeMEHTOB BOJIHM3H JEISHOTO IIOKPOBA, OBLIM ONpeleseHbl

TpajMeHTsl TeMIepPAaTyphl U BJAXKHOCTH uepe3 TeMIepaTrypy H BiaxK-

HOCTh Ha HEKOTOPOI BHICOTE M Ha IIOBEPXHOCTH JbJAA. DTH BHIPaKEHHS
TpagueHTOB OblJIHM INOACTaBJIEHb B ypaBHeHHe TelJsioBoro 6aJjiaHca Io-
BEPXHOCTH JbJa, B PE€3yJAbTaTe UEro yIajoCh BHIPA3UTh TEMIEPATyDPY
TNOBEPXHOCTH JIbJla Uepe3 TeMnepaTtypy & H OTHOCHTEJbHYIO BJIAXHOCTb
BO31yXa f, pajHalHOEHbIl GalaHc 5 M HEKOTOPHIE Jpyrue XapakTepH-

ctuku. [locie 3aMeHEl TeMIIepaTypbl HOBEPXHOCTH JbJa IIOJYYECHHBIM |

BBIDAXKEHHEM ¥ HEKOTOPHIX YIpPOIEHHMH Oblid MOJyYeHA CKOPOCThb
HapaCTaHUs TOJLIMHBI JbAA, MOLCTAHOBKA KOTOpOH B ¢opmyay (6.11)
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npuBeaa K BbIPAXKEHHIO, ONpEe/AIOmEMY  TONMHUHY JMbJa Ha MOMEHT
BpEMEHH I1:

——

H<f1>——a1+\/<Ho+al>2+ oo £ -

—@(—1~ )+ﬁ4 dt 1 y rrr 2o flt} (6.14)

raoe
£

%=1+jm S@ML
¥ty 0

=) (140,620 B g,

Ka(@)=K4(0)+ ¥z,

)\,:: CqDk
ig Ka(2) 7
7 K (0)
fi= coP + 0,622LyFofent
" 7¢P + 0622, Eesn

062LEy(1—F)b
T eap -+ 0,622L,Egesn

[+ ey (In o+ 7 — 1)+

Ey=6,1 m6ap — ynpyroctb HACHIIIEHHS BOLAHLIX mapos mpu ¥=0°C.

[Tapamerpsl &, 6, 2 MoOMyYeHE! B pe3y/bTaTe NPeJCTABICHHUS Ye/b-
HOH BJIaXXHOCTH ¢ npnéaneHHon 3aBHCHMOCTBIO, CIPaBEIJIHBOH JJIA
HEKOTOPOTO AHana3oHa TeMIepaTyp:

A
r:—}\—

qzawz%}@+mm

B Buipaxenuu (6.14) 1JeH, YYHTBIBAIOIIMH HeCTAIHOHAPHOCTD,
OOBIYHO Ha OAMH-IBa NMOPAAKA MeHble OCTafibHHIX. [TosToMy 6e3 oco-
6oro yuiep6a I/ TOYHOCTH B ONpeNeJeHHH H MOMKHO MPOBECTH YIPO-
LIeHMsI, aHaJOTHYHble TpOoBefieHHLIM B hopMyse (6.12), a Takxke 3ame-
HUTB 1o Ha 0. ,

Ecnu B popmyae (6.14) z—0, To Ay— oo, 0 — Ty 0 OHa B mpenene
nepe#net B popmyay (6.12).

N3 dopmyasl (6.14) MOXKHO JIerKO ONpPENEeNHTb POJb METEOPOJOTH-
4ecKHX (PaKTOpoB B o6pas3oBaHHM Jbna. [Iockonbky mapamerp A’ mpo-
IIOPUHOHAJNEH CKODOCTH BeTpa, TO podb b C yBeJHUeHHEM CKOPOCTH
BeTpa najaeT H BospacTaer c ero ocnabneHneM. OGHYHO Ke mepeMe-
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IIMBaHUe BO3AyXa BOJH3H JIeASHOTO NOKPOBA NPOHCXOLHT HHTEHCHBHO,
nostoMy T Oan3Ka K O Ha yDOBHE MeTeOpOJIOrHYECKOl OYIKH H POMb
ujeHa, copepxaitero 5, majna. [Tapamerpsl fi 4 # 3aBHCAT OT OTHOCH-
TebHOH BJaaxHOCTH Bo3ayxa f. ITockosabky 3uMoii Hamo JbioM | Be-
JIUKa, NepBLI NapaMeTpP CTAHOBUTCS NPUMEPHO pABHBIM EIHHUIE,
a BTOPOH HMeeT BeJHUHHY NMOPSJAKA HOJeH rpagyca. Yder Bcex mepe-
4HCJAEHHBIX OOCTOSATENbCTB M I[IO3BOJSET YACTO IOJb30BATBHCS BMECTO
dopmyanl (6.14) dopmymon (6.12) ¢ samenoit To Ha 9.

2. Bausanue Crez2a HQ HAPACTARUE TOAWURG 1604

B npupOXHBIX YCHOBUAX Jief, MOYTH BCerga IOKPHIT CJ0eM CHera.
SIBnsAsich MJIOXMM NPOBOAHHKOM TeIIa, CHEr CHJIBbHO BJAHSIET Ha TeMIle-
paTypy JbJla ¥ NPHPOCT ero TONIIHHBL [lo3TOMy yuer CHEXHOro HO-
KPOBa HA JIbJYy JJIsl IPABHJbHOMN ONEHKH BEJUYHHBI €r0 HAPACTAHHUS CO-
BEpIUIEHHO HEOOXOMMM. ,

Ecau B npefenax MHTEpBasa BPeMeHH, AJS KOTOPOTO ONpeNensercs
H3MeHeHHe TOJIIMHE JbJa, CIHTATh TOJIUMHY cJos cHera (A) H ero
TeNNO(pH3NYECKHe -XapaKTePHCTHKU IOCTOSHHEIMH, TO TeMIleparypa
cuera (7.) moxer OBITh JIET'KO BHIUHCJIeHA U3 YDaBHEHUS TEIJIONPOBOX-
HOCTH. B wacTHOCTH, NpY 3ajaHHOi TeMIepaType NMOBEPXHOCTH CHera
Uo, M3BECTHOM IOTOKE TeIIa WJIH IPAaJHEHTE TeMIepaTyphl ¥ HOBEPXHO-
CTH paslena co JabloM I’ U JHHeHHOM BEPTHKaJbHOM npoduie TeMme-
paTyphl CHera B HayaJbHEIH MOMEHT pellleHHe ypaBHEHHUS TeHJIOIIPOBOlI-
HOCTH MOXeT OBITb IPeACTaBIeHO B Bpme

T.(¢, 2) ————jl“(t—z)dGl ®) —]—-(5 Y (2 —8)dG,¢E)+T (¢, 2), (6.15)
P ! .
(S

- 2
Gi(t, D=2— DT re
J

s

uMs A

sinv;z,
J

-—12— é_kcuf‘ sin vz,
vy
T (¢, 2)=%(0) [1 — G, (t, z)] +r©0) [e—Gi (¢, 2,

ojz%)_, j=1,23, ...

Gy(t, 2)=1—

k¢ — KO3(QQUUKEHT TEMIIEPATYPONPOBOHOCTH CHETA.

Ecan 6wl TpajlueHT TeMnepaTyps /° ObI 3apaHee H3BECTEH, TO HH-
Kakux TPYAHOCTe# ¢ ompejejeHHeM HapacTaHHs TOJILHHBL JbJA He
OblIO0 OB, Tak Kak BhHpaxeHue (6.15) npH 2= h mosBoJsisieT MOJNYYHTD
Heo6x0mnviy10 TeMIIepaTypy NOBEPXHOCTH Jba, BXOASALLYIO B GOPMYJIY
(6.12). B nelicTBHTEJNbHOCTH TPYAHO HPEACTABUTH YCAOBHSA C 3apaHee
uspecTHeIM [. s ero onpepeneHis cAeLyeT BOCIOJb30BATHCS
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YC/IOBHEM HENDePLIBHOCTH NOTOKA TelIa Ha IOBEPXHOCTH — pasiena
CHETa CO JIbIOM:

A= A 2L

0z |z=0"’

rie A -— TelJIONPOBOJHOCTE CHETA.

[papuent temmepaTypel JbAa JIETKO ' HOIYYAeTCs M3 NPUGHHIKEH-
HOTO pellieHHst ypaBHeHus TelaonpoBogHoctu (6.9) [54]. Ilocae takoro
npeo6pa3oBanys ¥ NOJCTAHOBKH HOJYYEHHOTO 3HaueHusi I B ypaBHEHHE
(6.15) mocnennee nus z=Hh NpUHAMAaET BUI

To<t>=0§ Sy (¢—8) G (A (). (6.16)

3nech JJIsT COKpallCHHUA 3allUCH BBEIEHL 0003HAUCHHS:

Li=L[1~ Lkp* ( o8 _ s In Toq % )]

A <t>=—§—0§[ L—b(6—9)]dGi 6 1)+

+ ()X_%o(t—'z)’ 4G, W+ (¢ b,

0Ty 1 ns To ns
S (t)=H 57~ [Qlc T e e T T (T =) ]

Ecan remepnr B dopmyne (6.12) samenuts To(f) BbipaeHHEM
(6.16), TO H3MeHEeHHe TOJINUHBL JbJa OKA3bIBAETCS 3aBUCUMBLIM OT TE€M-
mepaTypbl [OBEPXHOCTH CHera, ero TOJIIMHEL U TemIohu3uIecKHX
cpofictB. OfHaKO 5Ta GopMyJsia UMeeT CIOMKHBIN BUA, IO3TOMY Js MO~
JIyYeHUs] BLIpAXKEHHs, yAOOHOrO IIpH ONEepaTHBHOM HCIIOJb30BAHHH,
NPUXOAUTCS MPOU3BOAUTH HEKOTOPEE YIIPOIIEHHUS.

[TockonbKy TeMIeparypa IOBEPXHOCTH Jiblla [OJ CJOEM CHera Me-
HsieTCsl MeJJeHHo, To @yHKuMelr 6 (£) B ¢opmyrae (6.16) B mepBom
npubauxKeHun o0bidHO IpeHebperaoT. Ecau noTpefyercs yToOuHeHUE,
To § (f) MOXKHO OIpe/eNUTb IO HePBOMY NPUOIHKEHUIO H NMPOBOAUTH
BTOpoe. Byjlem cuHMTaTh, 4YTO B TEUCHHe MepHOAa BpeMeHu 0<<i<|#
CKOPOCTb POCTa TOJIIIMHEL Jbla He MeHseTcd. Ecau ellle 3aMeHUTH AJist
YKa3aHHOI'O MHTepBaja BpeMeHH QYHKIHIO L; ee CpelHHM 3HauYeHHEM
H OT6POCHTL HEKOTOpPbI€ MaJjible YjleHbl, BKJIOYAIOUIUE Vj, TO NOJMYUUTCHA
tdhopmyna LJas ONpeleseHUs] HAPACTAHUS JIbAA 0] CHETOM:

a H (t)=— as+

+ \/<Ho+a2>2 = {gi[—-A(r) — 20| deYH; (M) ~ T 0)],

(6.17)
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rme
£y

gy=—t— | dtar— L)
L*p*t ¥\t

[ le; () dt — H2G (tl)Y] .
0

Ha puc. 29 B xauecTBe mpHMepa NPHBEJEHEl PE3YJbTATHl Dacuera
no ¢opmyse (6.17) napacranus ToMImMHb abAa. IIpn pacyerax BMecTo
¥9 6pajach TeMIepaTrypa BO3AyXa Ha BHICOTE MeETEOPOJOTHYECKOH
OyIKH W MHTErpajbl 3aMeHsd- '

JINCh KOHEYHOH CYMMOH. ,7;]0_7

Ecau npousBOAuTL  yuer 51 ‘
OCHOBHBIX . UJIEHOB, a Majbe ' Lhez | | | |
or6pocutb, TO H3 (HOPMYJIBI 5X 0 15 20 25 a0x
(6.17) MOXHO HOJYYHUTb BHI- :
paxkeHue JJId ONpefeeHus 10

TOMIIMHBL JbJa, 6JH3KOE IO
BUAY K 3Mnupuyeckofl dop- 29
myise H. H. 3y6osa:

30

Puc. 29. Hapacrauue TOJIIMHEL MbEa 40
IIox CJIOEM CHera. L

{ — u3aMepeHHasA TOMMMHUHA JAbRA, 2 — pac- 50
yeTHad. Her

S_ @t dt v
H(t)=— '(‘)‘T iy —+
I 2
Dt dt
N | (5 RNy f [0 —o —E(H -|—E)]dt
i Z*E“tl re 440 , 'Z"{\J-  0 Iy 0 AC

(6.18)
Smnupuyeckas popmyna 3ybosa [66] uMeeT BUA,

H=—25+V @5+ Hp+82(—9) . (6.19)
U3 cpaBuenns 3TuX ABYX HOPMYJ MOMKHO NOJIYYHTD Hpe,ZLCTaBJIeHPIe

0 (HhU3HMYECKOM CMBIC/Ie SMIUPHUUIECKUX KO3 PUIMEHTOB.
TaxoB Ke B W MHOTHX JPYTHX H3BECTHBIX 3MIHPHYECKHX CBA3€H

MeKIy TOJIIMHON JbJa W TeMnepatypoit Bosmyxa. B. JI. Llypuxos

[160], npoBomuBINKiI cCpaBHeHHe TOJIIMHE! Jb/d, PACCUHTAHHOH 11O TEO-
PeTHYECKHM H IMIHDHIECKHM (opMysnaM, c (aKTHUECKOH, OTMedaer,
4TO SMNUPHUecKHe (GOPMYJH NPUBOJAT K JIYYIIMM pe3yabTaTaM, 4eM
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Teoperndeckne. OueBHOHO, 3TO CBSI3aHO C HEIIOJNHBIM Y4€TOM TEOpHeH
psina $akTOpOB, KOTOpBIE YYHTHLIBAIOTCS IMIHPHYCCKUMH KOIDDHIIH-
eHTaMH.

s popmyasr (6.17) uau (6.18) BumHO, UTO NIpPH OJHMX H TeX Ke
BHEWUHHX YCOBHSIX € YBE/IMUYCHHEM TOJUIMHEL JIbJA CKOPOCTb €ro IpH-
pocra ymeHnblaercs. ITOMy e CIOCOOCTBYET CHEXKHBIH ITOKPOB ¥ NPHU-
TOK KO JibLy Temja oT BOABL. I10o3TOMy pOCT TOJIIHHBEI JEASTHOTO IO-

a J30 75
A1V
11
U / )4
10— - - // 4
LY Koy : / / ]
//
)4 A
//
JARE
A L1 A0
< ] // A / 4/ ,/
P A /1A j 4By
AL A Y114 5
el ':5 A ) IND4 Z
A 7 ///
g
4 '/ A ,/ .
} // /// I //
34 - 4 e //
I e j <
e y A
2 ~ prd o d A Lt ?2{9—7}‘7)
4/, L~ "//' ///
=0 - T
1 ot B0 o vy ]

25 50 75 100 125 150 H 75 200 Hem
L 1 | | 1 1 1

0 250 500 750 1000 1250 1500 /750 Z.'(@ 1)0) C

Puc. 30. Homorpamma aJsisi pacuera HapacTaHMsl TOALIMHE! JbJA.

KpPOBa COIPOBOXJAeTcAd yMEHbLIEHHEM ee NPOCTPAHCTBEHHOH HeOoLHO-
pomHocTd. IlpH HeKOTOpOM COUeTaHHH METEODOJIOrHIECKHX YCHOBHI U
notoka Temna @ Jjex mocruraer NPeJIebHOR TOMMHMHBL M GoablIe He
Hapacraet. IIpu6iuxennoe 3HaueHHe 3TOH HNPeNeNbHON TOJNLUHHBL JbAa
Hy MOXHO TOJIYYHTH, €CJIH IPHPABHAThL K HYJIO BTOPOE CjlaraeMoe Noj-
KOPEHHOT'0 BhHIpaXKEHUS B Q)opMyJIe (6.18) u 3amenuts Ho Ha fy B pe-
3yJIbTaTEe MOJyYaeTcst

A A
Hy=—5 (0 —3) —5—h. (6.20)
@ e
W3 dopmyasl (6 20) BUAHO, 4TO NMOJ CJOEM CHera Jea GeicTpee 10-
CTHraeT NpeleSibHOH TONIIUHDL, €M IIPU €r0 OTCYTCTBHH.
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Ilnst obseryenns pacyeToB HapacTaHUS TOIIMHEL Jibla 110 GopMyJie
(6.18) oma mpu @=0 NpeJCTaB/eHa- B BHJe HOMOTPaMMbl (pHC. 30).
Ha TOPU3OHTANBHON OCH STOM HOMOrDaMMEI OTJIOKEHE! 3HAaUeHHs CyMM
rpajyco-aHeli MOpO3a, yMeHbIIeHHHX Ha BeJIHYHHY ©f;, 7 ToMIIMHA
JBbJA.

Brruncienusi npousBoAsTes ciepyomum -o6pasoM. Ot 3HaueHust

23(0—10,) HYXKHO ABUraTbCS BBEPX A0 JHMHHH @ > U Ha OCH OPAHUHAT

IPOYHTATE COOTBETCTBYIOIIMH OTCUET &i. 34T€M OT HAYAJNLHOHN TOJILIHHEL
JibJla HYKHO CJE€IOBATh BBEPX JO JHHHHM, YKasbBaWIEH TOJIIHHY
cHera Ha JIbjly Ha pacyeTHBHIH NPOMEXKYTOK BPeMeHM, U Ha OCH OpAHHAT
npourtath orcuer @z OT TOUKH Q¢=a1+ a2 BEPTHKANBbHOH OCH HYXHO
O TOPH3OHTAH [ABHIATbCs MO OTMEYEHHOI Bhillie KPHBOH, yKasHBaio-
Llefi TOMILHHY CHEra, H Ha OCH a0CUHCC MPOYHTATH COOTBETCTBYIOIIHI
OTCYET HOBOH TONIIHHEI JbJA.

Ilpu cocraBneHuH 3TOH HOMOTPaMMBI MPHHHMAJOCh, YTO COJIEHOCTD
Jabaa paBHa 5%, TENJIONPOBOAHOCTh CHera ToMIMHON A0 10 cMm 1 ot 10
mo 25 cm coorserctsenno 0,251 u 0,293 Br/(m-rpan), mas Gosblied
ToJmuH cHera 0,314 Bt/(M-rpaz).

EcTecTBeHHO, B Tex clyuasx, Kormga tpebyercs Gosee TOUHOE ompe-
LOeJeHNe H3MEHEeHHUs TOJIIHHE wIbAa MO BJMSHHEM TepMHUYECKHX (ak-
TOPOB, BO3MOXKEH JIHUIb NYTh YHC/JAEHHOTO PEIIeHUs 3a/aud ¢ MCHOJb-
3o0BaHueM 2IIBM. .

3. Bausnue noroxa renaa or 800v. HA HAPACTANUE TOAWUHOL 1600

BriepBrie oneHKY BJAMSHHS Telsiosanaca MODCKHX BOJ Ha POCT Jie-
nsiroro noxposa naqa H. H. 3yGos [66]. On moxasaJj, 4To B pe3yJbTare
OCOJIOHEHHS BOJAB! IIPH HAapacTaHMH TOJINUHH! JbJa BO3HHKAeT KOHBEK-
THBHOe mnepeMmemusanue. Ha cMeHy OX7MaxKAeHHBIX H OCOJOHEHHBIX
HOBEPXHOCTHBIX BOJ, IOAHHMaIOTCS 0oJiee TelJible INyOHHHbIE BOJLL, yBe-
JHUYHMBAIOIIYE NPUTOK TeMJa K HIZKHeH ITOBEPXHOCTH Jbja. Ilpu mocra-
TOYHO XOPOIIO BHIPAXKEHHOH TepMHYECKOH PACCJOEHHOCTH MOPS M0 IJIy-
OvHe BOBJIeUeHHe TEIJIOrO CJI0S1 BOAH B KOHBEKTHBHOE NepeMellMBaHUE
MOXET 3HAUUTEJNBHO yMeHbUINTh npupoct Jgpxa. H. H. 3y6os npengo-
JKHJ MeToJ, pacuera 3Toro 3 dexra, NPUMEHAIUNCT BO MHOTHX CJy-
Yasx ¥ B HACTOsLIee BpeMsl.

Bo3MOXKHOCTL HCNOAb30BaHHA DBM 103BOAWJA CHSTH OrpaHuye-
HYs, MCTOJbL30BaHHEE B MeTo/ie 3y60Ba, U 1aTh 6osee COBEPILIEHHYIO Ma-
TeMaTHYeCKylo (OpMyJHPOBKY sTOro (huamueckoro mnporecca. Ilo cyrH,
OHA CBOJHUTCS K ONpelNe/eHHI0 NIOTOKA Telljla K HHXKHell I[OBEPXHOCTH
JbJla Ha OCHOBe YpaBHEHHH KOHBEKIMM, NPHBEJIEHHBIX B pasiene 3
raaBu 1. [lpu 3TOoM TeMIepaTypa BOAB! B CJl0e KOHBEKTHBHOIO IlepeMe-
NIHBAaHHS TPHHMMAETCs DABHOHU TeMmIepaType 3aMep3aHus, SBJSHO-
meficss QyHKIMeR coneHOCTH BOAH. B ypaBHeHnM 6ajaHca coJiell Hcye-
34€T OCOJIOHEHHE 3a CUeT HCHAapEeHHUs U TNOSABJSETCS OCONOHEHHE 34 CUeT
BHIIENIEHUsT COJell IPH KPUCTAJIN3aLUH BOJLL:

OH
B—=(Sp —s7) - (6.21)
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Unen @, B JaHHOM CJaydYae XapakT€pPH3yeT JHIIb IOTOXK Telsa
KO Jibay D, B3STHII ¢ OGpaTHLIM 3HAKOM.

Takum o6pas3oM, ecin HeOOXOAHMO YUECTh IIPUTOK Telda KO JbLY,
0GYC/IOB/EHHBIA KOHBEKTHBHBIM IlepeMellldBaHHeM, (opMmyaa, ompene-
JAA0IIAg HapacTauue TOJNIIMHEL Jbga, HanpuMep (6.18), momoansercs
HeCKOJNbKHMHU ypaBHeHHsiMHU. IIpu pacuetax (OpPMHpPOBaHMs JIEASHOIO
TNOKPOBa B apKTHYECKHX MODSX TAKUMH ypaBHeHHsAMH Obliu [54]:

Riv1 Ay R+
[ aSpyde= [ 1Spdzt | 1S det-
0 0 k.
J
L " tje1 3S
]
+ [ So—snGrat | kg ank
£ . ty 2=h
fjernn 53
+ ] 1wlazat,
t. 0
J .
©=— 0,01 {0,348 [5,27-+0,0048 (1+0,015)]}, (6.2)
tin Rje1 " .
§ oat=— | cadinaz+] can(t)det
t. 0 . 0
J
”j+1 tj'+1 26
- j Cw(0 () dz-f- j )\w—az_ dt-+-
hj tj z==Hh
i1 £ (£)
+ ] | W gdeas
tj 0
Ti+1 <15 (Bj41)s

raeh;, Bju— TOMIMHHA BEPXHErO OTHOPOAHONO CJI0S MOPST Ha MOMEHTHI
tj u tj+1.

Bce o6o3nauenus 3gech Te XKe, 4To U B ryaBe 1, a B Gopmyie, onpe-
JeqsIoulell HapacTaHue TOJIUMHEL JbNa, f=1{;4 —I;.

Ilopsifok pellleHHs NIPHBELEHHOH CHCTeMBl YpaBHEHHI TakKOH ¥Ke,
KaK W IpH OIpeJleseHHH 3J1eMeHTOB KOHBEKIUH 10 HayaJsa Jenoo6paso-
BaHus. Ilo maHHOMY MeTOny NpPOBOAMJEChL BBIYHCTEHHS HapacTaHUA
JIELAHOTO HOKPOBA B apKTHYECKUX MOPsX. [I0CKOIBKY CHEXKHBIA TOKPOB
Ha JbLy 3apaHee He OBlI H3BECTEH, NPEJINOJAarajoch, YTO MEKIY TOJ-
IMHOH CHEra W JbJa CyllecTBYeT QYHKIHOHANBHAS CBSA3b, ONpELese-
Mas 10 KJANMaTHYeCKMM HaHHBIM. B uacrHoctH, ans Kapckoro mMops
6bl10 onpeneneno, uto A/H~0,1, 4 2T0 oTHOIIEHHE GBIJIO HCIOAb30BAHO
npu pacuerax. ConocTasjeHHe pacueTHEIX BeJHYMH H ¢ peayabraraMu
HaO/o/leHull B palOHax IOJSPHBEIX CTaHLUHUI 3Toro mMopa (puc. 31) mo-
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3BOJISIET clesaTh 3aKJAI0UeHHe O PeajibHOCTH BBIYHCJICHHBIX TOJHIIMH
Jbfa. Bo Bcex IpUBENEHHLIX. Ha DHCYHKE C/IyuasX Haua/bHBIA MOMEHT
BHIGMpAJICS elle N0 HACTYyIJeHHs Je1000pasoBaHusi H HPOMEXYTOK
BpeMeHH, Ha KOTODBIH IIPOH3BOAMJCA DACUET TOJIIHHBI JbJd, COCTaB-
JsJ He MeHee Mecsdna npu fi=1 cyTKaM.

[ToToK Temaa OT BOABI KO JIBAY 3aBHCHT OT CKOPOCTH €ro Hapacra-
HHs, TEMIEPATypbl ¥ IJIOTHOCTHOH CTpaTH(®HKAU¥H BOJHOH MacCHIL.
U B Tex cayuaax, KOr/ia BEpTHKAJbHBIE IPaJHeHTh IIOTHOCTH BOJABI Ta-
KHe, YTO KOHBEKTHBHOE IE€peMeIIHBaHHE paclnpocTpaHseTcs Ko 60Jb-
10# rIyGHHE], HapacTaHHe TOMIIMHE Jbla 3aMeNNAeTCs UM Jaxke TIpo-
HCXONUT yMeHblileHVe ee. B KauecTBe npuMepa Ha pHC. 32 NPUBEIEHO
u3MeHeHHe TJyGHHBI PaCIpOCTPaHEHHs KOHBEKTHBHOIO IepeMeIlHBa-
HYUSI U TOJIIMHB Jba B palioHax BHINOJHEHHS ABYX THAPOJOrHYECKHX

Hem
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HpgquM : /]
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5
60 .0
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® | 1 \ I RN
20 (S ~
40 60 80 Hnaﬁn oM hzﬁq 2
Puc. 31. ComocraBiieHHe pacyeTHo Puc. 32. T'ny6ura pacmpocTpaHesust
TOJIIIHMHBL MOJIOAOro Jbga ¢ HabJio- KOHBEKIMH U TOJUIMHEL JbJa B paiio-
JIeHHOH. HaxX I'HAPOJOTHYECKUX CTaHuu# [ u2.

craHuuil. MereoposorHueckue YCJOBHS B 000OMX IyHKTax OJH-
HaKOBH. TosmuHAa CJ0S KOHBEKIMH HA MOMEHT JIefooOpa3oBaHHs
H caMH JaTthl JenooGpasoBaHus oxHH u Te xe. Ho B pafione
cranuuu Ne | Ha HHIXKHe§l TpaHHIEe cJOS KOHBeKHMH cHOpMHDPOBAJICA
GOMbIINA TPAfMEHT IJIOTHOCTH, YeM B paiioHe crauuu Ne 2. ITosromy
34ech OCOJOHEHHe NIPH HapacTaHHH JbJA 0Ka3ajochb HEeAOCTaTOUHBIM,
4TO6BI KOHBEKIHMS PACIPOCTPAHMUJIACH A0 GOJBIINX TMIyOHH M NPHBEsa
K TOATOKY Tellla KO JbAy.-B pafione BTOPOfi CTaHUMH BEPTHKAJIbHBIH
TPajHEHT IJIOTHOCTH OBl MeHbIUe, TO3TOMY OCOJIOHEHHE BOAbI IIPH Ha-
pacTaHMH JbJa NPHUBENO K GOJbIIEH TOJNIIHHE CJIOS KOHBEKTHBHOIO
nepeMellnBaHusg ¥ GOJIbIIEMY MOATOKY TeIIa, 4TO IOBJHAJNO Ha BeJH-
YHHY IPHPOCTA TOJIHNUHK JIbJA.

Takum o6pasoM, pa3nuune B INIOTHOCTHOH cTpaTH(UKAIMH MOpPS
IO €ro aKBATOPHU B NMEPHOJ HAPACTAHHS JbLa sIBJASETCS OAHOH M3 NpH-
YHH HepaBHOMEDHOCTH €ro TOJIIMHBI, 0COGEHHO B TeX paloHax, rie He-
BEJMKH BepPTHKAJbHble TPajgUeHTHl IJIOTHOCTH. -B HEKOTOPHIX caydasx

€ NPUTOKOM OKEaHHYECKOr'O TeIlJia CBA3BIBAETCHA 00/1acTh pacnpocrtpa-

HeHHs JensHoro mokpoBa. Tak, Hanpumep, -H. Il. Byaraxos [28]
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IpHIles] K BHIBOLY O TOM, UTO IPOHHKHOBEHHE KOHBEKTHBHOTO IIepe-
MelluBaHus 10 OGOJbMIHX TIyOWH Hal MAaTepUKOBHIM CKJIOHOM Tuxoro
OKeaHa H IPHTOK K HOBerHOCTH 6OMBIIOrO KOJMMYECTBA Tensa $BJIS-
€TCSl OCHOBHOH IPUUYHUEOM, IPENATCTBYIOWel 06pasoBaHUIO JbAa B 3THX
paiioHax.

M3BeCTHO, 9TO GO/IbIIAS ‘Macca TEIIBIX W COJEHBIX ATIAHTHYECKHX
BOJ IIOCTYIlaeT B CeBeprm JlenoBuTH OxeaH, OKa3blBas CyIIeCTBEH-
HOE BJIMSIHHME Ha €ro JIeAsHOH MOKPOB. B Tex ciyuasx, KOrjia KOHBEKIUS
He JocTHraeT rJiiyOHHBL 3aJeraHus 3THX BOXA, TeIIO OT HUX KO JIbIY
pacmpocTpansercss MOCPeACTBOM TypOy/IEHTHOH TENONPOBOXHOCTH H,
KaK NPaBMJO, He Ou4eHb CYHIECTBEHHQ BJHAET Ha LpupocT Apja. [Ipose-
neunoe A. §. Hukonmaesoir u H. II. IllecrepuxoBriM [119] cpaBrenne
H3MEDPEeHHBIX U BHIYHCJAEHHEIX TOJIIMH MOJIOAOTO Jbja B palioHe jpeiida
cranuuit «CI1-2, -3, -4, -b» nogasaJgo, yTo IPUTOK TEIJd OT aTJdHTHYE-
CKHX BOJ 3aMeJJsfeT HapacTaHHe Jbja IPUMEepHO Ha 15 cM 3a suMHHEI
nepuorn. PacupocTpaHesHe : KOHBEKIUHM A0 TEIJIOR NPOCJIOHKK TIPHBO-
OUT K 3HAYATETbHOMY YBEIHUEHHIO IIOTOKA Telljla. JTO HMEeT MECTO
Ha Oosipilell uwactd akBatopuu bapenmera mops;, B [peHsanackoM
MOpe ¥ Ipujeramomnlel vacTd ATJaHTHYECKOTO OKeaHa, Ie 3HMHSIST KOH-
BEKIHUs NPOHHKAET [O- TIyOUHBl HECKOJDKO COTEH MeTPOB ‘B pesyub-
Tare K MOBEPXHOCTH NOCTYHaeT MOTOK TeIJa, AOCTATOUHBIN MJIS KOM-
IeHCAlMH TENMJIONOTepPhb B aTMOoc(epy U NPENATCTBYIOIIKE 0Gpa30BaHHIO
Jbra. Haxe B Tex cjydasiX, KOrga KOHBEKIUS He JOCTUTAET TeIlJIBbIX
BOJA, HO - pacnpocrpansiercsi no ray6uasl 50—80 M, Ko abay mo-
crynaer 60JblIoe KOJAMYIECTBO. TEIIa, yMeHbLHaH €ro TOJILLLI/IHy ‘Ha. He-
CKOJIbKO JIelIMMEeTPOB.

CunpHOe BIHAHHME OKGAaHHYECKOTO IIOTOKAa Tensaa Ha HapaCTaHHe
TOJIIMHB! JIbJA HCIIONb3yeTcsl Anast GopbOH ¢ nocienHuM. B Ttex paifio-
HaX, r'le HMeeTcs MHO0CTATOYHO OOJbINOH Temjo3anac IMIyOMHHEIX BO,
B 06J1aCTH MakKCHMyMa TeMNepaTypsl HJAHU NOJ HHM IIPOKJaAbiBaeTCA
nephOopHPOBAHHEINH TPYOOIPOBOA, N0 KOTOPOMY IIPONYCKAETCST BO3LYX.
Breixonst u3 oTBepcTuil TPyOONpOBOLa M TNOAHMMAsCh K IOBEPXHOCTH,
BO3IYX yBJeKaeT 3a cOOOH TeIlylo BOAY, KOTOpas pacTall/iuBaer Jem.
Ilpu aTOoM mo TeMmepaTtypHoH cTpaTtu(UKallHy BOLOEMA M METE0POJIOrH-
UeCKHM YCJIOBHSIM MOKHO OLUEHHTh TpeOyeMBIH DacXOl BO3Lyxa M MOHI-
HOCTb IIHEBMATHUECKOH anmaparypsl [53].

4. Temneparypa mopcxozo avda.

Hsmepenusi TeMnepaTypel MOPCKOTO JbJa NOPOBOAMIHNCE MHOIUMH
HCC/IEOBATEISIMH C II€JBbI0 BEIICHHTL PEeXHMHBIE OCOOEHHOCTH €ro
TEIJJOBOTO COCTOSIHHSI, ONpefenuTh pasfiuuHbie TemiodusHuecKue xa-
PaKTEPUCTHKH, OLUEHHTb MON[HOCTH TEIVIOBHIX HCTOYHHKOB, BOSHHMKAIO-
mux npyu (Has30BEIX NepexoAax B TOJIIE JbAa, U T. [.

[TepBrie Hanbogee piauTeabHBIE HAbJMIOEHHA 3a TeMIleDATYpOH MOp-
CKOro Jbja OBIIM NpOBEJEHE BO BpeMf apKTHUeCKHX SKCHeNHLHUI Ha
cynax «®pam» u «Moz». ITo peayabraTaM 3THX U3MepeHUH ObLIU ONpe-
JleJieHBl OCHOBHEBIE XapaKTepHEIe 4epThl BEPTHKAJBbHOTO NPOQHIS TeM-
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nepatypsl ¥ €ro usMeHenus Bo BpeMeHH. OHH CBOAATCH K TOMY, YTO
TeMIepaTypa HHKHell MOBEPXHOCTH Jbxa GJH3Ka K TeMIepaType 3a-
Mep3aHus, a BepXHel — K TeMIepaType Bo3xyxa [66].

Brime 6EIIO NOKa3aHO, YTO IOCAEIHEe XapaKTePHO TOJBKO AJA
TOJCTOrO abjia. Ms-3a KojebGaHUH TeMIepaTyphl BO3LyXa NPOUCXOAMT
M3MEHeHHe TeMNepaTyphl JbJa, TOCTENEHHO DACHpOCTpaHsIoNieecs
B IyiyOUHHbBIE CJIOH.

[Tocsenyiomue H3MepeHHUs. TeMnepaTypm JIbfa, OCOGEHHO MHIMPOKO
TNPOBOJIUBIINECS Ha ApPeH(YIOMUX CTaHUHSIX U B aHTAPKTHYECKHUX KC-
NeLUIASX, TIOATBEPIMAU NoJydeHHble MaJbMIPEHOM BHIBOABL. Y TOYHE-
HHe B OCHOBHOM KAaCaJOCh KOJIMUECTBEHHEIX XapaKTepHUCTUK pacIpo-
CcTpaHeHHsl KoJeOaHuH TeMIepaTyphl ¢ HOBEPXHOCTH B Iy0b JbJa pas-
JIHYHOT'O BO3pacTa B 3aBHCHMOCTH OT €r0 CTPOGHHSI H CHEXHOTO
NOKpoBa. BHLIO OTMeYeHO, YTO IPH OOLIYHO BCTPEYANOMIUXCS B IPHPOLE
W3MeHEeHUAX TEeMIepaTyphl BO3IyXa BEePTUKAJbHBIA Hpodunbp Temunepa-
TYPH TOHKOTO Jblld CPABHHTEJNBHO Cl1a60 OTKJIOHAETCS OT JHHEHHOTO.

-HOSTOMy BBIYHCJACHUA HapacTaHUsd TOJNUIMHEL MOJIOAOrC JbAaa mo 6113-

KOMY K JIHHeHHOMY NpOQH/II0 TeMIepaTyprl NPHBOIAT K PeasbHBIM pe-
3yJbTaTaMm.

C yBenuueHHeM TOJUIMHEL JibJa €ro TENJOEMKOCTh BO3PacTaeT
U 3anas3/biBaHie H3MeHeHHH TEMIIepPaTypHl ¢ TMIyOHHOM CTaHOBHTCA 60-
Jee 3aMeTHHIM. SIpKOII mymocTpalyell CKa3aHHOTO ABAAIOTCA KJaCCH-
yeckue Habmonenuss MaJjbMrpena, NpoBeleHHble HM Ha MHOTOJETHHX
JbJax W INOKa3aBllHe 3ana3fblBAaHME 3KCTPEMyMa cpelHeil MeCsSyHOH
TeMIepaTyphl JbJa ¢ INIyOHHON, BCJIEICTBHE YEro ee BePTHKAJbHBIH
npoGuIb OTAMYAETCS OT JHHEHHOI O,

OcpezHeHHble N0 MecAlaM AaHHBE HaGaw0neHH MaabMrpen npef-
CTaBHJ B BUE CHHYCOHIEHI

Tt =T@+AE) sin (-QA"Tf+ q)). (6.23)

BenuuvHb cpelHeil rogoBOH TeMnepaTypm T, ammauatyast A ne-
puona Af=1 rony u ¢assl P KoneGaHuil TeMIepaTyphl Jabla TpHBe-
JeHbl B TabJ1. 15.

Tagauya 15 -

MapameTpsl KonebGanuil cpefneil MecAYHON TemMnepaTyphi Abaa,
BhluHCAeHHbIe ManabMrpeHoM

z oM -0 25 75 125 200

ToC —15,70 —13,32 —10.65 —8,31 —4,82
A°C 16,82 14,60 11,17 8.36 4,40
40 259.6 9250,9 240,9 230.7 210,4

W3 Tabaunel ClIefyeT, YTO CPeAHss- MecsiuHAs TeMIeparypa Jbla
MOXKeT ObITh NOJOXKHTenbHOH. TaKol NMapafokc MaabMrpeH o0bsCHHJ
HEBO3MOXKHOCTbIO OIMCAHHS XO4a TEMIepaTypbl -OZHOH CHHYCOHIOH.
OH npeanosoXHuj, YTO Ha OCHOBHYIO BOJIHY TeMIePaTypPHBIX KoJieGaHHil
HakJajgblBaeTcsi OTPaxKeHHas, PAacIPOCTPAHAIOLIASACT OT  TPaHHIE
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pasiena Jbfa ¢ BOJOH M OTJAHYAIOUIAsiCS OT IepBOH mo ¢ase Ha .
K Takomy 00bsiCHEHHIO BIOCJAeACTBHE Npucoenunmnics B. B. lynefiknun
[182]. Beens no6aBOYHYIO CHHYCOMLY, OH WOJAYYHJI Jydllee, uyeM
y MaJnbmrpena, corsiacoBanue pe3ysibTaToOB pacyeTa ¢ SKCIEePUMEHTOM.
Bpan su MOXHO NPUHATb NPEANOKEHHOe 00bsICHEHHE paclpocTpa-
HEeHHsI TEMIEPATYPHOH BOJHEBI, KaK YIOPYrof u o0Jajgaiounied croco6-,
HOCTbI0 orpaxKartbcsl. CKopee BCero 3lech WMeeM OeJN0 C MaTeMaTHue-
CKHM IIpHEMOM IIpUMeHeHus Meroja Dypee, [JawHIero perieHue
VpaBHEHHSI TEIVIONPOBOAHOCTH B BHIEe GECKOHEYHOTO pSNa TPHUTOHO-
Merpuyeckux bysknuit. Takoe pelreHHé JOCTATOYHO IIPOCTO IOJYUHUTD,
€CJIH NPEANOJNOKATL TENNOPUIHUECKHE XapaKTEPHCTHKH JbJa IOCTO-
aHHBIMA [52].
Ecnu uspecTHa TeMIlepaTypa HHXKHell NOBEPXHOCTH Jbia © u 3amaH
Tennoo6MeH ¢ atMochepor
@, =190
TO
f

—IcywdE t —xyu-dc
T, z)=-f1— Y| Yee © ’ +j‘(x_f£(f¢)e g de |-+8.
j=1 0 .
(6.24)

F1 8

3nech BBeleHb 0603HAYCHUS:
H,
Yo=1{ [T, 2—0]Y;(s;, 2)dz,
0
Y;(vj, 2)=cosv;z,
n (27 —1)

0j:~—2_Hw’ j=1, 2, 3, “ e ey

x(t)—S T, 2)—6

Ecnn Ha rpaHume pasfena Jbfa ¢ aTMoc(epoil M3BecTeH He NOTOK
remsa, a temneparypa I (¢, 0), To B BhpaxeHuu (6.24) wMensercs

JIUIIE %f.bn Ha —v;[T[{, 0) — O] u Bun dyukuun 1';=sin v;2, B KOTO-

poit DJ=_(]—1)

Ipn HapaCTaHm{ TOJILIMHE! JIbAA napameTpm U; W 9 U3MEHSIOTCSH
0 3aKOHY, KOTOPHI 3apaHee He MOXKeT ObTb onpefened. ITostomy
BHIUMC/JIUTL TeMIepaTypy Jbna no ¢opmyne (6.24) HeBO3MOXKHO.
ToJsbKO TipH HEM3MeHHOH TOJIHHE Jbfa (¥ =0) v; CTaHOBHUTCS H3Be-
CTHBIM M TeMIepaTypa IpeAcTaBjsercs GeCKOHEUHBIM DAIOM UJIEeHOB,
BKJIIOUAIOIIMX TPHTOHOMeTpHUIecKHe QyHKIUY.

‘TlosyuenHOe pelleHHe yROOGHO B TOM OTHOMIEHHMH, YTO II03BOJSET

ONPENeNUTb YCAOBUS, IPH KOTOPHIX I/ 3aTaHHOH ITOIPEIIHOCTH MOKHO:
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He YUHTHIBaTh HCKaXKeHHS, BHI3LIBACMble H3MEHCHHEM TOJIIUHEL JbAA.
UewM Toallle fed, TeM MeHbile 3TH HckaxeHus. OHO TakXKe ynoOHO Lis
OLEHKH CKODOCTH PACXOAOBaHU§ Tellso3anaca JbIa C TeYeHHeM Bpe-
mend. B maHHOM Cnydae STOT Telio3anac, YaCcTO Ha3HBaeMHIH 3alacoM
X0/I0fia, BHIpaXKaeTcs IepBHIM uJeHOM (OpMyYJH, coAepXKaluM Yo.
On mocraroyHo GHICTPO YOHIBaeT BO BpeMeHH, €CJIH e/l TOHKUH, a Y MHO-
TOJIETHUX JbJAOB pacxonyercsd MeILJIeHHO 310 U O6yCJIOBJII/IBaeT KBa3Hu-
CTAlHOHAPHOCTE TEMIEPATYyPHOTO PEeXHMa TOHKOrO Jbjia. YMeHbIIeHHe
CO BpeMeHeM BJIHSHUS HAYAJBHOTrO Teljlo3zanaca Jbna Ha (opMHDPOBa-
HUE ero TEMIIEpaTypHOro MOJSl JaeT BO3MOXKHOCTb IpH pacuerax T Ha
IIPOMEXKYTKH BPDEMEHH B HECKOJbKO CYTOK HCIOJIb30BAaThb HpH6JIH)KeH--
HOe ImpejcTaBjieHne HayaJbHOrO NPOGHAS TEMIEepaTypHl, yalle BCEro-
noJjaras €ro JHHEAHBIM. DTO NO3BOJSET OGXOAMTHCA 6e3 TPYLOeMKHX
H3MEpPEHUH TeMIepaTyphbl B TOJLLE JbJa, KOTOPble BO MHOTHX clydasx
BOO6Hle HEBO3MO2KHO ITPOBECTH.

Tlpu omnpeneneHNH NPOYHOCTHBIX CBOHCTB JIEASHOrO IOKPOBA 4acro

MOJIb3YIOTCS TOHATHEM CpefHefl TemmepaTypsl JabAa T, KOTopas Haxo-
IUITCSI MHTErPHUpOBaBHUEM BHIpaxkeHHsA (6.24) mo Bcell ToJlle Abja.
Ecau npene6peub H3MEHEHHEM TOJUIUHE! Jbfa H Haya/bHBEIN BEPTH-
KaJbHBIA MPpOoUIb €ro TeMIiepaTypbl CYUTATh JUHEHHBIM, TO [IPH H3Be-
CTHOH TeMIlepaType ero NOBEPXHOCTEH II0JIydaeTCs

T=g+T[r-a0)+] Te-9den 625
rjae i
T,=T(0, O){ To()=T(, 0),

4 kot ~—4I{UJ
81 (t)”‘T—gfz @j—n7 "

ITockonbKy mocse Havajia TasiHHuA JbJa TEMIepaTypa Ha €ro Io-
BEPXHOCTH He MeHsieTcsl, TO HHTerpasa B ¢dopmyse (6.25) ynoGHo pas-
Outh Ha JBA, NPUHAB B MepBOM BEPXHHM IpENSJOM MOMEHT Hauasa
TassHusl fw, ¥ JaJbHEHIIHH OTCUEeT BpeMEHH BECTH OT 3TOT0 MOMEHTA.
B takom ciydae dopmyna (6.25) mpuOAMIKEHHO CBOAUTCS K CIEAYIO-
HIeMy BBIpaXKeHHIO:

Ty~ T (L) e 16 4-To(0)] &1 ()  (626)

U3 s10ft $opMyaEl BUAHO, UTO HIOC/Ie HAUaja TASHUS JbJa €r0 TeM-
nepatypa He 3aBHUCHT OT aTMOC(epHBIX YCJOBHH, HOCKOJBKY Ha IO-
BEPXHOCTH COXpaHsieTcsl TeMIlepaTypa TadgHUs. B AeHCTBUTEIbHOCTH

T, KOHeuHO, 3aBUCHT OT INOCTYHAIOUIero U3 aTMocdeprl Tenja, HOTOMY
4TO TeMIIepaTypa JbJa, KaK BHAHO U3 (opMmyawl (6.24), saBuCHT OT
€ro TOJILMHEL, HA YMeHbIIeHNe KOTOPOH U HAeT OCHOBHAS Macca TelJa.
B cayuae e TOJICTOTO JbJa H3MEHEHHs TeMIEpaTypel 3a CUET erc
CTAHBAHUS He MOJKHE 6BITh 3HAUUTEJNbHBIMH.
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Bo Bropom paszene 3Tofl ryiaBbl GBIJIO MOKAa3aHO, UTO CHEr OKashl-
BaeT CyLIECTBeHHOE BJHAHHE Ha IIOTOK TeIlJla uepe3 Jel ¥ ero TeMIle-
parypy. /g TOYHOTO pacueTa 5TOTO NOTOKA TeNJa CJAEIYET IOJb30-
BaThCsl JOBOJIBHO CJOXKHBIM BeIpaxenueMm (6.15). OnHako OJs MHOTHX
TIPAKTHYECKHX HeJslefl MOXKHO MOJb30BATHCS NPUOIHKEHHBIM JHHEHHBIM
BHIPAXKEHHEM BEPTUKaJbHOTO NPOQHIA TeMIEpaTypHl CHera.

~ ITpu sToM motok temia P, npencrasasercsa GopMyIoi

I WL Rl SO B (6.27)

[TogcraBuB 310 Dy B BhlpaxeHue (6.24) u pelwB ero Hpu mOCTOSIH-
HBIX TOJIIMHAX JIbJa ¥ cHera 1 =0 oTHocuTe bHO To, MOKHO 3aTEM,
OTPAHUYMBHINCL NIEPBEIMH WICHAMH DSAJOB, NOJYYHTH MPHUOIHKEHHYIO
3aBHCHMOCTb CpeJHell TeMIlepaTyphl AbJa OT TOJIIUHLI CHErd ¥ TeMile-
paTypsl ero NOBepXHOCTH Uo:

TO~0+ (=)~ g+ mf [ (¢—5)— ] digs, (6.28)
. 2

a1 —exp [ (1450 ]

Ha puc. 33 B KauecTBe IpHMepa NpPUBENEHO CPaBHEHHE CPEIHUX
TeMIlepaTyp JbAa, PACCUUTAHHLEIX 10 dopmytam (6.25), (6.26), (6.28)
¥ BBIUMC/JEHHBLIX Ha OCHOBAHMM JaHHBIX HEIOCPEACTBEHHLIX HabJII0fe-

rjape

HUHA. PacueT MpoW3BOAMJCS HA KO-

TpaeC Hell KaXXXOf JeKainl Mas, HIOHS H
HIOJIA JJig OeCCHEXHOro Jbla TOJ-
muHo# 3,5 M (mpelidyroman cran-
ous. «CII-2», 1950 r.) u TommuHOIL
1,b M npu A=15 cMm (mpehipyiomas
crannus «CII-4s», 1956 1.).

Ilpu BBHIUMCHEHHH cpenHeH TeM-
HepaTypsl - JbJa TPHUTOHOMETpHUe-
cKHe GYHKUHMH B ¢opmyrne (6.25)

"BCJAENCTBUE HHTErPHPOBAHHSI —HC-
4e3ai0T U DPAXB GBICTPO CXORATCS.

o 1
*© *2
‘94’ Puc. 33. Cpennss teMmnepartypa Jbia.

! 1 I —cranuua  «CII-2», 1950 r.; 2 — cranuus
-5 ~10 T062°C «CI1-4», 1956 r.

Ho nna pacueroB TemmepaTypbl JbJa Ha IPOH3BOJBHBLIX TOPH30HTAX
dopmyna (6.24) HeynoOHA M3-3a MEAJIEHHOH CXOLHMOCTH Dsga TPHTO-
HOMeTpHYeCKuX (yHKUHA. [lo3TOMy HpPUMEHSIOTCA JAPYyrHe CIOCOOHI
Boludcaend#. Ecan paccMaTpuBaTh CpefHIO MECSUHYIO TeMIEpaTypy
JbJla, TQ BCJAEACTBHE CPaBHUTEJIbHO CNaGOH ee H3MEHUHBOCTH BEpTH-
Ka/JbHLI TPOGHAb 3TOH TeMIEPATyphl NpPeACTaB/IAeT COGOH OBOJBHO
[JIaBHYIO KpuBYIO (puc. 34).
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Jl7nsl BEIYMCIEHHS] PAacIpOCTpaHEHHs GLICTPHIX H3MEHEHHH TeMIepa-
TYPH OT BepxHeil TMOBEPXHOCTH B IMyOb TOJIMIM MHOTOJETHETO JbA&
OGBIYHO NPHHAMAIOT HeH3MeHHOCTh . IIpu JNONOJNHUTENBHOM YCIOBHH:
MOCTOSIHCTBA TENNO(HSHUECKHX XaPaKTEPUCTHK JbJA 3a/a4ya CBOAHUTCS
K- PELICHHIO yDABHEHUs TEIIONPOBOJHOCTH JIJIs HEOTPAHHYEHHOH mia-
CTHHKH IIOCTOSIHHOK Toamuubl. - Tak wnocrymamu A. T. KoJsecHukos
(1946), JI. P. Opaenko u 3. M. ¥Ytuna [120] u np. Pemenus Takoro
poma paBHO wusBecTHH (HanpuMep [100]), u Bompoc 3akJoyaercs
B BbIGOpe HamGosee yIOGHOrO KOHEYHOTO BHIpa)keHus. B udacrrocTH,

~40°C-36 -32 -28 2% ~-20 16 12 -8 -4 0
X .‘ ] l‘ -

0,5

1,0

35
M

Puc. 34. CpeaneMecaunas TeMueparypa MHOTOJNETHero Jbaa [185].

npu H=const, /=0, Ipy NOCTOAHHHX TeMIOPU3HYECKHX XapaKTEpH-
CTHKAaX, IPOM3BOJbLHOM HAYaJbHOM MpoduIe Temuepatyps f(z) u us-
BECTHEIX ee 3HAYeHHSIX Ha MOBEPXHOCTSX JbAUHBI PELICHHEM yDaBHEHHUS
(6.3) aBaserca

B 5

_% To(t—§—86 e"@c?__ T T4kt
T(t, 2)— ,‘/_:_‘GY e\ B gze de+

2K, ]"'t

(—1y7'e ™ sin(wj ) S [f©)—8] X
Xsin[wj(l——-l%—)]dC—i—@, (6.29)

+
B
[k
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TIe
Bi=2H(j —1)-}z Bo=2/H—2.

[Ipu pacuerax Ha HeGOJBIINE OTPE3KH BPEMEHH, KOT/a H3MECHEHHe
“TOJMIIUHLL AbJa Mald, MocJelHee BhIpaXKeHHe IPeINOouTHTESbHEEe, ueM
(6.24), Tax Kax psaf NepBOH CYMMBI (OCHOBHOH) GEICTPO CXOIZHTCH.
Bropas cymma xapakrTepusyer BKJA HayaJdbHOrO Temsiosanaca. Kak u
B dopmyae (6.24), 3TOT UNEH JOBOJBHO GHICTPO YOBIBAET CO BpEMEHEM.

Ananus nepBofi CyMMBbI IIOKa3BEIBAET, 4TO TEMIepaTypa JbAa B JO-
‘00l (hDHKCHPOBAHHBLIH MOMEHT BpPEMEHH 3aBHCHT OT BCEH MNpENIIeCTBO-
BaBIIeH HCTOPHH €ro TEIJIOBOIO B3aMMOAEHCTBHSA C OKpysKalomei cpe-
Jof. Ho Braan 3Toro B3auMofielicTBHS GyIeT TeM MeHble, uem K Gojee
‘PaHHEMY MOMEHTY BPEMEHH OHO OTHOCHTCS. DTO CJIeLyeT H U3 BEIpaxe-
Hust (6.24). IlpnueM B maHHOM cJydae HarJAHO INPOSIBJSETCS He
‘TOJIBKO YMEHBUIEHHE aMIIATYAB KojgeGaHUi TeMIepaTypHl JbLa C yaa-
JIeHHeM OT ero NOBEPXHOCTH, HO M 3amasjibiBanKe BO BpeMedu, OuHo Gy-
JeT TeMm Goablle, ueM MeHbIIe KO3(DPUIHEHT -TeMIEpATYPONPOBOLHOCTH
Jbfa. Taxkofl XapaxrTep -pacnpocTpaHeHHs KoJeGaHHA TeMnepaTyphsl
B TOJIIe Jblla OKasblBaer OOJbIIOE BJIAMAHHE HE TOJLKO Ha €ro TEIIo-
BOH peXHM, HO W Ha Npupoct ToaUWHUHE Jabga AH. JlelicTBUTeNbHO,
U3 ypaBHeHus (6.2) caenyer, uto AH TpONOPIHOHATBHO HHTETPaly
OT I'pajiieHTa TEMNEPATYpPHl JbJA y €ro HUXHeH NIOBEPXHOCTH, H TOTAA
npu @=0

— U.f

¢ o
o 8 — T (6) 20 1
A=} Oj T0® gy Hj—lTj<1—e ) _

e . H
,?,21(—1) 5 To(t—8e f’ds+~,£—0y fO |5+
j=tv
U |
+ 2 3 e sy |l (6.30)

j=1

n2j2g
HZ

IlepBLlii usieH NOJMYYEeHHOTO BEIPAXKEHHS XapaKTepH3yeT IpUPOCT
TOJIIIMHBL NPH JHHEHHOM BEPTHKaJbHOM Npoduie TEeMIepaTypsl Mbia,
a BCe OCTaJbHEIE — BKJAM HeJuHeHHOCTH. C yMeHbIUEHHEM TOJIIIHHBI
JbJla BKJaj HeTHHEHHBIX 4ieHOB yORIBaeT IO 3KCIIOHEHTe, W HJs H <<

- <50 cM xoJeBaHHS TeMIEpatypHl IOBEPXHOCTH JbJa C CYTOUHBIM Ile-
pronoM cs1abo HCKaxKaoT JMHEAHOCTD. ee IPOduii.

B ToscroM Jbny KoseGaHUS HOBEPXHOCTHOM TeMIlepaTyphl JOCTH-
TAalOT HIKHEeH [I0BEpXHOCTH Jbla C CYUIECTBEHHBLIM 3aI037aHHEM,.
BCJIEICTBHE Yero TPANUeHT TeMIepaTyprl TaM He COOTBETCTBYET IIOJbIH-
TErpaJbHOMY BBIPAXKEHHIO HepBOro wieHa ¢opmydsl (6.30) u mpupoct
TOJIIIMHE! JIbla He MOXKeT BBIUHCJATbCA 0e3 yuera ero Temjgosanaca.

Hekotopoe BiusHHe Ha TeMIepaTypy MOPCKOIO JbIa OKAa3blBalOT
dasoBbie TpeobpazoBaHus, NPOHCXoJdllNe B ero Toame. Kx Braazn
MOXKHO OIEHHTb Ha OCHOBAHMH PelleHHs ypasHeuus (6.9), paccMoTrpes

e v;=
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POJIb YJIEHOB, COACPHKAIIUX MHOXKHTENEM COJEHOCTb S. B o6eMm oxa-
3BIBaETCS, YTO M3MEHEHHe TeMIIepaTypH Jbjla 3a CuYeT Telia (PasoBHIX.
npeo6pasoBaHuil HEBEJIMKO M OOBIYHO COCTABJSET AOJM rpaayca. JIHmp.
B MODCKOM JbRy GOJbmION coleHOCTH (-~ 10%o) xoseGanus rteMmepa-
Typsl nopsinka 10° C/cytku BmI3BIBaloT u3MeHeHuss T 3a cuer (asoBHIX
HCTOYHHKOB Temia o 1°C.

HanGosbmre n3MeHeH s TeMIepaTypPhL 32 cUeT Tellla GpasoBhIX Nipe-
06pa30BaHull MMEIOT MECTO NPHMEPHO B cepefinHe Toamy aAbna. O6n-
SICHSIETCS 3TO TeM, UYTO TeMIepaTypa JbJa B CpPeIHEM IIOHHKAETCA K €ro.
BepXHeH rpaHylle, BMeCTe ¢ TEM IMOHUIKAETCT KOJHYECTBO IKHIKOM:
(dass Ha equBMUY 00BeMa JbAA ¥ YMEHBIIAGTCS KOJHYECTBO BOABI, Ie--
pexopsuieil U3 paccosa B Jgef (MJAK o6paTHO) IpHU M3MEHEHHH TeMIepa--
TYPbl Ha KaxXI®{ rpanyc. BOau3M Ke HUXKHefi NOBEPXHOCTH JbAa:
B ()a30BBEIX IIpOIECCax y4acTBYIOT OTHOCHTEJNbHO GOJBIUINE MACCH BOJHL,.
HO H3MEHEHHs TeMIepaTypHl 3JeCh MaJbl, CleL0BATENbHO, U HHTEHCHUB-
HocTh (ha30BBIX HCTOUHHMKOB Tela Mmaja. [losToMy coBoOkymHasi Besmu--
YMHA MacChl paccoJsa, ydyacTsymollero B (asoBelx Hpolleccax, H HU3Me-

HeHuH TeMmepaTyphl OKa3blBaeTcsi HauOoJbllefi B cepeauHe TOJIIIH
Jbza.




I'JIABA 7

TASHHE JIBJA

1. Bausnue mereopoao2useckux YaKropos Ha Ha4ais0 TaAAHRUL 1604

JaBHo oTMeueHO, YTO. TasHUE JbJa- HACTyIAeT elle NP OTPHNA-

-TeNIBHOH TEMIeparype BO3myxa. B GoabInHCTBE CIY4aes 310 folop:3: (o8
HSETCA He TOJBKO COJIEHOCTBIO JIbAA, 6naronapﬂ KOTOpOH -TeMiepaTypa

m@kg_onmna GEITD OTpHnaTeJIbHOH Brime Opl10 MOKa3aHO, 4TO
W'Comn B BeCeHHe-JIeTHHI1 IePHOJL COEHOCTD JIb1a,
OCOOEHHO ero TOBEPXHOCTHOTO CJi0H, Majia. “TeMiepaTypa IIaBleHds
“TAKOr0 Jbjia 6iu3ka K 0° C. JIisi TOTO YTOOEI yCTAHOBHTb BJIHSIHHE OC-
HOBHEIX q)aKTopOB Ha HAuajo TasfHUs Jbla, CIENYeT ONPENEJUTh €ro
‘TEPMHYECKHH DEeXHUM B 3TOT NEPHOA, YTO YAOOHO cHe/NaTh, HCCIEAyH
‘pelIenye ypaBHeHHsI TEMJIONPOBONHOCTH MOPCKOro abaa. [Ipu sTom cae-
JyeT NPUHATb BO BHUMAaHHe MaJloe CofepKaHHe coJel, H3-3a 1ero poJb
BHYTPEHHHX HCTOYHHMKOB Tell1a, CBA3AHHBIX ¢ (Pa30BEHIMH Ipeo6paso-
BaHMSIMHM PACCOJa, OKA3BIBAETCS HE3HAUYHTENbHOH, a TaK¥e CpaBHH-
TeJbHO ¢1a6yi0 B 3TOT NEpUON H3MEHUMBOCTb TOJINUHEl JbJa, N03BO-
Jigomyio cudtate H =const. 911 ycnosus obsaeruaior pelleHue ypas-
HEeHHsI TEIJIONPOBOAHOCTH K YOPOUIAIOT MNOJAYYAIIYIOCs NpH 3TOM
pacueTHyIO POpPMYJIy.

"~ B Becenne-metHu#t IepHON B CBSI3H C BO3PACTAaHHEM BEJHYHHBI Pa-
JAMauHONHOro 6ajaHca TeMIEPaTypy TIOBEPXHOCTH /IbAd HIH ‘CHeTa Ha
JIbLlY yiKe HeIb3st OTOXIECTBIATD C

MOH. IlostoMy B KauecTBe rpaHHUHOTO

fIOBEPXHOCTH CJeNYeT HCIOb30BATE
(6.13) c pobapieHHeM B JeBYIO YacTh ujeHa, ONpPeAesIollero KojHde-

«£TBO TelJsa, UAYIETO Ha TasgHHe Lp—at—. YuuThIBas1 JOTapUPMUYHOCTD

HPOQHIST TEMIEPATYPHl H yIeJbHOH BJAXKHOCTH BOJH3H JbJa, a TaKKe
.COOTHOLIEHHE MEXKAY OTHOCHTEJNBbHOH BJIAXKHOCTBIO, TeMIIEPaTypoOi BO3-
JlyXa M YIeJbHOM BJIAXKHOCTBIO, MOXKHO TpaJHEHTHl TeMIepaTyphl U
‘BIaXKHOCTH NPEACTABUTb Uepe3 3HAUEHHe STHX BEJIMUYHH HA HEKOTOPOI
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BbICOTe ¥ Ha YpPOBHE HOJ.ICTHJI&I'OI.U.EI/I HOBerHOCTI/I HpI/I 3TOM ypaBHe‘
HHe TenoBoro Hasanca HpI/IBOﬂHTCH K BI/IILy

x-bz—zNao—E+Lth~~5, 7.1y

rae
L Eoe

(1—s)e?,

N=¥ (1 0,622%%5— e’).

T—N§— 0,622 ———

O6rI4HO pPH pacueTax TeMIepaTyphl M TasHUSA JbJa NOJAararT, YTo
BCSl JIyUHCTass 3Heprus, NOCTyIawllias Ha CHEXKHO-JIeJSIHYI0 IOBEpX-
HOCTb, NOIVIONI[AeTCSI OY€Hb TOHKHM IIOBEPXHOCTHHIM CJOeM. B aTom
clIyyae B ypaBHEHHe TEIVIONPOBOLHOCTH He BXOAHT COCTABJSIOIASL,
VUNTHIBAION[asi U3MEHEHHe TeMIlepaTyphl 3a CUeT IOIJIOUEHHON KOpOT-
KOBOJIHOBOH pafyaltH.

Ecmy  yuuTeiBaTh NPOHUKHOBEHHE KOPOTKOBOJHOBOK ~ pajuaiuik
B TONWY Jbld, TO PaiHAlMOHHBIH GajaHc, BXOASIIMH B ypaBHEHHe
(7.1), 10/:KeH HMeTh BEIpaXKeHHe

B=Q(—A)(l—r)—1,. (7.2)

B 3To# (opMysie MHOXUTENDb (1 — r) yUHTHIBaeT LOJIO0 KOPOTKOBOJ-
HOBO! pafuallud, MOIJIOMIEHHO# HEKOTOPHIM TOHKHM CJIOEM JbJA
OTOXKJIECTBJISIEMOH C IIOTVIOHIeHHeM CaMoOH JensiHOH NoBepxHocTbio. Oc-
TasJbHAS YacTb pafiHalliy NPOHHKAeT B TOJILY JbJa, ocladeBast ¢ Iy-
OHHON NPHMePHO [0 SKCIMOHEHIHAJbHOMY 3aKOHy. B aToM ciayyae ypas-
HeHVe JIO/KHO YUUTHIBATh M3MEHEHHe TeMIleDaTyphi 3a CUET IOIJIOLIe-
HUS pagyvalyy, IPOHHKIIEH B TOJILY JbAA:

oT 1 0 oT —
R A U R O (7.3

rre /=Q (1 ——A)—Cz—.
. Cp

Pemenne 3TOro ypaBHeHHS IPH NOCTOSIHHBIX TEMIO(PH3HYECKHX Xa-
DPaKTEPHCTHKAX H HEW3MEHHOHN TOJIIIMHE JbJA CIOCOGOM, H3J0KEHHBIM
B NpeasIayLieil I1aBe, MOKET OBITh MOJNYUEHO B BHIE

2

T(¢, z)~———2 Yoe "7 cosy iy
2 cos 01253 K.u - {(‘—1)’_101' E(E)_{"
+r[Eo- ho-LG-]+
tay Loty & @4

k(@ +] |
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, O6o3HavYeHHsT B 3TOM BHIpaxKeHHH Te Xe, yTO U B dopmyae (6.24),
JIUIL Yo MpeacTaBasgercs B HECKOJAbKO HHOH dopMe:
H

Yozj‘ T(0, 2)cos(v;2)dz.
0

HenocpencTBeHHYI0 OLEHKY H3MEHEHHSI TeMIIepaTyphl JbjZa IpH
j pPasJMuHLIX 3HAueHHAX IlapaMmeTpa r HeJb3sl IIPOBECTH o (opmy.e
(7.4) us-3a TOro, YTO OT XapakTepa INOIVIOLIEHHsS] pajHalUH 3aBHCHT
TaxkXke TeMmneparypa nosepxroctd Jabpa. Ilosaras B Beipaxenuu (7.4)
z=0, mosyuuM ypapHeHHe Bosbreppa, KOTOpOe Iocie IepeBOja C Mo-
Momipio npeo6pasopanus Jlamnaca—KapcoHa B H300paskeHHs JaeT

BO3MOXKHOCTb HaliTn QyHKuuo-usobpaxenne lo. B wacrHoctH, npu au-
HeffHoM Inpoduse TeMlepaTypH Jabjla B Hadanbablil MoMent 7 (0, z) =

0 — T
=ht—p—2
Ty (0)= ! _ { =Tyt

NV VT cthH]/—z—

z u N=const To(2) ompenensiercss BBIpa:KeHHEM

Y BN T T QT A 1t

a+ (=17 e

2 Py R '
| __l___ﬁ_ar]/_ka cth HV? j;i z -+ xu]? a2 u?, }+ TH.
| (7.5)

3necs M aBasierca usobpaxkeHueMm (QYHKINH, . YUMTHIBAIOLIEH 3a-
TpPaTHl TeIJa Ha TasHUe JbJa. EcTecTBeHHO, IO TeX IIOP, IOKa TasHHUS

He npoucxonut, M=0.

Il Toro yTOGHl NOJYYHThH NpEACTABJAEHHE O BJAHAHHH NIPOHHKAIO-
Iiel B Jej pajualiy Ha TeMIepaTypy IOBEPXHOCTH JbJad, LOCTATOUHO |
NoNyunuTh OpHUruHas Muoxurens o¢yuznua Q(1—A). O6oznauus 3TOT
MHOMXKHTEAb J, C MOMOIIbI0 TEOPEMBI CBEPTKH W M3BECTHBIX ONEpalH-
OHHEIX cooTHOmEeHHH [50] MOXKHO JIErKO MOJTYYUTD !

]—Ie—aH ——;ch.t

_ s @tay(—1 ;
J=1—r{l ——= p— 1—e X
{» i ,;i (27—1)*(a*—23)
w2em2f

@j—12 S @i—1p -~
X\ 1= 24-4 @ —1¢ —im? )—}_2,,,2:1 Q@ —1p—am? ©

(7.6)

Bripaxenue B UrypHBHIX CcKOOGKAX 5TOTO COOTHOLIEHHS y6bIBaeT
or 1 npu t=0 mo Besuuussl nopsnka 0,3 mas GONBIIMX 3HAUEHHH f U
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Jappa toamuHoi 2 M. CiaenoBaTebHO, [IPH #, OTIHIHOM OT HyJas, J < 1.
ST0 03HayaeT, yTO H3-3a NPOHHKHOBEHUS KOPOTKOBOJHOBOH pajHaluH
B TOMIY JIbJA TEMIEpaTypa ero MOBEPXHOCTH OKas3hiBACTCH foJsiee HH3-
KOl, YeM IIPH OTCYTCTBHH 3TOro 3¢derra. PainauuoHHOe H3MEHEHHE
TeMIepaTyphl NOBEPXHOCTH JIbla HaXOAUTCs HauboJjee HTPOCTO npu
MOMOIIM TEOPEMbl CBEPTKH I NOCTOSIHHOH BEJHUHHB OT/IOUIEHHO
_'KOpOTKOBOJIHOBOI/I pazuanuu:

ATo()=Q( ~A)5J(t—i)y(s)de (7.7)

[IpubauxkenHoe 3HaueHHe opHrHHaaa y(E) MoxkKeT OBITh MPENCTAB-
JIEHO BhIpaKeHHEM

)2 . 1 NV« TZ‘E NY#E
—— —— pr——— == f\N/"____"_‘_‘_—- f T T .
NVi +\Vz cthHV 2/ y@ V=E ¢ eric A

ITon pefictBHeM NpOHHKAIOMWEH B Jef pagdalyy ero TeMmIiepartypa
Oyner 6oJsee BbICOKOH. OIEHKM ITOKa3bBAIOT, YTO 3TO NOBbILIEHHE
B CpelHeM COCTaBJ/isseT BEJMYHHY NOpPSAAKA AOJM Ipajyca, 4TO COBIA-
JaeT ¢ pesyJbTaTaMu pacueToB YHTepuTeiinepa [292], npoBonmusumiero
UHCJICHHOE penleHue ypaBHenusa (7.3) ¢ HepeMeHHHIMH Temaodusuye-
CKHMH XapaKTePHCTHKAMH Jibfa. YTOOb OLEeHUTb CTENEHb BJIUSIHUS
BHYTPEHHHX HCTOUHHKOB Telljla Ha TEMIepaTypHOe I10Je Jbla, QaKTH-
YeCKHMH NIOTOK PafMalyH, NOCTYN AU K apKTHYECKHM JbaaM, UM ObII
ysenuueH BABoe. Ho 3To npHBesSO X M3MEHEHHMIO TeMIEpPaTypHl JbAA
B HI0JIe H aBrycre npuMepHo Ha 0,2°C ¢ makcumymom o 0,4° C na ray-
Bune 50—70 cm. C moHmKeHHeM TEeMIEPATYPHl Jibla BeJWUYHHA ce Hu3-
MEHEHHS 34 CYeT NPOHMKHOBCHUA pafMalM{ B TOJILY JIbLa HECKOJbKO
Bospacraer. Takoll xapaxTep BJIHSHHS KOPOTKOBOJHOBOI pagHaliiy Ha
TeMIepaTypy Jbia YHTepuUITeHHEep 0OBACHAET TeM, YTO BOJH3H TOUKH
TJIaBJIeHHsl DOBBEIIIaeTcss 3¢ (heKTHBHAA TENJI0eMKOCTh JbJa, B Pe3yilb-
TaTe Uero TeMIepaTypa Bo3pacraer ¢aaso.

B croem pelenny YHTepIiTeiHep DPUHAMAJ TeMHepaTypy HOBEpX-

" HOCTH JIbJla H3BECTHOH M IOJIATaJl, YTO BCA KOPOTKOBOJHOBAS paaualis
" IPOHHKAET B JIeJl, T. €. cuHTaJs] r= 1. Ecax Ha OcHOBaHMH ero 6oJjee paH-
neit padornl [291] npuuarts r=0,38, uyto GBHLIO NOJIyYeHO 1O H3Mepe-
HUSIM H4a aMepUKaHCKOH ApeddylOmed CTaHIUH, TO pPaJMalHOHHBIE H3-
MeHeHHsA TeMIepaTypHl Jabna OyAyT eme MeHbuwe. TlosTomy 6e3
yilep6a O/ TOUHOCTH pacuyeTa TeMIepaTypbl JbZa OGLIMHO CYUTAETCH,
YTO BCA KOPOTKOBOJIHOBas paiuallis NOTJIOWAeTCs Ha CaMOH CHEXKHO-
JIeTHON NOACTHIIAIONIel TIOBePXHOCTH. B 5T0M cilyuae YpasHerns (7.4)
n (7.5) Ais ompereiiéHis TeMIEPATYPH JbAa MOTYT GBITh YIPOUIEHH.
B wacrroctH, yTo6bl napamerp: N, BXOAAMUHA B 3TH DOPMYJH], HE 3aBH-

CEJI OT TEMIIEPATYPBIy SKCIOHCHIIHAAbHAS 3aBUCHMOCTD YI[e.HbHOfI BIAXK-

HOCTH Ha YPOBHE TIOJCTHJAMMIell TOBEPXHOCTH OT TeMIepaTyphl 3ajxa-
"eTcsi. B BHJE ABYX TepBHIX WieHOB creneHHéro pazna. Ilpu stom ypasue-
| HHe TemIoBOro Sananca (7.1) npuHuMaer BuL

o N [Aea) Ty a0 4 L ST 5= 2T (1)
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0,622L4Es

rae 0, — 5KBUBaJeHTHas Temneparypa, Ad=————_ - Ilapamerp

coP

A uMeeT TO e BLIpameHHEe, UTO W B Npenwaylueir raase. SIcHO, UTO
OTPaHWuUBATLCA ABYMS NEPBEIMH d/leHAMH Dsila aasucumocrtell g (%)
MOXHO TIDH TeMIlepaType, He .IPEBHINAIOMIEH BeJUUMHY TOPSIKA
+5°C. 3a npenenamMu 3TOf BeJHYHHBI 3aMeTHYIO POJIb UIPAIOT IOCI]E-
noyloliye uJeHbl psAna, NO3TOMY BMecTO ypaBHeHus (7.8) ciaemyer Hc-
NoMb30BaTh ypaBHeHue Gananca Tensa (7.1). BOIH3K TOUKH IJIaBJEHUST
IONYCTHMO HCIOJb30BaTh ypaBHeHHe (7.8), B pesysabTaTe Uero TeMie-
paTypa NoBepXHOCTH JbAA ONpeNenaeTcs dopmyson

To(t)= V” 5[5(15—&)—)—)\’% (t—¥)] [-V—__——Be“erfcal/s_]dEJr

-+ VB’C (QET“ — WA% )(1——0 erchsz )+T e erfcdVT

roe 8§ =A" Y xr(l4+eAQ)/A.

Hapamerp A/, IpUHUMAaeMBIN TOCTOSHHEIM, B AeHACTBUTEIbHOCTH 3a-
BHCHT OT CKOPOCTH BETpa, KOTOpas MOMKeT MeHsThcs BO BpeMeHH. CKo-
pPOCTb BETpPA BXOAUT B TOT NapaMeTp ¥ B WHCJAMTENb, U B 3HAMEHAaTeNb,
103TOMYy A’ GyIeT MEHATbCS BO BpeMeHHU caabee, uem U/, a B HEKOTOPOM

HOTepBaJjsie BDEMEHH MOXKHO BOOOIILE IIPOM3BECTH OCPECAHEHHE U INPHHATEL |

A’ mocTostHHOMN.
B ecrecTBeHHBIX YCTOBHSX Jle/ NPaKTHIECKH BCErga NMOKPHIT CI0eM

CHera, KOTOpPbIH OKa3blBaeT GOJbLIOE BIHSHHE HA €r0 TePMHUECKHH pe-
®uM. Eciy TpUHATH BO BHUMAaHHE CPEIHIOI0 TOJUIMHY CHera Ha Jbly,

TO IpPHU HCCJAELOBAHHH TEPMHYECKOTO PEXHUMa NOCJAEIHEro MOXKHO 6e3 |

0co00# TOTPEIIHOCTH MoJaraTb BepTHKaJbHOE pacnpesesieHde TeMile-
paTypbl cHera JUHeHHHIM. JIHIIb peskHe KosnebaHus Temjgoo6MeHa Ha

npoduns temmeparypel. OgHako npu HeGONbUIOH TOJIIMHE CHEra ero

: @BEPXHOCTI/I CHera MOryT BBI3BATHh CYIIECTBEHHbIE H3MEHEHHA 3TOTO

Tenjo3anac HeBeJINK 1 6bICTpO pacxopyercs, B pe3yJabTarte 4Y€ro BepTH- |

KaJbHbIf NpodQUIb TEeMIEpPATypel CHera CHOBA CTAHOBUTCA OJIM3KHM
K JuHefiHomy. IIpu 2TOM YCJIOBHEM ypaBHeHHe Telosoro 6anasca (7. 8) \

IpUHHMAEeT BHA
" [(1+-AB) 8y — 8, 4-A8] —

rae 9 — TeMnepaTypa NOBepXHOCTH CHEra.

Bolie O0TMeua0Ch, YTO KOPOTKOBOJIHOBAsl pajHaliMsl NOTJIOLIAeTCsE
cHeroM 6oJlee MHTEHCHBHO, YeM. JIbIOM, IO3TOMY HONYIIEHHE O IOTVIO-
IeHHH BCEH pajMalliy TOBEPXHOCTbIO CHEra B LAHHOM CJlydyae BHOCHT,
MeHbIIHe OWUGKH 1 GoJjiee NPHEMJIEMO, YeM IIPH OTCYTCTBHU CHera Ha
abxy. Eciy NpuHATb, KaK U BHlIe, BePTHKAJIbHOE pacClpejiesieHHe TeM-,
nepaTypel Jblla B HayaJbHBIA MOMEHT JHMHEHHBIM, TO C yYeTOM nepe-

— )+ Locgp-=5,  (7.10)
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UHCIEHHBIX YNpPOHIeHUfl TeMIlepaTypa NMOBEPXHOCTH CHETa Ha JbIy 10
| Hauaja TasHHsS ONPENeNsercs npubIIKeHnof GopMymoi [51]

| PR N {5+w (sa—A%)jLL/:_[_dzg’Z_f__
(LA eAd) 4 % <
—i—(dl%dg',]g;f—')»-earft‘exfc'Bl‘VZ]}, 1)
rne | | |
iy

PN M (LA A VR
¥y="1(0), 81_ MAT (U4 ) 244"

OpuruHasn TeMnepaTypsl NOBEPXHOCTH JbAa IIPH 3THX YCIOBHSX

MMEET TOT XKe BUJ, uTo K dpopMyna (7.9), ecnu B HEH BMECTO mapamer-
‘ . L - | :

poB A, O, Tq,

——H——E— NOCTABHTL COOTBETCTBEHHO Asj=A[l+4

‘ € ] 81, di, do.. OnpenesneHue BepTHKAJIBHOTO IIPOPUIIS
1

‘ TeMHepaTypr JbIa TIPH H3BECTHOW | TeMnepaType ero NIOBEPXHOCTH
i TPYLHOCTH yXKe He NpefiCcTaBiser.

-Kak BumHO M3 nIpHBeAeHHBIX (OpPMyJ, TeMIepaTypa NOBEPXHOCTH
| CHEra u J'Ibl[a 3aBUCHT ‘OT UX TOJIIHHBI U TGH.HO(I)I/ISI/I‘{G‘:CKI/IX xapaKTepH-
' CTHK, Ha4aJbHOTO TellJl03anaca ¥ TelJooGMeHa ¢ OKPYKAIoIeH cpeloi.

Bmmo YTO OCHOBHOE BJIHSIHME Ha BeJHYMHY U9 0Ka3BIBAIOT JYYHCTHIE

NOTOKH TenJsia, TypOyJeHTHbH TemlooOMeH H Temnota ucnapenus. Co-
. OTHOIIEHHE MEXKJY BeIMYMHAMH DalHalMOHHOro Oamnanca u TypGyJeHt-
| HOTO TenyiooOMeHa, Kak ciaeayeT u3 dopMyast (7.11) saBHCHT OT cKo-
| poctu Betpa. Uem Goablue CKOPOCTh BeTpa, TeM GOJbllie BTOpast COCTa-
. B0 as 10 ¢paBHEHMIO C NePBOH.

. Temnepatypa NOBEpXHOCTH CHEra B OOIIEM OTIMYAETCS OT TeMile-
paTypbl BO3Lyxa Ha BBICOTE METEOPOJOTH4ecKol OyIkH. DaH3KH oHM
| MOryT OBITH TOJIBKO IPH HU3KOH TeMIiepaType BO3LyXa, KOTZA POJb HC-
| mapeyus HeBeJMKA, H MaJblX BeJHUUHAX PagHalMoHHOro 6ajanca.

OnHEM H3 BaXHEHIIHX 3JeMEHTOB JENOBOTO peXHMa SIBASIOTCH
Jartel Havaja yCTOHUMBBIX IIPOLECCOB TasiHHsI CHera ¥ Jibha, TaK Kak
| € TOr0 MOMEHTZ NPOUCXOJUT HHTEHCHBHOE YHHUTOMKEHHE JIbIa.
| MHOrOYHC/IeHHBIMY HaGTIONEHHAMH YCTaHOBJAEHO, UTO TastHHE JIbLOB
'CBePXY HayMHAeTCH ellle NIPH OTPHLATENBHBIX TEMIEPATYpax BO3AyXa.
|TlosTOMYy B MIHpUYeCKux $HOpMyJax HaTa HauajJa YCTONUMBOIO Tasfl-
|HMSg JIbJA 4acTO CBA3BIBaeTCs ¢ AaTod HacTyIIeHud HEKOTOPOH oTpulla-
|TeJIbHOH TeMmiepaTypul Bo3nyxa. [laununiii gaxT He 03HauaeT, KOHEUHO,
UTO TeMIlepaTypa TasHHA Jbja OTpuUUaTedbHa. [lockonbky cojieHOCTD
TIOBEPXHOCTHOTO CJIOS B BECEHHHH IepHOZ OOBIYHO He3HAUHTEJbHAS,
“TO TeMIepaTypa TasHUs GJH3Ka K HYJEBOH, a IJis CHera Ha JbAy
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poobme pasBHa 0°C. Ho us-3a JyuncToro mputora Temja TeMIeparypa
DOBEPXHOCTH CHera HECKOJIbKO BBIIIE TeMilepaTyphl Bosfyxa. Tako# xe
BLIBOJL MOXHO MOJYYHTH IJisi GeCcHeXKHOTO Jiba Ha ocHOBaHUM dop-

Myasl (7.9).

2. Hamenenue roruwjunol r0a nod 8o30elicTsuem CoAHLUHO20
u armoceprozo Tenaa

OnpepeneHre u3MeHeHHH TOJUIUHB JbJa B BeCEHHe-JIETHUH NEPHOZ,
IBJIFETCH OZHOY. M3 OCHOBHBIX NPOOJeM B NpaKTHKE JeIOBBIX IPOTHO-
30B. TosmuHa crasBulero ¢JIos JbJa, CPOKH BCKPBITHA, 3aBHCAILHE
B KaKOH-TO CTEIeHH OT TOJIIMHBI JbLa, ONpPeNessiioT HadaJo HaBHra-
nud. IlosToMy BO3MOKHOCTE pacueToB CTaHBaHMs JbJa HMeeT 0OJbiloe
OpaKTHUECKOe 3HAUYeHHE.

Ecnui npeneSpedn NOTOKOM TeIJla, HAYLUIHM Ha NPOrPeB BHYTPEHHHX
CJI0€B JIbA, TO LJIsT ONpEeLeJNeRNs BeJAHYHHBl CTAHBAHNSA JbJa HJAH CHETA
JIOCTaTOUHO NPOHHTErPHPOBATL 1O BpPeMEHH yDaBHEHHs TEIIoBoro Oa-
JaHca CHeXXHO-JieZaHO# mosepxHoctH (7.1), (7.8) mim (7.10).

st Toro 4TOOH ONEHHTHb BJHSHHE HA CTAHBAaHKE JbJla «3anaca Xo-
JIOZa» BO JbIY H NPOHMKHOBEHHS KOPOTKOBOJHOBOH pajiHalHH B €ro
TOJIILY, CTelyeT UCXOAUTD He M3 ypaBHeHHs OanaHca TenJja, a U3 ypas:
Herusi (7.4). Ecay nonoxuTh B HeM 2=0 ¥ 3a HauaJbHbI# MOMEHT NpHU-
HATH HATy Hauaja TagHus Jbja, TO JJg NOCAELYIOUIHX MOMEHTOB Bpe-
MEHH MOXHO cuurath [o=0, Tak Kak TeMIepaTypa HOBEPXHOCTH
TaloUIer0 MOPCKOIO JbAa BCACACTBHE HH3KOH COIEHOCTH OueHb GJIM3Ka
K uyjaesofi. Pemns nosgyuyatouleecs OpH 3TOM HMHTErpajbloe ypaBHeHHE

H

‘BosbTeppa OTHOCHTENBHO 57~ ¥ MPOWHTErPHPOBAB 110 ¢ pesyJbrar,

MOXKHO NOJYYUTh (HOPMYJY IJsi OUpeleNeH s CTauBaHHS JbJA CBEPXY
(AH) B BUNE
©

A= § Q=16 )+Qu® /(=0] diot 2 3 Loy 0+

J=1
o p
) H2 22 1 2t
B =l e ny et v le -ﬁexp(\__m__ —
6H2 | (—1)i-1 \ -
" o1 % () } (7.12)
j=1 . |
rae |
Qn:Q(l '—A),
. n2mkt
1—exp (—— xu?t) o ' exp (— xu?-t) — exp (—— T)
= (2j—1)2 +2 2 T AmZ — (2j —1)2 .
m=1
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B 310t popmyJe nocaeHHe [Ba YI€HA YYHTHIBAIOT yMEHbIUEHHE Be-
JUYHHLL CTaMBaHUs JbJla 3a CYET 3aTPATHl TellJla Ha ero Nporpes H or-
TOK TeIJa K HHXKHel rpanulle Jbja BeaencTsue otndus © ot 0° C. Ecan
He YYUTHIBATH 3TH YJEHBl, TO, KaK BUAHO U3 GOpMyasl, BesunuuHa AH
OKa3bIBAETCHA HECKOJLKO MNpeyBeNHYeHHOH. JIerko MNOJy4HTh, 4TO AJIS
JbJa TOJIMHHOH 40 2 M BKJIaJ KaK BTOPOTO, TaK H TPEThEero uJjeHa
dopmyasl cocTasaser 1—2 cM 3a mecsn. [as MHOrOJIETHEro Jabaa TOJ-
IWHHOK 3—4 M pacxomoBaHHEe Temja Ha IPOrpeB JibJa U OTTOK K ero
HUKHEH rpaHule IPHBOJIHUT K YMEHbIIEHUIO CTAUBAHHUS JIbja Ha 68 cM
3a MecsIL.

BeanuyyHa cTasiBIIErO CJOSI JbJIa, Kak BMAHO u3 ¢opmynast (7.12),
3aBHCHT TaKxXKe OT NPOHHKHOBEHUs pajualuy B Jel, Tak Kak OHa CHO-
COGCTBYET €ro MpOrpeBy, YMeHbIasl B HeM PpaflueHT TeMIepaTypsl | NO0-
TOK TellJia NOCPEACTBOM TemonpoBofHocTy. [Ipu r=0,3 nas Jbxa toua-
IHHOI 2 M cTaWBaHHe 34 CYeT TellJla KOPOTKOBOJIHOBOH pajHaliu IpH
yueTe €e NPOHMKHOBEHUS B TOJULY Jbfa OyAeT 3a Mecsl NPUMEpPHO Ha
10% Menblile, yeM OpH NIOJHOM IIOIVIOUIEHHH pajHaLHH HOBEPXHOCT-
HBIM cnoeM. PakTHueckas pasHuLa JOJKHA OBITh ellle MEHbIIE, TaK KaK
TMOrJIOMICHHAS TOJINeH JbJia pajHallsl NPHBOJHT HE TOJLKO K IOBbIIIE-
HHIO TEMIepaTyps, HO M K JOKaJbHOMY TAasHUIO Jbla. B pesysnbraTte
BHITAMBAHHMS] ¥ MUTPALMH COJEH MJIOTHOCTh NOBEPXHOCTHBIX CJIOEB JbJa
JIETOM, KaK H3BecTHO, OoHmKaercsa Ha 4—5Y% [66, 133], uTo dopmyson
(7.12) He yumTwiBaeTcsl. EciM yuecTb 3TO yMeHbLIEHMe :MJIOTHOCTH, TO
PasHHIlA MeXKIY CTAWBAHUEM C YUeTOM NPOHHKHOBEHMS pafuallii B Jel,
U cTauBaHueM 0e3 ydeTa 3TOro HpOHI/IKHOBeHI/IH u yMeHbI.HeHI/IH ILJIOT-
HOCTH CTAHOBUTCS. OUeHb MaJoi.

TakuM 06pa3oM, IPaKTHUECKH MOMKHO ToJaraTh, 4TO BCE TEMJO, KO-
TOpOe NOCTyNaeT CBePXY, pacXoiyeTcs Ha TasHHe CHEXHO-JIeASHOro
nokposa. Ilpu »TOM [Jsi pacuera CTAUBAHHS JbAA MOXKHO OIpaAHH-
4nATbCSl YpaBHEHHEM TeIlIoBOro Hananca (7.1) 6e3 ydyera moroka Temnsaa
B riy6b Jbga. [IpOMHTErPpHpPOBAB TaKOe YIPOLIEHHOE YypaBHEHHe II0
BpeMeHH, moayuuM (GopMysay Aas onpeleseHHs crauBaHus sabia AH
3a BHIOpaAHHBIN WHTepBaJ BpeMeHU. (s objerueHus pacueros B 3TOH
dopMmyse pan mapaMeTpoB 3aMeHCH MX YHCJAOBBIMH 3HAauyeHUSIMH, a HH-
Terpanm [peNCTaBJEHE B BHJIE CYyMMBL; '

AH=0,01392 5,-+0,122 (10817 ) o (L), —

—1 132 (1 —f)e)— /z“’c (7.13)

j=1

raie AH — ronmuHa Jbja, cTasBillero CBEPXy 3a n CyToK; 5;— pamua-
IWOHHBI ©6ajaHC NOACTUIAIONEH mnoBepxHOCTH 3a | cyTru; ¢(U)=
=0,4+0,48U;; U;—ckopocTp BeTpa Ha BHICOTE Quiorepa B M/c;
0, fj——TeMnepaTypa H BJIAXXHOCTb BO3AyXa Ha YPOBHE MeTEOpPOJIOrH-
4ecKOH OYAKH B TEUEHHE j CYTOK.

IMocnennuni’ unen B Qopmyne (7.13) xapaxrepusyer yBeaneHne
TOJILIMHBI JIbJa 34 CYET HAXOAsllerocss Ha HeM cHera. EcaH pacuer

9 3Bakas Ne 487 \ » 129 °




CTauBaHHUY [OPOHU3IBOAHUTCA C MOMEHTa, KOTZa Ha JAbAY elle HaXOAUTCA

CHETr; TO HacTh Tellvia pacXxoAyeTcsa Ha ero TaHHI/Ie BCJCACTBHE YETO AH .

yMeHbLHaETCSI YTO M. YUHTLIBAETCS NOCJAELHUM YJIECHOM (bopMyJIbI

“Ha puc. -35 mpencras/ieHbl . BLIYHCJAECHHBE 110 NPENJNOKEHHOR METO-
JIUKe CDeJHHE BeJMUYMHBE CTAauBAHHUA JIbIA TI0 paHoHAM pPSia MOJSPHBIX
CTaHIMi ¢ HauboJsee IOJHLIME HAaOJJIONEHHAMM 34 TOJLIUHON Jabia. He-
XOIHbIe JaHHble TOJINMHLL JAbJa M CHera BLiGHpananch Ha 1 masa. Ilpm
pacueTe HCHOJb30BANHCH (DAaKTHYECKHE 3HAUEHHA TEMIOEPATYPH M CKO-
pocTu BeTpa. PaxuanvonHplll 6ajialC PaCCUMTHIBAJCH COTJIACHO MeTO-

AHpeM
120

100~
801
601
40~

201~

/)ng .
ok L ! L

20 40 6q. a0 100 120 AHgp cM
Puc. 35 CpennHe BEJHYHMHBI CTaHBAaHHS Jbjla IO paHOHaM
NOMIAPHEIX CTAHUHH.

! — 0. JIuKcoH, 2 — MbIC CTep.neroaa 3 — o. Pycckuift, 4 — o. Ilpe-
oGpaxeHusd, 5 — o.-MocTax, 6 — mbic Baabkapkali; 7 — moic lImunra.

JKe, H3NOKEHHOH B IvaBe 5. JlaTa Hauala TasHES ONpelessiach HA
ocHoBaHuu (popmyan (7. 11) o f, IPH KOTOPOM TPOHUCXOAUJ IIEePExo.
OT OTPHIATEJIBHEIX 3HAUEHHH Uy K MOJOKHUTENbHBIM. BhIUHCASAINCh exKe-
JIeKajHble BeJHUYMHEBl .CTAUBAHHUS, KOTOPHIE 3aTeM OCpPeHsIuch. Bcero
OblLIH OCPe/HEHbI exKe/leKajHble JaHHble NPHMEPHO 3a 10 set 7o Kax-
IOMY patoHy.

3. Hpupocr Toawunol 26da 3a cuer «3anaca xona00a»

VisMeHeHue TOJILKHB! JbJa B BECEHHE-JETHUH NEepUuoH IPOHCXOAHUT
He TOJbKO 3a CHeT CTauBaHUA CBEPXY, HO U IIPDH TAAHHH W HapaCTaHUuH
CHH3Y. K HauaJy TagHusd BO JbAYy OCTaercqg elie HeKOTOprfI «3anac
X0Jo00a», Ha JHUKBUIAILUIO KOTOpOFO pacxoayercd Teljao, NOCTynawliee
oT HOBerHOCTeﬁ JbJa, €CJAU TeMIepaTtypa B €ro TOJIle HHUXKe, YEM Ha
rpanunax. B Ttex ciaydasax, Kkorga OTTOK TeIlJa OT HUXKHeH IOBEPXHOCTH
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JIbfla KBEPXy NPEBbILAET NPHTOK TeMia OT BOABI, MOXET HPOHCXOIHTH
HapacTaHMe JbJa, €CIM Jaxke CBepxy oH crausaer. Ha 3To o6cros-
TEJILCTBO O6paTHJI BauManne H. H. 3y6os [66] u nonbiTaJcs oueHUTh
BO3MOZKHBI} IPHPOCT JibAA 3a CYET 3TOrO «3amaca xosofas. [Ipu sTom
OH NPEeANONOKHII, UTO NOTOK Ten/Ia U3 BOAB KO JIby OTCYTCTBYET M BCe
TETJI0, 3aTPauNBaEMOe Ha NPOrPeB JbJa, BBUIENSAETCS NPU HapacTaHHH

abaa cHuzy. CrenoBaTesbHO, €CJIH T—cpe;msm TeMnepaTypa JabA
HA MOMEHT Hayaja ero TasHUS CBEpXy, TO

(6 —T) coH—LeH. | (7.14)

H. H. 3y6oB npunsJ, 4TO CpefHAS TeMIepaTypd JbAa paBHa MOAYy-
CyMMe TeMIepaTyp ero BepxHeill W HHMHell IOBePXHOCTeH, M NpOH3Bel
pacyeThl Ip¥ OTPHLATEJNbHLIX BEJIMYHHAX TeMIepaTypbl IOBEPXHOCTH
JbJla, T. €. IO Hauaja ero TasgHus. B 3ToM clydae TakXe 0KasaJjoch, 4To0
3a CYET BHYTPEHHUX 3allaCOB XOJIOfa TOJIIMHA JibAa HE MOXKET yBeJH-
upThes GoJibiue, yeM Ha 5—10%.

BeauuynHy BeceHHEro NpHpPOCTa JbHA JEFKO INOJYUYHTb, ONpefcinB
rpajdeHT TeMOepaTypsl U3 GopMyasl (6.24) u mojcTaBHB ero B ypas-
HeHue Gajanca temaa (7.1). Ecau 3a nauano npouecca IPHHATL MO-
ment nepexona Dy uepes 0, pangu ynpolneHus pacyetoB cyHuTath P=0
B v;(f) =const, To noJyyaouieecs an 3TOM ypaBHEHHe JErKO HHTe-
TPUPYETCS U IPUBOJLUTCS K BULY

H2—Ho—l— Z (—l)j (1 e~xu?t)+

2—0)

: |
T E (— 1)/05 Y@n(c)e “I87° e s, (7.15)

- 3mecb Yo U v; ONpenesioTCs N0 MPOMUII0 TEMIEPATYPH U TOJIIHHE
Jblla Ha MOMeHT nepexona @ uepes 0, T. e. Ha MOMEHT, KOIJla TEIJIO-
OOMeH M3 OTPULATENBHOTO CTAHOBUTCH MOJOMKHTENbHBIM. [Ipenenbuoe
3HAayeHHe H3MeHeHHs [ NOJyUHTCS B TOM CJydae, €CJIH IOJOXKHUTh
@;=0, T. e. cuuTaTh, YTO NOTOK TEIJIa U3 aTMOC(epH B Jex He NOoCTy-
NaeT H NPOrpeB INOCTENHero OCYIIECTBJSACTCS JIHIIb 32 CYUET TEMNJIOTHI
KpucTamusanuu. Bripasus Yo uepes HeKOTODHII 3amac Xojoja, ompe-
JeNsieMblil pasHUIeHl MeXIy CpejHell TeMIepaTypol Jbia W TeMmuepa-

typoit 3amepsanus (T — ©), Jerko NOJIYYUTH OTHOCHTENBHYIO BEJIH-
uMHy Opupocra abna (rabs. 16).

[anHble Ta6a. 16, oTHOCAILHECS K. TPECHOMY JbAY, TIOAHOCTLIO CO-
TJIaCyIOTCS C OLEHKOH BECEHHEro IPHPOCTA JIbJa, KOTOPAas JaeTcs B MO-
Horpaduu H. H. 3y6osa [66]. Ecau npuHsaTh BO BHHMaHHe mNpOrpes
Jbla 32 cyeT TelJa, HOCTyna}omero CBEPXY, TO STH 3HAYEHWA OKA3bIBA-

"I0TCA €llle MEHbINE.

HpHBe,ZLEHHbIe OLI€HKH HapaCTaHI/IH Jbla BECHONI OTHOCSTCS K Hpec-
HOMY JbHY. Ecau Y4€CTb 3aBUCHMOCTb TEIJIOEMKOCTH U TENJOTH IJ1aB-
JIEHHUSI MOPCKOTO JibJa OT TE€MII€paTypPhbl, TO MaKCUMaJbHO BO3MOXKHBIN
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IIPHPOCT TOAIHHL JIbJa, COrIacHO GopMydae (7.14), MoxeT GbITb Npel-
‘cTaBJeH CICLYIOIHIM o6pa30M :

o
ln—— + [ ca (7.16)
T,
Tabauya 16

AH
lpenenpuas BeaMuuMHA BECEHHErO NPHPOCTA JbJA (;{—0 0/0)

(e-7)°
Jlen, -
1 2 3 | 4 5 7 10
ITpecHpnit . . . 10,6 ] 1,3 1,9 |25 3,2 | 4,4 6,3
Mopero- . . . - | 4,00 6,2 | 7,8 9,2 | 10,4 | 12,6 | 15,5

Brrumcaennsifl 10 o710t GopMyse NPHPOCT JbAA CONEHOCTBIO 2%,
a B uuxHeM cioe 5%, npu ©=-—1,5°C npuBelieH B HHKHEH CTPOKe
TaBIHIBL. BestecTBue TOTO, YTO 3HAYMTENbHAs] 4acTh [OCTYIAIOUIETo
B TOJLIY MOPCKOrO JbJa TeIjia PAcXoRyeTcs: Ha ero miasjchue, dax-
'THYCCKHH «3amac Xouofa» B HEM OKasblBaercsi GoJbile, 4eM IIPH Tex
e YCIOBHAX B MPECHOM JbLY. KpoMe TOro, Macca YHCTOTO Jbla B €1H-
HAUE 00beMa MOPCKOTO Jbla MEHblle, 4eM y Trpecsoro. dtu asa o6-
CTOSATENbCTBA - Hi 00YCHOBIUBAIOT GOJBIIHI [PUPOCT MOPCKOTO JbJIA.
EcrecTBenHO, uto OJarofaps TPOrpeBY CBepXYy (DaKTHUECKUH NPHPOCT
TOJIIMHE Jblla OyAeT 3HAUMTENbHO MCHBbINE NPHBEAEHHBIX HU(D.

4. Taanue av0a 8 maccusax

VsBecTHO, 4TO yuacTKy YHCTOH BOALI.-B MacCHBax JibJa HIPAIOT
“60JIBIIYIO POJIL IPU TasHUU. B JeTHUH nmepuoa OHU NOJYYarOT U3 aTMO-
‘chepsl ‘3HAUUTENBHO GOJbllle TENJa, UeM Jel, TaK. KaK BCJICACTBHE Ma-
JIOf . OTpaxKaTeNbHOH. CIOCOGHOCTH BOAA aKKYMYJHPYeT OoJblile JydH-
:«cToll’ sHeprud. [TorsomieHHOe BOMNOH TEIWIO YACTHYHO pACXOLYeTcs Ha
-TasiHue -JAblJla Kak cOoky, Tak u cuugy. H. H. 3y6os [66] nmpoussen
-OIleHKY HSMEHEHHS CIIOUEHHOCTH JIbId B MACCHBE TPH ero TagHHH
cBepxy u cOoky. [Ipu onpenesneHHn TasHHS JbJOB B Pe3yJbTaTe TEMJIO-
"BOr0O BO3AECHCTBHUS BOABI UM GBIIO CAEJAHO NpPeAlNosokKeHue, UTO [OTJIO0-
[eHHOe BOJIOK TeIJIO cpa3y Ke IOJHOCThIO 'PACXONyeTCs Ha GOKOBOE
TasiHue JbAHH. B TaxoMm cilyuae, NPHPABHHBASA TeIUIO, NOCTynaroulee
Ha BCIO INIOINAZb BOMHOH TIOBEPXHOCTH B MacCHBe 3a BpeMH dt

@, (1—N)dt,

K KOJIHUECTBY Tena, HOTpe6HOI‘O Ha IUIaBJeHHE JbJOB HJIOHlallbIO dN
‘I TOJIMUHON TOABOALHON dYacTy pH/y

o L2 LP‘ HdN.,

132



HOJIy‘-II/IM ypaBHCHHE [Js ONpeJe/IeHHsT U3MEeHEeHHs CIJIOUCHHOCTH Jbja

dN . D,y -
1—N — Lp2H

dt.

UHTerpupoBaHHe 3TOr0 ypaBHEHHs NPHUBOLAT K (OpMyJe

t
N=1-—(1—Ny)exp —L"p—oj Lo dt |, (7.17)

rie No— CIJIOUeHHOCTb JIbJIOB B HAUAJbHLIN MOMEHT.

Buipakenne (7.17) orsnudaercs OT HPUBEJEHHOrO B MOHOrpaduu

I H. H. 3y6oBa MHOXKHTeJEM Y/p B SKCIOHEHTE, NIOTOMY UTO TaM OLIH-
| 60UHO MPHHMMAETCs BO BHHMAaHHe o6llasl TOJIIMHA JbJa, a He TOJNbKO
| €ro NOABOAHON 4acTH. YUET 3TOr0 MHOMKHUTeJNs NPUBOIUT K GoJsiee OBICT-
POMY YMEHBIIEHHIO CIUIOUEHHOCTH Jbna, ueM pano H. H. 3y6opbiM.
| [Ipennosomxenne 0 pacXOAOBAHHM BCEro TellJa, MOIVIOIIEHHOrO BO-
. IIOH, Ha TasiHWe Jbla GOJiee HJIH MeHee COOTBETCTBYeT AEHCTBHUTENbHO-
. CTH JIMUIb TIPU 3HAUUTENBHOH CIJIOYEHHOCTH Jbla. C yBeJMUYEHHEM MPO-

CTPAHCTBa YHCTOH BOMBI PACTET. HOJA Tella, HUAYyIlas Ha NOBLIEHHE

ee TeMIepaTyphl M Ha NporpeB Gosee ray6okux caoeB. Ilostomy nei-

CTBUTE/IbHOE = HW3MEHEHHe CIIOYEHHOCTH JibJa 34 CYET TEPMHUYECKHX

dhakTopoB GymerT OTIHUATBCS OT PACCUHTAHHOTO IO IPHBELEHHOH
. cxeMme.

st ydera nmepepachpefieieHUsl MOCTYNAIOLIETO B BOAY TemJa IIpell-

BAPHTENBHO OIPEEAUM CBSI3b MEXKIY CIAOUYEHHOCTBIO JbJa B MacCHBE

¥ CpeldHeH IIMPHHON pas3BoxbeB. [1peamosioxuM, uTo Jex obimied mJo-

IMaJbl0 Ay PABHOMEPHO paclpeneseH Ha IJIOMIANHM MODS Aa, T. €. CILJIO-

Ay
L_IeHHOCTI) JbIa B MacCHBe COCTaBJIsdAeT N= P
a

MaCCHB COCTOMT U3 j JbJUH, UMeIOHIMX (OPMYy MHOIOYTOJbHHKA Cpef-
- Hell IJIOMAMIbI0 7 ¢ TePUMETpoM [1. ECiiu B cpenHeM HIMPHHA DA3BOAbA

MeXy JbIMNHAMH cOCTaBjsieT 2X, To mepuMeTp (HUrYPH ILJIOMAAbIO
. Nalj, OTpaHHUEHHON JUHMEH, KOTODasd NPOXOAMT Ha paccTOSHMH X OT
JbiuH, 6yner l;. B TakoM ciydide Ha KaxKAylo JbJIMHY B CpelHeM IIpH-
XOAUTCA MPOCTPAHCTBO YHCTOM BOJLL TIIOMAABIO ~

v

Bynem cuurath, 4To

1 a— 'm
o (b X="2=m

Honaraﬂ, YTO MEXKAY NEePHMETPOM H IJIOMAAbIO JbAHH CYIIECTBYET

cootHomenne L=myn, la=m7Yna/j, MOKHO TOJYYUTb 3aBUCHMOCTH
MeXIy CpelHel MYPHHOA Pa3BOLbs B MACCHBE U CIJIOUEHHOCTHIO:

| X 2 (na — M) —_ 2n, (1 — N) _
| mi(Vn +¥nj) mViWVng +Vny)

| —2 /M 1=N
A Tm Jj 1+VN °©
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Ecau naowmann MacCuBa M KOJHYECTBO JIBAHH B HEM He MeHHIOTCﬁ,
TOra Y na/j onpenensieTcst U3 HAYAbHBIX YCIOBUI

/7

Hrax, cooTHOIIeHHe MeXIy IIMPHHOH PasBOIbS M CIIOYEHHOCTBHIO
JIbla B MACCHBE NIPUHUMAaEeT BHJ

V'N),

nJin

No

I B———— .
ne 2 no -

3Has HauaJbHBIE XapPAaKTEDUCTHKH MACCHBA U YBEeJHUYeHHe I_[II/IpI/IHbI |

Pa3BoOAbs 32 CUeT CTa¥BaHHUs JbAHUHEHL, 0 popmyne (7.18) moxHO ompe-
JeJUTb U3MeHeHHe JpJla B MaccuBe. B TaHHOM cilydae Npeanoaraercs,
4TO IHHAMHMYECKOE BO3IEHCTBHE Ha JIBJBI OTCYTCTBYET U H3MEHEHHe LIH-
PHHEL pPa3BOMbSI MPOUCXOIUT JHUIIL B pesysabTaTe TasgHUA JbIA.
BenuunHy GOKOBOI'O CTAaHBAHUS JIbJA MOXKHO JIETKO BHIUHCIUTD, €CJAH
H3BeCTHA TeMIlepaTypa BOAH B pa3BOAbsiXx. B HauGosee mpocTom ciy-

N=(1—BXY, (7.18)

Jae, KOrAa aABEKIHus TEIa OTCYTCTBYET, TEMIlepaTypa BOABI OIpene-

JAeTCA YpaBHCHHEM TeHJIOHpOBO,U,HOCTI/I:

i} . 020 020

o N gz +Kx 0x2 * (719) :

rae K, u Ky — Koo QUIMEHTE BEPTHKAILHON H TOPH3OHTAIbHON TeM-
IepaTyponpOBOJHOCTH.

V3MeHeHHs] TOJLIUELL JbAa U LIII/IpI/IHbI pas3BOibs 3a cyeT TasiHUA
AenaloT ypaBHeHHe (7.19) HeNMHeHHBHIM Jaxke IPH NOCTOSHHEIX K03(-
buueHTax TENIONPOBOJHOCTH H YCIOKHSIOT ero peulenue. B paGore
10. I1. Jopourna u A. C. I'pymikunoli [56] ono 61710 TIOMYUEHO YHCICH-

HeIM MeTonoM. OnpefesneHHasr B pe3yabTaTe pacuetra KapTUHa TeMIle- |
paTypPHOro IIOJIS B BOJAE M XapaKrepa TasHUs JbIUHH (puc. 36) cOOT- |
BETCTBYET CJOKHBIIMMCH (DU3WYeCKUM IpEJCTaBAEHHAM M Habaoge-
wusiM [2, 116]. B xauecTBe HCXODHBIX MeTEOPOJOTHUECKUX NAHHBIX A
IaHHOro mpuMepa Opa/iuch KIHMAaTHYECKHE 3HAUEHHS MeTEOpOJOrHYe-

CKHX 3JIeMEeHTOB NOJAAPHO# cranuuu Meic HlImunra.

Tenno, norjaomaemMoe OTKPBITHIMH y4acTKaMu BOIBI, PACHpOCTPaHsi-

erTcst NOCPEACTBOM TYpOYJEHTHOTO IepeMellMBAHHA IIOX JIbIHHY.
Bceaencrsue 2TOr0 TagHHE JbIMHBE IPOHCXOAHT HE TOJABKO COOKY, HO H
cuuay. MHTeHCHBHOCTD GOKOBOTO TasHUS JbJUHBI 3aBHCHT OT €e TOJ-

IMHB, Pa3MePOB IpPHJIEraioero yvyacTka UHCTOH BOALI U BEJHUHHDL |
k03 uIHeHTOB TypOyJEHTHOrO NepeMemMBaHusi BoAw. C yBesuye- |

HueM TYpGyJeHTHOTO IepeMellMBaHyusg NPOrPeB OXBaThiBaeT GoJsee Iay-
Gokue CJIOU U JaJbllle PacHpOCTPAHARTCS MOMAO JBIOM, HO TEMIEpaTypa
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BOJEL B Pa3BOJibe NOBHIIAETCS MeisenHee. [Tosromy B manHOM cayuae
6yleT pacTH CKOPOCTb TasHAS JIbAWHHH CHH3Y, a BeJHYHHA GOKOBOTO
CTauBaHHS YMEHbIIAThCSA. DTO BUAHO M3 PHC. 36, Ha KOTOPOM NYHKTH-
POM IOKa3aHbl KOHTYPH! JbauHel Aast K;=10 cm?/c, a cujomHo Ju-
| Huel — mas K,=40 cm?/c. o

B kauecTBe IpuMepa IlepepaclpefiesieHHst TeIsd, MOrJIOMEHHOro
pasBoibeM, cocraBiena Tabi. 17. B Hell npuBefieHH NOTOKH TemJja, NpHU-
XOoAsilyecss Ha GOKOBYIO NOBEPXHOCTH JIbAMHE! €IUHHUYHON mHPUHHE Dg,
Ha IOJOCKY HYIKHEN NIOBEPXHOCTH JIbAMHL €IMHHYHOH LUMPHHB U IJHU-

BEHHO Ha NpOrpeB BOJH Psx.
Ha pacnpenenenne mnoro- g4
. KOB TellJid B BOJE OUeHb CH/Ib- |5
HO BJIHSIET COOTHOLIEHHE KO- b=~
3¢ bHUNHEHTOB TOpPH30HTAIL- |
HOH M BEPTHKAJbHOH TeIllo-
IIPOBOJXHOCTH.  YMeHbUIEHHE

Koadunuenra K, npuBoguTK |
' YMEeHbIICHHIO  ITPOHHUKHOBEHHS _?-/

4 g 12 16 20 2% Xm
“r;"—T——W—*—:——

~Temna B Gosee rryGokue CIOU
 MOpsl M BO3pacTaHuio Koju- §
- YecTBa Temsa, HAYLero ua 6o- :/
KOBOE TasHue JbJa. 10
TTockonpKy d9acTb Temmia, gz

- IOTIOMEHHOTO Pa3BOMLEM,  pu. 35 Ylsmenenus JIbIUHEL U TeMIepaTyphl
HAET  HA TOPOTPEB  BOXABL  gomur B passospe. Ha usoTepmax yKasaHel Be-
{YTO HE VYYHUTHIBAETCH CXEMOH auaursl A (6=—1,57 — AB - 1078).

‘H.H. 3y6oBa, To m3mMeHeHHe

CIJIOUEHHOCTH JbJla 34 CueT TepMHUYecKHX (PakTopoB OyleT B AeHCT-
BHTeJLHOCTH MeHbIIeM, ueM jAaHo 3y6oBeiM (puc. 37). MoxHO nono-
Opath Takue MaJjble BEJIHYHHB! KO((HIHEHTa BePTUKAJIbHOH TEIJIO-
| IPOBOJHOCTH, UTO TemJjonepenaus B GoJsee IVIyOOKHE CIOH BOAM IpaK-
THYeCKH He Gyzner. Torna H3MeHeHue CIVIOUEHHOCTH JIbJla, ONpeNeNeHHoe
O faHHOM cxeMe, GyleT coBnajxarth ¢ pesyabrataMu 3y6osa. Tax, Ha-
npumep, I'. B. Anexcees u A. fI. Bysyes [2], naGmonasuune GoKOBOe
iTagHHe JbAa Ha Apeidyomel cragnud «CII1-16» npu oueHb CHABHOM
 PacrpecHeHMH W BBICOKOH IUIOTHOCTHOH YCTOMUHBOCTH IOBEPXHOCTHOIO
‘ MEeTPOBOTO CJIOsl BOIK B passoybe ¢ K,<'l cM?/c, OleHH/IHM OTOK TeIIa,
' pacxofyeMblii Ha 60KoBOe TasHue, B 75—90% cyMMapHOH BeJHYMHBL.

|

i Tabaruya 17
! ' Pacnpenenesue Temia, MOTIOINEHHOrO passoabeM (B %)
‘ . - .
| XM Dy Py Py XM P ¢'H q>B
5 90 8 2 25 31 19 50
10 73 24 3 50 13 12 75
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IIpu aToM mox Jiell IPOHUKACT OUCHb MaJjoe KOJHUECTBO TeIJia, PUBO-
Aslllee K HEKOTOPOMY CTAUBAHUIO JIbJla CHHA3Y, HEMOCPEACTBEHHO BOJIUIN
KPOMKM JIbJUHE. ‘

[Tpn BBIYMCHEHHAX  CIJIOUEHHOCTH JIbJa, MPEIACTABIEHHOH Ha
puc. 37, Ten006MeH MeXAy BOAOH U aTMochepoit B 06eux cxeMax IpH-
HHUMaJICd ONMHAKOBLIM, HE YUHTHIBAJIOCH CTAHBaHHE JbJa CBEPXY, IpeJ-
11071arajiock, 4TO MACCHB COCTOMUT U3 OAMHAKOBBIX JIBIHH NpocTeflrei
tdopmel (xBaspaTel). KauecTBeHHO 37ech H3MeHEHWe CIIOUEHHOCTH
JbJla B 3aBHCHMOCTH OT €O TOJLIMHEI COBagaer ¢ pelnenueM 3vG6oBa,
T. €. C YBeJHYEHHEM: TOJNUIUHE JbJa HHTEHCHBHOCTb YMEHBIUIEHHS CILJIO-
ueHHOCTH 3aMelnsercd, OQHAKO B KOJUYECTBEHHOM OTHOUIEHHM DOJib
TOJIIIUHL! JbJa HECKOJbKO MeHbIHad, ueM B cxeMe 3yGoBa.

N
1,0
0,8
06
04

0,2 HOCTH Jbja.

I—H=2 M, n=10* Mm% 22—
H=2wM, ny=25-10"m% 3 — H=3 M,

a 1 2 3
Jexadsl H. H. 3ydosa).

Ilpu HeomHOPOZHOM pesbede NMOABOAHOH YacTu JbJUHBI BO3HHUKAET

Puc. 37. VsmeHeHue cmjoueH- |

4 ) & 7 no=10* Mm% 4 — H=2 M (no cxeme |

pa3HULlA B BeJHUHHAX OOKOBOT'O CTAUBaHUS BCJAENCTBUE PA3JIUYHS B OT-
HOCUTEJIbHBIX NIOTOKAX TeIJa, NPUXOAAIIUXCS Ha eIUHUNY GOKOBOHU Io-
BEPXHOCTH, M HM3MeHEHUH, 00YCJOBJIEHHBIX IJIOTHOCTHOH HUPKYJIAUHEH

BOIB B palfiOHaX KOHTPAacToB pedbeda. D10 moirBepKpaercss HabJio-
JEHUSIMHU.

5. Pasrosgecras Toauuna avda

Hccaenoranue TepMI/I‘IGCKOI‘O H3MCHCHHA TOJILIHUHEI JbJa B TEUCHHE

TOOOBOTO IUKJA4 IIOKa3bIB4A€T, HUTO MOpCKOﬁ JIeH SABJAACTCH HpOJIyKTOM ‘

B3aUMOJAEHCTBUSA aTMOCQ)epr H OKeaHa. Eciu He NpHHUMATb BO BHUMA-
HHE IIepEHOC JibJa TeyeHUsIMH, TO 0071acTh  €ro pacupocTpaHeHus

H BpeMd CYIIECCTBOBAHHA OIPECHC/]asIOTCSA COOTHOLICHHUAMH IIPpHXOAA B

pacxoja Telia MexAy Bojgol u BosayxoM. IlosTomy TonmiuHa sbga mo-
KeT CIYyXKHUTh B KauecTBe HEKOTOPOrO IOKa3aTessl TEIVIOBOTO B3aHMO-
mefictust atMocdepsl H oreana. OGBYHO HPH 3TOM PacCMaTpPUBAETCsH
paBHOBeCHasl TOJIIMHA JbJd, T. €. Ta TOJINMHA, KOTOpas NPH JaHHBIX

KJIUMAaTHUYECKUX YCAOBHAX HE MEHAETCH OT rofa K rony, a noigBepzKeHa .

TOJNIbKO BHYTPUIONOBHIM M3MEHEHUSM. $ICHO, 4TO B CyPOBBIX KJIHMMATH-
yeCKUuX YCJIOBHAX paBHOBeCHas TOJINUHA JbAa 6OJH:U.I€, yem B 6oJiee
mMarkom kjaumarte. CJefoBaTeIbHO, 3TOT JIELOBBIA [OKA3aTeNb HEMI0X0
OTpaXkaeT TEHJIEHIWIO H3MEeHeHHs KIUMaTa NMOJAPHEX pafioHoB. Tosnbko
IO OJHHM JaHHBIM TelI0BOro 6ananca B pabore JI. M. 3yGenox [64]
NOJydeHbl CpejHHe TPaHHIB apeana MOJSAPHHX JbIOB CEBEPHOro
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TOJYIIADHUS, NOCTATOYHO XOPOIIO COIVIACYIOIIYMEcs ¢ MaHHBIMH Ha6J10+
JeHHH.

310 CBHACTEABLCTBYET O TOM, UYTO B o61eM mWIoAaAb JEeNSHOTO IO- -

- kpoBa CesepHoro JIeZOBHTOrO OKeaHa M MPHJIEralONHX AKBATOPHH

B HacTosllee BpeMs GJIM3Ka K YCTAHOBHBIIEMYCS, PaBHOBECHOMY CO-
CTOSTHHIO.

B pafionax, rge pakTHueCKUll JIeAsSHOH NMOKPOB OTJIHYAETCHA OT PaB-
HOBECHOTO, CJAefyeT Npealonararb HaJu4Yue KONOJHHTEJILHEIX HCTOYHH-
KOB WMJIH CTOKOB Telia. TakuM o6pasoM, comocraBieHue ¢GaKTHUeCKOH

i " paBHOBeCHOﬁ TOJIUMHBI JbJa MOXET CJIYXUTh KOHTPOJEM TOYHOCTH

ONpeje/ieHHsi COCTABMASIOMHX TEIIOBOrO0 OafnaHca W Jabma. Pasaauna
B’ TOJINHMHE JibJa MOTYT OBITH OOYCJTOBJIEHEl Tak:Ke [IBHKEHHEM JIbAA.
B axBaTOpHAX ¢ IPEHMYLIECTBEHHBIM BLIHOCOM JbAOB-HauboJee Bepo-
ATHAs MX TOJINMHA MeHbUIe paBHOBecHOM. IIpH 3TOM IO OTKJIOHEHHIO

. daKTHYECKOl TOJIIHHEL OT PABHOBECHOH H IO CKOPOCTH yCTaHOBJIEHHS
' mocsieHelf MOXKXHO CYIUTh 06 HHTEHCHBHOCTH BBIHOCA JIbJOB.

[Ipencras/ienuss 0 paBHOBECHOH. TOJILUHE JbJOB MO3BOJSIOT CYyIUTh
06 o0IleM xapakTepe JeISHOrO NOKPOBa II0 aKBATODHH, eClM Ha HeH
BBLIMOJTHEHB! JIUUIb OTAEJNbHBIE H3MEPEeHHs, KOTOphle MOTYT CAYXHUTh pe-
TepPHBIMH TOYKaMH. PaKTHUeCKH OCHOBHAS KapTHHA COCTOAHHS Jels-
HOTO ITOKPOBa MHPOBOro OKeaHa Tak U II0oJIyYeHa.

Hluporuii kxpyr 3axad4, HCHOJL3YIOUNX PpPAaBHOBECHYIO TOJINMHY
Jibla, ONpeNeJHJ] COOTBETCTBYIOLEE BHHUMAaHHe YYEHBIX K H3YYEHHIO
sakomoMepHocrelt ee GdopMupoBaHusi. Eme Bafinpexr BBes NHOHsiTHE
O IpefesbHOM TOJIMMHE JbAa AJs PAaHOHOB, i€ OH 3a JIETO He yCIeBaeT
pacTasTh. '

OcHOBHIBAsICb Ha HaGJIOZEHHWSIX 3a POCTOM U TasiHHEM #bJOB
B paiione 3emun @Dpanna-Mocuda Bo Bpems cpoeft saumoBxu (1873—
1874 rr.), oH paccyHTas, YTO AJs STOrO paiOHa HpefesbHAas TOJIHHA
Jabga cocrasaser 260 cm. Tlo cyTH, aTO paBHOBecHAass TOJNIIMHA JbAA.
Tlon nmpenenvHON nesecoo6pasHee INOHHMAaThb TY TOJIIMHY JbAa, KOTO-

. pas MOXeT 006pas3oBaThCs, eclu He GyIeT NPOHUCXOIMTb JIETHEro Taf-

uus. EcTecTBeHHO, 4TO OHa 6yAeT 60Mbllie paBHOBECHOM.

BrepBEle B aHAJHTHYECKOM BHJAE PABHOBECHYIO TOJMIMHY JbJa IPE-
crapua H. H. 3y6or [66]. OH npupaBHAM 3UMHHE IPHPOCT TOJILHHEL
JibJla, BHIYHCASEMBIH 110 SMIHUPHIECKOH dopMysie, K BeJHUUHE €ro JeT-
Hero crauBanus AH.

ST0o Aaji0 PaBHOBECHYIO TOJMLIMHY JbJa HA KOHEL JIeTa, WM, HHaye
TOBODsI, ee MUHHUMaJbHOe 3HaueHue. [IpubaBuB x Heit AH, 3y6os
TOAYYHS MaKCHUMaJbHOEe 3HAUeHHE PaBHOBECHOW TOJNIIMHBL JbIa, Xa-
PpaxkTepHOe AMH KOHIIA XOJIOXHOIO BpeMeHH roza. B kauecTBe HCXOn-
HBIX HapaMeTpoB B 3THX pacyeTax MCIOJb30Bajacb CyMMa rpamyco-
JIHeH MOpO3a M BeJIM4HHA JeTHero craubanud. [losTomy npu oTcyTCTBHH
TasiHus JbJA HE HMeJOCh IPeNsTCTBHH er0 pPOCTYy M TOJMIUMHA JbIa
MOTJIa BO3pacTaTh 6ECKOHEUHO.

B meficTBHTENBHOCTH HEOBXOAMMO YYMTHIBATH HOATOK OKEaHHYe-
CKOTO TeILIa KO JbAY @D, KOTOPHIH MOXKeT cOa/aHCHPOBATH TENJONOTEPH
B atMocdepy, B pe3yJbTaTe 4ero He OYIeT YCJAOBHH IJif JasbHeHIIero

| IIpHpPOCTA TOJMIMHBEI JbJa. Ecaum 6Gbl JerHero TasiHus He GBLIO, TO,
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COTHACHO pacyery Io (bOpMy.ne (6.19), nmpenenbHasg TONMHHA MHOIO-
JETHUX JBAOB B LEHTPanbHOW yacTu CEBEPHOro ﬂeﬂ,OBHTOI‘O oxeana
cocrabusa 6wl 10—12 M,

HecomHuenHo, uto seTHee TasgHUe yMeHbIIaeT YCTAHOBHBIIYIOCS TOJ-
IMHY Jbja. ITO HaraagHo - npomeMmoHcrpuposanu I'. M. Bapanos
u 10. JI. Hasunues (7] Ilpu Bbiunc/ieHHH paBHOBECHOI TOJILHHML Jbja
OHH, IO CYTH, HcnoJb3oBaau merox H. H. 3y6oea, B kKotopom AJs
ONpeleNeHuss TIPAPOCTA JbJA BMECTO JIMIMPHUECKOH HCIOIb30BAJH
HPOCTEHNIYIO aHaNUTHUECKYIO (OPMYJY, VUHUTHBAIOIIYI0O OKEaHUUECKHH

notox Temaa. Ilo QakTHUeCKHM 3HAYEHHAM aCJsNNH, KJIHMaTHYECKHM
JaHHBIM TE€MIEepPaTyphl BO3AYXa W HEKOTODLIM BeJHUMHAM [IOTOKA Telia

H3 OkKeaHa HM yJaJoCh IOJYUYHUTb KapPTHHY HNPOCTPAHCTBCHHOTO pa’c—

npeseJeHds] PaBHOBECHOH TOJHIMHEL abaa 110 CeBepHOMY JIeZOBHTOMY |

oxkeany. Ilpu atom oxasajoch, 4TO MaxrCUMaJbHAas TOJIIHHA JbJa
TOJbKO B OJAHOM CDaBHHTEJNbHO HebGOoJbIIOM paiioHe ceBepHee I'peH-
JIaHJHMH MOxKeT JocTHTHYTh 5—6 M. Ha ocranpHO#l akBaTopuu okeaHa
oHa MeHbule. PacueTs nmokasasH, 4TO OTK/OHeHHs abusuuu Ha 10 cm
OT CpefHell BeNWUYHHH IPUBOAAT K U3MEHEHHIO PaBHOBECHOH TOJIIUHBL
Jpga npuMepdo Ha | M. Taxum o6pasoM, MeTo[ OueHb YYBCTBHTEJEH
K 3aZlaBaeMOl B KadeCTBE HCXOZHOTO NapaMeTpa BeJHUUYUHE JeTHero
CTAaUBaHUS JIbJa.

B nannoii paBore Inpu onpeneJIeHHH PaBHOBECHOH TOJIIMHL JbIA
VUHTBIBAJICS Apelidp, KOTOPBIH, MO pe3y/IbTataM pacyeToB, CIVIAXKHBAET
pas3juuMa B TOJIIMHE JbJa II0 akBaTOpHH. Takoil BBLIBOJ CHpaBefJIHUB.
B TeX CJAyuasx, KOTAA B palloHaxX BBIHOCA JIeH YCIeBAeT JOCTHYb COCTOS-

HUS paBHOBeCHS]. B IIPOTUBHOM CJjyudae TOJIHHA JbJa B TeX O6J’IaCTHX,. i

OTKyJla OH BBIHOCHTCS, GyHeT MeHbIle paBHOBecHOH. [losToMy B Takmx
pacuerax, Kpome apefida, HYXKHO YUHTHIBATL CKOPOCTL YCTAHOBJEHHS
pPaBHOBeCHsST MeXKLY IIPHPOCTOM H TasHHEM JbIa.

JeranpHble HCCACIOBAHAS TEPMOAMHAMHKH JibJa B PaBHOBECHOM

COCTOSIHMHM M CKODOCTH €ro YCTAHOBJIEHHS BHINOJHEHH MefikaTtoM -
u Yurepiteiinepom [249]. OcHOBO#I NpeasOKEHHOH MOXENH SIBJSETCS

ypaBHEHHE TEIJIONPOBOJHOCTH Mopckoro Jbaa (7.9), AomogHeHHoe:
4JieHOM, YUUTHIBAIOMIMM MOIJOIe e painalnud. B KauecTBe HCXOLHEIX

NAHHBIX NPHHAMAJNUCE U3BECTHBLIC 3HAYCHUA KOpOTKOBOJIHOBOfI H OJHH-
HOBOJIHOBOH paguanuu, HOCTyHaIOHlefI Ha CHEXHO-JICAAHYIO  HOBEPX- !
HOCTbD, Typé'y.ﬂeHTHHﬁ HOTOK TeIlJla U HCIlapeHue, OKeaHUYECKUH NOTOK. |

Telmia Ko JbAy U anabbeno. PacemarTpuBass HeNOABHIKHEIN Jel, OHH IO

JMaHHBIM TOTOKOB Tellya, 0000ImeHHbIXx DaerdyepoM, HaULIH, UTO IS

LeHTpaJbHOH YacTH ApKTHKH paBHOBecHAd TOJIIHMHA JbJa 288 cu ye-

TanapauBaercs 3a 38 jer. IIpu 5TOM B KauecTBe HAuaJbHOIO 3HAUCHHS

Opadcs aen ToamuHoN 340 cM.

MogennpoBaHue NO3BOJKIO HCCAEAOBATh BIMSHHE DasM4HbIX (Pak-

TOPOB Ha TOMUMHY Abfa. [Ipu pacyerax npeanosarasnoch, YTo B Teye-
HHE BCEro Nepuoia TasHusa anbbenc A cocrasiger 659%. D10, KOHEUHO,.
He BIOJIHE COOTBETCTBYET PEAJBHEIM YCJOBHAM, [OTOMY 4TO OTpaxka-

TeJbHasl CHOCOGHOCTb CHEXHO-JIEASHOM IIOBEDXHOCTU MEHSAETCA B PO~
necce TasgHus. TouHOCTL XKe onpeneseHnus ansbeno OBEPXHOCTH Jbla ‘

JNOJIXKHa OBITh AOCTATOYHO BBICOKOH, Tak Kak, 110 pacderaM, yMeHbIIe-
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Hrie ee Ha 10% mnpuBomuT K paBHOBecHO# TommuHe Bcero 105 cm. Ilo-
3TOMYy Iesecoobpasuee Gbl10 Gbl cuntath A QyHKHMed OT NPYrux Hesa-
BUCHMBIX TapaMeTPOB. o

B monenu y4HTHIBAJIOCH IPOHHKHOBeHHe KOPOTKOBOJHOBOW panua-
1uH B aef. IIpyu 5TOM 0Ka3ajoch, 4To ueM GoJblile pajlaldy NPOHUKAeT
B TOJINY JbJa, TEM MEHBIIE IOBEPXHOCTHOE TasiHue ¥ OOJbIle ero pas-
HOBecHayd TOJI{HHA. Hocneleee, BEPOATHO, O6y0JIOBJ'IeHO TeM, 4TO HE
IIpHHUMAJ0Ch BO BHHMAaHHe BHYTpEHHEe TasiHhe JbAd, B peayJI_bTaTe
KOTOPOTO NPOHCXOIUT U3BECTHOE yYMEHbIIeHHe IJIOTHOCTH €ro IOBepX-
HOCTHBIX CJIOEB.

D/IeMeHTapHYIO OIEHKY (DOPMHPOBAHHS PaBHOBECHOH TOJIIIMHEI JIe-
TSHOrO HOKPOBA MOXKHO [aTh Ha OCHOBaHHM pacueToB 1O (dopmysaam

(6.18), (7.11) u (7.13), npumenss mepsyio s ¥<0°, a NOCTENHIOI

s =00
[Mocne HACTYM/IeHHs TasHHA anb0elo HAXOMWJIOCH IO popmyse

A=0,725 —0,005AH, - (7.20)

Tne AH — ToMIHHA CTAsBIIETO CJIOSI JbAa HJH 3KBUBAJEHTHOTO eMy
10 TUIOTHOCTH CHera. T :
Tlpu momenupoBaHHH (POPMHPOBAHUS PABHOBECHOH TOJMIIMHLI JbIa
Kak QYHKOUH KJINMATHYECKHX I1apaMeTPOB IepPBOHAYaJBHO CUHTAJOCH,
410 Jiex B CeBepHoM JIeTOBHTOM OKeaHe HENOJBUKEH, H MCCAEN0BANOCH
€ro CTAaHOBJIEHHEe B IBYX DaHOHax, HamboJjee XapaKTepHBIX CBOHMHU
ocoberHHocTAMH. OnuH U3 HUX pacnoJaraJncs BGiusu o. Bpaurens (I),
a apyroit B6u3u 3emaun Ppanna-HMocuda (II). B coorsercrBuu ¢ pac-
HOJIOXKEeHHeM DailoOHOB BLIOMPANUCh KJAHMATHYECKHE . XapaKTEPUCTHKH.

TlepBonauanbHas ToJIIMHA JbAA INpUHHMAaaach paBHON 5 cm. Cumra-

J0Ch, YTO PABHOBECHOE COCTOSIHHE HOCTHIAeTCsi B TOM CJydae, KOTZa
Pa3HOCTb MEXKIY HABYMS IOCJIENOBATeJbHEIMH CPEeIHErOJOBBIMH TOJI-
HIHHAMHU JbJda He IpeBuimaeT -1 cMm. IIpu Takmx yCJIOBHMAX H IPHTOKE

- okeanundeckoro Temaa 0,6 kI[x/(cm2-Mec) MOPCKOH Jiell COJIEHOCTBIO

B5%o mocruraer paBHoBecusi B paiione I 3a 12 ser, a B paiione II 3a

' 26 JeT. B nepBOM ciiyuae ero CpenHErofoBas TOJIIHUHA COCTABJSET
i 258 ¢cM, a Bo BTOpOoM 285 cm (puc. 38). IIpuumna arToro saxjrouena

B KJAMMAaTHYECKHX YCJOBHSX, B Pe3yJbTaTe KOTOPHIX TOAOBAas aMILIH-
Tylla H3MeHeHUu#l TOJIMIUHEl Jbla B palioHe | cylecTBeHHO GOJbllle, YeM
B patione 1I. Eme H. H. 3y6os [66] nokasaJ, yTo yBe/JHUeHHe aMIJIH-
TYIbl BHYTPUIOJOBBIX H3MeHeHHH H NpPHUBOIUT K MeHbIIell paBHOBECHOH
-ToJIuHE U GoJee GLICTPOMY €€ HOCTHKEHHIO,

Tlomyuennrie BennuuHbl H GAH3KH K 3HAYEHHUSIM PABHOBECHOH TOJ-
TWHL NbJa, BeluHcaeHHEIM [. M. BaparnoseiM u 10. JI. Hasunuessm
[7] npu MunuMasbHOi aGJsflUH H MUHHHUMAJBHOM IIOTOKE OKeaHHye-
CKOTO TemJa, a Takxke K pesyiabTaTaM pacueroB Melikara u Yurep-
mwitedinepa [249].

YKe HEOTHOKPATHO OTMeHaJOCh OOJIbINOE BJAMSHHUE OKEAHHYECKOIO

| TerJia Ha TOJINUHY JbAA, & CJAef0BATENIbHO, U TENJIOBLIE IOTOKH uepes
i en. B paGote Melikata n YHTepluTelHepa INosyYeHo, uTO mpu D=

=25 kJIx/(cm?-rox) sexm B CeBepHoM JlemOBHTOM OKeaHe He Hapa-
€TaeT A0 BEJHYHHH, npeBbImaromeﬁ JETHEE CTauBaHHE, H 3a JIETO
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nosiHocTbio ucuesaer. IlocpencTBoM MoxeTHpPOBAaHUST U CPaBHEHHS pe-
3yJbTATOB PAacyeToB C (PAKTHYECKMMH JAHHBIMH B YHOMSIHYTOH pafoTte
cleslaH BBIBOA O TOM, 4TO B LeHTpaabuofl wactu CesepHoro Jleposu-
TOr0 OKeaHa MOTOK Temla K3 BOABI KO JbAY HMEET BeJHUHHY 4—
8 xI:k/ (cm? - rox) . IlpuBenenusie B crathe I'. Y. Bapanosa u 0. JI. Ha-
3uHleBa [7] moToku @ HECKOABKO OTJIHYAIOTCS OT 3TOH BEeJAHYHUHML U IO
aKBATOPHH OKeaHa MeHsioTcsa oT 2 no 17 g[x/(cMm?-ron). Mexny TeMm
MOJI€/IHDOBaHye IIOKa3blBaeT, YTO H3MeHeHHe @ B 1Ba pasa, ot 0,6 10
1,2 xIIx/(cm?- mec), B pailoHe 0. BpaHrenss yMEHBIIHJIO CPefHErofo-
BYIO pPaBHOBeCHYIO TonamuHay Jbia no 200 cu, a B pafione 3emaun
$panna-Hocuda no 150 cm; BpeMs LOCTHXKEHUS YCTAHOBHBLIETOCS
COCTOAHUA YMEHLIIMJIOCh B NEPBOM ciyuae 1o 8, a BO BTOPOM — 0O

Hm I
3 !

-

0 1 | | | 1
5 10 .15 20 25 nem
Puc. 38. PopmupoBaHne paBHOBECHOR TOJIUMHBI JbRa. ExXemecsuHas

ToNERA Jbaa B pakione I (f) u 11 (4) m cpeamss rojoBas B paiioHe
’ 1 (2) u B pafione II (3).

14 ner. B eme Goabuieit creneHn Bauser Ha [ ymeHblueHue P no Hyns.
[1pu s3TOM paBHOBecHas TOMIIMHA B paiioHe | ycTaHaBIMBAaeTCS TOJLKO
yepes 18 ner u cocraBageT 340 cm. CooTBeTCTBYIOUIME BENMUHHHB AJIA
pa#iona II 6ynyt 50 jieT u 475 cm. ' ‘

Taxkad 3aBHCHMOCTb TOJIMHMEBLI JbJa OT OKCAHMYECKOro IOTOKa
Telia OPHBOAHT K HEOOXOAMMOCTH OTHOCUTHCS OUEHB CEpPhe3HO K TOdU-
HOCTH onpenesesund P NPH HKCCAECZOBAHUSX B3aUMOIEHCTBHA aTMO-
cpepHl U OKeaHa B NOJISIPHBIX paloOHaX.

IlpuBenenHble NpuMepsl NOKA3LIBAIOT, YTO B BOCTOYHOM Y 3allalHOM
cekTOpax ADKTHKH BJHSHHE OKeaHHYeCKOrO IIOTOKAa Tellsa Ha Jep He-
OJINHaK0BO. B ciyuae, Koria BHYTPHI'OLOBAS aMIVIHTyLa APYTHX IOTO-
KOB TellJla BeJUKa, KAK 9TO UMeeT MecTo B palioHe I, oTHOCHTedBHEL
BKaaj P B oOmuil TengoBoH 6asaHC JELSTHOTO INOKPOBA YMEHBIIAETCS
H ero poJb ociabeBaer. I[ToaToMy NP OLHUX U Tex XKe KoJeGaHUAX Be-
JUuHHE @ M3MeHeHHs TOJIMIMHBL JbJa B paiione | MeHblue, dem B pail-
ore II.
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CHeXHBIIl IOKPOB YMEHbLIAET aMIVIATYLy BHYTPHTOLOBHIX KoJeba-

HWH TOJIIHHK JbJa. B aumani nepuos OH H30JHDPYET Jel OT XOJO0H-

HOTO BO3jJyXa H YMeHbIIAeT CKOPOCTb POCTa €ro TOJIUHHBE, a B Jer-
HHUH — NPEnATCTBYeT ero TasHuio. [103ToMy BpeMs yCTaHOBJEHHS paB-
HOBECHOH TOJIIIVHEI JbJA NPH HAJHYMH Ha HEM B 3MMHMH [EPHOM CHEra
gosbie, yeM Ge3 cHera. B UHC/EHHBIX 3KCHEPHMEHTAX MPH OTCYTCTBHH
OKEaHHUYeCKOro TOTOKa Teljia DAaBHOBeCHE MeXIy IPHPOCTOM JbJa
U cTauBanueM B padione I mpu A=0 ycranaBsausanoch 3a 1l zer, a BO

- BTOpOM — 3a 38 J1eT BMecTo oTMeueHHbIX Bhime 18 u 50 jer. B pa6ore

Meiikata u Yareputefinepa [249] oTMeueHO, 9TO €C/JH BeChb CHEr ycle-
BaeT pacTasfTh 3a JIETHUH NepHOJ], TO OH cnabo BJMAET Ha PaBHOBEC-

Puc. 39. CxemaTuueckast KapTHHa TeHepaJibHOro gpelida Jabia.

1—4 —ronosble H30XPOHM! Apefida.

HYIO TOJIIHHY JbIa. DTOT BBIBOL CIPaBelJJUB IPH TAaKUX KJIHMaTHUe-
CKHX YC/IOBHSIX, KOUZa 3aMelJieHHe NIPHpOCTa JbJa K3-3a CHEra KOM-
NMEHCHPYETCS] yMeHbIIeHNEeM CTAHBaHHUS.

MopckHe JbAE, 33 UCKJAIOYEHHEM NPHUIAsi, HAXOASATCH B IIOCTOSTHHOM
nBuKeHHU. [To9TOMY NpU BBIYHC/IEHHAX pAacCHpelejeHHs] HX DaBHOBEC-
HOH TOJIIMHB [0 AKBATOPHH HYXKHO YUYUTHIBATH BpeMs KH3HH JbJa
IPH TeX WM MHHX KIHMaTHYecKux ycnosusax. B Cesepuom JlezoButoM
oxeaHe ycraHaBiauBaercs Oojiee WJH MeHee paBHOBECHAs TOJIIMHA
TOJIbKO TEX JIbEOB, KOTODHIE MPHMEPHO AeCATHJICTHE HaxXOAATCH B OJ-
HUX U TexX Xe KIMMaTHUeCKHX Yca0BUAX. V3 OCHOBHOH CxeMB! reHe-
panpHOTO Apefida abaoB (puc. 39) cilenyer, YTO TAKHM YCJIOBUSAM Y0~
BJIETBOPSIOT JIbABI, HAXOISIIHECS B AHTHUMKJIOHAJBHOM KPYrOBOPOTE.
JIbapl, ABMKYILHECS B TPAHCHONAPHOM TIOTOKE M IPOXOAsIIHE BeCh
myTh oT pationa I no BriHoca n3 CeBepHOro JIeOBHTOrO OKeaHa 3a 4—
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5 JeT, He YCIEBAIOT AOCTHYb PAaBHOBECHON TOJIIMHEL. Bcsencrsre oco-
Gennocrell apefipa JbAEl B AHTApPKTHKE 110 CpaBHEHHIO C ApDKTHKOM
penxo OLIBAIOT MHOIOJETHHMH H HE JOCTHUTAl0T PABHOBECHOH TOJLIMHHL
Ha puc. 40 npusegena TosmuHa JbAa IO TPAHCIOJNAPHOH TPaeKTo-
pun (aa). Jlaxe ecau HayuHaeT ApeiioBaTh Jel ¢ HAYAJBHOH TOJIIH-
no#i 300 cm, Oamskoli K paBHOBecHoil B paiiomax | u Il mpu @=
=0,6 kx/(cm2-Mec), B mpouecce npeiia paBHOBecHe He HACTymaeT.
OTtyacTn T0 OODBACHAETCS TEM, YTO B BHICOKHMX IIHPOTAX, Yepe3 KOTO-
pBle NPOXOIUT Jel, 6ojee CypoBble KJAHUMATHUECKHE YCJIOBHSA NMPUBOIAT
K NIIPUPOCTY ero Tonmuusl. Ha 970M XKe PHCYHKe JJIsi CpaBHEHUS IpUBe-
JleHO H3MEHEeHHe TOJILHHBI JbAA BAOJDL ° TPAEGKTOPHH IIPH OTCYTCTBHH
OKEaHHUYEeCKOTO Temyia u CHera. Bumuo, yTo 06a oTHX (akTopa HrpaioT
CyIeCTBEHHYIO POJIb. '

M
6' —
. -~ 2
5k % .
‘»..4 ~—~ 7 N
¥ S/ NP \ 7 |
4 AN, \
27, 3
1 i 1 i | N § 1 t 1
I/ G/ X oomooxom X X
1 2 3 4 5
lodss

Puc. 40. MameHeHne TOJMUMHBL JbJa 1O TPAEKTOPHH
BBIHOCA.

1-—unen co cuerom, ®=0,6 kIx/(cm?- Mec); 2-—geld co
cHeromM, @=0; 3 — nen 6es cHera, P=0,6 gIx/(cMm?- mec).

B ToM cayuae, xorma Jen HayuHaer apefidboBarh ¢ MeHbIIEH Ha-
YaJbHOH TOJIIHMHON, €e H3MEHeHHs BIOJb TPAaeKTOPHHU ellle GoJiee 3HA-
ynTebHB. HanpuMep, npu HavajgbHOH TOJMIHHE JbIa 5 CM B KOHIE
OyTH OHa oKasniBaercd Bcero Ha 0,8 M Mewbllle, ueM npu apelide MHO-
rOJIETHErO TPEXMETPOBOTO JIbJA.

Ilpu apelide M0 aHTHUUKIOHAJBHOMY KPYTOBOPOTY NOJHEI 060pOT
JbIMHA COBEplIaeT 3a 8 JieT, IPOXOAsA PalOHEl ¢ pa3JMYHBIMH KJIuMa-
THYECKUMH yCJa0BHAMH. IloaToMy ycTaHOB/IeHHe PaBHOBECHOIO COCTOS-
HYs ONpPene/sIoch CPAaBHEHHEM He CPENHETOAOBEIX TOJLIMH JbIA, & UX
3HAaueHuil Ha OUpPeAe/JeHHOM yyacTKe TPAEKTOPHH C 8-jeTHel NuKJIHY-
HOCTbIO. PacueThl IOKasafjH, YTO C HeBSI3KOH | CM TOJIIHHA JbIHHEL
yCTaHABJHBAETCA NOCHIE NPOXOXKAeHus e 9—I14 kpyros. Buose ofpa-
soBapmuiica Jjex npu @=1,2 xJIx/(cm?: mec) mocse nepsoro oGopota
no Kpyry Belpactaer A0 4,8 M, 3a caenymooinue 4 ofopora ero TOAIIHHA
BO3pacTaer 10 5,9 M, a ero paBHOBeCHasi TOJIIHHA 595 CM yCTaHOBUTCA
JIMLIb TIoce 9 HUKJOB, T. €. Yepes 72 rona. YMeHbIIEHHE OKeaHHUeCKOro
IIOTOKA TellJla IPUBOMMT K BO3PACTAHHUIO .pPABHOBECHOI TOJIIMHBI JibJa
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U YBeJHYEHHUIO YHcAa 060pPOTOB, NMPOXOAUMBIX JBIMHOK A0 YCTaHOBIe-
HUS paBHOBECHOrO COCTOSTHHUS.

ITonyueHHble pacyeTHhle 3HAUEHHSI PABHOBECHOH TOJLIKHbLL JbIa
B palione xpyrosopora Goubule, uem y ['. 1. Bapanosa u 10. JI. Ha-
auHLEeBa [7], uTO ompeldenseTCs MCXOAHBLIMH KJIHMAaTHYeCKHMH [aH-
oMy, [IpH TPOXOXKIEHHH JbAHHL B IPHIOMNIOCHOM pafioHe HOYTH OT-

CYTCTByeT JIeTHee TasiHdMe, M 31mecb oHa Habupaer no 70% mnpupocra

TOJINIUHEBL 32 BEChb 060p0’[‘.
YUncnendsle SKCHEPHMEHTH! ITOKa3aJy, 4YTO IpU MOIACJNHDPOBAHUH JIE-

JSHOTO MOKPOBa B IIOJSPHBIX paifoHaX HYXHO 00513aTeNbHO NPHHH-
MaTb BO BHHMaHHe He TOJNBKO IBHIKEHHe JIbJOB, HO H BPeMs HX Cylle-
CTBOBAaHHsI, TaK KaK NPH MaJoH IJIMTeNbHOCTH CYLIECTBOBAHHS OHH
MOTYT HE HOCTHMraTh PABHOBECHOTO COCTOSHHSI Ha 3HAUMTENbHBIX aKBa-

TOPHSIX.



I'”TABA 8

YIIPYTHE H IIJIACTHYECKHE CBOHCTBA
MOPCKOTIo Jb4A

1. Ynpyeue xapaxrepucruxu u Oeopmayut mopcrozo rvda

3a BpeMsl CBOEro CyIIeCTBOBAHHS MOPCKON JeASHOH IIOKPOB MHO-
TOKPATHO IIOABEpPraercs pasyMYHBIM CUJAOBBIM BO3xeHcTBHAM. OHHU
MOTYT OBITb BBHI3BAHLI NOJABHXKKAMH JbJAOB, CKATHAMH U JPYTUMH IIpU-
guHamu. IIpu 5TOM B JeAiHOM HOKPOBe BO3HHKAET HAIIPSIKEHHOE CO-
CTOsiHMe, CONPOBOXKAAwIleecsi AedopMalued Jbla, TAK HJIH HHaAYe
HM3MEHSIOIEH €ro KpHCTANIUYecKylo CTPYKTYypy. MHorosernue Jababl
MOTyT OBITR IIOJIHOCTBIO MeTaMOp(U3UpOBaHHE, KaK 3TO YKA3EIBAJOCH
B riase 3. Ilo xpaiiHeil Mepe, 4acTb THX MeTaMOpP(poO3 BHI3BAHA Je-
dbopManusaMu Jbaa.

Cospemennas teopusi gedhopmanuii OCHOBBIBAETCHA HA ABYX B3aHMHO
JONOJIHAIOIUX NpE/CTaBJICHHUAX O BellecTse. B mepsoM cpena cunura-
eTcsl HeNpephIBHOM, BO BTOPOM pACcCMAaTPHBAETCS ATOMAapHHIA Mexa-
Hu3M Ae)OPMUPOBAHHUA.

Ilpeanosaras BellleCTBO HENPEpPLIBHLIM, MBI OTKa3bIBAEMCS OT pac-
CMOTpDEHHsI €ro MOJIEKYJSPHOrO CcTpPoeHHs. B uactHOCTH, 015 Jabja
HeJIb3S IPSIMO Y4eCTh OCOOCHHOCTH €ro CTPYKTYPHL. [l KOMIeHCcanun

"HeJOCTATKOB CX€MDbI HereprBHOCTI/I IIPHXOJAUTCA BBOIHUTL 60J1ee HJIn

MeHEe SIBHO NEePBBIM W BTOPOL 3aKOHBl TePMOAMHAMHKH. Torma yraercd
HOJY4dTh BHYTPEHHIOIO HEPTHIO Tesa O Jub0 ero cBoGONHYIO SHEPTHIO
F xax ¢yHrOuy ot zedopManuil v TeMIepaTypHL.

Hedopmanuu pasmensioTcss Ha' yupyrHe, gBJSIOIifecs TepMOAUHA-
MHYeCKH O0paTHMBIMH, W HeyIpyTHe, KOTZa Ipouecc nedhopMHpOBa-
HHS1 NOJHOCTRIO HeoO6partuMm. COOTHOLIeHHe YyAeAbHOH 3Hepruum Aedop-
MHDOBaHHA U BHYTPEHHeH 5HePTHH KPHCTAJJIHYECKOH PelleTKU Olpene-
Jsier VIPYryl0 KOMIOHEHTY AedOpMHPOBAHHA. Y IpecHOro Jbaa
BHYTPCHHAS SHEPTHA KPHCTAJAUYECKOH pelleTkH OJM3Ka K BeJUYUHE
Tensiocoldepxauust 1 okoso 0°C cocrasager 280 [Ix/r [184]. C monu-
JKeHHeM TeMIepaTyphl BHYTDECHHAA SHEPTUs [JIaBHO yOBIBaer.
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DHeprus neGOpMHPOBAHMA, OTHECEHHAs K €IUHHMIE MacChl Jbla,
Iaxe IPH €ro paspylleHHH Ha NOPANOK MeHbIIe BHYTPEHHeH >HeprHu
KpHCTaJanueckoi pemerkn [152]. .DTo cBHAETEIbCTBYET O TOM, YTO
ynpyrue jAedopManun sabja HeBeaukH. Majble ynpyrue Redopmalinu
CBSI3aHBI C COOTBETCTBYIOIIMMH KOMIOHEHTAaMH HaNPSXKeHHH 3aKOHOM
I'yka, KOTOPHI I/l H3OTPONHBIX TeJ1 BKJAKOYAET JBe YIPYrHe KOH-
CTaHTBl — MOXYJb cuura G m Moxy/ab obGbeMHOro cxkatusi K. Bmecto
9THX NOCTOSTHHBIX YacTO HCHIOJDb3YIOT MOALYJb HOPMAJbHOH YyHIPYTOCTH
E (monyap YOnra) u xosdgunuenr Ilyaccona p.

Hccaneposanue ynpyrux AedopManuii MOPCKOro JbJa OCIOXKHAETCS
TEM, YTO B IPAKTHYECKH BAaXXHOM HHTEpBaJe TeMIEpaTryp 3TOT JeJ
npencrasaseT co0off MHOTOKOMIIOHEHTHYIO MHOrodasoByIo CHCTEMY.
Hapsany c TBepmoii ¢dasoft — MaTpunell mpecHOTO KPUCTAJJIHYECKOrO
JAbJla — B MOPCKOM JIeIsiHOM IIOKpOBe HNPHUCYTCTBYeT paccol, a TaKxKe
TBep/ble THIPATHPOBAHHBIE COJH, BBIIABHIHE B OCAjOK. TepMOAMHAMH-
YeCcKHe CBOMCTBA MOPCKOrO JbJa B AHMalla30He TEeMIEepaTyp OT TOUKH
saMepsanus 10 —22,9° C oTaHualoTcs OT NIpecHoro, HGO 3hech cylmie-
CTBEHHO CKa3BIBaeTcs BJIHsIHHe TelJIOTH (a30BBIX Iepexol0B IIPH 3a-
Mep3aHUU paccoJa.

ITonpo6HOMY HcC/Ie0BAaHHIO 3TOT'O BONPOCA NOCBAINEH pAL Teope-
THYECKHX U SKCIeDHUMEHTaJbHBIX pabor [66, 105, 133, 277 u np.]. dasa
NOHHMAaHHS IIpollecca yHpyroro aedopMHPOBaHHS BaXKeH YCTAHOBJEH-
HBIH 3THMH HCCIEn0BaTeNIMH (GaKT afl/TUTUBHOCTH TePMOAMHAMHYECKUX
CBOMCTB MOpPCKOTQ JIbJid, B Pe3yJbTaTe KOTOPOrO pacyeT MOXKHO BeCTH
pasneqabHO IJs TBEPJOH H KXHIKOH KOMIIOHEHT.

TBepmrasi cocTapasomas MOPCKOro Jiblla NpeacTaBdaser co0oi GoJee
UJH ‘MEHee YHCTBIH HpeCHHIH JeJ, o6pasyloIlHd HeNpephBHYIO CTPYK-
Typy. Yupyrue nedopmMauku 3TOH CTPYKTYPHl ONpeRessOT yIpyroe mno-
BeJleHUe Jbla B lieqoM. FIMeHHO mosTOoMy MeXaHHUYecKHe CBO{ICTBA
JbJia, onpefensieMble ero YIPYrHMHE KOHCTaHTaMH, CpaBHHUTeJNBHO ci1abo
3aBHUCAT OT €ro COJIEHOCTH H TeMIepaTyphl, B TO BPeMs KaK BJIHSHHE
oTHX (AKTOPOB Ha OCTaJbHBIC MeXaHHUECKHEe XapaKTePUCTHKH BeJIMKO.
Peskoe nanenne ynpyrux cBoficTB OyieT JUUIb IPH Ae3arperanuy abaa
B Ipollecce MHTEHCHBHOTO IJIaBJeHHs M paspymenus. IToka cTpykrypa
JbJla HeNpephIBHA, €r0 YOPYTHe CBOKCTBAa MEHSIOTCA MaJo.

Taxofi xapakTep yupyrux geopManufi MOPCKOrO JbJd B KaKOH-TO
Mepe NOATBepkKIaeTcs dKcnepuMmeHTanbHO. 1o mauneim B. H. Cwmup-
HoBa [139], mpoBomuBIIero HCCAeNOBAHMA Ha MHOTOJETHEM MOPCKOM

Tabaruya 18

¥Ynpyrue xapakTepucTHKH MHOI'OJIETHEIO0 MOPCKOro Jbja, =5 m
(no B. H. CmupHoBy)

E. : E
Iata uaMepeHus t nun/cm? B Jarta uaMepeHus T CME w
19 mons 9,0-1010 | 0,44 | 18 oxTalps 8,3.1010 | 0,30
23 amrycra _ 7,7-1010 0,36 | 20 nosb6ps 8,5.1010 0,43
6 oxTa6psa 7,7-1010 0,37 18 despans 9,0-1010 | 0,44
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JbIy TOJUIMHON 5 M, H3MeHeHHe MOALYJSI VIPYroCTH 3a Bech TOAOBOH
IMKJ cocTaBiser. okono 15% (rabi. 18). Pesyabrarel mabiiogeHuid
b. A. CaBenbeBa, NpoBeJeHHLIX Ha ONHOJIETHUX JbJaX, MPUBENEHB Ha
puc. 41. Peskoe yMeHblIeHHe MOAYJS VIPYTOCTH OTMEUAETCS JHIIb
B IIEPHOJ PA3PYIIeHHd, OJHAKO U 3[leChb MUHUMaJbHOe 3SHAUEHHE MOLYJIST
yupyrocty 4,15 1010 nun/cM? cocTaB/ser NPUMEPHO MOJOBHHY MaKCH-

MaJbHOTO.

CioepyeT OTMeTHTB, YTO MOXAYJAbL o6beMHoro cxkatua K y jbha,
B cpexHeM paBHbIH 6—8-10% mun/cM2, B HECKOJIBKO pas GoJibile 3HEp-
TMH CHEIJIEHHSI aTOMOB B KPUCTaJLjie JbJA:

9=2,8"- 10 JIx/r.
Ilepexons K epunuiie 06peMa, MONYYHM
3V=3p;—;2,5 - 1010 mun/cm?,
" Edun/em? / |
840"

74071

§-1071

1077 1 ! 1 1
g Xl X ! I n v 14 7

Puc. 41. V3MeHeHHS MOAyJsl YOPYrocTH JAbJa 3a TOLOBOH
LIHKI HaGJIONCHHH.

Monynb CKEMaeMOCTH TBEPLOTO BEIIECTBA ONpPeNe/IAeTCs SHeprueH
eIIMHUIBL -er0 00beMa. ¥ MeTaJlIoB, HAllpuMep, OH paBeH 2/y 3TOH Be- |
JUUNHBL. 3HAYUTENbHOE NpeBHIIlleHNe BeJHUNHEl K HaJ Heprued cuen-
JIEHHS BO JbJAY, ONpeAe]seMOH CPaBHHUTEJbHO CJHAOLIMH MeXMOJEKY-

- ISPHBIMH BOJOPOXHBIMH CBSI3SIMH, CBUAETENbCTBYET O TOM, YTO YIpPY-
rocTb KPHCTAJJHYECKOH pelleTKH JbJa B 3HAUYHTEJbHOH Mepe |
OIIpefesieTCcs] SHepruell BHyTPUMOJIEKYISPHbIX CBSI3EH.

st mpakTHUeCKHX LeJeHd OCHOBHYIO IEHHOCTb IPEACTaBJseT H3y-
yeHHe YIPYIHX CBOHCTB JIEASHOIO MOKPOBA, COCTOAUIETO M3 MHOXKECTBA
OTHeJBbHBIX KpPHCTAJI0B. Ero ympyrocTtb omnpefensieTcsi YIPYPHMH HO-
CTOSIHHBIMH KajK/IOTO MOHOKDHCTAJIIA JbjJa, BEJHYHHON U OpHeHTalHed
KPHCTAJIIOB H B KaKOH-TO CTeNleHH HAJHYHeM I[OCTODOHHHX IIpuMeced,
BKJIIOUEHU# ¥ T. M. UMCIC yNpyrHx IIOCTOSHHEIX MOHOKDHUCTAJNA JbIA, |
KPHCTAJIJIM3YIOMerocst 10 reKcaroHaJ/lbHOM CHCTeMe, PaBHO HATH. 3Haue- |
HHSl 5THX KOHCTAHT ONPENE/ISIUCH TEOPETHUECKH H SKCIEPHUMEHTAJIbHO
¢ TOMOILBIO yabTpasdsyka [15, 230]. Ynpyrue cBoiicTBa MOPCKOTO JbJa,
OpeCTaBJSIONIero: co00H IOJUKPUCTANNNYECKOE TEJNO0, OTIHYAI0TCH
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OT CBOICTB MOHOKDHUCTAMJIA, U /I HX M3YUYEHHs CTaBATCS CIElHalJbHble
SKCIEPHUMEHTEHL.

CpaBHHUTEbHAS MEIKO3epHHCTOCTb MOPCKOTO Jbla IMO3BOJISET pac-
CMaTpUBaTh €ro KaK H30TPONHOE TeJo. Bo BCAKOM ciyyae B Hanpas-
JIEHHH IIOCKOCTH HaMep3aHUS €r0 MOXKHO CYHTaThb CTATHCTHYECKH-H30-
TPONHBIM. DTO fBJsETCS CIeICTBHEM yiKe YIOMHHaBIIelica B riase 3
Xa0THYECKOH a3MMYTaJbHOH OPHEHTHPOBKM ONTHUECKHX OCeH OTHe/b-
HBEIX KPHCTAJIJIOB. :

Mo BEpTHKAJILHOMY HarpaBJeHHIO MOPCKOH JeAsHOH MOKpOB O6Ja-

-ZlaeT HeKOTOPOH aHH3OTPOIMEH YIPYTHX CBOHCTB, CBS3aHHOH ¢ OcoOeH-

HOCTSIMH €r0 TEPMHYECKOI0 peXHMa H KDHCTAJJIHYECKOrO CTPOSHHS.
Hanuuyve TeMmmepaTypHHIX IDaJMEHTOB M HEOQHOPOIHOCTH CTPOEHUS
JIeSTHOTO TIOKPOBA IO TOJIIHHE onpejeaseT MaKPOCKONMYECKYI0 aHH30-
Tponuio Mopckoro Jbpa [187]. OpueHTauMs OTHAENBHBIX KPHCTAJ/I0B
onpene/sieT MHKPOCKONHYECKYI0 aHH30TPONHIO. B/MfHHE 3THX BHJOB
AHM30TPONIHH 3aMETHO, KaK MNPaBHJIO, JHIIb Ha HeOOJbUIMX pPaccTos-
HHSIX — OT MMJIJTUMETPOB 1O HECKOJIbKHX METPOB.

Ilpu uccaenoBaHuy MHTErpaJbHEIX XapaKTEPHCTHK JIeASHOH HOKPOB
paccMaTpuBaeTcs 0OblUHO KaK TOHKas IVIOCKONapaJJesbHas NJIaCTHHA.

' Takasi miacTuHa, obsajgamouias aHU30TPONHEH YIOPYTHX CBOMCTB IO

TOJIMHE, HA3LIBAETCS TPAHCBEPCaJbHO-H30TPOuHOA. Ee medopmanuu
OINUCEHIBAIOTCS C TIOMOILBI0 OOBIYHONH MOJE/IM YHPYTOro HM30TPOIHOTO
TeJa, UMEIOIEro IBe yIpyrue KoHcranTsl — Moxyub IOura E U Monydb
capura G. ‘ .

‘ Monynu ynpyrocTd JeAsSHBIX MOJeH OOLIYHO  M3MEpSIOTCS IO CKO-
POCTSIM paclpoCTpaHeHHs] YNPYTHX BOJH B JeISHOM IOKPOBE C IIOMO-

WIbIO CECMHYECKOH ammapaTypsl. Bricokaa paspemalomas crnoco6-

, HOCTb 3TOH alliapaTyphl H XOPOIIO PasBUTAasl TEOPHS PaCIPOCTPAHEHHS

. YIPYTHX BOJH B TBEPIBIX Te/laX MO3BOJIAIOT AETAILHO HCCIENOBATL YII-

- pyrHe CBOHCTBA MODPCKHX JIbJOB.

‘ Ynpyrue BOMHB B JeJSHOM NOKPOBE BO3OYKAAIOTCS YIAAPOM, B3PHI-
BOM HJH ApyrHM crocoboM. C moMompro. ceTH CellCMOIPHEMHHKOB
OIIPeJEesIOTCS CKOPOCTH NPOROJABHON Cp W monepeuHoil C: BOJH B Je-

| ISHOM IUIAaCTHHE IO BPeMEHH HX BCTym/IeHHs. CKOpOCTb AJIMHHOM IpO-

{ AOMBHOM BOJHB B TOHKOH H3OTDONHOM YNpPYroil mJacrvHe ONpeness-

{ ercs 1o hopmyJe

| E
| szl/p(l-fﬁ) )

' Tlast CKOpOCTH TOMNepeuHOil BOJHB HMeeM

E
C= Vm :

1 3nas cxkopoctd Cp u C;, MOXKHO BHUMCAHTL MOIyab IOura E, Mmo-

| myab casura G v xosdpduuument I[lyaccona w, Hcnoabsys cirepyiomue

3dBUHCHMOCTH:

. C; \2 ’
E=pCi(1—p’); G=pCh  p=1-2(g-). (8.1)
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Yupyrue XapakTepHUCTHKH JbJa, ONpeleleHHble TAKHM CIOCO60OM,
SIBJISIIOTCS] CPeIHEUHTerpajbHEIMU, OCPEHEHHBIMHY 110 JIJiMHe 6asbl, T. €.
[0 PacCTOSTHHIO MeXKAY ceHcMoNpHeMHHKAMHU, Il JIOKaJbHBIX H3Mepe-
HHE YIPYIHX XapaKTEePHCTHK MOPCKOrO JIbJa ‘HCIOAb3YIOTCS YIAbTPa3By-
KOBble MeToAnl. IIpy 3TOM mpoussomaTcs ucenbiTaHus in situ u B JaGo-
PaTOPHBIX YCTOBHSX Ha MaJjblx o06pasuax, BHIIHACHHBIX H3 JIEASHOTO
TIOKPOBA.

Kak wusBectHo, pa3JII/I’-IaIOTCH agunabaTHueCKue W H30TepMHUYECKUE
3HAUEHHST YIPYIUX KOHCTAHT B .COOTBETCTBHH C PEXUMOM aedOPMHPO-
BaHHA. DrICTprle KoseGaTe/bHBIE IBHKEHHS NPH IPOXOKIEHUH YIDY-
T'HX BOJIH fABJSIOTCH NpUMEpOoM anuabaThdeckod AedopMaluy, Korga
3a BpeMs OJHOrO KoJieGaHMs TelsJ000MeH ¢ BHeIHeH cpeloifl He ycIle-
BaeT coBepliaThed. AnnafaTHuecKue ¥ U3OTEPMHUECKHE 3HAUCHHA MO-
HyJs CIBUTA OAMHAKOBH. AnnabaTHuecKHH MOLY/Ib O6'BEMHOTO CXKATHS
60Jbllie COOTBETCTBYIOIIEr0 H30TePMHUYECKOTO MOIYJIS:

Gu=0;  Ku=K-+KEL,

rae. T — pacuerHas TeMmeparypa; k. -—ko3hduuentT o6beMHOTO Tem-
JIOBOT'O PaCUIMPeHHs JIbAA; ¢p — yAeJdbHast 00beMHas TeIIOEMKOCTb He-
AeOpMHPOBAHHOTO JIBAA.

Takum 06pasoM, AnHAMHUYECKHE METOJbl ONpPEJeEHHs MONyJ/Iel yI-
pPyrocTu Jpla naloT ux agHabaTHuecKHe 3HaUeHHA. VI3orTepMmHyeckHe
3HAYEHUST MOXKHO MNOJYUHTb IPH CTaTHYECKHUX MCHBITanusx. i nbna
9TO TMPaKTHUECKH HEOCYHIECTBHMO, IIOCKOJBKY pPE3YJAbTAThl IKCIEPH-
MEHTOB OYAYyT HCKaXKeHbl OOJbUINMH NJaCTHYECKUMH AeQOpMalUIMHU.
ITosToMy 3HaUeHUS YIPYr#X XapaKTePHUCTHK JbJa, NOJYUEHHLIE CTATH-
YeCKUMH METOLaMH, CH/JIBHO PasJHyarTcs MeXAy c060i.-PesyabTaThl
TAKHAX SKCIEPUMEHTOB (DAKTHUECKY HEBOCIPOUIBOIUMEL.

3HaueHHs YIPYIHX XAPAKTePHCTHK MOPCKOTO JbJa, [OJyueHHEE
DPa3JIUUHBIMH HCCIeN0BATeNsIMU ¢ NOMOIIBIO CEeHCMUUECKHX M aKyCTH-

YeCKHX METOLOB, HEIJIOXO COTJIACYIOTCS MeXAy coGOoH. 31ech cieayer

orMeTuTh paborer Omusepa, Kpspu u Korrenss [269], E. M. JIuubkoBa
[96, 97], B. H: CMHpHOBa [139], JlanrseGena [244], B. B. Boropoxn-
ckoro [13] u znp. ~

Kpapu Ha snengHom ocTtpose T-3 HoJaydua CAeAYIOIIHE 3HAYEHHS:
E=7-10" pun/cm?, G=2,6-10 nun/cm? wu=0,325. Usyuas pacnpo-

CTpaHeHHe yNPYTHX BOJH B NOJAX apKTHueckoro Jbpaa, Oausep, Kpspu

u Korrenp [262] woayuunum pAns  momyas IOura sHauenus oT
610 guu/cm mo 8,510 num/cm?®, G=2,1-2,2-10° gum/cM2 u p=
=0,32+0,37.

B. B. Doropopckuit onpemesnsn yupyrae KOHCTAHTH ORHOJIETHUX

U MBOTOJIETHHX MOPCKHX JIBAOB, HCIIONAB3YA YJAbTPAa3BYKOBble METOIHI.

PeayabTathl €ro paGoThl npEBeleHH B Taba. 19. dxcnepuMeHTalbHbIE

3HAYEHUs YOPYTHX KOHCTAHT, MOJY4YeHHBle DOTOpOMCKUM, HMET I0-

BOJIbHO 3HAUHTEJBHBIE pasdpoc oT clos K ciao. MHTepecHO, uTO0 OTHO-
utenne £/G npu 3TOM OcTaeTcsl IPUMepHO MOCTOSHHBIM B PaBHBIM 2,66.
Benuunna xoaddunuenra Ilyaccona rakxke noaydgaercs LOCTATOUHO |

crabunbnoii — pu=0,33.
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Tabauya 19

JKCnepUMEHTANbHbIE 3HAYEHHsl YNPYrHX KOHCTAHT MOpPCKOro Jbaa, B juH/cm? [13]

3HaueHHa B Pa3HBIX CJI0SX IO TOMMIMHE JefsHOH NAaCTHHHI

OIHOJETHHUT Jef MHOTOJIeTHHH Jej

E.10-10 [ 2,70 | 7,50 | 4,08 5,95 | 5,85 [ 8,95 | 5,30 | 7,96 | 4.56
G.10-10 | 1,02 | 2,86 1,54 | 2,25 | 2,20 | 3,36 | 2,04 | 2,96 | 1,69
E|G 2,66 | 2,62 | 2,65 | 2,66 | 2,66 | 2,66 | 2,656 | 2,70 | 2,70

K/E 1,02 | 1,14 1,08 1,02 | 1,02 | 1,02 | 1,08 | 0,90 | 0,90 .
B 0,33 | 0,31 0,32 | 0,33 | 0,33} 0,33 | 0,32 | 0,35 | 0,35

Iayunep, o6cyxpas sKcnepuMeHTa/ bHHE LAHHBIE, NOJNyUeHHBIE MM
BMecTe ¢ Jlamrjge6eHoM, OTMeuaeT, UTO BeJHUHHA U NIPAKTHUECKH He
3aBHCHT HY OT COJIEHOCTH, HH OT TeMIiepaTyphl. Pe3yabTaThl UX ONBITOB
naioT cpenHee snauenue p=0,295, conocraBumoe ¢ ouenkoir . C. [lec-
yauckoro [125] ©=0,29,

E. M. JIuHBKOB NOJy4HJ HEKOTOPOe Bo3pacTanMe Kosgduumenta
IMyaccona ¢ moswinienueM TeMmuepatypsi: oT w=0,36 npu T=—4°C no
u=0,39 mpu T=—1°C. Vim Ke NoJy4eHa 3HAUHTENbHAS 3aBHCHMOCTb
MOZAYJIeH YIPYrOCTH OAHOPOLHOTO OXHOJETHETO MOPCKOTO JbJa OT TEM-
nepatypel. Ilpw ymenblienun Temnepatypel or —1 mo —4,5°C sHaue-
HHSI MOAYJEH B 3KcnepumeHTax JIMHbKOBA yBesWuMBaNHCh BABOE. [aH-
Hble APYTHX HCCAefloBaTesedl He NMOATBEPXKIAAIOT TakOoH OoJbLION 3a-
BucHMOCTH oT temuepatypsl. B. Il. DepnennmkoB [9], nanpumep,
OPHUBOAUT CJIELYIOUIYIO SMIHpHUYecKylo (OPMyJy, CBASEIBAIOMIYIO MO-
IyJab yOpyrocTd jbaa E ¢ reMneparypo# 7:

E=(87,6—0,217--0,00177%) - 10° nun/cm?. (8.2)

Heckonbko cuibHee BJMSIHHE COMEHOCTH JbAa. IL/Ist OLEHKH 3TOro
BaugHua Ilayupep u Jlanrmeb6en [270] mpoBOAMJM ChelHafbHBE
OMBITHL ¢ MOPCKHM JIBIOM PasiHuHOlM CcoseHOCTH. IloJqyueHHEIE UMH pe-
3YJBbTATH aNNPOKCHMUPOBAJICH JUHEHHOH 3aBHCHMOCTBIO

FE=(10,00—0,0351v) - 101 numn/cm?, (8.3)

I'Zle colepKanue paccosa v maerca B Y%o. PesyabraThl skcrepuMeHTOB-
3THX e aBTOPOB C MHOTOJETHHMMHU IOJAPHLEIMH JbJAMH He YIOBJETBO-
psiau ypaBHeHuo (8.3).

Tabara [286], npoBoguBIIHE 9KCHEPHMEHTEI ¢ MOPCKUM JBJOM, NIPH-
BOJUT SMIIMPUUYECKYI0 3aBUCHMOCTD, CBA3LIBAIOILIYI0 MOAYJIbL YIPYIOCTU
JbJlA C TEMIEPATYPON ¥ COfepKaHnuem paccona:

E=(32,3p —20,7--0,14T—0,59¢">"*7) . 10" numjcm’.

3pech p=pk (1l —V), rie px— IJIOTHOCTb JbJa 6€3 MOJOCTeH.
MOXKHO Takke YIOMSHYTb  IIPOCTYIO SMIHpHYEcKyio (opmyay
B. Il. BepnennukoBa [10], B KOTOpO MOAy/b YIPYrOCTH COJIEHOTO
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Jibna Es npu GuKCHPOBAHHOH TeMIepartype OblJI JHHEHHO CBSI3aH C MO-
LyneM yOpyrocTu NpecHoro jbjaa Ep npu Tol Ke TeMuepartype:
E—E(1-85),
P

THe S — COAepKaHue COJeH BO JbLY, a Sp— KOHIEHTpALus paccoia,
‘COOTBETCTBYIOIAs RAHHOH TeMIlepaType. '

DKchepHMeHTaJ/JbHble 3aBHCHMOCTH Tula (8.2) u (8.3) Onum HoJIy-
UeHBl pasHBIMU HcciefoBaTensgMu. K coxanenuto, BCE OHH HOCHAT ua-
CTHBIM XapakTep U NPHUTOAHBI JHING IJs1 OLpeleseHHON Cepuu SKCHepH-
MeHTOB. IlombITKa TEOpeTHYeCKOro INOCTPOEHHSI YHHBEPCAJBHON 3aBHU-
/CHUMOCTH Oblia npexnnpuusata Anmepconom u Buxcom [190], a 3arem
Accypom [192], npeAnosOXUBIIMME SYEHCTYIO MOJENb MOPCKOTO JIbIA.
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Puc. 42. Monymb ynpyroetu E u comepxanme pac-
coJla B HHSKOTeMIIePATYPHOM cJjioe Jbia [16].

1 — VYanbc, Ansicka, 1958 r.; 2— Vasabc, Adasicka, 1959 r.;
3 — Tyne, pennangus,.1961 r,

B »Tofi Momenu MOPCKON -jjef TNpeNCcTaB/sieTcsl HMEIOIHM Helpe-
PBHIBHYIO YIPYTYIO CTPYKTYPY, OClTabJIeHHYI0 PaBHOMEPHO PacloOkKeH-
HBIMH SUefKaMH ¢ DACCOJIOM HJIH BO3IYUIHBIMH BKJIOYeHHSIMH. Teope-
THYECKUH aHAMAH3 VIPYTHX U NPOUHOCTHBIX CBOMCTB TAaKoH Mojesu
B JajbHellleM NPOBOJAHWJCH C HNOMOIIbIO TeOpHH mephOpHpOBaAHHEIX
miaactud befiinm u Xukca [197]. Ckopocts ymupyro#i BosHel Cp 37ech
OKasblBaeTcss 3aBHCSILIEH OT OTHOWIeHUs 2e/d, rne 2e-— paccrosHue
MeXIy siuefkaMM, d — guaMerp sueliku. BenuwunHa 3TOro otHOIIEHHSA
OnpenensieT conepKanue paccona o abay. [lpu 2e/d — oo sen crano-
BHTCS CHJIOIIHBIM, CKOPOCTb YIPYTHX BOJH MakcuMaJtbHa. [Ipu 2e/d—-
— 1 cKopocTh HOJMKHA NPHOIHXKATBCA K CKOPOCTH 3BYKa B MOPCKOM
Bome. Ecap mpu TeMIepaTypHBIX H3MEHEHHSIX pPAaCCOJ BBITEKAeT H3
siyeeK, TO H3MeHseTcs IVIOTHOCTD JbAa, 4 MOLY/Ib YIPYTOCTH IIPH 3TOM
O6yzner yMeHblIaThesa. Ha pHuc. 42 npuseleHa KpuBas, HIIOCTPUPYIOLIAS
3aBuUcuMOCTb MoOAyass IOHra OT H3MeHEHHSI COHEepXKAaHHSI paccosa
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Bo Jbay [16). Kpusass ABCE nokaseiBaeT yMeHbLIeHHe MOLYJIS yIOpy-
rOCTH MOPCKOTO Jibla TIPH YBEJHUEHHH COAEPKAHHUS paccoJa, T. €. IpH
yMeHblnenny otHowmenus 2e/d. Orpesok kpuBo#i CF cooTBeTCTByeT Cay-
Yai0, KOTZA paccos BHITEK H3 siUeeK, COJEHOCTh JbIa YMEHbBIIHJACh,
a MOAyJb YNOPYTOCTH TNajfaeT BCAEACTBHE YMEHbUIEHHS IIOTHOCTH
JbJA.

B sakmouenue Clefyer yKasaTh, UTO YIPYroCTb MOPCKOro Jbla
B OCHOBHOM ONpEeJseTcs YIPYrocThio TBEpIOM asbl, CPABHHTE]BHO
cnabo 3aBHCALEH OT BHEWHUX npuuyuH. Hamnuue xuaxoil ¢asol HcKa-
JKaeT TeOMETPHIECKYIO CTPYKTYPY JbJa M NPHBOAUT K M3MEHEHHIO €ro
YIPYTHX CBOHCTB, TeM GoJjiee 3HAUMTENbHOMY, 4eM 6OJ/blue 3TH HCKa¥Ke-
HUs. B yCJ/OBHSIX HH3KHX TeMHepaTyp BJIMAHHE 3THX q)aKTopOB HeBe-
JIUKO.

2. Avomapneiii mexanusm depopmayun avda. Hueaoxayuu

Peanpuble cBOHCTBA MOPCKOTO JibJa JajeKd OT HIealbHOH yIpyro-
cth. Jlen oTueTanBo o6HAPYKMBaeT HEYIPYTHE CBOHCTBA, NpHYEM B 3a-
BUCHMOCTH OT PEXUMa Harpy3KY .u BHA HANDPSAKEHHOTO COCTOAHHA 3TO
€ro KayecTBO NIPOSBJSETCS NO-pPa3HOMY. BJHsHWe Heynpyrux CBOHICTB
Jbja Ha JedopManuy, HaNpSIXKeHHOe COCTOSIHHE H H3MeHeHHe CTPYK-
TYpBl JEASHOIO0 HOKPOBAa MOXET 0Ka3aThCAd BecbMa CYIIECTBEHHBIM,
0 YyeM CBU/ETEJbCTBYIOT JaHHBEIE NPAKTHUECKOrO ONBITA H Pe3yabTaThl
CIlenHaJbHEIX SKCIepUMEeHTabHEIX HCCeJOBAHUN.

OcHoBHast TeHIeHIMs Heynpyroro ne¢OpMHpOBaHHS Jbla 3aK/I04a-
eTcsl B TOM, 4TO Aed)OpMallMi BH3BIBAIOT TAKyl0 MEPECTPORKY KpHCTaJ-
JI0B, KOTOpAsl yMEHbLIAET HANPSIKEHHOE COCTOSHHE B HHX. Hedbopmu-
poBaHHEe IO CBOEH CyTH SIBJSETCS TEPMOAKTHBHPOBAHHLIM. IIPOILECCOM
U NO3TOMY 3aMEeTHO 3aBHUCHUT OT TeMIeparypsl. [ljifg MOPCKOro Jbaa 3TO
BecbMa CYIeCTBEHHO, IIOCKOJIBKY eT0 HMIKHHEe CJIOH BCeria HMeEIT TeM-
nepaTypy, 6JIU3KYI0 K TOUKe TJIaBJISHHUSA.

®usnueckuil nponecc AeGOpMHUPOBaHHS H CONPOBOXKAAIOWIETO €ro
HU3MEHEHHsI KPHCTaJINUeCcKOH CTPYKTYPHl Jbla 00yCIOBAHBAETCS B. OC-
HOBHOM IIpOLleCCaMH IepeHoca THIa MoJeKyaspHoii nuddysun. Cko-
pOCTb NpPOTEKAHWsS 3TUX ABJEHHI ONperesserTcs PAasHOCTBIO XHMHUeE-
CKHX (TepMOAMHAMHYECKHX) IOTEHLHAJOB, BHI3BAHHOH T'DafHEHTOM
TeMIepaTyp, JOKaJbHBIMHA 3HAYCHHUSMH HaNPsXKEHUH, IPUCYTCTBUEM CO-
Jeii u npyrumu dakropaMu. Hamnpsi:KeHHOe -COCTOSHME, BEI3LIBAIOLIEe
JedpopmManuu Jbla, YBeJHUYUBAET €ro TEPMOJHHAMUUYECKHI IOTEHI[HAJ
TaK, 4TO CKOPOCTb NPOIIECCOB NlepeHOca Pe3KO BO3pacTaer.

PaccmarpuBasi nponecc aeopMHPOBAHHUS MNOJHKPUCTANLIHYECKOTO
MOPCKOTO JIeTHOTO MOKPOBA, MOXKHO BHIIEAHTbL TPH OCHOBHEIX BHIA Je-
tdopmanuii. K HuM OTHOCSITCS B3aUMHbIE CMeEIeHNs] KPHUCTAJJIOB, H3Me-
HEHHEe UX pasMepoB ¥ (OpMB, BHYTPHKpHCTaaauyecKas Aedopmanus.
ITepsble mBa Buma medopManuii BHI3BIBAIOT MAaKPOCTPYKTYPHEIE H3Me-
HEHHMSI KPHUCTaJJIHUECKOTO CTPOEHMS JibJa, a BHYTPHKPHCTAJIHYECKHE
nedopMalnuy onpeneasior 1edhopMaTHBHYIO COCOOHOCTb KaxKJOTO KpH-
cTasnsa Jbfa.
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Hsyyenue nebopMauuii B OTAEAbHBIX KPUCTAMIAX [IO3BOMSAET MOHATh
B IleJOM Ipouecc aedopmupoBanus abga. O6euHo mebopManuu B Je-
JSHBIX KPHCTAJIaX HPOSIBJSIOTCS MaKPOCKONMYECKH B BUAE DAa3[eib-
HBIX II0JOC CKOJLKEHHs, MapajefbHblXx GasUCHBIM ILIOCKOCTSIM.
‘CIBUI'H IPOHCXONAT IO IJIOCKOCTSIM CKOJBbKEHHs BHYTPH KPUCTaJJIHYC-
CKOH pelleTKH, 410 00bsiCHIET Ha3BaHNUE ATHX MJIOCKOCTEH.

CABHIH KPHUCTAJJIOB JIbJA IO IJIOCKOCTSM CKOJIbXKEHHS BBI3HIBAIOTCS
CPaBHUTEJIbHO He(OJbIIHMH Hanpspkenusmu. CIBHTH B JPyrux - Hampa-
BJICHHAX TPeOYIOT 3HAYHTENbHO GOMbIIMX yCHIHH. [To ONBITHBIM naH-
HbiM Xurawy [155], npegesbuble HaNps:KeHHs, BHI3BIBABUIHE MOJI3Y-
YecTh, B HaNpPaBJICHUAX, NapaJ/Je/]bHbX 0a3HCHBIM MJIOCKOCTSIM, V JbJa
coctaBadaan 4-10° num/cM?,, a B NepNeHAHKYAIPHOM HaNpaBJIEHUH
9. 107 nuu/cM?, T. €. 6oaee ueM B 20 pa3 Goblile.

IIpoueccel n1eOpPMHPOBAHUSA M H3MEHEHHd BHYTPEHHEH CTPYKTYpHL
KPHCTAJJIOB JIbAa, pacCMAaTpHBaeMble Ha MOJIEKYJISPHOM YpPOBHE, CBS-
3aHH ¢ HepeMellendeM 1e¢eKTOB KPUCTANIRYECKON peIleTKy, T. e. IH-
crokauu# (JMHeHHbIe Ae(QeKTh), BAKAHCHH U 4TOMOB, PACIOJIOKEHHBIX
B MeXA0y3JHuAX (ToyeuHble nedekTHl). IIpHu 3TOM BCSIKOE CMeMeHHE aTO-
MOB CBfI3aHO C IPEOJLOJECHHEM HEKOTOPOro 3HepreTHueckoro Gapbepa,
IIOCKOJIBKY aTOMBI, PacCHOJIOXKeHHble B y3Jax KPHCTAJNJIHYECKOl pe-
{IeTKH, CUIAAT B <IOTEHIHAJbHEIX fMax», Pojp TeMIepaTypsl, BBI3EI-
BalOLlell TElNIOBOE IBUXKCHHE aTOMOB, CBOLUTCS K CHHKEHHIO BeJUYHHEL
sToro 6apbepa.

CIBUTH aTOMHEIX MJIOCKOCTEI!, T. €. INIOCKOCTe}l TeKCaroHabHbIX KO-
Jlell B KPHCTAJJIHYECKOH pellleTKe Jbla, OTHOCHTEJIbHO APYT Apyra, co-
TJIaCHO COBPEMEHHBEIM NPEACTAaBJIEHHAM, IPOUCXONAT HE CPasy, a MyTeM
TOC/IeIOBATE/IBHOTO NlepeMellleHnsT OJHOr0 aroMa 3a APYTHM. ¥ CHIHd,
BEI3BIBAIOIINE CIBUT, CPABHUTEIBHO HEBEJHKH U II0CTEI0BATENbHO MEPe-
JAI0TCH OT aTOMa K aTOMY 110 HaNPABJICHIIO CABHTA.

PaccMOTpUM JMHEHHYIO. LEMOYKYy aToMOB. IlepeMeleHHe aTOMOB
B BepXHeM CJIOe 10 OTHOLIEHHIO K HHXKHEMY IIPOHCXOLHUT TaK, UTO CJeBa
OT HEKOTOpO#l I'pAHHMIbI ATOMBI YK€ CIBHHYJIHCH HA BEJHUYHHY IIara
KPHCTAJJINYECKOH pelleTKH &, a CIPaBa elle HaXoAATCsd Ha CTapoOM Me-
cre. O6acTh MeXAy STHMHU IPaHHIAMHU SIBJASETCH JHHEHHON MHCJIOKa-
nued, TOJOKHTENBHON IPH CTYILEHHH aTOMOB M OTPULATENbHOH B CJLy-
Yyae pas3pekeHus.

CKOpOCTb CMeIleHHs NUCAOKALHMH He IIpeBBIIIAET CKOPOCTH 3BYyKa
B0 Jbny. Ilpu 5TOM KamKABIH aTOM CMeENlaeTcs TOJNbBKO Ha ONMH Iuar.
Tlepemenienue aToOMOB Ha paccTosiHHe, KpaTHOe a, TIPOUCXOAMT B pe-
3yJbTaTe IEpPeMeIleHus pAga  IOCHelOBAaTENbHLIX  JHCJOKALHE.
Ilox nefictBueM HanOpsXKeHMH AWCAOKAIUHM = NPOLYUHPYIOTCT HCTOU-
HUKAMH PasjHyYHBIX THIOB, BO3HHUKAWOMYMH B KPHCTAJJINYECKOH pe-
IeTKe.

KpoMe npuxenus AHCIOKAUUM, B IIOCKOCTH CKOJIbAKEHUS BO3MOKHE
HEKOHCEPBATHBHble, HepeMelleHusl, KOrja AHCIOKALUH MepexoisT U3
ONHOM ILIOCKOCTH CKOJBIKEHHST B APYTyIo. Takoe fBICHHe HMEET MECTO
1IpY EPEeMENIEHHY CTYIIEHbKH UK neperu6a BAOJMb KpaeBoH JUHHM AHC-
Jgoxanuu (puc. 43). [lepemeniennue neperu6a Ha AUCIOKAUUH HA OJHO
MeXaTOMHOE PAacCTOsIHHe, NOKa3aHHOe Ha pHc. 43, MOXKHO paccMaTpu-
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BaTb KaK 3JeMEHTapHBIH aKT IJIaCcTHYECKOH AedopManuu (3alTpHXO-
B4HA IJIOMLIAJb CKOJIbKEHHUS ).

IlepemerneHue, BRI3BIBAIOLIEE CMelleHHE AMCAOKAIUHA ¢O CBOHX MJIO~
CKOCTEll CKOJIbXKEHMs], HA3BIBAETCs MepenossdandeM aucaoxkauui. OHO
CBA32HO ¢ AUGOYINOHHBIM NOTOKOM TOYECUYHHIX Ne(eKTOB H [03TOMY
CYILleCTBEHHO 3aBHCHT OT HX KOHUIEHTPAUHH H OABHKHOCTH, T. €. OT
TeMOepaTtyphl. B OT/MYKe OT CKoJIbXKeHHs] N0 Ga3HCHBIM NJIOCKOCTAM,
MPOTEKAIOIIEr0 CPABHUTENBHO JIETKO JaKe NMPH BecbMa HHU3KHX TeMIle-
partypax, nepeno/i3aHde AUCJIOKAUWHA HIpaeT 3aMeTHYIO pOJb JHIIb
B 00/1aCTH BBICOKHX TeMIepaTyp. DTOT NpoUecc 0ObICHAET NOJ3Y4ECTh
Jbla BOJIU3H TOUKH TJIaBJICHHUS.

Las cMernnenys auciokauuyu HeobxoAuMO, 4To6bl OHa obJagaia He-
KOTOpOI MMHUMAaJbHOH 3Hepruei

Fo—— 1 mCiA,

rie m—Mmacca aToMoB; Co— CKOPOCTb 3BYKa BO JbALy; A — K03ddu~
[HeHT, PaBHKA padoTe IO NMPEONOJICHUIO SHepreTHUecKoro 6apbepa. Be--
JHUNHE Jo OIpelesieT Mepy HelIacTHd-
HOCTH MaTepHajJa H CKOPpPeJUpOBaHa
C €ro TBepHOCTbI0. JDHEPTHH Jg CO-
OTBETCTByeT MaKCHMaJ/bHAas MJIHHA JHC-
JIOKalluu

)\0—.—%_ — - (8.4) umu neperuda Ha AUCIOKAIHUH..

o 1/ng Puc. 43. Cgsur Ipi Nepemelie--
BoJbiiell sHeprHH COOTBETCTBYIOT HOMCJAOKALUMH MeHbIIell NJHHHL,,
IBIKYIHeCS ¢ BOJIbIINMH CKODPOCTSIMY.
Hanps:xenue, He0GXOAUMOE 11 NEPeMeIleHHs] JIMHEHHON JICIOKa--
LMK B IJIOCKOCTH CKOJIbIK €HHUSI, OLIEHHBAETCS 110 hopMyJIe

A

—_ —

TKp=Ge “ )

rie G — MOJYJb CIBUTA.
Vunrteisas Gopmyay (8.4), HOSydHM IS MUHEMAaJbHONO 3HAYEHHUsI:
KacaTeJbHOrO HaNpSXKEHUs CAeAYIONYIO 3aBUCHMOCTD!

oG exp { — \/ —m—jé—} . (8.5)-

PaGora 0O NPeONOJIEHHI0 SHepreTHYecKoro 6apbepa, a ClaefoBa--
TedbHO, W Ko duiueHT A yMeHbIIAIOTCS TPH NOBHILEHUH TeMIlepa--
Typhl. Y3 dopmyast (8.5) BUIHO, UTO 3HAUEHMS KacaTeJbHHIX Hanps--
JKeHufl, BHISHIBAIOUIHX MJAaCTHUYeCcKylo [aeQopManuioo, TakKxe OyAyT
YMEeHBIIAThCH.

[Tepememasch BAOJAb ATOMHOM IUIOCKOCTH, IHCIOKALMH 3aTyXaloT,.
oT/laBasi SHEPTHIO MPHUJEraplleMy CJIO aTOMOB. JTO NPOUCXONUT TEM
GeICTpee, ueM Bbillle TeMnepatypa. IinHa AHCAOKAUMA YMEHbIIAETCs
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U OHH BBIPOXKIAIOTCH B TodeuHwle. [lepeHoc TOueUHBIX MHCIOKAUME TPO-
HUCXORHMT B PesyabTare camoiuddysunm aroMoB, Tpebyiolnell MeHbined
SHEPTHH aKTHBALMH. DTOT IPOIecC 00YyCAOBIHBAET CBOMCTBO BSI3KOCTH.
Takum 00pa3oM, CTaHOBUTCS SICHO, IIOYEMy IIPH HH3KHX TeMIepaTypax
npeobiiafaeT IJIaCTHYECKOE TeUeHHe JbAa, a BOJHU3M TOUKH IJIaBJIEHHS
CYIIEeCTBEHHEIME - CTAHOBSTCS ‘TION3YYeCTh W BISKOCTL JIbAA.

HM3yyenne AUCTOKANHOHHON CTPYKTYPHI JEIAHBIX KPHCTANIOB HPO-
BOAMJIOCh MeTOJOM. TpPaBJEHHsS MNOBEPXHOCTH Kpucramioe [205]. Me-
110Jb30BaHHe TuGPAKIHK PEHTTEHOBCKHX JyueHl CHeIas0 BO3MOXKHBIM
npaAMoe Habmogenne auciaokanuil [235]. Tlpu aToM GblaM 0GHAPYKEHEI
JHUCJIOKALMOHHblE JIMHHM, DPacloJOXKeHHble B Ga3uCHBEIX IJIOCKOCTSX,
NO-BUAMMOMY, BEI3BAHHBIE CIBHTAMH IO 3THM HAIIpaBJIEHHSIM.

IlpuHNMNKaJbHO BO3MOXKHBEI AHCJHOKAIMH C BEKTOpaMu DBloprepca,
PAacmoJIOXKeHHBIME He B 6a3HCHO! ILIOCKOCTH. Takue MUCTOKAIHH MOJ-
2KHBEI 00/1a1aTh 3HAYUTENbHO GOJBIINMHU SHEPTHSIMH, OTYEr0 UX 06paso-
BaHUe 3aTpynueHo. losn [40] oTMeuaeT, 4TO NpU MONEITKE CABUra IO
HalpaBJeHHSAM, He- JeXKallHM B 0a3UCHOH IJIOCKOCTH, JieXL OOBIYHO JIO-
MaJjcs, NMpexjae ueM TaKOH CHABUT INpPOUcXonwid. B obllem wusyuenue
IUCJIOKAUMOHHON CETH BO JBAY I10Ka3aJ0, 4TO IOBeJeHHe JbJa B MHUK-
pockonuyeckom Macirrabe HoA00HO IOBELEHHIO  JAPYTHX ITACTHUYECKH
ZedOpMUPYIOIIHXCS MaTepPHAJIOB CO CXOAHOH CTPYKTYpOH.

Ilpu ABUKEHHW OUCAOKALUK BIOJH GA3UCHOH IJIOCKOCTH NPOHCXO-
JIAT TIepeMellieHne  MaTepHaa BhIIIe 5TOH MIOCKOCTH OTHOCHTEILHO HH-
JKeJiexallero Ha BEeJHUMHY BekTOpa Broprepca. OOmiee cTpoeHue KpH-
cTajja Jbla He HApylmIaercs, NOCKOJBKY OHO OIpelesseTcss pacroso-
JKeHHeM aToMoB kucsaopoxa. OJHAKO TUpH IBHKEHWH TUCIOKAIlMH
HapywatooTed npasuia beprana—®Paynepa, uto IpuBOAUT K 06pasosa-
HHUI0 HOHHBEIX AedexkTOB. BiauaHHE 3TOr0 mnpomecca Ha IVIACTHYHOCTD
Jbja paccMaTpuBanoch [enom [222].

B HaTypHBIX YCJOBHSX JeX BCerfa HaXOJHTCS NIPH TeMIepaTtypax,
GIH3KHX K TOUKe nJapieHus. [Ipy 3ToM NoTOK AMCAOKaUHi uepe3 KpH-
CTaJIJ1 BPEMsS OT BPEMEHH IPHBOAMUT K IepeopHeHTanuu cBaseh. Henpa-
BHJBHO OPHEHTHPOBAHHBIE CBSI3H 3aJEpPIKUBAIOT [BHKEHHE IHCJOKa-
nu#. BosMoXHOCTD CBOOOJHOrO IMepeMelieHHs - AHCIOKAUMH ITONYyYaioT
foc/jae M3MEHEHHS OpPHEHTANUH cBA3eH. B oblieM, TOpMOKEHHE IHCJIO-
Kalui BCAEACTBUE IIePEOPHEHTANMHU CBA3eH CHIBHO 3aMeNJseT UX JBH-
JKeHHe B Kpucrajne Jbla. Ilo MHenmio ['mena [222], yxkazaHubie 06-
CTOSITENbCTBA IPUBOLSIT K TOMY, UTO JbJIY HECBOHCTBEHHO sBJieHHE
VIIPOUHEHHs] HJIH yMEHBIIeHHe CKODOCTH I0JI3YUeCTH IPH NEHCTBHHM Ha-
TPY3KH, IPUIOKEHHOH ¢ TIOCTOSHHON cKopocThio. Kak ormevator Buke
1 Accyp [300], 370 TaksKe I03BOJAET MOHATb NPHUHHY IJIACTHYECKOH
pPasrpy3KH BBHICOKHX MECTHBIX HAIPAXKEHHUH B OKPECTHOCTAX 0YaroB HX
KOHIIEHTPalHH.

Hanwnuve mOCTOPOHHHX BK/IIOUEHHH OOGBIUHO IPHUBOIHUT K 3aTpyaue-
HHIO TJAaCTHYECKOrO TEUEHHs], T. €. K YIPOUYHEHHIO MaTepHasna. ¥ Mop-
CKOro Jiblla NPH JAOCTATOYHO BEICOKMX TeMIEpaTypax [esao OGCTOMT
nHaue, C yBeJHUeHHEM COJEHOCTH JbJa €ero IJIaCTHYECKHe CBOficTBa
Bo3pactaioT. I10-BHAMMOMY, 3TO CBfI3aHO C HAaJHUHeM XHAKHX IIpo-
CJOEK paccona MexIy 3epHaMH JbJa, YMEHBIIAOIUX SHEPTHIO BEIX0LA
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IMCIOKalMK Ha IOBepXHOCTb. BHeceHHe NOCTOPOHHHX TBEPHBIX NPH--

MeceH B Jiell, HallpUMep CTEeKJOBOJIOKHA HIH GyMaxKHOH Macchl, cymie~
CTBEHHO NOBLImMAaeT ero npouyHocts [73] Tlo muenuto Accypa, TBepIbie:
COJIH, BHINABIIME B OCafOK, TaKkKe IOBLIUIAIOT IPOYHOCTD JbAd. DTHM
oObsicHSeTCH OGOJbIIast IPOUYHOCTb 3MMHEr0 MHOTOJETHET'0 MOPCKOTO:
Jpga. , _

Kak orMmeuasoch paHee, nedopManus NOJTHUKPUCTALIHYECKOTO JbIa:
of6ycyioBJeHa HeCKOJbKMMH IpoueccaMu. KpoMe CKOJBbIKEHHS OTHENb-
HBIX KPHCTAJMJIOB 10 0a3HCHBIM IJIOCKOCTSM, BO3MOKHO HX CMelleHUue
OTHOCHTENBHO APYr Opyra, POCT KPHCTaNJOB, MHUTPALHS TpaHMIL
KpucTajia M pekpucraianausanus. lIpeo6iajnaHme TOrO HJAH HHOTO:
[poIlecca 3aBHCUT OT BeJHUHMHE AehOpMalNH H HANPSKEHHOIO CO-
CTOSTHUS. '

Teoperuueckue u SKCIEPUMEHTANbHEIE HCCIENOBaHUs JedopManuit
NOJIMKPHCTAJJIHYECKOro- Jbfa MNpoBoauauch Ijenom [221], Tonmom
(1960—1972) u psamom ApPyrux aBTOPOB. DOJbIlIOE KOMHYUECTBO PaGoT
NOCBAIlGHO H3YYEeHHIO Ipollecca peKpucTanaauszanun [274, 280 u ap.].

OKcHepuMeHTHl NOKa3ajH, YTO NPH OLHOM H TOM 3Ke HAMpPSIKEHHW
CIBHTa CKOPOCTH AedopMalMii TMOJHKPHCTANNHYECKOTO JbJa MHOIG
MeHbllle, YeM B OJMHOYHOM KpHcrtajje. ITo OOBICHSIETCS XaOTHYECKOH
OPHEHTHPOBKOH IJIOCKOCTEH CKOJbXKEHHs B KPHCTaJ/iax, 3aTPyRHSIO-
el CABHIH. B Iojle HanpsiXKeHHH KPUCTAMILI C Pa3HOM OpPHEHTHPOB-
Kol 6ynyT uHTepdepupoBath. IIponece pekpucranansanuu apna Gyaer
OPOMCXOAHTb TaK, 4TOOLl IJOCKOCTH CKOJbKEHHUS OpPHUEHTHPOBAJIHCH-
B HallpaBJeHHH JeHCTBYIONIETO HATIPSXKEHHS.

Bsskonsactuyeckue AedopMalyy NOJHKPHCTAIHYECKOIO MOPCKOIC:
JIbJla CYLIeCTBEHHO 3aBHCHAT OT CTeleHH CBOGOMH, T. €. OT HECTECHEHHO-
cTu pedopmanuii. Kak ussectHo, nedopmanusi TBEpAOro Teja Xapakre-
pusyercss Tak HashLIBa€MBIM T€H30poM HeopMauui ejr C TPeMs AMAro-~
HaJbHEIMH KOMIIOHEHTaMH &; (TJaBHBIMH nedOpMAanHsAMH) H TPEMSE
CHMMETPHYHLIME KOMIIOHEHTAMH &%==Ex;, COOTBETCTBYIOIIUMH nedop-
ManusaMm casura. Ecan Bo BpeMsi neoOpMHPOBAHHSI HOMHKPUCTAJLIHYE-
CKOTO Tejla ero o6beM He MeHseTcs, TO U3 STHX IIECTH BeJHUYHH Hesa-
BHCHMBIMH SIBJIFIOTCS TOJBKO ISITb, IPHYEM B KaXKAOM 3epHE NOJKHO-
CYIIECTBOBATbL NATbL He3aBHCHUMBIX IIJIOCKOCTEH CKOJBKEHHS, COOTBET-
CTBYIOIUX cTeNeHsAM cBOOOAH AeOPMUPOBAHHSI,

B peanpHBIX yCc0BHSX, KOUZAa OTHEJNbHHIE 3€pHA He HMEIOT J0CTa-
TOYHOI'0. KOJIMUECTBA CTeNeHeH cBoOOALl nedopManuy, B pafioHax MeX-—
3€PeHHBIX TPaHUl, HanpsaxkeHHs OyayT pactd. [Ipu srom au6O BO3HHK-
HYT HOBBIe INIOCKOCTH CKOJIbXKEHHSI B KOJUYECTBE, HEOOXOZMMOM IS
obecneuenus pedpopMaluy, AH60 HAPYIIUTCS CIJIOMIHOCTD JbJA, T. €.
06pa3yIoTcsl KABEpPHBI, TPEILUHEI U T. II.

Ilpu TemmepaTypax, GJHM3KHX K IJaBJEHHIO, KOTAa NpeoGaafaioT
npoueccl AHGOYysHOHHO-BA3KOrO THIA, AeQOPMHPOBAHHE IOJUKPH-
CTaJIJIHYECKOTO JbJla KaK ILeJOT0 CONPOBOXKIAETCs NpeobpazoBaHreM
bopMBI OTAENbHBIX 3€peH HJH MO3aHUHBIX GJIOKOB, U3 KOTODHIX OH CO-
CTOUT. DTO Nmpeobpa3oBaHHe JOJXKHO IPHCXOAUTb 6€3 HapyluleHHsT
CIJIOIIHOCTH ¥ YNJNOTHeHWH. V3MeHeHHe (OpMBI OZHOTO M3 3JE€MEHTOB:
CTPYKTYPHL COIPOBOXKIaeTcd H3MeHeHHeM ¢GOpMbI BCeX COCEIHHX
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sneMedToB. Takoe caMOCOTJIacOBAHHOE H3MeHeHne (GOpPMLI  GJIOKOB
MpeNnoaaraer BO3MOXKHOCThL CKOJBXKEHHSI BIOJb I'DaHHI. ¥ MOPCKOTO
JbJla TIPH TeMIepaTrypax, 6JH3KHX K TOUKe [JIaBJAEHUsI, TPOCKa/b3biBa-
HUe BIOJb TpaHull ofjergaercs M3-3a HAJAUYHS XKHAKOH (paswl— pac-
€0Jia B IIPOCJAOHKAX MEXKAY OTHEIbHBIMH KPUCTAJINTAMHU.

B paccmoTpenHOll cxeme nedOpMUPOBAHHS OCHOBHYIO POJib HIPAiOT
TPAHUIBI MeXIY 3epHaMM, ABJAIOIINECST €IUHCTBEHHEIMH HCTOUHMKAMH
H CTOKaMu TouYeyHbIX AedextoB. PaxTHuecKH B peasbHOH KpPUCTAJJIH-
YeCKOH pelleTKe JbJa HMEETCH 3HAUHUTENDbHOE KOJHUYECTBO OJMHOUHBIX
IUCJAOKALHUH, IePeloJ3ante KOTOPHX B IIOJIe HalPSXKEHUH MOMKeT 3Ha-
YUTENBPHO H3MEHHTh KMHETHKY AeopmupoBanusi. KpoMme nepernossanus
JMcaoKanui, B AeopMalll HOMHKPHCTANMAUIECKOTO JbJa CYIIECTBEH-
HOe 3HAYeHHe HMeEIOT CABHUIH 0 Oas3HCHBIM IIocKocTsM. J[eiicteue
TAaKOTO MexaHH3Ma AePOPMHUPOBAHHS B KPHUCTALAaX HOJHKPHCTAJIH--
YEeCKOTO MODPCKOTO JbJa 3aTPYAHEHO BBHIY PacCOracOBAHHOH OpHeH-
Talli¥ IIJIOCKOCTEH CKOJIbXKEHHS PasHBEIX KpHcrasmoB. [losToMy 3mech
nebopmanusa GyLeT CONPOBOXKAATECH peKpHCTANIH3alHel, B TpOIecce
KOTOPOH IIJIOCKOCTH CKOJIbXKEHHSI OPHEHTHPYIOTCS B HAIpPaBJIeHHH MpPHU-
JIOXKEHHOTO HalpsIXKEHHUS. '

JKcIepHMeHTaJ bHOe H3YUeHHe IIpollecca pPEKPHCTaNIH3alHH, BhI-
3BAHHOTO HANPSXKEHHAMH, IPOBOAMIOCH B OCHOBHOM HA IIPECHOM JbIY.
O6unapyxeHHEle 3QhEeKTH XapaKTepHbl TaKXKe U JJsi MOPCKOTO JbIa.
Belio ormedeHo ABa THIIA DPEKPHUCTANIH3AHUU: IOL HaNpsKeHHEM H
TocJe CHATHUS Harpysxku. OOmias HanpaB/JeHHOCTb OGOHX THIIOB IIPO-
1IeCCOB PEKPUCTAJIIH3ANHHE Olpelessercs H3 TpeGoBaHHA MHHHMYMa
TEPMOJHHAMHUYECKOTO [IOTeHIHaaa BCell CHCTEeMBL.

[lox marpyskofi npoucxonut o6pasoBaHue CJIOXKHBIX 3epen. Mx pas-

Mep TeM MeHblue, yeM Gosblie HanpsiKeHue. OpHEHTHPOBKA 3epeH yIIo-
psanounBaercs, 0asHCHBIe IUIOCKOCTH pACIOJaralTCs B HaNpaBJIEHUH
TIPHJIOXKEHHOTO HanpsiKeHusl casura. TakuMm o6pasoM, yMeHbIIAeTCs
HaNpsKeHHOE COCTOSIHHE B OTHEJbHHIX KPUCTAJNIAX, T. €. WX TEpMOJHU-
HaMHYECKUil TOTEHIHAJ, a IOTeHIHAabHasi SHEPTHsI NeQOpPMUPOBAHHUS
B 3HAYUTEJBHON WYacTH 3aTpauydBaerTcsg Ha IOBEPXHOCTHYIO SHEPrHIO
BHOBb 00pa30BABIINXCS IOBEPXHOCTEH pasmena.
v Ilocne cHsiTHSI HATPY3KH IPOHCXOAMT IPOLECC YKpPYIHEHHd pasMe-
pos 3epen. Ilpu sTom B pesy/ibrare OOLEIHHEHUS] 3epeH yMeHbIIaeTcs
cyMMapHas NOBEPXHOCTHAsl HEPTUs TPaHHI, T. €. yMeHbIIaeTcs BHYT-
peHHsist cBOGOJNHAs SHEPTHsT IOJHKPUCTAJIHYecKOTO Jbna. Taxas pe-
KpPHUCTAJNU3alHsI HMeeT MHOro obIero ¢ co0upaTeqbHON PeKeJsIuoH-
HOHl peKpHCTa Ju3alyedl, NPOABJAKLICHCS B IPOUECCE TEePMUUECKOTO
MeTaMop(hHu3Ma MOPCKHX JIbOB.

DKcnepuMeHTaJbHO OBlJia YCTAaHOBJEHA 3HAUMTEbHAS 3aBHCHMOCTD
CKODOCTH IIpollecca PeKpHCTAJJIH3alHM OT TeMIepaTypel. IIpu Huskux
treMnepatypax (Huxe —10°C, no manupim Purc6u [273]) pexpucras-
JIM3ATHS NPaKTHYECKH OCTAHABJIHBAJAach, XOTHd B palioHax AeHCTBUS
GOBIINX HANpsSKEHHHA IPOIECCH PEeKPHCTAMIH3AIUNH NPOMCXOAAT H
IpU HU3KHX TeMIepaTypax. TaKoro Tura pekpHcTasaudanusa Habuomna-
Jach OPY 3HAUUTEJNBHHIX OTHOCHTE/JbHBIX CMELIeHHAX O6JOKOB, KOria
nedopmanusi npesocxoauaa 1%. Broab rpanun o6pasoBaiuch BTOpHY-
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HBle MeJKHe Kpucraansl. Hanuuue npumecefi Bo abAy oOJeruaer mpo-
Iiecc peKpHCTaJIH3aluy.

B 3axitouenne cienyer eme pa3 NONUEPKHYTh, 1O peKpHCTaILIH3A-
IHOHHOE TNepeMelleHHe FPaHUIl KPHCTAJNJIOB OCYIIECTBJSETCS TOJBKO
TOTZA, KOIA 3TO 9HEPreTHYECKH BHI[OIHO.

3. Ilracruueckue dedopmayuu mopckozo avda

CHBHTY O IVIOCKOCTSIM BHYTPU KPHCTAJIOB HJIH B IOJHKPHCTAJIA-
yeckux OJOKax omnpepenstor obimlee MJIACTHYECKOE CONPOTHBJICHUE
abppa. BaaumonelicTBue (KUIKOH q)asbl—paccona—c HenpepEBHOU
TBEPHOHA YIpyro# OCHOBOI/I~—ManI/IH,eI/I [ipecHOro Jbga — 06yCJIOBJH-
BaeT pasyiuyHble (OPMBI BI3KOYIpPY-
roro CONpOTHBJeHHs - Jbaa. Iloasy- om0 “aunfon’
yecThb W BSISKOCTb NPOSBJASIOTCS ITIPH  gofs
MeX3EPEHHBIX CIBHraX BC/AEICTBUE Te- '
YeHUs XKHAKON KOMIIOHEHTH, IPH Ile-
PENoI3aHuK AUCJIOKAUMK | T. II. 40

Ousuueckuii MeXaHHU3M  CBOHCTB
MOJI3YYECTH ¥ BASKOCTH JIbJla OLpene-
asercs nuddysueir Toueununx nedek-
TOB. B HATYpHEIX YCJIOBHAX B MOp-
CKOM JIbILY, HaXONSIeMcsI NIPH TeMIle-
| patype, 6IM3KOM K TOUYKE IJIaBJIEHHS, : |
| nuPY3HOHHEIE [EepeMelleHHs poTe- ‘7_30 Y
| Kaor ¢ OOJIBIION CKOPOCTBIO W IIPUBO- :
| IAT K 3aMETHBIM MaKPOCKOUMYECKUM  Puc. 44. 3aBHCHMOCTh TOUKH Teve-
]a(b(beKTaM Takoro pozia mnossyyecTb HHS JBAA OT TEeMNepaTyphl.
| ABJISIETCSI HETNOPOTOBHIM  IIPOIECCOM,

Korga nedopManuu NPOMCXOAAT HPH CKOMb YLOJZHO MaiBIX HampsiKe-
‘HI/IHX Hanuune HenmoporoBoii noJ3yyecTH SBJSETCS OYeHb XapaKTep-
| HBIM CBOMCTBOM JIbAA.

Ilnacruueckue pedopManum, CBA3aHHBIE CO CMEIIEHUSIMH ATOMOB

- BIOJb 6a3UCHBIX IJIOCKOCTEH, MOTYT IPOSIBUTBCS JIHIIb HPH Hampsxe-
HHHX B0OJBIINX HEKOTOPOTO IIPENENbHOr0 3HAUEHHUS O = Opp,.T. €. OHH
| yIPaBJAAIOTCS TOPOTOBHIM MEXaHM3MOM. DKCIepHMeHTajbHble MaHHbIe
‘no ONpeNese N0 BeIUYUHBl Omp BeCbMa npotusopeunse. B. A. Ca-
|BesbeB [133] mpuBoAUT pe3ysbTaTH XEémaepa, KOTOPHIY IMOJYUH/ 4YeT-
KYIO 3aBHCHMOCTb TOUYKH TEUEHHA Jbla OT TEMIEpPaTyphl (cM. puc. 44).
I'Touxe TeueHHs 3[ech COOTBETCTBYET MHHHUMAaJbHAsi HArpyska, MpH KO-
TOPOH Jie[ HauHHaeT 3aMETHO Teub IIPU NaHHOH TeMIepartype.
1 (PakTHUeCKH ONpeAeJNUTh OPOTOBEE 3HAUEHHS HANPSXKEHHH y Mop-
CKOTO JIbJla OueHb TPYAHO, TaK Kak 06a MexaHH3Ma, U NOPOTOBHIH, U He-
MOPOTOBHIH, AEfICTBYIOT OnHOBpeMeHHO. IIpu BBHICOKHX TeMIepaTypax
‘npeo6J1a11aeT Hel’IOpOI‘OBoe nedopmMupoBanue, T. €. BA3KOe TeueHHe
JIBILA.

AuddysnoHHHH NOTOK TOYeUHBIX Je(deKToB, 00yCJAOBIHBAIOLINN
1CBOI/ICTBO MOJI3y4eCTH JbJa, OCYIIECTBJISETCS 3a  CUET  PA3HOCTH

20+

1
=10 arec
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XUMUUYECKOTO IOTeHnHana. B moné nHanpsukeHHl ¢ MMeeM H3MEHeHHe
noreHuuana Ap=ocQ, KOTopoe HpI/IBOLLHT K JIOKAJIbHOMY MOBBILEHHIO |
KOHLEHTP AHHH BaAKAHCHIL §: ,

Mty (8.6)

rie § — DABHOBECHOe 3HAYeHHE KOHILEHTDAIMH TNPH TeMmepaType T, |
{2 — MOJIeKyAAPHLIE 00BEM. ‘
Hepecmmeﬂne BAKAHCHAMHU BBISBIBACT HaHpaBJIeHHbIH nuddysHon- |

HBIH IOTOK _ |

j=—D, Vi~ —D,,—Ali, (8-7);

rie [— xapakKTepHbIH. JuHEHBI pasmep nedopMHpPyeMOro BJIeMeHTa‘
CTPYKTYPEL Dy — ko3 unueHt camonudy3un aToMOB B KpHCTAJJIH- !

q9ecKOl pelreTke Jbja. \
Bumecto dopmyant (8.7) A NOTOKa j MOXKHO UCIONb30BAThH OOBIY-|

HOe ypaBHeHue Jupdysun |

3 0% f

Do By

|

CKOpOCTb H3MEHEHHs KOHLEHTPAaLuh BAaKaHCHH B IaHHOM MeCTe,

OYeBHIHO, POIOPIHOHATbHA CKOPOCTH RedopManuu e. Torza us ypa-

pHenufi (8.6), (8.7) u (8.8) _ONyYnM CJIeNYIOUlyIo OUEHKY CKOPOCTH|
JedhopManuy IpH HEIOPOrOBOH MOJNSYUYeCTH:

|
- n 0% D@ - ;
€~Db—0}‘2"~*—k?ﬁ"6, ) (8.9)\

!

rae Ko3dpdunuent auddysun Dy csa3an ¢ kosdpdunuenrom Dy auHeH-
HOH 3aBHCHMOCTBIO ‘ ‘

-Dy—=5D,. ‘

Dopmyaa (8.9) onuceiBaeT BSI3KOe TeueHHe IO THIY HBIOTOHOBCKOH
BSI3KOH KHUAKOCTH (Jen «Teder»). IIpu sroM Ko3QPUIHEHT TeKyuecTH
»=D¢Q/k TI? cuipHO 3aBHCHT OT pasMepoB 3epHa [. ¥ Mopcroro
MeJIKO3epHHCTOTO JIbJia TeKy4ecTb OyIeT BeJHKa. L

Kosdpduuuent camonuddysuu cBs3an ¢ TEMIEPATypol clenylollel
3aBHCHMOCTBIO:

Db:Al exp(’— kj;, ) ,

roe Ja — 3Heprus akTuBauuu camonuddysuu. Taxum o6pasoM, CKO-
pPOCTb BSI3KOT'O TeUeHMs Jbla OyIeT TakXKe 3aBHCETb OT TEMIEPaTypb

- A 3 ’ '
e~=eXp | ——5]. 8.10
T p( %) ) (
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Hanuuue npensTcTBHH, CAEPKHBAOIMMX [BHKEHHE IHCJIOKaLHUH,
ONpefeNsieT HOPOrOBLIE MeXaHH3M HdedopManuil noj3ydecTH. TakHUMH
CTOOPAMH MOTYT CJAYXHTb paHee cOpPMHUPOBABIINECS JIMHHM U Ipa-
HULB DUCIOKAINH, KpHCTAJLIOrpadHyecKoe paccoryacoBaHHe MeXay

| COCENHMMH KPUCTAJNaMHu JbJa U T. 1.

Hedopmanuu B pekuMe MOPOrOBOI AHUCIOKAUMOHHOH IIOJN3YYECTH
TPHUBOISAT K OSIBJIEHUIO YCTYIIOB Ha NOBEPXHOCTH KPHCTAJJIOB B MecTax
BBIXO[A MHCJAOKAUMH. MeXRKPHCTATINIECKHe BKJIOYEHHSI MOryT JHOG0
[pEnsiTCTBOBATb BHIXONY AMCIOKAalUMi Ha NOBEPXHOCTb, T. €. TOPMO3HTh
MOJI3y4ecTb, JUGO CnocOGCTBOBATD efi. B nManasoHe cpaBHHTEJIbHO BhI-
COKHX TeMIEpaTyp B MEXKPHUCTANJIHYECKHX TIPOCIOHKax MOPCKOTo
JbJla HAXOAWTCS LOBEPXHOCTHO-aKTHBHAsS XHikas ¢dasza— paccos, o6-
JIEraolas NpoLece IoJN3YUeCTH.

TeopeTuueckoe HCCIEAOBAHUE pe- & pob.
KUMOB IIOJI3YYECTH MO3BOJISET cle-
JiaTbh  cAefylomEe npepnonoxenns = fs 8
| 0 ckopoctu pedopmanuu. Ilpu mo- [
| CTOSIHHOM TeMIepaType i
:::TNG”, ‘ 201~ p {
-upuuem nz=1. Ilpn mocTosHHOM Ha- y |
IPSIKEHUH v /) I
- ' I\ 10} / l
e’NeXP.(._” 7 T‘>’ L / '
. B /. / I
rie Jy— dHeprus AaKTHBAUHWA «Iepe- / 'l
NIOJI3AHUST» NUCAOKALHUH. ’ 0 1/ il
" DKCUepHMEHTHl [0 H3YYeHHIO HOJ- 0t 00 ts  tmun

3y4ecTH JbJa HENIOXO NOATBEPKAAIOT  Pye, 45. 3asmcuMocTh AedopMa-
'3TH. BHIBOABI H3 Teopud. IIpoBoAst 06- wum & MOHOKpHCTaMIa JAbAA OT
30D TaKUX DKCEPUMeHTOB, I'JeH eme " BpeMeHu Z.

B 1958 r. mokasaj, 4TO CKOPOCTH [e€-

3q)0pMaU,I/II/I JbAa CBfI3aHa ¢ NPHJOKECHHBIM HAIPAXKEHHEM O 3aBUCHMO-
{CThIO BHIA

8=k10m,

e R — KOHCTaHTa; II0OKasaTejb CTeNeHH /M H3MeHseTca B Ipe-
Jenax 1,85<m<4,16 npu u3MeHeHHWH HanpsKewus or 1- 108 rno
1,5+ 107 gun/cm2. '

| TunuuHag sSMOHpPHYecKass 3aBHUCHMOCTb JdedopManMd MOHOKpH-
icTajJa JbJa OT BpEeMeHH IpHBeleHa Ha puc. 45. Yuacrok kpusoit OA
(COOTBETCTBYET HEYCTAHOBUBILUEHCS IIOJ3y4ecTH, a ydyacTok AB — cra-

|

nuHoHapHOMY pexkuMy. CKOpPOCTb YCTaHOBHBIIEHCS NOJI3YYeCTH &s OIpe-
JIeJIUTCS U3 BHIPAXKEHHS

- °%s
St — 1t

® e
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3Ta CKOPOCTb 3aBHCHUT OT TeMIepaTypel I H KacaTeJbHOTO Hampsi-
JKEHUS T CIeNyIomuM 06pasomM:

észKlr’”exp(— RST*’ ) (8.11)

raie Ki— KoHcTaHTa; R — yHuBepcaJbHasl rasosast IOCTOSHHAA, Iy —
9HEPTHsI aKTUBALlUK, UMeoas Nopsiaok 2--3,5+10% pxk/r; m — nokasa-
TeJIb CTeNeHH, OAUSKHI K 3/s.

Kpusple 3aBuCHMOCTH AedopManuii OT BPEMEHH MAJS NOJHKPUCTA-
JIHYECKOT0 JIbZa UMEIOT HEeCKOJIBbKO HHOM BUI. Ha puc. 46 npeacrasienst
IBe KpHBBle € (f), COOTBETCTBYIOIIHE IIOCTOSIHHOMY HAIIpSAXKEHHI0 0=
=107 gun/cm® (kpuBas I) u o0=1,6-10" nua/cm? (xkpuBas 2). Kak
BHUIHO M3 PHCYHKa, CKOPOCTb Ae(GOpMaluM Pe3KO BO3pacTaer TpH yBe- |
JIMIEHUH IPUJI0KEHHOTO HallpsIxKeHUs.

~
E i
7'/0-2[- | f, T-10~%0un/om’ |
| | |
1 ; |
05+ l \
/ I
l 7
l |
0 I ! o ]
60 120 t mun 1 2 3 4 5&%o
Puc. 46. KpuBble noAsyyecTd MJs TMOJU- Puc. 47. Cpssp AepopManuii & ¢ nanps- |
KPHCTAMIHIEeCKOro JbJa. JKEHHeM CJBHra T IPH Pa3JH4HBIX CKO-
pocrax AedopMHDOBAHHSA JbJA.
1—10-* mun-!, 2-—4.10-% wpun-!, 3—
0,8 - 10-5 mun-1,

Ha puc. 47 npuBefensl KpuBLHE, CBA3HIBaONye AeGopMaldu ¢ Ha- -
OPSKEHUsIMU  CHIBUTA [PH PAa3JHUHEIX CKOPOCTAX AehopMUPOBAHHS
Jbja. Kpusble mocTpoeHbl AJsl NOCTOSIHHOH TeMmepatypnl —15°C. Ha-
YaJbHBIH OTPE30K KPHUBOH COOTBETCTBYET JIHHEHAHOH 3aBHCHMOCTH
Mexny HedhopManMAMH H HanpsKeHASIMHU. [IpdH HOCTHKEHHH HEKOTO-
pOro MaKCHMAaJIbHOrO HANPANKEHHS CABHTA Tmax HAYHHAETCSI OBICTDPHIN
poct gedopMaluil U pas3rpyska obpasna. 1o 00BACHIETCS JIavBI/IHOO6-;
pasHbIM BKJIIOYEHHEM MEXaHH3MOB, TeHepHPVIOWHX MUCAOKAIUH, NPH
JIOCTHXKEHHH OIPENeJIeHHOIO0 YPOBHA HalUpsXKEHUH. BenuuuHy Tmax,!
ONIpEeJe/IeHHYIO TAKUM 00pasoM, MOXKHO C U3BECTHOH YCJOBHOCTBIO CUM+
TaTb NIpeesoM TEKYUeCTd JbJa NPHU COBUTe. 3HAYEHHUS Tmax 3ABHUCAT
0T CcKOpocTH AedopManuii W TeMIepaTypel. ITa 3daBHCHMOCTL HMEET
BUI, obparHb Gopmyne (8.11):

N
‘1/m 3
Tmax — CIS ! EXp <7};—T) .
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Juc/IoKaUHOHHBIY MeXaHHM3M, BHI3BIBAIOIIM{ CABHIH 10 GasHCHBIM
IJIOCKOCTSIM, OIIpEle/sieT pesaKcaluio Hanpﬂ}KeHHH BO Jbny. Kak yka-
sbiBaer Baxasma [296], pemakcauusi HanpsIKEHUH SBJASETCS BHIpaXKe-
HHEM INTACTHYHOCTH Jbja. Ha puc. 48 cxeMaTHuecKu IpeCcTaBJICHb 3a-
BHCHMOCTH HalpslKeHHWA OT BPeMEHH MpPH pa3HOH CKOPOCTH Harpyxe-
Hus. Orpesok KpuBoil OA COOTBETCTBYET JHHEHHOH 3aBHCHMOCTH
nedopMauuu Jdbja OT HArpy3KHd, Ha yyactke AB TPOHCXOMUT Iepexon
K YCTaHOBHBINEMYCS PeXHUMY IIJIaCTHUECKOTO TeUeHMs, HAKOHel, Ha yua-
ctke BC ckopocth nedopManuu ycraHosusack, Hauumnas c¢ tourun C
NPOHCXONHT SKCHOHEHIHMATbHOE YMEHbIICHHE HANpPSKEHHA (KpUBas
CDj, BHIpaxalomee 3aKOH penakcaluu Hanpskermil. Ecau Harpyxe-
HHE oépasua OpeKpaTUTh Ha
JMHEHHOH cTaiuH pocra [e-
¢opmManuil, HanpuUMep B TOUKE
E, T0 KpuBBHIE pelakcallHOH- P
HOTO YMEeHbIIeHHSl HaIpsiKe-
Hu# OyLyT MMeTb BHJ, IIOKa- y
3anHpld Ha puc. 48. Ilpm
OuYE€Hb MaJIBIX HAdaJbHBIX Ha-
OpAXKEHUsAX peaKCcalnyoHHAS
KpUBas BBIpOXKJAaeTcs B Ips- - i
myio suHuo (auaug EiFy) u ’ F
IedopMHpOBAHHE JbLa OCY- (3 p
mecTBadgeTcd KaK y HAealb- /

HOTG  ympyromiacraueckoro 7 : ' i
TeJaa. Puc. 48. Kpusble pelakcallMOHHOTO YMEHBilIe-

Teopernueckoe omucanue HHS HalPsKeHHH.

SIBJICHUH IIoJ3ydecTH H mJia-

CTHYHOCTH JbJla NIPOHU3BOJUTCA C IOMOIIBIO TEOPHH nncnoxaunn [294,
296, 307]. Huast OpakTHUeCKHX Leaeil OGBIYHO HMCHOAb3YIOT (PeHOMEHO-
JOTHYEeCKHe 3aBHCHMOCTH, T/le HPMMEHSIOTCd Te MU HHBEe peosoruye-
CKHEe MOJEJH MOPCKOrO Jbfa. Takue CXeMbl, OCHOBAHHble Ha 3KCIEPH-
MEHTaNbHBIX NaHHBEIX, IPHBOJST K XOPOIIMM pPe3y/JabTaTaM.

¢

4. Peoaozusn mopcxoeo avfa. Buyrpernee Tpenue

Heynpyrue cBoiicrBa MOPCKOro JbAa o0GyCJIOBJIHBAIOTCS INpolec-
CaMM, CTPEMSIUMHCS IPHUBECTH €r0 CTPYKTYPY B TePMOAHHAMHMYECKH-
paBHOBecHOe cocTostHHe. IIpM 9TOM INPOHCXOAMT MHCCHIALHUS SHEPrUH
IedbopMUpOBaHUs, Nepexofsiiel B KOHIe KOHLUOB B TemioByl. [lo-
CKOJIBKY [VCCHIIALMS SHEPrHH NMOIApPa3yMEBAeT YBEJHUEHHE SHTPOIHH,
BCSAKHH HEH3IHTPONHYECKHH MpOIecC BO JbIY OYAET COMPOBOXKAATHCH
paccestHHEM 3HEDPIHH.

Takoe paccessHue SHepPTHU NIPH nedOpMalUK Jbla IPOUCXOLHUT B OC-
HOBHOM BCJIEICTBHE NpPOIECCOB, CBSI3aHHHIX C BHYTPEHHHM [BHIKEHHEM
(mupdysus). [lo amanoruum ¢ XHAKOCTAMH M rasaMH MX MOXKHO Ha-
3BaTh IPOIECCAME BHYTPEHHOTO TPeHMA. B OTHENbHHIX Caydyasx CyIle-
CTBEHHBIMH MOTYT 0Ka3aTbCsi HeoOpaTHMble IIPOLECCH], TEIJIONPOBOL-
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HOCTH, HampuMep Ipy ydeTe HeafnaOaTHUHOCTH YIPYrux KodebGaHui
JIeIAHBEIX CTepXHel u miactud. Ilorepu BesmencTBHE 3THX npoueCCOB
XapaKTePH3YIOT TEPMHUUYECKYIO BA3KOCTh JIbJa.

Ll MOpPCKOro JibjJa OJHOH M3 CaMbiX 3HAYMTENbHBIX NMPUUHH pac-
CesiHHSl JHEPruH ABJSAeTCs CyIleCTBOBaHHe NpHMeceH, pacTBOPEHHBIX
B KPHCTaJINIecKOH pellleTKe, HAJHUHE SYeeK C paccosoM, IHADPaTHPO-
BaHHLIX COJIEH, BBINABIIAX B 0CalloK, M T. n. Mx paBHOBecHoe pacmpe-
JeJleHHe B HANpsAXKeHHOM COCTOSIHMM CYyIeCTBEHHO OT/AHYAeTCs OT pac-
IpejfeJeBHss B HEHAIPAXKEHHOM COCTOAHHH. TakuMm o6pal3oM, NpH HpHU-
JIOXKEHUH HallpsAXKeHHs JOAXKHEl HATH TEPMOJUHAMHYIECKH-HeoOpaTuMEble
npoueccs NPHOJIUKEHUS K COCTOSHUIO paBHOBecHd. 1lpuw sToM cKO-
poCTh, C KOTOPOH YCTaHaBJHBaeTCA paBHOBeCHe, OUEHb 3aMETHO 3aBH-
CUT OT TEMIEDATyphl, TAK UTO 3TOT THI BHYTPEHHETO TPEHUA IOJKEH
ObITh OYeHb YyBCTBUTENEH K TeMmmepartype. OH JAOMKeH ObiTh TakKe
YYBCTBUTEJEH K BUJY HAIPAMKEHHOIO COCTOSHHSI.

DTO NOATBEPHKTAETCH IKCIEPUMEHTANbHBIME JaHHbBIMHA MO CTATHYE-
CKOMY ONpeleseHHI0 Koy uienta BHYTPEHHErOo TpPeHUs AAHA MOD-
CKOro JbJla CO 3HAUYMTEJNBbHEIM COAep:KaHHeMm paccoda. [lo maHHBIM
IO. JI. Hasunuesa [112], ¢ moHmKenyem TeMnepaTypsl KO3 OhUIHEHT
BHYTPEHHErO TPEHHs 1, YBEJNHYUBAETCA B AecATKH pa3. s npecHoro
JbJla 3TO YBeJHUeHHe He mpeBocxoimno 2—3 pas [33, 86, 183 u mp.].
I0. JI. Ha3uHneB- Tak)ke oTMeuaeT CYyIIECTBEHHOE BJHsSHHUE BHIA Ha-
NPAXKEHHOTO COCTOSHHSI Ha BeJHYMHY Koa(duuueHra 1. B Mopckom
Jby COOTHOLIeHHE MeXKAy TBepIod ¥ Xuaxo# dasaMu BecbMa Cylie-
CTBEHHO MEHsIeTCAd ¢ uU3MeHeHHeMm TteMnepartypel. Ilo mepe npubiuxe-
HHA K TeMIepaType IJaBJeHUS ofJeruaercs B3aHMHOe IepeMellleHHe
KPHCTaJJIUTOB IIO NPOCJHOAKAM KUAKOH dasel. [lo-Bunumomy, mjist nbaa
B 3TOM TeMIlepaTypHOM AMana3oHe HeoOpaTuMmasi nmeopMalusi B OCHOB-
HOM olpefe/isfercs HMEHHO MeXK3ePeHHBIMH CMEIlCHUAMH.

Teopernuecku paccesiHHe MexXaHHYecKOH B3HEPIMH INpH MeX3epeH-
HEIX CIBHTaX MOXHO HDPENCTABHTb KaK CJEJCTBHE BA3KOTO TEUEHHH
JKHIKOH KOMIIOHEHTHl MaTepHanaa. BaaumonecTrye KUAKOH ¢aswl ¢ He-
NpPEepLIBHOH YNPYrof OCHOBOHM WM C PaBHOMEPHO pacChpejeseHHBIMH
yupyrumu $asaMu 06ycIOBJINBAET pasinuHble HOPMBI BSISKOYNPYTOTO
conpotusiaeHus. CIBUTH 1O NJIOCKOCTSIM BHYTPH KPHCTAJJIOB HJH B IO-
JIMKPHUCTAJINUECKHX OJI0Kax ONpene/asior. obliee niacTHUeckoe COIpo-
THBJ/ICHHE.

Takum o06pa3oM, sicHO, YTO HeopMalyy - MOPCKOTO Jibja HEBO3-
MOMXHO ONUCaTh, HCHONb3YsI KaKyH-HUOYLb OXHY NPOCTEHLIYIO peoJo-
FUYECKYI0 MOAENb C MaJbIM KOJHUECTBOM VIPYTONJACTHYECKHX KOH-
cTtadT. B ofmeM cayuae HeoOXOLHMO OIpenessATh HacaedCTBEHHYIO
(YHKIMIO M CBAI3aHHLIA C HEl0 CIEKTP BpeMeHU pesarcanuu, OjpHako
B OrpaHHUYEHHOH 00/1aCTH KCIIOIb30BAHYUE NPOCTON MOLETH MOMKET OKa-
3aTbCA BIOJHE IpPUEMJEMBIM MAJd ONHCaHHs MeXaHHYeCKHX CBOHCTB
MOPCKOTO JbJa.

O6uiyHo 1pu BbIOOPe PeOJNOTHYECKUX 3aBHCHMOCTEH Jied paccMar-
pUBaeTCH KaK U3OTPOMHHIY MaTepuaj, a pacCesHHe MeXaHH4YeCKoH
SHEPTHH cuHuTaeTcs MalpM. B sToM ciaydae muccunatTHBHBIE MPOLECCH
OIUCHIBAIOTCST C TTOMOIIBIO TAK Ha3biBaeMol (QYHKIUH paccesiHHA 3Hep-
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ruy. COOTBETCTBYIOIMH IUCCHIATHBHBIA TEH30p HaNpsKEHHH o7, onpe-

IeNsIeTcs 1o BBIpaXKeHHI0, (OpPMaJbHO COBNAMAIOIEMY C BhIPaXKEeHHEM
JJIS BSISKOTO TeH30pa HAaNpsi)KeHHH B BA3KON CKUMAaeMOH XHIKOCTH:

, . . 1
oip=Le1dip—t2m, (Eik 3 ellgik) . (8.12)

31eck & — TeH30p cKopocTedl medopmaumit, 8 — cumBon Kpose-
Kepa, 1y — K03hQHIHEHT BHYTPEHHETO TpeHI/IH (B,quOCTb) C—BTopou
K03¢ QUIMEHT BI3KOCTH. :

W3 ypaBuenus (8.12) BuAHO, YTO BTOPYIO BA3KOCTh HaAO0 YYUTHI-
BaTh JIAIIb IIPH AePOPMAlMAX, CONPOBOKAAIOIIUKCS H3MEeHeHHEM 00b-
ema (nmnartaums). [lig TBepAOro Tela, KAKMM BCe Ke ABIACTCA Jel,
Her HMKAKHX NPHYHH CYHUTAThb OOBEMHYIO AebopMalMio HeylpyroH,
BO BCIKOM CJayuae AJd anauabaTHuecKux M H30TCPMHUYECKHX DEXHMOB
nedpopmupoBanus. Torma BTOPYIO BSA3KOCTb { MOXHO CUATATb PaBHOH
Hymo. CBsi3b MeXIy HaNpSKEHHAMH M AeopMalusMu B 3TOM cnyqae
3anyUCHBaeTCs CaenyIoIM o6pasoM:

C’ik-—‘Keilgik—{—2G(1+T¢§;)(Eik—lsnsik)- - @1

10 ypaBHeHHe ONHCHIBAET NOBENEHHE JUHEHHON yIpyrosanasibi-
Baiollefi cpeiibl, Tak HashiBaemoro tena Poxra. Takas cpema mpex-
CTaBJSIET B JAEACTBUTEJIBHOCTH YIPYroe TENO C JHHEHHOH 3aBHCHMO-
crTeio pemndupoBanus koneGanuii caBura oT ckopoctu [146]. 3mech

Ny . ; .
To =G ~BPeMA penaxcaunu neopMauuy, HJIH BPeMs 3ama3fiblBa-

HHd, @ 1), — KO3 UIHEHT BASKOCTH NPHU CHBHTE.

s cpepm ¢ nuHefiHOH pesakcanueit (Tesno Makcsenma) obiee
ypaBHeHHe, CBASHIBAIOLIEE HAMPAXKEHHS C ﬂe@)opMaunﬂMH umeer cie-
IyIOWNUN BUIL:

1, 9 (1 d
(;M—+7;> oi=K (‘ﬁ—“l—-a'[) edipt-
0 : 1 -
+QG-—W (Eik—_‘3 81131k>, . (8.14)

NM .,
rhe Tm=T—MaKCBeJIJIOBO BpE€Msa pejlakcalliyd HAIPAKEHUM, MM —

K03 HUIIMEHT BASKOCTH NIPH CABHTeE. :
9T0 ypaBHEeHHe CNPaBeNJIMBO JHUIb NPH MaJOCTH OTHOCHUTEJIbHBIX
ckopocteln nedopmauuii. Ypasuenue (8.13) crpaBensuBo IpH MasioM
paccesiHUN MEXaHWUECKON 3Heprud. Taxum o6pasoM, MOKHO OXHAATD,
uyro ypasueHue (8.14) OyneT yIOBJETBOPUTENHHO ONHCHLIBATH IIOBEJlE-
HUe JIbJa NPH MeJJIEeHHHX H3MEeHeHUAX Harpysk, a ypabHenue (8.13) —
NpH XHHAMHYECKHX PEXHMAX, HANPHMEp Mpu OBICTPHIX KONeOaTeabHbIX
npoueccax. Ecau BpeMs NeACTBHS BHELIHWX CHJI MeHbINe BPEMeHM pe-
Jakcauuu, To Jaex Oyner BecTH cebs Kak BIOJHE ynpyroe TeJo.
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O6p4HO ucnonb3yercs AU60 ORHa, JubO Lpyras Moje]b Jbia, B 3a-
BHCHMOCTH OT Xapakrepa ero Aedopmuposanus [147, 259]. dnaa onu-
caHusi nedopmauud JbJla TNOA Harpyskod B ofmem cayuae Tabara
[286] ucnoab30Bas KOMOUHHPOBAHHYIO MO, BRJIIOYAIOILYIO COCIH-
HEHHBIE ITOCAENOBATeJNbHO 3jeMeHTsl Maxcsenna u ®oxrta. Hexoro-
pBie MCCIENOBATENH UCIOJAb30BaIH Oojee CJIOXKHBIE Momenau. Ciaenyer
elle pas NOAYEPKHYTh OrPaHUUYeHHYIO IPUTOZHOCTh STHX PEOJOTHUECKHX
3aBUCHMOCTEH, OUpPEAEAAIOIYIOCST MacmTaGoM BPEMEHH pexkuMa Ha-
I'PYKEHHUs JbLa.

Ilpn nuHaMHyecKHX peKHMax, KOrjld YAOBJETBOPUTEIBLHBIE PE3YJib-
TaTHl JaerT Mogeab PoxTa, BHYTPEHHEE TPEHUE BO JbAY 1] MOKHO BHUH-
CIATDH 110 KOIPPHULUHUEHTY 3aTyXaHHs y; IONEePEUHbIX YIPYTHX BOJH B Je-
JSHBIX o6pasuax: '

w2

Tt="57

pCy’

re o -— vacToTa KosnebaHu#, p — MIOTHOCTD baa, Cy — CKOPOCTD yupy-
rO# CHABHUTOBOM BOJHBL. BeJHUHHY y: MOXKHO ONpPEHEJNHTh MO MOJYIIU-
pHHE PE30HAHCHOrO MHKA IPH BO3OYKIEHUH YNPYTHX KoJAeGaHUH Jeas-
HBIX 06pasuos. ITono6Hble IKCIIEPUMEHTH Ha 00paslax eCcTeCTBEHHOro
MOPCKOT0 Jblla IPOBOJAMIIHCL B HEGOMbIIOM 06beMe. [Ipu aTomM 0BBIUHO
onpefeasnoch ofliee 3aTyxaHHMe 3BYKa BO JbLY, BHI3BAHHOE, IOMHMO
BHYTDPEHHETO TPEHHsA, TEPMUUYECKOH BA3KOCTHIO, paccesiHUMeM 3ByKa Ha
HEeOJHOPOAHOCTAX CTPYKTYPHL JbJa M ApyruMu ¢axropamu. Onpernesne-
Hue KO03(Q(QHUHEHTa 1 IO LaHHBHIM JTHX SKCIEPHMEHTOB 3aTpyjHH-
TEeJBHO.

Myrypyma u Xurytu [255] ucrnosnb3oBadu yJabTPA3BYKOBOH METOL
ONCHKH BHYTPEHHEr0 TPEHHS NPH UCCAETOBAHHU CTPYKTYPH JEASHOrO
octpoBa T-3. Koa(pduuuedT BHYTPEHHOTO TpPEHHs OHpelessjcs IO
kK0o3(duuneHTy 3aTyxaHus npu temneparype —20°C, npuyeMm HCOOIb-
30Bajach. peosorHueckast ‘Moxens Maxrcsenna. KosbguuuesT BHYT-
pPEHHEro TpeHHs My OKa3aJjcsl He3aBHCAIIUM OT COJICHOCTH JbRA M IJIA
abjia ¢ xaopHoctpio 0—0,08% pasHsacsa 2—3 - 10 nyas. Mozneas ynpy-
roctd E Takoro jgbga 6uis mopsnka 8- 101 nun/cM2 YBennueHue BHYT-
penHoro tpenus xo 8—10-10% nyas Obio oTMeUeHO  JIHIIb AJs CJOSE
KPYIHOKPUCTANINYECKOTO Jbjla, MOAYJAb YIPYIOCTH KOTOPOTO TaKikKe
noBeicuicst 1o 10+ 1010 nun/em2.

Monyab ciasura G TAKOro Jbga uMeeT HWOpsiaok 3—4 - 1010 qun/cm2.
Torpa Bpems penakcanuu tm=nNm/G 6yrer oxomno 1 c. Eciu Ha nef
nefcTByeT mepuonuueckas Harpyska C IIepHOLOM MeHee 1 ¢ WM NOCTO-
SIHHAS CHJIa, BpeMs JeHCTBHA KOTOPOH MeHee l-c, TO meopManuio abaa
MOXKHO cyuTaTh yupyro#t. Ilpu Gojee nJHTe/BHOM BO3LEeHCTBHHM OyHeT
BO3HUKATb BSISKOE TEueHHE JibJa, OCOOEHHO 3aMEeTHOEe NPH CTATHYIECKHUX
HATPYKEHUSsX. '

3HaueHuss K03(PPUUHEHTOB BHYTPEHHETO TPEHHUS, INOJYUEHHBHE IO
JIAHHBIM 3KCIIEPUMEHTOB [IPH CTATHUECKUX H3I0TEPMHUCCKUX PEIKHMaxX

JedhopMUPOBaHUA, OOJbLIe YKa3aHHBIX B pabore Myrypyma u XuryTu

H ‘XapakTepH3yIoTCS TpoMajHEIM pasbpocoM. B. B. JlaBpos oTMmeuaer,
YTO JKCHEPUMeHTaJbHble [JaHHLIE II0 CTaTHYECKOMY KO3(QpHIHEHTY
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BHYTPEHHETO TPEHUA pacrnofaraitca B auanasone ot 10 mo 10% nyas
H Gojee. DTO JHUIIHHA pPas [OONTBEpPKIAET, 4TO KO3QPHUHEHT BHYT-
PEHHEro TpeHHA JbJa He ABAAETCH OIpeleJeHHOH (HU3HYecKOH KOH-
CTaHTOH.

O6paboTka pe3ysbTaTOB CTATHYECKHX SKCIEPHMEHTOB OCHOBHIBA-
Jach Ha NPENNOJIOXKEHHH, YTO B CTATHYECKOM DeXXHMe MODCKOH JeJ Be-
et ceGsa B COOTBETCTBHH ¢ Mozenbio Makceenna. Koadpounuesr sayT-
peHHero TpeHYA olpelenalcs MO yCTaHOBUBINeHcs ckopoctH Aedop-
Malud IpU YIPYromJacTHYEeCKOM pAacTsKeHHH, usrube WM KPyUeHHH
Jensinpix crep:xHeli. Hanpumep, npu usrube cBo60JHO ONEpTOro IpPH3-
MaTHYeCKOTo JIEAsIHOTO CTePXKHS IOCTOSHHOH cuJiod P, NpHIoXKeHHOR
B cepeiuHe npoJiera, Ko3QPUIHEHT BHYTPEHHEro TPEHHA MM B COOT-
BETCTBHH C 3aKOHOM JehOopMHpOBaHHS MakKcBeasia CBA3aH C yCTaHO-

BHBIIIelCS CKOPOCTbIO @Wp POCTA CTPEJKH MPOTHGa CTepKHS ciaelyionlel
3aBUCHMOCTBIO [86, 112 u 1p.]: :

. PB
M s,
rie | —paccrosiHie MeXIy ONOpaMH, b-—IOUpuUHA, kA — ToJIIHHA
CTEpIKHA.

OueHb YacTO HCHOJMb3YIOTCS PE3yJbTaThl ONBITOB MO CTATHYECKOMY
KPyueHHIO Jeaanbix crepxued [30, 112, 285]. Llunnunpuuecku# gend-
HOH CTepKeHb MAJMUHON [ XKECTKO 3akKpenssercs Ha ONHOM KOHIE,
a K IPyroMy KOHIUY TPHKIANEIBAETCS IOCTOSHHBIN KPYTANIMI MOMEHT
M. Tlo ucreueHHH HEKOTOPOrO BPEMEHH B COOTBETCTBHH C MOIEJBIO
MagxcBensia yroJl Xpyu4eHHsl ¢ He [NOJIKEeH 3aBHCeTb OT KOOPAHHATHI 2
10 JJIHHE CTEPIKHs, a CKOPOCTb H3MEHEHHs yIya IOBOpPOTa CBOGORHOIrO

KOHILA CTEPIKHA (; TIOCTOAHHA U paBHa

LAy

I— CTM

s

rie C— ¥KeCTKOCThb CTEPIKHA HAa KPYJdeHHe.

YuureBas, uro Mm=1tm{, HETPYAHO NOJYUHTb pacueTHsle GHop-
MYJBl IJs OnpeneneHus Ko3pGuUIHEeHTa BA3KOCTH Ny IHO 3aMepeHHON
yCTaHOBHBIIEHCS CKOpPOCTH KpydeHus. Hanpumep, IIsl CTEPXKHA KPyro-
BOTO ceueHus paauycoMm R uMeeM

=2 , (8.15)
TRig;

B onwitax 10, JI. HasuHIleBa NOCTOSIHHAS CKOPOCTH HEYIDPYIOH Ie-
dopmanyuy ycTaHaBJAHBaJiach B TeYeHHEe ABYX-TPeX CYTOK. BennunHa
3TOH CKOPOCTH IUJII MOPCKOTO COJIEHOTO JbJa CYWECTBEHHO 3aBHCHT
ot Temmepatypsl (puc. 49). Ias temneparyp Huxke —20°C ckopocTb
BASKONJAacTHUECKOM AedopMalyuy yMeHbIHaJach B JecaTKH pas. Koad-
(bHIMEeHT BHYTPEHHErO TPEHHS Y OAHOTO H TOTO XK€ JbJa P STOM yBe-
anunBajca 8 20—50 pas.
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Xapaxkrep 3aBHCHMOCTH BHYTPEHHErO TPEHHS MOPCKOTO JibJa
OT TEMIIEpAaTyPH OIpelengeTcs ero coJenoctbio. COJMeHOCTh JbAa
yMeHblIaeT K03(QGHUIHEHT BHYTPEHHETO TPEHH, CHMXKas olllee IJa-
CTHYECKOEe CONPOTHBJICHME JIbJa, ¥ Je/JaeT €ro MeHee UyBCTBHTENbHBIM
K H3MeHeHusaM TeMnepatyprr (puc. 50). Kak BumHO U3 puc. 50, B uHTEp-
BaJe TeMnepatyp. or —8 no —20° C BHYyT- .
peHHee TpEHHE MOPCKOrO Jbia coje- 740 °duc/cm

HOCTbiO 6,3%) IIpPAKTHUECKH HE MEHSEeTCS. y
B o6mewm, sxcmepuMeHTasbHBIE IaH- 10—
HbI¢ IOKa3bIBalOT, YTO BpAd JH MOXKHO
NOCTPOUTDL YHHUBEPCAJbHYIO peoaoruye-
CKYI0 MOJeJh MOPCKOTO Jibia, OCHOBHIBA- gl
¢
80 sl
60— A
40— 2
20l oL eI
-8 -16 -24T°C
Puc. 50. 3aBucumocts K03d¢u-
R ! IHUeHTa BHYTPEHHEro TPEHAA MOp-
0 CKOro .
2 7 7% ~32 T Oro Jba OT COJNeHOCTH
X 1 ——oroﬂoganbm sen COJIEHOCTBIO
Puc. 49. 3aBHCHMOCTb CKOPOCTH KPYydYeHHSA " E’Tlf“f”bﬁo%—o T oonon en tone:
Jefiiroro o6pasmna OT TeMIepaTypbl HOCTBIO 6,3%.

sIChb Ha JIMHEHHBIX 3aBHCHMOCTSAX IJS BA3KOH HBIOTOHOBCKO YKHUAKOCTH.
IMo-uaumomy, s jbxa OoJee NMOAXOISLIHUMH SBASIOTCS ypaBHEHHS
TEKY4YeCTH CO CTENeHHOI 3aBHCHMOCTbIO CKOPOCTH HedopMamnui OT Ha-
npsxenun [222].

5. Tpenue mopcxozo a6da

OmnpepesieHre BeJHUHHB! CHJ BHEIIHEro TPEHHS, BO3HHKAIOMIUX IpH
CMeIeHHsIX JbAHH OTHOCHTEJNBHO IPYr INpyra, IPH BO3JNEHCTBHH Jbla
Ha Geper W Ha WHIKeHEDHBle COOPYXKEHHS, HeOOXOAUMO [Js1 pelleHHus
MHOTHX IpaKTHUECKHX 3afau. IlpHpona BHeINHEro TPeHHS 06YyCJIOBJIH-
BaeTcsd MpolleccaMy, IPOUCXOAANIMME Ha IIOBEPXHOCTH TeJ BO BpeMs UX
B3aUMHOTO CKOJIBXEHHS. DTH NPOLECCH UMEIOT CJI0KHBIH MOJIEKYJISIPHO-
MeXaHHUECKHH XapaKTep H CBA3aWbl ¢ 00BeMHBIM Le(OpMHPOBAHHEM
MOBEPXHOCTHBIX CJIOEB H ¢ NPEOJdOJeHHeM MeXMOJEKYISIPHBIX CBs3el
MeXKIy CONPHKACAIMUMHECS -y4acTKaMK TPYILHXCA. NoBepxHocrell. M-
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4epPNLIBAIOLIEr0 afieKBATHOTO ONHCAHHA MeXaHH3Ma BHEIIHEro TPeHUs
Jbla B HacTOsllee BPeMs He HMeEeTCs M NPAKTHUECKH OCHOBHLIE CBeAe-
HHs1 OPDAHHUYHUBAIOTCSH CBOJAKOH 3KCIEPHMEHTAJIbHBIX AAaHHBIX.

B nuamasoHe TeMmepaTyp, COOTBETCTBYIOILEM. eCTECTBEHHBIM .ycJlo-
BHAM, TPEHHe JbJa ONpejesseTcs HaJHuHeM CaMOCMa3blBaHHA B 30HE

" LefiCTBUTENBHOTO KoHTaKTa. CyXoe TpeHHe peasu3yerTcsl JHUIb B yCJO-

BHAX BecbMa HH3KUX Temuepatyp (nopsaka —100°C u HuXe) npH Ma-
JIBIX KOHTAKTHBIX NaBJIEHUSX W HE3HAUHTEJbHOH CKOPOCTH OTHOCHTEJb-
Horo mnepemelnenus. [Ipu 3ToM Ko3(Q(HUIMEHT TPeHHS DE3KO YBEJIHUH-
Baercsi. Hanpumep, no pasnum C. C. BynHeBuua, I MOPCKOrO JibAa
cojsieHocTbio 7% npu I'=—128°C punaMHueckuil K03 duIrueHT cyxoro
Tpenus paset 0,31, a npu T=0° ymenbmaercs no 0,03.

MexaHHu3M CaMOCMa3HIBAHHA JibJa 32 CUeT JIOKAJbHOIO KOHTaKT-
HOTO TEIVIOBHIJENEHHsT B pe3ysbraTe Iepexofia pabOTH CHJ TPeHHS
B Temno paccmatpuBajics boyxenom u Xeozom [203], K. B. BeinGep-
rom [31] u ap. YacTb sbla pH TaKOM IpaKTHYECKH MTHOBEHHOM BbIAe-
JIEHHH Telljla paclJaBJsercss, a o0pasoBaBliascsa Boja o6pasyeT TOH-
Kyi0 cMa30uHyio npocsoiiky. Ilo muenuto B. B. Iepsiruna, B Takol
TOHKOI BOJHOH NPOCJOHKE CYIIECTBYIOT HEKOTOPHIE€ IVIOCKOCTH CKOJIb-
JKEHHSI, COOTBETCTBYIOIUHE ONpEeNeTeHHOMY PAaCHOJOXKEHHI0 MOJEKYJI
BOJBI, UIGHTHYHOMY KPHUCTAJJIHIECKOH CTPYKTYpe JbJa. DTH INIOCKOCTH
HCY€3al0T B OTHOCHTEJNBHO TOJICTBIX CJAOSX, 4eM OGBACHAETCH IJIOXOE
CKOJIbXKEHHE JibJla TIO TIOBEPXHOCTH, HOKPHITO! BOAON, U B YCJOBUSAX BHI-
coKux TeMmnepatyp. IIpu HH3KHX TeMmmepaTypax o6pa3oBaHHE KHIKHX
IPOCJIOEK 3aTPyINHSETCd H CKOJMbXeHHEe JbJa yXyALIaeTcs.

Iuist caMocMaskeBaHHs Jbjia, BbI3BAHHOT'O TPeHHEM, 0OJIbILOe 3Haue-
HHMEe HMeeT TEIIOOTBOJ M3 30HBI [AeHCTBHTEIbHOrO KoHTakKTa. Ilostomy
Ha TpeHHe BJIMSET TEMJIONPOBORHOCTb MaTepHasa, KOTOPHIA CKOJMb3HUT
no JbAy. JelfcTBUTENBHO, CTalb XOPOIIO CKOJb3HT IO JBbLY A0 TeMIle-
paryp —30, —35°C. Ilpu Gosee HU3KUX TeMIepaTypax JdepeBo Oyaer
npeanouTHTeNbHee, VICKiIioueHHe cOCTaB/sieT MAaruufi, obJanamomui
BBICOKOH TEIVIONPOBOZHOCTbIO H BecbMa MaJbIMH Ko3()HUIHEeHTaMH
TPEHHS N0 JbLY.

s o6bacHeHus] NOLOOHBIX cpaKTOB Oblyia HpelJIoXKeHa TeOpHA Ila-
poo6pasHON NJIEHKH KaK CMasbIBAIOLIEro CJ0sl, KOTopas naja HemJo-
X0e KaueCTBEHHOE ONMCaHUe 3aBUCHMOCTH KO3(h(DHIHEHTOB TPEHNS JIbAA
oT Temnepatypsl. HekoTophle HcciefoBaTeH OGBACHANN CKOJb3KOCTb
JbJa BpalleHHeM MOJIEKyJ Ha MOBEDXHOCTH JIEASHBIX KPHCTAJIIOB.
[Tponcxozsiliee npH 3TOM pa3pyuleHHe NOBEPXHOCTHBIX CJOEB JIbAA
BO MHOrOM MI€HTHYHO TasHuio. [lo-BHAMMOMY, NIPH TPEHHH JbJa MOTYT
ONHOBPEMEHHO JIENCTBOBATh BCE YKa3aHHBIe IIPOLLECCH, IIPHYEM pPOJb
KaxOoro W3 HHUX ONpejestsieTcss H3MEHeHHSMH TeMIepaTypbl M Ha-
rpysku [121].

[lepoxoBaTocTh TPYLIHXCsl MOBEPXHOCTEH OGBIYHO TaKOBa, YTO pas-
Mepbl HEPOBHOCTeH 3HAYHTEJbHO NPEBOCXOASAT paAHyc AeHCTBHs1 MoJe-
KYJAPHBIX CHJ OpUTsiKeHHsl. @DakTHuecKuii KOHTAKT NPOHCXOAUT IO
3THM HepOBHOCTSIM, TaK 4TO CyMMapHas IUIOMIaJb KOHTAKTHBIX ISTEH
MHOTO MeHblle HOMHHaJbHOK. -OnpefesuTs ¢GakTHUECKYIO MLIOLLALb
KOHTaKTa Hemnpocto. IToaTomy npakTHUeCKH NPHXOJUTCS HCNOJb30BATH
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-3aKOH rpanuuyHOro tpenuss Amonrona—KysoHa, a BennuuHb X030 du-

IIMEHTOB TPEHUs ONpeneadaTh IKCHepuMeHnTa bHo [19].

Slcuo, yro mpu TakoMm noAxoAe KO3()(HUIHEHTH TPCHHST MOPCKOTO
Abjla He ABJAIOTCS (U3MUECKHMH KOHCTAHTAMH, a 3aBUCAT OT MHOXKe-
cTBa BHeMHMX (pakTopoB. JlManasoH H3MeHEHHs ITHX KO3 PHIMEHTOB
BeCbMa MHUpPOK. Hanpumep, Ko3QHIHEHT TUHAMHYECKOTO TPEHHA [num
usMeHsiercs B mpenenax ~0,02—0,20 u 'Gosee, a cTaTHyecKHH K03 du-
nueHt or 0,04 1o exuHUIILL.

Hau6osee 06CTOSITeIbHEE 9KCIEPHMEHTH Ha HATYPHOM MOPCKOM
abxy Obliu BuimosHeHsl A. . PuiBaunbim [130]. Ou oupenenns cratu-
JyecKHe ¥ AuHaMuuecKue K0o(QQHIHEHTH TPEHUS CTAJNH TO JbIY H JbJa
10 JbAy B Pas3/JHUYHBIX YCJOBHSAX. B INepBYI0 OYepelnb HCCJIEI0BAJNOCH
BJIMSIHNE Ha TPEHME CKOPOCTH CKOJIbKEHHUS U BeJUYHHB! YHEJbHOrO JaB-
Jgenus., Ananns matepuanos ucnuitanuil A. S, PuBauna mokasan, yto
U3MeHEHHE CKOPOCTH He OKAa3BIBAeT CYIeCTBEHHOIO BJHUSIHUS Ha BEJH-
Y¥Hy AVHAMHYECKOTO KO3(duuMeHTa TPEeHUS CTANbHBIX U JEASHBIX
00pasloB KaK [0 CyXOH JIeJsTHOH NOBEPXHOCTH, TaK U MO MOBEPXHOCTH,
HOKPHITOH CJI0eM BOIB. DTOT BBIBOJL CHPAaBENJIHB JJIs MPECHOr0 H_MOp-
CKOTO VIbjJla BO BCEM JHAana3oHe HCCIeJOBAHHBIX AaBjeHuél (oT b5 no
230 rc/cm?) u temnepatyp (ot 2,6 10 —30°C) (I/IMeeTCH B BHLY TEM-
IepaTypa BO3AyXa BO BPeMs HCIILITaHUI).

Bausinne temnepaTypbl Ha K03()(HIHEHTE CTATHYECKOrO ¥ THHAMMU-
9ecKoro tpeHust 1o naHHeIM A. §I. PeiBinHA He3HAUUTENbHO, YTO HOM-
TBepKIaeT pesyabraThl ucclenosanuil C. C. Bynguesuua [19]. Bausauue
TeMIIepaTyphl YCHJHBAETCH, €CJU NMPOHCXOAHT IpuMep3aHHe oGpasna.
B sToM ciywae craTuueckuil ko3dQUUHEHT TpEHHA BO3pAacTaeT J0 He-
KOTOPOHU BeJHUYUHBE, KOTODas 34TeM oOcTaeTcsl HOCTOSHHOH. Benuuuna
3TOrO MPeleJbHOTO 3HAUCHHS PACTET C [OHUXKEHHEM TeMIepaTyphl.

MayyeHHe BAUSHHS MICPOXOBATOCTH E€CTECTBEHHOIO MOPCKOTO Jibaa
Ha TpPeHHe N10Ka3aJ/o0, YTO KO3 GHIHEHTH TPEHHS NMPaKTHYECKH He Me-
HSIOTCH HPY U3MEHEHHWH BHICOTH OYTOPKOB MIEPOXOBATOCTH. 3TO CO-
raacyercs ¢ obUIell KOHUENIHeH IPaHHYHOrO TPEHUS, NpeanoJaramulei
JHCKDPETHOCTh KOHTAKTa TPYWIHXCH IOBepXHOCTeH. 3HAUMTENbHO 60JIb-
uiee 3HayeHHE HMEeT BeJIUYHHA pas3pyuleHHOCTH HOBEPXHOCTH MOPCKOTO
Jbja. B uacTHOCTH, CHJbHOE BJHMSHHe HAa BeJUYUHY Koadduruenta
CTATHYECKOrO0 TPEHHS OKasblBaeT JECTPYKIHOHHBIH CJI0R JbIa,

Tabauya 20

BaHsHHe Pa3pylieHHOCTH -NOBEPXHOCTH MOPCKOrO JbRa
Ha KO3 uuueHTH TpeHus

CocTosiHHe (10BePXHOCTH fer fﬂm_[
IMlepoxoBaras xectkag (hz=
=0 cm) .. ... 0,15 0,07
JecTpyKuHOHHBI caoit Tray6u-
HOM 2—3 eMm . .. ... .. 0,26 0,11
ray6uHo#t 3—5 em L . . . .| 0,24 0,12
rayfusoit 6—8 em . . . .. 0.49 0,13
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obpasyioluiics B pesysabrate paiHal¥OHHOro TasHus. JMHaMuuecKH#
Ko3(QQuIUeHT  TpeHHus  UpH  3TOM  MEHAEeTCs  HEe3HauUuTeNbHO
(raba. 20). .

CHeXHBEH NMOKPOB HA NMOBEPXHOCTH JbJa YBeJIHYMBAeT [IOBEPXHOCT-
Hoe Tpenne. Ecin BbICOTa CBEXEBHINABINETO CHEra HE HNPEBOCXONUT
10—15 cM, TO JgeasiHOR ob6pasel CKOJIb3UT YaCTHUHO 110 JIbJMY, YACTHYHO
no cuery. Ilepen o6pasmom obpasyercss BaJHK OTTECHEHHOTO CHEra.
TIpu TOJCTOM CHEXHOM TOKPOBE CKOJbXKEHHe IPOHUCXOJHT TOJHOCTBIO
mo cuery. CKo/IbXKeHHe 10 [OBEPXHOCTH JIbJa, HOKPHITOTO CYXHM KpY-
OUTYATHIM CHErOM, COTIPOBOXKIAETC pasfBUraHHEM CHera B CTODOHHI,
K03 HUIHEHTH TPEHHS B 3TOM CJIyYae BO3PACTaloT HE TaK Pe3KO, KaK
Ha CBeXeM CHery.

Hanwnune BOAb Ha NOBEPXHOCTH JIEJASHOTO NOKpPOBa He CHOCOGCT-
ByeT CHHXEHUIO KO3 (ULHEHTa TPEHHUS, IOCKOJIbKY YJayulueHne GpuK-
OHOHHBIX XapaKTePHUCTHK JibAa OOYCJOBJMBAETCS JHUIIb TOHKOH BOZS-
HO# mpocaoiKoi, obpasymwolelics B 30He NAEHCTBHTENBHOTO KOHTAKTa.
Bona B arofi mpocnofixe uMeer 0cobyi0 MOJEKYJISPHYIO CTPYKTYDY.
UHorza Boja MOXeT HeCKOJbKO YXYALIHTb CKOJbXKeHHe JbJad, TaK Kak
IpH 3TOM GyLeT NPOHCXOAUTh HHTEHCHBHEIA OTOOD Telsia U3 30HH KOH-
TakKTa.

Conenocts JbRa, no HaHHeM A. 1. PriBauna, He OKasHBaeT Cylie-
CTBEHHOr'O BJAHSHHUA Ha K03 (UIUEeHTH TpeHHUs, KOTOpble I/ MOPCKOro
H NIPECHOr0 JbJa NPaKTHYeCKH OJHHAKOBHL.

BsanMopacnonoxenrue ocefl KpHCTAIOB U HAINpPaBJeHHE CKOJbXKe-
HHUS TaKXe MaJjio BAMAIOT Ha TPeHHe, 32 UCKIIOYeHHeM HeKOTOPOro CHH-
JKeHHsA K03 uIueHTa CTATHUECKOTO TPEHHUS fer IIPU CKOJIbXKEHHUH BJOJb
6asucHBIX NJocKkocTel. Ilis HceaenoBaHusl 3TOro Bolpoca BHIGHpaTUch

06pasisl MOPCKOTO JbJa CTONGHATON CTPYKTYPH. DTH 06pasuul OYKCH-

POBAJIHCH 10 HANPABJAECHHUIO, IEPIEHAUKYISPHOMY OCH KpHcTaios (L),
T. €. B IJIOCKOCTH, cojepiKalned

onTHyeckue ocu. Kpome Toro, nc- Tabauya 21
CJIEN0BAJOCH CKOJIbKECHHE BIOJD BuHsiHME B3aMMODACTIONOKEHHS OCeli
ocelf KpHCTaMNOB (=) NUOOTOJ  KPHCTAJNOB M HATPABJEHHS CKOJIbIKEHHS
yraoM 90° k HuMm (]|). Pesynp- Ha KoaddHUHEHTH TPeHHS MOPCKOTO Jbia

TATHl 3THX SKCIEPUMEHTOB IIPH-

BeJeHHl B Tabu. 21. R Tex 7 nun
ComocraBjieHye 3KCHOEPUMEH-

TalbHBHIX  JaHHBIX O  TpeHUH '

JbJla TIO JIbAY H CTajH 1O JbAY L 0.50 0.08

nokasaJo, 4TO JHHAMHYeCKHe KO- I 0,70 0,08

sb@uurenTsl TpeHus B 06OUX = 0,51 0,08

cayuaax copnapmaior. Cratuye-

ckull koadunueHT TpeHus Jbaa

10 JIbJY MPHUMEpHO B ABa pasda OoJblie, ueM y cTalH noJabny. Cpenuee
3Hauenue Kos(uuueHTa TpPeHHd PXKaBOH CTajH N0 JbAY COCTABJSAET,
M0 JAHHBIM SKCIEepPUMEHTOB, fer=~0,15, a AJas NONUPOBAHHOH cTaly H
KpaIleHOro AepeBa 3HAUMTENbHO MeHblle: fer~0,04 H frum==0,02. K ana-
JOTHYHBIM BBIBOJAM NPHILIK Takxke (uHCKHe wuccaefoBatenu [216].
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I'JTABA 9

IIPOYHOCTH MOPCKOI'G JIbJA

1. TeopeTuneckan npo4HocTs 1 paspyuenie r60a

IIpouHocThio Ha3BIBaeTCS OTHOILEHHE MHHHMAJbLHOH HATPY3KH, BHI-
3biBalonlefl paspyileHue o6pasua, K IJIOMAAM ero TMONEpPeuHoro cede-
HusA. B 3aBUCHMOCTH OT TeMNepaTypsl U CKOPOCTH AedopMauuu paspy-
IIeHHe KPHCTAJIHYECKOr0 Tesla, B YaCTHOCTH JIbJla, MOZKET IIPOUCXOLUTD
XPYNKO WM IJIACTHYHO. B mepBOoM ciyuae [0 paspylieHHsS He 3aMETHO
HHKAaKMX BHIHMEIX M3MeHeHuH o6pasua, BO BTOpOM HabaogaeTcs mia-
cTHYecKoe npeobpazorande ero dopm. CymecTBEHHO TO, YTO HEPEXOX
OT XPYIKOTO pa3pylleHus K IJIACTHUECKOMY JJI OJHOTO H TOTO XKe Ma-
TepHaJa CBA3aH ¢ H3MEHeHHueM BHeIlHUX YCAOBHH.

Teoperuueckas oneHrKa MPOUHOCTH - TBEPALIX TEJ OCHOBHIBAETCH Ha
aHa/Id3e 3aBHCHMOCTH, ONUCHIBAIOU(e# MOTEHIHANbHYIO SHEPTUIO B3au-
MojeficTBus aroMoB W B KpucTasInueckoll permerke B QYHKUHH OT pac-
crosHus MexnAy aromMaMu. OnpemeseHHOe 3THM CIOCOOOM paspyluaio-
1lee yCHJHe OueHb Beauko. PaxrTHyeckad LPOYHOCTH JbAA Ha JBa-TPH
nmopsifiKa MeHblle TeoperTHueckol. Takoe Oosbilioe pacxoxieHue 00b-
dAcHsieTcsl fedekTaMH CTPYKTYPH, KOTOpHle BCerla UMEITCs B MaTe-
puane. K nedexkTam OTHOCATCA BaKaHCHM, MAHCAOKAIYUM, IpHMECHEIE
aTOMBI, IIOPEl, MHKPO- U MaKpPOTPELIWHE B KPHCTAMIMUECKOH pellleTKe
U HA NOBEPXHOCTH obpasmna.

Hanuuve MukponedeKkTos onpexesasieT Tak Ha3hBaeMBIH Macurral-
HHE 3¢ (eKT, T. e. 3aBHCHMOCTb cpeJHeH NPOYHOCTH 00pa3lLOB OT HX
pasmepoB. OOGbACHEHHE 3TOrO SBJEHHs NaeTCsl CTATHCTHYECKOH Teo-
puell UPOYHOCTH, rie NOKAa3biBAeTCd, YTO BEPOSTHOCTb pas3pyIIeHHs
BO3pacTaeT ¢ yBeauueHHeM ob6beMa ofpasua. CraTucTHuecKas IPHPOIA
MacirabHoro 3¢ @eKra XxOponIo MOATBEPKAAETCS B ONBITAX C MAJBIMU
obpasuamu. Ilpu nepexone x obpasnam OGBIUHEIX pa3sMepoB BEPOSITHO-
CTHBIE 3aKOHOMEPHOCTH MepekpuiBaloTess 3ddexraMu, CBI3aHHBIMH
C TeXHOJIOTHell H3rOTOBJEHHA 00pa3IoB, CPaBHUTEIBHEIMU pa3MepaMu
OTHEJNbHBIX KPHCTAJAAUTOB W 00pa3lOB, HaNpaBJeHHEM OITHYECKUX
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ocefl, paclpejeaeHNeM COJICHOCTH, IPafHeHTOM TeMIepaTypsl o TOJ-
LHHe JbAA U T. II.

Ha macmra6ubiil apderr y appa ykassisaa B. B. Jlaspos [88],
IPEAJIOKHUBIINYA 1Jisi ero” OObsICHEHHsT THIOTe3y O MNOCTOSHCTBE BeJH-
yHHBl aGCOJTIOTHOTO yAJHMHEeHHs o0pasla. EcTecTBEHHO, YTO IPH ITOM
paspylialoliee yCHJIHE OKa3aJoCh 3aBUCSLIMM OT pasMepa oOpasla.
DHU3HUECKOrO CMBIC/IA 3TA TUIOTe3a He HMeer. PakTHUecKH npu paboTe
C JIeASIHBIMH O6GpaslaMH HCCIef0BATe]H, KaK IPAaBHJI0, HMENH el
¢ a(ppekTaMu YHCTO METOAWYECKOTO NpoHCXOXAeHHs. Kax ormeuaer
A. §1. Pupaun [130], mpu ckpynyse3HOM COOJIOACHHH METONHKH 3KC-
HepuMeHTa MacliTaGHBN P GhekT NPH HATYPHHIX HCNLITAHHSIX JIEISHOTO
fIOKpOBa HA NIPOYHOCTb HEe OOHAPYKHUBALTCS.

Kpome macirabuoro adexra, cBSI3aHHOro ¢ pasMepaMu ob6pasua,

npu HccAefoBaHHM Aedopmanuii ¥ paspyllleHHs NOJUKPHCTaIAYe-
CKOro JpJa OTMedaercs BJAMsSHHe pa3MepoB 3epeH. Ilpenesi TekyuecTH
U IpyTHe NpefiebHBlE 3HAUEHHS Da3pylIAlONMX HanpsiKeHui T CBsi-
3aHbl C pa3MepoM 3epHa ¢ 3aBHCHMOCTBIO C/IeLyIOLIero BHAA:

1

t—rglkd 2, (9.1)

THe To— HAUpPSIKeHHEe, OOYCHOBJIEHHOE CONPOTHBJIEGHHEM IBHKEHHIO
AUCAOKauui 0e3 yueTa BAHSHHS FPaHHL 3epeH; 2 — Koa(PPHUIHeHT, yuu-
THIBAIOIM CONPOTHBJAEHHE CIBHUIY, BHI3BaHHOE TrpaHullaMHu 3epeH. Be-
JUYHHA k OonpelessieTcs B3aUMHBIM paclONOKeHHeM MJI0CKOCTe! CABUra
B COCEIHUX 3e11)Hax, T. €. CTENEHbIO HX PA30PHEHTALHH,

Unen kd ° B ypaBHeHuH (9.1) COOTBETCTBYET INONOJHHUTEABHOMY Ha-
NPSIKEHHIO, HeoOXOAMMOMY [JIsi Nepefaud cABHra OT OJHOTO 3epHa
K napyromy. Ilpu pasnuuHOil OpHEeHTHPOBKE 3epeH Ha TpaHUIax cKam-
JUBAIOTCS ITUCJOKAIMH, TPHUEeM 3TH CKOIJIEHHS HAa4YMHAIOT UrpaTth
POJIb KOHLEHTPATOPOB HaNpsiKeHUH. JonosHuTeNbHOE HAUDPAXKCHHE T,
CBSI3aHHOE C KOHIEHTpamHeidl y CKOIJICHUI AMCAOKALMH, olpeensiercs
no gopmyne

1

v—=(c—) ()7, 9.2)

~ THle r~— pPaccrosiiie OT CKOIJIeHUs Auciokaunui. I1o Mepe yMeHbIIeHHS

r, T. e. IpH NpUOJAUKEHHH K I'paHHIe, YPOBEHb HANPSIKEHHH pacTer.

Sd¢eKTH, BLI3BAHHBIE CTECHSIOMHM BJHSHHEM COCEJHHUX 3€peH,
CTAHOBSITCS 3aMeTHBIMY, €CJIH UHCJIO 3epeH BIIONePedHOM CeueHHU 06-
pasua npesslnaer 20. Ilpu 6osbilioM uKMcIe 3epeH 3TO BJUSHHE CTAHO-
BUTCS IOCTOSHHEIM H JajibHellliee yBeJHUEHNe UX KOJHUECTBA HE H3Me-
HAET BeJIMYHMHY paspyllialoliero HanpsKeHHs.

OTmeuennse 5hderTs MOKa3HBAIOT, YTO NPOYHOCTh JbJA HE SHBJMA-
€TCs IIOCTOSHHO!N BeJIMUMHOH, a 3aBHCHT, MOMHUMO NpOuMX (akTOpOB,
0T pasMepoB 06pasloB, OT Pa3MePOB OTAEILHLIX 3e€PEH U KPHUCTAJJIU-
tos ¥ T. . OfHaRo rpoMazHoe pacxXoKJAeHHe (DaKTHYECKOH IPOYHOCTH
Jbla ¢ TeopeTHyecKol MaciiTaOHBIMH 3(hdexkTaMi He ONpenenseTcs.
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g o6ocroBanusl atoro haxkTa OOBLIYHO HONB3IYIOTEH MOAeAbio 1 pud-
burca, o0bsACHAIONEH NOHHXKEHHYI0 (aKTHYECKYIO POUHOCTD TBEPJBIX
TeJ HaJluuMeM pasBHBAlOIIUXCS MHKpoTpeuiud. [Tox meficTBuem mamnps-
JKEHMH JJVHA TPENMH yBeJHYHBaeTCs, IpPHYEM IIPOUCXOAMUT YMEHblile-
HHMe YIOPYTOH SHEPTHH Teja B HpUJeramoolledl K Tpewune obnactu. Jlu-
HelHHIA pasMep pasrpyxaeMo# o0JacTH TOTO Ke MOpsika, 4YTo H
AauHa TpemuHel. ONHOBPEMEHHO YBETHUHBAETCS MOBEPXHOCTHAS 3HEp-
rusg TPEeWHHE 10 Mepe €€ pacKphITHS.

Iloka piuHa TpeIUMHE MEHBIIe HEKOTOPOro KPHTHUECKOTO 3HAUEHHUS
Ixp, paBHOBeCHe SABJISIETCA YCTONUMBEIM, T. €. TPEIIHHA He UMeeT TeHIeH-
nuu yanuaatecd. [lpu ==l paBHOBecHe CTAHOBUTCSI HEYCTOHUHBEIM,
TPelluHa CaMONPOU3BOJBHO pacTeT. BeJHUMHY KPHUTHYECKOTO YCHUIUS

Pxp, TIPH KOTOPOM HAauHHAETCS PasphiB, MOXKHO OLEHHTb [0 (opMyJie

=) TE
Kp le
rjae y— I[OBECPXHOCTHAA dHEPIrud (HOBerHOCTHOC HaTH)KeHI/Ie) .

Teopernueckue rpanunb npeena IPOYHOCTH Ha paspuiB Oe3nedekT-
HOI aTOMHOH PelIeTKH ONpe/le/isioTCa HepaBeHCTRBOM

E E
7 2 Puax 2> 5

TMonoxum mas IaJbHEeHIINX OIEHOK Pmax ~=—7—

RLEPOTY /Ay
Pmax Ele

J1st mpouHoro MopcKoro Jba MOXKHO mogaarath E=8.10% gun/cm?,
y~100 nun/cM. B 3TOM ciayyae TeopeTHueckas IPOYHOCTD Jba OyIeT
PaBHA Pmax=28- 10° nun/cm? Teoperuueckasi IPOYHOCTH MOPCKOTO JbJA,
olipene/eHHas TakuMm o6pa3oM, HA TPU Hopsaaka Gouablle ¢akTHUECKOH
Opa=5-+—10-10° nuu/cm2. Vcnonpsysl oTH JaHHBIE, MOXKHO OIEHHTH KDHU-
THYECKYIO IJIMHY TPEIIHHBI BO JbIY:

lo~ 22 ~ 0,25 e, (9.3)

10 Torma monyuum

E
IIpu Pmax ™~z HMEEM Lep=0,06 cM. TeopeTnueckue OIEHKH KPHTH-

YeCKOH NJIMHBEI TPeLlMHB! BO JbAY, NoaydenHsle ['onmom [225] ¢ momo-
mpi0 Gosee crporoit Teopun [206, 282], mator sHaueHus lxp=0,057--
0,114 cM. DTH 3HaUeHUs] HEIJIOXO COIVIACYIOTCS C HAHHLIMHA HaGmaome-
Hu#. KpHuTuyeckas AJauHa TPellMHH B MOPCKOM JbHY G6blia onpene-
aeHa Bukcom u Accypom [300] mas npenena unpounoctd op=1,5X

X107 nuufcm?, wmomynas yupyroctd E=5--10.10" pgun/cM2 u y=

=76 nun/cMm. Ilosmyuennnie pasmepn! Tpewmumus mopsaka 0,1—1,0 mwm
UMEOT OJHH MacWTab ¢ MONepeYyHBIMH pasMepaMi sT9eeK ¢ PaCCOJIOM.

Hasnune paccona B MOPCKOM JIbIY YMEHbIIAET BEJIHUUHY [OBEPXHO-
ctHOH 3HepruH. COOTBETCTBEHHO yMEHbUIAETCS BeJWYMHA YCUJIHs, He-
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06X0AUMOro A1 06pa30BaHys TPEUIMH KPHTHUECKOH AJHHBI. AHaJO0ruy-
Hoe ocJuab/ieHHe TBePJABIX TeJ1 B NPHCYTCTBHM HOBEDXHOCTHO-aKTHBHOM
KHUIKOHA (assl OHLIO .yCTaHOBJEHO B paborax Pebuniepa H ero IIKOJBL.

BosuukHOBeHHE TpeUiMH B KPHCTANJIHYECKOH pelleTke Jibla IPOHC-
XOAMT B IIPOIleCCE ero IJiacTHUecKol fedopMalyu U ONpenessieTcs TUC-
JOKaIMOHHBIM MeXaHu3MoM. [lyisi mpecHOro Jbja 3TO sIBJEHHEe OYeHb
noApo6Ho Hcclenonanock [ompom (1960—1972). Anamoruussle uccue-
JIOBAHUS Ha MOPCKOM JbIy NPOBOAMJNCHL B MaJjoM o6beme. Cyzas mno
JaHHBIM ONBITOB, OCHOBHBIE 3aKOHOMEPHOCTH fBJSIOTCH OOIHME IJs
MOPCKHMX M NPECHHIX JbAOB, OJHAKO Y MOPCKOrO JibAa Ipoueccs obpa-
30BaHMA M PAaclnpOCTPAHEHHs] TPeUMH 60Jee UyBCTBUTEIbHBI K TeMIe-
paType. DTo CBI3aHO ¢ HaJHYHEM XKHJKON ($asel U BOZMOXKHOCTBIO (ha-
30BBIX [1€PEXOJ0B BHYTPH CTPYKTYpH JAbAa. lIpm HensmeHHOH Temie:
paType UYBCTBHTENbHOCTb MOPCKOTO JbAa K TPELIMHAM Onpenessercs
€ro COJIEHOCTBIO. ’

PacnpocTpaHeHye TPEIIMHE! ONpefeNseTcsd TeM, YTO Y €€ BepIUHHBI,
uMelomel MaJfblfi pajuyc KPDHUBH3HB r, BOSHHKAeT KOHIEHTpAlHs Ha-
npﬁmeﬂnﬁ NPEBHILAONUX TEeOPETHIECKHM IIpe/les NPOYHOCTH KpUCTa-
JuuecKo# pemeTky. [onn [224] momyuua KpUTHUECKOE 3HAUEHHE palm-
yca 3aKpyrJeHHs KOHIla MHKPOTpeIuHn r=2,7 - 107% cm.

Tpemune!, npeBbICHBIIME KPUTHUECKYIO IJAHHY, OYLyT pacmpocTpa-
HATHCS B KPUCTAJIHYECKOH pelleTke C yBEJIUUMBAIOMIEHCH CKOPOCTHIO,
TEOpPeTUYECKUM IpefejOM KOTOPOH fABJAETCH CKOPOCTb HONEPeuHBIX
ynpyrux BojH. B MopckoMm abay C;=1500-+1800 m/c. B peanbHBIX
KPHCTAAIax TPEIHHE OYAYT CTONOPUTLCS BCAEACTBHE HEPErysasipHOCTH
KPHCTAJNJIHNYECKOTO CTPOSHMH. CTOHOpaMH MOTYT CJIYXKHTb KHAKHE H
coJieBble MEXKDHCTaJJHYeCKHe IPOCIOiKY, KpHucramaorpabuuecku pac-
COTJIacOBaHHBIE TPAHHUIL MeXIy 3epPHAaMH, JUHHH H IOBEPXHOCTH AMC-
JIOKANHH, BO3AYIIHbE BKJIOYCHHS U T. Il. YUUTHIBasg XaOTH4YHOCTh pac-
npeneseHHst 3THX CTONOPOB IO 00beMy, MOMKHO yTBEpXKAAaTb, UTO IIPO-
IlecC pa3BUTHUS TPellHH UMEET CTATUCTUUECKUH XapaKTep.

ITone HanpsiXKeHHH y BepLIMHE TPEIIMHB H3MEHACT XUMHYECKHH IO-
TeHIHaJ JbJa, IIOHHKAaeT TOUKy (a30Boro nepexoia, 4To IpH CPaBHH-
TeJILHO BBICOKHX TeMIepaTypax MOXKeT NPHBECTH K IJIABJEHHIO JbAa
H YMEHBIIGHHIO OCTPOTHl KOHIIA TPELIMHBl. JTOT mpouecc 6yIeT aBToO-
MaTHYECKH CTOIOPHTh Pa3BUTHe TpelluH. Ero HHTEHCUBHOCTL 3aBUCHUT
OT TeMIepaTyphl JbLa U ero (a3oBOro cocTasa. B NpecHOM JbLY 3TOT
tbaxrop 6ymeT cymecTBeHHBIM Jauib oKosno 0°C, 0ocoGeHHO KOTza B pe-
3yJbTaTe PafiMallUOHHOTO TasiHMs BHYTpPHU Jbfa 00pPas30BaJHCh KHUAKHE
3apOJBIIIH IIJIaBJICHHS.

B conenom Jibry AMana3od MeHCTBHS yKa3aHHOIO Ipolecca pacliHu-
psieTcs no kpafineli Mepe mo TeMuepatypn —8,2°C. DTUM MOXKHO 00DB-
SICHUTb HNPAaKTHYECKH OJMHAKOBYIO NPOYHOCTH MOPCKOTO COJIEHOrO JIbAa
W IPECHOTO JbJla, HaXOJsuierocs BOMU3U TOUKH IL1aBaeHus. B o6nacru
HM3KMX TeMIepaTyp, IHJs MODPCKOTO Jibja, IO-BUAHMOMY, HUKe
—22,9°C, pacCMOTPEHHBIH MEXaHH3M CTONOPEHHs TPEIUMH IPaKTHIECKH
He BJIHSET Ha INPOYHOCTb JbLa, KOTOPAsi 3[eCh 3aBHCHUT OT OCOGEHHO-
crefl ero CTPYKTYpH. B 5710M - TeMmepaTypHOM AHAaNa3oHe MNPOYHOCTH
MOPCKOTO ¥ [IPECHOTO JIbOB MaJlo OTJAHYaIOTCA APYT OT Apyra.
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Ecan mexanusmbl, cronopsiiiie ABHXKEHHE TPEIIMH, YCIEBAIOT pas-
BHUTbCSI, 3TO IPHBOANUT K HNJIACTHUECKOMY pas3pyIUIeHHIO Jbia. B npoTus-
HOM ciayuyae Jel paspymiaercss xpymko. Takum . o6pasoM, 0as Jbaa
OJIHOTO M TOTO e COCTaBa Nepex0of OT ORHOrO THIIA Pa3pyIIeHHS
K Ipyromy ompepessiercss ckopocthio Aedopmanuu. Ilpu omuHakoBoi
CKOPOCTH 3TOT [ePeXof 3aBHCHT OT (HA30BOrO cOCTABA M TEMIIEPATYPH
JbJA.

B. A. Caseabes [133] monaraer, 9To INpH BPeMEHH HArPyKeHUS
Menblie | ¢ paspylieHHe TPOMCXOAHT XPYTNKHM 06pasoM. llmacrmu-
HOCTb JbJa NPaKTHYECKH He IPOABJSeTcH, Jeld Beler cefs ynpyro 1o
MOMEHTa paspyueHHs. BoJiee ToyHbIe OLEHKH MOXKHO NOJIYYHTh [0 HLaH-
HBIM 3KcnepuMeHTOB . TabGara [288] Ha Mandbix o6pasiiax MOPCKOro
nbaa.

op-10 Soun/em*

14~
0=
13} ,1/
o/
.’
12} A X o -6%
/o x -g
// A 135
CX e -20
A o -30
‘ ' L — 1 I TR
1 2 3 Ey 10 "un/on” A B F Ve
Puc. 51. 3aBHCHMOCTD MeXAY Puc: 52. ViameneHHe cKopocTH
PaspyIaMUM HANPAKEHHeM Op . nedopMHPOBaHHA C TeMIepa-
u MonyieMm IOwra E pias pasHblx TYpOH.

TeMneparyp [288].

1 — nast AbRa WAOTHOCTBIO p=
0,86 r/cmd, 2 — p=0,77 rfcm® [288].

Tabara onpenemnsy H3ruGHLIE MOLYJAb yOpyrocT Ep B 3aBHCHMOCTH
0T HaNpsKeHus uarubda Op, paspyliawinero Jeasayio Ganxky (puc. 51).
Ilpu sToM OKazajoch, uTo cBA3b Ep U 0p cs1ab0 YyBCTBHUTENbHA K TeM-
neparype. MakcuManbHas JedopMalys OpH pas3pylUleHHH Jbia B AHA-
nasoHe TeMnepaTyp or —9 o —30°C cocrasasina npuOIUIHTENBHO
0,5-10-3.

Ha puc. 52 nameceHa KpuBasi, moJsydyeHHas Tabata, oTmensiounias
obsacTh yIpyroro NOBeJeHHs JbJa (CIpaBa OT KPUBOH) OT yIpyromsaa-

crugeckoro. Ilpu temneparype —5°C ckopocTh medopMamuu & cocra-
Baser npumepHo 107* ¢~ CooTBeTcTBYIOIEe BPEMS HArpyKeHUsT OYEeT
nopanka 4 ¢, uto 6;u3ko K oneske b. A. Capesbena.

[TpuBenenHble (akThl HOKA3bIBAIOT, YTO Pa3pyLICHHE JIbLA SIBJISETCS
TEPMOAKTHBHPOBAHHBIM, a HEe KPUTHYECKHM IIPOIECCOM. B ero ocHose
JexXaT CTATHCTHYECKHE 3AKOHOMEPHOCTH, ONpejedseMbie pacnpenese-
nueM Boablimana. DTOT paxT s GOJBIIMHCTBA TBEPABIX TeJ OBLT yc-
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rasopies C. H. JKypKoBEIM, NOJIyUHBIIAM IS BPEMEHH «KH3HU» 00-
pasia [0 paspylieHHs NpU AeHCTBHH HANPSIKEHHS O CJAELYIOLYIO 3a-
BHCHMOCTb:

t=1tyexp (———k—TM—> , ' 9.4)

rge o u fo— KOHCTaHTBl MaTepHaJa, a sHepretudeckuit 6apbep Up 6a1u-
30K K SHepPrHH CBSI3H aTOMOB B Kpucrajie gapna. CoorHomeHue (9.4)
VKa3blBaeT Ha YCJAOBHOCTb IOHSTHA Ipefesa INPOYHOCTH, HPHHATOrO
B OOBIYHEIX pacyerax, MOCKOJNBKY 3Ta BEJHYMHA HE MOMXKET OLITb OXHO-
3HAYHO ONpeJeJseHa, eciyu He 3a4aHo BpeMda AeHCTBHS HATPY3KH.

Tonp [225] moaTBepaun atu coobpakenus, mabuonas 3a o6paso-
BaHHEM BHYTPEHHHUX TPEIIUH B IIPECHOM JbAY CTOJGUaTOH CTPYKTYPH
npu JleHCTBHYM LABIeHUS, NEPNEHXHKYNADHOTO JUIMHHBIM CTODOHAM
3epeH. Bpema 06paSOBaHHH riepBOH GOMBINOH TpPEIMUHB MIHUPHHOR 6O-
Jee 2 MM U AJHHOH cBhime 20 MM 0Ka3aJjoCch YIOBJETBOPSIOWUM 00-
meMy 3axkory (9.4). Tlpu sTOM 3HayeHHST KOHCTAHT OKA3aJUCh CIAEAYIO-
wumMu: fo=4,6-10"17 ¢, a=1,4- 102 cm®/Moseryna, SHEPTHS aKTHBA-
unn Up=6-10% Ix/r. Ha MopckoM JibAy aHaJOrvyHble H3MEpeHHs
HEHU3BECTHH. T -

Uccnenopanue paspylieHHsi MOPCKOTO Jibla O CHX IIOD OrpaHU4u-
Baercs M3YYeHHEM I[IOBEPXHOCTEH paspylleHusi, 0oO0pasyoLHXcA IpH
paapyieHny Jgensigbix o6pasnon [300 u xp.]. Habaronesus noxasad,
YTQ TPellHHBl, B O6IeM, PACIPOCTPAHSIOTCA BAOJIEL 3J1eMeHTAPHBIX IJla-
CTYHOK, W3 KOTOPBHIX COCTOSIT KPHCTAJJEI JbJ4, T. €. IO HJOCKOCTAM,
NepPHeHUKYISIPHEIM HanpaBJeHHI0 c-ocefl. Ha rpanumax sepen pas-
JUYHOfl OpHEHTAUMH TPemMHHE JHGO 34KaHUYHBAIOTCH, JuHOO MEHAIOT
cBOe HamnpapieHHe. Eciu TpellHHbI ‘paCIpPOCTPAHSIIOTCS IONEpPEK 3Jle-
MEHTApHBIX MJIACTHHOK, TO OHH CTaHOBATCS M3BHAMCTEIMH H MOTYT 3a-
KOHUYHTbCS BHYTPH 3€pHA.

Tlpu pacmpocTpaHeHHMH TpelU{HH BIOJbL 3JEMEHTADHBIX MJaCTHHOK
SHEprus paspylleHHss B 3HAyMTeJbHOH Mepe pacxojyeTcs Ha IJacTH-
yeckye JedopMauuH Kpaes TpewwHb. Ecim TpeilvHa pasBHBaeTcs
B NOIepeYHOM HalpaBJieHHH, KOrJa IIacTHIecKHe nethopMaluy 3aTpya-
HEHEI, TO SHEePIUs PaspylIeHHs NPAKTHYECKH B TOYHOCTH COOTBETCTBYET
H36HITOUHOM SHEPIHH BHOBb 00Da30BABINMXCS NOBEPXHOCTEH, COrMTacHO
TEOPHHU XpynKoro paspymenus ['puddurca.

PaccmorpenHas cxeMa paclpocTpaHeHHUs MHKPOTPEIIUH OObsCHAET,
[OYEMY IPH 3KCNEPHMEHTaJ bHOM ONpeleJeHHU IPOYHOCTHBIX XapaKTe-
PUCTHK MODPCKOTO JbJa CJELyeT VUYUTHIBATE €ro KpHCTAJJIHYECKYIO
CTPYKTYDY ¥ HaNpsAKeHHOe COCTOSHHe ofpasna. B Xaxo#-To Mepe 3TO
OpPUHMMAaeTcs BO BHHMAaHHE IPU HUCHLITAHHSX 00pasuoB BAOJb HJIH II0-
nepex HampaBJeHus c-ocefi uGO aHANOTHYHBIMH CIOCOBaMH.

Hpyroii ocobenHoCTbIO Ipolecca paspylieHHs MOPCKOFO Jibla, KO-
TOPYIO CJAELYET IIOMHHTb IPH INOCTAaHOBKE JKCIEPHMEHTOB, SIBJAETCS
HaJHyHe 3HAYUTEJBHOrO KOJIMYEeCTBA OYAroB KOHIEHTPANHUM HaNpsaKe-
HUH, K4K BHEIIHHX, TaK ¥ BHYTPeHHUX. DBHYTPCHHHMM HCTOUHHKAMH
KOHIIEHTPAUMH HaNpPsSDKEeHUI ABJIAXOTCA BO3AYILIHbIE Iy3BIPLKH, sSuelKH
C paccoJsioM, TPAHUIB MeXKAy 3epPHaMU HeNPaBWJIBHOH (GOPMEI M T. II.
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Buemnue HCTOUHHKYM Onpepesnsiores opmoii obpasunos. Kaaccuue-
CKHMH IIPHMepaMu SBJAIOTCA PE3KUH NepeXxon y 3aelK¥ KOHCOJIbHON
GaslKd, a TaKxke HANPSKEHHsT Y BBIPE30B pasiuuHON (HOPMHI.

KonleHTpauus HanpsKeHu#i XxapakTepH3yeTCs TaK HAa3BIBAEMBIM
K03() HIMEHTOM KOHLEHTPAlUM, PaBHBIM OTHONIEHHIO MAKCHMAaJbHBIX
PACueTHRIX HANPSXKEHHH K CpelHuM. MeToasl Teopuu yrnpyrocrd o-
3BOJISIIOT PAacCYMTATEL TeopeTHdyeckoe 3HaueHHe Ko3¢pullueHTa KOH-
nenrpanun K. Tax, y KpaeB Kpyrioro Bbipe3a HpPH YHCTOM pacTsxKe-
Hud o6pasna K =3, Npu CKATHH IHAWNHIPUYECKHX O06pasloB ¢ ILEHT-
paJbHbIM oTBepcTHEM K =6 u T. 1. :

Ecan npounocTh MaTepHasia onpefenseTcs YPOBHEM KOHUEHTPAUH
HalpsXKEeHHH, TO paspylleHHe IPOHCXOLUT XPYIKUM 06pasoM, 4ro xa-
PaKTepHO JUIs JbJa B YC/AOBHAX HM3KHX TeMIlepaTyp H JHHAMHYECKHX
BoszelicTBuil. IlnacTuueckue cBolicTBa Marepuasta MHPUBOLAT K pas-
IPy3Ke HaNpsKEHHEIX Y4aCTKOB BOJHM3H 04arOB KOHIUEHTpaluH. IDTa
pasrpyska CyIleCTBEHHO 3aBHCUT OT TeMIepaTyphl M BpPeMeHH Harpy-
KeHUs ¥ onpejelserT BA3KOCTb. TaKOH THI NOBEIEHUS CBOHCTBEH MOP-
CKOMY JbILYy IpH TeMOepaTypax Bhille —8,2°C, Korja sHayuTeJIbHAs
YacTb COJIeH HaXOJHUTCA B PacTBOpE.

Heyuer BiusiHMa BSI3KOCTH HAa BeJHYMHY KOHIIEHTPAIMH HAIpIXKe-
HUH MOXKET NPHUBECTH K 3HAYUTEJbHLIM OlIMOKaMm IpH 06paboTKe 3Kc-
HnepUMeHTaNbHBIX HaHHHX. C-3TOH LeJbl0 BBOZHUTCA IapaMerp 1, Xa-
paxTepH3YIOIIMI NJAacTHYHOCThL MaTepHajda U ee BJIUSAHHE Ha BeJHUHHY
KOHIleHTpauuu Hanpsxenui [300]:

K1
=1 > (9.5)

rae K;— Teoperndeckuii K03(pPUIMEHT KOHUEHTPALHH HamlpsKeHHH,
K, — daxruuecknii k03¢ (DULHEHT KOHUEHTPAUUK HAaNpPSKEHUN C yde-
TOM NJIACTHYECKUX CBOHCTB JIbJA.

Jns upeasnbHo XpynKoro MatepuaJda =1, a ais upeanpHo mJja-
cruyHoro n=0. Eciu BeinumHa 7 ussecrsa, to daxraueckuil xospdu-
IMeHT KOHIEHTPAIMH HalPSIKEHUH HETPYAHO NOACUMTATH IO (opMyJe

Ky=14n(K;—1). (9.6)

B ciayuae OZHOOCHOTO pacTsiKeHHs o0pasua ¢ KPYILJLIM BBHIPE3OM
npu n=15 umeem K,=2 Bmecro K;=3. [Ipu cxkaTvu JeAHbIX UHJIHHI-
pos ¢ orBepctueM K,=3,5 BMecto K;=6 u T. 1. DTO JHIIHHA pas ui-
JIOCTPUPYET Te 3aTPyLHEHUs, KOTOPble BO3HHKAIOT IIPH COMOCTABJIEHHU
pe3yJbTATOB SKCIEPUMEHTOB, IPOBOAUMBIX HO PAa3/JIMUYHON MeTOIHKE
ga 06pasuax pasiuyHbx GopM H pasMepos.

2. Ctpyrrypras modesv APOYHOCTH MOPCKO2O AbOQ

Pa36poc SKCIHEPHMEHTAJBHBIX BEJAHUYHH IPOYHOCTH I[PECHOro JbAa
3avacryro O6yCJIOBJIPIBﬂ€TCH METOANYECKUMH OCOOEHHOCTSIMH OIBLITOB,
SHAYUTECABHO HEPEKPLIBAIOMUMU Da3Juynd, REHCTBUTENLHO CBsI3aHHELIE
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¢ npupognofi Apra. OpnHAaKO B MOPCKOM JbAy OOJbILHE OTKJIOHEHHS
B IIPOYHOCTH, ONpeflesisieMOH B ONBITaX OJHOIO H TOTO ¥Ke TUIa, IBHO 3a-
BUCSAT OT CTPYKTYpPH! JbJa, €r0 COJEHOCTH ¥ TeMIeparypnl. IIpu atom
Jaxe MNOBEPXHOCTHOE H3yYeHHe pa3pylIeHHBIX 06pasioB MOKas3aJjo, 4To
paspyumeHue onpenenseTcs cy6CTPYKTYPOH MOPCKOIO JIbAa.

‘B XOJOHOM MODPCKOM JIbIY sSiYeHKH ¢ pACCOJIOM MaJbl, 4 PaccTos-
HHe MeXay HUMH Benuko. [ToBepxXHOCTb paspylleHMs B OCHOBHOM IpPO-
XOJHUT 1O YHCTOMY JIbJY, TdK UTO IPOYHOCTb MOPCKOTO JIbJad 3/I€Ch JIHIIb

B

4]

|
27"b l l
|1

2ry l

| 9

by

Puc. 53. CxeMa s4eMCTON CTPYKTYPH MOpPCKOrO JbAA.

HeMHOTHM MeHbllle, YeM npecHoro. IIpu BEICOKHMX TeMmepaTypax B MOp-
CKOM JbJAy COJepXKHTcA 6oJbIIof o0beM paccosa. Ecad CoseHocTb
JbJa BeJNHKa, TO NMOBEPXHOCTb PaspylleHus OyneT NPOXOAMTb NPaKTH-
YeCKH TOJBKO uepe3 siuefiKH ¢ paccosoM. IIpouHOCTh Takoro Jbia Ha

‘paspeiB 6/M3Ka K HyJ10. Takum 06pasoM, MPOYHOCTb MOPCKOTO JbAa

H3MeHsSeTC OT MaKCHMaJbHOH NPH HyJeBOM 006BEMe paccosa vy=0 10
HyJI5l IDH HEKOTOPOM KDHUTHYECKOM 00beMe paccosa vo. IToatomy B 06-

mieM cJyyae IPOYHOCTb MODPCKOTO JbJa Of ONHCHIBAeTCA Cjemylouei
HpocToi opMynon:

ap=ao (1 —9), (9.7)

rile Og— IPOUYHOCTb HECOJEHOro JbJa, 06/aJaloUlero >KBUBAJEHTHOH
Cy6CTPYKTYPOH; ¥ — Ko3(QpUIHEeHT NOPUCTOCTH, PpaBHBIH OTHOIIECHHIO
OJIOHUIaM, 3aHITOH suefKaM{ C PaccoJOM HJIM BO3AYIIHBIMH ITY3BIPb-
KaMH, K 00IIel IJIouIa/iu ceyennsi o6pasna.
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Besuunna KosddunueHTa ¢ sBisgercss GYHKIHeH COLepKaHUs pac-
coJla Vp U BO3LYXa Vg, T. e Y=[ (v)=f(vp+vg). Has paspaboTKu MoO-
JeJH, ONHUCHLIBAIOIIEH NPOYHOCTHEIE XapaKTEPHCTHKH MOPCKOro JIbAa,
HeoOXOAHMO. YMETh OUpelesaTs QYHKUHIO P (V) B 3aBHCHMOCTH OT Ta-
KHX MaKpOCKOHI/IquKI/IX napaMerpoB, KaK TeMIepaTypa H COJEHOCTb
JbJA.

O6bsicHeHHe MeXaHHUECKHX CBOHCTB . MOPCKOT'0 JbJla Ha OCHOBE
CTPYKTYPHOH MoJenu BllepBhe Oblio npennoxeHo B. JI. LlypuKoBBIM
[159]. Cravana B. JI. IlypuKOB yYUTHIBAJ JUIIbL BO3LYLIHEIE NY3bLIPbKH,
a 3aTeM BKJIOUMJI 06DBEM paccosa, OCHOBBHIBASICb HAa BEIYHCJIEHHAX
Maugbsmrpena [105]. Bosee TouHast Mo/lesb, OCHOBAHHASA Ha afeKBATHOM
OTHCAHHH MUKDOCTPYKTYPHI Mopcxoro Jabza, 6vl1a pazpaborana Annep-
conoM u Bukcom [190] u monosne-
Ha Accypom [192]. Dra mMozens, ua-
CTHYHO PacCMOTPEHHAd HAMH BHIIIE
OpY ONMCAHWH YIPYFHX  CBOHCTB
MOPCKOro Jbla, IIpHBeJeHa Ha
puc. 53.

B reoperuueckoil Momenu mpen-
noJiaraercsd, 4ro 060beM BO3LYHIHBIX
NYy3LIPbKOB HesHauuTeNdeH (VoK
< Vp), a BeCb Paccosy COCPELOTO-
ueH B fiuefiKaXx, HMEIONIUX BUJ BHI-

= TAHYTHIX  3JIAANTHYECKUX IHIHHI-
oo | poOB, pacmogarammuxcs 6osee nuau
7 : MeHee NPAaBHJAbHBIMY paxamu. TBep-
. masg KOMIIOHEHTa INIPeJCTaBJSAET CO-
Ca 60 NpPaKTUUECKH YMETHIH NIPECHBIH
Jel, KOTOPHIH PAlaMy sueeK ¢ pac-
. COJIOM JeJUTCS Ha IapaJljesbHBE
Puc. 54. Komuenrpamus mampaXemuft  pyocrygpr, OnTHYECKHE — OCH KpH-

Yy KpYyrJIofl S4edKH C PaccoJoM.

CTRJJIOB JbJA HANPABJACHH IepIeH-
IUKYJASAPHO 3TUM IJIACTHHAM.

B mamnpapieHu# c-0ceH NPOYHOCTH MOPCKOrO JbJa Ha pacTsKeHue
OyZeT MHHHMMAaJbHON H3-32 yMeHbIIeHHs IJIOMIAfM CCUYeHHS TBepAOH
thasml, B cooTBeTcTBHU ¢ ¢opmynoll (9.7). IlpouHocTh MOpcKoro Jbia
Ha caBur 6y/leT MUHUMAaJbHOH B HanpaBJaeHuu ocu B (cM. puc. 53).

Ecnu paccmarpuBaeTrcs yupyras craius n1epOopMHpPOBAHHUS JbLA, TO
U3 KJACCHUYECKMX DELIeHHl TEOPDHH YIPYIOCTH O HANPAKEHHOM COCTOdA-
HUH B YOPYrOM Tese, HMeIOLeM BHIPe3bl, CIAEAYET, YTO IpH OIpelene-
HUH BEJUYMHEI Op HAaJO YUHTHIBATH KOHIUEHTPALHMIO HANPSKEHHN Y KOH-
nos siueiku (puc. 54). Teoperuueckn B Toukax O;— O; HanpsKeHHS
pesko Bo3pacTaloT: 0p,=Koo, rze K-—Ko3pdHUHEHT KOHLEHTpalyH

HanpsKeHnu#, 3aBucamui or Gopmel Bepesa. Beanunsa K mgas Bwipe-
30B 3JJIHITHUECKOH (opMHBl KosnebaeTcsa oT 3 10 6. '

- IlnacTHUHOCTD Jba YMeHbIIaeT KOHIEHTPAUMI0 HaNDSIKEHHH [CM.
dopmyasr (9.5) u (9.6)]. Kpowme Toro, KoHIEeHTpauus HaNpsKeHHH
BO JIbJly Y BHIPE30B MAaKPOCKOIHYECKHX pPAa3MEPOB, K KOTOPHIM OTHO-
csitest suefiku ¢ pacconom (amamerp ~0,1—1,0 mM), mepexpriBaercs
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KOHIIEHTpalU¥el HaNpsAXKeHUH Yy KOHLIOB MHKDOTpeWMH, pajuyc 3a-
KPYIJIEHHs1 KOTOphIX mmopsizka 21075 cM™ [224]. Dti TpemuHH BO3HH-
KaloT npu gedopManusax JbJa H NPEAUIECTBYIOT €T0 pa3pyLIeHHIO.
KonmenTpamsi Hanps:KeHUH Y BHIPE30B MaKPOCKOIMUECKHX pasme-
POB CHHXKAeTCSl TakKXe B pesysbrare (PasoBhX IE€PeXON0B, BhI3BAHHBIX
H3MeHEHHEM XMMHYECKOI'o MOTeHIHaNa B IoJe Hanpskenu#. IIpu sToM
IPOMCXOAMT pacljaBjeHHe MHKPOOGDBEMOB B MecTaXx KOHIEHTPAallHH
HanpsiXKeHHY U yMeHbIIeHne OCTPOTHl BHIPE30B. DKCIEpPUMEHTH Ha Ha-
TYpPHOM JIeSHOM IIOKPOBe, KakK NpPaBHUJO0, NOIATBEPKIAIOT MaJjyl dyB-

CTBHTEJBHOCTb MODCKOTO JibJla K KOHIEHTpaUHAM HaHpﬂ}KeHHﬁ Makgpo- .

CKOMHYECKOTO MacmmTaba.

Taxum 06pasoM, B TEOPETHUECKOH MOJENH MOPCKOrO Jbja MOXKHO
He YUYHTHIBATb KOHLEHTPAIHIO HANPSXKEHHH, a BEJWIHHY OCp NOJAarath
paBHOfI npene/y NpodHOCTH Ha pacCTaXeHue CIIJIOIIIHOfI MacCChl YHCTOTO
abpa [121]. Hus onmpenesieHHsT OTHOCHTENBHOTO YMEHbILEHHS NJIOMal:
ceyenus: o6pasna s;uefiKaMu € paccoJiOM IpejnoJaraercs, yTo HX B3a-
UMHOe paclOJOXKEHHEe -OCTaeTcsl HEHU3MeHHBIM, a yBeJH4YeHHe WM
yMeHbUIEHHE CONEepPKaHNS pPaccosa vy H3MeHseT TONbKO MolepeuHoe ce-
uyeHne siueek. [Ipu arux npeanomoxkenusx Gopmyna (9.7) mpumer Bui

Gf_-_-co(1 _ v,,) , (9.8)
Ty ' . , . .
rAe &=——— OTHOLIeHHE GOJIBIION M MaJoH NOJyocell ceueHUs sSTUEHKH
e o .
¢ paccojom; 6 =—Eg—=’—0THomeHne IJTUHBL TYEHKH K TOJIIMHE JeASTHOH
0 ;

. bo
NepeMblUKH MeXAy sAuelikaMy; - Po=-——— K03 PHIHeHT, XapaKTepH-
ao .

3YIOLMHA TeOMETPHYECKOe DAacloJIOKEHHe Sueek C pacconOM (ux
«IIAT» ).

a5 suefika ¢ paccosoM, HMeIOIel BRI KPYIJIOro Lmeana q)op-
myaa (9.8) sanuiiercs 6osee IpoCcTo:
1

2vb2 -
Vg

U3 dopmyn (9.8) u (9.9) caexyer, 4TO IPOYHOCTH Mopcxoro JbIa
1

op==0g| 1 —

(9.9)

JMHEHHO 3aBHCHT OTY; 2. Ec/iu cYHTaTh, YTO H3MEHAETCS TOIBLKO Pas-
Mep sS4eHKH rp, TO IpefenbHadg NPOUYHOCTb G5 OYAeT JHHEeHHO CBf3aHA
¢ vp. B 06mmieM cnyuae

op=ay (1 —ov}). (9.10)

3pece ¢=vy* rne vo-— OTHOCHTEJbHOE COAEpPXKaHHe Paccona, NpH

KOTOPOM Jie[, HIMEeT HYJNEBYIO NPOYHOCTh. llpu k=1 ceuennue suefixu
PHHUMAeT BHJ BBITAHYTOrO MPSIMOYTOJBHUKA C 3aKPYIJIEHHBEIMH KOH-
naMu maomanbio F=4r.rp. Buke Accyp [300] nmokasanm, uTo B 3TOM

cJyyae
27'0 do

vp="L =0, (9.11)

ay ag”’
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rle BeJUUYHHY do MOXKHO ONpPEIeNHTh KAaK MHHUMAJBHYIO TOJIIUHY
NPOCJHOHKH paccosa B aXypHOM (CKeJeTHOM) cJoe pAacTyllero Mop-
cxoro sbaa. IIpn MeHbIIefl TOMNIHHE CMOST CUJBI MOBEPXHOCTHOIO HATS-
JKEeHHs BbISHIBAIOT CMBIKaHHe JIEASHBIX IJIaCTHHOK W o6pasoBanue
sueek. OGBIYHO TPeANOJAaraoT, 4To BEAWYMHA do TPUMEDPHO TOCTOSIH-
Has, Tak KaK B HHTepBaJe TeMIepaTyp JeLo06pasoBaHus CHJBI MO-
BEeDXHOCTHOTO HATSJKEGHHS B CHCTEME JIeI—pPAaccos BPSA JH 3aMEeTHO
YyBCTBUTE/JIbHEl K TeMIeparype. B ecTecTBeHHOM MOPCKOM JbIy NpS-
MBIMH MeTOHaMHu ObLI0 onpeneneHo [299] do~7-1072 cMm, a mias HcKyc-
cTtBeHHOro cosaenoro Jgbga (NaCl) moayueno do~11.1073% cMm. Beau-
YHHY Vo MOXKHO TPAaKTOBaTb KaK KPHUTHUYECKYIO, IIPH KOTOPOJ ellle BO3-
MOKeH pOCT axkypHoro cios [121].

Kax BunHo u3 ¢opmya (9.8)—(9.10), yBenuuuBas coJeHOCTh JbAd
O KPUTHYECKOH, MOXKHO JOOHTBCS YMEHBIUEHHS €ro IPOYHOCTH MO
dyast. Oneitel $pankenmreiina [220] noxkasanad, YTo IIPH 5TOM He CO-
GaiogaeTcst TUHEHHBIA XapakTep 3aBUCHMOCTH IPOUHOCTH ALKA O OT Ia-
pamerpa v* (k=const).  Pesynbratsi PpauxenmtefiHa MOTyT GHITH
- ONHCAHBI KOMOWHHPOBaHHON MOJIENbIO, T/e NPOYHOCTL Jbja Ompere-
Jsercs 1o caenymome# gopmyne [300]: '

cf=ao[1—(.j—g)% (z—Vﬁ)] . 019

B camom rpy6oM npuOIHKEHHH MOXKHO ToJarath veo=1. ®axTuye-
CK¥ v9<C 1, a ero TOYHOe 3HaueHHe ONPENENIETCs 110 Pe3yabTaTaM IKC-
nepuMeHToB. PaccMoTpenHass Mozeab B ofIleM MO3BOJSET OHHCATDH
OPOYHOCTHBEIe CBOHCTBA MOPCKOTO JbJa B 3aBUCUMOCTH OT €0 COJNeHO-
¢ty 1 TeMnepatypsl. OnHaKO B 3TOfl MOAEJH He YYHUTHIBaeTCs pal dax-
TOPOB, KOTOPHIE MOTYT 3HAUKTENBHO H3MEHATh NMPOYHOCTD JbJa, HANpH-
Mep HaJHuYhe BOSIYUIHLIX IY3LIPPKOB W MHKPOTPEHIHH, a TakKiKe
BiHsAHYUE (DA30BEIX IEPEXOJOB, IPOUCXOASIINX TIPH NOHHKEHHH TeMITepa-
Typel. B uactHocTH, GoJBLION HHTEepec IpeACTaB/feT HCCIelOBaHHe
BO3JeHCTBHA Ha IPOYHOCTb MOPCKOrO JbjJa AUTHApATa CyJabdaTa HaT-
pusi (Na:SO.. 10H;0), Bunagaomero B ocafox npu —8,2°C.

Ecnn BRIIABIIAg B OCALOK COJb o0pasyer TBepAbIH pacTBOp
CO JIBIOM, TO IPOHCXOLUT YIPOUHEHHe JbJa 34 CYeT 0Opas3soBaHAA HOH-
HBIX cBsizell B KpHcTajnax. B 3ToMm ciyuae crekanue paccosia Co Bpe-
MeHeM Oy/leT M3MEHSTb COOTHOILeHHe HOHOB BO JbAY. Ecau coau obpa-
3YIOT OTHENbHBEE KPHCTAJJIE, NJaBaioliHe B paccoje, TO HHUKAKOLO
yIpOUYHEHUS He OYIEeT, NOCKONBKY IPH CTOKE Paccojia B 3TOM CXY-
Yyae HOHHOE COOTHOIIEHHE BO JIbAY OCTAeTCH TOCTOSHHBIM. DTOT BONPOC
uccnefoBanca Accypom [192} w ITefironom [122], omnako oxomuaTess-
HOTO 3KCIEPHMEHTANBHOrO HOATBEPKIeHHs 3QdeKTa YIPOUHEHHS JbIa
HE TIOJIYYEHO.

CrpykTypHass MoJelb He OODLSCHSIET TaKiKe H3MEHEHHe xapakrepa

paspylleHus Jbja IpH HHU3KHX TeMIeparypax. IIpouHOCTs MOPCKOTO

Jbjla B 3TOM cJydae OOYCJOBJIHBAETCS XPYHKOH yIPYrofl HEyCTOHYH-
BOCTBIO MHKDOTDEIIMH N0 Tuny Mofean I'puddurca. Ilpensapurenpuble

OLICHKH II0Ka3aJy, 4TO KPUTHYECKasd JJIMHA TPELIHUHBI, omnpenenseMast :
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no ¢opmyae (9.3), onHOro mopsiAKa ¢ AHAMETPOM siyeiiku paccona. He-
X041 u3 310ro (axra mesanuch HONBITKH CBS3aTh MOJE]b XPYIKOTO
paspyuleHus: €O CTPYKTYPHOH Monesbio. IloclenHssr Bce Xe aBAAETCA
HauboJiee NpUEMJEMOH AJs MOPCKOrO Jbjla, Haxosallerocs BOJIU3H
TOYKH ILTaBJEHHUS.

IIpoyHOCTH MOpPCKOro Jblla 3aBHCHT OT COAEPKAaHHS paccona vy
1 TeOMeTPHUUECKHX I1apaMeTPOB €ro CTPYKTYPH (7a, s, Go, bo U T. A.).
3HaueHuss STHX BEJWYUH 3aBHCAT OT YCJAOBHH Jef000pa3sOBaHUA H DO-
cra.apna. BeAkoe u3MeHeHHe 3THX yCaoBHH OyneT BO3AEHCTBOBATH Ha
IIPOYHOCTHBEIE XaPAKTEPUCTHKH MOPCKOro Jbja. MccaemosaHue BJHfA-
HHSI THAPOMETEOPONOrHYecKux HakTOpOB Ha NPOYHOCTb MOPCKOrQ JbAa
nposopunucs Accypom u Bukcom [195, 196], mpeAnosoXuBIIUMH, 4TO
MeX/1y CKOpPOCThIO pocTta Jbfa dH/dt u reoMeTpHYECKUM IIapaMeTpoM
@ (cM. puc. b3) cyliecTByeT COOTHOIICHHE

ao V dH]di==const. (9.13)

CKopocTh pocTa JbJa MOXKET ObIThb ONpejeseHa IO BHEIIHHUM lapa-
MeTpaM, KaK IIoKasaHo B riaBe 6. Ecau KoHcTaHTa B NPaBofl 4acTH
ypaBuenusi (9.13) umsBecTHa, TO BeJMHYHHA @o ONpenenseTcs OJHO-
3HayHo. Mcnoab3ys CTPYKTYpPHYIO MoJenb, fajee MOXKHO BBIYHCIHTH
TEOpEeTUUIEeCKOe 3HAaueHHe IPOUYHOCTH JbAa. [lomoGHBElEe pacueTs IO3BO-
JIAI0T O0BSICHUTD 3HAYNTENbHEE KOJMeOaHNUs B IPOYHOCTH E€CTECTBEHHOTO
MOJIOIOTO MOPCKOTO JbJla, BEI3BAHHBIE pAasJHUHBIMH YCJIOBHUSIMHU ero
pocra.

3. Hpounocrs mopcrozo avda npu pacrscenuu U useube

Hanps:xenus, BH3bIBAOLIKE pa3pylleHHe Abla NpH U3rube u pacrs-
KEHHH, ABJSIOTCH OCHOBHBIMH KDUTEPHUSIMU OLEHKH NPOYHOCTH JIeAs-
Horo nmokposa. CyIlecTByeT psJ SKCIEPHMEHTAJNbHBIX METOLOB ONpexe-
JIEHHS] 9TUX NPOYHOCTHBIX XapakTepucTuk. K HUM OTHOCSTCS MCHBITAHUS
MaJbiX 06pasloB, U3TOTOBJAEHHBIX U3 PA3/IHUHBIX [I0 BHICOTE CJOEB Je-
ISTHOTO IIOKPOBA, MCCJEN0BAHHS 06pasmoB CTPYKTYPHO-MOIENUPOBAH-
HOTO JIbJla, KPHCTAJIHYECKOe CTPOEHHe KOTOPOro IMOAOGHO CTPOEHHIO
JIENSHOTO TIOKPOBA, HAKOHEN, HCIbITAHUS JENSHBIX ITACTUH, 6alloK H
KOHCOJIEl B €CTECTBEHHBIX YCJIOBHAX Ha IIIABY.

OKCIIepUMEHTH [I0KA3AJH HATHIHE CBA3H IIPOYHOCTH Mopcxoro AbJa
C ero CTPYKTYpoOH, coseHoCThlo W Temmeparypoit. O6iee mpencrasie-
HHe O BJIHSHUH 3THX (PaKTOPOB MOXKHO IOJYYHTh, pACCMATPUBAS TEOpe-
THYECKYI0 MOJeNb CTPYKTYPHl MOPCKOTO Jba, ONHCAHHYIO B npeﬂbmy-
IeM pasaede.

Has onmpenesneHuss NpOYHOCTH JibIa HA pacCTAXKeHHe IMPOBOMATCS
SKCIIEDUMEHTH JBYX THIOB: JeAsHble 06paslbl pPacTATHBAIOTCS HA MC-
IBITATEJAbHOH MalliHe 10 PaspyLIeHHsl Ju60 NPOUBOAUTCH CIKATHE IO-
JBIX JeNSHBX HUJIMHADPOB B HaNpaBJeHUH HX AuaMeTpa. IIpu TakoMm
CXKATHH Da3pyIUIeHHe BBI3BIBACTCS DACTATHBAUIMMU HalpsKeHUSMU
B Toukax A u A’ (puc. 55). Ilocnennui cnoco6 oueHb HPOCT U IPHULO-
IIeH I UCIILITAHHH B MAcCOBBEIX MaciTabax.
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DKCHepUMEHTH [0 PAa3pLIBY JEASHEX OPYCKOB OBUIM TOCTABACHBI
Juguucom [49] ma MCKYCCTBEHHOM . COJIEHOM JbAY, OYeHb GJH3SKOM IO
CBOHM XapakKTEPHCTHKAM K €CTECTBEHHOMY MOPCKOMY JbAy. JlemsHble
06pasnbl B 3THX ONBITAX HMEJH NOoNepeuHoe cedeHne 13 cM?, a cKOpocTh
nedopMupoBaHua cocraBasna 1,2 cM/MHH. DKCIepUMEHTH NOKa3aJlH,
4YTO NPOUYHOCTh JbJA "Ha pacTAXKeHHe He 3aBHCHT OT Pa3MEpPOB 3€peH.
D10 OGBACHSAETCS TEM, UYTO Pa3MEPH 3JIEMEHTOB MUKPOCTPYKTYPH Jba
‘Ha NOPSAOK MeHblie JUHEHHEIX pa3MepoB o0pasinoB (8 sepen Ha 1 cm?
B BepXHHUX cjosAx apaa 10,3 Ha | cM? B HHXKHHX).

Ilpn yBenuuennu colepXaHus paccoja NPOYHOCTb JAbAA HA pacTH-
JKeHWe YMeHbIIaercsl NPONOPLHOHAJBHO KODHIO KBAJApPAaTHOMY H3 Vp
(puc. 56). Ilpu aToM IPOYHOCTH Ha pACTSKEeHHE CYUIECTBEHHO 34BHCHUT
OT HanpaBJeHusl NeHCTBHSI PACTATHBAIOLIETO VCWIHA OTHOCHTENbHO

c-lﬂ'fﬁUH/CMz -

Gg\
(8]
20—\\2 .
L
of
- \%.\K ® 2
. o
10+ N\
N o
° N
- N\
o\
0 { ! { NG|
01 02 03 04 1/%0,51/\/1,
Puc. 55. CxeMa ucHbI- Puc. 56. 3aBuHcHMMOCTb ~paspymiamo-
TaHHS TOJBIX LUIMH[I- 1mero HampsiKeHusi Op OT IapaMeTrpa
1
pHIECKUX 06pasios vb/ * 170 KaHHBIM HUCIHTAHHHA DUIHHI-
Jbla  Ha  pacTAXEHue. pHYECKHX 06pasioB [ PasHbIX TeM-

neparyp [297].
1) —5°C, 2) —10°C.

ONTHYECKHX OCeH KPHCTA/JIOB JblAa. [Ipu pacrsikeHHU BAOJbL Ocell Ha-
_npsiKeHHe 0 OyneT npuMepHo B 2,6 pasa 6oJblile, ueM IPU PaCTIXKEHUH

B IIONE€PEYHOM HallpaBJICHHH. COOTBeTCTByIOHII/Ie ONBITHBIE NJAaHHBIE OIIH-
CBIBAIOTCA CACAYIOINHMH SMIHUPHUYECKUMHU CpOpMy.TIaMI/I:

— Y 1/’] 2y
s, =18,0 [1 ( 0575 ) (xrc/em?)
TIpH paCTAXKEHHH BAOJAb KPHCTAIHIECKUX OCEl H
— /) 1/’] | 2
c_L—J,O. [1 ( 0275 ) (xrcjem?),
KOrJa pacTsKeHne IpOU3BOIHI0CH IONEPEK C-0Ced.

* 3ech W fajlee HANPSXKCHHS MaHbl B PasMEPHOCTH, NPHHSATOY aBTOPaMH LUTH-
pyeMuix paboT.
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Bukc u Accyp [300] obmsacusAOT 3TOT QaxT pasnnudeM B KOHLEHT-
paluy HampsXKeHHH y KOHIOB sIYeeK C PaccojioM TIpPH PacTSAKeHUH
B pasublx HampapieHusx. OGO3HAUHB uepe3 & OTHOLIEHHE pPasMepoB:
s4efiKy, NepneHAUKYNSPHbIX HANPaBIEHHIO DPACTATHBAIOMHX YCHWIHN H
napaJgaJjesnbHblX K HEMY, NOJYYUM

Sy 14 2¢ I

ap  1+2e
Ecnu orHomenue o, /o | paBHO 2,6, TO BepTHKANbHbIE SYEHKH Cpac-
COJIOM B COOTBETCTBHH C (opmydqoir (9.14) noMXHE HUMeTb JJIHHY,
B 13 pas 66abIIyIO CBOETO AHaMeTpa.

Henpitanus nonwix JeIstHBIX UHIMHAPOB (pHC. 55)  HPOBOIHIHCH
B 3HAYHUTEJNBLHO BoublieM o6beme. 3/ech clelyeT OTMeTHTb paboTel ByT-

(9.14)

Gy -_/0'651////01442

20

10

I
0 0,1 0,2 0,3 0,4 0,5 q,sW 5
Puc. 57. 3aBHCHMOCTb NIPOYHOCTH Jbfa OT HapaMerpa v},“ [0 JaHHBIM
®panxenmreitna [220]. :
1 — pas remuneparyp or 0 go —8,2°C, 2—or —8,2 no —22,9°C.

koBuua [207], Accypa [192], Buxca [297] u np. HaubGosee nonubie sxc-
nepHMeHTaJbHEIE JaHHBle OblIM noaydeHsl ®pauxenmrefinom [220],
ucneltaBiizM cBrillie 1400 06pasuos. PesyibTaThl ero #uccaen0BaHUN
npuBefeHsl Ha puc. 57 B QyHKIHUH OT comep:kaHus paccosaa vp. ias
JbJla C CoJepaHueM paccoja Meublue 16% mnosyuena nuHelinmas sa-

BHCHMOCTb MEXIY Op H J Vo :
0p,=28,5 [1 — (60—:'2—”@)‘/2] (xrefem?).

ITpu GonpIOil COMEHOCTH JbJa NPenes IPOUYHOCTH OCTAeTCS MOCTO-
SIHHBEIM, a ero cpe/lHee 3HayeHHe PaBHO 6,7 Krc/cm2.

[TpouHocTs MOPCKOro Jbfla Ha pacTAXKeHHe, onpefeisdeMas IpH
HCIBITAHUSX JIEASHBIX LHAHHIPOB, CYLIECTBEHHO 3aBHCHT OT CKODOCTH
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AedopmupoBanuss obpasna. [Ipm yBeaumueHHH CKOpPOCTH OT 2,50 10
50 cM/MHH 3KCnepHMeHTa/bHble 3HAUeHHst Op yObBawT B 6—7 pas
(puc. 58). Bukc u Accyp [300] o6bpsicHAOT 3T0T PaKT yMeHbleHHEM
Koo duuuenTa KOHIEHTPalHH HANPSIKEHNH IPH YMeHbUIEHHH CKOPOCTH
JethopMHpPOBaHHUS, KOI[a IPOHCXONUT IJIACTHYECKAsl pasrpy3ka 30HBI
TOBLILICHHEIX HAUPAKeHUuH.

Ilpn HcHBITAHUAX JIEIAHBIX LHJIHHIDOB C LEHTPAJbHBIM OTBEP-
CTHEM BEJHYHHA TEOPETHUECKOro Koo (puuKueHTa KOHUEHTPallMH Hanps-
ri 17

=———). ®axruueckut kosdpdunuent

*®eHu#t K; 6auska x 7 v(npn

ro 6

o-10"%0unsem?
28

:
Th
20 X
18

12

0 [ | 1 1 i
10 20 30 40 50 em/mun

Puc. 58. 3apucuMocTh HPOYHOCTH Jbfa OT CKOPOCTH CXKa-
THS LHJIMHAPHUECKMX 00pasuoB MJisi PA3HLEIX TEMIEPATyp.

1) —=3°C, 2) —20°C.

KOHUeHTpaIun K, C yUeTOM HJIACTHYHOCTY JAbJa Ompefenaserca 1o Gop-
myae,(9.6). Torna MoXHO HanucaTh:

K Ki
K, T IR TR =D (9.15)

TAe Op— SKCIEepPHMEHTaJbHOEe 3HAUEHHe Mpefeja NPOYHOCTH IPH BHI-
«COKOH CKOpOCTH Harpyxenus (-~ 50 cM/MUH); Opt— TO XKe, IPU MaJOh
ckopoctd (~2,6—5,0 cm/mun). CorsacHo skcnepumentam [lepxa
1 Kennenu, 6p¢/0p=06, uto 6JM3K0 K TEOPETHIECKOMY 3HAUEHHUIO.

Ecnu marpyska npuKJajgbiBaeTcss OBICTPO, TO NPOHCXOZHUT XPYIKOE
‘paspylleHHe, BBI3BAHHOE PE3KHM JIOKAJbHEIM VBeJIHYeHHEM paCTIrH-
BAIOLKX HAIpsXKeHu# B Toukax A u A’ obpasua (cM. puc. 55). Homu-
HaJbHOE paspylLlaiolliee HANPsKEHHe, PaBHOE OTHOLIEHHIO paspyluaio-
[efl Harpy3KW KO BCceH IJIOIANU IONepedHoro cedeHus ofpasua, oka-
3BIBaeTcs MaabM. [Ipn MefleHHOM Harpy:KeHHH 34 CUeT IJIaCTHUYeCKOI
pPAasTpy3KH HaNpsKeHH pacupelensioTcss CoJee HJIH MeHee PaBHO-

MepHo 110 NOIIEPEUYHOMY CEUCHHIO W HOMHHAaJbHAasdA IIPOYHOCTH o6pa3ua'

po3pacraer. OOWuH XxapakTep 3TOf 3aBHCHMOCTH COXpaHSETCs NpH
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MOHUXEHUH TEMIIEpPaTyphl, XOTs YPOBEHb pa3pylIalOLIUX HaNpsKeHHH
HECKOMbKO ToBbiIaercs. [1pu uarube nensiHbpix 6a/oK M IJIACTHH B IIO-
BEPXHOCTHBIX CJIOSIX JIbJAa BO3HHKAIOT DACTATHBAIOLIHE H CIKHUMAIOIlHe
HanpsKeHus. PaspyleHue, Kak NpaBHJO, HauMHAETCs B 30He pacTs-
rUBalouX HanpsixkeHuil. [ToaTomy conpoTus/eHue abla U3ru6y GJAH3KO
K TIpellely IPOYHOCTH Jibaa Ha pacrsixenue. ITo maussm B. M. Cmup-
noBa [137], oTHOWIEHHE Op/0x OIH3KO K €MHUIE, IPHUYEM L/ IIPOYHOro
ONpECHEHHOTrO JbRa ¢ codeHoctbio 0;1—0,2%¢ 0z>0p, a 419 CpaBHH-
TeJBHO ¢1a60ro Jbla COJEHOCTIO 10 5,2%¢ 0F << Op.

DKcnepuMeHTaNbHOe OIpejlesieHde NPOYHOCTH MOPCKOrO Jbla Ha&
M3THO NPOM3BOMMTCA NyTEM HCIOBITAHHS MaJbiXx 006pasiuoB JHOO METO-
JIOM JIOMKH Ha TIIaBY JeIsSHBIX 6aJ0K M KOHCOJeH, BEIIHJICHHBIX U3 ecTe-
CTBEHHOTO- JISHOTO TOKPOBA 10 BCell ero ToqmuHe. IIpouHOCTL Jbla
Ha u3rub, ompejejeHHAs IO HCHHITAHHAM MaJblx o0pasloB, 3HaUYH-
TEJbHO MPEBOCXOMUT NPOYHOCTD JIeASHOT0 HOKPOBA, MOJNYUEHHYIO 110 HC-
neiTaHusaM in situ. Kpome Toro, maHHble No MaJabM o6pasinaM OOGBIYHO
JnaloT BechbMa GoJbmo# pasbpoc. Ilpw HCHBEITAHMSAX HaTyPHOTO Jels-
HOTO NOKpPOBa nMeeT MecTo 3 (eKT ocpenHeHus; KojaeOaHHs BEJHYHHEL
CONIPOTHBJEHUS JbJa HM3THOY He O4YeHb BEJHKH, a pesyanaTu 3KCIle-
PUMEHTOB BOCIIPOH3BOIUMBI.

Hcnpitanus manblx 06pasuoB, Kak IPaBHIO, IPOBORATCA IJs H3Y-
YEHWsI U OLEHKH BJIMSIHHSI Pas/MUHLIX (AaKTOPDOB HA CONPOTUBJEHHE
apna uaruby. K BaxueAmuM napaMeTpaM OTHOCATCH COJIEHOCTD JbAA.
€ro IJIOTHOCTb, TEMIIEPATypd M CKOPOCTb HarpyxeHus. Mcnoltanus
JIe[ISTHOTO MOKPOBA Ha IIJIaBYy IPOBOLATCS C LEJbIO ONpefeseHHs peasb-

HOI TIPOYHOCTH JbJa OJisd NNOCJACAYIOINIEro BBIUHCJAEHHA €ro Hecymeﬁ

cnocOBHOCTH, ONpeNeNeHus YCHAHH, BEIBBIBAIOIIMX €ro JIOMKY W TOPO-
ieHue, W T.1. MHOTIA HeCyILYIO CIOCOGHOCTD JeTHOI0 HOKPOBa OlleHH-
BaJId IyTeM CYMMUPOBAHHUS HJM OCPENHEHHsi [JaHHBIX IO HCHBITAHUAM
MaJbIX 06pasioB, B3SITHIX U3 PA3/JHYHBIX TOPH30HTOB IO TOJIIUHE Je-
nsHO# nuactuubl. CieqyeT ykasaTh, YTO TAKO# MOAXOA K OlEHKEe Ipoy-
HOCTH JIeASTHOTO0 TMOKPOBa HHKAK HE OGOCHOBAH M HNPHBOIUT K HEBEp-
HBIM. Pe3yIbTaTaM.

UccnenopaHus BAHSHHSA TeMIIEPATYPHl B COJEHOCTH MOPCKOTO JbIa
Ha ero NMPOYHOCTb HpH u3rube Oblium HauaTe eme B. M. ApHoabn-
Ansabbesbim [4, b], BytkoBuu [207, 208] npoBen cepHI0 3KCIEPHMEHTOB
Ha MaJbIX JeIsHbX 6anKax, IHTasch ONpeNe/uTh BeIHYHHY Oy B QYHK-
ILHM OT COMepIKaHus paccona vy UeTKoH 3aBHCHMOCTH Oy OT Vp, KAKAs
HanpuMep, OTMeUaeTcs IPH PACTSIKEHHH WM CKATHH, B 3THX IKCIEpPH-
MeHTaX OGHAapYyXHTh He yNajJoch. AHAJOrHYHbIE Pe3yJibTaThl GBIIM TO-
ayuensl M. I'. Tlerpoeeim [125], TaGara [288], AGenem u @paHKeH-
mwreitnom [186] u mp. ’

Bennunna npepena NpOYHOCTH MOPCKOTO Jbla Ha H3IHG CyllecT-
BEHHO 3aBHCHT OT HaNpaBJeHHs KpHCTalnHueckux oceir. s obpas-
0B, BHIPE3aHHLIX BEPTHKAJIbHO U3 JIEASHOH NJACTHHE, pacTsxKeHue
npu marube nmapajsebHO KPHCTAVIMYECKHM OCSAM, H HX IIPOYHOCTD
3HAUMTENbHO BHIIIE, YeM Y 00pasloB, BHIPE3aHHBIX I10 TOPH3OHTAJIH.
Ilo mauueiM ByrkoBHUa [208] B HEPBOM CJyuae CONPOTHUBJEHHE Jbja
usru6y cocrasasiio 20—30 xrc/cM?, a Bo BTopoM 5—10 krc/cM® DtH
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pe3yAbTATHL XOPOUWIO COTJIACYIOTCA C HaHHBIMH HCIBITaHUH o6pa3uos

MOPCKOTO JbJld Ha pacTAXKCHHUE.

Tabata [289] uccienoBas BAHSHHE CKOPOCTH HATPYXKEHHS H TeMIle-
paTyphl Ha xapaKTep PaspyUIeHHs JibJia TIPH M3rHGe Majbix 06pasos.

T°C
O

~20

-30 1t L e v grml 1

Huauna mposiera snensiHoit 6ajaKu
cocramjsiia 24 cM, [IHpHHA
5 cM, a Toamuua 2 cm. [Taor-
HOCTb  HCILITHIBAEMOTO  JbJa
owna 0,77—0,87 r/em3, a coae-
HocTh 1,0—1,4%0. MauJnle sHauye-
HH$ IIJIOTHOCTH H COJIEHOCTH JIbJA
OODBACHSIOTCS TeM, 4TO pPaccoJ
BBIT€KAJ W3 JbJa B Ipolecce
HNOArOTOBKH 00pa3iioB.

Tabara BeJeaAsleT 006JaCTh
YHCTO YIPYTOro IOBENEHUS JbLa
(7), xorma ofpasen usrubaercs
YIPYrO H XpYyOKO  paspymiaert-
csl, oBJactb MJIACTHYECKOTO Je-
tdopmupoBanusa (/11 u cmemas-
Hylo' ob6aacte (II) (puc. 59).
Tlosmoxenne KpUBHIX, OTIENAIO-

0,06 61 G2 0405’061055””/(0"4 “¢) mux 06/aCTH Pa3/HIHBIX THIIOB

Puc. 59. ITpuMepHbie rpanunsl yupyroro (I),
naacrtuygoro (I/) n cmewmansoro ({11) mo-
BeJ€HHs MOPCKOro Jbja IIOJ Harpyskoil.

pas3pylieHnsi, 3aMeTHO 3aBHCUT
OT  TeMIepaTypH,  OcoBeHHO
BOJIN3U TEMIEPATYPH MJIaBJIEHUS

Comenocts  Jbga  1—1,4%, NJAOTHOCTB (npr T>—10° C) B obracth

0,86—87 r/cm® [288].

HHM3KHX TeMIlepaTyp 30Ha YIpy-

roro neopMHpPOBAHHS pacnpocrpansercs Ha 06s1acTh . CPABHUTEIBHO

MaJBIX CKOPOCTeH Harpy:KeHHs.
IlpenenpHast TPOYHOCTH Jie-
ISTHBIX 00Da3LoB HECKOJIBKO YBe-
JIMYUBAETCS [IPH POCTE CKOPOCTH
Harpy»KeHHs, HMeeT MHHHMYM
B CMeNIaHHOH 06J1aCcTH IIPH O~
~ 0,1 kre/(cM?. ), a 3aTeM ONATH
Boapacraer (puc. 60).YBenunue-
HHe IIPOYHOCTH MOPCKOrO JIbJa
{IpH yMeHBIIEHHH CKOpPOCTH Ha-
rpyxeunsg Tabara [289] o6mbsic-
HSIET 3HAUHUTENbHEIM pAa3BHTHEM
nnactuueckux nedopmalMi Ie-
pel paspyluieHHeM 06pasloB.
Hcnbiranusi na niaasy 6ajok
#  KOHCOJEH, BHINUJEHHBIX U3

Gu-/o' Bur /em?
13 H

» 2

& \\0’//

! { | | | 1 { ]
00601 02 0406 1,0G-10%un/(cm>e)

Puc. 60. 3aBucuMocTb IPOYHOCTH MOPCKOLO
JbLa Ha H3rH6 OT CKOPOCTH HArpyKeHHd

[288]
! — p=0,86 rfcM?® npu T=—9°C; 2 — p=0,84 r/cm®
npu T=—9°C.

MOPCKOTO JIEISTHOTO IIOKPOBa, IIPOBOAM/IHCH PSIIOM HCCAELOBaTe]el.
Ha puc. 61 npemcraBieHsl SKCIEpUMEHTAJbHBIE SHAUEHHS IMpenena

[IPOYHOCTH JbJa Ha H3THO B QYHKUHM OT mapamerpa V vs, IOJYUeHHHIE

bByrkosuuem [207], Bukcom u Amnpmepconom [298], DBpaysmom [16] |
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[Ipu cpaBHHTENBHO MaJjOM CONEPXKaHHH paccosa 3aBHCUMOCTh Oy OT
vy HMeeT BUZ (B Krc/cm?)

0=7,0[1— (%62‘)/] .

g sabga ¢ comepkaHueM paccoia vy>>0,12 mpefen NPOUYHOCTH
ocraeTcsd NOCTOSHHBIM H paBeH 2 Kre/cM2.

BoJspuiHcTBO HecienoBaTesell 0TMeyaeT HE3aBHCHMOCTb BEJHYHHEL
CONPOTHBJICHHS JbJa M3THOY OT HampaBJ/eHHs MEHCTBHS HATPy3KH —
BBEPX MJIH BHH3. MOXHO TakXe CUMTATh YCTAHOBJEHHBIM (akKT OTCYT-
CTBHSL 3aMETHOTO BJHAHHS KOHIEHTPAHUU HaNpSXKeHUH, TaK KaK HC-
OBITaHUA 6aloK M KOHCOJIeH NPHBOAAT K NPAKTHUECKH OJHMHAKOBBIM

Gy-10"53un fom?

br- 1
o 2

u A3

41

B L ]

.. L L]

2—' ..0. :.
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0 ! | ! ] ) 1 |

f
05 Vv

Puc. 61. DxcnepuMenTaJbHbie 3HAYEHHUS Npejena MPOUYHOCTH JbAA
Ha H3ru6 Oy 7O HCHBITAHHSM KOHCOJIll HA NJIaBYy.

] |
01 0,2 03 0%

1 — nannele Bukca M AHJepcoHa, 2 — naHHble BpayHa, 3 — naunble Byrt-
KOBHUa.

peayabrataM. To/MIHHA JEAAHOTO MOKPOBA TAKKe He BJHSET Ha BeJH-
yuHy 0y JleficTBHTEJIbHO, NaXe HJs 0aJIOK, BHIIMJIEHHEIX Ha BCIO TOJ-
HIMHY OJHOJIETHEro JIeAAHOTo MOoKposa ToamuHok 180—230 cm, cpex-
Hee 3HaUeHHe Ipefiesa NPOYHOCTH JbJa Ha H3THO OKA3aJOCh PaBHBIM
3,36 xrc/cm? npu coseHOCTH abna 5,5%. Dra uudpa mano oTaHUaeTCH
OT pe3ysabTaTOB, NMOJNYUYEHHBIX JPYTHMH HCCAEHOBATEISAMH Ha JbILy
ronmuroi ot 10 mo 60 cM.

Buansine CKOPOCTH HArDyKEHHsI Ha H3THOHYIO OPOUHOCTH JEASTHOTO
nokpora in situ uccnenosanu Tabara, Oyxuno u Aoro [289]. Corxa-

CHO HX JaHHBIM, IO CKOPOCTH Harpyxenus o=1,0 krc/(cm?-c) Bean-
YHHA Tpejesa NPOUYHOCTH Oy COXPAHSETCS MOCTOSHHOH, NPH GOMBIIHX

3HAYEHHSX CKOPOCTH BEJHYHHA Oy PacTeT MHNPONOPHUOHAJLHO . 10
CBSI3aHO C NePEX0A0M OT INIACTHUECKOro ILe(I)OpMHPOBaHPIH K YIIpyromy.
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Ilpu moHm:KeHHM TeMIepaTypbl TOuKa Iepexoga OyIeT CABHTATbCS
B CTOPOHY MEHBIINX CKOPOCTEH HarpyKeHus.

OO6mupHbIA HaTYpHBEIA MaTepuas cobpan- A. §I. Pesauubmm [131],
ONpeeJABIINM Ipefes] IPOYHOCTH MOPCKOTO U O3€PHOTO Jbjla Ha U3rub
Oy METOLOM JOMKH KJaBHIIEH W KOHCOJEH Ha IVIaBy. 3a UCXOAHBIH ma-
paMeTp AJs pacuyera OH IPHHHMAaeT CPEIHEHHTETPAJbHYIO COJIEHOCThb
Jbaa s %o. Onpefenenue mpegesna NPOYHOCTH JbJa HA M3THG IO H3Be-
CTHOMY 3HAQUYEHHIO COJIEHOCTH IpefJaraercss IPOU3BOAUTH IO JHHEHHON
3aBHCHMOCTH

cﬂzaoﬂ(l— s ) (9.16)

Smax

The Opy— Npenesa NPOYHOCTH Ha uarub IIPECHOTO JeOsTHOTO IIOKpOBa
Ipu 3alaHHOH TEMIIEPaType, Smax — MAKCHMaJdbHada COJEHOCTH JbHA4,

§%o

30

10

- T T | }

I 11 A| 1
{0 20 30740 50 60 70 80 90 {100 Hem

- Puc. 62. DMIHpHYeCKHe 3aBHCHMOCTH COJIEHOCTH MOJOLOTO
MOPCKOTO JIbJa OT TOJLIMHBEI IIPH PA3JHYHON COJEHOCTH BOBI.

1 — coneHocTs BOmbl 6%, 2 -— 16%0, 3 — 34%,.

TpH KOTOPOH OH elle objaagaeT MeXaHHYecKOH IIPOYHOCTHIO Ha H3rub
{puc. 63). B npaxkTHyecKH HHTEPECHOM [HaNla3oHe TeMIepaTyp BeJjH-
UHHY Smax MOXKHO TIOJIArATh MOCTOSTHHOMN; Smax =~ 15%g.

Bxonsamyio B popmyay (9.16) coseHocts s PHBINH ompenesseT
TI0 3MIUPHYEcKOl GopmyIe

s=8 (1 —b)e—aVH |-pS, (9.17)

Tle S — COJEHOCTh IIOBEPXHOCTHOTO CJIOST BOZBI, M3 KOTOPOH 06pasy-
ercst aef, B Y%o; b — smnupuueckuil xo3¢HUIHeHT, PABHBL OTHOWIECHHIO
COJIEHOCTH JIeIIHOTO NOKPOBa B KOHIle 3UMHEro IHKJa ero HapacTaHusl
Sr x BeanunHe Sp. Ha ocHOBaHMH 3KClepUMeHTAJNBHEIX JaHHBIX IPHHH-
Maetcs b=0,13. Dunupuueckuil Ko3QGUINEHT g YIUTHIBAET CKOPOCTh

HapacTaHugd JbJa. Ero BenmuuuHa n3MeHSETCA B CPaBHHTEJNbHO MaJiblX

. dH
npenesgax — ot 0,35 mnpu OGOJBHIIOH CKODPOCTH poOCTa Jbja TR
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" H
=4 cm/cytku) o 0,60 mpu wMasol CKOpPOCTH pocTa (ddt<

<< 0,5 cm/cyrru). Ecnn ckopocth pocra Jbjla HeM3BECTHA, MOXKHO IOJa-
ratb a=0,50.

Ha puc. 62 npuBeneHsl pacueTHble KPHBblE 3aBHCHMOCTH COJIEHOCTH
S MOJIOZOTO MOPCKOTO JIbJa- OT €ro TOJNMHKHLI H mpu pasauunoil cojeHo-
CTH BOIBl. KpuBble nojcuutadn Opu Koadbunnuente a=0,60 nig tpex
3HayeHu# coseHoctd BOAH S: 34, 15 u 5%,. Ha rpaduxu nanecenn
SKCIepHMeHTabHble JaHHHE, IOJNyYeHHble AHZepcoHoM u Bukcom
[190] nist MmOpcKOro Mbaa, HAMOPOKEHHOI'O H3 BOIBI CONEHOCTBIO 34%o,

a Takxke naHuble A. §I. PrIBiMHA, DOTyUeHHBIE 11T MOPCKOTO ONPECHEH- -

HOTO JIbjla IPY UCXOAHOH cosieHocTH BoAb 15 u 5Y%,. Coenyer sameTHTh,

Gy10"8un tcm® '

&
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Prc. 63. CxemaTuyeckasi 3aBHCHMOCTb ILpefiesia HPOYHOCTH Oy
OT COJIEHOCTH Jbla.

YTQ SKCNEPHMEHTAJbHLIE TOYKH XOPOWIO JIOXKATCS Ha pacueTHhie
KpHUBBIE.
. @opwmyaa (9.17) moxeT ObITh TaK¥Ke HCIOJL30BAHA AJS OUpemele-
MU Npejesa IPOYHOCTH JEJSHOrO NOKPOBAa B COOTBETCTBHH CO CTPYK-
‘TypHO} Mopenbio AHzepcoHa H Bukca. C 3Toi 1e/1bl0 cHAYAIa IOACYH-
'THIBAETCS COJIEHOCTDb JbZa S§. 3areM no amarpaMMe b. A. Capenbena
‘[133] tabnunaM Accypa uiam popmyste Jlboouca A4 3aJaHHOTO 3HA-
UEHHS COJIEHOCTH H TeMIIeDaTyphbl Jbla MOXKHO HaHTH OTHOCHTEJbHBIH
06beM paccona vy ¥ 1m0 popmysae tuna (9.10) BEIYHCAHTH NpelesbHOE
3HAUEHHE Oy
ITpakTHyeckOe ompejesieHHe HIPOYHOCTH MOPCKOrO JENSHOrO I10-
KPOBa B HaTyPHBIX YCJOBHSIX MeTOJOM JIOMKH 0aJIOK HJH KOHCOJIEH Ha
MJIaBy upe3BbluaiiHo TpyldoeMKo. ITosToMy KejaTelbHO OLEHHBAThL CO-
MPOTHBJIEHHe Jibla H3rH0y KaKUMH-HUOGYIb IPOCTHIMH CHOOCOGAaMH, H3-
€psis CPaBHHTEJNLHO JIETKO OIpefessieMble MapaMeTpH, CKOPPeaHpo-
aHHblIE C BEJHYHHOHN Oy HEKOTODHIE MepCIEeKTHBH! 311eCh OTKPBIBAIOTCS,
TIOCKONbKY O0HAPYIKeHa 3aBUCHMOCTb MEXKAY NpefesoM IPOUYHOCTH

yIbJla Ha H3THO Oy U CKOPOCTLIO NJIOCKOH YIPYTOH BOJHE Cp (CKOPOCTBIO®

3ByKa) BO jbay [l6]. DkcnepuMeHTaJbHBle IaHHBIE MOKa3bIBAIOT, UTO
COTMPOTHBJAEHHE H3THOY Oy [PHMEPHO IPONOPHHOHAJBHO KODHIO
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KBaJIpaTHOMY H3 Cp. BMHI/IpI/IT{eCKOG YpaBHEHHE, CBA3bIBAOLICE Oy U Cp,
HMeEeT BUL

1
o,=Fk(—29,2--2,21 - 107%¢, — 1,34 - 107%2) * (xrcjcu?),

Tie CKOPOCTb 3ByKa Cp B M/C, a £=2,8 — K05QDHIHEHT KOUEHTPAIHH
Hanpsxkenuii. Mcrnonb3oBanue 3TOro ypaBHEHHs, 0 MHeHHI0 DpayHa,
NI03BOJISIET MOJYYHTh OCPEAHEHHBle OLEHKH NPOYHOCTH JAEIAHOro I10-
KpOBa ¢ MOMOIUIBIO M3MEPEHHH CKOPOCTH 3BYKa Bo Jbiy. Caeiyer or-
METHTb, YTO STOT METOJ HYyXJaeTCs B CEpPbe3HOI IKCIepUMEHTAJbHON
' IpOBepKe Ha HaTypHOM MaTtepHaJe, ubo B GO/JbIIOM 4HCIe paboTr cy-
_ ILeCTBEHHOH 3aBHCUMOCTH CKOPOCTH 3BYKa BO JbJy OT €ro.MpOYHOCTH
He OTMEUaeTcs.

4. HIpounocre mopcrozo avda npu cucaruu u cdsuze

OxcnepuMeHTaJbHOE OIpENEIEHHE Ipefesa INPOYHOCTH Jbaa Ha
cxaTHe MPOH3BOAUTCA Ha obpasnax KyOuuecKol MM IHIHHADPHUECKOH |
¢opmpl. Ilocnennne UCNOAb3YIOTCA TVIaBHBIM 06pa3oM aMepHKaHCKHMHE
U KaHaJCKUMH HCCAeLOBATeNSIMH, UTO 3aTPYLHSIET CONOCTABJICHHE C pe-
3yAbTaTaMM OTeUYEeCTBEHHBIX HCCAeNOBaHMi. IKCIEDUMEHTH IOKa3bl-
BaIOT, YTO 3HaUeHHe Npejesa MPOYHOCTH MOPCKOTO JIbJa Ha CXKaTHe Cy-
MECTBEHHO 3aBHCHT OT TAKHX (PAKTOPOB, KaK CKOPOCTb HATPYXKeHHs '
o6paslia, ero CONeHOCTb, pa3Meprl ¥ OpHeHTAlHS.

[Ipu ckaTuu paspylleHHe IPOUCXOAUT IIPEHMYIIECTBEHHO IO Ha-
NpaBJeHUsiM, Ha KOTOPBIX CKaJBIBAOIIKE H PaCTATHBAIONIHE HAIpsXKe-
HUsL GIH3KH 1O aGCoMOTHON BesnuuHe. B 3T0M cilyyae BO3MOXKHBIE Ha-'
npapJeHusl paclpoCTPaHEHHs TPEIUHH OrpAaHWYEHbl MaJbIMH yIiaMu 0|
K TJIOCKOCTAM cABHra. Haubosee BepOATHHIM MECTOM 3apOMKIEHHS ONa-;
CHBIX TpEUIWH SIBJAIOTCS HOBEPXHOCTHEHIE CJOH Ha FPaHHIE COINPHKOC-
HOBeHHs 00pasiia Co CHABAUBAIONUM NIpeIMeTOM (MIyHxkepoMm). B stux:
CJIOSX COCPENOTOYEHO OCHOBHOE KOMHYECTBO Ae(EKTOB CTPYKTYPEI, 00-
_Jlerqaomux o6pasoBaHKe TPELIMH, a Ha IPAHHUE KOHTAKTA ACHCTBYIOT|
HaH6OJbIIHE HAIPAKEHNUS. , |

TpewuHpl pacnpoCTPAHSIOTCS 3Hr3aroo0pasHo, MOCKOJbKY IPH
BCTpeYe C PAsHUHEIMH NPENSTCTBHAME TpelliHa GyIeT OTpaxaThes
oT HMX. K TaKMM IpeNnsTCTBHAM OTHOCATCS OOJIACTH ~ BCECTOPOHHErO
CXKaTusl, CJIBUTH HMHOTO HaNpaBJeHHs U T. I. PeanbHas BO3MOXKHOCTH
06pasoBaHHs TPEIIUH ONPEENTETCS YPOBHEM MECTHBIX nepeHeurlpH)Ke-f
HHIl ¥ YHCJIOM OJHOBDEMEHHO BOSHHKAIOIIUX CIBHIOB. B cBsizH ¢ 5TUM
B IIpeJe/bHO HANPSKEeHHOM o6pasie o6pasyercss HE OJHA, a MHO¥XKe-
CTBO TpelluH. JlensiHO# oGpaseu pasjaMpIiBaeTcss Ha 60JIbUIOE YHCIQ
0610MKOB npusMaTuueckol dopmur [207].
© TlomoGHoe paspyuIeHHe XapaKTEePHO JJIsI H30TPOIHOrO MaTepHaJIa}
HANpUMeP IS MEJIKO3ePHHCTOrO Jbla € XA0THIECKHM PacNONoKeHHeM

c-oceli. ¥ MOpPCKOTO JbAa CcTOJ6YaTOH . CTPYKTYPHI, obJanarouero 3aj
|
190 : i
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MeTHOH aHM30TpONHeH, KapTHHA pa3pyLIEHHs 3aMeTHO MEeHseTCs, Koraa
CXaTHe MPOUCXOAUT JiH60 BLOJb, JHOO HONEePEeK HalpaBJAEHUS ONTH-
YeCKUX OCEH KPHUCTaJJIOB.

Ilpu cxkaTum nomepek c-ocei, KOrja MJIOCKOCTH CKOJNbXKEHUS PacHo-
JaraloTcs BEPTHKAJbHO, CIBHUIH CYIIeCTBEHHO obJervaiorcsi. BosHu-
Kamollye IJiacTuueckne AedopManvy NPHBOAAT K 06pasoBaHUIO Tpe-
IHH, PasMepbl KOTOPHIX OBICTPO BO3pacTaloT 0 KpUTHUECKHX. IloBHI-
[IeHHe TeMIEepPaTyphl yBeJHUHBAET IJIAaCTHUHOCTb JbAA, YTO OOJerdyaer
06pasoBaHue TPEIIMH ¥ CIOCOGCTBYET CHHAKEHHIO ero npousocty. Ecau
CXKaTHe IPOU3BONUTCS BROJb C-OCeH, KOTJa IJIOCKOCTH CKOJNbIKEHHS
[epIEeHANKYISIPHE HaNPaBJEHHIO CXKATHs, CABUTH H 06pasoBaHHe Tpe-

O¢-10"50um fem?

& 1 i I L1
0 2 4 3 8 G-10 un/(cr’c)
Puc. 64. 3aBucHMOCTD NPOYHOCTH MOPCKOTO JIbAA HA
C3KaTHe O¢ OT CKOPOCTH HarpymKerud o [122].

muH 3aTpyAHeHsl. Ilo onbiTHeiM nauHbIM Ilefitona [122], mpu usmene-
HUM HalpaBJeHHsS CXKATHS MOPCKOTO JbLA BeJHYHHA Npejesa Ipoy-
HOCTH Ha CXaTHe 0. yBeanuuBaercs B 4 pasa (ot 20 mo 80 xrc/cm?).

CTpyKTypa ecTeCTBEHHOIO MOPCKOrO JbAa HEOMHOPOAHA HO TOJ-
muHe. [ToaToMy, npoBOAs KCHepHUMEHTH IO CEKATHIO 00PAa3IOB, B3ATHX
Ha pasJHUYHLIX TOPH3OHTAX JIENSHOIO IIOKPOBA, MOXKHO IIOCTPOHTH
3MIOPY O¢ IO BepTHKAJH. B 3UMHHI [epHOA BeJAHYHHA O MAJO MEHS-
€Tcsl OT CJIOS K CJIOK0. JleToM, Korma sen ocnaGiaeH pafualHOHHbIM Tasi-
HYeM, BepXHHe cJion 00JajaloT HyJeBOH NPOYHOCTHIO HA cxkaTthe, 06-
pasubl, B3ATHE U3 STHX CJO0EB, pa3pyLIAIOTCs, PasBajHBAasiCh Ha OT-
JeNbHble NPH3MATHYeCKHe KPHUCTAJJIHTHl, TPH HHUYTOXKHHEIX NaBJICHUSX.

WsmeHeHHe BeJUUHHHl O¢ B (DYHKIUH OT COJIEHOCTH JbAa B 06IieM

- AHaJIOTHYHO PAaCCMOTPEHHBIM paHbIIe CJAydasdAM pacTsXeHHs U usruba.
: 3aBHCHMOCTD npeneJsia IPOYHOCTH Ha CXKaTHE O¢ OT CKOPOCTH Harpy-

| JKeHusl IpefcTaBiaeHa Ha puc. 64. Cpavajia opu yBeJHYEHHUH CKOPOCTH

npezes IPOYHOCTH JbJA BO3PACTAET IO MaKCHUMAJbHOTO 3HAUEHHs, CO-
OTBETCTBYIOIIET0 CKOPOCTH pocra HanpsikeHu#t 2 kre/(cm?-.c). Ilpu
JajbHellleM YBEIHYEHHH CKODOCTH HArPYXeHHsl Tpeles IPOYHOCTH
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JAbJla Ha CXKaTHe JOBOJbHO ObicTpo yObiBaeT. Takof xapakrep 3aBHCH-
MOCTH O¢ OT CKOPOCTH HarpyXeHHs CBf3aH C TEM, YTO NPH Pa3JIHYHBIX
cKOpoCTAX NedopManuu 00beMBl IJiaCTHYECKH AeOpMHUPOBaHHOTO Ma-
TepHaga pasyIMuHBl, COOTBETCTBEHHO Pa3jHyaloTCs YCJIOBHA ofpasoBa-
HHST KDUTHYECKUX TPEIIMH. AHAJOTHYHOE BAHAHHE HA BEJHYMHY Oc OKa-
3BIBAIOT pa3MepHl 06pasna.

B ecTrecTBEHHBIX YCJAOBHAX CKATHe JbJa OOBIYHO OCYIECTBJSETCHA
Tak, 4To AeopMalyH OKa3bIBalOTCS crecHeHHLIMH. [Ipomcxoxaut. cra-
THYECKOE BHeIpeHHe TesJa B Jel, CONPOBOXKIAaloHleecss MECTHBIM pas-
pyuienneM. BejuuuHa —OpefeNbHOr0 paspylIAIONIEro HaNpsiKeHHs
B 5TOM cJyuae 3HAYHTEIbHO GOJIbIIE Ipefesa NPOYHOCTH JbJa Ha cXkKa-
THE Ooc, ONPENEASIEMOr0 N0 Ky6HuecKHM 00pasuaM, U 3aBHCHT OT TOJ-

: IIMHEl JIbfla U TeOMETPHM TeJa,

¢ 10"%0un fem? BHezpsonterocst B Jsexn. [lo nan-

~ geiM - K. H. Kopxkasuua [80],

npejies NIPOUYHOCTH JbJa B YCJIO-

BUSIX CTECHEHHOT'O CXKAaTusl oupe-
nensercd 1o hopmyse

ce = (2,5+2,7)00e.

BoJsiee noapo6HO 3TOT BOIPOC
uccaenoBanacss  Accypom [196],
OZHAKO SKCTIepUMeHTaJbHEIE Ma-

. Tepuasabl MO CTecHeHHOH Hedop-
. ManHH  MOPCKOr'0 JbIa, KOTO-
pble MOXHO GBLTO GBI HCIOAB3O-
BaTh, INIPAKTHYECKH  OTCYTCT-
0 ! [ ! ! | ] BYIOT.

o1 0,2 0,3 0% Vv IIpenes mMpOYHOCTH MOPCKOTO
JAbJla Ha CHBUT Or OOBIYHO OII-
Puc. 65. Ilpeaen npoYHOCTH Jlbne}/ﬂa CABHT  penejsiercsd MyTeM KPYUeHHS Je-
0, B GYHKIHE OT v,*. IAHBIX IHJAHHAPOB, KOrJa BO3-
HUKAIOIIlee HATIPSIJKEHHOE COCTOS-
Bre GJAHSKO K udcTOMY cABury. OpHeHTHPOBKA ocefi KpUCTALNOB JbIa
H B PTOM cJIyuae OKasblBaeT GOJIBLIOE BJAHSHHE Ha BEIHUMHY O Eciu
C-OCH KPHCTAJJIOB PACIOJOXKEHB BLOJb 0GpPasyloliuX LHJIHHIpPA, TO
CIBUTH 110 GAaSHCHBIM IMJIOCKOCTSIM OOJIEerdeHHl W IIPOYHOCTh JbJAa Ha
CIBMI OKasbiBaercsd HauMmenblieH. IIpi TropH30HTAIBHOM pacloJoKe-

HUHU c-Ocelf BeIHUNMHA O CYIIECTBEHHO BO3PaCTaer.

15

10+

U. T. IlerpoB [125], npoBOOUBILKA IKCIePUMEHTE Ha MHOTI'OJIETHEM

APKTHUECKOM JIBbIY, HOJYYHJ CpelHHe 3HaueHHs NPeAeJOB IPOUYHOCTH
Ha caBur, pasuble 3,9 krc/cm? s MHoroJersero u 7,0 Kre/cM? nj1s Of-

Ho/MeTHero Jibna. B skcnepumentax Byrkosuua [207] cpenmee sHaue-
HHE Of JJIST MOPCKOIO JIbJa COCTAaBJAIO0 ~21 Krc/cM? IIpH OTHOCHTENb- |
HoM o6beMe paccosia vy~ 0,036. HanGonee mosHble JaHHBE OBLIH Oy~ |

yennl Ilemxem u JIu (1967). PeayabTaTel HX ONLITOB INPHBEJEHLl Ha
puc. 65.

Kak BHAHO M3 PHCYHKA, TIpefesbHEle HANPSIKEeHHs ciBura, o6o3Ha-
qeHHBIE YePHBIMYU KPYIKKaMH, YMeHbIIAIOTCS NPH YBEJIHUYCHHH Ilapa-
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