DNEKTPUUYECKUU TOK
B ra3ax

YpOK nsy4yeHust HOBoro matepuana
10 knacc




[[a3bl - ANINEKTPUKMU

[Tpy OOLIYHBIX YCITOBUAX BCE radbl HE NMPOBOAAT
AIIEKTPMNYECKOro ToKa (COCTOAT U3 HeEUTParibHbIX aTOMOB)

OTUM CBOMCTBOM OOBACHAETCA LUMPOKOE NCMOSb30BaHMe
BO3[yXa B Ka4YE€CTBE U30NTMPYIOLLIErO BELLECTBA.

[TpuHUMN OEeNCTBUSA BbIKITHOYaTENEN N PyOUITbHUKOB:
pa3Mblkaa NX MeTannmyeckme KOHTakTbl, Mbl CO30aeMm
MeXay HUMU NPOCIOoNKY BOo3ayxa, He MPOoBOASLLYIO TOK.




[[a3oBbLIN pa3psan

- [1Inams, BHECEHHOE B NPOCTPAHCTBO MeXOy ABYMS
MeTanIMYeCKUMM anckammn, NPUBOAUT K TOMY, YTO
raflbBaHOMETpP OTMeYaeT NosiBfieHne TokKa.

« OTCcloaa cnenyer: 2as, Hagpemsbil 00 8bICOKOU meMriepa-
mypabl, 6119€mcs nMPo80OHUKOM 3/1EKMPUYECKO20 MOKa.

[1lpoxoxaeHne Toka Yyepes rasbl
Ha3bIiBalOT

2a308bIM pa3psiooM

ONEKTPUYECKNIN TOK B rasax
npeacraBnaeT cobon
ynopsigoyeHHoE ABMXEHUE
CBOOOAHbIX 3JIEKTPOHOB U
NOJIOXXNTENbHbIX NOHOB




MoHun3auusa rasa

- NoHn3auumsa — npouecc
pacliensieHna aToMoB Ha
NONOXUTESbHbIE UOHbI U
9NMEKTPOHbI

—F

e Bugbl noHnsauumm rasa:
- ONIEeKTPOHHbIN yaap
- TepMunyeckasa NoHn3aums
- POTONOHM3aLUMA
- paANo0aKTUBHOCTb

MoHU3aTopbl — UICTOYHUKMN,
Bbl3blBalOLLME MOHU3ALMIO rasa

UoHun3aTopbl rasa:

- Nnams (BbICOKad TemMmnepartypa)
- PeHTreHoBcKoe, ynbeTpaduorne-
TOBOE, raMMa — U3ny4eHus

- UICTOYHWKM BbICTPbIX 3apsiKeH-
HbIX YacCTuL, (KaTo4HbIE JTy4n)

- MMHMManbHaga aHepPrus, KOTOPY HeEOOXOOANUMO 3aTpaTUTb, YTOOLI
OTOpBaTb 3NIEKTPOH OT atoMma,
Ha3bIBAETCH 3HEepPruen MoOHU3auum




PekomOuHauusa rasa

« ECnun npekpaTtuTb JENCTBUE MOHM3ATOPA, TO HAYNUHAET
npeobnagaTtb 0O0paTHLIN NpoLecc 00beaNHEHUSA 3NEKTPOHOB
N NOHOB B HENTpPArllbHbLIE aTOMbl — PEKOMOUMHaLUMA

« B npouecce pekombuHaunm ras cHoBa npuodbpeTtaet
ONaNeKTpnyeckne CBoOUCTBa

» Takum obpasom anekTpnyeckne CBOMUCTBa ra3oB CUNbLHO
3aBUCAT OT AENCTBUA BHELLHUX NOHN3ATOPOB




—

B 3aBucnmocTn 1o crnocoba nonyvyeHns 3apsaXXeHHbIX
4yacTul B rase rasoBble pa3psabl AendTca Ha ABa BMaa.

Buabl ra3oBoro paspsaa
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HecaMocTOossiTeNbHbIU CamMmocTosiTeNnbHbIN

4
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HecamMocTosiTeNIbHbIN
ras’oBbly pa3psa

* HecamMmocToATENbHbLIW ra3oBbIV pa3pag —
SIBMEHNEe rnpoTekaHUa 3NeKTpU4ecKoro Toka vyepes ras nof
BO3JEeNCTBMEM BHELLHEro MoHu3arTopa.

 TOK NpekpaLyaeTcs nocrne oKoOH4YaHUs AencTBUS
MoHM3aTopa

HecamocmosimenbHbIli paspnad

o
.
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CaMmocTosiTe/NNIbHbIU
rasoBbly paspsia

« CaMocTOoATENbHbIN ra3oBbIf pa3psa — npouecc
NpoTeKkaHNs aNeKTPUYECKOro Toka B rase, NMpoOUCXOAsLLUNA
NPU OTCYTCTBUM NOCTOSIHHO AEMACTBYHOLLEr0 BHELLHETO
MoHUu3aTopa.

- 3apsiKeHHble YacTuLbl B ra3e co3gatoTcs nod AeNCTBMEM

SneKTpmquKorO aNnna cviliacTRviniiiarn I\AQ\I[D'y

aneKkTpoaamu




Buabl CAMOCTOSATEJIbHOIoO
rasosoro pa3psaal

1. Tnerowmn paspaa

YcnoBusa BOSHUKHOBEHUSA: TexHn4yeckoe NnpuMeHeHue:
1. HU3KMe paBneHus - B lamMnax AHEBHOro cCBeTa
(OonNu Mm pT.CT.) -_B peKkfame: HeOHOBbIe

2. BbICOKas HanpskeHHOCTb | Namnbl, peknamMHble TpyOKu

9MNEeKTPUYECKOro nosns - B MeOULIMHE: PTYTHbIE
Gl yrnbTpadnoneToBblie namMmbl

-_Ha NPOn3BOACTBE, B ObITY:
HEeOHOBbIE NaMnbl (MHOMKaUMA
N ctabunnsaumsa HanpskeHus)

- B UICCNegoBaHUAX: rasoBble
nasepbol




Tnerownn paspaa

. _J

* npl/l CUMNbHO NMOHMXEHHOM JaBMNEHUN CaMOCTOATENbHbIN pa3pan
COonpoBOXaOaeTcAd cBe4eHneM.

* [ToNOXNTESNbHbIE NOHBI, yaoapAaAaCb O KaTtod, Bbi3blIBAOT BTOPUYHHYHO SJTIEKTPOHHYHO

AMNCCUIO
* I'IpM YBENMNYEHUN HarpA>XeHna mexay

I A anekTpoaamu TpyobKu, 3anornHEHHOW ras3om,
SHEpPrnsa ABMXKYLLMXCA NOHOB N SNEKTPOHOB
BO3pacTaeT, BO3HUKAET siBfieHne BblIOnBaHUSA
MOHaMW U3 HENTPanbHbIX MOMNEKYI 3NEeKTPOHOB —
yaapHasi MoHM3aUus, Kotopasi NPUBOAUT K
NaBMHHOMY YBEITMYEHUIO YnCca HocuTenen sapsaa
N PE3KOMY BO3pacTaHUIO TOKa

U ° Takou pa3psan He HyXXOaeTcs B 4eUCTBUM
noHu3aTopa




LiBeTa Tnerwowunx paspanoB
B pa3finyHbIX rasax

KceHoH




Buabl CAMOCTOSATEJIbHOIoO
ra3oBoro paspsaaa

2. [lyroBou pa3psan

YcrnoBusi BO3HUKHOBEHMUS: TexHu4yeckoe npMmMeHeHue
. Borbllas cuna Toka « [lyroBble pTyTHbIE NlaMbl, UICTOYHUKM

(10 -100 A npv manon CBEeTa: NpoXekTopa.
HaNPsHXEHHOCTY « CBapka 1 peska MeTarnsos.

3MEKTPUYECKOro Nons) * [lonyyeHne MHCTpPYMEHTalbHOW cTanu
(90%) B OyroBbIX nevax




* B 1802 roay pycckuin dounsunk B.B.lleTpos
YCTaHOBWI, YTO €Cnn K rnontcam 0onbLIoK
anekTpuyeckon batapen NnpucoeanHUTbL ABa
KyCOuYKa yrnsa n npmBecTm Ux B CONMPUKOCHOBEHMNE
a 3aTeM pasgBuHYTb, TO MEXAY KOHLUaMW yrnemn
obpasyeTcs sipKoe nnamsi, a camMmm KOHUbI yrineu
packanatTca nobena, ncnyckast ocnenuTenbHbIN
CBET.
« AnNeKTpnyeckana ayra aBnderca MOLHbIM
MCTOYHUKOM Tenna, CBeTa, yNnsTpaduosieToBoro
N3nyvyeHns

B.B. lNeTpos
(1761-1834)

* [lpn atmocdepHOM gaBrneHun Temneparypa
KaToga npmbnunantensHo pasHa 3900 K.

* [1lo mepe ropeHnsa gyrn Kkaton 3aoCTpPSAETCH,

Ha aHode obpasyetcs yrnybneHne — kparep -
SABMNAKOLLNIACA Hanbornee ropsymMm MecTom Oyru.




Buabl CAMOCTOSATEJIbHOIoO
ra3oBoro paspsaaa

3.KopoHHbIN pa3psaa

YcnoBusi BO3HUKHOBEHUS: TexHn4yeckoe npUMMeHeHue:

» ATmMocchepHoe 1 bonee BbICOKOE * ONEeKTPOOYNCTUTESTbHbIE

nasrieHue JoUNLTPLI rA30BLIX CMeceu

* CunbHOE HEOQHOPOOHOE 3rieKTpU4eckoe  MeaounuunHa

none, HanpsxxeHHocTb = 3000000 B/m * CYeTUnKM anemMeHTapHbIX
yacTuL: NO3BOMAKT Nobble
3apsKeHHbIe, ObICTPO
OBWXKYLLIMECSH YaCTuLbl

N3-3a orpoMHOU HaNpPsXKEHHOCTU ANIEKTPUYECKOIO \h
nonsa npunexawnm Bo3gyx NOHU3NPYeTCs n
NpoucxoauT CTeKaHne 3apsaaa B BUAE MareHbKnx
NCKp, 0bpasyomx KOPOHY




KopoHHbLIN pa3paa

» ConpoBoxaaeTca crabbiM cBe4eEHNEM U HEDOSbLLINM LLYMOM.

KopoHHbIN paspsg
Ha OCTpue rpoOMOO0TBOAA

MonHusa yoapset
B (POMOOTBOZ, U 3apsaabl
yXoOsaT B 3emrto,

HE MNMPUYnNHAA Bpeaa 34aHuio.

KOpOHHbIN pa3psag Ha KoHUax Madt
«OrHn CBaToro dnbmay»

KopoHHbIN pa3psa Ha NMHUK anekTponepeaay
NMPUBOAUT K NOTEPE SNEKTPOIHEPTUU




Buabl CAMOCTOSATEJIbHOIoO
ra3oBoro paspsaaa

4. UckpoBou pa3psaa

YcnoBusi BO3HMKHOBEHUS: TexHn4YecKkoe npuMeHeHue:
* Bbicokoe Hanpsixenue go 10° B npu » icnonb3yeTcs npu obpaboTtke
aTMocepHOM OaBneHun, UMeeT Bu, METanmnoB, B cCUCTEME
CBETSLLErocs KaHana ¢ pa3BeTBNneHnaMn B 3axuraHunsa gsuratenemn

Teyenune 1077 c. BHYTPEHHErO CropaHus.

KpaTkoBpemMeHHas nckpa - npobown rasa,
\06yCJ'IOBJ'IeHHbIl7I NoHN3aUnen MoneKkyn CUnNbHbIM
SNEKTPUYECKNUM MNoJSIeM




UckpoBou pa3spsan

[MraHTCKNM NCKPOBOM paspsiy - VckpoBou paspsig Ha TpaHcdopmartope Tecna
npupogHasa MOSTHUA - pa3psag Mexay ,

rpo3oBbIM 0brnakom n 3emnen Y W * Vickpa B Bnae Apko
CBETSLLErocd TOHKOro CO
CNOXHbIM 0Bpa3om
N30MHYTOro U
pa3BETBIEHHOrO KaHana
(cTpnmepa)

N
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Nckposon paspsaa B [1BC

)

@3 BONN3M NCKpbl HarpeBaeTcs
00 BbICOKOW Temneparypbl U
BHEe3arnHo pacLlmpsaeTcs, OTYEro
BO3HMKAIOT 3BYKOBbIE BOJSIHbI, U

.  Nickposon paspsag B ABC npumensetcs ans
Mbl CIbILUMM XapaKTepHbI TPECK. .
BOCMNIIaMEHEHUS roproYeil CMecu

» [1na obpaszoBaHUs MOLLHOM UCKPbI Ha CBEYYy
3axuraHunsa nogaetca HanpskeHne 20 — 30 kB

)

)
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nria3mMma

razoobpasHoe

Xuagkoe

UeTBEpPTOE COCTOSIHME BellecTBa ObINo oTKpbITO Y. Kpykcom B 1879roay

Brnepsble TepMmuH "nnasma" obin ncnonb3oBaH B 1923 . amepurKaHCKUMU PU3nKamu
JleHrmopom 1 TOHKCOM, KOTOPbIE CTanu ¢ ero NoMoLLbo 0603Ha4YaTb ocoboe
COCTOSIHME MOHU3NPOBAHHOIO rasa.

[Mnasma- Hanbonee pacnpocTpaHeHHOE COCTOAHME BewecTBa Bo BceneHHon
(99% BelLecTBa)

Lt HEGZTLL E v



Mnaisma

[Tpn TemnepaTtypax Bbilwe 10 000°C Bce BellecTBa
HaxoOATCs B COCTOSIHUW M1a3Mbil.

Mnasma - cMNbHO MOHM3NUPOBAHHLIN a3, B KOTOPOM
KOHLEHTpaLMN MONOXUTENbHbIX U
oTpuuaTenbHbIX 3apAa0B NPaKTUYECKA

OOWHAaKOBbI (B LENnom nriasma HenTpanbHa)




'MTnasma

Buabl nna3mbi:
1. B 3aBMCUMOCTU OT CTEeneHn UoOHU3aumm

Cnabo noHnsnposaHHast (MOHU3MpPOBaHbI Aonun %
MOJSIEKYI)

YMepeHHO MOHM3NpoBaHHada (MOHN3NPOBAHO HECKOSbKO %
MOJSIEKYI)

[TONHOCTBLIO MOHU3NPOBaHHASA

2. B 3aBUCUMOCTHN OT CKOPOCTU ABUXEHUS
3apsXKeHHbIX YacTuu

 HuskotemnepartypHas (T<10° K)

» BbicokotemnepatypHas (T>10° K)

\




Buabl nnasmbl

XonoaHasa nnasma

Tnerowunn paspan

Mex3Be3aHasa cpeaa




Buabl nnasmbl

fopavyasa nnasma

3Be3abl

hiip o aida Meozau
g

S



* [NonapHble cuUsiHUS BO3HUKAKOT BCreacTBne 6omMoapamnpoBKN BEPXHUX CITOEB
aTMocdepbl 3apsKeHHbIMU YacTuuamMu, ABMXKYLWMMNCSA K 3eMrie 13 obnacTu
OKOJNMO3EMHOI0 KOCMNYECKOro NpoCTpaHCTBa, Ha3biBAEMOW Mia3MeHHbLIM CIT0EM.

* [poekunsa NNasmMeHHOro cros BAOSIb reoOMarHUTHbIX CUMOBbLIX JIMHUA HA 3EMHYHO
aTMocepy MMeeT opMy KOJieL,, OKPYKatoLLNX CEBEPHbBIN U KOXXHbIW MarHUTHblE
1 nositoca




CBoucTBa nnasmbili

KOHUEHTpaunsa nonoXnTenbHbIX U OTpULaTeNbHbIX YacTul
B Nnnasme npakTuyeckm ognHakoBsa

Bbicokasi anekTponpoBoagHOCTb. [1pn BbicoKkoM t°nnasma
npubnmxaeTtca K CBEPXNPOBOgHUKAM

CurnbHOE B3anMOOENCTBUE C ANEKTPUYECKUM U
MarHUTHLIM NOSIAMMU

Kaxxgaa 3apskeHHas Yactvua nnasmbl B3aMMoOencTByeT
C 6OSIbLLUMM YNCITOM 3apsXKEHHbIX YaCcTuLl
CseueHne

Imu ceolicmea oripedersissitom Ka4ecmeeHHOoe
ceoeobpa3sue nia3mMbl, NO380JIsTOUW,ee cHuUmMama
ee 0cobbIM, YemeepmbIM COCMOSIHUEM 8eljecmaea.
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I'IpwmeHeHMe nrnasmbl

 [1na3ma BO3HMKAET BO BCEX BUOax ra3oBoro paspsia —
rasopaspsigHasi nnasma

B cBeTOoTEXHMKE B rasopaspsaHbIX Jlamnax, OCBeLlatoLmx
yNuLbl, 1 NTaMmnax JHEBHOIO CBETa, UCMOSb3yEMbIX B
NoMeLLeHUax.

B rasopaspsgHbix npndopax: BeIMPAMUTENAX
9rIEKTPUYECKOro ToKa, cTabunuaartopax HarnpsikeHus,
NrasMeHHbIX YCUNMUTENAX U reHepaTopax CBEPXBbICOKNX
yacTtoT (CBY), cuetumkax kKocMmyeckmx 4actuu,.

B ra3oBbIx Nlasepax — KBAHTOBbIX MCTOYHMKAX CBeTa
B nnasmoTpoHax Ans pesku, CBapku MeTarnsos.

B nna3mMeHHbIX ABUratensix B KOCMUYECKUX KOpabrsix
B marHuTornapogmMHaMmnyecknx arneKTpocTaHLUsX.




g LleHTpanbHON 3agavyen PU3nNKKN nNrnasmbl ABNSAETCS
npobnema ynpaBnaemMoro TepmosiaepHoro CMHTe3a

Toxamaxk

(TOponpansHas KAmepa ¢ MArHnTHeivMmn Katywkamm)

* 3T0O YCTPOMCTBO, CNOCOBHOE (POPMMPOBATL AONTOXMBYLLYIO FOPSYYHO Niasmy
BbICOKOW MITOTHOCTW.

* [py QOCTXEHNM ONpefeneHHbIX NapaMeTPOoB Ma3mbl B HEM HAYMHAETCS
Tepmo;l,u,()apHaﬂ peakUus cuHTe3a saep renvs U3 U3oTonoB Bogopoaa (aentepus
N TPUTUS).

* [lepBbIn TOKamak 6bin paspabotaH B IHCTUTYTE aTOMHOW 3HEPTUN UMEHMN
KypuyaTtoBa B MockBe 1 npogemoHcTpupoBaH B1968 B Hosocmnounpcke.

» Tokamak cymMTaeTcs Hanbornee NepcnekTUBHbLIM YCTPOWNCTBOM 115
OCYLLECTBNEHNS yNpaBrsieMoro TepMosaepHOro CUHTesa.

D ‘ » Tokamak npeacTaBnset NonbIN

TOp, Ha KOTOPbI HAMOTaH

NpPOBOAHNK, 06pasyroLLNiA
MarHuTHoe rnore.

x\
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OCHOBHOE MarHuUTHoe nose B
Kamepe-noByLUKe, coaepxalleu
ropsivyto nrasmy, co3gaeTcs
TopouaanbHbIMU MarHUTHbIMU
KaTyLLKaMW.




