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Pa3p360TKa METOAUKHU ONIPEACTCHUSA MPOCTPAHCTBEHHOI'O

PACIOJI0KEeHHs] HITH B TPEXMePHOii TKaHH'

NBanosckuit Bnagumup Anekcanaposnud

AHHOTamus. B pamkax aBroMaTu3alMd KOHTPOJS KauyecTBa M3JAEIUI U3
KOMIIO3UTHBIX ~ MaTepuajioB  pa3paboTaHa  METOAMKA  paclo3HaBaHUs
apMUPYIOIIUX 3JIEMEHTOB B CTPYKTYpE TPEXMEpPHOI TKaHU. B kauecTBe crocoba
NOJIy4eHHUs] MH(OpPMAMU O TOTOBOM apMHpyloleM Monydadpukare NpuMeHEH
METOJI KOMITbIOTepHOU Tomorpaduu. IIpeasioxkeHHass METOAMKAa OCHOBaHa Ha
pacno3HaBaHWMM HUTU 1O €€ CEYCHUSIMU Ha MONEPEYHbIX IIOCKOCTAX
pacro3HaBaHHU.

Kurouesrnie cioBa. KoMIIO3UTHBIE MaTEpPHUAIIBI, TPEXMEPHBIE TKaHH,

ABTOMATHU3alusAa KOHTPOJISI Ka4uCCTBaA.

Ha cerognsmHuii OeHb CyLIECTBYET 3aZadya CO3JAHUsA LIEJIbHOTKAHBIX
TPEXMEPHBIX APMHUPYIOIIMX CTPYKTYp Uil IPOM3BOJACTBA KOMITO3UTHBIX
matepuaios [1,2].

3asBIICHHBIE CBOMCTBA U3JEIUIN U3 KOMITO3UTHBIX MAaTEPUAIIOB, B KOTOPBIX
UCIIOJB3YIOTCS TPEXMEPHBIE LEJIBHOTKAHbIE apMUPYIOLIME HAMOJHUTENIN, B
3HAQUUTEJIIBHOM  CTENEHU  3aBUCAT OT  IPABUIBHOIO  I€OMETPUYECKOIO
pAaCIIONOKEHUSI APMUPYIOLIMX DJIEMEHTOB, TAK KAK WX OPUEHTALMS JOJDKHA
CTPOTO COOTBETCTBOBAThH HANIPABJICHUSIM CHJI BHEIIHETO Harpyxenus [3,4].

ApMUpPYIOIIMI  HANOJHUTENb TaKUX W3IEIUN MpeAcTaBisieT coOoi
TPEXMEPHYIO TKAaHb CO CJIO)KHOW BHYTPEHHEUW CTPYKTYPOW, MCKIIFOYAIOIIUN

KOHTPOJIb PACIIOJIOKCHUA apMHUPYIOIINUX 3JICMCHTOB BU3YAJIbHBIMH MCTOJAMMH.

! PaGora BbImOTHEHA MTON PYKOBOZACTBOM JI.T.H., mpod. C.H.Turosa



B cBow ouepenp, wu3genus W3 KOMIIO3UTHBIX MATEPHAIOB  C
HENbHOTKAHBIMH ~ TPEXMEPHBIMH  CTPYKTypaMH HaxoAsT Bce Ooibliee
NpUMEHEHUE, a KOHTPOJb KayecTBa TaKUX M3JACNIUNA, OCOOEHHO B
aBMAaKOCMHMUYECKOW OTpPACIi, CTAHOBUTCS BCE 00JIee aKTyalbHBIM.

OcHOBHOIl HJeell peleHus 3aJadyd  KOHTPOJIA T'€OMETPUYECKOTO
pAacCIONOKEHUSI DIIEMEHTOB CTPYKTYPbl HM3TOTOBIIEHHOM TPEXMEPHOM TKaHU
ABJISIETCS POBEICHUE CPABHUTEIBHOIO AHAJIN3A C €€ KOMIIBIOTEPHOU MOJENBIO.

C oTol Henbro MpeajaraeTcss METOJMKA pPACIO3HABAHUS —KaxKIOTro
apMUPYIOLLIETO 3JIEMEHTa (HUTH) U OINpEACNICHUS €€ MPOCTPAHCTBEHHOTO
T€OMETPUYECKOTO PACIIONOKEHUS.

HccenenoBanus CylIeCTBYIOIUX, HEPA3PYIIAKOLIIUX METONOB IOIYYECHUS
uH(pOpMaIMU O BHYTPEHHEH CTPYKTYype MOKa3alld, YTO HauOoJiee MOAXOASIINM
B JIaHHOM Cllydae sIBIISIETCS METOJ KOMIbIOTepHOW ToMorpaduu [5,6].
IIprMeHeHne JaHHOIO METO/A MO3BOJIMIIO IOJIYYUTh Pl TOMOTPAMM T'OTOBOIO
TKaHOTO Tonydadbpukara, MalOIMX BO3MOXKHOCTh CHHTE3UPOBATH M3 HUX
TPEXMEpPHBI MacCHUB 3HAUYEHUU OTTEHKOB CEpOro IIBETa, T.€. H300paKeHue
TPEXMEPHOM TKaHM B pPacTpoBOM BHAE. Bekropuszauus MNOJIYYEHHOTO
TPEXMEPHOTO MAaCCUBA, T.€. BBIAEIECHNE U3 ATOTO MacCHMBa apMUPYIOIINX HUTEN
B BEKTOPHOM BHJE, T[O3BOJSIET pa3paboTaTb METOAMKY CpaBHEHHS
IIPOCTPAHCTBEHHOI'O  PACMOJIOKEHUS TPEXMEPHOM TKAHU C €€ KOMIBIOTEPHOU
MOJEJIBIO.

CHHTE3 TPEXMEPHOTO PACTPOBOI0 MAaCCUBA 3aKJIFOYAETCS B KOMIIOHOBKE B

OJIMH TPEXMEPHBIM MacCCHUB BCEX TOMOIpaMM HccleayeMoro oonekra (puc.la,

16).
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Puc.1.Cunre3 TpexmepHOro MaccuBa NuKcesneH (a — ToMmorpaMMbl TKaHEH; 0 —
MPUHIUI CUHTE3a MacCHBa)
Janee HeoOXOAMMO BbIOpaTh HHUTH JUIsI €€ pAaclO3HABaHUS B 3TOM

maccuBe (puc.2). s 3Toro MOKHBI OBITh PAcTO3HAHBI MEPBBIC MOMEPEUHbIC

ceuyeHHus B OJHOMN U3 CUCTEM HUTEH.
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Puc.2.PacnonoxeHne nepBpIX MONEPEYHBIX CEYEHUM OJJTHON U3 CUCTEM
HUTEW B TPEXMEPHOM MACCHUBE.

OpHako, TpexMepHble TKAaHU HUMEIOT CIOXHYIO CTPYKTypy ¢C
nepeceyeHneM HHUTEeH B pa3NUYHBIX HalpaBleHUAX. B pe3ynpTate, Ha
TOMOTIpaMMax 00pasbl MOMEPEYHUKOB HUTEW HE BCErJa MOHSATHBI M Pa3INuKiMbI
naxe 4enoBeky (puc.3a). Tak xe oOpa3 momepeyHWKa HUTH MOXKET OBITh B
KaKoON-1M00 Mepe MCKaXEH BCIEACTBUE ee yacTuuHou nedopmanmu (puc.30),

MOXET OBITh pa3iIuyHas SPKOCTh U KOHTPACTHOCTH HM300paKEHUW HHUTEH

(puc.3B).



Puc.3. TomorpamMmsl TpexMepHOM TKaHU (a — TOMOTpamMMa O CpeaHei

KOHTPACTHOCTHIO; O — TOMOTpaMmMa ¢ UCKaXEHHBIMU 00pa3aMu, B — TOMOTpaMMa
C U30BITOYHOM SPKOCTHIO)

Jlnst perienust Hauie 3amadu TpeOyeTcsl paclo3HaTh NPOPUIN CEUYECHUU
HUTEM.

OnauMm u3 3¢(HEeKTUBHENIIUX CPEACTB NPU aHAIU3€E JaHHBIX, B TOM YUCIE
U IBYMEPHBIX (M300paXKeHHH ), IBJISICTCS BeBIIeT-TipeoOpazoBanue [7—9].

Jis  BelOeneHHs — oOpa3a  TONEpPEYHHMKA  HUTH  MpPEeJlaraeTcs
UCIIOJIb30BaHUE JBYMEPHOIO BEHBJIET-NIPEOOpPa3OBaHUsA B YAaCTHOM BHUJAE — C
(GUKCUpOBaHHBIM MaclITaboM BeiiBieTa. Tak kak mpoduib MonepeyHruKa HUTU
OJM30K K KPYry, TO MOKHO HCIIOJIb30BaTh JIBYMEPHBIN BEUBIIET, MOBEPXHOCTh
KOTOpOro oOpa3oBaHa mpu momoiy BpameHus BeriBnera FHAT (French Hat)

(puc.4a) Bokpyr cBoeit ocu (puc.40).
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Puc.4 KonctpyupoBanue pyHKIMU BeliBieTa (a — UCXOAHBIN BEUBIIET

FHAT; 6 — nosiydeHHbII JBYyMEPHBIN BEUBIIET)



[Ipy 3TOM €ro mNpPOEKTUPOBAHUE TMPEAJIATaeTC OCYUIECTBUTH B
3aBUCHMOCTH OT BBOJIMMOIO 3apaHee YCIOBHOTO IWAMETPA HCIIOJIb3yEMBIX B
U3JICIIUNA HUTEU.

[Mpennonoxum  ycinoBHbld — guamerp Hutd 0. Torma  paamyc
MOJIOKUTENIbHOM  YacTH  BelBlera mnpuHuMaeM R; =D/2 , paauyc
oTpularensHoii ero wactu Oymer R, = 1,5R; . IloBepxHocTh BeliBieTa
pasMemaeM Ha JByMmMepHoi Mmatpuie pazmepamu NXM. 3amaem N=M=2*D.
Pa3zMelniaeM LEHTp NMOBEPXHOCTH BEWBIIETA B LEHTPE ABYMEPHOM MaTpPHIIBI.

Paccrosinue K&)I(I[Oﬁ TOYKH OO0 LCHTpa BEHBJICTA BBIYUCISIEM IO CJIGIIYI-OIHCﬁ

dbopmyie:

Ri(x,y) = \/lx — Xol% + |y — yol?.

dopmyina GyHKIIMN BEHBIIETa TPUMET CICIYIOIMIUN BUI:

a, Ri(X, y) < Rl
Yi(x,y) =1-b, Ry <Ri(x,y) <R,
0, R;(x,y) > R,

HpI/IHHMaCM 3HAQYCHUC d paBHbBIM MaKCHUMaJIbHOMY 3HA4YCHHUIO OTTCHKA CCPOIro

1BeTa. 3HaueHue b BeramciseM mo Gopmye:

b — SRl*a

Sr2=SR1’

rae Sp; = T * R2, Sp, =T *R5

C uenpl0 yCKOpEHHUsl IMpoliecca BBIYMCICHUS BEUBIET-NPEoOpa3oBaHUs
MPEACTABISICTCS 1eeco00pa3HbIiM  00pabaThiBaTh MOOYEPENIHO (PparMeHTHI
TOMOTPAaMMBI pa3MepaMH PaBHBIMH pa3MepaM MaTpHllbl BeWBIET-(QYyHKINU
(NXM) ¢ xoopauHaTamu nieHTpa dparmenta (X, Ys). Toraa, ¢ y4eToM TOro, 4to
MaciiTad BEHBJIETa OCTaeTCs MOCTOSHHBIM M CMEIICHHs (DYHKIIMHM BEWBIIETa HE
MIPOUCXOANT, a CMEIIAETCS HCCieayeMas Oo0JacTb B MaTpUIle TOMOTPaMMBEI,

dbopmya BelBIET-Ipe0Opa3zoBaHus OyIeT CIeAYIOMIECH:

N-1M-1

Wy = ) ) pEyF@Y)

x=0 y=0



rae f(x,y) — AByMepHas MaTpuIila EAMHUIHOTO 00padaThiBaeMoTo (hparMeHTa.
xs =012 ..K, ¥s=012..P
K, P — KoopAMHATHI OKOHYAHUSI MATPHUIIBI U300paKEHHUsT TOMOT PaAMMBI.
Jia ycrpaHneHus KpaeBbIX 3()(PEKTOB K MaTpuile U300pa)KEHUS TOMOTPAMMBI
N00aBIsIETCSl MATPHUIlA HYJIEBBIX 3HAUCHUH.

Ha pucynke 5a oroOpaxeHa nepBas TOMOIpaMMa HCCIIETyeMOM TKaHHU.
Ha pucynke 56 otoOpaxkeH ¢parMeHT pe3yibTaTa BEWUBIET-TIPeoOpa3OBaHUS
W (xs,ys). OtueTnuBo BuAHBI TMKH 3Ha4eHUH (W;max) B MecTax mpOXOKICHUS
HUTEH, PACIONIOKEHHBIX MEPICHIUKYIIPHO H300pAKEHNI0. ITH MaKCUMaIbHbIE

SHAYCHUS ABJIAIOTCA HCHTPAMU ITOIICPCUYHUKOB HUTEH ):[ﬂHHOfI CHCTCMBEI.
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Puc.5. Pacno3naBanue nonepeuHbix npoduieit HuTe Ha Tomorpamme (a
— UCXOJIHAsI TOMOTpamMma; O — 1moJie BeuBiIeT-K0dPPUIMEHTOB,
COOTBETCTBYIOIIIEE JAHHON TOMOTpaMMe)

BoigenuB Takum 00pa3oM TOMEpeyYHbIE CEYCHHUS HUTEH HEOOXOIUMOMN
CHUCTEMbI U OTIPEJICINB MX I[EHTPa M0 MaKCHUMyMaM BEWUBIIET-KO3(PPHUIINEHTOB,
MBI UIMEEM BO3MOKHOCThH BHIOpATh OJIHY M3 HUTEH U Paclo3HaBaTh €€ BJIOJb €€
HalpaBJICHUs, ONpEAENss W 3aluChbiBas IPU OSTOM LEHTpPa MONEPEYHBIX
pacno3HaHHbIX ceueHui. J{Jist aToro npeasaraeTcst crnocoO onpeaesieHuss HUTH U
€€ IapaMeTpOB, OCHOBAHHBIM Ha KOPPEKTUPOBKE YIUIA HAKJIOHA IUIOCKOCTH, Ha
KOTOPOM NPOM3BOJAUTCS PACMNO3HABAHUE TMIOMEPEYHOIO CEYEHUsS HUTH, B

3aBHCHUMOCTH OT HAIIPABIICHUS €€ CJIeJIOBaHus (pHc.6a).



a 0
Puc.6. PacnoniosxeHue miocKocTel pacrno3HaBaHus (a — NeprneHauKyIsIpHbIE
IJIOCKOCTH B PA3JIMYHBIX TOUKAX HUTHU; O — S/l TUIOCKOCTEN, IPOXOIAIINX Yepes
OJIHY TOUKY)

[Ipennaraemeiii croco® Oa3upyercsi Ha HCCIIEIOBAHUU HECKOJBbKUX
IUIOCKOCTEN pacro3HaBaHUs, NPOXOAAIIUX Yepe3 OAHY TOUYKY, U BbIOOpE TOil
MJIOCKOCTH, HA KOTOPOM Hambosiee ONTUMAalbHO BBIpaKEH MPOUIb HUTH, T.C.
HauOoJiee  MOXO0XK  Ha  HCXOOHBIM,  HaXOMMIIMWICI  HAa  INIOCKOCTH,
MEPIEHINKYJIAPHON HAMPABJICHUIO HUTH.

VYpaBHEHHE MJIOCKOCTH, B HAIIEM cily4ae, yI0OHO 3a/aBaTh 4epe3 TOUKY
My (%0, Yo, Zo) ¥ BeKTOp HOpMaiu n(1nq, Ny, N3) K MIIOCKOCTH.

Torna ypaBHeHHE OyJI€T UMETh CJICIYIOIINI BU/I;

ny(x —x0) + np(y — ¥o) +n3(z —25) = 0.

B pamkax maHHOW pabOTBI PacCCMOTPUM YACTHBIM Clyd4all — IUIOCKOCTU
pacno3HaBaHusl, MPOXOAAIINE Yyepe3 oJHy npsamyro (puc.60). Toraa nsmenenue
HaIpaBJICHUS BEKTOpAa BBIYHUCISIEM MPU IOMOIIM MATPHUIBI MOBOpPOTA JIA
JIBYMEPHOTO MPOCTPAHCTBA:

__( cos(a) +sin(a)
M(a)_<isin(a) cos(a) )’

I/IccnenyeM 9TH IINIOCKOCTHU IIpH IIOMOINKW IIPCHAJIOKCHHOI'O BCUBIICT-

npeoOpa3oBaHus, MOTYyYaeM COOTBETCTBEHHO TOJSI BEUBIET-KOI(DPUITUEHTOB,



COOTBETCTBYIOIIINE CBOUM IUIOCKOCTAM (puc.7).

o=60 a=30 o=-30
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Puc.7 Pan miiockocren pacnio3HaBaHus, MPOXOAALIMX Yepe3 OJIHY

MPSMYIO MO/ Pa3HBIMM YIJIaMU U COOTBETCTBYIOIIME UM TOJISI BEMBIIET-

K03(PUIIMEHTOB.

Kakx mokazamo wcciaenoBaHwe, MaKCUMalbHBIC 3HAYEHUS BEUBIICT-
Ko PUIIMEHTH TPUHUMAIOT B TOM cllydyae, €CJIM HCCIeayeMblid 00pa3
MOTIEPEYHOT0 CEUYEHUSI HUTU Ha IUIOCKOCTH PACIIO3HABAHUS MAaKCHUMAJbHO
coBnagaer ¢ (GopMON BEpXHEH MOBEPXHOCTH BEWBIIETA, a, CIEAOBATENIBHO, C
dbopMOil TIOMEPEYHOr0 CEYCHHS MCXOJHOW HUTH. DTO O3HAYAET, YTO JaHHAas
MJIOCKOCTh MEePIICHINKYIISIPHA HAMTPABICHUIO CIICAOBAHUS HUTH.
Takum oOpa3zoMm, HEOOXOAMMO BHIOpAaTh MaKCMMAalbHOE 3HAUCHHUE Ha
KKJI0OM 10Jie KO3hOUITMEHTOB,
V = max(W)
3aTeM BBIOpaTh MAaKCUMAJIbHOE U3 COBOKYIMTHOCTH 9TUX MaKCUMYyMOB
V(@) = {Va1, Vaz - Van}
L = max(V)
OnpenenvB KOOPAUMHATHI ATOM TOUYKU, UMEEM TOUKY IIEHTPA CCUCHHUS

HUTH, NCPICHAUKYIIAPHOIO HAITPABJICHUIO CJIICAOBAHUSA HUTH.

P =[L(x,y,2),qa]



I[BI/IFa}ICL 10 HAIpaBJIICHUIO HOPMAJIbHOI'O BCEKTOpAa K HaﬁﬂCHHOﬁ

INIOCKOCTH, IICPEXOAUM K cneJ:[onmeﬁ paCHOBHaBaeMOﬁ TOYKC IHCHTpa

MONEPEYHOr0 CeYeHUsI HUTH (puc.8a).

",

Y1
Y2 +

Puc.8 [TonydeHne TOU4EK NEHTPOB NONEPEUHBIX CEYEHNN HUTH,
PacnoJoKEHHO! B IPOCTPAHCTBE (a — CXeMa JBUKEHUS OT TOUKHU K TOUKE; O —

(parMeHT NPOCTPAHCTBEHHOW MAaTPHUIbI LIEHTPOB NONEPEYHBIX CEYEHUI HUTH )

3amaB mar nepemerieHus R, HaxoauM Cleayroly Touky M u cHOBa
UCCIIEyEM HECKOJBKO IUIOCKOCTEH. B pesynbprare, mnepeMemasch TaKuM

o0pa3oM M0 BCeW HUTH, MOTy4aeM MPOCTPAHCTBEHHYIO MATPHILY PACIIONIOKEHUS

HUTHU B BEKTOPHOM Buje (puc.80).
Pacnio3naBaeMyr0 HUTh MOKHO 3aIHCaTh CIEAYIOMINUM 00pa3oM:
N =|[S,1,P],
rie §=1S8,5,,S;] — cucTeMbl  HUTEH,  PACHOJONKEHHBIX  BJIOJb
COOTBETCTBYIOIIUX OCEW;
I € [1..n] — HOMep HHUTHU B CHCTEME, N - KOJIMIECTBO HUTEH B CUCTEME;
P — reomeTpuyeckre napaMeTpbl HUTH:
P =1t L(x,vy,2),«a],
e t — mopsIKOBBIA HOMEP LIEHTPA MONCPEYHNKA HUTH;

L(x,y,z) — Touka IeHTpa MONEPEYHNKA HUTH;
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Q@ — Yrojl HakKJIOHa HOPMaJIbHOIO BEKTOpa IUIOCKOCTH PaCIO3HABAHUS
OTHOCHTEIILHO MPEIBIIYIICH TIIOCKOCTH.

Ha pucynke 9 mpencraBiieHa oOIas cxema MpeniaracMod METOIUKH
aHamM3a TEeOMETPHYECKOTO  PACIIOJIOKEHHUS  DJIEMEHTOB  apMHPYIOIIETO
noiydabpukara, a TaKk XK€ MOAPOOHO pPacCMOTPEH OJIOK BEKTOPHOTO

IMpCaACTAaBJICHUA HUTECH.

WHdopmauus 06 obpasue 3D TkaHu / Bektopusauus
Mony4yeHve d
Bsop napameTtpos .
Tomorpamm 3D WM » [eHepauus BeiiBneTa
TKaHn
| w]
A 4 o
acrno3HaBaHue N
CuHTte3 3D HAYANbHLIX Bbibop uccnegyemon 3anncb HeCKonbKMx O6p660TKVa
mMaccuBa ™ LeHTpanbHbix > HUTW, Nepexoq Ha »  nnockocTen nog » non?goig(;;eﬁmaﬁm
ToMOrpamMm P o HayvarnbHy TOYKy pasHbIMU yrnamu w
TOYeK HUTen npeobpasoBaHus
1 )
l v
Bbluncnenne Bbluncnenve Onpepenexve
crnegylowen Todku n- | napameTpoB, 3an1cb B | L MaKkcMmarnbHOro
nepexon CTPYKTYPHbIV Maccus 3HaveHus
CTpyKTYpHBI Maccus
VLJ,eHTpaJ'IbeIX TOYeK HUTen
WHdopmauus c CpaBHuTenbHbIN aHanu3 BbiBOA 0 reomeTpuyeckom
KOMMbIOTEPHOW —| nony4eHHoro obpasua c ero —#| pacronoXeHU apMUPYHOLLINX
mogenu 3D TkaHu KOMMbIOTEPHOW MOAENbIO anemeHToB nonydgabpukaTa

Puc.9 Cxema MeToauky aHain3a reoOMEeTPUUYECKOrO pacloI0KeHUs

AJIEMEHTOB apMHUpYIOIero norydadpukara.
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1. IlpumeHenue crnoco0a pacrno3HaBaHUS HUTH 1O MOMEPEYHBIM IJIOCKOCTSM B
COBOKYITHOCTHU C  TNPUMEHEHHUEM  METOAUKH  JBYMEPHOIO  BEWBIIET-
npeoOpa3oBaHus JIJI1 PaclO3HABAHUS TOMEPEUYHBIX CEUCHUN HUTEH, periaet
3a7a4y BEKTOPHOTO MPEICTABICHUSI HUTEH.

2. PazpaboranHbie CcHOCOOBI W METOAWKHA [AIOT BO3MOXKHOCTH PEIIUThH
OCHOBHYIO 3aJlauy — CpPaBHUTh TI€OMETPUYECKOE PACIIOJOKECHUE SJIEMEHTOB
apMUPYIONIET0 HAMOJHUTENA C €ro KOMIIBIOTEPHOM MOJENbI0, YTO B CBOIO

o4cpeab IMO3BOJIACT CYAUTh O KAaUCCTBC M3TOTOBJICHHOI'O U3ACINA.
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