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NccnepoBanbl ocobeHHOCTN NpoLEcCOB CaMOBO3AENCTBIS BOJIHOBbIX MoJieli B paMKax AUCKPETHOrO HelmHeliHo-
ro ypaeHeHus LLIpegutrepa. AHannTNYeCKN U YNCIEHHO NOKA3aHO, YTO AMHAMMKA BOJIHOBbIX MAKETOB C UCXO4HO
HOpPMaNbHOW Aucnepcueil rpynnoBoii CKOPOCTM B CUCTEMAX, OMUCLIBAEMbIX AaHHbIM MOZLENbHbLIM YPaBHEHMNEM,
MOXET CyLLeCTBEHHbIM 0BPa3’oM OT/IMHATLCS OT 3BOJIOLMMN AaHANOMMYHbIX pacrnpefeneHunii B CJIOWHON cpege.
[JeTanbHo NpoaHasM3MpoBaHO MOBEAEHUE BOJHOBbLIX MOJIEA C M3Ha4YanbHO rnagkumu (Mo CpPaBHEHMIO C nepu-
OflOM PacCMaTPUBAEMbIX PELUETOK) aMMaNTYAHbIM npocuiem u ¢ha3oBbIM (GPOHTOM N M3Y4eH MEXaHWU3M UX
paspyLUeHns B LENoYKax 3KBUAUCTAHTHO PacnoyioXeHHbIX anemeHToB. [peanoxena mogudurkaums besgucnep-
CMOHHOIO MPUBNNXKEHNSI, C NCNONL30BAHNEM KOTOPOIi YAAETCS TEOPETUYECKU ONNCaTb 3PPEKTbI, NPUBOASLLNE
K PasBUTUIO MENKOMAcCLITabHbIX HeycTon4nBoCTel Ha choHe NiaBHOW orubarowell 1 K ee NOCNeAyOWUM Cy-
wecTBeHHbIM aecopmauusm (BnioTe Ao pacnaga). NpefcrasneHbl OLEHKN KPUTUYECKUX NapamMeTpoB, npu
MPEBbILLEHN KOTOPbIX CNeAyeT OXNAATb YKa3aHHbIX (HeXapakTepHbIX A4S KOHTUHYaNbHbBIX CPef) NPOLECCOB.
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1. BBEAEHUE

B macrosinee BpeMs HeJIMHEHHbIE PEIIETOYHDBIE MO-
JIeJIN HAXOJAT MIMPOKOE NMPUMEHEHNE MPH TEOPETUIEC-
CKOM HCCJIeIOBAHNN (PUSNYIECKUX SBICHUN B pa3jimd-
HBIX 0 CBOEH NPHUPOJie JUCKPETHBIX CHCTEMaX U IPU
MHTEPIPETAINA SKCIEPUMEHTAILHO MOy ICHHBIX JIAH-
upix [1-6]. IIpu usydenun pacrupoCTpaHEHUs BOJIHO-
BBIX M0JIell B HA0OPax, COCTOSAIMUX U3 GOJIBIIOrO YHC-
JIa, CBABAHHBIX MEXKy COOOH SKBHIUCTAHTHO PACIIOJIO-
JKEHHBIX 9JIEMEHTOB, aKTUBHO UCIHOJIb3YETCs JUCKPET-
Hoe Hejuneiinoe ypasaenue IIpemuurepa (THYII)
[1-6]. Hecmorpss HA TO, YTO OHO SIBJIAETCS HEIO-
CPEJCTBEHHBIM AHAJOIOM HENPEPBIBHOIO HEJIMHEHHO-
ro ypasaenusi IIIpenunrepa (HYIII) [6-8], mossosstio-
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[IEero YCIEeNIHO OIMCATh IIPOIECChl CaMOBO3ACHCTBUS B
CILIOIITHBIX CPEIax U BMECTE CO CBOMMU PA3HOOOPA3HBI-
M OOOOIMEHNAMEI TPEICTABJIAIONIETO OIWMH U3 HAnOO0-
Jlee BayKHBIX KJIACCOB MOJIEIbHBIX ypaBHEHHUH B 4YacCT-
HBIX NPOU3BOJHBIX, B IIPOCTPAHCTBEHHO-CTPYKTYPUPO-
BAaHHOHN CHTyaIlMU 3BOJIIOIUA IIOJIEH OKa3bIBaeTCdA Ha-
MHOTO CJIOYKHEE U €CTECTBEHHO OXKHUIATH 3P PEKTOB, KO-
TOpBIE OTCYTCTBYIOT B KOHTUHYAJIbHO 3a7at41e. B gact-
HOCTH, Ha JTaHHOE ODCTOSITEJILCTBO YKA3BIBAET Pa3JIiU-
qre B JINCIIEPCUOHHBIX CBOWCTBAX UM OCOOEHHOCTH, CBSi-
3aHHbIE C IIEPUOIMYHOCTBHIO BHIPAZKAIONINX UX 3aKOHOB
B JIMCKPETHOM CJIy4Yae U CHEIMMUKON OTIEIbHO B3sITON
30HBI BpusuTiosna, B KOTOPOI MPUCYTCTBYIOT OJTHOBPE-
MEHHO 00JIaCTH KaK ¢ HOPMAJILHO, TaK U C AaHOMAJTHLHO
JUCIIEPCUEil I'PYHIIOBOIl CKOPOCTH.

JleTaIbHbIIT aHAIN3 TUHAMUAKH BOJHOBBIX IIAKETOB B
pelneTkax B OCHOBHOM OIUPAETCs Ha PE3YJIbTAThl UHC-
JICHHOTO MOJEUPOBanus. Kak IIOKa3bIBAIOT TAKOTO PO-
Jla pacdeTsl (Hanpumep, cM. paborsr [9-14]), mis nias-
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HBIX (TI0 CPABHEHWIO € TIEPUOJIOM PACCMATPUBAEMOIT pe-
MIETKHN ) HAYATbHBIX PACTIPEIEICHNUIT OJIs UX JATbHeH-
nIee MOBEJCHUE MOYKET PACCMATPUBATHCA B KOHTHUHY-
AJILHOM IIpe/Iesie JINIIb Ha OTPAHMYEHHBIX TPACCAX WU
B TEYEHHE KOHEYHBIX BPEMEHHBIX MHTEpBaJIoB. IIpuMe-
HUMOCTDH HENPEPBIBHOM AIIPOKCUMAIAN IS JACKPET-
HBIX ypaBHEHUI ONpaBJaHa TOJBKO JO TeX IOp, IIOKa
XapaKTepHbIe MPOCTPAHCTBEHHBIE MACIITAObI JIOKAJIN-
3aIMU HEOJHOPOJHOCTEH HE CTAHOBITCS TOTO K€ I0-
PAJIKA, 9TO M PACCTOSHHS MEKJLy COCEJHUMHU CTPYKTYP-
HBIMH 3JIEMEHTaMU 00CY K JAeMOil CHCTEMBI. JTO IIPUBO-
JIUT K TOMY, Y4TO JiazKe B OJHOMEPHOI IIeIOYKe BO3HHU-
KaeT HeJIbI psAJl 9BOJIONUOHHBIX CIEHAPHEB, KOTOPDIE
He BCTPEYAOTCsl B CIUTOHOM cpeze [9-14]. Hampuwmep,
B paborax [9-12] n3yuanaocs pacupocTpaHeHne UCXOIHO
NINPOKHX KBA3UONTHYECKUX IIYYKOB, WHIKEKTHPYEMbIX
B PENIETKY 3KBUIMCTAHTHO PACIOJIOKEHHBIX CBETOBO-
JIOB, U OBLIO TIOKA3aHO, 9TO UX caMO(POKYCHPOBKA, IIPH
IPEBBIEHAA KPATHIECKONH MOIIHOCTH 3aKAHIUBACTCS
JIOKATA3AIHEH OOTBINeH YaCTH 9JIEKTPOMATHUTHOTO U3~
JIy9eHHs B OJHOM U3 BOJHOBOIOB. Kpome Toro, momo6-
HBIH ITPOIIECC CAMOKAHAJIMPOBAHUS IPUBOIUT K OTKJIO-
HEHUIO TPACCHl PACHPOCTPAHCHHS MAKCHMyMa HHTEH-
CUBHOCTH OT npsiMoit smenm [9,11,12,15].

[Toxoxkue 3¢pdeKTh 00CYXKTATUCH TAKKE U B IIPH-
JIOXKEHUU K JUHAMUKE HAOOpa B3aUMOIENUCTBYIOIIMX
Mexk 1y cob0it 06,TaKOB 603e-3WHINTTEHHOBCKOIO KOHIEH-
cara, KaXKJ0€e U3 KOTOPBIX COCPEI0TOYEHO BOJIU3U OTHO-
0 M3 COOTBETCTBYIONINX MUHIMYMOB BHEITHETO II€PU-
OIMYECKOT0 MMOTEHITNAIA, CO3JAHHOTO ONTUIECKON JIO-
Bymikoii [16-21]. TloguepkHeM, 9TO BBIBOIBI, CZeJIaH-
Hble B OOJIBITUHCTBE U3 YKA3aHHBIX BBIIIE CTATEH, CIIpa-
BEJJIMBBI, TOJHKO KOI/Ia BOJIHOBBIE TMAKETHI HAXOMIATCH
B obJsiacTu aHOMAaJIbHOU juciepcur. CTOUT OTMETUT,
9TO BO BCEX IEPEUMCIIEHHBIX 3/IeCh CIydasix, HECMOT-
ps Ha PasHyo (PU3HIECKYIO MPUPOLY OOBHEKTOB, UC-
cienoBanue nposogusiock B pamrax JIHVII, s ko-
TOPOI'0 Pa3BUTO CyIIECTBEHHO MEHbIIE aHAJIUTUIECKUX
METOJIOB ITIOCTPOEHUsI TOYHBIX U TPUOJIMIKEHHBIX Pellre-
Huii o cpapaenuto ¢ HYIIT. Oka3zaJjiock, 9To st jiuc-
KPEeTHBIX MO/Iejieil BeCbMa II0JIE3HBIM U KOHCTPYKTHUB-
HBIM MOKeT OBITh UCIIOJb30BaHUE BAPUAIMOHHOTO IO/
X0/1a, OCHOBAHHOT'O HA AIIPHOPHBIX MPEJCTABICHUSX O
dopme n3yuaeMbIX HEJIUHEHHBIX BO30YXKIeHU! KOHeY-
HOHM aMILTUTY/IbI U TTO3BOJISIONIEN0 KAYECTBEHHO, & IO~
pOif U KOJMYIECTBEHHO aJeKBATHO OMHUCATL B Oezabep-
PAIMOHHOM MPUOJIMKEHNN KJIIOUeBbIE aCIEKThI IBOJIIO-
A U CaMOKaHAJIMPOBAHUS JIOKAJIM30BAHHBIX 00Pa30-
BaHUU B IPOCTPAHCTBEHHO-CTPYKTYPUPOBAHHBIX Cpe-
nax [10-14,16).
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B nmamnoit pabore paccMaTpUBAIOTCS OCOOEHHOCTH
JUHAMUKI U [IPOIECCA CAMOBO3/IEHCTBIS BOJTHOBBIX 1A~
KETOB ¢ HOPpMaJILHON Aucrepcueii rpynmnoBoil CKOpoCcTH,
KOrJia He YIAaeTCsl CAeJIaTh CTOJIb OIIPEIESIEHHOTO IIPOo-
CHO3a O BO3MOKHBIX CIIEHAPUAX PACIPOCTPAHEHUS I10-
JIsl, KaK B CJIyJae aHOMAJIbHOU jucrepcuu. B mepByto
0dYepeib CBI3aHO TO C TEM, UTO B ODCYKIAEMBIX YCJIO-
BUAX Cpejia (PaKTUIECKN CTAHOBUTCS He(pOKyCHpyIO-
mieit, BCJIEICTBHUE Ter0 UCIOIb30BAHNE MPOOHBIX (DYyHK-
Uil B BUIE rayccuaHa € JUHEHHON U KBaApaTUIHON
KOppeknuaMu ($a30BOT0 (HPPOHTA MPU BapPUAITUTOHHOM
[IO/IX0/I€ HE IIPEJICTABJIAETCS 10 KOHIIA OIPABIAHHBIM.
Kpome Toro, Ha 11epBbIil B3IJIs1, €CTh OCHOBAHMUS 11018~
raThb, YTO MOXKHO OIPAHIMYIUTHCST BOODIIE TOJIBKO KOHTH-
HyaJILHBIM IIPEJIESIOM, B PAMKAX KOTOPOT'O BCE IIPOTEKA~
FOIIIE IPOIECChI ormuchiBaroTcs ¢ moMornbo HYII, mo-
CKOJIBKY Ha HA4YaJIbHBIX 3TallaX UCXOJHO IIJIABHBIE Pac-
npejesieHnst OyayT erre GoJibie paciibiBarbesa. OHa-
KO, KaK [MOKA3bIBAIOT YUCJIEHHbIE PACYEThI, CYIIECTBY-
FOT KPUTUYECKUE 3HAYEHUS IIaPAMETPOB TAKUX PACIIpe-
JIeJIEHU, TPU MPEBLIMIEHNN KOTOPBIX Ha (HOHE pac-
MIUPSIONIEr0Cs TUIAIKOr0 MPOMUIIS TOJIsT PA3BUBACTCH
HEYCTOWYNBOCTb, IIPUBOISAIIAs K €ro pa3pyiienuto. [lo-
JOOHBIE JTUHAMUYECKHAE PEKUMBI, Ha KOTOPbIE OTIACTH
obparajioch BHUMaHue B paborax [16-18,21], 3aBemomo
OTCYTCTBYIOT B aHAJIOTUYHBIX HEIIPEPBIBHBIX MOJIEJISIX.

OcHOBHas 11eJIb IIPEJICTAaBJIEHHON CTaThU 3aKJI0Ya-
ercsi B OObSICHEHNN MEXaHW3MOB BO3HUKHOBEHUS IAH-
HBIX CII€EHAPWEB MOBEICHWS BOJIHOBOTO IOJIA B paM-
kax JIHVIIL. Ilpu sTom st ompesesieHHOCTH IOCTa-
HOBKa 3aJ1a91 (POPMYJIMPYETCsI IPUMEHUTEJIBHO K Pac-
MIPOCTPAHEHUIO ONTUIECKOTO M3JIYIEHUS B IUCKPETHOMN
CUCTeMe, COCTOSINEd M3 OOJIBIIOrO YUC/Ia CBSI3AHHBIX
MeZKJIy cODOI CBETOBO/IOB, XOTS PE3YJIbTAThI IIPOBE IEH-
HOTO aHAJIN3a HECJIOXKHO MEPEHEeCTH U Ha JIPYTHe CIIy-
9am, TJe pedb HAeT 00 SBOJIONUU HEJMHEHHBIX BO3-
Oy2K/IeHU!l B IENOYKaX SKBUIUCTAHTHO PACIIOJIOXKEH-
HBIX 3JIEMEHTOB, JIJIsi KOTOPBIX MOTYT OBITH HUCIIOIB30-
BaHBI COOTBETCTBYIOIINE MO/IEJIbHBIE YPABHEHUS.

[Ipexkne deMm mepexoauTh K M3JI0KEHUIO OCHOBHO-
o MaTepuasa, CIAeJIaeM eIlle PsiJi BaKHbIX 3aMedaHuil.
Bo-tmiepBpIX, HeTpUBHAIBHBIE DEKUMBI IBOJIIONUNA U~
HAMUYIECKUX CUCTEM HEPEJKO y/IAeTCs YCIIEITHO KJIAC-
cudUIIPOBaTh, U3y4das YCTONYIUBOCTb CTAIMOHAPHBIX
COCTOSHUNA U aBTOMO/ICJIbHBIX PEIICHU HCCJeyeMOt
zajaun [1, 6-8, 22, 23]. B GoJIbIIUHCTBE CJIyYaeB 3TO
MOXKHO CJeJIaTh IOCPEJICTBOM IIPOIELyPhI JIHHEapHU-
3aIy HUCXOIHBIX YPABHEHUI, OIMUCHIBAIONMINX TO, KakK
[IPOTEKAIOT MHTEPECYIOIIUE HAC IIPOIECChl (HAIpuMep,
pacmpocTpaHeHre 3JeKTPOMATHUTHOIO W3JIyJIEHUs B
[IPOCTPAHCTBEHHO-CTPYKTYPUPOBAHHBIX CpEax, B3au-
MOJIEiCTBAE KOT€PEHTHBIX BOJIH MaTE€pPUU U (DOPMUPO-
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BaHUe MHTEPMEPEHITNOHHBIX KAPTUH B TUJIPO- U Ia30-
JuHAMUKE). AHAJIN3 IOBEJIEHNs MAJIBIX BO3MYIIEHUIT HA
3aJTAaHHOM (DOHE JTOCTATOYHO YACTO TO3BOJISIET OIEHUTD
TUNWYHBIE BPEMEHA IIePeX0Jia OT OJIHOTO HEJUHEHHOTO
peXkuMa K JIpYroMy, IPUCYIue MaciiTabbl BO3HUKAO-
IIX HEOJTHOPOJIHOCTEMH, & TaKKe MOPOTOBbIE BEJINTH-
HBI JIJIsi OCHOBHBIX XapaKTEPHUCTUK BOJHOBOI'O ITOJIST W
6udypKaIMOHHbIE 3HAYEHUS YIIPABJILAIONIAX TapaMeT-
POB paccMaTpUBAEMOI CHCTEMbI, IPU KOTOPBIX HAUU-
HAIOT Pa3BUBATLCS Te WJIM WHBbIE HEycToifumBocTH. B
ATOre TAKOTO POJIA TOIXOJ, B IIEJIOM IIOMOTAET IIPOrHO-
3UPOBATH BO3MOXKHBIE CIIEHAPUU SBOJIIOIUN HEJINHE-
HBIX BO30YXKJIEHUI U OODBSICHAUTH KJIIOUEBbIE MOMEHTBI
B JIMHAMUKE WX Da3BUTHUsI, HAOJIOMaeMble Ha DPA3JINd-
HBIX TalaX HeIOCPEICTBEHHO B SKCIIEPUMEHTE UJIU TIPU
qucjeHHoM MojiesmpoBaHun. OcobEHHOCTHIO HHTEPECY-
OITell HAC 3/1eCh CUTYAIUH sIBJISIETCS TO, ITO €€ MOXKHO
WHTEPIPETUPOBATH KaK «XKECTKUil» PEXKUM BO3ZHUKHO-
BEHUsI HEYCTONIMBOCTH, KOTJ@ PACIPOCTPAHEHHE OTHU-
Garoreil BOJIHOBOIO MOJIsT JOBOJIBHO JIOJITO OKA3BIBAETCSI
[UIABHBIM (IIPAKTHYIECKH PABHOBECHBIM ), [IEPe/]] TeM KaK
repeiiTu K CyIIeCTBEHHO HEJIMHETHOMY HepaBHOBECHO-
My BApUAHTY CBOETO MOBEJICHUSI.

Bo-Bropeix, B pamkax HVYIII ¢ medokycupyrormeit
HEJIMHEHHOCTHIO, JIJIs KOTOPOTO XOPOIIIO M3BECTHO, UTO
OJIHOPOJIHBIIT (DOH KOHEYHOU AaMILIATY/IbI YCTOWYMBE,
YUCJIEHHO, AHAJUTUYECKH, & TAaKXKe SKCIIEPUMEHTAaJIb-
HO TOJPOOHO M3yvasiach 3ajada O pasjere JIOKAJIN30-
BAHHBIX PACIIPEJIEJIEHUI T0JIsI, 3a/JaHHBIX KaK Ha IIbe-
Jecrasie [24-33], Tak W Ha CHAJAKONMX J0 HYyJIs Ha
6eCKOHEIHOCTH (T. €., MOYKHO CKA3aTh, PACILIBIBAIOIIIX-~
cd B «Bakyym») [24,25,34-45]. B gacruocru, 6pu10
HAIJISITHO ITOKA3aHO, YTO JJIsl MCXOJHO IIMMPOKUX CUT-
HAJIOB JUCHEPCHOHHBIMU 3ddeKTaMu MOXKHO IpeHe-
Opeub [24-33,36-45] u, Kpome TOro, JJis Psijia CUTY-
alyii CBECTU OIMCAHUE JUHAMUKHU II0JIsi K yPaBHEHUIO
upocroii Bosiabl (ypaBaenuio Xouda) [24, 25, 46-48],
CKOPOCTH PACIPOCTPAHEHHUsT KOTOPOH 3aBUCUT OT WH-
TEHCUBHOCTH B OTJEJIbHO B3sTON Touke. CJieioBaTe/ib-
HO, B XO/I€ paCHIMpEHNd N3HaAYIaJIbHO I'VIQJIKNX OI‘I/I63,IO-
IUX BOJTHOBBIX [TAKETOB CJIEJYET OKUIATH YKPYUECHUS
npoduist [24-33,36—48]. Takoro poja mpomecc Croco-
6eH OBITh MPUYINHON BO3HUKHOBEHHS MEJIKOMACIITAO-
HBIX BO3MYIIEHUH, Ha (DOPMUPOBAHUE U IBOJIIOIIIO KO-
TOPBIX YK€ OKA3bIBAET MPUHITUIIUAIHHOE BJIUSHIE KOH-
KypeHIUsl HeJlnHeHOCTH n jucnepenn  [24-33,36-48)].
OpHako JAerajibHbIE WCCIEIOBAHUS, BBIIOJHEHHBIE HA
ocuoe HVIII, B ToOM 4wncie C IOMOIIBIO IIPSIMOTO
€ro MOJIEJIMPOBAHMUS, JIOCTOBEPHO JIEMOHCTPUPYIOT, ITO
PN YKA3aHHBIX YCIOBHUAX MOSIBIISIIOIINECS HA TIABHOM
(doHEe HEOTHOPOIHOCTH HE TIPUBOJIAT K €0 PA3PYIIEHIIO
[24-33,36—49)]. Tloxoxkue nporecchl Takzxke He HABIIoa-
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IOTCH U IIPUA CTOJIKHOBEHHUH BOJIH PedPAKIUU, B3aANMO-
JIefiCTBIE KOTOPBIX U3y4asoch B cTaTbhax [36—43,49].

B nannoit paboTe mpencTaB/IeHbl YNCIEHHBIE U aHA~
JINTUYECKNE aPryMEHTHI B IIOJIb3Y TOrO, YTO YUeT JIHC-
KPETHOCTU CPEJbl B HAJIIIOPOIOBBIX YCJIOBHUSX IIPUBO-
JUT B XOJ€ SBOJIONUU K (POPMUPOBAHUIO JIOKAJIHHO
HEYCTOWYMBBIX pacpejiesieHuil BOJIHOBOTO mmoJist. OT-
MEeTHUM, YTO HOJI00HBIE IIPOIECCHI, IO BCEil BUIUMOCTH,
MOT'YT TaKzKe HabJIIOJIAThCsI DU PACIIPOCTPAHEHUN JIa-
3€pPHOr0 W3JIyY€HUsl B BOJIOKHAX, B KOTOPBIX ITPOSIBJIsI-
IOTCS JIMHEHHBbIE IUCIIepCHOHHbIE 3D HEKTH BHICOKOTO
nopszaxa [48,50-53]. Huxe onmcana mocTaHoBKa 337
qu, KOTOpasi Jijisl OIPEJIeJIEHHOCTU BBIIIOJIHEHA B Tep-
MHHAX PACIPOCTPAHEHUS JIEKTPOMATHATHOTO M3JLyde-
Hus B HabOpe SKBUIUCTAHTHO PACIIOJIOKEHHBIX CBETO-
BOJIOB, U IIPUBEJEHBI OCHOBHBIE ITPUOJIMZKEHUSI, [TO3BO-
ssoriime ucnosb3oBats JJTHYIIT B kadecTBe 6a30BOIf
MOZeJM. 3aTeM IpOBeIeHO OOOOINEeHre METO/a HeJId-
HEHHON reoMeTpUYeCKON ONTHUKU Ha Caydaill JUCKpeT-
HO#l cpenbl. OHO cocTouT B 60JIee KOPPEKTHOM ydeTe
n3MeHeHus (ha3bl BOJIHOBOTO MOJIS IO CPABHEHHIO C TEM,
KaK 9TO OOBIYHO JIEJIAeTCsl IIPU UCIIOJIb30BAHUYN KBa3U-
KJIACCUYECKOT0 ITOJIXO0/IA JIJIsi IOCTPOEHUs ITPUOJIMKEH-
ubix permenuit HYII [24-33,36-53]. [Toayuennas B pe-
3yJIbTaTe COBOKYITHOCTb OE3UCIIEPCUOHHBIX COOTHOIIIE-
HUH, KaK U B Cjly4dae CILIOIIHOHN cpeabl, UMeeT CXOXKUI
BHUJ C CHCTEMAMHU KBa3WJIMHEHHBIX yPABHEHUIl, JACTO
BCTpeYaIonmxcs B razogunamuke [22-33,36—49]. Oxua-
KO B PacCMaTpPUBAEMOll HAMU CHUTYaIlUU JAaHHasi COBO-
KYIIHOCTh yPABHEHUI B YACTHBIX IPOU3BOJHBIX HE SB-
Jistercs cTporo rutepboamdeckoit. C yaeToMm yKa3aHHO-
o 00CTOSITENILCTBA YIAETCsl T0KA3aTh, YTO [IPU BBIIOJI-
HEHUU HAJIIOPOrOBBIX YCJOBHUI B IIPOIECCE ILIABHOI'O
pAaCILIBIBAHUS JIOKAJTN30BAHHBIX PACIIPEIECICHUI TI0JIsI B
riepupepuitHoOi 00JIACTH TUIT CUCTEMbI KBA3UIMHEHHBIX
yPaBHEHUIl MeHsSeTCs Ha IJIIMITUYECKUil, UTO CBU/IE-
TEJIBCTBYET O MOTEHIINAIBHON BO3MOXKHOCTH PA3BUTHUSI
HEYCTOWYMBOCTH TUIAJKOrO MPOMUIs Orubaroneil BoJ-
HOBOTO IIyYKa.

2. OIIMCAHUE PACIIPOCTPAHEHU S
BOJIHOBOTI'O II0JISI B IPOCTPAHCTBEH-
HO-CTPYKTYPUPOBAHHBIX
CPEJIAX

2.1. BazoBas Mmozesnb B Buje IEIIOYKU
JUCKPETHBLIX ypaBHeHU. PopmyanpoBKa
OCHOBHOI1 ITPO6JIeMBbI

Paccmorpum pacupocrpaHeHne OJHOMEDPHBIX KBa-
3UONTUYECKAX BOJIHOBBIX IIyYKOB, MHXKEKTHPYEMBIX B
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IIPOCTPAHCTBEHHO-HEOJHOPOJHYIO CpPEJy, COCTOMAILYIO
n3 Habopa SKBUJANCTAHTHO PACIOJIO2KEHHBIX OIHO-
MOJIOBBIX CBETOBOJOB. AHajm3 TmpoBejeM Ha 0a3e
CTaHZAPTHON Teopermdeckoit momemn [1-5, 9-14],
paMKax KOTOpO# WpeAmoaraercs, 9ro (QyHIAMEH-
TaJbHBIE HallpaBJideMble MOJIbI OPHUEHTHUPOBAHHBIX
[apaJuieJIbHO OCH 2 OITHYECKUX BOJIHOBOZOB CJ1abo
CBsI3aHBI MeXK Ty coboii. Orubarorue 1moJisi KaxK a0l u3
TAKUX MOJI MEJJIEHHO 3BOJIIOIMOHUPYIOT BOJIb 2 U
XapaKTepU3yIOTCA CBOMMU KOMILJIEKCHBIMUA aMILJINATY-
ngamu. MI3MeHeHne 3TUX WHANBULYAJTBHBIX AMILIATY/L B
3aBUCHMOCTH OT KOOPJUHATHI 2 OIMCHIBAETCS CUCTEMOMN
YPaBHEHUIl, YUUTHIBAIOIINX KaK COOCTBEHHYIO HEJIU-
HEMHOCTh CTPYKTYPHBIX 3JI€MEHTOB PaCCMaTPUBAECMON
pellleTKu, TaK ¥ B3auMOJEHCTBUE C OJrKaiimmmMu
coceJIdAMI, BO3HUKAIOIIEE M3-3a MEPEeKPBITHs HalpaB-
JsieMbIX uMu Moz, IIpm orcyTcTBUN TOTEPH B Cpese u3
HEOI'PAHUYEHHOI'O YHCJIA TOHKHX CBETOBOJOB C edo-
KyCHPYIOIE KEPPOBCKON HEJWHENHOCTBHIO IIPUXOAAM
K OECKOHEYHON VIIOPSIOYEHHONW TOC/IEI0BATEIHHO-
CTU CcoOTHOINeHUit, KoTopas HasbiBaeTcd JIHVII wu
uMeeT B HOPMUPOBAHHBIX II€PEMEHHBIX CJIEJIYIOITNA
B [1-5,9-14]:

a'l/)n wn 1— 1bn-ﬁ-l + |"/’n|2 "/’n =0. (1)

31ech (byHKuI/IH ¥y, (2) onpeessger KOMILIEKCHYIO aMIl-
muTysy Mozel n-ro BosHOBo#a. JTHVIIL (1) sBisercs
OJTHON M3 HambOoJIee MPOCTHIX W YHUBEPCAJILHBIX JHC-
KPETHBIX MOJIeJIell U Ipu 3TOM (He TOJBKO KAYeCTBEH-
HO, HO U KOJMUYIECTBEHHO) &JIeKBATHO ONUCHIBAET bu-
3MYECKYIO CUTYAIUIO, KOTJa Iy90K HEMPEPBIBHOTO M3-
JIy9EHHs TIAJIA€T HA PENIeTKY ¢ GOJILIIMM YUCJIOM Ha-
PABJIAIONIAX 3JIEMEHTOB, B KAXKJIOM MX KOTOPBIX MOXK-
HO IpeHedpedb JUCIEPCUOHHBIMA U AU PAKIINOHHBIMA
sabdexramu [1-5].

DopMaIbHO IUCKPETHOMY ypaBHeHuio (1) MOXKHO
[IOCTAaBUTH B COOTBETCTBHE KOHTHHYaJIbHOe HYIIT

(2)

st 9TOTO OOBITHO BBOJAT HEIPEPBIBHYIO KOOPIMHA-
Ty &, aCCOIMUPOBAHHYIO C HUHIEKCOM 71, U 3aTEM JIe-
JaloT 3ameny ¥, (z) wa 9 (x,z), cunrag YHKIUIO
¥ (z,2) WIaBHOW O 2 Ha MacmTabax, CPABHUMBIX C
[I€PpUOJIOM pacCMaTPUBACMON OJHOMEPHOI peleTKu, a
TakKe MPEeIBAPUTEIBHO BBIICINB B (ha3e KOMIIOHEH-

Y oy 0%y
Z% +2i Sln%a—x - cos%— + |y

THI 1, (2) KOMILJIEKCHOTO BEKTOPA COCTABJISIONIYIO BU-
Ja 208 > 2 — »#1n, KOTOpas MOXKET JOCTATOYHO PE3KO
U3MEHATHCS 110 BEJINYNHE IPU IEPEXO0JIe OT OJHOTO dJIe-
MEHTa IENOYKU K COCEeJHEeMY, KOTJa XapaKTepHOoe 3Ha-
YeHUe BOJIHOBOI'O YHCJA ¢ JIE2KUT BHE MaJIOil OKpecCT-
HOCTH TIeHTpa 30HbI Bpmutosna. OTMeTnM, ITO Takoe
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COTIOCTABJIEHUE UMEET CMBICI IIPU PACCMOTPEHUN JTUHA-
MUKW UCXOJHO IMAPOKUX BOJHOBBIX TAKETOB.

IIposemem Gostee AeTATBHBIN, T€M 3TO OOBITHO JIe/Ta-
ercs, ananu3 nporeccoB B JJHYIII u momydnm mostes-
HbIE JJIsi TIOHUMAaHUs Pe3yJIbTATOB YUCJEHHBIX pacde-
TOB aHAJUTUYIECKHE COOTHOIIEeHus. [Ijs1 3Toro, Bo-tep-
BBIX, BBIJIEJIM y KOMILIEKCHOTO TIOJIST 9y, (2) aMIumuTy Ly
u dazy, T. e. upegcraBum P, (2) B BUzE

¥n(2) = ¢n(2) exp (=i0n(2)), (3)
rje én(2) u 0, (2) aBasAIOTCS IEHCTBATENBHBIMEI (DYHK-
ustMu. 3areM, mojictasus (3) B (1) u mpupaBHsIB IO OT-
JIGIBHOCTU K HYJIIO JIEHCTBATEILHYIO U MHUMYIO 9aCTH
HOJIyI€HHOTO COOTHOINEHUS, B UTOTe NPHUJIEM K CJIeITy-
IOIel cucTeMe JIMCKPETHBIX YPaBHeHUH:

3a¢:n + Pny18invn 41 — oy sinv, =0, (4)
aan ¢n+1 2 _
By g CoSUnHl % Lcos v, + ¢2 = (5)

Baecy Juist ymobersa  JasibHEHIIEro  paccMOTDEHHs
BBEJIEHO OOO3HAaUeHne i pasHocTh (a3 v, (2)
0n(2) — 0,_1(2) BONHOBBIX dyHKIMA ,(2) u
Yn—1(2) B COCEOHUX 3JIEMEHTAX pACCMATPUBACMON
nenodky. HecsoXKHO 3aMeTHTb, YTO HMEHHO Up(z),
a He 0,(z) wrpaer poJib HWCTHHHON JIUHAMIYECKON

nepementoit, tak kak JHVYII (1), a Bciex 3a HuM
u coorromenus (4), (5) MHBAPHAHTHBI OTHOCHTEIHLHO
upeobpaszosanus 0, (z) — 0,(z)+const, T.e. Bce paBeH-
CTBa OCTAIOTCs HEM3MEHHBIMU 1pu casure bassl 0, (2)
Ha [POU3BOJILHYIO OCTOAHHYIO BeaHduHy. Ilosromy
JUIsT  TEOPETHIECKOTO DACCMOTPEHHS TUHAMUYECKUX
[POIIECCOB B PEIIETKAX JIOKAJBHO CBI3AHHBIX JIEMEH-
TOB COBMECTHO C (4) 3a9acTyi0 CTOUT HCIOJIB30BATH
ypaBHeHUE st Up(z), KOTOpOE HEermoCPEeICTBEHHO
crenyer u3 (5):

a n n

% - ¢¢:1 COSUp41 + - COS Uy, —

_ oo cosv,ﬁ—q5 cos vy, _1+¢2—¢2_, =0. (6)
¢n (bn 1

Takum 06pa3oM, IIpU OIMUCAHUHU SBOJIONNUNA BOJHOBOTO
[I0JIsE B INCKPETHOI cpejie majee Oy/1eM OTTaJIKABAThCS
OT YIOPSIIOYEHHON MOCJIEI0BATEIFHOCTH 1ap COOTHO-
mennii (4), (6).

B nmammoit pabore Hac MpexKje BCEro MHTEPECYIOT
OCODEHHOCTH IIPOIIECCa CaMOBO3JEUCTBHSA IIyUKOB, N3-
HAYAJILHO IJIABHBIX HA MACIITabax, CPABHUMBIX C IIEPHU-
osoMm pereTku. [Ipu 9TOM OCHOBHOE BHUMAHHUE yjieJie-
HO CHTYAIluH, KOTJIa COIVIACHO IIPEJICTABJIEHUSIM, KOTO-
pble OCHOBAHBI HA XOPOIIIO M3BECTHBIX PE3Y/IbTaTaX, M0~
sgydeHubix B pamrax HYII, ucxoaHO IIIHPOKMIE BOJIHO-
BbI€ IMAKeTHI Oy/IyT PaCIIbLIBATHCS, & BCE BO3SHUKAOIINE
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(a) z=25 (b) z=160 —DNLS eq. () z=95

— — NLS eq.

= 0.6 - 1t -+ .
=

§ 0.3 F 1 i .

0 L L L L L L L L L L
-300  -150 0 150 300 -300 -150 0 150 300 -300  -150 0 150 300
n, x n, n, T

Puc. 1. (B uerte onnaiin) PaccuuTaHHble C MOMOLLbBIO NPSIMOro HUCIEHHOTO MogenupoBaHust B pamkax OHYLL (1) n HYLL (2)
COOTBETCTBEHHO pacnpefeneHns aMnanTyabl [t (2)| BONHOBOro Noas B y3nax SKBUAWCTAHTHON peLIeTKN CBETOBOZOB (TOuKM,
coefnHEHHblE MeXay COBOI IMHUSIMU CMHEro uBeTa) 1 Npodbuan aHaNorMYHOW XapakTepucTukn | (z, z)| B KOHTUHYyanbHON 3a-
fade (CnaoWwHbIE NMHUN KPacHOrO LBeTa) ANs Ny4koB, 3agaHHbix npu z = 0 B dopme ¥, (0) = ¢Y(z = n,0)exp(—iyn) n
Y(z,0) = aexp [— (x/a)zm] ¢ napametpamu v = 0.1, a = 1.125, ¢ = 15 n m = 3. Ha HavanbHOM 3Tane cBoero pacnpo-
cTpaHeHus (a) Takme NyYku B JUCKPETHOM W KOHTUHYalIbHOM C/y4qasix BefyT cebsi cxoxxmum obpa3om (He TOIbKO Ka4eCTBEHHO,
HO 1 KOJINYECTBEHHO C JONYCTUMOl CTeneHblo ToqHocTn). OAHaKo B npouecce AanbHelilueli 3BONOUMN Pa3ANYNs NOCTENEHHO
cTaHoBsATCS HamHoro Gonee cywectseHHbiMu (b). Ha nepudpepnn nokannsoBaHHOro amMniMTYAHOrO pacnpefeneHnsi HaunHaeT-
€S pe3KNii POCT MENKOMACLITAabHbIX BO3MYLLEHNA, KOTOPbIi B KOHEYHOM MNTOre MPUBOAUT K Pa3pyLUEHWIO MAABHOro npocuns
BoNHOBOrO nons (c)

(manpumep, u3-3a BO3MOXKHBIX 3(DHEKTOB yKpYUeHus:
GpoHTa U ero OMPOKWIBIBAHWS) HEOJHOPOJHOCTH He
JIOJZKHBI CUJIBHO HapacTarh [24-48]. OiHako0, Kak MoKa-
3BIBAIOT YUCJEHHBIE pacdeTsl (puc. 1), mpoBeieHHbIE Ha,
6aze JJTHVYIII (1), muHaMUKa pacIpe ieJieHus OJIsl B Pe-
IIIeTKE HEPEJIKO CYMECTBEHHO OTJINIAETCsI OT TOrO, YTO
NIPEJICKA3BIBAIOT BBIYHACICHUS, BBIIOJHEHHBIE B HElpe-
pBIBHOM Tipejiesie. HecMoTpst Ha JIOCTATOYHO XOpOIIee
COBIIaJIeHNE HA HAYaJdbHOM dTame (puc. la), HaumHas
C HEKOTOPOTO MOMEHTA, B LEJOM psijie CIydaeB pas-
JIMYUsS CTAHOBATCA 3HaUUTEbHbIME (puc. 1b). Pacmpo-
CTPAHSIIONIMIACA B IENOYKe YYOK CHJIBHO MCKAXKAETCH,
YaIe BCEro IePecTaeT ObITh CUMMETPUYHBIM OTHOCH-
TEJBHO CBOETO IEHTPA, MEIKOMACIITAGHBIE BO3MYIIE-
HUs1 Ha Tepudepun JEMOHCTPUPYIOT PE3KUIl pOCT, 9TO
B KOHEYHOM UTOTe IPUBOJUT K PA3PYIIEHUIO ILIABHOTO
upoduis, U3 KOTOPOro BBLIEIAIOTCS JIOKAIU30BAHHDIE
0bpazoBaHus JOBOJIBHO GOJIBIION aMIuTy bl (puc. 1c¢).
OTMedeHHBII TIPOIECC HOCUT B3PBIBHON XapakTep U He
YKJIAJBIBAETCH B PAMKHU CTAHJAPTHOIO KOHTUHYAJILHO-
ro pacCMOTPEHHUsI 33JIa9d, 9TO yKA3bIBAET HA PA3BU-
THE HEYCTONYINBOCTHU, 00YCIOBJICHHON TUCKPETHOCTHIO
CHCTEMBI.

MBI IpeanpuHIN MOUBITKY OODbSCHUTH IMPUIUHBI
BO3HUKHOBEHUS [TOI0OHOTO IIPOIECCA U BHIBUTH OCHOB-
HOH (bu3HMUIeCKUil MeXaHM3M, BBI3BIBAIONIUN TAKOe JIe-
cTpyKTUBHOE noBesieHne. COrJIaCHO U3JI0YKEHHOMY HU-
JK€ aHaJau3y, JJjIs STOrO JOCTATOYHO CHIEJATbh IyTh 0O-
Jlee KOPPEKTHBIN IIepexol; OT MaTeMaTUdeCKO MoJiesIn,
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WCITOJIb3YyEeMOl HAMU JIJIsT U3yJeHUs] PACIPOCTPAHEHUsI
U3JIyYeHUsI B CHCTEME IKBUIUCTAHTHO PACIIOJIOKEHHBIX
HEJINHEHBIX OJIHOMO/IOBBIX CBETOBOJIOB M 3aIlUCAHHON
B TEPMUHAX CYETHOIO HAOOPa KOMILIEKCHBIX aMILIATY/I,
XapaKTePU3YIOMNX I0JIe B KAXKJOM U3 CTPYKTYPHBIX
JIEMEHTOB OOCYKIa€MOl IEMOYKH, K yPABHEHUSM B
YaCTHBIX IIPOU3BOIHBIX JJIs NJIQIKUX (DPYHKIINIA, Hellpe-
DPBIBHO PAaCIpPEIe/IEHHBIX B ITOIIEPETHOM K OCH 2 HAIIPAB-
JIEHUU W COBIAJAIONINX B y3JIaX PEIIETKNA CO 3HAYEHU-
sIMA UCTUHHBIX JIMHAMUYIECKUX [T€PEMEHHBIX.

[Ipexne dWem mpuBECTH TOCIEIOBATEIHHOE OIMCA-
HI€ OCHOBHBIX U/l PA3BUTOIO TEOPETUIECKOTO ITOIX0-
Jla, 3apanee o0paTUM BHUMAaHHUE HA JTIOBOJHHO HEOXKU-
JAHHBI U OTHOCUTEIbHO HeTpuBHAJbHBIA dakT. Oka-
3bIBAETCS JOCTATOYHBIM OTPAHMINTHCST O€3/INCIIEPCUOH-
HBIM IPUOJIM2KEHNEM, KOI'/Ia YINTHIBAIOTCSA TOJIBKO IIPO-
U3BOJIHBIE IEPBOIO NOPAIKA (IIPOU3BOJHBIE YK€ BTOPOTO
HOPsIZIKA U BbIIle OTOPACHIBAIOTCS ), & CIEIUpUKa JIUC-
KPETHOCTHU B IIEPBYIO OYEPEIb IIPOSBIIAETCS B MOIUMU-
KAy YpaBHEHUS HENPEPBIBHOCTU U COOTHOIIEHUS JIJIst
rpaguenTa Ga3bl, KOTOPasi MO3BOJISIET UX HPUMEHSTh
B J1I000#1 YacTy 30HBI BPU/LIIOIHA U OTCIEKUBAET dP-
(bEKTUBHBIN TUIT HEJTMHEHHOCTH.

2.2. besaucniepcuoHHbIN Ipeaesa aJjis
OUCKPETHON Mojien

B kadectBe oTmpaBHOl TOUYKM I8 JaJbHEHIIEro
aHaJn3a HaMu Oblila, BHIOpDAHA MOJIYUIEeHHAs BBIIIE CHC-
TeMa Pa3HOCTHBIX ypasHenuii (4), (6). st Toro 4robot
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nepefiTu K ee aHAJIOTY B HEPEPBIBHOM ITIPEJIEIE, MPEJl-
HOJIOKUM, YTO 3HAYEHHSI ¢y, (2) U v, (2) cabo u3MeHs-
IOTCsI IIPH YMEHDBIICHUN WJIM yBeJIMIeHUN HHIEKCA 1 Ha
HECKOJIBKO €JIMHHUI] 72, T. €. IPU CMEIeHAH BJIOJIb IIeN0Y-
KH Ha KOHEYHOE UHCJIO siueeK. Takoe MPeoIoKeHne
CIpaBe/INBO IIPH IIABHOM Ha MaciiTabax HeOJHOPO-
HOCTHU CPEJIbI PACTIPEEIICHUSAX BEJUINH ¢y, (2) 1 vy (2).
B 9TOM ciydae MOXKHO mepefiTh OT JUCKPETHOrO Ha-
6opa nap ¢, (z) u v,(2) K ABYyM HENpPEPLIBHBIM (DyHK-
M ¢(x, z) u v(z, z), 3ABUCSIIIIM HE TOJBKO OT IIe-
DPEMEHHOH 2z, HO U OT KOODJMHATHI 110 OCH T, HAIIPAB-
JIEHHON BJIOJIb OJJHOMEDHO! DEIIETKH SKBU/UCTAHTHO
PACIIOJIOKEHHBIX 3JIEMEHTOB. ECM BBIPa3uTh ¢4 (2)
U Un+7(2) cOOTBETCTBEHHO Yepes ¢(z, z) u v(x, z), orpa-
HUYHBINHCDH JIMIIb JIBYMsI OCHOBHBIMH “JIEHAMHA B Op-
MaJIbHOM pas3joxkeHun B psy Teitmopa BOIU3U TOUKH
x=mn,

Ontn(z) =~ (1 + ﬁ%) o(z, 2),

X

Vnn(2) ~ (1 + %3) v(z, 2),

TO HECJIOKHO NOJIyunTh Mg ¢(z,z) u v(x,z) 3aMK-
HYTYIO CHCTEMY KBA3HJIMHEHHBIX yDABHEHUI B 9ACTHBIX
POM3BOIHBIX MEPBOTO MOPSIIKA:

¢ ¢ v
£+281DU%+¢COSU%—O, (7)
v 8(;5
5 —I—QSln’Ua— +2¢ (8)

IIpu BBIBOJIE JAHHBIX COOTHOINIEHUI CUUTAJIOCH, UTO
npumerenue uddepeHnuaILHoro oneparopa d / or ¥
byukmuam @¢(z, z) u v(x,z) HOBBILAET IOPAIOK Ma-
JIOCTU T€X KOMOWHAIUH, B KOTOPBIX OHU BO3HUKAIOT,
YTO MO3BOJIAET HE IIPUHAMATEL BO BHUMAHUE HEJIbIH PsiJT
CJIATAEMBIX, COJIEPYKAIIAX IIPOU3BEICHUS MEPBBIX MPO-
U3BOIHBIX OT ¢(z, 2) u v(x, z) o = um GoJiee BHICOKHE
[IPOU3BOJIHBIE U HE OKA3BIBAIOIIUX CYIIECTBEHHOIO BJIU-
SIHUsI TIPU aHAJIM3€e yKa3aHHBIX Bbime 3hderro. OT-
METUM TaKKe TOT (PaKT, 9TO COBOKYITHOCTDH yPaBHEHUI
(7), (8) MOXkKeT GBITH LIPEACTABIICHA B HEKAHOHUIECKOM
raMIJIbTOHOBOM popme

dp 0 (OH(p,v)\ _ dv 9 (IH(p,v)\ _
8z+8:1:( w )=% e\ T )70

¢ rammiabronnanom H(p,v) = p*/2 — 2pcosv, rae
p = ¢?. @axTuuecku, cucremy (7), (8) MOXKHO MHTEpII-
PETHPOBATH KaK 0e3MCIePCHOHHBIN [Ipejiesl AUCKPeT-
Ho#t mMonemm (4), (6). 3mech mpociexuBaercs MOJHAST
AHAJIOTHSI ¢ NPUOJIMZKEHNEM HEJIMHEHHON TeOMeTprIec-
KOH ONTHKHY JIJIs CIUIOTITHO CpeJipl (CM., HATIPEMED, Pa-
6oty [54]), B KOTOpPOI 3BOJIIOIMsT OTUOAOMIEN BOJHO-
BOrO 1OJI ONHUChIBaeTcA KOHTHUHyasbHbIM HYIII, Tax

KaK MMEHHO B TaKWe ypaBHEHUs] TPAHCHOPMUPYIOTCSI
pasencrsa (7), (8) upu ycaoBum, 9T0 B IPOIECCE PAc-
[IPOCTPAHEHMs U3JIyYeHUs OTKJIOHeHUus U(x,z) rpaju-
enTa Gasbl OT UCXOLHO 33 JAHHOIO 3HAYEHUS Uy OKA3bI-
BAIOTCS MaJIBIMH, T. €. |0(x, z)| < 7 B curyanun, Korua
v(x,z) = vy + 0(x, z), rae vo = const. CrremoBaTeNbHO,
B cucreme (7), (8) BbIOIHEH (GoJlee KOPPEKTHBIN yIeT
ocobeHnHocTell m3amenenuit hazoBoro GpPOHTA U €ro Jio-
KaJIbHBIX [IEPECTPOEK B JIMCKPETHOM CJIydae.

3. 9BOJIFOIIN A
ITPOCTPAHCTBEHHO-HEO/JITHOPOJHBIX
PACIIPEIEJIEHUI BOJIHOBOTI'O I10JIS 1
PA3BBUTUE HA X ®OHE XAPAKTEPHOI

JJId UCKPETHOW CUCTEMBI
HEYCTOMYUBOCTU

3.1. KuroueBbie oTiinyuusi 6€3/11CIepCUOHHOTO
npejesia ajisi JUCKPETHON MOOEJH OT
KOHTUHYAJIbHOTO aHaJiora

s ymoberBa 1aabHEHIIero pacCMOTPEHMST BBEIEM
0603HaYEeHNS

= ¢*(x,2), wu(z,z)=2sinv(z,z), (9)

p(z,2)

KOTOPBIE [O3BOJISIIOT Iiepenucarh coornorrenus (7), (8)
B BHJIE

dp = Oup
DTl 1
0z + Oz 0, (10)
ou ou dp
a——l—ua ‘i‘2COS’U%—O7 (11)

HauboJiee BIM3KOM 110 CBOEl CTPYKTYPE K yPABHEHHSIM
ofiHOMepHOI raszoauHamuku (22, 23]. Ecau nocrasuth
BesimarHaM p(x, z) 1 u(z, 2) B COOTBETCTBHE IUIOTHOCTh
U I0JIe CKOPOCTEH, TO HECJIOXKHO 3aMETUTh, YTO Iep-
Boe paseHcTBO cucteMbl (10), (11) dakruveckn urpaer
pOJIb ypaBHEHUS HEUPEPLIBHOCTH, & BTOPOE SBJISETCS
aHaJIOroM ypasHeHus Jitiepa. OCHOBHOe pa3jndue 3a-
KJIIOUAeTCsl B CHENUMUYECKOM Il PACCMATPUBAEMOIL
HAMHI 33189 MHOXKHTEJE 2 COSV, CTOSIIEM IEpPEJ] 1O~
CJIETHAM CJIaraeMbIM B JIeBOii yacTu paseHcTsa (11).

CorutacHo pUHATON Kiaccudukammm Habopa KBa-
SWIMHENHBbIX YPAaBHEHUH, COBOKYIIHOCTH COOTHONICHUN
(10), (11) moxer ObITH JUGO SILIMIITHYECKOTO, JIHOO
runepbosmaeckoro Tuna [22, 23]. st omnpejeneHus,
K KaKOMy THILy OTHOCHTCS HHTEDECYIOIas HAC CHCTe-
Mma (10), (11), moctymmm caemyronmmM obpasom. e~
HOJIb3Ys] BBIPAYKEHUS

ox

% = —p(:Z?,Z), 62’ u(:c Z)p(CC,Z), (12)
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BBegeM dbopMabHO ByHKIUIO X (T, 2), YAOBIETBOPSIO-
NIyI0 TOXKJIECTBEHHO ypaBHeHuto HerpepbiBaoctu (10).
Sarem, npoandpepeHImpoBas o 2 BTOPOe U3 OIIpe/ie-
astrommx X (x, z) paBercTs (12), mociie HECIOXKHBIX MPE-
ob6pasosanmit ¢ yuerom (10), (11) mosyuum coorHOmIeE-
HUE, CBA3LIBAIONICE MEXKILYy CODOM YaCTHBIE IIPOU3BO/I-
Hble BTOPOIO HOpsijika oT X(z,2) 10 z u x, JuHelHOe
[0 HUM ¥ 3allUCAHHOE B KAaHOHUYECKOi dhopme [23]
0%y 0%y

__|_C_

0z0x or2 0,

2
A% +2B8 (13)

022
rie koaddunuenter A, B u C B CBOIO 0Yepejib 3aBU-
car or p(x,z) u v(z,z) (T.e. MOTYT GBITH IIpEJICTABIIC-
HBI TOJIbKO 4epe3 IIPOM3BOJHBIC IIEPBOIO IIOPSIKA OT
x(x,2) mo z u x):

A=1, B=2sinv, C=2pcosv+4sinv. (14)
Ucxong 3 o6mux IpeICTaBaeHn T B CIydae, KOTJa Bbl-
nonnsiercs HepasencTso B2 — AC = 2pcosv > 0, ypas-
uenve (13) (a Bmecre ¢ HuM u cucrema (10), (11), xkak
u ee skBuBajeHT (7), (8)) orHOCHTCS K TUIEPOOJIIYEC-
KOMy THILy, & B IIPOTUBOIIOJIOKHOM CHTyal(uu, KOLJa
B? — AC = 2pcosv < 0, COOTBETCTBYIOMIIE COOTHO-
I[IEHUs] IPUHAJJIEKAT K JUIMITHIecKoMy Kiaccy. OT-
METHM, 9YTO B IIEPBOM U3 YKA3aHHBLIX JBYX BADUAHTOB

YPaBHEHUS

/B2 —
;l_x = w = 2sinv £ \/2pcosv
z

OIIpEAEJIAIOT B IIJIOCKOCTH XZ ABa ceMencTBa XapakKTe-

(15)

puctuk 4 (2) (mus 3samanubx p(x, 2), v(z, 2), a BMecTe
¢ mmmu s x(z, z)) [22,23].

Ecuu fy1s1 cucreMbl KBa3sWIMHEHHBIX ypaBHeHuit (7),
(8) usBectHO pernenue p(z, z), 9(x, z), KOTOPOMY OTBe-
qaer cBost GyHKIusA X(, z), yaoBiersopsiomast (12) u
(13), TO MOXKHO paccMOTpeTh 3aJady 00 yCTOWIHBOC-
TH JAHHOI'O PEIIEHHs OTHOCHTEJIHHO MAJIbIX BO3MYIIe-
uuii p(x, z), U(x, z) B pamkax coornoitenusi (13). Ilpu
3TOM TIPEJIIOJIOKUM, 9TO JIS BOSHUKAIONHX B CHJIY
TeX WK MHBIX GU3MIECKUX IPUINH HONPaBoK X (T, z) K
cdopMupoBaBeMycst TpOGUITIO Y (T, z) BBITOJTHAIOTCSI
HECKOJIBKO TpeGOBaHUI, KOTOPBIE MOXKHO MHTEPIIPETH-
posars pu B2 — AC > 0 Kax yCJIOBHSI FeOMeTPHIeCKOit
akyctuku [23]. Bygem caurarh, 9TO 10J0GHBIE OTKIIO-
HEHUsl, OIHChIBaeMble X (, z), a Takxke p(z, z) n v(z, z),
Ha HAYAJIbLHOM 9Talle CIab0 OTParKaloTCs HA XapaKkTep-
HOIt TMHAMUKE BOJHOBOTO 10151 (T. e. pyHKIwms X (2, 2) 1
€e TIepBbIE TPOU3BOIHBIE MAJIbI), OMHAKO CAMH BO3MY-
MIEHUsT ABJSAIOTCS JOCTATOIHO MEJIKOMACIITAOHBIMU U
[PETEePIEBAIOT JIOBOJIBLHO CUJIbHbIE N3MEHEHU Ha CPAB-
HHUTEJIBHO HEGOJBIINX NPOCTPAHCTBEHHBIX MHTEPBAIAX
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(Takum 06pa3OM, BTOPbIE IPOU3BOAHBIE OT X (X, 2) 10 T
u z oTHOCHTEIbHO Beukn ). [logcrasum B (13) cynepro-
sunuio x(z, z) = x(z, 2) + X(x, z) u uHEApU3yeM LOJLY-
YEeHHOe BBbIPayKeHHe OTHOCUTEJNbHO X(Z,2), IpUHUMAs
BO BHUMAaHUE BLIOPAHHBI HAME BRI MOUPABOK X (T, 2)
K MCXOJHOMY pelleHuo X (&, z) U CBA3aHHBIM C HUM pe-
mennit p(x, z) u v(x, z). B urore upuuem K ciemnyrorie-
My ypaBHeHuio i X (x, 2):

0%
TX L e(p)an
T

>3x2
B KoTOpoM Koabduimentsr A(p,7), B(p,7) u C(p,7)
PpacCIuUTBIBAIOTCA C TIIPUMEHEHUEM HEBO3MYMNICHHBIX
pacupejesernii monst p(z,z) m v(x,z). B gacrHOC-

0, (16)

i, u3 (16) HemocpeICTBEHHO BBITEKAET, UTO B TeX
006TACTSX, TJIE BBIOJIHAETCA HEPABEHCTBO

B*(

p,v) — A(p,v)C(p,v) = 2pcost >0,

MaJIOAMILIATY/IHBIE BO30Y?KIECHUS, O0YCJIOBIMBAIONIAE
Haju4ue monpasok X(x,z), p(x,z) u 0(x,z), M0 Mepe
IPOHUKHOBEHUS U3JIYYEHUS B IPOCTPAHCTBEHHO-CTPYK-
TYPUPOBAHHYIO CPeLly HAPACTaTh He OYIYT, a UX pac-
npocrpasenue Ha 3agannoM doue X(z,z), p(x,z) u
¥(z, ) IPOUCXONAT BJOJIb COOTBETCTBYIONIMX XapaKTe-
puctuk (15). B 9TOM HECI0KHO yOEIUTHCSI, BOCTIONB30-
BaBIIUCH CTAHJAPTHBIM METOIOM IIEPEXOJa OT BOJIHO-
BOIT K reoMeTpryecKoil akycTuke [23,54], T. e. mpemcra-
BuB X(z, z) B Buze

X(z,2) = Re [a(x, 2)e—iB(@2)

u mocrpous Ha 6Gasze (16) ypaBHeHme s 3iKOHAIA
B(z, z). C apyroit croponsl, u3 (16) TakKe HAIJISIHO
BHJIHO, 9TO B TOI 9aCTU MPOCTPAHCTEBA, TJIE

82(/3717) - A(ﬁfﬁ)C(ﬁfﬁ) = 2ﬁCOS@ <0,

JIOJIZKEH HaOJIIOIaThCs IKCIOHEHIINAIBHBIA POCT pac-
CMaTPHUBAEMOTO KJIACCA BO3MYIICHUIA.

B uTore skBuBaJICHTHBIE APYT APYTY CUCTEMBI KBa-
swinneiinpix ypasuennii (10), (11) u (7), (8), oun-
CBIBAIOIUE 3BOJIONUIO HMCXOJHO MIMPOKUX BOJHOBBIX
[IyYKOB B JUCKPETHBIX IIENOYKAX B 0O€3UCIEePCUOH-
HOM NPUO/IMZKEHUHN, SIBIAIOTCS TUIEPOOIMIECKIME, €C-
au cosv(x,z) > 0, W SJUIMITHYECKHMHU TaM, TJe
cosv(z,z) < 0. I3 npuBeleHHBIX BbIlIE ApIyMEHTOB
MOKHO CJEJIATDH BBIBOJ, YTO B IPOCTPAHCTBEHHO-CTPYK-
TYPHUPOBAHHBIX CPEJAX XapaKTEPHOE MOBEJCHUE MOJIsS
B DPA3IMYHBIX JIOKAJA30BAHHBIX OOJACTAX MOXKET CYy-
HIECTBEHHBIM 00PA30M Pa3JIndaThCsl U ONPEJEIseTCs
[PEKJIE BCErO 3HAKOM BEJIUYUHBI COS U(T, 2) B OTIEILHO
BBIJICJICHHOIT U pacCMaTpUBAEMOIl OKPECTHOCTH, OXBa-
THIBAIONIEH KOHEYHOE YUCJIO CTPYKTYPHBIX 3JIEMEHTOB
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pemerku. B maHHOM 0OOCTOSITEIBCTBE COCTOUT IIPUH-
UIIAAJIbHOE OTJIMYUE JIMCKPETHON 3aJla4y OT KOHTH-
HyaJIbHOI, B KOTOPO! KJIaCC CACTEMbl KBA3UINHEHHBIX
ypasrenuii, noaydensuoit uz HYII (2) anamorudanbiM
IIyTeM, COCTOSIIAM II0 CYTH B IIPEHEOPEXKEHUU JIHC-
epcuoHHBIMU 3P PEKTAMU BBICIIETO TOPSIKA, OJIHO-
3HAYHO OIPEeIsIeTCsl TUIIOM HesimHeiHocTu. Tak, /s
J1eOKyCUPYIONUX CpeJ B JIUHAMUKE ILJIABHBIX Helpe-
DPBIBHBIX DACIPEe/IeHUNl aMILIUTYAbl U (Pa3bl BO BCEM
IIPOCTPAHCTBE IIPOABJIAIOTCA TOJIBKO YepPThl, IPUCYIINe
runepboInIeCKUM MOJIEISAM (PACIIPOCTPAHEHUE BJIOJIb
XapaKTEePUCTUK, BO3HUKHOBEHUE YYAaCTKOB C PE3KUMU
IpaJIdeHTaMy BCJIEICTBIE [IPOIECCOB OIPOKHILIBAHNUSI ),
TOT/Ia KaK JIsT (DOKYCUPYIONIEeH HEJIUHEHHOCTH B CHJTY
SJUIUIITUIHOCTHA CTPYKTYPhI ODA30BBIX YPAaBHEHUI OJIHY
U3 OCHOBHBIX POJIeH UI'paeT Pa3BUTUE MOILYIAIMOHHON
HEYCTONYMBOCTH.

B nuckpeTHBIX cnmcTeMax, KaK IMOKA3bIBAIOT HAIITH
paccyzKJIeHHusl, BO3MOXKHO BO3HUKHOBEHHE CHUTYyalldH,
KOTJIa OJHOBPEMEHHO HA PA3HBIX yYaCTKaX HabJIoIa-
I0TCH PA3HOILUIAHOBBIE BAPUAHTHI ITOBeJeHus. B omHux
00J1aCTAX 9BOJIIONNS TOJsT OYIEeT IPOTEKATDH IO CIeHA-
pusiM, XapaKTEPHBIM HCKJIIOYUTEILHO /it 11eOKyCH-
pyroiero (rurepboInIecKoro) ciydas, a B Apyrux 06-
JIACTSX TIOWJIET YCUJIEHIE MEJTKOMACIITaAOHBIX BOZMYIIIE-
Huil Ha (oHe rITaKOro TPOMUIIS ¢ TOCIELYIONNM Pe3-
KUM POCTOM HMHTEHCUBHOCTHU IIOJI M €ro JIOKaJU3ally-
elf B OrpaHUYEHHbBIX ITPOCTPAHCTBEHHBIX 00JIACTIAX, KAK
pu caMOpOKyCUPOBKe (CBoﬁCTBeHHOﬁ JIANTUYECKON
CUTYAIUN ).

3.2. PacnpocTpaneHne MmydYKa CO CTyMNeHYaTbhbIM
npodujieM NHTEHCUBHOCTH. ABTOMOIEIbHBIE
pelieHns B paMKax Ge3I1iCIepCuOHHOrO
OpUGINXKEHUS JIs JUCKPETHOM MOoOe i

B srom pazmene
3aZady O  pacuaje
[22-25,36-43, 55, 56]

BBIM pporTOM, 115 KoToporo v(z,0) = v (|| < 7/2),
a npoduiab WHTEHCHBHOCTH p(T,2) *(x,2) B

CeYeHNn 2 0 3amaH B BUJE KYCOYHO-ITOCTOSHHOI

PaAcCMOTPUM  MOJEJIHHYIO
[IOJIyOTDAHUYEHHOI'O  IIyYKa
C WCXONHO JHUHEHHbIM (Haszo-

(cTynenuaroit) GyHKIMH IeHCTBUTETHHOTO apryMeH-
Ta x:
z <0,

x > 0.

P05,

N (1)

p(z,0) =

Takast mocTaHOBKA HAYAJIBHBIX YCJAOBUM JIJIT PACCMAaT-
puBaeMoil TpobIEMBI TaeT BO3MOXKHOCTDL aHAJTATHIEC-
KI ONHUCATH OCOOEHHOCTH IPOTEKAIONMIUX IIPOIECCOB U
HOJIYYUTH HAIJISJHOE IIPEJICTaBJCHUEe O TOM, YTO MO-
JKET TMPOUCXOUTH C ILUIABHON OrmbaroIeil m3JIydeHus,
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3HAYUTEIbHAS 9aCTh KOTOPOTO COCPEIOTOUEHA B OI'pa-
HUYEHHO# 00JIacTH, IPU €r0 IPOHUKHOBEHUH B IIPOCT-
PaHCTBEHHO-CTPYKTYPHUPOBAHHYIO CPeIy U KaK CJIeLy-
eT WHTEePIPETUPOBaTh Hab0maeMble 3 dexTnr. Huxke
[IPOJIEMOHCTPUPOBAHO, UTO JJIsi YKA3aHHON CHUTYAaIUH
y/IaeTcst IOCTPOUTH aBTOMOJIETILHOE DEIEHHe, a 3aTeM
HCIIOJIF30BATH €I0 COBMECTHO C PA3BUTHIM HAMU IIO/IX0-
JIOM, 9TO IIO3BOJISIET HANTH KPUTHIECKOE 3HAUEHUE Ia-
pameTpa pg, IPU KOTOPOM KadeCTBEHHAs KapTUHA Pac-
IIPOCTPAHEHUS] BOJIHOBOT'O IIOJISI MEHSIETCS Kap/IMHAJIb-
HO.

ITo amasoruu ¢ omHOMEpHOI razofuHamMuKOil [23],
IJe T0J0OHBIE aBTOMOJE/IbHBIE JBUXKEHUS, BO3HUKA-
Iolue, B YACTHOCTH, B IWJINHJIPUYECKOH Tpybe mpu
PaBHOMEPHOM II€PEMENIEHIH OPIIHS, UI'PAIOT BayKHYIO
poOJIb, B Clydae pacCMaTpuBaeMOU JUCKPETHON cucTe-
MbI AHAJII3 IBOJIIOIUY PACIIPEIETICHHS TI0JIsI N3HATAIb-
HO CTYIEHYaTOl (POPMBI SIBJISIETCs OJHON M3 OTIPaB-
HBIX TOYEK [IJIsi ODIEro MOHUMAHUS CIEIUMUKNA U BbI-
JleJIeHUsT KJIIOUEBBIX OTJIMIUTEbHBIX YePT HOBEIEHUS
JIOKAJIN30BAHHBIX 00pa3oBaHuil.

ByneMm uckarhb perenne COBOKYITHOCTH yDaBHEHUA

(10), (11) B Buge
p(x,z) :p(f)v 11(.2?,2:) :U(f)v Sinv(§)7

IJle BCe TEPEYNCIeHHbIE BEJTMIMHBI 3aBUCAT TOJIBKO OT
6e3pa3sMepHOil aBTOMOIE/ILHON TIepeMeHHoit £ = x/ z
[23,43,55,56]. Ipyrumu ciaoBamu, IPEIIOJIOKUAM, ITO

u(x, 2)

dopma KaxKION OTAETHHO B3SITOI MHTEpPECYIONe Hac
GYHKIINN TpU Pa3InIHBIX KOHETHBIX 3HadeHusx 2 > (
nogobHa caMoil cebe M OTJINYAETCs JIMIIL CBOUM Mac-
mTaboOM BJIOb OCU X, YBEJIUINBAIOIIIMCST TTPOTIOPIIHO-
HaJabHO z. B pe3ymbrare mpuaeM K CJIEAYIOMEH COBO-
KYITHOCTH OOBIKHOBEHHBIX (D EpeHIInaIbHBIX YPaB-
HEHU:

(0= % + 0% =0 (15)
20051}@+(u—§)d—u:0 (19)
dg g

st TOro 9To6BI HATH HETPUBHAIBHBIE DEIEHUS TAH-
HOl CHCTeMBI, BO-TIEPBBIX, MCKJOUNM (HAIPUMED) U3
(18) mpousBojHBIE, BBHIPA3WB U MOACTaBUB ux u3 (19).
Ara nponeaypa IKBUBAJICHTHA PUPABHUBAHUIO K HYy-
a0 onpenenurenst cucrembl (18), (19). B wurore Ha-
XOZUM, UTO B GE3IUCIEPCHOHHOM NIPHUOIINKEHUH JIIst
peIeHnil, MMEIOIUX aBTOMOJIEJIBHYIO (GOPMY, JIOJIZKHO
BBILOJIHATBCS COOTHOIICHUE

€= /s =ut /ooy,

KOTOPOE, B YaCTHOCTH, JIUIITHUN pPa3 NOJIEePKUBAET, YTO

(20)

BOJIHBI TAKOI'O THIIA CYIIECTBYIOT TOJABKO B 0BIACTH I'H-
epOOIMIHOCTH KBa3WINHeHHbIX ypasHenuit (18), (19),
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T.e. upu cosv(x,z) > 0. IIpexme deM nepexomurb K
JaJbHeHIIeMy U3JI0XKEeHUIO0 Pe3y/IbTaToB JTaHHOTO Pas-
Jlesia, 0OpaTHM BHUMAHHE, YTO B CHTYAIlUH, KOIJIA
v(z,0) = ~, Tae —7r/2 < v £ 0, a pacipenenenne
p(z,0) B mwiockocru z 0 [I0CTATOYHO XOPOIIO Aarl-

npOKCUMUpyeTes: BbipaskerneM (17), mpu z > 0 ecre-
CTBEHHO OI'DAHUYUTh BO3MOXKHbBIE 3HAYEHUs v (T, 2) UH-
Tepasiom v < v(z,z) < 7/2, a B (20) BHOpaTH 3HAK
«—». OIpaBIAHHOCTb TAKUX IIPEJIIOJIOKEHUH 060CHO-
BBIBAETCs B MIEPBYIO OUepeh (PU3NIECKUMU COObpasKe-
HUSAMEU U UHTYUTUBHBIMU IPEICTABJICHUIME, COTJIACHO
KOTOPBIM I'DAHUIA PE3KOTO IIEPEX0Ia MEK LY 00JIACTHIO,
3aHATOI OJIeM KOHEYHON aMILUIATYIBI |/po, H «BaKyy-
MOM» (TOH YACTBHIO MPOCTPAHCTBA, IJle BHYTPH CTPYK-
TYPHBIX 3JIEMEHTOB DENIeTKN U3JTyIeHUe MPaKTUICCKH
OTCYTCTBY€T) JI0JI?KHA TIOCTETIEHHO PA3MBIBATHCS TIPEK-
Jle BCETO 3a CUeT BOSHUKHOBEHUsI 3HAKOOIIPEJIETIEHHBIX
rpaguenToB (asbl, 9TO B TUAPOJUHAMUYECKOH TepMu-
HOJIOTMHI OTBEYAET MPOIECCY PA3JIETA «Ta3a», & PACIIPO-
CTpaHeHNe MAJIBIX BO3MYIIEHUI 10 OHOPOTHOMY (DOHY
¢ p(x,z) = po uv(z, z) =7y OT MECTA HCXOHOTO Pa3Ph-
Ba IIPOMCXOJHUT CO CKOPOCTBIO /Py, ABJISIOIIeCS aHa-
JIOTOM «CKODOCTH 3ByKa» [55,56].

IMoncrasus ¢ = u — /2pcosv B (18) m mpowmn-
TErpupoOBaB ToMydeHHoe AuddEPEHITATbHOEe YPABHE-
HEE C YYeTOM I'DaHUYHBIX YCJIOBHN p(—00,z) = po H
v(—00, z) = 7, HallleM CJIe/yIOIIEe COOTHOIIEHNE:

\/%—\/ﬁ:%/mdw:

= V3(E(v/2.2) ~E(7/2.2)). (1)

KOTOPOE COBMECTHO C 3aJIeHCTBOBAHHBIM IIPU €0 BbI-
BOJIE BBIPAYKEHHEM [ £ JIAET MOJTHOE aHAJIATHIECKOE
peleHre nHTepecyIomell Hac 3a7a9u 00 IBOJIOIUY TI0-
JIYOIPQHUIEHHOTO ITy9Ka, ¢ KYCOYHO-TIOCTOAHHBIM ITPO-
dusreM MHTEHCUBHOCTHA B PaMKax O€3IMCIIEPCHOHHOTO
upubimkenus fyist JTHYIIL. Orverum, aro B (21) mc-
nosb3yercs crangaprroe obosnadenne B (v/2,2) mna
HEIOJIHOTO 3/ITMITHIECKOTO HHTErpaJjia BTOPOro pojia.

CoriacHo IPOBEJEHHOMY HAMU B IIPEIBLILYIIEM Pa3-
JleJie aHaJ U3y, JI0 TeX [Op MOKa B KaXKJOH TOYKe IIpo-
CTPAHCTBA BBIIOJIHSIETCS HEPABEHCTBO cosv(x, z) > 0,
COBOKYITHOCTD KBa3WJINHEHHBIX ypasHennii (7), (8) (kax
u sKBUBajieHTHa eif popma sanucu (10), (11)) asager-
cq Berogy runepbosmaeckoii. CrieoBaTebHo, HEOIHO-
POZHOE pAaCIIpe/Ie/ICHAE BOJHOBOIO TOJIA MIPH PacIpo-
CTPaHEHWU HE IOJABEPXKEHO Heycrohuusoctu. OpHako
€cJiM BO3HUKAIOT obJsactu, rue cosv(z, z) < 0, To ma-
JIbIe BO3MYIIEHUSA HA TUX YyYACTKAX Oy/IyT SKCIOHEH-
[UAJIbHO HAPACTATb, YTO B KOHEYHOM HTOTE JOJIKHO
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OPUBECTH K Pa3pYIIEHUIO MydyKa. IIpuHUMasi BO BHU-
MaHue JaHHBIE OOCTOSTENBCTBA U COOTHOIIeHHe (21),
CIIPABEIINBOE 1T ABTOMOJIEJILHOTO PEIIEHNs], HECIIOXK-
HO IOKa3aTb, YTO TUIEpOOIHIHOCTE cucreMsl (7), (8)
COXPAHSIETCSL B IIPOIECCE IBOJIOIMU BOJIHOBOILO IIyIKa
JIMIIb DU HAYAJIBHBIX HHTEHCUBHOCTAX Po, HE HPEBbI-
[IAIOIIUX KPUTUYECKOE 3HAUCHIE

pocr = 2(E (7/2,2) — (7/2,2))2.

B urore ecrecrsenno OXKUJIaTh, YTO B CUTyallAX, KOTI'-

(22)

J1& 0 > P0gps AACKPETHOCTD CPEZbI IPUHIIUITHAIBHBIM
00pa3oM CKa3bIBAETCS HA JMHAMUKE CBETOBBIX ITY9IKOB
B OJIHOMEPHOI1 pellleTKe BOJIHOBOJIOB U IIPUBOJIAT K Pa3-
PYLIEHUIO [UIABHBIX PACIPEIETICHUN HOJIsA. DTOT BBIBO
HOJITBEPXKIACTCST CPDABHEHNEM JIAHHBIX IIPSAMOTO UHC-
JIEHHOT'O MOJIeJINPOBAHNUS JBOJIONMA TOJS B DPaAMKax
JHVII (1) u HVIII (2), ucxonubtii npoduib KOTOPOro

ObLT 3a/1aH B (hOPME COOTBETCTBEHHO
U (0) = (xz =n,0)e” " nu
b(w,0) = m[1 —th (x/o)},

KOTOpas ABJISETCHA 4aCTO MCIOJb3yeMON HEIIPEPHIBHON

(23)

ATIPOKCUMAITHEH KYCOUHO-TIOCTOSHHON (DYHKITNAN.

Ha puc. 2 npesncraBien ciaydail, KOTjia BeJUYNHA
MHTEHCUBHOCTH Py HUKE KPUTUYECKOro 3HadeHus (22).
Bujgno, uro pe3yspTaThl pacdeToB IS JUCKPETHOM
¥ KOHTHHYAJbHOW 3aJa4 IIPaKTUYECKU COBIIQJAIOT He
TOJIBKO KaJeCTBEHHO, HO U KojmdecTBeHHO. OmHAKO B
CUTyaINy, TIOKA3aHHOW HA PUC. 3 U OTBEYAIOIIEH BHIOO-
DY P0 > P0.p; 3AMETHBI CYIIIECTBEHHbBIE DA3JINIHSI, 00b-
ACHATH KOTOPBIE MOXKHO Da3BUTHEM HEYCTONYMBOCTU.
B nporecce sBostonun B iepudepuitioit 9actu BOJIHO-
BOI'O IIy4YKa BO3HUKAET 00JIACTH, B KOTOPOIl IIOBE/IeHTE
MOJIA OIPENeJIACTCH JIIAINTUICCKON CUCTEMON KBa3U-
JIMHEHHBIX YPaBHEHUI U MaJible BO3MYIIEHU HapacTa-
IOT 9KCIIOHEHIINAJIbHO, PACIIPOCTPAHAACH K 30HY I'MIIeD-
GosmaaocTH (M. puc. 3b, c).

4. BAKJIFOYEHUE

B zakiro4eHne OTMETHM, 9TO CIACJAHHDI BhIIIE BbI-
BOJI HEe 3aBHUCHUT OT COCPEIOTOYCHHOI B IIyUKe MOIIHO-
ctu. ClleoBaTesIbHO, /115 JIIOOBIX MUPOKUX PaCIpese-
JIEHW{l TIPOMBEOILHON aMILTATY Bl ¢ WCXOTHO TLTOCKUM
(vn(0) = 0) mm coerka HakIOHHBIM (v, (0) = 7, rue
7| < 7/2) dasobM ppoHTOM HauAIBHAS CTA/MST BO-
JIFOIIUH JOCTATOYHO XOPOIIO ONHUCHIBACTCA CHCTEMOM -
nepOOIMIECKUX KBA3UINHEHBIX YPABHEHUN U TTPAKTH-
YeCcKU He OTJIMYAeTcs OT TOrO, UTO MPOMCXOJUT C Ta-
KUMH YK€ BOJHOBBIMU TOJIIMH B HETPEPBIBHON 3aJ1a-
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€ 1 1 —DNLS eq. | | 1
~
=075 | NLS eq. | | |
=

- 05} = = .
<
025} . . 1
= (a) z=50 (b) z =400 (¢) 2="750
3 0 | | | | | | | | | |

-1800 -900 0 900  1800-1800 -900 0 900  1800-1800 -900 0 900 1800
n, xr n, xr n, r

Puc. 2. (B ugete onnaiin) To xe, 4To Ha puc. 1, ans nyukos, 3aganubix npu z = 0 B popme (23). Mpeacrasnentbie pesynb-

TaTbl OTBeualoT napametpam v = —0.25, 0 = 1.33 n y/po = 0.85,/po,., TAe po., ~ 0.493 — paccuuTtanHoe no copmysne (22)

KPUTNYECKOE 3HAYEHNE VHTEHCUBHOCTY LAS JAHHOW cuTyauun. PesynbTaTbl pacyeToB npakTu4eckn COBMagaloT ajis BCex npef-

cTaBneHHbix cedenuii z = 50 (a), z = 400 (b) n z = 750 (c). OTAn4Usa MeXAY HAMN MOXKHO CHUTATb HECYLLECTBEHHBIMU, TaK

KaK Ha CMJIOLWHbIE KPUBblE KPAaCHOTO LBeTa (DaKTUYECKN HAKIAAbIBAlOTCA TOYKM, COEfMHEHHbIE MeXay COBOM NMHUAMUN CMHEro
usera

E 1 1 —DNLS eq. | | 1
~—
=050 | NLS eq.| || |
=
- 05} . b ]
<
~Z0.25 + . i .
= (a) z =150 (b) z =400 (c) z="750
3 O 1 1 1 ! ! 1 1 1 ! 1 1 1 1 !
-1800  -900 0 900  1800-1800 -900 0 900  1800-1800 -900 0 900 1800
n, T n, T n, T
Puc. 3. (B usere onnaiin) To xe, 470 u Ha puc. 2, Toneko anst \/po = 1.15,/po.,. B aTolt cutyauum noporosoe 3HaqeHne

P0er = 0.493 npeBbILLEHO, YTO, COMNACHO Pa3BUTLIM HaMV TEOPETUHECKUM MPEACTABAEHUSIM, LOKHO NPUBOAUTL K PaspyLLEHNIO

npocbuas nyd4ka B SUCKPETHOM ciydae. BuaHo, 4To maHHbIi npouecc Ha4YMHAEeTCs C HapacTaHusi BO3MYLLEHUN Ha nepudpepum

NAaBHOrO NPochnas MONs, KOTOPOE BbI3BAHO Pa3BUTUEM HEYCTONHMBOCTW Ha ero oHe. B pacuerax, BbINOAHEHHBIX B pamKkax
HYLL (2), nogobHoro acpcpekTa He HabntogaeTcs

e MpU ONMCAHUU UX JUHAMUKH B paMKax JIedOoKycu-
pytomero HYIII. JIpyrumu cioBamu, HeJTUHEHHBIE 3~
GdeKTHI B TIEPBYIO OYepeb MPUBOIST K PACILIBIBAHIIO
orubaromeil myJdka, Ha (POHE KOTOPOIr'O MPOUCXO/IUT JIO-
KaJbHOE YKPYUEHHE TOMEePeTHOr0 Mpoduas u 00pa3o-
BaHHUe PE3KOro IMeperajia aHAJOTUIHO TOMY, KaK IpO-
TEKAIOT MOMOOHBIE MPOIECChl B TazoauHamuke. OjHa-
KO TIOCJIEJTYTOIINE STAIBI PACIPOCTPAHEHUSI B KOHTHHY-
AJILHOM U JIMCKPETHON MOJEJISIX MOTYT KaK COBIIAJIATh,
TaK W CYIECTBEHHBIM 0Opa30M Pa3MYaThCsl B 3aBU-
CHMOCTH OT TOTO, BBIIOJIHSIETCSI JIX JJIs pa3HocTu (a3
Un(2) = 0 (2) — 01— 1(2) KOMILIEKCHOM BOITHOBO# (DYHK-
mn P, (2) = ¢n(2) exp[—ify(z)] B cocenHux smeMeH-
Tax PEIIeTKU YCJIOBHE COS U, (z) > 0 mo-upeHeMmy BO
BCEM IPOCTPAHCTBE WJIM K€ BO3HHUKAIOT ODJIACTHU, TJe
cosv,(z) < 0. Kak mokasslBaeT HpPOBEIEHHBI HaMK
aHAJIN3, JIAHHOE YCJIOBUE IMO3BOJISET HAXOJUThH KPUTH-
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qecKue IapaMeTphbl HAYaJIbHBIX paCIpee/IeHuil oJId,
JI7IST KOTOPBIX CJIEIYeT OKUJIATH PA3BUTHU HEYCTONIN-
BOCTH, TPUBOJIATIEN BIIOCTIEJCTBUN K UX PA3PYIIEHUIO.

Yucnennoe MOJETUPOBAHUE IBOJIIOIUN CUCTEMBI B
pamkax JIHVII mojarBepxkaer cielaHHbIE BbBIBOJIBI
OTHOCHUTEJILHO JIUHAMUKU TOJs B J1e(DOKYCUPYIOMEM
pexume. B pabore mnpuBeIeHBI IPUMEpPHI pa3Ind-
HBIX BapUAHTOB 3BOJIOINKM HEOIHOPOTHBLIX Ipoduiei
WHTEHCUBHOCTH 3JIEKTPOMATHUTHBIX IIyYKOB, HHKEK-
TUPYEMBIX B OJHOMEPHYIO PEIIeTKY 3KBUIUCTAHTHO
PACIIOJIOXKEHHBIX CBETOBOJIOB. Ilpm 3TOoM HarjsiiHO
MIPOIEMOHCTPUPOBAHO, UTO CYIIECTBYIOT CIIEHAPUH,
KOTOpBbIE OTCYTCTBYIOT B AHAJOTHYHBIX CHTYAIU-
IX B CIJIONHONW (HECTPYKTYPUPOBAHHON) cpele wu
XapaKTEPU3YIOTCA POCTOM MAJbIX BO3MYINEHUNR WU
BO3HUKHOBEHNEM M3PE3aHHOCTEH Ha mepudepnn mias-
HBIX paclpejiejieHnii 1moJiss. B KOHeYHOM cueTe 3TOT
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OcobeHHOCTY AMHAMUKKN CaMOBO3eliCTBUSI BOJIHOBLIX MaKETOB. . .

[IPOIIECC PACIPOCTPAHSAETCST HA [EHTPAJIBHYIO YacTb
BOJIHOBOTO TIydka. llpw JaJibHEHIeM yBeJUIeHUN
AMIUINTY/IBI TI0JIsT WHTEHCUBHOCTH MEJKOMACIITabHOM
HEYCTOWYMBOCTH YBEJIMIUBAECTCSA. DTO O3HATAET, UTO
BOJTHOBBIE TIOJIS C AMILIATYOM, TTPEBBIMIAIONIEH KPUTH-
9ecKoe 3HAYEeHUe, TePSAI0T KOT€PEHTHOCTh B IIPOTIECCEe
pactpoctpanenuss B jedokycupyoreit cpeme. Ecre-
CTBEHHO OXUIATH HApPYIIEHUs ILIABHON CTPYKTYPBI
[IOJIst U TIPU PACIPOCTPAHEHUU €r0 B aKTUBHOU CpeJe.
Takoro poja HapyIIeHHEe KOIePEHTHOCTH HACTYIAET
KaTacTPOPUIECKUM 0OPa30M.

®unancupoBanue. Padora somosnena B Hayw-
HOM 1eHTpe MupoBoro ypoBHst «llentp doroHukms
npu JuHAHCOBOI TOIep:KKe MuHmucTepcTBa Ha-
yKu u Bbicmero obpazosanus P® (corsamenue

Ne 075-15-2020-906).
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