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Ooeccrull HAYUOHANLHBIT NOTUMEXHUYECKULL YHUBEPCUTNEM

B noBbIiennn 6e30macHoOi U HaIeKHOH dkcmuryaTaruu ADC BaXHYIO POJIb
WUTPAIOT CUCTEMBI JHUAarHOCTHKH Teued TeruoHocutens. OcoOylo OmacHOCTh
MPEACTABIAIOT Majble TeYH, B YACTHOCTH BO (JIAHLIEBBIX COCIMHEHHSX, KOTO-
peie He (UKCUPYIOTCS MITATHBIMUA CPEACTBAMH, HO MPHUBOAAT K MOBPEKICHUIO
ocHOBHOTO oOopynoBanus ADC. B aTom miaHe BechMa aKkTyallbHO BHEIPEHHE
Ha ADC Ykpaunsl 3QpGEKTHBHBIX CHCTEM OOHApPY>KEHHS W JIOKAU3alUU Teyen
Ha paHHEM 3Talle X Pa3BUTHA, 3 IMEHHO aKyCTHYeCKHX OECKOHTAKTHBIX CHCTEM
teueuckanus [1]. IlpuHuun aedcTBUS TaKUX CUCTEM OCHOBAH HAa PETUCTpaliu
3BYKOBOTO CHTHaJIa, BO3HUKAIOLIETO MPU HCTEUECHUHU TEIJIOHOCUTENS depe3 Je-
(hexT, IPOCTPAHCTBEHHO PAa3HECEHHOW CHCTEMON aKyCTHUECKUX JaTYMKOB (MUK-
podoHoB). IIocKONBEKY TpU MCTEYEHUH TEIJIOHOCHUTEINsI, HAXOMAAIIEToCs Ha pa-
0oueM pexkuMe dHeproOioka mpu Temrepatrype mo 320 °C m nmaBiIeHHH IO
16 MIla, mpoucxosT TOCTATOUYHO CIOKHBIE MPOIECCH 3BYKOOOpa30BaHMsl, aKy-
CTHUYECKUH CUTHAN OT T€YH SBJISAETCS MIMPOKOIIOJIOCHBIM M 3aHIMAaEeT YaCTOTHYIO
nosiocy 2—45 kI’ mpu obmem ypoBHe 3BykoBoro gasnenus 10 95 nb. Io cpas-
HEHUIO C IPYTUMH TUIIAMH CHUCTEM TEUEHCKaHMs aKyCTHYECKHE OECKOHTAKTHBIE
CHCTEMBI UMEIOT PAJ MPEUMYIIECTB: AUCTAHIIMOHHOCTD, TOJITOBEYHOCTH, KUBY-
4eCTbh, BO3MOXHOCTh ONPEAEICHHUS MECTa TEUU C BBICOKON TOYHOCTBIO, XOTS UX
CYILIECTBEHHBIM HEIOCTaTOK — HEBBICOKAs UyBCTBUTEIHHOCTH 10 PAcXoy Tell-
JIOHOCHTEJIS.

OCHOBHBIMH (PYHKIHMSMHU CHCTEMBI TCUCHCKAHUS SIBISAIOTCS: OOHApYKEHHUE
Te4H, ee JOKAJIU3aIMs C MAKCUMaJIbHO BO3MOXKHOM TOYHOCTHIO, OIIEHKA pacxoja
TEYW, MPOTHO3 PA3BUTHs TeuW, Kiaccupukamus Tuma Tedd (ImeneBast/qiiaH-
ueBas). AKyCTHYeCKHE OECKOHTAaKTHBIE CHUCTEMbl TEUEHCKaHHs OOecIieurBa-
10T BCE TepedrciIeHHble (DYHKIUH, TIaBHas U3 KOTOPBIX — JIOKAIW3alUs TEUH,
T. €. OIICHUBaHHUE €€ KOOPIMHAT.

OKcIutyaTanysi aKyCTHYeCKUX OECKOHTAKTHBIX CHCTEM TE€UEHUCKaHMS OCIIOXK-
HAETCA psAaoM (aKTOpoB. DTO, B YACTHOCTH, HHU3KHE OTHOIICHUS CHUTHA/IITYM
(OCI), cBsi3aHHBIE C WHTEHCHBHBHIMH (DOHOBBHIMH aKyCTHUYECKHMH ITyMaMU
TEXHOJIOTHYECKUX arperatoB W Y3JOB PeakTOpHO#M ycrtaHOBkU (PVY), Hammume
MHOTOKPATHBIX TePEeOTPakeHUI 3BYKOBBIX BOJH, CO3[]aBAa€MBIX TE€YHIO B KOH-
TponupyeMbIx momerneHussx ADC, TOBBINIEHHAs TeMIepaTypa B JIOKaJIbHBIX
00JIaCTSIX MCTEUEHHs TEINIOHOCHUTENS], BBI3bIBAIONIAsi OCOOEHHOCTH paclpocTpa-
HEHUs 3BYKOBBIX BOJIH. Bce mepedncieHHble CIIOKHOCTH TPeOyIOT pa3padoTKu
HOBBIX 3((EKTUBHBIX AITOPUTMOB OOpaOOTKH CUTHAIOB OT Teuell. [nmaBHBIE
TpeOOBaHMsI K aJrOPUTMaM BBITEKAIOT U3 TOTO, YTO TeUYb JOJKHA OBITH 3a(uK-
CHpOBaHa B KpaTJaiIliie CPOKH M AUArHOCTHUYEcKass nHGopMaIus J0KHA OBITh
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BBIJJaHAa C MAKCHMaJIFHO BO3MOXHOM TOYHOCTBIO, UTO ITO3BOJISIET NPUHSTH Ipa-
BUJIBHOE pelIeHue 0 aeicTBusx nepconana ADC mpu oOHapyxeHud Teuu. [lo-
3TOMY pa3pabOoTaHHbIE aJTOPUTMbI UCCIECOBAaHBI C TOYKH 3PEHUS UX OBICTpPO-
JEWCTBHSI U TOYHOCTH JUArHOCTUYECKOH nH(pOpMaLuH.

B crarbe npuBOIATCS pe3yNbTaThl MOACIMPOBAHHS ANTOPHTMOB 00pabOTKU
peaNbHBIX CHTHAJIOB OT TEYeH, 3apeTMCTPHUPOBAHHBIX HA DKCIIEPHMEHTAIBHOM
tertopuszndeckom crerne HUJI «Aromcnenasromaruka»y OHITY [2]. Crenu-
AIbHBIN TETI0()U3NYECKUI CTEH]] O3BOJIAET UMUTUPOBATh CUTHAJIBI UCTCUCHHUS
TEIUIOHOCUTENA OT PAa3IMYHBIX BHIOB JE€(EKTOB B AJIEMEHTax 000pYyIOBaHHSI
ADC Ha pabouMx JaBIEHUSIX U TEMIIEPaTypax, COOTBETCTBYIOLINX paboTe IHEp-
ro0Jioka Ha MOIIHOCTH. Teun uepe3 nedeKTsl B TpyOOnpoBoAax (UIieTbHEBIEC Te-
Y1) MOJEJIMPOBAJIICH HAa KATMOPOBAHHBIX IIEJX, a (IaHIEBbIe T€YX — HA MOJI-
HOMacIITaOHBIX MakeTax ¢aHieB BepxHero Onoka (Bb) PY BBOP-1000. ['ene-
PUPYEMBI IIpH MOJEJIBHONM TE4YM AaKyCTUYECKMM CHUTHAl PETUCTPUPOBANICS
B IU(POBOM BHJIE TPYIIION U3 BOCBMHU IIPOCTPAHCTBEHHO Pa3HECEHHBIX U3MEpH-
TEJbHBIX KOHAEHCATOPHBIX MHUKPO(OHOB C YIYyYLIEHHBIMH XapaKTePUCTUKAMH
(paboyast aMIIUTYHO-4acTOTHAs Xapaktepuctrka — 20—40000 'y npu Hepas-
HOMEPHOCTH He Oonee 5 1b).

ANTOpUTM JIOKaIM3auuu (OLIEHUBAHUS KOOPAMHAT TEYH) OCHOBBHIBAETCS Ha
00pabOTKEe CHTHAJIOB, 3aPETHMCTPUPOBAHHBIX KaXIOH Y4ETBEPKOW MUKPO(OHHBIX
natynkoB. CoCTaBUM CHCTEMY THIEPOOINYECKUX YPaBHEHUH:

\/(Xo - X1)2 +(Yo — y1)2 +(zo — 21)2 _\/(Xo - X2)2 +(Yo — y2)2 +(zo — 22)2 =CTy;

JO6 =)+ (o — V)2 + (20— 2.)° -
_\/(XO - Xs)z +(Yo - y3)2 +(zo - 23)2 =CTy; (1)

J0 =307 + (Yo = Y2)2 + (20 — 21)2 = (% = X )2 + (Yo = Va)? + (2 — 2,) =C,

rae (Xo,Yy,Zg) — KOOpPIMHATHI MCTOYHMKA 3BYKa; (X.,Y,,Z ), K=1..,4 — To
K€ UeThIpeX MHKpO(QOHOB U3 BCEH CETH aKyCTHYECKHX CEHCOPOB;
%ij, i=1 j=2,3,4 — COOTBETCTBYIOIINE OLIEHKH PAa3HOCTH BPEMEH HPHXOJ0B
(PBII) Ha MuKpO(OHBI ¢ HOMEPAaMH |, j; C — CKOPOCTh 3ByKa JISl YCIOBHIH H3-

MEpPEHUSL.
Ypasuenus (1) onmmchiBaOT rUNIepOOIONARI BpamieHus. Pemenne CUCTEMBI
yPaBHEHHIT IaeT OLIEHKY MECTOIOIOKEeHHS HCTOUHUKA (Xo, Yo, o)

Texuuka orenuBanus PBII Takoma. Jlinst kaxmoil mapbl MHKpO(GOHOB

B CKOJIB3SIIIIEM BPEMEHHOM OKHE JJIUTENBHOCTBIO | OLCHMBAeTCsi 0000IIeHHAsN

B3auMHO KoppensiuuonHas ¢yHkus (BKD) Ii(r). ITonoxxeHne MakcuMmyma

BK® mno3Bonsier oueHuTh pa3sHOCTh BpeMeH npuxoxa (PBII) %ij Ha i-# ¥ J-#
MUKPOQOHBI

T; =argmax R; (1), (2)

el

rociie 4ero ypaBHenue (1) pemraercs Y4MCICHHBIMU METOIAMU.
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Turmmunstii Bug BK® mist mrymoBoro curaaia ot (ruaHIeBOW TeUH MPUBEICH
Ha puc. 1.
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Puc. 1. Turmunsnii Bux BK® mis curaana guaHneBoid Teun:
yacToTra Juckperusanuu — 125 xI'g

B ycnoBusx momemenuit ADC HaOmoqaeTess MHOTOKPATHOE TIePE0TPaKEHIE
3BYKOBBIX CUTHAJIOB OT CTEH MOMEUICHUS M HAXOAALIETOCsl B HeM 000pyJ0BaHUSI
(peBepOepamnmsi). ITo BI3BIBACT MCKakeHne ¢opMbl BK® m maer cmemranHyio
orieHky BK®, uTo B cBOIO ouepenb MPHUBOIUT K OIMIMOKE B OLIEHKE KOOpPIUHAT
(X1 Y01 20)-

Tak, MmomenupoBanue ¢ KoHpuUrypamuen MUKpOoHOHHOW CeTH, TIPUBEICHHOMN
Ha puc. 2 (cuctemMa KOHTpOIIs Tedei aisi BbB), mokaszano, 4To mpu ABYXKpPaTHOM
OTPaXCHUU TOYHOCTH OTPEACICHUs] KOOPAMHAT TEUW ONMPEACIIETCS CO CpellHe-
KBagpaTnaHOU morpemntHocThio 0,7-1,0 M (0 BceM YeTBEepKaM AaTIYUKOB, 3ape-
TUCTPUPOBABIINX CUTHAIBI OT TEYH).
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Puc. 2. Kondurypamust MUKpO(QOHHOH CHCTEMBI
JUIsl TeYeHCKaHus Ha BepxHeM Oioke PY BBOP-1000
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JI7Ist HOBBIICHHST TOYHOCTH OBUT MMPUMEHEH METOJ 00JIacTel JIOKaIbHON KO-
repeHTHOCTH [3]. TounocTeio oneHuBanusa 3HaueHuit PBII ansa kaxmoil mapet
MHKPO(OHOB T;;, KOTOpas B CBOI OYEPE/Ib ONPENIENIETCs CTENEHbI0 KOTePEHT-
HOCTH CUTHAJIOB, PETUCTPUPYEMBIX Kax10i mapoil MukpohoHoB. KommyecTBeH-
HOU Mepoil KOrepeHTHOCTH JIBYX Cy4dailHbiX curHanoB X(t) u y(t), mpuHuMae-
MBIX Hapoil MUKPO(OHOB, SABIAETCS KOMIUIEKCHas (DYHKIMS KOTEPEHTHOCTH,

paBHasi B3anuMHoMy criektpy mouHoctn C, (), meneHHOMY Ha KOpeHb KBaj-

paTHLIﬁ H3 IIPOU3BEACHUA COOCTBEHHBIX CIICKTPOB MOIITHOCTH 3TUX CUTHAJIOB!
G,y ()

JGu ()G, ()

Yy (F)= (3)

rae f —yacrora.
OOBIYHO HcToNb3yeTest KBaapaT Moayia korepentHocTr (KMK) yiy (f). o

¢du3nuecKoMy cMbICTy Kak (DyHKIMs KorepeHTHOcTH, Tak 1 KMK — 3to koad-
(GUIMEHT KOppeNsUK Ha KaKAoW yactoTe f M3 aHanM3MpyemMoro 4acTOTHOTO
nuana3ona. Ha mpaktuke yno6Hee ncrnonb3oBath KMK kak gyHkimro, mo onpe-

JICTICHUIO HOPMHUPOBAHHYIO K CAMHHMIIEC: B YACTHOCTH, €CIHU yiy(f) =1, 10 Ha
BCEX YacTOTax HCCIIEAYEeMOro AMara3oHa CHUTHANbI CYMTAIOTCS MOJHOCTHIO KO-

2
repenTHbIMH, TpH Yy, (f)=0 — curnane nexkorepentHel. Ha npaxtuke npu 00-

2
paboTke mmpokononocHbix curnanos 0<yy (f)<1, mpuuem moporom xore-

PEHTHOCTH, BBIIIIE KOTOPOTO KOTEPEHTHOCTh CUUTAETCS CYIIECTBEHHOW IS IITH-
POKOTIONIOCHBIX CHUTHANIOB, mpuMeHsiercs BemnuuHa 0,75-0,8 [3]. B kaxmom
ckonp3sameM okHe crpoutcs KMK, um mms o6paboTku mo (2) HCHOIB3YIOTCS
TOJIEKO T€ 4acTOTHbBIE o0sacTH, B KoTophix KMK BeIllle MOPOroBOro 3HaueHUs.
Ha puc. 3 mokasaHbl 1Be 30HBI JTOKAIBHOW KOT€PEHTHOCTH JJIA Tapbl CUTHAJIOB,
3apEeTUCTPUPOBAHHBIX B YCIOBUSX CHIIBHOM peBepOeparuu. [Ipumenenue mero-
na obnactell TOKAbHOW KOTEPEHTHOCTHU TMO3BOJWIO YMEHBIIUTh TOTPEITHOCTb
oneHMBaHus kKoopauHat Teun 10 0,3-0,5 m.
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Puc. 3. dyHKIus KBagpaTa MOAYJISI KOTEPEHTHOCTH
C IBYMsI BBIPQ)KEHHBIMH 00TaCTAMH JIOKATbHON KOTEPEHTHOCTH
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Hpyroii mpobiieMoii, CHIKAIOIeH TOYHOCTh OIEHKH KOOPIUHAT TeUH, C KO-
TOPOW MBI CTOJIKHYJIMCD, SIBJISIETCS] CMEIeHre (CHCTeMaTHIecKas ommnoKa), 1oc-
TUTAIONIEE B OTJCNBHBIX ciydasx 15-18 %. YcraHoBieHo, 4TO cMElIeHHEe OIleH-
KA KOOpAMHAT MCTOYHHMKA BBI3BAHO TEM, YTO B OTHAENBHBIX TOYKAaX 30HBI KOH-
TPOJIA TEMIIEpaTypa BO3ayXa IMPH UCTCUSHUH TeIIOHOCHTENs nocturana 175 °C
u Oonee. DTO BBHI3BIBANO OMIMOKY B OLIGHMBAHWH KOOPAMHAT IyTEM PEILCHUS
cucremsl (1) U3-3a CyIIECTBEHHOTO M3MEHEHMs CKOPOCTU 3ByKa C C POCTOM
TeMreparypsl. TemmnepaTypHas 3aBHCUMOCTh CKOPOCTH 3BYKa OIUCBHIBAETCS CO-
OTHOIIEHUEM

¢=331,3+0,6¢, m/c. (4)

[Tocne ycTaHOBKM B 30HE KOHTPOJIIS TEPMOJATIYNKOB U M3MEHEHHUS PEalbHON
TeMIIepaTyphl BO3AyXa MPU UCTCUCHUU MEPErPETOr0 TEIIOHOCUTENST PACCUUTHI-

BAJIOCH €€ YCPEIHEHHOE 3HAYEHHE IO 30He KOHTpols 1. Ypasuewue (4) co

sHauenneM t° =T° 106aBIsIIOCH YETBEPTHIM B CHCTEMy ypaBHeHuit (1), KoTopas
pemanacs MerogoM HeioToHa — Padcona ¢ ydetom ckopocTu 3ByKa C ISl pe-
aNbHBIX YCJIOBUH. Pe3ynbpTaThl pacueToOB MOKA3aJIHA, YTO CMEIIECHUE OLEHKH KO-
opauHatr npotedku (Xo, Yo, 29) yMenbimnocs 10 1,5-3,0 %.

Pazpaboranbl anroputMbl kiaccuukanuy (IaHLOEBBIX W ILEJNEBBIX TEYCH.
[Ipobnema Takoil knaccupuKaluyd BechbMa aKTyajbHa B NMPAKTUYECKOM IUIaHE,
TaK KaKk BO3HUKHOBECHHE ()JIAHIICBOW W IMEJEBOM TeUeH — COOBITHS Pa3THMIHOMN
CIIO’KHOCTH, TpeOYIOLIe Pa3HbIX ONepaTUBHBIX AedcTBui. Knaccupukanusa tu-
MOB TeUel OCHOBaHA Ha OILleHKE (hpaKTaJbHBIX MOKa3aTenel aKyCTHYECKUX CHT-
HaJIOB OT Teuel [4], B 9aCTHOCTH IMOKa3aTeNss XepcTa. Y CTAaHOBJICHO, UTO MOKa-
3aTesib XepcTa AJsl 3aperuCTPUPOBaHHBIX CUTHAMIOB OT ()IaHIEBBIX TCUEH JEKHUT
B mpexenax 0,62-0,64, a nmus CHTHAJIOB OT TEUM HYepe3 MHUKPOACHEKT —
B npenenax 0,69-0,71. DTo Mo3BOJISIET 1OCTATOYHO MPOCTHIMKU METOJaMU KJiac-
cuUKauK pacro3HaBaTh THII TeUd. Tak, BEpOATHOCTH MPABUIBHOTO pacro3Ha-
BaHUS IIyMa IIENEBOW T€YH M IIymMa (IIaHIEBOW TE€YH COCTABIAIOT COOTBETCT-
BerHo 0,97 u 0,93 mpu ommbOKe pacmo3HaBaHUS BTOPOTO poja (OTHeCeHHe 00b-
ekta Kk uyxkomy kinaccy) 0,03 u 0,04 coorBerctBenHo [5]. Kpome Toro,
YCTaHOBJIEHO, YTO JUIA LIEJIEBOI T€UH CTeNeHb (PaKTaTbHONW JUHAMUKH MPOLIEC-
ca 3ByK0o0OOpa3oBaHMS 3aMETHO BbIlIe, yeM aisl ¢uiaHnesoil Teun. [lo Bpemen-
HOMY TMOBEJICHHIO (PpaKTaIbHBIX TIOKa3aTeNe MOKHO CTPOHUTH POTHO3 pacxozaa
TEYH, MMOCKOJIBKY YeM BHIIIE TIOKa3aTeNlb XepcTa MpoIecca, TeM 0oJiee mporeccy
IPUCYIIa HApacTaloIIasl ANHAMHUKA UCTEYEHUS TEINIOHOCUTEIIS.

BBIBO I

Bce npencraBiaeHHbIe adTOPUTMBI IPOTECTUPOBAHBI HA PEAIbHBIX CUTHAJIaX
OT LIETIEBBIX M (DJIAHIIEBBIX TEUEH, 3aperUCTPUPOBAHHBIX SKCIEPUMEHTAIBHO.
AJNTOPUTMBI TIOCTPOEHBI B pacueTe Ha MUHUMaJbHbIE BBIYHCIUTEIHHBIE 3aTpa-
TBI, YTO IO3BOJISIET MOBBICUTH OTIEPATUBHOCTH CHCTEM aKyCTHUECKOrO OECKOH-
TaKTHOTO TEUCHCKAHWS, M KaK CJIECICTBHEC — OOHApPYXUBATh T€YW B 000pyIOBa-
Hun ADC Ha paHHel cTrajuu UX nposiBiieHus. [loBhIllIeHHE TOYHOCTH JUATHO-
cThyeckoil mHMopMauuu oOyeryaeT MPUHSATHE MPAaBUIBHOTO pPEIIeHUs MNpU
0OHapyXCHUH TEYH OTIepaTOpPOM dHEProdIIoKa.
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O BJIMAHUHU I'EOMETPUU KOPUJIOPHOI'O TPYBHOTI'O ITYYKA
HA ET'O TEIUIOOTJAYY B IONEPEYHOM INOTOKE®

Kamnpa. Texu. Hayk, nou. CMOJISIK A. A.

Moecunesckuii 2ocyoapcmeenHblil yHugepcumen npooo8olbCmMeust

Temnooraaya mydkoB TpyO B MONEPEYHOM MOTOKE K HACTOSIIEMY BpeMEHHU
JOCTaTOYHO XOPOIIO HCCIIEIOBaHA MHOTMMH aBTOpaMH. [lo coBpeMeHHBIM
IPEICTaBICHUSIM, IPU IHONEPEeYHOM OOTEKaHWH KOPUAOPHOIO IIydKa TPYOKH
MPEIBIYIIEro psijia 3aKPhIBAIOT (3aTEHSIOT) OT MMOTOKA TPYOKH IOCIEIYFOIIETO
psna. 3a oOTekaeMoii TpyOKoi oOpasyeTrcsl 3acToifHas BUXpeBas 30Ha. [[Buke-
HUE B 3TOH 30HE B 3HAYUTEIBHON MEPE 3aBHCUT OT OTHOCUTEIBHOTO IIPOAOJIBHO-
ro mara 6, = Sy/d. [Ipn yMeHbIICHUH NMPOJONBHOTO IIara BUXPEBOE IBIIKCHUE
TOPMO3HUTCSI. DTO TPUBOTUT K Ooiiee cIabOMy OMBIBAHHIO KOPMOBOW YacTH
TpyOKH, OoJiee CHIIBHOMY 3aTEHEHHUIO MOCIEAYIoIel TpyOKH |, CIe0BaTeNbHO,
K YMEHBILEHHIO CPEeIHEH TEIUIO0TAaYH OT OBEPXHOCTU TPYOKH B ITyUKe.

OCHOBHOIl MOTOK XHJIKOCTH B KOPHUIOPHOM IIydKe TE€4eT MEXKAY TpyOKamMu
psAnoB 6e3 m3MeHeHHUs HampaBieHud. [IpuOMKeHHO 3TOT MOTOK MOXKHO pac-
CMaTpuBaTh Kak ABWKYIIMHCSA B IUIOCKOM KaHaine. IllupuHa kaHama siBisercs
OIIPEIENIIOMNM pa3MepoM JJIsl XapaKTepUCTUKU JABKMKECHHUS M TEII00OMEHa.
IToaToMy M BemMYMHA MONEPEYHOTO I1ara TaKXKe JOJDKHA BIUATH HA TEIUIOOTIa-
4y KopuaopHoro myuka Tpy0. Ho Takoe BiausHue 3HauuTenbpHo crnabee. [To aToit
NPUYHMHE B YPaBHEHUSX MOJOOMS UIsI KOPUIOPHBIX MYUYKOB Yallle BCEro mpezia-
raeTcsl yYUTBIBATh TONBKO BIMSHHUE MTPOAOIBHOIO OTHOCHTENBHOTO IIara.

* TlyGnukyetcsi B opsiike 00CyKACHHMSI.
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