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IIpepucnoBue

JIro60ii OBUXKYIINICS UCTOYHHK BOJH BO30YyXA4€T B OKPYXKalo-
HIEM €ro MPOCTPAaHCTBE BOJIHOBOMH IPOLIECC C MONEPEYHOR YaCTOT-
Hoit Mopynsiuueii. IIpuumHoit atoro asnsieTcs agpdexkT [Homrepa.
IIpsiMo MO HampaBJIEHUIO NBUXKEHHS HCTOYHHUKA 4YACTOTA BOJIHbI
6yneT MakKCHMaJIBHOH, B MPOTHUBOIOJIOXKHOM HAaNpaBJIE€HHN — MUHH-
MaJIbHOH, a B fuana3oHe yriaos (0 — ;) 6yAeT UMeTh NPOMEXYTOY-
Hble BEJIMYHHBI, Eepexofsl OT MaKCHMaJbHOrO 3Ha4YeHUs K MHHU-
MaJibHOMy. MakcuMyM nonepeyHoi 4acTOTHOH MOy IsALud OyleT Ha-
OnrogaThes nop yrioM /2 [13].

JIro60¥1 KOHEYHBbI BO BPEMEHH M HPOCTPAHCTBE BOJHOBOM na-
KET, paclpOCTPAHAIOIIMIACH B HEOTHOPOJXHOM Cpefie C YaCTOTHOM JHuC-
nepcuei, NpuobGpeTaeT NonepeyHyro 4acTOTHYIO MOAYIALHEIO, MHO-
CKOJIbKY €ro CHEKTpaJibHble KOMIIOHEHTBI OyAyT pacXOguThCs IO
yriam, T.e. 6yneT HabnopaThcs Ipolece TpaHC(OpMaly NPOOib-
HOTO CHEKTpa B onepevyHsii [62].

Takum o6pa3oM, nonepeyHas 4aCTOTHast MOAYJISAIMSA — OFHO M3
caMbIX pacIpOCTPaHEHHLIX B (PU3HKE BOJTHOBBIX NPOLECCOB SBJIE-
HHI1, OCOOEHHO €CIIH Y4ecTb TOT (PakT, UTO BCE HEORHOPOMHBIE Cpe-
[bI, CTPOrO TOBOPsi, B OOJIbIEH MM MEHbIIEH CTENeHH OOIafaroT
JaCTOTHOH AMCHEPCHEH.

Ha ponro BonH 6€3 nonepeyHoi 4aCTOTHOH MOJYJISILIMM OCTaeTCs
COBCEM HEMHOrO CJly4aeB: 3TO JHOO HEMOABHXXHBIE TOYEYHBIE
HICTOYHMKH B ORHOPOAHBIX cpenax, Ju0O HEMOIABHXHBIE MOHO-
XpOMaTHYECKUE HCTOUYHUKH B HEOMHOPORHBIX Cpefiax.

Jlo HepaBHErO BPEMEHH CHHTAJIOCh, YTO HANU4HE NMONEPEYHON
JaCTOTHO! MORYJILIMA BOJIHbI HUKAaK HE CKa3bIBAETCs Ha IIPOLIECCE ee
pedpakumu B nucneprupyromux cpenax. ITo kpaitnei Mepe, 06 3ToM
CBUJIETEIILCTBYIOT YPaBHEHUS CTAHAAPTHOTO BapUaHTa reoMeTpuyec-
KOii onTukd. B Hacrosimeil MOHOrpaduu NOKa3aHo, YTO 3TO JAJIEKO
HE TaK ¥ YTO HEOOXOAMMO NEPECMOTPETH NOIXOAbI K ONUCAHUIO ped-
PAKLMOHHBIX SIBJIEHUH B TUHEAHBIX CPeflax C YaCTOTHOHU JHCIEPCHEN.

Ilonsitne pedpakuuu DpakTHYECKH BCErNa CBA3LIBAIOT C MO-
HATHEM IeOMETPOONTHIECKOrO, WIH JIy4eBOro, Npubnuxkesus. Ssine-
HHUe pedpakliid MOXHO OINpeJe/INTh KaK H3MEHEHHE HaNpaBICHUSA
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pacnpocTpaHeHHs BOJHBI B pe3ylbTaTe €€ B3aHMONEHCTBUS CO cpe-
ROH, ONHChIBaEMOe B paMkax reoMerpudeckod ontuku (I'O). B reo-
METPOONTHYECKOM NPUOGIHKEHUN BBORUTCS HEKOTOpAsi BEJIMYHHA 71,
Ha3bIBaéMas IOKa3aTeJeM IpesIOMJIEHUs, NN ONTHUYECKOH IJIOT-
HOCThI0. IHOI[Ia MOKa3aTe b NpeJOMIICHHUs SIBHO BBIPAXKAETCS Yepe3
(pusHYeCKHE NapaMeTPhbl CPeNibl U BOJHOBOTO NOJS (3MEKTPOHHYIO
KOHIIEHTPALIMIO, NaBJIEHUE, INIOTHOCTh BELIECTBA, aMIUIMTYAY BOJIHBI
U T.0.), @ HHOT[a 3alaeTCd B MCXOJHOM BOJIHOBOM YPaBHEHHH, U3
KOTOporo BeiBOAuTCA npubnmxkenue I'O kak peHOMEHONOTUYECKHH
napametp [14, 6, 8, 11, 16, 69].

M3 cka3aHHOrO BbIlIE HE CIERAYET, YTO TOIBKO reOMeTpHYEcKast
ONTHKa CNOCOOHa ommcaTh pedpakuuio, ODHAKO HMEHHO B 3TOM
NpUOIMKEHHH ONPENENSIOTCS IPOCTPAHCTBEHHBIE H BpEMEHHKIE Mac-
mTabbl pepakUUOHHBIX SIBJIEHUH, XapaKTEPHbIM MIPA3HAKOM KOTO-
PBIX CIYKHT MaJlo€ M3MEHEHHE HaNpaBJICH#s BOJIHBI Ha NPOCTpPaH-
CTBEHHOM M BPEMEHHOM HHTEpBaJie ObICTPBIX OCLHIIISLMIA MOJIS.

IIpocrpaHcTBEHHO-BpeMeHHbIe MacIiTabbl pe()pakIMOHHBIX SIB-
JIEHUH OJ{HO3HAYHO CBSI3aHbl C AHAJIOTUYHBIMH MaclITabaM# U3MEHe-
HHS [TOKA3aTells NPEJOMIICHHUS, T.€. BEJINYHHA 71 TaKKe [OJIXKHA ObITh
"InaBHOK" Ha MIMHE BOJHBI M "MEJICHHO!" Ha BpEMEHHOM HHTEpBa-
Jie OBICTPBIX OCUMJUISANMI NOJsl. B MpOTHBHOM cilyyae roBOpsIT O IH-
¢ppakuOHHBIX BOMHOBBIX a¢pdexrax [5, 10, 12, 18, 35, 39, 40, 50, 64].

ITo Buay moka3zaTens NpeaoMJIeHHsT OOBIYHO pa3jMyaroT JBa
THNa pedpakuUud — JUHEHHYI0 W HejauHedHyrw. Ecnu nmokasarens
NPETOMIIEHHS 3aBUCUT TOJILKO OT XapaKTEpPHUCTHK CPefibl PaclpoCT-
paHEeHus, TO Mbl UMEEM [I€/I0 C JIMHEHHOH pedpakuueir. Ecnu no-
Ka3aTelnb NPEeIOMJICHHs 3aBUCHT, KpOMe BHEIIHEH Cpefibl, TAKXKE U OT
HHTEHCHUBHOCTH BOJIHBI, p€4b HJET O HEIMHEUHON pedpaKkiiny.

O6a Tuna pedpakiiui ONMUCHIBAIOTCSI CBOUMH F€OMETPOONTHYE-
CKMMH NPUOIMKEHNSIMA: COOCTBEHHO F€OMETPHYECKOH ONTUKOU H
HENUHEHHOH reoMeTpHYECKOl onTukoi. B Hacrosmee Bpemsi aTh
FEOMETPOONTHYECKHE NPHUOJMKEHUS PacHpOCTpaHEHbl Ha TPOCT-
PpaHCTBEHHO-BPEMEHHOM Clly4yail B cefiyac pa3ju4aroTcs JUHEAHAs 1
HEJIMHEHHasl NPOCTPaHCTBEHHO-BPEMEHHAsI FeOMeTpUYecKasi ONTHKA
(IIBI'O). Mx obuet 4epTodl sIBASETCS TO, YTO BOJHOBOH MPOLECC
NPENCTAaBAsAETCS B BUME JOKAJIbHO-MJIOCKOH ONHOPOOHON M MOHO-
XPOMAaTHYECKOH BOJIHBI, NapaMeTpbl KOTOPOH "MiIaBHO" # "MefyeH-
HO" MEHSIIOTCS B Npolecce pacnpocTpaHenus. Ilogo6Hoe npencras-
JIEHHE HE SIBJISIETCS €IUHCTBEHHO BO3MOXKHbBIM, U3BECTHBI NPENICTaB-
JEHUsE U B BUIE€ HEMOHOXPOMATHYECKHX, HAIpUMEDP CUHTYJISPHBIX,
(yHKIMI, OHAKO MBI UX YIOMHHATh HE Oy/ieM, IOCKOIbKY OHH He
JalOT HOBOI'O KAYECTBA M HE BBIXOMST 32 paMKH MOHSITUH JIMHEAHOU 1
HenuHelHON pedpakuuu [9, 11, 31, 36, 46, 58].
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KpoMme Toro, ceifyac HHTEHCUBHO pa3BHBacTCs 0000LIeHHe KaK
CTAlMOHAPHOM, TaK M MPOCTPAHCTBEHHO-BPEMEHHOM F€OMONTUKHU Ha
cnyyait JIOKalbHO-HEONHOPOHBIX IJIOCKUX BOJIH — TaK Ha3blBacMas
reoMeTpHYecKasi ONTHKA HEOIHOPOAHBIX BOJIH, WM KOMIUIEKCHAs
reoMeTpuveckast ONTHKA. B a3TOM NpuOIMXeHUd pelieHne UIeTcs B
BHJI€ TJIOCKOii BOJIHBI C KOMIUIEKCHBIM BOJIHOBBIM BEKTOPOM K, MHH-
Masi 4acCTh KOTOPOrO OMHCHIBAET NONEPEYHOE 3aTyXaHHE NOJI H
cou3MepuMa C IENCTBUTENBHOM YacThIO, ONPENESAIOIEH JUINHY BOJI-
Hbl. 1o 3TOi NpHyKMHE TEPMHUH "reOMETpUYecKast ONTHKa", BooOwe
roBopsi, HEKOPPEKTEH, MOCKOJbKY 3[€Ch YUHTHIBAIOTCS M AUGpaK-
uuoHHble 3¢ dexTsl. ITU 3P EEKTHI NPUBOAAT K TOMY, YTO KOMII-
JIEKCHBIN JIyd B OMHOPORHOM cpefe B OOuleM ciay4ae He sIBISeTCs
npsMoi nunued [12, 18, 41-45, 56, 59, 60, 63].

OnHako CymecTByeT elle ONMH MaJOM3BECTHBIA MeXaHU3M
pedpakuuu, CBI3aHHBIH C AUCIEPCHOHHBIMH CBOMCTBAMH CpPENbI,
KOTOpBIii U SIBASETCS OCHOBHBIM IIPEAMETOM HALIETO UCCIIEOBAHHS.

Ewme pa3 oTMETHM, YTO BCE MaTepHalbHble Cpeibl, B3aUMO-
NEACTBYIOIIME C BOJIHOM, B GOJIbIIEH MM MEHBIIEH CTemneHn obia-
Mal0T YaCTOTHOM NUCIEepPCUEN, NPOSIBASIONIENCS B 3aBUCUMOCTH IO-
Ka3aTeJsi npefomienus n ot yacrorsl [1-4, 17, 26-30, 38, 40, 51, 79].
IMopo6HO TOMy, KaK 3aBHCHMOCTb [OKA3aTelsl MPEJOMJIEHHS 1 OT
AHTEHCUBHOCTH MOJIsi OPUBOXUT K OCOOOMY KIIacCy BOJIHOBBIX
SABJIEHUH — HEJIMHEHHON pedpaKiuu, 3aBUCHMOCTb n OT YaCTOTbI
NPUBOJMT K APYrOMY KJIAcCy BOJIHOBBIX SIBJIEHHH, KOTODbIi MbI Oy-
ieM Ha3bIBaTh AUCIEpcHoHHON pedpakuuei (JIP).

MucnepcuonHas pedpakuus UMeeT psfi OOLIKMX CBOUCTB C HEH-
HEeWHOU pedpaknnes, MOCKOJIbKY B 000HUX Cly4asix MoKa3aTelb Mpe-
JIOMJIEHHS 3aBHCHT OT BOJIHOBOrO nosist. Hanpumep, oHa MOXeT npo-
SIBJIATBCS. B OQHOPOAHOM Cpejie, YTO HEBO3MOXHO B Cllyyae OOBIYHOM
nuHelHoH pedppakuun. Pasnuyne ux 3akiiro4aeTcst B TOM, YTO €CJIH
Il BO3HUKHOBEHHSI HEJIMHEHHOH pedpakiuyu HEOOXONUMO H3MEeHe-
HHE aMIUTHTYObl MO (DPOHTY BOJIHBI, TO AJis BO3SHMKHOBEHHUS JHUC-
HepCUOHHON pedpakuuu B Cllydae KBa3KMOHOXPOMATHYECKOrO MaKe-
Ta TpeOyeTcsi M3MEHEHHUEe YacToThl No (poHTy. B onpeneneHHOM
CMbICJIE MHCIEPCHOHHAs pedpakuusi MOXET ObITh OTHECEHa K He-
nuHEHHBIM 3¢ eKTaM, MOCKOIbKY OHA OMNPENE/ISAETCa HETHHERHOM
3aBHCHMOCTBLIO YaCTOTHI (0 BOJHOBOrO 4HCIa kK B JUCIEPCHOHHOM
ypaBHEHHH. Y YET AUCIEPCHOHHBIX CBOUCTB CPE/ibl HO3BOJSIET Y4ECTh
HE TOJBKO OCOOGEHHOCTH pAaclpOCTPaHEHHs, KOTOPbIE MOXHO OT-
HecTH K 3 ¢eKTy JUCTIEPCHOHHON pedpakiui ¥ MacuITab KOTOPbIX
3HAYMTE]IbHO OOJbIIE AJMHBI BOJHBI, HO U OCOOEHHOCTH, MaclITal
KOTOPBIX COM3MEPHM C AJHHON BONHBI ¥ KOTOPbIE MOXHO ObLI0 Obl
Ha3BaTh MUACIEPCUOHHOM fudpakiueil. Takue siBIIeHUs] PACCMOTPEHbI



B rnase 1, B yacTHOCTH 3peKT "NnpocBeTneHns" MIa3Mbl HEOTHO-
pONHOM BOJIHOW, OJJHAKO OCHOBHOE BHHMaH{e B MOHOrpacduu yae-
JICHO HCCIIEOBAHUIO MIMEHHO pe(PaKIUOHHbIX SIBIEHHI.

IIpuBeneM HEKOTOpPBIE Ka4eCTBEHHbIE COOGPaXKEeHHsI, IIOSICHSIO-
lpe MPHPOAY AMCICPCHOHHOM pedpakLMU U He NPEeTeHAYOIKE Ha
(PU3NYECKYIO CTPOrOCTh.

ITycts uMeeTcs ofHOpOAHAs RUCIEPrUPYIOLIAs CPefla, B KOTOPO
noKa3aTellb NPeIOMIIEHUs n ABIsieTcsl PyHKUUed yactoTsl. [TycTs B
3TOH Cpefle pacupOCTPAHSIETC KBa3UMOHOXPOMATHYECKHI BOJIHOBOM
NaKeT, B KOTOPOM 4acToTa KoJeOaHuii MEHSIETCS BLOJIb ero (hpoHTa.
(BomHOBast pyHKUHMS, COOTBETCTBYOLIAs CBEPXILMPOKONOIOCHOMY
BOJIHOBOMY MakeTy ¢ MOMEPEYHOU YACTOTHOH MOAYJISLHE,
MOKa3aHa Ha puc. 1).

[Tockoneky hazoBas CKOPOCTb Ha Pa3/IUYHBIX YyYACTKaxX (PPOHTA
B CHJy AMCHEPCHOHHOrO COOTHOLIEHHsI OYJET MMETh pPa3judHYyIO
BEJIMYUHY, TO, OYEBHUHO, Ha OCHOBE NpuHUMMNa [foiirenca GpoHT BoI-
HbI IOJXKEH BECTH ce0s1 Tak e, KaK U B O€3AMCIEPCHOM, HO HEOIHO-
POMHOA cpefie ¢ M3MEHSIOIUMCS [0 OPOCTPAHCTBY NOKa3aTeaeM
NPENOMJIEHHS] — U3MEHSAThL HaIlpaBJIEHUE PAaCPOCTPAaHEHHs, T.€. HC-
NBITbIBATh siBJIcHHE pedpakuuu. C reoMeTpOONTHYECKOH TOYKH
3peHus, cpefla OKa3bIBaeT BIMSHHE Ha BOJIHY 4Yepe3 MoKa3aTelb
NpEeJIOMJIEHHS, U NJsI BOJIHBI HE MPUHUMUNUANBHO, YTO SBJISETCS
NPHYUHOA M3MEHEHHUs n B MPOCTPAHCTBE: HEOOHOPOLHOCTh CBOMCTB
CaMO#l Cpefibl, KakK B Clly4ae OObIYHOMN JIMHERHOW pedpaKkIuy, HEOH-
HOPOJAHOCTb AMIUIMTY[bI, KaK NPH HETHUHEHHOH pedpakuuu, uiu
HEOJTHOPOJHOCTD YaCTOThI, KaK B HameM citydae. [Ipn HeJTMHEAHON 1
MUCNIEPCUOHHON pedpakiMu Cpefia MOXET ObITh OJHOPOJHOU MO
CBOMM (DU3HYECKMM NapaMeTpaM, a HEOJHOPONHOCTh MOKA3aTeNs
npenoMieHust 00yC/IOBIUBATLCS MPOCTPAHCTBEHHON HEOTHOPOLI-
HOCTbIO B3aUMOJEUCTBUS BOJIHBI CO cpefoit [4-6, 26-30, 74, 93].

Kpatko paccMOTpuM HCTOpHIO pasBUTHSI TEOPETHYECKHX MpeS-
CTaBJIEHHA O BOJIHOBBIX MpOlECCaX B AUCMEPTHPYIOUIMX Cpefax u
NONbITAEMCSl MPOAHANU3UPOBATh MPUYHHBI, MO KOTOPbIM 3¢ deKT
RUCIEPCUOHHOM pedpaKLF MaJION3BECTEH.

Knaccuyeckas Teopusi qucnepcin BOJIH B IMHEMHBIX cpefiax Oblaa
3aBepilieHa pabotamu A. 3ommepdenbaa u JI. Bpunnrosna B Hauane
npouioro Beka [1]. OHu uccreqoBany Bee U3BECTHBIE HA TOT MOMEHT
BOJIHOBbIC 3(PeKTHI, CBA3aHHBIE C JUCIIEPCHEN BOJH, pa3paboTanu
MaTeMaTHYECKHA anmapaT [Jjsl UX OIHCAHMs, a TaKXe yKa3alau 00-
IHA NyTh PELIEHUs] BCEX JIMHEHHbIX HECTAIIMOHAPHBIX 3a[ja4, OCHO-
BAHHBIH Ha Pa3JIOXEHWH CHUTHajNa B crnekTp ®ypbe W npuHIUIeE
cyneprno3uuun. ITocne sToro uHTEpeC K HECTAUMOHAPHBIM 3aayaM
ynaj, OCKOJIbLKY CTaja0 OYEBHHO, YTO JIFOOYIO U3 HHX MOXKHO pe-
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LIKThH, 3HAs CTAHOHAPHOE MOJIE B HEKOTOPOM JHAaNa30He YacToT.
OCHOBHOE BHHMaHue HccaegoBaTesieii ObIO 00pallleHO Ha MOKCK
Crnoco60B MHTErPUPOBAHUSI CTAMOHAPHBIX BOJIHOBBIX YPAaBHEHHH,
KakK GoJiee IpOCThIX 110 CPAaBHEHHUIO C HeCTaMOHAapHbIMU. Bee pa6o-
Thl TOTO NEPHUONiA, NOCBSIIECHHbIE NUCIEPCHH, PACCMATPHBAIIH, KaK U
paHee, OXHOMEPHbIE HIH KBa3HOJHOMEPHBIE 3afa4id, B KOTOPbIX
a(pdeKT MuCnepcuoHHON pedpaKkiuy NPUHUHUIKAIBLHO HE MOT ObITh
oOHapyXeH.

Baxuwplil 1ar B pa3BUTUU MaTeMaTHYECKHX METOMOB B TEOPHH
pacnpocTpaHeHHsl BOJIH B AHCIEPTrUPYIOLIUX cpefax ObLl CleslaH B
nuccepraunn C.M. PoitoBa [31], ony6aukosannod B 1940 r., rme
OBbLTH 3aJI0KEHbI OCHOBBI IPOCTPaHCTBEHHO-BPEMEHHONH reOMETPH-
yeckoit ontukd (I[IBI'O). Onnako unTencusHoe passutHe [IBI'O
Havajgoch numb B 1960-x rogax. B oTnmyme OT KIacCHYECKOro
noaxopa B [IBI'O MuHyeTcst aTan penieHusl CTalMOHapHOM 3ajayd U
HIIETCS HEMOCPENACTBEHHO NMPUOIHXKEHHOE PEIICHHE HECTALUOHAP-
HOT'O BOJIHOBOT'O YPaBHEHH.

HcnonszoBanue [IBI'O npuseno k pacmiMpeHHIO Kpyra 3apgad,
MOAJAFOLIMXCS PEUICHHIO, TOCKOJIbKY MO3BOJIHUIIO NEPEUTH K HCCIIe-
NOBaHHMIO HECTAIMOHAPHBIX BOJHOBBIX IPOLECCOB B CIOXHBIX NBY-
MEPHBIX M TPEXMEPHBIX CpeAax, OIIU3KUX K peanbHbIM [3, 11, 16].

ITpu KnacCHYECKOM IOAXOJE 3TO CONPAXKEHO ¢ GONBIUUMHA TPYA-
HOCTSIMH, MIOCKOJIBKY [JO HACTOSIIETO BPEMEHU HET CHOCOOOB TOYHO-
ro pelieHus CTallMOHapHBIX BONHOBBIX YPaBHEHUH B HEOMHOPOAHbBIX
MHOTOMepHbIX cpefax. Vicnonbp3oBaHie BBIYACIUTENBLHBIX METOIOB
JIUIst TAKKMX CPef AaKe B CTAlMOHAPHOM 3afayve, ABIISIOLIEACST JIeMEH-
TOM pelleHUs] HeCTalJMOHAPHOM, MO0 HAXOMUTCHA Ha TPAaHH BO3MOXK-
HOCTEH BBIYMCIUTENBHON TEXHHUKH, JUOO 3HAYUTEIBHO IPEBO-
CXOJMT €e.

Cranpaprabiii BapuaHT [IBI'O, ocHOBaHHBIN Ha NPEACTaBICHAR
IoJsi B BHJE JIOKAJIbHO-IUIOCKOH, ONHOPOAHOM M MOHOXpOMa-
THYECKOM BOJIHBI, €CTECTBEHHO, HE ONHMCHIBAET AM(PPaKIMOHHbIE
a¢ppexTsl, conzmMepuMble ¢ ee JuHOR. ONHAKO OH HE OMMCHIBAET U
a¢pderT fUCIEepCHOHHON pedpaKuuy, CBsi3aHHbIA CO caaboi mo-
HepevHON HEOHOPOMHOCTBIO BOJTHOBOTO NOJIsI 1O YacTOTE.

CraHpapTHasi MOJEJb IOJIsI — 3TO TOYHOE pEeUlIEHHE BOJHOBOIO
ypaBHeHHsl 1JIsi OXHOpOAHOW cpenbl. Takas "mnockas" Mmopenb
BO3HHMKAET B Cliy4ae, eclii B O6CKOHEYHOM JIy4eBOM psifie YYUTHIBATh
TOJILKO JIBA OCHOBHBLIX WIEHA — YpaBHEHHE 3UKOHala ¥ ypaBHEHHE
nepeHoca, NPy 3TOM BKJIaJl OTOPaChIBa€MbIX 4IEHOB HTHOPHPOBATh.
OnHako eclii pacCMOTpPEeTh BONPOC NPHMEHMMOCTH CTaHJapTHOM
Mopenu moysi 60ojiee BHAMATENIBHO, TO OKaXeTcsd, YTO B JHCIEP-
rupymoouen cpefe oOmui BKiaj oTOpacklBa€MbIX YICHOB HEJIb3s He



YYUTBIBaTh, NOCKOJIBKY €0 BEJHYHNHA MOXET ObITh COM3MEPHMA C
BEJIMYHUHON peppakLHOHHBIX 3¢ HEKTOB.

Ecnu yyecTs oTGpachiBaeMblie 4i€HBI M B KaUeCTBE MOIENH
HCMONb30BaTh BbIPaXKEHHE AJIS JIOKAJIBLHOTO MOJS B BUAE (PYHKUHMH
O¥ipu, KOTOpasi SIBNSETCS TOYHBIM PEIIEHHEM BOIHOBOTO ypaBHEHUS
B JIMHEHHOM CJIO€, Mbl MOJMYYHM Gostee crporuit BapuanT IIBIO,
KOTOPbIH HE TONBKO OMHCHIBAET 3((PEKT NUCIEPCHOHHON pedpak-
[uH, HO ¥ KOPPEKTHPYET OMNHUCaHKe OObIYHOM IMHEHHON pedpakumu.
B monorpaguu nokasano, uro crangaprabii Bapuant [IBI'O, crporo
FOBOpsl, NIPUMEHUM TOJIBKO IS cpefl 6€3 YaCTOTHON QUCIEPCHHU M
JULb OTPAHMYEHHO (110 OTHOWIEHHUIO K OOILUM YCIOBHSIM NIPHMEHH-
MOCTH r€OMETPHYECKO# ONTUKH (4.1)) — NSl UCHIePrUpYIOIIMX CPEN.

Tem He MeHee craHmapTHBIG BapuanT IIBI'O no HegaBHEro
BPEMEHHM YOBJIETBOPSUI NPAKTHYECKHM MOTPEGHOCTAM B ONMHCAHHUHA
pacnpocTpaHEeHHUs! BOJIH B JUCNIEPTUPYIOIIKX cpenax (B OCHOBHOM 3TO
pacnpocTpaHeHne KOPOTKUX PafiMOBOJIH B HOHOcdepe 3emin),
MOCKONBKY 3G (PEKT AUCIIEPCHOHHON pedpakUUu A OOBIYHBIX
Y3KOMOJIOCHBIX CHUTHAJIOB, U3/y4YaeMbIX OObIYHLIMH AHTCHHAMH, B
PeaNbHOM Cpefie UMEET HEGOBIIYIO BEJTMYKHY.

Ta no6aeka, KoTOpasi BO3HUKAET NpH CTPOrOM OMHUCAHUH ped-
PakI¥i MOHOXPOMAaTHMYECKOH BOJIHBI, CTAHOBUTCS 3HA4YMMOU Ha
4acToTax, GIM3KHUX K KPUTHUYECKHM, a MPH CKAYKOBOM PacnpoCT-
PaHEHUH pajiHOBOJIH B MOHOC(hEpe 3TOT AHANa30H OOBLIYHO He
MHTEpeCeH. B psiie cny4yaeB morpemHocTh 0GbIYHOM reoMeTpHye-
CKOWl ONTHKHM UMEET GONBLIYIO BENUYUHY, HO 3TO HECOOTBETCTBHE
MEXNY TEOpUEH M IKCIEPHMEHTOM OOBIYHO CIHMCBIBAIOT HAa HE3-
HaHHe NapaMeTpPOB HOHOCGEPHI B MOMEHT HAOIIONCHHS.

CuTyauus M3MeHuMnach B MOCHefHEe BpeMsi, KOTAa Hapsily
Y3KONOJIOCHBIMU PaJIHOCHTHATIAMHU CTATH HCMOIb30BAThHCS LIMPOKO-
NIOJIOCHBIE U Aa)ke CBEPXIUUPOKONOJIOCHbIE, OTHOCHTEBHAS IOJIOCA
KOTOpbIX npubnumxaercs Kk epuHuue [80, 81, 101]. Ins takumx
CHTHAJIOB B pealIbHBIX cpefax apdekT [IP sBasieTcst CyliecTBEHHBIM,
a B HEKOTOPBIX CNy4asiX ¥ ONPEAENsSIOIHMM MEXaHW3M pacnpo-
CTpaHEHHs! BOTHOBOW SHEPruu. 31ech CTaHAApTHBIA Bapuant IIBI'O
YK€ HE MOXET ObITh HCHOJIL30BaH.

Hmxe KpaTko KOCHEMCSl HCTOpHHM pa3sBUTHS PaJHOTEXHHKH C
TOYKH 3PEHUS] NPUMEHSIEMBIX THIIOB CUIHAJIOB.

Ho cepenunbl 70-x rogoB XX B. NpaKTUYECKH BCE paguo-
CHUCTEMBI HCMIOJIB30BAJIN IS Iepefiavn nHGOPMAIMH CHTHAJIbI BHAA

s(t) = A(t)sin[wyt +y(1)], B.1)

KOTOpbI€ NPUHATO HA3bIBaTh KBAa3UMOHOXPOMATHYECKHUMH, KBA3HU-
FapMOHUYCCKHUMH, WU CHHYCOHMJanbHbIMHU. 3meck A(f) u () —

8



Mopyiupyromue (PyHKUUH, "MeJIeHHbIe" O CPaBHEHHIO C OBICTPBI-
MH OCUWIISLMSIMH, OTIpenesieMbIMU (pyHKIMeEH sin wyt. HecmoTpst Ha
6onbmoe pazHooOpa3ue crocoO0B MOAYJISALMH (aMILUIMTYJHAs!, Yac-
TOTHasi, pa3oBast ¥ T.A.), OCOOEHHOCTBIO 3TUX CUTHAJIOB SBJISETCS
Y3KOIIOJIOCHOCTD, T.€. COCPEJOTOYEHHE 3HEPTUN B CNIEKTPE B OKPECT-
HOCTH 4YacTOThl ®, Ha3biBaeMo#l Hecyledl. OTHOCUTENbHAsS MO-
Joca cursana, unu Aw/wg, roe A o — HWIUPHHA NOJIOCHI, Kak Ipa-
BWIO, He npesbiiaer 1%, a, HanpuMep, B AUana3oHe KOPOTKHX
BOJH — 0.1%.

B koHue 1960-x romoB mOsIBUIIMCh PagHOJIOKATOPBl MOAIO-
BEPXHOCTHOTO 30HAHposanus — reopapapbl (GPR — Ground Pe-
netrating Radar), koTopbsie pa60oTalOT B CBEPXIIMPOKOHA NONOCE Yac-
TOT 6e3 Hecymield. Kak oka3anoch, TOJBKO TaKHE CHTHAJbl, HHOIMA
Ha3blBaeMbl€ BHACOMMITYJIbCAMH, MO3BOJISIOT PELIUThL 3ajady Nof-
NOBEPXHOCTHOIO 30HAUPOBaHHs. [Ieno B TOM, YTO NPOBOIMMOCTh
TPYHTa OY€Hb BeJIMKa, YTO NPUBOAUT K CHIbHOMY 3aTYXaHHIO
paguoBoiH. YTOOBI yBENNYNTD I11yOUHY 30HAMPOBAaHUS, HEOOXONMMO
YMEHBIIATh YaCTOTY HeCcylleH paguouMIyJibca, a ijsi o0ecneyeHust
HY>XHOTO pa3pelleHusi Mo riyOuHe — YMEHBIIATh JJIUTEIbHOCTH
orubaromeil. IlpenenoM aTUX TeHAESHINH U SBASETCS BUACONUMITYJIbC.
TeM caMbIM pagMOTEXHHKA BIUIOTHYIO [TOAOLLIA K HCHOJIb30BAHUIO
TeX e THIIOB CHTHAaJIOB, KOTOPbIE NPUMEHSIMCh B NIEPBLIX ONbITaxX
IO nepefaye 3JeKTPOMarHUTHOH sHeprun Ha paccrosinue I'. I'epuew,
A.C. ITonosbim u I'. Mapkownu [76, 85, 87-91, 94].

Ilepexop B Hayaje MPOLUIOrO BEKa OT CBEPXIINPOKONOIOCHbIX
CHUCHAJIOB, M3Jy4aeMbIX HCKPOBBIMHU INepefaTyMKaMH, K KBa3H-
rapMOHHMYECKUM OBl BbI3BaH HEOOXOMHUMOCTBIO MOBBILIECHASA [aJlb-
HOCTH CBSI34 M 3aLIUTHI CBSI3HOW CHCTEMBI OT MELIAOLIErO JEHCTBUS
cocenHux paguoctanuui. IIpobiemMa Obina penieHa HCNOJIb30BaHUEM
KonebaTeNbHOr0 KOHTYpa B KaudecTBE CEJIEKTHBHOIO 3BE€Ha s
KBa3UrapMOHHYECKHX CHrHaynoB. MckiioouynTenbHasi HpPOCTOTa
ycTpoiicTBa KOJieOaTelbHOrO KOHTYpPAa, COCTOAILIEro U3 KOHJAEHCa-
TOpa M KaTyUIKH WHAYKTHUBHOCTH, M OIpefeluja Bce fajbHeHlIee
pa3BUTHE PaflHOTEXHUKH. 3aTeM Hapsily C OObIYHBIMH KOnebaTeNb-
HBIMH KOHTYPaMH CTaJl¥ HCIIOIB30BaThCSI MEXaHUYECKHE KBapLEBblE
pEe30HATOPbI, OTPE3KU KOAKCHAIbHbBIX JMHUHN, 10JIOCKOBbIE JUHHH H
o0 BbeMHbBIE pe30HaTOpbl. TeM He MeHee BCE OHM SIBJISIFOTCH CEJIEK-
THBHBIMH 3BE€HBbSIMH 1JIs1 CUTHasoB Tuna (B.1).

TakuM 00pa3oM, UCKIIOYUTEIBHOE UCIO/Ib30BAHAE KBA3UMOHO-
XpOMaTHYECKHX CHTHATOB OOBSICHSJIOCh YUCTO TEXHUYECKHMH IpH-
YHHaMH, [IOCKOJIbKY TEOPHS U3NYy4YeHHs] U pacpOCTPAHEHUS PafHoO-
BOJIH HE HAKJIA[IblBACT HUKAKUX PHHIUIHAAIBHBIX OTPAaHUYECHUH Ha
nonocy curHana. Hanpumep, B Ge3gucnepcHoil HENOTJIOIALLEH



cpene nobasi Hanepen 3aflaHHast (PU3UYECKH peasu3yeMast (pyHKuus
BOJTHOBOTO NOJIs NepefaeTcst 6€3 NCKaXEHUI.

o xonpa 1940-x rogoB He ObIJIO CTPOroil MaTeMaTUYECKOMH
TEOpUHU paguonpuemMa, 1 pa3padOTUYNKH anNapaTyphl NOJIb30BalNCh
O6onblIel 4YacTbiO 3IKCIEpUMEHTalbHbIMH MeTogaMHu. Co3pmaHue
TEOpUH ONTHUMAJbHOIO MpHUEMa Ha OCHOBE TEOPHUHU BEPOSITHOCTEH H
MaTeMatrueckoi cratuctuxku npunagiexuT K. llleanony, H. Bunepy
1 A XununHy. 3HadyuTENbHBIN BKJaJg B Hee BHecCIH pabGoThl
B.A. KorenbHukoBa [84]. DTa Teopus nouTeepausia, 4To kKoueba-
TEJbHBbIA KOHTYP €CTh ONTHMAJIbHbIA (PUIABLTP A1 KBa3UTapMOHH-
yeckux curuanos [80, 81].

B cooTBeTcTBUHM C TEOpHEHl OCHOBY ONTUMAJILHOIO NPHUEMHUKA
COCTaBJIAET KOPPEIATOp, OCYIIECTBISAIONMA ONepayuio CBEPTKH
IIPUHMMAEMOro CUrHana x(t) ¢ oxxugaeMbiM s(2):

oo

(1) = Jx(t—1)~ s(t)dr. (B.2)

—o0

Inst curnanos tuna (B.1) Ty onepauuro nmpou3BOAUT KOJIe-
O6aTtenbHbIH KOHTYp. Ho B Teopuu onTuManbHOro npmemMa HET
orpaHu4eHud Ha BHA ¢dyHkuum s(f). Hanpumep, B 3agauye oOHa-
PY:KeHHs cCUrHaja Ha ¢OHe afJUTUBHOIO HOPMaJILHOrO 6eJIoro myma
XapaKTEpUCTUKU NMPUEMHHUKA 3aBHUCST TOJIBKO OT CINEKTPalbHOH
IUIOTHOCTH LIyMa M HEPruu CUTHaja M He 3aBUCAT OT ero ¢opMsl, a
CnegoBaTeNbHO, H OT MOJIOChI CIEKTpa.

Ilepexop Ha gpyrue TUNBI CUTHANIOB, oTianuHble oT (B.1), cran
BO3MOXHbBIM Os1arofapsl pa3BUTHIO BIYUCINTEIbHON TEXHUKH. B co-
BPEMEHHBIX PafHONpPUEMHBIX YCTPOHUCTBAxX onepanuio ceeptku (B.2)
OCYUIECTBIISIET MUKPOIIPOLIECCOP, KOTOPbIN criocoben HauTH (PyHK-
HHIo y(f) AJ1s8 NPOU3BOJIBHOrO CUrHaja s(f), ¥ B 3TUX YCIOBHSIX
TEPSAOTCS IPEUMYIIECTBA KBA3UMOHOXPOMATHUYECKUX CUTHATIOB.

B Hacrosiiuee BpeMsi Ha MOBECTKY JHS BBIXOAHT APYro# Kiacc
CHTHAJIOB — LIMPOKONOJIOCHBIE M CBEPXIIAPOKONOJOCHBIE IIYMOIMO-
po6ubie curHanbl (IIT1C). DTty curHanel odbecneyuBarOT MaKCUMaJlb-
HO BO3MOXHYIO CKOPOCTBb Nepefayud MH(OPMaLUH, CKPLITHOCTL H
IOMEXO3aAIUIEHHOCTD, OJM3KHE K TEOPETUYECKH TNpeenbHbIM.
3neck peanu3yeTcst KOTOBOE pa3fejIeHUe KaHaJOB Ha YPOBHE LIYMO-
nogo6noi nopxecyuei (CDMA — Code Division Multiple Access) wiu
Ha ypoBHe wmymonopno6Hoi Hecymed (UWB CDMA — Ultra Wide
Band Code Division Multiple Access).

CrnexrpanbHas nnothocts HIITC paBHOMepHa B paGouei mno-
JloCe, a €€ YPOBEHb HIXKE YPOBHSI €CTECTBEHHBIX LIIYMOB, YTO [€JIaeT
cucreMmy ¢ IITIC nenenenryeMoii cTaHAApTHBIMUA PagUOTEXHHYECKH-
MH CpEICTBaMH. DTUM obecreduBaeTcss abCONIOTHast CKPbITHOCTH
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CBSI3U HAa (PU3MYECKOM YpOBHE (T.€. 3[€Ch OTCYTCTBYET OO'BEKT BO3-
MOXHO# Kpunrorpacuyeckoit et poBKH).

Ilymonono6ubie paguocucteMbl MOryT paboratbh Ha ¢oHe
OOBIYHBIX Y3KOMONOCHBIX CTAHUMIA, NPAKTHYECKH HE Mellasl HM, U
Hao0OPOT — y3KOMOJIOCHbIE CHCTEMbl NPAKTHYECKM HE BIMSIOT Ha
paboty mymonono6HbIx. IIpu npouux paBHBIX YCAOBHSIX B OMHOM M
TOM € YaCTOTHOM [Mana3OHE MOXHO Pa3MECTHTh 3HAYMTEIbHO
6oJblIe LWIYMOMONOOHBIX CHCTEM, YeM OOBIYHBIX. DTO HMEET
OTpOMHOE 3HAYCHHUE Il Pa3BUTHA BCEH PAJOTEXHUKH, IOCKOJIBbKY
yXe B HaCTosiLlee BpeMsI OLyIaeTcsl Ae(dULHUT YaCTOTHOIO pecypea.

TexHuuyeckue npobrieMmsl cospmaHus cucreM cBszu ¢ LITIC, ua-
4YMHAs OT JUIMHHBIX BOJIH M KoH4yass CBY, npunHyunmanbHo pas-
pEUIMMBI, U B HACTOsILIEE BpEMsl B 3TOM HalNpaBJIIEHHH BeJyTCS
MHTEHCHBHbIE paboTe [80, 86, 89, 92]. Ho npu co3gaHuu Takux jn-
HUH CBSI3W NPUXOAMTCH CTAJKUBAThCS C NpOGJIEMON, KOTOpas B
KBa3UrapMOHUYECKUX CUCTeMax Jub6O BOOOLIE HE BO3ZHHKAET, JTUOO
CTOMT HE TaK OCTPO — 3TO NpobjiemMa BIUSHUS JUCHEPrHPYIOLIEN
CpeNibl Ha LIMPOKOMNOJOCHBIA WUJIM CBEPXIIMPOKOMNOIOCHBIA pajno-
curtan. OCOGEHHO OCTPO 3TO MPOSIBISETCS B AHANAa30HE KOPOTKHX
papuoBonH. Ilpu nosoce curnana 6onee 100 k' npu noHocdeprom
pacnpocTpaHeHHH MPOMCXOMUT HE TOJBLKO [JUCIIEPCHOHHOE HCKa-
)KEHHE ero popMbl, HO U U3MEHEHHUE MEXaHM3Ma PaclpOCTPaHEHHS,
NPUYUHOH KOTOPOTO siByseTcs 3¢(eKT AUCIepcHOHHON pedpakuuu
(aPp). :
OddekT [IP MoxkeT HabMrOgaTHCS [JI JTIOOBIX THIIOB BOSHOBBIX
MpOLECCOB, BKJIIOYasl Y3KOMNOJOCHbIE, B JIO6OH AUCIEPrupyo-
e cpefie, B TOM YMcie B ONHOpOoAHOM. OH BO3HUKAET NpH HaJIWYHU
'nonepeqﬂoﬁ YaCTOTHOH MOJYJSIUMMA BOJIHbI. TakoM THI HEONHO-
POAHO¥ BOJIHBI B OIHOPOAHOM Cpefie MOXKET GbITh CO3[aH (PU3MIECKH
peanu3yeMbIMH HM3Jy4aTeNsIMH. DTO AONXKEH ObIThb JUOO pac-
NpefesIeHHbIA U3JlydyaTenb, TM60 CUCTEMA TOYEUHBIX HU3JlydaTeneit,
1100, KaK yXe rOBOPUIOCH, ABHXYIIUIACA u3nydatenb. Mcnonnb-
30BaHHE CrHEUHUAbHBIX U3JIy4aTesedl — 3TO €ANHCTBEHHBIA CNOCO6
(pOpMHUpOBaHHS MAKETa C IMOMEPEYHON YACTOTHOW MOAYNALUEH B
ofHopopHo# cpefe. IlopgoGHble u3nyyarenn Moryt ¢hpopMHpOBATH
NONEPEYHYIO HEOAHOPOJHOCTD MOJIst KaK ISl Y3KOMOJIOCHBIX, TaK M
JJisl LIMPOKOINOJIOCHBIX CHTHAJIOB.

B HeopHopoaHo# nucneprupyroueit cpene agdekT aucnep-
CHOHHOH pedpaKkLUuU CymIECTBYeT BCErj[a, €CId BOJHA HE MOHO-
xpomatuueckas. [IJisi BOJHOBbIX NaKeTOB, U3Y4aeMbIX OGbIYHBIMU
AHTEHHaMH, B HEOHOPOIHOMW JUCIEPTrUPYIOLIEH cpefe MPOUCXOTHT
TpaHc(opMalusi NPOAONBHOTO CIEKTPa B MONEPEYHbI, MOCIE Yero
BO3HUKAET MONepeyHasi 4acTOTHas Moayisuus u addexr [IP.
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Bennunna a¢pekra 3aBHCUT KaK OT CTPYKTYPbI BOJTHOBOrO NaKeTa,
TaK H OT CTPYKTYpbl HEOIHOPOJHOCTH NPOCTPAHCTBA.

B Hacrosue# Monorpacun acpekT grcnepcuoHHon pedpakiuuu
pPacCMOTPEH € pa3JIMYHBIX MMO3ULUA U TOYEK 3PEHHS U, KAK KOHEYHBIH
pe3ynbTat, nojyyeH MofquuuMpOBaHHbIH BADHAHT YPAaBHEHUI 1IPO-
CTPaHCTBEHHO-BPEMEHHOM r€OMETPUYECKOH ONTUKH, KOTOPbIA Y4H-
ThIBAET 3TOT 3 peKT.

Monorpadus cocrout U3 ceMu rias.

B rnase 1 npuBoasiTCs HCXORHBIE BOMHOBbBIE YPABHEHHUS, KOTOPbIE
ONHMCBIBAIOT PACIPOCTPAHEHUE BOJIH B CPEfax C 4YaCTOTHOM gucHep-
cueit. O6mee unTerponuddepeHmanbHOe ypaBHEHHE MO3BOJSET
OMUCBHIBATh BOJIHBI B CPEMlE€ C NPOU3BOJIBHBIM 3aKOHOM YaCTOTHOM
pucnepenn. Ocob6oe BHUMaHUE YAEISETCS runepGoIuuecKOMy ypaB-
Henuto Kneina-TI'opaona (YKI'), kotopoe 3aiaeT nia3smMonono6HbIiif
3aKOH JiHCnepchu. DTO HauboJjlee pacnpoCTPAHEHHBIH B KOPOTKO-
BOJIHOBOM pafiofana3oHe BUJ AUCMEPCHHU, MOCKOIbKY OH CYIIECT-
BYeT B MOHOC(EpE — caMOil 06 bEeMHOII NpU3eMHOI cpefie. [Iyist 3Toro
YPaBHEHHS NMPHUBENCH PsAl TOYHBIX PEIIEHUH, KOTOPble HHTEPECHBI
A7t NOHUMAHUS (PU3MKH BOJHOBBIX IIPOLECCOB B JUCIEPTUPYIOLIMX
Cpefax — HamnpuMmep, KpyroBoe ABMXKEHHE BOJHBI B OXHOPOJHOM
NIPOCTPAHCTBE.

3necy TakXke MPUBOISTCS HECKOJIBKO IPUMEPOB TOYHBIX pe-
wenuit YKI' B HeOTHOPORHBIX cpefiax, KOTOpbIE CBHAETEILCTBYIOT O
HEMPHMEHUMOCTH IUIOCKOA OJHOPONHON MOJENH BOJHbBI IJIsi CTPO-
roro onucanus pepakiiuy B JUCMEPrUPYIOLLEN Cpefie.

I'maBa 2 moceslleHa pacIpOCTPAHEHUIO BOJHOBBIX MAKETOB B
OJIHOPOJIHOM IOJIY[IPOCTPAHCTBE KAK C YACTOTHOW AMCHEPCHE, TaK U
6e3 nee. To4HbIE peLIEHHs AN WHTErPajibHbIX XapaKTEPHCTHK
BOJIHOBOI'O TaKeTa — BEKTOpPa CPEeJHEH rPyNInoBoi CKOPOCTH, MOIe-
pe4HO! KOOpAMHATBI, BPEMEHH PACHpPOCTPAHEHUS!, IAPHHbBI U [JIH-
TEJbHOCTH — NOJIyYeHbl B OOIIEM BHUAE MJS MPOU3BOJILHBIX Ipa-
HUYHBIX ycnoBui. [TokazaHo, 4TO mpu onpepeneHHbIX IPAHHYHBIX
YCIIOBHSIX ABHXKEHHE BOJIHOBOrO NaKeTa B OJHOPONHON Cpejie He
ABJISIETCSE PABHOMEPHBIM H NPAMONHUHENHBIM. ChopMyIupOBaHbI
MIOCTAaTOYHBIE YCIOBHUS ISl CYIECTBOBAaHUS a¢heKTa UCTIEPCHOHHON
pedpakuun. Yucnenno, Ha ocHoBe (yHkuuu ['puHa, paccyuTaHbI
(GyHKUMHA BOJHOBOrO MOJS [JIsi MAKETA C MONEPEYHOH YaCTOTHOM
MORYJISIMENX B OJHOPONHON cpefe ¢ Aucnepcheil m 6Ge3 Hee.
Ha npusepennsix nist nucneprupyomei cpebl pacyHKax sicHO Mpo-
cnexuBaeTcs 3(peKT NonepevyHoro cABHra nakera — apdexT guc-
NEPCUOHHON pepakium.

I'naBa 3 HauMHAETCS C PACCMOTPEHHSI CIOCOGOB U3NyYEHHs BOJI-
HOBBIX MAKE€TOB C NONEPEYHOM YACTOTHOH MOAynsipeil ~ HeOoO-
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XOAMMOTO YCJIOBHSI BOSHUKHOBEHHS 3¢ deKTa AUCIEPCHOHHON ped-
pakuuu B OgHOpOAHO# cpene. Haubonee npocThiM NPOTOTUIIOM
TAKOro M3Ny4aTess ABASETCS NBIXYIIMACI MOHOXpOMATHYECKUH
TO4YeuyHbIH UCTOYHHKK. ITonepeyHas yacTOTHas MOMy SIS BO3HUKACT
3nech u3-3a a¢ppexra [Jomnepa.

OCHOBHOE COEpP>KAaHME IJIaBbl MOCBSIICHO PACCMOTPEHMIO HE-
CTaMOHAPHOTO NMapaGoIHYECKOrO yPABHEHUSI, KOTOPOE MOXET HC-
NIOJIb30BATHCS [1J1s1 ONMCaHMs AMCIEPCHOHHOM pedpakuuu. OHO XOpo-
110 MOAXOMHUT AJIsl YHCIEHHBIX pacyeTOB, MOCKOJLKY KOMIUIEKCHas
BOJIHOBasl aMIUIMTY/a [JIABHO MEHSETCS N0 KOOpAWHATaM, YTO MO-
3pongeT 3¢pPEeKTUBHO UCNONIBL30BATh KOHEYHO-PA3HOCTHBIE CXEMBI C
6onpmuM maroM. ITOCKONBKY AUCIEPCHOHHOE YpPaBHEHHE IO MPO-
NOJBLHOA KOOpAMHATE HE TOYHO COBMAfaeT C AUCIEPCHOHHBIM
ypaBHEHHEM HCXONHOTO ypaBHeHHs Kieidna—I'opioHa, faHbl ycl1oBus
NMPUMEHAMOCTH Napafonnyeckod anmpokcumauuu. IIpusenen
IPUMEp YHUCIEHHOrO cYeTa A/s BOJHOBOrO MAKeTa C MONepevHok
4acTOTHOH MOAyJsAlMER B OJHOPOJAHOHM cpefe C YaCTOTHOW JHC-
nepcueit u 6e3 Hee. B cpepe ¢ ucnepcuei OTYETIMBO HAGIIONAETCS
3¢peKT AUCIepCHOHHON pedpakLHM.

B rnaee 4 mpeyioXeH HOBBIA TMOAXON K BBIBOAY ypaBHCHUH
IPOCTPAHCTBEHHO-BPEMEHHON FE€OMETPUYECKOH ONTHKH, KOTOPbIN
MOXET HCIOJL30BaTh OoJiee CIOXHBIE MOJENH MHOJA, YeM JIo-
KaJIbHO-INIOCKasl OIHOPOJHAsi MOHOXpOMAaTHYECKasl BOJIHA, KaK 3TO
nMmeeT Mecto B ctanpapTHo# IIBI'O. IlokasaHo, 4To craHgapTHas
MOJiENIb UMEET MOrPEIHOCTh B JUHEMHOM YJICHE aNnlpOKCUMAaLAH
MCXOHOrO BOJHOBOro ypaBHeHmWsi Kne#na-I'oppoHa, 4To COOT-
BETCTBYET OMIHKOKE ¢ MacITabamMu pepakIMOHHbBIX SIBICHHM.

IInockas MoOAeNb MOJsi BOBHHKAET NPHU OCPAaHAYEHUH JTIyIEBOTO
pAifla TONBKO YPaBHEHHSIMH 9HKOHAJIa U NIEPEHOCA ¥ OTGpachIBaHUK
OCTaNbHOTO 6ECKOHEYHOro psifa aMIIUTYAHbIX nompasBok. Ho B
MUCIEPTUPYIONIMX Cpeflax 3TOro JeiaTh HeJb3si, MOCKOJIBKY IS
pedpakIHOHHBIX 3afa4 o6lasi GECKOHEYHasi CyMMa MONpaBOK HE
CTPEMHTCA K HYITIO.

KoppekTHpOBKa MOJENH — 3aM€Ha €¢ Ha IMIaBHOHEOJHOPON-
HYIO — HCKJIFOUMIa OMIMOKY annpOKCHMALUH U NO3BOJIMIA IOJNYyYUTh
Mopu(UIUPOBaHHbIC YPABHEHUSI FEOMETPUIECKON ONTHKH, B KOTO-
pBHIX NpHCYTCTBYET 3¢eKT AUCHEepPCHOHHON pedpakunu. Kpome
3TOro, B ONHCaHUM OOBLIYHOH pedpaKUMH BO3HUKIHA KOPPEKTH-
pYIOIIHe WIEHbI B CTOPOHY YMEHbIUECHUSI €€ BEJIMYUHBI.

B rnase 5 mofgxox K BHIBOAY JIYUEBbIX YPaBHEHHM, MPEAIOXeH-
HbIiA B IJ1aBe 4, pa3BUBAETCs Ha ClIy4ail IPOM3BOJIBHOrO 3aKOHA Jac-
TOTHO# AHCIEPcHU. 3AeCh TaKXKE MONY4E€Hbl YPABHEHHS, YUHThIBAIO-
mKe MUCIEPCHOHHYIO pe(pPaKIUI0O ¥ KOPPEKTAPYIOMNE ONUCAaHHs
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o6b1yHOH pedpakuyu. Beenena kBa3uiydeBasi MOfesb MOJsl, MO3BO-
JIo1asl ONMUCHIBATh U3MEHEHUE NTapaMeTPOB JIy4YeBOU MOJElH, Ha-
npuMep TpaHC(OpPMaLUIO NMPOROJBLHON KOMIOHEHThI YacTOTHOM
MOJYJISIIMY B IOIIEPEYHYIO.

B rnaee 6 a¢pdexT aucnepcuoHHON pedpakium paccMaTpH-
BaeTCs C TOYKHU 3PE€HMs NPHHLHUIA CYNEPNO3ULIUN MOHOXpOMAaTHYE-
ckux BOJIH. C 3TOH TOYKH 3pEHHUs NUCNIEPCUOHHAS pedpakuus — 3TO
[ABYMEPHBbIH (MM TPEXMEPHBIA) BADHAHT NPOCTPAHCTBEHHO-BPEMEH-
HbIX (poKycHpOBOK. PaccMoTpeHna mpakTuveckas 3ajaya HCIOJb-
30BaHHs JUCIEPCHOHHOH pedpaKkLUu ISl HCKYCCTBEHHOrO yrpaBiie-
HUsE pacpoCTpaHeHueM pafuoBoiH B noHocdepe. [lokaszaHo, yto Ha
3TOM IIYTH MOXHO Ha MOPSIIKU YBEINYHTH IHEPreTHYECKUE XapakK-
TEPUCTHKHA KOPOTKOBOJIHOBBIX PaiHOCHCTEM.

I'maBa 7 nocesimeHa aHanu3y BENTHYHHBI CHCTEMATHYECKOH
omu6ku cra”fgaptHoil [IBI'O npum onmcaHuM pacnpocTpaHeHHst
HEMONYIMPOBAaHHLIX MOHOXPOMAaTHU4YECKHX BOJIH B HOHOcdepe.
Hnst Takux BONH 3¢hekT AUCHepCHOHHON pedpakIii OTCYTCTBYET,
HO B MOIMGULHPOBAHHOM BapHaHTE reOMETPHYECKOH ONTHKH CY-
LIECTBYET JIONOJHUTENbHbIA YJIEH, KOPPEKTHPYIOIIHA OOBIYHYIO JIK-
HEWHYI0 pedpaKIHIO.

Bonpoc o Benu4uHe cucTeMaTH4eCcKO# OUIMOKH MMEET GONBIIYIO
HNPaKTHYECKYIO Ba’KHOCTb, IIOCKOJIbKY CTAaHJApTHBIA BapUAHT reo-
METPUYECKOH ONTHKH OYEHb IIHPOKO HUCIONB3YETCS NpHU aHAlHU3e
HOHOC(EPHOrO pacnpoCcTpaHEeHHsl paguoBONH. B mepBoil uyactu
rnaBbl 7 06a BapuanTta [1BI'O — craHmapTHbiit 1 MOgU(UUHPOBaH-
HbId — CPaBHMBAIOTCSI C TOYHBIM BOJIHOBBIM pELIEHHEM U OOCYK-
RAIOTCA NPHYUHbI NIOSIBJIEHUS] CHCTEMATHYECKO# OIINOKH.

Bo BTOpOIi YacTu rnaBbl 7 NPUBOASTCA pe3ybTaThl YHCIEHHbBIX
JIy4eBBbIX PACYETOB ABYMsl METOAMH ISl HEKOTOPBIX MOJieJieil HOHO-
cdepnl 1 nMpoBoAMTCsl UX cpaBHeHHe. [loka3bIBaeTcs, YTO B HEKO-
TOPBIX CHUTYal#sIX, Ha[pUMEpP IIPH pacyeTax U3Jy4eHHS PaJHOBOJIH
CO CIyTHHKA, BEJIHYMHA OLHOKH MOXKET ObITb HENOMyCTUMO
Gonpwoi. B apyrux 3agavax, TakMX, KaK ONHCAHHE CKAYKOBOIO
HOHOC(EPHOro MEXaHU3Ma PacHPOCTPaHEH sl PalnOBOJIH, BEJIMYMHA
OIMOKY NPaKTHYECKH He3aMeTHA.

B 3akntoueHny cBeAeHbl BMECTE ypaBHEHHsSI MOU(PUIIHPOBAHHO-
ro BapuanTa [IBI'O u ycraHOB/IEeHBI NPUYUHBI, 10 KOTOPBIM MJIsl
NOJIy4EHHs Ty4EBbIX YPAaBHEHNH B AUCHEPrUPYIOLIEH cpefie, B OT/IH-
4yue OT Ge3auCIEPCHOR, HeOOXONMMa MIaBHOHEOMHOPOAHAS MOJIENb
HoJIsl.

ABTOp BBIpaxaet GnarogapHocth A.B. [TonoBy 3a MHOroYuc-
JICHHBIE MOJIE3HBIE JUCKYCCHU IO TEME MOHOrpadum.



