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I.B. Cyx010/16CKHHA

ANTTOPUTMbI U AITOPUTMUYECKWUE CTPYKTYPbI'

Anroput™ — 3T0 NPaBUIIO MIIM IIPOrpamMMa
JCHCTBUN [T peIICHHs Kakoi-Tu0o 3a1ayn.
B knaccuueckoii MaTeMaTuKe anropuTMbl Ha3bl-
BAJMCh aNropuMaMd, HO 3TO YCTapeno.
AnropuT™ Kak MareMaTuyecKui 00bEKT MOXKET
OBITH 3aJaH B JTIO00H W3 TATH GopM: ClloBec-
HOW, CHUMBOIHMYECKOH, Tpaduueckoi, Tabmmy-
HOM W aHamuTHYecKod. Maremarnueckue
¢yHKIMH, 0003HAYCHHBIE CHMBOJAMH, 3aIlH-
CaHHbIE B BUJIE yPAaBHEHHH, BCE ABJIAIOTCA AJIT0-
putmamu. Hampumep, korna Mel muiieM tg, 3a
3THM CHMBOJIOM TPHTOHOMETPHYECKOH (yHK-
MM CKPBIBAETCSl NPABUJIO €€ BBIUMCIECHUS:
B3STh OTHOIIIGHWE KaTeTa, MPOTHBOJICIKAIIETO
YLy, K KareTy, eMy Tpuiexamemy. A ypaBHe-
HHUE MPAMOH Y = ax + b B HEABHOM BUJIE OTUCHI-
BACT, KaK TONYYHUTh 3HAYCHUS ONHOH U3 (yHK-
[IMOHAJILHO CBSI3aHHBIX NEPEMEHHBIX, YMHOXKas
Ha KOHCTAaHTYy 3Hau€Hus JPyroil NnepeMeHHOH
(aprymeHTa) M CyMMHpYS C eIIE OXHON KOH-
CTaHTOH. DTOT MpeANKcaTeNbHbIA CMBICT YpaB-
HeHust ctan Obl Oonee SBHBIM, eciii Obl ero
3anuchBarh Tak: Xxa + b =y.

Crnenyer pa3nuyarh OJHO3HAYHbIE X MHOTO-
3HAYHbIE, HECTOXACTUYECKHE, TTOJIHbIE U HEMOI-
HBIE, & TAKKE MPOCTHIC U CIIOKHBIC AITOPHTMBI.

B onHo3HauHOM anroputMe AedcTBUS clie-
IYIOT JApYT 3a JPYroM Kak HPUYUHBI U CIei-
CTBHS JI0 MIONyYEHHUS Pe3y/bTara, pajl KoTopo-

ro OBUT CKOHCTpyHpOBaH airoputM. OmHO-
3HAYHBIC ANTOPHTMBI TPAAUIMOHHO HCIIONB3Y-
I0TCSL B MaTeMaTHKe M TexHuKe. [1o HuM mpowus-
BOAATCS BBIYUCICHUS (yHKUMI U paboTaroT
MEXaHW3Mbl W MaIIUHBL. Takue alropUTMBbI
BIIOJIHE 3aCIY’KMBAlOT HA3BaHUS «MEXaHHUCTH-
YECKUe».

MHOro3HaYHbIE ATTOPHTMEI 00JIEE CIIOKHBIL:
OHH COCTOSIT U3 MHOKECTBA OJHO3HAYHBIX TOJ-
aIrOPUTMOB, MM PeAIU3aLUi, KOTOPbIE «BKIIIO-
YaroTCA» MPH OMPEAeTEHHBIX yCIOoBUAX. MHO-
TO3HAYHbIE AJTOPUTMbI NPUIOAHBI IJI pelle-
HAS 3a71a4 ONpEeEHHOTO Kiacca mpu Oornee
IIHPOKOM KpyTe YCIOBHI, YeM OXHO3HAYHBIC
anropuT™bl. OOBIYHO OZHO3HAYHBIC MOAANTO-
PUTMBI TIPEJCTABNAIOT OO0 BapUaHTHI, B CO-
BOKYITHOCTH MPHUBOIAIIME K PELICHUIO 3aa4H.
[TosTOMy MOXXHO NpPEICTaBUTH MHOTO3HAYHBIH
alrOPUTM B BUJIE MHOXKECTBA OJHO3HAYHBIX Ba-
PUAHTOB U HA3BIBATH €TO «BAPUATHBHBIMY AITO-
putMoM. BoT xapakrepHslil mpumep.

Co LIKONBHOM CKaMbU U TI0 CIIPABOYHUKAM
BCEM M3BECTHO, 4TO (a + +b)2 = a2+ 2ab + b2,
Ho ecmu yuects, uto (a + bf = (a+ b) (a+ b)
U BCEBO3MOXKHbBIE NIEPECTAHOBKM HOPsIKA AeH-
CTBHH, TO OKQXKETCS: 3a 3TOW TPUBBIYHOH (op-
MyJIOH CKpBIBalOTCA 38 BapUaHTOB BBIYUCIIE-
nuit. Hanpuwmep: (b + a)2 = 62a + b2 + a2. U s,
HaBEPHO, HE BCE BAPUAHTBHI NEPEUHCIIHIL.

1 Cyxodonvckuii I B. MatemaTuieckue METOBI B ICMXOIOTHH. 3-€ W31, uctp. Xapbkos: M31-Bo «yMaHHTapHbIit

neHTp», 2008.
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Boo01e roBops, cienyeT moHATb, YTO JIHO-
0as «denoBeUecKas» 3agada BapHATHBHA, T.C.
UMEET MHOTO croco0oB pemeHus. K coxaie-
HHUI0, OHH OOBIYHO HE U3BECTHBI U HE UCTIONb3Y-
I0TCsI, Kak B mpumepe ¢ (a + b)2. Jlaxe s
HECTIOKHBIX 331a4 ONMH YEIOBEK C TPYHIOM
HaXOIUT HECKOJIHKO BO3MOXKHBIX BapHAHTOB
pemenus. A Goree WM MeHee MOTHOE MHOXKe-
CTBO BAPUAHTOB CYIIECTBYeT Kak YEPHBIH
SNIUK, KOTOPBI MOXHO «IIPOCBETIIUTE JIHIIb
OobIIOMY YHCITY pabOTAIONIMX HAJl HUM HCCIe-
JIOBaTelIei?.

[To BapHaTHBHBIM aJrOpPUTMaM TOXe pado-
TAOT MAIIMHBI — 3TO KOMIIBIOTEpHL. B Bapna-
THBHBIX aITOPUTMAX €IIE COXPAHSIETCS OTpere-
7€HHAs JIONS MEXaHWCTUYHOCTH: BHJBI JEii-
CTBHS CIIEAYIOT IPYT 3a JPYroM OAHO3HAYHO,
MammuHO00pa3Ho. YenoBeKy, KOHEUHO, IPHXO-
IUTCs paboTaTh MO TAKMM ANTOPUTMaM, HO 3TO
ofHOO0Opasye He KaKIOMYy W HE BCETIa MPUHO-
CHUT YIOBJETBOpeHHE. Benp uenoBek — He
MallliHa, ¥ OH HEMPOU3BOJBHO Pa3sHOOOpa3uT
¥ )KH3HB, ¥ TPY/IL.

OOBIYHBIA BapHATUBHEIN aNTOPUTM HE CTO-
XaCTHYCH, OH MpEICTABIsIET COO0H (akTop-
MHOXECTBO BapHaHTOB. OJIHAKO 1O Mepe MHO-
TOKPATHOTO HCIIOJTHEHUS YENIOBEKOM OJIHH
BAPUAHTHl PEANTU3YIOTCS Yallle, YeM JpYyTHE.
OTO 3aBHCUT U OT YCIOBHI MPHUMEHEHHS aJro-
pUTMA, ¥ OT CyOBCKTHBHBIX 3HAHWI U CKIOH-
HOCTEH dYeloBEeKa-UCHONHUTEN. BaxkHo, dTO

2 K npumepy, B koHIe 60-x rT. Apon ®reiiivan BMecTe
CO MHOW HCCIIEHOBAT BAPHATHBHOCTH 3aJa4KH M3 3a]1a4-
HUKa 1714 4-ro Kiacca. Ham ynanoch He3aBUCHMO JApYT OT
Jpyra Haiitu 1o 4-6 cnoco6oB perenus. Y Toabko Koraa
9TH TIOHCKU B BHJE HKCIIEPUMEHTA «IONpoOyH pern ermé
KaKIM-JIM0O JIpyruM crocoOoM» (Ha THOKOCTb MBINILTE-
HuUs) ObUTH TIPOBEICHBI B (PU3UKO-MATEMATUUECKUX KIIac-
Ccax, Cpe/i CTYIEHTOB, HHKeHepoB — vesoBek 300, Torna
Obu10 HaitaeHo 12 crocoOoB petienus (0T 4 AeHCTBHI 10
7 nercTBUiA).

B KOHIIC KOHIIOB BapMaTUBHBIN alrOpUTM IIpe-
BpallaeTcs B MYIbTUMHOXECTBO BapUaHTOB,
B KOTOPOM KPAaTHOCTH MMEIOT CMBIC] YacTOTbI
WIM YacTOCTH INPMMEHEHUs BapHaHToB. Tak
TIOSABIIAIOTCS CTOXaCTUYECKUE AJITOPUTMBI.

CroxacTH4ecKuil alropuTM IIpOLIE BCETo
NpEeICTaBUTh KaK BAPUATHBHBIA alTOPUTM,
BapHaHTBl KOTOPOTO PEANU3YIOTCS M MPHBOAAT
K pe3yNbTary JUIb ¢ ONpeJeIEHHON BepOSTHO-
CTbIO, @ BCE BMECTE — JOCTOBEPHO. MOXKHO
CKa3aTh U TaK, YTO CTOXaCTUUECKHUH alrOpHTM
3a1a€TCs paclpeielieHHeM BepOsITHOCTEH Ba-
PUAHTOB pEeIeHNs 3a/1a4 JAHHOTO KJlacca.

CroxacTH4ecKuil airoputM MOXeT OBITh
HOJMHBIM B TOM CMBICJIE, YTO €r0 BapHaHTbI
00pa3yloT TOJHYI0 TpPYHIy HECOBMECTHBIX
coObiTuil. MHave on HemomubId. S yxke roso-
pUII, 4TO NEPEYUCIUTD BCE BAPHAHThI PELIECHNU
Jaxe IPOCTON 3a1a4d — JEJNI0 TPYJHOE, €CIU
HE HeBO3MOXHO€. [109TOMy MHOTHE U MHOTHE
CTOXAaCTHYECKUE AJITOPUTMBI HE MOJHBI. A 3Ha-
YUT, UCKOMBIN pe3yJbTaT yke He JAOCTUTaeTCs
JIOCTOBEPHO, HO JIMIIb CIy4aifHO, ¢ OonbIIeH
WX MEHbIIEH BEPOATHOCTBIO, OTIMYAIOIIEHCS
OT eOuHUIBI. Takue HemojHble (4acTHYHbIE)
CTOXAaCTHYECKUE aJTOPUTMbl HA3bIBAIOTCS 3B-
PUCTHYECKUMH, WU IBPUCTHKAMH.

Wrak, Mbl BBIOENWIM YETIpE THUIIA aJro-
PUTMOB — MEXaHUCTHYECKHE, BapUaTHBHLIE,
croxactudeckue u 3ppuctuyeckue. [To nepssm
JIBYM pabOTalOT MallINHbI, [Ba MOCAEAHUX THIIA
CBOWCTBEHHBI 4eNOBEKY. PaccMOTpuM mpocTeit-
LIUEe IPUMEPBL.

[TycTb HyXHO MepecTaBUTH OOBEKT C OIJHO-
ro mMecta Ha apyroe. OnHO3HAYHBIN (MeXaHH-
CTHYECKHIl) aNropuT™M pelIeHHs 3TOH 3a1auu
Mpe/CTaBasieT COO0OW IMEMoYKH JICHCTBUIA:
«B3SITh — MOJHATH — MEPEeHeCTH — IO0CTa-
BUTh — OTHYCTUTH» (pHC. 1, 6, 1).
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Puc. 1. Tpadsr anropuTMoB:

a — JICA (;lorugeckas cxeMa BapHaTHBHOTO aJITOPUT-
Mma): A, b, B, I, ]I — o0o3Ha4cHus neiicTBui; 6 — 1Be
O/[HO3HAYHBIE PeaNn3aliy BaApUAaTHBHOTO alrOpHTMA:
1 — 6e3 moBTOpEHUH, 2 — C OZHOKPATHBIM IIOBTOpE-
HHEM; 6 — Tpad) CTOXaCTHIECKOTO BapHaTUBHOTO
AITOPUTMA, TIOTyIEHHBIH 0000IIeHHEM B3BEIICHHBIX
BeposTHOCTAMU Py 1 Py peanusauuid

Ho MoxeT cay4uThes, 4To NepBOHAYAIBHO
HaMeYeHHOEe MECTO, Ky/la TepecTaBleH OOBEKT,
9eM-TO HEaJeKBAaTHO M OOBEKT HY)XXHO CHOBA
IIEPEHECTH Ha Jpyroe MecTo. B Takom ciydae
JEHCTBUE «IIOCTABUTH) COUYETACTCS C OLECHOY-
HBIM JICHCTBHEM «TO JIM MECTO»; B pe3yIbTare
THOSBIIAIOTCS [IBE BO3MOMKHBIE OLIEHKH — «J1a»,
«MECTO TO», MIIH «HET», «MECTO He To». BoT,

€CJIM «MECTO HE TO», NPUXOAUTCS CHOBA MOJ-
HUMaTbh O0DBEKT, IEPEHOCUTD €0 U CTAaBUTh Ha
HOBOe MecTo. Boobre roBopst, 3T0 MecTo CHOBa
OIICHUBACTCS M MOXKET HE IOJOUTH CYOBEKTY,
peaTu3yIoneMy aarOpUTM.

Torna BMecTo peanusanuu ¢ IByMs Tepe-
Hocamu (puc. 1, 0, 2) mosBUTCA peanu3auus
C TpeMs, YeTHIpbMsA U T.JA. mepeHocamu. Ho
s UL IPEMEpa OTPaHUIyCh IBYMS pean3a-
IASIMA.

Byny4n o0bequHEHBI, 3TH pearu3aniu 00-
pa3yloT T.H. JIOTHYECKYIO CXEMy aJrOpHTMa,
MIUPOKO PACHIPOCTPAHEHHYIO B TPUIOKEHHUAX
anropuTMHUeckoro noaxoxa (puc. 1, a). A ec-
JIM 9TH K€ Pealn3alii B3BECUTD BEPOSTHOCTS-
MH 1 0000IIHTh, TO TOTYYHUTCS Tpad CTOXacTH-
4eckoro airopurma (puc. 1, g).

Kax Obo ckazaHo, ciemyeT pasinvaTb
MPOCThIE U CIOXKHBIE aNropuTMbl. KoHeuHo,
MPOCTOTA U CIIOKHOCTH OTHOCUTENbHBL. OIHAKO
MHOTHE peajbHBIe 3a[1adu TpeOyIoT peleHui,
COCTOSIIIMX W3 MHOTHX IECATKOB, COTEH, a TO
U TBHICAY «INEMEHTAPHBIX» IEHCTBUH («TOM-
HATBY», «MOCTABUTH», «BKIIOUHTHY, «BBIKIIO-
YUTH» U T.A.). TakoBbl, B YaCTHOCTH, 3a/1a4H,
pemiaeMele B Tporecce paboThl OIepaTopamMu
9HEProOJIOKOB, HMHXKEHEPAMHI-KOCMOHABTAMHU.
SlcHo, 9TO Takue 3aaun, a TeM Oonee BCIO Jes-
TETBHOCTh CYOBEKTOB TpPylIa HENb3s OIHCATh
OJTHUM aJITOPUTMOM.

Tak BOT B KauecTBE «IIPOCTOT0» MOXKHO
MPUHATD AITOPUTM, YUCIIO AEHCTBUI B KOTOPOM
COOTBETCTBYET MUIUIEPOBCKOMY 4HCTy 7 + 2.
[Ipu OonblreM KoJMYEeCTBE JEHCTBUH MPHXO-
JIATCSL PACUIICHATD 33/1a9y Ha TT0/13a/1a4H, pella-
eMble TIPOCTBHIMH AJTOPUTMAMH, M CHHTE3UPO-
BaTh U3 HUX CJOXHBIE AITOPUTMBI, KOTOpBIE
1e1ecoo0pasHo, MO CyTH Jiefia, Ha3bIBaTh «all-
TOPHUTMHYECKHMH CTPYKTYPaAMID).
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ANropuUTMHYECKHE CTPYKTYpPBl OOBIYHO
UepapXuyHbl, U Ul UX CHHTe3a pas3pabora-
Hbl CIeLUalbHble MPOLENyphl, BKIIOYAIOLINE
B ce0s omepamuu CBEPTKH-PAa3BEPTKH, B3Be-
IIMBAHKS, 0000MIEHNS ¥ HECKOJIBKO BHIOB COE-
JMHEHUH. DTO JTOCTAaTOYHO OOBEMHBIE TpOIe-
Jypbl, U OHH PACCMOTPEHBI B JPYrux myomu-
Kanuax2. 31ech OrpaHUYMMCS PacCMOTPEHH-
€M TpOoCTEHIIel aNrOpUTMHUYECKON CTPYKTY-
pbl IeHcTBUM mpenojaBaTens B CUTyallud 3a-
yéra.

OTa cuTyalys XopouIo 3HakoMa BCEM yUHB-
muMcs B By3e. IIpemnogaBatens 3a1aéT BOIpoO-
Cbl, @ CTYJIEHT Ha HUX OTBEYaeT — IPaBHUIBHO
WM HEeMpaBWIbHO. [ cMOTpS MO KOMMYECTBY
NPaBWIBHBIX M HENPaBWIbHBIX OTBETOB, IIpe-
TI0J]aBaTesb OI[CHUBAET 3HAHUS CTY/ICHTA AUXO-
TOMHYECKH — «3aU€T» WU «HE3a4ET.

OnbITHBIN MpenoaBaTeNlb He CTaHeT Mpe-
Bpawarh 3a4€T B 3k3aMeH. OH OyneT 3a1aBathb
«KJIFOYEBbIE» BOIPOCHI 110 KypCy M OrpaHHYUT
UX KOJIMYECTBO — MUHMMAJIBHO JAByMsl, MAKCHU-
MaJbHO Tpemsi Bompocamu. [loTomy uTO 1Ba
NpPaBWIBHBIX OTBETA JOCTATOYHBI, YTOOBI
TIOCTABUTh 3a4€T, TAK )K€ KaK /IBA HENPaBUIIb-
HBIX OTBETa JOCTaTOYHBI, YTOOBI 3a4€Ta He
nocTtaBuTh. HeompenenéHHOCTh BO3HHUKAET,
€cJIU CTYIEHT Ha JIBa Bollpoca Aa€T OUH Ipa-
BUWJIBHBII ¥ O/IMH HENPaBUIbHBIMA OTBET. B 3TOM
cllyyae HeoOXOIMM TPETHI BOMPOC, TI0 Pe3yiib-
TaraM OTBETa Ha KOTOPBIA CTABUTCS «3a4€T»
WIH «HE3aYETY.

TaxuMm 006pa3oM, UMeeTcs BCero MmecTh Ba-
puaHTOB JeiicTBUi u pemeHud. OHU B BUIE

2 Cyxodonvckuii I'B. CTPYKTYpHO-aITOPUTMHUECKHH aHA-
13 u cunte3 aestensHoctH. J1., 1976; Cyxodonsckuii I'B.
MareMaTHKO-IICHXOJIOTHIECKHE  MOJIENH  JIeATEIbHOCTH.
CII6., 1994; Cyxooonsckuii I'B. BBeneHue B MaTeMaTHKO-
MICHXONIOTUYECKY0 TeopHuto aearenbHoctH. CII0., 1998.

JPEeBOBUIHOTO rpada mokasaHsl Ha puc. 2. 3a-
Meuy, YTO 3TOT rpad aHAIOTHUYEH AEPEBY HCXO-
IIOB, HO aJTOPUTMHYECKasi CTPYKTypa HE SBIS-
€TCS IICTbI0 CITYYaHHBIX COOBITHH.
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Puc. 2. JIpeBoBuaHbId Tpad) anropuTMuye-
CKOM CTPYKTYpBI 3a4€Ta, IPOBOAUMOIO
MpEnoaBaTeyIeM:

B — Bonpoc npenoxnasarens; Oll, OHU — orser
MIPaBUJIBHBIN WM HEPaBUIbHBIH, aBaeMblil cTy-
nenroM; 3, H3 — oneHkn «3a4€Ty MiIn «HE3a4ETy,
KOTOpbIE CTaBHT IIPEIIOiaBaTeb

HetpynHo BuIeTh, 4To 00pa3yromUMH all-
TOPUTMUYECKYIO CTPYKTYpPY B JaHHOM Ciy4ae
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SABIIIOTCA JIMAJbl «BOMPOC—OTBET», KOTOPHIE
MOXHO paccMaTpuBaTh B KauecTBE EMEHTap-
HBIX aJropuTMOB. VX coequHeHue B LEIOYKH,
YIIpaBIIIEMOE XapakTepoOM OTBETOB CTYIEHTA U
OIICHKaMU TIPETOIaBaTesIs, U 00pa3yeT TaHHYHO
aNropuTMHUYECKyto CTpykTypy. Ha puc. 2 ona
MOKa3aHa KaK BapUaTHBHAs HECTOXaCTHYECKas.
Ho 310 He Tak.

ONBITHBIA TIperoaBaTeb, 03a00UCHHBINA
KaueCTBOM M YPOBHEM OBJIAJIEHUS CTYJECHTaMU
y4eOHBIM MaTepHajoM, OyIeT 3amuchiBaTh
UHIUBUIYaNbHbBIE peaau3alliil BapUaHTOB
¥ B KOHLE 3a4€Ta MONYYUT MYJIbTUMHOXECTBO
pEe3yNnbTaToB, B KOTOPOM BapHaHTHl U 00pasy-
10T (aKTOP-MHOKECTBO, @ KPAaTHOCTH TTO3BOJIA-
10T OLIEHUTb OTHOCHUTEJBHBIC YAaCTOThI OLIEHOK
«3a4€T» U «HE3au€T», B TOM YHCIE MOJTY4EH-
HBIX 3a JIBa ¥ 3a TPU BOMPOCA.

BeinumeM 3T0 MYTBTHMHOXKECTBO B 00-
IEeM BHUIE:

(P, BOILI, .BOIL, 3;

P, BOII, BOHII, BOII, 3;

P; « BOHII, BOII, BOII, 3;

P, « BOHIIL, BOHIL, H3;

P5 » BOII, BOHII, BOHIL, H3;

PI « BOHII, BOII, BOHII, H3).

Konewyno, cymMma 3THX IIECTH BEpOSTHO-
crefl paBHa emuuune. Cymma TpEX IEpBBHIX:
P(3) =P, + P, + P; onpenenser oburyto ycrnesa-
eMocTh Tpynmbl (kypca). Cymma Tpéx mocnen-
nux: P(H3) = P, + P5 + P4 3acraBmser 3amy-
MaThbcs HaJl aedekramu 00yueHHs TH00 Hayde-
Hust. Cymma P, + P; xapakrepusyer fomo cTy-
JICHTOB, TI0X0 OCBOMBHIUX 1/3 ydueOHOTO Mate-
puana, a cymma Ps + P4 — 1010 CTy[EHTOB,
HE YCBOMBLIMX 2/3 HEOOXOAMUMBIX 3HAHHH.
Takum 00pa3zoM, KOJIMYECTBEHHO aHANU3UPYA
UTOTH pean3allid NAHHOM alrOpHTMHYECKOH
CTPYKTYpPBI, MOJKHO TOJYYHTh IOJE3HYIO HH-
bopmarmio.

Peoaxyusa onazooapum Hzoamenvcmeo
«lymanumapnuolii yenmp»
(2. Xapvkos, Ykpauna) 3a npedocmagnentoie
mamepuanwt (H. Tomawex, I. Cyxooonvckuii).



