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BO3JIEHCTBHUE JIASEPHOI'O U3JIVYEHUS HA BEI[ECTBO. JIA3EPHAA IIJTIA3M A

PACS 52.38.Mf

IToBepxHOCTHOE HCIapeHe ATIOMUHMEBOI MMILIEHH B BAKyyMe
NpH BO3/IelCTBUN Jia3epHoro Y @ uzjyvyeHust
B YCJIOBHSIX 00pa30BaHusl NJ1a3Mbl

B..Ma:xyknn, B.B.Hocos

C nomowywio mamemamuiecko20 MoOeAUPOBAHUA UCCACO08AHA OUHAMUKA UCRAPEHUA U KOHOCHCAYUU HA NOBEPXHOCU Mema.l-
AUYECKOT MUMEHU 8 YCAOBUAX 00PAZ08AHUA NAAZMbL 8 UCNAPEHHOM ewecmee noo Oeticmeuem YD usayuenus KrF-aazepa ¢
0aunoti 60.anv1 A = 0.248 mrm, unmencusnocnvio Go = 2 x 108 — 10° Bm/cm? u d.aumeavrocnvio umnyavcat = 20 uc. Henoaw-
3yemca HeCMayYUOHAPHAas 08y MePHAA MAMEMAMULECKAA MOOeAb, 6KAOUAIOWAA 6 CeDA: 048 KOHOCHCUPOBAHHOTL CPedbl — YPas-
HeHue MmenaonposoOHOCMU ¢ 2paHudHvim ycaoguem Cmedana u 00noAHUMe AbHbIMU KUHEMUYECKUMU YCAOBUAMU HA UCHAP AT0-
weiica nosepxHocmu, a 044 Napa — YPagHeHus paouayuoHHoOll 2a3080% OUHAMUKU U NePeHOCd AA3ePHO20 U3AYUEHUA, 00~
NOAHEHHbIe MADAUYHBIMU 3HAYEHUAMU NAPAMEMPO8 YPAGHEHUI COCMOAHUA U KOIPHuyuenmos noz2aoujeHus. Y cmanosaeno,
umo npoyecc ucnapenus Y@ uzayuenuem MUmeHu 8 6aKyyme npoucxooum 6 medenue 8¢e20 Ad3epHo20 UMNYAbcd U pazoeaen-
cA Ha 06e Xapakmepuvle CMaoull: UCHApeHue coO CKOPOCHbIO 36YKAd 6 HAYAAbHYIIL Nepuoo u 0038yK060e UCHAPeHUe NOce
obpazosanus naasmel. Ha cmaduu 0036yK06020 ucnapenus 00Ha 4acmy Ad3epHO20 U3AYUEHUA NPOXOOUM CKBO3b NAAIMY U
no2aowaemcs NO8EPXHOCMbIO MUWEHU, d OpYeds — NO2AOWAEMCs 8 Y3KOM NAAZMEHHOM CA0€ 80AU3U NOBEPXHOCIIU, CO30AB81A
BbICOKOE 0ageHUe, CYUWEeCMBEHHO 3amedaaruee 6biHOC napa. Tlocae OKOHUAHUA UMNYAbCA YACMb UCNAPDEHHO20 8eujecmed
KOHOEHCUPYemc A Ha NOBePXHOCIIU, KAK 6 00.4acmu UCNAPeHU s, MAK U Hd HEKOMOPOM PACcCMOAHUY OM Hee, 8CAe0CmEue 00K0B020

pacuiuperusd naa3menHo2o obaaka.

Karouesvie caosa: Nno8epxXHOCMHoe ucnaperue, Hucu10 Maxa, JAds3epHaA naasmd, ])aautllﬂ/{()HH(lﬂ 2a3064 OUHAMUKA.

1. BBenenne

Hcnapenue BeniecTBa Mo ACTBHEM HHTCHCHBHOTO U3-
JIy4eHHs B 3aBUCHMOCTH OT TEMIIEPATYPhI 1 TaBJICHUS B IPH-
TIOBEPXHOCTHOM 30HE UMEET KAYeCTBEHHO Pa3IMYHbIN Xapak-
tep. Eciu TemniepaTtypa u (Wyin) J1aBJIeHUE MIPEBBIIIAIOT KPH-
TUYECKHE 3HAYEHUS, TO MEPEXOJ] KUIKOCTh—Iap OINUCHIBA-
eTCsl Ta30JUHAMUYECKUMH YPABHEHUSMH C HENPEPLIBHBIM
ypaBHeHHeM cocTosiHus [1]. B mpoTuBOmosioxkHOM (JOKpH-
THYECKOM) CIIy4ae IMPOoIecC XapaKTepu3yeTcs 00pa3oBaHueM
pe3koii noBepxHocTH pasneina ¢as. [ToTok ucnapeHHOro Be-
IIIECTBA SIBJISIETCSI HEPaBHOBECHBIM, T. K. CKOPOCTH BCEX dac-
THUI IEPBOHAYAILHO HAIPaBJIEHBI OT noBepxHocTH. [pu g0-
CTATOYHO MHTCHCHBHOM HMCHAPEHUM YACTHIBI CTAJIKUBAIOT-
cs1, hopMupyeTcst 0OpAaTHBINA OTOK W HA PACCTOSIHUSX, PaB-
HBIX HECKOJIBKUM JIJIMHAM IIpo0era, yCTaHaBJIMBAETCS paBHO-
BecHOe pacnpezesenue. [IpumMblkaromias Kk I0BepXHOCTU 00-
JIACTh YCTAHOBJICHUSI PABHOBECHSI Ha3bIBACTCSI KHYJICEHOB-
ckuMm ciioem (KC).

JJ1st ypaBHEHUI MEXaHUKH CILTOIIHO#M cpe/ibl ToHkmit KC
NIPeJICTaBIIsAeT COOON 061aCTh CUJIBHOIO pa3pbiBa Fa30JUHA-
MUYECKUX MapaMeTpoB [2—6], 1J11 KOTOPOTO BBITOJIHSIOTCS
3aKOHBI COXPAHEHUsI IOTOKOB MAcChl, UMITYJIbCA U SHEPTUH, &
Taxke GOPMYJIUPYIOTCS HEKOTOPbIE OMOJIHUTEIbHBIE COOT-
HOIIIEHMS, YIUTHIBAIOIINE KHHETUKY (ha3oBoro mepexoaa. Mx
MOJIyYeHHE BO3MOKHO C IIOMOIIBIO PAa3JIMYHBIX AITPOKCUMA-
Uit GYHKIMK pacnpesesiennst BHYTpH ciios [2—4, 7, 8] wim
pellIeHus] KpaeBoi 3a/1auu 1151 ypaBHeHus boJsibimMaHa B 1o-
JIyIIPOCTPAHCTBE, 3AII0JTHEHHOM IapOM M OT paHUYEHHOM I10-
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BEPXHOCTBIO KOHJIEHCUpOBaHHOU cpenbl [9, 10]. Bo BTopom
CJIydae yCTAHOBUBIIMECS 3HAYEHUS MAKPOCKOIMYECKUX I1a-
paMeTpoB Ha OECKOHEYHOCTU OYAYT COOTBETCTBOBATH MApPY
Ha BHemnHel ctopone KC, a 3HaveHus Ha TpaHUIE — KOHIEH-
CUPOBAHHOM cpeie.

ITporueccel ncnapeHust 1 KOHACHCAIIUY HE SIBJISTFOTCS CHM-
METPUYHBIMU, YTO HAXOJUT CBOE OTPAXXEHUE B MOCTAHOBKE
IpaHUYHBIX YCJIOBHH Ha TpaHUIlE pasjeia KOHIECHCUPOBAH-
Has cpena—mnap. B cimydae ucmapeHns Tpu mapamerpa, xa-
paKTepU3yIOIIKe nap, — TEMIEPATypa, IVIOTHOCTH (UJIM J1aB-
JIEHHUE) ¥ CKOPOCTH — CBSI3aHBI IBYMS COOTHOIIeHusIMU. CTe-
TIeHb HEPaBHOBECHOCTHU (MHTEHCUBHOCTH) MPOIEcca MPH 3TOM
yIOOHO XapakTepu3oBaTh YUCIOM Maxa Ha BHEIIHEH CTo-
poue KC. Vcnosue M = 0 03Ha4aeT, 4TO CyMMAapHBIid TOTOK
BEIIECTBA 4Yepe3 IpaHMIly paBeH HYJIO M Hap HAXOAWTCS B
pasHoBecuu. [TosoxuTenbHble 3HaUeHUST M COOTBETCTBYIOT
HUCHAPEHHUIO, KOTOPOE MOXKET IPOUCXOIUTh B JIBYX KayecT-
BEHHO pa3JINYHBIX pexxumax. [Ipu ucnapeHun co CKOpoCThIO
3ByKa, Korga M = |, MOTOK BelIecTBa 4epe3 MOBEPXHOCTH
JIOCTHTaeT MaKCHMyMa, MPOIECC MPOUCXOIUT B YCIOBHSIX
MaKCHMaJIbHO HEPAaBHOBECHOCTH, a IOBEJIEHHE KOHICHCH-
POBAHHOU Cpe/ibl He 3aBUCUT OT COCTOSIHHSI O0JIaCTH mapa.
IIpu nazepHOM BO3IAECHCTBUM 3TOT PEXUM PEAIU3YETCs NPU
00JIy4YeHU MUIIEHH C IOCTOSIHHON HHTEHCUBHOCTBIO B BaKy-
yMe W cpefe ¢ MajiasiM npotuBogasieHuem [11]. Ilpu go-
3BykoBoM mcnapennu (0 < M < 1) onucanue sIBICHUS CTa-
HOBUTCS 00JIee CIIOKHBIM, T. K. IPOIIECCHI B KOHICHCUPOBAH-
HOU M ra30BOM cpeiax OKa3bIBAKOTCS B3aUMOCBSI3aHHBIMU, a
BeJIMYMHA M 7151 TPAaHUYHBIX YCJIOBHI HEM3BECTHA U JOJDKHA
OmpenesaThCsl B Xo/1e perienus 3anaun [12]. O6bvHO mpe-
mmoJjiaraeTcs, 4To ra30JMHAMHUYECKasi CKOPOCTh Mapa He Tpe-
BBIIIIA€T MECTHOM CKOPOCTH 3BYKa, M peXUMBI ¢ M > | He
paccmatpuBarores [2—4,7—13].

OrpunartenbHble yncia Maxa COOTBETCTBYIOT IPOIIECCY
MOBEPXHOCTHON KOHACHCAINH, TPOTEKAIOIIEH MpH YCIOBUH,
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YTO JaBJIEHHE Ta30BOM Cpeibl MPEBBIIIACT TABJICHUE HACHI-
IIEHHOT 0 napa. B pexxume 103BYyKOBOI KOH/IEHCAIIMH, KOT A
—1 < M < 0, Tpu BeJUMYUHBI, XapakTepusyrolue nap (Tem-
nepartypa, IWIOTHOCTh U CKOPOCTH), corjiacHo [10] cBsi3aHbI
OJHMAM [IONOJIHUTENIbHBIM cOoTHoueHneM. Ecmm ke cko-
pocTh oTOKa Ha BHermHe# rpanune KC ctaHoBUTCS cBEepX-
3BYKOBO# (M < —1), COOTHOIIIEHHE MEXAY TOMYyCTUMBIMH
3HAYEHUSIMU IapaMeTPOB NMPUHAMAET (HOPMY HEPABEHCTBA.

HecTranmonapHble pesxuMBI JIa3€pHOT0 UCIIAPEHUsI UCCle-
JIOBAJIMCH B psijie TeopeTuueckux padbot [14—21]. Beuio yc-
TAHOBJICHO, YTO (haKTOPaMH, MPUBOISIIIMHU K YMEHBIIIEHHIO
yrciaa Maxa Ha HMCHapPSIIOIIEHCs] MOBEPXHOCTH, SIBJISIFOTCS
MPOTUBO/IABJICHNE BHEITHEW Tra30Boi cpeabl [17—19], ObicT-
poe U3MEHEeHUEe TeMIEepaTyphl 00JydyaemMoil MOBEPXHOCTH,
IpU KOTOPOM MPOLECC UCIAPEHUSI MOXET TOPMO3UTHCS 3a
CYET PeaKIiy CO CTOPOHBI paHee UCIapeHHOoT o BeecTBa [20,
21], ¥ MOMOJIHUTEIPHOE MPOTUBOIABIICHNE, TOSIBIISIOIIEECS
MPU CHJILHOM TIOTJIOIIEHUH JIA3€PHOTO U3JIyUYeHHS B 3pO3H-
OoHHOU 11a3me [15, 16].

BosHukHOBEHHE JIa3epHOU IJIa3Mbl BOJIM3U 00Jy4aeMoi
MOBEPXHOCTH 3HAYUTENILHO YCIOXKHSET OO XapaKkTep BO3-
TIEACTBHUS M3-3a PE3KOTO U3MEHEHHS] ONTUYECKUX U TETLTO(hH-
3MYECKUX CBOWCTB UCIIAPEHHOTO BEIIECTBA, MIPUBO/ISIIETO, B
CBOIO OYepe/b, K N3MEHEHHUIO POCTPAHCTBEHHO-BPEMEHHO-
r'o pacnpeaeseHus sHepruu. Panee uucieHHoe HcciieJoBaHIE
JIa3epHOT0 UCMAPEHUs U AMHAMUKH IJIa3MbI apOB MPOBO-
JIAJIOCH B psific pabOT B MPOCTPAHCTBEHHO OJHOMEPHOI [22 —
24] n pBymepHoil [25-28] mocranoBkax 3amauu. OmHAKO
WCIOJIb30BAHUE YIIPOIIEHHBIX MPEICTABICHUM O MPOIIECCe UC-
[apeHus IpY HAJIUMYUU IPOTUBOAABIIEHUS HE IO3BOJIMIIO aB-
Topam [22 —28] B SIBHOM BH/JIE TIOJIYYUTh 3aBUCUMOCTh H3ME-
HEHHs CTENeHH HEPaBHOBECHOCTH (a30BOro mepexona OT
[ABJICHUS B ILUIA3MEHHOU Cpelie, XOTs IKpaHUpYrollee AeH-
CTBHE JIA3€PHOH IJIa3MbI OTMEYAJIOCh B OOJIBIIMHCTBE paboT.

ITpumenenune B [15, 16] GoJsiee KOPPEKTHON MMOCTAHOBKHU
337444 B OTHOMEPHOM IO MPOCTPAHCTBY MPHUOJIIDKEHUN TIO-
3BOJIMJIO aBTOPAM ITHX pabOT YCTAHOBHUTH OIIPEIEISIOLIYIO
pOJIb Ta30AMHAMHMYECKOTO BIIMSHUS JIa3€pHON IUTa3Mbl Ha
nporecc ucnapenns. OOpa3oBaHue MIA3MBbl IPUBOINAIIO HE
TOJIbKO K YMEHBIIICHUIO TOTOKA UCIAPEHHOT O BEIIECTBA, HO U
BBI3BIBAJIO M3MEHEHHE HampaBieHus (pazoBoro nepexoja. bia-
roaapsi BLICOKOMY IUTa3MEHHOMY JaBJICHHIO, 3HAYUTEILHO
MPEBLIIIAIONIEMY JABJICHHE HACBHIIIEHHBIX MapoB, MPOLEcC
KOHJICHCAIINK Ha 00JIydaeMoil TOBEpXHOCTH HAUYMHAJICS He-
CMOTpS Ha TO, YTO TEMIIEpPATypa IMMOBEPXHOCTU KOHJICHCH-
poBaHHOI cpenbl B 1.5—2 pa3za mpesbliiajga TEMIEpPATypy
PaBHOBECHOTO KHUICHUS MPU HOPMAJbHBIX yCIoBHsX. Pac-
4eThl OKA3aJId, YTO MCHAPEHUE MPOMCXOIUT B ABA dTAma:
TIEPBBIA 3Tal 00YCIOBJIEH JEUCTBUEM JA3EPHOTO U3IyYECHUS
(M =1), a BTOpOil — TOTOKOM COOCTBEHHOTO W3ITyYEHHS
mia3mel (M = 0.1).

B 6ouiee ci10kHOM 1ByMEPHOI TOCTAHOBKE 3a1a41, KOIAa
MOBEPXHOCTHOE HCHaPEHNE ONPEACIIIETCS PaCpele/ICHUSIMU
TEeMIIEpaTyphl U AaBJICHUSI B OOJACTH MATHA (HOKYCHPOBKH,
npobJieMa ra30IMHAMHUYECKOTO BIIMSHHUSI JTA3€PHON TIa3MBbl
Ha HCIapeHue ocTajlach HercciaenoBaHHoW. Ee pemenue mo-
3BOJIUT YCTAHOBHUTH MPOCTPAHCTBEHHO-BPEMEHHYIO CTPYK-
Typy NOTOKa HUCHAPSIIOLIETOCS BEILIECTBA, €0 U3MEHEHHE U
B3aMMOCBSI3b C IBOJIFOLIMEH JIa3€pHOI TIIIa3Mbl. AHAJIN3 3TUX
BOMPOCOB SIBJISIETCS BAXHBIM U JIJIS1 PsIIa TEXHOJIOTHIECKIX
MIPIJIOKEHHIA, OCHOBAHHBIX HA MPOIIECCE JIA3EPHOM OIS,
TaKUX Kak HaNbUICHUE IJICHOK, 00paboTKa MOBEPXHOCTH U
roJryyeHue kiactepos [29, 30].

OCHOBHOI1 11eJIbFO HACTOSIIECH paboOThI SIBJISETCS HCCIIe-
5 KsaHmosas anekmpoHuka, m.35, Ne 5

JIOBAHME B JIBYMEPHOU IOCTAHOBKE 3aJaYll JIWHAMUKU HC-
MapeHusi 1 KOHJACHCAIIUHU BEIIIECTBA HA TOBEPXHOCTH AJIFOMH-
HUEBOI MHUIIEHHU M UX B3aUMOCBSI3H C IUHAMUKOMN J1a3epHOI
MJ1a3Mbl, 00pa3yroleiicss B ICHAPEHHOM BELLECTBE MPU UM-
myabcHOM Bo3aeiicTBun Y ® uznyuennst KrF-mazepa ¢ nmu-
HOI BoytHBI A = (.248 MKM, IMKOBOM HHTEHCUBHOCTELIO Gy =
2 x 108 — 10° Br/cM? 1 JUTHTEIbHOCTBEO MMITYJIbca T = 20 He.

2. ®uznko-MaTeMaTHYECKAS MO/J1€J1b

BosneiicTBre MMITYILCHOTO JIA3€PHOTO U3JTYUEHHSI HA Me-
TAJUTMYECKYIO MHILEHb, HAXOJISIIYIOCS B BaKyyme, COIpPO-
BOXJAETCS PSOM IIPOIIECCOB, CBSI3AHHBIX C MOTJIOIICHUEM U
OTpaXXEHHEM Ja3epPHOI0 U3JIYyUEHHUsI, HATPEBOM, IIaBJICHUEM
1 UCTIAPEHUEM MMUILEHH, & TAKKe C Ta30IMHAMUYECKIM pa3-
JIETOM Tapa u 00pa30BaHUEM JIA3EPHOH MJIa3MBbl B UCTIAPEH-
HOM BellecTBe. B o011ieM ciryyae perieHne Takoi 3a1a4u Tpe-
OyeT Takxe ydeTa JBIKeHHs paciuiaBa. OIHAKO NMpPU UM-
MYJILCHOM BO3JIEHCTBUY C MaJIOH JUTMTEIbHOCTBIO M OTHOCH-
TeJIbHO BBICOKOW HHTEHCUBHOCTBHIO OMHUCAHKE ITPOLIECCOB MO-
JKET OBITh 3HAYUTENBLHO yrpoleHo. C 3TOU 1ebo U3 pac-
CMOTPEHHSI OBLITU UCKJTFOUEHBL:

— MPOIIECC TUTABJIEHNS] MUIIIEHH, MAJIO BIIMSIIOLINA HA 00-
IIUH 9HEProballaHC CUCTEMBI B PEKUME Pa3BUTOrO UCHape-
HUSI B CUJIY TOTO, YTO CKPBITAsl TEIJIOTA IJIABJIEHUSI HAMHOTO
MEHbIIIE TEIIOTHI UCTIAPEHHSI;

— TUAPOAMHAMMIYECKOE JBIDKEHHE PpAaCIUIaBa, HE3HAUH-
TEJIbHO BJIMSIFOIIEE Ha OOIIY 0 KaPTUHY NPOIECCOB B HAHOCE-
KYHIHOM JMana3oHe BO3JEUCTBHUS, HO CHUJIBHO YCJIOXKHSIO-
11ee MOJieJIb KOHAEHCUPOBAHHOM Cpebl U BRIYUCIUTEIbHBIN
AJITOPUTM.

Kpowme Toro, mpeamnosaranocs, 4To Ja3epHas Iia3Ma Ha-
XOJIUTCSl B COCTOSIHMH JIOKAJIBHOTO TEPMOAMHAMUYECKOTO
pPaBHOBECHS, & €€ [IBIDKEHHE OIUCHIBAETCSl B MPHUOJIMKECHUU
HEBSI3KOT'0 HETEIJIONPOBOIHOIO ra3a M CKOPOCTH UCIIAPEHUS
B BaKyyMe OrpaHH4YeHa CKOPOCThIO 3ByKa (M < 1).

B utore 6bl1a nostyyeHa MaTeMaTHYECKa sl MOJIEJIb, BKIIIO-
yaromas B ce0sl ypaBHEHUE TEIUIONPOBOTHOCTH JIsI KOH/ICH-
CHPOBAHHOI cpenbl C TpaHMYHBIM ycioBueM CrtedaHa U 10-
MOJTHATEILHBIMA KAHETHIECKIMU YCJIOBUSIMH Ha MCHAPSIIO-
ieiicst moBepxHoctu. Juist ra3oBoii cpenbl (Tapa) UCIojb30-
BaJjlaCchb MOJIENIb PaAUALIMOHHON Tra30BOM NMHAMMKYU C ypaB-
HEHUEM MIePeHOoca JTa3epHOro U3JYUeHHU 1, TOTIOJTHEHHAS YPaB-
HEHHSIMH COCTOSIHAS U KO3 PHUIIMEeHTaMI TTOTJIONICHUS, 3a-
JIAHHBIMH B TAOJIMYHOM BHUJIE.

MaremMaTHuecKkoe ONUCaHUE MPOIIECCOB IMPOBOJIMIIOCH B
MOJABWKHOW IWJIMHIPUYECKON CUCTEME KOOPJIHMHAT, CBSI3aH-
HOU C ABMKYIIEWCS MOBEPXHOCTHIO, IIEHTP KOTOPOU coBma-
JIaeT C IEHTPOM JIa3epPHOTO MyUKa, OCh ' HAMPABJIEHA BIOJb
TIOBEPXHOCTH, & OCh Z — 10 BHEILIHE HOPMaJIU K IOBEPXHOCTHU
HaBCTpeUy JazepHOMY u3iyuenuro (puc.l).

2.1. KonencupoBaHHasi cpeja

B 3ansTOI KOHIECHCUPOBAHHOM cpemoit obmactu 0 < r <
L., —I. <z <0 (puc.1) mepeHOC TeIIa OMUCHIBAETCS ypaB-
HEHHEM TETIONPOBOIHOCTH [31]

or. 9T\ 108 ( 8T\ 0 [ OT.
”C‘P<E+ VC@) —;a(’AC ar> t (Ac az>’ M

re MHIIEKC «C» 0003HaYaeT KOHJACHCHPOBaHHYIO cpeny; T, —
TeMmrepatypa; V. — ckopocTh (ppoHTa ucnapeHus (KOHJICH-
Callum); P, Cp, Ac — MIOTHOCTD, yAeIbHAs TEINIOEMKOCTh U
TEIUIONPOBOIHOCTD. BHEIIIHNE IPaHUIBI 00JIACTH [TOJIAratoT-



456 «KBaHTOBas 251eKTpOHUKA», 35, Ne 5 (2005)

B.M.Maxyxkun, B.B.Hocos

JlazepHoe|u3nyuenue

Ina3ma maposn

KnycenHoBckmii
cloi

|
|
|
] 1
' Ve re L, r

>

Mexdasnas

rpaHUIa 30Ha mporpesa

MuieHb

L

Puc.1. Cxema, HUIIOCTpHpYIOLIAs pacueT B3aUMOACHCTBUS JTa3ePHOIO U3~
JIyYeHHS C MUIIEHBIO.

Csl TeTJIOU30JINPOBAHHBIMHY, Ha rpaHulie r = () BBIOJIHSAETCS
yCJIOBUE CUMMETPHUHU, B HAYAJIBHBII MOMEHT TEMIIEpaTypa
muirenn 7y = 300 K.

2.2. T'a3oBasi cpeaa u mia3Ma

Bobsactu 0 < (r x z) < (L, X L) 1J1s onucaHus npoiiec-
COB B Iape UCMOJIb30BAJIMCh CUCTEMA YPaBHEHUH pajualiy-
OHHOU ra30BO¥ TUHAMUKY U YpaBHEHHE IIEPEHOCA JIA3ePHOTO
n3nydeHus [32]:

op 10 g _

2 Trar o) T () =0, (2)
d 10, 5 0 _7617
a(ﬂu)Jr;&(’P” )Jr&(f)uv)— or’ 3)
d 10, 0, 2 __0p

5, (P0) 5, (rpuw) + 5~ (p) = ==, @
9()+ff( ) + == (pve)

o P T PR T e

+= )

1o, . o] 10 g G
— |1 a 0+ 3| i, %

4

divg, + ek, U, = ek, Uyeq, ¢y = — P gradU,,
(6)

U 8mhv?

" e explhv/(KT)) — 1}
oG~ _ oG™ N
o kG~ =0, Fre +kGT =0,
G=G -G, 0<z< L., 0<r<2r, @)
p=pp,T), ®)
e=e(p,T), ©)
Ky, = Kl’(pa Ta V), (10)

T7e U, U — KOMIOHEHTBI BEKTOpA CKOPOCTHU Wapa; p, p M e —
MJIOTHOCTb, JaBJCHUEe U 00bEeMHAsI MJIOTHOCTh BHYTpPEHHEH
SHEepruu napa; ¢ = (¢,,¢-) = [, ¢,dv — moTox sHeprun usiy-
YeHHsI TUIa3MBL; K, — CHEKTPaJIbHBINA K03 durumenT mormomie-
Hust; U, 1 U,eq — CIEKTpajIbHAS U PABHOBECHAS ILIOTHOCTH
W3JIyYEeHUS TJIa3MBL; It — PaJInyC Ja3epHOTO IydyKka. Y paBHe-
HUs (6) OMHCHIBAIOT TIEPEHOC H3JyueHus B Au(D(GHY3HOHHOM
npubmmwkennn [32,33]. YpaBHeHHe nepeHoca Ja3epHOro
u3nydeHus (7) yIuThbIBaeT Kak MaJarollylo Ha MOBEPXHOCTb
muiern (G ~), Tak U oTpaxenuyro ot uee (G 1) cocrassito-
I¥ie MTHTEHCUBHOCTH W3JIyYeHUs! BAOJb OcU z. TabinvHbIe
ypaBHeHus1 cocTostHuA (8), (9) 6panmmck u3 padboTsr [34]. Pac-
yeT kod(pdunmenToB noryomenns (10) mpoBommics ¢ uc-
nojbp3oBaHueM mojienn Xaptpu—Poka—Craerepa [35]. Pe-
3yJbTATBl PACUETOB MPEACTABISJIUCH B BHIE TPEXMEPHBIX
Tabymn. 3apsiIOBBI COCTAB IJIA3Mbl U paclpe/esieHue 10
BO30YXXJCHHBIM COCTOSIHUSIM B HEll ONpPEAeIIsLTUCh U3 ypaB-
wennit Caxa — bossimana [33].

Koaddunment nornomenus x = (7, p) A1 J1a3epHOTO
m3nyuenus ¢ A = 0.248 mxm (hv =~ 5 3B) Haxomuics aHajo-
ru4Ho Koadduimenty x, [35]. Ero Benuunna onpenesnsercs
CYMMapHBIM BKJIAJIOM CBOOOTHO-CBOOOTHBIX (0OpaTHBIH TOP-
MO3HO 3 EeKT) U CBI3aHHO-CBOOOTHBIX MEpeXoa0B (hoTo-
nonuzanus) [33]. Ha puc.2 npuBenenst 3aBucumoctu k(7)) u
ko3¢ pumenTa 06paTHOro TOPMO3HOTro norJioeHust Ky(7')
MpH ABYX 3HAYEHUSX ILUIOTHOCTU p. M3 Hero ciemyer, 4To
cyMMapHbIe K03()HUIIMEHTHI TOTIONIEHUS XaPAKTEPU3YIOTCS
HEMOHOTOHHOW 3aBUCHUMOCTBIO OT TeMIlepaTypsl. [lpu p =
1073 r/em? (xpuBas 1) koaddumuenT Kk 6HICTPO BO3pACTAET
B obsactu T < 0.9 3B. JIoMHHUPYIOLLYIO POJIb NPU 3TOM
urpaetr (poromoHusanusi BO30OYKIEHHBIX COCTOSIHUN HEUT-
paJIbHBIX ATOMOB, 3aCEJICHUE KOTOPBIX IMPOUCXOTUT IPH Xa-
paxtepHoii Temnepatype T ~ (0.1 — 0.2)Eex, T1e Eex = 3 — 6
9B — aHeprust BO30yKACHHBIX COCTOSIHUN HEUTPAJILHOTO aTO-
Ma amromunus [33, 35]. [Ipu ganbHeieM yBeJInYeHUN TEM-
nepatypsl (7 > 1 3B) xosddunuenT HaunHAET YMEHBIIATD-
cs1, 2 B 00JIACTH TEMIEPATYP, CPABHUMBIX C IOTEHIIAAJIOM HO-
HHA3AIMHI aTOMa aJIIOMAHAS U3 OCHOBHOTO cocTostHus (7 > 5
9B), OH MpPaKTHYECKN MOJHOCTBIO OINpeNessieTcss OOpaTHBIM
TOpMO3HBIM 3 dexToM. [Tpu GosbInel MIOTHOCTH (p = SX
102 r/cM?) mostyyaeM aHAJIOTMYHYIO 3aBHCHMOCTb KO3(hdu-
LUEHTA MOTJIOLIEHHUS OT TEeMIEPATYPbl, HO MAKCUMYM J1OCTH-
raercs npu 6oJee Bbicokoii Temmnepatype (7 =~ 2 3B).

Cucrema ypaBHeHnit (2)—(10) momomHSIIACH CIEIYIO-
IIIMHU HAaYaIbHBIMH ¥ TPAHUYHBIME YCIOBUSIMU:

K, Kb

103

10!

107!

T (3B)

1073 AW
0.3 1 3

Puc.2. TemnepaTypHble 3aBUCHMOCTH TaOJIMYHBIX 3HAYCHUH K03 uIu-
€HTOB HOTJIOIIEHHS K H3JIyueHus ¢ 4 = 0.248 MKM (CIUIOIIHbIE KPUBLIE) U
K03 }HUIMEHTOB 0OPATHOTO TOPMO3HOTO MOTJIOMICHHUS Ky, (IITPHXOBbIE
KpuBbIe) IpH ioTHOCTH p = 1073 (/) 5 x 1072 r/em? (2).
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npu t = Iy

u=v=0, T=Ty, p=p; 0<(rxz)<(L xL.), (11)

mpu r =0
u=0, 2’?:%:%:0, 4 =0, (12)
npur =1L,
p=py, p=py u=v=0, g =-cU)/2 (13)
npuz =L,
p=pro, p=py u=v=0, ¢.=-cU,)/2,
(14)

G~ = Goexp|—(r/r)*] exp[—4(t/t — 1)*], 0<r< 2,
npuz =0

G*=[1—ATG~, 0<r<2m (15)
e T — JIUMTEeILHOCTD JazepHoro ummyJibsca; A(7T) — noro-
IATENbHAS CHOCOOHOCTh MOoBepXHOCTH. MOHOBASA TJIOT-
HOCTB p,, moJyiarajach paHoit 3 x 1076 r/em?® (py =2 x 1073

6ap).

2.3. YciaoBus Ha Mexda3Hoil rpaHuie

I'paHuuHbIC yCIIOBUSI Ha TOBEPXHOCTH MUIICHHU CBSI3bI-
BAIOT IIECTh BEJIMYMH: CKOPOCTh V., Temnepatypy 1. U J1aB-
JICHUE p. HA TIOBEPXHOCTH, TeMrmepaTypy 7T, IUIOTHOCTh p U
HOPMAaJIbHYKO KOMITOHEHTY CKOPOCTH Tlapa U Ha BHEIIHEH
rpanune KC. I HUX HE3aBUCMMO OT HampaBlieHus ¢aso-
BOTO TIEPEXOJIa BBIMOJHSIIOTCS TPH 3aKOHA COXPAHCHUS —
SHEPruu, MaCChl U UMITYJIbCA:

0T,
A
¢ 0z

=AG™ +LVPCVC7 pcVC = p(VC - 0)7

2
pVE+pe=p(Ve—v)" +p, (16)
rae Ly — remora ucnapeHus.

Hcnapenue. T'pannunsle yenosust moaenu Kpyra, xapax-
TepHU3yIollne KHHETHKY (pa3zoBoro nepexona [7, 8], B ciydae
HCTIAPEHUSI UMEIOT BU/T

T 2yM 2 (m? + 1/2)2

Te  (14+yM2)Pm22 "’

o (LM M2 (m? +1/2)]
Pt exp(—m?2) +nl/2m(1 + erfm)

(17)
M =v/(RT)'?,  py = psut/(RT),

L, | Ty
= ¢ E——
Dsat Pb €Xp RTC Tc ’

THC Pgy U Psat — INIOTHOCTD W JIABJICHNUE HACHIIIEHHOTO TTapa
mpu Temuepatype 7T,; R — ra3oBasi IOCTOSIHHAS; J — TIOKa3a-
TeJsib anuabaTel (paBHBIN 5/3 171 OTHOATOMHOTO NApa); pp U
Ty — paBHOBECHBIE JIABJICHUE U TEMIIEpATypa UCIAPEHUS TIPU
HOPMAJIbHBIX YCJIOBHSIX; 4nucio Maxa M ompenensieTcs U3

pelIeHus] ypaBHEHUH ra30BOM TUHAMUKHY, & TapaMeTp m — U3
ypaBHEHHS

f(m) = F(M)(m?>+1/2)* —m*(m> +a+3/2) =0,

M2 -1
F(M)=1 +3;Mﬁ, a=2t>=2""n"mr -1, (18)
172_m+ 1 +erfm
/2 exp(—m?) + wl2m(1 + erfm)’

Konoencayua. Tlpn HOCTUXKEHUU HEPABEHCTBA Pgy < P
MPOUCXOIUT CMEHA HanpaBieHus (pa3oBOro mepexoja — uc-
NapeHue CMEHSeTCsl KOHAEHCAlMell mapa Ha MOBEPXHOCTH
(M < 0). B otmmune oT ucnapeHusi, MOBEPXHOCTHASI KOH/ICH-
canust MOXeT IPOUCXOIUTH U B CBEPX3BYKOBOM pexume. Co-
riacao [10] B pexxuMe J03BYKOBOW KOHJICHCAIIMM BEJIMYNHBI
T, M u p CBSI3aHBI TOJBKO OJJHUM COOTHOIUCHHUEM: P /Psar =
F(T/T., M), B xotopoMm mnepemennbie 1/T, u M onpene-
JISFOTCSl COCTOSTHMEM Ta30JIWHAMMUYECKOro TeyeHus. DyHK-
wust F(T/T., M) onpenensiercsi 3apaHee U3 peIIeHHs] ypaB-
Henus bonbivana u Tabyupyetcsi. Ee 3HaveHust cnabo 3a-
BHCAT OT TEMIIEPATYypPbl, HAMHOTO CHJIbHEE OT nmapamerpa M
U KQ4eCTBEHHO M3MEHSIIOTCS IIPU MEPEXo/e UYepe3 3HaAuUCHUE
M = —1. B cBepXx3BYKOBOM peXUME MPOUCXOIUT CMEHA rpa-
HUYHBIX YCJIOBHIA, T. K. B 9TOM CJIy4ae BCE BEJIMYMHBI HA Tpa-
HUIIE 3aBUCST OT COCTOSIHUS Ta30BOY Cpelibl BAAJIM OT Hee U
HaxoAsTcs KcTpanosisinieir. Takum oOpa3om, st TOBEPX-
HOCTHOM KOHJEHCAIMUd B JO3BYKOBOM pPEXHME I'paHUYHBbIC
YCJIOBUS ONPEEIISIFOTCS C TOMOLBIO Ta0YIMPOBAHHON QYHK-
J02031

p/psat :F(T/TC,M), (19)
a B CBEPX3BYKOBOM pexuMe BeauuuHbl 1, M u p 3KCTpa-
MOJIUPYIOTCSL C TIOMOIIBIO YpaBHEHUU Ta30BOM NMHAMUKU.
DKCTPaANOJSIMUOHHBIN CIOCO0 OmpenesieHus] TPaHUYHBIX
YCJIOBUH COXpaHSETCS W B JO3BYKOBBIX peXMMaX, €CIlId
HUMEET MECTO HEPABEHCTBO p/psar > 10.

2.4. AAropuTM YHCJIEHHOTO pelieHust

Cucrema muddepennumanbubix ypaBHenuid (1)—(19) pe-
majach KOHEYHO-PA3HOCTHBIM MeTOIOM. PacueTHast ceTka
mo ocu r B obsactu 0 < r < L, = 5 cM BKiIrouasa B cedst 50—
100 y3J10B 1 3a1aBajiach 0oJjiee ryCTOM B 30HE JIA3€PHOTO MSIT-
Ha. HepaBHOMepHas ceTka BIOJIb OCH Z CTPOUJIACH Pa3eiib-
HO B KoHJieHcupoBaHHOM (/, = 0.01 cM, 40 y3710B) 1 ra30BoM
(L, =10 cM, 100—200 y3510B) cpemax. B obeux obiacrtsix
CeTKa CTyIIaach K MOBEPXHOCTH TPH BEJIMYUHE IEPBOTO
mara 2 x 107° u 10> cM cooTBeTCTBeHHO. Y paBHEHHE Tell-
JIONPOBOJHOCTU C KOHBEKTUBHBIM YJICHOM U NEPEMEHHBIMU
KoapUIueHTaMH aIPOKCUMUPOBAJIOCH TIOJHOCTBIO HESIB-
HOW pPA3HOCTHOW CXEMOU, 3aNMUCAHHOW HA MATUTOYCYHOM
mabJione [37]. st ero perieHust NpUMEHSJICS METO/I Tepe-
MEHHBIX HANPABJICHUH C UTepalUsSIMH. AMMPOKCUMANUS U
AJITOPUTM peIIeHHs] Pa3HOCTHBIX YpaBHEHUI paJuanuoH-
HOHM Ta30BOW JMHAMUKU TpuBeAeHbI B [32,38]. Anroputm
pelleHnst 3aa4d B LIEJIOM YYUTBIBAJ B3aUMOCBSI3b MPOIIEC-
COB M Ha K&XOM IIIare Mo BPEMEHHU BKJIFOYAJI B ceOsl TpH 3Ta-
Ta: pellieHrne ypaBHEHUH B Ta30BOM cpejie, pacyeT COOTHOIIe-
HUIl Ha MeX(a3HOW IpaHUIE U PEIlleHIe YPABHEHUS B KOH-
JICHCUPOBAHHOM cpelie. 3aTeM Bce TPH 3Tana OObeIUHSIINChH
BO BHEIIIHMIA UK [16].
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3. AHa;mm3 pe3yJbTATOB H HX 00CYK/IeHHe

B 4ncieHHBIX 3KCHEpUMEHTAX MCCIIEAOBATIOCH UMITYJIbC-
Hoe Bo3paeiicTBue m3nyuenust KrF-mazepa c rayccoBsim pac-
MpeieIeHNeM HHTEHCUBHOCTH IO BPEMEHH U MIPOCTPAHCTBY.
JmTeIbHOCTh IMITYJIbca cocTaBsiia 20 HC, TUKOBast HHTEH-
cuBHOCTL Gy = 2 x 108 — 10° Br/cM2, paamyc myuka rp=
0.005, 0.025 u 0.25 cm. ITpu aTOM B KauecTBe HA30BOTO pac-
cMaTpuBajca BapuaHT ¢ Gy = 5 x 108 Br/em? u rp = 0.025
cM. B pacuerax HUCMONB30BANUCH CIEAYIOIINE 3HAYCHUS
napametrpoB amomunus: Ty, = 2720 K, p, =1 06ap, L, =
1.1 x 10* JIx/r [39]. TemaonpoBOAHOCTD, TEMIOEMKOCTL H
IJIOTHOCTh 3aJaBAJIUCh C YYETOM Pa3IU4YUi JJIs TBEPAOU
(T. < Tyy) m xuaxout (T, > Ty) dasz: A.=2.37 u 0.75
Br-em LK1, ¢, =095 m 1.2 Oxr VK™, p=27u 233
r/em® (TemmepaTtypa maasierns Ty, = 933 K) [39]. Temmepa-
TYpHAas 3aBUCHMOCTb ITOTJIOIIATEIHHON CIOCOOHOCTH OBEPX-
noctu A(T,) ompenensutach Bbipaxenusmu: A(T, < Tn) =
0.231 u A(T, > Ty) = 0.64T.04 [25]. CorsiacHo BTOpOMY CO-
otHoueHuto, npu 7, = 6000 K moBepXHOCTb MOrJOLIAET
MPUMEPHO TOJIOBUHY Najiatorero usnydenus (4 =~ 50 %).

3.1. OcHoBHBIE dTanbl HCHAPEHHSI U KOHAEHCAIIMH
HA MOBEPXHOCTH

OCHOBHBIE 3Tallbl MPOLECCOB HA MOBEPXHOCTU MUILEHU
(z=0) omnmieM C MOMOIIBbK BPEMEHHBIX 3aBHCUMOCTEU
yrciaa Maxa M(t,r = 0), TeMrepaTypbl KOHACHCUPOBAHHOMN
cpenbl Ha IoBepXHOCTH T¢(f, 7 = 0) M OTHOIIICHUS JABJICHUS
HACBIIIEHHOTO Mapa K JaBJICHHIO B IUTa3Me psa(f, 1 = 0)/ppi(t,
r =0) B nieatpe muienu (z = 0,r = 0) (puc.3). Ucnapenue
BEIIIECTBA HAYMHAETCSl BCKOPE IOCje Havyaja BO3ACHCTBHS,
7 MPaKTHYECKH Ccpa3y 4mcio Maxa JOCTUTaeT eOUHHIIBI
(puc.3,a), OJTHAKO CTAJIAsI UCIIAPEHUSI CO CKOPOCTBIO 3BYyKa
OKa3bIBAETCS OYEHb HEMPOIOJIKHUTENbHONU. YD n3yyeHue ¢
A =0.248 MkM Garogapst GOJIBIION JHEPTHH KBAHTA WHH-
LUUPYET B UCIAPEHHOM BelIeCTBE (HOTOMPOLECCH U HAYM-
HAeT MOTJIOIIATLCS B €lIe JOCTATOYHO XOJIOIHBIX Hapax.
Beizesienne sHEPrun J1a3epHOTO UMITYJIbCA COTIPOBOXKIAETCS
JAJIbHEHWIITM Pa3orpeBoOM Mapa, yCHJICHHEM MOTJIOIICHHSI U B
WUTOTe MPUBOIUT K 0OPA30BAHUIO IJIA3MBbI, XapaKTePHU3YIO-
IIEHCsT BBICOKMMH (TI0 CPaBHEHHMIO C JIOTIJIA3MEHHBIM COCTOSI-
HUEM) TeMIlepaTypoi U naBjieHueM. OTKIMKOM Ha BO3HHK-
HOBEHHE NMPOTHBOJABJICHUS IMJIA3MEHHOU Cpelbl SIBIISETCS
pe3koe yMeHbIIleHre Ynciia Maxa Ha UcTapsIroIeiicst moBepX-
HOCTH, KOTOPO€ TOCIIe HEMPOIODKUTETHHOTO ePEXOTHOTO
Hepuoaa CTaHOBUTCS paBHBIM ~0.1— 0.15. IMeHHO ¢ TakuM
4UCIIOM Maxa B CyIIECTBEHHO JO3BYKOBOM PEXUME HCHape-
HUE TPOJOJDKAETCS MPUMEPHO OO0 OKOHYAHUS HMMIIYJIbCA.
ITocne 3aBepiieHus: Bo3aeUCTBUS Yuciio Maxa mepexoauT B
00J1aCcTh OTPUIATEIBHBIX 3HAYEHH, COOTBETCTBYIOIIUX KOH-
JICHCATINTL.

CormoctaBuM HOBeleHUE Napamerpa M ¢ AUHAMHUKOH
TEMIIEPATYpPHI U 1aBJIEHUS HAa TOBEPXHOCTH U B 11azme. O0-
pa3oBaHMe IJIA3MBbI MOYTU HE3aMETHO HAa KPUBOM TeMIepa-
Typsl T (puc.3,a), KoTOpas Mpoa0HKAET MOHOTOHHO BO3pa-
cTaTh B TeueHHe ~ 20 HC U TOJBKO 3aTEM, BCJIE 34 CHUXKE-
HUEM WHTEHCUBHOCTH MAJAIOIIETO W3JTyYeHHs, HAYMHACT
ymenblatbes. C Ipyroi CTOpOHBI, ABE CTAIUM UCIAPEHUS
XOPOIIIO BHJIHBI HA KPUBOM OTHOIIICHUS IaBJieHU (puc.3,0).
Ecau B nepuo ucniapenus (M = 1) gaBiieHre HACBIIIEHHOTO
mapa B HECKOJIBKO pa3 MPEBHIIIAeT MPOTUBOAABIICHHUE TJIa3-
MBI, TO Ha CTaJWH JTO3BYKOBOTO HCIAPEHUS 3TH JABJICHUS
COIIOCTABHMBI: Pyt /ppl = 1. CTaIuu KOHACHCAIMN COOTBET-
CTBYET OTHOIIIEHNE JABJICHUHN, MEHbIIIee eAMHUIILL. [JaBieHne

M[ T. (K)
M T, a - 6000
0.5
- 4000
0
0.5 2000
~1.0 1 1 1 1 0
0 20 40 60 80 7 (HC)
psal/ppl
6 L 0
4 |
2 -
I
0.1 -
0.0l -
1 1 1 1
0 20 40 60 80 ¢ (uc)
G 6
1 1 1 1
0 20 40 60 80 ¢ (uo)
Puc.3. Bpemennsle 3aBucuMocty uncsia Maxa M(¢,r = 0), TeMnepaTypsl

nosepxHocTH T¢(f,r = 0) (a) 1 OTHOLICHUS NABJCHUI Py, (2,1 = 0)/ppi (1,
r = 0) (6) B uenTpe Mumenu npu Go = 5 x 108 Br/em?, rp = 0.025 cm, a
TaKke npoduiib JazepHoro umnyJiisca G(1) (8).

HACBILIEHHOT O TIapa, SKCIOHEHIIMATILHO YOBIBAIOIIIEE IO Mepe
OCTBIBAHUS TIOBEPXHOCTH, YMEHBIIIAeTCs OBICTpee, YeM JaB-
JICHUE B IIJIa3Me€, I03TOMY C TEUEHUEM BPEMEHM OTHOILIEHHUE
Dsat/Ppl TAKXKE YMEHBIIIACTCS ¥ B MOMEHT BPEMEHH ¢ & 55 HC
cranoButcs paBHbM 0.1. Uucio Maxa Ha BHellIHel CTOpOHE
KC npu 3tom nocturaet — 1. KonjeHcanus Ha MOBEPXHOCTHU
MHUIIICHU NIEPEXOIUT B CBEPX3BYKOBOM PeXUM, JJIsl peain3a-
UM KOTOPOro IPaHUYHOE YCIOBUE, OIMCHIBAEMOE BBIPAXKE-
HueM (19), TpanchopmMupyercs B KCTPANOJISIUOHHYIO IIPO-
Heaypy.

Kax noxaspiBaeT aHaM3 IPOCTPAHCTBEHHO-BPEMEHHBIX
3aBucuMmocteit v(t,r =0,z), p(t,r =0,z), T(¢t,r =0,z), M(t,
r=0,z) B MoMeHTHI Bpemenu ¢ = 40, 60 u 100 ac (puc.4),
MIOJIYUYEHHOE CBEPX3BYKOBOE TEUEHME PA3BUBAETCSI U CYILE-
CTBYET B CPABHHUTEJIBHO Y3KOM IPOCTPAHCTBEHHO-BPEMEH-
HOM Auanasose. IToa BiausiHMEM ra30MHAMUYECKOTO pasJe-
Ta U paauanuoHHbIX moTephb B TeueHue 40— 100 He Bce mpo-
CTPAHCTBEHHBIE XaPAKTEPUCTUKU IUIa3Mbl BOJIM3HM MOBEPX-
HOCTHU BBIPABHUBAIOTCS M YMEHBIIIAIOTCS: CKOPOCTh — B 10
pas, I1aBJieHUEe — IPUMEPHO Ha 2.5 MOpsIKa, TeMIepaTypa —
npuMepHo B 1.5 pa3a, uucio Maxa B 00J1aCTH OTpUIIATEIIb-
HbIX 3HaueHwid — oT —1.1 mo —0.35. Takum oGpazom, He-
MPOIOJDKUTENIBHBIN NEPUO CBEPX3BYKOBOM OBEPXHOCTHOM
KOHJICHCAIINA U3-3a MPOCTPAHCTBEHHBIX 3(D(MEKTOB BAATH OT
TIOBEPXHOCTH MUIIICHU CMEHSIETCS JT03BYKOBBIM PEXKUMOM
koHgeHcauu. OTMETUM, YTO YMEHBLIEHUE CKOPOCTH KOH-
JIeHcallM He cBsi3aHo ¢ mepenagom nasienust Ha KC, rae
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v (xm/c)
40 HC
10 +
60 HC
5L
100 HC
0 ,74‘_’///
_5 1 1 1
0 0.005 0.010 0.015 =z (cm)
p (6ap)
40 He
/"_\
100 -
60 HC
100 HC
1 . .
0 0.005 0.010 0.015 z (cm)
T (3B)
2.8
2.4
20— o0ue]
1.6 L Il 1
0 0.005 0.010 0.015 z (cm)
M 40 HC
60 HC
1 -
100 HC
0
_l 1 1 1
0 0.005 0.010 0.015 =z (cm)
Puc.4. Pacnipenenenus z-KOMIOHEHTBI CKOpOocTH v(t,r = 0, z), 1aBJIeHUS

p(t,r =0,z), remnepatypsl T(t,r =0,z) u uncia Maxa M(t,r =0,z) B
IUIa3Me Ha OCH JIa3€PHOTO MyYKa B PA3JIMYHbIE MOMEHTBI BDEMEHH.

BCJIEICTBUE OBICTPOTO OXJIAXKICHHS] MMOBEPXHOCTH OTHOIIIE-
HHE gyt /Ppl TPOTOIDKACT yMEHbIIAThCS M mocturaeT 0.01
(puc.3,0).

Ha puc.5 npencraByieHbl BpeMEHHbIE 3aBUCHMOCTH YHCIIa
Maxa B HEHTpe MUILCHH MPH PA3TUYHBIX HHTEHCUBHOCTSIX
Bo3neiicTBust Gy M pagmycax mydka rr. JJIs BceX MHTEHCUB-
HOCTEH, MPEBBIIIAIONIIX MOPOr 0Opa30BaHUs IUIA3MBbI, OC-
HOBHBIE 3TAIlbl MPOIECCOB HA ITOBEPXHOCTH COOTBETCTBYIOT
6a30BOMY pacueTy, Ipu 3TOM C POCTOM UHTEHCUBHOCTH HUC-
NapeHue HAYMHAETCsl paHblle, JIATEIbLHOCTh CTaguM UCIa-
pernsi ¢ M = 1 yMeHbIIIAETCS, a CTAIUN KOHACHCAIINHU TIOCIe
OKOHYAHMS BO3/IEHCTBUS — yBenuuBaeTcs (puc.5,a). Y MeHb-
IIeHNE pauyca MmsTHa (POKYCUPOBKH 7t MPUBOIUT K YCHJIE-
HUIO BIIMSIHUS PaAMAILHOTO pa3JieTa HCIAPEHHOT O BEIIECTBA
u ocJiabJieHuto KoHaeHcauu (puc.S,0).

M

0.5

—0.5
4 % 108 Br/em?

—10L 2><|108 Br/cm?
0 20 40 60 80

t (HC)

0.5

—0.5 0.025 cm

_1.0 = 1 1 1 1
0 20 40 60 80

t (HC)

0 20 40 60 80 £ (mc)

Puc.5. BpemeHnnble 3aBUCMMOCTH uKciIa Maxa B IeHTpe mMuieHu M(t,
r = 0) Ipu pa3IHYHBIX HHTEHCHBHOCTSIX Bo3aelicTBus Gy u rr = 0.025 cm
(@) ¥ pasnMuHBIX paguycax myuka rp u Go = 5 x 108 Br/em? (6), a Takke
npoduib azeproro ummyJiisca G(t) (8).

OpiHo M3 HanboJiee BAXHBIX ONTHYECKUX XaPAKTEPUCTHK
IUTa3MBl, SIBISICTCS KOI(D(UIMEHT MPOMYCKAHUS, MOKAa3bIBa-
FOIMH, KaKasi YaCTh SHEPTUH Jazepa JOXOIUT 10 TOBEPXHO-
CTH MUIIIEHH U 3aTPAvyUBAETCsl HA HATPEB U YJaJIeHHE Be-
mectBa. KoaddumueHTsr mpomyckanmst miasmsl Ty (2, r) =
G~ (t,r,z=0)/G~(1,r,z = L), onpe/IcICHHbIEC B [ICHTPE IIy4-
ka (r = 0), Ha pacCTOSHUSIX 1 = rf/2 U F = rf OT UEHTPA, IIPHU-
BemeHsl Ha puc.6 (Gy =5 x 103 Br/em?, rp = 0.025 cm). B
[IEHTPE MyYKa SKpaHUPYIOIIee JeWCTBUE TIa3Mbl CKa3bIBACT-
Csl yKe Ha HAYAJIBHOU CTaINH BO3JEUCTBUS — K0ddunmeHT
IPOIYCKaHUs HAYMHACT YMCHBINATHCS C MOMEHTa BPEMECHH
t ~ 10 HC, nocTuraeT MuHuMyma (oxoJjio 30 %) Ha nuke UM-
MmyJibca W Jajiee IJIaBHO Bo3pacrtaer. [loBeaeHue koaddu-
MUEHTOB B ABYX OPYTHUX TOYKAX MO PAAMYCy Ka4eCTBEHHO
AHAJIOTUYHO WX ITOBEJCHUIO B IEHTPE, HO IKpaHHUPYIOIee
JIEACTBUE B 3TUX TOYKAX MPOSBIISIETCS MMO3KE M CKA3bIBACTCS B
MEHBILICH CTENeHN: Ha PACCTOSIHUM F = rf 10 MOBEPXHOCTH
noxoaut 70 % u OoJiee maJaroIiero u3aydeHusl.

3.2. IBymepHbie 3¢ deKThI: NOBEPXHOCTHOE HCTIAPEHHE
XoIcnapuTeIbHOTO PpoIiecca Bo BCeif 00J1acTH BO3IeH-

CTBHS WJUTIOCTPUPYIOT 3aBUCUMOCTH umcia Maxa M(t,r) u

OTHOIICHUST JABICHUN pgy(f,)/ppi(f, 1) B pasIMYHBIE MO-
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Tpl (%)
100

80

60

40

20

0 10 20 30 40 50 ¢ (mc)

0 10 20 30 40 50 ¢ (uc)

Puc.6. Bpemennble 3aBucuMocty Koadduimenta npomyckaHust mia3msl
Tu(t,r) = G (t,r,z=0)/G(t,r,z = L.) npu pa3snmyaeIx r, Gy = 5 X 108
Br/cm?, rp = 0.025 oM 1 npoduiib j1asepHoro umiybea G(t).

MeHThI BpeMmenu ¢ = 12, 20 u 30 uHe (puc.7). Ilpu ¢t = 12 He
HCMAPEHHE, IPOUCXOIAIIEe CO CKOPOCTHIO 3BYKA, yXKE OXBa-
THJIO OOJIBIIYIO YaCTh JIA3EPHOTO ISATHA, & B ICHTPE YKMCIIO
Maxa HavajJo YMEHBIIATHCS BCJICACTBHE HAPACTAFOIIETO

M

0.5

_0‘5 1 1 1
—0.04 0.02 r(cm)

Dsat /Ppl
6

0

—0.04 —0.02 0 002 (M)

G

—0.02 0 0.02

—0.04 r (cM)

Puc.7. IlpocTpaHCTBeHHBIE pacupenesienus yncia Maxa M(t,r) (a) 1 o1-
HOWICHNUS JABJICHUI Py (7, 1)/ ppi (2, 1) (6) B pa3JIMYHbIE MOMEHTBI BPEMEHH
t=12 (1), 20 (2) u 30 e (3) npu Gy = 5 x 10° Br/em?, rp = 0.025 cm, a
TaKke npoduiib gazepHoro umimyibsca G(r) (8).

JaBJieHus Iw1a3Mbl. B MoMenT Bpemenn ¢ = 20 HC, COOTBET-
CTBYIOIIWI MAKCUMYMY HHTEHCUBHOCTH JIA3EPHOTO UMITYJIb-
ca, UCTapeHue Co 3BYKOBOIl CKOPOCTBIO COXPAHSIETCS TOJIBKO
Ha niepudepun JIa3epHOro MATHA B Y3KOH KPYroBOil moJjioce
(puc.7,a, xpuBas 2), rae AJaBJICHHE HACBIIIICHHOTO Mapa B 5—6
pa3 IpeBbIIAET JaBjieHue B mia3me (puc.7,0, kpusas 2). B
OCTaJIbHOW O0JIACTH MSITHA JABJICHUE HACHIIIEHHOTO Mapa U
JaBJICHHE B IUIA3ME CPABHUMBL Pgai/ppi & 1 (HO Godblue 1),
a MHTEHCHBHOCTbH HCIAPEHUs MPHUMEPHO oauHakoBa (M =
0.1 —0.15). AHanorn4Hasi KApTHHA COXPAHSIETCS U MPH ¢ =
30 ue (puc.7,a, 6, KpuBbIE 3).

CBHIETEILCTBOM BIIMSIHUS TJIa3Mbl HA BO3JCHCTBHE Jia-
3epHOrO M3JIyYCHUS] HA MHIICHD CIIYXKAT 3aBUCUMOCTH TEM-
nepaTypbl noBepxHoctu 7.(¢,r) U MOTJIOMIEHHOW UHTEHCUB-
Hoctu AG ~(t,r,z = 0), paccunrannbie 11 ¢ = 10, 20 u 30 He
(puc.8). Eciin 10 06pa3oBanus M1a3Mbl pACIpECIICHUE TEM-
MepaTypsl B TOYHOCTH MOBTOPSIET MPODUIb JIA3epHOTO UM-
myibca (puc.8,a, xpuBas 1), To B 00Jjiee MO3THAE MOMEHTBI
BPEMEHH paclpeieieHue TEMITEPATYPhI MO MATHY (KPUBBIE 2
1 3) CTAHOBUTCS 3HAYUTEIBHO 00Jiee OTHOPOTHBIM M UMEET
BUJ «IPUTLTFOCHYTOT0» KOJIOKoJIa. Takoe pacmpe/iesieHue sB-
JISIETCSI CIISICTBUEM HEOTHOPOTHOCTH MPOITYCKAHUS TTA3MBbI
(cm. puc.6): nziayueHue OOJblIEH MHTEHCUBHOCTU B IIGHTPE
MyYKa SKPAHUPYETCS CUIIbHEE, YEM Y €r0 TPAHUIl, YTO JacT B
pe3yJIbTaTe 4aCTUYHO BBIPOBHEHHBIH NMPOQMIb MOTJIOLIEH-
HOTO U3JayueHus (puc.8,0, kpusbie 2 u 3).

IIpomecc koHAEHCAMM TAPOB HA TOBEPXHOCTH MOCTE
OKOHYAHUS UMITYJIbCA WJUTFOCTPUPYIOT 3aBucuMoctu M(t,r),

T. (K)
6000

4000

2000

—0.04 0.02 r (cm)

AG~ (107 Br/em?)

2r 7-10 ue

2 —20 HC
3 —30 HC
0 -
1 1 1
—0.04 —0.02 0 0.02 r (cm)
G
6
1 1 1 1
—0.04 —0.02 0 0.02  r(cm)

Puc.8. TIpocTpaHcTBeHHBIE pacnpeeseHus Temuepatypsl T¢(t,r) (a) u
MOTJIOIIEHHON HA MOBEPXHOCTH MHTEHCHMBHOCTH JIA3€PHOTO H3JIyYCHHUS
AG~(1,r) (6) B pa3an4HbIe MOMEHTHI BpeMeHH npH Gy = 5 x 10° Br/cm?,
re = 0.025 cMm, a Taxoke npoduib J1azepHoro ummnyJbea G(r) ().
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MOJIyYeHHBIE Ha PA3JIMYHBIX PACCTOSIHUSX OT IeHTpa (puc.9).
Kpusas npu r = ry ananornuna 3asucumoctu M(¢, r = 0) nist
LEeHTpa MullleH! Ha puc.3. Ha 6oJibIieM paccTOSIHUM OT LEH-
Tpa (puc.9, KpUBBIE IPH ' = r¢ U 2rf) UCHAPEHUS] MUALIIEHU HE
MPOUCXOANT (TIOJIOKUTENbHASI YaCTh KPUBBIX OTCYTCTBYET),
a KOHJICHCAITUSI HAYMHAETCS CO 3HAYUTEIILHOW 3a/IEPIKKOH 1o
BpeMeHH! (B MOMEHT, KOTJla paCIIUpsItoleecs 00IaKko ias-
MBI NIPOMJET COOTBETCTBYIOLIEe paccTosiHue). M3zmeHneHue
JlaBJIeHUs] HaJ NOBEPXHOCTBIO ppi(t, 1,z = 0) U ee Temnepa-
Typet T¢(t,r,z=0) mpu t = 40, 60 u 100 HC IpeCTABIICHO HA
puc.10. Conocrayienne kpuBbIX 2 1 3 (puc.10,a) mokxa3biBa-
€T, YTO 3a CUET paJraIbHOTO pa3jieTa 00JacTh IIa3Mbl OKa-
3BIBAETCS IPIMEPHO B JIBa pa3a 00JIbIle 001aCTH HCITAPEHHS
1 3a mpeaejaMy NOcJeIHeN BEIIeCTBO U3 IUIa3Mbl KOHJIEH-
CUPYETCs Ha MOYTHU XOJIOIHYEO TOBEPXHOCTH (puc.10,0).

CymmapsbIil o BpeMeHHu 3ddext ¢a3zoBbIx mpeBpailie-
HUI TEMOHCTPHUPYIOT BPEMEHHBbIE 3aBUCUMOCTH TOJIIUHBI
YIAJEHHOTO 1081 Hy, TOJyYeHHbIe HHTETPUPOBAHUEM CKO-
poctun dponta: H, = [V.dr (puc.11,a,6). Pacnpenenenus
Hy(t,r) ans Gy = 5 x 10 Br/em?, rp = 0.025 cM B pasmmu-
HbIe MOMEHTHI BpeMenu ¢ = 14, 20, 40 u 100 HC mOKa3bIBAIOT,
YTO TOJIIUHA CJIOS BO3PACTAET B TEUEHWE BCETO JCUCTBUS
AMITYJIbCA ¥ B MOMEHT ero OKOH4YaHusl ¢ = 40 HC TOCTHUTaeT
1.3 x 107> cM, a mmpuHa o6pasyromieiicsl MOJOCTH COCTa-
BisieT ~3 x 1072 cM. B MoMeHT BpeMenu ¢ = 100 He 3a cueT
KOHJCHCAIIMU TOJIIUHA CJIOSI B IEHTPE MOJOCTH HECKOJIBKO
YMEHBIIAETCSI, a 1O €€ KPasiM MOSBIISIOTCSI HeOObIINE BbI-
cTynbl. BpeMeHHbIE 3aBHCHMOCTH TOJIIIUHBI CJIOSI B IIEHTPE
H,(t,r = 0) mpu pa3JMIHBIX TapaMeTPpax BO3ACUCTBUS TIPEI-
cTaBJieHbl Ha puc.11,6. YBennuenue paauyca naTHa GoKycH-
poBku r¢ cBbie 0.025 cM He BBI3BIBAET 3aMETHOTO POCTa
TOJIIIMHBI KCIapeHHOT 0 cJios (puc.11,0, kpussie 2, 3). Boico-
KO€ JaBJICHHE TUIa3Mbl B 9TUX CIIyYasix CIEPKUBAET UCape-
HUE, YCUIMBAsi OJTHOBPEMEHHO POJIb MOBEPXHOCTHOU KOH-
JICHCAITNW, YTO MPOSIBJISETCS B CHU)KCHUN 3HAaYeHUi H,, ¢ Te-
YeHHEeM BpPEMEHU. YMEHbIIEHUE MapameTpa 7y B Ba pasa
MPUBOIUT K 3aMETHOMY OCJIa0JIEHUIO TUIa3MeHHBIX 3(Ddek-
TOB U3-3a YCUJICHUS paIMATILHOTO Pa3JieTa U, KaK CIeJCTBHUE,
K YMEHBIICHUIO BJIMSIHUSI MTOBEPXHOCTHOW KOHICHCAIMH U
VBEJIMUCHAIO TOJIIMHBI MCHAPEHHOTO CJIOSl MPUMEPHO Ha
25 % (xpuBas I). I1pu yBeJIMueHUN WHTEHCUBHOCTHU OOJTyYe-
st Gy 1o 10° Br/cM? TOJIIMHA yHAJEHHOTO CI0S TaKxKe
BO3pacTaeT MPUMEPHO B JIBa pa3a (KpuBas 4).

3.3. JIsymepHubie 3¢pdeKThl: miiazma

PaccMOTpHM IPOCTPaHCTBEHHO-BPEMEHHYIO IBOJIFOIHIO
IUTa3MEHHOT'O 00JIaKa, OKa3bIBAFOIIYIO OMPEACIISIOIICe BIIU-

M

0.5

-15F 1 | 1 1
0 20 40 60 80

t (HC)

Puc.9. Bpemennsbie 3aBucumoctu yncia Maxa M(t,r) B pa3jiMuHbIX TOY-
Kax Ha MOBepXHOCTH npu Gy = 5 x 108 Br/cm?, rp = 0.025 cM.

ppr (6ap) 1 — 40 uc
100
10
1 a
0.1 f
0.01 |
—-0.10 —0.05 0 0.05 r (cm)
T. (K)
L 1 —40 uc
2 — 60 He
3 — 100 uc
3000
0
2000
1000
0 1 1 1
—-0.10 —-0.05 0 0.05 r (cm)

Puc.10. TIpocTpaHCTBEHHBIC PACIPEACICHHS JABICHNUS B IIA3Me HA TPpa-
nune KC ppi(t, r, z = 0) (@) 1 Temnepatypsl nosepxsoctu Te(t,r, z = 0) (6)
B pa3JINYHble MOMEHTHI BPEMEHH 110CjIe OKOHYAHHS MMITyJibca Ipu Gy =
5 x 108 Br/em?, rp = 0.025 cM.

H, (107° cm)
14 BC
—-0.5
20 Bc a
1ok 100 mc
40 BC
_1'5 1 1 1
—-0.10 —-0.05 0 0.05 r(c™m)
H, (1075 cm)
4
2 -
1
2 6
L 3
1 1 1 1
0 20 40 60 80 1t (mc)
G ]
0 20 40 60 80 t(mc)
Puc.11. IIpocTpaHCTBeHHBIE pacnpeAesieHUs] TOJIIIMHBI MCHapEeHHOTO

crost Hy(t,r) B pa3ImaHble MOMEHTHI Bpemenu mpu Gy = 5 x 10% Br/cm?,
rp = 0.025 cM (@) n BpeMmeHHbIe 3aBucuMocTH H, (7, = 0) IpH HHTEHCUB-
HocTsX Bo3jieicTBust Gy = 5 x 108 (1—3) u 10° Br/cm? (4) u pamuycax
nyuka rp = 0.005 (1), 0.025 (2,4) u 0.25 cMm (3) (6), a Taxxke HpOopHIb
JazepHoro ummysbea G(f) (6).
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stHAe Ha (pa3oBbIe MpeBpalieHus moBepxuoctu. OoIee npe-
CTaBJICHUE O COCTOSIHMM IUIa3Mbl MOXHO COCTaBUTbH C IO-
MOILBIO aHAJIM3a ABYMEPHBIX pacIpelesIeHIi TeMIepaTypbl
T(t,r,z), nasnenus p(t,r,z) u ckopoct napa V(¢ r,z), npu-
BeJCHHBIX Ha PHUC.12 M OTHOCAIIMXCS K ABYM MOMEHTaM
BpeMeHu: ¢ = 25 u 60 He. Pacnipenesienne TemmnepaTtypsl mo-
Ka3bIBAET, YTO B MIEPHO/T BO3IeHCTBHSI HanbOoJiee ropsaast 00-
JIACTh IUIa3Mbl HAXOAUTCS HETIOCPEACTBEHHO Y IOBEPXHOCTHU
1 MMeET OTHOCUTEJILHO HEBBICOKYIO TEMIIEPATYpPy — OKOJIO 3
3B. Kax ObLJ10 yCTaHOBJICHO, UMEHHO B 3TOM 00JIaCTH MPOUC-
XOJIUT BBIJCJICHNE SHEPTUH JIa3epHOT0 U3mydeHns. Harperas
00JIaCTh ¢ BBICOKOM IUIOTHOCTBIO, OIIPEAEIeMON BBIIETal0-
UM C TIOBEPXHOCTH MMAPOM, IPUBOJIUAT K HOPMUPOBAHUIO Y
TIOBEPXHOCTH 30HBI BBICOKOT'O [1aBJIEHUSI, NMPEBBILIAOIIETO
1000 Gap, 3HAYUTEIILHO 3aMEJISFOIIETO MPOIECC UCTIAPEHUS
1 00yCNaBIMBAIOIIETO CTOJIb HeOoJbIIoe yucao Maxa Ha
TTIO3BYKOBO# cTanmmu ucnapenus. Pasnmer obiaka uaer mpe-
AMYIIIECTBEHHO B HAMPABJICHUU OT MOBEPXHOCTH, CKOPOCTH
pasziera B OOKOBOM HallpaBJieHUM He3HauuTesbHa. ITocie
OKOHYaHMS BO3AercTBus (1 = 60 HC) KapTHHA B IJIa3Me CTa-
HOBHTCSI CyLIECTBEHHO UHO# (puc.12,8, 2). O61acTh ¢ MaKcH-
MAaJIbHOW TEMIEPATYPOU U JABJICHUEM CMEIIIEHA OT MOBEPX-

T (3B)

z (cM)

35
3.0
2.5
2.0
1.5
1.0
0.5

0.03 -

0.02

0.01

—0.02 0 0.02

—0.04 r (cM)

T (3B)

z (cM)

0.04

0.02

0
—0.06

—0.04

—002 0 002 004 r(cm)

HOCTH, 1 €€ Pa3JIeT MPOUCXOANUT He TOJIbKO B CTOPOHY BHEIII-
HUX I'PaHUIL, HO ¥ B CTOPOHY ITOBEPXHOCTH MHUILIEHU.

Bosee TOuHYIO KOJMYECTBEHHYIO KapTUHY IPOLECCOB B
M1a3Me JAar0T 3aBUCUMOCTH TeMriepaTypsl 1(¢, r = 0, z), mio-
THOCTH p(t,r = 0, z) U z-KOMIOHEHTHI cKkopocTu v(t,r = 0,z)
B paziumuable MOMeHTHI Bpemenu ¢t = 20, 30, 60 u 100 HC
BJIOJIb OocH JaszepHoro myuka (r = 0) (puc.13). B vactaocru,
10 HUM BHJIHO, YTO MAaKCUMYM TemIiepaTypsl ripu ¢ = 20 u 30
HC cocTaisieT 3.2—3.5 3B u pacnoJioxkeH Ha pacCTOSIHUU
~0.01 cM OT HMOBEPXHOCTH HPH XAPAKTEPHOH MIOTHOCTH
p=1-5x 1073 r/em’. Pacumpenne mia3MeHHOTO ob1aka
MPOUCXONT KaK B TEUCHUE NMIYJIbCA, TAK U IMIOCJIE €T0 OKOH-
yanus. [Tpu ¢ = 100 HC ero pazmep gocturaet 0.25cm = 10ry.
Pacimpenue conpoBOXaaeTcss MEIJICHHBIM OXJIaXKICHUEM
MJIAa3MEHHOTO 00pa3oBaHusl mpumepHo a0 2 3B. Eme men-
JIHHEEe CHI)KAETCsI CKOPOCTD pasJieTa, JoCTUraromas 15 km/c,
YTO MPUBOAMT K OBICTPOMY YMEHBIIICHAIO TUIOTHOCTH IJIa3-
MBI 710 ~ 1073 r/em? ipu ¢ = 100 He.

BesquuuHy ¥ poJib TEIJIOBOTO U3JIy4eHHS B ILIa3ME IIO-
3BOJISIFOT MPOAHAIU3UPOBATL 3aBUCUMOCTH Z-KOMITOHEHTBI
paauanOHHOrO MOTOKA HA OCH JA3€pHOro Myuka ¢.(t,r =
0,z) (puc.14,a) u Ha TOBEpXHOCTU MHIlIeHU ¢ (I,r,z = 0)

V =20 xm/c p (bap)

z (eMm
() 6-1000

5-500
4-100
3-20
2-10
1-1

0.03 -

0.02

0.01

0

—0.04 —0.02 0 0.02 r (cMm)
6
V =20 xm/c p (6ap)

z (cM)

0.04

0.02

0 fch &
0.04 r (cm)

—0.06

—0.02 0 0.02

Puc.12. Pacnpenenenus remnepatypsl 1(¢,r, z) (a, 6), naByienus p(t, r, z) 1 BeKTopa ckopoctu V(t, r, z) (0, 2) B Ij1a3Me B MOMEHTBI BpeMeHu ¢ = 25 (a, 6) u

60 e (8, 2) mpu Gy = 5 x 10% Br/em?, 1y = 0.025 M.
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T (3B)

0 0.05 0.10 0.15 0.20 z (em)
p (rfem’)
1072 +
107 \
10—
60 HC
10-5 L 100 e
10-6 20 He | ) ) )
0 0.05 0.10 0.15 0.20 z (cm)
v (kMm/c)
L 30mc 60 HC
20 100 HC
15
10
5
0
20 He
75 1 1 1 1
0 0.05 0.10 0.15 0.20 z (c™m)
Puc.13. Pacnpenenenus temuepatypsl 1(z, r = 0, z), moTHOCTH p(f, 1 = 0,

Z) ¥ Z-KOMIIOHEHTHI CKOPOCTH U(f, ¥ = 0, Z) ITA3MbI B PA3JIMYHbIE MOMEHTHI
Bpemenn nipu Gy = 5 x 10% Br/em?, rp = 0.025 e

(puc.14,6). B nepuoa BO3JEHCTBUSI paJMAIIMOHHBIA TOTOK
g ~ 6.8 x 10® Br/em? dopmupyetest B o6macTu BOIM3M
MUIICHN U BBICBEUMBAETCS B HAIPABJICHAN BHEITHUX T'DAHHMI
(puc.14,a). I3;10M KpUBBIX COOTBETCTBYET MOJIOKEHUIO I'Pa-
HUI[ 00Jlaka B JAHHBIA MOMEHT BpeMeHH. MakcuMabHbINH
MOTOK B HAIIPaBJICHUU MUIIEHU cjlabee MPUMEPHO B IBa pa3a
(3.5 x 10° Bt/cM?) 11 BO3IeHCTBYET HA TTIOBEPXHOCTH B TeX ke
TpaHUIAX, YTO | Jia3epHoe u3iydeHue. [1o abcomroTHOM Be-
JINYUHE paJUallMOHHBIN MOTOK 3HAYMTENLHO ciabee jasep-
HOTO BCJIE/ICTBHE OTHOCHUTEJIBHO HEBBICOKOW TEMIEpaTypPh
IJIa3MBI.

M3mMmeneHus napaMeTpoB IUIa3MEHHOTO O0Jaka MpH U3-
MEHEHMU MHTEHCUBHOCTH M PaJUyca JIa3epHOTO IyYKa pac-
CMOTPHM Ha TIpUMeEpe pacrpeaesieHuit temmnepatypsl T (1 =
30 ue, r =0, z) (puc.15). YBenuueHue MHTEHCUBHOCTH BO3-
neiicTBHA B ABa pasa (1o 10% Bt/cM?) mpuBesio k HOBLILEHHIO
MaKCUMaJIbHOU TeMrnepaTyphl B 1.5 pa3a (nmpumepHo 1o 4.5
3B). B yciioBusix 1ByMepHOTO pa3iieTa Ipu MajoM pajanyce
Bozneiicteust (1 = 0.005 cM) TemMnepaTypa mia3Mbl 1 pa3Mep
3aHIMAeMOHl €10 00JIACTH YMEHBIIIAOTCS, TOTIA KaK IIPH I'f =
0.025 1 0.25 cM pacnpenesieHns TOYTH UACHTUYHBIL. J1J1s Beex
PEXUMOB BO3JICHCTBUS MaKCUMyM TeMIepaTypbl (M 30Ha
9HEProBbIACICHNST) HAXOIUTCS BOJIU3U TIOBEPXHOCTH.

g- (10° Br/cm?)

20 HC
30 HC

60 HC

0 0.05 0.10 z (M)

g- (106 Br/em?) 20 He

(S

3t

0 1

—-0.04 —0.02 0 0.02  r(cm)

Puc.14. PacnpenesnieHus z-KOMIOHEHTHI PAAHAIIMOHHOTO MOTOKA I1JIA3MBbl
Ha OCH J1azepHOro myuka ¢.(t,r = 0,z) (¢) ¥ Ha TOBEPXHOCTU MHILIECHU
g-(t,r,z=10) (6) B pasIuuHBIE MOMEHTBI BpeMenu mpu Gy = 5 x 103
Bt/cMm?, rp = 0.025 cm.

4. CpaBHeHHe IByMepHO# Mo/ie/ii ¢ Teopuei
H KCIePpUMEHTOM

WmiysibCHOE BO3ACHCTBHE IKCHMEPHBIX JIA3EPOB B HAHO-
CeKYH/IHOM JTHANa30He JUTNTEILHOCTEH Ha MUIIICHD U3 aJTI0-
MUHHSI B BaKyyMe pacCMaTpPUBAJIOCh B Psifie SKCIHEPUMEH-
TaabHBIX paboT [40—43]. OgHako HU B OJHOM U3 3TUX padbOT
HE COACPIKUTCS BCEH COBOKYITHOCTH KOJIMYECTBEHHBIX XapaK-
TEPUCTHK JA3ePHO-ILUIA3MEHHOTO (hakesa, Mo3TOMY CpaBHe-
HUE C HIMU ITPOBOIUTCS JIAIIb ITO OT/IETHHBIM aCIIEKTaM.

4.1. N3ayuaTesbHAsi CMIOCOOHOCTD MJIA3MBI

N3nydaTenbHyro COCOOHOCTD MJIa3Mbl MOXXHO OXapak-
TEpPU30BaTh C TOMOIIIBIO K03 pULIneHTa NCyCKaHUS &, IPE/I-
CTAaBJISIFOIIEr0 COOOW OTHOIIEHUE MMOTOKA M3JIYYSHHUS IJIa3-
MBI ¢ K TOTOKY PaBHOBECHOTO H3JIy4eHHUS! aOCOTIOTHO
uepHOro Tena gy = 6T, re ¢ — mocrosunas Credana —

0 0.025

0.050 0.075  z (c™m)

Puc.15. Pacnpenenenust remnepatypsl 7'(¢ = 30 He, r = 0, z) m1a3Mbl Ha
OCH JIa3epHOTO MydYKa NMPHM MHTEHCHBHOCTSX Bo3zeiicTeus Gy = 5 x 108
(1-3)u 10° Br/cm? (4) u pamuycax myuka rp = 0.005 (1), 0.025 (2, 4) n 0.25
cM (3).
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Bomwmvana. Ipu 1 = 20 6e, T = 3.3 9B, qb =1.25x 107
Bt/cM? ToJTyuaeM g™ =6.75 x 10° Br/em?, & = = g =
0.54,ampu t = 30 He, Tax = 3.59B, ¢ = 1. 58 x 107 BT/CM
uMeeM ¢ = 6.0 x 107 Br/em?, & = ¢ /qp, = 0.38. Taxnm
00pa3oM, MaKCUMAJIbHBII TOTOK U3JIyYeHU S, TOKUAAIOLIETO
IJ1a3MYy, paBeH MIPIMEPHO MTOJOBUHE TEOPETUUECKA BOZMOXK-
HOTO.

BrlunciieHHbIE 3HAYEHUS U3JIy4aTeIbHONH CIIOCOOHOCTH
IJIa3Mbl MOXHO COINOCTaBHUThb C JAHHBIMU TEOPETHYECKOMH
paboTsl [44] (cM. Tam xe puc.10,6), B KOTOPOI Ha OCHOBE YII-
POILUEHHONW MNBYXCJIOMHOW MOJEJIM HUCCJIEAOBAHbl TeMIEpa-
TYpHBIE 3aBUCHMOCTH H3JIy4aTeJIbHOU CIIOCOOHOCTH IIa3-
MEHHBIX 00pa30BaHMN Pa3HOU OMTHYECKON TOJIIIHBI B TEM-
nepatypHoM auanazone 2—20 3B, cOOTBETCTBYOIIIEM BO3-
JIeHCTBHIO JTa3epHOTO M3JIy4eHHs ¢ HHTEHCHBHOCTBIO 10°—
10! Br/cm? ma mapel amomMuHEA B Bakyyme. Tak, mpu
temnepatype T = 3.5 3B, mnotnoctn p = 1.2 x 1073 r/em’
U TOJIIMHE IUIa3MeHHOro ciiod Ly = 0.03 cM koadunuent
ucnyckanus ¢ ~ 0.65, a 1 MeHbIIe# TommHbl (L = 0.01
cM) umeeM ¢ =~ 0.4. DTu 3HAUSHHUS TOCTATOYHO XOPOIIIO CO-
IJIACYIOTCS C JAHHBIMU HAILIUX PAacueTOB.

4.2. TTopor miiazmMoo0pa3oBanusi

B pa6oTe [40] ObLI0 paccMOTPEHO BO3/ICHCTBUE HA AJIFO-
MUHHEBYIO MullleHb u3ryueHust KrF-nazepa c 4 = 0.248 mxkm
U UIMTEIBbHOCTBIO UMMyJibca 15 He. g maHHOTO pexuma
ObLI Ompe/iesieH MOPor 00pa30BaHUSI IIA3MbI, UICHTU(DHUIIH-
PYEMBIif IO PE3KOMY BO3PACTAHUIO UCIYCKAHUS U COCTABUB-
it 1.2 x 103 Br/em?. B pacueTax TOJy4eHO MPHMEPHO
Takoe Xe 3HAYeHHWe MOporosoil mHTeHCcHBHOCTH (G ~ 108
BT/cM?), onpe/iesieHHOE IO PE3KOMY BO3PACTaHHIO TeMIepa-
TypHl B HCTIapeHHOM BemiecTBe. B [41] ¢ momortbio criekTpo-
CKOIUYECKUX METOJOB OBbLIO YCTAHOBJICHO, YTO MpHU OoJiee
BBICOKO#T MHTeHCHBHOCTH (4 x 108 BT/cM?) mponcxoanT 06-
pa3oBaHMe IUIOTHOW, CHJILHO MOHM30BAHHOW IUIa3MbI B CO-
CTOSIHMM TEPMOAMHAMHUYECKOT O paBHOBecusl. B pacueTax s
9TOTO Xe PeXHMa XapakTepHasl TeMIepaTypa IUIa3Mbl CO-
crasisia ~2.53B.

4.3. IIpocTpaHCTBEHHO-BpPeMEHHBIE XapaKTEePHCTHKH
IIa3MBI

B paborte [42] npuBOASITCS SKCIIEPUMEHTAJILHBIC JIAHHBIC
M0 BO3JCHCTBHIO HA AJIOMUHHEBYIO MHUILCHb H3JTyYEHHS
XeCl-nazepa ¢ A = 0.308 MKM, JIMTEIHHOCTHIO UMITYJIbCA
20 uc nuaTencuBHOCTLIO 108 — 10° Br/cm?. CiekTpasibHble 1
30HI0BBIC U3MEPEHUSI TEMIIEPATYPhI K KOHIICHTPAIIUH JJICKT-
poHOB mpoBoauiIKuch Ha paccTostHuu 0.02 cM OT MULIEHH U
HauyMHaJIUCh C MOMEHTA BpeMeHH ¢ ~ 50 HC, KOIr/1a UHTEHCUB-
HOCTBb CBEYEHHS JOCTUTaIa MakcuMyMa. TeMmepaTypa 3Jek-
TpoHOB T onpeesisiach N0 OTHOCUTEILHOM MHTEHCUBHO-
CTH CIIEKTPAJIbHBIX JIMHUH OJTHOKPATHO MOHU30BAHHOTO aTO-
Ma amoMuHus ¢ A = 466 u 559 uM. KoHueHTpanus 3JeKT-
ponoB N.*P B pa3jinuHble MOMEHTLI BPEMEHM OLEHUBAIAChH
10 TIOTJIOILEHUIO B (haKesie M3JIyueHHUs Jla3epa Ha KpacuTese
(A= 594 HM) ¢ yueTOM TeMIepaTyphl IJ1a3Mbl U JUHAMUKH €€
pacimpeHusl.

MogennpoBaHie pexxnma BosJeHcTsus ¢ Gy =9 x 108
BT/cM?, BBIOTHEHHOE C HOMOIIBIO JIOKATBHO-PABHOBECHOI
mopenu (1)—(19), nonosiHeHHOM cucteMoit ypaBHeHuit Caxa,
MO3BOJIUJIO OMPEACTUTh IPOCTPAHCTBEHHO-BPEMEHHOE pac-
TpeJieIeHre PAaBHOBECHBIX 3HAYSHUH TemnepaTypbl 7 U KOH-
LNEHTPANUY IEKTPOHOB N.. CpaBHEHHE PACUCTHBIX 3aBHCH-
mocterd T (t,r =0,z=0.02cm)u N, (¢,r =0,z=0.02 cm) ¢
JKCIepUMEHTAJIbHBIME (pHc.16,a) oKa3asio, 4TO B TEUCHHE

Ne, N (em—3)
1019

T, TS (3B)

1018
1017

106

1015
20 60 100 140

T, T (3B)
3t o T

0

0 1 1 1
200 400 600 Gy (MBr/omd)

Puc.16. CpaBHeHue 3kcrniepuMeHTaIbHbIX [42] BpEMEHHBIX 3aBUCUMOCTEH
Temnepatypbl 7.*P u KoHHeHTparun NS*P 3]IeKTPOHOB C pacueTHBIMU
kpuBbiMH T(t,r =0,z =0.02cm) u Nc(t,r =0,z =0.02cm) ipu Gy =
9 x 10% Br/em?, A = 0.308 MKM, AIMTEILHOCTH UMITYIIbca T = 20 He (a),
a Takxe dKkcnepuMenTanbHeie (TP (1 = 50 ue)) u pacyetnsie (7(f = 50
HC, r = 0, z = 0.02 cM)) 3aBECHMOCTH TeMIIepaTyphl B IUTa3Me OT HHTEH-
cuBHOCTH G (0).

50—120 HC pacueTHasi TeMIepaTypa MpPEBBIIAET IKCHEPU-
MeHTanbHyto Ha 20 % —25%, a B GoJyiee MO3THUI TEPHOL
pacxoIeHne TeMIepaTyp HeCKOJIbKO yBeJnuuBaeTcsi. Pac-
YeTHasi KOHIEHTPALU s 3JIEKTPOHOB MPEBBIIIAET 3KCIIEPHUMEH-
TaJIbHYrO B JBa—Tpu pasda. CoryiacHo pe3ysbTaTaM pacue-
TOB, MaKCUMaJIbHbIE 3HAUECHUSI UCCIIETYEMBIX XapaKTEPUCTHK
IJIa3MBbl JTOCTUTAIOTCSl 32 BpeMsl ACHCTBHSI UMITYJIbCA ! A
25 — 30 HC ¥ TMPEBLIIAIOT (IO TEMIIEpaType B IBa pasa, Mo
KOHIIEHTPAIUN — Ha MOPSIOK) IKCIIEpUMEHTAJIbHbIE 3HAUe-
HUS B MOMEHT HavaJa Haburonenus ¢ ~ 50 Hc.

PacueTHbie 3HaueHus: remnepatypol 1 (¢ = 50 He,r = 0,
z = 0.02 cM), ToJTy4eHHbBIC U1 pa3JIMYHbIX UHTCHCUBHOCTEH
Jla3epHOro m3iydeHus: Gy, MPEBBIIAIOT COOTBETCTBYIOIIME
JKcIiepuMeHTalIbHble 3HavyeHus Ha 0.7—0.8 3B (puc.16,0).
Xon IBYX KPUBBIX MPU 3TOM UJCHTHYEH U JIEMOHCTPUPYET
MOCTETNICHHOE CHUXeHME 3(D(DEeKTUBHOCTH HATrpEBa IIa3MBbl Jia-
3€PHBIM U3JIyYEHHEM C POCTOM TEMIEPATYPBHI.

4.4. DHeproBk./1ajJ B MHIIEHb H MIa3My

NccnenoBanne OCHOBHBIX KaHAJIOB PACIPENICIICHAS U
TpaHc(hOpMAaNNy SHEPTUHN B CHCTEME JIa3epHOE M3JTydeHHE —
9PO3UOHHAS [IJIa3Ma — MULIEHD TP BO3ACHCTBUM UMITYJILCOB
uzinyueHns: XeCl-nazepa ¢ anuresbHOCThEO 20 HC U UHTEH-
cusrOCTRIO 10° BT/cM? BBITIONTHEHO B [30, 43].

B TabJ1.1 npeacTaBiieHbl SKCIEPUMEHTAIBHBIC U PACUET-
Hble 3HAUCHHs PA3JIMYHBIX COCTABIISIOIINX JHEPTUM Ja3ep-
HOTO u3nydeHus. [lonarast i1 MPOCTOTHI MOJIHYIO SHEPTHIO

Tabu.1.
Jauubie Ap Ay Apl Rier Hy (MKm)
DKcnepuMeH-

. 02+£0.05 021+£0.1 0.29+0.1 0.3+0.05 0.8+0.25
TaJbHbIC
PacuerHble 0.08 0.12 0.51 0.29 0.3
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E nazepHoro mmmyJibca paBHOH 1, MOXHO 3amucaTh BbIpa-
JKEHHE J1JIsl BHEProdaaHca CUCTEMBI B CJIEAYIOIIEM BU/IE:

E=1x An + Av + chf+ Apla (20)
rae Ah —IHep€aaHHasaA B MULICHD TCIIJIOBAs SHEPTUA, USMEPSC-
Masi B 9KCIICPUMCHTEC TepMonapoﬁ; AV*SHeprI/Iﬂ, 3aTpavucH-
Has HA HArpe€B M MCHAPECHHUEC CJIOs, TOJIIIMHA KOTOPOTo H,

OTpeesisiyiach MyTeM U3MEpeHHsl IIyOuHbI KpaTepa; Rier —

OTpaXkeHHAs JHEPT UL, OTIpeIeisieMast C TOMOIIBIO OKPYKArO-
1iei MUIIEHb MHTETpUpPYIOIel chepbl; Ap —3HEeprus, Bblie-
JIUBIIASICSL B IJIa3Me IIPU MPOXOXKACHUHU 4epe3 Hee Iaaro-
IIETO ¥ OTPAXEHHOTO IYYKOB U OIpeessieMasi U3 BbIpae-
Hus (20).

Te e BeTMYMHBI ObLIN OMpPEIESICHbl PACUETHBIM IyTEM:
Ap ¥ Ap|—MHTETPEPOBAHUEM IO IPOCTPAHCTBY BHYTPEHHEH
SHEPruy MUIICHU M TIOJHOM 3HEpruM IJIa3Mbl B MOMEHT
OKOHYAHMS pacyera, Ay —HUHTEIPUPOBAHUEM IO MOBEPXHO-
CTH ¥ BPEMEHHM 3aTpaT JHEPIUH, CBSI3AHHBIX C MIOTOKOM HC-
MAPEHHOTO BEIECTBA, & Ry — U3 BhIpaxeHus (20).

CormocTaBjieHue pacueTHBIX U YKCTIEPUMEHTAIbHBIX JaH-
HBIX YKa3bIBA€T Ha TO, YTO JOJISI MOIJIOIEHHOHN B IjIa3me
9HEPruy B pacueTax OKa3bIBAETCS 3aBBIIICHHOM, a 3aTpayeH-
HOUW Ha HATPEB W HCIIApEHNE MUIIICHU —3aHWKeHHOH. Ha He-
JIOOLIEHKY SHEPIrOBKJIa/la B MUILIEHb YKAa3bIBACT U TOT (akKT,
4TO TOJIIIMHA MCHAPEHHOT'O CJIOSl B pacuyeTax OKa3bIBAETCs
MPUMEpPHO B JiBa pa3a MeHblei. Haubosiee BepOsSTHBIMU
TIPUYMHAMU PACXOXKICHUNA TEOPETHIECKUX PE3YJIbTATOB C IKC-
MEPUMEHTAILHBIMA JTAHHBIME SIBJISIFOTCSI BeChbMa MPHOJIH-
JKEHHAasl 3aBUCHUMOCTDb IOIJIOLIATEIbHONW CHOCOOHOCTH IO-
BEPXHOCTH MHUILEHU OT TeMmnepaTypsl A(7,) U UCHOJIb30Ba-
HUE [IJIs ONMCAHUS MMOBEICHUS TJIA3MBbI JJOKAIBHO TEPMOIH-
HAMHUYECKA-PABHOBECHON MOJEIN paJUAllMOHHON Ta30BOU
JIMHAMUKHU.

Wnnroctpanueit TOro, CKOJIb BEJIMKO BJIMSIHHE I1J1A3Mbl HA
MPOLIECC UCTIAPEHUSI, MOXKET CJIyXKUTh CPaBHEHUE 3ABUCHMOC-
Tel TOJIIIMHBI UCTIAPEHHOT O CJ1051 B ieHTpe nsitHa H, (¢, r = 0)
(puc.17), paccuntanubix o moxaenau (1)—(19) ¢ yuerom 00-
pa3oBaHMs IJIa3MbI U 0€3 yueTa MOTJIOMIEHHS JIA3ePHOT O U3-
JIy4eHHs B Tape U 00pa3oBaHus IJ1a3Mbl. B oTcyTcTBHE N1a3-
MBI TOJIIIMHA UCTIAPEHHOT O CJI0S1 BO3PACTAET IPUMEPHO B Ue-
TBIpE pa3a U MpeBbIIIaeT 1 MKM.

B menoMm Ha OCHOBAaHUM HPOBEAECHHOTO COMOCTABJICHUS
MOHO YTBEPXKIATh, YTO PE3YJIbTATHI MOJACINPOBAHMS Kaye-

H, (MkM) P
12+ T T T o T
' // Be3 yvera 1ia3mbl
/
!
0.9 ,
!
)
0.6 | /
)
!
03+ II C y4eTOM BJIMSHUS IUIA3MBI
!
!
/
O 1 1 1 1
0 20 40 60 80 t (HC)

Puc.17. BpemeHHbIe 3aBUCHMOCTH TOJIIIMHBI UCTIApeHHOT O citost H, (¢, r =
0), paccuUMTAaHHOM ¢ yueTOM (CIUIOIIHASI KpUBasi) ¥ 0e3 yueTa (IITpuxoBas
KpHBasi) IOTJIOIIEHHs JIA3ePHOr0 M3JIyueHus B uia3Me npu Go = 5 x 108
Br/cMm?, rp = 0.025 cm.

CTBCHHO, a B pAAC CJIIYIa€B U KOJIMYCCTBCHHO, COTJIACYROTCA C
HUMCIOIINMMUCS SKCIIEPUMCHTAJIbHBIMU JaHHBIMU.

5. 3akarouenue

BeimoiHeHHOE HCCIETOBAHUE TTO3BOJIMIIO BBISIBUTDH Clie-
Jyroiue oco0eHHOCTH (ha30BbIX IEPEXOIO0B HA IOBEPXHOCTHU
QJIFOMUHMSI U IPOLECCOB B IUIa3Me IPU BO3JIEHCTBUM UM-
nyjabcoB m3nydenuss KrF-jazepa ¢ MHTEHCHBHOCTBIO 2 X
108— 10° Br/em? u mmmTenpHocThbO 20 HC:

— JlazepHas mia3ma, o6pasyronascs B napax aJIOMUHUS
mona nerictBueM Y® m3iryueHus, He o0jamaeT ONMTHYECKOM
TOJIIIMHOM, TOCTATOYHOM JIJIs1 OJIHOM 9KPAaHUPOBKH MOBEPX-
HOCTH. BesieIcTBE 3TOTr0 HCHapeHne MUILIEH TPOUCXOIUT B
TEUEHHE BCEro JIA3epHOr0 UMIIYJIbCa U UMEET ABE XapaKTep-
HbIE CTaJ MU UCTIAPEHUE CO CKOPOCThIO 3Byka (M = 1) B Ha-
YaJIbHBIN MEPHOI U J03BYKOBOe Mcnapenue (M < 1) mocie
BO3HUKHOBEHHSI TTA3MBL.

— C oOpa3oBaHMeM ILIa3MBbI TIOYTH HA BCel 00 1yuaeMoi
noBepxHocTH (|r| < rf), 32 UCKJIFOUCHUEM Y3KOi nepudepuii-
HOHM 30HBI BOJM3U TpaHUNBl mydka (|r| > r¢), ycTaHaBIM-
BaeTCsl JO3BYKOBOW PEXUM HCIAPEHHsI ¢ MajO HU3MEHSIO-
mieiicst mo |r| ckopocThto, npu kotopoir M ~ 0.1 —0.15. B
nepuepuitHoNl 30HE BJIMSHHUE MOTJIONIEHHOTO H3JIyYCHUS C
OTHOCUTEJILHO HEBBICOKOI HHTEHCUBHOCTBIO KOMIIEHCUPYET-
cs1 OBICTPO YOBIBAIOIIMM JABJICHUEM, YTO MPUBOIUT K yCTa-
HOBJICHUIO UCTIAPEHHSI C MAKCUMAJIBHO BBICOKOI CKOPOCTBIO
(M ~1).

— CTpyKTypa IUIa3Mbl B NEPHOJT BO3JIEHCTBHS XapakTe-
pusyeTcs HaJMYUEeM Y3KOW mpuieraroleil K MOBEPXHOCTHU
obyiactd, B KOTOPOH BBIJENSIETCS OCHOBHAS JOJISI S9HEPTUU
Jlazepa M JOCTUTAECTCSI MaKCUMAJIbHAS, OTHOCUTEIHLHO HEBBI-
cokasi Temrnepatypa (~3 —4.5 3B). CooTBeTcTBYyIOIIIEE €l
naBjieHne ~ 1 k0ap oka3bIBaeTCsl JOCTATOYHBIM JJIsl CyIIe-
CTBEHHOT'O 3aMeJJICHUS BbLIETA Mapa ¢ OBEPXHOCTH. Bimsi-
HHE MPOTUBOJABJICHUS 3aBUCUT OT pajauyca MmaTHa GOKyCcH-
poBku. B paccMaTpuBaeMbIX pexkruMax BO3IEUCTBUSI OHO CTa-
HOBHUTCS Hcuesarolee MaibiM mpu 1y < 0.01 cm.

— CyMMapHOe BJIMSIHHE JIa3epHOM IMJIa3Mbl HA MPOIECC
WCHIAPEHHUS IPOSIBJISIETCS B CYIIIECTBEHHOM (B 2 —4 pa3a) CHH-
’KEHUH BBIHOCA BEIIECTBA U3 30HBI OOJTyYCHUSI.

— INoBepxHOocTHasI KOHJeHcanusl mpu Bo3naeucTeun YD
JIa3epHOTO M3JIyYCHUs] HAYMHAETCS MOCJE OKOHYAHUS M-
myJibca. McmapeHHoe BeniecTBo KOHICHCHPYETCs Ha MTOBEPX-
HOCTH, KaK B UCIIAPEHHOM MOJIOCTH, TAK U HA HEKOTOPOM pac-
CTOSIHUM OT Hee, BCJCICTBUE OOKOBOTO PACIIMPECHUS IJIa3-
MEHHOT0 00J1aKa.

— IToTOK COOCTBEHHOTO M3JTyYeHUS ILJIa3MbI, POPMUPYIO-
LIUIACS B SAPE W BBICBEUMBAEMBIl B HANIPABJICHUHN BHEIITHUX
rpanui, gocturaeT 50 % u 6oyiee OT MOTOKA PABHOBECHOTO
n3irydeHus [1naHka, MOTOK B HAPABJICHUH MUIIICHH cliabee
IPUMEPHO B /1Ba pa3a. BeiieacTBrUe HEBBICOKOM TeMIEpaTyphl
BJIMSIHME M3JIyYeHHUs IUIa3Mbl Ha MPOUCXOJSIINE MPOLECChI
TP BO3ACHCTBUM JIA3€PHBIMI UMITYJIbCAMH HAHOCEKYHIHON
T TEIbHOCTH 3HAYUTEILHO MEHBIIIe, YeM MIPH BO3IeHCTBUN
HAMITYJIbCAMH MHKPOCEKYHTHOU JJTATETLHOCTH.
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