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IPEIMCIIOBYE

MpoGneMsl WINMPOKONONOCHOTO HAMPABIECHHOIO H3MYUYEHUsl B TKAPOaKY-
cTHKE, OCOBEHHO Ha HM3KMX YaCTOTaX NpPH MaibiX ralapuTax HCXOJHBIX
aHTEHH, B HACTOSIIEE BpeMsi PEWAOT TONbKO C NOMOILK NapaMeTPHYeckKHX

- antenH (MA). NoaroMy MHTEHCHMBHO NpPONOIDKaloTcs HccnemoBanus ITA

K paciuupsierca o6nacTh MX MCNONb30BaHusA. ECIH M cymiecTaywT npensar-

CTBMSl K NPHMEHEHUI0 NPHHLMIOB HEeNRHeHHOH rMOpOaKycTHKH B COBpE-

MEHHOW TEXHUKE M TEXHOJIOrMH, TO CBS3aHEl OHH B OCHOBHOM ¢ obyuenueM
M nepeKBanMdUKauMeR CHIEUHANIMCTOB, 3aHMMAIWMXCS pa3paGoTKoi
M IKCIUTyaTalMel THAPOaKYCTHYECKOH annapaTyp. lem kuury — MOMOW - -
B pelIeHMH yKa3aHHOro Bonpoca. KHury cnenyer paccMaTpusaTh KaK mpo-
JOKEHHE ¥ pa3BHUTHe TeMaTHKM 5a3oBOH Monogpadmu ,,Hennaeuuau‘
rugpoakyctrka” [38], B KoTopoi ¢ eqMHBX NO3KIMH PACCMOTPEHH OCHOB*
HbI€ TIOJIOXKEHHA HENIMHEHHOR BOJIHOBOH TEODHY MPUMEHUTENIBHO K HCCHe-
noBaHusM 1 paspaborkam IIA. S }

OyHnaMeHTOM RnA. NanbHeitmero pa3puTHst Teopum IIA aABasOTCA
n3BecTHhIe MOHOrpadumM no RelMHeiiHo# akycTuke |3, 20, 38, 47, 67). Chepa
npuMenenus JIA pacumpsiercsl, NO3TOMYy CHeLMaNMCTaM B ODNacTH HeJH-:
HelHOH ruOpoaKyCTHKH NMPUXOOMTCS MCHO/B30BaTh CBELCHHUS M3 TEOPHH
aKYCTMKM OKeaHa, aKyCTHUECKHX aHTeHH M npeobGpasobarered, CHTHAOB.
M MHGODMaLMM, KOHCTPYMDOBAHMSA M TEXHONOTMHM TMIDOAKYCTHUECKOH
annapatypsi u ap. Kuuru nocneguix ner [8, 21, 28, 56, 58, 60] nossonsuor
MHXEHEPHO-TEXHNUECKHM paboTHHXaM, CTYHEHTaM M acrMpaHTaM OHICTPO
OCBaMBAaTh COBPEMEHHRIE 3HAHMS 110 HEJMHEHHOR MHAPOAKYCTHKE Y TEOpHH IlA

B kuure oGobiuesl pe3ynbTaTii pa3paboTok IIA M rHAPOAKYCTHUECKHX
napaMerpruecknx npuGopos. HanoxeHn HeobxonuMmbie CBEICHHs No pac-
uery xapaktepucTuk IIA B HeorpanwyenHo# cpefie npu PA3IHYHOH NOBEPX-
HOCTH aHTEHH HaKauxy (MOCKHX, KPYIJHX, NPAMOYTONbHHX H NINOTH--
YECKHUX, UMNHHAPHIECKHUX M chepruecknx). AHaANTNTHYECKHE COOTHOLIEHNS,

' IOJTYYEHk! RBTOPAMM Ha' OCHOBE PellleHHs] HeNMHERHRIX YPaBHEHHH, OMmICH-

BaIOUIMX NOBENeHHE aKYCTHIECKHX NYYKOB B NPHOMUKEHHY KBa3HONTHKH.

3uaunTe/IbHOE BHMMANHE B KHUrE YAENEHO MITYYCHHIO WIMPOKONO-
TIOCHBIX THADOAKYCTHUECKHUX CHIHAJOB. [IpH 3TOM pasesbHO PaCCMOTPEHM
PEXUM CaMONETEKTHPOBAHUA WMINYJbCOB HAKAYKH M PEXHM M3y ueHHs]
¢ nioMompo IIA CHOMHMX MOXY/MPOBAHHHX CHTHAJIOB C GOMBMWIOH 5asoi.

-OBa 3tux pexuma I1A ucnonsayiorest B runpoaxycmecxoﬁ,qnnaparypq.
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Paccmotpenst xapakrepuctuky ITA B CTOMCTEIX Cpenax ¥ Npu HaNUYuH
paHHL pasziena B 06/1acTH B3auMOLIEHCTBHSA. AHANN3 PA3AIMYHBIX PEXUMOB
. paboThl mapaMeTpMuecKMX YCTpOMCTB MNpOBemeH ¢ YUETOM DEaJIbHBIX

. MAHHBIX N0 NPOCTPAHCTBEHHWIM pacnpefieieHHsM noneil usnmyuenus IIA,

- MX HaCTOTHHIM, aMIUIATYNHBIM U $a30BHM XapakrepuctukaM. [inst ynoGerea

MHKCHEPHLIX PAaCUETOB NOCTPOEHB! HOMOrpPaMMEL. ABTOpHI BBENM GOMbmOe

KOMIHUECTBO YHCIOBBIX IIPUMEPOB H MIUTIOCTPAIIMIA NPAKTHUECKOTO MCIIOMb-
3oBanus lIA. .

Hanoxenn ocobenHocTr KoHCTpyHpoBanus IIA, B Tabnuuax npueene-

HbI OCHOBHEIE X2DaKTEPHCTHKH OTEUECTBEHHBIX. M 3aPyGeXHBIX napaMerpu-

HECKNX THAPOAaKYCTHYECKHX NPHUGOPOB AN HCCNENOBAHMS M OCBOEHHUS
MupoBoro oxeana. neKTpHYECKHE MOLIHOCTH MHUTABNA AHTEHH HaKauYKH
NapaMeTPUYECKUX YCTPOHCTB JOCTHIJIM B HACTOSINEE BPEMS COTEH KMIO-
BaTT. JINCTAHLMK NOUMPOBAHNS B CEPHITHOM annaparype npepsiciii 20 Km.
PaBoune pasHOCTHRIE 4YaCTOTHI HA npumensior paxe B HHdpa3ByKoBOM
Iuana3oHe. Bee ato pesko pacumpuio o6nacts nenonssopanus IA u napa-
METPHYECKUX THAPOAKYCTHYECKHUX YCTPOHCTB,

ABTOpH BhIpaxawT Gi1arogapHocTs JI. M. Tumomenxo, T. H. Kynenko,
B. A. Nosipiosoit u C. K. MakcuMOBOik 3a oMol B opopMEeHMH pyKOnUCcH
KHHIH. : '
‘ ABTODH ¢ §IAarofapHOCTBIO NMPUMYT OT3HIBHI M 3aMEUAHUS YuTATENEHt
- TIo CONEpXaHMI0 KHUTH, KOTOPHIE NMPOCST HANpaBNsATh No aapecy: 191065,
r. Jllenunrpan, yn. Porons, 8, uanaremcTBo »CymocTpoeHue”.

YCJIOBHHE OBO3HAYEHHS H COKPAMEHHSA

AA 1,2 ~ KOMIUISKCHME AMIIIMTYAN BOMH HAKAUKH B napabonuue-
CKOM YPAaBHEHHH )
4 - npeoBpasosannasn o Pypebe unn XaHkeno pyHxima A
A_ ~ KOMIUIEKCHASl AMIUTUTYAA BOJHE DB3HOCTHOM WYACTOT
- B HEOZHOPOAHOM yPaBHEHHH ['eMbMIoabLA o
@ — IHPHHA NYYKa MK aNepTypa H3nyyaTens
b — nuccunaTHRHLI KosdPHLIMEHT cpen
¢, = CXOPOCTB 3BYKA B BOAE
ID(B) — xapaxTepHCTHKA HAITPABIGHHOCTH
Ei — MHTerpanbHas MoKajaTentHas GyHKLms
F — pa3sHoCcTHAs (HMSKAS) YACTOTA MK YaCTOTA MOQYJIALIMM
5 fx,z ~ 4aCTOTH BOJH HAKAUKH )
I -~ mHTeHtNBHOCTL ) .
In = MoanduumMporasHaa GyHKLMsT Beccens nopaaxa n
Jn = dynxLmst Beccens nopaaka n
Im — MHHMas YACTH XOMIINIEKCHOH BeAMYHMHEI
K - BORHOBO® YHCC BOJIHES PASHOCTHOM YACTOTH
k, , = BO/IHOBBIE UKC/IA BONH HAKAUKH
ls I [ = DACCTOSTHHS 3ATYXaHMsA ¥ NHDPAKLIMIA BONH HAKAUKY
Ly L, — paccTOSIHUA 3aTyXaHus H HbPAKLIMK HUSKDUACTOTHEIX BOIH
. M = yiicno Maxa
P = aMTIINTYA 3BYKOBOIO AABNESHUS BOTHB PASHOCTHOM YACTOTH!
P — BaBeHHE HIHM AMIUIMTYAA BOJMHE SABICHHSA ¢ YACTOTOH O
P, P’ — PABHOBECHOE NaBNeHME W NPUDAEHHE .
Poy» Py, = KOHCTAHTE ~ AMIVIMTY/AL! BOJTH NABJIOHMS C YACTOTAMK 0‘,,
0 ‘3. p(% “ peleHus BONHOBOTO YPABHEHHA B 1-M M 2-M npubauxersix
Re = geficTBUTENLHARA YACTD KOMIIIEKCHOM BeTHUHMHLL
r— MOAYNb DARMYCA-BEKTOPA WM DAAMANLHAS KOOPAMHATA
LUATHHAPHYECK Ok CHETeMe ’ :
§ — CreKTpanbHas MIOTHOCTD
f - BpemMst
U ~ snexTpuyecKoe HANpsixeHHe
W — MOIHOCTL
X, ¥ — ROOPOHHATE! B AEKAPTOBO# cucTeMe
Z ~ KOOPAMHATA BAOND HANPABNEHUSA PACTIDOCTPAHEHHSR BONHEI

o, = kosbdruMeHTI IATYXAHMS BOJH C YACTOTAMH o
o = K03 DHULMEHT 3aTYXRHUSA BONTHE PAIHOCTHOM YACTOTH
A - nannacHas ro nortepeuHEM KOOPAHHATAM
8 ~ pemura-pyHKLIS
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€ — HenuHeHui napameTp

8 —yron Mexay ockw myuxa u uanpanneuneu Ha romcy

Habnonenns -
. A = nnMHa BOMHEL HA PA3HOCTHOM YaCTOTE
A — DAMHA BONHE HAKAYKH
| —~ Mansitt napameTp
2 Py P’ — ILIOTHOCTE, €€ DABHOBECHOE 3HAUEHME U npupalleHue -

. T=1t=2/c, — BpeMs B CONPOBOXAADIE! CHCTEME KOOPAUHAT

0 - MHTerpan ommbox
¢, ¥ — dbasoamit cmmr, ¢asa
 —~ pasHOCTHAS KPyropast YacroTa nn 4acToTa uonynsnmu
00 — KPYTOBHE YaCTOTH BOJIH HAKAYKH

A3 — axycruueckuii somg -
AMK - = AMILINTYAHO-MORY IUPABAHHEE KoNeGaHNs
BPY — poniHa pasHOCTHOIR YACTOTH
BY — sricokouacToTHRI
K4M — kpagpariutas gacrotHas MORYJISILIHS
JIYMK - AHHEHHO-JACTOTHO-MORY IMPOBRHHE KoneGaHus
HAH — nenmmmefnnit axycrmueckust M3NYYATENs

HITAIl ~ senuHeitHLGE napasetpuaeckutt AKYCTHNECK Mk PHEeMHUK.

HY - Huaxogacrorsbdt
ITA — napamerpuneckasn aurenma
I JT — napameTpuueckuit rupponoxaTop
X3K —- - Xoxnosa—3abonorcrofi—Kysuenosa (ypasHeHue)
YMK ~ 4acTOTHO-MONYMPOBAHHBE KONESaHHA
Pl'm ~ PeXHM NApAMETPHYECKOTC MINYUeHUsT

H IIPHEOPOB AKTHBHOH JIOKAIHH

7

3a nocnemHue romsl napamerpudeckue anresHs (IIA) nmpouHo BowWMH
B NPaKTUKY aKTHBHOH THOPOJIOKALMH IPH MCCIIENOBAHMK ¥ OCBOCHMN
Muposoro oxeana [8, 41, 43, 45, 57]. OcHoBHEIe OGNACTH H NPHHIMIL
npumenenns IA B rumpoaKycTMueckoil anmaparype omucanm B [38, 82]
Jlansueiiee paspuTie Teopuu IA n pacuupenue obnacreil HCIONL3OBAKAS
COBOKYTHOCTH MX DOJIOXMTENBHHX CBOKCTB Nokasaus B [1, 73, 86~88].
CyiecTBEHHbe yCMeXH NOCTHIHYTH B pa3paboTke HayuHO-TEXHMUECKHX
OCHOB KOHCTDYHDOB2HHS! NADaMETPHYECKHX IMIPOAKYCTHUECKHX nputiopos
{27, 54, 58] axruesolt noxaumu. IosBMIMCE MOIHEE HUIKOYACTOTHEIE
u paxe nadpaspykosne IA [36, 64, 79]. loGasuncs HOBMI NOJKJECC Napa-
MeTpUdecKiX npubopoB ¢ HCMONEL30BaHueM 1A B pexuMe CaMONETEKTHPO-
Banus {12, 46, 88] u pexume H3NyYeHHS IHPOKOMONIOCHHIX MOMYJIHDOBaH-
HBIX curHanoB [25, 44, 71]). Hama cTpaHa ynepxuBaeT NPHODHUTET B CO3Ma-
HMM CepHHHHMX pDHOOMOBCKOBHIX NMPUGOPOB C MAPAMETPHUECKHMHM aHTER-
Hamu [8, 27, 41, 57, 59]. liepeuncnennsie pesynbTaTal OGOOIIEHE! B HACTOSI-
wei KHuTe,

‘3HaUMTENbHHIM JOCTHXKEHUEM HENMHEHHOH CHIPOAKYCTHKH SIBISETCS

‘Hcnonb3opanye I[IA B NpOMBULIEHHON, B UaCTHOCTH, puﬁononcxoaon

annaparype. Ha puc. 1.1. noKasaH BHEIIHUH BHA NEPBOi KPYNHOCEpUiHOH
pmﬁonoucxosou cranumn ,lleckaps” c NA [41, 45, 52] {cM. rn. 8). Couera-
Hue B JIA y3xoit [uarpaMMsl HANPaBJIEHHOCTH C OTCYTCTBHEM B Heii Goxo-
BHIX JIENECTKOB CBENIO K MEHUMYMY peBepbepausoHHylo NoMexy OT oBepX-
HOCTH MODA ¥ OHA, YTO NO3BOJIMAO CO3ZaTh rMAPOAKYCTHYECKYIO anmapa-
TYPY INist paGOTH Ha MajIkX M (PEAHHX rily0MHaX OKeaHa M B YCIOBHSX
wenbda. 3ammzoenponencxaﬂ bupma ,Kpymm Arnac nextpommk”
obbsaBHIIA © cepuiiHOM BrimycKe ¢ 1985~ 1986 rr. mapaMerpuaeckoro rumpo-
TioKaropa . ,,A'mac Ilapacaysn™ Onsi noucka pHIGH M oKeaHorpabuuecKux
HCCIICROBAHMA Ha IAUCTAHIMAX 10 12 kM [64]. Xapamepnc'rm HA3BaHHOTO
npuGopa NMpUBeNeH: B I 8.

Hebomiume pa3Meps NEPBHYHEIX npeoﬁpaaosa'reneu Ha!ca!ucu nA
MO3BOJISIOT CO3ABATE MAJNOrabapUTHYW TMEPOAKYCTHYECKY ANINAPATYPY
PA3NMYHOrO HA3HAYCHMS ISl MAJIOTOHHAXHHIX PHOOJIOBHEIX M HCCAENOBaA-
TeNbCKMX CyzoB. [IpuMepoM TaKoil annaparype sIBNSETCS NapaMmeTpaue-
ckuit runponokarop IICA-5M (puc. 1.2). lTapaMeTpHuecKHe rHAPONIOKATODH
HCIONB3YIOT VIS MOPCKO# apxeonioriy, xHoyrimy6urembHbix pabor, onpene-
TIeHHS. MECTOHaXOXIeHHA Hedre-razonpoBonoB, Kabenedl B 1ONBOIHBIX
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Puc, 1.1. Komriiexr armaparyps! cepuit-
HOM TIApaMeTpHYECcKOi pPHIGOHOMCKO-
BO¥ cTaHuMK ,fleckaps’ ans ManOTOH-
HaXHEX CynoB )

Puc. 1.2, Bueumunit  pup ripubopos
NapaMeTpuYecKoro  rMIpONOKAaTOpa
IIJ1-5M st ssnyuenuss ¥ npuema
CHOXHEIX CHI'HANIOB )

1 ~np . 3 2 = hopMmp enin; 3, 4 —~
yeunurens

YCIOBUSX, H151 OKEAHONIOFMYECKHX LeTICH, a TakKe B KaueCTBE H3MepuTe-
neit rnyOuHbI 3ara30BAHHOTO M1a, CANPONENs], TOMLUUHbI ¥ CTPYKTY DI JTbAa
u np. Ha puc. 1.3 moxasaH. BHeWwHHH Bun ManorabapuTHOrO NOOBOIHOrO
BywcupyeMoro anmnapara HT'A-1 ¢ ueTbipbMs IapaMeTpuyuecKUMH TUOpPOTIO-
karopamu IIT'J1 nnst uasnyueHust Bo Bee CTOPOHE! (B MOMEPEYHOM CEUEHHH) IO
xoly annapara, Bkmoyas II['JI 6okoBoro o63opa. XapaKTepucTUKU M onu- -
canue nprbopos, nokalaHHeiX Ha puc. 1.2 u 1.3, npuBenesn B ri. 8. .
B [38, 82] ykasmBanoch Ha Manioe UCMONBL3OBAHHE B AKTMBHON rHHpO-
NIOKAaUMH LEHHOro CBOMCTBa utppoxononocHoctd IA. B nocnennue roms
CUTY2LUUs CYIMECTBEHHO yayuumMiack. Co3maH psn napaMeTpHYecKux
npubOpoB, B TOM YKCIIE CEPHiiHbIE C IMPOKONONIOCHBIM PEXUMOM M3Myye-
Husi. [lMpoKONONOCHIA pexum uanyuenus IIA peanusyercss B ruapoaKy-
CTHYECKOH amNnapaType aKTUBHOW JIOKALMM B ABYX PE3KO OTIHUALUMXCS
MO TEXHUYECKOMY MCMONB3OBAHUI0 MONMOHKALMAX: B BHAE H3TyUYEHHs
CJIOXKHBIX MOAYIMPOBAHHBIX CUTHAJIOB ¢ Oonbioii Ga3oii; B napaMerpuye-
CKOM peXHMe M3NTyYeHHs THAPOJIOKATOPOB C MCIOJB3OBAHMEM KODOTKMX
BBICOKOHANPABNEHHBIX UMIYJILCOB, 00palylouMXCst B Pe3yibTaTe camome-
TEKTUPOBAHMS CHI'HaJIOB Hakauky ITA. B nepBo#t MogudnKanuu Ha npeod-
pa3oBaTeNs HAaKaYKW INONAITCSI OBa CHrHama. IIpM 3TOM OOMH M3 HHMX
1M 06a MOIyNMpOBaHH MO 3aNaHHOMY 3aKoHy. IlupoxononocHocers IA
HacT BO3MOXKHOCTh MCMOJIb30BaTh B AKTHBHOW [MADOJIOKALMHM MMITYIIBCHE

Puc, 1.3. TlopponHsiit Gyxcupyemutii annapat HI'A-1 ¢ 4-mst napaMeTpUyerK MK
THAPOJIOKATOPAMM B MEPHOR NccnenopaHri B YepHoM Mope
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¢ Gonbwoi Gasoi (6aioik curHana, Kak M B PamMONOKALMH, HA3bIBANOT -
NPOM3BENIEHHE NOJIOCH] YaCTOT MMNYJIbCa HA €r0 AMHUTEIBHOCTh) WM MM-

Ty NbChl MaJIO# JMIMTENLHOCTH, UTO Pe3KO MOBHINAeT obbeM HHPOPMALMH
0 JIOUHpYEMOM OOBEKTEe, yMEHbIUI2eT ,,MePTBYIC 30HY” K yBeMUHBaeT
paspeuicHue 1o Jtyyy. B coueranuu ¢ 4acTOTHO-HE3aBHCHMOM IHarpaMMoi
- HanpaBJIEHHOCTH IMMPOKOIONOCHOCTh MapaMeTPHYECKUX FHAPOJNIOKATOPOB
tuna IICJI-5M (cM. puc. 1.2) ucnonesayercs st CHATHS YaCTOTHOH 3aBHCH-
MOCTH CHJII LiE/IM 33 OOHY MJM HECKOJbKO MOCHUIOK TUAPONOKAaTOpa
. {em. . 7). BricTpoe CHsITHE YaCTOTHBIX 3X0rpaMM-(cM. § 8.6) nny yacToTHOIM
3aBHCHMOCTH CHJIN LIS/ B LIMPOKOM HHMATIA30HE 4aCTQT [IOMOraeT ycnell-

Hee peliaTh 3a1auH KiacCHPUKALUUMM U Pacno3HaBaHusl 00bEKTOB, B YaCTHO- 1

CTH, OIpeieJ/IeHHsI BUAa M KojnyecTsa puibal B Kocsakax. llnpokas nonoca
pabounx yacror IIA no3BoNseT ¢ X NOMOWIBI0 NEPEIABATE MO NOABOJHOMY
KaHaily peueBble coobienns u TeneMeTpuyeckyio uidgopmanmio. llepenaua
peueBsix coobiennit ¢ nomompo JIA - GEMOHCTPHDOBANACh B HATYPHBIX

YCI10BHAX Ha A30BCKOM MOPE B [IEPKOJ NPOBENEHKs NEPBOro BCECOIOIHOIO — 1§

‘HAYYHO-TEXHHUECKOro COBELaHUA N0 HENWHEeHOR ruxpoaKycruke (Taras-
‘por, 1974r.). B Hacrosuiée Bpems snoHckue Mccnenosatenu T. TakeyTH,
C.Caiito, M. En3siMa 1 p. M3MEPHIIM XapaKTePUCTHKH M cosmanu [IA [54,
61] ans nonBORHO} cBSI3M Ha paccTOSTHUAX 10 8 KM (cM. £ 8). BrickasaHo
npennoxenue [54] o cosmanum . napaMerpnueckoro ManoraGapHTHOrO
- IUHPOKOTIONOCHOr0 M3nydaTensi HY 3pyKoBBIX BONH ONf NOOMAHMBAHUS
M OTNYTHBaHMA KOCAKOB pHD. o
Sinonckue uccnepoBatenu M. Enasama, 10.-®ynaumaro, 10. Kapamo,

C. Caca62 B paGote [92] onucanu xapakrepucruku IIA, nanyuaswomeit 3pyko- ?if'

BBI€ CHTHaNbl B BO3Qyxe -NpH uacrore Hakauku 60 xI'u. Hcnoms3oBaHu
aMIUIHTY DHO-MOJY IMDOBaHHbIE CHTHaNbl. CHexyeT OTMETHTh, YTO MCCTie-
. DOBaHMS B3aHMONEHCTBUS YNbTPa3BYKOBHIX NYYKOB HAKAUKH B BO3NyXe
' MPOBOIMIIYCH B Haweii ctpae Gonee 10 ser Hasamx [89). MA B Bo3mywmHO#M
cpene MMeeT, eCTECTBEHHO, CxOmHme cpoiictsa ¢ IIA B BomHOH cpene.
B paGore [92] onucano ucnonsaopanne HA B BoamymHOM cpene ISt FPOM-
KOrOBOPHTENS C OUEHb OCTPOii §e3/1enecTKoBOM XapaKTePHCTHKOM Halpas-
‘NeHHOCTH. TaKasi HanpaBlIEHHOCTH TPOMKOrOBODMTENSI —obecrneunBaeT
BO3MOXHOCTb Pa3roBOpa C ONHOM CPYNNo# nofei, 6e3 NOMEeX: COCeNHUM
rpynnaM. Hanpumep, B My3€5X U Ha BHCTaBKax ornanaer Heo6xomMMOocCTDb
B YCTaHOBKE JOPOroCTOSIHIHMX 3IBYKOBBIX 3KDaHOB MEXIY IKCIIOIHIIMAMM,
HHTepecHo HCNoMB3IOBaHKE CBONCTBA IMHPOKONONOCHOCTH HA B pexume
camonerexTHpoBanuA. Iipk 3toM npeoGpalopaTe/h HAKauKM M3Nyyaer
B Cpeny OOHY MOCHIIKY WJIH HOCNEIOBATENLHOCT, aKyCTHUecKuX BYU-uM-
nynbCcoB ¢ 3adaHHOHK dopmoit oruGawieii. B monobkoi 1A B pesynbrare
HEJIMHEHHOro B3aMMOZEHCTBHA BCEX CNEKTPANbHBIX KOMIIOHEHT MMITYIIb-
COB HaKauKH MPOHCXOOUT reéHepHpoBaHue mupokononocHoro HU-caruana,
JUTHTE/IBHOCTD M CTIEKTP KOTOPOro CBA3aHH C (OPMON NEpeHero U 3aJHEro
QpOHTOB MMNy/bcOB Hakauku. JlMarpaMma HampaBJIEHHOCTH NPH 3TOM
~ ¢opMupyercs nopno6Ho obuunoi IIA. PexxuM napaMerpuueckoro Majyue-
HUA B MONEPHH3IUDOBAHHOM CEPHIAHOM HaBUTaIMOHHOM DHIGONOMCKOBOM

KoMnnexce ,,Capran-9M” (puc. 1.4) peamusopan 3a CueT HCNONBLIOBAHHS |
SIBJICHHA CAaMOLETEeKTHPOBAHKSA (CM. I 8). 3T0T pemuM pe3ko yMeHbmaeT -
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peBepOEpPaLMOHYI0 NOMEXY H
[O3BONISIET JIOUMPOBATH IpK-
[MOBEPXHOCTHYI0 H NPUOOHHYIO
prify, 2 YMEHbLIEHHME IUTHTE L=
HOCTH CaMOIETEKTHPOBAHHOIO -
HMIYJIbCa 3HAUKTENILHO COKPa-
HWaeT ,MEPTBYI0 30HY” KOMI-
nekca ,,Capran-M”. :
IlapaMeTpHuecKHe aHTEH-
Hbl B peXXHMe CaMONIETEKTMpO- .
BaHUA NOAPOOHO HCCNENOBaHM
U OOBCHEHH! OO CTandu IIpo-
MBILJIEHHOTO BHEAPEHHUS CPaB-
HUTENLHO HemaBHo [10, 12, 27,
46]. OnHo#t M3 meppmx pabor
no uccnenonauuio I1A ‘B pexu-
M€ CaMOIEeTEeKTUPOBaHMUs cle-
AyeT Ha3BaTh CTaThio Bepkres
[66). OcroBhBasick ma peue-
M Bectepsenbra [38], oH mo-
Kasaj, 4T0 B pjajnbHeli 30He
npeobpa3oBarenss - HaKauyku
dopMa CaMOXETEKTHPOBAHHO- -
r0 CHTHala OMNMCHIBRETCH BTO-
pOit MPOM3BOAHOHA N0 BpPeMEHH
OT KBaapara $yHKuun orubalo-
WeHd FEPBMYHOFO MMIIyJbCa
HakaukH. Hexomuuit ummynsc ’ £
HaKauKH KaK Obl NETEKTHpYeT Puc.14.BHemmuit sun 6noxa ympasnesus
cebsa B mpouecce PacrnpocTpa- - 9X0J107a MOAEPHUIUPOBAHHOIO CEPHMIHOrO HaBM-
HEHWs] B HENMHEHHOH cpepe, TRUMOHHOrO  PHIGOMOMCKOBOIO  KOMILNEKCa
lNoka3aHo, ur0o mMarpaMMa »Capran-M”, B KOTOPOM pealiN3oBaH NapaMeTpy-
YecKnit peXMM HANYUeHKS
HanpasnenHoctx ITA npu nany- :
YCHHH NEPBHYHOrO MMNYJHCA ) -
C rayccoBOH ornGamoumieR 3aBHCHT OT ZIIMTENLHOCTH UMITYTILCA U C €€ YBENH-
YEHHEM PACIUMPSIETCS. B . :
" Pesynsrart  Bepkres nonreepxmens - Modpderom, Becrepsensrom
u Beitepom [77], koropbie HMeHoBanmM mpouecc CaMORETEKTHDOBAHHS
NepexonHHM napameTpuyeckKuM 3ddexrom. Ixcnepument Gl nposeneH
B YETBIPDEXXJIODUCTOM yriiepome Ha uvacrore f=10 MITu B maneHeit 3oHe
KBapnesoro npeobpasopaTeNs HaKauKM guaMeTpom 2a = 1,27 cM npu <l
(nnuHa ofnactm 3aryxaHus Gombuie NMMHM 1mbpaxuuu). Benencreue
CHIIbHOTO 3aTYXaHHS NEPBHUHHIX BOJIH Ha paccTosiHHM 19 cM OT H3Nyuare-
s perucTpupoBancst romsko HU-curnan, reHepupyemsii A, gopMa Koto- -
POro KaueCTBEHHO COBMNAAANa CO BTOPOi IPOM3IBOIHOI 10 BPEMEHH OT KBAJ-
pata orubaiomed nepsMuHOro HMNyibca. MccnemoBans B paGore [77]
H YTAIOBHE 3aBHCHMOCTH CAMONETEKTHPOBAHHWIX CHIHAJNOB, M3NyYaeMBIX
KBapueBnM npeoGpasobarefieM HAaKauku ¢ nuaMeTpoM 2a =0,64 cM

:
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M Pe3oHaHCHOM yacToToli f = 20 MI'y B npecHoii Boge. OTMeyaNach BHCOKAs
HanpaeneHHocTs [1A B pexume camMoneTeKTHPOBaHHUS, ,

Meknunxepom [74] noxaszaHo, YTO €clM MHTEHCMBHOCTS MEepBUYHOR
BOJIHbl HAKaUKM HOCTaTOUHA JNA OBpa3oBaHMs yaapuex ¢pouros, ¢opma
CAMONIETEKTHPOBAHHOIO CHTHANa OMpENeNsieTcsl BTOPOH NPOHIBOMHOM
1O BPEMEHH OT MOIy Nt OruGaiIIell UMITY Tbca HAKAYKH, BhICKa3aHA BOIMOXK-
HOCTE DOBBIMNEHHST AMILTATY I 3BYKOBOro nabienns I1A uva 6 5B npu ycno-
BHMH, €C/IM DAaSHOCTHASI YaCTOTA DaBHa YaCTOTE CENOBAHMA MMIYIbCOB
' -, HAKauyKH B [IEPHOMUECKOM TOC/IENOBATEbHOCTH. IKCTIepUMEHTANILHO 3ape-

THCTPHPOBAHO yBENHYEHKE 3BYKOBOro faBJeHusi Ha 2,1 nB. -

B paGorax 3tinepa u Kimuaa [69, 70} uccnenosamics NYTH NOBHIIEHUSA
spdexrupHocTH [IA, B Y4CTHOCTH, NPOAEMOHCTPHPOBAHA BOIMOXHOCTB
€ YBEJIMYCHHSA NIPH N3Ny YEHHH MHOrOKOMITIOHEHTHOrO CHTHAJTa HaKagK.

B IIA TpasMIMOHHO HCTIONL3YETCS CUrHAN HaKadKy B Bune Guennii Iyx
uacror [8]. Btopas npoussomuast 10 BpeMenu or KBafipaTa TRKOro CHrHajla
ABNSIETCS PA3PHBHOR. ITO NPUBOIMT K HosieNenmio B HU-curuane ckaukop
3BYKOBOrO NaBNeHHA B 06nacTsix nepexona GyHKuuu depes Hyms. Coorser-
CTBEHHO NOSIBNANTCS! rapMOHUKH BPY, uto 3xcnepuMenTamsuo Guio 3apuK-
cupoBaHo Baiinerom u Modderom [91). S ‘ '

Mwoup, JleBu u Huxcon [31, 84] uccneposanm YIJIOBYIO 38BHCHMOCTS
GOpMEI cCaMOXETEKTUPOBAHHOIO HMIyikca ¥ ero dypee-clieKTp B HanbHe#H
SOHE H3NTyuaTensl HaKaykM. UMy nokasaxo, uro hopma caMOmETEKTHPOBAH-

’

- HOro mMnynbCa MeHsieTcs: IPM yBe/anueHuu yrna or ocu IIA; npHGIHKASICH .

K NIOCTOSIHHOM BeNMuMHe, KOraa STOT yron B 2 pasa [PEBLIUAET INMPUHY
IHarpaMMsl HanpaBJCHHOCTH 1O YPOBHIO - IIONIOBUHHOK MomuocTH. Ha ocu
TIA ¢jopMa curHana ompenensiercs BTODO#i NMpPOHM3BOMHOH OT KBappara
ornbatoweil ucxomHoro mmnymsca. lpu nosopore ITA Ha yron, paBHbI
YABOGHHOH WMPHHE AMArPaMMbl HaNPABJNEHHOCTH, (OPMa CHTHaNa onpene-
JisieTCs NEPBOM ITPOM3BOYHOM OT KBagpara orubawmeit NCXOJHOIO UMITYJIh-
ca. Mionp [31] ormeTun BosMoxHOCTS MpuMeHeHHS s¢dexta caMomerekTy-
POBaHUS ISl HCCIEIOBAHMSA CTPYKTYPhI MOPCKOroO fina. MMeercs coobmenne

+ 00 IKCHEPUMEHTaNBHOM HCCNENOBAHMH (HOPMBL [84] camonerexTapopanmsix
curHanos IIA B nanbHeit 30He nepeuuHOrO npeobpa3oBatens Opy Hanyye-
HMM HMITYJIBCOB HAKAUKH C NPSAMOYTOJIbHOM, TPEYTONMbHOM M KONOKOJI006-
Pa3Hoil orubaommuMu. '

B paGore Mopdera u Menno [76] nomyueno pemense MOAUGHUUPOBaH-
HOI'0 ypaBHeHHA Becrepeensra misi Ciiyuas, Korma umHa o6nacTH B3auMo-
JefcTBHS MHOro GOImbile JNTHHBI 30HB Jubpaximu. lokasano, uto curuan
TIA na ocu u BHe ee mpomopuMoHaneH nepBoH NMPOU3BOMHON OT KBampara
MOZyJMpyilleR GYHKUMH. AHAaNOrHYHNE PE3yNbTaThl ODYFHMH MeTOJaMH
nonyyens B paGorax [34, 38). B [76] ommcan sxcnepumenr c KBapueBHM

- ManyuaTenem mmameTpoM 2¢=4 MM npu uacrore t,=2 MIu, Ha KOTOpHIi
TonaBaich MMIYJILCH ¢ aMIUTHTYn0# A0 500 B ynrensHocTh Ty = 20 MKC.
" Ha paccrosiiuu z = 6,3 M Ha6monancs CHIHaJl, KOTODLIH NMeJI COCTaABIIAIHE
KaK HacToTH HaKauKy, TaK M ,,[IepexXolHoe NapaMEeTPUUECKoe M3NyueHHe”
(no Tepmunonoruu anropos). HY-curkan BBIIEJIANCA NONOCOBHIM GUITLTPOM
¢ monoco mponyckauust mo 600 k[, CamMoneTeKTHPOBAHHBIH CHrHan
Ha PACCTOSIHMM DErMCTpauMM NpeBHman NO pa3Maxy Ha 5 OB RBOHHYI0
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aMIuIMTYQy nepeuuHoro BY-mmnyimca HaKayKH. Agmpu ~OTMEHaloT, uTo
B [IPOLIECCE CAMONETEKTHPOBAHUS NEPENHUE U 3aJHUI (GPOHTH! IIEPBHYHOTO
UMITYJIbCA BAI0T MHXPOKONOJIOCHEIE [TapaMETPHYECKME CUTHATIEL. C

Huc u Cun [83] npepnoxunu paccuursiBath GopMmy CaMOJETeKTHDOBAH-
HOrO CHCHANA NyTEM BHUHCIICHMS MHTErpaja CBEPTKH OT MMITYIbCHOH
xapaKTepucTHKH ITA 1 xapaxTepHO# GOpMbI IepBUUHOrO cHrHasa. Umu pac- -
CMOTPEHA 3aBHCHMOCTb MMITYJIbCHOM XapaKTtepucTuky [IA ot yrna Habmioze-
HHS ¥-JJMHB ofnacTi B3auMopelicTeus. TeopeTuuecKue pe3ybTaTh CpaB- ‘
HHUBAIOTCA C IKCIIEPUMEHTaNbHEIMHI. B aKkcriepuMenTtax onn paBoranu ¢ KBag-
paTHbIM (pa3mepoM 4 x 4 cM npu gacrote f, = 1,39 MI'u 1 KpyrasiM (muaMer-
poM 2g = 1,5 cM u f, = 2,25 MI'u) nopuiHeBrMK nipeobpasoBaTensiMu HaKag-
K. Orpanuuenue ofnacTu B3aMMONEHCTBHS OCYUIECTRBIISIIOCh ¢ HOMOILLED
aKycTHueckoro ¢unbrpa B BHRE pe3uHm TomumHOK 10 MM, nosponsmomero
NONaBNATL NEpPBUYHOe Hanywenue Ha 40 mB; nmomaBneHwe aMnaMTY B!
camoneTeKTupoBaHHbix HU-curmanos B namanasoHe uwacror 0-200 I
He npessuuano 2 ab. B atoi xe pabore omucaHb! 3KCIIEPUMEHTHE IO PErHCTpa-

" LiMH CAMOJICTEKTHPOBAHHLIX CUTHAJIOB THAPOGOHOM, 3apHTHIM B NECKe.

IJKCIEPHMeHTaIbHBIE ncenenonanus [IA npu uanyuerym aMILTHTY IHO-MO-
HyIUPOBAHHEIX ¥ MMIYJILCHHIX CHPHAJIOB HA& PACCTOSHMM O HECKOJNBKHX
KH/OMETPOB NPOBEEHE! SMoOHCKHME uccnenoparensamyu T. Taxeytu, C. Caii-
10, M. EH35iMa 1 np. [48, 50, 54, 61). : 5

Teopernuecknit aHanu3 paborsi Manyuabowmx A npu npousBoNbHOK
MORYJISLMA BOJIH HRKAYKH Ha OCHOBE peilleHust ypaBHeHusa Xoxnopa—3abo-
norckoii-Kysnenona (X3K) ¢ yueroM nmdpakumy u IMCCHNAUMM BOJH
npoenex B [38, 82], a Takke B maHHOH Khure. PacuerHsie momemn IIA
Ha 6ase ypaeHenuss X3K Gonee monHo, Mo MHeHHI aBTOPOB, OTPaMaloT
cymiecTBO ¢u3ndgecKux npoueccoB B IIA ¥ [O3BONSIOT pacCYUTHIBATH
MX XapaKTepHCTHKH BO BCeH obracTu pacnipoctpanenust BPU, : .

B cucreMax rumpoNOKanMu MOTYT MCIIONB30BaThCA HE TONBKO MaNlyua-
lomue, HO U npueMusie ITA. OCHOBHEIE BONPOCH! TEOPHH ¥ MCNOJIL3OBAHMSA
npueMHbIx JIA orpaxensi B [38]. 3a nocnenume roae npuemusie [A uccneno-
BAJIUCE 3HAUYMTENIEHO MEHbILIE, yeM ualtydamime ITA. 310 obbsicHsIeTCS TEM,
uro npobneMa IMMPOKOMOJIOCHOrO NMpPUEMa AKYCTHUECKMX BOJNH HEINOXO
DPEIIAeTCs TPANMOHOHHBIMY METONAMM JIMHEHHOH aKyCTHKH. ONHAKO IpueM-
Hele [IA MMeT HeKorTophle NMPEeMMyWIECTBa NO CPABHEHMID C JIMHEHHBIMH ‘
AHTEHHaMH. ITH NPENMYILECTBA NPOSIBUINCH DK HCTIONB30BaHHA KOMILIEK-
ToB mpubopor Ttuna HITAII-1 [38]. Ocsommmie ycunmms wuccnemoBareneii
HanpapjIeHEl Ha M3yYeHUEe BQ3MOXHOCTEH CBEPXIPOTSKEHHBIX MPUEMHBIX
TIA ¢ pasmepamu 6askl B CoTHU H Thic9M MeTpoB, B [41] Brnomienn axcre-
PUMEHTa/IbHHE U TEOPETHUECKHE UCCAENOBAHNS XapaKTePHCTHK BHCOKOHAI-
PaBNIeHHOH NPUEMHO#H NapaMeTpHUecKoN aHTeHHb ¢ 6obmoii Ga3oii. Hamepe-
HMA npopexnexsl B HHAACKOM OKeake ¢ HCMoNMb30BaHUeEM rnapaMerTprRuecKo-
ro aKycruueckoro 3oua A3-2 (cM. § 8.4) ¥ MOEePHM3MPOBAHHOTO KOMILIEK-
ca npuBopos HIAII-1, paapaGotanHoro B TaraHpOrckoM pagHOTEXHHYECKOM
uHcTHryTe. Jinuna Gass npueMHOM NapaMeTpUuecKoil aHTEHHH (DacCTOSIHHE
MEXJy M3JTyuaTesieM M NPHEMHMKOM HaKauKM Ha yactore [ = 10 kT'1) Mens-
nach ot 10 mo 907 M. IKcnepuMeHTH! TIOKA3aNH, YTO ¢ yBeauueHneM Badn
YYBCTBHTENILHOCT, BHavaje (mpumepHo mo L = 200 M) pesko pacrer, 3aTeM
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€e POCT 3aMeAnseTCs BC/IEACTBUE BIHSHUS 3aTYXaHHS M NHOPAKUMH KaK ‘B
BOJH HAKAUKH, TaK K BOJH CHrHana. OCHOBHOE HASHAYEHME MPOTSUKEHHBIX

npuemubix IIA cocronr B npieme HU-cursanos B okeane. Ilpx Gombimmx
Gasax HauGosiee BHOHO NPEMMYWIECTBO ,,6ECTENECHOCTH” NPUEMHBIX IIA,
KOTOpOE BIIMSIET H Ha CPABHMTEIILHO Mallkie 3aTDAaTH NDH MX peanu3auuu. B
paGore B. I. Kysueuosa u B. A. Bopounna [6] sccnenyeres pnnsmue mymos
OKeaHa Ha xapaKTepucTHKu mpueMHeix IIA. II. M. Joncko#t um A. M. CyTnu
B [17] ananusupywor Bmmsinue HEONHOPOXHOCTEH MOPCKOM cpentl B obnacru

‘BIaMMONIEHCTBUSA IJIsl MPOTSKEHHbX npHeMunx IIA. B paGore B. I1. Kysue-
uosa [29] cnenan BuBOR 0 NMPHHUMMHANLHON BO3MOXHOCTH NPAKTHYECKOTO -

onpenenenys xapakrepa HU-none# u aeumenuit xuoKocTH B okeane (3By-
. KOBHIX, NOTEHIMANLHHX H BHXDEBHIX) MO OLEHKaM (a3k BONH HAKauKH
~ MpOTAXEHHBIX NpueMubix [IA. Komnaexcupopanre annaparyps ¢ OZHOBpe-
' MEHHBIM HCTIONL3OBAHMEM MADAMETPHUECKHMX H3TYUROMMX M NPHEMHBIX
auTenH (cM. § 8.4) maeT BOIMOKHOCTE M3yYaTh BaXHBIE ACHEKTH aKYCTHKH
', OKeaHa, TakHe KaK TOHKas CTPYKTypa MoJiei CKOpOCTH 3BYKa, Knaccuduxa-
uus paccenpareneii, uccnenosanue 3pyKoBbix HY-noneit u TypGynenTHEIX
TeUeHUH U Ap. = ; '
OrMeruM ¥ pe3yiibTaTH OCHOBHHX 3apyGemMHEIX IyGnuKammii no npax-
THYSCKOMY npuMeHeHno ITA B akTHBHOM NoKaumy. OOHA U3 MOMIMEX napa-

METPHUECKHX MHIPONIOKAITMOHHBIX CHCTEM € BHIXOXHOH MOWHOCTHI0 NOPAKKA -
80 xBr (B HacTOsILIEE BpeMsI TaKWe MOMIHOCTH TpEB3OMACHN BO MHOTO pa3)’

onucasa B paGore [79]. MuorosnemenThmii npeobpa3osareN HAXAYKH

uMeer nuametp 2g =2,3M u f, = 12,5y, Cucrema pafoTaer B muanasose -

wacror 0,5~5xIn » npemuasHaueHa mns HCCIIENOBAHUSA pPacnpOCTpaHEHHA
3BYKa B MEJIKOM MOpe, H3MEDEHHs 1IaApAMETPOB JZOHHKIX OCAAKOB, PaCCEsTHHS
3ByKa Ouonornueckumu ofbexTamMu M ap. OmMH M3 TPaKTOB YKa3aHHO#M
' DapaMeTPHUECKON rMOpOTIOKALMOHHON CHCTEME! paboTaeT B pexuMe camo-

nereKTupoBanusi. B paore npuBeneHN 3IKCHIEPUMEHTANbHHE CBENCHUS

OIlA, a rakxe dopma HY-curnana, nmosyueHnas npu CaMONIeTeKTHPOBARMH
KOJIOXOM000pa3HOro KMITYJIsCa HAKAIKH JUIMTENBHOCTRIO T,, = 500 MKC.
I Knaccuduxanuu NONBOAHBIX 0GHEKTOB, HAXOASIIMXCS B MOPCKHUX

ocanxax, HCTojib3oBaHb [1A B pexume camonerektupoBanns [85]. MpeoBpa-
30BaTE/b HAKAUKH THaMeTpoM 20 cM BO3IBYXHAETCS. ynapoM B IIMDOKO#M

TOJIOCE YacToT, LEHTpanbHasi yacTota pasHa 80 kI'm. B IIA dopmmpyerca
KOPOTKHH aKYCTHYECKHI CaMOJIeTEKTHPOBAHHKI HMITYNEC MITHTEBHOCTHIO

T, =10Mmxc. Bhicokas ' mpOCTpaHCTBEHHAS — pa3pemaminas cnocobHocTs -

npropa NO3BOJIAET YBEPEHHO Da3NensATh GNMIKO PACTIONIOXEHHbIE 1IETIH.
- Huskas wacrora BPY ncnonssyercs gnst Gonee rimySokoro no CPaBHEHMIO C
HAKAYKOH NPOHUKHOBEHHUSA B IPYHT. - »
Mioup 1 Becrepxeiim cooGmunn [80] o Bosmoxuoct ucnosissosamus IA
NIt SOHARPOBAHMS ATMOCQEPH! M UCCNIENOBAHHS TYPOYJIEHTHOCTH BO3HYIH-
HBEX NIOTOKOB. A ’ - , '
: Moxp n FonpcGeppy [78] nmposenu 3xcnepuMenTanbine UCCHENOBaHUA
NAPAMETPHYECKOH . TMOPONOKALMOHHO! CHCTEMH B YCNOBHSIX wmenpda.
* B renmranmsix no oGHapyXEHMIO NOOBOIHAIX JIOJOK B MENKOBOAHOM paiione
- IIA no cpaBHeHuI0 ¢ nuHelHHOH aHTEHHON nopaeisinia pepepBepaumo Ha
11,9 nB. Monyuena 95%-Has BeposiTHOCTS OGHapyXeHHs (MMHeliHas cucTeMa
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nana cooTBercTBeHHO 50%). Bricokast Hanpapnensocrs IIA  ymyqumna
BhHENEHHE HOMIEPOBCKH CHBMHYTWX MO YaCTOTE 3XO-CHUCHAJNOB. ABTODHI
yka3upawr, yro IIA nosponsier ypenmuurs 6a3y curxana (nponanengnug‘
IIATENBHOCTH HMIYJIbCa HA LIMPHHY ero cnextpa) Ha 11,7 gb. Nipumenexue
TIA NO3BONMNO YHYUNINTh OTHOINEHHE CMTHain/moMexa npr ofpaBorke
3XO-CHFHAJIOB M IOHM3WTH YPOBEHb peBepGepanmMu NpONOPLMOHAJIBHO
KO3 €HTY CHIIKEHMsI II0 4acToTe. _ o ‘
° ?I‘gmeurgqecme THAPONIOKATOPH YCIIEUIHO MCMOMNB3YIOTCH )15 IPOBeE-
IEHHsl Pa3TIMUHBLIX M3MepeHHii B okeaHe [22, 57, 65], nanpumep, mwia uccne-
JOBaHusl MeNKAX GHoJiorMaeckux o0beKToB Trila nnaHkToHa [68). B pabote
[90] Bas-nep-Bon, CMut ¥ BepHYT NMpHBOASAT PE3YIBLTATE 3KCIIEPHMEHTAIIL-
HBIX MCCNenoBaHMii pacrmpenesienysl IVIOTHOCTH MPUNOHHEIX OCAIKOB C IO
MOIIBLI IHPOKOMOJMOCHOH y3KoHanpaBnernoH ITA. Jxonokammsi npoBoam-
nach B MaNa3oHe yacror 2,5~22,5 k' Npu MUpHHE QHarpaMMel HanpasJieH-
HoCTH Ha ypoBHe 0,7 Menbuie 6°. Jinst KanuBPOBKE CHCTEMH HCIIONL30BAJICH
K30TONHMM MaMepurenb nuotHocTd. Muc u CHH [83],3unomnum IKCNepH-
MEHTH! 110 KJIaCCHOUKAIN CTPYKTYPH MODCKOrO NHA Ha OCHOBE 4HAJH3A
paccesiHHOro B OGPATHOM HanpaBJieHAM MHPOKOIOTIOCHOIO Y3KOHampa-
BIIEHHOTO aKYCTHYECKOro MMIyJbca, cospasaeMoro IIA. Noka3zaso, uTq
BPEMEHHOE 3aTATMBAHME NDHEATOTO MMIYIIHCA MOXET SBJISTHCS xopouei
Mepoii MAeHTHDHKALMK THIIa MOpcKoro mHa. B paGote Moddera u Konpana
[75] npemnomeno mcnOMB3OBaTHL B Kauecrse HaNyuarenss Hakaukm IIA
HaNpapNEeHHYW CTPYKTYPY K3 JBafUaTH TONYBOHOBHX 37IEMEHTOB C 4aCTO"
TOH HAKAUKH {, = 35 K['L; pacCUMTaH TAKIKE aNEPTYPHBIH daxrop. :
HHorna BHCKa3HBAaeTCs: MHEHHE 0 Hu3KoH ddexTnnrocTh IIA npume-
HHMTENBHO K 3aflauaM aKTHBHOM Noxauuy, Co3maHHBIE NapaMeTpHUEcKHe
CHIPONIOKAIHOHHKE CHCTEMM K 0COGEHHO CEPHIHO BLITYCKAEMBIE MpOMBIIL
JIEHHOCTHY) NOKA3KBawT addexTHBHOCTS IIA B pelieHMy KOHKPETHRIX 3234,
CrnemyeT eme pa3 HATIOMHHUTDb, YTO YK€ Ha paEHe# CTalui NMPOCKTHPOBAHMS
[27], cpaBuMBasi ymHelHEN M- NapaMeTPHUECKMIi ' BAPHMAHTH INOCTPOEHMS
TROPOSKYCTHUECKOH CHCTEMEI, HEOCXOMMO OLICHHBATH BCID COBOKYIIHOCTE
$aKTOpOB, BAMAIIMX Ha PelIeHUe KOHEUHOHA 3a/laui, B YACTHOCTH, YMEHb
meHue peBeplepanMoOHHON NOMeXH NPU HCNoNb3oBaHHU TIA. YPoBHH 3BYKO
BHIX maBlieHuit [TIA nopsnKa HECKOMBKAX JECATKOB THICSY NACKAlb (NpHBe:
JDeHHHX K 1 M) peannaoBaHbl B CO3NIAHHOM armaparype, HalpHMep, B Nnapa
MeTpHuecKHX rugponokaropax tana ICH (em. ro. § . YKasaHHbIE YPOBUHY
NO3BOJISIOT PemaTh pasHoofpasHue 3aKauu AKTHBHOK NoKauuu. Yro xe Ka
caercs Koapuumenta npeobpasopannsi I1A, Koropuii He npeBhlnaeT ceffal
B’ ONTHMANBLHBIX YC/OBHAX 5—10% OT YPOBHS 3BYKOBOrO AaBIEHHs] BO
HAKAYKH, TO OCHOBHHIE NYTH NOBHIEHHS IPPEKTHBHOCTH H ONTHMHMIAIA
NMA mssecrunt [38, 82). Haubonee nepcrieKTMBHBE M3 HHX 0OCYXHANTCS

B nocNieylomMx rrapax., Ho ¥ nmpu HAa3BAHHOM 3HAYEHHH KO3QPHUMEHT:

npeobpa3osanus 1A HETpyINHO paccuMTaT: 3HAUEHMS! pacCTosHMil, Korn:
BO MHOFMX CNYYasAX YPOBEHb 3BYKOBOrO NaBNeHMS IIA, pasBHBaeMOrc
oT manyqenusi IIA, npesMIIgeT ypOBEHb HEPBHUHOTO H3INTY9CHHs] HAKAUKE
MIM OT JIHBeliHoro npeobpasoBaTensa Npu 3a[AaHHOMN aneprype H MOLHOCTA
CoOTBETCTBYIOUIME, PACIETH MOXKHO BHIIOJIHHTE, HCTIONB3YS, HANDHMEDP, MO
sorpadmit [27, 38] nnu parmyw KuMry. Hogreepananime 3K CePHMEHTaIbHbE
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JaHHBIE U UCTIBITAHNSA COOTBETCTRYOLIEH annaparyps! WKPOKO ONMyGNMKoBa-

Hbl y Hac B cTpaHe u 3a pyGemom. Hanpumep, samouckuii HCCIIeNnoBaTeND

Toroecu Taxaytu [54], cernasics na
PE3YNbTaThl HATYPHBIX - MCHBITAHMIA

paGory Taxaecu Xsitro [61), npuogut
YX€ ynoMuHaeMoi NnapaMeTpuuecKoii

CHCTEMbI Nepeaym TenedoHHEIX coobwennit Ha pacctosiHuM 8 KM npu riy6u-
He OyxTel nopsimxa 100 m. Peaysbratsl maMepenmit yposweit U3NYYESHHA
NpuBeneHs! Ha puc. 1.5. 3aryxanue Ha cpepHell yacrore Hakauku 84 zb
cocraBuno 28 nb/cM, a Ha yactore curnana F=8x«Iu - 0,8 nfem. Ha paccrog-
Hiti nopsinka 1,8 kM 3Bykopoe gasnenue BPY TIDEBBICHIIO COOTBETCTBYIOMMIL
YPOBEHb CUrHala Hakayku. Ha paccrosiuuu z ~ 2,5 KM CHTHAJ HAKAYKH G
Ha ypoBHe ilryMoB Mops, a curan [IA naxe ua PacCTOIHHHK 5 KM npeBmman
YPOBEH® ymMoB Mopst Ha 10 1B. ABrop [54] orMeuaer nomumo TPaOHLMOH-
HBIX Tipeumymects 1A (Mansie rabapuThl usnyyarens HaKayKH, OTCYTCTBUE
. BIMSAHHSA NHa ¥ MOBEPXHOCTH MODS) elle H BAKHBL baxrop BosMoxHOCTH

BENEHHS CeKPETHBIX NEPEroBopoB (M3-3a OCTpOit AHarpaMMbl HANPaBJIEHHO-

CTH K.OTCYTCTBUS B HEH GOKOBBIX nenecTkos). XapaKkTepucTHKH paccMmarpu-
* Baemoro npuGopa npusegens B ri1. 8. Tam xe TIDHBENICHE! CBOOHBIE HaHHbIE
+ O CO3LAHHKIX NapaMeTPUUECKHMX npubopax u YCTPOHCTBAX pa3MUHOrO

Ha3Ha4YeHHUS.

Kax cnegyer us mocnenuux nyGnuKanmii, y Hac B cTpane ¥ 3a py6exom

YCHCIIHO IKCITYaTHDYIOTCS M pa3pabaTLIBAIOTCH HOBbE THIThI napamerpu-

HUECKHX 3x0NoTOB Ge3 GOKOBOro Manyuenus, TIPEUM3HOHHBIX NpoduIOrpa-
_ boB, napamerpuveckue puGosiokaropr ¢ BBICOKHM pa3pelieHMeM M MaJioi
' »MEPTBO#H 30HOK”, TapaMeTpHuecKasi pHGonouckoBasi annaparypa TpaBep3-

. HOrO, CeKTOPHOTO M KPYTOBOro 0630
- ROHHOH M NPHNOBEPXHOCTHOH pPHGH

CTDYKTYDBI MOPCKOTrO JHa H Knaccug,

Pas
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Puc. 1.5, Pacnipenenetme 3BYKOBOTO HaB-
JIEHUS Ha OCH MOABOAHOro KaHala napa-
METPUYECKOM CUCTeME! CBAIM

1 ~yposenn curnana HaKAYKH; 2 = cpre
#an BPY; 3 — yposess tiymos Mops pan 3 xl'y;
BEMUMHA P HODMMPOBAHA OTHOCHTEMLHO
1mbar=0,1Ta

M aKYCTHYECKOro KapoTaxa B MOpC

HHSt  8KYCTUYECKOro

P2 LISt MENIKOTO MODS W NOMCKA Npy-
npubopr mnst Mopekoi FeoJIOKalUK
KHX YCIOBUSX, ISt HCCNENOBAHMS
MKaLHK MODCKHX OCaNKOB MO CHEKTPY

baccesiHHOro 3ByKa or ITA, napamer-
puueckue npubopsl ans ompemene-
uMnenaHca
JlouapyeMoro ofbexkrta, HuaKowac-
TOTHEIE NapaMeTpuuecKhe npuGOpH!
AN NOJAMAHUBAHUSA M OTIYTHBAHUS
KOCsIKOB pHION, Ionneposckue . na-
PaMETpHUECKHe MIMEPUTENH CKOpO-
CTH CyIHa, TEUeHMH i JIOUHPYEMBIX
00BEKTOB, NapaMerpuueckue TUg:
POJIGKATOPR! CO CIIOXKHBIMH CHIHANa-
MU WM OUEHD KOPOTKMMM MMITYIIh-
CaMH, HHM3KOYACTOTHbIE WMPOKOIO-

JIOCHEIE NaPaMETPHYECKHE THADOJNIO-

KaTopnl 3BYKOBOro M paxe uH}pa-
3BYKOBOr0 [ualla3oHa, napaMeTpu-
YECKHE aKycTHueCKue NpHGOpH as
M3y4eHHs TOHKOM CTPYKTYDH OKea-
Ha, BHXPEBHX NBHXCHAH, BHyTpeH-
HHX BOJNH M 3BYKOPacCEMBAIOIIMX
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: S HHOH i BHAX
Cl0eB B OKeaHe, MoMeX03alluyieHHO cncpmng: ;g:rpgamgfﬂoggngonnez
H3MEPEHHs ‘
eTpruecKkHe npubops anst onxe
2:?&:1;3 onpeneNnenns NPoQuIs ¥ TONUMHLL CONEBBIX g::%rm:pi e?):ji ng %,
napz,me'rpnuecxne NOKALMOHHBE TpUBOPH IS MOP M e
¥ IOMCKA TIPEAMETOB B COJNEBLIX MNAcTaX, B 3ara30BaHHO

TPYHTE M 1Ip. it 1 npuMenenuii 1A, cnenyer oTMETHTS,

3apepmiast 0630p KCCNIENOBAHUA

: B
4YTO B PA3JIMYHBIX CTPaHAaX MOSIBUIIOCH 3IHAYMTENIBHOE YMCIIO rlrla'r::ge:
B KOTOPBIX NpeA/araoTcsi Cnocobsl H yCTPOHCTBA, ocnoaannuexr:m ;)q MeHe:
HUN HeJmHeinbx 3ddexToB u IIA nns pemenus npax-%uqecxn e e,
LMK NOABOTHBIX OOBEKTOB, CO3NAHHA KOMIAKTHBIX chnp;:) X T
NOKATOPOB, 3XOJOTOB IS NOKALMK KOHTYpPa 00BEKTOB u‘npsxnumnenanca
B TPYHT, c,osnanua HHPpAIBYKOBLIX TNOJNEH, ONpERC/IeHN

eMmoro obbeKTa, poE
3?3?épmeneﬁ, pealM3auMM CKAHMPYIOWMX NapaMETPHYSCKMX PpELIETOK,
TIpAaBJICHUSA JIyuOM
iuccep'rauuxx B. K. HoBukona [38], C.

peanu3auuy  OOIUIEPOBCKHX TUAPOJIOKATOPOB

. YacTh M3 ITHX NATEHTOB YNOMHHaeTcd B
e 1. Tapacosa [55), B. A. Bopouuna [5],

B. B. I'pusuora [9], M. C. PuiGauexa [48], B. B. [‘ylzcxoro [15], 4. 3. I'punbep-
ra [10], a Taxxe B 0630pusix paBorax [33, 37, 38, 54]. ,

Fnaed 2 A
METOJH PACYETA XAPAKTEPHCTHK
»gimnnummmnwﬁcums

§2.l.06mcxeuabacue1;anAuaocuoneypmenmx3K

/
Hapamerprueckas antenHa (IIA) npeacrapnsier (é;ioﬁ r[;;lg] ;;g:g;l:;:
YKM K YY4CTOK BOXHOH CDemsl, X
eofpa3oBarenh HaKa M CTO i
gapauugneﬁcmne HBYX BBICOKOUACTOTHHIX BOJIH HAKAUKH, B npo(g;zmzm:).
CITyuae C UaCTOTaMH [, H [,, 38 CUET HeNUHEHHEIX CBOHCTB cmmo;m;m
YueT IaBHHX HENMHEHHBIX UJICHOB, ufﬁ?fpﬁﬁ?ﬁfeﬁﬁ gap:aqaer -
bl
ara aKyCTHYECKOro NaBJEHMS ,
:Tc;:;? nosmnsmy 7C BOJHBI C HOBBIMM URCTOTZMH, KOTODHX He OhiIo

KTpe NEPBUYHOrO HITyUeHNA.
Bcn'elac?om pBTOpﬂ‘nll:lx BOJNH JIerKo ofpenenuTh, BO3BOXS B KBa#paT

GYyHKIHIO:
())? = by sin® (nf,t +9) +ph, sin® (2uf21) +
+2po1Po2 sin (20f 1t +¢) sin (2nf. af )

it B CHrHAN HaKauky. Bunxo, uro B
HBAaKILY10 OGHIrapMOHHYECKHH HCXOMIH
3;:; npoac):gnm HemHHeHmMii npoLece reHepaumu BTOpRIX rapMOHHK Zf,
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;?e 8pazobarmens
AN NONQINY

. anekmpusecndd w}{m‘ i
. cuzHas! 57;:;}}.;172 ll
. l:aunojeﬂcmm, L/ i’/ } )

Puc. 2.1. Cxema pabornt MA

' M 2f,, a TAKXE BOIH CyMMapHOit f, +/, ¥ pasHocTHOi f, — f, yacror. H3-3a

. KBaIpPaTHUHOHMl YaCTOTHOHM 3aBUCHMOCTH BSI3KOr0 TMOCTIOMEHUS BONHEI
- cuacroramu f,, fa, 2f,, 2f,, [, +f, 3aryxamt ropaszuo paHbilie, YeM BOJIHA
Pa3HOCTHOM YacTOTH tBP‘ﬁ.
" CTBHUS NEPBUYHBIX BOJIH HAKAUKH, OrpaHMyYeHHON ANKHOM uX 3aTyxanns b,
'MOXET CYWeCTBOBATH JIMb BOJIHA Pa3HOCTHOH 3actorsl F. Cama xe obnacts
B3aMMOAeiicTBHS, B KOTODO# pacnpene/ieHs HeJMHeNHHble HCTOUHMKH BPY
~ (co3maBaeMBie BOJIHAMM HAKAUKH), BHIOJHSET DOJb oGBbeMHOM aHTEHHE,
H3Nyualouie# CUCHAM Pa3HOCTHOM YacToTH F. :
TIA MMeeT aHaJIOr ¥ B THHEHHON aKyCTHKe. ITO TaK HA3MBAEMasl AHTEH-
Ha Gerymeii BOJIH, NPeICTaBISIOMast co60ii pAl pacnoJIOKEHHBIX ONHHAKO-
BHIX aHTEHH, HANTYYalIIMX C ONPENeNCHHHM $e30BHM CIOBHUIOM 1O OTHOMHIE-
HHW0 OpYr K npyry. IIpk copure ¢a3, paBHOM BPEMEHH npobera aKycTHUe-
CKOH BOJIHOM PacCTOSIHUSI MEXNYy COCENHMMM H3NYYaTeNsAMH, MAKCHMYM
3JHEPrHM M3JIyuyaeTcst aHTEHHOH BHOJL OCH. B anrenrax Oeryuieil BOJHEI
IMACDaMMa HAaNpaBJIEHHOCTH. ONPENENIAETCs: He MONEPeuHBIMH, a8 MPONOIb
HBIMH Da3MepPaMH aHTEHH, T. €. NIMHOH LENOoUKH H3 uanyuareneii. B napame-
TPHUECKOH aHTEeHHEe pOJlb uanyuareneil urpaer cama cpena; BPY resepupy-
eTcs BO Beeil 0B/12CTH pacnpOCTPAHEHUs U B3aUMOEACTBUS BOJIH HAKATKH.
B Kaxno# TouKe yKa3aHHO# obnacTH 0GpasynTcs HCTOGHHKH BPY (unorzma
HX HAa3HBaT BAPTYaJbHHIME), KOTOPHIE ABHXYTCS, KaK M BOJHE HAKaYKH,
€O CKOPOCTBI0 3BYKa, ¥ MPONCXOIMT eCTECTBCHHAS dasuponka, IfockomKy
nnuEa 3bdexTHBHON obnactu B3anMoaeHACTBUA [, onpenenswman MUPpURY
IMarpaMMbi RaNDaBlIeHHOCTH, OORIMHO BEJIMKA, AHATPAMMa HANPABICHHOCTH
TIA nonyuaercs yakoi (cM. puc. 2.1). ’ ) :
Cpenm npyrTax neHHex kavecrs IIA MOXHO OTMETHTH NpPAKTHYECKH
nonHoe orcyrcreue GOKOBHIX JIEMECTKOB B OMarpaMMe HalpaBlIeHHOCTH.
Ee ¢opMa onpenensiercs FNaBHAIM 06pa3oM NPONOJIBHLIM pacnpenesieHueM
~ @MIUIMTY[ BHCOKOYaCTOTHBIX (BY) BOMMH, KOTOpHE NJABHO YMEHbLIAWTCH
_DpM ynaneHMu oT npeofpa3oBarteNsl HAKAUKH IO 3IKCIOHEHIMATBHOMY
* (u3-3a MMCcHTanyy) uaAK Gosee CNOXHOMY (BCjiencTBue IMPAKUHH M HEMH-
HeMHOro 3aTyXaHusi) 3aKOHY. - R ’ A -
~ Pasymeercs, Ha GopMy [HarpaMMel OKashLIBaeT BIMsHHE H NonepeyHoe
pacnpenenenue aMruryn Bi-BonH Ha npeobpasoparene (xpaesie 3ddpeKTH),
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Hoatomy 3a mpenenamu obnacTu plauMozeii-

ONHAKO MaKCHMyMbl 60KOBOrO M3NYuCHNS CHITHHO NOJABJICHH us-aa» Hejm
HeHHOCTH Mpouecca renepanuu BPY. _ n

[I3MeHsIA 9acTOTH £ [, 3MEKTPHUECKHX CUTHAJIOB B Npefiesiax pe3oHaH
cHoll KpUBOH npeobpalopareisi HAKaUKH, MOXHO HOOHTHCS TIaBHOM nepe-
CTpOMKH 4acTOThl F B WMPOKHX Ipepenax (xoadbdmnumeHT NEPEeKPHITHA
pocruraer 300 1 Gonee). o v -

Bce 3TH CBORCTB2 MO3BONSLT NpaKTHYeCKH peanu3oBarsh napame
TpUYecKHe aHTCHHBI u npeoGpasoparenu, oGralanLIue "HIMPOKOH MOJO-
coit paBOUKX YACTOT, MaJILIMU rabapuTamu, MOCTOSTHHOMA M TNATNKOM Xapai-
TEpUCTHKOH HaNpaBJeHHOCTH Ha pa3MYHKEIX $acToTax. YpoBHu H3nyue-
KHs1 TIOPSIKA HECKONBKHX RECATKOB Tricay TIA M COBOKYIHOCTH MEpeum-
CNeHHBIX OJIOXHTEJIbHBIX cpojicts. 1A no3BoJIAT CO3NABAThH NApaMeTpH-
gecKHe FUAPOaKYCTHYECKHE Npubopsi aKTHBHOM JIOKALMM ¥ Nependaun mKpo-
KOMONOCHOH WMHpOpPMALWH, HIMEPHTE/IbHEIE ‘IPUEMHO-K3ITYUI0IHKE KOM-
MJIeKCH B Ap. . _ ‘ ‘ o

K uenocraTkaM IIA 0GBMHO OTHOCAT HH3KY©O 3$$eKTHBHOCTE npeobpa-
30BaHMs AKYCTHYECKOH IHEPrUM BOJIH HAKAUKH g aneprao BPY. Koaddu-
nMeHT npeofpa3oBaHHs IHEPruH HE npeBKmaeT HECKOJBKHX MPOLEHTOB.
Omnnaxo 3Heprusi BPU KoHueHTpHpyercs B oueHb Y3KOM TEJISCHOM YTJE,
¥ NONyYaeMBIe YPOBHY 3BYKOBOrO NABJICHUSA BIIOMME TPUrONHLI JUIsSt paK-
rHuecKofi paGoTe. OHH YaCTO jaxe Bhbile, yeM MOTJIH Ot GWTh MOMYYCHB
OT TPAZMIMOHHOM MHEHHOM AHTEHHH C TeMy XE PAIMEDAMI, ofnanamimei
Toli e MOMHOCTHI ¥ paGoTawueil Ha TOH Ke YacToTe.

Ha xapaxTtepucTuky IIA Brmsier. 3HAUHTE/HHO Gonblue MapaMerpoB,’
ueM Ha XapaKTEPHCTHKH OGHIYHOH AHTCHHM, H 3aBHCHMMOCTD OT HEKOTOPHIX
M3 HHX HOCHT CIIONHBIH $YHKUMOHANBHBIA XapaKTep. 3'ro'o§croa‘renbc'rao
3aTpynHsieT BHOOD NapaMeTpoB NpH CO3aHHK KOHKpETHO# Hanmyuawomei
CHCTEMBI C 3 JaHHBIMM XapaKTepucTKaMu. Todusast TeopeTHueciasn Mopesh
[O3BOJISIET 3HAUUTENIBHO COKPATHTh BpEMS HA NPOBENCHHE - uonem.uux
3IKCIIEPEMEHTOB, IAET BO3MOXHOCTD aHAMTHYECKH BHISICHATD 33aBHCHMOCTD
xapaKTepucTHK IIA OT Kaxmoro n3 napamMeTpoB BHOpaTh ONTHMANBHKE,
TIO3TOMY TEODETHUECKOMY aHanM3y paGoTul TIA ymensiercsi GoJbLoe BHUMA-
Hue. CylIeCTBYET HECKONBLKO DPA3MMUHBIX Moxeneli, ONMCHBAXIMX XapaK-
repucuxy NIA @ISt onpeneNeHHHX PEXHMOB paboTwl 1 3nauennii napame-
tpoB. He,BymemM OCTaHABIMEATHCA Ha aHanH3e 3THX - MOgened, OH HaH
B Mororpadun [38). BorsmmHCTBO Mozeneii B TOH WM HHOIT Mepe CBOTATCH -
K Mogenu BecrepBenbTa Wi Bepkrest MM K X CHHTE3y. Monenu Becrep-
BeNbTa M BepKTes COOTBETCTBYIOT. IBYM Npefe/bHEM pEXMMaM reHepaluH
BPU. B mopnesin Becreppensta npepanonaraercd, 9o B3auMOneicTByOINe
nyuKkd He AuQPArHpYOT, T. €. FHCCHOATHBHHC 3pPEKTH MPOSBILAOTCA
aHaumuTe)BHO Gonee 3bdexTHBHO, ueM IUGPAKIMOHHNE. B sTOM cnydae
fm[arliahma nanpasnersocrs D(8) B ocHOBHOM CNPENENACTCH napaMeTpoM
-5 (38 . - o

D) =~ [1+ (KT} 8*14)*}~05.

Momess BepkTest peamonaraer, uro B3aMMONEHCTBYIOT cumbHO mudpa-

rMpywiuue nyuku. B aroM ciryuae napaMerp I, BrMsieT TOJIBKO Ha AMILIMTY X
Hbi€ XapaKTePHCTHKH, 3 JJ4arpaMMa HanpaBeHHOCTH TIA D(B) onpenensiercst

~
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NpOMIBENICHHEM [MArpaMM HanpaBneHHOCTH Dy 2(6) mcxommex BOJH |

HaKAuKH; _ _

PaccMOTpeHHbIe MOZIENH CNPABEIUIMBH JIHLIG IJISA manbHeit 3omm TIA,

rae 3aKoHueHO GOPMHpPOBAaHNE XapaKTepMCTHK. PasimuHie MOJENH ycrem:- .
HO ONMCHBAIOT XapaKTepucTuKky IIA mums B onpenenesxoR obnacTu uaMeHe-

HAS MAPaMETPOB, YTO 3aTPYHHSIET pelicHMe 3anad onTumusanuu. Tak, nns
BHISICHEHMS1 3aBUCMMOCTH KaKoi-HuOy b xapakrepuctuku IIA or onpenenen-
HOTO ITapaMeTpa NPUXOJUTCH NEPEXOANTD OT OFHOI MOIENH K JpYToM..

B paHHO# kHHre uanaraercs ofiumii momxonm k 3apjaue pacuera IIA,
OCHOBAHHHLIH Ha MCNONb30BaHMM ypaBHeHusi Xoxnosa—-3abGonorckoii—-Kys-
Henosa (X3K). Xora B psjie clyyaes NOMyYEeHHBIE HA OCHOBE 3TOTO ypaBHe-

HMSt pemieHns: Gonee CNOXHB, Y4eM B MOJESsAX OPYTHX aBTOPOB, OJHAKO

ISt KHXEeHepoB oHu GoJiee NMpUeMNEMsl, TaK KaK MMEoT MEHbUIE OrpaHHue-
Huit Ha BXOAAUIHE B PEICHNE NAPaMeTpPH.

PaccmorpuM BxpaTue ypaBHenue X3K m mapaGonnueckoe ypaBHeHHe
¥ BO3MOKHOCTH MX MCNONb30BAHMS B 3a7auaX JIMHEHHOM M HenuHeHHOR
THAPOaKyCcTHKH. YpaBHenne X3K nonyuero npu clegyoLMX NPERMonoxKe-
Husx. Kak ¥ npn BaiBOzte JMHERHOTO NapabonuYecKoro ypaBHeHus qudpax-
UMM, MPEnmonarajiocs, YTO . pACCMATPHBAEMBIE 3BYKOBHIE IyYKH MMET
Y3KyH0 nOMarpaMMy HampaBNIeHHOCTH, T. €. CNpaBeqIMBO COOTHOMIEHME
{80 =~ 8, Koropoe BHINOJHSIETCA NpH NONYIIMpHHE myuka MmeHee 10-15°.
Ilpu GonbIMX WMPUHAX MyuKa UMM GOKOBHIX NEMECTKaX MyuKa, HMEIMX
GonBmIOE YrIoBOe PaCcCTOSIHME OT OCH, HCNONb3OBAHME LISl PacueToB ypaB-
Heansi X3K i napaGonmuecKoro naeT 3aMeTHOE PaCXOXKAEHHE C peallbHbIM

-noBenenneM myuxa. HenoymbaoBaHKe TaKKe METORa MEMJICHHO MEHSIOIIEro-
cs npoduna ana snBoRa ypaBHeruss X3K noaponuno nepe#Ti OT CHOKHOM

cucreMs! TuddepeHIHaLHLIX YPaBHEHHA B YaCTHHIX NMPOM3BOIHKIX K OJHO-
My, 3HauHTe/LHO Gonee mpocroMy. ypaBHeHHio. Hues meroma, npemnoxker-
Horo P, B. XoxnossiM [38] 1 ycnemnso npuMeHsieMOro isi IMPOKOro Kpyra
3ajay, 3aK/0YaeTcs B IIPEANOJIOKEHHH, YTO Hpodund BOJNHB MENJIEHHO
UIMEHACTCS. HA PaCCTOAHMSAX, NMPONOPLUMOHANBHBIX NJHHE BOJIHLI, 3a CUET
HENMHEHHBIX, JUCCHNATHBHLIX B MNPaKLMOHHBIX 3¢ deKkToB. Henomayembie
npyM BHBoje yparHeHust X3K pmonymeHHsi OKa3alHCh CIIpaBemJIMBHIMH
IS IHPOKOro Kpyra 3anad rupponoxauuu, a mns IHA - npakthuecku
Beerpa. Ilapamerpel HeMMHEHMBIX TMOPONOKATOPOB COOTBETCTBYIOT - BCEM
HOMYUIEHHSIM, MCIIOTIb3YEMBIM IIPM BHIBONE YpapHenua X3K.
PaccmorpuM cxeMy pacuera IIA Ha ocHoBe ypaBHeHHs X3K

O (o ¢ w b %\ _ o |
or oz cgpop or 2"390 ar? = TALP' | (2.1)

Ilps pacuerax IIA rpanMuHOe ycIOBME 3afaeTcsi B BHOE CYMMB! OBYX
MJTH HECKOJIBKHX BBICOKOYaCTOTHBIX FapPMOHMK M MCCNERYeTCs HOBENCHHE
COOTBETCTBEHHO ONHOM MM HECKOJIBKMX Pa3HOCTHBIX FapMOHMK. Pemenue

ypaBHEHHS (2.1) B 0BwieM B HE NPENCTABIACTCS BO3MOXKHLIM H3-32 OTCYT
c1pHA OOUWMX METOHOB DENIEHHsl TAaKOro KJIACCA HEIMHEHHHX ypaBHEHMH
B YaCTHBIX MPOHU3BOIHBIX. BoamoxHo npupiieueHne IBM nist Henocpeacr-
BEHHOTO DELIEHHs 3TOr0 ypaBHenus [3], HO u3-3a Gonbmux 3aTpar MalMH-
Horo BpeMeHH TaKasi paGota fns 1A noxa He crenana. ,

HauGonee NMPOCTOH M YaCTO ynoTpeGnsieMbii METON AHANHTHYECKOro
jCCreNOBaHNsl HENMHEHHHX YDABHEHMH — 3TOT METOH BOSMYIUCHHH WIH
nocenopareIbHEIX NpHOIKeHKA. MeTox 3aK/I0uaeTcs B CNCHYIOMEM: ecili
B pelleHHE BXOUUT KaKOH-HuOymb Malblii mapaMeTp, TO pellieHHe HINYT
B BHE Pa3JOXEHHsI IO 3TOMy MNapaMerpy, T. €. NPEACTaBIANT B BUAE
cymmn pewenuii. Ileppoe craraemoe He COmepKHT MaJIOrO napaMerpa,
BrOpOe — NPOTIOPLMOHA/ILHO 3TOMY NapameTpy, TpeTbe — MPONOPUMOHANLHO
Kpanupary, uerBeproe — KyGy u T. n. Kaxpmoe M3 craraeMex nonyyaercs
w3 pemenus Gonee npocroro (0GrgHO MuHElHOro) ypapHeus. lpu pelenny
ypaexenns X3K B 3aauax rupoaKyCcTHKH 9acTo 3a MaJIiii mapaMeTp ijlﬁu‘
paetca uucno Maxa [21, 38]. Kpome roro, npenmonaraercsi, 9To HeNUKeAHbE
addeKTsI cnabo NPOSBISIOTCS N0 CPABHEHHIO C OMCCHOATHBHBIMU M [udpax-
uMOHHLIME 3¢deKTaMu, 1 NpoduM BONH HE ComepXar pa3peBoB. B 3TOM

* cJIydae ypaBHEHHs IIEPBOTO K BTOPOTO NPHOIHKAEKEHS MMEIOT BUI

o [ op(M b pM\ e ,
= - , =LA p1); 2.2
or ( oz 2%3py 072 7 uP @2)

(2) 25(2)
9o [P b 0}: _ﬁAlp(z) =
or oz 2¢3pe OT 2
€ a? -
= — ) : 2.3
%o o © @3

Ypabuenue (2.2) onucHBaeT NOBeeHNE BOJH HaKauKu. JIns oTgemHOR
rapMOHMKH ) TIoCTe 3aMens! p = p'exp(—bz 02/2c3p,) oHO TOTHO nmepexonut
B napaGonnyeckoe ypaBHEHHe, METOOM peHIEHMsl KOTOPOTO MAOCTAaTOYHO
noapobuo mccnemopaHul. YpasHenue (2.3) onmceBaeT NOBENEHWE BOJH,
AMIUIMTYa KOTOPHX MpONOpLMOHANLHA yuciay Maxa B xBagpate. Fenepa-
UMS 3THX BOJIH NPOUCXOUT B CAMOH cpejie 3a CUET €€ HEMMHEHHBIX CBOHCTB.
K HEM oTHOCATCS BONHBI CyMMApHHIX, NBOWHBIX M DA3HOCTHHIX 4acTOT.
TNpu nccnenopatuu paborsl A OBBUHO PacCCMATPUBAIOT PASHOCTHHIE FapMO-
HHUKH, XOTHA A7 psANa 3aa4 MONE3HO HCNOIL30BATh CyMMapHHIE M ABOMHEE.
Inst GUrapMOHMYECKOro MCXONHOrO CHIHANlA HAKAUKM B CUITY. TMHEHHOCTH
ypaBHenuit (2.2), (2.3) rpaHuunoOe YCJIOBHE RISl MYyUKOB C aKCHANBHOM

.CHMMeTpHelt yno6HO 3anncaTh B KOMINEKCHOM BaAe

P=pitps = Ay(r) exp (iwyt) +A,(r) exp (fwst). (2.4)

O6mas noapobHast CxeMa peleHust ypahneum‘i (2.2) u (2.3) npupeneHa B
[38). Npubenem okonuatenbHOE pelenye ypapHEH S
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Ay,262) =i-exp (-kr*[22) [ exp (-ikr”[22) X
0 . :

k _, : T (2.5)
XTI\ - ' | Ay, ¢Hridr'.

-HerpynHo y6eIuTscs HenocpeICTBEHHOM NOACTaHOBKOH 3aMiCAHHOTO BHpa- |

KeHHsl B ypaBHeHue (2.2), uro (2.5) ABnsiercs pemenueM. Cnemys Meromy
NOCNenoBaTEeNbHLIX NPUONMKEHHHA, BHASTMM B NPABOM 9aCTH YpPaBHEHUS

(2.3) TONbKO rapMOHMKH, COOTBETCTBYIOIIME PASHOCTHHM BacToTaM. B atom

Clfyuae PaBYo 4acTh ypaBHeHHs (2.3) sanumem B Buze
€ ip(l), _ eQ* 4 . '
ZC%po 072 2030@0 t("Z)A!(r:z) tK.c.

ucKars B Bune P2 = Pexp(iQ1).
Ins xqurumcmoi‘i amrmry s BPU P(T, z)ypasnenme (2.3) npusiMaer BHI

oP 1

32 +aP — _AJ.P:i—_A‘lA;., . - 27

2k 2%3po

Obuiee PCHICHHE YRACTCA NMpEenCTaBUTD, €CIIU nna BOJIH HAKQUYKH MMeeT-
Cfl AaHAJIMTHYCCKOC PellleHHE B BHNe IBYXKPDATHOTO HHTErpania

=~ Zdipe o e —dz')/(z/—zﬁ)l‘dz"x J 4z X
X A3(", 2) exp (~iKrr1? ¢ =¥

(2.8)

~ B ofmem cnyuae BuipaxeHnst A: H A, 3aIMuIyTCs B Bage HHTErpasoB.

Pemrenue (2.8) siBnsierca obiuM. OHO CnpaBeNIMBO NNt NPOK3BOJILHO-

ro pacnpeneneHs aMIUIMTYX M (a3 BOJIH HAKAYKK Ha MOBEPXHOCTH M3JTy-

- :;:em. Pacuer Bupaxenus (2.8) tpeGyer Gombmoro ofbeMa MaNMHHOIO

MEHH B MMeeT CMBICT pacCMaTpHBaTh TG0 Gonee npocTsie pacnpenerne-

Hus, nM6o npefenuHBe caydyaM, Koropeie Gn noMorim npoananhsuponarb

. 3aKOHOMEPHOCTH POCTa M NMOBEREHME PA3HOCTHHIX FADMOHMK B Pa3JIMUHBIX

ciydasx.

B psie cyuaes, HanpuMep, Ui pacyeToB B NanbHeii soke A ’

(2.8) ynobree npencraButs B BUOE ' S pedfiertae

PC.2)=f To@nvdy fAw,2)  exp [iv'(z ~2') 2K)ds', 9

L= 22-

(2.6) -

YuuteiBasi JiMHe#HOCTs ypaBHemmst (2.3), obmee pemenne cruemyer |

rae A(v2)- npeoﬁﬁasosaunan no XaHKemwo npasasi 9acTh ypaBHe- )

Hus (2-3)

Hcrnonb3oBaHHE METOlla MOCNeNOBATENLHBIX npubruuKeHn#A N0 YMCIy

Maxa MpaKTHUECKM BCErJa NMPHEMIEMO JJA pacuera xapaxtepuctuk IA.-
" PocT METEHCHMBHOCTH M3NyUaEMOrO CHIHANA 0 YPOBHA, KOTAa HensHeAHuIe
3heKTH MrpanT ONpee/IIY0 POlib, OrPaHHICH uapnwmei’t MM ope-
. eNbHO# MOIHOCTBIO H3MydaTens. B aKCnepHMMEHTANBHHX YCIOBHAX TBKAS
peKMMB! HEODHOKDPATHO HCCHENIOBATIHCE. Tpu pacuerax nomoOHHX PEXUMOB -

1A HeoGXODMMO YIHTHIBATH HeNuHeiiHoe 3aTyXAHHE BOJIH HAKAUKH 33 CHeT

= (eK[23p0) exp (—az) [ AASLaa)mdr (@10)

MHTEHCHBHOI NEPEeKauky FHEPrHM B BHICOKOUACTOTHRIC rapmonmkH. [lnst aHa-

nusa ypaHenusi X3K B JaHHOM CITyuae MOXKHO HCIIONB30BATH METOR yCpen-

HeHuil. 3TOT METOX 3KJI0TaeTCS B TOM, UTO PENIEHHE MILYT B BHIIe Pasiiome-

HMS TIO MAJIOMy [aDAMETPY, PABHOMY OTHOLIEHWI0 UACTOT Q/w, a He uucHy

Maxa. B 3ToM ciyuae pemenue ypaBHenuss X3K muyr B BUe CyMMB BY- -

1 HU-cocrasnsmomux (p + P), n pa3bupaiot Ha ABa yPaBHCHUS

) 02 L - L
5(:_[33,._“0:’ b P]zfa,w, @

oz Por i, o 1 2
o[oP b o’P] co

o 2c3pe OF

or 2

lleproe HenuHeiiHOe YpPaBHEHHE ONHCHIBAET pacnpocTpaHeHHe BOJIH
Haxkauxky Ge3 yuera pnusuusi HY-cursana, nocKonsKy OHO HE3HAUMTEIILHO.
B 3TOM HeC/IOXHO yOEIUTLCS Ha NPHMEPE MJIOCKHKX BOJIH [38}. Tounoe peme-
Hue ypapuennus (2.11) npexncrabnsier coGoH CaMOCTOATEILHYIO npoGnemy.
CymecrByeT MHOTO crnocoloB. 8HAJIMTHYECKOrO [38] n yncnensHX MeTONOB
yccnenopauns storo ypapnenus (3], IlpocTsie peieRus 3aNMCHBANT NHLIb
LT OQHOMEDHREIX BOJH [3, 38].. : o '

I

- a o? 2: o
. = - — >, 2.12
AP= S —5 <p . (212)

Bropoe ypassenxe (2.12) onucsiBaer renepauuio HY-rapMonuK. B npa- '

BOit uacTy ypastenms (2,12) cTouT ycpeHEHHEE Ha Q1> TP

KBagpar petienus Jist BY-curnana (rax, urobu <p> = 0). dyukuus <p?>.

onMcHBaeT pacnpenenckue ncrouHuKos HU-BONHM B MPOCTPAHCTBE. B ypas-
Henmu (2.12) He yurens HenuHeiHbe 3YPeK T, TOCKONBKY IuGpaKLHOHHKE
apdextnt ansi HY-rapmonny, GyRyT CymIECTBEHHO sdpdexTnBHeR. Tak KaK
ypaenenne ans HU-rapMoHuK mnuHeliHOe, €ro pelleHMe 3amHieM TOUHO
TaK xe, KaK M Bns ypasnenus (2.3) ¢ samenoft npapoit uactd. IlpoGnema

noapoGHO 3TQT BONpoc paceMorpen B [3].

3aKJI0YeNa JIMIE B MPABWIBbHO# ARMPOKCHMAUMH peCHHS p?*. Bonee.



§ 2.2. Xapakrepucruxu 1A
C rayCCOBHIM ONEPEeUHbIM PACTIPENCNICHHEM aMILTHTY bl

HDOEHOHO)KHM, YTQ n‘onepetmoe pacnpenenceHue BOJIH HaAKauYKH OIMCHI-
Baercsi rayccoBodt pyukumed A, (r, 0)=A,{r, 0)=exp(-r3/a®). FayccoBo
pacripenenenme, Kak Oyner oxasaHo B JanbHeHiueM, oueHs ynobHo ana
aHaNMTHYECKMX pacueToB. IlonyuaeMbie B 3TOM cnyuae pelreHust Haubonee

'MIPOCTHI, UTO NO3BONSAET ¢ MX AOMOMIBI HCCNIENOBATh OCHOBHEIE XapaKTepH-
cTHKH IIA, HanpuMep IMArpaMMy HANPABNEHHOCTH M OCEBOE pacnpenene-

- HHe. OfIHAKO MpH rayccoBOM paclpeNeneHuM THATPAMMA HaNpaBAEHHOCTH
OCTaercsl IWIaBHOM AN BONH Hakauku K BPY, uro He Mo3BossieT MCOOMB3O-
BaTh IOJyY€HHKLIC PEUIEHNs JUIA ONpPenesieHUs YPOBHSA GOKOBBIX JIENECTKOB.
Kak 1moka3ano B npunoxesuy, KOMIIEKCHAR AMIUIATYNA BOMHH HAKAuK
OIHCHLIBAETCS BHpAXEHHEM _ v

A(z, r)=p( —izfly) texp [—z/l, ~r*/a® (1 — izfl;)]. E (2_13)

~ Eczm pemenwe (2.13) npexncrasuts  Buze | Al exp(id), 101 4| onuchiBaer
N3MEHEHNE aMIUINTY b, 8 P — a3kl CHrHana:

|4, r)l = p(1+22/13) "% exp [~2z/1s —r*/a*(1 +x*/12));

Y =arctg (z/1;) “’22_ a1, (1 +22 /1)1

Ha neGonmpbmux paccrosHuax z < Iy aMnnUTYNA CUrHana M3MEHSIeTCS HesHa-
unTesnbHO. Ilpu z~ I HauMHaercs Gosiee CHIbHOE MAMEHEHHe BMIUTHTY bl
Tlpn z % I, peiresue npurumaer BUR) Al = 211 exp(~ k6% a/4), 1. e. npenpa-
maercst B CHepHNecKH PacXONsIYRCs BONHY. [IOBEPXHOCTb paBHoit ¢a3n
Ha HAUaJIbHOM 3TaNe NPAKTHUECKH IJIOCKAs], 38TeM HCKDHBIISIETCH, NPUHK-

“Mast cheprueckyw dopmy. Haubonblias KpUBM3HA HOCTHraeTCs NpH  z = I.

Ilpn z> I, xpuBH3IHa yMeHbIIaeTcst ¥ $Ha3loBKi PPOHT CTAHOBHUTCS KBa3u-
chepuueckuM (puc. 2.2). -

Pewenue (2.13), onuceisaer noBemenue Kaxmolt us FapMOHHMK BOJH
Hakauku. [In9 OMrapMOHMYECKOro CMIHaNa pEWeHUe YpaBHEHMS

" Puc. 2.2. UsMeHeHMe  TOMepevHOro
' pacripeAeNneHHsT aMrumMTynR (crnotn-
Hule THHHH) U HckaxeHue $aszoBoro
¢pouTa (MYHKTHpHEE JTMHAK) BOJHK, *
B ripoLiecce PACIIpoCTPaHeHUs. .
IITPUX-TYHKTHPHONA IHHUSHA noxasas
HO MANEHeHME LIIPHHE NYyUKa No ypop~
Ho 0,7

Y =y

nepBOro TpPUGIMKEHMs 3aNUCHIBAKT B BUIE CYNEPNO3MUMM IBYX

BOJIH . . .

. exp [—z/15 —r*/ai(z)] exp (iw,r) .
(1 —izflny)

p=p1tP2 = Por

exp [-z/15 —f2/a§(2)]_.exp (fwar)
PO T (i)

K.C.}

i,,G) = (1 —itflgy ) e

TNoncrapnsas (2.14) B npabyio yactb (2.7), BHIENAA KOMIIOHEHTY Da3HO- ‘
CTHOI YACTOTH K nenasi 3aMeHy P= Pexp(-Z L) ans BP‘I, nonyuaeM cnemy-
jolLee ypaBHEeHHE: :

~

oP 1 ALP= lfﬂfolpoz X
oz 2iK 2¢ap0

z i 1 )
N A N U S R S
T U izl (1 + i) @)

Croe (B) =+ Fh-L4 TockonbKy oBbruto s A Ly > L, 10 (B)-=

Fh+lh. . :
Obmee pemeHue oSt NAHHOrO PacnpenesieHusi BOJH HaKAYKU ynaercs
3anucaTh B BHIE ONHOKDPaTHOTO MHTErpana _

¥y 2?1 +iyLy/lx1l52)
T @[1—i(2=p)Laty Qily) Lulm)
_i *2/lz4l 1) ] 1
Ly Y 1=z ~»)LatyQila/lalme * 2/ lutlnz

exp

Py

(2.16)
UnenoM 2iL,j Iy 1yp DM pacyeTax MOXHO npeuebpeus; ero BAKSHUE, 110 CPap-
HEHHIO ¢ PYTHMH CNaraeMBbIMK, HE3HaUMTEJIbHO. _

Ofee pewenue (2.16) ne ynaercss BHPAIHTE UEPE3 HIBECTHHIE Tabynu-
popanubie GyHKumu. B obiem ciryuae aHanM3 cliexyer MPOBOAMTL INCIEH-
HbIMH MeToniaMu. [IofitHTErpanbHas GyHKUMs RBASETCA NOCTATOMHO rran-
KO# M HHXAKMX npo6nemM ¢ BuuucnenneM uurerpana (2.16) ¢ nomonmio IBM
He BosHmKaer. Pemenne (2.16) yumrniBaer npaxTHuecKH Bce 3(dexTH, .
BIuMsuonMe Ha pabory ITA: nudpakumIo ¥ TUCCUNALMIC BOMH HaKauku u BPU.

Mpoaranusupyem peuterne (2.16) u HalineM OCHOBHEIE 32KOHOMEDHOCTH
nosenenns BPY. O6mee pemenne nnst pAga 9aCTHHX CNTyyaes yNpoulaercs
M MOXeT GLTh BAIPAXEHO Yepes aHanmuTHuecKue GyHKIMH.
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