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MOJIEJTIOBAHHS CKJIAJTHUX IOBEPXOHbBb 3 BPAXYBAHHSIM iX
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Poiixo O.10., Baruiok H.B., I'punan IL.A., Hleneniok I'.C. Ocod1mBocTi nporpamMHoi peanisauii cTpyKTYp JaHUX
Ta AJrOPUTMIB /IS MOJIeJTIOBAHHS CKJIAJIHUX NMOBEPXOHb 3 BPaXYBAHHAM iX Ju(epeHIiaIbHUX XapaKTepucTHK. Y poboTi
PO3TIISIHYTO MPOTrpaMHy peasizalfiio alrOpUTMIB 3arylIeHHs Ta CIPOIICHHS AMUCKPETHHX MOJENCH MOBEPXOHb 3 BPAXyBAaHHIM
3HAUCHb TaycoBOi abo cepemHboi KPUBHHU. MOJETi IOBEPXOHb MPEACTABICHI Yy BHTJISII CITKH 3 TPUKYTHUMH KOMIipKamH,
CJIEMCHTH SKOI 1HIEKCYIOThCS KBaapoaepeBoM abo BSP-nepeBom.
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B pabote paccMOTpeHO IPOrpaMMHYIO PEealTH3alyio alTOPUTMOB CIYIIEHHS U YIPOIIECHHS AUCKPETHBIX MOJIENeH ITOBEpXHOCTEH
C Y4eTOM 3HAYEHHUH rayCCOBOM MU CpeIHEH KpUBU3HBL. Mozenu MOBEpXHOCTEH IPEACTABICHBl B BUIE CETKU C TPEYrOIbHBIMU
sT9efiKaMH, SJIEMEHTBI KOTOPOi HHACKCUPYIOTCS KBaapoaepeBoM i BSP-nepeBoMm.
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Roiko O.Y., Bahniuk N.V., Hrytsan P.A., Shepelyuk G.S. Software implementation of data structures and
algorithms for modeling complex surfaces, taking into account their differential characteristics. In this paper considered the
software implementation of algorithms for condensation and simplification of discrete surface models with allowance for
Gaussian or mean curvature. Surface models are represented as a mesh with triangular cells, whose elements are indexed by a
quadtree or BSP tree.
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IMocTtanoBka mpo0saemMu. 3poCTaHHs CKIAAHOCTI IH)KEHEPHUX 3aBJaHb, SIKE BUKIMKAaHE CTPIMKUM
PO3BUTKOM TEXHIYHHX PillleHb T4 HAPOLIYBaHHSM TEMIIiB MPOMHUCIOBOIO BUPOOHHUIITBA, CTABUTH MEpe]
JOCHITHUKAMU PAI HEBHUPIMIEHUX MpodieM. J[o TakMX MOXXKHA BiJHECTH paliOHATbHE BHUKOPHUCTAHHS
00YHNCITIOBAaJILHUX PECYPCIB MPHU BHUPIIICHHI 3[]a4 Ta CTBOPEHHS aJeKBaTHUX MOJENEH MPOILECiB, CHCTEM
Ta OKpemMux 00’ekTiB. He3Bakaroum Ha CTPIMKHA PO3BUTOK OOYMCIIOBAJBHUX CHCTEM, NOTpeda B
po3po0ui epEeKTUBHUX ANTOPUTMIB MOJENIOBAHHS CTaja IIe TOCTPILIOI0, OCKIJIBKH 3pOCIH BUMOTH 0
TOYHOCT1 Ta JOCTOBIPHOCTI CaMHX Mojeled. SKIIo roBOpUTH KOHKpETHINle MPO TeOMEeTPUYHi MOAENi
MOBEPXOHb Ta TPUBUMIPHUX Til, TO TaKa MOJENb MOBMHHA 1 Bi3yaJbHO, 1 TEOMETPUYHO BiATBOPIOBATH
napaMeTpH peanrbHOro 00’€KTa 3 MaKCHMAJIbHOIO JOCTOBIPHICTIO, 3aJMILAI0YKCEH MPH LBOMY JOCTaTHBO
mBHAKoAII0ou00. Lle BakiIMBO B Takux OONACTSIX SIK TPUBUMIPDHMH JAPYK, MOOUIbHE NpOrpaMHe
3a0e3MevyeHHs, JONMOBHEHA pPEalbHICTh, Ta IHIIMX, A€ MOTPIOHO B3a€MOAIATH B peajbHOMY dYaci 3
TEOMETPUYHHUM 00’ €EKTOM.

OueBHTHO, IO CKJIAJHICTh MOJENTI HAMpPsSIMYy 3aJIOKUTh BiJl KUTBKOCTI €JIEMEHTIB, 3 SKUX BOHA
YTBOpEHA, THIIUMH CIOBAaMH BiJ KUIBKOCTiI TPUKYTHHUKIB, SIKi allpOKCUMYIOTh reoMeTpito 00’ ekta. Tomy
BaXJIMBO, W00 e(QEKTHBHUH aJIrOPUTM TEOMETPHUYHOIO MOJCIIOBAHHS BpPAaXOBYBaB BCl BaKIIHBi
0coOIMBOCTI MOJIETFOBAHOI IMOBEPXHI, 1 MPH IbOMY TE€HEpYBaB MiHIMAJIbHY KUIbKICTh TPUKYTHHX
€IIEMEHTIB.

OpHuM 13 TEOMETPUYHHMX IapaMeTpiB MOBEPXHi, BIANOBIAHO 1O SIKOTO MOXXHa PO3paxOBYyBaTH
KUIBKICTh TPUKYTHUX €JEMEHTIB (3arynryBatu abo CIpOIIYBAaTH CITKy) € KpuBWHA. SIK Bigomo, B
nudepeHnianpHili TeoMeTpii BUIUISIOTh TaycoBY Ta CEpelHI0O KpuBHHY [1], Ta BiAMOBIIHO pO3IIIsIa0Th
ix nudepenuianbhi ananoru [2]. Tomy po3poOka aaropuTMiB AUCKPETHOI'O MOJCIIOBAHHS MOBEPXOHB 13
BpaxyBaHHSM iX KpUBHHU Ta BIAMOBiJHA MPOrpamMHa peatizalis € akTyaJlbHOIO iHKEHEPHOIO 3aa4elo.

AHai3 ocTaHHIX HochaiKeHb i myOmikamiii. Y poGortax [3-5] 3amponoHOBaHO AITOPUTMHU
3arymieHHs Ta CIPOIIEHHS JUCKPETHUX MOJENEH MOBEPXOHD 3aJIeKHO BiJ 3HAYEHb IUCKPETHUX aHAOriB
KPUBUHU. PO3paxyHOK IHMCKpPETHHUX aHAJIOriB TaycoBOI Ta cepeJHbOi KPUBHUHH TPOBOIAUTHCS 32
METOJMKaMH, omucaHuMu B [2]. B maHmx poOoTax MHOXHHA TPUKYTHHX KOMIPOK, SIKi YTBOPIOIOTH
MOJICITb, OMHCYETHCS 33 JOMOMOTOK i€papXidHUX CTPYKTYp NaHUX — KBaapojepeB Ta BSP-nmeper [6].
Taxke npeacTaBieHHs! CIpUsE MOAANBIIIN MPOrpamMHii peanizanii IpOMOHOBAaHUX ANTOPUTMIB. B minomy,
BHUIIIEHA3BaH1 aJrOPUTMU MOXYTb OyTH aJanTOBaHi i IEPETBOPEHHS TPUBUMIPHUX MOAENIEH 3 METOIO
iX crporenHs 6e3 BTpaTu TOYHOCTI.
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Bukiax ocHOBHOro marepiajy. 3 METOI0 NPAaKTHUYHOI peajizaiiid aarOpUTMIB 3arylieHHS Ta
CTIPOIICHHS TUCKPETHUX MOJENEH MOBEPXOHb, sKi Oynu onucani B [3, 4], Oysi0 po3pobiieHO MpUKIagHe
nporpaMHe 3a6e3nedeHns. CTpyKTypa mporpamu HaBeieHa Ha puc.l.
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Puc. 1. CprKTypa MMporpaMHoOro 3a0e3MneYeHHS AJ1d MOACIIFOBAHHA ITOBEPXOHb 3 BpaxyBaHHAM
AUCKPCTHUX aHaJIoTiB KpHUBUHU

Jnsi  HamuWcaHHS TNporpaMHOro 3a0esnedeHHs Oyla BHKOPUCTaHAa BHCOKOpIBHEBa MOBa
nporpamyBanHs Python [7]. Lleit BuHOip MOSCHIOETbCS HASBHICTIO BEIHMKOI KUIBKOCTI (YHKIH B
CTaH/apTHIN 0i0Ti0Tel, MIHIMATICTHYHICTIO TPOrPaMHOr0 KOy, & TAKOXK KpocIiutathopMeHHicTIo [8] sk
camMoi MOBM TpOrpaMyBaHHs, TaK 1 cepeloBHII PO3POOKHM Ta TOTOBOI'O NMPOTPAaMHOTO 3a0e3redeHHS.
HasBHicTh cremianizoBaHux 0i0NiOTEK, TakUX SIK NUMPY, OpieHTOBaHHMX Ha PoOOTy 3 MaTeMaTUYHUMHU
byHKuisMu Ta 00’€KTaMu, I03BOIJIsiE 3acTocoByBaTH Python y sikocTi MOBHOIIIHHOTO MaTEeMaTHYHOTO
MaKery.

[Iporpama ckiagaeTbCsi 3 YOTHPHOX OOYHMCIIOBAJBHUX OJOKiB, SIKi peani3yloTb BHUKOHaHHS
KOMITJIEKCHUX JITOPUTMIB MOJICITIOBAHHS:

1. Brnok MonenoBaHHS TOBEPXOHb 3 BpPAxXyBaHHSM IUCKPETHOTO AHAIOTy KPHUBHHH — JUIS
MOJICJIIOBAHHSI TIOBEPXOHb, HIO 3aJaHi y (opMi 3aMKHYTOI YHCIOBOi MOCTiZOBHOCTI ((QYyHKIT Bif
JMCKPETHHUX MapeMTpiB). Y SKOCTI allTOPUTMY JUISl 3aTyIIEHHS CITKH BUKOPUCTOBYEThCS onucanuii y [3]
QJITOPUTM MOJIEIIOBAHHSI.

2. brok crpomieHHs CiTKM 3 TPUKYTHUMH KOMIpKaMH i3 BpaxyBaHHSM AWCKPETHOTO aHAJIOTy
KPUBUHA — BHUKOPHCTOBYETHCS UISI 3MEHIIEHHS TYCTOTH CIiTKM, OTPUMAaHOI HUISXOM CKaHyBaHHS
TPUBUMIPHUX 00 €KTIB, HA IUIOCKUX AUISTHKaX Mozeni. Peanizye anroputy, 3anpornoHoBanuii y [4].

3. b110K MOpiBHSAHHS TUCKPETHUX MOJENe — MpU3HAYCHUH 71 aHaIli3y 1 HOPiBHAHHSA AUCKPETHUX
Mozelel Ha OCHOBI 3HAueHb AMCKPETHUX AHAJOrIB KPUBHUHM Yy BIAMOBITHUX obOnacTax. YacTkoBo
0asyeTbcs Ha anroputMi nodynosu BSP-nepesa, onucanomy B [4].
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4. bnok xouBepramii QopmaTiB Ta Bi3yamizamii pe3ynbTaTy — AOHNOMDKHHMKA ONOK, SIKHN
NpU3HAYeHUH Ui B3aeMHOI KoHBeprauii ¢opmarie mesh, DXF ta STL, i3 sxkux mporpama oTpuMye
KOOPIUHATH ENEMEHTIB IUCKPETHOI MOJeNi Ta B SIKIi EKCHOPTYIOTHCS Pe3yNbTaTH POOOTH IMPOTrpPaMH.
Takox GJIOK JO3BOJISIE Bi3yabHO MPEACTABUTH OJEpKaHi pe3ynbTaTH.

3 TOYKHM 30py KOpUCTyBaya poOOTa 3 MPOrpaMoOI0 CKIAJAEThCS 13 Tphox eramiB: 1) BUOIip
QITOPUTMY KU BIJMOBiZa€ MOCTABJICHIH 3a/1adi MOJECTIOBAHHS, 2) 3aJaHHS MOYATKOBHX MapaMeTpiB
poOOTH MporpaMH 3aJeKHO BiX OOpPaHOr0 alropuTMy; 3) Oep)KaHHS TOTOBOI MCKPETHOI MOJIeNi
noBepxHi y Burisiai daitry popmary mesh, dxf Ta stl, Bizyanizarist pe3yabraTy podOTH TIpOrpaMu.

3a cBO€IO CYTTIO BUXiIHI MOYATKOBI MapaMeTpy aJrOpUTMIB MOKHA Kiacu(ikyBaTu Ha ABi IPYIU:

1. I'eomeTpryHi mapaMerpu — MICTATH iH(OPMaLil0 Ha OCHOBI SKOi MOXYTb OyTH OTpHMaHi abo
o0YKCIIeH] JaHi IPO TeOMETPir0 00’ €KTa MOJICTIOBAHHS: KOOPJUHATH BY3JIiB, TOMOJOTIS CITKH, 3HAYCHHS
JUCKPETHHUX aHAJIOTIB KPUBHUHH TOLIO.

2. Ilapamerpu miamporpaMd — JAONOMIKHI HapaMerpH, SKi HEOOXiAHi IUIsi KOPEKTHOI poboTH
BIIMIOBIAHOT'0 OOYUCITIOBATILHOTO OJIOKY. 3aeXaTh Bill alTOPUTMY, AKAH JISKUTH B OCHOBI MIAMPOrpaMu.

Posrisinemo aeranpHime cnenudiky poOOTH KOXKHOIO 00UUCITIOBATIBHOTO OJI0KY MPOrpamH.

biok MozenmoBaHHs OBEPXOHb 13 BpaXyBaHHSIM TUCKPETHOrO aHainory kpuBuHH (puc. 20) Ha BXix
MpUiMae aHATITUYHUH OITUC TIOBEPXHI Y BUTIISAI BiIMOBITHOT YUCIOBOT MOCIiOBHOCTI.
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Puc. 2. [TocnigoBHICTh BUKOHAHHS ONepamiii alropuTMy MOJIETIOBaHHS TIOBEPXOHB i3 BpaxyBaHHIM
AUCKPCETHOI'O aHaJIOr'y KpUBHUHHA

3aHecTu B
KBaJpPOAEPEBO

VY poii KpuTepiro anpokCcHMalii MoXke BHCTyNaTu onucanuii y [9] mepenan 3HaueHHS KPUBUHHU B
JIOKaJbHIN 00MacTi.

3ane;KHo Bijl THUITY MOBEPXHI MOXKYTh Oy/AM BKa3aHi HACTYIIHI T€OMETPHYHI MapaMeTpH:

1) noBepxHsi, 110 33Ja€ThCs K QYHKILS BiJl ABOX apryMEHTIB!

— Mo/BifiHA YKCIIOBA MOCIIIOBHICTD Z; ., 3 IKOK OOYHMCIIIOETHCA arulikaTa By3ia, X =1, Y = j ;

g
— 006y1acTi 3MiHH IMCKPETHUX MAapaMeTpiB | Ta | ;
2) MOBEPXHSI, L0 33A€ThCS MAPaMETPUIHO:

— TpU NO/BIi{HI YMCIIOB1 MOCIIOBHOCTI X, i Yi; Ta Z; ;, 3a IKUMU 00YHCITIOIOTHCS KOOPAHHATH

i
BY3JIiB,
— 006y1acTi 3MIiHH MCKPETHHUX MapaMeTpiB | Ta | ;
3) noBepxHs besbe [10]:
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— MATpHLs KOHTPOIbHUX TO4OK P, ;;
4) NURBS-noBepxHsi:

— MAaTpPULLL KOHTPOJIBHUX TOYOK P, ; Ta BaroBux KoeQilieHTiB {Wi j} ;

— BY3JIOBI BEKTOpHU {U } ,{V} :
Taxox HEOOXiHO 3a1aTH PsJ MapaMeTpiB MiANpOrpaMu:
1) H,,, — wmiHiMambHa BucOTa KBaapojepeBa. 3aJa€ThCs 3 METON 3a0€3MEUCHHS aIrOPUTMY
JESKOI0 MHOXHHOK BHXITHHX HaHHX Ui PO3paxyHKy 3HAa4yeHb IMCKPETHHUX aHAJIOrIB KpuBUHH. [0

JOCATHCHHA BHCOTHU Hmi ACPCBO 3aBXIU 6y,Z[C IMOBHUM, a IL¢, B CBOK 4YCpry, o3Haydae€, IO CiTKa €

n

PEryIapHOLO. [Ticns MNCpCBUIICHHA BUCOTOIO 3HAYCHHA Hmi 6YZ[6 Bi,[[6y'BaTI/IC$I JIOKAJIbHC 3arymicHHA

n

CITKM 3 BpaxyBaHHSAM 3HA4YCHHsS KpPHBMHH. 3a 3amoBuyBaHHsM H . =3, mo Bixmosigae

3 . .. ..
4° = 64 yoTMpUKYTHUM KOMipKaM, abo ciTili po3mipHicTio 8x 8. PekoMeHIyeThCsl He 3MEHIITYBATH JIaHE
3HAYEHHSI JUII KOPEKTHOT pOOOTH AlITOPUTMY.

2) Hmax — MaKCUMaJbHO [JOIyCTUMa BHUCOTa ACPCBA. 3a)la€TI>C$I JJIA OOMEKCHHS mnpouecy

3aryleHHs CITKM Ta YHHKHCHHS CUTYyallii 3alMKIeHHs aaroputMy. 3a 3amoBuyBanusm H_ . =8, me
3HAYCHHS MOXKHA 3MIHIOBATH 3aJICKHO Biji 0a)KaHOI T'YCTOTH CITKH Ta MPOIYKTUBHOCTI OOYHCITIOBATBHOL
CHUCTEMH.

3) BU AMCKPETHOTO aHAJIOTY KpUBUHHM (TaycoBa a0 cepeiHs), BiAMOBIAHO 0 AKOTO 3/IiHCHIOETHCS
3aryIeHHs CiTKU.

4) R — koedillieHT YYTIMBOCTI ajropuTMy. Bu3Ha4Yae HACKUIbKA UyTJIMBHM [0 TEpernamy
3HaYeHb KpUBUHM Oyne anroputM. 3a 3amoBuyBanHaM R =0,3. Byno eMmipuyHO BCTaHOBIEHO, IO

PEKOMEHI0BaHi 3HaueHHs KoedillicHTa 1exath B gianasoni R € [0, 2:0, 5] .

Ha Buxoni airoputMy oTpUMyeMO MHOXXHHY KOOPIMHAT BY3JIiB TPUKYTHHX KOMIPOK, SIKY MOXKHA
KOHBEPTYBATH B OJHH 3 MATPUMYBaHUX (HOpPMaTiB (aiiiiB.
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Puc. 3. IlocmioBHICTh BUKOHAHHS OIEpalliii aJITOPUTMY CITPOIICHHS JUCKPETHUX MOJIEIeH
Tenep po3risHEMO crieludiky poOOTH alropuTMy CIpOIIeHHsS quckpeTHux moaenei (puc. 30). Ha
BX1Jl aJITOPUTMY HaAXOAWUTH iH(OpMAIis MPo KOOPIMHATH BY3JiB TPUKYTHUX KoMipok. KokHa komipka
MPEJICTABIISIETHCS Y BUTIISA JBOBHMIPHOT'O MACHBY [[Xi, Yis Zl],[Xz, yz,Zz],[XS, Yas 23],[nx,ny,nzﬂ,
e X, Y121, X5, Y9, 25, X5, Y3, 23 — KOOpAWHATH BY3JIiB TPUKYTHOI KOMIpPKH, n,, ny, N, — KOOpAWHATH
BEKTOpa HOPMaJIi.
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MHOXMHa  KOOpJAMHAT BEpPIIMH  TPUKYTHUKIB  OTPUMYETHCS  LUIAXOM  IEPETBOPEHHS
niaTpuMyBaHoro ¢opmaty Qaiiny Omokom kKoHBepTauii. OCKUIBKH 1€ €IUHE JDKepeno iHdopMalii mpo
TeOMETpil0 MOJENi, TO BOHA BIANOBIAHO € €IMHUM TE€OMETPUYHUM TNapameTpoM airoputmy. Lo
CTOCYETBCSl TapaMmeTpiB MANporpaMu, TO BOHW BincyTHi. KoopaumHaty ciyHMX MNJIOMIWH, 3HAYEHHS
KpHUBHHHU 1 Tomonoris BSP-gepeBa BCTaHOBIIOIOTHCS B X011 POOOTH aJlTOPUTMY .

Ha Buxoai o0uucnioBaibHOro 070Ky 0IEpKYEMO MHOXKHHY KOOPIMHAT BEPIIMH TPUKYTHHKIB, SIKi
3a JIOIOMOT 00 OJIOKY KOHBEpTaLii (popMaTiB MepeTBOPIOIOTHCS Ha OaxkaHui opMmat (aiimy.

Bbrok mopiBHSIHHS TUCKPETHUX MoAelel 0a3yeThesl Ha anropuTMi modynosu BSP-mepesa 3 psgom
CYTTeBMX BinMiHHOCTEH. MlOro npu3HAUYEHHS Ta IPUHIKI POOOTH € IPEIMETOM OKPEMOT myGIiKartii.

Bnok xonBeprauii ¢popMaTiB Ta Bizyamizamii miATpUMye 0araTOCTOPOHHIO KOHBepTalilo GopMaTis
¢aitniB mesh, dxf, stl, Ta 3xificHI0€ MiATOTOBKY KOOPMHAT JI0 BUIJISAY, 3pyYHOTO U1l pOOOTH IPOTrpaMu.
OCKiIbKM BiH BHKOHYETHCS B XOJ[i pOOOTH IHIIUX OOYHUCITIOBAILHUX OJIOKIB, TO, BIIOBITHO, IS
KOJKHOT'O 3 HUX HE0OXigHO BKa3atu (opmat BximHoro ¢aiiny Ta GakaHuii popmaT BuXimHOTrO ¢ailry 3
KOOpJMHATAMH MOJETI.

Xoua OOK KOHBepTalil MiATpUMYE poOOTy 3 TppoMa TUNaMH (aiiB Mozenel, aje OCHOBHHUM i3
Hux € STL. Lle mosicHIOETBCS IOT0 MOMIMPEHICTIO Y SKOCTI CIOCcO0Y MpeACTaBIeHHs, Iiepeaadi Ta 0OMiHy
iH(pOpMALIIEIO PO TEOMETPII0 MOAEI.

[Ipuknan cnpolieHHs! TPUBUMIPHOT MOJIENi B Pe3yIbTaTi BUKOHAHHS aJTOPUTMY MIPEACTaBICHUH Ha
puc.4.
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Mo 3acmocyeanns ancopummy Iicna 3acmocysanns aneopummy
Puc. 4. [Ipuknan cipolieHHS CITKH B Pe3yabTaTi poO0OTH anropuTMy

BucHOBKH Ta nepcneKTHBHU MOAAIBINNX TOCTITKeHb. [loganbmr qociiKkeHHs OUTBIIOK MipOtO
MOXYTh CTOCYBAaTHCS MiABHILEHHS IIBUAKOAII mporpaMHoro 3abesnedeHHs. Lle Moxke crocyBaTucs Sk
ONTHUMi3alii 00YNCIIIOBaIbHUX aJTOPUTMIB, TaK i 3aCTOCYBAaHHS MPOAYKTHUBHILIMX MPOrPaMHUX PillleHb.
Tak powineHO neski QparMeHTH MPOrpaMHOrO KOLy MepenucaTH 3 BHUKOpHCTaHHAM C++, mo moxe
CYTTE€BO MOKPAIIUTH MIBUIKOIIIO KiHIEBOT'O IPOrPaMHOro 3a0e3MeYeHHS.
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