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CamocTosiTeJIbHBIM Ia30BbIil pa3ps

« CamocmosimersibHbIM pa3psiooMm 6ydem
Ha3bleamb mMakol 2a308blIl pa3ps0, KomopbIiu
510 npoooJsnKaemcsi U rnocrie ripeKpaweHus
delucmeusi UoOHU3amopa.

* KoeOa mex3rneKkmpoOHbIU NMPOMEXXYMOK
rnepeKkpbieaemcsi MNoJIHOCMbIO rpoesoosiweu
2a3opa3psiOHoOU rnia3Mou, Hacmyrnaem e20
npob6od.



Ycii0BMS BOSHUKHOBEHMSA M MOAAEPKAHUAA
CAMOCTOAATEJILHOI'0 I'a30BOI0 pa3psaaa




e 1. Ilpu GoIbIIMX HANPAKEHUAX MEKIY FIEKTPOAAMHU Ia30BOI0
MPOMEXYTKA MOK CUTIbHO 603pacmaent. ITO MPOUCXOTUT BCJIEACTBUE
TOI'0, YTO BO3SHUKAKIIUE MO JeiICTBUEM BHEIIHEr0 HOHU3AaTOpAa
INEKMPOHbBL, CUTbHO YCKOPEHHbIE IIeKMPUUECKUM ROJIEM,
CHAIKUGAIOMCA C HEUMPAIbHBIMU MOIEKYAMU 2434 U UOHUSUDYIOM
ux. B pesyabrare 3T0ro 00pa3yrrcs ¢mopuiunvle 1eKmpoHsl U
NOLOHCUMETbHbIE UOHDL é@pouecc 1)

K 4N A

O\be f

+




* 2. YCKOPEHHLIE 3MNeKTPU4eCcKUm rnonem
rnoJsioXKumeJsibHble UOHbI, yO0apsisiCb O Kamoo,
eblbusarom u3 Hea20 3JIeKMPOHbI (npouecc 2);




3. IlomoXHUTEIbHBIC HOHEI, CTAJKHUBAsSCh C MOJICKYJIAMH T'a3a,
IIEPEBOAAT UX B BO30YKICHHOE COCTOSIHUE; HEPexo0 maKux
MOIEKY]l 8 0CHOBHOE COCMOAHUE CONPOBOIHCOAECHCA
UCRYCKAHUeM (Jomonoes (n@uecc 3);
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*4. DOomoOH, noasiIowW,eHHbIU HeumpasibHoU
MOJIEKyJiol, UOHU3Upyem ee, npoucxooum ripoyecc
¢bomoHHOU UOHU3ayuu Mmosiekyn (npouecc 4);
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* 5. BbibusaHue 3s1leKmpoHoOe8 U3 Kamooa rnoo
deucmeuemM ¢pomoHoe (npouecc 5);
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+ 6. HakoHen, Npu 3HAYNTEJNbHbIX HANPS)KEHUAX MEKAY JJIEKTPOAAMHU ra30BOr0
MPOMEKYTKA HACTYNIAE€T MOMEHT, KOIIA 10/10)cUmelbHble UOHDL, 001a0aroujue
MeHbULell OTUHOU CB0000H020 npobeza, uem I1eKmpoHvl, NPUOOPemarom IHep2zuio,
00CMAmMOYHYI0 011 UOHU3AUUU MONEKY 2a3a (npouecc 6), u K ompuyamenbHol
njaacmuHe YyCmpemiaomcsa UOHHbLE JIAGUHDL.

* Korga Bo3HHMKAIOT, KpoOMe JIEKTPOHHBIX JIABUH, €lll¢ 1 MOHHbIE, CHJIA TOKA
PACTeT y:Ke NPAKTHYeCKH 0e3 yBeJIMYeHUsI HANPAKEHU .

s o/'
o—>

o f "y




8.4. Tunsl pa3psanaos

B 3aBHCMMOCTH OT JaBjiCHHUS ra3a, KOH(UIypaluu

AJICKTPOJOB W  IMApAaMETPOB  BHEIIHEW  IIEIIH
CYILIECTBYET YETBHIPE THIA CAMOCTOSTEIbHbBIX
pa3psI0B:

0 TICIOLINW PA3PAL;
0 HCKPOBOW PA3PSII;
0 YTOBOW PA3PsII;
0 KOPOHHBIN PA3PSI.




Taerommu pa3psan

0 Taeromuu paspsii BO3HHUKAECT OPU HU3KHUX
NABJICHUSX (B BAKYYMHBIX TPYOKax).

0 Ero MoxxHO HaOJIIOAaTh B CTEKISHHON TPYOKE C
BIIASTHHBIMU y KOHIIOB IJI0CKUMU
METaAJNIMISCKUMHU 3JICKTPOIAMHU.

0 BOmum3u  karoga  pacrojiaracTcs  TOHKHUM
CBETSIIUNCS CJIOW, Ha3bIBaCMblil KamooOHOU
ceemauleucs NiaeHKou



TNEWNIWHK PA3PA]

KATOAHAS TPYBKA
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12 3 4 5 6
1. ACTOHOBO TeMHOe mpocTpaHcTBO; 2. KaroaHas
CBeTAIASACH MJIEHKA; 3. KaroaHoe TEMHOE
npocrpancreo; 4. Tiewuiee cBeuyenue; 5. DapajaeeBo
TEeMHOE NPOCTPAHCTBO; 6. [Toj10KUTEABHBIN CTOJI0.



M ckpoBo# pa3psij BO3HHUKACT B ra3e OOBIYHO
MpY TABJICHUSIX MOPsiaKa arMocdepuoro P_ .

OH xapaKTepu3yeTcs NPEepbIBUCTON (DOPMOIA.
Ilo BHeEmHEMYy BHAY HWCKPOBOM pa3psil

IPEACTABIISICT coOoM IIy40K SAPKUX
3Ur3aro00pa3HbeIX PA3BETBISIONINXCS TOHKHX
10JI0C, MTHOBEHHO IIPOHU3BIBAIOIINX

pPa3psSIIHBINA MPOMEKYTOK, OBICTPO TaCHYIIMUX U
ITOCTOSHHO CMEHSIONIUX APYT ApPYyTra.

ITH ITOJIOCKH HAa3bIBAIOT UCKDO6bIMU
KaHa/ilamu.
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T. =10000K; @ ~40cm; [ =100x4; t=10""c

KaHdaia



[Tocne Toro, Kak paspsigHbli NPOMEXYTOK «MPOOUT» NCKPOBbLIM
KaHasrioM, COMNpOTUBIIEHNE €ro CTaHOBUTCA MarsblM, Yepe3 KaHarl
NPOXOANT KPaTKOBPEMEHHbLIN MMMYIbC TOKa OONbLUON CWUMbl, B
TEeYEHNE KOTOPOro Ha paspsaHbi NPOMEXYTOK NPUXOAUTCH NULLb
HEe3Ha4YUTENbHOE HanpsXXeHne. EcnnM MOLIHOCTb WUCTOYHMKA He
OYeHb Benuka, TO MOcCfe J3TOoro uMnynbca TOKa paspan
npekpalwlaeTcda. HanpsbkeHne wmexay anekTpogamum HavyuHaet
NOBbILLATLCS A0 NPEXHEro 3Ha4eHUd, 1 Npobon raza NOBTOPSIETCH
Cc obpa3oBaHMEM HOBOIrO MCKPOBOro KaHana.




» B ecTecTBeHHbIX NPUPOAHbIX YCINOBUAX UCKPOBOU
pa3psan HabnogaeTcs B BUAE MOJTHUU.

» Ha pucyHke nsobpaxeH npumep uUckpoeozo pa3psida
— MOJTIHUS1, npopomxuTenbHocTbio 0,2 + 0,3c

» cunom toka 10 —=10° A, anuHomn 20 Km
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Jluamemp KaHasia MOJIHUU

* paseH rnpumepHo 1 cm,
*memMriepamypa e KaHasie MOJIHUU
*pasHa rnpumepHo 25 000°C,
*rIpO0doJSIKUMEsSIbHOCMb pa3psioa
ecOocmasJsisiem 00Jiu CEeKYHObI.
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JlyroBou paspsia

0 /lyroBou paspsa. Ecan mociie T1nonydyeHus
MCKPOBOIO  paszpsjga OT MOIMHOIO HCTOYHHKA
IIOCTEIIEHHO  YMEHBIIATh  PACCTOSIHUE  MEXKIY
ANEKTPOJAMU, TO  pa3psg U3  IPEPHIBUCTOTO
CTAaHOBMUTCSI HEINPEPHIBHBIM BO3HUKACT HOBas (popma
razoBOI0 pa3psaa, Ha3blBaeMas 0y206biM PA3Psa00oM.

[I PaT INIOBA

0 U=50-100 B
0 I1=100A




» Tok npu oyroBom paspsne pe3Ko yBennumBaeTcs, AoCTUras
OECATKOB M COTeH aMnep, a Hanps)XXeHue Ha pas3psgHoOM
NpoOMeXyTKke nagaeT A0 HEeCKONbKUX OeCATKOB BOJbLT.

» [lyroBon paspsg nogaepkuBaeTcs, rmaBHbIM 0bpasom, 3a cyeT
TePMO3NEKTPOHHOU 3IMMUCCUMN C MOBEPXHOCTU KaToAa.

* Ha npakTuke — 3TO cBapKa, MOLHbIe AYroBble Neyu.




KopoHHBIN pa3psan

0 KopoHHbIM  pa3psil  BO3HUKACT B  CUIBHOM

HEeOOHOPOOHOM INEKMPUUECKOM noiie Ipu
CPAaBHUTEIBHO BBICOKHMX JABJICHUSAX raza (mopsaka
aTMOC(EPHOTIO0).

Takoe mone MOXKHO TIOAYYUTh MEXKIY JBYMS
ANEKTPOJaMH, MOBEPXHOCTh OJHOIO M3 KOTOPHIX
oOsagaeT OOJIBIION KPHBHU3HOM (TOHKAs MPOBOJIOYKA,

OCTpHE).




Koroa anekTtpuyeckoe none BONM3M anekrtpoga C
BOnbLLION KPMBWM3HOW AocTuraer npumepHo 3:-10° B/wm,
BOKPYr HEro BO3HMKAET CBEYEHME, WUMelllee BuAa
ODOJTOYKM NN KOPOHbI, OTKyAdA U NPOU3OLLSO Ha3BaHue

3apsga.




8.5. IllpuMeHeHue ra3oBoro paspsijaa

CambIMU pPaCIpPOCTPaHEHHBIMHU IpUOOpaMH,
OCHOBAaHHBIMM Ha SBJICHHE Ta30BOTO pas3psanaa,
SABJISIIOTCS.  TOYHBIE MOPHUOOPHBI, KOTOPBIE MOXKHO
pa3JeINTh Ha CICAYIOIIME TPYIIN IIECTh IPYIIIL.

® [uparpOoHbI U TA30TPOHBI TICIOIIETO pa3psa.
e CTaOMJUTMTPOHBI TIICIOMIETO U KOPOHHOTO
pPa3PSI0B.
e (CYETYMKH KOMMYTATOPHBIE BEKOTPOHAI.
® lHauKaTophl TICHOIIETO pa3psaa.
® [ a30TpOHBI TUPATPOHBI C HAIIOJIHEHHBIM
KaTOJIOM.

e lIMiyibLCHBIE BOIOPOIHBIE TUPATPOHBI C
HAIIOJTHEHHBIM KAaTOIOM.



1 [a3opa3psagHbie npubopbl o4EHL Pa3HOODPAas3HbI, U
pasnuyatoTcs BUOOM UCMNONb3yeMOro paspsiaa.

] OHuM ncnonb3dytoTcs anga crabunusauymm
HaNPs>KeHUSA, 3aLLUTbl OT NepeHanps)XeHus,
BbINONTHEHUA NepeknoYaTenbHbIX PYHKLUNUN,
MHOUKALUWKN SNEKTPUYECKOro COCTOAHUA U T. 4.

» B nocnegHee Bpemsi AnNs NOBbILUEHUSA 3aLUUThI
YA3BUMbIX U OTBETCTBEHHbIX OOBLEKTOB, Hanpumep,
MYyCKOBbIX KOMIJ1EKCOB paKeT, NbiTaloOTCS
peann3oBaTtb pasfnn4yHble POopMbl  yNpaBreHuUS
MOMNHMEN, B 4YacCTHOCTWU Jla3epHOe WHULMMPOBaHUE
MOJIHUN.

- JTazepHOE WHULUUMPOBAHME OCHOBAHO Ha
CO30aHUM B BO3AyXE€ MWOHM30BAHHOIMO KaHamna ¢
MOMOLLbIO JTA3EePHOro U3Ny4YeHus.



8.6. IToussiTHEe O IIJIA3MeE

0 B ra3oBoM pa3psae BO3HHUKACT OOJBINOE KOIAYECTBO
MOJIOKUTEIbHBIX MOHOB BCJICJICTBHUE BBICOKOM
3(P(HEKTUBHOCTH yIapHOU MOHU3AIINH, [IpUYEM
KOHIIEHTPAaILsl HOHOB U DJIEKTPOHOB OAWHAKOBA.

0 Takad cucreMa u3 DJIEKTPOHOB M IOJOXUTEIBHBIX HMOHOB,
paCIpPEaCIICHHBIX C OINMHAKOBOU KOHIIEHTPAIUEH,

HASSIOPtAS a8 komopoli  ebinonHsemces

paeeHCmeo.
713 — Tl/l — Ta
(rge WMHOEKCbl «39», «U», «a» OTHOCATCS K 3NEeKTPOHaM, MoHaMm,

aToMaM) Ha3bleaemcsi U3omepMuU4YeCcKoUu.

. Takag nnasma MMeeT MeCTO MNpyM WMOHM3aUMM C MOMOLLbLI BbICOKOW
Temneparypsl (gyra, ropsilasi npy atTMocepHOM U Bbllle OaBfIEHUN, NCKPOBOW
KaHarn); Hanpumep, B AOyre cBepxBbiCOKoro pasneHunss (oo 1000 arm.)
Temnepatypa nnasmbel gocturaetr 10000 K, Temnepartrypa nnasmbl npu
TEPMOSIAEPHOM B3pbiBE — TMOpsiAKka HECKONbKUX OECATKOB MUSITIMOHOB
rpagycoB, B yctaHoBke «TOKAMAK» ans wmnccnegoBaHuss TepMOSIAEPHbIX

NAAIIIAA . AARanva 710K



BaxHeulwune cBOUCTBA NNa3Mbil:

a) curibHoe B3anMoOeNCTBUE C BHELULHUMW MarHUTHbIMA U
SNIEKTPUYECKMMM MOSNIAMU, CBA3AHHOE C €€ BbICOKOW
9NEKTPONPOBOAHOCTbIO;

6) cneunduryeckoe KONNEKTUBHOE B3aUMOAENCTBME YacTuLl
Nrasmbl, OCYLLIECTBASAOLWEECS Yepes3 YCPEAHEHHLIE ANTIEKTPUYECKME
N MarHUTHbIE NOMS, KOTOPblEe CO34al0T CaMn 3TU YaCTuULbI;

B) Gnarogaps KONNEKTUBHbIM B3aUMOAENCTBUAM MnasmMa BeaeT
cebsi Kak cBoeobpasHas ynpyras cpega, B KOTOPOW Nerko
BO30Yy>XQaloTCs N pacnpoCTPaHATCA pa3fnnyHOro poaa KonebaHus
N BOMHbI (HANPUMEP, NTEHIMIOPOBCKNE KonedbaHna nnasmbl);

) BO BHELLUHEM MarHMTHOM roJsie nnasmMa BedeT cebs kak
anamarHmTHas cpeaa;

0) yoenbHasa anekTpudeckas nposoanmocte O nomnHocTblo
MOHN30BaHHOW MNfia3Mbl HE 3aBUCUT OT MMOTHOCTU Nia3Mbl U
YBENMNYMBAETCHA C POCTOM TEPMOANHAMMNYECKOW TeMnepaTypbl, U
npu T = 107 K cTonb Benuka, 4To nra3my MOXHO NpUBRMKEHHO
cunTaTh MAaeanbHbIM NPOBOAHWUKOM  y 3, o0



[Tna3ama — Hanboriee pacnpocTpaHeHHOE COCTOSIHUE BeLLLEeCTBa
BO BceneHHou. ConHue 1 apyrue 3se3fbl COCTOAT U3 MOSTHOCTLIO
MOHN30BaHHOW BbliCOKOTEMMEpaTypHon nrasmbl. OCHOBHOU
NCTOYHUK SHEPTUN N3NYYEHNS 3BE3O — TepMOosaaepHble peakuum
CUHTE3a, npOTeKarou.wle B HEZpax 38€34 I'Ipl/l OI'pOMHbIX
TeMneparypax. s ' - L =




XOJ'IO,EI,HbIe TyMaHHOCTl/I I/I Me)K3Be3,EI,HaFI cpeaa Ta|<>|<e HaxoOATCA B
I'IJ'Ia3MeHHOM COCTOFIHI/II/I




B okono3emMHOM npocTpaHcTBe crnabonoHn3oBaHHas
nnasma HaxoguTCAa B paguaulMOoHHbIX Nosicax n noHocdepe
3emnu. C npoueccamu, NPOUCXoaALLMMKU B 3TOM nnasme,
CBSI3aHbl Takue ABMNEeHUs, Kak MarHuTHble 6ypu, HapyLUeHus
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pelLeHnem npobnems! YrpaesiIsieMo20 mepmMosioepHO20
CUHMe3a — npouecc CIUSIHUS JIe2KUX amOMHbIX

s10ep npu ebLICOKUX meMrnepamypax B ynpasnseMbix

CITOBUAX. DHEPreTudeckn BbiXod peaktopa coc eT 10°
yonoaysx. Snep APPRATERA RoTAR R

D} +T) > He," +n+17,6 MsB
Cxema mokamaka




Cxema KazaxctaHckoro tokamaka KTM B ceyeHumn u
ero BuA c BaKkyyMHOW KaMepowu
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OcyLlecTBrneHne ynpaBnsieMoOn TEPMOSIAEPHON peakumnen B
BbICOKOTEMMEPATYPHOU nNfiaaMe nMOo3BOMIUT YENiOBEeYEeCTBY B
byayLuem NonyunTb ApakmMu4YecKu Heuc4yepraeMbil UCMOYHUK
3Hepauu.



MI /1 - remeparTop

JIBMOKEHME M1a3Mbl B MArHUTHOM I10JIE UCITOJIB3YETCS B
METO/JIE TIPSIMOTO MPEO0PA30BaHUS BHYTPEHHEN SHEPTUHU
MOHW30BAHHOTO T'a3a B AJIEKTPUYECKYIO. DTOT METO/I
OCYILIECTBJICH B MACHUMO2A300UHAMUUECKOM 2eHepamope




« (CBoucTBa Nnasmbl N3J1yHaTb 3J1IEKTPOMAlrHNTHbIE
BOJIHbI yﬂpraq3VIOﬂeTOBOFO Anarna3oHa UCMNOJ1b3YyKTCAH
B COBPEMEHHbIX TEJNIEBN30PAX C NMIIOCKNM MIia3mMeHHbIM

9KpaHOM.
* KVoHu3aumsa nnasmbl B NNOCKOM 9KpaHEe MPOUCXOAUT

B ra3oBOM paspsae. Pa3psig BO3HMKaAET Npu
bombapanpoBKe MONEKYI rasa afyiekTpoHaMu,
YCKOPEHHBIMU 3FTIEKTPUYECKNM MOSIEM —

CaMOCTOATENbHbIN pa3psa.
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[Tnocknn TeneBu3op C JKpaHOM U3
rasopaspagHbiX 3NEeMEHTOB COAOEPXUT OKOMo
MUMMMOHA MarlieHbKUX MMa3MEHHbIX SYeeK,

cobpaHHbIX B Tpuaabl RGB — nukcenu (pixel —
picture element).
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