OT3bIB
o(pHIHMaILHOrO ONMOHEHTa JOKTOpa (H3MKo-MaTeMaTHyeckuX Hayk KysHenosa
Muxauna MuxaiiioBuya Ha JUCCepTalMOHHYIO paboty Abrapsna Mukasna Bap-
tTaHOBHYA «HUCIIEHHOE MOJEIUPOBAaHUE CTPYH PA3PEKEHHOH I1a3Mbl, HCXOIAIIEN
13 3JIEKTPOPEAKTHBHOTO JBUTATEIIS», IPEACTABICHHYIO HAa COMCKaHHE YYEHOM CTe-
MeHW KaHaujaara (pHU3HKO-MaTeMaTHueckux Hayk no cneuumanbHoctH 01.02.05 —
«MexaHMKa KUAKOCTH, ra3a v I1asMbD».

Penensupyemasi paboTa TMOCBSILEHa MOACIMPOBAHUIO " TE€YEHUSI CTPYH
TU1a3MBbl, BBIXO/sIIEH U3 cTanroHapHoro miasmenHoro asurarens (CITI). [ns pe-
[IeHHs [IOCTABJIEHHOMN 3a]Ja4M CTPOSATCS KUHETUYECKUEe YPaBHEHUs, KOTOPbIE IIOTOM
PEIIarOTCs YUCIICHHO, ISl 4ero ObLIH pa3paboTaHbl YUCICHHBIE METOIbIL.

1. AkTyaabHOCTH paboThI

M3BecTHO, uTO 3neKTpopeakTuBHble auratenu (OPJ]) mmpoko mpumens-
IOTCSl B KOCMHUYECKUX MCCIIeJOBaHUSIX Ha MPOTSHKeHUH Oosiee copoka siet. OnHoMH u3
Hauboliee pacnpoCcTpaHeHHBIX pasHoBHAHOCTeH DPJl sBIsAIOTCS CTalMOHApHbBIE
rutasmennbie asurarenu (CI1/1), koTopbie HCIIONB3YIOTCS B HACTOSIIIEE BPEMsI KaK B
Poccuu, Tak ¥ 3a py6exoM [uis CTaOMIN3alMKd U KOPPEKLMU OPOUT KOCMUYECKUX
anmnaparoB. B nocieHee BpeMsi HaMeTUIIOCh TaKkke ucnofb3osanue CI1J] na srane
JIOBBIBEICHHS CITyTHHKOB Ha re0CTallMOHAPHYIO OPOUTY.

B Hacrosiiee BpeMs psil BOIPOCOB, KACAIOIMXCsl COCTaBa M SBOJIIOLIMH T1J1a3-

MEHHOH CTpyH, OCTaeTCs HEJOCTATOYHO M3y4YeHHBIM M IO 3TOH MpHYMHE Cclabo
OCBEILIEHHbIM B MyOiuKaiusax. Takke HEJOCTaTOYHO HCCIENO0BAHO BO3JEHCTBHE
crpyu CI1J] Ha pa3nu4HbIe 10 COCTABY 3JEMEHThI KOHCTPYKIUK KOCMHYECKOTO arl-
napara. Kpome Toro, oTcyTCTBYIOT OOLIENPUHATBLIE METOJMKH pacyeTa XapaKTepHu-
CTHUK «OOpaTHBIX» MMOTOKOB MOHOB, BO3HHKAIOIIUX B 00J1aCTH Cpe3a yCKOPHTEllb-
Horo kaHana paspsiaHoi kamepsl CI1JI. CoBepiieHHO HEOCTATOYHO KCCIIeI0BAHO
BJIMSIHME MAarHWUTHOTO TOJISl Ha TeYeHUe CTPYH, UTO MPECTABISAETCs BaKHBIM, yUHU-
THIBasi PACCMATPHBAEMYIO B HACTOs1IIEE BPeMs BO3MOXKHOCTD YIIPaBJICHHUS BEKTOPOM
tsirv CIT/] ¢ moMolbio BHEIIHErO MAarHUTHOT'O T10JIS1.
HaxkoHel, BOCIIpOH3BeIeHHe KOCMUYECKUX YCIIOBHH B HA3€MHOM SKCIIEPUMEHTE 5B~
nseTcs KpaiiHe 3aTpaTHOM MO BpEMEHH M JOPOroCTOsIIEH BBUIY HEOOXOIUMOCTH
MPOBEIEHMs IKCIIEPUMEHTOB 110 U3MepeHusiM napametpos ctpyu CII/] Ha sxcnepu-
MEHTAJIbHBIX CTEHaX B YCJIOBUSAX BBICOKOro BakyyMma. [TosTomy umcienHoe Moje-
JIMpPOBaHKE MapaMeTpoB IUa3MeHHO# cTpyH, ucxonsmen us CIIJI, aBisercs akty-
aJIbHOM 3aJla4yen.

2. Kparkas xapakrepucTuka paborbl

ﬂHCCGpTaLII/I}I COCTOMT U3 BBEACHHUS, YETHIPEX I'NIaB OCHOBHOI'O TEKCTA, 3aKJIHO-

YEeHHS U CITMCOK JIUTePaTyphl. OBLIU Y EJl MAH
Bx. Ne
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B nepBoii rnase naercsi obuiee ornvcaHHe CTALMOHAPHbBIX MJa3MEHHbBIX JBH-
ratesiei Kak pa3HOBHMAHOCTH JIEKTPOPEaKTUBHbIX ABUIratenen. [ IpuBoauTes npuu-
[IMIIHaJIbHAsl CXeéMa CTAUMOHAPHOIo MJIa3MEHHOIo JABMraTe/s Ha NpuMepe JBHra-
tens CI1/1-100 oTeuecTBEHHOrO MPOU3BOACTBA, LLIMPOKO UCIIOJIB3YEMOI0 Kak B Poc-
CHM, TaK W 3a pyDeKOM B KOCMHUECKHUX UCC/ieIoBaHUsIX. OMUCBIBAOTCSA (PUBUUECKHE
NpoLECChl, MpoTeKarlle npu paboTte ABUraTess U NPUBOAsIIME K 00pa30BaHHIO
MJ1a3MEHHOIo pa3psiia ¢ NOCNeAYIOUIMM ABHKEHHUEM I1J1a3Mbl B CKPELLEHHBIX JIEK-
TPUUECKOM W MarHUTHOM nonsix. [lpuBoauTcs 0630p cocTossHUS HCCNE10BaHUH B
obsacTu moaenvpoBaHus rnnasmenHoi ctpyu CIIJL, B uacTHocTH, paccmaTpuBaeTcs
MOJIEKYJIIPHO-KUHETUYECKUH TOAX0/, METO/Ibl CTATUCTHYECKOr0 MOJAEIHPOBaHHs
tuna Mounre-Kapiio, MeTobl MOJICJIBHBIX KHHETHYECKUX YPABHEHHUH W [IPOBOJAMUTCH
aHaJIM3 CYILECTBYIOIIHUX NPEUMYILLIECTB M HEJOCTATKOB HCIOJIb3YEMbIX METOI0B MO-
aenuposanus. [IpoBoasTcs oueHkH yncen KHyaceHa, pacCUMTBIBAEMbBIX H3 UMCIICH-
HbIX 3HAYeHWH MHTerpanbHbix XapaktepucTuk CIIJl v napamerpoB TeueHus
ria3mbl. 3HadeHuss Kn 1715 MOH-MOHHOrO W HEUTpal-HEeUTpaJlbHOro B3aMMOIeH-
ctBuii B crpye CIIJ cocrasnsator ~ 103. B 1o xe Bpems 3nauyenue uyucna Kn ans
MOH-HEUTPAJILHOIO B3aUMOJIEHCTBHSA M0 U3BECTHOMY MEXAHHU3MY PE30HAHCHOH 11e-
pe3apsiiKu COCTaBNAET HECKONBKO €IMHUL, UTO YKa3bIBAE€T HA ONpeeIstolIee BIIH-
AHHE JAHHOTNO MEXaHW3Ma B3aUMOJICHCTBUS MEXKAY KOMIIOHEHTaMH IJIa3MEHHOH
CTpyH Ha GHYHKUMUH pacripeesieHUs KOMITIOHEHT Tia3MeHHOH cTpyH. Ha ocHoBanuu
NPOBEAEHHOr0 aHa/lk3a cjeslaH BbIOOp MeTo1a MOIeTHPOBAHHUS MJ1a3MEHHOH CTPYH
CIT/l, ocHOBaHHBIH HA MOCTPOEHUMU M YMUCIEHHOM PCLICHHHU CHCTEMbl MOJEIbHBIX
KHHETHYECKUX ypaBHeHHH. DopMynupyroTcs TpeboBaHus K pazpadaTbiBaeMO UHC-
JE€HHOH MOJIEJH.

Bo BTOpoii rnaBe NpuBOAMTCS onucaHue HU3MKO-MaTeMaTHYCCKONH MOJeIH.
[ToapoOHO onuCkIBaE€TCS MEXAHW3M PE30HAHCHOH Nepe3apsIKi HOHOB: CTOJIKHOBE-
HUe OBICTPOro MOHA C MeUIEHHbIM HCHTpallbHbIM aTOMOM TOI'O K€ XMUMHYECKOro
3JIEMEHTa, PU KOTOPOM 3JIEKTPOH € aTOMa MEPECKaKUBAET Ha NpOJIeTalOLLUH MUMO
MOH, HeHTpayin3ys ero. Takum oOpa3oM, B pe3ysibTaTe CTOJKHOBEHHS 0Opa3yeTcs
OBICTPBIH HEUTpaNIbHBIA aTOM, HMEIOILMH Te e UMITYJIbC U PHEPTHIO, YTO U HalleTa-
toliui MoH. Tak:ke oOpa3zyeTcs MeAJIeHHbIH HOH, HMEIOILUH YHEPrUIO MOpsaKa Terl-
JIOBOM DHEPI'HH N1EPBOHAUAIILHOIO HEHTpasibHOIo aroma. CeueHHe pe30HaHCHOM re-
pe3apsAaKH CYLLIECTBEHHO BEJMKO M A0CTHraeT 3nadeHuii ~ 107Mem?, uto 3Hauu-
TCJIBHO TMPEBBILIACT 3HAYCHMS CEUEHMH YNPYrMx M HEYNpYrux CTOJIKHOBEHHMH
MEXKIy HOHAMH M aTOMamHu OJHOrO COpTa, KOTOpble HaxoAATcs B auanasone 10°
'%cm?. MexaHu3M pe30HaHCHON nepe3apsiiki sBJSeTCs MCTOUHHUKOM MEUIEHHBIX
MOJIOKUTEJIbHBIX HOHOB, IBHKYIIMXCS B okpyxatoinem CIT/ npocTpaHcTBe, BKIIO-
yasi oOpaTHyto nonycdepy. B utore npuBoauTcsi BBIBOJ ABYX THHOB CHCTEM MO-
NeJIbHbIX KHHETHYECKUX YPaBHEHHH AJis Pe30HaHCHOM nepe3apsaikd Al QYHKLHU
pacrpeaeneHHil HOHOB f M HeTPaNnoB g. DIEKTPHUECKOTO NOJA £ ONpPeCNseTcs C
NOMOLLBIO 000011IeHUS THITOTE3bl <<TE€PMaJIM30BaHHOIO MOTEHLIHAaNa>> U MpHUBIe-
YEHHMS YpaBHECHHS JBMKCHHUS U1l JIeKTpOHHON KoMrioHeHThl. [TokasbiBaeTcs, 4To
00¢ MOoCTpOoeHHbIE MOIENH YIOBIETBOPSIIOT BCEM OCHOBHBIM TpeDOBaHMAM, I1PETb-
SBJISIEMBIM K CO3/1aBa€MbIM KMHETHYCCKHM YPaBHEHHSAM.



B Tpetbeil rnase hopmynupyeTcs 3aiava A5 HaXOKIACHHUS PeLIeHUs B TpeX-
MEPHOH HECTALlMOHAPHOM NMOCTAHOBKE MOCTPOEHHBIX B rJ1aBe 2 HHTerpo-auddepen-
IHaJbHBIX KMHETHYECKHX ypaBHeHHiH. OHa BKITIOYaeT MOCTAHOBKY TPAHHUYHbBIX H
HavaJlbHbIX YC/IOBUH W ONpejiesieHUs BXOJISLIHMX B MOAE]b MOMEHTOB OT (VHKIHIA
pacnpe/le/ieHHss MOHOB M HeiTpanos. [Ins pewienus noctaBieHHO# 3a1a4a Obla co-
3JlaH YMCJIEHHBII METOJ, NPH MOMOLIA KOTOPOro OblIM MOJYUYeHbl YHCIIEHHbIE pe-
LLIEHUS /U1l OOOUX YIOMSIHYTBIX BbILlIe MOJE/IbHBIX KHHETUUECKUX ypaBHeHu#. Mc-
10Jb3yEMbIH B IMCCEPTAUMH YUCIEHHBIH METO/1 €CTh MOAU(DUKALKS YAaCTO UCTIOJIb-
3yEMOro B JMHAMHKE Pa3peKeHHOro raza MeToAa pacLUCUIEHHUs MO (PHU3UUECKHM
npoteccaM. MojiduKalus 3aKI0uanach B TOM, YTO BIUSIHUE CHIIOBOIO UJieHa yUH-
TbIBAJIaCh Ha 3Tarne penakcauuu. Takxe, B IpeAcTaBIeHHOM B IHCCEPTALIMM METO/1e
MOHbI, UMEIOLIHE DOJIBILYIO N0 OCH Z KOMIIOHEHTY MaKpOCKOMHMUYECKOH CKOPOCTH,
paccMaTpHUBAKOTCS OTAEAbHO OT MOHOB, POJMBIUMXCS B pe3ysbTaTe mnepe3apsijikH.
[TepBasi rpyrnina HOHOB — HOHBI, HEMOCPEACTBEHHO BbIXOAsILIME U3 ABurarens. [ Ipen-
MoJIaraeTcsi, UTO TAKHE HOHBI HE POXKAAIOTCS B pe3yJibTaTe nepe3apsakd. JTO Moj-
TBEP’KJ/ICHO KaK KCEPUMEHTANbHBIMU HCCIEJOBAaHUSAMU, TAK U pacyeTaMu, poBe-
J€HHBIMH B CTaLlMOHAPHOM ciiyyae. OCHOBHAs TPYAHOCTb, C KOTOPOH CTONKHYJICH
JAMCCEPTAHT — 3TO y4eT B UHCICHHOM PELUIEHUH CHHIYJIAPHOCTH B IPaHHYHOM VCJI0-
BrH. Kak nokasaHo B 1MccepTalliy He YUEeT CUHTYJISIPHOCTH B I'PAaHUYHbBIX YCJIOBHSX
[PUBOJIMT K HEMPAaBHJILHOW KapTHHE TeueHus. JluccepTanToM OblT co31aH BapHaHT
pPaBHOMEPHO MPHUIOAHON YHCIEHHOH CXEeMbl BBIYMCIICHUS TPEXKpPaTHBIX WHTerpa-
J10B, KOTOPBIH N03BOJIMI, KaK MOKa3a/li CPABHEHUS Pe3yJbTaTOB BBIUYMCIEHUH € 3KC-
MEPUMEHTANIbHBIMH JAHHBIMH, PEIUUTH 3Ty npodsemy. TakuM oOpa3om, co3/laHHbIH
B JAMCCEepTaLMK{ YMCIEHHBIH METO/ M03BOJISET UCCAeA0BaTh NPUHIIMNHAIBHO HECTa-
LLMOHapHble 3G (}EeKThl, BO3HHKAIOLIME B CTPYE CTALIMOHAPHBIX MJIA3MEHHbIX JIBUTa-
TeJIeH W pelarh CTalMOHapHbIE 3a/1a4d METO/I0M YCTaHOBJIEHHUS.

Bce pe3yabTaThl pacueToB, KOTOpbIE MPeACTaBIeHbl B YUeTBEPTOMN rJ1aBe JAMC-
cepTalHu ObLIX BBINOJHEHbI U1 CHCTEMbI MO/ICJIbHBIX KHHETHUYECKUX YPaBHEHHMIA ¢
4acTOTaMHM CTOJIKHOBEHMH, He 3aBHUCALUMMHM OT CKOpPOCTEH HOHOB M HEUTpasoB.
BBl BBINOJHEH TaKXke pacyeT MOJEIH € YacTOTaMH CTOJNKHOBEHHH, 3aBUCSLLIMMH
OT MUKPOCKONHYECKUX CKOPOCTEH HOHOB W HelTpaloB. CpaBHEeHHE 00eUX pacyeToB
HE BBISIBUJIO MPUHLMITHANBHBIX OTIMYKEA. B 3T0ii rnaBe pazpaboTaHa MeTOAMKA NPO-
BE/IEHMsl CPABHEHUs PE3YJIbTATOB BbIUUCIEHHH C IPOBEJAEHHBIMH dKCNIEPHMEHTAMH.

3. OcHoBHbIe pe3yJibTaThl AHCCEPTALHH

I. Ouenku uncen KnyaceHa nokasanu, 4to JIJ1sl pelleHus MOCTaBIeHHOM 3a1a4u

Haudosee aJeKBAaTHBIM SIBJISIETCS MCIMOJb30BAaHHE METOAOB KMHETHYECKOU

TEOPHH.

[TocTpoeHHas KHHeTHYECKast MOJe/Ib 3HAUHUTE/ILHO PaciuMpsieT BO3MOKHOCTH

MOjIeJIMpOoBaHms TeueHMst masmbl W3 CI1/] v no3BosnsgeT MojenupoBarh He-

cTaurMoHapHbIe 3((DEKThI B CTpye.

3. Jlng peiieHHst CUCTEMBbI MOJCJIbHBIX YpaBHEHHH pa3padoTaH OpHrHHAIbHbIH
METO/1 pacCLLENICHUs NpoLecca HCTEUEHHs CTPYH TJ1a3Mbl Ha 0oJiee pocThblie
O/IHOMepHBIe (YU3UUECKHE MPOLECCHI, UTO MO3BOJHIIO PELIUTL COCTABICHHYIO
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CUCTEMY NMPUMEHUTENBHO K AaHHOH 3aiaye. B oTiyuMe oT aHalnoru4HbIX Mo-
JeNed, B pacdeT BBEAEHbI YaCTOThl CTOJKHOBEHHS HOHOB M HEHTpasloB MpH
pe30HaHCHOM nepe3aps/iKe B 3aBUCMMOCTH OT OTHOCHTEIbHBIX CKOPOCTEil Ya-
CTHLL

4. Ilony4yeHo YMCIEHHOE pelIeHUe CUCTEMbI MOJEJbHBIX KHHETHYECKHUX MHTe-
rpo-nuddepeHunanbHbIX YpaBHeHUH Ans GYHKUUH pacrnpeneneHUs WOHOB
OCHOBHOTO My4Ka W HOHOB Mepe3apsi/iKi, a TaKKe HeHTpalbHbIX aTOMOB.

5. TloayueHbl pe3yabTaThl A ONpeeieHUs BAUSHHS MOCTOSHHOTO BHELIHETO
MarHMTHOIO MOJISl Ha McTeueHrue cTpyM miaasmel W3 CII/ v npoBeneHs! nep-
BHYHbIE pacyeThbl C NPUMEHEHHEM JaHHOH MO Ie/IH.

6. PazpaboraHHbie Monenn BepH(DULIMPOBAHBI CpaBHEHUEM PACUeTHbIX AaHHbIX
C IKCMEPUMEHTANBHO MoJlydyeHHbIMU. C NpHMeHEHHeM CO34aHHOro rNnakera
NPUKIAAHBIX TIPOrpamMM MOoJYy4YeHO HarsAHoe 0TOOpaKeHHe pa3BUTHS Teue-
HUS B IPOCTPAHCTBE U BPEMEHH.

7. Bpinonnennas pabota npejacrapiser coOOH AeTalbHOC HCCIICIOBAHHE Te4e-
HUS TJ1a3MEHHOM CTPYH B HECTAlMOHAPHOW TpeXMEPHOM MOCTaHOBKE 3aJauu
W [103BOJISIET pacCUMTHIBATh pacrpe/ieeHuss HOHOB M HEHUTpanoB B CTpye Kak
Ha KBa3UCTAllMOHAPHOM peXKuMe paboTbl ABUraTessl, Tak M Ha NMEPeXo/HbIX
pekuMax paboThl, BKIOUAs PEKUMbl BKIKOUEHHUS M BbIKIKOUYEHUS ABUraTe-
new.

4. 3aMeuyaHHus No AHCCePTALHH

I. B nucceprauuu gaHo 00OCHOBaHHE NMPUMEHEHHs KHHETHUYECKOH TEOpHUH /st
aHanu3a CTPYMHOro TeUeHUs, HO HEJ0CTAaTOYHO BHUMAHHUS YEJEHO aHalu3y
albTEPHATUBHBIX METO/OB.

Mojenb CylIeCTBEHHO UCIONb3YeT MUIOTe3Y «TePMalH30BAHHOIO MOTEHIHU-

ana». JKenareabHo ObL10 Obl AaTh O0OCHOBAHUE MUCIMONb30BAHMS 3TOM IHITO-

TE3bl.

3. Uucno pacueToB Mo MOJENH ¢ YaCTOTAMHU, 3aBUCSLIMMH OT CKOPOCTH HOHOB
M HEHWTpasloB LiesecooOpa3Hee OblIO Obl YBEIMUYUTD.

4. YucneHHYIO cXeMy, BLIOpaHHYIO B AUCCEPTALUU ClIe0Baso Obl CONMPOBOAHTH
pacyeTaMM, HJUTIOCTPUPYIOUIMMH TOYHOCTb MCIMOJb3YEMOH B JHCCEpPTALMH
CXEMBI.

5. MmeroTcst norpeitiHocTH B 0(pOpMIEHHH PUCYHKOB.

!‘J

5. O0wan oueHka padoTshl

[IpeacTraBneHHas K 3allUTe AUCCEpTaUMst ABJSETCA 3aKOHUYEHHOHM Hay4yHO-
KBaIMPHUKALMOHHOH pabOTOM, NOCBAIEHHOH aKTYallbHON TEME W BbINOJIHEHHOH Ha
BLICOKOM ypoBHe. [lonyueHHble B padoTe pe3yibTaThl 001a1al0T Hay4HOH HOBM3-
HOW M NPEACTABIAKT UHTEPEC NI UCNOJb30BaHMS B NPUKIAAHbIX 3aJa4yax, coOT-
BETCTBYIOT NYHKTY & nacnopra cneunanbHocTd 01.02.05 —«MexaHuka KHKOCTH,
rasa u rnjaasmbby. BelHOCHMMble Ha 3alIMTY MOJOKEHHUs NMPOULTH anpodauu B J10-
KJlajax Ha ceMHHapax U KoHdepeHUUsX U OblIM ONyOJIMKOBAHbI B PELIEH3UPYEMBbIX



KypHasiax, pekomenayembix BAK. ABTopedepaT MOJIHOCTbIO COOTBETCTBYET
COJIEPIKAHMIO AMCCepTaLliU.

6. 3akawuenue

Hucceprauvonnas padora M. B. AbrapsHa «YucneHHoe moJelnpoBaHHe
CTPYM pa3peKeHHOW Miaa3Mbl, UCXOJALIEH M3 3JEKTPOPEaKTHBHOTO JABWIraTesis»
YIOBIIETBOPSIET BCeM TpeOOBaHUAM, NPEAbABIAEMbIM K KaHJIHJATCKUM AUCCEpTa-
UMAM 110 (PU3HKO-MaTeMaTHYeCKUM HaykaM no cneuuansHoctd 01.02.05 — Mexa-
HHMKa )KUAKOCTH, ra3a v Njia3Mmel, a ee aBTop AdrapsH Mukasin BapranoBuy 3aciy-
’KHBAET NMPUCYXJICHUS €My YUYEHOH CTeleHH KaHauaaTa QU3HKO-MaTeMaTHYeCKHUX
HayK.

O¢uHaIbHBIA ONITOHEHT.
JlokTop (pM3UKO-MAaTEMaTHUECKHX HayK. /

[Tpodpeccop kadeapbt TeopeTudeckoit puzuku MI'OY Ky3nenos M. M.

I'ocy1apeTBeHHOE 00pa30BaTeILHOE YYpEkKIeHHE Bhicuiero obpazoBanns MoCKOBCKOI 001acTi
«MOCKOBCKHH rocy1apCTBEHHBIN 001aCTHOH YHHUBEPCHTETY.

[TouToBmiit aapec: 141014, Mocxonrekas obnacts. r. Muituii. yi. Beper Bonowmnoii. 1. 24,
Tenedon: (495) 780-09-43  Iu1. noyra: kaf-tfiz@mgou.ru

«3{» o (/)5— 2019 r.

[Noanucs Ky3nenosa M.M. Vﬂocmﬁepmo ,
HauaibHHK 0T/1€7a KaJpoB §
HAYHYHO-T1€,1aI O MYECKOTO
nepconasia MI'OY

()0:

Caitpynauna ALO.



