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@Dyuknusa pacnpeneieHus. Kunernueckoe ypaBHenue 0e3 CTOJKHOBEHUI

1. Berauciuth HHTETpal J. X" exp(—axz)dx msn=02,...,6
0(—o)

Pemenue. 3HaueHUs IPUBECHBI B TAOIHUIIE.

n J.: X" exp(-ax’)dx J: X" exp(—ax’)dx
0 2 2
2a1/2 al/Z
1 1 0
20
2 2 2
4a3/2 2a3/2
3 1 0
20°
4 372 372
8a5/2 4a5/2
5 1 0
a3
6 157" 1572
16a7/2 8a7/2

HeueTHble 3HaueHus N BBIYUCISIOTCS HHTCTPUPOBAHUCM I10 HACTAM. YerHble N -

TuddepeHIMpoBaHUEM T10 TapaMeTpy « uHTerpana ['aycca I exp(—ax2 ) dx=+zla.

—00

OTMETHM TaKke BBIPAKCHUC ITUX UHTCI'PAJIOB YCPC3 I‘aMMa'CI)YHKI_H/IIOI

Ton 1 - 1
'([x exp(—axz)dx=§a 2 F(n%j .

2. Jlns nipeiidhyromtero MakcBenoBckoro pacnpenenenns f = Aexp(—f(v— u)z) , f=m/2T ,

OTIPENIeNIUTh: a) KOHCTAaHTY HOPMUPOBKH A; 0) CPE/IHIOI0 CKOPOCTh U MOTOK; B) TEH30D
IUIOTHOCTH NOTOKA UMITYJIbCA; B) INIOTHOCTH MIOTOKA SHEPTUU

Pemenne. HopMupoBKa HAXOIUTCS U3 YCIOBHS N = I f (v)d®v upasua A=n(p/ 7[)3/2 . Bee

MHTETpabl OepyTcs OT MUHYC 10 TUTFOC OeckoHewHOCTH. [loTok paBen I' = I vfd®v=nu . Tensop

IIJIOTHOCTH IMOTOKA UMITYJIBCA
_ 3
[1,, _.fmvavﬂ fd°v (1.1)

Y n0o6Ho cpa3y caenarh 3aMeHy vV—u =w . Torza noxydaercs



1, =mnu,u, +3,,nT = pu,u, +J,,P (1.2)

IIn10THOCTB NTOTOKA YHEPTUU

2 2 2
qzj'ﬂvfd:‘"v:u &+§nT _r| +§T (1.3)
2 2 2 2 2

OO6pamaer Ha ceOs BHUMaHUE 5/2 BMecTO 3/2 B BBIPOXKECHHUH JJI1 O0BEMHOM TUIOTHOCTH YHEPTHUH.
D70 cBs3aHO ¢ pabOTOMN CUII JaBJiIeHUsI, KOTopas AaeT Bkiaag I'T .

3. OHpe,I[eJ'II/ITB IIOTOK YaCTUI] U SHEPIrU HA CTCHKY IJIs1 rasa ¢ paclupeaciICHUEM Makcaeia

Pemenne. I, =Ij I fv,dv,dv, dv, :lné =1n 8 ; 0, =2TT,
0 4 4 Nzm

4. Onpenenutb U3MEHEHUE (PYHKLUMU pacIpelieieHHs] HEB3aUMOACHCTBYIOUMX MeEX1y co00il
YaCTHIl, JBUTAIOIIUXCS TOJIBKO BAOJb OCH X. PaccMOTpeTh HayalbHOE paclpelielieHue Buaa a)

fo(X,V)=g(X)S(v=v,) u6) fo(x,v)=yp(v)5(x) .

Pemenne. 3menenue GyHKIUU pacrpeieeHUs f (X,V,t) OIMCBHIBAETCS YPaBHEHUEM
—+v—=0 (1.4

EFO pemeHHe HaXO0aUTCsIa METOAOM XapaKTepI/ICTI/IK U UMECT BU/
f(xv,t)=F(x-v,v) (1.5)

rae F — mobas dynkums ot aByx aprymentoB. B cmydae 6) f =&(x—vt)y/(v) . B ciyuae a)
f= ¢(X —Vot) . Ob6a oTBeTa 10JKHBI OBITh UHTYUTUBHO MOHSATHBI.
5. B HavajbHBII MOMEHT BpPEMEHM Ta3 3aHMMaeT mosyrnpoctpancTBo X<O0. IlpeneOperas

CTOJIKHOBEHUSIMU, HAUTHU TUIOTHOCTH ra3a B MOCJEAYIOIINEe MOMEHTHI BpeMeHu. OTBET 3amucaTh
C TOMOIIBI0 (PYHKITUU OMIHOOK

E(z):%iexp(—yz)dy

Pemenue. [JIJT 10] U3meHenue GyHKIMU pacipeeieHus JaeTCsl ypaBHEHUEM

a + vq =0 (1.6)
ot or
OO6miee pemnieHue f(r—vt,v) . HavanbHoe pacmpezneneHue — MakcBeiUIoBckoe. Ho HyxHO

Y4€CTh, 4YTO OO TOYKH C KOOpI[I/IHaTOI\/'I X JOJICTAIOT TOJIBKO YaCTHULBI CO CKOPOCTBHIO Vx >X/t .

[Toatomy f= 0 mst MeHbmMX ckopocteit. Cie0BaTeNbHO, TNIOTHOCTD



n(xt)= T T T Aexp(—pv? ) dv,dv,dv, =n, %—%E %\/g (1.7)

/

x
—~

JledaeBckuii cioii

3apaua 1. Topuamu HHIMHIpaA ¢ BOJAOPOIHOM IJIA3MON CIIYKaT IJIOCKUE JIEKTPOIbI, K
KOTOPBIM TpujiokeHo Hanpspbkenue 12 B. Temmeparypa 31ekTpoHOB B 1uiazme 3 3B,
TeMIIepaTypa HOHOB MHOTO MEHBIIIE TEMIIEpaTyphl JIEKTPOHOB. HallTu moTeHIman 31eKTpoa0B
OTHOCHUTENIPHO IUIa3Mbl, T.€. nOpuHUMas 3a (0 §oTeHHuanl B CepeiMHE LWIMHApA.

Solid Sheath Sheath Solid

———— -
I | Plasma I | ‘ I
S B R
- |

V applied
|
| I

Pemenue. [Stangeby] Coxpanenue 3apsiia naer:

r,+T,, =0, +I; = 2n_c

rae ' - MOTOK COOTBETCTBYIOIIMX YacTHIl Ha JeBblil (I) wim mpaseii (r ) snexTpoxsl, N, -

IIJIOTHOCTH Ha BXOJIC B CHOﬁ, Cs —CKOpPOCTH 3BYyKa.

Tak Kak 21eKTpOHBI pacnpeaeneHsl 1o Makcpemny-bonbnmany, T0
I, =1/4n exp(eqd  /T) (1.8)

Hcnonesysa ¢ —¢ = Bopp <0, HAXOJMM ULt IOTEHLMATIA JIEBOT'O DIIEKTPOA

% In 2exp(eg, /T)
/T)

T 1+exp(eq,

ppl

3I[CCL JJIA y,Z[O6CTBa BBEJCH IIJIaBAIOIINN MOTSHIIMAT ¢ﬂ , KOTOpLII\/'I JJIA BOIIOpOI[HOfI I1J1a3MBI

paBen mpumepHo ¢, =—3T /e . Toacrasmsst @, , =—12 B, nony4daem e¢ /T =-2.32, To ecTh

ppl
MOTCHIUAJI JICBOT'O JJICKTPOJa -7 B, a IpaBoro, COOTBETCTBCHHO, -19 B.

3anaua 2. To ke, 4to 3a7a4a 1, HO pacCCMOTPETH ClIydai 3JIEKTPO0B Pa3HOM TIIOMIAIH.
PaccMmoTpeTh ciydaii, Korjaa IUIomaab OJHOTO M3 3JEKTPOJAOB MHOTO OOJbINEe APYroro. ITO
COOTBETCTBYET 30HAY JIeHrMIOpa, OONBIIHIA STEKTPO SIBIISICTCS CTCHKOW KaMEpPHI.



Pemienue. OTiM4re COCTOUT TOJBKO B TOM, YTO TEMEPb JOJKEH COXPAHATHCS MOJIHBIN
ok, 'S . [ToTeHInai IeBOro 3JIeKTPO/Ia TOT1a PABEH:

e, (S, +S, )exp(eg, /T) (L9
T S, +S, exp(ed,,, /T) '

Ecnu miomans S, >>S, , TO €CTh JIEBBII IEKTPOA — 3TO CTEHKAa KaMephbl, a MPaBbIid —
30H]I, TO MOTEHIMAJ] JIEBOTO 3JIEKTPOJia PAaBEH IUIABAIOIIEMY HE3aBUCUMO OT IMPHJIOAKEHHOTO
HanpsoKeHHs. TOK Ha IpaBbld  DIEKTPOXN  j, = e;, —I,.,)=en,c,(L—exp(e(d —¢,)/T)
ompenesieT BOJIBT-aMICPHYIO XapaKTepUCTUKY 30HAa. Eciu @ — —o0 |, To J, = en,,C, BBIXOIUT
Ha HAaChIILIEHHUE, YTO COOTBETCTBYET TOMY, UYTO MPABBIA 3JEKTPOJ BBITATMBAET BCE HOHBI W3

I1J1a3MBI. OTMGTI/IM, qTo HpOTI/IBOHOJ'IO)KHHﬁ cnyqaﬁ, ¢r —> 100, Tpe6yeT CIICOUaJIbHOI'O

paccMOTpeHHsl, TaK Kak B ITOM cily4yae, Ha00OpOT, MPUTITUBAIOTCS DJIEKTPOHBI, U UX TaKXKe
HEJb3sl CUMTATh pacrpenesieHHbIMUA o MakcBemuty B cioe. Takum ob6paszom, Beipakenue (1.9)
CIIPaBEUIMBO TOJIBKO €CIH ¢, HE CIUIIKOM OTIMYAIOTCS OT ¢y, .

3agaua 3. [Tonyunts kpurepuii boma aJis 11a3mMbl U3 IBYX COPTOB HOHOB.

Pemrenue. YpaBHeHue 11 MOTEHIMANA B CIIOE

Ap=—4r(Zn+Z,n,-n,) (1.10)
rae n,, - IJIOTHOCTH HOHOB. CJIOM CYMTAETCs OECCTONKHOBHUTENBHBIM, MO3TOMY CKOPOCTH
HOHOB

2 2
mV mV
kzk +Ze0= kzks (1.11)

S — 0O3HA4YaeT CKOPOCTh Ha BXOJE B CJIOM. [I0TOK HOHOB COXpaHsETCS:
MVie = NigVis (1.12)
W3 3TUX ypaBHEHMI MOTy4YaeTcs MIOTHOCTh HOHOB

27,80

. (1.13)
mkvk

Ve =V [1-

[Toacrasinsis B ypaBHenue (1.10), Haxoanm:

—n_ exp ?I_—q) (1.14)




Ha Bxone B cnoit @ = 0. Paznaras B psaz, ydnTbIBas KBa3UTEHTPanIbHOCTh Z Zn, =N, ycioBue
k

IIOJIOKUTCIBHOCTHU HpaBOfI 4acCTH, I10JIy4acTCA B BUJC!:

n,. C?
d k< (1.15)
n. v
k s Vs
rJie CKOpPOCTh 3ByKa st KommoHeHTsl k C, =Zk«/ ie /m, . D10 U ecTh yCIOBHE, NOIYYECHHOE

Bomowm.

(3ameTuM, 4TO TOKY HACBHIIIEHHUS COOTBETCTBYET MPOTHUBOMOJIOKHBIN cllydail ¢ — —oo ;

torna u3 (1.14) nonyuaercs 3akon Yaiinga-Jlenrmiopa.)
HHTerpana cToJIKHOBEHUI

3agaua 1. Haiitn muddepeHnmansHoe, MOJIHOE, TPAHCIIOPTHOE CEUSHHE JUIS TBEPIBIX YIIPYTHX
IIapOB.

(r+,

2
Pemenne. [luddepennmansroe ceuenne cm. B [JUUI 1], do = ) dQ , r — paguycsl mapos.

2
TpancnopTHOe cedenue o, = I(l— cosa)do coBmanaer ¢ moMHEIM U paBHO 7z (I +1,) .

3agaua 2. B mia3Me HaXOTUTCS IPUMECh HEHTPATBHBIX aTOMOB ¢ (yHKIHEH pacnpenenenus f .

CedeHne HMOHHU3ALMM D3JIEKTPOHHBIM YAapoM o . Mcxonas u3 O0NbLIMAaHOBCKOIO HHTErpania
CTOJIKHOBEHUH, MOJY4YUTh YpaBHEHHE Ui IJIOTHOCTH HEUTPAJIbHBIX aTOMOB. PexomOuHanmen
MO’KHO MpeHeOpeyb.

Pemenne. Kunernueckoe ypaBHEHHE 111 aTOMOB

dfad—(tV) = [[ . (v) £ (vi) = £ (V) £ (V) [V L (Y, ) D0, (1.16)

3neck |, - muddepennmansHoe cedeHne HOHU3AINY, 3aBUCSIEE OT OTHOCUTENIBHON CKOPOCTH

V.. =V;—V . Tak Kak CKOPOCTb DJIEKTPOHOB V, MHOTO OOJIbIIIE CKOPOCTH aTOMOB, TO V. =V, .

OMH OMH
[TepBoe ciaraeMoe COOTBETCTBYET PEKOMOMHAIUM, KOTOpOH mpeHeOperaeM. Toraa Bo BTOpoM
cllaraeéMoOM MOXKHO BBITIOJIHUTH HHTErprpoBanue o dC(2, B pe3ynbTare uMeeM

df, (v
% =—f, (v)j f.(v,)vio(v)d%, =—f, (v){ov)n, (1.17)
WHTerpupys 1mno cKOpoCTsIM, OTYy4aeTCsl ypaBHEHUE JUIS TUIOTHOCTH aTOMOB:
a;ta +V(n,V)=-n,n,(ov) (1.18)



I'mppogunamuka

3agaya 1. Bs3kas XKMIKOCTh TeYeT MO HMIMHAPHYECKOW TpyOe pamuyca a. s
CTAIlIOHAPHOTO TEUCHUS HAWTHU pACIpee]ICHHEe CKOPOCTH IO paanycy B TpyOe U pacxoj
*Kuakoctu. CuuTaTh, 4YTO HA PAcCTOSIHUM L co3/laeTcs pa3HOCTh JaBieHui AP .

4
OrTBer. V(r):%(Rz—rz) 1 QZASLLR
7 7

3amaya 2. Bs3kas KHIKOCTh TE€YET IO KOJBIEBOW TpyOe ¢ pammycamu am b . s
CTAIlMIOHAPHOTO TEUEHUS HAWTU pacIpeleseHHe CKOPOCTH IO paanycy B TpyOe U pacxoj
*Kuakoctu. CuuTaTh, 4YTO HA pacCTOSSHUM L co3laercsa pa3HOCTh JaBieHul AP .

2 p2?
OrBer. v(r):ﬂ R22—r2+ﬁlnL ,Q—Aﬁ R?

_Rf_(R R
4L In(R,/R) R, CegL| C |

n(R,/R,)

3amaya 3. Ciuoll BSI3KOM JKHAKOCTH TeYeT IO HAKIOHHOW INIOCKocTH. Haitm
pacipeeneHne CKOPOCTH | JIaBJICHUS B CIIOE.

Otser. v:p—gsina-z(Zh—z), p=p,+pgcosa+h—-z)

2n

3agaua 4. M3 HecxxumMaeMOW KHUAKOCTH BHE3AMHO yramsercs cdepudeckuil o0bem
panuyca a . Haiftu Bpems 3amonHeHus: 00pa30BaBIIMNICS MTOJIOCTH KUAKOCTBIO.

OTtBerT. 7 = 3p I dr =0.915a £
\l2po o\/(a/R)S—l Po

[ToapoGHbIe perienus 3aaay 1-4 npusencust B [JIJ1 6].

3agaya S. T'azoBbI Imap pacmmpsieTcss aguabaTuyecku B Bakyyme. Cumras, 4TO
pacmmpeHre caMonoJo0HOe M W303HTpomuitHoe (T.e. , rae A=COnst), ompenenuts mpohuIu
JIaBJICHMS], IFIOTHOCTH B IIap€ U 3aBUCUMOCTD €r0 paguyca OT BPEMEHHU.

Pemenne. Pemenue 3TOM KiaccH4yeckod 3agaud IMOJAPOOHO OMMCAHO BO MHOTHUX
KHUTaX, CM., Hampumep, [3enpaoBud]. [IpenmnonokeHne o caMomoJ00HOCTH O3HA4aeT, 4To I
BXOIUT B ypaBHEHHUS TONbKO Kak &=r/R. Ecnu momeruts yacTwily, KOoTOpas B KaKOW-TO

MOMEHT BpEMEHHU Haxouack, Hanpumep, Ha 1/3 paguyca mapa R, To o Mepe ero pacupeHus
3Ta YacTHlla Tak U ocTaHercs Ha 1/3 paguyca. Tak Kak mojHasi Macca mapa mocTosiHHa, TpopuIib

TUIOTHOCTH HY)KHO WCKaTh B BHIE p:¢(§)/ R®. IMoacraBmsisi B ypaBHEHHS HEIPEPBHIBHOCTH,

JIBIDKCHUS, U HCTIONB3ysl P = Ap”, moiydaem ¢ = (1_ £ )1/(771) '



YpaBHenusi bparunckoro

3anpaua 1. [loka3arp, 4TO TpETHil MOMEHT KWH. YpaBHEHHS 0€3 CTOJKHOBEHHH JaeT ypaBHEHUE
COCTOSTHUSI.

Pemenne. [BTII 4]. YMHOXast KHHETHYECKOE ypaBHEHUE Ha V.V, ¥ HHTETPUPYS, TOJIydaeM

: oV, :
%+i®ikj +1T, _1+ij %4_1_[
Dt  0x, OX; OX;

] J

_‘gimnnkm Bn - gkmnHim Bn =0

oV,

I ox, (1.19)

rae IT; =mjvivk fd°v - Tensop mrotHOCTH mOTOKA HMMIyMBCA , O =J‘vivkvj fd®v - tpermii
MomeHT. [IpeHeOperas TPeTbUMH MOMEHTAMH, W CUMTas, YTO B TeH30pe 1l, JOMHHHpYIOT

JMaroHaJIbHbIE 3JIEMEHTHI, TO ecThb 11, = pJ, , momydaem

Dp 5
—+—-pVV =0 1.20
ot T3P (1.20)

Boipaxkas VV U3 ypaBHEHHs HENPEPHIBHOCTH, HAXOAWM YpaBHEHHE aanabaThl C
y=5/3

D
E( pn**)=0 (1.21)
KaK 1 JOJI’KHO 6BIT]':> JJIsL OJHOATOMHOTI'O Ira3a.

3agaya 2. Ha kaxxayro gactuny rasa A€WCTBYET CHIa TPEHMsI, IPONOPLUOHAIbHAS €€
ckopoctH, F =—kv . ITonyunTts ypaBHEHHE HETPEPHIBHOCTH JJIsl TAKOTO Ta3a.

Pemienne. B kuHeTHYECKOM YpaBHCHHUU OCTACTCA HOOIOJHHUTCIBHOC CJIaracMoc

—I fV Fd® =3kn. Do cnaraemoe u€eT B MPaBYO 4acTh YPABHEHHUs — CTOK yacTuil. Ha mepBbrii

B3IUIAJI, OTO MOXET IIOKa3aTbCs CTPAHHBIM, ITOCKOJIBKY BCE IIPUBBIKIN K TOMY, YTO ypaBHEHUE
HENPEPHIBHOCTH BBIMOIHIETCS, €CIIM YaCTHUI[bl «HE MCUE3al0T U He MOSABIAI0TCS» B 00beme. Ho B
JAaHHOM Cly4Yae HaJIA4YUE CTOKA CBSA3aHO C TEM, YTO M3-3a TPEHHA 4YaCTHLBI MO2Yym
ocmanaenueamvcs B o0beMe. He myraTh 3Ty cUTyanuio ¢ OOBIYHOM CHIION TpEeHUS MEXKIY
KUIKOCTSAMH, BCTPEYAIOIIEICS B ypaBHEHUAX bparnHckoro!

JAuBepTop

3agaya 1. Haiitu nmotok Temia (BT/MZ) 3a CYET JJIEKTPOHHOHN TEIUIONPOBOAHOCTH B
MJIa3Me ¢ TpaJueHToM Temnepatrypsl 1 3B/M B Touke ¢ TemmepaTypoit 1 3B.

Pemenne. ITo dopmymam u3 Bparmackoro nz, =3.5x10°T¥2[eV]=3.5x10* c/em’.

TenmonpoBoxHOCTE K| = 3.16 nreT[erg]/ m, =1.77 x10% , COOTBETCTBEHHO TOTOK (] = 2.83x10°
3pr/(CM2 ¢) = 2830 Bm/M?.



3agaua 2. lcxons u3 JABYXTOUEUHOW MOMAENIH, OLEHUTH IapaMeTpbl BOJOPOIHOM
I1a3Mbl B 1uBepTope Tokamaka pasmepa JET, L =50 m, ¢ = 100 MW/m?, n,=3-10" m?

Pemenne. Bocronp3oBaBiuck BenmuunHon &, = 2830 u3 3amaum 1, Haxomum T, = 96

3B. Ty = 12 3B, n; = 1e20 m?>. 3ameuenue: BennuuHa n, obecrieunBaer T<T,, MOATOMY OHa HE
MOKET OBITH CIIHUIIKOM MaJI€HLKOM!

3agava 3. B npuOmmKeHUsIX IBYXTOUYEYHOM MOJICTTH HAWTH 3aBUCUMOCTD TUIOTHOCTH U
CKOPOCTH IIJIa3MbI OT KOOPJMHATHI BIOJb B.

Pemenune. Kak HU cTpaHHO, 3TOT BONPOC HE MMEET OTBETa. JIByXTOYeUHAasi MOJIEIb HE
COXpaHseT MOTOK YacTHUIl BIOJIb B. JlelcTBUTENBHO, B BepXHEH Touke V=0, mosTomy notok 0, a
Ha MUIIEHU JUBEPTOpA MOTOK KOHEUHBIN. Clen0BaTenbHO, MPEIIoIaraeTcs HaTudiue HCTOYHUKA
MOTIEPEYHOT0 TIEPEeHOCa BIOJIb JIMHUU. [IpUyeM IMoiHas chiia 3TOr0 MCTOYHUKA JOJDKHA OBITh
UMEHHO TaKoW, YTOObI O0ECIeYnTh HYKHOE YBEIWYCHHE IMOTOKA. DTO YCIOBHE HECKOJIBKO
HCKYCCTBEHHO. J[eiCTBUTENIbHO, 3HAUCHHUE [ OMpeessieTcs MOTOKOM Teruia g u Ty. 3amaBas Ny ,
MBI TEM CaMBIM OTpeseNsieM u Ny u3 OanaHca naBieHuil. Ho ompenenus Ny, MBI onpeaenseM U
MOTOK HAa MHUIICHb. 3HAYUT, CHJIA IIOMEPEYHOrO0 MCTOYHUKA YACTHUI[ 3aBUCUT TOJIBKO OT
IUIOTHOCTHU Ny U TEMIepaTypsl Ty.

Ecnu paccmaTtpuBarh MpOJONIBHBIN M MOMEPEYHbI MEPEeHOC OTIAENBbHO, TO HETPYIHO
MOJIYYUTh COOTBETCTBYIONIYIO MOJU(DHUKALIUIO TBYXTOUEUHOM MOJIETH CIEAYIOLIUM 00pa3oM.

bamanc maBieHwuii BJOIb CUIIOBOM JTMHUHA

2nT +Mnv? =2nT, + MnC? (1.22)

Cxopocts 3Byka C, :\/(Te +;/Ti)/ M = \f uT /M | o6brano £=8/3 . Tlotok BIOJb

quaun I'=nv He COXPAHACTCA H3-3a IOIICPCHHOI'0 IEPCHOCA. Ero usmenenue OIpEaAcCIACTCA
YpaBHCHUEM HECIIPEPLIBHOCTU

(1.23)

(1.24)

rne 7, =NnT, ( MU+ 2) - IOJIHOE J1aBJICHUE HA MULIECHH.

EcrectBeHHO, HE 3Has F(X) HE BO3MOXKHO omnpeaenutsh npoduib N(X). Paccmorpum
npopwib BOJIM3M IUIACTUHBI, TOe MOxHO cuutare I'=I", =const. Torma BeIpaskeHue non
8 T
(2+u)" T

Stangeby, To 310 BhIpaxkeHue paBuo mpocto 1-T /T, , To ectb T<T; u Temmeparypa JOKHA

kopueMm B (1.24) cranoBuTcs paBHO 1— . Ecim pu=2 |, xak momaraercsi B KHHUTE

yObIBaTh TMpHU yHaJeHUH OT MHILIEHHU, YTO HE COOTBETCTBYET JeHCTBUTENbHOCTH. B

9



N 48 T o
neictButenbHOCTH, 4 =8/3 u mom xopHem ctouT 1-—— . To ecTh umeercss HEOObIION

t

HIpOMEXyTOK Temmeparypsl T, <T <49T /48 , B koTopoM Temiieparypa MOXET BO3pacTarh OT

muIneHd. Ho 3TOT mpoMeXyToK COOTBETCTBYET O4eHb HeOOMbIIOH yHe X. Tak Kak, OnATh-TaKu
B IIPEHEOPEIKEHUH TIONIEPEUHBIM HCTOUHUKOM, YPaBHEHUE TEIJIONPOBOJHOCTHU JAAET

fax

Ky

T =T"+ (1.25)

OTCIOJIa TIOJIy4aeM OLEHKY X = 2 ¢M i1t =10 MB1/M? 1 Ty = 10 3B.

CrenoBarenbHO, 1a)e BOJM3U MUILEHH PEeHEOPEKEHHE MOTIEPEUHBIM IIEPEHOCOM JaeT
IIPOTUBOPEYMUBBIN pe3ynbTaT. IpyrumMu CiIoBaMH, €CIIM IOIEPEYHBIM IIEPEHOC OTCYTCTBYET, TO
TeMIEeparypa OT MHMILEHU MOXET TOJIbKO BO3pacTarh, YTO HPOTUBOPEUYMUT HAOIIOJCHHUSIM U
pacueraM. OTO JielaeT OJHOMEPHOE pPACCMOTPEHHE MPAKTUYECKH HE MPUMEHUMBIM MJIs
HaXOXJEeHHUs Npoduis INIOTHOCTH U TeMuepaTypbl. J[ByXTouedHas Mojeib, TAKUM 00pa3oM,
HESIBHO IIpEJIoiaraeT HaIMYMe MOMNEePeyHOro HCTOYHHMKA YacTULl, IPUYEM TaKOW CHIIbI, YTOObI
o0ecrneunTh HYXHbBII WX IONEpEeyHbId NMPHUTOK Uil obOecrieueHHst OajaHca JABICHUH MEXAY
BEPXHEU U HIKHEH TOUKAMHU.

33113'—[3 4. B PCAIIbHOCTH HOHepe‘IHHﬁ MNEPpCHOC TCILIa WM 4YaCTUI O3HAYACT HAJINYUC
INOTOKA 4€pe3 CCaparpucy B SOL. Kak n3meHsTCS YpaBHCHHA HBYXTOHGHHOﬁ MOJCIIU C YICTOM
atoro? IIoTok MOKHO CUHUTATh ITOCTOSIHHBIM BJOJIb CCIIapaTPUCHI, KOHBEKIIHEH npeHe6petH:.

Pemenmne. YpaBHeHUE binic: MMOTOKA Tera V(KV T) =0 ZIaeT
0 oT 0 orT . .
—| kK,— |+—| Kk, — | =0 . IIpocreiiniee perreHre MOKHO MMOJYYHUTh, CUUTAs MTOIEPETHBIN
I 1
OX OoX ) oy oy
~ 2
~ 0 712 2 14, X
BKJIJI MOCTOSIHHBIM, (f; :5 KLE , momydaercst 17 =T, A TO €CTh KBaapaT
K
0

BMECTO JIMHEHHOHN CTENEeHHU KOOPAUHATHI. ypaBHeHI/Ie HEMIPEPBIBHOCTU U3MCHACTCS aHAJIOTMYIHO,

nv= SLX . YPaBHeHI/Ie JABWXKCHUSA OCTACTCA TaKUM XKC. OI[HaKO, 9TH UCTOYHUKHU €CTh TOJBKO J0

PFR, a Tam Bce kak u Obu10. EcTecTBeHHO, O0JIee TOJIHBINH OTBET MOXKET OBITh TOJYYEH TOJHKO
W3 pelIeHUs JBYXMEPHOTO HEJTMHEHHOTO YPAaBHEHHS TETUIOMPOBOIHOCTH.

PaBHOBecHe IJ1a3MBI

A
3agaua 1. B Z-nuaue J =——— . Haiigure Bg(l’) " p(l‘) . OTBeT BBIpA3UTH
(1+r?/a%)
yepes MoyHbIN Tok muHYa | . I300pa3uTh nose u Tok.
10 4
Pemrenne. Ilocne MHTErpHpOBaHWS YpPAaBHEHUS PABHOBECHUS _8_(ng) =—1
ror c

MOJTy4aeTcst

10



_AmaAl 1 (1.26)

C 2(1+ xz)

xB,

rne X=r/a , K — nocrosuuas. Tak kak npu X=0 mosie H0KHO ObITh KOHeuHbIM, K =1/2 .

3HauuT,
2rAa X

B, = 1.27
7 ¢ 1+% (1.27)

[TonHsiii TOK paBeH | = j: 27rJdr =za’A . 3nauur

21 X

B =2 1.28
? cal+x? (1.28)

ITpu GonbIIUX X MMOJIy4aeTCs, ECTECTBEHHO, I10JIE OT MPSMOI0 TOKA.

d(_ B?) B
HaBJ’IeHI/IC U3 YpaBHCHUA PAaBHOBCCHUA d_ p +— [+—— = O

r 87 ) 4ar
o2 [
zefa’| 7 4(14x)

3anava 2. HaliTu KpuBU3HY JTMHUM BUHTOBOTO MTUHYA.

Pemenne. Tlone B nuHYe cospaercs NPOJOIBHBIM TOKOM, B, =2jzr/c ¥ BHEIIHEM

IPOIONBHBIM mojieM B, . Kpusmsna pasra K =(bV)b=-b% /r u manpasnena BJIOJIb pajAyca
p 2 p p %S p paany

B
IUIUHApPA K ero ocu. lnie b¢=E¢. Manee, q=tg@ , b,=cosd . Paamyc KpuBH3HBI

R= a(1+ q2) ,tne q=h/2zr - oTHOIICHNE 1IaTa TMHUK K [UTHHE OKPY)KHOCTH [IUITHHIPA.

Bagmaua 3. VYOemuthes, uto (PyHKIMS M=122(bR2+r2)+a—_l(rz—Rz)
Yo 2 8

apisieTcs:  pemeHneM ypaBHeHusi ['pama-IlladpanoBa tmma ComnoseBa. HapucoBate Buj
MAarHUTHBIX TOBEPXHOCTEH.

3agaua 4. OnpenenuTh MarHUTHOE TOJIE B KPYIJIOM TOKaMaKe.

Pemenne. OOmmii Bux marautHoro mont B=FVep+VyxVe . Beegem cucremy
koopauHat R=R,+pcosf . B mpunmume, R, (p) u3-3a madpaHoOBCKOro CABHra, a p

ompenenseT MarHUTHYI TOBEpPXHOCTh. Ho MBI caBurom, kak Bcerna, mpeHeOperaem. Jlims

B
TOPOMIATBHOTO TIoNIs MMeeM B, :ﬁ ,rae £=plR, . Tak xak Vy=e y'(p) , a
+ & COS

Vep=e, /R , To monounansuoe none B, =y ( p)/ R 3aBucuT OT 0OJBIIOTO paanyca TOYHO TaK

11



(¢/9)B,
1+&cosé@

1
Ke, Kak 1 B . Y1100HO BbIpasuth ' uepes mapamerp q, roraa B, = . [TomHoE TIOMTE

B= B¢(1+(g/q)2)1/2 .

cF dp 1_<1/ Bp>82 . Tre

3amaua 4. O0wmui Bug toka Ilbupma-Imorrepa J,. = ———
up pa Jpg B dy <|32/Bp>

< f >:Sf> fds/(j)ds - yCpeOHEHUE IO MAarHUTHOW MOBEpXHOCTH. [lomyunTh BhIpaxkeHue uis

OTOI'0 TOKa B KPYIJIOM TOKaMaKe C MaJIbIM aCIICKTHBIM COOTHOIICHUEM.

le
Pemenne. [loacrapnsem croma pe3ynbratsl U3 3aaa4un 3. [lomydaem <1/ Bg> = M ,
0

B2\ 1+(e/q) B, % do B,q
B/ o ~ ,  F=BRR, , dp/dy=(dp/dp)/(RB
<Bp elq 272"([1+8C059 & 00 p/dy =(dp/dp)/(RB,)
Jps=—§d—pcose
p dp

Heokiaccuyecknii mepeHoc

3agaua 1. Yemy paBHO OTHOIIEHUE TEIJIOMPOBOAHOCTEH HOHHOM W DIEKTPOHHOMN
TEIUIONPOBOAHOCTEH B mazme D?

e
K
i

K

K

Pemenne. Boons monst — =
K

I

m.
— ~ 50 , monepex
me

3anaua 2. O1eHUTH BpeMsl yIepKaHUsl YHEPTUU B pexKUMe OaHAHOB.

[;2 ) BZT1/283/2
Pemenne. 7o ~—oc (" ———
XiL nq
BZ
cKkeunuHrom l'onacTona 75 o E .

(z=x/n 1) Cp. ¢ 3KCIEepHMEHTATbHBIM

3agava 3. B kakoM U3 HEOKJIACCUYECKUX PEXKUMOB HaxoauTcs tuiasma ITER?

Pemienne. B 1eHTpanbHON TOpsiued IMla3Me€ CTOJIKHOBUTENIBHOCTH OUYEHb clabas,
no3ToMy ee (hopManbHO HYKHO OTHECTH B pexuM OaHaHOB. B mpucreHO4HOH m1a3me,
HAao00OpOT, M3-3a CHUJIBHOM CTOJIKHOBUTEIBHOCTH IPHUMEHUMa TUAPOJUHAMUKA, U MBI
okaszbiBaeMmcs B pexxume Ilpupmia-llmorepa. [Ipu 3ToM , HY’)KHO TOMHUTB, YTO B pEaIbHOCTH
NIONEPEYHbIl  NEPEHOC  aHOMAJbHBIM, a HE  HEOKIACCHUYECKHH, M  OIpEAesaeTcs
TypOynerTHocThi0. Ho 3T0 He oTmensier Haymuusa Toka [lupma-IlnoTrepa B mpucTeHOYHOM
IJ1a3Me, HaXOAAIIEeNncs B THAPOJAUHAMUYECKOM PEXHUME.

12



Koaedanus v BOJIHBI
MI'JI BOJIHBI

3agava 1. Onenuth ckopocTh Anb(BEHa U CKOPOCTh 3BYKa JUISl TEIMEBOM IUIa3MBbI C
temnepatypoii 10 3B U miIoTHOCThIO 10" em™. Marautsoe nose 1 Ta.
B T 5T
Pemenne. V,=——==10" cwm/c. v, = Yo 22 =2.10° omle. 3ameTumM, 4TO
A7p My, 3m
2

N V. 6
OTHOIIEHHE ITUX cKopocTelt f~—=4-107 .
\"
A

1 . o
3agauya 2. s xuakoctd ¢ 3akoHoM Oma E+—-VxB=7], naxomsmeiics B
c

OJHOPOJAHOM MArduTHOM IIOJIC, HanTH JAUCIICPCHOHHOC COOTHOLICHUC JJIA aﬂb(bBeHOBCKOﬁ
BOJIHBI.

Pemenne. Ilosropsier paccmorpenre MI'J] konebanuii [JIJI8] 3a wuckIO4YeHHEM
YpaBHEHUS [UIsI MAarHUTHOTO TOJs, B KOTOpoe J00aBisieTcs claraeMoe, OIpeensieMoe
MIPOBOJIUMOCTBIO:

2
B rot(vxB)+ <1 AB (1.29)
ot Ar

COOTBGTCTBGHHO, B YpPAaBHCHHC JI JIMHEHHOM IonpaBKu

. . 20 C°17
—iwB, zlkx(Vx BO)—k 814— (1.30)
V4

Ji1g anb(BEHOBCKOM BOJIHBI HYXKHBI /IBa YpPaBHEHUS JJIs1 IONPABOK:

—(w+iy)B, =V,kB,,
) BOx BlZ (131)

_Vz:_

k 47p

2

C

3nece y = 4_nk2 , @ och X BbIOpaHa BHoiab BekTropa k. (Tak B JIJI8. Ho aTo He camblii syurmii
T

BBIOOD. Jlydine BONb X HanpaBisTh nosie B, ). YcnoBue coBMeCTHMOCTH 3THX JBYX ypaBHEHHMA

IMPUBOJUT K JUCIICPCHUOHHOMY YPaBHCHHIO

o’ (1+i—7j—k2vj =0 (1.32)

w

Kak 06s14m0, ckopocts Anbdaena V, =B,/ (/470 .

13



B mpuHImmne, pemeHne 3Toro ypaBHeHUSI MOXKHO HCKaTh ¢ KOMIUIEKCHbIME K U . Eciu
CUMTAaTh, YTO B HaYaJIbHBIH MOMEHT BPEMEHHU BOJIHA ObllIa MOHOXPOMATUYECKOW ~ exp(ikr) , TO

K IOJDKHO ocTaBaThCs JCHCTBUTEIBHBIM M TOJIBKO YacTOTa KOMIUICKCHas. JleHcTBUTEIIbHAS
YacTh YaCTOTHI

Rew:,kﬁ¢-7%/4 (1.33)

MHuumas 9acTh 1aeT Kod(pPUIMEHT 3aTyXaHus exp (t | Im a)|) :

|mw:—g:—lwﬁﬂ (1.34)

JAuanexkTpuyeckasi npoHuuaeMoctb 6e3 MII

3agaua 1. B BelpakeHUH IS AUAIEKTPHUYECKON MTPOHUIIAEMOCTH QUTYypPHPYET (YHKIHS

[T 10]
1 % exp(—t?)dt
F(x)= 1.35
=571 (1.35)
HHH 3TOI>1 q)yHKHI/II/I HN3BCCTHBI IBC ACUMIITOTUKHN
F(x<<1)= x—gx3+ix5—...
8 15 (1.36)

1 1 3
F(X >>1)=5+m+§+

[Toctpouts pyHKIIMIO F 1 €€ aCUMIITOTHKY, OLEHUTh TOYHOCTH MPUOIKEHHUS.
Pemienue. Bwmecto uymcienHoro BbuuciaeHuss uHTerpama B (1.35)  MoXkHO
N

BOCIIOJIb30BaThCsl BhIpakeHueM F uepes ¢ynkuuio dDanneesoit F =TImW(X) , kotopas

3arporpaMMupoOBaHa B OOJIBIIMHCTBE OMOIMOTEK 10 YHCIICHHBIM METOdaM.

14



14 4 — oAk
— approximation
12

0.8 -

0.6 -

0.2 1

0.0

X

W3 pucyHka BHUAHO, YTO TOYHOCTb ACHUMNTOTHYECKMX BBIPR)KEHMHW OYEHb XOpollas, 3a
UCKJIIOUeHHeM oOnactu BOmM3M Makcumyma. IlostomMy B OosibIIMHCTBE 3ajiay, MOXHO
ucnop30Bath acuMnTotuku (1.36) M He 3aHMMAThCS YMCICHHBIM BBIYMCICHHUEM HWHTErpaia

(1.35)

3apava 2. Haiitu nqusnextpudeckyro nponunaemocts I'J] npubmmkenuu B miazme 0e3
MarHUTHOTI'O TOJISl B IPENOI0XKEHUH 1) U30TepMUUecKuil ciydail; 2) annadaTuueckuil ciy4dai.

Pemenue. YpaBHeHus 1015 KUIKOCTH

mnd—vz—Vp+enE (1.37)
dt
%+V(nv) -0 (1.38)

CnaraeMoe ¢ MarHUTHBIM TIOJIEM HE MHIIEM, TaK KaK OHO MPH JIMaHEPHU3AIHH BHIATACT.
3apsn e > 0. B uzorepmuueckom ciydae T=const, B aquabarudeckoM 100aBIsETCS ypaBHEHUE
annadaTel

d

a( pn’)=0 (1.39)

1) Uzorepmuueckuit cnyuail. Jluanepuzyem u mnepexonum k Dypbe, Haxoaum:

n=nkv/e , -lomv= —iTk(kV)/a)+eE . Hanpasum k 1o ocu x. Torma i KOMIIOHEHT TOKa

: . e’n,E,
J=nev mnonyvaercd J),=———— , J,=—

2
_ ne°E,
ik’T / o—ime g [

Otrcioga BbIpaKEHHE IS
Miw

n

. i
HNPOHUIIAEMOCTH & =0 +——0 HMEET NMPOAOJIbHYIO KOMIIOHEHTY &,, W JIBE TIOIIEPEYHbIE:
(0]

15



e =1-y ———=¢ 1.40

. Ze:a)z—sz/m (1.40)
2

&y =&, =1- Q—; (1.41)
i)

B ciyuae manoii 9acToThl (MM OOJIBIION TEMITepaTyphl IJIa3Mbl) 00a BBIPAKEHUS COBIAJAIOT C
JICUCTBUTEIIbHBIMU YaCTAMU MPOHUIIAEMOCTH U3 KMHETUKHU. 3aMeTuM, 4yTo B I'Jl mpoHuiaemoctsb
HE UMEET KOMIUIEKCHOM YacTH.

d
2) Anunabartudeckuii ciyuait. Umeem % =—yp,VV , P, =7pP,KV/ @ . Tloacrasisist B ypaBHEeHHE

ABWIKCHUA BUIUM, UTO OTJIMYHUEC OT U30TCPMHUYCCKOI0 CiIydass COCTOUT TOJIBKO B MHOXUTCIIC ) .

HOBTOMy MMo1IepeuHasa IpOHULIACMOCTD TaKasd KC, a IIPOJ0JIbHasA

g, =1-Y— "% 1.42
- ~ " —yk’T I'm (1.42)

Cwm. [BTII 3], popmyusr (2.9) u (2.8).

33113‘—[3 3. be3 marautHOro IOJIA TCH30p ,Z[I/ISHGKTpH‘leCKOﬁ IMPpOHUITACMOCTU MOIKECT
OBITh IpeaAcCTaBJICH B BUAC

K,k k,k
gaﬁ=gL[5aﬁ— “kf}Lgl izﬁ (1.43)

Beipasuts ¢, ¢ 4epes ¢, -

2 | 1 K,k
Pemenne. Eaﬂka 5 =8||k P 4y =28, +8 £ =§(5m_5aﬁ kzﬁJ

Sauaqa 4. HOJ'Iy‘lI/ITB SBHOC  BBIpAKCHUC  IJId  TCH30pa I[HBHGKTpH‘IGCKOfI

npoHwuaemocty Buaa (1.43), B rUApOIMHAMUYESCKOM MPUOTMIKESHUH.

Pemienune. PaccMoTpuM, HampuMmep, H30T€pMUYECKHM ciydail. i TOka uMeeM
ypaBHEHUE

i=x(kj)+J (1.44)

e k=k/v,o , V; =\/i Im , Q=+4zne’/m | J:iQZ/(47M))E . YMHOXasi ypaBHEHHUE

(1.44) cxanspHoO Ha K , oTy4aeM Kj=kJ / (1—1(2) , moacranisist Hazay B (1.44), cpasy Haxoaum

16



QZ KaK QZ
CrenioBatens o, &,, =3, (1——2]— £ == . D10 cootBercTByeT £, =1-Q° /0
@ 1-v° w
0| &
&=1-—75
1-x
Jucnepcust 6e3 MII

3apaua 1. [lonyyuTs TUCNIEPCMOHHOE COOTHOIICHUE JJIsi MPOAOIBHBIX U MOMEPEUHBIX
BOJIH B ['J] mpuOImkeHUU HE UCTIONB3Ys JUAIEKTPUIECKYIO TPOHUIIAEMOCTb.

Pemenne. 1) Fonvuue uacmomoi. KoneOarOTCS TOIBKO 3JIEKTPOHBI. YPaBHCHHS IS

KoJIeOaHu:
Mt 4 v(n,v)=0 (1.45)
ot

mn, N_ -Vp, —enE (1.46)

ot
VE = —47en, (1.47)
vxB=j 1 (1.48)

c c ot

Bosmymienue s pasnenus p, =y Tn, . [IpononeHas BonHa: E HampasieHo Broib K,

toraa N, =N,Kv/ @ , ckopocth U TOK j=—€N\V , HampaBieHsl BAOJb K, 3HauuT monst B Her.

I[I/ICHepCI/IOHHOG COOTHOILICHHUC:

2 2
W = 4rn.e N Ky T
m m

(1.49)

Ora BosHa (JIeHTMIOpOBCKasi) yieKTpocTaTnyeckas, B Heii E=—-V o .

B momepewnoit BomHe VE =0, mnosroMy BO3MYIIEHHS IUIOTHOCTH HET, T.€.

o 10A
Hec)kuMaeMoe Kosiebanue. B takoit BosHe E:__E , U3 ypaBHEHMs JBIKEHHUS HaXOJIUM B
c
Ar . 1 O°A
obmem Bume V=eA/mc . Iloacrasnsst B ypaBHeHne Makcgemta —AA = — T2 cpazy
c c

HaxoJuM JUCIICPCUOHHOC COOTHOIIICHUC: 602 = k2C2 +Q§ .

2) Manvie uacmomui. KoneOnroTcss W WOHBI, W DIEKTPOHBI, TPOJOJIBHAs BOJIHA
ANIEKTPOCTATHYECKAs. DJIEKTPOHBI YCIIEBAIOT INPHUWTH K paBHOBECHIO boibliMaHa, KOTOpoOe

HOJTy4aeTcs IPeHeOpEeKEHNEM HHEPLUEH B YpaBHEHUU JBYXKEHHS, N, =N, exp(eqo1 / Te) . Torma

kE = 47re(nil - nel) . CobOupato Bce BMECTE, MOJTydaeM JUCIIEPCHOHHOE YpaBHEHUE
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2
10} T /M T
| =—t 4y L 1.50
( k j 1+ kzrD2 % M ( )

rae ry =4[T,/4zne’ - onexrponHsii pamuyc Jle6as. Ipu Manbsix K momydaercs coGCTBEHHO

uonnslii 38yK C, =/(T, +T;)/M . Ilpu Gompumx K @ =, .

3agaua 2. Vcxona u3 tenzopa & B I'J] npubmmkeHuu, MONTY4YUTh JUCIEPCUOHHOE
COOTHOUIEHUE JJI IEHTMIOPOBCKUX U MOHHO-3BYKOBBIX BOJIH

Pemrenne. Umeem

g =1- e _ i (1.51)

JU71s1 BBICOKOH YacTOTHI TIOTy4aeM JICHTMIOPOBCKHE KOJICOaHNUs

kT,
o =} +7, - = (1.52)

e

YroObl MMOJYyYUTh HOHHBIE KOJIEOAHHUS, OMYCKAaeM YJeH € Me. OTO COOTBETCTBYET
IpeHeOpEKEHUI0 HHEPLIMEHN AIIEKTPOHOB. B pe3ynpTaTe nonydaem

> = ka e (1k+2i}yez§) 9
e A2 =T,/ (47re2ne) - DJIEKTPOHHBIN pajuyc Jlebas.
Jlist jinasbIX BonH (K — 0 ) momywaercst «MOHHBI 3BYK»
o =K 7T (1.54)

m.

33].13"[3 3. PaCCMOTpeTL paciapoCTpaHCHUC J'ICHI‘MIOpOBCKOfI BOJIHBI B IJIa3ME€ C YUCTOM
TPCHUS SJICKTPOHOB 00 WOHBI.

Pemenue. ypaBHCHI/IC ABWIKCHUS JIA 3JICKTPOHOB

mnﬂ:—Vpe —enE—mv (1.55)
dt T

I[CJ'IEUI BCC KAaK W PAHBIIC (38.,[[3‘-13 1), npuxoanum K AJUCIICPCHUOHHOMY COOTHOHICHUIO

i kT 4ze’n —i 1
PRI .S AL A D ——— . To ectb BoxHa 3aTyxaer kak exp(—t/27)
T m m 2t 4t

3agaua 4. PaccMOTpeTh pacnpOCTpaHEHHUE MOMEPEYHOM BOJHBI BBICOKOM YacCTOTHI C
Y4ETOM TPEHUS DJIEKTPOHOB 00 MOHBI.

18



Pemenune. Iloctymas kak panbpme (3agada 1), HO ¢ 1g00aBJICHHWEM B ypaBHEHHE

JIBIDKCHUSL JUIs DJIEKTPOHOB CllaraeMoro —MnV/7, HaxoauM JAMCHEPCHOHHOE COOTHOILCHHE
2 12) i

@ =ckK*+—= uym & +—=ck?*1+— +Q§ . Ecom @w>>ck , 310 ypaBHCeHHE
1+ilww T ™™

HOJTy4aeTcst TaKoe JKe, Kak B MPEIBIAYIIEH 3a1aue 3 JUIsl JICHTMIOPOBCKO# BOJHBL. TO ecTh BOJIHA
3aTyxaeT ¢ JIeKpeMeHToM 3atyxanust 1/ 27 .

BoJuHbI B 3aMarun4eHHoOM 1mjiasmMe

3apaua 1. Haiitu Beigenenue temia Q npu pacnpocTpaHEHUU BOJHBI B 3aMarHUUEHHON
I1asMe B NPUOJIMKEHUH XOJIOJHOW IUIa3Mbl, 32 CUET KOMIUIEKCHOM YacTH AMDIEKTPUUECKOMN
IIPOHUIIAEMOCTH.

Pemenue. ITo u3BectHoit hopmyie u3 [JIJI 8],

lo .
Q:§4— EaEﬁgZﬂ (156)
T
E—&*
=" aff Pa o
rac Igaﬁ = T - AGHTHOPMHUTOBA 4YaCTh TCH30pa JUIJICKTPUYCCKOH IIPOHHUIIACMOCTH.

Hoxcrasnss cona &,, B NpHUOIMKEHUH XOJOTHOW IIa3Mbl, moiaydaem (, 4ero M ciieJJoBajio

OKU/IaTh. DTOT pe3y/bTaT HAIOMMHAET, YTO HAJIMYME MHUMBIX CJIaraeéMblIX B JIUAJIEKTPUUYECKON
NPOHMIIAEMOCTH €Ille HE O3HAdaeT, YTO HHEpPrus BOJHbBI OyJIeT MOrjouiaTrbes, TaK Kak B
BBIp)KEHHUE JUTS BbleseHust dHeprin (1.56) BXOIUT MIMEHHO aHTUIPMHUTOBA YacTh TEH30pa, a He
npocto MHKUMas yacth ¢ ! (Cp. ¢ 3aryxanueM JlaHaay B He3aMarHM4eHHOM IJ1a3Me.)

3agaua 2. OLCHATH YaCTOTy BEPXHETHOPHIHOTO DPE3OHAHCA @, =+ @) +Q i

masMel ¢ mapamerpamu N = 10 em™, T =10 xoB, B =5 T

Pemenne. o, =8.8x10" c'l, Qg =3x10%® Ttak uTO LUMKJIOTPOHHASI YacTOTa TOJBKO

. 12 -1
HEMHOTO OoJibiie T1a3MeHHon. YacroTa pe3onanca 107 ¢

Q.

a/1+Q§/a>§

3apaua 2. OueHnTh 4acTOTy HMKHETMOPHIHOTO PE30HAHCA @), = TSt

JeiiTepreBoii masMbl ¢ mapamerpamu N = 10 em™, T=10 kB, B=5 Tn.

-1

Pemenne. @, =8.8x10" ¢, Q2 =3x10” Tak uYTO HUKIOTPOHHAS YACTOTA TOJIBKO

HEMHOro OoJblle IIa3MeHHOW. B pesynbrare wacToTa mMosiydaercss MOpsiiKa IUIa3MEHHON

yacToThl HOHOB (), = 2x10" ¢™.
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HN3ayyenue

-3

3amaua 1. [Lrasma onoBa Sn ¢ miotHoctsro 10 om™®, temneparypa 1 3B. OueHutb

JUTMHY TpoOera ¢oToHa B JTUHUM 452 HM, yuuThiBas TOJbKO 3 dext Jomrepa. Koaddunuent
Ditnmreiina A = 2.6-10" ¢

h 1 g A°A
Pemenne. x=n, 801’//(%)4—2) =n, g%v_ . Ckopocts onoBa v, =1.3-10° cm/c.
0 0

Iostomy k=74 cm™.

3apgava 2. J{ng muasmel He oneHUTh cTenieHb MOHM3AaLMU B TOJIHOM PaBHOBECHUHU IS
mrotaocts 10% em™ temneparypsl 5 3B. Ilorenuuan nonusanuu 24.6 3B.

Nee.Ne 20,
Pemenne. @Popmyna Caxa K=-—te= 20i 3.1gn192 eXp(_le =5.10° om*

nHe ga

n
Crenenp nonmsanuu & =N, / (FIHe+ + nHe) HAXOJUTCS U3 YPaBHEHHS K +a—1=0. Tak kax

n/K<«1l , To pelieHne 3TOro ypaBHEHHUS azl—%:1—102:0.99 , TO €CTb BCE

MOHM30BAaHO, XOTs TemrepaTypa | MHOrO MEHblIE NOTEHLMada MOHU3alUuU. 3aMETUM, 4TO HpU
MEHBIIMX N CTENeHb HOHU3aLUU (POPMATIbHO CTAHOBUTCS €I1l€ MEHbIIE, HO HY’KHO IIOMHUTh, YTO
cama Qopmyna Caxa NOpUMEHUMa TOJBKO JUISI JOCTaTOYHO OOJBIIMX N, TIpPU KOTOPBIX
BhINIONIHsAETCS yenosue JITP.

3agaua 3. [TonyunTs BeIpaXeHHe s J{OTIIIepOBCKOTO KOHTYpa JIMHUH.

Pemenne. Dddext [onmiepa NpUBOIUT K U3MEHEHUIO YacTOThl @ = @), (1+ v,/ C)

2
CxopocTh pacmipenienena mo Makcsemty f (v, )= Aexp(— r;_\ll_xj . IIpodune nuHuM cBs3aH C

9TUM PACHPCACICHUEM COOTHOIMICHUCM l//(a))da) =f (VX)dVX . [ToxgcraBnsis croga 3aBUCUMOCTD

a)(VX) , Haxoaum V/=Eexp _(a)—goo) e 7=2Ta:0
“ r mc

. Koncranta A waxommrcst U3

YCJI0BUSI HOPMUPOBKH.

ylx

3agaua 4. [Ipodunp MTMHUM MMEET JIOPEHLOBCKYIO (popmy y = . Ho

2 2
(0—ay) +y
CHEKTPOMETp M3MepSAeT 3aBUCHMOCTh OT JUTMHEI BOIHBI A , a He oT yacToTel. Haittu dopmy

npodunst v, (/1) BOJIN3M LIEHTpa JIMHUU.

Pemenne. Nmeem wdow=y,dA . Tlomcramsis cioma A=27C/@ , momyuaem

2cyA?
= Vo , tne A, =2nC/®, . BOmm3m LeHTpa JIMHUM BO BTOPOM

L (A=A ) +72 2208
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cllaraéMoM B 3HaMEHaTelne MOXHO cuutatbA~A, . B 3ToM ciydae KOHTyp ocTaercs

s 1

P (2—20)2 = rie mmpuHa I = yA; /(27c) .

JIOPCHIIOBCKUM: ¥/ ; =

3anaua 5. Haiitu dbopmy npoduns muaun | (@) mus 3aryxaromeii Bosasl € 7 cos( w.t
pMy 1Ip yX )

/4

Pemenne. Oypre npeobpazopanue | = ReJ.exp(—ia)Ot —yt+iot)dt = .
7+ (o—a,)

> - Tak uto

nostyyaetcsi KoHTyp JlopeHa.

[ApeiipoBbie BOJTHBI

3agaua 1. [lomyunts ypaBHEeHHE aJisi Apeii)OBOM BOJIHBI, MOJHOCTBIO MpeHeOperas
WHEpLUEN HOHOB.

Pemenne. B 3TOM mpuOIIKEHMH CKOPOCTH KaK MOHOB, TaK M 3JEKTPOHOB MOIEPEK
nons B onpenensiercs apeiidoM: B CKpEIICHHBIX MOJSIX

V:—%(Vgoxez) (157)

[Moacrariisist 3Ty CKOPOCTh B YpaBHEHHE HEMPEPHIBHOCTH, C y4eTOM Toro, uto VV =0 ,
[OJIy4aem

M v.vn=0 (1.58)
ot

BOBMYH_ICHI/IC 3J'IeKTp0HHOI7I INIOTHOCTHU CJICAYCT paCIpeaACIICHUIO BOJIBI_[MaHa, MO3TOMY

n, =nep/T, . Iepexoas k Bo3mymieHHOH miotHOCTH B (1.58), Haxoaum /st Hee

n
LRI (1.59)
ot oy
rae gpeiidosas ckopocte Uy =—CT,/(eB)dInn/dx . Drto ypaBHeHHe U OmMCHIBaeT

pacnpocTpaHeHue apeiioBoii BOIHBI BOIb OCH Y CO CKOPOCTBIO U, .

3agaua 2. Pemuts J1Y (Halitu coOcTBEeHHBIE GYHKIMU U COOCTBEHHBIE 3HAYEHUS) NS

2 [;

o o 1 Y 2 k 9y P _ .

HeycTounBocTr Panes-Teinopa —(l// po) Ky + — Y= 0 [Ig SKCIOHEHIIMAILHOM
Lo o P

3aBHCUMOCTH IIOTHOCTH OT y. I'pannunsie ycnosus y(0) =y (h) =0.
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Pemenne. Ecin p, ~exp(—y/2s) , pewenne umeer Bug Y = Sin[ﬁTnyj exp(—z—ysj :

1 nz?
ITpu 3TOM COOCTBEHHBIE 3HAYCHUST HAXOIATCS U3 YPAaBHCHHS k*| 1+ g S| =— -
Sw 4s h
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