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A. A. Pas6opos

Jlekrus, npounTannas crygerram MaremaTtuvaeckoro Komnegxxka HMY
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OTa JeKIusA pacCinTaHa Ha TeX, KTO He 3HAKOM C TEOPHUEN CIOKHOCTH BBIYUCTE-
uuii. [loaTomy 3aeck 6yaeT pacckazaHO TOJBKO 06 OCHOBAX HTOW TEOPUU W CAMBIX
TIEPBBHIX ee pe3yabTaTax. [Ipw 3ToM MBI TOCTapaeMca TepeaTh OCHOBHBIE MeM, KO-
TOPBIMHU PYKOBOJACTBYIOTCA MCCIE0OBATENN B HTON 06JaCTH HAYKH.

CroxeTHOU KaHBOW JaJbHEWIIETO PaccKaza TMOCIYKAT MCTOPUU, TPOUCXOIAIINE
€ HEKOTOPHIM TIepCOHaXeM — HazoBeM ero M (oT cioBa «MaTemaTnk»). W HavdHeMm
pacckas co caeyioIel NCTOPHH.

1. IIPEABLICTOPUA

Opmaxael M cufen qoMa m mbITaICA T0Ka3aTh HEKOTOPYIO (BO3ZMOXHO BaXHYIO,
BO3MOXHO HeT) Teopemy T. OH mBITAJCH T0Ka3aTh 3Ty TEOPEMY B TedeHHe HeJelN,
NIBYX, MECATIA, . .. , HO HIYETO Y HErO He TMOAyYaioch. B KOHIle KOHIIOB OH He BHIIepiKaJ
W 3a,/1aJ BIOJHE eCTeCTBEHHBIN BOIPOC:

a MOJCHO AU 6 npuHyune dokazamdv >3my meopemy?
Bonpoc 6bL1 06pallien HEM3BECTHO K KOMY, U, CKOpee BCEero, yjaeTel Obl B POCTpaH-
CTBO, ecJu 6bI MUMO He TPOXO/IUA JPYTOU HAIl NEPCOHAXK, KOTOPOro Mbl 0603HAYNM
6ykBoiu JI, oT cioBa IOTHKY.

Jl ycaviman Bompoc, 3atmres B KOMHATY W OOBACHWI, 9TO TAaKUMU BONPOCAMH Ma-
TeMaTHKN HAY9aJIl WHTEPeCcOBaThCA MpuMepHo ¢ Hadaga 20-To Beka. B obmiem Bujge
STOT BONPOC BXOUT B 3HAMEHUTYIO «IporpamMmy [mianbepTas, TMOCBAIMEHHYIO TOHSA-
THIO MATEMATAYECKOTO JOKA3ATEALCTBA.

OTa mporpamMMa, B YaCTHOCTH, BKJIIOYAIa TPU CAEAYIONINX MTYHKTA.

1) POPMAJINIATINA MOHATUA JOKA3ATEJLCTBA.

ITepen Tem Kak 3ajaBaTh BOMPOCH O TOM, MOXKHO JU T0Ka3aTh TO WA WHOE
yTBepXK AeHNe, HeOOXOMMO AaTh CTPOroe MaTeMaTHIecKoe onpeleJeHne ToKa-
3YEMOCTH.

MaTemaTuyeckoe npocseuweHue, cep. 3, Bbin. 3, 1999(127—141)
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2) TIOJIHOTA.

ITocae dpopmanmzanum MOHATUA TOKA3ATEALCTBA HYXKHO YCTAHOBUTH NOAHOMY
MTOCTPOEHHON (opMaabHot meopuu. ITO O3HAYAET, ITO JI000E HCTHUHHOE YTBED-
xjeHne T TOKHO GBIThH JOKa3yeMBIM B Halllell (hopManuzanuu. B gacTHocTH (B
CHILy HEKOTOPBIX HCTOPHYECKUX NMPHYHH), caMoro ['mib6epTa NpenMyIecTBeH-
HO WHTEPECOBAJ BOTTPOC O TOKA3yEMOCTH YTBEPXKAEHNA O HEMPOTUBOPEINBOCTH
MaTeMaTuK#, (hOPMaJu30BaHHOTO MOAXOAANIINM 06Pa3oM.

3) PA3PEMNMOCTG.

Caenyromell meablo OTporpaMMBI GBLIO HOCTPOEGHHE TAKOTO BLIMHCIATEILHOIO
ycTpolicTBa, KOTOpOe 110 BHEITHEMY BUAY TeopeMbl ', 3anncaHHOl B HEKOTOPOM
opMaIbHOM A3BIKe, ONpeJeadto 6bl, ABAAETCA JU 3Ta TeopeMa J0KalyeMoil
(mpeAmonaraaock, 9TO B CHIY MyHKTa 2 TPOrPAMMBI 9TO Gy 16T SKBUBATCHTHO
HUCTHHHOCTH).

X0opoIIo W3BECTHO, YTO TEPBBIN MYHKT MPOrpPaMMbl GBLT YCIENIHO BHITIOAHEH. B
HACTOSAIEee BPeMdA IOI CJIOBOM «TeopeMay GOMBIINHCTBO MATEMATHKOB (XOTA He BCe
5TO TPH3HAIOT) MOHUMAET TO, 9TO MOXKHO 0Ka3aTh B Teopun MHOXecTB [lepmeno —
Ppenkes.

XyXe 1eq0 06CTOAMO € MOCAEAYIONMMEI ABYMsS MyHKTaMmu. [lepBbIM yaapoM, mo-
TPACIIIIM B CBOE BPEMS BCe MaTeMaTHYIECKOE COOOIIECTBO, GBI MOMyIeHHBIN B 30-€
rojabl peayabTaT Kypra ['€nest, yTBepxk qatomuit, 970 HIKaKas J0CTATOYHO CHABHAS
TeOpHs C 3a1aBAEMbIM ABHBIM CIINCKOM MHOXECTBOM aKCHOM He MOXET GBITH TOJTHON.
Boaee TouHo, ecin Hallla Teopus HEMPOTUBOPEYNBA U B HEN MOXKHO (hOPMAIN30BaATH
paccyXaeHns O HaTypPaJbHBIX YUCJIAX, TO CYIIECTBYET YTBEPXK IEHHUE, KOTOPOE HEMb3H
HU OKa3aTh, HA ONPOBEPTHYTh, 60/ce TOTO, B KAYECTBE MPUMeEPa MOXKHO B3fATh WH-
TepecoBaBiliee [ mabGepTa yTBEPKAeHNE O HEMPOTHBOPEYNBOCTH PACCMaTPUBAEMON
TEeOpHUH.

Mt ceroitsa 3aHNMAeMCsA BEIYUCACHUAMHT, TO3TOMY I Hac GoJiee HHTEPECHA TEOo-
pema Yépua (1936). On 1oxazan, 4To He CYIIECTBYeT HUKAKOT O all' OPUTMA, KOTOPHIN
IO YTBEPKJAEHUIO aBTOMATHYECKH TMPOBEPAA Obl, ABIACTCA 3TO yTBEPKJEHUE TOKa-
3yEMBIM WU HET.

Uraxk, wam matemaTux M ysnana ot jgoruka Jl, 9To B moaHol 0GIIHOCTH OTBETUTH
Ha BOMPOC O [JOKa3yeMOCTH MATEMATUIECKOTO YTBEDPK IEHNA HEBO3ZMOXKHO.

BrpodeM, Kk 5TOMy MOMEHTY y HETO yXKe Hadadl TOABIATHCA COMHEHHS B TOM,
9T0 Teopema T MCTHUHHA, M OH PENINI 3aHATHCA MMOUCKOM KOHTprupuMepa. M morea B
KOMTIBIOTEPHY O KOMHATY U HAMNCAJT TTPOrpaMmy /1 | TpOBEPSIOIIYIO MOCAE0BATEILHO
BCe CJIOBa [0 TeX TOpP, MOKa OHA He HaWAeT NaHHBE, HA KOTOPBIX 1 He Bepua. OH
3allyCTUJ CBOIO IPOTPAMMY W CTaJ X IaTh OKOHYAHUS €€ PabOTHI.

IIporpamma paboTana wac, aBa, jeHb, Heled, ... . I cHOBa y MaTeMaTHKa BO3-
HUK BOTIPOC, HAa BTOT pas:

ocmanosumca au II xkoeda-nubyde ?
Ha sToT paz MmaTeMaTuk yxe 3HaI, K KOMy 06paTuThCA ¢ TakuM Borpocom. OH Harmeax
JOTHKA U CIPOCHJ CYIMIECTBYET JHU CIOCOO Y3HATH, MPEKPATHUT JU JaHHAA IPOTPaAMMa
CBO€E BBITIOJTHEHNE Wi XKe OyaeT paboTaTh no GeckonewnocTu. U cHosa JI gan Bmoste
kBaaupunpoBaHHbil 0TBeT. [lo Teopeme, mokazanuou Tbiopuarom B 30-ble TOHI,
HE CYIIECTBYET aJrOPUTMA, OMPEIAAIONIEr 0, OCTAHOBUTCSA JU KOTAa-HUOY b TaHHAS
mporpaMMa Wil HeT, T.e. MpobieMa OCTAaHOBKH Hepa3pelnma.
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2. OTOPABHAA TOYKA

Mocae »Toro Ham MaTeMaTuK oTHpaBmica gomon. Kax »5To mHOrjga GBIBAET, €ro
pebeHOK, M3YYANMA TeOMETPUIO B CEIBMOM WM BOCHMOM KJacce, TOMPOCHI Ty
TIOMOYh C/leTaTh AoMalllHee 3a1anne. B Hapoge 6BITYeT MHEHME, YTO JIOH, 3aHUMA-
IOIIeCs MaTEMATUKOW, YMEIOT XOPOIIO CYNTaTh, PElIaTh KBaIpaTHBIE YPABHEHUS U
pa3HbBle 3aMadKNd W3 3JEMEHTAapHOU T€OMETPHH, 9TO HE BCErja COOTBETCTBYET ei-
CTBATEIHLHOCTH.

WTax, Ham MaTeMaTUK HavaJ PeMIaTh 3a1a9y, TPEATOKEHHYI0 CBOMM HajoM, U
TOHSJ, 9TO HAPOYb 3a6bLT M€OMETPHUIO, KOTOPYIO yumi B mkojae. OH 0HAKO TTOMHIL,
9TO AOOYIO 3a /a9y TeOMETPUN MOXKHO 3alMCaTh B KOOPMHATAX Ha A3BIKE NCHCTBU-
TEeNBHBIX YHUCE.

U emy B rosoBy mpwuiies BOMPOC, a CYIIECTBYET JU YHUBEPCAIBHBIN aJrOPUTM,
PEIIaoIni TKOJBHBIE 3a/[a491 TI0 TeoMeTpun. [locie pazroBopa ¢ JOTHKOM, OH 3HA,
H9TO €CJAW B TEOPUU BHIPA3WMBI HATYPAJTbHBIE YHCAa, TO OHA Hepa3pemmMa. UaTynnmns
MO/ICKa3bIBaJa, ITO Teopus, paboTaromas ¢ IeUCTBUTEIbHBIMEI YHCJAAME, KOTOPBIX
ropazio 6oJablile, T0MXKHA OBITH YK TeM Gollee HepaspemmMa. Bce Xe, 11 O9MCTKHU
COBECTH, OH PENIAJ MO3BOHUTDH JOTHUKY W yIOCTOBEPUTHCA B 3TOoM. Kak HU cTpaHHO,
BBIACHUJIOCH TTpOoTHBOMOM0K)HOE. Kaaccuvueckuit pesyabraT Tapckoro, qokazaHHBIN B
1948 roay, yTBepXKJaad CyHIeCTBOBaHUE AJTOPUTMA, MPOBEPAIONIETO NOKA3YEeMOCTh
YTBEDIK JEHHUI IeMEHTAPHON TeoMeTpHi’).

MaremaTuk obpajgoBajcsa. EMy yxke HaUWHAMO Ka3aThCA, ITO OT JOTUKH HET HU-
KaKOU TIOJB3bI, & TYT 0Ka3aJ0Ch, 9TO JOTMKA UMEET BeChbMa MPAKTHIHOE TPUMEHEHUE
B peaJbHON KU3HU.

Urak, M mompocua peGeHka MogoXaaTh, a caM OTHPABUJICA K TOPTOBIAM IMPO-
rpaMmMHOTo obectevenus. Tam on obuapyxmia aa CD-amcka, MOCBAMIEHHBIX pellre-
HUIO 3a/a4 IO I'eOMEeTPHUH, KOTOPhIe Ha3bIBAINCH COOTBETCTBEHHO

Tarsky for Windows 95 m Collins for Windows 95.
Meprin auck ctoma 30 y.e., Bropoun — 300 y.e. EcrecTBenno, M monerrancs mo-
HATH, YeM K€ BbI3BaHa TakKas pasHUIa B leHe. Hukakux o6bACHEHNT OH He TIOJY 91,
MO3TOMY OH Kymui GoJee femeBbil quck Tarsky for Windows 95.

M npumen gomon, BcraBua CD B KOMIBIOTED U PENINI TPOBEPUTH MPOTPaMMY Ha
3aavKe M3 MKOAbHOTO yueOHuKa. O THAKO cTada TMOBTOPATHCA BCE Ta XK€ MCTOPUS.
IIporpamma paboTana 4ac, ABa, ..., HO He MPOABIAIA HUKAKOTO XKeJaHWA BBHIIATH
pettierne. MaTeMaTWK TpepBaJ BBITIOTHEHNE TTPOTPAMMBI W TIOTIPOCHI €€ J0Ka3aTh
KaKyo-HUOY b DJAEMEHTAPHYIO TEOPEMY, HAIPUMeEP O TOM, 9TO CyMMa yIJIOB B Tpe-
yroabauke paBHa 180 rpagycam. Pe3yabTaT He CHABHO M3MEHWJCA, W TMpPOTpaMMa
MpooJXKaia IyMaTh 9ac, BTOPOH, CYTKH, Apyrue, ... . Torga M mo3BoHma Joruky u
HECKOJBKO TMOBBIMIEHHBIM TOHOM CIHPOCHJ, ITO Xe mpoucxoauT. Jl oTBeTmI, 9T0 3T0O
He ero npobaema. Tapckuil Jokazai TEOpPEMY O CYIIECTBOBAHUE AT OPUTMa, OH COBEP-
MIEHHO YBEPEH, 9TO aBTOPHI 3TOT'O AMCKA 3aTTPOTPAMMUPOBAIN AJTOPUTM IPABUIBHO,
a 9TO MPOUCXOIUT fAafbllle — He MMeeT HUKaKOT O OTHOIICHUA HA K MaTeMaTHKe, HI
K JIOTHKE.

DU Boobime A06bix YTBEPXK IEHUN O BENECTBEHHBIX YACIaX , HCIIOIL3Y IOIINX apudMeTHIECKHE OTIe-
panuH, 1eMeHTapHEIE JOIMYECKHE CBA3KH (OTPHLaHHE, KOHBIOHKINA, TU3BIOHKINA, HMILIAKAIINA)
1 KBaHTOPHL 10 MHOXKECTBY BCEX BEILIECTBEHHEIX YHCEN: ¢ 1A BCeX (BELIECTBEHHBIX 9HCEN)), ¢CyIIe-
CTByeT (BEIECTBEHHOE 9YHC/IO), TAKOE YTO ... »; COBOKYINHOCTH TAaKHX yTBEDXKIEHNI Ha3HIBAETCH
anre6pon Tapckoro.
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U 510 kKax pa3 ToO MeCTO, T'jle HAYNHAETCA TEOPUA CAOKHOCTHU BhrumciaeHuu. Hac
WHTEpPeCyeT He MPOCTO CYIIeCTBOBaHME aJTOPUTMOB [ HaIlleW 3ajadu, a TO, Ha-
CKOJBKO OHU DPPEKTUBHHI.

Koneuno, pacckazaHHasg MCTOPUA HECKOJBKO CTUAM3OBaHA, HO, B OBIIEM-TO, TaK
U TIPOUCXOUIO PA3BUTHE WCCJIETOBAHUN, KOTOPOE TMPUBEJO K COBPEMEHHOMY COCTO-
auno. B YacTHOCTH, TOT 3Tam, KOTa CTAaJ0 BHIKPUCTAIIM3OBHIBATHCA TTOHUMAHUE
TOT'O, YTO OJHU AJATOPUTMBI MOTYT OBITH JyHIIe APYTUX M 3TO CYHIECTBEHHO, TTPHU-
wesca Ha 60-bie Toabl. Toraa cTanm MOABIATHCA HACTOAIINE KOMIBbIOTEPH (OHU Ha-
3BIBAIUCH TAKUM CTPAITHBIM CJAOBOCOYETAHUEM: (JICKTPOHHBIE BBIMUCAUTETBHBIC Ma-
wuHbh ), HanpuMmep, BOCM (MHOrHe B ayMTOpHE U He 3HAKOT, HABEPHOE, UTO 3TO
Takoe). CTano NOHATHO, YTO HEOGXOAUMO MOCTPOEHHE HEKOTOPON MaTeMaTHIeCKON
TEOPUH.

3. HAYAJIA TEOPUU: OCHOBHBIE IIOHATUA

JlaBaliTe MOKa OCTABUM B CTOPOHE UCTOPUHU U3 KU3HU MaTeMaTnka M, moTom mbr
K HEMY eIlle BepHeMcA He pa3.

IMompo6yem gaTh HECKOABKO OMpeEIeJeHNN.

IepBoe mabatoaenme, koTopoe caeran M, korga merTatcs pazo6paThea B BTOH
TEOpUH, COCTOUT B TOM, UTO TIOAABJATONIEe GOMBITUHCTBO AATOPUTMUYECKUX 3a a9
MOXHO TIPEACTABATEH B MOAXOAIIEN KOINPOBKE KaK 33149 BHIYUCAEHUA HEKOTOPOTO
oTobpaxeHus

f:{0,1}* - {0,1}*
MHOXKeCTBa KOHEYHBIX IBOWYHBIX CIOB B ceba. IMeHHO TaKUMU OTOOPAKEHUAMI MBI
u 6y1eM 3aHUMATHCA.

Bropon Bompoc: Ha KakuX yCTPOUCTBAaX MBI COGMpPAaEMCH BBIMHUCIAATH HAIllle OTO-
6paxenne? EcTh orpoMHoe paszHoobpasne W airOPUTMUYECKUX SA3BIKOB, I KOMIbIO-
TEPHBIX apXUTEKTYP, HO HACKOJABKO HaM 5TO BaxHo! VIMeHHO OTBET Ha HTOT BOIPOC
OTINYAET TEOPUIO CJAOKHOCTH BBIYUCICHUU OT PAa3IWIHBIX CMeXHBIX obmacten. [lo-
3TOMY PacCMOTPHM 3TOT BOmpoc Gomee MOAPOGHO.

B kavecTBe mpuMepa BO3bMeM IPOTPAMMY, C KOTOPOU Yallle BCETO U CTAJKHBAET-
csi GOJBIIMHCTBO MAaTEMATHKOB, KOTOPBIE He TporpaMMupytoT. D1o TEX mpoueccop.
Buibop TEX 31ech HUKaKOTO 0cO60T0 3HAYEHNA HE UMEET, TO JKe caMOe MOXKHO CKa-
3aTh W O APYTHUX MpOTpaMMax.

Urak, umeeTcs HekOTOpoe oTOoOpakeHne f, KOTOPOE B JAHHOM CJAydae TPeacTa-
BaAeT cob6ol oToGpaKeHme

‘paper.tex‘ — ‘paper.dvi‘,

npeo6pasoBeIBalolee (haill paper.tex B Qaia paper.dvi (o6a daiia MBI paccMa-
TpUBaeM KakK /[Ba JIHHHBIX TBOMYHBIX CJI0OBA). DTO MpeoGpazoBaHue OCYIIECTBAACTCH
HEKOTOPHIM aITOPUTMOM texdvi.exe, 3aKOTUPOBAHHBLIM I BHITIOAHEHUA Ha 286-M
npotieccope (Te, KTO IBITAICA HCIOAb30BaTh TEX Ha 286-M npolieccope, MOMHAT, KaK
5TO 6BIIO).

Hac cefiqac naTepecyer Bpems (GbIcTpojeiicTBue) paboThl anroputma. NIMeHHO
TaKyi0, KaK TOBOPAT B 3TOU HAYKE, MEPY CAOMCHOCTMU MBI 6yeM paccMaTpPUBATH Ce-
rojiHA Yalle Bcero. BhIBalOT U Apyrie XapakTepHCTHKH (IaMATh — BTOpasd 10 3Ha-
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YeHNIO Mepa CIOKHOCTH), HO 33 HeJOCTATKOM BPEMEHH MBI WX HE CMOXKEM TOAPOGHO
06Cy TN Th.

PasBuTune TexHuKHU, OTHOCAIEECH K pACCMAaTPUBAEMON HAMH 3ajade, IO IO IBYM
HaMpaBJAeHUAM. BO-TIepBBIX, W 3TO XOPOIIIO BCe 3HAIOT, YIYYIIAINCH TTPOIECCOPHI:

Intel 286, Intel 386, Intel 486, ...,
TIOABAAMNCH OIMH 3a IPYTUM Bce 6oJee MOITHBIE MOIEAN, BO3IHUKAIN PazHooO6pas3Hble
KOHCTPYKTOPCKHE YXWIPEHUA, YCKOpAIONMe WX paboTy, u T. 1. Bo-BToOphIX, yayd-
maaca caM aJr OpUTM, TIOABAAINCH €T0 BEPCUN
texdvil.exe, ..., texdvilO.exe,
CrpaBeamBa, XOTA U ¢ HEKOTOPBIMHA OT'OBOPKaMU, Takas (hopMy.ia

<06mee BpeMsA paGOTH> = <lmcno omepanuin aJIl"OpHTMa> X <BpeMH Ha OTHY onepaumo>.

Yaydmenne 060X 9IEHOB B 3TON MPOCTON (hOPMYyJe — Bellln GoJee-MeHee He3aBH-
cumble. I'py6o roBopd, TporpaMMbl (software) oTBedaroT 3a TepBbIE COMHOXKUTEND, a
npoueccopnl (hardware) — 3a BTopoi.

YTo 31eCh IPOHUCXOUT ¢ MaTeMaTHYeCKOH TOYKHM 3pennda’ Ecam y Hac mMeeTcs
KaKOH-TO aJTOPUTM, KOTOPHIN WCTOAb3yeT ¢ omepalyii, TO OT YIydMeHnA 6bICTPO-
NeliCTBHA HAIlero Mpolleccopa BpeMsA pellleHuA Halllel 3a]aq/l yMHOKAETCA Ha HEKO-
TOPYIO KOHCTaHTY.

ITosTOMYy, 1 3TO OYeHb BaXKHO, B TECOPUH CJAOKHOCTH BBHIUHUCACHIN CIOKMIACH TPa-
WIHAA U3MEPATH BpeMA PaboThl aATOPUTMa ¢ TOYHOCTBIO JO MYyJbTHILITKATHBHON
KOHCTaHTHI («¢ ToanocThio 0 O(+)», Kak roBopaT MaTeMaTukn). Takol moaxos mo-
3BOJIACT HaM abCTParupoBaThCA OT BHLIGOPA KOHKPETHON MOJENM BBIYHCINTEIbHO-
IO YCTPOHCTBA, OT TOT'0, CKOJIBKO BPEMEHH 3aHUMACT BBITIOAHECHHE OJHON ONepallni,
KaKylo CHCTeMy KOMaH/ MMeeT HCIOoAb3yeMad HaMHi MallliHa U T. 1I. VIMEHHO 3TOT
TOXO1 U TI03BOJIACT HaM TIOCTPONTh JOBOIBHO KPACUBYIO MaTEeMATHICCKYIO TEOPHIO.

TeopHs CAOKHOCTH BBHIYUCACHUN HECKONBKO OTAMYAETCA OT BCEOOHEMITIOMEN (Mo
ONpe/e/IeHNIo) TeOPUH MapKCHU3Ma-JeHNHN3Ma (He BCe B ay[UTOPHH BHIMMO 3HAIOT,
9TO BTO TAKOe, M 3TO XOPOIIO): €CIU B (pOPMYyJle eCTh Ba W/IeHa, W 33 BTOPOH HAIlla Te-
OpHA HUKAKOI OTBETCTBEHHOCTH HE HECET, TO 06 HTOM 3aABJIAETCA ABHO. YTy dIIeHIeM
IPOIECCOPOB 3aHUMAIOTCA APYTHE JION, Mbl 3aHUMAEMCA yJIydlIIecHHEM aJirOPHTMOB
€ TOYHOCTBIO 10 MYJbTHIIAKATHBHON KOHCTAHTHI.

ITpopomxum mocTpoenrne cTporoi Teopun. OJHIM W3 HEMOCPEACTBEHHBIX TMpe-
HUMYIIIECTB BBEJEHHOTO BBINIE COTMIAIICHHA ABIACTCA TO, 9TO HAC He OYeHb 3a60THUT
BBIGOp TOYHON Mojgean. Kak TMpaBmio, OT CMEHBI MOJeIH (celdac i MMe0 B BHIY
y&e abCTPaKTHBIe MaTeMaTHIeCKNe MOJENN) yaydIleHre NI yXy/IeHne TPOUCX0-
IAT ¢ TOYHOCTBIO [0 MyAbTHININKATHBHON KOHCTAHTHI, a MBI JOTOBOPHJINCH 5TOTO He
3aMevaTh.

CranapTHBIN CIIOCO6 OTIpeIeNeHNA BHIMUCAUTENHHOR MO/IEJN COCTOUT B TOM, 9TO
NI UCTIOMHEHNA aJTOPUTMa y Hac UMeeTcA HeKOTOpad MallliHa ¢ ajJpecyeMoll maMa-
TBIO, AYEHKI KOTOPOH MHACKCUPYIOTCA HATypPaJbHBIMH IHCAAMHE; B KaXXI0H AdeiiKe
MOXKHO XPaHUTh HaTypadbHbIC 9NCAa; MOXKHO BLITIOAHATE apudMeTUIecKne 1eiicTBAA
u T.1. [eTann 3ech Majlo WHTEPECHBI, TOTOMY 4To Hatle Of-)-cormamieHue mo3Bo-
AAET O HAX 3a00THTLCA He CAUIIKOM. Ecam ke 3aMeHHTD «¢ To9HOCTHIO 0 O(+)» Ha
caerka 6ogee rpy6oe «¢ TOIHOCTBIO [0 TIOAMHOMA», TO BOOGIIE BCE PeaJUCTHIECKNE
BLIMHCANTENbHBIE YCTPONCTBA OKA3BhIBAIOTCA SKBUBAJCHTHBIMIA.

Nrax, pukcupyeM HEKOTOPYIO BEIYHCIUTEILHYIO Moedb. Ecan ecTh Mammaa M
KOTOpad BBIYHCAACT (PYHKIUIO f, W OIpejeJeHbl BXOHbIE NaHHBIE £ — HEKOTOPOE
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JBOMYHOE CJIOBO, TOT/[a MOXKHO OTPEIEINTh Hallly ocHOBHYI0 dyHkumio T(M, z) —
KOJIMYECTBO oNepaluii (TakToB), KOTOpHe TpebytoTea Marmmae M aias paGoThl Ha
BxogHoM cioBe z. Pynkuusa T(M,z) HazwvBacTCA cuzHasusupyowetd Gynkyued no
6PEMEHU. BBITTOMHEHUS JIOOBIX DIEMEHTAPHBIX OMEPAIIHT

4. TEOPEMA OB YCKOPEHUU

JasaiiTe Tenepb uaydaTh 51y dyukumio T(M, z). IlepBoe, 4T0 NPUXOAUT B TOJO-
BY: Yy HaC MMeeTCS aJropuTMHUYdecKkas 3ajada f; qaBalTe BbIGepeM CaMbIU XOPOIIUT
AJITOPUTM IS PEMIEHNU STOU 3a1a90 M HA30BEM CJIOKHOCTBIO 38291 CI0KHOCTH 3TO-
'O CaMOT'0 XOPOIIIErO adTOPUTMA.

OxasbiBaeTcs, 9TO TaKOW HWHTYUTUBHO OYEBUAHBIA CITOCO6 JEUCTBUU, K COXKAJE-
HUIO, HEOCYIIECTBAM W Ha DTOT CYeT mMeeTca meopema Bawma o6 ycrkopenuu. B
BOJBHOUW (POPMYJUPOBKE 3Ta TEOpeMa yTBEPKAAET, 9TO KaK OBl MBI HU TBITAINCH
OTMpPENENATh MOHATHE (HAWAYYIIAasa g JaHHOW 3adadd MallldHay, Y HAC HUYErO He
noayunuTes (MO KpaiHel Mepe IS HEKOTOPHIX 3a1ad).

Teopema BatomMa oTKpHIBaeT cepuio TeOpeM, JeXKaIlUuX B OCHOBE COBPEMEHHOU
TEOPUHU CAOKHOCTU BBHIYHUCIeHUN. Bce 3Tu TeopeMbl ObLin jgoKazaHbl B 70-€ TOJHI,
HampuMep, Teopema Bbatoma 06 yckopenum — »71o 1971 roa. Ilpumepno B To Ke
BpeMsA MOSBUIACH KOHIENHs N P-TIOJHOTHI, N3I0KeHNEM KOTOPOU U 3aBEPIIUTCA HAII
BBO/IHBII PAacCKa3 O TEOPUHU CJIOKHOCTH BBIYHUCICHUN.

Jlas manpHenmero HaM mMOTpebyeTcs ellle OJHO BaXKHOe ompefencHue. PyHKINA
T(M,z) ycrpoeHa o4eHb HeperyasapHo. Paccmorpum npumep TEX npoteccopa. Jlas
IO IABJAAIONIET O GOMBIIUHCTBA (halJoB MPOU3OUAET OCTAHOBKA B CAMOM HadaJje pa-
60THI W3-3a HECOOTBeTCTBUA BxogaHOMY (opmary TEX, a Ha xakmx-To panaax 3TO
BpEMsA BO3MOXKHO OKaXKeTCd HECKOHETHBIM U3-3a 3allUKANBaHusA. B obmem caydae 3Ty
GYHKINIO M3y9aTh HUKAKOU BO3MOXKHOCTH HE MPECTABAAETCSH, OHA CAUIIKOM PHIXJIas.
Mui x0TUM U3BJI€YD U3 Hee (PYHKIINIO HATYPAJbHOTO apIyYMEHTA, T. €. TIOJAYIUTh (PyHK-
U0 U3 HATYPAJbHBIX YACEN B HATYPAJIbHBIE YNCAa, KOTOPasA OTpaxaJua 6bl TIOBeJeHUE
T(M, ). EcTb HeCKOMBKO CIIOCOGOB MOTONTH K 3TOH 3a1a4e. MBI 3/[eCh O paHNYINMCS
CaAMBIM PaCPOCTPAHEHHBIM, KOTOPHIN HA3BIBAETCA CAOHCHOCTb 6 HAUTYIUuleM cayuae.
Omna ompejensieTcs: caeyoien GopmMyaon

tyr(n) = max T(M, z).
lz|<n
W3 Bcex cioB GUTOBOW JJIMHBI, He TIPEBBIMIAIONIEN 71, BEIOGMPaeM TO, Ha KOTOPOM HaIlla
MallHa paGoTaeT XyXKe Bcero (T. €. 1oJblle Bcero). Bpema paGoThl Ha TaKOM CJIOBE 1
HA3BIBAEM CIOKHOCTHIO {37 (n). 3a BpeMd tas(n) MallnHa rapaHTHPOBAHHO 3aKOHYHT
paboTy Ha J11060M BXOJHOM CJOBE [JIMHBI, He MpeBBIMIAaIIen n. MoxkeT, KOHEYHO,
CAYYIUTHCH, 9TO HA KAKAX-TO CAOBax paboTa 3aBepIINTCA PaHbIIE.

M1l mpuBOAMM YTIPOIIEHHBIN BapuaHT TeopeMbl BaoMa; Ha caMoM jefe, BMECTO
log? B HEUl MOXHO B3ATH JIOGYIO ¢Pa3yMHYI0» CTPEMAIIYIOCH K GECKOHEYIHOCTH (DYHK-
U0,

TeEoPEMA (BuatoMm, 1971). Cywecmeyem makas sviuucauman®)  Pymryus f,

umo a0byio mawuny M, eviuucasowylo f, moxncno yckopums cacdyiouwum obpazom:
cywecmsyem dpyeaa mawurna M', maxsce sviuucasowan [ u makas, 4umo

2) Berancanmasn dbyHKIINA — 5TO0 Takad (GYHKIUA, KOTOPYIO MOXHO BEYHCJAUTE XOTA OB OJHAM

ajJropuTMOM.



O caoXHOCTH BBIYHCACHUH 133

tM/(TL) < logtM(n)
JdaA noumu 6cex n.

PyHKIMA U3 TeopeMbl BitoMa — 5T0 HeKOTOpas 3K30THKa (Kak clegyeT u3 (hop-
MYJWPOBKH TEOPEMBI, BPEMA €€ BBIYHUCJACHUA B HAMXYIIEM clydae pacTeT O4¥eHb Obl-
cTpo s mo6oit MammHel). OHA U3 «MAEOJOTHUECKUXy 3a1a9 B TEOPUHU CJIOKHOCTH
BBIMHUCJIEHNN — 3TO CTPOUTH TEOPHUIO TaK, YTOOH TaKUe MATOJOTUIECKHE SBICHUS B
HEW TI0 BO3MOXKHOCTH He BOzHUKaJu. Teopema BaioMa mokasbiBaeTCs MOCTPOEHUEM C
TIOMOIIBIO TEXHUKW WAl OHATU3AINN, U TOTyYalonmadaca GyHKINA He UMeeT HUKaKOT O
OTHOIIIEHNA K PeaJbHON NMPAaKTHKE BBIYUCAEHWH WM K OCTAJIbHOW MaTeMmaTuke. Ho
TeM He MeHee, MOCKOJBKY MBI CTPOMM MaTeMaTHYeCKYIO TeOpHIO, HUYEro He Ioje-
Jaellb — Mbl BBIHYXK/IEHBI TIPU3HATH, YTO BHIOPAHHBIA MOAXO] HE TOIUTCH IS €€
nocTpoenna. Hy:kHo ABUTaThCA ganbllle.

5. CIOY¥KHOCTHBIE KJIACCHI

WTak, MBI He MOXEM HajleATbCA Ha IOCTPOEHHE 1A KaXJol (PYHKIMHM caMon
JAy9IIed MalluHbl, BLIYUCAAIOWEN 5Ty QyHKIHNIO. AJbTEpHATHBON ABIAETCA IOHATHE
CAOHCHOCMHO20 KAGCCA — OJHO U3 NEHTPAIbHBIX IMOHATHHA A TEOPUHU CIOKHOCTH
BBIYUCJACHNAN.

Heckoabko BobHad aHAJIOIHA MOXKET ObIThb 3[eCh IIPOBeJeHa C OIpPeJeJcHIUAME
uHTerpada mo Pumany m mo Jlebery. Ecam MBI He MoX)eM NPOMHTErPHUPOBATH IO
PumMany, To MBI MEHAEM OChb U HaYMHAEM CYMMHPOBATDH IO APYrol ocu. B Hamen cu-
Tyalun, ecIi MBI He MOXeM 11 GPYHKIINN CKa3aTh, YTO TaKOe caMad XOPOoIlad Mallll-
Ha, TO JaBaiTe TaKXe CMEHHM OChb. PaccMOTPUM MHOXECTBO BCEX MAallldH, KOTOPLIE
Hac yCTpauBaloT, 1 Ha30BeM KJacC BeeX (hYyHKINHA, BLIYACANMBIX TaAKMMI MallllHAMA,
Kaaccom caoxchocmu. TloxXaayl, mpollie Bcero AaTh Cpa3y KOHKPETHLIN IPAMED, 9eM
JOJTO paccyXaTh Ha 3Ty TeMy:

DTIME(t(n)) & {f|3M : (M serancaser f)&(ty(n) = O(t(n))).
OTO OJHO M3 NMEHTPAJIbHBIX OMpejeJeHnil B Teopun cJoxHocTH. BykBa D oznadaeT
JeTePMUHNPOBaHHBIE AITOPUTMBI (6BIBAOT 1 Apyrue), TIME o3HawgaeT poBHO TO, O
4eM Bl mogymaiu. Ecam y Hac ecTh mpousBoJbHad GyHKUUA ¢(n) OT HATypalbHO-
ro apryMeHTa, TO MBI 06pa3yeM KJaacC CIOXKHOCTH, COCTOANINN U3 TaKuX (PyHKIINH,
I KOTOPBIX CYIMIECTBYeT BbIUuCAAomana f Marmmia M, Takasd 9To CUTHAJIU3UPYIO-
mas (HYHKUNA [0 BPEMEHN OTPaHWYeHa MCXOAHOH (PyHKumen ¢(n) ¢ TOYHOCTHIO /0
MyJIbTI/IHJII/IKaTI/IBHOI‘/JI KOHCTaHTHI. HpI/IBerﬂ[eHHaﬂ BBIIIIE TEOPEMA Baoma CIIpaBEJIUBA
TOJBKO AJ HEKOTOPBIX CHIENNAJBbHBIX (byHKHI/II‘/JI Ho ecan mbl xO0THM JOCTUYb YCKO-
penus, ckaxem, B 10 pas, To 3TO MOXKHO CAelaTh ¢ 000N QYyHKIUEH — HAIPUMED,
OyTEM YBECIUYIECHUA KOJMUYIECTBA MAIIIMHHBIX KOMAaH 1. Nmenno IO5TOMY B HpaBOI‘/JI qa-
ctu onpefenerus cronT O-60bIIOE.
Tenepb onpenaeanM OMHUH M3 CaMbIX BaXXHBIX CJI0XKHOCTHBIX KJacCOB

P = | J DTIME(n*).
k>0
Kaacc P —»sT0 Te (byHKHI/H/I, KOTODPBIE MOZKHO BBIYUCJIUTH HA HAIIUX MalllMHaX, 1 BpEMSA

WX BBIYUCJAEHUS PACTET MOJMHOMUAIBHO ¢ POCTOM IuHBI cjaoBa. OH OvYeHb ya00eH U
C MPAKTUYIECKON, W C TeOPeTUIeCcKON To4YKH 3pennsa. C MpakTUIeCKON TOYKH 3PEHUs
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9TO AOCTATOYHO XOpouiad alllpOoKCUMallnA (6bIBaIOT UCKAIYIEHUA, O KOTOPBIX 6yrqu
CKa3aHO HI/I)KG) KJjJacca Tex (byHKHHﬁ, KOTOpPBIE MO Ta0TCA BEIIUCJAECHAIO 3a peaJbHOE
BpEMA Ha peaJbHBIX KOMIIBIOTEPaAX. C MaTeMaTHYeCKOU TOYKU 3peHHuA 3TOT KJaccC
6eCKOHETHO y,[[oGeH TEM, YTO OH 3aMKHYT OTHOCHUTEJBHO CYNEPIO3UITUN. Kax MBI
YBUIUM JdaJqabIlle, TMEHHO 3TO 06CTOATENBCTBO TTO3BOJIAET IIOCTPOUTH TEOPHUIO BBIYTHU-
CIMMOCTH /A 3TOr'0 KJacca.

BriBaroT aHagsormvHble KJIaCCHI A3BIKOB, KOTOPHBIE MOXKHO PaCIO3HAaTh 3a 3KCIIO-
HEHIINAJBHOE BPEMA

EXPTIME = | J DTIME(2"),
£>0
TaK¥Ke MOXKHO ONIpEeNEeANTh ,[[BOI‘/JIHOG DKCIIOHEHIINAJbHOE BpeMA

nk’
DOUBLEEXPTIME = ] DTIME(2"")
k>0
n TakK jJaJee.

6. TEOPEMA OB UEPAPXUU U CJAOYKHOCTh 3JEMEHTAPHON
IF'EOMETPUU

Teneps maBanTe BepHemcsi K Hammemy maTemaTuky M. OkasbiBaeTcs, Bpems pa-
60THl aaropuTMa Tapckoro, ¢ MOMOIIBIO KoToporo M meiTazcs pemats 3agavu 3Je-
MeHTapHOU TeOMeTPUH, HE JEXKUT HU B OJHOM U3 NMPUBEAEHHBIX BbIEe KiaaccoB. [lias
HEro eCTh TakKad HUXKHAA OlcHKA

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

Kax BBl moMHUTE, i pazpenmMocTi aarebpol Tapckoro nmpoaaBadjcs elle U JucK
Collins for Windows 95.

TEOPEMA (Kounnu3s). Aazebpa Tapckozo npunadaencum DOUBLEEXPTIME.

Teneps M cmor nouaTs pasuuiy mexay stumu CD-ROM: Bpemsa paGoTsr aaro-
puTMa KommnHza HeM3sMepuMo MeHBbIIE BpeMeHH paboThl aaroputma Tapckoro (xoTs
OHO BCe PAaBHO MOXKeT OBITH OYeHb BEJUKO — OIeHKA BPeMeHHW paboThl ajJrOpuTMa
JBOMHOW HKCTIOHEHTON HE TapaHTHPYET HaM, 9YTO JaXe TEOPEMa O CYMMe YTJIOB Tpe-
yroapHuKa Oy/eT MoKa3aHa 3a BpeMs CYIIeCTBOBaHHUA BceleHHOM).

BosnukaeT BOTpOC: a HeAb3A JU €llle YAYUIIUTH AJTOPUTM Pa3pelmMOCTH Jad
aare6pel Tapckoro? U 6ogee o6uinin BOMpOC: a HEMB3SA JH TO JKe CaAMO€ CIeaaTh BOOG-
e ¢ Jao6biM adropuTMom? Bapyr, HanpuMep, Begkad BeIMUCAUMAA (PYHKIUA JEKUAT
B kKaacce P. Wan, mo xpaiHen Mepe, Beakad pyuknna u3 DOUBLEEXPTIME aexut
B P.

JpyruMu croBaMu, BOIPOC B TOM, €CTh JU Y HAC TPeAMeT WMCCAeTOBAHUA, WJIH,
BO3MOXKHO, TeopeMa baioMa 06 yckopeHUN MpUMeHUMa BoobIIIe KO sceM HYHKIUAM.

Bropoii kpaeyroabHBIN KaMeEHb TEOPUH CAOXKHOCTH BBIYHCJIEHHN — DTO MeopemMa
06 uepapruu.

Kak u B caydae ¢ TeopeMoll 06 yCKOPEHUHU, MBI IPUBOUM €€ JaJEeKO HE B CAaMOU
obrmen gpopme.

TeoPEMA (XapPTMAHHC (1965)). P # EXPTIME.
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Taxum o6pazoM, He BCe CIOKHOCTHHIE KIACCH COBMAJAIOT, TaK 9TO MPEJAMET HC-
CIEJOBAHUA €CTh.

A He Mory oTkazaTh cefe B yIOBOJBCTBUE TPUBECTH MOYTH MOJHOE TOKA3ATEThb-
CTBO 5TOW TeopeMbl. Ecan BHI ellle TOMHUTE HaIero MaTeMmaTuka M, BTOpoll MOMEHT
€r0 3JOKIOYEHUN COCTOAA B TOM, YTO OH CIIPAIINBAJ, OCTAHOBUTCA JU €TI0 TPOrpaM-
Ma kozda-nubyds. Cerdac, Hay9eHHBI TOPLKUM OTBITOM, OH 3a/jaJ TaKo! BOMPOC:

ocmanosumea au sma npozpamma do Hosozo Ioda?

BuiacuseTca, 1aro ecam g0 Hosoro T'oma ocTanqoch B TOYHOCTH 3KCHOHEHIMAIbHOE
BpeMs, To »Ta 3ajgada u oTaeadeT EXPTIME ot P. [loToMy 9To ecTh 0¥eHb TPOCTON
aJTOPUTM, TIO3BOJAIOMINN TPOBEPUTH, OCTAHOBUTCA Ju mporpamma g0 Hosoro Toga,
a MMEHHO, HYKHO TTPOCTO TOA0XK IaTh M0 HETO, U Bce caMo cobon pemmTcs. Teopema
06 mepapxum yTBEPKIACT, UTO DTY 3a7a49y HEIb3A PEIMINTh CYIIeCTBEHHO OBICTpEE,
9eM OTMCAHHBIM BBIMIE CTIOCOOOM.

A, KoHewHO, cleTKa yTpHUPYIO, €CTh TaM W KOe-KaKWe TeXHWYeCKWe MeTadu, HO
CMBICJI COCTOUT MMEHHO B DTOM.

W Temepnb Hal MaTeMaTHK OKa3aJjcd BIIOJHE TOATOTOBAEH K BOCTIPUATHIO CJAETY-
OIlIeN TeOpPeMHBI.

TEOPEMA (PumEeP — PapnH (1974)). Aucebpa Tapckoeo ne npunadiexncum
kaaccy P. Bpema pabomui aiob6o20 paspeuwaiouezo aszopumma das aszebpor Tap-
cKo20 He menvute, uenm 2°7 ) 2de € — Hekomopas Kowcmawma.

Taxas BeIcOKAA HUNCHAA OYeHKA OOBACHAEST MPUYMHBI HEYa¥Yl HAIlero MaTeMa-
THKa C TPAKTHIYeCKUM pellleHneM 3aad B aare6pe Tapckoro.

Hawu6osee cioxuas u, mMo-BUAUMOMY, Hambojee BakHad 06JaCTh TEOPUH BHIYH-
CIIEHUN, CBA3aHa KaK pa3 ¢ JOoKa3aTeJbCTBOM HUKHUX OUEHOK. B aHTJIOA3BIMHON M-
TepaType TOT pazjieJ TEOPUH CIOKHOCTH, KOTOPHIN 3aHUMAETCA KOHCTPYHPOBAHU-
eM aaropuTMmoB, Tak n HazbiBaeTca — “Theory of Algorithms”, a co6cTBenno mon
“Complexity Theory” moapasymeBaeTcs Kak pa3 MOCTPOEHNE HUKHAX OIeHOK. Takmm
06pa3oM, Teopus CJAOKHOCTH MBITACTCA JOKA3aTh, 9TO HE CyIIecTBYeT 5 PeKTUBHBIX
AT OPUTMOB.

Yke Ha 3TOM MPUMeEPEe BUIHBI ABE TPYAHOCTHU, CTOSAIINE TIEPE JIOTbME, KOTOPHIE
TMBITAIOTCA J0Ka3bIBaTh HIKHME oleHkn. CMoTpuTe, Gblia Teopema Tapckoro, ee mbi-
TAJIUCH YJIYUIIATh, HO HIYETO HEe TIOAYYadoch ECTeCTBEHHO GBIIO MPEATON0KUTh, YTO
2Ta olleHKa onTuMaibHa. [locie 3ToTo TpuyMaan airopuTM, OCHOBAHHBIN Ha COBCEM
QpYrux upaesx. AaropuTMoB 6GBIBaAET MHOTO, alrOPUTMbI GBIBAIOT CJAOKHBIE, AJATO-
pPUTMBI GHIBAIOT pasHble. A Bellb MBI IBITAEMCA J0KA3aTh, 9TO 6oiee 5 PeKTUBHBIN
AJATOPUTM He MNOABUTCA HUKOTA, W MPHU HTOM MBITAEMCA aHAJIM3UPOBATH CBOUCTBA
AJATOPUTMOB U3 JOCTATOYHO MIHTPOKOTO KJIACCA.

7. CBOJIUMOCTDL M MOJHOTA

JlaBaiTe TpoABUHEMCS TAJBIIE B TOCTPOEHNN Halllel Teopun. [loHATHE CIOKHOCT-
HOT'0 KJ1acca OBIIO BBEIEHO BOBCE HE 1A TOT'O, YTOOBI SKOHOMUTH Ha (POPMYINPOBKAX
TeopeM (B KOHIle KOHIIOB, Teopemy Puiepa — PabuHa MoxHO copmyanposaTh u Ge3
YIIOMUHAaHUA KaKnX Obl TO HU OBLIO CAOKHOCTHBIX KJIACCOB — JJIA BTOr0 AOCTATOYHO
OCTaBUTh B ee (POPMYAMPOBKE JUIIb BTOPYio dpasy). [loHATHe CI0KHOCTHOrO Kaacca
CTAHOBUTCA BaXXKHBIM B TOT MOMEHT, KOT'J[a Y HAC NOABJAAECTCA TOHATHE C600UMOCTU,
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M 5TO BTOpOE MEHTPATbHOE MOHATHE COBPEMEHHON TEOPHWH CJIOKHOCTH BHIMUCJICHMWIL.
EcTh HeckoMbKO BapMaHTOB OMpeeleHnA CBOIMMOCTH, A PACCKaXy JUIhL O Hanbogee
Ba)XKHOM U3 HUX.

CpoamMmocTs o Kapmy. 9Ta cBouMocTh ycTpoeHa o9eHb mpocTo. /I nagana
3aMETHM, 9TO MBI 3aHUMAEMCA BBIYUCIEHNEM (PYHKIWN, OTO6GPaKAIOMMX KOHETHBIE
cloBa B KoHedHble ciaoBa. Ho Bo MHOMHMX cayvadx oKasbIBaeTCA ropasjo yao6Hee, n
2TO, KaK MpaBWJ0, He TPUBONT K TIOTepe OOIMIHOCTH, pacCMaTPNBaTh TaK Ha3bIBae-
MBIe A3biKU. SI3BIK [ MOXKHO paccMaTpuBaTh Kak MHOXKecTBO cioB L C {0, 1}* win un-
TepnpeTHpOBaTh ero Kak oTo6paxenue Bufa ¢ : {0, 1}* — {0, 1}, roraa L = p~1(1).
Ilepexon k A3BIKAM HE CAWIIKOM HAC OTPaHMYMBAET: €CIH eCTh POU3BOJbHAA (PYHK-
WA W3 CJIOB B CIOBA, TO C HEW MOXKHO CBA3aTh TaKOH A3BIK — MHOXECTBO Tap (z,1)
Taknx, 9To i-il 6ur f(z) pasen 1.

ONPEAENEHWNE. fAsweik Ly cBoanTes K sAzbiky Lo nmo Kapny (o6osnawaeTcsa sTo
TakuM obpazoM L, <, L), ecau cymecTByeT Takad ¢yHknus f us P, 1ro

Vao:(zx el = f(z) € Ly).

CBoMMOCTEL MOXKHO PAcCCMaTPUBATEH KaK NCIOJIb30BaHNe HEKOTOPOH OIPOT paM-
MBI, lepepabaTHIBAOIIEN UCX [THOE cIoBO B f(Z), K KOTOPOMY 3aTeM HYXKHO TIpH-
MEHWTDh AJTOPUTM PACTO3HABAHUA TMPWHAAMEKHOCTH fA3BIKY Ls. B »ToM BapmanTe
TIOHATHUA CBOAUMOCTH ob6pallleHne K MporpaMMe pacrnosHaBanud Ly ocyiiecTBageTca
POBHO OJINH Pa3, €CJAN K€ pa3pelIeHO UCIOAb30BaTh B Ka4eCTBE MOATPOTr PaAaMMBbI pac-
Ho3HaBaHUe fA3blKa Ly CKOABKO YTOJHO pa3, TO MOJIYyYaeTCs Apyrad CBOJIUMOCTE (IO
Teiopuary). Cefidac 5To pasauyue HaM HEBaXKHO.

OTHoIeHNe CBOUMOCTH — HTO OTHOIIeHHEe npeamopsagka. OHo pedaekcuBHO 1
TparsuTuBHO. CaMoe TJaBHOe CBOMCTBO COCTOWT B TOM, 4TO eciau Ly € P, To m
Ly € P. 31ech BaXHO, 9TO KJACC TMOJMHOMOB 3aMKHYT OTHOCUTEABHO OMEPAIUN CY-
TIEPIO3UIAN.

Hampumep, EXP-cBogumocTb He moayunTca. He 6y 1eT 3aMKHYTOCTH OTHOCHTEb-
HO TaKOW CBOJAUMOCTH. JaMKHETCS BCE JHUIIb HAa KOHEYHBIX OalllHAX DKCIIOHEHT —
KJIACCE 3AEMEHMAPHBIT PEKYPCUSHBIT PyHKYUU.

Ecan roBopHTH TOABKO O €CTECTBEHHBIX KJIACCAaX, B KOTOPHIX PeaTbHO €CTh XO-
TA 6B OTHA pazyMHad GYHKINA W KOTOPHIE 3aMKHYTHI OTHOCUTENBHO CYTIEPTIO3UIINH,

yO(1) o o
(logn) W KJacC KBa3sMJAMHEWHBIX (DYHKIINT

TO eCTh ellle KJACC KBA3WTOINHOMOB 2
nlogo(l) n. KBazuanuenHbIMU (DYHKIUAMEA Celdac HAYNHAIOT WHTEHCHBHO WHTEpe-
COBATHCS, MOTOMY YTO CIMTAETCH, 9TO MO-HACTOAIMIEMY XOPOIINU aJITOPUTM — 3TO
aJTOPUTM, KOTOPHIN pafoTaeT KakK pa3 KBa3WJIMHEHHOE BPeMS.

B aro6om caydae, kiaacc P siBaseTcs MeHTPATbHBIM B TEOPUH, M MBI cerdac 6y eM
paccMaTpuBaTh UMEHHO TIOJWHOMHUATHLHYIO CBOTUMOCTD.

Jlerko BugeTh, 9To kaacc EXPTIME 3aMKHYT OTHOCHTEIHHO STOW CBOIUMOCTH.
TTosToMy ecTecTBEHHO TOCTABUTH BOMPOC, & CYIIECTBYIOT JU B DTOM KJacce caMble
CTOXKHBIE A3BIKW, T.€. TaKWe, 9TO JIOO0U APYTON A3BIK U3 DTOrO KJiacca K HUM CBO-
auTcsa. B aTom caydae MOXHO peluTh Jatobyio 3agady uz EXPTIME, nucnoab3ys mpo-
M3BOJBHBIA AT OPUTM PACIO3HABAHUA [ TAKOTO CAMOTO CIOKHOTO A3BIKA W TIOJH-
HOMMAJTBHYIO CBOIUMOCTD. fI3BIKM M3 HEKOTOPOTO CIOKHOCTHOTO KJaacca, K KOTOPHIM
CBOJUTCA MIOGOH A3BIK W3 DTOr0 KAACCa, HA3BIBAIOTCA NOAHLLMY (OTHOCHTEIBHO JlaH-
HOTO KJacca 1 JAHHOT'O TUTIA CBOUMOCTH). A eClii MBI OIYCTHM TpeGoBaHNe TIPHHA-
JIEXHOCTH HAIEMY KJIACCY CaMOTO fA3BIKA, TIOAYYUM ONpejleleHne mpyoro2o A3BIKA.
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Teopema Purmepa — Pabuna gokazbiBaeTcs mMeHHO TaK. BMmecTo Toro, 9To6HI
MOKa3bIBATh HAITPAMYIO, ITO HE CYNIECTBYET MOJMHOMHUATHHOT O aATOPUTMA A aJre-
6psl Tapckoro, nfokaseiBaeTced, 4To aarebpa Tapckoro Tpyana nis kiaacca EXPTIME.
osToMy moJanHOMHUATBLHBIN aJaropuT™ s aarebpsl Tapckoro gaBas GBI TIOJMHOMME-
AJBHBIN AJTOPUTM U /ST BCEX OCTAJbHBIX 3aa¢ M3 3TOr0 KJiacca. A MBI 3HAeM, 9TO B
EXPTIME ecTh 3a/a4qu, KOTOPBIE HEb3A PENINTH 3a TOINHOMHUAILHOE BpeMd («ocTa-
HoBKa mporpaMmsbl 10 Hosoro T'ogan).

Takon croco6 paccyXJeHUN TUIHYEH s TEOPHUH CJI0KHOCTH. MBI He MbITaeMCA
IENCTBOBATH «B JM06», a CBOJAMM OJHY 3amgady K apyrou. U, ecrecTBento, curyamnns
HamboJiee XOPpoIra, KOr[a K JaHHOU 3aj1a¥e CBOUTCA MHOTO APYTUX 3a1aY U3 TaHHOT O
KJacca.

Ycrex 3TOU HayKU ONPENeNseTCs TeM MPAKTHIECKUM 0OCTOATENBLCTBOM, 9TO MO~
HBIX 3a/1a¥ OKa3bIBaeTCA MHOTO B CAMBIX PAa3HBIX CUTYaIUAX M OHU 6oJee eCTeCTBEH-
HBI, YeM mpobjeMa OCTaHOBKH.

8. BCAKUN JU HOJUHOMUAJIBHBIA AJICOPUTM XOPOII?

Teneps camoe BpeMs BEpHYThCA K HallleMy GeJHOMY MaTeMaTuky M u moroBopuTh
00 UCKII0YEeHNAX W3 TpaBmaa «kjaacc P = kaacc 3 peKTHBHO BEIYACIUMBIX (DYHKIIHMY .
Kak-To M monajgo6mioch Mg KaKWX-TO CBOUX IeJel PemiaTh CHCTEMBI JHHEHHBIX
HEPaBEHCTRB!

Zaijl‘jgbi. (z:lm,]:ln)

Jlpyrumu ciaoBamu, eMy TOTpe6OBAJICA MaKeT MPOTpaMM s 3aja€ JUHETHOTO
nporpamMmMupoBatus. CennasucThl IO TEOPUH CIOKHOCTH BEIMUCIEHUN TEPE] TOKYTI-
KOW MPOTPaMMHOTO OGecCTedYeHns N3yvIaioT AnTepaTypy, 1 M, HaydeHHBIN TpeabIIy-
UM TOPLKHUM ONBITOM, CTaJ CJAefoBaTh 5ToMy mpaBmiay. OH, KOHEYHO K€, CJABIIIAJT
PO CUMILIEKC-METO I, KOTOPBIM TOAb3YIOTCSA IS PEIleHns 3ala4du JUHEMHOTO TMPOo-
TPaMMUPOBAHUA TIOYTH BCIOAY, BKAIOYasA BOeHHYIO Kadeapy MocKoBCKOT O yHUBEDCH-
TeTa. Ho M oGHapyxua cTaThio, B KOTOPOU JA0Ka3BIBAETCS, YTO CUMILIEKC-METO,I HE
noamHOMHadeH. A mocae »roro Ham M oGHapyxui un crateio Xaunana (1979), B ko-
TOPOU OBLT MOCTPOEH TMOJUHOMHUATBHBIN AJATOPUTM [ PEIIEHUs 3aa9u JUHEMHOT O
nporpamvupoBatus. [losTomy, npuexaB Ha MUTHHCKHN PagHOPBIHOK, OH MOTBITAJ-
csa HanTu 9To-To Bpoge CD Khachiyan for Windows 95. K ero yauBnenuto, Hudero
OX0XKero He 6b1I0. Beé, ¥To eMy mpeamarann, 6BIIO OCHOBAHO Ha CHMILIEKC-METO/IE
u ero Bapuanusax. OKasbIBaeTCA, ITO XOTH TEOPETUYECKN AJTOPUTM PEIIEHUA 3a1a-
91 JTUHEMHOTO TPOTrPAMMUPOBAHUS CUMILIEKC-METOOM DKCIOHEHITNAMBHBIN, & ajro-
puT™ XadnsgHa MOJINHOMHUAJILHBIN, Ha TPAKTHKE TMEPBBIN padoTaeT GBICTpee BTOPO-
ro. YTo6bl MOCTPOUTHL MPUMED 3aAaYN JUHEUHOTO MPOrPAMMUPOBAHNSA, Ha KOTOPOR
CUMTIIEKC-MeTO 1 6y 1eT paboTaTh AOATO, HYXKHO OYeHb M OYeHBb MOCTApaThCA, a IMo-
JUHOMUAJTBHBIN aJTOPUTM XadnsgHa paboTaeT MPUMEPHO OMHAKOBO Ha JIO60M BXO1€e
(mokasaTenb BKCIOHEHTHI 6, YTO BeChMa IIJIOXO).

OTO caMoe U3BECTHOE UCKIIOYEHWE W3 TOrO MPAaBUJIA, 9TO MOJIMHOMHUAJBLHBIE All-
TOPUTMBI XOPOIIH, a dKCMOHeHINAAbHbe — Toxu. Ho »To mckaodenmne, Ha caMOM
neqie, MOATBEPXK TaeT TPABUJIO, TIOTOMY YTO, XOTA aITOPHUTMOM XadnuAHa HUKTO U He
MOMB3yeTCs s PENIeHns 3a1ad JUHENHOTO MTPOrPAMMUPOBAHNSA, BBIACHUIOChH, ITO C
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TIOMOIIIBIO 3TOTO AJTOPUTMAa MOXHO peliaTh TakHue 331349, K KOTOPBIM C CUMILIEKC-
MeTO/IOM TIOICTYIUTHCA B TPUHIIATIE HeBO3MOXKHO. HampuMep, mycTh y Hac ecTh MpoO-
M3BOJBHOE BBIMTYKIOe Teo K m 3amaHo HeKoTopoe Hampabaenmwe. HyxHo Makcumu-
3MpPOBATh 3HAYEHNE COOTBETCTBYOIIER JuHenHon dopmbl Ha K. [Ipo BeImykaI0e Teao
Bbl HHYErO HE 3HAETE: OHO 3ajaHO C IOMOIIBI0 YePHOTO AMUKa (MM, KaK WHOTA
TOBODAT, opaky4a). To ecThb, eciii BBl yKa3BIBAETE TOYKY P, TO ¢ HEKOTOPOH MOTPeEII-
HOCTBIO £ MOXKHO CKa3aTh, JeXKUT JU TOYKA p B Tede K| a eciw He TeXKAT — TOJYIUTH
HEKOTOPYIO oTAeksoIyo p or K runepmiockocTh. OTBeT HYXKHO TOJYYUTH C TOR
JKe TOYHOCTHIO. HUKaKoW CHUMILIEKC-MeTO] 3/eCh, MOHATHOE Ael0, He paboTaeT —
BOOOIIE HET HUKAKUX BEPIINH, TIEPe6OPOM KOTOPHIX 3aHUMAETCA CUMILIEKC-METOT. A
aaropuTM XadnAHa W Ta HayKa, KOTOpas W3 Hero BBHIPOCIA, 3aMedaTelbHo (T.e. Tmo-
JAMHOMHUAIBHO) ¢ TAaKWMHU 3aja49aMi cpaBigeTcsa. Poab mapaMeTpa n, OMUCHIBAOIIETO

paamep Bxoja, 31ech urpaet d - (loge™!), rae d — pazmepHOCTB, a € — TOYHOCTH
BBIYHCJICHAA.
Taknx MCKIIOYEHNT W3BECTHO OYEHBb MaJjo. BTOpPOU M3BECTHBIN MPUMEP — MPO-

BepKa MPOCTOTH uncaa. Kak mpaBuio, moATBEPXK TaeTCA TE3NC, YTO €CIU Y BaC MMe-
€TCs aATOPUTM, KOTOPBIN TEOPETHIECKN PaboTaeT XOPOIIO, U 3TO — aJTOPUTM g
HOPMAJbHON 3a/a91, KOTOPasA U B CAMOM jleJie OTKY1a-TO BOBHUKJA, & HE CKOHCTDPYH-
poBaHa ¢ XyJAUTaHCKUMHU HaMEPEHUAMM, TO 3TOT aJTOpuUTM 6yaeT XOpoIo paboTaTh
7 Ha TpakTuke. B 9acTHOCTH, MoKazaTeab k B OlleHKe CKOPOCTH PabOTHI aJropuTMa
n* 06BIYHO OKa3BIBACTCA HEGOIBIINM, a KOT 1a OH IIOHAYATY BEINK, 610 MOKHO yMEHb-
MINTh Pa3IUIHBIMA yXUTIpeHUAMEA. /1 Mo 1aBAAIONIET 0 GOMBITMHCTBA €CTECTBEHHBIX
3a/ad MOKa3aTedb He TPEBOCXOIUT 3.

9. HEAETEPMUHUPOBAHHBIE BBIYUCJIEHUA
TTo-BuammMomMy, Te, KTO TPUIIIET HA DTY JEKIHWIO, XOTEMN Y3HATH UTO-HUOYAL PO

caMyio M3BECTHYIO OTKPHITYIO mpobieMy B »Ton obaactu P # NP. Yro Takoe P, s
yXKe HEMHOXKO 0ObacHmI. Teneps maBanTe 3animemcs NP.

[Jlasi sToro omnsaTh BepHemcs K M. Iloka on pasbupancs B TeOpHH CIOKHOCTH,
€r0 CBhIH MOCTYNMHWJ B YHUBEPCHUTET HA TEPBBI KypC W CTaJ UW3ydaThb MaTeMaTH-
deckyo Jdoruky. Maydenme mMaTeMaTW4eCcKOW JOTHWKH, KaK M3BECTHO, HAYMHAETCS C
TaKOU 3HAMEHUTON HAYKW, KaK MCYUCJEHNE BHICKA3bIBAHUU. Y BaC MMeETCH HEKOTO-
pas npomnosutnnoHasbHasd popmyaa @(py, ..., py), OHa HA3BIBACTCA TABTONOTHEH, €CIH
OHA WCTUHHA HE3aBHCHUMO OT TOTO, 9TO MBI B Hee mojcTaBuM. U OfHO M3 HEMPHUAT-
HBIX YOPaXKHEHWH MPU 3aHATHAX DTOW HAYKOU COCTOUT B TOM, YTO HYkKHO BBIACHUTH
IO BHIMTUCAHHOW TPOMO3UIIMOHAIBHON (hOPMYJIe, ABISETCA OHA TaBTOJOTUEN WIH HET.
VMeHHO ¢ TakuM BONPOCOM M OOGPATHJICA CHIH HAIIET0 MaTEMaTHKa K CBOEMY Tiame.
M, ecTecTBeHHO, yXkKe HUKYJa He TIOeXaJ, a CTajd, KaK U MOCTYMAKT BCErqa CIelnaim-
CTHI TI0 TEOPHUH CJIOKHOCTH, THITATHCA TOMECTHTD 3a1a49y B OJUH M3 YXKe M3BECTHBIX
CIOKHOCTHBIX KJIacCOB. ITOGH NCIOAB30BATH CTaHIapTHBEIE 0603HAYEHUsA, Oy 1€M TO-
BOPUTH O ABOCTBEHHOM eii 3aja4e SAT — BHINOTHEMOCTH): €CTh M XOTA GbI OIH
HabOp TepeMeHHBIX, IPU KOTOPOM (hOPMYJia UCTUHHA.

HaknaneiBas 53Ty 3ajady Ha Hally KapTHHY CJI0KHOCTHBIX KiaaccoB, M yBujen
nepBbiM fgeioM, 9To SAT € EXPTIME. Aaroputm pemenus 3agadn SAT 3a sxcmo-
HEHI[HAJIbLHOE BPEMS OYEBHIEH — BCETO BO3MOXKHBIX HaOOPOB 3HAYEHUN MMEPEMEHHBIX

3)SAT — ot caosa satisfiability — BrmoanumocTs.
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2" a BpeMs BBIYUCAEHUSA 3HaYeHUA (GOPMYJIBI TPH 33 TaHHBIX 3HATEHUAX TIePEMEHHBIX
nonnHoMuaabHo. Cleyonmi mar — KaacCupuIupoBaTh 5Ty 3aa9y: JeKUT JU OHA
B P, mwan moana B EXPTIME? DToT Bonpoc, BozHukmmi B Hadage 70-X TOMOB, 10
cux mop OTKpHIT. [lodeMy y crenumaancToB, TOTPATUBINNX HA PEIIEHNE STOU 3a1a4n
nouTu 30 JeT, He TOAYHIAETCA TIOCTPOEHNE TOTMHOMHUAIBLHOT O AT OPUTMA, OOBACHUTH
CJIOXKHO (, BO BCAKOM ClIy¥ae, HUKaK 3TO 00BACHATH He Gepych). Ho ToT dakT, uaTo
He TOoJAyYaeTcsa J0Ka3aTeJbCTBO MOJHOTHI »Tol 3agadn B EXPTIME, mekoTopomy
oObACHEHNTO IO faeTcsA. Ecau MBI TOCMOTPUM Ha HACTOAIINE 3KCTOHEHITHATbHBIE AJl-
TOPUTMBI, HATIPUMED, Ha aJTOPUTM A aHadoTa aarebpbl Tapckoro Hajl KOMIIJIEKC-
HBIMH YUCJAAMW, U CPABHUM C HUMM TO JETCKOE PacCcyXjaeHue, KOTOPOe Mbl TPUBEIN
BBIIIIE, TO CPa3y HEBOOPYKEHHBIM TJIa30M BUTHA PA3HUIA — TPUBEIEHHBIN aJr OPUTM
nas SAT ucronb3yeT SKCIIOHEHITHATBHOE BPEMSA O¥eHb CIab0 — TOJABKO [ nepebopa
3KCIIOHEHINATBLHOT O YUCIa BO3MOXHOCTER, C Ka¥K,I0U U3 KOTOPHIX OH CIIPABAAETCA 34
TIOJNHOMUAJBHOE BPEMH.

B3pbiB B Teopun CI0KHOCTH BBIMHUCAEHNN HAYAJICA C TOT'O, 9TO GBLIO CPOPMYIUPO-
BaHO ompeeneHne Karacca NP, kak Ki1acca A3bIKOB, KOTOPBIE Paclo3HaoTcA nepebop-
HBIMU aaropuTMamu. Bomee HaywIHO, TepeGOPHBIE AJTOPUTMBI Ha3bIBAIOT HEETEPMU-
HWUPOBaHHBIMU aaTopuTMamMu. NP — 5T0 Kaacc A3bIKOB, KOTOPhIE MOXKHO PacCloO3HATH
3a HeleTEPMUHUPOBAHHOE TIOTMHOMHUAJBHOE BPEMA.

Tenepb maguM ompejeaeHne 3TOTO Kiaacca. B 3TOM ompeenreHn’, KaK W B OTpe-
nejqeHUn Kiaacca P, 6yaeT GuUrypupoBaTh CIOBO «MalllMHa», COKPAIIEHHO MBI 6yaeM
o6ozHadaTh ee HMT («HemeTepMuHupoBaHHasd MamnHa ThiOpUHTa)); BOPOYeM, HC-
MOMb30BAHUE CJAOBA ¢MAIlHHAY B 3TOM KOHTEKCTE MOMKET BBI3BIBATH y JMIOEN, NMEIO-
MIUX OTHOINEHNE K PealbHBIM MallliHaM, HEKOTOPOe YyBCTBO HeyMOBOMLCTBUA. [lof
HeIeTEPMUHUPOBAHHON MAIIIMHOW MBI TOHMMAeM TaKylO MAIllMHy, KOTopas paboTaeT
KaK OGBIYHO, HO B KAKOU-TO MOMEHT OHA MOKET HaPUCOBATH B KAKOW-TO SYENKe 3HAK
BOIIpOCa W Toche 3TOro ee paboTa pasfensercda Ha aABe BeTBu (0 wam 1:

1
? <
0

(B KIIETKe OKaxeTcA 3amucanHbiM an6o 0, au6o 1). Tlocae 5Toro MammHa TPOJOIKaET
pa6oTy. B xakoil-TO MOMEHT OHa MOXKeT pa3JaBOUThCA elle pas. [losBasgeTcsa aepeBo
BBRIUuCIeHn. Bioak kax qon BeTBu gepeBa Boraucaenunin HMT paboTaeT kak o6brHOE
BBIMHUCIUTENBHOE YCTPOUCTBO, HO peayabTaT paboTel HMT 3aBucut oT pesyabTraToB
paboThl Bjoab Bcex BeTBen. Oupegennm pesyabrat padorel HMT B cayvae npoBepku
TMPUHA TEXHOCTH CJAOBa & K A3bIKy L. Ha Kax 10 u3 BeTBel BLIYUCIEHUSA IOy 9aeTCH
O/JIMH U3 JABYX BO3MOXHBIX OTBeTOB: «fa» mwan «HeTy. HMT pacmosnaér sasbik L, ecan
BCAKOE CJOBO ¥ TPUHAMICKUT L TOTJa W TOJLKO TOTja, KOTAa roms 66l Ha 0dHot
BETKE BBIYUCACHUH TOMYYEH OTBET «Ias.

ITpounmoctpupyem Boamoxuoctn HMT wa mpuMepe ¢ ynipakKHeHUAMEI Ha TPOBEP-
KY BBITIOJHUMOCTH MPOTO3HINOHAIBHBIX (opMmya. JacTeHbko, Korja cryaeHT (T0-
JAMHOMHUAMBHAA JeTePMHUHUPOBaHHAA MalllnHa THIOPHHTA) MPOBAIMBAETCA W HE MO-
JKeT PEelnTh 3a1ady, MPenoaBaTelb BEICTYIAET B POJAN HEJETEPMUHUPOBAHHON Ma-
[IMHBl — OH MOKAa3bIBAeT (3aro/is NMPUIOTOBIEHHBIN) OTBET, KOTOPHIH JETKO MOXKET
6LITH TpoBepeH. [Ipyrumu croBamu MoxHO ckazaTh Tak: HMT «cTpemuTcas moka-
3aTh yTBepXaeHne £ € L, a B MOMEHT pa3/BOeHNsA oHa 06JanaeT HeOT PAHNIEHHBIMHI
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WHTENIEKTY AIbHBIMI BO3MOXHOCTAMA W BHIOMDAET HAWAYYIINNA BapuaHT. Ecam cy-
MIECTBYET BeTKa BBIYHUCIEHUN, TP KOTOPHIX OTBET «jaa», To £ € L. B mporuBHOM
cllydae HUKaKOe BETBICHHE HE TPHUBEAET K MOJOKNTEILHOMY Pe3yabTaTy (ClIoBO He
TMPUHA TEXAT A3BIKY AUllh Toraa, korga y HMT HeT HuKakoll BO3ZMOXHOCTH J0Ka-
3aTh 06paTHOE).

He cnpammBaiTe MeHs o (puamKe mpolecca: KakK TPOUCXOAUT TAKOe Pa3IBOEHNE,
rjle HaXOJWTCSA TaKasd MallliHa, MOXHO JH €€ MOCMOTPETH ... TakWx MallmH B pe-
asbHOCTH HeT. QOHUM U3 CAMBIX 3HAYUTEIBHBIX NOCTHKEHWH B TEOPUU CJIOKHOCTH
3a MOCJAEHUE TOJBI CTAJMO TO, YTO Oblia c(POPMYANPOBAHA KBAHTOBASA MO/ENb BBIUH-
caennii. KBaHTOBbIE KOMIBIOTEDPHI ABAAIOTCA OJHAM M3 KaHIUJATOB Ha POJb TaKOU
MaIllHBL B peadbHoM Mupe. [lo kpalineil Mepe, CyIIecTBOBaHNE KBAHTOBBIX KOMIIbIO-
TepPOB HE BHIZLIBAET MPUHINMHAILHBIX BO3paKeHUU y (PU3NKOB, a HaJeXK 1a Ha MMUTa-
U0 HeJe TEPMUHIPOBAHHBIX MAIINH KBAHTOBBIMI KOMITBIOTEPAME MTOKA HE BHI3BIBAECT
KaTerOPUYECKUX BO3PaXkKEHWH CO CTOPOHBI CIENUAINCTOB B TEOPUHU CAOKHOCTH. Bo-
Jee TOro, abCTpakTHBIE KBAHTOBBIE KOMIBIOTEPHI ViK€ YMEIOT PENlaTh HEKOTOPHIE
BaKHelIe mepeGopHBIE 3a]a4n, Takie, KaK (paKTopu3alma qncen’) .

Mo avyepkueMm emmre pas, ITO HeJJe TEPMUHUPOBAHHAA MAIIMHA ABAAETCA IUCTO TEO-
peTUYecKnM MOHATHEM. Y 106CTBa OT BBEJEHHUA TAKOTO MOHATHA MOJYYIal0TCA COBED-
MIEHHO (PaHTACTUYIECKHE.

OTo caMas iepBasd BHIMBIIIIEHHAS MO/EMb, TIOABUBIIAACA B TEOPUHN CJAOKHOCTH BbI-
qucaeHuil. B HacTOSAIME MOMEHT eCTh Macca TaKHX MOENeH, Topa3no Golee CAOXK-
HBIX: MHTEPAKTUBHBIE JOKA3aTEAbCTBA U T.T. DTHU MOJETH TOABIAATCA HE CAME TI0
cefe, a ¢ Meablo OMpEeeNeHns CIOKHOCTHBIX KJIAaCCOB W VI KAaCCH(PUKAINNA €cTe-
CTBEHHBIX 3a/ad.

WuTyntusHo sicio, ¥ro nouatrne HMT nmpexpacHo npucnoco6aeHo K MOIeIUpOBa-
HUO TepebopHbIX aaropuTMoB. CoGCTBEHHO, yiKe TIOKa3aHO, KaK 3TO AedaTh. Fcan
y HAC eCThb aJrOPUTM, KOTOPBHIU MBITAETCA MepeGpaTh HEKOTOPOE KOJIMYEeCTBO BO3-
MOXHOCTEH, TO Hallla MallliHa MOXeT yrajaTh, Kakad U3 BO3MOXHOCTEHW SBJISAETCS
XOpOIIIel, a MOTOM HMHTHPOBAThH BTOPYIO YacTh (MOJHHOMHAIBHYIO TPOBEPKY KOH-
KPETHOro BapuaHTa). B 06paTHYIO CTOPOHY 3TO HECKOJBKO CIOXKHEE, HO BCE PABHO
npoctaTodHo npocTo. Ecan y wHac ectb HMT, To ona mopox faeT gepeBoO BBIMHUCIEHNUSA,
7 TIepebop HYXKHO MPOU3BOUTE 110 BCEM BO3MOXKHBIM BETBSM.

CoBpeMeHHas TeOpUA CAOKHOCTH BBIMHUCIEHHU HaYalach ¢ pe3yabTaToB Kyka,
Kapma, JleBuna (KOTOpBHI MoMy4na WX HesaBucuMo) B Hadage 70-x rogos (1970-
1972). Dra cepus TeopeM COCTOUT BOT B HEM.

1. Bagada swnoanumocms (SAT) noana nas kaacca NP (Teopema Kyka). Takum
o6pazoM, 3ajada Haiero MaTeMaruka M (MOXHO a1 MpUAYMaTh TOANHOMHUAILHBIN

aaropuT™ masa SAT) sKBUBaJeHTHA BOMPOCY: COBIAIAIOT JH Kaacchl P u NP (P #
NP). Ec/in OAMHOMAANBLHOTO alrOPUTMa HeT, TO 5TH KJAacChl HE COBMATalOT — WX
otaeasieT zagada SAT, ecin XKe OH eCThb, TO MOXKHO 3(P(EKTUBHO PENINTDH JOOYIO
3amady u3 kaacca NP. 3ajada BEIMOTHUMOCTH oTBevaeT 3a Kiaacc NP. I'py6o roeops,
NP — 5T0 He 9TO MHOE, KaK 3a/a41, KOTOPbIE MOTYT OBITh CBEJICHBI K BHITIOAHUMOCTH
TIPOTIO3UTMOHAIBHBIX (hOpMY.I.

2. EcTecTBeHHO, 9TO TakoW Pe3yJabTaT MOXKET BBI3BATH HEKOTOPYIO PEAKIIHIO OT-
TOPXKEHUA — HE HACTOJBKO YK BaKHa 3aa49a BRINOTHUMOCTH, ITOOBI CTPOUTH IEIYIO

1) Ha nocaegem Mex gynapogaom Konrpecce (Bepann, aBryct 1998r.) aMepuKaHCKHI MaTeMa-

Tuk I1. Hlop 6611 ygocToeH 3a 31U ucciaegoBanus npeMun uM. HeBaHINHHEL.
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Teopmio ee pemternsa. Ho crepytommm marom 6bira cratha Kapna (1971), B koTopoit
yxe Obl1a ykazana 21 momnas zagada juasa kaacca NP. Bce onm mMexay co6oi 5KBuU-
BaJEHTHHI.

B mactosmee Bpemsi cnucok NP-moaHbIX 3ajad, KOTOPblE BO3ZHUKAIT OYKBaIb-
HO BO BCeX 06JacTsAX MaTEMATHUKH, COJEPKUT THICAYN 3a1a4d. Bezje, rje BOZHUKAIOT
aJTOPUTMBI, BO3ZHUKAKT U TepebOpHbIE 3agadu. JTO HEYAUBUTEALHO, TOTOMY UTO
64abIIas 9acTh MIPOrPAMMEUCTCKON PaboOThl U COCTOUT B BBIOOPE BapHaHTa MOJYHIIIE.
Y AMBUTENBHO TO, 9TO 9aCTO, a MPAKTHIECKN — BCer1a (¢ HEKOTOPHIMU NCKIFOYeHNA-
MH) — €CJIU ¥ Bac eCTh KOHKPeTHad TepeGopHad 3a1a49a, TO €6 MOKHO CPABHUTEIBHO
JErKO KJIACCU(PUIUPOBATH — JUGO NI Hee eCTh MOJIMHOMUAIBHBIN aJrOpuTM, JU6O
OHA TIOJHA.

Takum o6pazom cTpouTcsi Teopus mepeGOPHBIX 3agad. M3-3a Toro, 4To mepeGop-
HBIE AJTOPUTMbI BO3ZHUKAKT TOYTH BCIOAY, OHa mpuobpena Gogbinoe 3HadveHue. [1o

MHEHUIO aMepuKaHCKoro Tomnoaora Cmena, Bonpoc P # NP 6ygeT OHUM U3 CaMBIX
BayXHBIX BOTIPOCOB MaTEeMaTHIeCKOW HAYKHU CAETYIOMIETO CTOJETHSA.

Bot w mopomien kK KOHIy paccka3 O TOM, YTO fABIAETCA, TaK CKa3aTh, AIPOM
TEOPUHU CJAOKHOCTHU BhIYHUCIeHUU. He cTOMT MOHMMATH 3TOT paccka3 Tak, YTO BCH

Teopus CJAOKHOCTH 3aHUMAETCA TONLKO JWIL cooTHOmeRneM P # NP. Uajoxennas
cxeMa MccaeJoBaHHN — KOTopaf 06heMHACT 3aa49l B CAOKHOCTHBIE KJIACCH M TIO-
TOM HCCIeyeT 5TH 3aJa9l ¢ TTOMOMILIO X CBOJAUMOCTH APYT K APYTYy — OKazajaach
yAUBATEABHO 3(hheKTHBHA MA0JOTBOPHA B CAMBIX PA3HBEIX CUTYaIHAX.

ITepeancanm KOPOTKO HECKOMBKO CaMbIX BaKHBIX BO3MOXKHOCTEH (MOMHMO yiXKe
YTIOMAHYTHIX BbIIIE KBAHTOBBIX BBIYHCICHUHN).

BhiBaeT cloXHOCTh aire6pandeckad. Fcam Hac HHTepecyeT BBIYHCACHHE HEKOTO-
POro NOJUHOMA, M MBI a6CTparupyeMca He TOILKO OT fleTajeil GHTOBOr O BEIYHCACHHA,
HO U OT TOT0, KaK MPOM3BOAATCA apudMeTHYeCKHe ONEPalii, TO BCe 3aBUCHT JIWIL
OT TOT0, C KAKMMH IHCIaMUI TPOU3BOAATCA apudMeTHIecKne onepanun. Torjaa qimHa
BLIMUCACHUA OTIpEeAgeTCA KOMMYECTBOM CAOKCHUN U yMHOXKECHUI.

BhIBaeT CI0XHOCTH TeOMeTpHYIECKaA — AnarpaMMbl BopoHoro n 6amuskne K HAM
BEIlA, O KOTOPHIX A TOBOPUTH HE OYIY.

BhiBaeT clI0XHOCTH 6yJeBa — OHAa OTAMYAETCA OT TOTO, 9eM Mbl 3aHNMAJINCh
ceroius, TeM, 4To Hac uaTepecyioT pyuxkuuu f : {0,1}" — {0, 1}, onpenenennnie Ha
cJI0BaxX (PUKCUPOBAHHON IHHEL.

B mro60M 13 3THX pa3/IeqoB BO3HUKAET Macca IOCTAHOBOK MHTEPECHEHINX 3a,ad
UMEHHO B paMKaX 5TOH o6Iiell W/e0M0T N,

BAATOIAPHOCTH

A BeIpaxato ray6okyio Grarogapaocts M. H. Bamomy u M. B. AexnoBudy 3a kBa-
JUPUIMPOBAHHYIO TTOMOIIb B IPUBEEHUN TAHHON JEKIUU K MPUTOTHOMY I ITEHUS
Buay u mpod. J. Krajicek za psajg meHnsix 3amevdannii.



