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OTa JEeKINA PACCIUTAHA, Ha, TeX, KTO He 3HAKOM C TEOPUEU CAOKHOCTU BHITUCIEC-
HUU. DO3TOMY 31€Chb OyIeT PacCKa3aHO TOJBKO 00 OCHOBAX 3TOU TEOPUU U CAMBIX
[EPBBIX €e PEe3yJbTATaX. JPU DTOM MBI IOCTAPAEMCS MEPEIATH OCHOBHBIE UIEU, KO-
TOPHIMI PYKOBOACTBYIOTCA UCCJACIOBATEIN B BTOI‘/JI obaacTu HAYKWU.

CroKeTHOU KAHBOU MANbLHEUIIEr0 PACCKa3a MOCTYXKAT UCTOPUU, MPOUCXOIAIIAE
C HEKOTOPBLIM IepcoHaxeM — HasoBeM ero M (oT cioBa «maremarux»). I madnem
pPaccKas o CIenyIomer NCTOPHUH.

1. IIPEABLICTOPUA

Oamaxaer M cumen 1oMa U OBITANCA NOKA3aTh HEKOTOPYIO (BO3ZMOXKHO BAXKHYIO,
BO3MOKHO HeT) Teopemy I'. OH mbITaiCsa JOKA3aTh BTy TEOPEMY B TEUIEHUE HENEJH,
IBYX, MECALA, . . . , HO HIYErO Y HErO He MOJY4al0Ch. B KOHIIE KOHIIOB OH HE BBLIEPKAJ
7 3aJaJ BIOJHE €CTECTBEHHBIN BOMPOC:

G MONHCHO AU 8 NPUHYUNE JoKa3amb 3MY meopemy?
Bompoc 6b11 o6pailiies HeM3BECTHO K KOMY, W, CKOPEE BCEro, yJaerena Obl B IPOCTPAH-
CTBO, ecau ObI MEUMO HE IPOXOAWI IPYTOU HAII MEPCOHAK, KOTOPOr'O Mbl 0603HAYUM
6yksou JI, OT CJIOBa WIOTHUK».

J1 yeapmman Bompoc, 3armen B KOMHATY U OOBACHIII, YTO TAKUMU BOIMPOCAMY Ma-
TEMATUKYN HAYAJIU WHTEPECOBATHCA MpUMepHO ¢ Hadauda 20-ro Beka. B obmem Bume
STOT BOMPOC BXOAUT B 3HAMEHUTYIO «IporpaMMmy [mianbepray, MOCBAIIEHHYIO MOHS-
THUI0 MATEMATUIECKOrO [OKA3ATEAbCTBA.

DTa mIporpamMma, B YaCTHOCTH, BKJIIOYAIA, TPU CACAYIOUAX MyHKTA.

].) DOPMAJIMBAIINA TOHATUA TOKA3ATEJILCTBA.

Depel TeM Kak 3a1aBaTh BOIPOCHL O TOM, MOXHO JU JOKA3aTh TO WIA WHOE
yTBepKIeHne, HeOOXOIUMO TaTh CTPOrOe MaTeMaTUIeCKOe OIpeNeIeHne TOKa-
3yeMOCTH.
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2) PoOJHOTA.

Docae popMaNU3AIUYN TOHATUA [OKA3ATEAbCTBA HYKHO YCTAHOBUTDL NOAHOMY
IOCTPOEHHOU (HOPMaAbHOT MEOPUL. DTO O3HATAET, ITO JIOOOE UCTUHHOE yTBEP-
xkneune T TOMKHO OBITH JOKA3yeMbIM B Halen ¢popMmanudanuu. B qacraoctu (B
CUJTy HEKOTOPBIX UCTOPUYIECKUX MPUIVH), cCaMoro [mis6epTa mpenMyIecTBeH-
HO MHTEPECOBAT BOIPOC O NOKA3YEMOCTH yTBEPK IEHNA O HEITPOTUBOPEIUBOCTH
MaTEMATHKH, (POPMATU3OBAHHOIO MO IXOIAMMIM 06Pa3oM.

3) PA3PENIUMOCTD.

Crenymomen 1enbo IpOrpaMMBL ObLIO MOCTPOEHMWE TAKOT'O BBEIYUCIUTEILHOTO
YCTPOUCTBA, KOTOPOE IO BHEIIHEMY BULY T€OPeMbl 1, 3AINCAHHON B HEKOTOPOM
(HOPMATBHOM A3BIKE, ONPEAETANI0 Obl, ABIAETCA JHU DTA TEOPEMA IOKA3YEeMOU
(IpeAmoraranock, 9TO B CAIY MyHKTA 2 MPOrPAMMEL 5TO OyIeT SKBUBAJIEHTHO
UCTUHHOCTH).

XopOoIIo W3BECTHO, UTO MEPBLIA MYHKT MPOTPAMMEL OBLI YCIIEITHO BHIMOMHEH. B
HACTOAINEE BPEMA TIOJ CJIOBOM «TEOPEeMay GOJBIIMHCTBO MATEMATUKOB (XOTA HE BCE
5TO NPU3HAIOT) IOHUMAET TO, YTO MOXKHO IOKa3aTh B Teopun MHOxkecTB llepmerno —
Dpenkeis.

Xyxe 1eao 06CTOAI0 € MOCIeAYIOMUMA IBYMs ITyHKTAMEU. JEPBBIM yIAPOM, IO~
TPACIIAM B CBOE BPEMs BCE MATEMATUIECKOE COOOIIECTBO, OBLI MOIy4YeHHBIN B 30-¢
rogul peayabTat Kypra ['énems, yTBepK 1aiomui, 9T0 HUKAKasA JOCTATOTHO CUILHAA
TEOPUs C 33JaABAEMBIM ABHBIM CITUCKOM MHOXKECTBOM aKCUOM HE MOXKET OLITH TIOJTHOU.
DoJiee TOYHO, €CJIM HAIA TEOPUs HEMPOTUBOPEYUBA U B HEU MOXKHO (pOPMAIU30BATH
pacCyXk IeHus O HATyPAIbHBIX YACIAX, TO CYLUIECTBYET yTBEPXK JeHUE, KOTOPOE Helb3s
HU [OKa3aTh, HU OMPOBEPIHYTH, O0JEe TOr0, B KAYECTBE MPUMEPa, MOXKHO B3STh UH-
TepecoBasiiee [ MIbL0epTa yTBEPKICHUE O HETPOTUBOPEIUBOCTH PACCMATPUBACMOU
TEOopuu.

MEr ceroaHsa 3aHUMAEMCA BEIMUCICHUAMY, TIO3TOMY I/ HacC 60Jee MHTEPECHA Teo-
pema YUépua (1936). On mokasau, 4TO He CYLIECTBYET HUKAKOT'O aJrOPUTMA, KOTOPBIN
[0 YTBEPKACHAIO aBTOMATUYIECKH IIPOBEPsI OBI, SBIAETCSI DTO YTBEPKAEHUE NOKAa-
3YEMBIM WA HET.

Nrak, vam marematuk M y3uan or goruka Jl, 94T0 B HOIHOU OOIIHOCTU OTBETUTD
Ha BOIPOC O JOKA3YEeMOCTH MaTEMATUIECKOT'O YTBEPK ICHUSI HEBO3MOXKHO.

Bopodem, k 5TOMy MOMEHTY y HErO yiKe HAYaIM MOABIATHCSI COMHEHUS B TOM,
4T0 TeopemMa 1 MCTUHHA, U OH PEIINI 3aHATHCA TONCKOM KOHTprpuMepa. M moien B
KOMIBIOTEPHYI0 KOMHATY U HAMKICAT IPOrpaMMy I/, TpOBEPSIONIYIO TOCIAEeI0BATETHHO
BCE CJIOBA [0 TEX MOp, MOKA OHA He HAUIET NaHHbIe, Ha KOTOPHIX T He Bepua. O
3aIyCTUI CBOIO MPOrPAMMY UM CTAJ XK JATh OKOHYAHUI ee PAOOTHI.

Dporpamma paboTana 9ac, ABa, TeHb, HEAETIO, . .. I CHOBA y MaTeMaTuKa BO3HUK
BOIIPOC, HA DTOT pPa3:

ocmanosumca au Il xoeda-nubyds ?
Da dTOT pa3 MaTEMATUK yXkKe 3HAI, K KOMY 0OPATUTHCA C TaKuM BOmpocoM. O Harmenx
JIOTUKA U CIIPOCWUI CYIIIECTBYET M1 CIOCO0 Y3HATEH, IPEKPATUT JU JaHHAA IPOTPAMMAa,
CBO€ BLHITTOJIHEHUE WK X)e OyaeT padorars 10 6eckorednoctu. M cuosa J1 nasa Bmosaae
KBaJU(DUIUPOBAHHBIL OTBET. DO TeopeMe, NoKa3aHHOU Tbiopuurom B 30-bie rofwbI,
HE CyIIeCTBYeT aJrOPUTMA, OIPEIe/IONero, OCTAHOBUTCS X KOrfa-HUOY Ib TaHHASL
MpOrpaMMa WIM HET, T.€e. MPOOIeMa OCTAHOBKY HEPA3PEIINMA.
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2. OTIIPABHASI TOYKA

Doce DTOro HaIll MaTeMaTuK OoTnpaBuicsa gomou. Kak »To uHOrma GLIBAET, €ro
pPebEHOK, M3YYAOMINNA MeOMETPUIO B CEAbMOM WA BOCBMOM KJACCE, MOMPOCUT TAILY
[IOMOdYb CAeNaTh goMalnHee 3aganue. B Hapoxe ObITyeT MHEHME, YTO JIIOAN, 3AHUMA-
IOIIECA MATEMATUKON, YMEIOT XOPOIIO CINTATDH, PEIIATh KBAIPATHLIE YPABHEHU U
pa3HBIE 33aYKU U3 DIEMEHTAPHON MeOMETPUM, UTO HE BCErJa COOTBETCTBYET AEU-
CTBUTEJILHOCTH.

Wrak, Ham mMaTeMaTUK HaYaJ PEIIaTh 3aJady, NPEeIJOXKEHHYI0 CBOUM HaIO0M, U
MOHSLI, 9TO HAIPOUb 3a0bLI M€OMETPHUIO, KOTOPYIO y4IuiI B mKojiae. OH 0 HAKO TOMHUI,
4TO AOOYIO 3aJady FeOMeTPUM MOXKHO BAMUCATH B KOOPIUHATAX HA A3LIKE TEUCTBU-
TEJbHBIX HCEJ.

U emy B roJoBy MpHIEa BOMIPOC, & CYIIECTBYET JU YHUBEPCAILHBIN aJrOPUTM,
PELIAOIINY MIKOJBHEIE 33,1a4K [I0 MeOMETPUN. DOCIe PA3rOBOPA C JOTMKOM, OH 3HAI,
YTO €CJU B TEOPUU BHIPA3WMBI HATYPAJIbHLIE YKCIA, TO OHA Hepaspemmma. MaTynims
MOACKA3BIBAIA, YTO TEOPUs, PAOOTAIOMAA C NEUCTBUTEILHBIMYA YUCIAMI, KOTOPBIX
ropasno 60JbIe, TOMXKHA OBLITH YK TeMm Oojee Hepaspemmma. Bee ke, IiA OYUCTKEA
COBECTU, OH PEUINJI MO3BOHUTH JOTUKY U YIOCTOBEPUTHCA B 3TOoM. Kak HU CTpaHHO,
BEIACHIJIOCH TIPOTUBONONOKHOE. Knaccudaeckun pesyabTaT Tapckoro, J0Ka3aHHLIA B
1948 roxy, yTBepxK Al CyILIECTBOBAHWE AJCOPUTMA, IPOBEPSIOUIEr0 IOKA3YEMOCTH
yTBEPXK JCHUI SIeMEHTAPHON reomerpuut) .

MaremaTuk obpagoBaics. Emy yxe HaumHaIO Ka3aTbCs, YTO OT JOTUKU HET HU-
KAKOU TIOMB3EL, & TYT 0KA3aJI0Ch, UTO JOTUKA UMEET BEChMa MPAKTUIHOE MPUMEHEHNE
B pEAJbHOU YKU3HMU.

Urax, M nmompocur pe6GeHka MOA0XKIATH, & CAM OTIPABUICA K TOPTOBIAM IIPO-
rpamMMmHOro obecnedenus. Tam o o6uapyxuia ga CD-mucka, MOCBAMIEHHBIX pellre-
HUIO 33134 [0 FeOMeTPUN, KOTOPhIE HA3BIBAINCH COOTBETCTBEHHO

Tarsky for Windows 95 m Collins for Windows 95.

Oepsoin auck croun 30 y.e., sropon — 300 y.e. EcrecrBenno, M monsrrancs mo-
HATDb, U€M K€ BBI3BAHA TAKASA PA3HULIA B LIEHE. JUKAKUX OOBICHEHUU OH HE MOy YN,
MO2TOMY OH Kymnmi Oomee memeBbin quck Tarsky for Windows 95.

M mpurien gomon, Bectasua CD B KOMIBIOTEP U PEIINT TPOBEPUTH MPOCPAMMY Ha,
3aJa4YKe U3 MIKOJILHOrO yueOHuka. OIHAKO CTaka MOBTOPATHCSI BCE Ta, XK€ UCTOPUS.
Dporpamma paboTaza Iac, IBa, ..., HO HE MPOABIAIA HUKAKOI'O KEJAHUS BHIIATH
pemrenve. MaremaTuk mpepBas BBIIOIHEHUE IPOIPAMMBI X MONPOCHI €e OKA3aTh
KAaKYIO-HUOYIb DJIEMEHTAPHYI TEOPEMY, HAIpUMEDP O TOM, UTO CyMMa yIVIOB B Tpe-
yronpuuke paBHa 180 rpagycam. De3yabTaT HE CHIBHO W3MEHWICS, U MPOrPAMMAa,
MPOIOMIKAMA IYMATh 9ac, BTOPOU, CyTKU, APYTHE, ... . Torga M mo3BOHWI JOTUKY U
HECKOJIBKO IOBBIMIEHHBIM TOHOM CIIPOCWI, ITO ke npoucxonut. JI orBeTwi, 4T0 5TO
He ero npobuema. Tapckunl gokasaja TeopeMy O CyIIeCTBOBAHUU AJTOPUTMA, OH COBEP-
IIEHHO YBEPEH, ITO aBTOPHI DTOr'0 IUCKA 3aIIPOrPAMMUPOBAIN AJITOPUTM NIPABUILHO,
a ITO IPOUCXOTUT TAJbIIE — HE NMeeT HUKAKOI'O OTHOIIEHUs HU K MAaTEeMATUKe, H
K JIOTHKE.

DY BooGme mo6erx YTBEDX IEHUN O BENECTBEHHBIX YMCIAX, NCIOMb3YIOMUX apupMETUIECKAE OTIe-
panum, >IeMEeHTAPHLIE JOTUIECKAE CBAZKHA (OTPUIAHWE, KOHBIOHKIUSA, TU3BIOHKIWA, AMILTAKAIW)
1 KBAHTODPBI II0 MHOXECTBY BCEX BEIIECTBEHHBIX IHCEN: A BCEX (BEMECTBEHHBIX THCEN)», (CyIIe-
cTByeT (BEMIECTBEHHOE 9HCIO), TAKOE 9TO ... »; COBOKyNHOCTb TAKUX yTBEPKIECHUU HA3BIBAETCA
aarebpou Tapckoro.
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1 510 kak pas TO MECTO, e HAYUHAETCS TEOPUA CJAOKHOCTU BBIYUCICHUU. Dac
UHTEPECYeT He MPOCTO CYIIECTBOBAHUE AJICOPUTMOB [JIA HAIEH 33Ma4d, a TO, Ha-
CKOJBKO OHU d(PPEKTUBHHBI.

Koneuno, pacckasaHHas UCTOPUA HECKOIBKO CTUIX30BAHA, HO, B OOLIEM-TO, TaK
U TPOUCXOJWIO PA3BUTUE UCCICIOBAHUN, KOTOPOE MPUBEIO K COBPEMEHHOMY COCTO-
aanpo. B wacTHOCTH, TOT 3Tal, KOrga CTal0 BHIKPUCTALIA3OBBIBATHLCA MOHUMAHUIE
TOr0, 9TO OJHU AJCOPUTMBI MOT'YT OBITH JIy4IIE APYTUX U DTO CYIMIECTBEHHO, MPU-
wesncsa Ha 60-pie roger. Torga cranu NOABIATHCS HACTOALIME KOMIBIOTEDHL (OHU Ha-
3LIBATUCH TAKUM CTPAIIHLIM CIOBOCOYETAHUEM: (DJEKTPOHHBIE BHITUCIUTEIHLHBIE Ma-
muHED ), Hampumep, DDCM (MHOrue B ayIuTOpUU U HE 3HAIOT, HABEPHOE, UTO DTO
rakoe). CTajo HOHATHO, YTO HEOOXOAUMO OCTPOEHNE HEKOTOPOU MaTeMaTUIeCKOU
TEOpUMu.

3. IIAYAJA TEOPUU: OCHOBHBIE NOHATUA

[laBanTe moKa OCTABUM B CTOPOHE UCTOPUU U3 KU3HU MaTeMaTuka M, mOTOM MBI
K HEMY €Il BEPHEMCS He DPa3.

DonpobyeM NaTh HECKOJIbKO OMPeNeTeHNN.

DepBoe HaOMOAeHNe, KOTOpoe caenan M, xorma meiTancs pa3oOpaTbCsa B DTOU
TEOpUU, COCTOUT B TOM, UTO HOAABIAIONIEE OOJBIIAHCTBO AJTOPUTMUAYECKUX 3a0a4
MOXKHO TIPEICTABATD B IO IXOIAMIEN KOAUPOBKE KAK 33,141 BEIYUCICHUS HEKOTOPOT'O
0TOOpaXKeHUA

f:{0,1}* = {0,1}"
MHOXECTBa KOHEUHLIX TBOWYHBLIX CJIOB B C€0fA. IMEHHO TaKUMU OTOOPAKEHUAMU MBI
u Oy 1eM 3aHUMATBHCA.

Bropou Bompoc: Ha Kakux yCTPOUCTBAX MBI COOUPAEMCS BBIYUCAATL HAIIE OTO-
opaxenue? ECTb OrpoMHOE Pa3HOOOpa3Me W ATTOPUTMUIECKUX A3BIKOB, M KOMITBIO-
TEPHBIX aAPXUTEKTYP, HO HACKOJILKO HAM 3TO BaxkHO? VIMEHHO OTBET HA BTOT BOMPOC
OTJIMIAET TEOPUIO CJAOKHOCTU BHIYUCICHUU OT PA3IUYHBIX CMEXKHBIX 00JACTer. JO-
3TOMY PACCMOTPHUM 3TOT BOMIPOC Hosee moapoOHO.

B xadecTBe mpuMepa BO3bMEM MPOTPAMMY, C KOTOPOU YaIlle BCETO U CTATKABACT-
¢s1 GOJBIIMHCTBO MATEMATUKOB, KOTOPBIE He mporpammupyoT. 1o TEX mpoueccop.
Bri6op TEX 31ech HEKAKOTO 0COO0r0 3HAYEHUSI HE UMEET, TO KE CaMOe MOXKHO CKa-
3aTh U O IPYTUX TPOrpaMMax.

Urak, umeercs mekoropoe orobpaxkenue f, KOTOPOE B JAHHOM CJIy4ae MPencTa-
BJIAET COOOU OTOOpPAKEHUE

Y

‘paper.tex‘ — ‘paper.dvi

npeobpasoBeiBaolee (hain paper.tex B damn paper.dvi (o6a danma MBE paccMma-
TPUBAEM KAK [BA IJIVHHBIX JBOUIHBLIX CIOBA). DTO MPEOOPa30BaHUE OCYIIECTBIACTCA
HEKOTOPBIM AJIrOPUTMOM texdvi.exe, 3aKOJAMPOBAHHBIM [Jis BBINOJHEHUS HA 286-M
npoueccope (Te, KTO NBITAICA UCIOIb30BaTh TEX Ha 286-M mpoueccope, MOMHAT, KaK
5TO GBLIO).

Dac cemvac uHTEpecyeT BpeMs (OBICTPOAencTBUE) PaboOTHL aaropurMma. MMeHHO
TaKyI0, KAK COBOPAT B DTOU HAYKE, MEPY CAOHCHOCTMU MBI Oy IEM PACCMATPUBATH Ce-
COJHA YAIlle BCEro. DLIBAIOT U APYrUe XapaKTEPUCTUKY (MaMATH — BTOPAA MO 3HA-
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YEHUIO Mepa CJIOXKHOCTH), HO 33 HEIOCTATKOM BPEMEHU MBI UX HE CMOXKEM MOAPOOHO
00CyINTh.

Da3BUTHE TEXHUKN, OTHOCAIIEECA K PACCMATPUBAEMON HAMU 3a,4a49€, L0 [0 ABYM
HampaBJIeHUAM. Bo-IepBEIX, 1 5TO XOPOIIO BCE 3HAIOT, YAYUIIAJNCH IPOLECCOPH:

Intel 286, Intel 386, Intel 486, ... ,
MOSABJSINCH OJUH 33 APYIUM Bce 6oJee MOIIHBIE MOIEIN, BO3SHUKAIN PA3HOOOPA3HbIE
KOHCTPYKTOPCKNE YXUIIPEHUSA, YCKOPSAIOIme uX padory, u T. 1. Bo-BTophix, yiayd-
mIaJCA CaM aJTOPUTM, MOABIAIUCH €0 BEPCUU
texdvil.exe, ..., texdvilO.exe,
CopaBeqiuBa, XOTsA U C HEKOTOPBIMEU OIOBOPKAMY, Takas (hpOpMyJia

(06mee BpeMsa paﬁoTbI> = (qncno omepanun a.nropnTMa> X <Bper{ Ha OIHY onepaumo>.

Yaydmenue 060UX WIEHOB B DTOU MPOCTOU (POPMyJe — BeImu 00Jee-MeHee He3aBU-
cumbie. I'py6o roBops, mporpaMmer (software) 0TBEYAIOT 34 MePBLIE COMHOXKUTENb, &
npoueccopsl (hardware) — 3a Bropoi.

YT0 31€Ch IPOUCXOAUT C MATEMATUIECKON TOYKM 3peHusa! Ecau y HAC nMeeTcs
KaKOU-TO aJlrOPUTM, KOTOPBLIM UCIOIL3YeT ¢ OIepalui, TO OT YJIydIIeHusa OLICTPO-
IEUCTBUs HAIIErO MIPOIECCOPA BPEMS PEIIeHUs HAIICH 330491 YMHOXKAETCSI HA HEKO-
TOPYIO KOHCTAHTY .

DO02TOMY, U DTO OYEHb BAXKHO, B TEOPUU CIOKHOCTU BEIYUCICHUN CIOKUIACH TPa-
IUIUS U3MEPATH BpeMsa pabOTHl AIrOPUTMA ¢ TOYHOCTHIO A0 MYJIbLTUILTAKATUBHOU
KOHCTaHTHL («¢ TouHOCTBIO 40 O(-)», KaK rOBOPAT MaTeMaTHKH). Takol HOAXOT IO-
3BOIAET HaM abCTPArupOBATHCA OT BBIGOPA KOHKPETHOU MOIEJIN BBIYUCIUTEIHHO-
'O yCTPOUCTBA, OT TOr'O, CKOJIBKO BPEMEHI 3aHUMAET BHIIOJHEHUE OJHOU OIePAINy,
KaKyH0 CUCTEMY KOMAHI MMEET UCIOAb3yeMas HAMU MAIlWHA U T. . UMEeHHO »TOoT
HOXOJ ¥ MTO3BOJIIET HAM HOCTPOUTD JOBOJBHO KPACUBYIO MATEMATHIECKYIO TEOPUIO.

Teopus CIOKHOCTU BEIYMUCICHUN HECKOJIBKO OTIMIAETCA OT BCEOOBeMIomen (o
OIPEIEICHUI0) TEOPUU MAaPKCU3Ma-JeHUHU3MA, (HE BCE B ayJUTOPUM BUIMMO 3HAIOT,
9YTO HTO TAKOE, ¥ HTO XOPOIIO): ecIu B GOPMYJIE eCTh B WIEHA, U 33 BTOPOU HAILA Te-
OpUs HUKAKOU OTBETCTBEHHOCTH HE HECET, TO 00 DTOM 3aABJIAETCS ABHO. Y Iy UIIEHIEM
IPOIECCOPOB 3AHUMAIOTCA IPYTHUE JIONM, MBI 3aHUMAEMCS YIYUIIeHNEeM aJIrOPUTMOB
€ TOYHOCTBIO O MYJbTUILIMKATUBHOU KOHCTAHTEL.

DPONOTKAM TOCTpOeHHe CTPorou Teopuu. OIHUM W3 HEMOCPEACTBEHHBIX IIpe-
UMYLIECTB BBEJEHHOI'O BBILIE COMVIAIIECHUS ABAECTCA TO, 9YTO HAC HE OYEHb 3a00TUT
BbIOOp To4uHOU Mogenu. Kax mpaBuio, oT CMeHbI MOnenu (Cermdac s UME B BUIY
yXke a0CTPAKTHBIE MATEMATUIECKAE MOIEIN) YIydlIeHAe WA YXYAIICHUE IPOUCXO-
IAT C TOYHOCTBHIO [0 MYJIbTUILTUKATUBHON KOHCTAHTEI, & MBI JOTOBOPUINCH 3TOTO HE
3aMevaTh.

Crangap THEIU CIOCO6 OMPEAETCHIA BEIMACIATEILHON MOIEIN COCTOUT B TOM, ITO
UL UCTIOJHEHUs AJIrOPUTMA Y HAC UMEETCs HEKOTOPAs MAIIUHA C APECyEeMOU MaMsi-
TBIO, AYEUKN KOTOPOU MHAEKCUPYIOTCA HATYPAILHLIMU YUCIAMA; B KaXKIOU AIEHKE
MOXKHO XPAHUTh HATYPATLHEIE YACIA; MOXKHO BLIMOMHATL apu(pMETUICeCKUe TeUCTBUA
u T.1u. Jleraau 316Ch MaJ0 MHTEPECHBI, moTomy 4uTo Hame O(-)-Ccormamenue mo3so-
JSIET O HUX 3a00TUTHCS He CAMIKOM. Eciu ke 3aMeHuTsb «¢ To9HOCTBIO 10 O(-)» Ha
craerka 6osmee rpyboe «C TOYHOCTBIO MO IOJUHOMA», TO BOOOIIE BCE PEATUCTUIECKIe
BEIYUCIUTEIbHBIE YCTPOUCTBA OKA3LIBAKOTCA SKBUBAJICHTHBIMU.

Nrak, pukcupyem HEKOTOPYIO BBIYUCIAUTENLHYIO MOAenb. Ecau ecth mammua M,
KOTOpas BBEIYUCAACT (QYHKIUIO f, U ONPEIeIeHBl BXOIHBIE NAHHBIE L — HEKOTOPOE
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IBOMYHOE CJIOBO, TOI'Qa MOXKHO ONPEAEJUThb Hally OCHOBHyI (yuxuumio 1'(M,z) —
KOJMYECTBO Omepanuil (TakToB), KOTOpBIE TpebyroTca Mamuue M maa paboTHL HA
BxomHoM caoBe ¢. Dyukuusa T (M, x) HaszwBaeTCA cuenasudupyrowed Gynxyuel no
8peMeH . BHITIOTHEHUS JHOOBIX DJIEMEHTAPHBIX ONepaliii

4. TEOPEMA OB YCKOPEHUU

Hasanre Teneps uzydars a1y Gpyukuuio 1'(M,z). DepBoe, 9TO IPUXOLUT B [OIO-
BY: Y HAC UMEETCA AIrOPUTMUYECKAA 3a1a49a f; TaBauTe BHIOEPEM CAMBIA XOPOIIUA
AITOPUTM [/ PEIICHUA STON 33491 U HA30BEM CJIOKHOCTHIO 3aJAYMN CAOKHOCTD DTO-
O CAMOT'0 XOPOIIEro aJrOpPUTMa.

OKa3bIBAETCs, YTO TAKOW MHTYUTUBHO OYEBUIHBIA CIOCOO MEUCTBUM, K COXKAJE-
HUIO, HEOCYIIECTBUM K HA DTOT CIET uMmeeTcsa meopema Haoma 06 yckopenwuu. B
BOJILHOU (POPMYJUPOBKE DTa TEOPEMa YTBEPKAAET, YTO KAK Obl MBI HU MBITAIUCH
ONpEeAeNATh MOHATHUE (HAWIYUIIAA I JAHHOU 33[a4Yd MAIIMHAY, Y HAC HUYIErO HE
noxyauTcsa (M0 KpauHen Mepe A HEKOTOPBIX 3a,1a4).

Teopema DaoMa OTKPBIBAET CEPHUIO TEOPEM, JEXKAIMX B OCHOBE COBPEMEHHOU
TEOPUU CAOKHOCTH BHIYUCJICHUU. Bee 5Tu TeopeMbl ObLM gOKa3aHbl B 70-€ COMHI,
HAIpuMep, Teopema JiaooMa 06 yckopenuun — 310 1971 roxg. DpumMepHO B TO XKe
BpeMs MOABWIACH KOHIIEMIIUA NP-MOJHOTHI, M3I0KEHNEM KOTOPOU U 3aBEPIIUTCS HAII
BBOJHEI PACCKA3 O TEOPUM CIOKHOCTU BLIYMCICHUN.

[ mampHEenmero HaMm mOTPeCyeTCsA ele OqHO BakHOe ompenenenune. Pyukiusa
T(M,z) ycrpoena o4deHb HeperyJsipHo. DaccmorpuM npumep TEX npoueccopa. [las
MO JABJISIONIET0 GOJBIIMHCTBA, (DANIOB MPOU3OUAET OCTAHOBKA B CAMOM HAYAJIE Pa-
00THI U3-33 HECOOTBETCTBUA BXOTHOMY dopMmaTy TEX, a Ha Kakux-To hamniax 5TO
BpEMs BO3MOXKHO OKAXKETCA OECKOHETHRIM U3-34 3AlUKINBAHUA. B 00IeM ciaydae 3Ty
(PYHKIUIO U3y4YaTh HUKAKOU BO3MOXHOCTHU HE TIPENCTABIACTCS, OHA CAUIIKOM PBIXJIAL.
Mer XOTUM U3BAEYb U3 Hee (PYHKIUIO HATYPATLHOIO APIYMEHTA, T. €. MOJAYIATb (yHK-
[IUI0 U3 HATYPAJbHLIX YUCET B HATYPATLHEIE YUCIA, KOTOPAA OTPaXKaaa Obl MOBENCHUE
T (M, z). EcTh HECKOTBKO CIIOCOGOB MOTOUTH K DTOU 3a1a4e. MBI 31eCh OrpaHuaIuMCA
CAMBIM PACIPOCTPAHEHHBIM, KOTOPBIN HA3BLIBAETCA CAOHCHOCTD 8 HAUTYOULEM CAYUQE.
Omna ompegensercs caenyomen GopMyaon

tar(n) = max T' (M, z).
lz|<n
W3 Bcex ci0B GUTOBOU MJIUHBL, HE MPEBBILIAIOIIEN N, BBIOUPAEM TO, HA KOTOPOM HAIIA
MAIIMHA PA0OTAET XyKe BCEro (T. €. TOabIle BCero). Bpemsa paboThI Ha TAKOM CJIOBE U
HA3BIBAEM CJIOKHOCTHIO ¢y (n). 3a Bpems ¢y (n) ManMHa rapaHTHPOBAHHO 3aKOHIUT
paboTy Ha JO0M BXOIHOM CIOBE IIWHEI, HE MpeBLImawunen n. MoxeT, KOHEYHO,
CILy9UTHCS, YTO HA KAKUX-TO CJIOBAX pabOTa 3aBEPIIUTCA PAHBIIE.

MbI 0pUBOAMM YOPOINEHHBI BAPUAHT TEOPEMBI JJIIOMa; Ha CAMOM [eJe, BMECTO
logt B HEN MOXKHO B3ATH JIO0YIO «Pa3yMHYIO» CTPEMAIIYIOCA K GECKOHEIHOCTH (DyHK-
HIO.

TeorpEMA (PyioMm, 1971). Cywecmsyem maxas eviwuciumas? @ynwxyus f,

umo a6y mawurny M, sviuucisowyro f, MorHcHO ycKopums caedyrouum o6pa3om:
cyuwecmsyem dpyeas mawuna M', maxxce sviuucastowan f u maxas, 4mo

2) Bpramcammas GyHKIUA — 2TO Takad (PYHKIUA, KOTOPYIO MOXHO BBIYUCIUTH XOTA OBbI OJHUM
AT OPUTMOM.
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tyr(n) <logta(n)
das noumu ecex n.

PyHKuMA u3 TEOPEMBI DII0Ma — 3TO HEKOTOPas dK30TUKa (Kak caegyer u3 (op-
MyJIUPOBKYU TEOPEMBI, BPEMs €€ BLIUUCICHUA B HAUXYIIIEM CAydae PacTeT OYeHb Obl-
cTpo mia Jaobon Mamwmesl). OqHa U3 MIEOTOrUIeCKUX» 33189 B TEOPUU CIOKHOCTH
BBEIYUCJICHAN — 3TO CTPOUTHL TEOPHUIO TaK, YTOOLI TAKKE MATOJOIMIECKAE ABJICHAA B
HEH 10 BO3MOXKHOCTH He BO3HUKAJIX. Leopema IIoMa JOKA3LIBAETCA IIOCTPOCHUEM C
MOMOIIBI0 TEXHUKYU TUATOHATUBAINY, U TOJYIAIOIMAACT (PYHKIIUA HE UMEET HUKAKOTO
OTHOIICHNA K PEAJbHOU MPAKTUKE BLIYUCJACHUNM WIK K OCTAJIbHOU MATEMaTHUKe. DO
TeM He MeHee, IOCKOJBKY MEI CTPOMM MATEMATHIECKYIO TEOPUIO, HIIEro He MOIe-
JAEMIb — MBI BHEIHYXKJICHBI IPU3HATH, ITO BLIOPAHHBLIM MOAXOI HE TOAUTCA IJIA €€
MOCTPOEHUSA. DYKHO ABUTATHCA JATBIIIE.

5. CJIOXKHOCTHBIE KJACCHI

Wrax, MBI He MOXEM HAJEATHCA Ha IIOCTPOEHUE A KaXKIOW (DYHKIWU CAMOU
JI4IIeN MAIIAHBL, BEIYACHAIOMEN 3Ty QYHKINO. AJLTEPHATUBOU ABIAETCS TOHATHE
CAOHCHOCTIHOR0 KAGCCA — OMHO U3 IEHTPAJBHBIX HOHATUN IS TEOPUU CJIOKHOCTU
BEIIUCICHUN.

DECKOIBKO BOJBbHAS AHAJIOIMA MOXKET OBITH 31eCh HPOBEIEHA C OHNpPeNeJeHISIME
uHTerpata mo JuMmaHy u 1o Jlebery. Ecim MBI He MOXeM NPOMHTErPUPOBATH IO
DUMaHy, TO MBI MEHSEM OCb U HAYMHAEM CyMMUPOBATH N0 APYyrou ocu. B Hamen cu-
TYaluu, €CIU MBI He MOXKeM I (PYHKINN CKA3aTh, ITO TAKOE CAMAs XOPOIIAs MAIIIM-
HA, TO TaBaUTe TAKXKe CMEHUM OCb. JACCMOTPUM MHOXKECTBO BCEX MAIIKH, KOTOPLIE
HAC yCTPAMBAIOT, U HA30BEM KJACC BCeX (DYHKIWUN, BEIYUCIAMBIX TAKIMU MAIIMHAMY,
KAGCCOM CAOHCHOCTU. DOWKAIYHU, IPOIIIE BCErO JATh CPA3Y KOHKPETHHIN IPUMED, IeM
IOJICO PACCYXKIATH HA DTY TEMY:

DTIME(t(n)) € {f | IM : (M seramcaser f)&(ta(n) = O(t(n))).

OTO OJHO U3 IEHTPAILHBLIX ONPENEJEHUN B TEOPUHU CJAOKHOCTU. JyKBa D o3Hadaer
IEeTEepMUHUPOBAHHLIE anropuTMbl (ObBalOT u apyrue), TIME ozHadaeT poOBHO TO, O
9eM BHI mogymauaun. Ecau y HAaC ecTb npousBoabHas QyHKIUA t(n) OT HATYPATIbLHO-
O apryMeHTa, TO MbI 00pa3yeM KJIACC CJAOXKHOCTHU, COCTOSAIUN U3 TakuxX (HyHKIAN,
U KOTOPBIX CYIIECTBYET BHIUMCAAIOmWAA f MamuHa M, Takas 9TO CUTHAIM3UPYIO-
maa QyHKIUA 00 BPEMEHU OIPAHWYEHa UCXOJIHOU (yHKIMEn t(n) ¢ TOYHOCTHIO 10
MYJIbTUTLIUKATUBHON KOHCTAHTHI. DPUBEICHHASA BEHIIIE TEOpEeMa, DJIHOMA, CIIPABEIINBA
TOJBKO [ HEKOTOPHIX CHEIUANBHBIX (PYHKIUU. DO €CIU MBI XOTUM JOCTUYb YCKO-
penus, ckaxem, B 10 pa3, TO 5TO MOXKHO CHEIATH C JIOO0U PYHKIUENT — HAIPUMED,
MyTeM yBEIUYIEHUS KOJIMYECTBA MAIUHHBIX KOMaHI. VIMEHHO MODTOMY B MpaBOU Ha-
cTu onpegenenus crout (O-6ombiioe.
Teneps onpegenuM OMUH U3 CAMBIX BaXKHBIX CJIOXKHOCTHBIX KJIACCOB

P = | DTIME(n").
k>0
Kunacc P — 510 Te pyHKINM, KOTOPBIE MOXKHO BEIMUCAUTE HA HAIAX MAIIAHAX, X BPEMs

UX BBIYUCJIEHUS PACTET MOJIMHOMUAJIBHO C POCTOM JIMHHL C1oBa. OH 0UeHb ya06eH u
C TPAKTUIECKOU, U C TEOPETUIECKOU TOUKY 3penua. C NpakTUIeCKOU TOUYKU 3PEHUA
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DTO LOCTATOYHO XOPOIIas ANIPOKCUMALus (ObIBAIOT UCKIIOYEHUs, O KOTOPHIX OyxeT
CKa3aHO HUXKE) KIACCA TeX (PYHKIMI, KOTOPHIE IO JAI0TCA BEIYUCICHUIO 32 PEATHHOE
BpEMs HA PEaJbHBIX KOMIbIoTepax. C MaTeMaTUIecKOU TOYKM 3PEHUsA STOT KIACC
6eCKOHEYHO yJIOOeH TeM, YTO OH 3aMKHYT OTHOCUTEILHO cymnepro3unuu. Kax MbI
YBUIUM JAJbIIle, IMEHHO 3TO 00CTOATEILCTBO IO3BOJIAET IOCTPOUTH TEOPUIO BBHIYUH-
CIIIMOCTH IJIf DTOI'0 KJIACCA.

OBIBAIOT AHAJOIUIHEBIE KJIACCH A3BIKOB, KOTOPBEIE MOXHO DPACIO3HATH 33 DKCIO-
HEHIUAJIbHOE BPeMs

k
EXPTIME = | | DTIME(2"),
E>0
TaKXKe MOXKHO OMPEIeINTL TBOMHOE DKCIOHEHIINATLHOE BPEM

nk
DOUBLEEXPTIME = | | DTIME(2>" )
k>0
1 TakK JaJjee.

6. TEOPEMA OB MEPAPXUU U CJOXKHOCTH DJIEMEHTAPHOM
IFEOMETPUN

Teneps maBauTe BepHeMmcsa K Hamemy maremaTuky M. OkasbiBaeTcs, Bpems pa-
00TBI aJrOpuUTMa TapCKOFO, C IOMOIIIBIO KOTOPOT'O M merrancs pemaTh 3aaIn dJIe-
MEHTAPHOU T'€OMETPUH, HE JEKUT HU B OTHOM U3 MPUBEICHHBIX BHINIE KIaCCOB. [l
HEr'o eCTh TaKasd HUXKHAA OLIEHKa

2len
tTarski(n) 2 22

Kax Bo1 momuuTE, 15 paspemuMocTy aaredbpsl Tapckoro mpoqaBajics emne u TucK
Collins for Windows 95.

TeoPEMA (Kounmuu3s). Aseebpa Tapcrozo npunadaescum DOUBLEEXPTIME.

Teneps M cvor mouarTs pasuuny mexay stumu CD-ROM: Bpems paborsr aaro-
purma Komnuasa HemsmepuMo MeHbIe BpeMeHu paboTel atropurma Tapckoro (xoTs
OHO BCE PABHO MOXKET OBITH OYEHBL BEIUKO — OIIEHKA BPEMEHU PAOOTHI AITOPUTMA
IBOVHOU SKCIIOHEHTOU He TapaHTUPYEeT HaM, YTO JaXe TeOpeMa O CyMMe yTJIOB Tpe-
yroIbHUKA OyAeT JOKa3aHa 3a BPeMs CyIIeCTBOBaHWsA BceneHHON).

BosHukaeT BOMPOC: a HEIb3A JIU €IIe YJAYUIIATEH aJCOPUTM PA3PEITUMOCTH s
aare6per Tapckoro? M 6o/ee 00U BOIPOC: & HEIL3s JIU TO XKe CAMOE CIeJaTh BOOO-
e ¢ Jo0bIM aaroput™MoMm? Bapyr, Hanpumep, BeAKAsS BEIMACAAMAA (DYHKIAA JEKUT
B kiacce P. Wiau, mo kpauuen mepe, Beaxkas pyuakmus u3 DOUBLEEXPTIME jexut
B P.

[pyrumu croBaMu, BOIPOC B TOM, €CTb JIA Y HAC NPEIMET UCCJIEIOBAHUS, WU,
BO3MOXKHO, TeOpeMa JJIoMa 00 YCKOPEHUN IPUMEHNMA BOOOIIE KO 6ceMm (PYHKIUAM.

Bropou kpaeyroibHBEI KaMEHbL TEOPUN CAOKHOCTU BLIYUCJACHUN — DTO Meopema
06 uepapruu.

Kaxk u B caydae ¢ TeopemMon 06 YCKOPEHUU, MBI TPUBOIAM €€ JAJEKO He B CAMOU
obuien opme.

TEOPEMA (XAPTMAHUC (1965)). P # EXPTIME.
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Taxum 06pa3oM, HE BCE CIOKHOCTHBIE KAACCHI COBIIAAAIOT, TaK 9TO MPEIMET UC-
CJIEIOBAHUA €CTh.

A me mMory orkasaTh cebe B yIOBOALCTBUM MPUBECTHU MMOYTH MOJTHOE JOKA3ATEIb-
cTBO »TOK Teopembl. Ecay BhI emme moMHATE Hamero MaTeMaTuka M, BToOpou MOMEHT
€r0 3IOKTIOYEHUN COCTOMAN B TOM, 9TO OH CIPAIIUBAI, OCTAHOBUTCSA JU €T'0 MPOTrPaM-
Ma Ko2da-#ubyde. Cenvac, HAYIEHHBIN TOPHLKUM OMBITOM, OH 3311 TAKOU BOMPOC:

ocmanosumcs Au ama npoepamma do Hosozeo I'oda?

Buiacusercs, uTo ecau 10 JoBoro I'oma 0CTAIOCh B TOYHOCTH DKCIOHEHITMAILHOE
BpeMs, TO 3Ta 3a1a4a u oraenser EXPTIME ot P. D0TOMy 9TO €CTh O¥YeHb MPOCTOU
AJICOPUTM, IO3BOJIAIOIINN IPOBEPUTEL, OCTAHOBUTCA JU IIPOrpaMMa 10 Josoro [ona,
a MMEHHO, Hy»KHO IIPOCTO IOT0XKIATh 4O HErO, K BCe caMO cOO0H pemmTca. TeopeMa
00 mepapxmy yTBEepXKIAeT, UYTO 3Ty 3aJa4dy HEIb3SA PEHINTh CYIIeCTBEHHO OBICTpEE,
4eM OMUCAHHBIM BBIIIE CIIOCOOOM.

1, KOHEYHO, clerka yTPUPYI0, €CTh TaM UM KOe-KaKhe TEXHUIECKUe NeTajau, HO
CMBICJI COCTOUT UMEHHO B DTOM.

" Temepn HAIl MaTEeMaTUK OKA3AJCS BIIOJHE MOATOTOBICH K BOCIPUATUIO CJACTY-
IOIIEN TeOPEMHI.

TEOPEMA (DPuIIEP — PABUH (1974)). Aueebpa Tapcrozo me npumnadaescum
xaaccy P. Bpemsa pabombvi 4106020 pazpewaroueeo as2opumma das aa2ebpvr Tap-
CK020 He menbwe, wem 257, ede € — HEeKOmOoPas KOHCMAKRMA.

Takas BBICOKAA HUMCHAL 0YeHKE OOBACHAET MPUINHLI HEYJAYM HAIIErO MATEMa-
TUKA C IPAKTUYECKUM pellleHrneM 3aaa4d B anreobpe Tapckoro.

Daubosiee CIOKHAA U, MO-BUAMMOMY, HAMOOIEE BaXKHASA OOJACTH TEOPUU BHIYU-
CIeHUN, CBA3AHA KaK Pa3 C NOKA3ATEIhLCTBOM HIDKHUX OIEHOK. B aHMIOA3BIMHON JIU-
TepaType TOT Pa3jiel TEOPUHU CIOKHOCTU, KOTOPBIA 3aHUMAETCS KOHCTPYUPOBAHU-
eM aaropuT™moB, Tak u HazweBaercsi — “Theory of Algorithms”, a cob6crBenno mox
“Complexity Theory” moagpasymeBaeTcs Kak pa3 IOCTPOEHUE HIKHUX OIEHOK. TakuMm
00pa30oM, TEOPUs CIOKHOCTU MBLITAETCA OKA3ATH, 9YTO HE CYIMIECTBYET 2(PhEK TUBHBIX
AJITOPUTMOB.

Yke HA >TOM NPUMEpPE BUIHBL IBE TPYIHOCTH, CTOSMIINE IIEPEL JI IbMU, KOTOPHIE
NBITAIOTCA JOKA3BIBATH HIXKHME oneHku. CmoTpuTe, ObL1a TEOpemMa Tapckoro, ee moi-
TAJIUCH YIyYIIAT, HO HUYEr0O He IOMyYalI0Ch ECTeCTBEHHO OBLIO MPEANON0KUTD, ITO
9Ta OLEHKA ONTUMAIBHA. JOCJIE YTOr0 IPUAYMAIN AJICOPUTM, OCHOBAHHBIN HA COBCEM
Ipyrux uaeax. AaropuTMoB OLIBAET MHOTO, alCOPUTMBI OBIBAIOT CJAOKHBIE, AITO0-
PUTMBI OBIBAIOT pasHbIe. A BelIb MBI MBITAEMCA NOKa3aTh, 9TO Goaee dh)EKTUBHBEIN
AITOPUTM HE MOABUTCA HUKODAA, W MIPU STOM MBITAEMCS AHAIU3UPOBATHL CBOUCTBA
AJITOPUTMOB U3 JOCTATOYHO IUPOKOTO KJIACCA.

7. CBOAMMOCTDB M IIOJHOTA

[laBanTe TPOABUHEMCS AJbIIE B TIOCTPOCHUN HAIIEN TEOPUU. DOHATHIE CAOKHOCT-
HOI'O KJ1acca OBLTO BBEIEHO BOBCE HE A TOT'O, YTOOBI DKOHOMUTH HA (POPMYINPOBKAX
TeopeM (B KOHLE KOHIOB, TeopeMy Purepa — Jabuna MOKHO ChOPMYIUPOBATH U 6e3
YIOMUHAHUA KAKUX ObI TO HU OBLIO CJIOXKHOCTHBIX KJIACCOB — IJI DTOrO ZOCTATOYHO
OCTaBUTH B ee (POPMYJIUPOBKE JIUIIL BTOPYIO Gpa3y). DOHATUE CIOKHOCTHOIO KIACCA
CTAHOBUTCS BaXXKHBIM B TOT MOMEHT, KOI'JA V HAC HOABJAETCA IOHATHE C600UMOCTIU,
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U 3TO BTOPOE IEHTPAIBHOE MOHATAE COBPEMEHHOU TEOPUU CJIOKHOCTU BBIMUACICHUN.
EcTb HECKOTBKO BAPUAHTOB OMPEIENEHUS CBOIUMOCTHY, I PACCKAKY JIUIIL O HANOOIee
BAXKHOM U3 HUX.

Csogumocts mo Kapmy. Dra cBoguMocTh yeTpoeHa oueHb npocto. s nadana
3aMETUM, 9TO MbI 3AHUMAEMCS BBIYUCACHUEM (DYHKIUU, OTOOPAKAIOMINX KOHEIHBIE
CJI0Ba B KOHEYHBIE CJIOBA. DO BO MHOTHX CIydYasX OKa3bIBAETCA [Opasfno yaobHee, u
5TO0, KaK MPABWIO, HE MPUBOAUT K MOTEPE OOIIHOCTHU, PACCMATPUBATEH TAK HA3LIBAE-
MBIe #3biKU. SI3b1K L MOXKHO paccMaTpuBaTh Kak MHOXKeCTBO ciaoB L C {0, 1}* wiu un-
TepIpeTupoBaTh ero Kak oTobpaxenne suga ¢ : {0,1}* — {0,1}, Torma L = ¢ 1(1).
Depexo[ K A3BIKAM HE CJAUIIKOM HAC OMPAHUYIUBAET: €CJIU €CTh MPOU3BOJbHAL (PyHK-
Vs U3 CJIOB B CJAOBA, TO C HE MOXKHO CBA3ATH TAKOU A3BIK — MHOXKECTBO map (,1)
Takux, 4To i-u 6ur f(x) pasen 1.

ONPEAENEHUE. Aswik L; cBogurcsa k s3wiky Lo no Kapmy (o6o3magaercs sTo
TakuM 06pasoM Ly <, L»), ecan cymecTByeT Takas Gyskuus f us P, 4To

Vz:(x €L = f(z) € Lo).

CBOIUMOCTD MOYXKHO PACCMATPUBATH KAK UCTIOIL30BAHNE HEKOTOPOU MO [ITPOTrPaM-
MBI, TIEPEepabaTHIBAIIIEN UCXOMHOE CIOBO & B f(), K KOTOPOMY 3aTeM HYKHO IIpPHU-
MEHUTH AITOPUTM PACIO3HABAHWUA MPUHANIEKHOCTH S3BIKY Lo. B sTOM BapumanTe
MOHATUS CBOAMMOCTY OOpAIEHNE K MPOrPaMMe PACIO3HABAHUA Lo OCYLUIECTBIAETCA
POBHO OJIVH a3, €CIN Ke PA3PEINIeHO UCTONL30BAThH B KAYECTBE TOAIPOrPAMMBIL PAC-
NO3HABAHUE A3BIKA Lo CKOIBKO yrOIHO Pa3, TO MOAYYAETCA APYTasd CBOAUMOCTH (IO
Teiopunry). Cerrdac 3T0 pasiudre HaM HEBAKHO.

OTHoIlIeHNE CBOAUMOCTH — DTO OTHOIIeHUE Tpeanopsaaka. OHo pedIekCUuBHO U
TpamsuTueHO. CaMoe MIABHOE CBOUCTBO COCTOUT B TOM, 4UTO eciu Ly € P, To u
L, € P. 31ech BAXHO, 9TO KJIACC MOJUHOMOB 3aMKHYT OTHOCUTEIHHO OMEPAIUHN CY-
MEePIO3ULIUY.

Danmpumep, EXP-CBOANMOCTD HE TOIYUIUTCA. D€ Oy IeT 3aMKHY TOCTHA OTHOCUATE b~
HO TaKOW CBOAMMOCTH. SAMKHETCS BCE JWIb HA KOHEUHLIX OAIHAX DKCIOHEHT —
KJIACCE IAEMEHMAPHBIT PEKYPCUBHBIT PYHKYUT.

Ecau roBopuTh TOIBLKO O €CTECTBEHHBIX KJIACCAX, B KOTOPHIX PEaNbHO €CTh XO-
T OBI OJHA Pa3yMHaA (PYHKIMA U KOTOPHIE 3aMKHYTHI OTHOCUTEILHO CYNEePIO3ULINN,

o(1) o o
I KJIACC KBAa3WIMHEVWHBIX (DYHKIIAN

TO €CTDH eIme KIacC KBAs3umoImHOMOB 2(1087)
nlogo(l) n. KpasuwimnennoiMy QyHKIUAME Cervac HAauMHAIOT MHTEHCUBHO WHTEpe-
COBATBCA, IOTOMY YTO CIATAETCH, YTO IO-HACTOALIEMY XOPOIIMU AJCOPUTM — DTO
AITOPUTM, KOTOPHIM PA0OTAET KaK Pa3 KBA3WINHENHOE BPEMS.

B r060M caydae, kiace P aBaseTca HeHTPAIbLHLIM B TEOPUU, M MEL cerdac OyaeM
paccMaTpuBaTh UMEHHO MOIMHOMUAJIBHYIO CBOAUMOCTb.

Jlerko BugeTs, uTo kiaacc EXPTIME 3aMKHYT OTHOCUTEILHO 3TOU CBOIUMOCTH.
D03TOMY €CTEeCTBEHHO OCTABUThL BOIPOC, & CYIIECTBYIOT JIX B DTOM KJIAaCCEe CaMbIe
CJIOXKHLIE A3BIKM, T.€. TaKWe, 9TO JIOOU APYIrOoM A3LIK U3 3TOrO KJIACCa K HUM CBO-
auTca. B aToMm cayuae MOXKHO pemmTh ai00yio 3agady u3 EXPTIME, ucnonbsays mpo-
U3BOJBHBIN AJTOPUTM PACIO3HABAHUA A TAKOTO CAMOTO CIOXKHOTO A3LIKA, W MOJU-
HOMHUAJIBHYIO CBOAUMOCTD. SI3BIKM 13 HEKOTOPOT'O CI0KHOCTHOrO KJIACCA, K KOTOPBIM
CBOAUTCA JIOOOU SI3BIK U3 DTOI0 KJAACCA, HABBIBAIOTCA NOAHbIMY (OTHOCATENIBHO NAH-
HOI'0 KJIACCa U JAHHOI'O THUIIA CBOAUMOCTH). A €C/Ii MBI OILyCTUM TPEOOBAHME IPUHAI-
JIEXKHOCTH HAIEMY KJIACCY CAMOTrO A3LIKA, TIOIYYIUM ONpEIeJeHue mpyono2o A3bIKA.
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Teopema Pumiepa — DabuHa AOKA3BIBAETCA UMEHHO TAaK. BMECTO TOr0, ITOOBI
IOKa3bIBATH HANPAMYIO, ITO He CYIIECTBYET NOJUHOMUATHHOI'O AJITOPUTMA 1A aare-
6puI Tapckoro, fokasbiBaeTCA, ITO anrebpa Tapckoro Tpyana a1 kaacca EXPTIME.
D02TOMY TOJIMHOMUAJBLHEIN aJICOPUTM I aare6pbl Tapckoro gaBas ObI TOJUHOME-
AJIBHBIN AJCOPUTM U VI BCEX OCTAJIBHBIX 3a0a4 U3 dTOr0 KJIacca. A MBI 3HAEM, 9TO B
EXPTIME ecTb 3a1a4u, KOTOPHIE HEJIb3sI PEMIATD 33 IOJMHOMUAILHOE BpeMs («ocTa-
HOBKA IPOrPaMMBbL 10 D0BOro L'omay).

Taxou cnoco6 paccy X JeHUM TUINWYEH /IS TEOPUH CJI0XKHOCTU. MBI HEe mbITaeMcs
IEeUCTBOBATDL «B J0OO», & CBOOUM OAHY 3ajaady K apyrou. U, ecrecTBeHHO, cuTyanus
HaMbOJIEE XOPOIIa, KOT'Ia K JaHHOU 3a,1a49€ CBOJUTCA MHOTO APYTUX 3a0a49 U3 JAHHOTO
KJacca.

Yenex 5TOU HayKU ONPEIeNsAeTCA TeM IPAKTUIeCKIM O0CTOATEIbCTBOM, ITO MOJ-
HBIX 33,139 OKa3bIBAETCA MHOT'O B CAMBIX PA3HBIX CUTYAIUAX U OHU OOJee eCTeCTBEH-
HBI, 9YeM IpoOIeMa OCTAHOBKU.

8. Bcakui 1 DOJMHOMUAJBHBIA AJITOPUTM XOPOII?

Temeps camoe BpeMst BEpHY THCS K HameMy 6eHoMy MaTeMaruky M u moroBopuTh
00 UCKIIUEHUAX U3 MPABUIA «KI1acC P = kiaacc 3pPEKTUBHO BHITUCIUMBIX (PYHKITAN .
Kak-To M moHago6m10ch 1A KaKUX-TO CBOUX IETEU PENIaTh CUCTEMBI JUHEUHBIX
HEPaBeHCTB:

Zaij$j<bi. (z:lm)
Jj=1

[dpyrumu ciaoBaMu, eMy MOTPEGOBAICA MAKET IMPOrPAMM MJIA 334aY JUHEHHOTO
nporpaMMupoBanusa. CHenuaIncTsL 0 TEOPUY CJA0KHOCTY BEIMUCICHUN IEPE]] ITOKY -
KO IPOrPAMMHOTO OGECIIEYEHUs U3YIa0T IUTEPATYpPy, 1 M, HayIeHHBIN TpeasIIy-
LM T'OPBKUM OOBITOM, CTAJI CIEIOBATH 3TOMY npaBuiy. OH, KOHEYHO K€, CJBIIIAIL
PO CUMILIEKC-METOJ, KOTOPBIM MOJBL3YIOTCA [ PEIIEHUS 3aJa9U JUHEUHOTO TIPO-
rPaMMUPOBAHUSA IOYTHU BCIOAY, BKIIO4Yas BoeHHYI0 Kadenpy MockoBckoro yausepcu-
Tera. D0 M 06HAPYXKUI CTATHIO, B KOTOPOU AOKA3LIBAETCA, UTO CUMILIEKC-METO HE
nomuHOoMuaneH. A mocae sroro nam M o6Hapyxut u crarsio Xadusaua (1979), B Ko-
TOPOU OBLLT MOCTPOEH IOJMHOMUANLHLIA aJIrOPUTM [JIA PELIeHUA 3303491 JTUHETHOIO
IPOrPAMMUPOBAHUA. DODTOMY, NprexaB HA MUTHHCKUN PaIUOPBIHOK, OH MOIBITAJ-
ca mantu 9To-10 Bpoae CD Khachiyan for Windows 95. K ero ynusaenuio, HuU4Iero
IOXOXKero He ObLTO. Bcé, uTo emy mpemrarann, OBLITO OCHOBAHO HA CUMILTEKC-METOIE
u ero BapuanusaxX. OKa3bIBAETCSA, 9TO XOTA TEOPETUIECKN AJTOPUTM PELICHU 3a,1a-
YU JIMHEUHOrO IPOrPAMMUPOBAHUS CUMILIEKC-METOAOM DKCIOHEHINAJbHBIN, & AJIro-
puTM XadugHa TOJINHOMUAJLHBLIN, HA MPAKTUKE MEPBBEIU PAGOTAET OBICTPEE BTOPO-
ro. YTo6Bl IOCTPOUTD IPUMED 33Ta4K JUHEUHOT'O TPOrPAMMUPOBAHNUA, HA KOTOPOU
CuUMILTEKC-MeTo OyneT paboTaTh LOJrO, Hy*KHO OYEHb U OYeHb IMOCTAPATHCA, A IO-
JUHOMUAIBHBIN AICOPUTM XadusaHa paboTaeT NPUMEPHO OJAMHAKOBO HA JI000M BXOMIE
(mokasaTenb SKCIOHEHTH 6, YTO BeChbMa IIIOXO).

DTO caMOe M3BECTHOE WCK/IIOUEHUE U3 TOrO MPABWIA, YTO MOJUHOMUAILHBIE AJl-
COPUTMBI XOPOIIHU, & DKCIOHEHIIMAILHBIE — IUIOXU. DO 3TO UCKIYEHUE, HA CAMOM
[ene, MOATBEPKAAET IPABUJIO, IOTOMY YTO, XOTs AICOPUTMOM Xa4dWsIHA HUKTO U HE
MOJB3YETCsA IJIA PElIeHns 33434 JUHENHOrO TPOrPAMMUPOBAHUSA, BELICHUIOCE, ITO C
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MOMOIIBIO DTOI'0 AJICOPUTMA MOXKHO PEIIaTh TAKUE 3aJa49d, K KOTOPBIM C CUMILIEKC-
METOIOM MOJACTYMUTHLCA B MPUHIIAIIE HEBO3MOXKHO. DanpuMep, MyCTh y HAC €CThb MPO-
U3BOJBHOE BRIMTYyKIO€ Temo K U 3a1aHO HEKOTOPOE HAMPABICHUE. DYKHO MAKCAMU-
3UPOBATH 3HAYEHNE COOTBETCTBYIOMEN JUHEMHON (POPMEI HA K . PO BBIMYKIOE TEIO
Bbl HUYErO HEe 3HAETE: OHO 334aHO C [MOMOIIBI0 YEPHOrO AMMKA (WId, KAK UHOTAA
COBODAT, 0paky.aa). To ecTh, eciau Bbl yKa3bIBAETE TOUKY P, TO C HEKOTOPOU [OrDeLl-
HOCTBIO £ MOYXKHO CKAa3aTh, IEXKUT JU TOUKA p B Tere K, a eCiiu He JTeXKUT — NOIYINTh
HEKOTOPYIO OTAEMAONIYI0 p 0T K rumepmiockocTh. OTBET HYX HO MOMYyIUTL C TOU
XK€ TOYHOCTBI0. DUKAKOU CUMILIEKC-METO 34eCh, IOHATHOE [eJ0, He paboTraer —
BOOOIIE HET HUKAKUX BEPIINH, IEPE6OPOM KOTOPHIX 3aHUMAETCSI CUMILIEKC-METOI. A
anropuT™ XadusaHa U Ta HayKa, KOTOPasA U3 HErO BHIPOCTA, 3aMEYATENbHO (T.e. [0~
JVHOMUAILHO) C TAKAMY 3a,1a9aMU CIIPABIACTCA. DOJIb TAPAMETPa 71, OMUCHIBAIOIIETN0
pasmep Bxoma, 3nech urpaet d - (loge™!), rme d — pasMepHOCTB, a € — TOYHOCTB
BBIYUCJICHUS.

Takux UCKIIOYEHUN M3BECTHO OYeHb MAaJjo. BTOPOU M3BECTHBIN IIPUMEP — IIPO-
BEPKAa MPOCTOTHI uncaa. Kak mpaBuio, MOATBEPK JA€TCA TE3UC, 9TO €CIU Y BAC UMe-
eTCA aJCOPUTM, KOTOPBIM TEOPETUIECKN PAOOTAET XOPOIIO, U 3TO — AITOPUTM [IJA
HOPMAJILHOU 334241, KOTOPAsA U B CAMOM [ele OTKYJA-TO BOBHUKJA, & HE CKOHCTPYH-
POBAHA C XYJIUTAHCKUMU HAMEPEHUAME, TO STOT aIrOPUTM OyAeT XOpouio paboTaThb
U Ha TPAKTUKe. B 9acTHOCTH, MOKA3aTelb k B OIEHKE CKOPOCTU PabOTHI AITOPUTMA
n* 06EIMHO OKA3EIBAETCA HEOOIBIIIM, 3 KOT 13 OH IIOHAMATY BEIHK, er0 MOXKHO yMeHb-
IIUTh PA3INYHBIMY yXUIMIPEeHUAMEU. [[Jis 1m0 qaBaAomero 60JIbIINHCTBA €CTECTBEHHBIX
3a/1a4 MOKA3aTelb He MPEBOCXOMUT 3.

9. IIEZETEPMUHUPOBAHHBIE BBIYUCJIEHUSA
DO0-BAIUMOMY, Te, KTO IIPUIIET HA DTY JEKIWI0, XOTeIN Y3HATH ITO-HUOYIb IPO

CaAMyI0 U3BECTHYIO OTKPBHITYIO mpobaeMy B aTou obaactu P # NP. YUro Takoe P, s
y2Ke HeMHOXKKO 00bsacHmI. Temeps napanre 3aumeMcs NP.

[as sToro omars BepHeMcsa K M. Doka OH pa3bupajics B TEOPUU CJIOKHOCTH,
€ro ChIH TOCTYNWJI B YHUBEPCUTET Ha, MEPBLIM KypC W CTAI M3ydaTh MaTEMaTH-
YeCKYIO JOrUKy. 3ydueHne MaTeMaTUIeCKON JOTUKU, KAK U3BECTHO, HAYUHACTCA C
TAKOU 3HAMEHUTOUN HAYKU, KAK UCIUCICHUE BHICKA3LIBAHUU. Y BAC UMEETCSI HEKOTO-
pas nponosunuoHanbHas popmyaa ®(py,. .., pp), OHA HABBIBAETCS TABTOJOIUEN, €C/IN
OHa MCTUHHA HE3aBUCUMO OT TOT'O, YTO MBI B Hee mofacTaBuM. W OIHO U3 HEmpUAT-
HBIX YIPAKHEHUU TIPU 3AHATUAX dTOU HAYKOU COCTOUT B TOM, UTO HYKHO BBIACHUTH
M0 BLIMUCAHHOU MPOMO3UINOHATLHON (POPMYJIE, ABIAETCA OHA TABTOJOTMEN WA HET.
NmeHHO € TaKuM BONPOCOM U OGPATUICA CHIH HALIET'O MATEMATHUKA K CBOEMY Ialle.
M, ecTecTBEHHO, yKe HUKY A HE MOEXal, & CTAI, KAK U MOCTYIAI0T BCErJa CIEenaIn-
CTHI TI0 TEOPUU CIOKHOCTH, MEITATHCA TOMECTUTE 330a49y B OJUH U3 YKE U3BECTHBIX
CJIOXHOCTHBIX KIACCOB. ITOOB NCHOAB30BATEH CTAHJAPTHBEIE 0003HAYUEHUS, Oy IeM TO-
BOPUTB O IBOMCTBEHHOM eil 3a1aue SAT — BBEIIOIHMMOCTE®): €CTh 7 XOTA OBl OQUH
HAOOp MEPEMEHHBIX, IPU KOTOPOM (POPMYJIA UCTUHHA.

DaKIaIbIBasg DTy 3aJa49y Ha HAILY KApTUHY CIOKHOCTHBIX KIaccos, M yBumen
nepBuiM gemoM, 9To SAT € EXPTIME. Anropurwm pemenus 3agauu S AT 3a s>xcno-
HEHIIMAJIBHOE BPEMs OYeBUIEH — BCEr0 BO3MOXKHBIX HAOOPOB 3HAYEHUN IEPEMEHHBIX

3)SAT — ot caosa, satisfiability — BoimoIHEMOCTS.
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2", a BpeMs BHIYUCICHUA 3HAYEHUA (DOPMYJIBI IPU 3aJaHHBIX 3HAYEHUAX [TepEeMEeHHBIX
MOMUHOMUATLHO. CAeqyonmn mar — KJIACCU(DUIUPOBATE DTy 3a0aHdy: JEKUT JU OHA,
B P, miu nmonmua B8 EXPTIME? DTOT BONpOC, BO3HUKINMYA B Hadame 70-X rOgoB, 10
CUX TIOP OTKPBIT. DOYEMY y CHENUAIUCTOB, TOTPATUBIINX HA PEIICHNE YTON 331891
noutu 30 JeT, He MOIyYIaeTCa IOCTPOEHNE HOJNHOMUAIBHOIO AJIrOPUTMA, OOBACHUTL
CJIOKHO (51, BO BCAKOM CIIydae, HUKAK DTO OOBACHATH He 6epychb). D0 TOT GakKT, 9TO
HE TMONYyYIAeTCA JOKA3ATEILCTBO TOJIHOTHL HTOU 3agadu B EXPTIME, HEKOTOPOMY
O0BACHEHNIO IO 1aeTCA. ECau MBI MOCMOTPUM HA HACTOAIINE DKCIOHEHITNATbHEIE aJI-
COPUTMEL, HAIIPUMED, Ha AJCOPUTM sl aHaaora aarebper Tapckoro Hajg KOMILIEKC-
HEIMU YUCIAME, U CPABHUM C HUMU TO IE€TCKOE€ PACCYKAEHUE, KOTOPOe MBI IIPUBETIN
BEIIIIE, TO CPA3y HEBOOPYKEHHBLIM MIA30M BUIHA PA3HUI — TMPUBEICHHBINA AJTOPUTM
i S AT ucmoab3yeT SKCIOHEHIIMATLHOE BPEMs OU€Hb C1ab0 — TOJBKO JJIA nepebopa
SKCIIOHEHIIUATLHOrO YUCIa BO3MOXKHOCTEN, C KAXKI0U U3 KOTOPBIX OH CIPABIAETCS 3
IOTMHOMUAJIBLHOE BPEMA.

B3phIB B TeOpUn CJI0KHOCTU BEIYUCIEHUN HAYAJICA C TOPO, 9TO OBLIO CPOPMYIUPO-
BAHO ompeaeneHne kaacca NP, kak Kracca SI3bIKOB, KOTOPBIE PACIIO3HAIOTCA Tepebop-
HBIMU AJCOPAUTMAME. DOJIEe HAYYIHO, MTepeOOPHBIE AIrOPUTMBL HA3EIBAIOT HEIETEPMU-
HAPOBAHHLIMYU aIropur™MaMu. NP — 3T0 KIacC A3BIKOB, KOTOPBLIE MOXKHO PACIO3HATDH
3a HeIeTEePMUHUPOBAHHOE IIOJINHOMUAJILHOE BPEMS.

Teneps maguMm ompegeseHue >TOro Kjiacca. B DToMm omnpenereHuun, Kak U B OIpe-
meneHun Kiaacca P, OyaeT GuryprpoBaTh CIOBO «MAIIWHA», COKPAIIEHHO MBI OyxeM
o6osuagars ee DMT («HemeTepMUHUPOBAHHAA MallnHa THIOPUHTAY); BIPOUEM, UC-
MOJB30BAHUE CIOBA (MAIIMHAY B DTOM KOHTEKCTE MOXKET BBI3LIBATH Y JIOIEU, UMEIO-
X OTHOIIEHUE K PEAJbHLIM MAIIMHAM, HEKOTOPOE YYBCTBO HEYIOBOJbCTBUA. DO
HEJeTEPMUHUPOBAHHON MAIIMHON MBI MOHUMAEM TAKyI0 MAIIUHY, KOTOpas paboTaeT
KaK OOBITHO, HO B KAKOU-TO MOMEHT OHA MOXKET HAPUCOBATH B KAKOU-TO AUCUKE 3HAK
BOTIPOCA U TIOCTE 3TOT0 ee paboTa pasaenseTcsa Ha ase BeTBu 0 mwium 1:

1
? <
0

(B KJIETKE OKAXKETCA 3anuCaHHBIM 1u60 0, 1160 1). Docie 5TOro MammHa IPOJOIKACT
pabory. B Kakou-TO MOMEHT OHA MOXKET Pa3ABOUTLCA elle pas. JOABIAETCA IEPEBO
BEIYUCAeHUU. B 106 Kax 10U BeTBU Aepesa Beraucaenun DMT paboTaeT Kak 0OBITHOE
BBEIYUCAUTEIBLHOE YCTPOUCTBO, HO pe3yabrar paborel IMT 3aBucut oT pesyabraTos
paboTs Baoab Beex Bersen. Oupenenum pesyabrar paborsr IMT B caydae nposepku
OPUHAIEKHOCTY CJIOBA T K A3BIKY L. Da KaxkI0U U3 BETBEU BBIYUCICHUS Oy IAeTCA
OIVH U3 ABYX BO3MOXHBIX OTBETOB: «qa» win «aeT. DMT pacnosuaér sswik L, ecan
BCAKOE CJIOBO T HOPUHAIIEKUT L TOrga M TOJILKO TOrAA, KOTAA Toms 6bl Ha 00H0l
BETKE BBEIYUCJICHUU MOJYIEH OTBET «Ja).

DpownroctpupyeM BozmoxuocTr DMT Ha npumepe ¢ yIpakHEHUAMY HA IIPOBEP-
KY BBIIOJIHUMOCTY MIPOMO3UIMOHAIBHEIX (opMya. JacTeHbKO, KOrga CTyaeHT (1o-
JVHOMUAILHAA TeTEPMUHUPOBAHHAA MAUIMHA THIOPUHIA) MPOBAIUBAETCA U HE MO-
KET PEIINTh 3aJa4y, IPENoIaBaTeNb BEICTYIAET B POIA HEIETEPMUHUPOBAHHOU Ma-
MIZHBL — OH MOKA3LIBAET (3ar0is IPUCOTOBIEHHBIN) OTBET, KOTOPBIM JEIKO MOXKET
ObITh mpoBepeH. [pyrumu caoBamu MOXKHO ckasaTh Tak: IMT «crpemurcsy moka-
3aThb yTBepxkaeHue ¢ € L, a B MOMEHT pa3IBOEHUsI OHA 0013 1aeT HeOrpAHMIeHHBIMU
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UHTE/IEKTY AIbHBIMU BO3MOXKHOCTSAME U BBIOMPAET HAWIYYIIAU BapuaHT. Ecau cy-
IIECTBYET BETKA BBIYUCICHWN, PN KOTOPBIX OTBET «da», TO £ € L. B mporuHOM
CIydyae HUKAKOE BETBJICHUE He MPUBEAET K MONOKUTEILHOMY Pe3yJbTaTy (CIOBO HE
OPUHAJIERKUT A3BIKY JUAML TOrAa, Korga y OMT HeT HUKakoU BO3BMOXKHOCTH JOKa-
3aTh 06paTHOE).

De CIpammBanTe MeHsa O (U3NKe MPOIECCa: KaK MIPOUCXOIUT TAKOe Pa3IBOCHIUE,
e HAXOOUTCS TAaKas MAIIMHA, MOXKHO JIU €€ MOCMOTPETH ... TakuxX MamiuH B pe-
agpHOoCTH HeT. OQMHUM U3 CaMBIX 3HAYUTEIBHBIX NOCTUXKEHUN B TEOPUU CIOKHOCTU
3a MOCIEHUE TOALI CTAJIO TO, 9YTO ObLIa CHOPMYIUPOBAHA KBAHTOBAS MOAEIL BBIYMU-
creHnyl. KBaHTOBBIE KOMIIBIOTEPHL ABIAIOTCA OJHUAM U3 KAHIUIATOB HA POIb TAKOU
MAIIAHEL B PEATBHOM MUpPE. DO KPAUHEeN Mepe, CYIIeCTBOBAHNE KBAHTOBBIX KOMIIBIO-
TEPOB HE BLI3BIBAET MPUHIAIUAILHLIX BO3PAKEHUN Y (PU3UKOB, & HANEK IA HA UMUTA-
LU0 HEJETEPMUHUPOBAHHBIX MAIIUH KBAHTOBBIMU KOMIILIOTEPAME [TOKA HE BHI3LIBAET
KATEropuIeCKUX BO3PAKEHUN CO CTOPOHEBI CIEIMAJNCTOB B TEOPUU CAOKHOCTU. JO-
Jiee TOro, abCTPAKTHHIE KBAHTOBBIE KOMIIBIOTEDHI YKE YMEIOT PEIIaTh HEKOTOPHIE
BaXKHeHIIe mepeGOpPHLIe 3a0a4H, TaKue, Kak (axropusamusa ducen?) .

DOIIEepKHEM ellle Pa3, UTO HeJIeTePMUHUPOBAHHAS MAIINHA SABISETCS UCTO TEO-
PeTUYIECKNM MOHATHEM. Y 106CTBA OT BBEIEHUs TAKOI'O MOHATHS [TOJIYIAI0TCA COBEP-
LIEHHO (paHTACTUIECKHE.

OTO caMasi IepBas BLIMBIILICHHAS MO /b, TOABUBILIAACA B TEOPUN CIOKHOCTHU BBI-
qucaeHni. B HACTOAMA MOMEHT €CTh MAaCCa TAKUX MOJEJIEH, [Opas3go 00Jee CJIOK-
HBIX: HHTEPAKTUBHBIE TOKA3ATEIbCTBA U T.I. DTU MOAEIN MOSIBIAIOTCI HE CAMU IO
cebe, a C IeJIbI0 OMPEeJETCHUsA CJAOKHOCTHBIX KIACCOB U [ KIACCU(DUKAIMYN €CTe-
CTBEHHBIX 3a0a4.

NuTyurusHO sicio, 9To nouaTre DMT npekpacHo npucrocobaeHo K MO JeaupoBa-
HUIO TIepeGOopHBIX aaropuTMoB. COOCTBEHHO, yXKe MOKAa3aHO, KaK dTO AelarThb. Ecin
y HAC €CTb AICOPUTM, KOTODBIA MBITAETCA MepebpaTh HEKOTOPOEe KOAUIECTBO BO3-
MOXKHOCTEN, TO HAIlIa MAIIMHA MOXKET yralaThb, KAKas M3 BO3MOXKHOCTEU SBJAETCA
XOpOIIel, a MOTOM UMUTUPOBATH BTOPYIO YaCTh ([IOIUHOMUAIBLHYIO IPOBEPKY KOH-
KPETHOI'O BAPUAHTAa). B 06pATHYIO CTOPOHY 3TO HECKOJBKO CJIOXKHEe, HO BCE PABHO
nocTaTovHo npocto. Ecau y Hac ects OMT, To 0HA MOPOXK TaeT AePEBO BHITUCICHU,
1 11epebop HYKHO MPOU3BOAUTE MO BCEM BO3MOXKHBIM BETBSM.

CoBpemeHHas TEOpUs CIOKHOCTU BLIUUCICHUN HAYAIACh ¢ pe3yabTaroB Kyka,
Kapmna, Jlesuna (koTOpBII MOXyYWa WX He3aBucuMO) B Hadaue 70-x romos (1970-
1972). OTa cepusa T€OpeM COCTOUT BOT B UEM.

1. 3azaga swnoanumocmsv (SAT) nonsa gua kaacca NP (teopema Kyka). Takum
06pa3oM, 3a1ada Hamero maremMaruka M (MOXHO Ju OPUAYMATH MOJMHOMUAILHEIN

amroput™ 1A SAT) SKBUBAJIEHTHA BOIPOCY: COBNAJAIOT U Kiaacchl P u NP (P ;é

# NP). Ecau mommHOMUATBHOrO aaropurMa HeT, TO STU KJIACCHL HE COBIAJAl0T —
ux oTgensetT 3agada SAT, ecau xe OH €CTh, TO MOXKHO d(PHEKTUBHO PENIUTH JTH0Y 0
3aga4y 3 kaacca NP. 3amada BEIIOJIHAMOCTH OTBeYaeT 3a kiaacc NP. I'py6o rosops,
NP — 5T0 He YTO UHOe, KaK 33a1a91, KOTOPLIE MOT'YT OBITH CBEIE€HEL K BHIIOJHIMOCTH
NIPONO3UINOHAIBHEIX (POPMYI.

2. EcTecTBEHHO, UTO TAKOU PE3YILTAT MOXKET BLI3BATH HEKOTOPYIO PEAKIIUIO OT-

D la mocreguem Mexgyrapoaaom Korrpecce (Ilepamn, aBrycr 1998r.) aMepukancKuil MaTema-
Tuk II. IIIop GbLT y10CTOEH 3a 9TH MCCIefOBaHUA npemun nM. IleBaHIMHHBL.
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TOPXKEHUA — HE HAaCTOJIBKO Y2 BaXKHa 3ada'1a BEIIIOJITHUMOCTH, 9ITOOBL CTPOUTH LEIYIO
TEOPUIO ee PelIeHns. IO CAeIymuM maroM 6uuia cratba Kapna (1971), B koTopon
yxe OblLia ykasaHa 21 monmas 3ajgada mas kracca NP. Bece oHn Mexay coO0U DKBU-
BaJICHTHHI.

B macrosmee Bpemsa cnumcok NP-TOJHBIX 3313, KOTOPBHIE BO3HUKAIOT OYKBAJIb-
HO BO BCex 0OIACTAX MATEMATHUKM, CONEPXKUT THICAYM 3a1a4. Be3nge, rie BOZHUKAIOT
QJICOPUTMEI, BO3HUKAKOT U Mepe0OpHBIE 330a4M. DTO HEYIUBATEIHHO, MOTOMY €TO
O6BIIIAA IACTh MPOTPAMMUCTCKON PAOOTHI U COCTOUT B BEIOOPE BAPUAHTA, TTOIYUIIIE.
Y AMBUATEIBHO TO, YTO 9aCTO, & IPAKTUIECKH — BCEra (C HEKOTOPBIMU UCKJIIOIEHS-
M) — €CJH y BAC eCTh KOHKPEeTHAasA ImepeCopHast 3a4a4a, TO €e MOXKHO CPABHUTEIHHO
JIETKO KJIACCU(DUIUPOBATE — JUOO [JIA HEE eCTh MOJIMHOMUAMBLHLIN AJITOPUTM, JUGO
OHA MOJHA.

Takum o6pazom cTpouTcsa Teopus mepedbopHBIX 3aaatd. M3-3a Toro, 4ro nepebop-
HbIE AJITOPUTMBI BO3HUKAIOT MOYTH BCIOMY, OHa mpuobpena GOJbIIoe 3HaYeHue. Do

?

MHEHUIO aMepuKaHCKOro tomojora Cmenta, Bompoc P # NP Gyger ofHUM U3 CAMBIX
BaXXHBLIX BOITPOCOB MATEMATUIECKON HAYKU CJACIYIOMIErO CTOJETHS.

Bor u mogomen K KOHIy pacCkas O TOM, YTO ABIAETCA, TAK CKA3aTb, AIPOM

TEOPUU CJHOKHOCTU BBIUUCICHUU. D€ CTOUT MOHUMAThH 3TOT PACCKA3 TAK, ITO BCA
.

TEOpUs CIOKHOCTY 3AHUMAETCA TOJIBKO JUIIL COOTHOImeHueM P # NP. Uanoxennasn
CXeMa, UCCJAEIOBAHUN — KOTOPAsA OOBEIUHACT 3aJAYU B CIOKHOCTHBIE KIACCHL U II0-
TOM HCCAEIYET DTU 3aJaYM C MOMOIIBI0 UX CBOIUMOCTHU APYT K APYTY — OKA3ATIaCh
yIUBATEIBHO 5(P(PEKTUBHA ILIOJOTBOPHA B CAMBIX PA3HBIX CUTYAIUAX.

DepeuucianM KOPOTKO HECKOJIBKO CAMBIX BAaXKHBIX BO3MOXKHOCTEH (IIOMUMO yiKe
YIOMAHYTHIX BBIIE KBAHTOBHIX BEIYKCJIECHUN).

OBIBAET CAOKHOCTH anrebpandeckas. Ecim HAC MHTEpeCcyeT BLIYUCIEHNE HEKOTO-
POr0 MOJMHOMA, M MBI a0CTPArUpyeMCs He TOMBKO OT NeTaJed GUTOBOrO BEIYUCICHUA,
HO 7 OT TOr0, KAK MPOU3BOIATCA apu(pMETHIECKUe ONMEPALAN, TO BCE 3ABUCUT JUIIbL
OT TOr0, C KAKIMHA IMCIAMH IPOM3BOAATCA apu(PMeTHICCKIE onepanuu. Toraa mmHa
BBIYUCIEHUA ONPEIEIAETCA KOMMIECTBOM CJIOKEHUN U YMHOXKEHUN.

OBIBAET CAOKHOCTH MEOMETPUYIECKAs — AuarpaMMbl BOpOHOro u 61u3Kkue K HuIM
BEIIM, O KOTOPEIX 1 TOBOPUTH HE OymIy.

OBIBAET CJAOKHOCTH OyJeBa — OHA OTIMIAETCA OT TOrO, 9€M MBI 3aHUMAIUCH
ceromHs, TeM, 4To Hac uaTepecyor ¢yuxknun f : {0,1}" — {0, 1}, onpegenenusie Ha
CIOBAaX (PUKCUPOBAHHOU [JIMHBL.

B a1060M 13 5TuX pa3nesos BO3ZHUKAET MACCA IOCTAHOBOK WHTEPECHEHIINX 38, 1A
HMEHHO B PaMKaX 3TOU OOIIeN U Ie0JOr .

IImArozAPHOCTH

A BrIpaxaro Try60Kyo 6marogapaocts M. O. Baromy u M. B. AnexnoBudy 3a kBa-
JUPUIIPOBAHHYIO TOMOIIb B IPUBEEHUY JAHHOU JEKIUKA K IPUTOJHOMY [IJIS ITEHUS
Buny u npod. J. Krajicek 3a psag ueHnsix samevanun.



