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B.IILAHIIE NIELTEBERIX WACTHII HA XAPAKTEPHCTIKI IPIC TEHOUYHOIT
ILTASMBI TEPMOATEPHOT' O PEAKTOPA

Anmoranes.B maEmol padoTe HOCTSTORAND EMHSENE DEITEERIN TACTED Ha XaPaETepHCTH-
EE OPECTEHCTEOH [DIAZME TEPMOSTEPEOTT peaxTopd. [Ipelmo®eHa MaTeMaTHIeckad MOTeTs,
TOe OEITREERA HEATPEEASTCE 3@ C9eT IOTOKCE IIERTPOHCS H EOHOE H FX PENOMDEHANHNE HA OO0
BEPXEOCTH, A TANES 33 CUST 3MECCEOEHED OPOOSCCOs B OXTAEIISTCD 33 CFeT TRMI0BOTs Hi-
AyTeEET B Hemapesms. [lomTyeEnl DOTORE IESDIEE Hi MEUTHERY B MOMEOCTE DOTIOMISHERT
IHEPrEE NENESLSMA TACTHIAME B IPECTEHCTHOR IT3ZMe TepMogIepEore peasTopd. [logaza=so,
IO EEESITHE MEITSEENE T3CTRD ECASICTERS E3AMMOTeHCTERS INAME] CO CTSEKOH TepMoIIep-
EOTC PEIETOPE OPEBOIET K MOTEDEM IHEPTHE IN3IMENE0rs MEVPA B YMeSEITeHs ToToEs-
TENEEOTS IEEPrETHTNECKOTD EEDNOSA TePMOLIepEar: [EasImE.

Eamaesle caoBa:TepMoSIepEEE peasTop, OPECTEECYHAS [NAIMA, OEIIEEAE TACTHIR,

TENNOEDS HAMyTeHH:S, MHCCHOHHEIE ITHOIMeCCEL.

Beexenne

HecmenoBaRHe BIHAHHA NEITH B YCTa-
HOBEAX VIPAEIAEMOTO TEPMOAIEpHOTO CHETE3A
CTano BaEHLM HANPABIeHHeM B XOIe PeaTHsa-
OHH KPVIHOMACINTAOHEIX 3ECTIEPHMEHTOE C
TepMOATepHCH miamMoll. OnopezencEHe wexa-
HHSMOE OO0pDa3CBAHHA NBUH, HCCIEIOBAHHE
E3aEMOIeHCTERA NEUHHOE © MA33MOH H © Oo-
BEPXHOCTBE) PeakTopa, MOISTHpOBEHHE Iepe-
HOCA MBUTHHOE H COSHKS HX BIHAHHY HA Xapak-
TEPHCTHEH peasTopa, O0e30macHOCTE TepMo-
ANEPHEIX YVCTAHOBOK — BCE 3TH BONPOCH 3aHH-
MART GOIBINCE MECTC B COBPEMEHHBIX HCCTIE-
OOBAHMAX OpoGneM VIPARIIEMOoTo TEpMOLIep-
HOTO CHETE3A.

MexaRH3IMEl DOABTEHAT NEIISEEIR TACTHIT
H HX VICpEaHHA B [IIA3MEHHOM o0beue
ABIAIOTCH EETYANBHBIMH 3aNadaMH, NO3TOMY
HCCTEOYROTCHE ~ MHOTHMH = VIeHEIMH  K4K
TEOpeTHIeCHH, TEK H 3ECOepHMeHTansEo [1-6].
otor ropsgel OpHMecH H3I DeHTPATLECE
0GIACTH PeEKTOpA HA CTEHKH MOXEET NpHBECTH
K [ICBEPXHOCTHBIM paspylIeHHAM, TO ecTk K
HCIAPeHHID NOBEPXHOCTH CTEHEH, BCISICTEHE
9ere, B IDIASMY MOTYT HECESKTHPOBAaThCA HeE
TOIBEC HeHTPATLHEIE TACTHIE E BHIE Ta3d, HO
H TBEpIEle TaCTHOH PasIHIHEX GOpPM, OT He-
OpaEENBEHCE $OpPMEl D0 HOTIH HISANLHRDX
cihep. Tarcke cymecTEyeT IpyTol MeXaEmIM
$OpMHpOEAHHA NELTEBEIX YACTHI B TepMO-
ANEPHEIX PeakTOpax, TaKoH KAk EOHISHCANHA
BeIIECcTEA H3 NEPEeHACHINEHHOTO MapPa CI0EHEX

——— N —
g
>

MOIEEYT H EdacTepos. B paforax [3-6] Gnum
OpPelTOEEHE PAVIHIHEE MEXAHHIMEL (HOpMH-
POBAHHE MELIEBHIX UACTHI E TEPMOAIEPHEIX
VCIpofiCTBaX, B TOM THCIE OPH JPOSHH CTEHOK,
HOHHO-MOTEKYISPHE PeaklHAX H CIHIAHHHE
OBIIEBRIX TACTHO 10 JOCTHEEHHA OOMBIIHX
pasdepos. PasMepsl wacTHD BEpEHPYIOICE B
oHeHb MHPOEOM THANA3CHE, OT HAHOMETPOE J0
COTeH MHEKpOoMeTpoB. (oCTaE TacTHI BETHTaET
B cefi MATEPHATH, HCOOALIYEMEIE IIA [II3-
CTHH IHEEPTOPA, HEPBCH CTEHEH H IPYIHX
BHYTPEHHHX 3IeMEHTOE HOHCTPVELIEG, KEOTO-
PEIME OGEMHC SBIAEOTCA TpafHT, THTAH, BOb-

pa SepHIIHE H CTATE.

AMaTemaTnyeckas MoOIeIb

[Menepas 9acTHDA, HENOIAIAACH B [UIA3-
Me, OOIBEPTacTcE  BOIICHCTEHND OOTOECE
HOHOB, MNIEETPOHCE, 4TOMOE H  PaIHAIHH.
JHEprHA NATANIHK MIEETPOHCE H HCOHOE, i
TAEES 3HEPIHI HX PeEOMOHHADHE HA OOBEpX-
HOCTH NEUIHHEH BHOCAT CEOH BENAI B HATDEB
wacTHIE. Kpoue Toro, Ha DOBEPRHOCTE IpOHC-
XOIHT TelI0BHIeIeHN: OPH OCALEISHNHN, 3530-
TEPMHYUECKHE PeaAKIEH, PeRoMUEHAINE IHCCO-
UHHPOBAHHEEK MOASKYT H T.0.

B mpemnomeHEcH MOISTH —IOREUIHHER
HATPeBAeTCd 3a CUET OOTOKCE IIEETPOHCE H
HOHOE H HX PeEOMUHHAIHE HA DOBEPXHOCTH, a
TAEEE 33 C9eT IMHCCHOHHBIX OpOUECCOB H
OXTARIASTCA 33 CUET PASHATHOHHOTO H3TyIe-
HHH H HCIAPeHHA.

Bun I8 TI 2006
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TloTow JHEPIHHE 33 CWeT NOrIoIEHHBIX
HNIEETPOHCE H HOHOE ONpPedSIReTCd CIeIVED-
ITHME YPABHEHH AMEH
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HEIX WacTHL, ' ¢ - QTHOIISHHE TeMIIe-
PaTypsl HOHCE E TeMIEpaType NIEKTpOHOB,

U = |1,; —1=d|.-’ J’Z‘vﬂ )

POCTh IOTOKA HOHOE H

u.=H T ..r‘—E..: 'T.

Ilpe gocTaTowso GOIBIDOH TEMOEpAType
OEUHEEN, VISETPOHE IEUIHEFE HAXOLAIEHECT
BEOMH3E €2 MNOBSPXHOCTH, MOTVI NpeoIoleTs
DOTEHNHANBERG Japhep H DOKHHYTH €T0, 3a-
TPETHE Ha 3T0 3HEPTHEO, PABHYIO paboTe BEDUO-
ma H;.. CnezopaTenbHo, MOMHAS IHEPTHA 33
CUET TEPMONIEKTPOHHOH IMECCHH CIpEIeTaeT-
CH CTeTYROIIER 00pasom:

HOPMHPOBAHHAR CHO-

——— e —
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OOTOEH HNIEKTPOHOE 34 CHET

TEPMOMIEETPOEHCH 3umccHHE (Gonee mompodHo
OmHCAHD B rmase 2.1

JMHCCHA 3IEKTPOHOB H3 NOBEPEHOCTH
OBUHEKH D0I JeHcTEHeM DATAROIeTo MyUEa
JIEKTPOHOE TAak#e YHOCHT 3HEprHNO, PaBHYIO
COOTEETCTBYIOMeH padoTe BRINOIA HI MaTePH-
aTa NLEUTHHEH H cpedHedl MHHeTHIeckKol 3Hep-
THHH 3MeETpoHA. |akHM oSpasoM, YpaBHeHHS
OOMHCH ¥HEPTHH 34 CUeT BTOPHYHCH MIeKTPOH-
HOH 3MHCCHE BEPEEASTCA CHOSIVEOIIHMH BEH-

L T
Qiﬂ =3:!dH:I,- |:1 ‘:]{]T—?}l—:i‘[l
. ].[l+ 3;_ I:S:I
=342
e r_w ——I_/ed,

HobM B HemocpelcTECHECH GIHZOCTH OT
METAIHTECKHY DoBEpXHOCTER (Ha paccToAHHE
HECKOIBEHX 3HTCTpeM) MOJBEpPTAITCE © BEICO-
E0H BEpOATHOCTBEOHEHTPANHIANE Ha HOBEPX-
HocTH. CymecTBYIOT pasiHUHEIE MEXAHHIMEL
EOTOpEIE MOTYT NPHBECTH K NEPeHOCY 3apama,
CpelH KOTOpBIX Gollee XAPAETEPHEIME REILTFOT-
£ OpomeccH, He CBA3AHEIE ¢ BHYTPSHHEH o00-
JomEcH METATIA H HaSBANMEE OEe HeHTpamH-
3amEeH H Pe3OHAHCHOH HeHTpalH:anHes.
Brran xastoroe mpomecca B ofIIyi0 CKOPOCTB
HeHTpATHIANME 3EBHCHT OT 3IeETpoHHOH
CTPYETYPH HAa NOBEPXHOCTH METALIA H COPTa
HOHA, H TAKGKE eI0 3HEPrHE.

B mammEod paboTe NpeImoIaraeTcH, WIO
BEPOATHOCTh HEHTPATHSANHE, DARHA EIHHHIE.
Tak Hal JIEETPOCTATHYSCKCE BIEHMOIRHCTEHE
€ SAPEECHHOH IRHHECH OYVIST BIHATE Ha
sHEepreTEdeckEl Gananc. ni mpocToTer GymeM
CUHTATE, YT 3T YESNHUHT HAHOONESE BEPORT-
HOE PaccTOAHHE HeHTPATHIAINH Iy TAEHM 00-
pasoM, cIBHT YpoBHA Gyvaer mpumepro 2 3B.
CasmosarensHe, HeHTpANHIAONA HOHOS OpHBE-
IeT K NOTeHIHATEHCMY 3HEpPrOBHLISTEHHID Eim
= [ - Wy- 2 3B Ha OIHME HOH, JOCTHIAHIIHH
noeepxHEOCTH. |12 BoZopoIonoIoSHEIX HOHOE,




nagaronex Ha W H Be, OpaimscHEHBME 3Ha-
ueHHAME Ei.. sEmarorcd 7 3B u 6.6 3B, cooTeeT-
CTBEHED, NOTOK IHEPTHH 3AT26TCH CIRIVHOIIEN
BHIPAEEHHEM:

le = AI.IIE

I =-I/Zed,

Tepsemas B BEHIe HITYVICHHA TEILIOBAT
3HEPTHEA B COOTBETCIBHE C 3AKOHOM HITyIeHHR
9EpHOTC TEla ONpelelieTc CISTVIOmENM o0pa-
30M:

Oy =—A4,055,(R,. TN - T, .'}{11}
rae“%.  pocrosmEaz Credana-bonpmuana,

‘Ed{Rd'Tu'} - KO3} DHIHERT HITYIeHEA MELTE-
BOH 9ACTHOE, KOTOPHEE BEMHCIIETCA HI TE0-

pus Mz, [7], z1a oedpana Eﬂ'{Rﬂ"Iﬂ'}=ﬂ_¢.

Temmoskle DOTOKH OT OKpyEammedH
O7a3Mbl MOTYT BbISBATh (A30BBIE MEPEXOIH
BeINecTE NLHERH. B gammcl paboTe paccMat-
PHEAITCE DEPEXOIE H3 TEEPIOTO COCTORHHA B
AHIEOS, 3 MEETY ITHMH COCTORHHAME OpPOHC-
XOIHT [IABNEHHE [PH DOCTORHHOH TeMIIepaTy-
pe.

L, (10)

rae

IToTeps Macchl 3a CHUET HCOAPEHHA OH-
MHHEH OOEHHBarTCA 0o Gopuyme [epoa-
Kryacema, xoTopas ofecHewHBacT TeopeTHWE-
CHH MAKCHMATBHEE NOTOK ATOMOB, IMONEIAN-
X OOBEPXECCT: MBUDEEH [2], B onpenenieT-
CE CASTYHIMEM dopMyIoi:

AM, =—5, [ L

R (T2)A1
27T, ¥ )

F (T
roe’ - Macca aTOMa, "-P{ o IARTEHHE
HACHIMAMIIEY DAP0OE MATEPHATA MELTHEKH, KO-

TOpCE IABHCHT OT TEMIEDATYPH IhLTHHEH L
[&.107.

IToTeps 3HEeprEH 33 CUET HCNAPEHHSY M-
MHEEH ONPEIelseTCd CHSTVECIIHNN BEIPEESHH-
em [11]:

"Frf +AR, if solid
_‘.er =AM x: .Fr,_'r‘;rz + AR, if melting
B+ ARy if Liquid
(13)
r-:[e_"'hm‘u Mep YIeMLELE 3HTATRINH ITiE-

NeHHA H HCOAPEHHE, COOTBETCTBEHHD.
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Ha prcymre | npHBeIsHE HaTpeEaIIHA
H OXTAEI3HINE DOTOKH 3HePIHH B 3ABHCHMO-
CTH OT TEMIEPATY PRI IEITHHEH.

n A

Qia, [Wim']

1

1000 2000 W00 4000 000
T, [K]

AOTHE DOTOE 3RSPIEE, PEIyE-

G000 TO00

— -
Tarel pador [192];

{(~rerrer=) - COLTAELTEROIIEG! TOTOK 3EEPTHE, PE3yh-
Tare padoT [192];

i | - EACPEBAHIIHIL ITOTOE 3HEPTER, PE3vIh-
TaTR TaEEGH paboTs:

[———) - COTAEIIWOTHN TOTOE 3EAPTFH, [Ty -
TaTel TaEEoH paboTm

Pucysox 1 — [oTomm 3mepris 53 EUTHE-

KY B 3ABHCHMOCTH OT TeMIIEPaTYPH OEUIHHEH B

OIHCPOIHOH JeATepHEBOH MTATME ¢ IapaMeT-
T =T=10el" n=n=2x10"cm"

Kak BHOHC HI PHCYHEA, IIPH HE3EHX TeM-
MepaTypax HATPEBAIIIHE OOTOK IHEPTHH ABILE-
eTcE JOMHHHDYIIIHM, a3 OpH BOSpPacTaHHH
TEMOEPATYPH YBEIHTHBAETCH OXIAEIANINHE
OOTOK 3HEPrHH 33 CH9eT PaTHAMHOHHOTO HIIV-
gedHd H HenapesHs. [loTokm 3WeprEm Ha Ik
MHHEY ObUIH CPABHEHBI ¢ Pe3VIBTATEMH padoT
[12] 2 EMerOT XOpPOIIEE COTTACHE.

Ha pucyere ! DokaiaEa MODHOCTE DO-
TIOMIEHHA 3HEPrHH OLTEBEIMH TACTHIIAMH IPH
HEESKIHH OBUIEBEIX TacTHI €O CEOpOCTBRD 1
ur/c. Kax BHOED, H3 pHCYHEA MOIDHOCTE MO-
TIOMEeHHA 3HEPrHH MEEKPOHHRIMH [hITEBhIME
wacTHOAaMHE HueeT mopazox oxcac 13MBr. B
OpONEHTHHY COOTHOIIEHHAX 3TC OPHBOIHT K

MmOTEPAM 3HEPTHH OIasMEHHCTO MIHYPE TEPMOo-
¥

AOepHOTO peakTopa o 23% Ha HaIpeE NLUIH
(MOmEOCTE MIA3MEHHOTe MHYPAa TepMOAISp-
HOTO peakTopa cocTasmEet oxomo 70 MBT).




AYPHAT APEGIEM IFOTHYNE OMRD MY CUCTEM

PIMWY)

1 2 3 4 5 E [l B -] 10
T um
Prcynox 2 —-Mommocts noraomesnms
3HEPTHH MBLTEBRIME TaCTHITAME MPH HEKeKITHE
OBITEBRIX YACTHI CO CEOPOCTEED 1 MT/c

IapIrgeHNe

Hecnencpano BUHEHHE NEDIEBEIX TACTHII
HA XAPAKTEPHCTHEH NPHCTEHOUHOH ILTA3MEI
TEPMOAISPHOTD PeaKTopa HAa OCHOBE paspado-
TEHHCH MaTeMaTHIecKod mozemH. Ilomywene
IOTORH 3HEPTHH Ha ORUIHHEY H MOMEHOCCTS I0-
TIOMEHEA 3HEPTHH NEUIEBHIMH TacTHIAMH B
IPHCTEHCYHOH ILTa3Me TEpMOZIEPHOTO peak-
Topa. [lokasaHo, 9TC HHEEKIHA IELTEBBIX T3-
CTHI BCEICTEHE B3AHMONSHCTEHA IUTAsME CO
CTEHECH TepMOATEPHOID PeakTopa NPHBOIHT K
ODOTEpAM 3HEPrHE [LTAIMEHHOTO IDHYpA H
VMEHBIIEHHED [IOQOEHTENEHOID IHEPTeTHYE-

CHOTC BBINOJA TEPMOAIEPHEIX PEaKITHE.
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B.IILAHIE [IELTEBEIX UACTHII HA XAPAKTEPHCTHKH [IPHCTEHOUHOII
ILTASMBI TEPMOATEPHOI'O PEAKTOPA

AfcTparTt. B 1aEmof pafoTe HOCIeIOEAHO BIHEHES NELTEERIX TacTHD Hi KiPaxTepHCTHEH
IPHCTEHOUHOH ILTAIME TepMOfIepHoTe peakTopa. [Iperiosena MaTeMaTHIeCEAS MOJEE, TIE IH-
THEEA HATPEBAETCH 33 C9eT DOTOKOE MISETPOHOE H HOHOE H HX PeKoMOHHAITHH Ha IIOBEPXHOCTH, a
TEECEE 34 CHUET IMHCCHOHHEIN OPONECCOB H CMIAXIARTCH 33 CUeT TEIUIOBOrD HIMYUEHHYT H HCOApe-
HEA. [Toay9eHE DOTOKH 3HEPrHE HA OEUHEEY H MOIIEOCTh NOTHOIIEHHS 3HePrHH NEITEBLIMH 9a-
CTHIIAMH B OPHCTEHOTHOH ITasMe TepMoETepEore peakTopa [loxasaso, 9To HEESKIEE MELTEBEIX
TACTHN BCISICTEHE E3aHMONSHCTEBHA ILTAIME CO CTEHEOH TEpMOSTEpHOTC PE3KTOpA OPHEQIHT K
MOTEPAM IHEPTHH [IASMEHHOTO MMHYPAE H YMEHBMIEHHE NOI0EHTEIBHOTO HEPTETHISCKOr0 BRIXO-
A3 TepMOATEPEHER PEARITHE.

Kiw4eBble cI0Ba: TepMOSIepHRE peakTOp, OPHCTEHOWHAS ILTAIMA, [LLTEBAS TaCTHIIA,
TEIUICEOE HITYIEHHE, IMHCCHOHHBIE MPOIecch.

T.C. Pamazanos, C.E. Korarosa, H.X. bacTemosa
An-PapaduamundazaFaz TV, Ao, Kazascman

TEPMOATPOIBIK PEAKTOPIBIH EABBIPE ATHIK ILTAIMA KACHETTEPIHE
TO3AHTH bO.TIMEKTIH 2CEPI

AHHOTANNA. BT AMBICTA TEPMOSNPONEI, PEAKTOPIE KAGKHPFATSE MIAIMA KACHETTEpiHe
To3aHIH OeMINEKTIH acepl 3eprTeinl. To3aH NIEKTPOHIAP MeH HOHIAP SFEHIAPHHAH, OTapILEH
To3aH GeTiHZe GipIryiHeH, 3MHCCHOHIBE NPOOecCTEp HETI3IHDE KREATHE HIHE EBUTVIEE CIyae
MEFEPY , GVI4HYy CALTAPHHAH CYBETHE MATEMATHEATBE MOJSIb PCHEBULISL | epMOZIPOIEE
PEeaKTOPIBE KalsIpPranbly, ITa3MackEIa TO3AHIN GeIeRNes JHePIHA KyaTHHEE AYTHUIYE EI3He
TO33HIH GoqMerwe EefdeTIH IHEPIHA AFEHIAPH ANBHIN. [[I133MAHEE TepMOZIPOTHE PEakTop
EaOBIPFachMeH JCEPIecy HITHMECIHNe TOIAHIH OeMexTIH HEASKIHANAHYE LIASMATRE GayIkH
IHEPTHACHHEE EoHe TEPMOAIPCIHE PeARIIAHEE OaHIATH 3HEPIHEAHE INBFAPYISE a3albEA
SEeTem.

Tyitin cesTep: TEpMOAIPOIEE PEANTOP, KaOBIPFATEIE [IA3MA, TOSARNTIE OeUIIes, HEDTYIILE
CayIe MEEFApY, IMHCCHATEIE NPOIeccTep.
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EFFECTOFDUSTPARTICLEON CHARACTERISTIC OF EDGE FUSION PLASMA

Abstract.In this workeffectofdustparticleon characteristic of edge fusion plasmais investi-
gated. The given mathematic model, whers the dust particle 15 heating by the fluxes of electrons and
1ons, their recombination on its surface, emission processes and are cooling by radiation and evapo-
ration. The energy fluxes to the dust particle and recombination power energy by the dust particles
are obtamed. It 15 shown that the injection of dust particles, due to the mteraction of the plasma with
the wall of the fusion reactor, leads to a loss of energy of the plasma column and reduction of the
positive energy yield of thermonueclear reactions.

Kevwords: thermomuclear reactor, edge plasma, dust particle, thermal radiation, emission’s
processes.

o Bun I8 T1. 2006



