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OcHoBHBIE OTIpejIe/IeH s

KowmmbroTepnslit BUPyc — 3TO CaMOBOCITPOU3BOISIIIASICS
KOMIIBIOTEPHAs IIPpOrpaMMa, KOTOpas paCIpOCTPAHIETCs Iy TEM
[IPUCOEIMHEHUsI KOIIUii CBOEro Ko/a K [IporpaMMaM 1/ uiiu
JOKYMEHTaM.

IlepBble aHTUBUpYCHBIE TTPOrPAMMbBI OABUIUCH B 1982 romy modTu
OJTHOBPEMEHHO C IIOSIBJIEHUEM KOMIIBIOTEPHBIX BUDPYCOB.
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KOMIIBIOTEPHAs IIPpOrpaMMa, KOTOpas paCIpOCTPAHIETCs Iy TEM
[IPUCOEIMHEHUsI KOIIUii CBOEro Ko/a K [IporpaMMaM 1/ uiiu
JOKYMEHTaM.

IlepBble aHTUBUpYCHBIE TTPOrPAMMbBI OABUIUCH B 1982 romy modTu
OJTHOBPEMEHHO C IIOSIBJIEHUEM KOMIIBIOTEPHBIX BUDPYCOB.

Curnarypa — 9T0 XapaKTepHasl TOCJIEI0OBATEILHOCTh DaiiT, KOTOpast
CJIY2KHAT YaCTBhIO OIIPEJIeJIEHHOI'O BUPYyCa UJIN ceMelCcTBa BUPYCOB.
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Bupycot

BI/IpbeI MO2KHO Pa3de/JIMTh Ha KJIACCHI IIO CJIEAYIOIIMUM OCHOBHBIM
IpuU3HaKaM:

e cpenia oOMTAHUS;
e 3apaxkaeMas OlepaIFOHHAas CUCTeMa,;
® 0COOEHHOCTH aJrOPUTMAa PAOOTHI;

® JNEeCTPYKTHUBHBIC BO3MOZKHOCTH.
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e 3apaxkaeMas OlepaIFOHHAas CUCTeMa,;
® 0COOEHHOCTH aJrOPUTMAa PAOOTHI;
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Ilo cpene oburanust BUPyChl OLIBAIOT:
o aitoBbie;
® 3arpy304HbBIE;
® Maxpo;

® CeTeBhbIC.
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[TouvopdHbIil BUPYC — 9TO CJIOKHBIN KOMIIBIOTEPHBII BUPYC,
KOTOPBIit MEHsIET CBOIO (DOPMY TIO Mepe PACIPOCTPAHEHUSI, ITOOBI
n36ekaTh OOHAPYKEHUsT AHTUBUPYCOM. DTO CaMOMIA(MPYIOMTHIACS
BHUPYC, KOTOPBIN COYETAET MEXAHU3M MYTAIlUU C CAMOPACIIPOCTPa-
HSIFOIIUMCSI IPOTPAMMHBIM KOJ[OM.
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B OTKPBITOM BHI€, YTOOBI pacmudPOBaTh KO/ TEPeT 3AILyCKOM
BHpYCa.

e Bo-BTOpbIX, KOr/a moauMopdHBI BUPYC BOCIIPOU3BOAUT ceOsi, OH
HE TOJILKO 3aIn@pPOBBIBAET CBOE TEJIO C 3aHOBO CPeHEPUPOBAH-
HBIM KJIIOYOM, HO U IpUMEHsIET 00(YCKUPYIOIITHe
Ipeobpa30BaHusl, YTOOBI U3MEHUTH OTKPBITYIO YacTh KOJa,
HCITOJIB3YEMYIO JIJIs paciindpOBaHUS.
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Bupycot

MeTtamopdHBIil BUDYC — 3TO BUPYC, MOJHOCTHIO U3MEHSIONUI CBOM
KO/T IIPDU pacipocTpaHeHuu. J[pyruMu cjioBaMu OH MEHSIETCS OT

9K3EeMILIAPa K IK3EMILIADY.

Takum o6pazom, moauMopdHbIe 1 MeTaMOpdHbIE BUPYChI OPOCAIOT
CEPBhE3HDIN BBI30B AHTUBUPYCHBIM CKAHEPAM.

KimoueBoe cBoiicTBO, KOTOpOE J1€71a€T 9TH BUPYCHI OCOOEHHO
YCTONYIMBBIMY TPOTUB OOBIYHBIX METOJIOB OOHAPYKEHUsI BPEIOHOCHOTO
KO/Ia, — 9TO UCIOJb30BaHNE 00D YCKUPYIOMUX TPeodbpa30BaHUIA.

O6dyckupyromee npeobpazoBarre O — 3TO IPOU3BOJIBLHOE
COXpaHIONIee CEMAHTUKY TPeodbpa3oBaHue, KOTOPOE MPUBOIAT
uporpammy 7 K dpopme O(7), KOTOpasi Topas3io MeHee HOHITHA, YeM
HUCXOJIHAsI IporpaMma 7.
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Bupycot

Caemyer orMeTuTh, 9T0 00 yCKUPYyONNe MTPeodpPa30BAHNS U3MEHSIOT
CHHTAKCHC TIPOTPAMMBI, HO COXPAHSIIOT €€ CEMAHTUKY

3Ha4uuT, JJIs TOro 9TOOBI IPOBEPUTH, 3apaykeHa Jin mporpamma 11
MeTaMOpP(MHBIM BUPYCOM T, BaXKHO BBISICHUTH, COep:KuT Jin 11
dparmeHT Koza, KOTOPhIil UMEET Ty YK€ CEMAHTUKY, ITO U 7.
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Bupycot

Caemyer orMeTuTh, 9T0 00 yCKUPYyONNe MTPeodpPa30BAHNS U3MEHSIOT
CHHTAKCHC TIPOTPAMMBI, HO COXPAHSIIOT €€ CEMAHTUKY

3Ha4uuT, JJIs TOro 9TOOBI IPOBEPUTH, 3apaykeHa Jin mporpamma 11
MeTaMOpP(MHBIM BUPYCOM T, BaXKHO BBISICHUTH, COep:KuT Jin 11
dparmeHT Koza, KOTOPhIil UMEeT Ty YKe CeMAaHTHKY, u4rTo u 7. Ho ecyn

MPEIIONIOKITE, 9TO peobpasoBanue O, UCHOIb3YyEeMOe JIJIst
obdycKaImm BUpyca T, TaKyKe U3BECTHO Pa3pabOTINKaM aHTHBUPYCA,
CUTYyaIs] PEIIUTETHHO U3MEHUTCSI.

Heno B ToMm, 9TO Ha mpakTHUKe 00dQycKupyomee mpeobpaszoBanne O
COXpaHseT OTHOIIEHNE SKBUBAJEHTHOCTU TIPOTPAMM o, KOTOPOE
ropasJio cuibHee (DYHKIMOHAIBHON SKBUBAJIEHTHOCTH.
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Anrebpandeckasi Mo/IeJIb

IlycTs mambl ABa MHOYXKECTBA: MHOXKECTBO OA30BBIX OIIEPATOPOB
rnporpaMMbl A 1 MHO>KeCTBO 6a30BbIX Hpeaukaros P. [Iporpamma 7 B
paMKax ajarebpamvecKoil MO PACCMATPUBACTCS KAK
JIeTEPMUHUPOBAHHBIN KOHEYHBI aBTOMAT C BXOJHBIM ajipaBuroM A u
BLIXOAHBIM asiaBuToM p(P) Beex BO3BMOXKHBIX 3HAYCHUN Ga30BbIX
MIPETUKATOB.

Taxkoit aBromar A GyHKIMOHUPYET Ha MHOXKeCTBe M ITOMEYeHHBIX
crpykTyp Kpuiike, KoTopble IpeICTaB/IsA0T CeMaHTUKY TPOIPAMMHBIX
OIIepPaTOPOB U IIPEINKATOB.
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MIPETUKATOB.

Taxkoit aBromar A GyHKIMOHUPYET Ha MHOXKeCTBe M ITOMEYeHHBIX
crpykTyp Kpuiike, KoTopble IpeICTaB/IsA0T CeMaHTUKY TPOIPAMMHBIX
OIIepPaTOPOB U IIPEINKATOB.

OCHOBHOE IIPEUMYIIECTBO STUX MOJEJEH — MX MACIITAOUPYEMOCTh:
BBIOMpas MHOXKECTBO AJre0pandecKnx U JOIMIeCKAX CBONCTB
OIIEPATOPOB U MPEIUKATOB, MOYKHO IIOCTPOUTDH HMOAXOSIILYI0 MOIETh
[IPOrpaMM, JIJIsl KOTOPBIX CEMaHTHKA 00/1a/1aeT UMEHHO 3a,aHHBIM
HabOPOM CBOICTB.
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Anrebpandeckasi Mo/IeJIb

Iycrs A ={ay,...,a,.} u P={ecy,...,Cck} — JBA KOHEUHBIX
asidasura.ObozuHaunm depe3 r u k morraoctu andasuroB A u P
COOTBETCTBEHHO.

DJIeMeHThI aﬂ(l)aBI/ITa A Has3pIBaIOTCS 0A30BLIMUI orepaTopaMu.

DIeMEeHTBI MHOXKeCTBa, P Ha3wIBaroTcst 6a30BbIMI TpeaukaTamu. OHu
COOTBETCTBYIOT 3JIEMEHTAPHBIM BCTPOEHHBIM COOTHOIIIEHUEM MEXKTY
JIAHHBIMU IIPOrpaMMbl. KazKablil 6a30BbIA PEIUKAT MOXKET
[PUHUMATD 3HAYEHUE JIOXKb W/ UCTHHA.

MHozkecTBO Beex moMHOKecTB P obo3HaunM uepes3 p(P). DuemeHTH
u3 p(P) COOTBETCTBYIOT BCEBO3MOYKHBIM 3HAUCHUSIM GA30BBIX
NIPEINKATOB.
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*

Anrebpandeckasi Mo/IeJIb

[IponosunmonanbHas MOCIEIOBATEIbHAS IPOrPAMMA — 3TO KOHEUHAL
nepexonnas cucrema m = (V, Bxon, Beixox, T, B), rie

e V — HellycTOE MHOXKECTBO IIIArOB IPOTrPAMMBI;

® BXOJ — TOUYKA BXOJ[a IPOIPAMMBI;

® BBIXOJ{ — TOYKA BBIXOJA HPOrPAMMBIL;

o T: (V —BoIxoxn) x p(P) - V — (obmasi) GyHKIMS IE€PEX0/I0B;
o B: (V —BbIxoa) - A — (obuiast) GyHKIWS IPUBS3KA.

MozKHO TaK»Ke pacCMaTpUBaTh IIPOIO3UIUOHAIBHYIO
[IOCJIEIOBATEIbHY IO IIPOIPAMMY KaK JeTePMUHUPOBAHHBIN KOHEUHBIH
aBroMar, (PYHKIMOHUPYIONW Ha BXogHoM aidasure p(P) u
BbIxoHOM aJipasure A. Pasmepom |7| uporpaMMbl 7T HA3BIBAETCS
MOIIHOCTh MHOXKecTBa, V.

CemanTnxka, HpOHOSI/ILLI/IOHaJIbHOfI HOC.HGAOB&TG.HBHOIU/I IIporpaMmMbl
onpeaesdeTrcda ¢ IOMOIIBIO MMOJTYT'DYIIIOBBIX CTPYKTYD KpI/IHKe.
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Anrebpandeckasi Mo/IeJIb

[Moayrpynnosas crpykrypa Kpuike — sro tpoiika M = (S, 0, &) e
e (S,0) — mosyrpynmna, HOpOXKJIEHHAsT MHOXKeCTBOM A 6a30BbIX
0IIepaToOpPOB;
o £:S — p(P) — s10 (mroropasi) GyHKIMS Pa3METKH.

[Monyrpynna (S, 0) no3Bosisier HHTEPHPETUPOBATH 6A30BbIe
OrepaTopbl. DJIEMEHTBI S MOTYT PACCMATPUBATHCST KAK COCTOSTHUST
JIAHHBIX, & HEATPaJbHBIH 3j1eMeHT (eauuuna) & COOTBETCTBYET
HAYAJTHHOMY COCTOSTHHIO JIAHHBIX.

Korga oneparop a € A, nmpuMeHsieTCsl K COCTOSTHUIO JIAHHBIX S € S
PE3yJIbTAT PUMEHEHHS ¢ — 9TO COCTOSHHE JAHHBIX 8’ = § o a.
DyHKIMS pa3MeTKu & UCIIOIb3yeTCs JJIs NHTePIPeTarui 0a30BbIX
[IPEINKATOB: MPU 3aJ]AHHOM COCTOSTHUY JIAHHBIX § (QDYHKIUST PA3METKH
&(a) BO3BpAIAET MHOXKECTBO BCEX 0A30BBIX MPEIUKATOB, KOTOPBIE
NPUHAMAIOT 3HAYEHNE UCTHHA Ha S.
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Anrebpandeckasi Mo/IeJIb

IIycte m— 310 mpomo3unmoHaIbHAS MOCJIEI0BATEIbHAS IPOrPaAMMa, a
M — nonyrpynmosast cTpyKTypa Kpurke.

Boranciienune nmporpammbr m Ha M — 39TO TOC/IE€I0BATEILHOCTD AP
(koHeuHas! MM GECKOHETHAsT )

T(W7M) = (00780)7 (01781)7 ceey (’U“Si), (vi+1vsi+1)a ceey

O6oznaunM uepes [r(m, M)| pesynbrar serauciaenus r(m, M),
peJiroiarasi, YTo pe3ysbrar He oupeeiaéH, korga r(m, M)
3aIUK/INBACTCH.
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*

Anrebpandeckasi Mo/IeJIb

Anrebpandeckoii Mosiebio mporpamM M HA30BEM MHOYKECTBO BCEX
MTPOITO3UIIUOHAIBHBIX TTOCIE0BATEILHBIX TPOTPAMM HAaJT
dukcupoBanabiME ajipasuramu A u P, ceMaHTHKa KOTOPBIX
ompeesisiercss MHOYKecTBOM M 10Ty rpynoBbiX crpykryp Kpurike.

IIycres mana anrebpamdeckas momesib nporpamm M. IIporpavmer 71 u
o Ha3bIBAIOTCA SKBUBaseHTHBIMU B M, ecan [r(my, M)] = [r(ma, M)]
BBITIOJTHEHO JIJTsT KazK/I0H MOoTyrpynnoBoit cTpykTypbl Kpunke M w3 M.
Ob6os3HaueHne : T vy T

Bynem rosopurh, uro anrebpandeckasi Mojeab M ammpoKcuMupyer
OTHOIIECHUE SKBUBAJECHTHOCTN = Ha MHOXKECTBE IIPOIIO3UIUOHAJIbBHBIX
MTOCJIETIOBATE/IHLHBIX ITPOTPAMM, €CJIM /I KaXKI0H Mmapbl IPOTPaMM
T U To

T M Ty — T = 7.
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*

Anrebpandeckasi Mo/IeJIb

Ilpu 3amannoM skBUBajeHTHOM (00hDYCKUPYIOIIEM) Ipeobpa3oBaHum
nporpamMM O MOYKHO pacCMATPHUBATH ajredbpandeckyio mojeas Mo,
KOTOpasl CJIYZKAT JIydIeil alpoKCUMAaIieil JIjis OTHOIIEHMST
9KBUBAJIEHTHOCTU =, UHJYIIMPOBAHHOIO IIpecbpasoBanuem O, a
3aTeM pelaTh 3a/1a9y IPOBEPKU SKBUBaJEHTHOCTHU it Mo .
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O6o3naauM uepes used(a) MHOKECTBO EPEMEHHBIX [IPOrPAMMBI,
3HaYEHUE KOTOPBIX UCHOJIb3YeTCsl OIePaTOpoOM a, u depes mod(a)
MHOYKECTBO [T€PEMEHHBIX ITPOrpaMMa, 3HaY€HHe KOTOPHIX N3MEHSIOTCS
OTIEPETAPOM @

CeMaHTHKa HEKOTOPBIX ONEPATOPOB TAKOBa, UTO PE3YJILTAT WX
BBITIOJTHEHNST He 3aBUCHUT OT TIOPSKA, B KOTOPOM 3TH OMEPATOPBI
BBINOJIHAIOTCA. JIjist TOrO 9T06bI yI0CTOBEPUTLCS, YTO OIEPATOPBI @ U
b MOXKHO HOMEHSATH MECTAMHU, JIOCTATOYHO POBEPUTD € IOMOIIBIO
[POCTOr0 CHHTAKCHYIECKOIO aHAJIM3ATOPA, ITO

used(a) N'mod(b) = used(b) N mod(a) = mod(a) N mod(b) = &. Dro
BBITIOJTHEHO, HATIPUMED, JJIS OTIEPATOPOB X++ W Z++ = &y.
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CemaHTHKa HEKOTOPBIX OIEPATOPOB TAKOBA, YTO PE3YJIbTAT UX
BBIIIOJIHEHUA HE 3aBUCUT OT IIOPSAJIKa, B KOTOPOM 3TH OII€PATOPBI
BBIIOJHAIOTCH. J[J151 TOro 4T00bI yA0CTOBEPUTHCH, YTO OIEPATOPHI ¢ U
b MOKHO TIOMEHSATH MECTAMU, JJOCTATOUYHO TPOBEPUTDH C TTOMOIIHIO

[POCTOrO0 CHHTAKCHIECKOrO aHAJU3ATOPA, ITO
used(a) N mod(b) = used(b) N mod(a) = mod(a) N mod(b) = &. 1o
BBITIOJTHEHO, HATIPAMED, JJIS OTIEPATOPOB X++ W Z++ = &y.

Jutst Toro 9To0BI UCIOTB30BATH 9TO, HEOOXOINMO PACCMOTPETH
(9acTUYHO) KOMMYTATHBHBIE IOJIYTPYIIBL S, TOPOXK IEHHbIE
MHOKECTBOM OIPEJIEISIONINK COOTHOIIEeHUit a o b = b o a.
Asrebpandeckas mogenb nporpamm My = (S1, Lg, ), ocHOBaHHas Ha
(4acTUYHO) KOMMYTATHBHBIX HOJLyTPYIIIAX S, HA3BIBAETCS
KOMMYTATHBHON MOJIEJIBIO.
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Asrebpanveckas mogenb nporpamm My = (S1, Lg, ), ocHOBaHHAas Ha
(4acTUYHO) KOMMYTATHBHBIX HOJLyTPYIIIAX S, HA3BIBAETCS
KOMMYTATHBHOI MOJIEJIBIO.

3ajiada MPOBEPKU IKBUBAJEHTHOCTH IIPOTPAMM B MOJIEJIN

[IPOIO3UITNOHAIBHBIX IIOCJIEI0BATEIBHBIX IIPOIPAMM C
KOMMYTATHBHBIMU orrepaTropamu M; pa3pernimMma 3a BpeMs
O(n®logn), rae n — cyMMapHBIt pa3Mep TIPOTPaMM 7 U 7o

Hue ajgrebpaumdecKux MozeJieil mporpaMmMm



Bynem roBoputh, a0 6a30BBIil OnIEPATOP @ TOJIABISET OLEPATOD b,
€CJIN Pe3yJIbTAT BBITOJTHEHUS b yTpadmBaeTcst KaXKIblil pas3, KOraa
BCJIe]], 32 HUM BBIIIOJIHAETCS OlepaTop a.

Hanpnmep, omepatop x = y++ 1 IOJaBiIseT onepaTop x++.

Yr00bI yOeIUTHCS, 9TO OMEPATOD G MIOIABJISIET OmepaTop b,
JIOCTATOYHO 1poBepuTh, 410 mod(b) C mod(a) n

mod(b) Nused(a) = .

DddeKT 1mogaBIeHns] OJHUX OIEPATOPOB JIPYIUMU MOXKET OBITh
XOPOIIIO OTPayKEH B ceMeiicTBe aredpandecKnx Mojeseit

My = (S2, Ls,), B KOTOPOM IHOJIyrpyIiia S HOJHOCTHIO OIPE/IeJISeTCs
TOXKJIECTBAMU BUJIA G 0 b = a.

Hcnonpsopanue anrebpandeckux Mojesieil mporpaMmm



Asrebpanyeckas mogesb nporpamm My = (So, Lg, ), ocHOBaHHAs Ha
moJtyrpytie Se TMOJHOCTBIO OMPEIEIEHHON TOXKIECTBOM BH/JIA
aob=a.

3ajiada MPOBEPKU IKBUBAJEHTHOCTH IIpOrpaMM B Momean Mo
IIPOIIO3UITNOHAIBHBIX TI0CJIEI0BATEIbHBIXIIPOIPAMM € IOJIABJISIEMbIMI
omepaTopamu paspemmuma 3a Bpems O(n?logn), rae n — cymMMapHBIi

pa3Mep IporpamMM 7 H o

HcnonpsoBanue anrebpandeckux Mojesieil mporpaMmm



* k% ox

KombmHupoBaHHbIE MOJIEN TTPOTPAMM

Aﬂr‘eﬁpanquKne MoJeJ/in IIporpamMmm C rmoaaBJjid€eMbIMU U
KOMMYTaTUBHBIMU OIlepaTopaMu

Ecau pacemorpers anredbpantdeckyio mojenb mporpamy My + Ms, ¢
[IO/IABJISIEMBIMI ¥ KOMMYTATUBHBIMU OIlepaATOPaMU, KOTOPasi TOJIyYeHa,
myTéM coemHeHus mojeseir My u Mo.

3ajiava MPOBEPKU IKBUBAJEHTHOCTH B KOMOMHUPOBAHHOM MOJIE/IH
My + M, mpomo3unuOHAIBHBIX TOCIEI0BATEHHBIX TPOTPAMM C

MIOaBJIsIEMBIMI U KOMMYTATHUBHBIMU OIlepATOPaMU pa3pelrnMa 3a
spemst O(nlogn), Tyie n — cyMMapHbI pagMep MPOTPaMM T U o

Hue ajnrebpaumdecKux MozeJieil mporpaMmMm



* *

[IpodpmrakTuka mouMop@HBIX BUPYCOB

1) He oTKpBIBATH HUKAKUX CCHLIOK MJIM BJIOXKCHHH U3
ITOJTIO3PUTEILHBIX KCTOYHNAKOB.

2) He sarpykarh Kakoe-ub0 IporpaMMHOe 00eCIiedeHue u3
HEABTOPU30BAHHBIX UCTOIYHUKOB.

3) HepxKure Balry cucreMy U IporpaMMHOe obecliedenue B
AKTYyaJIbHOM COCTOSTHUM.

) Peryssapuoe obHOBIIEHEE TAPOJIEii.
) Ucnonb3oBaHue 3BPUCTUIECKOIO CKAHUPOBAHUSI.
6) CoxpaneHue pe3epBHbBIX KOIUI JAHHBIX.

Vcnonb3oBanme nepeoBbpIX METOIOB OOHADYKEHUsT Ha, OCHOBE
TOBEIEHUSI.

Hcnonpsopanue anrebpandeckux Mojesieil mporpaMmm



Thanks

Thank you for your time!

HcronbsoBanne anre6pamdecKnx MogeqeH mTporpaMm
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