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MOJEJIb COTHEYHOM BCIBIIIKA B PAMKAX YIIPABJISIEMOI'O TEPMO-

SAJIEPHOI'O PEAKTOPA «(IIJTASMEHHBII ®OKY C».

AnHoTamnus. B paboTe Ha OCHOBe aHaM3a TEOPETHUUECKUX MOJENeH 00pa3oBaHuUs COJ-
HEYHBIX BCIIBIIICK, MPeIaracTcs KOHICITYIBHbBI MOJIEIBHBIN MMOIX0]], OCHOBAaHHBIN HA TPO-
TEKaHHS COJIHEYHOHN BCIIBIIIKK C TPOIECCAMH B AIEKTpHueckoi mermn. OgHuM u3 Hamboiee
OJIM3KUX T10 Py MapaMeTPOB K COJIHEYHBIM BCITBIIIKAM SIBIISTFOTCS IPOIIECCHI BOIFOINY TIa3-
MEHHBIX 00BEKTOB B ycTaHOBKe «lLma3MenHsIii (hoxyc». Ha ocHOBe du3udeckn 000CHOBaHHOTO
CXOZICTBA MPOIIECCOB, MPOTEKAIOIINX B IIIa3MEHHOM (DOKYCE M COTHEYHOW BCIIBIIIKE BBISBICHBI
3aKOHOMEPHOCTH, MO3BOJISIONINE MPOCIEANTh NU3MEHEHHE TeMIIEpPaTyphl MIa3Mbl B 3aBHCHMO-
CTH OT M3MCHCHHUs pabounX MapamMeTpoB YCTAHOBKU. B UTOre MONydeHBI MapaMmeTpbl MOJIEIH
COOTBETCTBYIOIINE MaKCHMAaJIbHOMY MPHOIIKEHUIO K peabHBIM ycloBusIM. C HCIOTB30BaHU-
€M MPOTPaMMHOTO si3bika C++ MpHUBeNeHBI PacuéThl U aHAIM3 3aBUCHMOCTH TEMIEPaTyphl OT
MapaMeTpPoOB YCTAHOBKH: MAacChl Ta3a U CKOPOCTH HAJICTAIOIIUX YaCTHI], COMPOTHBIICHUS Ha-
Tpy3kd B TUa3MeHHOM (okyce. JlokazaHo, 4TO (DM3MUYECKYH) MOJEIh COJIHEYHOH BCIIBIIIKH
«DneKTprUecKas IeTb» BO3MOXKHO Pealn30BaTh Ha CYIIECTBYIOIIEH MaTepHalbHOW Oa3e ycTa-
HOBKH IUTa3MEHHOTO (hOKyca ¢ y4éTOM MacITabMpOBaHUS BCIBIIIICYHOTO Tporecca. [ paduku
3aBHCHMOCTH TEMIEPATYphl BCIBIIICK OT CKOPOCTH YaCTHI], COTPOTUBICHHS KOHTYpa CBHJIE-
TEJIBCTBYIOT 00 MACHTHYHOCTH COJTHEYHOW BCIBIIIKA M TUIa3MeHHOro ¢okyca. [lomyueHHbie
JaHHBIE He MPOTHBOpPEYAT PEATbHBIM JIAHHBIM U UMEIOT OTHOCHUTENNBHOE COBIIAJICHNE B MPOIIEC-
Ce MPOTEKaHWs HECTAI[MOHAPHBIX MPOIECCOB, Mpoleccax (OPMHUPOBAHHUS IHEPTETUICCKOTO
BCIDIECKA.

KioueBble ¢J10Ba: COJTHEYHBIE BCIBIIIKH, TUIA3MEHHBIA (DOKYC, Pa3psSaHbINA TOK, HHIYK-
TUBHOCTh KOHTYpa, CKOPOCTh HAJICTAIOIINX YAaCTHII, TEMIIEPATypa, SHEPTOBBIACICHHE, dICKTPU-

YCeCKad 1ICIb, JaBJICHUC.

Beenenune

CoJHIle KaK UEHTPAIBbHOE TEJIO Halllel
Conneunoit Cuctembl Bcerjga IPHUBIEKAIO
Hay4YHBIN MHTEpEC YesloBeKa. SBISACH, MO Cy-
TH, MCTOYHHKOM >XM3HM Ha 3emie, ConHue
MOJYJIHUPYET pa3IuYHble MPOLECCHl, MpOTe-
Karole B aTMocdepe ¥ B MarHUTHOM II0JIE
3emii, MOCPEACTBOM COJHEUYHO-3€MHBIX CBS-
3ei. DHEepPreTH4ecKUM UCTOUHUKOM OCYILECT-
BJICHUS TOCJIEIHUX, SBJSIOTCS TaKHe Mpolec-
Chl KaK COJHEYHBIE BCIBIIIKU, SPYNTUBHBIC
pOTyOepaHIbl, KOPOHAJIbHBIE BEIOPOCHL. DTO
00CTOSATETLCTBO OOYCIIABIMBAIOT AKMYAlb-
HOCmb HAIIETO HCCIENI0BaHUs, KOTOPYIO J10-
MOJIHUTEIBHO YCHJIMBA€T OTCYTCTBHE TaKOM
¢bu3nvecku TOYHON MOJENIH MPOHCXOKACHUS
1 (HOpMHUPOBAHMS COJTHEYHBIX BCIIBIIIEK, KO-
TOPYIO MOXKHO OBLIO OBl peann30BaTh JKCIIC-
pumeHTanbHo. Hanbonee mnepcnekTUBHBI B
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ATOM OTHOIIECHUU WMITYJIbCHBIC TUIa3MCHHBIC
YCKOPUTENH, MPEACTABIAIONINE UHTEpEC AJs
IKCIIEPUMEHTATOPOB HE TOJILKO KaK OOBEKTHI
MPUKJIAJHBIX HCCIEA0BAaHUMN, HO U B KAUYECTBE
MOJICTIbHBIX YCTAaHOBOK ISl HCCJIEIOBaHUS
MPOLIECCOB, MPOUCXOISIINX B KOCMHYECKUX
oObekTax. B manHOW pabore mpemiaraercs
UCIOJIb30BaTh JKCIEPUMEHTAIbHBI TEepMO-
SIEPHBINA peakTop "TurasMeHHbId (Qokyc" mms
U3YYEHHUs TMPOLECCOB 00pa30BaHUS COIHEY-
HBIX BCITBILIEK.

Mopens uccie0BaHuA

Jlnist Toro 4yToOB! (PU3UYECKU a/IeKBATHO
U3y4daTh HEJOCTUI'AEMBIC B 3€MHBIX YCIOBHAX
MPOIIECChl, Ba)KHO CO37aTh HJICAIBHYIO MO-
JeJb Iporiecca, KoTopasi Obl COOTBETCTBOBAJIO
€ro OOBSCHEHHIO C TOYKU 3PEHHS M3BECTHBIX
(bU3MYECKUX 3aKOHOB, a MO3KE YCIOXKHSAS U
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COBEPIICHCTBYS 3Ty MOJENb, MPUOINKATH €€
K peaJbHbIM YCIOBHSIM.

[ToctaBuB 1eNBI0 OOOOIIMTHE MOJIENb
COJIHEYHOM BCIBIIIKY, U IPUHIB BO BHUMAHHE
OCOOCHHOCTH YIIPABJISEMOTO TEPMOSAEPHOTO
peaktopa «llmasmenHwiii Qokyc», wumeer
CMBICII TIPOBECTH CPABHUTEIBHBIN aHAIU3 HA
(bu3NYECKyI0 COBMECTUMOCTh IO OIpeeseH-
HBIM TapaMeTpaM JITHX JBYX OOBEKTOB WC-
cinenoBaHus. i KpUTEpHUATBHOIO CpaBHe-
HUS MBI PACCMOTPENU YEThIPE KIIOUEBBIX Ma-
paMeTrpa: MexXaHu3M MPOTEKaHMS Ipolecca,
pabouuii matepuain, HaJUuue HEHUTPOHHOTO
BBIXOJIa, MTApaMETPUUYECKUX JIaHHBIX, HE00XO-
JTUMBIX JJIsl IPOTEKAaHUS TMpoiecca 0opazoBa-
HUs 1w1a3Mmbl [ 1-3]. Pe3ynbTaT cpaBHUTEIBHO-
rO aHaJIM3a MpeACTaBiieH B Tabnwuie 1.

Ta6muua 1. B3zaumocssss 1D u conneunoit
BCHBIIIKH.

Il1a3MeHHbBIH Coaueuynas
dokyc BCIBIIKA

Mexanu3m o0pa3oBaHusi

IIpn paspspe KoH-
JeHcaTopHOW  Oara-
peu 1o H30JATOpY
MEXy 3JIEKTPOJIaMu
MPOXOTUT DIIEKTPH-
YECKUH TOK U 00pa-

3yeTcst TOKOILIa3-
MeHHast  000JIoYKa.
Ota 000J104UKa
«BCXJIOTBIBAET» B
IUIOTHOE IIMHYEBOE

oOpazoBaHue  TIpH

KonBeprentHele  Te-
YEHUSI CIOCOOCTBYIOT
ckaruto  orocdep-
HOHM IJIa3MBI, a CIOBH-
TOBBIE TEUCHUS — pac-
TSHYTh. B pe3ynbraTte
TaKOI0 B3aUMOJIEHUCT-
BHsI 00paszyercss CBO-
OoxHasgs  Mar"HuTHas
SHEPTHsI, «CIOCOOCT-
BYIOIIAs» BCIBIIICY-
HOMY TMpoleccy —

KOHTAKTC C BCHICCT- | «BCXJIOIIBIBAHUS
BOM I1JIa3MBEI.
ITapamerpsbl

Imax=10° A, T=10° | Imax=10° A, T=10’
K, v=10° cwm/c, | K, v=10"cm/c, n=10""
n=10"% cm™ oM

HelTpOHHBIH BBIX0/
OPUCYTCTBYET | OPUCYTCTBYET

«Paboumii MaTepua»

JNEUTepUil WIH JeW-
TEpUU-TPUTUEBAS
CMECh

BOJIOpOHAS TUIa3Ma

Kak Bugum, napaMmerpbl YCTaHOBKH

IUIa3MEeHHOTo (OoKyca OueHb OJIM3KH K Tapa-
METpaM COJIHCYHBIX BCIBIIIEK, YTO JIAaeT BCE

OCHOBaHMS YTBEPXKJIaTb O BO3MOXHOCTH HC-
MOJIb30BaHUA €€ B M3YYEHUU COJHEYHBIX
BCIIBIIIEK.

Ecan npoBoauTh aHANOrUI0 MEXaHW3Ma
o0pa3oBaHMs COJNTHEYHON BCTBIIIKU C DJICK-
TPUYECKON IENbl0, TO CIEAyeT OOpaTUuTh
BHUMaHHE Ha JBa OOCTOSITENBCTBA, O KOTO-
PBIX YIIOMHHAETCS B UCTOYHUKE [4]:

- BCIIBIIIKA — 3TO HECTAIlMOHAPHBIN Mpoliecc,
JUISL OMMCAHUsl SHEProOBBIIEICHUS KOTOPOro
HEJIb3s1 UCTOIb30BaTh 3akOH OMa B ero KJjac-
CUYECKOM BBIPAKECHHH:

j=s*E (1)
- BAXHO YYMUTBIBaTh, YTO IJIABHYIO pOJIb B
JUCCUTIALIMKA DHEPTUU 3JIEKTPUYECKOTO TOKa
BO BpeMs BCHBIIIKH MPUHAJIEKUT HEUTPAIIb-
HOM KOMIIOHEHTE IUIa3Mbl, 3a CUET, coyAape-
HUSI MIOHOB C HEUTpAJIaMH.

PaccmorpuM  Mozens  KOPOHAJIBHOU
MarHuTHOM apKH, B Yy3JaX KOHBEKTHBHBIX
CTPYKTYp KOTOPOM, PacCIOI0KEHbl OCHOBAHUS
SYEEK CymeprpaHysl ¢ XapakKTEepHbIM pa3Me-
poMm Ry = 30 ThIC. KM U CO CKOPOCTBIO KOH-
Bekiuu nopsiaka 0.1-0.3 xkm/c. [losBrsromnias-
csi Omarojmapsi KOHBEKTHBHBIM JIBIDKEHUSIM B
dbotochepe DJC momnmepkuBaeT dIEKTpUUE-
CKMM TOK, IIPOTEKAIOLIUN B apKe OT OJHOIO
OCHOBaHMS A0 APYroro M 3aMbIKArOIIMICS Hal
dotocepoii. PacueTsl MOKa3bIBAIOT, YTO MPH
CKOpocTH KOoHBeKIMH okojio 0.1 km/c paamyc
copmupoBaBIIeiics TPYOKH MpUOIMKAETCS K
10° KM, MarHuTHoOeE IoJyie Ha BeIcoTe 500 kM
Haja ¢orocdepoit HA OCH apKH XapaKTepU3y-
eTCd WMHAYKIHEH OKOJIO 2x10° I'c, a ToK
3x10'" A. WHIyKTUBHOCTH BCIIBIICYHOU ap-
KM, OIIpeaesieMasl €€ FTeOMETPUEH, T0CTUTaeT
BennuuHbl Oonbmedt 10 T'H. DHeprus snek-
TPUYECKOTO TOKA, 3allaCeHHass B €€ KOHTYype
COCTABJISIET BEJIMYMHY IOPSAKa 5x10% -
5x10* JIx [5-9]. D10 BHOJIHE COOTBETCTBYET
SHEPTOBBIJCIICHUIO BCIBIIIKU, TPUUYUHON KO-
TOpPOU SIBIIETCS  KEJIIOOKOBasi HEYCTOMYH-
BOCTh XpoMocdepbl. Cxema KOpoHATbHOU ap-
KM TIpEeJCTaBJICHA HA pPUCYHKE 1.

Buin.21 T.2 2019




KopoHa

/
Xpomoccpepa

77%/”

XKenobkoBas
HeyCTOMYMBOCTb ‘\l

%//W/// o

Pucynok 1 — Mojaenb KOpoHaJIbHOM apKu
C TOKOM

MarnuTHas apka ¢ TOKOM O0JIaZaeT aK-
TUBHBIM CONPOTUBJIICHHEM R, WHIyKTHBHO-
ctbto L, u émxocteio C. [ToaTOMy Manble Ko-
ne0aHus TOKa B apKe MOXKHO OIUCATh Ha S3bI-
ke kojebanmii RLC-koHTypa € €MKOCTBIO,
3aBUCSINEH OT BEIMYMHBI DJIEKTPUYECKOTO
TOKA I10 3aKOHY:

m+at=n 3

1 +12
rie p— IUIOTHOCTh IUIa3Mbl, | — IIMHA apKu.
[lepuon xonebanmii ompenensercs (opmy-

JIOH:
P=2xm/L+«C(I)~ 101,,C 4

OTCIOI[a HOABIACTCA BO3MOXHOCTB OII-
peneneHus] BEJIUYUHBI AJIEKTPUYECKOTO0 TOKa
BO BCIIBIIIKE TI0 IEPUOTY KOJIeOaHUH.

[Tockonbky, «mIa3MeHHBIN (POKYC» 3TO
AJIEKTpUYECKasl 1elb, B KOTOPOM 3HEpPreTu-
YeCcKHUIl 3armac COCpeOTOUYEH B KOHJIEHCATOp-
HOW Oarapee, €CTb CMBICT YTBEpXKIaTh O 3a-
KOHC COXpPAaHCHUA SHCPTHUU B CICAYIOIICM BU-
ne:

C-U* m-v? Q)
= +k-T
2 2
npuHsB k=1 W y4yuThIBas, YTO H3MEHEHUE
CKOPOCTH IPOUCXOJUT T10 3aKOHY:

t
v—1, (l—e7) ©)
rae 7=R*C (marpyska).
[ToncraBuB 3HaueHue (5) B (4) u BoIpa-
3uB T, momy4um:
C-vt-m-vi-l-err
2

T:
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Ilo naHHOW 3aKOHOMEPHOCTH, €CTh BO3-
MOKHOCTh NPOCIEAUTh WU3MEHEHHUE TemIlepa-
Typbl B 3aBUCUMOCTH OT M3MEHSIOLIMXCA Ma-
paMeTpoB YCTAaHOBKM U JOOUTHCS MaKCH-
MaJIBHOTO TPUOIMKEHUS] K peabHbIM YCIIO-
BUSIM.

Pe3yabTaThl 3KCIIEpUMEHTA

PeanbHble 3KCTIEPUMEHTHI TPOBOIUITUCH
Ha YIPaBIsIeMOM TEPMOSJIEPHOM pEaKTope
«[Tna3mennsiii ¢poxyc» B HarponanpHoi Ha-
HOTEXHOJIOTUYECKON 71ab0paTopuu OTKPBITO-
ro tuna DOU3NKO-TEXHUYECKOTo (aKylbTeTa
KazHY wum.Anp-®apabu, a KOMIBIOTEpHOE
MOJICIMPOBaHNE TPOBOAMIOCH Ha 0asze Ka-
denpsl «duzuka» CKI'Y um.M.Ko3pi0aesa.

Jiis MomenupoBaHusl (PU3MKU TIpoIiecca
COJTHEYHOM BCIIBIIIKK MbI UCTIOJIb30BaIH IPO-
rpaMMHBIN 361K CH++, KOTOpBI HMMeEeT, Ha
HAaIl B3TJIS], XOPOILIME BO3MOXKHOCTHU Jis BU-
3yallu3alui Pe3yJIbTaTOB U BBIMOJIHEHUE Obl-
CTpPBIX pacueToB OOJIBIIUX MACCHUBOB JaHHBIX
Y UMEET MOHSATHBIN HHTep(deric.

CormacHo BeIBeAeHHOUW (opmyne (6),
ObUIO OCYILECTBIEHO KOMIBIOTEPHOE MOJE-
JUPOBAaHUE  3aBHCUMOCTH  TEMIIEpaTypbl
IUTa3Mbl OT MAacchl ra3a, CKOPOCTU JIBUYKEHUS
YacTull, napameTpoB ycTaHoBkH «llna3zmen-
HBIH (hoKyc», pe3ynpTaTbl KOTOPOTO Npe-
CTaBJICHbI HA pPUCYHKaX 2 # 3.

T/1.0e6

0,180

m=0.2 xr

m=03 xr

0,175 m=0.5 xr

tc=1.0e-4
0170
0,165 4
0,160 4
0,155

Pucynok 2 — 3aBucumocts T
OT Macchl ra3a

YMEHbBIIIEHHE MacChl Ta3a «IPHUBOIHUT
K CTaHJApTHBIM pa3MepaM YCTaHOBKH, a
«IOBEJICHUE» TEeMIIePaTyphl IUIa3Mbl TaJacT
0ojiee peaTuCTUYHO W CXOTUTCS ¢ TapaMerpa
JICHCTBUTEIIFHOM COJHEYHOM BCHBIIIKHA, TO
€CTh. TEMIIEPATYpPa COOTBETCTBYET 10°K.
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T/1.0e6

R=4 Om
R=8 Om
R=6 Owm

tc=1.0e-4

0,130 4

0,129 4

0,128

0127 4

0126 o

0125 o

‘t/tc

Pucynok 3 — 3aBucumocts T oT mapameTpoB
YCTaHOBKHU

VYBenudeHue 3HaYEHUSI COIIPOTUBJICHUA
YCTaHOBKM  TPUBOJUT K  YMCHBIICHHUIO
TeMIepaTypbl MpakTHyecku B 1,5 pasa, uto
emie Oojiee CWIBHO TPHUOJIMKACT 3HAYCHHE
TeMIeparypsl K pealbHBIM IIapameTpam
MOBEPXHOCTHOW TEMITEPATYPHI.

N3menss mapaMerpsl YCTAaHOBKM, MbI
3aJalliCh ~ BOMPOCOM,  KakuM  oOpa3oMm
JaBJIeHHEe B IUTa3MEHHOM (Qokyce Oyner
BIMSTh Ha 3HAYCHUE CKOPOCTH YACTHI[ H
MOTY4HIIH caeaypouue pe3yJIbTaThl,
Mpe/ICTaBIICHHbBIC HA pUCYHKE 4

v, 10°emrc
> ®
22
: ggge
| I O S TP P TS S P S P P T |

Pucynok 4 — 3aBUCHMOCTH CKOpPOCTHU
IUIa3MEHHOTO CTYCTKA OT JABJICHUS

3Ha4YeHue
pacrter
CBOETO

Kak BuaHO U3 puUCYHKa,
CKOPOCTM  BO  BC€X  CIydasx
MOCTETEHHO, JOCTUTAsI
OIPCACIICHHOIO HaChIIIICHUAA, HO,[[O6HO
IUTa3MEHHBIM ~ YacTHIlaM B COJHEYHOM
BCIIBIIIIKE, B KOTOpOﬁ qaCcTHUIIbI 3a CYET
THKOYJIEBOTO Teria MOCTETIEHHO
YBCIIMUYUBAKOT CBOKO CKOPOCTbL MU B MOMCHT
B3PBIBHOTO TIpoliecca JOCTUTalOT — CBOEH
KOHEUHOM CKOpOCTH, YyJeTas 3a Ipeaelibl
CounHia B BUJI€ COJTHEYHOTO BETpa.

Hcnons3yss  3HaueHHUs  MOJIYyYECHHOU
CKOPOCTH, IIPOBEIU MOJIETTUPOBaHUE
3aBUCUMOCTH  TEMIIEpaTyphl ILIA3MEHHOTO

CTYCTKa OT CKOPOCTH YaCTHII, KOTOPBIE OYAyT
B3aMMO/ICHCTBOBATH MEXITY COOOIA.
PesynbTaThl MOJETUpPOBaHHS TPEICTABICHBI
Ha PUCYHKE 5.

20000 - V4
18000
16000
14000 H
12000 H

10000

T.K

000 4

6000 o

4000 o

2000 o

Pucynok 5 — 3aBucuMOCTh TEMIIEpATypBI
IUIA3MEHHOTO CTYCTKa OT CKOPOCTH
HaJIETAIOUX YaCTHULL

Kak BumHO W3 puUCyHKa, TemImepaTyp-
HBIM BBIXOJ CHJIBHO 3aBUCHUT OT CKOPOCTH Ha-
netarommx 4Yactull. CaMbIM ONTHMATbHBIM
3HaYEHUEM CYHUTAETCs CIIy4aill mpH CKOPOCTH
V4, 9TO COOTBETCTBYET MHUHUMAJILHOMY JaB-
JICHUIO B TUIa3MEHHOM (hOKYCe.

[TockonbKy TIIa3MEHHBINH (OKyC Tpen-
CTaBJsieT coO0M KOJaeOaTebHbIH KOHTYp, AJIS
uaeanu3aluu (pU3NYecKux MporeccoB o0pa-
30BaHUs BCIBIILKK B IJIa3MEHHOM (OKYce,
MBI pEIIWIA NPHUOETHYTh K MacIITaOHpoBa-
HUIO COJIHEYHOMW BCIIBIIIKH M Pa3MepoB ILIa3-
MeHHOTO ¢okyca. Kak yxe oTMeuanoch paHee
JUIS BO3HUKHOBEHHS COJHEYHON BCIBIIIKU
COTJIACHO MOJCTH «3JIEKTpUYeCKas LEMby
3HaYEHUE COMPOTHUBJIEHUS JIOJDKHO OBITh
NPAKTUYECKH PAaBHBIM HYJIO, TO €CTh COOT-
BETCTBOBATh PAa3MBIKAHUIO LIETIH U SBJICHUIO
KOPOTKOTO 3aMBIKaHUsl, a HHIYKTUBHOCTH Ca-
MOH B TaKOHW MOJENU NOJDKHA OBITh HE MEHEE
10 I'n, yTO B peanbHBIX YCIOBUAX KOHEYHO HE
ocymectBuMo. Eciii cuntaTh, 4TO Hamia 1enib
HE peanm3anusi MacIITaOHOCTH BCIBIIIKH, a
JUIIb HUCCleNoBaHue (U3UUYECKUX MapameT-
pPOB IUIa3MEHHOTrO (oKyca sl peaau3auu
MOJIETTUPOBAHUSl COJTHEYHON BCHBIIIKU, MBI
PENIUIN IPUHATH CTaHAAPTHBIC 3HAYCHUS WH-
OYKTUBHOCTU KATYIIKH IUIa3MEHHOTO (okyca
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B IIpefenax 10° Tu [10-13]. Pesynbrarsl
MPEICTABICHBI HA PUCYHKE 6

Pucynok 6 3aBUCUMOCTb CHJIBI TOKA
OT 3HAUEHUS COMPOTUBIICHUS KOHTYpa

Kak BumHO w3 pucyHka 6 H3MEHEHHE
3HAQUYEHMSI CONMPOTHUBIIECHUS IO HYJIEBOI'O 3Ha-
YEHUs MPUBOJUT CHAdajla K pe3KoMy BO3pac-
TaHHUIO TOKA, a 3aT€M YMEHBIIECHUIO €ro 3Ha-
YEHUSI — Pa3MbIKaHHUE TOKA, TaHHBIH MOMEHT
COOTBETCTBYET B3PBIBY B TOKOBOM CIIO€ HJIU
CUTYyallUM KOPOTKOTO 3aMbIKaHHsS B LEMH.
WN3menenne 3HaueHUss UHAYKTUBHOCTH B Ka-
TYIIKM Ha 3 MOpsAKa NPUBOIUT K YMEHBbIIE-
HUIO MakKCUMAaJIbHOTO TOKa B 2 pasza U yBeJH-
YEHUIO 3HAYEHMsI CONPOTHBIICHMS B IIENU HA
onuH nopsinok. Ha pucynke 6 mpeacraBieHa
rpaduyeckas 3aBUCHUMOCTh ITOW CHUTYallUH.
W3 rpaduka BUIHO, YTO PE3KOTO MpeKparie-
HUS TOKa HE MIPOUCXOJUT, a HaOII0AaeTCs 1o-
CTCTIICHHOE OOHYJIEHUE €ro 3HauYeHHs, YTO
MOJATBEP)KIAET AHAJIOTHIO IUIa3MEHHOro (o-
Kyca C COJIHEUHOW BCIIBIIIKOW, KOTJa HaOII0-
JAETCSl MOCTENEHHBIN CMaJl SHEPreTHYECKOTrO
BBIX0JIa, TO €CTh KOI/Ia IPOUCXOAMUT CEPHs
MOCJIEIOBATENbHBIX ~ OCIa0eBalOIUX  BCIIbI-
eK. Belunciienns i 3aBUCUMOCTEM, Mpen-
CTaBJICHHBIX HAa pUCYHKax 7 U §, MPOBOMM-
JHCh 1o popmynam:

[ E 8)

J(R*f}z F(@*L- o)

_ M=V=+p )
f= R*T
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Pucynok 7 — 3aBUCUMOCTH CHJIBI TOKA
OT MMapaMeTPOB KOHTYpa.

AHau3 pe3yJbTAaTOB HCCIEAOBAHUSA
H BBIBO/JIbI

B pesynbrare Bapuaiuu pazauyHbIX CH-
Tyallii B OCHOBHOW MOJENH «3JIEKTpUYeCcKas
LIETIb» BBIPAXKEHHBIX B U3MEHEHUU IapaMeT-
POB YCTaHOBKH: U3MEHEHHE COTMPOTUBIICHUS B
m1a3MeHHoOM (hokyce, KOIHuecTBO pabodero
BEIIIECTBA W M3MEHECHHE CKOPOCTH HaJeTaro-
IIUX YaCTUIl, MOJYYEHbl PE3yNIbTaThl, KOTO-
pble UMEIOT MECTO B HJICATU3MPOBAHHON MO-
JeNd COJIHEYHOU BCHBIIKH. CynuTh 00 3TOM
MOXHO, €CJIM MPOBECTH CPaBHUTEIHHBIN aHa-
JU3 CJEAYIOLIUX JIaHHBIX, TOJIYYEHHBIX CO
cnytHukoB RHESSI u o6paGoranHbix cre-
nuanucramu Actpodusnueckoro MHcTUTyTA
uM. B. I'. decenkoBa U MpencTaBICHHBIX Ha
pucynke 8 [14-20].

Kak BumgHO M3 pHICYyHKa, BBIACICHO TPHU
o0nactu (BpeMEHHBIE OTPE3KH OTCUUTHIBAIOT-
cs mo mazmMeHHomy (okycy) ot 0 g0 7 ce-
KyHZ, OT 7 10 25 CEeKyHI U OT 25 CeKyHA N0
32 cexynna. Ha »tux y4yacTkax HaOmrogaroTCs
HAauOOJBIINE COBMAJCHUS TEOPETUYCCKUX U
peanbHBIX pe3yiabTaToB. B maHHOM cirydae
MPOUCXOAUT CpPAaBHEHHE BEIUYHUH, pa3iu-
YaloIUXCs HAMMEHOBAHUEM, YTO MOJKET BEI-
3BaTh BOMpochkl. OgHAKO, U TeMIepaTypHBI
MOKa3aTelb, M 3HAUEHHE CUJIbI JIEKTPUUYECKO-
ro TOKAa HAMNpsSMYIO CBSI3aHBl C DHEpreTHye-
CKUM BBIX0J0M. [lockonbKy 3amaua Mojenu-
POBaHUS CUTYaIlMH CBOJUJIACH K IMTOUCKY TIPO-
LIECCOB, CXOAHBIX C MPUPOJHBIMU U JI0Ka3a-
TEIBCTBY BO3MOYKHOCTH H3YYCHHUS COJIHEU-
HBIX BCIBIIEK Ha ycTaHOBKE «llimazMeHHbII
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¢dokyc», TO CpaBHEHHE HWMEHHO 3TUX Mapa-
METPOB SIBJISIETCS TPABOMEPHBIM.

OTmeTHM, 4YTO CpeiHUN Nepuoj Mpo-
LIECCOB, MPOTEKAIOUINX B 00JacTU pealbHOMN
BCIIBIILIKM COCTaBJISIET 65 C:, a B MJIA3MEHHOM
¢dokyce 10 mkc. PazmenuB BpeMeHHOU MOKa-
3aTelb COJIHEYHOW BCIHBIIIKM Ha 3HAYEHUE
KBasumnepuoa AJis miaa3MeHHoro ¢okyca Imo-
JydaeM 3Ha4e€HUE TaK Ha3bIBAEMOro Kod(p¢u-
LHEeHTa OTIHYHs 65%10°, [Tockonbky pazme-
pBl CTAaHJAPTHOTO IJIA3MEHHOTO (OKyca OKO-
1o 1 Merpa, TO yMHOXHB KO3D(UIIMEHT OT-
JMYUS Ha 3HAUYEHHE JJIUHBI IJIa3MEHHOTO (ho-
Kyca, MOXHO IMOJIYYUTh MNPUOIU3UTEIbHBIC
pa3Mepbl COJIHEYHOMN BCIIBIILIKH OKOJIO 6,5 ThIC
KM, YTO BIIOJHE PEATbHO MOCKOJBKY JUIMHA
CpPEIHEH apKu 10"%m.

IgT, MK
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Pucynox 8 — Jlorapupmuueckasi 3aBUCUMOCTD
TEMIIEPaTypbl COJIHEUYHOMN BCIIBIIIKU
7 cents6ps 2005 roga u ocruIIIOrpaMma
MPOU3BOJHOM CUJIBI TOKA
MJIa3MEHHOTO (oKyca

Kpome storo, cpaBHUBamuCh pe3yibTa-
ThI, TOJYYCHHBIE OT COJHEYHOW aKTUBHOCTHU
co 2 no 4 Hosi6pss 2003 roma, mpeaCTaBICH-
Hble Ha pucyHke 9 (IIpunoxxenue A) yacth a
1 TeOpeTHUYecKas 3aBUCUMOCTh CHJIBI TOKa OT
W3MEHSIIOIIETOCS COMPOTUBIICHUS B IJIA3MEH-
HoM ¢okyce [20]. Ha nmeBoii yacTu pucyHKa
MIPEJICTABICHBI YHEPreTHUECKUE CIIEKTPHI IS
noHoB 4yetwipex Bemects H, He, O, u Fe B
MPEJIBCTIBINICYHBIX M BCHBIIICUYHBIX MOTOKAX
cobprtuit 2003 roma. Ilockonbky pabounm
BEIIECTBOM B IUIa3MEHHOM (DOKyce B Hamiei
MoOJled OBbUT NEUTEepUid, TO MBI CpaBHHUBAEM

KPUBYIO COOTBETCTBYIOIIYIO Bojopoay. Kak
BHJIHO, B 8 4acoB 2 HOSOPs 3HaUE€HHE YACTHII
BOJIoposia (CpedHsist 4acTh rpaduka) mpuxo-
ISIIIUXCS HA cM’ Komebyercs B 00J1aCTH 3Ha-
yenust 10, B 21 yac 310 3HaUYEHHE YK€ HU3ME-
HWJIOCH IO 3HAYCHUS 10°u 4 HOsIOps B 3 Haca
(MOMEHT BCHBIIIKH) TO 3HAUYEHUE B 00JACTH
107!, aro TOBOPUT O MOCTENEHHOM HaKOILIe-
HUU DHEPTUH ¥ (POPMHUPOBAHUIO MaKCHUMyMa
Py MUHUMAaJIbHOM 3HAYEHUU MOHOB BEIIECT-
Ba COYAapsIONIMXCS Ha EIUHUIIE IUTOMIA]IH,
YTO MOXET OBITh OOBSICHEHO <@KEI0OKOBOI
HEYCTOMYMBOCTBIO»  MOJEIH  COJHEYHOU
BCIIBIILIKH «3JIEKTpUYECKas IeMb», 0 KOTOPOi
MbI TOBOPWJIM BbIlIE. B cBOIO ouepenb, myrem
uealu3aluyd TPOLECcCOB MNPOTEKAIOIUX B
1a3MeHHOM (DOKyce, Mbl TIONYYWIH PE3yIib-
TaThl, KOTOPbIE OMU3KU K pealbHbIM JaHHBIM
B TOM, YTO H3MEHSISI KOJMYECTBO pabovyero
BEIIECTBA, MOTYy4YaeTcsi MaKCUMyM (KOPOTKOE
3aMbIKaHUE) 3HAYCHUs CHIIBI ToKa [21-25].

[IpousBenem OIEHKY peayibHOW OJIM30-
CTH TIPEJCTABJIECHHBIX MPOLIECCOB: B PE3YJib-
TaTe MepeBoJa 3HAYEHUS MaKCHUMyMa CHIIbI
TOKa B AJICKTPOHHYIO TeMIEpaTypy, MOJIb3Y-
scb (hopmynoi

r (10)
2mc’alkn,

[TonyauM 3HaYEHUE TeMIEpaTyphl IO-
pAanka 10° K, NpU 3TOM MOXKHO OKPYTJIUTH
3HaUEHUE PHEPruM U3 pacyera 1 sB~10* K.
Torga xoHeuHOe 3HaYeHHE OyIeT COOTBETCT-
BoBath dHepruu 0,1 k3B, xoadpdumeHT or-
nuuust coctaBuT 107, Takoe pacxoKaeHue
OISTh MOXHO OOBSICHUTH MaciTabamMu Tpo-
UCXOJSIIUX TMPOILIECCOB, HO BHU3YaJbHO IPO-
CIIeXKUBAETCS CXO0XKass Mop(oJIoTHUs TpoIec-
COB HAKOIUIEHUS U BBIJCJICHUS DSHEPIUU B
o0ouXx mporeccax.

TakuM 00pa3oM, MOXXKHO CJeNaTh BbI-
BOJ, YTO (PM3UYECKH KOHIICTITyalbHAsl MOJICIb
COJTHEYHOM BCIIBIILIKH «QJIEKTpUYECKas LEIb»
Haluia CBOIO BO3MOXKHOCTh pealiu3alluu Ha
6aze [1® ¢ yuerom MacmTaOMpOBaHUs BCITBI-
HIEYHOr'0 MpOollecca K peaibHbIM YCTaHOBKAM
[1®. B pesynbpTaTe MOACTHMPOBAHUS OBLIN T10-
JTy4eHbl JaHHBIE, KOTOPbIE HE MPOTUBOpEYAT
pEaIbHBIM JaHHBIM U UMEIOT OTHOCHUTEIHHOE
COBINAJCHUE B MpOIECCe MPOTEKaHUsI HECTa-
LMOHAPHBIX TPOLIECCOB, Mpoleccax (HopMu-
POBaAHUS SHEPTETUUECKOTO BCILIECKA.
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Pucynok 8. DHepreTnyeckue CeKTPhl BEMIECTB B BCIBIMICYHBIX MOTOKaX 2-4 HOss0pst 2003 roma u
3aBHCHMOCTH CHIIBI TOKA OT MTapaMeTPOB KoJIebaTeIbHOr0 KOHTYpa

(10)

'Vceunon b.M.,, !ComnonoBHuK A.A., 'AnumoBa H.M., 2)KylcemOB A.M., 2I/IﬁpaeB b.M.,
2AMpeHOBa AlY., zl“aﬁz(yﬂ.nnna A.T., *Moana6exos K.M.
! Cesepo-Kazaxcmanckuil cocyoapcmeeHnuwiil yuueepcumem um. M. Kosvibaesa,
Kaszaxcman, 2. [lemponasnosck
’Kasaxckuii Hayuonanshuiii YHugepcumem um. anv-Dapaou, Kazaxcman, 2. Armamol
e-mail: amrenova.asem?77@gmail.com

MOJEJIb COJTHEYHOM BCIBIIIKA B PAMKAX YIIPAB/ISIEMOI'O TEPMO-
AAEPHOTI'O PEAKTOPA «IIJIASBMEHHBIN ®OKYC».

AnHoTanusi. B paboTe Ha OCHOBE aHAJM3a TEOPETHUYECKUX MOJENe 00pa3oBaHMs COHEY-
HBIX BCIIBILIEK, MPEIAaracTcsd KOHUENTYalIbHbId MOJAEIBHBINA MTOAX0/, OCHOBAHHBIM HA MPOTEKAHUS
COJTHEYHOH BCHBILIKY C MPOIIECCaMH B AJIeKTpUyecKoil nenu. OaHuM U3 Hanbosee OIU3KHUX MO0 PSAAY
napaMeTpoOB K COJIHCUHBIM BCIIBIIIKAM SBJIAFOTCA MPOLECCCHI 3BOJJIOLNUU TJIA3MCHHBIX O6’beKTOB B
yctaHoBke «lIlmazmennsiii pokyc». Ha ocHoBe ¢u3mvecku 0O0OCHOBAHHOTO CXOJCTBA MPOIECCOB,
MPOTCKAOIUX B IJIASMCHHOM q)OKyCC M COJIHEYHOMU BCIIBIIIKE BBISIBJICHBI 3aKOHOMCPHOCTH, IMO3BO-
JSIOUIUE MPOCIEANTh U3MEHEHHE TeMIepaTyphl IJIa3Mbl B 3aBUCMMOCTU OT M3MEHEHHUs padouux
[1apaMeTpPOB YCTAaHOBKHU. B uTOre mosry4eHsl napaMeTpsl MOAEIN COOTBETCTBYIOIHME MAaKCUMallb-
HOMY NPUOJIMKEHUIO K peallbHbIM yclioBUsM. C HCIOJIb30BaHUEM MPOrpaMMHOro sizbika C++ mpu-
BCACHbI paC‘-IéTI:I M aHAJIN3 3aBUCUMOCTH TEMIICPATYypPbl OT MapaMETPOB YCTAHOBKH: MACCHI I'a3a U
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CKOpPOCTH HAJICTAIOLINX YACTHILI, CONPOTHBIICHHU HArpy3KH B IUIa3MeHHOM (okyce. [lokazaHo, uTO
(GHU3MUECKYI0 MOJETbh COJHEYHON BCHBIIKH «DJIEKTPHUUYECKas IIEMb» BO3MOXKHO peajn30BaTh Ha
CYIIECTBYIOIIEH MaTepHalibHOM 0aze YCTaHOBKH IJIa3MEHHOTO (OoKyca ¢ yu€TOM MacIITaOMpoBa-
HUSI BCITBIIIEYHOTO Tporiecca. ['paduky 3aBUCUMOCTH TeMIepaTyphl BCIBIIEK OT CKOPOCTH YacTHII,
COIIPOTHBIICHUS] KOHTYpA CBUAETENBCTBYIOT 00 MIEHTUYHOCTH COJHEYHON BCIBIIIKU U TUIa3MEHHO-
ro ¢oxyca. IlomydeHHbIe faHHBIE HE MPOTHBOPEYAT PEATbHBIM JaHHBIM M UMEIOT OTHOCHTEIBHOE
COBIIAJICHUE B TPOIECCE MPOTEKAHUS HECTALMOHAPHBIX MPOIECCOB, IMpoleccax (OPMHPOBAHUS
YHEPreTHYECKOro BCIIECKA.

KiroueBble cji0Ba: COJIHEUHbIE BCIIBIIIKY, IIa3MEHHBIN (DOKYC, pa3psiiHbIA TOK, UHIYKTHB-
HOCTHh KOHTYpA, CKOPOCTh HAJIETAIOIIMX YaCTHILl, TEMIEpaTypa, YHEPrOBbIICICHHE, ICKTPHICCKAs
1eTb, JaBJICHUE.

"Useinov B.M., Solodovnik A.A., Alimova N.M., 2Zhukeshov AM., 2Amrenova A.U.
*Moldabekov Zh.M.
'M. Kozybayev North Kazakhstan state university, Kazakhstan, Petropaviovsk
?Al-Farabi Kazakh National University, Kazakhstan, Almaty
*e-mail: buseinov(@gmail.com

SOLAR FLARE MODEL IN A CONTROLLED FUSION REACTOR
“PLASMA FOCUS”

Abstract. Based on the analysis of theoretical models of the formation of solar flares, a con-
ceptual model approach based on the occurrence of a solar flare with processes in an electric circuit
is proposed. One of the closest parameters to solar flares in a number of parameters is the evolution
of plasma objects in the Plasma Focus setup. Based on the physically justified similarity of the
processes occurring in the plasma focus and the solar flare, regularities are revealed that make it
possible to trace the change in the plasma temperature depending on the change in the operating pa-
rameters of the setup. As a result, the model parameters corresponding to the maximum approxima-
tion to real conditions are obtained. Using the C ++ programming language, calculations and analy-
sis of the temperature dependence on the installation parameters are given: gas mass and speed of
incident particles, load resistance in the plasma focus. It is proved that the physical model of the
solar flare “Electric circuit” can be implemented on the existing material base of the plasma focus
setup taking into account the scaling of the flare process. Graphs of the dependence of the tempera-
ture of the flashes on the particle velocity, circuit resistance indicate the identity of the solar flare
and plasma focus. The data obtained do not contradict real data and have a relative coincidence in
the process of unsteady processes, in the processes of formation of an energy surge.

Keywords: solar flares, plasma focus, discharge current, circuit inductance, speed of incident
particles, temperature, energy release, electric circuit, pressure.

"Yceunon b.M.,, !ComnonoBHuK A.A., AnumoBa H.M. 2)KylcemOB AM., 2AMpeHOBa AlY.
’Mounnabexos KM.,
M. Kosvibaes amvinoaser Conmycmix Kazaxcman memaekemmik ynueepcumemi, Kazaxcmarn,
Ilemponaénos k.
2 .
an-@apabu ameinoazel Kazax ynmmeix ynusepcumemi, Kazaxcman, Aimamel K.
*e-mail: buseinov@gmail.com

«ITJTASMAJIBIK ®OKYCTBIK» BACKAPBIJIATBIH
TEPMOAIPOJIBIK PEAKTOP HIEHBEPIH/JAEI'T KYH AJIAYBIHBIH MO/JEJII

AnHoTanusi. KyH apbIFbIHBIH MMaii/1a O0TYBIHBIH TCOPHSIIBIK MOJIEBACPIH TAJIAy HET131H e
AJIEKTp  Ti30EriHAeri NpoulecTepMEH KYH OJKapbIFbIHBIH Maiiga OoiyblHA  HETI3ZeNreH
TYKBIPBIMJIAMAIIBIK MOJENBIIK TOCUI YCHIHBUIFAaH. bipHemie mapamerpiepneri KyH OTTapblHa €H
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KaKbIH mapameTpiaepaiy Oipi - O6yn [Imazma @okyc KOHIBIPFBICHIHAAFHI TJIa3Ma HBICAHIAPBIHBIH
sBOMIONUSCHL. [lma3manbiKk (oKycTa >KOHE KYH COYJIECIHIH OCEpIHEH OOJIaThIH MPOIECTEePAiH
(U3MKaJIBIK HETi3/1e]reH YKCACThIFbIHA CYHEHE OTBIPBIN, KOHIBIPFBIHBIH JKYMBIC ITapaMeTpIiepiHiH
e3repyiHe OalIaHBICTBl IIJIa3Ma TEMIIEPAaTYpPachIHBIH ©3repyiH OakplUlayFa MYMKIHIIK OepeTiH
3aHJBUIBIKTAP aHBIKTANIBI. HoTrkeciHae HAaKTHI Karaiiapra MaKCUMAaJbl JKaKbIHIAyFa COUKeEC
KEJIETIH MOJIeNb MmapaMeTpiepi ansiHaapl. C ++ OargapiamManay TUTIH KOJIAaHY apKbUIbl €cernTey
napaMeTpiiepiHe JKOHE KOHJBIPFbI TapaMeTpiiepiHe TeMIepaTypaHblH TOYEIAUIIriHe Tanjaay
)Kacanapl: Ta3 Maccachl KOHE OKIIAyJIaHFaH OONIEKTepAiH KbUIIAMIIBIFbI, IIa3MalbK (pokycra
KYKTeMe Keneprici. «JeKkTp Ti30eri» KyH >KapbIFbIHBIH (U3UKAIBIK MOJAETIH anay MpOILeCiHiH
MacmTaObIH €CcKepe OTBIPHIN, IIa3MalbIK (DOKYCTBHIK KOHIBIPFBIHBIH KOJIIa 0ap MaTepHalIbIK
0azacelHAa KOJJaHyFa OONATBHIHABIFBl  JoienfeHal. JKBINBUIBIKTAUTBIH — TeMIlepaTypaHbIH
OemIeKTepAIH KbUIIaM/IbIFbIHA, JIEKTP Ti30eriHe TYPaKThUIBIFBIHBIH rpaduKachkl KYH ajgaybl MEH
TIa3MaNbIK (DOKYCTHIH COMKECTITIH KopceTei. AJBIHFAaH MOJIIMETTep HAKThl MOJIIMETTEPre KaMIIbl
KEJIMEWIi )KOHEe TYPaKChI3 MPOLECTEeP/ie, IHEPTETHUKANBIK TOJIKBIHAAPABIH Taiiaa 00y mpoueciHae
CaJIBICTBIPMAJIBI COMKEC KemeIi.

Tyiiin ce3aep: KYH *KapKbUIbl, TJIa3MalbIK (GOKYC, pa3ps TOTHI, TI30CKTIH WHAYKTHUBTLIITI,
OKIIayJaHFaH OeJIIEKTEPIiH JKbULAAMIBIFBI, TEMIEpaTypa, SHEPTUSHBIH IIBIFYbI, JIEKTP Ti30eri,
KBICBIM.
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