XUMHYECKAA ©U3HUKA, 2023, mom 42, Ne 8, c. 45—55

YIK 533.1

I'OPEHUME, B3PbIB 1 YJIAPHBIE BOJIHbI

BJINAHUE DPPEKTA OBTEKAHUA 30HbI DHEPTOBBIIEJIEHUA
HA PACITPOCTPAHEHHUE BOJIHbI CBETOBOI'O TOPEHUA

© 2023r. M. A. Koros'*, C. IO. JlaBpentbes!, H. I'. ConoBben!, A. H. Illemakun', M. 1O. fIxumos!'

! Buemumym npo6aem mexanuxu um. A.JO. Huinunckoeo Poccuiickoii akademuu Hayk, Mockea, Poccus
*E-mail: kotov@ipmnet.ru

IMocrynuna B pegakuuio 29.12.2022;
nocie gopadotku 09.02.2023;
npuHsTa B eyats 20.02.2023

PaccMOTpeHBI TPUYMHEI TTPEBBILIEHNST HAOOTaeMbIX CKOPOCTEN pacipoCTpaHEHHS BOJIH CBETOBOTO TO-
PEHUA B JJa3€PHOM ILIa3MOTPOHE B apTrOHE U BO3AYXE Hal PACYETHBIMU B IIPEATIONIOXEHUN TEILIONPOBOI -
HOCTHOTO MeXaHM3Ma pacIpOCTPaHEHM TIJIa3MEHHOTO (poHTa. [T MHTEPIIpEeTAllMA SKCIIEPUMEHTATb-
HBIX PE3YJIBTaTOB MCIIOJB3YETCs paHee MOJyYEHHOE aHAJTMTUYECKOE pellleHNE TMIPOINHAMUYECKOM 3a/1a-
4y 00TEeKaHMs 00beMa HATPETOro ra3a, MOMEIMPYEMOTO OITHOPOIHOM OOJACThIO HU3KOM TUIOTHOCTU CO
cepudeckoii rpaHuLeii. YCTaHOBJIEHO, YTO IIPY MOLIIHOCTH Jia3epa B 2—3 pasa BbIILIE TOPOTroBOil MOLIHO-
CTH TIOIJIEPKAHMS BOJIH CBETOBOTO TOPEHMS TETUIOIIPOBOIHOCTHBIM MEXaHU3M C MOIIPABOYHBIM KO3 hu-
LIMEHTOM, IpEICKa3aHHBIM MOJEJbIO, HAET yIOBIETBOPUTEIBLHOE OIMCAHWE HAOIIOIaeMBIX CKOPOCTEM
pacrpocTpaHeHNs 3TUX BOJH. [Tpu GoJiee BEICOKOM MOIITHOCTH JIa3epa COOTBETCTBUE pACYETHBIX U HAaOJTIO-
JAEMBIX CKOPOCTE pacipocTpaHeHusI TpedyeT yyeTa hakTopa paguallMOHHOM TETUIONPOoBoaHOCTH. IToka-
3aHO, YTO aHAJUTUYECKAs MOJIEIb OOTeKaHUs C(HEPUIECKON 0OIACTH TOPSUETO ra3a MOXET OBITh TaKXKe
MIpUMeEHEeHa U OITUCAaHUs Ha ITOPSALOK 00jiee MEMIEHHOIO TEYEHNS ra3a BOKPYT HENPEPLIBHOTO ONTHYE-
CKOTO paspsiia IIpy TEPMOTPaBUTALIMOHHOI KoHBeKIMr. Ha ocHOBe paccMaTpuBaeMoit MOIEN TTOJIydeHa
OLIEHKA 3aBUCUMOCTH YaCTOTHI MyJIbCAllNii KOHBEKTUBHOTO (haKeja BOKPYT HEMPEPHIBHOTO ONTUYECKOTO
paspsia oT ero pagnyca, IIPeACcTaBIsgIonias cCo00il COOTHOILIEHME TTON00MS, XapaKTepHOE KaK JIJIsT OIITHYE-

CKHUX pa3pdaa0B, TakK 1 1Jisd MEpLHAIOLIMX ITJIaMCH.
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HY>XICHHas KOHBCKIIMA, TCpMOrpaBUTallMOHHAasA KOHBCKIIMA, KOHBCKTHUBHAasA HeyCTOﬁ‘iMBOCTb.

DOI: 10.31857/50207401X23080071, EDN: IGRDDN

BBEJIEHUE

[Ipoiieccr nomuepkKaHus MIa3MEbl JIA3€PHBIM 13-
JIydeHMEeM, TaKue KakK BOJHBI CBETOBOIO TOpPEHMUs
(BCI') u HempepbIBHBIM WIM KBa3WHEIIPEPHIBHBIN
(MMITYyJIbCHO-TIEPUOANYECKUIA) ONTUYCCKUIT pa3psiy
(HOP/UIIOP), B ominure OT Ja3epHOTO Mpoodos,
TpeOYIOT UMIYJIbCHO-TIEPUOINIECKOIO UM HEIIpe-
PBIBHOTO JIa3€PHOT0 M3JIyYeHUST BHICOKOM cpemHei
MoiHocTu. IloaToMy mcciienoBaHusI B 3TUX 00ya-
CTSIX HaYaJHUCh TOJIBKO B 1969 T., HAMHOTrO ITO3XKe
HccleqoBaHUl JazepHOro Ipobosi. Mctopuuecku
nepBbiMU O0bUTH OTKPBITEL BCI' B Bo3myxe, mommep-
XKUBaeMble M3JIy4eHUEM MUJJIMCEKYHIHOTO WM-
myJbca HEOIMMOBOIO Jia3epa C DHEpPrueit B He-
ckoibKo KJIx [1]. 3aTeM OBUI TEOpETUYECKU IIPEI-
cKazaH M OJKCIepUMeHTajlbHO ToiydyeH HOP,
MOMIEPXKUBAEMBIIl ~ M3JIy4YEHHEM  HENPephIBHOTO
CO,-n1azepa ¢ BbIXOAHOI MOITHOCTHIO B 150 BT B Kce-
HOHE BBICOKOTO IaBiaeHud [2, 3].
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®dakTnyecku 00a PaCCMOTPEHHBIX Tra3opaspsii-
HBIX IIpoliecca SIBISIIOTCS CTOPOHAMU OTHOTO U TOTO
Xe sgBiaeHus. HempepbIBHBIN ONTHWYECKUIT pas3psin
MOKHO TipeactaBuTh Kak BCI', crabunmsnpoBaHHYyIO
B cOKyCHUpPOBaHHOM J1azepHOM Jyde. C Ipyroit cto-
ponbl, BCI' MmoxeT paccMarpuBaThcsl KaK IpoOIecC
pacripoctpanennst HOP, Hanpumep, B Haberaromem
IIOTOKE rasa B Jla3epHOM IUIa3MoTpoHe. Korma Bo-
kpyr HOP co3maercsa mpuHyInTeIbLHBIN TTOTOK Ta3a,
BO3HHUKAET CUTYaIlUsI paCIpPOCTPaHEHMS TIa3Mbl Ha-
BCTpeuy HaberamwIleMy IIOTOKY ra3a co CKOPOCTBIO
noTtoka. [Tpu 3ToM 1m1a3ma coxpaHsieT HeTIOABUXKHOE
mojaoXeHne B COKYCHPOBAHHOM JIa3epHOM JIyde,
T.e. ctaumoHapHasg BCI' mpencrasisieT coOoil mmpo-
CTEHIIMIA Ja3epHBINA TIa3MOTPOH [4]. AHaJIOTMYHO,
koria HOP mommepkmBaeTcsi B TpaBUTALIMOHHOM
moJjie, 1aXke B HEMOABMKHOM OKPYKalOIleM Ira3e, BO-
KPYT 30HBI SHEPTOBBIAEICHNSI BO3HMKAET €CTECTBEH-
HBI TTOTOK 3a CYET TEMJIOBOI rpaBUTALIMOHHOI KOH-
Bexkuuu [5—7]. To ectb, HOP u BCI nipencrasistioT
Cc0o00I1 poICTBeHHEBIC IBJICHU [8].
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PacripoctpaneHue 1ura3Msel B JIa3€pHOM JIyde I0-
MMpoOOITHOIT MHTEHCUBHOCTHU MPOUCXOIUT, B TIEPBYIO
oyepenb, 3a CUET TEIUIONPOBOTHOCTH AHAJIOTMYHO
pacnpocTpaHEeHUIO JaMUHapHOro IuiaMeHu. [1loaro-
My IOBMDKeHUE (ppOHTa MOMACPKMBAeMOIl JlazepoM
IUIa3MBbI CBSI3BIBAIOT C PacIIPOCTPaHEHWEM IUIAMEHU
¥ Ha3bIBAIOT JIa3epHBIM TropeHueM. OmHaKo, B OTJIM-
qye OT XMMUIeCcKoro ropenus [9—11], mpoiecc pac-
IIPOCTPAHEHUS ONITUYECKOIO pa3psiia UMeET BaXKHEIS
0COOEHHOCTH, KOTOPHBIe He ObLIM Cpa3y OCO3HAHEI U,
cJIeoBaTeIbHO, HEKOTOPOE BPeMsI He MMEJN TOJLK-
HOTO OOBsIcHeHMS [12]. TpeboBaHMe BBICOKON WH-
TEHCHBHOCTH JIA3€PHOIO U3IYYCHUS IJIsI TToaaepKa-
HUS TJIa3MbI €CTECTBEHHBIM 00pa3oM OrpaHNYMBacT
IruaMeTp KaHajla, 110 KOTOPOMY MOXET pacIIpocTpa-
HATBCS pa3psn. TakuM oOpa3oM, B OTIMYME OT ILjIa-
MEHH, IIOTOK rasa B o0yacTu (ppoHTa ONTHUYECKOTO
pa3psiiga Helab3s pacCMaTpMBaTh KaK OTHOMEPHBIN.
ITo sTo0i1 IpuumHe, a TakXke M3-3a 00jIee BBICOKUX
TeMIIepaTyp ra3a, HabJrogaeMble CKOPOCTHA PacIpo-
crpaneHuss BCI' oka3bIBaroTCs Ha IOPSAOK BBIIIIE
TeX, KOTOPhIE MPEaCKa3bIBAIOTCS TEIIOIIPOBOIHOCT -
HOIl TeopHuel, MOCTPOEHHON aHaJIOTUYHO TEeOpUU
pacripocTpaneHus ramMeHu [12, 13]. bosaee BeIcoKas
TeMIlepaTypa IUIa3Mbl 110 CPaBHEHMIO C TeMIIepaTy-
poii OOBIYHOIO IJIAMEHM IIpeAIioaaraer, YTo pamua-
UOHHAsl TelJIonepenadya TakoKe MOXET BHOCHUTh
BKJIAJ B YCKOPEHME PaCIpPOCTpPaHEHUS IIPU OIIpee-
JIEHHBIX yCIoBUSIX [14—16]. Ha mpakTuke moiae3HO
MPEACTABIISITh pPeajbHbIA BKJIAN BCEX YIIOMSIHYTHIX
MEXaHU3MOB B pe3yiabTupyoiylo ckopocts BCI.
ITynbcanms kouBekTuBHOTO (pakeaa HOP, moxoxast
Ha SIBJICHUE MeplLaHUs JJaMUHAPHOIO TUIaMEHU, MO-
JKEeT paccMaTpuBaTbcsl KakK €llle OOUH MYHKT, Mpo-
JIOJDKAIOIIMI aHAJIOTUIO TIPOIIECCOB ITOMIEpPXKaHUS
MJ1a3MBbl JIA3€pHBIM M3Iy4EHUEM C TUIaMeHeM [5—7].

Bo Bcex ykazaHHBIX ciaydasgx (pU3HKa SIBICHUWIA
MOXET OBITh ITOHSTA HA OCHOBE pellICHUS TUAPOIU-
HaMUW4eCKO 3a1a4 0 TEUeHUHU ra3a BOKPYT 006J1acTu
ropstuero rasa, moaAaep>KUBaecMoOi 3a CUST BBIICICHUS
sHeprum KommnakTHou mrazmoir HOP nnm BCI. Pe-
3Y/IBTAThl AHAJTUTUYECKOTO PEIICHUS TUAPOINHAMMNYE-
CKOI1 3a1a4¥ TeUeHUsI Ta3a BOKPYT U BHYTpH ceprie-
CKoOl1 00acTy ropstaero rasa [ 12] mpuMeHstoTes B TaH-
HOI1 paboTe KaK ISl CIydast paCpOCTpaHEHMS TUTa3Mbl
C OTHOCUTEJILHO OOJIBIIIOK CKOPOCTHIO (o 15 M/c) 1ipu
BBICOKOIT MHTEHCUBHOCTHU B TIEPETKKE CHOKYCHPO-
BAHHOTO JIa3€PHOTO JIyda OOJIBIIIONM MOIITHOCTH, TaK 1
IJIsI CJTydasi TEpMOTPaBUTALIMOHHO KOHBEKLIMHU, KO-
I1a CKOPOCTh MOTOKa He mpeBbimaer 1 m/c. Ecau B
MEPBOM clIydae MPUMEHUMOCTb TAKOTO ITOAX0Aa Ipa-
BOMEpHa (aHajIuTU4eCcKoe pelreHue [12] momydeHo
KakK pa3 IS ONMCcaHus MPeAeTbHBIX CKOPOCTel pac-
npoctparHeHuss BCI' B pexxume 1a3epHOTO TIa3MOT-
pOHA), MPUMEHUMOCTb TEOPUU IS Cllydast MasibIX

CKOpOCTeil TpeOyeT MOIIOJHUTEILHOIO OO0OOCHOBA-
HUsA. OCHOBHBIM JOMYIIIEHUEM TEOPUH SIBJISIETCS Ha-
JIM4Me Pe3KOoii, IToUTH CheprUIeCKOi rpaHUIIbI MEXKITY
Ha0eralolIuM MOTOKOM XOJOMTHOTIO ra3a U 00JIaCThIO
ropsiyero rasa BOKPYr 30HbI dHeproBblaesieHus. B
HBacTOsI1Iel paboTe HATMYKE TaKOI TpaHULIbI [TOKa-
3aHO Ha TIpUMepe TMPSIMOTEHEBBIX W300pakeHUit
dponTa BCI' mpu MajbIX CKOpPOCTSIX Haberaloliero
notoka. OTpenesiomM SIBIISIETCSI TakKkKe BBIOOD
TeMIIepaTyphl 1 INIOTHOCTU TOpsiYero rasa 3a (hpoH-
oM BCI. Ilpy umciaeHHBIX OlLIEHKaX IIpeaeTbHBIX
CKOpPOCTEIl pacIpOCTpaHEeHMsI IUIa3Mbl B J1a3epHOM
IUIa3MOTPOHE aBTOPHBI paboTHI [12] mom TemIeparTy-
poii BCI' moHnManu temnepaTypy IIa3MEbl, IIPU KO-
TOPOM IIPOUCXOIUT ITOIIOLICHHE JIA3€PHOTO M3JTyde-
Hust, 7, = 10—20 kK. IIpu MeHbLINX CKOPOCTSIX Habe-
rarolero IMoToka pe3kasi TpaHuIa MEXITY XOJOIHbIM 1
TOPSTYMM ra30M TaKKe MMeeT KBasuchepudecKyto pop-
My, HO B 3TOM ciiyyae 7}, ciaeayeT BbIOMpaTh Ha Mopsi-
JIOK MeHbllIe, MpUHUMas 3a T, CpEenHIOI TeMIlepaTry-
Py, 10 KOTOPOI pa3orpeBaeTcs MpOHUKAIOIINA yepe3
TeMmIeparypHblii ¢poHT ra3. Bompockl Beibopa T
MpU MaJiblx cKopocTsix pacnpoctpaHeHuss BCI' no-
JIpoOHO 00CyXIalTcs Takke B padote [7]. B nanHoi
paboTe aHAJIM3UPYIOTCS TpUMEPhI IPUMEHEHUSI aHa-
JIMTUYECKOU TMIpoarHaMYecKoii Teopuu [ 12] myst ro-
HYMaHUsI KaK HOBBIX OPUTMHAJIbHBIX, TaK W paHee
OITyOJIMKOBAHHBIX 9KCIIEPUMEHTAIbHBIX PE3YIbTaTOB.

HABJIIOJAEMASA CKOPOCTD
PACITPOCTPAHEHUA BCI' B BO3JYXE
N APTOHE U TMAPOANHAMMYECKAS

MOJEJIb TEHEHUA BOKPYT

COEPUYECKOU 30HbI
OHEPI'OBBIAEJIEHNA

BoaHBI cBeTOBOTO TOpEeHUS OBUIN OOHAPYKEHEI B
skcriepumenTax ®.B. bynkuna, B.M. KoHosa,
A.M. Ilpoxoposa, B.b. ®emopona [1], a Teopus 8-
JeHust Obuta maHa B paborax FO.I1. Paiizepa u
C.T. CypxukoBa ¢ coTpyaiHukamu. OCHOBHbIE MO-
JIOXeHUs1 B OOOOIIEHHOM BHAE U HEOOXOAWMBbIE
CCBUIKM MOXHO HalTH B KHUTaX, 0030pax U OpUTH-
HaJbHBIX pabotax [12, 14—17]. TlpenyioXeHHbIE Me-
XaHU3Mbl pacCIpOCTPAHEHUS] ONTUYECKUX Pa3psaoB
OTBETCTBEHHBI, B YaCTHOCTH, 32 HArPEB ra3a B JJa3ep-
HOM m1a3MoTpoHe [4, 18], a Takke 3a hopMupoBaHIe
U IMHAMUKY KOHBEKTUBHOTO (hakesa Ipu TepMorpa-
BUTALIMOHHOM KOHBEKLUH [5—7].

B ciydae TeruionpoBOTHOCTHOTO MEXaHM3Ma pac-
IIPOCTPaHEHUSI CKOPOCThH BOJIHBI CBETOBOTO TOPEHMSI,
U,, B 3aBUCMOCTH OT paauyca jJyya R U MOIIHOCTH
JJa3epHOro M3aydeHUs P MoXeT ObITh MOJiydeHa B
paMKaxX MOJAEIbHOTO aHAJIUTUYECKOTO pPacCMOTpe-
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HUS, TIpeICTaBIIEHHOTO B 0030pax [5—7], mpuBoas-
IIIETO K COOTHOIIIECHUIO

u = 24— I-F/P F, (1)
poC,R\1-B/2P\P,
rae P — MOIIHOCTD J1a3€pHOTo U3nydyeHus, P, — Mu-
HUMaJIbHas1 (ITOpoTroBasi) MOIIHOCTBL IS pacrpo-
crpanHeHust BCI, R — paguyc nyua, p, — INIOTHOCTb
xosonHoro rasa, C,/A — OTHOILEHUE TeMIONPOBO-
HOCTHU K TETIJIOEMKOCTHU Tra3a, He 3aBUCHIIIEE OT TEM-
nepaTrypsbl, BeaIuunHa A — MOAEIbHBIN Koadduim-
€HT, OMNMCHIBAIOIINI paaualibHbIi OTBOM Terjia U3
KaHajla B 3aBUCUMOCTU OT PaauaIbHOrO Mpoduiist
temriepatypbl. st BCI' B (hokanbHOI mepeTsKKe
Jiyda MolitHoro HernpepbsiBHoro CO,-na3epa (mapa-
MeTp pokycupoBku ot f/5 no /10, R = 0.2—0.4 Mm
[19]) koaddumeHT A= 1.5, Ipu R=1 MM A = 2.
JBuxxeHue ra3a B paiioHe (ppoHTa BOJIHBI TPU BbI-
Bone (opmydnbl (1) cuuTaeTcss CTpOTO OJHOMEPHBIM.
KoadduumneHT nomiomeHus: 1a3epHOro U3TydeHUs
MOJIeJIUPYeTCsl CTyNeHYaTOl 3aBUCUMOCTbBIO OT TeM-
rneparypsl (HOJIb TPU TeMIEpPaType MEHbIIe HEKOTO-
poit KpUTUYECKON U TIOCTOSIHHOE 3HaueHue — Mpu
BBICOKHUX TeMmIiepaTypax). M3-3a HeGobI110 TOIIIM -
Hbl ppoHTa BCI' HEe yuyuThiBaeTcsl CHUXKEHUE MOIII-
HOCTH JIa3epHOTO U3JTyYEeHMSI B IJIa3Me 3a CUeT TOIJI0-
meHus1. B obiem ciaydyae ¢popmyna (1) mpencrasisieT
c00oi1 aHasior (hOpMYJIbI AJIsI CKOPOCTU pacipocTpaHe-
HUS JaMUHAPHOTO TIJIaMEeHU C yJ4eTOM clieliMPUKY Ha-
rpeBa I1a3Mbl JIA3€PHbIM U3TyYEHUEM.

Kak mokasano B pabotax [4, 16, 18], yueT Baus-
HUS TTOMJIOIIEHUS J1a3epHOTr0 U3JIy4eHUsI TPUBOIUT K
TOMY, YTO 3HaYCHUE MUHUMAJIbLHOM CKOPOCTHU BOJIHBI
BCT u/(P,) cTaHOBUTCS HE PaBHBIM HYJIIO, B OTJIUYUE
OT TIOJIy4EeHHOrOo B pacuete no dopmyde (1). AHanus
pacnpoctpaHeHus1 BCI' B aToM ciyyae IpoBeleH B
pa6ote [16]. [TokazaHo, 4YTO B peaIbHOM cCJIydae Be-
JmuuHa u(P) mana, a npu u, > u(P,) 3aBUCUMOCTb
u,= u(P) copnagaer c pacuetHoil o dopmyne (1).
HecmoTtps Ha nipocToTy, popmyna (1), Kak mokasa-
HO B aKkcriepuMeHTax [8, 13], yuciieHHBIX pacueTax
[12, 17, 20—22] n maHHOI paboTe, MO3BOJISIET MOJTY-
YUTh BEPHYIO OLEHKY IS TEIUIONPOBOMHOCTHOM
ckopoctu pacrnpocTtpaHeHuss BCIT B ogHoOMepHOM
cliygae.

HJist corocTaBieHusl ¢ JaHHBIMU 3KCIIEpUMEHTA
Ha puc. 1 mpuBeneHbl pe3yJibTaThl pacyeTa npeaeib-
HBIX cKopocTeit pacripocTtpanenust BCI' B Bo3nmyxe n
aproHe B Cc(OKYCUPOBAaHHOM Jiyde HENpPEepbIBHOTO
CO,-na3epa B pexume J1a3epHOro Mjia3MoOTpOHa B 3a-
BHUCUMOCTHU OT MOLIIHOCTH JIa3epHOTO u3nydeHus. Ha
puc. la B xoopauHaTtax (v, P) ToukaMu HaHECEHBI
JTaHHBIE DKCIIEpUMEHTa M3 padboTHI [8] Mo onpenee-
HUIO TOPOTOBBIX CKOPOCTE v MoTacaHUsI HeTIpephIB-
HOTO OIITMYECKOTO pa3psiaa NpU JAaHHON MOIIHOCTHU
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JIa3epHOTO M3JydyeHUs1 P B IIOTOKE BO3IyXa aTMO-
chepHOTro TaBjeHUSs, HAITPaBJISHHOTO 10 OCH Ja3ep-
Horo Jy4da. Pesynbrarhl pacueta u,(P) no ¢popmyine (1)
MOKAa3aHbI IITPUXOBOM IMHUEN. /17151 pacueTa ObLTH BbI-
OGpaHBI CIIeAyIOLINE TapaMeTphl, OTBEYABIINE YCIIOBU-
sIM 9KCTiepuMeHTa B pabdore [8]: Cp/k = 500 c™ - ¢/T;
po=12-1073r/c™m3; R=0.2mm; P,= 1.9kB1; 4= 1.5.
I'padpuk moOKa3BIBAET, YTO 3IKCIICPUMEHTAJIILHBIE U
pacueTHble 3HaueHus1 u(P) paznuyaloTrcs 0ojee yeM
Ha TTOpSIIOK.

B cnyyae aprona (puc. 16) HabOmomaeTcs aHaao-
TMYHOE PacXOXIEeHUE pe3yIbTaTOB pacyera 1 JaH-
HBIX 3KcrnepuMeHTa. Pacuer mo dopmyrne (1) mis
YCIOBUI, TUMTUYHBIX IS SKCIIEPUMEHTOB B padoTe
[18] (R=0.2 MM, P/P,<2,1a3 — aprod npu p = 1 at™M),
JIaeT BeanuuHy u ~ 40 cM/c, 4TO Ha TTOPSIIOK MEHBIIIE
CKOpOCTeli, HAOII0JaBIIMXCS B 9KcniepuMeHTax [18].
151 cpaBHEeHUS Ha pUc. 16 IprUBeneHbI 9KCIEPUMEH -
TaJbHbIE JaHHbIE U3 pa0oTHI [18] (TOUKM) U pe3yJib-
TaThl pacyera no dgopmyie (1) (IuTprxoBast IUHUS).
B pacueTte ObLIM IPUHSTHI CICAYIOIIME 3HAYEHUSI 11a-
pametpoB: C,/A = 410 cM - ¢/1, py = 1.6 - 107 r/cm?;
A=1.5; P,=0.8 kBt

B skcepnmenTax ¢ BCI' B pexkmme nasepHOTO
IUIa3MOTPOHA HAOETaIONIMil XOJIOOHbBII ra3 o0TeKaeT
ropstarie oonactn BCI, 1 Mo KoHeuHOiT TeMmepaTyphl
pasorpeBaeTcs He BeCh HabeTalolIunii ra3, Kak cCumTa-
eTcs IS MOIenu, mpuBomsieit K ¢dopmyne (1), a
TOJIBKO HEeOOJIbIIAs €TO J0JIs1, ITPOHUKAIOIIAS B TOPSI-
yure obmactu BCI. Yuer pakTopa 00TEeKaHUST TaKKe
TIPUBOINT K YCKOpeHMIo pacripocTpaHeHus BCI o
cpaBHEHUIO ¢ pacuyeToM 1o ¢opmyne (1). Tunponu-
HaMuJecKasl 3ajadya oOTeKaHMsl IUIa3MBl Haberaro-
M Ta3oM Iipu pacripoctpanenn BCI B ycnoBusx,
OGIM3KUX K pealbHOI cXeMe JIa3epHOTO TLIa3MOTPO-
Ha, perreHa YMCciIeHHOo B padoTe [17] u mpnoamskeHHO
aHaJMTU4IEeCKN B padote [12]. Bruto mokasaHo, 4To
pacimpeHre Haberalolero moToka ra3a B CTOPOHBI
MPU €ro YaCTUIYHOM IPOTEKAHUU B HarpeThle 061a-
CTH BOKPYT IIa3Mbl YBEIMYMBAET CKOPOCTh PaCIpo-
cTpaHeHUs (DPOHTA ITa3Mbl OTHOCUTENIBHO Habera-

IOIIEro XOIOTHOTO ra3a MPUOIN3UTETBHO B (Py /Py )1/ 2
pas, rie p, — XapakTepHas [UIOTHOCTb FOPSIYEro ra3a
B 30He paspsina. Clie10BaTenbHO, HAGII0IAeMas CKO-
pocTb pacripoctpaHeHusi dponta BCT npesbiiaet
TEIIONPOBOIHOCTHYIO CKOPOCTD, BHIYUCIIEHHYIO TIO

dopmyste (1), B (p, / pk)l/ ? pa3. COOTHOILIEHHE TIOT-
HOCTEM XOJIOMHOTO U TOPSTYEro ra30B ObLIO OLIEHEHO
kak =100 ot aproHa n =140 oy Bo3myxa ¢ y4eToM
JUCCOLUALIMA U MOHU3ALUM MPU TeMIlepaTypax Io
15 kK, xapakrepHbix 115 11a3mel HOP.

JlecTBUTEIBHBIN XapaKTep TeUeHUs Ta3a B o0Ja-
ctu pponta BCI' MoxxeT OBITH HalileH myTeM 4uC-
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Puc. 1. CpaBHeHUE SKCITEPUMEHTAIBHO HAOII0IaeMBIX IIPEAETbHBIX CKOPOCTEH paCIIpOCTPaHEHHS BOJH CBETOBOTO TOPEHUSI,
v, TIPY 3aIaHHO MOILHOCTH JIa3€PHOTO M3JIy4eHus: P c paccyuTaHHBIMMU, U, (P), (IUTpUXOBasi IMHMUS) B MOJEIIH TEILIONIPOBOI-

HOCTHOTO PAaCIPOCTPAHEHUS U C YIETOM MOMPABOYHOTo MHOXUTENS U (P)(Po/Py)

1/2 (crIolIHAs JIMHUS) B CIIydasiX: @ — BO3-

nyx, 1 6ap [8] u 6 — Ar, 1 6ap [18]. PaznuuHast popMa TOYeK COOTBETCTBYET Pa3HBIM YCIOBUSIM (DOKYCUPOBKH, HE OKa3bIBaKO-
IIMM CYIIIECTBEHHOTO BJIUSIHUS Ha CKOPOCTh pactipoctpaHeHust BCI.

JIEHHBIX pacu€TOB B ITOJTHOM ABYMEPHOI ITOCTAHOBKE.
Takme pacuetsl B pabotax [12, 17, 20] moka3bIBaloOT
XOpOIIIee Corlacue C 3KCIePUMEHTAIbHBIMU TaHHBI-
mu. KaprtuHa teyeHMs1 rasa, MmoaydyeHHasT B TaKMX
pacueTax, TaKXKe CBUIETEILCTBYET B MOJIb3Yy MPEICTaB-
JIEHU 00 00TEeKaHNM HAOETAIOIIM Ta30M FOpsTYNX 00-
nacteit BCI. B pabore [12] aHamuTHYEeCKHA pellieHa 3a-
Jlaya JaMMHApHOIO 00TeKaHMs HaOeraloIM ITIOTOKOM
XOJIOTHOTO Ta3a ceprIecKoii 00IacTh TOPSIEero rasa
TNoHVDKeHHOM TToTHOCTH. [Toka3aHo, 4To momns Habe-
TafolIeTo MOTOKA Ta3a, MpOHUKAIoIas B “ropsayio”
cepryeckyro 006J1acTh M HarpeBaoIIasicst 10 TEMITe-

patypsi 7, coctasiser BenuduHy & =~ 0.6(p, / po)l/ 2
OcranpHOM Ta3 00TeKaeT TopsSYyio 00JaCTh ITOYTH
Kak TBepAylo cdepy, He HarpeBasiCh, YTO MO3BOJISIET
JTa3MEeHHOMY (PPOHTY PacHpOCTPaHSITLCS C OO0JIb-
IIIei1 CKOPOCThIO, HE Hapyllast IPU 3TOM 3aKOHOB CO-
XpaHeHUsT sHepruu. B Momenu mipeamnoiiaraercs, 4To
SHEPrus, HeoOXoaMMasl ISl HarpeBa ra3a, BbIIC/ISIeTCS
HETIOCPEICTBEHHO Ha C(heprIeCcKOil TOBEPXHOCTH.

CrnenyeT oTIeabHO 0OCYIMTH HAOII0JaeMOE B DKC-
MEpUMMEHTaX C BO3AYXOM PacXOXIEHHE TeopeThuye-
CKOl M DBKCHEpUMEHTAJbHOM 3aBUCUMOCTEN Mpu
P/P,>2,v>8M/c (puc. 1a). AHATOTUYHOE PacXOX-

JIeHUE JJIs1 aproHa TakxKe umeet Mecto npu P/P,>2u
CKOPOCTH IIOTOKA v > 5 M/cC.

ABTOpPBI TaHHOI PabOTHI MPOBEJIM SKCIEPUMEHT
10 ompeaeeHUIO TIpeaesIbHbIX CKOPOCTE pachpo-
crtpadHeHust BCI' B moToke aproHa B pexXuMe Jia3ep-
HOTO TIJIa3MOTPOHA MpPU aTMOCHEPHOM IaBJICHUU B
IIMPOKOM Auana3oHe oTHoleHuit P/P, = 1—4 Ha
YCTAHOBKE, PAaCCMOTPEHHOM B CIIEAYIOLIEM pas3ielie.
Onucanue CO,-na3zepa, MUCIOJb3YEMOTO ISl MOMI-
nepxanus BCI, npuseneHo B padote [19].

Pe3ynbTaThl 3THX 3KCIIEPUMEHTOB TIpEICTaBICHBI
Ha puc. 2 BMECTe C JaHHBIMU I10 ITPeaeIbHBIM CKOPO-
ctsaMm pacripoctpadHenust BCIT B Bo3gyxe mpu atMo-
chepHOM JaBiaeHMHU (CM. TAaKKe pUcC. la) u aHanorm4-
HBIMY TaHHBIMU IJISI aproHa IpY aTMOC(EepHOM daB-
JleHnu (JacTUYHO IIPEACTABJIIEHHBIMU Ha puc. 10),
MOJIYYEeHHBIMU B 3KCIIEPMMEHTaX aBTOPOB IPYTUX
pao6ort [18, 23]. Pe3ynbpraThl HacTosmIei pabOTHI TT0-
JIy4eHBbI IUISI apToHa B 0oJjiee IIMPOKUX TUAra30Hax
MOIIHOCTH JIA3€PHOTO U3JTyYeHUSI U CKOPOCTU TIOTO-
Karaza. B mpemenax TOUHOCTU U3MEPEHUI pe3ybTa-
ThI JAHHOM pabOTEHI 1O MpeaebHBIM CKOPOCTSIM pac-
npoctpaneHus BCI' B aprone cormacyioTcs ¢ JTaHHBI-
MU ApYruMx aBTOpPOB. B mccienoBaHHOM Auaria3oHe
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Puc. 2. I[penenbHble 3HaUeHUST cCKopocTeii pacripoctpaHeHust BCI, v, B moToke Bo3myxa 1 aproHa rnpu atMochepHOM AaBJie-
HUM U B 3aBUCHUMOCTH OT MOIIIHOCTH JIa3epHOTO u3aydeHus P. Ha HuXKHeit ocu aGCLce OT/IOXEeHBI TaHHBIE 1151 6030yXa U3 pa-
60ThI [8] — royryObie He3aKpallleHHbIe KBaapaThl 1 poMObl. Ha BepxHeit ocu abCIrce OTI0KEHBI JaHHbBIE [IJIST apeoHa: KPYTTHbIE
KpacHbIEe KBapaThl — Pe3yJIbTaThl JTaHHOM pabOThI, KpaCHbBIE TOYKM Pa3Hoil (popMbI — naHHbIC U3 paboT [18, 23]. YcpenHeHHBIS
3aBUMCHMOCTHU MTOKAa3aHbl IITPUXOBBIMU JIMHUSIMU COOTBETCTBYIOIIMX I[BETOB.

MOIITHOCTH H3JIyYEHUST 3aBUCHUMOCTb IpPeIeIbHOM
CKOPOCTH OT MOLIIHOCTU UMEET JIMHEWHBII XapaKTep
1 MOXET OBITh IIPEACTaBlICHA B BUIE

Var (P) = (5.3£0.5)(P = Bac)/Pars (2)
[I€ Vs, — NpedeibHas CKOPOCTb paclpOCTPaAHEHUS
BCT B aprone, m/c; P — MOIIHOCTB JIA3€pHOIO U3y~
yeHusi, kBt; P, = 0.8 KBT — noporosasi MOIIITHOCTb
uanyyeHus mist nomgaepxanus BCI' B aproHe.

AHaJloTMYHOE COOTHOIIIEHUE IJIsT paclpocTpaHe-
Hus BCI' B Bo3nyxe numeeT BUJ,
Vor (P) = (6.4 £0.5)(P - P, )/P

tair»

3)

rae v,;, — NpelaejabHasi CKOPOCTb paclpoCTpaHEHUS
BCT B Bo3ayxe, M/C; P— MOIIHOCTb JIa3€pPHOTO U3JTY-
yeHus, KBT; P,,; = 1.9 kBT — noporoBasi MOLLIHOCTb
nongaepxanuss BCI' B Bo3myxe.

CooTHOIIIEHNE YUCIEHHBIX KO3(P(PUIIMEHTOB B
¢dopmynax (2) u (3) npuMEPHO COOTBETCTBYET COOT-
HOIIIEHUIO KO3(PPUIIMEHTOB, BEIYMCICHHBIX IJI ap-
roHa 1 Bo3nyxa B ¢popmydie (1), 4To yKa3bIBaeT Ha CO-
OTBETCTBUE MEXIY Pe3yIbTaTaMU pacueToB mo ¢Gop-
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myre (1) (c yderom MHOXHTENs (P, / pk)l/ > u
pacyeToM Mo aMITMpudeckuM hopmynam (2), (3) npu
(P— P)/P,< 1. CootHolieHue (3) B mpeaenax TOUHO-
CTU COOTBETCTBYET aHAJOTMYHOMY, TakKxKe IMIUPU-
YeCKOMY COOTHOIIICHUIO, HaliIeHHOMY B padote [24].

Ha ocHoBaHMM uMelONIMXCS B JUTepaType naH-
HBIX [8, 18—20, 23—25] MOXHO 3aKIIOYNTh, 9TO pa3-
Mep CUJIbHO U3JIydalrollei 1iasMeHHoit oonactu BCTD
npu aTMOCc(hEepHOM JaBJICHUU B TMAITa30He MOIITHOCTH
JlazepHoro uznydyenus (P — P,)/P, < 1 mai, 1.e. Mall 1
BKJIaZ, COOCTBEHHOTIO M3JIy4eHUsS B OajaHC YHEPTUH
Ha ¢ponte BCI. Ilpu (P — P,)/P, > 1 nonepedyHblit
pasMmep TUIa3Mbl TIpU aTMOC(HEPHOM JaBJIEHUU MPHU-
OommrkaeTcsd K HECKOJIBKMM MUWUIMMeTpaMm. B aTom
ciyJyae BKJIAJ TIOTJIOIIEHUSI COOCTBEHHOTO KOPOTKO-
BOJIHOBOTO U3JTydeHMsI TLIa3Mbl B HArpeB rasza Ieper
¢ponToMm BCI' (JryumcToii TEIUIOIIPOBOTHOCTH) CTa-
HOBHWTCS CYIIIECTBEHHBIM, a MPHU JaJbHEHIIIeM pocTe
MOIITHOCTH JIA3€PHOTO U3JTyYeHUS] — OTNPEACSIONIUM
[12, 21—-23]. Takum ob6pa3zom, HabOgaEMOE MPEBBI-
mmeHune ckopocTu pacripocrpanerans BCI' B pexxume
Jla3epHoro 1asMorpoHa ripu (P — P,)/P,> 2 Han 3Ha-
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Puc. 3. Cxema oOpa3oBaHusi TEHEBOI KapTUHBI PU NIPsSIMOTeHEBOM MeToze cbeMku BCI, cTabuinsnpoBaHHOi B pexxume Ja-
3epHOTO TUIa3MOTpOoHa (@) 1 TeHeBoe n3obpaxkeHre ppoHTta BCI' B moTtoke aprona armocdepHoro gasieHust (6). Apkast tuHus —
CKa4OK IJIOTHOCTH ra3a BOKpyYr poHTa BCI. TeMHBbI CHIIy3T clipaBa — T€Hb OT IpaUTOBBIX SJIEKTPOAOB, NCIHOJIb3yEeMBbIX IS
VHULIMMPOBAHUS ONITUYECKOTO paspsina. [lazma, nmoromaronias Jla3epHOe U3JTydeHNEe, HAXOMUTCS Ha IIEHTPaTbHOM OCH He-
MHOTO JIeBee 3JIEKTPONIOB, KaK MoKa3aHo Ha puc. 3a. Pazmep kaapa — 6 X 6 cM”.

YCHHUEM, BbBIYMCICHHBIM IIO0 TCHJ'IOHpOBO,Z[HOCTHOfI

1/2
MoZIeNn ¢ ydeToM MHOXuTens (py/ pk)/ , 00yCIIOB-
JIeHHOTO 3((PEKTOM 0OTEKAHUSI, MOXHO OObICHUTh
BKJIAJIOM JIYYUCTOM TEIJIOMPOBOIHOCTH.

HABJIIOJIEHUE CTABUJIN3UPOBAHHOM
IIOTOKOM KBA3MC®EPUYECKOMU
TPAHULIBI BCT IPSIMOTEHEBBIM

METOJIOM

I[Ipu MakcUMalIbHBIX CKOPOCTSIX pacIipocTpaHe-
Hus dponTa BCI' B @okanbHON IEpeTSKKeE JIa3epHO-
ro my4ka CKa4oK TeMIIepaTyphbl 1 INIOTHOCTU MEXIY
HaberalpIIMM IIOTOKOM XOJIOMHOTO ra3a U IJIa3MOi,
OTBETCTBEHHOI 3a BbIAEJECHUE Ja3epHON SHEPIUM,
CTAaHOBUTCSI MAKCUMAaJIbHO Pe3KUM. B aTHX yclioBHMsIx
MOIEb XOJIOMHOTO ra3a, TEKyIIero BOKPYr 00JacTu
c(heprIeCcKOro ropsTuero ra3a co CTyleH4aToil rpaHu-
1Iei, BBIIVISSAUT KOppEeKTHOM. TeM He MeHee 3Ta MO-
JIeJTh, Jarolnast coaepsKarellbHOe (GU3NIeCKoe OOBSICHE-
Hue 3¢ deKxTa MPEeBhIICHNS HA0II0TaeMbIX CKOPOCTEH
BCT no cpaBHEHMIO C TETIJIONPOBOIHOCTHBIMA — HE
TOJIBKO YIOOHBII METOI HAXOXICHUS aHATUTUIECKOTO
pelIeHns] THIPOIMHAMWYECKOM 3anayn. [paHuIbsl 00-
JacTu ropstuero ra3a Ha @ponrte BCI meiicTBUTEIEHO
nuMeIoT GopMy, OJM3KYIO K MOJIycepruIecKoi, U Ipu
ropasno MEHBIIMX CKOPOCTSIX pacHpOCTpaHEHU:.
IIpu a3TOM CcoxpaHseTCs TOCTaTOYHO PE3K0Oe YMEHb-
IIeHMe TUIOTHOCTH Ta3a, 4TOOBI KBasucdepnIecKuin
(GPOHT BOJHBI MOKHO OBIJIO HAOJIOIATh IIPSIMOTEHE -
BbIM MeTOOOM. B 3TOM paszaeiie IpuBOAUTCS IIPUMEDP
HabmoneHns BoaHoBoro ¢ppoHTa BCI' ¢ xapakrepu-
CTMKaMH, KOTOpbI€ IIPEAIlojiaraloT BO3MOXKHOCTh

KOPPEKTHOTO MCIMOJIb30BaHUSI aHAJIMTUYECKONH MO-
nenu o0TekaHus ropsiueit cepnl [ 12] Takke B ciyyae
MaJibIX CKOPOCTei 0O0TeKaHMsI, JaJeKUX OT MOPOro-
BBIX, MPU JAHHOI MOIITHOCTH JIa3€PHOTO U3JIyYeHUSI.

[MlnupeH-MeTon, Kak U MPSIMOTEHEBOW METOM
[26], ycriemmHO MpUMEHSUTUCH IJisI U3ydeHUs (pa3o-
BbIX HEOJJHOPOMHOCTEM B YCJIOBUSIX, OJIU3KUX K YCJIO-
BusiM pacrpoctpaneHus: BCI, kak B crielimaibHO co-
3[JaHHOM TIOTOKE ra3a, Tak U B MOTOKE, BbI3BAHHOM
€CTEeCTBEHHOI KoHBeK1uei [4, 7, 13, 23]. OnbITh 11O
TeHeBbIM HuccienoBanusM BCI' Obutu mmpoBeneHEI C
MCMOJIb30BaHMEM OTHOMOIOBOTO Jla3epa HEOOJbIIIOMH
MOIIIHOCTU C IMOAHON HaKaykoii, paboTaloliero Ha
mmHe BoJHbI 0.532 MkM. Mcnoab3oBanach mpocTeii-
IIast cxeMa IpsIMOTO TeHeBOro MeTona [26], naromast
KapTUHY pacIpeaeaeHus BTOPOl MPOMU3BOTHOM KO-
s ¢unmreHTa IMpeIoMIeHMs Cpelbl, B KOTOPOI rpa-
JMEHTHI MoKa3aTesisl MpeJoMIIeHUs HAOM0JaluCh B
pacxoasiieMcs Jla3epHOM My4yKe, CO3IaHHOM C TO0-
MOIIBIO KOPOTKO(OKYCHOTO JTMH30BOIO MUKPOOOH-
eKTUBA.

Cxema HaOJIOACHUS NMPSIMOTEHEBBIM METOAOM U
OoOI1IMiIT BUI YCTAaHOBKM IIpUBeAeHBI Ha puc. 3a. O6-
nacth BoKpyr ¢ppoHTta BCI' (HOP B npuHynurtenb-
HOM MOTOKE aproHa) ocBelllajiaCh BUIMMBIM Jla3ep-
HBIM U3JIydYeHUEM B HaIlpaBJICHUU, TICPIEeHIUKYISIP-
HOM HampaBJICHUIO TTOTOKa. APTOH TI0JaBaJIcs yepes
LUJUHIPUYECKOE COTLIO CO CKOPOCTHIO A0 15 M/c co-
OCHO C(OKYCUPOBAHHOMY JIydy MOIIIHOTO Hempe-
peiBHOTO CO),-N1a3epa, UCMOAb3yeMOTO IS MOIep-
>KaHUS onTHUYecKoro paspsinaa [19]. MolHoCTh u3ny4de-
Hus CO,-1a3epa B aKcniepuMeHTax gocturaia 3 KBT.
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Puc. 4. [NpssmoTeHeBble N300paKeHUs, MOKa3bIBawIIe ocienoBatenbHbie ctannu BCI' B KOHBEeKTUBHOM (hakesie BO BpeMst
TpaHchopMallMi BOJTHBI B T€YEHUE OTHOTO TTepHroa MmyIbcalluy Harpetoro rasza Bo3mayxa HOP — (0—22.5 mc): a — pa3Mepsl
Kanpa, IMOJIOKEHHUE IUIa3Mbl, X0/ JIA3ePHOTrO JIyda U MOJOXEHNE MHULIMUPYIOIINUX 3J1eKTponoB; 6 — 0/22.5 Mc, nuaMeTp KOH-
BEKTUBHOTO (haKesia YBEJIUIMIICS 10 2.4 MM Mepel HayaJloM IBVDKeHMs BBepX (BCIUIBIBAaHUSA); 6 — 5 MC, TMaMeTp TOJIOBKM (a-
KeJla yMEHBIITWICS 10 1.2 MM B ITOTOKE Ta3a 3a BCILTBIBAIOIIIEH IIIMPOKOIT YacThio (pakesa; e — 10 Mc, TopounaabHbI BUXPh (DOp-
MUpYyeTCsl B pacllIMpeHHO yacTu dakena; d, e — 15—20 Mc, ABMKeHME BUXPSI BBEPX U OT/AEJIEHUE ero oT (akea.

ITimasma mHMIIMEpOBAJIach B 061acTH (PoKyca OT
JIIYTOBOTO pa3psia MeXIY YrOJAbHBIMU SJIEKTPOIAMMU,
KoTopheie Tocse 3axuranusg HOP orogBuranmch ot
TOYKHM WHUIIMUPOBAHUSI BHU3 IO ITOTOKY Ha 10 MM
BIOJIb ONTUYECKOI ocu. TeHU OT 3JIEKTPOIOB BUIHBI
Ha TEeHeBOI KapTUHE CIIpaBa oT LieHTpa (puc. 36). Te-
HeBas KapTHUHA IToJIydeHa P MOIITHOCTHU J1a3€PHOTO
nanydeHust P = 1.4 kBT 1 cKkopocTH ra3oBoro ImoTokKa
v=1M/c, pasmep Kagpa — 6 X 6 cm>.

Ha npsimoreHeBOM M300pa*k€eHUU, CO31aBa€MOM
HETIPEPBIBHBIM ONITUYECKUM Pa3psiioM B MIOTOKE ap-
roHa mMpu aTMOC(EpHOM IaBJISHUU, B BUIEC SIPKOIA
JIMHUM HaOJI0[aeTcsl TpaHUIa PE3KOro M3MEHEHUs
rokasaresisi TIpeIoOMJICHUsI, a 3HAYUT, TeMIIepaTypbl 1
TJTOTHOCTMU I'a3a, MpeACcTaBIsIoNIast COO0i rpaHUILy Bbl-
cokotemmeparypHoii oosactu Bokpyr HOP (puc. 36).
Hab6momaemasi cBeT/iasi JUHUSI CO3MAE€TCsl JIydaMu,
CKOHILIECHTPUPOBAHHBIMU B PE3YJIbTaTe MPEJIOMICHUS
B 00J1aCTH OTpULIATEIbHBIX 3HAY€HUI BTOPOI ITpOn3-
BOOHOM Ko3(dduumeHTa IpeIOMJICHUS 0 paguycy.
BHyTpu MeHee MJIOTHOU 0O0JacTU TOpsUero rasa,
OTPAaHUYEHHOTO SIPKOU IMOJIOCOMU, YYTh XyX€ BUIHO
TEMHYIO [10JI0CY, IIPUJIETalolILyIO K CBETJION, U3 KOTO-
poii u3TydeHue “repennio” Ha CBETIIYIO IT0JIOCY B pe-
3yJIbTaTe MpeaomieHus. B obiactu Haubosee ropsi-
yeil miaa3Mbl, CXeMaTUYeCKU MoKa3aHHOM Ha puc. 3a
cupeHeBbIM KoHTYpoM (ITimazma HOP), oTrcyTcTBY10T
KaKre-JIM00 0OCOOEHHOCTU Ha TEHEBOUM KapTUHE, YTO
TOBOPUT O MAaJIOCTU TpagveHTOB KoadduiimeHTa
TIpeJIOMJIEHUS B Topsiueit 00JIacTU TSI CKOJIBKO-HU-
OyIb 3aMETHOTO OTKJIOHEHUSI JIyyeil Ha JJIMHE BOJIHBI
Ja3epa, paBHoOU 532 HM.

YcnoBug i1 oOpa3oBaHMS JOCTATOYHO KOH-
TpacTHOI TEHEBOM KapTUHBI peain3yI0TCs TOJIBKO Ha
rpaHuIle 00JacTM HArpeTOro ra3a BOKPYT ILIAa3MBI,
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Ie IIPOMCXOIUT 3aMETHOE CHMXKEHME IIJIOTHOCTU U
Ko3(dpuIMeHTa IMpeJOMICHMS, a TAKXKE PaCIIOIoXe-
Ha 00J1acTh OTPULIATEIbHBIX 3HAYEHUII BTOPOI Mpo-
u3BOMHOI Koa(dduuumeHnra mnpenomieHusi. @opma
MOBEPXHOCTH OMPENEISICTCS YCIOBUSIMU B3aMOICH -
CTBMSI TEILUIOBOTO MOTOKA OT 1m1a3Mbl HOP u HaGera-
IOIIIeTO TTOTOKA r'a3a, T.¢. Ha TEHeBOM KapTUHE Mbl BU-
JIUM BU3YyaJU3UPOBAHHYIO (hOpMY TEILJIOBOI BOJIHBHI,
CTaOMIM3VpPOBAaHHYIO B HaOeramwlleM ITOTOKEe Tasa.
Haubonee ropsuue (sapko cBersmiuecs) oOacTu
HOP nHa teHeBOIT KapTUHE HE BUIHBI M3-3a MaJIOM
TJIOTHOCTH TOPSYETO Ta3a U MaJIoil ONITUYECKOM TOJI-
LIVHBI.

Takum oOpa3oM, MpSIMOI TEHEBOM METOJ BU3ya-
JIM3UpPYET TpaHUIly CKaykKa MJIOTHOCTU, KOTOPYIO, C
Y4ETOM OCOOEHHOCTEHN MpeIOMIIEHUS 30HAUPYIOIIe-
0 JIy4a, MOXHO MCITOJIb30BaTh KaK I'PaHMILy TOopsTIe-
0 1 XOJIOMHOTO Ta3a IIpU IIPUOIIMKEHHOM pacyere
MOJIsI TeYEHUST BOKPYT ONTUYECKOTO pa3psiia B CTa-
nuoHapHoit BCI' 1o aHaJIuMTHYeCKOMY METOny, I10-
JIpOoOHO ormrcaHHOMY B padote [12]. CiiemoBaTeabHO,
onucaHHas B padote [12] MeTomuKa pacdera, Kak 1
IpeacTaBiIeHHAs B 3TOM pasfelie MeToaMKa HaOJIto-
nenuss BCI, akTyanbHBI HE TOJIBKO IJISI OTIMCAHMS
KPUTHYECKUX IMapaMeTPOB TEUECHMS ra3a B JJa3epHOM
MJIa3MOTPOHE, HO W TSI MPEACTaBICHUSI U aHaInu3a
IWHAMHUKKM Oojiee MEIICHHOIO IIOTOKa IIPU eCTe-
cTBeHHOI KoHBekIMMU BOokpyr HOP. B cnemyromem
pazaeJe IoKa3aHo, Kak pacueT 0 MeTOAMKE, aHaJIO-
TMYHO pa3paboTaHHOI B [12], MOXeT ObITh UCTIOb-
30BaH IUISI OLIEHKU XapaKTepPHOM YacTOThl Kojeba-
HHIA, BOZHUKAIOIINX B pe3yjbTaTe HEYCTOMIMBOCTU
KOHBEKTHUBHOTO nmotoka Bokpyr HOP.
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Puc. 5. KaptrHa 1aMmuHapHOro o0TeKaHusl cpepruiyecKoii 061acTU Topsiyero raza HaberamluM NOTOKOM XOJIOAHOTIO ra3a: a —
KM pPHast TUHUS ITOKa3bIBAET YETBEPTYIO YACTh C(pepUUeCKOM TpaHUIIBI 00JIACTH TOPSTYETo ra3a co cpeaHet teMmnepatypoii 3 KK;
CIUTOIIHBIE TOHKUE JIMHUM — M300aphl JaBJICHUS p B Pe3y/IbTaTe TOPMOXEHMSI BCTPEYHOIO ITOTOKA Ha chepruIecKoi rpaHuLIe

. 2
ropsiyeii o61acTy, 3HaYCHUS JABJICHUS IPUBEACHBI B 6€3pa3MepHBIX eIUHULIAX 2(p — py) / pov” ; CTpeJIKaMy MOKa3aHO BEKTO-
PU30BAHHOE I0JIe CKOPOCTEM MOTOKA — TroJIyOble (CeBa OT XXUPHOM JIMHUMN) [IJIs1 XOJOHOTO Haberaolero oToka u KpacHble
(cmipaBa) ISt 00JIACTU TOPSUETO ra3a; 6 — MPoGUIIN CKOPOCTH (CIUIONIHAS KpacHAsI TUHUS — B EIMHULIAX 4/V) U AaBIeHUs (CU-

HsISI IITPUXOBast IMHUSI) BIOJIb OCU cuMMeTpuu ¥ = 0.

COOTHOMEHME ITOJOBUA
JAJIA YACTOTHI ITYJIbCAIUWU HOP
B YCJIOBUAX CBOBOAHOU
I'PABUTALIMOHHOU KOHBEKIINH

ITpuMepoM HecTallMOHAPHOTO MOTOKa, KOTOPbIit
MOXHO pacCMaTpUBAaTh IO aHAJIOTUH C 3amadeii 06Te-
kKanus ¢ponra BCI, ciayxur sddexr mynbcanmia
€CTeCTBEHHOTO KOHBEKTHMBHOIO (akena OT HeIpe-
PBIBHOTO OIITHUYECKOTO pa3psiga. B aTom ciydae rpa-
HUIIa MEXIy HaGeralolMM ITOTOKOM XOJOMHOTO Ta3a
U TOPSTYUM Fa30M, OKPYKAIOIIMM 30HY SHEProBblIe-
JIeHUsT HeTronaBrkHOM TasMel HOP, takke mMeer
chepuyeckyio Gopmy, KOTOPYI0O MOXKHO HaOII0maTh
teHeBBIMU MeTomamu. dpont BCI B aTtoMm ciydae
pacIpoCTpaHsIEeTCSI B CO3MaBaeMOM €10 KOHBEKTUB-
HOM ITOTOKE.

B pa6orax [6, 7] uasmy HOP monaepxxuBaiu B
KCEHOHE BBICOKOTO JaBJICHUS IBYMSI JUOAHBIMMU Jia-
3epaMu ¢ JUIMHOM BOJHBI A = 0.97 MKM U BBIXOIHOI
MOIIHOCTBIO P = 2 - 26 Bt. ChokycupoBaHHBIE Jia-
3epHbIE JIy4H IepeceKaJuch nom yriioM 60° BOIMU3MU
(GOKaITBHBIX TIEPETIKEK BHYTPU KBapIIEBOM KOJIOBI C
KCEHOHOM TIT101 pabouymM naBjeHueM okojio 30 O0ap
npu Temrieparype Kouonl 6oiiee 500 K. briimo ooHa-
PYyXeHO, UTO 30Ha Harperoro raza Bokpyr HOP oc-
IMJIJIMPYET ¢ onpeneieHHoM yactoToi. Yacrora Ko-
JIe0aHUM yBeIMYUBAJIACh C POCTOM HAABJICHUS OTHO-
BPEMEHHO C YMEHbBIIEHUEM paIuyca KOHBEKTUBHOIO
dakena. OCHOBHBIM pPe3yJIbTaTOM WCCICIOBAHUS
CTaJIO COOTHOIIIEHUE TTOA00M S, CBSI3BIBAIOIIIEE YacTO-

Ty TJIa3MEHHBIX KOJIeOaHUI C paiuyCcOM KOHBEKTHUB-
Horo ¢daxena.

B skcnepumenTax [6, 7] pagnyc KOHBEKTUBHOIO
dakena onpenensuin Mo MOJ0XKEHUIO SIpPKUX JTUHUA
Ha TIPSIMBIX TEHEBbIX U300paKeHUSIX, KaK MOKa3aHO
Ha puc. 36. Apkue TUHUM — Pe3yJabTaT MPOECKIIUU
BUPTYaJIbHBIX UICTOYHUKOB, O0OPa3YIOIIMXCSI PSIIOM C
TUIOCKOCThIO M300pakeHusl BCJIEACTBUE IIpEIOMe-
HUSI 30HIMPYIOIIEro Jiyda, IPOXOISIIero yepe3 0o-
JJacTb TpaaueHTOB Ko3(hdUIIMeHTa IpeloMICHUS
KOHBEKTMBHOTO (hakena. Ha TeHeBbIX U300paxkeHUSIX
KOHBEKTMBHOTO (hbakesa, Kak, HalpuMep, Ha puc. 4,
sIpKY€ JIMHUM OTMEYaloT TpaHUllbl TpagreHTa KO-
duieHTa rpejaoMiaeHus. MOXXHO yCTaHOBUTDH COOT-
BETCTBUE MEXIY MOJIOKEHUEM 3TUX JIMHUIA U U30JI1-
HUSIMU TTOKa3aTesIs MpeJIOMICHUS, WJIM U30TepMaMMU.
ITonoxeHue BUPTYyaJIbHOI JIMHUM, OOpa30BaHHO
MpeJOMJIEHUEM, TIOYTU TOYHO COOTBETCTBYET paauy-
cy R rpamueHTHOIi cpenbl, KOTOPBIA, B CBOIO OYe-
pellb, COOTBETCTBYET U30TEpME, HAUMHASI C KOTOPOM
TeMIepaTtypa pacTeT, a IloKas3aTelb IpeIoMJICHUS
CHMKAeTCsl, MocTurass MuHUMyMa B 1HeHTpe. Ilo-
CKOJIbKY, TIPU PACHpOCTPaHEHUU CBETOBOIO IOTOKA
yepes ciaoit (n(r)" < 0) TommHoi okoo 0.1 MM, U3-
JIydeHUe Jiazepa MoaBepraeTcsl 3HaYuTeTbHOMY TIpe-
JIOMJICHUIO, paauyc R rpaiueHTHON cpenbl OyneT
0TOOpaKaThCsl TAKXKE M HA NIJIMPEH-U300paKeHUSIX B
BUJI€ TPAHUIIBI TEMHOI 00J1aCTH.

151 TeOpeTUYEeCKOi OLIEHKM YaCTOTHI MyJIbCallNii
10 Kaapam, TIpeICTaBJIeHHbIM Ha puc. 4, MOJIE3HO
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paccuynTaTh TMIPOINHAMUKY TOTOKA BOKPYT KOHBEK-
TUBHOM TOJIOBKU (paKesia Ha OCHOBE aHAJIMTUYECKOI
TEeOpUH, OITMcaHHoM B padorte [12]. Ha puc. 5 mpuBe-
JIeHBI Pe3y/IbTAThl pACUETOB IMOJIEii TaBJIeHUS U CKO-
POCTH BOKPYT chepUueCcKOii 00JI1aCTH TOPSYEro rasa
(kceHoHa). PacyeTbl BBIITOJHEHBI II0 AHAIUTHYEC-
cKuM (popMysaM U mapamMeTpaM, B3SITbIM U3 paGOTHI
[12]: ckopocTh HabeTaloero MoToKa X0JIOTHOTO ra3a
v = 0.3 M/c, Temmnepatypa xojogHoro raza — 0.5 kK,
TeMIiepaTypa ropstaero raza — 3 kK, cepmueckmin
panmyc obJlacTi Topsgyero rasa R = 1 MM, gaBjieHUe
Xe — 30 6ap. YcnoBus 61M3KM K YCIOBUSIM DKCIIEPH-
MEHTa, OIKUCAHHOTO B padboTax [6, 7], a mojiydeHHbIE
B 3THUX paboTax TeHEeBbIe KAPTUHEI MPEICTaBIeHbI HA
puc. 4.

PesynbraThl pacueTta, mpUBEIEcHHBIC Ha pHC. 5,
MMOKa3hIBAIOT, KaK TPaHC(HOPMUPYIOTCS TIOJIS TaBiie-
HUS M CKOPOCTH BCTPEYHOTO ITOTOKA MPU B3auMO-
JIeCTBUM CO c(hepUIECKOIl 06IaCThIO TOPSTYETO rasa.
B BepxHeit yactn cpepuuecKoii rpaHUIILI paguyca R,
oOpalleHHOI K IIOTOKY, MUMEEeTCSI TOYKa TOPMOXKEe-
HUSI, OT KOTOPOI MOTOK B OCHOBHOM pacTeKaeTcs B
CTOPOHBI MO IeificTBUEM OTMHAMMWYECKOro Haropa.
HecMmotpst Ha TO, 4TO GOIbIIIAsI YaCTh ra3a pacTeKaeT-
Csl B CTOPOHBI OT TOYKU TOPMOXKEHHUSI, OTHOCUTEIIBHO
HeOOoIbIIAast YaCTh MOTOKA IMPOHUKAET B TOPSTUYIO 00-
JIACTh U YCKOPSIETCSI. DTO MPUBOAUT K 3HAUUTEILHOIM
pa3HULIe DaBJICHWIA MEXIY TOYKOU TOPMOXKEHHS BO
BHEIIHEl 00JacTM M LEHTPOM Topsuyeil oGiacTtu
BHYTpU cheprUUIeCcKOil TpaHUIIbL.

PaccMoTpuM o6paTHyIo 3amady, KOraa IBMKEHHUE
rasa co CKOPOCTbIO Vv IIPOUCXOIWUT TION IeHCTBUEM
BBITAJIKUBAIOIIE CUIbI, cO3MaBacMOil TUAPOCTATH-
YeCKUM JaBJIEHUEM XOJIOOHOTO Ta3a, OKPYXKAIOIIEro
ropsuyto cdepy. s Toro 9To0sI a3 BOKPYT ropstacit
cepsl IBUTAJICS CO CKOPOCTBIO v, HEOOXOIAUMO KOM-
MEHCUPOBaTh IIOTEPIO JABIIEHUSI, BO3HUKAIOIIYIO
npu o0TeKaHUM chepbl U YCKOPEHUH Ta3a BHYTPU
Hee, 3a CUeT BBITAJIKUBAIOIIEH CUIbI, UYTO IPUBOINUT K
YpPaBHEHUIO

P — P = (Po — PR, 4

I1e p; — NaBJeHUE B TOUYKE TOPMOXKEHUS TPSIMO Te-
pel rpaHulIeid Topsiyero rasa, p, — 1aBjieHue B LIEHTPeE
ceprueckoil 06J1aCTU ropsiuero rasa, Py U p, — COOT-
BETCTBEHHO IUIOTHOCTHU XOJIOMHOTO M TOpsYero rasa,
g — rpaBUTAlIMOHHOE YCKOpeHue, R — paguyc cepu-
yeckoil obsactu ropsdero raza. ComracHO TaHHBIM
pa6oTel [12], eciut py > Py, TO (py — p.) = Pov>- B city-
yae OTHOCUTEJIbHO HEOOJBIIION pasHULIBL Py U Py, (KaK
BUIHO U3 puC. 5, t1ie Py > 0.1p,) pasHocts (p, — p.) cTa-
HOBUTCSI MEHBIIIE, HO U MHOXUTENb (Py — Py) B IIpa-
BOIM yacTu ypaBHeHUs (4) Takke ymeHbIaercs. Cie-
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AOOBATEJIbHO, MOXKHO CUUTATH PyVv- = pOgR, n ajisd CKO-
POCTU KOHBCKIIMU ITOJTydYacM

v(R) = (gR)"*. (5)

Tenepb xapaKTepHBII TTEPUO ITYIbCAIIUN MOXHO
olIeHUTb Kak T(R) = R/v, npuHSIB BO BHUMaHUE (CM.
puc. 4), 4TO0 paguyc TOJIOBKM akena 3a MEpPHOL
MyJIbCcalliy YBEeJIWYMBaeTCS MPUMEPHO B IBa pasa,
BO3Bpalllasich K UCXOOAHOMY 3HAYEHUIO K KOHILY Ie-
puona: R — 2R — R. Y3 aToro ciienyeT, 94To ropsiaast
o0nacTh paguyca 2R 3a OIWH MepUOI MyJILCAIIAN T1e-
pEMEIIAeTCsI CO CKOPOCThI0 KOHBEKIIMU Ha BBICOTY
cBOero guameTpa, paBaHoro 4R. TakmuMm o6pa3om, 110-
JlydaeM BbIpaXKeHUE IS XapaKTepHOTo MepuoIa

nyJabcauuii B Buze T(2R) = 2(2R/g)1/2 , & JIJISl YACTOTBI

1/2
f= l(i)/ . (®)
2\2R

IMocnenHsist opmylia COBIagaeT ¢ aHATOTUYHBIM
3aKOHOM TMOmo0Uus i Meplamlllero rjiaMeHu, a
TakXe ¢ 3aKOHOM TOA00US IJIsl MyJIbCallud KOHBEK-
TUBHOTO (hakesjga OINTUYECKOro paspsija, KOTOPBIi,
KakK ObLJIO 3KCMEPUMEHTAJIbHO 10Ka3aHO B paboTe
[7], BBIITOJHSIETCS B LIMPOKOM AHaNa30He JaBISHUMN
1a3MooOpasytoliero raza. M3 mojaydyeHHOro coor-
HOILIEHUS CeAyeT, uTo Tod R ciaeayeT MIoOHUMaTh He
CPEIHWI WM MaKCUMaJIbHBIN paanyc roJJOBKA KOH-
BEKTUBHOTO (bakesia, a MUHUMaJIbHBIN paguyc. DTOT
¢akT (He BIIOJHE OYEBMAHBIN) BEITEKACT, KaK ITOKa-
3aHO BbIIIE, U3 TIPOCTOrO MPUMEHEHUST aHAJIUTUYE-
CKOM TeOpuM TeUeHUs raza BOKpYr chepbl ropssuero
raza, padpadboraHHoii B padore [12], K 3amaye KOH-
BeKTUBHOrO TeueHus: BoKpyr HOP. Pasymeercs, ms
orpeaeseHus 3aKoHa MoA00UsI IJIsl YaCTOThI MyJibca-
LIMI MOXHO ObLIO ObI B3SITh U MaKCHMMAaJIbHbBIN paav-
yc. Ho B aTOM ciiydae chopmyJia Beiisiaesa Obl MHave,
U aHaJIOTUsl ¢ MEpLAIIUM TIJlaMeHEM He ObLia Obl
CTOJIb oueBUIHOU. CTOUT OTMETUTh, UTO B cCllydyae
TUIaMEeHM PanyC TOpeIKU, UCTIOIb3YEMbI B COOTHO-
IIEHUU TTOJ00USsI, €CTECTBEHHO UTIpaeT poJib MUHU-
MaJIbHOTO paaunyca riaMeHu U pU3ndecku eMy COOT-
BETCTBYET.

3AKJIIOYEHNE

IIpoBeneHHBIC MCCACAOBAHUS ITIOKa3aaud, 4TO B
cllydyae CTallMOHAPHOM BOJIHBI CBETOBOIO TOPEHMS,
CTaOMIU3UPOBAHHOI B CXEM€ JIAa3€pHOTO ILIa3MOT-
poHa, Tpu (aKTopa BHOCST BKJIAJ B Pe3yIbTUPYIO-
1Iy10 ckopocTh pacnpoctpaneHus BCI' B mpakTuue-
cki BaxHbIX ciaydasx HOP, mommepxxmuBaemMoro B
chokycupoBaHHOM mnyuke mouiHoro CO,-nasepa, B
IMOTOKE aproHa W Bo3ayxa Ipu atMocGepHOM IaBjie-
Huu. [lepBblii M3 HUX CBSI3aH C TEIUIONPOBOTHOCT-
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HBIM MEXaHU3MOM PAaCIIPOCTPAHEHUS U TIPEICTaBIIS -
eT co00it MPsIMOI1 aHAJIOT MEXaHM3Ma pacIpoCTpaHe-
HUS JaMUHAPHOTIO IJlaMeHU. BTopoii oOGycnoBieH
ONWHAKOBLIM MAacCIITabOM OUaMeTpa MOIePEYHOTO
CEeUeHMsI JIa3epHOTO JIyda W TOJIIUHBI TeMIlepaTyp-
aoro ¢ppoHTa BCI. B aToMm ciryuae Haberaronmii ra3
B OCHOBHOM OOTEKaeT LeHTPaJbHbIE BLICOKOTEMIIE-
paTypHBIe 00JIaCTH TUIa3MBI, HATPEBAsICh B CPpEeaHEM
IO TEMIepaTyphl B HECKOJIBKO Pa3 HIXKe MaKCUMallb-
Hoii. [leiicTBUe 3TOro MexaHuW3Ma MPUBOOUT K 3HA-
YUTEILHOMY YBEIWUYECHHIO HAOJIOmacMoil CKOpOCTU
pactipoctpanenust BCI' o cpaBHEHHMIO CO CKOpPO-
CThIO pacripocTpaHeHus omHomepHoit BCI, o0y-
CJIOBJIEHHOM TETJIONPOBOIHOCTHBIM MEXaHU3MOM.
Ponb MexaHn3mMa oGTeKaHMsI HAIJISIAHO ITOKa3aHa B
TeopeTUUecKoil padore [12] Ha TpmMepe IIPOCTOM
MoOJIeIn OO0TeKaHWsI HaOeralolmM ITOTOKOM XOJIOMI-
HOTO ra3a BBICOKOTEMIIEpaTypHOIO ra30BOro oobemMa
C pe3Koif rpaHulieil cheprudeckoili GopMbI. DTa MO-
JIeJIb JOCTATOYHO MOJTHO OTBEYaeT peajlbHOM (pusu-
YeCKOil KapTUHE U MO3BOJISIET ITOJYIUTh aHAJTUTAYEC-
CKO€ pellleHrne TUAPOIMHAMUYECKUX YpaBHEHUIA.
HakoHel, mpu BBICOKOII MOIIHOCTH JIa3€pHOTO 13-
JIydeHUsl HaOMIoJaeMbIii  XapakTep 3aBUCUMOCTU
ckopocTu pacrpoctpaHeHust BCI' oT MoIIHOCTH Ja-
3€pHOT0 U3JTyYeHUSsI MO3BOJISIET COesIaTh MPEAIoio-
KEHHE O TOM, UYTO ABYX YKA3aHHBIX BbIIIC MEXaHU3-
MOB HEIOCTATOYHO U HEOOXOAVMO YUUTHIBATH TAKKE
BKJIaJ MEeXaHU3Ma paaualMOHHOIO TerjIoepeHoca.

Mopnenb TedeHUsI BOKPYT BBICOKOTEMITEpATypHO-
ro chepmyeckoro oowrema [ 12] 6b1a mpemioxkeHa He-
MOCPEACTBEHHO IS OOBSICHEHUS OBVKEHUS ra3a B
JIa3epHOM IUIa3MOTPOHE MPU KPUTHYECKUX CKOPO-
cTsx pacupoctpanenust ppoHTa BCI' Ha mpenese 1mo-
racaHusl TIPU BBICOKOM MHTEHCUBHOCTHU JIA3€PHOTO
narydeHus. TeM He MeHee (U3MUECKU TPU 3HAYM-
TETbHO MEHBIINX CKOPOCTIX pactipocTtpaHeHuss BCI'
TakXXe MMEET MeCTO KapTHMHa oO0TeKaHUs Haberaro-
UM TTOTOKOM XOJIOOHOTO ra3a JOCTATOYHO PEe3KOI
KBasucdepnyecKoil rpaHULBI TOpSYEro rasa, IMoMI-
JIep>KMBaeMOii ITOTOKOM TeILIa U U3TyYeHUS OT OIITH -
yeckoro paspsiaa. [IpsMoe sKcriepuMeHTaaIbHOE Ha-
OmomeHNe pe3Koi KBasuc(epudecKo TpaHUIIBI
MEXIy HabeTamIlIuM IOTOKOM XOJIOTHOIO ra3a 1 00-
JacThio Topstyero raza Bokpyr HOP mpu ckopocTax
10 1 M/c IpSIMOTEHEBBIM METONOM ITOKA3bIBAET, UYTO
MOJIeITb, TIpeaJIoKeHHass B padore [12] MoOXeT ciry-
KUTh XOPOIIVM NPUOIVKEHUEM U TSI 3TOTO CITydast.

B wactHOCTH, MCITONB3ys] MPSIMOTEHEBOM METOI,
MOXHO HaOJIofaTh MyJbCallMM TPaHUIBI KOHBEK-
TuBHOTO (hakena Bokpyr HOP. ['o1oBKa KOHBEKTHUB-
Horo hakejga B DTOM cCJIydae IIPEICTaBIISIET COOOM
TpaHUILy TTOUTHU chepUIeCcKoit (popMBbI, paaguyc KOTO-
poi1 MeHsieTCs TIPUOIM3UTEILHO B IBa pasa 3a Iepu-
on myibcauuii. Ecim B KauecTBe mapameTpa B3SThb

MUHUMAJIBHBII pamguyc ToJOBKU (dakena R, To, uc-
MOJIb3YS pellleHue 3amadun 00 06TeKaHNU cepbl TO-
psiYero raza MOTOKOM XOJIOAHOTO Ta3a, MOXHO TTOJTy-
YUTh OLEHKY IJISI XapaKTePHOM YaCTOThI IyIbCalliid
Kak GyHKIINH R.

ITonydyeHHas1 ¢opmysia cCoBHamaeT ¢ COOTHOIIE-
HMEeM Nog0o0us IJI1S1 YaCTOThl KOHBEKTUBHBIX ITyJIbCa-
muit HOP, u3BeCTHBIM 13 IIPEAbIAYIINUX padOT aBTO-
pOB IMaHHOI cTaTh¥ [6, 7], 1 KOTOpOE UMeeT OOIIHIA
BUJ C aHAJIOTUYHBIM COOTHOIIEHUEM IJIsI Mepliaro-
IIEeTO IUIaMeHU. 31eCh CJIeAyeT MOTYEPKHYTh, YTO IT0-
JIydeHHO€ COOTHOIIIEHUE TIPUHMUMAET TaKOU BUa Oj1a-
rogapsi TOMy, 4TO B Ka4yeCTBe ITapaMeTpa B3SIT MUHU-
MaJIbHBII paauyc TOJI0BKM KOHBEKTUBHOTO (hakesia R.
B ciyyae ruiamMmeHu pagudyc TOpesiKU U CBOOOTHOM
MOBEPXHOCTH KUIKOIO TOILUIMBA, HAaJl KOTOPbIMU Ha-
XOIUTCS IIaMsI, TakKKe MMeeT (PU3UIECKUIT CMBICI
MUHWMAaJLHOTO paanuyca IJIaMeHU.

ABTOpBI CYUTAIOT CBOUM JOJITOM BbIPa3UTh ITy0O-
yaiiiiee yBaxkeHue namstu Opus IlerpoBuua Paii-
3epa, BHECIIIETr0 HEOLIEHMMBbIT BKJIad B (DU3UKY U Me-
XaHUKY OKCTPEMaJbHBIX COCTOSIHMI BellecTBa, B
YaCTHOCTH, B (PU3MKY ONITUYECKUX PA3PSA0B 1 BOJH
CBETOBOI'O TOPEHMSI.

Pabora BuITIONTHEHA B paMKax Troc3amaHnusg MuHI-
CTepCTBA HAYKU 1 BBICIIETO 06pa3oBaHust Poccuiickoii
Denepanun (tema Ne AAAA-A20-120011690135-5).
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