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B pabote mpeanaraercsi pemieHre MpoOeMbl JTOKATU3aUA MECTa M3TyUYeHUS
CUTHaQJIa, MOPOXKAAIOLIEr0 JIUCKPETHYIO COCTaBISIONIYI0 CIEKTpa CHUrHajia
HMCTOYHUKA, PACMOJOKEHHOIO Ha JBIKYIIEMCS OOBEKTE, C HCIOJIb30BAaHUEM
MeTOoJla KOMIIEHCAllUM HEeCTallMOHAPHOCTEW W Mocledyrouled uaeHTUpHUKaen
CTAllMOHAPU30BAHHOI'O CHTHAJla Ha OCHOBE BEPOATHOCTHOrO Kpurepus. B pabote
UCHOJB3YETCsl  XapaKTepUCTHKA Y3KOINOJIOCHOTO CiIy4ailHOro mpolecca —
BEPOSATHOCTh HICHTH()HUKAINU CHUTHANA, OTQWIBTPOBAHHOTO B Y3KOW IOJIOCE
4acToT, Kak TapMOHHMYECKOro curHaiga. @OparMeHTbl aBTOKOPPENISLUOHHBIX
(GYHKIMH STAJIOHHOTO ¥ HATYPHOTO CUTHAJIOB CPABHUBAIOTCSA 110 CTATUCTHYECKOMY
KPUTEPHIO COIJIacusi C MUCIHOJIb30BaHUWEM (DYHKIMM pacrpelesieHus] UX 3HAYCHUH.
[To 3aBHCHMOCTH BpPEMEHH KOTEPEHTHOCTH OT KOOPIHMHATHI IPEANoIaracMoro
UCTOYHMKA  KBAa3UI'ApPMOHMYECKOH  COCTaBISIOIIEH  ompenensercs  €ro
MECTONOJIOXKEHUE Ha OOBEKTe. BBIMONHEHBl OICHKH TOYHOCTH JIOKAJIM3alUU
KBa3UrapMOHMYECKOIO CHI'HAJIa MO CPAaBHEHUIO C METOJO0M KOMIIEHCAIIUHM TOJIBKO
s dexra Jomnepa.

KiroueBble c10oBa: HCTOYHHK myma, JMCKpCTHad COCTaBJIAIOIIAA, JIOKAJTIU3Al A

Ha ceroansiiiHuii AeHb OCHOBHBIM METOJOM JIOKANIM3AIMM MECT W3IyYEHUS TOHAJbHBIX
CUTHAJIOB Ha JBIKYIIEMCS TPAaHCIOPTHOM CPEJCTBE MPU HCIOIb30BAaHUHM OJHOTOYEHHOTO
npuema siBisieTcss Meton komneHcaruu dddexra Jomnepa. JlaHHBI METOJ 3aK/II0YaeTcs B
KOMIeHcalu (pa30BbIX UCKAKEHUH, 00YCIOBIEHHBIX JIBUYKEHUEM HCTOYHHKA OTHOCHUTEIBHO
HenmoABMWHOTro npuemHuKka [1,2]. Dddexr [Hommepa mpUBOAUT K CHRATHIO/PACTIKEHUIO
NPUHUMAaEeMOIr0  CHTHajda  BJIOJb  OCH  BpeMeHu.  UucieHHas  Mepa  Takoro
(MyJIBTUTITTUKAaTUBHOTO) UCKAXEHUS BhIpakaeTcs ko3¢ dunrentom Jlomiepa B BUIE:

K, :Vs/Va» (1

rae v, — CKOPOCTb COJMKEHUs/yJaleHHUs NPUEMHUKA 10 OTHOIIEHHIO K MCTOYHUKY,
v, — CKOPOCTb 3BYyKa.

[Ipy u3nydYeHWM CHUTHAJIa C TOCTOSSHHOW YacTOTOM 3TO MPUBOAUT K HM3MEHEHUIO BO
BPEMEHH YacTOThl MPUHUMAEMOr0 CHTHaja IO OTHOIICHHIO K YacToTe omopHoro. Jlis
KOMIIEHCAIIMM TaKOro W3MEHEHHUs MPUEMHHUK CHTHala MOXXET colepikaTh cxemy (a3oBoit
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aBronojicTpoiiku  4dactoTel (DAIIY) wnm  (yHKOHMIO, BBIOJHSIONIYIO IOBTOPHYIO
muckpernzanuio (I1J[) mpuHMMaeMoro curHaiia, yYWTBHIBAIOIIYIO MEPY CiKaTHUs/pacTsKEHUs
curHana. [Ipu ucnonp3oBaHum 1UGPOBOTO MPEACTABICHHUS CUTHANIA KOMIIeHcanuo 3¢ dexra
Jlomnepa mnpoM3BOAAT IyTeM MepepacrnpeneicHus] HUPPOBBIX OTCYETOB CHUTHANA IO
BpeMeHHOM mkaie [1-3].

B nannHoii pabGoTe mpeanaraercs OmpeAensiTh MECTO H3IyYeHUs KBa3UTapMOHUYECKOTO
CUTHAJIa, UCIOJIB3YS MpeoOpa3oBaHNe BPEMEHHOr0 MaciiTaba U KOMIEHCUPYS aMIUIUTYAHbIE
MCKaXCHHS CUTHAJA, a B POJIM KPUTEPHUS KauecTBAa KOMIIEHCAIIMU HCIOJB30BaTh CPaBHEHUE
ABTOKOPPESALMOHHBIX (PYHKIMNA [TOJTy4aeMbIX IPU 3TOM CUTHAJIOB.

ITpy npsAMONMHEHHOM PaBHOMEPHOM JIBUKEHMH MCTOYHHMKA NPHHUMAEMBIA CUTHAI S,,(f)

OyIeT MOAYTMPOBAH 10 aMIUTATYIe U o (aze u3-3a 3dekra JJomrepa
S(t"
\/d,z +v'2(t'—t('))2

Snp (1) = , 2)

rne d' — MUHHManbHOE (TPaBEp3HOE) PACCTOSIHUE MEKAY MUCTOYHHKOM U MPUEMHUKOM;

v’ — CKOpOCTb JIBIDKCHUSI HCTOYHHUKA; f, — MOMEHT BPEMEHHU JOCTI)KEHHUS TpaBep3a; ¢ —

MOMEHT BPEMEHH, ONpeeseMblii U3 ypaBHeHUs c(t —t') = R(t'), B KOTOPOM ¢ — CKOPOCTh

pacmpoCTpaHeHUsl CUTHalla B cpene, R(f') — TeKyllee pacCTOSHUE OT HMCTOYHHUKA 10
NIpUEMHUKA!
R(t") = \/d’2 +v'2(t'~1y) (B IEpBOM IPUOTIKEHNUH TIONArAOT ¢ = 1 — R(1)/c ). (3)

B paccmarpuBaeMoM  cilyyae  CTallMOHapu3alus  NPHHATOrO  curHauma  Spy(f)
OCYUIECTBIISIETCSl MMyTEM YMHOXEHHsI OTCUETOB CHTHajla Ha MHOXUTENIb R(f) U mepeHocoM
OTCYETOB 10 BPEMEHHOM 1mIKaje [4].

[TapameTpamu cTaroHapu3Hpyomero npeodpasoBanus OyayT v, d, fy, U, TOCKOJIbKY BH]I
HECTALlMOHAPHOCTH S,,(f) 3apaHee M3BECTEH M ONUCHIBAeTCS (OpMyJIon (2), 31eCh MOKHO
TOBOPHUTH O COTJIACOBAaHHOM CTallMOHApH3allMK CUTHAJIa, IPYU ATOM B TOYKE CTAI[MOHAPHOCTHU

oymer v=v', d=d', t,=t,. EcrecTBeHHO 0XHJaTh, YTO B TOYKE CTAIMOHAPHOCTH BPEMS

KOIrCpCHTHOCTHU, Ty, MAKCHUMAJIBHO. I[J'IFI IIOHMCKa TaKOro MaKCHMyMa BBIIIOJHACTCAH

CTallMOHApU3aLUsl CUTHaNa Sy,(f) IpU 3Ha4eHUAX v =V', d = d' 1 pa3IuuHbIX 3HAYECHUSAX /.

@u3nyecKku 3TO COOTBETCTBYET MepedOopy 3HAUEHWH MOMEHTa BpPEMEHH, B KOTOPBIH
UCTOYHUK HAXOJUIICS HA MUHUMAJIbHOM (TpaBEp3HOM) PACCTOSHUU OT NMPUEMHHUKA, TO €CThb
paccMaTpuBaeTCs 3aqada O JIOKAJIM3alUN MECTa U3JIy4YEeHUs] CUTHajla, IIPU 3TOM 0053aTeIbHO
pemaercs BONPOC O KPUTEPUH, 10 KOTOPOMY OLIEHHMBAETCS PE3yNbTaT JIOKAIM3ALUU U €€
TOYHOCTb.

B ornnune ot MeTOa JTOKAIM3aUU MECT U3JIy4YEHUs] TUCKPETHON COCTAaBIIAIOLIEH CIIEKTPa
(ACC) curnama mnpemioxkeHHoro B paborte [2], rae aBTopaMH CTaThd Npeiarajioch
ONpEAENATh MeCTa U3JIYyYEHUs [0 COBOKYIHOCTH CIEKTPOB MOIIHOCTH CHUTHAJIOB,
NpeCTaBIsIeMOl Kak MPOCTPAaHCTBEHHO-YAaCTOTHOE M300pa)KCHHE B KOOpAMHATAX «4acTOTa-

JIMHEeHHas KOoopJAuHaTra», B I[aHHOf/'I CTAaThC MpPECAJIaracTCsa OnpcACIATb MCECTa HU3JIYYCHUS I10
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3aBUCUMOCTH BPEMEHHM KOTE€PEHTHOCTH CTAllMOHAPU3UPOBAHHOTO CHUTHAJA OT JIMHEHHOM
KOOpAMHATHl. BpemeHeM KkorepeHTHOCTH Oy/leM cuuTaThb MHTEPBaJl BPEMEHHU, HA KOTOPOM
BEPOATHOCTh MICHTU(UKALIMY ydacTKa aBTOKOPPEISIUOHHON (YHKIUU KaK TApMOHHYECKOTO
KoJjebanus o kpureputo Konmvoroposa-CMupHOBa HE MEHBIIIE, YEM e

B mpennaraemoii mporenype MpOU3BOJIUTCS CPAaBHEHHE aBTOKOPPEISIITMOHHBIX (yHKIIUNA
M3y4aeMoOTO TpoIlecca U TApMOHUYECKOTO KOJIeOaHus co clydaiiHOW HavdanbHOU (azon [Ipu
3TOM CJIETyET YYECTh TPU BaXKHBIX MOMEHTA!

— BpeMEHHas JUIUTEIbHOCTh 1 hparMeHTa u3y4yaeMoro npoiiecca KOHeuHa, ClieJJoBaTeIbHO,
€T0 aBTOKOPPEISIIMOHHAS (YHKIHS OyIeT COepKaTh CIlydaifHbIe (IIyKTyaIlum;

— aHAJIM3UPYEMBIH MPOIECC BCET/la 3aHUMAET KOHEUHYIO IOJIOCY YacTOT Af, B KOTOPOH U
WUIETCS AUCKPETHAs! COCTABIISIIOLIAS;

— aHAIIM3UPYEMBbIH TPOIIECC MOXKET OBITh HECTAIIMIOHAPHBIM, TO €CTh, YACTOTA U aMILIUTY1a
MCKOMOTO KBa3UTapMOHUYECKOTO KOJIEOAHUS MOTYT MEAJIEHHO M3MEHSTHCS CO BPEMEHEM, B
TOM YHCJI€ U IEPUOJIUYECKH.

W3 cka3aHHOrO cleQyeT, uTO Uu3MepsieMas  aBTOKOPPENSAIMOHHAs  (QYHKIUS
AHAIM3MPYEMOTO Tpollecca TakKe COAEPXKHUT B cebe ciaydyaliHble COCTABIAIOIINE, U €€
CpPaBHEHHME C OJTaJOHHON aBTOKOPPEISAIMOHHOW (yHKIMEW TapMOHMYECKOTO KoJeOaHHs
JIOJIKHO BBITIOJIHATHCS C UCTIOJIb30BAHUEM CTATUCTUUECKUX KPUTEPUEB.

CpaBHeHHE IBYX YKa3aHHBIX aBTOKOPPENALUOHHBIX (DYHKIHUNA MOXET BBITOIHATHCS MO UX
pa3INuYHBIM XapakTepucThkaM. Yacto mpuMeHseTcsi cpaBHEeHHE (AKTUYECKOTO 3HAuCHUs
ABTOKOPPENSALMOHHOW  (QYyHKIMU ¢  ypoBHeM  (QUIyKTyaluii, pacCUMTaHHBIM IS
ABTOKOPPENSALMOHHON (PYHKIMHU O-KOPPEIUPOBAHHOTO TMpoIlecca, MPOIYIIEHHOTO Yepe3
nojocoBoit GuubTp mupuHoi Af. Ilpomenypa Takoro cpaBHEHUS IMOSICHAETCS PUCYHKOM 1,
r7e mpuBeneHbl Trpaduku OrudarlMX HOPMHUPOBAHHBIX ABTOKOPPENSIUOHHBIX (DYHKINN

A7) [6].
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Puc. 1. Orubatommye aBTOKOppeNSHOHHBIX QyHKIMH rapMonndeckoro (1), mrymosoro (2)
CUTHAJIOB U UX cMmecH (3)
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[Ipu cpaBHEHMM 3HAUY€HUN AaBTOKOPPEISIUOHHBIX (YHKUIUN ClEAyeT Y4YUThIBaTh, 4TO
KpuBass (2) Ha pHCyHKEe | UCHBITHIBAET OTHOCHUTENbHBIE (QUIYKTyallid aMIUIATY bl

O zl/ JAf(T—7), W O TPEeBBINICHUH HAJ YPOBHEM OTHX (QIIYKTYallMid CyIsaT 10

MPEBBINICHUIO  3HAYCHWH  HOPMUPOBAHHOM  aBTOKOPPENSAUUOHHON  yHKmuH o 7)
HCCIIeAyeMOro mpoiiecca p(f) HaJ yCTaHOBJICHHBIM MOPOTOBBIM 3HAUYEHUEM

pnop = IBG(]m ’ (4)

B KOTOpOM [ BBIOMpAaeTCS B 3aBUCUMOCTH OT 3aJaHHON BEPOSTHOCTU HWICHTH(PHUKAIIUU
HCCJIETyeMOTro TpoIecca, Kak TapMOHUYECKOTO.

VY Takoro moaxojia MO>KHO OTMETHTH J[Ba TTIABHBIX HEJAOCTATKA!

— CTPOro TOBOps, NPEBBINICHHE 3HAYEHHs O(7) HAL pPp,p O3HAYAET JIHMIIb IOXOXKECTh
(parMeHTOB BPEMEHHBIX pealu3aliii mpolecca NpH CABUIE Ha BpeMs 7, HO HE
TapMOHHYECKHI XapaKTep 3TOTo Mpoliecca;

— MIPEBBIIECHNE 3HAUYEHHS O 7) HAJ Pnop IPU HEKOTOPOM 3HAUYEHHH 7 HUYErO HE TOBOPHT O
BPEMEHHOM HWHTEPBANIE Ty,,, Ha KOTOPOM MOXKHO CYHUTATh (ParMEHTHl MOXOXXHMHU WIH
KOT€pEHTHBIMH, TO €CTh BaXKHBIM BOMNPOC O E€CTECTBEHHOM IIMPUHE JUCKPETHOM
COCTAaBJISIONIEH CrieKTpa Af, OCTAeTCs OTKPBITHIM.

NHoli moaxon K ONPENEieHUI0 KBa3UTapMOHUYECKOW COCTAaBISIIOIIECH B CIIy4YalHOM
CUTHAJIE COCTOUT B TOM, YTOOBI CpPaBHUTh HE Oormdaroiue, a pparMeHTbl HOPMHPOBAHHBIX
ABTOKOPPEISAIMOHHBIX (PYHKIIMH TapMOHWYECKOTO KOJICOaHWSI CO CIydallHOW Ha4YaIbHON
¢a3oif u mcciaeIyeMoro CHWrHajia, MpUYeM Ui CPaBHEHHS MOXKHO BBIOMpATh (parMeHT,
MOCNIEAOBATENbHO  H3MEHSISI  €ro  JJUTENbHOCTh M MOJOXKEHHE B  peaau3aluu

ABTOKOPPENALMOHHON (QYyHKIUU (PUCYHKH 2-5).

KoadhdpuumeHT koppenauun

Bpemsn, c

Puc. 2. ABTokoppensunonHas (GyHKIHs HECTAllMOHAPU30BAaHHOTO CHTHAJIA
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OyHKUMS pacripeaeneHms

S O A S R N R N |

Puc. 3.

O7f — =T A oA T .
P E R R S R S ) R OyHKIMS pacHpeesieHns 3HaYeHU I
S I R o O N ABTOKOPPEIISIIMOHHBIX (YHKIIUI:
§°-“*"i"*i*”: 71”37”37”3”737”3”7 a) TapMOHUYECKOTO CUTHAJIA,

R D e e e e e 0) HEeCTAIIMOHAPU30BAHHOTO CUTHAJIA

e
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KoadbhnumeHT Koppenauuu

"0 1 20 30 40 & 60 70 80 90 100
Bpema. ¢

DyHKUMSA pacnipeaerneHms

09 — — - — —

1 Puc. 5.

08— —

0.7 - —

@yHKIUSA pacupeneseHns 3HaUeHU I
aBTOKOPPEJAUOHHON (DYHKIIMU TOYTH
CTallMOHAPU30BAHHOI'O CUTHAJIA

06— -l ——l- -~

0.5~ — —

BeposiTHoCTb

041 — -

03 — =l — T L]

0.2 —

0.1~ —

3HaueHne

MaxkcuManbHasi — JUIMTENBHOCTh  (PparMeHTa, COOTBETCTBYIOLIETO TapMOHHYECKOMY
KoneOaHuio, OyJIeT JaBaTh 3HAYEHHE BPEMEHU KOTEPEHTHOCTH TMPOLECcCa Ty,,. CTeneHb
COOTBETCTBUSI  (hparMeHTa aBTOKOPPENSALMOHHONW (YHKUMH HUCCIEIYyeMOro CHUrHaja
rapMOHMYECKOMY KOJIEOAHHIO MOKHO TOJYYUThb, €CIIU CPaBHUTh (PYHKLIMU pacmlpesesieHus
BEPOATHOCTEH 3HAYEHHUH 3THUX JABYX aBTOKOPPENSALMOHHBIX (QYHKUMN B Ipeaenax (GparMeHra.
[loHsiTHO, 4YTO HJIsi TApPMOHHYECKOTO KOJeOaHUs CO CIy4aliHOW HadanbHOU (a3oit

ABTOKOPpPEISIIUOHHAS QYHKIUS py( 7) UMEET BUA
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Po(7)=cosw,r, (5)
B KOTOpOM [ BbIOMpaeTcss B 3aBUCHUMOCTH OT 3aJaHHOM BEpPOSITHOCTU WACHTH(PHUKAIUU

UCCIIElyeMOro Mpoliecca, Kak FrapMOHUYECKOT0,
a e€ (PyHKIMA pacrpeesIeHus] —

Fp90 (x)= (% + %arcsin xj . (6)

st uccnemyemMoro mporiecca GyHKIMIO paclipeielCHusI BEPOSTHOCTEH 3HaUeHUU p(7) Ha

BBIOpaHHOM (DparMeHTe [UIMTEIBHOCTBIO A7 0003HauuM F(x,A7). CpaBHeHue (QyHKUMI
FxA7)n F p90 (x) mpoenem no aBycTopoHHeMy kputeputo Konmoroposa-CmupHosa [4, 5],

NPUMEHSIEMOMY JIJIsl TTPOBEPKH HeTlapaMeTPHYECKON THUTIOTE3bl O PaBEHCTBE ABYX (YHKIIHA
pactipenenenus. [lpu BeImonHeHMM 9TOW mpouenypsl [7] mna kaxaoro QparMeHra

ABTOKOPPEISAIIMOHHON (PYHKIIMH o 7) JUTUTETHHOCTHIO A7 IMOTyYaeTcs 3HAYCHUE BEPOSTHOCTH
P,(r,A7) = P{F »(x, A7) ~ F /)30 (x)}, ¢ kotopoil ¢pyHkmu F(x,A7) u F /f (X) MOXHO cUMTATh

HEepa3IMYUMBIMH, TO €CTh pacmpesesieHHe 3HadyeHud (parMeHTa aBTOKOPPEISIIUOHHON
(GYHKITUH UCCIIeyeMOTO CUTHAJIA TaKOE )K€, KaK U Y TAPMOHHYECKOTO CUTHAJIA CO CITy9IailiHON
HavanpHOU (ha3oi. M3meHsiss Bpems Hauama (hparMeHTa 7, MOKHO BBIOpaTh (hparMeHT, IS
KOTOporo 3HaueHue P,(7,A7) MakCHUMalbHO, 3aT€M, YBEIMYHMB JUIMTEIBHOCTH HCKOMOIO
¢dbparmenTa Az, TOBTOPHUTH MPOIEAYPY €ro MOUCKA, JOOMBAsCh MaKCHUMAlTbHOTO 3HAYCHUS
BepoATHOCTH P,(7,A7). Ilpn Takoil uUTepalMOHHON npoLeaype CcledyeT YCTaHOBHThb

HavasbHble 3HaueHus At u P (7, A7). OueBHIHO, 4TO

1
AT > —, (7)

Af
rae Af — mosoca 4yacToT, B KOTOPO# paccMaTpuBaeTcs Ipolecc, a

Pt A7) 2Py, . (8)
IIpu 5TOM KpUTHYECKOE 3HaYE€HHE BEPOSITHOCTU P,, BHIOMpaeTCcst Ha ypoBHE l/e, 4TO MOXKeET
TPAaKTOBaThCs, KaK TIOPOrOBOE 3HAYCHHE KOTEPEHTHOCTH IIpoIecca, KOTOpPOE YacTo B
(DU3HUECKUX HCCIIEIOBAHMSX IPUHIMACTCS PABHBIM €.

BrimonHsas  onmumcaHHYO TIPOLEAYPY, MOXKHO HAWTH B peanm3anuu  o(7) GparMeHt
MaKCHMaJbHOW JJINTENBHOCTH MPU BEPOSTHOCTH, MPEBBIIIAIONIEH TOPOTOBOE 3HAYEHHUE. JTO
3HaYCHHUE JUIUTEIBHOCTH (pparmMeHTa MOKHO BHIOpaTh B KadecTBE BPEMEHHM BHYTpPEHHEH

KOIr¢pCHTHOCTHU ITponecca

Tios = ;pngpi At.

[TocTponB 3aBUCHMMOCTb BpPEMEHHM KOI'€PEHTHOCTH OT KOOpPAMHAT TOYKH KOMIIEHCAIUU
HECTalMOHAPHOCTEHN, 00YCIOBICHHBIX OTHOCUTENIBHBIM JBM)KEHUEM NPUEMHUKA U UCTOYHUKA
(popmyia (2)), MOXKHO OmpeAeauTh npeanogaraemoe Mecronosnoxenue ucrounuka JICC. Ha
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pUCyHKax 6 W 7 TIpeACTaBICHBI 3aBUCHMOCTh BPEMEHH KOTEPEHTHOCTH OT KOOPIWHATHI U
n300paKeHne B KOOpAHMHATAX «YacTOTa-JIMHEHHAs KOOPAWMHATA» COOTBETCTBEHHO, IS
moaenbHoro curHaia JJCC, HCTOYHHK KOTOPOTO PacIoiOKeH B HyJIC.

Kak BumHO W3 puCyHKOB 6 M 8, MpU CPaBHUTEIHHOM aHAJIHN3€ aBTOKOPPEISIIMOHHBIX
(GYHKIHUH CUTHAIOB C TNPUMEHEHWEM CTAaTHCTUYECKOTO KPHUTEPHsl KavyecTBa JIOKATH3AIAN
TOYHOCTH onpezeneHnst Mecta nznydenns JJCC yBennmuuBaeTcs B HECKOJIBKO Pa3.
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