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AunHoranusi. Cmamvs nocéauena GulsgIeHuIo pou
U 3HAUEHUs MEOPUU AN2OPUMMOB 8 (DYHOAMEHMATU3A-
YUU MAmMeMamu4ecko2o 00pasoeaHus. CReyuaiucmos
6 0011aCTI KOMNLIOMEPHBIX HAYK U UHPOPMAYUOHHBIX
MexHon02Utl, 00yuarwuxcsa 6 0Opa306amenbHuIX Vi-
pesicoenusx CI1O u BO. Ipu s3mom meopusi ancopum-
MO8 npedcmaem 6 08X C60UX UNOCMACSX: KAK Meopus
KOHKDEMHBIX ANeOPUMMOS (UU UHIYUMUBHO-CO0ep-
Jrcamenvras Mmeopust an20pummos) u Kax gopmans-
HO-Nl02udecKas (AbCmpakmuas) meopust aneopummos.
B nepeom crnyuae meopus ancopummos sanumaemcs
co30anuem U uzyueHuemM anreopummos peuleHuss KoH-
KPEmHbIX 3a0a4, U 21asHOU NpodieMoll 30ect 56/s-
emcesi npodonema paspabomKy maxozo0 KOHKPEmHO20
aneopumma, KOmopwiil Modcem Ovlmb pPeanru308aH
COBPEMEHHBIM KOMNBIOMEPOM 6 peanvbHoe 6pems,
a maxoice npodiemMa CpasHe st Pa3TUdHbIX KOHKpem-
HbIX QI20PUMMO8 peuteHust 0OHOU U Mot Jice 3a0adu
10 CMmeneHu ux CIO0MCHOCMU, 8 OCHOBHOM NO 8peme-
HU, mpebyemom Oisi peuierust 3a0auu. B cesasu ¢ smum
B03HUKAIOM KILACCHL CLOACHOCU ancopummos P u NP,
a emecme ¢ HUMU U NPOONEMAa 63AUMOOMHOUECHUL
MedCOy IMUMU KAACCAMU, He DPeUeHHas 00 KOHYa
00 Hacmosauezo epemenu. Bo emopom cryuae meo-
PUSL AI20PUMMOB CO30Aem CIpOo20 MAmMeMamuyecKue
(abcmpaxmmuvie) NOHAMUSL AN2OPUMMA U U3YHAEM
ceoticmea makux nowsimuil. B 1930-e 200vl u nepswvie
nocnegoeHHvle 2006l OblI0 pPa3spadboOmMaHo HeCKOIbKO
abcmpakmuslx NOHAMUU ACOPUMMA WY, KAK 20-
eopsim, hopmanuzayuil UHMYUMUEHO20 NOHUMAHUS
aneopumma. Imo mawunvl Tolopunea u GbIYUCTU-
Mble ¢ UX NOMOWbIO YHKYUU, PEKYPCUBHbIEe (BYHKYUU
KaK (DYHKYUlL 8bI4UCTUMbIE C NOMOUWBIO HEKOMOPO2O
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Abstract. The article explores the role and rele-
vance of the theory of algorithms in the fundamen-
talization of mathematical education of specialists
in the field of computer science and information
technology, trained at vocational schools and high-
er institutions. In this case, the theory of algorithms
appears in two fields; the first field assumes theory
of specific algorithms (or intuitively-containing the-
ory of algorithms) whereas the second one implies
a formal-logical (abstract) theory of algorithms.
In the first case, the theory of algorithms explores
algorithms as means for solving specific problems,
and the problem of developing this kind of algorithm
is seen as the basic one. This algorithm should be
implemented by a modern computer in real time.
The second problem assumes comparing different
specific algorithms for solving the same problem
in terms of their complexity, mainly in terms of the
time required to solve the problem. Due to this fact,
the classes of complexity of algorithms P and NP
appear followed by the problem of relationships be-
tween these classes. These problems are not solved
until now. In the second case, the theory of algo-
rithms creates mathematical (abstract) concepts of
the algorithm and explores the properties of these
concepts. In the 30s and the first postwar years of
the XX century, several abstract concepts of the
algorithm, or formalizations of the intuitive under-
standing of the algorithm, were developed. This is
a Turing machine, recursive functions as functions
computable by some algorithm, normal algorithms
of A.A. Markov. The abstract theory of algorithms
establishes the equivalence of these abstract con-
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aneopumma, HopmanvHole ancopummsl A. A. Mapkosa
U BBIYUCTUMBLE C UX HOMOUWBIO (PyHKYuU. Abcmpaxm-
HAsl Meopusi aneopummos YCMAaHasiusaem KeuUed-
JIEHMHOCMb IMUX AOCMPAKMHBIX ROHAMULL. BaoicHeti-
wietl npobnemoll 30echb SGIAemcsi makdice npoonema
CYUWecmBOBaHUS. MAKUX ANICOPUMMO8 OJisl peuleHus
Mot unu UHOU MACCO80U npobremsl. B uacmuocmu,
abcmpakmuas meopust aneOpummo8 YCmaHaeiueaem
omcymemeue aneopummos 05 peuenus psaoa mac-
cosvix npobnem. B naweil pabome xapaxmepusyemcs
Memoouueckas cucmema 00yuenus meopuu aieopun-
MO8, YUUMBIBAIOWAsl MU 08e ee UNOCMACU. UHNMYU-
MUBHO-COOEPIACAMENLHYIO U ADCPAKMHYIO.

KuroueBsble ciioBa: unmyumugnoe noHumaHue anico-
pumma, GopmanbHble meopuu areopummos, Mauiu-
Hol Toropunea, pekypcushvle QyHKYUlU, HOPMAIbHbIE
aneopummsl Mapkosa, KOMRbIOMeEpPHble HAYKU, UH-
Gopmayuortble mexHoro2uU, Memoouxa 00yueHus
meopuu aneopummos.
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cepts. The problem of these algorithms existing is
seen as the most important one. In particular, the
abstract theory of algorithms establishes the ab-
sence of algorithms for solving a number of mass
problems. This paper describes a methodological
system of teaching algorithm theory, taking into ac-
count its two intuitive and abstract fields.

Keywords: [ntuitive understanding of the algo-
rithm, formal theories of algorithms, Turing ma-
chine, recursive functions, Markov normal algo-
rithms, computer science, information technology,
methods of teaching the theory of algorithms.
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Beenenune. Bo Bropoil nonosuHe XX Beka — Hadane XXI Beka Ha mepeqHUN IUIaH Cpeau IMPUKIAIHBIX
pa3aenoB MaTeMaTHUECKOM HayKH BBIBUTAETCs TaK Ha3bIBaeMas AMCKPETHas MaTeMaTHKa. DTO KOMIUIEKC Ma-
TEMAaTUYECKUX JUCLUIUIMH, KOTOPHIE CTPOST MOJAEIU TeX MPOLIECCOB U SIBICHUM OKPYKAIOLIEro MUPa, KOTO-
pble 00MagaoT CBOMCTBOM JUCKPETHOCTH — IPOTHBOIOJIOKHBIM CBOWCTBY HENPepbIBHOCTH. Baknelueii cyo-
CTaHLUEH, TOIBEpraeMoill aHaJu3y ¢ TOMOIIBI0O METOJOB JAUCKPETHONH MaTeMaTHKH, SBISETCS MH(OpMaLusl.
Hmenno pa3paboTka Bo BTOpOH MmojgoBHHE XX BeKa METOAOB M3yueHHs MH(OpMaluu MpuBeia K CO3AaHUI0
(dyHIaMEHTaJIbHBIX Pa3IesiOB AUCKPETHON MaTeMaTHKH, KOTOpPbIE CIOCOOCTBOBAIN (HOPMHUPOBAHHIO HIIEONIO-
U KOMIIBIOTEPOB, a 3a4T€M U CO3AAHUI0 CAMUX KOMIIBIOTEPOB. BakHENUIIUM TaKUM pa3eoM JUCKPETHON Ma-
TEMAaTHKH SIBJISIETCS TEOPHUs allTOPUTMOB. MIMEHHO 9Ta HayuHast AUCLHUIIMHA 00pa3yeT 6a3y MHOTOYHCICHHBIX
SI3BIKOB IIPOIPAMMHUPOBAHUS, KOTOPBIE SIBISIOTCA OCHOBOM «KOMIIBIOTEPHBIX MO3roB». HarmomHum, 4To 0CHO-
BOH «KOMIBIOTEPHOTO JKeJe3a» SIBISIOTCS METOABI, pa3padoTaHHbIe MaTeMaTHYecKoi Torukoi. K kommbrorep-
HBIM MO3TaM MaTeMaTH4eCcKasi JIOTMKA UMEET TAKXKE CAMOE HEIIOCPEICTBEHHOE OTHOILICHUE.

HNHTynTHBHOE NOHUMAHUE TOHATUS AIITOPUTMA CKJIAJbIBAJIOCH B IPAKTUKE, B HAYKE U, IPEXKE BCErO, B Ma-
TEeMaTHKe ¢ JIPpeBHEHUIINX BpeMeH. AJITOPUTM B TaKOM MOHUMaHHUM €CTh HeKas 4eTKas cucTeMa MHCTPYKIMMH,
KOTOpast Oyay4H MOCIlieI0BaTeIbHO MPUMEHEHHAs! K HadalbHOMY Hab0py KaKHX-THOO KOHCTPYKTHBHBIX OObEK-
TOB B PE3YyJIbTaTe 3d KOHEYHOE YUCIIO 111aroB MIPUBOAUT K CO3/aHUIO HEKOETO PE3YIbTUPYOLIETO KOHCTPYKTUB-
Horo oObekTa. [Ipy TakoM MHTYHTHBHOM MOHMMAaHHUH MOHSTHS aJrOPUTMa MOKHO TOBOPUTH 00 aJrOpUTMax
B CaMbIX Pa3HOOOpa3HBIX 00JACTSIX YEeTOBEUECKOM AeSITETbHOCTH.

Bo Bropoii monoBuHe XX Beka MaTeMaTHKa caejaja MOHITHE alropuTMa OOBEKTOM CBOETO CTPOTOro M3-
YUEHHS, OXBAaTHB EAWHBIMH aOCTPAKTHBIMH MaTeMaTHYECKUMH MOHSATHSIMU BCE MBICIMMOE MHOrooOpasue
KOHKPETHBIX aJITOPUTMOB, U3BECTHBIX U3 MPAKTHUECKON JEATENbHOCTH. DTO TO3BOIMIIO TEOPUHU aITOPUTMOB
HapsAy C pasBUBILEHCA K ’TOMY BPEMEHH MaTeMaTUYeCKON JIOTHUKOHW cTaTh (PyHIaMEHTAIbHBIM OCHOBaHHEM
TEOPHU U MMPAKTUKHU CO3aHMS H QYHKIIMOHUPOBAHHS KOMITBIOTEPOB. IMEHHO O3TOMY B cTaThe [ 1] oTMeueHo,
YTO BaKHEHIIMMH (yHIaMEHTATbHBIMU KOMIIOHEHTaMH MTPO(eCCHOHATIBHBIX KOMIIETEHIMH B c(hepe KOMITbIO-
TEPHBIX HayK U UHPOPMAIIMOHHBIX TEXHOJIOTHH SBJISIFOTCS 3HAHHUS U YMEHUsI B 00JaCTH MaTeMaTHYEeCKOM JI0-
T'HKH 1 TEOPUH aJITOPUTMOB, U BBISBIICHA POJIb Kypca MaTeMaTH4eCKOH JIOTUKU B (hyHIaMEHTAIN3aUH MaTe-
MaTH4eCcKoro 00pa3oBaHMs CIIELUATUCTOB B 00JACTH KOMITBIOTEPHBIX HayK M MHPOPMAIIMOHHBIX TEXHOJIOTHH,
oOyuarormuxcsi B oopasoBarenbHbix yupexkaenusx CI1O, a rakxe BO.
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Ha XIII BcemupHOM KOHTpecce 1o MaTteMaTnieckoMy o0pa3oBaHHIO, poxoausiieM B utonie 2016 roga B ['am-
Oypre, OTMEYaOCh, YTO TUCKPETHAs MaTeMaTHKa — 3TO MaTeMaTHKa HaIllero BpeMEHH U, B YaCTHOCTH, OOCYKAAJICS
BOIIPOC O MPETOAABaHUH PA3/IENIOB JUCKPETHON MaTeMaTHKH HA PAa3IMYHBIX 00pa30BaTelIbHBIX YPOBHIX [2; 3].

UznoxxeHHBIE 00CTOATENBCTBA OOYCIOBIMBAIOT HEOOXOAUMOCTH M3YUYECHHS OCHOB TEOPHH aJTOPUTMOB
B CHCTEME YUPEKICHUH MpodeCCHOHaIBHOTO0 00pa30oBaHusl BCEMH, Ubsi Oyayiuas npodeccust OyaeT cBsizaHa
C KOMIIBIOTEpaMH, HHPOPMATUKON, HCKYCCTBEHHBIM HHTEIUIEKTOM. JTa HEOOXOIUMOCTh, B CBOIO OY€pPEab, I0-
pOXIaeT NOTpeOHOCTH B pa3paboTKe TaKOH METOANYECKOW CUCTEMBbl 00yUEHHsI TEOPHH AITOPUTMOB, KOTOpast
M03BOJIMIIA OBl BOOPYKUTH O0YUYaIOMINXCSl OCHOBOMOIATAIOIIMMH 3HAHUSAMH 110 JaHHOW JMCLIUILTMHE U €€ Mpu-
JIO)KEHUSIM K TEOPHUH U ITPAKTUKE ITPOrPAMMUPOBAHUSL.

IocTanoBka 3anauu. Llensmu nccienoBanus B paboTe SBIAIOTCS, BO-TIEPBBIX, BBISIBICHUE POJIM U 3HAYC-
HUS TEOPUH AJITOPUTMOB KaK OJHOTO M3 pa3/eioB AUCKPETHOW MaTeMaTHKH B (yHAaMEHTaIM3aluy MaTeMa-
THUYECKOr0 00pa30BaHMs CHELUAIMCTOB B 00JaCTH KOMITBIOTEPHBIX HAYyK W MH()OPMAIMOHHBIX TEXHOJOTHH,
oOyuatomuxcsi B o0pazoBarenbHbIX yupexkaeHusax CIIO u BO, u Bo-BTOpBIX, pa3padoTKa OCHOBHBIX MOJOXKeE-
HUI METOIUYECKOH CUCTEMbI 00YUYEeHHUS TEOPHH AITOPUTMOB B 3THX YUPEKICHUSX.

MeTtono/10r1si 1 METOANKA UccaegoBaHus. B paboTe npuMeHsIHCh clIeIyoe METOABI UCCIIETOBAHUS:
HU3y4YEHUE U aHAJIU3 HAyYHOU JINTEpaTyphl 10 TEOPUU AITOPUTMOB U €€ PUMEHEHUIO K IIPAKTUKE IIPOrpaM-
MHUPOBaHUS U MH(OpPMATUKE; CUCTEMHBIN MOAXON M CPaBHUTEIBHBIM aHaJIN3, MO3BOJISIONINE PaCCMAaTPUBAThH
yueOHYI0 TUCHUIUIMHY « Teopust alropuTMOB» B KOMIUIEKCE TUCKPETHO-MAaTeMaTH4eCKUX TUCIUIUINH, a TaK-
K€ B CUCTEME €€ B3aMMOCBSI3eH CO BCeM MaTeMaTHYeCKHM M KOMITBIOTEPHBIM 00pa3oBaHreM OyIylIUX CHelu-
QJIMCTOB B 00J1aCTH KOMIIBIOTEPOB, HH(OPMATHKH U HCKYCCTBEHHOTO MHTEIIEKTa. M cronb3oBaics npakTuye-
CKHI ONBIT MPENoJaBaHus aBTOPOM Ha MPOTSHKEHUH TPEX IECATKOB JIET yUeOHBIX IUCIMIUIMH «Maremaruue-
cKas JIoruka» u « Teopust alnropuTMoBy.

Pesynbrarbl. Areopummel 6 mexuuxe u @ Hayke. Ponb u 3HaueHHE aNTOPUTMOB B TEXHHKE HEOOBIUATHO
BesukHU. [1o cyTH, BCSL TEXHUKO-IIPOU3BOACTBEHHAS EATENbHOCTD JIFOACH HOCUT aITOPUTMUYECKHUM XapaKTep.
ANTOpUTMBI TaKOH AEATEIBHOCTH COJIEPKATCS B MHOIOUMCIIEHHBIX CITPABOYHUKAX JJI1 KOHCTPYKTOPOB, HHXKE-
HEPOB ¥ TEXHUKOB, MAaCTEPOB U KBATH(UIIMPOBAHHBIX pabovHX, Bpauei, (henpamepoB 1 METUIIMHCKUX CECTeEp,
ApXUTEKTOPOB M CTPOUTENCH, OyXTanTepoB U T.A. YK€ JaBHO Y4EHBIE M MHKEHEPBI 3aMETHIIH, YTO €CIIU y/a-
JIOCh TIONYYHTh aJITOPUTM PELICHHUS] KaKOH-HUOYIb 3aJa4H, TO MOKHO CO3/1aTh MalIWHY, KOTOpas perana Obl
3Ty 3aJ1a4y, T.€. MOKHO aBTOMATU3UPOBaTh €€ pemeHue. Ho anroputm peieHus Tol Wiv HHOM 3a1a4y He TOX-
JIECTBEH aJTOPUTMY YTIpaBJIEHUS MAIIMHOM, pelaoeil JaHHyo 3ajady. OTH aJrOpUTMBbI B ONPEAEIEHHOM
CMBICJIE€ PKBUBAJICHTHBL. AJITOPUTM pEIIEHNUs 3a/1a4l MOKET OTBICKHBATh MaTeMaTHK. OCyIIEeCTBIATH e ajro-
PUTMHU3ALHIO TPOLIECCa YIPABICHUs] MALIMHON JOJKEH TOT CIELUAINCT, KOTOPBIH KOMIIETEHTEH B TOI 007a-
CTH, OTKyJa B34Ta 3a/1a4a.

ConeprkaTenbHbIe SIBICHHS, KOTOPBIE JIEIA B OCHOBY 00pa30BaHUsI MOHSITHSL «aJTOPUTM», U3JaBHA 3aHU-
MaJIi Ba)KHOE MECTO B HayKe. AJITOPUTMBI BCTPEYAIOTCS B HAyKe Ha Ka)KJIOM ILIary, U UX poJib AJIs HayKH 4pes-
BbIUaifHO BenMka. Hayka B CBOMX paccMOTpEHUSIX BCEra CTPEMUTCS K MAKCUMaIbHON OOLTHOCTH, CTPEMUTCS
pelarh 3aa41 «B caMoM 00I1IeM Buae». B koHeuHOM BHie TaKkoe yMEHHe ITOYTH BCeraa oOpalaeTcsi B yMeHue
BJIaJICHUS TEM MJIM MHBIM aIropuTMoM. [0Bopsi, Hanmpumep, 00 YMEHUH YeIOBeKa CKIIAAbIBaTh YUCIIA, UMEIOT
B BHUJy HE TO, YTO OH JUIS JIIOOBIX JIBYX YMCEJl PAHO WJIM MO3JHO CyMeeT HalTH MX CyMMY, a TO, 4TO OH BIa-
JieeT HEKOTOPBIM e€IMHOOOPa3HBIM MTPUEMOM CIIOKEHUSI, TPUMEHUMBIM K JIFOOBIM JIByM KOHKPETHBIM YHCIIaM,
T.€. BIAJEET ane0pummom CI0KEHHUA ABYX YUCEIL.

[lonsTHe 32124 «B O0ILIEM BHIE» MOMy4YaeT CBOE YTOUHEHHE MPU MTOMOIIM TOHITHS «MaccoBasi mpooe-
May WM «MaccoBasi airOpuTMHUYecKas mpoodiemay. Takas npoOnema 3amaérest OECKOHEUHOW cepueil OTIelb-
HBIX OJHOTHUITHBIX €MHUYHBIX 3a/1a4 U COCTOUT B TPEOOBAaHWM HAMTH €IMHBIN aJITOPUTM HX perieHus. MHo-
TOYUCIICHHBIE CIPABOYHUKH MO Pa3HOOOPa3HBIM HAyYHBIM TUCHUIUIMHAM B 3HAYMTEILHONW Mepe 3all0JIHEHBI
QITOPUTMaMH pPELICHHUs] pa3HOOOPa3HBIX MAaCCOBBIX MPOOJIeM, BO3ZHUKAIOIINX B COOTBETCTBYIOLIEH 00NacTH
HayKH. AJITOPUTMBI 00pa3yloT CBOETO POAA «30JI0TOW 3amacy KakKIoW HayYHOM AMCUUILIMHBL. WX 3HaueHne
JUIS HAYKH MOXKHO OXapaKTepU30BaTh CICIYIOIIMMH MMOJOKEHUSIMU: 1) aNroOpuTMBI SIBISIIOTCA POpMON H3TI0-
JKCHHUS] HAyUHBIX PE3YJbTaTOB; 2) OHU SIBJISIFOTCS PYKOBOJACTBOM K JEHCTBHIO MPH PELICHUHU YK€ W3YyUEHHBIX
npodieM U Kak CIIEACTBHE: 3) CPEACTBOM, MO3BOJISIOMIMM YKOHOMHTH YMCTBEHHBIC YCHIIMS U YMCTBEHHBIN
TpyA; 4) OHU CIIy’KaT HEOOXOAMMBIM 3TArlOM MPH aBTOMAaTU3ALMK PELICHUs 3a7a4; 5) aJrOPUTMBI SIBISIOTCS
CpeACTBOM (MHCTPYMEHTOM ), HCIIOIB3YEMBIM IIPH UCCIIEOBAHUH U PEIICHUH HOBBIX MPOOJEM; 6) alrOpUTMBI
MPEAOCTABISIOT S3bIK JUIS OMMCAHUS Pa3HOOOPa3HBIX CIIOKHBIX MPOLIECCOB.

3nech cienyeT OTMETHTb, YTO, XOTSl aJITOPUTMBI COCTABISAIOT BAXKHYIO YacTh KaXJA0H HAayKH, OHU KOHeY-
HO K€ HE MCYEPIBIBAIOT LEIUKOM €€ cojep:kanus. He MeHee BaKHBI B HAyKe MOHATUSA U UX OINPENEIICHUs,
BXOJISIIIIME B IAHHYIO HAayKy, yCTaHOBJICHHBIC €10 (haKThl (B MaTeMaTUKe — ATO JOKa3aHHbIE TEOPEMBI), BBIPa0O-
TAHHBIM HAyKOW MOAXOJ K M3y4aeMbIM O0BEKTaM M SIBICHUSIM.
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Aneopummol 6 obpazosanuu. Pasz poiib 1 3HaYCHUE aNTOPUTMOB CTOJIb BEJIMKK B HAayKe, TEXHUKE U MpakK-
THKE, TO U chepa 00pa3oBaHUs HE MOXKET 00OUTHCH O0e3 anroputMoB. [Ipu 3ToM B 00pa3oBaHUU aNTOPUTMBI
UTPAIOT JIBOSIKYIO poiib. C OIIHOM CTOPOHBI, B 00pa30BaHUN HA Pa3lIUMYHBIX €r0 YPOBHSX M B PA3IMYHBIX €rO
00JIacTsX M3ydYaroTCsl Pa3sHOOOpa3Hble KOHKPETHBIE anropuTMbl. C Apyrod CTOPOHBI, caM 00pa3oBaTeIbHBIN
MPOLECC HOCUT XAPAKTEP AJITOPUTMUYECKOTO Ipolecca. PaccMOTpUM 3TH BE alTOPUTMHUYECKHE UIIOCTACH
oOpa3oBaHusl.

OO0yueHue anropuTMam, BEIpa0OTAaHHBIM B TOW MJIM UHOW OOJIACTH HAYKH, SBJISICTCS HEOTHEMIIEMbIM aTpH-
OyTOM COBpPEMEHHOTO 0Opa3zoBaHusl. [I[puMeHeHre pa3paboTaHHBIX U XOPOIIO M3BECTHBIX alITOPUTMOB pellie-
HUS TE€X WM MHBIX 33J1ad He TpeOyeT 0co00il TBOPUECKOM MHHUIMATHBBI, HO CIIOCOOCTBYET BBIPAOOTKE MPOY-
HBIX HaBBIKOB, HEOOXOIUMBIX B JIFO00M ACSITeIbHOCTH. TaK, «My3bIKaHT JIOJIKCH THICSYH pa3 MOBTOPSITh CKyY-
Hble naccaxku. [Ipu U3ydyeHHH MHOCTPAHHOTO S3bIKa HAJ0 3ay4YMBaTh U MHOI'O pa3 MOBTOPSATH HOBBIE CIIOBA.
[Ipu u3ydyeHHH MaTeMaTHKH HAJ0 TBEPHIO 3ay4HUTh TAOIHMIly YMHOXKXCHHSI, OCTJIO MPOU3BOAMUTH BBIKIAJKH. ..,
0eryI0 BBITNIONHATH TPUTOHOMETPHUYECKHE ITpeoOpa3oBanus...» [4, ¢. 4]. Ho mpu 3TOM HE TOJBKO BhIpadaThiBa-
FOTCsI TPOYHBIC HABBIKU B TOH WM MHOU cdepe AesITeIbHOCTH. B KOHeUHOM HTOTre Takoe 00ydeHHE IPUBOAUT
K (DOPMHUPOBAHHIO AITOPUTMUYCCKUX TPUEMOB MBIIUICHUS WM JIAXKE AITOPUTMUAYESCKOTO CTHIIS MBIILICHHS.
Brnagenue takumu npuémamu O3BOJIUT Y€JI0BEKY B OyAyIIeM OTHICKMBAThH CAMHBIN OOIIMI METON pEIICHUS
LIEJION CEpUM OJHOTHUIIHBIX 3a7ad, OTIMYAIOLIUXCSA APYr OT Apyra JIMIIb 3HAYEHHUSIMU HEKOTOPBIX IapamMe-
TPOB, XapaKTEPUIYIOLIUMH HaYaJIbHbIE YCIOBHS U XOJ PELICHUS 3aJ1a4t, YTO SABJISIETCA YPE3BBIUAMHO BaKHBIM
JUTSL COOTBETCTBYHOIIUX MPO(ECCHOHAILHBIX KOMIICTCHIIMA. YMEHUE MPUMEHSITh aITOPUTMHUUYECKUE TTPUEMBI
MBIIUICHUS ¥ MTOBEJICHUS — HEMTPEMEHHOE TPeOOBaHUE K MHKCHEPHO-TEXHHUECKOMY U YIIPABICHUECKOMY TIep-
COHAJTy COBPEMEHHBIX MPEIIPUATHH, PUPM, OPUCOB U IPYTHX OpPraHU3aIUH.

Ha nepBbiii B3MIs,1 MOXKET TIOKa3aThCsl, YTO 00yUEHUE aITOPUTMHUYSCKUM MPUEMAM MBIIIUICHUS U ACHCTBUS
HE pa3BUBAET U JaXKe MOJABIISET TBOPUECKHE CIIOCOOHOCTH Jtofiel. Bep uCIoNMHUTENb alropuTtMa JAeHCTBY-
€T MEXaHMYECKHU, OT HEero He TpedyeTcs HUKakoi (paHTa3uu, M300peTaTeIbHOCTH WM COOOPa3UTEIbHOCTH;
QJITOPUTM IIPOCTO HE OCTABIISAET €My MECTa JIJIsl IPOSIBIICHUS 3TUX Ka4eCTB, €CIIU OH UMU oOnaaaet. Ha aramne
WCTIOJTHEHUS aJITOPUTMOB 3TO JICUCTBUTENHLHO Tak. Ho Beib anropuTMbl HEOOXOAUMO CO3/1aBaTh, M ATa 3a/1a4a
oOyiajaeT HeHCUYepPaceMbIM TBOPYECKHUM TOTCHIIMAIOM. 37IeCh — HEOTPAaHUYCHHOE TI0JIe JIJIs M300peTarelib-
HOCTH, TIOUCKa, NonéTa ¢anTaszuu. B ocobeHHOCTH, KOT/Ia TPpeOyeTCs OThICKATh HAWIYYIIHH 10 KAKUM-JIH0O
KayecTBaM airoput™M. He HayuuBIIMCH MPUMEHSTH aITOPUTMBI, HE HAYYHUBIIHUCH BIAJETh AITOPUTMUUYECKU-
MU TpuéMaMH, HE OBJIAJICB aJTOPUTMHUECKUM CTHJIEM MBIIUICHUS, HEBO3MOXKHO OYJEeT M CO3/laBaTh HOBBIC
Y yIy4IlIaTh UMEIOLIUECS aJlTOPUTMBI, IPOSIBUTH HA 3TOM MOIPHIIE CBOM TBOpUECKHE criocoOHOocTH. Emé pa3
MOTYEPKHEM, YTO IMOCJIE TOTO, KaK ajJrOPUTM CO3JiaH, MPOSBICHUE TBOPUYSCKUX (DaHTa3uil M M300peTeHUU
OBUIO OBI HEOIPABJAHHBIM PACXOJIOM TICHXUYECKOM dHeprun. Takum o0pa3oM, B X0Jie 00yUCHHS aIrOPUTMBI
MO3BOJIAIOT 3Ty DHEPIUI0 yUalMXCA 3KOHOMUTH. B TO ke BpeMs, Kak Mbl OTMEUaliy BbILIE, HU OJHA HayKa
HE UCUEPIIBIBACTCS TOJHKO BRIPAOOTAHHBIMU B HEH aJITOPUTMaMU, TIOATOMY U 00ydeHHe, KOHEYHO XKe, HE MO-
JKET CBOJUTHCS K OOYUYCHHUIO TOJILKO aJITOPUTMAM U KaK CIIEJICTBUE — K PA3BUTHUIO TOJBKO aIrOPUTMHUYECKOTO
MBIIIJICHUS B €r0 YMCTO MEXaHUYECKOM MOHUMAaHUH.

Bropas ctopoHa UCTIONIB30BaHMs aJITOPUTMOB B 00Pa30BaHUM — aJITOPUTMH3AIIHS CAMOTO Mpoiiecca o0yde-
Husl. [1o cy1iecTBy, 3TO OIMH U3 MY TEN MPUMEHEHUS TOUYHBIX MATEMATUYECKUX METOJIOB B IIEJarOrH4eCKON HayKe
U npakTuke. IHTepec K TaKoMy HAIPaBJICHUIO BO3HUK B CBSI3U C MOSIBJICHUEM B TISIarOTUKE UACH MOIX0/1a K 00-
YYEHUIO KaK K IMPOIIECCy yIPaBJICHHUs, €CTECTBEHHO BO3HUKIIIMM MO BIMsiHUEeM KuoepHeTuku. B 1960-e rost
9TO HANpPAaBJICHHE HAIUIO TPOSIBICHUE B KOHICIIUM TPOTPAMMHPOBAHHOTO (ITPOrPaMMHO-YIIPABISIEMOTO)
oOyuenus. KubepHeTndeckue ulieu B MEAAroruKe ¥ MpOrpaMMHUPOBAHHOE OOYyYEHUE MPUBEIH K BBEICHUIO
B 000pOT TEOPETUYECKON M MPAKTUYECKON MEeNarornku MareMaTHYeCKUX CPEJCTB U3 apCceHana TPEX TUCIIH-
IUTMH — TEOPUH AJITOPUTMOB (B €€ MPUKIIAJIHOM ACICKTE), MaTeMAaTHUYECKOM JIOTUKH U TEOPUU UH(OPMAIIUH.
BaxHelmM U3 Takux CPeNCTB CTaI0 MOHATHE AJITOPUTMA. B mociieqHne rogpl B I€JarorukKy BOLUIO NTOHATHE
«IEeAAroruueckasi TEXHOJIOTUsD), BaJKHBIM KOMIIOHEHTOM KOTOPOTO TAKXKE SIBISAETCS IOHATUE aJrOPUTMA.

B cBsi3u ¢ OypHBIM yCOBEPIIEHCTBOBAHUEM KOMITBIOTEPOB MOIYYHIa HOBOE BOIUIOIICHHUE HJICS MPOTPaM-
MHUPOBaHHOTO O0y4YeHUs: 00ydaroline, TPEHAXKEPHbBIE M KOHTPOJIUPYOIINE KOMIUIEKCHI Ha 0a3¢ KOMITBIOTEPOB
TpeOYIOT, MPEkK/IE BCETO, MEAArOTMYSCKA M METONYESCKH BRIBEPEHHOTO AJITOPUTMUYECKOTO oOecrieueHus. AJi-
TOPUTMBI pa0OThI TAKUX CUCTEM JIOJKHBI ObITh HAITPABIICHBI HA JOCTHKECHUE MAKCUMAIILHOTO 00pa30BaTelib-
HOTO pe3yiibrara. ITO BO3MOXKHO JIHIIb MPH YCIEIIHOM CUMONO03€ MPUKJIAIHON TEOPUU aIrOPUTMOB U METO-
JIUKU 00y4YeHHsI COOTBETCTBYIOIIEH JUCIUILIMHEL. Emg Oonbiue TpeOOBaHUS K arOPUTMHUYECKO-METOINYEC-
CKOMY 00€CIICYCHHIO YU4eOHOTO TIpoliecca MPeAbIBIseT HaOUparollee CUy TUCTAaHIIMOHHOE 00yueHue Ha Oa3e
KOMITBIOTEPHOU ceTu IHTEepHET.

3a Bpemst yu€Obl B IIIKOJIC YYAIUECs OCBAUBAIOT MPUEMBI BBITIOJTHEHHUS OOJIBIIIOTO KOJIMYECTBA AITOPUTMOB
B CaMbIX Pa3HBIX HayKaxX M, MPEK/IE BCEro, B MaTeMaruke. CHauaia — aJiIrOPUTMBbI BBITTOJIHEHUS YETHIPEX apud-
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METHYECKHUX JICHCTBUI HaJ pa3IMYHBIMH YUCIIAMH — HATYpaJbHBIMH, LEIbIMU, TPOOHBIMHU, KOMITIEKCHBIMH.
OTH aJITOPUTMBI CIy’KaT OCHOBOM /ISl MHOTOYMCIIEHHBIX BHIYUCIUTEIBHBIX WM YUCIEHHBIX aJITOPUTMOB, KO-
TOPBIMH U300MITYIOT BCE pa3Aesibl MaTeMaTn4ecKol HayKu. DTo 00yCIIOBICHO TEM, UYTO K YEThIpEM apupmeTu-
YECKHUM OIEPaLMsIM MOTYT OBITh CBEICHBI O4eHb MHOTHE Apyrue onepanuy. OQHN U3 TaKUX alrOPUTMOB MPHU-
BOJAT K TOYHBIM pe3yjbTaraM, ApYrue — K NpUOTHKEHHBIM, HO B MOCIIETHEM Clly4yae MO3BOJISIOT JOCTUIATh
mo00i Hanepén 3aJaHHON CTETIEHH TOYHOCTH. MHOTO BHUMaHUS B IIKOJIBHOM KypCce MaTeMaTHUKU yAEISIeTCs
AJITOPUTMAaM PELLCHUs JIUHEHHBIX U KBaPATHBIX YPABHEHUN U UX CUCTEM.

B By30BCKOM Kypce BBICIICH MaTeMaTHKH K THM ajJrOpUTMaMm A00aBISIFOTCS alrOPUTMBI BBIYMCICHUS
OTIpeJeNTUTeNel Pa3InYHbIX MOPSAKOB, PEIICHHUS CHUCTEM JIMHEWHBIX alreOpandyeckux ypaBHEHHH (C JH0ObIM
YHCIIOM HEM3BECTHBIX ), BBIYUCIICHUS] CyMMBI I IPOU3BEICHUS MaTPUL], PAHTOB MaTpHII, HEONPeAeIEHHbBIX HH-
TErpajioB OT PAllMOHATBHBIX (DYHKIMI U MHOTHE JPYTHE.

Yro kacaercst alrOpUTMOB NPUOIMKEHHBIX BEIYUCICHUH, TO OHHU, 110 CYILIECTBY, COCTABIISIOT OCHOBY BCEH
NPUKIAAHONW MaTeMaTuku. [IpocTedmmuM U3 Takux SIBISAETCS, HAIIPUMEpP, aJITOPUTM U3BJICUCHUsI KOPHS KBa-
JPaTHOTO, KOTOPBIH MO3BOJISIET HAXOIUTH KOPEHB U3 JIF000T0 MOIOKUTEIBHOTO Ynciia MPUOIIKEHHO, HO C JIIO-
0ol Hanepéx 3a1laHHOI TOYHOCTBIO, C MOMOILBIO MOCIEA0BATEIBHOCTH AeNICHUN, YMHOXKEHUH W BHIYNTAHUH.
Crona OTHOCSTCSI aJlTOPUTMbI MPUONVKEHHBIX BBHIUMCICHUN 3HAUeHUH (DYHKLUUI MOCPEACTBOM Pa3IOKEHHS
9TUX (YHKUUI B CTENEHHBIC PsZbl, aJrOPUTMBI NMPHOIMKEHHBIX BBIYMCICHUH ONMpPEAeHEHHBIX WHTETPAIoOB
(MeTombl MPSIMOYTOJBHUKOB, Tpameuuii, CUMIICOHa), MeToAbl pemeHus AuddepeHIraIbHbIX ypaBHEHUH
U UX CUCTEM H T.J.

Baxny!o ponb B MaTeMaTUKe UrParOT reOMETPUYECKUE AIrOpUTMBL. IIepBoe cTporo porudeckoe u3ioxe-
nue reomerpun nan Eskmun (111 Bex o P. X.) B cBoéM 3HaMeHUTOM JomieieM 10 Hac Tpakrare «Hagamay,
cocrosiieM u3 13 kHur. Bee nokazatenbcTBa, MPUBOANMBIE B HUX, — CBOETO pOJa aJTOPUTMBI, 10 KOTOPHIM
CJIe/IyeT ABMKEHUE MBICIIH, YTOOB! OT HauaIbHBIX JAHHBIX JOCTHYb TpeOyeMoro pesyasrara. Ho onuH pasmen
€BKJIMJIOBA TPAKTAaTa MOKHO, BHE BCAKOI'O COMHEHUs, PACCMATPUBATh KaK IPEATEUY U MOHSITUS aJrOpUTMAa,
U IpOOJIEeMaTHKH TEOPHU aJITOPUTMOB, KOTOPasi BCTalla Ha TIOBECTKY JHS MaTeMaTHYECKOW HayKH JIMIIb IBaJl-
LaTh TPU BEKa CIycTd, B epBoil TpeTn XX Beka. ITO paszies — FeOMETPHUUECKHE MOCTPOSHUS Ha TUNIOCKOCTH
C IOMOUIBIO LUPKYJIS U JIMHEUKH.

Teopus penieHus TakuX 3a1a4 HAYUHAETCA C JBYX aKCHOM: aKCMOMBI ITIOCTPOCHMS LIUPKYJIEM U aKCHOMBI
IIOCTPOCHMUS JIMHEUKOH. IlepBas roBOPUT O TOM, UTO C IOMOIIBIO LIUPKYJS MOXKHO IIOCTPOUTH OKPY’KHOCTb
C IIGHTPOM B JTI000ii TOUKE TUIOCKOCTH U paanyca PaBHOTO JI000MY OTpE3KY, 3aJJaHHOMY Ha TIIOCKOCTU. BTo-
pasi TOBOPHT, YTO C MOMOUIBbIO JTMHEHKU Yepe3 J0ObIe IBE pa3iMYHbIe TOUYKH IIOCKOCTH MOYKHO TPOBECTH
€IMHCTBEHHYIO MPsIMYIO (M HUKAaK WHa4e JIMHEWKa MCIOIb30BaThCsl HE MOXKET). 3aTeM, ONMUPasCh Ha ITH aK-
CHOMBI, pelaeTcs paja NpocTeHmux 3a1ad Ha noctpoeHne. CTposATCs: Iyd; OTPE30K; YroJl paBHBIN JaHHOMY;
OucceKkTpuca yria; TouKa, JeJsIas OTpe30K MormosiaM; IepIeHANKYISIp K JaHHOH IPpsSMOH, TPOXOSIINMA ye-
pe3 AaHHYIO TOYKY; IpsAMasi, IPOXOAAIIAsl Yepe3 JAHHYIO TOUKY U NapaJljielIbHasl JAHHOU MIPSIMOM; TPEYIroJib-
HUK 110 TPEM CTOPOHAM; TPEYTOJIBHUK 10 CTOPOHE U JBYM MPUIIEKAIUM K HEH yIiIaM; TPEYrOJAbHUK 10 ABYM
CTOPOHAM U YIIIy MEXJy HUMU; NIPSIMOYTOJIbHBIE TPEYTOIbHUKH 110 JBYM AJIEMEHTAM; KacarenbHas K JaHHOU
OKPYKHOCTH, ITPOXOASIIAs YEPE3 AAHHYIO TOUKY. PelleHne Kax 101 U3 3TUX 3a1a4 JAETCS COOTBETCTBYOLIUM
AJITOPUTMOM.

JpeBHerpeueckrne MareMaTHKH MOCTaBHIM M PEIIMINA OOJNBLIOE KOJIMYECTBO MHTEPECHBIX 3a/ad Ha MO-
CTPOEHHE C IOMOLIBIO LUPKYJSA U JIMHEHKU. HO HEKOTOpBIE TaKUE 3aa4u UM BCE 7K€ PELIUTH HE YAAJIOCh.

OTMeTHM B 3aKJIFOUYEHHE ITOTO ITyHKTA, YTO U3BECTHBIC OTEUECTBEHHBIE CIICHUANNCTHI B 00JaCTH MaTeMa-
TUYECKOH JIOTUKU U Teopuu anroputmoB B. A. Yenenckuit u A.JI. CeMEHOB HEOObIUAITHO BHICOKO OLICHWIIN
POJb aIrOPUTMHUYECKUX KOHIENUHUH B porecce 00y4eHus] 1 BOCIIUTAHHUsI COBPEMEHHOTO YeoBeKa, romnaras,
YTO €€ MOYKHO CPABHUTB «JIUILIb C POJIBI0 MUCbMEHHOCTI» [5, ¢. 230].

ANTOPUTMBI U KOMITBIOTEpHl. HakoHel, anropuTMbl caMbIM TECHBIM 00pa30M CBSI3aHBI C KOMITBIOTEPAMH,
MTOCKOJIbKY OCHOBOH BCSIKOM KOMIIBIOTEPHOM MPOTrpaMMBbl Ha JIFOOOM SI3bIKE IPOTrPaMMHUPOBAHUS SBJISIETCS all-
TOPUTM pEIICHUs 3a1a4l. AJITOPUTMBI U UX KOMIIBIOTEPHOE BbIpa)KEHHE UMEIOT MHOTOYHCIEHHBIE HHTEPEC-
HBIE TIPWJIOKECHUS K UCCIICJOBAHUIO MATEMaTHYECKUX THUIIOTE3 B TAKUX OONACTSIX KIACCHUECKON MaTeMaTuKH,
KaK 4YHMCJICHHBIA aHajn3, KOMOMHATOPHBIN aHANM3, CTaTUCTHKA, aiaredpa, Teopusi dyucell. B HUX KOMIBIOTEp
OKa3bIBAETCS IIOJIE3HBIM, 4 MHOIJA U HE3aMEHUMBIM ITOMOILIHUKOM B BBIIIOJHEHUU TEXHUYECKU CIOXKHBIX,
HO BIIOJIHE TIOAJAIOIINXCS allTOPUTMHU3ALMH U IPOrPAaMMUPOBAHUIO PYTHHHBIX Pa0OT. SIpkUM mpuMepoM Ta-
KOT'O COTBOpPYECTBA YEJIOBEKA M MAIIMHBI SIBISICTCS PELICHUE 3HAMEHUTHIX MaTeMaTHYeCKUX MPOOIeM — BeNu-
kol mpobnembl @epma [6] u mpodaeMbl 4eThIpEX Kpacok [7]. bonee mpocThiM, HO Bce ke colepKaTelbHbIM
MaTeMaTHYeCKUM 33JjadyaM, peliaeMbIM C IIOMOIIbI0 KOMIIBIOTEPHBIX METOJIOB, OCBSIEHa KHUTa [§].

IIpu pelreHnn MareMaTU4eCKUX 3a7a4 ¢ MOMOLIbI0 KOMIIBIOTEPOB MOCIEAHUE HE TONBKO TOMOTAIOT YeJIo-
BEKy B Ilepedope OrpOMHOTO KOJIMYECTBA BAPHAHTOB M HE CBOASATCS TOJBKO K BBIYMCIUTEILHON POBEPKE Ka-
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KUX-TO KOJIMYECTBEHHBIX ACMEKTOB MAaTeMaTUUYECKUX TUIMOTe3. [IOMBITKH «MEXaHU3UPOBAThY KIACCUUYECKYIO
MAaT€MaTUKy UMEIOT METOAO0JOTMUECKOE 3HAUEHHUE: OHU MPUBOJAT K JIYULIEMY YSICHEHHIO TEX MOHITUH, O KOTO-
PBIX, KaK HaM Ka3aJloCh, MbI 3HaeM BCE (710 TeX TOp, ITOKa HaM HE MPUILIOCH OOBSICHATh UX MAIIIUHE).

ANTOPUTMBI U JIOTHKA. AJITOPUTMBI UMEIOT U €1IE OAHO YPE3BbIUAMHO BAXKHOE 3HAYCHUE JJI1 MAaTEMAaTUKH.
OHO 3aKJTIOYAETCs B UX METOAOJIOTMYECKOM XapaKTepe — aJITOPUTMBI CITYXKaT OJHUM U3 CPEICTB 000CHOBAHUS
MaTeMaTHKU. J[e70 B TOM, YTO COCTAaBJICHHUE aIrOPUTMa U OCHOBAHHOM HA HEM KOMIBIOTEPHOU MPOrpaMMBbl
13 HEKOTOPOTO MHOXECTBA 0Aa3UCHBIX KOMaH]l OYC€Hb CXOIHO C IMOCTPOCHHEM MaTEeMaTUYeCKOTO J0Ka3aTellb-
CTBa, UCXOJIS M3 33JJAaHHOT'O MHOYKECTBA aKCOM C HCITOJIb30BaHHEM KOHEUHOTO Habopa MmpaBmil BeiBoja. Ha oty
AQHAJIOTUIO U HA NIOHATHE aJrOPUTMa OIIUPAETCS CTPOTOE NMOHATHUE JJOTHUECKOTO HCYUCIIEHNS, KOTOPOE CIIYKUT
(hopMaJIbHBIM YTOUHEHUEM MHTYUTHUBHBIX MOHSITHH «BBIBOJIaY» U «JI0KA3aTEIbCTBAY.

Takum 00pa3oM, 3TH JIBE MaTEMAaTUUYCCKHE TSCOPUU — MAaTEMATHYECKasl JIOTUKA U TEOPUs aJIrTOPUTMOB — Ha-
XOJIISATCSL B TECHEHINIEM B3aUMOJICHCTBUHU, KOTOPOE OCOOCHHO IUIOJOTBOPHO B TEX pasfeliaX MareMaTHYeCKOU
JIOTMKH, KOTOPBIE UCCIEAYIOT AKCUOMAaTHUYECKUE MaTeMaTu4eCKUe TEOPUU U METO/Ibl JJOKA3aTebCTBa Marema-
TUYeCcKux TeopeM [9—17].

Takoe moHMMaHKE B3aUMOCBSI3U MEXKTY MBIIIUIEHUEM JIOTHYECKUM U MBIIUICHUEM aJITOPUTMUYECKUM CTaJIO OC-
HOBOW JIJIsl TAK HA3bIBAEMOTO KOHCTPYKTHBHOT'O JIOTHKO-(PHIIOCO(CKOTO HATIPaBJICHHS B 000CHOBAaHHU MaTEMaTHKH,
Korjia B Hayaje XX BeKa BO3HHKJIA HEOOXOJAMMOCTb MPEOOJICHNS] KPU3UCHBIX SIBJICHUH, CO3/IaBIINXCSI B OCHOBA-
HUSIX MaTeMaTHKH. Takoi MOIXO0 MPEAIoIarai MOJTHOE BhIBEICHHUE JI0KA3aTeIbCTB U3 00JIACTH UHTYUIMU U TIpe-
BpalICHUE MX B YETKYIO AJTOPUTMHUUECKYIO MOCIIEN0BATELHOCTD SICHBIX LIAroB, MPUBOAIIYI0 K KOHKPETHOMY
koHCTpyHnpyeMomy o0bekTy. ([TogpoOHee o kpu3rce B MaTeMaTHKe | IyTsX BbIXoza U3 Hero cM.: [9; 10]).

OT KOHKPETHBIX aJITOPUTMOB K Hayke 00 anroputmax. B xonue XIX Beka nemenkuit maremaruk /. ['mib-
OepT 3aMeTuII, 9YTO MaTeMaTHKa €CTh MCKYCCTBO Ha3bIBaTh Pa3HbIC BEIIW OJHHM U TE€M K€ MMEeHeM. MHTyu-
THBHOE MOHUMAaHUE aJITOPUTMA, B TOM WJIM UHOM BUJE MPUCYTCTBYIOIIEE B MAaTEMAaTUKE HA MPOTSXKEHUU BCEH
MHOTOBEKOBOI HCTOPUU €€ Pa3BUTHUsA, HECOMHEHHO, CIIYKUT OAHUM U3 OATBEPKAECHUN ITOU MBICIU 3HAMEHH-
Toro Mmaremaruka. [1oj aaropurMom Beerja MOHUMAIICS HEKUH €IMHBIN 00U METO]] PeIIEHUsS] O CKOHEUHOTO
YHCIIa OJHOTHUITHBIX KOHKPETHBIX 3a/1a4, COCTABIISIONIMX TaK Ha3bIBAEMYI0 MacCOBYIO IIPOOJIEMY, CBOETO Pojia
pelieHne 3Tol mpooIeMbl «B o0IIeM BUe». Beiien 3a anropurMaMu apuMeTUYeCKUX ICHCTBUI C YHCIaMH
Y 3HAMEHUTHIM alropuTMoM EBKIIHa MaTeMaTHKa HAMOIHWIACH MHOTOYUCICHHBIMU aITOPUTMAaMU U3 CaAMBIX
pa3Ho00pa3HbIX e€ o0yacTeil: reoMeTpuu, anreOpbl, MAaTEMaTHYECKOTO aHaIN3a. JTH AJTOPUTMBI IIPOYHO BO-
[UTH B MAaTEMaTUYECKYI0 HAyKy U €€ MPaKTUUECKUE MPUIOKCHUS.

TeM He MEHee psiji MacCOBBIX MPOOJIEM HE HAXOAMJ aJIrOPUTMOB JUIsl CBOETO pelneHusi. Takumu ObuIH,
HampuMep, B IPEBHUE BPEMEHA TPU KJIACCUUECKHUE 3a]a4u APEBHOCTH Ha MMOCTPOCHUE LIUPKYJIEM U JTHHEHKON
(o Tpucekiuu yria, 00 yIBOCHHU KyOa U 0 KBaJpaType Kpyra), a B HoBelimue BpemeHa — 10-s1 npoonema ['uib-
OepTa 0 pa3peInuMoCTy TUO(PAHTOBBIX YPAaBHEHHUH. Y MaTeMaTUKOB BOZHHUKIIU ITOIO3PEHUS, YTO ATH U SIIE PsiJ
MOJIOOHBIX MACCOBBIX MPOOJIEM HE MMEIOT aJrOPUTMOB JIJIsl CBOero perieHus. [jis crpororo o00CHOBaHUs
TaKUX YTBEPKICHHUI TPeOOBAIOCH CIIENATh JI0CEIe UHTYUTUBHO MOHUMAEMOE IMOHITHE aJrOPUTMA MTOHITHEM
CTPOTO MaTeMaTHYECKHUM, C/IeTaTh €ro 00BEKTOM M3Y4YCHUS MAaTEMaTHUKH.

K ctporomy ananusy MHTYUTHBHOTO MOHUMAHUS MOHITHS aJITOPUTMA MOJBUTANIM TAKKE HJIECU TOJIAHI-
ckoro maremaruka JI. 3. fI. bpayspa u Hemernkoro maremaruka I. Belins, BeickazanHble uMu B 1920-e rosl,
B KOTOPBIX OHHM OOpaTWJIM BHUMaHUE HA PA3JIMYME MEXKY KOHCTPYKTUBHBIMU M HEKOHCTPYKTHBHBIMH JIOKA-
3aTeNbCTBAMU B MaTeMaTuke. Paccykias KOHCTPYKTUBHO TIPU JIOKA3aTeIbCTBE CYIIECTBOBAHUS KAKOTO-JIMOO
00bEKTa C 33JJaHHBIMY CBOMCTBaMHU, MaTEMATUK YKa3bIBaET CIIOCOO (JITOPUTM) €T0 TOITYYCHUS.

Knaccuueckum npuMepoM TeopeMbl, J0Ka3aTeIbCTBO KOTOPOI HOCHUT SIPKO BBIPAKEHHBIM KOHCTPYKTHUBHBIMN,
ANTOPUTMHUYECKUH, XapakTep, spisieTcs TeopeMa JI. Diinepa o rpadax, pemaromnias ero 3aga4y 0 KEHUrcoepr-
CKHX MOCTaX. JTa Teopema JaeT KpuTepuil siepoBoct rpada. Ee q0ka3areibcTBO COCTOUT B pa3pabOTKe
KOHKPETHOTO aJrOpUTMa, KOTOPBIH JIJIsl JTF000T0 Tpada, YIOBIECTBOPSIONIETO YCIOBUIO TEOPEMBI (BCE BEPIIIH-
HbI rpada JOIDKHBI OBITh YSTHBIMH ) KOHCTPYKTUBHO CTPOUT OOBEKT, CYIIECTBOBAHUE KOTOPOTO YTBEPKAACTCS
B 3aKJIFOUCHUHU TEOPEMBI — DIIIEPOB UK B rpade (Yka3pIiBaeT B 3TOM rpade MmyTh, HAUMHAFOIIUNCS U 3aKaHYH-
BAIOIIUICS B OJJHOM W TOM e BepIirHe rpada U MPOXOASIIUI TOUHO OIMH pa3 Yepe3 KAy BEepIINHY rpa-
(a). 3nech MOXKHO BCIIOMHUTH 1 Besukoro [.-B. Jlelionuiia, kotopsriii emé B X VII Beke npu3bIBai K CO3IaHUIO
HCYHCIICHHUS, CTIOCOOHOTO «HICH 3aMEHUTh BhIUKMCIeHuIMm» [18, ¢c. 497].

B omiinune ot 3TOro, HEKOHCTPYKTUBHOE JOKA3aTEIbCTBO MM, KAK TOBOPST, 1OKa3aTeJIbCTBO YUCTOTO CY-
IIECTBOBAHUS HE MO3BOJISIET SIBHO NIOCTPOUTH TaKOH OOBEKT; OHO JIUIIb YCTAHABIMBACT JIOTMYECKOE MPOTH-
BOpEYHE, SCIIH MPE/IIOJI0KHTh, YTO TAKOTO0 00BEKTa HE CYIIECTBYET. [I[puMepaMu 10Ka3aTelIbCTB TAKOTO BUJIA
CIIy’)KaT JIOKa3aTeNIbCTBA CICIYIOIIUX TeopeM: 1) 00 OrpaHMYCHHOCTH HENPEPHIBHOW Ha OTpe3Ke (PyHKIUU
(0 cylIecTBOBaHMM BEpXHEH U HUYKHEW IPaHUILL HEIIPEPHIBHON Ha OTpe3Ke (DYHKIMH); 2) O PACHIMPEHUH BCAKO-
rO OTHOLIEHUS MOPSAKA 1O JIMHEMHOIO OTHOLIEHUS MMOPSAIKA.
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B utore B 1930-¢ ronbl ObUTa CO3/1aHa U Hauala pa3BUBATLCS OOIash HayKa 00 alropuTMax — TCOPHs ai-
roput™MoB. B Hell 00bEKTOM HCCIIEIOBaHUS CTAJIO CaMO MMOHATHE aJIrOPUTMA KaK TAKOBOE M €r0 caMble O0IIne
cBoiicTa. [lepBoe MaremaTnueckoe yrouHeHue ((popMau3aliio) MOHATHS aJrOpUTMa TPEITIOKIIN HE3aBH-
CUMO JIPYT OT Apyra aMepHuKaHckuii MareMatuk u jioruk 3. JI. [Toct (1936) u aHmMiickuii MaTeMaTHK U UHXKe-
Hep A.M. Trropunr (1937). OHu onucalivi TOYHBIMU MaTeMaTHYECKUMU TEPMHUHAMU HEKHUE HJICaTH3UPOBaH-
HbIC BBIUKCTUTENbHbIC MAaUHbL. [lonsTus, BBeaéunsie [loctoMm 1 TelOpUHTOM, HE OTIMYAIUCH CYIIECTBEHHO
JIpyT OT ApYTa; BIOCIEACTBUU OHU TOTYUYMIN Ha3BaHUE «MAIIUHbBI ThIOpUHTaY.

BakHbIM TIpUMEPOM aNTOPUTMHYECKON MPOOJIEMBI, K KOTOPOH MOTYT OBITh CBEJICHBI APYTUE aITOPUTMH-
YeCKHUe MPOOJIEMbI, CITY>)KUT MPOoOJIeMa BBIYUCICHHS 3HAYCHUH QyHKIIUU. DYHKINHU, 7151 KOTOPBIX TAKUE ajro-
PUTMBI CYIIECTBYIOT, Ha3bIBAIOTCS (AITOPUTMUYECKU) BEIYUCTUMBIMU. 31€Ch BO3HUKAET BOMPOC, KAK OXapaK-
TEpPU30BaTh BhIUMCIHMBIC QyHKIMH. Takyro xapakrepucTuky B 1936 rogy nanum aMepUKaHCKHAE MAaTEeMaTHKU
A. Yépu u C.K. Kimau. Oxkazanocs, 4to kiacc Beraucaumbix mo A. Yépuy n C. K. Knunu ¢ynknuii (Ha3BaH-
HBIX YaCTUYHO PEKYPCUBHBIMHU) COBIIAJIACT C KIACCOM (PYHKIMH, BEIYUCIUMBIX HA MAlllMHAX ThIOpHHTA. DTO
JIaJI0 OCHOBAaHUE BhICKA3aTh 3HAMECHHUTHIN Te3uc U€pya 00 afieKBaTHOCTH CTPOTOTO MOHITHS YaCTUYHOU PEeKyp-
CUBHOCTU ()YHKIIMY C HHTYUTHUBHBIM MTOHITHEM €€ alTOPUTMHUECKON BEIYUCITUMOCTH.

B 1951 romy coBerckmii matematuk A.A. MapkoB NpeyIoKUI €mié OJHO YTOYHEHHE OOINEro MOHSTHUS
AITOPUTMa — KHOPMAJIbHBIC aaropUGMbDy (WIH AJITOPUTMBI ), IIPEHA3HAYCHHBIC JIJIsl OTIEPUPOBAHUS CO CIIOBA-
MU B HEKOTOpoM andasure. OKa3aloch, 4TO U HOPMaIbHbIC anroprudMbl MapkoBa SKBUBAJIICHTHBI MaIlIHHAM
TelOpUHTa B TOM CMBICIIE, YTO C UX MIOMOIIBEO BBIYMCIUMBI OHH U T€ ke (DyHKITUH.

Takum 00pa3oM, OTKPHCTAIIN30BAIIOCH OCHOBHOE COJIep KaHue POPMaTbHO-JIOTMYSCKON TEOPUH allTOPUT-
MOB — U3yU€HUE MPUHIUMIUATBHBIX BOZMOKHOCTEH MCATHU3UPOBAHHBIX BIYUCIUTEIbHBIX MAIIUH U CBONCTB
KJIACCOB BBIYMCIIMMBIX C MX TIOMOIIBIO (DYHKIIUH.

[MocTpoennbie popManu3anyu MOHATUS aATOPUTMA U BBIYACIMMON (DYHKIIMH TIO3BOJHIU CTPOTO JIOKA-
3aTh aJTOPUTMHUECKYI HEPa3pelIMMOCTh OOJBIIOTO KOJIMYECTBA MACCOBBIX MPOOJEM W HauaTh Pa3BUBATh
o0mIyro (Wi adCTPAKTHYI) TEOPUIO aITOPUTMOB, B KOTOPOW KOHKPETHBIA (hopManm3M OTOMIEN HA BTOPOH
IJIaH, a TJIABHBIMU MOHSATHUSIMU, MO CYIIECTBY, CHOBA CTaJIM MHTYUTHUBHO MOHHUMAEMbIC MOHSTHS aJIropuTMa
Y BBIYUCIAMOU (DyHKITHH.

Haxkownetr, roBopsi 0 CBsI31 aOCTPaKTHOW TEOPUH aJITOPUTMOB C TPAJAUIIMOHHON MATEMaTHKOM, OTMETHM, YTO 3Ta
Teopus BbIpabOTaja METOJbI, TTO3BOJIMBIIKE B TIEpBOM TpeTH XX BeKa JIoKa3aTh OCCHpEIC/ICHTHBIE TEOPEMbI
00 aKCHMOMAaTU4eCKOM METOIE, COCTABIISIOIIEM CYIIECTBO YEIOBEUSCKOTO MBIILUICHHUS B O0JIACTH MAaTEMAaTHKH.
Oto Teopemsr K. ['énens o HenonHoTe hopmanbHOt apudmeruku U A. TapcKoro 0 HEBHIPA3UMOCTH HCTHHHBIX
yTBEpKICHUH (hOpMabHOHN apu(METHKH B sI3bIKE caMoil (hopMasibHOM apudmerrku, A. Uépua — o Hepazpeuu-
MOCTU (hOPMAaTM30BAaHHOTO UCYHCIICHUS TpenuKkaroB, A. Tapckoro — 0 pa3permMocTy 3JIeMEHTapHON reome-
Tpuu. Takum 00pa3om, adCTpaKTHAS TEOPHS AITOPUTMOB, Pa3BUBIIKACH B XX BEKe KaK pa3/iesl MAaTeMaTUKH, BITH-
Tana B ce0st €€ METO/IbI ¥ B TO JKE€ BpeMsl CIIOCOOCTBOBAJIA PEIICHUIO Ps/Ia UICKOHHO MAaTeMaTHIeCKUX MpoOIieM.

Wneanu3upoBaHHbIC BBIYUCIIUTEIBHBIC MAIIMHBI OBUIM BBEACHBI 33100 10 TMOSBICHUS PEATbHBIX BbI-
YUCIUTENbHBIX MalluH. TeM He MeHee HEeT HUKAKUX COMHEHUU B TOM, YTO HUJCOJOTHUS HUCaTU3UPOBAHHBIX
BBIYHCIIUTEIBHBIX MAIIMH CTajla TEOPETUYCCKON OCHOBOW JUIS MPOTrPAMMHOTO OOECIICUYCHUS] PEAbHBIX BbI-
YUCIUTENILHBIX MAIIHMH U BO MHOTOM CITOCOOCTBOBaJIa MX CKOpeiieMy nosiBieHu0. Korja ke Takue MaiuHbl
MOSIBUJTUCH U CTaIl OyPHO COBEPIIICHCTBOBATHCS, BCIIE] 3a (HOPMAIbHO-JIOTHYECKOM TeOpHel arOpUTMOB CTa-
JI1 BO3HUKATh U Pa3BUBATHCS MHOTOYUCIICHHBIE TEOPUHU PA3IUYHBIX KOHKPETHBIX aJrOPUTMOB, IPU3BAHHBIX
peuarth Te WM WHbIE KOHKPETHBIE MaTeMaTUYeCKUe 3aJa4H, SIBJISIBIIMECS, B OCHOBHOM, MaTeMaTHUYEeCKUMU
MOJIETISIMU PEaNIbHBIX HAYYHBIX U MPOU3BOACTBEHHBIX 3a7a4. BakHeHIIIIM BOIIPOCOM O KOHKPETHBIX aJITOpUT-
Max CTaj BOIPOC 00 X MPAKTUYCCKOHN BBITOJIHUMOCTH Ha PEaIbHO HMEIOIIUXCS BEIYUCIIUTEIIBHBIX MallliHAX
B peanpHO nomyctumoe BpeMs. B cBs3u ¢ atum B 1960—70-e roapl BO3HUKIIA TEOPUS BHIYUCIUTEIBLHON CIIOXK-
HOCTH QJITOPUTMOB, IPU3BAHHAS PaCKIacCU(DUIMPOBATh MACCOBBIC POOIEMbI U aJTOPUTMBI IO UX CIIOKHO-
ctu. Eciu B 1930-¢ 10161 MIaBHBIM BOIIPOCOM TEOPUU AJITOPUTMOB OBLJIO Pa3iHMuUe MEXKIY aITOPUTMUYCCKU
Pa3peluMbIMU ¥ AITOPUTMUYESCKU Hepa3pelIMMbIMU rpodiiemamiu, To B 1960-¢ rosel Tirybokoe drtocodckoe
Y IPAKTUYECKOE 3ByYaHHE MMPHOOPEIO PA3INIHe MEXKy ObICTPO PEIIACMBIMU U JIOJTO PEIIAEMbIMU AJITOPUT-
MUYECKUMU MPoOIeMaMu, a caMa TeOpHUs CIIOKHOCTH BBIYHCICHHI U aITOPUTMOB CTalla OJHOHN M3 IICHTPaJIb-
HBIX B TEOPHUHU AJITOPUTMOB, J1a ¥ B (IPUKJIQHON ) MATEMAaTHKE B LIEJIOM.

NmeHnHoO 371eCh BO3HUKIIA HEPEIIICHHAs JI0 CUX [TOp BajKHEHIIas mpoobiemMa MPUKIIAIHONH MaTeMaTHKHU O B3a-
MMOOTHOIIICHUH KJ1accoB P 1 VP MaccoBbIX npooiem. [Ipuban3uTensHo roBopsi, K IEPBOMY KJIACCY OTHOCSATCS
MacCOBBIE TIPOOJIEMBI, JIOIYCKAIOIIUE JIJIsi CBOCTO PEIICHUS aITOPUTMBI IOJTMHOMHUAILHOW BPEMEHHON CIIOXK-
HOCTH, a KO BTOPOMY — HE MMEIOIUE TAKKX AJITOPHUTMOB, T.€. MPOOJIEMBI, PelIacMbIe aJITOPUTMAMH TOJIBKO
AKCIIOHEHITUAILHOW BPEMEHHOU CIIOKHOCTH. SIcHO, uTo P < NP, [IpoGiiema COCTOUT B TOM, COBIAAIOT JIU 3TU
KJIACChI, WJIM BTOPOM CYIIECTBEHHO LIUPE MEPBOTO.
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Abcmpaxmuas meopus aneopummos, MamemMamuieckas 102uKa u napaoueMul npozpammuposanus. Teopus
JITOPUTMOB OKa3aJia CyIECTBEHHOE BIMSIHUE HA MPOLECChl CO3IaHMsl KOMITBIOTEPOB M MPOrpaMMHOTo obecrie-
YeHust K HUM. B Teopun anroputMoB ObUIM MpeayrajaHbl OCHOBHBIE KOHLICMLIUH, 3aJI00KEHHBIC B amlnaparypy
U S3bIKH IIPOrPaMMHPOBAHUS KOMITBIOTEPOB. Pazinndnelie Gopmannzanyy MOHATHS anropuTMa, BeIpaOOTaHHBIE
abCTpaKTHOM TeopHel alropuTMOB, CTajdl OCHOBAMH MapagurM NPOrpaMMHUPOBAHUS U COOTBETCTBYIOLIMX all-
TOPUTMHYECKHX S3bIKOB MPOrPaMMHPOBAHMs, CO3JJaHHBIX HA OCHOBE 3TUX MapaaurMm. Tak, MamumHbl ThropUHTa
MPUBENHN K WMIIEPaTHBHOMY MPOrPaMMHPOBAaHMIO (S3bIKK MporpammupoBanus beticuk, @oprpan, [lackanb),
HOpPMaJIBHBIE AJITOPUTMBI MapKkoBa — K MPOXYKIMOHHOMY MPOTPaMMHPOBAHMIO (SI3BIKM MPOrPaMMHUPOBAHUS
cuMBOJIbHOHN 00padoTku nHpopMaru COMIT, SNOBOL, Pegan, I[TPOJIOI), Teopust pekypcHBHBIX (DyHKIHIA —
K (YHKIHOHAIBHOMY NPOrPaMMHPOBAHHUIO (SI3BIK TIPOrpaMMHUpoBanus JIuc), Teopusi akTOpOB — K 0OBEKTHO-
OPHEHTHUPOBaHHOMY IIPOrPAMMHUPOBAHUIO (S3BIKK MporpammupoBanust Cmontok, C++) [19].

Teopus anropuTMOB pa3BUBaJIach B TECHOM B3aUMOJICHCTBUM C MaTeMaTHUYECKOM JIOTHKOH. JTO, BHE BCSIKO-
IO COMHEHHsI, 00YCIIOBJICHO TECHON B3aUMOCBS3bIO AITOPUTMHYECKOTO U JIOTHUECKOTO MBIIUICHHSI YeI0BEKa,
CXOXKECTBIO aJITOPUTMOB C MPOLECCAMH MMOCTPOCHUS JIOTHYECKUX YMO3aKIIOUECHUI, NCIIOIb30BAaHUEM 00CUMHU
JUCLUUITUHAMU (hOpMaJIbHBIX A3BIKOB. B pe3ynbrare 3TOro B3auMOAEHCTBHS OTKPUCTAIIN30BajIach ClIeayIo-
11asi METOJI0JIOrHYecKasl LEMOoUKa, KOTopast 10JKHA OBITh YSICHEHA KaKIABIM OyIyLIMM CHEHUAINCTOM B 00na-
CcTH MH()OPMATHKH, BBIYACIUTEILHON TEXHUKH, HH(OPMALUOHHBIX CHCTEM H TEXHOJOTHH, KOMIBIOTEPHOH
0€30MaCHOCTH:

MATEMATHUYECKAA JIOTUKA [@opManbHbIe S3bIKH]| =

TEOPUA AJITOPUTMOB (MATEMATUYECKHUE MOJEJIM BBIYNCIIMMOCTHN) [AnropurMuue-
CKHE S3BIKH ]| =

[TAPAJIUT'MBI ITPOI'PAMMUWPOBAHUA [S361k1 iporpaMMHUpOBaHus .

Teopust aTOpUTMOB HapsAy C HEOTACIMMOW OT Hee MaTeMaTUYEeCKON JIOTHKOM SIBISIOTCS (DyHAaMEHTOM,
Ha KOTOPOM 3MXKITyTCsl TEOPHSI U ITPAKTUKA KOMIIBIOTEPOB, MPOrPaMMHUPOBaHUs U HH(POpMaTHKH. Benp kaxnas
KOMIIBIOTEpHAs IpOrpaMMa TpeacTaBisieT co00i BhIpaKEHUE alrOpUTMa PELICHUs] HEKOeH 3a/1adl Ha OTHOM
U3 aJTOPUTMUYECKHX SI3BIKOB, KOTOPhIE TECHO CBsI3aHbI C (DOPMaTM30BaHHBIMH SI3bIKAMH MaTeMaTHYeCKON
JIOTUKH.

Teopus ancopummos Kax yueoOHwili npeomem. V3n0xKeHHbIE IPEICTABICHUS 00 HCTOPUUYECKOM Pa3BUTHH,
MpeaMeTe, ColepKaHNM M METOJaxX TEOPUH aJITOPUTMOB KaK HAYYHOW MUCIMITIIMHBI MO3BOJISIOT BBICKA3aTh
CIIE/IYIOIME METOINYECKHE COOOPaKEHUsI OTHOCHTEJILHO TOTO, KaK JOJIKEH ObITh OPraHM30BaH COOTBETCTBY-
foumid yaeOHbIH npeamet « Teopust aaropuTMoB».

Bo-nepBbIX, Kypc TEOpUHU alrOPUTMOB JOJKEH HEMOCPEICTBEHHO CJIEI0BAThH 32 KYpCOM MareMaTHYecKon
noruku [9—13]. Jlanee Teopust anropuTMOB KaK y4eOHBIN MPEAMET JOJDKHA MPEICTABIATh HAyKy 00 alropuT-
Max B JIBYX €€ MIIOCTACsAX — KaK TEOPHUsI KOHKPETHBIX allTOPUTMOB (MJIM HHTYUTHBHO-COJEpPIKaTeIbHAs TEOPHS
QITOPUTMOB) M Kak (popMmanbHO-IorHueckas (abcTpakTHas) TEOpHs alrOpuTMOB. Takoe MOCTpoeHHe Kypca
OyzeT HamTy4InuM 00pa3oM OTBEYaTh OHOMY M3 MOJIOKEHHH MPUHLIMIIA Pa3BUBAIOIIET0 00yUYeHUs — MOJI0Ke-
HUIO O COOTBETCTBHUM XapaKTepy UCTOPHUUECKOTO PA3BUTHSI HAYYHOH JUCIUIIINHBL.

[oBOpst 0 TeoprM KOHKPETHBIX AJITOPUTMOB, HEOOXOAMMO CHayalla OXapaKTeph30BaTh UCTOPHUECKHU CIIO-
XuBLIeecss HehopMalabHOEe (MHTYHUTUBHOE) TIOHSITHE aJITOPUTMa, OMHUCATh JIBA SI3bIKA MPEACTABICHHUS TaKUX
QITOPUTMOB: SI3BIK OJIOK-CXEM U alTrOPUTMUYECKUH S3bIK. PaccMOTpeTh pasHo0Opa3Hble MpUMEpPhl KOHKPET-
HBIX anropuTMoB. Cpean HUX aaroOpUTMBbI, PelIaroliie Tak Ha3blBaeMble UTPHI BYX JIL, B YACTHOCTH, UTPY
«n ipenMeToB». C anropuTMHUYECKON TOYKHM 3PEHUS aHATM3HPYETCs Urpa «XaHoicKas OamrHs»y, IPUBOIUTCS
anroput™ K.-®. ['aycca onpenenenus garsl Cesiroii [Tacxu — Ceriioro Xpucrosa Bockpecenus. O6cynuThb
BOINPOCHI JJOKA3aTeIbCTBA KOPPEKTHOCTH (PaBUIILHOCTH) aJITOPUTMOB.

Hanee Ha HehopManbHOM (MHTYHTHBHO-COJEPKATEILHOM) YPOBHE MOKHO OOCYIUTBH BOIPOCHI aHAIN3a
CIIO)KHOCTH aJITOPUTMOB M MACCOBBIX MPOOJIEM, pACCMOTPEB IPUMEPBI aHAJN3a Ha CIIOKHOCTH HECKOJIBKUX
MPOCTHIX AJITOPUTMOB — CYMMHUPOBAHUS WICHOB TOCJEI0BATEIbHOCTH, BEIYMCIEHUS CTENIEHU U (paKTopua-
J1a, BBIYMCIIEHUS 3HAUEHUsI MHOTOYJIEHa 110 cxeMe ['opHepa, anropuTMOB CIOKEHUS U YMHOXKEHUS MaTpPHIL.
3areM MOKHO MPOaHAJIU3UPOBATh HAa CIOXKHOCTh aJTOPUTMBI, PEIIaoIne Pl MPAKTHYECKH BaXXHBIX Mac-
coBBbIX pobieM Ha rpadax. Cpeau HUX TeopeMa 00 iepoBbIX rpadax, 0 KOTOPOH TOBOPUIIOCH BBILIE, IPO-
OJemMa raMHIBTOHOBOCTH Ipada, alrOPUTMBI TOMCKA MTyTeH B IAOMpUHTaX (B Y4aCTHOCTH, anroput™ Teces),
anroput™ JleWKcTphl MoMCKa KpaTyaiiiero nyTu B ceTH, anroput™m dopnpa-dankepcoHa 0 MaKCUMaJIbHOM
MoTOKe B ceTu. HakoHen, 371ech HY>KHO TI0Ka3aTh, KAKOBBI CIIOCOOBI CPAaBHEHHSI U KJIACCH(PHUKAIIMA MaCCOBBIX
Mpo0OJeM MO UX CIOKHOCTU U BBIACIUTH Pa3IMYHbIE KJIACCHI CIIOKHOCTH MacCOBBIX MPOOJIeM, BasKHEHIIN-
MU U3 KOTOPBIX SIBISIOTCS Kiacchl P, NP 1 NP-TIOJTHBIX MacCOBBIX MpoOieM. Pa3bsicHUTH cyliecTBO OQHON
13 BROXHEWIINX HEPEIIEHHBIX COBPEMEHHBIX MpoOieM MH()OPMATHKH O COBIAJACHWU MM HECOBIAJCHUU
kiaccos P u NP.
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Jasiee ciaemyer npuCTynuTh K (POPMaTbHO-IOTHYECKOH (a0CTPAKTHOI) TEOPUHM aJITOPUTMOB U, TIPEXK]IC BCE-
ro, OnMcarb NpoLenypy Nepexoja OT KOHKPETHBIX aJrOPUTMOB, IPUMEPHI KOTOPBIX paCCMaTPUBAJIUCH BBILLE,
K 00IlIel TeOpUH aIroOpuTMOB. 3aTeM OXapaKTepU30BaTh (hOPMAIIU3alMU TIOHSATUHI aJITOPUTMA U BBIYHCIUMON
(yHKIMM — MamuHbl ThIOPHHTA U PEKYPCHUBHBIC ()YHKIIUW, YCTAHOBUTH MX JIOTHYECKYIO PaBHOCHIBHOCT,
chopmynupoBath Te3uchl Thtopunra u Yépua.

[Tpu Gosne TryOOKOM H3yUEHUH Kypca MOT'YT OBITh PACCMOTPEHBI OCHOBHBIE METOJIbI OOIICH TEOpUHU ajro-
PUTMOB: METOJ HyMepaIlil ¥ METO/ TUaroHaau3anuu (Wi quaroHaibHeiil Meton Kantopa). C uX moMoInbko
YCTaHABIUBAIOTCS (PyHIaMEHTAIBHBIC PE3YNIBTaThl 00IeH TeOpHH aaropuTMOB, fokazanueie C. Kiuau, — Te-
opema 0 mapaMeTpH3aluH (s-m-n-Teopema), TeopemMa 00 YHUBEpCaTbHOU (PYHKIIMU U TeOpeMa O HEMOIBUK-
HOU TOuKe; 00CYXIal0TCs MPUMEHEHUS 3TUX TEOPEM B TEOPUHU U MPAKTUKE MPOTPAMMHPOBAHUS. 31ECh Ke
MOXKHO PACCMOTPETh PAJl BOIIPOCOB aJTOPUTMHUUECKON TEOPUU MHOMKECTB (Pa3peliuMbIM U MEPEUUCIUMbIM
MHOXKECTBaM), B KOTOPOU JIBa KJIACCHYECKUX CIIOC00a 3a/IaHusl MHOXKECTB M3Y4arOTCS C TOYKH 3PEHUS ajro-
puTMuueckoii 3 (GEeKTUBHOCTH, KOHCTPYKTHBHOCTH. BaXXHOCTh MOHSITUN Pa3pelIMMOCTH U MEPEUUCIUMOCTH
MHOXECTB JIJI1 OCHOBAHUI MaTeéMaTUKU CBS3aHA C TEM, YTO SI3bIK TEOPUU MHOXKECTB SIBJIIETCS B MU3BECTHOM
CMBICJIE YHUBEPCAJIbHBIM A3bIKOM MATEMAaTHUKHU.

Anodeo3oM Kypca TCOPHH aJTOPUTMOB SIBIISTFOTCS BOIIPOCHI, CBS3aHHBIC C aJITOPUTMHUYCCKH HEPa3peIn-
MBIMH MAaCCOBBIMH MPOOJIEMaMH — B TEOPUU JITOPUTMOB U B Maremaruke. Cpeau HUX — npuMep (QyHKIHH,
HE BBIYKCIMMON HU Ha KakoW MainHe ThIOpUHTA, MPOOJIEMbl PACTIO3HABAHUS CaMOINPUMEHHMOCTH U pac-
MO3HABaHMsI IPUMEHUMOCTH (TIpodJieMa OCTaHOBKM) MamuH ThrOpHHTa, MPOOJIEMbI PAaCIIO3HABAHUS HYJIEBBIX
(hyHKIHMI ¥ paBEHCTBA JIByX BBIYMCIUMBIX (PYHKIMH, TPOOJIEMBbI BX0O/Ia U BBIXOJa, Ipo0ieMa pacio3HaBaHUS
00IIepeKypCUBHBIX (BCIOIY OMPEICIICHHBIX) PYHKIUH. B CBSA3M ¢ alropuTMUYECKOi Teopreii MHOXKECTB MO-
JKET OBITh JIOKA3aHO CYIIECTBOBAHUE NIEPEUHUCIMMBIX, HO HE Pa3pelIMMbIX MHOXKECTB, a TAK)KE CyIIECTBOBAHUE
HENEPEYNCIUMBIX MHOKECTB.

BaxxHeiinee METONOJIOTMUECKOS 3HAUCHHUE Ui MH(POPMATHKUH M MPOrPAMMHPOBaHUS HMeeT (yHa-
MEHTallbHasl Teopema Paiica 00 alropuTMHUYECKON Hepa3pelnMMOCTH TPOOJIeMbl pacio3HaBaHUSI HETPUBHU-
AJBHBIX CBOWCTB BBIUMCIUMBIX (PYHKIHH. JTa Teopema, Mo CyTH, O3HAYaeT, YTO HE CYIIECTBYET CIUHO-
ro aJfOPUTMa, KOTOPBIM JJI Ka)XJIOH BBIYUCIUMON (DyHKIIMU Oompenesisiai Obl, oOiagaeT u 3Ta (QyHKIUS
TEM WJIM MHBIM CBOWCTBOM WJIM HET, HAIPUMED, SBJISCTCS JIU 3Ta (PYHKIHsSI MOCTOSHHON, MOHOTOHHOM, I1e-
PUOIMYECKOM, OrpaHUYeHHON u T.11. HO 3T0 nuIib nepBoe NpuOIMKeHHE K TOHUMAaHHUIO CMBICIIA 3TOU Te-
opeMbl. [[er0 B TOM, YTO MBI MBITAEMCS CO3/IaTh CIIUHBIN aNTOPUTM, KOTOPBIA UMEET eJ0 ¢ (QYHKIUIMHU.
Ho 4T0 3HauuT uMeTh neno ¢ GpyHkiuei? OyHKIUsI JohKHA OBITh Kak-TO 3aiaHa. C TOYKH 3peHUS TEOPUU
aJITOPUTMOB, (DYHKIIUS 3a4a€TCSI BHIUUCISIONUM e¢ anroputMmoM. [lpu 3ToM sicHO, YTO Kaxaas (YHKIIUS
MOYKET BBIUMCIATHCSA MHOKECTBOM aJITOPUTMOB. Pa3piCKMBaeMblil HAMU €AUHBINA AJITOPUTM KakK pa3 U UMEET
JIEJIO C allTOPUTMaMHU, BRIYHCIAIOIMUMA (QyHKIUU. CMBICIT TeopeMbl Paiica COCTOUT B TOM, YTO 10 OnUCA-
HUIO AeOPUMMA, 8bIYUCTAIOWE20 DYHKYUIO, HUYE20 HeNb3sl Y3HAMb O C8OUCMEAX (QYHKYUU, KOMOPYIO OH
svryucisiem. Ellle pa3 IOAUYEpPKHEM — HE CYILLIECTBYET €AUHOIO AJITOPUTMA, MIPUMEHUMOI0 K OITMCAHUSAM BCEX
BBIYHCIISFOIINX JITOPUTMOB BCeX PyHKIMIA. B 4acTHOCTH, OKa3bIBaeTCs HEpa3pelIuMoil podiieMa 9K8uUsa-
JIEHMHOCMU ANCOPUMMOG: NO 08YM 3A0AHHBIM AN2OPUMMAM HENb3S YIHAMND, GLIYUCTAION OHU OOHY U MY Jice
@dyHKYUIO U Hem.

Kaxapiéi, KTO UMen Aelo ¢ MporpaMMHUpOBaHHEM (HAIMCAaHUEM KOM-TIBIOTEPHBIX IMPOrpaMM), 3HAET,
YTO TI0 TEKCTY CKOJIBKO-HUOY/Ih CIIOKHOMW MPOrpaMMBbI, HE 3ayCcKas ee B padoTy, TPYJHO MOHSTh, YTO OHA Je-
naeT (kakyro (QyHKIMIO BeUucisieT). Eciu 3To MoHMMaHue U PUXOIUT, TO KXKIbI pa3 Mo-CBOEMY; €IMHOTO
METOJIa 37IECh HE CYLIECTBYET. DTO CBOETO POJa MPaKTHUUECKOE MpOsiBICHUE TeopeMbl Paiica.

B kypce maremMaTrueckol JIOTUKH 00CYKIAF0TCS TPOOIEMbl CHHTAKCHUCA M CEMAHTHKH SI3bIKa TIPU PacCMO-
TpeHUU (POPMAITLHBIX AKCUOMATUYECKUX MareMaTudeckux Teopuii (cM. [9, paszaen 7.4]). B Teopuu anroput-
MOB MOSIBJISIETCS €III¢ OJMH aCIeKT 3TOH mpoOiieMbl. CHHTAKCUYECKHE CBOWMCTBA aJlfOPUTMA — 3TO CBOMCTBA
OIMKCHIBAIOIIUX €r0 TEKCTOB, T.€. CBOWCTBA KOHEYHBIX CJIOB B (pukcupoBaHHOM ajidaBute. CeMaHTUYECKUE
(MM CMBICTIOBBIC) CBOMCTBA alITOPUTMA CBSI3aHBI C TEM, YTO JENAET aJTOPUTM, YTO BHIYUCIIAET; T CBOMCTBA
€CTECTBCHHO OIMCHIBATh B TEPMUHAX (DYHKIIUH, BBIYUCISIEMBIX aJITOPUTMAMH. XOPOIIO U3BECTHO, YTO B MPO-
[ecce OTIAJKU MPOrpaMM CHHTAKCUYECKUE OIIMOKH OTBHICKUBAIOTCS JOBOJBHO JIETKO (3TOMY, B YaCTHOCTH,
CIOCOOCTBYIOT M JIOTIOJIHUTEIBLHBIC MPOrPAMMBI-AITOPUTMBI). [JlaBHBIE HENPHUATHOCTH CBS3aHBI UMEHHO
C aHAJIU30M CEMaHTHKU HEOTIIAXKEHHOW IPOrpaMMBl, T.€. C MOIbITKAMU YCTaHOBUTD, YTO K€ OHA JEJIAET BME-
CTO TOTO, YTOOBI JIeJaTh TO, YTO MbI XOTUM (M 3[I€Ch HAM YK€ HUKAKHUE JIOTOJIHUTEIILHBIC TTPOrPaMMbl IOMOYb
He MoryT). OOpa3HO BhIpaKasch, MOXKHO CKa3aTh, UTO TeopeMa Paiica 3ByYUT Tak: no CUHmMaxcucy aieopumma
HUYe20 Helb3sl Y3HAMb O €20 CeMAaHmuKe, mounee, He Cywecmsyem eOuH020 anr2opumma, no3eonsiou,eco y3na-
8amv 2MoO eOUHbIM CnOCcoboM 071 6cex arcopummos. Takum o0pazom, Teopema Paiica ocymiecTBisieT oTaene-
HHE CUHTaKCHCa alrOpUTMa OT €r0 CEMaHTUKHU.
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C TeopeTnueckol TOUKH 3pEHHS aIrOPUTMHUECKas HEpa3pelnMOCTh MacCOBOM IPOOIEMBI — HE Heyaaua,
a Hay4yHbli QakT. OH O3HAYaeT JHIIb OTCYTCTBUE €IUHOTO Crocoba i PEelIeHUs] BCeX eIUHMYHBIX 3aau
JaHHOW OECKOHEUHOH cepHH, B TO BpeMs KakK Kak[as WHIMBUAYyaJbHAs 3ajada CEPUH BIIOJHE MOXKET OBITh
pelieHa CBOUM HHIMBHIYAIbHBIM cIoco0oM. boee Toro, MoJKeT oKa3aThCst pa3peiinMoi (CBOMM UHIUBHLY-
aJIbHBIM METOIOM) HE TOJIBKO KajkKJas OTJeNIbHas 3ajada 3TOro Kjacca, HO M Iieible TOAKIACCHl 3a7ad 3TOro
KJlacca, o3ToMY, €ciH IpodiieMa HepaspelrMma B 00IIeM cilydae, Hy>)KHO MCKATh €€ pa3pelinMble YacTHbIE
ciryyan. 3anada B Oonee o0Ieil mMoCTaHOBKE MMEET OO0JIbIle MIAHCOB OKa3aThes Hepaspemmnmoi. [lonnvanue
CYTH ITPOOJIEMBI AITOPUTMHUYECKON HEPa3peIIMMOCTH 1 3HAHWE OCHOBHBIX allTOPUTMUYECKUX HEPa3pernMo-
CTeH sABJIsIETCS OJHUM U3 Ba)KHBIX 3JIEMEHTOB COBPEMEHHON MaTeMaTH4eCKOH M JIOTMYECKON KyIbTypbl 0CO-
OCHHO A T€X, KTO UMeeT NpoQecCHOHANbHBIC eia, CBI3aHHbIE ¢ KOMIBIOTEPaMH, IPOrPaMMUPOBAHUEM,
HHPOPMATHUKOH.

B cooTBeTcTBUM ¢ M3I0KEHHON METOJMUYECKOHN KOHLEMIMEH aBTOPOM pa3paboTaHbl, HAMUCAHbBI M H3aHbI
YUeOHHUKH 10 KypCy TEOPHUHU aJTOPUTMOB [Tl CTYACHTOB YUPEXKICHUHN BBICILIETO U CpeiHero npodeccuoHab-
HOro 00pa3oBaHMs, a TAK)Ke BBICIIEro 00pa3oBaHus, BhIMylIeHHbIE n3narenbctBoM UHOPA-M [14] u u3na-
TEJILCKUM LeHTpoM «Akagemus» [15]. (Ux cBoero pona npenreueii crano nocodue [16]). B xoHue yueOnuka
[15] npuBenéH oOMMPHBIH CIIMCOK JIUTEPATYPHI, pa3AeinEéHHbIN Mo TeMaM. E€ MokHO HcTionb30BaTh AJis Oojee
[IyOOKOTO M3y4YeHHsl BOIIPOCOB, 3aTPOHYTHIX B 3TOM nocoOun. B wactHOCTH, B yueOHuke [14] Bonpockr dop-
MaJIbHO-JIOTUYECKON (a0CTPaKTHOW) TEOPHH aJITOPUTMOB paccMaTpHBaloTCsl 0ojiee 00CTOATENLHO M JOKa3a-
tenpHO. K unciy opmanuzannii MOHATHS alropuTMa 100aBIsSIOTCS HOpMaIbHbIE anropuT™Mel A. A. MapkoBa,
JIOKa3bIBAETCSl SKBUBAJICHTHOCTh TpeX (hopMaiu3auuii MOHSITHS alrOpUTMa, O KOTOPBIX TOBOPHIIOCH BBIILE.
dopmynupyercd NpUHIKIN HopMann3auun MapkoBa. bosee cTporo usnaraercs Teopusi CI0KHOCTH BBIYMC-
JIeHUH U MaccoBbIX mpobieM. [lokaspiBatorcst TeopeMbl K. ['€nenst o Henonnore gopmanbHON apudMETHKH,
A. Yépua o HepazpemnmMocTd (HOpMaIM30BaHHOTO MCUUCIICHHS MPEIUKATOB (C UCTIONb30BaHUEM TEOPHH Ma-
WHWH ThIOpUHTA).

[Ipu u3ydyeHnu Kypca TEOpUH aJropuTMOB PEKOMEHAYIOTCs cOopHuKH 3a1a4 [20; 21], pazpaboTaHHbIe aB-
TOpPOM Ha OCHOBE IEPEUNCICHHBIX TPUHLIUIIOB UX MTOCTPOEHHUSI.

BruiBoabl. TakuM 00pazom, BiiaieHue 0CHOBaMH 001Iel TEOPUH allTOPUTMOB SIBIISIETCSI HEIPEMEHHBIM aTpu-
OyToM (yHIaMEHTaIbHON 00pa30BaHHOCTH BCSKOTO COBPEMEHHOTO BEICOKOKBAIU(UIIMPOBAHHOTO CIICLIUAIH-
cra B obnactu IT-TexHonornii (KOMIbIOTEPOB, MPOrPaMMHUPOBaHKS U MH(POPMATHKH). TeopHs aaropurMoB
pa3BUBaiaCh B TECHOM B3aMMOACHUCTBHM C MaTeMaTHYeCKOH JOTMKOH. M m3yuaercs maHHBIA Kypc OOBIYHO
nocie Kypca MaTeMaTHYecKOW JIOTHKH. DTO, BHE BCSKOIO COMHEHHS, OOyCIIOBJICHO TECHOW B3aMMOCBSI3bIO
AJITOPUTMHYECKOTO M JIOTHUYECKOTO MBIIUIEHUS YEJI0BEKa, CXOKECThIO aJITOPUTMOB C MPOLIECCaMU TOCTPOe-
HUS JIOTHYECKUX YMO3AKIIOUEHUH U 10Ka3aTesIbCTB, HCIOIb30BaHHEM 00CHMH AUCLHUIIIMHAME (OPMaTBbHBIX
SI3BIKOB.

B cooTBeTcTBHHM € M3I0KEHHBIMH PEKOMEHIAIMAMU, MIPENOAaBaTeIb MOXKET C(HOPMHUPOBATH CONlEPKAHUE
Kypca TEOpHH JITOPUTMOB B 3aBUCUMOCTH OT TOTO, OYIyLIMM CIIELUAIMCTaM KaKOTO YPOBHS JAaHHBIH KypcC
MIPENoAaeTCs — Ha YpOBHE OakaiaBpuara WM MaruCTpaTyphl B CHCTEME BBICIIETO 00pa30BaHMsI, MU B CUCTE-
Me cpeaHero npodeccHoHaILHOTO 00pa30BaHHUSL.

B 3akmroueHume oOpaTUM BHHMaHHME Ha CJEAyIOLIee METOJOJOTHYECKOoe 00cTosATeNnbCcTBO. Ecmu
XVII n XIX Beka ObLTH BEKaMH TOCIIOACTBA B MPHIIOKEHUSIX METOIOB HEPEPBIBHOM MaTeMaTHKHU, TO XX BEK
HECOMHEHHO BBIIBUHYII Ha TIEPEJHHUN TUIaH B cepe NPUIIOKESHUI METOABI TMCKPETHON MaTeMaTHKH, K KOTO-
PO OTHOCATCS TEOpHs AITOPUTMOB M MaTeMaTHyecKkas JIOTMKa. DTO BBI3BaHO, MPEXkE BCEro, TMMaHTCKUM
HaIJIBIBOM HH(OPMALUK U CO3JaHNEM KOMIIBIOTEPOB U KOMITBIOTEPHBIX METOIOB ee 00padoTku. XXI Bek mpo-
JIOJDKAeT yCUIIMBATh 3Ty TEHAECHUUIO. /IUCKPETHOCTh TECHO CBsI3aHa C aJITOPUTMaMM; 3TO OJTHO U3 ONPEENsito-
mMX UX cBoicTB. HecOanancupoBanHoe Teopueit 6e3yaepkHOe OBIaileHHE TOJILKO aITOpUTMaMu (popMHUpyeT
KOHCTPYKTHUBHBIN XapakTep MMOBEJCHHUS U KaK CIIEICTBIE KOHCTPYKTUBHBII 00pa3 Mbiciei. MTak,

JUCKPETHOCTD = AJITOPUTMU3M = KOHCTPYKTUBU3M

— BoOT «3HaMeHa» XXI Beka. Kyzna sxe Mbl niem nox 3Tumu 3HamMeHaMu? Eciiu «HenmpephIBHBII XapakTep
MBILJICHHUS YUYW PACCYKACHUSIM H JIOTHKE U CIIOCOOCTBOBAT (POPMUPOBAHUIO JTUYHOCTEH MBICISIIIMX U TBO-
PAIINX, TO «IUCKPETHBIN» 00pa3 MbICIEH yUnuT AEHCTBUSAM (Ha)KUMaTh KHOTIKH KOMIIBIOTEPOB, Ta/KETOB, Te-
neOHOB, TUIEEPOB, OBITOBOM TEXHUKH, pellaTh TOJBKO THUIIOBBIC 3afauyd Mo oOpa3laM-aaropurMam | T.11.)
U COOTBETCTBEHHBIM JICHCTBEHHBIM KOMIIETEHIIUAM, CIIOCOOCTBYs (HOPMHUPOBAHHIO UCTIONHHUTENEH U TIOTpedu-
Tenel. TakoB 0ObEKTUBHBIN X0 BEIEH.

Takast TeHIEHIIMS COBPEMEHHOTO OOIIECTBEHHOTO Pa3BUTHS TPeOyeT OpraHn3aliii CHCTEMbI 00pa30BaHus,
KOTOpast MoTJia Obl HEMTPanTnu30BaTh MaryOHOe BIUSHHUE JUCKPETHBIX MPOIIECCOB Ha MOIPACTAIOIIUE TTOKOJIe-
HUS ¥ HampaBUTh (GOpMUpOBaHUE OyIyIIUX JUYHOCTEH Ha MyTh CO3MIAHUS U TBOPYECTBA, HO ATO TEMa YKe
JpPyroro UCcieJ0BaHusl.
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