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0T ycJI0BHH (JOPMUPOBAHNS MHOTOPAKYPCHBIX H300paKEHUH U TPaeKTOPUH IepeMelieH s kaMepsl. PazpaboTaHb! anroput-
MBI KOJMPOBAHUSI MHOTOPaKyPCHBIX H300paKeHNH C aJalfTHBHEIM ITPOTHO3MPOBAHHEM Ha OCHOBE KOMIECHCAIINH JIBHKCHHUS
C Pa3ITUYHON BBIYUCIHTEIBHON CIIOXKHOCTEIO. [Ipon3Benena onenka 3pheKTHBHOCTH KOJSPOB MHOTOPaKyPCHBIX H300paKe-
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Geometrical models of formation and prediction of multi-angle images are proposed. On the basis of these models for
different methods of motion compensation the dependences of the compression ratio from the conditions of the forming of the
multi-angle images and from the path of the camera moving are defined. Algorithms for coding of the multi-angle images with
adaptive prediction based on motion compensation with different computational complexity are developed. An assessment
of the effectiveness of multi-angle image encoders with adaptive prediction is produced.
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Beenenne. B cuctemax pacnpeneneHHOro BUICOMOHUTOPHHIA, UCHIOJIB3YIOIINX MHOXKECTBO KaMep,
(hOpMUPYIOTCST U MEPEeNaloTcss MHOTOpaKypcHble m3o0paskenuss (MPUW). Jlns cokparieHust Mexxpakypc-
HOW M30BITOYHOCTH C3karrie MPU MODKHO MCIONB30BaTh MPOTHO3UPOBAHKE 10 HEKOTOPOMY OIXHOpa-
KypCHOMY (parMeHty (OropHOMY M300paKeHHI0) HEKOTOPOTO MHOMKECTBA MPHOJIMKEHUH (IIPOrHO3HBIX
M300paKeHMIT) IPYTUX OIHOPAKYPCHBIX (parMeHTOB (IIPOTHO3HPYEMBIX M300paxkeHuil). B Hambomnee
3(1)(1)€KTI/IBHI)IX METOJax CKaTUus BUACOAAHHBIX POIrHO3UPOBAHUE OCHOBAHO HAa KOMIICHCAIUN OBUIKC-
uus (K/1) [1-4]. B [S] npemioxkeHsl reomeTpuueckue monueinu GopmupoBanus MPU B nByxmepHOM
U TPEXMEPHOM IpocTpaHcTBe. Ha MX ocHOBe pa3paboTaHbl TEOMETPUUYECKHE MOJEIH MPOrHO3UPOBa-
Hust MPU. B 3To# cBsI3M aKTyaJbHBIMHU 3a/lauaMU SIBISIOTCS OlleHKa 3()()EeKTHBHOCTH MCTIONB30BaHUS
Pa3IMYHBIX METOJOB KOMIIEHCALIMM JIBUXKEHUS IJIsl Mporuosuposanusi MPU B pa3HBIX yCIOBHSX UX
¢dopmupoBaHus U pa3paboTKa aaropuT™Ma aganTHBHOW KOMIICHCAIIMH JABHXKCHHSI KAMEPBI, YUHTHIBAIO-
IIETO 3TH YCJIOBUSL.

I'eomeTpnueckne Moeu NMPOCTPAHCTB (POPMUPOBAHHMS MHOIOPAKYPCHBIX H300paskeHuil. B 3a-
BHCHUMOCTHU OT BEJIMUYMHBI U XapaKTepa CMELICHUs KaMepbl OT OJHOTO paKypca K IpyroMy Tpexmep-
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Puc. 1. CxeMbl reoMeTpHUIECKUX IPOCTPAHCTB (POPMHPOBAHUS MHOTOPAKYPCHBIX N300paKeHu it P12 (@), PAZ,//f ), PAZ//?W (8)

HOE MPOCTPAHCTBO P’ ¢dopmupoBanuss MPU MoxxeT OBITH MPEJACTABICHO MPHUOIMKEHHO OIHOW WU
HECKOJIbKMMHU TUIOCKOCTSIMH B JIByXMEPHOM HJIU TPEXMEPHOM MPOCTPAHCTBE [S].

Haunbonpmmii mpakTudecKuil HHTEPEC MPEACTABISIOT CICAYIONINE TEOMETPUUSCKUE MOICIH TIPO-
cTpancTB popmuposanus MPU (puc. 1) [5]:

2 .
P~ — nockocTs B 1By XMEPHOM MPOCTPAHCTBE P8 KOTOPOIi Jie’kaT Bce 00BEKTHI;
2 . p2
P; — N napannenbubix miockoctedt P~ kaxmas U3 KOTOPBIX PACHOIOKEHa B By XMEPHOM IPO-
N 1
CTPaHCTBE P? u Birouaer B cebs paBHOyIaJIeHHBIE OT KaMepbl OO BEKTHI;
3 .
P’ — mockocTs B TpeXMEpHOM MPOCTPAHCTBE P8 KOTOPOH JIe’kaT Bce 0OBEKTHI;
3 . p3
P,, — M npon3BoibHO OPHEHTHPOBAHHBIX IUIOCKOCTeH F)” B TpeXMEpHOM MPOCTPAHCTBE P’
23 p2J3 . p2 3
PN;I (R /1/ B 4acTHOM cirydae npu N=1) — N miockocteit B~ u mockocts B ;
P2 (P’ Buactiom ciyuae npu N=1) — N mockocteit P> u M mockocreit P’
N/m \Lym y p 1 .
I'eomeTpuyeckue MoJe/ M MPOTrHO3MPOBAHUS MHOIOPaKYpPCHBIX HM300paxkeHuii. O0mas reome-
Tprdeckas Mozens Gpopmuposanust MPU {1(r)} r=077) (IOK@SBIBAET MOy EHHE HECKOMBKHX n300paxe-
HUH ¢ IOMOIIBIO IEPCIIEKTUBHOTO MMPOSKTUBHOTO TpeodpazoBanus T sz , COTJIACHO BBIPaKEHUIO

I(r)=T2,(P*,r), )

rze ¥ — paKypc; R — 9ucio ogHOpaKypcHBIX ¢pparmenToB MPU [5].

Boimenss cpenu »Tux m3obpaxeHui apa (onopHoe [, u mporrosupyemoe /), MOKHO NMOCTPOHTH
MOJICJIb IPOrHO3UPOBAHUS U300paxeHus [ .

Jisi HecTaMOHApHOW KaMEphl akTyalbHa Mpobiiema (HOpMHUpPOBaHHS MPOTHO3HOTO H300pake-
Husi Ip(r) Ha OCHOBE HEKOTOPOTO OMOpHOrO M300paskenus Iz (k), momydeHHOro ¢ Apyroro pakypca
k =r—Ar, B COOTBETCTBUH C BBIPAKEHHEM

Ip(r) =Ty (I5(k).Ar), @

rne Ar — BEeKTOp MepeMelIeHUs] KaMephl.

[Ipu u3BeCTHBIX 3HaYeHUAX kK U Ar naHHas mpoGieMa CBOAUTCSA K OTHICKAHHIO IPeobpa3oBaHus
T )? .Ecmu T' ; U3BECTHO, TO JJIsl IPOTHO3UPOBAHUS H300paxkenus /() nocratouHo umets [z(k) n Ar.
®opmupoBaHUE TPOTrHO3HOTO N300pakeHus [p(7) B ATOM Cllydae 1o U3BECTHOMY BEKTOPY IepeMelnie-
HUs Ar Kamepbl SIBISICTCS TIPOIIECCOM KOMIICHCAIIUH JIBUKCHU ST KAMEPBI.

Ilpu wenssectHbix kK u Ar omopuoe [, u mporHosnoe [, M300paKEHHS CBS3aHBI C MOMOIIBIO
CJICIY HOIIETO BhIPAKEHUSI:

Ip =T (Ip). 3)

CrnenoBaTenbHo, 1l NPOrHO3UPOBAHUS M300pakenns | HeoOXOIMMO MMETH OIIOPHOE H300paxKe-
2 2
e [, u xkoaddumentsl npeodpasosanus Iy . [IpeobpasoBanue Iy MOXeT ObITH MOIYYCHO B pe-
3yJIBTaTe COMOCTABJIEHHS OMOPHOTO [, ¥ MporHosupyemoro | u306paeHuid.
PaccmotpuMm mpeobpazoBanue T »p TPOCTPAHCTBA tdhopmuposanuss MPU P’ B oropHoe n300pa-
xenue I, u npeobpaszoBanne Iy omopHoro msobpaxenus [, B mporHosHoe usobpaxenue I, :
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T, T} 2
pP—f2 1, —X 5], Tun npeobpasoBanus I, 3aBHCHT OT MOZETH MPOCTPAHCTBA (JOPMHPO-
3 2

Banus MPU P~ . B ciyuae Hpe)Z[CTaBJIeHI/ISI npoctpancTsa GopmupoBanuss MPU P’ MOZ[GJH)}O B

3 2 2
(P" = R") unn Moaenbio P2 (P —)PN) npeobpasoBanue 1 SBISETCS npeo6pa30BaHHeM T no—
noowus, coxpaH;HoumM NapasIIenBHOCTE nusuit. TIpu Ipe/IcTaBICHHH IPOCTPaHCcTBa P’ MozieIbio P1
uim Mozenbio P mpeoGpasoBanue T, 'y SBJISETCS IPOEKTUBHBIM IIpeoOpa3oBaHUEM T; p » COXPaHSIO-
MM KOJIJIMHEAPHOCTh TOYEK.

PaccmotpennbiM reomeTprueckuM Mozensm (popmuposanusi MPH cOOTBETCTBYIOT ClieAyIOIINE T€OMET-

2
3 2 3 T
T T, T s
pHdecKHe Mozienu mporosuposanus MPU (puc. 2) [5]: P2 —L2— 1, —S 5 1,; Pj\z, PP 51, _ }N% Ip;
3 2\ 7 3 2 2 73 Tsv:TP}
23 _Tpp { S}N’ " 2/3 _ Tpp TsTp o . p3 _Tee gy SUm g
3 2T, 3 T, 3 2
23 Tpp STy 7. p3 _Tpp Plw 7 . p3_Ter | N
})l/M ]B ]P’ PM ]B /IP,PI IIB I[P.

C:xaTHe MHOrOPaKypCHbIX M300paKeHHil HA OCHOBe KOMIIEHCAIUH JIBUKeHUs Kamepbl. [Tomy-
YEeHHOE B Pe3yJIbTaTe MPOTHO3HPOBAHHS M300paxkeHUe [, WCIONb3yeTcs IS BBIYHMCIEHHS OMINOKH
IPOrHO3UPOBAHUS B PE3yJIbTaTe IMHUKCEIBHONW PA3HOCTH MPOTHO3HOTO [, ¥ mporHosupyemoro / wuso-
Opaxenuit. /s Boccranosnenuss MPU nexonepy TpeOyroTcs B 001IeM ciydae OHOpHOE 1300paxenue 1, ,
omOKa MPOrHO3MPOBAHUS U TTApaMETPHhI TPe0OPa30BaHuUs OMOPHOTO H300PaKEHUS MK ero (pparMeHTOB
115 Kaxoro pakypca. O6bem By Kozma NpOrHo3MpoBaHus CKiiajibiBaeTesi n3 oobema B, koma ommoOku
IPOTHO3HPOBaHUA U 00beMa B~ Koza HapaMeTpOB IPeoOpa30BaHUS B COOTBETCTBUH C BBIPaKCHHEM

Cxarne MPU nocruraercs 3a cyeT yMeHblueHUst 00beMoB B, M B),-, a TakKe KOMIAKTHOIO
IPEJICTaBICHUS OIIOPHOTO N300paxkeHust 1,

MeTtoabl KOMIIeHCAMU ABMKeHUs1 kamepbl. [ nporao3upoBanuss MPU npeactaBisiioT uHTe-
pec clenyoomue IepeMeNIeHnsT KaMephl: MONepedHoe (B TIIOCKOCTH, MEPICHANKYISIPHON ONMTHIECKOH

RZ
2w
Y <
Iy Ip E‘i
7Es {T’s}v {T's}n
a 6 8
“““““““““ \\) 3 P’
PIVZ PA34 / PM !
7
SR =,
e = 3
© 2 & = & S
I
I
{T’r}u !
I {Trhu T’p
{TZS}N IB | IP IB IP
2 0 e

5l

3 3
o T T, T
Puc. 2. CxeMBbl IPOrHO3UPOBAHNUSI MHOTOPAKYPCHBIX H300paskeHUI P12 — L 5 [ —S 15 (a), P]%, —L s [ ——51, (0),

2 2 2
RGN Iy @), P@AIB%IP ©), Pfﬁ—ﬂg—rg—ﬂp ©

pY3 {Tz} ; 2/3 7
N/]—>IB—>]P()PN/M P51,

87



OCH), TIPOJIOIBHOE (B MJIOCKOCTH, NEPIEHANKYISIPHOH 00BEKTHON MJIOCKOCTH W INIOCKOCTH KaMephl),
KPEH, TIOBOPOT (TaHTaX), a TAK)Ke MX KOMOMHAINHU. B 3aBHCHMOCTH OT OpHEHTAIIMN OTHOCUTEIHEHO 00h-
eKTHOH TJIOCKOCTH MpPH MEePEeMENICHUN KaMephbl Ha OfHOpaKypcHbIX ¢parmentax MPU mposBisiorcs
pa3augubie 3QGeKTs (B TOM YHCIE B COYSTAHHH): CIBHT; MacIITaOMPOBaHNE; TIOBOPOT; MEPCITEKTUB-
HBIC HCKa)KCHHUSI.

B cranpaprax cxarust MPEG-4, H.264, H.265 [3, 4] dopmupoBanue IporHo3HOro Kajpa ocymecT-
BJIsIeTCsE corytacHo Beipaskenuto (3). Ipenmonaraercs, uto npeobdpasosanue 1 ; SBJISIETCS TIEPEHOCOM
T TZ U ero mapaMeTpsl onpeaessitores ¢ nomousto mukcensHoi (ITKJ) u 6mounoit (BK) kommeHnca-
i aekenus. [epenoc 7, T2 HE YYUTHIBACT U3MEHEHNE MacliTada, TOBOPOT U MEPCIIEKTHBHBIC HCKa-
XKeHus 06azoBoro nzobpaxenwus. [Ipeamnonaraercs, 4To mpocTpaHcTBO GopmupoBanus MPU sBusietcs
IJIOCKOCTBIO B IByXMEPHOM TIPOCTPaHCTBE P2, a CMellleHHe KaMephl He3HAUMTETbHO. DTO CHUKAET d(b-
(dhextuBHOCTH Hcnonb3oBanus [1K/[ m BK /] nns mporuosupoanus MPU. Kpome Toro, B cirydae bK /]
pasnenenue Ha OJOKM OCYHIECTBIsICTCS 0e3 yueTa CTPYKTYpbl H300paxeHus. s MOBBIIEHHS TOYHO-
CTH OJIOUHOM CETMEHTAIlNU UCHOIB3YIOTCS OJOKM HEOONBIIOro pa3Mepa, YTO MPUBOANT K BEIACICHUIO
3HAYUTEIBHOTO YHCIIa OJIOKOB Ha M300paKEHUHU U OOJIBIIOMY 00BhEMY KOJIa MapaMeTpoB Ipeodpa3oBa-
HUs, onpenenstomux B crydyae bK/] cMerienre 6J10k0B Ha OMIOPHOM KaJipe OTHOCHTEIBHO MPOrHO3UPY-
emoro kanpa. [1K/] obecnieunBaeT cpaBHUTEIHFHO MEHBIIYIO TOYHOCTh MPOrHO3UPOBAHMUSI, TIOCKOIBKY
BCE IMHKCENM CMEIIA0TCsl Ha OIMHAKOBYI0 Bennunny. Onaako npu 1K/ dopmupyercs MUHIMATBbHBINA
o0BeM Koja TmapameTpoB Ipeodpa3oBaHus. B ciyuae moBopoTa M MONEPEYHOr0 CMEMICHUST KaMephbl
npu BK/] o0beM koma mapameTpoB MpeoOpa3oBaHMsI MOKET OBITH COKpAIIEH 32 CYET JBYXYPOBHEBO-
ro mpejAcTaBiIeHus napameTpoB npeodpazoBanus (YBK]): rmobanpHoro cMemenus st BceX OJIOKOB
1 JIOKQJIBHOT'O CMEIICHUS AJIs1 KaXA0ro OJIoKa.

JLJ1st IPOrHO3UPOBAHHSI MHOTOPAKY PCHBIX H300paXeHni {1 (r)}(hm) B [5] mpeasioxeHo NpuMeHsITh
METOJIbI TPOSKTHBHON KOMIICHCAIINH ABHUKESHHS KaMephbl, OCHOBAHHBIC Ha NCTIOTh30BAaHUH ITPOCKTHBHO-
ro npeodpaszoBanus 1. ; ONOPHOTO N300paXkeHust [, , MOTYHIEHHOTO B HEKOTOPOM HCXOJHOM PaKypce,
111 (pOPMHUPOBAHUS IIPOrHOZHOTO U300paxeHus [, COOTBETCTBYIOLIETO Ipyromy pakypcy. K mpoek-
THUBHOHM KOMIICHCAIIUU JIBHKeHUs1 oTHOCcATCs kajpoBas (KKJ]I[), cermentrnas (CK/l) u mpousBonHbIe OT
cerMeHTHOM nByxypoBHeBas cermenTHas (YCK]l) n oobexTHas (OK/]) komnencanuu npuxenus. [lpu
KK/l onpenenstirorcst K03(hGUIUEHTHI POEKTUBHOTO MpeoOpa30BaHUsl OHOPHOro H300paxeHus 1,
B nporuosupyemoe uzoopaxenue / . [Ipu CKJl ko3 duiineHTsl MPpOSKTUBHOTO MPeodpa3oBaHUs OIpe-
JEISI0TCs AN KaKJ0ro cermMenta. IIpy moBOpoTe M MONEpeuHOM CMEHIEHWH KaMmepbl dQQeKTHBHA
YCK/I, ucnonp3aytomias riodanbHbie KOd(QOUIIHEHTH TPOSKTHBHOTO Mpeo0pa3oBaHUs I BCEX Cer-
MEHTOB U JIOKaJIbHBIE KOA(hGUIIUEHTHI 1715 Kaxkaoro cermerTa. [Ipu OKJl mpenmonaraeTcs, 4To Tpaek-
TOPHsI TIEpEMELICHUsT KaMepbl U PAcCTOSHUS 10 0OBEKTOB, MPOCLUPYEMBIX Ha BCE CEIMEHTHI Kazpa,
M3BECTHBI WJIH MOTYT OBITH OTIpeAeNeHbl. B 3ToM cirydae popMUpOBaHUE MPOTHO3HOTO KaJIpa OCYIIECT-
BIISIETCSI, COTJIACHO BBIPAXKCHHUIO (2), AJIs1 KOTOPOTO OMPEACISICTCS BEKTOP MEPEMEIICHUS KaMEPBI.

Ouenka 3()peKTHBHOCTH METOA0B KOMIEHCAIINH IBHKEHU I TTPOU3BE/ICHA HA OCHOBE XapaKTepH-
CTHK BBIYUCIHTEIBHON CIIOKHOCTH U 00beMa By Koja NpOrHo3upoBaHusL.

B nopsiake yBesMueHHsI BBIYUCIUTEBHON CIOKHOCTH METObI KOMIICHCAIIMH JIBUYKCHUS PaCIIoia-
rarorcs cieayromum oopasom: ITK/1, BK/I, YBK/, KK/, CK/I, YCK I, OK/I.

JUtst oueHKE 00beMa By Koxa MpOrHO3MpOBaHUS IS Pa3IMIHBIX METOIOB KOMIICHCALIMH [IBHIKE-
HUS UCHOJIb30BaHbI TECTOBBIC BEICOKOKOHTPACTHBIC (hparMeHThl n300pakeHus pazmMepom 32 x 32 muk-
censi. UeTBEePTYIO 4acTh TUIOMIAIN 3THX ()ParMEHTOB COCTABIISIOT CETMEHTHI Pa3INYHOTO YPOBHS SPKO-
CTH U pa3mMepa (Bcero 7 CErMeHTOB — 5 CErMEHTOB TUIONIAJIbI0 | MHUKCeINb, | CerMeHT Iiomaapo 5x 5
nukcenei, 1 cerment miomanpio 13 x13 nukceneit), pa3MelieHHbIE HAa OMHOPOIHOM (OHE U MPEACTaB-
JSIOIIHE COO0H MPOEKIMH 00BEKTOB, PACTIONIOKEHHBIX Ha PA3JIMYHOM PACCTOSTHUHU OT KaMephl.

Jlis pa3HBIX METOIOB KOMIICHCAIIMY JIBIDKEHUS C yUeTOM pa3mepa ¢parmeHTa m3odpaxkenus (32 x 32
nuKcens) 00beM B~ Kozja IapamerpoB IpeoOpa3oBaHHs onpeneneH ciexyromum odpasom. s K]
By =2x5=10 6urt, ucxoast U3 TOro, YTO BO3MOXKHBI CMEIICHUS H300paskeHHs 110 BEPTUKAIH U TO-
PU3OHTAIN B IIpejieax paccMarpusaemoro ¢pparmenta 32 x 32 mukcenst. st BKJ By, =64 x 6 =384
OuTa, ucxos u3 pasmepa Omoka 4 x 4 mukcens, unces 0mokoB 8x8 =64 u 3+3 =6 OuT, HEOOXOTUMBIX
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JUIs KOAMPOBAHUS CMelleHui 010KoB 1o Beptukanu u ropuzontanu. s KK/ By, = 8x5=40 owur,
UCXO/Isl U3 KOJIMYeCcTBa KOA(PPHUIIMEHTOB MAaTPHUIIBI TIIOCKOH roMorpaduu (8 koa(PUIIMEHTOB) U YnCia
out Ha ux xoguposanue (5 6ut). Ans CKJ By, =8x8x5=320 0ut, ucxons u3 4ucia cerMeH-
TOB Ha (hparmente (8 cerMeHTOB, BKJIIOYasi (OH), KOIMUECTBAa KOI(Y(ULUHUEHTOB MATPULIBI MIOCKOH
romorpaduu (8 koadduireHToB) u yncia 6ut Ha ux koguposanue (5 6ut). s YBKI Byr =(2+2) +
64x(242)=260 Out, UCXOIS U3 TOrO, YTO HA KOTUPOBAHHE TI00AIBHBIX M JOKAJIBHBIX MapaMeTPOB
Boiensiercs no 2 oura. s YCKI By =8x3+8x8x3=216 6ut, ucxons u3 Toro, 4To Ha KOIUPO-
BaHUE INI00AJIBHBIX U JIOKAJIBHBIX apaMeTpoB Beiaessiercs 1mo 3 outa. st OK By, =6x5=30 oOur,
HCXO[IS M3 TOTO, YTO JUISI ONIPEIEIICHHS IEPEeMEIeHN S M OPUSHTAIH KaMephl B TPEXMEPHOM IIPOCTPaH-
CTBE HEOOXOaUMO 6 mapameTpoB (YIJIOBBIE M JHHEHHBIC NMEpEeMEeNIeH s 110 TPeM KOOpAMHATaM), IS
KOJUPOBAHMS KaXKJIOTO U3 KOTOPBIX IOCTATOYHO 5 OUT.

Jluist otieHKH o0bema B kopa ommbKy MPpOrHO3MPOBAHUS JUIS PA3INYHBIX METOIOB KOMIICHCAIINH
JIBUKCHUSI HA OCHOBE TECTOBBIX ()ParMEHTOB M300PaKCHUS C MOMOMIBIO MEPCIEKTUBHOIO MPOESKTHB-
HOro TIpeoOpazoBanus T ;P, cornacHo Beipaxkeruto (1), moxydenst MPU {I (r)ﬁrzm)z B YCJIOBHUAX
pasHBIX TEOMETPHUYECKUX Mojelieil mpoctpancTBa GopmupoBanuss MPU u pas TpacKTOpUu
JBOKeHUsT Kamepbl. CormacHo BeIpaxkeHUsM (2), (3), ¢ moMoIbio Tpeodpa3oBanus nogoous 1 Sz U Opo-
eKTHBHOTO TpeobpasoBanust 1, chopMHPOBaHEI IPOrHO3HBIEC H300paxeHus. C HCMOTB30BAHUEM BbI-
paXKeHus

MYHBL

Cp =Py /(YX) ®)

onpezneneH Ko3ddunueHT omubok, rae P, — uucno nukceneit ¢ omubkamu; Y, X — pa3mep ¢pparmeHTa
n300pakeHMsl 110 BEPTHKAIN U TOpu3oHTanu. st onpeneneHust o0beMa Kojia yuuThIBaeTcsi OuToBas
riryOnHa gparMenTa n3o0paxkeHui 6 OuT (5 ypoBHEH SIPKOCTH CETMEHTOB, BKJIt04ast QPoH, 4 YpOBHS sIp-
KOCTH Ha TPaHHIaX MEXAY cerMeHTaMu U (oHoM, 10 ypoBHEH SIpKOCTH Ha TpaHULAX MEXIY APyTUMHU
4 cerMeHTaMH, CTOJIBKO XK€ YPOBHEH SIPKOCTH PE3ePBUPYETCS JJIsi HOBBIX CETMEHTOB, HOSIBIISIOIIMXCS
TIpH TepeMerieHun KaMepsl). Torma, ucxoms n3 koddduimenTa omuook, pasmMepa dpparMerTa n3obdpa-
xernst (32x32 mukcens) u koddduunenta cxarusiomnoku (1,5 pasa [6]), onpenensercst oosem B
KOJIa OITMOKH MTPOrHO3UPOBaHUS (B OMTAX):

Ha ocHoBe 00beMOB B, U B~ C UCHOJIb30BAaHUEM BBIPAXKCHHUS (2) ISl pa3IMUHBIX MOJETIeH Impo-
crpancTB popmupoBanuss MPU 1 BUIOB ABHXKEHHs KaMepbl onpeselieH 00beM By Koma mporHosupo-
BaHUs IPU PA3IMUHBIX TPACKTOPUAX IEPEMEIICHHUS KaMepbl. B kauecTBe mpumepa Ha puc. 3 mpuse-
JIeHBI 3aBUCUMOCTH 00beMa By Koma MpOrHO3MPOBaHMs OT BEIUYHMHBL S TOPH30HTAIBHOIO CMEILICHHSI
U PacTSHKEHUS] HUKHEH I'paHHIbl ONOPHOIO M300paKEHUs NMPH HONEPEYHOM M IPOJOJIEHOM IepeMellie-
HUU KaMepbl B IPOCTPAHCTBE Pl3.

Puc. 3. 3aBucumoctu 06beMa By Kojia MPOrHO3UPOBAHUSI OT BEJMYHHBI S TOPH30HTAIBHOTO CMEIICHHS U PACTSKCHUSI HUKHEH
3
I'PaHHIbI OTIOPHOTO U300PAKECHHS IIPH HOIIEPEUHOM (a) U IMPOJOJILHOM (0) IIEpPEMEIICHUAX KaMepPbl B IPOCTpaHcTBE F
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Ha ocHOBe MoJyYeHHbIX 3HaueHuii 06beMa By Kola mporHo3MpoBaHus IPOU3BEICHO PAHKUPOBA-
HHE METOIOB KOMIICHCAIINH ABHXEeHUS (Tabi. 1). MakcumManbHOMY peHTHHTY B Taba. 1 COOTBETCTBYET
MUHUMAaIbHOE 3HaueHne obbeMa By koma npornosuposanus. [lonepeynoe, NPOIOIBHOE JBUKECHU,
KpEeH, IMMOBOPOT (TaHTaxx) o6o3naueHsl OykBamu I1, B, K, T cooTBeTCTBEHHO.

W3 tabin. 1 cienyet, 94TO MpH yCPEeOHEHUHU 1O pocTpaHcTBaM dopmupoBanus MPU makcumans-
HEI peiiTuHT oOecieunBaeT OK/] (6,6 6ama), mMeromas HAanOOIBITYIO0 BEIYUCIUTEIHY IO CJ'IO)I(HOCTL
OKCNepUMEHTAIBHO YCTaHOBJIEHO, YTO MPH MPOJOIBHOM NepeMeIIeHNH KaMephl B IPOCTPAHCTBE E
W pacTsHKCHHH HIDKHEW TpaHUIlbl n300pakeHns Ooyiee 4eM Ha IHKCEINb, MPOJOIFHOM MEpEeMEeIeHUH
KaMEPEI B IPYTHX NPOCTPAHCTEAX, & TAKXKE IPH KPEHE KAMEDHI Oonee 2 rpaj v MONIEPEYHOM €€ TepemMe-
IICHUH BO BCEX MPOCTPAHCTBAX, KPOME P1 , OK/l obecrieunBaeT yBenudeHrne KodhuIineHTa CxxaTus
1o 5,9 paza mo cpasaenuto ¢ KK/I; no 7,2 paza mo cpasaenuto ¢ YCK/I; no 10,4 pa3a mo cpaBHEHUIO
¢ YBK/I; o 10,7 pa3a no cpasrenuto ¢ CK/I; o 14,5 pa3 mo cpasuenuto ¢ bK/I; no 20,9 pa3 no cpas-
Heuuto ¢ [IKJ[. B ocranpHbIX cilydasix, B TOM YHCIE MPHU TOBOPOTE KAMEPHI JJIsi BCEX MPOCTPAHCTB
dhopmuposanuss MPU, OK/] obecnieunBaeT MeHbIIHH KOXDDUIUEHT cxkaTus 1o cpaBHeHuto ¢ [TK /I,

Tab6nuna 1. PeiTHHT MeTO0B KOMIIEHCAIMY IBUKEHHS 110 00beMY KO/Ia IIPOTHO3HPOBAHUSI

Mopens npoctpancta popmupoBanus MPU
Meron c o
KOMIIEHCAIIUU PEAHHHI R? P P? Pl/zl/z
peduTUHr
JBHOKCHH S

IT B K IT B K T IT B K T I B K T

K/ 4,677 7 5| 1714547 |17 |7 |6 15|17 |7 |45 |15]1-7|7
BKI 1,339 1 12 | 12 1 1 121 1 1 12 .12 1 1 12121
KK 5,210 5 6 5-6 6 56 | 56| 5 | 5 6 5-6 | 5 6 6 |5-6|5
CKI 2,516 2 2-3 | 23| 23 2 2-3 | 2 2 123123 |2 |23 (23|23]|2
OK/J] 6,597 6 7 67 7 67 | 67 | 6 |7 7 6-7 | 6 7 7 | 67| 6
YCK/ 4,516 4 4514514545 |45 4|4 |45|45 |4 |45 |45]|45] 4
YBKJ 3,371 3 3-4 | 3-4| 23 3 3-4 |3 |3 |34 |34 |3 |23|34(34]|3

Mogenb mpocTpancTsa hopmuposanus MPH
Meron
KOMIICHCAIIUH Piﬁ P,a, 1’1%; P,\z,ﬁ,,
JIBUKCHU S

IT B K T I B K T IT B K T I B K T

KA 2-5 -5 | 1-7 7 2-6 | 1-5 | -7 | 7 |2-6| 15| 1-7 | 7 | 2-6 | 1-5| 1-7 | 7
BK/] 1 12| 12 1 -3 |12 (121 (131212113 |12|12]1
KK 6 5-6 | 5-6 5 1-5|45 (56| 5 |1-5(45|56 |5 |15 (45565
CKI 2-3 2-3.| 23 2 2-5 134 |23 |2 (25|34 |23 |2 |25|34|23|2
OK /] 7 7 67 6 7 7 67| 6 7 7 67 | 6 7 7 67| 6
YCK/], 4-5 4-6 | 4-5 4 | 46|56 |45| 4 |46/56|45 |4 |4-6|56|45]|4
YBKJ 34 34| 3-4 3 3-5 35|34 |3 [35|{35|34|3|35|35(34]|3

Crnenyromas no pertunry — KK/ (5,2 6anna), nmeronast CpeAHIOI0 BBIYUCIUTEIBHYIO CIOXKHOCTb.
Ee HenocTaTkoM SIBIsiCTCS YXY/IICHHE XapaKTEPUCTUK CKATHS MPU OONBIIUX MPOJONBHBIX U IOIIe-
PEYHBIX MEPEMELICHUSIX KaMepbl B IpocTpaHcTBax ¢popmupoBanust MPU P,;, P/ZA/j , PZ/ > VcTaHoBIIE-
RQ: J#OGpMIpOSIONEHOM NEPEMENCHHH KAMEDEL B IIPOCTPAHCTRAX P1 , P2 u Plz/ } npn MOTIEPEYHOM
MIEPEMEIIEHNH KaMepbl B IPOCTPAHCTBAX P1 , 1/1/ *n P]\%l3 , KpeHe KaMepsl 6onee 2 rpaz BO Bcex Ipo-
ctpanctBax ¢opmupoanusi MPU KK/ ycrynaet Tonsko OKJI, oGecrieunBasi mpu 3TOM yBEIHUCHHE
koa(ummenTa cxxatus no 15,7 pasa mo cpasuenuto ¢ [IK/I. [Ipu monepeunom mepeMeneHny KaMephl
B IIPOCTPAHCTBAX Pl2 u P;, MOBOPOTE M KPEHE KaMephl MeHee 2 I'paj] BO BCEX MPOCTPaHCTBaX HopMu-
posanuss MPU KK/ ycrymaer OK/] u [1K /I, obecrieunBast yBenuduenne kodppuiiuerTa cxxatus 10 9,6
pasa o cpaBuenuto ¢ bK/I.
Hanee no petitunry cienyet [IK/] (4,7 6anna), uMmeromnas MUHUMATbHYIO BRIYUCIATEIFHYIO CIIOXK-
HoCTh. [Ipu sTom ITIK/] mumrs He3HAUNTENHFHO YCTYTaeT, a HHOTJA U MPEBOCXOAUT O 3(hPeKTUBHOCTH

OKJI mpu ManbIX CMEUICHUSX KaMephbl JJII HEKOTOPBIX MoJeJiell TpocTpaHcTB GpopmupoBanus MPU.
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YCTaHOBIICHO, YTO MPH MONEPEYHOM MEPEMEILECHUH Kamepbl I MOJCIH Plz, MOBOPOTE M KpEeHEe Ka-
MepBI 10 2 Tpaj BO BCEX MPOCTpaHCTBax GopMupoBanuss MPU, mpomorsHOM MepeMeIeHnH KaMephbl
B IIPOCTPAHCTBE R3 Y pacTSHKeHWH HUXKHEH rpaHunsl n3oopaxkenus no 1,3 mukcens 1K/ mpesocxo-
JUT ApyTHE METOABI KOMIIeHcauu aBuxkeHus, Bkiroyass OKJl, u obecnieunBaet yBenunuenue koddpdu-
1ueHTa cxkatus a0 38,4 paza o cpasHenuto ¢ bK/I.

Crnenytromas mo peiitunary — YCK/ (4,5 Oanna), mmeromasi CpeTHIOI0 BBIYHCIUTEIBHYIO CIIOXK-
HocTh. Pefitnnr YCK/] moutu B 2 pasa Beime perituara CK/l, umeromeil mpakTHYeCKH TaKyIo JKe BbI-
YUCJIUTENBbHYIO CIOKHOCTh. YCTAHOBJIEHO, YTO IMPH MONEPEYHOM MEPEMEIICHIN KaMepbl B MPOCTpaH-
CTBax PAj , Pﬂ;, Pj@ U CcMeIleHun n3o0paxkeHus: Oonee yem Ha Tpu nukcenss YCKJ ycrynaet
toibko OKJI, oOecnieunBasi yBennveHne kodpuiimerTa cxxarus 1o 2,7 pasa no cpaBHenuro ¢ [TK]]
u 10 2,3 pasa o cpaBHeHuto ¢ bK/I.

Hanee mo peittunry cienyoT YBK/ (3,4 6anna), CK (2,5 6amra) u BK] (1,3 6amma). Xapak-
tepuctuku YBK/] u BK]] nocratouno ctaOMiIbHBI KaK IPU MaJbIX, TaK U IPU OONBIINX CMEIEHHIX
KaMephbl, €CIIM 00JacTh IIOMCKA CXOXKHX OJIOKOB Ha OIOPHOM M300pakeHnH He orpanndeHa. C y4eTom oT-
HOCHUTEIFHO HEBBICOKOW BBIUMCIUTEIBHON ciioxkHOCTH Y BK/] MokeT ObITh 2(hpekTHBHA TIPH OOIBITHIX
CMEIIEHUAX KaMephl B Cllyyae OTCYTCTBHSI OIrPaHMYEHUN Ha pa3Mep 00JaCTH MOWCKAa COOTBETCTBHUA,
koraa [TK /I npuBoaUT K 3HAYUTEIIBHON OIIMOKE MTPOrHO3UPOBAHUSI.

ApanTuBHAsi KOMIleHcauus ABM:KeHust. Onenka 3QpQekTUBHOCTH NOKa3ala CyIIECTBCHHYIO 3a-
BUCUMOCTb Ko3(dunuenta cxarust MPU oT BBIYMCIUTENBHON CI0)KHOCTH METOJIOB KOMIICHCALIUH [IBU-
JKEHUsI, TpocTpancTBa popmupoBanuss MPU u TpaekTopuu nBrKeHHS KaMepsl. [loaToMy akTyabHOMH
ABIIIETCS 3a7a4a pa3paboTKu anropuTMa U cxem konumposanus MPU ¢ aganTHBHBIM MPOrHO3WPOBa-
HUEM C Pa3IUYHON BBIUUCITUTEIBHON CIIOKHOCTHIO: HU3KoM (Ha ocHoBe [TK /I u BK /1), cpenneii (Ha oc-
noe 1K /I, YBK/I, KK/, CK1) u Beicokoii (Ha ocHoBe [TK/JI, YBK/, KK/, VCK, OK[).

Aunroput™m koguposanust MPU ¢ aganTUBHBIM IPOrHO3UPOBAHUEM COCTOUT U3 CIEAYIOIIUX IIaroB.

1. Beibop mozenu npoctpanctsa hopmupoBanusit MPU. Onpenensiercst 3HadyeHue uIeHTUPHKATOPA
Sz Monenu npoctpanctsa Gpopmuposanus MPU ¢ momoribio Tabir. 2.

TaGnuua 2. 3Hauenns: uxeHTHGUKaTOPa S)/p/

Mopens npoctpanctsa popmupoBanus MPU R2 P,3 P,% ];1?1/3 Pﬁﬁ P/& PI%; stﬁw

Sumr 1 2 3 4 5 6 7 8

2. Omnpenenenne TpaeKTOPUH ABMKCHIS KaMepbl. JlJIst 9TOro MOTy T HCIIOJIb30BaThCS IaHHBIE Teje-
METPHH HOCHTEJNS, Ha KOTOPOM YCTaHOBJIEHA Kamepa. Onpenensercs 3na4eHne uaeHtuduraropa Seq,
JBUKEHUSI KAMEPBI ¢ TOMOIIBIO Ta0i. 3. [Ipu 3TOM y4HTHIBAETCSI BO3MOXKHOE KOMOMHHUPOBAaHHOE TIepe-
MeleHue KaMepbl (HalpuMep, MPOAOIBHOE C KPEHOM MJIH MONEepPEeYHoe, MPOIOIBHOE C IOBOPOTOM H T.1.).

Ta6nuua 3. 3navyenus upenTupuraropa Sy,

Tpaextopns nepoleficny Unentuduxarop Scy

e 01 | 02]03[04|05|06][07 0809|1011 |12]13]14]]15
[lonepeunas X - X - X - X - X - X - X - X
[IpononpHas — X X — — X X - — X X - - X X
[ToBopoT - - - X X X X - - - - X X X X
Kpen - - - - - - - X X X X X X X | X

3. Beibop MeTona KOMIeHCAuH IBUKECHUS.

4. KomneHcarus apmxenns. Ha ocHoBe onopHoro [ u nporuosupyemoro / u3odpaxenuii popmu-
pyeTcs IporHo3HOe H300pakenue [p M OMpeneNsoTCs TapaMeTphl Tpeodpasosanus Iy .

5. Beruucnienue omuOKy MPOTHO3UPOBAHUS.

6. KogupoBanue omuOKy TPOrHO3UPOBAHHU S, 00CCIICUNBAIOIIEE CKATUE 32 CUCT YCTPAHCHUS U30bI-
TOYHOCTH U 3¢ dexTuBHOrO KOgUpPOBaHMS. POPMUPYETCS KOJ OLIMOKH MPOrHO3UPOBAHUS, 00BEM KOTO-
pOro oleHHBaeTCs 3HaUCHHEM By .
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7. KonupoBanue napameTpoB mnpeodpazoBanus. GopMupyeTcst KO napaMeTpoB rpeoOpa3oBaHus,
00bEM KOTOPOI0 OLICHUBAETCS 3HaUeHUEM B - .

8. MyJIBTUILICKCUPOBAHHUE KOJIOB OIIMOKYM IMPOTHO3UPOBAHHS M IapaMETPOB IpeoOpa3oBaHUSL.
dopMupyeTCsl Pe3yJIBTUPY IO KOJI KOMIIAKTHOTO MPEICTABJICHUS TPOrHO3HOTO W300paKeHUs, 00beM
KOTOPOI'O OLIEHUBAETCS 3HAUCHHEM By

Br160op MeTo/na KOMIICHCALIMK JIBHIKEHUS JJ1sl KogupoBanuss MPU ocyinecTBiiseTcss Ha OCHOBE peii-
THHTOB U 3aBHCHUMOCTEH 00beMa Koma OMMOKHU IMPOrHO3UPOBAHUS U TTApaMeTPOB MPeoOpa3oBaHUs OT
TPaeKTOPUH TIEPEMEIICHHS KaMepbl. BEIOOp METOMOB KOMITCHCAIIMH IBHYKCHHS CPEIHEH BEIYHUCITUTEh-
HOW CIIOXHOCTH B 3aBUCHMOCTH OT YCJOBHH ompezaenseT Ta0n. 4. B Hell UConb30BaHbI CeIyIONINE
o6o3znauenus: I1 gs [TK/; K qnsg KK/I; b mrs YBK/I; C nnsg CK/.

Tabnuuna 4. BblﬁOp METO/10B KOMIICHCAIIUU IBUKCHUS cpem{ei’l BbIYNCJIUTETbHOH CJI0KHOCTH

TpaexTopus nepeMeIeHns KaMephbl Tpocrpanctso hopmuposanus MPU ( Sy )
S,

B ol Rl el 0 R O I B I o it R
01 X | k' | K" | wk' | K" | mwx! I/K! I/K! I/K!
02 X - I I n I jn I I
03 X X - | K" | k' | /K" | K I/K! /K! /K!
04 X K |IUK?| K K K I1/b/K* I1/B/K* I1/B/K*
05 X X K |IVK*| K K K I/B/K> I1/B/K3 I1/B/K>
06 X X - |mK*| K K K I1/B/K* I1/B/K* I1/B/K*
07 X X X - |K*| K K K I1/B/K> I1/B/K> I1/B/K>
08 X I K I K K | TI/B/K/C® | TI/B/K/C® | TI/B/K/C®
09 X X | K | K | TI/K! K K I/B/K/C7 | TI/B/K/C7 | TI/B/K/CT
10 X X - K I K K | I/B/K/CS | TI/B/K/CC | TI/B/K/C®
11 X X X - K I K K I/6/K/C7 | TI/B/K/C7 | TI/B/K/CT
12 X X K K K K K I/B/K/C¥ | TI/B/K/C® | TI/B/K/C®
13 X X X K K K K K | I/B/K/C° | TI/B/K/C? | TI/B/K/C°
14 X X X — K K K K | I/B/K/CY | TI/B/K/C® | TI/B/K/C?
15 X X X X — K K K K II/B/K/C° | TI/B/K/C° | TI/B/K/C°

! Tpu kpene 1o 2 rpax — K]

2 TIK T ipu pacTsKEHHHI TPAHHIIBI H300paKeHUs 10 3 THKCENeH.

3 TIpn xpene 110 2 rpanx — ITKJI, npu kpene 6onee 2 rpax — ITK T npy pacTsSykeHUH T'PAHUIB H300pasKEHHs 10 4 MUKCeeH.

4 TIKJI npu pacTseHHU TPaHUIbI H300paxeHus 10 3 nukcenei, YBKJ] npu pacTsKEeHHH IPAHHIBI H306paKeHHs
ot 3 1o 5,5 mukceneit, KK/I mpu pacTspkeHUN rpaHUIBl H300paKeHHS OT 5,5 MHUKCemnei.

3 [IKJI npu pacTsKeHHH IPaHUIIB H300paXKeHus 10 3,5 NuKceNnei  KpeHe 10 2 Tpajl, IPH PACTSIKEHHH FPAHHUIE H30-
OpaxxeHus OT 3,5 mUKceNen wim KpeHe oonee 2 rpai (cm. 1. 4).

6 TIK ]I nipu cMemenyn u3o0paxenus 1o 4 nukceneit, KKJI npu cMemennn n3obpaxenus ot 4 1o 6 nukceneit, YBK]I
MpH CMeIeHnn u300pakenns ot 6 1o 7 nukceneit, CKJ{ npu cmeieHnu n300paxeHus OT 7 MHKCeIeH.

7 IIKJT upu cMeIneHry 1300paskeHnst 10 5 muKceneil 1 KpeHe 10 2 Tpaj, IpH CMeIeHHH H300pakeHus Gonee 5 mMukce-
neit unu kpere 6omnee 2 rpan (M. 1. 6).

8 [TKJI ipu pacTsKeHHHU MPaHUIIBI H300paKEHUs 10 3 THKCeNel i MpH CMeIeHHH n306pakenns 10 5 mukcenei, YBK]
MIPH PacTsHKEHUH TPaHMIIBI H300pakeHus oT 3 10 5,5 mukcenell u cMerieHnn n3odpaxenus ot 4 nukcene, KK/l npu pac-
TSOKCHUH TPAHUIIBI H300paXeHUS OT 5,5 MUKCeNel U CMEICHUH N300pakeHUs 10 7 MUKCEIeH.

9 TIK I ipy pacTsKEHHH IPAHHUIE H306paKEHHs 10 3 THKCETeH, CMEMEHNN H300pakeHIs 10 5 muKceneil H KpeHe
10 2 Tpajl, npu KpeHe Kamepsl 6osee ueM Ha 2 rpaj (cM. 1. 8).

Ha puc. 4 nmpuBenens cxembl konepoB MPU ¢ aganTHBHBIM MTPOTHO3UPOBAHNEM HAa OCHOBE KOM-
TIEHCAINHN JABUKCHHS CO CPEIHEH BBIUMCIUTENBHON CIIOKHOCTHIO. DKCIEPUMEHTAIbHO YCTaHOBIIECHO,
yTo amantuBHBIA Kozxep Ha ocHoBe [IK/[ m BK]l (MMerommii HU3KYIO BBIYHUCIHTENBHYIO CIOXKHOCTH)
oOecrnieunBaeT yBenndeHne kodpduirenta cxarus 1o 2,8 pa3a 1Mo CpaBHEHUIO C KOJACPOM Ha OCHOBE
ITK/I u no 38,4 pa3za o cpaBHeHuio ¢ kogepom Ha ocHoBe bK/I. AnantuBHbiit koaep Ha ocuose [TK/I,
YBKA, CKJ u KK/I (uMmeromuii CpeHIOI BBIYHCIUTEIBHYIO CIIOKHOCTH) 00€CIeUrBACT yBeIUYe-
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Puc. 4. Kogep MPU ¢ aganTuBHBIM IPOrHO3MPOBAHUEM Ha OCHOBE KOMIIEHCAIINH JIBUKCHHU S
CO cpe/iHeH BBIYMCIHUTENBHOHN CI0KHOCTBIO

Hue KodduIeHTa cxKaTus 10 5,7 pa3a Mo cpaBHEHUIO € KoxepoM Ha ocHoBe [IK], mo 21,6 paza
1o cpaBHEHHUIO ¢ koaepoM Ha ocHoBe YBK/I, no 32,0 pa3a mo cpaBHeHuio ¢ kogepoM Ha ocHoBe CK/I,
10 4,0 pa3a no cpaBHeHHUIo ¢ kogepoMm Ha ocHoBe KK/I. A manTusHblil konep Ha ocHose IIKJI n OKJI
(MMErOIIHiT BRICOKYIO BRIYHUCIUTEIBHYIO CJIOKHOCTE) O0ECHeInBacT yBeInUeHne KOd(PPUIIHESHTA CxKa-
TH 10 5,9 pasa 1mo cpaBHEeHHIO ¢ KogepoMm Ha ocHoBe KK/I; mo 7,2 pa3a mo cpaBHEHUIO ¢ KOJIEPOM Ha
ocHoBe YCK/I; mo 10,4 pa3a mo cpaBHeHuto ¢ kogepom Ha ocHoBe YBK/I; mo 20,9 pasza mo cpaBHEHUIO
¢ IIK/I; mo 3,0 pa3a no cpaBHeHu!0 ¢ kogepoM Ha ocHoBe OK/I.

3akJuroyenue. PazpaboTansl reoMeTpuyecKkrue Moaenu (OPMUPOBAHHS U TPOTHO3UPOBAHUS MHO-
rOpaKypcHBIX M300paskeHuil. OHH IO3BOJUIIHM ONMPEJCITUTh 3aBUCUMOCTH Koddduimenta cxxatusi ot
YCIOBUH (OPMHPOBAHUSI MHOTOPAKYPCHBIX U300paKeHHI U TPACKTOPUHU MEPEMELICHUS KaMmephbl JJIs
Pa3IUYHBIX METO/IOB KOMIICHCALINHU IBUKEHHUSI U pa3padoTaTh aJrOPUTMBI U CXEMbI KOIIMPOBAHUSI MHO-
TOpaKypCHBIX M300paXKEHUH C aJallTUBHBIM IPOTHO3MPOBAHMEM HA OCHOBE KOMITEHCAITMH JIBHIKEHUS
C Pa3IMYHON BBIYMCIUTENHHON CIOKHOCTHIO. [Ipon3Benena onenka 3(h(heKTHBHOCTH KOJIEPOB MHOTO-
PaKypCHBIX H300paXKEHUH ¢ aJalITHBHBIM MPOTrHO3UPOBAHUEM.
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