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NPEJUCIOBUE

[lnasMa, ee IWHAMMKA H asiuuHble MPOWCXOLSUME B HEd mpoueccs

B TOCTeAHME TOAbI TpHBAeKalOT K cede Bee Goabwee sHuManue. OnHolt
 y3 paxHeHwuX npoGaeM B STON 00.4aCTH SBAACTCS H3YHeHHe pacnpo-
‘cTpaHenus B INIa3Me S1EKTPOMAPHUTHHIX BOJH DASAHYHEIX THTIOB (panno-

S0MH, TAA3MeMHBIX BOJH, MATHHTOTWAPONMHAMMYCKHX BOTH M AP.).

Ciona e KaK YacTHbM cayuafi OTHOCHTCA MOBEAGHWE NAasMbl, T. €.

0 T23a, B OIHOP 8 MPOCTPAHCTBE, HO TEPEMEHHOM

P
BO BpEMEHH 9AeKTPOMarHHTHOM TOJAE.
B nacTosiuiel MOHOTpadu OCBeWaéTCA HMEHHO TOT KPYT BONPOCOB,

CYUIeCTBEHHBIX AN TEOpUH PACnpOCTPaHeHus palHoBOIH B 3eMHOH HOHO-
© cepe, NS PAnMOACTPOHOMMI 1 aCTPOPHINKH, 3 TAKIKe PUINKH TI1A3MEL,

nojyuaeMolt B 7a60PaTOPHBIX YCIO0BUAX.

TIpw HCCTenOBAMMM DACMPOCTPAHEHUd BOJH B NiasvMe MPHXOLUTCA
CTANKMBATLCS € BecbMa OOMNBIIMM WHCIOM Da3IHYHBLIX 3a4a4, C Pa3HBIMH
nocTasoBKaMu sonpoca. OTHOCAW@ACA CIOAA JUTEPATypa OTpPOMHA, 0CO-
GéHHD,. ecau uMeTh B BHAY TaK#Ke H DOACTBEHHbe 1POCIEMB (UIUKH

maasMei. B sTOR cBA3u MOAMEPKHEM, HYTO HIDKE HE NeNaeTcd MOMBITKH

naTh 0030p COOTBercTBylOWMX padoT. ABTOp CTPEeMWICH K APYTOMy —
710 BO3MOKHOCTH TPOCTO OCBETHUTH PAL OCHOBHLIX pesypTaTos M BbIBO-
DOB, yIenss ocofoe BHHMAHWE BONPOCAM, B MCCIELOBAHMH KOTOPHIX OH
caM npumMMan yuactue. TakuM 00pasoM, HM XapakTep HIIOKEHUA Ma-
Tepuaia, HH CHNCOK .ANTEDATYyDHl He MPEeTeHAYIOT HA noanoty. Bumecte
C TeM, HACKOJbKO HAM H3BECTHO, KK B COBETCKOH, TaK W B HHOCTPAH-
Hgﬂ auTeparype OTCYTCTBYHOT KHHUTH, B KOTOPBIX pacnpoc’rpaﬂeﬂne BOJH
B rplaalvxe paccmoTpero nawme ¢ TOW CTeNmeHbl MAeTaAbHOCTH, C KaKo#
ST0 ClleaaHo ke, [103TOMY, KaK MOYKHO HALeAThCH, NOABJICHHE KHATH
Oyzer: onpasnano. [lp ee cOCTapieHuW, TaM, TAe 9TO OKasanoch
BOBMOIKHBIM, HCNO/Ib30BAH TAKKE MATEPHAT, CONEPKAWMACH B HAHMCAHHBIX
4BTOpOM panee MoHorpaduu «Teopus pacnpoCTpaHeHus pannoBOAH
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2zc
o

= — namna BOAHBI B BAKYyMeE

© — HuEKAuUecKas 4actora, f — uacrora

4ne’N
@ T — MASMEHNaE NaCTOTa

' = © < i{ — KOMIUIEKCHaA 4acToTa, .p == iw”
(— noxasateas satyxanis (£ = Eoel - e~1)]
E — HANPSCHHOCTD JEKTPHUECKOLO TIOAT
H — HanpmKEHHOCTS MATHATHOTO! HOMA
H(9) — HanpsKEHHOCTh BHEUIHETO .(HOCTOSHHOT0) MAarHHT-

HOTO [0S
D = E -4 4nP — 9aexTputecka nniyKus, P— NONADHIaMS CPONH
@ — noTEHLMAN SMEKTPHYECKOTO NONA (1M NOTEHLHATb

— grad @)

noro noas E

*) Penxo BeTpewaomecs 060sHavenun He MpuBOiATCA. Bo MHOTHX cayuasx

ONYCKAIOTCA TAKKe MUACKCH (HANDHMED, B TexcTe 3QQEKTHBHBE CEUEHHd o6o-
6yxBoOit ¢ C m, i w 1. L5 3AeCh JKE

AAeTCA TONHKO ONHO q). B BEJHURH,

onHo# W TOf e OYKBOH, HE BCTPEUASTCH B OIHOM H TOM Xe naparpade. 3apsal

M Macca SAeKTPOHA, CKOPOCTh CBETA H KBAHTOBAA MOCTOAHHAA oGo3nadeHsl, KaK

o6hiuHO, yepes &, m, ¢ u h.




2 OPMHATHE OBOSHAYEHUS

J — NIOTHOCTS TOK@ MPOBOHMOCTIL

aP
Je = + 7 — MIOTHOCTS NOIHOTO TOKA, CBA3ZHHOTO C JIBHACHHEM
sapstoB
1 . .
=1z div D — naoTHOCTs <CBOGOAHBIX 3apaaon» (Toff e OyKEOH p

NAOTHOCTH

1
4—nd‘1v E — cpequssl MIOTHOCTE MHKPO3apanoB

dns
e—i — —K
)

AM3AEKTpHUECKAS TP

€ — IU9eKTPUYECKas IPORHLAEMOCTD
5 — NPOBOTKMOCT

4 .
k—LTk — COOTBETCTBEHHO TEH3ObI AMSJEKTPHUECKOH Mmpo-

Hu 3 JUEEC
TpUaecKoi MPOHAUAEMOCTH
1 — nokasateas mpenomaens (waiexcit 1,23 ¥
¥ ZIpyTHS  BeANUHH OTHOCSTCS —COOTBETCTBEHHO
K "
BOJIHAM)
A= (n—1ix) (ssOmETCH mpH

0
4 — IOKa3aTeb TOTIOWeHUs (3aTyXaHna)

13810710 W%Zyc — noctosHHas Boabiana ((PUrYPUPYET OGHUHO B KOM-
Sunaunun «T)

20

i

>

— KO3 GHIHEHT NOTNOWEHH A

By fre g — CIYOTIN NOTYAMMA K KpOCCNOIyATLN (oG0sia-
ueuns serpeaioTes To1K0 B § 39)

= f 1 ds — onTHUecKas TONMUHA

©— BpeMCHa PEeNaKcauuy, BpeMs cBofojHoro npobera
v—uHCIO coylapenuii (no0aBACHHE WHAEKCOB m ni
YKa3bIBaET Ha COYLAPEHHA C MOASKYAAMI I HOHAMH)
Vapp — SD(EKTHBHOE WHCHO COYAAPEHIT
9 — CKOPOCTE, U — CPelnsist CKOPOCTH
b — CpeusA OTHOCHTENbHAR XOAA SHEPLHH, Mepenasac-
MOl SMEKTPOHOM TAIKENOH 4aCTHile TPH OIHOM CO-

yAapeHus
Byy = 2m[M — sHauenwe 3 OpH ympyrux coymapeHusx
mv?
K= 5 KHHETHYecKan SHEPrus SJEKTPOHOB

- v
=y = — — Cpeis mua cBOGORHOTO npodera
Vagp

e S i

MPHHSATHE OBOBHAUEHHA 13

Xy, 2= X3, t— IEKApTOBHL KOODLHHATbL U BPEMs
r — panuyc-BeKTop

=X Y=

@ ® »
o == ko — iq — BOAHOBOI BEKTOP (k":T"' g=r=17

S — mrerpan croakuopenuit
(¢, r, v)— Qynxuus pacmpenenenui

Fow) 1Y) _ puverpuunan W HeCHMMETPHUHAS MACTH HyHKIHE
v

pacnpejesenta
foo (v) — MakcBeIOBCKAT (yHKI@A PacpEfescHus
¢ (4, r, 9) — OTKJIOHEHNE yHKUME pacTpedeneHus ot paBHOBEC-
HOTO 3HAYEHUsA
2T\
— it =\z=7 npu Te=T
D — ne6aesciuit panuyc [D (sﬁm) p! e
u Ny =N
2TD
o= 16rD*N = —3
e
dQ — 3NeMEHT TEAECHOro yraa
§ — yroa pacceanud
6§ — yroa MERJy HOpMampio K (POHTY BONHHL ¥ OCBIO 2,
o — yroa 0 B mauaae cion (yron nazeus); B §§19

120 a(z)=sinb(z) wa=snb
g — shexTuBHOE CeueHue
cd¥ ¢ ¢ 0¥ .
P=r Shpa=57 — (n—ix) c05 8 (§ 29)

<
- (asoBas CKOPOCTH

Uyp — TPYINOBAR CKOPOCTE
@ — yrod MEMny BONHOBEIM BekTOpOM K M BHEUIHHM
arsutasi noaen H©
% — YOI MeKny H® u ocwio z (o6osHAuEHHE BCTPC:
waetcs 1076K0 B § 29)

| HO
= lefH? PHPOYACTOTA AA $AEKTPOHOB
me

| HO
el rupouactora maf HOHOB
e P

O — gactora Moxydsumu (oO03HaUEHHE BCTpeYaeTcs
Toabko B § 39)

2
o= 4ne?N 9  GespasmepHble MapameTphi




TIPHHATLIE OBO3HAUEHHS

4, B, C— X
B ¥ (11,3) nas
- MarHUTO4KTHBHOH MIA3MEL :
) b2
Kiyz =g —
b2 o

AAPH3ANMIO HOPMANbHbIX BOJH 1 M 2
Pe— 3NCKTPOHHOE 1aBAEHHE, p; — HOHHOE IaBJCHHE
¢ — TAOTHOCTH CPEBl, pp— HEBOSMYIEHHAR ILIOTHOCTH

cpeast
3,
Hy= 1/(5{‘—!)— CKOPOCTH 3ByKa
L= —20__: 6yksoit
Y ; Gyksoit L TaKme (17.2)

w_ .
BEJHUHHA, (UrYDHPYIOUIas B BHPAKEHHAX THUIA

av
iz HT. L.

¢ — (asa BOAHE
R — avnmatyaubli k03 pduiHenT oTpaxenns
. D — amnauryzumii kosdduunent npomyckanus
s I [EH]—notok sneKTpoyMarHKTHOH SHEpriu
fx — KpHTHZeCKas 4acToTa
Zp — TIOAYTONIHHA NapadOIUYECKOro CaA0s

THAABA I

_OCHOBbI TEOPHH PACIPOCTPAHEHHMS 3JIEKTPOMAT HUTHBIX
BOJIH B IIASME

_§ 1. Omee BefeHue. MapameTpsl NAasubi B PASIAUHEIX cayyasx

 pasiuumme CIyuaH PACMpOCTPaHEHis BOAH B njdsme. C pac-
npOCTpﬂHeHP\EM aneKTpomammuux BONH B naasMe, T. €. B YACTHYHO
M MOAHOCTHIO HOHUSUPOBAHHOM rase, MPHXOLUTCA BCTPEUATHCA B L0
pane cyuaes. Bawmmefinme U3 HHX TAKOBH:

PacnpocTpaueHne PAKOBOMH B BRCIIMX COAX seMuofi aTMOChepE:
(B MOHOCHEPE)-

PacnpocTpaserive B WOHOC(EpS H MPRICTAMIKX K wet o6nactas
@KNIAHETHOTO MDOCTPAHCTBA PASAHUHBIX HHSKOHACTOTHEIX SMeKTPOMAT~
UTHBIX BOJH.

Pacnipoctpanchiie B COHeUHOH aruocdepe, B TYMAHHOCTAX, & TAKKES
‘B ME}K3BE3LHOM H MeNKTIAHETHOM ﬂpOCTpaHCTBaX pu“OBO.'iH KOCMHYE -
“CKOTO HPOMCXO'MEEHH“, mcnex\yemx pznwoamponommecxmm METONAMY -

Ciona e MOKHO OTHECTH PACRPOCTpAHEeHHE DPALOBOTH MDY NOKAIK L
Jlynst u naaer, a Takke B CAyuae CeA3M ¢ AAJEKUMH UCKYCCTBEHHBIM.I
CIy THUKAMK Beman, KOCMUYECKHMU paKeTaMn v T. 0.

PacnpocTpanenie B KOCMHHECKHX YCAOBMAX HI
;’VTOTHIIPOEHHS.MH‘{ECKKX u ZIKyCTH'-leCKHX) BOJIH.

PacnipocTpaHenue B KOCMHTIECKUX YCAOBHAX (conHeuHas KOPOHA U T ),
2 Tawoke B 3eMHOH HOHOC(Hepe MAASMEHHBIX BOM.

Pﬂcnpoc‘rpax-xerme 3ﬂ€KTpOM3\'H“THMXBOAH pﬂSﬂ“‘lHHX THIOB B II71A3ME,
CO3NANHON B 1a00PATOPHHIX YCAOBUAX (TPH UBYUCHHH ra3oBoro paspaia,
B YCTAHOBKAX ILisl MCCIEAOBAHHA KOHTPOIMPYEMEIX TEPMOAIEPHEIX PeaK-
uuit ¥ oap.).

TTOCKOAIBKY B KOCMOCE BELUECTBO MOWTH BO BCeX CAyuanX HAXORUTCA B
COCTOAHUY MJIa3MBL, C pacnpocrpaueﬂneu QHEKTPOMZ\FHW\'HHX BOJIH B TWIa3M2
OKABHIBAETCA CBABAHHOW TAK)Ke BCA ONTHUECKAL ACTPOHOMHA. Onpaxo
B ONTHYECKOH YACTH CNEKTPa MPH BCTPEUAIOMMXCA B 3Be3/HBIX aTMOC(E-
DX IJIOTHOCTAX OCHOBHHME Crennuieckue 0COBEHHOCTH N1A3MHE HE MPOAB-
nsioten. Tl0STOMY, SCTECTBEHHO, Mbi He GyIeM DACCMATDHBATS BOH, fewa-
wuX B HA(PAKpacHOU u ewe Gonee KOPOTKOBO/HOBBIX 4ACTAX CIEKTPI.

l'[penc’rasneﬂne 0 niasMe ABAAeTCHA EGKOI(OMEPHMM ¥ MAOAOTBOPHBIM He
TOJNBKO 111 7a3a, HO  NpH W3YUeHUR HEKOTOPHIX CBOWCTB TBEPLHIX Tel
(ONTHKA MeTanN0B, AMCKpETHHE MOTEPH SHEPIUu B TBEpABIX TeAX, LHKIO-
TpOHHHIH pe3OHaHC B MOMYNPOBOLHAKAX MPH HAMHHIM 60AbIOTO UHEAZ

TOTHBIX (MATHA-



16 OCHOBH TEOPHH PACIIPOCTPAHEHMA BOJH B MJIASME [ra. 1
socutenett Toka). TeM He MeHee OCTAHABIUBATHCS HA STOM Kpyre SBICHUH,
OTHOCSUIMXCA CKOPee K 001aCTH PUIHKH TBEPOTO e, MEl TAKKE HE Gyaem.

MapameTpst muasmsl. [11a3ua, ¢ KOTOPOH NPUXOLUTCA CTATKHBATLCA
I TPUPOAHBIX YCAOBHAX M B 12G0PaTOPHEIX npuopax, XapaxTepu-
3yeTrcs TnapaMeTpami, OTANYAOWKEMUCA B pﬂaﬂﬂ'-lﬂblx cayyaax Ha MHOTO
nopankos. Ta, SMEKTPOHHAA KOHUGHTDANMT B MEKIBESIHOW cpeae H3-

N ALKMPOHOE
MeHsetcs 0OmuEO B npeserax 10 TLNLI0 i‘-’ﬂg—— (3HaueHne

N ~ 10 orHocuTcs K 0067aKaM Mewssesnuoro rasa)*). B cofHesHoil KO-
pore 104N K3+ 10° B MeXNIAHETHOM MpOCTPAHCTEE N~ 110
(ﬁOC.’leﬂ.HEE 3HAYEHNE OTHOCHTCA K CAMBIM MOLUHBIM KOPH}'CKY}HPHMM 1I0TO~
kaw, srGpaceinaensn Coanuen). B semuoit noHocepe 13N L3 108
B ycranoskaX ATl KOHTDOJMPYEMOTO UCTOAL3O0BAHHA TEPMOTAEPHEIX
peaxuuit N ~ 1019%%), a qag pana rasopaspamHbix TIpuGOPOB THIHHHO 3HA-
wenme N ~ 1012, Hakouell, KOHUEHTpAUuA 3MEKTPOHOB [DPOBOMNMOCTH
5 verannax N ~ 3 - 102 u HMEHHO 5Ta KOHUEHTpalUs (Urypupyet, Koraa
TlIa3MeHHBIE TIPeICTaBAeHHs HCHOJb3YIOTCAd B TIpHMEHEHHH K MeTaqiaM.

BropuiM MAPAMETPOM, XAPAKTEPUSYIOUIMM [1A3MY, ABIAETCA KOHIEH-
N —

Tpauus HefirpanbubX wacTun N, W CTeNeHb HOHH3AUMA 1=

.

m
B seutiofi norocdepe: B HikHem D-cnoe Ny~ 1085 r ~ 1070107
B E-cioe N~ 102 1 r~10"" w8 F-cnoe N, <1010 u r<gio
(nozpoGiee O CTPOGHUM HOHOCHEPH CM. § 30). B conneunoit Kopowe
npakriueckn N, =0, T. e. r=00; B APyIUX KOCMHYSCKHX YCA0BHAX
nnorga N, <€ N, HO 4acto (B1amu OT rOpAYMX 3BE3A) N<&N,, te
ras ciabo MOHHBHPOBAH.
cay B TLIa3Me HpHCyTCTBleT AUl TOMOKUTENbHBIE HOHBL, O
B HMEHIUX GObluHO  MecTo yCHOBHRX KBﬂSHHeﬁTpaﬂbHOCTP\ uX KOHUeH-
rpauua N, ==N. Ecan e MOTYT MpucyTcTBOBATH TaKKe OTPULATENb=
upe uoms, 10 N,=N--N_ (sce monw cuuTaeM ILii NpPOCTOTHL
O IHOKPATHHIMU) W NOfBJSETCA elle ONMH napamMerp N_|N+ wm N_jN.
B COOTBETCTBUM C PasMMuMeM B KOHUEHTPALHM B TAKHX JKE MpH-
MeDHO NPEAeIaX MEHSETCR TAKKe i LAMHA CBOGOAHOTO npoGera HacTHll.
TemmepaTypa TAasMEl B PadMuHEIX YCIOBHSX TAKOBA (Bce 3Hauenus TeMnepa-
TypHl 31€Ch H B NaibHellieM MPHEOJATCA B rpaiycax Keavpuna):
3emnas uonocdhepa . T ~ 300--3000
Mexspesubiit raa . \ T~ 100 (cnaGo HOHMMDOBAHHEIE 0GAACTH)
1T~ 10% (crbHO HOHM3HPOBAKHDIE 06AACTH)
. . T~ 108
B 3KCMEPHMEHTAAbHLIX YCTAHOBKAX IS H3YdCHHA KOHTPOJMPYEMbIX TEPMO-
sUEepHBIS peakiui 108 = 107 #¥). B cOOTBETCIBYIOIHUY YCTAHOBKAX MPOMBILLY

JEHHOTO TWTA TEMIEPaTypa MOAKHA OYAET, BEPOATHO, AOCTHFATH 108 =109
rpanycos.

ConeyHas KOpOHa .

#) Bee NPUBOAMMEIE THCTCHHbIC 3HAUCHHS HMEIOT JHUL OpHEHTHPOBOUHBIR
xapaKTep.

**) YupaBseMple TEPMOSIEpHEE pearuun (c6. nepesoaos), Me 11 (1957) n
e 26 (1060), Atomuazar.

i
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XapakTepusys COCTOSHHE naasMBl TeMIepaTypoil, Mbl TEM CaMbIM, CTPOrO
FOBOPA, Y€ CUMTAEM €e D (rounee, TP aeTcs, UTO YACTHLb
B MIa3ME HMEOT BeJN0BCKOE P o ). PaKTHYECKH,

- opuako, pan dopuys, KOTOpHE GyayT NOAyYeHEl HIKE, B OlpENENeHHBIX TIpe-
genax Wi cosces HE BaBHCAT, MIu_ Crabo 3aBHCAT OT GopMEl pacmpenereHns
) wacTHI [0 P! B IpyTHX Clyuasx HECYWCCTBEHHO pacmpe-

. jeaenue MO CKODOCTAM MOHOB ¥ MONEKyl. B § B Gyier, Kpoue 10ro, pacco-

TpeHa ABYKTEMAEpaTypHad Maasua, 8 xgropoﬁ SNEKTPOHBl U MOHBI HMEIOT MaKc-
_ peATOBCKOE PACOPENCNEHHe CKODOCTEH, HO € Da3AHIHLIMH TeMIEpATypaMil.

B uenoM Tem He Mefee MOWHO cKasaTh, YTO MNA3MA BE3NC B HacTosueit Kiure

_cuuTaeTCs p it 1Ol B MPOCTPAHCTBE ckopocreit. Iro

\orpasuieHHe BEChMa CYWECTBEHHO, TAK KaK (P RATHINE B NAA3ME DASIHUALIX

TOTOKOB M MY9KOB HACTHL (1. e. B Ciyuae IOCTATOUHO DESKOH ACHMMETPIIL

. yHKIuE pacnpejencuus [Ia3MeRHbIX YACTHI, O CKOPOCTHM) PACHPOCTPAHEHiE

pois B naaswe mnpuobperaer KauecTBEHHO HOBbE ocodenHocTH. Baxneiimas
7aKas OCOGEHHOCTb COCTOMT B TOM, §TO Mpi HATHYHE TYYKOB BONHBL B [LIa3ME

MOTYT HE TOAbKO 3aTyXdth MO MEDE WX DACHPOCTPAHCHKS, HO H YCHIKBATLCA.

Mi, TIDH HAMHYHH NYUKOB MIE3Ma OKasblBaeTcd, BOOGILE roBOPH,

oaHialoutie B Hel MO Kaxoi-160 MPUUHKE BOIMYUIEHI

_{Bonup) B AuneiinoM NPUOMIKEHIN HAPACTAIT €O Bpevenen. Bee 1axoro poia

§BTEHISl, KK SICHO 3 CKAGQHHOTO, HHKE paccmatpupathed He OyayT. Boaee

“Tor0, MOZ CaMHM TEPMUHOM (ILIadMa> Gynes Ge3 LONOMHHTEMALHBIX OroBOPOK

 jjoRMMATb HE NPOMSBOABHYIO TAABMY, @ TOALKO naasMy, B KOTOPOI IpH OTCYT-

CTBUHM  SJIEKTPUUS oA P jdetue 1O CKOPOCTAM MO0 paBHOBECHO

(mrasma rewmnepatypoli 7), anbo, B HrepecyoLer Hac MJIaHe, HeCYLECTBEHHO

0 WIH 0 (aByxTEMIED:

oT p
TypHas mAa3ma i T. ).

OcobennocTd naasubl, C yxasauiol OCOBRHHOCTBIO [1A3MbL — DOTb-
muy  pasxo00pasueM . BCTP cst napaMerpos, CBAsaHa
4 propas e OCOOGHHOCTb, CYIUECTBEHHAT MU H3yHCHHU pacnpocTpane-
HEA BOMH. VIMEHHO, IAA3MA HaCTO SBJSIETCH CYWECTBEHHO HeOAHOPOLHON,
\7ak uTO pedb HIET O PACNPOCTPAHEHHH BOMM B CPEAAX € HBMEHSIOLLIMUCS
® npoctpactse mapaverpawu. Pasymeercd, ¢ HEOAKOPOAHOCTHIO CPedbl
TPAXOINTCA CTAIKHBATBCH 1 B ADYTHX CIYHAX. Tlpu oTOM O0OBIMHO
BCTDEUA0TCH PEsKHE TPAHMUL PASASI 1 SHAMATSILHO pewe MMl CPaB-
HHTeMLHO HEGOMbUINE [IABHHE HINEHCHIA CBOHCTS CpeAul. B cayuae wxe
 naaswbl, HAOGOPOT, PEAKO MPUXOANTCA CTAIKHRATACA C PESKIMH Tpatii-
HaMy, § THOWYHBIM ABIAETCA HAAHYHE NAABHRX, HO BECEMI GoabuIux U3~
| MemeHuH CBOHCTB Cpeaw. ilaMewenui dTH 4aCcTO HACTOAbKO BeMHKH, 4TO
ZHSNEKTPHUECKAN NPOHHLAEMOCTD & MEHALT BHAK.
. Tpeteeit XapaxkTepHOH 0COBEHHOCTBIO IIA3MBl KAK . Pas U MOKHO
CuwraTs TO 0OCTOATEAbCTEO, 4TO €& MCMOMb3OBaMie M03BOMIET Ges oco-
Goro Tpysa peamn3oparth CPeAy. . 220 u caaluy noraoueHdeM.
C oTuM CBsBAHH BO3MOKHOCTH CYLIECTBOBAHUA OueHb caa00 3aTyXaIoWHK
| NA2aMeHHBIX BOJH H HEXOTODBIE APYTHE BaHbie MOMEHTEL.
_ Uerpepras OCODEHHOCT NIa8MH — CHUIBHO® USNEHEiliie e¢ CBOACTE
1O jeficTBUEM NOCTOIHHOTO MaTHATHONO TI0JIf. B pesyibTare lawe BeChMa
© <nadbie, mO OOHIYHBIM NPenCTaBNeHUAM, MArHHTHEIE noas (nanpuMep,
3EMHOe 10/i€) CYWECTBEHHO MEHTIOT XapakTep pacnpocTpaueris BOAH
B 3eMHOM W APYTHX G

S~

e mee tamt B N TuRAGYDE
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Tlsran OCOGEHHOCT I1A3MEl — MOSIBICHHE HEHHERHOCTH €e 3/eKTPo-
MAarHHTHHIX CBOHCTH y7e B CPaBHMTEMbHO JeTKO IOCTHMHMBIX MOJAX.
C 3THM CBA3aHbI ABJEHHS HEJIWHEHHOTO B3aMMONEHCTBUA (KPOCCMOAYIAUUY
W ApP.) BOMH, DAacnpOCTPAHAKUMXCS B MiadMe. B apyTMX ke cpedax
(32 HCKJOueHHeM (epPOMArHETHKOB, CErHeTOINEKTPHKOB H T. 1.) He-
JEHeHHbe 9((eKTH MOABAAOTCA JHWL B OYEHb CU/bHBIX NOISX.

paSyMCETCH, BhHAeJeHME MNATH, 3 He KaKOro-TO APYroro 4ucia oco-
OeHHOCTe! nuasMel HECKOAbKO yc0BHO. Ho cam dakT 601bwol crenu-
GHYHOCTH IasMbl Oeccnoped. B CBA3H C 9TUM eCTECTBEHHO, KK 9710
yKe AaBHO uWMeeT MeCTO B NPaKTHKe, CaMOCTOATe/lbHOE DACCMOTpeHite
PA3AMUHBIX BOMPOCOB (HIWKH MAA3MEI M, B YACTHOCTH, DAacnpocTpate-
HHS B I1383Me 3/EeKTPOMATHHTHBIX BO.IH.

§ 2. Ocuosrsle ypasmenus. XapaKktep HCHONb3YEMBIX HNPHOIMMeHWH

Ypapnennus noas. CToswas nepen HAMH 5afiaua 3aKMOUACTCH B KOJH-
YECTBEHHOM PACCMOTPEHHH DPaCHpPOCTPaHEHHd 5JEKTPOMATHHTHBHIX BOMH
B Miasve. B GOTbIIMHCTBE CIYuaeR Aawe NAA CaMBIX KODOTKHX DaiHO-
BOJH, € KOTOPHIMH NPUXOAUTCS HMeTb 1€70, NJHHE BOJHBI % MuOro
Goublle CPENHEr0 PACCTOAHUS MEKIY 371EKTPOHAMH WM HOHAMU e N7

JlefcTBUTENbHO, TPH pPACNPOCTPaHeHHW BOJH B HOHOCHepe H COI-
Heurot kopone N> 103w r<0,1 cau; B TO e BpeMa paccMaTpu-
BAIOTCA B OCHOBHOM METDOBHE H (0/ee INHHHHE BOJHEL. YCIOBHE h S>r
1J15 PaAMOBOJH MOWET, TAKHM OépaSOM, HAPYWaThCs MPaKTHUYECKH TOIbKO
B MEXK3BE3AHOM MPOCTPaHCTBE. DTOT Caywa#t Gymer paccmorpen 8 § 37,
B OCTa/bHHX ke pasaenax OyneM cuuTarh CHOPMYTHDOBAHHOE YCJOBHE
BHIMOAHEHHBIM. [10 3TO# NpHuMHE DACHPOCTpaHEHMe 3/1eKTPOMATHHTHEIX
BOIH B NIa3Me MOYKHO K HYIKHO DACCMATDHBATH HA OCHOBE OOBIMHBIX YPas-
HeHH#l (EHOMEHOJIOTHYECKOH 3ISKTPOANHAMUKH B CHAOWIHBIX CPeaax:

@b
div D = 4wp, (2.2)
io
mtE__—Th', .8
div =0, 2.4

rae E u H— BeKTOPB HANPTAKEHHOCTH SMEKTPHYECKOrO U MATHATHOTO
noe#t, D -—BeKTOP 37eKTPHUCCKOH WHAYKULH, j-—— MIOTHOCTh TOKA
H p—ﬂﬂOTHOCTb «CBOGOAHEIX 3apAN0By; 3AECh U HIXKE HCTOAB3YVIOTCH
a0coMiOTHAd TayccoBa CHCTEMA GMHHUI M OOUIeNPHHATHE 0003HAueHHA.

Vpasuenns (2,1) w (2,3) HanucaHs cpasy B NPeANOOKEHHH, dTO
BCe TepeMeHH:e B3aBUCAT OT BPEMEHM MO TFapMOHHYECKOMY B3dKOHY, T. €.
NPONOPHHOHANEHE ¢™f. DTOT MHOWHTETs HWXNE YACTO OYAET ONyCKAThCH.
PZICCMOTPEHH& HerapMOHUYECKHX MPOLECCOB npH CcoBmone | TPHHI KNG
CYNeprio3HUMM NOCTHTAETCS NyTeM pPas/oyeHls BCEX BEAHUMH B HHTe-
rpaas uad paist Pypoe.

YPABHEHHAS 19
§2] OCHOBHBIE VPABHE!

KpoMe TOr0, B ypaBHEHnAx (2,3) u (2,4) u Beane HHMKE BMECTO Mar-
HUTHON MHAYKIWH B QUIypHPYET HanpsKeHHOCTH MarnutHOTO moas H,
JaK KAK MATHUTHAA MPOHUUAEMOCTh TNAESMel MPAKTHMECKH paBHA ezu»;

muge (ca. § 3). Ilpumenss ¥ (2,3) omepaumio 1ot M HCHOIb3YA (&2

W TORIeCTBO fotrot £

— AE--grad div E, noayuaeM:
i ) 2 dni —y
mtrotE——‘:—:(D-%j):AEAgraddva'T%(D—%j):O. @5 ]

Ilaa toro utodu ypashemua (2,1) —(2,4) win (2,5) morau OwiTh
WCNOJIB30BAHEl A4 pelieHis B.NEKTPOIUIHKMH"\ECKHX 3anad, HEOOXO0AMMO
sazaTh CBA3b MeKIy BexrTopamu D M j ¢ 0mHOH CTOOHBI, H BEKTO-
pawt E w H—c apyrofi. Ecan He yuuTHBaTh BAWAHMA HA caoficTsa
11723Mbl TIOCTOAHHOTO BHELIHETO MATHWTHOTO mOMA, TO D u J 32BHCAT
10bKO OT E 1 HANDABIEHH NAPATIeIbHO STOMY BEKTOPY (B CHTY HM30-

MHOCTH Cpejsl), T. €.

e pered D=¢E, j=3sE, (2.6)
e & — QH3MIeKTPUYECKas POHNLAEMOCTb (AUDAEKTPHYECKAS NOCTOANHAR)
¥ 5— npoBOZHMOCTL. [IpH yueTe BaNAHMA BHEHErO MArHWTHOTO MOJR
cpella CTaHOBHTCA HH3OTPOMHOR (MarkuToakTHBHON), u D, j n E ceasaust
Mexny cofoi Gojee obuleft JIHHEHHOM 3aBHCHMOCTBIO:

Dy=suEp Ji=oupFe b =123 @
TAe MO0 ABAWIH BCTPEUAIOUIMMCA HHAGKCAM MPOH3BOLHTCH CyMMHDOBA-
uwe; Dy=D,, Dy=D,, D, u 1. A. KpoMe TOro, TeH30PHI AM-
SMeKTPHYECKOH NPOHMUAEMOCTH H NMPOBONUMOCTH & I Gy SABUCHT or
HAMPAKEHHOCTH BHEIIHEr0 MarHUTHOTO nOAA ),

B ypasuenus mona (2,1)—(2,4) BXOAST mOAHHE MOAA OT BCEX HC-
TOUHHKOB, M, TOCKOTBKY € H dz 8 (2,7) 3aBHCAT OT BHEMIHEro Mar-
HHTHOTO 1104, 3TH ypaaﬂel-mﬁ qmpua:lbﬂo MOKHO CUUTATh HeUHeRHBIM.
Of#aKo B TeOPWH PACHPOCTPRHRHHS 37eKTPOMATHWTHHIX BOMH BHEUIHES
MarHutTHOe [0Je QOBIYHO CUMTARTCH 3ANAHHHIM H K TOMY Xe HE3aBUCUMEIM
OT BPEeMEHH H, C€Je30BaTebHO, ypaBHEHHﬁ 1108 OTHOCATCA NO CYTH aena
MWD K TOM0 CAMEX BOJH; MOSTOMY 3TH ypasuemis B cayuae (2,7)
SBAMIOTCS AHHEHHbIMH. B HEKOTOPHIX C/IyuasX, OLHAKO, HMET MeCTo
HeluHEHHbIe $BJAECHHA B KUCTHHHOM CMBICIEY», npOﬂBﬂﬂlOU.\HeCR BO B3ad-
MOZEHCTBHH PAXIMUHBIX BOTH B I1d3Me; MPH STOM & H & (Wit &y H Gi)
ABATOTCA CaMu (QYHKLUAMU HAMPAKEHHOCTH S7IEKTPHUECKOre MOIA. He-
THHEHHBIE  ABIEHUT TPOABAKIOTCH AUk B Ciydae 1OCTATOYHO CHABHBIX
nose#f u GyayT cnenualsHO PACCMOTPEHLL B Ii. VHI. Bo Bcex apyruax
MecTaX KHHTH Mbi OyJeM, ecin 9TO CMEUWa’ibHo He OFOBOPEHO, CHUHTATh
YPABHEHUS THHEHHBMH, T. €. € H O (s 2y H Gy) HE BABUCALLMMH OT
BeKTOpOB moa. B mozasamoueM G0MbWMHCTBE CAYUAEB MPU pacpo-
CTpaHeHUH BOMH B HOHOCGEpE H KOCMHYECKHX YCJOBHAX TaKOS suHetiHoe
npubMIKeHye OTBeYaeT ACHCTBHTENLHOCTH.

HeoasopoasocTs cpeasl MPOfBAAETCA B TOM, HTO £ H o (WIH g
W 6;) dabucar OT KOOpARHar. B cuay Hamuuu gucnepcmu 8ce ST
BE/MYHHE! ABAAIOTCA TAKKe QYHKIUAMI HACTOTHL ®.

O
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H"T:Zlnanempnqeci\‘yxo NPOHALAEMOCTb U MPOBOAMMOCTb y106HO 06bedn-

B OZIHY BeIHYHHY — KOMILIEKCHYIO AUIJKTPHUECKYIO IDOHULAEMOCTD:

&

(2.8)

Aua{wruimo I aHH3OTPOMHOTO CAyd4ag YIOOHO BBECTH TEH30P KOM-
MIGKCHOR IM3JIEKTPHYECKOH NMPOHHUAGMOCTH

.

43,
.Q_ile

(He myTaTh MHHMYO eNMHHLY [ M WHIeKC I!).
usoTponHoOM caydae (2,6) ypaswenne (2,5) npuHUMAET BHA:

A — grad div E-4+- 45 o/F = 0, (2,10)

B TOM ke H3OTPONHOM CI;
; aysae (2,6), uckaouas w3 ypasHennmit (2.
u (2,3) mose E, noayuaeMm ypasHeHHe Z s @h

1 : ‘
SH 4L Tgrad o rotH) -0 ' H = 0. @11

3aech MPHHATO BO BHNMaume, wro (2,1) mpu yuere cpsaedt (2,6):
io e
totH =22 e/E. 2,1a)
Hpéu nepexone K ypasuesuam (2,10) u (2,11) Mel cunraau, uro caasu (2,6)
COf JHO’RBIOTCH BO BCeM MPOCTPaHCTBE. 9'\'0‘ ONHAaKO, He COBCEM TOYHO,
’:ax Eal( B HCTOYHHKAX noas (HanpuMep, B anteuue) j==o(E -+ E.y,)
. B croph
ffggr crop Th O ¢ 9AeKTPOIBHKYILH CHle.
OMY, HanpuMep, B mpaBo#t 4acTH ypasuenns (2,10) ROTKHO CTOATH

.z
E g Jenop (@0 %0 ¥4 2), DA€ Jorop =

crop

— TIOTHOCTb TOKA, Bl o

He 37K TPOLBHAY -
J(.;.lneyﬁmt::ﬂ.’[a'ro'r wien B (2,10), a Takxke cooTsercTByOWHY uleH B (2. 1};)
1 ,» TAK KaK B HHTEPECYIOWHX HAC 006.1acTax ¢

X & BHE
OHU DaBHH HYJIO. ¢ HETOAROD)
v SOn&{omeprle sapauyu. [aockue Boauel. B ofuleM ciydae, xoraa
H“BZB;LT’(K)‘ OT BCeX KOOPJHHAT, ynpouienye BeCbMa CJI0KHBIX ypaBHe-
" (2, ) H (2,11) neBosMoxuO. IT03TOMY BECBMA CYLLECTBEHHO, YTO
‘QCTO MOKHOQ 'I"IPMHHMaTb BO BHUMAHHE B3aBHCHMOCTb & JWIUb OT OAHOH
KoopanHatel. Hanp P, B 3EMHOH HO! a
3aBHCHMOCTH &’ (mm B 3¢

| KO BBID
iz) OT BLICOTH Hag 3emaed. B npeieaax orsoCH-
TeTbHO HeGOJbILOro Y4acTKa 3eMHO#H TIOBEPXHOCTH, A5 KOTOPOro 3eHUT-
Hoe paccrosune COMHIA MOKHO CYHTATh OAMHAKOBHIM (T. €. mpeHeGpeds
.‘.]E, ;':x ThIO 3eM;'m), ¢’ B TODH3OHTANBHOM HANpaBIEHHH
BIYHO HOCHT CIyualiHbii Xapaktep (06jaka B HOHOCQepe u T. ML)
]ﬂ, HAKJa[ObIBaeTCs Ha peryaspuyio KapTuHy pacnpeieneHus, npu KOTOpO#
¢’ 3aBUCHT JIHITb OT BEICOTHL (KOOpAMHaTa 2). [las 3emiu B uenoM pery-
AapHOe pacmpenedexie € 3aBHCHT HE TOJABKO OT PacCTOSHAA OT ueHT}yJa

§2] OCHOBHBIE YPABHEHHS 21

Seiu, HO TaKme OT Mec1a 3eMHOM FOBEPXHOCTH B CHAY PA3MHYHOTO
sestHOF0 pacctognns COHUA B PASHBIX TOUKAX. OxHAKO 3T MOCTEAHSS
3aBHCUMOCTD 3HAYHTENBHO Gosiee MeATeHHAA, HEM 3aBHCHMOCTb OT BBICOTHI,
1 MOWeT OwTb G0 BoOGue He MPHHATA BO BHUMAHHE, ando yuteHa
TPUOTHKEHHO. AHAIOTHUHBIM 06pA30M NPOHHIAEMOCTb &’ B COMHEHHOMH
KOpOHE B H3BECTHOM ﬂpﬂﬁﬂllﬁ(eﬂﬂﬂ MOKHO CHHTATH 3aBuCALIER TOJBKO
0T paccrosmis A0 QOTOCHEpH.

rak, GOTbUy0 POIb HNPAIOT OIHOMEDHbIE 3aAadd M CPEi HHX
§ nepsyio Ouepenb PacmpOCTpaHSHHe BOMH B I0CKOCIOHCTOR  cpene
(» sroM Cayuae <, 32BUCHT TOJBKO OT OLHOH 1eKapTOBOH KOOPAHHATH Z),
Bnpouen, HacTo HPOHHUSEMOCTB TIWIA3Mbl MOWHO BooGie CYUTATH NOCTORH-
HOM B MPOCTPAHCTBE W PACCMATDHBATH, TAKUM 00pasoM, PacmpocTpateHue
BOJH B OIHOPOAHOH Cpere. JeTanbHEH aHATH3 3TOTO MPOCTEALIEro Cy-
yas MyweH TalKe A7 peleHis paa Goiee CAOKHLX 3aaat. B oao-
pO.‘IHOﬁ cpene OCHOBHO? 3HAUEHHE HMEeT, eCTeCTBeHHO, pacnpochaneHwe
MIOCKAX MOHOXPOMATHHECKHX BOJH THIA E==Egei—#n.  Pacnpo-
CTpaHex-me UMOYabCOB, 0 B YacTHOCTH, KBaSHMOHOxpOMBTVl'{CCKHX
UMMy 1bCOSB, CBOIHTCA K pacnpoc'rpaﬂeﬂmo MOHDXpOMaTK’{eCKHX BOTH
MyTeM PasioKeHus MOJA B HHTErPALL dypbe N0 HACTOTAM H MO BOIHO-
BHIM  BEKTOpaM. B MVIOCKOCTOHCTOH — cpeie HauboabIIHE  MHTEpeC
HPE,’!CTBBJHET pacnpompauenne MOHOXPOMHTH‘{ECKHX MIOCKHX  BOJH
Busa E = E,(2) ef (0¥

nDSTOMy HHMKE BCE H3TOKEHHE OCHOBHIBAETCH HA pZCCMOTPeHH“ pac-
ﬂpOCTpﬂHEHHﬁ I0CKHX  BOJH. OAHAKO M 3JECh MOKHO BHLIEMHTE OUEHB
BaKHBI KAK TEODETHUeCKH, TaK H MPAKTHHECKH yactusif - cayuait,
a HMEHHO, paCnpochaHeﬂﬂe TJIOCKUX BOJH MPH HOPMATLHOM MX TaReHuK
Ha cioli. A MEOTPOMKOTO C7ydas 3ajaua O HAKIOHHOM MAlCHIIL CBO-
AMTCS K 3324 O HOPMATbHOM MAICHHH. Tipn yuere e aHMBOTPOMHH
(Bﬂﬂﬁl{ﬂﬂ BHEIIHETO MarHWTHOTO HOIIH) BecbMa CJAOWHA YWKe 3agaua
o HOpMa!!BHOM mnajedny, a 179 cayqaa HAKJIOHHOTO INaleHHd CTPOrHX
peureHuit ele He MOAYUEHO. ByecTe ¢ TeM Ha TpUMEDe HOPMATLHOTO
MAfeHHs MOWHO BBIACHHTH DAL OCHOBHEIX 0codeHHOCTeR pacrpocTpaie-
HHA BOIH B MIOCKOCTONCTOR MaTHUTOAKTHBHOH MIasMe. np{lKTH‘IECKOE
aHaueHie 321290 O HOPMaibHOM MAZEHUIl TAKME BETHKO. 3ror cayuyail
B H3BECTHOM NpHOMMAEHHY PeaiH3yeTcs, HAMPUMEP, MPH BEPTHKAALHOM
B30HAWPOBAHHH HOHOC@CPH, HMEIOIIEM OCHOBHOE 3HayeHHe C TOUKH 3pe-
HHA ee HCCAefoBauul PﬂﬂPKQHETOJHMH.

B nsotponHoft cpede *) npu &’ </ (2) ypasuenue (2,10) npu HOp-
Ma/jbHOM NaieHHH nA0CKOH BOA}‘!H TPHHUMAET BUAL

(o, HE =0, 2.12)

*#) Lsotpomnoii cpenoii (rnaanoil) Mel Be31e HasLBACH cpely, KOTOPYIO TOUHEe
61110 65 HMEHOBATH JIOKATRHO H3OTPOMHOL CPEXOif. 310 3HAUUT, 4TO mpednona-
TaI0TCA CAPABEIMUBLIMH COOTHOUICHHS (2,6) nau, 6oaee OOWO, 41O B OIHOPOS-
HOW M HM30TPOMHON Cpele CYATAeTCs  OTCYTCTBYROUII Kakoe-1H00  (QH3U~
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TpHYeM 3TO VPaBHEHHE OTHOCHTCA KaK K KOMMOHEHTE EX, TdK H K KOM=
noxente E, (nosroMy Mst u muwen npocto E). Tlpu nepexone ot (2,10)
K (2,12) yuteno, uto note E MOKET 3aBHCETh TOALKO OT 2 (Hopmamb-

HO& MajeHHe MJOCKOH BOXHH). B Tex xe YCMOBHAX ypazHeune (2,11)
MepexonuT B TaKoe:

d2H,, o 1 de’ (o, 2) dH,
e A H, — == 0 (2,13)

(B ciny (2,4) dH jdz=0, 1. e. H,= const u He npeicTasiser HHTepeca).
TMaa

Tpetbst Ta Ta M0 OCH 2)
ypasrenns (2,10) sKBHBATEHTHZ paBeHCTBY (ecai w + 0) B

& (0, 2) E, =03 (2.14)
Ecmn (0, 2) =0, 10 u3 (2,14) caeayer, wro E,=0, u My wuveeM
YHCTO momepeudsle Boauel. Cayuait, koraa &’ (w, 0, otseuaer BO3-
MOXKHOCTH CYUIECTBOBAHHA B M3OTPONHOM M1A3Me NPOLOJBHEIX KOneGa-
uutl, Tlpu wamiaun stux koneGauntt £, =0, £, =0, E,==0, u wacrora

KO7eOaHnH ONpeNeseTcs KAK pas W3 yCJOBHA (0, 2)=0 uam nas
OIHOPOAHOA CPelsl U3 YCAOBHA .

w0

e () =0,

(2,18)
Yacrora o, ya1osaersop STOMY ¥ aBaseTCa a,
T. €. KOjeOanus 3aTyXaioT (OTCYTCTBUE B PABHOBECHOM COCTOAHHM Hapa-
CTAI0LLAX KOMIEOaHM CeNyeT U3 OOWHX CBOACTE dynKun ¢ (w), a $uzu-
UYECKH COBEPLICHHO OUEBHIHO U3 CaMOro q)aKTa CYLIECTBOBAHUA PaBHO-
Becus). VIMEHHO Ha/MuMe 3ATYXAHHA MDHBOAT K TOMY, 4YTO HPOIOJbHBIE
KoneOanus mOJH B cpede OGBIUHO He paccmarpusaiorea. [11asMa npea-
CTaBJIACT 31ECh UCKIOYEHIE KaK Pa3s B CBA3KW C TeM, YTO 479 Hee 3aTyxaHue
BO MHOPHX CIy4asX BeCbMa €100 B CHIY MaloCTH MHHMOH wacty ¢ (w).
B nonoGubix ycnoBfiAX 4acToTa NMpOLOJBHEIX K #

OOHIUHO MIA3MEHHLIMH, C 1OCTATOMHOH TOUHOCTBIO OMpEIEeNAeTCs U3 ypas-
HeHua

< (0) (2.16)

UMEIOLIETO BelWECTBEHHMI KODPeHb — MIAMEHHYIO 4acTOTy wy (cm. § 8).
19 IUIOCKHX MIA3MeHHEIX Koaedanutt E, == E, (0, z), MaTHITHOE [0fe

H==0, xak 370 HemocpeacTBeHHO creayer u3 ypaeHewus (2,3).

[pu Goiee OGWweM NOAXOZE K TMAa3MEHHBIM (npoaoinHbIM) KOMeGa-

HuAM, T. e. Ge3 nepexosa K MAOCKHM BOJHAM, MOXHO HCXOIHTbL H3

JecKH BELIGEHHOE HanpaBiewne. Ecam cpera usorponwma, mo HEOIHOPOIHA, TO
BEICASHHO® {AaNPaBASHHE YKE MOKET CYI{eCTBOBATH (HAMpiMep, npy & =e (2]

ABARETCS rpaguedra — ock z). Tepsun cusotponuas
Cpena> B STOM Ciyuae yka3blBAeT Ha COPaBeNMBOCTS: CBE3eit (2,6) U OTcyTCTBHE
BB He 0 ¢ BIO CPEIHL

§ zf OCHOBHBIE YPABHEHHA 23

ycaosua rot H==0, otkysa (ca. (2,1a)) .
e (o, YE=0; (2,14a)
o T& ‘e PeSYNbTAT NOAYHACTCS, KOHEUHO, eCHH HCXOLKTL U3 yt;oilgsf
ot E==0 (cx. (2,5) u (2,10)). Tlockombky Ans M7a3MEHHEL
(\u'témym totH==0 u divH=0, npu mnpeinoraraemMom OTCYyTCTBHI
""i’rg?mmos i BHEWIHErO MATHHTHOTO TOMS MPHXOAMM K  PaBeH-
CTEYP;ZCManMBZS\ nnasvennsie KoneGamma Tuna E, Ezoe‘(mtc’:;éa::‘
pEaMM, 9TO BemmdmHE o K Mexay coGok coaepmem—xo’ He l'[osroM).Y
focKOMbKY  ypasHenue (2,16) ompenesseT TObKO 4acToTy ®. Hoamony
7 EHUJE u ﬂpHMeHﬁﬂCﬂ TEPMHH TIa3MEHHBIE KOﬂeﬁaﬂﬂ‘ﬂ, a He l'l.;ﬂH s
ponHBL (SCAH ® He 3aBUCHT OT K, TO Tpynnosas CKOPOCTH i‘a 355 oie
HyMO, T. . OHH He MePEHOCAT SHEprHio; OTCyTCTBHE vnm'o : a;:‘en‘
e niasMeHubx Koaedammii (2,14a) AcHO TaKie CPasy B CHAY P

< ] CTH,
crBa Hymo bekropa TIOHHTHHIZ N E[Eiﬂ). B nefCTBHTETBHO!

ONHAKO, CB73b MewAy © W kb CYWeCTByeT W B 3TOM Ciyuae, TaK ‘r{:(.]o
JMEI0TCA MMEHHO [MasMeHHEIE BOJHEL. [l1 HaXOmueHns Com{?“”?;m-
niet 3aBuCHMOCTH © = © (K) HYKHO yTOYHHTD coon—xome{)ﬂm {2.6), ;m") o
pmecs npuGnmenupMu. [lero B TOM, €TO CBASH (2,6) wnau ée'l:mm
34BUCAT OT XaPAKTePa H3MEHEHNA NONA B MPOCTPAHCTBE, T. €. COPal :Mm_
Auurh npu  npeneCpeneHit IPOCTPAHCTBEHHOM AHCTepCHeR — 3
MOCTBIO &/ (M €} OT AAHHH EOMHH. ) e
TipocTpancTsennas AHCHepcHs. Beanduna npoc'r?amc-mu-m;:t“eT e
flepciit MM npeHeCpEeHHH NOrA0UENHeM XapAKTePUyeTCs nap( 33;‘)]8.
ajh==anfk,, rae a—XapaKTepHas AnA AaHHO cpengl nmx-x;x EMA P
MOAEKY T, MOCTORHHAR PSUICTKY WM B CHyHae N1asMbl Ae0ACRCKIH panity !e
2 Orefw — LIMHA BOAHHL B BaKyyMe, h= hyfn — AHHA BOAKE B pen
il 71— [OKA3aTeMb TPETOMIeHHd, B-0OIbIKACTEE CAyHaes AdiKe B OMTH
YecKOl UACTH CMeKTpa, He FOBOPA Yke O PalHOAHANa3OHE, napauégp af
HUYTOXHO Mad ¥ NPOCTPAHCTBEHHOH JHCOEPCHER MOMKHO n/pEHt_ ,pe%‘.‘
Bpesennis ke AucrnepCusi, MPHBOAMNAA K SABHCHMOCTH & T g 0,
YaACTOTHL @, B TeX *e YCJIOBUAX MOwerT Opith Oombuioff, Ta Kax xapa-
TepusyeTcd napaMeTpOM wfw;, Tle w;— COOCTBEHHHIE UACTOTG! Cpeat;
BCAydae WIOTPOMHON ILIAIME POTL ®; WTPAET NIAIMEHHAR UACTOTA o
(! aBHenus (2,16)).
(hoi}?;‘;cigamamés Lm)c)nepcm TeM He MeHee MOKCT OKA3ATHCR Cylle-
CTBeHHOZ M B pagnonnanasone. DTO HMEeT, B UACTHOCTH, MECTO B cn)i;
yae [MABMEHHBIX KO1e0aHuid, KOMAA NpH HeyueTe anCTpaHCTBEHH(;.
JUCTIEPCHH, KAK YKa3blBAI0Ck, BOOOUE OTCYTCTBYET “cmsbﬁ MexKIy ’“;mgref;x
TIpoCTpaHCTBeHHas AHCNEPCHA UFpAeT POAb TaKike BOMM3H 0O, et
Pe3OHAHCA, TAe £ —> 00 H, CACAOBATETLHO, MAPAMETP arfky CHIBHO BO3D
craer.  Takofi caydali OCYyWICTBAACTCA B MArHUTOAKTHBHOM nnaaMev—
nAasMe, HAXOAAIEHC B MOCTOAHHOM BHELIHEM MArHHTHOM nOJe (O HeKO-
TOPHIX APYIHX NPOSBJACHUAX MPOCTPAHCTBEHHON IUCMEPCHH CM. ).
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O pacnpocTpanenun BONH pasubIX THNOB, [asMenHbe BOAHN OyayT
paccmotpensr Hwie B § 8. B GOTbUIMHCTBE e ADYTHX pasie:ios Mt
CMOMEM He NPHHUMATH HX BO BHHMaHHE, Oﬁ’bﬁCH.‘lﬁTCﬂ 3TO TEM, YTO
YacTOTa TJIA3MEHHBIX BOJH OOBIYHO OTJAMYAETCA OT HacTOTH 110Me peYHBIX
BOJIH, DaCTpOCTPAHAIOUIHXCA B IL1a3Me. E[a:lee, B MPHHATOM JIHHEHHOM
TPUOAMKEHHH TPOLOABHEE BOJHM B OLHOPOAHOH I1A3Me AW B [AOCKO-
CJIOHCTOH maasme TpH HOPMAJbHOM mMaleHuu COBEDPIIEHHO He CBA3AHH
¢ TONEPEHHLIMH BO.HAMH, OMHCHIBACMbIMK VpaBHEnHeM (2,12) W ycaosHem

E,=

(2,17)
Tl1asmennsie W APYrHe SJeKTPOMATHHTHBE BOIHH (Hanpumep, panuo-
BOIHLI) HE MOTYT CYHTATLCA HE3ABACHMLIMH Memay CoOOH (ecan we
TOBOPUTb O HEHHEHHEIX 3(QeKTaX U DAacCemHHM HA  DAVKIYaLUIX
9JEKTPOHHOH KOHIEHTPALMH) TONBKO B HEOIHODOAHOH [1a3Me 1 npH-
TOM B 007acTH, Tie Owy, T, e BOANIM  TOUKM e(0, #)=0
(31€Ch © — 4ACTOTA PAIMOBOAH H wy — NAA3MeHHaR uactota). Ipu stou,
€CAM pedb MILT O MIOCKOCJOHCTOH cpele, HYKHO Takwe, uToOm nage-
HHe He Obl10 HOpManbHBIM. Bompoc o casian MEXKIY Paiuo- M I11a3MeH-
HEIMH BOTHAMH B MO10GHEIX YCI0BHAX Gyaer pasobpan B § 20.

B aHM30TPOMHOH (MArHUTOAKTHBHON) miasMe Pa3ieTeHHe BOIH Ha
TMPOAOABHbIE M MONEPeuHke, BOOOWE TOBOPS, He MMeeT MecTa. Hanpi-
Mep, 1akKe B OLHODOIHOM cpene, B BOMNE, PacnpoCTPaHAWEca ¢ ompe-
AeaeHHOR CKOPOCTbIO BIOJb OCH 2, OTAHYHB OT HYJAd4 BCe& KOMIO-
veutst E,, Ey n E,. Kaprina ynpouwaetca 10asK0, ecan yroa « MeKLY
HaMNPaBJCHHEM BHEUIHEr0 MarHHTHOTO noas H u ochio 2 (1. e. Hanpas-

JeHneM BOJTHOBOTO BEKTOPa k) paBeH Hy.MoO WM

%. Tonatre o mias-
MEHHBIX BOJHAX B ﬂH’HEOTPOHHUﬁ Cpele TaxkMke CYWECTBEHHO HHOE, ueM
B H3OTPOMHOM C/IyYae, SIBISIOMIEMCA B H3BECTHOM CMBICAE BBIDOKACHHBIM.
Bonpoc o pacnpocrpasennu SAEKTPOMATHHTHBIX BOIH B MATHHTOAKTHBHOM
naasMe Oyier noapoGHo paccMotpen B ra. III 3izecs OrpaHUYIMC S
SAMEUYAHHEM, YTO npn HOPMAJTbHOM MafeHHM MAOCKHX BOJH Ha TI0CKO-
CAOUCTYI0 AHHBOTPOIYO Cpedy ypasxenns (2,5) u (2,7) IPURHMAOT BuA:

d2E. w2
(o~ )
d’Ey w? 4z ,
e —i - = 2,18
T (Dy ” fy) (2.18)
o Di_lil -—Ef;,(m. 2E,.

HsyueHne pacmpocTpaHenus 31eKTPOMATHUTHBIX BOTH B MAa3ME CEO-
ANTCA K pelleHuio ABYX 3a1ay. CHayana HY’HO BEHIDASHTH MpOHULAe-
mocTH & Han s‘fk HePe3 NapaMeTpH, XapakTepHaylouwe MAasMy, T. e,
Hepes KOHLUEHTpaunu 3MEKTPOHOB, HOHOB M Hen'l‘pa."ﬂ:ﬂh\x HacTHLL AV.

QCHOBHBIE YPABHEHHA 2
§21

; 1 37O HTHBAETCH ’ .
, YUMTBIBEETCS TAK)Ke 3BHCHMOCTb &' 0T w K ¢,
# N, TIpHt 3TOM, KOHEUHO ¥

© 7 3a7a4a COCTOHT B PEUICHHH BOJHOBBIX YPABHEHH
m‘y;‘” 3};A£Iriﬂl;leT£)p':Kuu£< & (r) mau s;k(r). Hanpumep, B cayyae HOP-
I;f;nbm:»ro nageHus HYKHO NPOHHTETPHPOBATH )'paBHEHH’E (‘2,122 ;‘::-[
5 aHMBOTPOTIHOM Cay4ae CHCTEMY (2,18). Brnpoueu, moaodHoe pa: ierme

#H npoﬁnemﬂ M4 [OBE 4aCcTH HMeeT JIMUIb OYPSHPXH?HHOE 3HaY .
e eTe MPOCTPAHCTBEHHOH JHCHEDCHH UACTO OKA3HIBAETCH yike
e oygﬁ asnbiM. OJHAKO € TOYKH 3PEHHS BCErO M3NOKEHUR B UEAOM,
Heﬁii‘c& 6opu>muﬂc‘raa NPHAOKEHUH HAM NPEACTABARLTCA HanGonee npa-
:mm-xm( He CTPeMHTBCA C CAMOTO Hauana K BO3MOWKHO 60.:\}:[1.!&?(»:0;?:
i, TI0STOMY Mbi GYIEM BEIETATh DASAHUHNHE HACTHHIE CYNdH, XAP "

:ggusylomuem BO3MOKHOCTBIO peredpeth npocrpancmeﬁuog[)?::;:p:;xe "
CUHTATH BHICOKOH WM HH3KOH# $acTOTY BOJIH " T. H.e e s
NOCTPOEHO labHERIee H3IO0WEHHE. Buecte ¢ TeM He cﬁn ;;)CTMH " 33;
410 PACIPOCTPAHTIOUNIECT B IVIA3ME BOTHE! PASAMUHOM mxoqacgm—
HOro THHA (BHCOKO‘IECTOTHHE, MIa3MEHHbBIE, axyc'mqecx\ne, EH o
Wble, MATHUTOTHAPOHHAMUYECKHE) MOTYT ObiTh PACCMOTPEHE! e e M-
ZOM W B HEKOTOPBIX Ciy¥asx 00pasyioT eiHible BETBU BOMH (T BMH e
03HAYaeT, YTO BOJHB pasHeiX THNOB HEHPEPHEHO HE’FSXDHHT Ilpy“.roakg)r;m-
TIpH COOTBETCTBYIOUIEM H3MEHEHHK napamerpos), Tak, B MarHi

HOf - MA28Me eAMHYIO BETBb OOPA3YIOT BHICOKOUACTOTHEIE M NIABMEHHEIE

Boms (cM. § 12). MarHHTOrHAPOAMHAMAUECKHE BOMHb, pacnizgroiac:ng;
muecs: BAOIb Hanpasnemm BHEIIHEr0 MarHUTHOTO MO, OT.YIFr o
TIONEePeYHbIX BBHICOKOUACTOTHEIX BOJH JHUIB cpoeft '-IHC'I‘OTEOK"“‘,H L;%)"H .OT
énonaxm, Ha rpaqml(e 3aBHCHMOCTH CKOPOCTH pacnpot‘.‘rpau ( aﬂuo)
WX . 9ACTOTH MATHHTOTHAPOAMHAMHUECKHE W BMCOKO‘{GCTOTHHEV p ©)
| BOAMBL JewaT Ha ONHOW KPHBOH (seTBH). B oflieM cayuae MarHMTOTHAD -
o KHe BOJHBI TaKKe HBIAIOTCA AMLIb YacTHBIM BHAOM 3JEKTPO
MATHHTHBIX BOJH Hu3KO# uacToTel (cm. § 14). Mrak, wapazy ¢ nccgegz;
BaHHEM W YUETOM XapaKTePHHX OCOOEHHOCTEH BOH DasHhIX mr’[ms“"
crenyer 3abuiBath M 00 OGWIMX HEPTAX U CBASAX MEWAY STUMI BOI .ac;
"B aakmouenme 3aMeTHM, UTO OObIuHAT NOCTAROBKA BOMPOCA oepno-
NPOCTPAHEHHH 3ACKTPOMATHATHBIX BOMH B IIa3Me CBﬁSZl: N n;:m,am“
"'-’lO)KeHI/IEM 0 TOM, 4TO TapaMerpsl MAa3Mbl  M3BECTHBL. i 0 303' .
¥ BCTpevaeTCA Ha TpaKTHKe TaKKe ﬂpyfoﬂ moAXod, Koraa KS&:T or
‘. pacmpocTpatetus BOJH CAYKHT METOAOM  OIpeleseHud napa a{)‘“n
| MOa3MEl, HATPMMEp CROCOOOM HM3MEpeHHs 3AEKTPOHHOR KOHUEHTD:
B TeMmepaTyphl nAasMei M T. .




FTIABA I

PACIPOCTPAHEHHUE BOJIH B OJHOPOHOl
1 U30TPONHON MNAZME

§ 3. Kounaexcnas AHSNEKTPHUECKAsS mpoHIDaeoCTs HAA3MEL
(amevenrapnasn Te0pHs)

BunemenTapumi BLEOA BHIDAWEHH ang &
TIPOHUIAeMOCTE NIasMel e ¥ ee TPOBOAXMOCTD 5 B 60:1u.u;mcwe Cayyaes
TIOMHOCTBIO onpenens0rcy ABHKEHHEM Q.WEKTPOHOB H HOHOB. BKJ[BZ[ B 2
H.S, CBAIAHHBIE C mamnumey HEATPATBHBIX YacTyi, {aToMos, MOZeKy.T),
HY®HO y‘lHTbIEaTb, JHILL  ecan CTeneHp HOHH3aUUH Tasa OueHb Mana.
B obaacti Pamno- i Goaee Huskux wactor Pe4b Iipu 3TOM Hzer NPaKTH-
HECKH TOMBKO 0 HeBoabuiof TOCTOAHHOH n00asKe k Huxe nosoguan
BO3MOKHOCTE TNPHHAMATBCS BO BHHMaHHe HE 6}',181'.

,’lrm BBIYHCAEHUT ¢ y o A0CTATOYHO pﬂCCMOTPETb J'HIZGMY B 04HO-
POIHOM 37eKTpHYSCKOM mofe. Ecan we PaceMorpenrien oaroponnoro
noJas OTPAHUYNTECH Heqabsd, T, e, Cylecraensa nPOCTpaHCTEEHHaH AHCHEP-

G “Tb30BAHHEM TOABKO J10Ka/h-

# 3. Tusiekrpuueckas

HEIX Xapaktepucrix cpenrt e{m) u o (w).

Betuicrenme ¢ n o 5 obuey cayuae HYXKHO NPOH3BOANTS HAa OCHOBe
KHHETHYeCKOrO ypasHenns, xak a1o ¥ Oyzer ciemano s § 6, 3neck we
OCTAROBUMCA K2 sneMeHTapHOM Boimoge OCHOBHEIX hopHyir.

O6osnauny PaluyC-BeKTOp siekTpOHOR Hepes 7, Ppazmyc-sexTop
HOHOB vepes )). Torna maotHocTs nosoro TOKA, CBA3AHHOTO ¢ ABH:eHmeM

N

kzl (rk —-r‘k’J), TA& €—3apaa 3MeKTpona (e<<0)
H TOYKOH 0603HaueHo auddepenunposanue no BPEMeHU; MOHBI fag onpe-
AENEHHOCTH  CunTaoTey ORHOKDATHBIMH, 2 BO3MOWHOCTD NPHCYTCTBHA
OTpHHaTeﬂbHMK HOHOB  He quTblBﬂETCH, B CHJ'ly Hero npa Kpasp-
HEATPATBHOCTH cpenp N=N N,. Buicokas TMPOBOAMMOCTD Ta3-
Ml MDHBOZMT K oMy, yro YCAOBHE  KBAasHHENTDanbHOCTH MoKHO
CYHTATh BLINONHEHHLIM ¢ Gombuwiott crenennio TOuHOCTH *). [lagee, mo
—_—

*) Hanommny, uro TEPMHH CKBA3HHENTPANbHOCTE S,
ynotpebuTeankb, O3HAUAGT, 4TO cpepa helitpanera (1.
3apana p=e (N — N,

33pAn0s, pasua Ji

CTaBUIKA yuie o6me-
€. CpeaNas maoTHoCTs
0), Ho cocrour uz CBOGORHBIX 3apSKeHHBIX WacTHL,

© MaznoMy 06beMy H MO BpedeHH (s HHTEPBANAX BpeMeHu Af <&
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.
T DE=e Y (r,—rp),
k=1

@D

. - BCe
rae Jj ! NOAAPH3AUNA M, CTPOro roBoOpH,
- rae j—TOK nposoaumoctn, P p

BE/MUHHBL HYKHO CHHTATh YCPEJHEHHBIMH TNO (H3HYECKH GecKOHEYHO
¥ ) o
TIpH HaMMuME HECKOBKMX COPTOB HMOHOB, pa3yMee1‘cﬂ: HIYero :;
(HSETCA, M HYKHO JUllL TPOBOAHTL CYMMUPOBAHHE MO KOOpAUHAT: ¥
:cex uowos. Veroare KBA3HHEATPAILHOCTH NDHHUMAST MPH 3TOM BMi
| V Va1 — auna + HOHOB copra
N_ ZJ\HJ. rae N, ;— KoHuertp
N+Z z
accamu M),
(c );’ECJIH He VLIWITMBHTB TIOCTOAHHOTO MarHHTHOTO 1NOAA H npeﬂeﬁperaTb
:coynapeﬂmmti 3J1CKTPOHOB MeXKIY COBOH, ¢ HOHAMH M C MOJTeKYIAMH,

)

0 ypaBHEHHE LBHMSHHA MOGOTO H3 SMEKTPOHOB HMeET BUA:

. 4o
mr, = eEgeivt = ¢F, (3,2)
rie E,— nocromuias B MPOCTPAHCTBE M BO BPEMEHH AMIIATYAA 3eK-
0
TPHYECKOrO NOMT H /7 — MacCa 37eKTpOHa.
- Pewenne ypastenus (3,2) 7aKoso:

— ), @3

: nons.
rae r0 — pannyc-sekTop 3aeKTpOHa MpH OTCYTCTBHH TO.
%) Ypasueune mons (2,1) TOAYUACTCA B Pe3ynsTaTe ycpenHeHus ypasHe-
H i Teopuit
HUS 9/1eKTPOHHO! Teop! - 1 %

cPt T

oth =

X€ € H Jt — MHKDOCKONHYECKHE BHaTeHUA 3NEKTPHYECKOTO | n;:arﬁ;r[;ngrgar:ioe/;ﬁ
P M D— MUKpO3HAYERUA MIOTHOCTH 3apAna H CKOPOCTH uacTHI, p: e
9T070. ypamnemun ¢ (2.1) scho, uto = E, k= H (nanoMsny, 910 mari
 TPOHMIaeMOCTE p = 1), f1 BRCICHHHI BHIIE TOK pasen

e S
. Gt o Y (7= ),
3 k

7o @ 9ePTa 03HAAET yepelHenue.

ur it j u P woro

B murepecyiomen nac Cilyuae NEPEMCHRLX TOAeH Beanumubl j o

00611e 'aepaso}:m-rs H TONB30BATECS TOMGKO €NOJHBIM TOKOM> J; H KOMIISKC

HOlt Mpormaemoctsio ¢’

Heaecoo6pasumy soamonno Gmmike c18T0BaT TEPMUHONOTHH M O0GO3HAUEHHAM,
TPHHATHIM B KYpCcax TeopuH moas.

— %% Hau mpescrasanercs, ogsao,
n

1—ieg
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Ilas woHoB C Maccoit

M; yp i H €ro P
Takue e, Kak (3,2) u (3,3), HO C sadeHoH m Ha M,. Ucnoabays (3,3)
u awanornuHoe Bupawenne aaa rf), us (3,1) scuo, uT0 o 0w

; QE [N N
fy=—-z (H*‘Em,)'
i

TaK Kak E(r@fr(k‘) @) ==0, nockoabky Ges noan P=0
7
Takum 08pasoM,

3.4

‘N N
(i
Z

rae nox N, MOHHMASTCA KOHUGHTPAUMA WOHOB MOOOr0 3HAKA ¢ Macs

cott My ~

Us (3,4) acHO, 4TO MPH OTCYTCTBHH MArHUTHOFO TmOAA i TOTAoME-

HUf HOHBI B CMBICIE MX BIHAHUA HA £ SKBHBATCHTHB 3IEKTPOHAM C KOH=-
m,

m -5
. Ilas wouos OF otowenne ——=1,7-107",

uentpaunett Nogy == o

m -
aaan nowos OF T 3,4 . 1077, Takuy 06pasoy, BINGHUE HOHOB OOHHO

Oueb Mazo, W B CHIY YCiOBHH KBa3MHEHTPATHHOCTI OHO MOMET OKd-
30ThCS CYWIECTBEHHBIM (DU BHIUHCAEHMI & TOALKO MpU HAMHMH Goab-
IOTO UHCAA OTPHUATEARHEIX HOHOB. Hilke B c1ydae M30TPOUHOH MAA3MEL
Mbl 0BbuHO He OyaeM fBHO YUHTHBATH BAHAHUE . HOHO)

119 OAHUX 5AEKTPOHOB, ILIM MOHuMAn moL N HX SQYSKTHBHYIO KOH-
LEHTPAINIO, HMeeM:

1318100 = 18,08 107

7 (3,5)

—10
rie f:;? i menoab3opann swavenns: ¢ =4,80 107" CGSE u m=

—9.11-107"2
Pas: CTBO . HYTHO VHPOBOH.HMOCTH S TIpH CAGTAHHBX HPEAHOHO}KBHI‘NX
s0fiHe TOHATHO: B CUMY OTCYTCTBHA COyAapeHui SMEKTPOHLL HE OTAZOT
cBoelt JHEPrHH MOJEKy/MaM W VoHaM, a AdIb K0Ae0M0TCA MO BIHAHHEM
nons. B pamkax 3ieMEHTAPHOH TEOPHH BAHAHHE coynapeHufi, npHBOAA-
ulee K NOABJAEHHIO OTAUYHOH OT Hyaa HDOBODHMOCTK ¢ W K TOMIQUEHHI
SHEPTHH, MOKHO yuecTp BBCIEHHEM B NPABYIO HaCTb yPaBHEMil 3,2)
CHTB TPEHHA g, TPHAEM CHHCT KO3(HHUHEHTA g CTAHOBUTCH ACHHIM H3
crenyounx coobpamenu. Bulpawetne gr eCTb cpennee H3MEHeHHE
BMIyAbCa 33d CeKYHILY, c coy HO 3TO
PasHO BMECTe C TeM mvaw?, THE oy — FPPEKTUBROE FHCAO coyaape-
pufl B CeKyHAy (UpH KAaAOM yAape SIGKTPOH B CDeHEM nepelact
MC/eKye HAH HOHY HMITYIbC nopaika /VL;', rae rfynopﬂnoqeﬂﬂaﬁ CKO-

FL o —

S

12

3] KOMMIEKCHAR IHAMEKTPHUECKAA NPOHHLAEMOCTH 9

00CTb, COOOIIaEMast 3IEXTPOHY nofey). Io cyTH feia Ml TaKHM ob6pa-
=a?N v, Tie

. g . ;
p £ " T
o OMPEIEIACH Vapy KaK 7 HO BCe e ACHO, UTO

. HexOTODHIH 3@eKTHBHEIR PALMYC MOTEKYIL! W ¥ — HEKOTOpas cped-
{93 CKOPOCTb 97IEKTPOHOB (coyzapenuii ¢ WOHawi ceftyaC AMA MPOCTOTLL
ei)accna'rpuaaeu; COyAapeHus 3/MeKTPOHOB C 37MeKTPOHAMH B CHITY 3aK0HA
oXpaHeHHA MMOYIbCA HEMOCPRICTBEHHO K TpeHHIO He TPHBOLAT).

 Taxam 00pasoM, npu yueTe coyiapeiiil ypasHeHue JBWKEHHS TIPH-
ofperaeT BAL:

iy, A Mgty == eEg2™

(3.6)

ocTyan Teneph TAK Ke, KAK PaHbUE, W ucnoassys (3,1), Oes Tpyaa

‘moayuaes:

4me?N
e (0 — Maga)

dmetN 1— ERIN ‘ 3.7

(o 4 ) + Vpg)
=7 (3.8)

‘TO.
Nv.

o 260

sl — e 7_J3.ms__mz__. (3,9)
L ' Eﬂﬂ“ e
o W R, (3,10)
2N i

~ 3.11
v T e (G

Kak aCHO W3 CK@3aHHOTO, TOUHOR 3HAUGHIE
ITOM ' HEW3BECTHBIM;

) OHO MOWeT ObITh ONPEAEieHO Juillh B De3yabTaTe
MHETHYECKOrO PACCMOTPEnus (cm. § 6). Bosee roro,

Vsgp OCTASTCSH MPH
K KaK CielyeT H3
| KUHETMYeCKOH TeODHH, TOHHBIE (HOpPMYL [ds € H G HE CBOAATCA K BHpZ-
meHusM  (3,7) C KAKMM-TO ONHHM, HE SABHCALWM 0T 4acTOTH 3HAYE-
CHEEM voge.  TakuM ofpasoM, cawi (OpPMyTH 3/ieMeHTapHON Te0opun
BsoTCS nprOmkenHuMy. Takoe npudiukenue, 01HaKO, B GOMbILHHCTBE
JIyHaeB OKasblBaETCA J0CTATOUHO XOPOWHM.
Bonpoc o sefictBylomes mone, OCTAHOBMNCA TeNeph Ha BONpace o
“BaKoHmocTn mCnOAR30BanuA B (3.2) (3,6) B KauecTBe ISHCTBYIOLIETO
2 SMEKTPOH TIONA CPEeNHEro MaKPOCKOTHYECKOro mo.i E. To obcro-
(ATEABCTBO, UTO MBIl (PAKTUHECKH CHUUTATH neitcTByowee  (3(derTHBHOE)
Tose Eyyq, Gurypupyoues 8 (3,2) 1 (3,6), cpeaunst MaKPOCKOMHYECKHM,
ABCTBYeT: M3 MC B I fuey  COOT (3,1), rae




30
B
OMHEL B OAHOPORHOM M H30TPONHOK musame [ra. n
noie £ no onpenenenmio ecr

b Cpe ¢
00pazoy, Gung TIDHHATO, YT B ee MARPOCKOMueck

0 B MIasMe

Evpo=E,

0¢ nose. Takum

(.12
Mexay reM, BooGue roso
TPONHOH cpenw, KoTO
TPEICTABACHO B Bume:

o L;:ﬁ, ALeHCTBYIOWEe noge Eopo+E u nas wzo-
Bl A5 TIPOCTOTH! OrpaHH‘{HMCR. MOMET ObiTh

Eopp = E+ 4rap,
rae P — noaspusa;

Vi LHA H G — HEKOT
CETh OT MIOTHOCTH u T. 1, Pt Kooppmen,

PaMKax mitiiefioit teopmn
ABaseTcd Hanbodee 06weR BoaMOK;

P MBBECTHEIX Moz
A HBIX
4TO__MOJIeKy.Ib -

PACIONOKEHHEIMH COBepwenno x

(3,13)

MOryuuit 3aBu-

comt o pencrasienusx. Tak,
CPEIB! ABATIOTCA TOMeUHBIMU RHmONSM.
A0THYECKH, TO a:—al u

Eug—E-+inp_ 232

3,14
roe uen ﬂP
( 3 P vacto Hasmsaror
BEIBOL  COOTHOWIEHHE (3,14

y npu
MOXKHO HaitTu, Hampumep, p %2])?

K peansany
TeaaM hopmy.
310 W nowstHo, %

no
Jopentua

YKA32AHHLIX BHIE npeanonokenusx

34 U BO3HUKAeT BUHPOC
- Bonpoc s1or nosombuo
> TAe MO CMbiCTy none E ecrp
wenne (3,14), 1o Bmecto (3,5)

g sr;aqemm ko0sdbdunuenta ¢ g Clyyae naasMsl
y;lu CTSCH, TaK Hampuvep, ecnm (3.2),
ARHCTBYIOLee nOfte, wcnoab3OBaTL BhIpa
noayuaerca dpopmyna

o 4ze?N
4metN\ ° (3.15)
ma? S ’
(14320 )
Pagunua M
exay (3,5) n (3,15) Moer oxasarscs BECbMa 3HAYHTEJBHOM:

4re’N

Ha =0 = I,
pudMep, corsacto (3,5) e npu 5 1, a cormacno (3 15)
B I s

4re2N
mo?

0 npu

7+ Kak Syzer noxasawo muwe, OTpaseHHe panuo-

BOJH OT my
OHOCGhepE! mponcxoznT Kak P33 B 00.1aCTH BO/MaY TOUKH ¢ — 0.

§3] KOMITIEKCHAR [HOMEKTPHYECKAS TIPOHULAEMOCTD 31
- TaxuM 006DAa30M, 37CKTDOHHLE KOHUEHTPAUWH B 05JaCTH OTpameHud,
BRIUMCTAEMBie HA OcHoBe opmya (3,5) w (3,15), oranvaorca OiHa OT
_ Ipyroi B noatopa pasa. TTpu yyere BRHAHUS BHEUIHErO MaCHUTHOIO
1049 pasaMuue Mexiy (OPMYTAMH, NOAYHAEMBIMH HA OCHOBE COOTHO-
wewntt (3,12) u (3,14), B paze cayuaes eule ropasio Gonee 3Hauu-
TeabHO. BBHAY CKa3aHHONO MOHATHO, MOYeMy MpOG/AeMa NeiCTBYIOIErO
_mioad B HoHOchepe npuBdexana K cefe G0ibl10e BHUMAHLE, ONPABLAHHOE
aK)Ke H3BEeCTHOH CIO0KHOCTHIO BOMPOCA W HATHUKEM MPOTHBOPEUHBBIX
ymenult (cM. [3—8]; Goiee panss ;uTepatypa yxasaua B [4]). B pe-
aynma‘re 3TOT BONPOC AMCKYTUPOBAICA 10 MOC/AEIHErO BpeMeHu, M He-
_ PeAKO OJHOBPEMEHHO MPUBOZHANCE POPMyZALl, MOAYUCHHBIE Kak Ges mo-
npaski (1. e. cuntas, uto @=0), TaKk 4 C JOPEHTHEBON NONMPABKOH.
Mocrynats TaK, 01HAaKo, HeT OcHOBaHui. [leranpHoe paccMOTpeHie
onpoca, npeanpuuartoe B {4, 5, 8] u § 6 xuuru [6], nprsoaUT K 3a~
KAUYEHHO, YTO nopeu’ruesoﬂ MonNpaBKy BBOIWTE HE HYWHO, W TAKUM
06pasoy, B nuasMe Eyyg = E, rie £ — cpeasee MaKPOCKONNYECKOE n0Oe.
COOTBeTCTEyIOLUEE 10Ka3aTeAbCTBO  ABJARTCA OTHOCHTETLHO C/AOWKHBIM H
TPOMO3IKIM. Muorouuciesssie Honee NPOCTEIE 10KA3aTeNbCTEA TOrO e
JTBEDKASHUR ABIOTCA, K COKATEHHIO, HEy(‘)eﬂHTe[\bﬂblMi( W MO3BOJAIT
Tpu KeAaHHH «10Ka3aTh» ¥ MPAMO TPOTHBONOJOKHOE BAKMOUEHHE O He-
06X0IMMOCTH BEeJeHHs J0peHTueBOli nompasku. [Tosromy Mul He OyaeMm
'!'[POBO.’H(’N: 3TUX 10Ka33aTeAbCTB, TAK KE KaK i CTPOrOro aHamusa BO-
npoca (cM. B ocobesnoctn [6] § 6 u [8]). OrxasuiBanch, Takum 06pasoM,
OT nonpoGHOro o0CykaeHds npodiessl AeHCTBYIOLEro N0, cienaeM
eM HE MeHee 1Ba OTHOCAUIMXCH CH0Ad 3aMeyYaHHd. Tor d}a&('r, 4TO B M1a3Me
CTaHOBUTCA SHCHHIM H3
NEAYIOWIHX NPOCTHX, XOTA H He CTPOTHX coobpamenutt. [Tpu @ —>0
VIEKTPDUYECKOS MOJe MOWHO CYHTATL MOTSHUMAILHBIM H CpelHee MaKpo-
Komuueckoe note E=—V®, rie ® — norenunai, [lasee, mpu npo-
JeHWH 3/eKTPOHOM MAKPOCKOTMYECKOrO nyTH L Meway Toukamn A
B cosepmaemas Han HuM pabora pasua e(®; — ®pg)=eLE. Ho, mo
onpeneseHwio ASHCTRYIOWEro NOAA, CHIA, AeACTBYIOWIAT HA IIEKTPOH,
aBHa ¢E,y,, a ce pabota na mytn L paena eLE,pp. Taxum 06pasod,
E=¢LEp4. 7. ¢ Espp=£E"*).

Bropoe 3ameuamne Kacaetca Nepexoida OT CBA3AHHBIX 3JMEKTPOHOB
. cBoGoaueM [7]. JomycTuM, uTO B CAyyae CBASAHHBIX 37EKTPOHOB
npasensnza (opmyaa (3,14), T. e. ypaBHeHue JBHKEHHS SJeKTPOHA

02

'AKOB!
- 2 4
- mr+mm,r:e53w:z(5+—311>), (3.16)
Ze o; — co6CTBEHHAA YacTOTa OCUMAAATOPA, COOTERETCTRYIOWIErO paccua-
 TDUBAEMOMY CBSIBAHHOMY SJEKTPOHY.
SDrpacioMy consz

~ *)'B cayuae qusekTpuKa DACCYNAATh TaKuM e 00a3oM Helb3s, TaK Kak
DOGHMIE 3apss (WA JHIOAL) CUHTAETCA JOKATH3OBAHHBIM B KaKOH-TO TOUKE,
B KOTODOi u BHIUHCASETCH ASHCTBYIOLICE TOJE.
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YunTeBat, uto P Nr, us (3,16) crenyer, 4T0 149 rapMoHHye-
cKo# BHeuikeH cuner £ = Eget®! noaspusauus pasua

e2NE

OTKYNd

=1+ (3.17)

4
9 4ne?N\ °
mlw; —a?—
( 7 3m
Ecau noaoxuth srech w;=0, 10 noayuaerca Brpakenue (3,15), k01O
Poe, Kak CKa3aHo, nesepHo. C APYro#t CTODOMH, Ka3aloch GBI, Mepexon
OT CBA3AHHBIX 3MEKTPOHOB K CBOGOIHBIM OTBedaeT KaK pas yCTpeMJaeHHIo
YACTOTHL ©; K HyMO. B 1eHCTBHTEABHOCTH, TeM He MeHee 9TO ChipaBe-
JHBO  TOIBKO JMWb 1A KpakHe paspewennol cpensi, koraa N —>0 u
7IOpeHTIeBa nONpaBKa H Ges TOTo cTpemmTcs K Hymo. Ecau ke N=£0,
TO 3JEKTPOH, CTPOTO TOBOPH, HHKOTAZ HeTb3s CYHTATb COBEPLIEHHO
CBOOOAHBIM, TaK Kak CaMoe Go/blIOE DaccTOAHHe 7 MEHAY 3AEKTPOHOM
u mowoM nopaika N~ °. Cuaa, AeficTBYIOWAd HA 3AEKTPOH HA 3TOM
L i

paccroannu, Oyner ,—2~e?w °. TlpupaBHuBas 3Ty CHIy HEKOTOPOf
7

ﬂlm2

N
Tor ¢akT, 410 niasMa fBAFETCR CpenoH, 0OMajtaiowie B HIBECTHOM CMbi-

9 2
Cile COOCTBEHHON UACTOTOM ] ~v wf =

N

27 2
KBasHynpyro#t cune mwjr ~ fuaeM SHaueHHe ©j~ ==,

» Ml 1O

, CleiyeT H M3 ADYTHX
coobpaweHu#t (cM., Hanpmmep, § 8). Ecam we B (3,16) monosuts
5 4n eIN
=3 Lm » 10 Bripaxkenue (3,17) mepetizer B (3,5), KaK 370 U NOMKHO
Gute. IIp Harjs1Hbe p KOHEYHO, HeZ0CTATOUHEI
418 CTPOroro ycTanoBfenus QOpPMyst (3,5), HO OHE OGBACHAIOT MOYEMy
B (3,17) Heqbsn nonaraTh 0. Taxknm 0GpasOM, HHKAKOTO NAPanoKca
B BONpOCe O Mepexoie OT CBA3aHHOTQ 3JeKTPOHE K CBOGUJHOM}’ Her,
B CHIY BCEr0 CKA3aHHONO Mel BE3le HHke CUHTAEM, YTO Epy=E,
T. €. CMpaBelIHBO cootHowenne (3,12) %),
O61acTh NPHMEHMMOCTH MOMYYEHHBIX (opMys. ITommyo npodiaeMsr
AefCTBYIOUIEr0 TMOJS BO3HHKAET TAKKe BONPOC O 3aKOHHOCTH MpPHMEHe-
HHA K ABUKEHUIO JMEKTPOHOB H MOHOB K.JACCHYECKOH TEOpHH, KaK 310

*) 3ameruy, uTo npHBexeHnoe B [6], § 6 4OKAIATEARCTBO CMPABEIAMBOCTH
cootHowexns (3,12) npenmonaraer, uro nose E ABNAETCH A0CTATOHO CAABBIM.
To e OTHOCHTCA K pesyabTata padorsl [8], rie MOKasamo, 410 B CIAGOM mOAZ
3 H HOHOB B EPBOM NDHOMKEHIH CHUTARTCH

DABHO CPETHEMY C TOMHOCTBIO 10 BEJH-
uii nopanka — = (16=D°N) " (cm. mmie § 4 u, B uacTHoCTH, dopyyny (424);

B uonocdepe u B Kopone 2 3>1, 1 ofmano sawe 2 3>10%).

@
MAKCBEMORCKOM) aQ(ekThBHOe Moae

§ 3] KOMIJEKCHAS AHIMEKTPHUECKAA NPOHMUAEMOCTh 33

6e110 caenano Buiwe. [Ipu OTCYTCTBIW COYAapeHHH, KOTAA HMEIOT MCTO
gopuyast (3,4) u (3,5), pedb HIET O MPHMEHUMOCTH KIaCCUUECKOH TeO-
pun K B32NMOJEACTBH CBOSOIHHIX 3aPSIOB C MEPEMEHHBIM 3IeKTPOMAr~
ErTHBIM MOfeM (MOJeM HaAyuedus). B srom cayuae waaccuieckan Teopin

| npHMEHHMA, MOKA COOMTONAGTCA HEPABEHCTBO

ho <€ me?, (3.18)

rae f 1,05 1077 spz - cex u m— Macca 4acTHLUBl, KOTOPYIO Mbl A1
OnpeneaeHHoCTi O¥IeM CYHTAaTh 3MEKTPOHOM (B cayuae HOHOB yCa108us
NPUMEHHMOCTH 'BO BCAKOM CIyUae He CTAHOBATCA KECTUE). Il.ei«tc'rﬁms:.u:uoi
paccesuue CBeTa (3MeKTPOMATHHTHEIX BOJIH) Ha CBOSOIHBIX snempor/mx
npn COOMOIEHHH YCAOBUS (3,18) onucelBaeTca Kak B KBaHTOBOM, Tax u
B KJACCHYECKHX TEODHAX H3BeCTHOH ¢opmyioft TOMCOHA, W KBaHTOBEIR
@
mc?
(cM. 19]); yeaorue e (3,18) BLMOAHASTCA HE TOBKO B palNOInANA3viie,

monpasKH  (NPH Mai0M OTHOMWEHHU ) OKa3bIBAOTCA MOPAIKA -

— 6 —
HO M B 06/1aCTH MATKHX PeHTIeHOBCKHX ayHed (mc?:bwm‘(]jl <108 50 ==

2rc

821077 spz; 0, —T7.8- 10" 1,

2,4-107" ca). Hdanee,
om

KaK H3BECTHO, pACCesHHe CBETa NMOJHOCTbIO Onpeleadel 3HAYCHUE MOKA-
3aTens MpedOMIEHH, KOTOPHH MPH OTCYTCTBHHM MOFIOMSHAR paset Ve
(M. § 7). Taxuy oGpasom, dopmyan (3,4) u (3.5) npu npredpenenint
COYNAPEHHAMH SBAAOTCS TOUHBIMI, OHM MOTYYATCA KaK NMPW 000N
KifaccuueckoM BpiBOge (M. Bbrne # § 6), Tak U B KBAHTOBOK TeOpuu
HCNEPCHH.

Tloromense, CBISAHHOE C HAMHYHEM COYIAPeHHH, C KBAHTOBOX TOUKI
3pennd OGYCTOBIGHO TEM, STO KBAHTHI H3IyueHUs (OTOHEI) ROPIOWADTCR
37EKTPOHAMH, KOTODHE MPH 3TOM H3MEHAIOT CBOE ABU7enue. ITOT Mpo-
1LeCC TIOT.IOLIEHHS B Ciyuae CBOOOMHOTO SJEKTPOHA HEBOIMOWKEH, TAK Kax
NPOTHBODEYNT 3aKOHAM COXPAHEHH SHEPTHH U HMAY/bCA; MOSTOMY OH
M NPOMCXOMMT TOTBKO NPH yHeTe BIUAHHA HA ABHIKEHWE S7SKTDOMOB
MOTEKY M WOHOB (1. e. NOZ BAUsHUEM COyAapeHii). B pasuoinanasoxe,
Tie h® MHOTO MeHblle HOHM3AUMOHHBIX MOTEHIHATOB 1aie CHIbHO BO3-
GYKIEHHHIX aTOMOR H MO.EKY., MOTJIOLIEHHE KBAHTOB M3IYuEHVS ife CO-
MPOBOXIAETCA [ PEXONON 31eKTPOHOB. 13 CBASAHHEIX COCTONHNA B CBO-
Gonume 1, TaknM 06pa3oM, HPPA0T POTb JHIllL NEPEXONsl IIEKTPOHOB

M8 ONMUX COCTOSHUE HeMpepLBHOrO cnekTpa B ApyrHe (cBOGOLHO-
. CBOGOHBIE MepexOAn MO ACTPOGUBNURCKOM TEPMHHOMOTHI). TTpoueccon,

| 00pATHBHIM nO OTHOWEHMIO K NOT/IOLIERHIO NPY TOAOCHBIX Mepexotax,
ABIAETCA, OYEBWIHO, TOPMO3HOE W3yueHME 31eKTPOHOB, MPU KOTOPOM
SMEKTDOH MCMyCKaeT KBAHTH WATYHEHHA B Pe3yTbTaTe YCKOPEHHS DU

_ COynapeun ¢ MOJMeKy710# WIN 1OHOM. BeposTHOCTH NpPAMOrO u o0par-
~ HOTO' NpOIECCOB CBA3AHBL VHUBEPCATHHBIM COOTHOIUEHHEM ODHHIITeXHE,

B CHAy wuero MOXHO paccMarpusaTh mo6o# U3 ITHX MPOLECCOB

~ (eM1§.37). K TOpMOSHOMY M3TYHEHHIO HEDPEMATHBUCTCKHX 91eKTPOHOR
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i
1 [
A
Kiaccyeckan teopyg NPHMEHHMa,

" eci
MeHble KHHeTHYeCK o) SHEpruy s, 7 SHepr;

U KBaHTOB 13y
TeKTpOHa, AYYeHHs MHOrQ

T B HAWeM ciyuae ecqy
fio €07 3.1
Te x=1,38. =16 o
S.TEKTPOHM nMeT o Bo:buMaHa iy
Tao oGpame ::Zg{co::ec Pacnpenenenpe CKOpocTeti ¢ Tem':‘el:)::ﬂy;oo';?
9 V] eCKas Teo ) .
onpte b PHA IIpH BhIgyc
kna CHHH 11po

gy N OIWIEHHE, Mpurogy, npu - o6, ! epammn:

S dame mpu T~ 300°, ecny FIOHEHIT wepasencza
© <4108, l

2n
=T>5.107 cu. | (3,20)

9P2/2pad — nocrogm,

l’I‘ocxo.nsky SHEPTUA Nopaska «T e
BLTpE’-IBIOTCﬂ SJIEKTPOHEI H C MeHb)

e 4 CBA3AH-
HeM 119 Hawe

. Hem
10 H3nyueHus Ges peqiuy Orpatuye-

e € H
TaKKE, W06 Kmaccuuecky MO 1 Kaaccuseckix bopiyn nywuo

3EKTPOHOB B mpo,
UeCCe coyaapenut
Saeutp perutl. B kymon
Snekrponon ¢ sy b3« 10° Tpazycon (cu. § gy o 310 Yeromie
& e TPANbLHBIMYI uacr y !
o HILAMH 3 eK”
j“"u ;z};gpyrux COyAapeiutt pcergy nymﬂ‘gq;bx
MH, ToroWme e H U3y ye
S, xar 1y UCHIE HHTe pecy oy x K]
Samen ;L ,f:(:m::f“b KlaccHyecky, OTME‘!EHiDE oﬁc(:-icﬁ:g”: oo o YT
K Kakum ocnowm o e
e e | HeRUAM. 3averny Ta:
o YeTCH JIHuIL HEpeATHBHCTC K 0e npnﬁnnme::lee‘ ;TO S
" .

TOMPABKH Xapakrepusyiorcy napaverpoy 7 __ | fﬁ)""*’"“"
HOBATCA 3aMeTHEIMK, RO, eepmsoen 1o ot oo
Tpanyeon. (ot e TOBOPS, sy TpH Tenepatypax 7o, | o

> B HEKOTODLIX cayyaqy, VKasanHwy: §5 1o
‘WICHBL,  3aBHcamme op %L e o 2

UHCTATh KBAHTOBRIVY MeTo-

. H
o ot YHKHO  yunTeibats;  opugyo HCTHHHbIY
OM 32,
AU SBITETCH MpH sTOM He OtHowenne L
7T @ Apyrag

BeIH4uHa).
Lns  npusenenys

STEKTDOHAM, HO H K muaaye g

MOKHO 6ELIO Cynrars Heshlpo)l(u
TeMnepa'ry o

m (3,21)
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dusudeckuti cMpic1 T, COCTOMT B TOM, uTO NpH STO# TeMmeparype
2
1

2
‘gueprns #7T, MOPAIKA HYJICBOH SHEPrHH = ~ o N¥, caasannont ¢ n0-

L Tlpu N ~ 108 u

Kami3auHell SIEKTPOHOB B 0ObeMe NOPAKA 73~ .

N~ 1015 TeMmepatypa BHpOXIEHHA Ty COOTBETCTBEHHO MOPAIKA 1077
‘u 0,1 rpanyca, T. e. HECDABHEHHO HIKE TEMNepaTyp, KOTOphHe HAC WH-
_repecyior. Tlostomy mp K Ol CTATHCTHKH BIOJIHE ONPaB-
_JaHo He TOTBKO B HOHOCHEPe W COTHEYHOH KODOHe, HO ¥ B Paspsii-

_ HBIx TpyOKax.

MarHuTHAas TNPOHULAEMOCTh MAA3MbL B § 2 Mul yme ykasusanu,
41O B MOHOC(EPE MArHHTHAZ MPOHULAEMOCTb p MPAKTHYECKH PABHA efu-
1Le. Ceituac MOMHO HOAHOCTBIO TOAKPENUTh 3TO yTBEepAIEHHe, YKa3as,
4YTO AJf HEBBIPOKIEHHOTO 3/eKTPOHHOrO rasa BOCIDHUMYHBOCTL (: PaBHA

(cm. [10]) . o en e N
. = _ﬁ(m) T
3fech yike YYTeHO HATHUHE Y STEKTPOHA CMHHOBOTO MATHHTHOTO MOMEHTZ
(Ges yueta crmra 7 < 0 u 10 aBCOMOTHOM BeTHUMHe B /1BA Pasa MeHbille,
HeM cornacio (3,22)).

TTocKoIbKY -%E =9,3- 10_2l, Mbl BHAUM, YTO Aawe Mpi

(3.29)

~ 101

o T~300° 7, ~10"%, 1. e ormume p OT eundnus AeHCTBHTEISHO
ucyesaowe Mano. HyxHO, BMpoueM, NOINEPKHYTh, UTO CKA3aiiti0e OTHO-

| CHTCH K CIYu30 TepMONMHAMHYECKOTO DABHOBSCHS (HEPABHOBECHHIE CO-

HCTO“H“H T1a3Mel MOTYT 0B1anath 3aMeTHOH M lawe GOJBIIOH IMAMATHHT-
HOH. BOCIPHUMUHBOCTBIO).

§ 4. MeTol KHHETHHECKOTO YDABHEHHS

PyHxuus pacmpenegeHus U KHHeTHUecKoe ypasHemue. lusiextpu-
HeCKAT MPOHHUAEMOCT € H MPOBOLHMOCTb G, BLIUNCIEHHBE B § 3, colep-
| KAT B KauecTBe fapamMeTpa S(QPEKTUBHOE YHCJO COYAApEHHH Yoy BHATE-
' HHE KOTOpOro Gb10 uwb OueHeHo. [is HAXOKIGHAS v,pq WIH, TOUHEE,
AT HaXOKIeHUs OOIWMX BHIPAMEHHH A% £ U 3 KAK B CA2OBIX, TaK U B
_ CHIBHHIX MOAAX HYKHO WCMOAb30BaTh METOX KHHETHYESCKOTO YpaBHEeHHH.
B MeTONe KHHETHYeCKOrO Yp4BHEHHS COCTOAHME rasa OHHCBIBEQTCA
Gynkument pacnpenenenus f(f, r, ), OmpelenTeMOH TAKUM O0GPAIOM,
910 cpenmee uucio wactin AN = Ndr B obveme drdv=dxdydz X
X dv dv,dv, pasio dN = f dr dv, rae 9 — CKOPOCTb WACTH K F —
_CooTReTcTBYIOMMIH MM Paguyc-BekTOP. [IpH 3TOM MO ONpede/ieHio

j'mf(t, r, 0)dyv=

[CH]

The N — KOHUEHTpAauus UaCTWIL B TOYKE 7 B MOMEHT £.
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KnneTuueckoe ypapHeHue, H3 KOTOPOFO I0MKHA OwTh onpeieeda
dyuxuns f, uveer Bun (cm., Hanpmyep, [11—13]):

%+erf+%(E+%['uH])V.,f +-8=0, (4.2)

TAe e M M —3apsl W Macca paccMaTpueaeMuix wactnu, E u H — nanps-
KEHHOCTH 3IEKTPHYECKOr0 ¥ MarHHTHOrO MoJeH,

Of ;. OF ., Of _of ., o . if
V=g gy S a kT =g i ok
S —rak # nHTerpivx cT0. (coynapenn#t), ompene-

ATOUNH M3MeHeHHe (YHKUMH f, O0yCI0BASHHOS COYAAPEHUSIMH PaccMa-
TPHBACMBIX HACTHI (HAMPUMEP, 3CKTPOHOB) CO BCEMH IPYFHMH HacTH-
uami (T. €. 9TEKTPOHAMH, HOHAMHM W MOJAeKyaaMu). B S MOKHO Takwe
BKJIOYHTb UJIEHH, YUHT ¢ p
TIPOLECCAMH, TAKHMH, KaK WOMI3AUNA, HEYNPYroe pacceswne # T. 1.

TIpu OTCYTCTBHH MOMEH B DABHOBECHOM COCTORHHH dyuknug pacnpe-
JeneHus eCTb H3BeCTHAR dyHKuud Maxcpenna:

f=lw@

(4.3)

Maxcpennoeckoe pacnpesedenue (4,3), KaK Merko suaeTs, YZ0BIETBOPSET
ycaosuio HOpMuposky (4,1), Tak Kak ffnn do = ffnu“’2 dv=N.

llaasma B cunabHoM snextpuueckoM noge. Ecau uonusnposaﬂﬂbm
Ta3 (NAa3Ma) HAXOAWTCA B HEKOTOPOM MepeMenuod note FE == Egpelt 1o
OYHKNHT f, KOHEWHO, HE ABACTCA MAKCBEATOBCKOM H B 1OCTATONHO
CHIBLHOM M0Je MOKET CHIbHO OTAHYATBCS OT MOCIeHed. DTOT BOMPOC
noAPOGHO paccMoTper B § 38. 31ech e 174 BLICHEHHT XapakTepa
OTKTOHEHHA IJKTPOHHOR (YHKUHN pACTPENesena OT PABHOBECHOM pac-
CMOTPUM CTANMOHADHHH Cayuall, KO CPEAHAT SHEPTHS SIEKTPOHCB
HE M3MEHSETCH CO BpeMeHeM. ITO HMEST MeCTO, eC/H SHeprus, c000-
1I2eMAR TeKTPOHAM NOJEM, DABHA IHEPTUM, [ePEABAEMOH 3/CKTPOHAMH
TAKEABIM HACTHUAM (HOHAM  MOJEKYJaM) B DesyibTate COylapeHmi.
DHeprus, nepelanaeMas 3NSKTPOHY OT MOAH, B CAWHHIY BpeMes pasHa
A=-erE; anech # — YNOpALOYeHHAs CKOPOCTD ITEKTPOHA B HAMPABIEHMH
noad, onpeierseMas ypasHenweM (3,6). Kax dcHo m3 3rtoro ypasHeHus,
. ot
r "‘(ffi pyey e WITH 149 BELECTBEHHOTO BhIpAweHns E == Ejcosof,

KOTOpOe ynobHee HCMOML30BATH MPH BHUMCIeHMH A,

7
Eq (aguy €OS wf - v <in of) 2
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252
LB
— ot (4.42)
2m (6 4 Yopo)
cie uepTa Hal A O3HAuAET YCPeIHEHHE MO BPEMEHI.
Oneprus, NepelaBaeMas B eIMHULY BPEMEHH SJEKTPOHAMH HOHAM i
onekynaM, B cpensen passa U:

=Wy =ik —2 g (43)
Ang)-—cpenHm SHEPrus, TepefaBaeMas npH OLHOM

mu?
P

—— CpenHAd KHHETHUECKAs SHEPFHA il 6 -— CPeiHsd

an )np\row COyiapeHuu ¢ TSM\ 06 YacTHUER 3.eKTPOH TepdeT

. Wb HE3HAUNTE[bHYIO uwACTb CBOEH 9SHEPTHH, M KaK And COyAapedid

FOHAMH, TAK M C MOMEKYJIAMH

2m

. (4,6)

b=t

e m — Macca 51eKTpoHa ¥ M —Macca TAmeNOH HACTHUBL.

Tasedan wacTHIA CYUTAETCH MPU ITOM HEMOABIAHOA (COOTBETCTBYIO-

e BRIUHCISHIE Dy NPUBEIEHO B § §; YueT NBIKEHUA TAWEIBX YACTHIL
3

= 2
nonos O, 07, O, OF coracuo (4,6) umeen:

Ipy yca0BuH K »T HecyiuecTBeH) Jlas  atoMOB, MOJKYA i

[CX)]

3 0=6.8-107, 30,

pﬂ HATHYML HEYNDYTMX COVAAPEHHH B CUIY HX OTHOCHTEABHOR pei-
0CTH - O0BIHO TO-TIDEHHEMY B CpenteM 321

%) Bupawemie 21 [ oo sanuears nwate, nanpiep o pute: I =Koy
5 s10x cayuae 1 core cpeasan OTIOGINERLAIA RO HEP, nepenasaenoit

| OB, ¥ <5, 2 upu remioaos passosecrt (mpn &

370“)’ JA0Onee NOAH30BaTbCA HMEHIO MAPAMETPOM B, KOTOpHIl B cayuae VI
Yrayos MOKHO CUHTATb MOCTOSHHBIM.
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B ykasamsuix craunomapusix yeaosusx, koria A=/, oueBuano:

= mgd &E] 3
=" 2T .
== NN TR “8)

Ecu wactora o wewemnka, Tak 4t BmmomAeTcA yciosue w7<<vz¢¢,
addexTuHOe BpeMa YCKODEHHA 3IeKTPOHA NOJeM TNOPAIKA BpeMeHU
1
cBoGoaHoro npolera = =
_ Vape
HOTO npoGera H v —Cpesunst CKOpocTs. B stoum cnydae, Kak AcHC

u3 (4,4), }gr’m~ bl . W ompu 7(>> % »T coraacHo (4,8)

s Tie [ —cpeassa 1uHA CBOBOA-

P

met  m@P  PE] ( ! )2 eEF e — eEyl
e e =]~ U~ —,
2 2 mh \gv B nY iy
Hau
mas~ (4.9

B apyrom npeneisuon cayuge, Korza o?

.'va' 30deKTHBHOE BpeMS
YCKOpeHHs Nopaika %, 1 npit K >>§1T:

mot m (@) SE] (eE“l)z(vmq, )’ 1B vy

2 T e Vi o | RV e
T B et YT, (4.10)
ma¥ b me

s (4,9) u (4,10) scuo, uro sweprus K sawerio TIPEBOCXOAHT

T T © 5
COOTBETCTBEHHO B MOJAX E>2—l L E>:—

L vapg
pacnpesenenus f mpu 3TOM CHABHO OTIMYAETCA OF PaBHOBRCHOH yHK-
win fo(v, T)a Tem He menee CKOPOCTb  YTODANOYEHHOTO IBIKEHWA
Maaa no CPaBHEHHIY CO cpeixed CKOPOCTBIO U AakKe B CHIBLHOM [OJE
BBUAY MaMOCTH BEeAWYMHEl 4.

Bug @ynkumn pacnpenenenus u ypaswesme 1is wee B caaGom
nose, OTCIOAZ MOKHO C1eaTh CyweCTBSHHBIA BBIBON O Biie dyHKuuy
pacnipenejienns f. JleHCTBITebHO, npeicTABM Gynkumo f B Bue
F=fo@)+¢(®), rae f, sasucnr mume 0T Beanummn cKOpocTH T,
T. €. MPeiCTaBIsieT COGOH CHMMETpHUHYIO uHacTh f. [lamee, mi0THOCTL
TOKa J, pasua

. Oyukuuz

Je==eN .=ef‘vfdw:efm?(’u)dv. (411)

 cramute B Bume ¢ (0)cosu
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: .
. €. ONPENeIACTCH TOMBKO ACHMMETPHUHOH uacTbio dymxunn f {1ak Kax

= 1
’uf,,dv=0). HanpoTus, cpeiHss CKOPOCTb U Wf vf dv onpene-
 qerca, BOODIIE TOBOPA, i CHMMETPHHHOH 4acThi0 f U ee acmMMerpuumol
: émbxo. 1. e. ¢yHxuuetdi o(v). Ho ecau BumoaHeno yciosue £<<v.

| gak 9TO HMEET MeCTO B HaweM Ciydae, TO 97O O3HAYAET, 4TO U OMpe-

il a9eTCs JHIUb CHMMETPH‘{HDH YacTbi) q)yHKLlHV( f. KOTOpas 3HaYHTEAbHO
Gonblle ee aCHMMETDHUHOH YacTH.

Hrtak, B Culy MaaOCTH CpeiHelt OTHOCHTENbHOH 1OMM 3HEPTrHH,
MepelaBaeMOd SMSKTPOHOM [PH COYAAPSHHH C TAKEIBIMM HaCTHUAMH
- ‘(-‘1-. e. B CHIY TOrO, uTo 8<Z 1), SMEKTPOHHAA (YHKUHA PacnpeeeHus
okeT OBITH MpeICTaBjeHa TaK:

F@=Folo) ¢ @)= o0+ LD, } i)
12 @) I~ 1 (3] < fo (0

wr
filv)o o-
e BOSMOXKHOCTD 3amici 9 (0) B GopMe ~L“— elle HYKNaETCH B OC
© 60M MOACHEHWH, CBORALEMCA K CledylouleMy. PYHKUMO ©(D) MOKHO
‘samucath B BUle ¢ (U, %, 8), rMe @ U B — yris, ONpelenfouiue HATpPaB-
‘memye BekTOpa . Pasmarai Tenepb ¢ B PAl MO MApOBBIM (%)ym(uv{ﬂu
Y,,(a, B) n BeiGupas noaspHyn OCh B HANPABJAEHUM TOKA f,, MOKHO
yﬁe,umbcu B TOM, 4TO OCHOBHYIO DOJb B 3TOM pAas/]OMeHMH WIpaeT
- dynKiua Vyg== constcosa, 0TKyad W Cleayer, 4TO @(D) MOWKHO mpel-
fiwe
v

rae BekTop f(v) Hampasien

no Jp IlokasatebcTBO 9TOr0 yTBepHKIEHHA MOKHO Hahith B § 38 (o,
Takxe [11, 13, 34, 258]). Ha ycroBuax, KOria CIpaseiliBO Bblpame-
Hué',(4,12), Mbl emle OCTaHOBuMcA B § 38. 31ech e 3aMeTHM, uTO
ONHODPOIHOH 1AA3ME 3T YCAOBHA B HHTEDECYIOUIMX HAC CAY4AAX CBO-
_ IATes Kk TpeSosanmio 5<€ 1. B HEOIHOPOSHOH nuasMe HEOOXOAMMO
- TAKKe COGMOKEHHE YCAOBHA

=

v &1 \
S |02 |

. Vel £l

Tae Z—Hanpasnerme, B KOTOPOM H3MeHAETCH q)yHKLLHﬂ pacnpenefieHns.

SBBHCKMOCTb f OT KOOpJAHHAT HY/KHO TNPHHHMATb BO BHUMaHHe, Ha-
TpuMep, Ans PacCMOTpeHUS TaKuUX P KaK Terl o H
RHC

ysus, KOTOpele 0OCy®narhca Huwwe He Oyayr. TMosTomy Ham mpu-

=3

- MeTCA CTONKHYTBCA C 3aBHCALUMU OT KOODAMHAT (GYHKUMAMH pacrpeie-

JIeting  f () TOABKO npH yueTe NPOCTPAHCTBEHHOH mHCTepcui. Cyie-
| CTBEHHO Takwe MOAUEPKHYTb, UTO B TO BpeMs Kak Bepawenue (4,12)
A% SMeKTDOHHOH (yHKIHE pacTpeieieHus CNpaBeaauBo B noje moGok

VIPl, B caydae TAKENEIX YAacTHI (YHKUWS PACMpelneNeHns [ HMeeT BHA
(4,12) rontko s cnabux nomsx.
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Cpeanns kuneruseckan SHEPIUA 31€KTPOHA pasHa

= 1 [ w2 1 [ me2
Reip [ 52 riw=L J 2 o,

(4,13)

n
Manocts otHowenus ﬁl MPUBOINT ewe K OfHOMY BAKHOMY Cieact-

BIlU, @ MMEHHO K TOMY, 4TO WHTerpan coyaapenuit S, yunTeisantus coyaa-
DPEHUA MekAY STexTponaMu H Tamensiyi HACTHUAMH, MOKET GHTh samucan
HE B BHIE HHTErpaibHOrO, a B puge HEKOTOPOro au¢depenuuanbuoro
Bbpaiketns. 370 Bupaente ocoferto NPOCTO B cayuae cradHX noed,
KOraa I(':;V,T, o CHMMETPHYHYIO wacTh dyHkiin pacmpesesenus f
MOKHO CHUTATS MAKCRELIOBCKOH byHKIHEl T

Sen+=Sei = Cem+,

B stom cayaae

PO =ty L2

e S, WS, — unterpay COYRApeHHH, oTBeyanwHe Coynapenuan

C MOTGRVIAMH () u wonamy (@), a wucaa COyaapennti pasuer:
v .
o= @O, '
In
=g (D)o,

L
< 6) sin § 8,
]

rae N, ; — koduenrpauns MOGKYT Il MOHOR 1t
PeHIuATbHOe 3hexTHRHOR ceyenpe
C COOTBETCTBYOMWEH YacTumel *),

K coorromwennio (4,14) Herpyano IpuiATH B pesyabTate coorser-
CTBYIOLINX  pacuetos (cu. [11, 13, 258]), Ho cuBiCa ero sicen y Heno-
Cpenctsento.  [eftctautensHo, Sem—=S,; ects  ancao 3JIEKTPOHOB,
MOKHAOIWAX AAHHLIY 31ement basosoro o6vema drdo s CLMHALY Bpe-
MEHH B pesyabTave coyaapennt c TAKENEIMH vacTHUAMH. Hanee, pasio-
BecHas dyuKuus Pacnperenenus fy oSpamaer HHTerpan coymapewmi S
B HyAb W, Takum oGpasoy, S SABHCHT ML 0T o (7). Hakoreu, mno-
CKOMBKY Tameble YaCTHLB MOKHO CYHTATh ﬂeﬂO,ﬂBWrRHHMH. TAK Kaxk ux

CKOPOCTH 3HAYHTENBHO (B OTHOWeHUH ]/
POCTH 31€eKTpONHOE,
-_—

f v 301~
3

Gy i (V0 0) — auipipe-
A8 YOPYruX coynapenui IEKTPOHE

m
< ~ 100 paa) MeHbile CKOo-~
Sem+Se: a0axHO Gorry TPOCTO  pasHO wncay co-

2 SaCTHN yhpyro
sin @8 x uucny paccen-
JUHX 32 TO e Bpems ha exHHuuRyD IOMAKY, HOPMadb~
HYI0 K HX CKOPOCTH. Yroa bacceanus § ecrs yroa MEWAY CKOPOCTAMH Majfato-~
HMErO W PACCESHAOrO 3AeKTPOHOB,
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4] b

qapeHufl TOft HACTH 3/1EKTPOHOB, KOTOPAd WMEET He eCHEIE CKO-

peHuil TOR 4aCTH SJEKTPOHOB, KOTOPad MM HEPaBHOB: :be ¢

TH € THKeNRIMI HACTHUAMM; STO UMCAO CcOyAapeHuli o pasdo

poc 4“’, s (v (g N N v ().

: e 'eH i f o‘\e’HT Hy aa TOM dee TOUHOM

: Eumﬁc)ré( ,3511 MOMEHT, qaioWnica mpH 3ToM B 60, o
3aTe/bCTRE " ceazan ¢ sor B KauecTBe CeueHud g
2 i e H C BOMPOCOM, NOYEMY

« Te . CBA3aN

10K

P ( infid
(4,13) (urypupyer He ROMMOE CeueHue q‘:2ﬁfq(u, 6)sin 6 26,

"
‘ = [gio 6%
TAK  HasLIBAEMOE . .
( 0s6)sin§dl. BrpoueM, B KaueCTBEHHOM OTHOUIEHH}; y; V,-Tm,;
r c esno 5t Wi Ha pa3Huie
i c B TOM, 4TO pacceshue
5 coBeputerno scer. et « i ¢ yru
‘ym'(T w1ex—$‘mo TOCKOTBKY MepeiaBaeMsiit Taukenoi -xac‘r}m% i Bi“m
o 5 " Max npw MaioM yrie paccesmis § u pes
JeHne B BLDAKEHHH A3 S Tpaﬂcnopmo;g
3 7CH  TPOFRISHIRY
C Hg KaK pa3 M ABAe
€ BMECTO MOMHOTO  Ceyet: ) reanen
ce'qazmo()c'rome“craa NOCKOMBKY B TPAHCTIOPTHOM CeueHut 5O
* aroro of 5CTBA, OMoKY ‘
. ‘;zm,r paccesHus BXOAAT C JOTBUIMM BECOM, UEM Maible
" Kax ckasawo, B CaabHX nOAAX
. A@)o
f@)=fot+-"5—

cesetue» g

«TPaHCRODTHOE

il S

H yunrsisas (4,14), noayuaem

i Fi Sy =0. (417)
%+£ﬂfﬂ+%ﬂ[ﬂfl]+(rmf DS,

m ov

S, .2 _uacts mHterpala coylapeinf, CBAIAHHAA C MeKLy-
HHTerpas yaapeuut, css

el in 4,17) ony! it V,.f, yureno,
4 leH 7 ¥

AeKTpOHHENM  coyaapeduami. B (4,17) onyumwen ¢

w10 Vo f, — 2 cosepwaiiem noie E,

2 = " B ulleHe, C
10 Vol ov v’ P P

< KaK OHA MHOTO
© ACUMMETPHYHON uaCTbid (YHKUHE PZC“DEJEHEHHﬂ,a;?: :m arHTROS
Menbue cummerpuunofl dyHkmmn fy. V3 roro cbl e R
Tote H yymomaetca B (4,17) muub HI ACHMMETPHAHYID o sectoro
‘Pﬂcn'ue}n‘eﬂm ClleayeT, 4TO OHO MarHuTHOE moje e3 9118‘31\1‘]:0“ o
. éﬂgpymaeT [EIBBHOE;ECHOI'O pacnpeneneHus cxoPOCTef‘[;Gmf (oo eno

G c b Caadun

M He 0073aTebHO CUNTATI (
MarguTHoe note B (4,17) fo seHHY — BYHRLTO £).
M3 T0TO, yr0 mNOJe MHOKHTCA HA Maiyio o
Yenosre cnaGoctu stexTpuueckoro noas E modyuaet 23y
: fi (U)W}
. |
9 Merko muters, w0 (0417, [ () + L8
oo oy g
dv v

17
— aK,
[Afl 5, Tax

manpRyep, V5o (0) =
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PEIEHKT KHHETHYECKOTO ypasenns s crenyiouen npHOTKeHHH (M.
[22] § 64) nau B nose ¢ MOBOH HanpAXeHHOCThIO (cm. § 38). B paMKax
TRMEHTAPHLIX MPenCTABACHHN KpuTepht ciaGoctn nomn ACeH H3 COOT-

HoweHust (4,8) — on cBozurcs x TpedoBanuo: ?—%'AT<<%17‘, T. €.
HMeeT BMI:

-
mxT
sig 4
r<t=y s B )
Xapaxtepuoe nose £, UHOTAA HASHBAIOT «miasMeHHEM nOEMY, 0 HeM
€lle no#uer peus B ra. VIII.

B otrowesnny noas E, durypupyioutero s ypasreunax (4,2) u (4,17),
HYXXHO elle 3aMeTuTb, yTo B CHIY CK23aHHOTO B § 3 mox sTuM moiem
HYKHO TOHHMATh cpentee MAKPOCKONMYecKoe noue @EHOMEHOJIOTH‘ICCKOH
3nexrpounﬂammm.

Tpaucnoprasie ceuenns, JleGaesckoe SKpaunposanue. [as rtoro
uTOGE HCII0Tb30BaTH ypaerenus (4,17) naa pemwenns KOHKDeTHHIX 3a1au,
HEOOXOMMO OCBeTTH eile TOMBKO Ommy MOMEHT, a HMEHHO yKasaTh
BEIPAKEHHA I8 TPAHCHOPTHBIX Cedenmuft 9 (V) ¥ g, (v) nas coynapexuit
SNEKTPOHOB C MOJEKY/AaMH H HOHAMH. B CJyUae COyAapeHHs 3ieKTpoma
C MOJEKy:IOf (IOZ MOAeKyMOH Mol NOHKMaeM  moGyio HeHTpanbuyio
qac’muy. T. €. aTOMBl MOJeKY1er B COl‘)CTBeHHOM CMbICTE 3TOrO C.’lOBﬂ)
CTPOTO BLIYHCAUTH CeueHHe 9 (V) He npeactasiserca BO3MOXHBEIM, Ha
OTOM BOMpOCE Wil euwle OCTAHOBMNCA B § 6, cefiuac e 3ameTHM, uto
B pAle cIyuaes ¢ mHTepecylouwtel Wac Touky 3PCHAT MOJIEKYNY MO0
3AMEHNTb TBEPABIM WAPUKOM C HEKOTOPEIM 3((eK THBHBIN panuycom a.
Ias coynapennit SHSKTPOHA C MOKOAWNMCA TBepabiM LWAPHKOM NOTyYuM:

70 =2, ‘
@ =na, | @18)
mON = matoN . 1

Tpu coyaapernn saexrpona c soHox CeUeHHe OnpeieqseTcs u3BecTHOM
dopuyon Pesepdopaa, n mut HMeeM:

1

mu?

e N2 [
qL@):Qn(W) In(l+ctg7 o
52 2 p2 m2u4

&
—.(Tw,) In(l—“»ke‘ )
vi=gq;(v) N,

rie fumin — MunuMATB LG YTONl OTKAOHeHUS U p,, ==
MaibHEIH napamerp Yyaapa,

(4.19)

& ctg min Makcn
my? TS T -
U~ CKOPOCTE 31eKTPOHA BAATH OT wona
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OHOKPaTHbIM (eI 3apai
(«a GECKOHEUHOCTI») M MOH NPENONaraeTcs OIHOKP Mﬂémnub o
. poua paseH eZ, 1o B (4,19) Besae mosmBafeTCA euie X £
o en e%). HeoGX0IuMOCTb BBECTH HEKOTOD.IH MAKCHMAbHBIH napauerp
Eg a p, CBASAHA C PACKOAMMOCTBI CeueHns ¢, (v) mpm oo:xbuxmuz
lzlmlzm I\")”l AOHOBCKOM N0JTe. PAKTHUECKH e KYIOHOBCKOR [10/1€ AaHHOTO ugog
g ; < 1Y JISMH APYTHX HO!
i erna SKpaHMpyeTcs 1o 3 0
BOMLWHX  PACCTOAHHAX  BCETL, . s
}:aa1e‘<1‘ponoa, OKDYKAIUWUX paccMatpupaeMbift mon. Yuer storo od
1 ::Tome'mcrsa W HPHBOLHT K KOHEYHOMY BhIpAWeHwio 1aa g, (v). saprson
] ¢ 3 NOTOKUTENBHOTO HOHA C >
3 PaccMoTpuM  9KDaHHPOBKY 104
>0 Hav‘)jlwmerocn B Hauale KoopimHat. IloTeHuuat noas nm—xz;e:
; axpau’upvroumx ero HacTHIL B CTAUHOHADHOM CIyYae YAOBIETBOD
- ypasrenmo Ilyaccowa:

20 2 4o
vt

AD — — — dmp(r),
r b~
THeyuTeHa ChepudecKan CAMMETDHA 3aiadil, r—paccroa:;\;:;ﬁz:x;p;om
2 3 el b
X _ 'b 32pA1a, € YURTOM BKIAAA LU
HOTO HOHA H o [LIOTHOCTL O
OAHHH TENTOBOFO pPaBHOBECHA, 1
IKPAHUPYIOUHMX HaCTHUL. B coct Bt
;opiymemsonhumana, Cpentas KOHIUEHTPALNA NOJOKHTEbHEIX YaCTHIL
B TOYKE C NOTEHUHAIOM @ paBHa

Lt
N (@)=Ne T,

tae N — Cpeauan KOHIUEHTPAUHA MOTOKHTEIbHEX HACTHI BO BCEM oﬁyeug
(ramu or uona npu ® =10 10/KHO, OUEBHIHO, BEIMOIHATLCA PABEHCTB|
N, - N, TaK Kak 179 ONMPEACTEHHOCTH CHHTAEM, 4TO ovpnuaﬁenbx::g;;
HOHOB HeT M M1a3Ma KBA3uHEATPAlbHa). s KOHUEHTPAUUH 3IeKTDO
HMeen:

0TCI0Na ACHO, YTO TJOTHOCTh 3aPRid SKPAHHPYWIMX HACTHU pasHa

2e2N®
2T 7

o2 ‘1")
farp = &N (e Tl —
The yyreno, uTo B HHTepecyioulem Hac ciyuae e® <& xT. —
H"DTHOCTE 3apfia LUEHTPAJbHOTO HOHA MOXKHO 3anucath
3 = 5(r)= e
Po==ed (¥), rae E(r)—ﬂeana-¢nyuun< S(rydr=1, 8(r)=0 np
r=0).
B pesyprate ana @ wieeM ypasueHie

420 2 do Bre2N
e

«T

@ = — 4zed (7). (4,20)
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Peuwtentite 31010 ypasHenus 1axK080:
cos( 5)
b=,
rae D—1ak waskbacMbi¥ 1eGaesckmi pazuyc:

1

S T8 Thanvear
=19y ’Lﬂj\"Mlm. (421

Buile Mbl cuitami TeMTepaTypY HOHOB W 3MEKTPOOB OaHHAKOBOl. Becn
PACHET MOMKHO, OIHAKO, MPOBECTH M He AeNdH STOTO MPEANOAOKEHH:,
MPHUEN, KAK erKO BHASTH, 17 126aSBCKOTO pasxyca noAyuaeTcs Bhi-
pamenue .

o—( (4.22)

]
T, — 9aexTpounas TeMmepatypa, a T — Texnepatypa nowos. Ecau
T, 10 Bupakenwe 1is D oTauwactcs or (4,21) samenolt kos-
uunenta Yy na Y. Ecam cpena KBasunedrpaisna, Ho N, == N, 10

(4,21) uyxno samenuts N wna Ny

Henoabsoranue nowsTns o geGaesckom Painyce mpeinosaraer, §To
CpelHee UHCAO uaCTUL, HMEOUINXCA B chepe ¢ fedacBokmy paznycom,
BRTHKO, TaK KaKk B MPOTHBHOM Ciy4ae NPWBEIEHHOE BHME CTATHCTH-
HeCKO® yCpednerne Tepset cubica. CHOPMYTHPOBAHHO YCIOBUE SKBH-
BATEHTHO HEDaBeHCTBY

(4,23)

MOCKOABKY Cpedunit 0GbeM, npuxossuinfica na 3APFKEHHYIO uacTHUY,
1

pasex Ouesnano, uto T DWW~z rae

3
2

- (324 ‘\i) (4.24)

o= 16zD3N

27D k24
=(051 5

o

4
i HACACHHBIM KOSQOULHEHT, CBA3BIBAOWME o U 3“03

y1006CTBA B aadbHeluen,
B yeaosnax semuott HOHOCQEpPH BCeria

BuiOpan  nas

> 1, (4,25)

 HepaBeHcTRO (4,23) BHIMOAMeHO (MpH CaMbix HEGJAArOMPHATHIX YCA0-~
Buax, koraa 7= 200K i N;= 109 2= 1000). B commeunoft KOpoHe
npit N10° u T~ 105 napawerp  eme mamoro Gomsuwe, B xpo-
mocepe ycaosue (4,25) Takiwe BHIOAHACTCH.
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dusnueckuit cymca yeaosus (4,23) mam (4,25) cranosutca cosep-
eHHO FCHBIM, €CTH, PACKDHIB BHID@KEHWA 104 2 U D, mepemicath ero
. SKBUBANEHTHOM BHJE! ;

L2

— > 1

N

akuM 00pasoM, ycnosde (4,25) BHIMOJHAETCH, €CTH CDRAHAS KHHETH-

c 3 5 # UHTEIbHO DOqbuie cpenHed sHep-
ecKasl SHEPTHA 3IKTPOHOB «T 3ua il

THI MX KYJOHOBCKOTO B3aHMOIefiCTBHA, PABHOH MO MOPAIKY BEJIHUHHB

KMHETHYECKUM YPaBHEHHEM. ' ]
/K [pu yueTe 9SKPaHUPOBKM Hyxno ObL1o Jel, CTPOTO roavopﬂ. pac:
MATpUBATL DACCEAHUE J7CKTPOHOB HE B «OOPE3AHHOMY KY.1OHOBCKOM

ee:
" mosie, a ¢ CAMOTO Hayana B 1e5aeBCKOM I110ie C MOTeHIUHATOM

Onnako B (4,19) MakcHMAJbHLIH napaMerTp BXOAHT MOA 3H3;’0‘}\-| m%»
"rapm{ma. BCAEACTBHE 4YETO 3TO YTOMHEHHE HECYIECTBEHHO, W 1P - nD‘,
‘M’O}KHO BOCIO.b30BATLCA PeLIEHHEM 3anayl 251 KYJIOHOBCKOrO no.as,

| narag BMecTe °C TeM

1
[ T N7 4,26)
pn=D A(Sﬁe’)\h,) . (¢

Ecan anextponnan temneparypa 7,3 T, 1o B (4,26) no-n‘pe,:ue]n’.
¢ YPUPYeT TeMieparypa 1, H HYXKHO 3aMEHHTH KOQQlem:meHT g ua 1y
TIOC/eNlHAs 3aMeHA NPOM3BOAMTHCA HIKe He OyAeT, TAK KAK BeIDaKeHie,
$ nog norapud e B cuay (4,25) ouerb GOmiUM
TIORBNIeHne MHOKHTENS 2 COBepueHHO HecymecTBenHo. Cienyer Ttakme
i(&:ieTf: B BULY, 4TO YCTAHOB/IEHUE SKPAHMPYIOWEro MOMi MPOWCXOIUT Za
kﬂﬂé“ﬂo& BpeMs, C yeM CB#3aHA BO3MOMHOCTH CYUECTBOBAHUA B nvep -
EHHOM = Tioqle HEKOTODPHIX JAONOJMHUTEIbHBIX pelaKCauuoHHbIX TOTePb.
Cityuae noHocdepr cormacHo [15] 3T0T 3¢pdexT HecyuecTseH NPH BCeX
HacToTax.
. Bnecy HYKHO CHedath euie OXHO 3aMedauue. B (4,18) H‘ (4,19) Ans
BHIUNCACHHS G, (V) WCHOIB30BAHA KNACCHUECKAA TEOPHS, MEXKIY TeM Kak
AT BHuMCTenE Ceuenudl, BOOOUE TOBOPA, HYMHMO OasHpOBAThCA Ha
trosoH Hanp . B Cayyae TBEPIOTO WAPHKa (T. €. KOTAd
OTCHLMANbHAS SHErUs B3ANMOLEHCTBIA 3JEKTPOHA C uaCTHUER useer
(=0 npu r>a u U()=—co npu r<a) N0 KAACCHUECKOH
a B KBaHTOBOW TEOPHH LIS HACTHIL

my
- 462). Tlockombky, 0AHAKO, BedHumHA @ WaH ¢, (V) BCE PaBHO He
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BHIUHCTCTCH, 4 N0MKHa Gbrth ompeneena i IKCIEPHMEHTANBHBIX 1aHHELX,
Mel OyaeM 107b30BaThes Bepaxennem (4,18). Booduwe e
SHAueHHe g, (v) HymHO ONpesensTs 6o
Pac4eTos (xotoprre, mo Kpaftueli mepe B
MPAKTHYECKH B HHTepe
LeHHBIMK), GO Ty ui
MEHTAMbHBIX AaHHBIX.
10 e xacaeres COyAapeHuf ¢ uomamu,
Pesepdiopaa CTPOTO CrpaBeniEa u B i
Pa30M,  Bhipawenne (4,19) aqa
He.baa CKasaTh, 0HaKo,

L5 MOTEKy T
H3 KESHTOBOM&XBHH’{ECKH‘(
TpHHUHTeE, BOBMOKHLI, HO
CYIOleM Hac Cayyae OKa3bIBAIOTCH OﬁbHHO HeHa-
© BCETO HAXOANTH 3 COOTBETCTBYIOWIIK 3KCnepH-

TO, KaK H3BeCTHO, dopuyia

BAHTOBOH TeOpuH M, Takuy 0G-

g;(v. 8) Bcerna Crnpasea1nso. droro

B OTHOMEHUY BrIpakenma (4,19) a1a g, (v),
2 "

TAe HCNOAB30BAHO KJIACCHUeCKOe COOTHOMIeHUEe pm:n%zctg%, Mpu

no.1e KJ1accuyeckas TeopHa npu-

ABIKEHHU 91eKTDOHA B KyaoHoBCKOY
MeHHMa, ecau

% >1, (4.27)

rae eZ - sapan aapa u T — CKOPOCTH 3seKT

PoHa Ha GeckoueunocTn ).
370 ycaosme, kak aerxo BIAET, Npu Z

==1 sKBHBATEHTHO TpeSoBaHuio

U <3 108 curfcen, T~'%%2<<3. 105°K, (4.28)

Tlpu cobmonenun HepaBeHcTs (4,27) u (4,28) nas 4;(v) cnpasesauso
Bripaxenue (4,19). Ecau we sty ePABEHCTBA HE BHNOMHeHH, To CBA3b
pin € P MOKET GHTb Oledena ms cooTomeris HeolpenefeHHoCTy,
Heticraurensro, OTBeuaiomee yray Omin <€ 1 H3MEHEHHE CKOpOCTH A7 as
h
zwﬂminéﬁ, OTKYAa MpHUETbHLH napaverp p, >
™

. Tosto-
moi
MY B HEKJACCHYECKOM cayuae

o )

rie ',(—HEKOTOPLIH MHOKUTE B nopsika E@ANHUI kL,
OKa3splBaeTcs COBEPHJEHHO HECYILECTBEHHBIM.

Ecmu srnoaneno HEPABEHCTBO, 0BpatHOe Hepasencty (4,27), to
CPABEIINBO TaK Ha3LIBaeMOoe GoproBckoe NpHOAHKEHTe, i 3HaveHye q;(v)
HETPYLHO BBIYHCINTE c GOJTBUJER TOYHOCTLIO, YyeMm 3TO Cleaano BrIlIE,
—_—

*) ¥caosue 427) noayuaerca cpaay

9; (V)=

KOTOpHIf npakTHuecKy

K€ H3 TpeSoBanuA, wroH B KAacCHw

5 2m
HECKOM NPHOMOKEHNN faHHa BOJHBL A ,Tvﬁbma MHOTO MeHbIie HaHMeHburero

2027
paccToRuua royy = gt M3 KOTOPOE siextpow somer npuSmmanTCH K aapy.
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§
eexp (—riD) Tipx 3103
cpasy 1A NOAA C MOTEHUHATOM -
2\ 4m’u’D2)W 19
I = R

o R
i D> L.
e y4TeHO, 4TO o s
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48 BOTHEL B OAHOPOIHOH M H3OTPONHOM MIASME fra.

B Haubonee BAKHOA 061acTH npoRoLHMOE paccyoTpenne coyaapenutt
€ HOHAMH He c¢rporo. dto OﬁcToﬂTeﬂbCTED MOKeT, KOHEYHO, 0Ka3aThes
CYLIECTBRHHEIM MWL B YCAOBRAX, npu KOTOPHIX COYAapeHHs ¢ HOHAMH
MIpalT ONPEIeAOWYI0 POMb; eCaH e Deub HIET O COYIAPeHusx ¢ Heli-
TPAIbHBIME HacTHUAMH, TO KHHETHYECKOe paccMoTpenue NPHMEHUMO BHe
BCAKOH CBA3U C coGmotenneM uau HeCOGmoneHreM YCI0BUA (4,30). Ho
" B Cayuae COY[LZPEHHH € HOHAMH T[OYTH BCerga MOWKHO He VUHTBIBATH
OTPAHHNEHUS, CBA3AHHOTO C yCaOBHeM (4,30). Heno B Tom, uTo mapa-
METp p, BXOZUT B opMyay (4,19) u BHTeKawume U3 Hee BEHIPaKeHHT
A% 3dextuBHOro uncia COYAapeHutt u Koa(puuuenta NOrIOWeHIT
TOMBKO MO 3HAKOM JOrapuda. Tostomy Bonpoc o TowHOM 3HAUCHMM P
OTHOCHTEMBHO MaT0 CyilecTBeH, TeM Gonree, uro npu yeaosuu (4,25) jo0-
TAPHOMINECKHH MHOKHTEMb MHOTO GOabUIe CAHHHNE *). B 1aabHesimen
Mb OyzeM nodarath p,=D u NOMb30BATECSH METONOM KHHETHUECKOrQ
YPaBHeHHA, uMes B BUAY, uTO mOJyYaBLLmEcH Gbopuye  o6aazaor,
BOOOWE TOBOPA, TOABKO JIOTAPUDMHUECKOH TOUHOCTRIO. B yeaosusx
MOHOClePbI 5Ta TOUHOCTL OKA43BIBACTCA BeChMa BLICOKOH u MPaKTHYECKH
3aBEAOMO JOCTATOUHOH (mOApOGHee cM. §§ 6 u 37).

Omubka, cassaunas c HCM0b30BANKEM paBeHcTRa p,, = D (cu. (4,26)),
OKA3bIBACTCA, OAHAKO, CYIIECTBEHHOH TIPH  pPACCMOTPEHUH TOIJOWEHHs
PALUOBOMK B Oueib PAIPEIEHHON CPele, HATPUMED MEHIBESLHON Siek-
TPOHHOM Ta3e, Tae BBINOMHACTCS HEP&BEHCTBO, OGPBTHDC HepaBer-

ety (4,30). Iaw storo cayuas samaua o TNOTIOLICHHH PATHOBOJH pe-
waercs B § 37.
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ol BOJMHLL B OJHOPOIHOH y U3OTPOTHOR M1a3ME [ra. u
OTAMNAHKS, MPOUSBOLUMOrO CBeToM B | ¢43 B 1 cex. Beanumna J 3apy-
CHT OT WHTEHCUBHOCTH u CNEKTPA W3JIydeHHs (IN_ﬁqD.de,N_. rae
Jora— CeUeHMe s oTaMmanus, 1. e, npouecca tuna Oy +hw=0,-¢
M O7 - fo==0—¢, re € -—3JekTpor). Yto Kacaercs KO3ddumm-

: B w1 10 naw toro, w06 noscruT HX CMBICT, pac-
CMOTPHM HeCKOMBKO IOApOGHee mpoiece SJEKTDOHHOH  pekoMGHNaLy,
T. €. Opouecc ruma O;qt—e:oz—}-ﬁw. Nt be=N—4fo nr . ¥),
Cpextiee uncio axros PEKOMOHHAWNK MeW1y AaHHMM HOHOM u s;en.
TPOHAMH, mpoHCXoRsuee B CLUHHLY BDeMeHH, DaBHO g,vN,
CeUeHHE PeKOMOHHALNN, U — OTHOCHTebHAS CKOPOCTb 3IeKTPOHA U HGHA,
TIPAKTHYCCKH DABHAT CKODOCTH 3MexTpota, 1 YepTa CBepXy OsHauaer
YepenHenne no pacmpeneneHnio ckopocres, wro HEOOXOLRMO, TaK Kak g,
dasrcut ot v. IMoaHoe e wucao akrop pexomSunaumn 5 1 cad B 1 con
PasHo guNN ., oTkyna scHo, uro &,

gpv. Ecau pacnpejenenne cko-
pocrelt aBasercs paBHOBeCHMM, TO

950 = f G (@) v (52 .

Beanunna 8 onpeaeaserca COBEPUIEHHO aHATOTHYHAIY o0pasom, T. e,
B‘qnfv, rie gy —— CeueHne TNIpUAHNaHua © U—CKOpOCTb SIIEKTPOHa-
Hro e kacaercs KOSQOUUAEHTOR &; M 7, 10 anech p COOTBETCTBYIO-
umeM BHIPAKEHHH THIA gv mog v HYKHO TOHHMATH OTHUCKTEHBHYIO CKO-
POCTb HOHOB MM HOHA H 3«(04‘[6K}’4’(b‘. Kax SICHO M3 CKa3aHHOTO H, B 4a-
€THOCTH, H3 (5,4), KOIGPuULKEHTH Zon @ B He mOmKHEL 3aBHCETH
OT IaBJIEHMT H NDU paBHOBeCHH (wmn, rounee, koraa pacnipenenenue
CKOPOCTe#l BeeX wyacTHL € 10CTaTOYHOH TOUHOCTBIO MOKET CUHTAaThCH
PABHOBECHEBIM) ABASIOTCH QYHKUMAME TOabKO TeMneparyps 7. ITogoGuoe
TNo10KexHne, 00HAKO, NOMKHO HMeTh  Mecrto TOJIBKO IIpH KOCTaTOYHO
HH3KOM AaBJIeHuH, KOTAd MOKHO OTPAHHYHTBCH paccmorpeﬂueu TOJIbKO
napHeIX (1. e. ABORHBIX) cOynapewust. B HOHOC(epe 510 ycnoBHe 00bI9HO
BBIMOIHAETCH; eciun K& OHO He coﬁmonae‘rcﬂ, TO no-npeﬁ\'ﬂemy MOXKHO
0a3HpOBaThCA Ha ypasHennax THa (5,1) —(5,3), Ho KO3dunentH 0, o,
¥ T. 1. 3aBHCAT 0T AaBiens.
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K cucteme (5,1) —(5,3) HYHHO 106aBHTL ypaBHeHne
‘“T = T BN 4NN N, NN, IV
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*) Huwecnexyiomue DPACCYMICHHS He H3MEHSIOTCH H B ToM cayuae, Korga
Petb HIET 0 PeKOMGHHAMOHOM npouecce Tima Of +e=0"+ 0", e 0"
1 O” — BosbyuueHnne aToMu 0.
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HECKOJABKO 3AMEYAHMH O MHKPOTPOUECCAX B IIASME

5 1
SAKY BETHYHHLL TAKIKE rONW). Ha ocuopanuy ckasausoro asx E-,

- u Fy-caoes nyeeM:

o ~ 10° cen, o, ~ 108 10% o, <o, ~ 10t =108 cer,  (5.14)
e npuaato Np~ Np,~ 10° i Np~ 106.
Bpens 3aMeiJeHHs HEDABHOBECHSIX SJEKTPOHOB B naasme. Tenepb
MOKHO TEpEHTH K BOTPOCY O BHHIIL MPOLECCOB 00pasoBakis W HCues-
OBEHii 3MEKTPOHOE B 43¢ HA TEKTPORHYIO (YHKIUUO pACHpEiCASHHA.
BOMPOC STOT BOJHUKAST MOTOMY, HTO 06pasyIoLUIIecss S1eKTPOHBI 3aBe-
OMO HE HMCIOT MAKCBEIOBCKOrO Dachpeieferifs CKOPOCTEH i, BOOGIE
aBAAI0TCH  OTHOCHTENLHO OLICTPEME (B HoHOCQepe OHIl MOTYT
ofnanate JHepriefi MOPRIKA OIHOTO Il HECKOABKUX 91eKTPOHOBOTHT).
PexoMOMMUDYIOT it MPUINNAIOT, HAMPOTHS, MPEHMYUIECTBEUKO CANBIC MEA-
JeHHblE SAEKTDOHBI C SHEpruef <#T. Tlosromy amke B OTCYTCTBHE
§OMA, HO NpPH NPOTEKAHHH NPOUECCOB  HOHM3ALI,
2. (YHKUMS DACTIENe/eHNS B MDRHINE MOKeT
32MeTHO OTAHYATECH OT MAKCBEATOBCKOH. s TOro urOGH OUEHHTE STO
OTANYHe, HYKIO CPABHITh BPEM KH3HN SIEKTPOH B CBOGOMHOM
coctoarns (cxt. (3,14)) ¢ BpeMeHeM SaMeleHHA (peaakcauuu), T. €.
peyeneM, 33 KOTOpO® ofpasosapwuiics B rase OHCTPEIL SACKTPOH
AMERTHTCA 10 TEMIOBBIX CKOPOCTEH.
Tpu coyzapeniin 37EKTPOHA CO CKOPOCTBIO @ C THKEMOH gactuued
MMOYABC  97eKTPONA WBMEHFeTCA HA HEKOTOPYIO Beanunuy m Av =
—m(p—17). Tamenras uacTHUA MOIYHAET fpH 3TOM HMIyAbC —m AT,
‘ee 3Heprus MeHfeTcs Ha
— m sy m m?

et — = grpdot g Ao

Ne p— MMOYABC THKEIOH UACTHIE 10 COYIlapeid. Ecan ckopoCTb
SMEKTPOHOB 10CTATOMHO BEMUKa, TaK 4TO HX KUHeTHUeCKan SHepPris

>>%1T (T — TemMnepatypa rasa TMKETLIX vacT),
ACTHILE MOWKHO CHHTATH HEMOMBIKHEIMM. [Tonaras, Takus oBpasom, p =0
AMONOKEHUH O He3aBHCHMOCTH 2

(EKTPHHECKOTO
_pexomGunauuu ¥ T.

TO TAWKE/BIE

WM ycpenss MO HANPABIEHUAM B Tpe

- )

Ag, kak 310 HMeeT MeCTO Npi K>)7'/.T), BHAUM, 4YTO MPH OIHOM
s m?

fape  91eKTPOH MepenaeT SHeprii m(h})?. QTci0aa Cpennss SHEPTHs,
'EpénaBaeMaﬁ B QIHHHLY BPEMEHH 3JEKTPOHAMIL CO CKOPOCTBIO ¥, PaBHa
— m? * R

U@ =33 j (A0P gy, ; (0, O TN, 42,
fe N, — KOHIEHTPAIMA THKETHX HaCTHIL (MOJIEKYJI . ¥ HOHOB i),
.1 (U, b) — nndepenunaisnoe ddpextunoe ceuenne (4,15) n Q=
=2nsin 6 d6. Brdupan HanpasieHne e PBOHAUANBHOY CKODOCTH SJEK-
TPOHA D 3a och 2, unees: Av, = (1 —cosl) n (Av (Ao =vsin* 0.
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Tostomy

= o3
U(U)ZL%/‘

2 (0, 6) (1 —cos 6) dQ =
:%(%ﬁ)w %%Kvm,,, (3,15)

TOCKOALKY Yy, y ==,y (W) ON 1 q, , (0) =
(e (4,15)).

Wrak, npu K>>%1T A79 yi

f‘lm,i(’t’- B) (1 —cosb)dQ

MPYTHX COYAapEHIA MeR Ly 3.1eKTPOHAMIL
7 N N 2m
H THKETBIMH YACTHIAMH U(i/):oy,,[(vm,‘. rie OY":Tl (cM. (4,6)).
Ecmi v, ; we sasucur or CKOPOCTH ¥, TO noayuaercs opuyaa (4,5)
apu K_t>?v. T. 3toro u ciaenosano OXUAATh, TAK KaK 3JeMeHTapHas
TODHA  CTPOTO  COBMANaeT C  KHHeTHYeCKOH HMEHHO mpH v, ;==
== Yapgp = const.
t N U(vy
OtHocuTeasHan 1o flepenasaenont sueprin 3 (v) = Ko ) paBHa By“
my i
TOTBKO TNPH OTCYTCTBUH HEYNPYTUX coymapenuit. Ecau we TaKue coyia-
PeHUA He sampelueHer

3 SHEDTETHUeCKNX COOGpawmenmfi, 10 0BpHO
23> 3y, Huswme BO30YiIeHHbE SIeKTPORHEE YPOBHH aTOMOB u Moue-

YAACHHE 9TUX YpoBHEH ocoBoro

HMHTEPECA He NpeACTaBASET (SHeprunm 5 | ag OTBeYAeT TeMmeparypa

T,~10* rpagycos). Tostony B atoMapumx rasax NpH COyAapeHnsx
9JEKTPOHOB C HOHAMH A1s HUSKOTEMIEPATYDHOH  123Mul 3 =28y, (s10
PABRHCTRO MMEET MecTO MpH cpemedf sweprim SAEKTPOHOB K, cyure-
CTBEHHO MeHblIe! HAHHH3WEro TOTeHUHANA HOHH3alHU). B MOJICKYIADHEIX

T433X, HANDOTHB, 1ae NMPH MEKTPOHHOHK Temneparype 7, 3~I_§~300°
HMeen B:E(Te)>>8m, T. € BOSMOMHL HEYTpYTHe yaph, cBS3anbie
€ BO3CYMUEHHEM TIaaBHBIM 00pasoM  poTauHoHHbIX YPOBHEH MoaexyL.
Mocnennee caasano ¢ rem, uro PACCTONHUS MY POTAMHOHHBIMK ypos-
HAMH BEChMa Madel W, Hampuwep, y yozexyn Oy u N, cocrasasmior
~107° 35, 410 orBEUALT Temneparype 7'~ 10°,

POHEX0AHT U npx T, ~ 300
PANA SKCMEPHMEHTANbHBIX AAHHELX, conocTasientas B [14] (cm. Takswe
121, 25, 26]), npusomur aun H, O, N, Bosayxa u HOHOCQEDE Ha
PABHEIX BLICOTAX K 3HAaueHnaM 3, yKasauHelM B Tabm. 5,1.

s cvecn rasos (Bo3nyxa, HOHOCGEPEL M T. 1) 3HadeHus & TOIYYAIOTCS MO
PP Yaddt N Tagde
<hopuye 3 =3 + o — 1 s —— 3HaueHus 3
dopuy. " aper T b |2 Vg anes b2

g opy T,=
' ‘Sﬁempouoa K Beipawena uepes 3iekTpoHuyo Temneparypy 7,

3 55
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Ta6anua 51
3navenHs 3. 10°

] v |

100 | 200 f05c | 300 Kae

0_,89 086| 008 1 006
12 | 12| 012 006
16 15 | 016 1 0,06

2000 | 22 | 67 oig [
3000 22 | 86 ! O,
4000 | 25 | 905 0,32) 17| 16 | o8 g,gg
5000 | 30 | 87 | 03t| 17 | 16| 022 o
6000 | 34 | 82| 038| 17 1,2 ggg oor
y : 16 ] oz o
7000 | 89 | 77 | 045 | 17 | L
8000 | 44 | 72 | 060| 17| L6 | 043 g,gg
9000 | 485 | 68 | os2| 15| 17 | os0 | o
€0000 | 53 | 66 l 1,15‘
12000 0 6,1 7.7 | 240
\15000\ 72 lm ‘ 98 l

20 20 | 085 0,11
32 31 18 0,23
11 106 | 7.7 | 113

K- coyaapeHuit siek-
K — 3ddexTUBHbE YHCIA COY
 oryas ek 2 (o6 1CI0 KOM-
,nnﬂﬂr:wc MosekynaMu rasa 1 wam rasa 2 (oGowmenne ua»:re «K Son-
o 0-r Boabiuee 1BYX, OueBHHO). llsMeHenue 3 mpu nepexo: °
e . ~ ol BA3AHO C
Chepe M Ha PABTHUHBEIX amco‘rax Bn p cB e tonane
c 1p.); HCm
" Seheps o atecs KOIBEK; eTHbE BHAYE-
,;?)irocxpe;(m NPHBOAUTL 3fech e Oyled, nocx\or‘m\y :oﬂ;(‘fe"o“' o
HHS. § HIDKe QAKTHYECKH UCMOMB3YRTCH Tonbhoog‘..fxaBOM erow. Kpowe
r eAe/TEHHBIM Ct ¥
e NaHHBlE 414 Ta3oB C Onp! Juoryr e
z:;:ﬁi?:‘-rsipuo yer: 1MU B CBASH C , WEBH;&; aiep};ﬁz
. Saweruy, Hakoseu, uro B Tabm. 5,1 cpem na
- pasnornmacmaMu. 3averuM, oree

KTPOHOB

B CHIY NPEANONOKEHHS O MAKCBEMTOBCKOM pacnpenenenguﬂinipe}})len“

. To. CK)(ZPOCTHM, Peay.xb'ra’rbl, OIHAKO, B HOUOHBHD(;:\:I)CBI;:MHO e
K biice pacnpeﬂeneﬂm

HEUyBCTBUTENbHBL K BHIY QYHKL epe.

hs 8 T,). TlosTOMy AMA HeMaKCBEINOBCKHX Pacnp

ek SR <Ke MOKHO MOTb30BATRCH,

enenuti Tabn. 5,1 445 OPHEHTHDOBKH TaKKe M

z_3,r
nonaras mo onpesetesuo K =5 »7,.

3 yx ops yie
Vs npuBeseHHBIX AaHHEIX SCHO, YTO Jake B BO3LYXE, HE FOBOPA Y:

- 06 monocdepe, d<€ 1 (B TO e Bpema B BOAyXe 8 3> dy,). [losromy

6 eNIOBEIX CKO-
A7 3aMepnseHHs OTHOCHTE/AbHO OBICTPOTO 3/IeKTPOHA 10 Tend

Oy OMKEH HCOBITATh GOJBIIOE UHCAO COysapeHui

pocTelt v~ =
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BOJHE :
B OAHOPOIHON M HIOTPOMHON niaamME Ir
1143 ra.
€ MOJEKYAaMH ¥ HOHAMN.

Cauran 8 c
HENPEPHBHOA Beanuutos, CBASH € STUM HHCI0 coyapeRuit s

MOXHO HANHCATH:
- St =3 @)K, (5,18)
rac 3K =K 3
nodyaaem (5‘16)-).
Toaaras 3(K

#T' (npu oanon yaape d(AK)=—32K, otyaa u

onst, BHIXM, 41O yn
» BALMM, 97O 4HCI0 yiapo 4]
CHIKeHUs 3 - = poB, HeoGxonmMO
HUS SHEPTHH OT 3HAYEHHZ Ky 54T 10 K. T 02 411
2" ~ 5 *{, PaBHO

s (5,17)
PeMA 3aMelTeHHT 3ieKTpoHa (sp = BHO, Ode-

B ACKTPOHA (Bpeva << p
ol v ek peNs pedaxcaunt) < pa e
< ey coy, 10 HEOOXOAUMOTO 147 3aMenienus y ‘) .
B : m‘ eH| ! < E HCA2 Coyaapeniit s

VHAY gy
Ko '
ol i
0t T (5.18)

Mpu s7om
5 CAGLYVET WMeTh B BiLI
' y MeTh Y, 40 opuy. 7 3
zepka CTHY: y o o )
pOT‘I.(’i‘;:SLTH)R) HETOUHOCTD, CBASAHHYIO C 3aBHCHMOC lb) [‘(O’H:?) “
; e et € i e IMOCTBI0 & 0T K.
aas eaonen t COPRASJIRHES OT PABHOBECHOH,
. Pepul. OTxI0HEHUE (dyHxuuu pacnpesetenus or a.BHO“EHK"
TPEILTTTCA BEAHYHHOH OTHOMIeHHA 1 o
TPoHoB (5,13) u (5
213 5,14) n < —p
rpowos ¢ R peusi saveadenus (5,18). 3
2 ero3 (M. § 6), amm E-caon - ~1(()3 - R acno s
C?:m»vii- 10% nosrouy mpu Ky~1 38 ab;w 300° RSG Y
"HacHo (5,14) 3 : ~ -
0 (3.14) 1 (5.18), TpySo npuSHeno DI

» THe Ty — BpeMd KU3HH S7eK-

%)~ (5,19

Mpusn 6
wp rp~ ;«g:{ A2 F-c109 Golee peatbroe sHavenue 3 = 3
o CeR M Vypp ~ 3+ 103 umeen: "

(Z) ~02. (5.20)
‘ (=), GW
Kax mcwo ws ckasamworo, smexr

g TEUEHHE BpeMeHH nopsaka <
OANOTO  CYUIRCTBOBAHHUS y

n~5-107°,

POH 0013%3eT SHeprueHdl nopsaka X,
a BCE Ke OCTAJbHOE BDEMS CBOEro caoy
a PEXOMOHHALMKE  WIH  DpHAHnaHus #) ero
) Mbr ucxozam
lbr mexozum saece w3 mpermonoik:
e acoberng e npogxcxunm KEHHA, TO PEKOMOMHAMHA W MpHAHTA-

ORHAKO, yKA3ATH Y A7 MeITeHHBIX
YCAOBHS, B KOTOPBIX 370 UPEJno.m/xem:eS:ee:;g::::' 0.
JTHBO,

§ 3) HECKOJbKO 3AMEYAHHA O MHKPOTPOUECCAX B ILTASME 57

3
sHeprua 0AH3KA K TENI0BOR SHEPTHH = #T. TIo310My PasHOCTb cpeaneit

7 3
sHepruu 51eKTPOHOB K 1 TENIOBOH SHEPTHI % T mopaaxa

(5,21

: Tpu [?ON'I o8 B E-caoe, cormacko (5,19), ATNy ~0,1°K,

%o
a B F-caoe, coraacso (5,20), AT~ 10° K. Ilpuseneutsie OUSHKH HOCHT
rpyB0 OpHEHTHPOBOUHBIA XapaKTep, HO BCe ke C HECOMHEHHOCTHIO MOKa-
3HIBAICT, 4TO BAHAHUE WOHH3ALUM, pekomﬁmmum! W ApYTHX TPOLRCCOB
Ha QYHKLHMIO PAChpeiefienus SICKTPOHOB B HoHOC(Epe MPH CIEIAHHLIX
HPEHHOAOH\'EHHHX BECbMA HEBEIHKO. B caydae F-ca0% MOKHO K TOMY He
YTBePHIAT, UTO 3/RKTPOHHAT GYHKINA pacnpeneiens ¢ G0.bIOH CTe-
TeHBI0 TOYHOCTH ABadeTCd MAKCB/TOBCKOW, HO € SHEKTPOHHOK TeMIe-
- parypo#t T, T (apyruMu CrOBaMH, BCe OTKTOHEeHUEe OT PaBHOBeCHs
CBOAWTCA B 3TOM cayuae K HEPaBEHCTBY TeMmepatypel S1EKTDOHOB 1
- TRHEABIX ‘MCTHL[). DTO BHITEKAET H3 pﬂCCMOTp&H“ﬁ Mewly?.‘[EK'FPOHHHX
* coymapeuuif, KOTOPHIX Mbi BEILE He yunteBan. Mewly TeM sddexTHB-
ji0e CeueHie A MERIYITEKTPOHHEIX coynapeHutl, Kak 310 Cpasy ACHO,
nopanka ceenns (4,19) a2 CcoyaapeHuil SMEKTPOHOB C HOHAMIL (pasam-
que CBA3AHO b ¢ HeOOXOIHMOCTbIO yueTd paBeHcTBA MAaCCT 000K
anKHBAIOWIXCS MapTHepor). Jlatee, mPH KAKAOM 10CTaTOHO BAABKOM
coy,lapemlu MeRAY SAEKTPOHAMH h3MeHeHHe MX JHEprH B CpelHEM
‘mopaaka CaMOit IHEpPrmH. T103TOMy, €CHH HMEeTcs YHCTO EKTPORHAA
nasva (Ge3 MOJeKyn), TO BpeMd PeNaKCalui Ad YCTAHOBACHHS pasHo-

m

_BeCHA MEXKLY SACSKTPOHAMH T, B —pr Pas MeHbuie BpeMeHH YCTaHOBISHAA
- WX DaBHOBECHT C WOHAMU (370 [NOCAElHES BDENT </ 1O MOPSIAKY BedH-
iner ompedessercs Gopmyiok (5,18)).

B F-caoe, Kak 970 OyaerT MOKa3aHO B § 6, SHAURHHE Ypgq CBAIAH-
HOe C ONMHMi COYAAPEHUAMH 9JCKTPOHOB C WOHAMH nopaKa SKCMepH-
MEHTAILHO H3MEPEHHOR BETHURHE Yopa: Ycaopus, TakiM 06pasos, GauskH

m
K MMeIOUIKM MeCTO B YHCTOR 57eKTPOHHO-HOHHOK TLIasHe K ‘EENW’E'N
In (Rof=T)
Tadd

rak Kak 5 5 (5,18) B cayuae COyLaperuil ¢ HOHIMH no-

Ectn vppp~3 - 10° n Ky~ 135, 10 <~ 107° ce,

~3- 107° u 1~”~ 1077 (npn T~ 10%. Taxum 0GpasoM, B F-caoe
o

03HO BO BCAKOM CAYU3e CUWTaTh, UTO MEWKIY S1SKTPOHAMM paBHOBeCHE
Yehepaet yCTAHOBHTBCH, a SHAUHT, H PYHKUUR pacripene;ietns ecTs MaxKc-
Beqosckas (yHKUMA ¢ HEKOTOPOH tenmeparypot T, Kak yxe YKa3aHO
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{cm. (5,21)), B cury orHOCHTEJBHOM MATOCTH BEIHUMHEL - K, KpOMe
%
10ro, T,== T (T-— temnepatypa uouos). Buuncaenue T, tpebyer ncnoas-
B0BAHUA KHHETHYECKOro ¥PaBHeH#sd, J10MOJHEHHOrQ YASHAMY, VYHTEIBAIO -
HMH  BO3HHKHOBEHHE H HCYE3HOBEHHe 3/EKTPOHOB. B H3BECTHBIX npex-
TOOKEHUAX, HA KOTOPLIX MBI lie GYAeM 31eCh OCTAHABAHBATACA, NO10GHOE
paccyMoTpene nposeseHo & [27] W HAXOAWTCA B COTACHU CO CKA3AHHBIM
soiwe. (B konkpernom npmmepe, npuseieHHOM B [27] ana  F-cios,
T,— T~ 50K, rie K, usvepsercs g 37EKTPOHOBOJILTAX; B TO e BpeMd,
2K,

coraacHo (5,21), Te—T~§?D —
H H3MepeHuH K, B 37eKTPOHOBOILTA)

Pe3ioMupys, MOXHO CKa3aTh, YTO B OTCYTCTBUE BHEWHAX NOMelt npen-
TIOMOKEHUE O MAKCBEJIOBCKOM XapakTepe SNEKTPOHHON QyHKuUUY pac-
TpeAeenus B HOHOC(Epe BNOJHE DAIYMHO H LOMKHO SBHTLCA

‘e = v
» 108 — Ky ~ 10K, npi -~ 10

ZM3MEKTPHYECKAA MPOHHUAEMOCTb H MPOBOXMMOCTD 59

6]

TIpeneOperan NOKA MEX1y3AeKTP coyaap
JicXxoatible COOTHOWEHNS B BUIE:

Gy E @ f=0.

- ©D

m_\2 T
(2“7) € .

y==V, v, — UHCAO COYIAPEeHWH, W B COIIACHA CO CKABAHMBIM
Snecg a Taxgn;ennonomenﬂeu 0 ciabocTH no.s CUMMETPHYHAA YaCTh
B\"§ﬂ[(l[jﬂﬂ pacnpenenemm CUUTaeTCR MAKCBEIIOBCKOM, npuHem S.’}EKTF?OH'
‘,gz; Temnepatypa 7T, paBHa TeMOepaType TAKEMBX “?CIF'“f U Tcri
spexTpuueckoe noae £ pagro mymo, 10, kax caeayer 3 (6, ;c lgﬂéqe)mm
= fi(v, 0)e™ ¥, 1. e, acuMMeTpHUHAR qacn; yHKIMI pacTipenes
T, H B C prom coctonHnn f==fo.

L

TpUOTKEHHEM K 1eHCTBHTEABHOCTH. Tockousky, KpoMe TOr0, HaleKHbE
CBENCHH O KOHKPETHOM XapaKTepe WM RETHUNHE OTKIOHEHHS yuxim
Pachpene/ieHud OT MAKCBEATOBCKON B Cayuae HOHOCHEPH OGHUHO noqy-
UeHH OHITb HE MOTYT, BHGOD B KAYeCTBE OCHOBBI BCErO paccMoTpeHna
DABHOBECHOTO pACNpPene/ienus MPEeiCTABANETCA TAKKE NDPAKTHUECKH HEH3-
GexbiM. TO e MOKHO CKasaTh O COMHEUHOH Kopote. Takum oGpason,
BIRAHAE SMCKTPOMATHHTHON BOMHEI Ha (YHKWMIO pacnpeleneHus, KOTOpOe
HAC WHTEPECYeT, Ml GyneM HCCTENOBATH HA OCHOBE KHHETHYECKOTO ypas-
Henns (4,17), He yuuTeiRaoumiero TPOHCXOAAUIHX B MA43ME MUKPONpO-
ueccoB. Tak e GyzeM mocrynats u B Cayude CHABHEIX mojelt (cM.
ra. VII). Buecte ¢ tem, snome MBIC/HMBL  CAY4an, KOTXa NONO0GHOe
npubauxenue Hepomycrmmo. Tak, eciit 00pa3yioIHecs MPH MOHHBALHH
S7GKTPOHL DEKOMGHHHPYIOT HAH NPHANNAIOT NPH SHEPIHAX, GOabUIHX
TeILIOBO# (CcpenHed KHHETHUECKOH) SHEPTHU MOJEKY] M WOHOB, TO Cud-
TaTh SIEKTPOHHYIO Temnepatypy T, Gauskoli K TEMTIEPATYPe THKENBIX
uactuy T, pasyMmeeTcd, Helbas. Kpoue Tore, B monoGumx ycrosusx me
BCETNA MOMKHO CHUTATH STSKTPOHHYIO (YHKUMIO PACHPENETeHHS MAKCBEN-
JIOBCKOR Nawe 075 YHCTOH 91eKTPOHHO-HOHHOR MA3MbL. 3ameTam, kpoMe
TOTO, 9TO Jaie B YCAOBMAX, KOTA2 B OCHOBHOH CBOeH uacT: yrKnus
PACTIpELeICHN ABIACTCS MAKCBEANOBCKON, CPABHHTENDHO MErko BO3HH-
KaOT (HANPHMeP, B 3JeKTDPHUECKOM TIOJIE) OTKAOHEHH OT MAKCBEJIOB-
CKOTO pacnpeieneHus B 061acty GO.AbMIHX cKopocTeit v T3> %T’(CM.
§ 38 u [258]).
§ 6. Jlnonextprueckas npommuaeMocts TPOBOAUMOCTE
INasMbl (KHHE THYeCKAs Teopus)
O6mue coorsomenns. IMepenem k BHUHCICHMO ZU3EKTPHUECKOH

TPOHUIAEMOCTH € U NPOBOIHMOCTH o H3OTDOMHOM NAasMBI HA OCHOBE
KHHETHUECKOTO YDABHEHHA,

)l.ﬂﬁ BHIYHCAGHHA & W S B OIHOPOIHOM, nepeMem—ronlﬁo BpE.Mea}’ir!:
© smekTpuueckoM Nojie B (6,1) HYKHO MOMOKHTH E=Ey " H.LéKHa-
ewenne B Buie fi ==fie/®’. TlocTymas TakmdM 00pasoM, Cpasy s

xommn: L
v 6.2)
m (o (v)) "

* Hnornocts nomworo Toka pasua (cM. Takwe (4,11))

Ji efvfdv:e/ﬂLf)dv:ef’o(fw)vd’udﬂ:

o - X
e [ __ _8eNE wtenCdu
5 [ ferao= Wam ] @
@
Cave | wte T et | \
i 8ENE [ v(@ue®du i 6.3
. = — x ~ 2L 42
1 3VzEm \6/ w? 2 (1) 6/ a2 (u)
e BBeleH2 nepemeHnHas
: e (6,4)
“ 27 Y
iid - TOH CTO-
i H yureHo, 1o 0;’: =—-—fo="737 C apy

OHEl, TIO ONpeledeHu0 BEAHUHH & U I

(G

’nlﬁupasm{aaﬁ Boipaenus (6,3) u (6,5), Mbl M MOWeM HaliTH & # o.
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Momumo = s vacto HUCMOMB3YIT TaKKe sdpdeKTHBHOe YHCAO coyaa-

PEHUR V545, KOTOPOE ONPENeAtIOT COOTHOMIEHHEM

dre?N 2 Nvagg

(o ) m{ol 5 gg)
Boenerue Ttakodt pemmunies Yapp HE BCEra, OAHAKO, YAOOHO 4 onpas-
AaHo [28]. Ecau v(v) we sasucur ot Uy T. e v(V)==v,p4 == const, To
3 (6,3), xoieuno, cpasy e noayuawrcs Buipawennd (3,7), TOKIeCTBeH-
Hete (6,6). Takoe mpudmumenue xak Pa3 M OTBEYAeT «3JEMEHTAPHOH
TeOpHMY, Wcnoab3osannoft B § 3. Ilpn yuere e 3aBHCHMOCTH v OT ©
B Qopuynax (6,6) HY®KHO G110 Obi cumtarh Yapg QYHKHNEH UaCTOTH w,
TIPHYEM T4 (QYHKIMA HEOLHHAKOBA B BBIDAWEHHAX 17% ¢ H ¢ (KpOMe

(6,6)

TOTO, 3Ta QYHKUHL Vo (®) B BHPAXKEHUM 179 5 OKA3LIBaeTCH ABYX3HAUHOH;

oM. [28]). TlostoMy B KuHETHuecKOH TEOPHH 11e1eC006Pa3H0 BBECTH Beiiu-

UUHY ?3¢¢ TOJBKO B npeseabHuIX CAy4aaX BHICOKHX ! HH3KHX Y4CTOT .
Haawem ¢ npezenstoro cayuas

2 X
e .7
Koraa
22N,
T = (.5
me me

Beuuuna Yapp MPH STOM, KaK #cHO u3 ¢opyya (8,3), (6,5), (6,7)
u (6,8), pasra

Yt

Ve a6

0

w
-8 S

K e~ dy =
T _6/ v (W) u "

TAe YUATLIBAGTCA, YTO B CYLIECTBEHHOR 001aCTH HHTEr DHPOBAHHS MOMHUMO
(6.7) suinoaneno neparencrso w? 22 (u), 0 deM ewe GyaeT peus i

B xauectse v (1) B (6,9) HykHO moacTaBHTH Bripaenne (4,15) ¢ za-
2T
m

MeHOH ¥ Ha a.

Coynapenns ¢ monexysawu, B Clyude COYAaDeHHH ¢ MOeky’aMu
ceventie ¢, (7, 6), BocOwe roBOpA, AHL BECEMA CA0O 3ABUCHT OF U
u 8. B wacrhoctn, aas BO31YXa MPH SHEPTHAX 3IEKTPOHOB, GOALIIHX
npuyepio 0,23 58, sbdext Pamsayepa (31BHCUMOCTb Cevemis 0T cKo-
POCTH) BHIDAWEH, MO-BHAHMOMY, BechbMa Hepesko. Ilpu s7oM pasauunre
Aanuble, orHocaiwmecs k O, N, M BO3AYXy, B M3BECTHOH Mepe mpOTHBO-
pedat apyr apyry. I10sToMy caMuiM mpasuibHeM sBAZeTCH cefiuac npu-
HATL CeyeHye He 3aBHCALIUM OT CKOPOCTH, TeM 60"&&, uTO HAT uuTEpe-
CYIOT Iniub TeIL[OBbie CKOpOCTH, B oGaactu KOTODLIX 0KHAATE ApKO
BEDAKEHHOTO s(dekTta Pamzayepa, sooduie roBops, HeT OCHOBaHUH (ca.
TAKKE HUAE). :
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Cunrast MO TBepABIM IWADMKOM PAIUYCA & M NPHHWUMAH, ngl-
iy 05paso, aas o Bupamenne (4,18), aan vypq, COTAACHO (6,9),
nONyYaeM:

=a? Y TN, 6,10
atoior = 8.3 10502V TN, (6,10)

o V.ﬂ— cpeluas apHPMETHUECKAT CKOPOCTh 37MeKTPOHOB. Tpu
- T

300° o= 1,08 107 ca/cex. TIo COOBPAKEHHAM, YKASAHHBIM Hie,
4 . o e .
7o B cryuae BosiyXa mpuMeM aHavenne 44 - 1077 cu? wan ang
paguyca sHasenne o —1,2- 107% cat, 4T HAXOMHTCH B NPHMEPHOM COOT~
i . "
BP‘ETVCTBHH C TA30KHHETHUeCKNMH JaHHBIMU. pr TAKOM 3HAUSHUH &, Cf

nacto (6,10):
h T
17 - 10N ot 1/-300 . .10

; o v = 1,7 101

U aTMOC(epHOM 1aBJEHIN i T=300°K. olxexénmxo, ,gq,&:“l’,/m 323_
X OLEHOK Ml OyieM HeX

JadbHelfieM 142 PasdndHbl ! -

ennst (6,11), XOTd HEOOXOAUMO MOMHUTH, HTO B MPUMEHEHHI K HOHO

pe n}ame ecam He VUMTHIBATH N3MeHeHHe COCTABA U TEMIEPATypEl,

- o M.
pi STOM He MCKINUEHA ownbKa B gecaTky OpOueHToB (moipodHee CM.
Ke). R ] )
. )al\!eTHM Takwe, uTo npu moayuexun (6,9) yurewo, '-n;o B MH;?[>pal
ax (6,3) cyllecTBenia 08.1aCTb HHTRMPHPOBAHAS, TS 4 ~ (npé/ =l
ﬂ;blﬂTe\'pﬂ."leaS‘( DYHKUMA Cnajaer SKCMOHEHIHAABHO, a l'\pH/ Ll7 < o
IPONOPLHOHA TbHA '1[3). Tlo3TOMy HCIOJIb30BAHHOE VC/IOBHE EG% ) qyax\”xg-)
MeCKH 9KBHBAMEHTHO HeOOXOIMMOMY 47 nepexoiaa o7 [ A) hﬁ(?b)
cropmio w? S>3 (1). DTO ACHO TaKke H3 1070, 10, cormacto (6,10),
sy~ v (1= 1). ‘
9q"q’Crgyua\/p(emAsi l goHamMu. AHATOTHUHAR CHTYAUHA HMEET MeCTo H [r}[ap;
E ;. . sToM cayuae B (6,
BITUCTCHHU Ypgg A9 COYIAPEHid C HOHAMIL BB A
HO 101CTABHTH 4dA v Bmpanense (4,19} pesyabTate, ¥

atxe=* dx
TF a2

Tle N, — xouuentpanus = noros (cu. [29]); awazoruuisie pacv-xerb:).n-g:(;
OmITHCL TakKe ewe panswe B pagore [30], rae GbLIO mOJOK
1
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BOJHLL B OAHOPOAHOH M H3OTPOMHON NIAME [ra. o
Vrrerpan
(1 1 1V 1 L 1
I=— {Cl (?) cos 7—'—&(:)5[[1 z— gsin ;},
m
rae Ciy _f m:t dt — uHTer panbHbIY kocuyc u Si x fﬂlﬁdl—

¢

MHTerpatbHbft cHHyC. B cuny yenosus (4,25), 1. e. mazoctn senu-

YHHE % Iz—~Ci(%)fz\na—0,577:lnL%. Takdm  06pasox,
T

220 — ). (6,13

(=037)- o1

(e—r‘)zavim (0,37
-

Y2, 1 =

MO 3HAKOM Jorapudma OyieMm BMecTo N, nucate N
—. TaK xak N,

L LSV 2N L ~ouniGka, BHOcHMan B (6,13)
B CBad ¢ 3amenoft N Ha N, wnatomua. Kpove 70ro, B GOMbUIMHCTES
CIy4aeB MOKHO CyuTaTh, 410 N_ =0, N, . H, TaKkuM o0pa-
30M, M0/L30BATHCA (OPMYAOH

Hiwe  Mel
.

(220 NL,) 6.14)

Ecan snexrponnas Texnepatypa T, He pasua Temmepatype uoHos T,
TO. IPOBOAS BHIMHCACHUS, dHATOTHUHBIE NPHBEIEHHBIM, JETKO YCTaHOBUTH

DOPMYTy, BaMeHSIOWYI BEIpAkeHHe (6,13). Hanpumep, ecan T,>T
nN,=N,= TO

(6,15)

Pasanuie ey (opmytamu (6,15) u (6,13), ecan me rozoputs o 3a-
Mexe 7 wa T,, 7eint, BOOGWLE roBOpH, 3a [peNeTaMu TOYHOCTH CaMux
STHX  (QOpMyA. [elCTBHTENBHO, KaK OmIO yxasano B § 4, nomaras
Pn=D (cn. (4,26)), mer COBEPIIACHM HEKOTOPYIO OWMOKY, CKA3HBAID-
INYIOCs Ha BhpameHuu, crosweM B (6,13) moa 3Hakoy Jorapucgma.
4reN \'h

Oanako HyxHO TIORYEPKHYTb, YTO eCJI (—MF) >1, 108 dop-
uyzre (6,13) Heands pyuathes awuws sa MHOmHTEM MOPANKA eNHHHILE
TOA 3HAKOM JMOrapudma, 4YTO OfecmeuuBaeT OYeHb BEICOKYH TOUHOCTh
BEIMHCATENOTO SHAICHNT Vg, ; ( Mpn T = 300° 1t N; = 106 In {2901

=6,5 u,

i/
€CAH IakKe BABOE HSMEHHTb BENWUHHY, CTOAIYIO NOL 7OTa-
pudMoM, 3HaveHue Ya, ; HIMEHUTCA TONBKO HA 1096 ). Tounocts dop-
Myas (6,13) cTaHOBHTCA yie HepocTaTOuHOM TOJBKO B YCIOBHAX, KOrLa

2N\
HMEET MECTO APYrOf NpeiedbHEfl cayuaft, T. e. npu (4”;9]) << 1.
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5

LUHCIeHNE) JKO3DPHIHEHTA NOTIOWEHNAS (v B NOAOOHAX yCIOBUAX, KOTAA
‘ 4re?]

]

LN 8 M. § 7), nposeneto B § 37. Tloayuennsie
= Yae™ mcmfg's‘“’ (cx. §7), mp §

'§ 37 pesyabTarTsl MO3BOJAIOT OUEHMTb TOUHOCTH Gopuymer (6,13)
($epHBX YCAOBHAX. DT TOUHOCTH c OGBIUHO HE MeHb-
et 5——10%.
mpgnh Mi«nysnemponﬂux coynapennit. CrpaselMBocTs mociet-
HEr0 BAK/IOUEHHA CYLIECTBEHHBIM oépaaogu CBA3aHA C T‘E‘,M OGC’\'OHTeleb-
BOM, uTO B cayuae (6,7), koraa w?>> Vappr MEKIYMEKTPOHHEE COyAa-
e:mm. xoTopbiMu B (6,1) mpenebperxeno, AeHCTBHTEABHO oxasblsam'fcs}
- pecymecTBenHsiMi [31]. DTOT pesymbTar He canooqemme}-f, TaK Kak
Ceuenue A% COylapeHuil 9IeKTPOHOB C 3IEKTPOHAMH TOTO e nopsu11_11<a,
KK, CedeHMe IR COYAAPEeHHS SJEKTPOHA C ONHOKDAaTHBIM HOHOM. Ilo-
5T0My, BOOOWE TOBODPA, MeWAYSMEKTPOHHbIE coyuap:m«m SyIIECTREHTA
KaK OKA3LIBACTCA, NMPH HUSKHMX 4acTOTaX, Koraa o?<€+j,, (B wact-
HOCTH, B TIOCTOAHHOM IOMIE), YUeT MeX1Y91eKTPOHHBIX coynapefinﬂ npn
N,= N yMenpmaer npososmdocts B 1,73 pasa (c. [32] n Hue). "
B cayuae m2>>v§m MEKAYIMEKTPOHHEIE COYLAPEHH B H3OTPOIHO
Tnasye HECYLIECTBEHHH 110 CleAylomuM npuyunaM. Ipu Heyuere Me;ncny-
37EKTPOHHHIX COyJapeHufl dyHkuus pacrpejeleHus MOIUHHACTCH )pas;
Hewitio (6,1), W3 KOTOPOTO fCHO, YTO YUCJO INEKTPOHOB, l'lDKHAaIOLuH:

¥3-32 COyZapeHHH JaHHBIH HHTEPBAA CKOPOCTEH, nponopuuouanbﬂ?f v
- W OTKIOHEHWIO GyHKUMA pacnpejenerns f OT pﬂBl-IX)OB&CHQOH Cl)yHKLlHHG gﬂ.
‘1. e mponopunoHansuo vfy. Manee, npu ycaosun o? 23> 2, coraacto (6,2),

({o—v) u, TakuM 06pasoM, SHaueHue f; B OCHOBHOM Ompe-

YCKOp NOJeM, H TOMBKO B Cie-
LyiouleM mpuO/HKeHWH — COYIAPEHHAMH C HOHAMH H MOJRKYJaMu (qzcn\:.
‘é’xs\ucﬁmaﬂ OT COyAApeHW{, MPONOPLUOHANLHA YHCAY COYyIApeHu# v,
0T0] Malo MO CPABHEHHIO C ).
' (fc%eéemo?:% ME:p‘zh‘ﬂ.ya."IEKTPOHHHX COynapeHHH COCTOHT B TOM, YTO
B CHTy 3aKOHA COXPAHEHHS HMMIYJbCA 3TH COYAApeHHa caMu no cede
MOTYT H3MEHHThL CPEIHEro 3JeKTPOHHOIO TOKA, HPONOPUHOHATLHOTO
DENHEMY WMNyJIbCY 3MeKTPOHOR. IToaToMy, ecaw Owi coyaapenuit d7eK-
HOB' C MOHAMH H MOJEKyZaMu He ObLIO, TO MEXIY3JEKTPOHHEE
OY1ApeHMs HHKAKOTO BKJAaia B NMPOBOAMMOCTb He BHecaH Obi. OTciola
Crenyer, uto ¢ TouKN 3perus 3hdeKTa MeKIYSNEKTPOHHBIX COyAapeHui
WECTBEHHO He BCe OTKJIOHGHWEe (YHKIMH pACHpelieeHns OT PasHO-
€CHOM, a WrpaeT poOJb JAMIUL YACTh STOTO OTKIOHEHHS, 00YCJOBAEHHEA
YAdpennaMi ¢ WOHAMH H monexyamu. Ho 3Ta yacth B cHAy CKasa-

| HOro. mopska %f, <& f,. Yacts unrerpana coynapenutt Sy ,,, CBA3aH-

HaY € MewIys.MeKTDOHHHIMU COYIADEHHAMH, KOTOPYIO HYKHO 106aBHTH
K (6.1) (cM. (4,17)), O nOpsaKy BeTHUHHB PABHA UHCAY MERIYSTeK-
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TDOHHEIX COYAAPEHNN ¥) v,, ~ v,;, YMHOKEHHOMY HA CYUIECTBEHHOE C TOUKIl
3peHi PO MEWAYINEKTPOHHEX COYAAPEHHH OTKIOHeHHe BYHKUMI pac-
npenefeHus oT paanosecﬂon Kax VKa3aHo, 9Ta CYWecTBeHHad 3iech
yacTh OTK/IOHeHHs (YHKUUMH pAclpeleneHus OT PaBHOBECHOK MOpAiKa
v Ve

—[1 4, crenopateasno, Sy, ~—=2=f;, B TO BpeMa Kak coyiapeus
C HOHAMYM H MOJEKYJaMH NDHMBOIAT K nospiennio B (6,1) wieHa vfi=
== (Vg g f1- DTOT PEIYABTAT, KOTOPHIH MOKHO MOATBEPANTH Goiee
cTporuy pacueroM [31], CBHASTEIRCTBYET O TOM, WO Iake MPH OTCYT-
CTBIH MOJEKYT (KOPAd v==v,) BKIal MeKAYINCKTPOHHHX COYIapeHutt
B NPOBOAMMOCTL MPUMEPHO B T Pa3 MeHblle BKaaa COyAapeHuil siek-
TpoHOB ¢ uoHamu. ITo3toMy B HoHocepHoM F-caoe, rie v,
(cM. HuEe) H OBLIUHO :T~10‘

ol
Y MEKAYSIEKTPORHEMA COYAAPEHIAMH
MOWHO IOJHOCTBIO npeHeOpeus. TO ke OTHOCUTCA, KOHEUHO, K COJMHEY-
HOl KODOHe. B Goviee HuaKux 00MacTAX 3eMHOH HOHOCQEPH 37O 3aKIC-
YeHMe TaKiKe COPABENTHBO, TAK KAK B31eChb, NOMHMO BCEro NPOHero,
YHCA0 MeRIYSJIEKTPOHHEIX COYAAPEHUHT “p, ~ Vi <€ apg ™ Yabd, m*
Tlpesie weMm mepefiT K ucnoabsosasmio Gopyys (6,11), (8,13),
KOTOpHE B CHIY CK3aHHOTO 00121107 BHICOKOH TOUHOCTBIO, 3AMETINM,
4TO BHPAKEHHE A4 CPENHEr0 S()PEKTHBHOTO CEUSHMA A% COYAapeHns
T

3/]eKTPOHA C HOHOM ¢ (U —n (0,37; (cv. (6,13)) mveer
(T) e.

ACHHI usuyeckn#t cMerca. [eHCTBHTeNbHO, PACCMOTPHUM CHAuada coyia-
peHHe, MPH KOTOPOM HMNYAbC 3JEKTPOHA CYIIECTBEHHO MeHseTcs, T. €.
BJIEKTPOH OTKIOHSIeTCH Ha yroa § mopsaka eaunnupi. [TonoGHoe coyaa-
peHHe HMEET MeCTO, eCH Npu NPUOIUKEHWH 3MEKTPOHA HA HEKOTOpoe
TPUUEIBHOE PACCTOTHHE p €ro MOTEHUHANbHAR IHEPTHA MOPAAKA KHHETH-

e? 9
ueckoft, T. e. 7N/,T; 0TCI0Aa KaK pas wpP~=w IonBenne xe

e

[0
B BBIDOKEHWH 1/14 CEHEHUS ewle 4 AOI‘ZIqu)MH‘{ECKOI‘O MHOKHTE/S CBA3aHO
C Y4YeTOM He TOJbKO CaMbiX OAMBKAX, HO H Bosee NATBHAX COYﬂ.ﬂpeHHﬁ,
BK/1aa0M KOTOPBIX HETb3f npeHe(‘)peqb B CBf3H C MEUIEHHOCThIO Cnaza-
HHS  KYJIOHOBCKOTO 1104, l'[ocl(o.'u,xy .’lOl'ilpHCl)M Beauk, Gojee TOro,
GOMBUIMHCTEO COYAapeHHi ABAAIOTCA NafNeKHMH, # C JorapudMuyeckof
TOYHOCTBIO MOMKHO CYHTaTh, YTO BCE HHﬁKBKﬂYﬂﬂbele coyzapesusa mpo-
HCXOZAT ¢ HeOOMbLIMM WaMeHeHHeM HMMyTbca. DdbdexTusHoe coyrapennue,
NPOKCXOAsIee C YACTOTOH Yogg, ABAAETCHA TOITOMY PeyALTATOM G0db-
IOro UHCTA OTAEdbHBIX (HHAMBHAYATbHHIX) COYAApeHuH.

Yucao coyrapenuii B nonocpepe. Ceuenve 114 coyrapenntt ¢ HOHAMH
NpH TeMNepaTypax NOPSIKAa HECKOJAbKHX COTEH TpanyCoB 3HAUUTEJBHO,
TIPHMEpHO B MULIHOH Pas Gofblle CeHeHHT AI7 COyIapeHHH 27eKTPOHA
¢ Moaexyaamu. ITo scro BHAHO W3 Taba. 6,1, rae npueseHr HECKOABKO

#) HanoMHHM, UTO Ve;==vj— WHCJO COYAAPEHHH 3JEKTPOHA C HOHAMH;
e ~ epy MWD eCTH N ~ N,
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KDYTIGHHEIE SHAYGHHS Yoy, n M Vagpg,; - COTIACHO dopmyaam  (6,11)
(6,13). Ludpt, noMewenHsie B MepsoM CTOAGLE, B CAYYAE Yoy, m
e @ B CAYYAE Vyqq, ; — sHauene N

TaGauma 61
BHAYCHHS Vagg, m H Yoo, ¢
‘ T=300"K T=600° K
" Nm uau A
“abds T i | o m ‘ Yowi i | abdum [ T i
|

10t - 111 — 85 — 33

108 — 982 —_ 768 — 297
10¢ — 89.10% - 6,9-10° — 27-10° |
10° 55 56-10° 6 44108 85 22105
102 55-10° — 6-10° - 85100 l
101 55109 — 6108 — 85-108 | i
1018 55108 - 6108 — 85108 l - ‘
M Vagg, m~ 107105 B E-croe

105, [anee, KOHUEHTpAUuA 37EKTPO-
08 B MakcuMyMe E-c108 Nmay K2+ 105, u ecan Ny =N, 10 vapg, 1~
3. 103 Ecan N> N, Kak 5710 WHOr1a mpeanoaraiock iaa E-caos
H, GuTb MOKET, HMeeT MecTo B D-Cl0€, TO. Vypy,; MOMET OHTH
TBUE Vo, , (€00 N,y 1018, TO Vo~ Yagup, rp 1PH Ny~ 2+ 107).
0, no-suanmMoMy, B E-cioe N ~N; H, TakuM 00pasoM, onpeieasio-
MU SBAAIOTCA COYIApeHuss ¢ MOJeKy/amu. B 3TOU CBA3H 3aMeTHM, UTO

IPH HAMMUMH COYAAPEHHR ¥ C HOHAMH U C MOTEKYIaMA, KK acHo us3 (6,9),
~ monyumM:

apd = Yai, m T Ve, iv (6,16)

e sHaveHus Vb, H Vo, ; NPEHHHE, T, € ONPEILTTOTCA, HAMPUMED,
_dopyynamn (6,10) u (6,13). Jaa cobmonenns pasenctsa (6,16) cyue-
gHHO, YTO MBI 31eCh paccMaTpuBaeM [OKa TOJIBKO BHICOKOHACTOTHBIA
qait (em. (6,7)).

Tpn p TANBHOM Onp Vapy B PESYIbTATE HIMepEHHit
lwmouleum PalHOBOIH B UOHOC(epe oOnpenersercd, KOHEUHO, KAK pas
PHOE SHAYCHHE Yopp = Ysgp, m |~ apn. i+ B D- # E-caomx, xax

Kasano, 1o Beeft BEPOATHOCTH, vagy,; <Ll Yapp, me D OTHOWEHHH Ke
‘cﬂoﬁ. WJIH TOYHee, ero HuHeH 4YacTH CuTyauus ciaoxHee v HHTEpECHee.

B TOM, 4TO fake eCIu CUHTATH, YTO B F-cioe N, =N, Kax
0 cnenyer us pana coobpamenufl, 10 npu N L2+ 108 v,45 ; K 10% B 1O
K€ Bpema Ha onmiTe B F-croe (moapoSHee oM. [22, 23]) vygq ~ 1032104
: UM 06pasoM, B F-Cl0e Vogp ~ Vsqp, s HO OTCYTCTBHE TUIATEMbHBIX

_3ax. 471 B. JI Tamabypr
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¥ COOTBTCTEYIOUIM 00pa3oM 05paGoTaHHEX U3MEPEHUA He 38T BO3MOuK~
HOCTH CKa3ATh, KAKOBA PASHOCTL Yagp — Vaqg, ;» KOTOPYI CieayeT mpH-
PaBHATE Vs, ,, (CKASAHHOE OTHOCHTCH K HHHeR uactu F-caos, Tak xax
8 0omee BHICOKHX 051acTAX Yo Vapapr § E Vapp U HALEHKHOE Ompeie-
ACHHE Vagg, ,, H3 Paluou3MepeHnf HeBO3MOKHO). BMecTe ¢ TeM ompese-
ACHHE Vo4, , OUEHD BAKHO, MOCKOBKY KOHUEHTPAUMA MONEKYd B F-ciioe
HEL0CTATOUHO XOpOIIO U3BECTHA U MeHseTcsd BO BpeMeHU. MSMBDEHHE "3@@

° m
A3eT BOSMOAHOCT> ONPENETHTH STY CYLWECTBEHHYIO C TOUKH 3peHms
Hayuerns F-coq Beanunny (rousee cM. mime). [aa Toro urobut OTKpHI-
BalOLIHECs Ha 3TOM TyTH BO3MOXKHOCTH OvIM (odee ACHHI, 3anmniemM
suipaxenne (6,16) B SBHOM Bule, NOACTABUB B Hero aHAYEHHS
4 ape,; 1 (6,10) 1 (6,14):

Y290, m
vapp—8.3- 10522 T N, +%‘i1n(220 %) (6.17)

31eCh S1EKTPOHNAS KOHUEHTPAUMA N MOKET CUHTATLCA H3BECTHOM, TAK Kak
JETKO ONpelelfercs palnoMeTonoM. [losToMy, ecan G Gbina Taxwe
uaBecTHa TeMnepatrypa 7, TO, u3Mepsan opgs MOKHO OHIIO 6b cpasy
onpexenuts wa?N,, (pasyMeercs, ecay Y30, m K Vo, ;» TO U3 HBMEDE-
HUfl vy MPEACTABAACTCA BOIMOKHMM JHUIL YK43aTh BEPXHIO0 rpasuny
seanunnbl wa?N ). PakTHuecKH, 01HaKO, TeMnepatypa T HeusBecTHa
M ee HYKHO ONPEIeIATh W3 TOTO e COOTHOWeHHs (6,17) wan KaKHM:
TH00 He3aBHCHMBIM MeTonow (cM. [31]).

Ecan cevene wa® or T wue saBncnt, TO Onperedenue TeMnepa-
Typrt 7' ¢ nomouteio dopmyast (6,17) BosMOkHO B pesyIbTaTe uaMepe-
HUS Yy TPH PasHbix T, uTo Mower GbiT B npHuumme OCYLIECTBACHO
NPH H3MEPEHUAX Vagy B PadiOe BPeMA CYTOK X HA DA3HBIX BHCOTAX

Takum o()ﬂpaaou, €CAH  npeHedpeul TeMNEpaTYpPHOH  3aBUCUMOCTBIO
BEMUHHEL @7, TO DaiMOMETOAM, N0 KpafiHell Mepe B mpuHumme, na0T

(HOCTH  OMpeteTnTs BeaunHb =0°N, rie 7=a? — ceue-
HHE MOJEKYNbl, DacCMATPHBAEMOM KaK TBEPABH WAPHK, # N, — KoH
N, -

HEHTPAIHS MOJEKYT (Toqﬂee, BMECTO ®a%N,, HYKHO N0Jb30BATHCS

pa-

. 2 r
eHneM g‘nak}\/m. TIe HEREKC K YKa3HBAeT HA COPT ATOMOB WAH MO-

JeKyd, NPHCYTCTBYIOUMX B caoe).

) B cayuae mosexys O, n N, pasauunbie onpenetenus wa? MPHBOAAT
K SHAYeHUAM, OTJMHAOUIMMCH TNOYTH BABOE. Tako#f Goabumon pasépoc
CBA3dH, TMO-BHIHMOMY, C TeM, YTO ceueHHe a? 3aBUCHT OT CKOpOCTH
97eKTPOHOB (B CHay addexta Pamsayepa), a s1a cropocts B PasHBIX
CIyHasX HeOLHHaKoBd. 3Hauenne ma® 11 BO3ZyXa npu T ~ 300°, no naH’-
HEIM [26], H3BECTHO C HENIOXOH TONHOCTBIO  PABHO T4l — 4,4 » 10~16 cx?
(570 sHavenue u npuHATO B (6,11)). Oanaxo, ecan peus uzer o6 F-c.vée,
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10 HYKHO HMeTb B BUAY, 4TO TaM, moMumMo Ny n ocratkos O,, mpHeyT-
1pyioT atomel O H BO3MOXHO N. DKCNepHMEHTAIbHEIE HAlHBIe OTHOCH-
enbHO ceuerus =a2 B O u N OTCYTCTBYIOT.

Hexoropsie e TeOperudeckne pacueTst [33] MpHBOAST K sakimoue-
a0, 4T0 B O BO3IMOKHO 4HOMAIBHO CHIbHOE DACCEAHHE, KOTOPOMY
BeuaeT CceueHme, IOCTHTaollee 3Hauenna wa® <1000 - 107 o
(JonoGHOe 3HaYeHHEe MANOBEPOTHO, HO OKOHUATEILHO OTOPOCUTD €ro eule,
-BHIHMOMY, HEIb39 B CHITY HE3HAHHS HEKOTOPHIX XaPAKTePHCTHK
roMa O, OT KOTOPHIX 3aBUCHT COOTRETCTBYIONMH Dacuer Cewenns ma2)
ToSTOMY 10 BHACHEHH BOMPOCA O BeuumHe cedenns B O nepefitu ot
aMepaeMbix sHauenud wodN, K N, He IpEICTABIAETCS BOSMOWHBIM.
feCTe C TeM NMPH COBPEMEHHOM COCTORHIN BONPOCA, HECMOTPS HA YCNEXH,
OCTHTHYTHIE TIDH H3MEPEHHAX C NMOMOWLK) PAaKeT W CHYTHHKOB, Omnpe-
leferne Beanuminl ®a2N, B F-cioe B pasHoe Bpema Obiio OBl Cyute-
TBEHHLIM TNPOTPECCOM B OOMACTH M3YuEHHS BEDXHHX CI0eB HOHO-
chephi *).

B saxmouenne 0GCyAleHHa BOMpOCA O uHCie coyiapeuntt B F-ciioe
, nanpumep, [20], ra. VI, § 6) ncrpe-
HAOTCA YTBEPWACHHS, UTO B F-CNOC Vypp = Vapp, e TAK KaK COyNAPE-
_ HHf C WOHAMH HE MOTyT OuiTh CYLieCTBEHHB B CHAY MaT0CTH KOHILEH-
: Kak fCHO W3 BHILEH3NOKEHHOrO, TO106HOE
OWHGOUHO, TAK KAK OCHOBAHO HA HEBEDHOM NPELTOJOKEHMI O TOM,
CeueHus 175 PACCEAHHS 51eKTPOHA HOHOM M HEHTPA’bHON HacTuleh mpn-
pro pashel. Ha cawmom e gede npu T~ 300° nousl paccewsaior
AMEPHO B MH.JHOH Da3 CHIbHEE, YeM MOAEKYTH.

- Humskouactorsmiit cayuail. [lo cux nop paccMaTpuBaics TOJBKO
okouacToTHHH cayualt (6,7), KOTOpei#i OOBYHO W BCTPeHaeTcs NpH
IHOMCCIeNOBAHNAX HOHOC(EpH H B paimoactporomun. Buecte ¢ rex
H TpaKTHKe NPHXOAWTCH, KOHEYyHO, CTaJAKMBATBCA M C YacTOTAMH MEHb-
UMMM wicTa cOyaapeHu#t M, B UACTHOCTH, C MOCTOFHHEIM MO-TeM. Han
OPMEHTHDOBKY YKayKeM, HAallpuMep, 4TO B 3eMHOH atMocdepe Ha BbICOTE
om0 70 xa N,~2-10% u vy ,~107 a ma yposie MOps
Vo m~ 2 - 101, flcuo Takum 0GpasoM, uTO Helb3A OFPAHHUMTLCA HC-
JIE10BAHHEM TOJBKO O0JACTH BBICOKHX HacTOT.

TlomMumo BhicOKOuacTOTHOTO cayuas (6,7), noayuenne Gpopyy1 Aaf e
S 0COGEHHO NPOCTO TaKke B NPOTHBONOMOKHOM — HH3KOYACTOTHOM
Iyuae:

2 o0 18
o2 €TV (6,18)
*) Tounee, peus MoWeT MITH He 060 BCeM F-CIOE, & TONGKO O €ro HFKHelt
- gcm H mepexoHOii 06nacTH K E-caoio. Jef0 B TOM, YTO, HCMOARSYR (QopMyay
(617) u xamuwe puc. 30,1—303 114 BbICOT, Goabmux 200250 KM, NPHSOXHM
Y€ YKasaHHOMY HEPABEHCTBY “aqp — Vi { = Yot m <KL Yaspr B NOTOGHHIT
YEAOBUAX. CKONLKO-HHOYAS HANCKHOE ONPENSACHHE Vaqgs m OOCYATACMBIM 34ECH
SHOCOGoM, KOHeUHO, OCYUIEETBUTS HEMBIA.

=%
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Coorsercinyioume dopyyas mprrogss, PpasyMeercd, W L4 [OCTORH-
HOTO moJss.

Beesentoe n (6,18) 3(heKTHBHOE YHCIO coyaapeHuf vg‘& onpe-
AeJ1seM COOTHOLIHHeN

(6,19)

3navenus »g‘gw H HCTIO. 0e padee 3@ )e YHCIO COoynape-
HHH vypp B BHICOKOYACTOTHOM CAyqae, COBMAfaloOlMe B 37eMeHTApHOH
TeOpHH (cM. § 3), daxruueckn PABHEL Me®AY COGOM, TOALKO CaH UHCIO
coyaaperuit v(v) He 3aBuCHT OT CKOpOCTH .

s dopumya (6,3) u (6,19), a Takke yunThiBas BOsMOWHOCTH 3aMeHbl
HepasencTsa w? <€ v2 (1) Ha ycaomue (6,18), moayuaem:

1 8 [ e
—_—— = . (6,20)
o 3V= 6/ v (#)
TMoncrapass B (6,20) Boipamenue (4,18), nyeen:
= % =N, 6.21)

Oranune sto  dopuyas
5=133 na 5

or (6,10) cocrour B samene MHOWuTens

1,18. Hesnaunteasrocts s1oro oranuns, yeyryGase-

Maf HETOUHBIM 3HAaWHeM pamuyca a,

HCMO/Mb30BaHUE B cay
TapHOH Teopuu,

B oBbtunuix crauonapusix nan KBAZUCTAUUOHADHEIX TA30DAIPAIHELX

Tax H3 npoBo TH MOKHO Onp Th Kak pas

Beawuuny v . Corraceo namEmM [26], B Boszyxe amuia cmoGozmoro

v

-2
=54+ 10

Ae]138T MPAKTHYECKH NOCTAaTOYHEIM
Hae COyLaPeHHA SIEKTPOHOB C MOMEKYTaMH SieMeH-

npotera /==

c# 1pu v=1,08- 107 cat/cex n napie-

shd
w1 ouw Hg. Otciona ma?=4,4.10-16

0 .
O ygm = 1,5 - 101

(6,22)

MMenno, wemombsys anauenue (6,22), xotopoe PaccMaTpHBaeTC  Kak
IKCNEPUMEHTANBHOR, H yUHTBIBas (6,10) u (6,21), Bbime Gr10 oay-
UEHO 3HAYEHUE vypy, ,, IS HPYTOrO PeNeTLHOTO cayyas (cu. (6,11)),

Tpu coynapennsx c mowamy, noxcramass b (6,20) sipacenne (4,19),
HMeeM:

1,6V,

V() 32 (g2 T
( A ( 3247?) . (6.23)
i

2~ T
30, 4 == 35 ﬁ) oN;In (0.54 ::T)

IU3JEXTPHUECKAS MPOHHUAEMOCTb ¥ MPOBOAMMOCTH 69

Se=Fdx
J M+~
o

o e 7~ 1. Ecan He o0pawath BHUMAHWA HA HECYIIECTBEHHOE pasIHuKe
B BLIPAKEHHM, CTOAWIEM NOL 3HAKOM Jorapndma, dopmyaa (6.23) o=

n K0} -
wierca OT (6,13) MHOKNTEI®M 3, T. €. Vigy,; MEHbIIE Vagg,; MPH

MepHO B TpH pasa. OIHAKO HEMOCPEICTBEHHOE CPaBHEHUE HOPMYT (6.13;
i (6,23) He BOMHE KODPeKTHO, Tak Kak (opMyaa (6,'13) %nggsennnaA
TPH yuere MeKIYIJeKTPOHHLIX coyrapennti, a dopmyna (6,23) qrfpey-
AeNfeT JUllb COyNapeHHus 37IeKTPOHOB C WOHAMH W I‘fp“ yq‘ere M'EA,;}A
sﬁeKTpOHﬂblx coynapenuti nesepha. Iemo B TOM, Kak yxe Obl10 ymoMsa
HYTO, YTO B HH3KOuAcTOTHOM Cayuae (6,18) MEKLYSINCKTPOHHEIMK  CO=
apenusMH npeHeGperaTh Heabss, u ecm N, =N, aTH coy:{apﬁer:t;gﬂ
| BAMETHO MSMEHOT MPOBOIMMOCTb, Takum 00pasoM, dopmysa (A:_)
~cmpasesausa, mumb ecan N; >N (8 aTgM c.nyqae”po:lb Memiy-
SIEKTPOHHBIX COylapeHuft HecyumlectsenHa) *). Ecau ,i\e,s;::mpw P,
N, =N, 10, KaK Clleayer u3 pesyabTaroB padors [32]:

- Satet - o, T

Wha, 1= 78 s AN In (0,a41 T)

(6.24)

Kéx acuo us (6,23) u (6,24), BAMAHHE MEKAYIJNEKTPOHHBIX coynape?én
. VZCCMBTPHBHQMOM Cy4ae NpPHBOAMT K TOABJICHHIO MHOXKHTEIR 1, .
tpasﬂenhe dopmya (6,13) u (6,24) nokaswBaer, uTO NpPH MPOYHX PaB-

X O
HBIX YCHOBUAX Vygq,; B ‘2‘23%2 pasa Goabule, ueM 43‘“, HUCI0

apensift B HUBKOYACTOTHOM Cryude.

- J;(é)oe;: T0r0, HEoGXOAHMO NOIYEPKHYTb, 4YTO B O0JACTH HHBKUX
9actot, kak scHo u3 (6,20), cootnowenue (6,16) Hecnpasemusg,lg. e.
v’io\é#vg‘g'tm-{-vg%yi. IlostoMy mpu cpasuenun ¢opyya (6,13) u
\24) Mb CUUTATW, WO WMEETCA WHCTO IEKTPOHHO-HOHHAA NAa3Ma
€3 MoneKyz, B CHAY uero e =", i+

O6muit caywaii (mobse wacToTs). JHITCKTPHYECKYIO NPOHMIAE-
OCTH 71 MPOBOAMMOCTL TIA3MEL NPH NPOH3BOJEHOM COOTHOUIEHUH MEXCAY
OTOA ¥ yHCAOM coOyaapeHuft yi106HO NPeACTaBUTb B TAKOM BHAE
34]:

2 Nvapa
m (94 Vags)
A€ Vipg — BBEICHHOE Bhlle uHCAO coyAapemnit (6,9) AM% BHCOKO-
TOTHOTO Ciyuas.

dn?N ( © ) »(6,28)

.
~ ) mer s

_*) MeunysexTpORHbIE COyIaPEHHs HECYIECTBERNN TAKIKe B CAYYae, KOTAA
PELEAIONLYI0 POSb HIPAIOT MHOFO3APAAHEE HOHB! (Z 3> 1).
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Tlo onpenenewmio, npu ”@ —> 00 K, =K, ==1. Tlpu npomesky10u-

©
HBIX KE SHAYCHUAX —— MHOWHTEMH K,, ONPEfeIfOT OTKIOHEHHE Bbl-
“a &

PAKEHIHA 111 ¢ H 3 OT GOPMYJ, NOAYYFOUNXCA B 31EMEHTAPHON TEODHH,
£

5

N

22 i 7 7l 27

g0}
Puc. 6,1, yuxumn K, , (/;) 1K, , (—”-) (Ha ock aeuuce 0110
\ab, m Ve m / *

WeH IeCATHUHEI Jorapud _L,)
Toibdy m

Iaa coyaapenutt ¢ woaexynawu ¢yuxunn K, , u K, . npeactaiems
ua puc. 6,1 u B Tadn. 6,

TaGanua 6,2
Coynapenns ¢ Molexy’iamu

|
i
P
1,40 I 1,09 350 | 10 1.0

0,05 1,50 1,13 6,0 10 099
01 1,48 1,12 10,0 Lo 1.0
02

0.5 119 1,02 ==} 1,0 1,0
1.0 1,07 0,94 ‘
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Bnauenne K, ,(0)=1,13 Haxozurcs, KaK 5TO H HOMKHO ObITs,
corzacuu ¢ dopumyaamu (6,10) u (6.21). Tor dakr, uro Ko m(0)=
1,51 #= K., »(0) yKassiBaeT Ha HEBO3MOKHOCTb ONPELeIUTH OIHO U TO

e ———

i@ lafefvsgad

T vy, 7

30,

Prc. 62, bymam K, (> ) n K, ¢( ) Casomme rpi-
v, )

, N
“BHe — U yduere MEXIySACKTPOHHHIX COYIaPEHHH, MYHKTUDHEHIE JH-
HHH — Ge3 yueTa MEWIys.JeKTPOHHBIX COyAapeHui (mo ocn abeuuce

©
OTAOKEH AECATHUHBIH 1OTAPHPM ——— ).
Va0, i

3uavenue V) W3 NOMYHAWIHXCA B S/EMEHTAPHOH TEOPHM Bhipa-
et
CHIN 6 == AR

Hoe==1——
Kel 1 m

ab
Cllyqae (6,18) Mm § n0Ab30BATHCH TOALKO BhipawenueM (6,19) ana
OBoxuMocTH o, Oymkumm K, ; w K, ; 219 coylapeufi C UOHAMH

MosToMy B HH3KOYACTOTHOM
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B Cayuae =N mnpencrasiedst Ha puc. 6,2, a u 6, a TaKke
B Tada.
TaGauua 63

CoynapeHHsi ¢ HOHaMH

Kt K, Ks, i 2,
= | © yserolt vea [ses yoeta e ¢ yuerot wewc|Ges yrera v
e et | ey “coynapennit | coyaapenuit
0 4,59 198 195 3,39
0,01 4,59 19.5 1,95 338
0,05 4,51 i 15.8 192 2,76
0.1 434 111 1,86 2,12
02 3,79 547 1,65 140
03 230 244 090
1.0 141 1,52 0,68
20 1,05 115 059
4,0 0,97 1,01 063
6,0 0,98 0,97 072
100 099 0,96 0,78
35,0 1,00 H 0,99 . 0,91
= W 10
i

Ilas Toro uTOGH BHABHTH DPOAb MEKIYSICKTPOHHBIX COYAApeHuH,
AdHHbie MpHBEleHE OTAEABHO C HX yueToM u Ges wero®). [las mpeneib-
HBIX CIY4aeB STH PesyabTarhl [34] HAXO4ATCH B COOTBETCTBHH C MOAyUeH-
HeMi B paGoTax [31, 33, 35]. Ilpn HagHuMM OZHOBpEMEHHO COYAApeHHH
A C HOHAMH H C MOJIEKY.iaMH, NDHBEIEHHBE BbHIPaKeHHd MOTYT, CTPOro
TOBOPA, HCIOJb30BATECA TOJMBKO B BBICOKOUACTOTHOM TNpeleTbHOM Ciayyae.

Coynapenus WOHOB C HOHAMH H MOJeKyJaMu. OCTZHOBUMCS Teneps
KPaTKG: Hd BLIYMC/EHHH 2 H ¢ B cayuae, KOria OCHOBHYIO POIb HrpanT
coynapenns HOHOB C WOHAMH ¥ Mofexynamu. [ToxoGmas curyauus (npu
OTCYTCTBHH MArHHTHOrO HOJUI) MO#eT, KOHEeYHO, HMeTb MeCTO TOJIbKO
AJIA NIASMBL, COBCeM He COlepiawled uauw CcOolepwkaule#f BecbMa Majo
91eKTPOHOB.

CTporoe paccMOTpeHHe COYAApeHHH MEKIY THAKETHIMH UaCTHLAMH,
BoOGuE rOBOpHA, B3HAYHTENbHO CJ107kKHee, UYeM B cayuae coynapemm

*) INpusenennsie B 1a6a. 6,3 snavenns NOAYYEHH B NPHOMLKSHHH, HCIOML-
30BaHHOM B NepBoi Ha cratedt [32]; npm TOM YUET MEKIYIIEKTPOHHBIX coyza-
DEHHH NDUBOTHT K MOABACHWIO MHOKHTEAs 1,74. B 10 e Bpems B dopyyre
(6,24) purypupyer mmowureas 1,73, noayyalomuiica HPH yueTe 60.ee BHICOKHX

wernit [32]. i 06 6 pasmuKe eIy
sHaverusvu s coraaco (6,19), (6.24) u corsacwo (625) u 1abn. 63 mpu
- 0.

e
Ya0d
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5EKTPOHOB C WOHAMH HIM MOl

amit. Oauako, ecau ne oGpauiaTh

HUMAHUA HA YUC.IEHHBIH MHOXUTETb MOPAIKE eANHHULBl, BbIpAKEeHHe A1d
WHCAA COYAPEHKH KOHA C MOJIEKY.TaMH MOKHO NOAYYHTS H3 hopuyst (6,10)
ans COYILBPEHHH AEKTPOHA € MOMEKYIaMH, €CJIH B KaueCTBe BelHUHHB @ E
1010 CKOPOCTh U

6.,10) B3aTH CYMMY PaiMyCOB 00EHX HACTHIL H 3aMEHITD CPe.
/' 8T (M

Ha CPEHIOI0 OTHOCHTEBHYIO CKOPOCTb TUp=

DATHYCH UACTHIL OAMHAKOBH U PaBHEL &, T0 Ty=} 2 o, i C TOuHO-

]/_ 8"?) TOTY UMM
3

Jag wonos OF u N, npunuMas @ Takoe e, KaK B (6,11), umeen:

i N, T .
Doy o m
Aot 10wy T ©.27)
Tlpy - COyAapeHUAX HOHOB C HOHAMH 1 "%u}:,i MOKHO C TOH IKe
TOBOpKOH, Kax ¥ Bellle, BOCNOAb30BATHCH (opMyaok (6,13) 10 nepe-
| Xoma Kk uncaentsid KosGipuineHTaM (MOHHMAs MOL U CPEAHIOI0 CKOPOCTH
;uorm M YMHOKUB BCE BhpaXeHHe Ha MHOKHTeb VTZ‘) KPOMe TOTO,
HYHO ydecTb, 9TO K WOHAM OLHOTO 3HAKA OTHOCATCA COOOpawKeHi,
€BA3aHHRIE C COXpaHEeHHEeM HMNy.bCa, O KOTOPHIX YOOMUHAJIOCH BhILE B
CBA3H C MEKIYSIEKTPOHHBIMH COYIap TloatoMy B s
V(xw . mpasuibHee 101 N; MOHHMATH KOHUGHTPAUMIO HOHOB OLHOTO 3HAKA,
Yoo, 1

PABHYI0 TIONOBHHE NOJHOH KOHIEHTPALHH, B pesyabraTe MOMHO NDHHATH
: 2
o1~ TS (.0’377"227\17) -

 £THI0 0 MHOKHTEIS NOPAAKA eAHHUILL (

A,

(6,26)

-——‘e v,
V3 GT¢

-
an'x
e ;~ 1 u wHoknreas 0,37 mon aorapndsoM. cOXpae auiub Lid
yro6eTRa conmocTasiehus ¢ gopuyaoi (8,13).

TMonyuaomancs TaxkuM o06pasoM Qopuyaa ani pol

b, i TAK ke Kak
‘bopyyna «(6,26) aaa v . HENOCPEICTBEHHO OTHOCHTCH K BHCOKO-
CTOTHOMY Ciyuaio *). OAHaKO, Kak Mbl BUAeAH, Adwe [PU COYAAPEHHAX
DKeHHBIX 4acTul, IPH mepexoae x HU3KOH uacToTe B BBIPAKEHHN 1719
@ coyiapeHHA MOABAARTCA JHIIL MHONKHTEIb NOPAAKA ELUHHLEL

. it i i
*) B paMKaX 3.eMeHTAPHOI TEOPILIt HE3ABUCHMO OT YaCTOTH v‘sﬂ{]@ = v%w'm +

+v4) 9! y il HOHOB C S7eKT-
Vo, i T o, o APHISN SPPERTUBHOE THCAO COYIApeHUil HOI

Dorav b, ‘vaq,, 1 326Ch sy ; OTPEASAETCA Bhpaietmen (6,13).
: ' Ni 7F

Tciona u u3 (6,28) acHo, uTO v%%e@/;‘q‘,(bv ; mpn ycaosmw N <€ 1/ i
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Baenenue Takoro Muommtens B npubamkennsie gopuyas (6,26) u (6,28)
Ou0 Obl NpeBhIleneM TOSHOCTH HCXOAHOTO pacueta. Hpyrma cio-
BaMI, a7 HOHHOM Ma8Mbl B DAMKAX H3MOKEHHOTO MOAXO0AA MOKHO
HCTIOIB30BATL JHIL OPMYJTEl 9IEMEHTAPHOH TeOpHH *).
B l’\pﬂﬁlﬂi}i\‘eﬂﬂﬂ, OTBEYaUIEeM 341EI\{EHT3]JHOIK TEOPUH, M IIa3MBL
¢ TPOM3BOMLHLIM OTHOWIGHHEM KOHLEHTDAURH SMEKTPOHOB 1 HOHOB
4me?]

TOMTY 4HM:
e )
Swa) MR () |
o Ny I’
) | M0
Ot QOPMYALl HACTO MOKHO YIPOCTHTD. Hanpiyep, B uonocdepaonm

D-coe ann Hekotopost obaactu wactor, TI0-BHANMOMY, m2>>('v%¢)2
3 mz<<v§m. Tpu atom

. i Al
472N 2N, N SNV N
1= T T g T e+ (6:30)

(6,29)

(o2

M,

JlucnepcuonHble COOTHOMeNHA. Kak ACHO U3 BCEro HANOWEHHOTO,
yukunn ¢ (0) ¥ s(@) 219 NAadMB B 0Buiem C1y4ae ABJAOTCA LOBOJBHO
CMOMKHBIMH. HOQTOMY MOKET OKasaThC TOJE3HLIM HMEThb B BHAY, 4TO

A7 TPOH3BOIBHON Cpeasl = U 5 CBA3aHK MeKAy CoOOH Tak HaswiBae-
MBIMH P coom :

o

o
. _ 3 (0') do’ 4n 5 (0) — 3 (0)] 20 /E(m')—l
so—t=s [SET, BEOZOl R [re0mty,,
o
(6.31)
TAe MHTErpaipl MPY © ==’ HYKHO NOHUMATh B CMECTE TIABHOTO 3Ha-
uenn (noapoSuee cu. [36], § 62 u [22], § 83),

§ 7. Pacnpoctpanenue 3MEKTPOMATHHTHBIX (MONEPEYHBIX) BOAK
B OAHOPOLHOH Nuia3me

Toxasatean mpesomaerns u mornomenus. Ipn pacnpoctpaneiin
STCKTPOMATHITHEIX BOAH (B OTJMuHE OT KBA3UCTAUHOHAPHOrO Cayuas)
JMBIEKTPIUNECKAT NPOHHUAGMOCTE ¢ I NPOBOAMMOCTL G WrPaioT, CKOpee,

*) Maveneune ;| ¢ wactoroll (pess wrer o8 nenomssosamm gopyys
Teopun ¢ OT & WHCAOM Vaqp), K4k H AA% COya-
PEHHH SJEKTPOHOB C MOMEKyaaMH, B GOMBUIMHCTBE caydaeB Gyier Bechma
HeSoabwnM. B cayuae coyrapenuit HOHOB C HOHAMH YaCTOTHBI 3PeKT 60bwe
H MOKHO AyMaTh, 4TO SHavenne v, ; A% HHSKHX HACTOT (r, c. MDH wF <2
< (8, of) TprMepro BiROe MeHbue, weM And BeCOKHX ¥acToT, Koria

]

02> (A, o)

7] PACTIPOCTPAHEHHE BOJH B OJHOPOIHOH MIS3ME 75

oMOTaTeabHyl0 poab. HemocpencTBenHu#l xe GU3HUECKHH CMBICT
ylMelOT TI0Ka3aTedu MpedoMIeHus M TIOr/IOILEHHs, 4 TaKXKe HeKOTOphle
HHbLL
THE, CBfI3AHHBIE C HUMH Bejnul
Apyﬂﬂﬁ BBEleHHA BCEX 3THX BeAHYMH PaccMOTPHM pﬂCnPOCTpﬂHeHVHEv
{70CKOH 57EKTPOMATHHTHON (NONePEUHOH) BOTHEL i
E = Egettot=#1) 7.1

HeOrpAHUUEHHOH HIOTDOTHON U OTHOPOAOK cpene. Hcxomuun npu
sroM sBaserca ypasuenne (2,10) ¢ & = const. Jlaa nonepeuHol B0k,
orna div E==0, 3T0 ypaBHeHHe HMeeT BHI

AE4 S () E

(7.2)

TloscraBass ciona peutenwe (7,1), moayuaeM COOTHOUeHWe, KOTOpoe
4aCTO HA3HIBAIOT ANCIEPCHOHHbIN YPaBHEHHEM:

(7.3)

'tanb mexny noasmu E u H noayuaetcs u3 ypapeHul moas (2,1a) u
(2.3), xoTopsie 11 maocknx BoAH (7,1) nawr
‘ o/E=— c[kH), of

¢ [kE). 7.4

; drcwna OpH CKATADHOM YMHOAKCHHH HA B MOJYHai0TCA yCIOBHA vz:ng;
péqﬂocTn EE=0 u ki 0 (nepBoe W3 3THX yc:vmaun caeny
' (7;4) Tonibko npu & == 0); ecan xe &’ == 0, TO BOSMOKHO cymecrnoa:x—ng
Takke NMPOROABHEIX BOH (cM. §§ 2 m 8). B obumeM caryuae npl} BeLk
CTBEHHOH uACTOTE © BOJHOBOH BEeKTOP K ABMAETCA KOMIVIEKCHBIM W
. Moker OmTb npeactasileH B Buie k==ky—ig, Tie Ky Lg;js;u:)—
creenune BekToph. Ilose (7,1) npuuumaer Bun: E = Ege=97e 5
PHuEM HeCOBMANeHWe HANPABASHHH Ky U g OTBEYaeT HECOBMALEHAIO NaO-
ocTel pasHEIX (a3 u aMmuuTyn. Takue NAOCKHe BOTHEBL Haablsar(LTCﬂ
{€OIHOPOAHBINIL. B OAHOPOLHHX NIOCKAX BOTHIX MIOCKOCTH PaBHLY
a3 u aMnAuUTYL COBNA1aT M BEKTOp K YAOOHO samucath B Buie:

(7.9)

(7.6)

(7.7

Hakn = g (7,6) OTBeuaoT BOAHAM, PACTPOCTPAHAIOUIAMCS B HANPABIe-
H NONO/KHTEABHOR OCH 2 (3HaK — ) # B NPOTHBOMO/IOKHOM HANPABAEHHI




76 BOMHE B OAHOPOLHON U H30TPONHOH TIAZME [r1. n
(shax ). Bemwunny 5 i
wennd. IauHa BogHu B cpege,
BOIHEL B BaKyyMe)

# — noKasare. i npeqoMmieHus u noriao-
KaK qcHO w3 (7,6), pamwa (hg— nanma.

I

=, @)

a (asosas ckopocts pasna
<
[

n

Dopuyast (7,8) u (7,9) ABATIOTCH,
Teas mpedoyaenns. [Tokasatens noy

i

Ha TYTH 1AHHOW B —-0- AMILIATY 1A BOIHEI H3MeHsieTcs B e a3. Kosg-
2m,

duumenTon mor.

JIOLLCHAS HASHBAOT Benuumy

. (7.9)

COGCTBEHNO, OnpetesieHueM nokasa-
TJOWEHHT % HMEET TOT CMLICA, yTo

=2, .10
XapaKTEPU3YIOUYIO U3MeHeHHe NMOTOKa SHEPrHH H3AyYenns S:gr-_{EH].
Ha nymn rl TIOTOK H3MeHHeTCs B ¢ paa,
Corunactio (7,7)
& o, AT

Otcrona, ouesuaro,
253

(7.12)
CHHOCTE 7L W %, BHYTpeHHuA
IM; HANpuMep, ecam = g
s :

—% . Ilepex Buewmuym

TAK KAK BOSMONKHOCTH Apy-

A8, Ad TOTO 4T0GH oGecneunts Bemects
KOpeHb BCeria CUHTACTCA [10J10KMTETbH
<0, 10 BHYTpeuHu# KOpenb pagen -
KOPHEM Takke Bcersa Gepercs anax mmioc,
FOTO 3HAaKa ywe yurena g (7.6).
Mockonbiy Bee mpueesenmbie Bbipaxenls
B NPUMCHEHUH K .10GOH cpege, samermy,
HOW  1us’eKTpHYeckof nponnuzeMocTH &’
KOrAa TpYAHO rOBOPHTE O npoBouMoCTH
CH0BA (HanpuMep, KOTAa mveloTcH austekt
B stoyM caywae wmmmas wacrs B4

THH M B 3TOM *OTHOWIGHWN 3KBHBa.

MOryT HCIIOMb30BATLCA
4T0 BBeleHue KOMILTEKC -
HMEeT  CMBICH H TOraa,

B OOBI4HOM CMBiCAe 3TOrO

PuuegKHe moTepn n 1. m).

ONPELENAET  MOrOweH e  sHep-

TRHTHA  YdeHy — 4

Ouesugto,

4TO, 0GO3HAuAT MHHMYIO uacth e NO-NIpeRHEMY KaK — s MBIl BKIIO-
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K i
QHMOCTH, NIPH STOM ¢ MPOCTO HFPaeT pOib Hexo'roponos;pﬂn;;ek;w:la:ol
0 Y v o 3 (7,11) caeayer, ur
psoauMocTH. [Tockoabky 52> 0, u ¢
ngz:;losu Mo nocienseft npuunHe BOJHA 5ar;xae‘rﬁs Hanpaﬂni:?‘;ase
5 2 H, ecan BOdHA «GekuT» B -
aCNPOCTPaHEHHs (IDPYTHMH - CHOBaMH, ; .
mgono‘iommenbnon OCH 2, TO ee AMIIUTYIA NPH TOM yMeHbLuZIeT(:)X‘;
ﬂ(7 6)). TlonoGHas CHTYauus BTUOJHE €CTECTBEHHA, (-{o B ﬂcacxf“;.
!g;neu'cnyqae He oO0f3ateba. [leHCTBUTRIBHO, eciu rpy nnoa;n o
K 0BOH, TO 3TO KaK pa: -

* JleHa NPOTHBONONOKHO (a3 ,
0CTb *) HampasiieH; D o
X v, BOJIHEl B HAMpaB.iel

eT BO3DACTAHHIO AMILTHTY B! -
/ETCTB{mﬁ T.Pe. B HAaNpaBleHun MNepeMelleHns NOBEPXHOCTH PaBHBIX
Tpaﬂ;{ u BBeZeHMN € H o, 1. e. npe npexedpexeHun npochchTatZ::
n:;' m?cnepcneﬁ B CHJY CKa3aHHOTO, HampaBieHHs cpaacz(;iﬂ: ;};Z}m
n £ ats (Apyroe noKasaTenm

CKOPOCTH [OAHBL  COBMAL oro
QB?:; oM. l[336] § 64). IIpu yyere NpOCTPAaHCTBEHHOM IHCHEPCHH riyor;l
q’::ax éK;)pOCTb MOweT OHTb Hampasiena npo‘msonmo,M-xl?I q:aa_o 0
O 3aTyXaHWW BOJH NpPH OTCYTCTBUH m)mom,el-nzu’xp.:‘lK Kpav:\‘ ;hme‘
r Of BHEPTUH OTCYTCTBYET, .
TIOWEHHE S7EKTPOMATHUTH e
~nsemoe B eiuHuue 0GbeMa B CIHHNIY BpeMeiu Teno pam;o JEITE][I:HO
DT0 He 3HAYMT, ONHAKO, YTO BOJHBI HEe MOFYT 3aTyXaTh. HeHcTBH s
e =01 >0, 10

(7.13)

, 6 o=0n
u pemenne (7,6) uMeerT By uMcTO Oerymux Boax. Ho ecan
£< 0, 10

(7.14)

ektca
U peuleHde ARJIAETCA 3aTYXAUHM (.’Iﬂﬂ BO.THEL, pacnpocTiz)\Hamm
O NOI0KHTEbHOM OCH 2, B (7,6) nyxno OpaTh SHaK MHHYC).

‘CPellueM N0 BpeMeHH paBeH HY.1I0, H BOJHA 01' cpe:ﬂ c T-IE,O :1‘0(;1}4
0CTBIO  OTpaiaeTcs (MOJHOE BHYTPEHHEe orpamemje) );‘ Jp oo
TEDMWH «MOKa3aTelb MOVOLIEHHA» HE ABIAETCA YIKE yAAUHE! e)mmeﬁm,'
AEACTBHE Yero Y4ACTO BBOJMTCH MHHMBH nOKasareis mpes

== iz Takuy oOpasoM, mpu c==0 y100HO BEECTH

P (— i = (7,15)

rpymno-
~_*) Ecan moraomenne a8ageTcss A0CTAaTONHO CHALHELM, TO '"c:gzegﬁcgi{uae-
BOR ckopoctr BsectH Heds3s (oM. § 21). C TOUKH 3Pt cyIL wac-
Oro BONpOCa BaKHO, OMHAKO, | o sacis
Totoka srli)eprnu u $aszoBOH CKOpocTH. ['OBOPHTb xe O MOTOKE SHEPrHH
M TOGOM TOTIOLEHHH. —
*%) 3anucksag ekrop Moitnraara S waw notepu jE esﬁnsu‘mou Bue,
A3yMeBaeM, 970 GepeTca ML BelleCTBEHHAR 4acTb NoAeki.




7
8 BOAHL B OJHOPOIHOH H H30TPOMHOR NJAIME [ra.
Buipawenns nan n
H % B NPEIEMBHEIX Cayuas:
HYKHO HCMOAB30BATL (opMyTy (7,12). yuamx. be
Tpn cobuaonennn HepameHcTBa

S == 0, o

4ra
\".‘>>T (7,16)

noayuaem: mpu e > 0

L/ p—
m(of )
- 22N i 77
moseto2,0 1/ 1- m(m%») s
Yapg,
,
(7.18)

3,
mﬁzc;bla ﬂn)llzaaux HACTAX BCeX QOpPMYa 4% s u o BEOpaHb KOHKpeT-
PIKEHIA, NOAYHAOUMECH B «31€MEHTADHON TEODHH» ATA MI23MH
npocrefuiero tHna (cM. § 3). '
B nporusononosuon npeension cayuae, Koria

4ra

el (7.19)
nonyyaey:
~ra L 27N,
I TAI/WMZL) (7.20)
T Vage,
41:)/_ :—i (7.21)
B sToM cayuae £ i
v Y HANPAKEHHOCTh 11045 YyOHBaeT B e=2,72 pa3a ua

N 5
u:—!—sl/ .

— - (7,22)
Beamuniy § vacto naswiBaoT ToawmmoR mam ra

y YOHHOM CKHH-C.1
KaK B META17ax, rae OGBIUHO BHIOMHEHO y of, TaK

caosue (7,19), umeHHo ATHHA
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XapaKTepusyeT TyOHHY NDOHHKHOBEHHA MEPEMEHHOro Mo

T Vo

B TOAULY MaTepHana.

' Bolwe B 3T0M naparpade, eciu He CuMTaTh NpPABHIX yacteft B ¢op-
yynax (7,17), (7.18) u (7,20), sHauenus € M ¢ HE KOHKDETHSHPOBAMHCH.
DT0 W NOHATHO, TOCKOAbKY CKA3aHHOE OTHOCHTCA K MoOOf cpene Ge3
3aMETHOM NPOCTPAHCTBEHHOR IHCHepcHH. B Cayuae H3OTPONHOM M1a3MBL
B KauecTBe & H G HYKHO MUCNOMb30BATH BHIPAKEHUA, MpHBEIEHHBIE
3§§ 3 u 6.

O BemecTBeHHHX H KOMILIGKCHBIX 3HAUEHHSX 4aCTOTHL. B sa-
TIOHEHNe 3AMETHM, HUTO MBI BE3ie 10 CHX NOP CUNTATH 4acToTy ©
eieCTBEHHOM; TO e OyneT OOLIUHO MPHHUMATBCS W BO BCEH KHHTE.
[y’KHO MOAYEPKHYTb, 4TO pPedb NPW STOM HIET HE O KaKOM-TO Oue-
BHAHOM VTBep:KIEHHH, a 00 oOmnpejeleHHOH (U3MUECKON MOCTAHOBKE
npoca. [IeHCTBATEALHO, MEICAMMA ¥ (PAKTHUECKH BCTPeYaeTcss Apyras
OCT2HOBKA 3a7auil, KOTId 3a1eTCsi BEUIECTBEHHBIH BOJHOBOH BEKTOD &,
€. 3273€TCA TAPMOHHYECKOE B MPOCTPAHCTBE BOAHOBOE MOJe (B MpH-
MEHEHUH K TIa3MeHHBIM BOIHAM CM. 00 3ToM B § 8). Caassk (7,3) Meway ©
Hk COXpaHgeTCs, OUEBHIHO, BHE 3aBHCHMOCTH OT TPEANO/I0KEeHHs O Be-
IMeCTBEHHOCTH 3THX BEAHYHH. Orciona (M. KOHEYHO, H3 CaAMOTO CYLIECTBA
_ 3a7auM) ACHO, YTO MpH BEWeCTBEHHOM & 4acToTa ®, BOOOWE TOBOPH,
_SBNAETCA KOMMJEKCHOfi (T. €. MOJe 3aTyX4eT W/IM HAPACTaeT BO BPEMEHM).
 Ecau % BewlecTBEHHO H 4aCTOTa PaBHA o' — w ——iy, npuueM 7 <& o,

e

o

0, yuutsiBas cgasb ck = (0 i) (2 {0 =iy) — iz (0 4 iy)]. noayuaex:
N o () Uep .
a L e (7.23)
do

Iie v, — rpynnoBas ckopocts Boau (cM. § 21). Caase (7,23)

e
e = Ton
dw

Me[y nokasarejeM SaTyXaHus BOAHEL BO BPEMEHH M ONpenelsouied npo-
- o

TPAHCTBRHHOE 3ATYXAHHE nennqnﬂoﬂfz- (cu. (7.6)) BHOHE €CTECTBEHHA,

10CKO/IbKY SHEPTHA B BOIHE OWT MMEHHO C IPYTNOBOH CKOPOCTBIO Tpy

e (7,23) MOAyUeHO Bbiute, OTHPABIAAACH OT HBBECTHOTO IMCTEPCHOHHOIO
00THOWeHUs ¢2k% == (n — i7)? w? npu BewecTseHHoM o, COBEpILEHHO
CHO, 0AHAKO, UTO TOT ke PesyJbTaT MOJYuYdercs, ecii cauana Oblia
BIACHEHA CBASh MEAAY B H G 115 KOMIIEKCHOTO ®, HO BELIECTBEHHOTO K;
TOrJJl.Ea u3 (7,23) N0 3a1aHHOMY Y Mbl HAXOZHM %

d cn

(1 —n2) vapg
Zon
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BOTHE! B OAHOPOLHOH H30TPONHOH miIs3ME [r1.

42N
T) o

(cu. (7,17) npn yeaosun o S Z‘hm’

~L =
den) — "

dw
u

(I—=n?)vypy 256N o mgvgm
AL =20 Ty

T =g (7.24)

§ 8. Yuer TpoCTpaHcTBeHHON AMcnepcHu,
Maasmennsie u akycruueckyo BOJIHB

Mnasmennsie (mponoabhbie) Bomup,
MPOCTPAHCTBEHHON AncHepcHy, Bonpoc o cyuecrsopanmu MPOLOABHBIX
(n1asMennrix) 3ICKTPOMArHHTHBIX BOAH g H30TPONHOK cpene ywe Gbla
SaTpoHyT B § 2. Ilpn npeHedpexenun MPOCTPaHCTBeRHON AHCRepCHer
HacToTa ITHX BOH @9 OMpelednercs us ycaomms &’ (wg) (ean (2,15))
¥ TIPH M0CTATONHO MaTOH npoBomMOcTH ha ycaosus

®enomenonoruueckuii yuer

4rerN 4dre?N "~
e:l~W: X 1/_ =064 100VN,  3,1)

TAE YAE UMEeTCH B Bu:
ABHIKEHHE HOHOB.
Marnursoe nose s TIPOLOILHLIX BOIHAX paBHO Hymio, TOITOMY Tep-
MHH «31eKTPOMATHITHEIE BOAHHI» B 510N CAyUae HOCHT HECKO.bKO ycos-
Hul xapakTep, Jlyume TOBOPHTL 00 71eKTPHUECKHX BOJHAX My BOMHAX

Y KOHKDETHIH cayualt maasme y He yunTeIBaeTca

34pald, HO Hike Oyaer ymoTpeGamteca ele Goaee pacnpocTpanenssif
TEPMIH «1a3MeHHEIe BOHBLY; BIIpOUeM,
BaHHEM HATH peup

O BOJIHAX MOKET C NI0JHBIM 0CHO-

OKDECTHOCTAX.
B oGwem muge gug TPOHSBOILHOM HBOTPOMHOH CPeasl yuer mpo-
CTPAHCTBEHHO! fuCNepCHU MOKHO OCYWIECTBHTE, CHNTAR, YTO NHayKiHs D)

AHHERHO 3ABUCHT He 104bKO o1 noas E, wo u or COOTBETCTRYIOWIHX
MPOHBBOAHBIX 3TOrO noas. B PesyabTate nodyuaem:

D =:E4-3AE 4 3, gradidiv £, (8.2)

neros, conepxawux NepBEIE  NDOM3BOAHME moss,
TMOa (8,2) He MoweT Gmitp M3 coobparkeHnt cHMMeTp
_—

*) Cpexa cuntaercs HETHPOTPONHOl M N03T0M

PHH. B 10 we mpewms cmasy D, = ,,# He HHBAPHaHTHZ OTHOCHTEMbHO

ki
HHBCPeIN (sauenst x; wa —zx). Tloaposes ci. [1, 3],

B PasiomeHun
i #). Jpyrux

y 0Baazaer UEHTPOM CHMMeT-

1
YYET IPOCTPAHCTBEHHOH AHCHEPCHI 8

#OB BTOPOro mopsika B (8,2) Takike He MOKeT GuiTh, nocn\'onb:](y 1;&‘35
rad div E — eauHcTBenHb e WHBAPHAHTHLE BEIPAXKEHWS BTODOL o
e Yuer ke MpOU3BOAHHIX §ojee BHCOKOTO MOPAIKA B BBIPAKEHUH,
o, t D u E, BooOule TroBOpsa, HesaKOHeH, O yeM Mofier eiie
;B)ISHBZI?K‘JJED H’IOTHO(':TI: TOKA j MPH yuere MpPOCTDAHCTBEHHOH AHCMEp-
£ avans ;wneM E rtakke BrpaxenneM Thna (8,2). as IPOCTOTHL.
g“:n:::ﬂ?s:ss HCNOTbI0RATECS He Oyaer, T. €. NOTJOWIEHHEM mpened-
e

’ ;e;g;:('-xemm noas (2,1) —(2,4) cnpaseaTuBe, Pa3yMeeTcs, HE3ARHCUMO

e

_— (8,5)
-4 3)

3 (8,4) ficHO, ¥TO B CiIyude AOCTATOYHOM MAJIOCTH KOIPUUHEHTA E,
wer ﬁpoc-rpal-xcraennon AMCIePCHH A8 non(egpg‘)mmx BOJqu"Tng;'J:L?eCcT::e;;
B KaK acHo u3 (8,5), sror y
A5 TPOJOJbHBIX e BOJH, L . e
PR .'ngﬁbxx suauenusx 3, 48, Tlpu (3, +-8,) ~>0 nokasatean np. ox-
éi’“'lﬁ ”12[ MOAKET OCTaBaTbCs KOHEUHBIM JHILb MpH & = 0, qT?'Pl ﬂBﬂ,’l . ;-
yeaoBHeM CYWeCTBOBAHNA NPOAOJALHBX BOMH NPH MPeHeGpeKeHHH mp:
8,1))%).

CTBEeHHOH aucnepcued (cm. (8, )
p'gr aMKaX HUECKOTO MOAX0LA ONpelelnTh KoaddHiLM 'nn,;
P H Bp OHeuHO, Heabaz. KX MOXKHO TeM He MeHee OUEHHTb, HCXOM:
| o ll:‘)LLUI‘( c’ooopamemm Beipakenne (8,2) nmpeactasaser coGot
M3 creny: B TPOM  Pa3TOKeHUA

K A1, TpHYeM napamerp B

TepBhie  udeHb! pasnoxenus B p * ot
ﬁﬁsﬂe'rcn OTHOIIEHHE HeKOTOPOH XapaKTepHOH ATHHE a} K ,ll.'ZHHE BOJII

c . K 7 - =—). Hauua
B cpene A i:i—r: (haKTHYECKH POIb X ‘Arpaer i : M)

BOAHK! 3116CH BXOANT NOTOMY, YTO HMEHHO HA STOM PACCTOSHIH CYUIECTREHHO
-




82 BOZHEL B OZHOPOIHOH H M30TPOMHOM MIA3ME ra o

H3MEHACTCA TI0e BOJHEL ECTH N0Ie 3aMeTHO MBMEHSeTCH TaKiKe HA AMHHE a,

T. € NDH X~ g, HEOIHOPOIHOCTE NOMA BECHMA CYULECTEEHHA 1 HHAYKIHS

ONPEACTASTCA, TPYOO TOBOPH, B PABHOM Mepe U MOAEM W €ro mpocTpaH-
)

3w2n?
CTBEHHEIMH POH3BOAHEN. TakuM 0Gpason, |3,AE |~ ‘7—E~ s E~E

mpr Z~a. To ke OTHOCHTCH W K uneny 3, grad div E. Orciona

By~ 8 ~al (8.6)
B nmaasse xapaktepioff i1nHOH a ssaserca nyTh, MPOXOUMEIH
v
S/IEKTPOHOM 32 NEPHOA OLHOrO KOsebaHma, T. e. a~—, r1ev—cpel-

1A% CKOpOCTH 37exTpoHa. MeHCTBUTeabHO, mpu X ™S> a 3JIEKTPOH KO-
Ae0TeTCs B MOUTH OZHODOIHOM node; ecAM e r<a, 10 sa nmepuoxn
KOeOAHUA SMeKTPOH MOOHBAET B 0OMACTAX C pagubi noteM. ITo stoft
MPUYHHE §CHO, NOYEMY MPU YYeTe TeNJOBOTO ABHKEHUA MIOTHOCTH TOKA
B L3HHOM TOUKE MIA3MBI 3ABUCHT HE TOALKO OT MOAA B TOH Ke TOUKe,
HO  OT ero mpoussoawmX. Hrak, B miasme
o2
By~ ~Z, . @7
5
B cayuae makcseatonckoro pacnpesenetis CKOPOCTER 9IeKTPOHOB
= ﬁ "
T m

UV~

rae D — neGaesckutt paauyc (4,21). TakuM 05pasoM, B MAKCBELIOBCKOH
naasse

xT
8re,

8.8)

2

o

N T
B~ By~ L D2

o

10T pesyabrar BnodHe mOHATen, TOCKO/bKY HMEHHO IefaeBCKuit pa-
AHYC UDAET B 1733Me DOJb PAnHYCa MEHIYMOTEKYIAPHOTO B3AMMOJed~
CTBHST WIH DAANYCa SKPAHHPOBKK (cM. § 4).
Hs Boipawennit (8,5) n (8,8) acho, uro nokasatenn [pe1oMIeH s
T17a3MEHHOH BOJIHBL /;Enu HMEET BHA:
2

o]

T1e § — HeKOTOpPHIA UHCACHHBH MHOKHTED TOpAKa eluHuuEl (0603Ha-
uas nokasateib iy A48 NPOAOABHHIX BOJH B mnasme qepes Tlg3, MBI Clle-
ZyeM 000sHaueHusM, HCMOAb3yeMsim B ra. Il nanee).

Ipu nepexose or (8,5) k (8,9) yureno, uto B 3mamenatene HaCTOTY
@ MOXKHO 3aMEHUTb Ha ©g- 310 CBSi3aHO C TeM, 4TQ npyu 3aMeTHOH pa:

§8] VYET MPOCTPAHCTBEHHOH IUCHEPCUH 83

 pHue MeXIY 4aCTOTOM BOAHEL © W MIA3MEHHOM YACTOTON w, MOKAIATEb 1y
. ETﬂHOBHTCﬂ— OueHb GOJMBWIUM, H BCE MCIOIb30BAHHOE ﬂp&‘é.’lu}i\'eﬂl\e He-
VSQKOHHO. B caMoM fete, OrpaHuumBafch B pasiomenun (8,2) uieHaMi
| BTOPOTO TODAAKA, Mbl CUHTAEM 70 CYLIECTBY, 4TO C.AeAYIOUIHE HTeHb
Mamsi, T. €.%)

(8,10)

. ¢
- YuuteiBag, 4to k_ﬁ

%
~ (8,11)

B npHMeHeHHH K niasMenHolt Boaxe (8,5) m (8,9) 310 o3mauaer, uto

2
5

‘1_31<<1, (8.12)

GausKM.
T. €. Y4aCTOTHl ® H @y BecbMa

B npuMeHeHuH K TOmMepeuHwM Boanam ycaosue (8,10) oamauaer,
YTO POJb TPOCTPAHCTBEHHOH Aucnepcun HeswaunteapHa (oM. (8.4)).
JleticTBUTENbHO, A7 Ta3Mbl, yunTwiBaa (8,4), (8,8) m (8,10), mowuo

(8,13)

Hawe npu T~ 108

U = 7nt~3' 108 caujcer u |.\s[$10'*.

Ha mepsuifi B3rasn MomeT nokasathed, 4TO pasaowenne (8,2) MOKHO
1ONOMHHTE GOslee BHICOKWMH WIGHAMH, MOAYUHB, TAKHM OGPA3OM, H 60-
fee ofwite pesyabTaThi. PAKTHYECKH ke 370, BOOOLE TOBODA, He TaK.
TAPIME UileHbl CYUIECTBEHHH!, OYEBHIHO, TOJBKO NPH MPHOMDKEHHH
LIMHEL BOMHBI X K XapakTepHOMy paccrosnuio a. Ho B obnactax ¢ pas-
Mepamu nopsiKka @ Bech HCTIOAb3YEMEIH MAaKPOCKOMMUECKHH MOAXOA

s CTBY0T 1O
*) Uaenn TpeTsero mopsika B pasioiennd THma (8,2) OTCYT
) b MeTDHH; tl:.vleﬂu 9eTBEPTOrO MOPSAKA MEHbIIE HACHOB BTOPOTO

a? .
- TOpanka kak pas B OTHOWEHHH T HOO NApAMETPOM pA3NOKEHUS ABAACTCS

. a
Bemugna -

A%



84 BOJHLI B OXHOPOAHOM H H3OTPOMHOH MassyE [ra. u
K sanaie craHoBhTCA empumenmem®). g KOHAGHCHPOBAHHLIX Cpes
STO Cpasy SCHO, NOCKOMLKY, Kak YKE OTMeuAnoch B § 2, a~d ~
N10’3+10“'c.u. D naasmy nonoseye aHATOTHYHO, TaK KaK Ma-
KPOCKOMUYecKkoe (kBasurup: Koe) KHO 118
oaactet ¢ pasmepasu, MEHbUIHMK neGaesckoro panuyca D. floctaroutio
CKA3ATh, UTO BOIMOKHOE WA OCHOBE KHHETHTECKOR TEOPUH paccMoTpe-
HHE BONH C JMHHOH BO.HSI, MeHbwelt D, npusogut x 33AKMOYEHUIO, YTO
STH BOJHEI CHIBHO 3aTyXaioT (ey. mue). Takum 00pa3om, o06aacTh npu-
MEHHMOCTH BBIpaWeKus (8,9) aas nokasareas MPETOMAEHHS Ma3MEHHbIX
BOJH 1eHCTBHTENBHO OrpanHyeHa ycaoBuenm (8,12); npu HeCoBitoneHnH xe
9TOTO yCA0BHA HesaTyXaiuwie wAu, Tounee, C1a00saTyXaiomue n1aaveH-
HEI@ BOJHBL BOOOWe He CyH.lECTEY!OT.

Kunernueckas reopus. Beruncienue kodpduunenta £ 5 (8,9) n omnpe-
IeeHHe MoKazaTes TorJoLeH s TpeﬁymT AeTarnsanuu KapTHHEB! ¥ B cay
44 HENIOTHOH M1A3MEl LOCTHIAKOTCH B Pe3yabTare mpuMeHEHUS KUHETH-
HeCKOro  ypasnenns  [37—43). Mpu  npenepewenn COyAapeHuaAMi
H OTCYICTBUR MarHUTHOTO 1O0A% JnKeapu3opamioe KHHETIUECKOe ypas-
nerne (4,2) npunnmaer sum:

Stors Ly o (8.14)
3aees 9 — otkroHeHRe  PyHKLIM pacnpexeenus oT- Hero3MywerHOrO
pacnpenenerua fo; Huwe Gymer s ONPEIEAEHHOCTH NPeAN0AaraTscs,
4TO 3TO HEBO3M}'U.[€HHOQ pacnpeseieHne SABAAETCH PZEHOBECHHM, T. €.
byukuns £, paena waxceeaaoscroft QyHkunn fo. Tpi paGore meronom
KHHETHYECKOrO YpaBHenus yuer MPOCTPZHCTBEHHO! MuCTepCHK TIPOM3BO-
IHTCH ABTOMATHYECKH, QJOPMH.'IBHD 3TO CBA3aHO ¢ TeM, 4TO B YpaBHe-
Hitn (8,14) umeercs wren oVr9, sasucawmit or TPOCTPAHCTBEHHEIX NpPO-
H3BOIHBIX.

Ypasnenne (8,14) HYKHO  PeliaTh COBMECTHO ¢ ypasHeimayy noas,
KOTOpEIE mOAYwaOTCA B pesyabrare YCpeIHeHHS N3 yDaBHEHHH 3ex-
TPOHHOH Teopmu:

roth dive = 4=,
(8,15)
divh=0; |
w=Xeodr—r), (16

*) MBt ywe He FOBODIM  37ech O ToM, uTO mpH —;'—~l Pax tHna (8.2) we
CXOLHTCA HIH MMOX0 CXOANTCA H BMECTO Hero HYXKHO HCMONB30BATS HHTErpans-
HYIO CBAsh mewny D u E.

3amerny, uto Tepyunn H €r)
XOIE, KaK OGHuHO, B CMBICTE
KaK CHIOWHYIO.

nog-
TH PACCMATPHBATB Cpey
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rae 7, — PANMYC-BEKTOD R-r0 5ACKTPOHA H 5, — INIOTHOCTH Saegﬂiii
uouoak(cqmaeu HX HenoXBiKHbIMH). TIpH YCPeXHEHHH MHKPOMO
naasvel nonyuaeM (e == E, o — H, uepra 03HauaeT ycpeiHeHue):

4. LOE oo =
rotH:T‘], <@ div E == 4=p, ‘
A avH= 8.17)

Biecb NpHHATO, YTO B PABHOBECHOM COCTOAHHH C pachpeiefexueM fg,

= j, h TUJIOTHOCTb 34pRia 5 DaBHbl HY.JII0.
IOTHOCTb TOKA J, H CpelHss 1 i ; )
Us (8,17) oSeiurbny nyTeM (cM. § 2) mOyuaeM BOJIHOBOE ypasHeHHe:

' L P _dx
SE—gnddiv E— S STt 615
Ji=e f 03 do. ]
. Tloacrasass B (8,14) pewenie
5 )
o(f, 1, D)= gy () ef (20, (8,19)
noayuaen:
£ CEV, g 20
(o —ko)y=—— . (3,20y
'Ec.'m He ofpamats noka Ha Th 00p Bea-
4 WHHE 0 — kD B HyMb, u3 (8,20) Haxoimi:
iEY, f1 @20
Ly oy =
- Honcrasasn 310 Bupawenne u pewenne Buia E= Eyef*#~#7) 5 goa-
Hopoe ypaswenne (8,18), noayuaen:
: CE——ij, ]
! Ey— b (RE) — b Ey=—1 "5 o, | )
L der [V (EVey) i
Jo=5w ) o=k 9 j

e 9) He-
Yenosue cylwecTsoBaHUA ¥ CHCTEMB! OAHOPORHBIX YpaBHEHH (S,ng)ihr;:r
TPHBHANLHOTO peutenus Ej == 0 HA3HBAOT AHCNEPCHOHHLIM YPaBH: s
3TO ypaBHeHue ceaspiBaeT ¢ k. He ofpawas mo-nmpexueMy BHUMaH)




86 BOJHEL B OJHOPOIHOMR H M3OTPOTHOM INIA3ME fro.u

Ha BO3MOMHOCTh OOpALIEHHS BEJHUMHH © — k¥ B HyAb 1 CUHTAd, 60-

Jlee TOTO, MTO 3HAuEHHE jy, ONpefedsercs 001acTbio, rie © kv, no-
AyuaeM:
et OBV, kv (RD?
Jje=% | =TT )dw:
2 N AT k2
{ —%(l +:’n—T%) E, (114 HOMepeuibiX BOH),
- 8,23
ii ie?N 3T k2 ¢ )
{ —7‘;—(1 Tzﬁ) E, (349 NPOXOIbHHY BOTH).

3nech npu MPOBEIEHHH HHTETPHPOBAHHA QyHKIIA fop CUMTAETCA MAKC-
senoBcKol dynkuuet (oM. (4,3) ua (6,1)) 1, c1e10BaTEIbHO,

oo __ mo .
o= arlw

Vol w

B cuay (8,22) u (8,23) aucnepcHOHHOe ypaBHeHHe 44 TONEepeUHbiX
BOJH MpPUHHMAET BHA:

«T o} )
it 1 i)
1—29 (8,24)

o 5
1

i
me? w? J
Toayuentsét pesyabrar (8,24) HAXOLTCR B MOTHOM COTJACHH CO CRa-

aanuuy padee (eM. (8,4), (8,8) u (8,13); takny o6pasoM B (8,14) ans

L T
TTa3Mbl 6] =

T ) TIpH 5TOM HYKHO BCe ¢ 3aMETHTb, YTO MONpa-

2
T o]
0

BOUHBI UIEH — oy o TOTO e nopaaKa, 4ro i PeIATHBHCTCKHE atberThl.

nocaesHHe BO

He MPHHHMATHCh, TEMNepaTypHas
nonpaska B (8,24) HE MONET CUHTATHCA TOUHO YCTAHOBICHHOM. TIposo-
JUTH COOTBETCTBYIOUIM DENATHBUCTCKHA DacueT Mel He OyzeMm, Tak Kak
1A% nonepeunsix BoaH npu T 105 TeMnepaTypHas NONpaBKa HUYTOKHO

Maia. YKaweM Jullb, 4TO NpH ;7;
.

<€ | peaybTaT PeIaTHBHCTCKOTO pac-
ueta 1akoB [267]:

— =
Lk o
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Jlas nnasMeHuofl (TPOLOABHOM) BOMHEL U3 (8,22) u (8,23) moay-

e
yaen ¥): y ,erki~a 3”}39
= {180 )= eI
o2 w?
] i .
- 1—— ¥ (8.25)
Wl oy T’
o S

~ yro copnanaer ¢ (8,9) mpu §=3.
. Bamerm, 970 B (8,25) B oTamune 07 (8,24) TeumeparypHas monpaska
4% He CMIIKOM IJUHHBIX BOTH YCTaHOB/EHa KOPPEKTHO. TlefiCTBATEABHO,
JUeT PETATUBHCTCKUN 3¢QeKTOB, T. €. 3aBHCHMOCTH MacCH OT CKOPOCTH
- %
NpUBOAMT K TOMY, uTO 2 HaMEHSETCA Ha BeHWHHY MOPAIKA 7y o3,
B (8,24) 570 NPHBOINT K HIMEHEHMIO caMoO# TeMnepaTypHO# TOMPaBKH,
2 B (8,25) TOMBKO K MOABAEKHIO Ma10ro no CpaBHEHHIO C eluHuuedl

o
ieHa TN T‘;—WT B uicmitene. Bee 1en0, APYTHMI CHOBaMH, B TOM,
4TO 11 TPOROMBHLIX BOH B ANCTIEPCHOHHOM YDaBHEHHH HET 60b1WOrD
unesa ¢2k® W COfepiKaui TeMNepaTypy WieH HE MOKET, COBCTBEHHO,
CYHTATBCA ﬂOﬂpaBl\'Oﬁ, OH #BISETCH €LHHCTBEHHBIM Y/eHOM, 3aBHCILIM
- o1 K%

Pensrusnctckntt pacuet [42] npupoamT TPH
‘CHOHHOMY ¥ PaBHEHIIO

%
5 K Aucnep-
me? v

| 4TO MOATBEIIAET CKA3AHHOE Bhilfe. Biecte C TeM [OMpaBouNBIil WieH
& T
— 2, 3

5 T U0 XOTa

MA4, HO BCe e MMeeT 3HaueHue B 00JacTH OTHO-
CHTENBHO HeOOABWHX 3Hawewnfl A2, T. €. AOCTATOYHO AJUHHBX BOJH

e o 3 4T
- 95 A2 o3 X
=% . Hanpuiep, coraacko (8.25) ni==1 mpm 0 — 0= 5 g
- 1 =T
cornacto (8,25a) npu U’—U)O:T";?‘BO' Jpyrivu caonavit, ¢Op-
‘Myra (8,25) mepHa, ecait [m—mol\/y%wz -

- *¥) B npogoasuoél Boase MarnutHoe moae H == 0. TlosToMy MOKHO HE nepe~
30ZuTb K BOHOBOMY YDABHEHHI, HCTOB3YS BMECTO HEro ypaBHEHHE noas

Qv E — 4o f ©do, 2 TagKe BPECTH SACKIPHUCCKHH TOTeHiHAl, MOSOXUB

ﬁ? — V&, Tlas TeX BONPOCOB, KOTOPLE OCBEMAOTCS B TEKCTE, YdeT ITilx BO3-
MOXHOCTe}t Re BHEC N, DIHAKO, HHKAKOTO YIPOMIEHHA.



88 BOJHBE! B OZHOPOIHOfl H H3OTPOMHOH MIA3ME [r1.

IHas  (asoBoff u TpynnoBoH CKOPOCTEH MJAAIMEHHBIX  BOJH, CO-
raacto (8,25), mMeeM:

vy=7 0
1/144 (8,26)

=
_de T 3T o} [ o}
=g = A w1 = wli—a).]

31ech yYYTEHO, UTO TEMMEPATYPHBIM WIeH B AHCIEPCHOHHOM VpaBHEHHH
CUNTAETCH MOMPABOUHEIM, H C MPHHATON TOUHOCTBIO MOWKHO MOAOKNMTH *)

»Ty k2 T
D L
) T @D
VenoBue MafOCTH TeMIEpaTypHO# MOMPABKM K 4acTOTe MIa3MeHHbIX BO.TH
MOKHO, OY€BMAHO, 3anMCaTb B CJACAYIOLIEM BHAE:

D 1. (8,28)

wy (1 -+ 3D%2

Dk

B

310 yciaosue, OYEBHIHO, 9KBUBAMEHTHO NCMNOJIb30BAHHBIM paHee yCa0-

suan (8,11)u(8,12) i M03809€T Be3 e NIPH NPHHATOH TOYHOCTH NEPEXOAHTH
o

or (8,25) k (8,27) u 3aMeHaTh l—-:;i— Ha 2(1 —%’—) Ilas mpocTotst

MBI HE 6y,1eu TeM He MeHee [POBOAUThb TAKYIO 3aMeHy BO BCeX BHIPAKEHHAX.
YepenkoBckOe M3jydeHse B naasme. [lornomenne NAa3MeHHBIX
BOJH. Bonpoc 0 MAa3MeHHbIX BOJIHAX, AJMMHA BOJHBl KOTOPHIX Maia W He
YA0BIeTBOPAET yCa0BHIO (8,28), TECHO CBf3aH C BO3MOKHOCTBIO C€OGII0-
JleHUA PaBeHCTBA
o =Ra. (8,29)
Ecan 970 yca0Bue MOKET BHNOAHATLCA, TO BHIpaikeHue (8,21) u nocue-
Ayioowiue, CTPOro rosops, He HMET CMBICTA. STO W MOHATHO, TaK KaK
or (8,20) k (8,21) mMOkHO mepedTH TOAbKO, ecTH o —Fko 0. daa
nonepeuHofl BOAHBI B NaasMe yciaosue (8,29) BHNOJHATBCA He MOKET,
c

o
TaK KaK o= Uy e = = >¢, a v<c. Ilpasaa, mpu
0

)
UCM0.130BAHIU HEPEIATHRICTCKOTO MAKCBE L10BCKOTO pacnpeeteHid yeao-
sie U < ¢ aBTOMATHUECKH He yuTeno. TeM He MEHee CNpaBelHBOCTb CAe-
NIaHHOTO YTBEPHKACHHA HE TOMbKO MOWKET GblTh NOATBEPIKIEHA PEIATHBHCT-
CKUM PacyeTOM, HO M COBEPIIEHHO sCHA M3 (PUSKYeCKUX COOOpaweHuH.

*) BameTmy, 4T0 B_JIHTEpaType YacTo HCMOAb3yercH 1ad AebaeBckoro
%7,

panuyca BEIpaKeHie noay ATA TIA3MEL C 3

4mg?N
TeMmeparypoil T, 3HAUHTEbHO NpeBOCXOLsMIeil TeMueparypy Honos (oM. (4,22)).

§ 8] VYET NMPOCTPAHCTBEHHOM JHCIEPCHI 89

Mo cyuecTey STH COoOpameHus yike NPUBEIEHH, HO B AOMOJHEHHE
3aMeTHM, 4TO ycaoBue (8,29) TOXKIECTBEHHO € YCIOBHEM HePEHKOBCKOTO
HaTydeHus, KOTOPOe O0HUHO 3aMHCHBAOT B (opMe

veosh=, (8,30)

rie ‘7 = % == 74— (330827 CKOPOCT> M 0 —yroa Meily CKOPOCTLIO

GaCTHUb © M BOIHOBHIM BekTOpoM k. Uepenxonckoe mamyueHue (3pext
¢
Basn108a — YepeHKoBa) BO3MOKEH, OUCBHIHO, TOLKO, €CTI T > — . Has

| monepeurblX BOJH B NAa3Ne 7 p<{ 1 M UCPEHKOBCKOC HIMYHEHHE He-
BO3MOKHO.
B cayuae naasmennuX BoAm ycaosua (8,29) (8.30) Moryt codawo-
© | JaThCA, uTO COOTBETCTBYET YEPEHKOBCKOMY W3JYHCHHIO qactuiuelt (snex-
TPOHOM) MIA3MEHHHX BOaW. HO ecimu wacTHua MOWET H3IyuaTh BOMHY
NARHOTO THMA, TO OHA AOMKHA €€ MOMMOWATH — MOJyYaTh SHEPrUO OT
7aKOH Ke pacnpocTpamsowefcs BOJHb. TaKmM 00pa3oM, MAAZMEHHBIE
BOMHbLI IOAKHb 3aTYXaTh Adike NIPH OTCYTCTBHM COyZaperuft ).
5 BeauunHa 3aTyXaHusi ONpelendeTcs B NepBYyl0 Ouepelb OTHOCHTEIb-
HBIM YHCJIOM YaCTHLL [11asMBl, 1 KOTOPHIX MOTYT BBIMOAHATBECA YC10-
pun (8,29) u (8,30). Jlnm Mia3MEHHOH BOAHE C (a30BOH CKOPOCTHIO

¢:—:—, pacmpocTpaunaometica B MaKCBe/MTOBCKOR TiasMe, UHC/IO NOTio0-

WAKIHUK YacTHIL BeJTHKO MpPH ’U@'\”UT W HKCMOHEHUHAABHO MaI0 Mpu
3T o
- n_ sy :1/_1 (3,31
® — 2 T m’ "
120
; e
1o ycaosre (8,31) coBMalaeT, OHEBHAHO, C YCIOBAAMU (8,12) u (8,28).
- Ecau ncxoanas $ysKUEA pacnpedeienus fq, He ABseTca MAKCBENI0BCKOH,
4 OTAHYyaeTCHd OT Hee OTCYTCTBHEM OUYeHb 5I:ICTDHX 4acTul, TO 3aTyXa-
. HHe BoOGwWe OyjeT PaBHO HYMO. BrpoueM, sCHO, HTO AOCTATOUHO Maloe
_ 3aTyXaWMe W BATYXAHHE, PABHOE HYMO, QH3UUECKH SKBHBAMCHTHH!. Taxum
- obpasom, npu ycaosun (8,12), (8.28) mau (8,31) mpupefenubie Bbipa-
JKeHus [ uacTOThi WK [O0KasaTeas npenomnemm NJa3MEHHBIX  BOJIH

%) [lpn OTCYTCTBUU COYIAPEHHi 3aTyXaHHE [UIASMEHHEIX BOJH MPHBOLNT
K TOBHIUIEHHI0 SHEPrHH SIEKTPOHOB, 447 KOTOPBIX COBMI0IACTCS yCIOBUE © ko.
B Ransmefiuien, ecH yuecTs, 4TO PAKTHUECKH COyIapeHHs BCEria MPOMCXOMAT,
NONyyenHas OT BOAHLL SHEPTHA B SHEPrHI0 XAOTHYECKOrO TEfi0BOrO

. . He ¢ o saTyxaHue X BOMH BEp-
BHE 6E0 BHABACHO B paGoTe [38]; du3Mueckas WHTEPNPETAUHs 9TOrO saTyXa-
- Hu% Gwaa nama B pagote [43], rae me GBUIO, ONHAKO, ABHBIX CCHIOK HA uepet-
. KOBCkoe msayueHHe. MBI He MOWeEM YKa3arb HA CTATbiO, B KOTOpO#i Takue CChIAKH
~ TOsBuuCh Bhepsele, KO B BpeMA 0 uep or-
Joulenns peub HIET KAK' O XODOWO HMSBECTHOM (CM., HAMPHUMED, 82, 83])-




90 BOJIHBl B OAHOPOIHOf U H3OTPONHOR MIASME fra. u

crnpaseianBL i npeHedpekene 0GAaCThI0 YEPEHKOBCKOTO W3JYUeHHA, T1e
© = kP, 3aKOHHO.

CﬂEﬂaHHble Bbille BBIUHC/AEHHS HEAOCTAaTOYHEL, OAHAKO, A HAXOMIE-
HHS KO3(UILIEHTA 3ATYXAHUA, & TAKKE aHATH3A PACTPOCTPAHEHHA KOPOT-

KX M2INCHHBX BOAM, 11 KOTophx Z= < D. [las orsera na stu

BONIPOCH HYMKHO PEWIUTH COBMECTHO KuHeTHYeckoe ypasuenne (8,14) u
BO.THOBOE ypasHenne (8,18), nanpumep, B Takoli mocranoske sazaun [38]:
B HA4aTbHbH MOMeHT BpeMeHn £ = 0 3a1aHO HEKOTODPOE OTKIOHeHHE (YHK~
wui pacnpenenenua (0, 7, @) OT PaBHOBECHOTO pacnpenedenus fo M
HYXKHO HalTH GyHKUHIO ¢ (f, 7, ©) B nOCIeNyiOLHE MOMEHTH BpPEMEHH.
Tlpu 3ToM Ges MOTepPH OOUIHOCTH 10CTATOYHO OFPAHHYHTBLCA PACCMOTpe-
HUeM QYHKUHH

< (t, r, )=25(t, v)e*r, (8,32)
e BOJHOBOM BEKTODP K CYHTACTCS BELICCTBEHHBIM il 3a1aHHBIM. B MOMEHTE!
BpeMenn £, OJu3Kue K HauadbHOMY MoMenty f£=0, dynkuus ¢ (¢, ?)
He SBJSeTCH, BOOOWE TOBOPSA, TAPMOHHUECKOH M, CAe10BATENBHO, HElb3s

§ 8} YYET NIPOCTPAHCTBEHHOH IHCIEPCHH 91

B yCOBHAX, KOT1a BOSMOWHO DABEHCTBO ® == ki, CooTHOwene (8,33}
npOCTO HE UMeEeT TOYHOTO CMBIC/IA, MOCKOMbKY pesy’abTaT 3aBHCHT oT
cnoco6a BHYKCAEHRA MHTerpaia. DT0 W 03HAYAeT, 4TO B OOlieyM ciayyae
HHKAKOM CBA3H Mewiy ® # k He cywecrsyer. Takas cBA3b CYlleCTBYeT,
0AHAKO, ECTH Dedb WAeT O BOAHAX, ClMalee BCEro 3aTyXAlOWHMX BO Bpe-
MeHW MPH JAHHOM BellecTBenHOM k. Pewetie cOPMY/IMPOBAHHOR Blule

Peu

Puc. 8,1. Kowryp murerpuposanna C B mi-
CIIepCHORHOM ypaBHeHH: (8,34).

331294 C HAauATbHEIME yaoBuamMu [38] nokasmiBaer, uTO 3Ta CBASL Ompe-
neasercss ypaHewueM (8,33) upi HHTErpupOBAaHUH B MIOCKOCTH KOM-

FOBOPUTb O CYUIECTBOBAHHH KaKO#-TO CBA3H Meway o u k. C
BpeMenn HauaneHoe BOaMywenue ¢ (0, D) «paccackBaeTcs» H TPaHCHOP-
MHPYeTCs, TaK 4TO MU LOCTATOUHO OOIbIIMX f 37eKTpuueckoe node E
3aBUCHT OT BpeMeHH MO 3akoHy e'f=elfe=i (0’ =iy — KoM-
miekcHas uyactota). [lomycruM, uTO Hauatehoe BodMyuienne o (0, 7, )
ABseTCH IAAKOR (YHKUUeH, 4 HEBO3MYLLEHHOE pacrpeledeHyue CKOPO-
crelt fy TAKKE He HMEET HMKAKUX OCOOEHHOCTEH (970, KOHEYHO, BHINOM-
HAETCH, €CAH fy eCTb MaKCBeMOBCKOE pacnpeenenue fqp). B nozobueix

yCAOBUAX pewtetnie E ~ elo'? ote =~y yCTaHABINBAETCS 3d BPeMA NOPAlKa
1 D

— ~—— (D — nebaescknti pamuyc (4,21)).

o, o] N

Hrax, cBash Meway w M K yCTaHABAMBAETCA, TaK CKa3aTh, ACHMNTO-
THYECKH, HO MPAKTHYECKH LOCTATOYHO OpicTpo *).

Ilas Toro urofbl ykasaTh CNOCOO BHIYHC/IEHHS IOKA3arels 3aTyXa-
HUA 7y, He pellads 31eCh 3a0a4d C HAYAJbHBIMA ¥ JAOBHAMU (CM. BHLUE).
noctynuy crenytomuM oSpasoM. Ecmu He ofpamath BHUMaHHA HA BO3-
MOKHOCTb TOSIBMeHHA momoca, u3 (8,22) moayuaeM A% NPOLOABHHIX
KOedaHull IHCIEPCHOHHOE ypaBHeHHe:

o in
e du
m[ g =1 (8:33)

Tie - NPOeKIUs CKOPOCTH 97eKTPOHOB H2 K, N0 NepHeHAUKYIAPHHIM
1

npOeKUNAM NPOH3BEAEHO HHTerpuposanue u foo (1) =N

2n
*) Bompoc 0 moBeIeHHH NOAA NPH MaAWX BPEMeHax f< ~—, HacKOAvKO HaM
o
o
H3BECTHO, NETANBHO €lle He NPOAHATHSUPOBAH.

o ' @ 2o
~ mpw yca0Buu 00X012 CBEPXY MOT0CE Up= - = g I

p « no kourypy C, ykasamHomy ua puc. 8,1, 1. e.

o L g,

L339

)fu?fmdu

Ame? j
T me”

ku

3iech © 3aMeHeHO Ha =W -l-iy, MOCKOMAbKY NpPH BEIMECTBEHHOM k

¥p HMeeT p JHIb 478 K HacToTH *).
Tlpu ManbiX £ ROMIOC £y JEWHT Aa1ek0 OT BEIWECTREHHOH ocH, Tie

. dyHkuus Joo(u) ouenb mama. Tlostomy mpn npeseGpeimennn SaTyXasueM
- MOKHO OT PaHUYHTBCSA HHTErPHPOBAHHEM BAONB BelLeCTBEHHOR OCH &, 4TO

W npusoaut K dopuyre (3,25). [lna BhuMCIeHHs 3aryXawma (B mpea-
HONONKEHNH, YTO B Mano W 7 <& wy) uuTerpai B (8,34) coantea K uute-
Tpamy no BElECTBEHHOH OCH TAIOC HHTErpai MO MOAYOKPYMKHOCTH, YKa-
3anHoft nyHkTHpoM Ha puc. 8,1. IlocnenHuft muTerpan paseH yMHOKae-

HoMy Ha BHMETY OTHOCHTEBHO TNOM0Ca. B pesynbrare us (8,34)
. ¥MeeM:
: o
. dfoo{
4re?N 4 T k% . 4n?e? u A=
LT ——— =1 (8,39)
ma? T i du

*) K tomy e yeaosuio (8,34) moxuo npuiitu [39], moamckusad Taxoe
auarbRoe BoaMywenHe ¢ (0, ) ¢*F, MPH KOTOPOM 1ns BCeX 3HAueHHi ¢ moxe
't

~ DaBHO E = Eyoi*'l,

Otsety, uTO NpM BEYKCACHHH
“BOJH B 0COGOM DPACCMOTPEHHH HYMKIAETCs BOMPOC O TPAHMUAX NPHMEHHMOCTH
_ uBeliHoro npuGammenns. HackobKO HAM H3BECTHO, COOTBETCTBYIOLIEE HCCAe-
OBaHKe eme He XOTA OHO H BeChMa aKTyalbHbIM

CBete pesyaptaros paGotu [40].




92 BOJHBEl B OJHOPOAHOH H H30TPOMHOH na

3ME [t u

Pewan 310 ypaneue NPUGHKEHHO, MPW yueTe yCJOBHS << o am e

noayqaeM crapoe srpamenne (8,25), a 112 k03 duLlIeHTa | = 7, HAXOAUM:
Vot 3 1
To="5" "¢ ° %Dy
3
— 3 .4 - meg 0,11
— 1[?”_‘7(_'"‘) ? T ETE o 0050 ooy, 4 (8:36)
§ BA\AT Dy
wl -
<1, D T T o j

Ha (8,25) u (8,253) scwo, uto mpm w—wus%wo noKasareab
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P KOe nor n BO.IH, KOHEYHO, HEBO3MOKHO
{cM. BHIUle aHATOTHUHOE 3aMeuaHue A7A NONEPEUHBIX BoaH). Takum 06pa-
soM, mpu ny <1 satyxaune pasio 7,=0. B dopmyze (8,36) s10
00CTOATENBETBO He OTpameHO B CBA3H C HEPeAATHBHCTCKAM XapakTepoM
pacuera. B pendaTHBUCTCKOM TeODHH IIa3MEHHBIX BOAH [42] mpr ny << 1
aBToMaTHuecKU Yo==0. BMecte ¢ Tem n3 (8,23), (8,25a) n (8,36) serko
BUfeTh (CM. Takke 1abr. 8,1), wT0 mpu %510’3 dopmyna (8,36)
TepecTaer OiTh CPABeAIMBOY MPH TAKHX HUYTOKHHX SHAUSHHIX Yo, KOTO-
PHE HE NpeacTaBadioT alCcOMOTHO HHKAKOTO HHTEpeca.

Tlpu pacnpoctpasenmi BOAH BCTpeHaeTCH OOHUHO NOCTAHOBKA 3a1auH,
OTMMYHAS OT NP B TOM 0 4TO BOJHA CUMTAETCH
saryxaouwell He BO BPeMeHH, a B npocTpaHcTse. CHCTEMY YpasHe-
Huit (8,14) u (8,18) HykHo Toraa pewarth, 3anasas dyHKuHIO pacrpe-
AGTEHHS © B KAKIbA MOMEHT £ Ha HEKOTOPOH MAOCKOCTH 2z =0 M OTHICKH-
Bai pewleHue mpu moGbX 2 (0Ch 2 — HANPABJEHHE HOPMAIU K BO.IHE).
B ycaosusx, korma cyumecTsyer csisb Meway © H TepelTH OT Bpe-
MEHHOTrO 3aTyxaHusd K HPOCTPBHCTBEHHOM)’ MOXKHO H HENOCPEACTBEHHO.
Heao B TOM, 4TO [PH HAXOWIEHHM CBAIH ©® C & 00€ STH BeJHUMHA
€ CaMOro Ha4ala MOAKHO CUMTATh KOMIIEKCHBIMH. nOSTOMy BHIpawe-
i (8,27) u (8,33) cnpasennuBel i npH KoMmiekcHoM k. Lo cux nop

MBbl HMEJH 2
I

Tae y, onpeleasercs dopmyaoit (8,36).
Teneph MOOMUM p=i® (o BeWECTBEHHOE) i k=Fky—iq, rae
g <€ kg k (cOOMONCHHE ITOTO HepaBEHCTBA OGECTedeHO, ecan T << @),
Toraa B kaectse CBA3M ky=r k C © NOAYYAEM ONATH BHpAKEHHE @27 u
(k) To(k)
Tk up
m g

iw—

(8.37)

@,
g=7n=

(8,38)
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{ca. (8,26) u (8,36)); ¢opmyna (8,38) mo ceoeMy TNy cOBmamaeT, Kak
STOTO M CAE0BANO OXHAATh, C dOpMy.ToH (7,23) 1% MOMEPEYHEIX BOJH.

Brime CoynapeHis B TJaasMe He yUYHTBIBAIHCH. HpH Haqu4yHH coyaa-
penuit B 00JaCTH AMHHHBIX [13MEHHBIX BOJH, HO TIPH COBMOIEHUH YCI0-

Bt m7>>‘473m b @ OT TCH 0-NpekHeMy (op-
- myaolt (8,27) W mosiBiAeTCA 3aTyXaHHe C KO3(HUHEHTOM
. Yo
Teoya 5+ Teoyx <€ 9 (8.39)

STIe Yypp — dPdexTuBHOE uHMCIO0 coyaapenuti (6,9).
K ¢opmyne (8,36) NpHXOIUM M3 OCHOBHOMO YCAOBHS

! (o 1 “ 0

gl)=1—=—rm—— =0,

@) T = Tge)
| OTIPEAENTIOUIEr0 KOMILISKCHYIO MIASMEHHYIO YaCTOTY ' = @ —[{ (yUHTH-
© BaeTCa TaKkke, 4TO MPH 7 <€ @ B XOPOWeM MPHOJHKEHHH © = wy),

I Tlpu yuere saryxanus (8,36) u saryxauus or coynapenuit (8,39) mmees:
% © i -
T=To "+t Teogr T B "]

¢ Up

(8.40)

Vagi

. KOe 11 33TyXaHUe Mao, Uik NOKA AIHHA BOHEL
~ 3HAYMTENbHO NPeBOCXOAMT jedaesckuit pasuyc. Ecau we RD~1, TO
o~y Ilpn RD > 1 ywe 73> 0. B NOIOGHHX YCIOBHAX HHKAKHE

| TAa3MeHHBIe BOJHBI CYLIECTBOBATL He MOTYT. ODKCMOHEHUHATBHBH Xapak-
~Tep BhipaxeHus (8,36) mpHBOAMT K TOMY, 4TO OGPBHIE CHEKTPA Mua3MeH-
BX BO/H NPOMCXOAMT BeChbMa peiko mpuMepuo npu 2D = 0,1, T. e. npu

heo % ~63D 300 I/L“ﬂjﬂ“-’ ca.

(8,41)

‘B HIKHHX 43CTAX COJHEHHOM KOPOHBI, T. e. mpi T ~ 108 u N ~ 108,
«p~ 30 ¢ Tlpu ToM we snavenmn N ~ 108 wacTota Gyzer wg~5- 108

R 1
B Tojfie B BOHE € LJIMHOH ka 3aTYXAaeT 338 BpPeMs W TOPSAAKA CeKyHILbl
- (oM. madn. 8,1). Beero Basoe Oodee KOpOTKas BOHA GyieT 3aTyxaTh
S f .
Ke 3a mpems —~ 107" cex.
%o

. Tpu &D < 0,1 +-0,05 saryxanue Yo BECbMA Man0 (OHO MOET, OIHAKO,
3aMETHO BO3PACTH, €CAH HEBOSMYLIEHHAA (YHKIUWA.DACTPEfefeHHs OTT-
~MATCS OT MAKCBEANOBCKOH B TOM © uYTO uMeeTcs

HHCIO - 31EKTPOHOB CO CKOPOCTAMH v>>>v;). B srot ofaacti mostomy
Gonee cymectsento OGHYHO 3aTyXaHWe, OGYCAOBJEHHOE COYAAPEHIAM.

B mmxanx wacrax KOPOHBI, HAMPHMED, Tcoyy = {°$~3+ 10 u Goabe
aTyXanua 7, ywe npu kD==0,1. B seMHOA uomochepe Hime Maxci-
MYMA F-coft vy 2 10% U ooy, 32 103~ 1075 0y (npu N ~ 10° zmeent
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wy~5 - 107). Takny 0OpasoM, B HOHOCHEPE Teoy; > Yo MPH KD <01

W18 by 2 10 cat; BMECTE C TeM yie TPH T = Teopa ~ 10° 112 & 7

Uy
(cM. (8,26) ) mnasMeHHas BOJHA 3aMETHO 3aTYXaeT Ha myTH —T—p— < 10% e,
o

Ta6auma 81
© H Y AdS BOJH

w | 2 o Tpuevarne

001 |1,0008] 1071

o1 {103 05-107°

015 1,07 17-1074

02 112 001

03 |127 |~016 opyyas (8.27) u (8.36)

1 4 ~0,04 B 3THX CAYUaAX, CTPOTO|
rOBOPAl, HENMPHMEHUME
M MOTYT HCHOAB30-
BaTbCH TOALKO AAf
OUEHOK

Yuer BAHAHWA HOHOB, AKYCTHYECKHE BOJHBL BiufHue HOHOB BhIlUe
COBEpUIEHHO HE TIPUHEHMAAO0Ck BO BHUMaHHE, €CIu He TOBOPHTH O KOM-
neHcalMi 3apaaa 37eKTPOHOB B PaBHOBECHOM cocToauu. [lostomy dop-
MyAB 9TOTO maparpada COXPAHSOTCA H AAA Na23Mbl, B KOTODOH SMex-
TpoHHan Temmeparypa T, He pasHa Temmeparype uowos T ¥). Ilpu sTom
B OpMyAaX HYKHO, KOHeuHO, 3aMernts I Ha T,.

JI15i PaccMOTPEHHBIX BOMH POJBIO HOHOB
32KOHHO NOTOMY, 4TO HOHEI BHOCAT (PH N; ~ N. ~N) Wb MaTHH BKIAL

m
MOPAAKA - B BLIPAKEHUE 117 nokasarels npeiomienus (cM. § 3). Baua-

HHe HOHOB BMeCTE C TEM MONET OKa3aThCA CYUECTBEHHBIM 118 ApYro#t
BeTBU BOIH B [UIasMe, B ciyyae NOCTATOYHO AMHHHBIX BOAH B MaasMe,
K@K H BO BCAKOH KBAsWHEHTpanbHOH Cpele, AOKHB PAclpPOCTPAHATHCA
APOAOJbHbIE AKYCTHYECKHe (3BYKOBHE) BOIHBL B 9THX BoaHax B nep-
BOM TPHO/MMKEHHH SIeKTPOHH K MOHBl IBIDKYTCA BMeCTe, TaK 4TO He-

*) M OTBJeKaeMcA OT TOTO (aKTa, YT0 B HEPABHOBECHOH NMia3Me siek-
TPOHHA# (YHKIMA PaCHpEfe]eHHA MOKET OKA3aTbCfl 3aMeTHO OTAHuapwWedcs oT
MaKCBEIUIOBCKOM.
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KOMIEHCHPOBAHHBIA 3apsil He noABAfETCA *). YMPYrocTs cpenst, ofecriedn-
paiolad PacnpocTpaHeHHe OOLIYHON aKYCTHUECKOH BOJHBI, CBA3AHA, KaK
#3BECTHO, C JaBieHueM. [las mepefaust NaBieHus YaCTHIB IOTKHbL 10OCTa-
TOUHO YACTO CTATKMBATHCH MeXIAy COOOH. I109TOMY akycTHUeCKHe BOMHBL
B rase Cad0 3aTYXAIOT TOJBKO, €CTH CPSAHAR AIMHA CBOGOAHOTO NPO-

.
Gera L~ = T 3HAYMTEABHO MEHBIUE [HHBL BOJHH

[P <<),

v (3.42)

[Ipi 5TOM YCTOBHH TPHMEHHMO OGHIUHO® HIADOIMHAMHYECKOE mpudau-
KeHue, T. €. YpaBHeHHs 1I9 CKODOCTH 2 H MJIOTHOCTH M1a3MbI
MN;~+mN =2 MN B nuHeHHOM NPHOTUKEHUH TaKOBBL

MNZ vy, 4 Nawo

(8,43)

~irae N/ — O0TK7IOHEHHE KOHIEHTDALMM OT PaBHOBECHOTO 3HAHEHHs
Ny =N

i

'3eKTPOHOB U HOHOB p=2: M 478 MPOCTOTHl CuuTas KoaeGaHns
3oTepMuecKnMy, 13 (3,43) 1A BOM © == Dyl (H-R7), N’ = Njel (vt=kr)

- MOTydaeM:
| T T
m:]/ Sk V 5 (8,44)

3necs, Kak B MOGOM rase, CKOPOCTH 3BYKA Uy NMOPHIKA TEMIOBOH CKO-
 pocTH THenBX YacTHU. ECAu B TAa3Me NPUCYTCTBYIOT MOMHMO 37eK-
_TPOHOB M MOHOB TaKKe MOMEKYaAb C KOHUeHTpaumeh N, TO npu
N> 479 CKODOCTH 3BYKA NOAyuaetcs ofbuHOe 1A9 rasa
- BHpaXeHWe (HAMPHMEP, B WIOTEPMHUECKOM MNPUOTHKEHNH, MOIYILEM Cay-

Th MWD AA OUEHOK, Up = 3 dopayaa (8,44) Take Hocur,

‘BOOGIIe TOBOPA, THUiL OLEHOYHHIH XapakTep).

o Mpu mapywennu ycrosus (8,42) akyCTHYeCKHE BOMHEI B rade Hauu-
HAIOT CHABHO 3aTyXaTb M A/ BOAH ¢ AAHHOR A<Cl saTyXaHue mpoHC-
XOAT yie HA PAacCTOSHME mOpsiaka 7. Takum oﬁpasom, 144 3BYKA B rase
Rﬂﬂﬂﬁ npoﬁera I WrpaeT pPoJb, GHAJOTHUHYIO POJIH 1e6aeBCKOTO paguyca
AN [NA3MEHHBIX BOJTH.

CrkasaHnoe 0 pacnpoOCTpaHeHUH A4KYCTHYECKMX BOJMH B Ia3ax OTHO-
~CHTCA Takie M K M7asMe JIHUIb TP NPEHeOPEHEHHH POTbI0 HEKOMMEH-

*) AKYCTHYECKHE BOAHE! B Aa3Me, KK CKasaHO, aHANOTHIHB aKYCTHUECKHM
 BOMay B Tasax, KMAKOCTAX M TEEPAX Tenat. BHCOKOUACTOTHBE IKe NPOXOTb-
‘Hile (nnasueuﬂme) BOJHE B MJa3Me 4HAJNOTHYHH GOPHOBCKUM (ONTHUSCKHM)
'Bum-xau HIM KONeOAHHAM B TBEPLOM Tede.
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CHPOBAHHOTO TMPOCTPAHCTBEHHOTO 3apaia. [IPyrHMu COBaMH, TPearno-
faraeTcs, YTO B aKyCTHYECKOH BOJHE KBA3HHEHTPATBHOCTb MIA3Mbl NOUTH
He HapyllaeTca M YNPYrocTh Cpeasl 00yCAOBAMBAETCH TOMbKO COYAape-
HUSMH, 3 He KYJOHOBCKHM B3aUMOLeHCTBHEM MAKPOCKOMHYECKHX 3apAnos,
BOSHUKAIOUMX TIPH DACTPOCTPaHEHUH BOJMHEL. B IeHCTBUTEIBHOCTH e
B T/IasMe KBA3UHEHTPAAbHOCTD B KAaKOM-TO Mepe HAapyllaeTcd ¥ B a
cTHUecKUX BOAHaX. [103Tomy ycaosme (8,42) spasercd B cayuae MiasMbl
IOCTATOYHBEIM, HO HE HEeOGXOAHMBIM  1ad CyLLleCTBOEﬁHHﬂ OTHOCHTEJBHO
caado 3aTYXaloWHX BOJIH @KyCTHYECKOTO THMA.

Ecau ycaosie (8,42) He BHIOMHEHO, TO KOAMYECTBEHHIH analu3
XapakTtepa pacnpom‘panem\ﬂ AKYCTHUYRCKHX BOJH B niasMe MOWXeT Npo-
W3BOIUTBCH TOJBKO HA OCHOBE HCTOJb30BAHUA KHHETHHECKHUX yPaEHEHHﬁ
149 3JeKTPOHOB, WOHOB ¥ MOJEKY[ B COYETAHMH C YPABHEHUAMH MOJA.
CoOTBETCTBYIOUHE DPe3yAbTATE, O KOTOPHIX eile mofiger peub HIAKe
(cM. Takwe [44]), CBMIETEABCTBYIOT O TOM, YTO IIPH OTCYTCTBHH COyaa-
peniit U paBeHCTBe (WM GAM3OCTH) SJIEKTPOHHOM W WOHHOHK TeMnepatyp

aKYCTHYeCKHe BOMHEI B [U1a3Me BCe e CHIBHO 3aTyXaioT (1~m,

W
FEa T #). Tako#f -BbIBOJ (PU3MHECKH AOBOMLHO €CTECTBEH, TAK KaK

B aKyCTHYeCKHX BOAHAX (B OTHYHE OT MIA3MEHHBIX) MPOCTPAHCTBEHHGH
3apAl NOMKEH OHTh HEBEJUK, M MOITOMY SISKTPHYECKOE BIaWMOJEHCTBHE
He MOKeT OGeCNeuHTh PacmpoCTpaHeHHs BOJHb Oed ee saryxauus. ITodo-
KEeHHe H3MeHAeTCs TO.bKO B MaasMe, B KOTUpOn 3JeKTPOHHAA TeMIe-
patypa T, 3uauuTe]bHO Bhillle HOHHOW TeMIepaTypl T=T, (cM. HHEe).

Takas naasma MOKET CYLIeCTBOBATH AUilb B 10BOJBHO CHEUHATBHBIX
YCA0BUAX, B GOBIIMKHCTBE e CIyuaeB TEMNEPaTyphl 3/EKTPOHOB ¥ HOHOB
Gausk Mesmny cOGOM MM Aawme NpPaKTHUECKH coBmanaor. Takum oGpa-
30M, 0BLIYHO cna(’)osaTyxaIOLuvie AKYCTHYECKHE BOJIHBl B MJAa3Me AOJAKHBL
GuiTh OUeHb ATHHHBIMH, 4TOOH yIOBIETBOpAoch ycaosue (8,42), 1. e
Gbi7a TIpUMEHHMa OOHUHAS THADOIMHAMHKA (117 MPHMEPA YKAKeM, uTo
B CO/HEMHOW KOpOHe ATHHA cBOGOAHOro npodera [2x 107 ci). Tlostomy
B oBmacti PanuoaHanasoHa TNPUXOINTCA CTAaAKNBATLCH NPAKTUYECKH TOIBKO
C TIOMEPeNHHIMH ‘M ILIA3MEHHBIMW BOJHaMH. VIMEHHO [0 STOH mpuuuHe
Bhllle B PALE CIy9aeB MPOLOJbHEIE BOJHB B N7a3Me Oe3 AOMOJHHTETb-
HEIX OTOBOPOK OTOXKIECTBIIAMHCH C MIA3MEHHBIMH.

3ameTM, MEXAY MPOYHM, UTO ﬂpO,’lO."le‘ale BOJHBI TITA3MEHHOr0 THNA,
He roBOp#A ViKe ) AKYCTHUECKHX BOJHAX, MOTYT CYLIECTBOBATL HE TOJIBKO
B T430BOH TJa3Me, HO M B KMAKUX K TBEPILIX TelaX — MeTanaax, noay-
npoBOAHUKAX W ausiexTpukax. C BO3CYKICHHEM IMIA3MEHHBIX BOJH
CBA3aHbl, B YaCTHOCTH, JIHCKPETHLIE TNOTEPH 3IHEPTrUH, HCOBITHIBAEMbIE
GLICTPHIMH YACTHUAMH NPH HX MPOXOMIEHHH 4EDe3 TOHKHE [LIHKH pas-

#) Mlpi Y~ © OT BOJHBI, OUEBHIHO, UTO-TO e€ille <OCTaeTcA», H B ITOM
cMBicAe yuer MPOCTPAHCTBEHHOTO 3apaaa cymecTBeH. B rase we u3 Hefitpane-
HBIX YaCTHU NPH OTCYTCTBHM COynapeHiuil BooBile He MPHXOTUTCA TOBODHTH
0 PACTPOCTPAHEHHH BOJH, WK QOpMatbHO 1 3>©.

. TAe &, i §; — HeKOTOpHe NOCTORHHbIC.
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JMYHBIX  BEwleCTB. PaccMOTpeHHe 3ITHX HHTEPECHHIX BOMPOCOB BRIXOLUT
3a paMKki HacTomwed kHuru (cM. [45—47, 1], Tie mnMelTCd TaKKe
CCBUIKM HA DAL APYTHX cTaTeft).

Ksasurugponunamuuecknii Metox. Jlis peurenus 3aiaud o pacnpo-
CTPBHEH!IH BOJH B AB'VXTEMI'IEPBTYFHOH Ta3Me, a TaxkxkKe HMed B BHAY
wetn AaibHefuero usnoewns (cM. §§ 12, 14), ocraHosuvcs Ha BOnpoce
0 KBasuTrHip KOM Nnoaxoie K HCC 0 BOAH B TLIasMe.

Msl BHIenW, YTO NPOCTOH (EHOMEHOTOrHHECKUH YueT MpOCTPaH-
CTBEHHOH IMCMEpCUH NO3BO.AET B KAUECTBEHHOM OTHOWEHHH NpPABHIbHO
BLISAACHHTD BAMAHHE TEMTOBOrO ABHXEHWA HA pacnpocTpaneHHe JLOCTaATOYHO
QIAMHHBIX BOJH B NaasMe. B 1o e BpeMd MeTol KUHETHYECKOTO YpaB-
HeHHA, SBJSWWNACT KOJIHYECTBEHHBIM, CBA3aH CO 3HAYHTEIbHO Boitee
CIOMHBIMY  BHIYHCIEHHAMH, 0COOEHHO TMpH yueTe BIHAHHA HOHOB W TO-

. CTOAHHOTO MATHUTHOTO noad. T103TOMY AN OMHCAHMA NPOLECCOB B NIA3ME

WAPOKO np TaK KBA3HTUID KOe npu-
6mKkeHie, KOTOpoe NpH GOablIOK NPOCTOTe COHYETaeT, XOTA H Hemo-
- CefOBaTeIbHBIM OGPBSOH, HEKOTOpbie MOJI0KHTEIbHbIE CTOPOHBI «peuo-
. MeHOAOTIYECKOTO H KMHETHYECKOTO MeronoB. KoHkpeTHO, B Ciyuae
. W3OTPOMHOH NAa3MEl WCMOJL3YIOTCS YPaBHEHUs (MPeAno’araeTcs, 4o
MOMexyIsl OTCYTCTBYIOT; COYAAPEHHAMH MEKIY HaCTHUAMH npexedperaem):

07, Vpe \
mgr =eE—
v, Vp;
—t = —eE——,
ot , N ‘( (8,45)
o ) oN] )
5 -+ Nodive, =0, — —+Nydivey

div E= dze (N' — N}).

~ Bnech cpasy e HCnobayerca JuHeHHOe mpuSauwwenue, N/ u N;—mu
'KNOHeHWs OT DPABHOBECHHIX 3HAYCHHH KOHUGHTPAUMU 3MEKTPOHOR M
MOHOB N 0= N;,==N,, ©, W v;—Cpeinde CKOPOCTH 3IEKTPOHOB M
. HOHOB, a Pe B pi—ARBJEHHE 3MEKTPOHOB W HOHOB.
. Tpn npeneGpexennn AasieHueM ypastenus (8,45) ABAAIOTCA, KOHEUHO,
_TOYHBIMH, HO JIOKAJIbHBLIMH COOTHOLUIEHHAMH. l‘[}[ﬁﬂhl.- NpONOPLHOHANb-
- Hle Vp, 1 Vp;, co1epiaT NPOCTPAHCTBEHHEIE NPOUIBOLHEIE K TEM CAMLIM
YUHTHIBAIOT ~NPOCTPAHCTBEHHYI) I pCHIO — Th
HacTHIL OT pacrHpeleqeHus CKOPOCTeH M MOJs B NPOCTPAHCTBE.
Cymmupyss aBa nepBhix ypasueuus (8,45); moayyaem ruapoiuHaMi-

ueckoe ypasuenpe (8,43) ¢ p=p,—+p;. OTCI0Aa, eCTECTBEHHO Mpes-

nonowuth, wro p,=»NT, n p;==N;T. Ilaa Gonbwed O0GHHOCTH
© TO0KUM

Poe==iaNT, =50 (Ng+N) T, } 616

Py =N Ty == 5 (N, + N}
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llpogoabHble BOJHB B ABYXTEMNepaTypHoil mnaasme. Pewas cu-
creMy (8,45) 479 NPOAOJBHBIX MJIOCKHX BOAH, B KOTOPBIX BCE BEAHUMHEL
NPONOpUHOHAIHE ef (*~#7) noyuaeM IMCTEPCHOHHOE YpasHeHie:

(ES*:.T, R
m M

y

rie TeMmepaTyphl 31eKTPOHOB H HOHOB T, u T; CYHTAIOTCA TOCTORH-
HBIMH, HO MOTYT CHJABHO OTIHYATbCSH OJHA OT J,perﬂ.

B cayuae, ecau

of = 2 Te g2, (8,48)
nonyuaeM: )
2 1 il
of ol 4 2 (8,49)
03 o= (5T, 5T k% (8.50)

iy

31ech, KAK U HIDKE, ONYCKAIOTCS TAKKe NOMNDABKH, COAEPKAUHE MHOMKH-

TEL %g-[}‘oﬁ; yeaosus (8,48) npu T, < T, o3nauaiot, 4TO 4acToTa

AKYCTHYECKOR  BOJIHBL uv2<<‘/%u
CTOTH ©y; YKa3aH HHWKE).

Peutetine (8,49) coBNasaeT ¢ KHHETHYECKHM AHCIEPCHOHHEIM YpaBHe-
upey (8,25) 414 ITA3MEHHBIX BOJH, @CIH MOAOKHTh £, =3. Ouesnaua
TaKme Cua3b opMybl (8,49) ¢ denonenonornyeckuy pesyabrarom (8,9),
rie TakKe HYKHO, TaKuM 0OpasoM, noaowute i, =3. [daa BuGopa
3HQUEHHA 3, = 3 MOXKHO, KPOMe TOrO, MPHBECTH HIBECTHbE OCHOBAHHS
He3aBucuMOro xapaktepa (c. [19]).

Pemenne (8,30) mpn %,
Hue (8,44) 474 aKyCTHYeCKOH BOAHbBL.

B apyrov mpefeisHOM cayuae, KOria

=y, (puanuecKu# cMpica ua-

u T,=T; nepexoaur s Bepame-

(3,51)

HMeeM:

(8,52)

a a7 i coxpanserca Bripawede (3,19).

§ 3] VYET NMPOCTPAHCTEEHHOH AHCAEPCHH 99

Ecau emecro (8,51) codmonawrca Goaee CuIbHbie HepaBeHCTBA
T

SerTe

L2 g o} < e

L T, (8.53)

10
2 ym
03 3 Ot

i pe, (8.54)

npuueM BTOPOA 4ieH B TPaBOW 4acTH SBASETCA MOMPABOUHBIM.
2N

m

Yacrota wy; ==,

€CTh, OYeBHIHO, «MIa3MeHHas

M
4acTOTa» A4 HOHHbIX KodeGawuH. [ HOHHOH miasMel, COCTOALLel
¥3 T WOHOB 0e3 37eKTPOHOB, HMEHHO YaCTOTAa TAKOTO THMA MOAB.A-

71ach Gbl BMECTO 3/1eKTPOHHOH M1a3MeHHOH HacTOTH ©). B 3.1eKTPOHHO-
HOHHOH M71a3Me MOfBIEHHE YAaCTOTH wy; MPH YCAOBUM 10CTATOUHO BHICO-
KOM 371eKTPOHHOH TeMMepaTypbl TOKe BIOTHE eCTECTBEHHO. B caMoM
Kele, B 3TOM Cyude 3JeKTPOHBl GBICTPO H CBOBOIHO ABHAYTCH, CO31a-
BAS HEHIMEHHLIH OTPHUATETBHEIH (OH, KOMNEHCHDYIOUIMH CPeiHHt 3apan
HOHHOH cocraBasomel. VIOHB MPH 3TOM KaK pas H I0JKHEI Koaebarbea
€ uaCTOTOH w®);, MOAOGHO TOMY KaK 3JeKTPOHE KOJedoTcH € 4acTo-
TOH @) B YCIOBHSX, KOTAA POJb HOHOB CBOIMTCA TOIBKO K KOMIEHCa-
UM CPELHErO 3aPANa 39eKTPOHHON KOMIOHEHTH MIA3MbI.

Akyctiyecke BoaHbl (8,50) 1 MOHHble wiassensbie BOJHE (8,54)

NeKAT HA ONHOW HEMPEPHIBHOM BETBH HH3KOUACTOTHHIX KoTedauwh, T. e.
2 o

: ., oF L o0 ,  4=elN
Hd  oaHoft  kpmusoH a3 i\ | saech of = —

o 7w%—pewetme (8,47), otBevaowee BbIOOPY 3HAKA MHHYC Tepel
KopreM (cM. [50]).

MBI BHAHM, UTO KBA3MIMADOAMHAMHYECKHH METOI aHATH3A ABHKEHHE
B H30TPOMHO# MNMasMe NMpoOCT H sddextusen (0 CBA3M 3TOTO METOAA
€ KHHeTwueckod Teopue#t oM. B § 13). OcHOBHOM HEROCTAaTOK KBa3H-

. THADOMMHAMHYECKOIO MPUOIMKEHHS — HEBOMOKHOCTL ABTOMATHUECKH NI0-
- IyYRTb SaTyXaHHe, HE CBA3aHHOE C COYAAPEHUAMH.

TlpuBefeunbie paHee Pe3yabTATH CBUAETETbCTRYIOT O TOM, UTO M.ia3-
Mennas Boaua (8,49) caabo saTyxaer B cayuae (8,48) u oueHb CHABHO
satyxaer B caysae (8,51); soaua (8,50) npu T,~ T; Takke 10BOJABHO
HILHO 3aTYXAeT.

Tak, npu 0y <€ 0y, U Yq<EL W, HMEEM:

_ — 2
B Y R e

Las opuentiposku 312 QOPMYIa BepHA U NPH o~ 0y TOSTOMY SCHO,

470 npu 7, ~ T;, ReHCTBUTEABHO, 7~ ®y H 3aTyXaHHE BEHKO.
o Jlycts renepb, nosumo ycaosuft (8,48), BuNOIHEHO GOee CHIbHOE
ycaosie

T, T, BENCED)

—_—
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Toraa KHHeTHYeCKH}# pacyer, MpPeAnoJaralouiuii MaKCBeT10BCKUE pacrpe-
ZefleHHA SJeKTPOHOB W WOHOB C Temmeparypamn™T, u T, mnaer [48—52]:

TTI(1+3T ). “Nl/- Vw’ (8.552)

B OTHOUIGHHK &'Ji STOT pesyabrar npn ycaosu (8.56) npamo cieayet
2

Takxe u3 (8,55).
it]

Ias npotonos %
@

‘/' = l/' m
B /
TIEpHOA ellle He TaK BeJIHKO, uT08bl He OBLIO BO3MOKHOCTH rOBOPHTH
O pacnpocTpaHeHnH BO.IH. Buyecte ¢ tem 3aTyxaHWe BOJIHBI B HECKO.JIBKO
Da3 Ha DACCTOSHMK B COTHIO AJHH BOJH NP OBHIYHO BCTpevaolieiics
TNOCTAHOBKE 32134 MOWKET CYHTATHCHA CHIbHBIM (MH BHIEAH, 4YTO A14
JOCTATOYHO [LAMHHBIX MUIA3MEHHHIX BOAH MPH OTCYTCTBHM COYAapeHut
3aryxaHue HeCpaBHEHHO cradee).
B ycnosuax (8,53) KMHeTHUECKWH De3yJbTaT T3KOB *):

ool + BT,

s Mmoo
o 2V TP\ E

1,46 - 1077 1. e. satyxamme 3a

3 3 =
)f /W( n o} )5 (®:57)
=V A\ wr, W)
Beipamenue (8, 57) ans o} cosnamaer ¢ (8,54) mpu i, =3. 3aryxa-
HHe B 3TOM caIyuae (8,53), (8 57) 3HaUUTETbHO MeHblile, YeM coracHo (8,55a),

MOCKOIbKY OTHOIIGHUE

2/~Tek? MHOTO MeHbure enumuusl (oM. (8,53)).

§ 9. CBoaxa OCHOBHEIX (OpPMYJ
Has ynoOGcrea npuseies 3iech BMecTe BawmHeiuine QOPMYJTBr, OTHO-
cAlMecs K Cay4ai pacnpocTpaHeHUs BOJH B O.VI.HOpOllHOﬂ H ﬂ30Tp0ﬂHOn

naasMe. Tlpn 3TOM GOJBWINHCTBO CIETAHHBIX B TEKCTe "
Orosopok OyleT OomyLieHo.

*) Boaee oGmee Bhpawenue nveer sug [50]:

} (8.57a)
> 074,

dopyyna (867a) cnpasennmBa mpH wf; > ’k? u T,23> Ty B TakUX yeao-

BHAX ) R 0g; H-Yg ~ oy, KAK 3TO ACHO H3 (8 57) u (8,57a).
Hcnoassys qmpmyny (8.57a) xas opnen-mponkn W TIPH CHJABHOM 3aTyXaHHH,

SPUKOZHN K 3aKAOYEHHIO, UTO 1, ~ 0, mpH 0~ L K%, korna By~ 1.

§9] CBOLKA OCHOBHBIX ®OPMYI 101
BoauoBoe ypasHeiue, npHMeHUMOe 118 000 Cpelsl, TaKOBO:

(sz%j):o, 1’2.,;))

2
o

AE — grad div E-+4

e paccMatTpHBaeTCa 001acTh BHE HCTOUHHKOB MNOJS.
B u30TpOMHOK cpele npu npeHedpeseHud NPOCTPAHCTBEHHON iuc-
mepcuedt

AE- -mdmvf-,-lzfe_o (2,10)

rie ¢/, € ¥ 3 3aBUCAT B OOWEM CIyuae OT 4acTOThl ® H KOOPAHHAT.
ll.m TonepeyHBX BOJIH
divE=

2
o

0
E=0.

1
A\E+ J) 72

Jlag npOLOABHBIX BO:AH

ot =0, rotrot E=—AE+tgraddiv E=0, |
] }} (2,142)

¢E=0.

B omHOpoaHoft cpeie KOMMIEKCHAas JUDNGKTPHYECKAA NPOHWULAEMOCTH
&/=¢’(w) ne 3aBHCHT OT Koopaumar. Huke Gyaer uaTH peus 0 BO.
~ HAX B O1HOPOAHOM Cpeng, MPHYEM TObKO O ILIOCKHX M MOHOXPOMATH-
HECKHX (IapMOHHYECKHX) BOJHAX:

= Eyet (vt =), 0

Iaa takux BoaH ypasHenus noas (2,1a) u (2,3) zawor:

we’'E=—clkH|, oH=clkE} (7.4)

“OtmMeTuM, 4TO YCA0BHE MOMepPeuOCTH BOAH RE =0 cienyer us ypasHe-
HuR (7,4) TonbKO mpH & == 0, 4TO HAXOAUTCA B COTIACHH C COOTHOMWIE-
- HHeM (2,14a) 118 NMPOLOABHHIX BOJH. B nposodbHeX BOaHax H ==0.

Nonepeunsie Boanst. 13 (7,1) u (7,2) noayuaetcs AKCMEPCHOHHOE
'PaBHEHHE, CBA3bIBAIOLIEE O H ks nonepeqmﬂx BOJHAX:

7.3y u (7,7)

310 ypasHenne NPHMEHHMO 18 KOMMJEKCHBIX £ M o, npuuey B ofuiem
Cayuae k==k,—ig. 3necb npuseneM (OpMyabl A4 caydad, KOria
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HACTOTA © BRLECTBeHHA, a niockue BOaHb (7,1) ABAAOTCH 0AHOPOI~
HENH, T. €. BEKTOPH Ky 1l ¢ napaanedbhsl it

(7.5

E— Eﬂc: - 4:850.:

(7,6}
Momia Boauet B cpeae . u ($a30BAA CKOPOCTb BOANH Uy PABHBL
9z¢

=0 ge=a=L. @H Y

KosdHumeHT TOTIOUEHNA u ONpEeleifeT W3MeHeHHe ¢ pacCesHHeM
noroka sHepruin §=SpeT#¥ u pasen

(7.10)

.11y

rae 00a KODHS BCerAa CuUMTaiOTCA NOJOMMTEIbHsMu (ca. § 7). [Mpr
OTCYTCTBHH FOTIOLIEHHA, KOria 3=0,

. (7.13)
(7.14)

B sroM cayuae

(7.15)
Mpu ycaosmu

(7.16)

HMeeM
(7,17

N0y yaeM: — —
8rws 3 7 7
"t ‘/ S (7.20) u (7,21)

nv R

<opMy.iLl, MPHBEIEHHBIE 10 CHX 0P, OTHOCATCH K .0Goft cpese.

§9] CBOAKA OCHOBHBIX $OPMYJ 103

Jas u30TPOMHOK naasMbl (T. e. NPH OTCYTCTBHH B MNaasMe BHEWHEro
MATHHTHOTO MO/f) B PaMKaX 31eMCHTAPHOH TEOPHH HMeeM:

=1

(3.7)

42N o)

TToab3ysich  OG03HAUCHUAMH T = KOTOpHIE

: mw? Wt
_ ByayT npuMenathes B ri1. I, MOKHO Hanucarh:

v
TL+s2”

$opMyIbl 3TeMEHTApHOH TEOPHH CTPOrO COOTBETCTBYIOT CIy4alo, KOraa
AHCAO CcOylapeHut 3IeKTPOHA He 3aBUCHT OT ero cKopocrn. Bkaai,
© ceasamublft ¢ woHamu, B (3,7) onyuen. B cayyae mnonepeuHsiX BOJH
B: Hepe/IATHBHCTCKOM M13a3Me POJb MPOCTPAHCTEEHHON IMCIEPCHHM MpeHe-
Gpexumo Majza. Jel0 B TOM, YTO 8 MIA3Me YueT BAMAHHA MPOCTPaH-
CTBEHHOf AHCMEPCHH ABTOMATHUECKH NOCTHTAeTCs, eCmi He npexedperarb
| TemaoBbIM IBHmeHHeM. Iloayuaouimecs TaknyM 06pasoM MONPaBKi — ro-
B

Ak

~aez (IO CPaBHEHWO ¢ eHUUCH), T. &. TOTO e MOPAIKA, Kak
¢

PeAATHBHCTCKHE S(deKThi.
Tpu ycaoBin (BLICOKOUACTOTHRIA Cayyai)

=

(3.8) u (6.7)

2
S0
- moayuaeM:

)
]

)

— 3,18 109%)2: 1-—8,06- 107

- Nt (3,3)n(3,9)
5,42

106N 5

el N
men? ——— @?
mo?

~ Tipusenen Tenepb QOPMyIbl KHHETHYECKOH TeOpui,

— 3,18 10°
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B emicokouactorHoM cavuae (3,8), (6,7), B dopmyaax (3,5) u (3,9)
18 3

Vaipp = Yot m T Vadihs i (6.16)

(3HAUCHUA Vyp, 1, Yabg i
C MOJeKYaaMu M HOHaM),

OTHOCATCS COOTBETCTBEHHO K COYIdPeHUsM

N, =83 10%a?N,, VT =

N, T
Lon 2,74'1"0lg I/W

Vs, m T

=17 (6,10) 1 (6,11)

(6,13)

(ﬂp“ OTCYTCTBHH OTPHUATETEHBX HOHOB B PaBHOBECHOM COCTOSHHH
. N).

B HH3KOUACTOTHOM C1TVuae
2N
0]
my

v S0
ol €0,

o=

(3,10), (6,18) u (6,19)

HMeeM:

R sy = 1,5+ 100 5= ‘/_‘366

(em. (6.2
ayxy)h

1) u (6,10), (6,11); nocrenHee BrpaweHue OTHOCHTCA K BO3-

0)
Lo 1=

m(sm ‘\T.)). 1~1 6,24

N, = N; yuTeHsl MeXKIy3TeKTPOUHLIE COYAAPEHHS).
Cootuourerue (6,16) B HM3KOUACTOTHOM CJIy4de HECMPABRAIHBO.
TIpit NpPOW3BOJILHOM- COOTHOMIGHHH MeWIY 4YacToTO# o u 3ddex-

TUBHBIM UYHC/1OM COYAAPEHHH v,qq HYKHO MOIB30BATECH popMyaoht (6,25)

¢ ynkunsmm K, (L> u K, (L), onpenefedHumi B 1201, 6,2 u 6,3.

Yty b
BrJan B MPOHHIAEGMOCTh H MPOBOAHMOCTb, OGYCIOBAEHHBIH HOHAMI,

TaKoB:

ENca

M (0?4 A

4o, s
THEgy T
L)

rie UCHOJb3YeTCA 31eMeHTapHAT TeopHs

(6,29)

u i), — sddexTBHOE HHCAO

§9

€OyAapeHHAl HMOHOB CO BCEMIl APYTHMH HACTHLAMH.
' JHOHOB CUMTAIOTCA OAMHAKOBHIMH. [TpuOIMKEHHO uMeeM:

Kpoye Toro, g, e ==

CBOLKA OCHOBHBIX ®OPMY 105

Macca u sapaa Beex

T
0 e ST
i, m 1019 l/ 300 (6.27)
= T
(Sﬂecb vy =il U nocaeaHee 3Hayeune OTHOCHTCH K BO31Y
: ; i - 2T
W) % V=
s e (0.371, ezN‘;)

N A 1a
."“"p"vi s TAR Yapq, ;— Bhipawenue (6,13).

Mpoxoabusie BoaHbl B Muaaame. C.1a603aTyXaioUl1e BEICOKQUYACTOTHEIE

NpPOAOABHEIE (T1A3MERMbIE) BOAHBL CYWECTBYIOT B 00JaCTH, Fie

(3,8) u (6,7)

Tlpn npexeGpeseHul 3aTYXaHHEM M TRMIOBBIM ABHKEHHEM 4aCTOTA MIa3-
SEHHBIX BOJH PaBHa g, NpuueM v

100Y/

NER))

g
+ (P p0)
w

Teoya =2

(8,36)

O ) =0 p=io—1,

=u—iy,

w0,
y'!e'r TEMJIOBOr0 IBMUKEeHRy, IKBHBAMEHTHBIA A4 N1a3Mbl YueTy npocTpaH-
CTBEHHON AMCMEPCHH, MPUBOINT K QOpMyaam (B— BOJHOBOM BEKTOp):

u)~u>a+3 T k2

m oy

o +3 54, =y (1 30%2), (3,27)
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rae
(8.28)
WM, YTO TO Ke,
(8.12)
Coraacuo (8,27)
~ 252
0= fm"; - (8,25)
]
3
W= = = T
l/l—— $ (8.26)
do BT : |
Yo =T g I=z
i i ) .
31ech, KOHEYHO, TOKE MOKHO 3aMeHNTh | — —z Ha 2 (1 —?a) . Tpie

ycaosuax (8.28) u (8,12) u oTCYyTCTBMM COYIapeHMH A9 N1a3MEHHON
BOHBL | == 7y, NpHUEM

1 0,05 _ou
¢ mm’m(}gig)’;m @Dy (8.36)

To=1u, }3—2_‘
(kD)

Crienndguyeckoe 3aTyXawhe 7, CTAHOBATCA OOLIYHO CYWECTBEHHEHIM A%
sary o
BOJMH C AMMHOH i < hyy, MPHYEM

ZLNSOOI/M cu, D01 (8,415
Kp

(cm. B 37O# cBasu Tada. 8,1). Bonpoc o poaHM PeATHBHCTCKMX nonpa-
BOK ocpewed B § 8.
[pu © BelleCTBEHHOM AN MAa3MEHHOR BOMHBI THMA

~Zre 1 (ot—kz)
e ¢ e
Meway o u k cnpaseinusa cBasp (8,27) w

(8,38}

‘ Tlpu ycaosuu

89 CBOIKA OCHOBHLIX ©OPMY.T 107

(k)

3 U— ABIACTCH NIPH 3TOM 06u.um, T. €. OTHOCHTCA
r

n K nonmepedHbiM BoawaM (oM. (7.23)). Ecau umenTca M coyaapenns H

saryxanne (8,36), 10 B 0daactu caaboro saTyxaHna

= TeoyaFTor (8,40)

©
CooTHouEeH e —
¢

(8.42)

- {em. (8,42) w (8.44)) B maasme MOFYT pacnpocTpansThes €1ab03aTyxaw-

JMe aKYCTHUECKHE BOHSL, 118 KOTOPBIX

T 3 4
o=V k. (8.44)

Tlpu wHecoGmonenuu yciaoeus (8,42) axyCTHHECKHE BOJHE B MIa3Me

~cuabHO 3atyXaoT ¥). TO e OTHOCHTCA K MIa3MEHHBIM BOJHAM [pH CO-

TofeHuH yeaosug (8,42).

%) 3lech uueeM B Buly wioTepieckylo maaswy. Bompoc 0 pachpo-
CTPAHEHNN BOAH B ABYXTEMIEDATYPHOI ;miasMe, Koraa T, == T, paccuoTpen
‘B KoHIE § 8.




TadABA I

PACMPOCTPAHEHHME BOJIH B OJHOPOIHOI
MATHUTOAKTUBHON NJA3ME

§ 10. TeH30p KOMMIEKCHOH AH3JEKTPHUECKOH MPOHHUAEMOCTH

O BAMAHUM MOCTOAHHOTO MATHHTHOIO NOJAS HA CBOHCTBA MAA3MBI.
TlocTosHHOE MArHHTHOE Moje OKa3blBAET CHIbHOE BIMAHHE HA CBOHCTBA
naasMel. 1o OTHOCUTCS, B Y4CTHOCTH, M K PacnpocTpareryi0 B Miasme
BOJH pa3«‘ﬂl‘{ﬂ0l‘0 THIE.

Bansnue maruntHoro noas H'® xapaktepusyercs B NepBYIO Ode-
pelb OTHOLIEHHEM 4YaCTOTH TOJA BOJHLL @ K FMpOCKOI’H\‘{eCKOn'qE}CTOTe
3REKTPOHOB

o .
o= Yy 7e ), = 2 — LT 1ot
me : oy = Tae
10,1
W TUPOYacToTe HOHOB ( )
le| HY - 7 m
o AL 3 7 <
c A 76 0T O, (10.2)

Yactotet
AN HOH

©, M 2, CyTh HACTOTH, C KOTOPHIMH CBOGOAHEIA 3.1eKTpOH
bR (sapaa e, Macca M) BpawaoOTCA BOKPYT CHIOBBIX HHHUi
noan H. Tlosumo ‘o, u Q, OyayT HCNOAb30BATECH TaKAe Geapasmep-

Hble nﬂpaMepr{:
my2 .
(5 e o

Ecan CKODOCTh 31eKTPOHA CPABHUMA CO CKOPOCTHO CBeTd, 4acToTa @
onpelenneTcs yike PedaTHBUCTCKOH (opMyaoi

Vae= u

M=

g

« lei HO me e HY -
of =8 _ e By
. e =V (10,4)
o me? v
Tie Eff*fnom-mﬂ SHEPTHa, - M U — CKOPOCTh 3/eK-
TpOHa,

TEH3OP KOMILIEKCHON AH3JIEKTPHUECKOH MPOHHUAEMOCTH 109

5101

Mpu 7.~ 10° (coaHednas KOPOHA) CKOPOCTb OCHOBHOM MACCHI SMIeK-
R L
foctb 32, yuer 3dexTOB, MPONOPLIOHATBHBIX 97 B YCIOBHAX KOPOHIL
i nake HOHOCHEPH B HEKOTOPLX ciyuasx cymectser (cM. § 12). Tem
He Mexee ycaopue PL<€C1 1aeT BO3MOKHOCTb B LETOM MOIb3OBATHCA
HepenaTUBHCTCKHM npubauikerued. [10 nocienued npuuMHe MArHuTHOE
foJe caMoli BOAHB, BOOGIIE TOBOPA, YMHTHIBATb HE HYWKHO, KAK 3TO yme
nputnMaiock B ra. [l B caMoM lele, B 91eKTPOMArHHTHOM BOAHE Mar-

© TPOHOB Up Hecmorps na Ma-

HitTHOe Tone F 0OHUHO He NPeBOCXOAMT 3AeKTpuueckoe noie £ (_’Mﬁ

2
T0CKOH BOJHEL [IzE]:% H, &? %-(n*[/,)iy TlosToMy MarHuTHas

e
- cmaa 7[””] MeHblue 91eKTPHYECKOH Ccutbi eE Ha MHOKUTENb 1O-
: v
pAIKA L, CAH TOJBKO -~ 1.
TEm0BYI0 CKOPOCTh, MATHUTHAA CWJA MeHblE 3EKTPHYSCKOM MpHMEpHO
g 100 pas npu T~ 10° u npumepno B 3000 pas mpu T~ 300°. Pax-
THYECKH KE CH1A onpejeidercs )'HOPHRO"IEHHOH CKOPOCTRIO 3JMeKTPOHOB,
'KOTOpafd 3HAUNTETbHO MeHblle TEmIOBoft *).

B semoll uoxochepe MaruutHoe noae H® ~0,2-0,5 spem u,
TakuM odpason, o~ 3-=9-10° (hr~ 200+ 500 x); Hanpuvep, L%

Tlo3ToMy, faike ecii NMOHHMATL MOA U

uouoB OF Q4 ~ 100+-300. B kopoHe A% MAKCHMAMbHBIX BCTpEHAIO-

o

0 5 ~ 10U Q= -~ 108

nuxes noael H! 5000, ©,~ 10" u Q= yg5¢ 108.
Bansuue HOHOB OGBIUHO HECYUECTBEHHO NpH yCA0BHH

030y, (10,5)
|4 BAMANHE MATHUTHOTO 074 HA ABIKEHHE 31eKTPOHOB HECYWECTBEHHO,
ecam
00, (10,6)
[IpuBeneHHble 3HAYEHHS THPOHACTOT TaKOBH, 4TO CpPasy ke AcHa
- BO3MOKHOCTb CHABHOTQ BJHAHUA MATHHTHOTO MOJS HA DAacNpOCTpaHexue
3MEKTPOMATHHTHEIX BOMH B HOHOC(epe W Kopowe. K aToMy HYkHO 100a-
BUTB, 4TO Aake MpH Bbinoawenuu ycaosua (10,6) Bausuuem moas npe-
HeOpeub MOWHO JaleKo He Beeraa. Hanpudep, B MeWK3BE3AHOH cpeie
) " =
HY <10 107° spem w w~ 104100, Oanaxo xawe AmA pac-
npoctpaHeHns BOMH METPOBOTO  AHANA3OHA (w ~ 10%) Bansuue moas

*) TIpn MCMOAL30BAHHH KHHETHYECKOTO ypaBHeHHA (4,17) BO3MOWKHOCTH mpe-
HeOpEKeHHA MarHHTHEIM NOJEM BOAHbI B NMHEHHOM MPUOMMKEHHH OUSBUIHA, Tk
Kak noae H yMHOMAETCA HAa Maty® BEAHMHHY fi.
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CYUIECTBEHHO, KOMAA pedb HIET O BPAEHHW MIOCKOCTH MOIAPH3AUMM
KOCMIHUECKOTO PaIHOH3NYHeHHS, KOTOPOE MPOXOLHT OTPOMHbIE PACCTORHUS
{eu. § 37)

Ten30p KOMIIeKCHON IH3JeKTpHUECKOl NMPOHMIAEMOCTH (SJeMeH-
TapHas TeopHs). Haxoidwascs B MAHUTHOM MOJE TJIA3MA CTAHOBHTCA
aUU3OTPONHOH, I ee ACKTPOMATHHTHHE CBOHCTBA MpH MPeHEdPeReHHH
NPOCTPAHCTBEHHON ANCMEPCHER XapaKTepHIYIOTCA 3ABUCALLMM OT 4acTOTHL
TEH3ODPOM KOMIIEKCHOR IHIJIeKTPUYECKON MPOHHILAEMOCTH

e (10,7

Mpl HauHeM C TOTO, 4TO HalueM TeH30p B paMKax 9eMEeHTAPHOM
teopun (cM. § 3) u npu yeaosuu (10,3), 1. e. npexedperas po.bi0
1oHoB. [1cnoab3oBaHue «31eMEHTAPHOR TEOPHH» DO CYLIECTBY OSHAYAET,
4TO 4MCAO COYAAPeHHfi 3JEKTPOHA C APYIHMH YACTHUAMH CUMTACTCA He
32BHCAULMM OT CKOPOCTH 371EKTPOHOB H DPaBHBIM HEKOTOPOMY 3Ha4e-
HHIO Yypp- B 9TOM Caydae MOKHO BOCNOTB30BATHCA YPABHEHUEM

P Mgt = e Bt 4= S [PH), (10,8)

xoTOpOE OTaHYEeTCs OT (3,6) YueToM AeHCTBUA MAPHHTHOrO MOJId.
Ipn HATHYNH MATHHTHOTO NOAS, TAK e KAK H MPH Ero OTCYTCTBHM,
TIOTHOCTb MOJHOTO TOKA PaBHA

Ji=Jj—iwP=eNF,

rle r-— BuHy&IeHnoe pewenne ypasuewna (10,8), nponopuponals-
Hoe Eyef®!. [10310My ecam MpUHATL HAMPAB.EHNE NOA H® 3a ocb z 1t
sBecTH KoMOHHaumn J,, £ L],y, T0, KaK Jerko BHAeTh,

2N (Ey £ IEy)

o Uy = (o + gy T p1) | 10,9
J ENE, 9
: E J

azech HYKHO B 00eux uwacTaX pasexctsa Opath aubo Bepxuu#, Aubo
HIKHUA 3HAKH W YMHTHIBATB, 4TO A4 21eKTPOHOB € < 0, i 103TOMY

el H® ™
T me me

T10CKOIbKY B OCHOBHbIE YpaBHEHH: ( ,5)  .(2,18) BXOAMT BEKTOP

E+4—P—t‘* j=E+

Jo MB TIpHBEZeM COOTBET-

Tae, KaK M Be3le pauee, wj ==

§ 10]  TEH30P KOMIUIEKCHOM NUSEKTPHUECKOH MPOHMUAEMOCTH et

CTBYIOUHE BbIPAKEHUA:

= ooy S

1
ot )(E»x =iy ‘l (10,10)
j

) o
L

o dmeN

Ianee, no onpeiedeHuio (He MyTaTh HHAKHUA MHAEKC I H MHHMYIO
CUHHLY £, QUIYPHDYIOUIYIO B KAUeCTBE MHOMKHTENd!):

Tle MO 4BAKIbl BCTPEYAIOUIHMCA HHAGKCAM MPOU3BOLHTCA CYMMHPOBaHHE

or 1 10 3 u 3,=1 npn i==k, 8, =0 npu i=k.
Hs (10,10) w (10,11) nomyuaes:

1
2 .
R
(e — gy

Wiy
& (0 g Prag) (0 — Op — Praqg)

(10,12)

]

e e
02 T 00— foggy

T ,
130 Sy 23"

0, KaK 3TO H A0TKHO

CsoiicTea Tensopa ¢, Pasyseetcd, npu ©

o2 . .
m(mA,y,N))“m- TeHaop 3j,, Kak acHO i3
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2, y: 9 <
(10,12), yaosaersopser YCJA0BHIO .[k(wﬁ) ’L(—— tu”) WM, 4TO TO iKe,
YCI0BHIO

o ,
o (HO) =& (— HO), (10,13)
AT0 cootHOWeHNe ABageTCH O0WHM A7 MOGOA Cpelrl, HaxoiaueHcn
B MarHWTHOM rosie (oM., Hanpuvep, [36], § 82). Bechua amwo, 4to
B 3TOM Cyuae o 1pH OTCYTCTEHH NOTAOWEHHS, KOr1a s, Oms, =0,
TEH30p aik % HE HBIIeTCS BCLIECTBEHHBIM, a YAOBIETBOPAET .IHUL
¥CA0BHIO IPMHUTOBOCTH

(10,14)

(3BE3104KA — 3HAK KOMMIEKCHOTO ConpskeHus).
Ias miasmul cobmonenne yeaosna (10,14) sicHo cpasy, tak Kak npu
Yapp =0 Ha (10,12) momyuaes:

BameTuy, uTO B OOweM ciyuse pasietenne TeHsopa 3, =g, ]
2 f m
Ha S W 3y MOKET OHTh OIHO3HAYHO NPOUSBEAEHO B Peayantare Tpe-

GOBaHUS, UTOOH &, W o (no He —j 2k
®

OBUTH  3PMUTOBLIMU TeH3o-
pami. Tlpn 3TOM mormowenue SHEPTHH (1KOYIeBO Temio) B cpenHem
M0 BpeMeHH B enmHuue oObeMa pasHo (cM. [36], §§ 61 u )
o, 5t s
—— (T 2 kT
162 Gie — 1) E.E; T
T. €. 3EBUCHT JHUIb OT Sy, KAK STO M A0SKHO ObiTh.

TIpuBOAHTS 31eCh OTaeibHO dopuMy Bl An 2y U 3ip MBIl He Oymew,
TaK KaK OGLIYHO y1OGHEE CPasy noabaoBaThed TEH30PON 3,
dopuyan (10,31) u (10,32)).

HZIXDL[S".H&YICH B MarHUTHOM noJje Cpela HasbiBaeTcs MarfHiTOAKTHR~
HOR, NPUYEM TEPMUH <aKTHBHAA® (W «THPOTPOMHAN») CPEIa YKAIBIRACT
Ha TO, 4TO W MPH OTCYTCTBHY NOIVIOWEHHS TEH30p 3’&“”) i (@) e

iz L
ABAAETCH  BELIECTBEHHLIM, HPM OTCYTCTBHH MATHHTHOrQ noas 1 MpeHe=-

Lo

» (CM., OaHako,

§ 10}  TEH30P KOMITEKCHOH AMSJEKTPHYECKOH NPOHHUAEMOCTH 113

BpeskeHHIl TPOCTPAHCTBEHHOR Aucnepcuelt Bee cpedbl HeaktusHul. OnHako
il KPHCTA1108 063 LEHTPA CHMMETDHH WM 145 DacTBOPOB MOIEKY.T,
He 00JALAOUIMX LUEHTPOM CHMMETPHM (HAMPUMED, PAacTBOPOB caxapa),
_yueT NpOCTPAHCTBEHHOH MMCHEPCHN MPHBOIMT K MOSBIEHMIO YICHOS mep-

a <
0ro MOPAIKA OTHOCHTEMLHO - (CM. §§ 2 u 8), BmmHHe KOTOpEHIX

HOBIUHO MOKHO  YUECTb, BBOAA KOMIJEKCHHH TeH3Op =, (110apobHee
cu. [36], § 83 u [1]). CoOTBeTCTBYIOWHE CPEEl HALIBAOT eCTeCTBEHHO-
AKTHBHBIMH. B eCTECTBEHHOHEAKTHBHOM, HO MArHHTOAKTHBHOR cpene TeH-
30P i KOMIJIEKCEH TOJAbKO MpPH HAJIHYUM BHEIUHETO MArHUTHOTO NO.I4.
¥ Hrak, Haxoaswascs B MArHUTHOM noOJe 11133Ma ABJASETCA MArHHTO-
AKTHBHOW CDelOH, fiprueM ee aKTHBHOCTb MOWET GbiTh CHIbHO BblpaiwkeHa
Jake B MATHHTHBIX NOJAX, KOTOpbie 00bIUHO CUHTAIOTCA BeChbMa c.-mﬁu\urx.
. B Herupotponuo#t (HeaKTHBHOR) aHU3OTPONHOK cpene Tewsop g,
© CHMMETPHUYEH W NPH OTCYTCTBUH MNOTIOULEHHS BELLECTBEH. HO?TDM}' cyue-
'C’TBleT TpH TJAdBHREIX HANpaBIeHHA, B KOTOPBIX BEKTOp D napaanejien
BekTopy E. B MarsnToakTHBHO# cpese 5TO He TaK: B HanpaBaeHHu Mar-
HHTHOTO 11013 .E, no D= iD, ex 12 ) (E ) (en.
(10,10); morsouenue cunraeTca OTCYTCTBYOWLITM). [TOCKOIRKY Beanumua
e,‘x:;isu, BetectsenHa (cM. (10,15)), orciona cieayer, 4o B maocko-

CTH XV BEKTOp D NponopunoHaIen E 177 [OCTOAHHOTO no BeIHYHHE
noas E, Bpawlamowerocs no Wi NpOTUB YacoBoft cTpeakn (174 TaKOro

‘moas E, = Egett, Ey==T iFyei!, Re E = E,cos t, Re E. Egsinot).

Hmenno monoGHas cBass Mexay D u E u ssasercs XapaKTepHbIM (H3H-
ECKUM OT/MUHEM THPOTPOMHOH Cpeihl OT HEerHpPOTPOMHOA.

Tensop sl’k B APYTMX CHCTeMax KoopauHat., B ucnoaesosaunuoli
KOOpAHHATHOH ciCTeMe ¢ OChIO 2, napanteasHod nomo MY, tensop s,
TpHHUMAeT npocTefwnit Bui. DBhiBaer, OIHAKO, YA0GHO MOJB30BATHCA K
~ADYruMH MPAMOYTOIBHLIMU KOODIMHATHBIMU CHCTeMaMit. TeH3OpH B pas-
HX TAKUX CHCTEMAX CBA3aHbl COO

5:/:('“1) = Yim Vo (¥1) (10.16)

TAe &), (x,) — KOMINOHEHTH TeH3OPa B CHCTEME KOOPAMHAT X, W ;, —
. - et .
KOCHHYCHL Y1108 Mexay OCAMH X, W X[ (&) — CTapsie KOODIUHATE)
- OcoGenrio cywectsen uacTumél cayuafi, koria sekrop H(© opasyer
=

YTOM @ ¢ 0CbI0 2, YTOA 55 —2 C OCbIO Y M NEPNEHIUKYIAPEH K OCH X
uc. 10,1) ). MwenHo TaKo# cayualf WMeeT MeCTO MPU HOPMATBHOM
Najenun BOAHBI HA CI0K MIa3Mbl (PACNPOCTpAHEHHE 1O OCH 2 NnpH J0-
Gox 2) npu MPOW3BOALHON OPHEHTAUNN MATHUTHOTO MOJR (OCh X BCerada
e

*) B cayuae 3eMHOrO MATHHTHOTO TOAA, €CAW OCh Z COBNATAET C BepTH-
=

Kaabio, yrod /= - —a Ha3LBAETCA MATHUTHEIM HAKAOHEHHEM.
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MOKHO BLIOPaTh mepreHinkyaaproft k sexropy H). Ilpu stoM
=l m=tu=ta="Tm=0 1= cosa,

T23 =" "Ta2

sina.

B HOBOH cucreMe KOOpAMHAT X, ¥, 2, H3oGpawenHOW wa puc. 10,1,
KoMroHenTs Tensopa (10,12) paeuwr:

U v(l—is)
w T T T =

v {(1 —is)® —usin?a}
TO—i) (=) —uy

il

(10,17)
Puc. 10,1. Koopaunarsas cu-
cTema, B KOTOPOH TEHIOp s/, _ _ 4 cos asina
useer sy (10,17). 2 N (S N s e
rae
o2
_ Y i 3
4=, V== — . (10,18)

Tlpn pacnpocTpaHeHHn MIOCKOH BOHEL BAOAb OCH Z, COTIACHO YDaBHE-
HusM noas (2,18):

=B, =0, (10,19)

o

It

OTKyaa

_ Ve (l—is)vsina
ST e (670~ —aweots La

L cos asin z

T U Eme s o (= s = o —awews By (10200

Tlpn coGmozenuu pasercrea (10,19)

== AE -+ ICE,,

X |
¥y
IL (10,21)
J
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2a

. (1 —is)u—(1—is) (1 —is—v)? —uvcos?a

AT T u—(—5E (1 —i5—v)—uvcosia’

B ull—is—o)—(l—is)(l—is—o®
T U= u— (1 — i) (1 —is—v) —uvcosiz

(10,22)

. Viw(l—is—v)cosz
=) e — (1 — (1 —is—v)—uvcosta )

C

uMeeM

p (i —u—u(l—is) _ w(l—is)

=5= M(lfis)f-—u =l—a—mr—a ! (10,28
Vev |

C:7(l—is)7——u’ J

’l:
u—(1—is —v)? o v (l—is—v) \
A:u—(l—is)(lgls——v)il (T=hp—u—(i—is)v’ lL
S v (10,24)
B=legys |
Cc=0. J

ycaosun (10,19) w oTcyTeTenu noraowennd, koraa s=0 (1. e.

_n—(lup—uveests )

Tu— (o —wvents |

o u(l—m)—(—uy i .
B= = —avawve | (10,25)
c_ wu(l—v)cosa 5

W (o) —avcos’a

e .
_ iViavsinz E oL uvcosasing
T—(—v) —awenta X @ — (1 —0)— v costx

(10.26)

Kunetuueckan teopust. IIpu noayueHHH BblDaWeHUH 117 KOMNOHEHT
TeH30pa s/, Ha OCHOBE METO1a KHHETHYECKOrO YPABHEHHR

Zumb wa ypassennit (oM. 4,16), (4,11)):

0, E df;
S Uy o [HOf] @ fy Sy =

e [0 U
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B npeneGpekeniin Me:1y3eKTPOHHEIMH COYNAPEHHAMH, T. €. OMyCKas
B (10,27) uren S . HaXOZMM B CHCTeMe KOODPAHHAT C OCHIO 2, Ha-
npasaentott no momo H®:

L eim )
Sy et == ez
ne.=3s [ e l
B (10,28)
e E Uy = (e 1) F L) (B, = iE) = 1
R ut -""du

m
agech u I/QQTT"” M BCe BLIKM4IKH aHANOTUMHEL [POBOAHBIUHMCH
B § 6 A%7 M3OTPOMHOH maasMbl.

U3 conocrasienus suipakenudt (6,3) u (10,28) scwo, uro ana mar-
HHTOAKTHBHON I1a3Mbl MOKHO HCMO/b30BATh PE3YibTATH BblYHCIEHHH 115
HSOTPOHHO“ T13a3Mbl, 3aMEHsAT B HEKOTOPHIX C/y4adX w Ha o 7(" . Kon-
KPETHO KOMMOHEHTA ¢, COBMafaer C ' B WIOTPONHOH Miasme, n TAKUM
06pazoM, Bce (OpPMyabH § 6 MpUMEHSIOTCA HenocpeacTBenHo. B cayuae
LPYTHX KOMNOHEHT TEH30pa &, XapakrTep HEOOXOMUMOH 3aMenbl ACeH u3

BbIpaXKeHu#:
£ |
¢ g  32VE ey / u'e™" du
Ty T me ) Terem @
e =mef=1

J}

29)

Ecmu v(v)=rconst, T. e, uuci0 COy1apeHuil He 3aBUCHT OT CKOPOCTH,

noAyuaeM rnpuBeieHHbe paublie (OPMYMbl 3MEMEHTADHOH TEOpHH»
o

(nanommm. uTo j et gy — 31Bfn )
I

B npeneibHOM Ciydae BLICOKHX YacTOT H BHe 00.JaCTH pe30HaHCa,
T. €. TPH YCIOBHH

(10,2

(0 —0uf > Ve (10,30)

TEH30P KOMAIEKCHOH AH3IEKTPHYECKOH NPOHHUAEMOCTH 7

§ 10

¥y
9 “o b
[(w—wmﬁwwm’} o
Wl el .
_m_g_% 2 L1031y

'rne Vapy COBMAALT C 9(PeKTUBHBIM 4YHCIOM COYAapeHUH, BBEEHHLIM
B § 6 17 BuCOKO4ACTOTHOrO cayuas (em. (6,9)).
T npoH3BOIbHAIX 4ACTOT YLOOHO BOCNOb30BATBCH BbIPAKEHHAMI:

22 eseon (5]

- 2 2 2
=o' T (0w + Vg

g w(E2H) k()
Bed ) Vo
vl R 2

o T
P | ol emt+ gl )
otw
w?) K ( "s@rx:H)

T 2.2 Vet
(@—op) t Ve (TR T g

(10,32)

'Bneca Qynkunu K, (x) u K, (xX) KaK npu yuere, Tak H 0e3 y4era Memay-
STEKTPOHHH\ r:ou\apemm COBNaganT ¢ COOTBETCTBYIOLLUMH ql\Hl\LlﬂﬂMll,
 BBejenHpiMM B H3OTpOmHOM cayuae (CM. (6,25)). Hanomuud, 4ro mput

—oo K, (x)=K,(x) Tostomy npu ycaosus (10,30) ¢op-
Myan (10,32) nepexonst B (10,31), KaK 370 u 20AKHO OBiTE. 3aMeTHM,

@
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470 BO.IMSH pe30HaHCa, KOria

— 2 2 )

(0 — 0, ) < Vg (10,33)

OBE1EHHE MATHUTOAKTHBHOH M:1a3Mbl B HEKOTOPOM OTHOWeHHH G1M3KO
K NOBEIEHHIO HIOTPOMHOW NI43MbI B HHBKOUACTOTHOH oGaacTu (T. e.
- 3 o 25,2
B ofract, rae w?<Zl Hanpuvep, npn o=w, 1 o )>«3W

nMeeM:

B H30TPOMHOH ke TMa3Me  3Haye-

8 @ '
e K, (0) guryprpyer auwb npu o — 0. Kpose Toro, 8 odaactu (10,33),
KaK W B HH3KOYACTOTHOM CIyuae 1% H3OTPONHOH 37eKTPOHHO-HOHHON
TITa3Mbl, CYMIECTBEHHBl MEKLY3eKTPOHHbie coyaapenns (8 (10,32) sxmax
STMX COYAapeHHH NpH MOOHX YaCTOTAX YYHTLIBACTCH NDH HUCMOIBb3OBA-
HHI COOTBETCTBYIOLIMX 3Hauenu#t K, w K, mpuBeseHHnX B Tab1. 6,2

3). B pamxax «sTeMmeHTapHOH Teopum», Koraa v(v)==const,
koweuno, K.=K = 1. Ilpeacrasisiomas wanGoIbwnh uutepec QyHk-
uma K, (x) B cayuae COYAaPeHUH ¢ MOJIEKYIAMH —TBEPALIMI MAPHKAMH —
U3MEHACTCA MAKCHMYM Ha 13%; TpH COYNapeHHaX C WOHAMM H YueTe
MeKI1Y31eKTPOHHLIX coyiapenntt dyHkuua K, (x) mensercs He Goiee uem
8 aBa pasa (cM. Tada. 6,2 u 6,3). IlodToMy B GOTBLIHHCTBE Ciayuacs
npUMeHeHie PE3YIbTATOB 3IEMEHTADHOK TEODHH BIIOAHE OMPABIAHO, TeM
Go:iee, uTO YACTOTA COYAAPEHHH vygp OOBIUHO HIBECTHA JTWWb MPHOIH-
HeHHO (mocTeaHee MOKeT ObITh CBA33HO, HAaMpHMEP, C HeIOCTATOMHO
TOUHBIM 3HAHHEM TEMMePaTYPsl WM COCTABA PACCMATPHBACMOH MJA3Mbl).
BO3MOKHOCTE T4KOTO YNPOUIGHUS BECBMA CYLIECTBEHHA, TAK Kak Qop-
myasl (10,32) 3HaunreTbHO CilokHee GopMy1 31emMenTapod Teophu (10,12).
Tpu nepexole e K APYTHM KOODIMHATHLIM CHCTEMAM 3TO YCIOWHEHMUe
eule G0nee 3HAUUTEBHO.

Bhllie He yuHTHIBATOCH TElIOBOE IBIKEHHE 3.TEKTPOHOB (ec:i,
KOHEWHO, He [OBOPHTh 06 ydeTe coyaapenn#t). IpyruMu ciopasu, e
NpHHUMANaCh BO BHWMaHHe BOSMOKHAA DO.ib [POCTPAHCTBEHHOH Imcrep-
cun. TaKOM yueT CBA3aH C OTKA30M OT HCMO/Ab30BAHUA JIOKATBHBIX XapaK-
TEPHCTHK CPEAbl — KOMNOHEHT TEH30PA €[, 3ABUCALMX TONLKO OT ua-
crotel. [103TOMY yueT MpocTpaHCTBEHHOH NHCMEPCHH B CIy4ae MarHHTO-
aKTHBHOH niasMbl Gyser nposened B §§ 12 u 14 menocpenctseHHo A%
PACTPOCTPAHAIOLUUXCS BOAH.

Cienyer Takxe elle pas MOIYePKHYTh, YTO BCE HAMIE PACCMOTpeHiie
OTPAHUYEHO CIYYaeM HEPeAFTHBHCTCKOM MiasMul. JIBHAKYIIMACA B MATHHT-
HOM 1071e penu'miznmc;mn 3/€KTPOH H3AYHaET HE TOMLKO BOAHBI C YACTO-

©)
‘% '"TC HO 1 0BepTOHBI 3TOH uacToTsl. [TosToMy peas-
TUBHCTCKAR 11a3Ma OyaeT peaoHancHblM 00Pa3oOM MOTIOWIATH HA YACTOTAX
sop(s=1, 2,3, ), B TO BpeMs KaKk NPHBENEHHBIE BbIlUE BbIDAKEHHS
A9 €, HMEIOT DE3OHAHC ML HA HACTOTE w,. PEIATHBHCTCKAA Nasma
B 9TO} KHWFe paccMaTpuBarbcss we OyieT, HO B § 12 dyaer yurewa

ToR W},

TEH30P KOMILIEKCHOH IMIAEKTPUYECKOH TMPOHMUAEMOCTH 19

§ 10)
r

'pOJb TETI0BOFO ABHIKEHHS (npn B= <<l> U, B HacTHOCTH, pac-

CMOTPEHO DE3OHAHCHO® MOTJOLIEHHE HA HACTOTAX mﬂ' L 20, 1 3w,
BadsiHHe ABMYKEHHA MOHOB. [lepefineM K pacCMOTPeHHIO BAHAHHA
HOHOB, ONpEAEiuB TEHIOP &), MPH YueTe HX ABHIKEHHA.
OrpannunBasch 31eMeHTAPHOK TeOpHed, OyleM HCXOAMTH W3 TaKix
\'pZIBHeHHn ABUIKEHUS [if 3JeKTPOHOB, HOHOB H MOJRKY.T <3THM YaCTH~
1AM COOTBETCTBYIOT MHAGKCHL e, [ W M):

9, HO) A, (0, — 1)+ vy (0, — ), (10.34)

(10,36).

i
=N_ , 4 Macca MOHOB M MOJeKY] OAMHAKOBA i pasia M (Hanou-
HHM TAK)Ke, YTO 3apAd 37EKTPOHA 0003HAueH uepes e i mosromy e < 0).

I1ps OTCYTCTBHH COYAAPEHMH XAPAKTEP HANUCAHHBIX YPABHEHHH ACeH

' Ge3 1OMOJIHHTEIbHBIX MOACHEHUA. 3aMeTHM JIHIIb, YTO MO Ty, T; H Ty

TOHHMAIOTCA CPelHHe 3HAYeHHS CKOPOCTEH, BaaTHe N0 GOTBUIOMY YHCAY
wacThu. YUJeHbl, OMMCHBANOLIME COYIAPEHHS, NPOMOPUUOHATbHbI OTHOCH-

 TeibHBIM CPEAHHM CKODOCTAM CTATKHBAIOUIKXCA HACTHL, TAK KaK, Hanpi-

Mep, MpH PaBEHCTBE CPEAHHX CKODOCTEH 31eKTPOHOB H WOHOB 3TH Cpei-

Hue CKOPOCTH Yyike He MOTYT H3MEHSTbCA B PE3yanrare COyAapeHuil.

B Hcnoab3osankoM ke paubwie ypasHerin (10.8) ckopocTs @; 0TCYT-

CTBYeT MPOCTO MOTOMy, 4TO HOHH CHHTAIOTCR Henoxsimbiul Ciaa

_ TpeHms, [eACTBYIOWAs €O CTODOHBl 5I€KTPOHOB HA HOHH, PABHA

M1, (F, — ) = My, (D, — ), TOCKOILKY OHA 10TKHA PABUATBCA B3ATOR

| C 00paTHLIM 3HAKOM CHAe TpeHus, ¢ KOTOPOR HOHBI AeHCTBYIOT Ha 3TeK-

TpoHE. AHATOrHUHOE COOGpAWEHHe OMpelenseT BWA UJIEHOB B NPasofl

yacTu ypaetenns (10,36). Ilpu 3TOM HYKHO TOABKO YHeCTb, 4TO, Ha-

NpuMep, UHCTO COYAApeHuft 3TEKTPOHA C MOJSKYIAMH PABHO v, =
=y N 2 uncao coymapeHnfl MOdekyabl € 3dekTponawm Oyaet

m

31ech 417 MPOCTOTbE MPHHATO, 4YTO BCE HOHbE OIHO3APALHBIE, Ny=

: N . v, \ . -
Ve 7= Qo N == Vg . HHCAQ COYAAPEHUR vy, gy H Vi B YPABHE

musx (10,34) — (10,36) npeactasisoT COGOH HEKOTOHIE 3PPEKTHBHLE
_3HAQYEHHA U MOTYT 3aBHCeTh TOIbKO OT KOHUEHTPAUWH H TEMMEPATYpPEI.

=) Tlpa TEmAOBHIM n orAoueH
BOJH Ha 4acTOTE wy; HMEET MECTO AUilb AAf HEOOHIKHOBEHHOH BOAHGL MpH 2=0
(ot § 11). TIpy yuerTe TE/oBOTO IBHKEHWA PE3OHAHCHOE TOTIOMEHNE HA
MACTOTE @y HMEET MECTO yie OPH BCEX YIAaX & i IJA BOIH 000 KX THIOB.
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[110THOCTL  TOKA, KOTODYIO HYKHO MOACTABHTL B YPaBHeHHS [0aA,
pasna

i (10,37)

Cuntas BCe BeauMHBL mpOMOPHHONATLHHNMI ¢/ 1 HanpaBaas BHewHee

note H o ocu z, n3 (10,34) n (10,35) npu npenedpewents coyaa-
DeHHAMH n0.1)'q2lt5,\|:

eN (:

; : i N
—9)=eNw, j, I(ka‘“fk)Ek'

oF e ) o(E.ZiE) |
s Do Ver T I
(10,33
Tel HO
i
EN\E, _ ie?NE, )
o) TS
(w, = iwy)

€N (E, & IE,)
Mm —
mEar (@Fey) (@@=

)
(10,39)
Ha napaaieasueie nomo H® xoMmoHents ckopoctefi u Toka moge He

BUACT, M MOSTOMY, KAK U B UIOTPOMHOM C.y4de, BKIAL HOWOB (Mph
m
) B 7 P33 MeHbLIC BKI41a 37eKTPOHOB.

Hro xacaercs mepuenauxyaspueix k nomo H® kommoment CKOpO-
CTell U TOKA, 70 PO/IbIO HOHOB MOKHO MpeHeSpedb MPH YCAOBHI, UTO
@3 Q4 (ex. (10,5)). Ecan e

0 <€ Qp, (10,40)
MEPMEHAMKYIAPUIE K MO0 CKOPOCTH SEKTPOHOB il HOHOB MPHMepHO
PaBHEl, B CILTY YerO TOK OYeHb Mal. [leHCTBHTEBHO, npH 0 =0

CE, CEy . .
Y =T ey =y = = (10,41)
ie] HO
TaK KKk ey MQH=‘E-, Pesyabrar (10,41) cpasy scen,

KOHEUHO, yike M3 HCXOHBIX ypasHennit (10,34) u (10,33).

Hrak, B HuskouacToTHOM cayuae (10,40) poab HOHOB Bechya cye-
CTBeHHA. B wn3oTponHo# naasme Q M BCSl TaKas HM3KOMACTOTHAs
0061acTh BOOGule HCHe3aeT.
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Tlpu yd4eTe cOyAapeHu#t ynoGHO 3amucaTh CHCTEMY YpaBHeHHit
10,34) — (10,36) 419 NPONOPUHOHATLHEIX e/ BeqHUYNH B Buie:

. e e (0)

(o) 75+TC[¢”H 1+ )

+ o [0 0, — 0,

e € 4 (0) mo . ac
- wyy=— g E— - [oHY] Ve v (0, — ), (10.42)
i+ Vi |
}'ne B (dunpentax nepea mep npeHeOpekeHo Be.THIHHAMM

m

nopsnka TR MO CPaBHEHHI0 C eauHHueH (npu 3TOM YUTEHO,

. 7
a

o i

0 "meI/_ﬂ “on)-

TENBHEIX OFOBOPOK. ,
s (10,42) qerko nomyuurs oOllee BHpakeune A1A TeH3opa e

Tak ke OyieM MOCTynath Huie Oe3 JOMOJHI-

- Jl19 KOMNOHeHTH! &/

B NPUHATOM MDHOMWKEHHH [0AY4aeTcs CTapoe

2
L ol
: , (] K, SKHEMY
== OMe TOTO, MO-mpewkHeMy
Bhipawenie e, = | — — =T Co o] P! P!
Vo ot O e "
e = By =, == 0 n e vy Sy = 'y TIPHYE

[oFw,—i0, +vem)]

m N

Weem Vemim R
B=|——-"% 7% L
fo 4 vy 0 Vi
Fin ™ im 3

~ Tpu oreyrcremn MOJGKYA, KOTAA v, == v, =0, noyuyus:
o 3
o
’ i
B ———— | (10,44
xx (0 F opg) (@ = ) — o

_ BHICOKOHACTOTHOM cayuae (10,5) Buipamenns 1aa
mepexoxar B (10.12),

» PasyMeercd,
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[ra.
XapakTepHo, 4TO NpH pesoHaHce 1% 31eKTPOHOB (mpr w=0,)
i
——. @ NpH pe30HaHCe 411 MOHOB (mpH w = Q)
PHYeL
i} M
T » T. €. HOHHBIA DE30HAHC B -~ pa3 «Boie»
[y m

‘<1‘0-{Hee, COOTBETCTBYIOWINE KOMIOHEHTHl TEH30pPa MPOBOAHMOCTH 5y,

M ~
8 —- pas Goabure).
m

Tounocts seipamennt (10,43) 1 (10,44) Hike ananOrHUHBIX GOPMYT,
NOJIVUEHHBIX B paMkax 3.1E\lEHT«’APHOH TEOpHH Ge3 yuera JABHKEHHS
TRKETBIX YaCTHU. B 3TOM mocaeasen cayuse sieMeHTapHas Teopus
£Tporo COOTBETCTBYET MNPELNOJIOKEHHIO O HEe3aBUCUMOCTH YHCIA coyaa-
PEHHH OT CKOPOCTH 1 NpeuefpekeHnio Mek1ydIeKTPOHHBIMI COYAape-
HHAMH. I[rm CTOJAKHOBEHHH MEXKAY THKEIBIMH YACTHUAMH HCNOIb30BAHHOE
le/lﬁ.'l!l‘ CHHE fIBJAETCA MeHee OnpeneTeHHbiM, TOCKO/IbKY B 3THX ¥C.10-
BUSX HE3AKOHHO YYUTBIBATL COYIAAPeHHS B KHHETHYECKOM YPABHEHHH
wrenoM THna vfy (e, (6,1)).

DopMyIbl 371eMEHTADHOH TEODHH TeM He MeHee YAOGHH M MOTE3HEI
A9 OUEHOK NOrIOUWeHHA W, TJIaBHOR, NMPH NpeHeGpPexeHHH NPOCTPaH=-
CTBEHHOR :u-lcnepcneﬁ COBEPUIEHHO CIPABELIHBBL 151 BLIYUCIEHUA TeH-
x TIPH C1a80M MOT.TOLIEHHH * Y TeM MMEHHO C MOCIeTHHM
CayyaeM NPHXOIWTCH YacTO CTATKHBATBCH HA TPAKTHKE. 3ZIME‘.’I‘HM. HAKOHEIL,
4TO NpH yuere ABHKEHHA HOHOB TEH30D e MOKHO OBIO OBl  TaKiKe
OfpeleqnTh HHAYE, @ HMEHHO B CHCTEME OTCHEeTa, rie CpenHss CKOpocTh
ABHAKRHHS BCEX YacTHL pasua HyTo. [To100Hoe ompeieleHde MPHBOIMT,
BOOGIIE TOBOPS, K CYILECTBEHHO ADYIMM BbIPAKEHHSM 115 2/, Xotd
(u3ntueckie Pe3ybTaTH, KOHEWHO, OT BLGOpA CHCTEMB OTCHeTa He 3a-
BHCAT #%).

§ 11. PacnpocTpanenne B MAarHHTOAKTHBHOH Naasme
BEICOKOHACTOTHBIX BOJIH
Boipaiwenuss 118 nokazatesell MpeOMJICHHE W MOTIOMEHHA i,
H %5 PaccMOTpHM BOMPOC O pacnpoCTPAHEHHH B MATHUTOAK THBHOH
OAHOPOIHOM ' N:123Me MOHOXPOMATHYECKHX BOIH C UYACTOTOH ®, 3HAUH-

’
) Hyeerca s i1y npeneasHOe IHauCHKE <y
TIOJHOM NpPeHeSPeRERHH COy1apeHHAMI.

**) ECan 3a6hTb 06 3T0M 0GCTOATEABCTEE, TO MOKHO MDHIITH K KaMymivCa
npotusopeuisy. Tak, nanpinep, w3 gopyyau (10,44) caeyer, uro mpw mpy =0

» MOJyuaiomeeca npi

5
Eyra
TIOTHOCTh TOKA J; == 0. ITOT pesyanTar MPaBHAEH, HO HYKHO IOMHMTH, YTO B pac™
CMaTPHBAEMO} CUCTEME OTCUETa BCA 1Ja3Ma IBHKETCR co ckopocTvio (10,41).
TlosToMy B CHCTeME OTCHETa, CBA3AWHON C N7a3VOH, 31eKTpHUECKOe MOMe ParHO
HYO W PABEHCTEO HYMO TOKA j; BUOAHE MOHATHO (cM. Takxke (10,39)).

W o =0 S1eKTPONPOBOIHOCTH Cpexbl PABHA HYIO, 1

§ 111 PACMPOCTPAHEHHE BBICOKOUACTOTHBIX BO.H 123
7eAbHO OOTbLIRH TUPOYACTOTE HOMOE 2 (cM. yeroswe (10,5)). [das
TAKUX BOJH, KOTOpble 6)'.’\&.\( Ha3bIBATb BLICOKOYACTOTHBIMM, B.AHAHHEM
JOHOB MOKHO npenedpeub (peub HieT O Cayuae, KOria N;~N). To-
TOMY 115 3;; O¥AYT HCMOoab30Bathes Bepawenus (10,12), urto cassano
_ TaKKe € npeneGpemeHneM 3aBHCHMOCTBIO UKCA COYAAPEHHH OT CKOPOCTH.
Ilcxoadoe BoaHoBoe ypasnewme TakoBo (cv. (2,5), (2,7) u (2,9)):

o

o2 N A
mtmtEf—ﬁ(Df -

= AE — grad div E— (1Ll
- Otci01a 149 MIOCKHX BOAH Buaa E = Epel (v
1% 1EE)| -+ (D — (112

B cayuae 0IHOPOMHBX IOCKHX BOJH, KOTOPLIMH OFPAHHYHMCA, ILIOCKO-

© .
_cTM paBHbIX (a3 H AMILTHTYL COBMAAA0T H k:? (n—iz). Beanunsa

(7~ %)? HAXOAMTCA MPH 3TOM W3 CHCTeMbi YpasenmiH (11,2) kak yeao-
- BUE CYWIECTROBAHUA ¥ STOH CHCTEMbl HETDHBHATBLHOTO pements. [T0CKOIbKY
cucrema (11,2) cocTont us Tpex ypagwenuH aas tpex seawuns E, E.
n E,. MOKHO Obi10 Ol OKHIATB, HTO ypaBHeuwe At (12— Oyaer
(3-A cremenu (T. e. 6-f CTemeHH OTHOCHTEBHO (1 — ix)). 370, OmHaKo,

4z
€ TaK, MOCKOJbKY Mpoekuus BextTopa D — ¢ =

Ha HanpapieHwe k

PdBHAZ HYmTO (3TO Cpasy fCHO, eCAH YMHOKHTb mhipawenne (11,2) cxa-

_ 73pHO Ha k). B 10 e Bpems Buipasenue %(D—z# j) oT k He 3a-

- .
BHCHT, TaK Kak TeH3OP 2 MPH nNpeeOperkeHMH NPOCTPAHCTBEHHOHK AU~
TIEPCHEH 3aBUCHT TOJALKO OT ®, HO He OT R ).

- Taknu 06pasoM, B BOTHE MEKIY KOMIOHEHTAaMH E.. E, u E, cyue-
CTByeT JuHeHHan CBA3b, He 3aBHCALAN OT (1 —-iz)%, W, C1EAOBATEIBHO,
YeaoBue cywectsopauns pewenns y cuctesi (11,2) npusogmt muis
K ypaBHeHwio 2-ff CTeMeHH OTHOCHTEIBLHO (n— iz Dot pesybTaT no-
Aytdercs, pasyMeercs, ABTOMATHYECKH NDH MPOBEACHHH BHIUHCIRHIH.
- Buecte ¢ rew, mien b suay memn nambmeliuiero mstomeHi, yiobHo

- CPa3y ke BuOpaTh nAmpaBaeHHe & 32 OCk Z H BOCHOAb3OBATHLCS yeao-

2 (n
2 U

J.=0. Torma E, pupawmaerca uepes E, n E, ¢ no-

ey OIPEenoTCs

MOwbio Gopyyae (10,20), a xownoweHTu D, —
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spipaenusyu (10
OHA NPHHHMART BH.

1) u (10,22). Yro we xacaetca cuctems (11,2), 1o

B0 11,2
PIE, =0, (2

[A— (n— i E, i
—iCE 4B —(n—

K ToMy e pesyabrary npouwe npuaTi Henocpeactaenno us (11,1), no-
CKOIbKY aas TMA0CKOH# BOTHH, B KOTOPDR TMo/e 3aBUCHT Wb OT KOOp-
IMHATHL Z, 3T0 BEeKTOPHOE YpaBHeHHe MPUBOIHT K chcTeMe (2,18) wau,
coraacio (10,21) u (10,22), & cucreme
d2E w? )
S5 o (AE, -iCE,
d2E, 2
y o y
o 5 (—ICE,+BE) =0,

(1—is) a— (1 —is) (1 — is —v)? — uv cos 2

A= (s e—(1—5) (1 —i5s —v) —avcosta’ )

B a(l—is—0)—(—i5)(1—ls—v)? (1L3)
T 0—i)u—(—5)2(—is—v)—avcosta

¢ Viv(l—is—u)cosa

T a— (=) (1 —is—uv)—uv costa *

lelHO e e
me ’ -

— M
Vi L
@
‘Hlcnoaksyemas anech cucteMa Koopausat acha u3 puc. l1,1. IToacrasass
@ (11,3) peuleHue B BUIe TJIOCKOH TapMOHHYeCKOR BOMHBI E =

5y
i % n-in) z

mio?

= Epyyt . mpuxoanM K (11,2a).

YcaoBue cymecTsosanna y cucteMsl (11,2a) HETPHBAALHOTO pelleHua
TPUBOAHT K YDPABHEHHIO, OMpeleisiomeMy n—ix. B HepackpwToM Buie
9TO YPaBHEHUE, OUEBIIHO, TAKORO:

[A—(n—ix

| —ic (1L4)

B—(n—

Pelienne 3T0T0 yPaBUEHHT HMERT BUAL:

{n—1i

2 (1 —is —v)

T2 —is) (I —is—v)—usmtaxzy stz du(l —is — o) cosla
(11,)

BriGupasd 31ech ¥ KOPHA BepXHUf 3HAK, M01yHaeM BeAHUHHY (n—ix)
= (1) — i%,)%, OTBEHANIYI0 «OGHIKHOBEHHOM» BO.He; BHIGOP HHKHErO
‘3HAKa COOTBETCTBYeT «HEOOLIKHOBEHHOH» BOJHE (ee TnoKasaTe]ud npenom-

PACOPOCTPAHEHHE BLICOKQUACTOTHLIX BOJIH 125

_ 2 (1—0)
2(1 —v)—usine=V a? sint « - 4u (1 — 0) cost s
25 (2 —})

2 (02— ) 0 — olo? sin2a £ wtod, sint a4

- (11.6)
37eCh MPENNOAraercs, yTo n’fl2>0, TAK KaK APH OTCYTCTBHH NONIO0-
WeHAs TO.AbKO B 3TOM cayuae «==0. Eciw npasas wacTb Bupaweiis
(11,6) Menbuie Hyma, 70, kak acuo u3 (11,5), ee HykHO cuutars pas-
1,2- Oanako yaoGuee P OTCYTCTBUH HO-
TAOUIEHHS He BBOIMTH KNIOKA3ATER NIOTIOLIEHUS % z
oTpedants gopuyay (11,6) u mpu n3 , < 0;
3TOM cayuae npocto n? —v.g o VMenro
TaK Mbl OyieM MOCTYnaTe B AagbHeHileM, 0503HA-
- 2 ~2
4as BO M30ekanne HelOpasyMeHHR 7y, o uepe3 17,
{cM. §7). Ipyrumu cloBaMu, npi OTCYTCTBHH N0-
“routeHus (n — i n?, mpuueM n? BeLeCTBEHHO.
Hoxazarennb TIpeOMACHHA NDHHHMAaeM paBHBIM
B9 ny,2, pelieHie nm:—‘/nh co-
~ OTBETCTBYET BO.IHe, Beryuiet B IPOTHUBOMOIOKHOM
HANpaB/IeHHH, H4TO l’)yner HHIKE YYHTBIBATHCA He-
HOCPENCTBEHHO B BLIDAKEHWH 117 (askl BOTHEL.
Hexoropsle wacTnble caysam. Ecam Marurioe nosde H‘O':O,

T

Puc. 11,1. Koopauuar-
HaA CHCTEMA, HCMOAb-
syeman B § 11

K&K 310 u 10MKHO ObiTh (CM. (3,7)).
B BanHOM 4acTHOM cayuae «npoIOABHOTO pacnpocTpaneHns», Koria

, (11,8)
%
I

R (11,9
oy
Iv—m(m—(»«uﬁ)' j
npor , mpH KoTOpAIX

mxfuoxaemmii BOJIHE OTBeyaer iekc 1, a HeoGwKkHOBERHbI — niiekc 2. Kpove
% 9aCTO ByeCTO HHLEKCA | YIOTPEOAROTCE HHACKCHL .¥ 1L & H BMECTO 2 HHAEKC 0.
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Cubica  0B6o3nauenuit
paKTepa NOAAPHIALMH BOJAH APH NPOAOILHOM PACTPOCTPaHeHHMH.

B ofuwey ciyuae MOAAPU3ALMIO, T. € COOTHOWIEHHE MEKIY KOMHO-
Hentamn £, u Ey, HAXOAMM CPasy e M3 OXHOro H3 ypapuennii (11,2a),
KYia B Kavectsé (n-—— iz)® npeacrasisercs pewense (11.5). B cayuae
NPOLOILHOTO PACHPOCTPAHEHHS YAOOHee C CaMOr0 HAYATA BBECTH BHIpA-
KeHHst

F.=E,iE, (11,10
ans xoropex w3 (11,3) moayuaem:
BFs | ot ;
L (177 (1011

Tapuonntieckoe peulerile 3TOT0 YpasHeHus B coriackmn ¢ (11,8) takomo:
Lz l

H (14,12y
S

Taxny 00pazoM, B paccMaTPUBAEMOM Clyuae MPONOTLHOTO PACAPOCTPA-
HEHUA HMEOTCA IBE HODMATbHBIE BOTHBI», XapakTepH3YeMbe Onpele-

CIeHHOR  (ha30BOH CKOPOCTBIO
2

IL, aatyxasueM (Ko3QduuEeHT mo-

o

TAOUEHHS P = %=} ¥ nomapusaunet. Tak, ecan umeercs BOaHa (),
B’ =

To aan uee F_==0 u, crenosateisto, E,.=iF : B BOaHe (-—) COOT-
perctsento F.=0 u E —iE,. 3anncrsas BblpaeHHe A1 1039
BOJHE( C V4eTOM BPEMEHHOrO (aKTopa, T. e. B Bile

F

H Nepexos K BEUeCTBEHHHIM BETMYHHAM, JerkO BHAETb, YTO BOAHBI (=}
NOJSPH30BAHEL TO KPYTY, npuueM B soane (--) pextop E Bpawaercs.
€CaM CMOTPeTh MO nomo (T. €. N0 OCH 2), MO 4ACOBOK CTpedke.
a B BOAHE (—)-—TNpOTHB YacOBOW CTPeAKH. LPYruMu caoBaMu B BO:-
HAX ) npu z2=0

0 =€ T

E,= TEgsinel, E,=E;cosof.

Harpae.tenne  Bpauwtenns Bextopa E 8 BOaHe (--) cosnasaer ¢ Ha-
npasenieM BpalleHus 31eKTpoHa B MarduTHOM noae M. Ectectsenio
TOITOMY, 4YTO, KOTAA 4acTOTa BOAHH (=) NPHOAHIKAETCA K THPOMArHHT-
HOM 4ACTOTE W, HACTYNAeT De3OHaHC (n.‘m BOAHB () 8 (11,12), B 3Ha~-
Menatene  QOPMYA . amn (n—ix)2 QHTYPHPYET pasHOCTh W — o).
Bouna () Ha3LIBAETCH Takke HEOORKHOBEHHOH WM BoHOR |, a BOaHA
{—) — OGBIKHOBEHHOR MM BOAHOH 2 (CM. Bhiure).

Hanuume 18yX HOPMAaibHBIX BOJH, T. €. BO/H C OMNPEAeJEHHOH CKO-
POCThIO, MOTTOUIGHHEM ¥ TOAAPH3AUHEH, XAPAKTEPHO. A4 JIOOOH aHu3o-

_mekrop E= E,

| THecky o,
OCH 2. Hanp

‘§ 11] PACMIPOCTPAHEHHE BBICOKOYACTOTHBIX BO.H 127

'Tpom-xovl Cpedbl; B H3OTPONHOW e Cpele UMeeT MeCTO BhIpOWAeHHE,

2aKMOYAIONIEECS B TOM, HTO TOAEPEYHBIE BOIHB TOOOH NM0JSPU3ALUI
JMEIOT OJMHAKOBLIE CKOPOCThL M norioutenue. B nutepecyouieM Hac cay-
yae MATHHTOAKTHBHOM CPeibl HOPMATBHBIE BOHEL, BOOOWE rOBOPS, MO-

| 1ApH30BaHH SMMUATHYECKH. B 4acTHOM ciyyae MpoOIOIBHOrO pacmpo-

cTpaHeHns (1. e. mpu 2=0), Kak Bille GbLIO NOKA32HO, NOTAPHIALLR
4BAAETCH KPYrOBOA.

[Ipn «MONepeyHOM pPacnpPOCTPAaHeHHH», KOria HMEET MecTo

APYTOR MpelesibHbft CAYYAH M SJIMNCH, OMUCHIBAEMBE BeKTOpOM £
B NAOCKOCTH XY, BHPOKIZOTCA B NPAMBIE JHHUH, DTOT BHBOA CPasy

_sicen us Buipawenu#t (11,3), U3 KOTOPBIX CIellyeT, uTO ypaBHeHHA pac-

TPOCTPAHEHHS NpH

Pa3NEIAOTCS, T. €. HMEIOT BUA:

(n=ixly, g 2
HMEET paBHBIE HYTO MPOSKUHH WIAH 110
ocH-x Wi mo ocu y. Boawa ¢ E 0 u BekTOpOM E, HANPAaB/ICHHLIM

70 0cH y, T. e. no Hanpasienmo noas HY (cM. puc. 11,1, rae s pac-

CMaTpUBaEMOM cCiyuae

f;,)), HA3LIBAETCA  OOBIKHOBRHHOM, TaK Kak

CKODOCTh ee  paciipocTpaenis He sasucHt 0T cuasi noas H. 3ro
BIOJHE MOHATHO, MOCKOIBKY MarHHTHOE [10.e He OKa3biBAET BJAHAHHA Ha

_ ABWXEHWe 3apS10B B HANPAaBJAeHWH 3TOrO 7014, Bo Bropo#t nopmans-
- HOH: BOJHe, HA3LIBACMOM HeOGLIKHOBEHHOM BOJHOR, Ey:O # Bextop E

JGKUT B MI0CKOCTH A .
Corzacko (11,13) B 31ux BOaHAX

ol
, e o
i —

(0= fgg)t— oy —{1 7ti§1) o2

it =1 —

. (11,14)

= — )= 1 —

=57 7 mo(o—ingg)

# "
)} B neobuiknoBenHof BoHe dwe TpH 2

3 sextop E moanerca samu-

AAPHIOBAHHEIM H UMEeT CJAraiUIyio He TOALKO N0 OCH X, HO ¥ 1O
OTHB, BEKTOP [ B 9TOM CIyuae HATPABAGH TOJLKO O OCH & (CM. HUKE).
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Tor ke pesyinTar, KoWeuHo, Cpasy CIeayeT H U3 OGWEro Bupa
wug (11,5) mpit =

e

v

9

Puc. 11,2, dyukuun 77 5 (v) = 7% (¢) npw « = const B c1ysae npo-
Z01bHOTO pacripocTpanenus (1. e. mpu a=0) a) u<1; 6) u > 1.

7
28

2

Puc. 113, dymxunmn 7 ,(v) mpu u=const B cayuae monepesHoro pac-
mpocTpaHenus (1. e. npi « =90°): @) < 1; 6) u> 1.

3aBHCHMOCTD NOKasaTededl 7 M # OT TapaMeTpoB v, &, S U % yA0GHO
NpeacTaBaaTe rpaduuecku. TIpH OTCYTCTBMU MOTIOLIeHUS TakHe rpaguKH

ne— )2 . = N
aas BeanuuHst 7%= (n —iz)> aaa yraos «=0 n « . @ TaKme aad

H30TPONHON NIasMbl IpescTasiedsl Ha puc. 11,2—11,4. [Ipu srox ua

§111 PACMPOCTPAHEHHE BBICOKOYAGTOTHEIX BOJH 129
2

o S
ocx abcunce OTIOKEH napaMerp fu:miz', a napaMerp 4= — uxes-

‘pye’rcsl IONOJHUTENMLHO, FHOrAa GBIBAET MOME3HO Te ke QYHKIHH ﬂ}l’g

#300pakaTh B SABHCHMOCTH OT ADYIUX KOODAMHAT, HAMPHMEp OT

_°’_=F, NpH  QUKCHPOBAHHOM «
v

B QHKCHPOBAHHOR YacToTe @ ;. TIpi-
Mepbl TAKHX TPaduKOB MPHUBEAEHH! HA
puc. 11,5, Tlpu uccienosanuu pac-
- IPOCTDAHEHHS BOJH B Cpefe, B KOTO-
- PO# C PACCTOAHMEM HIMEHSIOTCH H KOH~
LeHTPaUHA W T70Je, T. e. MeHAITCH
~00a TIapaMeTpa v M &, HCNOMb3YIOTCA
TPaduKH TPETbEro THMA; OHu OyayT
_mpusesensl B §§ 35 u 36.

Pacmpoctpanense  BOJH  mom
TPOH3BONLHEIM YIIOM % K MATHHT-
oMy nomo. [lepettnes k uccieno-
(BaHHI0 XapaKTepa pacmpOCTPaHeHHs
BOAH TNOA MPOHIBOJLHEIM YIOM &
K MareHTHOMY MO0,

Cuuran MOTMOWLEHHE OTCYTCTBYIOWUM, HAuwdeM CO Ciydas, Korza

Prc. 11,4. Dyuxumsa 1 o (v)
A1 H3OTPOMHOA MAa3MBL.

u'.‘
H
= < L.

(11,13)

Mpu HY =05 spem THPOUACTOTa W, ==8,82+ 100 i k=214 u;
TakayM 00pasoM, B semnoit monocgepe cayua#t (11,15) oTseuaer amana-
30HY KODOTKHX DAAMOBOJH.

Tpu  ycnosun  (11,15) nokasatens MPENOMIeHHA OGBIKHOBEHHO!
BOTHE! 3 obpawaercs B Hyib B TOuKe

2
“0

1 ol o2 dne?N
7o==1, wp=ej=——
) m
“20

U0

(11,16)

Tdk. Ke KaK 5TO MMERT MeCTO MpH OTCYTCTBHH MATHWTHOTO NOS (CA.
(11,8) ¢ s=0). B GeckoHeunocts dyHKiMA 73 (v) We oSpamaercs.

~3
. Moxasareas npenoMiesus HeOGHKHOBEHHOR BOMH 7} oBpamactca
B Hy@b B aBYX TOUKAX:

o ®
= o (11,17)
. (of6) el
- Moxasarens 7} obpantherca v Geckoneuriocts 5 Touke
2
o
0
Vyoo Mg =

(11,18)
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OueBHIHO, UTO Uy, 1; 3aMeTHM, uTO IpH 7=l 118 MoGHIX 3HaueHUR
~h .

¢ n oo np=1. [aee, snauenns vy H 'u(.a) He 3aBHCAT OT yria o.

Buecte ¢ TeM yroa a=0 (npoiOAbHOE pACIKPOCTAHEHHE) ABAACTCH

9

o ®
0 >
— 57 » OTBedale yray o =90° opu TH =1 (supacHue
o

2=
o =ag=
2

o
n§= —Tg HE 3ABHCHT OT @y M OTHOCHTCA TaKie K M3OTPONMHOH Miasme).
HCKJIOUHTEbHBIM, O YeM peyb OyIeT HATH HECKOMBKO HHKe. 3aBUCH-
~ 1
MOCTb 11,9 OT U NpPH u= (m Qu:H) w 2=0,01 a2 a==45° mo-
kasawa na puc. 11,6; ma puc. 11,7 npusened rpapuk dysxkuuf
3a(2) npu 2= 45°
me{gy) WP E =1 w a=45%
Ecan

5
=, (11,19)

~y o~
nokasatenn 73 u 7y o6pawianorca B HY/b COOTBETCTBEHHO B TOUKAX Uy,

w oo Kopens off) = 1—Vu 8 ston cayuze TPH UHTEPECYIOUHX HAC
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BELECTBEHHEIX 3HAYCHHAX © (HKTHBEH, TaK KaK 1/{3)< 0. Hanee, ecau

2 2
o o

Heoga=1ta, (11,20)

U, =ucos?a=

ro mpu 4>1 (em. (11,19)) mu Z?. HU 73 B OCCKOHEWHOCTb He

P

7
28

1

Puc. 116, Gyuxunu 7] , (v) ipn & =45% a) u= 5 ; 6) u=00L.

obpamatotca (peds uaeT 00 odpauteHdy B GeCKOHEYHOCTh MPH KOHEHHBIX
auauenusx v). Ecau ke

(11,21)
TO B TOYKE

(11,22

oBpauiaerca B GeCKOHEYHOCTb MNOKA3ATENdb 11

HMa (11,22) scHo, uro

Vo 7 Ty [DHUEM DABEHCTBO uMeeT MecTO mpi & —>=0. Kpr-

Bete ny w m3 B cayuae (i1,19) aan = 1,08 1 g==4 npu 2= 20°
nokazaHel Ha puc. 11,8, Tlpeictapaser rakie HHTEpEC MpeledbHbLit
cayuait
s
P
=L
0o, (e v, (11,23)

HACTO OCYUIECTBAMOULHACE NPH PacmpocTpaHeduu B HOHOCHEpe CBHCTS-
wux arMocgepuxos (whistlers) [33, 54]. B ycnosuax (11,23)

32

(11,24)




132 BOJHbL B OJHOPOLHON MAPHHTOAKTHBHOf TUIABME [ra. w
T. e BOAKA ! (HeoObKHOBeHHas) PACTIPOCTPAHATECH He MOWeET, B TO
BpeMs KaK L% BOAHE 2 713 n§>0 u 4acTo n§>>l. Paaymeercs,
opuynoft (11,24) MOKHO MOAB3OBATHCA TOTBKO, eCaU OIHOBPEMEHHO
¢ ycaosuamu (11,23) BHNOIHEHO yCIOBHE BHICOKOMACTOTHOCTH © 73> Qp,

NI03BOA npenedpeus HOHOB.
i
dl
a8 )
% 1
|
|
1
[
20 1
!
1
I
!
e
’ ey 30 ww,
/
Iz . [
17 % 17
! I
! 1
-1 |
! |
1
| i
| I
I |
I |
200 I

Puc. 117, by 7 .,(l> mpr S =1, o= 450,
"\ @g @g

Tlo. BOaH. Iloasp nst un
HOH BOH HAXOMKTCS U3 ypasuenud (11,2) — (11,24), npuues B cuny (11,4)
TOIbKO OLHO M3 ypaskenuit (11.2a) #BARETCA He3aBHCHMBIM. OTHOLleHHE
koynouent Ey, u E, B BoAHAX KAXKIOrO THOA crenyouee:

; 2V u (1—is—v)cosa
usin?axy ulsinta — du (1 — is — v)E costa

. (11,25)

TA€, K&K W DaHbllle, BEPXHWY 3HAK NMepel KOPHEM OTHOCHTCA K OGHIK-
HOBCHHOH BOAHE —BOAHE ™MMA 2 (g, ¥, E Eyp) ¥ HuKHEA sHaK
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© k HeOOHKHOBeHHON BOaHe — BOAHe THNA 1 (15, %, Ey1. Ey,1). Kosddu-

nuenTs K, 5 MHOMIA HASHBAKT KOSB(HUNEHTaNA MOAAPH3ALNH.

=20 B 28
7
-i0 -38
-4 40 o
-50 o

Phc. 11,8, dynkuun 77 o (v) npy o =20% a) u=108;
6) u=4.

TIpH OTCYTCTBIN NOrIOWIEHNS

=Ky 2= <

e
Ex,2 B—qu

; 2Vu (1l —v)cos =
usin?azV usinta 1+ 4u(l —v)ecosta

(11,26)

Kax acwo wus (11,25) n (11,26), B oGuied cayuae BOIHEL 0OOMX TH-
OB 3/TUNTHYECKH TOADUIOBAHEI, NpPUYEM TPH OTCYTCTBIH NOTJAOLIE-
HHS OCH 2MIMICOB, ONHCHIBASMEIX KOHLOM MPOSKIUK BEKTOpa E Ha
- WIOCKOCTs Xy, RapalledbHbl OCAM X Wy (HANOMHHM, d4TO OCH
Buifpaun rax, 0 MArHHTHOE FOJE JeWHT B TI0CKOCTU yz). [laiee
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AETKO BHARTH, UTO

KKy=1, (11,27
npudey Ky 2| ecth OTHOWeHHe moayoced aamMnCa.
Tpu 2 Ky=—i, Ky=-i, 1. e. 00c BOAHH NOIAPH3OBAHK

no kpyry. Tpn a=72 Ky=—ico u K;=0, 1. e. Ey=0 u
3 K 1 %2

Ey; =0, uto cootserctayer noasp npoekunu Bextopa E
Ha [IOCKOCTh Xy, CKBBBHHO& HAXOMHTCA, KOHEYHO, B COOTBETCTBHH
C Pe3yIbTaTOM, NOJYUYCHHHM DaHee NMPH HENOCPEICTBEHHOM PAaccMOTpe-
HUH_TIPONOBLHOTO I NOMEPEYHOro pacmpocTPaKeHis.

Tore E, B BosHax onpeieasercs qopuyaod (10,20) wam npn or-
CYTCTBAR MOTJIOLeHUus dopumyaolt (10,26):
E,=—i

z

Vi usina uv cos asina
E . 1
E—(l—0v)—zuvcoia Xfu—(l_w)—uucos?uEy (11,28)
Ortciona ACHO, YTO NPH OTCYTCTBUH MOITOILEHMA KOMNOHEHTA E, uaxo-
=
nutes B dase ¢ Ey u casunyTa no dase na 3 omocutensHo E,. Ta-
KuM  00pasoM, BeKTOp E ORHCHBAGT 3MIUNC B MIOCKOCTH, napanieis-
HOR ocH X (HAMOMHMM ewe Pas, 4TO BEKTOP K HANPABAEH NO OCH 2,
a note HY aewir 8 naockoctu yz; ost. puc. 11,1). Bektop D aewut
TPH STOM B MIOCKOCTH Xy, mockoavky D,==0. Tlosromy sektop D u
B HEMOT/IOWAOLIeH MATHHTORKTHBHON [.1a3Me SBIALICH MOMEPEUHBIM, HO
0 pextope £ 370r0, B0oSwe rosopd, ckasaTs weabsd. ([IpH Hagnunk
4z .
=)
Yr0 Kacaercs 3ABHCHMOCTI MOAAPH3ALMI BOJH OGOHX TUAOB OT ma-

MOT/IOUICHHS MONEpeUHsIM #B.IseTCH BekTOp D —

L
paMeTpa v, TO B cayuasx z=0 i == 5 TAKOH 3ABUCHMOCTH HeT, ecu

peub HAET O KOMAOHeHTax £,
=

Komnosienta E_ npu 2=0 1 a1s

BOJHB 2 npH o= PaBHZ HYMO OpPH BCX Ui KOMIOHenTa E, 114

BOTHEL 1 MpH % === 3aBuCHT OT v (B 3T0M Cayuae BeKTop E om

BiBAET

9AMANC B MIAOCKOCTH X TIpHueM OTHOLISHWE NOIYOCef 3amucut 0T v).
Tpu [pYTHX SHAUGHWSX % MOAAPHIALUA SABHCHT OT o, TIPHUSM BOAHA
THRZ 2 HpH v==1 BCeria MHHEFHO MOJApH3OBAHA (MPH T == | 'Kyl =00,
E =0, pextop £ AuHeHiHO MOISDPHI0BAH B MIOCKOCTH ¥2). B poane 1
npu < I BexTOp £, BOOSHE TOBOpPS, SMLIKMTHUECKN NOJAPU30BAH
B MIOCKOCTH X2 (mpH Ky — o0, Ey=0). 3asucrvocts semu-
wnHel (K9, T. €. OTHOWENNA HOAYOCeR 3AUNCOB B MAOCKOCTH XY, Of o
TpH HEKOTOPHX 3HAUeHHdIX &« n o gcHa w3 puc. 11,9, IMowumo Touku
v==1 noasp A BechMa Cl L M o0pasom Berer cebs Taiue
B TOYKE Uy, o, TRE MOKAATEH NPRAOMIHHA BOAH | win 2 odpaumtaeres
B Geckoneunocts (oM. (11,18) u (11,22)). Us dopyyas (11,28) scxo,

HTO MPH U —>¥p g |E |->20 npu KOHeUHX savenusx £, w E_.
12 2 £ y
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~ IlpyrmMu crosamH, mpu U—> Ty, 900 BOJHEL JUHEHHO MOAAPHIOBAHHI B Ha-

TpaBeHHH BEKTOPa PACNPOCTPAHEHHA B, T. e. ABAMOTCA NMPOTOMbHBIMU.
HOPMaJIbHBIX BOJHAX. Cuaywail maneix yrios «. ®opuya (11,5),

(11,25) n (10,20) s mpu orcytcreun moraowenns dopyyaet (11,6),
~ (11,26) m (11,28) moaHOCTbIO OMPE1eTAOT XapakTep BOTH, Pacnpoctpa-

HSIOLHXCA B ONHOPOMHOM p rase, Ha B 10-
CTOAHHOM MArHHTHOM [n0.7e. B 3TOM CJayyae, KaK Hu B ADPYTUX QHHU30=
TPONHBIX,  ABOSKOMPRIOMIAOUMX CPeAdX B  Kak10M HAMPABJEHHH,

s W i
i 30 7 \
28 \\ 2 Oy \
W= B
N N \
¢ ? 7 0 W2 i
\
10 -10 0 ===
28 24| et
-7 50!
o 5 5
Puc. 119. Ornowenxe noayoceil sinmmca moaspusauuu (K,
(nynkTap) u K, (CMUOWHHE AUHHH): @) =, a = 45%

6) u=108, a=20° ) u=4, a=20°.

XapakTepusyemoM yriom « Meway H® u poHoseM BextopoM k, MoryT
PacIpOCTPaNATLCA MAOCKHE BOHb ABYX THIOB. DTH, KaK MHOTIA TOBO-
PAT, KHOPMA/IBHHE BO/HBI», B HAUIEM CAYY3e KOOLIKHOBEHHAS» BOAHA 2
H «HEOOHIKHOBEHHAR» BOJHA |, OTIHYAOTCA CKODOCTBIO PaClpoOCTpaHe-

o ¢
Hu ((asosas cKOpOCTb ”@:‘)' TOKa3aTe/eM TNOMIOMWEHUA H MO~
. 1,2

 pusauuedt.

. B msoTpommofi ke cpeme, Kak M BHAeMM, CYNIECTBYIOT TPH BHCO-
KOYacTOTHBIE BOAHBL, ONHA M3 KOTOPHIX ABIAETCH MPOAOTBHON MaasMeH-
HOM BO/MHOH. BO3HHKAeT MOSTOMY BOMPOC O BO3MOKHOCTH CYUIECTBOBAHHS
Na3MeHHBIX BOJH NpH HATHYHUH MATHUTHOTO MOJA H O XapakTepe npe-
_AeJBHOrO nepexofa OT MATHWTOAKTHBHON MA33MEl K H30TPONHOH. ITH
Bonpocst Oyayr ofcykuensr B caesyioweM § 12. Cefiuac ke ocTaHo-
BHMCA Ha HECKOJbKO APYTOM BOTPOCE O MPEAeibHOM nepexoie OT pac-
TpOCTpaneHua nof YoM o 2= 0 K NPOAOABHOMY pPACNPOCTPaHeHH:O,
koraa ¢=0(s § 12 M YBHIHM, 4TO STOT BOMPOC QAKTHUECKH OKa-
SHIBAETCR TECHO CBASAHHBIM C mpeawaywmM). IIpo6iema nperersHoro
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nepexosa K yray o
HOBEHHOH BO/iHBI

0 Bo3HHKAET NOTOMY, 4TO MpH ¢=0 112 OGHK-
=0 mpr v=10l7’ =1 +V£, a 119 HEOObIK-
T=0mpr o=l =1V (m (1L9)).

HOBEHHOH BOTHM 73

Mexay Tex npu =+ 0, kak ykasawo, 22:0 B TOUKE ¥y =1 n,_n’f:()

|
|
1
|
i
i
!
i
1

vy

27

=10

Puc. 11,102, Kpazpar nokasareas mpeosieniis
(pynxuin 77 5 (v)) 215 2 = 10° (cnaownse au-

Hun), @=0° (nynKTHp) W 1= %.

np o) =1 +Va Xapaktep 0COGEHHOCTH, uMelmEHd MecTo npu

%—>0, CTAHOBHTCA fCHBIM, €C/U PACCMOTPETh KpHBhE it o (2) mpH Ma-
ABX yraax a. Ws puc. 11,10, na koTOpOM npesctannen cayyat x = 10°,

1 -

U= u u==4, a TakKe u3 Gofee NETATBHOTO aHANH3A ABCTBYET, UTO
~2

npi ¢ —0 xpussie 21 2(V) nepexoasT B npamsie (11,9) u npamyio

o=1 (cM. Takwe puc. 11,11). druv oGbicHaeTcH u TOT daxr, uro

npu a==0 Bupawenus (11,9) nas 'ﬁig B 0eCKOHEuHOCTh He o06pa-
WATCA, B 10 BPeMA KaK coriacko odwef dopayie (11,18) mpua=~0
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',,mzl (1. e uMeercd TOuKa, TAe BEAHUHHA nf Apil OTCYTCTBUH [O-
rioueHus pasua OeckoHeudoctn). [leao, OUEBHIHO, B TOM, 4TO (OpP-
myna (11,18) moayuewa us dopyyisi (L}),G), nepexoasme# npu o —> 0
B (11,9) n npaMyn v=1, Ha KOTODOH 1] TPHWHHMAET, B YACTHOCTH,

47

Puc. 11,108, To e, ar0 #a puc. 11,108 ama o=

© Oecxoueuunie auauennd, B ciy¥ae HeOIHODOLHOH Cpelbl TAKOH HETpH=

BHAJbLHEIA XapaKkTep NpPeleNbHOTO TMepeX0da K NPOAOJbHOMY pacmpo-
cTpanenuio NPUBONT ¥ HHMTEDECcHHM caeacTenayM (cu. § 28).
Mpesenprnt mepexonl z—>0 coeuudUUeH Takixe C TOUKH 3PEHHT
3aBUCHMOCTH NOAAPH3ALHH OT mapaMerpa v. [IpH MaisX o NOAAPHBALMS
BOJIM OiH3KA K KPYrOBO4, MpHueM HDH Nepexoie uepes TOuKYy v= |
3HAK Bpalleis usMenserTes Ha oOparHuit (puc. 11,12). IMosTomy mpu

U1 Bomma THWA 2 HS 004aCTH U > 1 MOWKeT «nepeituy B BOJHY

mna 1 ows ofnacty v<C 1, Kax 310 u 101KHO GhTh coraacko puc. 11,10
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;ngl)or;:m crosaM, npu @ —>0, v—> 1 noaspusanus ponuw 2 npu v < |
AApH3anns BoAHn | mpu v > 1 cosmasair )

27 7 50w

Puc. 11,11 bynxune 7 ,(i) npu lia=10°
el =1

©o

Baverum TaK&Ke, 4ro ofe BOJHE
M B mpejene mpu v —>0:

Kip(v=0)=—;

SWIMOTHYECKH  MO19PH30BAHE

2V4 cosa
usin?e = VuPsinta | 4u costa
®

)1 TpocaexnBas npeseastpiit nepexox a -0,
Tna 1 uz
e )u;u 2B cgomercmm co cayuaem « == 0. Kpusne n? gaq soan 1 u 2
M ) npH @ = 3 i xpu
p COCTABACHH, Kak ficHo 13 pic. 11,10, m3 wacreii xpupms 72

AR STHY Boau mpu @ = 0, T, 2
= 0. Taxiy o6 12
BECTHOE UIEEH\EeHOBAHHE BOMH, PASON, TIPH & >0 npoucxomr Takice W3-

(11,29)

) MBI Ha3bIBAGM BOHBI BOJHAMH
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BMecte ¢ TeM ACHO, 4TO NpH 0, T. e. mpu OTCYTCTBUH

57EKTPOHOB (APYTHMH CTIOBAMH, B BAKYYMe MM NPAKTHISCKH B BO3AYXE),
HUKAKOTO ABOWHOTO Jydenpeiodrens OuTb HE
Moker; B cordacui ¢ sTuM no ¢opumyie (11,6) 154
npu v="0 7; ;= l. Pasymeercs, 31ech HeT PO~ i
THBOpeuHs, TaK Kak B BAKyyMe B KayecTBe «HOD-
MATBHBIX BOJH» MOKHO BHOpaTh BOMHB Ti000R
NOAAPH3AMMH, H B HaCTHOCTH SMTHNTHYRCKOH.
OaHako B CAydae HEOAHOPOAHOH cpenkl B HAUATE
cnon (npu v—>0) BO3HHKAET BOMPOC O XapaxTepe
H3MEHEHHs C PacCTORHHEM TONAPU3AUUH naganmes
3 BAKYYMA BOJIHBL, KOTOpas MOWET WMETh [POH3-
BO.BHYIO O PUSAILHIO; Ha 3TOM BOMpOCEe Mbi
ocranoBuMcs B § 26.
. Yuer morsomensa. OcoBeHHOCTH  KPHBHIX
n%,g(v. u, @) n Ky o(v, ¢, o) NPOLMCKYTAPOBAHE
BHILIC AHUIb [PH OTCYTCTBHK MOTJOUIEHHR. YueT
TOTIOUIEHHA CHABHO YCIO0KHAST KApTUHy, H pas-
6upaTh 3TOT BONPOC BO BCEH MOTHOTE Mbl HE
GyneM (M. [55—60])*), OrpaHuuHBIIACE PACCMO-
TpeHueM BaKHEHIINX 4YACTHHIX CAYudes, a TAKKE
KOHKDETHBIMU TIPUMEDPAMHU.

TIpH MPOIOJBHOM PACTPOCTPAHEHHH (&= 0) dpopyist aas (n — & i, 2
yike OHAM TPHBEASHH M MPH HATUYHH MOTIOULEHKA (ox. (11,8), (11,12)).

Puc. 11,12, OrHomenne
noayoceit Ky, ; TP

a=10" nu=-g.

~ TIpumeneM 31ech OTIC/MbHO BEIECTBERHYIO W MHUMYIO HACTH:

L v(1=Vu) \
(XU
4
=l
© o B
CEeP e L 50
473y, _ sv _
@ U =Vey+s
g
—_ e
(@ o+ J

) B pide pacor ccAeioBaHKe KPS Ay, (Ut 5, ), %, (0, 4, S, @)

WKy, (v, & 5, 4) TPHBOMILIOCH C YUETOM JOPEHTUESOi MOAAPUSAUHOHHOR MO-

npaBky, T. ¢. MPHHAMAA Aaf AeHCTBYOWEro MOIS BhpAKEHHE (3,14). Kak yka-

3aHO B § 3, B niadMe YIHTHBATE 3Ty CUOMPABKY> HE HYKHO, Mostomy B Ha-

Cromed raame, Kax i BO Beeit KHWre, MPHAATO cooTHouteme (3,12): Eapp = E-

Kpustie 7, % 1 K ¢ yHeTOM JIOPEHTUEROil MOTPABKH B PAie CAyIaes (raasuiM

oGpazom mpy i > 1) 40BOBHO CHILHO OTARYAOTCA OT HOAYIFOMMXCA Gea ee
Ta,
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T BOJHe 2 WAH (—) OTBeYaeT BepXHHE 3HAK IOC, a BOAHE I
(+) otBeuaer HHmHHE 3HAK MUHYC Tepei wy.

Bemuunnbl ¢, u oy, BBENeHM 31eCh N0 aHATOrHU C dopmyTamn
(7.11) aas nsoTpomeoro cayuas, rie e H s cyTh AHITEKTPAYLCKAS PO~
HHUZGMOCTE 1 MPOBOAMMOCTS. B 2HE3OTDOMHOK Cpese POMb 2 i 5 WrpawT

. 4w,
TEHIODHL 25 W Sy MM =S —iTB a4 pemmwmEN &, W o,
ABAAOTCS AL OGOSHAYCHAAMY COOTBETCTBEHHO 1ad Al  —

uim
,2
2ny, 9%y, BBelenue 7ux 0003HaveHml YIOGHO MOTOMY, UTO 11y o ¥ %,
BRIPAKAOTC 4EPEd &) 9 U 3y 5 TAK KE K&K N N % HEPES & U 3, T. €.
o dopmynay (7,12).

Tlps monepeunon pacnpoctpatennu (a =
BOJHBL 2 HMeeM:

(11,31

B 3TOM Cayude, Kak H Apd  OTCYTCTBHK MOTJAOLEHTS, OGHKHOBEHHGN
BOIMA (BOAHZ 2) BEAeT celf COBEPWEHHO TaK e, KAk mpun H® =0
(ex. (3,7)).

Iaa HEOOHIKHOBEHIOH BOAHL | noTyyaen:

Tpoxosaxocts s1ofi opuyaet (11,32) a7z [POCTOrO YACTHOTQ CJy-
Yag o ==

3 TO3BOMAET COCTABUTL NDENCTABICHHE O CIOKHOCTH COOTBET-

CTBYIOUUX BHIPAKEHHH NDH NPOHIBOTLHOM YIIe o (noayuenne Bripawce-
HEL 107 &5 W 0y, B OOweM cay4ae 13 GOPMybi (11,5), xoheuno, He
COCTaBASET TPYAA). 3aMETHM, KpOME TOTO, YTO OPH yueTe TONIOUIEHIA
(hopmyna (11,5)) ucnoas TOALKO 3AeMeHTapHan Teopus. Ecam we
HCXOLNT: U3 TOMHMX seipawenntt (10,32) &7 2 u 3,, GopMyan cy-
LISCTBEHHO VCI0KHROTCH. K CHACTBIO, HCMOIb30BAHNE KHHETHYECKON Te0-
pu (bopumyas (10,32)) B Gomwwuncroe CAY438B He HYXKHO, TaK Kax
OOHIYHO  NPHXOANTCH PaccMaTpiBaTh  pasiusHue fpeledbHble CayuAN.
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Tax, Ae710 CBOXUTCE K GOPMy7TaM 57eME8HTADHOH TEOPHUH C COOTBET-

CTBYIOLLHM BHOOPOM BEMHUMHBL Ypqy, ECAH

! (0 F 0> 2 (11,33)
W
(o £ mﬁ)?<<v§w (11,34)

Tie HEepaBeHCTBA AO/KHBI BLIMOIHATHECA MPH 060HX 3HAKAX neper gy
(pasyseerca, ecan (0 —wo P T, 10w (04 0g) >R
B pamnoiuanasose cayuat (11,33) umeer nauGombumiee 3nAueHue, Tax
KaK OH OOBIHHO OCYyulecTs/IdeTC H B KDHOCLPEPHOM F-C.’IOE. H B COa-
HEYHOH KOpoHe.

Tipu yenosun (11,33) dopuyast aad ny o 1 %, BOOSUIE FOBODT,
cywectsenno ynpomawotcs. Tak, B (11,31) moxuo mnpu 3T0M 3aueps-

HYTDH "ZW B 3naMeHarene; ¢opmyqn (11,32) npu yeaosun (11,33) mpu-

HEMAIOT BHI:

4z,

@

(11,33)

Hysxno umers B BuLy, 4TO aas mpumexnmMoctd dopmya (11,33) oxsoro
ycaosus (11,33) He10CTaTOuHO, TaK KAK NP OTCYTCTBHM MOPTOLIEHTA
suamenatets B (11,35) oOpawaerca B GECKOHRUHOCTH NPH Ujep == 1 —

(cu. (11,18) aag o= %) TI03TOMY SCHO, YTO B OKDECTHOCTH TOYKH Ty

- TMOTJIOLIeHIe BCEraa CYLLECTBEHHO, M npeHedperath BeWWHHOK s B ana-

Menatene gopMmyn (11,32) nempasn, nawe ecam ycaosue (11,33) smnoa-
HeHo. Baami or Touku v anw mepexosa ot (11,32) k (11,35) ao-
Cratouso coSaionenus wepaseHcrsa (11,33).

K ALHOE W D pacmpoc Crnow-
HOCTb BBIDAKEHHH AM# fy,9 M %, DU NPOUIBOALHOM YIie o lens::
TPaKTHYECKH BAXKHOH BO3IMOKHOCTD MPUOIHIKEHHON 3aMEHHl TOYHBIX 3Hd-

uemntt my 5 W %, dopwyravs ruma (11,30) n (11,35).

Tax, ecau
uh  wsin‘a o sinta
Ty =Toors = Toreosrs < (1 — 9P %
~ 1+ v)usin? (11,36)
“"V”CO”J>>2(TJ:——)T’;;\4%1‘

ur =usina, u; =ucosia,
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70, Kai MOKHO TNOKA3aTh, HCX01A H3 (11,5) (cm.

Taike [61]), npudan-
HEHHO NOAYYHM:

(n—if s =1— 2 ,
@ cosa—is

(11,37)

T
(2o + v

=0 cos:«:l/;mcosa:}/n‘w. (11,38)
H L

Dopmy.ibt (11,38) ommuaiorcs or bopyya (11,30) nas MPOAOILHOIO
PaCUPOCTPAHEHHT MWL  3aMeHoH ©f Ha o, TosTomy cayuas (11,36)
i (11,37) nasupaerca CKBAZUTPOLOALHLIMS,

Tpu coBmogenun nepasencrs

2 4
ur _ wsin'a e )
By T T 2 — ot
11,39
g2 > 1 e, i ( )
asin?a = (1 — o) 452 cig?a |
HMEeT MecTo «KDaSHﬂDﬂepE‘.‘lHDE» pacnpoCTpaHeHne: B 3TOM Cayuae npu-
Oauenno cnpasenusy Popuyast (11,31) u (11,32) nan (11,35) nas
fONEPEUHOro pacmpoCTpaneHns, 1o ¢ 3aveHoR # Ha Uy WIH © B2 @, Tae

r=usite, o =0, sina=17 0. (11,40)

Bropoe w3 ycaosui (11,39,
BOJHE, @ TPETbe YCNOBHE TOMBI
NOHEPKHYTb, UTO YCA0BHA «K p p
HocrH» (11,36) u (11,39) HaxknmaiwsaoT wssectHoe OTpaHuYeHNEe He
TOAbKO HA YrOT &, HO W Ha napamerpel v, u i 5. Hepasencrsa (11,36)
u (11,39) seasiores npu sroy AOCTATOUHBIMH, HO HE HEOGXOLMMLIMI
YCHAOBHAME A4 CUpABEAMBOCTH K POAQIBHOTO X K PedHOr0
npubmkennt. HeoGxomnmue YCIOBHA TMDHMEHUMOCTH STHX MPUGJIHkKe-
il FPOMOINKH, W NPH HecOGMOeHuH YKA3AMHEIX JOCTATOUHEIX YCAOBHH
Aydlle 00pALATBCS HEMOCPEACTBEHHO K dopuyre (11,5).

Kpuruueckoe uncao coynapenuil. Fpaduxn n, ,(v) u %1,2(9).
AHamu3 Bupamenns (11,5) npu npomssonskbx v, u, s yi o A0CTHraeTCst
TIOCTPOCHHEM  COOTBETCTBYIOMMX rpadukos. Expsctsensoe 3aMeyanne

) OTHOCHTCR TOABKO K OBEIKHOBEHHOH
KO K HEOOHIKHOBEHHOH BoaHe. Crexyer
TH» WIH K]

© KPHTUYECKOr0 TapaMerpa s,

¢ amomedt.
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§ 11 PACAPOCTPAHEHHE BBICOKOYACTOTHBIX BOJH 14

06lIET0 XapaKTepa, KOTOPOe Mbi 31eCh CAeNaeM, OTHOCHTCA i;}z&:&;;;r:i
KPUTHUECKOTO HHCIA COYRAPEHUM» Yapg, o HAH KPUTHYEC
MeTpa:

T 2050

I sin
si ¢ sin’s
o sinle Vs

" Zwcosa 2cosa

up

=—= (114D
2Vu,

(ecam nonycTHTE BHGOP yII08,

aas kotopeix cosz < 0, TO

B (11,41) HYKHO 3aMeHUTH

cosa Ha |cosa|). Cubiea

COCTOMT B TOM, 4YTO MpH
§=s5, 1 v=1 TMOAKOpeHHOE
suipaxenue B (11,5) u (11,25)
o0pamaercs B HyTb, B Pesy.
Tare yero (n — ix); = (n—iz)y
n Kj=Ky==—1, 1. e
B 3TOH «TOuKe» (MpH 3THX
3HAUGHUAX § M U) cpeia me-
pecraet OHITH ABOAKOTPEIOM~

Tpr gy << vaga,«  Xa-
PaKTep KpPHBHIX 7y, 9 (V) M
%y, 9(¥) GIHIOK K HMEoLEeMy
MeCTO MmpH OTCYTCTBHHM TO-
Taouienns. ECTH Ke Vagp >
2 agp, 0 TO BHia ;H{'i
Gyuxuui 7,5 4 7, BechbMa Y
cymectsenso. B yerOBMAX ooy 13 [ocasarenn mpenowstenna 2 no-
3eMHOH  HOHOCHEPH VYAl pyopepa gaw A= 80 4 H paSAUUHAK B

K MOKET HMeTh o}y
;i(?{e};u:we'cxm“::\eroaopn'rb il Vg (SHAUEHHA @ M 4 = — o yKasaHsl
o BHCOK;‘IK WUPOTAX, JHUb B TEKCTE; “YHKTPE[%H;J}SC;‘;C;-‘H:M TB;?[J(I;{S;[
B 00/2CTH HIKHHX HOHO- THUA L, CHIOWHEE J

< caoes D wu E. ) .
Cmeiﬁﬂjxﬂﬂcﬂlﬂchauﬂﬂ nopejgeHus Kpj‘Ble 9 HK»(;‘% ;:gz:é?sﬂ;;nngzﬂ
CKO/IbKO TPAQUKOB, PACCUUTAHHEIX B [57] ﬂﬂﬂ(e)pf{ﬂa jO f47ﬂ1;1(‘))sina
{cx. puc. 11,13—11,15). Bo Bcex npumepax HALBOSB(ITOSI vy
==0,218, 1. e. H®=0,497 raycca, wy=38_8"
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i Al A [
3 ur

Stavenie .
=¢, & TPH 3TOM paswo 9,5 . 105,
e i 25 10% Ha pue. 11,13—11 15
! HadeHuq p. H % npu ) o
2 e t 12 1,2 PR s =0 aag poay
A -(LJIO/).QSZ‘;HLOU, 2y 25 a (0=0,838 . 107) i ) : l‘zggw
HAHE ITUX TPadKOB 0T mpusesemby, fan, 1y -
3 e
Ha puc. 11,6, noynyo npvrofo 3H§:
) )

YSHHT g = o500 T B TOM, uTo
E
> g i

7~
N IKasanbl Benmunnl 1, o u %1,9, 4 He
M,2 B cordacun ¢ qpo‘ 3 i (
macy pMya0 (11,5
Beeraa a0, 1,9 >0, Tag
KM 00pasou, smayey :
. M 4o Ha
P L g puc. H.INS——M,IS 0TBEYAIOT Bean-
) o “'x’ 04 Yy ;{:HE T /™,2 Ha prc. 11,6 i anano-
' “HBIX pHCyHKax. Ha puc. 11,13—
o 8 o2 TIpHUBEAeHR! 3’H
HHS 7. o
12 B %o 003 Tex xe o,
:TO M Ha puc. 11,13—11,15, 4 ‘;1;,
oorip;: Tpp= 4T 10 (1 =
250% 0, ) Aan hy =80 ; npu
500 =42 1050y, = 0,4
:ums =225 y y npu
=39. 10°(v3m=0,41v deb, ) A8
=490 . o &
Ha puc. 11,13
- HLI8—11,15, o
I\;xpnnenem AHANOTHYHEE Kpu:m:
sz—;gg,p?l:l‘ 20044, « a7 ko =80
90" TPH vapp == 1,8y,
g.:g ih_i 225 . Kpoxe Toré?wl-’x:
B;‘E.n (3) :c H 3 piBetenn Kpy-
52 (7 “ A
B g L0 A =0
Otverny, uto naye npi v,

-
4

R )

<

L Ty

Pyc. 11,14, 11

- 11,14, Tokasarean
 NOTI0Werus 1 Azﬂge;({m;nemm
HTHBIX 3HAYeHH{ Vapy (3Havenn: fa

YKASAHH B Tekcre),

~0,5, 0% =
WHX 3HAYeHnsy D08, 12 103001 yive 05
2pp> TOrIOLIeHKE Boan BeJIHKO. B,eﬁc-m,p yre 0 Jome-
HOopoiko# cpe ) o
1€ aMnayTy, 5
Y2a noas saryxaer p TTinag?

" 0 sakony ¢
HOIpH # =
550 ",6=0,1 na paccrosupy B 10
s B¢ S Pas. Byecre ¢ rem na puc. 11,13—1 ¢
o g 4,9~ »1 (Baxiio, uto noxasan '+ pen
s TCYTCTBHY NOraowmenyg 1,9 == 0).
HOHOChepHOM F-cige, rae vgw‘»wloa + 104,

Bbiille
""PUMEDA (peub HieT 0 sHaver gy £7(0) wa)

.

noge  ocaa-

1,13 serpevaiorca
f
=

dasercy g o2

432 pazodpannoro

Yoo ~ 1072 - 10~
e 0
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§ 1]

~ lcHo, 4TO B 3TOM Ciyuae KDHBBIE I;,p U %, BecbMa CM3KH K H30-
Gpawenuri Ha puc. 11,13, ¢ n 0.

4, B Ha-

TMoraouwenue BAUAeT TAKXKe HAa NOJAAPHIAUHIO OOEHX BOH,
CTHOCTH, [pH yuere TOrAOUieHHs OCH 3/AHNCOB, OMUCHIBAGMEIN ADOEK-
nuel BekTopa E HA TAOCKOCTD Xy, He COBNATA0OT ¢ ocayu % u v. Ilpu
ManuX TOMJOUEHHsX MOJfpusaund, pasymeercss, OaHsKa K mMewwel
MECTO fPU OTCYTCTBHYU NOTI0-
L eHus; HanbopluIHe OTKIO-

HeHus Ha0MOLa0TCR BOMM3H
TOUKH U == Uy == 1, T MO~
pH3aUHE CHIABHO H3MeHsAeTCa
¢ uaMenenuen v (cu. puc. 11,9
u 11,12 u dopuyay (11,25)).

T poMO31KOCTh OGIIUX Bbi-

paenntt (11,5) 221 (i—x) -

3
N 2
12
y 20 [/ FII I

u (11,25) aas g ==
(11,29) 2 Ky p =7 % ,

fe1aer MHOTAA netecoo0pas-  jgled~[ Wk

HhIM  HCTOAb3OBAHME LS N 1

onpexeienns 7, »u K HOMO- I e

TPaMM, KOTODPbie MOKHO HAHTH ) &

B [58]. 2 Vg T g{'ﬂ":m
Bansnue woHoB, B Hik- 20| —— it

o

nowochepubx  ci
B ocobennoctd B D-ci1oe, H
_pacmpocTpaHeHHe pasHOBOMH
- MOTYT OKashlBarh BIHAHHE HE
TOMLKO  3AeKTPOHE, HO H
Honel. IIpu OTCYTCTBHM 3EM-
HOTO MArHUTHOrO NOAA BiHA-
HHe HOHOB yuTeno B § 3,
Tle MOKa3aHo, 4T0 ipW mpe-

HeOpexeHuH MOTTOMEHHeM WOHB C KOHUSHTpaluelt Np
CIUHUYHLIM 3apSIO0M BHOCAT B BhipdXeHHe a1 & TAKOH Ke BKIad, Kax

1wh

Puc. 11,15, [Tokasareqn MpeJoMIEHHS H N0-
raomedus aas k= 490 4 ¥ pasMMUHLIX 3HAUE-
HHL Vo (3HAUSHHS @ K U YKAAHB! B TEKCTR).

maccott M n

' moa.

9IEKTPOHE! C KOHUEeHTpauued N;w:ﬂ Ny (em. (3,4)). TIpu yuete
TNOrJIoUeHHA NOJ0KEeHHE HECKOJIbKO YCIOKHARTCA, TaK Kak 3\‘)(1)&!\"[‘!15?“!6
HCAa COYAAPeHuil A1 3JGKTPOHOB H HOWOB Da3/lUHBL. DASKTPOHBL H
MOHEl HeIKBHBAIEHTHH TaKKe [PH yyeTe BAMAHHA 3EMHOTO MATHHTHOTO
MArHETHOrO 110A% HA 3JIEKTPOHE # HOHBL

01, Tak Kaxk BIUdgHHE
npefensercs COOTBETCTBEHHO  3HAUSHHIMA f}lpOCKDﬂﬂ‘{eCKHX uacToT
i e HO eH® _m = 0 0.5
0, =220 _y4Q =0 knnnonoao npi HY ~ 0,5 spcm
H 48 = = gy O B 2 P 7

me

Q4 150 1 hy=2% ~ 10000
H

Chyuze, xoria LUKAHYECKAn uacTOTa pamuoBOAH o 3> Ry (oM. (10,5)),

BBICOKOHACTOTHOM

Tlostony B

10 3ax. 471, B. J1. Tunadypr
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BIHAHACM MAPHHTHOrO 1047 Ha mombl MOXHO NpeneGpeus. 310 06crog.
TeIbCIB0, HA KOTOPOe yie me pas YKa3nBa10ch, obecreunsaet Boamos.
HOCTh BOOGWE mpeneSpeus pombio womos TOAIBKO, ECAH HX KOHUeHTpa-
uua Ny cpasuuma ¢ KOHUGHTPANMEH 31eKTPOHOB. Obeiuno HMEHHO TaKOH
ciyuadl u mpeanoaaratca meioumy MECTO, uTO He BCeria BHOBb Oropa-
pusaioc. Ecay e NN, 10 noust MOTYT OKa3kiBaTh 3aMeTHoe
BTUSHAE ¥ B CAYuae BHCOKOWACTOTHBIX BOMH. Tpx 5703 Betpaskenne an
TEH30DA =y myeer Bug:

2 -
A (11,42)

riae E[’Le)—“I‘EHSDp S}, TPH OTCYTCTBHM HONOB (eM.. Hampmmep, Bripame-

Hie (10,12)) n

e, o

-
= (11,43)

Tie ‘«g‘q&@—-a(quexmsﬂoe UHCI0 COyAapeHuit uOHOB c Maccoit M (nas
MPOCTOTHL CUNTAEM, uTO BCe HOMHp OAHOKDaTHble i Macca mX oxuHAKORa)
CO BCemu Hacruuamu, l'(pHCyTCTBy)OLuH!(H’ B Cpeie (3.1&KTPOH3MH, HOHaMH,
Moaexyaamu). Bripamenie (11,43) ects, OYEBUIHO, NMPOCTO KOMMAekcHag
,‘1”9«'IEKTPH‘{ECKZN NOCTOAHHAS H30TPONHOH i1aaMel TpH yyeTe JBHKEHUT
OIHHX TOABKO HOHOB.

Hexona s (11,43), woxno rak e, xax 9TO CAGIAHO mpy mpeie-
Opeenun aBuenuen HOHOB, HAKTH 3HaYeHie BeAHYHHE (n-iv.)fvz,
Tlpu stom BMecto (11,5) noayuaes:

(11,44)

TAS U, L # S HMEOT TaKOM e cwbch, Kak x TPH OTCYTCTBHH HOHOB,
Tlpn cpasuennn (11,44) ¢ (11,5) scwo, uro Y4eT HOHOB cBOIMTCA
N 2

K samene B (11,5) Beqnuuum o

i

Ha ~— U K yMHOKeHUIO
N0

BCETO BHIpAMEHHT Ha s(".).
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11} PACTIPOCTPAHEHUE BEICOKOYACTOTHBIX BOJH

O~ OJBHOM W NpH fOfE-
B uacTHHIX cayuasx: npu 0, npu mpoa
PEUHOM PaCTPOCTDAHEHHH — HMeeM:

V. 4 Beded B [57]. Orpanuituivcs
ToapoGuutt anamus gopmyas (11,44) nposeas ~1'[ Sl
8Iech TeM, uTO mpuseaem Ha puc. 11,16 Kpuf:lx)e“r:é_p:; AR
OTCYTCTBHH TOTIOLIEHHA 114 TOFO e CayHad, o

8. 105, 25°50") nan:%:Al_f

'().0_.80 w225 w0y

€KTPO-
Puc. 11,16. KBazpar noxasateas MPENOMACHH B CAYYae CMECH IMEKTP
. Nim rie N u N;— KOHUEHTDAHHU 3JIEKTPOHOB H HO-
o e i A =225 A YKupHai AUHUS:
HOB, a m u M — ux maccst: @) =80 4; 0) =2 =

' § =0, TOHKasA AHHUSL: § = OO, MyHKTHP: .

f== | —BKaan
= CO — OIHU HOHEL, 5== | —B

1 == | — ONHH 37eKTPOHHI, § G e
~3n§x’r0;m(1im H WOHOB B 3HAYEHHE & NDH OTCYTCTBHH MArHUTHOTO
e I X BOJH MarHuTO-

€KTPOMATHU THbI!

. HUM H H3JYUeHHH 31 y
ax‘r:l)s:ggn?lul::auoﬁ B 3akioueHue OCTAHOBHMCA Ha oaaomﬂ:::iib:;“
. CylecTRennoM A7 MOHMMAHHA BOMPOCE O nor.‘lome:;m “I/Is doydu.xero
- SMEKTDOMAarHMTHBIX ~ BOJMH  MArHWTOAKTHBHOH  MIa3MOH.

10%
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Bupakens (11,5) gaq (1 — i)}, MokHO BUIETS, yTO npy §2 — b <1
2 w
noriowerye Apagercy HauGoAbWHM BOAUsY Pe3oHauca, 1, e, g obaacty,
Tide mpu orcyTeTRuy NOriowenns ny 5 Heorpauuyenno BO3pacraer (st
0COGEHHO ko g3 OTHOCAWHXCA & wacTHuy CIV9aaM dopmya (10,30)
2
u (11,32)), Hpyrivg caoramu,

v
MPHL 0CTaTO4HO MajoM 52 = 2 nnaai

S4METHO fordowaer aumy BOMBH Toyek Uy, 90 (CM. (11,18) u (11,22)y,
PH 2=0 7ouke 1o OTBEYACT wactorg O =0y Ozuaxo
TPHBCRX  APYrHX  swavemusy O mMeeM o st oy, Hanpy-

3 oayumt o = V‘”EH‘ Ty
(12,3)). Kax H3BECTHO, ecau cucreng NOrI0WaeT BoaHs pa KaKofi-to
UactoTe, 10 ona n masysaer pommy TO% e wacTotH; B wactHoy Cayuae
TSPMOJHHZMHLIECKDTO PaBuoBecus 3TOT BLIBOZ HEHOCPEACTBEHHO Cfle,’])'eT
M3 Teopewms Kipxroda. Taxuy 0Gpazou, HArpeTas  MarwHTOAKTHBHag
T1asma A0a%kHa H3AYYaTh BOJTHBE HPSHM)’LHSCTBEHHO EGI{HBH HaCTOTH Weq.

APYTO#  cropou, HEPenTTHBHCTCK Y Y SAEKTPOH B Maruuthoy noze

)

le| )
Bpailaercs ¢ HaCTOTOH mH:Tc H B BaKyyMe H3ayyaer BOJIHE!
Tpu

TOIBKO 370# YacTOTHL, Tiepexone k Paspexentot T1a3Me, Koraa
mH>>v3¢,§,, 31eKTPOHEL 63buryio vacts BPeMeHu, TaK we Kak B pax vy Me,
BPawantes ¢ wacroroy Yg W AOMEHH, Kazazocs G, T0-npeskHeMy
H3TY4ATH TOMbKO uacTory

Mep, mipu 2

5}

7 (e Take Hume bopay

@p U BECHMa Gansive x wey,

Monyuaouutics Napanoke paspemaercy 62],

SCTH YUECTh, 4TO cpena
BitisieT

Ha H3Tyyenue ABIARYUlRACT B Helt HACTHIR, Npuyey p HEKOTOpEIX

9TO BaugHUE Mewmer pech XapaKTep uzayuenns, Tpoctetiunng

TAKAN npHMepoM spagercy TapMOHUYecKuH OCLIATATOD ¥aCTOTH w, no-
2

MBUSHAE B H30TpomyI OIEBMY € &== 2 —

o
I— m—_fj < 0. Tlockoasxy
usnyueHye npu w <, BoOBIme He-
BO3MO®HO. B Cayuae SIIEKTPOHZ, Bpaulawuerocs B lIarHHTOaKTHBHOﬂ
nnasme, TOT0XKeHe He TaK fipocro. OJ.HBKO u3 OTHOCHLUH,‘(CS( cioga
obuinx dopyya (e, [63]) mowuo I0Ka3aTh, 110 g
Nperede snextpoy p Paccvarpreaemsix yenosuax TPU OTCYTCTRIH coyaape-
HHH BOOGuIe He Haiyuaer. Tlpu yuere Coyzapeunf SAEKTPOH W3Ayuaer,
KOHeuHo, i B MarHuTHOM TI01€, HO 3TO LENVETHTY ABJISeTCH TODMO3HEIM.
HMyertio takoe TOPMO3HOE HanyueHne y HCTIYyCKaeTcs HEPeATHRICTCKOH
1asvMol; 0HO ocoBenno CHABHO BOAMBH uacTors W, TAK KaK MHTEH-
eHNST (KaK n AHOOMbHOr H3AyueHus BoOGLe)
Kasatend npenoMaenug ).

N0fe B Takux yeaopuay 3aTyXaer,

*) Hy

(erm

PR
0 3aMeTHTB, 410 TIpH yuere 4neHoB Topaika (7’.) # Gonree BRICOKEY

%
m T CKOPOCTS siektpona) mogsasercn Halyderne u Ha Yactore oy

3 HEL
MPOCTPAHCTBEHHAS AHCIEPCUA H NAASMEHHBE BOI

5121

K oc. [ ypasHeunit asu:
P 'BOBHHK :b’lgag) :azﬂgyovgrglﬁix) 2T, 4TO peaoﬂﬁi:ic B Z"au?“e
8 o peufa}gor(e oy (AKTHHECKI JKe OH CMEUIRETCA K HACTOTe e
o Me-mo H% 1 oucw;’m 970 cyewenue? Orser, pasyveercd, ;zi:;;
e posaen I\? B §§ 10 m 11 paccmorpeined, HO k\par‘hommm-
L ©30HAHCHOH 4aCTOTR CBI3@H C YURTOM KOMJ e
asate, 410 cgmire‘(}?r ooz & f1a3Me, NPHBOISHINN K HSM&HEHH!OVa i
oro Asiwenna aﬁm pBonH B CDele [0 CPaBHEHHMIO C MX nonwplfvurxé‘”,3
pusal hopéxfl”f’ dcctee mosCHen PACCHOTPUN _mOBeterie oth21 3
. Ll . TOA AeHCTBHEM HEOOHKHOBEHHOH BOJHEI B CJy
R — napenuft He YUHTHIBAGM).

i
|
|

5 H® panpasiero no ocu y, ¢ .
' L <0pOC mey" ICHHBIX K0e0aHuH 91eKTPOHA [PH ITOM
 KOMIOHEHTH CKODOCTH g L

pasupl (nonpodhee oM. [62]): .

ie E,—iV uE,
-

ie{u—1)E,
e (I—v—a)

ieE,

mou

< meeex E, =0
2

wEw 1,';7£Ez(¢,rAp_ 1).

— TC Ha

3aMeHseTCs  37ech

PesowancHslli 3HaMeHateTs

2 o
| =1 ; Y notomy, w0 8 BOAHE, PACAPOCTPAHFO
ot — 1 —— ¢ ; ; y
T cu z, xommowenta Oyner £, = 0.

’ MArEHTOAKTHBHOA 117a3¥e 10 OCH 2, KOMAOHEH "

2 pons el T ceue £, — VLLE; (B us0-
' 1 rpaet BbIPAKE . e
p 1eHCTBYIOWErO 0% U ’ cpeaieny, codcraeH-
TPONHO! Cpeae, ey IeHCTBYIOUIEE NOJE HE PABHO CP: a1 ‘

i i r, — A79TODA TAKWE CMEWasTCs).
- Has 4acTOTa MOTMIOILEHITT OCHIIANTOPA TAKAK

e BOJIHBL
12. TipocTpascTeensas AHCHEPCHS H mair.(;i;n;{:umemm)
ﬂgﬂ ;.ammml MATHUTHOTO HOAR ()"{ET TERAOB

i TponHofi naasme. Ilpu mepexoze OT
Mpenensupil mepexoa K H3OTP HO Y ;:. ' Hpl one |
ATHHTOAKTHRH T i maasMe (T. e TIPH CTPEMIeHHH K Hya0
Mt < Of K H30TPONHOA 1A TpeN: S
\ T "ar‘m'rﬁoro noas H") nomkes B ﬁb!cokcJAaﬂro-r‘Ho; CWl ae
HELUHETO  MarH 24 : oo oo
HTb N01YY Tp! BOJHBI iBe TOTEPEUHble U OAHA npo-
VYEHBL TPH HOPMAAbHEE el ey
D‘J‘BHaﬁ Enmameﬂmn), Meucay TeMm B MarHuTOaKTHBHON TTasMe C une»
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150 BOMHL! B OAHOPOAHON MAPHHTOAKTHBHOHM NIASME fra i

Ha ;onpoc O XapaKTepe MpeNebHOTO NePexoid K W3OTPOMHOM miasye
q 2 ’
HaubOIee MPOCTO, pPACCMOTPEB KpHBEHE M1,p TPH  MAdbiX 3HAYEHUsy
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o7 Ampu ¢ —0 (puc. 12,1; Huxe, eciiu He OTOBOPEHO MPOTUBHOE

NOTTOWENUS He yuureiBaem). Ml BHAMM, YTO npu’u—0 xpusbe ;i;’ Y
TIEPeX0aaT He npocTo B pamMyio Zo o
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Puc. 121, byukunn 7] , (o) @) a=45°, u=001; 6) 20 (nepexox
K M30TpomnOil muasye),
npaMyo v 3 pu Heyuere npocrpancrsenton AUCMEPCHE  TpaMas
4 of
o 'l <
e or = 1 Ha puc. 12,1, 6 kax pas u orseuaer M1a3MeHHOH

BOJHE B H30TPOMHOM Cayuae (cm (8,1)). Xapakre,
HOTO Mepexoid Aerko MPOCIEMTS 1 Ha Tpadukax
CHMOCTH OT apryMenta — .

g

P TOro #e npexeds-
~
yHkuuu a1 5 B 3asu-

Bnpouey, ykasamnas ocoGenwocts xoza KPHMBEIX

; ni,2 AcHa H O
MOCTPOGHUS  rPadHKOB, ecau  yuects, N oes

40 mpu xz—1 noayuaem
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=1%Vu—>1. Ecu miers 5 BULY HE TObK
HO TAKKe W NOMADH3ALUIG

Hble € TIp ep

0 X0 KPHBHX 71} 5 (v),
HOPMATbHLIX BOIH, TO TpeGOBAHHA, CBA3AH-
OM, TOKE TCa (|

, 4TO npu

§ 121 TPOCTPAHCTBEHHAS AHCNEPCUA U IIABMEHHBIE BO.IHBL 151

9> Uppe BOHE | WM 2 JHHEHHO NOAADH3OBAHEL B HATPABJEHIH pac-
ppocrpanenus; o § 11).

TouHO C TAaKHM e B KAUECTBEHHOM OTHOLIBHUK TpenebHBIM Mepe-
X010M Mbl HMequ xexo B § 11 mpu moGom « 1 yrae ¢ — 0 (cv. puc. 11,10).
TO COBIAiEHHe He CIy4afiHo, Tak Kak 1pu 2= 0 OBLIKHOBEHHAR U He-
. BOJHEI ABIAOTCA UHCTO Momepeunsn (£, =0, E, iEy)
1 TpH MpeHeOpeKeHHH TEN/OBHIM ABIKeHHeM (T. e. §es yuyera npo-
CTPAaHCTBEHHOH AMCMEPCHH) MArHHTHOE [OMe 3aBEOMO He BIHAET HA

w

. ynOpAAOueHHOE IBilkeHWe HacTHy Mo momio. I[To nocreaned npuuude

B moboy mone npu @==0 [OMKHA CYWECTBOBATH NPOAOJbHAA BO.IHA,

. Gerymas BOIb MOAA, T. €. NOMKHA CYHIECTBOBATH [11a3MEHHAs BO.MHA

p=1. 910 00CTOATEALCTBO BHAHO He TOAbKO Ha puc. 11,10, wo n u3

HCXONHBIX ypasuewnit (mpn as=0 ycaosue D, =0 mumeer suy D,=
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3aMeTHM TaKKe, UYTO OTMeHeHHBIE 0cOGeHHOCTH IpelenbHsiX nepe-
‘xom08 npu i« >0 (mm m"{, —>0) u 2—>0 OTHIOZb HE ABAAIOTCH THIHU-

HBIMH TOAbKO A/ MarHHTOAKTHBHOH M.1a3Mbl. HaﬂpOTHE, OHH XapaxkTepHsl
© AnA 0GOH aHW3OTPONHOM cpefnt (Mepexo # —> 0 COOTBETCTBYET HCUR3HO~

BEHHI0 aHH30TPONHI, a Mepexod % ->0 OTBeyaeT NPUSMHKEHHIO K OAHON
H3 TIaBHBIX OCed).

MoxeT BO3HHKHYTb BCE ’Ke HEKOTOPOE HEAOyMEeHHe, CBA3AHHOS C TeM,
470 npu npenebpeReRNH NPOCTPAHCTBEHHON AMCTEpCHEN B H3OTPOMKOM
cayyae B TOHKe v=1 CYUWeCTBYIOT TPH BOJHEL, 4 B BHKSOTPOHHOﬁ
cpede B mo0oft Touke (mpH M0GOM U) TOMBKO 1Be BOAHBL [TOCKO/IBKY

© Tpene’bHLH Mepexol, KaK NOKA3aHO, OCYIUIECTBARETCH HYKHBIM 0O0PasoM,

3llecb BPAL JH eCTb OCHOBAHHA L7 OecriokoHcrsa. CHTyauus craHosnrcs,

- OXHAKO, 3HAUHTENBHO §OMee MPO3PauHOH, ecis BCIOMHUTh, YTO APH Mpe-

HeOpeeHHU MPOCTPAHCTBEHHON AHCMEPCHER O HIa3MEHHBIX BOTHAX MOKHO
TOBOPHTb JHUL B [0BOMBHO FCAOBHOM cyeicre. [IpH yuete ke mpo-

| CTpaHCTBeHHOM Aucmepcuu Kpusas n(v) Ada miasMsl HMeer Bua (CM.
(8.25)):

12,1

TlostoMy Tpu Boaubl (TPH 3Haseuns n?) HMeOTCA He TOABKO B TOUKE

=1, HO B UenOH 064acTi B OKPECTHOCTH ITOA TOYKH (FPaHHUB