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Jlekrusa, mpounTanuas crygearam MaremaTtuvdeckoro Komnexxka HMY
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DTa JeKInA paccinTaHa Ha TeX, KTO He 3HAKOM C TEOPHUeN CIOKHOCTHU BBIMHCTE-
HHI. D03TOMY 31ech 6yeT paccKazaHO TOJBKO 006 OCHOBAX STOW TEOPHH W CAMBIX
MEPBBIX €€ pe3yabTaTax. JPHU 3TOM MBI TIOCTAapaeMcsi epeiaTh OCHOBHBIE €M, KO-
TOPBIMHU PYKOBOJACTBYIOTCA HCCAEAOBATENN B 3TOW 06JaCTH HAYKH.

CroxeTHON KaHBOU JaJbHEHIETO PaccKaza MOCTYKAT MCTOPUM, TPOUCXOIAIINE
C HEKOTOPHIM NepCcOoHaXkeM — HazoBeM ero M (oT cioBa «maTemaTnk»). W HadHeM
pacckas co Caeyolel NCTOPUH.

1. IIPEALICTOPUA

Opuaxaer M cugen goMa m THITAICA T0Ka3aTh HEKOTOPYIO (BO3ZMOXKHO BaXKHYIO,
BO3MOXHO HeT) TeopeMmy 1. OH HBITAICA TOKA3aTh 3Ty TEOPEMY B TedeHHe HeJE,
IBYX, MECATIA, . .. , HO HIYETO Y Hero He MOMyYaioch. B KOHIIe KOHIIOB OH He BBIAepiKad
U 3a/aJ BIOJHE eCTeCTBEHHBIN BOMPOC:

@ MOJCHO AU 6 NpuHyune dokazamv smy meopemy?
Bompoc 6bL1 06palliel HeM3BECTHO K KOMY, 1, CKOpee BCEero, yaeTel 6Bl B IPOCTPaH-
CTBO, ecii 6B MUMO He TPOXOMUA JPYTOH HAIl HepCOHAaXK, KOTOPOro Mbl 0603HATNM
6ykBoi JI, oT cioBa WIOTHKY.

J1 ycasnmaa Bompoc, 3aimen B KOMHATY W OOBACHII, 9TO TAKMMN BONPOCAME Ma-
TeMaTHKN HAYAJIl WHTEPECOBATHCA MpuMepHo ¢ Hadaqaa 20-To Beka. B obmiem Bumge
HTOT BONPOC BXOMUT B 3HAMEHUTYIO «IporpamMmy [miasbepTas, MOCBAIEHHYIO TOHSA-
THIO MATEMATHIECKOTO JOKA3aTElbCTRA.

DTa mporpaMMa, B YaCTHOCTH, BKJIIOYAIA TPH CAEAYIONINX MTyHKTA.

1) POPMAJNIATINA MOHATUA TOKA3ATEJILCTBA.

Depes TeM KakK 3aJaBaTh BONPOCH O TOM, MOXKHO JH [OKa3aTh TO WJIN NHOE
yTBepXK AeHne, Heo6X0 MO 1aTh CTPOroe MaTeMaTHIecKoe onpeeleHne NoKa-
3YEeMOCTH.

MaTemaTuyeckoe npocseweHue, cep. 3, Bbin. 3, 1999(127—141)
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2) POJHOTA.

Docae HopMaTHIAINT TOHATHSA JOKA3aTEAbCTBA HYXKHO YCTAHOBUTH NOAHOMY
MOCTPOEHHON PopmaabHot meopuu. ITO O3HAYAET, ITO 1060 HCTHHHOE yTBED-
x Jerne T TOMKHO OBITH JOKa3yeMBIM B Halllell popMaiusaun. B qacTHOCTH (B
CHIYy HEKOTOPHIX HCTOPWYECKHX MPHYHH), caMoro ['mib6epTa NpenMyIecTBeH-
HO WHTEPEeCOBaJ BOIIPOC O MOKAa3yeMOCTH YTBEPXK AeHNUA O HETPOTUBOPEINBOCTH
MaTeMaTHK®, (hopMaau30BaHHOT'O MOAXOAAIINM 06Pa3oM.

3) PA3PEMNMOCTB.

Caegymomell Ieablo HporpaMMBl GBLIO HOCTPOEHHE TAKOIO BLIMHCIATEILHOIO
ycTpolicTBa, KOTOpOe 110 BHEIIHEMY BUAY TeopeMbl ', 3allcaHHOl B HEKOTOPOM
bopMabHOM A3LIKE, OIpeJelalo Obl, ABIAETCA JU DTa TeopeMa J0KalyeMoil
(mpeamoaaraaock, 9TO B CHIY MyHKTA 2 IPOIPAMMBbI 9TO Gy1eT SKBHBATEHTHO
HCTHHHOCTH).

XopolIo W3BECTHO, 9TO TEPBHIN MYHKT MPOrPaMMBI OBLT YCIENIHO BHITOIHEH. B
HACTOSAIee BPEMA MOJ CJOBOM «TeopeMas GOMBIIHHCTBO MaTeMaTHKOB (XOTA He BCe
5TO MPH3HAIOT) MOHHMAET TO, 9TO MOXKHO N0Ka3aTh B TeOpHH MHOXKecTB llepmeno —
Ppenkes.

Xyxe 1eq0 06CTOMANO ¢ MOCAEAYIONIMMEI IBYMS MyHKTAME. DEPBBIM yIapOM, MO-
TPSACIIIM B CBOE BPEMS BCe MAaTeMATHYECKOe COOOIIECTBO, GBI MOy deHHBIN B 30-€
rogael peayabTaT Kypra ['€1es, yTBepK fafoluit, 970 HIKaKas J0CTATOYHO CHABHAS
TeOpHs € 3a,1aBAEMbIM SBHBIM CIINCKOM MHOXECTBOM aKCHOM He MOXKeT GBITh IOTHOMN.
DoJlee TOYHO, eCU HAIlla TEOPUA HEMPOTUBOPEYNBA U B HE MOXKHO (hOPMAIN30BATH
pPaccy X IeHns O HaTypPaJbHBIX 9HCIaX, TO CYIIECTBYET YTBEDXK IeHIe, KOTOPOE HEMb3A
HI [OKa3aTh, HI OMPOBEPIHYTH, 60/ee TOT'O, B KA¥YeCTBE MPUMepPa MOXKHO B3fATH HMH-
TepecoBaBiliee |mabbepTa yTBEpKAeHNE O HEMPOTHBOPEYNBOCTH PACCMATPHBAEMON
TeOpHun.

Mgt ceromts 3aHIMAaeMCs BEIMHCAEHIAMI, TO3TOMY s Hac GoJee HHTePeCHA TEO-
pema Yépua (1936). On goxazan, 9To He CYMIECTBYeT HUKAKOTO Al OPHTMA, KOTOPHIH
O YTBEPKJAEHNIO aBTOMATHYECKH MPOBEPA Obl, ABIACTCSI 3TO YTBEPKJEHUE TOKa-
3yeMBIM WU HET.

Wrak, wam matematux M ysrnaa ot goruka Jl, 1o B moaHon oGIIHOCTH OTBETUTH
Ha BOIPOC O [OKa3yeMOCTH MATEMATHIECKOTO YTBEDPK TeHIA HEBOZMOKHO.

BrpoteMm, K 5TOMy MOMEHTY y HETO yiKe Hadadl TOABIATHCA COMHEHHS B TOM,
9TO TeopeMa | MCTUHHA, W OH DEIINI 3aHATHCS MONCKOM KoHTpupuMepa. M moten B
KOMITBIOTEPHY O KOMHATY U HAMNCAJ TPOrpaMmy ] | TPOBEPSIOIIYIO MOCHET0BATENBHO
BCe CIIOBa [0 TeX TIOp, OKa OHA He HaWgeT NaHHBIE, Ha KOTOPHIX 1 He BeprHa. OH
3alyCTII CBOIO MIPOTPAMMY U CTaJ XK IaTh OKOHYAHUSA ee PabOTHI.

Dporpamma paboTanaa dac, qBa, JeHb, Heleaw, ... . I cHoBa y MaTeMaTnKa BO3-
HHUK BOIIPOC, HA BTOT pa3:

ocmanosumcsa au I xoeda-nubyde ?
Da 3ToT pa3 MaTeMATHK yX&Ke 3HAT, K KOMY 06paTuThCA ¢ TakKuM Borpocom. OH Halmea
JOTHWKA U CIPOCHJ CYIIECTBYET JU CIIOCO0 Y3HATH, MPEKPATHT JU JaHHAS PO PAMMa
CBO€ BHITIOJIHEHNE WK XKe 6y aeT paGoTarh no GeckornewnocTu. U caopa JI gan Bmoste
KBaau(UIIPOBAHHLI OTBET. D0 TeopeMe, mokazanuou Toiopmarom B 30-ble TOMH,
HE CYIIECTBYET aJrOPUTMA, OMPEIEASIONIEr 0, OCTAHOBUTCS JH KOTAa-HUOY b TaHHAd
mporpaMMa Wil HeT, T.e. MpobieMa OCTAaHOBKH HepaspeInMa.
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2. OTOPABHAA TOYKA

Dociie >TOro HaIll MATEMATHK OTHpaBmicA moMmon. Kax »To mHOrga OBIBAET, €ro
pebeHOK, M3YHAKIINA TeOMETPHIO B CEIBMOM WM BOCBMOM KJacce, TOMPOCHI Ay
TTIOMOYh clefaTh JoMalllHee 3aanne. B mapone 6BITYeT MHEHUE, ITO A0, 3aHIMA-
IOIIecs MaTEMATHKON, YMEIOT XOPOINO CYNTAaTh, PEllaTh KBapATHBIE YPaBHEHISA 1
pa3HBIe 3aMa9KH U3 3JIeMeHTapHOU T'eOMEeTPHH, 9TO HE BCErja COOTBETCTBYET Jeil-
CTBUTEIBHOCTH.

NTak, Ham mMaTeMaTHK HavYad peliaTh 3aJady, TPeATOKeHHYI0 CBOUM 9YajoM, U
MOHSJI, 9TO HAPOYb 3a0bLT M€OMETPHIO, KOTOPYIO yuma B mKoge. OH 0HAKO TTOMHILI,
9TO AO6YIO 3a1ady TeOMETPHI MOXHO 3alliCaTh B KOODMHATAX HA S3BIKE MEHCTBH-
TeNbHBIX HHCEJ.

U emy B rosoBy mpwHIies BOMPOC, a CYIIECTBYET JU YHUBEPCAJIBHBIN alrOPUTM,
PEIIAIINY TKOJBHBIE 3a/[a9l IO TeOMETPHUN. JOCiae pa3roBOPa ¢ JOTHKOM, OH 3HAJ,
9TO eCU B TEOPUN BHIPA3NMBI HATYPAJbHBIE YHCIa, TO OHA Hepa3pemnMa. UaTynnmus
MOJICKA3BIBAJA, ITO Teopus, paboTaroias ¢ MeHCTBUTEMIbHBIMEI YHCJAAME, KOTOPBIX
ropasfio 6oJablle, TOMKHA OBITH YK TeM 6ollee HepaspemmnmMa. Bce XKe, 11 O9MCTKHI
COBECTH, OH PElInJ MO3BOHUTL JOTHUKY W yJIOCTOBEPUTLCA B 3TOM. Kak HU CTpaHHoO,
BBIACHIIOCH MpOoTHBOMoMoKHOe. Kaaccmvaeckmnit pesyabrar Tapckoro, mokazaHHBIN B
1948 Tonmy, yTBepXKAaad CyIIeCTBOBAHUE AJTOPUTMA, MPOBEPAIONIETO MOKA3yeMOCThH
YTBEDIK JeHHIT dIeMeHTapHoll reoMeTpui’).

MatemaTux obpagoBaica. EMy yXKe HaAUMHAIO Ka3aThCA, ITO OT JOTUKU HeT HU-
KaKOH TOJB3bI, & TYT 0Ka3aJ0Ch, 9TO JOIMKA HIMeET BeChbMa MPaKTHIHOE TPUMEeHEHTE
B peaJbHON JKIT3HI.

Wrak, M mompocua pebeHka MoqoXkaTh, a caM OTHPABUICS K TOPTOBIAM MPO-
rpaMmmHuOro obecrevenns. Tam on obuapyxmi gea CD-gmcka, mOCBAMEHHBIX pelire-
HUIO 3a/a4 IO 'eOMeTPHUHN, KOTOPhIe Ha3bIBAINCH COOTBETCTBEHHO

Tarsky for Windows 95 m Collins for Windows 95.
Deprinn guck croma 30 y.e., Bropoin — 300 y.e. EcrecTtBerno, M monbrraacs mo-
HATH, 9eM K€ BBI3BaHAa TaKas Pa3HUIA B lieHe. JNKAKNX OObICHEHNH OH He TIOJY I,
MO3TOMY OH Kymmi GoJee femieBbinl quck Tarsky for Windows 95.

M npumen gomoit, BctaBua CD B KOMOBIOTED H DI TPOBEPUTE MPOrpaAMMY Ha
3afadKe M3 MIKOABHOTO yuebHuKa. OHAKO cTaga TMOBTOPATHCA BCE Ta XK€ NCTOPUS.
Dporpamma paboTanaa Hac, ABa, ..., HO He MPOABJIAIA HUKAKOTO YKeJTaHUsA BHIATH
pettieane. MaTeMaTWK TpepBaJ BHITTOTHEHNE TPOTPAMMBI W TIOMPOCHUI ee T0Ka3aTh
KaKyIo-HUOY Ib 3JEMEHTAPHYIO TeOPEMY, HAIPUMep O TOM, YTO CyMMa yIVIOB B Tpe-
yroapuuke paBHa 180 rpagycam. De3yabTaT He CHIBHO W3MEHMJCH, W MPOTpaMMa
mpooJdXKaga TyMaTh dac, BTOPOH, CyTKH, apyrue, ... . Torga M mo3Bonma doruky u
HECKOJIBKO MOBHIMIEHHBIM TOHOM CHPOCHJ, MTO ke mpoucxoquT. JI oTBeTmI, 1T0 3TO
He ero npobaema. Tapckuil qokazaia TeOpeMyY O CYIIECTBOBAHIE AT OPUTMa, OH COBED-
LIEHHO YBEPEH, YTO aBTOPHI 3TOT'0 ANCKA 3aIIPOrpaMMUPOBAJIHN aJrOPUTM IPaBUIBLHO,
a 9TO MPOUCXOJNT fAagblile — He UMeeT HUKAaKOI'O OTHOIIEHUA HUA K MaTeMaTuKe, HI
K JIOTHKe.

DU Boob1me Ar06bix YTBEP XK IEHUN O BEIleCTBEHHBIX YUCIaX , HCIIOIL3Y IOMIX apudMeTHYIeCKTe oTie-
paly, 2/1eMeHTapHEBIE JOIMY9eCKHE CBA3KH (OTpHULjaHNe, KOHBIOHKINA, TU3BIOHKINA, UMIVIIKAIINA)
1 KBaHTOPEL [I0 MHOXKECTBY BCEX BEIIECTBEHHEIX YHCE: I BCeX (BEIIECTBEHHBIX HHCEN)), (CyIIe-
cTByeT (BEIECTBEHHOE YHCIO0), TAKOE ITO ... »; COBOKYIHOCTb TaKHX yTBEpXKI€HUI Ha3HBaETCA
anre6pon Tapckoro.
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U 510 Kax pa3 To MeCTO, T'fle HAaYNHAETCA TEOPUA CAOKHOCTH BBIYHUCIEHUN. Jac
HHTepPecyeT He MPOCTO CYIIeCTBOBAHNE AJTOPUTMOB [ HAIlEl 3ajadn, a TO, Ha-
CKOJBKO OHU 3PGHEKTUBHHIL.

Koneuno, pacckazannasd UCTOPUA HECKOABKO CTUAN3OBAHA, HO, B OOIIEM-TO, TakK
U TTPOUCXOUIO PA3BUTHE WNCCIEOBAHNN, KOTOPOE TMIPHUBEJIO K COBPEMEHHOMY COCTO-
AHAO. B 9acTHOCTHU, TOT »Tal, KOTa CTaJ0 BHIKPHCTAIIN3OBHIBATHCA TOHMMAHNE
TOT'O, ITO OJHU AJTOPUTMEI MOT'YT OBITH JYHIIE APYIUX M 3TO CYHIECTBEHHO, TTPH-
wedaca Ha 60-ble Toabl. Torga crain TOABIATHCA HACTOALINE KOMIBIOTEPH! (OHH Ha-
3BIBAINCH TAKUM CTPAIIHBIM CJAOBOCOYETAHUEM: «JCKTPOHHBIE BHIMUCAUTEIBHBIE Ma-
WHHLD ), HanpuMmep, DDCM (MHOrHe B ayANTOPHE U He 3HAIOT, HABEPHOE, 9TO 3TO
Takoe). CTano MOHATHO, 9TO HEOGXOANMO TOCTPOEHHE HEKOTOPOH MaTeMaTHIeCKON
TEOPUN.

3. IIAYAJA TEOPUU: OCHOBHBIE ITIOHATUA

JlaBaiiTe MoKa OCTABIM B CTOPOHE MCTOPUN U3 KU3HN MaTeMmaTnka M, moTom mer
K HEMY eIlle BepHeMcA He pa3.

DompobyeM [aTh HECKOABKO ONpeIeJeHNN.

DepBoe Habmw0eHNe, KOTOpoe caeran M, korga meiTatcs pazo6paThes B 5TOH
TeOpHUM, COCTOUT B TOM, UTO MOAAB/ATIONIee GOTBITNHCTBO AJATOPUTMUYECKAX 32713t
MOXKHO TIPEACTABATEH B MOIXOSAIIEN KOMPOBKE KaK 3a,1a9H BHIYUCAEHISA HEKOTOPOTO
oTobpaxenus

40,13 = {0, 1)
MHOKeCTBA KOHETHBIX TBOWYHHIX CIOB B cebsa. IMeHHO TaKUMU 0TOOPaAKEHUAMI MBI
7 6yIeM 3aHUMATHCA.

Bropon Bompoc: Ha Kakux yCTPOHCTBaX MBI COGHPAEMCH BBIYHUCIAATH HAIlle OTO-
6paxenne? EcTh orpoMHoe paszHooGpasre W airOPUTMUYECKUX A3BIKOB, I KOMIBIO-
TePHBIX apXUTEKTYP, HO HACKOJABKO HaM 3TO BaxHO? VMeHHO OTBET Ha 5TOT BOMPOC
OTIMYAET TEOPUIO CJAOKHOCTH BBIYUCIEHHN OT Pa3JUMIHBIX CMEXHBIX obgacTed. Do-
3TOMY PacCMOTPUM 3TOT BOMpPoc Gotee TOAPOGHO.

B kavecTBe mpuMepa BO3bMeEM MPOTrPAMMY, C KOTOPOW Yallle BCET'O I CTAJKHBAET-
cs1 GOJBIIMHCTBO MATEMATHKOB, KOTOPHIE He mporpaMMupyooT. 1o TEX mporeccop.
Bri6op TEX 31ech HUKAKOTO 0cO60T0 3HAYMEHNA HEe MMEET, TO JKe caMoe MOXKHO CKa-
3aTh W O APYTUX MpOTpaMMax.

Urak, mmeeTcsa HekOTOpoe oTOoOpakenne f, KOTOPOE B JAHHOM CJIydae IpeacTa-
BaAeT cobon 0TOOpaKeHne

‘paper.tex‘ — ‘paper.dvi‘,

mpeoSpasoBeiBaiolee haill paper.tex B Qain paper.dvi (o6a daina MBI paccMa-
TpHBaeM KaK JBa JIHHHBEIX TBOHYHHIX CJ0OBA). DTO MpeobpazoBaHile OCYIIeCTBAACTCH
HEKOTOPHIM aJdTOPUTMOM texdvi.exe, 3aKOMPOBAHHBLIM /I BLITIOJHEHAA Ha 286-M
mpotieccope (Te, KTO MBITANCA HCTOAb30BaTh TEX Ha 286-M mpoliieccope, MOMHAT, KaK
5TO GBLIO).

Dac cefiac MHTepecyeT BpeMs (GbIcTposelicTBie) paboTH aniropuTMa. NMeHHO
TaKyl0, KaK TOBOPAT B 3TOU HAYKE, MEPY CAONCHOCTU MBI OyIeM paccMaTpPUBATH Ce-
TOJHA Yallle BCETo. DbIBAIOT U JADYTHe XapaKTepHCTHKH (IaMATh — BTopasd 110 3Ha-
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YeHHIO Mepa CIOKHOCTH), HO 3a HeJOCTATKOM BPEMEHH MBI WX HE CMOXKeM MOAPOGHO
o6Cy I Th.

DazBUTHE TEXHUKN, OTHOCAIIEECH K PACCMaTPUBAeMON HAMU 3aj1ade, IO IO TBYM
HampaBAeHUAM. Bo-TIepBBIX, T 3TO XOPOIIO BCe 3HAIOT, YAYYIIIAINCH TTPOIECCOPHI:

Intel 286, Intel 386, Intel 486, ...,
TMIOABAAMNCH ONH 3a IPYTUM Bce 6oJiece MOIIHBIE MOJeNN, BO3HNKAJIN Pa3zHooOpa3Hble
KOHCTPYKTOPCKWE YXWIIPEHUA, YCKOPAIONme nX paboTy, u T.n. Bo-BTophIx, yayd-
mIajca cam aJrOPUTM, MOABAAINCH €r0 BEPCUU
texdvil.exe, ..., texdviilO.exe,
CrpaBeqamBa, XOTA U ¢ HEKOTOPBLIMEU OT'OBOPKaMI, Takasd popMy.ia

<o6mee BpeMA pa60TH> = <qncno omeparnuin aJIl"OpI/ITMa> X <BpeMH Ha OTHY onepaumo>.

Yaydmenne o60ux 9IEHOB B 5TOU MPOCTON (OpMyJe — Belln Gojee-MeHee He3aBH-
cumble. I'py6o roBops, TporpaMMbl (software) oTBedalOT 3a IEpBBIE COMHOKUTEND, a
mpoteccopsl (hardware) — 3a BTOpOIL.

YTo 31eCh IPOUCXOINT ¢ MaTeMAaTHYeCKOH TOYKHN 3peHnd? Ecam y Hac mMeeTcA
KaKOH-TO aJTOpHTM, KOTOPHI HCIOAb3yeT ¢ oNepalfil, TO OT YIydIIeHnA GLICTPO-
MellCTBHA HAIlero IPOIleccopa BpeMsA pellleHuA Halllel 3a1adnl yMHOKASTCA Ha HEKO-
TOPYIO KOHCTaHTY.

DOBTOMY, U 5TO O9eHb Ba)KHO, B TEOPHH CJAOKHOCTH BBIMHCIEHNN CJIOKNIACH Tpa-
IHIAA M3MEPATH BpeMA pPaboThl aArOpHTMa ¢ TOYHOCTBIO JO MYJAbTHILINKATHBHON
KOHCTAHTHI («¢ ToanocThIo g0 O(:)», Kak roBopaT mMaTeMaTnkn). Takol moaxosn mo-
3BOIACT HaM abCTpParupoBaThCA OT BHIGOPA KOHKPETHOU MOJEIH BLIMHCINTEIBHO-
r'o YCTPOICTBA, OT TOI'0, CKOJIBKO BPEMEHH 3aHIMACT BBIIOJHCHHE OJHON OIlepallni,
KaKylo CHCTeMY KOMaH] HMeeT HCIOAb3yeMasd HaMH MallhHa U T. I. VIMEHHO 5TOT
HOIXO U TI03BOJIAT HaM IIOCTPOUTD JOBOJIBHO KPACHBYIO MaTEMATHICCKYIO TEOPHIO.

TeopHs CAOKHOCTH BBITUCACHUH HECKOMBKO OTAMIAETCA OT BCEOOHEMIIOMEN (1o
ONpeeNeHnio) TeOPUH MapPKCH3Ma-JeHNHN3Ma (He BCe B ayAUTOPHH BHJIUMO 3HAIOT,
ITO BTO TAKOE, M 3TO XOPOUIO): €CIU B (DOPMYJIe €CTh JBa WJIeHA, I 33 BTOPON HAIla Te-
opus HUKAKOI OTBETCTBEHHOCTH HE HECET, TO 06 HTOM 3aABJIAETCA ABHO. Yy dIIeHIeM
IPOIECCOPOB 3aHUMAIOTCA APYTHE JIOJN, Mbl 3aHIMAECMCA Yy UIIeHHEM Al OPHTMOB
¢ TOYHOCTBIO [0 MYJIbTHIVIAKATHBHON KOHCTAHTHL.

DPONOIKAM TOCTpoeHne cTporoi Teopun. OJHNM M3 HEMOCPENCTBEHHBIX IMpe-
HMYIIECTB BBEJEHHOI O BBINIE COrMAIICHAA ABIACTCA TO, 9TO Hac He OYeHb 3a60THT
BLIGOp TOYHOW Mogean. Kak MpaBWiao, 0T CMEHBI MOAeIH (cefdac i MMeo B BHIY
y&Ke abCTPaKTHBIE MAaTeMATHIECKIe MOJENN) yaydlleHre NIl yXyIeHne TPOuCcX0o-
AT ¢ TOYHOCTBIO [0 MYJAbTHININKATHBHON KOHCTAHTHI, & MBI JOIOBOPHINCH 5TOTO He
3aMevaTh.

CranaapTHEIN CIIOCOG ONIPeeNeHNA BHIMUCINTEIBLHOR MOJIEAH COCTOUT B TOM, 9TO
IUIA CIOMHEHHA aJrOPHTMa y Hac HMeeTCA HEKOTOopad MalliHa ¢ aJpecyeMoll maMd-
TBIO, AYEHKH KOTOPOH MHAEKCHPYIOTCA HATypadbHBLIMH IHCIAME; B KaXK TOH AdeiiKe
MOXKHO XpaHUTh HaTypaJdbHbIe 9HC/Ia; MOKHO BLITOAHATE apudMeTHIecKIe elicTBIA
u T.1. [Jeraan 3eck Majlo HHTEPECHBI, TOTOMY 4TO Hatle Of-)-corialieHue mo3Bo-
JAeT 0 HAX 3a00TUTLCA He caumkoM. Ecam ke sameHnTD «¢ TodHOCTBIO 0 O(+)» Ha
caerka Gogee rpyboe (¢ TOIHOCTBIO 10 TTOJMHOMA), TO BOOOIIE BCE PeaquCTHIECKIE
BLIMHCIATENBHBIE YCTPOICTBa OKA3BIBAIOTCA SKBHBAJCHTHBIMIL.

Nrak, pukcHpyeM HEKOTOPYIO BHMHCINTEILHYIO MOJeb. Ecan ecTh Mammia M
KOTOpad BBIYHCAACT (PYHKIUIO f, W OIpeJeJeHbl BXOAHBIE NAHHBIE T — HEKOTOPOE
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JBOHUYHOE CIOBO, TOTJa MOXKHO OTNPENeINTh Hally OCHOBHYIO dyHKimio T(M, x) —
KOJMYIeCTBO ONepaluil (TakTOB), KOTOpEE TpebytoTca Mammnae M mis paGoThl Ha
BxoguoM ciobe z. Pynkuns T (M, z) HasvpBaeTCA cueHasusupyrouet Gynryued no
6peMEHY. BBITTOMHEHNS JIOOBIX DIEMEHTAPHBIX OMEPAIlHT

4. TEOPEMA OB YCKOPEHUU

JapafiTe Tenepb uaydaTh 5Ty dyakumo T(M, z). DepBoe, 9TO MPUXOAUT B TOJO-
BY: ¥ HaC WMeeTCA aJrOpuTMHUYecKad 3ajgada f; maBaiTe BbHIGeDeM CAMBIN XOPOIIHI
AJITOPUTM LIS PEIEHNS STOH 3a1a41 I HA30BEM CJIOKHOCTBIO 3a1a9H CIOKHOCTH 3TO-
'O CaMOT'O XOPOIIErO AT OPUTMA.

OxaseiBaeTcsi, 9TO TAKOU HHTYUTHBHO OYEBHUIHBIA CITOCO6 MEUCTBUI, K COXKaJe-
HIIO, HEOCYIIECTBUM W Ha DTOT CYeT mMeeTca meopema Hawma o6 ycrkopenuu. B
BOJBHOW (POPMYJUPOBKE 3Ta TeOpeMa yTBEPKAAET, 9TO KaK OBl MBI HH TBITAJINCH
OTMpPENENATh MOHATHE (HAWAYYIIAA Mg JAHHOW 3aqadn MallnHay, Y HAC HUYEro He
moay«uTes (Mo KpaliHel Mepe I HEKOTOPHIX 3a1a¢).

Teopema DaoMa OTKPHIBAET CEPHIO TEOPEM, JEXKAIINX B OCHOBE COBPEMEHHON
TEeOPUHN CAOKHOCTU BBHIMHUCIeHUN. Bce 3Tu TeopeMbl Oblin goKazaHbl B 70-€ TOMHI,
HapuMep, TeopeMa JaomMa 06 yckopennn — 5To 1971 rog. DpumepHo B TO XKe
BpeMSs MOSBIIACEH KOHIeNHs N P-TIOJHOTEL, N3I0KeHNEM KOTOPOW U 3aBEPIINTCA HAIIT
BBOJHBIN PAacCKa3 O TEOPHUHU CJIOKHOCTH BBIYHUCIEHUN.

[lasi maapHelero HaM MOTpebyeTcs ellle OJHO BaKHOe onpefencHue. PYyHKINA
T(M, ) ycTpoeHa odeHB HeperyasapHo. JaccMoTpuM npumep TEX mpoteccopa. Jlas
IO IABJAONIET O GOMBITHHCTBA (PAWIOB MPOM30WAeT OCTAHOBKA B CAMOM HadaJje pa-
60THl U3-3a HECOOTBETCTBUA BXOAHOMY (opMmary TEX, a Ha Kakmx-To (anaax 3TO
BpeMS BO3MOXKHO OKaKeTCAa HeCKOHEIHBIM M3-3a 3allNKANBaHuA. B obmem caydae 3Ty
QYHKIINIO N3y 9aTh HIKAKON BO3MOXKHOCTH HE NMPECTABIAETCH, OHA CAUIIKOM PHIXIas.
Mu1 xoTuM U3BJI€Yh U3 Hee (DYHKIINIO HATYPAJbHOTO aPTYMEHTA, T. €. TOJAYINTh (PyHK-
IO 3 HATYPAJbHBIX 9HCET B HATYPAJIbHBIE MINCAA, KOTOPas OTpaxkaga 6bl TIOBe[eHIe
T(M, ). EcTb HeCKOMBKO CIOCOBGOB MOTOUTH K 3TOI 3aa4e. MBI 3eCh OrpaHNYNMCs
CAMBIM PACPOCTPAHEHHBIM, KOTOPBIN HA3BIBACTCA CAOHCHOCTND 6 HAUTYIULEM CAYUde.
Omna ompejensieTcs: CreAyOMEen POpPMyIon

ty(n) = max T(M, z).
|| <n
Wz Bcex cioB 6GUTOBON [JIMHEBL, He TIPEBHIMIAIONIEN 72, BLIOMPaeM TO, Ha KOTOPOM HaIlla
MalmHa paboTaeT XykKe BCero (T. €. 1oJblie Bcero). Bpems paGoThl Ha TAKOM CJIOBE I
HA3BIBAEM CIAOKHOCTHIO ¢37(n). 3a BpeMd tas(n) MallnHa FapaHTHPOBAHHO 3aKOHTHT
paboTy Ha 11000M BXOJHOM CJOBe [JIMHBI, He TpeBHIIAIIei n. MoxeT, KOHEYHO,
CAYINTHCA, 9TO HA KAKHX-TO CAOBax paboTa 3aBepIINTCS PaHbIIE.

M1 mpuBO MM YTIIPOIIEHHBIN BAapUAHT TEOPEMBI JIOMa; Ha CAMOM Jejie, BMECTO
log? B HEll MOXHO B3ATH JIOGYIO ¢PazyMHYIO» CTPEMAIIYIOCH K HECKOHETHOCTH (hYHK-
U0

TEOPEMA (PuatoMm, 1971). Cywecmeyem makas svruucauman®  Pynwyus f,

umo 0byio mawuny M, eviuucasiowylo f, moxcno yckopume cacdyiowum o6pazomn:
cywecmsyem dpyeaa mawurna M', maroce sviuucamowas [ u makas, 4mo

2) Berancainmasn dbyHKIINA — 3T0 Takad GYHKIUA, KOTOPYIO MOXHO BEIMHCAUTE XOTA OB OTHUM

aJropuTMOM.
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tM/(n) < logtM(n)
0daa noumu ecexr n.

PyHKIHA U3 TEOPEMBI DIIOMa — 5TO HEKOTOPadA 3K30THKa (Kak cleayeT 3 (hop-
MYJMPOBKHN TE€OPEMBI, BpeMsA €€ BBIYMUCACHUA B HANXYIIEM clay4dae pacTeT OYeHb Obl-
cTpo s mo6oi MammHe ). OHa U3 «MAe0JOTHYECKIXy 3313 B TEOPHH CJAOKHOCTH
BBIMHCJIEHNN — 3TO CTPOUTH TEOPHUIO TaK, YTOOH TaKHe MaTOJOTMIeCKHEe SBICHUA B
HEN 110 BO3MOXKHOCTH He BOZHUKAJN. Teopema DaioMa JOKA3HIBAETCH MOCTPOEHUEM C
TIOMOIIBIO TEXHUKN MUAar OHAJIN3AINN, 1 Modyvalonadca GyHKINA He UMeeT HUKaKoT O
OTHOIIEHNA K PeaJbHON MPAKTHKE BBIYUCACHUH WM K OCTAJIBHOW MaTeMaTHKe. 3O
TeM He MeHee, MOCKOJBKY MBI CTPOUM MaTeMaTH4YeCcKYI0 TeOpHIO, HWYero He Ioje-
JA€elllb — MBI BBIHYXKI€HBI TIPU3HATH, YTO BRIOPAHHBIN MOAXON HE TOIUTCH A €€
MOCTPOEHNsA. DYKHO MBUTATHCS JTAJbIIIE.

5. CJIOXKHOCTHBIE KJIACCHI

WTak, MBI He MOXKEM HaleATbCd Ha IOCTPOEHHE 1A KaX Aol (PYHKIHKM CaMO
JAYYIIed MalliHbl, BLIYUCAAOWEN 5Ty pyHKIHI0. AJbTepHATUBON ABIAETCA IOHATHE
CAOHCHOCTIHOZO KAGCCA — OJHO W3 LEHTPAJbHLIX IOHATHH [IId TEOPUHU CJIOKHOCTH
BLIYUCJACHUI.

D eCKOMBKO BOJAbHAA aHAJOTHA MOXKET OBIThH 3[eCh HpOBefeHa C ONpeeJeHIAMI
HHTerpata 1Mo OJuMany u mo Jebery. Ecim MBI He MoXeM NPOMHTErPHPOBATL IO
OnMaHy, TO MBI MEHAEM OCh B Ha9mHaeM CyMMHOPOBaTh IO ApYron ocu. B Harmmen cu-
TyallK, eCIi MBI He MOXKeM A1 PYHKIUN CKa3aTh, YTO TaKOe caMad XOPollasd Mallll-
Ha, TO JaBalTe TaKXe CMEHHM OCh. DacCMOTPUM MHOXKECTBO BCEX MAIINH, KOTOPHIE
Hac yCTPauBaloT, 1 Ha30BeM KJacC BCeX (PYHKINH, BLIYUCAUMEBIX TaKHAMI MaIlIHAMA,
KAACCOM CAONCHOCTU. DOXKAMYH, MIPOITE BCETO AaTh cPa3y KOHKPETHHIN MPUMED, TeM
OO PacCyXkKaTh Ha DTy TeMY:

DTIME(t(n)) ' {f|AM : (M serancaser f)&(ty(n) = O(t(n))).
DTO OJHO M3 MEHTPAJIbHBIX OIPEIeJeHNN B TEOPHH CJIOKHOCTH. DYKBa D o3HavaeT
JAeTePMUHNPOBaHHEE alTOPHTMBI (GEIBalOT 1 Apyrue), TIME o3nagaeT poBHO TO, O
4eM Bl mogymanu. Ecanm y Hac ecTh mpomsBoJbHasd GMYHKUIHA ¢(n) oT HATYpPalTbHO-
ro aprymMeHnTa, TO MBI 06pa3yeM KJaacC CIOXKHOCTH, COCTOANINN U3 TaKux (pyHKINH,
I KOTOPBIX CYIMIECTBYET BHIMHCAAomaa [ Mammia M, Takasd 9T0 CHTHAJIH3UPYIO-
wasd GYHKINA [0 BPeMeHH OTpaHWYeHa HCXOTHOH PYyHKImeN (n) ¢ TOIHOCTHIO 10
MyJIbTI/IHJII/IKaTI/IBHoﬁ KOHCTaHTHI. SpHBe,quHaﬂ BBIIIIE TEOPEMA SJIIOMa ClIpaBEIJIUBAa
TOJBKO OJ HEKOTOPBIX ClICHHUAJbHBIX df’)yHKHI/Iﬁ 30 €CJIN MBI XOTUM JOCTUYL YCKO-
penms, ckaxeMm, B 10 pas, TO 3TO MOKHO CAeIaTh ¢ J000H (PYyHKIUEH — HAIPUMED,
OyTeEM YBCIUYICHUA KOJIUYIECTBA MAallIMHHBIX KOMAaH. Nmenno IIO5TOMY B HpaBOfI qa-
cTu onpefenenns cTonT O-60bIIOE.
Tenepb onpeneanM OAWNH M3 CaMBIX BaXKHBIX CJI0XKHOCTHBEIX KJIaCcCOB

P = | J DTIME(n").
k>0
Kaacec P —oTo Te df')yHKHI/H/I, KOTOPBIE MOXKHO BBEITUCJAUTDL HA HAIIUX MalllMHaX, 1 BpeMs

X BBEIYUCJAEHUA PACTET MOIMHOMHAIBHO ¢ POCTOM UIHHBI cjaoBa. OH O¥YeHb ya00eH U
€ MPAKTUYIECKON, U C TeOPeTUIeCKON To4UKN 3pernsa. C MpaKTUYeCKON TOYKN 3PeHusA
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3TO AOCTATOYHO XOPOIIasd allPOKCUMalnA (GbIBAIOT NCKIOYEHHA, 0 KOTOPHIX 6y 1eT
CKa3aHO HIXKe) KaIacca Tex GYHKINH, KOTOPEIE MO JAl0TCA BEMUCACHNIO 32 PeaabHOe
BpeMs Ha pPeaJbHBIX KOMIbioTepax. C MaTeMaTHYeCKOU TOYKH 3PEHUS DTOT KJIACC
6ecKOHeYHO YA06eH TeM, 9TO OH 3aMKHYT OTHOCHTeAbHO cymeprosunnu. Kax Mo
YBUANM JaJjbllle, UMEHHO 3TO 06CTOATEIBCTBO MO3BOAET MOCTPOUTH TEOPUIO BHIYH-
CAUMOCTH JIJIA 3TOT'O KJacca.

OBIBAIOT AHAJOTWYHBIE KJIACCH S3BIKOB, KOTOPBIE MOXHO PAaClO3HATH 3a DKCIO-
HEeHIIMAJIBbHOE BpeMA

EXPTIME = | J DTIME(2"),
k>0
TaK¥XKe€ MOXHO OIIpeNeauThb ,Z[BOfIHoe SKCIIOHEHIIaJbHOE€ BpeMsdA

nk
DOUBLEEXPTIME = |_J DTIME(2*")
k>0
" TaK JdaJiee.

6. TEOPEMA OB UEPAPXUU U CJOKHOCTbh 3JEMEHTAPHON
IF'EOMETPUH

Teneps maBaiiTe BepHeMcsi K Hainemy MaTemaTnky M. OkasbiBaeTcs, Bpems pa-
60THl aaropuTMa Tapckoro, ¢ moMoIpio kKoToporo M mertadcs pemaTs 3agadu 3Je-
MeHTapHOU MeOMeTPHH, He JeXUT HU B OJHOM U3 MPUBEJEHHBIX BbIlE KaaccoB. [l
HEro eCcTh TakKad HUXKHAA OlleHKa

2
tTarski (n) 2 22. }677,.

Kax BBl mTOMHEUTE, i pazpenmMocTin aarebprl Tapckoro mpogaBadjcs elle u JucK
Collins for Windows 95.

TEOPEMA (KoumnH3s). Aaeebpa Taperozo npunadaexncum DOUBLEEXPTIME.

Teneps M cmor nouaTs pasuuiy mexay stumu CD-ROM: Bpems paGoTsr aaro-
prtMa KoainHza HeM3MepuMO MeHBIIIE BpeMEHH PaGoThHl anropuTMa Tapckoro (xoTs
OHO BCe PaBHO MOXKeT OLITH OYeHb BEJNKO — OIleHKa BpeMeHW paboThl alropuTMa
MBOMHOW DKCIOHEHTON He TapaHTUPYeT HaM, 9YTO faxe TEOPEMa O CYMMe YIJWIOB Tpe-
YUOABHIKA OyeT NOKazaHa 3a BPeMs CYUIeCTBOBaHNA BCeleHHOM).

BosrukaeT Bompoc: a HeAb3dA JU €llle YAYYIIIUTH AJTOPUTM Pa3pPelInMOCTH I
aare6per Tapckoro? U 6odee obuinin BOMpoc: a HEAB3sA JH TO JKe CaMOe CIeTaTh BOOO-
1e ¢ Jao0bIM adropuTMoMm? Bapyr, HanpuMep, BesgKas BEIMUCAUMAA (DYHKIWA JEKUT
B kaacce P. Wan, mo xpaimen Mepe, Beakad pyuknna 3 DOUBLEEXPTIME gexut
B P.

JpyruMu croBaM®, BOIPOC B TOM, €CTb JU Y HAC TpeaMeT WMCCAeIOBAHWA, WJIH,
BO3MOXKHO, TeopeMa JiaoMa 06 YCKOPEHUH TPIMeHNMa BOOOIe KO 6cem (DYHKITMAM.

Bropoit kpaeyroabHBIN KaMEHb TEOPHUH CAOXKHOCTH BHIYHCJIEHHN — 3TO MEOpeMa
06 uepapruu.

Kak u B caydae ¢ Teopemoll 06 yCKOpeHUHU, MBI MPUBOUM €€ JTajJeKO He B CAMOH
ofImen gpopme.

TeEoPEMA (XAPTMAHHC (1965)). P # EXPTIME.
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Takum o6pazoM, He BCe CIOKHOCTHBIE KJACCH COBMAJAIOT, TAK YTO MpEeJIMeT HC-
CIeJOBAHUA €CTh.

A He Mory oTkazaTh cefe B yAOBOJABCTBUE NPUBECTH HOYTH MOJHOE TOKAZATEThb-
CTBO 5TOW TeopeMbl. Fciau BH ellle mOMHNTE HaIllero MaTeMaTuka M, BTopolt MOMeHT
€r0 3JOKIOYEHUH COCTOAM B TOM, ITO OH CIIPAITHBAJ, OCTAHOBUTCA JU €TI0 TPOrPaM-
Ma kozda-nubyds. Celivac, HaydeHHBIN TOPLKAM OIBITOM, OH 3a4aJ TaKOU BOMPOC:

ocmanosumesn au sma npozpamma do Hosozo Ioda?

Brisicasiercsi, aTo ecam go Doporo l'ofga ocTatoch B TOYHOCTH 3KCIOHEHIHATBLHOE
BpeMsi, TO 5Ta 3ajgada u orgegaser EXPTIME ot P. DoToMy ¥T0 ecTh O¥MeHb MPOCTON
AJITOPUTM, TIO3BOISIONINN TPOBEPUTE, OCTAHOBUTCA JHU IIpOorpaMMa jgo -JoBoro l'ona,
a MMEHHO, HYXKHO TTPOCTO TOM0XK IaTh M0 HETO, U Bce caMo cobon pemmnresi. Teopema
06 mepapxum yTBEpKAaeT, ITO BTy 3aJa4dy HeJAb3A PEUINTh CYIleCTBeHHO OBICTpee,
9eM OIMCAHHBIM BHIIIE CIOCOOOM.

A, KoHewHO, clleTKa yTPHUPYIO, €CTh TaM W Koe-KaKWe TeXHWYeCKWe MeTatul, HO
CMBICJI COCTOUT UMEHHO B 3TOM.

1 Temephb Halm MaTeMaTHK OKa3aJjcs BIOJHE MOATOTOBAEH K BOCIIPUATHIO CJAENY-
TOIEN TeOpPEeMBI.

TEOPEMA (PumEP — PABUH (1974)). Aucebpa Tapckozo we npunadiencum
kaaccy P. Bpema pabomui aiobozo paspeuiaiowezo aszopumma das aseebpor Tap-
cK020 He menbue, uen 2°7, 2de € — Hekomopas Kowcmanmad.

Takas BeICOKAA HUNCHAA OYEHKE OOBACHAEST MPUIMHBI HEY ATl HAIlero MaTeMa-
THKA C TPAKTHIeCKIM pellleHneM 3anad B aare6pe Tapckoro.

Damnbosiee CAOKHAA U, MO-BUANMOMY, Hambomdee BaxHasg 00IacTh TEOPUH BHIYH-
CIIeHUN, CBA3aHa KakK pa3 ¢ NOKa3aTeJbCTBOM HUXHUX ONEHOK. B aHTJIOA3BIMHON JIH-
TepaType TOT pa3jel TEOPHUH CIOKHOCTH, KOTOPBIU 3aHHMAETCA KOHCTPYHPOBAHHU-
eM aaropuTMoB, Tak u HazbiBaeTca — “Theory of Algorithms”, a co6cTBenno mof
“Complexity Theory” moapasyMmeBaeTCs KaK pa3 MOCTPOEHNE HUKHNX OIEHOK. Takmm
06pa3oM, TeOpHs CAOKHOCTH MBITACTCA JOKA3aTh, 9TO HE CyIIecTBYeT d(hPeKTUBHBIX
AT OPUTMOB.

YKe Ha 3TOM MPUMepe BUIHBI IBE TPYIHOCTH, CTOSAIINE TEPE JIO TbME, KOTOPHIE
MBITAIOTCA JOKAa3BIBATh HIKHIE olleHKn. CMoTpuTe, O6blia TeopemMa Tapckoro, ee nbi-
TAJINCH YIYUIIATH, HO HIYETro He TOIYIadoch FECTeCTBEHHO GBIIO MPEATIOM0KNTE, ITO
3Ta OleHKa ONMTUMAJIbHA. JOCIe DTOT0 MPUIYMAaJIN AJdl OPUTM, OCHOBAHHBIN HA COBCEM
OpYrux uaesx. AaropuTMoB GBIBaeT MHOTO, allOPUTMBI OBIBAIOT CAOKHBIE, AJATO-
pPUTMBI GHIBAIOT pasHbie. A Bellb MBI OBITAEMCA J0KA3ATh, 9TO Godee dhPeKTUBHBINA
AATOPUTM He HNOABUTCA HUKOTAA, W MPH HTOM MBITAEMCA aHAIN3UPOBATHL CBOUCTBA
AJATOPUTMOB U3 JOCTATOYHO MIHPOKOTO KJIACCA.

7. CBOJIUMOCTDL M MOJHOTA

JlaBaiiTe TpOABUHEMCS [TAJBIIe B TOCTPOEHNN HAIIEW TEOPUH. JOHATHE CAOKHOCT-
HOI'O KJ1acca OBLJIO BBEIEHO BOBCE HE /I TOT'0, YTOOBI SKOHOMUTH Ha (POPMYJANPOBKAX
TeopeM (B KOHIe KOHIIOB, TeopeMmy Puiepa — JabiHa MOKHO ¢HOPMYINpoBaTh i 6e3
YIOMUHAaHUA KaknX Obl TO HU OBLIO CAOKHOCTHBIX KJIACCOB — JJIA 3TOrO JOCTATOYMHO
OCTaBNTH B ee (GOPMYAMPOBKE JIHIIB BTOPYIO Gpasy). DOHATHE CIOKHOCTHOTO KAACCA
CTAHOBUTCA BaKHBIM B TOT MOMEHT, KOT'J[a Y HAC HOABAAETCA TIOHATHE C60JUMOCTIU,
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W 5TO BTOpOE NEHTPATbHOE MOHATHE COBPEMEHHON TEOPHUH CJAOKHOCTH BLIMHC/JICHMUI.
EcTh HeCKOIBKO BapHaHTOB OIpeleeHnA CBOJANMOCTH, A PACCKakKy JUIIEL 0 HanboJee
Ba)KHOM U3 HUX.

CpoamMocTs o Kapmy. 9Ta cBoquMOCTh yCTpoeHa o9eHb mpocTo. /a1 nagana
3aMETHM, 9TO MBI 3aHUMAEMCS BEIYUCICHHEM (PYHKIHN, OTOOPaKAIONNX KOHETHDLIE
CJIOBa B KOHEYHBIE CJOBa. DO BO MHOTHMX CJAyYadX OKa3bIBAaeTCA ropasjo yaAoOHee, n
2TO, KaK MpaBWo, He TPHBOANT K TIOTEpPe OOIIHOCTH, pacCMaTPUBAaTh TaK Ha3bIBae-
MEIE A3biKU. SI3BIK L MOXKHO paccMaTpHBaTh Kak MHOXKecTBO cioB L C {0, 1}* nn un-
TepnpeTHpOBaTh ero Kak oTo6paxenue Bufa ¢ : 10, 1}* — {0, 1}, Torna L = p~1(1).
Depexo K A3BIKAM He CAUIIKOM HAac OrPaHMYIMBAET: €CIH €CTh IPOM3BOILHAA (PYHK-
1A W3 CIOB B CIOBA, TO C HEH MOXKHO CBA3aTh TAKOH A3BIK — MHOXKeCTBO Tap (#,1)
Takux, 970 i-i 6uT f(x) paseH 1.

ONPEAENEHWE. fAseik Ly cBoanTea K sAzbiky Lo no Kapmy (o6osnagaeTcsa 5To
TakuM obpaszoM L, <, L), ecan cymecTByeT Takad dyukmus f ms P, 1To

Va:(x €Ly = f(x) € Ly).

CBOIMMOCTE MOXKHO PACCMATPUBATE KaK NCIOJIB30BaHIe HEKOTOPOH O AIPOT PaM-
MEI, TlepepabaThIBAOMIEN HCX THOE caoBO B f(#), K KOTOPOMY 3aTeM HYXKHO TpH-
MeHUTDh AJTOPUTM PACTO3HABAHUA TMPUHAAIEKHOCTH A3bIKY Lo. B »Tom BapmanTe
TIOHATHUA CBOAMMOCTH ob6pallleHne K TporpaMMe pacrosHaBanus Ly ocyllecTBageTCA
POBHO OJIMH Pa3, €C/JAN XKe pa3pelleHO HUCIOAb30BaTh B KavdecTBe MOAIPOrPaMMBL pac-
HO3HaBaHUe A3bIKa Ly CKOABKO YTOIHO pa3, TO MOIYyYaeTCA APYTad CBOAUMOCTE (10O
Teiopuary). Cefiqac 5To pasautdie HaM HEBaKHO.

OTHoleHe CBOUMOCTH — 5TO OTHOIIeHNEe npenmopsanka. OHo pedaeKcUBHO 1
TpamsunTHBHO. (CaMoe TWIaBHOe CBOUCTBO COCTOWT B TOM, 4TO eciu Ly € P, To u
Ly, € P. 3ech BaxXHO, 9TO KJIACC TOJMHOMOB 3aMKHYT OTHOCHTEABHO OMEPALIHH CY-
MEePIO3UINN.

Dampumep, EXP-cBoANMOCTE He TMOAYYUTCA. Je 6y 1eT 3aMKHY TOCTH OTHOCHTE b~
HO TaKOW CBOAUMOCTH. 3aMKHETCS BCe JUIIb HAa KOHEYHBIX GalllHAX SKCIOHEHT —
KIACCE SAEMEHMAPHBIT PERYPCUSHBIT PyrKyud.

Ecan roBOpUTH TOABKO O €CTeCTBEHHBIX KJIaccaX, B KOTOPHIX peafbHO €CTh XO-
TA OBl OTHA pa3yMHad PYHKINUA U KOTOPHIE 3aMKHYTHI OTHOCUTENBHO CyNepIO3UIIny,

o(1) o o
(logn) W KJacC KBasMJIMHEMHBIX (HYHKIIHT

TO eCTh ellle KJIAcC KBa3WIMOJNHOMOB 2
nlogo(l) n. KpazuanunenHbIMU (YHKIUAME Celdac HAYNHAIOT WHTEHCHBHO HWHTEepe-
COBATHCS, MOTOMY YTO CAUTAETCH, 9TO MO-HACTOSAIIEMY XOPOIINU aJTrOPUTM — 3TO
AJITOPUTM, KOTOPHIH pafoTaeT Kak pa3 KBa3MJIMHEHHOE BPeMs.

B aro6om caygae, kiacc P siBasgeTCHS HeHTPATBHBIM B TEOPUH, I MBI cerndac 6y aeM
paccMaTpuBaTh UMEHHO MOJNHOMHUAIBHYIO CBOTUMOCTD.

Jlerko BugeTh, 9To Kaacc EXPTIME 3aMKHYT OTHOCHTEIBHO STOW CBOJUMOCTH.
D0PTOMY eCTeCTBEHHO MOCTABUTH BOIMPOC, a CYIMIECTBYIOT JH B 5TOM KJIACCE CaAMBIE
CTOKHBIE A3BIKW, T.€e. TaKhe, 9TO JIOG0U APYT O S3BIK W3 DTOrO KJaacca K HUM CBO-
auTcs. B aToMm caydae MOXHO peluTh Jato6yio 3aaady uz EXPTIME, ucnoab3ys mpo-
U3BOJBHBLIA AT OPUTM PACIO3HABAHUA [ TAKOTO CAMOTO CAOKHOTO S3BIKA W TIOJH-
HOMUATBHYIO CBOUMOCTD. fSI3BIKM 13 HEKOTOPOT'O CIOKHOCTHOT O KJAacca, K KOTOPLIM
CBOJUTCA OGO A3BIK W3 3TOT'0 KAACCa, HA3BIBAIOTCA NOAMbLMY (OTHOCHTEILHO JaH-
HOTO KJacca 1 JaHHOT'O THIIA CBOAUMOCTH). A eC/ii MBI OIYCTHM TpeSoBaHme IPHHAI-
JEeKHOCTH HAIEMY KJIACCY CaMOTO A3BIKA, TOJIYYIUM ONpejeleHne mpyonozo A3bIKa.
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Teopema Pumepa — DabuHa TOKa3bIBAeTCA WMEHHO Tak. BmecTo Toro, ¥To6wI
MOKa3bIBATh HAIPAMYIO, ITO He CYIIeCTBYET MOJNHOMHUAIBHOT O aJdrOPUTMa A ajre-
6pet Tapckoro, nokaseiBaeTcd, 4To aqarebpa Tapckoro Tpyana ais kiaacca EXPTIME.
D05TOMY TOJUHOMUATBHBIN aJropuT™ I aarebpel Tapckoro gaBada GBI TOJMHOMI-
AJBHBIN aJTOPHTM U /IS BCEX OCTAMBHBIX 3aa¢ M3 3TOT'0 KJiacca. A MBI 3HAeM, 9TO B
EXPTIME ecTh 3afa4n, KOTOPBIE HEAB3A PENINTH 3a TOANHOMHUAILHOE BpeMs («ocTa-
HOBKa TIPOrpaMMHbl 10 Joporo I'ogas).

Takon cmoco6 paccyX JeHUI THITHYEH s TEOPUH CIOKHOCTH. MBI He MBITaeMcCs
IeRCTBOBATH «B M06», a CBOJAMM OJHY 3anady K apyrou. U, ecrecTBenHo, curyamus
Hambogee Xopolna, Korfa K JaHHOW 3ajate CBOJUTCA MHOTO APYTUX 3a0at I3 TaHHOT O
KJacca.

Ycrex 3TON HayKU ONPeNenseTCs TeM MPAKTHIECKUM 0OCTOATENBCTBOM, 9TO MO~
HBIX 3a/la¥ OKa3blBaeTCA MHOT'O B CAMBIX PAa3HBIX CUTYyaludax M oHU 6ojee ecTeCTBEH-
HBI, YeM npobjemMa OCTaHOBKH.

8. BCAKUN JU HOJUHOMUAJBHBLIA AJICOPUTM XOPOI?

Teneps camoe BpeMst BEpHYThCA K HallleMy GeTHOMY MaTeMaTuky M u morosopuThb
06 UCKIIOYeHNAX W3 TpaBmia «kiaacc P = kaacc 3pPeKTHBHO BEIMHCANMBIX (DYHKIINNY .
Kak-To M nonagobmiock mis KaKuxX-TO CBOUX IeJel PemaTh CHCTEMBI JHHEHHBIX
HEPaBEHCTB:

Jpyrumu ciaoBamu, eMy TOTpe6OBajics MakeT MPOTpaMM [ 3aja<€ JHHETHOTO
nporpaMMmupoBatns. CIennaincThl IO TEOPUH CI0XKHOCTH BEIMUCIEHNN Tepe MOKYTI-
KO MPOTPaMMHOTO ObecTiedeHns M3yvaoT anTepaTypy, u M, Haydenunbin npeasrry-
IIIM TOPBLKHM ONBITOM, CTaJ CJAefoBaTh >ToMy Tpabmiay. OH, KOHETHO JKe, CABIIIAT
PO CUMILIEKC-METOJ, KOTOPHIM MOAb3YIOTCS IS PEIleHns 3a/a4dn JUHEHHOTO MpOo-
TPaMMUPOBAHNUA TTOYTH BCIOAY, BKAIOYAsA BOSHHYIO Kadeapy MockoBCcKoT 0 yHUBEPCH-
TeTa. J0 M of6Hapyxkua cTaTbio, B KOTOPOH AOKa3BIBAETCS, 9TO CHMILIEKC-METOI HE
moamHOMHANEH. A mocie yroro Ham M o6Hapyxua n craTeio Xauuaxa (1979), B ko-
TOPOH OBLT MOCTPOEH MOJUHOMUATBHBIN AJATOPUTM LIS PEIEHUs 3a a9l JUHEHHOT O
MPOTpaMMUPOBAHISA. J0O2TOMY, mpuexaB Ha MUTHHCKAN PaJguOPHIHOK, OH TOTHITA-
cst HanTn 9T70-T0 Bpoge CD Khachiyan for Windows 95. K ero yguBmenuto, Hudero
moxoxkero He 6v110. Beé, 9To eMy mpejmaradni, 6BIIO OCHOBAHO HA CHMILIEKC-METO e
u ero Bapruanusax. OKasbBaeTCs, ITO XOTHA TEOPETHYECKH AJTOPHTM DEIIEHUs 34 1a-
1 JINHENHOT O TTPOTPAMMUPOBAHNISA CUMILIEKC-METOIOM DKCIOHEHITMAMBHBIN, & ajro-
put™ XadnusgHa MOJINHOMHUAJILHBIN, Ha TPAKTHKE MEPBBHI paboTaeT GBICTpee BTOPO-
ro. YTo6wl MOCTPOUTE MPUMED 3a4aYi JHHENHOTO MPOrPAMMUPOBAHNA, Ha KOTOPOR
CUMTITEKC-MeTOo ] 6yaeT paboTaTh AOATO, HYKHO OUeHb W OYeHBb MOCTApaTheA, a Mo-
JUHOMUAJTBHBIN AJdTOPUTM XadngHa paboTaeT MPUMEPHO OJMHAKOBO Ha JIOOOM BXOIe
(moKasaTelb SKCIOHEHTH 6, 9TO BeChMa ITIIOXO).

DTO caMoe M3BECTHOE HCKAIOYEHHE M3 TOTO MPAaBMJIA, 9TO MOJIMHOMHUAJBLHBIE All-
TOPUTMBI XOPOIIHN, & SKCMOHEHIHATBHBIE — ILTOXU. -JO 3TO HCKIIOYEHNEe, HAa CAMOM
Jefe, TOATBEPXK JaeT MPABMIIO, TTOTOMY UTO, XOTA alTOPUTMOM XadunAHa HUKTO U He
MOMB3yeTCs [ PEleHns 3aMad JHHENHOT O MPOTPAMMUPOBAHNSA, BHIACHIIOCEH, ITO C
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TIOMOIIBIO 3TOT'O AJrOPUTMa MOXHO pellaTh TakKhue 3aa4dy, K KOTOPHIM C CUMILIEKC-
MEeTOOM TOACTYIUTHCSA B IPUHIUIE HEBO3MOXKHO. JalpUMep, MyCTh y HAC €CTh MPO-
M3BOJBHOE BHINYKIOE Teao K ¥ 3ajJaHO HEKOTOPOe HaNpaBieHHe. DYKHO MaKCHMI-
3MPOBATH 3HAYEHNE COOTBETCTBYIOIIEH ArHeNHON GPopMBI Ha K. DPpO BHIIYKJIOE TEI0
BBl HHYETO He 3HAETE: OHO 3aJaHO C IOMOIIBID YePHOTO AMMKA (WM, KaK WHOTJA
TOBODAT, opaky4a). To eCTh, ecaiit BB yKa3BIBAETE TOUKY P, TO ¢ HEKOTOPOH MOTPeEIIl-
HOCTBIO € MOXKHO CKa3aTh, JeXKUT JU TOYKA p B Tede K| a ecim He NeXKAT — TOAYIUTH
HEKOTOPYIO OTAeJsoIyi0 p oT K runepmiockocTk. OTBeT HYXKHO MOJIYYUTH C TOH
JKe TOYHOCTBIO. DUKAKOW CHMILIEKC-METO 31eCh, MOHATHOE Melo, He paboTaeT —
BOOOIIe HET HUKAKUX BEPIINH, Tepe6OPOM KOTOPHIX 3aHNMAETCA CHMILIEKC-MeTOT. A
aIrOpUTM XadnsAHa U Ta HayKa, KOTopas U3 Hero BHIPOCIA, 3aMedaTelbHo (T. €. TMo-
JAMHOMHUAIBHO) ¢ TAKIMHE 3aJa9aMi CIPABIAETCA. JOMb apaMeTpa 1, OMHCHIBAOIIETO

pazmep Bxoja, 31ech urpaet d - (loge™!), rae d — pazmepHOCTB, a € — TOYHOCTH
BBIYHCJACHUA.
Takmx UCKIIOYEHNH W3BECTHO OYEeHB MaJfJo. BTOPON M3BECTHBIN MPUMED — MPO-

BepKa MpoCTOTH uncia. Kak mpaBuio, TOATBEPXK TaeTCA TE3NC, ITO €CAU § BaC MMe-
eTCsl aJTOPUTM, KOTOPBIN TeOPeTHYIeCKN paboTaeT XOPOIIO, W 3TO — aJTOPUTM I
HOPMAJBHOM 3a/a49l, KOTOPasd I B CAMOM Jlefe OTKYIa-TO BOBHUKIA, a He CKOHCTPYH-
poBaHa ¢ XyJAUTaHCKIMHU HaMePEHUAME, TO 3TOT aJropuTM 6yaeT Xopomio paboTaTh
u Ha TpakTuke. B 9acTHOCTH, MOKa3aTenb k B OlleHKe CKOPOCTH PabOTH aJropuTMa
n” 06EIYHO OKa3BIBACTCA HEGOIBIINIM, a KOT'Ja OH IIOHAYAIY BEINK, 6I'0 MOKHO yMEHb-
MIATH PA3INIHLIMA yXUMIPpeHUAMA. /11 Mo NaBAAIONIET 0 GOMBITIHCTBA €CTECTBEHHBIX
3a/ad MoKa3zaTedb He TPEBOCXOIUT 3.

9. IIEAETEPMUHUPOBAHHBIE BEIYUCJAEHUA
DOo-BUAUMOMY, Te, KTO IPUIIEN HA 3Ty JEKIN, XOTeIl y3HATh 9TO-HUOY b PO

caMyIo M3BECTHYIO OTKPHITYIO mpobieMy B »Ton obaactu P # NP. Yro Takoe P, s
yKe HeEMHOXKKO o6bsacHmI. Teneps maBaniTe 3animemcs NP.

llasi sToro omaTh BepHeMmcs K M. Doka oH paszbupancs B TeOPUH CJIOKHOCTH,
€r0 CBHIH MOCTYNHWJI B YHUBEDPCHTET HA MEPBBIN KypPC W CTal W3yd9aTh MaTeMaTwH-
deckyio doruky. Maydennme mMaTeMaTwdecKoW JOTHKH, KaK M3BECTHO, HATMHAETCS C
TaKOU 3HAMEHUTON HAYKW, KaK MCYHUCIEHNE BHICKA3LIBAHUU. Y BaC MMeeTCS HEKOTO-
pad mpomnosnunoHasbHag popmyaa ®(py, ..., py), OHa HA3BIBAETCA TABTONOTHEH, €CIN
OHA MCTUHHA HE3aBHCHMO OT TOTO, 9TO MBI B Hee mojgcTaBuM. U oqHO m3 HempuUsaT-
HBIX YOPaXKHEHUH MPU 3aHATHAX STOW HAYKOU COCTOUT B TOM, YTO HYX)KHO BBHISCHUTH
IO BHIMTUCAHHOW TPOMO3UIIMOHAIBHON (POPMYJTe, ABISETCS OHA TaBTOJOTHUEH WIH HET.
VMenHO ¢ TaKuM BOMPOCOM M OOPATHJICA CHIH HAIIETO MaTeMAaTHKa K CBOEMY Mare.
M, ecTecTBeHHO, yKe HUKYa He TIO€XaJ, a CTad, KaK U MOCTYIAKT BCEr1a CIeNai-
CTHI IO TEOPHUH CJIOKHOCTH, THITATHCA TOMECTHTE 3a0a4y B OJNH M3 YXKe M3BECTHBIX
CITOKHOCTHHIX KJIacCOB. ITOOH HCIMOAB30BATH CTAH AP THEIE 0603HaYEHNs, O [€EM IO~
BOPHTH O ABOICTBEHHOM efi 3ajade SAT — BBHINOTHIMOCTHY): €CTh M XOTA GBI OJIH
HabOp TepeMeHHBIX, IPH KOTOPOM (hOPMYJIa NCTHHHA.

DakaaabiBasg 3Ty 3ajady Ha HaIy KApTUHY CIOKHOCTHHIX KaaccoB, M yBmpen
mepBeiM fetoM, 9To SAT € EXPTIME. Aaroputm pemrenus 3agadn SAT 3a sxcmo-
HEHINAJIBLHOE BPEMS OYEBH/IEH — BCETO BO3MOXKHBIX HaOOPOB 3HAYMEHNI MEPEMEHHBIX

3)SAT — o caosa satisfiability — BmImosHUMOCTS.



O ciaoxHOCTH BBIYHCACHUH 139

2" a BpeMs BBIYUCAEHUA 3HAYeHNA POPMYJILI TPY 3aJaHHBIX 3HATEHUAX TepeMeHHBIX
moamHOMHuAABHO. Cle IO mar — KaacCupUIupoBaTh 5Ty 3a0a9y: JeXKUT JU OHA
B P, uwan moana B EXPTIME? DTor Bonpoc, BosHukmmi B Hadage 70-X TOXOB, 10
CHX TIOP OTKPHIT. JOYEMY y CIENUAJNCTOB, TOTPATUBIINX Ha PeIleHne STOH 3a a4n
nouTn 30 neT, He TOAyYIaeTCA TOCTPOEHNE MOIMHOMHUAILHOTO AT OPUTMAa, OOHACHUTH
CJIOKHO (f, BO BCAKOM Clly¥ae, HUKaK 3TO OOBACHATH He Gepych). Do TOT HakT, 4To
He ToJaydaeTca JOKa3aTeJbCTBO MOJHOTHI »Ton 3agadn B EXPTIME, mekoTopoMmy
0OBACHEHNTO MO NaeTcsA. Ecam MBI TOCMOTPUM Ha HACTOAIINE dKCIOHEHITNAILHBIE a-
TOPUTMBI, HATIPUMED, Ha aJTOPUTM AJA aHagora aarebpwl Tapckoro Hal KOMILIEKC-
HBIMH YHCJAAMU, U CPABHUM C HUMM TO NETCKOE paccyXjaeHHe, KOTOpoe Mbl IPUBEIN
BBIIIIE, TO CPa3y HEBOOPYKEHHBIM TJIa30M BHU/THA PA3HUIA — OPUBEIEHHBIN AT OPUTM
nas SAT ucrmonb3yeT SKCIOHEHITHATBHOE BPEMS OFeHb CIab0 — TOABKO [ nepebopa
SKCIIOHEHITNATBLHOT O YUCAa BO3MOXKHOCTEH, ¢ KayK,0U M3 KOTOPHIX OH CIIPABAAETCA 34
MOJNHOMUAJBHOE BPEMH.

B3preiB B Teopun ci0KHOCTH BEIMHUCAEHNN HAMAJICA C TOT'O, 9TO GBLIO CPOPMYIUPO-
BaHO onpeeneHne Knacca NP, Kkak Kiacca A3bIKOB, KOTOPHIE paclo3HaoTcA nepebop-
HBIMI aJTOPUTMAaMM. D0Jee HAYIHO, TepeGOpHBIE AT OPUTMBI HA3HIBAIOT HeAETEPMIUI-
HUPOBAHHBIMU ajaropuTMamu. NP — 5T0 Kiaacc 43bIKOB, KOTOPbIE MOXKHO Paclo3HaTh
3a HeleTEPMUHUPOBAHHOE TMOJIMHOMUAJbHOE BPEMA.

Temepb mamuM ompeleleHne 3TOTO Kiacca. B 3TOM omnpefeneHnn, KaK W B OIpe-
mejqeHun Kaacca P, 6yneT GurypupoBaTh CIOBO «MalllHa», COKPAIIEHHO MBI 6y 1eM
o6ozHadaTh ee DOMT («HegeTepMUHHpPOBaHHAA MallnHa THIODUHTA)); BOPOYEM, HC-
MOMB30BAHUE CJAOBA ¢MAIllHAY B 3TOM KOHTEKCTE MOYKET BBI3BIBATH y JMIOJEN, NMEO-
IIIX OTHOIIEHNE K PEAJbHBIM MallllHAM, HEKOTOPOe 9YBCTBO HEYIOBOABCTBHUS. DO
HeJeTEPMUHIPOBAHHON MAIIMHOW MBI TOHIMAaeM TaKyIO MAIMHY, KOTopasd paboTaeT
KaK OGBIYMHO, HO B KAKOU-TO MOMEHT OHA MOKET HAPHUCOBATH B KAKOM-TO SMelKe 3HAK
BOIIPOCa W TocHe 3TOTo ee paboTa pasfensdeTcd Ha nBe BeTsu (0 mam 1:

1
? <
0

(B KJIeTKe OKaxeTcs 3amucantbiM anbo 0, an6o 1). Docie 5Toro MalliHa IpOJoIKaeT
paboTy. B Kakoll-TO MOMEHT OHa MOXKeT Pa3JABOUTHLCS €llle Pa3. DOABAAETCA AEPEBO
BRIauCaeHnin. Broak xax qoit BeTBu gepeBa Buraucaennit IMT paboraeT kak o6BHOE
BBIMHUCIUTENBHOE YCTPOUCTBO, HO peayabTaT paboTel IMT zaBucut oT pesyabTaToB
paboTh Boab Bcex BeTBen. Oupenennm pesyabTaT paboTel IMT B caydae npoBepkn
MPUHA ITEKHOCTH CJAOBA & K A3LIKY L. ' Da KayXXJ0U U3 BeTBEH BLITUCJIEHUS TTOIY9aeTCH
OJIMH M3 JBYX BO3MOMKHBIX OTBETOB: «fmay min «HeTy. IMT pacnosnaer sswik L, ecan
BCAKOE CJOBO & TMPUHANICKUT [ TOrAa W TOJBKO TOrja, KOTAa xoms 66l Ha odnot
BeTKEe BBIYUCACHUH TOMYYEH OTBET «1a).

DpomuaocTpupyeM BozmoxkaocTH DMT Ha npuMepe ¢ ynpaKHeHUAME Ha TPOBEP-
KY BBITOJHHMOCTH NPOTO3HIHOHAILHBIX hopMmya. JacTeHbKo, Korja cTyAeHT (10-
AMHOMHUAABHAA JeTEPMUHUPOBaHHAA MalllnHa THIOPHHTA) MPOBAIMBAETCA N HE MO-
JKeT PEeINTh 3a1a4dy, MPenoaBaTelb BEICTYIAET B POAN HEAETEPMUHNPOBAHHON Ma-
[IWHBl — OH MOKAa3bIBaeT (3arofs NPUTOTOBIEHHBIH) OTBET, KOTOPHIH JETKO MOKET
6BITH mpoBepeH. [Ipyrumu caoBaMu MOXKHO ckazaTh Tak: DMT «cTpemuTcsy goKa-
3aTh yTBepXKJeHne ¥ € L, a B MOMEHT pa3IBOeHNA oHa 06JanaeT HeOoT DAHNIeHHBIMHT
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HHTENIEKTY AIbHBIMI BO3MOXHOCTAMI U BHIOWpAaeT HAWIYYIIANA BapuadT. Eciam cy-
[IECTBYET BeTKa BBIMHUCIEHUN, TPH KOTOPHIX OTBET «gay, To £ € L. B mporuBHOM
cllydae HUKaKOe BETBIECHHE HE TPHUBEAET K MOJOKNTEILHOMY Pe3yabTaTy (CIOoBO He
MPUHATEXKUT A3BIKY AWML TorAa, Korga y DOMT HeT HuKakoll BO3ZMOXKHOCTH JAOKa-
3aTh 06paTHOE).

De cupalmnBanTe MeHs 0 (PU3UKe MPOIEcca: KaK IMPOUCXOAUNT TaKoe Pa3IBOeHNE,
rjle HAXOJUTCSA TaKasd MallliHA, MOXHO JH €€ MOCMOTPETH ... TakWx MalllmH B pe-
agbHOCTH HeT. QJMHUM U3 CAMBIX 3HAYNTESBHBIX MOCTHIKEHUH B TEOPHH CJIOKHOCTH
3a MOCHEeHNE TOMBI CTAJO TO, YTO Oblaa c(POPMYJANPOBAHA KBAHTOBAS MOENb BBIMH-
caennii. KBaHTOBBIE KOMIBIOTEDPHI ABJASIOTCA OJHUM M3 KAHIUIATOB Ha POJb TaKOM
MAIlIHBL B PEATBLHOM MUDe. D0 KpallHell Mepe, CyIIeCTBOBAHNE KBAHTOBBIX KOMIBIO-
TepPOB HE BHIZLIBAET MPUHINIHAILHEIX BO3paXKeHNN y (PU3MKOB, a HaJeXK 1a HA MMUTa-
[0 HEJeTEPMIHIPOBAHHBIX MAIIMH KBAHTOBBIMI KOMITBIOTEPAME MTOKA He BBI3BIBAET
KaTerOPUIECKNX BO3PaXKeHWH CO CTOPOHBI CIENNAINCTOB B TEOPUHU CAOKHOCTH. DO~
Jee TOro, abCTpakTHBIE KBAHTOBBEIE KOMIBIOTEDHI ViK€ YMEOT DeIIaTh HEKOTODPHIe
BaKHeMIIe mepeGopHBIe 3aJatn, Takie, Kak (GaKTOPU3alma dncer’) .

DOoIIepKHEM €ellle pa3, ITO HeJeTEPMUHUPOBAHHAA MAIMHA ABAAETCA UCTO TEO-
peTHYecKnM MOHATHEM. Y 106CTBa OT BBEEHNA TAKOTO MOHATHA TOJYIal0TCA COBED-
[IeHHO (paHTACTHIECKHE.

DTo caMas iepBasg BHIMBIILIEHHAS MO €/, TIOABUBIIAACT B TEOPUHN CJAOKHOCTH BbI-
qucaeHnil. B HacTOANME MOMEHT eCTh Macca TaKHX MOfeldel, Topa3no Golee CAOXK-
HBIX: WHTEPAKTHBHBIE JOKA3aTEAbCTBA U T.T. DTH MOJETN TMOABIATCSA HE CAME IO
cefe, a ¢ Meablo OMpe/eJeHns CIOKHOCTHBIX KJAACCOB W MJA KIaCCH(PUKAINNA ecTe-
CTBEHHHIX 3a7ad.

WNaTynrusHo sicao, ¥To nousTre IMT mpexpacto npucnocobieHo K MOIeINPOBa-
HIO TepebopHBIX aaropuTMoB. CoGCTBEHHO, YiKe TOKa3aHO, KaK 3TO AeaaTh. Fcian
y HAC €CTh aJrOPUTM, KOTOPHIN MBITaeTCA mepebpaTh HEKOTOPOe KOIMYeCTBO BO3-
MOXKHOCTEH, TO Hallla MAIllMHA MOXEeT yrajaTh, KaKas M3 BO3MOXKHOCTEH SBJISETCS
XOpOIIIell, a MOTOM HMETHPOBATE BTOPYIO YacTh (MOJHHOMNAIBHYIO TPOBEPKY KOH-
KPETHOr0 BapuaHTa). B 0o6paTHYIO CTOPOHY 3TO HECKOJBKO CIOXKHEE, HO BCE PABHO
pocTaTodHo npocto. Ecan y Hac ectb DMT, To ona mopox faeT gepeBO BRIMHUCIEHS,
1 TIepe6op HYXKHO MPOM3BOUTE 110 BCEM BO3MOXKHBIM BETBSIM.

CoBpeMeHHas TeOpPUsA CIOKHOCTH BBIYHUCIEHHN HAYalach ¢ pe3yabTaToB Kyka,
Kapma, JleBnaa (KOTOpPHIH mMoay<na mx HesaBucuMo) B Hadade 70-x rogos (1970-
1972). DTa cepus TEOPEM COCTOUT BOT B 4eM.

1. agada swnoanumocms (SAT) noana naa kiaacca NP (Teopema Kyxka). Takum
o6pazoM, 3ajada Hallero MaTeMaTnka M (MOXHO 1 MpHIyMaTh TOINHOMHUAILHBIN

aaropuT™ mas SAT) sKBHBaJeHTHA BOMPOCY: COBIATAIOT MU Kaacckl P uw NP (P #
NP). Ecin mOANHOMAAIBEHOTO allOPHTMa HEeT, TO 3TH KAACCHl He COBHANAIOT — HX
otaeasier zagada SAT, ecan XKe OH €CThb, TO MOXKHO 3(Pp(PEKTUBHO PENINTDH JTO6YIO
3afady w3 Kaacca NP. 3ajgada BEITOTHEMOCTH OTBevaeT 3a Kiaacc NP. I'py6o roeops,
NP — 5T0 He 4TO MHOeE, KaK 3aa4u, KOTOPbIe MOI'YT OBITH CBEJICHBI K BHITTOJAHUMOCTH
NIPONO3UINOHAIBHBIX (hOPMY.I.

2. EcTecTBeHHO, 9TO TaKOW PE3YJIbTAT MOXKET BHI3BATH HEKOTOPYIO PEAKIINIO OT-
TOPXKEHUA — HEe HACTOJBKO YK BaKHa 3a,da49a BEIIOJHIMOCTH, ITOOHI CTPOUTD LETYIO

Ila nocaegaem Mex gynapognom Konrpecce (Ilepann, apryct 1998r.) aMepukaHCKHI MaTeMa-

Tuk II. lop 6b1 yoocToeH 3a >TH UCCAeTOBAHUA MTPeMUU UM. |leBaHIUHHEL.
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TEOPHIO €€ PElIeHNns. DO ClIeAYIOMNM maroM 6bira craths Kapma (1971), B KoTopoit
yxe 6bL1a ykazana 21 momnad 3amgata auasa kaacca NP. Bce ornm Mexay coboil 5KBu-
BaJEHTHHI.

B mactosiee Bpemsi cnucok NP-mMoJHBIX 3ajad, KOTOPblE BOZHUKAIOT OYKBAThb-
HO BO BCeX 00JACTSAX MATEMATHKH, COJEPKUT THICAYN 3aqaqd. Beze, rje BOZHUKAIOT
AJTOPUTMBI, BO3HUKAKT U TepebOpHBIE 3aJa4l. JTO HEYAUBUTEABHO, MTOTOMY TO
64BIIas 9acTh MTPOrPAMMEICTCKON PaboOTHL I COCTOUT B BEIOOPE BapHaHTa MOJYHIIE.
Y AMBUTEIBHO TO, 9TO 9aCTO, a MPAKTHIECKH — BCerAa (¢ HEKOTOPBIMH NCKIFOYeHHA-
MH) — €CJIH ¥ BaC €CTh KOHKPeTHasd IepeGopHad 3a1ada, TO €6 MOKHO CPABHUTETBHO
JErKO KJIaCCUPUINPOBATH — JAUG0 I Hee eCTh MOANHOMUAIBHBIN ajJrOpuTM, JAu60
OHA TIOJHA.

Takwum o6pazom cTpouTcsi Teopus nmepeCOpHBIX 3amad. 3-3a Toro, 9To mepeGop-
HBIE AJATOPUTMbI BO3ZHUKAKT TOYTH BCIOAY, OHa Npuobpena GOMBIIOE 3HAYMEHNE. JO

MHEHUIO aMepIKaHCKoTo Tomoaora CMeina, Bonpoc P # NP 6ymeT oHUM M3 CaMBIX
BayKHBIX BOIIPOCOB MAaTEMAaTHIeCKOW HAYKHU CIAETYIOUETO CTOJETHSA.

BoTt w mogoliien K KOHIIYy pacckKa3z O TOM, UTO ABIAETCA, TaK CKa3aTh, ATPOM
TEOPUHU CJAOKHOCTH BBIYHUCIEHUN. D€ CTONT MOHMMATH 3TOT paccka3 Tak, ITO BCA

Teopus CJAOKHOCTH 3aHUMAaeTCA TOMLKO JWIIL cooTHomenneM P # NP. Uagoxennas
cxXeMa HCCAeJOBAaHHI — KOoTopad o6beUHACT 3aJa49l B CJAOKHOCTHEIE KIACCHl I IIO-
TOM HCCIEAYeT 5TH 3aJavH ¢ ITOMOMIBIO HX CBOJUMOCTH APYT K APYTY — OKazalach
YAUBATEIBHO 3hpeKTHBHA I0JOTBOPHA B CAMBIX Pa3HBIX CHTYAlNAX.

DePeUNCANM KOPOTKO HECKOJIBKO CaMBIX Ba)KHEIX BO3MOXKHOCTEH (MOMEMO yIiKe
YIOMAHYTHIX BbIlllé KBAHTOBBIX BBIMHCACHNUN).

OBIBaeT CAOKHOCTD adrebpanveckad. Ecam Hac mATepecyeT BLIMHCAeHHE HEKOTO-
pOro NOJMHOMa, I MBI a6CTparupyeMca He TOALKO OT feTaell GHTOBOr O BEIIHCACHIA,
HO I OT TOr'0, KaK MPOM3BOAATCA apH(PMeTHYIeCKHe ONEPalii, TO BCE 3aBHCHT JIHIIb
OT TOT0, C KAKIMH THCIaMU IPOU3BONATCA apudpMeTHIecKne onepalun. Torga nimHa
BLIMHC/ICHNA ONpeeadeTcA KOAMIeCTBOM CAOKEHHI U yMHOKECHHIT,

OBIBaeT CAOKHOCTH TEOMETPHYECKasd — AnarpaMMbl BopoHOTro m 6,iM3Kne K HUM
BEIlH, O KOTOPBIX A TOBOPUTH HE Oy Y.

OBIBaeT CJAOKHOCTL OyleBa — OHa OTAMYAeTCA OT TOrO, 9eM MBI 3aHUMAJIUCDH
cerojins, TeM, 4To Hac uHTepecyior dyuxuuu f : {0, 1}" — {0, 1}, onpenenerubie Ha
CJI0BaX (PUKCHPOBAHHON JIHHEL

B mro60oM 13 5THX pa3/leloB BO3HIKAET Macca IIOCTAHOBOK MHTEPECHEHINX 32, Kad
HMEHHO B paMKaX 5TOH oBIIell 1 1e0M0r N,

IITATOJAPHOCTH

A BeIpaxaio raybokyio Gaarogapaocts M. 3. Bamomy u M. B. ArexnoBudy 3a xBa-
AUGUIUPOBAHHY O TOMOIIL B IPUBEEHNN TAHHOM JEKINN K MPUTOTHOMY IS ITEHIS
Buay u mpod. J. Krajicek 3a psng menHBIx 3amMevdannii.



