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Haiineno aHamuTHuYecKoe pEUICHHE 3aJaydl ONPEACICHHUS WHTCHCUBHOCTCH W
HaHpaBJ’ICHI/Iﬁ Ha ABa COCPCAOTOYCHHBIX HMCTOYHHMKA aAKYCTHUYCCKOro ImiymMa B
0e3rpaHUYHOI cpelle MPH HAIMYMKA W30TPOIHOW B TOPU3OHTAIBHOM TUIOCKOCTH
IIOMCXH. HCXOI{HI)IMI/I JaHHBIMHA JJISL PECIICHHUA SABJIAKOTCA CUTHAJIbI
KOMOWHHUPOBAHHOTO BEKTOPHOTO TpueMHUKa. [IpoBepeHa paboTOCTIOCOOHOCTH
AJIropuTMa Ha MOACIILHBIX U Ha PCAJIbHO IMOJIYYCHHBIX B MOPC CUT'HAJIaX.

KntoueBble croBa: akycTUYecKHE H3MEpeHHs, KOMOMHMPOBAHHBIA NPHEMHUK,
COCPEOTOUEHHBIE MCTOYHHMKH ILIyMa, YIJIOBOE Pa3pelIeHne MUCTOYHHKOB, OLEHKA
YPOBHEM.

BBEJIEHUE

C nomompl0 KOMOWHUPOBAaHHOTO TNpueMHHKA [l —3] ompexnenstoTcss HampaBieHUS U
OLIGHUBAIOTCSI YPOBHHU JBYX COCPEIOTOYEHHBIX HE3aBUCHMBIX MCTOYHHMKOB ITyMa Ha (oHE
mrymoBoii momexu [4 — 10] or moBepxHocTH MOps. B 0Oe3rpaHuMYHONl BOJHOU cpene
HETIOIBIKHO PACIONIOKEH KOMOMHMPOBAHHBIA MPUEMHHK (aKyCTHUECKOTO TaBJICHUS M TpeX
OpPTOTOHANILHBIX KOMIIOHEHT KoyiebaTenbHoi ckopocTH) [10]. B nmanbHel 30He HEMOABHXHO
PAacIoOJIOKEHBl JIBA COCPENOTOYEHHBIX HE3ABUCHUMBIX CTAallMOHAPHBIX HCTOYHHMKA IIyMa,
IPUYEM OTPAKEHUE UX CUTHAJIOB OT IOBEPXHOCTH, JHA M TEXHUYECKUX KOHCTPYKIUH HE
YUUTBIBAETCS. YUET K€ MCKaKEHUI CHUrHajla MOXKET ObITh MPOM3BEICH C HCIOJIb30BaHUEM
HEM3BECTHBIX B 00meM ciydae (yHKuuil pacmpoctpanenust [11], koTropsie MOTyT OBITH
YTOUYHEHBl KaK Ha OCHOBE TEOPETHYECKOW ampuopHoi wuHpopmanmu (rayOuHa, Mpopuiib
CKOPOCTH 3BYKa M T.N.), TAK U HA OCHOBE 3KCIIEPUMEHTAIBHBIX U3MepeHuil [4, 5] curHasnos.
[IlymoBasi momexa paccMaTpuBaeTCsl KaK CTallMOHApHAs HM30TPONHAs B TOPU3OHTAJIBHOMN
mwiockoctd [7—9, 12] (1yM mOBEpXHOCTH MOpPS U €ro oTpakeHue oT aHa). [lapamerpsi ee
AQHU30TPONMM B BEPTHKAIBHOM IUIOCKOCTH CUMTAIOTCS M3BECTHBIMU. Bce Tpu HCTOYHMKA
nryMa JeHCTBYIOT B OJIHOM W TOM ke mosoce 4actoT (Hampumep, B 1/3-oktase). Tpebyercs
ONpEACINTh HalpaBlieHUs (IIEJIEHIM) Ha JBa COCPENOTOYEHHBIX HCTOYHHMKA, OLIEHUTh HX
MHTEHCUBHOCTH M HAalTH MHTEHCUBHOCTH [IOMEXHU B BBIOPAHHOI YaCTOTHOM I10JIOCE aHAIMU3a.
Jns ABMOKYLIMXCST MCTOYHUKOB ImiyMma [8, 13] meneHr BbIYUCISIETCS 3a BpeMs, B TE€UEHUE
KOTOPOTO HaIIpaBJICHUS HA HUX HE U3MEHSIOTCS CYILIECTBEHHO.
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1. TIOCTAHOBKA 3AIAYU ITEJIEHI'A HICTOYHHMKOB

CymecTByeT 0oOMEnpUHATHIN Tpu 00paboTke curHanoB noaxon [14], omHako, B pamkax
3TOil paboThl, 00paboTKa CUTHANIOB OyAET pacCMaTpPUBATHCS C HECKOJIBKO IPYroil TOUKU
3peHus. M3BeCTHO, UTO OJMHOYHBIA KOMOMHUPOBAaHHBIN MPUEMHUK B 0OECIIYMJICHHOM cpefie
MOKET [4] TOYHO pa3pemnTh MOJOKEHUE U BKJIAAbl TPEX YAAJIEHHBIX HEKOPPEIMPOBAHHBIX
COCPEJIOTOYEHHBIX HCTOYHMKOB Iyma. AHTeHHass cucrema [15—17], cocraBineHHas u3
KOMOWHHUPOBAHHBIX TNPUEMHUKOB [4, 5], MOxkeT paspemuTb U OoJiblliee KOJUYECTBO
COCPEIOTOUYEHHBIX UCTOYHHUKOB IITyMa B OJHON M TOH kK€ MOJIOCE aHaim3a 4acToT. B obmem
Clly4ae pelIeHHe I MOAEIbHBIX UCTOYHHUKOB IlIyMa JOJDKHO MUHUMH3UPOBATh HEKOTOPBIN
(yHKLIHOHAJ, TOCTPOCHHBIN KaK HA OCHOBE M3MEPEHHBIX CUI'HAJIOB, TAaK U Ha OCHOBE MOJIENIN
TOTO BOJHOBOJIa, B KOTOPOM CHTHAJBl PACIPOCTPAHSIOTCS. DTO MOXKET OBITh CAETAHO IO
metony Ilucapenko unmu cormacHo kimaccudeckuMm meroaam Keiinona u bepra [18], mu6o
OPUMEHSISIT METOJ MaKcuMalbHOW H»HTponmun MMD [19], nubo MeTonq MaKCUMAallbHOTO
npasgomnonoous MMII [20], a Takxke apyrMMHU, MHOTOYUCIEHHBIME criocobamu. Hampumep,
IIPY HAJIUYUHA BCETO TPEX COCPENOTOYECHHBIX MCTOYHHMKOB MBI UMEEM YK€ 9 HEM3BECTHBIX
napamMeTpoB (a3UMyT, YTOJl MECTAa U YPOBEHb aKyCTHYECKOTO JaBJICHUS B TOYKE MpUeMa s
KaXJI0r0 M3 HCTOYHHMKOB). PaccMaTpuBaemble k€ HIDKE YPaBHEHHUS IO3BOJISIIOT BMECTO
[OMCKa MUHMMyMa OGQYHKIMH B 9-MEPHOM NpPOCTPAaHCTBE HCKaTh TakOW MHUHUMYM B
OJTHOMEPHOM MpocTpaHcTBe. HaxoxkIeHrne MHUHMMyMa HEKOTOpOH (QYHKUUH B 9-MepHHOM
IOpOCTpaHCTBE — 3ajjaya cama Mo cebe He MpocTas, HO IPU COBPEMEHHOM YpOBHE
BBIYUCIIUTENLHON TEXHUKH paspemumas. B ciaydae jke OOJbIIEero KoJaMyecTBa MPUEMHHUKOB
CUTHAJIOB U UCTOYHUKOB IIyMa [4] 00beM BBIUMCIEHUI BOo3pacTaeT MHOrokpaTHo. IIpu sTom
ONTUMaNLHOCTh [14] mpakThuecku 11000 MPUMEHEHHOM Ul BBIUMCIEHUM NpoLeaypbl He
oueBuaHa. Kpurepruem BbIOOpa npoueaypsl B yCIOBUAX HEMOJHOW HH(OPMAIIMKA MOKET OBbITh
BpEMs BBIUMCIIEHUH, «pOOACTHOCTbY» (YCTOMUUBOCTD K OTKJIOHEHHSIM YCIOBUH OT MOJIEIIBHBIX )
Y NOTPEIIHOCTH HEKOTOPBIX M3 OIpeneseMblx napaMerpos. Ho Tak kak [ pa3HBIX 3a1ay
CYLIECTBEHHBIMH OyJIyT MOIPEIIHOCTH pa3HbIX IapamMeTpoB, TO M ONTUMAaJIbHbIE
BBIYUCIIUTENbHBIE AITOPUTMBI OYAYT OTJINYATHCS.

PaccmaTpuBaemasi MOJENb OTJIIMYAETCS OT PEAJIBHOTO T'MIPOAKyCTUYECKOIO IOl B MOpE.
Opnnaxo, NpeOMIIEHHE 3BYKOBBIX JIy4eH, NCKAKAIOLIEE «BUIUMBII» yroJl MECTa LIyMSILIEro
UCTOYHHUKA, MOXET OBITh YYTEHO YXK€ IOC/e IPUMEHEHUs1 00CYKAaeMOro HUXKE aIroOpUTMa.
Korga mymsmuii HCTOYHUK HaXOJIUTCS JAOCTaTOYHO OJM3KO K IMOBEPXHOCTH, OH BMECTE CO
CBOMM OTPA)XEHHUEM MOXET pacCMaTPHUBATHCS KaK €IUHBIA JUMONBHBIA (1100 c Oobliel
CTETIEHbIO MYJIbTUIIOIBHOCTH) UCTOUHUK.

®oHOBBIN 1TyM, HabMOJaeMBbIN B Mope [6, 7, 10, 12] uMeeT aHU30TPONHIO B BEPTUKATILHOM
U B FOPU30HTAIBHOMN IIOCKOCTU. [Ipn 3TOM ropusoHTanbHas aHU30TPONMS MUMEET MECTO B
CBS3M C JaJbHUM CYIOXOACTBOM, BIMSHUEM HEPOBHOCTEH [IHA, BIMSHUEM 3BYKOBOI'O KaHaja
U HajquuueM OeperoBod JIMHUM (Ha HU3KHUX YacTOTax), a TaKXKe B CBA3M C BIUSHHEM
HalpaBJIEHUS PacIpPOCTPaHEHUs BOJIH U HalpaBJeHUs BeTpa (Ha Oosiee BBICOKMX YacToTax). B
JaHHOM paboTe mpeanosaraercs, 4yro padoTa MPOBOAUTCS B JAMANA30HE YacTOT, TAe
TOPU30HTANIbHAsL AaHU30TPOIHUS IIyMa JIU00 OTCYTCTBYET, JIMOO €€ mapaMeTpbl U3BECTHBI.
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Ilenpto pabOoOTHI SABISETCA PACCMOTPEHHUE aNTOpUTMa, TPEOYIOIIEro MpH CBoed pabote
OUEHb MaJlble BBIYUCIHUTEIBHBIE PECYpChl U MO3BOJISIIOIIETO OLIEHUTh YPOBEHb IlIyMa
MOBEPXHOCTH OJIHOBPEMEHHO C pa3/ieIbHOM OIIEHKOW YypOBHEH IIymMa B TOYKE MpHeMa
Ka)KI0Tr0 UX JIBYX HE3aBHUCHUMbIX UCTOUHUKOB IIyMa, X a3UMYTOB U yTJIOB MECTa.

Hcnonp3yembple B alropuTME aHAIUTUYECKHE BBIPAXKEHHS JOMYCKAIOT 3HAYUTENbHBIH
MPOU3BOJ MpHU BBIOOpE 1eNeBOM (YHKIMH, YTO MO3BOJIAET paccMaTpuBaTh IpeiiaracMblil
AJTOPUTM HE KaK CTPOTO 3a(DMKCHPOBAHHBIN, a KAaK METOJ HUCCaeAoBaHusA. Tak, B HACTOSIICH
pabote nmns 1eneBod (YHKIMH BbIOpAHO CHMMETPUYHOE BhIpakeHHe (8), mmeromee 4-10
CTENEHb OTHOCHUTEIBHO CUTHAJIOB NMPHEMHHUKA, a HE «IPUBBIYHYIO» 2-10 CTETEeHb. V3MeHsst
BUJI 1I€JIEBOM (PYHKIIMU, MOXKHO BJIHMSATh HAa YCTOMYMBOCTHh QJITOPUTMa U TOYHOCTH OIEHKH
HaIpaBJICHUW WM UHTEHCUBHOCTEN CUTHAJIOB.

[Tocne Takol mpeaBapuUTENbHON OLEHKH TOYHOCTh pe3ysIbTaTa MOXKET ObITh YJydlleHa
pelieHueM JIMHEapu30BaHHBIX ypaBHEHUW, HANpUMep, IO METOAy MaKCUMAaJIbHOTO

npasaononodus [18, 20], mubo IpyruM crmocoOoMm.

2. AHAJIMTUYECKOE PEIIEHUE

2.1. ®opmyaupoBKa aJIropuT™Ma
[TycTp mpHeMHHK H3MepseT THIpOaKycTHYecKkoe naBineHue P(f), rae ¢ — BpeMs, U TpU

OpPTOTOHAJBHBIX ~KOMIIOHEHTa KojebarenbHOW ckopoctu  Vi(¢), V,(¢) mu V().

[Tonpa3ymeBaeTcsi, 4TO CUTHAJIBI MIPEIBAPUTENHLHO MPOIMYIIEHbI Yepe3 GUIbTP, BHLACISIONIUI
HEKOTOPYIO TOJIOCY YacTOT it o0padboTku. [l onpeneneHHocTH OyeM cunuTaTh, 4TO OCH 1
U 2 JIeXaT B FOPU3OHTAIBHOM IJIOCKOCTH, @ OCh 3 HaIlpaBlieHa BEepTUKaJIbHO BBepX. Ilof
HaIpaBJIEHUEM «BBEPX» MOJpPa3yMEBaeTCs TO HalpaBieHHE, OTKyJa MPUXOAUT IOMeXa,
BbI3BaHHAs IIYMOM ITOBCPXHOCTU MOPs. HYCTI) IDIOTHOCTH CpE€Abl O, a CKOPOCTh 3BYKa B

cpene c. O6o3naunm V(1) = P(t)/(cp). BexTop eaWHWYHON AIMHBI, HANpPaBICHHBIA OT
IPHEMHHKA Ha NEPBBIA COCPEOTOUCHHBIN NCTOYHUK ITyMa 0003HAUYMM Kak 7, a Ha BTOPOH
VICTOYHUK KaK 71, .

[IpyeMHUK H3MepseT MIHOBEHHYIO KojebarelbHyto ckopocts V =-U,n, —U,n, +U,,

roe  cmaraemoe U,  ompemensercss  IOMEXOM M aKyCTHYeCKOE  JaBJICHHE
P=(cp)U,+U,)+ P, tne F, onpexnensercst IOMEXOM.

ITpu pemennu 3a1a4u HaM OHAOOUTCS CKAJIIpHAs BeauunHa A, BekTop B u tensop I':

3
Ay=)<V?> B, =<VV,> T, =<VV,>,
i=1
IJIe YTIIOBBIMU CKOOKaM¥ 0003HAYEHO YCPETHEHHE 110 BPEMECHHU.

Buauane BpeMsa  YCPCAHCHHA B  BBIKJIIAJKax 6yI[€M cCHUuTaTthb CTpEMAIIUMCA K
0ECKOHEUYHOCTH. 3aT€M, MOCJIC MOJYUCHUA BI)Ipa)KCHI/II\/JI JJI4 OLCHOK HMCKOMBIX BCJIIMYUH,
BpEMA yCPCOAHCHUA 6YI[€M CUUTATb KOHCYHBIM — TAaKUM, 3a KOTOPOC IECJICHI'M HAa NCTOYHUKH
HC H3MCHAIOTCA CYHICCTBCHHO. Eciu curmamnl MCTOYHHKOB OTCYTCTBYIOT, U €CTb TOJIBKO

romMexa, Toriaa

A. ®©. KypyaHoB
MeneHr AByX COCPEAOTOYEHHbIX MCTOYHUKOB NPU HaMYnUM NoMexu



DNEeKTPOHHbIN XypHan «TexHuyeckas akyctmka» 2008, 8 4 (13)

Bi = _5i3hlA0 > Fij = [h25i3553 + %(5515/‘1 + 5[2512 )(1 - hz )]Ao 5
rae 6, — cumBon Kponekepa.

3910 BBIPAXKCHUC O3HA4YaCcT IO CYTH ACjia, 4YTO IIyM B FOpH3OHTaJ'ILHOI>i IINIOCKOCTHU
HN30TPOIICH, a B BepTI/IKaJ'IBHOI\/JI IJIOCKOCTU €TO0 aHU3OTPOIIHUA MOKET 6I>ITI) BbIpaXCHA ABYMA
Oe3pa3MepHbIMU YnciiaMH. J[Ba Oe3pa3MepHBIX Mapamerpa, ONpeeieMbIX paclpeneicHHEeM

IIOMEXU B BEPTUKAJIbHOI MIOCKOCTH, a UMEHHO h, =—-B; /A u h, =17;/A, Oynem cuutarh
M3BECTHBIMU, a €€ HHTEHCUBHOCTh £ = A, HaM HeusBecTHOH. Benuuuny E, MbI BBOAUM Kak
XapaKTePUCTUKY IlIyMa MOBEPXHOCTH, YTOOBI HE IyTaTh €€ B JajbHEHIIEM ¢ BEIUUMHON A,

colepkamieii B cebe Kak NOMeXy, TaKk M TNoje3Hblid curHan. [lapamerper h, u A,

OTIpeNIeNAIOTCs pabodeil 001aCThI0 YaCTOT, pealbHBIMHU ITapaMeTpaMu aKkBaTOpHHU (TITyOHHA),
UCTOYHUKOM (BOJIHEHUE, BETEpP, I0KJb) U HM3MEHSIOTCS B 3aBHCHUMOCTH OT YCJIOBHM HeE
CIIMIIKOM CYIIECTBEHHO. OTH TMapaMeTpbl MOXKHO IOJICUMTATh, HCHONB3Ys [UIs IIyMma
noBepxHoctu Mojaenb Kpona-lllepmana [21] u mpopaenaB HecinoxHbie BbruucieHus. OHU
MOTYT OBITh TaKX€ H3MEpPEHbl NMPUEMHUKOM 3apaHee, B OTCYTCTBUE JBYX IEJICHTYEMBIX
UCTOYHUKOB. Eciu OAMH M3 HCTOYHMKOB HPUCYTCTBYET IOCTOSHHO (HAmpuMep, UIyMbI
pPacHoJIO)KEHHOT0 B OTJAJIEHMHM IIOpTa), TO 3TO TAaKK€ HE MPEMSITCTBYET NPaBUIBHO
ONpeAeNuTh A3TH mapaMeTpbl. MoryT OBITh TakK€ HWCIIOJIb30BAHBI UX HOMUHAJIbHbBIE
TEOPETUYECKHUE BETUUHMHBI.

Bces nndopmanus o momexe, KoTopas HaM MOHA00UTCS, 3aKIIOUCHA B BEUUMHAX E, A,
2 2
u h,. O6o3naunm E, =<U; >, E, =<U; >. Torma ans NoJHOTO CUI'HAJla IBYX UCTOYHHKOB
Y TIOMEXH TIOTy9UM

Ay=E+E,+E;, B,=-n,E, —n, E, -6, E;,

L, =nyn E +nyny E, +[5,,0 3h, +5(8,0,, + 6,0, )(1—hy)]E;.

3
3aMeTuM, YTO AO—ZFﬁ =0, a 6 KOMIOHEHT CHMMeTpH4yHOro tenszopa I u 3
i=1

KOMIIOHEHTHI BeKTOpa B B cymMMe Mo CBOeMy KONUYECTBY BBITISAST AOCTATOYHBIMU JIJIS
oTpesieNIeHuUs] BCEX MHTEPECYIONINX HAC BEJIMYMH.
Beenem ¢yHkumu:

aé(E) = Ao -k, ﬁ;(E) = Bi +5i3h1E7 71’/ (E)= rij _[5i35j3h2 +%(5i15j1 + 51'25/'2)(1 _hz)]E

u oboznauuM «, = a,(E;), B, = BI(E;), y; = y;(E;).

Torma
a,=E +E,, (1)
B, =—-En,—E,n,,, (2)
Vi = Elnlinlj + Eznzl.nzj . (3)

A. ®©. KypyaHoB
MeneHr AByX COCPEAOTOYEHHbIX MCTOYHUKOB NPU HaMYnUM NoMexu
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Hwmxe mbl peninm ypaBaenus (1) — (3) u BbIpa3uM BEKTOPHI 7i,, 1, U HHTEHCUBHOCTU E| U
E, uepes ,, B u y,. Tak Kak KONMYECTBO ypaBHEHMH NPU STOM OOJNbIIE KOIMYECTBA

HEU3BECTHBIX, TO JUISl PE3YJIbTUPYIOUIMX AHAIUTUYECKUX BBIPAKCHUN BO3HHMKACT HEKUU
MPOU3BOJI. 3aMETHUM, YTO BBIOOP KOHKPETHOW (OpPMBI JUIsl 3TUX BBIPAKCHHUM, 3/1€Ch
Ka)KyIIUNCS HECYLIECTBEHHBIM, Jlajlee MOXKET CEPbE3HO BIMATH Ha MOTPEIIHOCTh pe3yJibTaTa
paboTel anropuTMa IMpU KOHEYHOM BpPEMEHU YyCpeAHeHHs. 3amMeHHB (GOopMalibHO B

TOJTyYEeHHbIX BBIpAKEHUSX @, Ha ao(E), B, wa B/(E) u y, ua y/(E), Mbl MONy4UM
byukuun 1, (E), n,(E), E,(E) n E,(E) or nepemennoii E . O603HaunM
s“(E) = ay(E) - E\(E)+ E, (E),
sl (E)= BI(E)+ E,(E)n(E) + E,(E)n, (E),
s; (E) = y;(E) = E\(E)n,, (E)n, ;(E) = E, (E)ny, (E)ny (E) .

Torna «ueszku» s (E), s’ (E) n s/ (E) GynmyT pasubl Hymo npu E = E;. O0paszyem
Tenepb 0600IeHHYI0 «HEeBs3KY» S(E) = F(s%,s”,s”) 1m0 abcomoTHOMY MUHIMYMY KOTOPO#
(mpu E=F

) ouenuM E, = E_. , a 10 TOJyYSHHBIM paHee (opMysaM OLEHUM 7, H,, E,

min min
n E2 . Ilocne TOro, Kak q)OpMYJ'ILI AJI1 OCHOK OMNpCACJICHBI, UX MOXHO NPUMCHATDH IJIA
HNCXOOHEBIX, IMMOJIYUCHHBIX B PE3YyJbTATC I/I3MepeHI/Iﬁ CHUTHaJIOB NPpHEMHHKA BCJIIMYUH AO , Bu

I' yxe s koHEUHOro BpeMeHM ycpenHeHus. [Ipu 3Tom 3aMeyaHusi OTHOCUTENBHO (OPMBI
BeIpakeHU Tpu pemeHnn ypaBHeHuid (1) — (3) u BbIOOp opmyner mns 06oOmIeHHON
«HEBSI3KI» CTAHOBATCS YK€ CYLIECTBEHHBIMHU M BIUSIOT Ha MOTPEIIHOCTh pe3ynbrara. Huxke
MBI, M3 CYOBEKTHUBHBIX COOOpa)XCHHH, BBIOEpEM OAHY M3 MHOTUX (opMm peanmzanuu
ONMCAaHHOTO BbIme ainroput™ma. ONTUMH3AIMA aNropuTMa B JAaHHOH pabore He
paccMaTpHUBaeTCs.

[Tomyuynm Teneps HEOOXOIUMBIE TSI peaT3aiy anropuT™a Gopmyiasl. O003HAYNM:

g= anin2i > Qg,' = (Zyik“j)_ao?/g .
i x
Torna

Qij =E\E, [g(nlian + n2in1j) - (nlinlj T 1yNy; )]

Hu, CJICI0BAaTCIbHO,
ZQ@/”U =—(1-g*)EE,n,,, Zngnzj =—(1-g*)E,E,n,, ,
J J

T.e. COOCTBEHHOE YHWCIO MaTpulbl () BBIPOXKIEHO (HECKOJBKO pa3HBIX COOCTBEHHBIX
BEKTOPOB MAaTpPHUILbl UMEIOT OJHO U TO K€ COOCTBEHHOE YHUCIIO), @ 1, U N, SBISIOTCS €€

coOCTBEHHBIMH BeKkTOpamMu. Pemmm (Meromom KapaaHo) OTHOCHTENBHO BEIMYUHBI A
KyOuueckoe ypaBuenue det(Q—Al)=0, rme [/ — enuHUYHAsS MaTpHla, ¥ HaiaeM

MaKCHUMAaJIbHBIN 110 MOAYJIO OTpI/II_IaTeJ'IBHHﬁ KOpPCHb ﬂo .

A. ®©. KypyaHoB
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3aTeM Ha TUIOCKOCTH, MEPIEHANKYISPHON JI000i HeHyeBoil cTpoke marpuisl O — A,/
BBE/IEM [[BA OPTOTOHAJBHBIX BEKTOpA €IMHUYHON JUIMHBI C KOMIIOHEHTAMHU e, U e,,. Mbl
MOEM CJieNIaTh 3TO, T.K. JJsI OJHOTO M TOTO e COOCTBEHHOTo uucia A, CyIIeCTBYIOT JBa
pasHbIX (OPTOrOHAIBHBIX) COOCTBEHHBIX BekTOpa Marpuiel O —A [, a moromy iobas

HEHyJIeBasi CTpOKa STOW MaTpUIbl 3aJaeT HaIpaBlieHUE, MEPIEeHIUKYISIPHOE K ITOM Mmape
coOCTBeHHBIX BEKTOpOB. [lo cyTtu mena anamornunyto mporeaypy [18] MokHO ommcath Kak
HaX0XJIEHUE Spa MaTpULbl (COBOKYMHOCTH BCEX BEKTOPOB C HYJIEBBIM WM NPAKTUYECKU
HYJIEBBIM COOCTBEHHBIM 3HAUEHHEM) U BbIJEJIEHUE MOAIPOCTPAHCTBA, OPTOrOHAIBHOTO SAPY
Matpuisl. JIo0as HeHyneBas crpoka Marpunbsl J — A,/ Kak pa3 u OyJIeT onmuchIBaTh €€ Apo,
€CJIM OCTaBILEECs Majoe MO MOJYJI0 COOCTBEHHOE 3HAuU€HHE OyJeT AEWCTBUTEIHHO MajbIM.
Ho umenHO 3TO ycioBue u OyAET BBIMOJIHEHO B pe3yJibTaTe OKOHYATEIBHOTO UYHCICHHOTO
pELICHUS] YpaBHEHHSI C OJHOM HEW3BECTHOW BEIMYMHOM. Pasymeercsd, Npu YUCICHHOM
pELIEHUN B 3TOM CIlydyae BO3HHMKAET HEKas «30HA 3aXBaTay», MOIMAaB B KOTOPYIO, PEILICHUE
HAXOJIUTCA BCETr0 3a HECKOJbKO HUTEpaluii, OJHAKO TOHKOCTH YHCIECHHON peanu3aiuu
alropuTMa HE CTOSIT W3JIMIIHEro BHUMaHui. llepexoass B HOBYIO CHCTEMY KOOpIWHAT,

0003HaYUM

Ny =anieli » Ni :anie2i s Ny =Zn2ieli s Ny, :zn2i62i >
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ij
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O6o3uaunm A = N, N,, rie " 0603HAYACT KOMILIEKCHOE COMPSKEHHE, TOTA
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CF(N) + BN,

A= : )
BN, +a,

OTKyJ1a
PN, + 5

N,=——"—"—. (6)
PN, +a,

VYMHOXHUB (6) Ha KOMIUIEKCHO COIPSKEHHOE BhIPaKEHHE, Oy YUM
L 4 =~ * % 2 % 3 ~F o~ ~ T % * ~%
P o (N, +F N)+a, = p+y y+7B N, +7 BN,
~ 3 ~r 2 * =
Torna, 0603HauuB 78 —a,f=sv, 7 7 —a, =u ur=N,s ,Tae V — JcHCTBUTEILHOE

YqucJjo, a § — KOMIIJICKCHBIN BCKTOD GHHHHHHOﬁ JAJIMHBI, TOJIYYUM

£
rr o =—ufv. (7)
VYpaBHenue (7) umeer 1Ba peLICHMs, COOTBETCTBYIOLIME BEKTOpPaM 7, U H,. JTU ABa

peleHus MPeACTaBIAT co00il mapy BEKTOPOB, HANpaBJIEHHBIX OT IMPUEMHUKAa Ha JBa
0oOHapy KeHHbIX (IIPENONI0KUTENBHO) MPUEMHUKOM COCPEAOTOYEHHBIX MCTOYHUKOB IIyMa.
Pazymeercs, Hymepanus «IepBblib» U «BTOPOH» B 3TOM ClIydae YCJIOBHA, Mbl IIOJXYYUM Hapy
HalpaBJIeHUIl M YPOBEHb aKyCTUYECKOIO IaBJIEHHsS B TOYKE IpHUEMa, COOTBETCTBYIOIIMN
KaXJIOMy M3 3TUX JABYyX HampaBieHuil. Ilozxke, xorma OyneT HpOBEAEHO AOCTaTOYHOE
KOJINYECTBO NEJICHIOB (HE3aBUCUMBIX PEILEHHI), OJyUeHHbIE Napbl pelIeHui caMu coOoin
chopMHpYIOTCS B BHJIE JABYX KJIACTEPOB, COOTBETCTBYIOIIMX JBYM PEaJbHO Pa3/ICICHHBIM B
IPOCTPAaHCTBE MCTOYHMKAM IyMa. [locime 3TOoro cTaHeT BO3MOXKHBIM YCpeIHEHHE JIHOo
Jpyrol aHamu3 pe3yJbTaToB BHYTPUM KaXIOrO0 M3 KIAcTepoB IO OTAEIbHOCTU. Jnd

OIPENIENIEHHOCTH OyAeM CUMTaTh, 4TO N, =7s A PELIeHUs 7 C MOJ0KUTEIbHOM MHUMOMN
vacTeio. Torma N, =r"'s u A=(r")*. B3sB B ypaBHenusx (4) u (5) meficTBUTENbHBIE YaCTH,
HaxonuMm BenmuuuHbl E, u £E,. Cpa3dy e 3aMmetuMm, uyTo u3 ypasBHeHus (1), nByx
NEHCTBUTENBHBIX W JBYX MHHMBIX 4YacTedl ypaBHeHui (4), (5) MOXHO MOIyYUTh MHOTO

pasHbIX (HOpMyJ JUIS OLIEHKU 3TUX BEJIWYMH, a (OopMyJsa, HCIOb3YIOMIas JAeHCTBUTEIbHbIC

gactu (4) u (5), B3sATa MPOCTO KaK OJIMH U3 BAPHAHTOB AJITOPUTMA.

Tenzop [11, 22] HeBs30K s CUMMETPHYEH M MMEET PaBHbIA Hyio cinea. [Ipu yncnennom

UCCIIeIOBAaHUU PabOTHI AITOPUTMA Mbl Oy€M HOJIb30BATHCS POPMYIIOH

S(E) = ZZS;S; , (®)

i=l j=1

KOTOpasi, B CHJIy CBOEr0 CHMMETPUYHOIO BHUJAA, MPEACTABIAETCS JIOCTATOYHO pPa3yMHOM.

VYcnoue min S(E) ompenensier BennunHy E,. Benmnunna S(E;) Mo3BOJSET TakKe OLEHUTH
0<E<A,

JIOCTOBEPHOCTH MOTYUYSHHOTO PEIICHUS ¥ 3a0pakoBaTh COMHUTENBHBIE Pe3yJIbTAThI.
[Tpu u3MepeHun UIyMHOCTH 0O€cIeYrBaloliee CyJHO BCETAa CO3JaeT HEKOTOPYIO MOMEXY

B aHAJIM3UPYyeMOl 00JacTH YacTOT W MPEACTaBIIeT COOOH OTHOCHTEIbHO NPHEMHHUKA

A. ®©. KypyaHoB
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JIEUCTBUTENBHO JOCTATOYHO YJIAJCHHBIM COCPEAOTOYEHHBIA HCTOYHUK IIyMa, KOTOPBIN
HEOOXOMMO OTAENIUTh OT UCTOYHHKA, PACTIONOKEHHOTO Ha o0ciieaqyeMoM cyane. Hampumep,
eciau 00ecCIeunBaroIIee CyJIHO HaXOIUTCS OT NMpUEeMHHMKa Ha pacctosauu 600 meTpoB, a
o0cienyemMoe CyHO MPOXOJUT HaJl MPUEMHUKOM Ha JUCTaHIMH OKojJo 50 METpoB, TO yueT
OTpaXeHHUs OT JHA M TMOBEPXHOCTH MOMEXH, H3JIydaeMoil 00ecneurBalomUM CYJAHOM Ha
yactotax Bbimie 2 k['1, Bpsag 1M HEOOXOAMMO — IMOMeXa MNPUXOIUT MPAKTHYECKU C
TOPU30HTAIIBHOTO HamnpasiieHus. C Ipyroil CTOpOHBI, €CJIM MPUEMHHUK PACTIOIO0KEH BBIIIE JTHA
xoTst 061 Ha 50 METPOB, TO OTPAKECHHBIH OT JHA M3Iy4aeMBbIM CUTHAJI OOCIEAYEeMOro CyJHa
(maxxe TpU MOJIHOM OTPaKEHUHU) OCJIA0JEH B TOYKE IpHema, Mo KpaitHe mepe, Ha 10 nb.
Bo3znukatoniye npu 3ToM B paboTe alropuTMa HOrpeIHOCTH, €CJIM OHU CYLIECTBEHHbI, MOTYT
OBITh YaCTUYHO YCTPAHEHbI, HANpPUMEp, I[IUPOKO M3BECTHHIMU METOJAMH TEOPUHU
BO3MYUIEHUM.

PaccmarpuBaembiii  anroputM  paboTaeT XOpouo HE I JIIOOBIX HaNpaBJICHUM Ha
WCTOYHUKU OTHOCHUTENIBHO JApPYr JApyra M OTHOCUTEIHHO BEPTUKAIHHOTO HAIPaBJICHHUS.
VYBenuueHne norpemHocTy IPOUCXOAUT, KOTAa OJJMH U3 YTJIOB CTAHOBUTCS OJIM3KuM K 0 win
k 180°. Opgnako, B peanbHBIX HM3MEPUTEIbHBIX 3aJa4aXx MOYKHO CYIIECTBEHHO CHHU3UTh
OTpaHUYEHUS yIila MeCTa M a3uMyTa. DTO BO3MOXKHO, €CJIM CPEIHsSl UHTEHCHUBHOCTH LIyma
MOBEPXHOCTU MOpS OIICHMBAETCA HE 3a KaXKIblii KOPOTKHI MPOMEXKYTOK BpeMEHH (TIoKa
TMIEJICHT 3aMETHO HE U3MEHSETCs), a 32 BeCh IIPOXO0J] 00CIIeyeMOro CyIHa.

Huxe, mpu 4YUCIEHHOM MOJETHPOBAHUM, 332 TPAHUIY MMOMEXOYCTOMUMBOCTH MBI (IS
ompeieIeHHOCTH) OyJeM MPUHUMATh TaKoe OTHOIICHHE CHTHala K MOMEXe, MPU KOTOPOM
Opakyetrcs mpumepHo 50% pemenuit. To ecTh MPU MOJEIUPOBAHUU MBI YHOPSAOYHMBAEM
pe3ysbTaThl M3MEPEHHUU TICNICHrOB B MOpsAKe pocta mMuHHMyma S(E) w ocraBiseM amis

aHanmu3a ToibKo nepsbie 50% u3mepeHuil. B 3TOM ciydae HCKIIOYaOTCA TpyOble OIMOKH,
KOTOpblE MOTYT BO3HMKAaThb Ha TIpaHULE I[OMEXOYCTOMYUBOCTH aIroput™Ma. I'paHuiy
MIOMEX0YCTOWYMBOCTH MOXKHO ObLTO OBl ONpEAETUTh U WHaue, Oosiee MPUBBIYHO, UCTIONb3YS
TPAHULIBl JIOBEPUTEIBHBIX HMHTEPBAJIOB, HO, CTPEMACH K JIyYIIEH SICHOCTH H3JIaraeMoro
MmaTepuana, OyJeM HIKE HCIOJIb30BaTh JAHHOE BBIIIE IPOCTOE OMNpEeAeNiCHHEe HMEHHO
[IOTOMY, 4TO TPaHHIlA MPH 3TOM CTAHOBHUTCS YETKO 00O3HAYECHHOW M MMEET HIMPUHY BCETrO

1-2 nb mo Ben4yuHE OTHOIIECHUS CUTHAJIA K IIOMEXE.

2.2. IIpoBepka ajaropurma
Huxe npuBoasTCs pe3yJbTaThl IPOBEPKU AJITOPUTMA BHAYAJIe HA MOJCIIBHBIX CUTHANaX, a

34aTCM Ha pCAJIbHO IMMOJYYCHHBIX B MOPCKHX YCJIIOBUAX CUTHAJIaX.

2.2.1. Komnviomepnoe mMoodeauposanue cueHaio8

[Tpu MomenupoBaHWU NIYMBI MOBEPXHOCTH MOpPS BBIUMCISUIUCH MeTomoM MonTte-Kapro.
JIyist KaXKTOTO HE3aBUCUMOTO U3MEPEHHS aKyCTUYECKOTO aBIICHUS U BEKTOpa KoJjebaTenpbHOI
CKOPOCTH IIyM IOBEPXHOCTH MOPS MPEICTaBIsUICS B BuAe cyMMbl 50 TUIOCKUX BOJH CO
CIIyYaifHBIMU HAIMPaBICHUSMH, TIPUXOISAIINX U3 BEPXHETO MOJTYNPOCTPAHCTBA U PABHOMEPHO
pacmpeneNieHHBIME 10 TeiecHOMY yriy. CuuTanoch, 4YTO Kaxaas U3 ITUIOCKUX BOJIH
TEHePUPYETCS TOYCUHBIM HCTOYHHUKOM Ha MOBEpXHOCTH Mops. [Ipu 3ToM il MIocKoi

BOJIHBI, MPUXOJAIIEH MMoJ yriaoM €) K BEPTUKAJIHHOMY HAINpaBICHHUIO, YYHUTHIBAJIOCH

A. ®©. KypyaHoB
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paccTosiHue 10 MOBEPXHOCTH, IUIOIIA/Ib YYaCTKa MOBEPXHOCTH U JUarpaMma HalpaBiI€HHOCTH
M3Iy4arolero IIyM ydacTka mnosepxHoctn [21] g’ (Q)=1,cos™(Q), tme [, —
MHTEHCUBHOCTH u3nyueHus npu  =0. Ha oany u3 50 miockux BOJIH OPUXOIUTCS B CPETHEM
tenecHbld yros 0,126 crepaauan, 4TO COOTBETCTBYET KOHYCY C YIJIOM moJrypackpsiBa 11,5°.
Kocunyc takoro yrina pasen 0,98=1, mosromy 50 mJIOCKHX BOJH NPEACTaBIISIOTCS
JIOCTATOYHBIMM JUIsl MOJIETTUPOBAHUS IlIyMa noBepxHocTU. Yucno m nexur [21] B mpenenax
ot 0,5 mo 1 ms wacrorHoro auama3zona a0 300400 I'mu m=1, 2, 3 niug npama3oHa 4acToT
Boiie 500 I'm; ¢ yBenM4YeHHWEM CKOPOCTH BETpa U C YBEJIMYEHUEM 4YaCTOTHl YHUCIO M
yBenuuuBaetcs. CornacHo ke pesynbraraM padoTsl [12], yucio m MoxeT ObITh paBHbIM 0,5
naxke no gactotsl 700 I'm.

PaboTta anroputrma mpoBepsiach IpH MOJETUPOBAHUH 24 M3MEPEHUN UTUTEIBHOCTHIO 110
120 cexynn xaxaplii npu m =0,5. Pacuer npoBoaniCs A1 HEMOABMKHOIO Cy/IHA IIPH 110JIOCE
aHasim3a curdanos 300 I'u. [Ipu MoaenupoBaHuu nojaraiaochk, YTO B aHAJIM3UPYEMOH 10JIOCE
4acTOT IIyMbl UCTOYHUKOB U MOPSI MMEIOT CHEKTPaJIbHYIO IUIOTHOCTb, COOTBETCTBYIOLIYIO
0enoMy IIyMy, a TUCKPETHBIE YaCTOTHBIE COCTABIISIONINE OTCYTCTBYIOT. [ TyOnHa nprueMHuKa
OTHOCHUTENIHO JHHMINA CyJIHa NpuHMManack paBHoW 50 M. KoopauHatbl OBYyX MIyMSIINX
COCPEIOTOYEHHBIX HCTOYHMKOB B METpPax OTHOCUTENIBHO NPUEMHHKA OBUIM 3a/laHbl Kak
(50,25, 50) u (50, +25, 50), roe TpeThs KOOpAMHATA HAIpPABICHA BEPTUKAIBHO BBEpPX.
Takum 00pa3oM, pacCTOSIHUS OT UCTOYHUKOB JI0 IPUEMHHUKOB COCTaBIsLIM 75 M. McTounnkn
CUUTAJIMCh MOHOIOJBHBIMHU U3ITy4YaTeIsIMH, T.€. B TOUKE IpueMa ux ypoBHU Obutn Ha 3,5 nb
HWKE, 4eM Ha aucrtaHuuu 50 METpoB OT HCTOYHMKA. YPOBHM CHUTHAJIOB HCTOYHUKOB
cuuTanuch paBHbIMU. [lapamerp anm3oTponuu m Obul mpuHAT paBHbIM (,5. Ha puc. 1
MOKa3aHbl NOTPEIIHOCTU OLIEHKHU TOJOKEHHUS, a HAa PUC. 2 — YPOBHS aKyCTHYECKOro ILIyma
MEPBOT0 UCTOYHHKA IIyMa.

9
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2 g AN
25 \
Il
g 7]
5 31
027
1,
0

-7 -6 -5 -4 -3 -2 -1 0 1 2 3
OTHOWeHMe curHana, NpuBeaeHHoro K anctaHumm 50 meTpos,
K nomexe, ob

Puc. 1. Cmenienue (TOHKas IMHUS) U CPEIHEE KBAaJIpaTUUECKOE OTKIOHEHHUE (C.K.O., JKUpHas
JIMHUS) OLICHKH TTOJIOKEHUS «TIEPBOT0» UCTOYHMKA OTHOCUTEIIBHO €r0 HCTUHHOTO 3HAUYCHUS
Ha KOpITyCe CyJHa B 3aBUCMMOCTHU OT OTHOIICHUS curHasn/momexa (nb)

Ha aucTaHimu 50 M oT cyaHa

A. ®©. KypyaHoB
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OTHoLleHWe curHana, NpMBEeAEHHOTO K AncTaHumm 50 meTpos,
K nomexe, ob

Puc. 2. Cmenienue (TOHKas TMHUS) U CpeIHEE KBAIPATUIECKOE OTKIOHEHHE (C.K.O., JKUpHas
JIMHMS) OLIEHKU YPOBHS aKyCTUYECKOTO IIyMa «IIEPBOr0» UCTOYHHUKA OTHOCUTENIBHO €T0
HMCTUHHOTO 3HAYCHHSI B 3aBUCUMOCTH OT OTHOIIEHUs cUTHa/momexa (1b)

Ha auctaHimu 50 M oT cyaHa

2.2.2. HamypHuvlil sKchepumenm

Ha pucynkax 3 u 4 mpuBeneHbl pe3yJibTaTbl 0OpaOOTKHM 3alMCaHHBIX B MOpPE CUTHAJIOB
HaXOJIAIIEroCs B PEKUME THUITUHBI BOA0JIa3HOrO MOToO0Ta BM-420 1 omymieHHOTO ¢ KaTepa
n3inydarens ToHalbHOro curHana 2031 'u. IlpueMHHMK Haxoguics Ha JAHE B CTOPOHE OT
MotoboTra. M3nmyuaTenb HaXOAWJICS HE COBCEM TOYHO IO BEPTUKAIM OTHOCHUTEIBHO
npuemMHuKa (kKatep ObuT B napeiide). OOpaboTka CHTHAIOB Belach B mosioce 4actor 1992 —
2070 ', Bpemst ogHOro TeneHra coctaBisio | cekynny. Ilpu pabote anroputma mapamerp
m aHU30TPOINHHU IIyMa MOBEPXHOCTH Mops ObUT MpHHAT paBHbIM 0,5. [ gacToT mopsaka
2 k' BO3MOXHO 3TOT mapaMmeTp HoJkeH ObiTh Oombire. Ha pucyHkax ucrounumkom Ne 1
0003HaueH W3Iy4aresib, a UCTOYHUKOM Ne 2 — BOJIOJIa3HBIH MOTOOOT B pEXHMME THUIIHMHBI.

Cpennee KBaapaTU4eCKOE OTKIOHEHUE PACCUNTAHHOM BenuuuHbl £, cocraBuio 1,48 nb. [{ns
BEIMYMHBI E, cpeaHee 3HaueHHe ObUIO MOJyuyeHo Ha 6 nb Oosblie, yeM sl BEIUUYUHBI £ .

[Tpu sToM 11 BenmMumMHbL £, cpeqHee KBaJpaTHuecKoe OTKJIOHeHue coctaBuio 0,76 nb.

A. ®©. KypyaHoB
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Puc. 3. Jlns BeKTOpOB €AMHUYHON JUIMHBI, HAIIPaBJICHHBIX HA UICTOYHUKH I1IyMa, TOKa3aHbI
MPOEKIMH HAa TOPU30HTAIBbHYI0 0Ch X (n1X, n2X) ¥ Ha TOPU30HTANIBHYIO OCh Y (nly, n2y).
[TocnenoBarenbHble pelieHus A nap BEKTOpoB (nl, n2) goxkaTcs Ha MIOCKOCTh TakK, YTO
o0Opa3yeTcst 1Ba YETKO Pa3/IeleHHBIX KJIacTepa, COOTBETCTBYIOIIUX JIBYM PeaIbHbIM
HCTOYHHUKAM IIyMa

1.00 =
( RVl ¢

0.80
0.60 ~_
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0.00 |
-0.20 |
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Uznyyatenb

n1z, n2z

nly, n2y

Puc. 4. JInst BEKTOpOB €AMHUYHON JUTMHBI, HAIIPABJICHHBIX HA UICTOYHHKH IIIyMa, TOKa3aHbI
MIPOEKITMY HA TOPU3OHTAIBHYI0 0Ch Y (nly, n2y) ¥ Ha BEpTUKAIBHYIO OCh Z (nlz, n2z).
[TocnenoBarenbHble pelieHust s nap BeKTopoB (nl, n2) noxkarcs Ha MIOCKOCTh Tak, 4YTO
oOpa3zyeTcs 1Ba 4YETKO pa3AeNIieHHbIX KJIacTepa, COOTBETCTBYIOIIMX JABYM PEeabHBIM
HUCTOYHHUKAM IIyMa

A. ®©. KypyaHoB
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3AKIIIOYEHUE

IIpennoxkeHHbI aIrOpyUTM, Kak IO pe3yJsibTaTaM MOJEIMPOBaHUs, TaK M MO pe3yJibTaTamM
€ro UCMBITAHUS Ha PEAJbHBIX CUTHATAX, HOATBEPAMI CBOIO PabOTOCIIOCOOHOCTHh M IMOKa3all
HEIUIOXYIO0 ITOMEXOYCTOMUMBOCTh. CMEILIEHUE OLEHKU IOJIO)KEHUS MCTOYHMKA U CMEILLEHUE
OLIGHKU €r0 YpPOBHSI HEBEJIUKO M MOXET OBITh YYTEHO C IOMOIIBIO 3apaHee BBIYMCICHHBIX
nornpaBok. Kpome Ttoro, mnomydeHHble (OpMyJbI TO3BOJSIOT pEAIN30BaTh HE TOJBKO
U3JI0KCHHBI QITOPUTM, HO W PSAA €ro Bapualuil. AJTOPUTM MOXKET M JOJDKEH OBITh
«ontuMusupoBan». I[losToMy B naHHOHW paboTe HE MNPHUBOAUTCA OONBIIOTO KOJIMYECTBA
rpadpuKoB ¢ WUIIOCTpAlMsIMU A pa3HOOOpa3HbIX IOJIOKEHHH  COCPe0OTOUEHHBIX
UCTOYHUKOB OTHOCUTEIBHO MpUeMHHKa. MccnenoBanue u onTUMU3aLUs alropurma Tpedyer
60s1b1I0r0 00beMa BBIYMCICHUN U aHaiIu3a pe3yiabTaroB. OHAKO, Jake B TAKOM «KaK €CTh»
BUJIE, AJITOPUTM MOXKET OBITh UCIOJIb30BaH MPU U3MEPEHUSIX pealIbHbIX 00BEKTOB B MOPCKHX
YCIIOBUSIX HAPSAY C aITOPUTMaMHU, pa3BUTHIMU B padboTax [4, 6 — 10]. B ocHOBHOM 4acTOTHBIN
JManazoH A oOcyxaaemoro aiaroputma mnpennoinaraercs ot 2 kl'm no 30 kI'm, B 3Toif
00J1aCTH 4acTOT, BUAMMO, MOXHO 000MTHCH G€3 CI0XKHBIX MONPABOK U MPUMEHSATh AJITOPUTM
HEMOCPEACTBEHHO, OIICHHWB 3apaHee BO3HMKAIOIIME MOTPELIHOCTH, OObIYHO s 3ajad
THJIPOaKyCTUKU HE MaJble.
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