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METO/I OTIpeIeJICHUS 3JIEKTPOHHOU TeMIIepaTyphl yaapHO-HarpeToro rasa. [IpeacraBieHHble JaHHbIE CPaB-
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BBEJIEHUE

IIporpecc B ocBOeHNM KOCMHUYECKOTO IIPOCTPaH-
CTBa CBSI3aH, IPeXIe BCEro, C CO3MaHNeM HOBBIX CH-
CTEM 3allUTHI CITyCKaeMbIX KOCMUYECKHX aIlllapaToB
OT TEIUIOBBIX Harpy3ok [1]. DTo, B CBOIO OYepelb,
TpeOyeT TOCTOBEPHOM OLIEHKM BEIMYMH TEIJIOBBIX
IIOTOKOB K MOBEPXHOCTH amliapaTa MpU €ro JIBHUKe-
HUU B aTMocdepe 3eMiH, IJIsd 9ero IIPUMEHSIOTCS
pa3IUYHBIE 3KCIIEPUMEHTAJIBHBIE U TEOPETUICCKIE
METOINKH. Bobl1oe KoIn4ecTBO 3KCIIEpUMEHTaIb-
HBIX pabOT 110 MCCIIeNOBAHNIO (PU3UKO-XUMHUIECCKUX
MIPOILIECCOB, MPOTEKAIOIINX B BBICOKOTEMIIEpPATYP-
HOM CJIOo€ ra3a BOJIM3M MOBEPXHOCTH CITyCKAeMOIO
KOCMMYECKOIo ariiapara, IPOBEIECHO B yIapHBIX
TpyOax [2, 3]. K HUM, B 4aCTHOCTH, OTHOCSITCST DKC-
MEPUMMEHTHI 110 N3YYEHUIO YIapHO-BOJIHOBOM CTPYK-
TYpBI OTOKA BOJIM3KU 00TEKAaeMOM MOBEPXHOCTH [4],
110 OMpeNeJeHUIO a3pPOAMHAMUYECKUX CUJI U TeMIIe-
paTypHBIX TPAIUEHTOB [5, 6], a TAKXKe 110 U3MEPEHUIO
paguallMOHHBIX XapaKTEPUCTUK YHApHO-HAarpeThix
ra3os [7]. CnenyeT OTMETUTD, YTO JOJISI paauallioH-
HOI COCTaBJISIOLIEN TEMJIOBOrO HarpeBa arrapara
TPU CBEPXOPOUTATBbHBIX CKOPOCTSIX €ro BXojaa B aT-
Mocdepy 3eMJIM 3aMeTHO YBEJIMYMBAETCS 110 CpaBHE-
HUIO C KOHBEKTUBHOIA [§].
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BoJibliryio posib B OlIeHKE MHTEHCUBHOCTU TEIIO-
BBbIX Harpy3oK Ha MOBEPXHOCTb CITyCKaeMOro armna-
paTa UrpalrT MeTO/bl YMCJIEHHOTO MOJEJIUPOBAHUS
[9]. Tem He MeHee Jiexalliasi B OCHOBE MOJEIMpOBa-
HUSl KWUHETUKA BBICOKOTEMIIEPATYPHBIX TMPOLIECCOB,
MPOTEKAIOIIMX B yIapHO-HAarpeToOM BbICOKOTEMIIEpa-
TYPHOM rase, B HacTOsIIee BPEMEHS TajieKa OT MOJ-
Horo nmonumanus [10]. OcoOklit nHTEpeC A TeCTH-
pOBaHUS PaaUALIMOHHO-CTOJKHOBUTEIBHBIX MOJIE-
Jiefi, JexaliMx B OCHOBE pPa3IMYHBIX METOIOB
BBIUMCIIMTEIbHONW TUAPOAVHAMUKHA, MPEACTABISIOT
Takue TTapaMeTphl rasa, Kak 3JIeKTpOHHasl TeMIiepa-
Typa U 2JIEKTPOHHAs MJIOTHOCTh. DTO OOBSICHSIETCS
T€M, YTO DJIEKTPOHBI UTPAIOT OCHOBHYIO POJIb B ITPO-
leccax BO30OYyXIeHUs] U MOHM3ALIMM YacTUIl ra3a 3a
(GpPOHTOM ymapHOU BOJHBI, YTO, B CBOIO Ouepelb,
OnpeaessieT UHTEHCUBHOCTb HEPABHOBECHOTO U3JTy-
YeHMsI Ta3a B IIMPOKOM JMarna3oHe CIIeKTpa 1, COOT-
BETCTBEHHO, YPOBEHb PaIalIMOHHBIX [TIOTOKOB K ITO-
BEPXHOCTH CITycKaemoro amrmnapara [11].

15t uBMepeHUsI 3JIEKTPOHHOI TeMITepaTypbl HU3-
KOTeMIIepaTypHOU IIa3Mbl MPUMEHSIIOTCS pa3iny-
HbI€ METObI TUAarHOCTUKU. K HUM, B YaCTHOCTH, OT-
HOCSTCSI 30HI0BbIEe MeTobI [ 12—14] u MmeTom TOMCO-
HOBCKOT'O paccestHUs Jla3epHoro manydeHus [15]. B
HacTosIei padoTe MpeaioXXeH APYroil MeTo orpe-
JIeJIEHUST TeMTIepaTyphl 3JIEKTPOHOB B BLICOKOTEMTIE-
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paTypHOM rase 3a (P)pOHTOM yOapHOI1 BOJIHBI, OCHO-
BaHHBIM Ha U3MEPEHUU MHTEHCUBHOCTH U3JTy4EHUS
aTOMOB B 00JIacTU BaKyyMHOTro yibTpaduoera
(VUYV). INonydyeHHbIE JaHHBIE XOPOIIO COIIACYIOTCS C
pe3yIbTaTaMi U3MEPEHUI SJICKTPOHHOI TeMITepaTyphl
B yIapHO-HArpeTOM BO3IyXe 30HIOBEIM METOIOM.

OKCIIEPUMEHTAJIBHAA YCTAHOBKA

DKCNEepUMEHThl MO U3MEPEHUIO paluallMOHHbIX
XapaKTepUCTUK yIapHO-HarpeToro Bo3ayXa IMpOBO-
Iuinch B yoapHoii Tpyoe STS (standard shock tube)
MHuctutyra Mexanuku MI'Y. YcTaHOBKa COCTOUT U3
JIBYX CEKLIMIi: KAMEPbI BLICOKOTO JABJIEHUS JIJIMHOM
0.7 M 1 Kamepbl HU3KOIO HABJIECHUS IJIUHONU 4 M.
BHyTpeHHuii nuameTp yoapHOU TpyObl IO BCEil ee
nnvHe coctaisgeT 50 Mm. CxeMa yCTaHOBKM U TO-
JIPOOHOE OIMCaHKE €€ OCHOBHBIX Y3JIOB IPUBEAEHBI B
pabote [16]. YmapHBIii TIpoliecc 3aITycKaeTcs MpHu
BOCIUIAMEHEHUHU B KaMepe BbICOKOIO IaBJIEHUS CTe-
XMOMETPUYECKOIl CMecH BOAOpOJla U KHCIOpoaa,
pas36aBiieHHOI1 rereM (mo 70%).

HM3meputenbHasl cucTeMa YCTaHOBKU COCTOUT U3
BaKyyMHOI0 MOHOXpoMaTopa VM-1, KOTOpEIi1 4epes
BaKyyMHBII KaHaJI COeINHEH ¢ ymapHoii Tpyooit. Uc-
TOYHUK KannopoBaHHoro VUV-uznydyeHus (meiirte-
pueBasi jgamna [.879-01 mpousBoacTBa KOMIIaHUU
Hamamatsu (Japan)) pa3melnaercst ¢ Apyroii CTopo-
HBI yaapHoii TpyObl. CpaBHEHNE U3MEPEHHOTIO CUT-
Hajla C COOTBETCTBYIOLIMM CUTHAJIOM KaJInOpOBOY-
HOTO MCTOYHHMKA IMO3BOJISIET IIPENCTABUTh U3MEPEH-
Hble MHTEHCUBHOCTU W3JydeHUST B aOCOJIOTHBIX
equHunax. [logpobHoe onrcaHue METOMUKMN Kanub-
POBKM W3MEPUTEJIbHOI CHUCTEMBbI B CIIEKTpajibHOM
nuariazoHe A = 120—185 M npuBeneHo B padore [17].
Bechr ontuueckmii TpakKT M3MEPUTEIBHOI CHUCTEMBI
MpeaBapUTEIbHO MOJHOCTHIO OTKAYMBAJICS, TaK KaK
obOpasyronuiics B BO3IyXe Mo IeiiCTBUEM paaualumn
O30H SIBJISIETCSI MOILIHBIM noriotureneM VUV-usmy-
yeHus. J1j1s1 perucTpaiyu CreKTpaIibHOIO pacupee-
JICHUS N3JTydeHUsI (ITaHOpaMHBIX CIIEKTPOB) B AUAaIia-
30HE UIMH BOJH A = 115—400 HM UCITOIB30BAIACH
ICCD-kamepa LEGA-VUYV. BpeMeHHAST 3BOMIOLAS
WU3JIyYEeHUs] perucTpupoBajach ¢ MOMOIIbIO (HOTO-
ymHoxuTtenst R6836 (Hamamatsu Japan) ¢ 4yBCTBU-
TENLHOCTEIO B o6mact A = 115—320 uM. CKOpOCTh
yIapHOI BOJIHBI, Vg, U3Mepsiiach ¢ MOMOLIBIO TTbe-
30[JaTYMKOB.

AHAIINTNYECKAA MOJEJIb

MOIIIHOCTh CHOHTAHHOTO U3JTy4eHUSI CIMHUIHO-
ro o6beMa BEICOKOTEMIIEPATYPHOIO ra3a B Mpeaeaax
CHEKTPAIbHOI JIMHUM B OTCYTCTBHE ITONIOLICHUS
onpenesieTcss BeIpaxkeHueM [ 18]
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1, (\) = {’—C AN, S(N), (1)

mn
rie A,,, — JJIMHA BOJTHBI ONITUYECKOTO Iepexona m — n,
h — nocrosiHHag Inanka, ¢ — ckopocTh cBeTa, A, —
ko3 dureHT DHIITeITHA 1JTsI CHOHTAHHOTO TIepe-
xoma, N,, — 3aceJIleHHOCTh BepxHeTo ypoBHs. KoHTyp
crnexTpajbHOM auHUU S(L), 111 KOTOPOro UMEET Me-

S(A)dA =1, 0GBIYHO OMUCHI-

Baercs ¢pyHkuueit Moiirra, peacTaBisonIeit co60ii
CBEPTKY TayccoBa (HOIMILIEPOBCKOr0), S;(A), U JIo-
PEHIIOBCKOTO (IMCIIEPCUOHHOIO), S, (L), pacnpene-
nenwmii [19]:

CTO COOTHOLLICHUEC I

o

Sy (W)= [ Se (V) SL(h=n)aN. )
layccoBo pacrpelneieHue, HOPMUPOBAHHOE Ha
eIVHULY IUIOLIANN U XapaKTePU3YIOLIEe XaOTUUHOE
pacIpeieJicHEe YaCTHULL 110 MPOEKLMU CKOPOCTA Ha
OCb HAOJIIONEHUS C TIOJYLIMPUHOM, PABHOIA TOIIIIE-
POBCKOI IIUpUHE AA [, UMEET BUI

1/2 _ 2
SG (7\') = L(@) exp _411’1 (2) (7\‘2 7\‘mrz)
Alp\ T ALY

IMon noaymMprHON TUHUY 30eCh U Jajiee moapa-
3yMeBaeTCd IIMPUHA Ha YPOBHE MOJOBUHBI OT MaK-
CUMAaJILHOTO 3HAUYE€HMSI, KOTOPOE IOCTUTACTCS B LIEH-
Tpe JUHUMU. [JucnepCuoHHOE paclipeneieHue, Hop-
MHUPOBaHHOE Ha eIMHUILY TLIOLIAIN C IOPEHIIOBCKOM
MOJIYIIMPUHOM A, OTIMCHIBAETCSI BHIpaXKEHUEM

AN, /21
5,00 = QLI
(A=N,,)" + (A%, /2)
DoiirroBckuii Mpoduiib CneKTpaibHO JUHUM (2),
rie pacnpenenenust S;(A) u S;(A) ONMUCHIBAIOTCS CO-

OTBETCTBEHHO COOTHOILIIeHUSIMU (3) 1 (4), UMeeT clie-
JIylollee aHaJIMTU4IecKoe BeipaxkeHue [20]:

. (3)

4

In2 V2 a [ &P (_yz)
Sp(L) = 2(—3j [ Sdy,
T A7\«D ~.a +(u—y) (5)
a =2 100y, =2 Ry oy
D A D

JonmiepoBcKasi MOJyHIMPUHA CIEKTPaIbHOM JIU -
HUM oNpeAessieTcss TeMIeparypoii ra3a 7, aToOMHbIM Be-
COM |l VI3JTyYaroIleil YaCTULBI U IJIMHOM BOJTHBI 7»,,,,, [21]:

Ahp =7.16-107"A,, (T/w)"’. (6)

HormriepoBcKas HOMYIIUpUHA AL, IS aTOMOB
aszorta u kuciaopona B VUV-obnactu criekrpa ripu 7=
= 10000 K cocrasisier Besimuuny (2+3) - 1072 A. Mu-
HYMaJIbHOE 3HaY€HUE JIOPEHIIOBCKOI IITMPHHBI CIIEK-
TPaJIBHOM JIMHUW PaBHO CYMME €CTeCTBEHHBIX IITUPUH
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BEPXHETO U HWXKHETO YPOBHEW mepexona m — n. Jis
JIMHUY aToMa a30Ta ¢ A = 120 HM ecTeCTBEHHA LK~
puHa nuHAU coctasmsiet ~2 ¢+ 1074 A, a mist auHuK
aToMa kucjaopogac A= 130 am — ~3 - 10~ A. OmHako
B HU3KOTEMIIEpPaTypHOI ILIa3Me SHepreTuYecKue
YPOBHU W3JIydyaTeJieil WCIBITHIBAIOT APYTUe BUIbI
VIIMPEHUS IUCIIEPCUOHHOIO TUIIA, TAKUE KaK pe30-
HaHCHOe, yIapHoOe M ITapkKoBckoe. Jish pe3oHaHC-
HOT'O YIIUPEHUS IIPU He OYeHb OOJIBIIMX JaBICHUSIX
CIIpaBeIMBO BbIpaxkeHue [22]

Av,, = f 05 (7
3 mv

e e U m — 3apsii ¥ Macca 3JIeKTpOoHa, V U f — JyacToTa
¥ cwia OCHMWJUISITOpa ONTUYeCcKOro Iepexona, N, —
YHCJIO aTOMOB B equHUIIe oO0bemMa. Mcroib3ysa us3-
BECTHBIC COOTHOILEHUSsI, popMyty (7) MOXHO IIpeosd-
pa3oBaTh K BUIY

2 5
Axres — Avres }“mn — AmnkmnN (8)
c g, 121c

rae A,,, — KoapbuuneHT DHIITEHA 1S TIepexona
m— n, g, " g, — CTATUCTUIECKNE Beca ypOBHEN m 1
1 coOTBETCTBEHHO. Tak, 11g A = 120 HM [IUpUHA JIU-
HUM AN,,, = 10722 N, 1.e. ipu N, = 107 cM~3 umeem
AN, = 107> um. 111 cpaBHEHMSI TOTITIJIEPOBCKAS IIIH-
puHa 3Toi 1uHuM 11pu TeMireparype 9000 K cocraB-
aset 0.0022 HM. 3aMeTHUM, 4YTO IS JIMHUM U3 BUIU-
MOTO IMara3oHa BeJduduHa AN, Topaszno OOoJblIe.
Hanpumep, g TMHUM aToMa Kuciopoaa ¢ A =777 HM
numeeM AA,,, = 1.3 1077 N, T.e. ipu Ny = 10" em~3 mm-
puHa guHuU AA,,, = 0.013 HM, 4TO paBHsIETCS] J0-
NIUIEpOBCKOM mmpuHe JuHum mpu 17'= 9000 K.

st cneKTpajbHBIX JIMHWKM, HIDKHUM YPOBHEM
IUIST KOTOPBIX SIBJISIETCS OCHOBHOE COCTOSIHUE M3IIY-
qyaTes, eiie oqHUM (aKTOpOM, 3aMETHO BIIUSIOIINM
Ha HaOmomaeMylo (GopMy KOHTypa CHEKTpaJabHOM
JIMHUU, SIBJISIETCSI CaMOIIOIJIOIIeHWe U3JIydeHusi. B
IIEPBYIO OYepelb, K TAKUM JIMHUSIM OTHOCSITCSI PE30-
HaHCHBIC JIMHUM aTOMOB a30Ta U KUCIOPOIa, KOTO-
pbI€ pacmoJIOKEeHBI B 00JIACTM BaKyyMHOTO YIIbTpa-
duonera. B o61mem ciaydae perreHue Borpoca o pop-
M€ KOHTYpa JJMHUMN B YCJIOBHUSAX CaAMOIIOITIOLICHUA
SIBJISIETCSL JOBOJIBHO TpymHOII 3amadeii. OgHakKo B
MPUOIKEHNY OOHOPOJHOIO MCTOYHMKA, KOTOPOE
MOXHO CYWUTATh OIIPaBIAaHHBIM B IIPWJIOXEHUU K
yIapHOM BOJIHE IUISI HAaIlpaBJIeHMUs HAOMIOIEHUS I10-
MEPEeK pacIpoCTPaHEHMsI BOJIHbBI, 3Ta 3adaya MOXKET
OBITH pellieHa.

OcnabieHne MOITHOCTU U3IIydeHUsI TIPU pacIipo-
CTpaHEHMH B MOIJIOIIAIOIIEH Cpeie ONMChIBAaeTCs 3a-
koHoM byrepa—Jlambepra [23]:

Ly ) = Lo Wexpl -k W] )

3nech 1, o(A) — MIHTEHCUBHOCTD MANAOLIEN BOIHEI,
| — nuHa ontudeckoro nmytu. KoadduimeHT morio-
HeHus k,,(A) MpU ONTHYECKOM Tepexoie n — m
OIpeIeIsieTCs 110 BEIpaXKeHUIO

kun (A) = (N, B,,, = N, B,,) S (V).

mn

rae N, — 3aceJleHHOCTb HUXXHETO YpOBHsl, B, 1 B,,,
KO3 pUIMEeHTH DUHINTEeHHA TIOTJIONIEHUS W BBI-
HYKIIEHHOTO M3JTy4eHUSI COOTBETCTBeHHO. Kak BuI-
HO u3 BeIpaxkeHus (10), Koa(pGULMEHT ITOTIOICHUS
3aBUCUT OT 3aCeJIECHHOCTU YpoBHeu. B cocrosiHuu
JIOKAJIbHOTO TEPMOINHAMUYECKOTO PAaBHOBECHUSI, KO-
IJa yCTAaHABJIMBAETCSI PaBHOBECHE CTOJKHOBHUTEIIb-
HBIX IIPOIIECCOB BO3OYXKICHMUS U JE€BO30YXKICHUS,
SHEPreTUYECKUE YPOBHM 3acelieHbl II0 3aKOHY

N,B,, (10)

bonpimmana:
N; = Nyg;exp S /2 . - ) (11)
kT,) g (Te)
rae F; u g, — DHEprusi U CTaTUCTUYECKUI BeC i-TO

ypoBHs, k — nocrosiHHas bonbiMana, g, (7,) — cTa-
TUCTHUYECKast cymMmMa. B Beipaxkenun (11) mpenmnosa-
raeTcs, 4YTO 3aCEJICHHOCTb DHEPIreTUYECKUX YPOBHEM
oTIpesielisieTcs JIEKTPOHHOM TeMmepaTypoit 7.

nOCKOﬂbe B OKCIIEPUMMEHTAX IO UBMECPEHUIO U3-
JIy4eHUsI OT KOHKPETHOTO MPOCTPAHCTBEHHOTO O00b-
eKTa HabaomaeMasi MHTEHCUBHOCTH IIPEICTaBIIsSIET
coboil CyMMYy WHTEHCHBHOCTEl OT pa3HBIX TOYEK
BIOJIb JIMHUU HAOJIONEHUSI, TO HEOOXOAUMO YIUThI-
BaTh U3MEHEHHE BEJMIMHBI TTpou3BeneHus K, (A)[ B
BbIpakeHUU (9) KaK MUHUMYM B CUJTY Pa3HOI IJIMHBI
IIYTHU U3JIYYCHHUA OT pa3HbIX TOUYEK BIOJIb JMHUM Ha-
omoaenusi. Eciu mpeanosioXuTb, 4TO B UCCEAye-
MOM OOBEKTE ONTUYECKUE IMapaMeTphbl U3TyUeHUsI,
TaKye KaK MHTEHCUBHOCTb U3JIydeHUsI ¥ KoddDduiu-
eHT TMOIJIOLIEeHMUsI, OOWHAKOBBI B KaXIOil TOYKe
BOOJIb JIUHUA Ha6.H}OI[eHI/Iﬂ, TO OJIsI UHTEHCUBHOCTHU
HabJI0aeMOro cymMmmapHoro usnydenus: J,,(A) Ha
IJvHe [ ¢ yueToM TIOMIOIIEHUs TojlydaeM CIeaylo-
1IIee BhIpaXKeHMUeE:

j o (V) exp{—k,, (M) (1 -

=l () = e ) ei‘kg;)(")’}.

CraenaHHOE TIPEAITOJIOXEHNE BIOJIHE PEATVCTUYHO
IJTSL ciydast HaGJIoAeHUST U3JIyYeHUsT yIapHOd BOJI-
HBI B IIOIIEPEYHOM HaIllpaBJIEHUH K €€ pacIipocTpa-
HEHMUIO.

IIpencrasiaeHHAast MOAENb MOXKET ObITh UCIIOIb30-
BaHa 111 00pabOTKU SKCIIEPUMEHTOB IO U3MEPEHUIO
WHTEHCUBHOCTU U3IYYCHUSI yOIApHO-HArPEeTOro rasa
C LICJIbIO TIOJTydeHUsI MH(pOPMALIMK TI0 TeM ITapaMeT-

2)}dz =
(12)

XUMHUYECKAA ®U3NUKA Ttom42 Ned 2023
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Puc. 1. [TaHopaMHBII CIIEKTP UBIyYCHUS yIapHO-Harpe-
Ttoro Bo3nyxa B VUV-nuamnazoHe rpu HayaJlbHOM JaBJje-
Hnn py = 0.25 Topp u cKopocTH ynapHO#i BOJIHEL Vy, =

= 7.3 km/c.

paM mpoiiecca, KOTOpble TPYAHO M3MepUTh. B gact-
HOCTU, 3TO OTHOCHUTCS K 3JICKTPOHHOM TeMIeparype
T,, KoTOpast OTpenesieT 3aCeIeHHOCTh IEKTPOHHO-
BO30YKIEHHBIX YPOBHEM aTOMOB M MOJICKYJI 1, COOT-
BETCTBEHHO, OTBETCTBEHHA 3a 3P (PEKTUBHOCTH ITPO-
TeKaHMsI paguallMOHHOTIO Mpoliecca.

PE3YJIIBTATBI U UX OBCYXIEHUNE

B ynapHoii Tpyoe STS Oblia mpoBeaeHa cepust
SKCIEPUMEHTOB II0 OIpEIeICHUIO paguallliOHHBIX
XapaKTepUCTUK yoapHO-Harperoro Bo3myxa B VUV-
00J1aCcTH MPU CKOPOCTSIX yIapHOUl BOJIHBI V= 7.3—
10.7 KM/C ¥ HaYaJIbHBIX JABJICHUSIX B KAMEPEe HU3KO-
ro nasiieHust p, = 0.125, 0.2 u 0.25 Topp. Ha puc. 1
MpUBEIEH IIaHOPaMHBII CIIEKTp M3JIydeHUsI IIpu
Ve = 7.3 KM/C B Auara3oHe IJIMH BOJIH A = 120—
190 HM, TIpencTaBIsSoLINii CO00i 3aBUCUMOCTh MH-
TEHCUBHOCTU M3JIy4eHUs] B, OT IIMHBI BOJIHBI A. U3
NPUBEASHHOIO CIEKTPa BUOHO, YTO M3JIyYCHUE BbI-
cokoTeMIlepaTypHoro Bo3nyxa B VUV-obmactu xa-
PaKTepuU3yeTcs OJHOM JUHUEN aTOMa KMCJIOpoda Ha
JUIMHE BOJHBI A = 130 HM M HECKOJIBKUMU JIUHUSMU
aToMma a30Ta, a UMEHHO, MyJIbTUIUIETaMU ¢ A = 120,
141, 149 u 174 am. CrienyeT OTMETUTD, YTO MHTEHCUB-
HOCTb U3JTy4eHUSI aTOMApPHOI JTMHNM a30Ta Ha INIMHE
BOJHBI A = 120 HM 3HAYUTEITLHO NMPEBLIIIAET MHTEH-
CUBHOCTb U3JIyYEHUS U3 Apyrux objacTteil paccMmar-
pUBaeMOTO CIIEKTPAJILHOIO JMana3oHa.

ATOMapHbIE€ JIMHUU C JJIMHON BOJHBI A = 120 u
130 HM IBASIOTCS pe30HAHCHBIMY JIMHUSIMH aTOMOB

XUMUYECKAS ®U3UKA Ttom42 Ned4d 2023

a30Ta U KUCJIOPOIa, COOTBETCTBEHHO, T.€. OIITHYE-
CKHe€ Iepexolbl Ha 3TUX IJIMHAX BOJH OCYIIECTBIISI-
IOTCSI HA OCHOBHOI 9HEPreTUYECKUI YPOBEHb aToOMa.
Iepexonbl Ha IHAX BOJIH A = 141, 149 u 174 um BO3-
OyKIEHHBIX aTOMOB a30Ta IIPOMCXOMAT Ha OJKalii-
IlIMe K OCHOBHOMY YPOBHIO METaCTaOMJIbHbIE COCTO-
saHus. V3nyyeHne Ha 3TUX nepexoaax HeceT MHPOop-
Maluio O 3aCEJIeHHOCTH BEPXHMUX BO30YXIECHHBIX
YpPOBHEI aToMa, a TOMIOLIEHNEe — O 3aCEJICHHOCTU
HUKHUX YpoBHei. UMeHHO 3T JTMHUM ObUIU B3SIThI
IUIST DKCHEPUMEHTAILHOTO MCCASIOBaHUS BpEeMEH-
HBIX XapaKTEpUCTUK M3JIYICHUST YOapHO-HAIrpeTOro
po3ayxa B VUV-061acTti, KOTOpbIE OBIIN MCITONB30-
BaHBI 1JIs1 ONpeaesIeHUS 9JIEKTPOHHOI TeMIlepaTyphl
B yIApHO-HArpeTOM BO3IyXe.

Ha puc. 2 npuBeneHbl BpeMeHHbIE 3aBUCUMOCTH
U3JIy4eHUs CIIeKTpajJbHOW JMHUM aToMa a30Ta Ha
IUIMHE BOJHEI A = 149 HM B BO3IyXe IIPU PA3TUIHBIX
3HAUYEHUSIX CKOPOCTH YIapHO BOJHBI V) 1 HAYATIb-
HOM JaBJIECHUU B KaMepe HU3KOIo NaBJIEHUSl p, =
=0.125 (a) u 0.2 Topp (6) cooTBeTCTBEHHO. BraHO,
YTO Ha HAYyaJIbHOM 3Talle Ipolecca MPOUCXOAUT
CWJIbHBIN BCILJIECK MHTEHCUBHOCTU N3JTYyYCHUA Jc
MOCJEeAYIOIIUM BbIXOJIOM Ha PaBHOBECHBII YPOBEHbD.
ITpu HEGONBIIMX CKOPOCTSAX YAAPHOI BOJIHBI MTUKO-
Basi UHTEHCUBHOCTD J,,,, 3HAYUTEJIbHO MPEBBIIIAET
pPaBHOBECHbBIE 3HAu€HUs. YBeJIUYEHHE CKOPOCTHU
yIapHOI BOJHBI BEAET K YMEHbILIEHUIO 3TOI pa3HU-
161, ¥ ipu Vy, > 10 kM/c 3HadueHue J,,,, IpakKTUIeCKN
COBITagA€T C paBHOBECHBIMU 3HAYCHUAMMU.

3aBUCMMOCTb MAaKCUMaJbHOW MHTEHCUBHOCTH W3-
JIy4eHus J,,,, OT CKOPOCTH yAapHOI BOJHBI ITOKa3aHa
Ha puc. 3. HaGmopaercss nuHeiinblil poct J,,,, 0pu
yBemuyeHuu Vy, ot 7.6 mo 10.4 xm/c. Cnemyet oTMe-
TUTB, YTO B PACCMaTPVBAEMBIX YCIIOBUAX BEJTMYNHA J,,,,,
TIPaKTUYECKN HE 3aBUCHUT OT HAYIBHOTO NABJICHUS P

HMcnonb3ys u3MepeHHble 3HAuY€HUS MOIIHOCTHU
u3jlyyeHus J, MOXHO ONpEeIeSUTb 3JIEKTPOHHYIO
temrnieparypy 7,, KOTopasi OTBETCTBEHHA 3a 3acejIeH-
HOCTb 3JIEKTPOHHO-BO30YKISHHBIX aTOMOB yIapHO-
HarpeToro rasa u siBjsieTcsl OMHUM U3 OCHOBHBIX Ma-
paMeTpoB OMNMCAHHOI BbIlIE PACYETHONH MOMENH.
J1st 3TOr0 OBLIM MPOBEAEHBI pacyeThl HabIIOAaeMOI
MOIIIHOCTU W3JTyYEHUSs IIJIsI aTOMapHbIX JIUHUM, UC-
CJIeIOBAaHHBIX B DKCIIEPUMEHTE, B 3aBUCUMOCTU OT
TeMmIieparypsbl rasza 7, 3JieKTpOHHOI TeMnepatypsl 7,
Y KOHLEHTPALWU U3Ty4aloleid KOMIIOHEHTHI raza N,,.
3HayeHUsT CIIEKTPOCKOMUUECKUX KOHCTAHT JJIs1 aTO-
MoOB Opanuchk u3 6a3bl gaHHbIX NIST [24]. Takke Ha
OCHOBE 3TOM Xe 0a3bl JaHHbIX IJIsI KaXIOro aroma
pacCUMThIBAIUCh 3aBUCUMOCTU  CTAaTUCTUYECKOM
CyMMBI g, OT TeMIIEPATYpbl B NPEAIIOJOXEHUU 3ace-
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Puc. 2. BpeMeHH4sT 32aBUCMMOCTh MHTEHCUBHOCTH M3JTyYeHUsI aTOMOB a30Ta Ha JUIMHE BOJHBI A = 149 HM B yIapHO-HArpeToM
Bozyxe npu p = 0.125 Topp (a) 1 cienyommx 3HaYeHUAX CKOPOCTH yIapHO# BoiHbl Vy: 1 —8.79 km/c, 2—9.95 km/c, 3 —
10.36 km/c, 4 — 10.72 xm/c; a Takxe 11pu py = 0.2 Topp (6) ¥ MpUBEIEHHBIX HUXE 3HAYEHUSIX CKOPOCTH YIAPHOI BOJIHBI V.

1—7.62xm/c, 2—8.42 km/c, 3 — 8.45 km/c.

JIEHHOCTM SHEPreTMYECKUX YPOBHEI aTOMOB I10 3a-
KOoHYy bonbiiMaHa.

Ha puc. 4 nmpuBeneHbl 3aBUCMMOCTH HaOJromac-
MOl MHTEHCUBHOCTM HU3JyYeHMUs aToMa a3oTa Ha
JUIHAX BOH A = 120 1 149 1M, paccurTaHHBIE [IPU pas-
JIMYHBIX 3HAYEHUSIX KOHLIEHTpallM1 aTOMOB a3oTa N, B
ylIapHO-HarpeToM Bo3ayxe. BblumcieHus: mpoBene-
HBI 0e3 y4yeTa MNOIIOIeHMs (CIUIOIIHbIC TUHUMN) U C
Y4E€TOM MNONIOIIEeHMs (IITPUXOBBIC JIMHUN). AHAIN3
MPUBEACHHBIX JAHHBIX ITOKA3bIBAET, YTO YUET MOIJIO-
IIEHUSI CHUXKAEeT 3HAUYeHHE MOIIHOCTU U3Iy4YeHUs,
BBIXOJISIIIIETO 3a Mpeaesibl yIapHO-HAarpeToro rasa, Ha
HECKOJIbKO MOPSIIKOB BelnyuHbl. Kpome Toro, npu
y4yeTe TMOMIOIIEHUSI MOIIHOCTh M3JYyYEeHHUsI ropasio
cinabee 3aBUCUT OT KOHLEHTPALUM U3JIydyarollei
KOMMOHEHTHI. ClienyeT OTMEeTUTh, YTO KOHILIEHTpa-
LIMsI aTOMOB a30Ta 3a (ppOHTOM yIapHOii BOJIHBI, pac-
CYMTAHHAs ¢ TTOMOIIbIO paAUallMOHHO-CTOJKHOBU-
TeJIbHOM Moaenu [25] mpu paccMaTpUBaeMBbIX JTaBJIe-
HUSIX U CKOPOCTSIX yIapHOU BOJIHBI, U3MEHSIETCS B
npenenax Ny = 10°—10"7 cm—3.

Ha pwuc. 5 mpuBeneHbI 3aBUCMMOCTH TTOTPEIITHO-
CTU B OTIpelelIeHUU 3JCKTPOHHOM TeMmepaTyphl OT
BEJIUYMHBI Jloraprudma M3MEPEeHHO# WHTEHCHUBHO-
CTH, BbI3BAHHBIC HEONPEICICHHOCThIO B 3HAUCHMSIX
KOHILIEHTPALIMY U3IyJaIoIUX YaCTUL] B IIpeaesiax Of-
HoOro nopsiaka. PacueTHble KpUBble MPUBEIEHBI IS
IBYX uHMi: ¢ A = 120 1 149 HMm.

JaHHble, mpeAcTaBlICHHbIE HA pUC. 4 U 5, monayJe-
HBI B TIpenmoioxenuu, uro T = T,. Pacuer mmokassI-
BaeT, 4TO BIIMSTHUE TeMIlepaTyphl Ta3a 7 Ha 3aBUCH-
MOCTh HaOII0OAEMO MHTEHCUBHOCTY W3JIydYeHUS JI1-

HUU OT 3JIEKTPOHHOI TeMneparypbl T, yBEIMUMBAETCS
¢ pocToM poJin 3¢deKTa MOTIOIICHUS U3TyYeHUS,
omHako B nmpeaenax usmeHeHust 7ot 5000 no 40000 K
9TO BIIMSIHUE He3HauyuTeabHO. Eme omHuM dakro-
pOM, CIIOCOOHBIM MOBJIMSITH Ha HAOIIOHAEMYIO MH-
TEHCUBHOCTh U3IY4YeHUS J, SBISIOTCS pa3IUYHBIC
BUIBI JVICIIEPCUOHHOTO (JIOPEHILIOBCKOTO) YIIMpe-
HUSI CIIEKTPAJIbHBIX JIMHUI, OIMMCBIBAEMBIX JIOPEH-
LIOBCKO# TronmymupuHoi guaun AX;. Tak, B3auMo-
JIeicTBHE U3JTy4arolIuX aTOMOB C 3apsKCHHBIMY Ya-

max» BT/CM?
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Puc. 3. 3aBUCUMOCTb MaKCMMaJIbHOM MHTEHCUBHOCTHU
M3JIy4eHMs aTOMOB a30Ta Ha JUIMHE BOJIHBI A = 149 HM OT
CKOPOCTH yIapHOI BOJIHBI V gy, IPY Pa3INYHbIX 3HAYEHHSX
HayvaJIbHOTO JaBiieHus1 p: B — 0.125 Topp, A — 0.2 Topp,
® — (.25 Topp.

XUMHUYECKAA ®U3NUKA Ttom42 Ned 2023
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Puc. 4. PacyeTHble 3aBUCMMOCTY MHTEHCHBHOCTH M3JTy94eHMsI aTOMOB a30Ta Ha [yIMHax BoiH A = 120 (a) u 149 uM (6), kotopast
JOJDKHA HaOJTIONATHCS B KCIIEPUMEHTE MPU pa3IMUHbIX 3HAYEHUSIX KOHLIEHTpauuu atoMoB Ny: 1, I' — 108 CM’3; 2,2 — 107 CM’3;

3,3 — 10'6 CM’3; 4,4 — 10%3 cm~3. Crutounbie uHuN — pacuet 0e3 yuyeTa IOIIOIIEHUS, IITPUXOBbIE — PacyeT C YYETOM IO~

TJIOLICHUSA.
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Puc. 5. PacueTHble MOTpeNIHOCTU B OMPENeSICHUHN TeMIIEPaTyphl TIPU HEOTIPENEIEHHOCTH B 3HAYEHUSIX KOHIIEHTPAI[MK aToMa
o stiuHusIM ¢ A = 120 (a) 1 149 1M (0) ipn pasaMYHBIX 3HAYCHHSIX KOHIIEHTPALNK aTOMOB Ny 1 — 107 CM_3, 210 CM_3, 33—

101 em—3,

CTUIIaMW TIPUBOIMT K INTapKOBCKOMY YIIMPEHUIO
YPOBHE, KoTopoe 0oJjiee CYIIECTBEHHO ISl YPOB-
Hell, 6JIM3KUX K YPOBHIO MOHU3ALMHU. J1J1s1 pe3oHaHC-
HBIX JIMHUI aTOMOB 0o0Jiee CyIlIeCTBEHHBIM SIBJISIETCS
pe30HaHCHOE YIIMPeHNe, BOSHUKAOIIee ITPU CTOIK-
HOBEHMHM ONTHOPONHBIX YACTUII, KOTJA TTPOUCXOIUT
Tepekadyka SHEPTUHU OT BO30YKICHHOTO aToMa K He-
BO30yXKneHHOMY. OlleHKa BIWSIHUS BTUX BUIOB
YIIUPEHUST Ha J C TIOMOIIBIO COOTHOIIEHUIA st A,
OpUBEAEeHHBIX B paboTax [18, 21], moka3bIBaeT, 4To B
paccMaTpuBaeMBIX YCIOBUSX MX 3P eKT He3HAUNTe -
JICH 1 TIPY TIPOBEICHNHU PACUETOB BETMYUHEI J MOX-

XUMUYECKAS ®U3UKA Ttom42 Ned4d 2023

HO MOJIb30BaThCSI YMCTO TayCCOBOI (pOpMOit KOHTYpa
CIIEKTPAJIbHBIX JIMHUIA.

3asucumoctu J = J(T,), BbBIUMCIIEHHbIE 1JI51 U3JTY-
yeHus atToMoB N 1 O Ha pa3IUYHBIX JJIMHAX BOJIH U3
VUV-gnana3zoHa ¢ y4eToM IIOIJIOLIEHUST (IITPUXO-
BbI€ JIMHUU Ha pUC. 4 IJISI UTHTEHCUBHOCTU U3JIyYe-
Husg aroma N Ha uinHax BoH A = 120 u 149 uM), ObI-
JIV UCTIOJTb30BAHUSI JIs1 OTIpeAe/ICHUS TeMIepatypsl 7).
I1pu 3TOM Tak:Ke OBUIU MCIIOIb30BaHbI U3MEPEHHbBIE
Ha ynapHoii Tpyoe crekTtporpammsbl J = J(f) st Tex
Ke IUIMH BOJIH W Pa3JIMYHBIX 3HAYEHUIT HAaYaJIbHOTO
JaBJIEHUS M CKOPOCTH yaapHoi BoiHbl. Ha puc. 6 mo-
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Puc. 6. 3aBUCUMOCTD TeMIIEpaTyphl JIEKTPOHOB B MaK-
CHUMYM€ WHTEHCUBHOCTHU U3JIyYeHHUsI OT CKOPOCTH yaap-
HOI1 BOJIHBI V), 1711 pasIUyuHBIX JUIMH BOJIH JIMHUU aTo-
ma azora: & — 120 um, @ — 141 aM, A — 149 um; O — 130
HM [IJIs1 IMHUM aTOMa KUCJIopoa.

Ka3aHbl MaKCUMAaJIbHble 3HAYCHUS 3JICKTPOHHOM
Temneparypsl 7, ,,,,, BOCCTAHOBJIEHHBIE ITO TUKOBLIM
WHTEHCUBHOCTSM J,, ,, HEPABHOBECHO 30HBI U3JTy4e-
HUSI, KOTOPBIE IJIsI U3JTydeHust aToMoB N Ha JIJIUHE
BOJIHBI A = 149 HM Iokas3aHbl Ha puc. 3. BepTukanb-
HbIE ITOJIOCKU YKA3bIBAIOT HA MUAra30H u3MeHeHus 7,

nipu BapbupoBanuu N, ot 10'° 1o 107 cm—3.

Ha puc. 6 6oiree BRICOKME 3HAUYCHUS TEMIIEPATyPhI
[tk iuHui ¢ A = 120 u 141 HM MOTYT OBITH OGYCIIOB-
JIEHBI 00JIee BEICOKUM [IJIST 9TUX TMHUI OTHOCUTEh-
HBIM BKJIAJIOM B U3MEPSIEMYIO MHTEHCUBHOCTH (DOHO-
Boro uzjiydeHusi. Kak BumgHo u3 puc. 1, 1151 ITMHUM C

BbIKOBA u np.

A = 141 HM 3TO CB3aHO C €€ HEBLICOKO MHTEHCUB-
HOCTBIO, a IUISL pE30HAHCHOM JIMHUU ¢ A = 120 HM —
CO 3HAYMTEIbHONM MHTEHCHUBHOCTBHIO (poHA, MpOUC-
XOXIEHNE KOTOPOIO CBSI3aHO C U3IYYCHUEM MOJIEKY-
Jabl N, Ha nepexonax cucrtembl bepaxa—Xonduina

(b', — XIZ; ub's - XIED [26]. B TO e BpeMs
3aBUCHMOCTH JIEKTPOHHOM TeMIIepaTyphl OT CKOPOCTHU
YIApHOI BOJHBI, ITOJIYYeHHBIE TI0 JIMHUSIM ¢ A = 130 u
149 HM, 1151 KOTOPBIX BKJaa (DOHOBOTO M3IYYEHUS
CPaBHUTEIFHO HEBEWK, ITEMOHCTPHUPYIOT IIOJHOE
COBMAJICHMUE.

BpeMmeHHEBIe 3aBUCUMOCTY MHTEHCUBHOCTH M3JTy-
YyeHusI aTOMOB, J = J(f) TI03BOJISIIOT OIPEAeINTh U3-
MEHEHHUEe DJIEKTPOHHOM TemIiepatypsl 7, Imo Mepe
npoTeKaHus Ipoliecca (BOojb yaapHoii BoinHbl). Ha
puc. 7a mokazaHa dBOJIOLMS UHTEHCUBHOCTHU U3JTy-
YeHUSI pe30OHAHCHOI JMHUY aTtomMa N Ha JJIMHE BOJI-
HbI A = 120 u™M nipu V= 10 km/c. C mOMOIIbIO 3TOiA
CIIeKTporpaMMbl 1 3aBucumoctu J = J(T,) nnst naH-
HOU JUTMHBI BOJHBI U KOHIIEHTPALIMU aTOMOB N, =

=10 cM™ GbUIAa BOCCTAHOBJIEHA SBOJIOLMS SJIEK-
TPOHHOI TeMIlepaTyphbl, KOTOpas TTIoKa3aHa Ha puc. 70.
Bunno, uto 3aBucumocts 7, = T,(f) B 00LIKX YepTax
MOBTOPSIET MCXOAHYIO CIIEKTpOrpaMMmy, a UMEHHO,
POCT 2JIEKTPOHHOI TeMIepaTyphl 10 TIMKOBOTO 3Have-
nua T, ., = 13600 K ¢ mocnemyronmm crianom 1 BbIXo-
JIOM Ha paBHOBecHOe 3Hauenue T, ,, = 12200 K.

HMHTepecHO cpaBHUTH Pe3yJIbTaThl HACTOSIICH pa-
OOTHI TT0 OTIPEHCIICHHIO IEKTPOHHOI TeMITepaTyphl
METOIIOM 00pabOTKH pamHaIlMOHHBIX XapaKTePUCTHUK
yIapHO-HarpeToro Bo3ayxa ¢ pe3yibTaTaMu u3Mepe-
HUS 3TOI BEJIMYMHBI NpyrumMu Metogamu. Ha puc. 8§
NOJIyYEHHbBIE TAHHbIE 110 paBHOBECHOH T, ,, U MaK-
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Puc. 7. BpeMeHH4s 3aBUCMMOCTbh MHTEHCUBHOCTH U3JIy4EHUsI aTOMOB a30Ta Ha JUIMHE BOJHBLI A = 120 HM (a) U 3JIEKTPOHHOM
TemrepaTyphl (6) B ylapHO-HarpeTom Bosayxe 1mpu py = 0.125 Topp u ckopoctn ynapHoii BosHbI Vy = 10.0 kM/c.
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Puc. 8. CpaBHeHUE 3HAYEHHUI SJIEKTPOHHBIX TeMITEpa-
TYp, MOJYYEHHBIX B HACTOSIILIEH paGoTe (TPEeYyroJIbHUKM),
C JaHHBIMU U3 paboThI [27] (KPYXKKKU): A I ® CUMBOJIbI —

TeMmeparypa Te’ eqp 5 MO — TeMIIeparypa Te7 max-

cumanbHoit T, ,,,. JIEKTPOHHOM TeMIIepaType cpaB-
HHMBAIOTCSI C COOTBETCTBYIOIIVMMM 3HAYCHUSIMU, M3-
MEpEeHHBIMU B pabore [27] ¢ MOMOIIBIO 30HIOBOIA
METOJMKHU B TEX K€ IKCIIEPUMEHTATbHBIX YCITOBUSIX.
Bunto, uro paBHOBecHbIe 3HaYeHust T, ,, TIPK CKOPO-
CTSIX yaapHoii BoJIHBI Vy < 10 KM/C coBNaaaroT Ipyr €
apyroM. C 1pyroii croponsl, Temmneparypa T, ., U3Me-
pEeHHasi 30HIOBBIM METOJIOM, 3HAYUTEJILHO IPEBBI-
maer 3HayeHuss 7, .., UBMEPEHHBIE B HACTOSIIEH
paboTre, B MaKCUMyMe€ M3JIyYeHMsI, IPUIEM PaCXOX-
JIEeHNE YBEJIMYMBACTCSI C POCTOM CKOPOCTHU yIapHOM
BOJIHBI. DTOT (haKT CBUIETEIBCTBYET O TOM, YTO UH-
TEHCUBHOCTh W3JIyYEHUSI aTOMHBIX KOMITOHEHT 3a
(pOHTOM yIapHOI BOJHBI B BO3AyXE TOCTUTaeT MaK-
CUMAaJIbHOTO 3HAYeHMs MO3Xe, YeM JIOCTUIaeTCs
MakKCHMYM 3JIeKTPOHHOM TeMIIepaTyphl, TaK KaK JIJIsT
00pa3oBaHMS 3aMETHOI'O KOJIMYECTBA aTOMOB B BEpX-
HEM BO30YXI€HHOM 3JIEKTPOHHOM COCTOSIHUM HEOO-
XOIMMO HaJIMYME B MJIa3MEHHOU Cpeae TOCTaTOYHO-
r'o KOJIMYECTBA JIEKTPOHOB, KOTOPOE B yIapHOii BOJI-
He MOHOTOHHO HapacTaerT.

3AKJTIOYEHUME

IIpoBeneHa cepusi dKCIIEPUMEHTOB IO U3MeEpe-
HUIO pagvalliOHHBIX XapaKTepUCTUK yIapHO-Harpe-
TOI'0 BO3AyXa B BaKYyMHO-YJIbTpau0oIeTOBOM 001a-
ctu. I[IpoaHanu3upoBaHbl BpeMEHHEBIE 3aBUCUMOCTH
MHTEHCUBHOCTU u3JiydyeHUus1 atoMoB N 1 O Ha miu-
Hax BoaH A = 120, 130, 141, 149 u 174 uM, KOTOpBIE
TOJTyYEeHBI TIPU CKOPOCTSIX yHapHOU BOJHBI Vi =
= 7.3—10.7 KM/c 1 HayaJbHBIX JaBJICHUX p, = 0.125,
0.21 0.25 Topp.

XUMUYECKAS ®PUIUKA Ne 4
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IMTocTpoeHa mpocrtast aHaAUTUYECKAsT MOJEJb pa-
JIMAllMOHHOIO IMpoliecca, YYMThIBAIOIas IOIVIOLIe-
HUE U3JIydeHUs B yIapHoii BoyiHe B Bo3ayxe. [Toka3a-
HO, YTO YYeT ITOIVIOLIeHUSI 3HAUYUTEIbHO CHIKAET 3a-
BUCHUMOCTb U3MEPSIEMOM MTHTEHCUBHOCTU U3JIyYSHUS
OT KOHILIEHTPALIUU U3IYYAIOIINX YaCTUL]. DTO MO3BO-
JIMJIO TIPEMIOXUTHL METOH OIpeIeSIEHUS 3JI€KTPOH-
HOM TeMnepaTypbl yZapHO-HArpeToro rasa Iio HMH-
TEHCUBHOCTHU U3JIydeHUs] aTOMapHbIX KOMIIOHEHT. B
OCHOBE METO/a JICXKUT 00padboTKa C MOMOIIBIO MOJIe-
JIM BPEMEHHBIX CIIEKTpOrpaMM M3JIydYeHHUS Ha pas-
JIMYHBIX JJIMHAX BOJIH U3 BAKYYMHO-Y/IbTPpaduoJIeTO-
BOIi 00JIACTU CIIEKTpA.

Paborta BeIITOIHEHA B paMKax roc3agaHust MuHu-
cTepcTBa HayKM M BBICIIEro obpaszoBaHus Poccuii-
ckoit Menepannu “DKCIEPUMEHTAILHOE U TEOPETU-
YecKoe HcClleqoBaHNe KMHETUISCKUX TIPOIIECCOB B
razax” (perucTpallMoHHBI HoMmep AAAA-AI19-
119012990112-4).
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