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UDC 533.92; 621.384.647
M.K. Dosbolayev, A.U. Utegenov, A.B. Tazhen, T.S. Ramazanov, M.T. Gabdullin

IETP, NNLOT, Al-Farabi Kazakh National University, Almaty, Kazakhstan
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DYNAMIC PROPERTIES OF PULSE PLASMA FLOW AND DUST
FORMATION IN THE PULSED PLASMA ACCELERATOR

Abstract. This paper presents the results of the experimental investigation of the pulsed beam characteristics.
Dynamic and transport properties of a pulsed plasma flow was considered. With high-speed camera of Phantom
v2512 a video plasma beam was held, after the processing, the speed of the pulse stream was determined. Materials
with fractal surfaces, similar to materials obtained in tokamaks were obtained.

Keywords: pulse-plasma accelerator, tokamak, candidate material, dusty plasma, fractal structure.

YK 533.92; 621.384.647
M.K. docOoaaeB, A.Y. YterenoB, A.b. Taxen, T.C. Pamazanos, M.T. I'abaynaun

HUNDT®, KazHY um. Anp-Dapadu, Anmatel, Kazaxcran

JTAHAMMWYECKHE CBOMCTBA UMITYJIbCHOTI'O
IIJIASMEHHOTI'O IIOTOKA U IBIV/IEOBPA3OBAHUE B UITY

AnHoTanusi. B jaHHOW paboTe MpPEACTaBICHBI PE3YJIbTAaThl IO SKCICPUMEHTAIBHOMY HCCIICIOBAHUIO
XapaKTEPUCTUK MMITYJIHCHOTO TUIa3MEHHOTO My4Ka. Belmu paccMOTpeHbl TUHAMUYECKUE U TPAHCIIOPTHBIE CBOMCTBA
HMIYJIBCHOTO IUIa3MEHHOro moToKa. C MOMOIIBI0 BBICOKOCKOPOCTHOM Kamepsl Phantom Bepcum v2512
MPOBOJIMIIACH BUJICOCHEMKH ILIA3MCHHOTO ITyYKa, M3 KOTOPOTO IOCie OO0pabOTKU ObLIa OmpeielicHa CKOPOCTh
HMIYJIBCHOTO IOTOKA. DJKCIIEPUMEHTATBHO OBLTH TIOJNyYCHBI MATEPUANBl C (DPaKTATGHBIMHA TIOBEPXHOCTSIMH,
AHAJIOTMYHO MaTepualiaM, OoJy4yaeMbIX B TOKaMaKax, BCIEICTBUE DPO3UH.

KirouyeBble c€10Ba: WMITyJBCHBIN ITUTa3MEHHBIN YCKOPUTENb, TOKAMAaK, KAHIWIATHBIA MaTepwai, IbUIeBas
1a3Ma, ppakTanbHas CTPYKTypa.

BBeaenue. Onuoii u3 3amad GU3NKA YOPABISIEMOTO TEPMOSIIEPHOTO CHHTE3a, OTHOCSIIUXCSA K
YIPaBICHUIO TOTOKAMM IUIA3MBbI, SIBISETCS MUHUMHU3AIMS DPO3UHM BHYTPUKAMEPHBIX JeTalel, B
YaCTHOCTH, TIEPBOM CTEHKH pEaKTopa, YTO MPHUBOAWT K OOPa30BaHUIO MHUTH (YaCTUI[ MHKPOHHOTO
pasMepa) ¥ HAaHOCTPYKTYPHBIX IPOIYKTOB.

Haxomenue meuin B 00beMe peakTopa B OCHOBHOM HTPAET OTPHUIATEIIbHYIO poJib. Bo-TiepBBIX, 3TO
MPUBOJUT K HEYCTONYMBOCTU TOPEHHUS BBICOKOTEMIIEPATypPHON IUIa3Mbl M 3apOXKIACHHUIO CPBIBOB, BO-
BTOPBIX, K 3aXBaTy W HAKOIUICHUIO TPHUTHSI, YTO MPEACTABISICT IPOOIeMy i 0€30IMacHOM dKCIUTyaTaIlinu
peaxTopa U ero 3KOHOMHYHOCTH [1-5].

Ha ceromusmiHuMi  JeHh B KayecTBE  KaHAWIATHBIX  MAaTCPUANOB,  OOpaIl€HHBIX K
BBICOKOTEMITEPATYPHOH TIa3Me, MPUHAT YIIIEPOAHBIN MaTepHall MM €r0 KOMITO3UT JJIsi OOJHUIIOBKH B
obyacTu cemapaTpuchl B nuBepTope. KaHAMIaTHRIMU MaTepHralaMid Ha3bIBAIOT T¢ MAaTEPHANIBI, KOTOPHIE
MOTJIH OBl 0XapaKTEePU30BaTh MPOIECCHI, TPOUCXOIAIINE C MaTepHalaMHi U3 KOTOPBIX CAETIaH PeakTop U
JUTSL HAXO0XKICHUS] HAMJTYYIIIero KOMIIO3UTa, KOTOPBIF MOT OBl 3aMEHHUTH MaTepHal JeTajeil peakTopa.

—— 48§ ——
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Hannas paboTa MOCBAILIEHA W3YyYEHHIO (OPMUPOBAHUS MBUIM NPH B3aHMMOJCHCTBUU YCKOPEHHOTO
UMITyJIbCHOTO IUIa3MEHHOI'O IIOTOKa C IpaUTHBIMU IUIACTUHAMU M IMHAMUKUA CaMoro mnortoka. Jlms
UMHUTAllMd M WCCIENOBaHWS JAHHOTO TIpolecca OBUI HCIOJb30BaH IJIa3MEHHBIH YCKOPHTENb
KOaKCHAJIBHOTO THUMA. YCKOPUTEIN KOAKCHATBHOTO THIIA SIBISIOTCS YHUBEPCAIbHBIMU YCTAaHOBKAMH IS
TeHepaluy UMIYJIbCHOTO IUIA3MEHHOTO MOTOKA M Ul U3yYCHHS B3aUMOICUCTBHS €r0 C KaHIUIATHBIMU
MaTepuasaMy epPBOH CTCHKH TEPMOAIEPHBIX yCTAaHOBOK.

IKCIIePHMEHTAJIbHASL YCTAHOBKA. OKCIEPHUMEHTAIBbHAS YCTAHOBKA HMITYJBCHOIO IJIa3MEHHOIO
yekoputenst UITY-30, coopannas 8 HUMDT®, cocTonTt u3 TpexX OCHOBHBIX YaCTEH: CHCTEMBI 3JICKTPOIOB
(mma3zma oOpa3yercss B MEKAJIEKTPOTHOM MPOCTPAHCTBE MPH TOJaue Ha HUX Pa3psSAHOTO HATPSKEHHS),
BaKyyMHOH CHCTEMBI U CHCTEMBl KOHACHCATOPOB (AJs1 HAKOIUICHHS SHEPTHU SJIEKTPUYECKOTO IO C
BBICOKOBOJIFTHOT'O UCTOYHUKA NUTaHKA). [IpuHIMnuanpHas cxeMa yCTaHOBKH [TOKa3aHa Ha pucyHke 1 [6].

B skcmepuMmeHTax B KayecTBe IIa3MOOOPA3yIOLIEro Tra3a ObUT HCIOJB30BaH BOJOPOJA WU aproH,
HanpsbKeHHe 3apsiiku KoHaeHcatopHoi Oarapen (C=100 mMx®) yckopurens BapbHpoBaioch oT 3 mo 14
kB.

HmnyabcHbINH I1a3MEeHHbIH
TaHeIb re’eparop H3MEPHTEJIbLHBIE
yIpaBleHHs AMITYTBCOB |1 pHbOpPLI YCKOPHTEIb
J] T ‘ CIIEKTPOMETP ‘ COJICHOH

CHCTEMA

J— JIEKTPOIOB
JNCKTPOJHHAMHYCCKHH

Knaman -~

54 i 30H],
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BaKyyMHBbIH
! 1 I _ N HACOC
| | HMIHHTPOH BaKyyYMHBIH p=10"-6 Topp
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) 1 |
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Pucynoxk 1 — [IpunnunuansHas cxema UMITyJIbCHOM IIa3MEHHOM YCTaHOBKH

Ha pucynke 2 moka3zaHa NMPHUHIUIMHANBHAS CXeMa MOJOKEHHM MUINCHW U KOHTeiHepa s cbopa
MaTepHaoB 3pO3HU BHYTPH ra3opaspsIHOTO peakTopa.

Pucynok 2 — [IpuHunnmanpHas cxema 3KCIepUMEHTaIbHON yCTaHOBKU:
1 — cuctema AIIEKTPOIOB; 2 — HANPABICHHBINA UMITYJIbCHBIN IJIa3MEHHBII MOTOK; 3 — MUILIEHB; 4 — KOHTEIHEp 1151 cCOOpKH
MaTepHaIoB IPO3NU
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[IpuHIMT ~ mEHCTBUS  YCTAaHOBKM OCHOBaH HA YCKOPEHUHM IUIa3MEHHOTO cryctka  (2),
c(hOpMUPOBAHHOTO B MEXKAIEKTPOJHOM TPOCTPAHCTBE NPU DIEKTPHUECKOM pa3psAae COOCTBEHHBIM
MAarHUTHBIM TOJIEM, BO3/eiicTBUEM cuiioi Jlopenna:

F=j-B,
6]
9KBHUBaJIEHTHOMN MAaroiuTHOMY JaBJICHUIO
BZ
P=_— 2
240

TJie j — TUIOTHOCTh TOKa; B — HaIpsKeHHOCTh MAarHUTHOTO TIOJIS; g — MarHUTHAs IIPOHUIIAEMOCTb.

J1 3TOT0 K KOAKCHAIhHO PACIONIOKEHHBIM AIeKTpoaam (1) mpukiragsiBaeTcsi BRBICOKOE HalpsDKEHUE,
a B pabodyell kamepe CO3/aeTCs BBICOKHH BakKyyM, JOCTATOYHBIM JJIsI pa3BUTUS paspsnga. Paspsn Ha
MEKAJIEKTPOIHOE MPOCTPAHCTBO MOJAaeTCsl ¢ HoMouUIbio paspsaauka (R). Paspsanuk npencrasisier coboit
JIBA KPYTIBIX IJIOCKOMApaIebHBIX MEIHBIX JTUCKOB, pa3felieHHBIX W30JIATOPOM U3 KarposioHa. Bakyym
co3maercsi OTHEIBHBIM (hopBaKyyMHBIM HacocoM. [IpoGoii BakyyMHOTO MPOMEKYTKa OCYIIECTBISAETCS
3aKUTaHUEM HHHULUHPYIOUIETO HCKPOBOIO pas3psiAa Ha IOKHUTaromeM s3Jekrpoie. Hampspkenwe s
TMOJIKHTA TIOAAETCS OT CHEeIMaTbHOTO UCTOYHHKA BRICOKOBOJIIETHOTO UMITYJTBCA.

JluHaMu4yeckHe W TPaHCHOPTHBbIE CBOMCTBA IUIa3MEHHOro mMoToka. Vccremys aTuHaMH4YECKue
CBOWCTBa UMITYJIbCHOTO TUIA3MEHHOTO MMOTOKA, HAMH OBUIO PACCMOTPEHO JBH)KEHHE MOTOKA C MCTEUEHHEM
BPEMEHH.

Ha nanHoM osrame paboThl ObUT HCCIIENOBAaH MEPEHOC IUIA3MEHHOTO TMOTOKa, a TakkKe OBUN
MIPOBECHBI JKCIEPUMEHTHI M0 OMPEAENCHUI0 CKOPOCTH. ODKCHEPUMEHTHI M0 HM3YUYEHHIO IJIa3MEHHOI0
noroka oOpazoBanHoro B MIIY-30 mpoBOOMIMCH € TMOMOIIBIO BBICOKOCKOPOCTHOM Kamepbl Phantom
Bepcun V2512 ¢ MakcHMalbHOW cKopocThio yacToTel 677000 kampoB B cekyHmy. Hms wu3ydeHus
JUHAMMKH TJIA3MEHHOTO TIOTOKA Ha HaIlleM JKCIepUMEHTE OBLIH 3aMCaHbl BUE03aINCH CO CKOPOCTHIO
470000 kanp/cexk. BumeocheMmka IUIa3MEHHOTO WIHYypa MPOU3BOAMIACH 4Yepe3 CBETOBOW (QUIBTP.
PesynbpraTel onpezneneHus] CKOPOCTH IIOTOKAa IOKa3aHbl Ha pUCyHKe 3. BuaHo, 4TO Ha mepBOM Kazpe
HayaJlo Myd4Ka OBUIO PaCIIOIOKEHO HA PACCTOSHHUU ~ 5 cM (pucyHok 3a) u Ha ~ 10 cM, KaK BHAHO U3
CIIeYFOINEro Kajapa (pucyHok 30).

a)

6)
Pucynok 3 — ®oTtonzobpakeHre IIa3MEeHHOTO Iy4Ka HalPaBJICHHOTO OT CUCTEMBI 3JICKTPOJIOB K MUIICHH U3 TpaduTa, KoTopas
pacrooxeHa Ha paccTosHUU 16 cM: a) — IIepBhId Kazp; 0) — CIeayromuil Kaap

Takum oOpa3oM, 3Hasg BpeMs MEXIy M[OCIEAYIONUMH KaJpaMH, OIpeaensaach CKOpPOCTh
TUIa3MEHHOTO MTOTOKA MpH HanpsbkeHuu 8 KB, koTopas coctaBuia ~23 KM/Cek.
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Taxke Mo pe3ynbTaTaM BUIACOCHEMKH OBIT OMPENETeH JUaMeTp IUIa3MEHHOTO IMIHYpa, KOTOPBIH
cocTaBmI ~ 4 cM (PUCYHOK 4):

il i i |

PucyHnok 4 — ®oTtonzobpakeHue mIa3MeHHOTO IIHypa

IIs1eo6pa3zoBanna B UIIY. B HacTosmiee BpeMs TPyAHO HE CUMTAThCS ¢ TeM (DaKTOM, 9TO BO
MHOTHX COBPEMEHHBIX IUIa3MEHHBIX JHEPTeTHYECKHMX YCTaHOBKAX, M3-32 B3aMMOJAEWUCTBHUS IUIa3MBbl C
MOBEPXHOCTHI0 MAaTEepPHAJIOB, B IIa3My IIOMAJAIOT MaKPOCKOIHMYECKUE YaCTHUIBI (pa3MepaMu J0
HECKOIILKUX COT€H MHKPOHOB) M3 00padaThiBaeMOro marepuaia (WM W3 MEepBOH CTEHKH TOKamaka). B
pe3ynpTaTe obpasyercs Ijia3mMa CIIOKHOTO COCTaBa: TaKyl IUIa3My Ha3bIBAIOT IBUIEBOW WM TUIA3MOM C
KOHICHCUPOBaHHOMW AMCIIEPCHO# (a3oii (0030psI [7-9]).

Ha paboty Tokamaka MbUTh BIUSET CIEIYIOIIUM 00pa3oM:

1) TBUTMHKH OXJAXIAIOT IJIa3My, ToMajasi B IEHTPaIbHYIO YacTh;

2) YacTHIIBI MBUIM WHHUIIMUPYET Majible BUXPH B NepudepuitHol miasme, yCHIHUBAIOT TPAHCIOPT
YaCTHUI[ U JHEPTUU HA CTCHKY, TEM CaMbIM CIIOCOOCTBYIOT OXJIQXKJICHHIO TUIA3MBI M CPbIBA ILIA3MEHHOTO
HIHYypa,

3) crabmim3anus paspsaa 3a CUeT WHKEKIUH MTBUTH FITH MHEPTHBIX T'a30B.

B cBsi3u ¢ 3TMM, M3ydYeHHE MBUICBOHM IIa3Mbl HAMPaBJICHO HAa KCCICIOBaHME MpoIecca 3apsiiKu
YacTHUI], CTPYKTYPbl U YCTOMYMBOCTH ILIa3MEHHO-TIBIJICBBIX 00pa3oBaHWil. MHOTO BHHMAaHHUS YUYEHBIX B
chepe (GU3UKM TIA3MBI YAETSIOTCS BBIACHEHHIO XapakTepa B3aWMOJEHCTBHS IHUIEBBIX MaKpPOYaCTHIL
MEXIy COOO0H, a TaKKe CUJI, IEUCTBYIONMUX HA MAaKPOYACTHILY CO CTOPOHBI OKPYKAIOIICH €€ TIa3MBbl.

Taxke CpbIBBI pa3psiia B TOKaMakax SIBJISIOTCS CEPbE3HON MpoOJeMOl, OrpaHUYMBAIONICH CPOK UX
cyx0b1. [IoaTOMy K HCCIEIOBaHHIO CpPBIBOB paspsia MOCBAINIEHO HeMano HaydHbeix pabort. Tak,
HampuMmep, B pabote [10] mpeacTaBiieHB pe3yiabTaThl KCIEPUMEHTAIBHBIX HCCIICIOBAHUN BIHSHUS
HamycKa OJIarOpoJIHBIX Ta30B Ha TMHAMHUKY Pa3BUTHUS CpbIBa paspsaa B Tokamake T-10. B skcriepumenTax
CPBIBBI pa3psiia BHI3BIBAINCH PA3HBIMH CITOCOOAMH: HapallUBaHUEM IJIOTHOCTH IUIA3MBI 10 TpeAeTbHON
W/WATN WHXKEKITUEH MeHTepreBOM WM MPUMECHOH (yriepoaHoi) MakpodacTuibl. OOHApYKEHO, YTO CIal
TOKa Tpu cpeiBe paspsna B T-10 mpoucxoaut B aBe (a3bl, KOTOPHIE OTIUYAIOTCS CYIIECTBEHHO JIPYT OT
JIpyra pa3HbIMH XapaKTepHBIMUA BpeMEHaMHU.

Ha ocHoOBe BpIIIEyKa3aHHOTO MOKHO TBEPAO yTBEP)KIATh HACKOIBKO BaYKHBI 3HAHUS O MEXaHU3Max
MbUIe00Pa30BaHMS B TEPMOSICPHBIX YCTAHOBKAX.

B nHamewm ciydae juis ucciaeIoBaHMs UCIIOIB30BAJC TpapUT KaK OJAWH U3 KaHJAUJATHBIX MaTEPHAJIOB
MEPBON CTEHKH COBPEMEHHBIX TePMOSIEPHBIX ycTaHOBOK. [ImactrHa u3 rpadwura (3) Oblia pacmonoxeHa
OT UCTOYHHUKA IJIa3Mbl Ha paccToaHuM 10 cM, o yriom 45 TpaycoB K OCHOBHOM OCH, KaK IMOKa3aHO Ha
pucyske 2. Takoe pacmoyio’keHHe MUILIEHH CAENaHO C LebIo 00Jiee TOYHOTO MOJEIUPOBAHHS TEOMETPHU
U TIpollecca 3pO3UM B YCTAaHOBKAaxX TOKamakK. MeTOAMKHM AMAarHOCTHKU W cOopa MbeUTH cienyromue. [Ipu
B3aMMOJICHCTBUH YCKOPEHHOTO IUTa3MEHHOTO CTyCTKa C IUIACTHHKOW TpaduTa Ha TOBEPXHOCTH
00pa3yroTcd HaHOCTPYKTYPHUPOBAHHBIE MJICHKH W YaCTHIIBI MBUIM, KOTOPHIE 32 CUET TEIUIOBOWM IHEPTUU
MOMAgal0T B KOHTEHHep i cOopa oOpasuoB (4). beutn ciiydam, Korja BHYTpU KOHTEWHepa
0o0HapyXMBAJINCH IUICHKH, BBHIPBAHHBIE C MOBEPXHOCTH TPadHUTOBHIN IIacTWHBL. BHyTpH KoHTelHepa
KOJUUIEKTOpa PACTONOKEHBl TPU CEKIIMOHHBIX (QWIBTPa U3 CTabHOH CETKW Uil MPEAOTBpAIlCHHS YX0/a
MBUTH 00PaTHO B BAKYYMHYIO Kamepy.
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Takum 0o0pa3zoM, TOIy4YeHHBIE 00pa3Ibl MOATBEPKAaIN 00pa30oBaHHE TUIEHOK C CHJILHOPA3BUTHIMU
MMOBEPXHOCTIMH U (hpaKTATFHBIMU MBUTMHKAME, TOYHO TaKWe ke, Kak B TEPMOSAEPHBIX yCTaHOBKax. Ha
pUCYHKE 5 TMOKa3aHa pacIulaBieHHas 00jacTh TIpadUTOBON IUIACTHHBI IOCNEC OOJIYYEHHUS JBaJIaTH
HMITYJIbCAMH TJIA3MEHHOTO CTyCTKa.

Pucynok 5 — [ToBepXHOCTH TpaUTOBOI IITACTHHBI TTOCIIE OOTYYEHHS TIIa3MON

Kak BuaHO M3 pHCYyHKa IOBEPXHOCTb HMMeEET YIiIyOneHHe, KOTopoe o0pa30Bajioch BO BpeMs
JUINTENIBHOTO (IIOBTOPSIIOIMECS HECKOIbKO COTEH MHKPOCEKYHI) B3aUMOJEWUCTBUS C IUIA3MEHHBIM
MOTOKOM. Take BUHO, 4YTO OHA MMEET HECKOIBKO CJIOEB, TO €CTh ABIAETCS CIOUCTON TUIEHKOH.

Teneps paccMOTpUM TIJIEHKH W IBUIH, OTOPBAHHBIE OT TAKUX MECT M yNaBIIME Ha KOHTEWHep, Kak
MIOKA3aHO Ha pUCYHKe 6 — 0011as KapTuHa IPYMIIEI TAKUX MJICHOK U YaCTHIL Ha MOJIOKKE.

Pucynox 6 — OGmuii BUJ INICHOK U YacTHI] (TIBUIH) ¢ HAHOCTPYKTYPHPOBAHHEIMU [TOBEPXHOCTSIMH

KpacHbIMH Kpy>KKaMH BBIJICJICHBI IUJICHKH C HAHOCTPYKTYPUPOBAHHBIMHU MOBEPXHOCTSAMH. B
OOJIBIIMHCTBE CITy4YaeB IUICHKU C Pa3BUTHIM pelbe()OM UMEIOT IPaHyJIbl C HECKOJIBKIMHU HEePapXHIECKUMU
ypoBHAMHU. KpyIHBIe rpaHyIsl cOCTOAT U3 00JIee MENKHX JIEMEHTOB, KOTOPBIE, B CBOIO OYepe/lb, COCTOST
u3 eme Oonee Menkux. Takoe oOpa3oBaHWe XapakTepHO Uil (paKTalIbHBIX CTPYKTyp. PaHblie
Ipeanonarasoch, 4ro OOpa30BaHMIO TAaKOro BHJA CTPYKTYp CIIOCOOCTBYET HOSBICHHE IPUMECH,
HarpuMep, Ha MOBEPXHOCTH BOJIb()PaMOBOIi TJICHKH 00pa3oBanach (pakTaiabHas CTPYKTYpa U3 IPHMECH
C, J, Ca Fe, Cr, Cu [11]. Ogua u3 npuMepoB (paKTalbHOW CTPYKTYphl COOCTBEHHOTO MaTrepualia
NpeACTaBlIeH Ha PUCYHKE 7, KOTOpbIe OBUIN MOJYYEHBI B XOJ€ JAHHOTO dKCIEpUMEHTa. Takke 3aMETHO,

— §) ——
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YTO 3TH CTPYKTYPBl COCTOSAT W3 Pa3BETBICHHBIX CTPYKTYpP THIA «IBETHOH KAIyCTBD», POCT TaKUX
CTPYKTYp MOXeET OBITh CBSI3aH KaK C MPOIECCOM OCAXJCHUS, TaK U C MpoleccoM TUPPy3un aIaToMOB.
st aTor0 TpebyeTcs OMHOBPEMEHHOE BBIITOTHEHUE CIICYIONINX YCIIOBHA:

a) [ToTok aTOMOB JTOJKEH OBITH U30TPOITHBIM, TeMIepaTypa moatoxku mana (~300 K).

0) HeoOxomumo HamuuWe Ha4yallbHOW HEPOBHOCTH, TaKWE€ YCIOBHA CO3IAOTCS B  HAIIUX
IKCIIEPUMEHTAX.

Pucynok 7 — ®dpakranbHas CTPyKTypa 4acTuilbl rpadura

[puurHOW TNOSBJICHUS IUICHKA C Pa3NUYHBIMH penbedaMu (TIaJKkue, CIOMCThIC, ¢ (PpakTaTbHON
CTPYKTYpOii) MOXKET OBbITh MOSBJICHUE YCTOMUYMBBIX KIACTEPOB, JHUOO B pe3yibrare (IyKTyallHOHHOTO
00pa3oBaHUs 3apOJIbIIIEH KPUTHYECKOTO pa3Mepa. [Ipu BRICOKMX TeMIepaTypax MOBEPXHOCTH, BO3MOXKEH
MEPEHOC aJaTOMOB K Oojiee TOpIYUM OdieMeHTaM penbeda (K MOBEPXHOCTH IUICHKH) BCIEACTBUC
yOBIBaHUS PHEPTHH aKTHBANUU TU(G(GY3UH C POCTOM TEMIIEpPaTypbl. JTO CIIOCOOCTBYeT 00pa30BaHUIO
Pa3BUTOM CTPYKTYphI HA TIOBEPXHOCTH, KaK MOKa3aHO Ha PUCYHKE 8.
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HV |mag O] mode | WD | HFW |
15.00 kV| 50 000 x | Custom [14.7 mm |5.97 pm KazNU NANOLAB

PucyHnok 8 — Bua noBepXHOCTH YITICBOAOPOIHBIX YACTHLL,
MOJIyYEHHBIX C IOMOIBIO 3EKTPOHHOIO0 CKaHUPYIOIEr0 MUKPOCKOIIa

Kpome Toro, pocTy KiIacTepoB «CHH3Y-BBEPX» MOXKET CHOCOOCTBOBATh WX KPHCTALTHIECKAs
CTPYKTypa: MPEUMYIIECTBEHHO PACTyT KPUCTA/UIB, y KOTOPBIX OCh TMEPICHIUKYJIIPHA TpPaHU C
HauMeHbIIel mIoTHOCTEIO (3akoHBI LllyOHMKOBaA 1 bpaBd), a Taxke dydlee 3aKperuieHHe Ha BEepIIUHAX
KJIACTEPOB B CHITY OOJBIICH KPUBU3HBI (M CICACTBEHHO, OONBIIET0 KOJIMYECTBA JIOBYIIEK IS aaTOMOB)
TaKHUX Y4aCTKOB IIOBEPXHOCTH.

Takum 00pa3oM, MPUBEACHHBIC 3KCIIEPUMECHTAIBHBIC PE3YJIbTAThl XapaKTEPU3YIOT CBOMCTBA (COCTaB,
pasMepsl U T.I.) TUIGHOK M TBIJICBBIX YAacTUI[ B TOKaMakaxX M JPYTHX TEPMOSACPHBIX YCTaHOBKax. Tem
CaMbIM JIal0T BO3MOXKHOCTBH TMONydaTh Oosiee TIyOOKyro HWH(popMainmio 00 WX CBOWCTBAX M MOTYT
O0O0BSICHUTH MEXaHU3MBI MTBUICO0pPa30BaHus U 00pPa30BaHUs TICHOK ¢ CHIIBHOPA3BUTHIMU TOBEPXHOCTSIMU.

3akaouenne. bpun wccnenoBaHbl TWHAMHYECKHE XapaKTEPUCTHKH WMIYJIHCHOTO ILIA3MEHHOTO
motoka B MITY-30 ¢ momMompi0 BEICOKOCKOPOCTHON BHACOKaMephbl. B pe3ynmbraTe OBLIO BEIIBICHO, YTO
UMITYJIbCHBIN TUTa3MEHHBIN MOTOKa UMEET CKOPOCTh ~23 KM/CEK ¢ JUaMEeTpOM IIa3MEHHOTO CrycTka ~ 4
cM nipu HanpspkeHnn 8 KB. Takoke ObLTH MOJTy4eHBbI 00pas3iibl, OTBEPKAAMIINE 00pa30BaHKE TICHOK C
CHIIBHOPA3BUTHIMH TIOBEPXHOCTSIMH ¥ (DpakTalbHRIMA TBUIMHKAMH, TOYHO Takhe J>Ke, KaK B
TEPMOSIICPHBIX YCTaHOBKax. BbIsBIEHO, 4TO oOpa3oBaHHe (PAKTANBHBIX CTPYKTYp, COCTOSIINE W3
Pa3BETBJICHHBIX CTPYKTYP THIIA «I[BETHOW KaITyCThI», CBA3aHBI C IporieccoM quddy3un aaToMOB.

Paboma 6wina evinoanena npu noodepoicke Munucmepcmea obpazosanusi u Hayku Pecnybnuxu
Kazaxcman ¢ pamxax epanma 3112/ D4.
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M.K. docOonaeB, A.Y. Yterenon, A.b. Taxen, T.C. Pama3zanos, M.T. I'adayiiun

HUMITYJIbCTIK ILTA3SMAJIBIK AFBIHHBIH TUHAMHUKAJIBIK KACUETTEPI MEH
UMITYJBbCTI IVIASMAJIBIK YAETKIIITEI'T TO3AHHBIH TAUJIA BOJIYbI

AnHoTanus. bepinreH >KYMBICTa WMIYJIBCTI AFBIHHBIH CHIATTAMANIApPBIH SKCICPUMEHT XY3IHIEC 3epTTey
HOTIDKENepi KenTipinred. VMOynbCcTi IDIa3MaiblK aFbIHHBIH JWHAMHKAJIBIK JKOHE TPAHCHOPTTHIK KACHETTepi
KapacTeIppUIFad. Phantom v2512 BepcHsutbl KOFaphl JKBULAAMIBIKTEI KaMepa apKbUIbl IUIa3Mallbl aFbIH Tacliara
TYCIpUTI, HOTHXKENepAi eHAeY apKbUIbl UMITYJBCTI aFbIHHBIH JKBUIIAMIIBIFBl aHBIKTAIIBL. OKCHEPUMEHT XKY3iHIC
TOKaMaKTap/a albIHATHIH MaTeprangapra coiikec gpaxran OeTTi MaTepuangap aabIHABL.

Tyifin ce3mep: UMIyIbCTi IJIa3MalbIK YASTKINI, TOKaMaK, KaHIUAATTBIK Marepuall, TO3aHJbl I[UIa3Ma,
(bpakTanmbl KYphUTBIM.
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