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AnaHOTa U

HMccmenoBansl curHAIBI 3aTyXaHNs CBOOOIHOM TTo/Isipr3ann Ha GhOHe HeCTAIMOHAPHBIX OII-
TEYecKuX HyTamnmii, chopmuposanmbe B raze > CHz F MeTOI0M ITTapKOBCKOTO TepeKTIOTe st
yposreii. lonapusanmus nznyaenns CO 2-na3epa na nmuann 9P (32) napasienpra mrapKOBCKO-
My momo. M3-3a maneitnoro s¢gdexra Ilrapka ma mepexome 0-1 vz R(4,3) *CH3F Bosmu-
KaeT SKBMUIMCTAHTHBIA CIEKTD PACIICIJIEHUsI, ¥ HAOJIIOJAI0TCST OMEHNs CUTHAJIOB 3aTYXaHUS
CBOOOTHON TIOIPU3AINAK, COOTBETCTBYIONINX IE€PEX0aM C PA3HBIMA MATrHUTHBIMEU YHUCJIAMU
(M = —4,...,0,...,4). Curnassl UMeIOT BUJ MUKOB, MEPUOJ, MOABIEHAS KOTOPHIX 0GpaT-
HO TIPOIOPIIMOHAJIEH HANPSI)KEHHOCTH NITAPKOBCKOTO IMoJisd. VI3 3TO# 3aBUCHMOCTH TIOJIyIeHa
OLIEHKA B3BELIEHHON PA3HOCTU MOCTOSHHBIX AMIONbHBIX MoMenTos > CH3F B ocHoBHOM 1
K0J1e0aTeTHHO-BO30Y K IEHHOM COCTOSTHUSIX.

KiroueBble cioBa: 3aTyXaHme CBOOOIHON IMTOJISIPU3AINY, HECTAIMOHAPHAS ONTHYECKAs
HyTamws, ONeHus, MTAPKOBCKOE MEePEeKIIOMeHNe, KOTePEHTHBIE TePEXOIHBIE TPOIIECCHI.

BBenenue

B rasax HM3KOTO JaBJIEHNST ONTUYECKU PA3PEIEHHBIE CIEKTPAIHHBIE TIEPEXOIbI TMe-
0T J0TIepoBckoe yimupenne. OIHOPOIHOE VIMUPEHWE JUHUU OOBIYHO 3HAYUTETHHO
MEHBIIEe XaPAKTEPHOH TOIIEPOBCKON MUPHHBI. B 9acTHOCTH, 7T HCIOJIL30BAHHOTO
B Hameil pabore KojaebaTerbHO-BPAIIATEILHOIO MEPeXoaa OJHOPOIHOE YIIUPEHHE CO-
crapisier 30 k['m/mMTop, 9TO NMpH MCMOIL30BAHHOM B TAHHOM SKCTIEPHMEHTE TaBJICHUN
raza (1 mTop) maer Beuauny 0.03 MT'1; orenka J0MIEPOBCKOM MUPHUHBL TAET BEJTUUUHY
39 MTI'm. Takum obpasom, omropoaHas mupnnaa auann B 1000 pa3 MeHbIne HeoIHOPOI-
HOTO YITUPEHUS.

JlommepoBCKOe yITHpeHne MPenaTCTBYEeT MOTy IeHII0 HHGOPMATINH O TOHKOH 1 CBepX-
TOHKO# CTPYKType MePexo/I0B B Pa3perKeHHBIX ra3ax. K HacTodIeMy BpeMeHn n3BecTeH
psiJi MeTOI0B Ge3/10TIIepOBCKOii criekTpockornmn |1, 2]. Hampumep, na3epHast CIEKTPOCKO-
MUsi HACBHIIIIEHHOTO MOTJIONIEHHUS TTO3BOJIIeT pabOTaTh BHYTPH JIOTIEPOBCKOTO KOHTYPA.
HenoctarkoMm 3TOro MeToma sBASETCS MPHUCYINEe €My IMOJEBOe YIIUPEHHe Pe30HAHCOB
HACBIIIEHHOTO MOTIOMeHns. 1[03TOMy 9KCIepUMEHThI MPUXOAUTCSA TPOBOIUTH B YCIOBH-
AX ¢1a00r0 HACBIMEHN, 9TO TIPUBOINT K PE3KOMY MAIEHUIO PETUCTPUPYEMOTO CUTHATIA.
AnbrepHATHBON CIEKTPOCKONIY HACHIIIIEHHOTO MOTJIOIEHUST MOYKET CJIYYKUTH KOT€PEHT-
Has CIEKTPOCKOIHNSI, UCIIO/Ib3YIONast KorepenTHbie nepexoaubie npomeccsr (KIITT) Tuna
doromnoro sxa (PI) [1, 2].

Opuumv u3z KIIIT gasnsiercs npouece 3aryxanus cBoboguoi nosnspusanuu (3CII).
IIpomecec mpencrapaser coboii cnoHTanHOe W3aydeHue. g ero HameKHOW perncrpa-
M HY’KHO BO30YIWTH Cpeay KOPOTKUM WMITYJIBCOM PE30HAHCHOTO W3jydeHus. Ecan
CTIEeKTpAJIbHAS JIMHUS YITUPEHa 0HOPOAHO, TO Habmoaenne 3CII He mpencrasisier Tpy-
na. 3CII mpoucxoauT Ha 9aCTOTE MEPEXOa C XapAKTEPHBIM BPEMEHEM, OMPEeIe/IsIeMbIM
OJITHOPOJHON MIUPUHON CHEKTPAJJIbHON JINHUU.
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Taxkoro copra 3KCIEPUMEHTHI W3BECTHBI B MUKPOBOJIHOBO# 00JACTH CIEKTpa, e
JIOTLIIEPOBCKOE yIupenue mMamno. B onrudeckoit obiactu crekrpa crieKTpajibHas JTHHUS
pa3perkeHHoro ra3a ymmpeHa HeogHOpPOmHO 3a cueT 3dgdekra lomnepa. Ecim cmektp
BO30YK/TAIOIET0 NMITYJILCA TIUPOK, MIUPe JA0TIIEPOBCKOTO KOHTypa, To curHaast 3CII or
PA3HBIX YACTEeH JOMIEPOBCKOTO KOHTYPA C PA3HBIMY HECYIIUMH YaCTOTAMU THTA, W+ kv
MOTAMNIA0T JIPYT Apyra. B 3ToM ciydae BpeMms 3aTyXaHWsi CHTHAJIA OMPEIesIsIeTCs IIIv-
PHUHOIT TOTIEPOBCKOr0 KOHTYpa. ECIU CeKTp UMITyibca UMeeT CIHeKTPATbHYIO MTHPUHY
Aweyx , TO BO30YKIAETCSA JIAIIH YACTh JOMIEPOBCKOIO KOHTYPa M XapaKTepPHOe BpeMsi
3aTyXaHWs CUTHAJA OMPEIETUTCS MUPUHON Awey -

B mammoii paboTe uCmob30BaH METOT ITTAPKOBCKOTO TIEPEK/IIOYUEHUs YPOBHEH, TIPe]I-
JIOXKEHHBIN BriepBbie B pabore [3]. DTa TeXHMKA MO3BOJISET ABTOMATHYECKH OCYIIECTB-
JIATH reTepoauHHbIil npueM cnabeix curnanos KIITT (B3CII, @), nockoibKy Ha TpHU-
eMHUK [OIAJAI0T U3J1y4YeHusl HEIPEPbIBHOIO Ja3epa U CMElIeHHbIe 110 Yacrore (mrap-
koBckuM nosiem) curdasbl KIITI. Dror Meros ocoGEHHO BBIUTPBIMIEH s HOJISPHBIX
MoJIeKyn ¢ bosbmuM 3ddexrom [ltapka.

1. IIpupopa curHaioB 3aTyXaHUs CBODOIHOI IOJIApU3AINNI

Moumnexyme! raza 3 CHz F Bo36y»K1a10TCA PE30HAHCHBIM HEMPEPLIBHLIM 37Ty YeHIeM
CO3-mazepa. B mTakom cocrognnm Ha ra3 BO3AEHCTBYET UMITYJILC MTAPKOBCKOTO IMOJIS,
apPAJIIIETLHOTO 3JIEKTPUIECKO KOMIIOHEHTE JIa3ePHOro udiaydenns. B pe3ysibrare Bo3-
JIeCTBUSA IMITAPKOBCKOIO IMOJIS BBIPOXKIEHHBIE SHEPTETUYECKHNE YPOBHU KOIebaTeIbHO-
spammarebaoro nepexona 0-1 R(4,3) Moapr v3 pacuienigioTcs Ha 3KBUIUCTAHTHO Pac-
MOJIOYKEHHBIE MATHUTHBIE MOAypoBHU ¢ M = —4,—3,...,3,4. Takum obpa3om, JuHeii-
ubiit a¢p ekt [Mlrapka yBoauT 3 pe3oHaHCa MOEKYIbI, KOTOPBIE 10 BKIIOUEHUS IITAP-
KOBCKOrO 1ot Obumu B pe3oHance ¢ uznydenunem COg-a3epa, U BBOAUT B PE30HAHC
npyrue Mosekysbl. Mosiekysibl mepBoOil TPYIIbI, BbIAA W3 PE30HAHCA, U3JIYYA0T HA
9 Hecymmx 9aCTOTAX, PACIOJIOKEHHBIX JKBUIMCTAHTHO MO crekTpy. Hecrammonapuas
uaTepdEepPeHIns 3TUX YACTOT MPUBOAUT K OHEHWSAM, KOTOPbIE HAOIOZAIOTCS B HAIIAX
skcnepuMentax B Bujae nmukoB 3CII co 3HAKOM, COOTBETCTBYIONINM W3JIyYEHWIO Ta3a.
Mouiexysibl BTOpPOii rpyIIibl HCIBITHIBAIOT HECTAIIMOHAPHYIO ONTHYECKYIO HyTanuio [4], B
HAIMAX IKCIEPUMEHTAX ITO JJIUHHBIN MOJOTUN UMIIYJIbC, 3HAK KOTOPOIO COOTBETCTBYET
YBEJIMYEHUIO TIOTJIONIEHNS .

BCH3F — momgpHas MOJEKY/Ia, CUMMETPHYHBIH BOTYOK. JIMMOJLHLIH MOMEHT B
OCHOBHOM coctosiunm pasen 1.85793 D, B B0o30OykmenunoMm cocrasisier 1.90388 D. 3a-
JIeiCTBOBAHHDBIE B YKCIEPUMEHTE SHEPrEeTUYIECKHE YPOBHH MOJIEKYJIBI BBIPOXKIEHBI 110
MarHUTHOMY KBAHTOBOMY YHCJIY, CTEIeHb BBIPOXKIAeHUS paBHa 2J; + 1.

N3-3a pa3HbIx AUNOJIBHBIX MOMEHTOB IIITAPKOBCKOE ITOJIe CMEIIAeT YPOBHI OCHOBHOTO
1 BO30YKJIEHHOTO COCTOSTHUI HA pa3HbIe BEJWIUHBI [5]:

AW’L - *diEstﬂa

Ji(Ji +1)

rae M — MaramTHOE KBAHTOBOE UnCio; J;, K; — KBAaHTOBBIE YHCJIA BPAINIATETHHOTO e~
pexo/1a COOTBETCTBYIOIIEr0 COCTOAHUS; d; — TUMOIbHBIA MOMEHT; Fg — HAIPAKEHHOCTH
IMITapKOBCKOTO TIOJIS.

B narrrem ciygae mosisipusanys BO30Y K IAOMIEr0 W3/Iy 9eHUsT TTapaIebHa IMITAPKOB-
ckomy oo (AM = 0), u sabdekr Ilrapka B 310l Mosekyse — suueitabiii. [ToaTomy
M3/IyYeHne PACIIEIIEHHBIX TePeX0I0B UMeeT IKBUIUCTAHTHBIN crekTp u3 9 mosoc. Ta-
KAM 00pa3oM, MITApKOBCKOE TOJe M3MEHSeT JacTOTy MepPexoia Pe30HAHCHBIX C M3JIy-
YEeHUEeM JIa3epa MOJIEKYJ Ha BeauduHy Awjps, PA3IAYHYIO s KayKJIOTO MATHUTHOTO
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Wsnyuarorume
MOJICKYJIbI

Monexyabl,
BOLUCAIINUE B
PpesoHaHC

Puc. 1. JTonnepoBckuit KOHTYp. I'pynime! u31y9aiomnux 1 pe30HAHCHBIX MOJIEKYJI B IITAPKOBCKOM
ose

E4=111B/em
T=021 mx

0.0 05 10 15 20 25 30
T (wmc)

Puc. 2. Curman 3CII npu mrapkosckom mosre 111 B/cm

noxyposust (M = —4,-3,...,3,4):

1 doK di K

= T - MES)
ﬁ(Jo(JoJrl) Jl(J1+1)) ‘

AwM

roe Jo, Ko, Ji, K1 — KBaHTOBBIE UKCja BPaIIaTEILHOTO TIEpeXoaa OCHOBHOTO M BO3-
OyKIEHHOTO COCTOSTHUI; dy, di — JUMOJIBLHBIE MOMEHTHI OCHOBHOTO W BO30YKIEHHOTO
COCTOAHMUIA.

OTHU MOJIEKYJIbl BBIXOJAT U3 Pe30HaHCa (puc. 1) U U3/1y4aroT HOBbIE YaCTOThI IEPEX0-
JOB Wy = wo + Awpy, uarepdepennus KOTopbix u ectb Ouenus B curnaue 3CII (nuku
B curnane 3CII) (puc. 2).

Jlpyrast 9acThb MOJIEKYJI C ONPEIEIEHHBIMU CKOPOCTSMHU OTHOCUTEIBHO JIyda Jiase-
pa mocje BKJIIOYEHHUS MMTAPKOBCKOTO TOJS BXOIUT B PE30HAHC C M3JIyYEeHHEM Jia3epa
(puc. 1). D10 HabMIONAETCS KAK HECTALMOHAPHAS ONTUYECKAs HyTalUs — JJIMHHbBIA 110~
JIOTHIl UMILY/IbC, 3HAK KOTOPOI'O COOTBETCTBYET YBEJIUYEHUIO HOrIoIeHus (puc. 2).

B namem skcrepumente Oblin Takxke nosydenst onenns 3CII mocse BRIKIIOMEHWS
IMITAPKOBCKOTO TOJIsi. JTOT TPOIECC AHAJOTUYEH MepBOMY. MOJEKyIbl, UCITyCKABIINE
curaasisl 3CIT noc/ie BRIIOYEHUS MITAPKOBCKOTO UMITyIbca (puc. 1), mocie crymnendaro-
PO BBIKJIIOYEHHS IMITAPKOBCKOTO MOJI BO3BPAIIAIOTCS B PE30HAHC € JIA3ePOM U yIaCTBYIOT
B 00pa30BaHUK HECTAIMOHAPHON onrTudeckoi Hyramuu (puc. 2). Mosekysibl, HAX0IUB-
MInecs B PE30HAHCE BO BpeMs JEHCTBHs MTAPKOBCKOro mojg (puc. 1 u 3, a), BLIXOAAT U3
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M = —4,...,4: a) B ITAapKOBCKOM TIOJI€; §) TIPU €r0 BBIK/TIOYCHUH
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HEro U U3J1y4aroT CHeKTP SKBUIUCTAHTHO PACIOJIOKEHHBIX 4acToT (puc. 3, 6), KOTOpbIE
obpasytor Guenus (puc. 2), Kak ObLIO OIKUCAHO BBIIIIE.

2. OmeHkKa curHaJja 3aTyXaHus CBOOOIHO IMOJISpU3aINI
[pubnuxkennyto onenky curaana 3CII MOKHO BBITOTHUTD, PACCMATPUBAS TIOJIE JIa-
3epHOro m3aydenus u noje curaanta 3CII:

En = Epcos(wot), Ezcn = Q cos[(wog + IM Eg)t],
EY. = (En + Escn)® = Ef + Ejcpy + 2EnEscn cos(6M Egt), (1)

roe Ej — masepmoe nogne; Fzcr — mome curnana 3CII; Ey — HaMpsisKeHHOCTDH MTAPKOB-
CKOTO ToJIst; Fy — aMIIuTyAa mojs; wy — J9acToTa nepexoa; M — MarauTHOE KBAHTOBOE

TUCTIO;
s 1 ( WK Ak )
h J()(J() -+ 1) J1(J1 -+ 1) '

Mpbi canraem, uro @ oauHAKOBO 1y Bcex M (310 cupasemuso ¢ Tounoctbio 10%
[0 MOIIHOCTH CUTHAJIA).

JJ1s moHOro moJig Ha JeTeKTope (CyMMa BCeX U3JIYUYalolnX PACIIEIICHHBIX Hepe-
XOJI0B) uMeeM [5]:

+4 +4

Z EoQ i (t) exp (—iAwpt) + c.c. = EoQn(t) cos Awpt
M=——4 M—=——4

1

E*==
2
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rae Awys — MITAPKOBCKOE CMEITEHNEe Oy POBHS C MATHUTHBIM KBAHTOBBIM dncjiom M .
Ecsiu npe/iiiosioKurh, 4T0 MOIIHOCTH BCEX M3JydaTesiell PaBHbI, TO Hojydaem [5],
41O

+4 .
2o QY _ gy Sn00Fat/2)
E* = EyQ 2 cos(0M Egit) = EopQ Sn(0Ext/2)

CriekTpasibHOE pachpesiesieHne N3JIydaeMblX 4acTOT 3aBUCHT OT MArHUTHOIO KBAH-
TOBOTO YMCJIA W HAMPSYKEHHOCTH MTAPKOBCKOTO TOJIsI, TOITOMY YacToTa OWeHmii n3me-
HAETCS [ITAPKOBCKUM Halpsi’KeHueM [5]:

wy = wo + Away,

1 doK dlK
Awy = = _ ME,.
oM =g (JO(JO FIE R A 1)) ¢

®Oyukuusa (1) npeacrasiser coboil peryaspubie nuku ¢ mupunoii AT u nepuogom 1.
Kak mepumosa, Tak w mupuHa NUKOB OOPATHO HPOMOPIUOHATIBHBI HAIPAXKEHHOCTH
MTapKOBCKOTO noJisi Fg . [lepuoa u mupuna nukor 3CII onpenesiioTcs BHIPAXKEHUSIMU:

T = 27 /§Ex,

AT = 27T/9(SESt.

3. DKCHepuMeHT

Iaz '3CH3F, maxongamuiicss B sraeiike (nmna sueiiku pasha 20 ¢M) CO IITAPKOB-
CKUMHU 3JIEKTPOJaMu (PaCcCTOSHUE MEKIY 3JEKTPOJAMU PABHO 3 CM), TOJ JABICHUEM
1 mTopp obayuasncsa menpepbiBHbIM u3aydenneMm CO s -a3epa, HACTPOEHHBIM HA MEHTP
JiuHun (MHTEHCUBHOCTHL u3jydenus cocrasiger 0.035 BT/CMQ, JUaMeTp Jiyda paBeH
3 cm). Tlon aeiicrBuem usiydenus Bo30y2KaaJICs Bpamarebubiii nepexoz R(4,3) koue-
HaresibHOM 1010chl 0—1 MOJBI V3, U HPOUCXOAHIA IMOASPU3ALU CPE/IbI.

Ta6n. 1
Onenka BeTMYUHBL O
Teopusa DKCIIEPUMEHT
6 = 0.15dp — 0.1d1 0 =27n/EsT
do = 1.85794D dy = 1.90388D
0 =8.8303-10 — 2D 0= (7.27+08)-10-2D

Tak Kak 3KCIEPUMEHT MPOBOIUIICS IPU KOMHATHON TeMueparype, TOIyIInpuHa, J10-
MJIEPOBCKOTO KOHTYpa cocrasisaaa 39 MI'm, mosromMy ¢ u3iydeHnemM B3auMoIeiicTBOBa-
Jla TOJIbKO YaCTh MOJIeKyJ. EcrecTBeHHAs MUPUHA JIMHUU TIPU TaKUX YCJIOBUAX PABHA
30 k['u. CrymernuaToe BKIIIOUEHHE MTAPKOBCKOTO TMOJIsSA, MapajjieIbHOTO TOISpU3anun
uznyuenns CO q-nazepa, npuBomauio K curany 3CII, KoTopbiii perucTpupoBacs rere-
POJIMHHBIM TPUEMOM € U3Jy9eHUEM JIa3epa.

OKCIEPUMEHT TIOBTOPSJICA I PA3HBIX HANPSIKEHHOCTEH MTapKOBCKOro mojs (or
38 1o 144 B/cm). B kavecree npumepa Ha puc. 4 npezacrapnen curnan 3CIT npu mrrap-
KOBCKOM Tiosie 111 B/cwm.

Onenka curuana 3CIT nokasbiBaeT, 9T0 perucrparys CUIHAIOB Kak (DyHKIUU Fy
(puc. 4) M03BOJIAET ONPENEIUTh 3HAYCHUE BEJUIUHDL § , SBJIIONIEICs B3BEIIEHHOI pa3-
HOCTBIO ZUNOJbHBIX MOMeHTOB: 0 = 0.15dy — 0.1d; (cm. Taba. 1).
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Puc. 4. BasucumocTh gacToThl mmmyabcoB 3CIT 0T HANPAKEHHOCTH MITAPKOBCKOTO TN (9KC-
epUMeHT U Teopud

3akJiroueHne

Curnaner 3CII mosryueHbl METOIOM CTYMEHYATOTO IMITAPKOBCKOTO TEPEKTI0UeHUs
yposreii na mepexoze R(4,3) 0-1 mompr v3 mosekynsr '3 CH3F B mpucyrersun Hempe-
poiBHoro usiyuenus COq-sazepa na aunuu 9P (32) momaocreio Menee 1 Br u suneii-
HOW mosIgpusaluedi, mapasanenpHoil mrapkosckomy noso. B 3CII nabaonanacs uarep-
depeHInsi CUTHAJIOB, 0OPA30BAHHBIX MAPAME TEPEXOJIOB, OTJUYAIOIMINXCA MATHUTHBIM
KBAHTOBBIM YHCJIOM, B COOTBETCTBUHU C TEOPETHIECKUMHU OIEHKAMMU JIJ1sT CHCTEMbI HE3ABH-
CUMBIX JBYXYPOBHEBBIX cucTeM. V3yderna 3aBUCUMOCTH 9acTOTHI Ouennii curaaios 3CII
OT HAIPSKEHHOCTHU IMTAPKOBCKOrO moJisA. Jacrora nosBjenns nuTepdepeHnOHHbIX 1~
koB 3CII uHEfiHO 3aBUCUT OT HANPSYKEHWS MTAPKOBCKOTO MO U O3BOIAET OINEHUTH
BEJINYMHY B3BEIIEHHOW PA3HOCTH AUMOJbHBIX MOMeHTOB: 0.15dy — 0.1dy = 0.07 D, uro
COTJIACYeTCs C JINTEPATYPHBIMU JTAHHBIMHE.

Summary

D.V. Ledovskikh, N.N. Rubtsova, E.B. Khvorostov. Signals of Free Polarization Decay in
Gas "*CH;F.

Signals of free polarization decay on a background of transient nutations generated
by the method of levels Stark switching in *CH3F gas are investigated. Polarization of
9P(32) CO2-laser radiation is parallel to a Stark field. Equidistant spectrum arises because
of the linear Stark effect on 0-1 vz R(4,3) BCH3F transition, and the beats of free
polarization decay signals corresponding to the transitions with different magnetic numbers
(M = —4,...,0,...,4) are observed. These signals look like peaks with a period inversely
proportional to the intensity of a Stark field. From this dependence the estimate is made for
the weighed difference of '* CH3F permanent dipole moments in the ground and vibrational
excited states.

Key words: free polarization decay, transient nutations, beating, Stark switching, coherent
transients.

JIuteparypa

1.  Jlemozos B.C., Yebomaes B.II. Ilpuunmnnsl HeJIMHENHHOI J1a3epHOI CIeKTPOCKOTHH. — M.:
Hayxa, 1975. — 250 c.



172 11.B. IEJOBCKUX 1 JIP.

2. Jlemozos B.C., Yebomaes B.II. Henuneiinas ja3epHasi CIIEKTPOCKONMST CBEPXBBICOKOTO
paspemenus. — M.: Hayka, @uzmaraut, 1990. — 520 c.

3. Brewer R.G., Shoemaker R.L. Photon echo and optical induction in molecules // Phys.
Rev. Lett. — 1971. - V. 27. — P. 631-634.

4. Aanen JI., S6epau [oc. Onrudeckuil pesoHanc u aByxyposaesble arombl. — M.: Mup,
1978. — 224 c.

5.  Foster K.L., Stenholm S., Brewer R.G. Interference pulses in optical free induction
decay // Phys. Rev. A. - 1974. - V. 10, No 6. — P. 2318-2324.

IToctymmna B pemakmumio
19.02.08

JlemoBckux Jmurpuii BacunseBu4 — acnmpanT, uwrxkenep Mucruryra Gusukn mosy-
nposoauukos CO PAH, r. HoBocubupck.

E-mail: D.Ledovskih@mail.Tu

Pyo6mnoBa Haranus HwukosiaeBHa — moKTOp (DUBMKO-MATEMATHIECKUX HAYK, CTAPITHN
HAYYHBII COTPYIHMK, 3aBeayoommii taboparopueit ncruryra dbusnkn moaynposogaunkos CO
PAH, r. Hosocubupck.

E-mail: rubtsova@isp.nsc.ru

XBopocTtoB EBrennii BopucoBud — kauanmar Gusnko-MaTeMaTUIeCKUX HAYK, CTAPIITAI
HaydHbI corpyaauk VucTuTtyTa dhmsukn nomymposoaamkos CO PAH, r. HoBocnbupcek.

E-mail: eugeny@isp.nsc.ru



