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NPEAUCNOBUE

Ilenp 510l KHETH — 7aTh B3aMMOCBA3AHHOE U3JI0KeHUe
$parMenToB TeOPUU BOJHOBBIX B3aUMOJEHACTBHE B HeON-
HOPOJIHBIX CpefaX, KOTODHIe SABJIAIOTCS IIPeJMETOM HCClie-
noBaHMA PasHHIX paspmenos $usuru. C 3amavaMu TojgobHO-
TO poja MBI CTAJIKMBAeMcA B TIHJAPOMUHAMNKe, (PHU3UKe
1Ia3Mpl, HeJIMHeHHOR ontuke M pmaske B OGmomornu. Ho-
HEYHO, B KaK[0il N3 IlepeunclIeHHBIX 00iacTell cylecTBy-
10T CBOM TIPOGieMBl M Pa3sBUBAIOTCA CBOM, CIeUH(pHIHEIE
7 paHHOW obmacTu meronst. Tem He MeHee B psfe ciIy-
waeB MaTeMaTHYeCKHe MONeIN OKA3BBAITCA JOBOJBHO
CXOMUME, TAK YTO MOIKHO TOBOPHTL O HEKOTOPHIX 3aKOHO-
MepHOCTAX, O0IUX oI INEPOKOTO Kpyra oO0CY:KITaeMBIX
sagad. Taxnm ofpa3oM, HeCMOTpPA HA PA3HOPOJZHOCTHL CO-
JIePIKAHUSA PACCMATPUBAEMOH TEODHH C TOYKU 3PeHHA ee
IPUIOHEHHH, HeJdb KHUTH MOMeT OBITH JoCTHTHYTa 6Iaaro-
Japsg TOMY, 4TO MArepuaj MOBOJBHO JETKO KIaCCHUIA-
pyeTcs 10 THIIAM MaTeMATHYeCKHX 3a7ad M_MeTONOB, HC-
TIONB3YEeMBIX [ MX pPeUleHusd.

B xope m3moeHus Teopum BOIHOBHIX B3amMOJeHCTBHH
MEI TMOCTOAHHO 6y11eM CTANKUBATECA ¢ Heo0X0IUMOCTERIO
pelleHnA ypaBHEHWA ¢ IiepeMeHHBIMH Ko3pPUumueHTaM.
OnenM u3 Haubojdee MOIABIX NPUOIM/KEHHBIX MeETONOB
pewenusa asuagercs Metor BRB. HecMorpsa ma 1o, uTo mpm
70 HCHOTH30BAHNY OOBIYHO OrpAHHYUBAKTCA TONBKO IiaB-
HBEIM 4JI€HOM aCHMITOTHYECKOTO PALA, OH IIO3BOJAET IOIy-
YUTh OTBETHl Ha MHOTHME BOIIPOCH!, BakHble ¢ (PU3MIECKOi
Touku spemms (cy. . I1). ,

Mguorme xapakreprsie 0COGeHHOCTH B3aUMOfEHCTBUA
BOJH B HEOJHODONHHBIX Cpegax MOMKHO IIPOCIENUTH HA MO-
Aleld Tpex CBA3AaHHBIX BOAHOBHIX ypasHenmi. IIpu stoM
BOIHUKAET CHCTeMa. HeIWHEOHHHX YPABHEHMHA B YaCTHHX

.



NIPOHM3BONHBIX. B HacToAmlee BpeMsa HET TOUHOTO pelleHUs
raxoit cucremsl. IlodToMy mpm ee amamuse HCHONBIYIOTCH
Pas3IUYHbIe YOpOIaloiiue IPefnooKeHus,

Pentennio umcxopmoil” cucteMsl B TeX ¢Iyd4aAx, KOTAR
€CTh KaKue-uubo OCHOBAHUA [JIA ee INMHEAPU3ATUM, TIO-
cpamentt . 1—IV, 3amerum, uro meroq BHRB B meroro-
PHIX cIOyvasx He D[O3BOJIACT NOXYIHTH OFHO3ZHAYHBIX
pelnenuit TUHEAHHIX YPABHEHU ¢ mepeMeHHHBIMA Ko3(pdHu-
nmenramMu. Torga menecoofpasHo KOMOHHHPOBATH pelle-
HuA, Hoxydennsie MerogoM BHD, ¢ pememmamu, maiimen-
HBIMM HA OCHOBE METONA KOHTYpHBIX maTerpasioB. C raxoi
CUTyaI[ell MBI CTOJIKHEMCS, HAIpuUMep, B 3agade O TIPO-
XompeHNM mapabommueckoro ciog B riI. 11 u mpu obeym-
JeHMY MeToja, Mmpeioenuoro BasoseiM, B i, IV,

B ra. V peierus, mnoaydeHHMe B IPeIIECTBYIONINX
IJ1aBaX, MCHOMBIYIOTCA NS aHAXU3a DBOJIOIMOHHON 3afa-
4M, ONUCHIBAMOINEH ITOBeleRNe HAYAIbHBIX BO3MYIEeHU Ha
meofnoporaoM ¢one. Homeuno, ympomenue HCXORHON cu-
CTeMbl HA OCHOBe €e JUHeapU3alny BO3MOMKHO [AJIeKo He
Bceria.”B Tex cayvasx, KOT/[a B3aMMOJEHCTBIE BOIH JO-
CTAaTOYHO ciaboe, BO3MOKHO MHOE YIIPOIleHWe WCXOTHOI
cucteMbl, Cira0ocTh B3auMOeHCcTBUA O0YCIOBINBAET ILIAB-
HBII xapakTep aMILIATYJ BOJH. B pesyabraTe MBI MpUXo-
UM K YHPOIIeHHHIM HeJIVHeMHBIM, TAK Ha3HIBAEMEIM YKO-
POYEHHLIM YpaBHCHHAM, AHAIU3Y PpeIIeHUH TAKUX ypaB-
HeHnii moceamiena ra. V1L

B mocnemmeir riase KHurum ofGcy:Rpalorcs cHenupuae-
cKue 0COODEHHOCTH B3aUMOJEHCTBMS BOJH B CIyYaiHO-He-
omEopofusx cpemax. CayuaitHsii XxapakTep HeONHOPOTHO-
¢TH TPHUBORUT K mpoGiaeMaM, CBA3apmHBIM ¢ Heolxoqu-
MOCTBI0 AaHAJIM3a CTOXAcTHYeCKHX aud@epeHnUanbEbIX
YpaBHeHUII.



nasal

OCHOBHBIE YPABHEHUSA
U NPEANONOMEHNS

§ 1. Beegenwe

PaccMOTPUM HEKOTOpPHIE KOHKDETHBIe (DUBHMYECKWE 3a-
AAud, KOTOPHIE CBOJATCA ¢ (DOPMANBHON TOUKM 3IpeHHSA
K CHCTeMe CBSI3AHHKIX BONHOBEIX mpormeccos. J[aa Toro
9r00Bl IIpefcTaBETh cebe CTPYRIYDPY YpaBHeHHIT, OIIICHI-
BAaIOIUX TAaKWe IPOIEeCCHl, OCTAHOBUMCA Ha ONHON KOHEK-
peTHOH cHcTeMe, OTpasKaiollell, Ha HaHI‘BBI‘.HH,[(, MHOTHue
XapaxkTepHEIe ocoGemmocTn B3aUMOJelficTBUA BOJIH B Cpe-
flaX ¢ MepeMeHHBIMU CBOHCTBaMH:

(0%/012 — viaZ/aaﬂ) by = P1bybs,
(02/01% — v202/0x2) bs = Bababs, (1.1)
(02012 — v302/022) by = Pybyb,,

rme b; — mexomsie QyHKOUHE, a KoapPunmenTH U; P: B
manpHedimeM OyAyT IIPeAIoONarTaThCs BSaBUCAMUMHN JInbo
or mepemenmoit x, mm6o or f. Cmcrema (1.1) me Mmomer
OBITEL pemmeHa amajuThveckm B obmem Buje. [us ee pe-
MeHNs UCHOAL3YIOTCA PasIHYHEIE YNPOIIAINUe Ipeio-
nomenusn. MoskHO, HATpUMep, CIATATD, ITO OFHA U3 PYHK-
nmit b; ssngerca sagamuoi. Torga cmcreMa Tpex HeluHen-
HEIX ypasHenmit (1.1) cBomUTEA K cHCTEMe [OBYX JMHEHHBIX
VpaBHERH:

(64012 — v302/02°) b, = ab,,

1.2
(82/0t? — v302/0x2) b, = 0gb;. (1.2)

3necn o; = B;bs, by cunraercsa samaHmOll QyHRIHE.

Kax ormeueno Bmmie, koopumuenTs: Vi, ¢; Opemo-
TATAHTCA B3ABHUCANIAMHE TOJBLKO OT OJHOH mepeMedHoi. By-
AeM II0Ka CYHTaTh, YTO OHU B3ABHCAT OT HePeMeHHOK f.



Torma pemenme cucremsl (1.2) MOHO mMCKaTh B BHJE
at) exp (ikz). B pesynbrate IPHXOJUM K CHCTeMe ypaB-
HeHHOil A CBA3AHHBIX OCHHIIATOPOB ,

ay + o (t) a1 = aa,,

as 4 03 (1) @y = 0,0,

(1.3)

B panpHefimieM MBI yBURUM, YTO IOBefeHHE CBA3AHHBIX
OCIIUIIIATOPOB B OCHOBHOM ONpENeNsAeTcA PesOHAHCHBIMH
TOUKAME, B KOTODHIX COBHIAJAI0T YACTOTH Koxebammil
®(2) = @,(¢), n ToukaM; 1MOBOPOTA, B KOTOPHIX WO Kpaii-
‘Heli Mepe ojHa U3 vacTOT ofpamjaercs B Hyab @:(t) =0

B ra. 11 cumerema casammweix ociummraropos (1.3) ama-
AU3HPYeTCA HA OCHOBEe KBABHKIACCHYECKOTO TPUOIMKeHNS,
T. €. IPEHOIATAeTCA, YTO 3aBUCUMOCTHL ®:(l) HOCTaTOYHO
niasuasg. Ilpm paccMoTpeHmM pe3OHAHCHBIX ABIGHUH B
CBABAHHEIX OCHWIIATOPAX B HTOH I/aBe HE YUUTHIBAGTCSH
BO3MO;KHOe BiIMAHWE TOoueKk moBopora. Ilpegmoxaraercs,
UTO BTH TOYKU HAXONATCH JOCTATOYHO NAJEKO I MX BIMf-
HHeM MOJKHO IpeHeOpedus.

B ra. Il paccmarpuBaerca cucTeMa ¢ JAUHEHHBIMUI
rosdpumuenTaMu :

ay+ (1 + /) ola, = o,
52 + (1 ty) Oyt = Aoy,

TAE ©; = ®, = const, o, = o, =const. Ira cmcremMa mocjie
mpeobpasoparus Dypoe CBOTHTCA K CHCTeMe ABYX ypaBHe-
HU@# TepBoro. mopsaaka. llpmyem npu ompefeneHHbIX rpa-
OAYHBIX VCIAOBUAX MOMKHO [OKa3aTh, YTO CHCTeMa, TONy-
yennasg B pesyiabrare upeoGpasoanus @Dypse,  DKBUBA-
sentHa ucxomuoi (1.4). Ilepexon ot cumeremsr aByx ypas-
HeHuil BTOPOro IOPAIKA K cHCTeMe JBYX ypaBHEeHMil mep-
BOIO IOPAJKA ABIAETCA BeChMA CHIBHLIM YIIPOMeHHEM.
Jaunpuefinnil a#agus CBOAHTCH, IO CYINECTBY, K MCCIERO-
BAaHUI0 pelleHUsT OOHKHOBEHHOr0 Au@epeHmUANLHOTO
YpaBHeHHA BTOPOrO mopAika. B paMrax nmpuHATOH Mozexn
yAaercs paccMOTPeTh BIMAHHE TOUEK .IIOBOPOTA HA Pe30-
HaHCHOE B3aumMojeiicTsue.
B ra. IV Mbr pepeiiieM K aHAJIH3y CHCTEMBI

(1.4)

.. t L 2 .. 2 :
a1+ 010; = Xy, Ay + O3y = Apdy, (1.5)



' roe oy = —y = const, ®;= const. Cmcrema (1.5) commr-
¢A K ONHOMY YPaBHEHHIO dyeTBepToro mnopsagxa. Ero amamus
B PE30HAHCHON 30HE IIPOBOAMTCH HA OCHOBE METOJA, Ipef-
noxennoro Basopsim [1]. 3amernm, uro meronr BKB me
[I03BONIAET OHO3HAUHO MIPOJIOIKUTH PerleHHe B OKPECTHO-
cTH Pe30HAHCHOHA TOYKH. )

B ra. VI, VII paccMmarpuBaerca xpyroe yupoiieHue
cucteMbr (1.1). OHO cBsAZaHO ¢ IpeMMONOKEHHEM O TOM,
YTO peHIeHHe HCXOJHON CHCTeMBI MOJKHO WCKAaTh B BHE
BONH, ¢1a00 OTKIOHAIIUXCA OT MOHOXPOMATHICCKUX

bi (x, t) = ¢;{x, t)expi (5‘ kidx — mit), e YacToTa o;

CBA3aHA € BOJHOBRIM BEKTOPOM NUCIIEPCHOHHBIM COOTHO-
nieHWeM W3 IUHEHHOH Teopum, a ¢z, {) — Meamenno Me-
HAIAECH KOMINIeKCHBIe aMIIUTY/IBI BOJIH.

[Tpenebpesenne crapmuMpm IPOM3BOXHBIMU OT Me[-
JeHHO MEHMIOMHAXCA AaMINIMTY] TIO3BOJAET CYIIECTBEHHO
YIOPOCTUTL WCXOXHYIO cucTeMYy. BEIBOJX 9THX YROPOYEHHBIX
YpaBHeHUH [iA aMITUTYJ MBI IOfApo6HO obcymum B § 5
HacTosAmed raasel. PemmeHms stux ypaBHeHuil aHAJIH3U-
pyworea B ra. VII

B ra1. VI pacemMorpuM pelmeHHMe HUCXOFHOM CHCTEMBI
B CJydYae, KOTa HCHONb3yoTca oba yopomenusa. WHBIMHI
cIoBaMHu, GyleM CYATATL 3aHAHHON OHY W3 AMIIUTYA H,
clIeoBAaTENILHO, BHOBH NpHAeM K JHHeiHOHE 3ajaue.
Ta. VIII noceamena amamu3y B3auMmopmeiicTBuil B ciydaii-
HO-HEOJHODOTHEIX CPeiaX.

Bce mepeuucienHBIe MOgeNbHBIE YPABHOHUS DENIAIOTCA
TPU GOOTBETCTBYIAX I'PAHUYHEIX yeiaoBusax, Momno yka-
3aTh [[BZ THIIA KPAaeBEIX 3afa4Y: 3aJAYM O IPOXOHIEHUH
¥ 3agaudm Ha coOcTBeHHBIe 3HaueHUA. B mepsoM ciyuae
MpeqIoIaraeTca, 4YT0 pelleHre H3BeCTHO B DECKOHEYHO
VIAJXeHHON TOYKE M PACCMATPUBAELTCH €70 M3MEHEHHe II0C-
Je TPOXORIeHNA Pe3OHANCHOM 3085l (30HEI CHIBHOTO B3AU-
MOJIeACTBIA OCIMIIATOPOB). Bropoil Tum 3ajau CBOZUTCA
K TIOWCKY (PMHHUTHBIX pPeUIeHHil, T. e. pelUeHUN, JOKaIH30-
BaHHEIX B KOHeYHOH 06JacTH 0e3rpaHMYHOTO IIPO-
CTPaHCTBA. :

Bo BropoM cayuae pemiemue CyIecTBYeT He BCerma.
Ecan xpaesas samaua me mMeeT pemIeHWH HUM IPH KaKUX
3HAYEHHAX IApaMeTPOB, TO HPUXOMUTCH PaCCMATPNBATH
Gonee oGm0 MOCTAHOBKY 3a[aUd ¢ HAYAIHHBIMH YCJIOBUA-
Mu (em. ra. V), .



PacemorpuM, HampuMep, ypagHeHHe B UaCTHRIX IpO-
H3BOJHBIX:

Lz, t)a;=0, (1.6)

rae L(z, i) — numeitnsit muddepeHTUANBEEIN  0nepaTop.
Ero xosdpdunmenTs B COOTBETCTBUH ¢ pPaHee CHeJaHHBIM
OPeIIoNo/AeHNeM 3aBHACAT TONBKO OT OJHOM HepeMeHHOH.
Haa ompemenensocty GyfeM CYWTATH, YTO OHM BaBHCAT OT
z. Ilpumenssn npeoGpasoBamme Jlammaca mo nepeMesHOH £,
nepeiifieM K JUHe{HOMY YpapRHeHHIO ¢ IPaBod YacThio

L(@)a: = fda), “.mn

e Lp(x) — numetinpit  nmuddepennuanbusiii  omepaTop
¢ xKodpdunmeHTaMu, 3aBACAIIUME OT HepeMeHHOA % U ma-
paMerpa p, MOABIAOINETOCI B Pe3yibraTe mpeobpasoBanms
Jlaunaca. Ilpasas gacts B ypasmenuu (1.7) ompenensercs
sHaveHneM uckomoit Qymrnmu nupu {=0. [Janee pemernme
ypasuenns (1.7) wmerca meromom dyrrumm I'pmra. Oxon-
vatenbro pemenme a{x, t) MoxyyaeTcA ImMociae 0OPAaTHOrO
npeoGpasosarna Jlammaca.

Ilepefinem Temeps K OOCYIOHMIO KOHKDPETHHIX (HBH-
YeCKUX 3aJ]a4, B KOTOPHIX MBI CTOJIKHOMCS €O B3aEMOJei-
CTBUEM BOIH B Cpejax € IePeMeHHHIMHI CBOMCTBaMH.

§ 2. ApuabaTnuccKas TEOPHSA BO3MYLLEHMHM
B KBAHTOBOM MeXaHMKe

PacecmorpuM KBaHTOBYIO CcHCTeMy, Ha KOTOpywo Xeii-
CTBYeT BO3MYINeHHE, 0OYCIOBIGHHOe MeJJIeHHbIM apuaba-
THYECKUM H3MCHCHHEM HEKOTOPHIX IapaMeTpoB, OT KOTO-
DPHIX 3aBHCHT COCTOAHHE CHCTeMBi. B sToM ciyizae MORHO
pasBuTh CHENMUANBHBIN OpUCIMKEHHB MeTOT pacuera,
HasBIBaeMbll afgmabaTHYecKoit Teopueil BO3MymieHmi [2—
4], Cymimocts agmafarmueckoil TeopmH BO3MYINEHHE CO-
CTOUT B TOM, 9TO B IEPBOM NpHOMMIKEHUZN Me[IeHHO Me-
HAOUIHEC HapaMeTphi CYUTATCA HEeM3MeHHBIMI.

[lns ompepenennoctu GymeM rOBOPHTH O CTOIKHOBEHWR
(snemenTapaOM mpouecce) AByx aromoB., Ilpm stom ¢ury-
pUpyer [OBa €OpPTa YACTHUU: JIerKue DIEKTPOHBI, NBUMY-
nmecss ¢ OONBIINMEA CKOPOCTAMH, M THIKeNbie, OTHOCHTEeIb-
HO MeJjieHHEIe sAApa. XapakTepHoe BpeMsd, HeoOXOguMoOe
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JUIsT TIePeCTPORKU OBICTPOii 3IEKTPOHHOH IOJACHCTEMEBI, CY-
IeCTBEHHO MeHblle XAPAKTEPHOTO BpeMeHu IepecTpoiKA
AEPHOI MONCUCTEMEL.
Sanumtem ypasuerue [lpenmurepa [MIs ONIHOE KBaH-
TOBOI CHCTEMBI

ihdY (r, R)/0t = H (r, R) ¥ (r, R), (2.1)

e r — Halop KOOpAEHAT DIEKTPOHOB, a R — HaGop amep-
HEIX KOOpAUHAT.

B mepsoM mnpmGAMIKeHHH PACCMOTPEM BIEKTPOHHYIO
mojcucTeMy, 3a)UKCHPOBAB IIONOMKeHTE A/e],

H,(r, R)pn(r, R) = Un(R)gnlr, R). (2.2)

Pemenne 5ToH 3aadyd ¢ yY€TOM TPAHWYHBIX YCIOBUI HaeT
cobcreernnsle sHaueHus U,(R), mapameTpuuecKd B3aBHCH-
e OT KOOPAUMHAT sAMep. (Dyﬂmmn U.(R) maspBaoT
amuabaTmuecKuMu 9MeRTpoHERIME TepMamu. CoGerBenubie
dyrrnuE @n(r, R) ofpasywor ammaGatuweckuit GasucHbiit
uHabop, oTBevaromuit ramuastTonnany H.(r, R).

Pemenue nmommofi cmereMbr 6yfeM mCKaTh B BHje pas-
JI0KeHUA

¥ (r, R) = X %m (R) @n (r, R)exp (— iEt/R). (2.3)

ITomcraBuaa sro pasiomenme B ypasneHme (2.1), ¢ yde-
TOM TOrO, 910 ¢n(r, R) 06pasyior opTOHOPMHPOBAHHYIO
HOJHYI0 cucTeMy (DYHKMHH, IOXyIMM YCIOBHE JJIS OHmpe-
mexerusa Ym(R)

9 .
X XM(R): mgm’ Cmm!Ym’» (24)

i K
e P’ {_ a7, <Pl Ar| @mr) — 37X
1 N

X (q)m , VR,;I (Pm’> ,VRi}'

Urax, momyumnm cmeremy cBssammbIX ypasHemmii Illpe-
MUHTEDA.



Ecxn npese6peub mpaBoil wacThi0 B ypasHeEuaAx (2.4),
TO TpUjeM K cHCTeMe HecBA3aHHBIX ypasHeHuit llpemumm-
repa, OMHCHIBAIONIUX JBIJKeHHe Afep B IIOTeHIUTATBLHOM
mone U, (R). lloanas BonaoBag YHKIUMA B HYJEGBOM IpH-
Gaumenun (Cpps = 0) Mosker OBITH IpefcTaBieHa Kak

¥ (r, R) = ym (R) @m (r, R) exp (— iEt/R).

Ona uMeer Taroll BHI, KaKk eciHm OBl ITOACHCTEMBI OBLIH
He3aBUCHMBIMA. Takroe TpUOIMIKEHHE COOTBETCTBYET TOMY,
YTO DICKTPOHHAA IMOACUCTeMa Kak OBl MOACTPAMBACTCH MO
IepeMellleHNe ffep, T. e. KBaHTOBOe coctosuue U, 2iIeKT-
POHHOI TIOACUCTEMbBI N3MEHACTCA B COOTBETCTBHH € MBUKE-
HIIEeM fAfep.

§ 3. YpasHenne Oppa — 3ommeptpenbpa

MNccnenosanne pesonamcusix 3¢hgeKToB B KoMefamUAX
CIIOIIHEIX cpel VAOOGHO HauaTh ¢ KIACCAUYECKOil 3amadm
0 KOJeOaHMAX IJIOCKONAPAIIENLHEBIX HEOTHOPOIHBIX Teue-
HHIT Hec:KuMaeMoIl mugrocT [5].

Beegem mpaMeyronbuymo cHcTeMY KOOPIITHAT, THE OChH
Oy mampapiena BJOIb TedeHus, a ochb Ox — MO HANpaBie-
HHI0, B KOTOPOM H3MeHseTca ero ckopocthb Uo(z). Ipemmo-
JIOMKUM, 9TO TPO(IIL CKOPOCTH He MMeeT TO4YeK meperuda,
1. e. d*v,/dx* murme me oGpamjaerca B HYIL. B mambHei-
oieM OyfeM Cu4uTaTh, 4TO BA3KOCTH ;RHAKOCTH MAaja, TaK
yro uHcao PeitHoanaca Bemmko.

[Bmxenne HecHUMaeMOH SRUAKOCTH  OINCHIBAGTCA
ypaBHeHUEM HepPaspHIBHOCTH :

divv=20 3.1
un ypasaenneM Hasne — Croxca
dv/dt = — Vp/p + vAv. (3.2)

3neck Bece o6osmauenmsa obmenpudaTeie. llpuMmenss K
ypasaenuto (3.2) omepanuio rot mw yumroiBaz (3.1), me-
TPYAHO IIPUBECTH €r0 K BHULY:

(d/dt — vA., ,)(rot, v} = 0. _(3.3)

B orcyrcTBue BSISKOCTH 3TO ypaBHEHHe BBIPAKAET 3aKOH
COXDaHeHHS POTOPA CKOPOCTH B HEAIHHOM HecKHMaeMoit

SRATKOCTH. .
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Insa nsymepmsix Teuenuit ypasmeuue (3.1) mossoiser
pBecTH (PyHEIHMIO TOKA @(vV,) = d¢/dy, v, = —d¢p/dz. B pe-
synprate ypasHenwe (3.3) mpuHNMaeT OKOHYATENHHBIA

BH/I
(d/dt — vAs ) As, 3 = 0. (3.4)

3aMeTHM, YTO B OTCYTCTBUE BA3KOCTH IIPOQUIL CKOPOCTH
MO3KeT OBITH MPON3BONBHBIM, WHBIMU CI0OBAMH, YPABHEHUIO
(3.4) mpn v=0 ypoBierBopser IpousBosbHasA (GyHKRUNA

X

o (@) = g dxvgy (2). _(3.5)

PaccmorpuyM Temeph Maljibie BO3MYINeHUA Uy K Vg, @3 <
< @,. B cuny crammomapHOCTH U OJHOPOTHOCTH TeYeHUA
mo Oy Bo3MymieEmMe  MOKHO  BEIOpatb B BH[e
.z, t)expilky — ot). B pesymbrate ypasuenme (3.4)
TpUBOAUTCH K mW3BecTHOMY YypasHeHmio Oppa — 3oMMep-
deapna

— ivA%Q, + [0 — kv, (2)] Ay + kvep, =0,
A = @¥dz®— k2. (3.6)

B OTCYTCTBUE BA3KOCTH YpPaBHEHUE IIPpeAcTaBJIAeTCA Tak:
Ay — Vo @1/[D, () — 0/k] = 0. (3.7)

Ecnu peus umer o TeyeHuu B CcjI0e, TO HOPMAaJbHAA
KOMIIOHeHTa CKOpOocTH ofpamiaercs B HYJb HA OTPAHWYH-
BAIOMIUX IOBEPXHOCTAX (X ==12, ). 9IT0 fAder TpaHHYHLIE
yeioBua nas  «HeBsisakoro» ypasmemus (3.7) vz, .) =
= itkq,(z,, ,) = 0. Hpu panvuamm BAZKOCTH CleAyeT yYecTh -
“OoTCyTCTBHE TAHIEHOMAILHON COCTABAAIONMEH CHKOpOCTH Ha
OTpaHMYNBAIOIIEl MOBEPXHOCTH, TAK YTO [IA YpaBHEHAA
Oppa — 3ommepgeasga (3.6) umeeM emie jBa TPaHMIEBIX
yeaosus d@, / dz !x=x1,2 0. B naasmeitmmem (cm. § 26) mer

VBHAMM, YTO Ha XapaKkTep IIOBeJeHHS peIIeHHA ypaBHe-
nus (3.6) cymecTBeRHOe BIAMAHNE OKA3BIBAET HAIHUME TAK
HA3bIBAeMOH DPE30HAHCHOI TOUKU Z,, OUpefedaseMoil ycjao-
BueM Uo{x,) = w/k. dta Toura sBIAeTcs 0coboll IIA He-
BaAskoro ypasHenms (3.7). Ee nassauume (pesomamcman)
‘B JJAHHOM CIy4Yae ONPABABIBACTCA TeM, 9TO B JTOH TOUKe
COBIAal0T CKOPOCTh TeueHHmA . u  (a3oBag CKOPOCTD
Koyebanmit. ) .
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§ 4. MarHuToruppoauHamuueckne koneGanus
B Nnasme

‘Ilnasma paccMaTpEBaeTcA B MATHHTOTHAPOJHHAMUYE-
cKkoM mpubamEenun. B xKauecTBe mMCXOMHBIX GepyTeA ypas-
HEHUA MarHUTHOH THAPOJNHAMUKA

dH/dt = rot [v X HI
dv'/dt = — Vp'/p, + plrot H XH,1/p, + “n
4.1
dp/dt + div (p - v) =0,
divH = 0.

Snecs Bce ofosHaueHmsa OOUIENPUEATHE. B magpmeiirmmeM
vHAeRcoM OymeM cHa(KaTh HEBO3MYINGHHLIC BeINYHHEL,
a BO3MYINEHHEIE BEIMYMHE! — IITPAXOM. _

IIpumem v,=0, Torma ypasHeHHA I BO3MYINEHUI
IIPeCTABIAIOTCA B BHUJe ’

" dH’/dt =rot [v' X H,l,
av'/dt =~ Vp'/p,+ ulrot H X H,l/p, +
+ plrot Hy X H'1/p,, »

(4.2)
0p'/0t + po(V - v') +v' . Vo, =0,
divH’ = 0. ’
B msorepmuueckoM ciayvae . '
 pe= c’py, p’ =c%’, c¢*=rconst. (4.3)

Ipu stom mapameTprl HEBO3MYIIEeHHOH INIA3MBI NOKHBL
YAOBJIETBOPATE CIEAYIOINeMy YPAaBHEHUIO:

Vpo = plrot Hy X Hol. (4.4)

Beenem peraproBy cucremy woopauuear. Bymem cum-
TaTh, UTO HANPABIEHWE MATHATHOLO IOJA COBIAJaeT ¢
ockio z. IlpuMeM Tamke, UTO HEBO3MYIN[€HHBIE BeIMYHHBL
HEe MEHsIOTCA B DTOM HaIpaBsieHuu. Torga BOSMYLNeHHEIS
BeIWYUHE MOKHO cuutaTh ~exp (ik,z), rme k, — BoxmoBoe
4ypesaIo BROAB MarmmrHOre moisi. Hpome Toro, Oymem cum-
TaTh BOBMYINEHUA IIa3MBl HeC;KMMaeMBIMA ‘

divv' =0, (4.5)

»
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Torma cucreMa (4.2) mociie HecaoRHBIX IpeofpasoBaHmi
CBOJIETCA K OJHOMY YPaBHEHHIO ’

v.(@0r+ol) v.L=0. (4.6)

3pecs § xapaxkTepmsyeT aMOAMTYRy BosMmymiesdsa (B gact-
HOCTH, IIOH § MOKHO IOHAMATH CMEIIeHNe INIA3MEL B HA-
IpaBIeHUN HEOXHOPOMHOCTH C =v,), 0a=keCa Ca=
—( uid 3/ po)1 g CKOPOCTH AJIL(I)BeHa, V, — rpaguesT
10TIepeK MArHUTHOTO IO, ’

MarguTtorggpoguHaMuYeckoe NpHOIMEeHNe, WCIOIb30-
BaHHOe OpPH BHIBOJe ypasHemHs (4.6), He yuwThIBaeT TOH-
KHX KEHeTHYecKmX 5@E@eKTOB, TaKuUX, KaK KOHEYHOCTH
JapMOPOBCKOTO pajimyca u croiskuosenns, C ux ydaeroM
B ypasreHuu (4.6) HOABIAITCA MOMOAHUTENBHBIE CIATAE-
muie (6], IlpmBegem ux Ges BemBoga (3a mogpo6HOCTAMHE
MoKHO o6paTuThea K pabore [6]) :

(Lo + L)t =0, : (4.1

rneL,=v. (001> + 04) vy — omepaTop ypaBHeHHS
(4.6), a L, — moGaBKra, O0OYCAOBICHHAA KUHETHUYECKEMH
adderramu:

T 3 Te .
L, [mi <Z+Ti)p?+21w§-8-p? vi. (4.8)

3necy T., Ty — oneKTpoHHAA M MOHHAS TEMOEPATYPHL, P; —
JIApMOPOBCKEUN papwyc moHOB. Illeproe cmaraemoe o6yc-
JOBIEHO YYETOM KOHEYHOCTH JAapMOPOBCKOTO pajguyca,
a BTOpOe — BRIAJIOM 3aIePTHIX BIEKTPOHOB. Be3pasMepHsIi
napamerp & = (4/7)(v./@a)e'? cBABam ¢ WacTOTOH DIEKT-.
POH-HOHHHIX CTOJIKHOBEHHH V., 4 BEINYNHA & TPeCTaB-
aser cofoli OTHOIMeHME pajuyca OpGATHL 3amMePTOTO DIEKT-
POHA K XapaKTEepPHOMY DPasMepy CUCTEMEL.

IIpeamonosxmm, uTo B mIasMe mMewTca Gererpuie (myw-
KOBBIE) YACTHHE ILIOTHOCTBIO 7%, IpEYEM HX 0N HeBe-
suka Ha (OHE INIOTHOCTH OCHOBHOH NNA3MBL 7, T. €.
ny/n, < 1. Torga ux mpHCyTCTBUE MOMKHO yuecTh [6], aa-
‘MeHHB wacToTy @4 B (1.7) Ha

©, = 0.4(1 ~ in/2), (4.9)
Tae BeJHUYHHa ’I’] ~ nb/no HBJIHGTCH MaJIOIZ[ I[OﬁaBKOH R engn-
HAIe.
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Taxum ofpasoM, ypaBHeHHe, OINCHIBAKIIEE AJNbJHBE-
HOBCKUE KoiefaHus B HEOTHOPOZHOM ¥ HEpPaBHOBECHONR
miasgMe, CBOJUTCA K YPABHEHUIO UETBEPTOTO HOPAIKA
¢ KommirekcHeIME Kodddummentamu (4.7), (4.8), (4.9).

ITpuseneM ppyroit mpuMep mIa3MeHHBIX KomeGammil,
00YCIIOBIEHHKIX CIHMMAEMOCTBIO cpefisl. BepreMca R cH-
creme (4.2). PaccmoTpuM Ha ee OCHOBe B3amMojefCTBIE
MarHATO3BYKOBEIX KomeOamuit [7]. MarmuTHOEe MONEe GymeM
cunrarb pocroaausiM (H,, = const), a rpagueHT ILIOTHO-
CTH — HAMPaBIeHHBEIM BIOIb Hero P, = po(z). Kpome roro,
GyneM paccMaTpuBaTh IByMepHble BosMymenus (H', v', o,
p’), saBucAmme TONBKO OT Y, z, t. IlepBEie [Ba ypaBHeHHsA
cucrembl (4.2), ¢cmpoekTupoBaHAbIe HAa 0ChH &, JAIOT ypaB-
HeHUsA s BoxH AnbBena

Oy /0t = wH - 0H /32 /p,,

4.10
0H /0t = H,-0v,/0z. 410
Ojaaxo Mbl He GyJgeM Ha HHUX OCTAHABIMBATLCHA, a Hepei-
JeM K o0CY;KIeHHI0 MarHUTO3BYKOBBIX BOJH, O0yCIOBIeH-
HBIX CIKIMAaeMOCTBI IILIA3MBI.

YunTeIBag, YTO HEOXHOPOJHOCTL UMEeTCS TOJBKO B Z-M
HalpaBieHnnu, pellenusa cucrembl (4.2) GygeM mcKaTh B
Buge v =v,(2) -expilk,y — wt), p’ = p,(2) expilk,y — 0?)
u 1. 1. RoMOunupys ypasuenus cmctemst (4.2), meTpygHo
MONYYUTH [BA YPABHEHUsA BTOPOTO MOPAJKA OTHOCHTEILHO
P U Uy

d*pi/dz* +@%p /¢ = kywpev,,/c,
d?y,ldz? - (020 /nHE — k2) vy = 0k, /nH,. (4.11)

Wz (4.11) Bupmo, uTo CBA3L MEKIY KOIeGaHUAMN IIOTHO-
CTH U CKODPOCTH CYIIECTBYET, ecild mmapamerp kK, OTIAWYeH
or myna. CmcreMa MoerT OHITL 3aMEHEHA CICAYIOIHEM
nuddepeHMAILERIM ypaBHeHHeM YeTBEPTOr0” IOpAAKA: -

2
(opo

v @ \2 4 0 s
Yy + e -+ (‘c—) — ky [vyy + 2 Vel PoV1y +
0 0 .

‘o o? o2 . ok
L — [ =2 — k2 — v, = 0.
+ qu Po+p Tz y) 2 1y

(4.12)
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Tlomaras p.(z) Memienno Mensiouleiica QyHKOHelr 2 M
’ ”

npenebperag Qo B Py , MOMKHO BamMcarTh ypaBHEHHE
(4.12) B BHje

2 2 2
v 0P, o \2 ol p,0° [ @ 2
v 20 (O g2y Ly UL
1y+ MHg_}—(C) . Yy 1y+ HHE 02 Yy

\ ;

Wk

Czy vy = 0. (4.13)
Cuurtag B HHTepecymollleM HAC HHTEPBAle XOf IUIOTHOCTH
aunetinsM (p, = az), roe o < 1, u BBOJA Ge3pasMepHYIO
nepeMeHHYI0 § = aoz — b, ypasnenne (4.13) MOJKHO 3aIl-
carh B Bm];e (BeIBOJ, B3aT M3 paborer [14])

vly — B2+ Zb)v1y+[34 [b(® -+ & — Lvy =0,
(4.14)

e a = o?/pH;, b= w/c®— k), p=1/aa>1, L*=
= w,kj/c®. Vpapuenme (4.14), wax u ypasmemme Op-
pa — 3oMmMepdenbia, HMeeT DeBOHAHCHYIO TOUKY (ro3-
dunuenT npm BTOPOHl NPOM3BOAHOK oOpamiaercA B HYIb
upu &, = —2b)- Kpome toro, koadPunuent nmpu mocieqEeM
craraeMoM B (4.14) rtamske Moser - 06pammaThcsi B HYJID.
B panpmeiimeM MBI YBHAMM, 4TO 9Ta 0CODEHHOCTH HMMEET
CMBICTI TOYRM IIOBOPOTA AHANOTHYHO TOYKe IIOBOPOTA B
ypasuenun llpemunrepa.

§ 5. DNeKTPOMArHMTHbIE BONHbI
B HEnMHEeHHbIX KpMCTannax.
YpaBHeHMS ANS amMnanTyg

Eciu aMImuTynsl pacipoCcTpaHAIIAXCA B Cpefe BOJH
CTAHOBATCA 3HAUNTEILHBIME, CYIECTBEHHYIO POML HUTPAIOT
9(pexrTH, cBA3aHHSIE ¢ HEeAMHEHHOCTHIO. B HemumeiiHbIx
cucTeMax NPHHIWN CYNePIIO3WNOUN He BBHIMONHAETCH M Ha-
nosenne AByx (wiam GoJbINero uumeaa) BOJH HOPHBONHT K
UCHAMKEHVI0 KUKA0H W3 HUX, T. €. TPOHCXOJAT HeTHHeH-
Hoe Baaumopeiicteue BoxH. OcoferHO 3@ QeKTHBHEIME He-
nuHe#HFe B3aUMONEHCTBUA B chHcTeMe w3 S BOJH CTAHO-
BATCH NpU BHNOIHEHWE PE30HAHCHLIX YCIOBHIL:

S S
2 n;w; = 0, 2 n,-k,- = 0, (51)
j=1

j=1 i=
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rge n; — meible uncia. PesomamcHsie yenosus (5.1) uacro
HA3HIBAIOT YCIOBUAMEH (DA30BOT0 CHHXPOHU3MA, & B3aMMO-
JMEeMCTBUA BOJH, XapPaKTePU3YOIIHeCHd JTHUMH YCIOBUAMHU,
NPUHATO HA3HIBATL PE3OHAHCHBIMHU.

Mol orpammuY¥MCs PACCMOTPOHHEM HEIMHEHHOTO B3AM-
MOJeficTBUA TPeX OXHOMEPHBIX BOJNHOBHIX IAKETOB, KOTO-
poe XapaKkTepHO A cpefi ¢ KBapaTHIHOA HeIHHEeHOCTRIO.
JTO B3aUMOJIEHCTBHE UTPaeT OCHOBHYIO DOJb B IpPOIEccax
mapaMeTpPUYecKOro YCHJICHHA M NPeofpasoBaHuda YacTOTEL,
BHIHY/KICHHOr0 KOMOMHATMOHHOIO M MAHAeNLIITaM-0pHi-
JM0DHOBCKOTY PpACCeSHHA, B pasHOOOpA3HBEIX IpOIeccax
ofMeHna sHeprumeii Me:iIy BOJNHAME B IUlasMe M T. I. (cM.
[8—12]).

B craGomeogmopopueix  craGoHeTMHEHHHX  Cpefiax
KOMILIEKCHBIE AMILIUTYABl BOJH — MEJJeHHO W3MeHA0-
Imuecsi B MPOCTPAHCTBE ¥ BO BpeMeHHW (yHKmmu. Bsammo-
feficTBAe TAKMX Y3KMX B ®- M K-IIPOCTPAHCTBE BONHOBBIX
MAKeTOB MOJKHO OIHNCHIBATH B paMKax npu6nnmeﬂﬁmx
YKOpOuYeHHBIX ypaBHeruit [8—111.

Ecau B ypaBHeHUAX OTCYTCTBYeT ABHASA 3aBHCHUMOCTD
OT BpPeMeHH, TO CPefHUE BOJIHOBEE UHCJIAa IAKeTOB U3Me-
HAOTCA B IPOCTPAHCTBE B COOTBETCTBUU ¢ JIOKAILHEIM JIC-
IePCHOHHBIM COOTHOLIEHIEeM

o} = o} (k} (z), z) = const. (5.2)

Taxkum 06pa3oM, B HeOQHOPOOHBIX cpefax yciosusa (aso-
BOTO CHHEXDOHU3MA Ui BOIHOBHIX BEKTOPOB BOIH, BOOGILE
roBops, He MOryT OBITL BHIOJHEHHI BO BCeX TOYKAX IpO-
cTpaHCTBa. Pe30HAHCHRe HeNWHEWHBIe B3amMOJeHCTBAHA
BOJIH YPe3BHIYAHHO YYBCTBHTEIBHBI K paccTpoiiraM ¢azo-
BOT0 CHHXPOHU3MA, 0ITOMY HEOXHODOJHOCTH CYIIECTBEHHO
BIMSAET HA XapaKrep STHX IIPOLECCOB. i

VKOpOUeHHEIE YDABHEHWS, OMNUCHIBAIONIE B3aUMOJEii-
CTBHE TpeX BOJH B ONHOPOJHBIX Cpejax, HEOLHOKPATHO
BBIBOJWIIACH I CAMBIX DasiMYHEIX CHTyauuit B (YUamKe
mrasMpl W HenumHeiiHoi omrure (cM., mampmmep, [111).
B paGore [13] sti ypasmenusa sanucamst B raMuILTOHOBOM
BuUfie. Bausnue HeoNHOPOAHOCTH cpef Ha (OpMYy ypaBHE-
HUl H XapaxTep B3auMofeiicTBHil o0cymamoch B 0030pe
Epoxuna u Monceesa [14] w momorpagum Axmamosa m
Yuprwna [15].

Mz pacemorpuy Bompoc 0 MopuUKanTE yHopoqume
YpaBHEHUA II0[] BIUAHEEM HEONHODOJHOCTH HA HpEMepe
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TPeX CBA3AHHHIX BIEKTPOMATHHTHBIX BONH B HeOI[HOPOI[HOM
HeJAWHeHHOM KpucTamre Ge3 NpOCTPAHCTBEHHON AUCHepPCHR
[9, 15, 161. I/IHTepeconnme HAC ypaBHeHWS MOKHO TOIY-
YATH OPH ydYeTe HEIMHEHHOCTH U3 BONHOBOTO ypaBHEHHS

rot rot E + (4n/c*)0*PV/a¢* + (1/c*)0°E/ot* =
(5.3)
= —(4n/c?)0"P? /01",

3pecy, P m P® — perTopr! aumeiinoil n Heanmeiinol ju-
pieRTpuYecKoir moaapusauuu. Bexrop P onpemensercs
TEH30POM JuHeliHol BocpuuMunBocTH J (¥, 1)

P(l)rt S%”rt)E( t—t')dt'. (5.4)

B cpemax ¢ kBagpaTmuHOii HexmHeiitHOCTHIO BexTop P
ompefensieTcd TeH30POM HeJINHEHHOW KBAAPATHYHON BOC—
npunmyuusocta y(r, ¢, t') [8]

PO (r, t) = S'x(r, ' t")-E(r,t—tYE(r, t —t' — ") X
0

X dt'dt". (5.5)

3apucumocts Temsopos J(r, t) u y(r, t, t’') or mpocTpan-
CTBEHHBIX KOOPJUHAT CBA34HA ¢ HEOZHOPOTHOCTHIO CPEXHL.

Bynem manee monaraThk, 4TO BCe BeNUYUHB B ypaBHE-
s (5.3) 3aBmcAT TONBKO OT OAHON IIPOCTPAHCTBEHHOMN
KOOPIUHATEL &, & YACTOTHL B3AUMOMENCTBYIUX BONH IO~
YAHAITCA YCIOBHI ;= ®¢ + ®,. Pemenue ypaBHeHuA
(5.9) 6yneM HCHRATH B «KBABHRIACCHICCKOM) BuAe

E(z,t)= 2 (1/2) e,aJ (xz,tyexpi jk () dxy — 05t | +

i=1

-}- K. c.}, ) (5.6)

TAe e;— efUHNYHbIe BEKTOpH moispusamuu, k;(z) =
= ni{lex)w;/c, n;— HOKazaTeNs UpemoMiaenus, aiz, t) —
MeJIeHHO W3MEHAMINWecHd aMILIuTynsi BoiaH. llopcraBuas
BEIpaskenre (5.6) B BOHOBOe ypasHeHWe U OTOGpacHBAA
crapime TPOM3BOAHBI, Tpum ycxosum  |a;dki/dz] <
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< |kday/dzx] TIPUXO/UM K cuemylomeil cucTeMe yKopoqu-
HEIX YpaBHEHHIA:

x
8a,lot + v,0a,/0x = io,agay exp | i { A (zy) dz, ,

0
x

8a,/0t -+ v,0a,/0x = io,aza; exp Lj'A zyydzy |, (0.7)
0

x
0a410t + vy0a4/0x = io,aa,exp| — i 5' A(zy) dzy
- 0

Bruecs Alx) = ky(x) — k(z) — ko(2), v;=c/nlo; x)—
TPYNHOBEIE CKOPOCTH BOJH, KO(PUIMEHTH HEIHHEHHOTO
B3amMopeiicTus 0;(z) mmetor Buy [16]

0; () = 20009 (2)/0] (03, 2) = 4n0;,dogp (%)/1] (05, 2),
' (5.8)

npuyeM >@PeKTUBHAS HEIHHEHHOCTD Y, ONPEJeNIeHA KAK
Xacb(x) = eaX(—ﬁ)a, @y, Oz, .Z') 1,8, = 2d3¢(x). (59)

‘TaruM o6pasoM, HEOJHOPOTHOCTH HPHBORUT K BaBUCHMO-
cTH K03(p(PHUIIeATOB YKOPOYeHHHIX YPABHEHUI, K OT IPOCT-
PaHCTBEHHBIX KOOPAMHAT, a TalkKe K IIOABIEHHI0 Iiepe-
MeHHOH paccTpoiikm (azoBoro curxporusma Alx).

BosMmoskroCTs HMCHONE30BAHUA YKOPOYEHHBIX ypaBHe-
‘Huil cBsA3aHa ¢ OpeneOperxenueM pamoM d>PPERTOB, TAKUX,
Kak jpudparnuonssie ¥ d3Q@eKTsl (POKYCHPOBKH, pasbera-
HHe IYYKOB BCJIEACTBHE aHU30Tponud u fp. [lerambaoe
oGcysxnenne ofracTu npuMeHwMocTH u ypasHemui (5.7)
MOsKHO Haiitm B Momorpaduu Axmanosa m Ymprumma [15].
EcrecTBeHHO, 9TH ypaBHEHHA TaK/Ke HEIPHMEHUMEI BOIH-
3M TOYEK HAPyDIeHNA KBA3MKIACCHIECKOIO0 ONMHCAHMA, IJe
ofpammaercss B HYIb JORAIbHOE BONHOBOE dYHCao (mad
qacToTa) BOJHH. B ganbmeiirneM OymeM MCCIeNoBAThL pe-
30HAHCHBIe HeJUHEHHbe B3aMMOefiCTBUA BOJIH B 00ZacTAX
Bald OT TOYEK O0pallleHus B HYJNh TPYIIOBHIX CKOPO-
cTell, CPeAHUX JOKATBHLIX BONHOBEIX 4YHCEJX TIaKeTOB
BoiaH. I'pynnoBbie ¢cropocTm mpu 9ToM OyReM OpulImsKeH-
HO CYMTATh IMOCTOSHHBIME, YYMTHIBAA JHINL OCHOBHOM (-
«pexT, cBA3AHHLIA ¢ paccTpoiikamM: $azoBoro CHHXPORMZMA
BOJIH H3-32 HEOXHOPOTHOCTH,
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3amenoii mepememmrix ¢;(%, t) = nyaz, t)/2(2nae;)"*
cucteMa ypasHeHmit (5.7) DPUBOOHTCA K TaMEIHTOHOBOMY
BUIY A B

e, /0t + v,0¢,/0z = iVege; exp (l j‘A () dxl),
. ]
9¢y/0t 4 v,0¢,/02 = ch3cI exp (z S'A (x1) dxl), (5.10)
0

0cy/0t + vy0cy/0x = iV¥cic, exp'(— i S' A(zy) dxl);

V = 4d,,(27)**(©,0,05)"*/nn,n,. (5.41)

HKsagpar mogyas wommnexcHoit aMmmautyas |c;l* mmeer
CMBICT INIOTHOCTH YHCJIa KBAHTOB BOXHEL ¢ UacTOTOH ®;.
Jlerko mpoBeputh, uro ypasuenua (5.10) moryr GHITH.
3aIMCAHBL CIeLYIIAM 06pa3oM:

dc;/ot + 8% [8¢c; =0, j=1,2,3, (5.12)

" .
rae §/0c; — BapmanuomHas NpOU3BOAHAA. | aMITBTOHHAR:
uMeeT BHJ

3
#H=(i/2) 3, s' (vse;de; /dx— vjcj de;ldx) dz —
i=1
— S [Vc;‘c;:c3 exp (z 5' A(zy) dxl) —+ V¥eycq0s exp( —ixX
) 5 ,

XjasA(xl) dxl)]dx; (5.13y

Ilpu BeBOse ypammenmit (5.10) myreM BaphupoBaHuA ra-
MmiasTOHHAHA 10 Popmymam (5.12), (5.13) rpynmnoBee cKO-
POCTH BOJNH HOJATAIMCH MOCTOAHHEIME. K raMuiasToHOBOMY
BHAY MOTYT OBITH NpeoGpasoBaHBl YKOPOUEHHHE YpaBHE-
HHES, ONUCHBA0IOWE B3aUMOJEHCTBYe BOJH 060 IpUpO-
AL, cnenu@UKa KOHKPETHOH 3aaul OTPAKAETCA JIAIID.
B Bule MATPHYHOTO DIeMEHTa B3aHM01IeI/IBTBI/IH V u rpyn-
HOBBIX CKOPOCTEHl BOIH.

B mepaBHOBeCHEIX cpefax, T/le 3HAK NPOUBBOJHOM IH-
MEKTPUIECKON mpoHmmaeMocTH de/dw Moker GHITH OTpPH-~
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TAT¢IBHEIM, MOTYT CYINECTBOBATH BOMXHEL C OTPHIATeNXbHON
sHeprueii. Ha B03MOKHOCTH CYINECTBOBAHUA TAKEX BOJH
BIepssie ofparmaum BEEMaHme HagoMues, MuxafmoBcKmit
u Tumogeen [17). B rakux cpemax MOryT ocyImecTBIATHCA
Pe30HAHCHbIE B3aUMOJEHCTBUS TPEX BOXHOBHIX IIAKETOB,
TORYAHAIINNECT YCIOBUAM:

[ON + (1123 + Wz = 0, A(x) = k1 + kz + ka. (514)

Bommonmenne 5THX YCIOBUH BO3MOMKHO ITOTOMY, 9TO YaCTO-

Ta BONHBL ¢ OTPUIATENLHON DHEpPruell W3MeHAET 3HAK,

B »srom cirydae riaaBEyi0 poJb B TaMUIbTOHMAHE MTPaer
x

uleHE — s‘ Ucycocs exp iYA () dzy | +x.c. |dr Bappu-
: 0
POBAHEMEM TaMUIBTOHMAHA

6 = (i/2) i X [ijjdc;/dx — vsc; dcj/dx] dr —
j=1

1=

—j Uc,cyes exp iJ'A(xI) dz, | + ®.c. | dz (5.15)
0

TOTyYaeM YKODOUEHHEIE YPABHEHMS, ONMCHIBAIOIINE B3aH-
MofeficTBue BOJH B HEPABHOBECHHIX HEOJHOPOXHBIX
cpefax:
. * & . .
dcy /0t + v,0¢,/0x = iU*cycg exp | — i | A (zy) dzy

?

x

;

* x
0¢y/0t +- vy0c,/0x = iU*cfca exp{ — i j' Afzy) dz, ),
’ (5.16)

L}

x
deyldt + va0cslox —ilU*cycy exp| — i j A (zy) dzy |-
0

VYpasmenusa (5.16) momyckaor pemenwe, obpamalomee
AMIIATYIH BCeX BOJH B (GECKOHEYHOCTL 32 KOHEYHOE Bpe-
M. DTO HABJeHHe IOMYYWIO Ha3BAHWE B3PHIBHON HEYCTOI-
qugocTr [18]. Buepsrie Takoii mporece GhuT H3yYEH HA ITPH-
* Mepe B3aMMOJelcTBAA BOJH co cayuyaiimeimMu Qasamu [19].
B mocaegyromux riaBax MH o0paTuMcA K AHAJIA3Y
BIUAHOS HEOJHODOJHOCTH HA IIPOIECCH HeJIHHeHHOro
B3aUMOJEHCTBUS Kak B PaBHOBECHBIX, TAK M B HEPABHO-
BECHBIX Cpefiax.
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Fnasa ll

OAHOMEPHBIA METOJ] BKB

§ 6. BeegeHune

Ilpu msyuenum ypasHeHuA Tuna ypasHenmsa Ulpemwn-
repa
dp/dz* — Ulz, E)p=0, (6.1)

Uz, E)=V(z) - E (6.2)

‘pasimYEble (JU3MYECKUE YCIOBHA 3aJa9d MOTYT IPHBECTH
® ToMy, uTo Koo(pdunuent U(x) Gymer MeHATHCA MefieH-
HO HA PACCTOAHUN XaPAKTEDHOr0 N3MEHEHHS DemieHus

dlny/dz > d1n U/dz. » (6.3)

Amamoruvnasg KapTHHA UMeeT MECTO A PANa 3a7a7 Teo-
pun KoueGaHuil 1 TEOPUM YCTOHYHMBOCTH CIJIOIEHOR CpeJibL.
Henmo, aro manmume mepasemcrsa (6.3) mospoxsmer gBHO
pBectn B ypasmemwe (6.1) HewoTOpHIE ManBld mapaMerp
¥ UCKATh pellleEWe B BHfE PAfA 10 dToMy mapamerpy. Ilo-
ZyYeHHBle TAKEM 06pa3oM pelleHWs, OJHAKO, CYIIecTBeH-

' o~ Ulx)
i 7 A /\/7
! \
Puc. 1. MloTenquad B OK- + x

. . 1 a, [
pecTtHOCTH 0c000it TOUKH. \ °

b

N

HO OTIMYAIOTCA OT PellieHuil, HAAJeHHLIX B BH/le PAAA TEO-
PUE BO3MYIeHuH, [[15 TOTO 9T06H Pa3o6paThCd B 3TOM, IIPO-
BeJleM HeKOTOpHe KavecTBEHHBIC IPeofpasoBanus ypasmHe-
mua (6.1). Hycrs U(z) umeer Bupm, u300pakeHHEI Ha
puc. 1. Homosxum U (z) = kU (x), § = /R, e U(z) ~
~ 1, 3a HCHEIIOUeHHMeM O06IacTH A BOIU3H TOUKE Lo (CM.
pue. 1), B xoropoit Ulx,) =0, a R — xapaKkTepras NIHHA
usmenerus U(z):1/R ~ dInU(z)/dz. Torma ypasmenme
(6.1) mepemmmercs Kax :
edp/dg* —U(E)p =0, : (6.4)
The
e =1/(kR)* < 1. (6.5)
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Hepasenctro (6.5) ects caemcrue (6.3). Us (6.4) sugso,
4T0 B pesyibrare MeIIeHHOTO M3MeHEHHsA Kod(pduiueHTa
U(z) B ypasuenuu (6.1) mosBiserca Majblil mapamerp &
npH crapmeil mpomssojmoii. Pemenwe ypasuemus (6.4)
MOSKHO HCKAaTh B BHUJE

(8 = exp {ie‘”? [re da}, (6.6)

k=FEO + g2k +ek® +
Wi, 49TO TO e caMoe,

3
P (§) = IL(E) exp {ja‘“ | KO E E) da} [t+...],
' (6.7

rae II(§) — nmpempkcHOHeHIHANBHBI MHOMKATENb, YYHTHI-
paiommit £V(E), a B. furypmmix cxolrax crout pAj 1o
£'*. HenocpeicTBeHEO MOKHO IIOJNYUHUTH

EO = £(-T(g, BN, kY =dInk©/dz. (6.8

B panbpmeinieM seamuuny
H _
S =g12 5 [—TE B aE (6.9)

O6ymeMm HaswsBaTh aszoir. Herpyauo Bumers, uro psag B u-
rypHHX ckoOKax B (6.7) ecrs QaxTHyecKHM pasioKenue
mo 1/8

@opuyna (6.7) npegcrapaser coboil peulenue ypapme-
mug (6.4) B BUIe aCEMOTOTHYECKOTO PAJA HO HmapaMeTpy
MemJeHHOCTH &', TMaBHBI WIeH KOTOPOTO ONpefeldseTcst
Qyariuamu £ u kY, 910 pemmenme mMeeT 0coGeHHOCTH,
npucyIiEe BoofHle acCHMITOTHYICCKHM DASIOMKEHHAM, B TO
BpeMs KAK HCTHHHOE pellieHne MOMeT OBIThH aHATMTHTIE-
croii (pymrmueit ¥, Ipocreitimeir 0coGeHHOCTBIO ABIACTCST
TOYKA, COBIANEHHSA XAPAKTEPUCTHUYECKHEX KOpHel ypaBHe-
aug (6.4), T. e. TouKa, B KOTOPOIL

" = k. (610

Cormacuo (6.8), ycrosue (6.10) BrimomHseTcsa B TO4Ke Zo,
rne Ulz,) =0 2’ Herpyauo oneHuTsh BEIHIUHY obxdctm A
b ITocaennee MEI 6y,ueM Bce BpeMsA B [ajibHelmeM mpepno-

JIaraTh.
’ 2) B KBaHTOBOHl MeXaHHWKe Zo HA3LIBAETCA TOUKOM norsopom-
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moayunM A ~ &'/°R,

{cM. puc. 1) B KoTopoi pemenme B ¢opme (6. 7) OKa3bl-
paercs Hecnpanep;nanM ITpegmonoxuM AIA KOHKpeTHO-
cTH B6Jm3n Zo

U(g) Uo(g EO Eo = xo/R.

VumThiBas, 410 HepasencTBY (6.3) bKBHBaIEHTHO

S>1, (6.11)

WznomenHan cxeMa TOCTPOEHHUsA PpeIieHUil ypaBHeHHH
(6.1) u3BecTHA KaR METOJ CTAIMOHAPHOH (asbl, a B KBAH-
ToBOH Mexammke — Kax BKB-mpubausxenne (cM., Hampu-
mep, [1]). OcuoBrnas TpyaHOCTH MEpPEHOCHTCA HA CITHBRY
pereHuil BOMM3H 0cofoit Touku (Hampumep, npu <, X
2> z,). Hmme 6ygyr paceMoTpenst DPasiIHbie CHyYan
$ynxumn U(zx), onpuogamume & Onpe/eJeHHEON CTPYRTYDe
ocoGernHoOCTell acuMnroTnvyeckux pemenuii Tuma (6.7). Xa-
paRTepHEIE cfmanecrme npuMepsl GYIYyT OTHOCHTHCSA JHOO
K KBAHTOBOH MexaHHKe, nnb0 K Teopunm KoxeGammWit m K
BOIIPOCAM, CBA3AHHBIM ¢ COXpaneHHEM aanabatuyecKUX WH-
sapuaaTos . Massii mapaMerp & ABHO BBOJUTHCSA B ypaB-
uerue ue Oyier. llogpasymeBaercs, 1T0 BHIMOIHEHO YCIO-

. Bue MeqieHHOCTH Tuma (6.3) u 4TO BCerga MOMKHO NMepeHTH

>

or 3amucu B opme (6.1) x sammcu B Popme (6.4).

- *

§ 7. OpHa TOuKa nonohora. Mertop LisaHa

Sammmey JBa IpUGIUKEHIEIX DEIICHAS yDaBHEHIL
dp/dat — Ulz, EYp=0 7.1)
B BUJE
x
Yy = kY2 exp {i 5 k(z, E) dx},
: (7.2)

Y= k™Y exp {— i jfk(x, E) da:},

Tae k yIOBIETBOPSAET XapaKTEPHCTHIECKOMY yDPABHEHIIO
Bz, E)+ Uz, E) =0, (7.3)

%) Pasamunble BOOPOCH], CBA3aHEHBE ¢ fAeTaiamu meroga BHKB
]{12 er(]) UPHIOKeRNAMH, MOMKHO HAWTH TakKe B MomOrpaduax

~
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a P, ecTh TIABHBIE WIEHBl ACHMITOTHMYeCKEX PsamoB (6.7).
IIpemMymiecTBa paccyspenuil, KoTopble OYMyT IPHBeEHbBI
HH’Ke, OCHOBAHEL HAa TOM, 4TO BMECTO WOXHKX pamos (6.7)
HCIIONB3YIOTCA TONBKO TIaBHble wieHs! pasuomenumit, Op-
HAKO B CHJy QCHMITOTHYECKOTO XapaKTepa MOCIEeNHEX HTO
TPEBOJUT K ONMpefeIeHHELIM TPYJHOCTAM. DyjgeM cuurtats,
yro ¢yuruug Uz, E) amanurtavEa B paccMaTpuBaeMoil
o0acTn KOMIIEKCHON IIIOCKOCTA & W MMeeT IPOCTOH HYIb
B TOuKe Zo. Pasmarda Ulz, E) B pan s6iusu z, 1 orpanu-
ympasgchk nepBbiM wienoMm U(x) = Uyz, z=1a—x,, moIy-
uaem BMecto (7.2)

V. = Uyz) ™ exp (= 205 - (T.4)
O6mee pemenne ypasmenus (7.1) MokHO sammcarh B BUIE
P = Ay, + By, - (7.5)

rae 4, B — mpousBoibHLle MOCTOAHHEIE,

Ha puc. 2 m3obpaskens! cluIomuble JHHUHE, Ha KOTOPHIX
gasa pememuz S =Us**® umcro peficreuremsmam, u
HITPUXOBBlE, HA KOTOPHIX (asa wumcTo MHHMadA. Paspes BEI-
6pan wo muauum I. Jlummu I—4 HaswBawTCA IHAUAME
yposHA. Ha prux muuusx ofa penrenus ., P_ OCIUIIH-
pyoliine W OXHOTO MOPAAKA BeIWYWHH, Ha ImITpUXOBHIX
JUHUAX ONHO W3 pemeHuil (Hanpumep, -) SKCIOHEH-
HUAJTBHO PACTeT ¢ POcTOM |Z[, a '\, BKCHOHeHIHATBHO 3a-
ryxaer. Ecaun B % 0, To Ha IITPHXOBOH IUHMM B PACCMaT--

+, DUBAEMOM IpUMePe WIeH C
/7 . B (7.5) me caemyer mu-
7 - caTh, TAK KAK 5TO 03HAMAIO
OBl TpeBHIIHEHNE TOYHOCTH
meTona. Ho Torma ma mioGoit
JMPYTOHl JIWHAY YPOBHSA MBI,
|7 mpoofmie rosopsA, He B3HAEM,
[ 7 uemy paser KodpdunuenTt
npr .. OnucaEHdA cCH-
Tyamusa XOPOIIO M3BECTH
rag apremme Croxca (cM.,
nHampumep, [5—8!).
% N Temepb MBI  MOKeM
cOpPMYIIPOBATE CTOAINYIC
Puc. 2. Jlummm yposHsA B oxpe- UOPeNl HAMK 3afiatdy: OIpe-
CTHOCTH TOYKH IMOBOPOTA. AeInTh K09(1)(13HIUJGHTH A,

2
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B; Ha {-iil TMHAA YPOBHM, €CIY OHM 3afAaHEI HA Kaxod-mubo
opuol m3 muHui yposma, WsAmmsit Meron pemmenus Obin
npemnoxker I[pamom [5] m sddertmBHO mcmONB3OBAH B
manbHe#mem B paGorax [6, 71.

IIyers ma mmaum 1 (eMm. pue. 2) szamamo pemerne (7.5)
¢ xoodpdunuenramm A,, B;,. Bynem cosepmars o6xox Tou-
KII &y B KOMIUICKCHON IIOCKOCTH Z HACTOJNBKO HAJeK0 Of
Zp, 9TOOBL MOHO OBLIO NONB30BATHCA HIA Py, P— BHIPA-
meruamu (7.2). B cuexrpe (7, 2) Y- sABAsercsa SKCIOHEH-
IMalbLHO pacTymleit W mosToMy ma auHmn 2

B2 = Bi'

HoodduumerT mpm P, B COOTBETCTBHN ¢ UBTOKEHHBIM
HEH3BeCTEeH H MOKHO 3amUCATh

A=A, +aB,,

rae o — HeWaBeCTHHIT MHoMuTenb, B cexrope (2, 8)
9KCHOHEHIMAIBLHO DACTYIIUM SBIAETCA Py, ¥ IIOTOMY

Aa = Az, Ba = Bz + ﬁAm
rae B — mem3BecTHO. AHAJIOTHIHO
B, =B, A4=A3+"{Bs-

3mecy A., B, — rosgpdunuents: npu ¢, P-, B3ATHIX HA
HKHeM Gepery paspesa, a Y — HeHN3BECTHO.

Temeps ciegyer yuecTb, 9TO HCTHHHOE pelleHHe ypaB-
merusa (7.1) sBIgeTcs AHAUMTHYECKEM, W B Pe3yiIbTaTe
[OTHOTO 00X0/Ia BOKPYT IPOMSBOIBHON TOUKY B KOMILIGKC-
HOI NIOCKOCTM HYKHO BEPHYTHCA K HCXOXHOMY BHIpasKe-
HAX 7S pelleHMs, JHa4uT, pemmenud HA auaEax ] u 4
(ma BepxHeM m HKHeM Oeperax paspesa) JOMKHEL TOMK-
leCTBEHHO COBOANATh, JaMemaa B (7.4) 2z ma 3ze™™,

HOTYIUM
B, =iA,, A,=iB, (7.6)

unu, supakas A,, B, wepes A, B,
84, + (1 +af)B, = id,,

(1 +48)A, + e+ y(1 + p)1B, = iB,.

(1.7

Ypasrerusa (7.7) modKHEBl BHIOOMHATHCA HIPH TPOHBBOIL-
mEX A,, B;. OTclona HAXOJUM ueTHpe YPaBHEHHA A OI-
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pefieleHUA HeW3BeCTHHIX MHOMKHTeNIeH o, , y:
B=1i, 1+ap=0, 1+4yp=0,

(7.8

at+y(l+ap)=i.

Ilepswie Tpu ypasmenus 8 (7.8) mator
a=f=y=1i (7.9)

UetBeproe ypaBueHHe €CTh ClecTBUe TepBHIX Tpex. llo-
aydeHHEIe BeIpaskerusa (7.9) pemalor BoIpoc o cRiIelike
PelleHui MpH HAJIWYMM OFHOH TOUKM IIOBOPOTA.

WnTepecHsiM 00CTOATONBCTBOM ABIAETCA CIeAyIOIIee:
It ompefieneHusn ¢, B, Y He TpebyercA 3HATH BUE IIpef-
OKCHOHEHIMATLHOTO MHOMKuUTeNs B pemrenuax (7.4). [leii-
CTBUTENbHO, MYCTh B Pe3yIbrare IONHOTO 06‘(0}13. BMECTO
(7.6) cumemyer

BL = th A4 = qBi, (7.10)

IJe ¢ — HeW3BecTHHII MHOMRUTEID, BOHIIKAMINI U3 pef-
SRCHOOHeHTH. Torma BMecro cucTeMbl (7.8) mMeed:
B=g 1+aB=0, 1+yp=0,
(741}
oty +af)=gq.

Orciona o =p=1y=¢=1. Takum o0pazoM, ia HoOXyYe-
una (7.9) gocTaTouHO 3HATHL TOJNLKO MEpPBHII WIEH Pasio-
srenns (Haspl MO cTEMeHAM MAJOro mapaMmerpa. JToT WieH
k==x[-U(z, E)I** oupememsierca M3 XapaKkTepHCTHTe-
ckoro ypasmenusa (7.3), KOTOpoe HWYeM HEe OTIHYAETCA OT
XapaKTePHCTAYECKOTO YPABHEHUs NP TIOCTOSHHBIX K03)-
¢unmenrax B (7.1).

§ 8. Be TOukM nNoBopoOTa.
Mpoxoxaenue yepes Gapbep:

Ilycrs Ulz, E) nMeer mpocThle HYIH B ABYX TOUYKAX.
Qusnueckuii MHTEPEC NPEJCTABIAIOT TPH Ciydasi, OTIU-
Jamuecsa PasiuyHbM pacumoioykenveM wpusoir U(zx) or-
HocuTensHO ocu x (puc. 3).Kar sro mpussito B KBaH-
TOBO MexaHHmKe, cIy4am a, 6, ¢ GymeM HA3HIBATL COOT-
BEeTCTBEHHO «AMOH», «IOpPOXOKJeHMeM depes Gappep» H
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Puc. 3. Tlotemmuman u Jupmy

YPOBHA B clIydae JBYX ' TOYER
©  IOBOpOTA,

6 — TPOXOKTEHUe yepes

¢-— HajbaphepHoe OTpa-
HeHne,

a — fAMa;
Gaprep;

/
VAN
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«HambaprepHBIMY oTpaskeHueM. MBI HauHeM m3ydeHme pe-
MeHIN NP HaJIWYEA JBYX TOUER IOBOPOTA € IPOXOKIe-
Hus vepes Gapoep (cm. pme. 3,6). Ha numum 1 sanmmem

pemeHne B BUJE
V=Ap, + By, (8.1)

x
rae - Py =k 2exp {i i 5‘ k() dx}. (8.2)
)
ByneM o6xoauTh TOYKH HOBOPOTA @y, @p, MO KOHTYPY, 30~
Opamenmomy ma pucyske. Torma Ha nuemu 2, Tak e Kak
B IpesIAyIneM maparpade, MOKHO HANIECATH

Bz = Bi, A2 = Ai + ‘anj. (8'3)
ITpu wepexome ¢ aumnum 2 Ha IHHEA0 3 MBI HE NEDPECEKAEM
IMTPUXOBHIX JIMHUH, T. e. B 0o0xacT; mepexofia EX OJHO U3

pemmenuit ,, VY- He ABIASTCH IPEHMYINECTBOHHBIM IO
cpapHenuo ¢ apyruM, llosToMy Ha MuHEWHN § 3ammIneM:

P = AP, + B, (8.4)

e P = kY2 exp {i i S k(z) dx],

. al
A3 = eo(Ai + aiBg), B3 = Bie—a, (8.5)
2a=i§ﬁk(x)dx>o (8.6)
&z

(rkoutyp & obGosmawer ma puc. 3, 6). Ilosprerme MHOKHU-
teneit e** B (8.5) cmgzaHo ¢ maMeHemmeM Hawama OrcYe-

Ta Hpu Hamucauuu P.. B cexrope (3, 4) , sKCHOHeHIU-
AIBHO BO3pacTaeT ¢ pocToM |zl, mosTOoMy

A; = A3 = eG(Ai + aiBi),
(8.7)
B4 = Bs + BiAS = eo[@iAi + (Ocyﬁi + E_ZB)Bi].

Jaxpmme MBl MOMKeM YHOPOCTHTH 3afady, 3aMeTHB, UTO JIH-
HEW ypoBHA 5, 6, 7 DKBUBAJEHTHH! COOTBeTCTBEHHO JHMHH-
. aM ypoeua 2, 3, 4. Torna, BocnonszoBaBmuCH HOPMyIaME

(8.7), mMeem
A7 == 05'3(441k + ang), (8.8)
B1 = eb[@ZA‘ + (‘azﬁz + 6—26)35]'
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Temepb MBI JOJJKHBL CPABHETH DeLIeHMs, B3ATHE HA DPas-
ppix Geperax paspesa (mEumm I m 7), m morpeGoBath uX
COBLAJIGHYsI BCJIELCTBHEG AHAIMTHIHOCTH MCTHHHOTO pelle-
aug. Jlag storo ciemyer yuecTh, uro k* mMeeT IpOCTHIE
HyJIu B TOUKAX @y 4 @, W, CHEJ0BATENBHO, &k MOKHO- 3aIU-
caTh B BHUJE

kb =1(k—a)(z—a)]"f(x), (8.9)

rie f(z) B paccmMarpmBaeMmo#i obmactm amamumTmuHa. Ilox-
HBIfT 00XOX BOKPYT TOYER @i, @, He MEHAET IIOKA3ATeT
srcmonenT B (8.2), a mpemPKCIOHEHTH TPHOGPETAIOT 3HAK
murye. Orciona

A7 = — Ai, B7 = Bi. (8.10)

Tloperasnaa (8.8) u (8.7) 8 (8.10), mpuxogum R clegymo-
UM YPaBHEHUAM [ ONPeNeleHns O, Kz, Pi, Bat

—25
1+afi=—e %,
Oy + az(‘afﬁi + 8_26) = O,
8, + B (s + ™) = 0, (8.11)
Chﬂz + (OhBi -+ 6_26)(‘a252 + e_.zo) = 6—20'

Mzt OONYYHUIN 4YeThIPpe YPaBHeHUA A OlpelelleHNd Ye-
TBEIpeX HeU3BeCTHEBIX. H comanmennio romnko TP M3 HUX
ABIAITCA HHHBﬁHO-HeI—}aBHCHMBIMH, U ODO9TOMY B Clydae
IBYX TOYeK IOBOPOTA HCHOJIB?»YGMHﬁ METOJ He IPHUBOIUT

K OflHO3HAYHON cmuBke permennii. M3 cueremsr (8.11) mo-
Iyyaem

. oy = Oy = 0L, 31=BZE®7

ap =— (1 + e ).

(8.12)

B peitcreurenrnoctn, ecim U(z) BemiecTseHHo, TO HEOTHO-
BHAYHOCTH B ONpPEeNCHUN o U J MEHbINe, UeM 9TO CIey-
er us (8.12). Vurem, uro ecau P(z) — pemenme, TO
P*(z*) ects Tamwme pemenne. [lus pemenua Pp*(z*) B pac-
TOJIO/KeHUM JIMHWHA YPOBHA Ha puc. 3,6 ciefyeT CHeaarh
BaMeHEHI:

1—-17,2-6,3—5. (8.13)

Kpome Toro, B Toli oBmactu, Tjie pambIIe MOABIALCA KO-
a¢dunuent o, teneps crout B*. Tax Kar cormacHo (8.13)
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ﬁebera pa3pe3os MeHAKTCA MeCTaMH, IIPEAIKCIIOHEHTa Me-
HsgeT 3HaK H, cJdefoBaTeJIbHO,

o = — B*. (8.14)
M3 (8.14) u (8.12) muIreraer, 4To

o = ie™(] + e~%)"
(8.15)
B=ie~"®(1+ e )",

Ime ¢ — HeusBecTHas (pasa, KOTOpas He MOKeT ObITH OIIpe-
JelleHA PacCMATPUBAEGMBIM MeTOJOM. .
Dusuveckuii nHETEpPec MpeACTABISET CIeAyIOUIax 3a7a-
Ya: 3aaHO pemenue mpn z > d, (kosdpdunmenter 4, B,) n
tpefyerca maiiTim peirenme nipu x <'a; (KosdpdurmenTer
A,, B,). Bocnonssosasmuce gopumynama (8.7), (8.12),
(8.15), Mosem HANHCATH ‘

(A4) L & ie'® (1 + )12 (Al)
B, i1 (1 1 g1 b B,)

(8.16)

Iie MHOKUTEIb — { BO3HHKAET U3 NMPEfIKCIOHEHTH B pe-
syJabrarTe Hoxyobxofa. YdreM, YTo Ipu HOIyobXxoge, cor-
aacuo (8.9), morasaren:m SKCIOHEHT MeHAT 3Hak. Ecau
3amEcaTh pelleHne Opu x < a; B popme ¢ = Ay + By,
To cornacho (8.16)

(A) _ ie™ (1 + %)Y, - (141)'
B/ - e e (1 e?®)v2 )1 By

(8.17)
Oopmyay (8.17) zammmieM COKpAIHeHHO B Bufe
A =MA, ’ (8.18)
TIe
‘6 s
A=(A A= Al),M:—i Pe” — €™\ (8.19)
B B,)" e et

.

Marpuny M Gymem HassiBaTh B HaJbHeHAIIeM MaTpuiei
nepexoa.
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IMycrs, maupumep, B, = 0. Torma us (8.47) cuenyer
D=]4,/A1>=1/1+ ¢*),
(8.20)
R=[BJ/AI®?=1/(1 + e7*),
R+D=1,

B xBantoBoil Mexammke BeiamuuHa R masbiBaercs koadu-
NUEeATOM OTpasKeHHA oT Oaphepa, a D — Koadunuentom
upoxosmenns. Ilpu soBome (8.17) ma paccrosmme MeK-
Iy TOYKaMU @, d,, a4 3HAUYUT, H HA BENUYUHY § HUKaKUX
orpanmdenuii He HammageBamock. Upu 6§ >0 D — 1/2,
R—1/2. llpu 6>1 D=e*, R=1—e?. Ormerum,
q4T0 MaTpuna mepexoma M ocraBiseT WHBADHAHTHOH Beid-
yuHY:

[A]* - |B]* =inv=|4,]*— |B,|% (8.21)

Tlosgnee MBI OCTAHOBUMCA Ha TOM 00CTOATEILCTBEe 0osIee
mopo6HO.

Hocronery dmsuuecknii maTepec Hpe,IICTaBJIHIOT 00514~
20 Beanuuael R u D, B paccMaTpuBaeMOM cliyyae HeEOM-
HO3HAYHOCTE B (Pase Kodd(PUIMeHTOB CIIUBKU o M P, KaK
pugno n3 (8.20), He cymjecTBeHHa.

‘§ 9. lee TOuKM RNOBOpOTA.
Hap6apbepHoe orpakeHue.
TouHocts aaguabarnueckoro MHBapMaHTa

IlepeiineM Temeph K cIy4aio HagbaphepHOTO OTpaKe-
uus - (cm. pue. 3,6). Tar rax U(z) pelicrsurenbno, niBa
ROpPHA B TOYKAX @, ds KOMILIEKCHO-CONPSIKEHH APYT APY-
ry. Jluaun yposmg I, 3, 4, 6 acummrormdyecku npubim-
JRAI0TCA K MeHCTBUTENBHONW 0CH, KOTOpas, B CBOIO 0Yepefb,
TOKe SIBIsAETCA AuHmeid ypopusa., OmpefennM Marpuny Ie-
pexosa pelleHys, 3aJaHHOIO Jajdexo ciaeBa 0T toukm O,
B pemreHne jajlexo cupasa or roukm O (mimm maobopor).
Jra 3ajava pemIaercs aEANOTHuHO mpensytymiei. Ha mm-
Husnx 1, 3, - >, a Ha JuEmax 2, 4 P, > -, rTHe
3HAK > 03HAYAET, YTO CJIEBA CTOMT HKCIOHEHIUAILHO Pac-
Tymiee ¢ pocToM |z| pemenme, a cmpaBa — HKCHOHEHITH-
ATBHO 3aTyXxamomee, .
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Ilycrhs ma me#icTBUTENBHOM OCH B TOYKE P szapmano pe-
IeHne

= A, + Biy-, (9.1)

Vo =k Yexp {i i flﬂ (x) dx}. (9:2)

Ha mupmn I mMeem (BBUAYy H3MeHeHHA Havalla 0TcuUeTa
nurerpaia B (9.2))

Al = A% By = B, (9.3)
28 = ig@ k(z) dz > 0; (9.4)
Z
‘Ha IuHAU 2
Ay =A; 4 aBy, B, = By; (9.5)
Ha ausug 3
A3 = Az, B3 = Bz + ﬁAz. (9.6)

C muuum 8 ciyckaeMcsa Ha fefiCTBUTENBHYI0 0Ch CiIeBa OT
Touku O W, 3aMeHAs HIKEEI mpemen (T. e. HAUaJo oTcue-
Ta) narerpana B (9.2) a, Ha O, mosxy4aem

Ay = A2, By = B, 9.7

Janee Beg omepamua 00Xofa AHANOTHYHA IIPOEIAHHOMY
TOJBKO 4YTo moiayobxomy (cM. § 8). B pesyanrare, Tan ke
KaK U I TPOXOMIeHus depes Oapbep, mMeeM

-5 -5

=P T 9.8)
e? aed

TIHe

a=—B* = ico(1+ e, (9.9

¢ — mo-mpekHeMy HeusBectHas (asa. Us gopmyn (9.8),
(9.9) u (8.17) Bupmmo, uT0 MOMydYeHHAs MATPHUIA IEpexo-
Aa M obnamaer TeMu 3Ke CBOMCTBAMH, YTO M B CiIydae
TPOXOMIEHAS uyepes Gapbep, W OTIAMYAETCA OT IOCHeqHeR
TONBKO ompenernenneM §. KospdunumeETE TpOXOMKIeHAA H
OTPa/KeHUsI COOTBETCTBEHHO paBHH [9]

D=1/(1+e®), R=1/(1+¢*), R+D=1. (9.10)

HpﬂBeJIeHHBIe paccyaeHusa MOHKHO HCOOJNB30BATEH A
pemeHunss BOIIpOCa O coxpaHeHnn‘a;ma6a'm‘{ecxoro HHBA-
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puanta [10]. PaccmorpuM ypaBHeHHe JIf KIacCHIECKOTO
OCIIILILIATOPA

z+ o)z =0, (9.11)

‘rae @(t) — amanutuvyeckas QYHERIUA f, MeJIeHHO MeHAIO-
maacsad co BpeMeHeM TaK, UTQ BBINOJHEHO YCIOBUE

/x> ol. (9.12)

Yacrtota ol(t) marge we ofpamjaercsa B HyJIb Ha HelCTBH-
reapuoit ocu ¢ (pme. 4). Herpymeo BHHETH, 4TO ITOT CXY-
wqafi ¢ (QOPMAIBHOM CTOPOHBI TIONHOCTBI) AHAJIOTHYEH
Han0aphepHOMY OTPAKEeHU w)

B KBaHTOBOH  MeXaHHKe.

Ilyers mpm {— oo perme-

unsa ypasuenusa (9.11) uwme-

10T BUJ
2t > —w) =z, +ra_,
| (9.13) ’
Calt o) =dz,, " qasmomer o wpewenont

2L =@ 12 (t) exp {i.i j w (1) dt},

Tjle 1 ¥ d OmpeRelsoTCH ¢ HOMOIIBI0 MATPUIIE Iepexofa
(9.8). Cormacuo ompegemermio R u D, umeem |r|*=R,
ld]* = D. KooddumuenTst orpaskenus u npoxompenus R
n D umenor pasmeprocts peitctus. I mua ocmmmiaTopa
¥ MPONOPHUOHAIbHLL YHCITY YAaCTHI] B KBAHTOBOH MeXaHIH-
Ke. Ecau 6 > 1, o us (9.13) = (9.10) cnemyer, uTo

I{t > — 00) — I(t - + o)~ &2, (9.14)

®opmyma (9.14) ompefenser TOUHOCTD anEabaTHUECKOTO
UHBapHaHTA — JeNCTBUA TPH PACCMOTPEHHEX YCIOBHAX.
Ecim 6 <1, 1o uamemenme aumabaTHuecKoro WHBapHAaH-
Ta cymecrpenHo. Eeanm kpusas of{t) naummaer npuban-
RaTheA K NIPAMOH, IapaiaelbHORX ocu £, to € — 0 (cm.
§ 6) u B coorsercraum ¢ (6.6) & — o. ToumocTs HHBapH-
AHT& IOBBIIAETCS, 9YTO OYEBUIHO.
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§ 10. [ise TOuKM NOBOPOTa.
lpaBuna xBaHTOBaHMS. -
OGcyxaeHne TOUHOCTH MeToAa

Ham ocraxocs paccMorTpers IOCHENHME CIydail ABYX
TOYEK MOBOPOTA — «AMY» (cM. puc. 3, a). OObrunas mocra-
HOBKA 3aJaYl 3aKI0UAeTICA B CIefyIOmeM: Hadtu codcr-
BeHHEIE 3HAaYeHUsT F, KOTOPHE COOTBETCTBYIOT COGCTBEH-
aeiM pyrrnuam Pz, E), orpanmuenssM Ha = o, Ilpu
z<<a; u x>a, pemenue P(z, E) Momer GHITH TOIBKO
saryxaomum ¢ pocrom {z|. Ham meoGxopumo maiitu yc-
JOBUA, IPH KOTOPEIX OCYIIECTBIAGTCA NOCIeTHAN BADHAHT.

Haunen pellieHye 3ala4ll C ONPENENCHHMs NPABII
CIIMBKYU pemreEdii. J1a mpomenypa Oymer MOTHOCTBIO K-
BHBaJIeHTHa To#, uro menarxach B § 8, 9. Ha numum 1 3a-
HDafuM pellleHne B BHUJE

p=Anp, +Bap-. (10.1)

Ha nunuax 17, 3 _9KCHOHEHIUAILHO DPACTYIIHM ABILACTCS
{4, 2 HA JAHUAX 2,4— P-. Hostomy mMeeM

Ay,=A4,, B,=DB,+a,4,,
As = (Az + ﬁiBz)e 7, 3 = (a‘Ai -+ Bi)eiT, (10,2)
Ai :_[As (1 4 gfy) 4 BoBsl e = ewAu
Bi = (@,4, -+ By) ' = ¢*B,,

14 ’
rae A;, By — rosdunuenTs, ¢ KOTODEHIME MHL BO3Bpa-
maeMca Ha auunio 1;

2y = — 96 k(z, E)dz > 0; (10.3)

K (x)/k (z)] dz (10.4)

lﬁ“—@’a

(8 mameM ciaygae p=n). I3 ypasmennit (10.2) maxommm
a.p, + ¥ =™, -
oo (1 + o, By) + oe®7 5 Q,
Bl + aufy) + B® =0
(1 + )+ aBole ™ + of, = e,
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OTRYJA .

o= = P = 0=,
: (10.5)
af = e* — ¥,

®opmyaa (10.5) DpuENEMOMANBHO HEYEM HE OTIAXIAETCA
OT aHaJOTWYHLIX BHIpAsKeHmit, moxyuegswx B § 8, 9, on-
AAK0 HEeOAHO3HAYHOCTH B onpeferenunm KodPPUnUeHTOB
o, B Temeph Gomee cumbHAA, TAK Kaxk yemosue P(z) =
= *(x*) mua peficreurensroit yrxumm U(r, E) Brmom-
HAETCA TOMKJCCTBEHHO W HUYEro HOBOIO He Jiaer.

Yrobm B cextopax (1, 1, 2) u (3, 3, 4) orcyrerBosanu

JKCIOHEHIMAABHO pAacCTyIie pelleHus, Heo0XOHUMEHI ye-
JOBUA:

A'1 = As = O (106)

Iopcraasas (10.6) B Bripaskenne mus A, w3 (10 2), Haxo-
aum: = 0 mgau, cormacuo (10.5),

e =1, (10.7)
Orciona i )
2y+pu=2nn (n=0,1,...) (10.8)
niaun
f k(z, E)dz = n(n -+ 1/2). (10.9)

Ypasuenue (10.9) ompenmenser te co0cTBeHHBIe 3HAYEHUA
E, pna RoTophix pelleHAve SBIAETCS OTPREMYCHHBIM Ha
=+ oo, Eenu ¢ysrmus Ulz, E) KoMiuiexkcHas, TO Bce pac-
CYMIEHHA OCTAIOTCA NPEKHMMHU, OJHAKO UIA CYIECTBO-
BaHMs pemieHHil, o0pamanomuxcad Ha &= B HyIb, HE0D-
X0AnMO, uT00Bl [IeHCTBATENbHAS 0CH & NMPOXONHIA B CEK-
Topax (1, 1, 2) u (3, 3, 4). Ypasnenne (10.9) Gymem mHa-
SHIBATh DO QHAJIOTUH ¢ KBAHTOBOH MeXaHWKOH HPABHIAMH
KBaHTOBaHUA, .

Taxum o6pasoM, B ciaydae AMBI HEOJHOSHAIHOCTH B
onmpefeeHUM o ¥ [ CHOBa OKasalach HeCymeCcTBEHHOM
T MONY4YeHUs BeJIWYWH, WHTEPECHHX ¢ qmanqecxoﬁ TOY-
KM 3penus,

OGcyauM Teleph HEROTOPHIE BOLPOCHI, CBA3AHHEIE
¢ TOYHOCTLIO MONYYeHHHIX IPABWI CIIWBKY pemenmi. By-
TeM YyBeNW4MBATL DACCTOSHWE MEKAY TOUKAME @, ds
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(cm. pue. 3,4,6) B coyvasx IPOXOIeAWs depe3 Gapsep
u HajbaprepHOro orpaskenua. Ilpm arom & — o, Hens-
BecTHAA (pasa ¢, BXOAAIMNAS B BHIPAIKEAWA [IA o, B, CBA-
33H8 CO CHeyoIIuMu uneHamu B pasioskennm (6.6),
(6.7), w®oTOpBIe MH He YYHTHIBATH. JTH WIeHH NAOT
‘BRIan B ¢asy pemenus S mopsmaxa &” [lpu ypamenun
TOYEK @y, d; O — o, TaK Kak ¢ ~ ¢” — 0. Orciona o, p ~
— i, uto cosmamaer ¢ gopmynamu (7.9) mia ommoit TOUKH
oBOPOTA.

Wrak, npu HaIIy@u ABYX TOYEK ITOBOPOTA MOMKHO IDH
o6xo7e OTHOH W3 TOYEK HOmb3oBaThesA mpasmmamm (7.9)
¢ YKasaHHOH BHIIIE TOYHOCTHI, To jKe CIpaBefINBO ¥ IPH
GoxpmeM uwucse ocobHx Tovex. Toumoets dopmyr (7.9)
MOMKHO NOBBICHTH, eciim 00XOfUTH OFZHOBPEMEHHO Dpac-
CMATPHBAEMYI0 TOYKY IoBOopora m Ommmalimme ® Heif.
Yem Goawmie ocobbIx Touer MBI cMOdeM o00HTH omEOBpe-
MEHHO, TeM Gollee BHICOKAA TOTHOCTH HMONYYaeMBIX TIDABILI
cmmekn pentennii., OpHaxo, Kak BUIHO U3 pPe3yAbTATOB
§ 8, 9 u macrosamero, yiKRe A ABYX TOUEK IOBOPOTA KO-
o PUIHeHTH COINBKA OUPEIeNANTCS HEeONHO3HAUHO. B TO
;e BpeMs (PH3WICCKU MeoBXOAUMEBIe Pe3yIbTartsl (Kos(-
¢unmentst R, D u npaBuia KBaHTOBAHWUA) OHPeNeNnTh Of-
HosHauHo erie Mo;kuo., llpum omHoBpemenHoM o006xojie 0CO-
OBIX TOYCK, YHCIO KOTOPHIX OG0JbINe IBYX, HEOHHO3HAU-
HOCTH B onpenenesnn KoaQ@UITHEeHTOB CIIUBKE HACTOIBKO
BelMKa, 4T0 UCIIONL30BaHWe MeToma llBama Tepsier CMBICK
¥ TosiBaserc HeoOXOMUMOCTh B 00X0fe TOYeK IIOBOPOTA
IOPO3HB, B3aWII0Yasg BHYTPb KOHTypa obxona He Goxee
ABYX TOYEK,

IlpuBejieHnrie coOGpayKEHUST ONMPABBIBAIOT  CIENYIO-
Iee OIIACHOE MECTO, BOSHHKAIIee NP TPOXOMKIeHHN Ye-
pe3 Gapbep u npu HapbapbepHOM orpakeHuu. VaMemeHue
Havajxa 0TCYeTa, KOTOPHIM MBI II0MH30BANHCH, TPHBOUT K
mosiBneHuo npu woddduiumentax 4,, By MHomurens rto-
na exp(+8). Feau, manpumep, muaomurens exp(—8) ora-
JKOTCA TPM TOM peilileHHEH, KOTOPOe B DPACCMATPHBACMOM
CeKTOPe SKCIOHEHIHAJBHO HAPACTAGT, TO ITO peUleHHe,
MOEeT OBITH, HeNb3s YiKe cumTarh npeobmagaromuyM. Uro-
On1 npuBefenusie B § 8, 9 BRIBOBI OBLIM CIPABEIIMBEIMI,
Heo0X0MuMO, 0YeBHAHO, YTOOH Paguyc KOHTYpa OJHOBpE-
MeHHOro o6Xofa [BYX TOYEK HOBOPOTA OBIT HaMHOTO $OJH-
HIe PACCTOSHUA MEKAY DTEME TOIKaMU. JT0 OOBACHAET
clefylominii MaBecTHEI (Qanr: xoddduuuentns R, D u
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npasuia kBamroBamua mig Ulz) = a+ bz? momywemssle
B BHKDB-npmbmmxennu, coBmajgaior ¢ TouHHIMH. HoHTyp
obxona mis mapabommueckoit pysxmun Ulz) moxuo ysec-
TH KAk YIOJHO NAJTeKO Ha GeCKOHEYHOCTH, T. . IOBHIIIATH
CKOJH YTOJHO TOYHOCTH PE3YABTATOB ),

§ 11. Mpoxoxpaenne
yepes napabonuueckui crioM

Paccmorpum  wommpermsiit npumep Ulz, E), rorna
Jypasuerne (6.1) uMeer TounHOe pemienne

P+ O+ 2y =0, (11.1)

u cpapHuM pemenus (11.1) ¢ momyueHneMu BTG pe-
synprataMu. Pememue aToro ypasmennsa B BHB-mpudmu-
JHOHWE UMeeT BHJ

Yo =+ 22 Vexp {i sf (h 4= 22 de =
(—ny1/2
= (M exp i g a (b ) g x
C xIn [z (o 2?7 —In]a ]}
i opm z > Al
Wy~ 2OV B2 e U4 M In | M ] - (/2) Aln 2}

(11.2)
AHamoTHUHO .
P~ @O g e oxp 4 (178) Mn | 2| — (i/2) In 2).
(11.3)

IIyers na auwmum yposus I (em. pme. 3,6) samamo pere-
mue p = Y_. Torma ma aumrnax 2,  (HauaroMm orcyera siB-
asieress = 0) cormacuo gopmyram (8.3) mmeem

Y = P + oy, (11.4)

4 MoskHO OpuBecTH HpEMepsl apyrmx ¢ymxomi U(z), st
KoTopslx R, D m npaBuia KBAaHTOBAHUA, IoxydeHHEle B BHB-mpm-
OluKenny, COBIANAIOT C TOUHBIMH, .
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rae o ompemenserca gopmyroi (8.15):

a =ie™(1 + e*)", (11.5)
B coorserctsum ¢ (8.5) HeTPYHHO.IOIYYUTH _
8 = sA/2. (11.8)
C npyroit cropomsl, TOYEsIM pemreanmeM ypasmemma (11.1)
asasgerca [11]
Pz, A) =D, (=(1+ i), 11.7)

e Dy — Qyarumsa napabodnuecKoro MUINHLPA. 3agaguM
Ha NTUEAN YpoBHA I pemmenue, COOTBETCTBYIOIIEE P-:

ITpu Gompmmx x| mMeeM acHMITOTURY
D_ iy (1 + ) z) ~ g~ WHN/gistfe
x exp{nh/8 — [(1 - k) In 2)/4 — in/8).  (11.8)

Ha mmunax yposEa 2, 3 acummroruka Qysxmumm D,((1 +
+ i)z) uMeer BHE

. D yinye (1 + D) 2) ~
~ g2 exp {mth/8 — [(1 - iA) In 2]/4 —
— in/8) — ()R (/T (1 - in)/2)] a2
X exp {nh/2 — in/2 —in (1 — ih)/8 —
—[(1 — ib)In 2)/4). (11.9)
Us cpasmernua (11.8) m (11.9) ¢ (11.2)—(11.4) maxommm
o = i(2n)"[1/T((1 + ir)/2)]e™* X
X exp i{—(A/2)In 2 + (A/2)InlAl}. (11.10)
W3z (11.10) nomywaem
lal = (2c¢h(A/2))%e™ = (1 + ™) =
= (1+¢&¥)", (11.11)
410 cosmagaer ¢ (9.9), n A
@ =arg o — /2 = arg ['(1/2 + iA/2) —
— i(A/2)In 2 + (i/2)A In 1Al (11.12)
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Ilpa A — oo : _
' @ ~ 0U4/A). (11.13)

¢~ W2 InIAl+ (/2 n2—-0), - (1114

rae C — nmocrosganag Jirepa.

IIpz A — 0

§ 12, YpaBHeHue ¢ NepMOAMUECKOH (DYHKLMEH.
IOBrKeHue B NepuogMHecKom none

Kax yme ymommmazock B § 9, merox Ilsama wmoHO
ECIOAL30BATh IPH Hamuuuy (ojdlee uYeM ABYX 0coOBIX TO-
YeK 3a CUeT OIpefe]eHHON moTep: TouHOCTH. llomasken
9T0 Ha upEMepe mepmopuyeckoil Qymrnmu Ulz)

Ulx + L) = Ulx). (12.1)

Pemenus ypaBHEOHNA :
P A+ Ulz)p=0 (12.2)

06Ia1a10T CBOMHCTBOM TPAHCIANMOHHOR CHMMEeTPUH
Plx + L) = Mp(x), (12.3)

THe A — coGcTBeHHOE 3HAUEHHE Omeparopa cOBHTra o Ko-
opruEate ®a L. Ha vix)
puc. O TOKAaBaH XOf :
¢yarmun U(z), a =ma
puc. 6 uzobpaskensl an-
"HAW ypOBHA.

Hycrs B ob6nactTu x; >
>x >z, 3aaHO peuie-
Hue B BHJE

b(z) = Ap, + By,
(12.4),

Pyc. 5. Ilorennman B mepmopmmie-
CROM cIyuae. .

e

Yo =k Vexp [i ix

x
X y k (x) dx}. (12.5) :
RS Puc, 6. Jlapua ypoBHA B TepPHOXH-
YECKOM cIydae,
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OfcynuM uMeol[uecs B HaIleM pACIOPAKEHHH BO3MOMK-
mocta, B [12] asTopet us o6mact: (z,, x3) MPOXONAT «HOR
Gapbep» B obmacth (X, &;) WM 3aTeM BHIXONAT B 00JIacCThH
(z;, z,). Taroll Tomxo[ TPHENVNHATLEO HEBEDPEH W MpH-
BOAUT K HeHpaBUAbHEIM pesyiabraraM. C ogHO#l cTOPOHH,
3TO CBA3AHO ¢ TeM, 4T0 B (Zy, z,) pelmeHue ), ABIAETCH
SKCIOHeHIHANEHO PACTyIuM ¢ pocToM |z!, a - — aKcmo-
HeHINIAIRHO 3aTyXaloImuM. Beaemersue dToro Kodddunm-
€HT TIPH - 0CTAETCSA HE ONPEeNeleHHBIM B Ipeenax Nnpi-
vennymoctn BHB-upnGamswenusn. C gpyroit cropoHEH, make
Maustii Koadpunnernt mpu Y- B uHTEpBaTe (0, ;) MOMET
JAaTh CYIIeCTBeHHBH BRIay B obmactm (2., ).

Tarkum 00pa3soM, NOJYYHB HA INTPHXOBOR Jupmu (M.
puc. 6) npuGam;KeHHOe pellleHHe, MBI He UMeeM KODPPerT-
HOTO MeToja Ilepexona Ha JuHmio yposmsa. Cyiectsyer,
OJIHAKO, BO3MOKHOCTH OJNHOBPEMEHHOTO 00xofa Touer (Z,
z,), paccmorpenuag 8 § 8,9. llpu sTom Mu1 ommycraem orud-
Ky B onpefenesnu roagdunuentos cmubru ~1/kl B dasze
u ~e ™ mo mopymio, rae [ -— paccrosmue oT x, 0 OAU-
srafimeii ocoGeHHOCTH B Zp» A TOTO, 4To6GBI DTa OmMHG-
Ka Opta Mana, HeoOXOZWMO, OYeBUHO, [OTPebOBATH:
ki> 1. 910 o3Havaer, 4TO MEMRJY TOUKAMH Z;, Z, (T. e.
B sMe) TOMKHO NPOUCXOJUTL OONbINOe YHCIO OCIMILIA-
LUl pemieHus .

Ilepeiiiem temeps ® ompeperenmio A B BRB-npubmn-
smenmu. B obmactn

zm=x3—L>z>z,—L=uz, (12.6)
JamunieM pelaeHue B BUe
¥ (@) = Ay + By, (12.7)
rae
Pe =k Yexpl i f k (z) dz). (12.8)
i)

Tax war z B ¢opuyne (12.8) wmemserca B ummTepsaie
(12.6), V. Tommecrsenno cosmamaer ¢ Plz) (em. (12.4)).
Takum o6pasoM, oIlepaTop CABHUra II0 KOOPAUHATE Ha Ile-
PHOJI MO/KHO IPEJCTAaBUTH ¢ IOMOMBI0 MaTpuusl M, om-
peleleHHOU U3 YCIOBHUSA
A A :
=M . (12.9)
B B _ ‘
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WcxoMmble A ecTh cobcrBenHbie 3Havenus marpunsl M. He-
moasaya gopmyny (8.17), MoKHO cpasy HammeaTb

M — Ze—ﬂp uk(,l -—}—626)1/2 __. eﬁj—ia )
eé-Ha - ie1cp+w(1 ‘I‘ e26)1/2
e (12.10)
1
§d=1 S k{z)dz >0, (12.11)
"}:‘0

X2
a= X k(z)dz >0,
"1
a MuouTeau exp(+a) HoABIAIOTCA BCIEACTBHE TOTO, 4TO
navago orcyera B-(12.8) BEIOpano B TOURE I, & He B Zo.

Us soipamenuna (12,10) maxopuM ypaBHeHUe AIA OLpEe-
JeHud A '

-2+ e cos(a+ @) - A+1=0(12.12)

Nz (12.12) cmegyer, 4To nBAa KOPHA Ay, Ay CBABAHLL COOT- |
HomenueMm Ahs = 1. Ecan A — xoMmiercuoe, 10 [A; .| =1
u Bce peurenus ypassemusa (12.12) orpammuenHsle. Eciu
RODHH NefCcTBHTENbHBIC, TO OJHO U3 PEIIeHHUH pacTeT IpH
T - oo, npyroe 3aryxaer. BelpaykeHme IIA A HMeeT BIJ

Mz= U+ e®)"cos (a+¢) =

+i[1 —(1 + €*) cos*(a + @)1*/% (12.13)
Orcrofa cpasy momydaeM yclIoBHEe OTPAHMICHHOCTH perIe-
HEA

(1 -+ e*®) cos® (a + @) < 1. (12.14)

IlonyuenHoe BHpaKeHUe CHPaBeINBO LI M6HX §. ITpu
d>1
cos’ (a + @) < e, (12.15)
Ilpm 6 < 1
cos*(a + ¢) < (1 — 8)/2. (12.16)

Hax 6y11eT moKazamo B cjaemyiomieM maparpade, Heorpe-
mexenHoit ¢asoit ¢ MoxxEO mpenebpeus B cayuae (12. 15)
IIpu 6§ <1 ¢asa ¢ B (12.16) cymecrsensa.

Wsnomennoe pemienue HEMOCPENCTBEHHO NTPHMEHMMO
K 3ajja"e 0 [IBM/KEHUZ KBA3WKIACCHIECKOM YaCTUIEL B Ie-
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pHoauvecKoM IoTeHuuange. ¥ pasHenume Ilpenunrepa B
3TOM CIIydae MMeeT BUJ

b FIE—V(Dp=0 Cm=h=1), ({247
Vide+ L) =V z) =V, Vi), V) <1

rge V, — ammauryna moremnmuara V,(x). Ynobmo mepedita
K 0eapasMepHHIM IepeMEeHHBIM

d2pldz? + [g* — V (Q2)] p = 0, (12.18)
e z = 2Vi® ¢t = EIV,, Q = 2a/LV}".

Ycaosuem upumenumoctn BRbB-npubmmxenus asiaaercs
Q/q < 1. ' (12.19)

(Dusuveckn npueMieMbl TONLKO OTPAHHYEHHEIC Y-HYHK-
unn. 910 HAKIANHBAGT OOpPe[eleHHbE OTPARMYCHHA HA
BO3MOMKHBIe 3HaueHmMA smeprum gactuiler E. Taxum oGpa-
soM, yenopue (12.14) cay:kur mua ompegeneHms cobCt-
BOHHEIX SHAUCHHU DHEPIrUU.

§ 13. YpaeHenuwe Marbe.
«MefneHHME» HapYILEHHS
TPaHCNAUMOHHOW CHMMETPHH

I/IBY‘IHM Gonee moxpoGuo ypasmenme (12.18), BriGpas
KOHKDeTHBI BHJ moreHmmama V{(Qz):

V(Qz) = cos® Qz. (13.1)
3azada 3aKI0YAETCA B TOM, uro0sl mad ypasuerus Marne
ap/dz® + [g* — cos* Qzlp =0 (13.2)

OlIPeNeNIuTh 3HAYEHUS ¢, 00ecleuuBaioONAe OrpaHNdeHHEbIe
Ha Beed ocu 2z pemienus YWz). Ilomcrasass B (hopmysant

(1111
k(z) = (¢* — cos® Q z)*, - (13.3)
HAXOUM

a=2/QEw/2, ¢ — (1 —¢IF(/2, ¢}, (134)
6 = 2/QUE(w/2, (1 — ¢*)*) — ¢°F(n/2, (1 — ¢*)"™)},

rae E, F — panmnrudecKdme WMHTETPAJIHL- COOTBeTCTBeHHO
IIePBOTO B BTOPOrO Pofa. MBI OrpaHAIMMCHA PACCMOTPEHH~
eM MHTePeCHOTO ¢ (PH3MUeCcKOd TOUKM BPEHUA CIydYasd, KOT-
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Ja yPOBeHbL SHEPIUH IPOXOJUT OAUBKO K Kpaw i_I‘MLI, T, €.
E ~V,, niu
0<1—-¢* 1. (13.5)

B sroMm cayuae
a=~ (2/Q{1— 1/ - qz)ln[lﬁe"’/ﬂ — g1}, (13.6)

8= (/2Q)(1 — ¢%).
Veaosuem manocta § asmgercsa ®
1-¢)/Q< 1. (13.7)

ITpu semoxsennu HepasemctBa (13.7) TourE z, M L, Ha
puc. 5, 6 HAcTONBXKO0 NPUOIMKAITCA JPYT K APYTY, 4TO
k(z) MOKHO PasIOKATH B PAJ OO Z ¥ OTPAHUYETHCA IEP-
BBIMU [BYMS WieHAMH, OTO MPUBOJUT K 3ajade THOA IIa-
pabosnmaeckoro cimoa (em. § 10). Cormacmo (10.14), mo-

aydaeMm
o=~ —[(1—¢"/2Q1n[(1 — qz)/Q] -
— [(1— ¢*)/2Q1(1n2'— C). (13.8)
Wz (13.6) u (13.8) oupepemaem
ato=~2/Q—[(1—¢*)/2QlIn Q. (13.9)

‘Tlogcrasiuaa (13.9) B yciaoBEe OrpaEUMYEHHOCTH pPeIICHUSA
(12.16), maxomgum

(Bn/4) = 1/ — (1/4(1 — ¢ In Q) —
2nn 2 n/4, (13.10)

e # > 1 — OpOU3BOIBHOE IEN0e YHCI0. Y paBHEHie
(13.10) ompepenseT Tax HasHBAaeMBIE Pa3peHmIeHHLIe dHED-
reTHYecKHe 30HHL. JHaveHus /4 u 31n/4 coOTBETCTBYIOT
KpaaM »Tux 30H, Wrax, DHEPreTHYeCKHH CHOEKTDP UMeer
XapaKkTep uYepeAyoINUXCA Pa3pelieHHEBIX ¥ 3alpPeljeHHBIX
pHepreTHyecKunx moioc (som). B paccMorpemnoM ciyuae,
oupepenaomeMcsa HepaseHersoM (13.7), mupunsa AE pas-
pemesHo# 30HH Haxopmreda us (13.10)

AE ~ aQV,/In(1/Q). (13.11)

Nlupnpa sampemeHHLIX 30H TOTO ke HODPAMKA. Xorst BEHL-
pasenue (13.41) moaxyueno pjs xKomKperHoro smpa (13.1)

5 NIpyrume city9an paccMarphBatmch B- [13].
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norennuaza V(Qz), MoKHO IOKa3aTh, YTO OHO CIpaBeIU-
BO 1 B obmeM ciayuae mepuogmueckoit V(Qz) mis ypasme-
musa (12.18).

B reopuu ycrofiumeoctn RomeGamuit ypasmenme Marnhe
ncelaeayercss B HECKONBKO HMHOH MOCTAHOBKE. Y paBHEHIIe
JIBIKEHUS 3aTMCHIBACTCS B BUJE

4+ ol —heosQz =0, h<<1.  (13.12)

Yenosuem mpumenumoctn BHB-mpubmamxenus Gyner
’ hQ/w, < 1. (13.13)

Wnrepecusr, maoGopor, HeycToluuBBIE peLIEHIA, DPacTy-
mue co BpemeneM (mapamerpudeckuii pesomanc). CpoGos-
HBIM [apaMeTpoM SBJIH-
erca Q. B6awsm memoro-
PHX 3maveHuii  BO3MO-
ReH  IapaMeTpHuecRUil
pesonadc. fAcHo, uT0 W3-

x JOKEHHAYI0 CXeMy MOK-
HQ  [PEMEHHTb A
OTBICKAHUSA ACHMIOTOTHUK
dynunmit Maree (8uact-
moct, upu b ~ 1) u om-
pemenenus obxacreit AQ,
Puc. 7. Jlmmmm ypoBEA mis ypas- PA KOTODBIX BO3MORHA
menus Mate B ciyuae Bmcoxmx — Heycroifumsocth ¥, Cxe-
Pe30HAHCOB. Ma JIMHAH YPOBHA . IO-

KasaHa HA  pHC.

TOURE @i, 07 MOMHO 0GXOAUTH OJHOBPEMEHHO II0 KOHTY-
Py Z W BOCIONB30BATHLCA UPH DTOM JUIA MATPHIBL Hepe-
xoma suipaxkenmeM (9.8). Hax m B § 12, MBI MOMKHEBL TIO-
TpeGoBaTh, UTOOH pacCTOSHUE MEMAY TOUKAMU @, @ OBI-

JI0 BEIUKO, T. €.
Q/w, < 1. (13.14)

HepasenctBo (13.14) osmawaer, uTo mM3maraeMbiil MeTOS
TPUMEHNM HId HCCIeIOBAHUA PE3OHAHCOB BEICOKOTO IIO-
pAnKa. : ' -
Sapaunm, pacCMOTPEHHEIE B HPeOBIAYmeM H B BTOM IIa-
parpadax ABIAIOTCS B ONPEIEJCHHOM CMBICIE HEaTH3M-
POBAHHBIME, PealbHO BO3MOMKHO cladoe OTKIOHEHHe

6 B raxoit moctamosKe 3Ty 3amayy pemax I'. E. Bermreiln,
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dynrnuu V(z) or mepuommusoctn. Bypgem roeopure o
«MeIeHHOMY» OTHIOHEeHUY .OT IIEPHOJMIHOCTH, He OrpaHd-
YHBag BEJUMYKHBL TOTO OTKIOHEHMS, HAIPHMED IepUof
L = L(x) ¢ ycroBueM MeIIeHHOCTH ‘

dL/dx ~ L/L, < 1. (13.15)

XoTs TeOpHA BO3MYIIeHnil HeIPUMEHUMA, OJHAKO HAJIWUYe
magoro napamerpa (13.15) maer BO3MOKHOCTH HOCTPOHTE
pellieHue B BHUIE HEKOTOPOI0 ACHMIITOTHIECKOTO PAMA.
Bynem mins KOHKpeTHOCTM TOBOPUTH O IBYKOHHM Uac-
TUIOHE B IMOTEHIUATe, MEJICHT0 OTKIOHAIOIeMEs 0T TePHo-
audeckoro. Buecro ypasmenma (12.18) pacemorpum

@p/ds + [g2z) — VQ)lp=0,  (13.16)
e
q*(z) =[E -V (1/V,, (13.47)

a V(z) u Q(z) — Megmenno Memgomuecs QYHRIAM ¢ Xa-
paKTepHO# junboil usMmeHeHusa L, > L 1o IepeMeHHOIl x.
Hoerpoum pemenus ypaswenmsn (13.16), orpammvenHbIe
Ha MefiCTBUTENBHON ocU 2, U BBIACHUM, YTO IIPOUCXOJUT C
B0HHOH CTPYRTYPO#l 9HEPTeTHYECKOTO CIIEKTpA YACTHI(BL
BCIEMICTBUE CaA00T0 HAPYyHMIEHHA TPAHCAAMUOHHON CHM-
merpun [14].

B mepBoM mpubmumskeHuum [yig JOCTATOUHO BBICOKHX
ypoBHeil, Korma MOMHO BoOcmodbzoBaThest BHB-metomom,
O6ymem mpeneGperats sasucuMmocthio V m Q or z. Torma
MOJKHO BOCHOJb30BAaTHCA pesyibratamu § 11

Y= Ay, + By,
Ve =k Yexpi {5 k (2) dz}, (13.18)

kE=1q¢*— V(Qz)]",

rne g omnpefeneso Qopmyioin (13.17), a marpuma M mme-
er Bupx (11.10). Bee unrerpansr, sxomamue B M, 6epyrcsa
OO0 OTPe3Ky AMMHON ~ L, ¥ modTOMYy BIOJHE eCTeGTBeHHO
npenefpeds UpH ompefedeBmH a4 A 3aBUCHMOCTBIO Vu
Q or z. Bo sTopoM npnbauwsKeEnn yureM 3Ty 3aBHCHMOCTE,
Torpa Bmecro (12.9), (12.10) moxy4aem

/Z (z)) . (ie—-iqn(z)—ia(z) (1 + 626(2))1/2 o eﬁ(l)—’la(z)) (A (Z))
( =i

E(z), £S@1tia(2) je 9 Ptia(z) ('1 1+ e’zé(;))l/z B (2)
o (13.19)
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Ecam BBIYeCTE clleBa I ChpaBa IO CTOMOLY ¢ KOMIIOHEHTA-
mu A(z); B(z), T0 momyaEM cHCTeMy IBYX YpPaBHEHHA B
KOHEYHBIX DPAa3HOCTAX, KOTOPYI0 MOMKHO 3aMEHHTH CHCTe-
Mol AByx puddepeHNEATDLHEX ypaBHeBWi IePBOro mo-
paaka. Pemenue srofi cumcreMnl MokHO ucKath B BHB-
npuGImReENY, IT0 Haer

(28) ~ exp{ii y ki (2, E) dz} ~ 4, @), (13.20)

e k(z, E)=InA(z, E), (13.21)

a A, cormacuo (11.12), ompepensierca us ypaBHeHUS

AE =201+ e?*@)h cos lal(z) + @lz)] +1=0. (13.22)
B pgansmefimem ¢ ¢ymxmuamm A.(z) cremyer mocrymarb
TAaK JKe, Kak ¢ P, B 3asmcuMoct:m oT Bmaa k(z, E).
B stoM cMsicie 3amaua cBemach K yiKe H3BECTHOH HaM
nporenype. CoGcTBeHHEe 3HAUEHHUH OIPEIEIAIOTCA BIUOM
¢yarnuu k,(z, E), npuueMm xapaxTtep sasucumoctu k,(z)
(manpumep, amMa wiam rop6) MOMReT OHITH PASTHUBLIM IS
pasnuunsix spavenmir E. Ilycre ¢gymxmua V(Qz) zamama
ypasuerueM (13.1). Toraa Beamumust a, 8, ¢ ompeneIAOT-
ca mo-nmpexHeMy ypasmemuamu (13.6), (13.8), B rkoropsix
AIA ¢ HAMO BOCHONb3oBaThex (opmymor (13.17).

Cornacmo (13.20), xBasmuMnyanc wactunsr k.(z, E)
MOMXHO paccMaTpPHBATh KAk MMUYIse miA pymrmmi A(z),
B(z), ymosnersopsiomux ypasHenmio tuna Illpemunrepa c
smeprueit [InA(z, E)]?. ToukaMm moBOpOTa COOTBETCTBYIOT

T—Kz(x,f)

Puc, 8. DHepreTHuecKas MOBEPXHOCTH
B COydde HADYNMIeHWS TPaHCIAKHOH-
BOH cAMMeTpHH, -



Kpas SHEepPreTHYecKAX 30H, OIPeNeNAieMBIX ypaBHeHneM
(13.10), rme q(z) umeer Bum (13.17).

" Ha puc. 8 usobpaxena nosepxuocts k*(z, E). Oﬁnac'rn
-1, I coorBercIByIOT paspemeHHEEIM 30HAM dHepraw. Ilmoc-
xocts E = E; Beipesaer nHa mosepxmoctn k*(z, E) wpusywo
k*(z, E,), uMelomyo «ropGel» Meskxy paspelmeHHBIMH 30-
HAMA ¥ «IMBH» BHYTPH 30H. OTO 03HAYAET BO3MOKHOCTH
TYHHEJIBHOTO Hepexona Mexay somamu. Touxm a u b
ABNAKTCH TOYKAaMuM IoBopora. Ilpm z >z, B obmactm
oHepruit, nasa Koropux k*(z, E) <0, somsl mcuesaior, a B
obmactu »mepruit, rae k*(x, E) >0, smepretmueckmit
crexTp cragosutces cmiomusiM, Ecau k*(z, E) B meroro-
poli objacTm pHeprmil mMeeT BHJ MBI, TO CIEKTD BBI-
POHJAEeTCA B AUCKPETHHIA.

§ 14. YpaBHeHue yerBeproro nopsfka.
flBa cBA3aHHBLIX OcUMMRSATOPA

Jo cux mop peub ma o6 ypaBHEHHH BTOPOTO IOPHH-
ra. Hume Oyger morasaHo, Xak B IPOCTEHINEX CIydaax
myreM HeGOXbMIUX YCIOKHEHNH MORHO UPHMEHHTH METOJ
[Bana mus wucciegoparusa pudpepeHENHANLHBX YypaBHE-
HEN TPOW3BOJLHOTO WOPARKA. PaccMoTpuM cHadalia ypas-
HeHUEe YeTBEPTOIO MOPAIKa

VY20 () F U D=0,  (141)

Hax u s ypasHeHHa BTOPOro Iopsigka, OyAeM .Ipenmo-
nmaraTh MemjeHEyio sasucuMmocts U,(z), U,(x), xapaxre-
pU3yeMyIi0 MaJIbIM IIapaMeTpoM &:

ko~ Iy, L~ U U, ~U/U,, (14.2)
e =1/(kL) < 1.
Pemeﬁne (14.1) pmem B BH7e

P == exp {i 5 (B 4 P - L) dx}, (14.3)

rae kO~ kYN ~ 1, E® ~ g% Tloncranmaas (14.3) B
(14.1) n npupaBHHBas YieHHl OJHOrO MOPAMKA, HMEEM

(B — 2U,(E)*+ U, = 0, (14.4)

4 ()M — 6 (k(o))zdk((’) 2U( di® — 25O —
(14.5)
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Xaparrepucrudecroe ypasuenue (14.4) maer
(K2)* = U, = (U3 — U™ (14.6)
Ws ypasuenma (14.5) ¢ ]IOMOIHBIO (14. 6) HolydaeM
K, = i{—l 0 4 L [(R0)° — U,] +

+ U/ () — Uz]} 7 [ 10 k2
+ g (U3 — U)" £ U/ (U3 -T2} (14.7)

TakuM 006pa3oM, TIaBHBIA WIeH aCHMITOTHYECKOTO psja
(14.3) nmeer BHT

P~ kT Y (U — Ul)ﬂ/f1 exp {i i 5 ki (x)dx —
— 5 | w3~ Ul)”z}, (14.8)

T7le HYJAeBO#l HHIEKC NPH %k /IS NPOCTOTHI OIYIIEH,

Pemenua (14.8) rak ke, Ka® acUMITOTHYECKUE pe-
IIeHUs YpaBHEHHUA BTOPOTO IOPHKA, UMEKT 0CO0Ble TOU-
ku. TakuMu TOUKaAME SABIAOTCH, B YaCTHOCTH, TOYKU COB-
HmajleHus KOpPHEH XaparTepueTwueckoro ypasuenus (14.4),
T. €. TOURH, Tl BOBMOKHE PaBEHCTBA:

k1=—k1=0, k2=_k2=0, (14.9)
ko= ks, (14.10)

HeobxoguMocTh TOCTPOSHMS ACHUMITOTHYECKUX pelie-
Huit ypasHeHus tuma (14.1) BcTpeuaeTcs B pasmIHUHBIX
(usnyecKUX 3aJavaxX, HANPEMED IPA MSYUEHHH HEYIPY-
THX aTOMHBIX CcTONKHOBeHmi [6], Teopum rumpomummammae-
croit ycroiiumpoctu [15], 3akoHOB coxpamemma ammabaTi-
wecknx wmBapuantos- [16]. Ocramosumcs mnonpoGHee Ha
nocjeHell 3ayade,. -

PaccMorpus cuereMy HBYX CBABQHHBIX OCHUIIATOPOB,
.¢yurmua JlarpaHma KOTOPoil paBHA

@ = (12)(2* + 1) — (1/2) o} (1) 2> —
— (1/2) 03 (1) y* + e (1) ay. (14.12)
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VYpaBHeHHs [BIKEHHA JUIsfi PACCMATPUBAEMOM CUCTEMEI
HMEIT BHJ

2+ olz=a(l)y,

- (14.13)
y+ oy —al)e.
OrmocutedbHo QYHKIUA @, ®, o OyZeM Ipeamnolarath
BBIMOJHEHTHEIMI YCIOBHE AHANHTHYHOCTH M YCIOBHE MeJ-
nennocTd, aHagormuuoe (14.2). Ecam 6sr mapamerpst cu-
CIEMBL ©1, ©2, ¢ GBLIM IIOCTOAHHBIME, TO MOKHO G0 TR~
peilTH K HOPMANbHBIM KoJZeGaHUAM

X+ QX -
(R 92), o (14.14)
Y QY =0,

He CBA3AHHEIM Apyr ¢ apyroM. Hopmambmste wacToTsr €,
{2, onpepenATCs U3 XapaKTOPHCTHYECKOTO yPABHEHVA

Q4 — (o) + 03) Q2 -+ (0jos —a2) =0 14.15)

H ABIAIOTCH COOCTBEHHBIMU 3HAYEHMAMH MaTPHHBI Npeod-
pasosanust KBagparuyHoil gopmer (14.12) K KaHOHHUECKO-
My BHAY, WJiu, uTO 7TO e camoe, cmgreMst (14.13) k
(14.14). Cease Memny (X, Y) u (z, y) caegyomas:

- % — o) X i Y
I e N (TR
(14.16)
a ~ oo
s N (G ey e
rjae ‘

Q= (0 + 03)/2 & [(0} — 03)*/4+ a2]?,
(14.17)

a HOPMUPOBKA BhIOpaHa Takoif, urobnl npm o — 0 BEIHOI-
HAsoch yenosue x >~ X, y — Y.

Bepremcs temeps ® cucteme (14.13). VumreiBas dop-
myasr (14.3), (14.8), rinaBEBle 4IeHBI WeTHIPEX ACHMIITO-
TU9eCKUX DPHANOB, HPEJACTABIAOINIUAX HE3aBHCHMbBIe pere-
HUSA, MOKHO OPEJICTABUTh B BHUE



Xi = II, (t) exp {ii St'Qldt}, _
o ) (14.18)
Yy =TI, (t) exp {ii ngdt },

rme Qi — Ho-IpesKHEMY peIneHus XapaKTepPUCTUYecKOTo
ypasrenusa (14.15). Ilo cyru pena, B HyJxeBoM mpmOAmsKe-
man B BHDB-Merone mpoucxomur nepexof K «KBasHHOD-
MaJBHEIMY Kole0aHHAM ¢ TOM ke Matpuueil mpeoGpasoBa-
HHAf, 9TO W B CIyYae HOCTOAHHHIX ®©y, M2, 0. B TOuKe, THe
COBIAAI0T XaPAKTEPUCTUYECKVE KODHH, DAaHr MaTPHIEL
IpeofpasoBaHus MOHMIKAETCA N OHA CTAHOBHTCA O0COOOIL.
BosEzKraer TOT e BOIpOC, 9TO U JiiA PelIeHME ypaBHE-
HOA BTOPOTO HODSAIKA: ONUPeJelnTh UPaBMiIa CIIMBKE IPH-
6mmrenanx pemennmit (14.18) B PaBIMIHBIX obuacTax
KOMILIEKCHOTO TePEeMeHHOLO t.

§ 15. Cssa3anHble oCcUMNANATOPLL.
MpoxoxaeHue uepes pe3oHaHC

B panpmeiimem GymeM mpeamosaraTh, 4TO BCE BO3MOK-
Hele oco0ble ToukHm cuctemsl (14.13) mocraroumo ynasems,
TAK UTO KAKIYI0 M3 HUX MOKHO DPACCMATPHBATH OTHENb-

~mo, Ha puc. 9 OpaMbIiMM YCJAOBHO UPEJCTABIEHEI YeTHIPE
pemrenna (14.18). TouraM mepecewenus npsamsix (wim
«IepeceveHnd» pelNeHMii) COOTBETCTBYIOT TOYKH COBHAJIe-
HEOsg xaparTepucTagecknx wacrtor tama (14.9)—(14.41).
Ocobrre o6macTi, B KOTOPHIX HApyNIaeTcs YCIOBHE HPH-
memmvocrn  BEE- -npubanKerEns, 0003HAUEHH OKRDYHHO-
craMu. Ity obnacth 6ygeM HasbBaTh pesoHarcHON. Touka
t, orseuaer cayuao (14.10), &, — cayuawo (14.9),
cayqao (14.11). Cpenamnoe B Hawame maparpada mpegmo-
JIO}KEHHE 3aKII0YaeTCs B TOM, ITO pe3oHAHCHBIe ofmacth
Ha puc. 9 ciemyioT Ha J0CTATOYHO GONBIIOM PACCTOAHAM
apyr or apyra. Cayuwam (14.10), (14.11) omumchmiBator Tak
HA3BIBAEMbIC BHYTPEHHUE Pe30HAHCH B CHCTEME.

OrpargunMes: CIYYaeM o;0: > o. Tor,u;a 0CO0BIE TOU-
KH He MoryT OwiTh Ha feficTurennmoii ocum. Ilycrs ciea
OT Kaxoli-mn6o pesoHaHCcHOR o0aacTu 3a7aHO pemIeHUe CH-
cremnl (14.13) B Buge

p=AX,+A,Y, +AY_+AX_. (15.1)
Ham =Beo0xomuMo HaliTH pemmenme cHpaBa OT pe30HAH-
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Puc. 9. CxeMa mepecedeHus PeMIeHHN NIA CBA3AHHBIX OCHHI-
JAATOPOB. :

CHOI/I OOJIaCTII

Yy=BX,+B,Y,+BY +BY.,  (152)

T. €. OIPeJeNTh Marpumy nepexoxa M Ous cOOTBETCTIBY-
OLIeTO THNA PE30HAHCA

B = MA, (15.3)

: 4,
e
A=) ar=(ar a2, a3 4)),
A,
\4,
B,
Bz + * * x %
B= :(Bl’ BZ’ B37 B4)’
\o
B4

a «KpecT» 03HAYAET OHePAnHUIo TPAHCIOHUPOBARNS K
KOMIUIEKCHOTO COUpPSKEeHNA,

Jas ocofsx ToueK THIA TOYEK OBOPOTA (14.9) mat-
puna mepexoga moxydeHa B § 9. Oma peilctByer TONBEO
HA TIePeCeKAONmUecsa peIleHHs M OCTaBifeT ApyTHe 0es
uaMeHeHns, HaiieM Marpumpl Depexofa MIS caydas
(14.10).

C TouHOCTBIO [0 WiIeHOB MOpAAKA &” mmeem m3 (14.14)

’ t

X, ~ Q2 exp {j: i j Q, (t)dt }
, . t (15.4)
Y.~ Q7Y exp {i i S Q, (tydt }

5t



Hpencrasum .
Q= (Q, +Q:)/2 + (Q, — Q,)/2,

Q, = (Q, + Q,)/2 — (Q; — Q,)/2.

B oxpecrrOCTH pezomaHcHO#E o6mactm ¢ Q; = Q, MHO-
[4

IRATEIH . eXp {i i jdt (@ + Qz)/Z} B pemenusax (15.4)

MOKHO pPaccMaTpHMBATh KaK Kop((UIUEHT IPH pPeIleHHAX.
OrpanvynMes usyuenumeM ciaydas, Korga £y — €2, uMeer
TOURY BETBJIEHHA B KOMIUVIEKCHOH IIOCKOCTH, T. €.

Q, — Q, = (m*+ *)"f(2), (15.6)

rae f(f) amamurmuma B o6macT:m 00Xx07a 0COOLIX TOYEK.
B6ausn pesomamca samerursiorea mapet (X, Y,) wm
(X_, Y_) (em. puc. 9). Hasrgyio m3 orux map pelreHuit
MOKHO paccMaTpPHBATL HE3aBUCUMO. JIMHWU YpPOBHA, COT-
aacuo (15.6), Bemyr ce6a Tar ke, Kaxk Ha puc. 3, ¢, 0603-
HaYeHHAME KOTOPOTO MBI H BOCIOXb3yeMmcd. Ilyerh ma meit-
 CTBUTEIHHOH OCH CIIpaBa OT Pe30HAHCOB 3afaHO

(15.5)

i
P = exp {z 5‘ dt(Q; + 92>/2} X
; t
X {Algrlﬂ exp ( i f dt (@ —92)/2) +

t
4 4,95 exp (— i S dt (Q, — 92)/2)}. (15.7)

Corracuo (9.7), Ha melCTBUTENBHON OCH ClIeBa OT Pe3o-
HAHCOB EMeeM

: A; = Ale—é -+ dxAz? A; =P 4; -+ (14 oyfy) 36142,
’ (15.8)

rae o
26 = i§ dt (@ — Q,)/2 > 0. (15.9)
@ .

Sapepmas 06xof, TPOXOAUM B UCXOAHYI0 TOUKY ¢ KO-
dunuenTaMn

A= A gy, A = Pody + (1 + oufy) o4y,
) ' ' (15.10)
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Ilpociegum Temeps 3a IPEIIKCIOHEHIUATHHBIME MHOMKH-
rexamu B (15.7). B pesyasrate momyobxoma 2, — Q, Me-
HACT 3HAK U, CIeJ0BATENbHO, 2, , IEPeXOJUT COOTBETCI-
BeHHO B ; 4. [lomusiii 06x07 He MeHseT IPEIRCIOHEHT,
OTtcrona '

i

Al = A,, A; = A,. (15 41)

Vauresaa (15.8), (15.10), (15.11), noxyuaem ypaBHeHUs
ST OIPEIENeRUsT Oy 5y Pia
6_2[5 + ‘062[31 = 1,
a2(1 + ailﬁi) + 0616—26 = 0,

: (15.12)
B (1 F asBs) + B =0,
0By + (1 + B0 (1 + anfale® = 1.
Pemenne cucremst (15.12) maer
Q= — 0y = o = ie"(1 — e~ )", (15.13)
pr=—P.=p=1ie*(1 — )
T7e ¢ — HemspecTHag alza u y4yTeHo, uro o = — B*, Cor-

JracHo dopmynam (15.8), meTpyamo s3ammearh MaTpHIY Ie-

pexofa
-5
ﬁ_ ¢ ) (15.14)

B ie—'iw(1_e—26)1/2 g0 B
- - (",

—b ieicp (1 _ 6—26)1/2 e a

Jra MaTpuija ompejenser CBASL

) () o

e B, — xoppPunuenTs COOTBETCTBEHHO npu

7

¢
lexp{iyﬁl,gdt}. Huas sropoit mapsr pemenmit (X_, Y_)

TpaBIIA IPOXOKIEHUSA Yepes Pe3oHAHC OUpPefelA0Tcs U3
(15.15) ¢ moGaBnenweM omepamuy KOMILUIEKCHOTO COIIDSI-
sienud. Marpuna mepexofa YAOBIETBOPSAET YCIOBUIO YHH-
TAPHOCTH

MM*=M*r=1 (15.16)

# ompefenAeT WHBADHAHT
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|42+ 143l = 1BJ* + 1Bl = .  (U5AT)

C TOYHOCTBIO N0 MHOMUTeNeH €™ Marpuna mepexoma M
ompenensiack B (6], ommako merton ee ompenemermAa He
aApnsercs KoppekTHsiM. Ilomyuenasie B pa6ore [6] permme-
HUA UMEIOT OPEeIKCIOHEHTY, OTIHYAIIYIOCH 0T HefcTBH-
reapmoit (cm. (15.4)). Kar Gymer Bupmo HmKe, 310 3a-
MeUaHUe OKayKeTCA CYIIeCTBEHHBLIM IPH BHIACHeHMH (Pusm-
YECKOTO CMBICIA BAKOHA COXPAHEHI (15.147).
ApanormyeeiM 00pasoM HeTPYHHO HaWTH Marpumy Ie-
pexoma mua pesomamca TEma (14.11), morma Q, = —Q,
[16]. Msr mpuBefeM OKOHYATeNLHBIH pe3yabTaT 0e3 BHI-
BOTA . :

Bl (l’:e_“p (1 — 8‘2‘5)1/2 e—b ) (Al
(B3 o X e iele 11— 3—26)1/2 ‘As ’

(15.18)

Tie § ompejedseTca ypaBEeHUEM

28 =i dt (Q + 2)/2>0, (15.19)
x

a KoHTYp & oxBatnBaer o0e TOUKM, B KOTOPHIX 2, =
= P’ B

Ousnyeckuit MATepec NPeCTaBIALT CIyvad, KOTfa pe-
menwe (15.1) geiicrsuTensnoe, IlepeoGosmavas mus ynob-
cTBa

X:!: —_ Xie:l:inlk, Yi — Yie:tinlb’
MOJKHO 3anucaTh COOTBETCTBEHHO A CJAyuyaeB Q; = Qz E
Qi = — gz
B=MA, B=MA,
Al -
A2 + * *
A= A;‘ , A :(AI,A2:A21A1)7
Ay
- Bl

B
B = Bz' ’ B+:(B;,B;szyBl),

*
By,

(15.20)




e lcoso, ising, 0 0 )
isino; e®cosa, 0 0
M, = ' ip ..
0 0. ePcosg, ising;
0 0 isino; e ®lcoso;
(15.21)
e %2 cos 0, 0 isino, 0
0 e®coso, O isino,
My=| o .
isino, 0 e*2cosa, 0
0 isino, 0 e %2 cos 0,
(15.22)
3yech HCIOAB30BaHbL 0G03HAYEHUSA
sing, = e, sin 0, = e %2, (15.23)

a &8, 8, onpepmemsioTcs cooTBeTcTBeHHO POpPMyIaMA
(15.9} w (15.19). Ecim MBI OPOXONUM IOCIEOBATENLHO
oba pesoHaHCA, TO

B=MMA. (15.24)

W3 yauraproctn Marpunm M,, M. ciegyeT WHBAapEAHTHOCTD
BETHYAHBL

AA*=BB* = [A4,]*+ |4,]* = |B/[* + |B,|* =inv=I.
- ’ (15.25)

Herpynao BHACEATE PU3HYCCKAA CMBICH IOXYYEeHHOTO 3a-
KOHa coxpamenus. A sToro BBejeM aMILIUTYHHI @; «KBa-
BUHOPMAJBHBIXY KomeGaumit X, Y, KoTOpHIe, COINIACHO

{15.4), pasmst

a; = A;/Q". (15.26)
Torpa u3 (15.25) crepyer ‘
1 = Qllailz + Qzldzlz = Ei/Qi + Ez/Qz = I‘ + Iz, (15.27)
rge E,, E, — coorBercTBeHHO »Heprum X-, Y-RomeCammit.
Taxum o6pasoM, agnaGarHuecKuii WHBAPHAHT pPaCCMATPM-
BaeMoil cHCTeMHI paBeH cyMMe (OPMaJbHEIX agmabaTmde-
CKEX MHBAPWAHTOB B KasKmo#l ms mopcucteM. CiaoBo «dop-

MaJbHBIA» 03HavaeT, 4YTO BeJHYWHEBl! OOPO3Hb MOTYT HE
COXpaHATHCA.
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Ionyqennsiit pesynbrat 6es ocoGoro Tpysa oGobuiaer-
€A Ha CIyvail CHCTeMBI CBASAHHEIX OCHHJLISITOPOB C M CTe-
nensaMu csobGoysr. IIpu srom mpepmomaraercd, 4To B CH-
CTEMe CYIIeCTBYIOT PE30HAHCHL TOIBKO PACCMOTPEHHOIO
THIIA ¥ PACCTOAHUE MeRy HUMM J[0CTaTOYHO gaixeko. Tor-
Ia MOJKHO 3aIHCaTh

B = (I ) A, (15.28)
ik

rae MaTpunsl My, COOTBeTeTBYIOU[HEe pe3oHaHCY 2=,
nepeMHOKAIOTCA B TOPsAJKE CIeOBAHUS PE30HAHCOB NP
ABIDKEHHH B NOJOEHTENLHOM Hampapienmn ocu t. Marpu-
na M, cocraBiseTca ¢ IOMOINLI dieMenToB Marpuu M,
(wmm M,):

My, = My = SIN Oip, = My sn, N+i = MNyi, Nhs (15:29)
o * — o—igik
Mii = Mpp = MN+p, N+ = MN4i{,N+i = € COSOip,

Tfie Mgs — dmeMenTsl Marpuusl Mqs, N — qucmo cremeHeit
cBobomanl, a

sinoy, = %%, 265 = $ dt (@, —Q)/2. (15.30)

ik

Bee ocranpmbie jgumaromasnbubie siaeMentst M, paBubl 1,
a HeMaTOHAJIbHEbBIE — HYJIIO.

W3 ymuraproctn M, cinenyer 3aKoH COXPaHEHHUS Be-
AAYHHEL

N
1= Y EJQ, (15.31)
. i=1

rne E; — ameprus i-ro HOPMaJLHOTO KOJeOAMIIA.

Us dopmyn (15.20)—(15.23), (15.27) sumHo, 4r0 CTe-
IeHb HecoXpaHeHHWd apuabaTMyecKOT0 WHBApHAHTA OC-
MIIATOPA 3aBUCHT OT BEIUYHHBL COOTBETCTBYIOUIETO SHA-
gegus 6. llpu 6 > 1, kar u B § 9, moryIaeM HKCIOHEHOU-
aMBHYI0 TOYHOCTh. B HPHBENEHHOM BHIIE PACCMOTPEHUN
MBI He MO;KeM chellaTh BeluuywHY 6 CKOJIb YTOMHO MAaJoil.
IJTO CBABAHO ¢ TEM, UTO HENL3sd mapaMerp CBA3YM o YCT-
peMuTh K HYJII0, TAaK Kak Ipu o << & mapymaercs yciro-
sue npumenumocts BEB-npubawsxenua. Ilpm Mmambix o
MOKHO, OJHAKO, BOCIONB30BATHCH TEOpPUEH BOBMYUICHHIE
[1] » momywnrs coxpamemme ammaGaTHdecKOro WHBAPHAH-
Ta ¢ TOYHOCTBIO O WIEHOB ~a/e™.
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§ 16. MupapuanTtel gudipepeHuManbHbIX YPaBHEHHHA.
ApyroX nopxon k onpepeneHuio
KOY(hhHUHEHTOB CLIMBKM pPeLIeHMH

Pacemorpum wmambapvepmoe orpaskerme (cM. § 9) u
AHAJOTHYHEEIA CIy"all Aia [BYX CBASAHHHX OCHIIIATODOB
(cm. § 14) B gpyrom miame. Ecau A m B — rosddurnuen-
Thl UpPH [BYX JIHHEHHO-HE3aBHCUMEIX DEIICHWAX ypaBHE-

HES A
i+ o)z =0, (16.1)

TO TpE HAelicTBUTENbHOM ©2(1) MaTpuIa Iepexofia M oc-
taBiser, coriacHo (9.8), vHBapUaHTHON BeIHIHEY

[4[*— |Bl* =inv. (16.2)

AHanor¥yHo A IBYX CBA3AHHBIX OCIMLIATOPOB, OIVCHI-
BaeMpix cncremoit (14.13), marpuma mepexofa OCTaBIAeT
UHBADHAHTHON BeJIUYHHY

~|A1*+ |BI* =inv, (16.3)
e A, B — ko3 @uiuuenTs Ipu «KBAa3HHOPMAIBHEIX» KO-
nebamunx X, Y. llpuBenenHsie MEBAPHAHTEL MOKHO ITONY-
YUTH HeNOCPeAcTBeHHO w3 Aug@epeHIIaTbHEOT0 ypaBHe-

HUA, ONACHBAKOIIEro mponece. [lokaseM aTo.
Tar rax o° gefcrsurensho B (16.1), To z* — Tamme

pelenme

i* -+ o?(t)z* =0. (16.4)

Yuuosmaa (16.1) nma z¥*, a (16.4) —ma £ u BwuUTag, Ha-
XOIMM M3BeCTHHI MHBapHAHT

dlzx* — 2*z)/dt = 0. (16.5)

Tlopcrasnasn B (16.5)
t

' i
z = Ao—12 exp (i S o (t) dt) + Bo~1/2 exp(— iSo) (t) dt),
(16.6)

mpujieM K 3akony coxpamenusa (16.2). Amamormdmo mocry-
oMM B CiAydae JABYX CBA3AHHBIX OCI[HIISITOPOB:

T4 0z =ay, y-i oly=ar,
+ 1 y y+ 2y '(16.7)

., . \
T+ 02% = ay*, y* + oy* = az*.
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Orcropa
d(zz* — z*z + yy* — y*y)/dt = 0. (16.8)
Hopcrasaas B (16.8) z, y us (14.16), rae

/7t
X = AQ7 exp (z N0 dt),

, \
Y'= BQ; " exp (i X0 dt),

moiydaeM 3anoH coxpamenus (16.3).

Temeps ecTecTBEHHO BO3HUKAET BOUPOC, HEIL3A IH
BOCIIOZIB30BATHCSA BaKOHAMH COXDAHEHHS Ui CHIMBRYU
ACHMIITOTHYECKNX DPEIIeHWH, MOCKOIBLKY, OHH CIeNyIOT Cpa-
3y, KaK TOIbKO 3amucaHsl AudgepeHnnalbEble YPABHEHUS.
Mzu mokaskeM HuKe, ITO HTO He TOJHKO BO3MOJKHO, HO 1
TMPUBOAMUT K pARy yupomeHuit. OrpaHvyuMca A KpaT-
KOCTH TOABKO CIyuaeM [BYX CBASAHHHX OCIMJIIATODOB.
3aron coxpanenus (16.3) narmagpiBaer orpaunyenie yHu-
TApHOCTH Ha MATPUIY IEPEXOfa. B coorBercTBUE ¢ (pop-
myaamm (15.8) umeem

1 - ap) eb
M:(E_ﬁ ( aﬁ)e)., (16.9)

o/

TRe o, P — mensBecTHHe KO3(DQUIMEHTH CIIUBKH. ¥ CJIO0-
Bue ymurtapuoctu M osmazaer MM* =1, otkyma ciemy-
JOT YeTHpe ypPaBHEHMS:

B2+ 11+ apl2e®® =1,
la)?+ e =1,
(16.10)
pe~t+a*(1 +afle® =0,
B*e~® + a1l + a*p*)e® = 0.

Pemas (16.10), momyyaem yike H3BeCTHBIE HaM BEIpaKe-
HUH
= —B* = je®(1 — e~2)12, (16.11)

IIpeumymecTBa. IPeIOKEHHOrO BHIBOJA BAKIIOYANTCH B
TOM, 9TO MBI COKPATHJIK BJBO€ UINCI0 HEM3BECTHHIX K03(-
$HUIMeHTOB CIIEBKM M HHUTJle HE INOJAB30BAJNCH BHAOM
TIPeNoKCIOHEeHTEE.
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Pestomuapys pesyabratsl atoro maparpada, MOmHO yT-
BEPIKAATH, YTO [ff CKIEHAKH acCHMIOTOTWYECKHX pelleHmi
BO BCEX DACCMOTPEHHEIX CAYYadX [OCTATOYHO HAIHCATH
BHB-pemenue Tonpko B HytesoM npubmmiuenun. Ho sre
03HAYAET, UTO MHI IONB3YEMCH TOINBKO XapaKTepucTHie-
CKUM ypaBHEHHEM CHCTEMBI, KOTOpOe HMeeT TOT XKe BHL,
9T0. U B CIydYae YPABHEHHS ¢ MOCTOAHHEIMEH Koa(pdummen-
rtamu. IlpuBefenHbie BHUIE Pe3YJIBTATHL NOIMYCKAiOT 060G-
meHne W A cucreM Gosee BbICOKOTo mopsaara. Ilomuepr-
HeM, YTO 3HAHHE BHAA OPEIIKCIOHEHTH HEOOXOIUMO A
IOCTPOCHUSA PelleHUi U He HYMKHO MIA CKISHKE peIleHui,

Fnasa Il

- HEAUABATHHECKHUE TNEPEXOADI
- B KBAHTOBOW MEXAHMKE

§ 17. BeepeHne

B aT0it rIaBe paccMOTpUM Hepexofibl B ABYXYPOBHEBOI
KkBaHToBO# cucteme [1] ma ocmome ajuabarmueckoit Teo-
puu Bosmymenmit (em, 1. 1, § 2). B rauecrse mpumepa
o6cyauM HeYOpyroe CTONKHOBEHWE JBYX aTOMOB (CTOMK-
HOBEHIIe BTOPOTO PpOJia), COIPOBOKIAIOIIEECH IIEPEXOXOM
9Hepruu BO3OGYJKIEeHMA OT ONHOrO NAPTHEPA K JPYLOMY.
Hpepnomoaus, uTo ABa 3AeKTPOHHBIX TepMa Hepecera-
0rCA B HeKOTOpoit Toure R, Momuo oxugars, 970 MMeEH-
HO B 3TOH TouKe (TOUKEe COBIAJOHHA 3HAYCHOH MOTEHIUA-
108U, = U,) BepoATHOCTL Iepexofa MaKCHMAJbHA, TaK
KaK 37ech Iepexoq MOT OBl OCYIIECTBUTHCA KIAACCHICCKUM

o6pasoM.
| Beigenrum u3 cucremsr (2.4) 7Ba ypaBHeHHUS, WIS KO-
TOPHIX NPENTIOIAraeres Mepecetemie TepMOB, I UpepcTa-
BHM HX B cneuylomeM BHJIE:
(h%/2M) uy + (E + Fyz)u; + au, =0, (17.1)
(h2/2M) uy + (E + Fyx) uy -+ au; = 0.

3necsr a — MATPAYHSBIA BAeMeHT Baaumojeicrsusa, F,
F,— cannt B rouxe z =0 mepeceuenus trepmos; E — sHep-
TUA, OTCYATHIBAEMAH OT DTOH TOYKH.
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B macrosmiee BpeMsa MBI He pacrmonaraem oGmuM pe-
mennem cucreMsr (17.1). Pemenuve maiifenmo TONbKO AIA
YaCcTHOTO CIyyas, KOIJa TOUKA IepecedeHusd TePMOB I TOU-
KH HOBOPOTA HAXOMATCA JOCTATOYHO NAlleKo [pYyr oT JpY-
ra [2]. Jlma MemTeHHBIX ATOMHBIX CTOJNKHOBEHWI Takoe
yeloBue sABJIAeTCA HeymosiersopuTenbubiM [3], m moromy
TIpecTaBAAeT HHATEpeC NPUOTUIKEHHB MeTOX pelmenusd
cucremsr (17.1), mMemyeMBIil KJIacCHUeCKUM IUIH IIOIY-
rknaccmuecknm upubmmmenneM [4]. Cymmocrn artoro me-
TOHA COCTOUT B TOM, ITO JABIJKEHNE ANED PACCMATPHBAETCA
KJIACCHYECKH U BBOJUTCA HEKOTOPAs CPeIHAA TPAeKTOPHS,
mapaMeTphl KOTOPOIl COOTBETCTBYIOT HEKOTOPHIM CPEXHUM
XapaKkTepHCTHRAM JIEKTPOHHEIX TepMoB. llomyrmaccuue-
¢Koe wpulimmeHNe SBIACTCA BeChbMa HHTEPECHLIM MeTOo-
TIOM DelleHHusi PaccMaTPUBaeMO# 3afladyl, ITOCKONBKY IIPH
OIpeIeeHHBIX TPAHUYHBIX YCHOBUAX W IMOCTOSHHOM MAT-
PHYHOM -~ BieMeHTe B3aUMOJEHCTBAA I1I0KARAHA TOJHAS
SKBYBAJIEHTHOCTH IMOJYKIACCHIECKOTO W KBAaHTOBOMEXAaHI-
TecKOro MerTooB pacuera [4].

Cucreme cBsasaunbIix BOTHOBEIX Yypasmenuil Ilpemmn-
repa MOKHO IOCTABUTL B COOTBETCTBIC CHCTEMY CBA3aH-
HBIX OCHUIANATOPOB € YACTOTAMN, 3aBUCAUINMU 0T Bpe-
MEHH,

a oy (t) a; = aa
1+ 1() 1 2 (172)

;1'2 + 03 (1) ay = 0ay.

duepruu E orsevaer Heroropoe ofniee A1g 06OMX OCHHII-
aAgTOpoB cpepuee sHawenme wactorel. Cueremm (17.4) m
(17.2) coBmamamT ¢ TOYHOCTRI @O Hepeoo3madeHHIT,
H BCA WajaraeMas HIJKe TeOpHA Moria Obl OBITH Ipofe-
MOHCTPUPOBAHA Ha CHCTeMe CBA3AHHBIX OCHULIATOpoB. Ho
HCTOPUIECKH CIOFKHUIOCHh TAK, YTO BCE OCHOBHBIE DPe3yib-
TAaTH OBUIM IOMYYeHH B KBAHTOBOW Mexamuke. 3yech ke
fblIa jaHa JOBONBHO IIpoCTAs M HATAAMHAS TPaKIOBLA
OCHOBHBIX IIONOKCHUI TEOPHM B TEPMHUHAX IOAYHKIAcCCHYe-
cxoro mpubmmxenusa. [losroMy MBI cuataeM ueidecoobpas-
HBHIM OCTAHOBUTLCH HMEHHO HA KBAHTOBOMEeXaHHYECKOI
saflade kak HamGosee ymoOHol dopme maIoReHus ofnmei
TeOPUH HeaguabaruvIecKuX MepeXooB.

Buepsble aHamnTHYecKoe BEIPAYKEHUE JIA BePOATHO-
CTH TAKOTe mepexojia Owniro moaywsemo Jlammay [5, 6].
B cBomx paGorax oH paccMOTped IpefeNbHEBIN CIIy9Yail
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cnaboit csasu. 3umepom [7] u IlroremsGeprom [2] ma
0CHOBE IIOJMYKIACCHYECKOro OpHOIMiKeHns ObLI PaccMOT-
peH TIpelenbHBIT ciayvali cumbHON cBssu. OcHoBHON De-
3YyABTAT [UIA BEPOATHOCTH IEPexojla HOCHT HasBanme op-
myiast Jlarnay — 3unepa.

B nocmemmee Bpema aeropwl paAma pabor (cM., mampu-
mep, 13, 81) mmrrammes pacumpurp 06aacTh MPUMEHUMO-
et opuynsr Jlannay — 3uHepa, oOrpaHHTeHHYI TPU mep-
BOHAYAJXBHON ee QopmynupoBre. KpoMme Toro, umeercs
GOJIBIIOE KOJIMIECTBO KOHKPETHHIX DIEMOHTAPHBIX IIPO-
IIECCOB, CeYEHVH KOTOPHIX PACCUITAHBI ¢ TTOMOIIBI0 TEOPHU
meapuabaTuueckux riepexomoB. OuyGIUKOBAHHAS HeJABHO
monorpadus [9] maer momHoe mpencraBiIenme 0 COCTOAHHM
MAHHOTO BOTPOCA B HACTOSMIEE BPEMS.

B macroamieit miase Hac OyJeT WHTEPeCOBATH TOMBKO
METOJUYeCKas 4acTh, KOTOPAs, KAR OTMeYeHO BEIIE, HPey-
CTABIACT He MEHBMINWN WHTEpec, HaUpHUMep, AIA 3a7a9u
0 CBABAHHBIX OCHUITATOPAX.

§ 18. NMonyknaccuueckoe npubGnuKenue

PaccmorpuM MefenHOe [BUKeHNe AAep KAk KIac-
cuvecKoe, a DIERTPOHHOE ABIKEHHE TaK, KAK DTO NPHHI-
TO B KBAHTOBOH MexaHHKe. 'TOrga B HECTAIHMOHAPHOM
poxuosoM ypasmenmyu llpepmurepa

ROV (r, 1)/0t = H,(r, R(t) ¥ (r, t) (18.1)

TAMIDTHTOHMAH ORA3BIBAETCH 3aBUCANIAM OT BPEMEHH, UTO
06ycoBIeHo0 BpeMeHHGI 3aBHCUMOCTBI0 SAMEPHBIX KOOPKA-
nar R(t). Tlepemennass r 0603HaYaeT COBOKYIHOCTH KOOP-
OuHAT »AeKTpoHOB, Peimenue ypasHennms (18.1) mmercs
B BHUJ{e TaK HasblBaeMoili Heajuabarmyeckoii QyHKIMH

W (r, 1) = Db (1) exp|— (@) | Hun(R)dt| 90 (r, R).
| 2 |
(18.2)
BII,GCL Hnn — JHATrOHaJILHbLIe 9JJdeMeHTHl TraMUuJILTOHHAH&

ﬁe(r, R(t)) B Gasuce agmabarudeckux QYHKOui ¢, AB-
| nABUXCA cobeTBeHENMU PYHRUMAMY ontepatopa H.(r, R):

T H(r, Rgulr, R) =U,g.r, R), (18.3)
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rfle BpeMsa (urypupyer TOILKo B Bume mapamerpa. Ilop-
crapiAa Heanumabatmueckyio Qymrmmio (18.2) B mecramuo-
HapHoe ypasHenme (18.1), momyumm cnenyromylo CHCTEMY
YpaBHEHHIT fiia Roa(b(bmmemon

ihby = 3 [H o — i5(3/08)nm] X

t
X exp [_ @) § (H e — Ho) dt] B (18.4)

B pganpmeifinieM MBI OTPAHAYUMCH TMPUOIH;KEHIEM ABYX
COCTOAHMI, KOrfa yYuThiBaercs HeamuabaTmdyecKas CBA3D
TONBKO MeRAY ABYyMA aiaeKTpoHHBIMH TepMamu. Torma He-
apumabarmyecKas (PYHRUMA AMTPORCHMHEDPYETCS BHIpasKeHM-
€M BHIA

i
W (r, 1) = a () exp L @m [ U dt] 9. (r, B) -+

t
4 ay () exp [— i/h) [ U, (R) dt] 9. (r, R), (18.5)

THe Q12 — agmabaTayeckue DICKTPOHHbIe (YHKIWH,

Hasee mac GymyT HMHTepecoBaTH IEPEXOMBl MEMKIY CO-
CTOAHAAME JUCKpPeTHOro cmerrpa. OmIpemelaiomyio poinb
JUIS BePOATHOCTH MePeXoja MIPaeT TOYKA, B KOTOPOHl Npo-
mecc MOr OBl OCYIHIECTBUTHCS KIaccmuecKuM obpasomM. Yec-
JIOBEE RIACCHYECKOH OCYIIeCTBEMOCTH Iiepexofma tpebyer
paBeHCTBA IOTEHOWANHHBIX DHEPTHIA,

Ecrm Memuy COCTOAHMAMHE CHCTEMSI €CTh Iepexojsl,
TO IlepecedeHUe ypoBHeil mcuezaer. B camom jere, mpem-
TOJIOEM, UTO MOMHBLA amuabaTuYecKuil TraMHJILTOHHAH

He MOMKHO IpeacTaBUTh B BHEe HEKOTOPOro Hy.]IeBOI‘O ra-

' MEJBTOHMAHA ¥ HeDOONLIIOro BO3MYITEHHS H H0+V
Hpome Toro, momycraM, 49TO TePMH HYJIEBOr0 TaMUJIBLTO-

mmana Uj, mepeceraiorca B mexoropoit Touxe R,. Marpu-
Tia raMunsToEMaHa M. B Gasmce QymrmHAi oY 7 @) mmeer

B
' '(Hn(R)\ le(R)>
Hy (R) Hy(R))

.

(18.6)

a ee cOOCTBeHHBIC 3HAUCHUA
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U, .=U(R) £ AU(R),

U(R) = (1/2)(H,, — H3,), AU(R) =
= (1/2)[(H — Hy,)* +41 H 12112,

Pasnocts aguaGarmueckux smHeprmit AU(R) ompepensercs
Benmumaof pammkaga B (18.7). Tak uro MUHHMaIbHOE
paccToaHNe MeMKAY YPOBHAMU

AUnia = 21Hu(RD]. (18.8)

TaxuM o6pasoMm, eciu MeLY COCTOSHAAMYU JUCKpPET-
HOTO CDeKTpa BO3MokHHI mepexomsr (H,, #0), To TepMs,
COOTBETCTBYIOIME OTUM COCTOSHEAM, He IEPeCeKaloTCH.
TeM He MeHee MBI COXPAHHM TEPMHUH «IepecedcHue Tep-
MoB» (Tak Kar 5TO IPUHATO B KBAHTOBOH MEXaHHWKe), X0-
TA B JeHCTBUTENBHOCTA MORHO TOBOPHTH TONBKO O TOUKe
HauGombiiero COImMeHUsT TepMOB. BOausm »Toii TOIKRM
MokHO pasnomuts U, — U, mo cTenensaM Majioii pasHOCTH
xz =R — R,, mauncas

Uy—Uy=2(F,— F)), F=~—(0U/dR)z. (18.9)
Torma AU = [(F,— F,?a® + 4H%, (R)[Y®.  (18.10)

Jlua cupasequBOCTH TPUBEJEHHBIX (OPMYI Heo6XomuMa
Manocts AUpp [0 CPeBHEHHIO ¢ PACCTOAHUEM [0 APYIHX
TEPMOB. _ . '

(18.7)

§.19. CBA3b NONYKNACCHUECKOrO PeLIeHHS
€ TOYHBIM

IIpenmmonoKAM, 9TO B TOUKe MEPECEYeHHS TePMbI MMe-
0T HaKIOH ofgHoro sHaka (F.F,>0) [4]. O6paruMes K cu-
CTeMe CBH3AHHHIX BOJHOBEIX ypasHemumii Ilpemummrepa c
HepeceKaIOII[I/IMHCH TepMaMHu:

(R*/2M) uy + (E + Fyz)uy + au, =0,
(h2/2M) ug + (E + Fyz) uy + au, = 0.

3necs @ — MaTpHUHHIA dleMeHT BaauMojeiicteus; E =
= Mv*/2 — smeprus, orcunrsiBaeMas oT - Toukum z =0,
B KOTOpOIi IepeceKaloTCA TEPMBI HYJIEBOr0 TPUOIMAKEHUI.
Beegem eme pag oGosmavenwmii:

(19.1)
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AF = F,—F,, F—(FF)1?, E' = 2ME/h
o' = 2Ma/h?, Fp,—=2MF,/h* (n=1,2), (19.2)
AF' = Fy—Fy, F' = (FFy)'".
Benrnuuna F apnsgercsa meiicTBUTENBHOH, MMOCKOABRY B TQU-
Ke TepecedeHMs TepMBI MMEIOT HAKJIOH OFHOTG 3HaKa!

‘Pemenwe cucremsr (19.1) mmem B Buje Clegymwilero
KOHTYPHOTO HMHTErpaja:

FiF) (3
Up (x) = '[/15 gexp[ikx— i-—(—EIFi,—Fi(%-ﬂ E’k)J X
h 12

X —f= @ (k) dE, (19.3)
V F,

e [ — KOHTYp, Ha KOHIIaX KOTOPOTO IIOJBIHTETpalbHOEe
BEIpasKenne obpamjaerca B uynb. [as gymsmmiz ¢,(k) mo-
JYYA0TCA YPABHOHHS
i0q,/0k = [AF'/2(F")*)1(k* — E" ), — a’@,/F’,
(19.4)
0@/ 0k =[AF'/2(F' )1 (k*— E" )@, — '@ /F’.

ApuaGaruyeckoe mpubimmxende mia QYHROAR ¢, TOTyda-
€TCA W3 HTOH CHCTEMBl NpPW AUATOHAIWZAIUU IPaBOH dYa-
cta (19.4). B sroMm npubamKeHAE Iepexofbl Me:KIy cO-
CTOAHUAMH OTCYTCTBYIOT, a [BUMKEHNE HJIep TpPOUCXOTHT
[0 UCKayKeHHLIM TepMaM.

Bsoga morywo QyHKIHIO M apryMeHT

Ay =@, exp[£/2)(F)-2 AF - (K*/3—E'k)], t=hk/F,

' (19.5)
waxoguMm u3 (19.4) crepyromyio cucteMy ypaBHCHHII, COB-
TAJa0myo ¢ YPAaBHEHHAMHA KIACCHYECKOT0 NPHOIMKeHuA:

iA.l = —(a/h)exp [zy—AE—Eﬂ dt} 4,,

. t (19.6)
id, = (a/h)exp [i X_A.F_:(_) d_t] 4,
z() = Fe/2M — My /2F.  (19.7)

Cmemas Havamo OTCIeTAa BPEeMEHH, MPEJCTABUM TPAaeK-
Topuio (19.7) B gopme z(t) = vt + Ft*/2M,. Herpyaso Bu-
JileTh, YTO BTOPOE CIaraeMoe ecTb He 4YTO0 UHOe, Kak pe-
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3yAbTAT YCRODEHNA M300pasKaomedl TOYKM IpH TPOXOK-
geEmE 00JacTH CHIBHOTO HeagmabaTHuecKOTO B3aUMOZeil-
cTBHA. '

Pemaa cucremy (19.4) Ges yuera BzamMopeiicTemsA,
MOKHO IIOJYYUTH TJaBHEE WIEHBI ACHMIITOTHYECKOro pas-
JTOREHNA @y

Q1,2 ~ C1, 20xp [Fi(F')2AF'(K*/3—E'E)].  (19.8)

Ilycrs ¢, — BHAYEHNS KOHCTAHT NpH % —> o MW Crp—
X 3HAUeHHWA npH k — —co, Ilomeranosra (19.8) 5 (19.3)
I WCCIETOBAHME ACUMITOTHYECKOTO IIOBefeHWs U,(x) mpu
2 — c TOKa3hkIBAaeT, 4TO 3SKCIOHEHOUANbHOe YOHBaHUe
u,{z) mpum z-— —co TONyUaeTCA TOJBKO B TOM CiIyuae,
ecId B KauecTBe KOHTypa | BHIOpATh IpAMYI0, Mapailielb-
HYH PEATbHOH OCH U CABHHYTYI0 B HIKHION IOIYILIO-
crocTh k. Torna mpum x — ©© acCHMITOTHYECKOE TOBEJCHUE
u.(x) ompeperuTCA [OBYMS TOYKAMH Iepesaia Ky ==

+ (Fpz 4 E'Y? 5 (19.3). Hpu z— o moxysaem k| —
o0, JTO ONpPABIBIBAET MCIIOAH30BAHHE ACHMITOTHR
(19.8) Bmecto TounBIX yEEUEA @,(k). Beruncrenne (19.3)
opu x — % jaer - ‘

u,(z) ~ ick (Frz)™"*.exp [(2i/3) (Fn)Y?%2"? + in/4] +
+ dcy (Frz) ™4 exp [ — (21/3) (F )22 — iny4],
n=1,2. (19.9)

3amaEMesa TPAHUYHBIME YCIOBILAMIE, IOJI0KHB Cy = 0,
Icl_ =1. W3 acumnrorurn (19.8) sugmo, uro lc;fl =
=g, (Fo)l, 1. e. |cf P= |A(Fo)[2, Taxum obpasonm,
cucTeMa BoaHOBRIX ypasHenuit (19.1) ¢ yrasammsiMu BbIIIEe
IPAHNYHEIMI YCIOBUAME IIOAHOCTLIO HSKBHBRJIEHTHA CHUCTE-
Me (19.6) ¢ mavampEEIMM yeaoBuaMu  A,(—w) =0 m
|A,(—o)| =1, xoTopHIe ompeneNANT 3a7aUy O HAXOMIE-
HUU BePOATHOCTH HeagmabaThueckoro mnepexofga Py »=
=]A4%(+)|? B moTyRIACCATIECKOM NPUOIIIKEHU.

§ 20. BzaumofercTBue BOJH
KaK BO3MmyuieHue
B macrosimem naparpacde paccyMTHBAETCA BEPOATHOCTH
HeanuabaTHIecKoro mepexofa iIA CHCTeMHl ABYX aTOMOB

B toM ciayvae, KOrga pacuiedjeHWe TepMOB MaJ0 H HM
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moxHo upemebpeus [3]. [las storo meoGxommmo, 4TOOHE
pasmocTh 3 PeKTHBHBIX CHI, AeHCTBYOMHAX Ha ANpa, Gbr-
Ma Mala IO CpaBHEHHIO ¢ camMuMu cumaaMa (AF < F).
ITpemnomo&uM, 9TO UEepexof OPOUCXOTMT BOMMSE TOYKH
IOBOPOTA, TaK 9YTO, WCIOIB3YHA HOTYKIACCHYECKOE  IPH-
GiMkeHNe, TPAGKTOPHIO MM OMpeNlelNM U3 YCIOBH
(19.7).

BocmonnsyeMcsa MeTOOM TEOPHH HECTAIHOHAPHHIX BO3-
mymenuii [10]. BepoaTHocTsr Iepexofa B IepPBOM IIPH-

OauKe U
2

[~

¢

{ aexp [(i/h) Lo, —uy dtl] dt
roe U, u U, — nepeceraoniuecs: TepMel. Ecnu TOM0KUTH
U—U,=AF -2, 10 unrerpax (20.1) ¢ yuerom (19.7)
MOJKHO BHIPA3uTh uepes Qymriuio Jiipu. Omyckas mHe-
CIOYKEBIE BHIKJIAIKO W BBONA yHoOHBIE OespasMepHbie ia-
paverpst b = 4alaM)?h(AF - F)'* u &= Mv*/AF/4aF,
MOy YAM

, (20.1)

P1,2 = (th)

Py o= nb PO —eb*?), (20.2)

e @ — Ppymwriua Ifipu. TpeGosamme caabocTH BOTHOBO-
I'0 B3aUMOMeiICTBHS BHIpajkaeTcs B BHie ycuosms b < 1.
B mpeneapHBIX enyuasx GOABNIUX OTPHIATENLHBIX U IIO-
NOJKUTETLHBIX apPIyMeHTOB (YHKIUW OJHpH BHIpaXkeHue
(20.2) paer

b 4ma®

2/3
Vi

7
2

P1‘2 - (20.3)

fas b

4 . .
TWGXP[_ ?b18l3/21¢8b2/3<<1,

IpuYeM B EPBOM U3 BTHX PABEHCTB IPOBEJEHO yCpejHe-
HEe OBICTPO OCHWIIMPYIONIEH BEPOATHOCTHA IO MAJOMy HH-
TepBaixy smeprumum. IlporusBomoroskHoe yeiaosme |eb*?| <1
OTBEYAET CIy4aio COJMIKEHNS TOYKH IE€PecedeHus I TOUKH
nmosopora. Ilpm stom @*(—eb*®) ~1 u BeposaTHOCTH HEpe-
XO0fa OKa3EIBAETCS IMopAfKa wb™/>,

§ 21. ®opmyna Jfanpay — 3uuepa [10]

Ob6cyssmaemas B HacroAmeM naparpae MOmelp He-
amuabaTHdecKoll CBA3M ABYX COCTOAHUI Obijla IepBOfi mo-
IBITKOM oumcath HeajgmabaTuvecKoe -B3auMojeficTBHe B
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pebonbmioll o0racTH, MeMATOMHBIX pPacCTOAMME BOIM3M
KBasWIepecetweHNA MIU OEPecevyeHns TepMoB. PaccMoTpHM
3Ty IUAPOKO UCIOJL3YEeMYI0 MOMEIbh HA OCHOBE IIOXYKIAC-
CH9eCKOT0 TIPHOIHKeHHS.

B oxpectmoctn TOUKM TiepecedeHHA TEPMOB CKOPOCTH
agep OymeM cumTars moCcTOAHHEIMH, MEnME crosamu,
mpefnoaraeTcs, 4T0 B HETEpBajie CHIBHOR CBA3H BOIH
" pHeprusd A7ep MeHAeTCA He3HAYUTeINbHO:

mv*/2 > F.8R. (21.1)

Ypasrmenns (19.6) GymeM pemars, BeipaB B Kauecrse
rpaEnuEHX  yemopmin A,(—ow) =1, A,(—)=0. Torna
A,(0) ompemenur BepOATHOCTH INepexofa M3 OJHOTO CO-
CTOSIHUSI B JPYTOe Ioche IIPOXOKIEHUA B30HH Heayuaba-
TAYECKOTO B3amMofeiicTBusa. Eclam ke 3ra 30HA IPOXO-
IUTCA FBARAHL, TO IEPEXON OCYIIECTBUTCA C BEPOST-

HOCTBIO .
W =214,(00) 21 — 145(e0) |71, (21.2)

Ilpu oroM MBI IpefmonaraeM, 4To obIacTm HeaguabaTmu-
HOCTH HAXOJATCH APYT OT ApYyTa HA JOCTATOYHO OOJBITOM
PACCTOAHNY, TAK 9T0 MX B3AUMHBIM BINSHHEM — HHTEpP-
depernueil — MOKHO 1mpeHebpeub. K YKazaHHOE YCIOBHE
pMecte ¢ ycaopuem (21.1) mpeacrasuserca B Bupe

_ (1/7&)5{2]14[ My n(R)]}de>>1,
AS = |8, — Sy|> 1. (21.3)

OrMeTnM, 970 B paccMarpuBaeMoM caydae rpusbie U,(f)
u U,({) mepecexaiTca B MHEMBEIX TOUKAaX

16" = (£ )2 Hyl [|Fy—Fylv.  (21.4)
Ilpn Goaprmux 1m0 abCOMFOTHON BETHYUMHE OTPHIATEND-

HBEIX sHaueHUsX ¢ Koaddumuent A,(t) umeer (KBABMKITAC-
CHYECKHUIl .10 BPeMeHU» BUJ

t .
Aty =oxp|— (/) [ Uy @wat|. (215

Hepeﬁnem C JEeBOH BeUIECTBEHHON IOAYOCH B IJIOCKOCTH
" KOMIITIEKCHOIO IepeMeHHOro ¢ Ha IpaByI0 IIOAYOCh 10 KOH-
TYpPy, Ha KOTOPOM YCIOBUE KBABWKIACCHYHOCTH BHIMOMHA-
erca sesme. Ilockoubky U, < U,, mepexon moJLHeH coBep-
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matheA B Bepxmeii moxymmockoctH (¢ oGXOmoM  TOIRM
tF). Tocme obxoma A,(t) mepeiiner B A ®, mpuieM.

| 4, (c0) P = exp{ (2/%) Im j AUdt} (21.6)
1

Ide B KadeCTBe {, MOKHO BHIGpaTh 06yl TOYKY Ha Be-

DiecTBeHHON ocu, mampumep ¢, = 0. Yuurwsas (21.1), co-

raacuo (18.10), umeenm

U= [(F,— Fy) (vt — 4HE, ]2 (21.7)

3amersas AU B moxazatede srcrodenTsl B (21.6) ero BoI-
paxennem (21.7) u mHTErpUpysA, OKOHUATEIHLHO IIOLYTHM
dopmyny Jlamnay — 3umepa

W =2exp (—218)[1 — exp (—278)],
8= H2, |ho|Fy'—F, . (21.8)

BepoaTHOCTh mepexofa CTAHOBUTCS MAJOf KAaK IPHE GOTb-
IuX, Tak ¥ npu Maabix §. B mpepmere Mamkix § BMecTo
(21.8) mmeen

W = 4nH 3 /lv | F, — Fy|. ‘ (21.9)
Nz (21.9) Bmpmo, Wro XapakTepHoe BPeM#A HAXOMKIEHNI
aToOMOB B 30He CHIBHOT0 HeaquadaTHIecKoTo B3auMofeil-
creus npomopmmonaxbuo |H\/|AFlv, a pasmep meamna-
Gartuuecroit 308l — H,,/AF. YumTHBasg 510, MpercTaBUM
B TIEPEMEHHBIX &, b ycioBue GombImoii pasuocty ¢as u yc-
JOBYE OTCYTCTBMA WHTePQEpeHINH aMIUIATYN BEpOATHO-
cru (21.3) B caepyoomeM Bue:

S=0be**>1, e > 1. (21.10)

ITH YCIOBHA OMPeNledA0T 06JacTh TPUMEHUMOCTH HOPMY-
asr Jlagmay — 3umepa. 3amermm, 4Tto opMysaa IpPEMEHH-
Ma M B TeX CIYyYadAx, KOrJa YCJAOBHEe KBASHKIACCHIHOCTH
MOseT OBITH HapyIIeHO.

§ 22. CunbHoe B3aumogeicreme [3]

Hng ompefielenus BepGATHOCTH mepexoma rpuw b > 1
(Gonpmoe pacimemnenne) HeoOXOAUMO B HYIeBOM mpubmi-~
JKeHUH HCXONUTh u3 aguabarmueckux Ppymxumit W,, Hail-
JIeHHBIX C Y9eTOM DAaCIlelUIeHus. It GyHRIUA BEIpasKa-
0TCA B Bm(e nuEeHHEIX KOMOMHAUH HEBO3MYINGHHBIX
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GyuROUE @, [uaronamusupysa marpuny (18.6), maxommm
aguafaTnyeckne (QYHKIUHA TOYHOrO TaMHIBTOHEATA

W, = [g, cosy + @, sinyl exp [—(i/7) ‘gEidt],

W, =[—p;siny + ¢s cos yl exp [—(i/h) szdt), (22.1)
= (1/2) arctg (2/y), y = AFz/a,

rne E, u B, — 1epmol ¢ yderoMm pacimemienus. Heapgmada-
toueckaa Qymrnua mmetca B Bumge A,(DW, -+ A,({#)W..
Pemenne B mepsoMm npnﬁmlmefmu ¢ HAYANBHBIMI YCIO-
BusiMu A,(—) =1, A,(—) =0 mpexpcraBagerca Kar

oo

ey(o0) = | yoxp|m) | (B, — Epat)ar. (22.2)

TlopcraBuga cioga B, — E, = [4a> — (AFz)*1** n samemas
nepeMeHHYI0 WHTeTPUPOBAHUSA, [IONyYaeM '

+oo z
ey (00) = —:[o 1_4(@;;_—872 exp ibé‘ V1 -+ (22 —e)? dz) ag

(22.3)

Ina npubaumennoro pacdera droro maTerpaia [10]
CMEeCTHM MyTh HHTETPUPOBAHHA B BEPXHIOK IONYIIO-
CKOCTh KOMIINIEKCHOM IIepeMeHHOH mo Oamkaiineil 0co-
00ii TOUKHM HOABIHTETPAILHOIO BBIpasKeHUA 5o, B pesyapra-
TE NPUXOEHM K CICTYIOMEMY BEIPAKEHUIO mm BEPOSITHO-
CTH 1epexofa:

¥ !
Pl,ngexp{ZReibj (14 (22 —ePlv2dsf.  (22.4)

Unrerpan (22.4) momer Omirb BmpameH gepes TIOAHEBIE
HITUIITAIECKIE WHTErPAJBL 0T KOMILIEKCHOTO MOMLYISA, €9TO
IaeT BO3MOJKHOCTH TOMHO BRITHCINTH ero Bexmuuny, [Ipen-
SKCIOHEHTWANbHb (akrop B, cmaGo sasmesmuii or e,
MOMeT OHThL Halifled B pesynbTaTe pelleHNsA CHCTeMBI
(19.4) BOamsm myseir mopbHTerpabHON Qyurmum (22.4).
B paccmarpuBaeMoM ciaydae TaKHX TOYEK 4eTHipe I OHII
PaCHoNOKEHAB CHUMMETPHYHO OTHOCUTENBHO MedCTBHTENb-
HOII ¥ MHUMOH ocH Zz.

PaceMoTpuM TpefeNbHEIA cIy4ail, KOTHA MOMKHO Y4H-
TBIBATh TONBKO OJHY Iapy TO4YeK BeTBIeHHA g < —1,
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lel2pte > 1 [4]. B6JIH3K k=7YE Bemauny Ky — E MO- .
'HO IpeJICTABUTE B BEfE 2VE(k — YE). Bsoxs moByio Iie-
pemenuyo 1 = k — VE, nepennmen ypasuenua (19.%)
clegyiomuM o0pazoM

idg,/dn = ang: — Bs,
. (22.5)

id,/dn = —angs — BQy,

rme o == AFE'Y*/F* B =a/F. Vicximiouas ¢,, cBejieM CHCTe-
My (22.5) X OZHOMY YPaBHEHHIO

di/dn® + (B — o — a™n) g, = 0. (22.6)

3amena = 1(2a)"? mpEBOAUT K M3BECTHOMY YPaBHEHHIO
Be6epa -

d/de? + [Bo/20 — 1/2 — E/4lg, = 0.  (22.7)

B ra. 11 MBI yie CTAIKMBAJNCHh ¢ TAKMM YpaBHeHHEM B
3ajave 0 IPOXOKIeHNE mapabGommuecroro cmos (em. § 11).

pemsrcnonermanbabit GarTop, MOMIyIeHBEIH B 3a7a-
Ye 0 IPOXOHTeHNH MapabojindecKoro CJIO0s, COOTBETCIBYET
daxropy B B paccmMarpuBaeMoit 3amade. B mepeMeBHBIX
e, b on mpeacTaBIgeTCA B BUAE

B =2n8[l(1— 8)]728-2° - exp (26), 6 =10/8e'". (22.8)

Hocne  mpeoGpaszosanusn  I'-pymxuumm mo  Qopmyie
T{z) T4 — ) = n/sin(nz) npmmem ® caegyoueMy BHIpa-
smenuo g B:

B =276 - sin® (n8)T(8) - 8¢ - exp (28). (22.9)

Ilpm 6 <1 maxogum B = 2nd, 4to COOTBETCTBYET pesym)—
TaTy, HOIy4eHHOMY II0 Teopuu BoaMmymenumii (cM. § 19).
Mpu 8 > 1 momuo TpoBecTH ycpefHEeHNe IO OCIMILIALE-
sM, npan atoM B =2 B cogrBercrBuE ¢ Qopmyroit Jlam-
nay — 3uHepa.

[}
§ 23. Tepmbl pa3HOro HaknoMa

Paccmorpny curyandio, korja HaKIOHEI TEPMOB MMe-
T passsie sHarm (F,F,<<0) [8]. Pesyabrare, ormOCSH-
Iqgecs K JAHEOMY CIyTalo, MBI HITOKEM (olee KPATKO,
OCTaHABINBAACH JIHNIb HA OCHOBHEIX COOTHOIEHHAX.

bl
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Cucrema, amamormunas (19.4), mespmutona B oTaMule
or crydas F.F,>0, mosToMy KIacCHYECKYI0 TPAEKTGPHIO
BBecTH Henb3g. Eenm B cioyuae F.F,>0 HHBAPHARTHBIM
ABIANOCH cooTHomenme (cm. § 16)

A, (B + 14.(k)|* = const, (23.1)
0 Tenmeps, Korga F.F, <0,
|4, (k)*—14,(k){* = const. (23.2)

PaccysienneM, auaJiOTHYHLIM TPEABIAYILEMY, CBA3LIBAIO-
IMIM acHMOTOTUERE u.(z) npm |zl — o ¢ acuMmroTHRaMU
A.(k) npu |k| - oo, monyaum gra xosddunuenta orpaske-
must Q u mpoxoskmeHuA P BHIpajKenus

Q=1A4,(c0)|7% P =14,(c0)/A(c0)% (23.3)

Ecam k — —oo, umeem A,(—o) =1, A,(—o)=0. Hax u
P, .. B mpexsimymmeit samade, Q u P saBucAr TOJIBKO OT
IBYX mapaMerpos & m b. HalimeM BeposaTHOCTH™ OTpasKeHHA
H IPOXOKTEHUA IAA [NBYX CIydaeB: GONBOINX HHEPrHil
(e > 1) (mapbaprepHoe OTpaMeHme) M OYeHbL Ma’akX (&8 <K
< —1) (mopGapbepuoe mpoxosaeHue). :

Ilpn & > 1 pas oupemenenus Ko3QPUIUEHTOB OTPAsKE-
HUSL M TIPOXOKIEHUA CYHmecTBeHHH [gBe ofmactu BO6im3n
k= =+E"* Pemas cucremy (19.4) TouHO B OKpecTHOCTU
PTUX TOMEK, MONYYNM

= +c0scp)/(1 + d + cos @), Q—d/(1+d+co(scp)
23.4)
d = exp (—4n8)/2[1 — exp (—2a8),

rme, Kar m pamee, §=0b/8¢'*; @ — upoussoarHan ¢asa.
B6musu ¢ =n(2n+ 1) mmeer Mecro pe30OHaHCHOe OTpa-
skenme, Ilpm aroM KodPPUIMEHT OTPAKEHHA COBIAgaeT
¢ nspectHoil opmynoit Bpeiita — BurHepa mas paccces-
HUA Ha KBasUcTamuoHapHoM cocrosamu [10] -

= (E3/4)/[(AEP 4- Eg/4], (23.5)
npuuem mupura yposaa E, = h|F,F,] exp (—2a8)/vAF.

Kospunuenr orpaskenus, ycpeXHeHHBIT 10 HeOob-
HIOMY WHTEpBAaJly SHEPIum,

0= | Q(@)de = (1/2) exp (— 218)/[1 — exp (2n8)]. (23.6)
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fa dopuyast (23.6) BujHO CyIIecTBEHHOE PAa3IHuMe OTPa-
JKeHI OT OJHOYPOBHEBOIO fapbepa u Oapbepa ¢ Bepxneﬁ
aguabarudeckoil kpusoit. Ecim B mepom caydae Q— 0
npu £ — oo, 10 anech npu K oo Q— 1.

B cryuae nmonbapneproro mpoxosinenus (E <—V, hyi (3
V — norennuanbusii Gapoep, obpasyiomuiica B pe3yabTa-
Te PACIIEILTeHNA NePeceKaIONTUXCA TePMOB) SKCIOHEHI-
QThbHO Majas BEPOATHOCTh IIPOXORASHWSA HAXOAUTCH TaK
3e, KaK B IPeIbAyInell sagaye:

2
F F
P = Bexp -ZX[IF[+—%—lx—

_[( ALz )2+ Vz]m}m dx|, @37)

Ige a; M @, — KODHU IOXGIHTEIDANBHON0 BHIPAKEHNA,
Hpenahcnorlema B, xotopas B crydYae OfHOH ajmabarm-
weCKOIl KPUBOH paBHA eNUHUIE, UMeeT BUJ

B =2n8%% exp (—8)/8{T'(8)I%. (23.8)

B cayuae wmamoro pacimemiieHUs MeKIY TepMaMu
(8 < 1) B=2nd. llpu 6§ > 1 monyuaem B =1 u npoEUK-
HOBeHHe WIET Kak 4depe3 ofHOypQBHeBsll Gapsep. Bumusa-
HIle BTOPOH afuafarudecKoil KPUBOH CKaspIBaerca IpPU
8§~ 1.

Fnasa IV
YPABHEHMSA TUNA
OPPA — 3OMMEPMDENLIA
§ 24. BeepeHne
B pane cxyuaes (cM mampuMep, § 3, 4), amamusupysa
KomebaHusg B HEONHODOTHHIX U CH&ﬁOI{HCCHHaTHBHBIX cpe-

AaX, MBI IPUXOAUM K HeoOXOIWMOCTH MCCIEN0BAHESA. Aud-
depeHIEATbHBIX ypPaBHEHHA YETBEPTOTO HMOPAMKA €O 3HA-
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KOTlepeMeHHHIM K0a((unueHTOM IPHU -BTOPOH ITPOMBBOIHOIL
ag'V — U,(z)g” + U,(z)p = 0. (24.1)

VccmefoBanuoo mMOA00HBIX YpPaBHEHHH IIOCBAIMIEHO [0-
BOJBHO MHOTO pabor (em., mampumep, [1], [2]1). Iru ypas-
Henua OOBIYHO HMEIT MAaJdblii IapaMeTp Iepen cTaplileil
MpOU3BOIHOM. JTO MO3BONAET PAa3AeNINThL YeTHIpe JIHHEHHO-
HE3aBUCUMBIX PENIeHUs Ha [Be TIPYIOb: GHICTPO MEHIO-
Iuecsd, TP PAacCMOTPEHNM KOTOPBIX MOKHO He YIHTHIBATE
YIEHBl ¢ HUBMINMH IIPOMSBOJAHEIMU, W MEJUIEHHO MEHSIO-
Iuecs, HOIydaollnecd U3 YKOPOUEHHOTO ypaBHeHHA Ges
yUeTa cTapIlUX ITPOM3BOAHLIX. PeIIeHNa PasHOro MacIlTa-
0a mepexojAT APYT B ApPyra B OCOOBIX TOYKAX YKOPOUEH-
Horo ypasmemusd. OGbiaHo 0COGHE TOYKE COOTBETCTBYIOT
pPC30HAHCHBIM TOYKaM. B HUX, HaOpEMep, MO;KeT COBIA-
IATh CKOPOCTH [BUJKEHHA CIUIONMIHOI cpefsl ¢ (pasoBoil
CKOPOCTHI0 BOJHEL

Buepsrie ucciemopanue penleHHI] B OKPECTHOCTH pe-
30mamcHOl Toukm OpuTo mpoBeneHo Baszosem [3] ma ocmo-
Be Meroma Jlamraca. 3ameruM, UTO IS PacCMATPHBAEMbIX
ypasmenuii Meroq BHDB, momonmeHHEBIA MeTOmOM Heompe-
neJeHHBIX MHOMRHTeneit [{Bawa, mosBomsier mOXYyYHTEH Ipa-
BuUI0 KBauToBamuma [4], mo ma ocmomse metroma BKD menn-
35T O[{HO3HAYHO CBA3aTh PeIIeHHsA II0 PasHbe CTOPOHBL OT
pesomancmoii Touru, Bomee ymoGem meron Jlammaca, mo-
3BONAIOININ OTHO3HAYHO MPOMOJIKUTE pelleHHe B peso-
HAHCHON 30He. ‘

IIpepcraBuM ypaBHeHme WeTBEPTOTO HODAAKA C JHHeH-
HEIMII Kop((PuIMeHTaMHI HpH 4YiIeHaX ¢ HYJIeBOH U BTOpOil
IPOMBBOAHOI B BHUJe CHCTEMBI JBYX YpaBHEHUI BTOPOrO
- MIOPAMKA, COOTBETCTBYIOIINX CBABAHHEIM OCIEILIATOPAM:

n 2 .
) 2 ay + kiay = aa,, - (24.2)
as + (k2x/L) Ay = Cally, Q3= — Qg = a. -

Crcrema (24.2) amamormuma cuCTeMe ypPaBHEHUI, paceMar-
pUBABIIeHicS B IpeNBIAyINeil TiiaBe B CBA3M ¢ HeajgumalGa-
THYeCKUMA B3aUMOJeficTBUAMI B KBAHTOBOH MeXaHHKe.
Oramame €OCTOMT B TOM, YTO B [JAHHOM CiAydYae IPaBLIe
- 9aCTH MMEIOT IPOTHBOMOIOKHEIE 3HAKM.

Eeau B cucreme (24.2) HCKIIOUATEL @y, TO MEI IPHIEM
K YPaBHEHHI0 4eTBEPTOr0 HOPAAKA ¢ IUHEHHHIMA Kod(-
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dunueaTamMu -
ar’ + (W + kL) ag + (akh3L 7" 4 of) @, = 0. (24.8)

IJT0 ypaBHeHHe TOAPOOHO mccxemoBano B paborax Epoxm-
Ha u Monceesa [5]—[7] ¢ momominio Meroma, mpemmoiReH-
Horo Basosmim [3]. Amammsupys samady o mpoxoymeHHU
Gapbepa THHHOBONHOBOK Momol (HA OCHOBe ypaBHEHHA
(24.3)), onu ofmapys;Kuiu, 4TO NpPH OIpe[eleHHBIX YCI0-
BUAX ROD(QQUIMCHT MPOXOMKICHAST MOJKET HOCTUTaTh ei-'
mrne. Ilpu sTOoM MIMHEHOBOIHOBAS MOJA "IEIHKOM IIPeod-
pasyeTcsi B KOPOTKOBOXHOBYIO (BOBMOKEH, KOHEUHO, W 06-
paTHBIT mpolece). Jror 3Qdert 0BT HAazBaH aHOMATIBHOIN
TpaschopMarmei.

Pemenne cucremsr (24.2) MOMKHO HCKATh METOHOM
BHE. Torga pgiia KBasuRIacCHY€CKOTO BOJHOBOTO BEKTODA
MOy duM

N

2¢% — k% + kL7 & [(KE — k2220 7%)? — 4a?]MR. (24.4)

Herpyaso Bupmerh, uTO ¢ y4eroM B3aUMOMeHCTBUA ~0a,

2 2
YMeHBITAaeTCH PAasHOCTD ¢t — ¢—. JTO 03HAYAET, 4TO B OT-
JiM4ie 0T KBAaHTOBOMEXaHNYECKOro CIydas B3auMOJelicTBHe
BOJH TPHUBOAUT He K PAacCIlelIeHNI0 KB3JPaTOB BOTHOBBIX

BEKTOPOB (% (fABISIOIUXCA AHAJOTOM TEPMOB), a4 K HX
COJTV3ReHHIO.

Eciu 651 mac wHTEpecoBaja TOXHKO 3ajada O IIPOXOIK-
JIeHHU BOJHL Yepe3 pPE30HAHCHYIO 30HY, TO ypaBHEHHe
(24.3) mosmmo0 GBUTO GBI PEIIUTH UCXOMS M3 DKBUBAICHTHOIM
cucremnl (24.2) tar ke, KaK B HpeAbIAyLIel Iiase, MOHK-
jKasd NOPANOK CHCTEMBI ¢ IIOMOINBI0 IpeoGpasoBaHUsA
Dypoe. B pabore [8], moceaniennoit HeajmabaTwaecKIMM
1fepexoqaM B KBAHTOBOH Mexammke, cucrema (24.2) (mpu
o = 03) pelmanach HMeHHO TakuM cmocobom. Opmaxo, mc-
I0Jb3YSA TAKOH METO[] PelleHHs, MBI He IOJydYaeM MOJIHOH
CHCTeMbl YACTHHIX PelleHnit paccMaTpPHBAEeMON 3ajaud B
oTindme OT MerToga BazoBa, IO3BOJAONIEr0 IOJNYYATH
TMONHYI0 CHCTeMY YacTHBIX pemenwmil, W cosxamesmio, Me-
Tog Baszosa pasBUT HOKA TOJNBKO I YPAaBHEHUH 4YeTBEp-
TOTO IIOPSANKA, MeRIY TeM MaJIeKO0 He BCAKYID CHCTEMY
IBYX ypaBHeHHi BTODOT0 MODANKA MOMKHO CBECTH K DKBH-
BAJICHTHOMY YPAaBHEHUI) 9eTBEPTOTO HOPAMIKA.
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§ 25. MpaBuna KBAHTOBaHMA

Hiaceuweckum mOpumepoM YpaBHEHMA cO 3HAKoIepe-
MeHHBIM K03(D()UHHEHTOM OpH BTOPOI HPOM3BOTHOH HBJA-
€TCSI H3BEeCTHOC B TEOPUH TUPOAUHAMUYECKON YCTOHIMBO-
ctn ypasmenume Oppa -— 3ommepdennna [9], comepramiee
MaJIHIil mapamerp Opu derseprofi mpomssoxmoit. Hac 6ymer
HHTEPecoBaTh B cIy4ae caa0oHEeO[HOPOAHOIl cpemsl mud-
depennuaibHoe ypaBHEeHHE

b’ — BUs(z, k, 0)¢” + Uiz, k, 0)p=0, (25.1)

tAe k, ® — COOTBETCTBEHHO BONHOBOH BEKTIOp W daCTOTA
BOJIEBI; [ — Majslil mapaMerp <«KBasUKRIACCUYHOCTH», YUH-
THIBAIOIMHY CcIabyo HEOJHOPOAHOCTE IO Z; ¢ — MAJbI Ha-
paMerp, CBA3AHHBII ¢ KOHKDPETHOH IIOCTAHOBKOH 3aJaun
(B ypaBmenum Oppa — 3ommepdenbja, HaIpuMep, o MOpPO-
nopouonantao msaswkocrm); U,, U, ~1, sza mcrmogyermem
MalIbX obuacreit BOmusu rouex, rae U, m U, obpamaiTca
B Hyas, OTMeTuM, YTO TPUMEHAEMBIH B MaHHOM Iaparpa-
e meroq BHE mapymaerca He ToabKO BOIN3H TOYEK,
rme U, =0 (86iu3E Takux ToYeK BOJIHOBOH BEKTOP JIBYX H3
YeTHIpeX JIMHeHHO-He3aBHCHUMHX pemenmi (25.1) cramo-
BUTCH MaiXbiM), HO Takse u BOMM3HM Touek, rme U,=0.
B cBasu ¢ sruM BO3HEHKaer 3ajava IPU ydIeTe YKa3aHHBIX
0cO0CHHOCTEH HONTYYUTH MPABHJIA HAXORIEHHA COOCTBEH-
HBIX 9acroT («IpaBHla KBAHTOBAHUAY) A (QEHHHTHEIX
pemenuii (25.1).

Haa ynmoGersa seifepem woEKpermmii supx U,, U,
(puc. 10). Pemenus (25.1) Bgamu or Touer moBsopora A,
B, O, O, orbickuBaIOTCSA B BULE ACHMIOTOTHYECKOTO PsSIA
oo MajoMy mapamerpy pY/*

B} .
1,2 = const-g7 5% exp [5‘1/2 j q1.2 (%) dx], (25.2)

Qg,4 = const-q,;,i/z-exp [[3_1/2 f gs,4 (%) dx], (25.3)
roe”  ge= [Uz/Z“ —(Us/4a? — Uyjari2]?, (25.4)
gs,e = &£ [Uz/za + (03/4‘12 - U1/°5)1/2]1/2-

D) Bupamenns (25.4) A DpeNPKCOOHOHIEANGHEIX MHOKH-
TeJleH COpaBe/IABH IPH T > ou’2,
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=Ux(U ~ 1), z = By. 310
OPUBOJUT K YPaBHEHHIO

. =2 IV __ ”
Puc. 10. BrGop opMEI IOTeHIHEA- ap~*e" — Uye” +
JI0B puaa ypasHenma Oppa — 3oM- +Ugp=0. (25.5)
Mepdeasna.

I
Y% Jlist monygeHus pemnte-
\\0 ; /// HMA BOIM3M TOUEK, TE
L 2 U,=0, nomaraem U,=
A\\\//B Uzl 2

Herpymeo sBugets, uTo BOIM3M TOYKH, B KOTOPOI
U, =0, cyumecrsyioT TOYKH, THe COOTBETCTBEHHO ¢;== (s,
g.=¢q. (rourm «mepeceueHusa» pemieHnii). BGiausm yxa-
3aHHBIX TOYEK CTPOTOe pasfeleHre «HQPMAIHHBIX» pelle-
amit (25.2) u (25.3) mempgy coboii, BooOGmie rosops, He-
BOSMOIKHO — OHHI «TPaHC(HOPMHEPYIOTCA» APYr B Apyra.

Qusnveckad KapruHa pelleHHsa 3a7ayl CYHIecTBEHHO
3aBUCAT OT BeAWYMHE mapaMerpa o/ Eemm o/p® <1,
10, Kak BumgHo u3 (25.4), paccrosmme MeMIy TOUKAMH Iie-
peceueHHs peHIeHWH Manad TO cpaBHEHWIO C AIHHONH BOJ-
Hbl Tepeceralonuxcs pemenuil. Tombpko sTor cayuait
HCCHENOBANCA IIPU H3YIeHHU IyaseiiieBCKOTO TeveHUsH
[9], a TakKe B cBA3M ¢ APYTUMHU (PU3UYECKAMHA 3afadaMm
[10l. Hpm s10M CBASHL MERAY pEITCHUAMEA @y, U s, 4
OCYIIeCTBIIAeTCA TOABKO B mepsoM mopsaxe mo ofB* (caa-
Gan cpasp). DUOUTHEIM pelIeHHSM B PAcCMATPUBAEMOM
CAYLae COOTBETCTBYIOT CISAYIONIUE IPABIIA KBANTOBAHIS
[11]:

0y

[ (UafoB)dz = (n+ 1/2)=,

% C (25.6)
| WU,z = (n +1/2) 7

Oy

HKauecTBeHHO HOBas KapTHHEA BO3HHKaer mpH o/B* > 1.
B »ToM cayuae BORPYr KaiKAOM TOYKH IIePECeIeHUS perie-
HUH BCerga MOKHO BBIJENUTH TAKyI0 o00JacTh B KOMI-
JEKCHOIl Z-IUIOCKOCTH, THie CIIPABEe[INBO «KBA3UKIACCHTE~
croey» upubmmxenme (25.2), (25.3) mna pemenus (25.5).
OueBupHO, YTO BOAUAM YKA3aHHLIX TOYEK peLIeHHe THIA
(25.2) mosger yKe B HyIeBOM HPHOIISKEeHWH TpaBCHOpPMH-
POBaThCA B pemIeHHe THIA (25.3) m mHaobopor (cmasmas
CBA3D).
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Pemenus ypasuemua (25.5) moayumm, IpuMeHAS Me-
TOX JIanJIgca:

o(y) = t-2 exp (yt — ap=2/3U + U./e0)dz, (25.1)

rie HHETerpail OepeTcA B INIOCKOCTH KOMILUIEKCHOTO IIepe-
MEHHOTO 00 KOHTYPY, HA KOHIAX KOTOPOT0 (YHKIISI
exp (yt — at’/3UB* + U,/tU) obGpaiaerca B HYIIb.

Pemenne (25.7), xar = ypapHemie (25.5), cupagef-
JauBo B obmactu y << B, Ilpm

t<y<p (25.8)

maa seramcxenus (25.7) MOMKHO BOCIHONB30BATHCA METOIOM
nepeBajla ¥ TOIYUYATH ClAeNyoIque 4YeTHIpe JMHEHHO-He3a-
BUCUMEIE peIleHus:

©; (y) ~ J'IZI/Z —1/2(U /ygf - aEi/BZU)—1/2Z;2 %

Xexpj g (1) dy (i=1,2,3,4), (25.9)

rue
q, 2 = £ (BU/200) [y — (y* — 4aU,/p20*) 7?12, (25.10)

s, « = =(B*U/20)* Ly + (y* — 4aU,/BU) 212,
Ucnonwaya (25.10), HonyqaeM pemenua (25.9) B sume

—~1/4 ) 5/4

exp S g: (¥) 4y,
(25.11)

®OTOPHIE COOTBETCTBEHHO mmepexomar B (25.2) m (25.3).
TouraMm mepecevyenus peHIeHHI COOTBETCTBYET

Yo = ia = = (4al,/pUY, (25.12)

U3 (25.12) u (25.8) cmenyer, wro mpm o/B*> 1, B co-
" INIaCHU O CKAsaHHBIM paHee, TOUKH Y, BCETJa MOTYT GBITH
OKpYsKeHHI, 06IacThio, Tle MOJKHO BOCIOJNB30BATHCA perIe-
muem (25.9), mepexogAmuM B KBasHKIACCHUECKAE pele~
g (25.2) m (25.3). B memocpencTmemHO# GimsocTm OT
TOYEK Y, KOHTYPHl B ILIOCKOCTH I, COOTBETCTIBYIOIIAE N~
HellHO-He3aBHCUMBIM pemrenuam (25.5), He pasmerdIoTCA
u HeoO0X0AUMO MONOJIHHTEABHOE HCCIe[0BAHME XapaKTepa
pemieHmit B Toukax Y,. Hac, ogmaro, sToT BOmpOC HE HH-
Tepecyer, IOCKOABKY A HONYYEHHA KBASHKIACCHIECKHUX
OpaBMI KBAHTOBAHAA MOCTATOYHO 3HATH IHpaBmiaa obxozxa

Q1,2 ~ (g) M * exp j gi (y) ay, ps,s ~ (gi
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TOYER Yo B KOMAJTEKCHOH Z-IIOCKOCTH,
BOCHOHLByeMCH ImpeacTraBlIeHAEM:

- - 2” 1/2 [(y_}_ m)l/..
—(y—ia)"?, y>0;
|27 [y |+ i —
l—(lyl—ia)m, y < 0;
T+ i) 4 (= i),
y>0,
+ 12—1/2 [(,y , + m)l/z 1_
+ (gl )], y<0.
IMoce aroro pememmsa (25.2), (25.3) masm (25.5) sammcsi-

BaIOTCA B BHJE

. v
o [ — w2 expl s { @) — wa ) ay}y>0),
P12 =

=+ [y — @2+ a0t =

=
[y+( 2+a2)l/2 1/2%
l

(wy — wy) ™ exp{i- jq(wl(lyl)— wz(lyl))dy}(y <0);
(25.13)

(w1 + w,) ™ exp {i § (o1 (®) + wy ) dy} (y > 0),
P34 = oo

y _
(wy+ wy) ™™ 2eXp{i | wu(|yD)+ wz(lyl))dy}(y <0),

roe
w, = [p*U(y —ia)/2a)*?, w,=[B*U(y + ia)/2a]'2

ITonnsysacey ¢opmymamu (25.13), MOMKEHO IOCTPORTHL
KapTUHY JWHWE YPOBHA Wi, W, JIA KwKmofl E3 TOYeK
IlepeceYeHNs peIeHHi OTHeIbHO (pue. 11)*. Ilpasmma
cruBanua pemeruit (25.13) B6xmzm ToukM O, mOTyIEM
caenyrommyM obpasom. Wz (25.13) _BUJIHO, 9TO MOKHO 006~
XOQUTh OTHEGILHO B KOMIUIEKCHOM Y-INIOCKOCTH BOKPYT
TOUEK @y ='ia U a,=—ia. Ilaper pemenmit (@i, Q) u
(@2, @s) mpu 06xofie BOKPYT a; ® mapsl (@, @s) 1 (@z, @.)

2) Cmpicn Bcex 06o3HAueHHE M GYKB, He OrOBADHBAEMHX B
TeKcTe, ACeH u3 pmc. 11.
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Puc. 11. JInamm yposua aas ypasHenms Oppa — 3oMMepderbaa.

-

mpu o6xofe BOKDPYT a, BexyT ceba mesasumcumo. ‘Ofoszma-
yuMm gepes A, Bi, Ci, D; cucreMy %Koo PUIUEHTOB pele-
HUA TPU @i, P2, Ps, P. COOTBETCTBEHHO BOIWSH JUBMA ©
HOMEPOM I, BHIXOHAMUX U3 TOUEK Gy, &, llomwsysick 1pm
60X0/te BOKPYr KaKAo0i TOYKH B OTHEILHOCTH NPABWIAMH,
onmcanupiMu B oI 11 [12], momywaem mocie omgmospeMen-
Horo ob6xofa a,, a, . ’

Ay,= A, +iDy, B,= B, + iD;,
C,=iA,+ iB;+ C;— Dy, D, = Dy,
Ay = A4,+iC,,By = B, +.iC,, Cy3 = C,,
D,=iA,+ iB,— Cy+ D,,
Ay = Ay + iDy, By = By -+ iDy,
Cy = idy+ iBy -+ Cy3— Dy, Dy = D,
A;:—Bl,Blz——Ap Cl=—-D1, D{:_Cl'

(25.14)

Cnesa or Toukm A BauMmeM HpOU3BOJLHOE PelIeHuUe,
ofpamawonieeca ga —o B HYIb!

Yy
<P=lw1-—w2l“’zexz7{—l§w1(y)dy+ Yt d!/}—f‘
A
+ D|w, +w, !—5/2 éxp U wy (y) dy + j ) d!/}- (25.15)
Ucmonpaya (25.43)—(25.15) u Tpebya d¢uaurnoCcTH

pemenwms Ha oo IomydaeM CHeAyroI[ue IpaBWIa KBaH-
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TOBAaHHUA:

O+ Oy Oy = (n+ 12w, Oy=1i | pdz—i | pys,

Zy 2L
0, = 5‘ pudz + 5 pudz, QOy= —i ‘S‘ P dz"‘]j psdz,
Zs Zs z' 2z,
(25.16)
rme p; = V(ﬁ2/2a) U, — l/4oaU B%), ]/(52/205

X (Uz -+ V4O°U1/[32)-
3gecy KoHTypH £y, ¥, HaumHaTCA u3 TOoukEM A, ugyr
BOIb MefCTBUTENBHOR OCH M BaKAHUMBAIOTCA: KOHTYD Z,
B TOUKe @, a &2 —B TOuKe @, Homrypm %;, &, mauu-
HAIOTCA COOTBETCTBEHHO B TOUKAX (i, ds, 3aT€M CIOYCKAIOTCA
Ha JefiCTBHTEILHYI0 OCh, MAYT BROIL Hee X 3aKAHTHBA-

I0TCA COOTBETCTBEHHO B TOYKaxX b, b,. Homrypm & 1’, P
aHAJIOTHYHH KOHTypaM £y, &> ¢ 3aMeHO#l a4, a, HA by, b,
n A ma B. Buipaswenusa gisi py, p. B6musu O,, O, mepe-
XOIAT COOTBETCTBEHHO B Wy, Ws.

Herpyauo y6emurbcs B TOM, UTO oupefieleHHbe B
(25.18) Benmmummm @, @,, ®; UYHCTO HEHCTBATEILHEIE.
Paccmorpum, mampumep, @,. Ha I[eﬁCTBHTeH(I):HOﬁ ocH, rme

KOHTYpH &3 u &, COBIaaoT, WHTErPa S (p2 -+ pa) Ay

0,
guero AedicrsurensHsiil, Hpome Toro,
0,
‘S‘ (z - ia)*dz = (ia)*?, j‘ (z— )llgdz = (— ia)’®,
o . 9 .

OTKyJa Cpa3y ciheayeT BBICKA3AHHOE YTBepIeHue.

§ 26. 3agaya 0 NPOXOHAEHMM

B srom maparpage MBI PAacCMOTPHM 33Jady O IPOXOIK-
IeHUH BOJHEI 4epPe3 Pe30HAHCHYIO 30HY Ha npnMepe ypas-
menna Oppa — 3ommepdenbpa (em. . I, § 4

ivA%Q + [@ — kvg (2)] Ag + kvop =0, (26.1)
rae A = d*/dz* — K.~
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B § 25 mna monyuerua NPABWII KBAHTOBAHMA MCIIONb-
30BaH MeToj] (Pa30OBHIX MHTErpalioB, MOMOJIHEHHBIT METOROM
HeompefexenHslx MuoRurtenei I{sama. Opmaro, kax yme
OTMEYaJ0Ch BHIIE, TAKOH MOXXOR He BCETAA IO3BOJAET
OJTHO3HAYHO IPOJOJKUTH PpenieHne B OKDPEeCTHOCTH pPeso-
HaHCHON Touxu. VMMemmo Tak oGCTOMT [es0 B 3ajade O
OPOXO/eHAN BOJHHI 4Yepes3 30HY Baaumojefictsusa. Boxee
ymobeH MeToH, mpeIosKeHuslii BasoBeiM, KOTOpHEIL ocHO-
BaH Ha npeoGpasosamuu Jlammaca [3]. Wsmomum sror me-
to1, ciaenys A. B. Tumodeeny [13]. B orpecrnoctn peso-
namcHoli Toukn ypasmerne (26.1) mpmEmMaer Bmp:

A"V +z2¢0” +@ =0, (26.2)
the z = (z,—')vy/ve, A= ik (v(',)‘l/y (vo)®.

Ucnonnsys mpeobpasosanme Jlammaca, mpejicTaBIM perne-
Hne ypasueumsa (26.2) v Bupe

¢ = [ dt exp (12) W (2). (26.3)

Ilogcrarmas 10 BRIpaiKeHHe B HCXOHHOE ypaBHEHHE
(26.2), momyuum W(t) = t~* exp (£*/3A — 1/t).

Hocratouno mamexo or ocobGoit Tourwm, B objacTu, rie
BEIIIOJHEHBl YCIOBUA

A > max {lz]-*, z]-}, - (26.4)

monyyaeM ACUMITOTUYEeCKHe PeIieHus ABYX Tuuos (OpicT-
PO ¥ MejeHH0 MeHAIOmIecs)

ot = [ 2 exp (12/3A + 12) dt, (26.5)
o = | exp(— 1/t | 1z)dt. (26.6)

Hourypsl wHTErpmpoBaHMA BHIOMPAOTCA U3 YCIO-
Bua ofpamenus B HyAb Jau00 COBUIAfleHUS 3HAUCHHIT
Ha ero KOHNAaX IpucoefuHeHHON OunmueiiHolt (opmbL
*W(¢) exp (¢z) [17]. CoorBercTByIOIize KOHTYPH HHTETPH-
poBamua msobpaskensl Ha puc. 12. Ha sroM pucyHKe 3a-
TMITPHXOBAHEL CEKTODPH, B KOTODHIX Bexmuaumua Re (£°/3A)
TIOJIOHATENBHA. _ :

" Pmc. 12 npumsegen mua ciayuas, xorga arg A= 0. Ilpn
arg A % 0 Bca RapTHHA AONIKHA OLITH IOBEDHYTA HA YTOX
arg A/3. Yuurpisag, 4T0 KOKAOMY KOHTYPY COOTBETCTBYET
CBOe pemIenne, MBL IIOAYYaeM TAKUM 00pasoM Bcero ceMb
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Puc. 12. Horrypu mETerpmpoBaBus B (26.3) mpm arg A=0.

vacTHEIX pemenmit ypasmemia (26.2). OfosmauuM mx we-
pes V, A,, U, (k=1, 2, 3). Komeuno, ToIbKX0 UeTHIpe U3
HAX fABAANTCA JuHeiHo-HezasucuMbiMu. COTNIACHO Teope-
me Komm (o ToM, 4To mETErpai II0 3aMKHYTOMY KOHTYPY
oT peryispuoi pyarnmm pasem mymio [17]), memocpenct-
BEHHO W3 DPHCYHKA JETKO YCTAHOBATbL TPH HETOCTAIONIHe
CBA3M MEKIY DPeINeHAAMH:

A1+A2+A3 =,V, Ua_UzzAi, Ui“‘"U3=Az_'V.
' (26.7)

Ead
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‘Meanmenno memawmasnca ¢yaxnus V, onpepersemas
uuTerpamom (26.6) mo 3aMKEYTOMY KOHTYPY, BEIPAKAETCSE
yepes ¢yraxiuio beccems

V = 2niz'/21,(2zY%). (26.8)

Jra QyHREMA HeoqHOo3HauHa. MHOTO3HAUHOCTH NPOUCTEKA-
_eT OT Hammyua B ee BeIpakemmm pajurana z'°. Ecan B
KOMIIIEKCHOM ILIOCKOCTH Z IIPOBECTH paspes, 3alpemaio-
muit o6xopx Touxm BersxeEma z = 0, ro pysrmua V cra-
goBures opgmosmawmoit, Ilpum |z| > 1 oma mMeer ciaemyio-

mue acHMITOTHYecKHe mpepcTaBmenms [15]:
V = n'/?z'*[exp (2iz"* — in/4) — exp (=2iz'% + in/4)],

—2n < arg z < 2m, (26.9)
V = /22" —exp (2iz'* — in/4) — exp(2iz'? + in/4)],
Q<< arg z < 4m. - (26.10

Herpynuno y6emgurhesa, uwro sHauvenus QyEmum V npmr
argz =@ u argz =@ + 2n CcOBOAJAIOT K PasIUYAIOTCH
JUIIb ee IIpejcTaBIeHdsa. SaMeTwM, 4ro B cekrope 0 <<
<< arg z << 2;, Tie IpUMe-
HUMBL 004 BHIpajKeHHA
(26.9), (26.10), onu pas-
JUYAIOTCA HA DHCIOHEH-
IHAJIbHO MAIYIo BelIRYH-
HY, KOTOpad He IIpeBOC-
XOMIUT OIUNOKH, JOIYCKAE-
MO  aCHMIOTOTUYECKHM
npexcrasiaeaneM, Ml Gy-
IeM HcroabzoBatsh (26.9)
-upu O<<argz<m =
(26.10) mpr n<argz<<
<<2m. Paspes mposemeM
Hpu argz = 2n—e, &0,
Ha puc. 13 om mzobpasken
BOJIHUCTOR JUHUEI.

S
Brictpo Memsiommecs N2

¢yarour A, (26.5) om-

penensaioTea merogoMm Puc. 13. TInocKOCTh KOMINIEKCHOIO

mepesaia. Ha KOHTYPHI IepeMeHHor0 2z /A YypaBHEeHAA

] (26.2) mpm arg A=0, C, — auEREA
As m A, mpm O<argz< neticTBmTeNbHO® Paswl MIsg  OH-

<2n momagaeT OJHA CTPOOCHWNIAPYIONEX pemieHHE Ap.
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pepeBanbHasA TouKa f, = — i(Az)"%. Ha womtyp 4,(21n/3 <
< arg z < 8n/3) Tawke momajaeT JUIML OfHA MEpPeBATLHAS
Toura I, = i(Az)%. Vauresag 570, HAXOOUM

A, = nlPA-3 g5 exp (—~ 2iAY22¥%/3 — in/4),

4n/3 < arg z < 10m/3, (26.11)
Ay = —g2PA-¥4g=5% oxp (2iAY22%%/3 + in/4),
2n/3 < arg z << 8n/3, (26.12)
Ay = aPA-iz~ exp (—2iAY?*2%* — in/4),
0<argz<2m (26.13)

Vmetomue ¢pusuveckuit CMBICA pPEIMIEHWS HE ROJKHBI
MEHATHCA 10 BeIWuWHe NpM W3MEHeHWH argsz Ha 2.
B cooreercrBum ¢ stuM Boipaykenma (26.11) —(26.13) mos-
BOJIAIOT OmpefleutTs (PYEROUA A, Tpu M0OKX 3HAYEHHAX
argz, kpome argz = 2n(1 —k/3)+2nn, = e. (26.11)—
(26.13) ompemenstior gymunumm A, BO BCeil IIOCKOCTH,
wpome gmaunit ClargC, = 2n(4 — k/3). [aa roro wrodst
HaliT sHAauveHumA A, HA HTHX NWHMAX, HYKHO BOCIONB3O-
Barbca coorHomremmamu  (26.7), wKorophie ompeenAnT
" CBA3EH OBLICTPO MOHAIIMUXCH PEIICHHH ¢ MeJleHH0 MeHAn-
IUMECH.

.Pacemorpum @ymxnuio U,. Omna BepasRaeTca vepes
dyurmuo Beccera [15]

U, = niz'?H,(2z'/?), (26.14)

Ilpu |z > 1 gua sroit dymruuE mmeem
qizt*H, (22Y%) = n!/%2Y* exp (2iz'* — mi/4),
—2n < arg z < 4m. (26.15)

Oyrrnus z/2H,(2z'%), apraomasca pelIcEIEM YKOPOYeH-
Horo (Ges umeHa ¢ weTBepTofl MPOMBBOJHON) ypaBHEHUA
(26.2), meananuTHvHEA, ITOCKOIABKY €€ 3HAYCHHSA IpPHU arg z ==
=@ u argz =@ 1T 21 He cOBHAfaOT. ITH TPYAHOCTH YCT-
PAHAOTCH, €CAN y4ecTh, 4TO LpeJICTaBIeHNe IIABHOTO pe-
meHna vepes ¢pyErmuio beccels cmpaBemimBo Junih B
cexrope S —S; opn — 2n/3 < argz < 2n/3 (cm. pme. 13,
ceKTOp § — BCA KOMIUIEKCHEA INIOCKOCTH, a S5 OIpeneid-
ercsl HepaBeHCTBOM — 21/3 = argz = 2n/3).

Hdas rtoro uroOun moayunth Beipamkenme U, B cexTope
S, ciIemyer CHOBa BOCIOIB30BATHCA COOTHOIICHUAME
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{26.7). AHaJgoruyHBIMHE pACCY’KICHMAMU YCTAHABINBAETCH,
yro B cektope S —S8, (0<argz<4n/3) U,=
= qiz!?H,(22'?) u B cexrope S — S; U, = miz"*H,(2z'*) +
+ 2miz'* 1,(2z'%). B cexropax S, 5TH peUIeHHA CTAHOBAT-
¢ OBICTPO MeHAUIMMuCH, BemnunHa ceKtopa S, BhGApa-
eres u3 yeuaosusa arg (tz) =0 (em. pme. 13), mpum sTOM
moABIHTerpanbEoe BEHIpaskenme B (26.6) me yOmBaer n
Ppyuxnua U, cTapoBHTCA ROHETHOH JUIIH IIPH ydeTe clIa-
raemoro #*/3A. Wasimu crosamm, TpeGoBaHHe OTpAHUTEH-
wocty pyERuuM U, npu Gombmux ¢ MPUBOTUT K TOMY, UTO
peiieHue B ceRTopax S, CTAHOBUTCS GHICTPO MEHAOMEMCAH.

Ilonyuyennnie acHMUTOTHYECKUE® IPEACTABICHUA A
V, U, A, BMecre ¢ COOTHOIIEHUSIMHE (26.7F mossonstoT
OTHOCTHI0 PEITHTH BOUPOC O TOCTPOCHAH ACHMIITOTHYC-
crux perrenuii ypasuernus (26.2) Bo Bceil ROMINIEKCHO
II0CKOCTH TepeMerHoro z. Mewiaouenne COCTABIACT JUNIhL
HeKoropasg o0JacTb BOKPYT DPE30HAHCHOH TOUKH, BHYTPU
KOTOPOil HecTupaBeiuBh HCII0IH30BANHEIE HAMH YIpPOINeH-
HbIe NPeNCTaBIeHAA PelleHi. ’

B kauectre mpuMepa pacCMOTPEM TPOXOKJAeHHE MIaB-
HOIT MOJBI uepes 30my B3amMmofeiicteua [5]. [laa memect-
BEHHBIX 2 IMeeM

(—n)z|Y*H, (2i]2["?*) npu z<<0,
U, = !iml/zHl (22Y%) -+ A T35 exp (in/4 +

\ + 2AY%z%%/3) nwpn z2>0.

Ilockonbky miaBHOe pemienye DKCIOHEHIUANBHO 3aTY-
xaer mpu z > (0, WIMHEHOBOIHOBASL MOJA HOJHOCTHIO Iiepe-
XOEHT B KOPOTKOBOMHOBYI0. Har caenyer u3 opMyn cBsa-
su (28.7), MemieHHO MeHAIOLIEECH pelIeHue TPAHCHOPMU-
pyeTes B GBICTPO MEHSIOIIEeCsS B HEKOTOpoM cexrope. Ecam
9TOT CEKTOP HE 3aXBaThIBaeT AeiicTBUTENbHON ocum (Tawras
CUTYyaIlus UMeeT MeCTo, HampuMep, aag ypasEenna Oppa —
Bommepdensra), To HYHeprHs HATAIOIIEH MOJB IEIHKOM
JTOTIOMAETCA B OKPECTHOCTH PE30HAHCHON TOUKM.

§ 27. Mogenb ¢ oTpakeHuem
Ho cumx mop, aHaIWsupysa pRIIeHWsA YPABHEHUA (26.1)

B OKPECTHOCTM DPE30HAHCHOM TOURHM, MHI IIpeHebperanu
_BO3MOKHOH IIPOCTPARHCTBOHHOH 3aBHCUMOCTHI0 Kodpumu-
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eHTa IpH WIEHe ¢ HYJTeBOH NPOH3BOAHOH. B Hacroamem
naparpadge MBI yureM NepeMeHHOCTH ob6oux Koaddumu-
eHTOR.

PaccmorpuM B KauecTBe MOfeaH CleAyloliee ypaBHE-
gre (em. § 4): B
oV + Alyep” + B+ ylol =0. (27.1)

Ero amanms MOKHO TpOBECTH AHAJOTHYHO TOMY, KAk 3TO
Osino cmenano jua ypapuenus Oppa — 3ommepderabra
(em. § 26) ma ocuose Meroma Basosa [1, 71. Ilpemme uem
OPHCTYOUTH K ero PemeHUI0 3aMeTHM, YTO Ipd BEI[ecT-
BeHHBIX A u p muaA ypasuenns (27.1) cnpaseqiuso maTer-
pajabHOe COOTHOIIEHHE

Udo/dy — Udg*/dy + @dU/dy — odU*/dy +
+30 (pdo*/dy — @*de/dy) = const, (27.2)
BAZ %~ — 1, U= dq/dy?,

BHIPasyRalomee 3aKOH COXPaHEHHS MOTOKA DHEPTUH B3AHMO-~
meicreyomux Mox. Kaxk u B mpemmgymem naparpade, Hac
GymeT WHTEpPecoBaTh pelleHHe PACCMATPHBAEMOrO ypaBHe-
HAS B OKPECTHOCTH pe3oHaHcHO# Toukm. Ilockoubry ypas-
menme (27.1) mo-npeskEeMy AHATU3HPYETCA METOIOM
Basosa, MBI H3I0KEM IyTh MCCIEZOBAHUA MeHee HOAPOO-
HO, OCTAHABIWBAACH JUOIb HA OCHOBHBIX COOTHOHIEHUAX.
Vpasuenne (27.1) pemaercs, Kak W paHbINe, METOXOM

Jlammaca. Cramgaprmas upomexypa IIO3BOJISET IIpejcTa-
BHTH pellleHne B BHje MHTErpajia 0 KOHTYDY

oy, u, &) =
= [ dsl(s+ /(s — D1®exp (Ls + s/301)/(s* + 1), (27.3)

%)
rie t=y—MA% 2u=p3-+A? B orauume or mpembIay-
mero caydasa (26.3) murerpanbaoe SAPO MMeeT IBe TOYKHE
BeTBIeHHA §===i, KoETYpH uMHTErpHpOBaHMSA, YIOBIETBO-
palomue TpefoBaEM0 ofpamleHnNs B Hylb Ha HX KOHIAX
OpHCOCMHEHHON OmauHedHoi (OPMBI, HpPEeCTABICHH Ha
puc. 14. CoorBercrByromue (OPMYJIBI CBA3H HMEIOT BUX

A+ A, +A =V, A, +A+A=U+U, (274

rae A, = A, exp (—2mp), 4, = 4, exp (— 2np).
JlocTaTouHO MaleKo OT PE3OHAHCHOA 30HBI, B 00IacTH,
T7le BHIIONHEHHl yCIOBHA

gl > max (IA1=72, A1=2, Tp/Al, (275
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Puc. 14. Koutypsl unterpuposanus B (27.3) mpu arg A=0 (a)
n arg A’=0 (6). Cexrtops:, B koTopsix Re(f/A) >0, samrpu-
XOBaHHL.

-

PelIeHNA BHOBL MOKHO DasfeuTh HA OBICTPO W MEIeHHO
MeHApmuecs, . [[aa Megmzenmo MeHgoIMUXCs — pelreHWmit
(V, U,) uurerpaun,- coorsercrayomuii (26.6), cpogures K
QYHRIUN YHTTeKepa, a AAA OHICTPO MEHAWIMAXCA — WH-
Terpai;, coorsercrsylomuii (26.5), mo-mpe;RHEMY  MOKeT
OBITH B3AT METONOM IlepeBaa.

B ravecrBe hyHmaMeHnTanbHON CHCTEMBI PEIICHMN IPH-
MmeMm U, U, n A,, 4;. VIx acuMmroTHdYecKue TpecTaBie-
Hug npu yeaosnu (27.5) BHIIALAT caemyomqaM obpazoM:

Ay = 7T oxp Gin/h + 20057Y/3),
—2nt/3 < arg(TM)?¥® < 4n/3, ,
Ay = ' PATL 4 exp (—im/4 — 2iMEY?/3),
0 << arg (EAY*) < 2m,
(27.6)
U, = 2)*[n/T(1 + iw)} exp (i§ — i/30* — mp),
0 < arg (GAY®) << 4wm/3,
U, = 20" [a/T(1 + ip)l exp (—if + i/30* — mtp),
—4mt/3 < arg (EA*?) < 0.

Msr omarh craxK#BaeMcA ¢ HEAHANMTHYHOCTHIO PEUICHHIT
U,, U,, KOTOPYI0 MOKHO YCTDAHUTH, €CIH WCIOIb30BATH
opmyast ceasu (27.4). Ilpu sTom mmasHOe pemenue B -00-
JacTd KOMIVIEKCHOro mepeMensoro |arg (EAY?)] < 2n/3
CTAHOBUTCA MEIKOMACIITAGHEBIM: .

Ui~ A, exp [(—2mp — 1) —1]. (27.7)
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PaccMoTpuM Temepb TPOXOJKAeHHE IIMHHOBOIHOBOI
Momst cmpasa (T > 0) mameso (£ << 0) uyepes 30HY B3ammo-
peficrus (§ ~ 0). Hyers A, > 0. Ilpu sTOM rpammuHbe
yCIOBHUA YOBIeTBOpAIOTCA pemenueMm U, Taxk dYro us
(27.6), (27.7) umeenm

@]ED™ (/T (1 + iw)] - exp (iG— i/30*—
g™ /T (1 -+ iw)] - exp (if — i/3% —
— 3np/2), £<<O0.

Hus wospunuenra npoxosxpgenus D (kBagpar orHO-
NMIeHVA MONYIell aMIIUTY[ IPOUIeANIell W majanieil) mo-
ayauMm D = exp (— 2np). Koaddunuenr * Tparcdopmamun
AIMHHOBOIHOBOM MO B KOPOTKOBOIHOBYIO Q) MoKer OBITH
BBIYMCIEH HA OCHOBe wuHrerpana (27.2) ¢ ywetoM TOTO,
910 P ¥ Y JeHCTBUTEIbHEL,

Q=1—D=1—exp(—2ap). (27.9)

AnamorvuuasiM 00pasoM MOMKHO HOIYIHTH KOIPPUIHEHT
TMPOXOKMEHAA IPH TAJeHUM [IMHHOBOJXHOBOW MOJBI Clle-
Ba HAIIPaBo. )

Ecnmu #a o6aacth B3amMoOMeHCTBUA CHpaBa IMATAeT KO-
POTKOBOJHOBAA MOfa, TO, BHIOHpas pemleHHe B BHAC
@, = U, — A;, Mo¥XHO DOKa3aTh, 4TO BOBHUKAET IJIHHHO-
BONIHOBAsA MOJa, UPOCAYUBAIONIAACA BIEBO €O CTOPOHBE
orpuniarensubrx  smadenui . Ilpu srom wosddpunuent
TparcopManun

Q-=exp (—2ap)[1 — exp (—2ap)].  (27.10)

@opumyna (27.10) umeer cxojicTso ¢ QopMynoi Jlammay —
3umepa (21.8). 9ro cxomcTBO HE CAYyYARHO. AHAIOTUS
MEE/Iy B3aMMONEHCTBHEM BOJH HeaTualaTHIEeCKAME IIepe-
X0faMH B KBAHTOBOH MeXaHMKe OTMeYaJach B HaJajde Ha-
croAlleil riasel. B jaHHOM Ciydae, €CIH CIeOBATH DTOIX
aHANOTHE, WMEET MEeCTO INepecedeHme TEPMOB, Y OXHOTO
U3 KOTOPHIX HawiIoH pasen Hymo (cp. (24.1) ¢ (17.1)).
ITockonbry npu BeBOme opmyasr (27.10) Mer He Hawma-
JABIBATH HOKAKNX OTPAaHMYEHWE HA IapaMeTPHl HCXONHON
3alauM, MOMKHO BaKII0YAThH, 4T0 (Ppopmyna Jlammay — Su-
Hepa CIpaBejiimBa BO BCeM AMATIAB0HE ITAPAMETPOB, €CJIK
OfiMH U3 TIEPEeCeKAIIUXCH TEPMOB HMEeT HAWIOH, PABHBIE
mymo [8]. '

(27.8)
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Flnasa V

3BONMIOLLMOHHAS 3A[AYA

§ 28. BeeaeHue

Eme Pexeit 8 1883 r. morasax, 4T0 TeueHus HEBI3KOHK
HOCIKIMAaeMOll JKUIKOCTH YCTOMYWBEL, €CJH NPOPMIL CKO-
pocTH TevYeHuWs He mMeeT Touek mmepermGa (teopema Pe-
nesi). Tlosmmee Gpuio HajfjleHo, 9TO B 9TOM CJIyYae OTCYT-
CTBYIOT U B3aTyxaoliue ¥ ueiiTpanbuble Komebamms (cM.,
nanpumep, [11). A. B. Tumodees, pmasmmit Qusmueckymo
UHTEPOPETAHI0 3Toif TeopeMsl, mokasak [2], 4ro meszary-
. Xajoume coOCTBeHHBIE KONeGamusa OTCYTCTBYIOT H3-3a TOTO,’
YTO OHM IOIJOWAIOTCA B PE30HAHCHHIX TOYKAX, T. €. TaM,
re (asoBag CKOPOCTH BOAHEI COBMAZAET €O CKOPOCTBIO
TeUeHHS.

Peanpro BOmMHa MOMKET MOIIOTHTHCA TONBKO 3& CUOT
sasroctn. IlosToMy B ORpeCTHOCTH PE30OHAHCHON TOYRH
HeNPEMEHIMO INPUOIMKeHNe - HIEANbHOI  MKHIKOCTH.
B ra. IV Geumo moxasafo, 4ro mpaBmiao o6xoja Iaa He-
CRIMAEMOil JKEJKOCTH COBIaJaeT ¢ TPAaBWIoM o0Xona
ocoGennpocTell, npemuokenuLIM Jlamgay [3] B samaue o
KoneGaHUAX IOKoAINeHca ONHOpPoRHOIT mmasMbi. B ofoux
CIyuagx 5To OPAaBWIO IPUBOJUT K BHIBOAY O IOIIOIIEHIH
BOJIHEL pesoHaHCHBIMEU uyactuuamm [4].

B rex cayuasx, Korga OTCYTCTBYIOT COOCTBEHHBIE KO-
nebanns, BO3HUKAET BOIPOC 00 DBOJIONHE HAYAJIBHBIX BO3-
mymenuit. B 1960 r. Keits u Juruii [5, 6] mokasamu (me-
3aBIICHMO), RAK IBOTIOIHOHUPYET HAYANLHOE RBOZMYUIQHIE
B TeUeHWH HMeaibHoil ;rugroctn, OHu oKas3ald, YTO IPO-
M3BONBHOE HAYANBHOE NOCTATOYHO TIJIAJKOE BO3MYIICHHE
3aTyXaeT BO BPEMEHH II0 CTEITeHHOMY 3aKOHY.

Pemasn 3agady ¢ HAYAILHBIMI YCIOBHAMM, OOBIMHO HC-
monbaylor mpeobpasopanme Jlammaca. Ilpn atom mpemmona-
ramoT, 9T0 HAYAALHEIE BO3MYILNCHHS] BO3HHEAIT MIHOBEHHO
upn £ =0, T. e. 3aBUCUMOCTHF HAUAIBHOTO BOBMYILIEHUS OT
BpeMeHY HMeeT CTYNeHUATHI Xapakrep. JT0 00CTOATENb-
CTBO ORa3BIBaerTcd BEchbMa CYINECTBEHHBIM NIPH Olpeneie-
HUA BpeMennéit acummrormru [7]. :

B mociaenzee BpeMa MOABMINCH PabOTH, B KOTOPHIX
3BONIONMONHASs 3ajavya pemajiack ¢ yueroM 3@dexTos,
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IPOABIAIIIAXCA TONLKO B pe3oHaHCHOH 30me [4, 8]. Ecan
peub HWAET O TeUYCHHH HECKUMAeMO JREJKOCTH, TO BTO
s derTrI, 00yciIoBIeHEBE BA3SKOCThIO. «Basrue» adderrst
OKa3BIBAIOTCA CYUI[eCTBEHHKIMU HA NOCIEIHEM DTAIe 3BO-
aiommu. B KomeuHoM cuere HMMeHHO OHH 00eCIedmBaOT
ACHMITOTHYECKYI0 YCTOHYMBOCTH HAYANBHBIX BO3MYINEHHMIT,

Ilpn amamuze SBOTHMOUOHHON 3amauu YHXOGHO UCIOIH30-
Barh npeobpasopamme Jlannaca unm ®ypne 10 BpeMenu,
ecay, KOHeYHO, KOd(PQUIMEHTH YPAaBHEHHII He ABIANTCH
(QYHRIUAMN BpeMeHuW. D pesyibrare MOXyuaercs OOBIKHO-
BemHOe Au(epeHINATEHOE yPaBHEHHE ¢ IIPAaBOil 9TacThHIo,
HOTONHEHHOe TPAHWYHBIME ycXoBuaMmu. Pememme rtaxoro
YpaBHEHHSI MOKHO IONYYIHTh MeronoMm yuxouu ['puna.
Opmako nmpuMeHEHHE 3TOTO METOJA HYKIACTCH B IOIOA-
HHTEJIbHOM ¥ccienosaumd. [[eso B ToM, 4ro BN (YHKIUH
T'puna npmanunmanbHo 3aBHCHT OT TOTO, CYIIECTBYeT WIH
HeT HeTPUBHANRHOE peIleHne OFXHOPOAHOTO YPABHEHHSA,
Ecnu ero mer, To HeogHOpOAHAA 347aua BCErjla MMEET OI-
peflesleHHOE ©MHCTBEHHOE pemienwe. Fcim Ke OfHOPOR-
HasI 3a7lauya MMeeT HEeTPUBHAJBHOE peIleHHe, TO BT0 He
tak. Bo BropoM ciayuae BBommTca IiomaTHe o06o0menHoll
¢yuruun Tpuna [9]. Ee mocrpoenue ne mpmBofgmT K 0gHO-
3HAYHOMY DeINeHHI0, M JajKe B mpocrefliieM ciydae Jo-
BOJBHO TpoMo3faroe. B ¢manuecknx TIPIIIOKEHUAX 00BIIHO
OTPAHNYMBAIOTCA IOCTPOEHHeM Kiaccmieckoii (meofobimen-
Hoit) ¢yurumu [puma. Ilpm »ToM BeaKmit pas mpUXORUTCA
pemiarth BOHPOC O CYIIECTBOBAHUU COOCTBEHHOTO DETHEHHA
OXHOPOTHOH 3agadmd.

B macroameit riase MBI DPACCMOTPHM SBONIONUI HA-
YANBHBIX BOBMYIIEHN B 3ajiauaX, KOTOPHe CBOJATCA K
YPaBHeIMI0 4eTBepPTOro mopsafaka. Peus moiimer o6 ypasme-
mmn Oppa — 3ommepdensna n ypaBHeHnn A am,qme-
HOBCKHX KOJe0aHWil B HEDABHOBECHOH ¥ HEOTHOPOMHOMN
nrasme, 1A KOTOPHX Aokasana Teopema Peres.

§ 29. Teopema Penes

Peneir morasax orcytcrsue cobGeTBeHHBIX KoJdebaHuil B
HEBASKOM ClI0€ IIOCKOIAPAJIICTHHOTO TOUSHHA HECIKUMAe-
MOH JRUAKOCTH HA OCHOBE MHTErPANBHEIX COOTHONICHUIT.
PacemorpuM B RayecTBe MCXOZHOrO YpaBHEHHE

— kg, — [vo/vy () — 0/B) @, = 0, (29.1)
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momyuaromeecsi u3 ypasueHug Oppa — 3ommepdennia
{cm. § 3), eciid B HEM OIYCTHTH WIEHHI, COTEPIKAINAE BA3-
rocts. Ha moBepxmocTax, orpammumBaiomux tevenne (r =
= 2,;), HOpPMaJbHAA KOMIIOHGHTA CKODOCTA OGpaiaercs
B Byab @{z,.) = 0. Takum oGpasoM, MBI NPEXOAEM K
Kpaesoit samave mis ypasmeHnms (29.1). Ecxm upu sapmam-
HoM mpodune vo(z) (zamommum, uto n06oit mpoduas ve(x)
V/IOBIETBOPSET CTANMOHADPHON HeBs3Kou zamaue § 3) maii-
JayTes cofeTBeHHBIe YacTOTH ¢ Im @ = 0, TO COOTBETCTBY-
oIee TedeHHe ORAMKETCH HEYCTONUMBEIM, T. €. AMINIHTYEI
co0cTBeHHEIX KoaeGanuit GyayT HapacTath BO BpeMeHH.

- Caegya Penero, mpeAmonoKuM, 4TO TaKue Konebaums
cymectayior. Yuuomiym (29.1) ma ¢* m mpommrerpmpyem
0 YacTaM:

i (Im (0/k)) + (Re (o/k) — v, (2))
| 0/k— v, () I‘-"

jdx{-lwilz—kzlwllz+

ol =0 (29.2)

Ecau npodunb tedeHHs He uMeer TOYer meperuba, T. e.

UO#O to coorHomenne (29.2) me MokeT OBITH YIOBIETBO-
peHo, Tak KAK MHEHMAS YacTh IIOOBIHTEIDANBLHOIO BEIpasKe-
HAA He MeHAeT 3HAKA B HHTEpBale WHTErPAPOBAHIA
(1, z,). Cueflop#TeNbHO, B TEUEHUAX C MPOPUIEM CKOPOCTH
Ges *T0ueK mepermba HapacTaomue COGCTBEHHbIE Koieda-
HUSI He MOTYT CYINIECTBOBATH U TaKHe TEUCHUS YCTOHIUBEI.
10 yTBepsKAEHHE U COCTaBIALT conepmanue TeopeMat
Penes.

3aMeTHM, YTO B XOjle JOKA3aTelbCTBa TeopeMH MBI He
nHTepecoBadnch 3HaKoMm- Im o. Bamuo ObLI0 TONBKO, UTO
Im o # 0. IlosTomMy yTBepsKIeHue TeopeMHl MORHO Cpasy
0000MUTh, 3aKAIUB, YTO OTCYTCTBYIOT TaKKe M 3aTyXarw-
mpre xosteGamus [1]. Bomee Toro, ecmu meiiTpamabmble KoJe-
panus (Im o = 0) paccMaTpmBarh Kar NPeAeJLHBIH CIY-
yaii rRomeGammit ¢ Im o 70, T0 MOKHO IOKa3aTh, 4TO K
Takue Koxe0aHHA B M3YYAE€MBIX TEUYCHHSX HEBO3MOMK-
e [1]. ‘

OcramoBuMcs Ha ApyroM, Gomee oblgeM MOKa3aTerbCTBE
teopemsr [10]. PaCCMOTpHM ypaBHEHHE

— Ko+ Ulz)g=0, (29.3)
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e Ulx)=Ax)/ (0 —
—kvol2))", n>0. Ilpen-
TONOAKUM, UTO CKOPOCTH
IBHHEHHA CIIONIHOH cpe-
msl v,(x) Memserea B upo-
CTPAHCTBE TaK, YTO BHA-
71 0T Pe30HAHCHOM TOYRH
opu |z —z,| ~ a BEITON-
nserca yeaosue k2 > U],
Torma Bciofy BHE MaJjoi

Puc. 15. IIXOCKOCTH KOMILIEKCHO- . .
ro HepeMeHHOIo s ypasHemms OHPECTHOCTH — DE3OHAHC-
(29.3). HOI TOYKM - ypaBHeHHe

(29.3) cpomurca K ypas-
HEHHUIO CBOBOHOTO JBIKEHHS

9" — K¢ =0. (29.4)

W3 (29.4) caemyer, 9rto perienume, cuagapoiiee B 00IacTH
TIONOKATENBHEIX 3HAYEHUNA PA3HOCTH & — Z;, UMEeT AaCHM-
mroruky expl— klz — z,)]. Eeam cymectsyor cobcraen-
HEle (PYHKONE, TO MPH IIEPeXoge K OTPHIATENLHLIM 3HAYE-
HUAM BeIUUUHB Z — ¥, ACHMITOTUKA JONKHA H3MEHHTECHT
u upussTh Bup exp klz — z,). VIzBecTHO, YTO aCHMITOTHKA
PEITeHn MOJKET U3MEHATHCA JHUNIb HA JHHUAX MHHAMON
dassr (nummn Croxrea). Ha pume. 15 numma mmaumoi ¢asst
HaHeceHa INTPUXOBOH IWHHell, 06iacTh, B KOTOPOH Hempiu-
MEHHMO YUPOIMEHHOE yDPABHEHIE (29.4), samrpuxopama.

IToraras, uto Uy >0, B cooTBercTBHM ¢ MpaBmIOM 06Xx0fa
Jlanmay mposemem paspes (Tak, Kak 5T0 IORA3aHe Ha
puc. 15 (Bommmeras mwmus)). Bosbmem pemienme, umeio-
Imee HA INTPUXOBON JUHWE CLIPABA OT S BHJ Cliagaroieil
sxcmouenTsl. Ilepexona mo xoutypy C B obmacrh ciieBa OT
S, Ml murge He mepecerasy Jupmii Crorca (IMTPEXOBBIX
IuHmii), clegoBaTelbHO, B 2TOH 06IACTH pelmeHme GymeT
HapacraomuM, Taxum o0pazoMm, MBI ITOKAZaJH, UTO ypaB-
serue (29.1) me obmamaer coGCTBEHHBIMU (DYHKIUAMM.

§ 30. dsonounoHHaa 3agava
Ans ypasHeHus Oppa — 3ommepdensaa

IIpenmono:xuMm, uro ypasaerne Oppa — Boumepdennia

HE UMeeT pemlenwuili, YAOBICTBOPAKUINX TPAHUYHBIM YCI0-
BHAM, BEICTABISEMBIM HA TBEPABIX TOBEPXHOCTAX (CM.
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§ 3). Torga pus HMCCIemOBAHHS ~YCTOHYMBOCTH TEUCHUS
PECHKIMAEMOIl JKMIKOCTH B Ciloe HeoOXOAEMO MepeiiTun R
3a/1a96 ¢ HAYANBHBIMEA YCIOBUAMI, KOTODPYIO, KAk OGBIYHO,
GymeMm pemars MerofoM npeoGpasosammsa Jlammaca. Yuer
BAYATBHBIX BOBMYHIeHMH TPHEBOJHUT K TOMY, U4TO HCXORHOE
ypaBHEHHE CTAHOBUTCHA HEOJHODOIHEIM

— A% - (0 — kg (2)) Ago + kve@o = ¢(z). (30.1)
Bmecs A = d*/dz* — k*, a c(x) ompemensercs HAWANBHBIM
poamymenueM. CramgaprAag Tpolegypa IPHBOJAT K Cle-
AywIieMy Bepaskenmo g Qymrmun ¢z, £):

. —+oo-Hiy
o t)=—0" [ doexp(—iot) | dze(@) Gy (2, 7),

T (30.2)

rae Go(z, ¥) — pynrnusa T'puma ypasmemmsa (30.2).

BriepeM mpocrpadcTBeHHYH 3aBHCHMOCTH IPaBOH ya-
cru ypasuerna (30.1) B Bume S-gpyuxmmn (%) ~ 6(Z — o),
TOTJIa €r0 PeITeHme JOJMKHO OBITH IHpPOTIOPIEOHAIBHEIM
dyurmum Tpura, Tlocmemmee Mo:HO BHIpA3uTh Tepes pe-
DIeHUs OJHOPOIHOTO YPAaBHEHNA, COOTBETCTBYOINETO ypPaB-
Henuio ¢ mpanoii wacroo (30.1). B oxpectmocT: TouKu s,
e o = kvy(2), ero Momuo TpefcTaBUTEL B 0e3pazMepHOM
BHUJE, pasioxuB Ko>QQUIMEHT TPH BTOPOM CIATaeMOM
B (30.1) B pesomancmoii Touke r, (B MampHelmeM y PyHE-
il ¢ 1 G WHEAEKC O A KPATKOCTH OMyCTHM):

. A._icpI'V + ZQ - Q= 0. (303)

Buech z = (2, — z)vy/ve, A= ik (vg)*/v (yg)3.

HamomunM mexoTopwie cBoiicTBa €ro pemremmit (cu.
§ 26). TTockombry wosdunmenT mepeq UETBEPTON TPOU3-
BOMHON MAaJ, PEINEHWS OMHOPOTHOTO YPABHEHUS MOMHO
paspgeiutb Ha KpymuHo- @y, ¢») U MeJKoMacmTaGHBIE
(s, ®.). Taroe pasfeneHEue CIPABEIINBO BIALH OT TOUKI
Zs, B KROTOPOil pasHOCTh ® — kUy(z) ofpamaerca B HYyIbh
u MoskerT Hapymarbcs mpm |zl < A~

Har nowazamo B 1. IV, npubiuiKkeHHbIe BHPaKeHHT
IIA @y, (2 MOTYT OBITH TOJYYEHBI U3 PEIIeHAS YKOPOUCH-
HOTO ypaBHeHHUA ¢ OTOPOIIEHHOW dYeTBEPTOH HPOW3BOIHOM.
B Rrauectse mumeiiHo-HesaBHCHMEIX YH0OHO BHIGpaTh pe-
ireHus1, obpamarnomuecs B Hyah upm |z| — oo:

@, = 2miz'/*1,(2z1/%),
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@, = niz'2H,(22'*) + 2miz'/*1,(22"/%).
(30.4)

TIpu HaxoMmpeHEH ACHMNTOTAR MeiroMacmTalHEIX pe-
menuii B uQdQepeRnuaIbIOM YpPaBHEHHN MOKeT OBITh
omwyiilen cBOGORHBIH wieH (BeaeCTBHe HAJUIAS MAJIOr0 I1a-
paMeTpa mepen crapuieil NMpPOM3BONHON)

Q30 = /A5 exp (= 2iAY?2%%/3 F in/4). (30.5)

Creftyer OTMETHTB, uTO" W3-3a JIOTapUPMUIECKOH 0COGeH-
moctn y ¢ymrmum H,(2z'?) mpocrpaHcTBeHHSBI MacuiTald
penIeHnss @, UPH NPHOIMIKEHMM K X, PEe3sKo COKpamaer-
€A — OHO CTAHOBHATCA MEIKOMACHITAOHBIM, W DTO €ro CBOH-
CTBO COXPAaHAeTCH B CEeKTOPe KOMILIEKCHOIO NepeMeHHOro’
/6 < arg z << Hn/6. Jlas Toro WTOGBI TONYYATH ACHMIITO-
‘THUECKOE IIPeJICTABIeHHe ¢, B dTol obmacru, B (30.4) cae-
nayer mpoussectu sameny (cm. § 26)

P2 ™ P2 — Q. (30.6)

10, 03HAYALT, UTO BABKOCTH TMPOABIAETCA B OKPECTHOCTH
2z, m B cexrope m/6 <argz<5n/6. «Baskumity cexrop
KOMILIEKCHOTO II€PEeMeNlioT0 Z He 3aXBaTHIBAET [eHCTBH-
TeNBLHOI OCH, W TOTOMY TIPH PACCMOTPEHHW KpPYIHOMAC-
MTACHBIX PEIIeHIT B HEROTOPBIX CIYYaAX MOMKHO YUIUTHI-
BaTh ABIeHNe TpaHCPOPMANMH, OOXOOA TOIKY &, B KOM-
IIexcEoll maockoctu, llpuuem mpaBmio ofxoma . MOKET
‘OBITE TIOMyYeHO saMeHONM @ HA © + iy, T. €. coBmamaer ¢
mipasusiom obxoma Jlammay. C momommsio -pemenmit (30.4),
(30.5) mpencrasum gyuxumio I'puna B Bume

P1(2) W (92 (o), 93(2o), 4 (xp)) +
- + @3 () W (91 (o), P2(20)s P4(o))
B (z > zp),
G (%, %) = =5 0 30.7
T Gy @) W (9 (20, 0 (@), s @) A+ )
Py {x) W (@ (20), P2 (%p), P5(25))
(r < z).
Bpecs W — Pyuruuonanbpusle  onpepgennrenn, W, =
= Wigi(zy), @ulzo), @alay), @.lx,)), mocuenmas semmuumna
g ypapuenns (30.2) He 3aBHCHT 0T KOOD/HHATEL
Paccmorpum cmavanma maxsle ‘Bpemena. [ma Toro uro-
OBl y3HATH, Kax OyjeT PasBUBATHCA HAYATLHOE BO3MYyIIE-
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Hue, xapakrepmayemoe (Qymxnmeir c(¥) ~ 8(% — z,), cae-
AyeT BHIYUCIATH HHTETpa
-too-t-iy .
@™ | deexp(—iof)Gz,z).  (30.8)

- —o-tiy

Acumnrorura mprerpamos Tuna (30.8) ompemensercs oco-
GEHHOCTAME NOJBIHTEIPATBHOTO Bripaskenus. Ecmm 65
O(HOPONHOe ypaBHeHHe, coorBercrBywomee (30.1), umemxo
cobcTBennble PYHKIUM, TO OJHO K TO Ke pereHue yaoB-
JIeTBOPANO OH TPAHHYHBIM YCIOBHAM KAK NPH & —= - 00,
TAK K IIpH z - %, B pesyaprare npu coOCTBEHHBIX 3HAUE-
HAAX 4YacTOTH (PYHROHOHAJILHBIL ompemenantelds W, obpa-
majca 6nl B Hyas, a ¢ymruus ['puua umena 650 II0OJdIOC.
Ho omnopopuoe ypasmenue, coorsercrsyiomee (30.1), me
mMeer cobctBemmEBIX Qyurnuii ¢ Im o = 0 (reopema Pe-
nes). IocRonbKy, MOMEMO TOTO, HOJHOE ypABHEHHe Yer-
BEPTOT0 TOPANKA PeryiApHo M, CAefoBaTeIbHO, ero pelme-
mnA {(a He HX ACUMITOTHYECKUE IIPeJCcTABIcHUA!) TaMKe
peryaspmsl, gyrrnus I'puma we HommEa wMerh 0CO0EHHO-
creii. Orciofa crenyer, 4ro BCE BOIMYNIEHUH OpPH f —= o©
JOMIKEBI 3aTyXaTh, T. €. CPEy ClefyeT CUNTATh ACHMITO-
THYeckn yeroiumsoit. Opmaxo »To He osmauaer, uTo aM-
NIATYNA HAYAJBHBIX BO3MYITEHHil 6yjer MOHOTOHHO CTpe-
METHCH K Hyao. Kax MBI yBUAUM B cIeqyloUieM maparpa-
(e, HATATBHEIE BOSMYIIEHNA MOTYT B Te€UeHHE HEKOTOPOTO:
BpeMeHH HApacTaTh, W, BOOOMmE roBOPs, He MCKINIEHO, YTO
32 9T0 BpeMA HX ammmyp;a I(OCTHI‘HGT 3HAYATEIHHOIT
BEIMYHBEL.

Msr He CMOIIHM BEIYUCIUTE I/IHTeI‘paJI (30.8) B obmem
BUle W HOIYYMNH UMb HPUONMKeHHSe BHDAKEHHS 3
npefenbHLX cayuaax Maunix (¢ € T) u Goapmumx (&> T)
spemen. 3mech T ~ v 3(kvy)*® — xapaxrepmoe Bpems,
mocJe KOTOPOro TPOABIAIOTCH «BH3Kue» dDPPEKTH, YIUTHI-
paemsie B (30.2) craraeMsiM ¢ 4eTBePTOil IPOMBBONEOM.
Ero Mommuo ompemeauTh u3 CHASTYIOIINX KAadeCTBEHHBIX
cooGpameHym [4].

Hom meitcTBueM BA3ROCTH HavATBHOE BO3MYINEHNE CHO-
pocTH 3a BpeMsa Af pacIIBIBaeTCs Ha paccTogHMe AZ ~
~ (vAt)'*, Beamy T0Or0, 9TO BO3MYIIECHNSH, PACIONOKOHHbIE:
B Pa3HBIX TOYKAX, ABHIKYTCA ¢ PA3NMUYHOH CKOPOCTHIO, WX
asH cABMTaTCA OTHOCHTEIBHO APYT mpyra. 3a Bpema Al
$asoBEIii cHBAT BO3MYINEHHIl, PACTHONOMKEHHEIX HA pac—
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crogHAAX AZ, CTAHOBHUTCA PaBHBIM A @ = kvé Az . At.
THopcrasnaa coma Az(vAf)'/?, mHaxomgmm, dYI0 3a BpeMs
At}(kvé)_mv_l/a JeficTBe BABKOCTM UpUBeJeT K 3a-
TYXaHOIO HJIEMEHTAPHBIX BO3MYINeHMWii, TAR KaK B OXHOI
U TOll e TOYKEe ORAMYTCA BOsMyIleHusa ¢ ¢asoil, orTamua-
cjomeiica Gomee wem Ha m. TaxkmM o6pasoM, XapakTepHOC
BpeMsa I mposBieHHs BASKUX dP@EKTOB MOKHO OLEHUTD
gag T ~ (kvg) 23w 15,

ITy Ke ONeHKY MOKHO TMONYYUTL U W3 JAPYTHX CO0O-
pamenuii. Yropouernoe ypasmenue (30.1) mmeer ocoben-
"octh mpu o = kvy(z). ITlosToMy ecrecrBeHHO OMHMIATH,
uro ma marterpanr (30.8) ompepensiomiee BIUAHHE OKAKET
3aBUCHMOCTD DEIIeHuHt ¢; 0T BeauuuHsl ® — kvy(z). B cu-
Jy TaKOoi 3aBHCHMOCTH KaJKIOMY YACTOTHOMY HHTEDBAILY
8® MoKeT OBITH IOCTABIEH B COOTBETCTBHE MPOCTPAHCTBEH-
mEiE — 82 ~ 80 (kvy)™*, u maoBopor. 9dderts, obyc-
JIOBIEHHBIE BABKOCTBIO, CTAHOBATCA CYYIECTEEHHHIMH Ha

5 ’\1/3 . .

PACCTOSTHUAX x5~ \V/kv, OT Pe30HAHCHOI TOYRWU,

ITOMY DPaCCTOAHUIO OTBEUAET YAaCTOTHHIH MHTEPBAT 00 ~
/3 \2/3

~v / (kUO) ) C KOTOPBIM II0 COOTHOILIEHNIO Heolpe-

JeTEHHOCTH CBS3aHO XapakTepHoe BpeMa [T ~ 8w, =-
— V—1/3 (kv('))—z/s.

JlpuBenennbe KadecTBEHHEIE COOOpasKeHUA MOKA3BIBA-
wot, uto npu ¢ < T okpecTHOCTH ocoboii Touknm |z — z,| <
< 0z,, B KOTOPOil ILPOABIAIOTCA «BA3KWE» BPPERTH, Ie
JOMKHAA OKAa3HIBATH CYLIeCTBEHHOTO BO3JCHCTBUA Ha 5BO-
aonmo BosMmyllesuit, B o6mactu |z — x| > 8z, gma pe-
TIEHUI (p; MBI MOJKeM HCIIONb30BATH MPUOIMIKEHIbIE aCHMIL-
Toruveckne Bhipaxkenus (30.4) u (30.5). Ilpn |of— z,| >
> 8z, B pyurium Ipuna, cocrasaemnoit s (30.4), (30.5),
MOJKHO TpeHeGpeub MaJbiM CJIaraeMbIM, HpPOTOPIHOHATb-
HEM . @3(2) w @(z). UWenmodssys Tamske yCIOBHA
(07, i/dz™ > 16", /02|, TpemcTaBEM FETEPMEHAKTEI,
CTOATIME TPH cp‘i(x,) n cpz(;'c), B CIEIyIOleM HI?II6JII/IH{'6HHOM
BHIE: Py (2) W ((93 (o), Pa (xo)) 1 ¢y (20) W ((PS (o), Pa (xo))
COOTBETCTBEHHO, AnajormyHsIM oGpasoM  10Jy-
wnm W~ Wiz, ¢2(20)) - W (@3(5), 94(20). B pe-
syabraTe 3THX mpeoOpasoBamuii (QyuHruug I'puma upep-
CTABIAETCA TaK: :

G(x z ) — _L{(PI (.Z') P2 ('ZO), z > Ty, (309)
T 0 (@) 1 (o), 7 << .
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Acmvnrotura uurerpasa (30.8) onpepenserca mora-
pudMudeckoit ocobeEHoCcTBIO yHKIUE @, (cM. (30.4)):

@ (T, Toy 1) ~ 17 (kg | & — 20 )2 H, (20, | & — 24 ) X

[ exp (— ikvy (x) 1) exp (— kv (z,) ?)
kvg () kv (%o)

:I, kl == U;/U(;.
(30.10)

W3 (30.10) caemyer, uTo mavyagbHOe BO3MYIIeHHE, JOKAIH-
30BaAHHOE B TOUKE Xy, BO3OYKIaeT 1Ba BOJIHOBLIX IIPOHECCA
¢ uvacroramu kv,(x) m kv,(z,) coorBercTBEeHHO, 37leCH I —
TouKa Habmogenns. Boxwosoil mpollece mepBoro ruma, sB-
asomuiica amamorom Bonm Bam-Kaummema — Heilza (em,
maupumep, 14, 141), npemcrasnser coboit womeGamus, Ge-
ryliyue ¢ JORAJBHON CKOPOCTBIO IoTOKa. Ilpmeyrersme B
ACHMITOTHKE TAKAX Komebamuil BIONHE ecTeCcTBEHHO.

Ilosismenne BOMHOBOTO mpoIEcca BTOPOTrO THIA B OHmpe-
MeJIeHHO CTeIeHM CBA3AHO € WCIONb30BAHUEM MeTOHa
npeobpazosarma Jlammaca [7]. [leficreutensno, mpu BHe-
3AITHOM «BWIIOUEHWH» BO3MYIIEHWH NOIMKeH BO30YyAUTHCA
BECHh CIIEKTP YacTOT paccmarpupaemoii cmeremsl. OgHaxo B
TOYKE & BOSMYIICHHSI C vacToTaMEH @ = kvy(z) B3aummmo
YHHYTORAT OPYT JIpyra u3-za uaTepdepenmud.

Pacemorpum Temepn Gompmme Bpemena. llpu ¢> T
nurerpax (30.8) 6ymem BhumeaaTs MerogoM mepesana. Ilo-
JOKEHIE TOYKN T[epeBaja Ha IUIOCKOCTH ROMINIEKCHOM
YACTOTHL ONPEJeIAeTCS YCIOBHEM

t = —idln G/do. (30.11)

OTciofa caepyer, 4TO [JAs JOCTATOYHO OONBLIIAX BpeMed
ACUMITOTHRKA BO3MYINeHUA OyAeT OTANYHA OT HYJIA, eClH
$yuxmua ['puna BrIOIaeT B ce0f COCTABIANILYIO, XapaK-
TEePHBI 4aCTOTHHIA MacimTab KOTOPOH CTpeMUuTcHd K HYIIO.
Pamee Gpumo ormeveno, yTo0 B IPOCTPAHCTBE YACTOT B
okpecrHocTH Touex kvy(z), kv.(z,) wmacmrad Ow, ~ T~
Onuaro OoH yMeHBINaeTCsS ¢ yAAJAeHHeM oT Touek Kuv,(x),
kvolx) (em. (30.5), (30.6)). B pesyabrate npm ¢> T
TOUKA TepeBajsa, ecji OHa CYINeCTByer, MOMKHA HaXo-
IUTHCA Ha JOCTATOYHO OOJLIIMX PACCTOAHMAX OT TOYEK
kvo(x), kvoz,), Tme nas QymHROMI ¢ OMATH CIPaBERITUBEI
acummrormieckue npeacrasirenus (30.5), (30.6).
Brimenum Ty wacts ¢yurmmm I'pmHa, KOTOpas Momer
[ATh TOYKY IepeBaja. PaccMoTpuM cHavaga obJacTs
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z > z,. B mepeoM craraeMoM saBienue Tpanc@opMAaIm pe-
IIeHNH HYKHO YUYUTHIBATEL UMb y QYyHRUmH @.(z). Berct-
Po MeHAmowaAcAa uacth ¢,(xz,), modasaseman K QYHRIHIH
@:(z,) B ompepmennmTensx, OUEBUAHBIM 06Pa3OM BLITAAET.
AcuMuToTMEKA ~ TEPBOTO  CAArAEMOr0 ~ HMEeT  BUJ
©1 (%) @y (o) W (93 (o), 91(%,)). B meit Grierpo memsio-
mueca pemenua §i{x,) n @{z,) BzanmEO mnoramarnres,
¥ TOSTOMY TOYKA DepeBajia MOMKeT OBITH CBAZAHA TOJNBKO
¢ OpicTpo MeHAIIelca uacTblo ¢x(x), moaBIAIOMElicA B
peayabTarTe TpaEchopMaIui. ‘

Bo sTopoe craraemoe OBICTPO MEHAIOINHECH PEINEHUA
@s(z) u @lz,) Bxomar ¢ pasupiMu aprymenramm. Hecmox-
HBle OIEHKW, OfHAKO, IOKA3LIBAIOT, YTO ITOTAIICHHE HKC-
TIOHeHTH NPOUCXOAUT M B 5TOM cIyvae. B pesyabrare mpm
WHTErPHPOBANEH BTOPOTO CHATAEMOT0 KOHTYP HHTETPUPO-
BAHUA MOJKHO CMeCTUTh B 00JacTh KAk yromHo GOmbIINX
OTPHUIATENBHEX 3HaUeHHH Im w, the > |dIn G/del.

Awnanornunbie coo0paskeHus IPHBONAT K BHBOAY O
TOM, 4T0 B 06nacTH r << T, TOUKA TepeBasa BOoOINe OTCYT-
creyer. Cuefosarensro, npu > I’ cKOMbKO-EHOYIL 3HA-
YUTeNBHBIA YPOBEHL BOSMYIIEHHME OCTaHeTCH Juirh B obma-
ctu z > 1, Ucmonesys gna gyurmuu ['pusa npubmmren-
HOe BHpajKeHHe

—~ iy () @y (o), T > o,
G {O, z< 1, (30.12)

rie acummrotura ¢, (z) ompemeasaercsa (30.4), (30.6), nony—w
qaeM

@ (t, 7, To) ~ t T H (2 (kg | 2 — 2, )H?) X
> exp [—ikvy () ¢ — v (kvy)® 19/24], ©>2,. (30.13)

3axon saryxammsa exp (— ct®) xapaxTepen IS Hecol-
CTBeHHEIX MOJ B cnaloNHcCHIAaTHBHEX cpejax. Tax, n [11]
TMOKA3aH0, YTO IO BTOMY B3aKOHY 34aTYXAlT BOJIHHE Bam-
KaMmena mopx BamsimmeM clHa0uX KYJOHOBCKHX COyqape-
woii, [lefictBurensmo, BonEst Ban-Ilammema Bosmmmaior
IIpH [ABUKCHHN NYYKOB 3aPAMEHHLIX YaCTHI[, IIOTHOCTEH
KOTOPHIX MONYJMPOBAHA B HAmpaBlemuy MApmskennsa. Ha-
IpuMep, eciu CKOPOCTH BCeX YACTHAL TYYKA ONUHAKOBEL
(pacnpenenenue mo cropoctsm mMmeer Bupm [fo(v) = 8(v —
— v,)), To B mabopaTopHoii cucTeMe KOOpHAHAT GyjeM Bu-
JeTh MepHoNWdecKylo BOIHY € YacTOTOR o = 2nve/A, rhe
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A — HpoCTpAHCTBeHHRH Nepumox Momymamuu. Ilom neiicr-
BUEM KYJOHOBCKHX COYJAapeHUil paciupefelieHue Oyger pac-
OJALIBATECH TIO0 3aKOHY [o(v) ~ expl— (v —vy)*/ecitl. He-
TPYAHO BUmeTh, uto muterpan | exp (ikvt)fo(v)dv, ompese-
AAIIN BpeMEeHHYI0 3aBUCHMOCTH BO3MYILEHUIl, cHOagaer
BO BPeMeHH 10 3aKOHY exp (— ct’).

B paccmarpmBaemoii 3ajave 3aTyXaHHMe HPOUCXOIUT
amamornuueiM ofpasoM. [lelicTBUTeNbHO, B CIUIy TOTO, 4TO
CKOPOCTHh MOTOKA SABIIETCH (PyHKIOmell KOOPAMHATHL x, HA
Pa3INYHBIX JUHESAX TOKA BO3MYHIOHHS JBIIKYTCA € pas-
ATYHOH cropocrbio, dPEPerTs BAZKOCTH IPUBONAT K pug-
¢ysnu BosMyimeHmii B TOIepeyHoM HAUpaBlierudm. B pe-
3yJbTaTe HA ONHOM M TOI Ke JUHHUKA TOKA OKAa3BIBAITCH
BO3MYIEHHN, ABUTAIOIIHECST C pPAa3THYHBIME CHOPOCTSIMH.

§ 31. KoHeuHoe ycunenue
HauanbHbIX BO3MYLEEHMH

B macrosmem maparpadge MBI PACCMOTPHUM IJIa3MeH-
HbIe KomeOaHus, ONNCHIBAEMble YPAaBHEHUAMY, 0Y€HDb OJII13-
xumMn K ypasHernuio Oppa — 3ommepdenabma. YpaBHeHUS
aIb(PBeHOBCKUX W JIEHTMIODOBCKUX KoJeGaHuii B HEOTHO-

POAHOIT ¥ HEPABHOBECHOH IIasMe COBEPIIEHHO HJ(@HTHYHGBI
no dopme [20]:

ad*q/dz* -+ d (edp/dx)/dxr — k*ep = 0,
& =1y [0 (1 + in) — 05 (z)]. -

3mecs 0, — Ta WIM HHAA YacTOTa B 3aBUCHMOCTH OT THOA
roneGanmit; mapaMerp 1 o0yCIOBIEH HAJIMYUEM B ILIA3Me
BHICOKODHEPTOTHUYHBIX YacTuIl (IIy4Ka), MpHIEM MpefmoIa-
raeTcd, yro MX JOIA HEBeJHMKA W CcooTBercrBemmo 1 < 1.
Hdaa ompepenennoctu B majibHeliimeMm OyieM CYMTATL, YTO
pedb umer o0 amb@BeHOBCeKUX Rodebanmax. Hoaddumment
IIPH cTapileir TWPOW3BOMHOM, UTPAIOMIMIL POIb «BA3KOCTHY,
ABIAETCH B AAHHOM CIydYae KOMILIEKCHON Bexwuwnoil. Ero
JeficTBUTEAbHAS YacTh 00yCJI0BIBHA YYeTOM KOHEYHOTO
JAPMOPOBCKOr0 Pajmyca MOHOB 0 & MHEMAs — [HCCUTIA-
nmeit 3a cyer QUEKTPOH-MOHHEBIX cTonkHOBeHmIT (cM. § 4).

PaccmoTpus ciayuail anbBeHOBCKEX KomeGammit mag-

MBI ¢ JUHEHHLEIM TPOMUIeM INIOTHOCTH Ro(Z)==n, (0)—!—967207
TOMEINeHHoil B OJJHOPOHOe MarEmTHOe mose. Ilpu mumeii-
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HOM mpodmie IIOTHOCTH WCXOQHOE ypPaBHEHNE IPHHEMACT
BHT
A-tdig/det + dl(x — z,)do/dz]/dx — E*(z — z,)p = 0,

, (31.1)
ez, = o5 (0) 7o (0)/ (0?19 (0)), A = a1de/dz [y, &=
= %mzpino (1 —1id), 6= —é—%am (cM. § 4). Tipemme
yeM OPHCTYHHTH K IIOCTPOEHHUI) peIleHnA YypaBHeHHs
(31.1), samerus, 4o HALGONBIIME IPARTHIECKHIl IHATEpEC,
IpeAcTaBiIAeT He caMoO DPellieHme, a JUINb I'PAHANA Iepexo-
7a MeRTY peHIeHUAMH, PACTYIOUMH ¥ 3aTYXalmUIMH BO
Bpemenn. OTBeT Ha HTOT BOTPOC MOMKHO IIOJYYUTEH JOBOIB-
HO NPOCTO, MCHONL3YA TAK HA3LIBAEMOE JOKAJIHHOE KBA3H-
xaaccmueckoe npumbamxenane. OHO COCTOMT B CAEAYIOMEM.
Mamocrs mapaMerpa o HCTOIL3YETCA KAk OCHOBAHME A
orOpachiBaHUS UYiIeHA €O crapuieil irpoussomuoit. Hosddu-
HUORT & HPeRUuoNaraeTca AOCTATOYHO IIABHBIM, Tak 4TO
ero MOKHO BRIHeCTH 3a 3HAK muddepeHIUpPOBAHUA. 3aTem
9acToTa KOJIeCaHmA U MHKPEMEHT ONPeNeNISIOTCS U3 YCIo-
sud elw, ) = 0. IIpu sTOM KaKFOK TOYKE 2 CTABUTCH B
COOTBEeTCTBUE ROIeHaHume cOo CBOGH YacTOTOM

0,(2) = 0,(z) (1 — in/2). (31.2)

IIpocTpaHcTBeHHAS CTPYKTYypa Tarux Koxebamuil B Jo-
KATbHOM NPHOIMIKEHWH He AHAIUBUPYETCH, IOCKOILRY
VKOPOYeHHOE YDaBHEHHE ABIAETCA CUHTYJIAPHBIM (0HO
nMeer 0COGEHHOCTH KaK pPas B TOH TOUKe X =2, IJe
ele, ) = 0). B orpecTHOCTH »TOil TOYRE XAPAKTEPHBII
IIPOCTPAHCTBEHHBI MaciuTal perieHus PesKo COKpaliaer-
¢s, U M0ITOMY CTANOBATCHA CyImecTBeHHEIMU dPderrrr, 06y-
CJIOBIEHTEEe KOHOYHOCTHIO JIAPMOPOBCKOTO DPANAyCa HOHOB,
HE YUuNTHIBAeMBIE B JOKAIHHOM mpuOmmskemmu. [as Toro
YyT06Bl BRIOUUTL WX B PAacCMOTpeHHe, HeoOXOZuUMo mepeii-:
™ K auddepennuaabaoMy ypaBHEHHIO WeTBEPTOr0 HOPAM-
ka. KoHeuno, Takofl ynpolqeHHBH WOAXO], CTPOTO TOBOPH,
HEeOPDUMEHIM K CHCTeMe ¢ PACIPeJeJeHHBIMY IlapaMerpa-
mu., Ognaro Hmke Oyner MOKAa3amo, YTO JOKAJBHBIA KBa-
BUKIacCCUYeCKHH IOJXO0M, HeCMOTPHS HA BCIO €ro HecTpo-
rOCTH, IaeT IPABUIBHYH ONEHKY BEJIMYWHBI MHKPEMEHTA B
JIAHHOH 3amaue.

Bepremea remeps ypaBHeHmo (31. 1) Har suzgmno,
MeKIy ero pemenweM m pemenmeM ypaBmesms Oppa —
SomMepdensga ecrb MHOro obmero. Ilpuanmnuamsroe or-
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Jqdne COCTOMT B NOABIeHHM MEEMOIl nobasxm B Kosdi-
UUeHTe TPH BTOPOH MPQU3BONHON U JEeHCTBUTENBHOH mO-
Gasxu B Rooddumuenre mpu crapmeil mpowsBogHoil. Itu
mobaBru 00YCIOBIMBAIOT MBA HOBHIX ddeRTa: HA HAYATb-
HOM DTame HBOJIOMII aMIUINTYHa Kojge0aHmil oKassiBaercs
Hapacramomeil, a Ha KOHeYHOM DTare HBOIIONHN KoJleSaHms
mepecramoT OHTH TAPMOHMYECKUME — HX YaCTOTA HAPACTA-
eT CO BpeMeHeM.

B orpecrroctu mHynas Qymrnun (o, Z) yacTusie perme-
pua ypasHenua (31.1) MoMHO HmOXyunTh, KAK 1 B TIpesI-
aymeM maparpade, UCIONB3YA MaJoCTh IapaMerpa o.
Torpa, cuuras o = 0, MOTyIuM TIABHBE peIIeHHS

@ = K, (k(z — xs)),
@, = Ky(k(z, — 2)) = K(k(z — z,)) + inl (k(z — z.)),

I(z) = (i), (iz). (31.3)

Monaraa k=0, moxyumM MeNKOMAacHITa0HbIE PpeNIeHIs.
Onm, Kak u B Tpefbjiymeli 3ajaue, BEIPAKAIOTCA B BUIE
(s = AV — )t exp [£2IAY (2 — 2,)°/3 F in/4l.

- ' : (31.4)

Oynxuna Maxaonamsma Ko, wax n yurnus Beccens
H,, obGaanaer B myje JorapudMmUecKoil 0COGEHHOCTEHIO.
C mpubnmmenueMm R Heil MacmrTad pelmeHuit ¢, H ¢, CO-
Kpamiaercsa, OHM CTAHOBATCA MeIROMACIITAOHBIMYU, U 3TO
X CBOUCTBO COXPAHSETCA B CEKTOPE

(arg o + 4m)/3 < arg (x — x,) < (arg o + 2n)/3. (31.5)

ACHMITTOTHIKY DPemieHuii (¢, M ¢y B DTOH 00JACTH IOMYUITM
moclle 3aMEeHBI

K(k(z — z,)) > Klk(z — z,)) — .. (31.6)

Ilpeanonomum, 110 BEIIONHEHB YCIOBHA Teopemsr Pe-
Jes, a TouHee, ee amajnora jia ypasuenus (31.1). Torna
IIA aHaJm3a YCTOHYWBOCTH [OBUKEHUs MBI JOMKHBL Tie-
pefiT K 3ajade ¢ HAaYaALHBIME ychioBuaMH, Bes cxema
TOCTPOCHUA PelIeHrs HBONIONMOHHON 3afaun IS ypaBHe-
wua (31.1) amanmormuyHa cxeMe, MCIOJB30BAHIION B TMpebl-
ayuteM maparpade mia ypasHemma Oppa — 3omMmepdenn-
na. Iostromy mpuBefieM cpasy OROHUATENbHOE ACHMIITOTH-
YECKOE PeleHHe, He OCTAHABIUBAACH HA IPOMEIRYTOUHBIX
BHIKJIAAKAX (3a TOXPOGHOCTAME MOMKHO OOPATHTHCA K pa-
Gore [15]).
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Ha maxsix Bpemenax &< 7T = op - (upi\)_w3 mMeeM
@ (t, , 20) ~ t 0, |07 (z) exp (— io, (z) 1) -+
-+ o) (o) exp (— i, (20) )] Ko (k| 2 — 7,]), (31.7)

Ha Goabmiux BpeMmeHax ¢ > 1

olt, z, z,) ~ t7 Ko(klz — z,|) exp [— ik, —
—iw,(2)t + ilnwt)*/(24A), 2> 2, (31.8)

e ®, — aIb()BEHOBCKAN YACTOTA; % —— BeIWUMHA, 00par-
Has XaparTepHOMY Macmrtaly HeOZHOPOXHOCTH ILIOTHOCTH
maasumer, Wa (31.7), (31.8) cremyer, wro B HAYANBHON CTAa-
AU BO3MyImernns Bospacrtaoor. [Ipmuem uHRpeMeHT Hapa-
CTaNIA OUPeeNsIeTes JOKAIDHBIM NHCIePCHOHHBIM yPaBHE-
nneM glw, z) = 0. IIpu t ~ (00_1(%(),')_2/3HOJI86&HHH nepe-
c¢raioT OBITH TapMOHHYECKIMHM — HX 4YacTOTa HAYMHAET
BO3pacrarTh CO BpeMEHeM; UPH HECKOJIbKO OoapimeM Bpe-
MeHU -~ wo—i(%pi)—mé‘l?’ UIKPeMenlT IapacTaHmsa Hayu-
HAaeT YMeHBIIATHCHA, U HaKoHel, npu ' >1i, =2 (2ys)1/ N
X wp 2 (np;) ™ HapacTaHme CMeHJETCA 3aTyXaHmeM. 3jech
vs = (1/2)nw, — mokanbubiit uHKpeMenT womebamuil. Iipm
t=+¢, aMmINTyjAa HAYaIbLHOTO BO3SMYIIOHUS BO3PACTAET
B A pas:

A EN R
Azexp{ 3 5 ) (D, , : (31.9)

0

rae Ay, = —i?—pfgwo_lcoé. B (31.9) mpernonaraercs, 410 1m0-

RaszarelIb DKCIIOHEHTH BeJUK 1O CPABHEHHIO ¢ eJHHUIe.
TlooroMy MBI IpeHeOperiy HpesKCHOHEHIWAIBHBIM MHO-
MuTedeM. 3aTyXaHHe BOSMYLIeHNA o0ycaoBauBaerca 3¢-
(PeKTaMu KOHEYHOM MPOBOANMOCTH IIITA3MBL.

Ffnasa VI

PACMAJHAS HEYCTOMUYMBOCTD

§ 32. Beepgeune

Bo Mmorux caydasx aMIUiUTyAy WIX HHTEHCHBHOCTD
ofuoit m3 BoNH (BOIHBI HAKAUKH) B YKODOUEHHEIX ypaB-
meruAx (5.10) momuo cumrats s3ajammoil. K amammsy ra-
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KOTO pojia CIyuaeB MBI W OOPATHMCSA B HACTOAIEH TJIaBe

MuosxecTBo 3a/{ay HEIMHEAHOW ONTHRE OBLIO MCCIEN0-
BaHO B NpUOIM/KeHUN 3af{aHHOTQ IONM, KOTAA aMOIHTYAa
n $asa OFEON W3 BOJH HOJATAIOTCA NOCTOAHHHIME (CM.,
wanpumep, [1]1). 910 npubausxenme xopomo ommcrBaer Ha-
YanbHY0 CTa[UI0 NIPOIecca HeTHUHEIHOro B3amMOIeRCTBHA
BOJIH.

Ipubamxenne sagaHHOro 10" HAJATAET BHAYUTEID-
b€ OTPAaHUYeHUA Ha 00JacTh TPAMEHIMOCTH TIONYIaeMBIX
pesyanpTaToB. B paAme cayduaes ymaercs HECKOJBKO PacCIIu-
puTh 00JaCTL NMPUMEHWMOCTH JWHEAPM30BAHHEIX YypaBHe-
Huil, UCTGAL3YA NPHOIMKeHne 3aTaHHOA HHTEHCHBHOCTI
{2]. TIpu »ToM WHTeHCWBHOCTH OFHON W3 BONH IIOJATAETCH
NOCTOAHHOM, 8 HA ($asbl BCEX BONH He HAJIAraeTCA HUKAKUX
orparuveumit. Ilocieguee 06CTOATONLCTBO ABIAETCA CYIIE-
CTBEHHBIM IDH WCCIENOBAHNN B3aWMONEHCTBAN BOMH 8
CHIBHO HEOTHOPOTHHX cpemax. B srux cayuasx ¢azs
BCeX BONH (B TOM 9uCie M BONHBI HAKAUKU) CUNHHO WPO-
MOZYJIMPOBAHEL 34 CYET HEOMHOPONHOCTH, B TO BPEMA KaK
HHTeHCHBHOCTH BTOPHYHBIX BOIH MAadbl M3-3a ociaabiemums
sfpperTHBHOCTH B3aMMORENCTBUA paccTpoiivamMu HasoBoro
cuaxpoumaMa. Hmmke, mpm JuBeapwsamuu YKOPOIEHHBIX
ypaBHewuit, GymeM WCIOAb30BATH NPUOTMKeHMe KAK 3a-
MAaHHOTO TOMA, TAK W 3aMAHHON WHTEHCHBHOCTH.

Bonna wnoueumoil aMmIUTYABI, DACHPOCTPAHMIOIIALCH
B HelXuHe#HOH cpede, MOMeT MCKAKATHCA M3-3a B3auMO-
neitcTBmit ¢ BomHAMH Bo3Mymemma. s addexrmBHOrO
npeo0pasoBaund HHEPIUU B CUCTeMe TpexX BOIH HE00XO0-
MUMO BBITIONHEHNE PEe30HAHCHBIX YCIOBUIT

0)3=C01+(1)2, k3=k1+k2.

- BszaumopneiicTsne BONHBI HAKAYKE ¢ BONHAMEI BO3MYIIE-
HUA TPOHCXOAUT PABMUIHEIM 0OpPA30M B 3aBUCUMOCTH OT
COOTHOMIEHNA 4YacToT BONH. Ecim BoJgHA Hamrauku obmama-
eT MaKCHMAaJpHOH YacTOTOH, TO IPH BHIIOJHEHUH De30-
TAHCHBIX YCIOBUI 0HA HEYyCTONINBA OTHOCUTEJIBHO pacmaja
Ha ABa BOAHOBHIX BoamyuienudA. Ilpu stom ammauryma Bo3-
MYIIEHAH HKCIOHEHIUATHHO BO3PACTAIOT CO BpeMeHeM.
Taroit mporecc Buepsuie paccmarpusaics B. H. Opaesr-
ckunm u P. C. Cargeesrim [3] u nomyumn maspamme pac-
agHOH HEYCTOMUYMBOCTH BOJHLI KOHETHOH aMILINTYHL.
Haiimennsie BromGepremom ¢ coasropamu [4] crammomap-
Hple PEIIeRNA YKOPOYEHHBIX YDaBHEHHUI MTOKA3AJIH, YTO Ha
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HeJHHEHHON CTAAUH DPA3BHTHA PACHAHON HEYCTOMUMBOCTH
(c yueroM BIAMAHUA BTOPUYHBIX BOJIH Ha HCXOJHYIO) BO3-
MOJKHO TOJHOe Impeo0pasoBanre DHEPIHH B HHUSIIHE TaCTO-
7o, Eenn xapakTep JuHEHHBIX JMCIEPCUOHHBIX COOTHOIIE-
Huit gaa BoaH o;(k;) TakoB, WT0 pe3OHAHCHEIE YCIOBHA
(32.1) BoImomHAIOTCH Cpasy IR GOABMOTO YMCAA TPOER
BOJIH, TO B PE3yIbTaTe PAa3BUTHSA PACHANHON HEYCTOHIHBO-
CTH HNCXOJHOH BOJHBL M BTODHYHEIX BOJH B HeIWHEHHOH
cpejie BO3MOKHO 00pasoBanme IeJoro cmeKrpa Koxebanmit
¢ pasauumbIMu uyacToramm [5].

B Goapmuzcree pamrux pabor, IOCBALIEHHBIX pPE30-
HAaHCHBIM HeIMHEeHHBIM B3aUMONEHCTBUAM BONH, Ccpefa
cumranach OesrpamnuHoil um omHOpogHOii, Cephesmoe BHH-
MaHEE K DPacuajiHbIM IIpoljeccaM B HEOMHOPOJAHBIX CPeax
OBLIO MPUBIEUEHO B CBA3U ¢ IpoliemMoil mpeolpazoBamus
DHEPTUY MOIMHOTO JA3epHOT0 W3IYYeHWSA B TIA3MEHHBIE
romebaHuA, Y:Ke M3*TepPBEIX pabor, MOCBAIMEHHBIX Peso-
HAHCHBIM BOIHOBBIM B3aUMOJEHCTBHAM B HEOJHOPOXHBIX
cpefax, CJIEOBANO0, UTO HEOMHOPOMXHOCTH CYI[@CTBEHHO W3-
MeHsmeT xapakrep »Tmx mpomeccoB [6—8l. Tak, B paGore
[6] oGuapy:eno, uro s3anpeineHHas yCIOBUAME (Has0oBOTO
CHHXPOHU3Ma TeHepaIia BTOPON TapMOHUKH B Iuiasme 0es
MargurTHOrO TIONA BOBMOKHA B HEOHMHODOZHOW IIasMe B
obnactu, THE CTAHOBHTCA GAMBKON K HYIH IUH3IEKTPHAIE-
CKAA IPOHWHAEMOCTH BOJHBI HA OCHOBHOH 4YacToTe.

Poszentmorom [7] Gsuro mokasamo, 4T0 pacmagHas He-
YCTOHUYMBOCTG B HEOJHOPOAHBIX cpejax, Boobme roBops,
HOCHT CHOCOBBI XapaxTep. JKCIOHEHIMAIbHOE HAPACTAHHS
aMIITHTY/] BO3MYINEHHWIT co BpeMeHeM (afcoqioTHas Heyc-
- TOMYUBOCTD) BOZMOJKHO JWIIB JIA HEKOTODHIX YACTUBIX
crydaeB HEOTHOPOAHOCTEH X COOTHOIHEHNSI 3HAKOB IPYIT-
TOBEIX CKopocTeit BoiiH, B mpotuBHOM caydae HaGaofaer-
CA JNUIIb KOHEYHOE YCWIeHHe BO3MYMIEHHH ¢ TIOCHENyI0-
UM BBIHOCOM HX U3 00dacTH (PAa30BOr0 CHHXPOHH3MA
[7,8]. Unrepecuo orMetuth, 4T0 3amava 06 abCoxoTHOI
HEYCTOMIMBOCTH BONHBI KOHEUHON AMINIUTYABI TECHO CBi-
3ama ¢ 3ajjaveii o COOCTBEHHBIX BHAYCHUAX YPABHEHHUS
Illpepuarepa ¢ KOMIUIEKCHBIM HOTeHIUaJdoM. HoxeyHoe
yCWJIeHNe BONHOBLIX BO3MYINEHHH B OTCYTCTBHE adCONIOT-
HOII HEyCTOMYMBOCTH IIPH vV, => (0 COOTBETCTBYET IOJ-
6aphepHOMY HPOXOKIEHNI0 BOBMYIIEHMI,

Hue MBI pacecMOTPEM He TOIBKO PACIAfHYIO HEYCTOM-
YHBOCTH, HO W IIPONeccH cMeinenns uactoT. Ilpu stom B
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JanbHeireM BcioAy OyaeM cuyurtarbh, uro 061acth addex-
THBHOTO B3aWMOJEICTBUs BOJH J[OCTATOYHO YyAadeHAa OT
TOYEeK HApYIieHHs KBa3MKIACCHYECKOTO OMUCAHHAN BOIHO-
BBIX TIOJNeH, Tak uTO BJINAHUE TIOCIOHAX Ha paccMaTpu-
BaeMble IIPOTECCHI MOMKHO CUHTATh MAJBIM, JacTwaHBIR
aHaJIN3 TaKOTO POJla BIAUAHUA [JIdg JIIIHeapI/IVBOBaHHI:IX 3a-
mav mommo maitrm B 19, 10].

§ 33. AGconioTHas HEYCTOMUMBOCTL

Ilycrs & menmmeiimoit epeme pacmpocTpaEseTcs BOTHA
¢ 4acToToil ;. MccaemyeM »BOMIONUIO BO3MYIEHHH ¢ 4da-
CTOTAMH ®; H @, TAKEMH, 4YT0 A® = 03 — 0 — 02 =
=const, Ax)=1Fks;—k —k,. Ilomaras ammanrymy Cs
BOMTHEL C 9acTOTOH ®; 3ajanmoit, ua (1.7}, (5.10) moxyqwaem
JUHEHHYI0 CHCTeMY IS AaMILIATYN MAJNHX BO3MYIIeHU
eilz, t) m ez, t)

ey /0t -+ v,0c,/0x = iVege, exp if A (zy) dz, — iAot |,
0

(33.1)

X
ey [0t - vy0c, 0z — iVeye exp| — i S‘A (z) dzy — iAot |.
0
31ecr ¥ gmamee I WPOCTOTHI CUHTAaeM KodPPUIueAT He-
JIUHEHHOTO B3auUMOJeHcTBHA V MeficTBUTEIbLHBIM.
Herpynmo y6emgutbcs, uro B GesrpaHmunoil oHOPORHOMK
cpege mpu A == (0 MajBie BO3MYINEHHA BSKCIMOHEHIHATLHO
HApPACTAIT CO BPEeMEHEM Cip ~ exp (vi) ¢ MAKpeMeHTOM

v =[T*{c;]* — (A@)*/41'", (33.2)

Paccrpoiika dasoBoro cnuxpoHH3Ma TI0 wacTore A® IpH-
BOAUT K TOMY, 4T0 Pacmafnas HeYCTOHWYMBOCTL HMeeT Me-
CTO TOJBKO JUIA BOMH ¢ HOCTATOYHO OONBMION aMIIUTYHOit
lcsj > ]Am/ZV]

Curyanusi CymiecTBeHHO VCIOMHAETCA NPH HAIUYAA
paccrpoer (asosoro curxporusma A(x), BEI3BAHHBIX HEOT-
mopoaHoCTRI cpennl. [Ipoanannsupyem, caexys Posenbiio-
ty [7], B Kakmx ciayyadx B HeO[HOPONHON Cpelie MOIKET
OCYIIECTBIATHLCA DKCIIOHEHIMANLHOe HApACTaHHe BO3MY-
Imennii co BpeMeHeM, T. €. a0CONOTHAH HEYCTOHUYMBOCTD.
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Tlonaras Aw = 0, uposesem B ypasHeumax (33.1) mpeod-
# N
pasopanue Jlammaca mo BpeMmenu. VICraoums ¢y, mepei-
IeM K HoBod mepemennoil W:
X
_ o * . & —1 —1 9
Y =c,exp! —i\de,A(x,)/2 4+ p* vy vy ) x/2
0 .

(33.3)

Torpma, mpeHeGperag HAYANLHEBIMH YCIOBHAME, IOTYYIIM
YpaBHeHIE

a2 /da? + ([A + ip (o7t — v3 V) %/4 — idA/dz2 —
— V2 ¢y [P, W = 0. (33.4)

IIpu BeiBome ypasuenna (33.4) mbi cumramun V(z) u vilz)
AOCTATOYHO MEICHHO U3MEHAKUIEMUCT (DYHRIMAMI, YTO-
6Bl MOKHO OBLIO TmpeHeGpeuh MPOU3BOMHBIMH OT ITUX Be-
JuYyuH. Yver mpoctpancrsenHoil sapucuMoctu V(z) u vi(z)
CTAHOBUTCA BajKHBLIM, HalpUMep, B OOIACTAX, THE OTI
BEJIMIUHABL TPOXOIAT uepes HYJIb. B jadbHeimieM Tanrue
CIly4ay paccMaTpHBarh He OyfeM, cYuTag s IIPOCTOTHI
HTU BOTUYUMHS! TOCTORHHBIMU.

ITontptraeMmea Haiitn permenue ypasmenusa (33.4), mowra-
JugoBaHHOe B GesrpamudHOi cpefme (T. e. yObBaoimee Ha
Gecromeunoctn). Kcam Takoe pemienme CyIiecTsyeT IpiH
Rep,>0, 10 p, coorBeTCTBYeT COOGCTBCHHOMY 3HAUCHHIO
HOpMAaJIbHOI MOAH, pacryimel co BpeMmeHeM. Ecam Tarux
PeIIeHuiT HET, TO MOJKET HMeTb MECTO TQIBKO KOHEYHOe
YCIIIeHHe HauaJbHbIX BO3MYI{eHUH.

Bynem cumrars, yro A(z) — pacrymas $yEKuMsa mpo-
cTpancTBeRHOI KooppuEatel, Torma ma (33.3), (33.4) me-
TPYAHO IOXYIATH ACHMOTOTHKY YaCTHBIX PEIIeHWH mpu
Gonpmux 3HavYeHHAX |zl:

e = exp (— p*a/vy),

@ i . \ (33.5)

e =exp| i\ A(x)dr,— p*x/v, |.
0 /

Eciun Rep>0, 1o npu v,v, >0 nesaBucuMO 0T HaIpas-

JIeHUI TPYNIIOBRIX CKOPOCTEil HM OJHO M3 TACTHBIX pelle-

HUA ¥ HUKAKAA X KOMOWMHALHS He MOTYT OTHOBDPEMEHHO
yOBIBATD ITPH CTPeMIGHNH apryMeHTa Kak K -+, Tak ¥ K
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—oo, CiemoBaTenbHO, HpH UV, > () B Oesrpanuvuoil cpefe
MBI He MOJKeM IIOCTPOHMTH JOKaJIN30BAHHBIX peIIeHuis, sKC-
TMOHEeHIUAALHO HAPACTAKNIUX €O BPeMeHeM.

Eemn v,v, <0, 1o 7taxoe pemenue, BOOOHIE TOBOPS,
mocrponth MomO. Ilycts mas ompepenemmoctn vy >0,
ra <. Torza ¢ y6psaer npu x>0, a 6(12)— mpu
x<<(0; Bech BOIPOC B TOM, CMOMKeT JH YIOBIETBOPHTL
YacTHOE pelleHne ¢ TARUMHI ACHMITOTHRAMM YCIOBHAM
CIMUBKK B Havajde Roopmuuar. OO6paruMcs R aHATU3Y
YACTHLIX CIYYACB.

Hdua mumeitnoit meonmopommoctu A(z) = A'(0)z mame
npu v,v, << (0 Hemb3sg IIOCTPOUTH OTPAHMYEHHOE peHIeHIle,
VIOBISTBOPAOIICE TAK/Ke U YCIOBIAM CIMHBKE B HYyJe,
IHosromy B OGearpammumoil IMHEHHO-HEOTHOPONHOH cpeje
AAz) =A’(0)x) abeom0THAA HEYCTOHYHBOCTL OTCYTCTBYeT
H MOKHO HaOMIOAATh JHIIL KOHEYHOe YCIIeHHE BO3MY-
1IeHHIT. )

Horamem, wro masa weommopomaoctu Buga Alx) =
=A"2Y2(A" =d*A/dx*/xz =0) apu v,v, < 0.MOEeET HMEThH
Mecto abcomoTHaa HeycToH4ymBOcTh. Ilyerh wHKRpeMeHT
vo=V -lc;| mocraroumo Beaur, Tar uro uwmenoMm dA/dx
B ypasmenum (33.4) wMoskno mpemeGpeus. B pesymbrare
Baecto (33.4) umeem

d2¥/da? + {[A"22/2 + ip (Joy [+ |3t ]) /4 +
+ o/l |1 ¥ =0, (33.6)

Bripaskenue B urypHbix crobrax obpammaercs B HYIb
B 9eThHpex TOYKaxX

r = 2 (@A) [— ip o+ [ ]) =

=+ 2ivy (| vyv, | )M, (33.7)

UMEIOINX CMBICA TOYeX IIOBOPOTA.

BymeMm ucrars Taxme coOCTBRHHBIE 3HAYEHUA P, YTO-
OBl JIB€ TOYKH IIOBOPOTA JIEKANH 6IMBKO K HAYANY KOOp-
munar z=70. 9tz co0CTBeHHLIE 3HAUYEHNA ONPEeNSIOTCA
U3 YCIOBUSA

p=2'\70(1'—6)(1171172!)1/2/(]1)1]+IU2]), (33.8)

rge § mpepmomaraerca Majioir moGasroit. ¥YpasHenue (33.6)
IpH TAKOM HOJOMKEHUU TOYEK IIOBOPOTA MOMKHO IpefcTa-
BUTL B Bije-

107



Al

AW /dz? + (WA 22/2 + 4ivy(lo,v,1) 2T X
X LA 272 — 2iv,d (1o, ) =21} W =0, (33.9)

B6ausn BHYTpeHHHX ToUer IoBopora ypasHeHme (33.9)
CBOJUTCA K W3BECTHOMY YPaBHEHUI0 IapMOHHYECKOTO OC-
nuaTopa. Ero pemenus yGniBaioT BHE JTHX TOUEK Kak
exp (—Az¥/2), tme -h=-expl—i(m/4)(v;A" )"V, =",
a § MOKXHO HaiiTH U3 YCIOBHA, ONpPENENsIOLIET0 IOJI0Ke-
HHe HIGKHEr0 YPOBHA B TAPMOHUYECKOM OCIIIIATOpE:

8 — lexp (— im/4)27 2] (A2 (v vy, ). (33.10)

M3 (33.10) summo, wTo ¢ pocTOM v, BeanunmHa O yMeHb-
maerca. Taxknm o6pasoM, Upu AOCTATOYHO GONBIINX 3HA-
YeHUAX V, cymectsyer cobcrseHHas (YHKUUA, COOTBET-
cTByloman sHaueHuio p ¢ Rep >0 (cm. (33.8)—(33.10)),
a CcIefoBaTeNbHO, peannsyercs a0coMOTHAA HeycToidu-
BOCTB.

§ 34. 3ajauya O NPOXOMACHMM.
KoHeuHoe ycuneHue BO3MYLLEHMH

B mpeprinymiem maparpade Gbuio ImoKasaHo, UTO B JIH-
HeHO-HeOJHOPOTHONI cpefie abCOMIOTHAA HEYCTOHIHBOCTE
OTCYTCTBYeT He3aBHCHMO OT 3HAKOB TPYIIIOBHIX €KOpPOCTeil
BOJIH BO3Myllenusa. B mamHomM maparpage Mul IOCTPOHMM
CTAIIOHADHY RapPTHHY VCHJIGHHA KOAeGammii B oTCyT-
cTBue abcomoTHON Heycroiityusocrn [11].

B oxpecrmoctm pesoHamcHO#l Tourum z =0, Mmauxoii 1o
CPAaBHEHHIO € MAacIITaboM HEOMHOPOIHOCTII CPejsl, pac-
CTPOIiKY cumxXpoHUaMa A(r) MOREO PasmOMmNTL 1O CTele-
HAM z. OrpaEmyuMcs JuHeidHBM uwleHoM A=A’z (A’ =
= dA/dzl«—,) m paccmorpum pemenuwe cucreMs (33.1),
He 3aBHUCALNEEe 0T BPEeMeHU:

dey/dx = i (Veg/vy) ca exp (iA 2%/2), (34.1)
dey/dx = — i (Vey [v,) e exp (— iA'2%/2).  (34.2)

* .
Heriawdas ¢; 1 nepexofs k mepemennonn &= z/([A'])Y?,
NOJYYNM CIeXyIOee YpaBHeHHe A Ci'

" dPe/dE: — itde,/dE — ze, = 0,
¥y = iVeylvy, Yy = — iVes /vy, (34.3)
2 =1/ A"} = V2| csl?/ (w0, A7),
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Ero obiee pelleHye 3aIuIIeM B BHIE
e (®) = 2, ¥ (B) + @, ¥ (— B). (34.4)

3mecs a, U @, — MPOU3BOJbHEIE IMOCTOAHHBIE, a (PYRKIHU

‘P&i)BLIpamamTcﬂ yepes QyHREAA mapaboInuecKOro IH-
auagpa D, (L =iz):

Wi (8) = Dy exp (o in€/4) exp [F 1 (wh — B4l (34.5)

AcuMuTtorngecroe mosemenme W) (E) ommceiBaercs
CAeAYIOIMEME (QYHKIUAMHA:

W o g E > oo, (34.6)
W (—E)*exp (Fimh) + (=)« (F2mi)/* X
Xexp [Filah —2?)/21/T(-2), & > —oo,  (34.7)

ITockonbky 2z — meficTBHTeILHAA BEIMUMHA, TJAABHBIMU
wrenamu B (34.4), (34.6) mpu |E] —  orasmBamTCA Mef-
JeHHO MEHSIIIIecd cIaraeMbie, Tak 4TO

¢y, » ~ const [E|F#, (34.8)

Bymem cunrarn, uTO IOCTOAHHEBIE, COOTBETCTBYIOTIUE
TafaioUuM BoJHAM, B Bhpamenun (34.8) sapamel. Torga
‘pellieHHe TO03BONAET ONPEeNeluTh AMIIHTYIH  YXOMNAIIIX
porn, Oboszmaymm B (34.8) KomHCTaHTHI, OTBeUalOIUe IIa-
naomuM BoamaMm, 4; a yxomammuMm — B; (i=1, 2).

Paccmorpum cayuaii, korma v,v, > 0. Haitmem cmagaza
peilleHIIe JUIA YACTHOrG BHAa TPAHHYHLIX YCIOBHUI, KOT/a

o *

Ha o6macTh B3aMMOJIEHCTBHA MMajaeT TONBKO BOJHA Cs.
2

Ilpn »TO0M rTpaHuYHBIE YCIOBHA MMEIT BUJ A ) =0,

A(f): 1. Bepxuum wuEmeKcoM j 3fech U B JaJbHelImeM
-00603HaTAeTCH TaKkoe dYacTHoe pemennme cweTemsl (34.1),
{(34.2), rorga Ha 0612cTh B3aUMOJEACTBHA IafaeT TOJLKO
BOJIHA ¢ TacTOTOH ;. Pellenne s3amaum st o0UIero ciay-
Yasgd rPaHNYHBIX YCIOBUH ONMpegessercs B CUIy JIHHETHO-
CTH CyLepIOo3uiiueil STUX YacTHRIX pemmenuit. [Jasee, om-
penenss MOCTOSHHBIE a4y M a4, B (34.4), (34.6), momyuum

P =VE0(=8, oY= iy exp(E2)- ¥ (— )
(34.9)

Orciofa ¢ nomommbo (3.7) MOMHO HAlTH KOHCTAHTH YXO-
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CTPaHCTBEHHBIM HWHKPEMEHTOM ~2

pamux soaE BY%). AHaJOrHUHO A pPeIIeHHA ¢; MOMKHO
ompesemnts BY. ITomyuennbie pesylnbTaTHl MOKHO 3allll-
caTh B BUAE MATPHILHL BY (v,v, > 0)
o (OXP(R) () exp (az 2T (1 + i)
B (Yz(_ 2ni)exp (nz/2)/I' (1 — iz) exp(nz))
, (34.10)
B cayuae v, <0
o [€XP(—72) (2t exp (— w/2)0 (1 + i2) )
. Yz(“ 20i)1/2 exp (— nz/2)/T (1 — iz)  exp (— 1z)
(34.11)

TaxuMm obpasoM, maa v,v, >0 yculenme mMeeT MecTto
npu z>0, a pga v, <0 —mnpu z<0. [lmaromanbEble
3JIeMEeHTHl MAaTpPUI[LL B LPeNICTAaBIAT c000it Kod(u-
OUEHTH YCHIGHUA MAfaionieii BOJHSI, & HEIUATrOHAILHBIE
OHPeNeNaT aMILIITYNy BO3HUKAIOIIEH BOIHEI ¢ 9acTOTOIE
Guenui,

Ecnu z> 1, MOMHO TOXYyYUTH HATIANHOE IIpeJICTaBJIe-
HEe O CTPYKType IOIsS B PE30HAHCHOH obmactu ¢ 10-
MOIOBI0 ACHMITOTMYECKMX BHIpasKeHUHA Jua  QyHRmui
pi) (§). Paccmorpum aMILIHTYAY 2, Ipa wv,w,>0,
—1 <g <1, rue a=§/27"% nMmeeM
| ¢ * = y, exp {22 [ — arccosa -

-+ a (1 — a?)12]}/2za (1 — a?)i/2;
mupi o ~ 1 '
| PP = 2y,2-2/302 (222/3 (1 — ) -exp (22),
rge O — dyuruna Jipu; npu o > 1
| |2 = ay? (1 4 siny (@)/a)-exp (2n2)/z (@ — 1)1/2,

wla) = 4z{a(a® — 1)/* —
—In[(a+ (a*— 1))/ (o — (a® — 1)1}

TaxkuM o00pa3oM, MORYIL AMILIATY[Bl SKCHOHEHIHAILEC
BO3pacTaeT B pesoHaHcHoi obmactu |E|>2zY* ¢ mpo-
Y g pmocTHraeT Maxcum-
MaIbHOro 3HaueHWs, koropoe B 1,9z'° pas npesmmaer
CTAIMOHAPHBIA YPOBEHb, a 3aTeM OCHWILINDPYET C YMeHb-
NIAOMEMECA aMILIATYA0A ¥ IePUOIOM.
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ATy jKe 3ajady MOJKHO OBLTO pellaTh HA OCHOBE KBa-
3UKJIACCHYECKOr0 UpAOMUKEHNS IPH YCIOBUH, 4TO CBOMU-
CcTBa Cpefbl U3MeHAITCA moctaroyHo ciaabo. Baemem

x

HOBYK ¢ymrmmo V* = ¢ exp| — iXAdxl/B , VI KOTOPOix
0

ypasuenue (33.4) npu p =0 npmmer caepywmuii BUL;:
d?¥/dx? 4 (A%4 — idA/dx/2 — vi/v,) ¥ =0, (34.12)
v = Ve, |2
C KBa3UKIACCHYECKOH TOUHOCTBIO BTOPHIM CIlTaraeMbIM B

KpYTAOBIX cROORax MOiKHO mpeHeOpeus, llosromy BMecro
(34.12) umeenm

A2V /dx? 4 (A4 — vi/vw,) ¥ =0.  (34.13)

3ajada 0 UPOXORIEHHM NJIA TAKOYO YPABHEHHHA ImoO-
Apob6mo paccmorpera B § 11, B mpuGmmmenun BKB xo-
aUuMeHT YCUIeHMA JUIS KBAJPaTOB MOAYIEl aMIIuTYH
paBeH

x2
exp| 2 | (vi/v,o,— A2 (2)/4) 2 de | (34.14)

*y

Wnrerpuposarnme mpoBojuTea B INIOCKOCTH X MEMAY HY-
IAMH TIOAROPeHHOro BHIpaskenusa, Ecru vw, >0, To Touru
mOBOPOTA JeKaT Ha [elicTeurenbsHOil ocu. llapamerpudve-
CKOe yCHIeHHe COOTBETCTBYeT WIOA0aphepHOMY IIPOXOsKie-
uuio. Ilposons wAETErpUpoBaHVe IS JTHHEHHOH 3aBUCHMO-
erd A = A’z, monyIuM MO-IpesRHeMY YCHIEHHEe B

exp [2n V2 ¢;] %/ (0,02l A’ 1)] = exp (2nz) pas. (34.15)

Anamornumas 3ajava jgaIs v,v, << 0 cBOOUTCH K CIydaio
HanbapLepuoro oTpaskeHus. TOIKM NOBOPOTA ORABHIBAIOTCSA
ra MumMoOi ocu. Hosddumuenr ycuienus B dTOM ciaydae
TaKkiKe ompegensercs gopmynoin (34.15), mo upu v,v, <O
B Hell clegyer B3AThH MOAYJIL IIPOU3BENECHUA IPYIIOBHIX
CHROPOCTEH.

§ 35. reﬁepaqua éropoﬁ rapMOHMKHU
M CYMMAapHBIX 4YacToT

B pmamnom maparpage Msl paccMOTPEM CTaIHOHADHEIE |
peuieHus A IpPoIeccoB IIpeoOpasoBaHMA YAaCTOTH BBEDX,
IpPOCTeHIIMM ¥3 KOTOPHIX MABIAETCA TeHepanusa BTOPOI
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rapmMoHuKu. HamoHmyeckHe ypaBHEHHs, ONUCHIBAIOLIUE
TeHePanuio BTOPOH TapMOHHKH, MOYKHO IOJYYHTH 1o (Hop-
myne (5.12) BapbUpoOBaHMEM raMEABTOHUAHA

2

o = (i/2) D) [vie;de] [dx — vief dejidz] —

- S [Vmc;‘?% exp ( i j A (z,) dxl) + K. c)] dz. (35.1)

B pesyiabTaTe HIPUXOAUM K YPaBHEHUAM

dc,/0t - vy0¢,/0x= 2iV120fc2 exp (i f A(zy) dxl),
’ (35.2)

X
0cy /0t - v,0c,/0x = iV1ac exp (— i 5 A(zy) dxl)-
. 0

3pmecs v B pmadbueiimeM OyneM CUHTATE Uy , B Vi IIOCTO-
SHABIMH, a Vi, JeiicTBurenbHonn Beqmuwaon. Ilepeiimem B
ypasmermax (35.2) k HOBOU mepeMeHHOl

o ¥, = ¢, exp (i A @) dxl). (35.3)
0

C yuerom nroit 3amemsl cucremy (35.2) B cramumomapHoM
cuaydae 9/0t =0 MoKHO 3a@mucarb B BHUJE

0,0z = 2i (Vilv) 1 ¥y (35.4)
0*W,/0x% — iA (z) dW,/dx + '
+[2V3% (|| )2vw, — idAjdz| ¥, = 0. (35.5)
IIyers ma rpamume monyGecKOHeWHOH HeIHHEHHOM

Cpeflsl TMPOHCXOUT IOCTOSHHAA ITOKAYKA BOJIHBEL OCHOB-
HOI YacTOTHI, TaK 4YTO

cile=0) = ¢y, c.(x=0)=0. (35.6)

Torga B OpaOIMKeHNN 3aJaHHOA WHTEHCHBHOCTH BOIHBI
HAKAYKM TeHepallls BTOPOH TapMOHUKHM ONUCHIBACTCH ITH-
HeitHsIM ypasHemmenm [2, 12]

d,¥,/dz? — iA (z) dY,/dx + (2g% — idA/dx) ¥y = 0

" (35.7
g = Vs (| e1|)*/v1v, = comst D
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¢ rpaEWYHMIMH Yycaosmamu (35.6), KoTOphle IPHEUMAIOT
BUJ;

Vy(z=0)=0, d¥,/daju—y=iVisci/vs (35.8)

s cnyuan numeiimo-meommopopmoit cpemst (Alz) =
= A’z) Moxer GHTH TOTyIeHO TOUHOe pelieHHe ypPaBHe-
Hust (35.7) [10], koropoe ¢ yyeTOM IpaHMYHBEIX YCIOBHIL
OPHBOMUT K CIeAYIOMIEMY BBIPAKEHHMIO IS AMIVIUTY/BI
BTOPO# TapMOHIKH:

Cy (2) = i (V15/0,) cfoF (k, m; — iz%), (35.9)

rme F(k, m; —iz*) — BHIpOKIeHHEAS THIEPTEOMETPUYeCKas
Qynrmus ¢ npapamerpamu kb =1/2 —ig*/2A’, m=3/2,
2= A’x*/2 [13]. Orcroga Hax0oZUM HHTEHCHBHOCTL BTO-
poit rapMOHURHA

I = Via| e [* Filvy, (35.10)

e Fi =F(k, m; —iz®) - F(k*, m; iz%).

Paccmorpum cayuait caaGoreopnopomasix cpep (A'z* <
< 1). Torma ma Manex pauHax gz < 1, wemonb3ya CooT-
BeTCTByMOIee pasinosmenne Gymrmun F(k, m; y), nus usH-
TEHCHBHOCTH TapMOHUKHU I0JIyuaeM BhIpasikenme [13]

I, (%) & (V45e3022/0,) [1 — 2 (g)2/3 — (A'2?)2/45]. (35.11)

Ecau cpema cunbno HEogHOPOMHA, TO HAf HOJYIeHHS
PeIeHNA Ha JOCTATOUHO OOJBIIMX paccroanusax (A’z® >
> 1) MOMHO BOCIOIL30BATLCA CJAEAYIOU(EH ACHMITOTHKOM
dbyuxmmr Flk, m; y) (131: ‘

F(k, m; y) = (—y)*T'(m)/T(m — k) +

+ y*mexp (y) - I'(m)/T(k), (35.12)
rge I'(m) — ramma-gyasuua. Torma upum g%/2A" <1 ma-
XOaUM .

I, (2) 2 (2/A") (Vyel/vs)? exp (— mg?/24").  (35.13)

lonyuennwie Brmue ma Madmx (A’z?< 1) m ma Gonpuimx
(A’2*> 1) paumax BEIpasKeHMA NI WHTEHCHBHOCTH BTO-
POl TAPMOHHKM [eMOHCTPUPYIOT, KaKuM 00pasoM HeOJHO-
POTHOCTH yMeHbluaeT dPPeKTUBHOCTS Hpeodpa3oBaHUA
gacrorer. Mopmyna (35.13) mokassisaer, 4To HA GONBIINX
PACCTOAHUAX IPOUCXOMAT HACHIIEHHE.

Of6cynuM Temeps npollecc TeHEpAlMKM CYMMapHBIX da-

5 3axas N 414 ' 113



eToT @s= 01+ @,, Alx) =Fky;— ki~ k,. Ilycts ma rpaun-

Ie HeIUHEHHON Cpefsl OCYIIECTBJISETCH CTANUIOHADHAs

mofKkauka BOAH ¢ gacToTaM¥ o, B @a ¢z =0) =cy

(=1, 2), clz=0)=0. Hocme szamenn ¥;=c3X
x .

X expl i S‘A(xl) dx; |merpynuo B NpubansKeHnN 3aJaHHOR

\ 0
-nHTeHCHBHOCTH Hpusectu cucreMy (5.10) ® ogHOMY ypaB-

wenuo gas Vylz)

A2, /dx? — iA (x) d¥y/da 4 (282 — idA/dx) ¥y = 0,
(35.14)

e g5 = VE[(| e |20+ (e | )20l 050 YpapHenue
(35.14) amamormumo (35.7), mOITOMY ero peIIeHHE MMeeT
suy (35.9), rme Vyscio/V, cHeIyeT 3aMeHATH HA VC10Caol Vs
Taxam 06pa3oM, HpoIeccsl CMEIIEHHs JacTOT B IPUlIM-
JKOHNHM 3aJaEHO MHTEHCUBHOCTH BIONHE AHAIOIWYHBI Te-
Hepaluy BTOPON rapMOHUKH.

Flnasa VI

CTALUMNOHAPHbBIE PELLUEHMS
HEJIMHEWHBIX YPABHEHMHW LNA AMIIIUEY]

§ 36. BeegeHue

B 1962 r. B paore Apmcrponra, BiomGeprena m ap.
(1] 6biam momyyens! cranmOHADHBIE peNIeHUs ypaBHEHMI
(5.10) mas caydas ONHOPOMHBIX CpeX. OTH pPenieHds IIo-
3BOJMIN TPOAHAIM3UPOBATH PA3IMYHBIE NPOLECCH Peso-
HAaHCHOTO B3aUMOJCHCTBHS BOXH Ha HeIWHEAHORX cTamum,
KOT[a BIUAHHE BTOPHYHEIX BOJH HA BOJHY HAKAUKH ViKe
HelIb3s CYMTATH MaubIM. Tak, M3 pelleHWi, MOJIYyYeHHBIX B
[1], cuenyer, 4ro passuTme pacmamgBHOro MpoUecca B OIHO-
PONHBIX CpPefaX B OICYTCTBMe [MCCHNANUAM IIPHBOJAT K
TIePHOXHIECKOMY OOMeHY OJHEpPTHeH MemIy HaKauroil u
BTODHYHBEIME BOJNHAMHM, TaK 4YTO pacHafHAS - HEYCTONUU-
BOCTh HocuT ofparumpii xapaxtep [2]. @opmanumam, pas-
BETEIA B [1], mo3BoNMI MCCAENOBATEH BIMSHHE TOCTOAHHBIX
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paccTpoer (asoBOro CHHXPOHMBMa Ha 3PPeKTHBHOCTH
peobpasoBaHUSA YACTOT.

B. E. 3axapos u C. B. Mamaxkos npuMeHEIH METOX
ofpaTHO#l 3ajauil paccesiHus A aHANW3A YKOPOYEHHBIX
ypasuenuit (5.10), (5.16) npu TOYHOM BEINONHEHUUW YCIO-
Buii ¢asosoro cumxpomusMa [3]. Asropamu [3] ykasan
aIrOPUTM IOCTPOEHUS HEROTOPOTO WIAcca TOYHBIX pelie-
HIHl YRODPOYEHHBIX YPAaBHEHHII, COOTBETCTBYIOIIUX YACTHO-
My Bugy wmarpuil pacceanus. B [3] rtaxme wmomyueus: u
IIPOAHAIUSUPOBAHE acUMIToTHYeCKHe (npm f~—> o) pe-
IIeHHS 3ajfladyll O PE30HAHCHOM pPACCESHUM BOJHOBHIX IIa-
KeTOB JPYr Ha Jpyre. OTH peIieHUS NPOACHAT PAN
«TOHKNX» BONPOCOB, CBASAHHBIX ¢ BIMSHIEM COOTHOUIEHW
IPYHIIOBHIX CKOPOCTeH ¥ MCXOFHBIX NAapaMeTpPOB BONHOBHIX
MaKeTOB HA XapAaKTep WX B3AUMONEHCTBU.

Meron oGparHoit 3agaudm paccesHus, BooGImIe TOBODA,
MO;ReT OBITH TpUMeHeH K aHayusy ypasmenmi (5.10),
(5.16) u mpur Alz) =0 [4]. YrasxeMm 3aMeHy mepeMeHHOI,
B pe3YIbTATE KOTOPOH pasiudme MeKAY OTHOPOMHOH I
HEOXHOPOAHOH 3aJavaMy CBORUTCA K BHAY TPAHHYHBIX U
(mam) mavampmmix  ycaosuil. llepefimeM B ypaBHeHUSX
(5.10) x moBEIM ammumuTymaM bz, t)

bz, t)=cjexp (i¥;lz, 1)), (36.1)

rae dasel Vilz, t) yIoBIeTBOPAIOT YPABHEHUAM
O /ot + v dW oz =0, j=1, 2, 3,  (36.2)

x

VA (2 day — W, — ¥, + ¥, =0, (36.3)
0

Torga musn amunutyg bfz, ) Mbl monywaeM cueTeMy
(5.40), roe A(r)=0. Havanousle ¥ TIPaEMYHBIE YCIOBHA
TPHE 3TOM ClleflyeT USMEHUTH ¢ YIeTOM CHAEeNaHHON 3aMEHEL,
Taxmm o6pasoM, BsamMojieficTBHe TpPeX IAKeTOB BOJIH B
HEOJHOPOZHOM cpefile SKBUBAJIEHTHO B3aMMONEHCTBMIO Ha-
YaJIbHO BO3MYIIEHHHIX IAKETOB MPA TOYHOM BHINONHEHUH
yenopumit  azoBOro CUMHXPOHH3MA B ONHODPOXHOHR ~ cpefe.
I'majkue HavaiabHble yeiaosas jyia cuctemsel (5.10) mocie
samensl (36.1) mIg cHILHOHEONHOPOTHEIX CPEH, CTAHOBHTCH
OBICTPO OCIIIUPYOINAMYE B LPOCTPAHCTBE (QyHKIIHAMN.
CrangoHapHble IPAHAYHBE YCIOBHA mocie saMesn (36.1)
npu Alz) <0, BooGmme roBODsS, CTAHOBATCA HECTALEO-
HADHBIMA.
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B psapne cioyuaes pemenus HeXHMHEHHBIX YpaBHEHHIT
¢ TmepeMeHHHIME KodPPunueHETaMH MOTYT UMeTh BHUJ
OBICTPO OCHUINUPYOIMUX B MPOCTPAHCTBE WIM BO BPeMEHH
QYHEKImA ¢ MeIIeEHO MEHSIOIUMHCH mapamerpamu. [{us
aHANIW3a HEJWHEHHHX YPaBHEHWHA B TAKAX CAYYAAX MOJK-
HO NPHMEHATH ACHMIITOTHIECKHE METOJBI, AHATOTOM KO-
TOPHIX NIA TuHedmsix sagad asagerca merox BHB [5—T71.
Crporo o000ocHOBaHHBIH ACHMITOTHYECKHUII MeTO} IONydYe-
HOA pelleHWil HeJUHeHHHIX ypaBHEHHH ¢ IePeMeHHBIMH
roshgurnumentamu (rkommuexcueiit Meron BHB), 6Goicrpo
yOBBaIOIIUX BHE OKPECTHOCTH HEKOTOPHIX TOUYEK, KPHBBIX
¥ ToBepxHOCTel, uamoykeH B Momorpadum B. II. Mac-
mosa [7].

OcHOBHEIC TPYMHOCTH HpPH KCHOJB30BAHNE ACHMITO-
THIECKHX METOOB [IA AHANN3A HEJIWHEHHBIX CHCTEM BO3-
HEKA0T BOMU3um TOYer (KPUBHIX, JIOBEDPXHOCTel), rme Ha-
PYmMAKTCA YCIOBHSA LPUMEHIMOCTH KBASHKIACCHYECKOTO
moaxoga. Eemaw pgma numedimsix 3ajad CYMECTBYIOT H3JIa-
TaBOINECA BBILIE ITOMXOMNBL, ITO3BONAIONIUE B 3HAUUTRILION
Mepe 0060HTH BTH TPYAHOCTH, TO IPH aHANN3E HEIHHEH-
HBIX YPABHOHWI 5TU TPYHNHOCTH HOKA CYIecTBEHHEL Mosk-
HO YKa3aTb psag paboT, B KOTOPHIX aBTOpPaM YAal0Ch TeMH
WIH MHBIME cnoco0aMy «CIIUTHY ACUMIITOTHYECKUE PeHIe-
HEUS IIpH Tiepexofie depes ocobyio oGmacrs [8—12]. B o6~
JacrAX, TAe HAPYIIAeTed HKBASWKIACCHUYECKOE OINCAHUE,
KMCXOHOe HeIMHeHHOoe PeIIeHne MOKeT INperepieBaTh Cy-
LIeCTBEHHbIE KAYeCTBEHHBIE USMEHEHHA. Y eJUHEeHHANA
HelWHEHHAA BOJHA MOKeT pasdumBaThCA HA DA BOIH, MO-
I'yT IOABIATECA OTPAsKeHHBIe HeluHeimbie BomHBI [8, 9]
Asropamu [10] noxaszamo, 4T0 KOOMHAILHAA BONHA WOCTE
UPOXOIRIACHNA OGJACTH CMEHB! 3HAKA HEINHEHHOCTH He
ocTaercs craiuoHapmoil., BMecTo cTanuoHADHOH KapTHHBI
HabmomaoTes CUIbHbe OMOHUA CIIEKTPANBLHEIX KOMIIOHEHT.
Vrpyuenne HeluHe#HO# BONHBI MOJKET LIPHBECTH K ONPO-
wugeiBanuo [6], B pesyaprare KOTOPOr0 MOTYT BOZHEK-
HYTh MHOTOIOTOKOBHe psmwerma [11]. Har yme ymomu-
HAJOCH B TPENLIAYINeidl TiIaBe, MEL He KAacaeMCs BOIPOCOB,
CBA3AEHBIX ¢ BIMAHUHEM 00IacTeil HAPYIIEHWS KBASHKIAC-
CHYEeCKOTO MOAXO0[a Ha NPOLECCH Pe30HAHCHOTO HEJIMHEH-
HOTO B3aUMOJICHCTBYA BOJH,

Mp1 TuOTs YOOMARYNH BO3MOMKHBIE MOTXOMB K aHAIH3Y
pacmagHbIX W B3PHIBHBIX B3aUMONEHCTBHH, M3JIOMEHHe KO-
TOPHIX BBIXOJHT 3a paMKm Hame# kuuru. B panmoil rmase
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MBIl OrPaHUYEMCA IOCTPOGHHEM W AHANM30M He 3aBHCHA-
IUX OT BPeMeHH ACUMITOTHYECKUX PENleHdit yKOpOdeH-
HBIX ypaBHEHWI UpH TepPeMeHHHIX paccTpoikax (pasoBoro
cuaxporusma [13—18l, woropsie mnpexcrasamoT coboir
ofofmenne cramuonapunix pemenuii [1] nma cayuait weon-
HODOJHBIX Cpert.

§ 37. BzaumogeicTeue BONH
B OHOPOJAHBIX CpeAax

ITpr mecnegoBaHUM CTAIMOHADPHBIX pellleHuil ypaBHE-
auit (5.10) ymobHO mepediTH K KOMIUIEKCHBIM aMITUTYdaM
Aj(x, t)=vY%;(z, t). HKsampar mogyas |A4;]* umeer
CMBICT 4MCNa KBAHTOB N;, NpPOXONAIMAX B eJUHHIY Bpe-
MEHH uYepes eJUHNYHYI0 ILIOMAfKY, NEePIeHAUKYIAPHYIO
HAMPABIGHNUI) PACUPOCTPAHEHMS BOJHGL Ilocme saMeHst
mepemennoit &= Vz/(v,v,0:)"% 8 (5.10) npusmem ® creny-
OIIM YPaBHEHUAM, ONUCHIBAIOIIM CTANMHOHAPHBIE PEeIIe-
mug (0/0t =0):

13

dA,JdE = iA Agexp ( | % () dgl),
0 .
3

dA,ldE = iAT A5 exp (z (BTN d:;l), (37.1)
0

g .
dA,/dE = 14,4, exp <_ if (e dgl).

0
31‘601’) %(E) = A(g) M (010203)1/2/17, A(‘g) = k3 —_ k1 - kz.
Ypasaerusa (37.4) mMetor WHTerpasbl JBMKEHWS, AHAIO-

ruvnble coorHomenuaM Msumm — Poy B reopmm mapamer-
pudeckux yemimmrexeir [19]:

m1=N3+N1=CODSt,

my= N, + N, = const, (37.2)
ms; = N,; — N, = const,
N;= |4,

Ucnonnsys ycmosue pesoHAHCA [iA 9aCTOT M3 = @)+ 0
7 (37.2), HeTPYMHO NOJYYHTH CAGAYIOIIHIA MHTErpax ypas-
mHenuii (37.1), CMBICI KOTOpPOIO COCTOMT B COXPaHEHHUH
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IIOTHOCTH TOTOKA MOIMHOCTIL
o:N, + 0.N, + o:N; = const. (37.3)

JHamsHeliniee uccrefoBaHue YA00HO IPOBORUTDH, IIe-
peligst K JefiCTBUTEISHEIM aMILIUTYAaM p; T daszaMm ¢;
Boun A;(E) = p,;(E) exp (ip;(E)). Torma cucrema (37.1) cso-
ANTCS K CAeAyIOMEM deThipeM ypapHemumaAM i p;(E) u
OTHOCHTENBHON pasHoctn (a3 BoaH 0 (E) = @3 — @ — @+

£
+ [ az;
0

dpi/dE = —paps sin 6,

dpz/d% = —0403 sin 8, (37.4)
dps/dE = p,p, sin 6,

d0/dE = (&) + (p,02/ps — 0105/ 02 — P205/01) €Os 6.

Jlerro yGemurnes, uro ypaBHeHuaM (37.4) TomgecTBeHHO
V/IOBAETBOPSIET UHTEIPAIBHOE COOTHOIIEHHE, KOTOPOEe MBI
HCHONB3YeM B lanbHemeM:

g
01020508 0 + | % (By) padpy/dEdey =T,  (37.5)
d A

rie I' — xomeranmra, ompefenseMasi TPAHIIHBIMH YCIOBUA-
mu. IIpu mocrosmmoil paccTpoiie (pazQBOTO CIHXPOHII3MA
% = %, == const uHTerpaibEOe cooTHomeHue (37.5) mepe-
xomur B ussectmBt [1] mHTerpam ppmsKenua ypasuwenumii

(37.4)
P1P205 C0s B + #,05/2 = T. (37.6)
WNurerpanst (37.2), (37.6) mossonsioT mpuBECTH HC-

clleyeMy0 CHCTeMy ypaBHeHHIT K ypaBHEHWIO IS IIOT-
HOCTII IOTOKA KBAHTOB OfHON m3 BomH Ng(E) [1]

AN,/dE = £2[N,(m; — Ny)(my — Nj) — (I'+ %,N,/2)21472,
(37.7)

BriGop smara B ypasHemuu (37.7) ompepeasercsa rpanmd-
HEIMHU ycioBuaMu. Ypassenue (37.7) Mommo mepemmcarh
B HHTerpaJbHOil dopme
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Ny(®)
E= = (1/2) | dNy/IN;(my— Ny) (my— Ng) —
Ny@

(T 9y N 2202 (37.8)

IIycrs N, Ny, Nse — Tpu KOpHA, o6palmaioliie B HYIb
TMOAKOPEEHOE BHIDA/KEHNE B 3HAMEHATENEe O]l 3MAKOM HMH-
terpana B (37.8) (Vs = Ny, = Ny = 0):

Nalmy — Na)(mg — No) — (T + %aNo/2)P =0, (37.9)

ITepeitna B (37.8) x mepememmoit Y% == (N; — Ny,)/(Ny —
— Ny,), moryuaem smanTudecKul maTerpat Sko6u B cTaH-
napruoit dopme [19]

. y(§)
E= ok (Wae— Noo) ™™ | dy/l(1 — ) (1 — y3y9122, (37.10)

y(0)

rae Y2 = (N — N}/ (Nse — Nao).
Tarmy ofpazoM, pemeniie 71 ILIOTHOCTIE  HOTOKA
KBaHTOB V3(E) umeer i [ 1]

Na(g) =N3a+ (Nab —‘Naa,) SH2 [(Nsc’_Naa)ilz(g_}" go); "{],

IVZ(E) =Nz(0) +N3(O) _"Nga —
— (Nab '_Nau) sn? [(N3c —Nsa)uz.(g + go), "{], (37.11)

Ni(E) = N,(0) + N,(0) — Ny —
~ (N3 — Nao) sn? (Vg — Np)VE(E + E,); 4],

3mech BeruynHa &, OmpeneIaeTCs TPAHMIHBIMIL YCIOBIAMIL.

B pabore [1] ma ocmose pemenus (37.11) npoanas-
3UPOBAHBI PA3IMUHBIe MHTEPECHBIe AJIS LPIIOKEHUI UacT-
HBle clydYau TPAHHYHBIX YCJHOBHHA Kak IpH TOYHOM COIJIA-
copaunu (PasoBHIX CKOpOCTeif, TaK H IPH IOCTOAHHBIX
pacerpoiikax (pasoBoro cuuxpoHH3Ma BOXH. IIpm Gombirmx
pacerpoiikax (ha3oBOro CUHXPOHH3MA HeJHHEHHOe B3amMO-
JefCTBHE BONH CYIMEeCTBEHHO OCTAOMAETCS M HOCUT OCLIMI-
IANMOHHBIH XapakTep.

B cuny mpocTpaECTBeHHO-BPeMEHHOI aHAJIOTHMM B YKO-
pouennsix ypasmemmax [21] dopmyramu (37.11) ommcer-
BAETCA TaKie He 3aBUCAIIee OT MPOCTPAHCTBEHHON KOOp-
nuaarel (8/8z =0) pemenwe mcxomsoi cueremsr (37.1),
COOTBETCTBYIOINEEe HEIMHEHHOMY B3aHMOAEHCTBHNIO Tpex
BONHOBHIX IIaKETOB B O0e3TrpaHUYHON ONHODONHON Cpefne,
RaK/IeIH U3 KOTOPHIX HpefcTaBisieT coboit mesibra-QyHK-
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nuio B k-mpocTpancrie. 1Ipm sToM mepeMeHHas § B BhIpa-
serusax (37.11) — onpejeneEHsIM 06pa3s0M HOPMUPOBAH-
noe Bpems, a mop N,(E) clremyer DOHEMATh HE ILIOTHOCTH
IIOTOKA KBAHTOB, a YHMCIO0 KBAHTOB B efgumune obbeMa
[2). Ha ocmoBe pemenus (37.11) B [2] mpoamammsmposana
HelpHeiHAS cTafus PasBATHA PACIALHON HEYCTOMIMBOCTU
B GesrpanuvHONl OMHOPOJHOA INIasMe M IOKAa3aH obpaTu-
MBIl XapaKTep pacuafgHON HeyCTOHYMBOCTH.

§ 38. leHepauua BTOPOH FapMOHMKM

Ilpocreiimmit u3 mpomeccos HeIHHeHXHOTO B3aUMOTel-
CTBHsA TpPEX BOJH B cpejaXx ¢ KBaJApaTUIHOI HeJawHell-
HOCTBI0O — TeHepanus BTOPOH rapMOHuUKH. B mamuoM ma-
parpae MbI HCCHeNyeM BIMAHUE paccTpoek (azoBoro
CHHEXPOHHAMA, BHI3BAHHHIX HEOAHOPONHOCTHIO CPEOH, Ha
8TOT Tporecc 6e3 MCMOAB30BAHUA JMHEAPUIYIOIUX YpPaBs-
HeHHA TpuOILHeHNI, ,

Har u B mpepsinymeM maparpade, mepeiiieM B ypas-
wenuax (35.2) K pmelcTBUTEONLHBIM AMIUIUTYZaM u daszam
momn  A;(z) = v}%¢; (x) = p; (@) exp (i; (2)), (=1, 2).
Torga pmus pAefiCTBHTENIBHBIX AMINIATYN O; W OTHOCHTENH-

X

HOM pasmoctu (haz BoxE 8 = @, — 2¢; +‘§A(xl) dz; B cra-
0
IUOHAPHOM caydae moayunm u3 (35.2) caegynomyno cuere-
My (0, =20, Alz) =k, — 2k,):
dp,/dE = —2p,0: sin 0,
dp,/dE = p3 sin 0, (38.1)
d0/dE =% (&) + (pi/py — 4py) cos 0,

e E=Va/v(v)"% %(8) =0v,(0,)"2A(E)/V,,. (38.2)

W3 nepsrIx JByX ypaBHEHHH IIOXYy4aeTcss COOTHOLIEHHE
Mbsran — Poy, xotopoe jna claydasi ABYX BOJH DKBHUBA-
JIEHTHO YCINOBHI0 COXPAHEHM: INIOTHOCTH IIOTOKA MOIIHO-
cra W B cpenie Ges moreps:

W= “’1(93‘]’ 293) =(01171“61[)2'1‘(02”2('02‘)2:
) = ('O.I.Nl—l_ (02N2- (38.3)
Bsenem caepymoiue OespasMepHBIE HepeMeHHBIE:
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I=20,0/W, Ii=ai/W,
L =E@W/ o) =2V ,2W)"*/v(0v)"* =2/lsz, (38.4)
lan = Vi (2W)1/2/ %1 (‘01”2)1/

3necb l., — xapaKrepHas [JIMHA HEJHHEHHOr0 B3alMO-
neiicreusg; I,(¢), I(§) — mopMumpoBaHHBE WHTEHCUBHOCTIH
mepBOif M BTOPOH TapMOHUK, CBA3AHHBIE 3aKOHOM COXpa-
" HeHUS

I+ I=1. (38.5)

Beauuawna I mpepcrasiaser K11l remepamum BTOpoil rap-
MOHUKK 10 IIOTHOCTH Momumoctd. [ OXHOPOZHBIX IO
COUEHHI0 IYYyKOB HaKauku [/ fABIseTcH OJHOBPEMEHHO H
RIT]l remepamuu BTOpoil rapMOHHKH II0 IIOMHOH MOIIHOCTH.

Ypasuerua (38.1) B GespasMepHBEIX IIeDEMEHHBEIX €
yaeroM cootHomenua (38.5) mpuBoOgATCA K BHAY

al/dg = £2I'*(1 — 1) sin 0,

(38.6)
do/t = w(f) = [(1 — /1% — 2I'*] cos 0,
#(§) = v4(0,)*A(T) - (0 )YV, QW)Y =
- = (0/2W)V (38.7)

3ech BHIOOP BHAKA «ILIIOCY WM (MUHYCY OLpeeIsercs
sHaxkoM sin@ mpu § =0, %(§) = A(f)l., — GespasmepHuas
paccrpoitka (pasoBoro cmEXpoHu3Ma, Ypasmenuam (38.6),
(38.7) ToKEeCTBEeHHO YMOBIETBOPAET WHTErPAJNBHOE COOT-
HONIeHUe, AHATOTHYHOe DOJYIeHHOMY B IDeNHIyLIeM Iia-
parpade miIg Tpex BOJH:

PR (1 — Iycos® + (1/2) | dtyn (&) dI/dg, =T. (38.8)
0

Bripasum cos0 uepes I{%), memoansysa (38.8), m mog-
CTAaBEM IOJIYYeHHOe BHIpaKeHue B ypasHerue (38.7).
IIpounrerpupyem mocie aToro OPMAIBLEO JEBYI0 M TIpa-
By uacti (38.7). Ilomywemmoe BmIpaskeHvwe miaa (pasbl
0(3) mopcraBum B (38.6) m mpuBeIeM OKOHYATENILHO CH-
cremy (38.6), (38.7) ® opmmomy HHTerponmb(bepeHuuaﬂL—
Homy ypasuenmio mis I(L):
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dl/dt = o1 (1 — I)sin {n/z + fx (&) dg, +
0

, |9
+ fdh [1/(1 — I (§)—1/21 (Zy)] j. Ao (L) d[/dgz}-
0 0
(38.9)

ITpu smiBome ypaBmemus (38.9) mavansHam pasmocts (as
BoaH BEIOpaHa mus mpocrorel pasmoir 6(0) =n/2 (I'= 0)
Bsepem caemyoimee o6o3zHavenue:
3
a{l(t) = | (a)dcl + fdcl (/01— I (&) —
0 0 ‘
&
— 1721 &)1 | deyn () dT/dz,. (38.10)
0

Bennmunna o{l(§)} umeer cmsica mabera pasmoctn ¢as
BOJH U3-32 HEOJHOPOTHOCTH Cpefbl Ha AJIuUHe (. YpamBHe-
aue (38.10) MoKHO IepenmcaTh TaKsKe B HHTEIPANBHOM
BuIe, yHoOGHOM [AA  KAaYeCTBeHHOTO  HCCIETOBAHUSA
(I(0) =0):

4
I@Q)=th*|| dycos[a{I &N (38.41)

Har Bugmo us ypasuenus (38.11), meogHOpOmHOCTH Cpe-
apl yMeHbmiaeT 3QQeKTHBHYI0 [JUHY HEJIWHEHHOH Cpemsl
u, eciiu HabGer pasmoctu (a3 BoaE afl(f)} =2 1 senun, To
KOCUHYC B IO[BIHTEIPAIBLHOM BHIPAKEHUN OCIUILINPYeET,
YTO cymecTBeHHO ocaabiaderT HeJuHelHoe B3auMOeicTBHe
BOJIH.

Iepsoiit MaI{CHMyM reHepalud BTOPOM TapMOHUKH B
HeOJHOPOJHOR cpefe MOCTATAETCA Ha [IHHE Gm, ONpEe-
JifeMoOl 13 YCIOBUA:

dl/dtle=g, =0 mmx o {l(Lnm) ) =m/2. (38.12)

KII]l resepanuu BTOpOji rapMOHMKY B HEpBOM MAKCHMY-
Me MOJKHO OHeHHTDH u3 Beipaskenna (38.41)

tn
I, (L) ~ th? [j dt, cosa(Cl)]. (38.13)
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PaccmorpuM crmauaza caydait Goapmux paccrpoex ga-
30BOoro cwEXpoHH3Ma [%|~! < 1, mOCTATOMHO MedyeHHO M3~
MEHSIOIUXCA B IPOCTPAHCTBE, TAK YTO

fn']/u® < 1. (38.14)

Ilpu sroM sddertusHOCTS NpPeofpa3OBAHUA DHEPIHH BO
BTOPYI0 TapMOHHKY HEBEIHKa, €e KHTeHCHBHOCTh Maja
(I < 1), m moToMy HeTpyAHO BHIUHCIUTH Haler pasmocTu
das alf) B (38.10), (38.11) ¢ ToUHOCTLIO [0 WIEHOB IO-
paaka |xl~' <1 u |dx~1)/dg] <1

4

a (@)~ | #(2y) dt,/2. (38.15)

0

Ornerus TakuM obpasom peamunny o(f) B AasHOM BUIE,
HeTPYAHO Temeph IPOMHTErpupoBaTh ypasHenume (38.11).
IIpu6amxennoe pemenue B 9TOM cAydae I TPAHHYHOTO
yeaxosus 1,(0) =1, 1(0) = 0 umeer Bug

4 &
I(g)zch[j de, cos(j dE(E)/2 ] (38.16)
0 0 N
|-t < 1, |d(x—1)/dE] < 1. (38.17)

NnaTerpan mox 3HAKOM, rUMepGOIMYECKOTO TAHTEHCA IIPH
punonuernn yeiaosmit (38.17) MOMHO ONEHHTH METOXOM
craquonapuoii ¢aspr [21], cuuras, wto B paccmarpuBae-
MOM HHTEPBAJIe OTCYTCTBYIOT TOUKH, CTANlMOHAPHO# ¢hHasbl
(%(8) #0):

4

I1(0)~ th [2 sin (j % () d§1/2)/% (g)]. (38.18)

0

[Tockoapky apryMent rumepOOINIECKOro TaHremea MAd,
pasiarad TaHreHC, IOXydYaeM pemenue B GopMe

I (Y) ~ 4sin? (fu(gl) d§1/2) /u?(;). (38.19)

0,

IToxcraBnaa pemenue (38.418), (38.19) B smpakenne
(38.10) mra afI(g)}, momnuo yGemguThea B TOM, 4TO 0TGPO-
HICHHbIE WIEHH Majhl II0 CPABHEHHIO C YyAep/KaEHBIME:
9TH wWieHH OyAyT UPUBOAUTH K 0olee MeAIeHHOMY MO
CPAaBHEHUI0 C OCHOBHEIM M3MEHCHHIO (Da3bl, KOTOpoe MO-
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#er OBITH BHIYMCIEHO [0 TEODHU BO3MYMIEHWIT, OXHAKO
CYILIeCTBEHHO HE W3MEHHMT XapakTtepa pemedus (38.18),
(38.19). IIpm mocrosmmmX paccTpoiikax (azoBoro CHEXPO-
HusMa (% = %, =const) seipaxerne (38.19) mommocTnio
.cooTBeTCTBYeT (hopMmyde, monyuenroi B [1] pasmomenuem

TOUHOI0 PENIeHUA IO MAJIbIM |M{,‘1|<<1 OpH  CHIBHBIX
paccrpoiikax (pazoBoro CHEXPOHH3MA.

Samerum, uro pemenue B Buge (38.19), mo cymecrsy,
MoKeT ObITh moJyveHo mpuMeHeHWeM Meroma BHB & mc-
XOIHBIM ypaBHEHHAM B NpUOGIMKEHUH 3aJaHHOll WHTEH-
CHUBHOCTI

PA/AE? + in(E)dA,/dE + A =0,
(38.20)
WK AAW/dg2+ (w4 —in'/2+ 1)V =0,

t
riae ¥ = A,exp (i 5 % (Ly) dCl/Z).

0¢

Uccnepyem teneps permmenue ypasmeHns (38.11) B 06-
JTacTH, . OKpy:Raomeil TOUKy (Ha30BOr0 CHHXPOHHZMA
t. (#(¢.) =0), u paccMorpuM ciaydail paBHBIX HYIO pac-
CTPoeK ()a30BOT0 CHHXPOHM3MA Ha BXOJEe B HEINHEHHYIO
cpegy (%(0)=0). Ilycrp HeoqHOPOMHOCTL HOCHUT JMHEi-
et xapaxrep (#({) =x%'C). Ilpu BHImOMHEeHHN ycIOBHIT
I(0) =0, %(f)=n't ypasmemme (38.11) ymoGumo mepe-
Iucarh B MHTEIrPATLHOM BHIE

i |
Q= thzlj e, cos[a{u;l)}]}, (38.21)

§ 5
a{l ()= {5 8448, + 5 dg; [1/(1 — I (Zy) —

0

&
—1/2I &) § d{;zczdl/dcz}. (38.22)
M

Ecau [%’| > 1 (6Goabmoit TpagueHET HEOTHOPOTHOCTH
8 obumactm ¢azoBoro CMHXpOHH3MA), mHTerpax B (38.21)
[IOf] 3HAKOM THUIEPGOIMIECKOro TAHTEHCA MOMKHO OLNEHHTD
MeTOoOM cTamumoHapHOH (assl. Toura cramuoHapHOI ¢a-
3pl ompefensiercs u3 ypasHenus 4 [a ())/di|z=¢, = O,

orkyfaa ciaegyer t.=0. Taxum oGpasoMm, sra TOYKa, 00-
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JlacTh BOMM3H KOTOPOH [aeT OCHOBHOH BKJIAJ B HHTETPA
B (38.21), cosmagaer, uTo BIOJNHE eCTECTBEHHO, ¢ TOUKOM
dasoporo cumxponusMa &, =10 (x(0) =0).

Haa BeIumcrenus uWATErpaia dgycos[a{I ()} ¢

0

TOYHOCTRI0 1m0 widaoB mopaara ([x'|)~Y2<«1 wmeromom
craquoHapEOA (hasel He Tpebyerca MOMHON HHEPOPMAMA
o Qpyarmur o{l(T)}, mocrarouno 3maTh JUIME MPOH3BOAHYIO
3Toll JyHEROUEM B TOUKe cTanumoHapHOHX (hassid’a/dl?|i—c,.
JTy BENMYHHY HETPYAHO BEIYUCIUTH, Pasiaras BLIpayKe-
nus (38.21), (38.22) mo mansiM § < 1 BOausu §, = 0. Ilpo-
U3BeA COOTBETCTBYIOIIME BHIUMCICHUs, IPUXOIUM K Cle-
AyolieMy NpulIH;KeHHOMY BBIPAMKEHUIO 1A MOTEHCUB-
HOCTH:

i _
1) ~ the [f dt, cos (w;i/3)J. (38.23)

Pemenne (38.23) ramme MoKHO 3ammcaTh B YEOOHOM BH-
Jie, MCHONL30BaB Kocumyc-murterpan Dpemens [19]:

t
C(t) = 2 | cos t3dt,/(2m)r, (38.24)
0

I(g) =~ th¥{(3n/2|%" )2CLE (" 1/3)12]}.  (38.25)

Maxcumanbaas 5HPeRTHBHOCTS TeHEpaNUd BTOPOM Tap-
MOHUKE B JUHEHHO-HEOXHOPORHOH cpepme, rae GespasMep-
Hag paccTpoiika ()a30BOr0 CHEXPOHN3Ma HMeeT BU[
%(§) =x'C, mocTuraercA Ha paCCTOAHUHU G, OT BXOJa B
HEMHERHY0 cpefy, onpenenaeMom u3 ypaphHenuma (38.12).
Ha paccrosmuax §, 60mbmuunx {., mpoucxomur oGparTHas
mepexayka HHEPrYM B OCHOBHOE W3NydYeHWEe W WHTOHCHB-
HOCTH BTOpOE rapMoHEKYM magaer. Pemas (38.12) ¢ yue-
toM (38.25), HETPY[HO BHIYHCIAUTH PACCTOSHUE OT TPAHU-
IBl HOAVHEHHOA Cpefibi Cm, HA KOTOPOM MOCTUTAETCA MAaK-
cumampabti KIIJ| I..(C.) remepammm BTOpO#l rapMOHmKM:

Em = (3n/21%' )2, (38.26)
I.(Gw) = th* [(3n/2]%" NYCUn/2)D)].  (38.27)

Cregyer saMeTHTh, 4uYTO UpUOAMMKEHHOE peIIeHHE
(38.25) ecopaBepnuBO JMHONIE B OrpaHUYeHHON obmacTd
(1] ~&n) BOmmsm Tourm ¢a3oBOr0 CHEXPOHH3MA, IIO-
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CKOJBKY HCIOJb3yeTcsi PasloKeHue . PyHKIUU BOIHIU
TOYKH CTaOUOHAPHOH hasel; OpH JaNbHEAIEM yBeIude-
HUM { CyMecTBeHHO YBEIMYMBAETCA paccrpoiika pasoso-
IO CHEXPOHH3MA %(§) m romefaHUA HATEHCUBHOCTeH mep-
BOH W BTOPOH#l TapMOHMK HOCAT 3aTyXawIIimil XapaKrtep.
dtn xonebamnA NPHOIMKEHHO ONUCHIBAIOTCA (OPMYIOit
(cp. (38.16), (38.18), (38.19))

4
I~ I,/2 + th? [2 sin (5 % (Z,) diy/2 + eo> /x (g)],

(=@ <, (38.28)

rae 0, — HexoTopas ‘TocTOsAHHAA obaBKa K dase, ompe-
JensieMasd HAYAILHBIME YCJIOBYAMI.

AnamornyeM 00pasoM HETPYIHO IOIYIUTH PemieHusd
B BHJl¢ HMHTErPajoB OT H3BECTHHIX (DYHKOUN A 000
reopmopogHoeTH %(L) mpm ycaosum, uto TOYKa (azoBOro
CHHXDOHU3Ma HAXONWTCS B HaUajde HeIUHeHHO# Ccpems
{(%(0) =0); samaua CBOZIUTCSL B DTOM CIyuae K BHIMICHe-
HIIO BTOPOIi IPOMBBONHOI o ”(0) ¢pyrrumm afl (?;)} B TOY-
Ke cranuosapHO dassl.
. Jlna weommopommocreit crernewmdro smma #(§) = »'G?
RIIJ remepamum BrOpoii rapMOHHKHM BOJIM3H TOYKU (aszo-
BOTO CHHXPOHI3MA OIMHCHIBABTCH CHEIYIOIIMM BBHIPAIKEIHEM:

4
()~ th* {5 dt, cos [« (p+ D)1, (38.29)
0
#w(g) = »'CP.

Maxcumansuoe suavennte KRIIJL 7.(C.) B cpemax ¢ me-
omuopoxuocThio BuAa #({) =x'0P mocTuraercs Ha maHHe
Cm, paBHONR

En = (p+2)n/2|x' ]/ @), (38.30)

Em
I (Cm) = ch{_Y dg, cos [ (&) /(p + 2)]}. (38.31)
0

AmpanuTHuecKue pelleHUd I CAydas He DPABHHIX HY-
A0 HA BXofle B HEIWMHEHHYIO Cpelly paccTpoex (asoBoro -
cunxpornaMa (#(§) =%, +x'L) Moryr O6LITh IOIYUeHE!
cmocoboM, OIMSKUM K- ompcamHOMY BbIme. MBI He OymeMm
IPUBOJUTEL 37eCh COOTBETCTBYION(HE T'POMO3TKME BBIKJIAJI-
K0, a o0Cy UM JHINE BONPOC 00 OMTHMAJBHBIX PaCCTPOWH-
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Kax (a30BOro CHHXPOHHM3MA Ha BX0Je B HEAUHENHHYIO
CPEAY Hopt, OOECHEUMBAIOIUX MAKCUMAJNbHEE 3HAYCHUA
RITJ, remepammu Bropoil rapMOHHUKH In, B HeduHeHHOR
cpefie ¢ 33JaHHOH HEOJHOPORHOCTHIO. JTOT BOHPOC SBIA-
eTcd BajKHBIM, HANpUMep, AIA Npo0IeMHl IIOBHIIIEHUS
RIIJI onrmueckux yaBouTejeil YacTOTHL CBETA.

KII[ remepanuu BTopoit rapmonuru I(T, %,, ') B mm-
HEMHO-HEOXHOPOXHON cpefle 3asucur 0T OespasMepHOi
IMHEE HejmBelnol cpepsl § = L/l.;, pacctpoiiku ¢asoBo-
ro cEHEXpOHHM3Ma Ha BXofme %, = A(0)l.; u mapamerpa %,
XapaKTepHU3YIOmero cTelneHh HEeOJHOPOAHOCTH HelWMHelAHoll
cpeppl. [nuna senwmedHoit cpegsl m paccTpoiika (haso-
BOTO CHHXPOHH3Ma Ha BXOME MOTYT OBITh BHIODAHBI OITH-
MadpHBIME (§opy B %oopt) Tawum o6pasoM, uTo6sl obecimme-
qupaicsa npefensro BosMoubil KIIM In.(l%’l) B cpene
¢ JIAHHBIM TPajdeHTOM HEeOJHOPOTHOCTH % . :

JdderrusHan reHepamus BTOPOil TAaPMOHUKHM B HEOJ-
HOPOJHOH cpefie, KaKk BUIHO U3 IPOBEJEHHOIO BEHINIE aHA-
ausa (em. (38.23)), mpoucxomur B obunactu —(3r/2|%')* <
<SC—C.< (3n/2[='|)Y2, oxpysmamwomeit Toury &., rae ¢a-
30BBIl CHHXPOHU3M BEINOTHAETCA TOYHO. s adperTns-
HO#I reHepamuu paccTpoiira (asoBOr0 CHHXPOHUBMA W
HAUHA HeTUHEWHO#l Cpebl MOMIKHEL HOAOHPATHCA TAKMIM
06pasoM, 4To0bl BCA 0067acTh WHTEHCMBHOTO HEMIUHEHHOTO
B3auMofielicteua ¢ pasmepoM 2(3n/2|x’|)'? p6aumsm rTo09-
Ki ()a30BOro CHEXPOHH3MA NEIMKOM HAXOMUIACh BHYTPH
Henunueiinoi cpemyi. CMeImenme MONOMKeHNA TOYKM (Paso-
BOr0 CHHXDOHH3MA BHYTDM HeJIHHEWHOR Ccpefgsl MOer
OBITH MOCTUTHYTO M3MEHEHHEM PacCTPOHKH (DazoBOro CHH-
XpOoHMBMA Ha BXOME %, TawkuM o0pasoMm, WpeeNbHO J0-
crisrumete  HKIIJI  remepamum  BTOpOil  rapMOHUKM
I..x(I%’|) B numeiino-meonHOPONHOA cpejie ¢ TpajueHTOM
HEOTHOPOAHOCTH %' A OJHOPORHBIX IO CEUEHHIO IYIKOB
?axaqf)m MOKHO ONEHHTH ¢ IoMOmbio Qopmyast {(cp.
38.27))

Io(%'1) & the [2(3m/21% Y20 (1/2)2)]. (38.32)

Ha puc. 16 nokasams: sasucumoctu npemenbunix KIIJT re-
Hepamuu BTOpoit rapMOHUKA In.([%'|) or Momyms rpapm-
€HTa HEOJHOPORHOCTH |%’|, IMOMLyYeHHEIE HA OCHOBE YHC-
JIGHHOTO aHajm3a mcxomHOoH cmeremsr (38.6), (38.7)
(xpunag I) m mo Popmyme (38.32) (xpmBas 2). Bumnamo,
4T0 HOodydYeHHasg (POPMYNa XODOUIO OHMHCHIBAET WCCIeHye-
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Puc. 16. 3aBmcuMOCTD
upeaersERX KIIJ Imax,
Tmax OT mapaMerpa |x]|.
1— ONHODOUHBI 1O ceue-
HUOIO TTYI0K HAKAUKU, PACCUM-
TaHHbBIT HA 9BM; 2 — Heon-
HODOJHBI HO CEYeHHMI0 INy-
YOK HAKAYKM, paCCYHTAH-
Hplft mo ¢opmyne (38.32);
3 — HEOTHOPOJHBI IO ce-
YeHNI0 MYY0K HAKAUKM.

N
S
1

o.
T Tmag 570

§

MBIl ITPOIECC TMPAKTHYECKU BO BceM jpuamasoHe Koaddu-
IUeHTOB IPeo0pa30BaHUSA DHEPTHU BO BTOPYI0 TapMOHHKY.

CremaeM HECKONbKO 3aME@UaHMiI 0 XapaKTepe MPUOIHN-
JKeHIIl, MCIONB30BAHHBIX ITPY HONYYEHNW AHATATHYECKUX
pemennit (38.23), (38.29). C.. ¢opmanvHOil CcTOPOHBI 3a-
MeHa meussectnoil (ymrnum ol{l/(f)} npocreiMu cremen-
HEIME BBIDQ/KeHUAMHA JOIyCTHMA JHUINL IIPH BHITOJHCHUN
YyCIOBUH

Ix'|72 <1 u [dx'2/dEl < 1. (38.33)

B srom caywae KIIH, rar mxerxo summo ma (38.25), mamsl,
YTO COOTBETCTBYET NPHONMMKEHNIO 3aJAHHOH MHTEHCHBHO-
ctu. Pasnossms runepGommueckuit ramremc B (38.25) mo
MQJIOMy apryMeHTy coriacHo ycaopuam (38.33), momyumm
pellleHye, COOTBETCTBYIOINEe NpUGIMKEHNI0 3aJaHHON MH-
TeHCHBHOCTH, UNCIeHHABIT aHaIN3 OKA3BIBACT, 9TO HOIY-
9eHHbIe B OTOll IJaBe CTANUMOHADHBIE peNIeHWd TUA
(38.23), (38.29) mpumenuMBl U IpU BBICOKMX KodPPuUIU-
eHTax mpeo0pa3s0oBaHUA HHEPTHH B CHCTEMEe BOJIH.

B canaGoreomuoponarix (x| <« 1) HenmHeimbIx cpegax
MoryT Obith mocrurmyTel Bhicokme KIIJl mpeoGpasoBanms
saepruu. Pemenue cucremsr (38.6), (38.7) B sroM ciayuae
HA He CIUNIKOM GOJBIIMX PACCTOAHUAX MAI0 OTINIAETCH
OT COOTBETCTBYIOIIEr0 peIleHHs A OJHODPOMHON Cpems,
tar uro Haber gaser a{l/(%)} B (38.11) MommEO BHIUECHATD,
mogcrasiasas Bmecro I(Z) mesoamymernnoe pemenme [(§) =
=th?*§. Torga fuA IHHEeRHO-HEOTHOPOMEON cpemul #(§) =
=, +%'f momyumm cuenypinee UpuOINIKEHHOE pEIIeHIE
B KBajiparypax mpu Mameix |x| < 1:
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-k
I (%)~ th? [S dg, cos (o sh 28;/4 + ' ch?§y/2 —

.0

— %'t oth z;l/z}. (38.34)

Ecau mHeogHOpoaHOCTH Cpemsl HACTOTLKO ciaaba, UTO
HabGer (asel all) <1, TO MOKHO Pa3IORHUTH KOCHHYC B
eipaziernn (11.35) mo MamoMy apryMmMeHTYy U MOIYYUTH
pellleHNe B ABHOM BUfe:

1) = th?(©) {1 — (2sh 20)7 [ (G + (#')?) sh 44/32 +
+ %% ch 45/16 + ((n")2 — n'%,L) sh 28/2 + (w'% —
— (W)2) ch 28/2 — %%, £2/2 + w33 + (3%’ — «3) L/8 —
— On'%,/16 — (/)2 22 cth T]). (38.35)

CpaBrenre TouHBIX pemienuil ¢ mpubamxenubivMu (38.34),
(38.35) morasbiBaer, 4TO IOCAEHEE XOPOIIO NMPUMEeHUMEL
npu x < 0,7, Torga Bo3MOKHO mocTmskenne Bhicorux IIIJT
(=290%).

§ 39. 06 >pchekTHBHOCTH Npeobpa3oBaHMs YACTOT
B none HeORHOPOJHOH BONHLI HAKAUKM

B mpepeigymem maparpade HccIemoBalach reHepamus
BTOPOIl TADMOHUKZ [JIsi ONHOPOAHBIX II0 CEUEHHIO ITYYKOB
HaKaIKkW., B peanbHBIX YCIOBHAX pachpe/eleHre ILTOTHO-
CTH MOIMHOCTH HAKAYKA II0 CEYEHUI0 NYYKA, KAK IIPaBU-
JI0, ABNAETCA HEOMHOPOMHBIM: KETEHCUBHOCTh HAKAUKM
cmajiaeT Ha KPBUIBAX NYYKA, 9T0 MPUBORAT K YBENIHYICHUIO
opeKTUBHON HETUHEHHON UIMHEL [y, Hapamerpa x’ M,
Kar cuencrsme, R cummenuo KIIJ] remepammm Bropoit
TapMOHMKY MO TIONHOH MOmHOCTH. B sT0M maparpade Mbr
VcCcleflyeM BINAHVE HEOMHOPOIHOCTH NYYKA HAKAUYKH IO
cezenno Ha HIIJl mpeoGpasoBammsa bSHEPrMM BO BTOPYIO
TOPMOHWRY 1O HMONHON MOIHOCTH. .

Bynem paceMarpuBarh DEINHAPUIOCKH-CAMMETPHTHEIN
ciydail, a pacmpefielieHIe WHTEHCUBHOCTY BOJHBI HARAUKE
O CeueHmio mydra OygeM CUHTATH TayCCOBCKUM;

pilz=0, r)=p,(z=0, r=0)exp(—r*/a?), (391)
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THe I — PacCTOAHMEe OT OCH IYYKa B MOHEPeYHOM HAIPAB-
JIeHAN, @ — PAfAYC HOINEePeYHOro CEeYeHWS MHTEHCHBHOCTH
OydKa IO yPoBHIO exp (—2),

¥Yno6eo sBectm (amamormumo (38.4)) Gespasmepnsie
MepeMeHHHIE:

]1 = wlp%/Wm I = zwlpg/WOv
§ = x/lun, s = Vie QW) 12/vy (0,05)172,
%(C) = A'lxm = ¥y + %';

Wy= (wlpi -+ 20)193) lx=0,r=o-

3aecy W, — nr0THOCT: MOIQHOCTHA HAKAUYKA B IEHTPE IYyY-
xa mpu §=0. Ms1 GyseMm mosarars paudparnuio cIaboii,
yro cmpasegunso Aas maua L < L, = ka’/2 npm MampIx
‘Koa(pdunuentax mpeobpasoparua sHepruu (Ipm GoabIIEX
YCHWIEHUAX 5T0 yciaoBue TpebyeT YTOYHEHHA B CBASH C
mesmEetimocTsI0 [20]),

SasmcuMocTh aMmIuTyx p;{z, r) or momepewHoil Koop-
JIMHATHL B YCIOBUMAX ciIaboctu NAUPPAKIUOHHEHIX 3PQeKrToB
ONpefeNAeTCd IUIML TPAHNYHKIMYU YCAOBUAMI

p1(z =0, r):poyg/z(r), P =pi(x=0,r=0),
P (x=0)=0, (39.3)

e Jo(r) = exp (—2r%/a?). :

C yuerom coormomenmsa Momau — Poy Z(E, r)+
+ Kg, r) =J,(r) cucreMa yKOpOYeHHBIX ypaBHeHHI (cp.
{38.6), (38.7)) maa mmremcmemoct I(§, r) U OTHOCHTeIb-
HOI pasHOCTH (Da3 BOJIH

(39.2)

g
0, 1) = @ — 201 + | % (Zy) dLy
0

‘B Ge3pa3MepHEIX MepeMeHHEIX IpuoGpeTaeT BHT
al/dg = 2I"*(J,(r) — I) sin 0,
(39.4)
d0/dt = (%) + [(Fo(r) — D/1Y* — 2I'"*] cos 0,

I§=0)=0, 6(=0)=mn/2. (39.5)

‘B3aBHCAMOCTD OT MONEPEYHOM KOOPAHHATHI I BOILJIA Te-
TIeph B ypaBHeHHMe uepes mapamerp J,(r), a He B rpaumu-
HBle YCJIOBHA, UTO HECKONBKO YymoOHEe NPH YHMCIEHHOM
aHAJAA3e 3aKadH.
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Pemenne cucremsr (39.4) ¢ rpammuHBIME YCAOBUAMR
(39.5) maer BeIpaskeHwe N HOPMHDOBAHHOH HHTEHCHBHO-
crE Bropoir rapmommru I(§, ., %', J,), 3aBucamee or
mapamerpa J,(r); ompefesaseMoro paccToAHHEM OT IEATPa
nydxka. B panpHefimeM Hac Oymer wmmrepecosath KIIJI
npeoGpas3oBaHUA YACTOTH IO HOJTHOH MOIIHOCTH

1 = S 2w,05 (¢, ryrdr/o, \ pi (¢=0,ryrdr, (39.6)
0 0
WIH ¢ yveroMm obosmavenuit (39.2)

1
n={ 7ol €, #o, #', TN I s. (39.7)
0

IIpur TouHOM BHIIONHEHWH YCIOBHH (PA30BOTO CHHXPO-
musma RIIJT npeoGpasoBammsa 4acTOTHI 10 HOJIHOI MOIIHO-
CTH [JA TayCCOBCKOTO NYYKa ONpefensercd CIeRyIAM
Boipaskennem (puc. 17, kpusasx 2):

n=1-2tht/t+21n (ch §)/T%. (39.8)

Puc. 17 (xpussie 1, 2) munoctpupyer tor (arr, 4TO
HajKe TpPU TOYHOM BHIONHEHHN YCJHOBHii (Da30BOr0 CHH-
XPOHII3MA HEONHOPOAHOCTH HMYYKA [0 CEYCHHIO CYLIECTBOH-
HO orpanumuuBaeT dPEeKTUBHOCTH IPeoGpa3oBaHUA YACTO—
THI IPA He CAUIIKOM GONBIIHX AIUHAX HelnHeXHoH cpefbl.
Ilpu Gonbmux mauHax orinuue B DPEOEKTHBHOCTH IPeol-
PA30BaHHA YACTOTHL OMHOPOMHBIX ¥ HEOJHOPOMHLIX IO
COUEHHI0 IIYYKOB CTHPAETCH, TAK YTO H IS HEOTHOPOTHBIX
IIY9KOB COXPAHAETCA MPUHINIUANBHAA BO3MOMKHOCTH JO-
crmsxenusa KIII remepamumu mo mommoit mommoct 100%.

Hansreiiinmit anamms sapaun mposogumica Ha IBM.
Warterpmpoparne pemenus I(T, %, %', F(r)) cucremsr
(39.4), (39.5) mo mapamerpy Z,(r) (cm. (39.7)) mpomomm-
J0Ch HA KAJKAOM Iare PAsHOCTHOH CXeMBI, B Pe3yAbTaTe
Yero modaydvaiach HHTepecymmas mac semmuymHEa KIIJT
TeHepamudy BTOPOH TAaPMOHHKM II0 IIONHOM MOI[HOCTIX
N(E, %o, %), saBHCAIMag 0T GespasMEepHBIX [IWH HeTUHEN~
HO#l cpembl [, HauaxbHOlI paccTpoilku ¢a3oBOro CHHXPO-
HHE3Ma %, M IIapaMerpa %', XapaKTepU3YIOIIero HeoIHOPOJ~
HOCTH CpeJsL.

B HeomHODOAHEIX CpefaxX Xapakrep pelIeHUi miIA
RIIA (g, %, »') ragectBenso maMensierca. Brauaume ¢
yBemnuerueM pauasl Kpueramaa & KIII n(E, x., %') Bos-
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7004 !

80

60

pacraer, JOCTHras HEKO-
TOPOr0  MaKCHMAaJbHOTO
3HAYEeHU IPHU JAaHHBIX %,
u %', a 3areM, OCIWI-
TUpPyA, CTaOUIUBHDPYETCH
(cm. puc. 17) Ha Gomee
HusxoM  yposme. Ilpu
3TOM HEOIHOPOHOCTD
Iy4YKa II0 Cce4eHHI0 OKa-
3BIBAETCA CYIIeCTBeHHOMH
n na OCOXpmIUX IINHAX
(cp. xpuBete 8, 4 ma
puc. 17), rak uro pasHum-
Ha MeKIy ONHODPOTHBIM
H TAayCCOBCKAM ITyIKOM
HE yCue3aer ¢ yBeImde-
"‘HUEM [JIMHBI HeJduHelHOH
cpeisl, KaKk HT0 OBUIO B
cllydae OJ{HOPOHEIX CPE/I.
Jtor adderr csazaH c

0 z 4 6 2

Puc. 17. 3asacuMocrs KIIJT mpeo6-
pasoBanmsa gacToTel 1 () orGespas-
MeDHOR JJIMHBL KpHCTALIa L.

1 —%=0, ®'=0 (ogHOpPOOHEIX NYYIOK
HAKAUKM); 2—%=0, %'=0 (HeoqHO-
PONHBIN IITY4YOK HaKauKHI), &8 — o=

=%oopt=—6,5, ¥'=8 (opmmHOpomEHBI! Ty-
YOK HAKAYKM); 4 — Ro=%¢ opt=—5,5,

%#'=8 (HeOJHODOJHHI{ NMYIOK HAKAUYKHU).

Iy9YKOB HAKAYKL, KAK K A

yBeINYeHNeM  BINSHUSA
- HeOJHOPOXHOCTH  HeJu-
HelHOH cpejbl HA KPBLIb-
AX IIyYKa U3-32 YyMeHbL-

HIGHWA  WHTEHCUBHOCTH
HaKaYKM.
Hpu  wmccaegopanun

BOIIpoca O IpeelbHO
Boamoskasix KIII reme-
pamum BTOpOH TapMOHU-
KH B Cl[yYae TayCCOBCKUX
OTHOPOMHBIX 10 CEeYeHUIO

IYYKOB HAKAYKE, CIeZyeT Hoa0uparh ONHOBPEMEHHO Ha-
YaJBHYI0 PACCTPOHRY X, M [IMHY KpHCTAIa § TAKEM
obpasoM, ar06sl B aTux ycaopuax KIIJ] remepamum mocTH-
TaJl CBOETO0 MAKCHMAILHO BO3MOMKHOTO 3HAYCHWA:

n(g:opty %o opty [%II) = nmax(l%,!)-

HiIs nomydenns 3aBUCHMOCTH TIpeIeNbHO NOCTHKIMEIX

R Nmax(l%’]) or mapamerpa

%'l paccrpoiira dasosoro

CHHXPOHMSMA HA BXOMe ¥, M [INHA KpUCTAIIa [ mopbu-

pajduch Ha OCHOBe UYHCIEHHBIX

pacueToB TaKEM 0GpasoM,

9T00B obecmeunth: MakcuMaubHoe 3mHavenme KIIJ] mpu
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KaKIOM 3aJaEHOM 3HauenuHM mapaMerpa |x'|. Ha puc. 16
noxasana sasucumocts RIIJl remepanmm BTOpOil rapMoHm-
KN 10 NOJHOH MOI[HOCTH Mmas(|%'|) or mapamerpa |x’l
JIA HeOAHOPORHOTO [0 CEYEHHI0 IyIKAa HaxkaykE (KpH-
Bag J) B CPaBHEHHN C COOTBETCTBYIOIIeHl 3aBUCHMOCTBHIO
JUIS OIHOPORHOTO Iy4YKa HaKauku, BEHO, 9T0 HEOJHOPOX-
HOCTH IyYKa L0 CEUEHHI0 IPUBOJKT K CYIHECTBEHHOMY
CHUKeHUI) NpefedbHO pocTiskmMeix sHavenuit KIIJ] mo
CPaBHEHHUI0 ¢ OLHOPORHBIM ITYIKOM.

§ A40. BsaumopescTBue TpPex BONMH

Jamasii maparpad TOCBAINEH aHAAU3Y CTAOHOHADHBIX
penreHnii yKOPOUEHHHIX YPABHEHWI A HEBHIPOKIEHHOTO
B3amMofieficTBuA Tpex BOMH (ws= o, T @, Alz)=1Fk;—
—ky— k).

PaccMorpum cuavaza HenwHelHBIE MPONECCH, B KOTO-
DPEIX dHeprua lpeobpasyercs B (ojiee BBHICOKHE TaCTOTEL
Ilpm sToM Ha rpamumOy HelWHEHHOM Cpembl MONAIOTCH BOI-
HEL ¢ YaCTOTAME M U ©,, 4 BOAHA ¢ CyMMAapHOHi 4acTOTOH
w; remepupyerca. Taxme nporeccsl B HenuHeiiHOH onmTHKe
NPUHATO HA3HIBATh IPOIECCAMH CMENICHHA 9acToT, a IO
TEPMUHOJIOTHH, MPUHATON B TEOPHH ILUTA3MbI, TAKUE HEIU-
HellHBIe B3aUMOMEHCTBUA BOJNH HAa3HIBAlOTCA Hepaclaf-
HBIMH.

Cucremy ypasuenmit (37.4) ¢ yyeroM coOTHOMEHHIT
Mosmma — Poy (37.2) ®m HUETerpaibHOre COOTHONIGHAS
(37.5) cmocofoM, amamormUnNEIM onHcanHoMy B § 38, Mom-
HO TPUBECTH B HHTeTpORu(depeHOUATLHOMY YPABHEHUIO
JUiA IUIOTHOCTM MOTOKA 4mceaa KBauToB NG(E) ¢ wacToTofl ©

dNs/dE = £2[Ny(m, — N3)(m, — N3)1'% cos [afN:(E)}],
(40.1)
- 5
a{N;®) = | % (&) d&; + (1/2) j d& [(my — N

0
5

o (my— Ny — N3] | dEgn (B) AN, /dE,.  (40.2)
0

Bri6op snara B ypasmenum (40.1), Tax sie xax « B (37.7),
omnpefieliAeTca TPAHMYHEIME YCIOBHAMHE. I{OHCTAHTHL m,
U m, onpefensoTca coorromenuamuy Mamrmu — Poy (37.2).

133



IIyers N,(0) =0, a N,(0) = N,(0), Toraa m, = N,(0),
m, = N,(0). las storo caysas B ypasmemumum (40.1) cie-
Ayer BHIOPATh 3HAK «WIOc». J[JIA HmpoCTOTHL 37iech W HEMKe
MBI paccMarpuBaeM caydaik 6(0) = n/2, yTo cooTBeTCTBYeET
paBeHCTBY Hyawo komcrauTsl ' B (37.5).

Uccaenyem cmausama pemenrme (40.1), (40.2) pGamsn
ToukH (pas30Boro cmExponusMa £.=0 117 HEOXHOPOXHOCTH
Buga % =x%'E. Ypasmemue (40.1) ymoGmo mepemmcaTh B
HHTETPATBHOM BHJE '

: Ny(®)
[ag cosa (V&)= | dNy/2[V5(m,—
0 N (0
— Ny) (mz—N3)]1/2. (40.3)

910 ypasHenue HamoMuuaer Bripaxerme (37.8) mma cay-
yag I'=9, =0, aumb BMecTo uepeMeHHOH E — mamabI
HeTHHEHHOH Cpejibl — CTOHT HEeKOTOpoe WHTETrPallbHOe Bbi-
pasKeHHe, urpaminee polb 3P@EeKTUBHON NINHL HeJUHeli-
HOH CpefsL.

Ecum cpema OfHOpOXHA H paccTpoiika (ha3oBOTO CHH-
xponmsaMa pasHa Hyaw (x=0), ro us (40.3) momxywaerca
yie msBecTHoe mam pemenme (37.11), xoTopoe aua arorc
yactHoro caydas (I'=0, Ny, =N,(0), N =N.(0), N;=
=0, & =0, y* = N,(0)/N,(0)) mpurnMaer BUA:

Ns(g) =Nz(0) Snz [(N1(O))1/2§; 'Y],

N2(8) = N,(0) — No(0) sn?L (N, (00285 v,  (40.4)
N, (8) = N,(0) — N.(0) sn® [(V,(0))'/%E; 7).
Hpu mamsix §*=N,(0)/N,(0) <1 pemenue (40.4) npu-
GAUREHHO MOMKHO 3aIlMCATh CIeRYIOIUNM 00pasoM:
N, (E) = N,(0) sin® [(V,(0)*/°E]. (40.5)

W3 (40.3) Bugmo, uro 3¢PeKTHBHAS FIUHA HEIUHEHHOIT
g

cpenst Scos[oc{N 3(EDN dE; Tem MempIme, ueM CUIBHEE
0
HEOJHOPOJHOCTb.
Ilyere rpajmenT HEONHOPOJHOCTH BeJHK, TAK UTO JUJIA
3

OLICHKM MHTEerpajia ‘Scos[a {N3(E)} dE; momHO mpmMe-
0
HHUTL METOJ, CTamuoHapHoi#r (hasel IMOZOGHO TOMY, KaK TG
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oo cpenamo B § 38. IlpojmenaB cOOTBETCTBYWINHE BEI-
YUCHEHUA, MPUXOIUM K CIHCAYIOMIeMY BBIDJKEHHIO A
ONEeHKW 3TOr¢ HHTerpaja BOMH3M TOYKA CTANNOHAPHOM
dassr:

g

E
j‘ cos[a{N ()} dE, ~ j cos (»'E2/3) d&, =
— (3r/2| ' | 12 C( [ [/3)1/28). (40.6)

Taxag onemxa waTerpaia B (40.4) Mosker ObITe TMONyUeHA
TIpH BBINOJHEHUH YCIOBHI

U= V/NO)-2 <, dllx'[713)/dE <1, (40.7)

Yenopus (40.7) amanmorwumnr yeaosuam (38.33), oama-
K0 B omimune oT (e3pasMepHBIX BeJHYnH %', &, BBe[EHHBIX
B § 38, sesmuuanl %' u § B dopmyne (40.8) mmeor pas-
MepHOCTH, BmepmeHusie B § 37 u mMeollme pPasMepHOCTDH
nepeMenuabie N;(E), &, «(§) ymobum mis paccMoTpenus
HeBBIPOJKIGHHOTO TPeXIaCTOTHOTO B3aMMOJEHCTBHA BOJH,
160 TO3BOMAIT B3aMUCATL COOTBETCTBYIOIINE peIeHnsa B
o0IeM BUjle He3aBHCHMO OT COOTHOIIEHHA YACTOT B3amMO-
JeHCTBYIOIUX BOJIH.

.Oronuarensao noxyuaem ¢ yderom (40.3)—(40.5) npnm
BenonEeEud yeaosmi  (40.7) mpubawikeEHOe pelmeHme

st No(E)
Ny (&) = N,(0)sn*[(BaN,(0)/21%"1'*)C((Ix"1/3)2¢); 4,
Y* = N,(0)/N(0). (40.8)

IImornocts moroka wsanToB N (E) BOMHEI ¢ cyMmap-
HOH YacToToil ®; = 0, - @, BHAYAJe HapacTaeT, JOCTUras
MaKCHMaJbHOTO 3HaYeHHa Nin(E.), Kax . »To BHgHO H3
{40.5), (40.8), na paccroamuu &, = (3n/2|x’[)"/?, upmaem

Nsm(En) = N,(0) snz[w(?ani(O)/le'l)‘/ZC((H/Z)"'Z); 1,
(40.9)

4 3aTeM IPOMCXORMT o6GpaTHAA NepeKauka HPHEPIUH B BOI-
“HEI € 9aCTOTAMH Oy H ©; C MOCTEIYIOMUMHA OCIAIAINIMIE.

Ilpn maaeix y* = N.(0)/N,(0) <1 seipaskenua (40.8),
{40.9) yopomaworca amamormano (40.5)

N,(8) = N,(0) sin? [(3nN,(0)/21%’ N2C((1x’1/3)128)],
' (40.10)
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Nam(Em) = N,(0) sin® [(3aV,(0)/21%"1)2C ((n/2)'/2)].
(40.11)

Ecan mioTmocTH MOTOKA KBAHTOB BOIH € 4acTOTAMuU
®i, ®, Ha TPaHHUIe HeNIWHeHHOH cpensl ofuHakoBs N, (0) =
=N,(0)), ro us (40.3), (40.6) momyuaeMm clieayioliee BbI-
paskenue maa N,(E):

N3(8) = N.(0) th* [(3aV,(0)/2]% )2 - C((1"[/3)Y2E)].
(40.12)

Cpasrenne (40.12) ¢ dopmyaoit (38.25) mokaswBaer, uTo
9TOT wacTHBII ciaydall, Tak jKe KaK M IPHU TOYHOM COIJIa-
copannu asosnix cropocrein [1], Bmomme amanoruuen
TeHepaIuu BTOPOii TapMOHUKM.

MarcuManbueiii KoadQuiuentT mnpeobpasoBanud 3Hep-
I'HH ¢ IOBBIUIIEHNEM 4YacTOTH MOKeT OBITH OIleHEH 110 (op-
myre (o6macth $aszoBOro CUHXPOHH3MA OKHA ITEINKOM
HAXOIUTHCA BHYTPU HEIUHEHHOH CPEHI)

Namax(2Em) = No(0) sn® [2(3aN,(0)/2]x"1)2C((s/2)1%); yl.
(40.13)

‘IlpoanamusumpyeM Temepb ciIywai, KOTAa BOJHOE Ha-
KaUYKW ABIfAeTcA BOIHA ¢ MAKCUMAJILHON  4acTOTOI
®3{NV3(0) > N,(0), N,(0)=0). Iror ciay4ait cooTBeTCTBYET
TIPOCTPAHCTBEHHOMY PasBUTUIO 00CY:KaBImefica B IMpeAsl-
ayOieil raaBe pacmagHOR HeyCTONYUBOCTH Ha HeawHeHHoil
CTajM¥; B HeJWHEHHOK ONTHKEe TAKOH IIpOLlecc IPHHATO
Ha3BIBaTh IIapaMeTPUUYECKUM YCUJIeHNeM BOJHBI PasHOCT-
HO# gacToTH. IlmormocTs moToxa BamTOB N:(E) onmchsa-
erca ypasmHemmem (40.1), B KoTropoM caemyer BHIOpaTh
3HAK «MHHYCY».

Bexruunust m, m m, ompefeNsaoTCA COOTHOIIEHWAMH

Mouau — Poy:

m1=N1(O) +N3<O), m2=N3(0). (4:0.14)
PeHleHIIe A paCCTpofIKI/I (1)330301‘0 CUHXPOHI3MA,

pasuoit mymo (x=0) (em. (37.41), (40.14)), nmeer BHT,
(N3c = Ni(o) + N3(O)) A

Ny = N4(0), Nyo = 0, y* = N;(0)/(N,(0) + N,(0))

N(E) = N,(0) sn[(N,(0) + N (0)V2(E — &o); 7l,
(40.15)
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No(E) = No(0) — N,(0) sn® [(NV,(0) + N (0))V*(E —E0); 1],

—N,(0) sn?[(N,(0) + N, (ONYVA(E — &); yl.

3necs BeamumHa £,(V,(0) + N;(0)!/? paBEa B cooTBeTCTBINA
¢ TPAHWYHBIMII YCIOBHAMIH YeTBEPTH TEPHOAA DJUIHIITIIE-
croro cumyca [19]

Eo(V, (0} + N, (0)* = K(y), (40.16)

rae K(y) — monuplii sapanTHvecKuii HHIETPAN IIEPBOTO
pona. Beipasrenue (40.16) ompenenaser Ty ANHHY, Ha KO-
TOpOfl IPOMCXONUT TONHOE [peodpasoBalHe dDHEPIUNHA B
BOJIHBI ¢ JaCTOTAMH 0y U My, T. €. IOTHEBI pacilaji BOJHBI
¢ MakcHUMarpHOH  vacroToil. BemoMmmumag, uro §=
= Va/(v,u,0)"* 1 N;=uv;l¢;l* (em. § 37), us (40.16) mo-
JyuaeM cAegyioliee BhIpa:KeHUE IJAA [IUHBI ¥, Ha KOTO-
poit NpOMCXOANT MOTHOE MPeodPa30BaHNEe HHEPIUH:

xy = K(7) (0,002 Vv, 1 ¢, (0) 12 + v5165(0) |22,

(40.17)

B cayuae, rorma N,(0)/N;(0) < 1, momuwii suaunruyde-
ckuii wHTerpai meproro popa K(y) MOKHO Pas3TOKUTL IO
mMagmomy  mapamerpy v = (1 — %)Y =N,(0)/(N,(0)+
+ N,(0)) < 1: :

K(y) = —(y/2)* +1In (4/y) 1+ 47724+ 0((y)M)], (40.18) '
B pesynprare momyuaeM
2, = (0,0) Y In [N(0)/N,(D1/2V e, (0).  (40.19)

Beauunna, ofpaTHag Z,, OTAMYAETCA OT IIPOCTPAHCTBEH-
HOTO MHKPEMEHTA PAcIIafHOl HeyCTOWdWBOCTH JIOTapHpMu-
YecKHM MHOJKATeNIEeM, KOTODHIA ompeneisdeT AAHHEY, Heol-
XOMMYI0 Ififg TOT0, 94TOGH MaJbie HAYILHEIE BO3MYMIe-
HAA [gae IpH HKCIOHEHTHAJALHOM pPOCTE  HOCTHIIH
AMIIATYIE MCXOTHON BOJIHEL

B sTOoM ciiyyae TaKse MOYKHO TPHMEHHTE K aHAIH3Y
pemenust ypasmernus (40.1) s obumactu BOIUSH TOukM a-
30BOTO CHHXDPOHM3MA pa3BUTHIL Bemme momaxox. IlycTth
ToyKa (§a30BOr0 CUHXpOHW3Ma Haxogutcesa B myuae (%(E) =
=%"E). Torma amagormuno (40.8) momyuaeM IpE BHIION-
HeHUM YCJICBUN

l%’/(N(0) + N, (O [-2 <1, dllx'|-*2)/dE <1 (40.20)
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cilefyoliée BHpasKeHMe IS MJIOTHOCTH IIOTOKA KBAHTOB
N,(§) ycunuBaemoit BOIHBL:

~ N, (0) sn? {[(Br(N(0) + N;(0))/2]2"])2 X
X CWx'1/3)*e) — K(y)1; v},

Eci® meogmopoimocTh CHUABHAS, TO HHTEHCHBHOCTD
BOJTHBI ¢ YAaCcTOTOW ; HApacraer JUIOIb 0 TOUKH £ =
= (2/2|%’[)"/?, a sarem mpoumcxoyur ofpaTHAs Teperat-
Ka »Heprun. MakcumManbHasg ILIOTHOCTD IOTOKA UHCTA
KBaHTOB Vi may [OCTHTAGTCA B CIyTae, Korfa Bes obuacts
cuEXpoHu3Ma ¢ pasmepoM 2&, = 2(3m/2|x’|)'/* maxommres
BHYTDH HeJHHeilHOi cpejpl, JTa BeTUYHHA MOKET OBITH
paccumraHa mo ¢gopmyae

Nimaszi(O)—i-NS(O)_ '
—N;(0)sn*{[2(3a(N,(0) + N, (0))/2]2")** X
X C((/2)72) — K()1; y). (40.22)

CremeHs BINAHUA HEOMHOPONHOCTY MOKET GBITH ONMeHeHa
H3 COHOCTaBIeHHS XapaKTepHOH JAWHEI HEJIUHEHHOro
BaaumopeiteTrusn §, = K(y)/(N,(0) + N,(0))"V? u graust 06-
aactH gasoporo cmmxpommsMa 2&. = 2(3n/21x'1)Y% Ecan
HEOJHOPOJHOCTh JIOCTATOYHO cjxadas, Tar uto & < 2%, 10
BO3BMOJKHO IOIHOE npeoﬁpaaoBaHne SHEPrUH B HU3IIHE Ya-
CTOTHI, IIOCKOIBKY BILIHITINecKHil cunye B (40.22) momer
CTaTh PABHBIM HYNIO, IPH dTOM N, m.e = N5(0). B mpotuso-
momoskHOM cayuae (§,.> 2E,) moamoe mnpeobpasoBanie
SHEPIUH He OCYIIECTBJSETCH, TAK KaK HA JUITHE NOPATKA
28, HauuHaeTcs o0parHasg IePeRAYKa DHEPIUH, a MaKCH-
MagbHB KosdunuerT ee npeodpaszoBaHus onpeensercs
dopumymnoit (40.22).

B BanioueHme MBI CENAeM HECKOALKO 3aMEwaHIil o
TPaHHNAX UIPUMEHUMOCTH (HOPMYN, MONYYeHHBIX BBbIIIe.
Ecnn rpapnmert meomuopogHOocTH B 00JacTH $Pa30BOro CHH-
XPOHH3MA JOCTATOYHO BeNHK, TAK UYTO BBIMOJHEHBI YCIO-
Bus (40.7), (40.20), 10 wosduuuent upeobpazoBaHusa
SHEPrHY -B HOBBIE 4aCTOTHl MajX, Pasmoius HogydeHHEIe
poiire penienns ¢ yuerom (40.7), (40.20) mo mamomy ap-
TYMEHTY, MBI (aKTHYeCKN TpueM K UPUOHIKeHU 3a[aH-
HOH HHTeHCHBHOCTH. Tar, COOTBETCTBYIOLWIl MIpeleXbHBIH
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mepexon B Qopmyre (40.22) npusopgur Hac Kk peayabraTy
(cm. (34.10), (34.14), (34.15)), yae monyuenmomy B § 34
RIS TnHeapusoBaHEpx ypasmemmit (C((r/2)Y?) = (,78). .

§ 41. Crabunmsaums
B3PbIBHOWH HEYCTOMUKBOCTH

IIponece meanneiinoro B3aMOAeCTBIA TpexX BOJH IIPII
VY9acTHM BOJH ¢ OTPULIATE]bHOIl 3Heprueil MOKeT IIPOIC-
XOANUTH KAaYeCTBEHHO Pa3ANIHBIM 00pa3oM B 3aBHCHEMOCTI
OT COOTHONIEHNs YacroT B cucreMe BoaH. Ecnm dacrora
BOJHBI ¢ OTPHIIATENLHON SHeprueil He MaKCHMajlbHa, TO
YKOpOYeHHBIe YPaBHEHHSA, OIICHIBAIOIIIE IPOTECC, BIOIHE
AHAJOTHYHBL O0CY;RAABIMINMCA B HpegBIIyIINX Iaparpa-
dax. OgHAKO IPH BTOM B CUCTEMe. BOJIH Jayke HpU HU3KO-
YacTOTHOH HAaKauyKe BO3MOKeH IIOJHBEIN o0MeH »Hepruei
ME/RIY HHU3KO- M BHICOKOYACTOTHBIMH MOAAMII, UTO O3Ha-
4aeT MONHBIT pacmaj BONHBI ¢ HH3KoH uacroroit [25].
Paccrpoiiku (pasoBoro CHHXpOHH3MA, BLI3BAHHEIE HEOXHO-
POHOCTBIO, BIUAIT HA 3TOT MPOIECC AHAJIOTHYHO TOMY,
Kar 270 omucano B § 40.

B ciyuae, rorga BoIHA ¢ MAKCHMAJIBHOI 9acToroil AB-
JsAeTCA BOJHOII ¢ OTpPHIIATENBHOII DHEprueHd, pe3oHAHCHOE
HeJITHeHHOe B3aNMoj[eficTBYME TPUBOAUT K O HOBPEMEH-
HOMY HapacTaHUI0 aMITUTY] BceX TpeX BOJXH. B mpocreii-
mux yomensx [23, 241, onuceBaomux TaKoe B3aMMONEH-
C¢TBIE, HAOJAOTALTCS TAK HaspBaeMas B3PbIBHAS HeEyCTOH-
quBOCTH (pocT AMILTHTYN BCEX B3ANMOJEHCTBYOINUX BOIH
A0 OeCKONEYHOCTH 34 KONIeYHOEe BPEeMs I Ha KOHEeYHOII
rae). .

EcrecTBenH0, yT0 B BaBHCHMOCTH OT KOHKPETHOH (u-
BHUECKOH CITYalUn MOMEJH JOJIKHBL OBITH JTOMONHEHDI
darropamu, o6yCAOBIMBAIOIMMI OrpaHuYeHne OecKOHed-
HOTO POCTa aMILIMTYJ BOXH. Ecin aMILIHTYIBL BOJH B pe-
3yJabTAaTe B3AUMOMENCTBUA JOCTHTAOT GOJBIINX 3HATEHUIH,
TO Ype3BHI9AiiHO BAKHBIM CTAHOBHATCHA yueT HeluHeiunocTell
fosee BBICOKOro NopAfKa. B pame pabor moxazaHo, 4T0
crafuanzaniA  B3PHBHOE HeyCTOHYMBOCTH MOMKET OBITH
CBA3aHA C PacCcTPOIKOH PEe30HAHCHOTC BaaUMOZeliCTBHA
BOJIH, BO3HMKAIONMIEH W3-38 HEJINMHEHHBIX CABHIOB YacTOT
[25]. K orpamuvenuio pocra aMIUIMTY[R TPHBOLUT TAKKe
obparHnoe BauAHHEe BO30YKjaeMbIX BOJXH Ha OpOUTH dYa-
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CTHI B IJasMe W (QYHKIUIO HX paclpegeieHds, a CIefo-
BaTENbHO, Ha HUCIEPCUOHHBIe CBOWCTBA Cpegsl [25, 26].
Ilpn nuHeiiHOM 3aTyXaHWM B3PBIBHASA HEYCTOMYMBOCTD BO3-
Oy;KmaeTcs HauyWMHAA JHIIb ¢ HEKOTOPHIX IOPOTOBHIX
uHTeHcHBHOCTel Bom [25, 27].

B pammom maparpage M Oymem paccMaTpHEBATL ApY-
IyI0 CHTyanuio, KOrja aMIMIATYHH BONH HE NOCTHraI0T
TaKWX 3HAYEHWH, HPU KOTOPHX CTAHOBUTCH CYINECTBEHHBIM
yuer HexmmeliHocreil 6olee BHICOKOr0 HOPANKA, a Xapak-
TEp B3aUMOKEHCTBHA BOJH B OCHOBHOM OUpeeNsercs He-
OHOPOIHOCTHIO CPEIHL.

BspriBaasa HeyCTOHIHBOCTE UPE3BHIIANHO YYBCTBUTEIh-
Ha K paccrpoiiraM ¢asoBoro cuEXpoHu3Ma BoxH. Tak,
B pabore [28] morasamo, yTo WpW HE CAMNIKOM OGOIBLIHX
HAY9QJIbHBIX WHTEHCHBHOCTAX BOIH aske Majad IIOCTOAH-
Hasg paccTpoiika CrabMausMpyeT B3PHIBHYH HeYCTONYA-
BOCTH M YCTAHABIHBAET Iepuomuueckuit pessum, Cramuo-
HapHasA KapTHHA HEIWHeHHOTO B3aNMOMAeHCTBHA BOJIH B
HEDABHOBOCHBIX  HEOJHOPOAMEIX  cpeJax  M3ydaiach
T. A. Jassosoit u B. H. Opaescwunm [29]. Onn morasa-
JIM, 970 HeOZHOPOAHOCTH CPeIHl, MPUBOAMIAS K PaccTpoii-
KaM (PasoBOTO CHHXPOHU3Ma, MOJKET CTaGMIN3UpoBaTh
PasBUTE «IPOCTPATICTBEHHOTC B3PHLIBAY.

Husre M1 GypeMm paccMaTpuBaTh CTaOUOHADHYH Kap-
TEHY B3DPHIBHOTO B3amMofelficTema, caenya paboram [13,
14]. Tlycrb TpymIioBbie CKOPOCTH BCEX BONH IIOJOKUTENb-
et (v;>0), Bomma ¢ wactoTol Gy l@it+ ©y+ @;=0,-
Alz) =k, + k,+ k;) aBuAerca BOMHOH ¢ OTPUNATEILHON
sueprueit. Torma crammomapmas (9/0t=0) rapruma He-
JUHEEeHHOTO B3aMMOLeHCTBMA BONH OYIeT OINNCHIBATHCA
ypasHeHuamH, caenyomuma uz (5.16) (em. ra. I):

§
dAy/dE = i3 A5 exp| — i | % (&) 8, |,
0

dA,/dE — iAfAsexp | — i | w(E)dE, ),  (41.1)

0
&
. ® .
dAy/dE = iAF Ay exp| — i | % (§,) d&; |,
0
3mech KOMINIEKCHBIe AMINIMTYABI BBEfleHBl TaK e, KaK
m B § 37 macroamei riass A; = v}/zc,-, & = Uzx/(v,0505)'%,
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#(E) = A(E)(w,wwe)*/U (U pgma nmpoCTOTEL cuMTaeM jefi-
“crputenbubiM). HBafpar MORyasa KOMIIEKCHOH aMInaTy-
el |A;|* mMeeT CMBICH ILIOTHOCTH HOTOKA YHCIA KBAHTOB.
Vpasmenun (41.1) mMeror maTerpambl NBUKEHHA, aHALO-
THYEHe cooTHomenuaM Mommm — Poy (37.2)

N; — N, = m, = const,

Ns— N, =m, = const,
N=14;% (41.2)
N, — N, = m, = const. '

Cucreme (41.1) ToMmpecTBEHHO Y[OBIETBOPAET CleXyIOIiee
HHTErPaibHOe COOTHOMIEHNE:

§
[NVg (Vy— my) (Ny— mg)[12 cos§ — (1/2) | dEx (&) X

X dNg/de, =T, A; = N3exp(ip;).  (41.3)

¢
3pecs 6= — [% + @y + @5+ j dE;x (El)J, a I' — ron-~
0

CTaHTa, OImpefeNsgeMasd TPAHUIHBIME YCIOBUAMIL.

Cucrema (41.1), Tar Ke KaK W B TPEALIAYIUX Iapa-
rpadax, TPUBOAUTCA C TOMOINLI0 cooTHomenus (41.3)
K ClelyoleMy YPaBHEHUI IS INIOTHOCTH IIOTOKA KBaH-
TOB BOJHEL ¢ OTPUIATENLHON JHEprueii:

dN;/dE = = 2[Ny (N3 — my) (N3 — my)]Y2 sin [a {N; &N,
(41.4)

g 3
“{N3(§)}:{90+ 5%(§1)d§1—(1/2)§d’é1 [N3_1+(N3—

§1
—m) T (N —my) 7] (I‘ + f dgyx (&,) dNa/dgz)}-
(41.5)

3pak B ypasmennu (41.4) oupepeisercsi HaYalbHBIM 3Ha-
JeHWEM OTHOCHUTeNHHOHM pasHoctu ¢has moxE 0, = 6(0).
llpm Toumom cormacoBammu (Ha3oBEIX CKOpPOCTEH BONH K
0(0) = n1/2 (I' =0) ypapuerue (41.4) pemaercs B daumn-
THYeCKEX (PyHKOUAX. ¥YHoGHEe Iepemucarh AJIA 3TOTO CIy-
was ypasHeHme (41.4) B maTerpampHOR dopme:
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N, (&)
28— | ANV, (Vg — my) (N5 — mlr2. (41.6)
N (o)

Ilyers maa oumpemenennoctu N;(0) > m, > m,, rorga mocime
BBEJeANA MePeMeHHBIX

y= (mi/N3)”2, 'Y == (mg/mi)uz (41.7)
uaTerpan (41.6) mpusoputes k sammnruveckomy [191:
ws) .
mifs = — | api(t—y) (L —yyre. (G18)
3(0)

Otciona momywaeM suipasenme piua Ng(E)
N3 (&) = my/[(my/ N4 (0)2 — sn (m¥?E; p) % (41.9)

Tlockoabrry m,/N,(0) <1, swipamenne (41.9) oGpama-
erca B GeckoHeuHocTh Kak (E. — E)~2 HA HEKOTOPOM KO-
HEYHOM paccrosuud E.. Wmmmm crosamu, mexwnelizoe
B3aHMOJelicCTBHe BOJXH B BTOM CIyd4ae HOCUT B3DPHIBHON
xapaxrep. [las Gesrpamumumoil OXHOPOHHON cpegst cymle-
CTByeT UPOCTDPAHCTBEHHO-0[HOPOJHOE (8/0x =0) peuenue
MCXOIHOH CHCTEMEl YDABHEHHH, COBEDINEHHO HIEHTHTHOE
(41.9) B cumy yuoMmEaBINEHCHA BHIOIE IIPOCTPAHCTBEHHO-
BPEMEHHOII AHAJIOTHM. ITO peIleHHEe OIMCHIBAET BPEMEH-
HYI0 KAPTHHY PAa3BUTHL B3PBIBHOM Heycroiiumpoctu B Ge3-
rpaHMYHON omHopoxHOH cpeme [31.

IlpuGmuxennste pemenus ypasHemmsa (41.4) MomHO
HOAYYRTH aHANOTUYHO TOMY, KaK 3T0 ObLIO CeIaHo B mpe-
aeIrynmx naparpagax. OrpaHmdmMess aHasu3oM IIpocTeii-
IIero cryyas TIPaBUYHBIX yeaosuil: I'=m,=m,=0,
0(0) = n/2. Hepenmmem ypasmenne (41.4) » uurterpann-
HOM BHAE C YYeTOM DTHX TPAHHIHBIX YCIOBHIf

3
N (E) = N4 (0) {1 — (V5O | g, x

§'1 -2
X COS[(S dEyx (&) -+ (D(El)]] . (41.10)
£ &
DE) = — (3/2) | dEy (N, €)7 | dEgn () aN,/dE,. (41.11)
0

0
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Paccmorpum cHauasia pemenume B obmacTu, rie OTCyT-
CTBYIOT TOYKH (hasoBoro cmEXpoHM3Ma. Ecim HeogsOpon-
HOCTH JOCTATOYHO CHIbHAA, TAK YTO BBHIDOTHEHEI YCIOBMS

(xl/(N: (073 <1, ld(x~N)/dEl <1, (41.12)

to marerpax B (41.10) moyker 6BITH OHeHEH MeTOAOM Cra-
nuonapHOi dassl. Ilpu sroM BRIam B MHTErpax BHOCAT
KOHI[EI WHTEIPUPOBAHUSA, MOCKOABRY, IO YCIOBWIO, B Pac-
CcMaTPUBAEMOM HHTEpBaTe OTCYTCTBYIOT TOYKM CTAMOHAD-
HOi (hassi.

Bsprippag HeycTONYMBOCTH NpPU BHITOJHEHUH YCIOBHUiL
(41.12) me passuBaercs ¥ pelneHNe HOCHT OCHIILISTOPHEII
XapaxTep o~ )

Ny (&) & N3 (0) [ 1 — (V5(0)* (= €)™ X

g -2
scsin | [n@Eyae, +0®]]| . (41.13)
e
B srom mpipamenun Benuumna ®(E) mpusopur K MenTeH-
HOMY u3MeneHm (ha3bl CHHYCa, KOTODBIA IPHOIMKREBHO
MOKHO OMEHUTH CIeAYIOUUM 06paszoM:
&
DE) ~ 3N, (0) | dhun (&), (41.14)
0
Borpaskenune (41.14) moxaswsiBaer, WTO MejJIeHHBIE HaGer
daser O(E) caemyer yuIMTHIBATH, €CJIM MLl WHTEpeCyeMcs
TOYHON (hasoit pemenus, mockoxbKy D(E) Ha 3HagUTENB-
HBIX [UIMHAX MOKET [aTh Haler IOpsAfKa eNWHUIEL.
OGparuMca Teneps K BUAY peimenusa B obmacrsax BOIH-
83U TOYEK cTamuoHApHO# (asur ., KOTOpHe ABAANTCA 00-
aacTAMU (A30BOTO CHHXPOHH3MA:

#(E) = — dD/dElsse ~ 0. (41.15)

IIyers 6, =06(E.) — orHocHTenbHAA pasHOCTL (az BONH,
¢ KOTOPOil B3amMMOeACTRYIONMe BONHBI IPHXOIAT B TOU—
Ry cTanmoHapHOH hasbl. [lcau BHIIOMIHEHE YCIOBUA

(I’ N0 )2 1, [d(la]=V8)/dE] <1, (41.16)
' = dn/dE Ig-_-gc,

TO OpHOTMKeHHOe pelIeHWe B 00JacTH BOAU3U TOUKE
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¥ = E. MOYKHO 3allHCATh B BUME
Ny(8) = N,(O)[1 —x(8)]-%, - (41.47)

% (&) = (N, (0)/In ) cos 8, {1+
+ sign (E — EJC((1%/1/2)*%|E — E.D] —
—(1/2)(nN;(0)/ 15’ [)* sign (%) sin 0.[1 +
+ sign (8 — £.)S((Ux"1/2)2(g — E.D],
1, E>0

sign & = {__ 1, E<0, 0,=0(&).

3nece C(t) uw S(t) — unrerpamnr Dpenens, ompererseMsle
dopmyramu:

(41.18)

¢
C (1) = (2/m)M? j‘ cos tidt,,

0
t

S (t) = (2/m)""* | sin e2dt,.

0

Xaparrep pememua (41.17), (41.18) onpegeasercs
sHakoM Qymxmmn y(E), B 3aBucuMOCTH OT KOTOpPOro 00-
JlacTh BOMM3H TOYKM (PA30BOTO CHHXPOHM3MA OKA3BIBAeTCH
06acThi0 HApacTAHHMA WHTEHCHBHOCTelt BouxH (signy =
=-+1) auGo, maobopor, ofmacTbi0 yeroiyuBoct (signy =
= —1). MakcuManpHOe 0 MOLYNI SHAYEHHE Ymax IETKO
HaxonuTeA HemocpencTeenHo m3 (41.18):

Ymax = (UN(0)/ 1%/ 1032 cos O, — sign {x') sin 0.]. (41.19)
3HAK Ymaz, @ CITEIOBATENbHO, H XapaKTep pPeIleHHs oIpe-
mensierca smadvenmem Qaser 0. Tag, mpu sign (x') =—1

Sign Ymax =1, —arctg2<0.<m—arctg2,  (41.20)
8igN Ymax = —1, m —arctg 2 <0, < 2; — arctg 2. (41.21)
Ecnm sign Ymes=—1, TO B3pHIBHAT HEYCTOXIMBOCTH
B obnactn (pa3oBOro CHHXPOHM3MA HEe Da3BHBAETCAH.

B cayuae, Korma Sign Yma.x = 1, yciosumem crabuimsammm
B3DPHIBHON HEYCTONYHBOCTH ABISAETCH CIeyIOIee:

Ymax < 1. (41.22)

Puc. 18, monygennsiii B pesyabrate amammsa MCXOTHOM
cHcreMsl ypaBEeHu#i Ha 9BM, pmeMmomcrpupyer (aszossiit
aderr, omuchiBaembr Qopmymamu (41.17) m (41.21).
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Paccrpoiira $asoBoro
CHHXPOHU3MA BHODaHA B
Buge ®(E)=acos§, npu-
yeM KpuBas 2 cOOT-
BETCTBYEeT YCTOHUYUBOMY
BOJM3H TOURHM CTAHOHAD-
HOll aser E,=n/2 cay-
vaio (signy=—1) u da-
3e 0., monapgaroIeil B WH-
TepBaJ, OUpeJeIAeMBbIi
mepasencrsamu (41.21).

Braan or Tower cra-
IHoHAPHOH (ashl B CHIB-
HO HEOJHOPOJIHBIX Cpe-
JlaxX permeHne HOCHT, Kan
sugao w3 (41.13), ocrun-
IATOPHBEIA  Xapakrep ¢
MaJBIMI TepUoOfgaMu U ‘ .
aMINTUTYAaMu,  IpHueM
OCUNIAATNN HHTEHCHBHEO-
cTH mpomexomst BOmusm  Puc. 18. Uuncienmoe pemlerse cHC-
HEKOTOPOTO CPejIHero 3Ha- temer (41.1) npu %(§) =a cos E.
YeHHs, KOTOpOE oIpeje- =40 (1), 358 (2).
NgeTCA BRIAAOM B pelieHHe IIPefiIecTBYCIINX TOUEK CTa-
nuonapnoil ¢assl. Tar, mocioe MPOXOMITEHUSA P TOUGK CTa-
UHOHAPHOH (hasbl permnenue OyjeT UMETh BUJ

p
NB(E)Q”N:i(O)I:i_ 2 ¥maxj —

J=1

-
i

5
5

. s .
— (N3 (O (n (B sin(j (&) d§1+®(§))] . (41.23)

0

31ech Ymar; — BRIAN B pelleHWe j-ii TOUKH CTANHOHAPHON
dassr, onpesensemsrii mo opmyre (41.19).

fnasa Vil

B3AMMOREACTBUE BOJIH
B CNYYAUHO-HEOAHOPOAHLIX CPEAAX
§ 42. BeepieHue

Heopauopoguocts cpep BechMa HacTo MOMRET HOCHTH
crydaiiuplit xapakrep (mampumep, m3-3a TypOyTeHTHEIX
QuayKTyarui IIOTHOCTH, CKOPOCTH, MArHUTHOTO II0JA4 H

63akaz M 414 145



t. .). B Takux cIyvagx MBI OpPUXOJuM K Heo0XOMuMOCti
AHAMM34 CHCTEM IMHEHHBIX HAM HEINHEHHBIX CTOXACTH-
veckux AuPepennnansEEx ypasHenuii [1—6].

B aumefimpix 3aavax TeOpUW DPACIPOCTPAHEHHS BOIH
B CpejlaX CO CIyIafiHbBIMA HEOMHOPONHOCTAMY TPH YCIOBUK
Majgoctd (IYKTyanu# aMINUTY[ MHodedl NPUMEHAOTCH
xopomo paspaboTamHBle METOASI, OCHOBAHHBIE HA IOCHe-
JOBATENLHOM YCpeaHeHWH IO CIYYalHOMY IpOIeccy ps-
a0B Teopun Bosmymenuii [1—3]. CymiecTBemnsie pesyns-
TaThl B JWHEHHON TeOpUH IOJYYeHbI U A CHIALHBIX
dayrTyanuii ¢ npnMeHeHHEM Aammmapara TEOPHHA MapHKOB-
CRUX ciy4daifbix mponeccos (cum., mampumep, [7, 81).

Oco0ble TPY/IOCTH BO3HMKAWT IPH AHAMN3E HEIUHe-
HBIX croxacTmuecKux Au@epeHnuaIpbHHX ypPaBHOHUI
[14—17]. HenocpepcTsennoe ycpefHernme CTOXACTHIECKIX
mupepennuanbHEX ypasHeHHiT OOBIYHO yHaeTcd IIPo-
BECTH JIAIND IJIs TACTHBIX Mofelell cIydaiffHBIX NPOIECcCOB.
Har mpasmmo, B HemuueiiHRIX 3ajjagax Takasg HpoueAypa
NPUBOAAT K OECKOHEUHBIM  3aI[EIUIAIONIMMCA INemouKaM
ypaBHeHMA IS MOMEHTOB, aHANWS KOTOPHIX MOKer Ipen-
CTABJIATH 3HAYATENbHBIE TPYHHOCTH. B Iocienmee BpeMs
GBI PasBUT PAX METONOB YCPEXHEHNsS HelWHEHHBIX CTO-
XACTUMOCKNX  YPaBHEHUH I AeIbTa-KOPPeIHPOBAHHBIX
caygaiineix mporeccos [8—10], mpemmoskenst — cmocoGsr
yepegHenus A HEKOTOPHX HKOHKPETHBIX Mojexell CiIy-
YaHHEIX ITPOIECCOB €. KOHEYHBIM BpeMeHeM KOppeisnun
[11—13]. Bumecte ¢ TeM pgasike TpH aHajgm3e TAaCTHEIX CIY-
1aeB HeXumHefHbIX croxactudeckux puddepennraIbHsIx
YpaBHEHHUIl JaleKo He BCeTHa YAaeTca IMOLYYUTH XOPOIHo
0003puMble KOHEUHBIE PE3YIbTATEL

B macrosimeit riaBe m3moKeHBI HEKOTOPHIE Pe3yabra-
ThI, OTHOCAINNECS K TEOPHMH PACHPOCTPAHEHUS U B3alMO-
JelicTBUA JuHEHHBIX I HEJUMHEHHBIX BOJH B CIyYaiiHO-
meoxnopoHEIx cpegax. Ha wactunix mpmMmepax, monmyckazo-
IUX JOCTATOYHO IOJHBIH aHAIN3, O6CYRIA0TCA HEKOo-
TOpBIe 0COOEHHOCTH, BOBHUKAWINHE NPH HCCHeLOBAHIN
JANHEHHBIX W HEeJNHMHEHHBIX CcroxacTHieckux puddepen-
MUadbHLIX ypaBHEHMI.

§ 43. O KMHETHYECKOM YpaBHEHMM
ONA OCLUMNNATOPA B CNYYAHHOM BHELIHEM none

Paccmorpum, crexya pabore [18l, mosememme ocumi-
JsgTOpa mof feficTBMeM BHEIIHEH CHIIBI, KOTOPAs Ipeli-
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CTABIAET TOCIEROBATEILHOCTS WMNYIALCOB C H3BECTHBIM
CAYUAKHEIM 38KOHOM pACHpPEAeNeHNS BEJINYUHEL UMIIYIb-
COB U IIPOME;KYTKOB BPEMEHH MeMKLy uMmyiascamm. B ga-
BHCHMOCTH - OT BPeMeHN JJIHTEIHLHOCTH HMIyabca T (Bpe-
MeHH «(CTONKHOBEHHSI») U YacTOTHL OCIULIATOPA ® BO3-
MOJKHBL JiBa IIpefeabHBIX ciaytad: oTt<1 m otv>1. Hon-
Jie paccMATPUBAETCS BTOPOi cnyuali B OpulAmKeHnwy,
KOTJA CPeHUNA WHTEPBAX MEKAY HMIYIABCAMH MHOTO
6onpime o~ (peEHe «CTOIKHOBEHHS).

WcxonusivM  ypasmenmeM, ONNCHIBAIONIAM IBUHIKeHHE
ocIuILIATOpa, 6ymer

a':'+(a)2+F(t))x=Q. (43.1)

Brecy F(f) — mocneroBaTENbHOCTE  IOCTATOYHO — TVIAKHX
UMIYABCOB ! ¢ H3BECTHBIM CAYYaflHLIM 3aKOHOM pacimpe-
MeldeHHA WX (QOPMBI M IIPOMEKYTKOB MY HHMH. ¥ CiIO-
BHe JOCTATOTHOR «IIABHOCTM» HMIYJIbCOB ©T > 1 mosso-
nfer sammcaTh pemenme ypasuenusa (43.1) B BHB-mpm-
HAuReHNH

z=Az.+ Bzx_,

i .
2. =Q ¥ exp {4_— i { o) dt'}, Q=(0?+ F @) (43.2)

B mmETepBane memay croikHoBeHUAME (2 & @ W peile-
wne (43.2) mpepcraBiager coGoit oOBYREEE KoleGaHUA.
JeficTBre CTONKHOBEHESA TPUBOAMT K W3MeHeHMIO axualba-
THYECKOTO mEBapmamra (F —- dHEPras OCImIIATOopa)

I=E/Q, (43.3)

apajgoruuHoMy dPdexry mHanbaphepHOr0 OTpajKeHHd B
KBAHTOBOH MeXaHmKe. PaccMOTpPUM KOMINIEKCHYI0 ILIOC-
Kocts ¢, JIuHIM YpoBHA acuMnroTmuecKkux pemenuit (43.2)
uMelT BuJ, uzo0paskenuslii ma puc. 19. Ilpm sroMm cumra-
eTcd, 4T0 OMMmKAHIIEMH K HeHCTBUTEILHOH ocl ocobem-
HOCTAMH SIBAAIOTCA TOURH %, lr (3Be3oTka osmauaer

KOMINIEKCHOE CONpssKeHHe), B KoTopbix Q°(f) mmeer mpo-
CTOH HYJb:

Q2 (1) = qf(t)l;[(t— ) (¢ —t3). (43.4)

3necy W () Mosker umeTs 0COGEHHOCTH MM HYIH B TOTRAX

) B mazbmeiimem neiicteme HMIOyALCA HAa ocmuinarop Gypem
Ha3BIBATH CTOJKHOBEHHEM.
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tﬂ tn +7 tfH‘z
1) I
|
INlad

— 1

[ 10’7*2/
| I
* ]

Tnst &

Puc. 19. lunuw yposnsa acuMITOTWIeCKHX peimenumit (43.2).

¢ MHEEMOII uacTbio, Muoro 6ombmeit Imf,. W3amenenue
agnabaTmueckoro wHBapuanrta npm ycaosmu (43.4) BosHu-
KaeT LpH TPOXOKIEHNU FOCTATOIHO Y3KOH obmactu BOIN3N
rouer Oy (cum. puc. 19) u Beraucasiocs B 1. 11

BrepeM omeparop caBura T
z(t+ T = Tix(b). (43.5)

3mecr T, — npomeyTor MeRnY On.q u O,, & MOMEHT Bpe-

menn ¢ mexur B uatepsare (O,-,, 0,). Bocmomssyemcsa

AJIST oTepaTopa T BUJIOM, IpABEHeHHEIM B § O:

+ (CD expi(n/2 4+ Sp+ ¢n) exp — [0, i(m/2—S5,)]
B exp[—8n + i(n/2—8n)] @ eXp_i(ﬂ/2+Sn+(Pn)>,

(43.6)
t)l t71+1
8= —i| Quydr=>0,8,= | @u)dr>0, (4.7
* t

tn n

@ = (1 + exp (—28.))"2

Ipn stom omeparop Ty meficTByeT Ha BEKTOP-CTOAGEIL
¢ rKoMmmomenrtamu A.z., Byx_. ®aza ¢, B (43.6) mo mo-
PAAKY BeTWYHHL! He 6oiee ©OMHUIBI, W TOYHEBIA BHJ ee
B fanpHeiilmeM He nomagoburca. Omeparop 7T, mmeer
CTPYRTYDY

a b
T::( >,MF—MF:L (43.8)

b* a*

Jiasa ymoGerBa BrifepeM x B [efCTBUTEILHOM BHEE,
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T. e. B———:l*. Uz (43.7) cmemyer, uro ecaim By = An. To
By = Ajyty. Orcopa, cormacao (43.3),

L= 14,1~ (43.9)
VdareM Temeps, UTo CTONKHOBeHUA penkme. Torma
S, ~ ol > 1 (43.10)
I 0TIepaTop CABUTA TPHHUMAET BH
e ((1 -+ &2) 2 exp (iaT,) &, exp (inTy) )
£, exp (— ieT,) (14 e2)exp(—inl,))
(43.11)

&n = exp (—8,)/2.
PaccMoTpuM Tereph BCIOMOTATeNbIOe YpaBlieHue
Bt ot t Bmd—B)|E=0, (8312
K
pelmenize KOTOPOTO Ha HHTepBaie (in—i, I,) BaIIIIeM
B BHJE
E(t) = Anby + AT, Eu—exp(kiol). (43.43)
Omepatop cgeura T onpenemam amamormuno (43.5)
E(f 4 Tn) = THE(t), (Tn=1tnir—tn). (43.14)
HNmeem
o ((1 + un /40?2 exp i(@n+ 0T%) (un/20) ¥
(Un/20) ¥ (1 4 u2/40?)? exp— i(p,+wT,)/’
(43.15)
©n = aretg (1,/20), W= exp (in/2 + oT,).

Cpasrwpan (43.11), (43.15) u yunremBas (43.10), su-
UM, 4To mexojHoe ypasmemme (43.1) Mommo 3amennts
ypasrenueM (43.11), ecnu momomxnTs

§=0"z, gn=un/20, Tp=T,. (43.16)

Hepeiigem  BEBORY KuEETUIecKOTO yparHemus. IlycTs
f(E, M, ) — NIAOTHOCTL BEPOATHOCTH TOTO, YTO B MOMEHT
BpeMeHH ! NepeMeHHasn § Je;kuT B mHTepBate (E, § +dE),
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a TepemeHHaz 1 —B numtepsame (1, n+dn), npmuen
jvf(‘é, M, t) dtdn = 1. Touxu f, B ypasmeHun (43.12) 6y-
;eM CUMTATH paclpefeneHERIME 1o 3axomy llyaccoma,

T. €. BePOATHOCTL TOTO, YTO HHTEDPBAL MEMNY fp M fast
aesxsnt B obmactu (I, T+dT), pasna

P(7)dT = hexp (—AT)dT. (43.17)

[penmonaraerca W3BeCTHOH TAKMKe INIOTHOCTH BePOSAT-
woctnn w(e) TOTO, 9TO €, (FAA awbGoro n) JEKUT B WHTEP-
pane (g, s+ de). B caywae (43.12) ypaBuemue pun
f(§, m, 1) paccmarpuBamoch B [25], mpmsegem ero Ges
BbHIBOJIA

0 (€, m, 0)/9t = (@%E0/m — n0/08) 1 (E, 1, £) +
- dswe) F &+ oe’E, 1) — A, 1), (43.18)

B uacrtuocrm, eciu w(e’) = n~'6(e’ —¢), To uMeenm
0f(g, n, £)/0t = (0%ed/0n — 1n0/0E) + (, n, ¢) +
+AlLf(E, n+ wek, ©)—f(E, n, O (43.19)

Hpn 6ompmmux 6, T. e. 04eHDL MAadbIX &, IIOMYUAEM M3
(43.19) ypasmenue tuma ®oxnepa — Ilnanka

0f/0t =~ (0® + ehw)Ef/dn — vof/ 0t +
+ M(0%62E%/2) 0%/ on? (43.20)

¢ xoddpdumuenrom puddysun D ~ Aw’e’E*/2. Cormacmo
(43.11), BennunHa € DKCIOHEHIUAILHO Maja H, ClefoBa-
TedbHO, Taxme Man Koaddumument puddysmm. Hax yeu-
UM Hike, BTOphle MOMEHTHI oT f, KoTophie B cmay (43.9)
u (43.16) mponoprnumomEanbHBI ATNAGATHIECKOMY WHTEPBA-
oy ocmummastopa I, pactyr co BpeMeHeM. ITO IIPHBOIUT
K TOMY, YT0 HAYMHAA ¢ HEKOTOPHIX MOMEHTOB BpPEMEHH
ypasucune (43.20) mepecraer GHITL CIpaBeNARBEIM. ¥ CJIO-
Bue TpuMenwMocTd ypasmenusa (43.20) cremyromee:

E<E = (2/we)(@1n f/on) . (43.21)
BBemeMm BTOpHE MOMeHTEI (YYHKIHHE paclpejieleHns
F:<ED, <En, <™, e cxkoGrum <...> oszmauawT ycpes-

Henue 1o f(E, m, t). YpaBHenua NiA HEX, IpEBeNeHHEE
B [25], merro momywatorca ms (43.19) um mmeior Bug

{dCERY /dt = 2¢END,
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d<END/dt = —(0* + Ae0)<E? + (0P, (43.22)
d{n®/dt = re*0* (g — 2(0® + Aew)lend.

Pemenne cucremsr (43.22) mpomopumonanpHo exp I't, rae
I' — koprn ypasuenus

T* + 4(0? + hew)T — 20e’o? = 0. (43.23)

Vpasmenue (43.23) Bcerja uMeeT oJ@H  HeYCTOHYNBHIL
ropens ', > 0, u B mamem cayuae

Ty ~ °A/2 = A exp (— 28)/8. (43.24)

Taxum o6pasom, xapaKTepHoe BpeMs passurii HEYCTOH-
YABOCTH JOCTATOUYHO BEMUKO: Tr ~ 8)A~'exp (26).

B coorserctBuu ¢ (43.9) Bce BrOpEHIe MOMeHTHI IIpo-
OOPHUMOHANBHEEL ] M POCT MX B CPefHEM €O, BpeMeHeM 03-
magaer yBeamuenwme Bemmummnr (I = (E* 4+ n*/Q?). Waor-
ma ynobmo mepemmcats ypasmerme (43.18) B mepemenmpix
THna neficteme — Pasa. Bregem

I=(e?+ o )% z=n/0t. - (43.25)
Torna ypasuenme (43.18) mpumnmaer Bup '
OF (I, z)/0t = wd [(1 4 22) F (I, 2)]/0z +
+MF, 20, 2)/0,2)—F(I,2)}, (43.26)
rae I =114 (z+e/w0)1%/ (1 + 22)V2, z=z+¢lo,
F(I, z)dldz = f(§, n)dgdn.

Ecan npomurerpuposats (43. 26) 1o I, to momydyaeres
KWHETHYeCKOe YpABHEHUe IA (a3 (Tquee IS KOTAH-
reaca a3z z). OFHAKO KUHETHUECKOTO YPABHEHUT TOABKO

o0
pas F )= f F (I, z)dz mony4aurs He yraeTcs.

HpnBeneH;mﬁ BHIIIIE METO]] MOAYICHU KIHETHUCCKOTO
YpaBHEHUA MOeT ObITh TpUMeHeH U fAug 0omee CIOM-
HEIX, 9eM ocommiasTop, cucreM. Ilpu sToM npexmomaraercs
uspectHeIM omeparop cpsura I 3 BEB-upuGmmwmenunu.

"~ § 44. Tpanccpopmaumns BOnH B cpepe
€O CNyuYaiHbIMM HEOAHOPOAHOCTAMM

IIycts B cpefie BO3MOJKHBI ABA TUHA CBA3AHHBIX KOJTe-
6anmit h,, h,, ONECHIBAEMBIX YDABHEHHSMH, aHAIOTUIHBIME
ypasmenmaM (14.13) Aas CBABAHHBIX OCIHILIATOPOB,
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d?hy/dat + K (2) by = a () hy,

d?h,/dx® + k3 (x) hy = a (x) hy.

3necr 1z — mapamerp HeogHOpoxHOocTH. B opHOpomHOM

cIyuae MOMKHO IepefiTH K HOPDMAJBHBIM KoxeGanuaM H, ,:
d?Hyq/dz® + Q§,2H1,2 =0,

rge BOJHOBHIE BEKTOPH ¢;, HOPMAIBHBIX KOTeGaHWil oIr-
pemelA0TCs U3 YpaBHeOHUH

o (24 K2)/2 = [(2 — R4+ a2 (44.2)

B crabomeogmopogHoM caywae, worga k., o — Mef-
aeunsiey ¢ynrimun xoopxuaatsl d(ln g, .)/dr < gy, 1pu-
GmKennbiMu  permmenusaMu (44.1) Gyayr «KBa3sUHOPMAb-
unle» rouebamus (cm. § 14)

(44.1)

x
Hiy~ (91,2)_1/2 éxp {i g X g1,2 (') d:c’}, (44.3)

rae ¢, . TO-TIpesKHeMy oOIpefedeHsl ypasHeHusmu (44.2).

B onpepenennbx 061acTAX, B YaCTHOCTH B OKPeCTHO-
CTAX TOYEK, THe q, = ¢, pemrenusa tuna (44.3) craxossrcs
mecnpasemmupbivu (e, T 1), Ilpm npoxoskpgeHuu sr1ux
obnacrell aMIUINTYAB  KBA3WHOPMAJBUBIX  RoneGaHmi
CKAUKR006PABHO MEHAIOTCA MO CPABHEHWI0 € HAYAILHBIMI
7 HPOHCXOAUT Kak Obl mepepacupesenenne SHEPIHU MesKY
KBAasMHOpMANbHBIME  Konebamuamu. ToukH, B KOTOPBIX
¢\ = q», OyneM Ha3sIBATh B JaJbHeHIIeM TOUYKAMH TpamHc-
dopManuy BOJH.

ITpn mpoxosnenun BOJH dYepes [OCTATOYHO GOINBINIE
00'beMBI HEOJTHOPOIHOH CPeJB YHCI0 Touer Tpauchopma-
i MokeT GbITh GompmuM. EcrectBemmo cumTath HX
pacHpefiesieHue Xa0THIECKMM W 3aJaHHBIM B BHE HEKO-
TOPOR ciyuaiiHoil (GymKnum Koopmumarsl. Boazmmraer so-
IIpoc, KaK ONNCATH KUHETHRY BOIH B Cpefe CO Caydaiimo
pacmosoeHHbIME TouRaMu Tpaucopmaruu. DopMmanbro
3ajiladya AHAJOTMYHA CUCTEME CBABAHHBIX OCIHIUIATOPOB,
IpPOXOAAMNX Yepe3 PEe30HAHCH B CIyYaiHble MOMEHTHI
BpeMern. Hmxe passuBaerca Meron pemennms momoGHOTO
pona samawx [19]. ‘ '

Haunem ¢ paccmorpenus egmmmynoro arra tpamcdop-
mauwnn. Ilycts ms mexorophix smadenmit z cieBa or o6-
JlacT TpamcopManmu pelmeHue ypasmemma (44.1) mpe;-
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CTABIEHO TaK!
H = AHT + 4,H7F.
CnpaBa or obmactu TpaHC(OpMANEM pelleHMe HMeeT BUJ
H = AHf + A,HF.
Cpasp mempy (4, 4z) m (44, A,) onpemenserca ypaBHe-
mmeM (15.1D5), B KoropoM MBI A yHobcrBa nepeobozHa-

YUM:
exp (— 8) =sin g,

le _ (iexp(kp)-cosa sin a, ) (jl), (44.4)

4, sina iexp(—igp)cosa

8= (¢ — a2 dz 2.

3nech maTerpad B 8 Gepercsa Mo KOHTYDPY, OXBATHIBAIOIIEMY
7Be KOMILIEKCHO-CONpPSIKeHHble TOUKH TpaHcdopMammu;
¢ — usBecTHAaA (Pasza, KOTOPaA B AAIbHEHNIEM OKAKETCH
HecymlecTBenHOH, Hamapiii akr TpaHCPOPMAIUI MOMKHO
paccMaTpuBaTh KAK ~(CTOJIKHOBEHHME» BOIH, 8 MATPUIY
nepexoma or (4, 4;) w (A4, 4,) — Kag 0mePATOpP CTOIK-
HOBCHHA,

Marpuma nepexofa MeRAY MOCHEOBATEILHBIMI CTOIK-
HOBEHHAMI HMEET BUJ

iexpi(p 4 Sy)-cosa expiS,-sina
M= (expiSl-sina iexpi(Sg——(p)-cosa)’
o (44.5)
rae S, :S‘q1 (z"ydz', S, :Sq2 (z')dz'. Warerpaast B ).
Oepyrca MeRAY AByMA Gmuxaimumum ToukaMu tpancdop-
manmm. [ias Toro 4rofH uma0eKaTh BO3MOKHOCTH Iepe-

KperTHA obiacreil TpancdopManuE, OTPAHUIAMCH CaydaeM
JOCTATOYHO PefKuX CTOAKHOBeHWH m morpebyeMm

g2 >1, (44.6)

rie !-— cpemHee paccTosAHHWe MEKAY ToYKaMu TpaHcdop-
manum. Hepasemcrso (44.5) mnpwsommt, B uacrmoCTH,
K ToMy, 4ro (asosnie maber: S,, S; B (44.5) Benuxu m
MOkEHO IpeHEeOpeusn dasoil .

IIpepuonoskuM Temeph, 4TO B HEKOTOPOH HAYATBLHON
TOYKEe %, 3aNaH BEKTOpP A, ¢ KOMIOHEHTaMY (4L, 4)
H Ha OTpesKe IyTH [0 & BONXHA HCIHITHIBAET 7 CTONKHO-
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Bennil (mpoxomur n touer TpaEcPopmamum). Torma B ToU-
Kax z BEeKTOp A, Moer ObITh IIPEJCTaBIeH KaK

An(x) =Mn . M"_1 Tt M1 'Ao(xo).

3aecy M,=M/ 2y, ) u ompegemserca GopMyIIoi
(44.5), B woropoir Touwoit Tpamcopmarum OymeT T, Bce
TapaMeTpsl 3aBHCAT OT HOMepa k, a MHTerpaisl B Sﬁ‘z
BHIUMCJIAIOTCA HA JYTe MEMIY Tp—s U Zp 3aada 3aKIi0Ua-
ercsa B ompefelderuu cpepmero snavenma <A(z)>, ycpen-
HEHHOTO II0 BCEM BOBMOKHBIM BAPHAHTAM pa3MeIeHnsA
Touer tpanchopmarum Ha (x, z). Bymem cumrare pacmpe-
JelleHNe TOCAEHUX NYACCOHOBCKHM, a BeJHYUHY 4 —
IOKa HocTogmHON (orpammueHne Ha a Gymer CHATO HHIEE).
ITO 03HAYAET, YTO BEPOATHOCTH IIOABJIEHWS TOYKH TPAHC-
dopmarnumu B amemente dx pasma [~'dzx.
Pacemorpum cumeremy

dU/dzx = iq,U — i 2,8 (z — x) (aV — nl/2),
3

44T
aVidz = ig,V — i X8 (x — xp) (aU — niV/2), (44.7)
R

e x, — Touru TtpaHcdopmaruu. Herpyano yGepurbes,
YTO MAaTpHUila Nepexoma penieHuit cmcreMbl (44.7) mesxmy
ABYMs IIOCIENOBATEILHBIMI TOUKAME TPAHCPOPMAIIHI TO-
mectBenHa ¢ (44.5), ecom MOJOMUTDL

U=qi®H,, V=g"H, (44:-8)

U3z (44.8) caemyer, uto wBagpartst ammaurys U, V cosnma-
falT ¢ peficrsmamMu cooTBercTBeEno H - u H,-rRomeGanwmii,
u sagavy o0 ycpejHeHmm pemreHmii cmerembl (44.1) momk-
HO BaMEHHTh DKBUBAJICHTHON B3ajaueit 06 ycpegHeHUH
pemtenmii cucrembl (44.7).

Beenem Qymrnuwo pacupepenenus f(z, Uy, U, V,, V),
rje U1=ReU, U2=ImU, V1=ReV, Vz=ImV,
5 fdU,dU,dV dVy = 1. Kunernueckoe ypaBuenme mis f
MORHO TOILYIHTH OOBIHBIM 0Gpasom (oM., Hampumep, [31]):

0f/5x - quzaf/aU1 + quiaf/a_Uz - qu/zaf/(?Vi +
+ ¢.V.0f/3V, = 5{f}, (44.9)

TIe CTOJKHOBHUTEJILHEBN WIeH UMeeT BH]

_S {f} = l_l [f (.’L‘, -ﬁlv 1721 I_/;lv V2) - .ﬂv (44.'10)
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f:f(x7 Uh UZ, Vh V2)~

Kooppunarst U, s, Vi, OIpefelAaTCa U3 YCIOBHA, UTO
B pe3yabTaTe CTONKHOBEHUS OHM IPUHAMAIOT 3HAYEHUS
Uiz, Vis Ypasmemua (44.9), (44.10) mmeror Bug 00bIt-
noro ypasueruss HommoropoBa — @esnepa s paspeiBHO-
ro cayuaitmoro mpomecca. M3 cucremsr (44.7) miam (44.4)
u (44.8), mmeeMm

U,=Uycosa+ Vysina, Uy=—U,cosa+ V,sina,
: (44.11)
Vi=U,sina-+ Vycosa, Vo=U,sina— V,cosa.

IlpeoGpasoBanust  (44.11), rak me war u (44.4), (44.5),
COXPaHAKNT WHBAPHAHTHON BeAMIUHY

I=IUl2+lVl2=q1|H1|Z+Q2IHle, (4412)

HMEIOINYI0 CMEICH IIOMHOTO NeficTBUA CHCTEMBI JIBYX KOXe-
Gamnit, [leficrBue CTOAKHOBEHWII BaRI0UAETCH B IIepe-
pacnpefeieHn anualaTHIeCKMX WMHBAPUAHTOB RaMKIOTO
u3 KojxebanHmii. .

Ypapmenwna (44.9), (44.10) 103BONAIOT BHIMHCIATH IO~
Goit MmomenT ¢pyuruun pacupenenenus f. Ousmaeckuil uH- |
Tepec IpeJiCTaBIAeT ONpelelleHHe CpPeJHNX 3HAUYEeHHil
amualaTHIeCKNX HHBAPHAHTOB KayKIAOr0 W3 THIIOB KOJe-
Gammit, T. e., cormacHo (44.12), cpegunx <[UI®, ({VI*.

2
Vuuomas (44.9) mocaegosareasno nals, Uz, Uy, U, Vi, ...
7 MHTeTPHPYA 1O BeeMy (DABOBOMY IIPOCTPAHCTBY, MOIY-
qaeM

d{l>/dx = —I~' sin®* a{l > + =t sin® adl,> + 7' sin 2a{1,,>,
d<I>/dx = 17" sin® a{l,> — I-'sin? a{l,> — I"'sin 2a{l,,>,
d([12>/dx= (qz'—qi)<[21>, ‘ (44.13)

dll,>/dx = —(q, — q){I x> — (2D~ sin 2a<] > +
+ (20)~* sin 2a<{[,> — 21~* sin® all,,

11:U§+U§, 12:V§+V§7 I, =UV,+ U,V, =
| — Re (U (V,— iV,
121 == U1V2'— U2V1 == ’—Im[U(Vi_‘ in)].

U3 (44.13) u (44.12) maxoauM cramuoHapHOe pemenye
I =L =1/2, ) =A[;>=0. (44.14)
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Pesyaprar (44.14), B wacTHOCTH, O3HAYaeT, 4TO eCad HA
rpaHuIle IDIAsMBl OBLIO BO3OY/KJAeHO TOIBKO Koxebamme ¢
3aJaHHEsIM s3HadenweM I, TO moCIe TPOXOMIEHHS JOCTA-
TOTHO IIHPOKOTO CJIOS BTOPOe KoXebaHWme SHATHTEIHHO
«HarpeBaercay.
Ilepeiimem Temeps K ONMCAHUIO MPOIECCA TPUGIMKEHUS
K pasHoBecuio. Pemenwe cucrembl (44.13) oTbickuBaem
B Bujie exp (xz). Ypasnenue mig x Oymer
w®+ 4l sin® ax® + [4l* sin® 6 + (g, — q2)%]% +
+2(g, — g.)tsin*a =0, (44.15)

U3 rpex ropueit ypasmenus (44.15) omuu oTpunarenbHbL
O IBa KOMIIEKCHO-COUP/KEHHBIX ¢ OTPUTATEABHOHR JeiicT-
BUTEJIHHOH 9acThIo.

Juanea perakcanum ounpemenseTcsa KOpHeM X%, NI
wotoporo |Rex,| mmmmmampmo. Bemmmimem sHauenms %,
IIA HEKOTOPHIX IPe/eldbHBIX CIy4aes:

w2 lyt, ly|gi—go|>1, 1,=1l/4sin?a, (44.16)
Koy =~ _(1/2)(Q1"‘Q2)2l0, lolqi—' qz[ < 1

Bropoit caywait BBHAY YCIOBUA ~PEAKNX  CTOAKHOBOHUI
(44.6) Mosser OCYNIECTBIATHLCA JHINL NPH FOCTATOUHO Ma-
aeIX smavenuax (g, — g.).

Ecou temepr mapamerp CTOAKHOBEHHA ¢ CUNTATH CIY-

yaiueIM ¢ (QYHROueill pacmpeeaeHus w(a)(j‘ w(a)da=1),
To B ypaBHenmn (44.9) cromrmoswrenbmbiii wien S{f} 3za-

mensercs ma (S {f}) = j. w(a) E{ f(a)} da. CoorBeTcTBeHHO
B ypasuernuu (44.15) caeayer samenuts sin®a ma

{sin®a) = jw(a -sin®a-da.

B zanmmouenme cpemaem nBa sameuanus. [lepsoe cBa-
3aHO C TeM, 4TO PACCMATPUBAIUCH TOABKO TOYKH TPAHC-
dopmaruu g, = ¢,. CymecTsyor m Apyrae OCoBeHHOCTH
pemennii (44.3) — mampuMep, B TOUYRaX, rHe ¢i.=0. Kax
moxasamo B § 43, Taxume 0coGeHHOCTH NPHUBONAT K oOmie-
My pocTy B cpemHeM agmabartmueckoro wapapuanrta [/ Beeif
cucremsl, EcrecTBenno, uto MpoBeJeHHOe B TAHHOM [apar-
padpe paccMorpeHme mpeanoAaraet, 970 3PEPEeKTH, CBA3AH-
uere ¢ rpamedopmanueir Tuna (44.4), SBISOTCA OCHOBHBI-
Mmu. Bropoe s3amevaHmMe CBA33HO C BO3MOYKHOCTBIO IPOCTO-
ro 0000INeHHA HBI0MEHHOTO METOHa NJA TPOUBBOILHOTO
YHCIA CBASAHHBIX KojeGaHui.
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§ 45. PacnpocrpaHenne HeNWHeHHOM BONHBI
B cny4YanHoOM cpefe

Pemenue 3aaun 0 pacupocTpaHeHNN JUHEHHON BONHEL
B CIy4aifHOII cpefie [0 CHUX IIOp BCTpevYaeT CePLe3Hbie
TpynHocTH. Ecan, oxpHako, GIyKTympyoOmas 9acTb CpeJibl
Maja, TO CYMECTBYIOT NOCTATOYHO XOpoIime METOJBI WC-
caenosarma (cm., manpumep, [3, 8]1), anamornyrsie GopHOB-
CKOMY IpuOIMKeHNI0 B KBAHTOBOH MeXaHHKe. JTH MeTONIBI
MOTyT OBITh HCIIOJIB30BAHEL B ¢Iydae ciaboii HeIMHeHHOCTH
[15, 16], xorna Tpum BHUYHMCTeHHH TONPABOK K BOJHE 3a
cuer (QayRTyamumil cpeArl HeJIWHEITHOCTHIO MOMKHO IIpe-
HeOpeub. :

Ecnu wmenumefiHocTh BOJHBL HE ABIAETCA MAJ0H, TO
B OOBIMHOM BUJe METORUKA WCCIEJOBAHUA  JINHEHHOTO
caydas HelpUMeHHMa. DymeM s OupeaeleHIoCTH TO-
BOPHTH O MOIHOM BOJHOBOM WMMITYJIbCE — COIHTOHE, pac-
MpOCTPAHAIOIEMCA B CIYIafiHO cpeme. MoKHO BHEIUTH
[Ba IIpefedBHBIX ciaydas: 1) pasmep coaurToHa HeMHOTO
MeHbIIIe XapaKkTepHOro Maciurada (uyxryaumii; 2) pasmep
CONMTOHA BEJUR TO CPaBHEHHMIO ¢ Macmrabom (QIykTya-
nuii. B nepBoM caydae QuykTyarum ABIA0TCS agnabaTi-
YeCKUMHI W AHAQIHU3 PACIPOCTPAHEHWS HEeTWHENHOI BOJHEI
B TawOIl cpefie MOMHO TIPOBECTH, HATPHMEpP, ¢ IIOMOIBIO
Merona Yurama [20]. Ilo cymecTBy, aHamIu3y Takoro THIIA
mocBamensl paGorst [21, 22] o pacmpocTpaHenum coxmTo-
HA Ha MeIROH BoOJe €O CIyJailHO MeHANelcAa IIyOHHOI.
Merog gus mccaegoBaHHA BTODOrO CIydyas IIPH Pacipoct-
PaHeHHN CONUTOHA B 0bsacTu MeaRoMaciuTafHBX QIyKTya-
Ui paccMaTpuBaeTcsd HUKe. B ocHOBe ero JemEHT yder
HeJIWHEUHBX WICHOB B YPaBHeHUH (e3 MpeIIIONOMKeHRa UX
MAaJoCTH. JTO NPHUBORUT K TOMY, 4YTO, HANPEMEp, MICCHIA-
TUBHELI wieH mepecraer OHTH JUHEHHBEIM W UpHOGpeTaeT
JOBOIBLHO CIOKHYI0 CTPYKTYPY.

Ilyers pBmKenne HeaMHeHHOH BOJHBL ONMCHIBAEGTCSA
YpaBHeHHEM :

Uit cove T (1/2) (V%) + Coh* Ve = EQ{V},  (45.1)

JeBas 9acTh KOTOPOro ecTh ypaBHemue IopreBera — me
Bpusa, a mnpaBas 4UacThb YYMTHIBAET HEOHOPOLHOCTD
cpensr mpu & =E(x). 3mech ¢, — cKopocTh 8ByKa, a h —
MacmTab gmcmepcuu  (HampuMep, rayGmEA  «MedKoil
BOJEIY).
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Bce panbHeiiime pacCy’K[AeHAs M BHIKJIAJKW He 3aBH-
car or BuAa (ymxmuomana Q{v}. Msr ofparmm, ofmaxo,
BHIMAHHe Jump Ha ABa pasiamyasix supa: Qv =v u
Q.{v} = v,; mepBOMYy COOTBETCTBYET AUCCHOATHBHBIA WIeH
B ypasHerunm (45.1), mpuBONAINAA K 3aTYyXa8HUIO BOJHBI
co Bpemenem npn § <0 u mapacramuio npu &> 0. Ilomo6-
HEIi 9IeH BO3ZHAKAET, HATPUMED, B IEI0YKe OCHUILIATO-
POB, IS KOTOPHIX CHJa TPeHWS HPONOPIHOHAIBHA HX
cropocru, [leiicTBuTeNIbHO, JUHEHHAg 9YacTh ypaBHEHHA
(45.1) momyuaerca B IMHHOBOIHOBOM NDHOIMIKEHNHN H3
CUCTEMBbI ‘

Un— B = 72 Yoy — 2n + Yno1)s

TAe Y» — CMEUleHHEe R-TO aToMa U v=}. Uaem Ej.=§v
OMECHEBAET TpeHHe (HONOKUTEIbHOE WM OTPHIATENbHOEe
B 3aBHCHMOCTH OT 3HAKA §) m3-3a B3amMojei#icTBHA CO
cpefoit m muA cayvaiimoir JyExummm E(z) wmMuTEpyer
B3amMofielicTBre ¢ TypGyIeHTHOR cpeMoil.

Jpyroii muTepecHBI cayduail BO3HHKHOBEHHA UIeHa
tena )y COOTBETCTBYET . PACIPOCTPAHEHHI BOJHBL HA
«MeIKOH Boje» ¢ INepeMenHoil ruybumoit h=h,+ h(z)
B TeX cIydYasx, Korga IpoussogHad dh,/dzr mocratoduo
Beaura [23, 24]. Ilpu stom § ~ dh,/dx omucwiBaer ciy-
JaliEple HIEPOX0BATOCTH JHA.

Cayuait Q = Q, =, COOTBETCTBYeT, KAK BHIHO U3
(45.1), caywaiinoit mobGasre £(z) K CROPOCTH 3ByRa C, U
TaKMe BOBHHKAET M3-3a HeomHOpomgHocTE cpensl. Opmako
npasas "acts (45.1) uMeer wpm STOM HEUCCHNATHRHYIO
CTPYRTYDY.

Hanee Bo Bcex BHIKIagrax OymeM Iias yro6ecyBa In-
caTth BEIpasKeRue (J;, 8 B KoHIe PalOTHl IpPUBEEM pe3yiib-
tar 3ag (. OrHOCHTENBHO BeMwunHHI §, cIydTaiinsM ofpa-
30M saBHCcAMell or x, OyjeM mpeamoJiaraTh ee MAajloCTh
7 MAJIOCTDH €€ TPaueHTOB: .

E<v, dIng)/dz> d(lnv)/dx. (45.2)

Hpome 1oro, cumraem <E> =0, <E(x)E(y)> =Rz —y).
Homaras v=<Kv>+u, <w>=0 u yunTHBaga MajloCcTh
u < <v), maxomum 3 (45.1)

(v}, F 1720030+ ooV + o VD e =
= (Bud — (1/2)<u,, (45.3)
e+ (o> + )]+ thaee = E<0D. (45.4)
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B mymesoM npubiau:ReHHM yCPeNHeHHAs BOJHA YAOB-
JIeTBOPAET YPABHEHHIO :

W)y +(1/2)(<u>2) + cok0>x F Coh? 0 = 0,

pelllenme KoTOporo msBectHo. Ilycrs, mampuMep, 10 6y-
IeT CONNTOH, FBIRYIIMICH CO CKOPOCTBIO ¢ > ¢, (v(z,t)>=
= py(z — ct). Pemenne B raroit dopMe MomeT OHIb IOH-
craBieHo B ypaBHeHme (45.4), Tak Kak yueT W3MeHEeHHS
mapaMeTpoB (B 9acTHOCTH, CKOPOCTH ¢) 3a cieT (IyKTya-
muit & mpuBen Gul B ypaBHemum (45.4) MR BeAUUWHEL U
K TIOSBJIEHNUIO GIeHOB 060jIee BHICOKOTO IOPHAKA MAJOCTH.
Yunresag sto, mnepeitmem B (435.4) ® HoBOH cmcTeMe
oTcueTa, JBIIKYINEHCA €O CKOpPOCTRIO c:i=1, y=x—ci,
9T0 NMpHBENeT K ypaBHEHHIO

du/dt + d(Hu)/dy = gly + ctu, (45.5)
rie uw=uly, {) n BBeJEH olepaTop
H = coh?02/0y* + vy(y) — ¢ + ¢, (45.6)

@opmaasuoe pemenne (45.5) mpejcTaBUM B BHJE
t

w(y, t)= | drexp{— (t—v)0H (y)/oy}E(y +

—o0

oo

+ vy, 1)) = Vﬁ' dv exp {— 0] (y)/oy}Ely -
0

Fe(t— DI, 1) (45.7)

[anee yareMm, uto B cuary BTOporo mepasencrsa B (45.2)
GuayRTYaNun ABIAIOTCA MENKOMAcINTaGHBIMI II0 CpaBHEe-
HOO ¢ maMeHeHmeMm <v> um jeiicTBEeM omeparopa IO
3HAKOM OKCHOHEeHTHI Ha V> MOKHO mpenebpedn ¢ TOU-
HOCTBIO JI0 WIeHOB 0OJXee BHICOKOTO IIOPANKA MAIOCTH IO
E. Ilo roii xe mpuuMEe MOKHO B IePBOM IPUOIMMeHNH
npenereqL HEKOMMYTHPYeMOCTBIO  0TIepPaTOPOB /oy m
H (y), BXOmAIUX B IOKA3aTelb DKCIOHEHTH U [eHCTBYIO-
mux ma . )

PaCCMOTpHM 3ajady Ha 0060TBeHHHe 3HaYeHUA ole-
paropa H oupenenennoro B {45.6) HY = =FEWY, n pasio-
UM (bJIyHTyaumo E(z) mo monHOMYy Hafopy CO6CTB6HHHX
(bymumn W(E; z) onepatopa H:

E@)=ZCE) Y (B; 2), (45.8)
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Ifle BHAK ) 0BHAUAeT CyMMHpOBAHHE II0- TUCKPETHOMH
E

9acTd CHeKTPA W MHTETPAPOBAHNE II0 HENPEPHIBHON TaCTH.
Toacrasnsaa (45.8) B (45.7) w yuureiBasg chexaHHble BHI-
ute mpubIMIKeHNA, HOTYyUaeM

00

u(y, )= 2C(E) | dvexp(—wH ()/ay)- ¥ (B y+

0

+ et =]y, Dy = ZC(E) j' dvexp{—TEd/dy} X

X WIE; y+elt— Do, 0) = SC(E Sdt‘PlE y—

— T(& +¢) + et]<v (y, 1))-

| Orciona

u(z, t) = 3,C(E) | dv¥ [E; 2 — 1(E + ) v (g, 1))
E 0
(45.9)

C momompio sBhipaskenns (45.9) Temeps MOMKHO BBEIYHCIHTDH
npasyio dacts (45.3). 3amerum, 4T0 B OTCyTCTBHE HEJH-
He{HOCTH ¥ JUCHEPCHT H=(c—¢,)0/0z, u wn TIPHXOTAM
R ciIyualo, paccMoTperHOMY XoysoM [3]. B mammom cary-
gyae 3aBECAMOCTE 0T V) mompasox u(z, f) ¥ ycpegHeHHOI
ormbanmeit Bonusr <v(z, 1)) ompefenAeTcA 3aBHCEMOCTHIO
ot {v> cofcrBeHHEIX 3HAUEHWE £ 1 coOCTBeHHHIX (PYHK-
muit W(E; z) cramuomapuoro ypasuenusa Illpexmurepa

¢ DOTEeHNHUAIOM U, = (V7.
Jlna mepsoro wieHa B IpaBOH wacTH ypaBHeHHs (45.3)

HMeEeeM

I= (@ Hulr, t) = (v, 1)) X
X <§(x, t)%C(E)jdrqf[E; x— T(c+E)]>=

=L (x, t))Sdt%SdzR(x~ z) W* (E; z) ¥
x W[E; z — 1 (c + E)), (45.10)

&
me HCIIONMb30BAHA OPTOTOHAIBLHOCTDH COGCTBGHHBIX (bYHR-
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muit W(E; z) gua nomyuyenus uz (45.8) rosddurnuenton
C(E). ocae zamenst mepemennbix B (45.10) mMeeM

0o

L= 0y [dr{ daR@—2) D(c+ B ¥* (B 2) x
o E

X W(E;z—1) = —(o(z, 1)) [ dr [ dzR (@ — 2) %
0

X G(—— c; z; z —r), (45.11)

rie G(E; z,, z,) — pynruua Fpnna omeparopa H. @op-
MylIa (45 11 BBIPAsKaeT KOHCUHBI pe3yabTaT s Hep-
BOTO uJeHa B IpaBoil wactum ypasHenua (45.3), mpumuem
3aBUCHMOCTEL OT (V) BXOAUT Taike B G, Tak Kax B pac-
CMaTPHBaeMOM TPUHOMIKReHUHN Vo = {UD.

Tlepeiigem Temeps K BRIYMCACHUIO BHIPAYReHUA

I, = Cup) = (v (e, t>>>2<20(E Y S C(E $ dr, § dv, %

2 0

0
XVEsxz—1(c+ ENNY[E,; £ — to(c+ Ez)]>

Tar sxe, var u upu BeBoge (45.10), (45.11), Bmipamaem
C(E) uz (45.8) w penaeM 3aMeHy [epeMEHHBIX NpU WH-
TErPHPOBAHUE 110 Ty, Tp

(o]

I,= (<U>)25. dry “ dr, jdxl j dz, R (x, — x,) X
[+ 0
N g (c + E) P W* (Ey; 2) Y[Ey; (x—rp)] X

” %J (c+ Ez)—l W (Ey; ) W (Ey; x — 1) =
2

= ({v))? 3? dry 3.0 dr, 5‘ dx, j da, R (xy — z,) X
0 0

X G[—c¢; 2, (x—1)]-G[— ¢; 29, (x — 1)) (45.12)

Beipasxenwe (45.12) ABIseTCA OKOHUATENBHHIM U IIpefi-
crasBager coGoi HONPaBKY K HeJAWHEHHOMY WIeHY 3a cueT
cayvaiieix QuyKryanmii cpefsi. B aToMm merko yGegmrhed,
eciu paccMotperds caydail craboit mesmmumeitmoctu. Torma
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supaxesne (45.12) mepemmmercas war [,= const ({v>)%
Ananormuro upn caaboit nenmmeiinoctn I, = const <v> >0,
T. e. BeipayKenne (45.11) omucwiBaer spdeKTHBHOE YBeIN-
YeHHe AMIUIATYAB BOJHEI, aHAJOTWYHOE YBEIAIEHUIO
CROpocTH OPOYHOBCKOH 9acTHHEL

B obmem cayuae ypasmenme (45.3) mma ycepepgmemHoi
HacTH BOJHBI IpmofpeTaer BUL

> F eolvde— I+ (/2 [(K0d)2 + L), + 0 e = 0. (45.13)

IlepeitmeM ® olleHKe CTPYRTYPHl JUCCHIATABHOM M He-
nuueitaoit mompasor [, [,. Hak y#e ormeuamocs, coriac-
HO BTOpOMY HepaBeHCTBY B (45.2), Quyrryamum cpepsl
E(z) ApasioTes MenxoMacmTaGHBIME IO cpaBHEHHI ¢ V).
Hoosromy B pasnossenmu (45.8) nmommHEN DPHCYTCTBOBATH
B ocuoBHOM coGersenusie (Qymruum ¥ (F; z) ¢ Tarumn
BHaYeHuAMU [, npm KOTOPHIX OHM OBICTPO OCTWJIIHPYIOT,
T. €.

dln W)/dx > 6(In <v>)/0z. (45.14)

Tar wax <{v> ecrb morenmnuan B ypasmemuu HY =FEWY,
yernosume (45.14) o3madaer BO3MOMEHOCTL MCIOAb30BAHUA
BHB-npu6mukenns. Otcioma

Y~ Ap—12 exp{i Spdx}, (45.19)

’

p="h"c/co—1—<v>/cy+ E/c)".

Ilycre R mmeer Bup
R(z) = Ry exp (—yz) (45.16)

m Y jgocratouno Bexuko. Torma, mnogcrasaas (45.15),
(45.16) B (45.11), maxomum

I, = 4, R <0/ (eoh®y* + ¢ + <), (45.17)

e A, — ROHCTaHTA WIOPAAKA  eNUHHUNEL  DBripaskenne
(45.17) npna HemuHEHHOTO OTPUIATENBHOTO TPEHUA IPH
MaBIx (V> HepexoAuT B AUHeHHOe TpeEWe ¢ Kod@uimen-
toMm (mEKpemenTom) |I,/<v>| = A4,R./(ch*y* + ¢,). C poc-
TOM AaMIIATYRBl BOAHBL (V> dPPEeKTHBHLIA HHKPeMEHT
yMembmaercs. JleHcTBATENBHO, IPH STOM COJHUTOH CTAHO-
Burcsd yike, TaK KaK IMHPHHA COJNHTOHA WMEET NOPAZOK

A ~ hle/(e— c) V2, (45.18)
a aMImIuTyna ~ ¢—Cp. deM YiKe CONUTOH, TeM Gomee
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IIABHEIMU A Hero craHoparca (ayxryanuu homa, UTO
U TPUBOAMT K yMeHbIeHmI0 Bfskoctd. JlamHoe obcros-
TeILCTBO CIEAyeT TaKyKe M W3 YCHOBHS MeqKoMacmiTad-
Hoctm B (45.2), B ueM MOMHO y6egUTLCS HOXCTAHOBKOM
(45.18) B (45.2). '

Ilepeiigem ® anamusy Berpaskenus mist I,. C moMomnsio
peipaskernit (45.15), (45.16) omenuBaeM aHAJIOTHYHO IIpe-
neraymemy (45.12)

I, = (AR /)0 (eh® + ¢+ <w)))?,  (45.19)

rme A, — KOHCTaHTA TOPATKA eUIUIIBL TaruMm obGpasom,
ToNydaeM OKONUATeNbEBIH Bup ypasmemma (45.3) mia {v):

K0t eolvd Tt AR/ (kY2 + ¢+ <00) +
+ ¢V = 0. (45.20)

Buipaskenne mast I, B (45.19) u (45.20) yuursiBaer mame-
HeHNMe BURA HEIWMHEHHOCTH BOJHEL B ¢pefie ¢ (PIyKTya-
nuaMu. JtoT dPQeKT NPUBONUT K CYI[ECTBeHHOH Iepe-
crpofixe dopMBI BONHEL M HMc4esaer Tpu Mansix {v) uIu
B ainalaTHIecKoM cIydae.

OcHoBEEIe 3()(heKTHI, TIOTYyIeHHEIE BHINIE, — HEJIWHENHAS
CTPYKTYpa «BABKOTO» UNeHA U M3MeHEHHe THIA HeauwHed-
HOCTH BOJHBL — BOSHHKAIOT IPH PACHPOCTPAHEHNH CUIHHO
HeJIMHEHHON BOJHBI B cpelie ¢ (DIYKTYyalusMu ¥ He sB-
JAIOTCA, €CTECTBEHHO, 0COG@HHOCTHI0 PACCMOTPEHHOHE KOHK-
PeTHOH Moneaws. Hewpy;mo BHAETH L0 CXeMe BEIBOJA 110-
mpaBox [;, I,, 910 Ge3 rakux-auGo0 MaMEHEHHHE MOMKHO
paccMorperh gi000ii [pyroit Buj UieHA B YPAaBHEHUU
(45.1), cBAsauHOrO €O CIYyYaiHBIMH  HEOJHOPOZHOCTAMU.
AmnaorndHoe 3aMevaHHe MOJKHO CHEIATH M OTHOCATEILHO
Buga ypasnemua (45.1). PaccMorpernne pmpyroro tuma He-
MEHEHHOT0 BOJHOBOTO IIPONECCA NPUBOJUT K H3MEHEHUIO

Buja omepatopa H, Ho gus mocienuero rpefyercs TOMBKO
3HAHAE ACHMITOTHK COOCTBEHHBIX (UYHKIUL.

Herpynao yOemurbes, B 9acTHOCTH, YTO eCIH B Tpa-
BO# 4dacru ypasHemua (45.1) crout wren Ev. (310 coorBer-
CTBYeT QIYKTyammsaM ILIOTHOCTH Cpefsi), TO NMHECCHIATHB~
HHIA WiIeH B ypaBHeHnn oA ycpexmemHoro (oma {v>
HMeeT BH]L

I, = CEvp) = (U ~ R0/ (eoh®y* + ¢ + (1),

COOTBETCTBYIOINUI CTAHIAPTHOMY BABKOMY UieHY.
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§ 46. HenuHeliHOe B3aumopgeHcTBHE
TpexX BOAH

B § 45 ma npumepe pacupocrtpaHeHHA HeIHHEHRHOHR
BOIHBL B CTab0UCIePrupyOINX CIyIaiiHBIX cpefax ObLIO
MOKA34HO, UTO CIYYaliHEE HEOJHOPORHOCTI HPHBORAT K
MOSABICHUI0 HelHHeHHOW CTPYKTYDPH <(BF3KOrO» UIeHA H
M3MEHEHWI0 XapaKTepa HeANHEeHHOCTH B YpPaBHEHUH A
cpenuero mous. B macroamem maparpade Mel obparuMcs
K aHAmH3y BHIPOKJIEHHOTO HEIWHEHHOTO B3aUMONEHCTBHA
Tpex BOJH B CIHydYailHBIX cpejiax M IIOKasKeM, 4T0 aHaJIo-
roanble 5QeKTH HMenT MecTo W B 3TOM caywae [26].

CpaBEnM xapaKTep 3aTyXaHUA CPEJHAX HMHTEHCHBHO-
creil rapMOHUK m3-3a QPIYKTYaUuil HEOTHOPOTHOCTH CpPeEl
¥ 3a cuer juccummanuu. Jus sroro o0paTHMCS K aHAIHIY
craboguccunaTuBHoro ciysas. JomommuMm — ypasHemus
(38.1), ommchiBaolme TeHEPALMID BTOPOHi TAapPMOHHKH,
YIeHAMM, OTBETCTBEHHBIME 33 CIa0y0 AUCCHNAIHIO IOJIeH:

dp,/dE +v,01 = —2p,p, 5in 0
dpz/dg + V2p2 = p% Sin 67 (46‘1)
dB/dg = % (§) + [01/p; — 4pa] cos.

3ech v, M v; — AeKPEMEeHTHl 3ATYXAHUS COOTBETCTBEHHO
nepBoit m BTopoi rapmonuk, %(E) — paccrpoiira dasoBoro
CUHXDOHM3MA, ABIALMAACA CryYaiiHoll Qyarnuedn Ko-
OpIMHATEL

Uccrenyem Bmagage meauccUmaTWBHBIA ciydaii (v, =
=v, =0). [aa gactHoro caysag TPAHWYHHX YCIOBHI
(1(0) = 0) cucrema (46.1) mpuBoguTCcA K OJHOMY ypaBHe-
o (38.11) mna mnaTeHcmBHOCTH BTOpOit rapMommkm J(§)
(oGosmawenusa smech Te e, 9ro 1 B § 38):

:
()= th? ( J dt; cos[o{T &}, (46.2)
¢ z
afI @) = | %) de, + | dty [(1 — T )™ —
&
— @) | dx (@) dlidl. - (46.3)

0

164



ITyers #(f) — craunomapHblii TayCcCOBCKUMA IIpONECC
¢ myaesnM cpemauM <x(§)> =0 w mapmoii Koppeaamuon-
noit pymrmumeit (w(C)n(Cy)> = B(E, — L,).

Bynmem cumrarp ¢uiyrryupyouige COCTABASIONINE aM-
IIATYN TAPMOHHK MAJBIMH II0 CPABHEHHIO C MX CPEJHAMU.
Torga npu neeremoBanmn ypasuenus (46.2), (46.3) moxuo
IPEMEHUTD TEOPUI0 BO3MYINEHHH aHAJOTHYHO TOMY, KaK
9T0 6bimo cmenamo B § 38. B pesyabrare B mepeoM mpu-
OIMKeHNN 10 MajnsiM (QUYKTYAIUAM HHTEHCHBHOCTH W3
(46.2) MosKHO TONTYIUTH perTeHme

1(0) ~ th? [S dycosloa{ly@)),  (46.4)

rae [1,() =th? (§) — meBosmymennoe pemenue. Herpynuo
BHAJETH, 4TO NI00BEe MOMEHTH M KOPPeNANUOHHBe (YHK-
muu cxyuaiigoro mpomecca I() Moryr OHTH TONLY4eHEH
n3 (46.4) B BHje WHTErpamoB OT WM3BECTHHIX (yHKIHI.
3aMeTHM, WT0 HEHNOCPeJCTBENHOe NPHMEHEHNEe Teopuil
BO3MYyIleHHil kK cucreme (46.1) yme ma mepsoM Imare
TpuBeno O K HEOGXOMMMOCTH MCCIENOBAThL CHCTEMY BTO-
POro IOpAAKA ¢ NepeMeHHBIMH Kosd@unuentaMu BechMa
CIOIKIOTO BHAA. .

Yro6sr modyuuTh peliieHue [IIs CcpefHeldl MHTeHCHB-
wocru <I(Z)> B ssmom Bupe, 6ymem cumrath B (46.4) ma-
ger pasmoctn (as o MaxbiM (o < 1). Pasmomus Berpaske-
nne (46.4) no ManeM o M HPOBEAS YCPeSHEHHE, HOIYYUM

‘ ,
L (©)) ~ th* (L) [1 — (2/sh 2@5 dgy Ca*{I, (Cl)}>], (46.9)
0
I,(g) =th* L.

PacemorpuMm caydaii MajdBIX KOPPEIANUMOHHBIX JUIMH
L (vt =1/l; €1, lez ompepemena gopmymoit (38.4)).
Jna momyuenus pesyibTaTOB B IEPBOM IPUOTHMREHUHN IO
MainoMy mapamerpy Y~ !'< 1 koppeaamuorHY QYHRIZIO
B(%, —§,) momuo cuurath d-PpymKImein

] B(Ci - Cz) ~b- 6(@1 - Cz) (46.6)
IIJIH HNOJMYyUYeHHA CHeAYIONINX YWICHOB pPasJOoXeHdAd II0

MamoMy mapamerpy Y~! ciemyer KOHKDETH3MPOBATH BUJ
Koppeasnuonnoir Pynxmum B(%, —T,). Moxkmo pacemor-
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peTh, HAIpUMeD, depeHHHHOHHYIO q)yHI\'I[I/IIO BHA
B(Cl - Cz) = <%2> exp (—'Y‘ti - Ez‘), (467)

e (%2> = B(0)= (A2(0)) I3z — cpenmuit KBagpar Oes-
pasMepHOil paccTpoiiku (a3oBoTO CHHXPOHH3MA. ¥ epia-
HUe JMIb CTApHIero WieHa IO IapaMmeTpy Y™' cOOTBETCT-
'BYE)‘T (1)())pMaJILHo caegyoINeMy ImpefieTbHOMY Tepexomy
B (46.7

Y=t =0, {x?> — oo, 2{x*>y~! — b = const,
(46.8)
{u?> exp (—YIC1 - Czl - b5(§1 - ;2))

Orcoofa MOHATeH CMBICI BEINYMHEL b:
b=2¢A% 1, - L= Clan, ¢ = 2L AP, (46.9)

Bennumna ¢ xapakrepuayer cBOMCTBA ¢pebl I He 3aBUCHT
OT aMIUIUTY]] BOJH.

Vepenuus o*(Z) 8 (46.5) mo cayuaiimomy mporeccy ¢.
KoppesusanuonHoii ¢pyrrunueii (46.6) u BRIYHCIUB HMHTETpa-
A, TMOAYYMM CHEAyIolee BHIPAKeHWe [UIA  CpejHeit
UHTeHCUBHOCTH BToOpoil rapmonukn <I(%)>:

<I(E) = th? (D1 — blch 4T + 16 ch 2T — 17)/120 sh 2L],

(46.10)
b =2¢AM lyx - Iy = 2{0® 1/ Lua.

Taxkuy o0pasoM, cayvailBpie HEOTHOPOFHOCTH HPUBONAT
K 00paTHOil mNepeKayke JHEPIHA B NEPBYH TapMOHIKY.

OGparuMest Teneph K HCCACHOBAHUIO CIHAGONUCCHIATHE-
HOTO cIydYas. AHATUTHIECKH MOKeT OBITH pacCMOTpem
cIyuait paBHBIX JeKPeMEHTOB 3aTYXAHUS  TapMOUMK
(V1 = Vg = V).

ITpoBenst cooTBeTCTBYWIIHEG BHIUNCIEHUA W CUUTAH 110-
"repu MaagbiMu (vig; <1, v{ < 1), moxyumM ciemymoulee
BHIpArKeHHe [JIA VCPeMHEHHOH [0 CIydaliHoMy upouecey
HHTEHCHBHOCTH BTOPOIl rapMOMHMKY:

(T =th*El1 — 20l L4 +E/sh 28) —
—b(ch 4% + 16 ¢h 25 — 17)/120sh 251, (46.11)

@®opmyaa (46.12) mowasmBaer, 4T0 ¢ pocToM Gespasmep-
HOUt mumHEBl Kpmeramia (aKTop, CBARAHHEBIA cO crydailHON
HEOHOPOTHOCTLI0 B Bhipaskenmnu (46.11), srcmomennmais-
HO HApacraer, B TO BpeMA KAaK pOCT TUCCHNATUBHOI®
YIeHa HOCHT JUNIb JHHEHHBIA Xapaxrep.



& bt

-

11.

13.

14.

15.
16.

JIUTEPATYPA K THABE I

. Wasow W. A study of the solution of the differential equa-

tion y® + A2(2y” + y) = 0 for large values A.— Ann. Math.,,
1950, v. 52, p. 350—361.

. Haknrnu E, E., Ymancsuii C. f. HeagmaGaTuueckue Iepexofisl

TpU ILIa3MEHHBIX AaTOMHBIX cToJaRHCeBeHMAX. M.: Aromumspar,
1979. ’

. Jdesmy B. T., Bposmn I0. A, Maymunu B. A. KHypce Teopern-

geckoil pusmrm. T. II. M.: Hayra, 1971.

. Huxurun E. E. Teopns sIeMeHTapHBIX aTOMHO-MOJIEKYJIAPHBIX

nponeccos B rasax. M.: Xumusa, 1970.

. Tumogees A. B. KoneGamus HeOTHOPOZHBIX TeuYeHHIT IIIa3MbL

I sEmgRocTH.— Yemexu ¢us. Hayk, 1970, 1. 102, B. 2, ¢. 185—210.

. Masyp B. A., Muxaitzoekuit A. B.,, ®penreas A. A, Ifyx-

man . T. HeycroilumBocTh HECOOCTBOHHBIX KoieOaHmi ® WX
poar B mpofieMe TOKamMaxka ¢ WHKeKruedl Heiirpasos. ITpe-
npuat UAD-2693. M., 1976. 30 c. -

. Moucees C. C., Cvuaanckuii B. P. K Bompocy o Tpamcopma-

HUH BOJH B MarHMTHOH THIpOAMHAMIKE.— MarmmrHas THAPO-
gunamMnka, 1965, Ne 2, ¢. 23—30.

. Axmanos C. A., Xoxuop P. B. [IpoGaempl HennHeiHoit OmTHKE.

M.: BUHWUTH, 1964.

. BromGepren H. Henumeiinas onrmka. M.: Mup, 1966.
10.

Kamomues B. B., KapnmMan B. 1. Henuneiigele BOJHBL— YcCHe-
xm ¢us. mayk, 1974, 1. 103, B. 2, ¢ 193—-212.

Ierrosnu B, W, Henmpeiiasie addexrer B mrasme. M.: Hayxka,
1967.

. Tanees A. A., Carmeep P. 3. Heawneilmaa TeopumA mrasMbL—

B xm.: Bompocw Teopmu nmasmsl. B. 7. M.: Arommapar, 1973,
c. 3—145. -

3axapos B. E. TaMmIbTOHOBCKAH dopmanm3M ANA BONH B He-
ImHeHHBIX cpefiax ¢ guemepcmei.— M3B. BysoE. Pagmodusnka,
1974, 1. 17, B. 4, c. 431—453.

Epoxma H. C., Moncees C. C. BoIHOBHIE IPONECCH B HEOMHO-
pommoit mrasme.— B KH.: Bompochl Teopmm niasmbl B. 7. M.:
ArommagaT, 1963, c. 146—204. i

Axmanos C. A., Unprua A. C. CraTHcTHYeCKHE fBICHWA B He-
nmHeiiHoi omTmke. M.: mam. MI'Y, 1971. .
Ilepange ©., Mupsunrep k. TlpurnagHas HeIMHEHHAA Of-
raka. M.: Mrp, 1976. -

167



17.

18.

19.

DU AW N >

-

10.

11.

12.

168

Kanomuer B. B., Muxaiitopeknii A. B., Tumogees A. B, Bou-
HEI ¢ OTPHLATENLHOH SHEpPrHeil B JUCHEPrUPYIONIAX Cpefax.—
%{éggﬁ. eKcOepuM. m Teoper. ¢ma., 1964, T. 47, B. 6, c. 2266—
Coppi B., Rosenbluth M, N., Sudan R. N. Nonlinear interac-
tion of Positive and Negative Energy modes in Rarefied
Plasmas.— Ann. Phys., 1969, v. 55, p. 207—247.

Muracos B. M., Pynaxos J. W., Proros . JI. O Baammopeii-
CTBHE BOJIH C OTpHIaTeNbHOII dHeprmeil B ciaGoTypOyJeHTHO
nngig{e.&gﬂypm sKcuepwM. H TeopeT. ¢us., 1965, 1. 48, B. 3,
c. —920.

JIATEPATYPA K FAABE I

. Jdampay JIL M., Judmug E. M. KsanroBas mexanumra. M.,

Haywra, 1974.

. Xepunr JI:x. Beenenne B Meron $asoBHIX MHTETPANOB (METON,

BKB). M.: Mup., 1965,

. ®peman H., ©®peman . Y. BKB-upuGammenne. M.: Mup. 1967.
. Macios B. I., ®epoprox M. B. Kpasmrnaccmueckoe mpmbau-

JReHDe A YPaBHeHMWI KBaHTOBON Mexaumku. M.: Haywa, 1976.

. Zwaan A. Diss. Ttrecht, 1929.
. Stueckelberg E. C. Theorie der unelastischen Stossen zwi-

schen Atomen.— Helf Phys. Acta, 4932, Bd 5, S. 369—422.

. Furry W. H. Two notes on phase-integral methods.— Phys.

Rev., 1947, v. 71, p. 360—371.

. Jpreiin  A. Acmmnrotmueckme pasiomenns. M.: @usmarrus,

1962.

. Hoxposekmnit B. JI., Xaraturkor U. M. K Bompocy o Hagbapb-

€pPHOM OTDPa’KeHHH dYacTHI BBICOKMX oHepruil— sHypH. srcne-
puM. ®m Teoper. ¢us., 1961, 1. 40, B. 6, c. 1713—1719.
Jboixue 'A. M. KBautosble mepexofsi B agnadaTHIecKOM IIpH-
6amwennn.— JRypu. orcmepum. m Teoper. ¢us., 1960, 1. 38,
B. 2, ¢. 570—578.

Tpagmreiin Y. C., Poukug W, M. TaOuapnsl MHTErpanoB, CyMM,
papos m upomspemenmii. M.: duamarrms, 1962.

Koran B. M., Tanumknit B. M. COopnmEK 3aad 10 KBAHTOBOI
Mexauuke. M.: @mamatrus, 1956. :

Foappman II. M., Kpupuenxos B. JI. COopHHK 3ajad 110 KBaH-
ToBoii Mexaumke. M.: ®uamartrus, 1957,

. JIrixpe A. M., Kpasmkumaccmieckada 4YacTuma B OfHOMEPHOM

MepHOUIECKOM ToTeHnuane.— JHypH. OKCcIepuM. M Teoper.
Pus., 1960, 1. 40, B. 5, c. 1423—1426.

. 3acxaBckmit T. M., ®pugman A. M. [[suxenne KBasuKiIaccu-

9ecKoil JYACTMIH B KBAa3HIEPHOAMIECKOM MOTEHImaNe.— JOKI.
AH CCCP, 1966, 1. 166, No 3, c. 580—583.

. 3acaascknit . M, Mouceee C. C., Cargees P. 3. AcmMoroTH-

HecKme MeTOfH THAPOJHHAMHYECKON TEOPHH YCTOHIHBOCTH.—
Ipura mar. m TexH. ¢ms., 1964, Ne 5, c. 44—45.

. 3acaapcruii I. M., Moucees C. C. Ceasammble OCIHUIIATOPER

B agmabarmaeckom npmbmmienuu.— Jowxa. AH CCCP, 1965,
1. 161, Ne 2, ¢. 318—321.



JIMTEPATYPA K TJABE Il

. Huxurna E. E. Teopua bieMeHTAapHBIX ATOMHO-MOJEKYJAAPHBIX

nponeccoB B rasax. M.: Xamus, 1970,

. Stuckelberg E. C. Theorie der unelastischen Stissen Zwischen

Atomen.— Helf Phys. Acta, 1932, Bd 5, S. 369—422.

. Hukatna E. E. HeagmaGaTnueckme mepexofsl BONMSH TOYKH

LOBOPOTA IIPH ATOMHBIX CTOJNKHOBeHHAX.— ONTHKA U CHEKTPO-
cromms, 1961, t. 114, B. 4, c. 452—456.

. Brixoscrnii B, W., Huknrun E. E., OpuunHuxosa M. fI. Bepo-

ATHOCTHL HeannaGaTHuecKOro mepexofia BOTMSH TOYKH IIOBOPO-
ta.— Mypu. srcmepmm. m Teoper. ¢ms., 1969, 1. 47, B §
c. 750—756. :

. Landau L. D. Zur theorie die Energieiibertragung bei Shés-

sen.— Phus. Z. Sowjetunion, 1932, Bd 1, 8. 88—98.

. Landau L. D. Zur theorie die Energietibertragung bei Shos-

sen.— Phus. Z. Sowjetunion, 1932, Bd 2, S. 46—51.

. Zener C. Non adiabatic crossing of energy levels.— Proc.

Roy. Soc., 1932, v. A 137, p. 696—702.

. OsumasnkoBa M. fI. O COOTBETCTBMH KBAHTOBHIX M KIACCHIE-

CKMX YPaBHEHMI I CHCTeMBI JBYX JHHEHRHBIX TepMOB,—
Jorx. AH CCCP, 1965, 7. 161, Ne 3, c. 641—644.

9. Hurntun E. E., Yvanexuii C. . Heagnabarnueckne 1mepexofnt

13.

14.

. Epoxun 1. C., Mouncees C. C. Bomuoskie npomecchl B HEOJHO
M

IIpH MeJJEHHRIX aTOMHBIX CTOJRHOBeHmAX. M.: Atommagar, 1979,

. JJanpay JL I, Jludmmy E. M. Hsanrosas wmexammra. M.:

Hayra, 1974.

. Cagcor 10. C. O BepoarHocTH HeaxwalaTHYECKHX UEPEXOI0B

BOiu3n Toder uoBopora.— JKypH. srcmepmM. H Teoper. 3.,
1964, . 46, B. 2, ¢. 560—567.

. lHorposernit B. JI., Xaxaruuxos .. M. K Bompocy o magbapb-

ePHOM OTPAaKeHHH YACTHI[ BLICORUX dHepruii— fHypH. skciTe-
pum. u teoper. ¢uma., 1961, 1. 40, B. 6, c. 1713—1719.

JIvixpe A, M., Yanaur A. B. K Teopuu Heynpyrux CTOJNKHO-
penmit.— Hypu. skcmepum. um Teoper. ¢ma, 1962, T. 43,
B. 3 (9), c. 889892

Opynxuukosa M. fl. Bepoarnocrs meagmabarudeckoro mepexona
BOAM3H TOUKM ' IOBOpPOTA.— ONTHRA ® cmerrpocronus, 1964,
1. 17, B. 6, ¢. 822—825.

. Hukurun E. E., Opunaaurosa M. fI. UurepdepernnoErble AB-

JNeHus B ATOMHOM paccegHHM.— Ycmexm ¢u3. mayxk, 1971,
1. 104, B. 3, ¢. 379—412. .

NIUTEPATYPA K TJIABE 1V
poapoit nmasme,— B xm.: Bompocsi Teopum miasmsl B, 7 :
AtommagaT, 1963, ¢. 146—204.

. Toaant B. E., Mmma A. JI. Jluneiinas tpancdopmanua u mo-

rIomenne BodH B miasme.— Yemexu ¢ms. Hayk, 1971, 1. 104,
B. 3, ¢. 413—457.

. Wason A. A studyh of the solutions of the differential equa-

tion y® + A2(zy” + y) = 0 for large values A.— Ann. Math,,
1950, v. 52, p. 350—361.

. Bacaascknii I. M., Moncees C. C., Carfees P. 3. Acumnrorn-

169



170

YeCKAH MeToJ pelleRna AAP@epeHOUAILHOIO YPABHEHUA UeT-
BEPTOro MOPAAKA € ABYMA MAQJIBIME HApPaMeTpaME B THIpO-
AUHAMAUYEeCKOi Teopmu ycroiumBocTm.— Joxa. AH CCCP, 1964,
T. 168, B. 6, ¢. 1295—1298.

*5. Moucees C. C. 00 omHONl BO3MORHOCTH TPAHC(OPMANUE BOJIH

B mia3me.— Ilpmea, mar. m texd. ¢ma.,, 1966, Ne 3, c. 3—7.

. acmagekuit . M. O KUHETHYECKOM YpPaBHEHAW ANA OCIIHINH-

TOpPOB B ciay4aiiHomM BHemHeM mnoie.— IIpmri. MaT. m Texm,
¢us., 1966, N 6, c. 76—79.

. Epoxmn H. C. X sompocy 06 amomamabroit TpancdopmMananm BoIx

B HEORHOPOMHOH muasme.— YKp. ¢ua. xypd.,, 1969, M 14,
c. 2059—2066. '

. Opunannkosa M. fI. BepoATHOCT: HeammafaTATECKOTO Iepexo-

Ja BOAm3H TOUEM HOBOPoTa.— QNTHKA W CHeKTpockoums, 1964,
1. 17, B. 6, ¢. 822—825.

. Jump Ili3a-lzao. Teopma rmapoznmHAMUIECKoil ycToHumBOCTH,

M.: 11JI, 1958.

. Tuuadypr B. JI. Pacopocrpadenme 9IeKTPOMArHUTHBIX BOJH B

maa3me. M., 1960.

. 3acaaseknit I'. M., Moncees C. C., Carmees P. 3. AcumrtoTsm-

JEeCKHe MeTOIbI THAPONMHAMHYECKON TeOpHH YCTOYHBOCTH.—
Mpuwi. mar. u TexH, gua., 1964, N 5, ¢, 4455,

. Furry W. H. Two notes on phase-integral methods.— Phys.

Rev., 1947, v. 71, p. 360—371.

. Tamodees A. B. Pesopmancuble sBIeHMS B TEUEHUW ILIABMBI

u mmarocTr. Ipenpnet MAI-1570. M., 1968.

. Cmupror B. WM. Kypc Beemeii marematmrm. M.: THTJ, 1951,
. Belitmen T., dpaeiin A, Bricmme TpaHcHeHTEHTHbIE (YHRIHM.

T. 2. M.: Hayxa, 1966.

. Epoxun H. C. 3axoRH COXPAHEHNA W HEBApHAHTH nmpdepen-

OEATbHBIX YPaBHEHHIT B HOKOTOPHIX 3ajjadaX HeOJHOPORHOH
cpegbl.— Ilpury, mar. m texH., ¢ms., 1970, Ne 6, c. 9—16.

. sKeneznaxor B. B., 3oaoraur E. fI. O mepexoje IIa3MeHHBIX

BOIH B HICKTPOMATHHUTHEIC B HeOTHODOAHOH W30TPOHHON IwiIas-
me.— 3B, Bysos. Paguodmamra, 1962, Ne 5, c. 644—657.

. Tnmodees A. B. HomeGanwa HeOJHOPONHBIX TeUeHWMH IIIa3MBI

n mEgrocTE.— Yemexn ¢ms. mayw, 1970, 1. 102, B. 2, c. 185—
210,

. Epoxun H. C., 3axapos B. E., Moucees C. C. T'emepanus s10-

poii TapMOHWKW IPW DafeHAH OJEKTPOMATHHTHON BONHHL Ha
HEOJ[HOPONEY0 IrasMy.— JKypH. sKcmepuM. m reoper. ¢us.,
1969, t. 56, B. 1, c. 179—185.

JIUTEPATYPA K TJIABE V

. JIinap Yi3a-1I3a0. Teopma ruapogEEAMATIECKOI YCTOHURBOCTH.

M.: WJI, 1958.

. Tamodreer A. B. }HenoGroBbie Kojefanusa paspekemHOH MIas-

MBI C HEKOMIOEHCHDPOBAHHBIM HPOCTPAHCTBEHHBIM 3apPAN0OM.—
Hyps. TexH. us., 1968, 7. 38, 8. 1, ¢. 14—23.

. JJangay JI. [{. O KouneGaHMAX 3IEKTPOHHON naasmbL— HypE.

srcmepuM. u TeopeT. gu3., 1946, 1. 16, c. 574—586.

. TaModees A. B. Honebanns HeofHOPOTHBIX TeYEHUI IJIA3MBI

B JKHEAROCTA.— Yemexu ¢us. mayx, 1970, 1. 102, B. 2, ¢. 185—
210, ) u



10.

11.

. Case K. M. Stability of Invisced Plane Conett Flow.— Phys,

Fluids, 1960, v. 3, p. 143—148, p. 149—154.

. Juenit JI. A, VcToifl9MBOCTh IIOCKOHAPANENBHBIX IOTOKOB

nreanpHoil Muprocta.— oxm. AH CCCP, 1960, 1. 125, Ne 5,
c. 1068—1071. )

. Roctnu B. M., Tumodees A. B. O6 ycroftumBocTHE DIEKTPOH-

HOTO HOTOKA € TPafUeHTOM CKOpocTH.— JHYDH. JKCIEpHM. M
reoper. ¢us., 1967, 1. 53, B. 4 (10), ¢. 1378—1387.

. Tamodees A, B., Meiitnuc B. Il., Hyaxos I'. . AnsdBeH0B-

CKHe QUIYKTYaHud B HEORHOPOTHOK M HEPaBHOBECHOH mia3me.—
Mnanka mwrasmsl, 1978, 1. 4, B. 5, ¢. 1078—1087.

. Coboxnes C, JI. YpaBueRma MareMaTHuecKoii (H3AEW. 3-¢ U3

M.: Tocrexuagar, 1954.

Tumodees A. B. BpemMenBAA d>BOIIONDS ANLPBEHOBCKAX KOie-
f6aEEil B HeOQHOPONHOH W HepaBHOBeCHON miasme. lIpenpuHT
MAD-2674. M., 1976.

Tumoees A, B. K Teopun ycToiumBocTH aib@BEHOBCKAX KO-
nebGanuit meogHopoAHoN muasmel.— Pusmka mira3mul, 1976, T. 2,
B, 3, ¢. 510—512.

. Muxaitnoscxmit A. B. TmAapoMarEnTHAS OYYKOBAA HeyCTOHdm-

BOCTL B TOKAMaKe ¢ NH:KeKImeil wedTpPaTbHEIX aToMOB.— ®n-
3uKa mrasmer, 1975, T, 1, B. 4, c. 72—80.

. Timofeew A. V. Resonance interaction of flute oscillations

with ion larmor drift.— Nuclear Fusion., 1968, v. 8, N 2,
p. 99—107.

. Tamogees A. B. PesoHaHCHBIC ABICHAA B TedCHUH HIasMBl H

sugrocetn, lpenprnar WAS3-1570. M,. 1968

. Bagau K. O., Jlomnuanze JI. T., Muxaiinosesuit A. B. Bos-

6y/KaeHAe KODPOTKOBOJHOBHIX aJb(PBEHOBCKEX KoIXeGauwmil .BEI-
COKODHEPTeTHYHBIME HOHAMH B TOKaMake.— Dn3mKa mnixasMul,
1976, 1. 2, B. 4, ¢. 170—172.

. Jdapnay N. M., Judpoong E. M. Teopms noas. M.: Hayra, 1973,
. Rosenbluth M. N., Rutherford P. H. Excitation of Alfven wa-

ves by hing-energy ions in a Tokamak.— Phys. Rev. Lett,
1975, v. 34, N 23, p. 1428—1431.

. Rapnvau B. ¥. O6 «oco0six» pelmeHmax ypasHeHui 7 TIas-

MeHHBHIX KoneOammit.— JHypH. sKcmepmm. u Teoper. gms., 1966,
T. 51, B. 3 (9), c. 907—914.

19. Coxospes JI. C., Uladppanos B. JI. B ru.: Bonpockr Teopmu

nr1asmel. B. 5. M.: Atommspmar, 1967, c¢. 3—209.

. Maaypos B. A., Muxajinoseknit A. B., ®@penrens A, JI., IMyx-

man M, T. HeycroiiumBocTu HEcOGCTBEHHBIX Koiefanmil W HMX
poas B mpobiieMe TOKaMara ¢ HNHMAeKU@eidl He#dTpanos. Ilpe-
apuar WA3-2693. M., 1976. 30 c.

JATEPATYPA K TJIABE Vi

. Axmanos C. A., Unprum A. C. CraTrcrmdeckwe ABICEHA B

HenmHe#HOH omrake. M.: mag. MIY, 1971,

. Tarmee 3. A., Yuprnu A. C. lIpuGam;xenne 3aJapHON HHTEHCHB-

HOCTH B TEODHM HeJAWHEHHLIX BRONH.— /HypH. SKCHEPEM. H TeO-
per. ¢ms., 1977, . 73, B. 4, c. 1217—1282.

imn



172

. Opaescknii B. H., Cargees P. 3. 00 ycToifiT#BOCTH YCTaHOBHE-

mWuxcesd DPOAONbHLIX Konebaumilt nnasmbl— JRypd. Texn. ¢ms.,
1962, 7. 32, B. 11, c. 1291—1296.

. Armstrong J. A,. Bloembergen N., Ducuing J., Pershan P. S,

Interactions between light waves in a nonlinear dulectric.—
Phys. Rev., 1962, v. 127, p. 1918—1939.

. T'aneer A. A., Cargeer P. 3. HeanmneitHag Teopus IJIa3MBL—

B xn.: Bompocst teopmm miasmbl B. 7. M., Artommapmar, 1973,
¢. 3—145.

. Epoxun H. C., 3axapos B. E., Moncees C. C. Temepanus Bro-

poil TAapMOHMKH IPH IAaleHUM JIEeKTPOMATHHETHOH BOJHBI Ha
HeonHOpOAHYI0 Iytasmy.— JHypH. skcmepmM. u Teoper. ¢ma.,
1969, 1. 56, B. 1, c. 179—185.

. Rosenbluth M. N. Parametric instabilities in inhomogeneous

media.— Phys. Rev. Lett., 1972, v. 29, N 9, p. 565—567.

. Pilia A. D. Proc. of 11-th Conf. on fenomena in ionized ga-

ses. Oxford, 1971, p. 320.

. Epoxna H. C., Moucees C. C. Bonuonbie Ipomecch B HEORHO-

popguoii muasme.— B ku.: Boupocn teopum mxasmui. B. 7. M,
Aromusnar, 1973, c. 146—204.

. Taneer A. A., JlaBaap I., O’Heiix T., PozeGuror M, Carge-

es P. 3. BzammojeiicTBue MOINHOI 3JeKTPOMArHHTHON BOJHBI
¢ miasmoit.— JRypH. sKcmepmM. u rteoper. ¢us., 1973, 1. 65,
B. 3(9), c. 973—989.

. ODuaaa A. JI. HecrarmuoHapHAas TeOpHA pacmagHO HEYCTOIl-

guBoCTH B crabomeoTHOpOAHOA mmasme.— JHypH. dKCHEpEM: o
Teoper. gus., 1973, 1. 65, 8. 3 (9), c. 973-—989.

. Tarnes 3. A., Yaprua A, C. 06 s¢pderrnrocTr mpeobpasoBa-

HUS OUTHYECKUX HYACTOT B HEOTHOPONHBIX HENHHEHHBIX Cpe-
nax.— KBamroBasa siexrponmKa, 1977, 1. 4, B. 7, c. 1503—1508.

. Tpapmreiin W, C., Pooxnr W, M. Talunnst mATETPANOB, CYMM,

pAjgos @ mpoumseepeuunii. M.: dusmarrus, 1962

JIUTEPATYPA K TNABE Vil

. Armstrong J. A, Bloemhergen N., Ducuiny J., Pershan P. S.

Interactions between light waves in a nonlinear dielectric.—
Phys. Rev., 1962, v. 127, p. 1918—1939,

. Tanees A. A., Carneep P. 3. Heaumeilmas TeopmA ILIa3MBL

B xu.: Bompocs Teopmum miasMil. B. 7. M.: Arommsgar, 1973,
c. 3—145. '

. 3axapos B. E., Mamaros C. B. K Teopun pesoHaHCHOTO R3an-

MOJeICTBHA BOJHOBBIX LIAKETOB B HEJIHHEHHBIX cpegax.— JHypH
sKcmepuM. u Teoper. gua., 1975, 1. 69, B. 5 (11), c. 1654—1673.

. Anppees A. A, Pacuaguoe B3amMOjeiCcTBUE BOJHOBHIX MaKeTOB

B HeJIMHEWHoH HCOJAHOPOJHOW ¥ HeCTaiqWoHApHON cpege.—
Mucsma 8 KT, 1979, 1. 5, v 6, ¢. 377—381.

. Vuzem Jix. Jluweitutie w menwHeduwie sommsl. M.: Mmp, 1977
. Ocrposcruit JI. A., Iemunopcknii E. V. B ku.: Teopermieckue

W JKCHepEMeHTANbHble HCCISfIOBAHMA 10 HpobleMe IyHaMH.
M.: Hayra, 1977, c. 52—60.

. Macnon B. II. KommuexcHslit meton BEB B Hemmme#HBIX ypas-

meumsax. M.: Hayra, 1977.



21.

22.

23.

. Ileaunosekuit E. U. 06 sBononum COTUTOHA B HEONHOPOAHOIL -

cpele.— IIpmkn. mar. m texH, ¢pma., 1974, N 6, c. 80—8b5.

. Ileaunosexnit FE. H., Cremananny 0. A. Tpagcdopmanusa mar-

HHTOBBYKOBOTO CONMTOHA B NByXeloinoil miaszme.— sRypH. Texm,
¢us., 1975, 1. 45, B. 1, ¢. 173—175.

. lleannoBekuii E, M., Iappankuit C. X. O paspylleHnn KHOH-

HANBHBIX BHYTPOIHUX BOJH B HEOJHOPOTHOM MO TOPH3OHTAIM
oxeane.— Pusnra armocepsr um oxeasma, 1977, 1. 13, B. 6, °
c. 669—672.

1. 3acnascknii I'. M. O paccesnmm m TpaHcopManuu HeIHHEN-

HBIX IIEPHOMIECKHX BONH B HEOJHODOLHOIl cpefe.— JHYpH.
oKeIepEM. 1 Teoper. ¢ums., 1972, 1. 62, B. 6, c. 21292140,

. Ocrposermit JI, A., lexnboseknii E. I, ®punman B, E. Pac-

MPOCTPAaHeHHE AKYCTAYSCKWX BONH KOHEYHO# AaMINIETYALI B
HEOTHOPOANOH cpefie 1PN HAINYMHA AKYCTHK.— AKYCTHY. FKYDH.,
1976, 1. 22, B. 6, ¢, 914—921.

. ®uiaonenko H. II. Hennmmeitmoe B3amMopedcTBME BOJE B CIy-

yaiiHoHeogEOpPOHOIN cpefe. Tesmenl foma. ma 7-if Beecoos.
koH. DO KOTEePeHTHON W HemmHeimo# outmke. M.: Mag. MI'V,
1974, c. 169.

. ®Onaonenro H. H., Measrug JI. II. O B3pHIBHOI HeycTORTHBO-

cTH B HEOZHOPOAHBIX cpefax.— fRYpH. DKCIEPHM. M TEoper.
¢ma., 1975, 1. 69, B. 4, c. 1183—1194.

. Meastnk J. 1L, ®Ouionenko H. H. O meTone pemenma YKO-

POYEHHEIX yPaBHEHHIl Jis HeJWHelHoTo B3amMOJeliCTBUA BOJH
B HEOJHOPOAHBIX cpefax.— B xm.: Tpymer VI Mempgynaponunoro
CHMIIO3HYMa 10 HedwHeitHo# axyctmke. Y, 1, M,; msg. MTY,
1976, ¢. 150—154.

. Meapunr JI. H., ®unronenxo H. H. O wnpepensrrix KIIT

mapamMerTpudeckmx mpeoGpasoBarernell wACTOTH € OITHIECKH
HeOXHOPOAABIMH HeJuHelHBIME cpegaMu.— SHypH. BHCOEPHUM. X
reopet. gus., 1976, 1. 70, B. 2, c. 458—466.

17. Measuug JI. II., ®uaonenxo H. H., Xomxomasix A. WM. 06 orpa-

muvernu KIIJ[ yaBomTesieir 9acToTHl W3-3a IPOMIOILHOH ONTH-
9ecKOf HEOMHOPOJHOCTH HEIWHeHHHIX KpHcralroB.— HsamTo-
BaA »aexrpommra, 1979, . 6, B. 1, c. 25—30.

. Measmnx JI. II., ®naonesxo H. H. HsB. BysoB. Pagmodpmanka,

1979, 7. 22, B. 5, ¢. 542—554.

. Tpagmreiin W, C., Peokur Y. M. TaGaumsl HHTETPAIOB, CYMM,

pamos m mpomseepenuit. M.: @mamarrms, 1962.

. Kapamaua 10. M., Cyxopyxos A. II. O naammodORyCHPOBKe

MOIIHFIX CBETOBHIX NYYKOB B Cpefax ¢ KBajpaTHIHON HeIn-
HeitgocThio.— JRYpH. skcmepmm. u Teoper. ¢ms., 1975, T. 69,
B. 3, c. 834—847.

Axmanos C. A., Cyxopykos A. II, YUnpruu A. C. Hecranmuo-
HApHbIE ABICHUA W HPOCTPAHCTBEHHO-BPEMEHHAS AHAJOTHA B:
HenuHeliHOH onTmKe.— JHypH. sKkcmepuM. ®W Teoper. ¢us., 1968,
T, 55, B. 4 (10), ¢. 1430—1448. ~

Homecon 3. AcuMmmroTmdeckuwe paanoskennsa. M.; Mup, 1966.
Iluracor B. M., Pygaxos JI. I, Poros . JI. O B3ammogmeii-
CTBAHM BOJH OTPALATEIBHOH 5HEPrEd B cIaGOTypOYIeHTHOMN
nxasme.— HypH. sKcmepmM. m Teoper. ¢ma., 1965, 1. 48, B. 3,
c. 913—920.

. Coppi B., Rosenbluth M. N., Sudan R. N. Nonlinear interac-

tion of positive and negative energy modes in rarefied plas-
mas.— Ann. Phys,, 1969, v. 55, p. 207—247.
173



25.
26.
27.

28.

29.

30.

Weiland J., Wilhelmsson H. Coherent nonlinear interaction
of waves in plasmas. Perg. Press., 1976.

%Igrg;onnq B. H. Hemnneiinbie spertnl B miasme., M.: Hayra,
Stenflo L., Weiland J., Wilhelmsson H. A solution of equa-
ﬁOil tli\;aicribilzg explosive instabilities.— Physica Scripta, 1970,
v. 1, , . 46.

Pagunosuu M. ., Peyror B. II. BaammopeiicTame mapamerpu-
4ecKH CBSA3AHHBIX BOJH B HEPABHOBECHHIX cpepax.— 3B, By-
30B. Pagmomsmra, 1973, T, 16, B. 6, c. 815-—830,

Haseiopa T. A., Opaesckuii B. H. Cra6miusanus B3pBIBHOIT
HEYCTOHYHBOCTA 3a cueT HEOTHOPOZHOCTH . cpembl— Hypm.
YKeIlepuM. u Teoper. ¢mas., 1974 1. 66, B. 5, c¢. 1613—1621,
Jeioncexn Y. Cpasamabie W HDapaMeTpumueckne konlefanna B
sxexTpornKke, M.: WJI, 1963.

JIMTEPATYPA K FNABE VII

. Bourret R. C. Stochastically perturbed fields with applica~

tions to wave propagation in rand om media.— Nuovo Ci-
mento, 1962, v. 26, N 1, p. 1—31. .

. Bourret R. C. Propagation of randomly perturbed fields.—

Canad. J. Phys., 1962, v. 40. p. 783—790.

Howe M. S. On wave scattering by random inhomogencities
with application to the theory of weak bores.— J. Fluid Mech.,
1971, v. 45, N 4, p. 785—804.

. Perrop C. M. BBefjeHue B CTATHCTHYCCKYI paguodusury. M.:

Hayxa, 1976.

. Tarapexmii B. W. Pacupoctpamenme BodXH B TypOynesTHON

armocdepe. M.: Haywa, 1967.

. Bapagenros JO. I, Kpasnos I0. A, Pmror C. M., Tarap-

ckmii B. M. CocrosiHme Teopudu pACHpPOCTPAHEHHUS BONH B CJIy-
gaiino-HeogHoOpoHOl cpene.— Ycmexu ¢us. HayE, 1970, 1. 102,
B. 1, c. 3—42.

. Tarapeknit B, 1. PacmpocrpaHeHne KOPDOTKHX BOJH B cpeje

- CO enyvyafiHBIMH HEeOJHOPONHOCTAMH B TPNOIMNEHAM MapKOB-

CKOTO ciydaitmoro mponecca. penmpunr AH CCCP. Orpenxenue
orkeanoyorny, Qusurm armocdepst m reorpadmm; M., 1970.
121 c. ' :

. Kuanxkun B. W., Tarapekmit B. WM. Ilpnamxenne muddysnon-

HOrO CJIyd9afiHOTO Wpolecca B HEKOTOPBIX HeCTANHOHAPHBIX
CTATHCTEYECKNX 3ajadax (usurm— Ycuexm ¢us. Hayk, 1973,
1. 110, B. 4, ¢. 499.

. Raagrun B, WM. CratucTmueckoe oNmcalne AAHEAMATECKAX CH-

crem ¢ Qayxrynpyomumm napamerpamm. M.: Hayxa, 1975.

. Van Kampen N. G. Stochastic differential equation.— Phys.

Reports, 1976, v. 24c, N 3, p. 472—228.

. dpaxop 0. E, Yparuenme Tuma JlalicoHa AJsA BOJH B ONTHYIE-

ckp Henmpehmsix cpemax. Y. 1. Jlumeiinpie samagum.— Hp. co-
obm1. ‘no ¢usmxe, M.: ®UAH, 1973, \e 4, c. 23—20.

. Manzpo B. E., Jorupor B. M. TypGyieATHas XoHBeKiusi B

segudPysmonnom upmCivuenun.— Vss. AH CCCP. @us. ar-
Mocd. m oxeana, 1977, . 13, B. 7, c. 690—698.

174 |



13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.
24.
25.

26.

Manupo B. E., Jlorraos B. M. IIpocroit Metoq pemreHdAsT CTO-
XaCTHYeCKHX YPaBHEHWI A HEKOTODHIX PACIpOCTDPANeHHBIX
Mofene#d caysadHRx npoxeccos. Ilpempuar VIOCO-550. Kpac-
HOsApCK, 1977, c. 28,

Hexnnopexnit E, H. PacnpocTpanenme BOIH B CTATHCTHYOCKH
HeoAHopoHOM OKeadHe.— B ru.: Henmmeiimpie sBommer, M.:
Hayxa, 1979, c¢. 331—355.

Tamoiikun B. B., ®aiimmreiin C. M. O HeuamHeiimoM B3auMo-
JeHCTBAX BOXH B TIIa3ME6 CO CIYYANHBIME HEOJHOPOTHOCT~
vn.— ypn, skcmepmm. m Teoper. ¢ms., 1972, T. 62, B. 1,
c. 213—218.

Tamoiikna B. B., daiimmreiin C. M. O HeauHeliHEIX BOJHAX
WOHHOTO 3BYKA B ITa3Me € TPEXMEPHHIME CIYIaiiHBIMM HEOH-
HOpomHOCTAME. — JI{ypH. sKemepuM. n Teoper. ¢us., 1973, 1. 64,

+B. 2, ¢. 505—509.

3acaasekuii I M, Pacmpocrpamenme Hennmgeiinoidi BOJIRLL B
cayuaitroii cpege.— SHypH. skcmepmm. m Teoper. ¢ms., 1974,
T. 66, B. 5, c. 1632—1637. - ,
3acnascknii T'. M. O kmHeTHYECKOM VpaBHEHUH I OCHMIIA-
Topa B caydaiiHomM Bmemmem mosie.— JRYPH. OPHKI. MaT. &
texH, ¢us., 1966, No 6, ¢. 76—T79.

3acaasexnit I, M, ®uiaonenxo H. H. IIpuxa. maT. @ TeXH.
¢us., 1967, ». 1, c. 21—24,

Yusem Jlx. Jlmmeiinere m wenuneitnsie Boxusr. M.: Mup, 1977,
Heannorckuii E. U, ®n3ura atMocdepst n oxeana, 1971, M 7,
c. 1226. -

Yajima N. Effect of Botton irregularities on small amplitude
shallow water waves.— J. Phys. Soc., Japan, 1972, v. 33, N 5,
p. 1471—1477.

Jaunay JI. 1., JMnpmun E. M. Mexapmka CIDIOMIEEIX cpel.
M.: Tocrexmspgar, 1954.

Ocrposeknit JI. A, Ileanmopermii E. H. Onsmra artMocdepst
u oKeama. 1970, N¢ 6, 934. :

Frisk H. Z., Lloyd S. P. Electron levels in anone-dimensio-
nal random Ilattice.— Phys. Review, 1960, v. 120, N 4,
p. 1175—1189.

Meapank JI. II., ®uaonenxo H. H. O mpepgexsurix KIIJT mapa-
MeTpHUeCKAX npeofpazoBaTeneii YacTOTH € ONTHUECKU-HEOTHO-
POAMBIMI HEINHEHHEIMA cpefaMu.— RypH. dKcoepEM. W Teo-
pet. pus., 1976, 1. 70, B. 2, c. 458—466. :

. Becuanog B. Y. YaBoenme wacToTHI ¢cBeTa B HEIWHEHHOH cpefe

co crygaiimeIME HeORHOpomHOocTAMA.— U3B. By30B. Pammodu-
3mKa, 1966, 7. 9, B. 6, ¢. 1117—1123.

. Axmanos C. A., Unpkua A. C. CTaTHCcTEYCCKIE ABICHAA B He-

nuHelHoM ormrmre. M.: mam. MT'Y, 1974,

BaomGepren M. Hermumeiiman onTmwka. M.: Mup, 1966
A6pamoruu B. C., Tameiixur B. B. Hemnpeiimoe psammopeii-
¢TBHe BOJH B CUIHHOHEONHODORHHIX cpefax.— JHypH. sxcme-
paM. o teoper. gua., 1980. - )

. Leibowitz M. A. Statistical behaviour of linear systems with

randomly varying parameters.—J. Math, 1963, v. 4
p. 852—858. -

175



llpeducaosue

Ornasnenne

T'anasa I. Ocrosuvle ypasnenus u npednososxenus

o oon Lo oon Lo

2.
3.
4,
5.

1.

Baenmenne e e e
AnmaGatmdeckas . TeOpHA  BOBMyINeHWA B
KBAHTOBOH MeXaHHKe e .
Ypaseeune Oppa — 30M1uep(be.7mna
MaraurormgpoinHaMaueckne KojleGaHumA B
nxasMe . . e e,
3JIBKTpOLM&I‘HI/ITHLIe BOJIHEL B HeTHHEHHBIX
KPACTAMIAX. YDPABHEHHUA IS AMIUTHTYT .

Tunasa II. Odnomepnerii merod BKEB

6.

won o OB On

§ 10.

§ 11
§ 12.

§ 13.
§ 14
§ 15.
§ 16.

Brenenue

7. OnHA TOYRA HOBOpOTa Me’ron IIBaHa
8.

9.

[Be Toukm mosopora. IIpoxoskjenme uepes
Bapbep .

JiBe TouKH noaopo'ra Hau:ﬁapbepnoe mpame-
serne. Tourocts agmabarmwieckoro mIBapn-
aHTA .

ABe TouKm HOBOpOTa HpaBmIa RBAHTOBAHIIA.
O6cy:xpenne TOTHOCTH MeToAa .
IIpoxowpenne 4epes mnapabommdecKuit catoit
YpasueHze ¢ mepuonmuIeckon Ppynarmueir. pu-
SKeHHe B INEPHOJHYECKOM IIOJe

Ypasmenme Martbe. «MeIeHHEIEY IIa:pyme-
HEA TPAHCIANUOHHON CHMMETPIH .
YpaBHeHUe 9eTBEPTHIHOIO HOPsaAKa. IBa cBa-
3aHHEIX OCOEIIIATOPA

CpA3aHHEE OCHUWIIATOPEL. Hpoxomneﬂﬂe e-
pe3 pe3oHAHC

NrBapmanTs quupepenuna.nmmx ypaBHe-
mnit. Jipyroi mOJXOA K ONpejenennio kodg-
(PUOEEHTOR CIIMBKE pellleHmi .o

Trasa III. Headuabaruveckue nepexods. e EeanTo80l

METAHUKE .

"§ 17,
§ 18.
§ 19.

Baenenne
Honymaconqe«cﬂoe npnﬁnnmenne
CBA8b MONMYKIACCAYSCKOTO PEIIEHVS C TO‘IHHM

31

34
37

39
42
47
50

57

59

61
63



T'nagma

I'mamsa

IT'nmasa

I'maBa

T'nasa

§ 20. BaauMopeiicTBHe BOJH KaK BO3MYIHEHUE -
§ 21. QopMyna Jlamgay — 3mmEepa oy . . .
§ 22. CmapHoe B3ammopeicTsme [3] . . . . .
§ 23. TepMsl pasHOro HAKJIOHA .

1V. Ypasrnenus runa 0ppa—30uMepgﬁezb6a
§ 24. BBegeHnue

§ 25. IIpaBuaa I\B&HTOB&HK}I .
§ 26. 3ajaua 0 OPOXOMACHAR .
§ 27. Mogens ¢ oTparkeHueM

V. Jeoaoyuonnas zadaua

§ 28. Beenenue

§ 29. Teopema Panes . .

§ 30. IBOIMOIUOHHEAS 3aja4a mm ypaBHEHHH Op—
pa — 3oMmmepdeipna .

§ 31. Komeurmoe ycmirenne Ha‘IaJILHBIX Boamymenmu

V1. Pacnadnas neycTolivugocrs .

§ 32. Beepgenne

§ 33. AGcomoTHas neycmuqnaoc’m .

§ 34. 3agaga o IIPOX O (e HITH. Homeunoe ycnnenne
BOBMYII[ENNH

§ 35. I'enepaunsa BTOpOM I‘apMOHHKH I cyMMapnmx
qACTOT . e .

VII. Crayuonaphusle pewenus HeiuHelUnwr ypas-

Henul Jdas amnauTyd .

§ 36. BBegenue e e e e

§ 37. BaauMmojieiicTsue umm B omopom{mx cpe-
Hax . . co .

§ 38. I'emepanma Bmpo“ rapuomﬂ\u .

§ 39. 06 »spderTnBHOCTH npeoﬁpasoBame ‘IZICTOT
B 110Je HEOTHOPOJIHOH BOJHBI HAKA4KU

§ 40. BzauMopeiicTBue Tpex BOJH e

§ 41. Crabmimsanmg  B3pHIBIOH  HCYCTOIMHBOCTH

VIII. Bsaumodeiicteve 6oan 6 CAywaiino-neodno-

podunux cpedazx

§ 42. Beegenne

§ 43. O xuHEeTHYCCKOM }deHCHI/IlI ;qrm ocnmmﬂTO~
pa B CTIV'-I(IHHO\I BUeHIlieM noJte

§ 44. Tpaucq)opmamm BOJIH B cpefie cO cnyqammp
M HEOQHOPOTLHOCTAMN

§ 45. Pdcnpompaueﬂne HeJHAeHHo i BOJIIIbI B c.}ly—
qaiHOil cpefe .
§ 46. Hemuueiinoe BsanMo;wﬁCTBue Tpex BO.’I}I

. . B . . . . .

Jdureparypa .

102





