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Jexmust 12. DJJIEKTPUUYECKUU TOK
BTA3AX

e 12.1. SIBi1eHMe MOHM3AUM U PEKOMOUHALIAH
B ra3ax;

e 12.2.HecaMoCTOATEIbHBINA I'a30BbIA PA3PAMI;
e 12.3. CamocTOATEIbHBINA I'a30BbIHA Pa3PANI;

e 12.4. Tunbl pa3psijaoB;

e 12.5. IIpumeHenue razoBoro paspsia;

e 12.6. IlonsiTHe 0 MIa3Me



OCHOBHBIC 0003HAYCHU S

N, — 4HCII0 MOJICKYJ Ta3a B eAMHULE V/

N — 41C10 HOHOB OJHOIO0 3HakKa; N/V = n — KOHLIEHTpaLus
MOHOB

An, — 9UCIIO Map KOHOB BO3HUKAIOUINX O] ICHCTBHEM
MOHM3aTOpa 3a 1 cex B exuHHIe V

An_— 9UCIIO ap HOHOB PCKOMOMHUPYIONIHX 32 1 ceK B
eMHKIIE 00bEMa

An — YHUCJIO Map MOHOB YXOSIIUX U3 Ta30Pa3psIHOTO
IPOMEKYTKA K AIEKTpoiaM 3a 1 cex

vt v— U — CKOPOCTHU HAIIPABJICHHOIO JIBUKCHUS
IIOJIOKUTEIBHBIX U OTPULIATEIbHBIX HOHOB

M — IOJIBUKHOCTb HUOHOB

q — 3aps]l, IEPEHOCUMBbIM HOHAMU

. — INIOTHOCTb TOKQ

“L — HAIIPSAKEHHOCTD DJIEKTPUUYECKOTO IO
g PACCTOSIHUE MEXKIY 3JIEKTPOJaAMU



OCHOBHBIE COOTHOIIICHUS

An. = An — ycllOBUC PaBHOBECHs BOSHUKAIOIINX U
PEKOMOMHUPYIOIIMX HOHOB 0€3 I0JI.

An.=An_+ Anj — YCJIOBUE PABHOBECHUS HOHOB B JJIEKTPUUECKOM
oJe.
1) Cnyqaﬂ c1aboro 1moJjs An <<An

J nq[‘wﬂr Y j [IOTHOCTS TOKA B IIETTH

|A| /A
V= u E" v =u_E
O603HATEM nq(u, + ) = o— yaeabHas IPOBOIUMOCTH TOIAA
j= Spror Oma B nuddepeHnnansaoi Gopme
2) Cny4ali CUJIBHOTO MOJIS
An <<An.uAn.=An. (An —0)
r j I J r
An — HE 3aBHCHT OT £
IH — TOK HACBIIICHUS

J,, = Nqd — TUIOTHOCTb TOKa HACHIIICHHUST



12.1. SIBj1eHHMe HOHU3AIMU U PEKOMOUHAIIMU B
razax

Ilpoyecc uonuzauuu 3axarouaemcsi 8 mom, 4mo Hnoo OeUCHeuem
8bICOKOU meMnepamypvl UAU HEKOMOPBIX JIyuell MOJEKYbl 2a3a

mepsawom  IJIEKmMPOHbL U  mMeém cCamovim  npeespauilaromcs 6
noJiorcumesibHbleé UOHDL.

Honuzayua  2aza  moxcem  nNpoucxooums  nOO  Oeucmeuem
KOPOMKOBOIHOB020 USTYYEHUSl — VIbMPADUONEMOBLIX, DEHMEEHOBCKUX
U eamma — ayde, a makoice anvgha, bema — u KOCMUYECKUX TyUell.

OOHOBPEMEHHO C NPOUECCOM UOHUZAUUU UOEM O0OPAMHBIU NPOUEcc
pexomouHauuu (uHaue - Moau3auUl).

Pexkomounauyusa — smo neumpanuzayus npu ecmpede pasHoOUMEHHbIX

UOHO8 UIU B0OCCOEOUHEHUe UOHA U DJIEeKMPOHA 6 HeUmpailbHyHo
MOAeKyny (amom,).

@ClKﬂ’lOpr, noo oelicmeuem Komopblx 603HUKAem UOHU3AUUus 6 2cdse,
HAszvledOm GHEUWIHUMU UOHU3amopamu, d 603HUKAOWAA NpUu 3mom

npPoOBOOUMOCHIb HA3bl8AEMCA HecamocmoameabHoul
npPoBOOUMOCHIBIO.



A
@ 3akoH Owma B aud. popme.



N
j=cE—3akon Owma B nud. popme.
Bb18od: 8 criyyae crnabbix anekmpu4yecKkux

rnosfeud  MOK  npu  HecamMocmosimesilbHOM
paspsoe rnoodyuHsemecs 3akoHy Oma.

A/ (A7)

JlaBuHA

Hacrpimienue

Om | CuibHOE
1a00¢] 10JIC

Nl — —




CusnibHoe nosie An << An, u An.=An, (An—0)
r J I J r

MakcumanbHoOe 3Ha4YeHuUe mokKa, rnpu KoOmopoM ece
obpa3syrowuecsi UOHbLI yX00sim K 3Jsiekmpoodam,
HOocum Ha3eaHue moKa HachIU,eHUs.

A/ (An)

JlaBuHa

Hacreimenue

CunbHOE
oJie

|
|
I
Lk, E, E (B/m)



OanbHeulwee yBenuyeHne HanpsXKeHHOCTU Nons
BeAeT K oopa3oBaHuUIo JIa8UHbLI 3NeKTPOHOB




[pouncxoauT JsilaeuHoobpa3Hoe pasMHOMXeHUe
rnepeuYyHbIX UOHO8 U  3JIeKMPOHOS,
co3daHHbIX  BHELWHMM  MOHM3ATOPOM U

ycursieHue pa3psiOHO20 MOKa.

A7 (AN)

JlaBuHa

Hacrpimienue

CunbHOE
oJie

|
|
I
) E, E (B/m)



Bbieod: 05111 HecamMocmosimesibHo20 paspsda rnpu masbIix
MJIOMHOCMSX mMokKa, m.e. Ko20a OCHOBHYK pO/ib 8

ucyesHoseHuUU 3aps0os U3 ga opaﬁm%i?Hog?) il XKymka
uepaem npouyecc pekombukatial, Umeem mecmo 3akoH OMaX E

3akoH Oma He ebinorHaemcad L Hacmynaem sieneHue
HacblweHus, a MpuU MosIsX NPeebILLAtOUIX

— B03HUKaem JsiaeuHa 3aps0os, obycriaenuearouias
3Ha4YumeribHoe ygeriudeHue rniomHoOCmu moka.

A7 (An?)

JlaBuHa

Hacroiuenune

CunpHOE
OJIE

ty
:Fq___

E (B/m)



12.2. HecaMoCTOATEIbHBIA I'a30BbIA Pa3pPA/L

Hecamocmoamenvnvim 2a3z06bim pa3zpaoom Ha3bl8aemcst maxou
paspsio, KOmopuwlil, 603HUKHY8 NPU HAAUYUU ITEKMPULECKO20 NOJIA,
MOXHCEM CYUECmB08AMb MOJIbKO NOO 0eUCMBUEM BHEUHE20
UOHU3AMOpA.
[IycTte MeXay AByMs IJIacTHHaAMHM KoHJeHcartopa (puc. 12.1) cozmano
SNEKTPUUECKOE TI0JIE HAMPSHKEHHOCTHIO FE, a B MPOMEXKYTKE MEXITY
IJaCTHHAMH BHEIIHUM HMOHHU3AaTOPOM B €AWHHUIIE OObEMa B CAUHMILY
BPEMEHU CO3JACTCA ¢ IIAp UOHOB U TMOAAECPKUBACTCSA KOHIICHTpAIUs
MOHOB 1+ U n— 000UX 3HAKOB. [ITOTHOCTH 3JIEKTPUUECKOTO TOKA MEKIY
MJJACTUHAMU MPU PABHOMEPHOM 110 00bEMY HOHU3AIUM PABHA

Jj=enyv tenyv.

NJIN /A

| = en(% + @_)
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Puc. 12.1

KonmmuecTtBo
PEKOMOMHUPYIOIIUX 34
CeKyYHAy B  CIUHMIIC
o0beMa nap MOHOB
MPONOPIIMOHATBHO
KBaJpary
UMEIOIUXCS B
1ap UOHOB 7:

An, =rn’ (12.2.1)

(r —  kod(pduIueHT
IPONOPIIMOHAIIBHOCTH )

qucia
o0BpeEME

B cocrosianu paBaoBecust An. 11.0. paBHO An , m.e.
An, = rn’ (12.2.2)
OTcroga Jisi paBHOBECHOM KOHIIGHTPAIlMM MOHOB IIOJyYaeTcs

CICAyIOIIEe
(12.2.3)

BBIPAXKECHUE




Ecin mopaTe HampsoKEHME Ha DJIEKTPOJIbl, TO YOBUIb HOHOB OyJeT
IMPOUCXOANUTh HE TOJBKO BCJIECACTBUE PEKOMOWHAIIMHA, HO W 3a CYET
BBITSTMBAHUSA MOHOB IOJEM K 3JIeKTpoaaM. IlycTh 13 eauHuIIBI 00beMa
BBITATUBACTCS €KECEKYHIHO Anj rmap MOHOB. Eciu 3apsia Kaxxaoro noHa
g, TO HEWuTpaJu3alus Ha JIEKTPOAaX OJHOW TMapbl  HUOHLI
COIPOBOXKIAECTCSA MEPEHOCOM IO IMENM 3apsja, paBHOro ¢. Kaxayro
CEKYH]1y DJICKTPOJIOB JOCTUTAET Aanl nap UOHOB (S — DIEKTPOAOB; [ -
pacCTOsSIHUE MEXIy HUMH; S/ - paBHO 00BEMY MEKIICKTPOIHOIO
npocTpancTBa). CienoBaTeIbHO, CUJIa TOKA B IIEMH PABHA:

1= qAanl ;
OTClOAA Anj =1/qSl = j/ql, (12.2.4)
I71€ j - IJIOTHOCTH TOKA.

[Ipy HanMUuM TOKa YCJIOBHE PABHOBECHUS [1.0. 3alKMCAHO CJCIYIOIIUM
00pazoM: An,=An_+ Anj

IloncraBuB croga Belpakenusa (12.2.1) wu (12.2.4), noxydum
COOTHOIIICHUE



An. = rn* + j/ql (12.2.5)
BMmecTe ¢ TeMm 14 MJIOTHOCTH TOKa M.0. 3alIMCaHO BHIPAXKCHUE
j=ng(¥ +v)
I E, V =uE, w
nq(u + 0 )E (12.2.6)

B 5TOM BBIpaX€HUH 71 SIBISIETCS, KaK 3TO CIEAYET M3 COOTHOIICHUS
(12.2.5), GyHKUMEN j, T.€. B KOHEYHOM cYeTe (DyHKIMEH .

WckirounB 7 u3 BeipakeHui (12.2.5) u (12.2.6) u pemms nonyvaromuieecs
KBaJIpaTHOE YpaBHECHHUE, MOKHO HAWTH JIJIS j CICAYIOIIYIO (popMyny:

q(lu +‘U) Ez( 1 4Anrl _1)
2rl (u +p )E?

v

/A
.

(12.2.7)

J =



PaccmoTpuMm citydau cliaObIX U CUIIBHBIX IOJICH.

1. Cnaboe mone n; <<n, .
B ciayyae c1a0bIX mosel MI0OTHOCTh TOKa OyA€T OYEeHb Majia U
ciaraeMbIM j/ql B cooTHomeHuH (12.2.5) MoXXHO MpeHeOpeds 1Mo
CPaBHEHUIO C 771°(3TO 03HAYAET, YTO yOBUIL HOHOB U3 MEKAIEKTPOIHOTO
IIPOCTPAHCTBA MPOUCXOJAUT B OCHOBHOM 3a cUeT pekomOuHanuun). Torma
(12.2.5) nepexoaut B (12.2.2) 1 1719 paBHOBECHOM KOHIICHTPALlM HOHOB
noaydaercs BeipakeHue (12.2.3). [loacrapiissg 310 3Ha4YE€HUE 71 B
(12.2.6), moiryyaem . ‘AN
] = q (u, +p)E (12.2.8)

(3Ta (hopmyIia mojIydaeTcs H3(1§.2.7) \, €CIIM IIpeHeOpeYb CAUHULICH IO/

KOpHEM ). MHoxuTenb 1ipu £ B (12.2.8) He 3aBUCHUT OT HANPS)KEHHOCTH
nosist. CaenoBarebHO, B CIIy4dae ClIa0bIX MOJeH HECaMOCTOATEIbHBIM

ra30BbIM pa3psjl MOAYMHSAETCS 3aKoHy OMa.



/A A

j=0cE—3akon Owma B qud. popme.

2. B cityuae cuibHBIX nonel cinaraeMbeiM rn° B opmyie (12.2.5) MokHO
npeHeOpeyb 110 CPaBHEHUIO C j/gl . DTO 03HAYAET, 4YTO MPAKTUYECKH BCE
BO3HMKAIOIIHE HOHBI JOCTUTAIOT JICKTPOJIOB, HE YCIIEB
pekoMOMHHUpoBaTh. [Ipu 3TOM ycioBuM cooTHoteHue (12.2.5)

An. = j/ql,
OTKy/Ia j=q Ani.l (12.2.12)

IIPUHUMACT BU/I

[InotHOCTH TOKA (12.2.12) co3maeTcsa BCeMHu HOHAMH, ITIOPOXKIACMbIMHU
MOHM3aTOPOM B 3aKJIIOUEHHOM MEXIY AJIEKTPOAAMH CTOJIOE Tra3a ¢
C¢AMHUYHBIM HOIIEPEUYHBIM cedeHrueM. CleIoBaTeabHO, 3Ta INIOTHOCTD
SBJISICTCS HAMOOIbIICH ITPU JaHHOW MHTEHCUBHOCTU MOHHU3ATOpa U
BEJIMUMHE MEKIJICKTPOIHOIO IMPOMEKYTKa /. E€ Ha3pIBalOT MIIOTHOCTHIO

TOKa HACBIIICHUS | . I'paduk ¢pynkumu (12.2.7) nzo0paxkeH Ha puc

12.2.

HACBHIIII.



HpH A0CTATOYHO OOJILIINX 3HAYCHUSIX HaIIPsSHKCHHOCTH I10JIAA TOK
HAYMHACT PC3KO BO3PACTATh. ITO 00BICHSIETCS TCM, HTO ITOPOKIACMBIC

BHEIIHUM MOHHU3aTOPOM BJICKTPOHBI 3a BpeMsI CBOOOHOIO Ipodera
YCIEBAIOT NPUOOPECTH YHEPTHIO, TOCTATOUHYIO JJISI TOTO, YTOOBI,
CTOJIKHYBILHCH C MOJIEKYJIOM, BBI3BaTh €€ HOHU3AIINIO (MOHU3AIUS
yaapoM). Bo3Hukimme npu 3ToMm CBOOOIHBIE 3IEKTPOHBI, Pa30THABIINCH,
B CBOIO OYE€PE/Ib BHI3BIBAKOT MOHMU3AINIO. T.0., TPOUCXOIUT
JTaBUHOOOpa3HOE Pa3MHOKEHHUE MEPBUYHBIX HOHOB, CO3JaHHBIX
BHEIITHUM MOHH3aTOPOM, U YCUJICHHUE Pa3psIHOTO TOKA.

A JAW)

Jlasuna
Hacviwyenue

3axon

Cunvnoe
none

Brr——""

!
E (B/m

OmHakKo TPOIECC HE yTPAYHUBACT
XapaxkTepa HECAMOCTOATEIIBHOTO
paspsna, T.K. MOCIE IPEKPaIICHUS
JNECUCTBHUSL  BHEIIHENO  HWOHHW3ATOpA
pazpsaa ObICTpo 3aryxaer. s Toro
YTOOBI pazpsia OBLI
CaMOCTOSITEIIbHBIM, HEOOX0IMMO
HAJIWYHUE JIByX BCTPEUYHBIX JIABHH
MOHOB, KOTJIa MOHU3AIHUIO YIapOM



CIIOCOOHBI BBI3BATHh HOCUTEIHU O0OOHX 3HAKOB.

BecbMa BaKHO, UTO HECAMOCTOSITEIIBHBIC Pa3psAIHbIC TOKH, YCUIICHHBIC
3a CYET PA3MHOKECHHUSI HOCUTENIEH, TPOIOPIIMOHATIBHBI YUCIY ITEPBUYHBIX
MOHOB, CO3/1aBa€MbIX BHEIITHUM HOHHU3ATOPOM. DTO CBOMCTBO pa3psia
MCHOJIB3YETCS B IPOMOPIIMOHANIBHBIX CUETYMKAX (MOHU3AIMOHHBIE
KaMepbl U CYCTYUKH).
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12.3. CamocTosiTe/IbHbIA Ia30BbIN Pa3pPsia

Camocmoamenvuvlit pazpao0 maxou 2a308bvlu
paspso, 8  KOMOpPOM  HOCUMEIU  MOKdA
BO3HUKAIOM 8 pe3yibmame mex Npoueccos 8
2aze, Komopble 00)C/08/IEeHbl NPUTOHCEHHBIM K
2a3y HANPAMHCEHUEM.

1. e. oannvlul pazpao npooonHcaemcsa u nocje
NpeKpauieHus 0eiucmeus UOHU3AmOopa.



Korga MEXANEeKTPOAHbIV NPOMEXYTOK
nepeKkpbIiBaeTCcs NOJTHOCTbIO npoBoasLLen
razopaspsaaHon nnasmon, HacTynaeT ero npobou.
HanpspkeHne, npu KOTOPOM MpoucxoguT npobown
MEXXIMEKTPOOAHOro NPOMEXYTKA, Ha3blBaeTCH
rnpob6uBHbLIM HarpsiXKeHUeMm.



8.3. CamocTosATCABHBIN Ira30BbIN

4/@ Y

O—p
3 f Of

A X
o=
o




» [lpn GoONbLLUNX HANPSPKEHUSAX MEXOY JrNeKTpoaaMmn ra3oBoro
NMPOMEXYTKa MOK CusIbHO eo3pacmaem. 3TO NPONCXoauNT
BCIeACTBME TOro, YTO BO3HMKAKOLWME Nofd JENCTBUEM BHELLHETO
MOHU3aTopa 3JIeKMPOHbI, CUJSIbHO YCKOPEHHbIe
3/IeKmpu4YeCcKUM rnoJsieM, cmasikuearomcsi ¢ HeimpasibHbIMU
MoOJIeKy/iamMu 2a3a u UOHU3upyrom ux. B pesynbrate aT10ro
oOpa3yoTcss emopuUYHbIe 3/7IeKMPOHbLI U MOJI0KUmesibHbIe

uoHbl (npouecc 1)

} e ;
4N
* O*‘ =) f g
PR




YCKOpEHHbIE 3TIEKTPUYECKUM MNOSMEM MOJ1I0KUMesIbHbIe
UOHbLI, yodapsiicb O KamooO, eblbusarom u3 He20
3JIeKmpPOHbI (npouecc 2);

D :

K axN A

O%e f




NONOXUTENbHbLIE WOHbLI, CTankuMBasiCb C MONeKynamu
raza, nepeBoOAT WX B BO3DY)XOEHHOE COCTOSAHME;
rnepexood makKux MOJIeKYJZ1 8 OCHOBHOE COCMOsIHUe
coriposoxxdaemcsi ucnyckaHuem %OmOHOB (npouecc

3);
) _ 4 A y




gbOMOH, NMo2sIoWeHHbIU HeumpasibHOU MOJieKysiol,
UOHU3Upyem ee, ripoucxooum rnpouecc ¢homoHHOU
UoHuU3ayuu mosnekysn (npouecc 4);




BbibueaHue 3s1leKmpoHO8 U3 Kamooda oo
deucmeuemM ¢pomoHoe (npouecc 5);

K 41@ '




HakoHel, npu 3HaAYUTENbHbLIX HANPSPKEHUAX MeXay drneKkTpodamMu ras3oBOro
npoMexyTka HacTtynaet MomeHT, korga MOJIOXKUMmeJIbHbIe UOHBbI,

obnadarowue MeHbwelu OfIUHOU ce0b600HO020
npobeea, yeM  3JIEKMPOHDI, npuobpemarom
3Hep2urw, docmamo4Hyro OJis1 UOHU3auyuu MOJIeKY

2a3a (npouecc 6), u k ompuuamenbHolU nnacmuHe

ycmpemJisasromcss UOHHbIe J1a8UHBbI.
Korga BO3HMKAaIOT, KPOME 3MEKTPOHHbIX NaBUH, €lle U MOHHble, cuna ToKa
pacTeT yXe npakTuyecku 6e3 yBenuyeHusa HanpsxeHus.

<o S a,
fwe—*d




PaccMOTpUM YyCJI0BHSI BOBHUKHOBEHMS U MOAJIEPKAHUA CAMOCTOATEIHLHOI0

paspsijaa.

1) IIpu OONBIIMX HANPSIKEHUAX MEXKIY SJIEKTPOJAMU Ta30BOr0 MPOMEKYTKA
TOK CHJIBHO BO3pacTacT. ITO MOPOUCXOAUT BCICIACTBUE TOrO, 4YTO
BO3HUKAIOIIME I10]] JICHCTBUEM BHEIIIHETO MOHHW3ATOpa JJICKTPOHBI, CHIIBHO
YCKOPEHHBIC DJJICKTPUYECKUM MOJIEM, CTAJIKUBAKOTCS C HEUTPAIbHBIMU
MOJICKYJJaMH Ta3a M HOHM3UPYIOT HX, B PE3yJbTaT€ 4Yero o0paszyroTcs
8MOPUYHbLE DJIEKMPOHbL U NOS0JHCUmMenbHble uonbl (npoyecc 1).

2) YCKOPEHHBIE DJICKTPUYECKUM IIOJIEM TMOJIOKUTEIbHBIE HOHBI, YIApssich O
KaToJl, BLIOMBAIOT U3 HETO 3JIEKTPOHEI (npoyecc 2);

3) MOJIOKUTEbHBIC HOHBI, CTAJIKMBAsCh C MOJIEKYJaMU ras3a, mepeBojsT UX B
BO30Y>KJICHHOE COCTOSIHUE; MEPEX0]l TAKUX MOJIEKYJI B OCHOBHOE COCTOSTHUE
COIIPOBOXKAAETCS UCITyCKaHUEM (POTOHOB (npoyecc 3);

4) (pOTOH, TMOIIONICHHBIA HEUTPAIBLHOM MOJIEKYJIOH, HWOHHU3UPYET €€,
IPOUCXOJUT Mpouecc (POTOHHOM MOHHU3AIMHU MOJIEKYI (npouyecc 4);

5) BEIOMBaHME AJICKTPOHOB M3 KAaTOAA MO IeMCTBUEM (POTOHOB (npoyecc S);

6) HaKOHEIl, IPH 3HAYUTEJIbHBIX HAIMPSHKECHUSIX MEXKIY DJIEKTPOJaMU Ta30BOTr0
IpPOMEXyTKa  HACTylmaeT MOMEHT, KOIrja IIOJIOKUTEIbHBIC  HMOHBI,
o0Ja/latolMe MEHBIIECH JJIMHOM CBOOOJHOTO MpoOera, 4em 3JICKTPOHBI,
IpuOOpETalOT SHEPrUI0, JOCTATOYHYIO IS HMOHM3AIMU MOJEKYJ rasa
(npoyecc 6), U K OTPULIATEIIBHON TIJIACTUHE YCTPEMIIIIOTCS MOHHBIE JIABUHBI.
Korja BO3HMKAIOT, KpOME DJICKTPOHHBIX JIaBHH, €IIIe¢ U MOHHbIC, CHUJIa TOKa
pacTeT YK€ MPAKTUUECKU 0€3 YBEIUUCHUS HAMPSIKEHUS.



12.4. Tunsl pa3psangosB

B 3aBUCUMOCTH OT JABJICHUSI rasa,
KOH(UTYpallMd 3JICKTPOJOB M IapaMETPOB
BHCIIHEW I[IENU CYIIECTBYET UYEThIPE THUIIA
CaAMOCTOSITEJIBHBIX PA3PAIO0B:



Taeromun paspsia

e Tueromuy paspsa BOZHUKACT IPU HU3KUX
NaBJICHUSIX.

e ET0 MOXHO HAOIIOIAaTh B CTEKISHHOM
TpyOKE C BOASHHBIMH Y KOHIIOB IIOCKHMM
METAJNIMYE€CKUMU JICKTPOJAMHU.

« BOnu3u karoga pacrojiaracTcsa TOHKHUI
CBETSIIUNCS CJIOM, HAa3bIBAECMbIU KAMOOHOI
ceemauieucs NiaeHKou



TNEWIAA PA3PAL

KATOAHAA TPYBKA

G- NONOXHTENBHOE CBEYEHHE,
7- AHOL

), Uy~ KATORHOE MAQEHHE HANPSKEHNHA

5- TEMHOE ®APALEEBO NMPOCTPAHCTRO,

P



Taeromun paspsia

- (=
B

A

12 3 4 5 6
1. AcTOHOBO TeMHOe mnpocTpaHcTBo; 2. Karoanas

CBEeTAIASACH MJIEHKA; 3. KaroaHoe TEMHOE
npocrpancreo; 4. Tiewomee cBedyenue; 5. DapajaeeBo
TEMHOE MPOCTPAHCTBO; 6. [10/10)KUTEIBHBIN CTOJIO.



UckpoBou pa3psaa
U ckpoBOoH pa3psij BO3HMKAECT B raze OOBIYHO IIpH
JABJICHUSX ITOPSIKA aTMOC(EPHOTO.
OH XapakTepU3yeTCs IMIPEPLIBUCTON (POPMOH.

[Io BHELIHEMY BHUJY HCKPOBOM pa3psj IIPEACTaBIISCT
coOoM IIY4OK SIPKHUX 3UI3aroo00pa3HbIX
Pa3BETBIAIONIUXCS TOHKHMX MOJOC, MTIHOBEHHO
IIPOHU3BIBAIOIIMNX Pa3PSIAHBIN MPOMEXKYTOK, OBICTPO
raCHYIIMX M ITIOCTOSSHHO CMEHSIIOIIUX JPYT JApyTa.

ITH MOJOCKU HA3bIBAIOT UCKDOBbIMU KAHA1AMU.



UckpoBou pa3psaa

I’ =10000K; @ ~40cm; [ =100KA; r=10"¢



[Nocne Toro, Kak pas3psagHbIi MPOMEXYTOK «MPOBUT» NUCKPOBbLIM
KaHanoM, COMPOTUBIEHNE €ro CTaHOBUTCHA MarsibiM, Yepe3 KaHarl
NMPOXOAUT KPaTKOBPEMEHHbIA MMMYIbC TOKa OONbLUOWM CUIbl, B
TeYEeHMe KOTOPOro Ha pas3psiAHbIA MPOMEXYTOK NPUXOOUTCS NAULLb
He3HadynTenbHoe HanpshkeHne. Ecnn MOLWHOCTb WMCTOYHMKA He
OYeHb Benuka, TO MOcre 3TOoro WMNynbca TOKa paspsa
npekpalwaetcs. HanpspkeHne wmexay oanekTpogamMu HadnHaeT
MOBbILLATBLCS A0 NPEXHEro 3Ha4YeHUs!, U NPOOOK rasa NOBTOPSIETCS
c obpasoBaHMEM HOBOro MCKPOBOro KaHana.




B ecTeCcTBEeHHbIX NPUPOAHbLIX YCNOBUAX MCKPOBOWU
pa3psan HabnogaeTcs B BUAE MOJTHUU.

Ha pucyHke nsobpaxeH npumep Uckpoeozo pa3spsida —
MOJIHUSI, npoponmxutenbHocTtbio 0,2 = 0,3c

curiom Toka 10 —=10° A,  AanuHon 20 Km










Jluamemp KaHasia MOJIHUU

* paseH npumMepHo 1 cm,
*memMriepamypa e KaHasie MOJIHUU
*pasHa rnpumepHo 25 000°C,
*ripodosKUMeEesIbHOCMb pa3psioa
ecocmasJsisiem 00Jiu CEeKYHObI.




X

TOK MOJTHL

HarpsikKeHHOC
rnpo6osi (10-30




-

XapaKh*lepHaﬂ
goopma nnymeu
g pa3spsioos




Jlyrosou paspsia

e JlyroBou pa3ps. Ecan mociie 1nonydyeHus
HCKPOBOIO  paspsja OT MOIIHOTO  HMCTOYHMKA
IIOCTEIICHHO  yYMEHBIIATh  PACCTOSAHHE  MEXKIY
IEKTPOAAMHM, TO  pa3psal U3  IPEPBIBUCTOIO
CTAaHOBHUTCSI HENPEPHIBHBIM BO3HUKACT HOBas (opma
ra30BOI0 pa3psaa, Ha3plBaeMas 0y206bimM PaA3Pa00M.

1~10° 4




» Tok npu oyroBom paspsne pe3ko yBenunyuumBaeTcs, OOCTUras
OECATKOB M COTeH aMmnep, a Hanpsi)XeHuWe Ha pas3psagHoOM
NpoOMeXyTKke nagaeT A0 HEeCKONbKUX AeCATKOB BOJbT.

» [lyroBon paspsg nogaepkuBaeTcs, rmaBHbIM 0bpa3om, 3a cYeT
TEPMOINIEKTPOHHOU 3MMUCCUU C NOBEPXHOCTU KaToaa.

* Ha npakTuke — 3TO cBapKa, MOLLHbIe AYroBble Ne4yu.




NOPOHHBLIN PA3PAA

e KOpOHHBIM  pa3psii BO3HUKACT B  CHUJIBHOM
HEOJHOPOIHOM AIEKTPUUECKOM T10JIE pu
CPAaBHHUTEIBHO BBICOKHMX JABJICHUSAX rasza (mopsaka
aTMOC(EPHOTIO0).

 Takoe mMoOJ€ MOXHO MOAYYUTh MEXKAY ABYMS
ANEKTPOJaMH, MOBEPXHOCTh OJHOIO M3 KOTOPHIX
o0Os1aaeT OOJIBIION KPHUBHU3HOM (TOHKAs IPOBOJIOYKA,

OCTpHE).
R Y 6 B
E=3-10 /

__l>




Koroa anektpuyeckoe rnone BOMM3M arnektpoda C
BonbLLOW KPWMBM3HOW AocTuraeTr npumepHo 3-10° B/wm,
BOKPYr HEro BO3HMKAET CBEYEHME, WUMelllee BuAa
0DOJOYKM NN KOPOHbI, OTKyAdAa U NPOU3OLLSO Ha3BaHune

3apsaga.




12.5. IlpuMeHeHHe ra3oBoro paspsaa

CaMbIMU pPacIpoOCTPaHEHHBIMHU IpUOOpaMH,
OCHOBAaHHBIMH Ha SBJICHHE Ta30BOTO pas3psanaa,
SBJISAIOTCS. TOYHBIE MPHOOPHBI, KOTOPBIE MOYKHO
pa3JeINTh Ha CICAYIOIIME TPYIIN IIECTh IPYIIIL.

® [uparpOoHbI U Ta30TPOHBI TICIONIETO pa3psa.

e CTaOMJUTMTPOHBI TIICIOLIETO U KOPOHHOTO
pa3psa0B.

e (CYETYMKHA KOMMYTATOPHBIE BEKOTPOHBI.
® lHauKaTophl TICHOIIETO pa3psaa.

® [ a30TpOHBI TUPATPOHBI C HAIIOJIHEHHBIM
KaTOJIOM.

® lIMITyIbCHBIE BOJOPOIAHBIE THPATPOHBI C
HAITOJIHEHHBIM KaTOJIOM.



[[a3opa3psaHble Npndopbl 04eHb Ppa3HOOOpPa3HbI, U
pasnnyarTca BUAOM UCMNONb3yeMoro paspsiaa.

OHM ncnonb3yrTcs anga crabunusaymm
HaNPs>KeHUSA, 3aLUnTbl OT NepeHanpPsXeHus,
BbINONMTHEHUA NepeknoYaTenbHbIX PYHKUNN,
NHOWKALWUWN 3NTEKTPUYECKOIO COCTOAHUA U T. 4.

» B nocnegHee Bpemsi Ons MNOBbILLEHUS 3aLLUTDI
YA3BUMbIX W OTBETCTBEHHbIX OOBLEKTOB, Hanpumep,
MYyCKOBbIX KOMMJIEKCOB pakerT, NbiTalOTCSH
peann3oBaTtb pasfnnyHble  POpMbl  yNpaBreHuUS
MOJTHMEN, B YaCTHOCTWU Ila3epHoOe MWHULIMMPOBaHME
MOJTHUMW.

- INlazepHoe WHULMMPOBAHME OCHOBAHO Ha
CO30aHUM B BO3AYyXE€ WOHM30BAHHOIO KaHana ¢
MOMOLLbIO NTA3epPHOro U3Ny4YeHus.



12.6. IlousiTHe O IJ1a3Me

* B razoBom paspsijic BO3HHKACT OOJBIIOE KOJHUYECTBO
MOJIOKUTEIBbHBIX MOHOB BCJICJICTBHUE BBICOKOM
3(P(HEKTUBHOCTH yJIapHOU MOHH3AIINH, IpUYEM
KOHIIEHTPAILsl HOHOB U BJICKTPOHOB OAWHAKOBA.

* Takas cucremMa u3 SJIEKTPOHOB M IOJOXKUTEIbHBIX HOHOB,
paCIpPEaCIICHHBIX C OJIMHAKOBOU KOHIICHTPAILUEH,

HASSIOPtAAS G V8" komopoli  ebinonHsemces

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

aToMaM) Ha3blieaemcsi U30mepMUYeCKoOU.

. Takag nnasma MMeeT MeCcTO MNpyM WMOHU3aUMM C MOMOLLbLI BbICOKOW
Temneparypsl (gyra, ropsilasi npy atTMocepHOM U Bbllle OaBIEHUN, NCKPOBOW
KaHarn); Hanpumep, B AOyre cBepxBbicOKkoro pasneHuns (oo 1000 artm.)
Temnepatypa nnasmbl gocturaet 10000 K, Temnepartypa nnasmbl npu
TEPMOSIAEPHOM B3pbiBE — TMOpsiAka HECKONbKUX OeCATKOB MUSITIMOHOB
rpagycoB, B yctaHoBke «TOKAMAK» ans wmccnegoBaHuUss TepMOSIAEPHLIX

Nnaaviiaid — nAananva 7-10° K



BaxHeuwne cBoUcCTBa nrnasmbl:

a) cuIribHOE B3aMMOOENCTBUE C BHELUHMMW MarHUTHbIMU U
SIIEKTPUYECKMMU MOSIAMU, CBA3AHHOE C €€ BbICOKOW
9NIEKTPONPOBOAHOCTLHO;

6) cneunduryeckoe KONNEKTUBHOE B3aUMOAENCTBME YacTull
nfiasmbl, OCYLLECTBIAKOWEECHA Yepesd yCpeaHEHHbIE NTIeKTpUYecKme
N MarHUTHbIE NOMSA, KOTOPble CO34al0T caMu 3TU YacCTulbl;

B) Griarogapsa KOnmnekTMBHbIM B3anMOOENCTBUAM Mna3mMa Bedet
cebsi Kak cBoeobpasHas ynpyras cpega, B KOTOPOW Nerko
BO30Yy>XJaloTCA N pacnpoCTPaHATCA pasfMyHOro poaa KonebaHus
N BOSMHbI (Hanpumep, NIEHrMIOPOBCKME KonebaHmsa nnasmbl);

) BO BHELUHEM MarHUTHOM rone nnasma BegeT ceba Kak
OvamarHuTHas cpeaa;

0) yoenbHasa anektpuyeckas nposoanmocte O nomHocTblo
MOHWU30BaHHOW Nfia3dMbl HE 3aBUCUT OT MSTIOTHOCTU NiasMbl U
YBENMNYMBAETCHA C POCTOM TEPMOANHAMMNYECKOW TEMMeEpPATYpbl, U
npu T = 107 K cTonb Benuka, 4to nna3my MOXHO MPUBMMKEHHO
cynTaTh MAeasnbHbIM MPOBOAHMKOM 5 3y o0



[Tna3ama — Hanboree pacnpocTpaHeHHOE COCTOSIHUE BeLLLEeCTBa
BO BceneHHoun. ConHue n apyrue 3ee3fgbl COCTOAT U3 MOSTHOCTLIO
MOHN30BaHHOW BbliCOKOTEMMEpaTypHon nrasmbl. OCHOBHOW
NCTOYHUK SHEPTNUN N3NYYEHUNS 3BE3a — TepMOosaaepHble peakuum
CUHTE3a, npOTeKarou.wle B HeLipax 38e3f] r|p|/| OI'pOMHbIX
TemMnepaTtypax. s ' ~ i




XornogHble TYMaHHOCTU N MeX3Be3QHasA Cpea TaKKe HaxoaATCA B
NnNJ1a3amMeHHOM COCTOAHUMN.




B okono3emMHOM npocTpaHcTBe criabonoHn3oBaHHasA nnasma
HaxoaUTCA B paauaLUnoHHbIX rnosicax n noHocdgepe 3emnu. C
npoLeccamm, NPOUCXoasaLMMKN B 3TOW NnasmMe, CBs3aHbl Takme
SIBNEHUSA, KaK MarHUTHblE Oypu, HapyLLeHUs OdanbHEN
PaaMNOCBA3N U NOSAPHbLIE CUAHUS
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pelLeHneM npobnems! yrpassiieMo20 mepmMosioepHO20
CUHMe3a — npouecc CIUSIHUS JIe2KUX amOMHbIX

s70ep npu ebLICOKUX meMrepamypax B ynpasnseMbix

CITOBUSAX. DHEPreTudecknm BbiXoa peaktopa coc eT 10°
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Cxema mokamaka




Cxema KasaxctaHckoro tokamaka KTM B ceyeHun n ero
B/, C BaKyyMHOWN KaMepoWu
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OcyllecTBrneHne ynpaBnsieMon TEPMOSIAEPHON peakumnen B
BbICOKOTEMMEPATYPHOU nNnasMe nMo3BONMUT YENioBEeYeCTBY B
byoywiem nonyynutb NPakTUYECKN Heucdeprnaemblni UCTOYHMK
SHeprun.



MI /1 - reHepartop

JIBM>KEHME M1a3Mbl B MArHUTHOM I10JIE UCITOJIB3YETCS B
METOJIE TIPSIMOTO MPEO0PA30BaHUS BHYTPEHHEN SHEPTUHU
MOHW30BAHHOTO T'a3a B AJIEKTPUYECKYIO. DTOT METO]I
OCYIIECTBJICH B MACHUMO2A300UHAMULECKOM 2EHEPAmope




« CpoWcTBa NnasmMbl U3nyvaTb aNeKTpoOMarHUTHbIE
BOMHbI YNbTpadnoneToBoro gmanasoHa UCnonb3yTCs
B COBPEMEHHbIX TeNneBmn3opax C NIIOCKUM Mra3MeHHbIM

9KpaHOM.
* KVoHu3aumsa nnasmbl B NNOCKOM 3KpaHEe NMPOUCXOANUT

B ra3oBOM paspsaae. Pa3psig BO3HMKaAET Npu
bombapamnpoBKe MONEKYI ra3a afiekTpoHamu,
YCKOPEHHbBIMU 3fTIEKTPUYECKUM MOSNEM —
CaMOCTOATENbHbIN pa3psa.




[Tnocknn TeneBu3op C 3KpaHOM U3
rasopaspagHbiX 3NEeMEHTOB COAOEPXUT OKOMo
MUMMMOHA MarlieHbKUX MMa3MEHHbIX SYeeK,

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




CerogHsa: *

Jlekuns okoH4YeHa.

J1o cBuiaHus !

YPA! YPA! YPA!



TNEWWKH PA3IPA]

KATOAHAR TPYBKA













