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1. KOHCHEKT JEKIH

1. 1 Jleknus Nel (2 gaca).
Tema: «OcHOBHBIE OTIEepaIiuy aareOpsl BhICKa3bIBaHUH. DPOpMyIbl anredpsl BhIcKa3biBaHui. Oc-
HOBHBIE PaBHOCWIIBHOCTH. PaBHOCHIIBHBIE TpeoOpa3zoBanus GopMyin»
1.1.1 Bonpocs! Jiekuum:
1. OcHOBHBIE NOHSTHS aNTreOpbl BHICKA3bIBAaHUIA.
2. OcHOBHBIE ONepanuu aIreOpbl BHICKA3bIBAHUI.

1.1.2 KpaTtkoe coaep:xaHue BONPOCOB:
1. OcHOBHBIE NOHSTHSI AITreOpbl BICKa3bIBAHUM.
2. OcHOBHBIE Onepaluy aIreOpbl BHICKA3bIBAHUH.
OcHoBHbIe onepanuu ajaredpsl BbickabiBaHuii. Ta0Juubl HCTHHHOCTH.
PaccmoTpuM noruueckue onepaTopsl.
1) OmnepaTtop, COOTBETCTBYIOIIUIN COI03y "H'", Ha3bIBaeTCA KoHblOHKYuell. BrickazpiBanue A&B
WCTUHHO TOTJ]a ¥ TOJBKO TOTJa, KOTJIa MCTUHHBI 00a BhICKa3biBaHus 4 u B (Tab. 1).
Tabmuma 1

A B As B
n 41 141
u JI JI
JI 14 JI
JI JI JI

2) Omneparop, COOTBETCTBYIOIINI YacTule "He", Ha3bIBaeTcs ompuyanue (Tabdn.2.)
Tabauia 2

A —-A
)41 JI
JI )41

Ota omeparys OJTHOMECTHa — B TOM CMBICIIE, YTO M3 OJHOTO JAHHOTO MPOCTOTO BBICKA3bIBAHUS
CTPOMTCSI HOBOE BBICKa3bIBaHUE —A.

3) Onepanusi, COOTBETCTBYIOIIAs COr03Y "Uiu'", Ha3bIBaETCs Ousvionkyuetl (Tabdmn.3).

Tao0mua 3

A B AVB
)41 )41 41
)41 JI 41
JI )41 41
JI JI JI

AGCOmI0THAS UICTUHHOCTD A4 VB 03HAYaeT, YTo B KaXKJOM CUTyalluu, XOTs Obl OJJTHO U3 BBICKA3bI-
BaHUW — UCTUHHO.

4) Omneparnusi, COOTBETCTBYIOIIasi 000pOTy "eciH..., TO...", Ha3bIBACTCS umnIuKkayuel. A Ha3bIBa-
€TCs TIOCBUIKOM UMILTUKAINK, B — € 3akmoueHueM (Tadir.4).

Tabnuua 4
A B A—>B
u 14 141
u JI JI
JI 14 141
JI JI 141

B cnydyae uMIiIMKanuyu HECOOTBETCTBUE MEXKIY OOBIYHBIM MOHMMAHHEM MCTUHHOCTH U Ujiea-
JTU3UPOBAHHOM TOUKOH 3peHus anreOpbl BICKAa3bIBAaHUM €l1le 3aMeTHee, YeM IS IPYTHX JIOTHY e-
CKUX omneparnuii. [ 1aBHOe OT/IMYMEe B TOM, YTO MPH y4eTe CMBICIOBOTO COJEpKaHUS BbICKa3bIBa-
Huil 00opoT "ecnu..., T0..." MOApa3yMeBaeT MPUUYUHHYIO CBA3b MEXJY MOCBUIKOM M 3aKIHOYEHU-
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eM. C TOUKH Ke 3pCHUA anre6pbl BBICKA3bIBAHUM NCTUHHOCTH UMIIJIMKAIlUU B HGKOTOpOfI CHUTya-
OWKY O3HA4YacT JIHIb, YTO €CJIN B 3TOH CUTyallul UCTHHHA MOCBIJIKA, TO UCTUHHO 3aKJIIOYCHUC.

B pe3ynpraTe HCTUHHBIMU MOTYT 0Ka3aThCsl UMILIMKAIMK "€ClId B IOME ISITh 3TaXeE, TO B KBap-
tupe Ne 3 sxuser BanoB", "eciu B BopoHexke uaeT 10x/ib, TO KHUra ceporo mnsera'.

5) Omnepanusi, COOTBETCTBYIOIIas 000poTaM TUMa "TOT/Aa U TOJIBKO Toraa", "mas Toro 4roosL...",
"HEO0OX0IMMO U JIOCTATOYHO", Ha3bIBACTCs axgusaieHmuocmoio (1Tabdn.5). K sKkBHBaJIGHTHOCTH B
TOM K€ Mepe OTHOCHUTCS 3aMeUaHie O TOM, YTO €€ HCIOJIb30BaHHUE B aJIreOpe BHICKA3bIBAHUN HE
YUUTBIBACT CMBICJIIOBOI'O0 COACPIKAHUA BBEICKA3bIBAHUI.

Tabmuma 5
A B A~B
n 141 141
n JI JI
JI n J
JI JI 41

Takum 00pa3oM, UMeeTcss HEKOTOPOe KOJIMYECTBO JIOTUYECKUX ONepaluil, MO3BOJSIOIMX MOJTY-
4aTh M3 NPOCTHIX BBICKA3bIBAHUM COKHBIC. [Ipr ’TOM BMECTO MPOCTHIX BHICKA3bIBAHUI MOKHO
OpaTh CIIOXKHBIE, YKE MOCTPOCHHBIC. T.€. MOSBISETCS BO3MOKHOCTh MPUMEHSITH MHOTOCTYTICH-
4aThl€ KOHCTPYKIIMU, MHOTOKPATHO MCIIOJIb3Yys BBEICHHBIE JJOTHUECKUE OTIEPALIUH.

1. 2 Jlexus Ne23 (2 uaca).
Tema: «byneBsl pyHkunU. DnemeHTapHble OyneBsl GyHKIUH. [IpeacraBnenue
OyneBbIX QyHKIMN popmymaminy
1.3.1 Bonpocsl JieKuum:
1. ByneBbl pyHKIIMH. DIeMeHTapHbIE OYJIeBbI (PYHKITUH.
2. IlpencraBnenue OyneBbIX GyHKIUN opMyraMu

1.3.2 KpaTkoe cojep:kaHue BOIPOCOB:
1. ByneBbl pyHKIIMK. DeMEHTapHbIE OYyJIeBbI (PYHKITUH.
2. IlpencraBnenue OyneBbIX QyHKIUN opmyaamMu

1. BysaeBbl QyHKIUN. JjIeMeHTapHbIe 0yJeBbl (PYHKIMH.

bynesvr pynxyuu, o6ynesvt koncmanmoi. ByjneBbiMu pyHKIUsAMH (MM PYHKIUSIMHA aJI-
re0pbI JIOTHKM WIH HCTHHHOCTHBIMU (D)YHKIIUSIMU) HA3BLIBAIOTCH PYHKUMH, 3HAYEHUSA KO-
TOPbIX paBHbI ) MK 1 ¥ AprymeHThI KOTOPHIX NMPUHUMAKT TOJbKO ABa 3Ha4YeHus 0 u 1.
BbyneBsl pyHKIIMU MOTYT OBITH 33JaHbI CHEI[UATILHBIMY Ta0JIMLIaMU UCTUHHOCTHU WJIM aHAJIUTHY e-
CKHU B BU/JIE CIICLIMATIbHBIX BBICKA3bIBAaTEIBLHBIX ()OPM, Ha3bIBAEMbIX HHOT I OyJeBbIMU (hOpMaMHu.
Bripaxkenusi, cojaepkaniue OJIHY WU HECKOJbKO MEPEMEHHBIX (apryMEeHTOB), COEIMHEHHBIX
3HAKaMH JIOTUYECKUX OMNEpaluid, HA3bIBAIOTCS Jo2uueckum ¢hopmamu. BbicKa3biBaHUs, HE CO-
JepKaliue HU OJIHOM MepeMEeHHOM, Ha3bIBAIOTCS KOHCTaHTaMu. B yoruke, B oTinuue ot apud-
METHUKH, TOJBKO aBe KoHcTaHThI () - false u 1- true.

Hanomuuwm, uro ¢hopma nazwieaemcs uucnosot, eciav Ipyu AOMYCTUMOM 3HAUEHUU CBOUX
apryMeHTOB, OHa 0003HaYaeT uncio (SBiseTcs unucioM). bynesa dopma sBiseTcs YaCTHBIM CITy-
gaeM 4uclIoBOi (opmbl. T.0. Mpu MOMOIIM CYNEPHO3HUINH, UCXOAS U3 JOTHUECKUX Omepaluit
HaJ JIOTHYECKUMHU TTEPEMEHHBIMU, MOYKHO CTPOHTD CJIOKHBIE COCTABHBIE BHICKA3bIBAHUS U 3aTEM
BBIYHCIIATH UX. Takoro poja COCTaBHBIE BHICKA3BIBAHUS SIBIISIFOTCS] YACTHBIM CIy4aeM TaK Ha3bl-
BaeMbIX OYJIEeBBIX (PYHKIIHI, KOTOPBIE SIBISIFOTCS IPEIMETOM M3yYeHHS] MATEMaTUYECKOM JIOTUKH.
O060061as Bce ckazaHHOE, MOXHO JIaTh OMpeielieHne OyneBbIX ()YHKIIHIA:

bynesvimu ¢pynkyuamu, nazvigaromca npeouxameul, 6ce apeymeHmsvl KOMopwvix onpe-
oenenvt Ha muoxcecmee {0, 1}, unmepnpemupyemoie Kak {10xcob, ucmunay.



MO>HO CKa3aTh, YTO MOHATHE OylIeBOW (DYHKIIUU SIBISETCS YACTHBIM CIy4aeM HOHSATHUS
npeaukara. OTIM4KMe COCTOUT JIMIIL B TOM, YTO y OyneBoil (pyHKIMH 4eTKO (PMKCUpOBaHA Kak
obmacte onpenenenus {0, 1}, Tak u obnacts 3Hayenuit pynkuuu {0, 1}, B TO Bpems Kak y mpe-
JIMKaTa 4eTKO (PMKCHPOBaHA TOJIBKO OJHA 00yacTh 3HadyeHuii {0, 1}, B To Bpems Kak 00JacTh OT-
peneneHus 3a1aHa MPOU3BOIBHBIM MHOKECTBOM.

B cBoro ouepenp MoHATHE MpenuKaTa SBISETCS YAaCTHBIM CIIydaeM IMOHATHS (YHKIUH,
OTJIMYME COCTOUT B TOM, YTO Yy IpeauKara 4eTko (uKcHpoBaHa oOmacts 3HaueHuit {0, 1}, ay
(YHKIIMHU 3TO MOKET OBITH BCSl UUCIIOBAs OCh.

2. IIpencraBiienue 0yaeBbIXx pyHkumuii popmynamu.

Byneevt ghynkuyuu u popmynvi. PAJI nasviearomes maksce OyneBbIMU yHKYUAMU, TBO-
WYHBIMU QYHKYUAMU Uy TIEPEKITIOYATETbHBIMU (OyHKYuamu. Apeymenmol 6ynesou (hynKyuu s6-
nsomces Oynegvimu nepemenHvimu. bynesy ¢pynxyuio modxcno 3aoamo mabauyei uCmMuHHOCMU.

Yreepasienne J{ns GyneBoil QyHKIME OT N apryMEHTOB CYHIECTBYET 2" pa3lIMYHBIX HaOOPOB
apryMEeHTOB.

byneBa @ynkums f(X1, X2, ..., Xn) HA3BIBACTCS HOIHOCHbIO ONPEOETIeHHOl, €CIN e 3HaUe-
HHUS OTIpEZIENEHbl Ha BeeX 2" Habopax MepeMEHHBIX. B MpoTHBHOM citydae QYHKIHS YacmuuHo
onpeoenenHas.

®ynxmua  f(X,,..., X, X, X
(wmm  mepemMeHHasT X; — cywecmeenHas), €CiId 1 Takod Ha0Op 3HAYEHHUU X1, X2, ..., Xn
(c,,....0,_,,07,0,,,,...,0,), 910

f(o,....0,,,0,0 o,)# f(o,...0_ 10
Has Xj — HecywecmeenHas ((puxmusHas).

ii1re-or X)) CYWECMBEHHO 3a6UCUM ONM NepeMeHHOl Xi,

0,). B mpotuBHOM ciydae mepemen-

j+11°° j+11°°

X1 X2 f1 fz
0 0 0 1
0 1 0 1
1 0 1 0

[Tyctp nBe OyneBbl HyHK- 1 1 1 0 11U 3aJ]aHbl TaOIHIIeH HCTUHHO-
ctd. [ HUX mepeMeHHast X CylIeCTBeHHasl, a X2 —HecyliecTBeHHa. [1o onpenenennto OyaeBbl
(GyYHKIMY paBHBI, €CJIM OJJHA U3 IPYTOM MOJTyyaeTcsl BBEJCHUEM WJIH yAaJeHHEeM HECYIeCTBEH-
HBIX IEPEMEHHBIX.

Opna 1 Ta )xe QyHKIHS MOKET UMETh MHOYKECTBO peau3alii popmMynamMu HaJl JaHHBIM
6a3ucoM (T.e. MHOKECTBOM JIOTUYECKUX onepanuii). QopMyIbl, peaqu3yrolue OAHy U Ty e
(yYHKIIHIO, HA3BIBAIOTCS pagHOCUNbHbIMY (T.€. Ha BCeX Habopax MEepeMEeHHbIX UX 3HaUYeHUe uc-
TUHHOCTH coBNa/iaeT). OTHOIIEHNE PABHOCHIBHOCTH (POPMYII SBJISETCS OTHOIIEHHEM SKBHBa-
JIEHTHOCTH.

@opmysbl anredpsl JIOTUKH, TIPU 00pa30BaHUU KOTOPBIX HCIOJB3YIOTCA TOJIBKO Omepa-
LMW OTPHUIIAHUS, KOHBIOHKIIMU U IU3BIOHKIIUHU, Ha3bIBAIOTCA OV1€8bIMU POPpMYIAMU.

Jlna n1060it hopmynel anzedpul 102uKu cyuiecmaeyem pagHocuibHan ei dyneea gpopmyna.

Cnocoowvl npeocmagnenusn oyneswvix ¢pynxyuii. Hopmanvuvie gpopmot

TaOGnuuHbIi c1oco06 onpeeneHnss HCTUHHOCTH CJI0OXKHOTO BBIPAKEHHSI UMEET OTPaHnYEH-
HOE IIPUMEHEHUE, T.K. C YBEJIMYCHUEM YKCIIA JOTUYECKUX MIEPEMEHHBIX YHCIIO BAPUAHTOB CTaAHO-
BUTCS CITUIIKOM OOJbIINM. Toraa MokeT ObITh MCII0JIb30BaH crioco0 npuBeAeHus GopMyi K
HOpManbHOU opme.



Ananutryeckoe BoIpakeHHe QYHKIMH (MU OpMYyia) HAXOAUTCS B HOPMALbHOU hopme,
€CITH B HEHl OTCYTCTBYIOT 3HAKM SKBUBAJICHTHOCTH, UMILIMKALIWH, IBOMHOTO OTPHUIIAHUS, a 3HAKH
OTPHILIAHUS HAXOATCS TOJBKO MPU MEPEMEHHBIX.

Dnemenmapnou ouswvlonkyueu (npoussedenuem) Ha3bIBACTCS TU3BIOHKIUS (ITPOU3BEACHHUE)
MEPEMEHHBIX WM MX OTPULAHHUH, B KOTOPOM Ka)/1as NEepEeMEHHas BCTPEYACTCS TOJIKO OJWH
pas.

J[H® — 570 nU3BIOHKIMS NIEMEHTapHbIX Npou3BeAcHUil. KH® — 3T0 Npous3BeAcHUE die-
MeHTapHbIX Au3btoHKIuN. Kak JIH®, tak 1 KH® ¢ynxnuu He ennncTBeHHa. OOBIYHO IIpeIo-
narawot, yro Bxojsaume B JJH® (KH®) snemeHTapHble KOHBIOHKIMU (JIM3BIOHKIIMHM) MOMNAPHO
pa3IUYHEIL.

JH® (KH®) na3biBaeTcsi cosepuieHHoOU, €ClIA Kaxaas nepeMeHHas (GOpMyibl BXOJIUT B
KaX/IyIO 3JIEMEHTapHYI0 KOHBIOHKIUIO (M3BIOHKIIMIO) POBHO OJIMH pa3.

CAH® (CKH®) pyHKIIMN €AMHCTBEHHA.

SHeMeHTapHBIe I[I/IE’BIOHKHI/II/I: XV ;l, Z. QHGMGHT._KOH'BIOHKHI/H/I: X- 9'2, X.
f(x,y,2) =xyzv xy—JH®  ;f(x,y,2) = (X v y)-z— KHO.
X, a=1

BBenem o0o3HaueHUS: & —
X, a=0

O paznoxenuu 0yJieBoii pyHkmuu nmo K nepeMeHHbIM (3HaK U =V).

o o (o4
f(X,..., X)) = aVa XX L X T (g Oy ey Oy Ky qreees X))
Lreees Kk
n=3, k=2

Jloka3aTeabLCTBO:
Bri6epem kakoit-nmnbo Habop 3HAYCHHH )11 IEPEMEHHBIX X1, ..., Xn. IIycTh 3TO Oyner oi, ..., Op..

l, o =c,
3aMeTuM, 4TO ol = : ! (11=1, 0°=1, 10=ﬁ1=0, 01=O)

0, o, #q,;
[ToacraBuM B TIpaByIO 4acTh (POPMYIHUPOBKHA TEOPEMBI BMECTO X1, ..., X, HA0Op 01, ..., on. [Toy-
qI/IM( Vv )0'1110';2 Lo (o, &y, O 1y, O ) . TIoCKONBKY  KO3((H-

X,y (2472

IMUCHT IICPEN (byHKHHeP'I paBCH 1 ToabKO IIpA paBHBIX 3HAYCHUAX O H O, B PA3JIOKCHUN OCTa-
* % . f -
HETCS TOJBKO OJUH YJICH: 0-1 "'O-k al,...,ak,O'k+l,...,O'n , U O0j=0j, T.C.

f (0'1,..., O Oy 11 O'n) . [lonyuena nepas yactb popmyssl Teopemsl 4.6. [lockonbKy Ha-

60p ObLI BEIOpaH MPOU3BOJILHO, MOJIYYaEM, YTO YTBEPKIEHUE BEpHO V Habopa Xi, ..., Xn. W

CaencrBue 1: Pa3@cefme IIlennona
F(X, X0 X)) =X, - T(O,X,5,., X, )V X, - T (L, X500, X,)

a) & an
Caencreue 2: Ipu k=n nosyuaem: f (Xla---’ Xn) = ¥1 X11X22 ---Xn , T.€. BBIOU-

paeM Te ciaraeMble, Ha KOTOpbIX GyHKIUs paBHa 1. [lomydenHas ¢popMmyna npeacraBiser coOoit
C/[H®.
Ilocmpoenue cosepuieHHbIX HOPMATILHBIX Popm

ocrpoenne CIH®
1. IToctpoenue o TU.
Haiitu ctpoku B TU, rae f = 1.



1) V mwaiizerHoMy Habopy Oi, ..., On. TIOCTaBUTh B COOTBETCTBHE MPOU3BEICHUEC
> o ~ X;,, ecmo,=1

~ 17 1
Xl.XZ."'.Xn’rHe Xi = Xi

2)  CocTaBUTh AU3BIOHKIMIO U3 MPOU3BEICHHMN 11.2.

., ecauo; =0

2. Ilonyuenue n3z AHD.
Ecnu nexkotopoe npoussenenue JJH® He comepkut Kakoil-inbo rnepeMeHHOH, TO HE0OX0IUMO
IIOMHOXHUTH 3TO IMPOU3BCIACHUC HA JUIBIOHKIUIO ITOH HepeMeHHOﬁ n €C OTpulUaHusa U INpUuMe-
HUTb AUCTPUOYTUBHBIN 3aKOH.

MMocTtpoenue CKH®
1. Ioctpoenue o TU.
Haiitu ctpoxu B TH, rae f = 0.
1) V mwaiineHHoMy Habopy O1, ..., On. TIOCTaBUTb B COOTBETCTBHE JU3IBIOHKIUIO

- - - X., ecmmo; =0
X1VX2 V“'VXnnge s(-l — 7‘ :

X, ecwmo;=1
2)  CocTaBUTh NPOU3BEJCHUE TU3BIOHKIUIA U3 I1.2.

2. [lonyyenue n3 KHO.
Ecnu HekoTopas snemenTtapHas nu3bloHKIMS KH® He conepx uT kakoii-mbo nepeMeHHOU, TO
HE0OX0IMMO JAU3BIOHKTUBHO JOOABUThH B HEE MPOU3BEACHUE 3TOM NMEpeMEHHON U ee OTpULIaHus
Y IPUMEHUTH AUCTPUOYTUBHBINA 3aKOH.

1. 3 JIexmus Ne3 (2 yaca).
Tema: «Anre6pa byns. Mogenu anredpst bymsp»

1.2.1 Bonpocsl JieKIum:
1. ®opmyssl anreOpbl BEICKA3bIBAHUI.
2. Monenu anre6ps! byns.

1.3.2 KpaTkoe coaep:kaHue BONPOCOB:
1. ®opmyssl anreOpbl BEICKA3bIBAHH.
2. Monenu anre6psl byns.

®opmyaa AB. PaHocuiibHble GopmyJibl. OCHOBHbIE PABHOCHJIBLHOCTH.
PaBHocnibHbBIE IpeoOpa3oBanus Gopmy.r.
Angasumom anreOpbl BEICKA3bIBAHUI HA3bIBAETCS MHOKECTBO 3JIEMEHTBI, KOTOPOTO Ha3bl-

BarOTCSl OyKBaMHU.

Angasum (A3bIK NCUMCIICHUS BBICKA3bIBAHMIA) COCTOUT U3 MIEPEMEHHBIX BBICKa3bIBaHUU A, B,
C,...; 3HAKOB JIOTHIECKHX CBA30K & yV, —1,—> " CKOOOK (,).

Koneunsle nocnenoBarenbHOCTH OyKB aipaBUTa HAa3bIBAIOTCA CJIOBAMH B 3TOM ajidaBuTe.
HekoTopsie cnoBa B andaBuTe SBISIIOTCS GopMyIamMu anreOpbl BEICKa3bIBAaHUIA.

Dopmynamu Ha3pIBAIOT JOIMUYECKHE ONepaluy, KOTOpPbIE NOIY4alTCsi KOMOMHUPOBAHUEM
KOHEUHOT0 4YHcila BBEICHHbIX onepauui. /i Bcskoil (opMynbl MOXKHO MOCTPOUTh HICTUHHOCT-
HYIO Ta0JMILy, TOCIE0BaTENbHO UCTIOJIb3YsI HICTUHHOCTHBIE Ta0JIUIbl OCHOBHBIX OllE€paluil.
Crporoe onpezenenue GopMyIibl aareOpsl BHICKa3bIBAHUHM TaeTCs 0 MHAYKIHU:

Dopmynvl: a) IEPEMEHHOE BBICKA3bIBAaHUE — €CTh OPMYIIa;

6) ecru 3 u R — opmynsl, TO (3& 9%:(3 \Y 8%:(3 —> 9%:(3}0;1«3 bopmyIsl,
B) APYTUX (popMyI HeT.
1. 5 Jlekuusi Ne 5 (2 yaca).

Tema: «/IBoiictBeHHOCTB. [IpoGiiema pa3penumMocTi»
8
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1.4.1 Bonpocsl Jiekuum:
1. JIBOMCTBEHHOCTb.
2. IIpobnema pa3pemmMoCTH.
1.4.2 KpaTtkoe coaep:xkaHue BONPOCOB:
1. JIBOMCTBEHHOCTb.
2. IIpobnema pa3penmmMoCTH.

Ilpunyun 0goiicmeennocmu

IMycts f(Xq, X2, ..., Xn) — Oynesa Gynxuus. [eoticmeennou x Helt HaspiBaeTcs Gynkuus f (X1, Xp,
o Xn) =T ( X1, X2, ..., Xn). V3 ompenenenus BUAHO, YTO JBOMCTBEHHOCTh HHBOMOTHBHA:  =f.

Ecnu nBoiicTBeHHas Gpynkuus f* comamaer ¢ ucxomnoit ¢ynkumed f, To takas gpynkuus f Ha-
3BIBAETCS CAMOOBOUCIMEEHHOU.

(0)* = 0=1; (X)*= —( X) = X = OYHKIHUS, TOKICCTBEHHO PaBHASI CBOEMY apryMEHTY, SBISCTCS

* CaMOJIBOMCTBEHHOIA.

Teopema. (O01MII MPUHIMII IBOWCTBEHHOCTH)

Ecau G(X1, ...y Xn) noayuena noocmanoskou t; uz F(y1, ...y Ym):

G(X1y wees Xn )= (F| Yie=Ti)(Xsy 2eey Xn), m0 G*(X1y «uy Xn )= (F*| Yie= i) (X1y eeey Xn .
(IIpuHIMI ABOHCTBEHHOCTH IS OyJIeBbIX (DYHKIIUI)

/eoiicmeennasa k oyneeou pynkyuu moxcem 0vimo nonyuena zamenou koncmanm 0 na 1, 1
na 0, Ou3vlOHKUYUU HA KOHBIOHKYUIO, KOHBIOHKYUU HA OU3BIOHKYUIO U COXPAHEHUEM CHIDYK-
mypol popmynsl (m.e. cOOmeemcmeyouLezo UCX00HOMY NOPAOKA OeliCm GUil).

X y f=xwy |X y f*
0 0 0 1 1 1
0 1 1 1 0 0
1 0 1 0 1 0
1 1 1 0 0 0

X y Vv 2)*=(xv y)&z.,(Xvy)*=x&Y = B Tab/uIle HICTUHHOCTH 3HAYEeHUS (DYHKIIUU U ITEPEMEH-
HBIX MEHSFOTCSI Ha IIPOTHBOIOJIOKHBIC

1. 6 JIekusa Ne 6 (2 gaca).

Tema: «[lomunomsl XKerankuna. [Ipeacrapnenue OyneBbIx QyHKIIUN MOTMHOMAaMHU JKeraakuH»
1.6.1 Bonpocwl jiekum:

1. ITonmuHOMBI XKerankuHa.

2. [IpencraBnenue OyneBbIX GyHKIUN HoauHOMaMu JKerankuHa.

1.6.2 KpaTkoe coaep:kaHnue BONPOCOB:

1. ITonuuaome! JKerankuga.
2. IlpeacraBnenue OyneBbix GyHKIMN nonruHOMaMu JKerajikuHa.

IHosmmuomsl JKerajakunna, npeacrabijienne 0yseBbIX pyHkuui nontuaomamu KeraJ-
KHHA.

Anzebpa Kezankuna. byneBsl QyHKIUY C oNepalusIMi YMHOKEHHUS U CI0XKEHUS MO MO-
ayinio 2 obpazyrot anredpy XKerankusa.

AxcuoMbl anreopsl JKeraakuga:
1.  Oneparuu ¢ KOHCTaHTaMHU: Al=A; A-0=0; AD0=A




N aeMIIoTEHTHOCTD. AA=A; ADA=0.
Kommyraruaocts: A-B=B-A; A®@B=B®A.
ACCOIMAaTUBHOCT: (A@B)®C=Ad (B ® C); (A-B)-C=A-(B-C).
HuctpudyrusHocts: A-(B® C)=A-B® A-C.
IpeacraBienne 0y/eBbIX pyHKIMi moanHoMamu YKerajakuna

gk wn

MosxHo nepeiiti 0T anredpsl bysis k anredpe JKerankuna, MCTIOJB3Ys CIEAYIONIHME COOT-
momeHus: A®@ 1= A; AvB=A® B ® A-B.

U Hao6opoT, ot anredps! XKerankuna k anredpe byms: A® B = ABv A B

- Ilepeiitn K BEIpaskeHMIO OyneBoit anre6ps: (X @ 1)-yd (X ® 1) = XYy® X= Xy- XV X- Xy =
S(Xvy) Xxv0=xy.

1. 7 Jlexknus Ne 7 (2 gyaca).

Tema: «Munnmuzanus OyneBbix ¢pyHknuil B kiacce JJTHD»
1.7.1 Bonpocsl Jekuum:

1. OcHOBHBIE IOHSTHSL.

2. Munumuzanus 6yneBbix ¢yHkuuii B knacce JTHD.

1.7.2 KpaTkoe coaep:kaHue BONPOCOB:

1. OcHOBHBIE IOHATHS.
2. Munumuzanus 0yneBbix ¢yHkuuii B knacce JTHD.
1. IlonsaTne munumaabHOi JTH®, uMmIMKaHTbl (POPMYJibl, NPOCTOH HMMILIMKAHTHI, CO-
kpaménnoit TH®D, rynukosoii THD.
2. Metoab! orbickannsi cokpaménHoi JH®. Meron KsaiiHa mosiyyeHusi MHMHMMAJIbLHOM
JAH® u3 cokpameéHHou, Apyrue MeTo/bl.

Munumanvnas J[H® — sro takas JJHO dbyHKIIMK, KOTOpask COACPKUT HAMMEHBIIIEe KOJIH-
YECTBO BXOKJICHUH MTEPEMEHHBIX IO CPABHEHUIO C OCTAJIBHBIMHU.

DiieMeHTapHasi KOHBIOHKLMS Ha3bBaeTCs umnaukanmou ¢ynkyuu T (X,,..., X, ), ecnun

ona paBHa ( Ha Tex Habopax, Ha KOTOpEIX f oOparmaercs B 0. [Ipocmoil umniukanmoti Ha3bpIBACT-
csl UMILUTMKAHTa, B KOTOPOH OTOpachiBaHue J1t000iM OYKBBI BEIET K IMOJIYUYECHHUIO DJIEMEHTApHOMN
KOHBIOHKIIMH, KOTOPasi HEe SBJSETCS MMIUITMKAHTOM (T.e. HMKaKas 4acTh MPOCTON MMIUIMKAHTbHI
camMa MMIUIMKaHTON He sBisieTcs). Kakias MMIUIMKaHTa COOTBETCTBYET MOKPBITHIO Ha KapTe
Kapno, a mpocTast UMIUIMKaHTa — MOKPBITUIO HAaMOOIbIIIEH Pa3MEPHOCTH.

| 1) (X X5, X3) =X X, VX, X, X3 VX, X, X5, Xy X, X3 — HMIUIHKAHTA,
:: OpUYICM IIPpOCTad; Xl X2 X3 — UMIUIMKAHTA, HO HE IIPOCTas, T.K. YAaJICHUE X3 CHOBAa JAacT UM-
IUTUKAHTY X; X, (xoTopas SIBIIAETCS MIPOCTOM).

2) HaiizeMm ummuukantsl u mpoctsie umiummkantsl wis Gyakmnn (X, X,) =X, = X,.

© Beero umeercs 8 aneMeHTapHBIX KOHBIOHKIIMI € IepeMEHHBIMU X1, X2. [IpuBeseM ux TalGnuib!
" MCTUHHOCTHU.

X1 | X2 | X1—=2X2 X X, | Xy X, | X)X, | XaX2 X X, X1 X2
0 0 1 1 0 0 0 1 1 0 0
0 1 1 0 1 0 0 1 0 0 1
1 0 0 0 0 1 0 0 1 1 0
1 1 1 0 0 0 1 0 0 1 1

N3 Tabmuibl MCTHHHOCTH 3aKIIF0YaeM, 4TO XXy, Xy Xy, X1Xg, X;, X2 SIBJISIFOTCS UMIUIH-
kanTamu pysakimu f. VI3 HUX TPOCTBIMU SBISIOTCS X, 1A X2
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JIM3BIOHKIMS BCEX MPOCTHIX MMILUIMKAHT (YHKIUH Ha3biBaeTcsi cokpawenuou JJHD. Co-
kpamenHas JIH® ¢yHnkunum enuHCTBEHHA.

Coxkpawennas JITH® moxeT copepkarh JIUIIHUE UMIUIMKAHTBI, YIal€HHEe KOTOPhIX HE Me-
HSIET 3HaYCHHS (DYHKILIUU.

Ecnun u3 cokpamennoi JJH® ynanuTe BCe NUIIHUE NU3BIOHKTUBHBIC WICHBI, U YAAICHUE JI10-
00ro M3 OCTaBIIMXCS MPHUBENET K M3MEHEHUIO 3HAUCHHsI (PYHKIIMHU, TO Takas popMa Ha3bIBACTCS
mynuxoeoti JIH®. Ta u3 Bcex TynukoBsix JJTHD, koTopas nmeeT HauMEHbIIIEE YUCIIO BXOXKICHUN
[IEPEMEHHBIX, sABIseTCS Munumanvrou JJHD.

[pouecc Haxoxaenus MuanmanbHor JIH® w3 CAH® moxHO pa30UTh HA CIEAYIOIINE dTa-

TIbI:

1) wnaxoxaenue cokpamieHHol JJH® (oHa enuHCTBEHHA);

2) HaxoxaeHue Bcex TymukoBbiX JJH®D (ux M.0. HECKOJIBKO);

3) BBIOOp U3 BCeX TyMMKOBBIX MUHUMabHOM JJH® (MX TOXe M.0. HECKOJIBKO).
W3BecTHBI aHaMUTHYECKKE U Tpaduyeckue crnocoObl mocTpoeHuss MuHUManbHou JTHD.

I'padmueckuii cnocod ncnosb3yeT mpeacTaBieHre Ha kaprax KapHo.

1. 7 Jlekuusa Ne7 ( 2 gyaca).
Tema: «IlonHOoTa M 3aMKHYTOCTh cucTeM OyneBbIx pyHkumid. Kimacest [locta»

1.7.1 Bonpocsl JieKum:
1. [TonHOTa U 3aMKHYTOCTb CUCTEM OyNEBbIX (QYHKIUH.
2. Knaccsl [locra.

1.7.2 KpaTkoe cogep:kaHue BOIPOCOB:
1. [lonHOTa M 3aMKHYTOCTb CUCTEM OyJeBbIX QYHKIUH.
2. Kiaccer Ilocra.

Ilonmoma cucmemvt nocuveckux yukyui. basuc. TIpu UCoNb30BaHUN aHATUTUYECKHUX
(GopM npencTaBieHUs JOIMUECKUX (DYHKIUHM LIMPOKO HMCIOJIB3YETCS NMPUHLMII CYNEPHO3HILINY,
3aKJTIOYAIONIUICA B 3aMEHE OJHUX apryMEHTOB JaHHOW (GyHKIMH Apyrumu. Hampumep, ecnu
aprymedTsl Gpyakmun Z = Z(X, Y) ABIASIOTCS B CBOIO 04epe/ib QYHKIUSAME APYrHX apryMEHTOB
X =X(a, b)unY =Y(c, d), o moxxno 3anmcats Z = Z(a, b, c, d).
Cucrema S nornueckux ¢yukumii fo, fi, o, ... , fk HaseIBaeTCs pyukyuonarbro noawnoil, ecnu
M00yI0 QYHKIUIO anreOpbl JOIMKH MOXKHO HPEJICTaBUTh B aHAINTUYECKOW (opMme uepe3 3Tu
¢ynkuuu. Kak u3BecTHo, J1t000€ CI0KHOE BBICKAa3bIBAHUE MOXHO IIPEJCTABUTh B BHUJIE BhIpaxe-
HUS, B KOTOPOE BXOJST IPOCThI€ BBbICKA3bIBaHMs (IIEPEMEHHBIE Xi), ONEpalUM AU3bIOHKIINY,
KOHBIOHKIIMH, OTPULIAHUA U, ObITh MOXET, CKOOKH (,). PaccMoTpuM, KakuM CBOMCTBAM JOJIKHbI
YIOBJIETBOPATH OMNEPAIMU, C TOMOIIBIO KOTOPBIX MOKHO BBIpaXkaTh JH000€ CI0XKHOE BBICKA3bI-
BaHUeE.

Cucmema S nasvigaemca noanoii ¢ Py, ecnu nwobas pynxkyusa f, fePy npeocmasuma 6
euoe cynepno3uyuu Mol CUCmembl, U MUHUMATIbHBIM 0A3UCOM, €C/IU mepaemca noiHoma S
npu yoanenuu xoms 6ot 00Hou ynxuyuu, 20e Py — K-3naunas nozuxa.

B o6mem cimyuyae 11 yCTaHOBIJIEHUS MOJHOTBI CUCTEMBI S OyJeBbIX (PYHKIUI UCTIOIb3Y-
eTcst kpurepuit nosHoTHI [locta-6m0HCKOTO.

Jlagum npeBapuTeNbHO KIaCCU(PUKALNIO OYJIeBbIX (GYHKLUH.
Bce OyneBbl pyHKIMM MOIPa3IENAIOTCS HA CIEIYOUINE TUIIBL:
1. ®dynkuus, coxpaHsomas KoHcTanTy Hylb. (Eciau gynkius Ha "0" Habope apryMeHTOB paBHa
0, To oHa Ha3bIBaeTcst coxpansionieit koucranty Hyib. £(0,0....,0) =0).
2. ®yskums, coxpanstomas koHcranry 1. (Eciu ¢pynkuus na "1" mHabope aprymeHToB paBHa 1,
TO OHa Ha3bIBaeTcs coxpanstoniei koncranty "1". f(LL...,1)=1).

3. Camo/1BOMCTBEHHBIE (PYHKIIMH.
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JlBa Habopa apryMeHTOB HA3bIBAIOTCS MPOTHUBOIIOJIOKHBIMHU, €CIIA 3HAYCHUS BCEX apry-
MEHTOB Y HUX IIPOTHUBOTIOJIOKHBI.
DyuKyusa HA3616AeMCA CAMOOBOUCMBEHHOIL, €C/TU HA KAXCOOIU nape NPOMUBONONO0NHCHBIX HA-
00po6 apzymenmoe oHa NPUHUMAEN RPOMUBONONONHCHBIE 3HAUEHUSA.
4. MoHoTOHHas (hyHKLIUS

HaGop apryMeHTOB SBISIETCSl BO3PACTAIOUINM, €CJIM OH SIBJIICTCS CTapIlIUM, XOTs ObI B
OJIHOM U3 pa3psioB. OYHKIIUS HA3BIBACTCSI MOHOTOHHOM, €CJT. OHA BO3PACTaeT MpH, JII0OOM
BO3PACTAaHUM 3HAYEHUHN apTryMEHTOB.
[pumep: 01 — crapmmii 11 - crapuuit 00 - muaammia 10 - murammmii ;

1011 — crapmmit, 0011 — mumammmii; 01 u 10- HecpaBHEMBIH HabOP.

5. JIuneiinasa pyHKIUSA

DynKyua Ha3v16aemMCA TUHECIHOIL, eClIU OHA MOXCem Oblmb NPEOCmasneHa MHO20U1eHOM
nepeoil cmenenu, m.o.

f =d@ax®by®cz ;a,b,c,d- moryr npunumMars TosBKO JiBa 3HaYeHus 0 u 1. © mod 2,
TabJIMLa CIOKEHUS 110 MOJYIIO 2.

0Oo®0 |0

1
0
@ - 3HAK CIIOKEHHSI 1O 1 Moaymo 2. ax=a/\X.

=)
CECHS)
o R -

OrnpenenuM Teneph MATh KJIacCOB OyIeBBIX (DYHKITHMN:

1. Knaccom Py Gynesoix dyuximii f,(X,,X,,..., X, ) coxpansioumx KoHcTanty 0, Ha3bIBaeTCA
muoskectso ¢pynxuui Buna {f(X,,X,,..., X, )/(f;(0,0....,0) = 0}

2. Knaccom Py Gynesoix dyuximii f,(X,,X,,..., X, ) coxpaHsionmx KOHCTaHTy 1, Ha3bIBaeTCsA
muosxectso ¢pynkuui Buna {f(X,,X,,.., X, )/f(LL,..1)=1}.

3. Knaccom L nuneiinsix 6ynesoix pynkimii f;(X,,X,,..., X, ) Ha3bBaeTCA MHOXKECTBO (DYHK-
it Buga (X, X, X, )/ £ (X, X0 X,) =Co @Y C X, , i Co, Ci = (0,1); @ - 3nak
OTIEpAINH «CJIOXKEeHUe 1Mo Moayn 2»; 1 ©0=1,001=1,1®1=0.

fy, 15,15, 15,1, 1), 1,5, T} - TuHElHBIE QyHKIMN.

4. Knaccom S camozsoiictsennbix Oynesoix ¢pyukumii f,(X,,X,,..., X ) HazpIBaeTCs MHOKECTBO
OyneBbIX (DYHKIUI BUIA ﬂ(X1 Xy X )/ (X, X, X)) = (X, X, 0 X))

OyHKIMS caMOJABOWCTBEHHAs, €CIIU Ha JIF000M Mape MPOTUBOMNOJIOKHBIX HA00OPOB (QYHKIIHUS MpU-
HUMAaeT MPOTUBOIIOJIOKHbBIE 3HAYECHHUS.

f,,f5,f,,,f, - camonBoiicTBeHHbIE QYHKIINH

5. Kimaccom M monotonnbix 6ynesbix ¢pynkuui f,(X,,X,,..., X, ) Ha3piBaeTCcs MHOXKECTBO OY-
7eBbIX (yHKUUI BUAa:

(£,(X,,X s X B85, 8) 2 (8,,8,,.,8,) = (8] 25,,i=1,n) =

£(8,,8,..,8,) > 1(3,,8,,..,8,)}

1. 8 Jlekuusi Ne 8-9 (4 yaca).
Tema: «[lomHOTa M 3aMKHYTOCTh cucTeM OyneBbix GyHKImid. Kimaccer ITocta». «IlosHblie cucre-
MBI OyJIeBBIX DYHKIHIA, KPUTEPHT TOTHOTH

1.8.1 Bonpocsl seknum:
1. IlonHbIe cucTeMbl OyneBBIX (YHKIHA.
2. Kpurepuii oJHOTBHI.
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1.8.2 KpaTtkoe coaep:xaHnue BONPOCOB:
1. IlonHbIe cucTeMbl OyneBBIX (PYHKIHIA.
2. Kpurepuii mOTHOTHI.

Kputepuu noinorsl Iocra-5s16.10HCcKO0T0

Teopema o (pyHKIIMOHATBHOH MOTHOTE ObLIa chopMynupoBana B 1921 r. amepuKaHCKHM
yaeHbIM Omunem [locmom v noka3aHa COBETCKUM yueHbIM Ao0onckum C.B.

Cucrema OyneBbIX QyHKIUEA {fi }sSBIsSETCS MOJHON TOrJa W TOJBKO TOT/A, KOTJA BHI-
MIOJTHSIOTCS 5 yCIOBUH: B 3TOH cucteMe cymiecTByeT GyHKIuA fi He coXpaHsromas KOHCTaHTYy
HYJIb; CyniecTByeT GyHKUus fi , He coXpaHsIONas KOHCTAaHTY |;cymecTByeT HennHeHHas QyHK-
L[Us1; CYIIECTBYET HE CaMOJBOMCTBEHHAsl (DYHKIIHS; CYIIECTBYET (PYHKIIMS, HE SBIISIOIIAACA MO-
HOTOHHOI.

[TocTpoum Bce OyseBbl PYHKIIUU OT ABYX MEPEMEHHBIX (Ta0m1.).

Xi | X fo | f [ R | f [ fulf [ f|f [ f|fo|fiolfulfiolfis]fiulfis

0 0 o o o o o o o0 o0 1 1 1 1 1 1 1 1

0 1 o o o o0 1 1 1 1 O O O O 1 1 1 1
1 0 o o 1 1 o o0 1 1 O O 1 1 O O 1 1
1 1 o 1 o0 1 o 1 0o 1 O 1 O 1 0 1 0 1

Nunexc i pyHkuuonansHoi nepemennoit f; i =1,15 paBeH AecATHIHOMY SKBUBAIEHTY OTOM
(GYHKIMH, YUTAEMOMY CBEPXY BHU3.
f,(X,,X,)=0 - koncranra 0

f,(X,,X,) =X, &X, - xoHblOHKIHS

f,(X,,X,)= Xl}_(z = m =X, = X, - JeBast KOUMIUTUKALHMS (YUTACTCS “HEHpaB/a, YTo
ecnmu X1 TO X2», MpeUKC KO — OT JIATUHCKOTO CONVersus - 00OpaTHBIN

£, (X, X,) =X,

f,(X,,X,)=X,X, =X, =X, =X, <X, - lipaBas KOUMIUTHKAIHS

£, (X, X,) =X,

f(X,,X,) =X, ®X, - cinoxenue mo Moy 2 (HEpaBHO3HAYHOCTB)
f,(X,,X,)=X, vX, - IM3bIOHKIIHS

f(X,,X,)=X, vX, =X, U X, - crpenxa ITupca, dynkuus Be66a
£,(X,,X,) =X, © X, - 5KBUBAJICHTHOCTb

f,(X,,X,) =X, - orpunanue X,

f,(X,,X,)=X, vX, =X, <X, - npapas nMmmkanus («eciu Xy 10 Xo»)
f,,(X,,X,) =X, - orpunanue X; («ecmu X1 T0 X»)

f,(X,,X,) =X, vX, =X, = X, - IeBas UMIUIMKAIHs
f,(X,,X,)=X,vX, =X,/X, - mrpux leddepa

fis(X,,X,) =1

Tema: «k- 3HaUHAS JJOTHUKaA»

1.10.1 Bonpocs! Jiekuum:
1. IloHsATHE K-3HAYHOM JIOTUKH.
2. OyHKUMM K-3HAYHOMU JIOTUKU
1.10.2 KpaTkoe coaep:kaHue BONPOCOB:
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1. TlonsiTe K-3HAYHOM JIOTHKH.
2. OyHKIMM K-3HAYHOU JIOTHUKH.

JIBy3HauHas JOTUKa J0oIyckaeT o6o6menue Ha K - 3sHaunpli ciydait. Ilpu 5ToM XOTS B
K - 3HAuHBIX TOrMKax COXpaHSIOTCS MHOTHE Pe3yIbTaThl M CBOIMCTBA JBY3HAYHOMN JOTHKM, Sl
(aKTOB TPUHIMITHAIBHO OTIMYAIOTCS OT COOTBETCTBYIOIIMX PE3YJIbTAaTOB aireOphl JIOTHKH.
MHorue peméHHble 3a7a4 ABY3HAYHON JOTMKH HE MMEIOT HCUepIbIBaromero pemenus B K -
3HAYHBIX JIOTMKAX, @ UHbIE U BOBCE HE PELICHBI.

Oyukums (X, X,,...,X.) HasbBaercst pynkumeii K - sHaqnoit nornkum, ecnun e€ apry-

MenTHl onpenenens Ha MEokectBe 0,1,2,...,K—1 , cocrosmum n3 K amementos, a cama

(GYHKIUS MPUHUMAET 3HAYCHHS M3 TOTO )K€ MHOXECTBA.
MmuosxkecTBo Beex ¢yHkumii K - 3aun0it noruku 0603HagaeTcs yepes P, . ®ysxuus
f (X, X,,...,X,) 3amana, ecau 3anana eé Tabmuua ucrnaaoctd. Ipu K =3 tabmmua nertunsO-

CTH UMECT BU

- erevrewyer saa e

4 X X f(xl’x23‘x3) X X X3 f(xlsxzsxj)

0 0 0 7(0,00) L1 ]2 f{1,2)
0 0 ! 7000, A I /1,2,0)
0 0 2 70,0,2) L2 ] FO.20)
0 1 0 F0.10) L2 | 2 F0.2,2)
0 1 ! F(0,0) 2 | 0 | 0 F(2.0,0)
0 1 2 £01.2) 2 | 0 | 1 F201)
0 ) 0 7020) 2 | 0 | 2 £(20,2)
0 2 ! 7(0,2) 2 11 |0 f@21,0)
0 2 2 F022) | 2 11 |1 f@211)
1 0 0 7(,00) 2 | 1 | 2 f@21,2)
1 0 ! 10,04 2 | 2 | 0 F(2.20)
1 0 2 70,02) 2 | 2 | 1 f@.2)
1 ! 0 71,0 2 | 2 | 2 /(222)

n o
Tak kKak KOJIHYECTBO k - 3HAYHBIX Ha60pOB IIUHBL N paBHO k , TO YUCJIO (pYHKI_[I/II/I oT N ne-

o K" o
PEMCHHLIX B k - 3HAaYHOU JIOTUKC PABHO k . HaanMep, €CJIn (bYHKL[I/II/I ABYX MEPCMCHHBIX B
14



P, Bcero 16, 1o B Pux yxe 19683. Takum o6pazom B P, Bo3pacTaioT TpyIHOCTH IO CpaBHE-

Himo ¢ P, naxe ¢ BO3MOXKHOCTBIO IIepebopa pyHKIMH.

1. 9 Jlekus Ne 10 (2 yaca).

Tema: «KoMmmbloTepHbIC TEXHOJIOTUH PEIICHHS 3a/1a4 aJIreOpbl BHICKa3bIBAHHI

1.9.1 Bonpocwl jieknum:
1. Texuuueckas uHTEpIIpeTanus anreopsl byss.
2. byneBbl GyHKIIMM U MaTEMaTUYECKUE MOJEIN JTUCKPETHBIX YCTPOMCTB Uil NepepaboOTKU MH-
bopmanuu

1.9.2 KpaTtkoe coaep:kaHue BONPOCOB:
1. Texunuueckas uHTEpIpeTanus anredpsl bysms.
2. byneBbl GyHKIIMM U MaTeMaTUYECKHE MOJENU JTUCKPETHBIX YCTPOMCTB Uil MepepaboTKU MH-
dbopmarun

CxeMbl U3 QyHKIIHOHAJILHBIX 3JIEMEHTOB

[TycTh MMeeTcs DIEKTPOHHOE YCTPOUCTBO ¢ N YIOPSATOYCHHBIMUA BXOJAaMHU U OJTHUM BBI-
xotoM. Ha xaxapiii BX01 MOKeT moiaBathes aBa curHana: 0 u 1. Habop curnaioB Ha BXoJe 0J1-
HO3HAYHO OMpEJEsIeT CUTHAJI Ha BBIXOJE. TaKoe YCTPOMCTBO Ha3bIBaeTCS (DYHKIIMOHAIBHBIM
3JIEMEHTOM.

1

1 2 . n-1 n

PaGota xaxaoro (GpyHKIMOHAIBHOTO 3JI€MEHTa ynpasisercs GyHKIUel aareopsl moruku (Oyre-
Boit gynkumeit) (X, X,,...,X.). U3 QpyHKUHOHAIBHBIX IEMEHTOB ¢ OMOLIBIO ONPEICIEHHbIX

paBUII cocTaBisAtOTCS CxeMbl (PYHKIIMOHAIBHBIX 3JI€MEHTOB. JlajibHeilee pa3BUTHE 3TON TEMbI
OCYIIECTBIISETCS B TEOPUN KOHEUHBIX aBTOMATOB. CxeMbl (DYHKIIMOHAJIBHBIX 3JIEMEHTOB, KOHEU-
HbI€ aBTOMAThl SIBJIAIOTCS MaTeMaTHYECKMMH MOJEISIMU JHUCKPETHBIX YCTPOWCTB Ul Iepepa-
60TKH nHpopManuu. 3aJaHie 3TUX YCTPOWUCTB, ONMUCAHHE PAOOThI TUX YCTPOUCTB MOXKET OBITH
JIaHO B TE€PMUHAX OyNeBbIX (GYHKLHUH.

Panee oTmeuanock, 4to anredpa JOrMKH M TEOPUS MHOXKECTB SIBJISIFOTCSI MHTEpIpETalu -
MU (MojensiMu) OyneBoil anreOpsl. Jpyroit BaxxHON NMpHKIaAHON MHTepnpeTanueil OyneBoit an-
reOpbl SIBJISIOTCS PeJIHHO- KOHTAaKTHBIE cXeMbl. [Ipy KOHCTpYHMpOBaHMM M pacuéTax TaKuX CXeM
UCTOJb3yeTcs anmnapar OyaeBbIX (yHKIHI.
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Jloruueckoi mepeMeHHOM X CTaBUTCS B COOTBETCTBHE IMEPEKIIOUYATENh CXEMBbI, 10 KOTO-
pOMy MIET TOK WM HeT, B 3aBucuMocTH oT Toro, X =1lumm X = 0. ITocnenoBarensHomy coenu-
HEHHUIO TIEPEKITIoYaTeNield 0TBEUAeT KOHBIOHKIUS IEPEMEHHBIX, TapaJICIbHOMY - TU3bIOHKIIUS.

1. 11 Jlekuust Nell (2 gaca).
Tema: «Jloruka npeaukaToB»

1.11.1 Bonpocsl nekumu:
1. Ilpenukatsl 1 uX cBOMCTBA. Jlornueckue onepanuu Hajl MpeIuKaTaMH.
2.KBanrtopusie oneparuy. Jlornka nmpeauKaTos.

1.11.2 KpaTkoe coaep:kaHue BONPOCOB:
1. IIpeaukarsl 1 UX cBOMCTBA. JIornueckre onepanuu HajJ NpearuKaTaMmu.
2.KBanTOpHBI€ oniepaluu. Jloruka npenamkaros.

Jlormka BBICKa3bIBAaHUM ONHCHIBACT MHOTHE Ba)KHBIC JIOTHYSCKHE 3aKOHBI M ITO3BOJISCT
pematb MHOI'UC HpO6J’I€MI)I, OJIHAKO BO MHOI'MX ClIy4dasX CpCIACTBA JIOTUKH BBICKA3bIBAaHHMI OKa-
3bIBAIOTCs HEAOCTATOYHBIMH.

1. IlpeaukaTbl 1 KBAHTOPbI
Ilpeduxamom P(x,,...X ) Ha3piBaeTcs Qpynkuus P: MN B, rne M — mpou3BoJIbHOE MHOXKe-

cTBO, a B — nBomuynoe muoxectso {0,1}. M — Ha3pIBaeTCs peAMETHOM 00JaCThIO TpEAUKaTa, a

X;y--X — TIPEIMETHBIMU IepeMeHHbIME. [lJist 1100bIX M 1 N CcymiecTByeT B3aMMHO-0/IHO3HAYHOE

COOTBETCTBUEC MEXKAY N-MECTHBIMU OTHOINCHUAMHA U N-MECTHBIMU NPEAUKATaMU Ha M:

a) K&KIOMY N-MECTHOMY OTHOWIEHHIO R COOTBETCTBYET npeswmkar P, Takoid, uro P(a,,...a )=1,

€CIM ¥ ToJIbKO ecnu (,,...a,) € R

0) Besakuit npemukar P(X ,..X ) ompezenser otHomenue R, Takoe, uto (a,...8 )€ R, ecnu u
Tonbko ecm P(a,,...a )=1.

[Tpu sToM R 3amaer o6macth nctuHHOCTH npeaukata P. Koncrantel 0 1 1 Ha3pIBalOT HYJIBMECT-
HBIMH NIPEAUKATAMH.

Hanpumep:  "mpsimas mpoxoauT yepe3 Toukd A ¥ B" — TpexMmecTHbIN npeaukar, y Ko-
TOPOro MpEeAMETHBIMH 00JacTsIMHU ABYX NEpeMeHHbIX (A u B) sBisAtOTCS MHOXKECTBAa TOYEK, a
TPEThEH - MHOKECTBO MPSMBIX.

"ecnu TeTpajb JIKUT B MaIlKe, a Manka — B nopTderne, To TeTpaab JSKUT B nopTdene" —
3TO TPEXMECTHBIN TOXKIECTBEHHO UCTUHHBIN MPEINKAaT.

HOCKOHLKy MNpeaANKaThbl HIPUHUMAKOT IBA 3HAYUCHUA U UHTCPIPECTUPYIOTCA KaK BbICKA3bI-
BaHHA, U3 HUX MOXKHO 06p330BLIBaTL BbIPpa’XCHHA aJ'IFC6pr BBICKaSBIBaHHﬁ, T.C. (bOpMy.]'IBI. One-
MCHTApPHBIC (I)OpMy.]'IBI MOJXHO CBA3bIBATb OIICpAlHUsAMHA anre6pbl BBICKa3bIBaHUI &, V,—,—, CO-
XpaHdad 3a onepanuiaMu TC OIPEACICHUA, KOTOPBIC 1aBAJINChH B anre6pe BBICKa3bIBaHMH.

KBaHTopsI
Kpome onepanuii anreGpbl BbICKa3bIBaHUI yHOTpeONIsIOT elie ABE ONepaluu, KOTopble
OTHOCSTCS YK€ HE K OJJTHOM (PMKCHUPOBAHHOM CUTYallMHU, a KO BCEMY MHOKECTBY CUTYallUH.

[Tycte P(x) — npenukart, onpenaeneHublii Ha M. Beicka3zpiBanue "mis Bcex x u3 M — P(x) UCTHH-
HO" o0o3Havaercst VXP(X). 3Hak Y Ha3bpIBaeTCs KBAaHTOPOM OOIMHOCTHU. BrickasbiBanue "cymiecT-
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ByeT Takoil X u3 M, uro P ucturHo" o603HauaeTcst FXP(X). 3Hak 7 Ha3bIBAaCTCsS KBAHTOPOM CY-
LIECTBOBAHMUSL.

Iepexox ot P x VXP(X) miu FXP(X) Ha3bIBaeTCs ces3bl6anuem IEPEMEHHON X, U HaBe-
IIMBAaHUEM KBAaHTOpa Ha NEPEMEHHYIO X. IIpenMeTHyro nmepeMeHHy0, HE CBSI3aHHYIO HUKAKUM
KBaHTOPOM, HA3bIBAIOT c60000HOU TIepeMeHHOU. CMBICI CBSI3aHHBIX M CBOOOIHBIX MEPEMEHHBIX
B MPEIUKATHBIX BBIPAKEHUAX pasnudeH. CBOOO HAs TIepeMEeHHass — 3TO OObIUHAs MepeMeHHasl,
KOTOpasi MOKET IIPUHUMATh 3HayeHus u3 M; P — nepeMeHHOe BBICKa3bIBAHUE, 3aBUCSIIEE OT X.
Beipakenne VX P(X) He 3aBUCHT OT IEPEMEHHOM X U TIpH (PUKCUPOBAaHHBIX P 1 M uMeeT BIOJIHE
OTpE/IeNIEHHOE 3HauY€Hue. JTO, B YaCTHOCTH, O3HAYAET, YTO NEPEUMEHOBAHUE CBS3aHHOU mepe-
MEHHOU HEe MEHSET UICTUHHOCTU BBIPAXKEHUSI.

HepeMeHHHe, SABJIIIOINUECH 110 CYHICCTBY CBA3AHHBIMU, BCTPCHAIOTCA HEC TOJIBKO B JIOTH-
10

b

ke. B BeIpakeHusx Z f (X) nmm I f (X)dx mepemennas x cBs3aHa, ipu GUKCHpoOBaHHOI f mep-
x=1 a

BOE BHIPaYKEHHME CTAHOBHUTCS PABHO OIpPEIENEHHOMY YHCIy, 2 BTOPOE CTAHOBHUTCS (yHKIUEH a U

b.

HasemmuBath KBAaHTOPBI MOXHO M Ha MHOTOMCCTHBIC NPCANKATHI U B006HIC Ha JIFOOKIS
JIOTHYCCKHE BBIPAXKCHUSA, KOTOPEIC ITPU 3TOM 3aKJIHOYarOTCA B cko0ku. HasemmuBanue KBAaHTOpa
Ha MHOTOMECTHBIHN npeanKaT yMCHbIIACT B HEM YHCJIIO CBO6OJIHI)IX NEPEMEHHBIX.

2. Jloruka npeamMKarTos.

IIpyMeHeHne JIOTMKH NMPEeAUKATOB IS 3allUCH MAaTeMaTHYeCKUX OIpeae/IeHu, yT-
BEPIKICHUI.

Crporoe onpenenenue GopMysbl JOTUKH MTPEAUKATOB Ja€TCs MO0 UHTYKIIUH:

1. Bce oTenbHO B3AThIC MPEAUKATHI, B KOTOPBIX BCE MECTa 3aMeIIeHBI MPEAMETHBIMH TIepeMeH-
HBIM WJIH MPEAMETHBIMH MOCTOSSHHBIMU M3 COOTBETCTBYIOIIUX MPEIMETHBIX 001acTel SIBIISIFOTCS
dopmynamu. [Tpu 3TOM BCe BXOIANIUE B MPEIUKAT IMPEIMETHBIC TEPEMEHHBIC CUUTAIOTCS CBO-
OOIHBIMU.

2. Ecmu F — popmyrna oruku nmpeankaToB, coaepikaiias CBOOOIHYIO IEPEMEHHYIO X, TO VXF u
KF — Tarxoke GpopMyIibl, B KOTOPBIX X CBsI3aHHAsI IIEPEMEHHAs!, a BCE OCTAIBHBIC TICPEMECHHBIC T
e M TOTO )K€ Xapakrepa, 4to u B F.

3. Ecmu F — popmyna, To u —F — dhopmyra, Bce iepeMeHHbBIE KOTOPOH T€ K€ U TOTO JK€ Xapak-
Tepa uto u B F.

Ecim F u J dopmyiel, mpuveM HeT Takod MepeMeHHON, KOTOpasi B OJJHY U3 HUX BXOJHUT
CcBO0OJIHO, a B Ipyryio cBsi3anHo, T0 FJ, F\d, F—=J |F~J — dopmyibl, mpuyemM B HUX BXOJST BCE
nepeMmenHble U3 Gopmyia F u J u Bce BXOXKJIEHUS T€ ke U TOTO K€ XapakTepa, uto u B F u J.

4. Kaxxnas popmyria monydaercs 3a KOHEUHOE YMCIIO [IaroB U3 dJIeMEeHTapHbIX Gpopmya 1.1 mpu
MOMOIIM OTepauuii m.m. 2 u 3.

Hpe,[[I/IKaTLI F u J naseiBarorcs paeHbimu, €CJIN UX 3HAYCHUA COBIIAAAIOT ITPH BCCX 3HAYC-
HHAX BXOIAIIUX B HUX IICPCMCHHBIX.

MHOX€eCTBO MCTHHHBIX (JOPMYI JIOTMKH HPEAMKATOB BXOJUT B JHOOYyI0 TeopHio. B uc-
CJIEZIOBAaHUM 3TOTO MHOXKECTBA BO3HHMKAET JBE MpoOsIeMbl: 1 — mosyuyeHrue UCTUHHBIX popmyit; 2
— npoBepka (GOpMylibl Ha MCTUHHOCTb. IIpsMoil mepeGop Bcex 3Hau€HUM HEBO3MOXKEH, T.K.
IpEeMETHBIE M MpeANKaTHbIE NEepeMEHHbIE UMEIOT B OOJBIIMHCTBE CIy4aeB OeCKOHEUYHbIE O0-
JIACTH OIIPENIEIICHHUS.

YacTo MCIOIB3YIOT METO/1 MHTEpIIpETalfii: Koraa B GopMyily, TpeOyrouyto J0Ka3aTelb-
CTBa MOJCTABJISIIOT KOHCTaHTHI. [TocTaHOBKA KOHCTAHT MO3BOJIET MHTEPIPETUPOBATH HOPMY-
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7y, KaK OCMBICIIEHHOE YTBEep)KJIeHHE 00 3JIeMEHTaX KOHKPETHOTO MHOKecTBa M. DTOT MeTo]
yIoOeH I TOKA3aTeNbCTBA BRITIOJHUMOCTH (POPMYJT WIIH UX HEIKBUBAJICHTHOCTH.

CBoiicTBa KBAaHTOPOB
VX & X B& = VXA X VYBE_ (2.21)
IXQ €& VB& _=IxA& VIyBE _
VX@Q €& B =VxAg VB
VX @& & B = VXA& & B (2.22)
Ix@A& VB =3xA& Vv B
IXA& X B =3IxA& & B
VXVYA&K, Y = VYyVXAK, Y _ (2.23)
IxTIYAK, Yy = TyIxAK, Y _

Ilo aHajoruu ¢ JBOMCTBEHHOCTHIO KOHBIOHKIIMM U JU3IBIOHKIIUA MUMEET MECTO IBOMCT-
BEHHOCTbh MEK/1y KBAaHTOpaMHU

VXAG =3IXAE
IXAG = VXA

OTH PaBHOCWJIIBHOCTH M 3aKOH JIBOMCTBEHHOCTH IMO3BOJISIIOT MpeoOpazoBarh J00yi0 Gopmyny
JIOTUKH TIPEJMKATOB B PABHOCHIBHYIO (POPMYITy, B KOTOPOW CHMBOJI OTPHUIIAHHUS CTOHUT TOJIHKO
HaJI 3JIEMEHTapHBIMH TIpeanKatamu. [lomydatonryrocst B pe3ynbrate (GopMyny Ha3bIBAIOT HOUMU
HOPMANbHOU (hOPMOU UCXOOHOU (POopMYTbL.

(2.24)

dopmyIbl, colepKallie KBAHTOPBI KaK 1O MPEIMETHBIM, TaK U M0 MpPeJUKaTHBIM Hepe-
MEHHBIM, HCIOJIB3YIOT IJIsl XapaKTEPUCTUKHU KaKOTO-I1M00 MHOXECTBa MPEAMETHBIX o0jacTel ¢
(buKCHpPOBaHHBIMU MHAWBHIyaIbHBIMU MpeanKaTaMu Ha HUX. Cuctema Takux GopMyin Ha3blBa-
€TCsl CUCTEMOM aKCHOM, a yIOBJIETBOPSIOLINE 3TUM aKCHOMaM MHO>KECTBA C MHIMBUyalbHbIMU
MpeIMKaTaMyu — HHTEPIPETALUSIMU CUCTEMbI AKCHOM.

1. 12 Jlexkuust Nel2 (2 gaca).
Tema: «OcCHOBHBIC MOAXOJbI K (opMaNM3allMk MOHATHS aiaroputMa. MamuHa TerOpUHTA.

[Tpuniun Teropunra - ITocta»

1.12.1 Bonpocsl JIeKIHH:
1. OcHoBHBIE TOAXOABI K (hOpMATU3alUK TOHATHS AITOPUTMA.
2. Mamuna Teropunra. [Ipunimun Treropunra - [ocra.

1.12.2 KpaTkoe cojep:kaHHe BOIPOCOB:
1. OcHoBHBIE TOAXO/BI K (hOpMATIU3ALUM TOHATHUS aJITOPUTMA.
2. Mammuna Teropunra. IIpuanun Teropunra - [locra.

@OPMQJZLL’)’QL!M}I NOHAMUA ajllecopumma. YHlleepCClﬂbele Mooenu ajleopummoe.

I/IHTYI/ITI/IBHOC MOHATHUC AJITOpUTMA 06nazlaeT LEJIBIM PAOAOM HEAOCTATKOB. O‘IGBI/I)IHO, 4qTo
TAKHUC ITOHATHS, UCIIOJIB30BAHHLIC TP OIMMCAHUN O6H_[I/IX CBOICTB AJITOPUTMOB, KaK 3JICMCHTAap-
HOCTb MIaroB, CaMu HYKJArOTCA B YTOUHCHHU. O‘-ICBI/IIIHO, YTO HUX CJIIOBCCHBIC OIIPCACICHUA 6y—
AYT COACPKATb HOBLIC NOHATUA, KOTOPBIC CHOBA HOTpC6yIOT YTOYHCHUA U T.O. Hauunas ¢ 30-x
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rOJIOB, OBLJIO MPEII0KEHO HECKOJIBKO YTOYHEHUH MOHATHUS anroputMma. CuuTaeTcs, 4YTo BCE OHU
JOCTAaTOYHO IIOJIHO OTPa)KarOT OCHOBHBIE YEPThl MHTYUTUBHOIO IOHSATHS aIropurMa. /lencrsu-
TEJIbHO, Bce (hOpMalbHBIE OTPEACTICHUS aIrOPUTMa B HEKOTOPOM CMBICIIEC SKBUBAJICHTHBI JPYT
apyry. IlosTomy B Teopuu aJrOPUTMOB NMPUMEHSETCS APYroi MOJXOMA: BHIOMPAETCS KOHEUHBIH
Ha0Op MCXOIHBIX OOBEKTOB, KOTOPHIE OOBABISAIOTCS 3JIEMEHTAPHBIMHU U KOHEUHBIH HAbOp cIio-
COOOB MOCTPOEHUS UX HUX HOBBIX 0OBEKTOB. DTOT METOA OBLI Y)K€ UCIOJB30BaH B TEOPUU MHO-
MKECTB U MOJIYYUJI HA3BAHUE KOHCMPYKMUBHO20 NOOX004.

AnropurMuyecKue MOJEIH, KOTOpbIE NMPETEHIYIOT Ha MIPaBO CUMUTAThHCS (popmaiu3anuen
MOHATHUS «AITOPUTMY, JTOJDKHBI OBITH YHUBEPCATBHBIMH, T.€. TOIYCKAaTh ONMMCAHUE JIIOOBIX aJTo-
PUTMOB.

MOHO BBIICIIUTH TPU OCHOBHBIX THUIIA YHUBEPCAJIBHBIX aITOPUTMUYECKUX MOJENEH, pas-
JIUYAIOIINUXCST UCXOAHBIMU 3BPUCTHUYECKUMH COOOPaKEHUSMHU OTHOCHTEIBHO TOTO, YTO TaKOE
anroputM. [lepBblii TUI CBSA3BIBAET MOHATHE AITOPUTMA C HanboJiee TPaJUuIUOHHBIMU TTOHSITH SI-
MU MaTeMaTUK{ — BBIYMCIECHUSIMU U YUCIOBBIMU QyHKUIMsAMU. Hanbosiee pazBurtas u usydeHHast
MOJIEJIb 3TOT0 THUIIA — PEKYPCHUBHbBIE (DYHKIIUU — SIBJISIETCS MCTOPUUYECKHU MEPBOM popmanzannen
MTOHATHS AJITOPUTMA.

Bropoii Tun monenu cBsA3aH ¢ pa3BUTHUEM BBIYMCIUTENbHON TEXHUKH U OCHOBAH Ha Ipe/-
CTaBJICHUU 00 aJITOpUTME KaK O HEKOTOPOM JIETEPMUHHUPOBAHHOM YCTPOMCTBE, CIIOCOOHOM BBI-
MOJIHATD B KaXKJBIA OTAEIbHBIN AUCKPETHBIM MOMEHT BPEMEHHU BeChbMa IPUMHUTUBHBIE OTIEpaLIUU.
Takoe npezacTaBieHue He OCTaBISET COMHEHHUI B OJJTHO3HAYHOCTH aJTOPUTMA U AJIEMEHTapPHOCTH
ero maroB. Kpome Toro, sBpuctrka 3Toi Mojenu O0im3ka kK DBM wm, ciiemoBarenbHO, K UHXKE-
HEpHOUN MHTyHIIMH. OCHOBHOM TEOPETHUYECKOW MOJIENBIO 3TOTO THIA SBISETCA co3laHHast B 30-x
rojax KoHuenuus mamuHsl TeropuHra. IMeHHo MamvnHa ThIOpHHTA SIBUIACh MOJEIBIO COBpE-
MeHHOU DBM u criocoOcTBOBaIAa PAa3BUTHIO COBPEMEHHOW BBIYMCIIUTEILHON TEXHUKH.

Hakoser, TpeTtuii TUI alrOPUTMHUYECKUX MOJIENIEH — 3TO MPeoOpa3oBaHUE CIIOB B IMPOU3-
BOJIbHBIX afipaBUTaX, B KOTOPBIX AJIEMEHTAPHBIMU OMEPALUsSMU SBIAIOTCA MOJCTAHOBKH, T.€.
3aMEHbI YacTH cJ0Ba (MOJCI0Ba) APYruM ciioBoM. [IpenmymiecTBa 3Toro Trma Mojenei 3aKiio-
YaroTCcsl B MaKCUMAaJIbHOM aOCTPaKTHOCTH M BO3MOKHOCTH NPUMEHUTH MOHSTHE ajiropuTMa K
0o0BeKTaM MPOU3BOJIBHOM, HEe 00513aTeNbHO YMCIIOBOW npupoabl. [Ipumepamu Moeneit 3Toro Tu-
na sBIIAIOTCA KaHOHHUYecKue cucteMsbl [locta u HOpMmanbHble anroputMbl MapkoBa. [Ipu stom
oOUIHOCTh popMaIu3aluy B KOHKPETHON MOJENU He TepsieTcs U J0Ka3bIBaeTCsl CBOAUMOCTD OJ-
HUX MOJIEJIeH K APYTUM, T.€. IOKa3bIBAE€TCS, YTO BCAKHUII aJITOPUTM, OTIUCAHHBIN CpeACcTBaMH O -
HOM MOJIeNIH, MOXET ObITh OIMCAaH CPEICTBAMU APYTOHl.

bnarongaps B3auMHO#N CBOAMMOCTH MOJIeJieil B 00IIel TeOpUH allTOPUTMOB YAAlIOCh BbIpa-
00TaTh MHBAPUAHTHYIO 110 OTHOIIEHHUIO K MOJIEJISIM CUCTEMY MOHSTHIA, TO3BOJISIONIYI0 TOBOPUTH
0 CBOWCTBaX aJI'OPMTMOB HE3aBHCHUMO OT TOTO, Kakas (popManu3arys aJroputMa BelOpaHa. Jta
CUCTeMa TMOHSATUN OCHOBaHA HA MOHSATHH BBIYUCIUMON (YHKUHWH, T.€. PYHKIUHU, A BHIYHUCIIE-
HUS KOTOPOU CYIIIECTBYET aITOPUTM.

MAIINHA TBIOPUHI'A.

Beenenue. UcTopus Bompoca.

B 1935 r. BO3HHKIIO Takoe MOJIOXKEHHE: CBOICTBA, OOHapY)KEHHBbIE Y HEKOTOPOTO0 TOYHO
OTIPE/IENIEHHOTO KJlacca BBIYUCIMMBIX TEOPETUKO-YUCIOBBIX (DYHKIMH, U3ydyaBmuxcs Yépuem u
Knuau B 1932—1935 rr. 1 Ha3BaHHBIX " A -onpenenuMbIMi pyHKIHMAMHU", YIOPHO MOJICKa3bIBa-
JIM MBICJb, YTO 3TOT KJIacC, MOKET ObITh, 0XBAaThIBAaET BCe (DYHKIIMHU, KOTOPHIE B COOTBETCTBUU C
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HaIlMM MHTYMTUBHBIM IIPEJICTaBICHUEM MOXHO paccMaTpuBaTh Kak BbluMciaumble. [Ipu 3tnx
oOctositenbecTBax U€pu BeIIBUHYM Te3HUC (omyOnukoBad B 1936 r.), uto Bce (hyHKIMHU, KOTOpBIE
MHTYUTHBHO MBI MOXXEM PAacCMaTPHBATh KaK BBHIYMCIUMBIC, UM, TOBOPS €T0 CIOBAMH, KaK <3 ¢-
(hEeKTUBHO BBIYUCIIUMBIE, SIBIAIOTCA A -ONPEIEIMMBIMY, WIIH, SKBUBAJIICHTHBIM 00pa3zoM, o01e-
PEKYPCUBHBIMHU.

Heckonbko mo3xe, HO HE3aBUCUMO MOsBUIAch cTathsd Thiopunra (1936), B kotopoil ObL1
BBEJICH €I OJMH TOYHO ONpPEICICHHBIN KIacC MHTYUTUBHO BBIYHCIUMBIX (DYHKIIHIA, KOTOpBIE
MBI OyZeM Ha3bIBaTh «()YHKIHMSIMH, BBIYUCIUMBIMH 1O THIOPHHTY», ¥ OTHOCHUTEIBHO ATOTO
Kjlacca OBUIO BBICKAa3aHO TAaKOE€ K€ YTBEP)KIEHHE; 9TO YTBEP)KICHHE MBI HA3bIBAEM MeE3UCOM
Toropunea. Bexkope Trropunrom [1937] 66110 1MOKa3aHO, 4TO €r0 BHIYUCIUMBIE (PYHKIIUA — 3TO
TO XK€ camoe, 4To A -onpeaenumbie GyHKIMH, U, CICI0BATEIBHO, TO KE caMoe, YTO U oOImepe-
KypcuBHble (QyHKIMU. [ToaTromy Te3ucsl Triopunra u Uépua skBuBajgeHTHbI. Mbl OysieM 0ObIYHO
cchlIaThesl Ha 00a AT Te3uca Kak Ha mesuc Yépua, a B CBSI3U C TEM €r0 BapUaHTOM, B KOTOPOM
UJET peub 0 «MamuHax TrlopuHra»y,— kak Ha me3uc Yépua — Tvropunea. B 1936 r. Iloct He3a-
BUCHUMO OT ThIOpHHra onmyOIMKOBal B IOBOJIBHO CKATOM H3JI0)KEHUU (OPMYIHPOBKY, B OCHOBE
Ty ke, uro y Triopunra. B 1943 r., ocHOBBIBasich Ha CBO€il HeonmyOIuKoBaHHOM padoTe 1920—
1922 rr., oH omyOJMKOBaJd TPETUH SKBUBAJIEHT aHAJIOTMYHOTO Te3uca. Eile oAHy 3KBHUBaJEHT-
HYI0 GOPMYIUPOBKY AaeT Teopus anroputMoB Mapkosa [1951r].

O0J1acTh NCNOIB30BaHNS MAIIMHBI ThIOpPUHTa

[Moustre mawunevt Toiopunea BOZHUKAET B Pe3yiIbTaTe MPSIMOM IMOTBITKH PA3JIOKUTh HHTYH-
TUBHO H3BCCTHBIC HAM BBIYMCIIMTCIBHBIC MPOLCAYPbI Ha 3JICMCHTAPHBIC OIICpAIlUU: TBIOpI/IHF
IMPHUBCIT pAd AOBOAOB B ITOJIB3Y TOI'O, YTO IMOBTOPCHUSA €TI0 SJICMCHTAPHBIX onepauﬂﬁ OBLIO OBI
JOCTaTOYHO YIS IPOBEACHUS JIFOOOTO BO3MOXKHOTO BhruucieHus. [losTomy mammHa TeropuHra
(MT) ucrionw3yercs:

1) ecnu TpeOyeTcs A0Ka3aTh 603MONCHOCHb AITOPUTMHUYECKON peaTi3allii BHIYUCITUTEI b
HOM (YyHKITUH;

2) ecnu TPeOYETCs OYeHUmb GbIYUCTUMENbHYIO CLONCHOCMb WA MPYOOeMKOCHb PEIICHHS
3aJ1a4u 10 JJaHHOMY aJITOPUTMY, T.€. BPEMsI BBITIOJHEHUS aJITOPUTMA.

Jlj1s 3TOr0 MBI MOJIEIUPYEM pabOTy MPOU3BOJILHOTO aITOPUTMa B TEPMUHAX paccMaTpuBae-
MOl 3a1aun. 3aTeM onpedesisiemcs Klace MallMH-BBIYUCINUTENEH, KOTOPble MOTYT PEIIUTh JaH-
HYIO 3a7a4y — ()OpMaJbHO OMHUCHIBAIOTCA IMpaBuiia pabOThl MAIMHbBI, CXOJHbIE aHHBIE, Orpa-
HUYEHUS U T.[1. (IIOCKOJIbKY B ONpPEAETICHUH 33/1a4ll HUYETO He TOBOPUTCS O MPOrpaMMax Tak Ta-
KOBBIX B MPHUBBIYHOM JJI1 HAC TIOHUMAHUH, TO aIrOPUTMUYECKAS] pa3peuumMocms Uil Hepaspe-
WUMOCMb, CBOJIUTCS K MpoOIeMe OCTAaHOBKH MPOU3BOJIBLHOIO alrOpUTMa pelleHus 3agaun). B
KauyeCTBE MAIIMHbBI-BBIUMCIUTENS BbiOepeM MamuHy ThlopuHTa, OCKOIbKY paHee ObLIO MmoKasa-
HO, YTO BCsKasi BRIUMCINMas QyHKIUA peanu3dyeMa Ha MT u cBeneM pelieHrue TaHHOM 3a7auu K
CYIIECTBYIOIIKUM T'PYIIaM 3a/1a4, UIsl KOTOPBIX U3BECTHO, YTO OHU pertatoTcs Ha MT.

IIpuauun padorsl MmammHbl ThIOpUHTa.

Kakas nmenHo KOMaHa nNporpaMMbl 6YI[GT BBIIIOJHATHCS B JaHHBIN MOMCHT, OIIpE-
ACIACTCA ABYMS IapaMeTpaMu: YUTACMbIM TOJOBKOH CHMBOJOM M COCTOSSHHMEM MalllHu-
HBI.

PeBy.]'ILTaTaMI/I BBINIOJTHEHUS KOMAHbI SBISIOTCS: HOBBIM CHMBOJI 3allMCaHHBIN Ha JICHTY B
Ty quﬁKy, HaIIpOTHUB KOTOpOfI HaXOJUTCS B TaHHBIA MOMEHT rOJIOBKA,; MCPEMEUICHUC TOJIOB-
KM Ha OJHY IO3ULIUIO (quﬁKY) BIIPAaBO WJIK BJICBO BJOJIb JICHTBI; IICPEXOA MAIIMHBI B HOBOC
COCTOsIHHE. B 9acTHBIX cirydasax HOBBIM CUMBOJI MOET OBITh PaBCH CTapoMy, NICPEMCUICHUC
MOXKET OTCYTCTBOBATh, COCTOAHNEC MOKET OCTATHCA IMPECIKHUM.
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dopmaT KOMaHIbl UMEET CIEAYIOIIUNA BU:
aqbrD,

TJIe @ — YATAEMBbIil CUMBOJI; (] — TEKYyIllee COCTOsIHKE; b — cuMBOII 3anmchiBacMBbIil B 0003pe-
BAEMYIO SIYEHKY JIEHThI BMECTO CUMBOJIA @, I — HOBOE cocTosiHue; D — HamnpaBieHue nBuxe-
HUS TOJIOBKU MAIIMHbl OTHOCUTEIBHO JICHTHI.
CuMBOJIBI BBIOMPAIOTCS U3 KOHEUHOTo andasura 4 = {ay, . . ., ai}.

B nanpreiimem OyneM MCIOJIB30BAaTh TPEXCUMBONIBHBIN andasur {e 0, 1}, mpudem e Oynet
O3HAYaTh «1ycTol (EMPtY)» CUMBOI — OTCYTCTBUE HH(POPMAIUH B siUCHKE, a C TOMOIIBIO HY-
J M eJUHUIBI OYAYT KOJUPOBAThCsA Bce JaHHbIe. MIHOTJA MCHOJB3YIOT JABYXCHUMBOJbHBIN
anasut 4 = {e, 1}. B aTom cinydae yncna KOAUPYIOTCS TOJIBKO €TUHUIIAMH: HYIIb KOJAUPYET-
Csl OJTHOM €MHUILIEH, YMCIIO OJIMH KOJUPYETCs IBYMs €AMHULIAMHU, a YUCIIO X Kojaupyercs x + 1

SIMMHHUIIAMHA JTO — eAMHUYHAs cucTeMa cyucieHus. OJHAKO OHA TUIOXa C TOYKH 3PCHUS
CJIO’KHOCTH 3a1a4 (CM. TIL. 5).
MuoxecTBo cocrostauii 0603HauuM Q= { 1, . . ., Qx}. HanpaBnenue neuxenust D BpIOu-

paetcst u3 MHOkectBa {L, R, S} rme L — nBuxenue BieBo, R — nBuxkeHue BrpaBo, S —
OTCYTCTBHUE JBUKCHUS.

Takum o6pazom, komanga 1 (s O s L o3HauaeT: ecim, HaX0A9Ch B COCTOSIHHH (J3, MaIllllHA
TrropuHra 0603peBaeT sIMEeUKy JEHTH B KOTOPOU 3amucaHa 1, To MaliMHa JI0JKHA 3aMucaTh B
3Ty siuerky 0, TpOU3BECTH CIABUT T'OJIOBKH OTHOCHTEIBHO JIEHTHI BJIEBO Ha OJIHY SUYEHKy U
IIEPENTH B COCTOSTHUE (6.

DTO omucaHue JAEUCTBUS, COOTBETCTBYIOUIErO0 KOMaHJIE FOBOPUT O TOM, YTO KOMaHJa
MOJKET paccMaTpUBaThCs Kak oToOpakenue map (@, () B Tpoiiku (b, r, D), T. e. oToOpaxe-
HUe

AxQ=> AxQx {L, R, S}.

JlanHO€ 0TOOpa’keHHe SBIISIETCS YaCTUYHBIM, TaK KaK He JJid Jito 00 mapbl-apryMeHTa
CYIIECTBYET Tpoika-pe3ynbTar. Ho 1y mpou3BOIBHON Maphl CYIIECTBYET HE OoJiee O-
HOU TPOMWKH, T. €. OTOOpaKEHUE HE SBIISIETCSI MHOTO3HAYHBIM.

Bce neiicTBUs MPOU3BOAATCS B TUCKPETHOM BpeMeHHU. MHaue roBops, MOXKHO paccMaTpHu-
BaTh IEJOYHCIICHHBIE MOMEHTHI BpemeHu t = =0, 1, 2, 3, ... Jlro6oe u3mMeHeHne MPOUCXOUT
MI'HOBEHHO B MOMEHT t = | ¥ HUYEro He MEHSETCS MEX/Y IBYMsI COCETHUMHU MOMEHTaMH BpeMe-
HU.

Paboraer mamnna Trropunra cieayrouuMm oOpazoM. CtapToBas KOHQUrypalus: Ha JICHTE
HAXOJATCSA UCXOHbIE JaHHbIE — CTPOKAa CHUMBOJIOB B alipaBUTE A, COCTOSIHUE BHYTPEHHEH Ma-
MATH COOTBETCTBYET HEKOTOPOMY OTOBOPEHHOMY (BCErja OJHOMY M TOMY jK€) HauyaJlbHOMY
COCTOSIHUIO, Harpumep, (1. [Ipu 3TOM ronoBka mMamuHbl 0003peBaeT HEKOTOPYIO SUEHKY JIeH-
THI C 3aMHCAaHHBIM TaM CUMBOJIOM a. HopManbHBIM CYUTAETCA HauyaabHOE MOJI0KEHUE TOJIOBKH
HaMpOTUB CaMOTO JIEBOTO HEMYCTOTO CUMBOJIA, T. €. HE COBMAJAIOUIETO C e.

MowMmeHT cTtapTa paccMaTpuBaeTcsl Kak HYJIEeBOW MOMEHT BpeMeHU. B MOMEHT cTapra BbI-
MOJTHSIETCS TepBasi KOMaH/a, 3TO €MHCTBEHHAs KOMaH[a, HauWHAromasics ¢ mapsl (a, di1). B
pe3yNbTaTe BBHIMOIHEHHS] KOMaH bl MAIllMHA MEPEIeT B HOBOE COCTOSIHUE, U MOJIOBKA MAIITUHBI
MPOUYTET HOBBIM CUMBOJ C JIGHTHI. JTa mapa (HOBBIM CHMBOJI, HOBO€ COCTOSIHHE) CTaHET Ha-
YaJIbHOW YacThIO CIEAYIOIIe KOMaH/bl U T. 1. MamuHa OyAeT npoaoikaTh paboTaTh B AMC-
KpPETHOM BpPEMEHH, IIar 3a I1aroM Mnepexois U3 COCTOSHUSA B COCTOSIHUE, U MOCTENEHHO U3Me-
HssL COJIEP)KUMOe JIeHThI. HakoHel, s HeKOTopoi mapsl (a, () He OKaXKeTCs] KOMaHIbl B TPO-
rpamMe. Takas cuTyalusi CYMTAeTCs 3aBepliaronieil. MammHa npekpamiaer ¢yHKIHOHUPOBa-
Hue. OcraBuascs 3alUCh HA JIGHTE CUUTAETCS 3alUChIO pe3ylbTara.

Takum o6pa3zom, mamnHa ThOpUHTa peanu3yeT BhIYHCIEHUE HEKOTOPOH (PYHKIIMH — OTO-
OpaXeHUsI UCXOIHON CTPOKH CHMBOJIOB B Pe3YyJIbTUPYIOLIYIO CTPOKY.

CymiecTByeT HECKOJIBKO CIIOCOOOB IMPEACTABICHUS MPOTpaMMBbl MaluHbl ThlopuHTa (MHO-
&KecTBa KomaHn). /IBa Hanbosee ynoTpeOUTENbHBIX:
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1) nBymepHas tabnuna (puc. 1.2);

2) nuarpamma (HarpykeHHbIU rceBorpad).

B naBymepHO# Tabnmuie CTPOKU MOMEYAIOTCsl pa3IUYHBIME CHMBOJIAMH ajipaBUTa, a CTOJNO-
1[bI — MMEHAMH Pa3JIUYHBIX COCTOSHUI MaIIWHBI, T. €. Tabuuia umeet pasmep K. Kaxmoit xo-
MaHJIe TPOTPaMMBbl

Cocrosinue 01 e q cee Ok
CuMBoI
ai
brD
al

Puc. 1.2. Tabnuunas ¢popma mporpamMmbl MaluHb! TblOprHTa

COOTBETCTBYET €JIMHCTBEHHAs KieTka B Tabnuie. OHa ompeaenseTcs s Komanael a q b r D
ClelylouuM 00pa3oM: B KIIETKY, HAXOJSAIIYIOCS Ha MEepeceYeHUr CTPOKH, TOMEUYEHHOU CUM-
BOJIOM $I, U CTOJIOIA MOMEUYEHHOTO COCTOSTHUEM (. BIHChIBaeTcs Tpoiika b r D.

Jlis HEeKOTOpbIX Map (a4, g) B MporpamMMme HET KOMaHJ, CJIeI0BaTeJIbHO, COOTBETCTBYIOIINE
KJIETKHA TaONHIbl ocTatoTca NmycThiMH. [Ipu goctmxeHuun B mporecce paboThl MyCTOM KIETKU
ManinHa ThroprUHra OCTaHaBIIMBAETCS.

B kauecTBe mpocToro npuMepa npuBeaeM IporpaMmy BblUMcIeHUs QyHKIHH S(X) = X
+ 1, T. e. yBennueHue aprymenta Ha equauny (puc. 1.3). Ucnoassyem andasut A = {e, 0,
1}, npuyem X OyneM KOAMPOBATh IMOCIIEAOBATEIBHOCTHIO HYJIEH M €QUHUI] TaK. Kak 3TO
MPUHSATO MPU ABOMYHOM KOJWPOBAHUHU LIETBIX HEOTPUIATEIbHBIX YHCEI.
MPENOJ0KUM TaKKe, YTO B MOMEHT CTapTa roJIoBKa MallMHbl ThIOPHUHIa HAXOAUTCS HAIIPO-
THUB KpailHEN JIEBOU AYEUKH C CUMBOJIOM 1.

O}t g2 g3 g4
0q:R 1gsL OqgsL
1g9:R 0q.L 1gsL
egqoL 194S eqsR

P u c. 1.3. [Iporpamma mamuubl ThiopuHTa A1 BRIYUCICHUS QYHKIHH S(X)=X+1

[lepBas BeimonHsiemas komanna —10;1q;R ocraBaser 1 B siueiike JEHTHI, OCTABISET He-
M3MEHHBIM COCTOSIHUE (1 M MIPOU3BOJAUT CIIBUT TOJOBKHU BIPABO IO JieHTe. B HOBOI unTaemoi
sueike MOXET OKa3aTbcs JH000M u3 Tpex cumBojoB andaButa. Ecnu 310 0 wiu 1, To mpo-
M3BOJIUTCS JAbHEeHIIee IBUKEHNE BIPABO 10 OKOHYAHUs Koja yucia x. Eciau ke BcTperurcs
CHUMBOJI e, TO 3TO OyJeT 03HayaTbh, YTO KOJ YMCJIA 3aKOHUYMJICS U TOJIOBKA HAXOJUTCS CIIpaBa
oT muaamei mudpsl koga uucna. [locme 3Toro, cOOCTBEHHO, M HAYMHAETCS TMPOIECC MPH-
O6aBnenus eauHulbl. Ecnu mnaamas mugpa — 0 To moctatoyHo 3aMeHUTH ce Ha 1 (komanza 0
02 1 g3 L) u HauaTh 0OpaTHOE ABMKEHHE K MCXOAHOM mo3uiinu. Ecimu muamas muppa — 1 1o
pe3yabTaTOM B JaHHO# sueiike Oymer 0 (crmoxkenue mo Mod 2), U exuHMIA TEpeieT B Ciie-
JYIOIUN MO0 CTapUIMHCTBY pa3psn (BieBo). [Iporecc pacrnpocTpaHeHUs EPEHOCAa MOXKET 3a-
KOHYHUTBHCS T/Ie-TO BHYTPH KOJa YMCJIa U TOTJa HEOOXOJAMMO OCYIIECTBUTH «IIPOKPYTKY»
JIEHTHI TaK, YTOOBI MalllMHA OCTAHOBUJIACH HA KpaliHel JIeBOM eqUHUIIE KoJia pe3ynbraTa (X+1)
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Btopoii npumep - mporpamma BbruuciaeHus pynknuu Z(X) = 0(x) = 0, mpespa-
IIAIOIIEH 3amuCh JTII000TO apryMeHTa. X B 3anuch Hyls (puc. 1.4). Dta nporpamma cTupa-
€T C JIGHTBI KOJ X, T. €. 3a10J1

U1 op;
0 eqiR
1 eq:R
e 0g2R

P 11c. 1.4. lIporpamma mMamuns! TrlopuHTa 1015 Beruucienus pynkuun 0(X) = 0

HSET KJIETKU CHMBOJIOM € U TIepe]l OCTAHOBKOMW 3alKMCHIBAET B TEKYIIYIO KIETKY 0.

Bonee JyIMHHAS porpamMma mosydaercs s Beruucierus Gyakimn 1"y (Xg,Xo, ... , X) BeIOUparo-
1Ie# M- apryMeHT U3 TOCTIEN0BATENBHOCTH 71 apryMeHToB, 1 <m < n, 1"y (X1, X2, ... ,Xn)=Xm (pHc.
1.5).

IpencraBnenue mMocneaoBaTENbHOCTH 7 apTyMEHTOB 3373 lUM Ha JIGHTE B BHJIE 3allMCAHHBIX
OJIMH 3a JPYTUM 4epe3 pasAeiuTeb — IIYCTYIO KIETKY e — JABOWYHBIX KOAOB X;. IIporpamma, Ha-
NHCaHHAasA JJI1 KOHKPETHOTO 3HAYeHHUs m, JEHCTBYeT ciemyronmM obpasom. CHauanma cTupaeTcs
(3aMeHsieTCs Ha e ...e) TICPBBI apryMEeHT, 3aTeM CTHPAeTCs BTOPOH, ..., CTUpaeTcs (m - 1)-if; 3aTem
MOJTBEP)KJaeTCs m-U ApTYMEHT; 3aT€M CTHPAIOTCSI OCTaBIINECS apIyMEHTHI.

Or 192 © [Om-1 Om Om+1 [ |On On+1
0|eqiR [eqzR |... |€0m-1R [0OOmR |€Qm+1R egnR
egiR [eqz2R ... [€0m1R |10mR |egm+1R egnR
eq2R |egsR|... [eqmR  |€0m+1R [eqm+2R eqn+1R

[N

Q

Puc. 1.5. [Iporpamma Mammuasl ThroprHTa TSl BEIYUCICHUS (DYHKITHH
I"m(X1, X2, ..., Xn)

Hpyroii cnoco6 npeacTaBieHus MporpaMMbl MalliiHbl ThlopuHra — nuarpamma (rpad).

Jlnarpamma mpecTaBisieT co00i reoOMETpUIECKUil 0OBEKT, COCTOSIMMNA U3 BepiuH (0003Ha-
YaeMbIX TOUYKaMH WM OKPYKHOCTSIMH) M YT (PUCYEMBIX B BUJIC HAIIPABICHHBIX OTPE3KOB MPSIMOMA
CO CTPEINIKOM Ha OJIHOM M3 KOHIIOB HJIM B BHJIC OTPE3KOB HE CAMOIIEPECEKAOIINXCS KpUBhIX). Ka-
KIIOW BEPIIMHE MPUIKCHIBACTCS COCTOSHAE MAIIMHBI THIOPHHTA: TAKMM 00pa3oM BEPIIHH B Jina-
rpaMMe POBHO CTOJIBKO, CKOJIBKO MMEETCSI COCTOSIHUIMA. Jlyre, coeMHsIIoIIeH J1Be BEPIIUHBI Ui H (j,
HPHITUCBHIBACTCS HEKOTOPBIN cCUMBOII ¢ ajiaButa 4 u aBoiika b D Tak, uro 3amucs a g; b g; D o0Opasy-
€T KOMaHJIy porpaMMbI MalTiHbl ThIOpHHTA.

Jlyra (cTpelka) CHMBOJIM3HPYET MEPEX0] U3 COCTOSHUS (i B COCTOSTHHE (j TIPH YCIIOBHH, YTO T'O-
JIOBKA yKTaeT CUMBOJI . OJIHOBPEMEHHO C 3TUM CHMBOJI ¢ 3aMEHSETCsI Ha CUMBOJT D 1 coBepitiaetcst
newxenue D.

I[Mporpamma Bbrurcienus Z(X) = O MoxkeT ObITh H300paXkeHa arpaMMoi, H300paKEeHHOU Ha
puc. 1.7.

Anan TeIOpuHT CHOPMYIIMPOBAIT TE3HUC, CBA3BIBAIOLINI MOHITUE aJTOPUTMA M MAILUHBL: «/{14
8CAKO20 (HehopmanvHo2o) aneopumma modicem 0bims nocmpoer Toiopuneoe ancopumm (npoepamma
mawunsl Toropunea), Oarowutl npu 0OUHAKOBLIX UCXOOHBIX OAHHBIX MOM Jce Pe3VIbmamy.

D710 HenoKazyeMoe MaTeMaTHUYeCKMMH METOJaMU YTBEp)KJICHHE UTPaeT BaXHYIO pOJb IpPHU
MIPOEKTUPOBAHUHU MPOTPAMMHOI0 00ecredeHus, 0COOEHHO Ha HAYaJIbHBIX 3Tanax MpPOeKTHPOBa-
Hus. [lepBoHayanbHasi MOCTAHOBKA 3a/1a4y 3a4acTYIO SIBJISIETCS CJIOBECHOM, HeopmasHOH. Eciu
€e pelleHNe yaeTcs OnMcaTh B BUjie KOHEUHOM MOCIe0BaTeIbHOCTH I1aroB, KaKIbli U3 KOTO-
PBIX JOCTATOYHO TMPOCT, TO B COOTBETCTBUU ¢ TezncoM ThlOpHHIa 3TO O3HAYAET, YTO MOXKET
OBbITH HalMCaHa MPOTpaMMa Ha KaKOM-JTMOO aJrOpPUTMHUYECKOM S3BIKE, PElIaronasi MoCcTaBlIeH-
HYIO 33Ja4y.
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1. 13 Jlekuust Nel3 (2 gaca).
Tema: «PexypcuBHble pyHkuuu (PekypcuBHBIi alropuTm)»

1.13.1 Bonpocsl JieKIuu:
1. PexypcuBHbIE (DYHKIIUH.
2. PexypcHUBHBIN alTOPUTM.

1.13.2 KpaTkoe coaep:kaHue BONPOCOB:
1. PexypcuBHbIE (QYHKIIUH.
2. PexypcuUBHBIN alTOPUTM.

Pexypcusnvie ¢pynxyuu.

Besikuil anropuT™ 0JHO3HAYHO CTABUT B COOTBETCTBHE MUCXOIHBIM JaHHBIM (B ClIyyae €ciiu
OTpeJieNieH Ha HMX) onpefeNeHHbIH pe3ynbraT. [103ToMy ¢ KaKIbIM aJIFOPUTMOM OJTHO3HAUHO
CBs3aHa (PYHKIMS, KOTOPYIO OH BhIUUCIsET. McciieqoBanue 3TUX BOIIPOCOB MPUBEIO K CO3JaHUIO
B 30-X rojax mpouuioro Beka TEOpUH peKypCUBHBIX (YHKIMHI. B 3T0l Teopuu, kak u BooOIIEe B
TEOPUU ANITOPUTMOB MPHUHAT KOHCTPYKTUBHBIN, (GPUHUTHBIN MOJX0JI, OCHOBHOI 4epTOW KOTOPOTO
SIBJISIETCS] TO, YTO BCE MHOYKECTBO MCCIIETYEMBIX OOBEKTOB (B IaHHOM ciiydae (pyHKITHIT) CTPOUT-
Csl M3 KOHEYHOTO YHCIIa MCXOJHBIX 00BEKTOB — 0a3znuca — ¢ MOMOIIBIO MPOCTHIX OTNepanui, 3¢-
(exTUBHAs BBIYMCIUMOCTh KOTOPBIX JIOCTaTO4YHA oueBHUHA. Onepanuu Hag QyHKUIUAMU OyaeM
Ha3bIBaTh ONepamopamu.

Bynem paccmaTpuBaTh TOJNBKO YUCIOBBIE PYHKIUU, T.€. PYHKIIUU, apTyMEHThI U 3HAUEHUS
KOTOPBIX MPHUHAUICKAT MHOKECTBY HAaTypaibHbIX yrcend N (B T€OpUM PEKYPCHUBHBIX (YHKIIUH
nonarator N=0, 1, 2, ...). MHaue roBops, umcioBoii N-mectHoit pynkumeit f €, X,,...,X, Ha-

n
3piBaeTcs (pyHKIUs, onpeneieHHas Ha HekotopoMm noamuoxkectBe N C N' ¢ marypanbHbIME

3HadeHusaMH. Ecim o6nacts onpenenenns cobnanaer ¢ MHokectBom N", 1.e. f:N"—> N, 10
roBOpAT, uTo GyHKIMs f BCIomy onpeencHHas, B MPOTHBHOM ClTydae — YaCTHYHO OTPEICICHHA.

Hanpumep: f €,y =X+ Y — Bciony onpesesnennas aymMecTHas QyHKIHS.
f &y =X— Y- wactuuno onpenenennas ¢pynxuus (oHa onpesieseHa mpu X > ).

PexypcuBHbIM omnpeaeneHreM (GyHKIMH MPUHITO HA3bIBaTh TAKOE OIpeAeNiCHUE, Ipu
KOTOPOM 3Ha4YeHUs (PYHKIMH ATl JaHHBIX apTyMEHTOB OMPEENSIIOTCS 3HAaYeHUSIMU (QYHKITUT
uis OoJjiee MPOCTBIX apryMEHTOB (YK€ BBIYHMCIEHHBIX) WU 3HAYCHUSIMH OoJiee MPOCTHIX

(byHKIHIA.

[IpocreiiyM mpUMEpPOM PEKYPCHUBHOTO OMpeeNeHus sBISIoTcs uucina duboHauyw,
IpeICTaBIAIoNIME cOOO0M MOCIe0BATENLHOCTD Yncea | (1/, YIIOBJIETBOPSIOLIUX YCIOBUSIM

fO=1 f€=1 fQ+2=fQ@+fQ+1,
1) 0(x)=0 — Hynb-dyHKIHS.

2) S(X)=x+1- pyHKIUSA CIACTOBAHUS.
3) 1,€,%,....X, :: X, TIe M=1...,N — npoektupyromas GyHKIHU.
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OHGDaTOD CYHICPIIO3UITHH. Cynepno:snuml ABJIICTCA MOIIHBIM CPECACTBOM IOJTYUYCHUA

HOBBIX (DYHKIMI U3 yXKe uMeromuxcs. HanoMHum, 4To cyneprno3unreii Ha3pIBaeTcs JITo-
=4 n
0as mojcraHoBka (yHKuMH B QyHkiuu. OnepatopoM cymneprnosuuuu P Ha3bIBaeTcs

MOJICTAHOBKA B (PYHKIIMIO OT M NMEpeMEHHbIX M (QYHKIUNA OT N OJHUX U TEX XKe IMePeMEeH-
HbIX. Hanpumep, a1t pyHkumii

~ ~
h&, Xy, .o X 0, €L %50 Xy ey O €L X0 X,

gOneparop NpUMUTHUBHOU pekypcun. OnepaTop NPUMHUTUBHOM pekypcuu R, ompenens-

eT (1+1: -MecTHYt0 (yHKuuio f yepe3 N-mecTHyro QYHKIHMIO § U (’I+2: -MECTHYIO
bynkimio h cieayromum oopazom:

OyHKIIUU 0((:, S ((: ul; ((: JUTSL BCEX HATYPaNbHBIX N, M, Tie M < N, SIBJSIOTCS MPHU-
MHUTHBHO PEKYPCUBHBIMHU.

Ecmu g1(X1, X2, ..., Xn), ..., Om(X1, X2, ..., Xn), N(X1, X2, ..., Xn) IPUMHUTHUBHO PEKYPCUBHEIE,
0 P'€,9,,...,9,, : — MPUMUTHUBHO-PEKYPCUBHBIE ()YHKIIUU JJIs1 TFOOBIX HATYPAIbHBIX N,
m.

Ecmm 0, ((l,...,Xn: u h ((l,...,Xn Y, Z: — TPUMUTHUBHO PEKypCUBHBIE (YHKIHUH, TO
R, €, h: — IPUMUTHBHO-PEKYPCUBHAS (PYHKITHSI.

Jlpyrux npuMUTUBHO-PEKYPCUBHBIX (DYHKIUN HET.

Crnoxenue f+ [ Y =X+ Y NpUMHUTHBHO-PEKYPCHUBHO:

~
YMHOXEHHE fX & Y =XXY NpUMHUTUBHO-PEKYPCHUBHO:

Y
Bosgenenue B crenens f,, &,y =X’ NpUMHTUBHO-PEKYPCHBHO

1. 14 Jlexuus Ne 14-15 (4 gaca).

Tema: «Hopmansueie anroputmsl MapkoBa. [lonaTtre 3(pPpeKTHBHOCTH M CIOKHOCTH aJITOPHT-

MOB»

1.15.1 Bonpocsl Jexkuuu:

1. HopmaneHbie anroputMbl MapkoBsa.
2. ITonsitue 3¢p(peKTUBHOCTU U CIIOKHOCTHU AJITOPUTMOB

1.15.2 KpaTkoe coaep:kaHue BOIPOCOB:

1. HopmanesHbie anroput™Mbl MapkoBsa.
2. Ilonsitue 3¢p(peKTUBHOCTH U CIIOKHOCTHU AITOPUTMOB

TpeTI/Iﬁ THUIT AJITOPUTMHUYCCKHUX Moz[eneﬁ — 9TO npeo6pa30BaHHe CJIOB B ITPOU3BOJIBHBIX

aH(baBHTaX, B KOTOPBIX 3JICMCHTAPHBIMU OIICPAlIVAMMU ABJIAKOTCS IIOJACTAHOBKH, T.C. 3aMCHBI YacC-
TH CJIOBa (HOI[CJ'IOBa) ApyrumMm CJIOBOM. HpeI/IMYH_ICCTBa 9TOI'0 THUIIa MO,Z[GJ'ICﬁ 3aKJIIO4YarOTCiA B
MaKCHUMaJILHOU a6CTpaKTHOCTI/I H BO3MOXHOCTH INPUMCHHUTH IMOHATHUC aJIr'OpUTMa K 00BeKTaM
HpOH3BOJ’IBHOI>i, He 00s3aTeIbHO YHCIIOBOU IIpUPOABI. HpI/IMepaMI/I MOJEJIe 3TOro TUMa SBISIOT-
csl KaHoHMYeckue cuctemsl [locta n HOPMAJIbHBIC aJITOPHUTMbI MapKOBa. HpI/I 9TOM O6IJ.IHOCTL
(I)OpMaJ'II/BaI_II/II/I B KOHKpCTHOﬁ MOZCIIN HE TCPACTCA U NOKA3bIBACTCA CBOAUMOCTL OJHUX MOJC-
JIeH K ApYruM, T.€. MMOKAa3bIBACTCA, YTO BCAKHI AJIITOPUTM, OITMCAHHBIN cpeacrBamu OJIHOH MOJie-
JIN, MOXCT OBITH OIMCaH cpeacrBamMu ,Z[perfI.
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Te3ucobl 00 «<yHUBEPCAJIBLHOCTH» AJrOPUTMOB: Te3uc Uépua, Te3uc ThropuHra, NpUHIMAI
HopMaJmu3auuu MapkoBa. JKBUBAJEHTHOCTh PA3JIMYHBIX TE€OPHii aJITOPUTMOB. AJITOPUT-
MH4YeCKHe MPodIeMbl.

Trropuarom [1937] 6bUI0 MOKA3aHO, YTO €O BHIYUCIUMBIE (PYHKIIUM — 3TO TO K€ caMoe,
910 A -ompenenumble (YHKIUHU, M, CIEJI0BATEIbHO, TO XK€ CaMoe, YTO M OOLIepeKypCHBHBIE
¢bynkuuu. [Tostomy Te3ucs! Trropunra u Yépua S5KBUBaIeHTHBL. MBI Oy/ieM 0OBIYHO CCBUIATHCS
Ha 00a 3TH Te3uca Kak Ha me3uc Yépua, a B CBSI3U C TEM €ro BapMaHTOM, B KOTOPOM HJIET PeUb O
«MamuHax TrelopuHra»,— kak Ha me3zuc Yépua — Twropunea. B 1936 r. Iloct He3aBUCHMO OT
ThropuHra onmy0JIMKOBal B JJOBOJBHO CHKATOM U3JIOKEHUU (POPMYIIMPOBKY, B OCHOBE TY XK€, UTO
y Toropunra. B 1943 r., ocHOBbIBasich Ha cBOel HeommyOamKoBaHHOM padore 1920— 1922 rr., oH
OITyOJIMKOBAJ TPETUH SKBUBAJICHT aHAJIOTUYHOTO Te3uca. Ele oHy SKBHBAJICHTHYIO (hOPMYIH-
POBKY JaeT Teopust anropurmMoB Mapkosa [1951r].

braromapst B3auMHO#M CBOIUMOCTH MOJIENIel B O0IICH TeOpUH alrOpUTMOB yIalOCh BBIpa-
00TaTh THBAPUAHTHYIO 110 OTHOIICHHUIO K MOJIEIISIM CUCTEMY TIOHSITUH, MO3BOJISOIYIO TOBOPUTH
0 CBOWCTBaxX aJITOPUTMOB HE3aBHUCHUMO OT TOTO, Kakasi (popManu3aiys aJroputMa BeiOpaHa. Jta
CUCTEMa TMOHATUN OCHOBAaHA HA TMOHATUU BBIYUCIUMOU (PYHKIHH, T.€. PYHKIIUH, I BHIYUCIE-
HUSI KOTOPOH CYIIECTBYET aJTOPUTM.

Mephsi cioxknHocTu aaroputmoB. Kiacenl 3axau P u NP.
OcHOBBI aHA/TH32 AJITOPUTMOB

Onny U Ty K€ 3a7a4y MOTYT pelIaTh MHOTO alrOpuTMOB. D(PPEKTUBHOCTH PaOOTHI KaXkK-
JIOTO M3 HUX OIMHCHIBAECTCS Pa3HOOOPAa3HBIMHU XapaKTEPUCTUKAMM.

[Ipu ananmuze anropuTMa OMpENEIsSeTCs KOJIMYECTBO "BpeMeHHU'", HE0OX0aUuMoe NSl €To
BBITIOJIHEHUS. DTO HE peallbHOE YUCIIO CEKYH[ WIIM IPYTUX IPOMEXYTKOB BpEMEHH, a MPUOIN3 -
TEJIbHOE YHUCIIO OIepaliii, BHIMOIHIEMbIX alropuTMoM. Yucno omepanuii 1 u3MepsieT OTHOCHU-
TEJIbHOE BpEeMs BBIMOJHEHHUS anropuTMa. Takum oOpa3oM, HHOTa Mbl OyZeM Ha3bIBaTh "'BpeMe-
HeM" BBIYUCIIUTENBHYIO CIIOKHOCTh airoputMa. MakTUYECKH KOJIMYECTBO CEKyHJ, TpeOyemoe
JUTS BBITIOJIHEHUS QITOPUTMA Ha KOMIIBIOTEPE HEMPUTOIHO JIJIsl aHAJIN3a, TOCKOJIbKY HAaC UHTEpe-
CyeT TOJIbKO OTHOCHTENbHAas 3(PPEKTUBHOCTh ANTOPUTMA, PELIAIONIET0 KOHKPETHYIO 3ajauy.
JIeCTBUTENBHO AITOPUTM HE CTAHOBUTCSA JIy4lle, €CIIM €ro MepeHecTy Ha Oosiee ObICTPBIA KOM-
MBIOTEP, WK XYXKE, €CIIU €ro UCIOIHATh Ha O0Jiee MEIEHHOM KOMIIBIOTEPE.

Bo-BTopbIX, (pakTHuecKOe KOJUYECTBO OMepaluil alropuTMa Ha TeX WM MHBIX BBOJU-
MBIX JJaHHBIX HE MPEeI0CTaBIsIeT O0IBIIOTO HHTEpEca U Majlo ero xapakrepusyer. Bmecto storo
BAYKHOM XapaKTEpUCTUKOH SIBJISIETCS 3aBUCUMOCTD YKCJIa ONepaluil KOHKPETHOTO alropuTMa OT
pa3Mepa BXOAHBIX TaHHBIX. Mbl MOXEM CpPaBHUTH JIBa ajJrOpUTMa MO CKOPOCTH pOCTa YHCIa
orepanuii OT pocTa BXOJHBIX JaHHBIX. IMEHHO CKOPOCTh pOCTa UI'PAET KIIOYEBYIO POJIb.

[Ipn ananu3e aqrOpUTMOB YUUTHIBAETCS CIOKHOCTH AITOPUTMOB MO BPEMEHH, OJHAKO
HY>KHO YYUTBIBaTh U TO, CKOJIBKO MaMSITH HYXHO TOMY WJIM MHOMY anroputmy. Ha panHux sta-
Max pa3BUTHUS KOMIBIOTEPOB 3TOT aHAIM3 HOCWI MPHUHIMIHUAIBHBINA XapakTep. Hepeako mpuxo-
JUIIOCH BBIOMpATh Oosiee MEAJICHHBIA alTOPUTM, €ClIM OH TpeboBall MeHble naMatu. PazpaboT-
YUKH COBPEMEHHBIX MPOrpaMM HE OUIYIIAIOT MOTPEOHOCTh B SKOHOMHHU MaMATH, B PE3yJbTaTe
4ero KOMIBIOTEP MOPaIbHO YCTAPEBAET 3a/I0JITO JI0 UX (PU3NUECKOM HErOJHOCTH.

CKOpOCTBIO pOCTa AITOPUTMA HA3bIBAETCS CKOPOCTh POCTa YUCIIA ONEepalluid MpU BO3pac-
TaHUU 00bEMa BXOJHBIX JaHHBIX. Hac mHTepecyeT TONbKO OOImMi XapakTep MOBEICHHS alro-
puUTMa, a He MOAPOOHOCTH ATOTO MoBeAeHUs. [loABOAS UTOTH, TIPH aHATTU3€E aNTOPUTMOB Hac Oy-
JET UHTEPECOBATh CKOpPEE KIACC CKOPOCTH POCTa, K KOTOPOMY OTHOCHUTCSI aJITOPUTM, HEXKEIH
TOYHOE KOJIMYECTBO BBHIMOJHAEMBIX UM Ollepaluii aITTUBHOTO U MYJIbTUIUIMKATUBHOTO THIIA.

HekoTtopeie wacTto BcTpewaromuecs Kiacchl (pyHKUMN TpuBeeHBI B Tabmuie. B aToif
TabnuIe MPUBEACHBI 3HaUeHUsT (PYHKIUI U3 JAHHOTO KJacca Ha MIMPOKOM JMana3oHe 3HAYCHHIA
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aprymenTa. BugHo, 4to nmpu HEOOJBIIUX pa3Mepax BXOTHBIX JaHHBIX 3HAUCHUS QYHKIUN OTIIU-
YaIOTCSl HE3HAYUTEJIBHO, OJJHAKO IIPU POCTE ITUX Pa3MEPOB pa3HHIA CYHIECTBEHHO BO3PACTaET.
Bo-BTophIX, ObIcTpOACHCTBYIONINE (DYHKIMKA AOMUHHPYIOT Hal (YHKIUSAMH c¢ Oojee MeieH-
HBIM pocToM. [lo3ToMy eciiu MBI OOHApPYKHM, YTO CIOXKHOCTH QITOPHUTMa MPEACTABISIET COO0M
CyMMY IBYX WJIH HECKOJBKUX TakuX (QYHKUMH, TO OyneM dYacTo oTOpachiBaTh Bce (DyHKIHMU
KpOME TeX, KOTOpbIe pacTyT ObicTpee Bcero. Ecnmu, Hampumep, YCTaHOBJICHO, YTO alTOPUTMY
HYXHO X>-30X orepalmii, To GyIeM CIHTATh, YTO CIIOKHOCTb AITOPHTMA PAcTET Kak X°. [Ipian-
Ha 3TOro B TOM, 4TO Yk€ Ipu 100 BXOAHBIX JaHHBIX Pa3HHUIA MEXKIY x° 1 X° -30x cocraBisier
jmib 0,3%.
Tabnuua kmaccoB pocra GpyHKIMH

n log,n n° n° 2" n!

1 0 1 1 2 1

2 1 4 8 4 2

5 2.3 25 125 32 120

10 3.3 100 1000 1024 362880
15 3.9 225 3375 32768 | -
20 43 400 8000 1048576 | <eeoeem
30 4.9 900 27000 1073741824 | <-ermeee

CKOpOCTh POCTa CIOKHOCTH QTOPUTMA MTPAET BaXKHYIO POJIb, CKOPOCTh POCTA OTIpejie-
JIIETCS CTAPITUM, TOMHHHPYIONUM WieHOM (opmMyiibl. OTOPOCHB BCe MITAJIIIIAE YICHBI, MBI ITO-
Jy4aeM TO, YTO HA3bIBACTCS MOPSIAKOM (DYHKIIMU WU aITOPUTMA, CKOPOCTBIO POCTa CIOKHOCTH
KOTOPOTO OHa SIBJISIETCS. AJNTOPUTMBI MOKHO CTPYNIIHPOBATh 1O CKOPOCTH POCTa UX CIOKHO-
cTeil. Mbl BBOJIMM TPHU KATETOPUU: AJTOPUTMBI, CIOKHOCTh KOTOPBIX PACTET MO KpaillHEed mepe
TaK e ObIcTpo, Kak nanHas (ynkius (kmace Q(f) - yuraercs Omera 0oJbIOE), aITOPUTMBI,
CITO’KHOCTh KOTOPBIX PacTéT ¢ Toit ke ckopocthio(kiaace O(f) - unuraercs O Oosbiioe) u ajro-
PHUTMBI, CIIOKHOCTh KOTOPBIX PAacTET MemjieHHee, ueM 3ta GyHkius (kiace 0(f) - unraercs Tera
0oJIbIIIOE).

Msr 3anuMaeMcst 3)(GEeKTHBHOCTBIO alropuT™MOB, modtomy kimace Q(f) me Oyaer npen-
CTaBJISITh JIJIs1 HAC OOJIBIIIOTO WHTEpEca: HalpuMep B Q(nz) BXOJIIT BCE (PYHKITUH, PACTYIIHE ObI-
ctpee, ueMm n’.

Knace O(f) cocrout u3 dyukiuii, pacrymux He opictpee f. Oynkmus f obpasyer Bepx-
Hioro rpanuiy s kiacca O(f). IIpoBeputs npuHamaexut au AanHas (ynkius kiaccy O(f)
MO>KHO JIByMS ClIOCOOamMHu:

1. C dopmansHOii TOukd 3peHHMs OGyHKIES ¢ npuHamiekut kiaaccy O(f), ecmm
g(n) <=cf(n) ms Bcex n, GONBLUIMX HEKOTOPOTO Ng, U IS HEKOTOPOH MOJOKUTEILHON KOHCTAHTBI
c.

2. g npunamiexut O(f), ecnu lim(g(n)/f(n)) = ¢ (N-> ) 11 HEKOTOPOI KOHCTAHTHI C.

[To npaBumy JlonuTanis MOKHO 3aMEHHUTH Tpenen caMuX (QYHKIUN TpeaesioM UX Mpou3-
BOJTHBIX.

Yepes 0 (f) Mbr 0603HauaeM kiacc GyHKIU, pacTyIIUX ¢ TO# e CKOpocThio, uTo U f. C
(hopManpHON TOYKHU 3PEHUS STOT KJacC MPEACTaBISET NMEePeceYeHHe ABYX MPEIbIIYIUX KIacCOB
0(f)= Q(f) " O(f). Tlpu cpaBHEHUH AITOPUTMOB HAC OYIyT HHTEPECOBATh TaKUE, KOTOPbIC pellia-
0T 3a/auy ObicTpee, mostomy kiace 0(f) Ham He odeHb HHTEPECEH.

AJITOPUTMBI NOJMHOMHAJILHOM CJI0KHOCTH (Ki1ace P), AjropurMsel HegeTepMH-

HHUPOBAHHOI MOJTUHOMHUATIBLHOM ca0xHOCTH (KiIace NP 3agay),

1. 16 Jlekumusa Nel6-17 (4 yaca).
Tema: «KoHeuHble aBTOMATHI»
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1.16.1 Bonpocs! JieKunu:
1. [NonsiTne koHEUHOTO aBToMata. Mcrtopudeckas crpaBka. CriocoObl 3aJjaHusl KOHEYHOTO aBTO-
Marta. [Ipumepsl KOHEYHBIX aBTOMATOB. Bupl aBTOMaToB. OOIIME 3a1a4 TEOPUH aBTOMATOB

1.16.2 KpaTkoe coaep:kaHue BONPOCOB:
1. [Monsatue koneuHoro aBTomara. Mcropuueckas crnpaBka. CriocoObl 3ajaHUs KOHEYHOTO aBTO-
Mmata. [Ipumepbl KoHeUHBIX aBTOMaTOB. Bupl aBTOMaTOB. OO0IIME 331241 TEOPHUH aBTOMATOB

1. 17 Jlekuust Nel7 (2 yaca).
Tema: «curcienne BRICKa3bIBaHUH 1 TIpeIuKaToB. MaTeMaTtrueckre (GpopManbHble aKCHOMATHIECKHUE)
TEOPUU MEPBOTO MOPSAIKA

1.17.1 Bonpocsl 1eKumu:
1. ®opmanbHbIE CUCTEMBI.
2. Vcuncnenue BhICKa3bIBAHU.

1.17.2 KpaTkoe cojep:kaHue BONPOCOB:
1. ®opmanbHbIE CUCTEMBI.
2. Ucuncnenne BEICKa3bIBAHUIM.

Hcyucnenue evickasvieanuii

dopmainbHasi TEOPHS WIH UCUYUCIICHUE CTPOUTCS CIEAYIOIUM 00pa3oMm:
- OnpenensieTcss MHOXKECTBO (POPMYIT, I TTPABUIILHO TIOCTPOCHHBIX BBIPAKEHUM, 00pasyroiiee
A3bIK Meopuu. ITO MHOXKECTBO 33/1a€TCSI KOHCTPYKTHBHBIMU CPEJICTBAMHU (KaK MPABUJIO, HHTYK-
TUBHBIM OTPEICIICHUEM) U, CIIEI0BATEIHLHO, OHO TIEPEUUCITIMO, OOBIYHO OHO M Pa3PEIInMO.
- Beigensercst moaMHOKECTBO (JOPMYII, Ha3bIBAEMBIX AKCUOMAMU MeOopUul,

- 3aar0TCA MpaBuUiIa BBIBOIA Teopuu. IIpasuio BeiBoga R ‘:1 . Fn , G/— 9TO BBIYUCIIAMOE

OTHOIIIEHUE Ha MHOXKecTBe hopmyia. Dopmyisl 1,..., F, Ha3eBatoTcs nocvuikamu npasuia

R, a G — ero credcmeuem MM 3aKIIFOYCHUEM.
Bwisodom Gopmyibl B uz popmyn Ay, ..., A, Ha3bIBacTCs MOCICI0BATEIBLHOCTD (BOP-

mya Fq,..., Fpy Takas, gro F,= B, a mo6as Fi ecth 1160 akcroma, 1100 OJHA U3 UCXOJHBIX
dopmyn Aq,...; Ay, 1100 HEemocpeacTBEHHO BbiBoAMMA U3 [ 1,..., Fi_1 mo omHOMY 13 mpa-
BWJI BbIBOJIA. B BbIBOMMA U3 Aq,..., An, €CIH CyIleCTBYeT BbiBOA B u3 Ay, ..., Ay . O10T

daxt o6o3Havaercs A,..., A B. Ai,..., Ay HasbIBalOTCA cunomesamu Wi IOChLIKAMU

BBIBO/IA.

Jokazamenvcmeom hopmynsl B B Teopun T Ha3bIBaeTCs BHIBOJA B U3 IyCTOTO MHOXKECTBA
¢dbopmyi, T.e. BBIBOJI, B KOTOPOM B KaYECTBE UCXOIHBIX (POPMYI UCTIOIB3YIOTCS TOJIBKO aKCHOMBI.
dopmyna B, 11 KOTOPO CyIIECTBYET JOKa3aTeIbCTBO, Ha3bIBaeTca (hOpMyIoil, 10Ka3yeMoii B
teopun T umu Teopemoii Teopun T. DakT nokasyemoctd Gpopmysisl B o6o3Havaercs —> B.
OdeBHUIHO, UTO MpHUCOEANHEHHE (POPMYIT K TUIIOTE3aM HE HapyllaeT BeIBoAUMOCTU. [losToMy,
eciu > B (B — nokasyema), o A+ B (1o ects B — nokasyema u ¢ HekoTOpoii popmynoii 4).
Oco0oe BHUMaHHE YENSIeTCS TOXKIECTBEHHO-UCTUHHBIM BBICKA3bIBAHUSM, MIOCKOJIbKY OHU
JOJIKHBI BKITIOYATHCS B JIFOOYIO TEOPHIO B KA4eCTBE OOIIEIIOTUYECKUX 3aKOHOB. VX moposkieHue
U SIBJISICTCS 3aJ1a4el NCUUCIICHUS BBICKA3bIBAHUM.

TaBTomoruu

Humepnpemayueti opmynsl A anredpsl BICKa3bIBaHUN HA3bIBACTCS BCSIKUN HAOOD McC-
TUHHOCTHBIX 3HaYEHUI aTOMOB, BXoaa1uXx B popmyny A. Tabnuna, coaepxaiias BCEBO3MO K-
HbIE MHTEpIpETaK (POPMYIIBI M COOTBETCTBYIOIINE 3TUM UHTEPIIPETALUIM 3HAYCHUS POPM Y-
JIBI, Ha3bIBAETCS UCTHHHOCTHOM TaOIHIEH.
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Hyers F o u F, - nBe hopmysbl anre6psl BoicKasbiBanuii, a A, A,,... A, - Habop NpoCThIX
BBICKa3bIBAHUH, BXOISINNX, [0 KpaliHel Mepe, B OHY U3 hopmyi F,, F,. ®opmyJibl Ha3bIBAIOTCS
PABHOCUNbHBLMU, SCITH TIPH BCEX 3HAYCHHUSAX UCTHHHOCTU A, A,,... A, 3HAYCHUSI HCTHHHOCTH |
u F, coBnanaior. O4eBUIHO, YTO PABHOCUIIBHBIE (POPMYIIbI IMEIOT OAMHAKOBbIE HCTHHHOCTHbIE
TaOIUIIBI, U, HA0OOPOT, €CITM HICTUHHOCTHBIE TAOIHUIIBI (POPMYIT COBIIAJAIOT, TO OHU PaBHOCHIIb-
Hbl. OTHOIIIEHHE PABHOCHIILHOCTH (POPMYJI SIBJISIETCSI OTHOIIICHUEM SKBHBAJICHTHOCTH:

1. A=A nns moboit hopmysl A.

2. Ecim A=B, T0 B=A nnst moObIx ¢popmyn A u B.

3. Ecin A=B u B=C, 10 A=C nns mo0six popmyn 4, B, C.

[ToaToMy MHOKECTBO Bcex popMyi pa3duBaeTcs Ha KJIacChl SKBUBAJIEHTHOCTH — KJIACChl paBHO-
ciibHBIX (hopMyi. Bee Gopmynbl U3 0HOTO Kilacca XapaKTepU3YIOTCS OJHOW MCTHHHOCTHOW
TabInLEeH.

B kaxnoii cBoell mHTEpIpeTanuu Gopmyna NIpUHUMAET OJHO U3 JIByX UCTMHHOCTHBIX 3Haye-
uuii: Y uma JI. WHaue roBops, oHa 3anaeT GpyHKuuio Buaa B"—»B. @ynkuus suga B"—»B Hasbl-
BaeTcsl N—MECTHON MCTUHHOCTHOW (pyHKIMEH nin GyHKIMeH anreOpbl BhICKa3bIiBaHUM. J[Be paB-
HOCHJIbHBIE (POPMYJIBI OTIPEAETSIOT OJIHY U Ty K€ UCTUHHOCTHYIO (DYHKIIHIO.

Ucxons u3 manHoro Habopa N aTOMOB, MOYKHO COCTaBUTh CUYETHOE MHOXKECTBO dopmyit. Oni-

HaKo Bce 3TU (OpMyIIbl OMHUCHIBAIOT JIUIIb KOHEYHOE MHOKECTBO MCTUHHOCTHBIX (DYHKIUH.

o 211
YHUCI10 N —MECTHBIX MCTUHHOCTHBIX (DYHKIHHA paBHO 2° .
J1J11 HEKOTOPBIX KiIaccoB (pOpMyI MPUMEHSIOT CrielhaibHble HA3BAHUS:

®dopmyna A Ha3bIBaeTCs 0OwesHauumot (TOXKIECTBEHHO NCTUHHOW, MaemoJiocueil), eCiii BO
BCCX CBOUX MHTEPIPETAINAX OHA IPUHUMACT 3HAYCHUC n.

®dopmyna A Ha3BIBACTCS HeblnOIHUMOU (TOXKIECTBEHHO JIOXKHOU, HPOMuUeopeduem), eCiia BO
BCEX CBOMX MHTEPIPETALUAX OHA IPUHUMAET 3HaueHue J1.

®dopmyna A Ha3bIBACTCS HelmpaibHOU, €CIIM OHA HE SBIISICTCSI HU OOIIE3HAYMMOM, HU HEBBI-
MTOJTHUMOM.

dopmyia 4 Ha3bIBAETCS 8bINOJHUMOLL, €CITA OHA 00IIe3HAYMMAast UM HEUTpasibHAs.
®opmyna A Ha3bIBAETCS HeoOUe3HauUMOU, €CII OHA HEBBIMOTHUMAS WU HEUTpaJIbHAas.

Ecnu A —>B saBnsieTcs TaBTOJIOTHUEH, TO TOBOPST, YTO A JJOTUYECKH BJICUET B, WK, 4YTO B sABIIS-
ercs JiorndeckuM ciencrsueM A. Eciu 4A=B ecTb TaBTOJOTHS, TO TOBOPST, YTO A U B 1Oornyecku
AKBUBAJIECHTHBI. VICTHHHOCTHBIE TaOMUIIBI Ja0T 3PPEKTUBHYIO MPONEAYPY IS PEUISHUS BOIIPO-
ca 0 TOM, SIBJISICTCS JIU JJaHHasi (OpMYJIa TaBTOJIOTHEH.

Nmerot MecTo crenyromue cBOWCTBA O0IIEe3HAYUMBIX (OPMYIL:

1. Ecnu E obme3naunmas ¢popMmyna, coaepikaiiasi aToMbl As,..., An, To dopmyna E , nomiy-
yaromascs u3 £ oHOBpeMeHHO# mojacTaHoBkoi dopmyn Fi,..., Fn BMecTo atomoB Aj,..., An
COOTBETCTBEHHO, TaK)Ke 00IIe3HaYNMas.

2.Bcmu => Au => A—> B, 10 = B.
3. = FE rorpa u tonsko Toraa, korga —F~ — mpotuBopeyne.

Ilpasuna cnedosanus

[IpaBuna cnenoBaHus SIBIASIOTCS JIOTMYECKON OCHOBOW COJIEp>KAaTeNIbHBIX AETYKTUBHBIX pac-
cyxkaeHuid. OHM MO3BOJISIIOT CYJUTh O MPAaBOMEPHOCTH HEKOTOPBIX CIEAOBaHUM, UCXOAs U3 Ipa-
BOMEPHOCTH JIPYTUX CJI€OBAHUMN:
1. Beenenne ummmkamuu —eciu 1,4 => B, 10 ' = A — B . B npaxTtuke 10Ka3aTenbcTBa
O0OBIYHO K TeM MPEITIOKEHUsIM, KOTOPBIE yXKe T0Ka3aHbl (MHOXecTBO I'), mobaBsercs: mpeio-
xeHue A u, ucxoas uz I' u A, BeBoaurcs B. Ilocne yero roBopst "Teopema aokazana", T.e. 10-
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kazaHa 4 —B. 3a 3TUM 060pPOTOM CKPHIBAETCS HESABHOE NMPMEHEHUE JAHHOTO MPABUIIA — TIEPEXO0]
ot ciegoBanusg | , 4= B x cnegosanmo [ => A —> B .

2. Vnanenne musbroakmn —ecmu | L A=>C u [, B=>C, o, AvB=C.

3. Beenenue otpuranns —ecnt |, A=>Bu [, A= —B, 10 I'= —A4. 310 npasuno spmus-
eTcsl OCHOBOM KOCBEHHOTO J0KA3aTeIbCTBA — JI0KA3aTENIbCTBA METOIOM OT HPOTUBHOTO.

4. Vnanenne ummumakamui —ecin I => Au ' = 4 —> B, 1o I' = B — modus ponens.
5. Beenenne konbonkimd —ecii I => Au ' =B, 7o I = AAB.

6. IlepBoe ynanenne KoHbIOHKIMU —ecin | => AA B, 10 I’ = A.

7. Bropoe ynanenne KonboHkun —eciu I => AAB, 10 ' = B,

8. IlepBoe BBeneHne nu3bloHKIMK —eci I => A, 1o ' => AV B.

9. Bropoe BBeieHue au3bioHKIuK —eci | => B, o ' => AV B.

10. Ynanenue nsoitnoro orpunanus —ecau | = ——A4, 10 I’ = A.

11. Cnaboe ynanenue otpunanus —ecmu | > Aunl = -4, 10 ' = B.

12. Beenenue skBuBasieHTHocTH —eciit | > A—>Bul =B —> A4, 10 = A=8.
13. IlepBoe ynanenue >xkuBaneHTHOCTH —ecn | => A=B, 10 I = A4A—> B.

14. Bropoe ynanenune skuBanenTHOCTH —eci | => A=B, o =B — 4.

15. Vanenune otpunanus KorboHKIuH — ec 1 => — @ A B :, o' =>—-4Vv—-B.

16. Vanenune otpunanns au3bioakimn — ecmn 1 = — @ v B :, o =>—-4AA-B.

17. Vanenune orpunanns umiuikanad —ecin 1 = — € — B :, o = AA-B.

18. VY nanenue OTPHULAHUS SKBUBAJICHTHOCTH — ecliu [ == (4 =B :, TO
= (4VB:/\ﬁ(4/\B:.

19. CumormsM —ecmu I > A—>Bul =>B—>C, 0o = 4->C.

20. Konrpanosunus —ecmu ' =>4 —> B, 10 ' = —-B —> —A4.

21. Modus tollens—ecru I’ > B ul = A4A—> B0 I = —4.

22. IusbronkTuBHb cumiornsM —ecmi | => AvBul = -4, 10 ' = B.

23. Coenunenye nochuiok —eciu I = A —> € — C:, o | =>=AAB—>C.

24. Pazbenunenue nockuiok —ecii | => AAB>C, o = 4—> € > C:.
25. Mepemena nockuiok —ectt | > 4> @ —>C , o[ =B—>U—->C .

26. KoncrpyktuHas muiemMa — et | > A—>B, I'=C—>D, I’ = A4v(C, 1o
I'=BvD.

27. JecrpyktuBHag munemma —ecm | > A—> B, ' =>=C—>D, I =>—-Bv-D, 10
F:>—|A\/—|C

Cucmema axcuom 015 UCHUCTICHUS 8bICKA3bIEAHU
Axcuomor: HCIIOJIB3YIOT ABE€ CUCTCMBbI dKCHUOM, OJJTHA UCIIOJIB3YCT BCC JIOTUUCCKUEC CBA3KU

11. A(B—A)

12. (A—B) —(A—(B—C)) >(A—C)
13. (A&B) —A

14. (A&B) —B

15. A—(B—(A&B))

16. A—(AVB)

17. B—>(A\B)

18. (A—C) —((B —C) —((AVB) —C))
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19. (A—>B)—>((A—>-B)—>-A)

Jlpyras cuctema akCHOM HCIIOJIb3YET TOJIBKO ABE CBSI3KM —> U —. [Ipu 3TOM cokpamiaercs an-
(haBUT UCUUCIICHHSI U COOTBETCTBEHHO ompezaeneHune Gopmynbl. B pesynpTaTe cuctemMa akCuom
CTAaHOBUTCSI KOMITAKTHEE:

111. A—>(B—A)

112. (A—>(B—>C)) —>((A—>B)>(A—>QC))

OTU ABE CUCTEMbl PAaBHOCWIBHBI B TOM CMBICJIE, YTO MOPOKJIAIOT OJHO U TO YK€ MHOXECTBO
(bopMyi. DTO yTBEp)KJIEHUE HYXKAAETCA B JOKa3aTeIbCTBE, KOTOPOE 3aKJIF0YAETCs B TOM, UTO MO-
Ka3bIBAETCsl BHIBOAMMOCTH Beex akcuoMm Il u3 akcuom I, u HaoO0poT, ¢ ydyeTom TOro, 4to VvV u &
paccmarpuBatotces B Il He Kak CBSI3KH, a KaK COKpaIleHHs Uil HEKOTOPbIX ero ¢opMyi: A VB 3a-
MeHseT —4 —>B, A&B 3amenser —(A —>—B). BO3MOXHBI U Apyrue CUCTEMbI aKCHOM, PaBHOCHIIb-
HBIE IPUBEACHHBIM.

~
IIpasuna evigooa: npasuno noocmanosku Ecnu § — BeiBoguMas Gpopmyia, cojepxamas 4,

TO BBIBOJIMMA (opMyna 36 , TTOJTy4aroIIasiCs U3 3aMEHOM BCEX BXOXKIECHUN A Ha NMPOU3BOJIb-

~
o~

3@
3€

~ o~
Ipasuno saxmouenus Ecmu I n I—> N BoBoauMbIe (GOpMyIsl, TO BHIBOAMMA R

_—
-

Hy10 Gpopmyny B

—

o~
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B sTOoM onucaHuM McYHMCIIEHUs BBICKa3bIBAaHUM aKCHOMBI SIBJISIOTCS (OpMyTaMU HCUUCICHHUS.
DopMyIbl HCIOJIB3YIOUIUECS B TIPaBUIaX BBIBO/IA 3TO CXeMbI (OpMYI WM MeTahOpMYJIbl.

Hamnpumep: 1) ®opmymna A—A BeiBoguMma u3 11 .

ITonctaBum B 112 A—>A BMECTO B u A BMECTO C
(A= ((A—>A)>A)) > ((A—>(A->A)) > (A-A).

IMoxcraBum B 111 A—A Bmecto B: A—>((A—>A)—>A).

ITo mpaBuy 3akmroueHus u3 maros 1 u 2 caenyer (A—>(A—A))—>(A—>A).
IoxacraBum B I11 A BMecto B: A—>(A—A).

[To mpaBuiy 3akmoyeHus U3 maros 3 u 4 cienyet A—>A.

Toects — A— A.

2) A B— A.
Ilyctb A - BeBOgMMa, Toraa w3 A u II1 mo mnpaBwiy 3akiloueHUs MOJIydacM
AA> @ A
/, YTO U JOKA3bIBACT HCKOMYIO BBIBOJAUMOCTE.
B—> A
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Beskylo 0Ka3aHHYIo BeIBoAMMOCTh Buaa | > 3, roe T - ciucok dopmyn, I- dopmymna,

I

MOKHO pacCMaTpUBaTh KaK IMPaBHUJIO BbIBOJA : , KOTOPOC MOKXHO IMPUCOCANHUTDH K YKC UMCIO-

IIAMCS.

[Tony4eHnyo BeBoMMOCcTE A > B — A BMecTe ¢ mpaBMIOM NOJCTAHOBKH MOKHO
o~

) ~ ~
paccMarpuBaTh Kak MPaBWIO ——, €CJIM <3 BBIBOJIMMA, TO BBIBOJMMA U R S, Toe R

R>J
mobast popmyia.

o~

S

~"

3) AB,B>C—A—>C. B—>C+> A@ — C 1o Hosomy npasuiy
- R->3J

N3 A—(B—C) u 112 no npasuny 3akmodenus cieayer (A—>B)—>(A—C), ciemoBarenbHO

B>C—@®—>B >(—>C.

U3 (A—>B) u (A—>B)—>(A—C) no npasuiy 3axitoueHus cienyer A—>C, yautbiBas 2., moiy-
YUM UCKOMYIO BBIBOJJUMOCTb.

HpI/I nepexoae€ OT IMEPBOro mrara KO BTOPOMY HEABHO HCIIOJIB30BAJIOCH CIICAYIOIICE CBOMCTBO

(g 19
seiBogumocti: ecmi | > 3 (I — crmcok dopmyn), a S—> R, o [ = K. Dro croiictso
CIIENYET U3 ONPENIECIIEHUS BEIBOAUMOCTH.

Henpomueopeuusocmv meopuu ucuucieHus 6blCKA3bl8AHULL

Brimie Ob1H BBeZIEHBI TOHATHS ""HoKa3aTensecTBO" U "BHIBOA", M Ha UX OCHOBE — CBOMCT-
BO JIOKa3yeMOCTH (OPMYJI U OTHOIICHHE BBIBOJUMOCTH MEXIY (GOpMylIamMHu. IPUMEHEHUE 3TUX
MOHSATHUN HEMOCPEJICTBEHHO Ha OCHOBE MX OMPENEICHUN CBS3aHO CO 3HAYUTEIBbHBIMU TPYAHO-
CTSIMH.

PaccMoTpuM cBOMCTBA 10Ka3yeMOCTH U BBHIBOJUMOCTH.

MTI1. a) A4,,....,A, +> A,,i=1,n. Ipyrumu croBamu, U3 JaHHOTO MHOXKECTBA ITOCBUIOK BEIBO-
JMMa Ka)K1asi U3 IOCBUIOK 3TOI0 MHOKECTBA.

6) Ecm A4,,..,4,+— B,,....4,,...A > B, u B,,...B, = C,10 4,,..,4 — C. dpyrumu
CIIOBaMH, €CJIM M3 JAaHHOTO MHOXECTBAa BBIBOJUMA Kaxaas U3 (HOpMysl HEKOTOPOIro JIPYroro
MHO>KECTBA, a U3 3TOT0 APYroro MHOKECTBA MOCHUIOK BhIBOMMA HekoTopas ¢popmyrna C, To oHa
BBIBOJIMMA U M3 IEPBOHAYAILHOTO MHOECTBA MOCHLUIOK.

B anreGpe Bbicka3blBaHUN OBLIM BBEICHBI /IBa BaKHEUIIMX MOHSTHUS — OOILE3HAYMMOCTH U JIO-
TUYECKOro cienoBaHus. B ucumcnenun BbickasbiBaHu# (B (opme Teopuu L) momoOHy0 poib
UTPAIOT MOHATHSI IOKA3yEeMOCTH U BBIBOJUMOCTH:

(1) = A — B o3snauaer, uro ¢popmyna 4 —> B obmie3naunma, T.€., YTO IPU BCeX Habopax
3HAYEHUH aTOMOB, BXOJAIIUX XOTs Obl B onHy M3 Gopmyn 4 wiu B, popmyna A —> B npunu-
MaeT ToJIbKo 3HaueHue U.

(2) A= B o3nauaer, 4o u3 Gopmyusl 4 cieayer Gopmyia B, T.e., 4To IpU Bcex Habopax 3Ha-
YEeHUI aTOMOB, BXOSIINX XOTs OBl B OJIHY U3 GopMyl A WM B, pu KOTOpsIX hopMyrna 4 umeer
3HavyeHue U, popmyna B taxke umeer 3HaueHue M.

(3) > A — B o3snauaer, uto dpopmyna 4 —> B nokazyema, T.e., YTO CYIIECTBYET KOHEUHAs
MOCIIEN0BATENLHOCTL (POPMyYI, 3aKaHdnBaroinascs Gopmynaoii A —> B, npuuem kaxmas Gpopmy-
Jla 3TOM MOCIeN0BaTENIbHOCTU JHO0 akcuoma, MO0 MOJydeHa U3 HEKOTOPBIX JIBYX HpEeIecT-
BYIOIIMX (POPMYJI MOCIIEI0BATEIBHOCTH 10 MpaBuiry MP.

(4) A+> Bo3snauaer, uto us dopmynsl 4 BeiBoguMa (GopMmysa B, T.e. CYHNIECTBYET KOHEYHAs
MOCIIEIOBATEIbHOCTh (POPMYJI, 3aKaHUMBaroUlascs Gopmynoi B, mpuueM Kaxaas u3 (opmyn
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3TOM MOCiIeOBaTebHOCTH 00 (opmyna 4, nub0 akcmoma, TUOO TOJIydeHa M3 HEKOTOPBIX
IBYX MPEIIIeCTBYIONUX (GopMyI 1o npasuiry MP.

OTH MOHATHUSA CBS3aHBI MeXay coboil. Tak nmpeanoxxenuem la) 0) ycTaHOBIEHA CBSI3b MEXKIY
00ILE3HAYUMOCTBIO U ciefoBanueM: = 4 —> B rtorna u Tonbko torna, korqza A = B..

CHGILYIOHH/Ie YTBCPXKACHUSA YCTAaHABIIMBAIOT CBA3b MCKAY JOKA3yCMOCTbIO U BBIBOAMMOCTLIO,
MCKIY 06HIC3H3.‘II/IMOCTI)IO " JOKa3yEeMOCTbIO.

MT2. Iycrs I' — mo6oe MHOxkecTBo (opmyi. Torma: a) eciu [ —> A —> B, 10 [, A—>B.B
vactHOCTH, 0) eciu > A —> B, 10 A B.
MT3. Teopema neaykuuu. Ilycts I' — mo6oe mHO)ecTBO opmyn. Toraa: a) ecmu I, I R,

10 ' 33— R. B uacruocrw, 6) ecnr I = R, 10 D IR,
Hamnpumep: B xauecTBe mepBoro mpuMeHEHUs TEOPEMBbI JIeAYKITUU MoKaxkeM, uTo II3 BeIBO-
numa us3 1.

[ToxcraBum B 19 — A BMecto A (—A—B)—(( ~A—>—-B)—>—--A).
JIBoifHOE MprUMeHEeHHe MpaBuia 3aKiIoueHus jaer —A—->B, -A—->—-B—> —--A.

N3 110 no mpaBuity 3aKiItO4YeHUs ClAeAyeT, 9T0 ——AF> A, TO 1O TPaH3UTUBHOCTH BBIBOJIH-
MOCTHU —|A—)B, -A—>—-Br— A.

[lepectaBumM runoressl (M3 onpeeneHrs BEIBOJUMOCTU CIEAYET, YTO UX MOPAIOK HE UMEET
3HaueHus) -A—->—-B, -A->B = A

[Mpumensis nBax bl K mary 4 Teopemy aenykuuu nouydum 113 (mA—>—=B)—(( -A—>B)—>A).

PacrpocTpaHEeHHBIM METOJIOM MAaTeMaTHUYECKUX JIOKAa3aTelbCTB ABIACTCS METOJ| JOKa3aTellb-
crBa ot ipotuBHoro: “Ect A B u I, A —B, 10 I' > —=A”.

JleiicTBuTensHO, o Teopeme aexykimu, ecmn 1 ,A—>Bu [, At>—-B, 10 '> A > B
u I'—> A — —B.U3 stux ummimkanuii 1 akcuoMsl 19 IBOWHBEIM NPUMEHEHHEM IPaBHIIA
3aKmodenns nomydaem I — —A.

O606m1as pesynbrarel MT2 1 MT3 MOXHO yTBEp*kaaTh, uto —> 4 —> B Toraa u tonbko To-
raa, korna A > B . TeM caMbIM yCTaHOBIIEHA CBSA3b MEXKIY JI0KA3yEMOCTBIO U BBIBOJAUMOCTBIO.
dopmanbHas aKCMOMAaTUYecKasi TEOpUsl Ha3bIBACTCS HENnpomusopeyusori, eciii HU Ui KaKon
dbopmynsl A Gopmynbl A 1 —A He ABIAOTCS 00€ ToKa3yeMbIMH B Hel. dopMasnbHas akcuoMa-
TUYECKasi TeOpUsI HA3bIBACTCSI MPOmMuUopeuusoll, eciau cylectsyeT Gopmyna A, sl KOTOpoi
OJHOBPEMEHHO A U —A JN0Ka3yeMbl B 3TOM TCOPHUH.

MT4. Ecmu > £, 10 = E s mo60it hopmyisl E.
CrnencrBue. Teopus HCUMCIEHUS BHICKAa3bIBAHUN HETIPOTHBOPEYHBA.

Ilonnoma meopuu ucuucieHus 8blCKA3b18AHUL

Jlorudecku HEMPOTHUBOPEUMBOE MCUUCIICHUE HA3bIBACTCS MOJHbIM OTHOCUTEIBHO 00IIe-
3HAYUMOCTH, €CIIM B HEM JI0OKa3yema Bcsikas oO1e3Haynmas popmyna.
MT6. B ucunciennu BhIcKaspiBanui, eciu = E, 10 > £ nius mo6oii popmyisl E.
CrnencrBue. Teopust HCUMCIEHUS BHICKAa3bIBAHUS TIOJTHA OTHOCUTEIHHO OOIIE3HAYHMMOCTH.

Paspewumocms meopuu ucuucnenus 8vickazvi8anull

W3BecTHBI Takue KJIacChl BOMPOCOB (00IIKE BOMIPOCH!), YTO Ha 000 BOPOC U3 TaHHOTO
KJIacca MOKHO HAWTH OTBET C OMOIIBIO €IMHOTO METO0/1a, IPUYEM METO]I IPUMEHUM K JIH000MY
BOIPOCY pacCMaTPUBAEMOT0 Kiacca M B Pe3y/bTaTe €ro UCMOIb30BaHUs OyeT HENMPEMEHHO 10-
Jy4eH olpeAeneHHbId oTBeT: "na" niau "Her". MeTon mo3BoJAOIKMNA OTBETUTH "ma" win "Her"
Ha JTI000# YacTHBIM BOMPOC OOIIETo BOMPOca, HA3bIBACTCS paszpeuiarouieli npoyedypou Ui pas-
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pewanuum aieopummom Ui 3TOro Kiacca BOIIPOCOB, a MpoOiieMa OTHICKAaHUS aJropuTMa Ha-
3BIBACTCSL Npobaemoll paspewenuss Uisl ooOmiero Bompoca. He ams mo0oro kiacca BOMPOCOB
MUMEIOTCS pa3peliarolinue alropuTMbel. Hampumep, He CyIIecTBYET pa3pellaroliero ajiropurMa
JUIs Ki1acca BompocoB: "Mimeet v nmpou3BosibHOE qrodanToBO ypaBHeHue F(Xi,...,X, )=0, rae F
— MHOTOYICH C IETBIMU KO3 PHUIMEHTaMH, perieHus B ueibix uncnax?" [Ipobnema cymecTBo-
BaHUS TAKOTO aIrOPUTMA M3BECTHA Kak Jecaras nmpoodiema ['mnpbepra, ee anropuTMuyecKas He-
paspemuMocTh yctanoiieHa B 1970 1. coBerckum matematukoM 0. B. MarusiceBuuem.

[TpoGnembl pazpeneHust MOKHO CTaBHUTh U B (JOPMATBHBIX aKCHOMATHUECKUX TEOPUIX:

1. SBnsiercs i maHHOE CI0BO ayihaBuTa TEOpHH HOPMYIIOii?
2. SIBnsieTcst M JaHHAs KOHEYHAS MOCIIEI0BATEIbHOCTD (DOPMYIT TOKA3aTeIbCTBOM?
3. loxazyema nu gannHasi popmyna?

[TpoGnembl pa3perieHust Ul MEPBBIX IBYX KIACCOB B JIt000i (HopManbHONM akcHOMaTH-
YEeCKOW TEOPHH PEIIAIOTCS MOJOXKHUTEIHHO — PAa3pEIIaIOINe aJrTOPUTMBI BEITEKAIOT HETTOCPEICT-
BEHHO W3 OmpeaeieHui (GopMyssl M JT0Ka3aTeNbCTBA. B COOTBETCTBUU C STUMH aJTOPUTMaMHU
MOJKHO BCET/Ia 32 KOHEYHOE YHCIIO [IaroB YCTAaHOBUTH, SABSJICTCS JIM JaHHOE CJI0BO (HOpMYIoi u
SIBIISICTCS JIM JaHHAsI KOHEYHAS MTOCIIEI0BATEIHHOCTD JJOKA3aTeIbCTBOM.

[TpoGnema pa3pemeHust Ut TPETHEro Kilacca BOMPOCOB €CIIN U CYIIECTBYET, TO HE BBITE-
KaeT HEMOCPEACTBEHHO M3 ONpEACTeHHUs. XOTsS UMEHHO OHA TPEJICTaBISIeT HAaHOOJIbIINN UHTe-
pec, Tak Kak JIokazyeMbie (hOpMYJIbl JIOTHYECKON TEOPUH BBIPAYKAIOT 3aKOHBI JIOTUKH.

dopmanbHass aKkCHOMATHUYECKasi TEOPHUsT HA3BIBACTCS paspeuiumoti, eciii mpoodiema pas-
peIIeHHs 3TOW TEOPUH PEIIACTCS MOJIOKUTENBHO, T.€. €CIIU CYIIECTBYET aITOPUTM, MO3BOJISIO-
11 32 KOHEYHOE YKCJI0 HIaroB OTHOCUTEINILHO JII0001 GOpMyIIbl A3bIKa TEOPUU YCTAaHOBUTB, J10-
KazyeMma JIM B JAHHOH TeopHu 3Ta (opMya WK HeT.

CnenctBue n3 MT4 nu MT6. Teopust ncuncineHus BEICKa3bIBAaHUN pa3pemmma.

IIpunuunsl mocrpoeHusi (GopMajibHBIX TeOpHil. AKCMOMAaTHYeCKHEe CUCTeMbl, (op-
MaJIbHbIHA BBIBO/I.

@dopmanbHbIE CUCTEMBI - 3TO CHUCTEMbI OINepanuidl HajJ 0O0bEeKTaMHU, TOHHMMaeMbIMH Kak
MOCJIEI0BATEIILHOCTh CUMBOJIOB (T.€. KaK CJIoBa B (PUKCUPOBAHHBIX aji(aBUTAX), CAMHU OIepaIiuu
TaKKe SBISIIOTCA OTEpalMsIMU HajJ CUMBOJaMu. TepMuH "(GopManbHbIN" MOAYEPKUBAET, UYTO
00BEKTHI M OTIEPAIMH HAJl HUIMH PacCMaTPHUBAIOTCSA YUCTO (GOpMaIbHO, 0€3 KakuX Obl TO HU ObI-
JI0 COoJIepKaTeNbHBIX MHTEpIIpeTaluii cuMBoJIoB. [Ipennonaraercs, 4To0 MeXIy CHUMBOJAMHU HE
CYIIECTBYeT HMKAKUX CBA3€H M OTHOIIECHUMN, KpOME TeX, KOTOPbIE SBHO ONHUCAHBI CPEICTBAMU
camoi (hopMaIbHOW CUCTEMBI.

Ucrtopuuecku Teopust popMaibHBIX CUCTEM, TaK K€ KaK U TEOPHS aITOPUTMOB, BOSHHUKIIA
B paMKaM OCHOBAHHUN MaTeMAaTUKH IMPH UCCIECIOBAHUM CTPOCHHUS aKCHOMAaTHYECKUX TEOpUU U
METO/IOB JIOKA3aTeJIbCTBA B TaKUX TEOpUsAX. Bcsikas TouHas Teopus OMpeNeNsercs, BO-IEPBbHIX,
SI3BIKOM, T.€. HEKOTOPHIM MHOKECTBOM BBICKA3bIBAaHUH, UMEIOIIUX CMBICI C TOUKH 3PEHUS ITOU
TEOPUHU, U, BO-BTOPBIX, COBOKYITHOCTHIO TEOPEM - MOJAMHOKECTBOM SI3bIKa, COCTOSIIIUM W3 BbI-
CKa3bIBaHUM, UICTUHHBIX B JJAHHOW TECOPHH.

B MaremaTuke ¢ aHTUYHBIX BPeMEH CYIIECTBOBaJl 00pa3el CHCTEeMaTUYeCKOro MOCTPOe-
HUS Teopuu - reometpusi EBkinaa, B KOTOPOil Bce UCXOHbIE MPEANOCHUTKA CPOPMUPOBAHBI 5IB-
HO, B BUJE aKCHOM, & TEOPEMBI BBIBOIATCS M3 ATUX aKCUOM C TMOMOIIBIO IETI0YEK JIOTHUECKUX
paccyXJeHU, Ha3bIBAEMbIX Jl0KazareiabcTBamMu. OqHaKo, 10 cepeauHbl 19 Beka maremarude-
CKHE TEOpHH, KaK MPaBUJIO, HE CYUTAIM HYXKHBIM SBHO BBIIEISATH BCE MCXOHBIC MPUHIIUIIBI,
KPUTEPUU K€ CTPOTOCTH JI0KA3aTEIhCTB U OYEBHIHOCTH YTBEP)KJICHUHN B pa3HbIE BpeMeHa ObLITU
Pa3IUYHBIMU U SBHO HE (GOPMYITHPOBAIKNCH. BpeMs oT BpeMeHHU 3TO MPUBOAUIO K HEOOXOIMMO-
CTH TIEPECMOTpa OCHOB TOM WM MHOU Teopuid. V3BecTHO, Hampumep, 4To ocHoBaHHs audde-
PEHIIMAIEHOTO U WHTETPANBHOTO CUHMCIeHus, pa3paboTtanHbix B 18 Bek HpioroHoMm u Jleibuu-
1eM, B 19 Beka moaBepriuch cephbE3HOMY IepecMoTpy. MaTemMaTHuecKuid aHalu3 B €ro COBpe-
MEHHOM BHjIe ornupaeTcst Ha paboTsl Komm, bonbnano u Beiepintpacca mo Teopuu npeiesos.
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B konre 19 Beka Takoil mepecMoTp 3aTPOHYI OOIIME MPUHIIUITEI JOKA3aTEIbCTB B MaTe-
MaTHYECKHX TEOPHSIX. DTO MPHUBEJIO K CO3JaHUIO0 HOBOW OTpAaciIy MAaTEMAaTUKH - OCHOBAHHUN Ma-
TEMATUKH, MPEAMETOM KOTOPOH M CTAJI0 MOCTPOCHUE TEOPHA, YTOOBI B HUX HE BO3HUKAJIO IPO-
tuBOpeunii. OaHO# 13 QyHAaMEHTAIBHBIX HJIeH, HA KOTOPBIE OMUPAIOTCS UCCIIEAOBAHUS IO OC-
HOBAHUIO MAaTEMATHKH, SBJISETCS uies (popMaln3aluu TEOpUl, T.€. MOCIeOBATEILHOTO MPOBE-
JICHHSI aKCHOMATHIECKOTO METO/1a MTOCTPOCHHSI TECOPHUH.

[Ipu 3TOM HE NOIyCKaeTCs MOJIb30BAThCSI KAKUMHU-THOO MPEAIOJIOKCHUSIMA 00 00BeKTax
TEOPHH, KPOME TeX, KOTOPBIC BHIPAXKEHBI SIBHO B BUJC aKCUOM; aKCHOMBI PACCMaTPHBAIOTCS KaK
(dbopManmpHBIC TIOCIIEIOBATEIIFHOCTH CUMBOJIOB ( BBIPAXEHHS), @ METOJBI JJOKA3aTeIbCTB— Kak
METO/IbI ITOJTYYEHHUS OJTHUX BBIPAXKEHUHU U3 JPYTUX C MOMOIIBIO ONeparyii Haj cuMBoiamu. Ta-
KOU IMOJIX0/I TAPAHTHPYET YETKOCTh UCXOIHBIX YTBEPKICHUH M OJTHO3HAYHOCTH BBIBOJIOB, OJTHA-
KO MOXXET CO37aThCsl BIIEYATIICHUE, YTO OCMBICICHHOCTh U MCTUHHOCTH B (DOpMaM30BaHHON
TEOPHUH HE UTPAFOT HUKAKOU poyin. BHEITHE 3TO Tak, OJJHAKO, B JICHCTBUTEIIBHOCTH U aKCHOMBI U
MpaBWJIa BBIBOJIA CTPEMSTCS BBIOMPATH TaKUM 0Opa3oM, YTOOBI NOCTPOCHHOH C UX MOMOIIIBIO
(hopMaTBEHOW TEOPUH MOXHO OBIJIO MPHUIATH COJIEPIKATEIBHBINA CMBICIL.

bonee koHKpeTHO opmanvras cucmema (MU ucyucieHue) CTPOUTCS CIETYIONINM 00pa-
30M.

1. Onpenensercss HEKOTOPOE CYETHOE MHOXKECTBO CHMBOJIOB, T.€. MHOXECTBO, JJIEMEHTHI
KOTOPOTO MOTYT OBITh B3aMMHO OJTHO3HAYHO COTIOCTaBJICHBI 3JIEMEHTaM HATypajIbHOTO psjia
1,2,..N, xotopble Ha3bpIBacTCI TepMamH. MMeeTcs Jpyroe KOHEYHOE MHOXKECTBO CHMBOJIOB,
3JIEMEHTHI KOTOPOTO HA3bIBAIOTCS CBSI3KAMHM WIIH OllepanussMu. HakoHeIl, CylecTByeT KOHEYHOS
MHO3KECTBO BCIIOMOTATENbHBIX CUMBOJIOB. KOHEUHBIE MOCIIEN0BATEILHOCTH CHMBOJIOB Ha3bIBa-
FOTCS BRIPOKEHUSMU JIAHHON CHCTEMBI.

2. Onpenensercss MHoHCecm80 hopmyi, VI TPABUIBHO MOCTPOCHHBIX BRIpaXKeHUH, 00pa-
3YIOITee SA3bIK TEOPUU. DTO MHOYKECTBO 33/1a€TCS KOHCTPYKTHBHBIMH CPEJCTBaMHU (Kak MPaBHUJIO,
WHIYKTUBHBIM OTPEIEICHUEM) U, CJIEI0BATEIbHO, MepeurcianMo. OOBIYHO OHO M pa3periumo.
st mpaBmiibHO TocTpoeHHBIX dopmyn (ITTID) 3amatorcs mpaBuiia uX KOHCTPYHPOBAHHS, T.C.
onpenensiercs 3pheKTUBHAS MPOIIEAYpa, C IIOMOIILI0 KOTOPOW MO JaHHOMY BBIPAKCHHIO BBISIC-
HSETCS, ABIACTCS M (opMysa MPaBUILHO MOCTPOSHHON B MaHHOM ¢opmanbHOit cucteme (PC)
unu HeT. @opMyna, s KOTOPOHM CYIIECTBYET Takas MpOoLeaypa, Ha3bIBACTCS pa3pelImMoi B
nanHou OC, B MPOTUBHOM ciydae HepaspemnuMoi. MiHaue roBopsi, 11 Hepa3pemuMbIX GopMy
HEJIb3s TTOCTPOUTh AJITOPUTM BBISICHEHUS CBOMCTBA (POPMYJIbI OBITH TEOPEMOM, JJIs 3TOTO Tpe-
OYyIOTCsl BCE HOBBIC M HOBBIE O3apeHHs (M300peTaTenbCTBa), HE Mo Iaaronuecs GopmMann3aiuu.

3. Beigensiercs moaMHOKECTBO GopMyl, HazbiBaeMbIx axcuomamu OC. Tak ke Kak u s
[II®D g5 akcuoM A0JIKHA UMEThCS MPOIEAYpa, MO3BOJISAIONIAs ONPEACTUTh, Bisdercs au [IT1D
akcuoMou Wi HeT. [1oJIMHOXKECTBO MOXET ObITh M OSCKOHEYHBIM, BO BCSKOM Ciy4ae, OHO
JTIOJDKHO OBITH Pa3perinumo.

4. 3apaercs KoHeYHOe MHOXecTBO Rji, R» Ry oTHomenmit mexay 11D, HazpiBaeMbIX
npaBuwiIaMu BbIBoJA. JlommkHa uMeThes d(ddekTuBHAsS Mpolenypa, MO3BOJSIONIAs Uil TPOU3-
BOJIbHOW KOHEUYHOM nocnenoBaresbHOCTH 1II1D pemunTh, MOXKET JIM KaXblil YWICH 3TOW mocie-
JIOBATEILHOCTH OBITh BBIBEJICH C TTIOMOIIbIO KOHEYHOTO YKCIIa ITpaBuil BeIBoIa. [1paBuiio BeIBOIA
R(F1, ..., Fn, G) —3T0 BhIUMCIMMOE OTHOIIICHHE HAa MHOXecTBe Gopmyin. Eciu dopmynsr Fy, ...,
Fn, G HaxonsaTcs B oTHOIIEHUH R, To dhopmyna G Ha3bIBACTCSI HENOCPEOCMEEHHO 8b1800UMOU U3
Fi, ..., Fn mo mpaBuiy R. Yacro mpasuino R(Fy, ..., Fn, G) 3amuceiBaercst B Buze (F, ..., Fn)/G.
®opmynsl Fi, ..., F, Ha3bBatoTcs nocwiikamu mpaBuna R, a G—ero crneacTBueM WiH 3a-
katouenuem. [IpuMepbl akcMOM U MpaBUII BBIBOAA OyIyT MPUBEICHBI HECKOJIBKO MO3/IHEE.

Buvigooom dopmynsl B u3 popmyn Ay, ..., Ay Ha3bIBaeTCs MOCIEI0BATENBHOCT Gopmyn Fi,
..., Fm, Takas, uto F, = B, a moGas Fi(i = 1,...,m) ectb 1160 akcuoma, 1100 OIHA U3 UCXOTHBIX
dopmyn Ay, ..., An, THO0 HETTOCPEACTBEHHO BhIBoAUMA U3 Gopmyn Fi, ..., Fiq (MK kakoro-to mux
MOJIMHOKECTBA) 10 OJTHOMY U3 MpaBui BbiBoJa. Ecnu cymectByet BoIBOA B U3 Ay, ..., Ay, TO TO-
BODAT, 4TO B 8v1600uma u3 Ay, ..., An. ITOT pakt ob6o3HavaeTcs Tak: Ag,...,An |—B. ®opmynst Ay,
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..., Ay Ha3bIBAIOTCS TUIIOTE3aMU WJIM MOCHUIKamMu BbiBoJIa. [lepexon B BeiBoje oT Fig k Fi Ha3bI-
BaeTCs I-M Waeom 6b1600d.

Jokazamenvcmeom Gopmynsl B B Teopun T Ha3bIBACTCS BHIBOJ B M3 MyCTOTO MHOXECTBA
¢dbopmyi, T. €. BBIBOJ, B KOTOPOM B Kau€CTBE MCXOJHBIX ()OPMYJ HCIOIB3YIOTCS TOJIBKO aKCHO-
Mbl. @opmyna B, Ui KOTOPOH CyIIECTBYET JOKa3aTeIbCTBO, Ha3bIBaeTCs (POPMYIOH, dokasye-
mou B Teopuu T, unu meopemoti Teopun 1, hakT nokazyemoctu B 0603HaqaeTcs |—B.

OdeBuIHO, YTO TpUcOeaWHEHUE (OPMYIT K THIIOTE3aM HE HapyliaeT BHIBOJAUMOCTH. Ilo-
3TOMY eciu |—B, 1O A |—B, u ecid Ag, ..., Ay |—B, 10 A4, ..., An, Antt |—B It TF00BIX A 1 An+1.
[Topsimok rUnoTe3 B CUCKE HECYIIECTBEH.

Hamnpumep, eciu ynanock noctpouts BeIBoA B u3 Ay, ..., Ay, TO 3JIEMEHTHI MOCTIEA0BATEb-
Hoctu 11D Ay, ..., Ay Ha3BIBAIOTCS TTOCHUIKAMU BbIBOAA (MU Tunore3amu). CoOKparieHHO BBIBO/I
B u3 Ay, ..., A, 3atmuceiBaercd B Bune Ag, ..., An |—B, uin eciu ['= {Ag,.., An} To T |—B. Hamowm-
HuM, 4yTo BeIBOJ I111®D Oe3 ucnonn3oBaHMs MOCLUIOK €CTh HokasareianbetBo I11IP B, a cama B —
TEOPEMA, U ITO 3ANUCHIBACTCS |—B.

4.3. (I)OpMaJ'ILHbIe TCOPUMH. OcHOBHbIE IOHATHS U onpeaeJacHus

Ncropruecku noustue popMaibHON TeOpHH ObLIO pa3paboTaHO B NEPUOJ HHTEHCUBHBIX
UCCIeIOBaHUH B 00JIaCTH OCHOBaHUM MaTeMaTUKU A5l (hopMaIn3aluil COOCTBEHHO JIOTHKH U
TeopuH JokazatenbcTBa. Celfyac 3TOT anmapar MMUPOKO UCHOJIB3YEeTCsl IPU CO3AaHUN CHEIHab-
HBIX HCYMCIICHU ISl PEIICHUs] KOHKPETHBIX MPUKIATHBIX 3a]1a4.

BriBoguMocCTh

[ycts F4, ..., Fn, G - dopmymnst Teopuu T, To ecth Fi, ..., Fn, G sBasrotres [I1®. Ecnu cymect-
ByeT Takoe mpaBujo BeiBoaa R , uto (Fy, ..., Fy, G) € R, To roBopsT, uro popmyna G nenocpeo-
cmeenHo 6vl8oouma u3 hopmyn Fi, ..., Fy mo npaBuny BeiBosia R. OOBI9HO ATOT (PakT 3amuchiBa-
10T CIEAYIOIHUM 00pa3oMm:

F F
o
% R, rme dopmynsl Fi, ..., Fn HassBatoTcs nocwviikamu, a popmyna G — zaxmoue-

HuUem.

3ameuanue. O003HAUCHHE MPABHUIA BBIBOJA CIIpaBa OT YEPTHI, pa3ACIsIONICH MOCHUIKU U
3aKJIIOUEHUE, YaCTO OMYCKAIOT, €CIIM OHO SICHO U3 KOHTEKCTA.

Ecmu B Teopun T cymectByet BoiBoa popmynsl G u3 popmyn F, ..., Fn, TO 310 3anuceiBa-
0T CIIEAYIOIIUM 00pa3oMm:
Fi, ..., Fn |-T G, rne popmynsl Fi, ..., Fy Ha3eBaroTcs eunomeszamu BeiBona. Ecinu teopust T

M0JIpa3yMeBaeTCsl, TO €€ 3HAYCHUE OOBIYHO OITYCKAIOT.

Ecim |-T G, 10 popmyna G HazwiBaeTcs meopemoti Teopuu T (To ecTh Teopema — 310 op-
MyJia, BBIBOJIUMAsI TOJILKO U3 aKCHOM, 0€3 THIIOTE3).

Ecmu I’ |- rG, 10T, A |- G, rne I' u A- mobble MHOXKecTBa popmyl (TO ecTh mpu 100aB-
JICHUH JIMITHUX TUTIOTE3 BBIBOJUMOCTD COXPAHSICTCS).

[IpaBuna BbIBOJA JAENATCS Ha MpsiMble U HenpsiMble. [IpsiMble TpaBuiia BBIBOJA — 3TO Tpa-
BUJIA HEMIOCPEJICTBEHHOTO Tepexo/ia OT OJHUX (HOPMYJ K JPYTHM, T.C. MEPEX0] OT MOCHUIKUA K
3aKIIOYCHUI0. MM COMOCTaBISIOTCS OMpe/eiCHHbIe Iark (OpMalbHOTO BbIBOJA. Hempsimbie
MpaBWJIa BBIBOJA CYTh IIPaBHIIA Mepexoja OT OJHUX (OpPMaNbHBIM BBIBOJAM K APYruM. Takum
MpaBUJIaM COOTBETCTBYIOT MeTa yTBEP)KJEHHUS O MPeoO0pa30BaHUSIX OJHUX (OPMAIIbHBIX BBIBO-
JIOB B JIpYTHE.

Eme oqHM MHTEPECHBIM CIIOCOOOM pacCykIeHHUs, KOTOPBIM MOXKeET ObITh 0(hOpMIIEH B BU-
Jie HeTIPSIMOTO MPOU3BOJAHOTO MPaBHIIA, SBISETCS METOJ JI0Ka3aTeNbCcTBa OT MPOTUBHOTO. CyTh
€ro CBOJUTCS K cienyromemy. [IycTs Ham Hazlo 1okaszath BeIBOA popmynbl A u3 moceuiok I'. To-
I/1a IPUMEHSIOT CIeayImuid GopMaIbHBIA MpUeM: oTpHUIlaHue GOpMYyIbl A T00aBISIOT K MHO-
xecTBYy ¢opMyl ' ¥ MBITAIOTCS MOTYYUTh U3 MOCBUIOK —A, I mpoTtuBopeune. Ecnu takoe mpo-

TUBOPCUUC NTOJYYCHO, TO 3TO O3HAYACT, YTO MOIKHO IMOCTPOUTH BBIBOI AuT
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Cunrakcuc: CHHTaKCHCOM Ha3bIBaeTcsi HaOop mpasuil KoHcTpyupoBanus [1I1D.

Cemanrtuka: CeMaHTUKOH Ha3bIBaeTCs HAOOP MPaBWII UHTEPIIPETAHH (HOPMYIL.

HNurtepnperanusa: VuTepnperanueld Ha3pIBaeTCs NPUIUCHIBaHUE (HOpMYJIE OJHOTO W3
JBYX 3Ha4eHUI ucTuHHOCTU: | (McTUHHO) 1K 0 (JI0KHO).

KoMno3numoHHOCTh CEMaHTHKH 3aKJIK0YAETCs B TOM, YTO IPUIIMCHIBAEMOE 3HAUYEHUE HC-
TUHHOCTH HEKOTOPOH (OpMYJiibl 3aBUCUT OT 3HAUEHUN MCTUHHOCTU COCTABJISIOIIMX BBICKA3bIBa-
HUW U CTPYKTYPHI POPMYIIBI.

ObwesHauumocms u HenpoOMUEOPEUUBOCb

®dopmyna Ha3bIBaeTCs obwesHauumol (WA maemosozuetl), €Clii OHA UCTHHHA B JI000H
uHTepnperanuu. Popmyna Ha3BIBACTCS NPOMUBOPEUUBOLL, €CITA OHA JIOKHA B JIF000H MHTEpIIpe-
Tanuu. BermoaanMoii Ha3piBaeTcs GopMyria, Uit KOTOPOH CYIIECTBYET XOTsl OBl OJTHA HHTEPIIPe-
Tanus, AJ KOTOpOi OHa UCTUHHA.

®opmyna G Ha3bIBaeTCS s02uueckum ciredcmeuem MHOkecTBa hopmyin I, ecnmu G BbImo-
HsieTcs B 1ro0ou moaenu 1.

@dyHaamMeHTanpHas npodieMa JIOTUKY, Ha3biBaeMasi po0IeMoi JeNyKIIMU, COCTOUT B TOM,
9TOOBI ONPEIENUTh, ABIseTcs i (popmyna G TOTHYECKUM CIIeACTBHEM MHOXecTBa dopmyn I
Camo cioBo aeaykius (stat. deductio — BeIBeieHHE) OMPEIENIIeTCS KaK JIOTHUECKOe YMO3aKITIO-
YeHHE OT OOIIMX CYKJIEHUH K YaCTHBIM WJIM JAPYTMM OOIIMM cyxaeHusM. Eciu jmormdeckum
CIIEICTBUEM U3 MHOXecTBa popmyn I' sBasiercst dopmyna A, umeroniast 3HayeHUE UCTUHHOCTH
JI (moxp umm 0), To TOBOPAT, uT0 popMysia A HEBbITOJHMMA. IMEHHO B 3TOM M COCTOUT TIPHH-
UM AeTyKIUHU: GopMmyia A sBIsSeTCs JOTHYECKUM CJe/ICTBUEM MHokecTBa ¢opmyn I' Torna u
TOJBKO TOTa, Korna ' U{—A} HEBBITOJTHUMO.

Ilonnoma, nesagucumocms u pazpewiumocms

[Tycte MHOkecTBO M siBnsieTcst Mojenbio GpopmanbHoil Teopun T. @opmanbHas Teopust T
Ha3BIBACTCS nOHOU (WIH a0eK8ammuoil), €CI KaXI0OMy UCTUHHOMY BBICKa3bIBaHUIO M coOTBeT-
CTBYET Teopema Teopuu T.

Ecmu nyist MmHOKEcTBa (anreOpanyeckoii cuctembl) M cymiecTByeT (hopManbHas moaHas He-
npoTuBopeunBast Teopus T, To M HasbiBaeTcs akcuomamusupyemvim (WU opmanuzyemovim)
MHO>KECTBOM.

Cucrema akcroM (WM akcHoMaTu3aIus) GopMaabHO HEITPOTHBOPEUUBOHM Teopuu T Ha3bI-
BAETCS HE3a8UCUMOLL, €CTTN HUKaKasi U3 aKCHOM He BBIBOJIMMA U3 OCTAJIbHBIX IO MPaBUIaM BBIBO-
na teopuu T.

Eme onna BakHasi xapakTepucTuka (OpMaIbHOM TEOPHUH — ATO €€ pa3pelmnMocTb. Pop-
MasbHas Teopust T Ha3bIBaeTCs pa3pelInMOi, €Cli CYIIECTBYET alfOPUTM, KOTOPBIN Ui JIt000i
(bopMyIIBI SI3bIKA OTNIPEAETSET, SABISETCS OHAa TeopeMoid B T WK HeT.

Hampumep, ucuncienre BbICKa3bIBAaHUHN pa3pelinMo, a UCYUCICHNE MPEJUKaTOB Hepas3pe-
mumo. Paspemaromuii anroput™ i Gopmynsl F Mcuncnenuss BbICKa3bIBaHUN 3aKIIIOYACTCS B
BBIYHCIICHUH 3HaueHull F Ha Bcex Habopax 3HaUYeHUIi ee NMepeMEeHHbIX. BBy MOJIHOTHI UCUHC-
JIEHUS BBICKa3bIBaHUU F siBNsieTCs ero TeopeMoil, ecliv U TOJBKO €CIM OHAa MCTUHHA Ha BCeX Ha-
Oopax.

Hcuncnenue npennkaroB Hepazpemnmo. HecMoTpsi Ha MOTHOTY UCUUCIICHHS TTPEIUKATOB,
paspelanuii arOpuT™, CBA3aHHBIA C BBIYHUCICHHEM 3HAUYEHUN HCTUHHOCTH MPEIUKATHBIX
(dbopMyI1, TOCTPOUTH HE yaeTCs U3-3a OECKOHEYHOCTH IMPEeIMETHON 007acTH, KOTOPAasi MPUBOJAUT
B 00111eM cllyyae K 0ECKOHEYHBIM Ta0JIMllaM UCTHHHOCTH.

Merareopusi GpopMaIbHBIX CHCTEM.

[Ipn uzydennn GpopMalbHBIX TEOPHH MBI UMEEM JeJO0 C JABYMs THUIIAMU BBICKA3bIBAHHIA.
Bo-miepBbIxX, ¢ BBICKa3bIBAaHUSIMU CaMO#l TEOpUH (TeOopeMaMH), KOTOPhIE PAacCCMATPUBAIOTCS Kak
qucTO (PopMabHbIe 0OBEKTHI, ONIPEIEICHHBIE paHee, a BO-BTOPHIX, C BBICKA3bIBAHUSIMHU O TEOPHHU
(o cBoiicTBax ee TeopeM, JJOKA3aTENbCTB U T.1.), KOTOPble (GOPMYIHUPYIOTCS Ha S3bIKE, BHEIIHEM
10 OTHOILIEHHUIO K TEOPUH, - METASA3BIKE U HA3BIBAOTCS Memameopemamu. Paznuune Mexny Teo-
peMaMu U MeTaTeopeMaMH He Bcerja OyAeT MPOBOJUTHCS SBHO, HO €ro 0043aTeNbHO Ha/l0 UMETh
B BUTY.
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Humepnpemayueu GopmansHoii Teopunt T B obracms unmepnpemayuu M Ha3bpIBaeTCs
byHKIus | 1 T — M, koTopas kaxaoi popmyre popmanpaoit Teopuu T 0aHO3HAUHO COTOC-
TaBJIIET HEKOTOPOE COAEPIKATEIIbHOE BBHICKA3bIBAHUE OTHOCHTEIBHO OOBEKTOB MHOXECTBA (all-
rebpandeckoii cucteMbl) M. 3TO BBICKa3bIBAHUE MOKET OBITh HCTUHHBIM WM JIO)KHBIM (WM HE
HMMETb UCTUHHOCTHOTO 3HaueHus). Eciau cOOTBETCTBYIOIIEE BbICKA3bIBAHUE ABJIETCS UCTUHHBIM,
TO TOBOPAT, 4TO (hopMyina evinonsemcs B M.

HNurepnperanus | Ha3biBaeTcsi moodenvio MHOKecTBa opmya I, eciim Bee popmyJibl
3TOr0 MHOKECTBA BBINOJHAIOTCH B HHTepnperanun |. Murepnperanus | Ha3piBaeTca mode-
nvio popmanbHO# Teopun T, eclii Bce TEOPEMBbI STON TEOPHH BBITIOIHSIOTCS B HHTEpIpeTanuH |
(TO ecTh Bce BHIBOJIMMBIE (DOPMYIIBbI OKAa3bIBAIOTCS UCTUHHBIMU B JAHHOW MHTEPIIPETAIUN).
HenpotuBopeunBocts. HamomanM, 9to hopMysa Ha3pIBaeTCsi MPOTHBOPEUYUBOM, €CIIM OHA JIO K-
Ha B JIIO0OH MHTEpIpeTanuy. Takoe onpeneieHue IpOTHBOPEYHBON (POPMYIIBI SBIISIETCSI CEMaH-
TUYECKHUM, T.€. CBA3BIBAIOLIUM HENPOTUBOPEYMBOCTh C UCTHHHOCTHIO. Mcxoast U3 Hero, MoXHO
chopMyaupOBaTh MOHATHE CEMAHTUUYECKHU HEITPOTUBOPEUNBOM TEOPUU:

®opmanbHas Teopusi T Ha3pIBaeTCsl cemanmuuecKku HEnPOMUBOPEUUBOIL, €CJIN HU OJI-
HA ee TeopeMa He fABJIsIeTCS IPOTUBOpPeYneM. TakuMm oOpa3om, (popmasibHasi TEOPUS IPUTOTHA
JUTSI OTTUCAHUSI TE€X MHOXKECTB (anreOpandecKux CUCTEM), KOTOPBIE SIBJISIOTCS €€ MoAeIIMHu. Mo-
nenb s popmansHO# Teopuu T CyliecTBYeT TOT/Ia U TOJIBKO TOT/Ia, Korjaa T ceMaHTHYeCKH He-
MIPOTUBOPEYHUBA.

®opmanbHast Teopust T Ha3bIBaeTCs PopmanvHO Henpomueopeuusoli, €Ciu B Hel He SIBIIS-
I0TCS BBIBOJAUMBIMU O0JIHOBpeMeHHO ¢opmyibl F u —F. Teopust T popmanibHo HEmpoTUBOpeUrBa
TOTJIa ¥ TOJIBKO TOTJ[a, KOT/1a OHA CEMAaHTHYECKH HEMTPOTHBOPEUYUBA.

C nomo1ibio BBEJCHHBIX MOHATHH MOXHO CHOPMYIUPOBATH CIEAYIOIIUN TE3UC, YTO TEO-
pust T npuroana i onucaHUs TEX MHOKECTB, KOTOPbIE SBJISIOTCS ee MoAensiMUu. Mojens Ass
Teopuu T CyliecTByeT TOr1a U TOJBKO Toraa, korna T ceMaHTHYecKkH HenmpoTHBOpeunBa. YucTo
JIOTUYECKHE TEOPUU — UCUYHUCIICHHE BBICKA3bIBAHUW W MCYHMCIICHHE MPEANKATOB IMPUTOAHBI JJIS
OTHCAHUS JIOOBIX MHOYKECTB, YTO COOTBETCTBYET OOIIEHAYYHOMY MPHUHIIUITY YHUBEPCATIbHOCTH
3aKOHOB JIOTUKH. JIeHOHMII (opMynHpoBan €ro Kak BBIIOJHUMOCTb JIOTUYECKHX 3aKOHOB BO
BCEX «MBICIIMMBIX MHpax». AHAJIOIOM 3TOT0 KpUTepus, cOpMyIUpPOBAaHHBIM B TEpPMHHAX ca-
MUX (POpMaNIbHBIX TEOPHI 0e3 MPHUBJICUEHUSI CEMAaHTUUYECKUX MOHATUH, sBisSeTcd (popmaiibHas
WU JeTyKTUBHAs HEIPOTUBOPEYUBOCTD.

2. METOAUYECKHUE YKA3AHUS 11O BBINIOJIHEHUIO
JIABOPATOPHBIX PABOT
JlaGopaTopHbie pabOThI HE MPEAYCMOTPEHBI PAOOYNM yIECOHBIM TIAHOM

3. METOAUYECKHUE YKA3AHUA _
11O MPOBEAEHUIO ITPAKTUYECKHUX 3AHATUU

3.1 llpakTuueckoe 3anaTue Nell3-1 (2 yaca).
Tema: «OcHoOBHBIC onepariu anreOpsl BhICKas3biBaHuil. @opMyibl anreOpsl BhicKaszbiBaHUil. OCHOBHbBIE
paBHOCHIIBHOCTH. PaBHOCHITEHBIE TIpe0Opa3oBaHus (HOpMYID».
1. OcHOBHBIE IOHSTHSI aITeOphl BHICKA3bIBAaHUIA.
2. OcHOBHBIE OTIepaIuy anreOpsl BEICKA3bIBAHUII».
3. ®opMynbl anreOpbl BEICKa3bIBAaHHIA.
3.1.1 3aganue nas padoThI:
1. OcHOBHBIE IOHSTHS aITeOpbI BHICKa3bIBAHUIA.
2. OCHOBHBIE OTIEepalLuy aNreOphl BHICKa3bIBAHUI
3.1.2 KpaTkoe onucanue nNpoBOANMOIO 3aHATHSA:
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1. OcHOBHBIE TIOHATHS aNTreOpbl BEICKA3bIBAHUIA.
2. OcHOBHBIE Onepanuy aJreOpbl BEICKA3bIBAHUI

1. CocraBuM Tabnuily MCTUHHHOCTHU A7 popmynsl B — A

2. IIpoBepuM skBHUBaNIECHTHOCTh GopMyan Av B u AA B , cocTaBuB a1t HUX TaOIUIIbI

®opMyIbl HEe SKBUBAJICHTHBI, TaK KakK 3-i M 6-1 cTOJIOBI TaOIUITBI HE COBITAIAIOT.

B|A|B|A| Bo>A

0 0 1 1 1

0 1 1 0 0

110 0 1 1

1 1 0 0 1
UCTUHHOCTH.

A |B | AVB|B| AAB AAB
0 |0 |O 110 1
0 |1 1 010 1
1 0 1 1|1 0
1 |1 1 0|0 1

3. 1v1vlpasuo-...
OTBET:1
4. 1A0v1— 0 pasno

+a) 0
0) 1
B) -1
r) i
n) e

+a) 1
0)0
B) 11

5.3Hauenue Y, Ipu KOTOpoM BeimonHsieTcs paectBo 1—>1 — Yy =0, pasno-...
OTBET:0
6. f(X,y)= 1—>x —y.Torma f(11) pasmo

r) 100

n) 10

AN»

3.1.3 Pe3yJII>TaT]>I " BBIBOJbI: B PE3YJIbTATC IMTPOBCACHHOI'O 3aHATUA CTYACHTDI:
- OCBOMJIM OCHOBHBIX IIOHATHUSA W OIICpallin anre6pL1 BBICKaSBIBaHHﬁ;
- HpI/IO6peJ'II/I YMCHHA U HAaBBIKU BBITIOJTHCHUSA onepaunﬁ aJ'IFe6pr BBICKA3bIBAHUM.

3.2 IIpakTuuyeckoe 3ansitue Nell3-2 (2 yaca).
Tema: «byneBsl ¢pyHkuuu. DnemeHTapabie OyneBsl ¢pyHkuuu. [IpencraBnenue 0yneBbIx QyHK-

3.2.1 3ananue ays padoThI:
1. byneBs! pyHKIMU. DneMeHTapHbIe OyneBbl (QYHKIUH.
2. lIpencraBnenue OyneBbIX GYHKUUH HopMyIaMu
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3.2.2 KpaTkoe onucanue NpoBoANMOro 3aHATHA:
1. ByneBs! pyHKIMU. DneMeHTapHbIE OyneBbl QYyHKINH.
2. lIpencraBnenne OyneBbIX QYHKIUH GopMyIaMu
1. ByneBsbl pyHknnu. JiaeMeHTapHbIe 0yJ1eBbl PYHKINH.

1.CocraBum Tabnuily MCTHHHOCTH A5t popmynsl B — A

B|A|B|A| BoA
0] 0] 1]1 1
0 1 1 0 0
1 0 0 1 1
1 1 0 0 1

2. IlpoBepuM skBUBaTIEHTHOCTH popmyn Av B u AA B, coctaBuB A HUX TaOJIUIIBI UC-
TUHHOCTH.

A |B |AVBI Bl AAB| AnB

==
==
=
OO
el Sllelle]
S =

®opMyIbl HE SKBUBAJICHTHBI, TaK KakK 3-i M 6-1 cTOJIOIBI TaOIUITBI HE COBITAIAIOT.

2. Ilpeacrasienue OyJjeBbIxX GpyHKkuui popmyiamMmu.
1. 3aganue. 3armcars JJH® u KH® dopmynsbr.

Permenue. DiieMeHTapHbIE TU3BIOHKIUM: XV §/, Z. DJIEeMEHT. KOHBIOHKIINU: X- )_/-Z, X. f(x,y,2)
=xyzv xy-JH® ;f(x,y,z2) = (X v y)-z— KHO.

2. s ynpoieHust opMyJIbl UCIIOIB3YEM MPABHIO NCKITFOUEHHS HMILTHKa-

win: Ay > Ay = Kl v A,

—|(A1—)A2)\/(A2 —)Kl):(ﬂlvAz)vﬁz Vﬁlz(xl/\z\z)\/z\z vﬂlz
=(AAR)V A VA =P AV VA=A VAL

3. Ucnons3ys 3akonsl noruxu npuseaeM popmyny (A A B) v C k Buny, comepxamemy
TOJIBKO JU3BIOHKIIUU dJIEMEHTapHbIX KOHBbIOHKIUHN. [lonydennas Gpopmyna u OyaeT uckomoi

JHD: (AAB)vC=(AAB)AC=(AVvB)AC=(AAC)Vv(BAC)

Jlns noctpoennst CIJH® cocraBuM TabIuIly HCTUHHOCTH JAJISl JaHHOU (DOPMYJIBI:

A B C | AB (AABWVC | (AAB)VC
0 0 0 0 0 1
0 0 1 0 1 0
0 1 0 0 0 1
0 1 1 0 1 0
1 0 0 0 0 1
1 0 1 0 1 0
1 1 0 1 1 0
1 1 1 1 1 0

[TomeuaeM Te cTPOKM TaOJUIBI, B KOTOPBIX (hopMyna (HociaeHui cToa0er]) mpuHuMaeT 3Have-
Hue “1”. Jns xaxao# Takod CTpOKH BhIMUIIEM (HOpMYITy, HCTUHHYIO Ha Habope MepeMEeHHBIX
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A,B,C nanHO# cTpoKH: cTpoka 1 — AABAC; cTpoka 3 — AABAC ;CTpOKa 5 —
AA B A C. Jlusprionkuus s5tux tpex Gopmyit 6yaeT MpMHUMATh 3Ha4eHue “1” TOIBKO Ha Ha-
0opax mepeMeHHbIX B cTpokax 1, 3, 5, a cienoBarenbHO U OyJeT MICKOMOM COBEPIIEHHOW JU3b-

ronkTHBHON HOpMaibHO# hopmoii (CTH®): (AAB AC)V(AABAC)Vv(AABAC)
4. 3apanue. Haittu CIH® u CKH® nByms cnocobamu.

Pemienue.

PP PO OIOo|IOo|X

Rlo|r|lo|r|lo||o|~
NI EIENEENE

R R OO IFRIOoOIo

[EEN

1) Honyuum CHH&DJ/I CEPEGD 1o TXI: B
f(X,y,2)=Xyzv Xyzv Xyzv xyzv xyz - C/IH®,

f(x,y,2)=(xvyvz)(xvyvz)(xvyvi)-CKH®
2) lonyuum CJH® u CKH® u3 IH® u KHO:
g(X,y,2)=Xyvxz=xy(zvz)v Xz(yv y)=Xyzv Xyzv Xyz v Xyz

g(X, ¥, 2)=(Xvy)(Xvz)(yvz)=(Xvyvzz)(Xvyyvi)(XXxvyvzi)=
(Xvyvz)(Xvyv)(Xxvyvi) (Xvyvz)(Xvyvz)(Xvyvi)=

(Xvyv)(Xxvyvi)(Xvyvz)(Xvyvz)
5. CAH® ¢yuxmuu f(1, 1, 0)=f(0,1,1)=f(0,0,1)=1 paBua
+a) XYZ v XyZ v XYz
0) XYZVvXYZVXYZvVvXyZvXYzZ
B) XYZV XYZ Vv XyZ
r) XYZ Vv XyZ v XYz
n) XXZVXyZvXVyz
6. CKH® ¢yuxuuu f(1, 1, 0)=(0,1,1)=f(0,0,1)=0 paBua
+a) (XVYVI)AXVYVI)A(XVYVI)
6) (Xvyvz)v(xvyvz)v(xvyvz)v(Xvyvz)
B) XYZAXYZ AXYZ
N (XVYyVZI)AXVYVIA(XVYvVI)
1) XXZVXyZvXVyz

3.2.3 Pe3yabTaTsl M BHIBOJBI: B pe3ynbrare NIpOBEJCHHOTO 3aHSTHUS CTYICHTHI:

- OCBOMJIM MOHATHUS O OyNeBbIX (GYHKLHUAX, IPEACTaBICHUN OyneBbIX pyHKIUHI Gopmynamu;

pUOOpeny yMEHUS U HaBBIKU pellaTh 3a7a4yM, CBsI3aHHbIE C OyJIeBBIMU (YHKLIUSAMU, IPEICTaB-
neHueM OyneBbIX QyHKIUH Gpopmynamu.

3.3 IIpakTuyeckoe 3anstue Nell3-3 (2 yaca).
Tema: «Anre6pa byns. Monenu anredpst by

41



3.2.1 3aganue 1191 padoThI:
1. Anrebpa bys.
2. Mopenu anreOpsl Bys.

3.2.2 KpaTkoe onucanue NpoBOJAMMOIO 3aHATHS:
1. ®opmysbl anreOpbl BEICKA3bIBAHUIA.
2. Monenu anre6ps! byns.

1. Yopoctute —(A = A) V(A — 'E&)

Jnst yrporieHust opMyJibl UCIHOJIb3YeM MPABUIIO UCKIFOUCHUS MMILIHKA-
III/H/IZA]_ —> A2 = Kl \ A2.
—|(A1—)A2)\/(A2 —)/E\l)z(z\l\/Az)Vz\z vﬂlz(xl/\ﬂz)vﬂz vﬂlz
=(AMAPIVAVA=MAAVYVA=AVA.

2. Ucnomns3ys 3axonsl noruku npuseaeM dopmyny (A A B) v C x suny, cogepxamemy

TOJBKO JU3BIOHKIIMHU DJIEMEHTAPHBIX KOHBbIOHKIMHA. [lomydenHas hopmyna u OyaeT HCKOMOM
JAH®D:

(AAB)vC=(AAB)AC=(AVvB)AC=(AAC)Vv(BAC)
3. ®opmyna X A (XV Y) paBHocuibHa

+a) X

0)y

B) Y

n) X-y

4. ®opmyna XV X-Y paBHOCHIbHA
+a) X
0)y
B) Y
r) 1
n) X-y

5. ®opmyna X —>1 paBHOCHIIBHA
+a) 1
0)0
B) X
r) X
n) X-y

6. ®opmyna XY — 1 paBrocunsHa
+a) 1
0) 0
B) X
r) X-y
n Xy

7. CoctaBUM (DYHKITHIO IIPOBOMMOCTH JJIsi CXEMBbI:
f(a,b,c)=(avc)v[(avb)acl=(avc)v[acvbc]=avcvacvbc=avec.
[Tomy4yeHHO# GopMysie COOTBETCTBYET CXEeMa.
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3.3.3 Pe3yabTaThl M BBIBO/IBI: B pe3ynbpraTe nmpoBeICHHOTO 3aHATHS CTYACHTHI:
- OCBOMJIM MOHATHUS (POPMYJIBI anreOpbl BHICKa3bIBaHUHM, Moienu anreOpsl byos;

3.4 IIpaktuyeckoe 3anatue Nell3-4 (2 yaca).
Tema: «Texuuueckas uHTepnpeTanus anreops! bymnsa. ByneBsl GpyHKunM 1 MaTeMaTn4eckue Mo-
JeTN TUCKPETHBIX YCTPOUCTB ISl mepepaboTKH WHPOPMAITHI»

3.4.1 3apanue nJs1 padoThI:
1. Texuuueckas uHTEpIpeTanus anreopsl bysms.
2. ByneBbl GyHKIUN U MaTeMaTHYECKHE MOJICNIN TUCKPETHBIX YCTPOUCTB JUIA TepepaOdOTKU HH-
dbopmaruu.

3.4.2 KpaTkoe onucanue NpoBoAMMOro 3aHATHA:
1. Texunuueckast uHTEpIIpeTanus anredpsl bysms.
2. byneBbl GyHKIMHM U MaTeMAaTUYECKUE MOJIENIN JIUCKPETHBIX YCTPOICTB JUIsl epepabOTKU MH-
dbopmaruu.

1. CoctaBuM (DyHKIIUIO TIPOBOIUMOCTH JJISI CXEMBI:
f(a,b,c)=(avc)v[(avb)acl]=(avc)v]acvbcl=avcvacvbc=avec.
[TonyuenHoil popmyse COOTBETCTBYET cXema:

a
C

2. Paznen quckpeTHOW MaTeMaTHKH, H3y4Jalolmuid MOJCI TIpeoOpa3oBaTeseii TMCKpeTHON

nH(pOpMAIINH, Ha3bIBACTCS TEOPHEH
+a) aBTOMaToB
0) BEepOsATHOCTEH
B) MHOXECTB
) GyHKIUI
1) TIOJIst

3. KoHeuHbI# aBTOMAT 3TO MaTeMaTH4eckass MOJIENb AUCKPETHOTO YCTPOUCTBA IO Iepe-
paboTke
+a) nuapopManuu
0) BEpOSTHOCTH
B) anreOpsl
r) popmyn
1) TIOJIst

3.4.3 Pe3yabTaThl M BBIBOJIBI: B PE3YJIbTATE MPOBEJICHHOTO 3aHSTHUS CTYACHTHI:
- OCBOWJIM TOHSTHS O TEXHUYECKOW MHTEpIpeTanuu anreOpbl Byms u ponau OyiaeBbIX QyHKIHIA
MPU MaTEMaTUYECKOM MOJICTTMPOBAHUY JTUCKPETHBIX YCTPOUCTB JUIS IepepaboTKU HHPOPMAIIHH.

3.5 IIpakTuyeckoe 3ansitue NelI3-5 (2 yaca).
Tema: «/IBoiictBeHHOCTB. [IpoGiiema pazpeumMocTi»

3.5.1 3aganue ays padoThI:
1. JIBOMCTBEHHOCTD.
2. [Ipobnema pa3pemMmMoCcTH
3.5.2 KpaTkoe onucanue npoBoANMOro 3aHATHA:
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1. JIBOMCTBEHHOCTb.
2. IIpobnema pa3pemmMocCTH

Ilpunyun 0eoiicmeennocmu
o o o *
[ycts f(X1, X2, ..., Xn ) — OyneBa GyHkuus. /Jeoticmeennou K Heit HasbiBaeTcest GyHKIMS T (X1, Xo,
- - - Kk
v, Xn) =T ( X1, X2, ..., Xn). V3 ompenenenus BUAHO, YTO JBOMCTBEHHOCTh HHBOMOTHBHA:  =f.

Ecnu nBoiictBennas Gynkuus f* coBmamaer ¢ ucxomnoi ¢ynkumedt f, To takas gpynkuus f Ha-
3BIBAETCS CAMOOBOUCIMEEHHOU.

. (0)* = 0=1; (X)*= ~( X) = X = DyHKIHMSA, TOKICSCTBCHHO PaBHAsi CBOEMY apryMEHTY, SIBJISCTCS
. CaMOJBOMCTBECHHOM.
IpuHIUN IBOICTBEHHOCTH /151 OyaeBbIX QYHKUIMTA

/Jleolicmeennan K Oyneeoil hynkuuu moxcem ovimo nojyyena zamenoi koncmanm 0 na 1, 1
Ha 0, Ou3vIOHKUYUU HA KOHBIOHKYUIO, KOHBIOHKYUU HA OU3BIOHKUUIO U COXPAHEHUEM CHPYK-
mypuol popmynsl (m.e. cOOmeemcmeyouLezo UCX00HOMY NOPAOKA OeliCm GUil).

Xy |[f=xw [x |y |f*
0O |0 |0 1 1 1
0O |1 |1 1 10 |0
1 |0 1 O 1 |0
1 1 1 0O [0 |0

X yv2)*=(xv y)&z.,(Xvy)*=x&Yy = B TaO/HIlc HICTHHHOCTH 3HAUYCHHS (PYHKIIUH U TIEPEMEH-
HBIX MEHSFOTCSI Ha TPOTHBOTIOJIOKHBIC

1. B anre6pe noruku cBoiictBo «Eciau ¢popmysbsl paBHOCHUIIBHBI, TO TBOWCTBEHHBIEC (HOP
MYJIBl TOXE PABHOCHIIBHBD) HA3bIBACTCS 3aKOHOM
+a) MBOWCTBEHHOCTH
0) MpoTUBOpEUHS
B) OTPHIIAHUS
r) ne MopraHna
1) UAEMIIOTEHTHOCTH

2. @yuxmms T (X, Y) = f(X,¥) no orsomenmo x f (X, Y) Hassipaeres
+a) TBOHCTBEHHOU
0) OyneBoi
B) IMCKPETHOM
') OrPaHHUYCHHOMN
1) TICJICBOM

3. Ecim f*(X, y) = f(X,Y), to pynkuus f (X,Y) naseiBaercs
+a) caMOJIBONCTBEHHOMN
0) LETIOYHCIICHHON
B) IMCKPETHOM
') OrpaHHYCHHOMN
1) TICIIEBOM

4. ®opmyna, MpUHUMArOIIAs 3HaYeHUe | mpu KakoM-To Habope BXOAAIIUX B HEE mepe-
MEHHBIX, Ha3bIBAETCS
+a) BBIMOJTHUMOMN
0) TOXICCTBEHHO NCTUHHOM
B) TOXKJECTBEHHO JIOKHOU
I') OTIPOBEPKUMOM
1) XapaKTepUCTUUECKON
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5. ®opmyna, npuHUMaroias 3HaueHne 0 mpu KakoM-TO HabOpe BXOISIIMX B HeE mepe-
MEHHBIX, Ha3bIBACTCS
+a) onpoBepKUMOM
0) TOXICCTBEHHO UCTUHHOM
B) TOKJECTBEHHO JIOKHOU
I') BBIIIOJTHUMOM
1) XapaKTepUCTUYECKOMN
6. ®opmyily, MPUHUMAIONIYIO 3HaYeHHE | TpU BCeX 3HAYCHHSX BXOJIIIMX B He€ rmepe-
MEHHBIX, Ha3bIBAIOT
+a) TaBTOJNIOTHEH
0) TOKJIECTBEHHO JIOKHOU
B) BBIIIOJIHUMOM
T') OIPOBEPKUMOM
1) JIOTHYECKOU
7. ToxxaecTBeHHO JIoKHast popMyIa Ha3bIBaeTCs
+a) MpOTHUBOPEUNBOM
0) TaBTOJIOTHEH
B) BBINIOJIHUMOM
T') OIPOBEPKUMOM
1) JIOTHYECKOM
8. ®opmyna XV YV Z aBusgercs

+a) BBITOJTHUMOM
0) TaBTOJIOTHEH
B) IPOTUBOPEUUBOM
') HCUETKOM
1) HHTETPaIbHOM
9. ®opmyna XV YV Z geasercs

+a) onmpoBEPKUMOM
0) TaBTOJIOTHEH
B) MMPOTHBOPEUUBOI
') HCUETKOM
1) HTHTETPaIbHOM
3.5.3 Pe3yabTaThl M BBIBO/IBI: B pe3ynbrare NpoBEICHHOTO 3aHSTHS CTYACHTHI:
OCBOWJIM TIOHSITHSI IBOWCTBEHHOCTH, TIPOOJIEMBI Pa3pEIIUMOCTH;

3.6 IIpakTuyeckoe 3ansaTue Nell3 -6 (2 yaca).
Tema: «I[lomunomsl XKerankuna. [Ipeacrabienne OyneBbIX QyHKIUN MOTMHOMaMU JKerajikuHa»

3.6.1 3aganue nJs1 paéoThI:
1. ITonuaome! JKerankuga.
2. IlpeacraBnenue OyneBbix GyHKIMN nonruHOMaMu JKerajikuHa.

3.6.2 KpaTkoe onucaHue MpoBOAMMOTO 3aHATHIA:
1. ITonmuaOMBI XKerankuHa.
2. IlpeacraBnenue OyneBbix GyHKIMN MonnHOMaMu JKeraikuHa.

1. ITomuomsbl JKerankuna. [lpencraBiaenne 0yjaeBbix pyHknuii nonnnomamu Kerajikuna.

1. IIpeacraButh nonuHoMoM JKeranknHa QYHKIHIO X1 <> X2
Cnoco6 1. (Meton HeonpeIeIeHHBIX KOA(PDUITUSHTOB).
CocrasisieM TaOIUIly HICTUHHOCTH T QYHKITHH X1 <> X2

X1 | X2 | X165 X2
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—|O|O

0
1
0

OO

1 1 1

3anucpiBaeM OJUHOM JKerajikuHa ¢ HeM3BECTHBIMU KOAPPUITUCHTAMH g, 81, 82, 812 A (QYHK-
LIUU OT JIBYX MIEPEMEHHBIX: X1 ¢ X2 = 80@ a1 X1 ap Xo® a2 X1 Xo.
[ToacraBisis B 3TO pa3ioKCHUE 3HAYCHUS X1 U X2 U3 TAOJIUIIBI, OTIPE/IEIIIeM HEU3BECTHBIC KO (-
(UITUEHTBI:
[MoacraBmnsis X1=0, Xo=0, nmomygaem: 1= ay;
Xx1=0, ;=1 — 0=1® a;, = a,=1,
x1=1, =0 — 0=1® ay = a;=1;
X1=1, Xo=1— 1=1® a;;, = a;»=0.
ITosmuaoMm XKerankuua umeer BUI: X1~X2 = 1@ X1 @ X,.
Cnoco6 2. (OKBUBaJICHTHBIE TPEOOPA30BAHMUS).

Cravana 3armuiem CIHO \/ X7*Xy? SKBHBAJICHTHOCTH:

(0'1v0'2)‘ f(o1,0,)=1
X X =XX VXX ={Tk XVY=X@ YD XY } ==X X5 @ X;Xs ® X;X5X1 Xy = {m0-
cKombKy X1XpXqXo = 0} = X1 X5 @ X1 Xy = {nanee, X =1@ X, mosromy }
=(1®x)ADX) D XX =1D X1 ® Xy @ X X9 @ X1 Xy =1D X1 @ X,

6. ®opmyna Xy @ X @D Y paBHOCHIBHA
+a) XVvYy
0)y
B) X
r) XAY
n) 0
3.6.3 Pe3yIbTaThl U BBIBOJBI: B PE3YJILTATE IPOBEJACHHOTO 3aHATHS CTYIEHTHI:
- OCBOMJIM MOHATHS O TOJMHOMaX JKerajknuHa u IpeAcTaBleHnu OyIeBbIX QYHKIUH MOJMHOMA-
mu JKerankuHa;

pUOOpe YMEHUS M HaBBIKM pellaTh 33/Jayd, CBSI3aHHbIE ¢ MoJuMHOMaMu JKerajikuHa, mpej-
CTaBJIeHHEM OyJeBbIX (PYHKIUN MmonrHoMamu JKeraikuHa.

3.7 lIpakTuyeckoe 3ansaTue Nell3-7 (2 gaca).
Tema: «Munumu3zanus OyneBbix GyHKIUN B Kinacce JJHD»

3.6.1 3ananue ajs1 padboThHI:
1. OcHOBHBIE TTIOHATHA.
2. Munumuzanus 0yneBsix ¢yHkuuii B knacce JTHD.

3.6.2 KpaTkoe onucanmne mpoBOJAUMOIO 3aHSITHSA:
1. OcHOBHBIE TOHATHSI.
2. MunumMu3zanus OyneBbix GyHkiuii B kiacce JTHO.

1) F(X,, Xy, Xg) = X, X, V X, X, Xg V X, X, X5 Xy X, X, — MMILTHKAHTA,

OpHUYEeM IIpOCTas; Xl X2 X3 — MMIIJIMKAHTA, HO HE IpoCTasd, T.K. YIAJICHUE X3 CHOBA JACT UM-

IIIMKaHTy X, X, (KOTOpas ABJISETCS IPOCTOM).

46



2) HaiinemM MMIUIMKaHTBI W TPOCTHIE MMIUIMKAHTHI JUIA (DYHKIHH f(Xl, X2) =X; > X,.

Bcero nmeercs § sneMeHTapHBIX KOHBIOHKIMI C IEPEMEHHBIMH X1, X2. [IpuBeneM ux Tabiauiibl
HMCTUHHOCTH.

X1 | X2 X1 X2 X, X, X, X, X, X, | X1X2 X, X, X1 X2
0 0 1 1 0 0 0 1 1 0 0
0 1 1 0 1 0 0 1 0 0 1
1 0 0 0 0 1 0 0 1 1 0
1 1 1 0 0 0 1 0 0 1 1

W3 tabnuipl HCTHHHOCTH 3aKiaro4yaeM, yTo X, X,, X, X, , X1X2, X, , X SIBISIIOTCS UMILIN-
17M2 17M2 1

kanTamu Qyskiuu f. M3 Hux npocteiMu sBisioTcs X, U Xo.

3.7.3 Pe3yabTaThl M BBIBO/IBI: B pe3ynpraTe MpoBEICHHOTO 3aHSTHS CTYACHTHI:
- OCBOWJIM MOHATHS O OyJIeBbIX (PYHKIMAX, MUHUMHU3ALUK OYIEeBBIX (PYHKIIMIA;
proOpeny yMEHUS U HaBBIKU pellaTh 3aJauu, CBA3aHHbIE C OyJIEeBBIMU (PYHKIIMSIMU, MUHUMH3a-
el OyneBbIX (PYHKINM.

3.8 IIpakTuueckoe 3ansaTue Nell3-8 (2 yaca).
Tema: «IlonHoTa M 3aMKHYTOCTB crcteM OyneBbix ¢pyHkuuid. Kinacest [loctay»

3.8.1 3aganue nist paéoThI:
1. [TonHOTa U 3aMKHYTOCTh CHUCTEM OYJIEBBIX (PYHKIIHIA.
2. Kiaccer Ilocra.

3.8.2 KpaTkoe onucaHue mpoBOAMMOT0 3aHATHSA:
1. TlomHOTA M 3aMKHYTOCTBH CUCTEM OYJIEBBIX (DYHKITHI.
2. Knaccsl Ilocra.

Ilonnoma cucmemvr nocuueckux gyuxyui. baszuc. 1Ipu UCNOJIb30BaHUM AHATUTUYECKUX

¢dbopM npencTaBieHUs JOIMUECKUX (PYHKIUHM IIUPOKO HCHOJIb3YETCS HNPUHLUI CYNEpIO3ULUH,
3aKJIIOYAOLIUICS B 3aMEHE OJHHMX apryMEHTOB JaHHOM (QyHKuuM Apyrumu. Hanpumep, eciu
aprymedTsl Gpyakuun Z = Z(X, Y) ABIASIOTCS B CBOIO 04epeib QYHKIUSAMH APYTHX apryMEHTOB
X =X(a, b)Y =Y(c, d), o moxno 3anmcats Z = Z(a, b, c, d).
Cucrema S nornueckux ¢yukumii fo, fi, o, ... , fk HaseIBaeTCa PynkyuonarvbHo noawnoil, ecnu
M00yI0 (QYHKLUMIO anreOpbl JOIMKU MOXKHO IIPEACTaBUTh B aHAJIMTUYECKOH (opme depes3 3TH
¢ynkuuu. Kak u3BecTHo, J1t000€ CI0KHOE BBICKAa3bIBAHUE MOXHO IPEJCTABUThH B BUJIE BbIpake-
HUS, B KOTOpOE BXOJSAT IPOCThIE BBICKA3bIBaHMA (II€PEMEHHBIE Xi), ONEpalMU JU3BIOHKLUH,
KOHBIOHKIIMH, OTPULIAHUA U, ObITh MOXKET, CKOOKH (,). PaccMoTpuM, KakuM CBOMCTBaM JOJIKHbI
YIOBJIETBOPATH OMNEpAIMM, C TOMOIIbIO KOTOPBIX MOKHO BBIpaXkaTh JH000€ CI0XKHOE BBICKA3bI-
BaHUeE.

Cucmema S nasvigaemca nonnoii ¢ Py, ecnu nwobas pynxkyusa f, fePy npeocmasuma 6
6uode cynepno3uyuu ImMoii CUCHeMbl, U MUHUMATbHBIM 0A3UCOM, eCllu mepAemca noinoma S
npu yoanenuu xoms ovt 00nou ynxyuu, 20e P — K-3naunasn nozuxa.

B o6mem cityuae A1 yCTaHOBIJIEHUS MOJHOTHI CUCTEMBI S OyJIeBbIX (GYHKUUN HCIOIb3Y-
ercs kputepuii nonHoTel [Tocra-S610HCKOTO.

Jlagum npesBapuTeNbHO KIaCCU(PUKALNIO OYJIeBbIX (GYHKIUH.

Bce OyneBbl pyHKIIMM MOIPa3/IENIAIOTCS HA CIEIYIOUINE THIIBL:
1. ®ynkuus, coxpaHsomas KoHcTanty Hynb. (Ecau gynkus va "0" Habope apryMeHTOB paBHa
0, To oHa Ha3bIBaeTcs coxpanstorieit kouctanty Hynb. (0,0,...,0) =0).
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2. @ynkuwms, coxpansromas koucranry 1. (Ecim ¢pynkuus na "1" mabope aprymenToB paBHa 1,
TO OHa Ha3bIBaeTcs coxpanstomiei koucranty "1". f(LL,...,1)=1).
3. CamoBOiicTBEHHBIE (DYHKITUH.

JlBa Habopa apryMeHTOB Ha3bIBAIOTCS MPOTUBOIIOJIOKHBIMHU, €CIIM 3HAYEHUS BCEX apry-
MEHTOB y HUX IPOTHUBOTIOJIOKHEI.
DyHKYUA HA3bI6ACHCA CAMOOGOIICINECHH O, eCIU HA KAXCOO0U nape npomueono10MiCcHbIX Ha-
00po6 ap2ymMenmog OHa NPUHUMAEH NPOMUEONOI0ICHbBIE 3HAYEHUA.
4. MoHoTOHHAas (QyHKIUS

HaGop aprymeHTOB SIBJISIETCS BO3PACTAIONINM, €CJIM OH SIBJISIETCS CTApILIUM, XOTs ObI B
OJTHOM U3 pa3psoB. OyHKIUS HA3bIBACTCSI MOHOTOHHOM, €CJIH. OHA BO3PACTAET MpH, TI000M
BO3PACTAaHUM 3HAYECHUHN apTryMEHTOB.
[pumep: 01 — crapmmii 11 - crapuuit 00 - muaammia 10 - muraammii ;

1011 — crapmmit, 0011 — mmammmii; 01 u 10- HecpaBHEMBII HabOpP.

5. Jluneiinas QyHKIuSA

DynKyua Ha3b16aeMCA TUHECIHOIL, €CTIU OHA MOXHCem Oblmb NPEOCMasneHa MHO20U1eHOM
nepeoi cmenenu, m.o.

f =d@ax®by®cz ;a,b,c,d- moryr npunumMars TosBKO JiBa 3HaYeHus 0 u 1. © mod 2,
Ta0IHIIa CIIOKEHUS TI0O MOJTYJITIO 2.

oeao|

0
1
0
1

k=
® DD
o R

@ - 3HAK CIIOKEHHSI 1O Moaymo 2. ax=a/\X.

Omnpenenum Teneps MATh KIaccoB OyIeBbIX (yHKITHI:
1. Knaccom Py GyneBoix dyuximii f,(X,,X,,..., X, ) coxpanstoumx koncranry 0, Ha3bIBaeTCsA

muosxkectso ¢pynkuui Buna {f(X,,X,,..., X, )/(f;(0,0....,0) = 0}

2. Knaccom Py Gynesoix dyuximii f,(X,,X,,..., X, ) coxpansiomnmx KOHCTaHTy 1, Ha3bIBaeTCA
muosxectso ¢pynkuuit Buna {f(X,,X,,.., X, )/f(LL,..1)=1}.

3. Knaccom L nuneiinsix 6yneBbix pynkimii f;(X,,X,,..., X, ) Ha3bIBacTCA MHOXECTBO (DYHK-
it Buma §(X,, X, X, )/ £,(X,,X,,...X,)=C, @ Y. CX, i, rae Co, Ci = (0,1); © - 3nak
OTIEpAINH «CJIOKEHUe 1Mo Moaynw 2»; 1 ©0=1,001=1,1®1=0.

fy, 15,15, 16,1, 1),, 1,5, T} - TuHElHBIE QyHKIMN.

4. Knaccom S camozsoiictsennbix Oynesoix ¢pyukumii f(X,,X,,..., X ) HazpIBaeTCs MHOKECTBO
OyneBbIX (GYHKIUI BUIA ﬂ(X1 Xy X )/ (X, X500 X)) = 1(X, X, 0 X))

OyHKIMS caMOJABOWCTBEHHAs, €CIIU Ha JIF000M Mape MPOTUBOMNOJIOKHBIX HA00POB (HYHKIIHUS MPU-
HUMAaeT MPOTUBOTIOJIOKHBIEC 3HAYCHHUSL.

f,,f5,f,,,f, - camonBoiicTBeHHbBIE HYHKIINH

5. Kimaccom M monotonnbix 6ynesbix pynkuui f,(X,,X,,..., X, ) Ha3siBaeTCcs MHOXKECTBO OY-
7eBbIX (yHKUUI BUza:

(£,(X,X s X (B85, 80) 2 (8,,8,,.,8.) = (8] 25.,i=1,n) =

£(8,,8,..,8,) > 1(3,,8,,..,8,)}

1. ITpoBepuTh caMOJIBOMCTBEHHOCTh (PYHKIIMH.
Chauana npeobpa3yeM UCXOHYIO GOopMyITy:

(X = X,) = XXy = (X V X)) V X Xy = XK, VX Xy = X1 (X2 V X3);
f(X1,X2,X3) =%X1(Xo v X3). F(X,%,,%) =X(X, vV X;) = X V(% V%) = X V X, X, . [TycTs
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X1 = 0 Xo = 0 X3 = 1, rorma f (Xl, X2, X3) =0, f_()_(l, )_(2 ) )_(3) =1, II03TOMY
f (X, %y, %) # ?(Z,X_Z,X_S), cienoBaresbHO GyHKIUs f HecaMoJBONCTBEHHA.
2. IIpoBepUTh MOHOTOHHOCTb.
®ynxuus f = (1011) memonotonnas, T.x. (00) < (01), mo f(0,0)> f(0.1).
3. Cucrema Bcex OyneBbIX QyHKIMI 0003HauaeTcs
+a) P,
6) P,
B) B
r) S
m L
4. CobcTBEHHBIM (DYHKIIMOHANBHO 3aMKHYTBIM KnaccoM Ilocra m3 P, sBmsercs kmace
byHKIINN
+a) COXpaHSAIOIUX HYJIb
0) YaCTUYHO-PEKYPCUBHBIX
B) 3(¢(EKTUBHO BBIYUCIUMBIX

T') DJIEMEHTAPHBIX OYJIEBBIX
1) IPOBOJTUMOCTH

5. bynessr dyuxupn co ceoiicreom T (0,0,...,0) =0 cocrapmstior cobeTBenHbIi QyHK-

IMOHATBHO 3aMKHYTHIN Kinace ITocra w3 P, , HaseiBaeMslit kmaccoM GyHKIm#H

+a) COXpaHSIOIIUX HYJIb
0) COXpaHSIONIUX STUHUILY
B) CaMOJIBOMCTBEHHBIX
T') peKYpCUBHBIX
J1) MOHOTOHHBIX
6. CoGCTBeHHBIN (YHKIIMOHANBHO 3aMKHYThI Kinacce ITocra dynkmmit u3 P,, coxpa-

HSIIOIIMX HYJIb, 0003HAYACTCSI
+a) P
o) M
B) P,
r S
m L
7. Bynesa ¢ynxuust (X, X,,...,X,) =X +a,X, +...+8 X, + 8, HasbBacTCs
+a) TuHeHHON
0) BBIYUCITUMOM
B) CaMO/IBOMCTBEHHOMU
T') peKypCUBHOM
J1) MOHOTOHHOM
8. Byness ¢yukiuu co coiicrBom f (X, X,,..., X, ) =aX +a,X, +...+a,X, +a, co-
CTaBJIAIOT COOCTBEHHbI (DYHKIMOHATBHO 3aMKHYTHIN Ki1acc Ilocta n3 P, HaspiBaemslii Kitac-
coM (GyHKUIUH
+a) TMHEeWHBIX
0) OyneBbIX
B) DJIEMEHTaPHBIX

I') PEKYpPCUBHBIX
1) MOHOTOHHBIX

49



9. CobcTBEHHBIH (DYHKIMOHAIBHO 3aMKHYTHIH Kiace Ilocra nuHelHbIX dynkimii u3 P,
o0o3HayvaeTcs
+a) L
6) M
B) B
r) S
n R,
3.8.3 Pe3yabTaThl M BBIBO/IBI: B pe3ynpraTe mpoBEeIeHHOTO 3aHTHS CTYACHTHI:

- OCBOMJIM MOHSATHS MOJIHOTHI M 3aMKHYTOCTH CHUCTEM OyneBbIX QpyHKIMH, kiaccoB Ilocra;
proOpeny YMEHHUS U HaBBIKU BBISBIISTH MPHHAIISKHOCTD (DyHKIUH Kitaccam [locra.

3.8 IlpakTuyeckoe 3ansatue Ne [13-8 (2 yaca).
Tema: «IlonHble cucTeMbl OyneBbIX GYHKIUHN, KpuTepuil NOMHOTHL. K — 3HauHbIE JTOTUKI»

3.8.1 3aganue 119 padoThI:
1. [TonHblie cucteMbl OyneBbIX QYHKIUH.
2. Kputepuii OJHOTHI.

3.8.2 KpaTkoe onucanue nNpoBOAUMOro 3aHATHS:
1. [TonHble cucteMbl OyneBbIX QYHKIUH.
2. Kputepuii OJHOTHI.

Teopema «JList Toro, uto6s! cucrema Oynesbix Gynxumii  f, f,,..., f~ Gbuia monnoii,

m
HEOOXOMMO U JJOCTATOYHO, YTOOBI OHA LETUKOM HE COJIepKaiach HU B OJTHOM U3 TISATH 3aMKHY-

teix k1acco Py, B, S, L, M » naseisaercs reopemoii

+a) [Tocra

0) U€pua

B) TrropuHra

r) MapkoBa

n) byns

1. IIpoBEpHUTH MOJTHOTY CUCTEMBI{X, <> X,, X, X, —> X, }

Jns noKxas3aTenbCcTBa HONMHOTBI CUCTEMBI {X; <> X,, X;, X, —> X, } HEOOXOAMMO IIPOBEPHUTH, YTO

cucTeMa COAePKUT (PyHKIHMIO He coxpaHstolyto 0, GyHKIHMIO HE COXpaHSIONIYI0 1, HEeMOHO-
TOHHYIO (DYHKIIMIO, HECAMOJIBOMCTBEHHYIO (DYHKIIMIO U HEJIMHEWHYIO PYHKIMIO. JJokaxeMm moJi-

HOTY CHCTEMBI Z: ¥ ~X9,%1,X; > Xo . O6o3nayum f1(X1,X2) = X1 ~ X5 u BbIIH-

meM €€ Ta6JII/II_Iy HUCTHUHHOCTHU

X1 X2 X1 ~Xp
0 0 1
0 1 0
1 0 0
1 1 1

Oynxkius f1 He coxpanset 0. BeisscHum, siBisiercs n f1 caMmo1BOiCTBEHHOM.

X1 Xo | X1~Xp | f1(X1,%Xp)
1 1 1 0
1 0 0 1
0 1 0 1
0 0 1 0
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Tx f1(Xg,%Xp)# f_l (Xq,X5 ), 1o f1 HEcamonBOiicTBEHHA.
OyHKIMSA f2 x)= )_( HEMOHOTOHHas1, ¥ He coxpanseT 1. Halinem nonunom JKerankuna

wist f3(X1,X0) =X, > Xo =89 D ajXy D asxs @ ajpXiXs,

X1 X2 )_(1 )_(2 )_(1 —> )_(2
0 0 1 1 1
0 1 1 0 0
1 0 0 1 1
1 1 0 0 1

ag=1, 0=1®a, >a, =1, 1=1®a; >a;,=0; 1=1®1®a;, >ap =1,
Oyukims f3(Xq,X) =X; = Xy =1@ Xy @ XX, Henuneiinas. CornacHo Teopeme o

IIOJIHOTE z — IIOJIHasA CUCTEMA.

1. TTonaTHE K-3HAYHOU JIOTUKH.

2. OyHKIUY K-3HAYHOMN JIOTHKHU.

JIBy3HauHas JOTMKa JONycKaeT o6o6menne Ha K - 3sHaumbli ciydaii. IIpu 3ToM XOTs B
K - 3HAYHBIX JTOTMKAX COXPaHSIOTCA MHOTHE PE3yIbTaThl M CBOIMCTBA JIBY3HAYHOW JIOTMKH, DS
(hakTOB TMPUHIMIIAAIBLHO OTJIMYAIOTCS OT COOTBETCTBYIOIIMX PE3yJAbTATOB aIreOphl JIOTHKH.
MHorHe penéHHbIe 3a/aul JBY3HAYHO JIOTHKH He MMEIOT McueplbIBaromero pemenns B K -
3HAYHBIX JIOTUKAX, a HHBIE U BOBCE HE PEIIICHEI.

Oyuxuust T (X, X,,...,X,) HaspBaercs ¢ynkumeit K - snaunoit nornkm, ecnm eé apry-

MenTHl onpenenens Ha mEokectBe 0,1,2,...,K —1 , cocrosmum m3 K smemenTos, a cama

(GyHKIMS TPUHAMAET 3HAYEHUS U3 TOTO K€ MHOKECTBA.
MHoskecTBo Beex ¢yHkumii K - 3HauHO# noruky 0603HagaeTcs yepes P, . ®ysxkuus

f (X, X,,..., X,) 3amana, ecnu 3anana eé tabmmua ncrnanoctn. Hpu K =3 Tabnuua uctunno-

CTH UMECT BUJ

B s L,

% x, x | SExxs)| 5 | n | x| flkxx)
0 0 0 F(0.00) 1 1 2 F{,1,2)
0 0 1 s(001) 1 2 0 7(1.2,0)
0 0 2 7(00.2) t 2 1 FQ20)
0 1 0 F(0.1,0) 1 2 2 7.2,2)
o 1 1 FloLn 2 0 0 F(2,0,0)
0 1 2 £(0.1,2) 2 0 1 7(201)
0 2 0 7(0,2,0) 2 0 2 F62,02)
0 2 1 Flo,21) 2 1 0 F(2.,0)
0 2 2 Fl0,2,2) 2 1 | s
L 0 0 70,0,0) 2 1 2 F(2.1,2)
1 0 1 7,05 2 2 0 F(2,2,0)
1 0 2 F(1,02) 2 2 1 F2,21)
1 1 0 S(1,1,0) 2 2 2 F(2.2.2)
1 1 1 FA(RR)]

n o
Tak kak KOJHYECTBO k - 3HAYHBIX Ha60pOB IIUHBL N paBHO k , TO YUCJIO (I)YHKI_[I/II/I oT N ne-
o K" o
PEMCHHLIX B k - 3HAaYHOU JIOTUKC PABHO k . Haan/IMep, €CJIn (bYHKL[I/II/I ABYX MEPCMCHHBIX B
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P, Bcero 16, 1o B Pux yxe 19683. Takum o6pazom B P, Bo3pacTaioT TpyIHOCTH IO CpaBHE-

Himo ¢ P, naxe ¢ BO3MOXKHOCTBIO IIepebopa pyHKIMH.

3ananue. PaccmoTpers npumepsl Gynkuuii u3 B, KoTophie MokKHO cuuTaTh dle-

MEHTApPHbBIMMU. HOCTpOI/ITb Taﬁ.]'[l/lllbl HCTHHHOCTH IIPH k = 3 .

3anmanue 1. ®ynkuus, HassiBaemas otpunanueM Ilocra X = (X +1)modk . IIpu k = 3 ta6nu-

1a UICTUHHOCTH UMECT BUJ

X x=(x+1)mod3 X Nx=k-1-x
0 1 0 2
| 2 I 1
2 0 2 0

3amanue 2. OyHKuus, HazbBaeMas otpuianyeM Jlykacesmyaa X =NX=K —1—X.Ilpu k =3
Ta6HI/IHa NUCTUHHOCTU UMCECT BU[

3ajanne 3. OyHKINH, Ha3bIBaeMble a) [EPBEIM 00001IeHHeM KOHBIOHKIMA MIN(X;, X, ) ;
6) BropsIM 0Go61eHreM KoHbIOHKIHH (X, - X,) ModK .

[Tpu K = 3 Ta6muisl HICTHHHOCTH HUMEIOT BHI

X X, min(x, , x, ) X X, (x, - x,)mod3
0 0 0 0 0 0

0 1 0 0 1 0

0 2 0 0 2 0

I 0 o 1 0 0

i 1 1 1 1 |

1 2 1 1 2 2

2 0 0 2 0 0

2 1 1 2 1 2

2 2 2 2 2 |

3ananue 3. OyHKINHU, HA3bIBaeMble 0000IIEHINEM U3 BIOHKIINH

max(x,%,), (X +Xx,)modKk.

[Tpu K = 3 Ta6muisl HICTHHHOCTH HUMEIOT BHI
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% % | max(x,x,) x| % (% +x,)mod3
0 0 0 0 0 0
0 1 1 0 ] i
0 2 2 0 2 2
1 0 1 1 0 1
1 | 1 1 i 2
1 2 2 1 2 0
2 0 2 2 0 2
2 1 2 2 1 0
2 2 2 2 2 1

3.9.3 Pe3yabTaThl M BBIBO/IBI: B PE3YJIbTATE MPOBEJACHHOTO 3aHATHUS CTYACHTHI:
- MMO3HAaKOMUJIMCh C MOHSITUEM K-3HAUHOU JIOTUKU U QYHKIMH K-3HAYHOM JIOTUKH.
3.9.3 Pe3yabTaThl M BBIBO/IBI: B PE3YNIbTATE MPOBEJCHHOTO 3aHATHUS CTYACHTHI:
- OCBOWJIM MIOHATHS O MOJHBIX CUCTEMaX OyJIeBbIX PYHKUNN, KpUTEPUU MOJTHOTHL.;
MpHOOpen yMEHUs U HaBBIKU pellaTh 3aJayd, CBSI3aHHBIE C IMOJIHBIMM CHCTEMaMH OYJIEBBIX

(GYHKIMM, KpUTEPUEM MOJTHOTHI.

3.10.2 Kparkoe onucaHue nNpoBOAMMOIO 3aHATHS:

3.11 IIpakTuyeckoe 3ansaTue Nell3-11 (2 yaca).
Tema: «Jloruka npeaukaToB»

3.11.1 3apanue nis padoThI:
1. Ilpeaukarsl 1 UX cBOMCTBA. JlIorndeckue onepanuu HajJ MpearuKaTaMmu.
2.KBaHTOpHBIE oniepanuu. Jloruka npeaukaTos.

3.11.2 Kparkoe onucanue npoBoMMOro 3aHATHS:
1. Ilpeaukatsl 1 X cBoMcTBA. JlIornyeckue onepanuu Haj IpearuKaTaMmu.
2.KBaHTOopHbIe oniepanuu. Jloruka npeaukaTos.

Jloruka BBICKa3bIBAHMH OIMCHIBAET MHOTHC Ba)KHBIC JIOTHYECKHE 3aKOHBI M II03BOJIIECT
periaTh MHOTHE MPOOJIEMBI, OJTHAKO BO MHOTHX CITy4asX CpPEJCTBA JOTUKHU BBICKA3bIBAaHUH OKa-

3bIBAIOTCA HCAOCTATOYHBIMU.

1. lIpennkaTsbl 1 KBAHTOPBI
Ilpeouxamom P(x,,...X ) Ha3biBaeTcs Gpynkums P: MN B, rae M — npou3BoIbHOE MHOXKE-

cTtBO, a B — nBonmunoe muoxectso {0,1}. M — Ha3pIBaeTCs IpeAMETHOM 00JaCThIO IpEAUKAaTa, a

Xl""Xn — INPCAMCTHBIMHA IICPCMCHHBIMMU. I[J'IH mo0e1X M 1 n CyHICCTBYCT B3aUMHO-OHO3HAYHOC

COOTBETCTBUE MEX/y N-MECTHBIMH OTHOIICHUSAMHU U N-MECTHBIMHU TIpequKaTaMu Ha M:
a) K&KI0MY N-MECTHOMY OTHOLIEHHIO R COOTBETCTBYET mpeswmkar P, Takoi, uto P(a,,...a )=1,
€CIu 1 ToJIbKo ecnu (@,,...a) € R

6) Besakuil npemukar P(X,..X ) ompenenser otHomenue R, Takoe, uto (a;,...8 )€ R, ecnu u

Tonbko ecim P(a,,...a )=1.

HpI/I sToM R 3a1a€T 00J1aCTh HCTUHHOCTHU npeankKara P. Koncrante! 0 1 1 Ha3BIBalOT HYJIBMCCT-
HBIMU IIPEAUKATAMU.
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[TockonbKy mpeauKaThl MPUHUMAIOT JBa 3HAYCHHS U MHTEPIPETUPYIOTCS KaK BBICKA3bI-
BaHUS, U3 HUX MOXXHO 0Opa30BHIBaTh BHIPAXKEHHS alNreOphbl BHICKAa3bIBaHUM, T.€. (OpMyIbl. Die-
MEHTapHbIe (HOPMYIBI MOXKHO CBS3BIBATh ONEPALUSAMH anreOpbl BBICKa3bIBaHUN &, V;—»,—, CO-
XpaHss 32 ONEepalMsIMU T OTPEACTICHHUs, KOTOPBIE IaBAINCH B aJIreOpe BhICKAa3bIBAHHI.

KBanTtopsl
Kpome omeparuii anreOpbl BRICKa3bIBAHUN YIOTPEOJISIOT €Ie JBE OIEpaliu, KOTOPhIC
OTHOCSTCS YK€ HE K OJJHON (PMKCHPOBAHHOM CHTYAIIMH, & KO BCEMY MHOKECTBY CUTYaIIUH.

[lycts P(x) — nmpenukar, onpezaeieHubid Ha M. Bricka3piBanue "mist Bcex x u3 M — P(x) uctun-
HO" o0o3Hauaercs VXP(X). 3Hak ¥ Ha3biBaeTCs KBAaHTOpOM OOIIHOCTH. Bricka3piBaHue "cyIecT-

ByeT Takou X u3 M, uro P uctuHHO" 0003Ha4yaercss HXP(X). 3Hak 7 Ha3bIBAeTCSI KBAHTOPOM CY-
IIECTBOBAHMSL.

[Mepexon ot P x VXP(X) umr 7XP(X) Ha3bIBaeTCs c@s3bl8aHUeM TIEPEMEHHOM X, WA HaBe-
IIMBAaHUEM KBaHTOpa Ha MEpPEeMEHHyI0 X. [IpenMeTHyro mepeMeHHY0, HE CBSI3aHHYIO HUKAaKUM
KBAaHTOPOM, HA3bIBAIOT c80000HOU TIepeMeHHOU. CMBICH CBSI3aHHBIX U CBOOOIHBIX TTEPEMEHHBIX
B NpPEAMKATHBIX BBIPAXKEHUAX pazinyeH. CBoOOAHAs MepeMeHHas — 3TO 0ObIYHasl epeMeHHasl,
KOTOpasi MOKET MPUHUMATh 3HaueHus u3 M; P — nepeMeHHOe BbICKa3bIBaHHUE, 3aBHUCSIIEE OT X.
Beipakenne VX P(X) He 3aBUCHT OT MepeMeHHO# X U TpH (PUKCUPOBAaHHBIX P 1 M nMmeeT BIOJIHE
OTpeJieNIeHHOE 3HaueHue. JTO, B YaCTHOCTH, O3HAYaeT, YTO MEPEeUMEHOBAaHUE CBS3aHHOU mepe-
MEHHOU He MEHSET HICTUHHOCTH BBIPAXKEHUSI.

HepeMeHHHe, SABJIIOINUECS 110 CYHICCTBY CBA3AHHBIMU, BCTPECHAIOTCA HE TOJIBKO B JIOTH-

10

ke. B BeIpaxkeHnsax Z f (X) nm z (x)dx mepemennas x cBs3ana, npu pukcuposanHoii f mep-
x=1 a

BOE BBIP@KEHHE CTAHOBUTCS PABHO ONPENEIEHHOMY YUCITY, @ BTOPOE CTAHOBUTCS QYHKIHUEN a U

b.

HapemmBath KBAHTOPBI MOXHO M Ha MHOTOMCCTHBIC IIPEAUKATbl U BOO6H.[€ Ha J100BIE
JIOTHYCCKHE BBIPAXKCHUSA, KOTOPEIC ITPU 3TOM 3aKIHOYarOTCA B cko0ku. HasemmBanue KBaHTOpa
Ha MHOT'OMECTHBIHN NpearKaT yMCHbIIACT B HEM YHCJIO CBO6OI[HI>IX NEPEMEHHBIX.

HpellI/IKaTBI F u J naseiBarorcs pasHbiMu, €CIIN UX 3HAYCHUA COBIIAAArOT IIPHU BCEX 3HAYC-
HHUAX BXOOAIIUX B HUX IIEPEMCHHBIX.

MHO0k€eCcTBO MCTUHHBIX (HOPMYII JIOTHKHU MPEAUKATOB BXOJUT B J10OyI0 Teoputo. B muc-
CJIEOBAaHUM 3TOT'0 MHOXKECTBA BO3HHMKAET JIBE MPoOIeMbl: 1 — momydyeHrue UCTUHHBIX Gpopmyi; 2

— mpoBepka GopMynbl Ha UCTHHHOCTh. [IpsiMoil mepeOop Bcex 3HAUEHUN HEBO3MOXKEH, T.K.
MpeIMETHBIE U TPEIUKATHbIE MEPEeMEHHbIE UMEIOT B OOJIBIIMHCTBE CIy4yaeB OECKOHEUHbIe 00-
JIACTH OTPEJICTICHHUS.

Yacto HCIOJIB3YIOT MCTO HHTepHpeTaHHﬁZ Korjaa B (bOpMy.]Iy, Tpe6y}0my}0 J0Ka3aTciib-
CTBa MOJICTABIIAIOT KOHCTaHTHI. IloACcTaHOBKA KOHCTAHT MO3BOJISIET HHTCPIIPCTUPOBATDH (bOpMy—
Jy, KaK OCMBICIICHHOC YTBCPKIACHUC 00 areMeHTax KOHKPETHOT'O MHOXXCCTBA M. Otot MECTO
y,[[06eH JJIA 10Ka3aTCJIbCTBA BBIIIOJIHMMOCTH (1)OpMy.]'I NI UX HCOKBUBAJICHTHOCTH.

CBoiicTBa KBAaHTOPOB
VX €& X B& = VXA& &VYyBE _ (2.21)
IXQ €& VB& _=IxA& VIyBE _
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VX@Q & B =VxAg VB
VX@Q & & B = VXA& & B (2.22)
Ix@A& VB =3xA& VB
IXQ €& XB =3IxA& X B
VXVYAK, Y = VYVXAK, Y _ (2.23)
IxTIYAK, Yy = TyIxAK, Y _

Ilo aHajmoruu ¢ JBOMCTBEHHOCTHIO KOHBIOHKIIMM U JU3IBIOHKIIUU MUMEET MECTO IBOMCT-
BEHHOCTbh M€Ky KBAHTOpaMHU

VXAG =3IXAE
IXAG = VXA

OTHU PaBHOCUJIIBHOCTH U 3aKOH JIBOMCTBEHHOCTH IMO3BOJISIIOT MpeoOpazoBarh 00y Gopmyny
JIOTUKH TIPEJVKATOB B PABHOCHIIBHYIO (POPMYITy, B KOTOPOW CHMBOJI OTPHUIIAHHUS CTOHUT TOJIHKO
HaJI dJIeMEHTapHBIMH TIpeankatamu. [lomydatontytocst B pe3ynbrate (GopMyny Ha3bIBAIOT HOUMU
HOPMANbHOU (hOPMOU UCXOOHOU POpMYTbL.

(2.24)

1. Ha muoxecree D= 1,2,3,4,5,6,7 3aman mpemukar P(X): X —mpocroe wmcio.
Tor/a MOIHOCTb 06JIACTH MCTHHHOCTH TIPEINKaTa PaBHa-. ..
OTBET:4

2. Ha muoxecrse D= 1,2,3,4,5,6,7 s3aman mpemuxar P(X):X—npocroe umcro.

Torma P(1) pasmo-...
OTBET:0
3. Ha muoxectee D= 1,2,3,4,5,6,7 3aman mpemuxar P(X): X —npocroe umcro.

Torma P(2) pasmo-...
OTBET:1
4. Ha muoxecrse D= 1,2,3,4,5,6,7 s3aman mpemuxar P(X):X—npocroe umcro.

Torna P(4) pasuo-...
OTBET:0

5. Ha muoxecrse D= 1,2,3,4,5,6,7 s3aman npemuxar P(X):X—mpocroe wunc-
no; = V,_,P(X) — BbickassiBanue. Torna  paBHo-...
OTBET:0

6. Ha muoxecrse D= 1,2,3,4,5,6,7 3aman npemuxar P(X):X—mpocroe uncio;
p =3, _,P(X)— BoickassiBanue. Torna P pasHo-...
OTBET:1

7. 3amaH npenukar P(X) . MHOXKECTBO X TaKHX, UTO \/3X —2 > X. Toraa o61acte wc-

THUHHOCTHU HpeI[I/IKaTa I P paBHa
+a) [1; 2]
0) (1;2)
B) [1;2)
r) (1;2]
) [2;+0)
3.11.3 Pe3yabTaThl M BHIBOABI: B PE3YJIBTATE IPOBEIECHHOTO 3aHATHSI CTYIEHTHI:
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- OCBOMWJIM TMOHATHA NpcAuKara, JIOTUYCCKUC OICpallMu HaJ NpCAUKAaTaMU, KBAHTOPHBIC OIICpa-
MU, SJICMCHTHBI JIOTUKHU MTPCAUKATOB,
HpI/IO6peJ'II/I YMCHHA U HABBIKU PCUIATH 3a4a4U C 3JICMCHTAMMU JIOTUKU NPECAUKATOB.

3.12 MMpakTuyeckoe 3ausaTue Nell3-12 (2 yaca).
Tema: «OcHoBHBIC TOAXO/BI K (hOpMaTU3auK NOHITHS anroputMa. MamuHa TeropuHra»

3.12.1 3apanue nJst padoThI:
1. OcHoBHBIE OJIXO/bI K (pOpMaTU3aliuy NOHATHS AJITOPUTMA.
2. Mammuna Teropunra. [Ipunuun Teropunra - [Tocta

3.12.2 KpaTkoe onucanue nNpoBOIHMOIO 3aHATHS:
1. OcHoBHBIE IOJIXO/bI K (POpMaNTU3alivuy NOHATHS AJITOPUTMA.
2. Mammuna Teropunra. [Ipunuun Trropunra - IlocTa.
1.

a, 1
q, | 1Hgq, |1liq,

N3 moboit HauanbHO# KoHpurypauuu(YV o0o3peBaeT HE MyCTONH CHMBOJ) 3Ta MaliuHa Thio-
puHra nepeBoaut ciaoBo 11 B cioBo-...(OTB.: 111)
2. B xomaHngie az0p—apJIqo cnemyroiiee coCTosTHUE MAaIIMHBI T hIOpUHTA

+a) (,
0) g,
B) 0O,
r) a,
) d,

3. Opmnoit u3 Mozenel (hopmMann3aiuii) anropuT™Ma sBIISICTCS
+a) mamuHa TrropuHTa

0) 3a71aua JMHEHHOTO TPOrPAMMHUPOBAHMS

B) 9HJIEpOBHI Tpadbl

) areOpa MHOXECTB

1) anredpa JOTUKHU

4.I1o komanze azg,—apJIgp cocTosHrE MaITMHBI MEHAETCS
+a) ¢ (2 Ha (o

0) ¢ (o Ha (2

B) ¢ a3z Ha (2

T) C a3 Ha &

1) C dp Ha a3

5.ITo koMaHe az0,—apJ10o MamIMHa MEHSIET B SIMEMKE CUMBOJI BHEITHETO andaBuTa
+a) c az Ha Qo

0) c ap Ha a3

B) ¢ &y Ha (2

r)c (2 Ha (1

) € Qi Ha Q2

6.CocrosiHIEe MalTUHBI TIepe]T UCTIOTHEHHEM KOMaHIbl 83(2—apJIqo 310
+a) g2

0) 0

B) Jo
r) ai
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31 5

7.B xoHpurypammu 0003peBaeTcsi CAMBOI-...
O
OTBET:5
3.12.3 Pe3yabTaThl M BBIBOJbI: B PE3yJabTaTe IMPOBEICHHOTO 3aHATHS CTYJICHTHI:
- OCBOWJIM TIOHATHS 00 OCHOBHBIX MOJX0JaX K (hOpMaNM3aluy MOHITHS AITOPUTMA, MOHSTHE
MamuHbl TeropuHra;
nprOOpeNy YMEHHUS M HABBIKU aJlTOPUTMH3AIMN TIPOCTEHIIINX 3a/1a4.

3.13 pakTnyeckoe 3ausaTue Nell3-13 (2 yaca).
Tema: «PexypcuHbie QyHKINHU (PeKypCUBHBIN allrTOPUTM)>»

3.13.1 3apanmue a5 padoThI:
1. PexypcuBHbIE (DYHKITHH.
2. PexypcuBHBIN alropuT™M

3.13.2 KpaTkoe onucanue npoBOIHMOTO 3aHATHUS:
1. PexypcuBHbIE (DYHKITHH.
2. PexypCHBHBIN aJITOPUTM

1. Ilyctb 3amanbl yucio & U QyHKIUS W(X, y). dynxumo T (Y), onpenenénnyio cucremoit
f(0)=a

paBEHCTB , Ha3bIBAIOT MOJTyYCHHOH 10 CXEeME ...
Fly+D=y vy, f(y)
(OTB. MPUMUTHUBHOMN PEKYpPCHH)
2. 10. Hycts 3amans uncio d = 2 u dyuxuus (X, Y) =Y + 3. Oynxuus T (Y) nonyuena no

f(0)=a
CXeMe NMPUMHUTUBHON PEKYpPCUH: (©) . Torma f (1) pasHo-...
Fly+D=y vy, t(y)
OTBET:5
3. OnHa u3 Mozeneit (popManuzanmii) anropuTMa 310
+a) peKypCHBHBIN aJITOPUTM
0) JTOTHKa ITPETUKATOB
B) anreOpa MHOYKECTB
r) anmroput™ Kpackana
1) OyneBbl PyHKINU
4.Teopust peKypCUBHBIX (QYHKIIHI 3T0 MOJIENb ((hopManu3anus)
+a) anroputMma
0) anreOphl JIOTHUKH
B) anreOpbl MHOXKECTB
T') TEOPUU TPYII
1) TUHEIHOMN anreOpsI
5.I'unote3a «YucnoBas GyHKIMS TOTJA U TOJBKO TOT/Aa aJTOPUTMHUYECKH BBIYUCINMA, KOTJa
OHA YaCTMYHO PEKYPCUBHA» Ha3bIBACTCS TE3UCOM(ITPHHIIUIIOM )
+a) Uépua
6) MapkoBa
B) Trropunra
r) Must
1) Mypa
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6.Mcxonnas npocreiimas dpynxims A(X) = X +1 B knacce pekypcuBHBIX (GyHKIMIA Ha3BIBAETCS
OTIepaTopoM
+a) cienoBaHus
0) aHHYTUPOBAHUS
B) Uépua
I') IPOEKTUPOBAHUS
1) CYNEepPIO3UIIUH
7 Wcxomuas npocreiimas dyukmus O(X) =0 B xnacce pexypcuBHBIX (yHKIMiT Ha3bIBaeTCS
OTIepaTopoM
+a) aHHYJIUPOBAHUS
0) cinemoBaHuUs
B) Jlanmaca
I') IPOEKTUPOBAHUS
1) CYNEepPIO3UIIUH
8. Iycts 3amausl uncno a =2 u pynxuusa ¥ (X,Y) =Y +3. Oyuxuus T (Y) nmonyuena no
f(0)=a
CXeM€ PUMHUTUBHOMN PEKYPCHM: . Torma f(3) pasno
{f(y+1)=t/f y, f(y)
+a) 11
0) 8
B) 5
r)3
n) 7
9. a=1, w(x,y)=2y, y=0,1,2,3,..., pysxims f(Yy) nonydsena mo cxeme npumutHBHOI
f(0)=a ()
eKypCHH . AIITOPUTM BBIUUCIISAET KLU0 =
PPty =w () T o T

+a) 2’

6) -3’

B) -2y

r) 1-2y

n -2’

10. a=1, w(x,¥)=(x+1y, y=0,1,2,3,..., dyuxums f(y) monydsena no cxeme npumu-
} f(0)=a f

TUBHOM peKypcun { Fy+D) =y v F(y) AsroputM Berancisier Gynxuuio T (YY) =

+a) y!

6) (x + 1)y

11. Amropurm T(0,X)=x, f(y+1,x)=f(y,x)+1, y=0,12,3,..., Beruncmnster pynximio
f(y,x)=

+a) y + X

0) y+1

B) y-1

r)0

58



ny

3.13.3 Pe3yabTaThl M BBIBOAbI: B Pe3yabTaTe MPOBEICHHOTO 3aHATHS CTYJCHTHI:
- OCBOWJIM IIOHATHE O PEKYPCUBHOM QJITOPUTME;
npuoOpeny yMEHHUSI M HABBIKU aJlTOPUTMHU3AIMH IPOCTEUIINX 3a1a4.

3.14 MpakTnueckoe 3ausiTue Ne [13-14-15 (2 yaca).
Tema: «Hopmanbnbeie anroputmbl MapkoBay. «[loHsTre 3()()eKTHBHOCTH M CIIOKHOCTH ajro-
PUTMOB»
3.14.1 3ananmue a5 padoThI:
Hopmanbasie anroputMer MapkoBa. [lorstue 3¢h(heKTHBHOCTH M CIIOKHOCTH alTrOPUTMOB.
1. HopmaneHsle anroputmbel MapkoBa.
2. TlonsTre 3¢p(peKTUBHOCTH U CIIOKHOCTH aJITOPUTMOB.

3.14.2 KpaTkoe onucanue NpoBOIHMOIO0 3aHATHUS:
1. HopmaneHbie anroput™Mbel MapkoBa.
2. Tlonstie 3¢p(peKTUBHOCTH U CIIOKHOCTH allTOPUTMOB.

Tperuit TN aNrOpPUTMUYECKUX MOJENENH — 3TO mpeoOpa3oBaHUE CIOB B NMPOU3BOJIbHBIX
andaBuTax, B KOTOPHIX AEMEHTAPHBIMU ONIEPALIUSAMU SABIISIOTCS MMOJCTAHOBKHU, T.€. 3aMEHBI Yac-
TH cioBa (MOJCIOBa) ApyruM cioBoM. IIpenMyiiecTBa 3TOro Tuma Mojeieil 3akiIro4aroTcs B
MaKCUMaJIbHOM aOCTPaKTHOCTH M BO3MOKHOCTH NMPUMEHHUTH MOHSATHE alrOpUTMa K 0OBEKTaM
MIPOM3BOJILHOM, HE 00s3aTeNIbHO YUCIOBOM Mpuposl. [IpumepamMu Mozeneit 3Toro Tuna sSBJIsSOT-
csi kaHoHn4eckue cucrembl [locta u HopMmanbeHble anropuTMbl MapkoBa. [Ipu 3ToM 0OIIHOCTB
(dbopManu3anuu B KOHKPETHON MOJENN He TepsAeTCs U JI0Ka3bIBAETCS CBOAMMOCTH OJHUX MOjIe-
JIEW K IPYTUM, T.€. IOKa3bIBAETCS, YTO BCIKUM aIrOPUTM, OMIMCAHHBINA CPEICTBAMU OJIHOU MOJ -
JIM, MOKET OBITh OIIMCAH CPEACTBAMU JIPYTOM.

Te3uchbl 00 KYHUBEPCAJBLHOCTI AJTOPUTMOB: Te3uc Yépua, Tesuc TrropuHra, npuHIUAN
HopMasiu3auuun MapkoBa. JKBUBAJEHTHOCTh PA3JIUYHBIX TEOPHUH AJTrOPUTMOB. AJITOPUT-
MUYecKHue NMpoodJieMbl.

Trropunrom [1937] O6b110 IOKA3aHO, YTO €r0 BHIYUCIUMBIE (PYHKIIMH — 3TO TO YK€ CaMoe,
4yTO A -ompenenuMmble (YHKIHMH, M, CIEIOBATEIbHO, TO € camMoe, YTO M OOIIepeKypCHUBHbIE
¢byukuun. [Toaromy tesucsl Triopunra u Uépua skBuBanieHTHBL. Mbl Oy/ieM OOBIYHO CCBHLIATHCS
Ha 00a ATH Te3uca Kak Ha me3uc Yépua, a B CBSI3U C TEM €ro BapUaHTOM, B KOTOPOM UJIET pedb O
«vamuHax TeropuHra»,— Kak Ha mesuc Yépua — Toropunea. B 1936 r. IlocT He3aBUCUMO OT
TrropuHra omy6JIMKOBall B JJOBOJBHO CKATOM U3JIOKEHUU (POPMYIHPOBKY, B OCHOBE TY XK€, YTO
y Trropunra. B 1943 r., ocHOBBIBasiCh Ha cBOel HeomnyOnukoBaHHOU pabote 1920— 1922 rr., on
OMyOJTMKOBAJ TPETHI SKBUBAJIEHT aHAJOTMYHOTO Te3uca. Ele oJHy SKBUBAICHTHYIO (popmyu-
POBKY AaeT Teopus anroputMoB Mapkosa [1951r].

bnarongaps B3auMHO#N CBOAMMOCTH MOJIeJieil B 00IIel TeOpUH allrTOPUTMOB YAAllOCh BbIpa-
00TaTh MHBAPUAHTHYIO 110 OTHOIICHUIO K MOJEISIM CUCTEMY MOHATUHN, MO3BOJISIONIYI0 TOBOPUTH
0 CBOIICTBaxX aJTOPUTMOB HE3aBUCHUMO OT TOTO, Kakas (opMaiu3aiys aaropurMa BeiOpaHa. OTa
CUCTEeMa TMOHSATUI OCHOBaHA HA MOHSATHH BBIYUCIUMON (YHKUIWH, T.€. PYHKIUHU, AN BHIYHCIIE-
HUS KOTOPOM CYIIECTBYET aJTOPUTM.

1. OnHa u3 Moaeneli(hopManuzaiuii) anropurMa 3To
+a) HOpMaJIbHBIN ANTOPUTM

0) JIoruKa mpeauKaToB

B) JIMHEHHas anreOpa
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r) anre0pa MHOKECTB
1) OyneBbl PYHKIHH

2. 'unoTesa «J1y11 HaxokKAeHUs 3HAUCHUH (YHKIMH, 33JaHHON B HEKOTOPOM aidaBure, TOraa u
TOJIBKO TOT/Ia CYIIECTBYET HEKOTOPBII alrOpuTM, KOT/Aa (PYHKIMS HOPMAJIbHO BHIYMCIMMAY) Ha-

3BIBACTCS TE3UCOM (PUHILIUIIOM)

+a) MapkoBa

0) Uépua

B) Trropunra

r) Kpackana

1) Mypa

3. 3aman HOpManbHBIM anmroputM Mapkosa: andasur A= 1.+ wu cxema 1moaCTaHOBOK

1+ —>+1, 2) +1—>1,3) 1>, 1. Anropurm nepepabatsisaer cnoso 1111+11+111 B coso

+a) 111111111

6) 111111

B) 11111

r A

) 111

4. 3aman HOpMaNbHBEIA anmroputM Mapkosa: andpasutr A= 1+ u cxema moOACTaHOBOK

+—> A, 2) 1>, 1. Anropurm nepepabarsiBaer cioso 11+111+1+11 B cioBo
+a) 11111111

6 A

B) 11111

r 111111

m 111

5. 3amaH HOpManbHBIA anmroputM Mapkosa: andautr A= 1 u cxema mnoacTaHOBOK

A —, 1. Anropurm niepepabarbiBaet ciioBo 11 B cii0Bo

+a) 111

0) A

B) 1

r) 1+1

n) +

6. 3aman HOpManbHBIA anmroputM Mapkosa: andasutr A= 1 u cxema mnoacTaHOBOK

A —, 1. Anropurm nepepabarbiBaet ciioBo 111 B cii0Bo
+a) 1111

0) A

B) 11

r) 11+1

n) +1

7. 3aman HOpManbHBIM amroput™M Mapkosa: anpasur A= 1 u cxema moacraHoBOK

A —>, 1. Anropurm Berumciser ¢pynxuuo T (X) =

+a) x+1

6) 0

B) 1

r) X

) 2%

8. Mapkosckas rozacranoBka (P, Q) oGosnauaercst uepes

+a) P> Q
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6 f(P)=Q

B) P=Q
r) PAQ
1) P+Q

9. CumBosiom P —, Q o6o3HawaeTcst MapKOBCKast OICTAHOBKA

+a) 3aKITrouuTeNbHAS
0) HayambHas

B) BTOpasi B CIIUCKE
I') TPEThSI B CIIUCKE
1) TIPEITOCIICTIHSS

10. HopmanbHelit anroputM Mapkosa ¢ andasurom A= a,0 wu cxemoii noacranosok 1)

bb—>ba,2) ba—>a,3)a—>A,4) b—, A npeobpasyer cnoso aba s cioso
+a) A

6) ba

B) aa

r b

n) abab

2. ITonsitue 3¢ peKTUBHOCTH U CJIOKHOCTH AJTOPUTMOB.

AJIrOpUTMBI NOJMHOMMAJIBLHOM CJ10:KHOCTH (Kiaacce P).

BoabmmucTBO AJITOPUTMOB UMCIOT OJIMHOMHUAILHBIHN MOPAIOK CIIOKHOCTH. I/IHOF)Ia BpeMsa
paboTHl OKA3bIBACTCS JTUHEHHBIM, KaK MPH MOCIEA0BATEIIBHOM TOUCKE: TIPH YAJIMHEHUH CITHCKa
JTAHHBIX BJIBOE aJIFOPUTM pabOTaeT BABOE JOJbINE. B anropurmax mocienoBaTeIbHOTO MOUCKA
Hac WHTEpECYyeT MPOIeCC MPOCMOTPa CIUCKA B MOMCKaX HEKOTOPOTO 3JIEMEHTa, Ha3bIBAEMOTO
neneBbIM. [Ipu mocneaoBaTeIbHOM TTOMCKE MPEII0JIaraeTcs, 4To CIMCOK HE OTcopTupoBaH. Ha-
puMep, KIIF0YEeBOE 3HAYEHHUE MOXKET ObITh HOMEPOM COTPYAHHKA, (paMUIHEH, WU JTIOOBIM TP Y-
TUM YHUKAJIbHBIM HJICHTU(PUKATOPOM. AJITOPUTM MOCIIEIOBATEILHOTO MMOMCKA TIOCIEI0BATEIHHO
MMPOCMATPHUBAET 110 OJTHOMY JIEMEHTY CIUCKA, HAYMHAas C MEePBOTo, J0 TeX MOp MOKa HE HaWJeT
HY)XHBIH 2yIeMeHT. OYeBHUIHO, YTO 4YeM JaJbllle B CIIMCKE HAXOJUTCS KOHKPETHOE 3HAYeHUE
KJI04a, TeM OOJIbIIIe BPEMEHH YHJIET Ha €ro MOMUCK.

-
OueHp yacTo BCTPCHAKOTCA aJITOPUTMbI CIIOKHOCTU @) cl — TAKYIO CJIOKHOCTb UMCHOT HEC-

KOTOPBI€ aJrOPUTMbI COPTHPOBKH: €CIIH JJIMHY BXOJHOTO CIIMCKA yJIBOWTh, TO BpeMs pabOTHI
anropuTMa Bo3pacTeT B 4 pasza. Bce BoceMb CyIeCTBYIONIUX aJITOPUTMOB COPTUPOBKH JIEMOHCT-
PUPYIOT LIMPOKHI CHEKTpP BO3MOXKHBIX BapHaHTOB MoBeneHus. llepBas u3 HHUX, COPTHPOBKA
BCTaBKaMH, COPTHPYET CIUCOK, BCTABJISAS OUEPEIHOM AIIEMEHT B HY)KHOE MECTO YK€ OTCOPTUPO-
BaHHOTO crnucka. [ly3bIipbKoBasi COPTUPOBKA CPaBHUBAET JIEMEHTHI MOMAPHO, MEPECTaBIISIS Me-
&Iy co00¥l AIeMEeHTHI TeX Mmap, NOpsAI0K B KOTOopsix HapyieH. Coptupoka Lllemna npeacrasmus-
eT co00il MHOTOTIPOXOJAHYIO COPTUPOBKY, MPU KOTOPOH CIUCOK pa3OMBaeTCs Ha MOJACIUCKH, Ka-
KIBIA U3 KOTOPBIX COPTHPYETCS OTAEIbHO, MPHYEM Ha KaXKJIOM IPOXOJIe YHMCIIO IMOJICIHCKOB
YMEHBILIAETCs, a UX JUTMHA PacTeT.

PaccmoTpuMm Hanboliee TUMMMYHBIA BapUaHT COPTHUPOBKU — My3BIPHKOBYIO COPTUPOBKY. AJl-
TOPUTM MY3BIPBKOBOW COPTHUPOBKU COBEPLIAET HECKOJIBKO MPOXOJOB MO cnucKy. [lpu kaxaom
MPOXOJE MPOUCXOJUT CPABHEHUE COCEAHMX 3JIEMEHTOB. Eciu MOpsSIoK COCEAHHX 3JIEMEHTOB
HEMPaBWIbHBIN, OHU MEHAIOTCS MecTaMu. Kaxkplil mpoxoa HauMHaeTcs ¢ Hayana cnucka. Crnep-
Ba CpaBHUBAIOTCS | U 2 351eMeHThl, 3aTeM 2 U 3, ToToM 3 ¥ 4 U T.J1. DIEMEHTHI C HEMPaBUIbHBIM
MOPSIIKOM B Tlape nepectanistorcs. [Ipu oOHapyXeHHH Ha MEPBOM MPOX0Jie HAUOOJIBIIETO AJie-
MEHTa CIHCKa OH OYAET MEePecTaBIsAThLCA CO BCEMH MOCIEIYIONIMMU MOKa HE TOMAET 10 KOHIA
cnucka. [losTomy mpu BTOpOM MpPOXOJie HET HEOOXOAWMOCTH MPOU3BOJUTH CPABHEHHE C MO-
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cieqHUM 31eMeHToM. [Ipu BTopoM npoxoje BTOpOM 10 BEIMYUHE JIEMEHT CIIUCKA OIYCTUTCS BO
BTOPYIO NIO3UIUIO C KOHIIA U T.H. Crour 3aMCTUTD, YTO IPU KAXKIOM IIPOXOIC OJIIKe K CBOCMY
MECTY MPOJABUIaETCs cpa3y HECKOJIBKO 3JIEMEHTOB, XOTs IapaHTHUPOBAHO 3aHUMAET OKOHYATEN b-
HOC€ ITIOJIOKCHUC JIMIIIBb OJUH.

CKOJIBKO CpaBHEHH BBITIOJNHAETCS B HauxyauieMm ciydae. Ha mepBom mpoxozae Oyaer BbI-
nonHeHo N —1 cpaBHeHu#l coceaHux 3HaueHU, Ha BTopoM N —2 cpaBHeHuil. JlanpHeliiee
HCCIIEIOBAaHUE MTOKA3bIBAET, UTO MPH Ka)XJAOM OUYEpPEAHOM MPOXOJI€ YUCIIO CPAaBHEHUI yMEHbIIa-
ercd Ha 1. [Io3ToMy CI0KHOCTh B HAUXyALIEM cIIydae 1aeTcs bopmymoit

N-1 2
W = ZI—ZI N -1N N2N ENZ O(\I2
i=N-1

Cn0KHOCTb CTaHJIAPTHOTO aJrOPUTMa MaTPUYHOTO YMHOXEHMSI paBHA O(I _ W TIpHU yBe-

JUYEHUU pa3MepOB MaTpPHUIl BIBOE TaKOW aJITOPUTM paboTaeT B 8 pa3 J0JIbLIE.

Martpuiia — MaTreMaTH4eCKHil 00bEKT, SKBUBAJIEHTHBIN ABYyMEpHOMY MaccuBy. Eciu uucio
CTOJIOLIOB B EPBOM MATPHUIIE COBIMAJIAET C YUCIOM CTPOK BO BTOPOMW, TO TH JIB€ MATPHUIbI MO K-
HO NMEPEMHOKUTH!

JIyis BbIUMCIICHUS TPOU3BEACHUS ABYX MaTpPHIl KaXKJasi CTpoKa MepBOi MOUJIEHHO YMHOXKa-
eTCsl Ha KaKIblH cTos10el BTOpOoi. 3aTeM MOJCUUTHIBAETCS CyMMa TaKUX MPOU3BEACHUN U 3aIlH-
CBhIBA€TCSA B COOTBETCTBYIOIIYIO KIIETKY pe3yibTaTa. CTaHIApTHBIN aJrOPUTM YMHOXKEHHUS MaT-
puIbl pasMepoM  ax b Ha marpuiyy pasmepom b xC Bemosnnser abc ymuoxenuii 1 a —11:
cinoxeHnit. OJTHAKO UCCIIEIOBATENSAM YIAIOCh OOHAPYKUTh JIPYrHe aJrOpUTMBbI, YMHOXKAIOIIHE
MaTpulbl Oosiee 3PPEeKTUBHO, B YACTHOCTH airoput™ BunorpagoBa u amroputm lTpaccena.
Anroputm IllTpaccena pabotaer ¢ KBaapaTHbIMU MaTpuiamMu. Ha camMom niene oH HacTOJIbKO
3¢ deKTUBEH, YTO MHOTAA Pa3yMHO PACHIMPUTh MATPHUIBI 10 KBAaJpaTHBIX, U MPU 3TOM OH BCE
PaBHO JaeT BBIMIPHIII. AHaIN3 OOIIEro ciiydasl HOKa3blBAET, YTO YMCIO YMHOKEHHH IpHU mepe-
mHoxkeHun aByx NxN  wmarpun mpuGmusurensho pasHo N®®, a umcno crnosxenwuit
6N** —6N?2.

CBoas Tpu pe3ysbTaTa BOEANHO, UMEEM CIICAYIOILYIO TaOIHILy:

YMHOX€EHUE CroxeHue
CrangapTHBIN alTOpUTM N3 N3 - N?
3 2 3 2
Anroputm Bunorpanoa % 3N"+ 4|2\| —4N
Anropurm lltpaccena N 28 6N>** —B6N*

Bce PACCMOTPCHHBIC AJITOPUTMBI UMCHOT MNMOJIMHOMUAJIBHYIO CJIOXKHOCTD. CaMbIM BpCMACM-

3
KUM OBILI AJITOPUTM YMHOXKCHUS MATPHULL, €TI0 CIOKHOCTD @) ‘I . FnaBHoe, OJHAaKO TO, YTO MbI
MOTIJIM HaMTH Takoe pPELIICHUC 3a/1a4 3a paSYMHHﬁ MMPOMCIKYTOK BPEMCHU. Bce 3Tu 3agaun oTHO-

CATCA K KJIaCCy P - KJIaCcCy 3anav MMOJTMHOMMAJIBHOM CJIOKHOCTH. Takwue 3aJa4d Ha3bIBAarOTCsA
TAaK¥KC ITPAKTHUYCCKH Pa3pClIUMbIMU.

AJITOPUTMBI HeleTePMUHHPOBAHHON NMOJIMHOMHUAIBHOI cj10kHOCTH (Kiaace NP 3axau).
Kpome npakTnyeckn pa3pemnMbIX 3a4ad, OTHOCSIIMXCS K Kilaccy P — Kjaccy 3a1ad MoJu-
HOMMAJIBHOM CJI0HOCTH, CYLIECTBYET U IPYrOd Kjacc 3aJad: OHM MPAKTUUYECKH HEPA3PYLLIUMBI
U MBI HE 3Ha€M JITOPUTMOB, CIIOCOOHBIX PELIMTh UX 3a pa3yMHOE BpeMs. DTHU 3aJauyu 00pa3yroT
kiacc NP — HereTepMUHUPOBAHHOM MOJMHOMUAIBHOM CII0’KHOCTH.
OTMETHM TOJIBKO, YTO CIIOKHOCTh BCEX U3BECTHBIX JETEPMHUHHUPOBAHHBIX aJITOPUTMOB, pe-
HIAFOIIUX 3TH 3a/1a4M, MO0 3KCIIOHEHIMANbHO, TH00 (akTopHagbHa. CII0KHOCTh HEKOTOPBIX U3

N
HHUX paBHa 2 , IaC N — KonHM4uecTBO BXOJHBIX JAaHHBIX. B aTOM cj1ydac 1mpu ,Z[O6&BJ]CHI/II/I K CIIU-

62




CKYy BXOJIHBIX JaHHBIX OJHOTO 3JIEMEHTa BpeMs padoThl anropuTMa yasaupaercs. Ecnu mist pe-
LIEHUs TaKoW 3a7auu Ha Bxoje u3 10 anemeHnToB anroputmy TpedoBasiock 1024 onepauuii, To Ha
Bxoje u3 11 ameMeHToB uncio onepanuii coctaBut yxke 2048. DTO 3HAYUTENILHOE BO3pacTaHUE
BPEMEHHU NPHU HEOOJIBILIOM y/UIMHEHUH BXO/1A.

TepMUH «HEneTEpMUHUPOBAHHbBIE [TOJIMHOMHAIIBHBIE» XapaKTEPU3YIOLIUE 3aJa4l U3 Kjlacca
NP, oOBsicHsIeTCS CIIEAYIOIIMM JIBYXIIArOBBIM TOJX0J0M K HX perienuto. Ha mepBom mare ume-
€TCsl HEJCTEPMUHUPOBAHHBIN aJITOPUTM, T€HEPUPYIOINK BO3MOKHOE PEIICHUE TAKOW 3a7a4d —
YTO-TO BPOJE IMOMBITKM YKa3aTh PELIEHUE; MHOT/IAa TaKas IOIbITKA OKa3bIBAETCS YCHEIIHOM, U
MBI [I0JIy4a€M ONTHUMAaJIbHBIM WK ONU3KUN K ONTHUMAaJIbHOMY OTBETY, Yallle HET (OTBET AAJEK OT
onTuManbHOro). Ha BTOpoM miare mpoBepsieTcsi, JEHCTBUTEIBHO JIM OTBET, MOJYYCHHBIM Ha 1
uiare, sIBJISI€TCSl pelieHUEM UCX0IHOH 3afaun. Kaxaplil u3 3TUX 1IaroB 10 OTAEIBHOCTH TPeOyeT
MOJIMHOMHUAJIbHOTO BpemeHu. [Ipobiema, oaHako, B TOM, YTO MbI HE 3HAE€M, CKOJIbKO pa3 Ham
MIPUIETCS TOBTOPUTH 00a 3T 11ara, 4To0bl MOTY4YUTh UCKOMOE perieHne. XoTs oba mara u mno-
JIMHOMMAJIBHBI, YUCIIO OOpalleHHl K HUM MOET ObIThb SKCIOHEHIMAIbHBIM WIH (aKTOpUaib-
HBIM.

K kmaccy NP otHocutcs 3amaga o koMmMmuBosbkepe. Ham 3aman HaOop ropofoB U «CTOM-
MOCTb» ITYTEIECTBUS MEXY JIFOOBIMU IBYMs U3 HuX. HyXHO omnpeaenuTs Takoi MOpSJIOK, B
KOTOPOM CJIEZIyeT MOCETUTh BCe Topojia (10 OAHOMY pa3y) U BEPHYTHCS B UCXOJHBIN ropo, 4To-
ObI 00I11asi CTOMMOCTh ITYyTELIECTBUS OKa3alach MUHUMAIbHON. DTy 3a/1a4y MOKHO MPUMEHUTH,
HarpuMep, Ul onpeneneHus nopsaaka 3gphekTuBHOT0 cOopa Mycopa u3 0akoB Ha YIIHIAX TOPO-
Jla WIK BbIOOpa KpaTyalllero MmyTd pacnpocTpaHeHHUs MH(OpMalMM MO BCEM y3j1aM KOMIIbIO-
TepHOU cetu. Bocemb roposoB MoxHO ynopsanounTs 40 320 BO3MOKHBIMHU cHOCOOaMHM, a AJist
JIECSITU TOPOJIOB ATO YHCIIO Bo3pacTaeT yxe 10 3 628 800. [louck kparuaiimiero mytu TpedyeT
nepedopa BceX 3TUX BO3MOKHOCTEW. [Ipeamosiokum, 4TO y HAC €CTh aJTOpPUTM, CIIOCOOHBIN
MOICYUTATh CTOUMOCTh IyTeIIeCTBUs yepe3 15 roposoB B ykazaHHOM nopsiake. Ecnu 3a cekyH-
Iy TaKOW aJTOPUTM CHOCOOEH MpomycTuTh depe3 cedbs 100 BapwmaHTOB, TO eMy HOTpeOyeTcs
0oJbIIe YETHIpEX BEKOB, YTOOBI HMCCIENOBAaTh BCE BO3MOXKHOCTH M HANTH KpaTdalllivui MyTh.
Jaxe ecnu B HameMm pacnopsbkeHur nMmeetcs 400 KOMIBIOTEPOB, BCE PABHO Y HUX YHIET HA 3TO
rojl, a Belb Mbl UM€EM [0 Jullb ¢ 15 ropogamu. [dns 20 ropo10B MUUIMAPA KOMITBIOTEPOB
noJikeH Oyner paboTaTh MapajielbHO B T€UEHHE JEBATH MECSIEB, YTOObl HaWTH KpaTyailimii
nyThb. SIcHO, yTO OBICTpEE U AeUIeBJe MyTEeIIeCTBOBATh XOTh KaK-HUOY/b, YeM KIaTh, IOKa KOM-
MBIOTEPHI BBLAATYT ONTUMAIILHOE PEIICHHUE.

MO>KHO JIM HAWTH KpaTdyalliuil myTh, HE mpocMmaTrpuBas ux Bce? [[o cux mop HUKOMY HE
yAaJI0Ch MPUIYMaTh aICOPUTM, KOTOPBIN HE 3aHUMAETCs, MO CYLIECTBY, IPOCMOTPOM BCEX IY-
teil. Korga 4yncino ropojoB HEBENHKO, 3a7aya peuaercs ObICTPO, OAHAKO 3TO HE 03HAYAET, 4TO
Tak OyJIeT BCera, a Hac Kak pa3 MHTEpecyeT pelieHne o0IIe 3a1auu.

3amaya 0 KOMMHBOSDKEpE, KOHEUHO, OU€Hb MOX0’Ka Ha 3a4a4M mnpo rpadsl. Kaxapliil ropon
MO>KHO IPEICTaBUTh BEPIIUHON rpada, HAIUYUE MMYTH MEXAY ABYMs rOpoJaMH - pebpoM, CTOU-
MOCTbH ITyTEHIECTBUS MEXKIYy HUIMU — BECOM 3TOro pedpa. OTcroa MOKHO CIeNaTh BBIBOI, YTO
QITOPUTM MOMCKA KpaTyailliero myTH peuaeT u 3aadyy KOMMHUBOSDKEpa, OJJHaKo 3TO He Tak. Ka-
KM€ J[Ba YCIIOBUS 33Jlaud O KOMMHUBOSDKEpE OTIMYAIOT €€ OT 3aJayu o Kparyaiimem mytu? Bo-
MEPBBIX, MBI JOJDKHBI IOCETUTH BCE TOPOJIA, & aJITOPUTM MOMCKA KpaTyalIiero myTy AaeT JHUIb
MyTh MEXAY IBYMs 3aJJaHHBIMU ropojaaMu. Eciu BeIOpaTh MyTh U3 KpaT4allIuX KyCKOB, BbIIa-
BAaE€MbIX aJITOPUTMOM TOKCKA KpaTyalIux myTeil, To OH OyAeT MpoXOAUTh Yepe3 HEKOTOPhIE To-
poJia 1Mo HECKOJbKY pa3. Bropoe oTinumne cOCTOMT B TpeOOBAaHUM BO3BPALICHHS B MCXOIHYIO
TOYKY, KOTOPO€ OTCYTCTBYET B IOMCKE KpaT4alIlero myTH.

Haire kpaTkoe 00CyXJI€HHE TOT0, HACKOJIBKO BEIMKO YUCIO BO3MOXHBIX YIOPSI0UMBAaHUM
BEpILIUH, JOJDKHO ObUIO yOenuTh Bac B TOM, 4TO JeTepMUHUPOBAHHBIN arOPUTM, CPaBHUBAIO-
M BCe BO3MOXHBIE CIIOCOOBI yIOpsiiounBaHus. paboTaeT yepecuyp 10aro. YroOwl moka3aTh,
YTO 3Ta 3a/laya OTHOCHUTCA K Kiaccy NP, HaM HeoOX0JUMO HOHATh, KaK €€ MOKHO PEIIUTh I0-
CPEICTBOM OINHMCAHHOW BBILIE ABYXIIAroBOW MpoLeAypsl. B 3a1aue 0 KOMMUBOSDKEpE HA IEPBOM
are ciy4aiHbIM 00pa3oM reHepUpyeTCs HEKOTOPOEe YIopsI0YMBaHue Topo10B. [TockoIbKy 3TO
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HE/IETePMUHUPOBAHHBIN MpoIece, KX/l pa3 Oy[eT moyy4aThCsi HOBBIA NOpsiaoK. OueBuaHO,
YTO MPOLECC FeHEPAMK MOXHO PEaIn30BaTh 3a MOJMHOMHAIBLHOE BPEMS: MBI MOKEM XPaHUTh
CIIMCOK TOPOJIOB, TEHEPHPOBATH CIIy4alHBIM HOMEp, BEIOUPATh M3 CITUCKA TOPOJI C 3TUM HMEHEM
U YAQJIATh €ro U3 CHHUCKa, 4YTOObI OH HE MOSBHJICS BTOPOH pa3. Takas mpoueaypa BBITOJIHACTCS
3a O(N) onepaumii, rae N — gucio ropogos. Ha BTopom miare npoucxouT MOJICYET CTOMMOCTH
MyTEIIECTBHUS 110 TOPOAaM B YKa3aHHOM Mopsake. st 5Toro HaM HY>KHO MPOCTO MPOCYMMUP O-
BaTb CTOMMOCTH NYTCHICCTBUA MCKAY IMOCICAOBATCIILHBIMHA IIapaMH IOpoaOB B CIIMCKE, YTO
takke Tpedyer O(N) omeparuii. O6a mara moJIMHOMHAIIBHEL, TIO3TOMY 3aJiada 0 KOMMHBOSDKEPE
nexut B kiacce NP. Bpemsiemkoil fenaeT ee MMEHHO He0OX0JMMOE YKCII0 UTepaluil 3Toi npo-
(135038

37ech cienyeT OTMETUTD, YTO TaKylO JBYXILIArOBYIO IPOLIEAYPY MOKHO ObLIO IPUMEHHUTH K
m000# M3 paccMaTpPHUBABIIMXCS HAMH paHee 3amad. Hampumep, COPTUPOBKY CIHCKAa MOYKHO BBI-
IMOJIHATB, TCHCPUPYS HpOI/I3BOJ'II>HI>II71 MOPAIOK IJICEMCHTOB MCXOJHOI'O CIIMCKA U MPOBEPSAA, HE SAB-
JSIETCS JIM 3TOT MOPSIIOK BO3pACTAOIIUM. He OTHOCHUT I 3TO paccyxaeHue 3a71ady COPTHPOBKU
K kimaccy NP? Koneuno, otHocut. Pa3nuna mexy kimaccom P u ximaccom NP B Tom, uTO B mep-
BOM CITydae y Hac UMeeTcs JAETePMUHUPOBAHHBINA aJTOPUTM, PEIIAIOIINH 3a/1a9y 33 TOJTHHOMHU-
aJIbHOE BPEeMsl, @ BO BTOPOM MBI TAKOTO alITOPUTMa HE3HAEM.

CBenenue 3a1a4m K Apyrou 3agaue

OpauH 13 cnocoOoOB pelIeHus 3a/1a4 COCTOUT B TOM, YTOOBI CBECTH, WM PEAYLIUPOBATh, OJIHY
3amauy K Apyroil. Torjia anropuTm pelieHus BTOpoil 3a1aull MOXKHO MpeoOpa3oBaTh TakuM 00-
pasom, 4TOOBI OH peman nepByro. Eciau mpeoOpazoBaHMe BBITIONHIETCS 32 MOJMHOMHAIBHOE
BpeMsl U BTOpas 3ajada perraeTcs 3a MOJMHOMHAIBLHOE BpEeMs, TO W Hallla HOBAasl 3aJada TaKxKe
pemaeTcs 3a MOJIMHOMHAITEHOE BPEMSI.

Ilosichum Hame paccyxnaeHue npumepom. IlycTe nepBas 3agaya COCTOMT U TOM, YTOOBI
BEPHYTh 3HAUYEHUE «J1a» B Ciydae, €CIM OJHA U3 JaHHBIX OYyJIE€BCKMX IMOMMEHHBIX MMEET 3Haue-
HUE «UCTHHA», U BEPHYTh «HET» B MPOTHUBOIOJIOKHOM cilydae. Bropas 3amgaua 3akirodaeTcs B
TOM, YTOOBI HATH MAaKCUMAJIbHOE 3HAYCHHE B CIIUCKE LeNbIX ynucen. Kaxaas u3 HUX gomyckaer
IIPOCTOE SCHOE pEIlIEHUE, HO MPEANOI0KIM Ha MUHYTY, YTO Mbl 3HAE€M pEIIEHUE 3a]]a4uu O CIU-
CK€ MAaKCHUMyMa, a 3ajady npo OyJeBCKHE IEepeMEHHbIE pellaTh He yMeeM. MBI XOTUM CBECTH
3ajjauy o OyJleBCKMX MEpEeMEHHbIX K 3aJaye O MaKCUMyMe LienbIx uuces. Hanumem anroputm
npeoOpa3oBaHus HabOpa 3HaYEHUN OYJIEBCKUX MEPEMEHHBIX B CIHCOK LIEJIbIX YHUCEN, KOTOPBIH
3HAYEHHUIO WIOXKb» COMOCTaBIsAeT Ynucio 0, a 3HaUEHUIO «MCTHUHa»— 4uciio 1. 3aTeM BOCHOJIb3Y-
€MCsl AJITOPUTMOM MOMCKAa MAaKCUMAJIBHOTO 3JIeMeHTa B criucke. I1o Tomy, kak cocTaBiisics Cliu-
COK, 3aKJIFOYaeM, 4TO ITOT MAaKCUMAJIbHBIN 3JIEMEHT MOXET ObITh JINOO HyJeM, JTUO0 eTUHULIEH.
Taxoii oTBeT MOXHO IpeoOpa3oBaTh B OTBET B 3a7aye O OYJIEBCKUX IEPEMEHHBIX, BO3Bpallas
«J1a», €cIIM MaKCHMaJlbHOE 3HaY€HHE PaBHO 1, U «HET», eciii OHO paBHO 0.

Msl Buzienu B ryiaBe 1, 4TO MOMCK MAaKCHMAJIbHOTO 3HAYEHUS BBIMOJIHAETCS 3a JIMHEHHOe
BpeMsl, a peAyKLUs NepBOi 3a/1a4i KO BTOPOM TOKe TpeOyeT JIMHEHHOTo BPEMEHH, 03TOMY 3a-
nayy o OyJlIeBCKMX MEPEMEHHBIX TOXKE MOKHO PELINTh 3a JINHEHHOE BpeMsl.

B cnenyromem paszene Mbl BOCHOJIb3yeMCsl TEXHUKON CBEJICHHsI, YTOObI KOE-4TO Yy3HaTbh O
NP 3agauax. Ognako peaykiust NP 3a1ad MOXeT okazatbes ropaszio 0oee CI0KHOM.

Iousitue ciaoxuocTu Beruuciaenuif. NP- mosnbie 3amaumn.
NP-noJsiHrle Bamaum

IIpu o6cyxnennn knacca NP cinenyer uMeTs B BUJy, YTO Hallle MHEHHUE, COTJIACHO KOTOPO-
My UX pelieHue TpedyeT O0JbIIOro BpeMEHH, OCHOBAHO Ha TOM, YTO MBI IIPOCTO HE HAlUIX 3 (-
(EeKTHBHBIX aJTOPUTMOB UX pelieHus. MoxeT ObITh, TOCMOTPEB HA 337a4y KOMMMBOSDKEpA C
JPYroi TOYKU 3peHHs], Mbl CMOTJIM OBl pa3paboTaTh MOJMHOMUAIBHBIM aIrOPUTM €€ PELICHHUS.
To xe camoe MOXKHO cKa3aTh M IO JAPYyrue 3aaadu, KOTOpble Mbl OyJieM paccMaTpuBaTh B Clie-

JyromieM naparpage.
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Tepmun NP-nonHasi OTHOCUTCSI K caMbIM CJIOXKHBIM 3a/1a4aM B kiacce NP. Otu 3amaun BbI-
JICJICHBl TEM, UYTO €CJIM HaM BCE-TaKU yJACTCs HAWTH MOJMHOMUAIBHBIN aJrOpUTM pelIeHus Ka-
KOW-TM00 M3 HUX, TO 3TO OYAET O3HAauYaTh, YTO BCE 3a7add kiacca NP momyckarT moamHOMMU-
aJIbHBIE AJITOPUTMBI PEILICHHUS.

MpsI moka3bIBaeM, 4TO 3amada siBisiercss NP-mosHo#, ykasbiBas crioco0 BBIBEICHHS K HEl
BCEX OCTaJbHBIX 3a7a4 Kiacca NP. Ha npakTuke 3ta 1esITENbHOCTD BBIMJISIUT HE CTOJb YK YCT-
palrampIe - HeT HEOOXOAMMOCTH OCYIIECTBISITh PEeAYKIHIO Ui Kaxkmoil NP 3amaun. Bmecto
3TOTO JUIsl TOTrO, 4ToObI Toka3zaTh NP-nosHoTy HexkoTopoir NP 3amaun A, 10CTaTOYHO CBECTH K
Hell kakyro-HuOynp NP-nonnyro 3anauy B. Penynuposas 3amauy B k 3amade A, MbI TOKa3bIBaeM,
yto 1 ar06as NP 3agaua MoxkeT ObITh CBeJIeHa K A 3a JiBa 11ara, NepBblii U3 KOTOPbIX €€ peayK-
uus K B.

B npeapiaymem pazzene Mbl BBIIOJHSUIM PEAYKLHIO MOJIMHOMUANbHOIO anroputMma. llo-
CMOTpHUM TeIeph Ha peAYyKLHIO anropurMa, pemaromiero NP 3agauy. Ham nonagoburcs npore-
nypa, KoTopasi IpeoOpa3yeT Bce COCTAaBHbIE YaCTH 3aJaud B SKBUBAJCHTHBIE COCTABHBIE YAaCTU
npyro# 3anaun. Takoe mpeoOpa3oBaHHE JOJKHO COXPAaHATh MH(POPMAIUIO: BCSIKUM pa3, KOraa
pelieHue nepBo 3a7aun JaeT MOJIOKUTEIbHBIN OTBET, TAKOW )K€ OTBET JIOJDKEH OBITh M BO BTO-
poii 3aade, u HA0OOPOT.

['aMunbTOHOBBIM ITyTEM B Tpade Ha3bIBACTCA MYTh, TPOXOAAIINN Yepe3 KaXKIyI0 BEPIINHY B
TOYHOCTH OJIMH pa3. Eciu mpu 3TOM yTh BO3BpAIaeTcsl B UCXOHYIO BEPIIUHY, TO OH Ha3bIBa-
€TCSl TaMIVIBTOHOBBIM ITUKJIOM. ['pad, B KOTOPOM €CTh TaMUJIBTOHOB IyTh WM ITUKII, HE 00s3a-
TEJIbHO SBJISIETCS MOJHBIM. 3a/aya O MOMCKE TaMUJIBTOHOBA LIMKIIA CIEAYIOIIMM 00pa3oM CBO-
IUTCs K 3amade o kommuBospkepe. Kaxknas BepumnHa rpaga — 310 ropoa. CTOMMOCTh MyTH
BJIOJIb KXKJIOTO pedpa rpada mosoxuM paBHOH 1. CTOUMOCTh TyTH MEXIY ABYMS TOPOJaMH, HE
COEIMHEHHBIMU PEOpOM, TMOJIOKUM paBHOM 2. A Temepb pemrM COOTBETCTBYIOUIYIO 3a/ayy O
KoMMuBosbkepe. Ecnu B rpade ecTb raMHJIBTOHOB IIUKJ, TO aJTOPUTM PEILIEHUs 3aJaud O KOM-
MHBOSDKEPE HAMIET MUKINYECKUH MyTh, COCTOSIIUNA U3 pedep Beca 1. Ecnm ke rammibToHOBA
[UKJIa HET, TO B HAMJCHHOM TyTH OYIET Mo KpaitHei mepe oaHo pedpo Beca 2. Eciu B rpade N
BEpIIMH, TO B HEM €CTh TaMUJIBTOHOB IIMKJ, €CJIM JUIMHA HaliieHHOro myTu paBHa N, u Takoro
[UKJIa HET, €CJIH JJTMHA HaWIeHHOTO TyTH OoJibie N.

B 1971 rony Kyk nokazan NP-nomHoTy o0cyxaaemMoii B ciaeayromemM naparpade 3agaqu o
KOHBIOHKTUBHOM HOpMasibHOU (opme. NP-mosmHOTa G0mbIoro uncia 3aaad Oblia J0Ka3aHa 1my-
TEeM PEIYKIIUHA K HUM 33JIa4i 0 KOHBIOHKTUBHOW HOpMasibHOU dopme. B kaure I'vpu u JIkoHco-
Ha, onmyOIMKoBaHHOHW B 1979 roay, npuBeAeHBI COTHH 3a11a4, NP-1oJTHOTa KOTOPBIX JI0Ka3aHa.

Penyknuss — HACTOJBKO MOIIHAS BElllb, YTO eciiu Jto0yio u3 NP-moyiHbIX 3a1a4 yaactcs
CBECTH K 3ajaue kiacca P, To u Bce NP 3agaun nonyvar noamHoMuanbHoe pemenue. Jlo cux nop
HU OJIHA U3 MOMBITOK TOCTPOUTH TAKOE CBEJICHHE HE y/1aach.

Tunuunwie NP 3agaun

Kaxnas u3 3aga4, KoTopble Mbl OyJ1eM 00CyKaaTh, SBISETCS JIMOO ONTUMU3ALMOHHOM, TH00
3ajaueil 0 mpuHATHM pemieHus. L{enplo onTUMU3alMOHHOM 3aauu OOBIYHO SIBJISIETCS KOHKpET-
HBIH pe3yabTat, NPeACTaBIIAIOUINI cO00H MUHUMAIBLHOE UM MakCUMalbHOE 3HaueHue. B 3ana-
4ye O MPHUHATUU pEIIeHUs OOBIYHO 3aJaeTCsi HEKOTOpOE INOIPaHMYHOE 3HAUYeHUe, U Hac MH-
TEpecyeT, CYLIECTBYET JIU pellieHue, 0obliee (M 3aauax MaKCUMHU3alMK) WIK MeHblIee (B 3a-
JayaXx MMHHMMU3AIUHM) YKa3aHHOM rpaHuipl. OTBETOM B 3ajladyax ONTUMH3AILMM CIYXHUT HOJY-
YEHHBIH KOHKPETHBIN pe3yabTar, a B 3a/1a4ax O MPUHIATUN PEHICHUN — «1a» UIH HET».

Panee MbI 3aHMManKMCh ONTUMU3ALUOHHBIM BapUAHTOM 33Ja4d O KOMMMBOSDKEpE. JTO 3a-
Jlaya MMHUMHU3aLUK, 1 HaC UHTEPECOBaJl ITyTh MUHUMAJIbHOW cTOMMOCTU. B BapuanTe npuHsATHA
peleHust Mbl MOTJIM ObI CIPOCUTb, CYLLIECTBYET JIM IyTh KOMMUBOSDKEPA CO CTOUMOCTBIO, MEHb-
nieil 3a1aHHoi KoHcTaHThl C. SICHO, 4TO OTBET B 3a7aue O NMPHUHITHM PELICHUS 3aBUCUT OT BBI-
OpaHHO# rpaHuubl. Ecaum 3Ta rpaHuia o4eHb BedMKa (HampuMmep, OHa MPEBBIIIAET CYMMAapHYIO
CTOMMOCTB BCEX JI0POT), TO OTBET «Ja» MOJIYYUTh HECI0KHO. Eciin 3Ta rpaHuna yepecuyyp maia
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(HampuMep, OHA MEHBIIIE CTOUMOCTH JIOPOTH MEXY JIFOOBIMH JIBYMS TOPOJIaMH), TO OTBET «HET»
TaK)Ke JTAeTCs JIETKO. B OCTaJIbHBIX MPOMEKYTOUYHBIX CIy4yasix BpeMs MOHCKa OTBETa OUYECHb Be-
JIUKO ¥ CPAaBHMMO CO BPEMEHEM PEIICHUs ONTHUMH3AIMOHHOM 3a1auu. [loaTromy MbI OyeM roBo-
PUTH BIIEPEMENIKY O 3a/ladyax ONTUMHU3AIMU U IPUHATHUS PEIICHUM, UCTIOJIb3Ys Ty U3 HUX, KOTO-
pasi TOYHEE OTBEUYACT HAIIUM TEKYIIUM LIEJISIM.

B crnenyronux HECKOIBKUX pa3aenax Mbl onuiiem emie mectb NP 3agady — kak B ONTUMH3a-
LIUOHHOM BapUaHTE, TaK U B BApUAHTE MIPUHATHUS PELICHUS.

Packpacka rpaga

Kak M1 yxxe roBopmim, rpad G = (V, E) npeacrasmnser co6oii HaOOp BEpIIHH, HIH Y3JI0B, V
u Habop pedep E coepnHsAIOMMX BEpPIIMHBI OMAPHO. 3/1€Ch MBI OyleM 3aHUMATbCsl TOJIBKO He-
OpUEHTUPOBAaHHBIMU I'padamu. BepimmHel rpada MOXKHO pacKpacHTh B pa3HbIE IIBETa, KOTOPHIE
00BIYHO 0003HAYAIOTCS METBIMU YHciaMi. Hac MHTEpecyroT Takue pacKpackd, B KOTOPBHIX KOH-
Il KaXJ0T0 pedpa OKpaulleHbl pa3HbIMU I[BeTamMH. O4eBUAHO, 4TO B rpade ¢ N BepUIMHAMHU
MO>KHO TIOKPACHUTh BEpIIWHBI B N pa3iIMyHBIX IIBETOB, HO MOXHO JI1 0OOMTHCH MEHBIIUM KOJIH-
94ecTBOM I1BeTOB? B 3a7ade onTHMM3alMU HAC MHTEPECYeT MUHHUMAIbHOE YMCIIO IIBETOB, HEOO-
XOAMMBIX JJIsl pacKpacky BepinH rpada. B 3amade mpuHATHS penieHns HaC HHTEPECYET, MOXKHO
JIM pacKpacuTh BepmnHbI B C MM MEHEe IIBETOB.

VY 3amaum o packpacke rpada ecTh mpakTHUeCKHe NpuiiokeHus. Ecim kaxmas BepmmHa
rpada 0003HaYaeT YUTAEMBIH B KOJUIEIDKE KypC, U BEPIINHBI COCTUHSIIOTCS PeOpOM, €CIIH eCTh
CTYZICHT, CITyHIaromuii o0a Kypca, TO MoJydaeTcsi BechMa CIIOKHBIH rpad. Ecim mpeamonoxurs,
YTO KaXKIbIHA CTYIEHT CIyHIaeT 5 KypcoB, TO Ha cTyAeHTa npuxoautcs 10 pedep. [Ipeanonoxum,
gto Ha 3500 ctynenToB mpuxoautcs 500 kypcos. Torma y momyumBinerocs rpada oymer 500
BepmH 1 35 000 pedep. Ecnu Ha sx3amensl otBezieHo 20 qHEH, TO ATO 03HAYAET, YTO BEPIIHHBI
rpada Hy>)KHO pacKkpacuTb B 20 1BETOB, YTOOBI HM y OJIHOTO CTYACHTAa HE MPUXOAMIIOCH IO JIBa
9K3aMEHa B JICHb.

Pa3paboTka GeCKOH(IUKTHOTO pacluCcaHMs 3K3aMEHOB SKBHBAJICEHTHA packpacke rpados.
Opnnako 3amada packpacku rpadoB NpUHAMISKHUT K Kiaccy NP, mosromy pa3paboTka GeckoH-
(IMKTHOTO paclHCaHUs 3a pa3yMHOE BpeMsi HeBo3MOXHa. Kpome Toro mpu miaHUpOBaHUU K-
3aMEHOB 0OBIYHO TpeOyeTcsi, YTOOBI y CTy/IeHTa ObLIO HEe OOJIbIE ABYX SK3aMEHOB B JICHb, a JK-
3aMEHBI 10 Pa3JIUYHbIM YacTsIM KypcaM Ha3Ha4aloTcs B OJWH JAeHb. OueBHUIHO, YTO pa3paboTka
«COBEPILIEHHOTO)» IUIaHa K3aMEHOB HEBO3MOXHA, M [MOATOMY HEOO0X0quMa apyras TeXHUKA s
MOJIy4eHUSs IO KpaliHel Mepe HeIUIOXUX IJIaHOB.

Packiaaaka mo ssmumKam
[IycTh y Hac €CTh HECKOJBKO SIIUKOB €IMHUYHON €MKOCTH M HaOOp OOBEKTOB Pa3IMUHBIX

PasMCpoOB Sl’ 32 yoeny SN .B 3a1a4€ OINITUMU3AIUMN HAaC MHTCPECYCT HAMMCHBIICC KOJIMYECTBO AN~

KOB, HE0OX0IUMOE JIJIsl PAacKJIa KU BCeX OOBEKTOB, a B 3a7aue MPUHSITHS PELICHUS] — MOYKHO JIH
yIaKoBaTh Bce OOBEKTHI B B M1 MeHee SIIHUKOB.

Ota 3a7aya BO3HUKAET MpHU 3amucy MH(OpMAIMU Ha TUCKE WKW BO (PparMEeHTHPOBAHHOM
MaMsATH KOMITbIOTepa, Mpu 3PPEKTUBHOM paclpepefICHUH Tpy3a Ha KOpaliiX, IpU BbIPE3aHUU
KYCKOB M3 CTaHJapTHBIX MOPLHIA MaTepHrala Mo 3aka3aMm KiueHToB. Eciu, Hampumep, y HaC ecTh
00JIbIIME METANTHYECKHE JINCTHI M CIHCOK 3aKa30B HA MEHbILINE JIUCTHI, TO €CTECTBEHHO MBI XO-
THUM pacHpeeNuTh 3aKa3bl KaKk MOKHO TUIOTHEE, YMEHBIIIUB TEM CAMbIM MOTEPH U YBEITUYUB J10-
XO[I.

YnakoBKa proK3aka
VY Hac umeercs HabOp 0OBEKTOB 0OBEMOM S, ,..., Sy CTOMMOCTH W, ,..., W, . B 3agaue onru-

MHU3alMA MBI XOTHM YMAaKOBaTh prok3ak oO0beMoM K Tak, 4TOOBI €ro CTOMMOCTH Oblila MakKCH-
MaJbHOU. B 3a7aue MpuHATHUS pelIeHUs HAC UHTEPECYeT, MOKHO JIU JOOUTHCS, YTOOBI cCyMMap-
Hasi CTOUMOCTH YIIaKOBaHHBIX 00BEKTOB Oblila TI0 MeHbIIe Mepe W.
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Ota 3a7aua BOSHHUKAET MPHU BHIOOPE CTPATErMH BIOXKEHUS JCHET: 00bEMOM 37I€Ch SIBISETCS
00BbEM pa3IMYHBIX BIOKEHUH CTOMMOCTBIO - MpearnoiaraemMasi BeJIMYMHa JI0X0/1a, @ 00bEM PIOK-
3aKa OIpEAEISAeTCs pa3MEPOM IIJIaHUPYEMBIX KallUTal0BIIOKEHUH.

3aga4va o cyMMax 3J1eMEeHTOB MOJIMHOKeCTB
[lycTh y Hac ecTh MHOXECTBO OOBEKTOB PA3JIMYHBIX Pa3MEPOB Si,..., Sy U HEKOTOpas I0JIO-

KHUTEIbHAs BepXHssA rpanuna L. B 3amaue ontumuzanum HaMm HEOOXOMMO HaiiTH HabOp 0OBEK-
TOB, CyMMa pa3MepOB KOTOPHIX HanOoJiee Oyin3ka K L ¥ He MpeBhIIIaeT 3TOi BEPXHEH TPaHUIIBL.
B 3anmade mpuHATHS pelICHHUS HY)KHO YCTaHOBHUTb, CYHIECTBYET JIM HAOOp OOBEKTOB C CyMMOM
pa3mepoB L. DTo ynporieHHas BepcHs 3aja4u 00 yIIaKOBKE PIOK3aKa.

3anaya 00 uctrunnoctu KH®-Bbipa:kenus
KonsbronkruBHass HopManbHast (opma (KH®) npencrasnser coboil mociieoBaTelbHOCTD
OyJIeBCKHX BBIPQKCHUI, CBSI3aHHBIX MEXIy coboii omeparopamu AND (o0o3HauaeMbiMu A ),
pUYeM KaXkJI0€ BBIPAKEHHE SIBIISIETCS MOHOMOM OT OYJIEBCKHX IMEPEMEHHBIX MM X OTpPHIla-
HUH, cBsA3aHHBIX oneparopamu OR (koTopbie 0003HaUaroTCs Yepe3 V ). Bot mpumep OyneBcKoro
BBIDAKEHUSI B KOHBIOHKTUBHON HOpMalibHON (opme (oTpullaHue oOo3HadyaeTcs 4epTod Haj
MMEHEM nepeMeHHoﬁ)

€vb (vc ‘vvavd 6vad ‘vvavdve

3amaya 00 MCTMHHOCTH OYJIEBCKOTO BBIPRXKEHUSI B KOHBIOHKTUBHOM HOpMallbHON (opme
CTaBUTCS TOJILKO B BapHaHTE NMPUHATHS PELIEHUS: CYLIECTBYIOT JU Y IEPEMEHHBIX, BXOALIUX B
BBIpa)KE€HHUE, TaKWe 3HAUEHUS MCTUHHOCTH, MOJCTaHOBKA KOTOPHIX JEJAeT BCE BBIPAXKEHUE HC-
TUHHBIM. Kak 41ciio nepeMeHHbIX, TaK U CI0KHOCTh BbIPaKEHUSI HE OTPaHUYEHbI, TO3TOMY YHC-
710 KOMOMHAIMI 3HaU€HUH UICTUHHOCTH MOKET OBITh OYEHb BEJIHUKO.

3agava miIaHupoBaHus padoT
[TycTh y Hac ecth HAOOp PabOT, U MBI 3HaEM BpeMsi, HEOOXOIUMOE JJIs 3aBEPIICHHS KaXK 01

u3 Hux, t,t,,...,ty, cpoku d;,d,,...,d, K KOTOpPbIM 3TH PabOTHI JOKHBI OBITH 00SA3aTENBHO 3a-

BEpIICHBI, a Takke mWTpadsl Py, Py ,..., Py , KOTOpble OYAYT HaJOKEHBI IPU HE3aBEPIICHUU KaXkK-

N0 pabOThl B YCTAaHOBJIEHHBIE CPOKH. 3ajjauya ONTUMHU3ALUU TPeOyeT yCTaHOBUTH MOPSAOK pa-
00T, MUHUMU3HUPYIOIINN HaKIapIBaeMble MTpadbl. B 3a1aue NpuHATHS pELICHU Mbl CIpaIlH-
BaeM, €CTh JIM OPSAOK paboT, MpH KOTOPOM BennuuHa mrpada Oynet He Oosblie P.

Bonpocsl 11si caMoOnIpoBePKH.

Uto Takoe anroputm?

[Iepeunciure OCHOBHBIE CBOCTBA aITOPUTMOB.

Ha3oBute yHuBepcanbHble aITOPUTMUYECKUE MOAECTIH.

Jlaiite onpeneneHrne NPUMUTUBHO-PEKYPCUBHBIX (PYHKIIUH.

Jlaiite onpeeneHne 4aCTUYHO PEKYPCUBHBIX M 00IIEPEKYPCUBHBIX (YHKITHI.
JlaiiTe ornpeneneHrne MainHbl ThIOpUHTA.

JlaiiTe onpeeneHe u NpyuBeInTe NPUMEPhI MOJTMHOMUAIIBHBIX aJTOPUTMOB.
B ueM BrIpaxkaeTcsi BBIYMCINUTENbHAS CI0KHOCTh AITOPUTMOB?

Kakas 3amaua cunraercst TpyaHopeniaeMoii?

10 Uro o3nauaet TepmuH NP- monnas 3amaua?

wWoNk~wWNE

1. OueHnTh NPUMEHUMOCTD AITOPUTMA.
ATEHCTBO HEIBMXHMMOCTH, 0a3a JaHHBIX. 3amuch — napa (mpeanoxenue, crpoc). Haiitu
BapHaHThl OOMeHa (T.e. Takue Maphl, Iie NepBas KOMIIOHEHTa OJHOM COBMHaIaeT co BTOPOH
KOMIOHEHTOH Jpyroit). OLeHUuTh MPOCTEHIINI BapUaHT MOUCKA — «JI000BOI.
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Pemenne. Tpynoemkocts Nx(N—1)/2. Eciu Ha 0jHy MpoBepKY Hy)KHa | MUJUTUCEKYH/a, TO IPU
n = 100 motpebyercs okomo 5 cekym, mpu N=100 000 — 5x10° cek, T.e. okomo 1389 wacos.
ANTOpUTM HEIIPUTOHBIN.

3.14.3 Pe3yabTaThl M BBIBOJbI: B Pe3yJabTaTe MPOBEICHHOTO 3aHATHS CTYJCHTHI:
- OCBOMJIM TIOHATHS 00 OCHOBHBIX MOJX0JaX K (hOpMaIM3alUM MOHATHS alropuTMa (MallnHa
TrropuHTa; PEeKYpPCUBHBIN aIrOPUTM, HOpPMAJIbHBIE AIITOPUTMBI MapkoBa); oHsATHe 3(hHeKTHB-
HOCTH U CJIOKHOCTH aJITOPUTMOB;
nprOOpeNy YMEHHUS M HABBIKU aJlTOPUTMH3AIMN TPOCTEHIINX 3a/1a4.

3.16 IIpakTuueckoe 3ansarue Nell3-16-17 (4 gaca).
Tema: « KoHeuHBbIEe aBTOMATHD»

3.16.1 3apanue s padoThI:
1. [Monsatue koneuHoro aBTomara. Mcropuueckas cripaBka. CriocoObl 3ajaHUs KOHEYHOTO aBTO-
Mmara. [Ipumepsl KOHEUHBIX aBTOMAaTOB. Bubl aBTomMaToB. OOIIME 3a1a4i TEOPUU aBTOMATOB.

3.16.2 Kparkoe onucaHue NpoBOAMMOI0 3aHATHS:
1. [Monsatue koneuHoro aBTomara. Mcropudeckas cripaBka. CriocoObl 3ajaHUsT KOHEYHOTO aBTO-
Marta. [Ipumepsl koHEeUHBIX aBTOMATOB. Byl aBTOoMaToB. OO1IMe 3a1a4l TEOPUHU aBTOMATOB.

1.Pa3gen auckpeTHOI MaTeMaTUKH, U3Yy4aroluii MOJIeNi IpeoOpazoBaTenei TUCKPETHON
nH(popMalny, Ha3pIBaeTCs Teopuei
+a) aBTOMaToB
0) BEepOsATHOCTEMN
B) MHOXECTB
) GyHKIUI
1) TIOJIst
2. KoHeuHbIil aBTOMAT 3TO MaTeMaTH4eCcKasi MOJENb JUCKPETHOIO YCTPOMCTBA MO Mepe-
paboTke
+a) nuapopMmanuu
0) BEpOSATHOCTH
B) anreOpsI
) hopmyI
1) TOJIst
3. B koneunom aromare A= X;Q;Y;A(X,9);0(X,q) muoxkectBo X HasbiBaeTcs

+a) BXOAHBIM ai(haBUTOM
0) MHO)KECTBOM COCTOSIHUI
B) BBIXOJIHBIM aJI()aBUTOM
r) QyHKIIHEH TepexooB
1) pyHKIIMEH BBIXOI0B
4. B xoneunom asromatre A= X;Q;Y;A(X,Q);0(X,q) wmuoxectso Q masbiBaercs

+a) MHOKECTBOM COCTOSIHUH
0) BXOAHBIM an(aBUTOM
B) BBIXOJIHBIM aJI(haBUTOM
r) hyHKIHEH nepexo10B
1) (pyHKLKEH BBIXOJ0B
5. B xoneunom asromate A= X;Q;Y;A(X,9);0(X,q) wmuoxkectBo Y HasbBaeTcs
+a) BBIXOJHBIM an(aBUTOM

0) BXOAHBIM an(aBUTOM
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B) MHOKECTBOM COCTOSIHUI
r) hyHKIKEH epexo10B
1) GyHKIIMEH BBIXOI0B
6. B xoneunom asromate A= X;Q;Y;A(X,q);0(X,q) o6wexr A(X,q) nasbisaercs
+a) GyHKIHEH mepexo10B
0) BXOAHBIM an(aBUTOM
B) BBIXOJHBIM aji(paBUTOM
I') MHO’KECTBOM COCTOSIHUM
1) GyHKIIMEH BBIXOI0B
7. B xoneunom aromate A= X;Q;Y;A(X,q);0(X,q) obwexr J(X,0) nasbiBaercs
+a) QyHKIMEH BBIXO/IOB
0) BXOJIHBIM aJi()aBUTOM
B) BBIXOJHBIM ali(paBUTOM
I') MHO’KECTBOM COCTOSTHUM

1) GyHKIMEH epexo 0B

8. 3aman xomeunsri asromar A= X;Q;Y;A(X,q);0(X,(q) - onemenr 3anepxku
(onement mamatn): X = 0,1, Q= 01, Y= 0,1, dpysxuus nepexonos 4(0,0)=0,
2(0,1)=0, A(1L0=1 A1) =1, ¢ysxuus sexomos 0(0,00=0, 5(0,1)=1,
0(1,0)=0, 6(1,1) =1. Tipn sxomsom curnane X, =0 B cocrosunu , =1 aBTomMar BELIAET

BBIXOJHOW CUTHAI-...
OTBET:1

9. 3aman asromar A= X;Q;Y;A(X,Q);0(X,q) - onement 3anepxkku (MEMEHT ma-
mamn): X = 0,1, Q= 01, Y= 0,1, ¢pynxuus nepexomos A(0,0)=0, 4(0,1)=0,
A@L0)=1, A(L1Y)=1 ¢ysxuus sexomos 0(0,0)=0, o(0,1)=1, 6(1,0)=0,

0(11) =1. Mpu sxomnom curnane X, =1 B cocrosunu @, =0 aBTOMAT BHIIAET BHIXOIHOM

CUTHAI-...
OTBET:0

10. Asromar A= X;Q;Y;A(X,Q);0(X,q) - snement 3amepikku (dMeMEHT mams-
m): X = 01, Q= 01, Y= 01, o¢ynkuus nepexonos 2(0,0)=0,

2(0,1)=0,4(L,0)=1, A(,)=1, ¢ysxmus sexomos  0(0,0)=0, 5(0,1)=1,
0(1,0)=0, 6(1,1) =1. ITpu BxoaHOM curHaie X, =0 u3 cocrosuus 0, =1 aBromar nepexo-

IUT B COCTOSIHUE- . ..
OTBET:0

11. 3agan xomeunsii aromar A= X;Q;Y;A(X,Q);0(X,q) - (snement nams-
m:X=01, Q=01, Y= 0,1, dyuxums nepexomos 4(0,0)=0, A4(0,1)=0,
A@L0)=1, A(L1Y)=1 ¢ysxuus sexomos 0(0,0)=0, (0,1)=1, 6(1,0)=0,
0(1,1) =1. Mpu Bxoanom curnane X, =1 u3 cocrosrms ¢, =0 aBTOMAT NMePeXOMUT B COCTOS-

HUe-...
OTBET:1
3.16.3 Pe3yabTaThl M BHIBOABI: B PE3YJIbTATE IPOBEJECHHOIO 3aHATHSI CTYIECHTBI:
- OCBOMJIM MOHATHA KOHEYHOI'O aBTOMAaTa, CIOCOObI 33/laHUsl KOHEYHOTO aBTOMAaTa, MPUMEpBI
KOHEUHBIX aBTOMATOB, BUJIbl aBTOMATOB;
- IpHOOpeNIN YMEHHS U HaBBIKU PELICHUs MPOCTEHIINX 3a/]ay 10 TeMe «ABTOMATbI».
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3.17 llpakTuyeckoe 3ausaTue Nel7 (2 gaca).
TeMa: «Mcuncnenne BeICKa3bIBaHUN U MMpEaUKaTOB. MaremaTudeckue (q)OpMaHI)HI)IG aKCI/IOMaTI/I‘leCKI/IC)
TCOPHUHU IIEPBOro MOPAIKaA»

3.17.1 3ananue nas padoThI:
1. ®opmanbHbIE CUCTEMBI.
2. Ucancnenue BHICKa3bIBAaHUH.
3.17.2 KpaTkoe onucanue nNpoBOIHMOIO0 3aHATHUS:
1. ®opmanbHbIE CUCTEMBI.
2. Vcuucnenue BbICKa3bIBaHUIL.

@dopManbHbIE CUCTEMBI - 3TO CUCTEMBI Olepaluil Hajl 00beKTaMH, IOHUMAaEeMbIMH KakK IO-
CJIEIOBATENIbHOCTh CUMBOJIOB (T.€. Kak clioBa B ()MKCHPOBAHHBIX ai(aBuUTax), caMu ONEpALUU
TaKKe SBJSIOTCS onepauusMy Haja cumBojamu. TepMmuH "dopmanbHbI" MOAUEPKUBAET, YTO
O0OBEKTHI U ONEpalui HaJl HUMH PacCMaTPUBAIOTCS YUCTO POpPMaJIbHO, 6€3 KaKuX Obl TO HU OBI-
JIO coJiepKaTeNNbHbIX MHTEpIpeTauuii cuMBoJIoB. [Ipennosaraercs, 4ro Mexay CUMBOJIAMU HE
CYIIECTBYET HMKAaKUX CBA3€H M OTHOILIEHUH, KpOME Te€X, KOTOpPbIE SBHO ONMCAHbI CPEACTBAMHU
camoit (opMaIbHON CUCTEMBI.

Hcropuuecku Teopust popMaibHBIX CUCTEM, TaK K€ KaK U TEOPHS aITOPUTMOB, BOSHHUKIIA
B paMKaM OCHOBAaHMW MaTeMAaTUKH IMPH HCCIEJOBAHUM CTPOCHHUS aKCMOMATUYECKUX TEOPHM U
METO/I0OB JIOKa3aTelIbCTBAa B TaKUX Teopusix. Beskas TouHas Teopus ompenensercs, BO-IEPBbIX,
SI3BIKOM, T.€. HEKOTOPBHIM MHOKECTBOM BBICKA3bIBAHUM, UMEIOIINX CMBICI C TOUKH 3PEHHUS ITON
TEOPUHU, U, BO-BTOPBIX, COBOKYITHOCTHIO TEOPEM - MOJAMHOKECTBOM SI3bIKa, COCTOSIIIIUM M3 BbI-
CKa3bIBaHUI, ICTUHHBIX B JAHHOU TEOPHH.

B MaremaTnke ¢ aHTUYHBIX BPEMEH CYIIECTBOBaJl 0Opa3el] CUCTEeMaTHYeCKOro MOCTpoe-
HUS TeOpHUH - reoMeTpusi EBKiMia, B KOTOPO BCe MCXOHBIE MPEANIOCEUIKA C(POPMUPOBAHBI 5B-
HO, B BUJIE aKCHOM, a TEOPEMBI BBIBOAATCS U3 3THX AKCHOM C MOMOUIBIO IENOYEK JOIMYECKUX
paccyXJeHHI, Ha3bIBa€MbIX J0Ka3zaTeabcTBaMu. OJHaKo, 0 cepenvHbl 19 Beka MaremaTuye-
CKHE TEOpHH, KaK IPaBUJIO, HE CUUTAIM HYKHBIM SIBHO BBIJIEJIATH BCE MCXOJHBIE MPUHIIMIIBI,
KPUTEPHH K€ CTPOTOCTH JI0KA3aTEIbCTB U OUEBUIHOCTH YTBEPXKICHUI B pa3Hble BpeMeHa ObLIH
pa3UYHBIMU U SIBHO HE (POPMYIHpPOBAINCE. BpeMs OoT BpeMeHH 3TO MPUBOIMIO K HEOOXOAUMO-
CTHU MEepecMOTpa OCHOB TOW MM MHOM Teopuid. M3BecTHO, Hanpumep, 4YTo OCHOBaHMs Audde-
PEHIIMATILHOTO M MHTETPAJIbHOTO CUUCIICHUS, pa3paboTaHHbX B 18 Bek HrtoroHom u JlelOHuU-
uem, B 19 Beka noaBepriiuce cepbE3HOMy MepecMoTpy. MaTemMaTnyeckuil aHajlu3 B €ro coBpe-
MEHHOM BHjie onupaeTcs Ha pabotsl Komu, boibuano u Beifepiirpacca no reopuu npenienos.

B xonue 19 Beka Takoll nepecMOTp 3aTpoHYJ OOIIME MPUHLIMIIBI J0KA3aTEIbCTB B MaTe-
MaTHUYECKUX TEOPUAX. DTO MPUBENIO K CO3/IaHHIO0 HOBOM OTpaciii MaTeMaTHKH - OCHOBaHUI Ma-
TEMaTHKH, IPEAMETOM KOTOPOM U CTaJI0 MOCTPOEHUE TeOpuUil, YTOObI B HUX HE BO3HUKAJIO MPO-
tuBopeunid. OqHON U3 QyHIAMEHTANBHBIX UAEH, Ha KOTOpPbIE ONUPAIOTCS MCCIEI0BAHUs 110 OC-
HOBAHMIO MaTeMaTHKH, SBJsIETCA uaest GopManu3aluu Teopuil, T.e. MOCIeA0BaTEILHOIO MPOBe-
JICHUs1 aKCMOMAaTHYECKOTO METO/Ia IOCTPOEHHs TEOPUH.

[Ipu sTOM He JOIyCKaeTcs MOJIb30BAThCA KAKUMU-IUOO MPENNoI0KEeHUAMU 00 00BbEeKTax
TEOpHUH, KPOME TE€X, KOTOPbIE BBIPAKEHBI SIBHO B BUJIE AKCHOM; aKCHOMbI PacCCMaTpPUBAIOTCS KaK
(opMaibHBIE TOCIIEAOBATENILHOCTH CUMBOJIOB ( BBIPA)XKEHUS), a METOMAbI JOKa3aTelIbCTB— Kak
METO/IbI NOJIyYEHHUS OJJTHUX BBIPAXEHUH U3 JPYTUX C MOMOILIBIO ONlepaluii Haj cuMBoiaMu. Ta-
KOH MOJXO0J rapaHTUPYET YETKOCTh MCXOAHBIX YTBEPKIAECHUN U OJHO3HAYHOCTb BBIBOJOB, OJHA-
KO MOXeET CO3JaThCsl BIIEYATIIEHUE, YTO OCMBICIEHHOCTh W HMCTHMHHOCTH B (popManu3oBaHHOMN
TEOPHUH HE UIPAIOT HUKAKOM posii. BHeIHe 3TO Tak, 0JHAKO, B I€HCTBUTENBHOCTH U AKCHOMBI U
IIpaBUJIa BBIBOJA CTPEMSTCS BBIOMPATh TaKUM 00pa3oM, YTOObI MOCTPOEHHON € MX MOMOIIBIO
(opMasIbHON TEOPUU MOXKHO OBLIO MPUIATH COJIEPKATEIbHBIN CMBICIL.

bonee koHKpeTHO gopmanvhas cucmema (MU ucuucienue) CTPOUTCS CIEIyIOLUM 00pa-
30M.
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1. Omnpenensercs HEKOTOPOE CUETHOE MHOXECTBO CHMBOJIOB, T.€. MHOXKECTBO, 3JIEMEHTHI
KOTOPOTO MOTYT OBITh B3aMMHO OJIHO3HAYHO COIIOCTaBJIEHBI 3JEMEHTaM HaTypaJbHOTO psijia
1,2,..N, xotopeie Ha3biBacTCcs TepMamu. MMeercs Apyroe KOHEYHOE MHOXKECTBO CHMBOJIOB,
3JIEMEHTHI KOTOPOT'O HA3bIBAIOTCS CBSI3KAMU WJIM orepanusMu. HakoHell, CyliecTByeT KOHEUHOE
MHOKECTBO BCIIOMOTaTEIbHBIX CUMBOJIOB. KOHEUHbBIC IMOCIICIOBATEIILBHOCTH CHMBOJIOB Ha3bIBa-
FOTCSI BEIPOKCHUSMH TAaHHOW CHCTEMBI.

2. Onpenensercss MHOICeCmB0 hopmyI, VIH TPABUIBHO MMOCTPOCHHBIX BBIPaXKECHUM, 00pa-
3YIOIIIEE SI3bIK TEOPUHU. DTO MHOXKECTBO 33JIa€TCSl KOHCTPYKTUBHBIMU CPEJICTBAMH (KaK MPaBHUJIO,
WHJIYKTUBHBIM OTpPENIEICHUEM) H, CJIEI0BATENIbHO, NepedrucianmMo. OObIUHO OHO U Pa3peIIumo.
Jia npaBwiibHO nocTpoeHHbIX (opmyn (IIIID) 3amaroTcst nmpaBuia UX KOHCTPYHMpPOBaHUS, T.€.
onpenensercs 3pdexTuBHAS MpoIeaypa, ¢ TOMOIIBIO KOTOPOU 10 TaHHOMY BBIPKCHUIO BBISIC-
HSIETCA, SIBIISIETCS U (popMysia MPaBUIBLHO MOCTPOSHHOM B NaHHOK (opmanbHoii cucteme (PC)
unu HeT. Dopmyna, g KOTOPOHM CYIIECTBYET Takas MPOIEaypa, HA3bIBACTCS pa3pelinMoi B
nanHot ®C, B MpOTUBHOM ciydae HepaspemuMoi. MlHaue roBopsi, A1t Hepa3pemmrMbIXx GopMyIT
HEJB3s1 TIOCTPOUTH AJITOPUTM BBISICHEHUS CBOMCTBA (OpMYIBI OBITH TEOPEMOM, ISl ITOTO Tpe-
OYyIOTCsl BCE HOBBIE M HOBBIE O3apeHHs (M300peTaTeNbCTBa), HE MO Iaronuecs GopmMann3aiuu.

3. Beigensiercst moaMHOKeECTBO Gopmyi, HazbiBaeMbIx axcuomamu OC. Tak ke Kak u s
[II®D gns akcuoM AO0JKHA UMEThCS MPOUEAYPa, MO3BOJIAIONIAS ONPEACIINTS, apiserca u [1T1D
akcuoMoi wii HeT. [loIMHOKECTBO MOXET ObITh U OSCKOHEYHBIM, BO BCSKOM CiIy4ae, OHO
JOJI’KHO OBITH pa3perIumo.

4. 3anmaercs koHeyHoe MHOkecTBO Ri, R Rk ornHomenuit mexnay INI1®D, HazpiBaeMbIx
npaBuiiaMu BbIBoAa. JlopkHa umeThes 3¢d@dEeKTUBHAS Mpoleaypa, MO3BOJISIONIAS s TPOU3-
BOJIBHOW KOHEYHOU mocienoBareabHOCTH [II1D pemuTh, MOXKET M KaXIblil WICH 3TOW Mocie-
JIOBATEIHLHOCTH OBITh BBIBEJICH C TTOMOIIBIO KOHEYHOTO YHCIIa MTpaBUil BeIBOA. [IpaBuio BeIBOIA
R(F1, ..., Fn, G) —3T0 BhIUMCIMMOE OTHOIIICHHE HA MHOXecTBe Ghopmyi. Eciau dpopmysnsr Fy, ...,
Fn, G Haxonsarcs B otHomeHHH R, To popmyna G Ha3bIBaeTCs HenocpedCmeeHHO 8b1800UMOU N3
Fi, ..., Fn mo mpaBuny R. Yacto npasuio R(Fi, ..., Fn, G) 3anuceBaercs B Buze (Fy, ..., Fn)/G.
®opmynbr Fi, ..., F, HaseBatorcs nocouikamu mipaBuna R, a G—ero crnencrtBuemM WM 3a-
koueHuem. IIpuMepsl akCMOM | MPaBHJI BBIBOA OYAYT MPUBEICHBI HECKOJILKO MO3/HEE.

Bwvisooom Gopmynel B u3 hopmyn Ay, ..., Ay Ha3bIBaeTCs MOCIEA0BATEIBHOCTD opmyit Fi,
..., Fm, Takas, uto Fy, = B, a mo6as Fi(i = 1,...,m) ectb 1160 akcuoma, 1100 OJHA U3 UCXOTHBIX
dbopmyn Ay, ..., An, THO0 HEMOCPEACTBEHHO BBhIBOAMMA U3 dopmyin Fi, ..., Fiy (Mm kakoro-to ux
MMOJIMHO’KECTBA) TI0 OJTHOMY M3 MpaBmJI BeiBoJia. Eciu cymecTByeT BoIBOI B u3 Ay, ..., An, TO TO-
BOPAT, 4TO B 6v1600uma n3 Ay, ..., An. DTOT (hakT o003HavaeTcs tak: Ayg,...,An |—B. dopmyibr Ag,
..., An Ha3BIBAIOTCS TUTIOTE3aMH WJIM MTOChUIKaMU BbIBOJIA. [lepexon B BeiBoje oT Fig k Fi Ha3bI-
BaeTcs I-M wazom 6vi600da.

Jloxazamenvcmeom Gopmyinbl B B Teopun T Ha3bIBaeTCs BBHIBOJ B W3 IMyCTOTO MHOYKECTBA
dbopmyi, T. €. BEIBOJ, B KOTOPOM B Ka4eCTBE MCXOAHBIX (POPMYJI UCIIOIB3YIOTCS TOJIBKO aKCHO-
Mbl. @opmyna B, A KOTOPOH CYIIECTBYET A0Ka3aTelIbCTBO, Ha3bIBaeTcs GopMysod, doxkazye-
moti B Teopun T, unu meopemotui Teopun T; Gaxt nokazyemoctu B o603HauaeTcs |-B.

OueBUAHO, YTO MpUcoennHEeHUEe (POpMyNl K TUIIOTE3aM HE HapyliaeT BHIBOAUMOCTH. Ilo-
ITOMY eciu |-B, 10 4 |-B, u ecnu A, ..., An |-B, 10 Az, ...y Any An+1 |—B I 001X A 1 An+1.
[TopsoK THIOTE3 B CIMCKE HECYIIECTBEH.

Hampumep, ecnu yaanocs noctpouts BeiBOA B u3 Ay, ..., Ay, TO 3JI€eMEHTHI IOCIIEIOBATEIb-
HoctH [IT1D Ay, ..., Ay Ha3bIBAIOTCS MOCHUIKAMU BhIBOJA (Uiu TUnoTe3amMu). COKpaIieHHO BBIBO
B usz Ay, ..., A, 3amnuceiBaercda B BUae Ay, ..., Aq |-B, w ecnu ['= {Ay,.., Ap} To T’ |-B. Hanowm-
HuM, uTo BbIBOJ I1I1M Oe3 mcmoibp30BaHMs MOCHUIOK ecTh AokasarenbcTBo [IIID B, a cama B —
T€OpeMa, M 3TO 3aMHUChIBACTCS |-B.

3.17.3 Pe3yabTaThl M BBIBO/IBI: B PE3YIIbTATE MPOBEACHHOTO 3aHATHUS CTYICHTHI:
- TO3HAKOMIJIUCH C TIOHSTHEM (POPMAIBLHON CUCTEMBI, HCTOpUEH BO3HUKHOBEHUS MOHATHS (HOp-
MaJIbHOM CHUCTEMBI, IPUHIUIIAMHU TOCTPOCHHUS.
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4. METOAJUYECKUE YKA3AHUA
O IMMPOBEJEHWIO CEMUHAPCKHX 3AHATUIA
CemuHapcKue 3aHATHS HE TPEYCMOTPEHbI pab0uuM yueOHBIM IIIAHOM.
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