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BBenenue

N3yueHue CekTpoB pacCcesTHHOTO CBETa HA4aToO O0Jiee COPOKa JIeT
Ha3aJl, " eIlle JI0 MOSBICHUS Pa3IMYHBIX Ja3ePHBIX HICTOUHHKOB BO30YKICHHS
OCHOBHBIE YE€PThI PA3HOOOPA3HBIX CIEKTPOB TEIJIOBOI'O PACCESIHUSI OB BBISICHEHBI

N3ydanuch cieKTpbl KOMOMHAIIMOHHOTO PACCESHUSI CBETA U CIICKTPBI
paccesiHUsl, BBI3BAHHOT'O BPEMEHHBIM U3MEHEHUEM (IIYKTyalluu JTU3JIEKTPU-
YECKOUM MPOHUIIAEMOCTH BCJIEACTBUE TETUIOBBIX (IIYKTyalluy JaBICHUS paccesi-
Hue Manjenbirama — bpuiimrosna, QuryKTyaruy SHTPOIUY IIeHTpaIbHas
KOMITOHEHTa TOHKOHW CTPYKTYpbl TUHUU Pasies v GpiykTyanuu aHu30TPOIUU
KpbUIO JTUHUU Panes

Pacceanuem MangensiiTama —  bBpuiiodHa, Ha3BaHHOTO B 4YECTh
Mannensmtama Jleonnaa McaakoBuua u Jleona bpuitosHa, Ha3pIBalOT pacCesHUE
ONTHUYECKOTO M3JIYYEHHUS] KOHJICHCHUPOBAHHBIMM CpE€JIaMH TBEPIAbIMU TEJIIAMHU U
KUJKOCTSIMU B PE3yJbTaTe€ €ro B3aUMOJCUCTBUS C COOCTBEHHBIMH YIPYTUMU
KoJebaHusMu 3Tux cpea. OHO CONMPOBOKIAAETCA U3MEHEHUEM HAa0Opa 4acToT (JJIMH
BOJIH, XapaKTePU3YIOUIMX M3JIy4Y€HHE, — €ro CIEeKTpallbHOTO cocTaBa. Hampumep,
paccesiurne Manpaenpiutama — BbpHiLitosHa MOHOXPOMATUYECKOTO CBETa MPUBOAUT
K TIOSIBJICHUIO IIECTH YACTOTHBIX KOMIIOHEHT PAacCCEIHHOIO CBETA, B KUIKOCTAX —
Tp€X (ogHA W3 HUX — HEU3MEHEHHOH 4YacToThl). CpaBHUTEIBHO CHJIBHOE
B3aUMOJICHCTBUE MEXK]ly YAaCTUIIaMH KOHJICHCUPOBAHHBIX Cpell (OHO CBSI3bIBAET UX B
YIOPSIAOUCHHYIO TPOCTPAHCTBEHHYIO PEMIETKY) MNPUBOJUT K TOMY, UYTO OTHU
YaCTUIIBI HE MOTYT JBHUraThCs HE3aBUCUMO — JII000€ HUX BO30YXKIEHUE
pacrpocTpaHsieTcss B cpefe B BuAe BOJHBL. OpHako mpu Jr000W OTIMYHON OT
aOCOJIFOTHOTO HYJISl TeMIIEpaType YacTUIlbl HaXOJSATCS B TEIJIOBOM JIBI)KEHUU. B
pe3yJIbTaTe IO BCEBO3MOKHBIM HAMPABICHUSM B CPEJI€ pACIPOCTPAHAIOTCS yIPYTHE
BOJIHBI pa3iauyHbix yacTtoT (I'umep3Byk). HamokeHue Takux BOJIH APYr Ha Jpyra
BBI3BIBACT MOSBJICHHE T. H. (IyKTyalMd TUIOTHOCTH Cpelibl (MajbIX JIOKAJIbHBIX
OTKJIOHEHUU IJIOTHOCTU OT €€ CPEIHETO 3HAUCHHMS), HAa KOTOPBIX U PACCEUBACTCS
cBeT. Paccesnue MaHnenbiiramMma — Bpuiiito3Ha MOKa3bIBA€T, YTO CBETOBBIE BOJIHBI

B3aMMOJICUCTBYIOT HENOCPEJACTBEHHO C YIOPYTMMH BOJHAMH, OOBIYHO HE



HaOM0JaeMbIMM  TIO0  OTHENbHOCTU.M3 TpencTaBieHuss O CTOSYMX BOJIHAX —
CTYIIEHUSX W PAa3peKECHUSAX IUIOTHOCTH, MOAYJHMPYIOIIMX CBETOBYKO BOJIHY, —
ucxoqun JI. WM. MangensimirtaM, TEOPETUYECKH IIPEICKA3aBIIMN PACCESTHUE
MannensinraMma — bpuniiosHa. HezaBucumo Te ke pesynbrarhl momyuwia [1] JI.
bputiosH, paccmaTpuBasi paccesHUe CBETa Ha OETYIIMX HABCTpPEdy APYyT APYTY
ynpyrux BojiHax B cpeze. Ilpu ero moaxone K sIBICHUIO (PU3NYECKON MPUUMHOU
"pacmennenus” MOHOXPOMAaTUYECKUX JIUHUN OKa3bIBACTCSA ekt
Homnepa.llepBrie monbiTkn HabM0MaTh paccesarne Manaenbintama — bpuitosHa,
npousBeaeHHbie JI. 1. Mangensmramom u I'. C. JlanacOeproM Mo3BOJIMIINA JTUITH
HaOMoAaTh ymMpeHue JauHUN PamaHoBckoro paccesHusi. llepBble ymauHble
AKCIEPUMEHTHI U JeTalIbHbIE UccaenoBanus nposeaeHsl E. @. I'pocc. B wactHOCTH,
OH OOHapy»XuJ, 4To paccesHue ManaensintaMa — bpuwutodHa pacuieniser
MOHOXPOMATUYECKYI0 JMHUIO Ha IIIECTh KOMIIOHEHT (9TO OOBSICHSETCS TEM, UYTO
CKOPOCTh 3BYKa V pa3iuyHa JUisl pa3HbIX HAIpaBJCHUMN, BCIEICTBUE YETO B O0IIEM
ciaydyae B HEM CYIIECTBYKOT TPU — OJHA MPOAOJIbHAA M JBE MONEPEUYHBIE —
3BYKOBBI€ BOJIHBI, OJTHOW U TOM K€ YACTOThI, KaXJasi U3 KOTOPBIX PACIIPOCTPAHSIETCS
co cBoeil ckopocThio V). OH ke u3yuus paccessuue Mannensintama — bpuuiosHa
B JKHJIKOCTSX W aMOp(hHBIX TBEPABIX TeNax, MPU KOTOPOM HapSAy C JABYMs
"cMmenieHHbpIMU" HaOIr0qaeTcd U "HecMeIeHHas" KOMIIOHEHTA UCXOHON YacTOTHI f.
Teopernueckoe 00bscHeHHE 3TOro siBjieHus npuHamnexut JI. JI. Jlampay u T
[Inadexy, moka3aBmIUM, 4YTO, KpoMme (QUIYKTyalllid TUIOTHOCTH, HEOO0XO0IUMO
YUYUTBIBATh U (DIyKTyallMu TeMIepatypsl cpeabl.lIpeiokeHo u SKCrepuMeHTaIbHO
peanrM30BaHO HHU3KO NOPOrOBOE BBIHYXKJIEHHOE paccesHne Manaenpmrama —
bpumniosHa ¢ pacnpeneneHHONM 0OpaTHOM CBSI3bI0 B CEpOYyTIEpoje, KOoTopas
ocyllecTBisIach  Oyarogapst audpakuuu bperra u3iydeHus BBIHYXKIEHHOE
paccesune ManaensmitaMa —  BpUWIUII0O3HANPOCTPAHCTBEHHO-NIEPUOANYECKON
peleTKe noKa3aTeis MpeJoOMIIEHUS, HABEJEHHON B ONITUYECKN HEJIMHENHOMN cpelie B
pe3yabpTare UHTepPEpeHIMr MaJalolIero M OTPAKEHHOTO OT 3epKaja Iy4YKOB
Bo30Oyxnawmero  cBera.llomyuena  ogHouacTOTHass  TreHEpalus — U3JIyYCHHS
BBIHY)KJICHHOE paccesHue MannenbmiraMa — bpuwuirosHa ¢ Majnod  yriloBOW

PacXxoaMMOCTBIO U O0MbIION 3HEpreTudeckoil spdextuBHOCTHIO. Pa3zBura Teopus,



NO3BOJISIOIIASl PACCUUTATh HEIUHEHHBIM KO3(Q(PUUMEHT KOHBEPCHMM HAKAYKU B
U3ITy4YEeHHE BBIHYXICHHOE paccesiHne ManjenbiiraMma — bpuiiitosHa u onpeneanTb
ONTHUMaJIbHOE HampaBieHue reHepanuu. ComocraBieHHe TEOpPUHM U OIbITa
YKa3bIBAET HA XOPOIIIEE COrJIacue MeX 1y HUMU.Ha OCHOBaHMM TakUX UCCIIENOBAHUN
MOKHO ONIpPEIENIUTh XapaKTepHbIE pacyeTbl  MPOIECCOB, YTO MMEET OO0JbILIOE
HAyYHOE U MPAKTHUYECKOE 3HAYEHUE BBUY IIMPOKOTO NMPUMEHEHHUS BBIHYKJIECHHOE
paccessHue ManpenpiitaMa — bBpuiUTI03Ha BO3HHMKAET BCIEACTBUE HEJIMHEHHOTO
B3aMMOJEHCTBUSI HMHTEHCUBHOIO BO30YXKJAIOLIETO CBETa C MaTepUaIbHOMN
cpenoii[2]. BeinyxneHHoe paccesHue ManpenbiiraMa — bpuiniosHa oTBedaeT
npoleccy pacnajna Bo30yXKAAarollel CBETOBOW BOJHBI HAa JPYTIyH0, PACCESIHHYIO
CBETOBYIO BOJIHY M BOJIHY rumnep3Byka. [Ipm 3ToM B mpenrnonoxeHuu 3aJaHHOM
MHTEHCUBHOCTH BO30Y’KJAIOIIET0 CBETa MHTEHCUBHOCTH PACCESIHHOTO H3JIyYEHHS
pacTteT HKCIOHEHIMAIbHO B MPOCTPAHCTBE (KOHBEKTUBHAS HEYCTOWYHUBOCTD).
3amMeTHasi MHTEHCUBHOCTb PACCESHHOTO M3JIy4YEHUs B TAKUX YCIOBHUSIX MOXKET OBITh
JOCTHUTHYyTa JMIIb HOpPU  BecbMa  OOJNBIIMX  3HAa4Y€HUAX  Kod(duuueHTa
SKCHOHEHIManbHOro  ycwieHusa ~20+30.ITopor BBIHYXKJIEHHOE  pacCesiHUe
ManzenbiiraMa — BpuiiiiosHa MOKeT ObITh CYIIECTBEHHO CHUXKEH, €CJIM CO3/1aTh B
mpoliiecce BO30YKIEHUSI BBIHYKJICHHOE paccessune Mannensintama — bpuitosHa
MOJIOKUTENIbHYI0O OOpaTHYIO CBSI3b; IPH 3TOM HMEET MECTO ASKCIIOHEHUUATbHBIH
pPOCT HMHTEHCHUBHOCTH pACCESIHHOTO U3JIy4eHUsS BO BpeMeHu (abcomtoTHas

HEYCTOWYMBOCTh). Kak mpaBuiio, 310 gocturaercss Bo3OyxkaeHHEeM BbIHYXIeHHOE

paccesHue MangensmraMa — DbBpWnIOdHa B ONTUYECKOM pPE30HATOPE THIIA
unteppepomerpa Dabpu — Ilepo, rae wumeer MeCcTO Tak Ha3blBaeMas
«COCPEIOTOYEHHAss o0OpaTHasi CBS3b» — B3aUMOJCICTBUE BCTPEUYHBIX BOJH

OCYLIECTBJSIETCS B (PUKCUPOBAHHBIX CEYEHHUSX MpocTpaHcTBa. HeoOxoauMbim
YCIIOBUEM BBICOKOM 3SHepreTudyeckoi 3(P¢GEeKTUBHOCTH BBIHYKIECHHOE paccesHue
Manensirama — bpunLTI03HA ABIISIETCS HACBIILEHNE yCWIEHHs. B pesoHarope oHO
MOXKET COIPOBOXKAATHCA KACKaAHBIM POKICHHEM KOMIIOHEHT BBIHYKICHHOE
paccessuue MannensimitaMma — bpuwumiosHa[4], 3HAYUTENBHO — YXYIIIAOIIUM
MOHOXPOMAaTHUYHOCTh TEHEPUPYEMOTO u3inydeHus. Pexum a0COIOTHOM

HEYCTOWYMBOCTH MOXKET BO3HUKATh M TpuU Oe3pe30Ha-TOPHOM BO3OYXKICHUU



paccesiHus, HampuUMep, KOIJa BbIHYXKJIEHHOE paccesHue MaunjenbiuraMa —
bpwirooHa B0o30yXxmaeTcsl AByMsl aHTHIIApaJUICIbHBIME ITy4ykamu cBera[5-7]. B
MOCJIETHEM Ciydae aOcCOJIIOTHAash HEYyCTOWYMBOCTH MPHUBBIHYXKIEHHOE PACCESHHUE
MangensiitaMa — bBpuiuiiosHa BO3HUKAET TOJIBKO Onarogaps OJAHOBPEMEHHOMY
BO30Y)KJICHUIO CTOKCOBBIX M AHTHCTOKCOBBIX KOMIIOHEHT paccessHHoro moss. [lo
ATOW MPUYMHE TOPOT TaKOW MapaMeTPUYeCKOW TIeHepalud He HaMHOTO, HIKE
nopora OOBIYHOIO KOHBEKTHBHOI'O BBIHYXJECHHOE paccessHue Manpenpmitama —
bpumttosna. 3HaunTenbHO OOJiee HU3KHME TOPOTU TEHEpAIluU OCYIIECTBISIOTCS B
TOM Cily4dae, KOTjJla mapaMeTpuyecKkas CBsI3b MOXKET ObITh peaju30BaHa 0e3 yyacTus
AHTHCTOKCOBBIX KOMMOHEHT[8]. B Hacrosiieli paboTe BIEpBbIC TPEIIOKEHO U
AKCIIEPUMEHTAJILHO PEAM30BAHO HU3KO MOPOTOBOEBBIHYKJICHHOE paccesHue
Mannenbiirama — bpuiitosHa ¢ pacnpenesieHHOM 0OpaTHOW CBSI3bIO JIJISL CiTydast
MOYTH AHTUIMAPAUICTBHBIX IMYYKOB HAaKaykd W  pa3BUTa TEOPHUS  HTOTO
spieHus.Pacipenenenne  oOpaTHOW  CBSI3bIO  OCYHIECTBIsIach  Onaromaps
mudpakuuu bparra u3iydeHus BBIHYXKIEHHOE paccesiHue Maunaenpirtama —
bpumiiooHa  Ha  MPOCTPAHCTBEHHO-TIEPUOJMYECKOM  pPEIIETKE  MOKa3aTelis
MPEJIOMJIEHHS, HABEIECHHOW B OITHUYECKM HEJIMHEMHOW CpelAe B pe3ysbrare
UHTEPPEPEHIINN JIBYX IIy4KOB CBeTa. BciencTBue TOro 4YTO pacmupeeicHue
oOpaTHOUM CBsI3pI0 00JIaJae€T CYIIECTBEHHO 00Jiee€ BBICOKOW CIEKTPaTbHOMN
CEJIEKTUBHOCTBIO TI0 CPAaBHEHHIO C «COCPEIOTOYCHHOW 0OpaTHOW CBsizbio» [9],
UCIIOJIb30BAaHUE  TAKOW  CXeMbl  BO30YXKICHHS  BBIHYKJICHHOE  PACCESHHE
Manpenbiitama — bBpuiuito3Ha MO3BOJWJIO HaM  IMOJIYYUTh OJHOYACTOTHYIO
TE€HEpalrI0  BBIHY)KIEHHOE paccesHne MangensmtaMa —  bpuiuiiodHa,
00Jaaronly0 BBICOKOM B3HEpPreTHdeckol 3(PQPEeKTUBHOCTbIO M MaJOW YIJIOBOM
pacxoauMocThio. Pa3BuTas 3/1ech TE€OpHsl 3TOTO SIBJIEHHS IO3BOJSET PAcCUUTATh
Kod(punmeHT mpeoOpa3oBaHWs SHEPIUM HAKAYKH B H3JIYUYCHHE BBIHYXICHHOE
paccesHue  ManngensiiTaMma —  bpuwiuiiodHa,  ONpENENuTh — ONTHUMAIbHOE
HaIpaBJICHUE T€HEpalUUd U PACIPENCICHUE aMIUIMTY]] B3aUMOJCHCTBYIOIINX B He-
auHeHoM cpene BoiH. ComNoOCTaBlIeHHE PEe3yJbTAaTOB OMNbITa C TEOPETHUYECKUMU

pe3yjibTaTaMM YKAa3bIBACT Ha XOpoHmIec COrjacuc MCKAY HHMH, HO BO BCCX OTHX



OKCIICpUMCHTAX HC YYHUTBIBAIOT AHTHU-CTOKC, 4@ B HAIICM OKCIICPHUMCHTC 6YI[CM

YUUTBIBAaTh, U KOHEYHO PE3yNbTAThl OyAyT IpYyTHE.

Ieab:  M3yyeHue  CBOWCTB  paccessHUs  ONTUYECKOIO  U3JIyYEHUS
KOH/ICHCHPOBAHHBIX Cpellax B pe3yJbTaTeé €ro B3auMOJICHCTBUS COOCTBEHHBIMU
ynpyruMu kosiebanusiMu. OCBOEHHME HaBBIKOB pacueTa OCHOBHBIX IapaMeTpOB
BBIHYKJCHHOTO paccenBanus ManensmraMa-bpuiuirosHa B KOHIEHCUPOBAHHBIX

cpenax.

3agaum umcciaenoBanusi:B xozne BbINONHEHUS pabOThl OBLIM PacCMOTPEHBI
ypaBHEHUS TOJEH ¢ ypaBHEHUE THUIPOJUHAMUKH, PEIICHbl YKOPOUYECHHbBIE

YPaBHCHUA MOJIEd COBMECTHO YPAaBHCHHUCM T'MAPOANHAMUKU.



I'nasa |. BBIHYKIEHHOE PACCEAHUE MAHEJIBIIITAMA-
BPNJIVIIOOHA B KOHAEHCUPOBAHHBIX CPEJJAX

1.1 O630p auTepaTyphl U MOCTAHOBKH 321241
Paccesnne Mangenbimrama-bpusirosHa paccessHue cBeta Ha aguadaTHYEeCKUX
baykTyauusx = TUIOTHOCTH  KOHJEHCHUPOBAHHOW  CPEICOMPOBOXKIAIOIICECS
M3MEHEHHEM 4acToThl. B cnekrpe paccesnue Manaensimrama-bpuiiosHa
MOHOXPOMATHYHOCTH CBETa HAOJIOMAIOTCS  JIUCKPETHBIE, PACIOJIOKCHHBIC
CUMMETPUYHO OTHOCUTEIBHO YacTOThl BO30YXKJAIOIIETO CBETa CHEKTPaJIbHbIC
KOMIIOHEHTBI, Ha3bIBAEMbIE KOMIOHEHTaMu Mannenbiirama - bpuuitosHa win
KOMIIOHEHTAaMHU TOHKOW CTPYKTYpbl JIMHUM Panes. Paccesnue npenckazano JI. U.
MannensimtamoMm u JI. H. BpuimtoaHoMm 00Hapy»>KeHO NMPpU pacCesTHUU B KpUCTAILIE
kBapua u B xkuakoctu E. @. I'poccom U BHOCIAEACTBUM UM XK€ IMOJIPOOHO
uccienoBaHo. IIpyu sKCnepuMEHTaTbHOM M TEOPETUYECKOM H3YyUYEHUHU CIIEKTPOB
TEIUIOBOTO PACCESIHUS CBETA NPUHHUMACTCS B PACYET BIMSHHUE TEIUIOBOTO
JIBWKEHUS B CpeJie Ha CBETOBYIO BOJIHY, HO MpEHEOperaeTcsi 1eCTBUEM CBETOBOM
BOJIHBI Ha JIBWKEHUE B cpezie. CuTyalusi MEeHsIeTCs, eCliu paccestHue Bo30y K 1aercs
MOIIHBIM CBETOBBIM MMIIYJIbCOM Jiazepa. B 3TomM ciydae HapsyKEHHOCTb
AIIEKTPUUECKOTO TOJISI BO30YK/IAIOIIEe CBETOBOI BOJHBI OKa3bIBA€TCS HACTOJBKO
oonpmon (<~104—108 6/cm), 9TO 3TO TOJNIE BMECTE C TOJEM MEPBOHAYAIHHO
C1adoTO TEIJIOBOTO pacCesHUS HAYMHAET CYIIECTBEHHO BIMATH Ha XapakTep
JIBIDKEHUST B cpene. BcenencrBue s¢dexra 3MEKTPOCTPUKIMM ATH TOJST OyAyT
MPUBOJUTH TPHU ONPEACICHHBIX YCIOBUSIX K YBEIMYECHUIO HWHTEHCUBHOCTH
3BYKOBOM BOJIHBI, BO3HUKIIEH H3-32 (IYKTyallud AABJICHHS. DTU TIOJS MOTYT
TaKK€  TPUBOJUTH  BCIEJACTBUE  OPUEHTAIMA  AHU30TPOINHBIX  MOJIEKYJ
(xBampatnunbli  pdexr  Keppa) K yBENIMYEHUIO  OPUEHTAIMOHHBIX
HEOJTHOPOJIHOCTEH 1, HallpuMep, BCIAEACTBUE AJIEKTPO Kaopuueckoro agdexkra —

K YBEJIMYCHHIO TEMIIEPATYPHBIX HEOJHOPOIHOCTEN B CpEIE.

Jns  pemeHus 3amadd O  BBIHYKJCHHOM  MOJIEKYJSIPHOM — pacCesiHUU

HCO6XOI[I/IMI>I YpPaBHCHUA, ONHMCBIBAIOIIUME BJIWAHHUC CBCTOBBLIX BOJIH Ha P, Su C
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BCJICJICTBHE YyKa3aHHBIX BbIlIe 3PEHEKTOB CTPUKIUU, DIICKTPOKATIOPUUECKOTO
s dexTa u opueHTaAUN MOJIEKY L.

Bce T1pu mnepeuncieHHbix 3(dekra, JeKamux B OCHOBE BbIHYXKJIEHHOTO
MOJICKYJISIDHOTO pacCesHUsl CBETa, SIBJISIIOTCS KBAJpPAaTUYHBIMU [0 TIOJNIO, U B
pe3yibTaTe CMEIIeHUsT BO30YXKHAroleil W paccesHHOW CBETOBBIX  BOJIH,
paznuyaronMxcs Mo YacTOT€ M BOJHOBOMY YHCIYy, BO3JEHCTBHUE cBeTa Oyner
MPOUCXOJIUTh B TMEpBYH ouepeap Hare Dypbe cocTaBisomue QIyKTyaluu,
KOTOpbI€ BBI3BAJIM IEPBOHAYAIBHOE TEIJIOBOE paccesHHe. YKa3aHHOE BbILIE
yBEIIMYEHUE HEOJHOPOJHOCTEH B cpejie MPUBEAECT B CBOIO OYEPE/Ib K YBEIMUYCHUIO
WHTEHCUBHOCTHU PACCESIHHOTO CBETA, YTO BHI30BET YBEIIMUCHUE HEOJHOPOIHOCTEH, U
T. 1. IHTEHCUBHOCTH pacCessHHOTO cBeTa OyJeT HapacTaThb HEJIMHEHHO MO Mepe
pacrpocTpaHeHuUs €ro B 00JIaCTH HEJTMHEWHOTO B3aUMOJICHCTBUS CBETA U BEIIECTBA.
[IpoxoxaeHre NHTEHCUBHOI'O CBETA B HEJIMHEWHOM CPENI€ BBI3BIBAET BBIHYXKICHHOE
paccestHue U psAll IpyTrux SBJICHUHN, TAKMX, KaKk caMO(OKYCHUPOBKa U J1ePOKYCHPOBKA
CBETa, pa3pylIeHUE TBEPABIX MPO3PAYHBIX JUAIEKTPUKOB, KABUTAIIMUS B HKUIKOCTSIX,
BO3HUMKHOBEHUE IIa3Mbl U T. [. B KaKkoil Mepe BBIHYXJEHHOE PACCEIHUE CBSI3aHO CO
BCEMHU Ha3BaHHBIMM SIBJICHUSIMH IIOKa HESCHO, HO OSTOT BOINPOC MPOAOJKAET
UCCIIEIOBATHCS.

B kadectBe  CHEKTpalbHBIX  HPUOOPOB  OOBIYHO  HMCHOJIB3YIOTCS
unteppepomerpel @adbpu — llepo, audpakuroHHsle crekrporpadsl O00JbIION
paspemiaronieil Cuiibl, a B OCOOBIX CiIy4asiX, Korja TpeOyercs OdYeHb OoJibias
paspeliarnias cujia, TPUMEHSIETCS METO]I T€TePOJUHUPOBAHUS WU KBAJIPATUYHOTO
JETEKTUPOBAHUS CBETA.

1.2 Teopus

BbIHY:K/IEHHOT 0 paccesiHue Manjaeasmrama-bpuiiiiosna B

AKHNIKOCTHAX

Anunabatndeckue (GIyKTyallud TJIOTHOCTH MOHO TPEACTaBUTh KaK pPe3ysibTaT
UHTEPPEPEHIINN  PACIPOCTPAHSIOMIUXCA B Cpele 10  BCEBO3MOXKHBIM
HaIpaBJICHUSM YIPYTUX BOJH Pa3MYHON YacCTOTHI CO CIy4allHBIMU (azamMu U

amrutygamMu (T. H. J1e0aeBCKUX BOJIH, KOTOpble paccmarpuBatorcs B Jlebas
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3aKOHE TeII0EMKOCTH). [1nockas cBeToBas BOJIHA, paCIPOCTPAHSIOIAsACS B TaKOU
cpene, auadparMupyeT (paccenBaeTCs) BO BCEX HAIMPABICHUSIX HA 3TUX YNPYTUX
BOJIHAX, MOIYJIMPYIOUIUX AUDJIEKTPUYECKasl IMPOHMIAEMOCTh cpenbl. Kaxnmas us
YIPYIUX BOJIH CO34Aa€T MEPU-OAUHOYHYIO PELIETKY, HA KOTOPOU U IPOUCXOIUT
IUQPaKIUs CBETa AaHAJOTUYHO AMQPPAKIMKU CBETa Ha YJIbTpa3ByKe. MakcUMyM
UHTEHCUBHOCTU  CB€Ta, PACCEAHHOIO HAa yOpPYyrom BOJHE C  JUIMHOU
BonHbl N\ HaOmomaeTcs B Hanpasnenun ©  oreewaromeMm Bporra-  Bysnbsga

YCIIOBHIO

2nAsing/2 =2 (1)

I7IE€ N- MIOKa3aTelb MPEIOMIICHHUS, A iiuea BonHBI cBeTa B Bakyyme. I1ocKobKy
KaXJ0M YIpPYroy BOJIHE, PACHPOCTPAHSAIOLIECHCS B HEKOTOPOM HAIPABICHUHU CO
CKOPOCTBIO V, COOTBETCTBYET BOJIHA TOM 7K€ 4AaCTOTHI, O€ryias HaBCTpeuy, MOKHO
CYUTATh, YTO B CPElIE€ UMEIOTCS CTOSYUE YIIPYIHE€ BOJHBI, BDEMEHHOE U3MECHEHUE
vl A

IINIOTHOCTHU B KOTOPBbIX C 4aCcTOTOU -'f — BBI3BIBACT MOOYJIATIHIO

PaCCCAHHOTOCBCTA.

I
g
£

PaccesHue cpera Ha yupy-
roit poJiHe.

CJ'ICI[OBaTeJIBHO, B PaCCCAHHOM CBCTC IOABATCA AOUCKPCTHLBIC KOMIIOHCHTHI C

Av = f. vVcnosue (1) npusoaut

gyacToTol V == AV(CTOKCOBa-aHTHCTOKCOBA), TJIE
K BBIPOKEHUIO JJI1 OTHOCUTEILHOTO M3MEHEHHUSI 4acTOThl CBETA, PACCESIHHOTO B

HaIIPpaBJICHUHU 6
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E . 2n G) sinf

- > (2)

IJIe C - CKOPOCTh CBETa B BaKyyMme. PacCMOTpeHHe OTpaX€HUsI CBETa OT OETyIINX
YOPYTUX BOJIH B HaIlpaBJEHUHU, COOTBETCTBYIOIIEM yciioBuio (1), mpuBOIUT K

TaKOMy JK€ pe3yibTaTy. V3MeHeHWe dYacTOThl B OTOM cllydae OOYCIIOBJICHO
Jomnepa »ddexrom. Illupura kommoHeHT MannenpmTaMa —bpumirosHa OV

" "l —- 5 f
onpenensiercs ko3¢, 3aryxamms %M | YOPYTHX BOJIH év = aw/2n.

Mockomsky  obbmmo / = AY € Vicyemenne  wactoTel  mpupaccesiHme
Mangensmrama-bpuintrosHa OTHOCUTEIIBHO
nepeauko: AV/V ~ 2vie ~ 107 —Takpe BEJIMYUHBI U3MEPSIOTCS

unrtepdepomerpus, Metojgamu, Hamnpumep: wuHTephepomerpom Dabdpu-Ilepo.
CyliecTBEHHBIM W XOpOIIO  HaOMIOJaeMbIiM  OKa3bIBA€TCAd  pPacCesHHE
Mangenbmrama-Bpummossa sugumoro ceeraV ~ 10" ya runepssyke(f ~ 10°) B
KUAKOCTAX HaOMIOMaoTesl 2 KOMIIOHEHTh Mannensiitama - bpuiitosHa, B
TBEPIOM aMOP(HOM TeJie - 4 KOMIIOHEHTHI, 2 U3 KOTOPBIX BBI3BAHBI ITPOJIOJIBHBIMU U
2 - TONEpPedHBIMH THICP3BYKOBHIMH BonHamu mpu©sormmunom or Hyms. B
KpHUCTaie B 00IIEM ClTydae BCJIEICTBUE aHU30TPOIIMHU CKOPOCTEH PaCIpOCTPAHEHUS
runep3Byka (3 pa3jMyHble CKOPOCTH I KaXXJOr0 HANpaBJIEHUS) U aHU30TPOIUU
pacnpocTpaHeHHUsi BO30YXKIAIOUIEr0O U pacCesHHOro cBeta 4  BO3MOXKHbBIC
KOMOMHAIMU JJI COCTOSIHUM MOJSpHU3aluy MaJalllero M pacCcesHHOIO CBETa
JOJDKHO HaOmoaaThes 24 KoMmoHeHTH MaHienbitama - bpuimmosna. Kpome toro,
BO BCEX CiIyyasX HaOJIOJAeTcsl TaKKe HECMEIIEHHAas MO YacTOTe LEHTP TOHKOMN
CTPYKTYpBI, BbI3BaHHAas pPAaCCESHUEM Ha H300apuuecKuX (IyKTyalusx 3HTPOIUHU.
[Ipu 0ObIYHBIX (HE Ja3epHBIX) MCTOUYHMKAX CBETAa CBETOBAs BOJIHA HE BIIMSET Ha
COCTOSIHUE CpEIbl U BBI3BIBAIOIINE PACCESIHUE YIIPYTHUE BOJIHBI 00YCIOBIEHBI TOJIBKO
TEIJIOBBIM JIBMDKEHUEM MOJIEKYJl. Takoe paccesiHHe cBeTa Ha3. TemioBbiM. Korna
WHTEHCUBHOCTh  CBETOBOM  BOJIHBI ~ JOCTaTOYHO BeNWKAa  (HANpsSKEHHOCTD
AJIEKTpUYEcKoro mois BoJiHbl ~106 - 108 B/cM. cpaBHMMa C BHYTPHATOMHBIM

HOHCM), Pa3BUBACTCA IIPOLCCC BBIHYXIACHHOI'O PACCCAHUA MaH,ZIeJIBI_HTaMa -
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bpummtosna. B 3toM ciyuyae Oeryuiasi MHTEpPEpEHLMH KapTHHA 3JIEKTPUUYECKHUX
noJied BO30YXAArOUIel M pPACCESIHHOW CBETOBBIX BOJIH YCHUJIMBAET TE€ YIPYIrHe
BOJIHBIKOTOPOI'O, BBI3BAJIM IIEPBOHAYAIBHOE TEIUIOBOE paccesHue. MexaHu3m
yCWJICHHSI OOYCIIOBJEH CHUJIaMU 3JIEKTPOCTPUKLMHU, BTATUBAIOIIMMH BEIECTBO B
MecTa ¢ O0JIBIINM JIOKAJIbHBIM 3HaYEHUEM HANpPSKEHHOCTHU HJIEKTPUUECKOTO MO U
YCUJIMBAIOIMMHU TaKUM 00pa3oM ymnpyrue BOJIHbL. POCT aMmiuuTypl yOpyrux BOJIH
IPUBOJNUT K COOTBETCTBYIOLIEMY YBEJIMYEHUIO 3()(PEKTUBHOCTU PACCESIHUS, a 3TO B
CBOI0O OYEpelb YCWIMBACT YyIPYTHE€ BOJHBL. B pe3yinbrare HWHTEHCHUBHOCTH
pAacCEessHHOM BOJIHBI HEJIMHEWHO BO3pacTaeT II0 MEpE paclpoCTpaHeHus B cpeae. B
IIPOLIECCE  BBIHYXKIEHHOI'O  paccesstHue  Manaensiurama- bpruuitooHaBO3HUKAET
VMHTCHCUBHBIN THIIEP3BYK, BEpX, IpaHHUIa 4acToTel KoToporo ~105 MIn s
TBEpAoro Tena u ~103-104 Ml nmng xuakoctu.MccnenoBanue paccesiHue
MannenpiramMa-bpiiitosHa MO3BOJSET MMOJy4aTh IEHHYIO HHGOpPMAaLUI0 O
CBOMCTBAaxX  pacceuBawolien  cpeapl.  lIpakThdeckas  LEHHOCTh  SBJICHUSA
BBIHYKJCHHOTO paccestHue Manaensiurama-bpruiuitosHa cBs3aHa ¢ BO3MOYKHOCTBIO

YIPABJISTh.

BriBoa:
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I'JIABA Il. JIBOMHOE BBIHYKJIEHHOE PACCESIHUE
MAHJAEJBIITAMA-BPUIJIIOOHA B KNUJAKOCTAX

2.1. [lossi, ypaBHeHMe 0JIel M yPABHEHHE THAPOAMHAMUKH BKHIKOCTAX
B xxunkoii cpene umerorcsi 4 BOJIHBI

JlazepHass maparomas
JlazepHasa orpaxkeHHas
Paccesnnasa nmapgaromast
4. PaccesHHas OTpakeHHas

wp e

Cucrema KOOpJMHAT:
3epkaio

4
y 3epkaio

Ocb zZHanpaBieHa HA HAC

x =0 x=l X
Kunkocts HaxoauTcs Mmexay X=0 u X=L

HanpskeHHOCTb 3JEKTPUYECKOTO MOJII BCEX CBETOBBIX BOJH MMEIOT MPOEKIIMH
TOJBKO Ha OCH ZT.e. DJEKTPUYECKHE IO  HEPIEHIUKYJSAPHBbI IUIOCKOCTH
PHUCYHKA.

O0o03HauYeHus:

E,:(xvy,t) = E,j;(x,y,t) Jlasepnas namaromas



Ey_i(xy,0) JlazepHasi oTpakKeHHas
E_,,xyt Paccessnnas nmagaromas
E_,_;(xyt) PaccestHHass OTpaXKCHHast
Y N
Eu 1

Z 8,
X —>
Eu— 1

3anuiieM 3TH BOJHBI B KOMIUIEKCHOU ¢opme

Eo 1 (oy,0) = Eg 3 (e Fes™et)

K = {k,,c0s0,,K,, sinb,, 0}

Eq 1 (x,y,0) = Eg_y (x)e*i(omsT-wo0);

K,_; = {—k,_,c0s0,,k,_,sind,,0Y;

Ko; =kgo1 =Ky,

3anuce Em U Eo_lMO)KHO IpEeICTaBUTh B 0011el (hopMme:
Ko, = {Tk,C0s0,,k,5ind,,0};

Ko = TKoC080, ;

kﬂTx = Tki_‘ix;

1)
()
©)
(4)
()

(6)
(7)
(8)

15

Kommnekcubie AMIUIMTY bl BCCX BOJIH IPCAIIOJAraroTCsa 3aBUCAINUMHA TOJIBKO OT

TIIyOMHBI X.AHAJIOTHYHO JJI PACCESHHBIX BOJH:

k ys=ky =k,

y

(9)
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Koy

Z HD
X \ Eo_l
E—l l(xryr t) = E—l 1(X)9+1{E_1 1Py 8) (10)
E—1 ; = {k_;,cos6_;,k_; ;5in6_;,0} (11)
E—1—1 = {—k;_;co80_;,k_;_;sin6_;,0); (12)
Boo0bmie
E_H = {tk_,cos6_,,k,sin6_,,0}; (13)

K_ i = Tk_;c080_4;
k—lTx = Tk_ 1x

Cymmapnoe noJe:
— EolEX]E"'i[kDiC“SEDx"‘knisinen}’—mnﬂ + Eﬂ_l(X)e+i[—kg_icosﬂgx+kn_1sinBD}r—th] +

+E_1 . (:X] E+i[k_11cosﬂ_1x+k_nsinﬂ —q ¥y t]

+E_ - (X] E+i[—k_1_1cosE_1x+k_1_1sin5_1y—m_1t] —

= ZT[EUT (KjE+i[’tkncc:sﬂgx+knsinEDy—th] +E_,, (K]EH[Tk_i cnsﬁ_ix+k_1sinE_1y—m_it]]

(14)
T = +1 npu T = +1 BoJHA UAET BAOTb +X
I[lput=-1 BJIOJIb —X

BHeceM ckoOKy MHOXHTENB] 1@t



E — E—imnt Z[ED (Kje+i[’tkucc:sﬁgx+kosinEDy]
T
+E_ . (X] E+i[1k_1cosﬁ_1x+k_1 sin@_ y—{o—y o.:-c,:]t]
(15)

ﬂ - (.l.]ﬂ - (0_1 (16)
'E — e—ithZ[EDT Exje+i[’|:knccsﬂnx+knsinED}f] +

T
+E . (K]eﬂ[k_i ccsE_1x+k_1sinE_1}r+ﬂt]] (17)

-1t

E, =J(E+E; (18)
I paHUYHBIC YCIOBUAL:
E,; + E_,;; — magawmadaronHa,
E,_; + E_,_; — OTpaxeHHaAOTIPaHHIILI

+i{—kycos8,l+k,sinf, v—wgt +i(—k_ycos8_, l+k_,sinBv—w_4t) _
Eﬂ_l{:xje (—kg o o o¥ D:]-'-E_l_l(xje ( 1 1 1 o¥ L

= re[E,, (x)e*iKocosBol+kosinBoy—wot) 4 | (x)g*ilk-ac0s8_ix+k_ysinBp—w_,1]]

8, Majo, mo3TOMYy
k,sinB,y uk_, sinB,y BeIOpackiBaeM M3 rpaHHYHBIX YCJIOBHH,

['paHuyHBIE YCIAOBUS AOHKHBI BBIIOJIHATHCS NP JH000M t, mo3TOMy

Eo_: (x)e = re!?E,, (x)etitkocos8ol) o0
E_1_1(Xje+i{_k_1ccse_1ﬂ — reicpE_ll(K]EH{k_lcosE_ll]
E,_; (%) = rel?E,, (x)e*i2kocosb,l o
E_, ,(x) =re?E_,,, (x)e*iZk-1c0os84]
ED—l(xj = reile+zkycosbyl] EDIEX] (22)
E_ 1_1(}(] — rei[-:p+2kncusﬁol] e—izkocusﬂu1+2k_1cc:sE_1lE_11(xj
Eos () = re® Eg () 23)
E—1—1(K] — reiCP’—12l{kncnsﬂu—k_iccsﬂ_ijE_ll(x)

Ine @ = @ + 2k,c0s8,]

17
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{E Eo-1(x) = re''E;; (x) (24)

1 (®) = reicPr_izlqE—n(K)
I'me q = kycos6, —k_;co88_; = kg, —Kk_,,

BosiHoBOe ypaBHEHHE MMeeT BHJ (TaK KakK BCE IMOJISI UMCIOT COCTaBJISIOIIYIO
TOJIBKO IO OCH Z)

nZ 3%E o 1 d%(A=E)

2
—V'E+ c? Atz cZ gt (25)
ITonHoe nencTBHE MOJIE
E=E,, +E,, +E_,,+E_,_, (26)
2 a2 a2
V= e o 7
% — g~ lwgt Z{SEDT (X] ati(tkgcosByx+k,sinByy)
0x dx
T
+ EU (X]e+i{1kuccsﬁnx+kusinEDy]—{i’tchosED]
T
1 aE_ 1t (Kj e+i{1k_1cosﬂ_1x+k_1sinﬂ_13.?—{0)_1—0:«0]{]
dx

+E . (X)e+i{1k_iccsﬂ_ix+k_isinE_iy—{m_i—mD]ﬂx{+i’tk_icosﬁ_1} [:28)
-1t

2| 2
g E — e—imut {a ED';(X] e"'i{":kn cosBpx+k,sin8,¥v)
ox ox

T
+ aEG—T(X) et iltkpcosByx+kgsind )= +itk,sing,)
0x
+ aED—T(X) p+iltkgcosByx+kosin®yy)=(+itkycosly)
ox
—+ aED (X]E{Tknﬂﬂseox"‘kosman}’j—{i’tkocusanjz
T

2
+ 0 E_lT () e+i{"|:k_1cnsﬂ_1x+k_1sin5_1}r—{m_1—mo:lt:]
0x

1 OE_ it {:Kj et iltk_; cosB_ x+k_,sinf _ v—{w_; —wgyt)=(+itk_, cosf_, J+
7).

+Me+i{’|:k_1cosﬂ_1x+k_1sinﬂ_1y—{m_1—coD:lt:]x{+i1k_1cc:sE_1j+
dx

E . (X]e+i{1k—1‘3“59—1}""k—iSina—i}’_{m—i—mnjﬂ*{ﬂ’tk_icnsﬂ_i]z}

—11

(29)



—~ — g iwgt E {EDT(X]e+i{1:kncosEDx+szinED}{]-{+iszinED]

Oy
T
+E . (X)e+i{’|:k_1ccsﬂ_1x+k_1sinE_ly—{m_l—mD]t:]-{+ik_1sin9_1]} (30)
-1t
#E . . cing 2
- = e—lmutz Ey. (X]eﬂ{’tkgcosﬂnx+sz1nEDy]-{+1szmEDj
dy?

T
+ilth_, cosB_,x+k_, sin®_, v—{w_, —wJt)
+E_1T(X]E 1 1 1 1¥ 1 o }

+(_ijmue—imntZ{E . (XJEH(Tk_icosE_1x+k_1sinE_iy—{m_i—mD]ﬂ-{—ﬂ{m_i—moj}
-1t
+ (_i]mﬂe—ithZ{ E_ ix {:X]e+i{1k_1ccsﬂ_ix+k_isinB_i}r—{m_i—mo:]t:]}

+ e imntZ{ E_ 11 (X] E+i{"|:k._1cosE_1x+k_1SinE—1}’—{‘-'3'—1 ~wot) [-ilw—; ~a,)] 2} {:3 1]

divf=TAE? = (L B2+ ZE?);

dx2 dx?
(32)
ds
Y=p— 30 — MapaMeTPCTPHK. NPHOIeKeHHOCTH
=g =2 (2EE) = 25 + 2625 (33)
axZ Ax Ax Ax axz’
87 2 8E. 8°E
EyZE —2( j —|—2Ea = (34)
FE"\ 2 3E 8 | 8°E
lef— {I:(Bx) * (ﬂy) ] +E [ﬂxz ax2 } (35)
31ech clieyeT BIOpaTh (T.€ OCTaBUTH) TOJIBKO WIEHBI CO 3ByKOBOM 4aCTOTOM
(w_; —w) =10

E-nelictButensHOCTH

=5 - (57

s (B4 B )[az(E+E* 32(E+E )”
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@) +(E) + 28 + (B) +(T) +2Z%)+ 222+
d

16T x dx dx dx dy dy dx dx dx?
=, 8%E"  =a%*E" | =~,8°E | w=a%E g% E* | = a%E" . 8%E
E +E +E +E-+FE +E +E }
g R g ay? dy= ay? ay=
(36)

TonbKO OYEPKHYTHIC WICHBI COAepXKaT (wg — w_;) = 0 T.¢

9E aE* 9E 9E° K wm’E  © =82E | =, 8°E
divf=——{2£. +ECE LB IEAESE 4B 2L ()
16T dx  dx 3}? dy =2 dy? dy?
aEaE* .
2 P =(16 4JICHOB: OCTaBHM TOJIBKO WICHBI, cojepxarue Q) =
X Ox
-2 aEUT (K] aE—lT" (K] e+i{1kgcosﬁnx+k.]sinE|Dy:]e—i{’cm‘imsﬂ_l it+k_ysinB_ v+ ﬂt}
Z 0x
T
dE” . (%) . .
+ EDT ICK] -1t (+TkﬂcﬂseﬂjE+1{TchosEDx+szmED}ﬂ
ox
* @ i{’c’k‘iccsﬂ_ix+k_i sinB_, v+ ﬂt}
aE “HoT (X] [—Kj et ifthycos8,x+k,sinB,v)
Cax
@ i{’:"k‘icosﬂ_lx+k_1 sinf_, v+ ﬂt}-{—i’:"k‘isinﬂ_ij
+ EDT (K]EH_lT:(X)(+Tk0CGSBDjE_'—i{TkDCGSEDX-'_I{DSMEDF]
* @ il::’l:'rk_icosﬂ_lx+k_1 sinf_, v+ ﬂt}-{—iﬂ:"k_isinﬂ_ij —
i-ﬂ 8
BEg. ) OE_ o/ r G E ¢ 1 E v r G
— 2% {[ 00O T | 4tk 088) Ene () 2 4 B (02
8Egr(x) s :
;T E*, (%) (—it®1cosB_; ) +
X

Eor (X)E™, 1 () (+Tk,cos8, ) —it™-1 cnsB_l)] :
e—i[{’tm‘icosﬂ_l—Tkuccsﬂn}:ﬂ{k_lsinE_i—szinED]y+ﬂt] +c C}
(38)

2.2. PellleHNe YKOPOYEHHBIX YPABHEHH COBMECTHO C YPABHEHUEM
THAPOAUHAMUKH

YJIeHBI ¢ IPOU3BOAHBIMU OTOPOCKM: 3TO OYyJIEM J€J1aTh JIMIIb IPU PEICHUN
TUAPOAMHAMUKY. YPABHEHUS T.€. NPHU OTHICKAHUM IJIOTHOCTH:
=2 E [Eo(X)E” s TT'kok_; cosB,cos0_;

ot'

# p—ilT/k_sin@_; —tkosin®g b+ (k_; sin@_; —kqsinBJy+0t 4 c] (39)
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B,u0_,Mmainbl: monoxum cosB, =1, cosb_, =1

ko~ k_g;

dEGE*

dy dy
2 ZTTI {EDT (xjei(ﬂ:kgccsﬂox+ko 5inBgy) (—FikDSiHBD) \

E* Lt (K]e—i{’l:’k‘iccsﬂ_ix+k_i sin@_, v+ 01t) (_iT!k_isinB 1) +c C}
—1it -
(40)

2 Z {Ep: (X)E”, s (x)kok_;8inB,sin6_,

TT
e—i[(’[’k_lcusE_i—TkDccsED]x+{k_lcusﬁ_i—k_icc:sﬂujy+ﬂt +cc (41)
sinB, ~ 0 ; sinb_, &~ 0 mosToMy 3TOT 4JeH OTOPOCHM

- 8%E"
ox?

_ Z [EU (X]e+i[1kgcnsﬂox+kosinﬂn}r]]
T

T
[ lfiic]l { 1 1“'11—1 SlnE j:?+! !tl

l Z [E’:'r (K](_TIE kg CUSE Bg)l_i{ﬂko cosByx+kg Sinen}’}
,.I:.l'
+E (K](—T’Ekﬁ1cosze_1)l‘i(’fk—i‘3“59—1x+k—1sin9—1y+ﬂt]] _

OcrasJiigeM 4jieHsbl ¢

=) BB (I(~T?K2, c05%6_)

" e—i[{k_i cosB_, -1 —kycosB, Ty x+{k_, sinB_, —k;sinB, Jy+0t] (42)

* r21.2 2 +illtk_; cosB_,; —kycosB,trlx+(k_;sinB _; —k,sin8, by +0t]
+E; (x)E_; (x)(—1'“kjcos“B,)e 1 17 %00% 1 17 RosinBo Y
T <> T BO BTpOi CyMMe
. * 1212 2
= E Eg ®E”, (x)(—T"“kZ;c0s°0_;)

Tt

i e—i[{’[!k_iccsﬂ_l—’l:nkncosED]x+(k_1sinB_l—szinED]y+ﬂt] +

+E; 1 ()E_; () (—1*kjcos?8,)

" E+i[{ﬂk_1 cosB_,; —tkycos8; lx+{k_, sinf_,; —k,sinB, ly+01t] (43)



: Y . ,
divf= Ten = ZZ [Eo:(®)E™, s (x)tT'Re -1 cos8,cos8_,

e—i[{’t’k‘icosﬂ_i—Tkoccsﬂu}:ﬂ{k_lsinﬁ_i—kosinED]y+ﬂt+ c.c)

+ Z Ep ()E” +(x)(—T'"?kZ,cosB_,) *

. e—i[l::ﬂ:’k‘i cosB_, —tkycos8, Jx+(k_, sinB_, —k,sin6, Jy+0t] +

* 21,2 2
E, (x)E_, (x)(—1°kjcos“By) =
E+i[{’:rk_1cosﬂ_i—TRDCGSEDJK"'{I‘—lSinE—i_kDSinE°]F+ﬂﬂ + C. C] =

P {_ 2t/ (Tkﬂx - le_ix)z *

lam
E,. (X)E’ r(X]e—i[{«[’k—iccsﬂ_i—Tkucnsﬂu}x+{k_1sinB_i—szinED]y+ﬂ‘t] Iy c}
T -1t .
(44)
(tkoy — T%-1x) & 0 mput’ = —1

(Tkﬂlx o Tlrk_lx) = T(kﬂx + k—lx) = TkstpHTI =t

divf = — *
s 16m
* e—i[{’t’k‘imsﬂ_l—Tknccsﬁo}x+(k_1sin5_1—knsinED]y+ﬂt] 1o (45)
divf

Ykgx * —i[{T’k‘icusE —1tk,cos8 }x+{k gin@_, —k,sind :]}i'+ﬂt+]
= = EDT(X]E—l—T (X]E -1 o 0 -1 -1~ %g 0
+cC.cC

(46)

HUnu
divf =255 By (OE:,_ ()i (hewxsliaykey)y0t) 4 ¢ ¢ (47)

Ml 8e; BeTaTbe [2] BMecTok_;, — Koy, cTOHTK,, = k_;;, — Koy,

¥
Jlanee 6ynem cienoBath MeToay Tang

Jliis HanpskeHud 1o Tang uMeeM MecTo ypaBHEHUE

22
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3

—P(_ tj+—a o (48)
P(z,t) — k = (49)
P(z,t) = E2 (z,t) (50)

2.3.PemieHne yKOPOYEHHBIX YPABHEHMH € Y4Y€TOM CTPHMKIMOHHOM
HEJIMHEHOCTH

31ech BCe BEIUYUHBI JACHCTBUTENBHBI Y 1aNg BOJIHBI pacpOCTPaHSIUCh BIOJIb
OCHZ y HAc € BOJHBI PacpOCTPAHAIOTCSA B TIOCKOCTH X,y .IloaToMy ypaBHEeHUE
i P=P(X,y,z) Oyiet umMeTh BU

&PEX!}I! Z]—F——P(X }Ixt] at ZP(X }I,Ej =X &EE(:X }I!t] (51)

k

B panbHelineM cienyer BBISICHUTb, KAaK Yy CBS3aHO C Y BO3MOXHO, 4YTO
COBNAJAOT.

K — ynpyras koHCTaHTa, OHa ONPEAEIISIETCS YPABHEHUEM:

du(zt) 1
- = kB 2

Oro mist 3amaun Tang. Hamgo mousTs, uro 3Haunt K B Halrel 3aga4u.

Pp — IJOTHOCTB HEBGHM}TI.U.EHHGIL:I Cpelibl, C — CKOPDOCTBCBETA

F — K03dQHLIHeHTTpeHUS, XOPAKTePe3yI0Lan aKCTHYeCKHe IOTEPH B Cpeje

gz 82
VY nac ﬂ— — + P (53)

[Tepernuiiem OCHOBHBIE (POPMYJIBI:

E _ E—imntz [ED (xjei[’tkoccsﬂnx+knsinEDy]
T
T
+E_, (X)ei[TlLlcosE_ix+k_1sinE_1}r+ﬂt]]
—A1T
dlvf—YkSKZ Em (X]E_l T(X]e—i{—’fksxx+{k—1y—kny}}’+ﬂt} +oc (54)

T.€. UM€eM TOoxke , 4yTo U B [2]. Cnienyst Metoxy Tang, moioxum
P(x,y,t) = i [P(x,y)e ' + P*(x,y)e*iM] (55)
VY Tangw,u ecth Hame Q

E(xy,t) = ; [E + E] (56)



—ap{f’ﬂ = —iﬂ;P[x, yle M +c.c; (57)
y = —0? % P(x,y)e ™ + c.c; (58)
I[lojicTaBUM B OCHOBHOE YPaBHEHME M PUpPABHsAEM Kod(unuenT npue

1 F 1 Po 1
A= P(x ——ﬂ{'ﬁ—P , }—— —02)ZP(xy) =

5 P y) — - MiQs P y) g — - (0°) 5 P(x y)
= i; (k20T  Epr(0E7;_ (x)e - Rarst(koay—koy)y) (59)

AP(xy) —i—AP(xy) + £20%P(xy) =

LK) T, Eoe(OBL; (et hawxtliuy o)y

(60)
T.€. OJYYEHHOE YPaBHEHHUE SIBISCTCS IPABUILHBIM BBOIUM 0003HAYECHHS:
Po 2 — 1.2,
Iﬂ = ks (61)
k2 = 02p,k~ (62)
1t

ky, = Q(pok™)= (63)

F  FOk
OTcroza ICHO , OTKY/Ia B3SIOChK, — = —F = % (64)

k kkp  kp

Fk 2 133
FN2 (pok~

31ech 0003HAYEHO Oy = —kE o, = +2 : (65)

Ecmu cBsazats () €A, momyuum ypaBHeHne Tang, HO Kak 3TO CeNaTh HE SCHO,

HUTaK )
1
AP(%,y) —k—PaP(x,yJ +kZP(xy) =

- ;_ﬂ (—k2) Z Eg: (0EZ; (%) e—il—tkexx+(k_yy—Koyy)

(66)

Bun ypaBHeHHMs mojcCKasbiBacT,B KakoMm Buuae wuckath P(X)Y), (P(X,y)

24

KOMHHGKCHOC). Ecmm ObI He ObLIO 2-TO YJICHA CJIeBa , 4 TAKIKC B HpaBOﬁ qaCTu , TO

3TO OBLIO OBl ypaBHEHHE CBOOOIHBIX Kostebanuii. [ToaTomy P(X,Y) uitercs B Buje

P(x,y) = P(x)elRp) = P(x)eilkpxc+ipyy) (67)
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3anuiem, y4uThIBas CcKazaHHoe, cpasy P(X,y,1) (3To — AeWCTBUTENBHO) |
MIOJICTaBMM B MICXOJHOE YpaBHEHUE.
P[:X,}T, tj — ; [P(x]ei{kpxx"‘kp?}’_ﬂt} 1 Px{:}ﬂ e—i{kpxx+kp},}r—ﬂt}] (68)
% —021 [P(x)l“ikpx}‘*kw}’ %) 4] (69)
aPleyt)  1[8PG) (...) i) s
= 2[ o ¢ + P(x)e iKpy + c.c.] (70)
d?P(x,v,t) 1]|3?P(x) . dP(x) . dP(x) .
&y 0 _110P® e PO e g 4 PP® ey
ax? 2| 0x2 dx F dx P
+ P(x)eit ](ﬂ{ ) +c c]
Ecnu npenebpeus,
(8';1:(23{]) : [2 apld lkpx 1 P(K]( kpxz)] 1{kpxx+kpy}r 0t) +coc (71)
82 Plxy.t) 2 pilkpxx .
= P( )(—kpy " )eitpsxtipyy =09 4 c ¢ ; (72)
2 82 Plxy.t) .
Ecmm npenebpeus  kp.~, To——— = 0(73)

dy?

2 X "
8 8%Plyt) _ _int [2 aP{xJ

P o+ P()(—KE, )eitpnxtipyy=08 4 ¢ ¢, ] (74)

[loacraBnsiem npou3BEJCHUE B YypaBHEHHWE U TpUpaBHUBAEM KOI(DOUIIMEHT

npue=ift

228 ik, + P(o)(—kE, )| eitomsiory)
“i0 2 [zﬁ ik + PGO(—K2,) | eilomesion) — 22 (-02)1 [P eiliprssiepsy)] =

— Xl s B (WE:,_ (x)e it (koay—koy)y)
8m 2
(75)
[ik + ok, | 2= 5102k + 207 P) =
kK 2 P k 2
- g_ ~ k2 kz Y. Ep (E5,_.(X) a—i(—tkgxx+(koyy—Koy )y) il kpxxtkpyy)

(76)

Y Tang Q obo3Hauanoce Wy, T.ell =w,, 0 =w, —w_; ; W, =w, — 0

A5k :]2
1o Tangi = (77)



Beeném crona K, (mmm = £,),T.e. k,, n#, 0/HO 1 Toxe

2T (2m)?  4m?
,& — . 2 __ — .
P - :‘l"p ' }L'P - ,& 2 - ,&' 2 ¢
p =
1 1
2 amflkpglz _ 2(kpglz
ap  Ap 2n’F Fig® '
1
1 (kpglz
= —;
tp F&P

F— uE(kaﬁ )

z ¥
£p

(78)

(79)

(80)
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B ypaBHeHHH OyneM CUMTaTh , 9TO 4y, ~ £, TaKkKe B IPABOH YaCTH M3MEHHM

2
kZ, Hafe, Ks & K, BCIENCTBHE YCIIOBHS COMIACOBAHUS

F F o, (kpg )20
—Qh =0k, =-L P_
k R k p k#,’

fop = (pok )z

1 1
| ap(kpJi02(kpg)z Fop 2 L.
R TATET— oy T.€. —|—£ﬂ&p = +ia,#£,(82)

1
1N 2 _
Hanee , Tak kak £, = Q(pok™)z; #y” =07 pok™?
T.€. 3Has 5 4ieH, clleBa B YPABHEHHWH B3aUMHO YHHUTOKAIOTCS

Rp >y
i)
'ﬁ‘(’p }>£ "%P

[ToaTOMYy BTOpPBHIM HJIEHOM ClieBa MpeHeOperaem

T.. ypaBHEHHE NIPUHUMAET BU]I:
., 9P(x) 1, Yép® .
i, +2 if,0,P(x) = — E%ZT Eo. (X)E*,_ (%) *

ax

@ i{—thgxx+ {k—iy_ koy }}’] e_i{kpx x+ kpy}’}

M 2k, 52 = 1A, P() = —22- 3, Eo (0B, (x) *

- i(—thgyx+ {k—i}'_ koy }}’] e_i{kpx x+ kpy}’}

(81)

(83)

(84)

(85)

(86)

(87)



T.€.
212 4 i, P(x) =
—i (—they+kpyx)x+  (k_yy—koy—kpy) ¥
— %_[E E"I: EG"I: {:X] E: 1 (Kj e ;EEqEﬂT;pEL‘EEEEETL‘Hq
(88)

AP(x) ¥Y&p £x
Wrak, 21——|—1-:x pP(x)=— . Y. Ep(X)E7,_ (x)e7ist (89)
Al = -tk + Ky
dP(x) « iy £ . iAofx
? - _EEP(XJ = %_[EZT EDT (ij—l—T {:X]E Ak (90)

P(x) = e o0 [ 223, EpEL, (e rteh *dx+ P(0)](92)

P(x) = e 2% [ f ZEDT[X’]E (e A g 4 p(0)] =

1 fop “p
1]"r Z [EUT{:XJ]EHI 1:(}‘: )E—Lin?:x + - +x:]dx + P({]]E 2 x] _
i X s T _p
=Ry B (EL_ () [ T gy 4 P0)e 2 " (92)
x - r_%p r EEx X —i x' EEx-’ I
Jra R [ - fu Rl e
—EzEx 1 —iETJEx+EzEx_ . 1 —iApkx _ EzEx
e m[e 1] —m[e e=|
(93)
_iyﬁ:P 1 ap— Bx I:Tj::c
P() = 16m & —iBh+D Eor (XDEZ T(X)( e e )+
p
P(0)e 2~
(94)
iy £
PG =728, ——mpEo(xDE; (e
(95)

Ak = kpx — TRy (96)

27
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P(x,y,t) = i [%ZTﬁ E . (X)E",_ (x)ei™sx=i% 4 ¢ ¢ ] (97)
o= EzE (98)
a—inh =a(1-i2) = a(1-iky — =) (99)
k., ~k

X L

a — K03QP2aTyxaHHUA AMILUTHTY b

20t = o — KO3QHUIIHEHT 3aTyXaHUA HHTEHCHBHOCTH
k, =k, =—=2% _2p=2 100
P P Ap vpT Vp Vp ( )
i——tks

a—1A £ = -:1(1——'1—] = (1l —iA,) (101)
_

A =——1k, (102)
vp

A_.2TOHeTOYTOHA £

P(xy,0) = 2%, —r—Eo (B, (e 4 c.c (103)
VP 3
VP CHOpOCTB3BYEA

[Tonyuennoe P(X,y,t) — pemicHust ypaBHEHUST JAaHHOTO TanQr.c A KPHUCTAJLIOB.
Hawm e neobxomumo umers P(X,y,t) mist skuakocteit . UrtoObr moayuuts P(X,Y,t)
JUTSL JKUAKOCTEH BBIMUIIIEM YPaBHEHUE , UMEIOIIME OTHOIICHHE K JeIy, U CPaBHUM
UX.

VYpaBuenue Tang KoTopoe pemniasoch 37ech :

El PErp-2L Py =LlE@y (104)

32
—P(z,t) +
az2 (z,0) kdz?at k at2

O6o03HaueHus ocTaBjIeHHBIE 0 Tang ;

k
YMHOXXHM 3TO YpaBHCHHE Ha P
8% _Ekm _Fo g _ Y K gopso
EZZP(Z,TJ an P(z,t) kat'ﬁ" P(z,t) = - pn'ﬁ' E<(z,0) (A) (105)

Bemumem Teneprs ypaBHeHnue ruapoauHamuxu (Key, Harrison)

e Vpyz 1BV ga_ Y g2 (g (106)
gz? ¥ pg Ot 8n
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8%p

YpaBHeHue ruipouHaMuKu 1o kKaure 3enpaosuya (OBD), ¢.31, umeer Buxa:
2172
oS veVp- uta., (C)

(107)
T.€. BO BTOPOM cJlaraeMowm, B otiauuue ot (B) Her =
[Touemy —a310 HesacHo. 3anuch (C) BUIUMO, CYIIECTBYET.
bynewm cnenosats (C), T.. ypaBHEHUE TUIPOIMHAMUKY 3aIIMILIEM B BUJIE:
2 'I"|+_3
a7p 22 an'd o2 Y g2 g2
——vV'p———"-—-Vp=—-—=—V°E~
at2 p' P pp, Bt P 8 , (D) (108)
Y fnocrasien unaekc p (ponon)- phonon.
OueBHaHO, 4YTO ecau uMeeTcss pemeHue g (A) cienyer
nonoxutbP(X,y,1)=p(X,y,t), u
e —
k 2 F a1’ Yk 7 poY  poY Y
=V, —=——, —=Y; Orcrona K=pyvou y=—"= =—; T.O.
Po 3 Po Po Po ’ Po P Y k PD"’% ‘-’ﬁ,
iR 1 ES 1
p(X,y,t)=—— ¥, — Eoo(X)E_;_; (X)el*oksz x40 0 1 k. (109)
IZmvpa T THsx
PP M
o
Q=v,R, 10 - — 0k, =0
= Vphp, TO ; — OKgy
[Tonoxum k_, ~ k_, k, —MOayJib BOJTHOBOTO BEKTOpa i1 CYMMAapHOW CBETOBOM
BOJIHBI.
—ORsy L TO%s
- - — (110)

[l
_ kS

W
B cratbe 3ackanbko u ap. A= ==

Ha3bIBACTCsA OTCTpOﬁKOﬁ, HO 9TO JIMIIb

B TOM ciilydae OyneT crpaBe/UIMBO, Korja K _HesBISE€TCS BOJIHOBBIM YHUCIOM
3BYKOBOM BOJIHBL.

Yro takoe k. B uucnutene(3) . B uncnurene k., 101KHO OBITH BOJHOBBIM
YHCIIOM 3BYKOBOUW BOJIHBI.

DTO TOYHO BBITEKACT U3 PCHICHUA YPAaBHCHUA THAPOJNHAMUKH.

[Toxoxe, 4To 3/1eCh NPOUCXOIUT CMEIICHHE NOHATHH K - BOJIHOBOIO YHCIIO

3BYKOBOUW BOJIHBI U K_- BOJTHOBOE YMCIIO CYMMapHO#H CBETOBOI BOJHBL S- orsound
u . S- oTsummary
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_kE

Ecau cuurtats , yto Kk, B A=1Z €CTh BOJIHOBBIC YMCJIO CBETOBOM

BOJIHBI, TO ACHO, YTO OHO HC 6y,ZL€T coBIlagaTtb ¢ TCM ]:{S, qTO CTOHT B YUHCJIIMTCIIC

(3).

de 1 de Y
Ag= o) P T o Po\G, ) P= L P= Yus THIPOJHHAMIYECKOTO
t t
YPaBHEHHSI.
iR ki 1 N . _
- 321':.’%:(25 T e Boo(OE_i_g (x)eltr e x789 + c.c. (111)
A

Yrto Takoe []QHO BUAUMOMY, 9TO OTKIIOHCHHUC IINIOTHOCTH OT PABHOBCCHOI'O
3HAa4YCHUA:

FI/I,IIpO,Z[I/IHaMI/I‘IGCKI/IG YpaBHCHHA COACPKUT OTP, TaK YTO I3TO YPABHCHUC

MOXHO pacCcMarpyuBarb KaK OJd IINIOTHOCTH, TaK KaK W I OTKIOHCHHA
IIJIOTHOCTH.

Emé pa3 nosicHum 310.

de
Wmeercs ruapouHaMUYecKie ypaBHeHHe s p U popmyna AE= (ﬂp) p.

UYto MMOHMMATh MOJA  BIWSHHUEM ToisA.  JIEHCTBUTEIBHO, PpEIICHUE
TUAPOJMHAMUYECKAE YPaBHEHUS OMNpENENsAeTcs TaM [paBOM 4YacTU MW -

HN3MCHCHHC.

a
Torma Ae= (—E) P TIOHATHA.
dp t

n_i -ﬁ'

~V?(Ey; +Eq; +E_;; +E_; )+ ZSZ(E , +Ep) + = = a2

(E—ll +

. 1 8% ianY2 1 % i(+okgy x—0t)
B = = (e B Bao (0B " (e o= .
1-i

o

(112)

1 32 D 4 EZPNI_
0= w, — w_; IT0 ypaBHeHue umeeT By : -V-E + e T wae
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iR 1 ,
TP = v Z 8 Epe(OE_i_o (x)eitoksxx08 4 ¢ ¢
32mvia ———oksy
¢ ] —1

44

* (Em +Ey_;, +E_;; + E—1—1) -

VE+ 0T = - ST (119

cZ gt2 c2 at2

4nPy; = Ae —E; Ae= E =~ IeHCTBHS,

ln,::I az

—EE(E01+E + By +Egy +Ey + B +EL )+ (Epy + By +

lnj_ﬁ|
2 c® at?

ED 1+ED J+= (E 11+E 11+E11+E11—

11 8% )| iRpY? . =
_ 118 iRp ZG El - EﬂgEX)E—l—G (X)el{+csx—ﬂt:] +cc | * (Egy +

Ej,+E,_,+E;  +E  +E, ++E_, ,+E*,_,

: (114)
0= w, —w Ey ~el@ot  Ei ~e i@otE,  ~elwot  Er_ ~eieot
0 -1 01 ) 01 0—1 , o_1™~e
E *\..-E_lf.l.':l—j_t E—ll ~opTieaogt (115)
E—l—lmelm_it, Eil_l"“e_im_it (116)

- 1n a?
+E—1—1§cga 3 (E01+E01+Eu 1+Eu 1)
1nj 8° 1n%, 3 . -
++Ec_za E(ED1+ED1+EU 1+EU 1)+_C_2E(E_11+E_11
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11 8% | Rpyz 1 . - _
v P EG D_-_Ukm{EDG(X)E—l—G (X)el':"'“ksxx 0t) +

iR ..z .
) r,__l_ - Epo(E_;_ . (x)eitoksxx—00 4 ¢ ¢
32w px _iv THay

*

*(Egu+ Ejy + By +Ej_, +E_, +E-, +E_,_, +E7,_.}; (117)

ksx = kﬂlx+k—lx,; 0= Wy _m—l;

_vzﬁﬂl + H—EEDI — —;—22 Eulixjei{knx"'kuy_motj — _ZaEZA (ikﬂx)ei{knx‘*kny_motj
:_gikox% el (sox+koy—wot).- (118)

_vz ED . + nz ; . ED _ _2 aED 1{)(:] ( ikﬂxjei{:km{+k0?—mnt} —

Zikﬂ.x 9Eg—y () e1{knxx+koyy—mt};

(119)
n2, 82 FE_q,(x) , . (ki o
—VEys + T3 B = 25 (ko el yent (120)
nZ, 3% FE_,_,(x) ol etk v

—V2E_, L + 2 E, = 2k, TR iRyt (121)

Ilonoxum, n=n, =n_,

Em = Ep; (x) et (oxtkoy=wol), (122)

Eal _ Eal(K]e—i{koxx+kny}r—mnt}’ (123)

Eﬂ—l = Ep_; (x)e™(TRox oy 0ot (124)
Ep_y = Ep_; (x)ei(Towsthoyy-wot) (125)

E—ll = E—11(X]EH{k_“‘Hk_lﬁ_m"lt}, (126)
Eill = E:ll(X]e_i{_k_ixx-i-k_i?}?_m_it}, (127)

By =E_y_; (®etl-uatkayy-ond) (128)

By = 7 (RemiTuetioayy-ot), (129)
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Ny HI_4 EITDJIHHEﬁHhIECOCTE[BJIHI-DI.U.PIEHGKHE dTEJANPCIOMIICHUA,

COOTBETCTBEHHO, JIJIs1 BOJH ¢ uHAekcamu 0 u 1, T.e. 115 Na3epHBIX U PACCESIHHBIX
BOJIH, N, = N_;, T.K. JUHEHHBIN [1I0KA3aTEIb HE 3aBUCUT OT I10JIA.

-

CootBercTBeHHO, BenmuuuHaMm Eg4,E,_;,E_;;,E_;_; momyunrcsa dersipe
KOMITOHEHT COMPSKEHHBIX UM.

TpupaBHsem kodhdurments pu e~ exFhoy—wot)

. 8Eg (x 1 iRy Y* 1=(icg)® .
—ZIRDXL{] =—z* g;ﬂp ey {i_ni *Egs (EL; 1 (RE_;_; (%) (130)
PoVpX T Ksx
1=
U npu

+il—kyxx+k —wpt : Eq—4 (x) _
o (—kox oy¥—wt) + 21k0x—x —
1 iR, Y 2 1+(iwg)?
N 4 ] *
c? - 3Zmp vio * '—q+|":sx * ED_l(KjE_ll(ij-ll(X)
P M

o
E‘+ i{k-lxx"'k._l}r}?_m_lt:]

0E_;;(x) 1 —iRY? 1+(iw_,)’

+2ik_ S — s ” “E* (9E . (XE. . (x

B ok ¢z 32mpyvia 2tk 1 (13 (0Ey ()

1+i-2—
44
e+i(—k—1xx+k—1y}’—m_1t]
i BE_yy() _ 1 CiRpYT 1s(ey)? o :
+21k—1}{ x - o2 * ggﬂpovﬁu * 1;14-'{52{ * ED]_(X]E—I—].{:X]EDI {:KJ, (131)
1+

2.4. Yuer KeppoBcKoi HEJIMHEHHOCTH

B stux 4-x ABHCHUAX eH_[e HC YUUTBIBAJINCH PNL B IPaBOU YacTH, CBI3aHHOE C
11 s

opueHTanueit Moisekyia, T.e. ¢ 3ddexkrom Keppa. IlepeiizeM K paccCMOTPEHHIO
sa¢pderra Keppa. CormacHo [ ],

U= —iay[ScnsEB — 1),uz Herman|[ [; (132)
B kauectBe E_ceituac 6epem
E = Eﬂ1+ED_1 +E_11+E_1_1 (133)

U=— ; III‘]."(B cosZe — ljix " {e—imot ZT[EDT (X) a+iltkgcosBy+kysinBoy] 4
E—l"l: (K]EH[Tk_icosﬁ_1x+k_isinE_iy—{m_i—mD]t] +ec ]}2

: (134)



1 1
U=—= 3cos’B—1)— =
2-:1‘}#( Cos ]4

*{EUI(X]E+i[rkc,cong+knsintF—mgﬂ 4 +ED_1(X]e+i[rkn_1casE'D+kg_1sinBDy—th] +
El_l(K)e+i[rk_ncc:sEl_1+k_1isin8_1}r—m_1t]+
E—l— . (X] E+i[—rk_1_1cosl5|_1+k_1_1sinE|_1y—m_1t] +c.c }2

(135)

1 .
U= =5 ary(3cos?0 — 1){2Ey; (x)Ej_, (x)e*2ikocosBox

+ C.C.4+2Eg; (E;_; (x)eflFoxRopde—(wo—w—Jtl 4 ¢ ¢

+ +2E31(K]E“_1_1(x]ei[{kuﬂk—ixjx—{mn—m_ljﬂ

+cc42E,_  (XE;_, (x)eti-(hox—k_yx—(wo-w_y )]

4+ c.c.+2E,, (XE", _, (x)etil-ox—k_yx)x—{wo—w_y )t
+cc+2E__(R)E5;_;(x)et?k-1e0s0x 4 ¢ ¢ +2|Ey,; (%) |2
+ 2|E0—1(X]|2 + +2|E1—1(K]|2 + 2|E—1—1(X)|2}

(136)
BBICOKO YacCTOTHBIN oTOpoIieHbl;Iloka HuUero oropaceiBath He OyIeM.
3amumieMm U B BujeE:
U=0U,+U, +U, (137)
I'ne
U, He 3aBucut ot t

U, conepsxut e*il-«t

U, conepxur e~ -«

f] =
1 = 1
c.c.+E_;; (RE,_; (x)e*2k-100581x 4 ¢ ¢ 4|Ep, (x)]2 + |Ey_ (x)|% +

|E;_; (x)* + |E_;_; (x)|? - P (cos8)

(138)

W= Wy — W_;



1 1 . : _ _
17 ST (ety1 — ﬂljmpz (cosB) [Ecvl(X)Eu—l(X]EH[{k“ L

Eor (XEZ,_; (x)etilloxthuxdx-otl L (x)E*,, (x)etil-(ox—kax)x—wt] 4

Eo s ®EL; (%) pHil—(kox—k_yphx—wt] ]
(139)

o plrs
" =1

f, =0+ +£"

- (a5 — o3 )P, (cosB) {“Em("’ﬂ'z +|Epus D IP + By s PP +

17 JankT

|E_ B I[X]|2—|-E (X]E”_ (K)e+21kDCGSEDX+Ex (X]E _ (X)e—zlkDCOSEDK+
1-1 01 0-1 01 0-1

E_ll(X)Ex_l_l(X)e+2ik_1ccsﬂ_1x+Ei11(K]E_l_lExje—zik_lccs{-]_ix]_|_

l_ilm,[ [Eol(X]Ein(X]E+i[{k°"_k‘1”]x_mﬂ + Eﬂ,l(x]E:l_l(X]e+i[{knx+k_1x]x—mt] n

Eg_l[X)E"_n[x)e“[_{kﬂﬁk‘i“j"_“ﬂ + Eu_l(K]E"_l_l[x)e”[‘{kﬂx‘k-ix]x‘“ﬂ n
— [E5 (OE_y; (e (ox—iwdeot L By E_, , (x)e Iextiu-od 4

1+iwT

E; ,(x)E_,, (X]e—i[—{kox_k—ixjx— wt] 4 E;_ (X)E_,_; (%) a—il-(kox—k_;x)x—wt] ]]}

(140)
= 1 = T
FI11\:ILL = YaanL * E(F,0) = EXEENL(E +E7) (141)
XaanL = N(oty; — o) < g3383; >t (142)
amn
< 833833 7= Eflﬂlfl = f,oP; (cosB) (143)
N(ay, — otq)?

NL _ 11 )

gt! 90KkT { J

[E,, (x)ei(koxd+koyy—wt) 4 B (x)e*il-Roxx+hoyy—wt) 4
E_,, ()etiluxkoyy-0-ot) 4 B (x)eti(amsthosyy-o-it) 4
E_l_l(X]e+i{—k_1xx+k_1?}r—m_it} +ec

(144)

YieHsl , coeprkarne e~ @ot

B 4 — PNL

Ae
E

OeHCcTBHA

ITycts Py — opuenranus

N{ctn—cti:lz 1 .
PNL :T{"""'}'E[E_FE ] (145)
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AE= 4m—H 0= oo} (146)

A€ cooTBeTCTBYET & £y B CTaTbhe 3aCKAJIBKO U JP.

& €, B cTaTbhe 3aCKajIbKo U JIp.

8 €,=n’n,|E|* = n’n,EE"
= n? n, [EUIEH{kax—mDﬂ + EU_1E+1{—kax—th:] + E_lle+i(k_1xx—m_1t:]
_|_ E_1_1E+i{_k_1xx_m_1t:]]
. [EaleH{knxx—th:] + Ea_le+i{—knxx—moﬂ + Eille—i(k_ixx—m_it:]

+ B, jeriChomen 9]

= nﬂ n2 [lECll(X)lz + |ED—1(X)|2 -+ IE1_1(X)|2 + IE—l—lilez + E01E1116+12km{x+
EIZFIEH—11e_i[{k_:u{_km{:]x_{m_:l'_m'::':]t:| + ED1Eille_i[_{k—ix"'kox:]}f—{m—i_mujt] +
Eo_1Egye72¥ox* 4+ B Er,, emilluntkodnlwy—wold 4
ED—1E:l—le_i[_{k_ix_kuxjx_{m_i_mujt] + E_llEalE_i[{kﬂx_k—ixjx—{mu—m—ijt] +
E_llEa_le—i[—(kux+k_1x]x—(mg—m_1]t] + E_llEx_l_le—i{—zk_ixx] i

E—l—l ale_i[':kux"'k—lx:]x—{mg—m_i:]t] 1 E_l_lEa_1e—i[—{kux—k_u]x—{mn—m_j_]t] +

E_, lEil_le—i{—zk_lxxJ];

(247)
CpaBHuM A€ H 6 €
OueBuzHO , uto npu T = 0 A€ ¥ 5€, TOYHO COBNAAAIOT PUYEM
L —iL z
n‘n, = g Nleamen” (148)

45kT

amN{ey 4 —og )%

T.enn, =
2 45KT

= n, (Uuao) Bce BepHO

T.e 4roOBI mEpeBeCTHM Halle BBIPAXKEHHE B COOTBETCTBYMOLIEE &€, HAI0

A N{“n_“i]z

3aMeHHTb Ha n’n,
45KT

BaxHo, uyTo Hame BblpakeHue mAde ronurcs U npu T # 0,5€,B crarbe
3acKaJIbKO M Jp. HerpeMeHuMo npu T # ()

[Iepenumem npousseneHune A Ha B:
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[Em[x]E“_ll (x) atillkox—k_yylx—(wo—w_y ]
+ Eg1 (X)EZ; 5 (%) etillkoxtk_yylx—(ewg—w )]
+ [Ep_y (R)E",, (x)et i (hox—kyx—{wo—w_y)t]
+Eq_y (x)EZ; 4 (x) a+il-(kox—k_yx)x—(wo—co_y ] ]
' [E—11(K]E+i[k—1xx_m—1t] + E_l_lixjeﬂ[k—ux—m_it]] _
= Ep; (X)|E,_, ()| etilkoxx—wot]
+E;;(xX)EL, L (XE_;; (%) il x+2k_y Jx—cw,t]
4+ Eg_y (X)|E_y (x)|2e*ilFoxx—wot]
4+ Ey_, (x)E*,_, (X)E_,, (x)etil-lox-2k_g)x-wot]
4+ Eqyy (X)E7,_; (X)E_,, etillkox—2k-sxx—wot]
+ Egq (%) [E_y 4 |2etiloxx-0ot]
+ By (OE",; (NE_;_, (x)e il oxt2koyglx—o,t]
+Epy (X)E"_;_, (x)|?etilFoxx-wet] —

BcraBuMm TOJIBKO IMOAYCPKHYTBIC MW OTBCACHHLIC YJIICHBI, OCTAJIBHBIC HMCIOT
BBICOKHEC ITPOCTPAaHCTBA YaCTOTHI,

= [Eor GIE"_4; ()12 + Egy WIE"_;_, )1
+ Eg_y (OB, 3 (O, ()eil=kox—2icosx
+ ED_ 1 (X] Eil—l (X] E—1—1 (Kj EH[_{Z Ko+ 2y ]E"'i'iknxx—mot] =

= [Eos GIE"_43 ()1 + Eoy (O|E*_y_y (017 + Eg_y (EZ, _ (OE_y; (x)e 2]

. e"'i':knxx_mnt]

(149)

Unen ¢ e*ikox*~@o% ypeerca emte u B mpomnssenennn C + D

# +2ikppx # —2ikpex # +2ik_ x
(Eg Eg_y1*2koxx 4 By Ep e 2ikox + E_| B, et2ik-ux 4
* —2ik_wx +ilkpex—gt) * 2 Hilkpex—wt
E—llE—l—le 1% )'Eo—le (kox n]_EDllE —11| o (kox n:]_|_
2 # L Hi(—3kgex—wgt # Hi[(—kpux—2k_ 4y x—0agt
ED—lEﬂle ( 0x °]+E0_1E_11E_1_1E‘ [ ox 1% u::]_|_

Eo_,E_y ;EZje” [(—Koxx—2k_sx)x—wot] —

[Eﬂl |Ex—11 I2 + Eu_lE_llEx_ l_le‘iqu]eﬁ i(koyx—wgt)

(150)
[TepBas yacTh BOJHOBOTO YPaBHEHHUS COAEp KA pNL

_4m 3% oL
2 ae (151)



Bemumem ko3¢ dumueHT npu ptilkoxx—wet)

npoucxonammii or  PHL

m gN(“u_ﬂl]z
2 (T190) 50T
+Eg1[Eq_s P +Eq_4EZy JE_j, 172

{Eos[1Bos 2 + [Bqy |+ [E_yy [*+E_y_ 7]

1 .
N 1—iwt [E01|E_11|2 +Eq B 47 + Eu—1E11—1E_119_12qx]}

4ty N(og; — @y)?

=+ 2 90KT {Em ['Em'z + 2|Eo_4 17

+(1+ L )lE |2+(1+ 1 )lE |2]
1—iwt -1 1 —iwt -1t

1 ,
+ (1 + m) Eﬂ_lEil_lE_lle_lqu} =

[Iput =20

A1twi N(a,, — o, )?
N c? : ;I]L{Tl {E01[|E01|2+2|ED—1|2+2|E—11|2+2|E—1—1|2]

+2E,,EL; E e} =

amess Nlo, , —o, )*
= dme Nt 250 (Eovl® + [E_sw|?) — [Egy ]+

2E,_,EZ; ;E_;;e 2%}
(152)

k02 durment npu e (TRoxx—wot)

4m . Nloyy—ay )2
— 2 (i) T E L[|y + [Eoy? + By IP+[E, ] +

90kT
[Eﬂ—llE—lllz +Eo |E_ 4P+

Eo-1|Eq_1|? + Eqs EZ4;E_;_41729% 4+ —

1—iwT

,‘ —i7ax% 4m, Nl —ay)? 1
Eq EZ;,E 5 ;e ]} = EIMDEW{EU—l [2|E.:||—1|2 + o |E_111% +
1 1 s —i X
o T |E—1—1|2] + (1 + l_im)EmE—uE—i—ie 29 };
(153)
IIpu T = 0;
T N{un—uijz
* —iZqgx mw® Nlayy—a,)®
2E0:Eryi By o720} = TR (B (25 ([Egw |2 + B |2) -
|Eg_s [*]+ 2Eg4E* 4, E 4 _je*29%}
(154)

Kod(pdunreHT npu
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eFilopx-o ).y eri(-K yxx-w_y1) (155)

[EEIKX]E_MIH[(I{DHJK—WS] + Eal{:X)E—l_l(X]e_i[{knx-'-k_ix:]x_mt] 4

E;_ (X)E_,, (x)e i-toxtkyx-otl L g ()E | (x)e i-(ox—k-shx-wtl] 4
[Em(x]e”{koxx—%t] + Eg_l(}(]e“{‘kﬂz{x—%ﬂ] _

|Eq; (x)]? E_11(K]e+i[{k_1xx—m_iﬂ] + |Eq.|? E_1_1(X]E+i[{k_ixx_m—iﬂ] n

E,; (OE;_, (E_,, (x)e*il+Ckoxlx-wtd 4
EU—liija—ltij_l_l(X]EH[*'{Eknx—k—lx]x—m_lt]_|_
ED—1(XJE5.1(X]E_M(x]e"'i[—{?knx—k_ﬂ]x—m_it]_|_

E,_; ()E;, (X)E_,_, (x)e*il-Choxtkopelx—citl 4

|Eq; (%) E_11(K]e+i[{k—1xx—m_iﬂ] + |E.:|._1(X]|2E_1_1I[x]e"‘i[{—k—ixx—m_iﬂ];
(156)

k03 dunmenT npu e* i(k_yyx—w_4t)

4T . Ny q—oy)?
_E(_lm—ljz ;;k,[.i {E—n[lEmll2 + |EI:I—1|2 + |E—11|2+|E—1—1|2] +

E_llE:l_lE_l_l+EDlEa—lE_l_ll-l-iqu _|_1+
1 [IEﬂlle_ll + |EG—1|2E—11 + EﬂlEa—lE—1—11+iqu]}

1+iewT

4mw® N':“n_':‘i:]z{ 2 (
c? 90kT [Epy [*(1 +

1

)"’ E_ 11 +IE; 4 (1 +

)+2E;; +

1+icoT 1+iwT

|E_i ;" +E ;s +[E_i P+ (1 + ilmTonlEE—lE_l—lequ} -

1+

e et s [(14 ) 1B P+ (14 ) [Eos P + By P +

c? S0kT 1+imT 1+HiwT

2|E_1_1|"’-] + (1 +— ) EmEg_lE_l_lequ}
; (157)

1

IIpu T = 0O:

4mw?; N(ay; — ay)?
c? 1 ;TDI{TI {E_ll[zlEﬂ—1|2+2|ED—1|2+2|E—11|2+2|E_1—1|2]

+ EﬂlEa_lE_l_ 1E‘+iqu} =

dmen®y Ny, —oq )2
{E—ll[ZZT’ (Eger P+ [E_y ) — [E_y; P]+

c? 20kT
ZEﬂlEa—lE—l—leHz qx}
; (158)

k03 purment mpu et iTR-1xX—w-1t)
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4mew?y Nloy,—oy )
mof Nesseo R (5 (B2 (B y 7 + [ELyy | + [E_yy 7]+

c2 sokT
[lEﬂlle—l—l + |EU—1|2E—1—1 +

E_ E7 By, +Ep E,E_j 1720 4 —

1+imT
H —i%a0% 4mew?y Nlog—a,)? 1

ED_lEDlE_llE - ]} - c? S0kT {E_l_l [(1 * 1+iwT ) lEUllg +

1
(1+ =) [Eos|? + [Eq_s 2 + [E_y_ > + 2|E_y; 2] +

1 * —iZgx
(1+ ) BomsEaiEosae™™]
; (159)
ITpu T = 0:
dmen®y Ny, —og J®

2 S0KT {E—l—l[ZIEDIIE + 2|Eq_4 * + 2|E_44 | + |[E_; 4 ]+

- —i%ax dmen®, Nloy,—oy )2
2Eq_1EpE_j € 2} = o2 20kT {E—l—l[ZZT’ (|En:|v:’|2 + |E—11’|2]—
|E_;_.|?]1+ 2E, ,E;,E_; 7295}
: (160)

3anuceIiBaeM YKOPOUCHHBIC BOJHOBBIC YPABHCHHA, IIPHHAB BO BHHMAHHUC U
OpI/IeHTaHI/IOHHBIﬁ )41 CTpHKHPIOHHBIﬁ BKJIaJbI:

x _ 1 . _
[pu e*ilkexx~«@ot: (Tounee, mpu Ee“{kﬂﬂx @ot))

oy, Bor
Zlkx_ax
1 iﬁzp‘fz _ w3 . 4110}%14(:(11—:(1]2{ [ 2
2 32mpovia i_kstﬂlE—l—lE—l—l“‘ 2 25KT Egq [|Egs|*+
p l—iL
o
2 1 ) 2 ( 1 ) 2]
20Eos P+ (14 =) IE_p P+ (1+ =) [EL 4 2]+
1 . —iz

(161)

. kye
VMHOXMM Ha i, JeTUM Ha 2, IeuM Ha Ko, @ = - T-e,

2Kox |

Uto0bl yOenuThes B NMPABUIBHOCTH 3TOTO YPaBHEHUs IMOJE3HO CPAaBHUTH €ro C
ypaBHeHueM (PQR) B pa3pabotke x Herman. Msl yBuauM, OpuU 3TOM, YTO
YHUCIIOBOM KOA((UIIMEHT B MPaBOil 4acTH , OTHOCSIIMMHUCS K OPUEHTAIIMOHHOMY
BKJIaay . IMEeHHO Takoe cpaBHEHHE MOMOTJI0 HaiiTu omuoOKy (90 ucrpaniieH Ha 45)




8E k2 ikn Y2 1 411 Nia,,—a,)?

=1 : 2 [ EmlE 11|2 = Em[lEmlE"'
dx el . 3zmpgn®vpa  -—Kex n 45kT

e
(8
dr N oy, —ory 12

2|E 2+( )E 2 4 (1+ ) ]+ A Nleyymay)” (1+
| cr—1| | 11| ot |E —-1- 1| 2 25kT

1
1—iwt

) Eqo_1EZ;_ 1]5:—119_12 qx]

; 0 (162)

e+i{_knxx_mut:] (163)
. 8Eg_4
21K gy =
1 iRF.‘f2 —w3 2 4 411N{ct11 oy )® { [ 2 5
szzﬂpnvﬁu* §+k5 E':"llE 11| 45kT E0—1 2|ED—1I +|Eu—1| +
1+i
o
(1+ ) IEoss P (1 + ) IEoy, P 4] +
1-iet/ | 11 et 1E-1-1
1 * +12qx}
(1 + l—imt) BosEZ;4E 4 ,e
; (164)
9By k§ ifpY® 1 4-11 Nloey,—cey )2
N ; t=— L ————En|E P+ io—E,,; [2|E01|2+
X Zkox Ezﬂpovpu P kox n 45kT
% —
3 1 ) 3 ( ) ] . 4T Nloryq—0eq)? (
IEo_i| +( 1-iwt 1, I"+ 1+1—imt E_yql*|+i nZ  45kT 1+

1
1—iet

)EﬂlEx—llE—l—leHqu] ; (1)

(165)
atilkogyx—w_; 1) (166)

41



BE_ll . k% _ G 2 . ‘1‘_1'[ N{C(ll—ﬂl:]z [( 1 ) )
8x 2Ky %—kst—lllEﬂ—ll +1n2 45KT E_1, 1+1+imt |Eos I* +
1—i——
1 2 2 2
(1+ =) IBos P+ [E_yy P + 21E_,_, 12| +
Nee (), 2 Vg g wzax])
+1n2 45KT 1+1+imt Ep1EpiE- e }’
(1 (167)
e+i|:_k_1xx_m_1t:] (168)
FE_,_ k2 G .47 Nloy 4 —ay )2
T I |- L. P S [ (T,
dx 2kgy vo Kax n? 45kT 1+iwt
1+i_%

(1 v )IE':"—ll2 +IE_ 17+ 2|E_11|2] +

1+icwt
. 4m N(ory g —aq )2 1 & —iZgx
——(1 )EU—lEL‘ilE—lle 4 ]}*
(V) (169)

+1 :
n? 45kT 1+imt

4m Ny g~y )2 .

IIo Unao u ['oqun n, =
0 o Fomume[  ]n, n?  askT '

s 4 k 3 ooy q—oeq 2
AedcTBHT., cTp.185,n,.-n—, k, =—N—"—"—;
3 ng 45 KT ) (170)
4 1 3 o loyy—ay)® 4w Nloy,—oy )® ’
HE:—T[——NL=— 1174y
3 ng4s KT ng KT

CDaBHCHI/IC MOJYYECHHBIX YPAaBHEHMHI CO CTaThEer 3acKajabKoO M AP.

Tomoxum T = 0

dE k2 G L e
= ——% Eoi|E_ 1P +i——=22=E, [IEp; " + 2|E;_, 7 +
dx 2Ky o Esx n? 435kT
l_i_pu_—

A N(oy —ay)?

2|E_y1 17+ 2|E_; 4 |?] +i 2 askT ZED—lEx—l—lE—lle_iqu} ; (D

(171)
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dEg—y kg _ G 24 ‘1"” Neatyy—ay)? 2 2
8x  2ZKgy 2 ikex Eq_4|E_q4 |+ R —— Eo_1[2[Epq |* + [Eg_4 | +
l—i—p—
o
N .
2|E_y1 17+ 2|E_; , |P]+i ‘m% 2Eq EZ 4 E- l_le+1qu} (1D
(172)
0E_ys ki G 24 4-1'[ MNloryy—oy )2 2 5
dx  2kox| i=—Ksx E_;;|Eqs "+ 1 2 iexT E_11[2|Ep; " + 2|Ep_4 |7 +
1+i

[E_iy|?+21E; ;"] +i2Meulop By B Q} (I

43kT
(173)
_BE_:_—:.: kZ G E IE IE =1-11N(u11 oy )2 E [2|E IE
dx 2koy 1}1‘”‘ —1-11=0-1 n 45kT 1-1 01
1+1

m N{oy 4 —aq )? s —iZox
2|Eg_; [*+ 2[E_y4 > + [E_;_; ] +i ‘:1 T2E0—1E01E—119 = }(IV)

(174)
OO0BEINHUM UX
8Egr _ kg ) G 2 4 4-11 Nioyq—aq)? 24
dx B 2kgy ,&i—l-l: EDTlE 1- TI n 45kT EGT[ZZTI (lEG’[Il
e
[E_i|?) — [Egg 7] +i 2 Hemzs” ZEG_TE:l_TE_ne-W} @, 10)
(175)

FE_y7 _ Kkj G 2, 4-11 Ny, —aq ) 5
t dx  Zkgy 1;,i—l: L n A5KT E_.[2Z:  ([Eov|*+
1+i
[E_yw|?) = |E_y [P]+i 0Nl op E5 l_Te“EW}(HLWJ
(176)
W;E_Tksx 4t Nloey 4 —ay)?
O6o3Haunm A, = ; n; = -t .

e T n? 45kT '

(177)
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o
Il
|

n, — mno Uuao u Ap. T.e HKEIaCCHYeCKOoe

0By _ KB |
dx Zkgx
G in® T " o
’ {_ l_iﬂTEﬂTlE_l_le +1n2Em[ZZTr “EUT’IE_F IE—l’l:'rlzj_ IEDT|2]+ ZIHQED—TE—l—TE—lq:I lqu}
aE_iT_ k%
T—ﬁ'x ——zknx.\k
G i H " o & ]
e B Bome? + i3 (250 (Eowl? + By ) — [E_ol?] + 2in3Ee s E__1"25%)

[TonyyeHHoe HamMu ypaBHEHHE OTIMYAIOTCS OT COOTBETCTBYIOIIMX YpPaBHEHUU B
CTaTh 3aCKaJIbKO U J1.p

V¥ Hac crout A, , B ctaTtbe —A;

« — Ng .

Y Hac n; = —, B craree —N, ;
n

B cBsa3u ¢ nmociaeaHum (akToOM HEOOXOAUMMO MOHSATh, Kak OINpEeAensercs N, B

CTaThe, COBMAMACT JU OHO C KiaccuueckuM (mo Ymao) , KaKOBO MPOUCXOKICHHE
dopmyner 9€, = ngn,|E| B cratee , kak eé moHUMATH U , BOOOIIE , HACKOIBKO OHA

TOYHA.

CBs3b Mexay € u noreHuuainoM E ;E-3necs neicTBuTeNeH

P, =x4E; ; E — mocToAHHO

Crny4ail nepeMEeHHOr0 MOJI PpacCMaTPUBAETCS J1allbIlIe

N(eyy—ay)?

— (EiEj - éaijEz)} (178)

Xij = XoOy +Ax5; Ay =

[lycts E= EZE = Ek; Ay;; OymeT B 3TOM CIydae AHATOHABHBIM ;

B =x:E, =x3E; 1.e. P,=0, P,=10

¥
P, = ¥a3E= (o + Axa3)E; (179)
2 N{ull—ul:]z
P, = (xo + =1 E2)E (180)



E=FEk
D, =0
D. =0

o

D,=E_+4mny;E, = (1 +4my,,)E

E* [MD}KHO TAK IPeJCTABUTE §€ =

E= 1+ 4H_X33
e=1+4my,
2 N(ﬂin_fxﬁz
+ 47—
"45 kT
=ée

0€ — 4YacTh € JdBHCAIIAA OT II0JIA ;

PHCMGT]JHM CBA3bL MEKAY € U N,

E— 3JeChk — IIOCTOAHHOE aubo nepeMeHHOeg,

H KaKHX 3allasABIEdHHA HEe VHHTEIBEAKOTCH 3anuieM n e BHOE

n=n, +n,E*+ ...,

MO P EXKHEMY E=Fk

HO e=T1

(183)
(184)
(185)
(186)
(187)
(188)

4mFy,

F

45

Takas 3anuch HCHOJIb3yeTCs B cTaThax ¢ yuyactuem Yuoa( cm. Ymao, ["apmaiip,
Taync,Camo3axBat ontudeckux mydkoB. Phys. Rev. Lett. V 13, Nel5, 1964, 479-

482)

E=n’=nj+ 2nyn,E* + n3E*
Ex nj + 2nyn,E?

E=€E,+ 2nyn, E?

de = 2nyn,E*?

2 Nlayq—a,)®

E? = 2nyn,E?
43 kT

4 Ny —a, )®

n; =5
3 Ay kT

/Ecamn E-nnepemenHoe To E 371€Cch- MTHOBEHHOE 3HAUYEHHE , @ HE aMIUIUTY/A.

(189)
(190)
(191)
(192)

(193)

(194)

Eme 3ameruMm, 4TO 3ama3ibplBaHWE HE YYHUTHIBAJIOCH,T.€. BCE PACCMOTPEHHE
OTHOCHUTCSI K TIOCTOSIHHBIM TOJISIM , IUOO K TIEPEMEHHBIM TOJISIM HACTOJIBKO MaJIon
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YacTOThl , YTO HX MOXHO pacCMaTpuBaTh Kak MOCTOSIHHbIE. CMBICI 3TOrO
paccMOTPEHHUSI B TOM , UTO OHA JAET ONpEEICHUE N,

B crarbe Unao u I'oqune mst n,.  [ano

_ 4mkt 4 Ny —aq )2

n, = 4wkt _ dnNlaya,)? (195)

3 ng g 45kT

DTO TOBOPUT O TOM YTO IMOJICYCHHOE HAMU N, COBIAJAET C TEM , KOTOpOe Na&Tcs B
KJIACCHYECKUX padoTax.

Haiinem Ttenepp BbIpaXeHHE [UISIOEB Clydae HOEPEMEHHOro mnois. MOKHO
BOCIIONIb30BATHCA BhIpaskeHueM 11 PVY mpu Hamuuum 1ByX moneii , 1a3epHOro u

paccessHHOTO (PeNneeicKoro), MoJy4YeHHbBIM B TEOPUU BBIHYXACHHOTOPEIEEBCKOTO
paccestHus (CM. pa3paboTKy K cTtathbe Herman)

[lycTe E; = 0 T.e UMeeTCd THIUEL OHO MOJE.

N{ﬂli—ﬂijz i T—o ® =1 T—a
Pt = oot IELI® (ELE (iF-or) + Erei® It}); (196)
41‘[P¥:{" = 1 il kyT—ao = =ik r—w
SeNl = o EGD =7 (ELe (aF-wrt) 4 gre-ilk 't}); (197)
§eNL — g Nea—a® g . (198)

45kT

4m Noyy -0y )*

BOCMOAb3YeMCA BeJIeYHHOH N, = P (199)
n,:, p= ]

8Nt = non,|E % (200)
Ecnm, omHako, yuectb 00a moJist , TO

N — : ELEZ lj[[EL_ER}?_mt] E*E l_j[[EL_ER}?_mt]
SENL:J_}HM |EL|2+IER|2+ LEg N ‘Egr .

»

45kT 1—iwT 1+iwT
(201)
BI)Ipa}KCHI/IG B KPYTJIBIX CKOOKax He paBHO |-]E':hh|2
E — ELll[ELF—mLt] _|_ ERE‘I[ER?_mRt] (202)

B - 58 -
(ELEi[EL?—mLt] + ERei[ER?—mRt]) (Eie_i[ELF_mLt] 1 E;{e—i[ERF_mRt]) = |EL|* +
|Egl? + E EgelfuFo)t-(wr-ori 4 Erpp o il(LRa)i-(or-wn];

(203)

[TonoxuUM B BBIpaXKEHUU TSI 8e"L 1= 0rorma
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Sell =
4nesn (|, |2 4 |Eg|? + Ey Epel GrFa)i-on-on] 4
EEERE_i[{EL_ER}F_{mL_mR]t])’
(204)
T.e
N':“n_“i:]z
SENL = 4T[W IEle; (205)
Onarp
2
§eNL = nyn, |[E| (206)

T.e mocnemHee BBIpaXEHHE HMMEET MECTO, KOTJla pejakcanuel npeHeOperaeM
—
(t=0);mpu strom E B HEM KOMILJICKCHOE IOJHOE Tojie (TOYHEEe, KBajapaT €ro

MOJYJIA ).
BriBOoAHL:
8€ = 2nyn,E? (mocroaunoe none ,E) (207)
Se = non, |E|’ (208)

{:HEPEMEHHGE noneE=0 ; —Eero KOMILMeKCHOe IIPpeaCTAEMeHHE |

T.Ecau T cHuTaTh OTAHMYHBIM OT HY/A (MpeHebperars), TO JaHHOE BbIPaKeHHE
OyaeT HecnpaBe IHEO)

2
B craTthe 3ackaiabKo H JIp. 3alMHCaHOOE = Ngh, |E| (209)

MO>XHO ayMaTh, 4TO OHU 3aIMUCHIBAIOT S€ JIJIS IEPEMEHHOTO OIS TIPH
2 7l

= 0|E|*>T0 1 ecTb |E|

O6paTuM BHUMAHHME elle Ha N B popMyle u3 craThi. SIcHo, 4To

ngyn, ®** = n,n, — ober4HOe, Mo YHao

(Hzn0)
n z

B HammX yKOPOYEHHBIX YpaBHEHHSAX CTOMT — T.en,®*®pumm n, ) =
Ng Mg

T.0 N, 3acKajbKO U Jp. U N, o YHaoHe cOBNAaroT (OTINYAIOTCS MHOXHUTEIEM

ng)

n

OO6cyaum Takoi BOIpPOC:

Eciu nosie nocTosHHo, T0 8¢ = 2nyn, E?; *) (210)
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Eciu ke mepemMenHoe, To 6€ = Ny, ﬁfl2 (**) (211)

Kak npubnusute 3TH  GopMysbl ApPYyr K JpYyry, Helb3s JIM OJHY W3 JApPYrou
HOJIYYHTh, XOTSI ObI HECTPOI'O, NI HEKOPPEKTHO?

MoxHO Tak paccyxaaTh : mycTb E mMemieHHO MeHsieTcs; Torja, moBuaAuMomy, (*)
Oyner emié crpaBelJIMBO:

8e = 2nyn, |]ﬂ5~|2 cos’wt. (212)

=2
Vepenuum no t: cos? = i U mnonydaercs (*¥*):8e = nﬂnzlEl . (213)

Emeé 3ameuanue.

~2

Jlnst mocrosiemoro mons  8€ = non,|E|”, u cnenosarensro n = ng + n,E2,
T.k.E=n? = nj + 2nyn,E? + n3E*; (214)
OcCyIecTBUM IEPEXO0 K IEPEMEHHOMY IIOJIIO M YCPEIHUM:

J— 2 _ — 1
Se=nﬂng|E| ,a Ul nh=n =n,+n,E? =Il.;.+5112|E|2, HITH

=

=f=np +(1+ Z2[EF ) = ng(1+ S ng====[E[) (215)

JTa 3anuch 1Ji4 N 1aHa B cTathe Ha cTp 1583.

Pacniumem YPAaBHCHUA HOI[DO6HO.

Besne nanee Oynem
UCII0JIb30BaTh
n;(Kak B cTaTbe 3aCKalbKO H [Ip. ),HO 2Be3/I0YKY OIYCTHM ,T.e. OyaeM n; MHC

(omATEL TaKH, Kak ¥ 3ackanbKoH Ap.); T=1,—1:

8E ki

B 2k

&

* [_ﬁEnilE—i—ilz +inEgy [2 (|Egy |* +1E_4y ) = 2(IE_y * + IE_, 4 |*) — |Epy ] + 2“1:ED—LEli—iE—iiE_i:qx}:
— R84

0B, ki
T o8x 2kg

ES

* I_ﬁEn—ilE—nlz +inEq 4 [2 (IEy P + |E_y 1) + 20E,, P + |E_, 4 I*) — [Eq_ *] + 2in, EDLE:iiE—L—ie+i:qx}
—iA_y
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dE_ k2 G .
= 21{22{{1+iﬂ+1 E_11|Eo s |* +in, E g3 [2(]Eoy [* + [E_ 15 %) + 2(IEo_, [* +
|E_1_1|2) o |E—11|2] + Zianu—1E11—1E—1le_i2qx}}

(216)

FE_,_ K2 G :
N a: "= zkzx{_ 1+id_y E_;_1|Eps >+ inE ;i [2 (|Ep; > + [E_44 D) +

2(|ED_1|2 + IE—l—llzj - |E_1_1|2]+ Zianﬂ—lEalE—lle_iqu}

: (217)
_ K G _ kK G
- ;Dx 1—-idyy  2kgxl—if_y (218)
_ ki . . ih
c= km{11121'1:1‘:—m{nzc=; (219)
Vi=Ep1, ¥2=Eo_1, Vs =E_11, Vo =E_1_4, (220)
n, < GT.elalu|b| > |c; (221)
f %_ 2 2 2 2 2 2 2 2 2 = —i2qx
ax Ay |yal® + vy [lya|®+ 2]y 1=+ 2]ysl® + 2]ya|* | + 2cy,y7 a0
dy . i2qx
_d_}; = by, |ya|* + ¢y, [2|}’1|2 +ya|* + 2|ys|* + 2|}’4|2]+ 2¢y,y",yae" 2a

d}r * # i2gx
d—; = a'y.|y,|* + cya [Zl}rll2 + 2|y, | + lys|* + 2|}’4|2] + 2cy,y°,y.e7 0

d}?' . ® —i2gx
_d_;:b 3’4|Y1|2+C}’4 [2|}’1|2"‘2|:‘:’2|2-|-2|}’3|2‘|‘|}’c1-|2]"'zc3"23:r 1 Y38 =

L

(222)

byaem uckaTh peimieHue B MPENIOKEHUH , 9TO ¥ = V5 (X) Mano . Beuay storo
NOMUEPKHYTHIC YJIEHBI OTOPOCHM KakK Majble : OHHM cojepkar Jubo Cy,; (C-Toxe
Maiio ) 6o |y5|? mubo cyy |y, |?

I'pannynbIe yCmoBus

v, ) = re'¥'y, (1)
{w (1) = re'¥'~Zlay, (1) (223
N

v =ay,(); a=re¥
vo() = Bys() ; B =ret¥ 2l

¥1(0) = ¥10; ¥2(0) = ¥4,



v2(0)=0; y,(0)=y4

Pemenue 1omxHO conepxath &, 3, V10, V20, Vao;

T=0!

= 33’1'3"4-'2 + Cyz[l.‘hlz + 2|3"2|2+2|}"4|2 )
= by, |yal* + oy [2]y]® + |y2 12 + +2]y, /%]

dyg * * i2gx

2= —a'ys |y, + 20,y yae 2

dy ., *
— e by,lya P+ oya 2y P+ 21yl + [yl

&
dx

dyz _
dx

> (224)

bepem 1-oe u 4-oe ypaBHEeHHs OTOpachiBaéM B HUX UJIEHBI COAEpIKallue C, T.€,
HaxO0JUM HyJIeBasi IPUOIMKEHUE .

dyy; _

e ay; lyal?;
ave (225)
P b v,y l?;
. o —=aly; Plysl*;
, (226)
hd =0 |y |*|y1l?;
dy*® -
e W AR VAL
ay*, , , (227)
Ya— o = blyal*lysl;
dyy
Y 1; + 1 . —(34'3)'}’1' NARE (228)
dys *
y 4,;? +y, L —(b+b Ny al? Iyl
(o)
d . .
E(yl}rlj = 2Realy; |*|y,|?
(229)
d . .
3@4}’4) = 2Rebly, |*[y,|?
d ly 2 dly.l?
SRes " axRen (230)
e (231)
Ilycrts :

Vilx=o = 1€ Valx=o = R_; ;



1 |R—1|2 1 |R_1|2
= + cC= -
Rea Reb Rea Reb
|}?1| _ |}’4| 1 _ |R—1|2 .
Rea_Reh+Rea Reb ' (232)
Oo6partumcst k()
d
L |y, 12 = 2Realy, [2ly, (233)
dly,|® lysl?
2 ey 2] o
dly,|® _ 2ReaRebly, |? [lhlz — 14 lR'llz]' (235)
dx 11 |Rea Reb Reb 1’
dl 1|2 Rea
ly:i> =y; (237)
d Rea
d—iZReby[y— (1 - EIR_llz)]; (238)
dy
Y — JRebdx; 239
yly-(1-g=IR-4 12)] o
[ JRebx+c; (240)
}r[}r—(l—mm_ﬂz)]
1 }r—{l—Em |2:]
2 1 Reb —* - — 2Rebx+ c; (241)
1__H|R_1|2 ¥
y(0)=1; (242)
1 Rea 2 __
1 ;%;lR_ilzl Rab R_,|"=c 9
Rea 7
1 }r—(l—ﬁm—ﬂ ) Rea 2
_ In — 2Rebx + ——— In—|R_; 1%
1— =R, |? y 1-——IR,[|> Rab
Reb Reb
n?Cme R opp (1 )iy pRer IR_, 1% 244
v B 1 o|R 4|2 Rab 249
y-(1-g R ) _ ¢2Reb (1R IR; PxsInf IR 12 (245)

¥
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i

Rea
1-Bf3g_ |z

|}r |2 — :}I _ Reb .
1 — - . _REE ) Rea ] ¥
l_EZREhI__i _REth_ll K+|]'.Im|R—1|

1

Rea z 2Reb (1—222|R_, I2x+In222|R_, 12}
|}r1|=v€’=(l— |R_1|2)2*{1—e eb ( Rebl 1|x+nRah| 4l

Rehb

Rea

Wmaly,| = (1 -—

Bunno, ytonpu x=0 |y,/=1; Rea=a, ; Reb=h, ;

1

= _321 z2v. ) 2z
|}r1| = (1 —i—llR_llsz{]_ _i_llR_llzezREh 1 I]1|R_:|_| ]x} z ;
1 1

lyal® _ lyal® i_M] .
by o aq a? by ’

b a
lysl? =1y, — G — R4 %),

2y b,

Rea
1——|R_, |®

|y |* = — (%);

& i
a zReb (1—+=|R—q1|%ix
l_b_ilR_ilze hi
1

by
__|R_1|2 b
|}r=1-|2= = _1_|R—1|2
a
1

.. a1 -
a zby (1R x
1-24R-, 121 b1
1

B, (B, ) R-al%)x

2_ba
|}r‘1‘| o zblli_i—%i-IR_llz}x

_231 z
1 I}1|R_1| e

lysl =

1

1 Rea
Ry [2)2 {1 — 222 [R_, 26770 (meple )
2

(246)

(247)

(248)

(249)

(250)

(251)

(252)

(253)

(254)

(255)

z 2by(1-22R_, 2 by(1-22IR_, |2
Rl (1 - 2R )P el sifali g 2 g e bRl ey,
1 1

(256)

2 — ey, [2ly, 2 + Iy, |2 + 2ly. |2

z
dx

d
Elﬂ}’:z = _C[Zl}ng + |y > + 2|}F4|2];

Iny, =—cf  [2ly; > + lyal? + 2ly,2ldx + c;

(257)
(258)

(259)
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v2(0) =Ry ; (260)

v, =R, e=cly [2ly; Pely,PPazly Plax (261)
= zk:inz ; T.€C ~4HUCTO MHUMOE

CnenmoBartesbHO,

lv2l = IR ; (262)

g, =R,e~ X L2ly, [2+IR, 2 +21y,[2]dx (263)

}rz — Rnl—c|RD|2xe—c-2f§ [|}fi|z+|y4|2]dx .

]

i : 1 - R, 17
J‘[]dX=J’ - 12I:| (1_3_1|R |z)x
0 i] l—b—1|R_1|2e P obyg

1

a; 2(bs 2)
=R (2~ IR

a4 a dX
e hi{l_h_ilR‘il ]x _ % IR_, |2
d 1 a _21 2y
- (1_b_l|R—1|2) X 2 lIl(l_b_lm_llznt—}2 by (1521R -4 7)
: 2b, (1—b—1|R_1|2) )
a, 1
+—|R_,|? " 2 In (1
b, 2b; (1-2 R, 1) (- 2R, 2)
= | _21 2y
_b_1|R—1|2e2 b1 b, %1/ | )] ol =
1
( a, 1 1
—1-2 R E) ——In(..) ——In(... }xz
( bll :17)x 2b, n(...) 2a, n(...) {3l
i dq 1 1 dq 2h (1—3—1|R_ |Z)x
e I
( bll 1) 2a; 2b, ! bll e ol

' a .
bil1—=R—
1—;—1|R_1|zez 1(_1 hil 1l }x
1

- (1 —E|R_l|2)x—$(i+i) In TR ; (264)




a
zby|1—2R—4]%
1——L|R—4[% 1( hll 2 }x
2b; (1-32R- 1P Jx—2 -+ in .
. 1 -1 zzay Zzhy 1_E:L|R_1|z
_ —c|Ro|%x 1
v, = R,e e

a
v2 = Rpeq —c|Ry[*x— 2c (1 — b—l |R_1|2)K
1

L1y 1-2R e Rl
+ c( + )ln P 5
2a; 2by 1 _b_i IR_,|?

(266)
Nmem Tenepsb y; B IepBOM NPUOINKEHUU

Vs — ay, lys | + ey ly: 12 + 21y, 1 + 21y, ] (267)
Iny, = [, {alys|®+clys|? + 2cly, | + 2cly,|*}dx + c; (268)
yi =exp{[}  [cly:l? + 2cIRo|? + (2c+ a) ly,|?1dx] ; (269)
yy = e*Reexp{ ™ [cly,|? + (2c+ a)ly,|?]dx} (270)

. (7 b b
Yi= e2c/Rel KEKP“‘ cly:l* + (2c+a) (_1 ly1l? — (_1 - |R—1|2))] dx] =
a; a;
0

_ 2lRoPx-Gera) G- IRy F)s “exp [ [C+ (2c+ aJ?] lys|?dx=

2 Z
o2¢/Ro [7x- Ce+al(F-IRy P)x

1-2R[7
b
f [c+(2c—|—a]— - o dx ; ;
b,

(271)
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z z
| = 2 Rolx- (e+a)(FE-IR-y )

* eXp [c+[2c+aj—](1——|R 1Iz) X

1

2R ?)
- - 1n(1——|1:{_1|2 20, (15, 1R ) -
2b, (1—b—1|R_1| ) b,

RLLNES {2c+a:|( ~IR_, I?)x:  exp [c+(2c—|—a}2—i] (l_i_illR_llz) % —

oy
z2by1—ER—4]2
In (1—%|R—1|ze 1(- Byt }x
1

zhl(l—z—iIR_ilz)

In (1—;—iIR_1IZ)
* 2b, (1—;—11IR_1I3)

(272)

Ecanlzx—(2c+a]( =2_|R_ 1|sz
1 =€

- ].Il ]
2b, l_h_ilR_ilz

' a
1-24g |z|f:Z hl(-l_h_ilR_llz}x]
1 by 1

PR g (1 sr )k e (B

2y

c+{2c+a:]

|R—1|2)X 2—|:'11 * )
In 1—;—1|R_1|z
; (273)

C +(2Cc + a)% 1_&|R71|262b1[17%1“{1\2jx
e G i

2b, 1_ﬁ|R4|2
bl

(274)

* X [c—l—[Zc—i—a)?] (l—i—ilR_llz)x—

55



Jlrst npoBepku mosnoxuM C=0 u Haiiném |y :

o 3

b, 2
1_a1|R_1|2€2'°1[1_a1R1 ]X
Y, | = exps 2 In b, -
1 lc=0" T
2a1 1_ 3|R71|2
b
1
L J(275)
a=a, +ia,;
( b 1P R, |x
1 1— a'1|R_1|2 [ = j
|y1 |C:o|:exp<__|n r =
> 1 IR
b,
1
2
(i)
- 1 (276)
“Ag |262b1[1_211R12JX i
b
DTO COBMAJIACT, KaK U JOHKHO OBITh, C(*).
e eyl —eva2vl” - 2vel - val ]
y, =C exp{fox [b*|y1|2 —2Cly,|* —2C|y,|* — C|y4|2]dx}(278)
C=VY,,.0=R, (279)

Ya=R, exp{j [(b* - 2C)y1|2 N 2(:|y1|2 - 2C|y2|2 _C|y4|2hx}; (280)
0
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2
V4= R—le_ZCRO o E{(b* —ZCJ‘yl‘Z -C(z—i\yﬂz {%“R—l‘zmdx} -

R_le_zc "0 X exp{g_{b* —2Cc-C %}‘ yl‘z + c[% - ‘R—l‘zﬂdx} _

AR x

—ZC‘RO‘ x+C

1°

by -4 712 X
eoxp (b*—ZC—Cle[l—ZlRlzj x—lln[l—lelzez (2] J+lln[l—ZlRlzJ
AN (1—:1R_12J2b1 : (1—a1R_12J2b1 :
1

d * +i20x
%:‘a Valy | +2Cy,y, *y I,
X (282)

Ecnu otOpocuTts wiieH C.C. , TO:

X
—a*{|y,[?dx
0
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—a*\RO\zx_

y; =Ce : (284)

BYIIGM HCKAaThb y3 B TaKOM K€ BUAC W IJIs IMOJHOI'O YpaBHCHHUSA, HO CUHHTAA, YTO

dc —a*“yz‘zdx —a*ﬂyz\zdx(—a*]yz‘z ) ) ) )
C=C)i g ® © FCR T =—a"y,|y,|” +2Cy,y,y.e "%
(285)
dc . +i2qx+a*j‘\y2\2dx
&=2Cy1y2y4e ’ i
(286)

X
+i2qx’+a*J‘\yz\2dx

C(=2C[yyye  °  dX+C; (287)
0
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Bip 2],
Zh[l—;l\Rq‘ ]X

) * Cr(2c+a)® 1-R e
Y, = 2CJ‘e+i2qX'+a Rl X gy  exp 2C|R0|2x’+C£1—i|Rl|2jx’— A2
5 b, 2b, A, 2
1 b |R—1|
1
Bip 2y
1—21|R_1|2e2b1[131R'1 J
xR, exp{~C" R0|2x'+2c*(1—ﬁ|R_1|2Jx'+c*(i+i]|n : x
b a b l—i|R |2
b,"
xR, exp{— 2CIR,[*x' +(b" - 2C{1—%|R_1|2 x’j}x
1
2b,| 1-34R |7 |
T L
X exp ———{F*—ZC——lCJm 4 =
2b, ai 1_ﬁ|R |2
b -1
1
- ZcRgR_l_[eZin'*a*‘RO‘Z(X"X) x exp{—C*|R0|2 X'+ + C{l—%|R_l|2Jx’} =
1
C=C(0)=y;(0)=0
(288)
X
C(X) _ ZCJ‘ yly;fy46+|2qx’+a IR | x’dx,;
0
(289)
X e
Yo = 2C[ v,y y,e" 2 IF s
0
(290)

* * *

c C

=exp

|

2b, & 24 2

(291)




C comepxut Ny; a1, by conepxkar G;
n,
Ho E <«<1; oT6pocuM B KBaIPaTHOM! CKOOKE

a b a+ia, b-ib, 1 ia, 1 ib, i i

Mo = - == —2_= 2=l A=A =—

2a, 2b 2a, 2b, 2 2a, 2 2b 27t 2t

C*:—m «_ gl-iA, . __gl—iA1 ih,
2 2 1+A,) 214N, 2
*__gl_iAl
2 1+A

AL L Y

2 1+ A 2 1+A,

0

X eXp; [—1—%(A1—A_1)}In b, Ldx' =

- wfim e
=ihR;R_ ( 1|R 4 dex 1——1|R e x

ih

g

2

a

b,

_i|R71|2

21A

1_3|R_1| 2b1(1 —\R,l\ J ]

X exXp- %(A_l —A))In b, -

_&|R—1|2

1

[|R| 11- ""1|R |] T |,
1+i1A

60

(292)

(293)

(294)

‘R_l‘z X'J}x

(295)
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-1
a
1_FI‘R‘1‘2

X —gx'iz
Y, = ihROR{l_%|R1|2j£ dx’ 1—%|R_1|2e 1107 "

i g i a, 1 1_%|R’1|2
* _ 2 _ ! H ! _ 4 2 _ 1 2 _ - Vl— *
exp 21+iAl|R0| (x—x")+ 2igx +2bx(R0| +1 I01|R1|J 5 0 Tvin.
1-2R 2
e bt
: 1—i\R_l\2e A
|
*expi—(A_, —A,)In ; 296
2 1_ﬁ‘R_ ‘2 (296)
Q 1

Ecnu monoxuth, 4ro a;=D;, A, =A,=A, TO TOIYYUTCS Y3 B BHUIE, KOTOPHIHA

MMOJYy4acTCsA U3 CTATbU 3acKanbKo.

EcrtectBeHHO, nMeeTca oTinuue Ys (IpU paccMaTpPUBAEMBIX YCIOBHUSAX) OT €.11:

3HaKH B [TOKa3aTemne exp%hx'(_,,)B ATUX PYHKIUAX pa3HbIE.

ke G .
BT 1A o)
0x + 1
__k G .
1= 52 2
2kOX 1+ A*l (298)
a, 1+A°,
L=
9 o d(sx
\'
Ayg=—"v i
A (300)
(korma BBOAWIACH BeIMYMHA A (CM.HaMHOTO BBIIIE€), TO OBLJIO MPHUHSATO
Q-
o0o3HaueHue: A ;5= Vp—; TUM ornpeaeIeHueM HE Oynem

A



7+ksx
14| Ve §
A A2 +(Q+ksxj
HOJIb30BaThCs) &1 _ = Yo ;
b ° .
: o _ Y +[Q—ksxj
v, v
1+ P
A
(301)
—+k, —-—Kkg
v, v, 2Kk,
A—l Al: — = )
A A A (302)
[ -KOHEUHOE
1
A= - ;
l-lwr (303)
d
%:aylwéllz+Cy1ﬂy1|2+2|yz|2+(1+A)1y4|2}
dy
_K_Cy2[2|yl |y2| + 1+A)1y4| }
d * * * i
%:_a y3|y2|2 +C(1+A )y1y2y4e|2qx;
dy4 * 2 [ . ‘ ) 2 2}
——4 =—b"y,|y,|" +Cy, (1+A }y1| +(1+A )y2| +[Yal
dx (304)

62

bepém loe u 4oe ypaBHeHus, oTOpackiBaeM B HHMX 4Je€HBI, coaepxkamme C, T.e.

HaxoAWM HYJICBBIC HpI/I6JII/DKCHI/I$I.



a
1-21R
|y |2 _ bl ‘ —1‘
| 1R, [ 21 )
1
b, (305)
b
*_|R—1|
a b
il - 1 2] —(a—1—|R1| j
AT )
1 b1|R—1|
cjx‘[2|y1| Hya P+ @ea)]yal? Jax
Yo = Roe °
(306)
(307)
h wr
Y,| = |RoleHe"; (308)
hA
yz\—\Ro\e K (309)
A 1 l+ier
Cl-iwr 1+ 0’c?’ (310)
A=A, +iA,
T
e T, 77
(312)
1——|R1| BRI %Ry
X X b ai
I[...]dx='[2 +[Role™ +(1+A)—2 — dx =
S 1—4|R,1|2 i) e ]X—leRllz




_ ‘RO‘ZehAZX + {2(1_a1R12JX_1|n(1—a1Rlzezbl(l_blR1 ]XJ_ 1+ A In{l_aiRlzeZbl[l_blRl ]X}}
bl bl bl 2a1 bl

|R | hA2X+2[]_ 21|R1|2JX_ (].-I—_A_l_ijln[l_ﬁmlre%l(lbﬁl ]x} _
h
0

2, Db

a, 1+A 1 b
0 -1 - nh : a, ’
|R| hA2x+2(1 |R | )x ( + jln :
b1 281 bl |R_1|2

1+A 1 b,
—R,expl—C||R,Fe™ix+2 1= 2[R [ [x=| =2 4+ 2 |in =
Y2 = R €Xp Ry ( b1| B 2a, b

R, exp{—C|R,[’e “Azx+2c( |R1|] (1+A+iJln !

28, b 1_211|R1|2
(313)
d 2 2 2 2
%:ayl|y4| +Cylﬂy1| +2|Y2| +(1+A]y4|} (314)
C+((1+A)C—|—a)& 1—i|R 1|2 2b1[1 bl‘ il ]x
y, = exp 20e“A2|R0|2x+c( —ﬁ|R_l|2jx— L2
b1 2b1 —i|R l|2
o IR
' (315)
dy“ x 2 [ «\. 12 * 2 21
o=ty - Ay AT
dx (316)

a
Ve =R_;exp %ﬂﬂmmwww+w—ﬂ+@m*fm4%%

1



aa g
2by|1—=|R-
1-Mp_ 2. 1(_ 5y Rl }r

1 " bi by .
exp ~ o (E:: —(1+a)c— a—ic) In l—i—ilﬁ-ilz ; (317)
d1g - * * i2gx
R b ly2 1> + (1 + @)y, yiy,e??; (318)
ys = (L+ a)e [* yyysysetes < wIRale = gy, (319)

0

b 1 b -12 X'
a ((1+A)C+a)gl 1—21|R1|2e2b1[l 2 ]
Ro| X' +¢| 1 |R ” |x In

x exp 2ce™:
20,

1‘g|R—1|

1
at , 2b1[1—%\ R,l\zjx'
bl |R—1|

1 x 1-— e
R0|2x’—ZC*(l—%|R_1|2Jx’+c*[1;; +biJln P X
1 1 1_E|R—1|

Ry|” X'+ (b" —(1+A)c{1——|R1| Jx}x

x Ry exp{—ce™:

xR exp{ 1+ A)ce:

al ) 2b{1—21R_12]x'\

_b1|R1| €
X eXpq — 2b b —(1+A)c ai In ;
1——|R_1|

(320)

Ys = (1+ A*)CRS R_lie“qx'”*ewROZ(X"X) *

0

*exp{(Zc—c*—c(1+A){Ro|2e“A2x’)+(c—2c*+b ~(1+A)k {1——|R1|J }



by _a%‘ 71‘2 X
b —(1+ A)c—gc 1—ﬁ|R71|e2 [1 o ]
& by

2b, a'

1-—R

2
A

(321)
. c
[.] OyZeT Tako# ke, Kak u npu .= 0 (sicHO, 4TO mpu %« 1), T.€. WICHBI THUIA —,

—, ... OTOpPOIIEHHI.
1

Ro| (X —x)*

y3:1+A ihRgR_lj‘eﬁqX gl IAl gt

1+A2

, 1-iA_ ih
RO|2X+(%1+A21+(2 A)Z)[l_ﬁ|Rl|J }
-1

_i‘R_l‘Z o[i-Birr

[
X exp [—1——(A1—A1)}In L dx’ =
: - Ry

0

X exp{(z = A)% g

1+ A

-1
ihR;R_lJ‘dX, 1_%|R1|2e2b1[1b1R1 Jx y
0 1

IR

1 b
X eXp Eﬁ "2 Ry|*(x = X') + 2igx + (2 A) 2[ "Ry | +1- ai|R71| Jx—Eg W x

X EXp iE(Al—Al)In 1

(322)



. _
1‘51“?—1\2

Y, = 1+2A IhRgRl(l_%|Rl|2]J‘ dx’ 1_%|R_l|2e_gx' 1142 %
1 0 1

1 ih a 1 1_ZI|R1|2
- g hA, 20, F _ I_ hA, 2 % 2 L W
X eXp 2—1+iAle IRy| " (x = x")+ 2igx"+ (2 A)Z[e R,| +1 bl|R_l| jx 5 X i,
2b,| 1-2R 7 |x
_ 1- 2R [e 2]
YA - )
X eXp Z(A_1 A,)In P
1= HRy]
1
J (323)
1
A = .
P (324)

IIpy r =0,A=1,A, =0Y3 COBIAAET C Y3 Ipu 7 =0.

O06006u1ieHne ypaBHeHus (9) Ha caydal a, b, A, # A,z #0

ya(1)=re™ = yy(1)

R, exp{— (L+ A)|Ry| "™ +(b" - (L+ A)c{l—%mlﬂl} =
1

1 b 1_21|R1|282b1[1 n lzjl
X eXPA ——(b*—(1+A)c——1cjln L =
2b1 a1 1_a1|R 1|2
p, I

=re'* 2 x—(1+2A )ihRSR{ —3|R1|2]jdx’ 1—%|R1|2e_gX,l+Aﬂ

67



><expl g eh
2 iA

14,

Ry[*(I = x)+2igx’ + (2 —A)i ( g

Ro|* +1- a1|R,1| Jx 5o —b

1—ﬁ|R_l|2 [l_*‘Rl\ J

x expi(A_ —A,)In

_A R P
b1| *1|

(325)

iy 3a4epPKUBACTCS B 9TOM yPaBHEHHU BMeECTE C - iy B R;:

>2

1—

iy

SR
exp —§|hl(l+R 2 ghe: ai\R J—i{Al—4%(1+A21)—4%(1+Azl)+g(l+A21)+(a*—1)%(1+A21)}<In tl’\l/l :

[TpeoOpa3zoBbIBaTh ypaBHEHHbBIE HE Oy1eM, a a3y MOJTOKUM B HEM R, =0

eXp{_(1+a)C|Ro|zeh“2|+(b*—(1+a)c)}: o2 1F ) Loy, rexp{——lhl(l+|R e )} jdx\

0

R0|2 +1)><’—%gx’ 1 }

1+1A

R0|2(| — x")+ 2igx’ +(2 - a)%(ehaz

exp EL_e““Z
21+1A,

(326)

PaccmotpuM cityyail, COOTBETCTBYIOIIUM CTAThE, o =1, o, =0, A, =A_, = A ;

exp% 2c|R0|2I + (b* — Zc)l }= r 1729k exp{—gihl(1+ |RO|2e““2 )}xj dx’ exp

0
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1 1
{21+|A IR,|” (1 = x')+ 2igx’ +—Q R|* + 1)>< — 5 O 1+iAJ; (a).  (327)

in . g
“T 2 T oiay)

exp{— ih|R,["! +[—ﬁ— thl} =ihr? exp{—% th(l+|Ro|2)}xjdx’
1

0

’ : ’ . h 2 ' 1 , 1
exp[21+IA |RO| (I —x')+2ig(x —I)+|EQRO| +1)>< -5 o 1+iAj (328)

i 1.
:lhrzexp{—alhl(1+|Ro|2)}
[fiviaen X G
x'([dx exp{2 Lrin

L (1=x)+ 2ig(x’ I)+|—(1+\RO\ )x——g

27 1+1A

(x ’—l)} (329)

1=ihr2£dx’exp[;1+gAl Oz(l—x')+2iq(x’—l)+i2(1+ROZXX’—I)—;g ! (x—l)} (330)

1+i1A

9(x')= gl-[R, " (331)

HO KaK IIOJIOXeHo |R,| =0, U(X')= ox'; G, = U(|)= al;,

1

u I ' ' . '
1 =ir?h [ dx exp [—ig (1+m_ - ﬁilR |2 )(ﬂc —D+2iglx =D+
ah r
i+ IR - D] Ay =4,=4;
(332)

_ Ei Vg [_E 1 2 . 2iglyv—wy) i
1=ir ngo dvexp 2—1+M(1+|R0| V(v 1:*,:.]+—g —|—12H(1—|—

+IRo [P (@ —vp)]
; (333)

1= fdﬁexp[(l—i—lﬁ )=o) (- + +i§)]; (334)

1+id  (1+IRr,l%)g

DTO MODKHO COOTBETCTBOBATH ypaBHeHuto (9) mpu |R_;| = 0; wimn
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_2h e _1 2V (17 — 1 R 4g )],

l=ir E-'ru dﬁexp[ 2(1+|R°| )(v—1p) (1+1‘£|. Lg {1+IRDIZJE)]* (335)
exp [~ 2(1+ RP) v —vo) (5 — 12 — )]
. zh 2 0 05\ 14ia g (1+I|R,I2)g
1=1r§ —E(1+|R |2]( - _'E_L) _
2 0 1+iA lg (1+|R,12)g

_1 2y(_ L _;h_ 4iq ) _ .obhf, 1 2 1

> (1+ IR, ](1+i..ﬂ . {1+|RD|2]g) = g{l Exp[z (1+IR,| ]v0(1+i..ﬂ

iEo s )
g (1+|R,12)g

(336)

Vurem, uto |[Ry|* =12 mpuR_; =0

EIE1+r2( 1 —iE— 4iq ); (337)

2 \1+iA g (1+r2)g

—a=ir? 2{1 — e}, (338)
_1+r® 14 .h 4ig Y|
4= 2 (1+.ﬂ.2 lg (1+r2]g) ! (339)
a=a, +ia,; (340)
1+ _1—|—r2( A h 4q ) o
UTa+ )T 2 1+4A2 g(l+rz)g) 1 127
.2 h 1(a, +ia;) : .2 1 sl
=ir g{l — gBltaiHias }— a, —ia, =ir é{l — e821 (cosa, gl + isina, gl]} —
—a, —ia, =ir?2 (1 — cosa,gle®'®z) + r? % sina, gle®®: (341)
g g
2h . la
a, = —r°-sina,gle®®:;
h : (342)
a, = —r2=(1— cosa,gleg®:);
g

—_ahr—lz = sina,gle8'®:;
.y 1 (343)
+5r, + 1= +cosa,gle¥*:;
-r
E

h.o
tga, gl = — - (344)

h
=r2+41
g
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I
tga, gl = g (345)
1+r2
1+r2 A h 4q z(14a2
e (- - — (346)
{ ? ( 1+4% 8 {1+r2]g)} 1-;]‘2{:_13;,2‘.__1:52:@)"'5#
1+r2
14+r /A h 4q z(1+a2
+-4 It = : ; 347
tg{ 2 (1"'52 E ':1"'1"2:]%) g} _i-;ﬁ{ifﬂ"'lé_'-|._1:52:|E)+|E1r2 ( )
2 2
=)+ 1+52 | =e?8 (348)
& &
Wnu onsate oOpaTuMcsi K HCXOAHOMY YPaBHEHHIO:
—a=ir? 2{1 — e}, (349)
a+isr?=ilrles (350)
g g
ga . _ sogla,
o Hi=1e#s (351)
ga

e
2 4= egla+12_
hr2 '

Z

w = e*, z=Lnw = In|w| + fargw + 2k,

(352)
k=0,+1,+2,...., (353)
Orcroma i rpaHulbl  aOCOMIOTHOM HeycToMumBOCcTU-TeHepanuu JBPMI
noJay4yaeM

« L _ E . .
gla + i = Ln (hrz + 1) : (354)
gla+iZ=In|E +i| + iarg (£ +1i) + 2kni (355)

. 1 a . . a .
gla = in (Zk — 5) +1In |% + 1| + iarg (% + 1) ; (356)
ga

—+i=§(al+iaz]+i= gal+i(hiaz+l); (357)

hr? hr2 r
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& - (&) (&) o

1
8 4l = '(i L+r? )2 " (iﬂ(_i_E_ 49 )+ 1)2} : -
hr2 L \hrZ 201 +42) hrz 2 1+42 g (1+r?)

1
( g 1+r? )E 1 ( g 1+rf 1+r2 2g i 1) /2 )
hr2? 2(1+A2) hr2 2(1+r2) 2r? hr? !

(359)

g
Cuuraem E 6OJ'ILI_III/IM, Torga OTHMHM YJICHAMH MOXXHO Hp€H€6pC‘IBZ

(1447 B L (360)

hl‘z 2{1+.“_'|.2] hr? 2(1+42) 72’

L+ =
hr2

DTOT K€ pe3ysbTaT MOJAYYUTHCS Cpa3y, €ClId OTOPOCHTH I

B 14]-
o+ = K lal (361)
1452 \2 (14r2)a32 /2 1/ 2
_ r r 7 +r
lal = {(2(1+.ﬂ2]) + (2(1+.ﬂ2]) } 2{1 ,ﬂ2]( +A%) 2 = 2{1+.ﬁ.2] iz ! (362)
g .| sl+r®)
hr® + 1| o zhr2{1+r2]1x'rz ! (363)
ga | .
gla, =In =t 1| ; (364)
1+r® . g{1+r2:] .
g12{1+ﬂ.23 N lnzhr2{1+a2]1r’z ’ (365)
_2(14r?) gl1+4r?)
= M (366)

In, BeposTHO, c1ab0 MeHseTcs ¢ A; Tak YTO 3aBUCMMOCTH ZloTA ompejensercs
koddduuuentom (1 + A?) mepen In. IIpu A= 0 Oymer MUHHUMANLHOE g, T.€.,

opor abCOJIIOTHOW HEYCTOWYUBOCTH.

Paccmorpum arg( + 1)

Onste  oTOpOCHM |

— aro B = — 174 h 4ig
arg( + 1) =arg_ - =arg a=arg (1+32 i {1+r2]g) (367)
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A _I_1_ 4q
tgarg = ——= & (e, (368)
1402

g
L 00JIBIIOC; B PE30HAHCHBIX YCIOBHSX A ONM3KO K HYJIO ; TaK YTO
B 4 -
arg (hrz + 1) =0; (369)

IIpHpaBHHBaGM TCIICPb MHHUMBIC YaCTHU YPABHCHUA:

gla, = n(2k—2) +arg (£ + i); (370)
gla, =7 (2k—2); (371)
85 (o s ) (R 3) @72
TR e B (S} (373)
PO S R 7
-2 ), o=

JIerko MMpoOCIICANTb, YTO C€CJIM a B3iATbH KaK B CTATbC, T.C.

_1+rt 1 b 4ig
4= 2 (1+i.'i'. *1 g g{1+r2:])’ (376)

.h
I'ne nepem; CTOUT «t», a HE MUHYC KaK y Hac, TO

2(1+A%) g(1+r?)
gl = —; (ocramoce 0e€3 M3MEHEHHH)
1+r1° 2hre(1+A2) 72
i 1 1+r? 1+r®
1= ——(21{——)—!—11‘1 — + (BO BTOPOM YJIEHE TEHEPHL «1)»).
1 2 2 4 4 1+4A%’ ( p p )

Teneppr gl Touno coBmagaer ¢ (13) crateu. B 3TuX BbIKIAgKaX  Mbl

UCII0JIb30BAIH (AA), rjae B OTJINYHE oT 9) B exp
1

nepen; (1+ |Ry|?)(v— vy)cTout MHHYC. [Tony4eHHbIE pEe3yJIbTaThI

HOATBEPKAAIOT, YTO MMHYC HOJDKEH OWTh. Jljis BBIpOXKEHHMsS OO a y HAac

.h .h h
CTOUT —l;, a B CTarbe —l—l;. Tak kak g Malo, pasMIkA B pE3yJIbTATax

OyZneT He3HauuTeNnbHBIM; TakKk Kak BTopoe cmaraemoe B (CC) wmamo 1o
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cpaBHeHHuio ¢ TpeThuM; mnodTomy (CC) mano oriauyaercs oT Hamiero (BB).

.h
.Hy‘IIHG, IIOCJICA0OBATCIIHLHCC, ObUI0 OBI COBCEM BBI6pOCI/ITB qJeH 1-B a.
g

HMGIOI]_[I/IGCSI CYHICCTBCHHLIC OTJIMYMA HAIHUX PE3YJIbTATOB OT CTATbH.

o4 2(1+4%) gl1+r?)

V mac: gl==—"— TR (377)
oo 2(1+4%) gl1+r®)

B cramve: gl = ———In_=——-o; (378)

[IpuunHa moka HescHa, M.0., ITO OTMeYaTKa B CTaTbe, MPUYEM HATa OTIEYaTKa
NEepEeKOUYEBBIBAET U B BbIpaxkeHue (15).

Bepuemcs k ypaBuenuto (A*): mycts a=1, o, =0, Ho A, #=A_,;

exp{—ihm 121+ (—2{ fﬂ_i] - ih)l} -

e~2ialjh exp {——1h1(1 +|R, Izj}f dx’ exp

x )+ 2igx +

;URUF + 1)x —ng 1+m_1];
(379)

1= ihrzexp{—iihl(l + |Rﬂ|2]}f1dxrexp Eﬁ IR, 2(1—x) + 2iq(x — 1) +
_ U]

- 2
2 (Rol? + 1)x' =32~

(379)

1 = ihr? [ dx'exp [Z—E— [R, |21 — x) + 2iq(x — ) + 2 (1 + [RoPIx — 1) —

rraCial

(380)
v(x) =g(1—IR;1*)x; (381)
Ho, tak xak R_, = 0, Tov(x) = gx; (382)
vy, = v(l) = gl; (383)

1
1+HA_, 1+.*_'|.1

1= irzhf; dx exp [—ég (

+ (1 RoDG —D;

IR [?) (' =D + 2iq(x — D) +

(384)



1= f dvexp[——(lm_ +1+m1)( —vﬂ]+%+i%(1+
+Ro (v = vo)|;
(385)
1= f dvexp{[——(H;_ 1+1ﬂ1| ol? ) 2lq-l- —(1—|—|R |2]](V—

Vu)};

,h exp{[ 1(1+L1ﬂ_1 1+ mll ol’

(386)

)+ (1+ IR, 1) (v — o)}

1=ir*-
i1 2ig . h 2
& 2(1+Lﬁ._1 1+Lﬂ1|R°| )+ +1 (1+|R )
(387)

fr E 1 —_ E - 2
4= 2 (1+i.':'._ 1+l.':'.1| Dl ) {:1 + IR | ] (388)
—a=ir? 2{1 — e8] (389)
[Tomyumncst Takoil e BUA ypaBHEHUs, 4yTo U npu A, =A_,;

Y e _2%q_ i 2.

=3 (Mz Y IRo? ) zgil + IRo[%); (390)
a=a, +ia,; (391)

1 1
473 (1+Jﬂ2 1+ .ﬂ-.z IRol* ) (392)
_ _1( A _2a_ b 2
2 =2 (G + s Rol?) = 2= - (L + IR ), (393)
gla = in(2k—2)n|Z +i| + iarg (£ +1); (394)
R:N g _
| =i lal, . — OGonbre
1 1 Ay
la l_{ (1+i'.2 1&2|R l) [_5(1+,ﬂ2 1.ﬂzl ':"I) ___(1+
R[]
(395)

gla, =In :2 + i| ; (396)

75



(& = (G ) [
glz(lmz 1 .ﬂle l ) hr2{4 1+A2, 1 ﬂ.le I 2 \1+42 *

1, -
Rol?)-2-2a+R,M[]
(397)

1.{;2

2 z (17 1 5 1/ A,
1= In-E 2( R, ) I-3( R,
g 2 Rol2 ™ hr2 [a \1+a2, 1+Jﬂ2| | 2\ 1442, 1+.i|.2| &

1+_".21 1+:'.2

Yy
Y CRRLND | B
(398)

B paccmarpuBaemMom ciydae MOXHO Takke nucath |R,|=r;

2
2 1 1 1 1/ A_ i 2

gl=1—12111i2{—( — + 21'2) +[——( ; + 12r2)——q—

I:EEE+1+32r hre (4 \V1+AZ, 1+A4A7 2 M+AZ, 1447 £
h 2 1-;2
a+ot
28

(399)

Ilycte A_;=A=4;

1
_20+4%) g1 1407 2 _18(+r®) 29 h 5 2} 2.
8l = 1+r? In hr {4 (1+ﬂ2) * [ 2 1+A2 g 2g (A+r )] ' (400)
Ot6pocum ;—q, ;g[l +r?); (401)
_ 2(1+4%) g (1+r?)
(]]. T 14r In 2hr2 {1+,{.,2:]1;'f2 ' (402)
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T.e. y)xe paHee TOJIydeHHOE BBIpaOKEHHS; Oymem mucath gl (mpHA, #A_,) B

29 h
Buze (mocie OTOpachIBaHUS Eq’ = (1+12)):

1
2 2 2
_ 2 = ( 1 1 2) (3_1 A, 2)} _
el s rzhlzhrz{ 1+ﬂ514_1+ﬂ§r + 1+ﬂ314_1+ﬂ§r ! (403)

2z z
1+a2,  1+af

arg( +1)—arga—arg{ (1 s +1_m1r2)—2gﬂ—i2—hg(1+r2]}; (404)

2z 2
1+4AZ, 1+47

A A h
- ( ; +—= 12r2]—2—q——{1+r2]
1+AZ, 1+4

tgargo =22 = Tar— Erzjg ; (405)

= -
2ha4a?, 1442



[ToBumuMoMy, 371€Ch HENB3S IMOJOXKHTH tg arg = (;

1
gla, =7 (21{— 5) + argo;
1( A A 2q h 1
(- 2) -2 S ) a(ae ) e
= 2 \1+A2, 1443 g Qg{:1+r ) T2k 2 +arge;
1/ Ay Ay 2) 1+12 ( 1)
—= +——=r“)gl— - = —= ;
2 (1+.ﬂ51 1+42 gl—2ql—1 2 h =2k 2 +arge;
7 1 1+r® 1/ A A
1= —%(2k—3) - EE g 2 (S + 22 y?) :
q 2 2 4 & 1+02, 1+.ﬂ§r +argo;
2k 2
e BN v eEM
e e
o o
£ 2Kgx,
Ilycts Ay =0, T.e. E = k. IIpu stoM ycnoBuu A_; = o
1
2 1 2 2sx 2
_ g 2 o
gl i 5 +r?  2hr? akiy +r + 1+4k§K '
1+ﬂ52i 22 a2
(9]
IIycte Temepp A_; =0, T.e. — = —Kk_,
v
p
2k
Ay = __:K;
1
, o\ s\ T
g 2 -
g]. - T ].Il + =3 T + *2 »
1+1+ﬁ1r2 hr? 1 % 1+‘m§x
22
0)0—60_1,
(415)
Crokc, ,>®, , Q>00,- PUKCUPOBAHHOMAHTUCTOKC, ), <@,
Q<0 ,- cBobogHas.Ecnu A, =0, T.€. w4 =w, =V, =K,

VK, 2K,

(406)

(407)

(408)

(409)

(410)

(411)

(412)

(413)

(414)
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TO

= =——% T.. A,»0; T.. IEPEX0O] OT HAIIMX pPACUYETOB K CTaTh

-1 ’
Vpa o
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3acKaiabKO COCTOMUT B MPOUEAYPE A, =A , = A , UTO JI€JaTh HA CAMOM JIEJI€ HEJb3;
T.€ HEIb3s I0NaraTb A, =A , =A ,d 3HAYUT U HEIb3sd NEPEUTH K ypaBHEHUAM
3ackaiabKko , M CIEIOBAaTEIbHO , 3TH YPAaBHEHUS HE CYIUECTBYET , HEBEPHBI .
YTOuHUM A, U A, OyAyT , OJHAKO COBMAJATh APYT C APYTrOM JIUIIb IPU OYEHD

O0ONBIIOM QA T.C BAaJIX OT pE30HAHCOB , @ 3TO HC MPCACTABIIICT HHTCPCCA.
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