Ir1ABAXIV

HEKOTOPBIE BOITPOCDI
KBAHTOBOH 3JEKTPOOHHAMHKH

§ 124. ®yukuua I'puna ypasHenus Jlupaka

Pasputas B ra. XIII Teopus B3auMORENCTBHS HEPEJATHBUCTCKUX
3apsiKEeHHBIX YaCTHI[ C 3JEKTPOMArHHTHHIM HojaeM 0e3 Tpyna 0606-
maercs Ha caydad peasiTHBUCTCKMX yacTul. OXHAKO BBIUHC/IEHUS
BHICIIHX NpuOJMUXEHNH TeOpHH BO3MYHIEHHH (pasJjoxeHUH TO cre-
pensiM e*/lic) TPUBOAWAM K PacXONfIHMCs BhipameHuaM, ¢usuue-
CKHIl CMBICJ KOTOphlX Obl1 HesiceH. Tak, Hampumep, co6CTBeHHas
3HEpTHS JIEKTPOHA, KaK H B KJacCHYeCKoH 3/JeKTpOAMHAMHKe, OKa-
apBanach 6eckoneunoll. IlonpaBku K sthdeKTHBHOMY cedeHHIO pac-
CesiHHsl, BbIYMCJEHHBIE BO BTOPOM MNPHOGJIHXEHHH TEOPHH BO3MYIIe-
HUH, TakKXKe OKa3blBaAUCh He MaJbiMH, a OeckoHeuHo OOJbLINMH
u T. 1. Bce 3T0 yKaseiBaso Ha orpaHuYeHHyI0 06/1aCTb IPHMEHHMO-
CTH pPACUeTHOTO anmnapatra KBaHTOBOH 31eKTPOAMHAMHKH. Bwmecre
¢ TeM XOpolllee cOrJacHe C ONBITHBIMH NaHHBIMH 3((eKTHBHLIX ce-
YeHHH pas/iMYHBIX NPOIECCOB, PACCUHTAHHBIX B IePBOM HeHCUe3alo-
meM NpuGIMKEHHH TEOPHH BO3MYLIEHHH, YKa3blBaJo Ha NpaBWJIb-
HOCTb OBUINX HIEH ¥ MeTOdOB TEOpPHH.

ToBniiienye TOYHOCTH PKCHEPUMEHTANBHBIX METOAOB HCCJIENOBa-
HH5 NpHBEIO B NOCAelHHE TOAbI K YCTAHOBJEHHIO HOBRIX (DaKToB,
He HaXONWBHINX OOBSICHEHHS B KBAHTOBOH 3JeKTpoiuHamuKe. MMmen-
HO, B 1947 r., KpoMe YIOMSIHYTOIO OTKpPHITHS JIaM6oM cMmellleHHs
ypoBHel 22Sy, m 22Py, atoma BOAOpPONA, KOTOpHe Mo Teopuu Jlu-
Paka foJKHB Oblau 6H COBNAnaTh, Pabu yCTAHOBHJI, UTO BeJHUHHA
MarHuTHOTO MOMEHTa 3JIeKTPOHA HECKOJbKO OT/IMYaeTcsi OT MarHe-
ToHa Bopa. OrtkpbiTHe 3THX SBJEHUN INpHUBEIO K AajbHefmeMy
MHTCHCHBHOMY pa3BHTHIO KBaHTOBOH ajexTpoaumHamuky. Cylect-
BeHHy10 posb B pPa3BUTHH TEOPHH Chirpajiu paGoTel bBere, Peiin-
w, HIBunrepa, Tomomara u nxp.!). B wacrHocTh,

@ Y Moxpo6uas 6ubnuorpadus npupenena B knure: C. lllsebep, I. Bere,

Bofi OpMan, Mesoun u noas, 1. I, WJI. 1957. TlogpoGuoe H3ioXKeHHe KBAHTO-

et SIEKTPOIMHAMHKH cM. Takke B kuumre; A. M. Axmuesep, B. B. Bepe-

HHe Ux uil, Keantopas siektpoaunamuka, «Hayxa», 1969, C. Il e 6 e p, Beeze-

s ﬁB é)enmnaucwxyro KBaHTOBYI0 Teopuio noad, MJl, 1963. B. B. Bepecrewu-

pus. M NTudwuu, J. II. I uraencknil, PenaTHBUCTCKAA KBAHTOBAs TeO-
r W, «Hayka», 1968.
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-QefinManoM OblA NMpelJIOXKEH HOBBIH PacueTHbiE MeTOJ, NO3BOJSIO-
1IA# CYILECTBEHHO YMPOCTHTh BCe BBIYHC/EHHMs, a TaKkKe MNPHIaTh
MM Harasanbiil ¢usndecknfi cmbical). B paMKax 3Tof KHHTMH Ml
MOKeM M3JOXKHTb JIMIIb caMmble ofuiHe ocHoBbl Merofa PelinMana.
JleranbHoe ero HU3JI0OXKeHHe, a TaKiKe MHOTOUHC/AEHHBIE NPUMEpPhI
npuMeHeHHsa MeToAa PeflHMaHa K KOHKDeTHBIM 3afadyaM MOTYT
6bITh HalileHbl B YKA3aHHBIX CTAThAX H MOHorpadusax.

OcHoBy pacueTHOro amnapara TeopHu @PeflHMaHa cocTaBJser
meron ¢yHkuumu [pura. Mpbl nepefifieM Temepb HENOCPELCTBEHHO
K H3J0KEHHI0 MeTOAuKH, npelyokenHol @eknmanom. [lpexne
BCcero 3amuileM ypabheHus Jlupaxka B OoJiee KOMIAKTHOH M ynoG-
HON AJa 3THX pacuetroB ¢opme. [lasa aToro BBefeM omepartop

4
5__ a3 _ . 3
V*”:Z Vugr, = Yu 5y,
w=1

The
x4 = ixo = it.

B 31X 06G03HaueHusiX ypaBHenue Jlupaka uMeeT BHJ ?) ‘
(V+myp=0. (124,1)

AHaJOrHYHO TOMY, KaK 3TO AeJaJoch B HEPeNsTHBHCTCKOH Teo-
puu Ana ypasHenus llpepunrepa (cm. § 29), sBeseM ¢yHKUHIO
Tpuna K(2,1) vypasuenus [Hupaka (124,1). ®Pyuxkuusa I'puna
K(2,1) mo onpeneseHHI0 yAOBJACTBOPSET YPaBHEHHIO

(Vo mK 2, 1)= 762, 1), (124,2)

3nxech U B AasbHedmeM HMGPH | ¥ 2 03HAUAIOT COBOKYNHOCTDb He-
‘ThIpeX KOOpPIHHAT Xy, Vg — omepatop, AeHCTBYIOIINA Ha HepeMen-
Hble Xg,. CumBoa 8*(2,1) o6o3Hauaer yeThipeXMepHYIO §-DYHKIHIO,
‘paBHYIO

8 (2, 1) =0 (xa— %)) =08 (ro—r ) 8(f, — 1)). (124,3)

Bynem uckath petienste ypasHenus (124,1) B umnysabcHoMm npes-
<cTaBnenuu. MHbiME ciaoBamu, pasnoxuM ¢yakumio K(2,1) B uHTe:’
rpan Pypbe

K@ D= [ S(p)e's a5 d'p, (124,4) .

Y R. P. Feynman, Phys. Rev. 76 749 (1949). Pycckuit nepesox M-
8 cGopruke «Hosefiluee pasBHTHE KBaHTOBOR ajekTpofuHamuxm», WJI, 1954, CM-
TaKKe UHTHPOBaHHBIE MOHOTpadHM.

2) Mbl HCHOJMb3yeM 0603HAYEHHS, HECKOJAbKO OTJAHYAIONHMEcs OT BpefeHAHX
“Definmanom. IlogoGHrie 0G03HAYeHHS NMPHUHATL, HanpuMmep, B KHure A, U. Axu¢€
sepan B. B, Bepecreunxoro. Hamovanm Takme (cM. cHOCKy Ha crp. 496)
4TO Mbl CUHTaeM B 3T0fi riaBe i =1, ¢ = 1, -



§ 1241 ®VHKUUS IPUHA YPABHEHUSI JIUPAKA 505

riae
d*p=d®pdp,=dp,dp,dp,dp,= dp, dp; dp;dpo.

pp— UeTHIPEXMEpHBIl BEKTOp HMIyabca py = ipe. Ilo unzekcy p.
NIPOU3BOAUTCA CyMMHpoBaHnHe oT 1 no 4. UtoOm HE 3arpoMOXKAaTh-
dOpPMYJIB UHAEKCAMH, Mbl B AajbHefimeM GyfeM omycKaTb MHAEKC W,
ecJH 3TO He MOXeT NOBeCTH K HeJopasyMenusaM. Pasnaras Takxke
p ugrerpan @ypoe §* (2,1) no dopmynae (cM. npunoxenne I11)

oo

64(2,1)=—(—2;—);,— f elr =) gip (124,5)

—o0

u noupcrasasas B (124,2) supaxenus (124,4) u (124,5), Haxonum
(§2 + m) J‘ S (p) eip (x2—x1) d4p = -(—2# j‘ etp (x2—x1) d4p_ (124,6)

JleiicTBHe onepartopa (% + m) naer
(Vy + m) ete =) = (ip + m) etr (e, (124,7)
rael)
p= PuV¥pu-
IlpupasuuBas B (124,6) komnorentsl Pypbe H YUUTHIBAA
'(124,7) moxHo nHamucatb QopMmaJjibHOe pemleHue Aas S(p)

S(p)= S T ip—m _ i ip-m
PI=@ny 7T p+m (@ Gp+m (p~m)  @n)* pP+m?’
(124,8).

rae
1
P2= X, PubVuvy = - E (Vu Vv + VvV) Pupy = 2 PuPu =P
B, v w, v n

MBl BOCTMOJIB30BAJIMCh AHTHKOMMYTATHBHOCTBIO MaTpuin y. das
K(2,1) cooTBeTcTBEHHO HMMeeM

K@ 1) = gr f -’j-?;:—m”‘; eir (%) dtp, (124,9)
I'Ioc.neuHee Bpra}KEHHe yIIOGHO 34nycaTtb B BUjiaIe
K@ 1)=i(V,—m)1,1), (124,10)-

rie /(2,1) —uHTerpan, 3apucAlHd TOAbKO OT OGLIYHBIX HepeMeH-
HbIX, Ho He oT MaTpull [{upaka, H paBHHIA

1 eip(h-x:)
12,1)= (zm)*f e &', (124,11}

—_—

1 - -
) Tonuepknem, uro B 5TOf IMaBe 3HaK A HMeeT APYTOf CMHICH, YeM B npe-
ANAYIMUX riaBax KHHTH.
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IIpoussenem WHTErpUpOBaHHE IO NMEPEMEHHOH pjg:

1(2, 1) 1 f ip (ra~ry) 3 fe—ipom-tl)d
4 ( ’ - (211)4 e p Pg"Ei pOy

E,=+ Vp*+m

Ecnu paccMaTpHBaTh pp KakK HEKOTOPYIO KOMIIEKCHYIO IIEpeMen-
HYIO, TO HHTETPUPOBaHHe B IIJIOCKOCTH 3TOH KOMIJIEKCHOH Hepemen-
HOU MPOHM3BOJUTCH NO Bcell BellleCTBeHHOH ocH. OJHAKO NMOZBIHTer-
pajsbHas QyHKUHMA HMeeT Ha 3TOH OCH [OJKICA B TOYKAX po = E,
H po = —Ep. CueposatesnbHo, Aas TOro 4yro6nl uHTerpan (124,11)
HMeJ OonpejleleHHBIH CMBbIC], HeOOXOAUMO 3alaTh IpaBusio 00XOna
3THX nog10coB. PefilHManoM GLITIO NPelJIOXKEeHO Caelylollee NpaBHI0
ob6xo1a: JeBHIll MoJloCc OGXOAUTCS CHH3Y, a IpaBeifl cBepxy. as
BBIIOJIHEHHS] TAaKOTo 06XoAa cjeAyeT NpuOaBHTb K Macce m Gecko-
HEUHO MaJyl0 OTPULATENbHYI0O MHHMYIO YAacCTb, KOTOPYI0 B OKOHYa-
TEIbHOM pe3y/bTaTe CJAeAyeT YCTPEMHUThb

riae

K HYJIO:

m-—->m—id, &6>0.
-£, HefictButenbro, npu atoM E, rak-
>y o Ke HoJdy4aeT OeCKOHEUHO Manyw OTpH-
| £, P, UaTeNbHYH MHEMYIO N06aBKy, H COOT-

BETCTBEHHO [OJIOCH MOIBIHTErpabHOMl

Puc. 29. (YHKIUU pacrnosararnTcsi, KaK INOKa3aHO

Ha puc. 29. Mpl MoxKeM Tellepb NpoOH3Be-

CTH MHTErpUpOBAaKHe, 3aMbIKas KOHTYD HHTEeIrPHPOBaHHS GeCKOHed-

HO GOJBIUNOH NOJNYOKDPYKHOCTBIO H BBIYHCJASI BLIYETBl B COOTBET-

cTByloluX monawocax. ITockonabKy MOJ 3HAKOM HHTerpasna CTOHT

SKCHOHeHIMa bHAs (YHKUHS, KOHTYp HHTETDHPCBAHHS 3aMbIKaeTcA

CHH3Y npu £ > ¢ u cBepxy npu fy < ¢;. COOTBeTCTBEHHO NpH fy >

BblUeT Gepercs B TOUKe po = Ep, a 1pu fy < f; — B TouKe po = —Ep.
Taxkum obGpasom, mosydyaem:

1@, 1) == fELpe"U" TTE (BT ) >4 (124,12)

I, 1)="1é_3 f_Lei(p,r2—rl)+iEp(t2—tl) &p, t,<t. (124,13)
T Ep

Mpl BuauM, 4TO nockombky Ep >0, 10 npu f, > ¢, BKaan pawT
JIMUIb COCTOSIHHA C IQJOXHTeJbHOH 3Heprued, a mnpu £y < {; — cooT-
BeTCTBEHHO JIMIUb COCTOSIHHA C OTPHLATeNbHOH sHepruef. OTmeTHM,
YTO MOJIYYEHHBIH Pe3YyJbTAT CYLIECTBEHHO OTJIMYAeTCs OT HMeBLIero
MECTO B HEPEAATHBUCTCKOH TeopHH. [lelcTBHTe/bHO, TaM QyHKUHA
I'puna nosaranachk [cp. ¢ (29,3)] paBHO# HyJ0 npH fp < ;. Anano-
FUYHOE BHIpaXKeHHe Mbl HOJY4HJH Obl U B DeJIATHBHCTCKOM CJIy4aé
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eci Opl 06a moaioca OGXOAMIMCH CBEPXRY, HYTO COOTBETCTBYET 3a-
meHe Po—> Po + id B MOALIHTEr pabHON (YHKIAM.

BhIUHC/IEHHE, aHAJOTHYHOE TOJBKO UTO NPOH3BEAECHHOMY, MOKa-
3pIBAET, YTO NPH TaKOH 3aMeHe BpeMmeHH fy > £, oTBeyaso Obl CyM-
MHPOBAHHE KakK 10 [MOJOXKHTENbHBIM, TaK H N0 OTPHLATENbHLIM
aHeprusaM, a npu fp < ¢, Mbl noayuuau Oul [ = 0. OaHako H3 Aajb-
peiimrero 6yleT BHAHO, YTO HCMoOJb30oBaHHMe QyHkuuu ['puHa, mpex-
noxennodt @efiHMaHoM M onpeneasemoin dopmynamu (124,12),
(124,13), AB/IsETCS 3HAUHTEJBHO Gosee yIOOHBIM.

C nomombl BBeJeHHOH (yHKOMH I'pMHA MOXKHO MOCTPOUTH pe-
menue ypabHenus [upaka, T. e. MoJayuuTb GOPMyJay, aHAJOCHUHYIO
HepeJATHBACTCKOMY cooTHouienuto (29,2). Ilpome Bcero ans sTol
ey BoOclosb3oBaTbca Teopemoll [Faycca B 4-npocTpaHcTBe

(d'x = dx di)
[ OFy, (x)
! f __;xu dix = Sf Fy(x)n, do (), (124,13

rje F — NpoH3BO/BHBLIA 4-BeKTOP, S — NOBEPXHOCTb, OXBAThHIBAOIIAA
HZaHHBIA YeTblpeXMepHBIA 06beM, a n(x)— BHELIHAS HOPMaJb K 3TO
nosepxHocTH B TouKke x. [Tosaras

Fu (x,) = K (x - x,) ‘Vu"p (x,)’
HOJIyUHM:

OFy _ oK (x—~x) o (<) _

Vu\p (x,) +K (JC - X,) Yu

ox, ox, - ox,
_ _ OK(x=x) , )y OB (X)
~om Vb (¢) + K (x —x) y, o
Hs (124,10) caenyer, uto
OK=x) oy OKC=X) G K (x—x).

oxy W » oxy

Bocnonbsopasmucs coornomenusmu (124,1), (124,2), nonyuum
OF, (x)

4
dxu

==V, +m) K (x = x)§(x') =8 (x — x") p (x).

}I}()flCTaB.HﬂH 5TO Bbipa:KeHHe B BBbINHCAHHLIA Bbllle YeThIpexXmep-
blH HHTerpan u Bocmosb3oBasmuch (124,13'), neayuum

P(0) =~ [ K(x— )y (<) n, (¢) do (x).
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O603Hauas TOUKY X Yepe3 TOYKY 2, a TOUKy x’ uepe3 TOUKYy |, my
‘MOXKeM NepenucaThb I0Jy4eHHOe COOTHOIIEHHE B BHJE

p@)= [ K@ Dy — [ K@ V)yab(1")dp.  (124,14)
t t;

Becb B KaueCTBe MOBEPXHOCTH MHTETPUPOBAHUS BLIGPAHHI JiBe Oec.
KOHeuHble NPOCTPAHCTBEHHOMOAOOGHbIE IJIOCKOCTH ! ==t H f={,
npuieM f, <ty <ty VuaTerpuposaHve MO BPEMEHHIOLOOHBIM Io-
BEPXHOCTSIM MOXKHO ONYCTHTb, TaK KaK OHH IPOCTPAaHCTBEHHO y.a-
JieHBl OT TOYKH 2 CKOJIb YroAHo pnaneko, a ¢yukuus K(2,1), kak
MOKHO N0Ka3aTb, B NPOCTPAHCTBEHHONOAOOHBIX HAIPABJIEHHAX JKC-
NOHEHUHANbHO YOBIBAET [0 HyJs IPH HeOTPaHHYeHHOM BO3pacTa-
HUH NPOCTPAHCTBEHHHIX paccTosHMi ).

Oynxuua K(2,1) comep:KHT cyMMHPOBaHHE TOJBKO MO COCTOSI-

HHSIM C TOJIOKUTe/IbHOM 3Hepruefi, a dynkuus K (2, 1), npufy < #] —
JUIID 1O COCTOSIHUSIM ¢ OTpUIaTeapHOH aHeprueil. [losTomy nepBhift
unterpasa B (124,14) orinyed or HyJas JLag KomnodeHT (1), orBe.
YaoUIMX YacTHIAM C TOJOXKHTEeNbHON 3Heprued, a BTOpo# HHTerpad
COOTBETCTBEHHO He paBeH HYJIO A/ KOMIOHeHT ¢ (1), oTBeuaomux
JAaCTHHAM C OTPHLATENbHOH 3Hepruefl. )

Mul BUIUM, UTO BOJIHOBAA (PYHKIHUSA HaACTHLBI B TOYKe 2 deTHIpex-
MEPHOro NpOCTpaHCcTBa onpeiensercsa Qyakuuell I'puna u 3sHaue-
ausamMa P(1) wu ¢(1’). AnanoruuneiMm o6pas3oMm, mnosarast Fy=
= P (') y K (¥ — x), nerko HafiTu BeIpaxeHus Ajas GyHKUEH P (2):

P@= [ SWIKW, D~ [ WK, 2)d%x, (124,15)

t;>12 <t .

rae ¢yuxuusa P (x) = Pt (x)ys ¥ yAOBIETBOPSET ypaBHEHHIO
A" T e
Bz, Yu—mp=0
HIH ~
P (V—m)=0.

Tlpn Taxofi ¢opme 3sanucu omepartop V JeficTByeT Ha (PyHKUHH,
CTOALIIHE CJIeBa OT Hero.

KOMIOHEHTH BOJHOBOH ()YHKUWM, OTBEYAIOIIHE OTPULATEJbHBIM
sneprusaM E, Tpakryiotcs B Teopun DefinMaHa KaK aMILIMTYABI
BEPOATHOCTH HAXOXKAEHHsS YaCTHIBl B IIO3UTPOHHOM COCTOSIHHH, T. e
B COCTOSIHHH C TOJIOXXHTENbHON 3Hepruedi +E u 3apsmom +e. Ta-
guUM ofpasom, QyHKuua ¢(2) saBaserca 3afaHHON, ec/Jd H3BeCTHA
aMILIMTyZAa 3JeKTPOHHOro coTosiHus P(l) B MOMeHT £ < f, u aM-
TUIHTYZla NO3UTPOHHOrO cocTOAHUs P (l’) B MOMEHT £y > fy.

) Cum. paGory Oeiiumana (ccbiika Ha crp. 504),
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da30Bblit MHOXHTeJb, BXOAAWMHA B QyHkuuo K(2,1), npu
#, < 1) 3aBHCHT OT BPEMEHH MO 3aKOHY e'Bp (27h) = ¢~ Ep |~ o,
(124,13)]. HHbiMH CjIOBaMH, BpeMEHHOMH MHOXHTED Y GYHRIHH
K(2,1") 3aBHCHT OT (t;—#)) Taxk xke, Kak (hasoBbIH MHOXHTE/Ib
poJHOBOH (QYHKIMH, OTBEYAIOLIEH 4YacTHLAM C MOJONKHTEIbHOM
sHepriefl. B COOTBETCTBHM € 3THM IO3HTPOHHbIE COCTOSIHHS MOJKHO
acCcMaTPHUBaTh KaK COCTOSIHHS YACTHIBL C [OJ0XKHTENBbHON 3Hep-
rueli, HO pacrnpocTpaHsiomelicA B 06paTHOM HampaBJeHHH [0 OCH
ppeMeHH. DTOMY COOTBETCTBYeT TO OOCTOSITEIbCTBO, YTO COCTOSIHHE
M03HTPOHA AOJIKHO OBITb 3aJaHO B MOMEHT BpeMeHu fyr>{, [BTO-
poii HHTErpan B popmyie (124,14)].
[1peANOIOXKHM Tenepb, YTO HMeercsl BHeIIHee 3JeKTPOMArHHT-
fgoe nose. B Hamux o6o3naueHuax ypaBHeHue Jlupaka B 3TOM CJIy-
yae 3aMHLIETCSt B BHIE

(V—ied +myp=0, (124,16)

rre A = Apyy, As = ip (p — cKaasApHBIA MOTEHUHAN).
dyuknua [puHa, Kak oOblYHO, ONpepesercd ypaBHeHHeM

(@x —ieAd+m)KA(x — x') = — id (x — ¥').

®Oyuakuus K4 (2, 1), tak ke kak u ¢ynxuus K(2, 1), cogepxur
B CBOG®M pAa3JIOXKEHHH TOJMbKO KOMIIOHEHTHI, OTBeYall{He MOM0KH-
TeJbHBIM SHEpPruaM IpH {3 > £ H OTPULATE]bHBIM SHEPIHAM MpPH
to < t. Cootnomenus (124,14) u (124,15) ocralorca B cuie, ecid
TOJAbKO 3aMeHUuTb B HUX K (2, 1) Ha K4(2,1).

Tak xe Kak U B HEPEJATHBUCTCKOM CJyyae, MOXKHO CHOpMyJu-
poBaTh HHTErpasbHOE ypaBHEHHE, KOTOPOMY YAOBJeTBOpAeT (yHK-
uus K4(2,1). Mmeunso,

K42, )=K@ D—e [ K@ 3)AB)KAG, )d'n. (124,17)

Brisop umrerpasbHoro ypasaenuss (124,17) He oTavyaetcs oT Bbi-
Bopa uHTerpasbHoro ypasHenus (29,17). Kak MbI yKe BBISICHUIH
B § 58, ypaBHeHHe Takoro THma YIOGHO peliaTb METOAOM [OCJje-
RosaTenbHbix npubanxenn [cm. (58,5)]. ‘

§ 125, Gynkuus I'PHHA 108 CHCTEMBI M3 ABYX YaCTHL

Halinennoe Bbilie BhipakeHHe [Jisi BOJHOBOW (YHKUHH OXHOMN
YacTHUE HEe06XOAMMO OGOGIIMTH Ha CJaydall CHCTeMbl B3aumojeil-
CTByoImnx wactul. IIpocTefiluiMM NpUMEpOM TAaKOH CHCTEMBI fB-
JSIeTCH cHcTeMa, COCTOAINAst M3 JBYX 4YacCTHI, CBSISAHHBIX MEXAY
C06o# BaammomeHCTBYEM 3JEKTPOMATHUTHOrO XapakTepa. 3aMeTHM
Upexne Bcero, uTo Gynkuus [puHa cucTeMbl ABYX HeB3aHMojeil-
CTBylomux wacrtmi paBHa npoussefenuio ¢yHKumu I'puHa kaxmolt





