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BJIOXKXEHHUE CTPYKTYP IIAPAJLUIEJBHBIX ITPOT'PAMM
B CTPYKTYPBI JKNBYYMX PACIIPEIEJJEHHBIX
BbIYMCJIATEJLHBIX CHCTEM

Ipeanoxen METON BIKEHHA CTPYKTY P TAPAIIENLHBIX IPOrPAMM B CTPYKTYPbI i~
ByYMX PacIpefieICHHbIX BEMHCIHTENLHEIX cicTeM (BC). PaspaGoransl 3¢ dexrus-
HbIe aATOPUTMBI JUIA PEaTIM3aliiK 3TAIOB METoa: 1) 3BPHCTHYECKHUI aJICOPUTM OTO-
OpaxceHHa BepHIMH rpada NapaliensHON porpamMmsl B rpad pacnpeaeneuHoi BC,
CYIIECTBEHHO COKPAIAIONIMIA BPEMS BIIOKEHHS 10 CPABHEHHIO C M3BECTHLIM aNro-
purMoM boxapu; 2) aeneHTpaan3oBaHHbIH anropuT™M oroGpaskenus pebep rpada
NPOrpaMMBI, He CORIaAatomux ¢ pebpamu rpada BC, B kpargaiimue myTr Ha rpade
BC. HccnenosaHo BAOKEHHE ONHOMEPHLIX (IUHEMKa, KONBLO) U ABYMEPHBIX (pe-
IIETKA, TOP) CTPYKTYp MApAIIENbHbIX MPOrPaMM B PETYAspHbIE CTPYKTYphI (TOp,
JBYMEpPHBIH LHPKYJISHT, THIEPKYD) XKHBYYHX BRIMHCIHTCALHBIX CHCTEM C HEHC-
MPaBHLIMM KOMITIOHEHTaMH (MaIIMHAMHU M MEXKMAIIHHHLIMY cOe THHeHHaMM). [Toka-
3aHO, YTO OAHOMEDHbIE CTPYKTYPhl HMAapaICHLHBIX MPOTPAMM BKIAALIBAIOTCA B
CTPYKTYpb! pacnipeaelcHHbX BC mydine, 4eM AByMepHbIE, M IPH BO3HUKHOBEHHH
Jedexron B cTpykType BC (oTKa308B KOMIOHeHTO8 BC) KauecTBO BIOKEHMS OTHO~
MEPHBIX CTPYKTYp YXYALIACTCA MEHBINC, MM KadeCTBO BIOXKCHHS IBYMEPHBIX
CTPYKTYP.

Beenenne. Pacnpenenennas serumcnurentHas cucrema (BC) [1-4] mpen-
CTaBJIeT cO00H MHOXKECTBO 3JIEMEHTApHBIX MalnH (OM), CBA3AHHBIX CETHIO,
IPOrpaMMHO yITpaBiseMoi 3TiMH MammuHamu. Kaxnas sneMeHTapHas MalldHa
BKJIIOYAET BBIYMCIMTENLHBIN Moxyns (BM) u cucremuoe ycrpoiicreo (CV). Cuc-
TEMHOE YCTPOHCTBO QYHKLIMOHUPYET Mox ynpaeinenueM BM 1 uMeeT BXOIHEIE U
BEIXOZIHBIE TIOMIIOCH], CBA3aHHBIE COOTBETCTBEHHO C BHIXOJHBIMH M BXOAHBIMH IO~
mocamu cocenunx OM. Ctpykrypa BC omucripaercs rpadom G, (V,, E, ), rae V, —
MHOXeCTBO OM, a E, C V, x ¥, — MHOXecTBO cBa3eii Mexay OM. [lns pacnipene-
nennbix BCrpad G, (V,,, E,) napannensHoi mporpaMmbl 06bIMHO ONPEAENAETCS
Kak MHOKECTBO V,, BEeTBEH POrpaMMB! (BUPTYaTbHBIX 3/IEMEHTAPHEIX MalIHH),
KOTOPBIE B3aUMOJEHCTBYIOT JIPYT C APYTOM IO MPHUHIAITY «TOUKa—TOYKA» MOCPE/-
CTBOM Iepeiady COOOINEHHH 10 JIOTHYECKUM (BUPTYaIbHBIM) KaHallaM (OHO- U
ABYHanpaBlicHHEIM) MHOXecTBa E, C V, x V. B obmem ciyyae BepumHuHam
x,y €V, u pebpam (wm gyram) (x,y) € g],, MOCTABJIEHbI B COOTBETCTBHE YHCIIA

* PaGora BeINOTHEHa IpU noanepxkke Poccuiickoro hoHaa dyHAaMEHTANLHBIX HCCEA0BAHMIM
(npoexT Ne 01-01-00790).
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(Beca), xapakTepu3yIOHHe BLIYUCTHTENBHbIE CIIOKHOCTH BETBEH i HHTEHCHBHO-
CTH B3aUMOEACTBHH MEX/Iy HUMH.

3anaqa BIIOXKEHHs CTPYKTYpbl NAPAILIENBHONH POrPaMMBI B CTPYKTYpY pac-
npeaenennol BC sxuBanentHa NP-nomnHoii 3ana4e usoMophusma rpacos [5, 6].
Yeunus uccnenoareneii HanpaeneHs! Ha MOUCK 5 dEKTHBHEIX 3BPHCTHK, IpH-
TOIHBIX UL GOMBIIMHCTBA CHTYaLHif. Bo MHOTHX ClTyuasx, HabIioaeMbIX B Mpak-
THKE [TapajuIeNbHOro MpOrpaMMHPOBaHMs, BeCa BCEX BEPIIHH (U Beex pebep) rpa-
(pa IPOrpaMMBI MOXHO CHHTATh ONMHAKOBBIMH. B 3TOM cityuae 3anaua BlIOMXeHHs
CTPYKTyphl apaiuieIbHON NPOrpaMMEl B CTPYKTYpyY pacnipeaenenHoi BC umeer
Buna [5].

I'pap G,(V,, E ») TAPAJLIENLHON IPOrPaMMbl PACCMATPHBAETCS KAK MHOMKE-
CTBO V,, BeplIMH (BeTBEH NporpaMMel) 4 GyHKIHS

G,: V,xV, > {0,1},
YAOBIETBOpPAIOIASA

G,(x,y)=G,(y,x), G,(x,x)=0

ans mobbIx x,y € V. Pasencro G,(x, y)=1 o3Havaer, 4To cymecTByeT pebpo
MEXy BEPIIMHAMHU X U ¥, T. €.(X, ¥) € E,. Ananoruuso rpad G, =(V,, E, ) onpe-
AENAETCA KAK MHOXKECTBO BEPIIMH (3MIEMEHTAPHBIX MalKH) V, U GyHKIHS

GV, xV,—> {0,1}.

3necs E; — MHOXeCTBO pebep (UHMIA cBa3M Mexay SM).

Ilycts |V,| =|V,| = n. O603na1uM BOKEeHMe BeTBeit MapaLIeNbHOM IPOrpaM-
MBI B OM Kak 0HO-O/IHO3HA4HYIO (QyHKIMIO f, : V, — V.. KauectBo BiOXKEHMA
MOXXHO OIPEIEHTb KaK Yucio peGep rpada mporpaMMsl, COBIABLIMX ¢ peGpaMu
rpaga BC. HazoBeM 3T0 4HCIIO MOMHOCTSIO | £, | BIOMXKEHHS Jfn ¥ OIIpENIENTAM €ro
KaK KpUTepHii-MaKCHMyM KadecTBa BIIOXKEHUS [5]:

| ful =(1/2) 3G, (%, Y)G(fn (), f(3))- 0]

xeV,, yeb,

Cornacno (1) xpurepwii | £,,| pasen konudecTsy pebep rpada G » IPOTPaMMbl, COB-

najaromux ¢ pedpamu rpada G, BLIYUCIMTENILHON CHCTEMBI.
KpuTepnii-MHHUMYM Ka4eCTBa BIOXEHHS HMEET BU

| £l =(1/2) D, G, (x, )L S (%), f(3)). ()

xeV,, yeV,

3neck L(f,(x), f,,(¥)) paBHO paccTosHMIO MeXRy BepuuHamu f,,(x)u f, ()
Ha rpade G,.

O6mas cxema aJropaT™Ma BJIOKeHHs. B BLINENPHBEIEHHON TOCTAHOBKE
BJIOXKEHHE Tpada NporpaMMmel G,(V,, E,) srpad BC G,(V;, E,) cBoanTcs K oto-
6paxeHuIo f,, BepluuH rpada G, B BepuMHbI rpada G (B COOTBETCTBUHM C KpUTE-
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puem (1) uu (2)) v Bnoxkeruto pebep (x, y)rpada G »(V», E,), HE coBnmajatomux
¢ pebpamu rpada G, (V,, E,), B mytnt Ha rpade G (V,, E,) Mex1y BepUIMHAMH
FASTTA)

HM3BectHeie anroputMe [5, 6] noucka onTHManbHOTO BIOXeHHS f,, B BUAE [5]
CBOAATCS K 3aJaHHIO HAa49aJIbHOTO BIOXeHHMs rpada nporpammsl G, B rpad BC G,
H IIOCTIEMYOIMM UTEPATUBHBIM NIEpECTaHOBKaM BEpIIHH rpada ép C LIENKI0 J10-
CTIDKEHHS SKCTPEMyMa KPUTEPH KauecTBa BAOKEHHA, OCHOBHBIM HEOCTATKOM
3THX AIrOPHTMOB ABJIAETCSA HX CIIOKHOCTH, BEI3BaHHAA HEOOXOAUMOCTRIO aHaJIH-
3a O(n?) mepecTaHoBOK Ha Kax/10H uTepaumu anroputMa. Ilpun nenenrpanuzo-

BaHHOM peaiM3alliM 3TOIO MOAXO0AA CJIOKHOCTD ATOPUTMA BIIOXKEHHUS YCyryOs-
eTCsl HEOOXOMMMOCTHIO BHIMIOJIHEHHS MHOXECTBA B3AUMOZEWCTBHIM MeXTy Bep-
wuHamu rpada G, (aneMeHTapHBIMM MatnnHamu BC). 3arparsl Ha opranusanmio
B3aUMOZCHCTBHI MOXKHO CYIIECTBEHHO CHH3HTb, ECIIH BIIOXKEHHE f,, peaau3oBaTh
clienywoiel npoueaypoi.

1. Cobpats B nponsponbHOi Mamuue DM, onucanue rpada G,, MCIIONB3Ys
uHbOopMaLHO Kaxkaoil DM o ee COOCTBEHHBIX COCEAIX.

2. Berancauts B DM, BioXKeHHE f,,.

3.Tlepenars B kakayto OM CHCTEMBI €€ HOMEP, 32/1aBaEMBlii BIIOXKEHHEM £, .

4. OroGpasuts pebpa (x, y)rpada G,(V,, E,), He comanaommye ¢ peGpamu
rpada G.(V,, E,), B xparuaiimve myTH Ha rpade G (V,, E,) MexITy BepIIMHAMH
Jmn(x) B [, (3).

HNannaanuzanus ¥ 3asepmenne BIoxeHus. [ MHUIMAU3ALHAH € 3aBEp-
HICHHs aNropuTMa BJIOXKEHHsS HEOOXOQMMO MOCTPOHTH BHPTYaNbHYIO CHCTEMY
B3aMMOJICUCTBYIOIIMX NPOLECCOB (BHPTYAIbHBIX BEPIINH) CO CTPYKTYPOH THIA
NOKPLIBAIOLEe KOPHEBOE NEPEBO M OJHO-ONHO3HAYHBIM COOTBETCTBHEM MEXIY
nponeccamu ¥ MamuHaMu BC. Takas opraHusaums B3auMoAeHCTBHsA NPOLECCOB
00ycIIOBlIEHA CITENYIOLUMHE IPUYUHAMHU:

1) nokpeIBatolee JepeBo MOKET OBITh PEATH30BAHO Ha IIPOM3BOILHOM CBSI3-
HoM rpade BC;

2) MELEHTPATM30BaHHbIH ANTOPUTM MOCTPOEHUSA KOPHEBOTO 1€PERA, TOKPbI-
sarowero rpad BC, npocT 1 He sBnsercs nepeGopueiM. Kaxxnas sepiinHa aepesa
NOJTyYaeT: CBOH MACHTH(HHUKATOP, PacCTOSTHHUE 10 KOPHS JIepeBa, BeC MouIepeBa ¢
KOpHEM B JIaHHOH BepIIHHE.

Bec noiziepera paBeH YMCITy BEPLIVMH MOIEPEBa U CTABUTCSA B COOTBETCTBHE
BXOJIHOWM IyTe €ro KOpHEBOH BEPIIMHBI Ha HUCXOASIIEM aepese. B aropuTMe no-
CTPOEHHMsI IEPeBa UCTIOJIL3YIOTCH ClEyIOLIHE 0D03HAYEHHA: V — CTENIEHb BEPIIH-
HbI; ¢ — HOMEp BXOAAIEH (MCXONAIIEH) JyTH Ha HUCXOAAINEM (BOCXOASAIIEM) KOp-
HeBOM Jepese; s( p)— NpU3HaK HAJIMYUA BEPIIMHbI, COCeHeH C JaHHOM Mo pebpy
(myre) p, s( p) =1, eciu cocen cymectsyer, uHaue s( p)=0; w( p)— Bec pebpa p,
u3HayaneHo w(p)=0; E, — uneHTH(UKaTOp BEpUIMHBI B Aepese £, N, — 4HCio
BEPIIHH B [epeBe £, D, — pacCTOSHUE OT JAHHOH BEPLIMHBI O KOPHA Jepesa f;
wait(g, mesg) — npoueaypa, BbIIOMHAIOMAs UKINYECKHI ONPOC BXOAHBIX AyT
p, p=0,1,...,v -1, noka coobumeHne mesg He OyAeT MOIYHIEHO 110 OAHOMN U3 YT
q €{0,1,...,v —1}; send( p, mesg) — HeGOKMpYyIOLWas NPOLENypa IEPEAYH CO00-
LIeHUs mesg 10 Iyre p; receive( p, mesg)— GIOKHpYowmas IpoLexypa nojryde-
HUs COOOIIEHH mesg 110 JyTe p; root — IPU3HAK TOTO, YTO JaHHAA BEPINHMHA ABJIS-
€TCS KOPHEM JIEpeBa, root =1, ecM JaHHas BepIIMHa — KOpeHb, uHade root =0.B
KayecTBe KOPHEBOW BEPIIMHEI (JIMepa) MOXET ObITh BHIOpaHa, HAIIpUMeED, Bep-
LIKHA, Yepe3 KOTOPYIO OCYIIECTBIIAETCA BBO HH(GOPMAIMHU B cHCTeMY [7].
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AJ'II‘OpIdTM TNIOCTPOCHH NOKPLIBAIOLIETO JICPEBA HMEET BU]

Procedure Spanning_Tree:
begin
mesg = 0:
if (root = 0) wait (g, mesg): else g = v
for p=0to v~1do
if s(p)<>0and p<>gq
send (p, mesg):
mesg :=1:for p=0to v—1ldo
beginif s(p) <> 0 and p <> greceive(p, w(p)):mesg :=mesg + w(p)end:
ifroot = 1 begin E, := 0: N, := mesg: D, := Oend:
else begin send (g, mesg). receive(q, E, ): receive(q, N, ): receive (g, D, ) end:
mesg:=FE, + L
for p=0to v-1do
ifw(p)<>0

begin send (p, mesg): mesg := mesg + w(p): send (p, N,): send (p, D, + 1) end:

end:

JaHHBI# aIrOpHUTM MOPOXKAAET BABOE MEHBLIEE KOMUECTBO COOOLIEHHIA, HeM
aJITOPUTM, NPEIJIOKEHHEIH B [8], ToCKONbKY He TpeOyeT nepenau OTBETA Ha CO-
obwenue. Ponb 3T0T0 OTBETA HrpaeT COOBILIEHHE, IOCTAHHOE B TAKYIO BEPIIMHY
cocenom.

ITocTpoeHHOE MOKpBIBAIOMIEE AEPEBO UCTONL3YETCA I ONpPEICTIEHHs MO-
MEHTa 3aBEPIICHUS BBHITOJHEHHs aTOPHTMA BIIOXKEHHS. 3aBEpIIEHHE BBITIOMHSA-
eTcs 3a ABa wara. Ha nepsom miare kaxias BepUIMHa: 1) moixyyaeT ot npeamect-
BEHHHKOB Ha BOCXOAUIEM JepeBe COOOIIEHNS O 3aBEPIICHUH HMHU aJITOPHTMAa IO~
HCKa cocejiei (aIlropuT™Ma NOCTPOCHHS KpaTyaiiinx myTeit); 2) noceiiaet (ocie
3aBepLICHHs COOCTBEHHOTO AJITOPUTMA IOMCKA COCEIe) IPEEMHHUKY Ha BOCXO/IS-
IIEM JlepeBe COOOIIEHHE O 3aBEPLICHAN AJITOPUTMA MIOMCKA 17T BCEX BEPIIMH O
AepeBa C KOPHEM B IaHHO# BepiuuHe. Ha BTopoM 1mare kaaas BepHIMHA MOTydYaeT
OT CBOET0 Npe/iie CTBEHHMKA Ha HUCXO/AIIEM JepeBe paspellleHHe Ha BhIONHE-
HHME BJIOKCHHOH HapajuleIbHOM NporpamMMel mose3oearens. [locie nomyvenus
pa3spelneHns BEPIIMHA TPAHCIHPYET €r0 CBOUM IIPEEMHMKAM Ha HUCXOIAIIEM Jic-
peBe M MHULIMMPYET UCIIONHEHUE BIOKEHHOH MapaluiebHON MPpOrpaMmel.

B pabore [9] npeutoxeH anropuT™, NomAepXKUBAIOIMI TOKPHIBAIOLIEE KOP-
HEBOE NePEeBO [IPU NMPOU3BOJILHBIX OTKAa3aX BEpLIUH U pebep rpada BC, He Hapy-
LIAIOMIMX CBA3HOCTH rpada.

Bnoxenne sepmnan rpaga mporpammsl. PaccMoTpuM crieayromuii momxox
K 3afia4e BnokeHHs [5]. TlycTs HekoTOpRIM 06pa3oM 3aaH0 HAYATILHOE BIOXKEHHE
BepIIMH rpada nporpammel B BepiuuHs! rpada BC, nanpumep, f,,(x) =x, T. e. Ho-
Mepa BeTBEH rpacda COBNAJAOT ¢ HOMEPAMH COAEPXKAIIMX 3T BETBH MAIIHH.
Ilycts e,(x) — okpyeHHEe (MHOXECTBO COCeAeii) BEpIUMHBI X Ha rpacde G, un
e(x)— ce OKpyxeHMe Ha rpade G,. J[[ns kaxxnoii BepumHel x € V. nporecrnpyeM
MEPECTAHOBKY BEPIUMH i U j, | # j, yIOBJIETBOPSIOMIMX ycnosmo

ice,(x)& ige(x)& jee(x)& state(j)=0.
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Yenoeue state( /) =0 o3HauaeT, 4To BEpIIMHA J elle HEe MOABEpragach nepe-
CTaHOBKE B OKPY)XCHHH ¢,(X), B IPOTUBHOM cily4qae state( ;) =1. Eciu nepecrta-
HOBKA HE YXYAUIAET KAYECTBO BJIOKEHUA f,,, Mbl ee dukcupyem. Takoii moaxon
OCHOBAH Ha IPEAIONOXEHHH O BbICOKOH BEPOATHOCTH CUTYAIIMH, KOI/Ia TaKas Te-
PECTaHOBKa, yBENMMHUBAIOLas KOIMYECTBO BEPLIMH i € € ,(X) B OKPYKEHHH e,(X),
YIyHIIUT (WM [0 KpaHHe# Mepe He yXyIIUIMT) 3HaUeHHEe KpUTEePHs KadecTsa | £, |.
Huenno TeCTHpyeMBbIX MEpecTaHOBOK MPH ONHOPa3oBOM 06Xofie BCEX BEPIIHH
X € ¥, 04eBH/HO, He PEBbILIAET 3HAYEHHs V,V,n, n =|V, |, The v, B v, — MaKcH-
MaibHBIE CTeTIeHH BeplunH rpaoe G, u G, cootsetcTBeHHO. [IpH v,V < nTako
noaxox 06ecHeunT CokpalleHHe 00beMa BLIYUCIIEHHH 10 CPABHEHHIO C M3BECT-
HbIM anropuTMoM boxapu (B-anroputmom) [5], 1 npu yBenuuenuu n addexr co-
KpaleHHs Bo3pacTaet. Ha ocHOBe npensnoxeHHoro 31echk moaxona paspaborasa
npowueaypa Search MoHCcKa JIOKANLHOTO SKCTPeMyMa GYHKLWMH | £,,| B anropatme
Bioxxenus (MB-anropurme), spisiommemcs Moauduxaumeii B-anropurma.

Kpome peimeomiacannrix, MB-anropuT™ coaepxur clieqyomupe OTIHIHs OT
B-anropurma. Bo-nepsbix, HauanbHas Be/IMUMHA | f,,| cpaBHUBaETCS © E, uecu
PaBEHCTBO BBITNOJIHAETCSA, TO ANTOPHTM 3aBepluaeTcs. Bo-Broprix, nposepka pa-
BeHCTBa | f,,| =| E,| BbimonnseTcs mocne kaxao# npouenypsi Search. Takue npo-
BEPKH 3a9aCTyO IPUBOAAT K COKPAINEHHIO BPEMEHH BBINOTHEHUS alrOPUTMA.

Hanee npencraeineH anroputm st kpurepus (1).

Procedure MB:
begin
done = false: BEST « VS:
if (card(VS) = card(TASK)) done = true:
while (done # true) do
begin Search(VS, TASK):
if (card(VS) > card(BEST))
begin BEST « VS: Rand_exchange(VS) end:
else done = true:
end:
Output(BEST)
end.

3nece TASK — omucanne G,; VS —Tekymee Bnoxenue f,; BEST — mywmee
HalileHHoe BroXeHue f,; card(f) — 3HauCHHWE KpUTepHst M BIOXeEHHA f
card(TASK)—3Ha4eHHe KpUTEPHS U151 BIOXKEHUs Ipada G, Bcebs; BEST « VS-—
co3nanue kormu BEST snoxenus VS; Rand_exchange(VS) — ciyuaiinas nepe-
CTaHOBKA » Map BEpIIUH BO BIOKeHHH VS; Output(BEST) —~ BbiBoa Hawmy4imero
BIIOKEHUSA f,,.

Hccnenosano kauectso MB-anropurMa NpH BIOKEHHH THIIOBBIX CTPYKTYp
(maHeiika, KOMBLIO, peleTka) MapaUIebHBIX IporpaMm (pHc. 1) B perynsapHsie
rpagsl pacnipenenennsix BC (E,-rpad (Top), ontumansubiii D,-rpad (uupKy-
JISIHT), THIIEPKYO) ¢ YUCHOM BepumuH 7 ot 8 10 1024.

B d-mepHom runepky6e H, ¢ 2“ pepmmnamu gse BEPIIMNHLI | U j CBA3aHbI,

€CIJIM ¥ TOJIBKO ecid paccTossHue XeMMuHra Mexxty HuMu H (i, j) =1(puc. 2, a, ru-
nepky6 H; ). Iupxynsar D, (N, 1, ..., I, )— 310 n-MepHbiii rpad ¢ N sepmuHamy,
TJe BEPIIMHBI / U j CBA3aHbI, €CITH M TONLKO €CM [ — j =1, modN, ke {l,...,n},], —
nesnble yucna (puc. 2, b, uupkynast D, (16; 1,6)). Top E, (%, ..., k, ) ¢ n namepenu-
amu umeet N =k, x k, x...x k, BepIIHH, Tl BEPIIMHbI [ H j CBA3AHLI, €CIH U
Tonbko eciu 3/ € {l,...,n}, (i~ j)modk, =1 (puc. 2, ¢, Top E,(4,4)).
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Puc. 1. Tunossle rpabl MapaLIeILHBIX IPOrPAMM

B tabn. 1 mpencrasneHb BpeMeHa f, BbinoiHeHus MB-anropurMa B cekyH-
AaX JUL HEKOTOPBIX H3 PACCMOTPEHHBIX BHIIIIE CITy4aeB BIIOKEHHS IIPH H3MEHEHHH
n ot 8 1o 1024 (aNropuT™M TECTHPOBANICS Ha MEPCOHANBHOM KOMITHIOTEpE C PO~
eccopoM Intel Pentium III ¢ TakToBo#t 9acToToit 800 MI't). Pesynkrarel TecTHpO-
BaHUs1 MB-anropurMa nokasamu, 9To JOCTHraeMoe alTOPUTMOM BIIOXKeHHE rpada
G, Brpad G, c uucnom sepmun 1 =|V,| =|V,| <1024 3nayenne kputepus (1) He
MeHbie, yeM 90 % or uncna peGep rpada G, ecnu G, — MUHEHKa WIH KOJBLO
(tabn. 2), u He MeHbIIe, 4eM 80 %, ecin G, — pewerka (taln. 3). B E,-rpacsI pe-
IIeTKA BKJIA/IBIBAE€TCA CTONPOLIEHTHO. Takke CTONPOLEHTHO BKIAALIBAETCS KOJb-
1o B TOp E,(2k, m) ¢ NPOU3BOJILHEIM YHMCIIOM BEPIIHH 1 =2k X m.

MB-anroput™ CymecTBEHHO CHYDKAET BPEMs BIIOXKEHHS B CPaBHEHHUH ¢ B-ai-
TOPHTMOM, OCOGEHHO TIPH BIIOXKEHUH OJHOMEPHbIX rpadoB (JIMHEHKA, KOJILIO) B
E,- u D,-rpadsi. ITpu 3ToM MB-anroput™ He yXyAmaeT Ka4eCTBO BIOKEHHA IO
OTHOINEHHIO K B-anropurmy.

N

Puc. 2. CTpyKTyph! BBIMUCIUTELHBIX CHCTEM
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Tabnuma 1
Bpemsi BNOKEHHS THIIOBLIX CTPYKTYP NAPALIeALHLIX IPOrPAMM

Tuns rpados Ey-rpag (Top) Dy-rpath (tupkynaur) T'unepky6
porpamMm
g4 1024 t64 1024 64 11024
Jluneiika 0,065 11,1 0,071 19,9 0,137 200,0
Konbso 0,017 3,76 0,070 20,1 0,210 414,2
PemeTtka - - 0,109 36,3 0,264 647,3

Biioxenne pebep rpada mporpammel. ITocne 3aBeplieHUs BIOKEHHS Bep-
mMH rpacda nporpaMmsl G, U1 KaXKA0R Napsl BEPUIMH X, Y € G, ynosnersopsio-
IMX ypaBHeHMIO G,(x,y)=1, HEOOGXOMMMO PENHTh 3a/iady MOCTPOEHHUs Kpat-
Haiiero myTH Ha rpadge G, MexIy HecoceHMMH BepuiuHamu f,, (x) u £, ()
(Go(f (%), £ () #1). O603HamM epes path( £, (x), £,, () xpaTarimmi myT
3 BepIunHE! f, (x)B BepuMHYy f,, (), KOTOpBIii cOOTBETCTBYET pebpy (X, y) € G,.
Hos kaxxpoii BepiunHe! z € G, nepeHyMepyeM HHUMIEHTHBIE eii pebpa. [TocTpoe-
HME ITyTH CBOAMTCA K IIOUCKY B G, BepminH z € path( f,,(x), f,,(»)) 1 3apanmio B
KaxkJ0H BepiumHe z otobpaxenus I': y — s(z)HoMepa y LeNeBoil BEPUIMHEI B HO-
mep 5(z) pebpa (z,2' )€ G,, (z,2') € path(f,,(x), f,,(¥)), 2 — Bepumma, cocen-
HAgCz, T.e. G,(z, 2’ ) =1. MHOXecTBO 3HaueHMIi PpyHKuMU T y —> s(z)o6pasyer
B BEPIIMHE Z TaOMHIly MapupyTu3amuu coodmenuit. Iytu w3 f,,(x) 8 f, () 6y-
ASM CTPOMTE OIHOBPEMEHHO A BCeXx € V), y € e,(x).IIponenypa moucka kpar-
YaiUIero MyTH COCTOMT M3 JBYX 3TalioB,

Ha mepeoM sTarne BHIMONHUM pacchUIKy COOGIIEHMI M3 BepHHE £, (X ) IO
nokpsisatomeMy aepesy BC (noxcuctemel BC), B koTopoM f,, (x) sBnsieTcs kop-

Ta6bnuna 2
BnoxkeHne koabna B Top

AJITOpHTMBI BpeMs BIOXKEHHS KagecTro Broxkenus
BIIOXCHHUS
to4 1256 [f641/|Esal 1 f2s6}/1Eas6l
B-anropurm 0,478 38,124 0,91 0,95
MB-anropum™ 0,017 0,245 1,0 1,0

Ta6bnuma 3
BiioxeHHe pellleTKH B rUNepKy6

ANTopuTMBI Bpems BroxeHus Kauectso Bnoxkeuus
BIIOXKEHHA
f64 1256 1 f6al/1Egal | f2561/ E2s6]
B-anropurm 0,955 108,0 0,82 0,77
MB-anropurm 0,264 13,7 0,87 0,80
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HeM. Hasosem sepumuny f,, (x) Bexymeit. Benymas BEPIIHHA NOCHITAET COOOIIE-
mue 3ATTPOC(x) Bcem crommM cocensm. Ecnu kaxas-nmu6o BEpUIMHA [OTyYaeT
coobmenne 3AITPOC(x) Bnepseie, TO OHa TPAHCIIHUpPYeT NOTy4eHHOE coobe-
HHEC BCEM CBOUM COCE/IAM 33 HCKITIOUEHHMEM TOT'O COCENA, OT KOTOPOTO 3TO COOBIIe-
Hue 6bu10 nonyueHo. CoobuieHue 3AITPOC(x), Hapsaay c HOMEPOM HCKOMOI
BEPIIHHbI, CONEPHKHT pacCTOSHAE d(x) OT BEPHIMHBI 2z, KOTOpast MOMyqHIa cO06-
INEHHeE, 10 BeAyIeH BepIHHE! £, (x ) (KOPHEBOM BepIIMHEI TOKPHIBAIOLIETO nepe-
Ba). Hocue nomyyenus coobmenus 3AITPOC (x) BEPIIHNHA Z yBEIMUHBAET 3HaYE-
HHe d(x) Ha enunmiy. Ecnu BepmMHa momyuuna HecKONbKO coobumeHui
3AITPOC (x) (oT HecKONBKHX cocenieil), TO B KA9ECTBE CRA3M C NpeaHIeCTBEHHH-
KOM Ha HMCXOZALIEM JiepeBe BLIOMpaeTcs pebpo, o KOTOpOMy GUTO MONyHUeHO
COOOIIEHHE C MHHMMABHBIM 3Ha9eHHeM d(x). B pe3yJibTaTe MHOXKECTBO pebep
rpada G, c MUHHMaJIbHBIMH 3HA9eHHAMH d(x ) 00pasyIoT 1epeBo, IOKPHIBAIOIIEE
BC (wm noncucremy BC), ¢ kopHeM B BepimuHe Jm(x). B 5ToM nepese kaknas
BEpIIMHA CBsi3aHA C KOPHEBOH [, (x) kpargaiimum mytem. ITocne nepeoro moy-
deHus coobmenus 3AITPOC(x) u ero TpaHCHAmuM Kax/as BEPIIMHA OXKHAAET
coobmenuit Tuna 3ATTPOC(x) unu OTBET(x) ot Beex cBomx cocelei, kpoMe
TeX, OT KOTOPbIX coobmenue 66u10 nosydeHo srepsble. Coobmenue OTBET(x)
MOXET cozlepkaTh HoMepa f,,(y) BepmmH y € e,(x).

Korza Bepmuna nomyunina cooGIuenns or Bcex CBOMX coce/iei, OHa, eCITH 3TO
He f,,(x) (T. e. He Bexymas), popMupyeT coobmeHue OTBET (x), coneprxamee
BCe MOMyucHHbIe HoMepa f,, (1) HalileHHBIX BepIIMH y € e,(x) 1 cobCcTBEeHHBIIH
HoMep f,(2),ecnuz e,(x). Manee coobmenne OTBET (x) nepenaercs npeem-
HHKYy Ha BoCXonslleM K f, (x) nepere. MHade, eciv JaHHas BepIIMHA SBASETCA
Bedymeii (T. . f,,(x)), TO alropuT™M moMcKa KpaTdaiimmx IIyTeH M3 BEpPLUIHHBI
JSm(x)B Bepmmnsl £, (y), y € e,(x),3aBepmieH.

B nanHoM anropurMe He HCNONB3yeTCs 3a1aHIE BPEMEHHBIX HHTEPBAJIOB I
Ompe/Ie/ICHHs MOMEHTa 3aBEPINEHHs alropuTMa. OTO JOCTHIAaeTes 3a CUET pac-
CBUIKH H30BITOYHBIX coobmennil. He3aBHCHMO OT KauecTBa 0TOGPaKEHHS BEp-
IIHH, T. €. OT PaCCTOSHUA Mexay Bepumuamu £, (x)u £, (y), G,(f,,(x), f,(¥)) =
# 1,rpa¢ nepenaun coobmennit OTBET (x) o6pasyer aepeso, nokpeisatoree BC
(noncucremy BC).

OnmcanHbIf anrOpUTM MOXET GBITH pealu3oBaH OJHOBPEMEHHO M Heda-
BHCHMO MUIi BCeX BepmmH f,.(x), xeV,, f,(x)€V,, Tak Kkak coobmenus
3AITPOC(x)u OTBET(x ) noMeYeHb HOMEPOM X BeyILeH BepUIMHLIL J{n4 mo-
HMCKa coce/leH BepLUMHEI rpaca IpOrpaMMBI (TI0CTPOEHHS KpaTYaHIIHX MmyTei) He-
obxomumo BemMONHUTE O(log,_,#) MEKMAIITMHHBIX OGMEHOB COODLIEHHUAMH,
T 7 —9HUCII0 BEPIIMH rpacda ¥ v — CTeNeHb BepLIMHLL. Takum 06pazoM, 11 ouc-
Ka coceniel BCex BepIIMH Heobxonumo Bbimonauts O(nlog, _ n) o6meHoB. Tak
kaK OTHOBPEMEHHO MOXKHO BBITIONIHUTE He 6oJiee 4eM Vi OGMEHOB, BPEMS BBITION-
HeHus anroputMa pasHo O(log , _, n). ins npeaoTBpalenus Tynuka kaxaas SM
JO/DKHA MMETb ONEPATHBHYIO MAMATh, JOCTATOYHYIO 1)1 XPAHEHHS COOOIIECHMIA.
Ha kaxxnom mare aropurma DM noy4aer v cOoOIeHH , HO MOYKET TPaHCIIHPO-
BaTh TOJIBKO OJHO (B HauXxyauweM cirydae). [T03ToMy coo6meHus MOryT HaKarLIU-
BaTheA B OM. JUitst XpaHeHHs STHX coobuieHnii DM 10KHA MMeTh HaMATh paMe-
poM (v —1)O(log, _,n)V,,,, tie V., — pa3mep MaMaTH [Is XpAHEHHS OJHOTO CO-
obmeHws,

YcnoBus BROXeHAS NapaJLIebHOI NPorpaMMel B xuByuyio BC ¢ menc-
OpaBHLIMHA KoMNoHeHTamH. Mcrione3ys MB-aroputy, ucciienyeM BIOKEHUeE
CTPYKTYp NapajuleNbHEIX NPOrpaMM B CTPYKTYpBI pacnpeneneHHsix BC ¢ Heuc-
TIPaBHBIMH KOMITIOHCHTaMH. KauecTBo BIIOKEHMA HCCeqyeTcs Ul pasIM4HBIX
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pa6ore BC BO3HHKAIOT OTKa3bl OM H MEe>KMAIIMHHBIX COeAMHEHHUH. B pesynerare
MapaJuleNTEHYI0 IPOrpaMMy TPUXOAUTCS 3aHOBO BKJIABIBATL B HEPETYNAPHYIO
cBsasHyto yacTh BC. JleneHTpanu3oBaHHas onepanHoHHas cucreMa BC obecne-
YMBAET PABEHCTBO YKMCIIA BETBEH MapajUIeIbHOH IPOrpaMMEbl YHCTY (yHKIMOHH-
pytomux OM, T. e. | V| =| V| 4 BbrucnuTebHAs HArpy3ka paBHOMEPHO pacpee-
Jsercsa Mexay GyHKuMoHupyomuMu OM (3, 4]. JIpyruMu ciioBaMH, napasuieiib-
Has TporpaMMa Mo)keT ObITh HACTPOEHA Ha HHCHO (PYHKIMOHMPYIOMHX Ipo-
ueccopos BC.

IIpy xaxoM KOJMYECTBE HEUCIIPABHBIX KOMIIOHEHTOB BIJIOXKEHHE MapaJUIe)ib-
HOM MPOrpaMMb! B BBIYHUCIUTENBHYIO CUCTEMY ellle BO3MOXKHO? MMeeTcs Ba THIIa
OrpaHMYEHH# Ha JOIMyCTHMYIO KPaTHOCTh OTKa30B. Bo-1iepBhIX, KOJIMYECTBO HE-
HCTIPaBHBIX BEPIIMH He MOXeT mpesbimiath (n —1)/2, n =|V|. 310 orpaHudenue
ofnpeaenseTcs ycioBueM camoauaraoctTupyemoctH [2]. CormacHo 3ToMy OorpaHu-
YEHHMIO aJITOPUTM CaMOAHArHOCTHKH paboTaeT MpaBUIIbHO, €CITH TOIBKO HCIIpaB-

a b
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:E 60 4+ % 60 +
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0 20 40 60 80 100 0 20 40 60 8 100
OTKa3bl BEpPIIMH OTkasbi pebep
¢
100 100 d
£
-]
g 80+ ,g 304
8 60 Z 601
[+ =]
8 404 8 10+
204 T 204
0 20 40 60 80 100 0 20 40 60 80 100
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f
100 ¢ 100
g 80 ¢ g8r
< S
Z604 £ 60 1
4 2
8404 §40 1
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0 20 40 60 80 100 0 20 40 60 8 100
OTxa3bl BepMIHH Ortkasb! pebep

Puc. 3. 3aBHCHMOCTH BEPOSITHOCTH HeCBA3HOCTH rpada BC oT nporeHTa HEUCIIPaBHAIX BEPIIMH K
pebep
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Has 4aCTb CHCTEMBI BKIIOYaeT B Ce0s1 He MEHEE NOJIOBUHBI CyMMAapHOTO YHCIIA Ma-
muH. Bo-BTopsix, rpad) ¢ MCIIpaBHEIMK BepIIHHAMH M peGpaMH [OIDKEH GbITh
CBAZHEIM. 3TO CBOMCTBO HEOOXOAMMO IS OPraHHU3ALMH B3aUMOIEHCTBUN MEXKITY
BETBAMH NapajuiebHOR nporpamMmel. BepostHocTs p, HecssHocTH rpada BC u
BEPOATHOCTh p, =1~ p, CBA3HOCTH rpada OGN HCCIEI0BAHBI B 3aBHCHMOCTH OT
YHMCINa HEUCTIPaBHBIX BepuIuH U pebep. Metonom Monre-Kapno nposeaeso moze-
JIUPOBAHHE PETYISPHBIX rPadOB C HEMCIPABHBIMK BEpIUMHAMU 1 pebpamu. Pe-
3YJETaThl MOACIMPOBAHMA NIPHBEICHB! HA PHC. 3. DTOT PUCYHOK IEMOHCTPHpPYET
3aBHCHMOCTH p, OT NpOLEHTa HEHCIPABHLIX BepuuH (pHc. 3, a,c,e) u pebep
(puc. 3, b,d, f ) s Topa (cm. puc. 3, a, b), pkynsHra (cM. puc. 3, ¢, d ) u runep-
Ky0a (6ymnesa ky6a) (cM. puc. 3, e, f ) ¢ uMCIOM BepuIHH 1 = 64.

Pesynbrarel MonenupoBanys MOKa3kIBAIOT: 1) U1sl TOPOB M ABYMEpPHBIX Up-
KyJSHTOB p, ~ lnput>n/2, a ins runepkyGos p, ~ lnput>3n/4; 2) ans Topos u
ABYMEPHBIX LHPKYIAHTOB p, =~ 1npu t < 0,2n (cM. puc. 3, a—d), a 171s runepky-
GoB p, =1npu ¢ <0,3n (cm. puc. 3, e, f).

OTH pe3ynbTaThl CIPaBe/UIMBLI KAK V1S rPagoB ¢ HEHCHIPABHBIME BepHUIMHa-
MH, TaK U JUIS rpahoB ¢ HEHCTIPaBHBIMH peGpamu. Bo BTopoM ciyuae n — 310 quc-
10 pebep BC. Pesynerarsi HokasbiBatort, 4to rpadsi ¢ GobLIei cTeneHsio BEpIIH-
HBI IO CKAOT GoMbIIIee YHCIIO OTKA30B, He HAPYINAIONINX CBI3HOCTH. TakuM 06-
Pa3oM, mpH KPaTHOCTH oTKa30B f <0,2n<(n —1)/2 Bce paccMoTpeHHbIE TOMO-
JIoruH (THITE! rpadyOB) MOITH BCETNIA ABMAIOTCSA CBAIHBIMU M BOIMOKHO TIPHMEHE-
HHE BHIIEONHCAHHOTO aNTrOPHTMA BJIOXKEHHS.

HMccaerosanne aropaT™Ma BIoKeHEs. PaccMOTpeHE! YeThipe THNa rpados
G, nmapaJulebHbIX MPOrpaMM: JIMHEHKa, KOMBLO, PelieTKa U Top. DTH rpacdsl ¢
{HCIIOM BEPIIMH OT 1 =8 10 n =256 oTo6paxkanmucs B rpadst BC (Top, 1ByMepHBIi
mupkymaHT (D,-rpad), runepky6) ¢ HEUCIIPABHEIMY BEPIIMHAME WK HEUCHpaB-
HbIMH peGpamu. [Tnan HccieIoBaHMA ANTOPUTMA BIOXKEHHS HMEET CIIELy FOLIMiA
BHI.

1. Cosparb HawaneHOe onucanue rpadga BC ¢ 3aganHoi PErYspHOIL TOMOMO-
THMeH ¥ 3a71aHHBIM YUCJIOM BEPIIMH.

2. 3anaTk KPaTHOCTb OTKA30B ! M HOPOJNTH MHOXKECTBO ONUCAHMI HCKa)KeH-
HBIX IpadoB ¢ { OTKa3aMH BEPIIUH (MK pebep) HadaTbHOTO rpada.

3. Bnoxwurs rpac porpaMMEI B Kaxk/{bIi HCKaXeHHBIH rpad BC 1 BoraucuTs
Ka4eCTBO KKIOTO BIOXKEHH KaK OTHOLIEHHE | f,, | K 061eMy Yncity BepIIHH (HIH
pebep) rpagda BC.

4. BeraucnuTs cpeqiHee 3HAYCHHE F,, KaYeCTBa BIOKEHHA. Peayisrarsl Moze-
JIMpOBaHHKA aNITOPHUTMA BIIOKEHHS MOXKHO Pa3sOUTh Ha IBE PYIIIIL: BIOKEHHUE JTH-

Tabnuuma 4
MuHHMaNbHBbIE 3HAYEHMSA TOKA3ATE/IS] KAYeCTBA BJI0KEHM ST

Tunst rpagos Top 1{upxynsar Tunepkyd
nporpaMM
rm(V) rm(E) rm(V) r'm(E) rm() m(E)
Jluneiixa 0,802 0,803 0,801 0,802 0,868 0,867
Konsnro 0,793 0,796 0,797 0,790 0,859 0,850
Pemerka 0,571 0,792 0,538 0,790 0,633 0,613
Top 0,500 0,595 0,495 0,468 0,586 0,586
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KauecTBo BITOXEHHS
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Puc. 4. Ka4ecTBO BIOXKECHUA CTPYKTYP IPOrpaMM B TOp

HEWKH H KOJIbIIAa H BIIOXKEHHE TOPa U pelleTKH. B Tabn. 4 nmpuBeaeHs! MUHUMYMBI
YCPEIHEHHbBIX 3Ha4YeHui r,, (V) u r, ( E) kayecrBa 0TOOpaOKEHHMA [IPH OTKA3aX BEp-
IIMH U pebep COOTBETCTBEHHO.

Jlns nepeo#t rpymme! IpH 9ucie HEHCIIPaBHAIX BEPIIUH £ < 0,2n cpeHee 3Ha-
YeHME KauecTBa BiIoxkeHH He Hwke 0,8, eciu rpad BC uMmeer Tomonoruio Topa
WM LIMpPKY/AHTA, U He Hike 0,86, ecnu rpad BC uMeeTt Tononoruio runepky6a.
JU1s BTOpOii rpynnbl IpH YKCIIe HEUCIIPABHBIX BEPIHH £ < (0,21 cpe/iHee 3HAYESHHE
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Puc. 5. Ka9ecTBO BIOKEHHS CTPYKTYD IPOrpaMM B THIIEPKYO
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BiioxeHHe MUHEAKH B TOp

Tabnuma 5

Heuncnparnrie Yucno BepmuH
BepuraHb! (%)
16 36 64 100 144 169 225
0 1,0 0,971 0,905 0,909 0,923 0,929 0,938
10 0,937 0,864 0,828 0,842 0,836 0,843 0,856
20 0,926 0,839 0,804 0,802 0,813 0,810 0,813
Tabnuma 6
Biiokense pemeTKH B TOp
Heucnpasnuie Yucno BepuH
BEpIHHLI (%)
16 36 64 100 144 196 256
10 0,865 0,698 0,674 0,639 0,633 0,641 0,628
20 0,783 0,652 0,626 0,577 0,575 0,566 0,558
Tabnuna 7
BioxkeHue JHHeHKH B rHNepKys
HewucnpaeHsie Yucno BepmmH
BepmuHs! (%)
8 16 32 64 128 256
0 1,0 1,0 1,0 0,968 0,937 0,937
10 1,0 0,948 0,902 0,887 0,883 0,895
20 0,919 0,909 0,880 0,868 0,870 0,878
Tabnuma 8
BrojkeHne pelieTKH B rHnepKy6
Heucnpasusie Hucno BepmuH
BepmmHb (%)
8 16 32 64 128 256
0 1,0 1,0 0,923 0,812 0,776 0,771
10 0,875 0,857 0,794 0,743 0,699 0,665
20 0,875 0,805 0,742 0,719 0,661 0,633
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KayecTBa BlIoxeHus He Hwke 0,46, ecim rpad BC umeer Tononoruio Topa wim
LMpPKy/sHTa, U He Hike 0,58, ecim rpad BC uMeer Tononoruio runepky6a.

Ha puc. 4, 5 npusenens! rpaduky 3aBHCHMOCTH 7,, OT YHCIIa 1 BEPIIMH rpada
BC ripy HEKOTOpHIX 3HAYEHMAX MPOLEHTA HEUCIIPABHBIX BepIIMH (Tabn. 5-8).
Ha puc. 4, a, b noxasaHbl 3aBHCHMOCTH Ka4€CTBA BIOYKEHUSA B TOD JIHHEHKH H pe-
IETKH COOTBETCTBeHHO. Ha pHc. 5, a, b npeacraBneHsl 3aBUCHMOCTH KayecTBa
BIIOXKEHMs B THIIEPKY6 3THX e rpadoB nporpamMm. B tabn. 5 u 6 mpuBeaeHs! 3Ha-
YeHHs Ka4eCTBa BIIOXKCHUS B TOP JIMHEHKH U pellIeTKH COOTBETCTBEHHO, a B Tabn. 7
U 8 — 3HaYEHMs KAYECTBA BJIOXKEHHS B THIIEPKYO 3THX e rpados mporpamMm.

3axmiouenne. IIpeniokeH MeTon BIOXKeHHs rpadOB MapaIeNbHBIX Mpo-
IPaMM B rpadbl XHUBYYHX pacnpe/ie]IeHHbIX BLIYUCIHATEIBHBIX CHCTeM. PaspaGo-
TaHbl 3(G(EKTHBHbIE ANTOPUTMBI JUIS PEaIU3aLMy ITAIIOB BIOKEHHS: 1) 3BpHCTH-
YeCKHiH alropuT™M OTOOpaXKeHHs BepIIMH rpada mapajuieNbHOW MporpaMMel B
BepIIMHEI rpada pacnpeneneHHoi BC, cymecTBeHHO cokpamaromii BpeMs BJIO-
JKEHWS 110 CPABHEHHMIO ¢ H3BECTHBIM anroputMoM Boxapwy; 2) neuenrpanmuzopa-
HbIH aJITOPUTM OTOOpaxkeHHs pebep rpada mporpaMmsl, He COBHAAAIOIIMX C ped-
pamu rpada BC, B kparyaiimme mytu Ha rpade BC. Moaenupoanue anroparMa
OTO6paskeHHs BEPIIHH MOKA3aJI0, YTO KaYeCTBO BIOXKEHHs rpadhoB MapajuieTbHbIX
TPOrpaMM 3aBUCHT OT CTENEHEH HX BEPIIMH: YEM HIKE CTEIEHH BEPLIHH rpada
MPOrpaMMEI, TEM Ka4eCTBO BIOKCHMS BhIIIE M IIPH BO3HUKHOBEHUHM Ae(EKTOB B
rpade BC (uckmouenuit BepmuH 1 peGep, COOTBETCTBYIOIHMX OTKA3aM MALIHH U
MEXMaMMHHEIX coequneHnii BC) yxynmaercs MeHbIne.
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