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1. PABOYASA ITPOI'PAMMA

MATEMATHYECKAS JIOTUKA U TEOPUSA AJITOPUTMOB

no cnenuanbHoctu 010501.65 «IIpukiaagHas MaTeMaTHKa U HHPOPMATHKA»

CHCIHATH3AIINS «MaTeMaTHYecKoe MOIeJIMPOBAHUE
KBanudukarus (CTeneHb) BbITYCKHUKA MaTeMaTHK, CHCTEMHBIH POrPaMMUCT
Kypc4  Cemectp 8

Jlekuuu 32 yaca  Dx3aMmeH 8 cemecTp

[TpakTueckue (cemuHapckue) 3ansatus 32 yaca.
CamocTtosTtenbHas paboTta 46 yacoB

O6mmas TpyaoeMkocTs aucuuiuinasl 110 yacos

CocraBurens KBan Hatanbsa BaagumupoBHna, noueHt kagp. MAuM, K.T.H.
@aKyJabTeT MATEMATUKU U MHPOPMATHKH
Kadenpa mareMaTHYeCKOT0 aHAIH3a U MOIeJIUPOBAHUA

PabGouast mporpamMmMa cocTaBieHa Ha OCHOBaHMM ['OCynapCTBEHHOrO 00pa30BATEIHLHOTO
cranaapta BIIO no cnenumansHocty mno cneruanbHoctd 010501 «IIpuknagnas matematuka u

MH(OpPMaTUKA»



1.1.1EJA 7 3AIAYM OCBOEHMS JUCLHMILINHEI

LensiMu ocBOEHUST AUCHUTUIMHBI «MaTeMaTudecKas JJIOTUKa U TEOPHUs aJIrOPUTMOBY
SBIISIOTCS:
nojiyueHue 0a30BBIX 3HAHUM, YMEHUN U HABBIKOB [0 MAaTEMaTHYECKOW JIOTHKE U TEOPHH
QITOPUTMOB, a Takke (GopMUpOBaHHE OOMIEKYIbTYPHBIX U MPOPECCHOHAIBHBIX KOMIIETEHIUH,
HEOOXOUMBIX JUISI YCIEITHOTO TPO(EeCCHOHATLHOW ACSITENbHOCTH OYIYIIUX CIEIUATHCTOB;
JloctrxeHne 3Tux 1esei TpedyeT peleHus CiaeIyomx 3a1au:

®  u3ydyeHHe 0A30BBIX MOHATUNA MATEMATUUECKOW JIOTUKU U TEOPUU aJITOPUTMOB; OCBOCHHE
OCHOBHBIX IIPUEMOB PEUICHHS MPAKTUYECKUX 3a/1a4 110 TeMaM JUCIUILINHBI,

e npuoOpEeTeHHE OIbBITa MOCTPOCHUS MATEMaTHYECKUX MPEIJIOKEHUN HA S3BIKE JIOTHKU
MPEANKATOB;

® T[OArOTOBKAa K TMOWUCKY M aHaIu3y NPOPHIbHOW HAyYHO-TEXHUYECKOW HH(OpMaIuu,
HE0OXOIMMOM /JIsl pEelIeHNs KOHKPETHBIX Hay4yHO-HCCIEAOBATEIbCKUX U MPUKIATHBIX
3a/1a4, B TOM YHKCJIE TIPH BBIMOJIHEHUN MEXAUCITUTUTMHAPHBIX MPOEKTOB;

MIPUBUTHE OOIIEMATEMAaTHYECKON KYJIbTYPhl: YMEHHUE JIOTUYECKH MBICIUTH, TIPOBOIUTH
JI0Ka3aTeNIbCTBA OCHOBHBIX YTBEP)KIIEHUH, YCTaHABIMBATH JIOTMYECKUE CBSI3U MEXIY
MIOHSATUSAMH;

e (QopmMHupoBaHHE COIUAIBHO-INYHOCTHBIX KA4E€CTB CTYJIEHTOB: IEJICYCTPEMIIEHHOCTH,
OpPraHU30BAHHOCTH, TPYA0JI00MS, KOMMYHUKAaTHBHOCTH, TOTOBHOCTH K JIEATEIHHOCTHU B
npodeccHoHATbHOM  Cpelle, OTBETCTBEHHOCTH 3a MPHUHATHE NPO(ECCHOHATBHBIX
pelICHUIA.

1.2.MECTO JUCHUIIJIMHBI

Hucuunnmnza «MartemaThdecKas JIOTUKA U TEOPHS aJlTOPUTMOBY» BXOJUT B €CTECTBEHHO-
HAyYHBINA [IUKI AUCUHUIUIMH 110 BeIOOopy EH. B1.

[ToHsiTHA MaTeMaTUYECKOW JIOTUKH U T€OPUU AJITOPUTMOB, SA3bIK 3TOW JUCUUIUIMHBI M
METO/Ibl MCCJIEAOBAaHUS HEIOCPEACTBEHHO U OINOCPEIOBAHHO NPOHMKIM BO MHOTHE Pa3eiibl
€CTECTBO3HAHMS, MPOHU3BIBAIOT BCe (PyHIaMEHTaNIbHbBIE O0IeMaTeMaTHYeCKue Kypchl. MeTo b
MaTeMaTUYECKOM JIOTUKH UMEIOT YHUBEPCAIIbHOE 3HAUYCHHUE.

1.3. PE3YJbTATBl OBYUEHUS, ®OPMUPYEMBIE B PE3YJIbTATE OCBOEHMUSI
JUCHUTINHBI

B pesynbrare ocBOeHHUS JUCHUILTUHBI O0YJaOIMIACS J0JKEH JEMOHCTPUPOBATh CIEAYIOIINE
pe3yabTaThl 00pa30BaHUS:

1) 3natp, 4TO MaTeMaTHU4ecKasl JIOTUKa - 3TO HayKa, KOTOpas ¢ OJHOW CTOPOHBI IPUMEHHUIIA
MaTeMaTHUYECKUEe METOJIbI ISl U3y4eHUs 00X CTPYKTYp ((hopM) MpaBUIBLHOTO MBIIIJIEHUS, C
Ipyroi — MaTemMaTHdecKass JIOTMKa cJejaja IpeIMETOM CBOEro M3Y4YEHMS IpoLecC
J0Ka3aTelbCTBA MaTEMaTUYECKUX TEOpeM M CaMHU MaTeMaTU4YeCKHE TEOPUU; OCHOBHbBIE
MOHSTHS M PE3YJIbTATHI MO aredpe JOTUKHU, OyaeBbIM (QYHKIUSAM, UCUUCICHUIO BHICKAa3bIBAHUH,
JIOTUKE TPEIUKAaTOB, TEOPUU aITOPUTMOB; TpeOOBaHMs, MpPEIbsABISEMble K MaTeMaTUYECKOU
TEOpUHU B paMKaX aKCHOMAaTHYECKOT0 METO/A.

2) VYmerp: pemath 3ajauyd anreOphl JIOTMKW; pemaTh 3a4aydl BBIYUCIUTENBHOTO U
TEOPETUYECKOT0 XapaKkTepa Mo TeOpHH OyJeBbIX (QYHKIUH, CTPOUTH JI0KA3aTEIbCTBA U BBHIBOJ U3
TUIIOTE€3 Ha OCHOBE IIpaBWJI BBIBOJIa B paMKax MCUUCIIEHHS BbICKAa3bIBAaHUM, /10Ka3bIBATh
YTBEPKACHUS B UICUUCIIEHUN IIPEIUKATOB.



3) Biiagetb: S3bIKOM JIOTUKH IMPEAMKATOB ISl TOCTPOSHHSI MAaTEMATHYECKUX
NpeUIOKEHHH, HaBBIKaMU (OPMAaJIbHBIX JJOKA3aTENbCTB TEOPEM Ha OCHOBE IPABHJI BHIBOJIA,
npreMaMH KOHCTPYHUPOBAHUS aJrOPUTMOB JJIsl BBIYUCIUMBIX (PyHKIMK (MammHa TeropuHra).

1.4.CTPYKTYPA U COILEPXKXAHUE JUCHUIIJINHBI «MATEMATHUYECKASA
JIOI'NKA U TEOPUA AJI'OPUTMOB»

O6H.[af[ TPYAOECMKOCTb JUCHUILUIMHBI COCTABJIACT 80 Jacos.

Dopmsbl
TEKYIIETO
8 Buabl yuebHoit KOHTPOJIA
3)
No 2 2 paboThl, BKIIIOYAs | YCIEBAEMOCTH
o Paznen o 3 CaMOCTOSITEIIbHYIO (no nedenam
I, IUCUUATUINHBL 2 = paboTy CTyIEeHTOB cemecmpa)
© o U TPYAOEMKOCTh dopma
o (B yacax) MIPOMEXKYTOUHO
W aTTecTarumn
(no cemecmpam)
Jlex | Ilpa | Cam.
- K. pabo
UM | 3aHA | Ta
-THS
1 Anrebpa JIOTUKH 8 1-2 4 4 6 YO, 1113, M/,
CP, KP, TC
2 Bynessr pyHKIIIH 8 3-4 4 4 8 YO, TI]13, MU,
CP, TC
3 Hcuncnenue BrICKa3bpIBaHUI 8 5-6 4 4 8 YO, I113, M/,
CP, KP
4 Jloruka npenukaToB 8 7-9 6 6 8 YO, I1/13, M/,
CP, TC
5 Hcuncnenne npeaukaToB 8 10-11 | 4 4 4 YO, I113, M/,
CP, KP
6 MaremMaTrnyeckue Teopuu 8 12-13 | 4 4 4 YO, I1J13, KJI,
CP
7 | OCHOBBI TEOPHH AJTOPUTMOB 8 14-16 | 6 6 8 YO, 1143, M,
CP, TC
Htoro 16 32 |32 46

YO — ycrHbIi onpoc, [1/I3 — npoBepka nomamisero 3aganusa, M/] — MareMaTH4ecKuil JTUKTAHT,
CP — camocrositenbHass pabora, TC — TtectupoBanue, KP — kouTponbHas pabota, KJI —
KOJUIOKBUYM, /I3 — momanHee 3ananue, KII - koHCIEKT.

1.5. COAEPKAHUME PA3JIEJIOB U TEM JUCHUIIJINHBI
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5.1. JIexuun.

Jlexuust 1. [lonsitue BbICKa3piBaHUs. Jlormueckue omepanv HaJl BBICKA3bIBAHUSMH.
@opmynel  anreOpbl  JOrUKH. PaBHOCWIIBHBIE (opMynbl anreOpbl JIOTWKH. PaBHOCHIIBHBIE
npeoOpaszoBanus (GopmyIl. 3aKOH JBOMCTBEHHOCTH.

Jlexuus 2. [Ipobnema pazpemenus. CAH®, CKHO®. Tlpunoxxenus aireOpbl JOTHKH.

Jlekimss 3. byneBwl ¢ynkiuu. TaOmuusblid crmoco® 3amaHus OyJeBBIX (YHKIIHM.
CymiecTBeHHbIE U (UKTUBHBIE TIepeMEHHbIe. DKBUBAJIIEHTHOCTH GopMyil. Pasnoxenue GpyHKImit
0 TIEPEMEHHBIM. DJIeMeHTapHble GyHKIMU U uX cBoiictBa. CIIH® u CKHO®.

Jlexums 4. Ilomubie cuctemsl dyakuuid. [lomunom XKerankuna, nmpeacrabienne GyHKIANA
NOJMHOMAaMH. 3aMblKaHHe. 3aMKHYTble Kiacchl. Jlunelnsle ¢ynkimu. CaMoIIBOMCTBEHHBIE
¢ynkuuu. [puHnun nBolicTBeHHOCTH. MOHOTOHHBIE QyHKIMU. Teopema O HEMOIHOTE CUCTEM
¢GyHKIMI anredpsl Joruku. IlpuMenenue OyneBbIX QYHKUIMN JIJIs1 CUHTE3a PEIeHO-KOHTAKTHBIX
cxeM. CxeMbl uX (YyHKIIMOHAJIBHBIX SJIEMEHTOB.

Jlexuus 5. [lonsitue Gpopmysbl UCUUCIICHUS BbICKa3biBaHW. OnpeneneHue A0Ka3zyeMoil
dbopmynsl. [IponsBoaHbIE TpaBUIia BEIBOIA.

Jlexuus 6. [Tonsitue BeiBoguMoctu popmyin. [Tonsitue BeiBona. IlpaBuiia BEIBOZUMOCTH.
CBs3p Mexay ainreOpoil BBICKAa3bIBAHUNW W UCYMCICHHEM BbICKa3biBaHWid. [IpoOiembl
AKCHOMaTHUYECKOI'0 MCUNCIIEHMSI BbICKAa3bIBAHUM.

Jlexuus 7. Ilonsatue npenukara. Jlorndeckue onepauuu Haja npeaukatamu. KBaHTopHbIE
ornepauuu. Ilonarue ¢GopmMynabl JOTHKH TpeauKkaToB. PaBHOCWIBHBIE (OPMYIBI JIOTUKH
IIPEIUKATOB.

Jlexuus 8-9. IlpenBapennas HopMmanbHas (popmyna. OOIE3HAYMMOCTh U BBIMOJTHUMOCTh
dbopMyn. ANTOpUTMBI pacrlo3HaBaHHs OOIIE3HAYUMOCTH (OPMYT B UACTHBIX CIIydasx.
[IpuMeHeHune A3bIKa JOTUKU MPEAUKATOB JUISl 3aIIMCH MaTEMAaTUYECKUX MTPEAJIOKEHUM.

Jlexuus 10-11. Mcuncrnenne npeaukaros.

Jlexuus 12. f3pik mepBoro poma. Tepmbl u (opmynbl. Jlorndeckue u crieruaibHBIE
akcuoMbl. [IpumMepsl Mmarematuyeckux teopuil. JlokazarenbcTBa B Teopur. Teopema NeAyKIUH.
WNutepnperarnus s3pika Teopun. M3omopdusm nnTEprpeTaum.

Jlexuusa 13. Kareropuunocts Teopuu. IIpoOrembl HENMPOTHMBOPEUHMBOCTH, IOJIHOTHI,
paspemmMocTu Teopun. Teopus HaTypanbHbBIX 4ncen, Teopema I'eens o moamHome.

Jlekuuss 14. IloHsiTMe anropuT™Ma M €ro XapakTepHble uepThl. Paspemumelie u
MEPEeYUCIUMbIE MHOXKECTBA. YTOUYHEHHE TOHATHUS AalropuTMa. Beuuciaumbie (QYHKINU.
YacTUYHO PeKypCUBHBIC U OOIIEpEeKYPCUBHBIE ()YHKITUH.

Jlexumsa  15-16. Mammna  Teropunra. HopmanbsHble — anroputMbsl  Mapkosa.
Hepaspeummbie anropuTMudeckue npooieMsl.

5.2. IlpakTuyeckue 3aHsATHSL.
[TpakTuueckoe 3austue 1. Anredpa BhICKa3bIBAaHHIA.

[TpakTnueckoe 3ansATHE 2. Pelienne J0ruueckux 3aaad.
[TpakTuyeckoe 3anstue 3. bynaeBsl GyHKINN.
ITpaktnueckoe 3ansatue 4. CJH®, CKH®, ux npumMeHeHue.
IIpakTnueckoe 3ansaTue 5. Kitaccbl 3aMKHYTOCTH.
[TpakTrueckoe 3austue 6. [lomHble cuctemMbl GyHKIUH.
Kontponbnas padota Nel.

[TpakTnueckoe 3ansTue 8. McunciaeHune BbICKa3bIBAHUM.
[TpakTuaeckoe 3ausatue 9. Jlokazyembie Gopmysbl.
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[IpakTnueckoe 3anarue 10. BeiBoa u3 rumnores.

ITpakTnueckoe 3anstue 11. [IpeaukaTsl 1 KBaHTOPHI.

[TpakTrueckoe 3ansaTue 12. 3anuch MaTeMaTUYECKUX MIPEIIOKEHUHN HA A3BIKE ITPEIUKATOB.

[TpakTnueckoe 3ansatue 13. Mcuncienne npeaukaTos.

KonrpomnbHas padora Ne2.

[IpakTuueckoe 3ansatue 14. OCHOBBI TEOPUH AIITOPUTMOB.
[TpakTrueckoe 3austue 15. YacTuyHO peKypcUBHBIE U 0OlIepeKypCUBHbBIC (YHKIUH.
[IpakTuueckoe 3anarue 16. Mammna Trropunra.

1.6. CAMOCTOSATEJIBHAS PABOTA

No Ne paznena .
L (Temb1) dopma (BI{;{) Tpynoémko
CaMOCTOSITEIIbHOM PabOTHI Th B 4acax
JUCITUTLTAHBI

1 2 N3 «Anredpa JIOTUKN» 2

2 3 N3 «Jlornueckue 3amaum» 2

3 3 KII «IIpumenenne CAH® u CKHO® k pemienuo 2
JIOTHYECKUX 337124

4 5 N3 «bynessl pynkuuu. Kiaccel 3aMKHYTOCTH 3

5) 5 KII «Knacchl 3aMKHYTOCTH 3

6 6 KII «K-3Ha4yHbIe JIOTUKID 2

7 7 KIT «Jloka3zatenbCcTBO MPOU3BOIHBIX TTPABUIT 4
BBIBOJIa»

8 8 N3 «Mcuncnenue BbICKa3bIBAHUN» 4

9 9 KII «IIpenBapenHas u mpeHeKcHasi HOpMaJIbHbIE 2
bopMBbI»

10 10 N3 «Jloruka npenukaToB» 6

11 11 KII «Meroa pe3zomtonniin» 2

12 12 N3 «Mcuncnenne BHICKa3bIBAHUN 2

13 13 KIT «AxcuoMaTH4eCKHUII METOI 4

14 14 N3 «MamnHa TeropuHra» 4

15 15-16 N3 «Borunciaumplie GyHKITUN 4
BCEI'O 46




1.7.0BPA30BATEJIBHBIE TEXHOJIOI'NA
OOpa3oBarebHbIC TEXHOJIOTHH, KOTOPbIE OOECIIEYMBAIOT JOCTHIKEHHE IJIAHUPYEMBIX
pe3ysIbTaTOB OOYYCHHsI COTJIACHO OCHOBHOHM 00pa3oBaTeNbHOW MporpamMme, IMPeICTaBICHBI
TaOJIULIEN.
Memoowr u popmer opeanuzayuu obyuenus (POO)

DOO
[Ipaktnueckue | CamocT.
Jlexknuu
3aHATHUSA pabora
Metonsl

IT-MeTOOBI X X

Pabora B komanze X X

ITouckoBEI MeTOT, X X X

[IpoekTHBII MeTO X
HccnenmoBaTenbCKUH METOT X X X

Jlis JoCTHKEHMsI TOCTABIICHHBIX IIeNiel MpenojaBaHus AMCLHUIUIMHBL PEaTU3yIOTCS
CJICYIOIINE CPENICTBA, CIIOCOOBI M OPTaHU3AIIMOHHBIE MEPOTIPHSTHSI:
— U3yuYeHHUE TEOPETHUYECKOro MarepHala AUCHUILUIMHBI Ha JICKIINAX;
— CaMOCTOSITENIbHOE M3YyYeHHE TEOPETHYECKOro MarepHhalia JUCIUIUIMHBI C HCHOJIb30BaHHEM
Internet-pecypcoB, nHpOpMaLIMOHHBIX 0a3, METOAUYECKUX Pa3pabOTOK, ClieMaIbHON yueOHON 1
Hay4HOH JINTEPATYpBHI;
— 3aKpeIUIeHHE TEOPETHYECKOro Marepuana MpH MPOBEIECHUM NPAKTHYECKUX 3aHATHI,
BBITMIOJTHEHUS] UHIUBUyaIbHBIX 3aJaHUN.

1.8.O0HEHOYHBIE CPEJACTBA AJISI TEKYIIEI'O KOHTPOJISA YCIEBAEMOCTHU,
MPOMEXYTOYHOM ATTECTAIIUU IO UTOI'AM OCBOEHUSA JTUCIHUILINHBI
M YYEBHO-METOJAYECKOE OBECHHEYEHUE CAMOCTOSATEJLHOM PABOTHI
CTYAEHTOB

Teoperudeckne BOMPOCH! K IK3aMEHY

1. Jlornyeckue onepanyu U UX CBOMCTBA.

2. PaBHOCHIIBHOCTE (hOpMYIL.

3. 3aKOH JIBOMCTBEHHOCTH.

4. [Tpobnema pasperieHus.

5. CAH®, CKHO.

6. [TonsiTre GpopMybl UCUUCITICHHS BBICKa3bIBAHUM.

7. Omnpenenenre BEIBOJIUMBIX (HOPMYIL.

8. Teopema neayKium.

9. [IpaBuia ucunciaeHus BbICKa3bIBAHUM.

10. DKBUBAJICHTHOCTH (pOpMyII.

11.  HempoTHBOPEYMBOCTb UCUUCIIEHUS BbICKA3bIBAaHUH.
12.  TlomHOTa MCYUCIICHUS BBICKA3bIBAHUH.

13. HesaBUCHUMOCTH aKCHOM MCUYHUCIICHUS BBHICKA3bIBAHUH.
14. [Ipeaukarsr.

15.  KBanTOpSI.

16. Jlornueckue oneparyu HaJI MpeauKaTaMH.

17. DopMyITBI JTOTUKH MPETUKATOB.

18. OO6111e3HaYUMOCTh ¥ BBITIOJTHUMOCTH (hOPMYJI.

19.  MaremaTuyeckue TEOPHH MEPBOTO MOPSIKA.
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20.  IIpumepsl MaTeMaTHUYECKUX TCOPHI.

21.  JlokasareiabCTBO B TEOPUHU.

22.  Teopus HaTypaJbHBIX YHCEIL.

23.  Teopema ['enenst o HemomHOTE.

24.  TloHsATHE aNTOPUTMA U €ro XapaKTEePHBIC YEPTHI.

25.  Breruuciaumeie pyHkimu. YacTHYHO peKYpPCUBHBIE U OOIIEPEKYPCUBHBIC (DYHKITHH.
26.  Mamunsl Teropunra.

27.  Hopmanpnbie anropuTMbel MapkoBa.

28.  Hepaspemmumebie aropuTMHUECKHUE POOJICMBI.

DK3aMeHaIMOHHas paboTa MOXKET OBITh OPraHM30BaHA B BHJIE TECTA.

TECT UTOI'OBOI'O KOHTPOJIA JlJIA CTYAEHTOB 4 KYPCA
110 MATEMATHYECKOMH JIOTUKE U TEOPHUH AJITOPUTMOB
JJIA CIIEL]. 010101 — MATEMATHKA
WNuctpykuus nj1s cTyieHTa
Tect comepxut 25 3amanuii, u3 Hux 20 3amanuii — yacte A, 5 3amanuii — yacts B. Ha ero
BbITIOJIHEHHE OTBOAMUTCS 120 Munyt. Ecnu 3aganue He ynaercs BBIOJIHUTH Cpasy, MeperanuTe K
cienyroomeMmy. Ecnu ocraHercss Bpems, BEpPHUTECh K TMPOMYIICHHBIM 3aqaHusM.  BepHo
BBLINTOJIHEHHEIE 3a0aHus yacTu A ouenuBaroTed B 1 6am, yactu B — 2 Oana.
1 BapuaHT
Yacts A
K xaxaomy 3aganuio 4actu A JaHbl YEThIPE OTBETA, U3 KOTOPBIX BEPHBIMU MOTYT OBITH
HECKOJIbKO. BBITIOTHUB 3a/1aHne, BEIOEpUTE BEPHBIN OTBET M YKAKUTE B OJJAHKE OTBETOB.
1. Tabmuuen | y y WCTUHHOCTHU 33/1a€TCS ONepanus:

0/0]1
010
1]01
HX>Yy: 2 1/1]0] XAY; 3) X<>V; 4) x4 y.

2. Cpeny npuBEICHHBIX PaBHOCUIBHOCTEH BBIOpAaTh HEBEPHBIE:

1) Xv—x=0; 2) XAX=X;3) XA (yvXx)=y; 4) —(XVvYy)=—XVv-y.

3. ®opmyna amre6psr noruku (X —> (Y —>2)) > ((X—>y) > (X—>2)) ssasercs:
1)o0mie3HaunmMoii; 2) BBIMOJIHUMOMN; 3) ONpOBEPKUMOI; 4) HEBBITOIHUMOM.

4. Tlocnenuuii cron6en TabuIbI 3HaYeHui 11 6ysesoit hynkuun (X — (Y Vv Z)) dx

MMeeT BU:
1) (01011100):2) (11111111):3) (00000000):4) (11011011).
5. OnpenenuTsh GopMyTy ABOHCTBEHHYIO AaHHOH dopmyrne X-1v Y- (z v 0) v X - )_/ 7
1) (XVY)Z;2) XVY-ZVX-Y-2;3) Xy v Z(XV YV Z);4) XyvZ.
6. CIH® ¢ynxmuu  f (X, Y, z) = (10100001) umeer Bu:
1) (Xy2) v (Xyz) v (Xyz) v (xy2) v (XyZ) ; 2) (XYZ) v (XyZ) v (XyZ);
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3) (\yz) v (xyz) v (XyZ); 4) (X¥Z) v (XyZ) v (Xyz) v (XyZ) Vv (XyZ).

7. CKH® dynxmm (X V Y) —> Z umeer Bux:

D (XvYyvZIvI)IXvYVvZIXvYVvZ);2(XvyvZDXvYvIXvyvI),;

) (XvYyvDXVvYVvZII(XvYVvZ)(XvYyvZ);d) (XvyvzZ)(XvyvXvyvVvI).
8.Cpett TanHBIX byHKIMI BHIGPATH HOMepa dyHKIHi 13 Kiacca To:

DX (Y —>(Z—>X);2) xyvyzvzt:3) (X y) < z;4) (01010011).

9. Cpesm manmpix byHKiHil BEIGPaTH HOMepa hyHKImii 13 Kiacea Ti:

DNX®Y)v(Z®xX) v (yDz);2) (11111001); 3) (X ® y) A Xz ; 4) (00010010).

10. Cpeut naHHBIX GyHKIHil BHIOGPATS HOMepa hyHKIIT W3 Kiacca S:

1) XVY;2) Xyvyzvix;3) x®y®z®l,; 4) (1010101000110110).

11. Cpenu nannbix GyHKIMN BEIOpaTh HOMepa GyHKIUH 13 Ki1acca M:
1) XvY;2) (X®@Y)(X<>Y);3) X—=>(X—>Y); 4) (0110).

12. Cpenu nanubix QpyHKIHMA BEIOpaTh HOMEpa GyHKIMN U3 Ki1acca L:

1) Xy;2) X— y @ Xxy; 3) (1001011001101001); 4) X —> (X —> Y).
13. Cpenu gaHHBIX cucTeM (PYHKIMH yKa3aTh HOMEpa MOJHBIX

1) {01};2) (XA Y, XV ¥}i3) Xy, XV Y, XDy D zD1}; 4)
{Xy, XV Y, X®Y, Xy ® yz ® zx}.

14. Cpenu npuBeCHHBIX MPaBWJI BBIBOAA BEIOPATh MPABUIIO KOHTPIIO3UIMH:

) \—A—>B,\—B—>C_2 \—A—>B_3 -BJ-B—>C 4)—A—>B
~A>C \—§_>Z\’ ~c " 7A->B
15. Ha maoxectBe M={1, 2, 3, ..., 20} 3aganbl npeauKkatsl A(x): «x HE AETUTHCA Ha S»; B(x): «x

— uetHOe umcio»; C(x): «x — uncao mpoctoey; D(X): «x KpaTHO 3». MHOXECTBOM HCTHHHOCTH
npemxara B(X) A D(X) ssasiercs:

1) {3,5,7,911131517,19}; 2){1,35,7,9,11131517,19};

3){1,5,7,11,1317,19}; 4) {1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20}.

16. Cpenu BbICKa3bIBaHUI BBIOPATh JIOKHBIE, IPU YCIOBUU, YTO 00JIACTh UICTUHHOCTH MpeAnKaTa

coBrajgaer ¢ R:

1)3X(X+5=x+8);2) Vx(X<0);
3)Ix((x € {2,5}) > (x? —6x+5=0)); 4)Ix((x € {2,3}) > (x* —6x +5<0)).
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17. Cpenu mpuBeIEeHHBIX PAaBHOCHUIIBLHOCTEH BbIOpaTh BepHbIE (popmyna H He COACPKHUT X

CBOGOIHO).

1)=(vVX)(P(x)) = (vX)(=P(x)); 2) (vX)(P(x) A Q(X)) = (VX)(P(x)) A (VX)(Q(X));

3) H A (VX)(P(X))=(3X)(H A P(X)); 4) H A (VX)(P(X)) = (VX)(H A P(x)).

18. YkasaTh TOXJECTBEHHO JIOKHBIE Mpeyioxkenus, eciau npemukar P(X,Y) onpenenen na

muoxectBe M =N x N u osnagaer « X < Y ».

1) IXVYP(X,Y);2) VYyIXP(X,Y); 3) VXVYP(X,Y); 4) IxIYP(X,y).

19. Cpenu TpebOBaHMIA K aNTrOPUTMAM OJIHO JIUIIHEE:

1) mpocToTa; 2) IeTePMUHUPOBAHHOCTD; 3) IMCKPETHOCTD; 4) pe3y/IbTaTHBHOCTb.

20. Kakoii aroput™ peanusoBaH cleayromeii MamuHoi Trropunra (A - mycToil cuMBOII)
Oy * —> o * 1> 04AR; 21— 1R g, * — g3ll; 031 —> g3ll; g4 —> qgAR?

1) oruncnenue gynkmuu T (X) = X +1; 2) Berunranue aByx uncern;

3) cnosxenue nByx umcen; 4) Beruncinenue Gynxmun T (X) =X —1.

Yacts B
1. Haiitu Bce HepaBHOCUIIbHBIE MEXKIY COOO M HE TOXIECTBEHHO JIOXKHBIC BHICKAa3bIBAHUS, JIJIS

kotopsix popmyma (X vY) — (X AY) apnstercs noruueckum crneacTsueM (3a HCKIIOUEHHEM
camMoit OpMyJIBI).

- A
2. Jloka3aTh NpaBUJIO BBIBOJIA .
-A—>B

3. Jlokasarsb ‘— A—>ANA.

4. Ha s13bIKe JIOTUKH MMPEANKATOB 3aIIUCATh OIPCACIICHUC TTOJIA.

5.Mammna Trropunra onpenensercss yHKIHOHAIbHON cXeMOi

Ju g2 03
Ao Q3111 Quao/l
1 Qaaoll 02171 z1I1
* Joao Qo JI Qs 11

[Mepepaborats cnoso 1111111,
KPUTEPUI OIIEHKU: otnmuno 26-30 GamioB, xopormo 19-25 Gaios, YIOBICTBOPHTEIBHO
14-18 6annos, HeynoBieTBoputenbHo 0-13 6amos.

Mamepuanvt 01 mekyweeco KOHMPOAs, UHOUBUOYATbHbIE U KOJIEKMUBHble 3A0AHUS
pasmeuenvt 8 YMKJ] no oannoii oucyuniune.
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1.9.VYEBHO-METOJINYECKOE W WH®OPMAIIMOHHOE OBECIHEYEHUE
TACIHATITAHBI

a) OCHOBHas JUTEpaTypa:

JIuxtapuukoB JI. M. Matemarudeckast JIOTUKa: Kypc JeKIui. 3aJaqyHuK- IPAKTUKYM:
yaeonoe nocobue/ JI. M. Jluxtapuukos, T. I'. CykaueBa.- 4-e¢ uznanue — CII10.: Jlans,
2009. - 277c.
Epmos 1O. JI. Marematudeckast noruka: yaeoHoe mocodue / 0. JI. Epmios, E. A.
[MomrotuH. — 4-e u3n., - CII10.: Jlaus, 2005.- 336c.
Urommun B. . Maremaruyeckas JIOTHKa B TEOPHUs AITOPUTMOB: y4. mocodue / B. U.
Urommd - 3-e u3a.- M.: Axkanemust, 2008.-448¢c

0) IOTIOTHUTEbHAS JIUTEPATYpA:
JlaBpoB U. A. MaTtemarunueckas joruka: y4. mocobue / M. A. JIaBpos, nox pea. JI. JI.
MakcumoBoii.- M.: Akagemus, 2006.- 240c.
[Honopes C. JI. MaremaTruyekas JOrHKa: Kypc JISKIIUH U MPaKTHUECKUX 3aHATHI: yU.
nocooue / C. JI. lllomopes.- CI16.:BXB- Ilerepoypr, 2007-410c.
'y A.K. Martemarndeckas oruka u teopust anroputmon./ A. K. I'ym. 2-e u3z., gom.-
M.: JIMBPOKOM, 2009.-117c.

B) MporpaMMHOE oOecrieueHre U MIHTepHEeT-pecypChl:

Ne HaumenoBanue pecypca Kpatkas xapakrepuctrka

1 | http://www.iglib.ru WuTepHer-6nbnmmoTeka 00pa3oBaTebHBIX H31aHUIH, B
KOTOPOH cOOpaHbl 3JIEKTPOHHbIE YUeOHUKH,
CIpaBOYHbIE U Y4eOHbIE 10COOUS. Y TOOHBII MOUCK MO
KITIOYEBBIM CJIOBaM, OT/I€JIbHBIM T€MaM U OTPACIsIM
3HAHUS

2 | DnexTpoHHas OuOIHOTEKA Caiit MockoBCKOTO Lentpa HenpepsisHoro

http://www.mccme.ru/ MaremaTrueckoro OOpa3oBaHUsI CTaBUT CBOCH IIEIBIO
COXpaHEHHME U pa3BUTHE TPAJUIMHA MaTeMaTHYeCKOro
o0pazoBaHusl.

3 | http://lwww.eqworld.ipmnet.ru/ | Yue6Ho-00pa3oBaTenbHas GU3NKO-MaTeMaTHIECKast
oubnuoteka, cogepxamias DjVu- u PDF-daiins
y4e€OHUKOB.

4 | http://www.mathnet.ru/ OO011IepoCCUICKHIA MaTEeMAaTHUECKHI TOPTa

1.10.MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHMUE JUCIUITJINHBI

MOAYJIA)

OcBoeHue IUCIUILTUHBI MPOM3BOIUTCS Ha 0a3e ydeOHbIX aynuTopuil kadenpst MAuM
AMI'Y rnaBublil kopryc 338-a, 519, 521, 528-a. Ayautopun 338-a ocHallleHa KOMIIBIOTEPOM,

BUJICOITPOEKTOPOM.
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2. KPATKOE U3JOKEHUE TIPOTPAMMHOI'O MATEPUAJIA
I'maBa |
AJITEBPA BBICKA3BIBAHUM

Bricka3piBaHUe — TIEPBBIM BOKHEUIINN OOBEKT M3YYCHHUS MaTEeMaTHYECKOH JIOTHKU. Ayredpa
BBICKA3bIBAHUH HM3y4aeT CIOCOOBI TOCTPOCHHS BBICKA3BIBAHUN W3 YXKE HMEIOIIUXCS
BBICKA3bIBAaHUHM, 3aKOHOMEPHOCTH TaKHX CIOCOOOB COYEeTaHHs BbICKAa3bIBaHUN. Auredpa
BBICKA3bIBAaHUH sBIsICTCS (DYHIAMEHTOM MaTeMaTUYECKOU JIOTUKH.

§ 1. Bpicka3biBaHUS U ONEpALIMU HAJl HUMHU
[TonsiTie BBICKa3bIBaHUA. [IpenMeToM WCCIeAOBaHUS anreOpbl BBICKA3BIBAHUN  SBISIOTCS
BbICKa3bIBaHUS. HO M3 MHOrOYHMCIEHHBIX CBOICTB BbICKa3bIBaHUS aireOpy BbICKa3bIBAaHUI
WHTEPECYET JIMIIb OAHO: UCTUHHO OHO WJIM JIO)KHO. IMEHHO 3TO M ABIISIETCS ONpPEACIISIONINM
CBOICTBOM BBICKa3bIBaHUS. BbBICKa3bIBaHMEM HA3bIBae€TCAd TaKOe MPEIOKEHHE, KOTOpoe 00
WUCTUHHO, JMOO JI0)KHO. BpICKa3piBaHHE HE MOXET OBbITh OJHOBPEMEHHO M HWCTHHHBIM, W
JIOKHBIM.
COBOKYITHOCTh HEKOTOPBIX MMPOCTEHIIMX BBICKAa3bIBAHUM, HA3BIBACTCS SJIEMEHTAPHON WK
ucxonHou. [Ipuyem B 3TOM COBOKYMHOCTH MMEIOTCS KaK HCTHHHBIC BBICKAa3bIBaHUS, TaK W
J0XKHBIe. Bpicka3piBaHus 0003HAYAIOTCS HA4yalbHBIMU 3arjaBHbIMU OyKBaMM JIATUHCKOTO
andasuta 4, B, C, D, ... wim Temu xe OyKBaMH ¢ UHACKCAMH BHH3Y.
[Tpumepsl BhICKa3bIBAHUI:
A, : «Mocksa — cronuua Poccuny;

A, : «CapartoB HaxoauTcs Ha Oepery Hesbl»;
A, : «Bce moan cMepTHBI;

A, : «CokpaT — 4YenoBeK»;
Ay 1 T <4y
Ag : «Bonra Bnamaet B Kacniniickoe Mopey;

O003Ha4YHMB UCTUHHOE BBICKAa3bIBAHUE CUMBOJIOM 1, a 1okHOe — O, BBeneM dyHkuuio A,
3a/laHHYI0 Ha COBOKYIIHOCTH BCEX BBICKa3blBAaHMM UM NPHUHUMAIOLIYIO 3HA4YCHHUS B
JIBYX3JIEMEHTHOM MHOXkecTBe {0, 1}, 1Mo cienyromeMy mpaBuiIy: —

Oyukims A Ha3bIBaeTCS yHkyuel ucmunnocmu, a 3HaueHue A (P) — nosuueckum snavenuem
WIN 3HaAYeHuem ucmuHHocmu BbICKa3blBaHUs P. [l mpuBENEHHBIX BBICKA3bIBAHUNH HMMeEeM
noruueckue 3HaueHust A(4) =1,4(4,) =0,A(4;) =L A(4,) =L A(4)=0,4(4) =1

Otpunanue BbICKasbiBaHMs. Onpedenenue 1.1 ! Ompuyanuem BbICKa3bpIBaHUsl P Ha3bpIBaeTcs
HOBOE BBICKa3bIBaHUE, 0003HaYaemoe . — P (unraercs: «ue Py» unu «He BepHO, uTo P»), KOTOpOe
VCTUHHO, €CJIM BBICKa3blBaHWE P JI0XHO, M JIO)KHO, €ciu BbICKa3biBaHue P nctuHHO. pyrumu
CIIOBaMH, JIOTMYECKOE 3Hau€HUE BbICKA3bIBaHUS. P CBsI3aHO C JIOTMYECKUM 3HAUYEHUEM

BBICKA3bIBAHUA P, KaK YKa3aHO B CHCI[yIOLHCf/'I Ta6J'II/II_IC, Ha3bIBaEMOM ma@mueﬁ ucmuHHocmu
onepayuu ompuyarus.

AP) |A(=P)
0 1
1 0

3mech MOXET BO3HHKHYTH BOIPOC, IMOYEMY MPUIHCHIBAHWE HWCTUHHOCTH WM JIOKHOCTH
BBICKa3bIBaHuIo P OCYHICCTBIIACTCA MMCHHO Ha OCHOBAaHHU HpHBe)IeHHOﬁ Ta6J'II/IIH)I. KOHG‘IHO,
MOXHO OTBCTUTH, 4YTO 06 ONpCACIICHUAX HC CIIOPAT. Ho BCAb MbI XCJIaCM IOCTPOUTH
MaTEeMaTUYECKYI0 TeOpHIo (anreOpy BBICKA3bIBaHMI), KOTOpas B KaKON-TO Mepe oTpakasa Obl
peanpbHO CYUIECTBYIOIIUMKA B MPHUPOJE YEITOBEYECKOTO MBINUIEHUS IPOLECC MOCTPOCHHUS
COCTaBHBIX BBICKA3bIBAHUN U3 DJIEMEHTAPHBIX U UMeJia Obl peasbHBINA CMBICI. 3aTE€M MBI JIOJIKHBI
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OyZneM pa3BUTh HAlly MaTEMaTHYECKYI0 TEOpHIO0, a TOJy4YeHHBIC BBIBOJBI MPUMEHUTH B
MPAKTUKE MBILIUICHUS U MPH 3TOM HE BOWTU B IPOTUBOpPEYHE C OOIIEM3BECTHBIMU 3aKOHAMU
MbInuieHus. OmpeneseHrne OTPUIIAHUS C TIOMOIIBIO MPUBEICHHONW TaOMUIBI (KaK, BIpOYEM, U
JIPYTHUX JIOTUYECKUX CBS30K C MOMOUIBI0 COOTBETCTBYIOIINX TAaOIHIl, O UYeM pedb MOMIeT nanee)
MOSIBUJIOCH KaK PE3yJbTaT ITUTEILHOTO OIBITA, U OHO IMOJTHOCTHIO OMpaBAaIo ce0sl Ha MPAKTHKE.
Ilpumep 1.2. TlpumeHuUM omepanuio OTpPUIIAaHMS K BBICKa3bIBaHHIO Ag : «Boisira Bmamaer B
Kacnuiickoe Mope». JlanHoe oTpuliaHie MOXHO unuTaTh Tak: «HeBepHo, uto Ag» T.€. «HeBepHo,
yto Bonra Bnagaer B Kacnmiickoe mope». Mnm e yacTuly «He» MEepPeHOCIT Ha TaKOe MECTO
(ame BCEro CcTaBAT Tepe] CKa3yeMbIM), 4YTOOBI IMOIYYHJIOCH MPABHWJIBHO COCTABICHHOE
npemioxkenue: «Bonra He Brnagaer B Kacrnmiickoe mope». Tabnuna u3 onpenenenust 1.1 maer

JUTsl TAHHOT'O BBICKA3bIBAHUH ClIENyIOIIee JJornueckoe 3Hauenue: A(—4s) = —4(4;) =—1=0, T.c.

BBICKa3bIBaHUE Ag J0KHO. JIOKHOCTH BBICKa3bIBaHUS Ag OOYCIOBIIEHA TOJBKO HUCTHHHOCTBIO
HCXOJIHOTO BBICKa3bIBaHUSI Ag M ompezaciieHneM 1.1, HO HUKAK HE COOOpPaKEHUSIMH CMBICIA
(conmepskanusi) Bicka3zbiBanust Ag. Jpyroe nemo, yto camo ompeznenenue 1.1 moromy u umeer
Takylo (OpMYIUPOBKY, YTO OHO MPABWJIBHO (WM, KaK TOBOPST, aJIeKBATHO) OTpaxaer (akThl,
W3BECTHBIC HAM U3 MIPAKTUKH.

Konbronkuus nByx BbICKa3biBaHUU. Onpedenenue 1.3. KoHvionkyuetl TByX BbICKa3blBaHUU P u
Q Ha3pIBaeTCS HOBOE BBICKa3biBaHUE, 0003Hauaemoe P A Q miu P&.Q , koTopoe HCTHHHO JHIITE
B €JIMHCTBEHHOM Clly4yae, KOTJja HICTUHHBI 00a UCXOHBIX BbICKa3biBaHus P u Q, u 10XHO BO Bcex
OCTaJIbHBIX CITy4asix. [IpyruMu cioBamu, JIOTHYECKOE 3HAYCHHUE BhICKa3biBaHus P u Q cBs3aHO ¢
JIOTUYECKUMH 3HAa4eHHsIMH BbICKa3piBanuii P um Q, kak ykazaHo B, clefyroled Tabnuiie
Ha3bIBAEMOU mabiuyel UCMUHHOCMUY Onepuiull KOHbIOHKYUU.:

AP 14Q)  |A(PVvQ)
0 0 0
0 1 0
1 0 0
1 1 1

[TpakTHKa MOJHOCTBHIO MOATBEPANIA, YTO UMEHHO TAKOE€ PaCHpEeesICHNE 3HAYEeHUH UCTUHHOCTH
Haubosee COOTBETCTBYET TOMY CMBICTY, KOTOPbI NpPUIAETCSI B IPOLIECCE MBICIUTEIbHOMN
JESATEIIBHOCTH CBSI3YIOIEMY COIO3Y «H).

Ilpumep 1.4. TlpumeHMM oOmepanyil0 KOHBIOHKIMM K BbICKa3blBaHUsAIM A u A;. Ilomyuum

BbICKa3bIBaHUE Ay A A, «CaparoB Haxomurcsa Ha Oepery HeBbl, M Bce IIOAM CMEPTHBI».

KOHC‘-IHO, MBI HC BOCIIPUHHUMACM 3TO BBICKA3bIBAHMEC KaK MCTUHHOC HM3-3a HepBOfI, HO)KHOfI, €ro
gactn. K BBIBOAY O JIOKHOCTH TIOJYUYCHHOTO BBICKA3BIBAHUA TAKIKE INPUACM, HUCXOASA U3
JIOTUYECKUX 3HAUCHUM MCXOJHBIX BBICKA3hIBAHUI Az u A3 H OIIPCACIICHUA 1.3 KOHBIOHKIMHK Ha

OCHOBAaHUH NPHBEACHHOM TaMm Tabnuipl. B camom aene A(A4, A 4;) = A(A,)A(4;) =0A1=0.

JIn3bIoHKIMS IBYX BBICKa3bIBaHUU. Onpedenenue 1.5. [uzvronkyueti IByX BbICKazbiBaHU P u Q
HA3bIBAaCTCSl HOBOE BBICKa3bIBaHWe, oOo3Hadaemoe Pv Q (umtaercs «P wimm Q»), xoTtopoe
HUCTUHHO B TE€X CIy4asX, KOTJa XOTs Obl OJJHO U3 BhICKa3bIBaHWM P i Q UCTUHHO, U JIOKHO B
eJIMHCTBCHHOM clTydae, Korja 00a BbickasbiBanus P u Q ynoxHbL Jpyrumu cioBamu, Pv Q —
TaKO€ BBICKA3bIBAHHE, JIOTUYECKOE 3HAUYEHHE KOTOPOTO CBSI3aHO C JIOTMYECKUMHU 3HAYEHUSIMU
WCXOJHBIX BBICKa3bpiBaHUH P u Q Tak, Kak ykKa3aHO B CIICAYIONIEH Ta0iHIle, Ha3bIBaeMOMH
maobauyetl UCMUHHOCMU ONepayuu OU3bIOHKYUU:

AP)  [AMQ)  |APVvQ)
0 0 0
0 1 1
1 0 1
1 1 1
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Ilpumep 1.6. IlpuMeHMM omnepanuio AU3BIOHKIMIO K BBICKa3bIBaHMSIM A, U A, . [lomyunm

COCTaBHOE BbICKa3biBaHue A, Vv As: «Bce moaum cmeptel, mnn 7< 4». Hecmorps Ha

IIEPBOHAYAIIbHO KaXXYIIyIOCS CTPAaHHOCTh O3TOrO BBICKA3bIBaHMSA, HET COMHEHUII B €ro
ucTuHHOCTU. K aHAJOrMYHOMY 3aKJIIOUEHHMIO NPUBOJUT TaKXKe (HOPMATIBHOE BBIYHCICHUE
JIOTMYECKOr0 3HA4YEHHs JAaHHOI'O BBICKA3bIBAHMA IO TabiMie U3 ompezeneHus 1.5, ucxons us
JIOTUYECKUX 3HAUCHUIl BBICKa3bIBaHUM A, M A i A(A; Vv Ag) = /1(A3)\/ /1(A5)= 1v0=1.B T0 *e

BpeMs BbICKa3zbiBaHue «CapatoB HaxomuTcs Ha Oepery Hesbl, wim A. C. [lymkuH — BeTuKHid
PYCCKUI MaTeMaTHK», SIBJISIONIEECs TU3bIOHKIIMEH BbICKa3bIBaHUN Ay U A7, O€3yCIIOBHO, JOXKHO,
YTO MOJHOCTBIO corjiacyercss ¢ (opMalbHBIM BBIUHMCICHHEM €ro JIOTMYECKOro 3HA4YeHHs I10
Tabmue us onpenenenns 1.5: A4, v 4, )= A(4,)v(4,)=0v0=0.

Nmrukarus 1ByX BeICKa3biBaHUU. Onpedenenue 1.7. Umnauxayuet 08yx Bbhicka3zpiBaHui P U Q
Ha3bIBAC€TCsI HOBOE BhICKa3bIBaHUe, 0003Hauaemoe P — Q (umraercs: «eciu P, To Q», nnm «u3 P
ciaenyer Q», unu «P Bieuer Qp, miu «P mocratouno it Q», i «Q HeoOxomumo s Py),
KOTOPOE JIO)KHO B €IMHCTBEHHOM CJIy4ae, KOT/Ia BhICKa3bIBaHHE P UCTHHHO, a Q — JIOXKHO, a BO
BCEX OCTAJIBHBIX CIIy4asiX — UCTUHHO. J[pyruMu ciioBamMH, JIOTHYECKOE 3HAUCHUE BHICKA3bIBAHUS
P —Q cBsi3aHO ¢ MOrMYecKMMU 3HAUYEHUSMHU BbICKa3bIBaHUi P u Q, KaK yKa3aHo B Cleqyrolen
Ta0JINIIe, HA3BIBAEMOUN maobauyell UCMUHHOCMU ONepayuu UMNIUKAYUU.

AP) |AQ)  |A(P—=Q)
0 0 1
0 1 1
1 0 0
1 1 1

B BreickaseiBanun P —Q BbICKaspiBaHWe P Ha3bIBaeTCsl IMOCBUIKOM WM aHTEIEACHTOM, a
BbICKa3bIBaHUE Q — CJIeICTBUEM WJIM KOHCEKBEHTOM.
[Tpu onpeneneHnn UMIUIMKALMU C ele OOJIbIIEe CUIION BCTAeT BOIPOC, MOYEMY UMEHHO TaKoe
pacmpezienieHue MPUHATO B ee Tabnuile ucTUHHOCTU. [locnennue 1Be CTPOKU B HEW JTOCTAaTOYHO
XOPOIIIO COTJACYIOTCSl C HAIlUM TOHUMAaHUEM BBIPAKEHUS «eCil..., mo...». X 000CHOBaHHEM
MOTYT CIY)KUThb CIEAylomue cooOpakeHus. WMIUKalus TMpu3BaHa OTPa3uTh MPOLECcC
paccyxaenus, ymo3zakiatoueHus. OO01mas xapakTepUCTHKA dTOTO Tpoliecca cieayromias. Eciu Ml
UCXOJMM U3 HMCTUHHOM TOCBUIKM W TPaBWIBHO (BEPHO) paccyXkaaeM, TO MbI MPHUXOAUM K
HWCTUHHOMY 3aKJIIOYEHHUI0 (CJIEICTBUIO, BBIBOAY). JpyrumMu ciioBaMu, €CIM MBI MCXOAWIIA U3
MCTUHHOM TOCBUIKM WM MPUIUIM K JIOKHOMY BBIBOAY, 3HAUWUT, Mbl HEBEPHO paccyxiaiu. B
umrunkar P — Q wumeercs noceiika P, cnenctsue Q u mporecc paccyxaenus — . [Iporece
paccykJIeHUs KaK pa3 U MOJenupyercss pesyiabTaroM omepamnu P — Q . IlpuBenennoe
CoOoOpaxkeHue CIYKUT 00ocHOBaHUEeM pe3ynbraral —0=0, a Takxe pe3ynaprata 1 —>1 = 1.
OrnpeiesieHHbIE COMHEHMSI BO3HUKAIOT TPU OLIEHKE aJ€KBaTHOCTH TMEPBBIX JABYX CTPOK B
Ta0NHIlEe, ONMPECIISIONIEH UMIUTUKAIMIO. B MepBoi CTPOKE TPH JIOKHOW MOCBUIKE W JIOKHOM
CIEICTBUU UMIUIMKAIMS Tpu3HaeTcs wucTUHHOW. Crenyroomue 1Ba MpuMepa J00aBISIOT
apTyYMEHTHI B TIOJIb3Y TaKOTO OINPECIICHHS JJOTUYECKOTO 3HAYCHUSI UMIUIMKAIIUKA B TOM CITydae.
PaccmorpuM Takoe BhickaszbiBaHue: «Ecnu 4ucio genuTcs Ha 5, TO U ero KBajapaT JENHUTCS Ha
5». Ero HICTUHHOCTH HE
BBI3bIBACT COMHEHMS. B 4acTHOCTH, MBI MOIJIH ObI ckasath: «Ecmm 10 gemures ma 5, o 102
nenutcsa Ha 5» umm «Ecam 11 genmres Ha 5, TO M 112 nenutes Ha S». B mepBoM u3 3THX
BBICKA3bIBAHUN M TIOCBUIKA, W CJIEJICTBHE MCTUHHBI, BO BTOPOM — U IOCBUIKA, U CIEICTBUE
noxHbl. Tem He MeHee, 00a 3THX BBICKa3bIBaHUS WCTHHHBI Jljis OOJbIel yOeAWTEIbHOCTH
BTOPOE BBICKA3bIBAaHHE MOXKHO Cc(HOpMyIUpoBaTh B cocnararesnbHoil ¢opme: «Ecmm 6b1 11
JIeNUIIOCh Ha 5, TO B 112 JenIoch Okl Ha 5». ECTh yTBEpKIIeHUS TaKOTO THIA M B YKUTEHCKOMN
peuH, KOTOpble MPU3HAIOTCS BIOJIHE HOpMallbHbIMU. Hanpumep, «Eciau Tl MOXeIIb MeperibiTh
UepHoe Mope, TO 1 — TYPEUKUN CYITaH».
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B monb3y BTOpOH CTPOKHM TaOMUIBl, KOTJa MMIUTHUKAIMS OCTaeTCs WCTHHHOM NpHU JI0KHOM
MOCBUIKE W WCTHUHHOM CJICICTBMU, TOBOPUT TakoW mnpumep. BrickassiBanue «Eciau mepsoe
cjaraeMoe JICJIUTCS Ha S5 U BTOPOE ClIaraéMoe JEIUTCs Ha S, TO U CyMMa JEIUTCA Ha 5», HECOM-
HEHHO, HCTUHHO. Ho, B yacTHOCTH, MBI MOTJIH OBl cka3aTh: «Ecau 10 menmurcesa Ha 5 u 20 menurcs
Ha 5, To 30 nenutcs Ha 5» umn «Ecim 12 genurtcs Ha 5 u 13 menures Ha 5, To 25 menmurces Ha S».
B mepBoM u3 3THX BBICKAa3bIBAaHUH M TOCHUIKA MCTHMHHA (KaK KOHBIOHKIUS JBYX HCTHHHBIX
BBIPAKEHMI), U CJIEACTBUE HCTUHHO. BO BTOpOM k€ BBICKA3bIBAaHMM IOCBUIKA JIOXKHA (Kak
KOHBIOHKIIUS JIBYX JIO’KHBIX BBICKa3bIBaHHI), a CJICICTBHE UCTUHHO. TeM He MeHee, KaK Mbl YKe
OTMETHUJIN, 002 STUX BBICKA3BIBAHUS IPU3HAOTCS HCTUHHBIMH.

Ilpumep 1.8. BoickassiBanue Ag—> As: «Ecnu Bonra Bmamaer B Kacnmiickoe mope, 10 7 < 4»

n0kHO, Tak Kak A(Ag = 4A;) = A(A4s) > A(4;) =1—>0=0. BrickazeiBanne «Ecmm Caparos

Haxoautces Ha 6epery Hesol, To A. C. [IymKkuH — BENMKUNA PYCCKHI MaTEMATHKY, SBIISTIOIIEECS
AMILIAKaIen BBICKA3bIBaHUH Ar— A7 HWCTUHHO, TaK Kak
AA, > A4;)=A(4,) > AU(4,)=0—->0=1.

OKBHUBAJICHTHOCTh JIBYX BbICKa3bIBaHUU. Onpedenenue 1.9. Oxeusanrenmnocmvio ABYX
BbICKa3bIBaHUH P m Q Ha3bIBacTCsl HOBOE BBICKa3bIBaHUE, 0003HadaeMoe P <> Q (umraercs: «P
SKkBUBaJIEHTHO Q», unu «P HeoOxomumo u gocratouHo st Q», wim «P Torga u TONbKO TOrja,
korna Qy, wim «P, ecau u Tosbko ecii Q»), KOTOPOE UCTUHHO B TOM U TOJBKO B TOM ClIydae,
KOrJla OJHOBpPEMEHHO o0a BbIcKa3biBaHud P u Q mubo ucTUHHBI, THOO JIOKHBI, a BO BCEX
OCTaJIbHBIX CIy4asiX — JIOXKHO. J[pyrumMu cjioBaMH, JIOTUYECKOE 3HAaYCHHE BhICKa3bIBaHU P <>
Q cBs3aHO ¢ JIOTMYECKMMHU 3HAYCHUSMHU BBICKa3biBaHWW P m Q, kKak yka3aHO B CICHYIOIICH
TabJnIe, Ha3bIBAEMON mabauyel UCMUHHOCIU Onepayul SK8UBAIEHMHOCHU:

A(P)  |AQ) |MUPeQ

= OO
R OPFr O
OO

Ilpumep 1.10. Boicka3zpiBanue «7 < 4 TOrja u TOJBKO TOT/a, KOT/Ia CHET OEIbIily, SBISIONICECS
SKBUBAJIEHTHOCTHIO BBICKA3bIBaHU I As u As. JIOKHO, TaKk

MA; > Ag) = A(A4;) <> A(4g) =0 «<>1=0. Hamporus, Bbicka3siBanue «CapaToB HaXOAUTCS Ha

oepery Hessl, ecu Tonbko eciu A. C. [IymkuH — BeMUKUN pycCKUil MAaTeMaTHK» UCTHHHO, TaK
KaK OHO SIBJIIETCS YKBHBAJICHTHOCTBIO JIBYX JIOXKHBIX BBICKA3bIBAHHIA.

Coro3bl s3bIKa M JIOTHYECKHE oOmepanuu (s3bIK W Joruka). WTak, Kaxkgas W3 BBEIEHHBIX
JOTUYECKMX  ONepanuid  sSBISAETCS  HEKMM  MaTeMaTHYeCKHM  O0pa3oM,  MOJEIBIO
COOTBETCTBYIOIIIETO JIOTHYECKOTO COI03a HAIIeTO S3bIKa. DTH MOHATHS MPU3BaHBI OTPA3UTh Ha
S3bIKE HYJIEW W eIWHHUI] COOTBETCTBYIOIIME COIO3BI HAIIETO0 MBINUICHUS, KOTOPBIMU
YeIIOBEYECTBO MOJIb3YeTCs B TEUCHHE ThICSUYENeTH. BHe BCAKOrO COMHEHUS, S3BIK HYyIEeH u
SJIMHMI] 3HAYUTEIHHO OEJHEE UYEIOBEUYECKOTO S3bIKAa, M ITO OTPAXKCHHE JIOCTATOYHO I'pydo U
HECOBEpIIIEHHO. TeM He MeHee, KaKrue-TO OCHOBHBIE YePTHI (CYIIECTBEHHBIE aCTIEKTHI MTPOIIECCOB
MBIIUICHHS ) TIOHSTHS JIOTHYSCKHUX OIEPaIlid BCe )K€ OTpaxaroT. Tak, OTpUIlaHHe, KOHBIOHKITUS
Y DKBUBAJICHTHOE JJOCTATOYHO TOYHO MEPEIAIOT CYTh JIOTUYECKUX COIO30B «HEM, «U» «Mmo20da U
MOIbKO mMo20d, Ko20a» COOTBETCTBEHHO. XYXe€ OOCTOUT JENI0 C MU3BIOHKIMEH, TPU3BAHHOU
OTPa3UTh SI3BIKOBBIA COIO3 «unuy. CheayeT OTMETUTh, YTO KPOME paccMaTpUBaeMOM Tak
HA3BIBAEMOU OU3BIOHKYUU 6 He UCKIIoUarouem cmolciie (OHAa UCTHHHA TOT/Ia U TOJIb TOTJIa KOT/Ia,
M0 MEHbINIEH Mepe, OJMH €€ YICH HCTUHEH) HEKOTOPhIE aBTOPHI paCCMaTPHUBAIOT AUIBIOHKIINIO B
WCKJTIOYAOIIEM CMBICIE (M. CTPOTYIO JU3BIOHKIIMIO): OHA UCTUHHA TOT/a M TOJBKO TOTJa, KOT/ia
HCTHHEH TOYHO OIUH €€ WIEH.

HaumeHee alekBaTHBIM COOTBETCTBYIOIIEMY COIO3Y S3bIKA SIBIIACTCS TMOHATHE HMILTHKAIINY,
KOTOpOE€ MPU3BAHO OTPA3UTH JIOTHUECKUN COI03 «eCu..., MO...». ITO U MOHITHO: Ha 3TOM COI03¢
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OCHOBaH OJMH M3 CIIOXXHEHIIUX YMCTBCHHBIX MPOILECCOB — IMPOIECC MOCTPOCHHs BBIBOJIOB,
YMO3aKJII0YeHuid. MMIUIMKAIKMsA OCTaeTcss BCE K€ CaMOM «KOBapHOW» M3 BCEX JIOTHYECKUX
oreparyii, ¥ ec OMpeJe/icHHe NPH BCEX MPHUBEIAECHHBIX J0BOJAX OCTABISET B HAC YyBCTBO
He3aBepiieHHocTH. VI 3T0 HecnpocTa. Hambosiee HarsiiHO 3Ta HEaJeKBaTHOCTh ONPEICICHUS
S3BIKY TPOSIBUTCS. B XOJIC Pa3BUTHs alreOpbl BHICKA3bIBAHMM, KOT/IA MBI, HAIIPUMED, MPUIEM K
TOMY, 4TO TaBTOJOrHel okaxercs ciaeayromas Gopmy: (P — Q) v (P — Q). D10 o3HadaeT, 4To

Kakue Obl HU ObLTH BBICKa3biBaHUsl P u Q, mo MeHbIeil Mmepe oHO u3 BbicKa3bpiBaHuii P —Q u
Q — P HempemeHHO OyneT MCTHHHBIM. DTOT (DakT yke HE corjacyercs ¢ OOUICTPUHSITOM
MPAKTUKOW, U OH €Ie pa3 MOATBEPKAACT, YTO TOHATHE UMIUIMKAIMY JIUIIh BEChMa YCJIOBHO H
NPUOJIM3UTEIIEHO TIEPEBOJUT HA S3bIK HYJICW M €IIMHHII TOT CMBICI, KOTOPHIA UMEETCS B BUIY
IIPH OCTPOCHUH (DPa3bl TUTIA «ECU..., MO... ).

W3 mnpuBeneHHOro CcIeayeT BBIBOJ O TOM, YTO TOHKO€ M MHOTOOOpa3HOE 4YeJ0BEeYecKOoe
MBIIUICHHE HE TaK JIETKO TMOJJAeTCS HAYYHO OCMBICICHHIO W HW3YYCHHI0O M 4YTO airedpa
BBICKa3bIBAaHUI — BCETO JIMIIb OJJHO M3 MPHUOJIMKESHHUH, BCETO JIMIIb IIAr Ha MYyTH K TIO3HAHUIO
YEJIOBEYECKOTO MBIIIIJICHUS.

[To moBOAY MPOMCXOXKAECHUS TEPMHHOB OTMETHUM, UYTO «KOHBIOHKIUS» MPOMCXOJUT OT Jar.
conjunctio — coeauMHeHHE, TUIBIOHKIUS — OT Jar. dusjunctio — pasbeMHEHNE, UMILTHKALIUS
ot sar. implicatio — cruterenue u implico — TecHO CBA3BIBAKO.

OOmuii B3rJIsA HA JIOTHYECKUE onepanuu. Emie pa3 OTMETHM, 94TO TOJIBKO JIOTHYSCKHUE 3HAUYCHUS
WIA 3HAYCHHs] MCTUHHOCTH, a HE MX COJCP)KAaHHEC HHTEPECYIOT HAC B PAa3BHUBACMOH TCOPHHU.
[TosTomy kaxxkmoe u3 BBeAeHHBIX omnpexenenuud (1.1, 1.3, 1.5, 1.7, 1.9) omepanuii Hanx
BBICKA3bIBAaHUSIMH MOXKHO pPacCMaTpHBaTh KaK OIpPEICIICHUE HEKOTOPOro JCWUCTBUS Hal
cumBosiamu 0 1 1, T.e. KaK onpe/eIecHre HEKOTOPOU oIepariy Ha ABYXJIEMEHTHOM MHOXECTBE
{0, 1}. Harmpumep, oTpuIiaHKe 3aaeT CICIyIOIIUE TPaBUIa IEHCTBUS ¢ ITUMU cuMBoJamu: .0 =
1, 1 =0, xoustonkuus — cineayromnge: 0 A 0=0,0A 1=0,1 A 0=0, 1A 1= 1, umminkaus
—cnenytonme: 0 - 0=1,0 -1=1,1 - 0=0,1 »>1=1wurn

YuuteiBas JBa npaBmia JeHCTBHs ¢ cuMmBoiamMu 0 u 1, ompenenseMbie OTPHIIAHUEM, MOYKHO
3aMmcaTh PAaBEHCTBO IS BEIYUCIICHHS JIOTHYECKOTO 3HAYCHUS BHICKA3bIBaHUS P:

A(—=P) =—A(P) (1.1)

VYka3zaHHbIC YeThIpe MpaBHia JeicTBUsA ¢ cuMBosiaMu 0 u 1, ompenensemMbie KOHBIOHKITUCH,
MO3BOJISTFOT 3aITUCaTh PABEHCTBO IS BBIYMCIICHUS JIOTUYECKOTO 3HAYCHUS BBICKA3BIBAHUS P A

Q:

AP AQ)=A(P) A A(Q) (1.2)

AHajnoruuHo, npasuia aeiicteus ¢ cumboaamu 0 u 1, chopmynupoBaHHble B onpeneneHusx 1.5,
1.7, 1.9, naroT BO3MOYKHOCTb 3amucaTb PABEHCTBA ISl BBIYMCICHMS JIOTMYECKHX 3HAYEHUH
BbIcKa3biBaHul PVQ, P — Q u P <> Q cooTBeTCTBEHHO:

APvQ)=A(P) v AQ) (1.3)
AP —>Q)-A(P) > A(Q) (1.4)
AP < Q)=A(P) & AQ) (1.5)

Pasenctna (1.2) ... (1.5) moxHo 3amucars B Buae oguoro coornomrenus A(P*Q) = A(P)* A1(Q),
r7I€ 3HA4YOK «*» 0003HAYaeT OJJMH U3 CUMBOJIOB JIOTHYECKUX OTIEPAIIHA.
§ 2. ®opmynsl anreOpbl BHICKa3bIBAaHHHA

KoncTpynpoBanme ClaoXHBIX  BbICKa3blBaHHil. (C  MOMOIIBIO  JIOTMYECKHX  OIEpaIUid,
pPaccMOTPEHHBIX B § 1, M3 MpOCTEHIIMX BHICKA3bIBAHUN MOXKHO CTPOUTH BBICKA3bIBaHUsS Oolee
cnoxHble. Hanpumep, u3 BbICKa3bIBaHUN Ay, A3 A7 MOXXHO HOCTPOUTH TAKOE BBICKA3bIBAHUE:
«Ecmun CapartoB Haxomutcs Ha Oepery HeBwl u Bce moau cmeptHbl, To A. C. Ilymkun —
BEJIMKUI pYCCKHI MaTeMaTHK». [locTpoeHHOE BBICKa3bIBAHNE CUMBOJIMYECKH 3aMIHCHIBAECTCS TAK:
(A2 A A3)—> A7,. KoHEeuHO, OHO 3ByYUT HECKOJILKO CTPAHHO, ITOCKOJIbKY COCIUHACT B ceO€e CTOb
Pa3HOPOJIHBIE MOHATHS, KOTOPBhIE OOBIYHO CYIIECTBYIOT pa3AeiibHO Apyr oT Apyra. Ho Hac, eme
pa3 MOJYEPKUBAEM, MHTEPECYET HE COAEPKAHHME OTOr0 BBICKA3BIBAHUSA, & €ro JIOTHYECKOE
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3HaueHue. OHO MOXET OBITh OMNpPENeNeHO, WCXOAS W3 JOTHYECKUX 3HAYCHUH MCXOIHBIX
BbICKa3bIBaHUU A, A3, A7 U TOW CXEMBI, IO KOTOPOH M3 MCXOJHBIX BBICKA3bIBAHUM MOCTPOCHO
cinoxHoe BbickasbiBanue. Tak kak A(4,) =0;4(4;) =1 A(4,) =0 T0, UCIIONB3YS COOTHOLICHUS

(1.4), (1.2) u onpeeneHus 1.7, 1.3, HaXOJIUM:
A4, A 4y) > A, ]= A4, A 4y) = AU4;) = (A(4,) A A(4)) > A(4,)=(0A1) >0=0->0=1
. Uraxk, BeickassiBanue (Ay A Asz)—> Az, uctunHo. [JI KOHCTPYHPOBAHMS JAHHOTO CIIOKHOTO
BBICKA3bIBAaHUS W3 MPOCTEUIIUX BBICKa3blBaHUNW A A3 U A7 HYXKHO NPUMEHUTH OIEPALUIO
KOHBIOHKIIUM K TEpPBBIM JBYM BBICKA3bIBAaHUSIM, a 3aT€M K MOJIYYCHHOMY BBICKA3bIBAaHUIO U K
TPEThEMY HCXOJHOMY BBICKA3bIBAHUIO MPUMEHHUTH OIEPAIMI0 WUMIUTHKAIMH. JTO CIOBECHOE
ONKMCAHHUE CXEMbl KOHCTPYHPOBAHHS IAHHOTO CIIOKHOTO BBICKA3bIBaHHS MOXHO 3aMEHUTh
onucanuem cumBosinaeckum: (X A Y) — Z, tae X, Y, Z — HEeKOTOpbIe CUMBOJIBI (IIEpEMEHHBIC),
BMECTO KOTOpPBIX MOXHO IIOJICTaBUTh JIOObIE KOHKPETHBIC BBICKa3bIBaHMs. Takas cxema
KOHCTPYMPOBAHUS COCTABHOTO BBICKA3bIBAHUS MOXKET OBITh TPHUMEHEHA K Pa3IUYHBIM
KOHKPETHBIM BBICKA3bIBAaHUSM, a HE TOJBKO K BBICKA3bIBAHUSIM Ay, A3, A7,

CumBonuyeckas 3anuch(X A Y) — Z sBasieTcsi cBoero pojaa GopMyJioi.

[Mousitre popmyiisl anreopsl BeickasbiBanuit. B dpopmyny (X A Y) — Z BMecTO nmepeMeHHBIX X,
Y, Z MOXHO TMOJCTaBIISATh KOHKPETHBIC BBICKA3BIBAHUSA, IIOCJIEC YEro Bcs Qopmyna Oyner
IpeBpallaTbcsi B HEKOTOPOE COCTaBHOE BhICKa3biBaHUE. [lepeMeHHbIe, BMECTO KOTOPBIX MOXKHO
MOJICTABJIATh BBICKA3bIBaHUS, T.C. IEPEMEHHBIC, MPOOETraroIne MHOXECTBO BBICKA3BIBAaHUM,
HA3bIBAIOT MPOMO3UIUOHATLHBIMU TEPEMEHHBIMH, WA BBICKA3bIBATEIbHBIMU MEPEMEHHBIMU.
bynem 0003HauaTh MTPOIMO3UIIMOHATILHBIC IIEPEMECHHBIC 3arJlaBHBIMH OYKBaMH JIATHHCKOTO
andasuta P, Q, R, S, X, Y, Z unu takumu xe OykBamu ¢ ungekcamu P Py, ..., Q1, Qa,... , X,
X2, oy Y1 Yo, ... JlamuMm TOYHOE ompeaesieHue GOopMYJIbl aareOpbl BEICKA3bIBAHHIA.
Onpenenenne 2.1

1. Kaxmas OTHeNbHO B3sATas MPOMO3HUIMOHAIBLHAS TIepeMeHHas ecTh Qopmyia anreOpbl
BBICKA3bIBAaHUH.

2. Ecom FI m F; — ¢opmynsr anreOpsl  BbICKa3bIBaHUI, TO  BBIPaKEHUS
—F,(FAFE),(FVvFE),(F —>F)(F<F,) Ttakke sBustorcs QopmyraMmu — anreOpst
BBICKa3bIBaHUU.

3. Hukakux apyrux ¢bopmyn anredpbl BBICKa3bIBaHHUM, KPOME MOTYYAIOIIUXCS COTJIacHO M. 1 u 2,
HET.

OmnpeneneHust TAaKOTO THIA HA3BIBAIOTCS MHAYKTUBHBIMH. B HHUX MMEIOTCS TpsIMble MYyHKTHI (B
JaHHOM ciiydae . | u m. 2), Tie 3a1arTcs O0BEKThI, KOTOPhIE B JAbHEHIIEM HMEHYIOTCS
OmpefeNsieMbIM TEPMHHOM, M KOCBEHHBI, B KOTOPOM TOBOPHUTCS, YTO TaKue OOBEKTHI
HCYCPIBIBAIOTCS 00BEKTAMH, 33IaHHBIMH B MPSAMBIX TyHKTaX. Cpeid IPSIMBIX ITYHKTOB HMEFOTCS
0a3ucHBIC TYHKTBHI, TJI€ YKa3bIBAlOTCSA HEKOTOPHIE KOHKPETHBIE OOBEKTHI, HUMEHyEeMbIC B
JTAIBHEUINIEM ONpEeIeSIeMbIM TEPMUHOM, W WHJIYKTHUBHBIC WYHKTBI, TJC JAIOTCSA TpaBHIIa
MOJTyYEHUST OTPEIENIIeMbIX O0OBEKTOB, B YaCTHOCTU U3 OOBEKTOB, MEPEUUCICHHBIX B 0a3UCHBIX
MTyHKTaXx.

B manHoit rmaBe ¢opMynbl anredpsl BhICKa3bIBaHUN OyZeM Ha3bIBaTh MpocTo ¢opmynamu. Ecth
U IpyTHe Ha3BaHUS JUIS TOHATHS (OPMYIIBI: TTPABMIIBHO MTOCTPOCHHAS (hOpMYJIa WU MPABUIIBHO
MOCTPOCHHOE BBIPAKECHUE

Jts  kaxmaoi (GopMyasl JTOJDKHA CYIIECTBOBATh KOHEYHAs TIOCJIEIOBATCIIbHOCTh BCEX €€
nondopmyi, T. €. Takas KOHEYHas MOCIEAOBATEIbHOCTh, KOTOpas HAYMHAETCS C BXOJAIINX B
JTaHHY0 (GOpPMYITy MPOITO3UIIMOHABHBIX TTEPEMEHHBIX, 3aKaHUYNBACTCSl CaMOU 3Toi (GopMysioun, U
KOKIBIA YIEH TOW MOCIEN0BATEbHOCTH, HE SBISIOMIMNACS MPOIMO3UIIMOHATIFHON MTEPEMEHHOM,
€CTh JIN0O OTPHIIAHUE YK€ UMEIOMIETOCS WICHA dTOW MOCIIeIOBATEILHOCTH, JIMOO TOTydaeTcs U3
JBYX YK€ UMEIOIUXCSI YWICHOB STOW MOCIEI0BATEIFHOCTH UX COSUHEHHEM C MTOMOIIBIO OJHOTO
U3 3HAKOB A,V,—,<> H 3aKIIOYECHUEM IMOJYYCHHOTO BBIpOKEHUS B CKoOkH. Takyro

MOCJIEI0BATENbHOCTh  BceX NoAGopMyn JaHHOM (opMynsl Ha3bIBAlOT  MOPOKAAIOLICH
MOCJICIOBATEILHOCTRIO JIJIT  JaHHOW QopMynbl. Hamuuwme Takoi MOCIEAOBATEIIBHOCTH Y
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JIOTUYECKOTO BBIPAKEHUS CIYKUT KPUTEPUEM TOTO, YTO BBIPAKEHUE SBISETCS POPMYIOi. ITO
CBOMCTBO OTIMYAET (POPMYIIBI.

IIpumepsr:

Ha ocHoBanmu 11. 1 onpenenenus 2.1 dpopmynamu OyayT MPOMO3UITMOHAIBHBIC TIEpeMEHHBIC: P,
Q, R, X, Z; P1 Py, ..., Q]_ Qz, vy X1 X2, e

Ha ocHoBaHuu m. 2 TOro e oOmpefeleHuss H3 ATHUX (QOpMyd MHOCTPOUM CIIEAYIOIIUe-
—P,Q,—X,=Y,—=Z,(RvP),(X AY),(X > Z),(Q < R),(X VvY).

[TpuBeneM mpuMepsl BRIPAKEHUH, HE SIBISIOMUXCS popmynamu:

Paccmorpum Beipakenne (XY). OTo Obu10 OB opMysioi, eciu Obl Mexay dopmyiaamu X u
YCTOSIT OJTMH U3 3HAKOB JIOTHYECKUX CBsI30K. Ho Takoro 3Haka HeT. 3HauuT, BeipakeHue (XY) He
dopmyna. Takum oOpa3oMm, MHIYKTHBHBIA XapakTep ormnpeaenacHus 2.1 1aeT BO3MOXKHOCTb
3pPEKTUBHO pemarh Ui KaXJOTO BBIPAXKEHHS, SBIACTCS OHO (QOpPMYNoil anredps
BBICKA3bIBAaHUI HIIU HET.

TpeboBaHre BHEMIHMX CKOOOK Yy (hopMyIibl HE SBISETCS M3TUIIHUM (opmamu3MoM. Tem He
MeHee, BHEIIHWE CKOOKHU MpHUAaoT GopMysie TPOMO3JIKOCTh U, €ClIi JaHHast popMylia HE BXOJIUT
COCTaBHOM YacThIO B OoJiee CIOXKHYIO (hopMyiy, HE HECYT HUKaKOW MH(OPMAIMHA M CMBICIIOBOM
Harpy3ku. [losTomy BHelIHHE CKOOKM B OKOHYATEIHHO 3alUCaHHON (POpMyIie JOoroBapuBarOTCS
omyckath. Hampumep, dpopmyny ((X AY) — Z) Gynem 3amuceiBats B Buge (X AY)—>Z . Ho
ecnu ganHas popMyIa JoJbKHA OyAeT BOMTH COCTAaBHOW YacThIO B 00jiee CIOXKHYIO (OPMYITY, TO
CHayaja 3aKjiIlo4yaeM €€ BO BHEIIHHE CKOOKM M TOJIbKO MOTOM OTIpPAaBIseM B MPOLEAYpPY
MOCTPOCHUS HOBOM (DOPMYIIBIL.

Jlormveckoe 3HaYeHHE COCTABHOTO BBICKA3bIBAHUSI.

Eciu B ¢dopmyny anreOpbr BbickasbiBanuit F(X,, X,,......X ) BMECTO MPOMO3UINOHATIBHBIX

nepeMeHHbIXx X; Xo,... X, MOJCTAaBUTh KOHKPETHBIE BBICKa3bIBaHUS A1, Az, ..., A,
COOTBETCTBEHHO, TO TMOJYYHUTCS HEKOTOPOE HOBOE COCTaBHOE BbicKasbiBanue F(A1 Ay, ..., 4,).
OHo HazpiBaeTcst KoHKpern3ammei gopmynsr F (X, X,,.....X ) Ha BeIOOpe BBICKa3bIBaHUI A1,

Ay, ..., A,. PaccMoTpuM Kak omnpeaeuts orudeckoe 3Hauenue A (F(Ap Ay, ..., 4,)) NOTy4EeHHOTO
COCTaBHOTO BBICKAa3bIBAHMSI, €CJIM M3BECTHBI jornueckue 3HaueHus A (Aj), A (42), ... 1( Ay)
HUCXOJHBIX BBICKA3bIBAHUU A1, A, ..., Ap

Tak, KaK0€ JI0)KHOE BhICKa3bIBaHUE MOXKHO pacCMaTpUBaTh Kak 3JeMeHT 0, a KaKI0e HCTUHHOE
— Kak 3JeMeHT | nByxanemMeHTHoro MHOXecTBa {0, 1},, u mucath BMecto A (P) = 0 wiu A (P) =
1 nmuuie Toneko P = 0 wiu P= 1 cootBerctBenHo. Janee, ecnu popmyna F(X,, X,,..... X)) npu

MOJCTAHOBKE BMECTO €€ MPONO3UIIMOHAIBHBIX MEPEeMEHHBIX X1 Xp,... X, BBICKa3bIBaHUU Aj
A,..., A, ¢ normdeckumu 3HadeHHsIMH A(4,) =, A(4,) = a,,.....A(A,) = o, npeBpamiaercs B

BbickazbiBanue F(A; Ay, ..., 4,) ¢ noruueckum 3HaueHuem A (F(Ay, Ay, ..., 4,)) =a, TOo Oyaem
roBopuTh, uto popmyna F(X,, X,,....X,) NpHUHUMaET 3HAYCHUE « , ECIH €€ MepeMeHHBbIe X;

Xo... Xu INPUHUMAIOT 3HAYEHUS Oy, 0l yenene. a, €{01} coorserctBenHo, M mHcaTh

SHAYCHUSA Oy, Uy yenrnnnns (24 COOTBCTCTBCHHO W B IOJYYCHHOM BBIPAXKXCHUU TTOCICAOBATCIIBHO

no
mpojieNiaTh BCE JCUCTBUS C HYISIMUA W €AWMHHUIIAMH, MPEANMUCHIBAEMBIC TPABUIAMH TaOJHIl U3
onpenenenuit 1.1, 1.3, 1.5, 1.7, 1.9. B pe3ynbsrare nonyuum 0 unu 1. [lonmydyeHHoe 3HaueHue

Oymem o6osHauate F(ap,a,,........ ¢,) W Ha3plBaTh 3HAU€HMEM JaHHOH  (OpMyIIbI
F(X,, X,,....X,) Ha TaHHOM Habope HYJIeH U SAUHUL O,y ........ a,.

Hamnpumep, BBIYHCITAM 3HAYCHHE bopmybl F(X, X, X))
=(X; > X,)A (X, (X, v—=X;))Ha Habope 0,1,1:

FOLD=0->-DALl<>OvLD)=0->0AL<>0Ov0)=1AQ21<«<>0)=1A0=0 Teopema
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2.2. Jlorndeckoe 3Ha4YCHHWE COCTABHOTO BbICKasbiBaHust F(A; Az, ..., A,) paBHO 3HAYCHUIO
dopmyner F(X, X,,.....X)) Ha Habope A(4,)=a,,A4(4,)=a,,...A(4,)=ca, normueckux
3HAYCHHUM COCTABJISIONINX BhICKa3biBaHUU A1 Ay, ..., A, , T.C.

A(F(AL Ay, ..., A1) = F(A(4) =, A(4,) = ay,..... M(4,) = ,).

Jloka3aTenbCTBo.

JlokaxkeM yTBEp)KICHHE METOJOM TIOJHOW MareMaTudeckod WHAyKIuu. Ecmm ¢opmyna
F(X,, X,,.....X,)) comepxuT 0 CHMBOJIOB JIOTHYECKHX OIEpPAIMii, TO OHA MPEICTaBISET cOO0M
IPOCTO MPONO3MLIMOHAIBHYIO HepeMeHHylo, ckaxeM, X1 T.e. F(X,, X,,....X,) =X, .Torga

JI0Ka3bIBAEMOE COOTHOIICHHUE CBOJUTCS K TPHBUATIBHOMY paBeHCTBY: A(4,) = A(4,) .

Ecmu dpopmymna F(X,, X,,......X, ) COEPKUT JIUIIb OJUH CUMBOJI JIOTHYSCKON OIEepaluy, TO OHa
ABIAETCS OFHOU, M3 crexyromux dopmym: —X,, X, A X,, X, v X,, X, > X,, X, <> X,). B
ITUX CIIy4asx JI0OKa3bIBAEMOE PaBEHCTBO €CTh OAHO u3 paBeHCTB (1.1) —(1.5).

[Tpenmnonoxum , 4To yTBEep:KJarolieecss B TEOpEME PaBEHCTBO BEpHO JUIs BceX (popmyit ainredpsl
BBICKA3bIBaHUI, COJIEpKaLIMX HE 00Jiee K CUMBOJIOB JIOTHYECKUX omnepanuil. Jlokaxkem, 4To OHO
BepHO 111 popmyisl F(X,, X,,......X, ), comepxarmeif kK + 1 CHMBOJIOB JIOTHYECKUX OIIEPAIIHHi.

Ha ocHoBanmm omnpenencaust 2.1 ¢opmyna F wumeer oauH U3  CISAYIONIMX BHJIOB:
—F,FEAF,,FEVvF, F >F, F < F)roe Fi, F, — Hekoropeie ¢GopMyibl, Kaxnas H3
KOTOpBIX COAEPXKHUT YK€ He Oojiee K CHUMBOJIOB Jiormdyeckux omnepanuil. HyxHo mnpoBectu
JIOKA3aTeNbCTBO ISl BCEX MSATHU cliydaeB. Ho B cuily NPUHIMNUATBHONW HISHTUYHOCTH ITHUX
JI0Ka3aTeNbCTB TpoJieNiaeM ero, Hanpumep, i ciaydas F =F A F,. Beranciagem: A (F(A1, A,

o A= A(FAL Agy o 4)) AF, (AL Agy o A)) = A(F (A Az, ooy 42)) AA(F, (AL Ag, ...,
An))= F(A(A4), A(4y), o A(A4,)) A Fy (A(A), A4y, A(4,) = F (A(4), A(4,),......A(4,)) B

IIPOJICJIAHHBIX BBIYMCIICHHUAX BTOPOE PABEHCTBO OCHOBAHO Ha ompenencHuu 1.3 noruueckon
orepanuy KOHbIOHKIIMH. TpeTbe paBeHCTBO OCHOBAHO HA MPEAINOJIOKEHUH HHIYKIIMH O TOM, YTO
g Gopmyn F, m F, cooTHomeHue Teopemsl BblnosHseTcs. HakoHel ueTBepToe paBeHCTBO

3aIlMCaHo Ha OCHOBaHUHM Toro, uto F =F A F,.

AHaJIOTUYHBIM 00pa30M COOTHOIICHHE TEOPEMBI JOKA3bIBAETCA M BO BCEX OCTAIBHBIX CITydasx
KOHCTpYyupoBaHus hopmyisl .F u3 popmyn

Fl )51 Fz.

CrnenoBarenbHO, YTBEp)KIEHHE TEOpPEMbl BEpHO s Jroboi  dopmynsl F  anreGpsl
BBICKa3bIBAaHUU.

Wrak, 31mech HEOOXOAUMO TMOHSTH, YTO JIOTMUECKOE 3HAYEHHE COCTABHOTO BBICKA3bIBAHUS IO
CYIIIECTBY SIBJISIETCS 3HAYECHUEM HEKOTOPOTO (JIOTHYECKOTO) BBIpAXKEHUS PU HEKOTOPOM Habope
KOHKPETHBIX 3HAUEHUH BCEX BXOSIIMX B HETO (MPOIO3UIIMOHANLHBIX) MepeMeHHbIX. [Ipu aToM
MIPOTO3UITMOHATIFHBIC TIEpEMEHHBIC MOTYT NMpPHUHUMAaTh 3HaueHus (0 wim 1, camMo BBIpaKeHHUE
npuHuMaeT 3HadeHwne O wim 1, U BBUHCISETCS STO 3HAueHUE (B CUIy Teopembl 2.2)
MOCPEACTBOM TpUMEHEeHHS K 3HaueHWsM O u 1 NpeanuchIBacMBbIX JTaHHBIM BBIPOKEHUEM
norudeckux paeictBuil. Jlormueckue neiicTBus Haa BenuunHamMud 0 w1 BBIMONHSIOTCS TO
MpaBHJIaM, OIpeIeIIeMbIM TaOIUIIaMH HCTUHHOCTH ITHX JICUCTBUHN (OTepanuii) — OTPHUIIAHHS,
KOHBIOHKIIUY, JU3BIOHKIUU, WMIUIMKAIUA W OKBUBAJIEHTHOCTH. TakuM o00pa3oM, Mol
(daKTHYeCKH HAYMHAEM HUMETh JIeJI0 C HEKONM HOBOW (JIOTMYECKOW) anreOpoid, Wiau anredpoit
JIOTUKU, KOTOopas Kak Obl «aapajuieNibHa» MPUBBIYHON IIKOJIbHOW anredpe. CpaBHUM
KOMITOHEHTHI 3THX JBYX ajre0p C MOMOIIBIO CIEAYIOMICH TaOIuIIb:

Komnonenra HIkonbHas anredpa |AnreOpa JOTUKH

21



BasucuHoe R — wnuoxectBo|{0, 1} — nByxsneMeHTHOE

MHO>KECTBO BEIIICCTBCHHBIX MHOKECTBO
qucell

Onepanuu Hax|+,-,*,: AV,

3JIeMEHTaMu

0a3MCHOrO

MHO>KECTBA

IIepemenHbIE BemectBennsie a, b, |[Iponosunmonaneasie, Q,
Co s X, ¥, Zy .o R,.. XY, Z, ..

dopmyibl ax+by+cz, ax” — bx —F,F AR, FVF, F>F,)

(mpaBUIIBHO +cur.nm.

MIOCTPOCHHBIE

BBIPAKECHUS)

CocraBnenue TabmuI UCTUHHOCTH s (Gopmyn. Ha ocHoBaHMHM Teopembl 2.2 MOXXHO st
naHHoi ¢opmynsl F anreOpel BbICKa3bIBaHMII M HaWTH JIOTMYECKME 3HAYEHUS BCEX TeX
BBICKA3bIBaHUI, B KOTOpble (popMylia TpeBpamaercs Npu MOJCTAaHOBKE BMECTO BCEX €€
IPOMNO3ULMOHAIBHBIX IEPEMEHHBIX Pa3JINYHbIX KOHKPETHBIX BbICKa3bIBaHUU. [Ipu 3TOM roBopsT
0 JIOTMYECKOM 3HAueHHH caMmoil (pOpMyJIBI M O JIOTUYECKUX 3HAYCHUSAX €€ MPONO3UINOHATBHBIX
nepeMeHHbIX. [IpM HaxOoXIEeHUM JIOTMYECKMX 3HaueHUil (OpMyibl, COOTBETCTBYIOIIMX
BCEBO3MOXXKHBIM Ha0OpaM 3HAYCHUH ee MPONO3HIMOHAIBHBIX MEPEMEHHBIX, YI0O0HOH (Gopmoit
3anucH aBiseTcs TabauuHas Gpopma. PaccMoTpum nmpumMepsl.

[Mpumep 2.3. CoctaBum Tabmuiy uctuanocta st popmyiisl (X =>Y) v (Y — X).

A(X) A(Y) AX =2Y) [AY = X) [AUX =Y)v (Y = X))
0 0 1 1 1
0 1 1 0 1
1 0 0 1 1
1 1 1 1 1

[TepBbie nBa cToNOIIAa W TOCIETHUN CTOJIOEI] COCTABIIEHHOW TaOJHUIIBI 3aJal0T COOTBETCTBUS
MEXIy JIOTHYECKMMH 3HAUEHUSMHU MCXOJIHBIX BBICKA3bIBAHUM U JIOTHYECKHUM 3HAUCHUEM
COCTaBHOTO BBICKA3bIBaHUs, MOJIy4a€MOro MO JaHHOW (opmyse. ITU TpH CTOJIO0ma U 00pa3yroT
TaOJIUIly UCTUHHOCTU JAaHHOU ()OPMYIIBI.

Knaccudukammst dopmyn anredpbl  BbickazbiBaHuil. @DopMynbl  anreOpbl  BBICKa3bIBAHUN
MOJPA3JCNAOTCS Ha CIEAYIOUINE THUIBI: BBIOJHUMBIC, TaBTOJOTHH, OIPOBEPKUMBIC U
TOXKJIECTBEHHO JIOKHEBIE.

@®opmyna anreOpsl  BeIcKazbBaHWi  F (X, X,,......X ) Ha3pIBaeTCs  BBITIOJIHUMOH, €CIH
HEKOTOpas €e KOHKPETH3allus SBISETCS MCTHHHBIM BBICKA3BIBAHHEM, T.€. CYIIECTBYIOT TaKWe
KOHKpETHBIE BBICKa3bIBaHUsA Aj Ay, ..., A, , KOTOpBIE, OYAy4H MOACTABICHHBIMU B Ty GOpMYITy
BMECTO NEPEMEHHBIX X1 X2,..., X, COOTBETCTBEHHO, IPEBPAIAIOT €€ B HCTUHHOE BHICKA3bIBAHHUE.
Takum o6pazom, F(X;,X,,.....X,)) BbBIIOIHAMA, €CIH CYIIECTBYIOT TaKHe KOHKPETHBIC

BbICKa3bIBaHUS A1 Ay, ..., Ay, uto A (F(A1 Ay, ..., 4,))=1.
®opmyna F(X,, X,,......X ) Ha3pIBaeTCs TABTOJIOTHEH, WM TOXJICCTBEHHO HCTHHHOM, €CIIH OHa

IPEBpalaeTCs B MCTHMHHOE BBICKA3bIBAHME IPU BCAKOM IOJCTAHOBKE BMECTO MEPEMEHHBIX
KOHKPETHBIX BBICKas3biBauuii A; Ay, ..., 4, ,1.e. ecmu A(F(Ay, Az, ..., 4,))= 1.t mo0bIx
BbICKa3zbiBaHuil A; Ay, ..., A, ®Popmyna u3 npumepa 2.3 sBusgerca TaBrojoruei. s
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0003HAUEHMsI TAaBTOJIOTMU HCIOJB3YETCS 3HAK =, KOTOPbIM cTaBUTCA mepen (hopmyroid,

sBisromeiics  tapronoruei. Takum obpasom, 3amucs =F(X,, X,,.....X ) o3Hauaer, 4ro
dopmyna F(X,, X,,.....X ) ABIS€TCS TaBTOJIOTHEH.
®opmyna F(X,, X,,......X ) Ha3pIBa€TCs OIMPOBEPKUMOH, €CIIU CYIIECTBYIOT TAKHE KOHKPETHBIC

BBICKa3bIBaHust Ay Ay, ..., 4, ,KOTOPBIE MPEBPAIIAIOT JaHHYIO (OPMYJIY B JIOXKHOE BBHICKa3bIBAHHE
F(AL Az, ..., 4,), 1.e. A1(F(AL Ay, ..., 4,)) = 0. IpyruMu ciioBaMH, OIIPOBEPKUMBIE (HOPMYJIIBI —

910 (GopMmyibl, He sBisommecs TtaBTonorusamu. Dopmyra F(X,, X,,.....X ) Ha3pIBaeTcs
TOXKIECTBEHHO
naoxHoH, wiau mporuBopeuneMm, ecimu A (F(Ar Az, ..., 4,)) = 0 mis mi00BIX KOHKPETHBIX

BbICKa3bIBaHUM A1 Ay, ..., A, . Ipyrumu cioBamu,

TOKJIECTBEHHO JIOXKHBIE (DOPMYJIBI — 3TO Takue GOpMYyJIbl, KOTOpbIE

HE SIBJIAIOTCS BBITIOJIHUMBIMU.

MpinuieHne 1 MaTeMmatuyeckas jJoruka. Hauano mpoiieccy mMaTeMaTu3aliy JOTHKH MOJIOKEHO
MareMaru3anuend  s3pika.  DakTUYecKu TOCTpoeHa CcBoeoOpa3Has 3HAKOBasg CHCTEMa
(CUMBOJIMYECKH SI3bIK JIOTUKH BBICKA3bIBaHMil), C MOMOIIbIO KOTOPOHl MOKHO MOMBITATHCS
OTPA3UTh YEJIOBEUECKYIO MBICIH U MPOCICTUTh OQOPMIICHHE MBICIUTEILHOTO Ipoiecca. JDTOT
A3BIK OCHOBBIBAETCS Ha aN(aBUTE, COCTOSIIEM U3 CICTYIOIINX CUMBOJIOB:

1) mpomnosunmoHaneHbIX OYKB: P, Q, R,... ;

2) CUMBOJIOB JIOTHUYECKUX OTEPALU: A,V,—, —>, <>

3) TEeXHUYECKUX 3HAKOB: (,).
CrnoBaMu TOCTPOEHHOTO SI3bIKA SBISAIOTCS (OPMYJIbI JIOTUKU BbIcKasbiBaHUM. [Ipennoxenus
OOBIYHOTO (PYCCKOTr0) si3blKa MOTYT OBITh «IIEPEBEICHbI» HA CHUMBOJIMYECKHH SI3bIK JIOTMKH
BBICKa3bIBaHUIL, TJI€ OHM MPEJCTABIAIOTCS (hOpMyIaMH JOIMKH BbicKa3biBaHUH. Crenyer uMeTh
B BHJY, YTO IpPHU TAaKOM TIE€PEBOJE COXPAHSIOTCA JIOTUYECKOE COJEepXKaHUe, JIOTHYecKas
CTPYKTYypa MPEAJIOKEHNUS, HO KOHEUHO K€ TEPSIOTCS €ro S3bIKOBask KpacoTa U MCUXOJIOTUYECKUE
orreHku. dopmyna mnpeacraBiseT; co0ol  (GopManbHYIO IOCIEIOBATENbHOCTh 3HAKOB,
COCTaBJIEHHYIO II0 CTPOTMM IpaBUjIaM, HapyLIEHHE KOTOPBIX HENONMYCTUMO. Takoil mepeBon
BBICKA3bIBaHUSI  €CTECTBEHHOIO f3bIKa Ha CUMBOJIMYECKHMH  SI3bIK  HA3bIBAETCS  €ro
dopmanuzanueil. B dYacTHOCTH, HepeBOJl BBICKAa3bIBAaHMSI HAa CHMBOJIMYECKMH S3BIK JIOTUKU
BBICKa3bIBaHUI €CTh €ro Qopmain3alnus B paMKaX CHUMBOJIMYECKOM JIOTUKM BBICKa3bIBAHWM.
[Tonyyaemas hopMyina MOKa3bIBAET CIIOCOO COEAMHEHMs MPOCTHIX BBICKA3bIBAHUI B COCTaBHOE
IIpY TIOMOIIM JIOTUYECKUX COI030B. OHA MpeACTaBiIseT Kak Obl B «YUCTOM BHUJE» JOTHYECKYIO
CTPYKTYPY COCTaBHOE I'O BBICKA3bIBaHUSI.
®opmyna JOTMKY BBICKa3bIBAaHUM cama 1Mo ce0e He MMeeT HUKAKoro cojaepxanus. B yactHocTH,
OHa He SIBJIAETCS] HM UCTUHHOM, HU J10>kHOM OHa npeBpaiaeTcsi B BbICKa3bIBaHUE, UICTUHHOE WU
JIO’)KHOE, TIPU BCSAKOM MOJCTAaHOBKE BMECTO BCEX €€ MPOIMO3UIMOHAIBHBIX MEPEMEHHBI JIFOOBIX
KOHKPETHBIX BBICKa3bIBaHMM. Takoil mpouecc MOJCTAHOBKM Ha3bIBAeTCS MHTEpIIpEeTaluei
JaHHOM (hOPMYITBI anTeOpbl BRICKA3bIBAHUMA
Takum o0pa3oM, UMeEIOTCS JBa B3aMMHO-OOpaTHBIX Imporecca : QopMmamu3alus Hu
uHTeprperauus. Ecnu wumeercs ¢opmyna F U Bbicka3biBaHHEe A ecTh pe3yjibTaT ee
UHTepHpeTanuu, To cama opmyna F Oyner ¢opmanuzauueit BrickasbiBanus A. OOpartHo, ee
uMmeeTcsl BeickasbiBaHue A u ¢opmyna F ectb ero ¢opmanuszanusi, To BbICKa3biBaHue A Oyner
oJlHOW M3 uHTepnpetauuii popmynsl F. Mtak ¢popmanuzaiuss — 3TO nepexo]] OT BbICKA3bIBAaHUS
€CTECTBEHHOT'O f3blKa K ()OpMyJie JIOTUKM BBICKAa3bIBAHWW, a HHTEpIIpEeTalus — Mepexol
(GopMynbl JIOTMKM BBICKa3bIBAHUN K BBICKA3bIBAHUIO E€CTECTBEHHOIO s3blka. Tabmuia
MCTUHHOCTHU WJIM Tabiuiia 3HaueHUu (GOpMyIibl JIOTUKH BbICKa3bIBaHUM — 3TO Tabiuila, KOTopas
yKa3bIBAET JIOTHYECKOE 3HaYCHHUE (POPMYIIBI IPH JIIOO0H ee MHTepIpEeTaltH.

§ 3. TaBTonmoruu anreOpbl BHICKA3bIBAHUMA
O 3HaueHHM TaBTOJNOTMNA. TaBTOJIOTMHM MPEACTABISAIOT COOOM CXEeMbI MOCTPOEHHS] MCTHUHHBIX
BBICKA3bIBaHUM, HE3aBUCHUMO OT COJEP’KaHWs M MCTUHHOCTH COCTABJIAIOLIMX BBICKA3bIBAaHHM.
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Tak, ecinu I yCTaHOBJICHHUS TOT'O, HICTUHHBI HJTH HET BbIcKa3biBaHus «CapatoB ocHoBaH 1 1590
roay», «CoJHIle BpalaeTcsi BOKPYr 3eMiIn», HEOOX0IUMO 00JIafaTh CIIeNUAIbHBIMUA 3HAHUSIMU
WIA 3arjsHyTh B CHCIHHUAJIbHYIO JIMTEPATypy, TO JUIS BBISCHEHHS 3HAYCHUS HCTUHHOCTH
BbICKa3piBaHUN « Tpeyrompauk ABC mpsMoyronbHblid, wuid TpeyronbHuk ABC He
OpSIMOYTOJIbHBINY, «HeBepHO, uT0 HMH(OpPMAIMs O HACICACTBEHHBIX MPU3HAKAX XPAHUTCA B
reHax, U 9Ta uHpopMalus B IeHaX HE XPAHUTCSH» YXKe HE HYXKHO 00JIaJaTh 3HAHUSAMH HU B
MaTeMaTHKe, HA B TCHETUKE. BBIBO/I 00 HCTHHHOCTHU MOCJICIHUX BbICKa3bIBAHUI JIeIaeM, HCXOIs
HE U3 HMX COJCPKaHUs, a U3 UX (GOpMbI, CTPYKTYpbl. CTpyKTypa MEpBOrO M3 IMOCIEIHUX
BBICKA3bIBaHUM BBIpakaeTcs (opmynoirt Xv,—X , a Broporo dopmymnoit —(Xv,—X). Jlerko
yOeauThCs B TOM, YTO 00¢ 3TH POpMyIIbl CyTh TaBTOJIOTHH. JlaHHBIC ()OPMYIIBI TAIOT JBE CXEMbI
MIOCTPOCHHS BCETIa HCTUHHBIX BBICKAa3bIBAHUIA.

OCHOBHOE 3HAYCHUE TABTOJOTMH COCTOMT B TOM, YTO HEKOTOPhIE W3 HHUX IPEIOCTABISIOT
NpaBUWIbHBIE CHOCOOBI TIOCTPOCHHS YMO3AKJIKOUEHUH, T.0. TaKUE CIOCOOBI, KOTOpBIE OT
UCTHHHBIX IMOCBHUIOK BCET/Ia MPUBOST K HCTHHHBIM BBIBOAM.

TepMHUH «TaBTOJIOTHS» MMEET IPEYECKOe MPOMCXOXKJICHUE M 03HAYACT IMOBTOPCHHUE OJTHOTO U
TOTO K€ OMPEACICHHUS, CYXJICHUS HHBIMH, OJU3KUMHU IO CMBICIY CJIOBaMH. B TaBTOJOTHSX,
OTHOCSIITUXCS K MaTeMaTHYECKOW JIOTHKE, 3aKJIFOYUTEIIbHOW JIOTUYECKOW CBSI3KOH SIBISICTCS
3KBUBaIECHTHOCTh <>. Hampumep, taBromorus (P A (QVv R)) <> ((PAQ) Vv (P AR)) Beipaxaer
OIMHAKOBOCTh (opMm (dopMys) B ee JIGBOH M TMpaBOM dYacTix, T.€. HUMEETCS B BHIY
CEMaHTHYECKasi OJMHAKOBOCTb, BBIpa)kaeMasi pa3HbIMU ciioBaMu — ¢dopmamu (popmysiamu).
Kaxaplii W3 STHUX 3aKOHOB HECET OOBEKTHBHYIO HWH(MOpMALUIO 00 ONpPEISICHHONH YacTh
OKPY’KaIoIIero Hac MUpa.

OcHoBHBIC TaBTOJIOTUU. [IpUBEIEeM HEKOTOPBIC OCHOBHBIC TAaBTOJIOTHH, BBIPAKAIOIINE CBOWCTBA
JIOTHYECKUX ONEpaIif, a TaKKe TaBTOJIOIMH, HAa KOTOPBIX OCHOBaHbI HEKOTOPBIE CXEMBI
MaTeMaTUYECKUX JI0KA3aTeIbCTB.

Teopema 3.1. Cnenyromue GopMysibl anreOpbl BBICKa3bIBAHHUH SBIISIOTCS TABTOJIOTHSIMU

a) 3aKOH MCKIIOYEHHOTO TpeThero P v —P;

0) 3akoH otpunanus nporusopeuns —(P A —P);

B) 3aKOH JBoitHOro oTpuiianuss ——(P <> P);

r) 3aK0oH ToxaectBa P — P;
1) 3akoH KoHTpanosuuu (P — Q) <> (—Q — —P)
¢) 3akon cuutorusma (npasuiio nemnHoro 3akmouenus): (P —>Q)A(Q —» R)) > (P —>R)
) 3aKoH npotuBonookHocTH (P <> Q) <> (—P <> —=Q);
3) MPaBWIO T00ABJICHUS aHTEIEJCHTA («MCTUHA U3 YETO YTOTHOY)
P>(Q—>R);
W) IPABHUIIO «HU3 JIOKHOTO 4TO yroguo» —P — (P — Q);
K) mpaBuiio «moayc monerc» (modus ponens) (P A (P —Q)) > Q
1) mpaBuito «mozyc Toitere» (modus tollens) (P — Q) A—Q) —» —P
M) TIPABHIIO TIEPECTAHOBKH IMTOCHUTOK
P>Q—->R)<Q—>(P—R)
H) nipaBuiio oobeauneHus (u pazveauaenus) nockuiok (P — (Q — R)) <> (P AQ) > R)
0) npaswuio pazdopa ciayuace (P —>R)A(Q > R)) < (PvQ) —>R)
) npasuiio npusenerus k abeypay ((—P — Q) A (—P — —Q)) - P,(=P - (QA—-Q)) > P
Teopema 3.2 (cBOWCTBAa KOHBIOHKIMH ¥ AW3BIOHKIMHK). Criexyromue (GopMysbl anreOph
BBICKA3bIBAHUI SBJISFOTCS TABTOJIOTHSMHU:
a) 3axonsl upemmnorenTHoctd (P AP) < P,(Pv P) < P;
0) 3akousl ynpoiuenus (P AQ) —> P,P —> (PvQ)
B) 3aKOHBI KOMMYTaTHBHOCTH
(PAQ) <> (QAP),(PvQ) <> (QVP);
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I') 3aKOHBI ACCOLMATUBHOCTHU

(PAQAR) < (PAQAR,(PV(QVR)) < ((PvQ)VR);
1) 3aKOHBI TUCTPUOYTHUBHOCTH

(PAQVR) < (PAQ)V(PAR)),

(Pv(QAR) < (PvQ)A(PVR))

€) 3aKOHBI MOTJIOIICHUS
(PA(PvQ)) <P,
(Pv(PAQ) <P

) 3aKOHbI 1e MopraHa

—(PvQ) <> (=P A—Q) |

3.4.

Teopema 3.3 (cBoiicTBa MMIUIMKAIMKM W SKBUBAICHTHOCTH).Crenyromue (opMyisl anredpsl
BBICKA3bIBAaHUI ABJISIOTCS TABTOJOTHSMMU:

a) (P>Q->R)—>(P>Q—(P—>R))
6) (P—>(Q—(PAQ)
B)(P—>R) > (Q—>R)>((PvQ)—>P))
2)(P—> Q) = ((P > —Q) — —P));
0)(=Q A (P —Q)) > =P;
e)(=PA(PvQ)) —>Q;

ac)(P = Q) = ((PvR) = (QvR));

3)(P —>Q) = ((PAR) = (QVvR));
u)(P—>Q) > ((Q > R) > (P> R));
K)(P—>Q)v(Q—P)

1)(=Q = =P) = ((=Q - P) - Q);
m)(P—>Q)A(R—>Q)) « ((PvR)—>Q);
H)((P > Q) A (P —>R)) < (P —>(QAR));
0)P & P

n)(P < Q) < (Q« P)

P (P QA Qe R)) > (P R).

Teopema 3.4 (BeIpakeHHE OJTHUX JIOTHUYECKUX orepauuit yepe3 npyrue). Cienyromue GopMybl
anreOpbl BHICKA3bIBAHUN SIBIISIOTCS TaBTOJIOTUSMHU:

a)(P - Q) <> (=P v Q);

0)(P - Q) & —~(PAr—Q);

6)(P AQ) &> (=P v -Q);

2)(PAQ) & —(P - —-Q);

0)(P v Q) & —(=P A=Q);

e)(PvQ) < (=P - Q);

onc)(P <> Q) « (P> Q) A (Q—P));

OcCHOBHBIE IIPaBUJIA MTOJTYYEHUS TABTOJIOTHH.

Teopema 3.5 (mpaBuiio 3akitouenus). Eciu dopmynsr F u F — H sBasitoTcs TaBTONOTHSMHU, TO
dbopmyna H Taxxke TaBTOJNOTHS.

HoxazarenserBo. [Tycts = F (X, X,,.... X )u= F(X}, X,,....X,) > H(X,, X,,...X,).

n
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[penmonoxum, uro popmymna H(X,, X,,......X ) He SBIsIeTCS TaBTOJOTHEH. ITO O3HAYAET, YTO

CYIIECTBYIOT TaKM€ KOHKPETHBbIE BbICKa3bIBaHUS A; Ay, ..., A, uto A (H(AL Ay, ..., 4,))= 0.
[Tockonbky F (X, X,,......X,)) — TaBronorus, To s Ay, Ay, ..., A, umeeM A (F(A1, Az, ..., 4,))=
1.

Brruucisiem, nmomnb3ysick cootHomenueM: A (F(Aq, Ay, ..., 4,)) — H(X, X, X)) =4 (F(A1, A,

v An) > AH(AL Ay ..., 4,))=1—0=0, 4T0O TPOTUBOPEUYUT TOKICCTBEHHONW HCTHHHOCTH
dopmynel F — H. CiaenoBatenbHo,

npenmnoyioxkenrue HesepHo. Torna =H, uTo u TpeGoBaoOCh 10Ka3aTh.

[IpaBuno 3akiIOYeHHUs] HA3bIBACTCS TAKXKE MPABUIOM OTICICHUS WM MPABUIOM « MOJAYC
noneHc» (modus ponens).

BTopoe npaBuno mosydyeHHs TaBTOJIOTMM HOCHT Ha3BaHWE MpaBUjia IMOJACTaHOBKH. IlycTh B
dopmyne F comepxurcs mnpornosunmoHanbHas mnepemMeHHas X (a BO3MOXKHO, M JApYyrue
MPOIO3UIIMOHATILHBIC TIepeMeHHbIe), U H— mrobas dopmyma. Ecnmu u dopmyny F BmecTo
CUMBOJIA

X Besne rae oH BXxoaut B F, BcraButh ¢opmymy H, TOo momyunm HOBy0 ¢opmyry. Ona
o6o3Hauaercss S F 1 HasbiBaeTcst GOPMYJIO, MOTydeHHOM U3 F B pe3ysbTaTe MOJCTAHOBKH B
Hee popmynsl H BMecTo mpomno3uiimonansHoii nepemennoit X. Eciu dopmyna F cogepkut nse
MPOTO3UIIMOHANIbHBIE TIepeMEeHHbIe X M Y (2 BO3MOXHO, U €IIe HECKOJbKO), TO MOXKHO
OTIPEICIIUTh OJHOBPEMEHHYIO MOJCTAaHOBKY 1IBYX ¢opmyn H m G B dopmyny F BmecTo
MPOMO3UIIMOHATILHBIX TMEPEMEHHBIX X U Y COOTBETCTBEHHO KaK OJHOBPEMEHHYIO 3aMEHY
cuMBoja X BCIOY, T/i€ OH BXoauT B F, popmynoit H u cumBona ¥V Bcroay, riae oH Bxoaut B F,

dopmynoit G. [Tomyuatrouryrocs popmyny 0603HaYaIOT SQS F.
AHAJIIOTUYHO OmpeeNsieTcs OIHOBPEMEHHAash MOJCTaHoBKa B (opmymy Fw Oombiiero uwmcnia
dopmyn (Tpex, 4eTbIpex u T.1.).
Teopema 3.6 (mpaBuino moxactanoBku). Ecnu dopmyna F, comepkaiias mporo3UIIMOHATBHYIO
nepeMeHHyto X, sBJIseTCs TaBTOJIOTHEH, TO MOJICTaHOBKa B (opmyny F BMecTo mepemeHHoi X
mo6oit hopmyssl H CHOBa IpuBO/MT K TaBTosoruu. Jpyrumu ciosamu, u3 =F ciexyer =S)' F .
HoxkazarenbctBo. Tak kak = F(X,Y,..), To dopmyna F(X,Y,..) mpeBpamaercs B HCTHHHOE
BBICKa3bIBaHUE IPH TOJCTAHOBKE BMECTO BCEX NPOMO3UIIMOHANBHBIX MepeMeHHBIX X, Y, ...
JTOOBIX KOHKPETHBIX, BBICKA3bIBAHUN. VICTHHHOCTH MOJy4aeMOro BbICKa3bIBaHUS HE 3aBUCHUT OT
CTPYKTYpHI mojcTaBisieMbix BMecTo X, Y,... BbICKa3bIBaHWA. B "acTHOCTH, BMeCTO X MOXET
OBITh IMOJICTABIICHO BBICKA3bIBaHHE, KOTOPOE CaMO SIBISIETCS KOHKpeTH3anmei dpopmymnsr H(Z,
Zy, ..., Z,) Ha HEKOTOpOM HabOpe KOHKPETHBIX BbICKa3biBaHWi. Ho 3TO M oO3HawaeTr, 4ToO
TaBToNOrMel Oyner popmyna F(H(Zy Zy, ..., Z,),Y,... ), T.e. = S F , uTo TpeGoBanoch j1oka3arh.
3ameuanue 3.7. OTMETHM, YTO MPABHJIO TOJCTAHOBKH ITO3BOJISIET paccCMaTpUBaTh KKIYIO W3
TaBTOJIOTMM, IPUBEJICHHBIX B TeopeMax 3.1 — 3.4 He KaK OT/AENbHO B3STYIO TaBTOJOTHIO, a KaK
cxeMy 0Opa30BaHUSI TaBTOJIOTMH. 3HAYUT, KaXaas W3 TPOTO3UIUOHAIBHBIX TEPEMEHHBIX
JAHHBIX (OpMYJIax MOXKET paccMaTpUBATHCS HE Kak MepeMeHHas, Kak MMPOM3BOJIbHAS (opMyIia
anreOpsl BRICKA3bIBAHUH.
JlBa paccMOTpeHHBIX IpaBHja O0Opa30BaHUSA TaBTOJIOTMH — «MOAYC TOHEHC» M IPaBHIIO
MIOJICTAHOBKH — OyJIeM Ha3bIBaTh OCHOBHBIMHU.

§ 4. Jlornueckast paBHOCHIBHOCTH (hOPMYIT
[TonsiTie paBHOCHIBHOCTH (POPMYIL.
Ompenenenne 4.1. @opmymsr F (X, X,,....X, )u H(X,, X,,.....X,) anreOps! BbICKa3bIBaHHI

HA3bIBAIOTCS PAaBHOCUJIbHBIMU (PKBUBAJIEHTHBIMU), €CIIM MPH JIIOOBIX 3HAUEHUSAX BXOJSAIIUX B
HUX IPOMO3UIIHOHANBHBIX TEPEMEHHBIX JIOTHUECKUE 3HAUCHHsS Moiydaromuxcs u3 ¢popmyn F u
H Beicka3biBaHMi coBmagawooT. Jlias yka3aHMs pPAaBHOCWIBHOCTH (HOPMYJ HCHOJB3YIOT
obo3Hauenne P = H. Onpenenenne paBHOCHIBHOCTH (POPMYIT MOKHO 3alUCaTh CUMBOJIUYECKU:

F2Ho AF(ALA,,....A)) = AH(A,A,,.....A,)) (4.1)



JUTS TIOOBIX KOHKPETHBIX BhICKa3bIBaHUH Ay Ay, ..., A,
PaccmoTpum paBHOCHIBHOCTD ABYX hopmyn F(X, Y, Z) u G(X, Y, Z):

X Y |z F(X,Y,Z2) |G(X,Y, 2)
0P 0 |a 2
0 0 1 o, B
0 1 0 a, B,
0 1 1 a, B
1 0 0 a, B
1 0 1 as Be
1 1 0 Qg Bs
1t e, 5

[Tpu3nak paBHOCWIBHOCTH (opmyn. CyIIHOCTh MPU3HAKA COCTOUT BBISABICHHHM TECHOW CBSI3U
MEX1y TIOHATHEM PaBHOCHIBHOCTH (POPMYI U MOHSATUEM TaBTOJIOTHH.

Teopema 4.2 (mpuszHak paBHOCWIbHOCTH ¢opmyn). JIBe dopmynst F u H anreOps
BBICKA3bIBAHUN PAaBHOCUJIbHBI TOT/IA W TOJBKO Torjaa, koraa ¢opmyna F <«>H sBusercs
TaBTOJIOTUEH:

Fz=F<H (4.2

Jlokxa3arenbCcTBo. Ecmn F=H, TO 1o OIPEIEIIEHUIO 4.1
AF(ALA,,....A)) = A(H(AI,AZ, ...... An))mm MO0BIX BhICKa3bIBaHW A; Ay, ..., A, Torma (mo
onpeneneramio 1.9 onepamun sxeusanentaoctn) A(F(A,A,,....A))) = A(H(A, A,,.....A, ))=1,
OTKyJa Ha OCHOBaHUU COOTHOULICHUS (1.5) 3aKJII0YAEM, 4TO
AF(ALA,,....A)) <> H(ALA,...A, )=1

Teopema noka3ana.

Crnenctsue 4.3. OTHOILIEHHE PABHOCUIBHOCTH MEXTy (hopMyIaMH anreOpbl BBICKAa3bIBAHHIM:

a) pedekcuBHo: F = F ;

0) cummerpuuno: ecu F = FuF, = F;

B) TpansutuBHO: ecnu F = FuF, = FymoF;, = F;,

T. C. OTHOIICHNE PaBHOCUIBHOCTH SIBJISIETCS OTHOIIICHUEM SKBHUBAJICHTHOCTH.

Teopema 4.4. CripaBeUIUBBI CIIEYIONNE PABHOCHIIBHOCTH:
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a)——P = P;

0)P > Qz=—-PA-Q;

6)P > Qz=—P - —Q;

2)P>(Q—>R)=z(PAQ)—>R;

O)P->QA(Q—->R)=z(PAQ)—>R;

e)PAP=P;

ac)Pv P =P;

3)(PvQ)=(QvP);

u)PAQz=QAP

K)PAQAR)=(PAQ)AR;

NHPv(QvR)z(PVvQ)VR

MPAQVR)Zz(PAQ)V(PAR)

HPVQAR)Z(PVQ)A(PVR)

0)PA(PvQ)z=P

n)Pv(PAQ)zP;

p)—(PAQ)=—-Pv-Q

c)-(PvQ)z—-PA-=Q

mP-QzQ«— P

y)P>Q=—-PvQ

@P)P > Q=—-PA=Q

X)PAQ=z=—(P— —-Q)

y)PvQz-P—->Q

P Q= (P->Q)A(Q—>P)

w)Pv—-P=z1LPA-P=0

w)Pv1=1lPAlzP

s)PvOz=P,PAO0=0

PaBnocwibaBIe TIpeoOpazoBanus popmyn. Ilepexon oT oaHOM GopMylbl K paBHOCHUIIBLHOM €if
dbopMyne Ha3bIBaeTCSd PaBHOCHIBHBIM MPEOOpa3oBaHUEM UCXOIHOW (opMyibl. PaBHOCUIbHBIE
npeoOpa3zoBanus GOPMYIT MPUMEHSIFOTCS TIPEXKJIE BCETO ISl YIPOIIEeHUs HopmMyL.

3ameuanue:. OTMETUM, UYTO €CJIM HEKOTopas ¢opmyia SBISIETCS TAaBTOJIOTHEW, TO U BCIKas

paBHOCUIIbHAS il popMyria TakKe SBISETCS] TABTOJIOTHEH:
=Fuu =H ==H

§ 5. Hopmanbhbie ¢hopMbl 17151 popMyI1 aliredOpbl BbICKa3bIBaHUN
[Tonstre HOpManbHBIX (popM. KOHBIOHKTHBHBIM OJHOWICHOM OT MEpeMeHHBIX X, X,,....X,

HAa3bIBACTCA KOHBIOHKIUA 3TUX NMMEPEMEHHBIX HUJIN UX OTpHHaHHﬁ. 321€CI) KUAII» yrIOTpe6J'I$IeTC$I B
HCHUCKIIIOYAaImEM CMBICIIC, T.C. B KOHBIOHKTUBHBII OOTHOWICH MOXKCET BXOJAUTH OJHOBPEMCHHO U

HepeMeHHas, u €ee  OTpHLAHMUE. [Ipumepsl ~ KOHBIOHKTUBHBIX OJIHOUWJICHOB
X A X, X A= X, A X,
JIM3BIOHKTHBHBIM OJTHOWIEHOM OT IepeMeHHBIX X, X, ,.....X  Ha3bIBaeTCs IU3BIOHKIMSA ITHUX

NEPEMEHHbIX WM MX OTPUIAHUH (M 3/[€Ch COI03 «MIIM» YNOTpeOsieTcs B HEUCKIIOYAIOLIEM
cmbicie). IlpuBenem mnpuMepbl IU3BIOHKTUBHBIX OJHOWIEHOB: X,V X,,—X; v.X, v X,
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JIM3bIOHKTUBHOM ~ HOpMalbHOW  (OpPMON  Ha3bIBaeTCs  JU3BIOHKLIUS  KOHBIOHKTHUBHBIX
OJHOWIEHOB, T.€. BbIpaxkeHue Buga D, v D,..... \% DpleaeDl,i =12...p, SABIAIOTCA

KOHBIOHKTUBHBIMU  OJIHOWICHaMH  (HE  00s3aTeNbHO  pa3NMYHBIMH).  AHAJIOTHYHO
KOHBIOHKTUBHON HOpMaibHON (POpPMOI Ha3bIBAETCS KOHBIOHKIIMS AU3BIOHKTUBHBIX OJHOYWICHOB
KiAK, ... AK, 20eK. 1 =12.....Q aBrstoTCS IU3BIOHKTUBHBIMU OHOWIEHAMU (He

00s3aTeNnbHO pa3iMyHbIMK). byneM Takke Ha3bIBaTh JU3BIOHKTUBHOM (KOHBIOHKTHBHOM)
HOpMaJIbHOW (POPMOIi yKa3aHHbIe BbIpaskeHus ipu p = 1 (q = 1).

Hopmansayto Gopmy, npeacrasisiomyo dopmyay F(T.e. paBHocuibHy0 F), OymeM Ha3bIBaTh
MIPOCTO HOpMaIbHOU (HOPMOIt 3TOH POpPMYIIHL.

HetpynHno noHsTh, uTo Besikasg Gopmyia o0naiaeT Kak JU3bIOHKTUBHOM, TaK U KOHBIOHKTUBHOM
HOpMalbHBIMU (GopmMamu. B camom nene, BCSKyr0 (GOpPMYITy MOXHO BBIPAa3UTh dYepe3
KOHBIOHKIIMIO, JU3BIOHKIMIO W OTpuuaHue. lcmonb3ys 3akoHbl jae MopraHa u CBOMCTBO
TUCTPUOYTUBHOCTH  KOHBIOHKIIMM OTHOCHUTEIIFHO JM3BIOHKIMH, MOXXEM IpeoOpa3oBaTh
PaBHOCUIIBHBIM 00pa30M MOJYYEHHOE BhIPAXKEHHE K IU3bIOHKIIMN KOHbIOHKTUBHBIX OJTHOUYJICHOB
(K OU3BIOHKTUBHON HOpManbHOW (opme). Eciu ke K HMCXOIHOMY BBIPOKEHUIO MPUMEHHUTH
CBOMCTBO NUCTPUOYTUBHOCTH TU3BIOHKIIMH OTHOCHUTENHFHO KOHBIOHKIIUU O €r0 MOKHO CBECTH K
KOHBIOHKIIUY JU3BIOHKTUBHBIX OJIHOWICHOB (K KOHBIOHKTUBHON HOPMAJIBHOH (opme).
CoBepiieHHble  HOpManbHbie (opmbl. Cpean MHOXKECTBA TU3BIOHKTHBHBIX (paBHO Kak H
KOHBIOHKTUBHBIX) HOPMAJIBHBIX (OpPM, KOTOPHIMH 00JagaeT paHHas Qopmyna anreOpbl
BBICKA3bIBaHUH, CYIIECTBYET YHUKaJIbHas (popMa: OHA eIMHCTBEHHA Ui JaHHOU (HOpMyIbl. ITO
TaK Ha3blBaeMasl COBEPIICHHAs JW3BIOHKTUBHAS HOpMaibHas (opMma (Cpear KOHBIOHKTHBHBIX
(dopM — coBeplIcHHAs KOHBIOHKTHBHASI HOpMallbHast popMa).

Onpenenenne 5.1. OpHowieH (KOHBIOHKTHBHBIA WM JU3BIOHKTUBHBINA) OT MEPEMEHHBIX
) ST, S X, Ha3bIBaeTCsl COBEPIICHHBIM, €CIM M Hero oT kaxmoi mapel X,,—X,(i=12...n)
BXOJHWT TOJIBKO OJIWH TpeacTtaBuTens . HopmameHas ¢opma (IM3BIOHKTUBHAS — WIIK
KOHBIOHKTHBHAs) OT MepeMeHHbIX X, X,,.....X Ha3bplBa€TCsd COBEPLIEHHOH OT JTHX
NEPEMEHHBIX, €CIM B HEe BXOIST JIMIIb COBEPIICHHBIE OJHOWICHBI (KOHBIOHKTHBHBIC WU
JU3BIOHKTUBHBIE COOTBETCTBEHHO) OT X, X,,.....X
IIpuBenem IIpUMeED COBEPILEHHON KOHBIOHKTUBHOU HOPMAJIbHOU bopmbI:
(X, v X, v XA (=X, v X, v =X, A (X, v =X, v —=X,)

AHAJOTUYHO JIJIsi COBEPIICHHBIX TU3BIOHKTUBHBIX HOPMAIBHBIX POPM

[IpencraBienne Qopmyn anreOppl  BBICKA3bIBAHMW  COBEPUICHHBIMU  JIU3BIOHKTUBHBIMHU
HopManbHbIMU (CIH) hopmamu. Benem o6o3HaueHue, KoTopoe OyJeT yA00HO B JalbHENUIIEM:

X,ecmuoa =1
—X,ecuua =0

Jlerxo mpoBeputs, uto 0° = 1, 0! = 0,1°=0, 1t = 1, T.e. X% =1Torma u TOJIBKO TOrIa, KOraa

X =

X“ =0uX = o Torna v TonbKO TOrAA, Korga X # o .

Beenem eme oxHo o6o3HaueHue. Bmecro nmsbroHkmuum X, v X,.... v X, Oynem mnucath
v, X,

Jlemma 5.2. Jlna Beskod ¢Gopmynsl anredpsl BbicKaszbiBanuii F X, X, ,......X  crpaBesinBo
pasioxkeHue

F((Xy X oo X)) 2 AF (@it ) A X A AXE)

Teopema 5.3 (o mpeacraBineHun (opmMya anreOpbl BBHICKA3bIBAHWW  COBEPIIEHHBIMHU
TU3BIOHKTUBHBIMU HOpPMaJIbHBIMHU (GopMmynamu). Kaxaas He TOXIECTBEHHO JOXKHas dopMmyla
anreOpbl  BBICKA3bIBAaHWI OT N apryMEHTOB HMEET €JMHCTBEHHYI0 (C TOYHOCTBIO 1O
MEePECTAaHOBKU AU3BIOHKTUBHBIX YICHOB) COBEPIICHHYIO TU3BbIOHKTUBHYIO HOPMAILHYIO (OPMY.
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JokazarensctBo. CymectBoBanue. Beskas gopmyna F X, X, ,......X  001afaeT yka3aHHBIM B
IIPEABIAYIIEN JIEMME PA3I0KEHUEM.

[Tockomeky ¢opmyna F(X,, X,,.....X )HE TOXIECTBEHHO JIOXHA, TO CCYIIECTBYIOT TaKHe
raboper ((@......... a, ) uyneit u emummn, uro F((oy......... a,))= 1. Habopsr ((cty......... a,)),

obpamatomue ¢dopmyny F B Hymb, Oyayr oOpamaTh B Hy/Ib TaKKe M KOHBIOHKTHBHBIC
OJIHOYJICHBI, BXOJSIIUE B TU3BIOHKIIUIO U COOTBETCTBYIOIIHME JaHHBIM WHACKCHBIM HaOOpam.
[TosTOMY BCE TakMe OJHOWICHBI MCKIFOYUM W3 JU3BIOHKIUH. VTak, B JU3BIOHKIIUU OCTAIOTCS

KOHBIOHKTUBHBIE OJIHOWIEHBI, COOTBETCTBYIOILIME JIMIIb HHJEKCHBIM Habopam ((051 ......... a, ))
HyJIEW W €AVHUL, I KOTOPBIX F((oz1 ......... a, ))= 1. Torma pasznoxxenue ans Qopmynsr F
IIPUHUMAET CJIEAYIOIUN BU:

F(X . X)) 2 V((F(ay ) A X A AXI)) =

Beipaxenue, crosimiee B MpaBOM YacTH IOJIYYEHHOM PaBHOCUIIBHOCTH, €CTh HE YTO MHOE, KaK
COBEpIICHHAs TU3BbIOHKTUBHAS HOpMalbHas (opma oT nepeMeHHbIX X, X,,......X | TIOTOMY 4TO
KQKIbI KOHBIOHKTHBHBIH ONHOWIEH X, A....... AXS, BXOmAMMH B JU3BIOHKIHIO,
COBepIIeHEeH (Kakaas mepemeHHas X, X,,......X BXOJUT B HEro TOYHO OJAUH pa3: JHOO cama,

1100 CO 3HAKOM OTPUIIAHHS B 3aBUCUMOCTH OT 3HAYCHHS €€ ITOKA3aTellsl CTEIICHH).
EnuncrBennocts. [lpenmonoxnm, dyro Hekoropas ¢opmyna F( X, X,,.....X, )umeer nBa

MNpEeaACTaBJICHUA COBCPIHICHHBIMU TU3BIOHKTUBHBIMHA HOPMAJIbHBIMU q)OpMaMI/II
F(Xy0 XX ) Z Ky Ve vK

FOX, X, X)) 2 K, Vo, v K

20eK; 1<i<quu 1< j<r

€CTh COBEpIICHHbIE KOHBIOHKTHBHBIE OJHOWIEHBI OT IepeMeHHbIX X, X,,.....X . [Ipudem, He
HapyIasi OOIIHOCTH, CUYMTaeM, 4YTo HU oauH u3 oxHowieHoB Ki Ky, ..., Ky He moBTOpsercs B
5TOM Habope, NOTOMY UYTO MOBTOPSIOIIMECS OJHOWICHBI MOXKHO HCKIIOYHTh BBHUIY
MIEMITOTEHTHOCTH JIM3BIOHKIMK . AHanornyna cutyarus B popme K, Vv ............ v K. Torna
umeer Mmecro K, v..... VK =K Vi, v K. llycrs, HampuMep, COBepIICHHBIH
KOHBIOHKTHBHBIN onHouwneH Kj mmeer Bug K = (X[ A........ A X ) [Ipupaaum nepeMeHHBIM
X X, e X 3HAYCHUSA ), Oy ,......0L, COOTBETCTBEHHO. TOrma cOBEpIICHHBI KOHBIOHKTHBHBIN

omHowieH Kj; mpumer 3HaueHue 1, W, CIeIOBATENIbHO, BCS COBEpIICHHAs U3BIOHKTHBHAS
HOpMasbHas (hopMa, CTOSIIAS B JIEBOM YacTH PaBHOCHIIBHOCTH, CTAaHET paBHa eAMHUIIE. Toraa u
npaBasi yacTh JAaHHOW PAaBHOCHUJIBHOCTH OOpaTHTCA B €AMHHUILY, M A HAbOpa o ,Q,,.....q,

3HAQYEHUHU [IEPEMEHHBIX OJJHA M3 COBEPIICHHBIX 3JIEMEHTAPHBIX KOHBIOHKIMK K*, Hanpumep K

TaK)Ke CTAHET
paeHoii exmunue. Ecin K| nmeer Bug K| = (X2 A, A XY
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TO JI0OKa3aHHOE O3HAYAeT, UTO O A........ A af" =1. [TocneaHee paBEHCTBO BO3MOXKHO B TOM U

TOJIKO B TOM cClly4ae, KOrja alﬂl =1...... ,anﬂ" =1, 4T0 MOXET OBITH JHIIL TOrJAA U TOILKO
TOrJa, KOTAA [ =, , B, =, Cnenoparensno, K; = (X2 A A X)), meK | = K.
Takum 00pa3om, COBEpIICHHAs »JJIeMEHTapHas KOHBIOHKIMS Kj BCTpEYaeTCs Cpeau
COBEPILICHHBIX JJIEMEHTAPHBIX KOHBIOHKIHMN K ,........ K . Tem e caMbIM cHocoOOM

yCTaHaBJIMBAETCsl, YTO JIt00asi M3 COBEPLICHHBIX 3eMeHTapHbIX KoHbIOHKIMH Ki Ky, ..., Kq

BCTpedaercs cpemud K. K,

, W o0paTHO, 00as W3 COBEPIICHHBIX 3JIEMEHTAPHBIX
KOHBIOHKIUU K ,........ , K, Bctpeuaercs cpenu Ky Ky, ..., Kq BBy TOro 4ro ogHouneHs! B
JaHHBIX HAOOpax HE TOBTOPSIOTCA, TO ( = T ©W 00€ 4YacTh pPaBHOCUIBLHOCTU

K, v..... VK, =K, v.... v K, ommuuaiorcs camoe  Oojbliee  MOPSAAKOM — YIEHOB

JU3BIOHKIINH.

[IpencraBnenne ¢GopMmyn anreOpbl BHICKA3bIBAHWUN  COBEPIICHHBIMA  KOHBIOHKTUBHBIMU
HopManbHbiMu (CKH) dopmamu. IloHATHS U Teopembl 3TOr0 IMYHKTa HOCST JBONCTBEHHBIN
XapakTep MO OTHOIIECHUIO K COOTBETCTBYIOIIUM IMOHSATHUAM M TEOpEMaM IPEAbIAYyIIEro MyHKTa.
BBoauTtcs crnegyromiee o003HaUEHUE:

X,ecmuf =0

—X,ecuf =1

Jlerko mpoBepsiercs, uto °0 = 0, Lo= 1,1°=0, 1= 0, T.e. X =1Ttorma u TOIBKO TOTZA, KOT/A
X # ,B;uﬂX =0Torga u ToJabKO TOT/A, Koraa X= [ .

Bx —

Bmecto xonbroHKIME X; A X, A........ A X, Oynem mucath A[, X;.
Jlemma 5.4. Ins Besikoit gopmynsl F( X, X,,......X ) anreOpbl BBICKa3bIBAaHUW CITPABEIIHBO
pa3ioxKeHue

F(X1, X X) 2 A(F (B B VX N e viX,)

Teopema 5.5 (o mpencraBneHun ¢Gopmyn —anreOpbl  BBICKA3bIBAHUNH  COBEPLICHHBIMU
KOHBIOHKTUBHBIMU HOpMaslbHBIMU (popmamu). Kaxknast ¢popmyna anreGpbl BbICKa3bIBAaHUN OT N
IIEPEMEHHBIX, HE SBIAIOLIASACS TaBTOJIOTMENW, HMMEET EAMHCTBEHHYI (C TOYHOCTBIO [0
NePECTAaHOBKU KOHBbIOHKTUBHBIX WIEHOB) COBEPIIEHHYIO KOHBIOHKTUBHYIO HOPMAJIbHYIO (pOpMYy.
Jloka3aTesnbCcTBO 3TOM TEOPEMBI MOYKHO BOCCTAHOBHUTH, PYKOBOACTBYSICH JOKa3aTEIbCTBOM
Teopemsl 5.3.

JlBa cnocoba mpuBeneHus (GopMynbl anreOpbl BbICKa3blBaHUN K COBEPIICHHON HOPMAlbHOM
dopme. Otu nBa crocoba MPOUCTEKAIOT M3 JABYX CHOCOOOB 3agaHust (HOpMYINbI aiareopbl
BBICKA3bIBAaHUI: C MOMOIIBIO TaOJIMIBI €€ 3HAYeHUH MIIM C MOMOIIbI0 aHATUTHYECKOW (OpPMBbI
3aIlUCH.

Ecnu ¢opmyna 3amana tabnuieil cBOMX 3HAYeHHUH, TO W3 JOKa3aTeNbCcTB TeopeM 5.3 u 5.5 o
Ipe/CTaBlIeHUH (OPMYJ COBEPIICHHBIMH HOPMAaJIbHBIMH (OpMaMu HEOOXOJIUMO BBIHECTU
dopmyny (B HeKOoeM OOBIYHOM MOHUMAaHUU CMBICIA 3TOTO TEPMHUHA) PA3JIOKEHUS (OPMYIIbI
anreOpbl BbICKa3bIBaHUI B COBEpILIEHHYIO HOpMaibHYyl0 dopmy. Jns cayyas CIH-dopmsl sTa
dopmyna uMeeT CleayIOUNA BUI:

y " X,ecuua =1
F(X o, X)) =2 V(X[ A, AX),e0eX” =
—X,ecuua =0

Huns ciyuast CKH-gopmsbl 3Ta popmy-11a umeer Buj
X,ecmuf =0

F(Xpren X)) 2 AKX, VX —X, ecuff =1
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U, B CBOIO OYE€pelb, OIMUCBHIBAECT CIEAYIOLIee MPaBUiIO (AIrOPUTM) OTBICKAHMS
COBEPILEHHON KOHBIOHKTUBHOM HOpMaibHON (hOpMBI A1l TaHHOM (OPMYIbI: HY>)KHO BbIOpaTh
Bce Te¢ HAaOOpHI 3HAYCHUH ee MEePEeMEHHBIX, Ha KOTOPhIX (hopMyina npuHuMaet 3Hauenue 0. s
Ka)/I0r0 Takoro Habopa BBINUCATh COBEPIICHHBIH AM3bIOHKTUBHBIM OJHOWIEH, IPUHUMAIOIINN
3nayenne 0 Ha 3ToM Habope U TONbKO HAa HeM. [lomydeHHBIE COBEpIICHHBIE JAU3bIOHKTUBHBIC
OJITHOWIEHBI COEIMHUTh 3HAKaMH KOHBIOHKIIUH.

§ 6. Jlormueckoe cienoBanue Gopmyi

Paznen anreOpbl  BBICKA3bIBAaHMM, U3y4yaroIIMd 3aKOHOMEPHOCTU  JIOTUYECKOTO
CJIEIOBaHMsI, IOTUYECKOTO0 YMO3AKIIIOUEHMS], SIBJIIETCS €€ cepALeBuHON. FIMEHHO B 3TOM pasjeie
Ha JAHHOM YPOBHE pa3BUTHS MaTeMaTHYECKOW JIOTMKM peIlaeTcss OCHOBHAs 3ajada JIOTUKH,
cocToAIIasi B HAXOXKACHUU OOIIMX CIIOCOOOB YCTAHOBJICHHUS CBSI3€H JIOTMYECKMX 3HAYCHHUU
OJIHUX BBICKA3bIBAaHUH C JIOTMYECKMMM 3HAUEHUSMM JAPYIMX BBICKAa3bIBAHMH HAa OCHOBAHUU
UCCIIeIOBaHUs (POPMATILHON CTPYKTYpPHI BbICKa3bIBaHUH. OIHO M3 BXKHEUIINX NpeaHA3HAYCHUN
JOTMKH COCTOMT B WM, YTOOBI YCTaHaBJIMBaTh, YTO M3 YEro CjleayeT, T.e. YCTaHaBIMBATb
CTPYKTYpbl BBICKAa3bIBaHWM, CBSI3aHHBIX OTHOILIEHUEM JIOTMUECKOI'O CIIEOBaHMs. 3HAHUE 3THUX
3aKOHOMEPHOCTEH HEoOXOIUMO INpexJe BCcero camoil Maremarndyeckoil Hayke. C HOMOIBIO
TaKUX 3HAHUN MPOUCXOAUT JI0KA3aTE€IbCTBO MAaTEMaTHUYECKMX TEOPEM U, CIIEI0BAaTENbHO,
pasBUTHE MaTeMaTUKHU. DTO 3HAHHME Ba)KHO M JJIS IPYTUX HayK, JUIsl CUCTEMaTH3allud Hay4yHOI'O
3HaHUU BOOOWIE; 714 U B TOBCEAHEBHOHM JXU3HU OHO CIY)KUT HHCTPYMEHTOM pPacCYXKICHHIA,
000CHOBaHMH U J10KA3aTEIbCTB.

[Tonsitue noruueckoro cueactBus. Korpa roBopsT, 4To M3 OAHOIO WJIM HECKOJIBKHX
npeuiokeHuit Ag Ay,..., Am cieyeT npejuioxkenue B, To noapasymeBaroT cienyromiee: BCIKUN
pa3, KOrja OKaXyTCsi HCTUHHBIMU BCE€ NpeuiokeHUs Aji Ay,..., Am, UCTUHHBIM Oyner u
npeziokenre B. Bor npumepsl Takux crnepoBaHuii: «Eciau 1€TOM S yCTpOKOCh HAa BPEMEHHYIO
paboty (yrBepxkaeHue A), To y MeHs1 OynyT 3apaboTaHHble ieHbIM (yTBepkaeHue B)», «Eciau y
MeHst OyIyT 3apaboTaHHbIE JIEHBIU, TO 51 KYIUTIO BUJeoMarHuTodoH (yreepxxaenue C)y», «Ecnu
JTHEM s HE TIPUTOTOBIIIO YPOKU Ha 3aBTpa (yTBepkaeHue Al), u ecinu BeuepoM sl Moy B KUHO
(yTBepkaeHue A), To 3aBTpa s Oymy He TOTOB K 3aHATHAM (yTBepkaeHue D)». YcraHoBieHue
CIPABEJIMBOCTU TMPUBEJICHHBIX CYXICHHM HE OTHOCUTCS K KOMIIETEHIIMM MaTeMaTH4ecKOil
JIOTMKH, a OCYIIECTBIISIETCS HAa OCHOBE aHAIN3a UX COJIEPKaHMS U CMbICIIA.

3ajaya MaTeMaTU4YecKOM JIOrMKM (B YacTHOCTHM, aiureOpbl BBICKA3bIBAHWN) B BOINPOCAX
JIOTMYECKOTO CJIEZIOBAHUS COCTOUT B TOM, UTOOBI yKa3aTh Takue (OpPMbI BBICKA3bIBaHUN A1 Ay,...,
Anm, B, xorma mocnemHee BbICKa3bIBAaHWE HEMPEMEHHO ObUIO OBl CIEACTBHEM M TEPBBIX,
HE3aBUCHMO OT KOHKPETHOT'O COJEpXaHMs BCEX 3TUX BbICKa3blBaHUIl. DOPMbI BBICKa3bIBAHUI
BBIpQXAIOTCSl, KaK HaM HU3BECTHO, QopMmyiaamMu aireOpbl BbICKa3blBaHUW. WTak, Teopus
JOTMYECKOr0  CllefIoBaHUs (B pamMKax anreOpbl  BBICKA3bIBaHMH) JOJDKHA — HM3yd4aTh
3aKOHOMepHOCTH oOpa3zoBanus Gpopmyin Fi F,..., Fm, H, Mo KoTopsiM miepBbIe T U3 HUX CBS3aHBI C
NoCJIeAHEN OTHOLIEHUEM JIOTUYECKOTO CIIEI0BaHUS.

Omnpenenenne 6.1. @opmyna H( X, X,,......X ) Ha3pIBaeTCs JOTHYECKUM CIIEACTBHEM (HOpMYIT

FOX Xy X))y oy Fon (X, Xy X)), ecmm popmynia H( X, X,,......X ) TipeBpamaercs B
MICTHHHOE BBICKA3bIBAaHHE IIPH BCSIKOH TakKoil MOJCTAaHOBKE BMECTO BCEX €€ MPOIMO3UIIHOHAIBHBIX
nepeMeHHbIX X, X,,......X | KOHKPETHBIX  BBICKAa3bIBaHWH, MNP KOTOPOH B HCTUHHOE
BBICKa3bIBaHUE TpeBpamatoTcs Bce popmynsl F( X, X,,.....X ), ..., Fm (X, X,,......X,,).To, uro

dopmyna H sBasiercst noruyeckum cienactsuem ¢opmyn Fi..., Fn, H. @opmyner F1 .., Fny
HA3BIBAIOTCS TIOCBUIKAMHU 7S JIorudeckoro cneactsust H. Takum obpazom, F; ..., Fy = H, ecin
JUTA JIFOOBIX BBICKA3bIBAHWMI

A1 Agyey Ag 13 AF (A A)) =L AF, (Ao A)) =1 crtenryet A(H, (A ..., A)) =1.

HaxoHen MOKHO U Tak CKa3aTbh O JIOTHYECKOM cieacTBUH. COCTaBUM TaOIUIIBI HCTUHHOCTH JIIS
dopmyn Fi ..., Fm, H. Ilpeanonoxum, 4To ecnu B KaKOH-TO CTpoke Tabiauibl Bce popmyisl Fi ...,
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Frn mpuHMMaroT 3HaYeHue 1, TO B 3TOM CTpOKe HenpeMeHHo u Gopmysia H nmpuHUMaeT 3HaueHue
1. OT0 u Oynet o3HavaTh, uto H siBisieTcs nornyeckum cineactsueM popmyn Fi ..., Fp.

W3 chopMynupoBaHHOTO OMpEACIICHUsI BBITEKACT YETKHH anropuTM MpOoBEepKu (OpMyll Ha
JIOTHYECKOEe clieJloBaHre PaccMOTpMM ero JeWcTBHE I CiIydas, Hampumep, Tpex (hopmyii-
HOCBUIOK, 3aBUCAIIMX OT Tpex nepemennsix: F (X,Y,Z),F,(X,Y,Z),F,(X,Y,Z)=H(X,Y,Z).

Bce 51r hopmyssl 10KHBI OBITH 33JaHBI TAOJIMIEH CBOMX 3HAUCHUIA:

X |V |Z |[FL(XY,2) [F(X, Y,2) Fs(X,Y,2) H(X,)Y,2Z)
0 (0 |0 |a B 7o S
0 0 1 |a B, 71 =1
0 11 |0 |a, B, V2 &
0 1 |1 |as Bs V3 &
110 [0 (e, B Va S
110 1 Jas Bs Vs Ss
1 11 0 |a Bs Ve S
1111 ey B V7 ¢

AJTOpUTM JIEUCTBYET clieayromuM oopa3zoM. OH IpocMaTpUBAaET MOCIE0BATENLHO MO CTPOKaM
Tabuuibl 3HaueHnn Gopmya Fi Fo F3,H. Ecin xots Obl 07iMH 211€MEHT HYNEBOM CTPOKH a, 3,7,

paBer 0 To 6e3 mpocMoTpa 3HaueHus GopMyasl H B 3TOH CTpOoKe MPOMCXOIUT MEPEXO] K
IPOCMOTPY CIENYIOWEH CTPOKH a,, f3,,,. ECIIH BCE DIEMEHTHI «, f3,, 7, HYIEBOH CTPOKH PaBHBI
1, To mpocmaTpuBaercsi 3HaueHume ¢, ¢Gopmynsl H B sroii crpoke. Ilpm &,=0 Bblmaercs
pesyabTaT: popMmyna H He sBisercs normdeckum cieactsueM dopmyn Fi Fo Fs IIpun &= 1
IIPOMCXOIUT MEPEXO] K POCMOTPY CIEAYIOIIEN CTPOKU «a,, f;,7, . U Tak nanee.

[lpu3Haku JTOTWYECKOTO CHeACTBUS. 1o, YTO HEKOoTopas ¢GopMmyna SBISETCS JIOTHYECKUM
CIIEJICTBUEM KaKUX-TO (OpPMYJ, MOKHO BBIPa3UTh TaK ke, CKa3aB, YTO MOAXoAsmas dopmyna
SIBIIIETCSl TABTOJIOTHEH. B 3TOM CyIIeCTBO MPHU3HAKOB, O KOTOPBIX TMOWJET PeYb B HACTOSIIEM
MyHKTE, YeM eIIe pa3 MOoAYEPKUBACTCS BaXKHOE 3HAUCHHE TaBTOJIOTHH.

Teopema 6.3 (mpusHak joruueckoro cienctusi). @opmyna H Oyner moruueckum cieiacTBUEM
dopmynel F Torma um TombKkO Torma, korma dopmyna F — H o sBhsieTcs TaBTOJIOTHEH:
F=H<=F->H

Teopema 6.4. Jlns mobsix dopmyn F1 , Fp, ..., Fn, H(M> 2) crneayromme yTBepKaeHus
PaBHOCUIIBHBI:

a)F,,..F, =H

JlokazaTtenbcTBO. YTBEpKACHHUS 0) W B) paBHOCHJIBHBI HA OCHOBAHHH TPEIBIIYIICH TEOPEMBI.
JlokakeM paBHOCUIIBHOCTh YTBEPIKICHUH a) U 0).

a) =>0)

ITyctb Ay ,..., Am — Takue KOHKPETHbIE BBICKA3bIBAHUSI, UTO

AR (4,..4) A........ AF (A A)) =1 (6-1)

Torna

AR (4. 4) A AAF (A n A)) =1, (6.2)

OTcro/1a 1o OnpeaeIeHUro

AF (A A)) =L, AF (A A)) =1 (6.3)

Ho mnockoneky mo ycnosuto Fi Fy, ..., Fpy =H, To orcroma cnenyer, uto A(H(4,...4,))=1.

CnepoBarensHo, F A.....AF =
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0) =>a).

[Ipeanonoxum, 4TO CHpaBeIIUBBI BCe COOTHOIICHHUS (6.3) s HeKoTopwix Aj ..., A, Torma
MMEET MECTO COOTHOIIEHUE (6.2), U3 KOTOPOro Ha OCHOBAaHUM paBeHcTBA (1.2) mpuxoaum kK
cootHomrenuio (6.1). 3 mocnennero, Ha ocHoBanuu yciaoBus F\ F1 Fp, ..., Fy =H 3akmogaem:

A(H(4,....4,)) =1. Ho aTo u o3Hauaer, 4ro F1 Fy, ..., Fny =H

JlBa cBoiicTBa normdeckoro cuenoBanus. CBoicTBa, GopMmynupyemeie B Teopeme 6.5,
UCIIONIB3YIOTCSL JJIsi J0Ka3aTellbcTBa TOrO, 4YTO Kakas-To ¢opMmyla SBISETCS JIOTUYECKUM
CJIEJICTBUEM HEKOTOPBIX (popmyI.

Teopema 6.5. OTHOIIEHHE JIOTHYECKOTO CIIEIOBaHUA MeXAy GopmylaMu anreOpsl
BBICKA3bIBAaHUH 00JIaIaeT CISAYIOIIMMH CBOWCTBAMMU:

aF,...F,=F,omi=12....m

0)ecnuF,....... F, :doﬂfljzl,Z, ..... p_u_G,... ,Gp =H,mo_F,.....F, =
JHoxa3arenbcTBo, a) @PakTHYECKH 3TO CBOMCTBO cocToMT B cienytomem: K =F. O=no

HETIOCPEACTBEHHO BBITEKACT M3 OIpeneseHus: 6.1 JIOTMYecKoro ClIeZOBaHUS M O3HAYAET, YTO
OTHOUIEHUE JIOTUIECKOTO CIIeI0BaHMs Pe(ICKCUBHO.

6) B wuactHoM ciaysae mpu M = p = 1 paHHOe CBOWCTBO YTBEP)KIAET: €CIU
F=G_u_G=H,mo_F=H Jlpyrumu ciioBamMH, OTHOIICHUE JIOTUYECKOTO CIICIOBAHHS
TpaH3UTHBHO. JlokakeM ucxomHoe yrBepxkaeHue. CTpouM TaOMUIly MCTUHHOCTU JUIS BCEX
(GopMys, yKazaHHBIX B YTBEPXKICHUHU 0), MEPEUYUCIIUB BCE MPOIO3UIMOHAIBHBIC MEPEMEHHBIC
X X, e X BXOZSIINE XOTS OBI B OZHY U3 3THX (GopMyi. PaccMoTpum Kakyro-HUOYAb CTPOKY

9TOW TaONUIlBI, B KOTOpOH kaxmas ¢opmyna Fi F,..., Fy TomydaeT HCTUHHOCTHOE 3HAYCHUE,

paBHoe 1. Torma Ha ocHOBaHuMHM ycnoBui kKaxnas u3 Gopmyn Gi Gy, ..., Gy Takke npuHUMAET
HMCTUHHOCTHOE 3HauyeHue, paBHoe 1. CinenoBarensHo, 1 H umeer 3nauenue 1. Takum oOpazom,
JUIL BCSAKOTO Habopa HWCTUHHOCTHBIX 3HAYeHHMH nepeMeHHbIX X, X,,....X A7 KOTOpPOTro

kaxnas popmyna Fi Fy, ..., Fy mpunuMaer 3navenue 1, popmyna H taxke mpuHUMaET 3HAUCHUE
1. OT1o o3Hauaer, uto F; Fy, ..., Fn = H.

CnenoBaHue M paBHOCWIBHOCTH (opMyi. Eciau roBopuTh O clie0OBaHUHM U3 OJHOW (HOPMYIIbI
Jpyroi, To mojyyaeM OWHApHOE OTHOIIEHHE HA COBOKYNHOCTH BceX (opmyn anreOpbl
BbIcKa3bIBaHUH. J[Be popmynsl F U H (B ykazaHHOM nopsiike) HaXOASTCS B JAHHOM OTHOIIEHUH,
ecmu F =H.

e dopmynsl F u H (B ykazaHHOM MOpPsIKE) HAXOAATCA B 3TOM OTHomieHuu, eciim F = H. Tam
xe (cnenctsue 4.3) yCTAaHOBJIEHO, YTO OTHOIIEHHE PAaBHOCUIBHOCTH (OPMYJ €CTh OTHOILICHHE
HKBUBAJIEHTHOCTU. YCTaHOBMM B3aWMOCBSI3b MEXJy OTHOIIEHHMEM pPaBHOCWIBHOCTH U
OTHOLICHHUEM CIIEIOBaHUS.

Teopema 6.6. JIBe dopmynbl anreOpbl BBICKA3bIBAaHUN PABHOCHIIBLHBI TOTJIa M TOJBKO TOT/A,
KOT/Ia KaXJas U3 HUX SIBJISIETCS JIOTHYecKuM cieactuem apyroi: F2zH < F=H_u_H=F

3ameuanue 6.7. Ecnu HekoTopas (opMmysa sBIsSETCS TaBTOJIOTHEH, TO M BCAKOE €€ JIOTHYECKOoe
CIIEICTBUE TaKXke sBisercs TaBTojorueil. CHMBOJIMYECKM 53TO MOXKHO 3alucaTh Tak:
=F_u_F=H=H=H

IIpaBuna JIOrMYECKUX YMO3aKIIO4YeHHMM. Temepp MOXKEM pacCMOTPETh IPUMEPBI CTPYKTYp
MPABUJIBHOTO MBILUIEHHUS, T.€. OTBETUThH Ha BOIIPOC, UTO U3 YETO CIEyeT.

Ipasuio 6.8 (modus ponens): FFG—_>G

DTO MpaBUIIO O3HAYAET, YTO OT YTBEPXKACHHUS 00 MCTHHHOCTH MOCHUIKK F C momompio Apyrou
nocbulku F— G mepexoaar k yTBepxkIaeHHI0 00 ucTuHHOCTH cienctBus G. [lanHoe mpaBuio
Ha3bIBAIOT TAKXK€E IPABUIIOM 3aKJIIOUEHUS WIH OTAEICHMSL.

F —>G,—|G

1

[MpaBuio 6.9 {modus tollens):
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Ono HaszbIBaeTcs mpaBwiioM Modus tollens; oT orpunanus HCTHHHOCTH MOCKUIKU G ¢ MOMOIIBIO
noceliku F — G mepexosT K OTpUIIaHUIO UCTUHHOCTH F.
VYkaxeM ele HEKOTOpble NpaBWia BBIBOJA, IPHMEHSEMBbIE B paccyxaeHusix. Ilytb ux
HOJyYEeHUsI COCTOMT B TOM, YTO CHayaja 3aMEHSEM B COOTBETCTBYIOLIEH TABTOJIOTHMHU KaXIyrO
IPOTO3ULMOHATBHYIO TIEPEMEHHYIO IPOU3BOJIIbHON (HopMynol anreOpbl BBICKA3bIBAaHUN, B
pe3yibTaTe Yero Ha OCHOBAHUU TeopeMbl 3.6 CHOBa MOJIydaeM TaBTOJIOTHUIO, a 3aTEM OT Hee 10
Teopeme 6.3 mepexoarM K COOTBETCTBYIOLIEMY MPABUILY BBIBOJA (YMO3AKIIIOUYEHUs), KOTOPOE U
3anuchiBaeM B NpHUHATONW Qopme. Tak, TaBrosiorus teopemsl 3.3, 6 1aeT cieayroliee MpaBuiIo
BBIBOJIA:
F.G
GAF
FAG FAG
ITpaBumno 6.11 (ynaneHus KOHBIOHKIMH): ——— ,———.
F G
G
FAG FAG
F->G
F>GG—->H

F—>H
F—>(G—>H)

G—(F—>H)

[TpaBuiio 6.10 (BBeaeHMSI KOHBIOHKIIUM):

[TpaBuiio 6.12 (BBeneHUS TU3BIOHKIIMN):

[TpaBuiio 6.13 (KOHTPANIO3UIIMH):

[TpaBuio 6.14 (11enHOTo 3aKIHOYEHU):

[TpaBuiio 6.15 (mepecTaHOBKH MOCHLIOK):

F—>(G—>H)
(GAF)—>H
(FAG)—>H

(FA=H)—> -G

[TpaBuna 6.16 (00ObeIMHEHHS M Pa3bEeIUHECHHS ITOCHUIOK ):

[TpaBuiio 6.17 (pacmiMpeHHON KOHTPAIIO3ULIUH):

Haxoxienue ciaeacTBuil U3 JaHHBIX MTOCBUIOK.
Teopema 6.19. ®opmymna H( X, X, ,......X | JHE ABISIOIIAsICS TABTOIOTHEH, TOTIAa U TOJIIBKO TOT/a

Oyner normdyeckuM ciencteueM opmyn Fi (X, X,,....X)), ..., Fm( X, X,,......X,,), HE Bce u3

KOTOPBIX SIBJISIOTCSI TaBTOJIOTMSIMH, KOT/Ia BCE COBEPIIECHHBIE JU3BIOHKTHBHBIE OJHOUYIEHBI U3
pasznoxxeHust ¢opmynbl He coBeplieHHYI0 KOHBIOHKTHBHYIO HOPMajibHYI (hOpMYy BXOIST B
COBEPUICHHYIO KOHBIOHKTHBHYIO HOPMaJIbHYIO (hOpMY (POpPMYJIbI

Fi (X1, Xgpoete XA viiees A F( X, X, X))

DTa Teopema OmpenensieT CAeAyIllee NpaBuiao (aIropuT™M) IS  HAXOXKIACHUS BCEX
(HepaBHOCHUIIBLHBIX ) OPMYJI, SBIISIOIINUXCS JIOTUYECKUMU CIIEJICTBUSIMHU U3 TIOCBUIOK F1 ..., Fy!

1) cocTaBUTh KOHBIOHKITHIO F1 A ..... A Fp;

2) naiitu CKH-popmy popmynsr F1 A ... AFm;

3) BBINIKCATh BCE COBEPIICHHBIC TU3bIOHKTUBHBIC 0THOWICHBI HaiineHHoit CKH-hopmsl, a Takke
BCEBO3MOXKHBIE KOHBIOHKIIUU ATHX OJHOWIEHOB. [lomydeHHOe MHOXECTBO (DOPMYI U SBISETCS
HUCKOMBIM .

HaxosxaeHne mochlIoK ISt JAHHOTO CIEeICTBUA. 3a/1aya HaX0XKIeHUs BceX (OpMYIl, U3 KOTOPBIX
naHHas popMyIia JJOTHYECKU CIEAYyeT, SIBISIETCS OOpaTHOM 1O OTHOIICHUIO K TOM, KOTOpasi Obliia
paccMOTpeHa U npeAblaylieM myHKTe. Ee pelieHre oCHOBBIBaeTCA Ha CIAEAYIOIIEH TeopeMe.
Teopema 6.20. UtoObl HaiiTH Bce (GOPMYIBI, JOTHYECKAM CIEACTBHEM KaXKIOW M3 KOTOPBIX

oyner nannas ¢popmyna G( X, X,,......X,)), Hy)KHO JIeHCTBOBaTh IO CICAYIOIEMY aITOPUTMY.
Haiitru CKH-popmy mns  ¢opmynsr  G( X, X,,......X); BBISIBUTh BCE COBEPLICHHBIC

MU3BIOHKTUBHBIC OJHOWIEHBI, KOTOpPbIE B HEW OTCYTCTBYIOT, COCTaBUTh BCEBO3MOXKHBIC
KOHBIOHKIMU (opmyibl G( X, X,,......X ) ¢ HEZOCTAIOUIMMH TU3BbIOHKTUBHBIMU OJHOUWICHAMH.
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[TonyuuBiasicss COBOKyImHOCTh hopmyn (Bmecte ¢ popmyrnoir G) Oyzaer UCKOMOM (¢ TOYHOCTBIO
JI0 PaBHOCHUJIILHOCTH (hOPMYIT).

JokazarenbctBo. SICHO, YTO M3 KaxIoi (OpMyJbl 3TOH COBOKYIMHOCTH OyIeT JIOTHYECKU
cienoBath popmyna G, Tak kak GA H =G (KOHBIOHKIUS CHIIBHEE KaXI0T0 U3 COMHOXHUTEICH ).
OO0patHo, oKaxkeM, 4To Kaxaas ¢popMmyna F, U3 KOTOpO#l JOrMYecku cieayer naHHas Gopmyna
G, uMeeT yKa3aHHBIH BUJ, T.C. MPEACTaBIsACT co00i KOHBIOHKIUIO (GopMynsl G U HEKOTOPBIX
COBEPIIICHHBIX TU3BIOHKTHBHBIX OAHOWIECHOB, OTCyTcTBYIOIMX B CKH-bopme mis G. B camom
nene, nyctb F = G u G=D, AD, A........ AD, — CKH-dopma mis dopmynsr G(
X X X )HFZ A AA, A A A,— CKH-dopma s popmymsiF( X, , X, ,...... X
[To ompenenenuio Jorudeckoro ciaemoBanus, F=G o3Hagaer, uto ecau Qopmyna F(
X, X, X)) Ha HEKOTOpOM HaOOp A, A,,...... ,A, ~3HAYCHHH MPOMO3UIIMOHATBHBIX

n
IepeMEeHHBIX NpHHsIa 3HayeHue 1, To u popmyna G( X, X,,......X ) Ha 3TOM Habope IMpUMET
3Hauenne 1. Jlpyrumum crnoBamm, ecmu ¢popmyra G( X, X,,.....X,|) Ha Hekotopoil Habope
A, Ay 4

dopmyna F( X, X,,.....X, ) Ha aToM Habop npunumaeT 3HaueHue 0. Ho Bce Habopsl 3HaUECHHI

n 3HaYCHUH IMPOIO3UIIHOHAJIbHBIX IICPEMCHHBIX IIPHHUMACT 3HAYCHUC O, TO H

MEPEMCHHBIX, KOTOPBIX G MNPpUHHUMACT 3HAYCHUC O, HaxoadaTCsa BO B3aMMHO-OJHAa3HaA4YHOM
COOTBCTCTBUH C COBCPHICHHBIMUA JU3BbIOHKTHBHBIMHU OJHOYJICHaAMH Dl’ DZ yernees D

obpazyromumu  CKH-dpopmy st dopmyner G, T.e. ecmu G(4,,4,,......4,) = 0, to D,(
A, 4,,.....,A,) = 0 nnsa vHexoroporo 1 <i<k CnenoarensHo, F( 4, 4,,......,4,) = 0 1 3Ha4NT Ha

ITOM XK€ Habope nMpuHUMaeT 3HaueHue () HEKOTOPbI COBEPIICHHBIN TU3BIOHKTUBHBIN OTHOUYICH
A, Bxomsamuii B ee CKH-popmy. Ho Torma 3ToT omHouneH coBmazaer ¢ opHowieHoMm D, .
Taxum 00pazom, KaXIblii COBEPIICHHBIH MN3bIOHKTUBHBINA ogHOowIeH D; n3 CKH-dpopmsr mis G
BxoguB B CKH-popmy nmns dopmyner F, T.e. CKH-popma mns F umeer Bug F=
=D, AD, A AD AA A AA

§ 7. HpI/IJ'IO)KeHI/Ie anre6pbl BBICKA3bIBaHMH K JIOTUKO-MaTeMaTUYECKON IMPAKTHUKE

[lpsmass u oOpartHas TeopeMbl. MHOTHE MaTeMaTHYeCKHE TEOPEMbl HMEIOT CTPYKTYpY,
BbIpaxkaeMyto ¢opmynoit X — Y. VTBepkaeHHE Ha3bIBae€TCs YCIOBUEM TEOPEMBI, a
yTBEepXKJIeHHE Y — €€ 3aKII0UEHUEM.

Hanpumep: «Ecim B 4eThIpexyrolbHUKE BCE CTOPOHBI PaBHBI MEXAY co00il (4;), To ero

JMaroHaiy neprneHaukyasapasl (B1)». CumBoanueckas 3anuch 3Toil Teopemsl: 4, — Bi.
Bropoit npumep: «Eciam B 4eTHIpeXyroJbHUKE BCE CTOPOHBI paBHBI (4;), TO €ro IuaroHaiu

JIeNSTCS TOUKOM Tepecedenus nonosiam ( B, )». Cumsonuuecku: 4, — B,

Hanee, ecnu Hekoropas Teopema umeer Gopmy X —Y, yrBepxkaeHue X — Y Ha3bIBaeTCs
00paTHBIM JIJIs1 JaHHOM TeopeMbl. DTO YTBEp:KJIEHUE MOXKET OBITh CIIPaBEUIMBBIM, U TOTJa OHO
Ha3bIBAE€TCsl TEOPEMOM, 0OpaTHOM 1 TeopeMbl X — Y, KOTOpasl, B CBOIO Ouepe/ib, Ha3bIBACTCS
npsaMoii Teopemoit. Ecnu sxe yrBepkaeHne X — Y He BBIIOIHSANCSA, TO TOBOPAT, YTO oOpaTHas
Teopema Juta TeopeMsl X — Y HeBepHa. Tak, s Teopemsl 4, — BioOparHas Teopema HeBepHa,
a ans TeopeMbl A, — Bj crnpaBennuBa oOpaTHas Teopema By — Ajp. Takum obpasom, mpu
JIOKa3aTelIbCTBE TEOPEMBI HYKHO YETKO BBIJCINUTH, KAKOBO €€ YCIIOBUE U YTO JOKA3bIBAETCS.
Jloka3arenbCcTBO MPSAMON TEOPEMBbI HE AT OCHOBAaHUM JAJs BBIBOAA O TOM, YTO M OOpaTHas
Teopema Tarke BepHa. OOpaTHas TeopeMa TpeOyeT CrenuanbHOi MPOBEpKU. ITO 00YCIOBIEHO
TeM, uTo hopmynsl X — Y u Y — X, BeIpakarolyue CTpyKTYpbl IPSIMOil 1 00paTHOI TeopeM, He
paBHOCWIBHBL. VX HE paBHOCWIBHOCTH MOXHO YCMOTPETh TaKXe W3 TaOJUl MCTUHHOCTH
JAHHBIX (POPMYIL.
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Crpykrypa Teopemsl A, — Bjimocratrouno mnpocra. PaccmoTpum Teopemy Ooiee CIOXKHOM

CTPYKTYpHbI: «B paBHBIX TpeyrojiibHUKaX IPOTUB PABHBIX YTJIOB JIe)KAaT paBHbIE CTOPOHBI». UTOObI
YETKO BBIICIUTH YCIOBHE JAHHOW TEOPEMBI U 3aKIIOYeHHE, CHOPMYIHpPYEM €€ CIEeIYIOIUM
oOpa3om: «Ecnu 1Ba TpeyrojipHUKa paBHBI (A), TO U3 MOMAPHOTO PABEHCTBA JIBYX YIJIOB ATHX
TpeyroibHUKOB (B) cieayer paBencTtBo ux mportuBojiexamux cTopoH (C)». CUMBOIMYECKU
Teopema 3anuceiBaercs rak: A — (B — C), T.e. oHa UMeeT CTpoeHHUe, OUchIBaeMoe (HopMyInoi
P— (Q—R). Ha ocHOBaHUM PaBHOCHIBHOCTH, IMOJIYYAIOIICHUCS U3 TABTOJIOTHH TEOpEeMbI 3.1, M
(MpaBMIIO MEPECTaHOBKH IMOCHLIOK), JaHHas GopMyia paBHOcWwiIbHA Gopmyne Q —(P— R), a
Ha OCHOBaHHH PAaBHOCHIBHOCTU TeopeMbl 4.4, T oHa paBHOcwiIbHa dopmyiae (PA Q) — R.
CnepnoBarenbHo, Teopema A — (B—C) moxer ObiTh chopmynupoBana B Buiae B — (A —C):
«Ecimm nBa yria AByX TpEyroJbHMKOB IOMapHO paBHbl (B), TO ©u3 paBeHCTBa 3THX
TPEYroJIbHUKOB (A) cielyeT paBeHCTBO CTOPOH, MpoTuBosexkamux 3tuM yriaam (C)». Tperuit
BuJ AaHHOM Teopembl (A A B) — C: «Ecam TpeyrosbHUKH paBHbI (A) M B HUX JIBa yrjia
normapHo paBHbl (B), To u npotuBonexaiire ctoponsl paBHbl (C)». Takum obpazom, ycioBue
ATOM TEOPEMBI COCTOUT U3 JBYX YTBep:kAeHUI A 1 B mim npeacrasisier co00i nX KOHBIOHKITUIO
A A B, a3axmouenueM siBusieTcs yrepxkaeHue C.

Ecnu Teneps 3amagumMcest 1enbio chopMyaupoBaTh TeopeMy, 00paTHYIO pacCCMOTPEHHOM TeopeMe
A —»(B— C), To cronkHeMcs ¢ HEKOTOPBIMHU TPYAHOCTSIMH, IIPEOAOJIETh KOTOPHIE IIOMOTaeT
anrebpa BbIcKa3biBaHui. OOpaTHas TeopemMa — Takas, B KOTOPOW YCIOBHE U 3aKIIOYECHHE
IIPSIMOM TEOpEMBI IIOMEHSINCh MeCTaMU. B paccMarpuBaeMoi IpsIMOM TeOpeMeE JiBa YCIOBUS U
OJIHO 3aKJI0YeHHe. JTO MPUBOAUT K TOMY, YTO TOJy4yaeTcsl He OJHA oOpaTHas Teopema, a
HeckoJbKo. Tak, oOpamierre nepBeIX Tpex (OpM TAaHHON TEOpeMBbl MPUBOJAUT K CIIEIYIOIIUM
00paTHBIM YTBEPKICHUSIM:

1) B—»C) —» A: «Ecau u3 momapHOro paBeHCTBA JBYX YIJIOB TPEYTOJILHHUKOB CIIEAYET
PaBEHCTBO UX MPOTUBOJICKAIINX CTOPOH, TO TAKHE TPEYTOIHHUKH PaBHBDY;

2) (A—> C) — B: «Ecam orpe3ku 001agar0T TeM CBOMCTBOM, 4YTO, OyAydYd CTOPOHAMH B
PaBHBIX TPEYTrOJbHUKAX, OHU JIS)KAT MPOTUB PABHBIX YTIIOB, TO 3TH OTPE3KU PABHBI;

3) C —> (A A B): «Ecaum cropoHa OJHOTO TpPEYrojbHUKAa paBHA CTOPOHE JIPYroro
TPEYroJbHUKA, TO TPEYrOJbHUKH PaBHBI W YTIIbI, MPOTHUBOJIEKAIINE ITUM CTOPOHAM, TaKKe
paBHBIY.

Haxonen, MoxkeM c(hopMyaupoBaTh elle JaBa OOpaTHBIX YTBEPXKAEHUS, MOJTyJaroluXcs M3
cyxkaennit A - (B - C) u B - (A— C) nepecTaHOBKOW ABYX MOCIEIHUX BBICKa3bIBAHUU.
Wuaue roBOpsi, 3TH OOpaTHBIE YTBEPKACHUS IMOTYyYAIOTCS MEPECTaHOBKOW MECTaMH OJHOTO W3
JIBYX YCIIOBHH MPSIMOI TEOpEMBI U €€ 3aKII0UEHUS:

4) A — (C — B): «Ecnu TpeyroiibHHKA PaBHbBI, TO U3 TOMAPHOr0 PABEHCTBA JABYX UX CTOPOH
ClIeZlyeT paBeHCTBO NMPOTUBOJISKAIINX YITIOBY;

5) B— (C — A): «Ecnu yroa 0JJHOTO TpeyrojbHHUKa paBeH yriy APYroro TpeyrojibHUKa, TO U3
pPaBEHCTBA MPOTHUBOJISKAIIIX 3TUM YIiIaM CTOPOH BHITEKAET PAaBEHCTBO CAMUX TPEYTOIHLHUKOBY.
HeoGxoaumbie u nocratounble yciaoBus. C MOHATHAMHU NPSMOW M OOpaTHOW TEOpeM TeCHO
CBSI3aH BONPOC O HEOOXOIMMBIX M JOCTATOYHBIX YCIOBHUSX. Ecim HekoTopas mMareMaTHYecKas
TeopeMa UMEET CTPYKTYpY, BbIpakaemyro ¢opmymnoir X — Y, TO BbICKa3biBaHHWE Y Ha3bIBACTCA
HEOOXOUMBIM YCIOBHUEM JUJIsl BhICKa3bIBaHUS X (IPYrMMHU cIOBaMH, ecid X UCTUHHO, TO Y ¢
HEOOXOJMMOCTBIO JIOJDKHO OBITh TakkKe WCTUHHBIM), a BBICKa3biBaHWE X HaA3bIBACTCS
JIOCTaTOYHBIM YCIIOBHEM ISl BBICKA3bIBaHUSA Y (IPYTMMH CJIOBAaMH, JJISI TOrO 4TOOBI Y OBLIO
UCTUHHBIM, TOCTATOYHO, YTOOBI HCTHHHBIM ObLTO BbICKa3biBaHue X). [TocMOTpUM ¢ 3TOH TOYKH
3peHuss Ha nepBylo Teopemy A, — Bi. HeoOxoauMbeiM - ycloBHEM —paBeHCTBA B
YEeTHIPEXYTOJILHUKE BCEX CTOPOH SIBISETCS TEPIEeHINKYISIPHOCTh €ro auaroHaneil. Muaue
TOBOPS, IOCTATOYHBIM YCJIOBHUEM MJIs MEPICHIUKYISIPHOCTA AHAroHAEH YeThIPeXyrojlbHUKa
SBJISIETCS] PABEHCTBO BCEX €r0 YETHIPEX CTOPOH.

OmHO M TO Ke YTBEpXKIECHHE MOXKET .MMETh HECKOJIBKO HEOOXOIUMBIX YycioBui. Tak,
HEOOXOJUMBIMU YCIIOBUSIMU PaBEHCTBA BCEX CTOPOH YETHIPEXYrOJbHUKA SBISIOTCA, KpPOME
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yKa3aHHOTO, JIeJICHHE IMaroHajel TOUKoi nx mepecedeHus nononam (B, ), AeneHne auaroHaieit

COOTBETCTBYIOIIMX YIJIOB ITOIMOJIAM (Bln) U T.J. AHAJIOTHYHO, OJTHO U TO )K€ YTBEP)KICHHE MOXKET
UMETh HECKOJBKO JIOCTATOYHBIX YyCIOBHHA. Tak, &I NEpHeHIUKYJIIPHOCTH IUaroHayen
YeTHIPEXyroJIbHUKA JOCTATOYHO TAK)Ke, 9YTOOBI B HEM OBLIO JIBE Taphl PABHBIX CMEXHBIX CTOPOH.
[Tocne Toro kak mokazaHa Teopema X — Y, BO3HUKaeT BOMpOC, OyAeT I HaijeHHOe
HEOOXOMMOE YCIIOBUE JOCTAaTOYHBIM WM JOCTaTOYHOE — HEOoOXoAuMbIM. MHaye romops,
OyneT a1 BepHO yTBepKaeHrue Y — X, Ha3pIBaeMOe OOpAaTHBIM 10 OTHOIICHHUIO K TeopemMe X —>
Y. MW3BecTHO, 4YTO YCIIOBHE IEPICHIUKYISIPHOCTH JOUAroHaicii dyerbipexyroabHuka (Bi),
HE0OXOoaMMOe Il paBeHCTBAa Bcex ero ctopoH (A,), He Oyner (OCTaTOYHBIM JIJIsi TaKOIoO
paBeHCTBA. .
Ecnu cnpaBeyuBel yrBepxkaeHuss X —Y u Y — X, T. €. cripaBeyIiBO X <> Y, TO CUUTAIOT, YTO
X — Heo0XoauMoe W JO0CTATOYHOE YCIIoBHE ais Y, W, HA000pOT, 4To Y— HEo0XOoauMoe U
JIOCTaTOYHOE ycioBHe Ans X, WK ke uTo Y sBisercs kpurepuem (i) X. Martemaruueckas
HayKa M300MITyeT yTBEpKICHUSMH Buia X <> Y, MPEACTaBISIONIMME CO00M HEoOXOAuMbIe U
JIOCTATOYHBIC YCIIOBUS, M UX TIPUXOTUTCS OTHICKMBATH B CAMBIX Pa3HBIX €€ 00JIACTSX.
[Tpumep 7.1. Ilycth TpeOyeTcs HalTH HEOOXOAMMOE U JIOCTATOYHOE YCIOBUE TOTO, YTO
BBIIYKJIBIM YETBIPEXYTOJIbHUK SIBIsETCS KBagpaToM (A). Haxoaum psig HEOOXOAMMBIX YCIOBUM
JUISL 5TOTO YTBEPKICHHUS:
Bi1: «/lnaronanu 4eThIpeXyroJibHUKA MEPICHIUKYIISIPHBDY;
B! «/lnaronanu 4eTbIpexyrojibHUKA PaBHBDY;
B3: «/lnaroHanu 4eTbIpeXyrojJbHUKA TOUYKOW IIEPECEUEHUS AEIIATCS ITOITOJIAM.

ScHo, uro Kaxnoe u3 yreepkaeHuii A — Bi;, A— By, A — B3 BepHo. AHanusupyem
oOpartHble yTBepkIeHusl. OueBHUIHO, HEBEPHBI CICAYIONINE U3 HUX:

VYTBep)KacHNE KonTpnpumep
Bi—> A Pom06, He sBastONIMiicS KBaApaTOM
B,—> A [IpsAMOYTONIBHUK, HE SABIIAIOLIMICS KBaJAPaTOM
B;—> A [Tapannenorpamm

HeBepHbl Takke U ClIeTyIONIME YTBEPKIACHUS:

VY TBepKICHHE Kontpnpumep
(BiAB2)—> A YKaKUTE CAaMOCTOSATEITHHO
(Bi1AB3)—> A PoMm0, He sBAsIOIIMIACS KBaIpaTOM
(BoAB3)—> A [TpsAMOYTONBHUK, HE SBIISIOIIUICS KBaIPaTOM

U Tonbko coenuHeHHE (KOHBIOHKIIMS) BCEX TpeX HEOOXOMUMBIX st A ycnosuii By By,
B3 nmaer ycnosue, nocrarounoe mist A. 91to B A Bz A Bs: «/lnaronanu 4eTeipexyrojibHUKa
NEepHEHIUKYIISPHBI, PaBHbI U JIEJATCS IONOJAaM TOYKOM HX mepeceueHus». Takum oOpaszom,
uctuHHO yTBepkaeHue (B1 A B2 A Bs.) — A Kpome TOro, U3 HCTHHHOCTH YTBEp)KACHUH A —>
B; A—B, A— Bj; BeITekaeT MCTHHHOCTh yTBepkacHHs A— (B; A Bz A Bj). Urak,
HEOOXOMMBIM M IOCTATOYHBIM yclioBHeM s A sBisieTcs ycinosue B1 A By A Ba.

[IpoTtuBomnonoxxHas U oOpaTHas MPOTHUBOMOJIOKHON TeopeMbl. 3aKOH KOHTPAIO3HUIIUH.
Jns Teopemsl, chopMynMpoBaHHOW B BHJAE HMIUTMKaUud X— Y, Kpome 0OpaTHOro
yrBepxkAeHUsT Y — X MOXHO CQOpMYIUpOBaTh MPOTHUBOMOJIOKHOE YyTBepxkaeHue. Hm
Ha3bIBaeTCsl yTBEpXKIAeHHE BHAAa —X— —Y. VYTBepxkaeHHE, NPOTUBONOIOKHOE JaHHOU
TEOpEME, MOXKET OBITh TaKXKe TEOPEMOW, T. €. ObITb MCTHMHHBIM BBICKA3bIBAHMEM, HO MOXKET
TaKOBBIM U HE OBITh. JTO cieyeT u3 Toro, yto GopMmysnsl Y — X U -—X—> =Y HeE SBISIOTCA
PaBHOCHJIHBIMH, B YeM HETPYAHO yOeIUThCsI, COCTAaBUB TAOJIUIbl HICTUHHOCTU JaHHBIX (opMys
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. B aTrom MoxHO yOenuThecs M Ha mpumepax. Bozemem Teopemy 4, — Bi u3 mpensiayiiero
nyHkta: «Ecium B 4eThIpEeXyrojlbHUKE BCE CTOPOHBI pPaBHbI, TO €ro JWaroHalu
HepHeHIUKYIApHBI». COCTaBiIsieM HPOTUBOIOJIOXKHOE YTBEpXKIAeHUE — A4 — —Bi,: «Eciau B

YETBIPEXYrOJbHUKE BCE CTOPOHBI HE paBHBI, TO €ro AMArOHAIA HE NEePHEHIUKYISPHBI.
[Tocnennee yTBepXkJE€HHE HEBEPHO, T.€. TEOPEMOl He sBisieTca. PaccMoTpum emie OaHy
teopemy: «Ecnm cymma mudp HaTypaabHOTO YUCHA JIEIUTCS HA TPU, TO M CAMO YHCIIO JICIUTCS
Ha Tpu». [IpoTUBOMONOXKHOE YyTBEpXKACHUE [UIsI ATOW TEOpPEMbl TaKXKe CIpaBeIINBO, T.€.
SIBIISIETCSl TEOPEMOI, MMPOTUBOIIOJIOKHON AaHHOU: «Ecian cymma nudp HaTypalbHOTO YHCIa HE
JEJIUTCS HA TP, TO U CAMO YHCIIO HE AeNUTCS HU Tpu». Tak, B TOM cilydae, KOT/ia yTBepkKACHHE
X— Y ucrtunHo, yrBepxaeHue — X — —Y MOXeT ObITh KaK UCTHHHBIM, TaK M JIO)KHBIM. DTO
03HAYaeT, YTO YTBEP)KICHHUE, IPOTUBOIOJIOKHOE [OKa3aHHOM TeopeMe, B CBOIO O4Yepenb
HYXKJaeTcs B IOKA3aTeIbCTBE UIIH OMPOBEPIKEHUU.

[Ipu cocTaBieHMM NPOTUBOIOJIOKHBIX YTBEP)KJIEHUH K TEeopeMaM, YCIOBUS U
3aKJIIOUEHUs] KOTOPBIX MPEICTABISIIOT COOOM KOHBIOHKIIMM THHU JTU3BIOHKIIMH HECKOJIBKHX
BBICKa3bIBaHUI, HY>)KHO MOJIb30BaThCs «II€OHaMH Jie¢ MopraHa.

PaccmoTpuM emie oguH BHJI TEOPEM, CBSI3BIBAEMBIX C MPSIMBIMH TeOpeMaMH BHIa X —>
Y, ¥ YCTaHOBUTH B3aWMOOTHOIICHUS MEXIYy OSTHMH BHIaMH. MMeeTcs B BHIYy Teopema,
oOpaTHasi MPOTUBONONOXKHOM: — Y — — X. MBI He Cclly4aiiHO Ha3BaJlld TEOPEMOW YTBEPKIIECHUE,
o0paTHOe MPOTUBOMONOKHOMY. OHO JEHCTBUTENHHO OYAEeT UCTHMHHBIM TOTJAa U TOJIBKO TOT/a,
KOTI'JIa UCTUHHO UCXOJHOE YTBEPKJECHHUIO, YTO BBITEKAET U3 PAaBHOCUIBLHOCTU X —> Y = =Y — —
X (, Ha3pIBaeMOW 3aKOHOM KOHTpamosuimu. Takum oO0pa3oM, Ha OCHOBAaHHHM 3aKOHA
KOHTPAIO3UIMU TPEIJoKEHHEe, OOpaTHOe KakoW-TuOO0 MPOTHUBOMOIOXKHON Teopeme, camo
ABJIIETCS TEOPEMOM, U MMEETCS MECTO J0Ka3aTelbCTBa JaHHOW TEOpEeMbl MOXKHO J10Ka3bIBATh
TeopeMy, 0OpaTHYIO MPOTUBOIOJIOKHOM €.

MeTtobl 1OKa3aTENbCTBA MATEMATHUECKUX TEOPEM.

Metox  nokazaTenbcTBa  OT  NPOTUBHOTO, HECOMHEHHO, OJMH M3  CaMbIX

pacnpoCTpaHEHHBIX B MaTeMaTHKE METOIOB JAoKa3aTelbcTBa TeopeM. CyTh €ro COCTOUT B
cnenyemeM. [l Toro 4yToOBl JOKa3aTh yTBepxkaAeHUE (Teopemy) X — Y, T.e. «ecau X, To Y»,
npezrnonaraercs, uTo BepHo yreepxkaeHue X. Orcioga «HyXHO JTOrMYecKUMH pacCyKIeHUSIMU
OpuMTH K yTBepXkAeHuto Y. Bmecro sroro penaercss HpelnoyioKeHHE, MPOTHUBHOE (T.e.
IPOTHBOIOJIOXKHOE) TOMY, KOTOpoe TpeOyeTrcsi aoKaszaTh, T.e. mpeanonaraercs — Y.[lanee,
paccyxaasi Ha OCHOBAaHHUHU 3TOT0 IPEANOJIOKEHHUS, Mbl IPUXOJUM K HeJlernomy BbIBOAYy — X.
«Henenocte» (abCypIHOCTh) BBIBOJIA COCTOUT W TOM, YTO OH HPOTUBOPEUYUT HCXOJHOMY
JaHHOMY yTBepxkaeHUI0. [loidydeHre Takoro BbIBOJA 3aCTaBJs€T HAC OTBEPrHYTh CIEIAHHOE
NPENoNI0KEeHNe U IPUHATH TO, KOTOpoe TpeboBasloch J0Ka3aTh, — Y.
Uro ’xe MpOMCXOAUT B ITHX PACCYKICHUSAX C TOUKH 3peHUs (MaTeMaTH4ecKoi) Joruku? A
MPOUCXOIUT TO, YTO JOKA3aTeNbCTBO NAaHHOW TeopeMbl X — Y (aKTUYECKH 3aMEeHseTcCs
(moxMeHsieTcsl) 0Ka3aTeabCTBOM TeopeMbl — X — — 'Y, HPOTHBONOJIOXKHON oOpaTHOM (Miau
00paTHON MPOTUBOMOJOXKHON) i JAaHHOW TeopeMbl. [lodemy 3TO BO3MOXHO caenath? A
MOTOMY, YTO B 3TOM COCTOUT JIOTMYECKHMH 3aKOH KOHTpamo3umun X— Y ==Y > =X,
YCTAHABJIMBAIOUINHM PAaBHOCUIBHOCTh 3THX YTBepxkaAeHui. Takum oOpa3oM, OMHCAHHBIA METO.
JI0Ka3aTeNbCTBA OT MPOTUBHOI'O OCHOBBIBAETCS HA JIOTMYECKOM 3aKOHE KOHTPATIO3UIIHH.

Meron npuBeneHus kK abCypay (HENenocTu, MpoTUBOpeunio) (mo-ratuHcku reductio ad
absurdum) umeer aBe MOIU(HUKAIMH, KOTOPHIC SBISIOTCS CYIIECTBEHHO Pa3IHYHBIMU Kak I10
dopme, Tak U MO CYIIECTBY, T. €. MO CBOEH JOruyeckon (IeITyKTHBHOI) cuiie. 3TO — METOJ
MPUBECHUS NPOMUBONONIONCHO20 YTBEPXKICHUS K abCyplly U METOJ NPUBEICHUS OAHHO20
YTBEP)KICHUS K adCypay.

Memoo npueederus npomueoONONONCHOZO YMEEPHCOeHUs K abCypdy COCTOUT B CIICIYIOIICM.
[Tycte  TpeOyercs  mokazaTh  yTBepkiaeHue  X.  PaccmaTtpuBaercs — (momyckaercs)
MIPOTHBOIIOJIOKHOE MY YTBEPXKIICHUE (T.€. YTBEP)KICHHE, SIBJISAIONIEECS €r0 OTPUIIAHUEM) — X H
U3 HEro BBIBOJATCS JIBa MPOTHUBOpEUYAIIMX JpPYr APYry YyTBEpKIeHHUA (T.e. HEKOTOpoe
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yTBepkeHue u ero orpunianne) Y 1 —Y: = X—> Y u =X — =Y. U3 atoro nenaercs BEIBOA O
TOM, 4YTO CIIpaBEAJIUBO HCXOQHOE YyTBepkaeHue X. OmpaBaaHHeM 3TOMY METOJYy MOKET
cyxuTh cienyroiias TaBTosorus: (=X — =Y) - ((=X =Y)—>X).
Memoo npugedenus OanHozo ymeepicOoeHus K abdbcypdy CcOCTOUT B ciemytomem. Ilycts
TpeOyeTcs OMpOBEPrHyTh yTBepxkKAeHHE X, T. €. JoKa3aTh OTpHUIIaTeIbHOE yTBEepkaeHue —X. B
ATOM CiIy4ae JBa MPOTHUBOpPEYAIUX JAPYr APYry YTBepkaeHUus Y U — Y BBIBOJATCS HE W3
YTBEPXKACHUST — X, a U3 camoro JaHHoro yreepxkiaeHus X:X—Y u X— =Y. U3 atoro nenaercs
BBIBOJI O TOM, YTO CIIPABEJIMBO YTBEPXKACHUE — X, T.€. TAaHHOE YTBEpXKIeHUE X OMPOBEPTHYTO.
OnpaBnanueM 3TOMY METOIY CILYXKHT cleayromas (opMmyia, TaKxkKe SBISIOIAsACS TaBTOJIOTHEH:
X > 2Y) >(X >Y)—> =X).
CyIlIecTBYIOT U JIpYyrHe METOAbl MAaTEMAaTHYECKHUX JOKa3aTelIbCTB, COCTOSTEIBHOCTh KOTOPBIX
MOJITBEPIK/IAETCSl MATEMAaTUYECKOM JIOTUKOM.

JlenyKTUBHBIC U UHAYKTUBHBIE YMO3aKIIOUCHUSI.

Ha »ToM sTane Bechbma 1enecooOpa3Ho pacCMOTPETh BOMPOC O TOM, UYTO MPEACTABISIOT
co00i1 pacCyKIeHHs, YMO3aKIIOUCHHSI, KAKOBBI UX CTPYKTYpPa, BHJIBI M KPUTEPUH MPABUIHLHOCTH,
KaKhe YMO3aKIIOYeHHsI U3y4aeT JIOTUKA U, B YAaCTHOCTH, MaTeMaTH4ecKasl JIOTUKa.
Ymoszaxnouenue ectp normueckas (MBICIHUTENBHAs) omepamnus (Mpoleaypa), CocTosmas B
MOJIyYEHUU HOBOTO CYKIACHHs (BBICKA3bIBAHUS, YTHEPIKICHHSA) W3 OJHOTO WIM HECKOIBKUX
paHee HM3BECTHBIX CYXKJICHUH. PaHee W3BECTHBIC CYXKIEHHUS, BXOISIIAE B COCTaB
YMO3aKJTIOUEHHUS, Ha3bIBAIOTCS €T0 NOCHLIKAMY, @ HOBOE CYXKJIEHUE Ha3bIBACTCS €ro credcmauem
(v 3aknrouenuem). C coliepKaTebHON TOUKU 3PEHUST YMO3AKIIOUEHUE €CTh IEPEX0]] OT YKe
UMEIOLIerocsi (HaJTU4YHOrOo) 3HaHUS K HOBOMY 3HaHHIO. C  (QOpMaIbHONH TOYKH 3pEHUS
YMO3aKJTFOUCHHUE CTh MEPEeX0]l OT MOCBIIOK K CICJCTBUIO. B JIOTHKE YMO3aKIIOYCHHE MPUHSITO
MPEJICTaBIATh B BUAE (UTYPBHI, B KOTOPOW MOCBHUIKUA 3aMUCAHbl OJHA MOJ IPYrOd U OTIENICHBI
TOPU30HTAIIBHOW YE€PTOM, IO KOTOPOU 3aIIMCAHO CIEICTBHE.

YMo3akItoueHus IensITcsa Ha JeAYKTUBHbIE U UHAYKTUBHBIE. CXOXKHUM SBISETCS MHEHHE O TOM,
YTO JICAYKTHBHBIC YMO3AKIIOUCHHS, 3TO «YMO3aKIFOUECHUS OT OOIMEero K YacTHOMY», a
WHAYKTUBHBIE — «OT YaCTHOTO K O0IIEMY».

Jleoykmuenoe ymosaxknioueHue, TIpEXKJE BCEro, OCHOBAHO Ha aHanu3e (QopMalbHON
(Jloru4eckoii) CTPYKTYphI MOCBIJIOK U CIEICTBUS, UHOYKMUBHOE YMO3AKIIOYeHUe OCHOBAaHO Ha
aHaJIM3e MX COIEpIKaHUsI.

PaccmoTpum 1 mpoaHanu3upyeM CleAyone IpUuMephl.

Ipumep 7.3

«Ecan 4eThIpexyrolbHUK SBISETCS KBAAPATOM, TO €T0 JMArOHATU PaBHBD»; «YeThIpEeXyronbHUK
A B C D — kBagpar»

«naronanu yersipexyronsauka ABCD paBHBI.
Ilpumep 7.4

«Ecmm uncno genurcs Ha 6, TO OHO YETHOEY,
«Ywucno 18 nenurcs Ha 6».

«Ywucao 18 ueTHORY.

Ilpumep 7.5

«/1y0 — nHuCTBEHHOE IepeBOY;
«bepe3a — MUCTBEHHOE AEPEBOY;
«Jluna — AUCTBEHHOE AEPEBOY.

«Bce nepeBbsi — JINCTBEHHBIE.

Ilpumep 7.6

«O0b 3aMep3aeT 3UMOi»;
«EHucel 3amep3aer 3UuMON»;
«JIeHa 3amep3aer 3uMO».
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«Bce cubupckue peku 3aMep3aroT 3UMOi».
B mpumepax 7.3 u 7.4 chenaeM COOTBETCTBYIOIIME BBIBOABI MCXOMAS U3 aHAIW3a (hopMaabHOU
CTPYKTYpPbI IOCBUIOK M CIIEACTBUA, (PAKTUUYECKM HE oOpallas BHUMaHMs Ha MX COJEpKaHME.
Bonee Toro, ¢ TOYKM 3peHUs JOTHKH 3TH YMO3AKIIOYEHHS MPEACTABIAIOTCS OJUHAKOBBIMH,
HECMOTPS Ha TO YTO HE UMEIOT MEXAy co00M HMUYero oOLero mo CoAep)KaHuio. DTO TUIHYHbIE
IPUMEPBI IeYKTUBHBIX YMO3aKIIOUeHUH. B TO ke Bpems, mepexo/is OT MOCBUIOK K CIIEACTBUSAM
B YMO3aKJIIOYEHUAX MPUMEPOB 7.5 U 7.6, Mbl HE MOKEM OTBJICYLCA OT UX conepxkanus. 1 xots
3TH YMO3AKJIIOUEHHSI TAaK)K€ UMEIOT OJMHAKOBYIO CTPYKTYPY, aHAJU3 MX COJEP>KaHHs MPUBOAUT
HAc K MOCTPOEHHUIO HEBEPHOT'O YMO3AKIIIOUEHHUS.
B cayuae, xorga cpenu MOCBUIOK YMO3AKJIIOUEHHS] MMEIOTCS JIOKHBIC, TOBOPSAT O HAJIMYUH B
YMO3AKJIIOUEHUHU (pakxmuueckol ouubKuy, eciid e HeNPaBUIIbHBIM SBJISIETCS CaMO JI€yKTHBHOE
YMO3aKIIIOYEHHUE, TO TOBOPAT O J102UUECKOU OuUOKe.
B 3akmroyeHue oOpaTuM BHMMaHUE Ha TO, YTO B OTJIMYME OT BBICKA3bIBAaHUM (CyXIeHUIl),
KOTOpBIE JeNATCS Ha WCTUHHBIC M JIOKHBIC, YMO3AKJIIOUEHHUS JACIATCS Ha TPABWIBHBIC WU
HeMpaBWIbHbIE. DTO TEPMUHOJIOTHYECKOE pa3InyKe He sABIsSeTcs ciiydaiiHbIM. Jleso B TOM, 4TO
Ka)X/10€ BBICKA3bIBAaHHE YTBEPXKIAeT HAJIMYME WM OTCYTCTBHE Y MPEIMETOB WM SIBICHUH TeX
WIA MHBIX CBOICTB WJIM OTHOIIEHUH Mexay HUMHU. [103TOMy Kakaoe BBICKA3bIBAHUE MMEET B
Ka4eCTBE CBOETO «Ipoo0pa3za» HEKOTOPBIE CBSA3M M OTHOIICHUS MEXIYy MpeaMeTaMu |
SBJICHUSAMHU PEaJIbHOI0 MHMpa M JOIYCKAeT, XOTs Obl B MPHUHLMUIE, IPOBEPKY HAa HCTUHHOCTD.
HMIMeHHO 3TO OOCTOSATENBCTBO MOJYEPKUBAIOT, TOBOPS, YTO JNAHHOE BBICKA3BIBAHHME SIBIISETCS
UCTUHHBIM WJIM JIOXKHBIM. B TO e BpeMsi B pealbHOM MHUPE HE MIPOUCXOJUT HUKAKUX PeaIbHBIX
IPOIIECCOB M SIBJICHUH, KOTOPbIE MOXXHO OBUIO OBl CUHMTATh <«IIpoOOpa3aMm» JIOTUYECKOH
olepalyu NepexoAa OT OAHMX BBICKA3bIBAaHMM K APYrMM. OJTa JIOrHyeckas onepanus sBIseTcs
YHCTO yMCTBEHHOH, OHA TMPOUCXOAWT JIMIIb B HAIlEeM CO3HAHMM M JaXe B TNPHUHIMIE HE
JIOMYCKAET «IIPOBEPKM Ha MCTUHHOCThHY». BblleneHne NmpaBUIIbHBIX YMO3AKIIOYEHUH SBISETCA
OJTHUM M3 BHJIOB ITO3HABATEIHHOH JIEATEIIEHOCTH, KOTOPBIN CBS3aH C IPYTMMHU BUAAMHU TTO3HAHUS
¥ OCHOBaH B KOHEYHOM MTOI'€ Ha TPOMAJHOM MPAKTHUYECKOM OIIbITE YEJIOBEYECTBA.

[IpaBusbHBIE U HETPABUIIbHBIC A TyKTUBHBIC YMO3AKIIOUCHUSI.
B § 6 pa3zpabGorana Teopusi, M0O3BOJISAIOLIAs JaBaTh OTBET Ha BOIPOC, SBJSETCS JIM Ta WM WHAs
(dopMyIa TIOTHIECKUM CIIEICTBHEM JTaHHOW COBOKYITHOCTH ()OPMYJ WIIM HET, a TAK)KE HAXOANUTh
BCE JIOTMYECKHE CIEACTBUA M3 JaHHbIX ¢opmyn. I[IpuMeHHM ee K pacCyXICHMSM,
MPEJICTaBIISIIOIIMM cO00M MOCIIeI0BaTEIbHOCTH BBICKa3bIBaHUM (CYXAEHMI), UIsI TOrO 4TOObBI
ONpeNeNUTh, MPABUIBHO pAaCCYKICHHE WM HET, T.e. NpPaBWIbHOE WJIM HENpaBUIbHOE
YMO3aKIIIOYEHHUE CJIEJIAHO C TIOMOIIBIO TAHHOTO PACCYXKICHUS U3 TAaHHBIX TTOCHUIOK.
Ilpumep 7.9. Paccmorpum crepytomee paccyxaenue: «Eciau gerbipexyronsHuk ABCD —
napajielorpaMM, TO €ro MPOTHBOIOJIOXKHBIE YIIIBI paBHBL. YeTwslpexyroimpHuk ABCD —
napaienorpaMM; CienoBaTeabHO, €ro MPOTUBOIMOJIOKHbIE YTl PaBHbD). YTOOBI OTBETUTH HA
BOIPOC, BEPHO JIM O3TO PACCYKIEHUE, HYKHO BBUICHUTH, Oyaer nu Qopmyna airedopbl
BBICKa3bIBAaHUM, OTpakalollas CTPYKTYpy 3aKJIIOUEHHMs ITaHHOTO pPacCyKICHHUs, JIOTUYECKUM
cienactBueM GopMyi anreOpbl BBICKA3bIBAHWH, OTPAXKAIOIIUX CTPYKTYPHl €ro  ITOCHUIOK.
CtpykTypa TOCBUIOK BbIpaxkaetrcss Gopmyimamu X, X—Y, a CTpyKTypa 3aKIIOUYCHHS —
dopmymnoit Y. (Jlerko ybemuThcs B 3TOM, €CIM BMECTO MPOMOPIHOHANBHON mepeMeHHOu X
MOJICTaBUTh B (opMynbl BbickasbiBaHue «UersipexyromsHuk ABCD — mapamienorpammy, a
BMecTo Y — BbIcKa3biBaHHe: «[IpoTHBONONOKHBIE Yribl deTbipexyroibHuka ABCD paBHBI.)
N3BecTHO , uTO opmyna Y sBiseTcss JiorndeckuM cienactsueM dopmya X, X— Y. Ilostomy
NPUBEJICHHOE pacyXJICHHE SIBISETCS NMPAaBUIBHBIM, U CIEIAHHOE 3aKJIIOYEHHE ICHCTBUTEIHHO
CJIETyeT U3 MOCHIJIOK.
Paccyxnenuss Ttakoil ¢opmbl Hepenkn B Martematuke. IlpuBegem eme oaHO MMOA0OHOE
paccyxnenue: «Ecim 10 nenures Ha 3, To 100 nenutes Ha 3. 10 nenurcs Ha 3. CiienoBaTenbHO,
100 nenutcst Ha 3». IIpoBeneHHOE paccykIeHUE MPaBUIIBHO, HO €r0 3aKJIIOUYEHUE JIOKHO. DTO
OOCTOATENILCTBO HE JOJDKHO HAc CMYIIATh: Belb IPAaBWIBHOE pacCyXICHHE INPUBOJUT K
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UCTUHHOMY YTBEP)KICHHIO MPHU YCIOBUH, YTO BCE MOCBUIKH PACcCYKICHUs ObUIM MCTUHHBIMH. B
JAHHOM CJIy4ae U3 IByX MOCBUIOK OJHA HE SBJISETCS UCTUHHOM.

OObparuM ocoboe BHMMaHHE Ha JiBa THIA HauOoOJiee YacTO BCTPEYAIOIIMXCS HENPaBUIIBHBIX
paccyxnenuil. IlepBoe paccyxaeHue BBINVIAIAT Tak. Mbl HCXOAUM H©3 HEKOTOPOIO
IPEIOI0KEHUS U, TPABUIBHO PACCyXk/asi, MPUXOAUM K IPaBUWIbHOMY BeIBOAY. OTCIOA eaemM
BBIBO/I, UTO CJI€JIaHHOE Ipe/noiokeHne BepHo. C TOUKH 3peHusi MaTeMaTHYeCKOl JIOTHUKH cxema
3TOr0 pacCyKJIEHUsl TaKoBa: W3 HUCTUHHOCTUYTBepxkaeHUH X— Y u Y genmaercst BbIBOA 00
UCTUHHOCTU yTBepxkAeHus X. UToObl OTBETUTh Ha BOIPOC O MPABUIBHOCTH TaKOH CXEMbI
paccyXIeHH, paCCMOTPUM JIBa IIpUMEPA PacCyXACHUIH, OCHOBAaHHBIX Ha; TON CXEMe.

Ilpumep 7.11. «Ecam 4ucno HaTypaibHOE, TO OHO panuoHalnbHOe (A— B). Yucino 17
parmonanbHoe (B). CiienoBarenbHo, ynciao 17 HarypanbHoe (A)».

Ilpumep 7.12. «Ecnu 4uciao HarypaibHOe, TO OHO pauuoHanbHoe (4—B). Yucno 3/4
parmonanbHoe (B). CnemoBaTensHo, yucio 3/4 HatypambHOE (A)».

B kaxoMm U3 3THUX paccykJeHUi 00e MOCBUIKH SBIISIOTCS UCTUHHBIMH YTBepkaeHusiMu. Ho B
NEPBOM CIIydae MbI MPUXOJUM K MCTHHHOMY 3aKIIOYEHHUIO (uucio 17 — HarypaibHOE), a BO
BTOPOM — K JIO)KHOMY (uucio 3/4 He HaTypalibHOE). JTO O3HA4aeT, YTO HEBEPHOU SIBISETCS
camMa cxeMma IIOCTPOSHHUS YMO3AaKJIIOUeHHs, NMPUMEHEHHas B JTUX HpuMmepax. HeBepHOCTS,
HEMPABOMOYHOCTh CXEMbl O3HA4YaeT, YTO MEXAY MOCBIIKAMU M 3aKJIIFOUEHUEM HET OTHOILICHUS
JIOTHYECKOTO CIEOBaHMs. 3JeCh €Ie pa3 yMECTHO TIOAYEPKHYTh, YTO TPABHIBHOCTD
YMO3aKJIIOUEHUs orpeaenseTcs GopMoi yMO3aKIIOYeHHs], @ HE HCTUHHOCTBIO BXOJSIINX B HETO
yTBepKIeHHA. Haue roBops, aHaIH3Upys IPABUILHOCTH PACCYKICHHS, HY)KHO TIOMHHUTB O TOM,
YTO €ro MNpPaBWIBHOCTh HE COBIAJAeT C HCTUHHOCTBIO MOJYYEHHOro 3akiroueHus. Cxema
YMO3aKJIFOYEHHUSI — 3TO M €CTh TO, YTO W3YYaET JIOTUKA, & UICTHHHOCTD YTBEP)KICHHIA, BXOISIINX
B pacCyXJeHHe, — OTO IpeporaTuBa TOW HayKu (WIM TPAKTUKH), OTKyJda B3STHl OTHU
yTBEepKIeHHs. Pa3BUBast 3Ty MBICIIb, MOYKHO 3aMETUTh, YTO U TEPMHUH «CIIEIyeT» YIOTPEONIATh B
pa3HBIX CMBICIIaX. BakHO MOHMMATH CYIIECTBEHHOE pa3iinyue MEXAY CIeOBaHUsAMU: «u3 F —
G cnenyetr— G— —F» u «u3 a < 3 cnenyer a < 5». IlepBoe — yTBep:kJieHUE JIOTUKH, T. €.
JIOTHYECKOE CJIEJIOBAHUE, BTOPOE — KAaK CBOMCTBO OTHOIIEHUS MOPSAIKA < B KAKOM-TO YHCIOBOM
MHOXECTBE, €CTh HEKO€ MaTeMaTH4ecKoe cieloBaHue (T.e. CJIeZJOBaHHE B PAMKax HEKOTOPOH
MaTeMaTHUYeCKON TEOPHH).

Wtak, HenmpaBWIBHOCTh PACCMOTPEHHON CXEMBlI PacCyXJEHHH MPUBOIUT K TOMY, YTO
OTHOCHTEJIEHO MCXOJHOTO TIPEAIIOJIOKEHHsI X HENb3sl CAENaTh BBIBOJ O €r0 MCTHUHHOCTH: OHO
MOYET OBbITh KaK UCTUHHBIM, TaK U HEUCTUHHBIM, IPUYEM €0 UCTHHHOCTD WM JIOKHOCTh HUKAK
HE CBSI3aHBI C MPOBEJCHHBIM PACCYXIEHHEM. DTOT K€ BBIBOJ MOATBEP)KAACT MaTeMaTHIeCKast
Joruka: jorudeckoe cienopanue X —Y, Y= X HecnpaBemuBo, motromy uro hopmyna ((X—Y)
AY)— X He ABISETCS TABTOJIOTHEH.

[TpuHIMIT TOTHON ANZBIOHKIUH.

OTOT MPUHIUI HOCHUT TaKXKe HAa3BaHUE «TE€OPEeMbl 00 0OPAaTUMOCTH CUCTEMbI MMITTHUKAIIUNY, UIH
«3aKOHa 3aMKHYTOW CHUCTEMBI YTBEPKIACHHI», UK «3akoHa ["aybepa». OOpaTuM HHUMMaHHE Ha
TO, YTO 3TOT MPHUHIIMII NPEJICTABIIAET CO00M 0000IIEHNE CUTYallUU, CBA3aHHOW C OTHOIIECHUSMHU
MEXJy WCTHHHOCTHBIMH 3HAa4CHUSMHU TPSIMOW, OOpaTHOW, MPOTHBOIOJIOXKHOH M OOpaTHOMH
IIPOTUBOINOJIOXKHOU TeopeM. B camom nene, ans yrBepkaenuit A — B (mpsimas teopema), — A
— — B (mporuBomnonoxnas Teopema), B — A (oOparnas teopema), —B — — A (Teopema,
oOpaTHasi MPOTHUBOTIOIIOKHOM) CIPaBEITUBO CIIEAYIOIIEe: eCIH MepBbie 1Ba U3 HUX (A— B u —
A — —B) BepHBI, TO BepHBI 00a BTOpbIX yTBepxkaAeHHs (B— A u —B— —A). Eciu ucxomHsix
YTBEp)KJICHH OyneT He 1aBa, a OoJibllle, TO 3TOT CIy4aill W paccMaTpuBaeTcs B Teopeme 00
00paTuMOCTH cucTeMbl HMMIUIMKanuid. OHa TO3BOJSET JenaTh BBIBOJ O CIHPaBEAJIUBOCTH
00paTHBIX TEOPEM, €CITU TIOCBUIKH W CIIEACTBUS TPSMBIX TEOPEM YAOBIECTBOPSIOT HEKOTOPBIM
YCIIOBHSIM.

Teopema 7.18 (00 0OpaTUMOCTH CHUCTEMBI UMIUIMKAIIMMA, VJIA TIPUHIIAIT TTOJTHON TU3BIOHKIINH).
[TycTh cripaBeTUBBI BCE CACAYIONIUE TpsiMbie TeopeMbl (M > 2): A;— By, A2 — By, ..., An >
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Bm. Ipuuem u3 nocwiok Aj, A, ..., Ayn 0 MEHBIIEH Mepe OJHa BHITIOJIHSETCS (T.€. UCTUHHA), a
ciencteusi By By, ..., By momapHo uckirodaroT npyr apyra (T. €. HUKaKHE JIBa Pa3IuYHBIX
CJIEACTBUS HE MOTYT OBITh HMCTHHHBI OJHOBPEMEHHO, a 3HAYUT HCTUHHBI BCE CIIEIYIOLIUE
yrBepxkaeHus — (Bj A Bj), s 1<i,j<m. Toraa cnpaBemiuBel U Bce 0OpaTHbIe UMILUTMKanuu: B,
—)A1 B2 —> Az, ey Bm —)Am.

Joka3zatenbcrBo. [lokaykeM CcHauyana MCTUHHOCTh NEPBOM OOpaTHOM uMMIIMKauuu: Bi — Aj.
Ecnu BeIcKa3biBaHue Bp J10KHO, TO UMIUTUKaUMs B1—> A; UCTMHHA B cUiy ompeneneHus 1.7
uMIukanuu. [Ipennonaoxxum Tenepb, 4To BhICKa3biBaHUE B ucTuHHO. [lokaxem, 4To TOrAa BCe
BbICKa3bIBaHUA Ay , Az, ..., Ay, JOXKHBL. J[ONyCTUM NPOTUBHOE: HANPUMEP, YCTh A2 UCTHUHHO.
Torma U3 UCTUHHOCTHU BBICKAa3bIBaHUU Ay 1 Ay — B 3aKito4aeM, 4To UCXOAS U3 ONpeeTCHUs
UMIUTHKAIIMH BBICKa3bIBaHUE By UCTHHHO. Takum oOpa3om, 1Ba pa3IMYHBIX CICIACTBUS B U B
NPSAMBIX TEOPEM MCTHUHHBI, HO 3TO MPOTUBOPEUUT yciioBUIO. Clie10BaTeIbHO, BHICKA3bIBAHUE A2
HE MOXET ObITh HCTUHHBIM. AHAJIOTHYHO, HE MOTYT OBITh UCTHHHBIMU BBICKA3bIBAHUS A1, ..., Ay

Wrak, Bce BbICKa3bIBaHUS Ay A3, ..., Ay J0XHBL. HO MO ycnoBuUIO 0 MEHBLIEH Mepe ofHa
U3 TOChUIOK Ay , Ap,..., A, uctuHHa. ClemnoBaTeabHO, UCTUHHON HOJDKHA OBITH IOCBUIKA Aj.
Takum 00pa3om, BeICKa3bIBaHUSA A1 u B1 UCTUHHBL. Torma (1o onpeaesieHuio 1.7 UMITTUKALIMHN )
HCTUHHA UMILIAKAIuSI B, — A1.

CoBeplIeHHO aHAJIOTHYHO YCTaHABJIMBAETCA UCTUHHOCTb U OCTAIBHBIX OOPATHBIX MMILIMKALIUNA
Bz —> Az, . Bm —> Am.

YBUAUM Tenepb, YTO CUTYyaUs C NPSMOM, 0OpaTHOW, MPOTHUBOIIOIOXKHOW U OOpaTHOM
MIPOTHUBOIIOJIOKHON TEOPEMAaMH €CTh YAaCTHBIM Cy4yall MpUHLUIIA JU3bIOHKUMU. B camom nerne,
9Ta CHUTyallds IOJTHOCTBIO YKIIAIbIBAETCS B YCIOBUS JAHHOW TEOPEMBI: Yy JBYX JaHHBIX
yrBepxkaAeHut 4— B U —A—> —B u3 noceiok A 1 —A 1o MeHbllIel Mepe oHa (B JaHHOM
ClIy4ae TOYHO OJ{Ha) UCTUHHA, a CIEICTBUA B 1 — B uckitoyaior Apyr Apyra (T. €. He MOTYT ObITh
UCTUHHBIMU OJTHOBpeMeHHO). Toraa crnpaBelInBbel U 0OOpaTHBIE UMILTUKAIMU B — A U1 —B—
_lA
CyTp mpuHIUMIIA TOJHOM JM3BIOHKIMU COCTOMT B TOM, YTO OH Ha OCHOBE 3aKOHOB JIOTMKHU
TapaHTHPYET HWCTUHHOCTh OOpPATHBIX YTBEPXKIAEHUW [UJIS CIENHMATBHOTO Ha0opa MpSIMBIX
YTBEPXKACHUM TOW WM WHOM TEOPUM U TMO3BOJSIET TEM CaMbIM 3TH OOpaTHBIE YTBEP)KIIECHUS B
ATOUW TEOPUHU HE JI0KA3BIBATh, MTOCJIE TOTO KaK JOKAa3aHbI MPSMbIE YTBEPKICHUsI. ITO — TeopeMa
JIOTUKUA MOXKET OBITh MPUMEHEHA B CaMbIX Pa3HBIX OOJIACTSAX MAaTeMaTHKU, OHA MPUHUMAET KaK
Obl yHUBEpCaIbHbBIN, BCEOOIINI; XapaKTep.

[TpuHIMI MOMHOW TU3BIOHKIIMU MPEICTaBIsAeT cO00 (aKTHYECKH YTBEPKICHHUE O JOTHYECKOM
CJICIOBAHMH OJHOTO YTBEPXKACHHUS M3 KAKUX-TO JAPYTHX, T. €. 3TO €CTh €IIe€ OJHO IPABUIIO
JIOTUYECKOTO0 YMO3aKJIIOUYEHHUs] B JONOJHEHHE K TEM, KOTOpble pacCMOTpeHbl B § 6.
Cdopmynupyem, HalpuMep, B BUC TaKOTO MPaBWIA JAHHBINA MPUHIUI B cllydae, Korjaa n = 2:

P—>Q,P,>Q,,R VR, —=(Q AQ,)
(Q —->P)AQ, > R)

[IprHIMI TTOMHOM AU3BIOHKLIMHA MMEET BEChMA IIMPOKOE NMPUMEHEHHE BO BCEX AUCLUILIMHAX
IIKOJIBHOTO Kypca MaTeMaTUKH.

OnHo 00001IeHNe MPHHLKIA TOJIHON Nu3blOHKUUU. Teopema 7.20. IlycTh cnpaBeUIMBBI Bce
cnenyromue npsmeie Teopemsl (M > 2): (Ag A C) > By, (A2 A C) —> By, ..., (Am A C) — Bp,
MPUYEM U3 TOCBIIOK Ady,......, Ay IO MEHBIIIEH MEpe OJIHA BBHIMOJHSACTCS (MCTHHHA), a CISACTBUS
B1 By, ..., By momapHo uckimo4aT Apyr apyra (T. €. HUKaKWe JIBa Pa3IUYHBIX CIICJCTBHUS HE
MOTYT OBITh MCTHHHBI OJHOBPEMEHHO). Torma chpaBeJIUBBI U BCE CIEAYIONINE OOpaTHHIC
umrukanun: (By A C) 5> A1, (B2 A C) > Ag, ..., Bn A C) > An.

Joxka3zatenbcTBo. [Tokaxkem cHavana MCTUHHOCTH MepBOil oOpartHoi umrmukanuu: (B A C) —
Ar

Ecnu BeickaszpiBanue Bi moxHO, To mockuika B; A C noxHa u, 3HaunT, umiuiukamusa (B; A C)
— A uctunHa. [Ipeanonoxum tenepp, 4To BbICKa3zbiBaHue Bi uctunHO. Torna, eciau npu 3ToM
Bbicka3biHKME C JI0KHO, TO cHOBA mockuika (B; A C noxHa, cnenoBarensHo, uMimukanus (By A
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C) —>A; wucrunna. [Ipenmonoxum Tenepb, 4To U BbickaszbiBaHue C uctuHHO. [TokakeM, 4To
TOrJa BC€ BbICKa3biBaHUA A1, Az,..., Ay J0XHBL. JloMyCcTUM NPOTUBHOE: HANpUMEpP, MYCTh Aj
nctrHo. Torma u3 UCTUHHOCTH BhICKa3bIBaHUM Aj, C a 3HAYUT, U

uctuHHOCTH uX KoHbloHKIMH (A, AC)u(A, AC)—> B,, 0oYeBHIHO, BBITEKACT HCTHHHOCTDH
BbICKa3bBaHuA B,. Takum oOpasom, aBa pasiuuHbIX cieacTBusiB, m B, npsaMeix Teopem
VICTHHHBI. JTO NPOTHBOPEUHT ycioBHio. ClienoBaTenbHO, BBICKA3bIBaHUE A, HE MOXKET ObIThb-
VICTHHHBIM. AHAJIOTMYHO HE MOTYT OBITh MCTMHHBIMHM BBICKa3blBaHus: A,,..., A . Wrak, Bce
BbICKa3bIBaHUsA A, A;,..., A, 7oxubl. Ho 1o ycnoBuio, 1o MeHbIIell Mepe OaHa M3 IMOCBUIOK
A,A,..., A, wucrunHa. CienoBaTenbHO, UCTHHHOW JODKHA ObITh mocbuika A .MTak, BbICKa-
3piBanus B,,Cu A wuctuuHbl. Torma uctuHHa KOHBIOHKIWS B, AC M HCTHHHA MMIUIMKAILHS
(B,AC) > A, sBisiomasics oOpaTHOH IO  OTHOLIGHWIO K MEpPBOH JaHHOW HMMIUTMKAIUH
(A, AC)—>B,.

COBEpILICHHO aHAJIOTMYHO YCTAHABIMBACTCS UCTHUHHOCTh U OCTAIBHBIX OOPATHBIX UMILIHKALIUHA
(B,AC)—>A,, ..., (B,AC)—> A,

Ipumep. IlpumMepoM NPUMEHEHUS JaHHOW TEOPEMBI MOTYT CIYXKUTb CIEAYIOLIUE
yTBEPXKIACHHS &), 0), B), BRIpAKAIOIINE CBOWCTBO MOHOTOHHOCTH OIEPAIMHd YMHOXEHHUS B KOJIb-
¢ OCJIbIX YHUCCII UJIX B IIOJIC pallMOHAJIBHBIX YHUCECIT :
ax<y,z>0=xz<yz;

0)x>y,z<0=> xz< yz,

8)x=y,z>0=>xz=yz.
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I'masa |l BYJIEBbI ®YHKIIMU
B HacTosIel riaBe Mo3HAKOMHMCS C €I OJHUM BHJIOM (DYHKIHHA — OYyJIeBbIMH (DYHKIHSIMH.
OHU BO3HUKIM TPH MATEMaTUYCCKOW IMOCTAHOBKE 3aJa4 JIOTUKH. VX HA3BIBAIOT TaKkKe
GYHKIHUSIMHU JIreOpbl JIOTHKH.
§ 1. MHOXecTBa, OTHOIIEHHS, (DYHKIIMU

ITousitue MHOKecTBa. IIoHSATHE MHOKECTBA — OJHO M3 OCHOBHBIX MAaTEMaTHYECKHX
noHsThii. OHO MEPBUYHO, MCXO/JHO, T.€. HE MOXET OBITh CBEICHO K IpyruM MHoHATUsM. [lon
MHOJICecCmeom TIOHUMACTCS COBOKYITHOCTh OOBEKTOB (IPEIMETOB), KOTOpas paccMaTpUBaeTCs,
MBICJIUTCS KaK OJHO IIejoe, Kak Heuto eauHoe. OOBEKTHhI, COCTaBIISIOIINE MHOXKECTBO,
HA3BIBAIOTCSA €ro onemenmamu. MHOXKeECTBAa 0003HAYAIOT 3arjIaBHBIMH OYKBaMH JIATHHCKOT'O
andasuta: 4, B, C,..., a 3JIeMEHTBl MHOXXECTB — MAaJIbIMU JIATHHCKUMH OyKBamu: a, b, ¢, ...,
a,,d,,....Ecnmn HexoTopslil O0BEKT a SABIAETCS 3JIEMEHTOM MHOXecTBa A, T.e. OOBEKT a
MPUHAUICKAT MHOXECTBY A, To mmmyrac A. Eciu ke 2JeMEeHT a He NPUHAAICKHT
MHOECTBY 4, TO numyrta ¢ A.
MHOKECTBO, COCTOSIIEE U3 OJICMEHTOB  &,d,,..., &), 0003HaYaeTcs {a,,a,,...,a,} . CumBox

{X:S(X)} OPpUMCHACTCA IJIA 0003HaYeHUsI MHOJKECTBA BCEX TaKHUX OOBEKTOB X, KOTOPLIC

YIOBJICTBOPSIIOT HEKOTOPOMYCBOUCTBY S(X). Eciiit 00beKThI OepyTCsi M3 HEKOTOPOI'O MHOYKECTBA
A, TO MHOXECTBO BCEX TaKHX OOBEKTOB, YIOBICTBOPSIONIMX CBOMCTBY S(X), 0003HauyaeTcs
{xe A:S(x)}.

BxiroueHne W paBEHCTBO MHOXKECTB. MHOXKECTBO A HA3BIBACTCS HOOMHONCECMBOM
MHOKECTBA B, WU TOBOPAT, 4TO A 6Kknouaemcss B B, eclv KaxIbld 3JEMEHT MHOXECTBA A
IPUHAJIEKUT MHOKECTBY B. 3anuce: A — B . MHOXecTBa 4 U B Ha3bIBAIOTCA pagHbimu, €ciu A
COCTOUT U3 TE€X U TOJBKO TEX JIEMEHTOB, KOTOpPbIE MpUHAANEKAT B, T. €. eciiu X € A Toraa u
TOJNBKO TOrma, korgaXe B. 3ammce: A=B. MnuoxectBo A Ha3bIBAeTCsl COOCMEEHHbIM
noomHodcecmeom MHOxkectBa B, ectu AcBu A#B. OGosnauenme: A B, c-3nax
BKIIOUEHUS.

MHOXECTBO HAa3BIBACTCS MYCHMIbIM, €CIIA OHO HE COJEPKUT HU OJHOTO 3jieMeHTa. CyliecTByeT
€MHCTBCHHOE IyCTOC MHOXECTBO, OHO 0003Ha4yaeTcsi cuMBOJoM J. 3Haunt, JC A s
T000T0 MHOKECTBA A.

Onepanuu Hax MHOXecTBaMU. OobveduHenuem MHoxcecmeé A u B Ha3bpIBaeTcs
MHOeCTBO, obo3nayaemoe AUUB, cocrosiee W3 TeX W TOJBKO TEX DJIEMEHTOB, KOTOpPHIE
IpHMHAIERKAT XOTs ObI OHOMY K3 MHOXKeCTB 4 u B . 3amucs: AUB ={X: x € Aux € B}

Ilepeceuenuem mmnoocecmé A u B HaspIBaeTcs MHOXKECTBO, 00osHayaemoe A(1B,
COCTOSILIEE U3 TE€X U TOJBKO TEX AJIEMEHTOB, KOTOpPbIE MPUHAMJIEKAT KaK MHOXKECTBY A, TaK U
MuoxecTBy B. 3amucs: A(1B={x:xe AuxeB}.

Pasznocmoio mmnoxcecmse A w B HaspiBaeTcss MHOXeECTBO, o0Oo3Hauaemoe A\B,

AJIEeMEHTaMU KOTOPOTO SIBJIAIOTCS BCE TE€ JIEMEHTBbl MHOXECTBAa A, KOTOpbIE HE NMPUHAJIEKAT
MHOKeCTBY B, 1 Toabko onu. 3amuck: A\B ={X:x e A x ¢ B}.
Ecim Ac U (rne U — HekoTopoe yHHBEPCATbHOE MHOKECTBO, KOTOPOE COAEPKUT B KAYECTBE
MOJMHOXKECTB BCE pPacCMAaTPUBAEMble MHOXKECTBA), TO OonoIHeHuem MHoxcecmea A B
MHOkecTBe U HaszbpIBaeTcs MHOXKECTBO, 0003HauaeMoe A, COCTOsIIEee U3 BCEX TEX AIEMEHTOB
MHOKECTBa U, KOTOpBIE HE MIPUHAJIEKAT MHOXECTBY A. Urak,
A=U\A={x:xeU,xe A}={xeU :x ¢ A}

[Tepeuniciium HEKOTOpBIE HaWOoOJIee BaXHBIE cgolicmea OMEPAINil HaJl MHOKECTBAMHU M

OTHOILIEHHUS BKIIOYEHUSI MHOYKECTB:

1) AU A= A(uaeMI0oTeHTHOCTh OObEANHEHNS);

2) A A= A(MIeMIOTEHTHOCTh [IEPECEUCHUN);

3) AUB=BUA (xoMMyTaTHBHOCTH O0bEINHEHNS);
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4) A(1B=B()A (koMMyTaTHBHOCTH [IEPECEYEHUS);
5) (AUB)UC =AU(BUC) (accounarusaocts 00beqMHEHNUS);
6) (ANB)NC=AN(BNC) (accouuaruBHOCTH NEPECEUECHUS);

7) AUBNC)=(AUB)N(AUC) (aucrpuOyruBHOCT, 0OOBEIUHEHHS OTHOCHTEILHO
MepPECeUCHHS ),
8) ANBUC)=(ANB)U(ANC) (auctpuOyTMBHOCTL  MEPECEUEHUs]  OTHOCHTEIHHO
IIepeceyeHus ),

9) AU(BM A) = A(tiepBblii 3aKOH MOITIAIIEHHS);
10) AN(BUA) = A(BTopoii 3aKOH TIOTJIAILEHHS);
11) AUB = AN B (uepsbiii 3akon 1e Moprana);
12) ANB = AUB (sropoii 3axon ge Moprana);
13) AUU =U,ANU = A;

14) AU =A AND=;

15) AUA=U,ANA=Q;

16)@=U,U =&;

17) A=A (3aKOH UHBOJIIOLIMH);
18) A\B = ANB;
19) Ac AUB,Bc AUB;
20) ANBc A ANBcB;
21) AcB< ANB=A;
22) AcB< AUB=B;
23) AcB< AUB=U
24) AcB< ANB=4.

bunapubie oTHOmeHUsT U (yHKuuu. [lycTh gaHbl aBa (He 06A3aTENBHO PA3THUYHBIX)
MHOXecTBa A 1 B. [lycte a€ Au be B. Vnopsoouennoii napoii, COCTaBIeHHON U3 3JIEMEHTOB
a u b, HaseBaercs mapa (a,b), B KOTOpOIi yKa3zaHO, KAKOM DIIEMEHT SIBJIETCS MEPBBIM, a KaKOi
— BropbM. TakuMm 00pa3zoM, ymopsimoueHHas mapa(D,a) oTauuHr OT ymopsmoYeHHOH maphi
(a,b), ecmu a=b. Ynopsaouennsie napsr (a,b)u (¢, d) HassIBarOTCS pasHvimMu, €CIH U TOIBKO

ecma=cub=d.
Ipsameiv (MM Oexapmogvim) npoussedeHuem IBYX MHOXKECTB A U B Ha3bIBaeTCs MHOXECTBO A
X B BCEBO3MOXHBIX ymopsjioueHHbIX map (a,b), Takux, 4Yrto ac€Aum beB:

AxB={(a,b): a€ A ubeB}. Bunapnvim omnowenuem Mexay sneMeHTaMu MHOXKeCTB A u B

Ha3bIBAETCS JII000E MHOXKECTBO YIOPSI0UYEHHBIX map (a,b)rakux, uto a€ Au be B, T. e. moboe
MOJIMHOXKECTBO MpsiMoro npoussenieHuss 4 x B Ecnu p— OuHapHOE OTHOLIEHHE M 3aluCcaHo (X,
¥) € P, TO TOBOPST, UTO X U ) CBSA3aHBI OTHOLIEHUEM p, WIN X HAXOAUTCS C ¥ B OTHOUICHUH D ,

WJIN OJId X U ) BBITOJHACTCA OTHOLICHUC p. Bwmecto 3anucu ()C, y) € P UCHOJIB3YIOT TAKXKE 3alHUCh

xXpy.
bunapuoe otHomienne f < A x B Ha3piBaeTCsl (hyHkyuell, 3a0anHoOl Ha MHodcecmee A

uB npunumaroweil 3Havenus 8 MHodcecmee B (wau omobpascenuem muoxcecmea A 6 B), ecnu:
a) s moboro X € AHaiinercst Y € B, takoif, uto (x, y)€ f ; 6) nns mobeix xe€ 4,Y,,Y, €B u3
toro, uto (X, ;)€ f u (X,y,) € f cnenyer, uroy, =Y, . Apyrumu cnoBamu, f - dynkms, ecnu
st moborox € A CylIecTBYeT eAMHCTBeHHBIN Y € B, Ttakoi, uro (x, y)ef. Dror
CIUHCTBEHHBIM DJJIEMEHT ) Has3bIBaeTCs 3HaueHuem @yuxkyuu . ons apeymenma x wu
o6osnauaercs f (X).Ecmu (x, y) € T To ncnonssyercs 3amuce y =f(x). MuoxectBo 4 Ha3bIBaeTCs
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obnacmuuy onpedenenus yukyuu ¥, B — obracmoio ee usmenenus. To, uro f ects GyHKIHS
(otobpaxenue) u3 A B B, 3anuceiBaoT B Buge: f:A—B. Oynukuus f:A— B HasbBaercs

unvekmuseHot (UIH  83aUMHOOOHO3HAYHOU), €CIM [l JIIOOBIX X, X, € A M3 paBeHCTBa
f(x)=f(X,) HempeMeHHO BBITEKACT PABEHCTBO apryMeHTOB X1 = X. DyHkuums f :A—B-
HA3BIBACTCS cropvekmugHou (W omoopadicenuem A na B), ecnu s moboro Y € B Haitnercs
x0T OBl omuH X € A, Takoi, uro y =f(x). ®yukuus f :A— B HaseBacrcs Ouexmuenou (Aiu

Ouexyueti), €CIIM OHA OJJHOBPEMEHHO UHBEKTUBHA U CIOPBEKTHUBHA.
[Tonsitne n-apHoro otHomieHus. OOOOIICHHEM TMOHATHS YIOPSIOYCHHOW MaphI
AJIEMEHTOB SIBJISICTCS TIOHSATHUE Kopmedica (ynopsiooueHnoz2o Habopa) o0bekToB. KopTex n

00bekToB dy,dy, ..., &, 0003HaUACTCS

(a,a,,...,a,) . Jiga xoprexa (8;,...,8,) u (0,...,0,) nassaror
pasnoivy w mamyt (8y,...,8,)= (0,,...,0,) , ecnm u romsko ecm @, =h,...,a, =b, . pausin

npou3ee()eHueM n MHOXKCCTB A&, ey A\j HAa3bIBACTCA MHOXKECTBO
Axx A ={(X,...X): X €A,...x, €A}
Ecmn A& == AW =A , TO TIpSIMOE TIPOU3BEICHUE Ax..x A HaspBaror  n- npAMOU

n
cmenenvio MHoxcecmea A n 0003HayaroT A’ .
TakuMm 00pazoM, n-apHvim omHouleHuUeM MEXIY dIEeMEHTaMH MHOXKECTBa Ap ey A1 Ha3bIBAETCA

Jr000€e IMOJAMHOKCCTBO IIPAMOI'O ITPOU3BCACHUA A1 XX A] .

§ 2. BysieBbl pYHKIIUH OT OJHOTO HABYX apIyMEHTOB
Bynesbl pynkiuu ot omgHoro aprymenTa. Onpedenenue. bynesoul ¢hynxyueti om 00Ho20
apeymenma HazbiBaeTcsi GyHKIUs f 3aaHHas MHOKECTBE U3 JBYX DJIEMEHTOB M IMPUHUMAIOIIIAs
3HAUEHUS B TOM JBYXDJIEMEHTHOM MHOXKECTBE.
DJIeMEHTHI IBYXDJIEMEHTHOrO MHOKecTBa 0003HaunM 0 u 1. Takum o6pazom, f :{0,1} —{0,1}.

ITepeuncnum Bce OyneBbl (PYHKIMK OT OJHOTO apryMeHTa:

X fy(X) f,.(x) F(%) £,
0 0 0 1 1
1 0 1 0 1

Bcero nmeercst yetbipe pa3auyHbIX OyJaeBbIX (QYHKIIUM OJHOIO apryMeHTa!

f,(X) = 0— dynkuus, ToxaecTBeHHO paBHas 0 (TOXKIECTBEHHBIN HYIIb);

f,(X) = X— ToxxnecTBeHHasT QyHKITHSL;

f,(X) = X'— dyHkums, Ha3pIBacMask OTPHUIIAHHEM;

f,(X) =1— dynkuns, ToxxnecTBeHHO paBHas | (TOXXAECTBEHHAS CANHHUIIA).

BbyneBbl ¢yHKIIMM OT OBYX aprymeHToB. Onpeodenenue. Hyneeoii ¢ynxyueii om 08yx

apzymenmos HazwiBaerca dymkuus ¢, 3amanHas muoxectse 10,13x{0,1} u npunnmaromas
sHauenns u aByxonementHom Muoxectse 10,1}, Jipyrumu crioBamu, GyieBa byHKIHS OT ABYX

apTyMEHTOB COIOCTABJISIET 000N YIOPSI0YCHHOU Tape, CocTaBlIeHHON 3 3reMenToB O u 1 (a
TaKUX YNOPSAJOUYEHHBIX Hap Oynet uetsipe), (inbo 0, mubdo 1).

[lepeuncium Bce BO3MOXHBIE OyJIeBBI (DYHKIIMH OT NIBYX apryMeHTOB B (OpMe Clieayromen
TaOJIUIIBL:

0 |« | |x |« |y [+ |[v || |<]|y
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rae 9,(X,y) =0-  moowcoecmsennviii  nonwv;,  Q,(X,y)- xouwvionkyus (oOo3HauyaeTcs  Xy),

KOHBIOHKIHA IIPUHUMACT 3HAYCHUC 1 , TOrJa MW TOJBKO TOIrJda, Koraa oba eé AprymMcHTa
MNPUHHUMAIOT 3HAYCHUC PaBHOC CIHWHUIIC, OTPULAHUC KOHBIOHKIHWW HA3BIBAKOTCA  UWUMPUXom

Lleppepa n oboznauyaercs X|y, 1. 0. Q,(X,y¥)=(X-y) =x|y,ora OyHKUMS OpPHHHUMAET
3HayeHune 0 B ToM ciydae, koraa ¢yakuus g,(X,y) =1;9,(X,y) - ousvionkyus (0o603HavaeTcs
XVY), 0s(x,y) Hocur Ha3BaHHE cmpenka IMupca, oboszHadaercss X¥y u
(% Y) =(xvy) =x4 y;0,5(X Y)- wumniuxayus, oGo3Hauaercs X —>Y, Ile X-TIOCHUIKA
UMIUHKaimy, y-e€ cieacrsue; 0,(X,Y)=(X—Yy) - orpunanue wummmkamud; Oy, (XYy) -
aHmuumMnIuKayus win oopamuas umniuxayusi, Q,,(X,y) =Y — X, ero oTpuLaHHEM AGIAEMCS
9,(X,y)=(y—>X)"; gq(X, YY) =X<> Y- SKBUBAICHTHOCTb, NPHHMMAET 3Ha4deHHe | TOrAa M
TOJIBKO TOT/Ia, KOria 00a e€ apryMeHTa MPUHAMAIOT OJMHAKOBbBIC 3Ha4YeHHs, J4(X,Y) sBisercs

oTpuLanueM q(X,Y), Ha3BIBACTCS CrOdCEHUEM NO MOOYIIO 08d, WA CyMmou JKeeankuna u

obosnauaemes X+Y ;95(XY) =X, 0,(X, Y) =X gs(X, Y) =Y, 9 (X, ) =Y’
JlBe Oynesbl dyukimu f(X, y) u g(X, y) Ha3bIBAIOTCS pasHbiMU, €CITH KAKIOMY HaOOpy 3HAYCHUI
apryMEHTOB X, ¥ 00€ ()yHKIIMHU COTOCTABJISIOT OJIMH M TOT K€ 3JIeMeHT u3 MHOkecTBa {0, 1}, f(a,
b) = g{a, b) nna mo6eix @, b € {0, 1}. Hanpumep, x vy=y VX

CBoiicTBa TU3BIOHKIMH, KOHBIOHKIIMM U OTpulanus. Teopema. [[na 6ynesvix ¢hynxyuii
BLINOIHAIOMCS CNIe0YIoWUe PABEHCEA.!
a) XV X=X,X-X=X(uoemnomenHmnocmos OU3bIOHKYUU U KOHBIOHKYULL),

0) XVY=YVXX:Y=Y-X (KoMMymamusHocms OU3bIOHKYUU U KOHBIOHKYUU),
8) (Xvy)vz=xv(yvz),(x-y)-z=x-(y-2) (accoyuamusnocmov OuzblOHKYULU U KOHbIOHKYULL)
2) xvl=1x-1=x;
0) Xxv0=x,x-0=0;
e)Xv(y-2)=(xvy)-(xvz),x-(yvz)=(X-y)v(X-z2)(ampubymusnocme OU3BIOHKYUU
OMHOCUMENbHO KOHBIOHKYUU U QOUCPUOYMUBHOCHb KOHBIOHKYUU OMHOCUMETbHO OUZBIOHKYUL),
ac) XV (Y-X)=X,X-(YV X) =X (3axonst no2nawenus),
u) (Xvy)=x"-y,(x-y) =x'vy' (zaxons de Mopzana),
k) XvX' =1L,x-x'=0;
) X" =X.

Beipakenue omuux OyieBbIX (yHKIUE uepe3 apyrue. Teopema. Cnpaeednusvl
cnedyruue paseHcmaa, 8blpaxcaroujue 00HU Oynesvl yHKYuU yepes opyue:

a) X-y=X'vy), ac) X' =X|X;

6) xvy=(X"y)’; 3) X|y=(x-y)’;

6) Xvy=(X—>Yy)—>y, u) xvy=x1y =x[x)|(yly);
2) Xvy=X >y, k) X'=X¥X;

) X>y=xVvy; ) xdy=(xvy);

e) X y=(Xx—>Y)-(y—>X); ) x-y=xdy=xIxd(yly).
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HoxaszartenbcTBo. uda)u 6) nokazaTenbCcTBa paBEHCTB JIETKO CIEAYIOT U3 3aKOHOB JIe
Moprana, ecnu Ha 00€ YacTH Ka)JIOTr0 M3 HUX «HABECUTH» 3HAK OTPULIAHHS, a 3aTEM K JIEBBIM
YacTsIM MOJYyYEHHBIX PABEHCTB PUMEHUTH PABEHCTBO U3 Meopembl O C8OUCMBAX KOHBIOHKYUU
OU3BIOHKYUU U OMPUYAHUSL.
Jns 6) u 2) paBeHCTBa MOKHO IMPOBEPUTH C MOMOIIBI0 OOIIEr0 MeToJa TalJIUI, a MOXHO
BOCIIOJIB30BaThCSl PABEHCTBOM 0),, Mpeodpa3ys, HanpuMep, IpaByl0 4acTh NEPBOTO PAaBEHCTBA.
Torma(x > y) > y=Xvy)>y=Xvy)vy=X'vy)vy=(Xvy)l=xvy.
0), e), Jic), k) 3) PaBeHCTBa JIETKO MPOBEPSETCS C TOMOIIBIO TaOJIHII.
3), n1)PaBeHcTBa y)Xe oTMeuanuch npu ompenenenuu ¢ynuuii mrpux Hleddepa u crpenka
[Tupca.
u) MOXHO COCTaBUTh TaONMUIBI, a MOXHO pacCyKIaTb CIeAylommM  o0pa3oM:
X'y =(X"-y') =xvYy.BnepBom paBeHCTBE HCIIOIB30KAHO TMPEIBIIYINEE COOTHOIICHHUE 3).
M) Jlokaxkute paBEHCTBO MOAOOHO TOMY Kak OBbLIO JI0KAa3aHO BEHCTBO i), MCIONB3Ys MPU I3TOM
COOTHOIICHHE JI). O
§ 3. byneBbl GyHKIIUH OT 7 apTyMEHTOB

[Tonstue OyneBort (yukumu. Onpedenenue . bBynesoil ¢hynxyuei om n apeymenmos
HasbiBaeTca (yHkums f, 3agamnas ma muoxkectse {0, 1}" um mpunHuMmaromas 3HaueHHs B
nByxanementHoM MHOkectBe {0, 1}. Jlpyrumu cimoBamu, OyieBa (GYHKIHS OT 7 apryMEHTOB
COIOCTABJISIET KAXKIOMY YIIOPSII0YCHHOMY HaOOpY JJIMHBI 71, COCTABICHHOMY U3 3JIeMeHTOB 0 1
1, mu60 0, Moo 1.
JIBe OyneBbl (yHKImU OT 1 aprymeHtoB f (X, X,,..X,)ng(X,X,,..X,) Ha3bIBAIOTCA PAGHbIMU,

eciny JIOOBIM OJMHAKOKMM HaOopaM 3HAueHWH apryMeHTOB X, X,,..X 00e 3TH QyHKuNN
COIIOCTABIISIOT OJMHAKOBHIE >i1eMeHTHl n3 mHoxecta {0, 1}, re. f(a,a,,..a,)=09(a,a,,.a,)

IS JTIOOBIX 3JIEMEHTOB &, , 8, ,..8, €{0,1}.

Onpedenenue. Cynepnosuyueti 0yneBbix OYHKUAHL 0, (Y1, Yiyeos Vi )seos O, (V5 Y20 YU ) B
oyneBy pynkuuto f (X, X,,..X,) HasbIBaeTca HoBas OysneBa Gynkuus F(y;,..., yi,..., Y1) 3aBUCHT
or My + my + ... + mp apryMeHToOB.

3aduKcupoBaB OJMH M3 apryMeHToB OyneBoBod ¢yHkimu f (X, X,,..X,) OT n aprymeHToB,
1oJy4uM (YHKIUIO OT 71-1 apryMeHTOB.

Yucno OyneBbix ¢(yHkumid. Teopema (0 mpenctaBieHHMM OyleBbIX (GYHKUUI yepes
KOHBIOHKIIMIO, JM3BIOHKIMIO M OTpulaHue). Besxaa 6Oynesa ymxyus (X, X,,..X,) moocem
ObImb npedcmasiiena 6 eude Cynepno3uyuu KOHbIOHKYUl, OUSBIOHKYUU U OMPUYAHUS, npudem
3HAK OMPUYAHUS CIOUM MOJbKO HENOCPeOCMEEHHO OKOJIO NePeMEeHHOU U He COUm Hu nepeo

OOHOI U3 6HYMPEHHUX CKOOOK.
JlokaszarenbcTBO OyJeM BECTH METOJAOM MaTEMAaTHYECKOW MHIYKIIUU 110 YHCIYy 7 apryMEHTOB

¢bynkuuu f.
[MpeamonoxumM, 9To TeopeMa BepHa s BceX (GyHKIuMi oT K aprymenToB. Jlokaxem ee uis

¢Gyakumit or k+ 1 aprymenra. ITycte f(X,...,X,..X.,;) — TpOU3BONbHAs OyneBa GYHKIHS OT
k+ 1 aprymenrta. Pasznokenue gaHHOW (YHKIMH [0  TOCIEAHEH  IMEpPEMEHHOMN
F (X Xer e X)) = (X - FOG o Xr e D)V (X - T (X X, 0)) Kakmast u3 byHKIHI
fOX, e XD F(X,...sX,...,0) ectb OymeBa ¢ynkums ot K aprymentoB. Ho coriacHo

NPENNONIOKEHUI0O HWHAYKIIMH, BCe Takue (YHKIUH BBIPAXKAIOTCS uepe3 KOHBIOHKIIHIO,
JU3BIOHKIMIO U OTPHUIIAHME, IPUYEM 3HAK OTPULIAHUS CTOUT TOJIBKO HEMOCPEICTBEHHO OKOJIO
MEPEMEHHBIX U HE CTOUT HU Nepes OJHOM U3 BHYTPEHHUX ckoOOK. [IpuHrMas 310 BO BHUMaHHUE,
BUJMM, YTO MpaBas 4acTh IOCIEAHErO PaBEHCTBA NPEACTABIsIET COOOW CYNEpHO3HUIMIO JHIIb
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Tpex (YHKIUI — KOHBIOHKLUH, AU3BIOHKIMU U oTpulanus. [IpudeM oTpUIlaHUE CTOUT OKOJIO
HNEPEMEHHON X, ,, DTO U 10Ka3bIBAET OKOHUYATEIbHO TEOPEMY.

byneBsl ¢yHkumum u ¢GopMmynsl anreOpbl BBICKAa3bIBaHUI. YCTaHOBHM CHauaia
COOTBETCTBUE MEXIy (opmynamu anreOpbl BBICKA3bIBaHUNW M OynaeBbIMH (PyHKOHSIMH. DTO
JenaeTcsl  CIenylommM — oOpasoM.  Bo-mepBbIX, ompeaensercs — B3aMMHO-OJHO3HAYHOE
COOTBETCTBUE MEXKIY IPONO3UINOHAILHBIMU IEPEMEHHBIMU U OYJIEBBIMU MEPEMEHHBIMU, MPH
KOTOPOM IponucHas OykBa, 0003Havaromas MPONO3UIMOHAIBHYIO TIEPEMEHHYIO, COOTBETCTBYET
TOM K€ caMoi CTpOYHOI OyKBe, 0003HAYaOIIeH OyIeBy IEPEMEHHYIO:
P,Q.R, XY, Z, X, X,,....Y,Y,,...

pa q1 ra Xa y1 Z’ X11 X2 [ERRS] y]_a y]_""
Bo-BTOpBIX, yCTaHaBIMBAETCSI COOTBETCTBHE MEXIy 3HAKAMH JIO- MYECKUX CBS30K U
OJTHOMMEHHBIX OYJeBbIX (YHKIHM:

Jlornueckue cBA3KHU — A V - |

bynessl pyHKIIUN . v - |

Haxoneny ckoOkaM cTaBsiITCSI B COOTBETCTBHE TC ke ckoOku. Torma kaxmoi ¢opmyse

anreOpbl BHICKAa3bIBAaHUI COOTBETCTBYET €IMHCTBEHHAs OyieBa (QYHKIHWS, a KaxIoi OyneBon
(GyHKLHU COOTBETCTBYET (opMyIia aireOpbl BbICKAa3bIBAHHM.
Ecnmu OymeBa QyHKuus 3amaHa C TOMOINBIO (QOPMYNBI, TO I TOTO 4YTOOBI HAaWTH
COOTBETCTBYIOLIYIO 3TON (QyHKLINU (HOpMyIy anreOpbl BbICKA3bIBAHUMN, HY)KHO B BBIPQXKEHUU TS
OyneBoil (yHKIMM 3aMEHUTH CTPOUYHBIC OYKBBI TAaKHMH K€ HMPOMHUCHBIMU OyKBaMH, a KayKIbIH
CUMBOJI OyJsieBoi (DyHKIIMM 3aMEHUTh COOTBETCTBEHHO UM CUMBOJIOM OJIHOMMEHHOMN JIOIHYeCcKOM
orepanuu .3/1eCh BO3HHKAECT HEOJHO3HAYHOCTh TAaKOTO OOPAaTHOTO COOTBETCTBUH, MOCKOJIBKY
OyneBa QyHKINSA MOXKET UMETh MHOKECTBO PA3JIUUHBIX (POPMYJIBHBIX BBIPAKECHHH.

Hopmanbubie ¢opmbl OyneBbix ¢GyHkiuil. Bceskas OyneBa (yHKUHS MOXET OBITh
npejcTaBieHa HEKOTOpol (opMysoi anreOpsl BhiCKa3biBaHWNW. HeTpynHO MOHATH, YTO BCSKas
dopMyna anreOpbl BBICKA3bIBAaHUM, pasHocuivhas Qopmyse, MPEICTABIAIONIEH HEKOTOPYIO
OyneBy ¢ynkumto f, Oyner nmpeacraBnaTe QyHKIH0 paBHyro f. B wacTHOCTH, OHON M3 Takmx
npeacTaBisitomMX (Gopmyn OyaeT coBepllieHHas JU3BIOHKTHBHas HopMalibHas (opma (eciau
naHHas OyneBa (YHKLIMsS He paBHa ToxkaecTBeHHO 0, T.e. mpejacTaBisoomas Qgopmyna He
TOKIECTBEHHO JIO’KHA) WJIM COBEpIICHHAs KOHBIOHKTHBHAsE HOpMalibHast ¢opma (ecimu JaHHas
OyneBa (yHKIMsS HE paBHAa TOXAECTBEHHO 1, T.e. mpeacTaBisomas ¢Gopmyia He SBISETCS
TaBTosiorvei). OTBICKaB COBEPLIEHHYIO HOpMaibHYy0 GopMmy st Gopmynsl  anreOpbl
BBICKa3bIBaHUM, MpeAcTaBIAomEel JaHHYI0 OysIeBy (YHKIII MOXKHO MEPEUTH OT 3TOH (HOpMBI K
(bopMyITEHOMY BBIpKEHUIO Il JaHHOU OyneBoi (pyHkuuu. Ero OyneM Ha3bIBaTh cogeputeHHOU
OU3bIOHKMUEHOe( WIH KOHBLIOHKMUBHOU) HOPMANbHOU ¢hopmoti NaHHOW OyneBoil (yHKIMH,
cokpameraHo C/[H-gpopmoti umn cootrBerctBeHHO CKH-¢hopmoii. Kaxnas u3 HUX s TaHHOU
OyneBoil (pyHKIMH, €CIIM OHA CYIECTBYET, €JMHCTBEHHA.

§4. Cucremsbl OyneBbIX QpyHKUINN
[Tonuble cuctembl OyneBbIX (QyHKIUH. Onpedenenue. Cucrema OyneBbIX (YHKIUN
HA3bIBAECTCSI TIOJTHOM, €ci BesKasi OyneBa QyHKIUS SIBISETCS cynepro3uuuedt pyHKuui u3 sTon
CHCTEMBI.
Teopema. Cneoyrowue cucmembl oyneevlx  YHKYul — ABNAIOMCA NOTHBIMU.

D4V, 12 B3V EAL B Ee{E DG
Joxa3zaTenscTBo. B cuty moaHOTH cucteMsl {V,-,'} Kaxaas OyneBa QyHKIH SBISICTCS
Cyr[GpHOBI/II_[I/ICI\/JI JU3BIOHKIINU, KOHBIOHKIIMK W  OTPULIAHHA. Ecmm wMoxHO BBIPA3UTh

JTU3BIOHKIMIO Yepe3 QYHKIUU +, -, U ', TO TeM CaMbIM JIOKaXE€M, YTO BCIKYIO (YHKIUIO
MOYKHO BBIPAa3HTh 4epe3 3T (QYHKIUH, T.€. TOKAKEM IOJHOTY chcTeMbl QyHKuwmi {+ , - , '}
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DTO MOXKHO ceNaTh Tak: XV Y = X+ Y+ XY . AHAJIOTUYHO, JUTSl TPOBEPKH ITOJHOTHI CUCTEMEI (V,
'} Hy’KHO BBIPa3UTh KOHBIOHKIIMIO YEPE3 AU3BIOHKIUIO U OTPULIAHHUE.

[TonHoTa cucteMbl { Vv, '} BBITEKAET U3 MOJHOTHI CHCTEMBI {V, -, '}, a IOJHOTa CUCTEMBI { —,'}
— U3 IOJHOTHI CHCTEMBI{V, '}.

Haxkownen cucrema { | } mosHa, moToMy 4TO Kakaast GyHKLHUS €CTh CyNeprno3uuus GQyHKIUd v H
', a 00e 3T GYHKIHUH MOTYT OBITh BhIpakeHbI uepe3 pynkmuto mrpux Llleddepa. Anamornuso,
cucreMa { ¥ } IOJHA, TaK KaK MOJHA cucTeMa { -, '}. Teopema noka3aHa. O

CrnenuanpHple  Kimacchl  OyneBbix  ¢yHkuumid. [oBopsT, uro OymeBa QyHKUIUSA
f(X,X%,..,X,) coxpansiem 0, ecmu f(0,0,...,0)=0. O6o3naunm P,— Kitacc Bcex OyieBbIX
bynkuunii, coxpansromux 0,

I'oBopsit, uro OyneBa ¢ynkuus f(X,X,,...,X,) coxpanser 1, ecmm f(11,...,1)=1
O0603naunM P, — kiacc Beex OyneBbIX QyHKIUI,COXpaHsIONMX 1.

Bynesa dynxims f (X, X,,..., X ) HaspIBaeTcst Osoticmeennoti GyHkuuei s Gynesoit
dynximn £ (X, Xy, X ) secma (X, Xy, X )= F/(X, X500y X)) JISL THOOBIX X, Xy, .evy X,

Gyukuus  f HaspBaeTCI  camMo080UCMEEHHOL, ecin = f Kmacc  Beex
CaMO/IBOMCTBEHHBIX OyJeBBIX (QYHKIUI 0003HAYNM S.

Beenem na muoxectBe {0, 1} oTHomenuwe mnopsnaka, momaras, uro 0<0,0<11<1.
byneBa  dyHKums f (X, X,,..., X,) HA3bIBACTCA  MOHOMOHHOL, ecnmd IS JIFOOBIX
4,0y O, B Py B, €0} Wy < f,a, < f,,...., < 3, HEMEWICHHO CIIeIyeT, 4TO
fla,a,,....a,) < T(B, B,,-... B,) Knacc Bcex MOHOTOHHBIX (yHKIHI 0603HaYNM M.

Hakonen, OyneBa ¢ynkuus f(X,X,,...,X,) Ha3bIBACTCA /IUHEUHON, €CIH €€ MOXXHO
IPEJCTaBUTh B BUJE CIEAYIOIIEr0 BhIpa)keHUsI(HA3bIBAEMOT0 MOJIMHOMOM JKerajkuHa CTelneHu
He Bblme 1epBoi) f(X,X,,..,X,)=a,+aX +a,X, +..+a,X,,rae a,,a,,4a,,...,a, MOCTOSHHbIE,
paBHbie 1100 0, 60 1. CumBonom L 0603HaunM Kiacc BceX TMHEHHBIX OyIeBbIX (PYHKIIUMN.

Knacc OyneBbIx (yHKIMI Ha3BIBACTCS COOCMBEHHbIM, €CIIA OH IYCT M HE COBIAIAET C
KjJaccoM Bcex OyneBblx ¢yHkuumid. Kmacc OyneBbIX (yHKIMI Ha3bIBa€TCS 3AMKHYMbIM WIH
knaccom Ilocma, ecnmu BMECTe €O BCSKMMU CBOMMH (YHKIMSIMH COACPXKHUT JIOOYIO HX
CYNEPIO3UIIHIO.

Teopema. Knaccor Py, P1 ,S, M, L sgnaiomcs cobcmeennvl 3aMKHYMbIMU KAACCAMU OYI€8bIX
@yHryuil.
HoxaszaTtenbcTB o. [I[poBepum cHauana, 4TO BCE 3TH KIIACCHI SBIISIFOTCS COOCTBEHHBIMH.
VYkaxeM (yHKLINHU, KOTOpble IPUHAATEKAT U HE MPUHAIIEKAT KaXIOMY U3 PaccMaTpUBaeMbIX
kimaccoB. Kak knaccy P, Tak u kiaccy Pi, NPUHAIEKUT, HApUMEpP, KOHBIOHKIUA U HE
NPUHAISKUT oTpulianue. Jlanee, KOHBIOHKIUS HE SIBIISIETCSI CaMOJIBOMCTBEHHON (yHKIMEH, a
oTpullaHue ecTh (PyHKUHA camojBoiicTBeHHas. HakoHel, K Kiaccy MOHOTOHHBIX (YHKIUI
NPUHAAISKAT KOHBIOHKLUS U HE MPUHAUICKHUT UMIUIMKALUS, a K Kinaccy L nuHelHbIX QyHKImii
NPUHAIICKUT CII0KEHHE TI0 MOTYJTIO /1Ba (cymMMa JKerankuHa) v He PUHAUICKUT KOHBIOHKIIUS.
[Toxaxxem Temeppb 3aMKHyTocTh dTHX KiaccoB. Ilyers f, f,,f,ePR, T e

f(0,0)=f,(0,0)=,(0,0)=0 n 9(x, %) = £.(f,(%, %), f3(x,%,)). Torna
9(0,0) = f,(f,(0,0), f,(0,0)) = f,(0,0) =0, 1. e. g €P,. AHanornuHo nMpoBepsieTCcs 3aMKHYTOCTh

knacca Pj.
[Tycrs Temeps f,, f,, f, €S 1. €. fl'(u,v) = f,(u',v), fz'(xi’,xé) = f,(X, X,), f3'(xl', X;) = f,(x,%,) u
9(x, %) = f,(f,(, %), £,04, %)) - Torma

g*(xpxz):g’(Xl"Xz’)Z flr(fz(x1’vxz')1 fs(x1’1le)): fl(fz(xpxz)’ f3(X11X2)):g(X11X2): T. c.

g =(J u3HAUUT €S .
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[ycre pamee f,f,,f,eM n o <pf,0,<p, u 9(X,%)=f(f,(x,X,), f;(x,X,)). Torma
fo(a, ) < £,(BL 3, (e, @) < 1,(B, B,) u
d(n, a,) = (@), f3(an, ,)) < £.(F, (B 5y, T:.(B1 B) = 9(B Ba)s CJICI0BATCIIBHO,
geM.

Hakoner, nycts f, f,, f,eM, T.C., HaIpumep
f.(x, %) =8 +ax +a,%,, f,(x, %) =b, +bx +b,X,, (X, X,) =Cy +C;X +C,X%,, . Torna
g(Xv Xz) = fl( fz(xv Xz)l fa(xy Xz)) =8, +aifz(X11 Xz) +
+a, fl(Xv Xz) =8, +a1(bo +b1X1 +b2X2) +a2(co +C X +szz) = do +dlxi +d2X2
Teopema nokaszana.o
Teopema Ilocta 0 monHOTE cucTeMbl OyIeBbIX (GYHKIMI. DTa TeopeMa JoKa3aHa aMepUKAHCKUM
marematukoMm 3. [locrom B 1921 r.

Teopema . ( o mnonHoTe cucteMbl OyneBbix ¢yHkiuil). Cucrtema OyneBbIx (yHKIUN {
fo, f,.., f,...} sIBIAETCS TONHOI TOrAa WM TOJNBKO TOTJA, KOrJAa B OTOM CHCTEME HMEETCS

,T.e. gelL

byHKIMSA, HEe MpUHaIexamas kiaccy Po, umeercs QpyHkuuu, He MpUHAAIExamias kiaccy Py,
uMeeTcsl (QYHKIUS, HE MpUHAAIeKAmas kiaccy S, uMmeeTcs (YHKIUSA, HE MPUHAIISKAIIAs
Kkiaccy M, umeercst pyHKIMM, HE MPUHAAIEKAaIIas kiaccy L.
§ 5. IIpumeHenune OyneBbIX PYHKIMM K peleHO-KOHTAKTHBIM CXEMaM

WUnes npumenenus. llon peneiino-konmaxmmuoii cxemou TOHUMAETCS YCTPONCTBO H3
IIPOBOJAHMKOB M JIBYXITIO3ULIMOHHBIX KOHTAKTOB. OHOMOXET OBITh IpEIHAa3HAuYEHO, HaIpUMeEp,
JUISL COeIMHEHUs (WM pa3beIMHEHNUs) TOII0COB UCTOYHUKA TOKA C HEKOTOPBIM MOTPEOUTENIEM.
KOHTaKTBI peneifHO-KOHTAaKTHOW CXEMbl MOTYT OBITh JBYX THIIOB: 3AMbIKAIOWUE W
pazmvikarowue. Kaxapli KOHTAKT MOJKIIOYEH K HEKOTOpoMy pene (mepekirodarento). K
OJIHOMY pelle MOKET OBbITh MOJKIOYEHO HECKOJIBKO KOHTAKTOB — KakK 3aMbIKAalOIIMX, TaK U
pasmbIKaroIMX. TexXHU4YecKkH pelie TpeACTaBiIsieT CcoO0OH KaTylmKy ¢ METaUIMYeCKUM
CepJICYHUKOM (MarHUTOMPOBOJIOM), BOJIIM3U KOTOPOI'O HAXOJAUTCSI COOTBETCTBYIOIIMM KOHTAKT.

Korna 4epe3 kaTymky NpoIycCKaeTcsi 3JIEKTPUYECKHH TOK, METAITIMYECKUI CEpACUHUK
HAMarHW4YMBAaeTCsl M 3aMbIKaeT BCE HAXOJMIIMECSs IpPU HEM 3aMBIKAIOUIME KOHTAKTHI.
OnHOBpEMEHHO BCE pa3MBIKAIOIIME KOHTAKTHI, OTHOCAIIMECA K JAHHOMY DEJIE, Pa3MBIKAIOTCS.
[TockonbKy 3aMBIKAIOLINE KOHTAKTBI IPU OTCYTCTBUH B PEJI€ SJIEKTPUUECKOI0 TOKA Pa30MKHYTHI,
TO OHU HA3bIBAIOTCS TAKKE HOPMANbHO PAZOMKHYMbIMU. AHATOTMYHO, Pa3MbIKAIOIINE KOHTAKTHI
Ha3bIBAIOTCS TAKXKE HOpMANbHO 3amkuymuimu. IIpu oOecTounBaHum oOMOTOK peine (T.e. Korja
pernie OTKJII0YAeTCs) BCE 3aMBIKAIOILIME KOHTAKTHI CHOBA Pa3MBIKAIOTCSA, a BCE pa3MbIKAIOLIHE,
3aMBIKAIOTCSL.

Ka>1<)10My peiie CTaBUTCA B COOTBETCTBUC CBOA 6yneBa MNEPEMECHUITIN X]_ , 1JIN X2 yeoos AJIIK

Xn KOTOpasi NpUHHUMACT 3HAYCHUC 1, Koraa peiie Cpa6aTLIBaCT, U NMPUHUMACT 3HAYCHHUC 0 npu

OTKJIFOUCHUHN PCJIC. Ha YCPTECIKC BCC 3aMBIKAIOMIME KOHTAKTBI, IMOJKIHOYCHHBIC K PCIIC X,
0003HAYaAIOTCI TEM K€ CHMBOJIOM X, @ BCC pa3MbIKAOIIUE KOHTAKTHI, IMOAKIIOYCHHBIC K 3TOMY
peie, 0003HaYaI0TCs OTpUIIaHHUEM x' Orto O3Ha4acT, 4TO IpHU Cpa6aTLIBaHI/II/I pene JC Bce €ro
3aMBIKAIOMIUE KOHTAKTBI X TIIPOBOAAT TOK W HM COIIOCTABJIACTCA 3HAYCHHUC 1, a BCC
Pa3MbIKArONUEC KOHTAKTBI X HC IIPOBOIAT BHCKTpI/I‘{CCKI/Iﬁ TOK M UM COIOCTaBisAeTcs 3HaueHue 0.
HpI/I OTKIIFOUCHHOM PEJICE X CO34acTCA MPOTHUBOIIOJIOXHAA CHUTyalusda: BCC €TI0 3aMBIKAarOUIUEC
KOHTAaKThl X PAa30MKHYTHI, T.C. B 3TOT MOMCHT UM COIIOCTABJIACTCA (nepeMeHHaﬂ X HpI/IHI/IMaCT)

4
3HayeHne 0, a Bce €ro pasMbIKaronMe KOHTakThl X  3aMKHYTBI, T.e. B OTOT MOMEHT WM
COMOCTAaBJIAETCS 3HadeHwue 1.

Bceit peneifHo-KOHTaKTHOH cxeme Torna craButest B X, Xy, X, comocraBneHHBIM TeM

pesie, KOTOphIE y4acTBYIOT B cxeMme. Eciu mpu nanHom HabGope coctosuuii pene Xy Xy e X
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(HEKOTOpBIE U3 3TUX pelie HAXOATCA B paboyeM COCTOSTHHUHM I0JT TOKOM, OCTaJIbHbIE OTKIIOUEHHBI,
T.€. «00ECTOYEHBI») BCsS PpEIEHHO-KOHTAKTHAas CXEeMa IPOBOAUT 3UIEKTPUYECKUH TOK, TO
IIEPEMEHHON ) CTaBUTCS B COOTBETCTBHE (IPYTMMH CJIOBAMM, I[EPEMEHHAs ) NPUHUMAET)

3gauenue 1. Ecinm sxe mpu atoM HaGope coctosnuii pene X, X, X, cxema He mnposoaur

IIEKTPUYECKUI TOK, TO CUMTAEM, UTO IIEpEMEHHAs ) IpUHUMAET 3HaueHue 0

bynesa ¢ynkmus y = f (Xl, Xy iy Xn) Ha3bIBACTCS  hyHKYUell nposoouUMocmuy TaHHOU
pPENEHHO-KOHTAKTHOM CXEMBI.
Takum oOpazom, Teopust OyneBbIX (PYHKUIUN MTPEeIOCTaBIsAET MaTeMaTHUECKUE MOIETU PeabHbIX
($U3nUeCKUX peleHO-KOHTAKTUBIX cXeM. PacCMOTpUM HEKOTOPBIE PEleHO-KOHTAKTHBIE CXEMBI
u HaiineM wux ¢QyHkuuum npoBoauMocTH. [lepBasi cxema COCTOMT M3 JABYX IOCIEIOBATENIHHO
COCIMHEHHBIX KOHTAKTOB X U ), T.€. KOHTAKTOM, CBSI3aHHBIX C JBYMS HE3aBUCUMBIMU PEIIE X U ),
Ka)KJ0€ U3 KOTOPBIX CpadaThIBaeT HE3aBUCUMO OT JIPYrOro:

JlaHHas cXxema MPOBOAMT AIIEKTPHUUYECKUIA TOK TOTJIa M TOJILKO TOT/Ia, KOT/1a 00a KOHTaKTa
X ¥ Y 3aMKHYTBl. DTO KOHBIOHKLUS Xx- y. Takum oOpa3oM, ¢yrkyueti IPOBOAUMOCTHU peJIeHHO-
KOHTAKTHOW CXEMBI, COCTOSIIEH M3 JBYX MOCIEIOBATEIHHO COCTUHEHHBIX KOHTAKTOB X H ),
ABIISICTCS KOHBIOHKLUA. ['OBOpAT, 4YTO nocrnedosamenvHoe coedunenue O08YX KOHMAKMOS
peanu3yeT KOHBIOHKIIMIO COOTBETCTBYIOIINX ATHM KOHTAKTaM OYJIeBBIX ITEPEMEHHBIX.
Bropas peneiiHO-KOHTaKTHasi cXeMa COCTOMT U3 JBYX MapauleIbHO COEIMHEHHBIX KOHTAKTOB X

ny:

y

HCHO, 4gTO 9Ta CXeMa IMPOBOAUT 3H€KTpH‘IeCKI/Iﬁ TOK B TOM TOJIBKO B TOM ClIy4ac, KOorja o
MEHBIIICH Mepe OJMH U3 KOHTAKTOB 3aMKHYT, T.€. JIUIIb B CIy4ae, Korjaa Obl oJHA U3 OyJIeBBIX
MEPEMEHHBIX (X WIX y) IpUHUMaeT 3HadeHue 1. byneBa QyHKIUSA OTXOTS OT ABYX apryMEHTOB X
Uy, YIOBJIETBOPSIONIAs ’TOMY YCIOBHIO, TAKKE XOPOILIO HAaM M3BECTHA. JTO, TU3IBIOHKIIUS X V ).
Takum o06pazom, GyHKIHEH MPOBOJUMOCTH PEICHHO-KOHTAKTHONW CXEMBI, COCTOSIIEH U3 ABYX
paJlJIeIbHO COEAMHEHHBIX KOHTAaKTOB X M Y, SBISETCS IU3bIOHKIMSA xVY [oBopsaT, yTo
napanieibHoe coeouHenue 08yX KOHMAKmos peaan3yeT AU3T IOHKIUI0 COOTBETCTBYIOIIUX 3TUM
KOHTaKTaM OyJIEBBIX MIEPEMEHHBIX.
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Htak, ¢ mTOMOIIBIO pEICHHO-KOHTAKTHBIX CXEM MOXXHO pealn30BBIBATH OYJIECBBI
(GYHKIIMHN: KOHBIOHKIUIO, TU3bIOHKIUIO U OTPHUIIAHUE.
Peanuzyem, Haripumep, B BHJIE PEICHHO-KOHTAKTHBIX CXeM OYJeBbl (DYHKIIMA — MMILTAKALIAIO U
SKBUBAJIEHTHOCTh. JlJI1 3TOr0 BBIPA3MM HUX 4Y€pe3 KOHBIOHKIUIO, TU3BIOHKLIHIO U OTPULIAHHE.
Peneil HO-KOHTaKTHasi cxeMa, peanu3ymoias QYHKIHUIO X <>y, OyIeT COCTOATh U3 JBYX MOCIEN
JIOBAaTEJIbHO COEIMHEHHBIX BETBEH, IMepBas W3 KOTOPBIX pealu3yeT JieBy QyHKuuM0 X' vy, a

BTOpas — OyneBy QpyHkuuo y' v X . B cBoto ouepenb, nepBas U3 BeTBel OyJeT COCTOSITh U3 ABYX

HapaJulelibHbl y9aCTKOB, OJWH W3 KOTOPBIX COJICPKUT KOHTakKT X', a BTOPONM — KOHTAaKT ).
AHaJOrM4HO, BTOpasi BETBb TaKke OyAeT COCTOATh U3 JIBYX MapajulesIbHbIX Y4acTKOB, OJUH U3
KOTOPBIX COJIEP’KUT KOHTAKT X, a APyroid — KOHTakT Y'. M300pakaeM MOJydeHHYIO pelieiHO-

KOHTAaKTHYIO CXEMY

JIBe OCHOBHBIE 3a/1a4ll TEOPUHU PEIEHHO-KOHTAKTHBIX cXxeM. CocTaBlieHue pesleliHO-KOHTAKTHBIX
CXEM C 3aJaHHBIMM YCIOBUSIMH pabOThl Ha3bIBaeTCs 3adauell cuHme3a PeNeHHO-KOHTaKTHBIX
CXEM M SIBJISIeTCS] IEPBOM Ba)KHOM 3aJaueid, COCTOALIEH B TOM, 4TO TpeOyeTcs MOCTPOUTh CXEMY,
KOTOpas MpOBOAMIA Obl MEKTPUUECKUI TOK JIMIIb MPU BIOJHE ONPEIETICHHBIX 33aJaBaeMbIX
YCIOBUSIX.

EcrecTBeHHO OBLTO OBl BHIOMPATH [T KOXX0U OyieBON (PyHKIIMM MPOCTYIO WM OJIHY U3
CaMbIX MPOCTHIX PEATU3YIOMIMX €€ peNeiHO-KOHTAaKTHBIX cXxeM. [loaTomy ymporienue penenHo-
KOHTAKTHBIX CXEM Ha3bIBAaCTC 3a0ayell aHaau3a TAKUX CXEM U SIBIIETCS BaXHOU 3anaveit
TEOPUU PENIEHHO-KOHTAKTHBIX CXeM. J[Be peneliHO-KOHTAKTHBIE CXEMbI, COCTABJICHHbIE U3 OJHUX
U TEX XK€ pelle, Ha3bIBAIOTCS PAGHOCUIbHBIMU, €CIIA OHA U3 HUX MPOBOJUT TOK TOT/A U TOJIBKO
TOrja, Korjaa Jpyras cxema IpOBOAMUT TOK. J[pyrUMHU cIOBaMH, JIBE€ CXEMbI, COCTABIICHHBIE U3
OHUX M TeX e pelie, PaBHOCHIBHBI, €CIM OHHM 00JalaloT OJMHAKOBBIMU (YHKLIUIMHU
MIPOBOAMMOCTH, 3aBUCALIMMH OT OJHHUX U T€X K€ MepeMeHHbIX. M3 ByX paBHOCWIIBHBIX CXEM
Oosee MPOCTOH CUMTAETCST Ta, KOTOpas COJCPKUT MEHbIIee YUCIO KOHTAKTOB. 3agaua
YIPOIIEHUS PEICHHO-KOHTAKTHOW CXEMBI COCTOUT B HAXOXKJIEHUU 00Jiee TPOCTON PaBHOCHIHHOM
€l CXEMBIL.

§ 6. Penelino-koutakTHBIE cxeMbl B OBM

JlBonuHsblil nosycymmarop. Yucna B OBM XpaHATCS B ABOMYHOM CHUCTEME B siUEHKax
namsTi nopaspaaHo. C TeXHUYECKON TOUKH 3peHHsI B IBOMYHON CHCTEME OKa3aJloch yI00HO He
TOJIBKO XPaHUTh YUCJIO, HO WM BBINOJHATh HAJ HUMM pa3jiuuHble AeicTBus. Tak, cllokeHue
JIBOMYHBIX YHCEJ OCYIIECTBIsAETCS Ha ocHOBe cieayronux mpaBwr: 0+ 0=0,0+1=1,1+0=1,
1 + 1 = 10. Cnoxenne 1o 3TUM IpaBUJIaM JENaeTcs MO KaXIOMy pas3psiay ABYX sUeeK, B
KOTOpBIX XpaHATCS ciaraeMble. Eciau e MpOUCXOIUT MEpernojHeHHE JTaHHOTO paspsijaa, TO
IPOMCXOIUT MEPEHOC €AMHUIBI B CleAyromuil pa3pan. Takum oOpazom, Mpolecc CIOKEHHs B
OJTHOM pa3pse MOXKET OBbITh OXapakTepu3oBaH AByM OyineBbiMu (QyHKIHsIME: S(X, y) u P(x, y),
3aBUCSIIMMHU OT CKIIaJbIBaeMbIX umcen x u y. [lepBas ¢ynkums S(X, y) mpeacraBiser coOoi
3HAYEHUE CYMMBI, 3alMCHIBAEMOE B TOT K€ pa3psii COOTBETCTBYIOUIEH SYEHKH, B KOTOPOM
MPOUCXOIUT CioxkeHue. Bropas QyHkumst — ¢yHKus nepeHoca P(x, y) — maer 3HA4YCHHE
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quciaa, MEPEHOCHMOro CIEAYIOUINi, Oosee cTapmMidi pasps] NpH IMEperoHeHUH pas3psana, ,
KOTOPOM NPOUCXOAUT ciiokeHHe. Tabinia MCTUHHOCTH 3TUX (PYHKIUH ciexyromas:

Xy Sy P(x, )
o o o 0
o |1 ) 0
1 0o |1 0
1 |1 |0 1

Hcnons3ys C/AH-(opMbl, BbIMMChIBaEM Ui HUX BBIPAXEHUs, JO KOTOPHIM JIETKO MOCTPOMUTH
COOTBETCTBYIOLINE PEIICHHO-KOHTAKTHBIE, CXeMbI: S(X, y) = X'y\/XY'P(x, ) =xp.

OpHopaspsiiHblil ABOMYHBIA cymmarop. [Ipu cioXkeHuM ABYX 4MCENI ONMCAHHBIE B
OpeabIAYIIEM IYHKTE JEHCTBUS COBEpLIAIOTCA JIMIIL B IEPBOM paspsje sUeeK, XPaHALIMX
ciaraeMbeie. Bo Bcex ke OCTalbHBIX pa3psagax, HA4WHAs CO BTOPOTO, B IPOIECCE CIOKEHUS
YUYacTBYIOT Y)K€ HE J[Ba CJIaraéMbIX X, U Vi, HO €Il U YHUCIIO, IEPEHOCUMOE M3 MPEIbIIYIIEro
paspsza ¥ paBHOe 3HadeHHIO ¢(yHkuuu nepenoca B (X ,,Y,,;) B dToM paspsuge. Takum
obpaszom, ¢GyHKIUS cymma Sk B K-M paspsjge (k > 2) 3aBHCHT OT TPEX apryMeHTOB, T.C.
S, =S, (X Y, P;) OT 3Tux xe apryMeHTOB 3aBUCHUT U (DyHKIHMS NEpEHOCA U3 K-TO pas3psn

B. (X, Y, P._;) a. CocraBum Tabnuiy 3Ha4€HHH STHX QYHKIHIA:

e [V Pk—l Sk (Xk’ Yir Pk—l) Pk(Xk’ Yir Pk—l)
O (0 |0 0 0
O |0 (1 1 0
O |1 |0 1 0
0O |1 |1 0 1
1 (0 |0 1 0
1 [0 |1 0 1
1 (1 |0 0 1
1 (1 )1 1 1

Hcnons3ys CAH-¢dopmbl, HaliieM Ui HUX BBIPAXKEHMs, KOTOPbIE YrOM YIPOCTUM, Ipeolpa3ys
TOIECTBEHHBIM 00pa3oM:

HIudparop u pemmudparop. YenoBek MpUBBIK ONEPUPOBATh C YUC-WIMHU B JIECATHYHOU
cucreme cuucnenus. st 9BM Oonee ynoOHa nBouyHast cucrema. [loaToMy BakHyIO poJib B
OBM wurparot ycTpoiicTBa, MOCCHEYUBAIOIIME B3aUMOIOHMMAHHE YEJIOBEKa U MAIIMHBI, T.C.
yCTpOMCTBa, MEpeBOAANINE MHPOPMAIMIO C sI3bIKa YeJOBEKa Ha SI3bIK MallWHBI U OOpaTHO.
Takumu ycTpoiicTBaMH SIBJISIOTCS, HAIpUMEp, MIHM(PPATOPHI, OCYIIECTBISIONINE TIEPEBO YHCEI
U3 JIECATUYHON CUCTEMBI B IBOUYHYIO, U AN (PaTOPhl, OCYLIECTBIIAIONINE OOPATHBIN MepeBO.

[Tokaxxem, Kkak KOHCTpyupyercs mmmdparop Fmeercs crienyroiee COOTBETCTBUE MEXKIY
NECATHYHOU U JBOMYHOU 3alIUCSIMU

[ecatny |[lBonyHas 3anuchk |[decatnyHass 3anucb |[JBou4yHas 3anucb
Has

3arnncb
0 0000 5 0101
1 0001 6 0110
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2 0010 7 0111

3 0011 8 1000

4, 0100 9 1001

Kaxayro KOJOHKY W3 HyJelW W €IUHHI] B MPABOM CTOJIOIE TAabJKIle MOKHO MBICIUTEL cebe Kak
KOJIOHKY  3HaueHMd  omHod  u3  Oymeseix  ¢ymkumii: f, f,, f,,f,. B camom
Xos X1s Xo s Xg5 Xgs X5, Xg X7, Xg » Xo [IpHUEM 3aBHCHMOCTB CIICITYIOLIAS:

Xo X0 X% X X X [Xs [ X% |Xg |X |fg |f, |f, |,

0 o (0o (0o |0 |0 |0 (0 [0 |0 |0 o |0 |0

0 1 |0 [0 [0 |0 [0 |0 [0 (0 |O 0O |0 |1

0 o (1 |0 |0 |0 |0 (0 [0 |0 |0 o |1 |0

0 o (0o |2 |jo |0 |0 (0 [0 |0 |0 o 1 |1

0 o (0o (0o |12 |0 |0 (0 [0 |0 |0 1 (0 |0

0 o (0o (0o 0o |1 |0 (0 [0 |0 |0 1 |0 |1

0 o (0o (0o 0o |0 |1 (0 [0 |0 |0 1 |0 |O

0 o (0o (0o |0 |0 |0 (1 [0 |0 |0 1 |0 |1

0 o (0o (0o |[0o |0 |0 (0 (1 |0 1 0O (0 |0

0 o (0o (0o |0 |0 |0 [0 [0 |1 1 o |0 |1

Kaxnas w3 ¢yskuwii f, f,, f,, f; 3aBucur or nmecatn aprymentoB Ilosromy Tabnmua wnx

3HAUeHHMIT JOJIKHA ComepkaTh 2™ cTpok. OTCYTCTBHE OCTATBHBIX CTPOK B MPHBEICHHOM TaOIHIe
03HAYaer, 4TO Ha YKa3aHHBIX JIECSTH Habopax 3HAYEHUN apryMeHTOB
Xor X1y Xoy Xg, Xy %oy Xy X7, Xg, XgQYHKIMM ~ JOJKHBI ~ NIPUHUMATh  YKa3aHHbIE 3HAUEHMdA, a
OCTaJIbHBIX HA0Opax MX 3HAYEHUs MOT'YT OBbITh KAKMMH YTOHO. DTO B CBOIO OYepe/lb, O3HAUAET,
4TO B KayecTBe Kaxmod m3 ¢ynkuwii f, f,, f,, f; MoxHO B3aTH nOBONBEHO MHOTrO (HO BCe Xxe

KOHEYHOE YNCI0 (DYHKIUH).
Ucnons3yst CIH-popmy, Haiinem, Harpumep, Beipakenue juist fy:
r.r ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
fs(xo’Xsz’Xs’Xme’Xe’ X7’X8’X9) = Xo Xy Xy Xg X4 X5 Xg X7 X8 Xg Vv Xg X Xy X3 X, X5 Xg X7 X8 Xg =
ror ! ! ! ! ! ! ! !’
=Xy X; Xp X5 Xy X5 Xg X; (XgXg V X8 Xg).
§ 7. O HEKOTOPBIX IPYIUX MPUIIOKEHUSAX TEOPUN OYIEBBIX (PYHKIIMMA

Juarnoctuka (pacrno3HaBanue) 3aboneBanuid. Kak M3BECTHO, paziuyHbIe 3a00JIEBAHMS
COIPOBOKIAKOTCS TEMU HWIM HHBIMM CHUMIOTOMaMu. OTa CBSI3b YCTaHaBIMBACTCA
HKCIEPUMEHTAJIbHO Ha OCHOBE MHOTOJIETHUX MEIULUHCKUX UCClIeoBaHUI Thicad 00apHBIX. C
IOMOIIIBI0O MAaTeMaTUKU 3TH CBS3M MOXHO  OIpeJeIEHHbIM 00pa3oM CHCTeMaTH3UpOBaTh,
UCIIOJIB3YS anmnapaT OyJleBbIX QYHKIIHA.

Pacnio3naBanue oOpas3oB. HerpyaHo BuIeTh, yTO B caMbIX OOIIMX yepTax CHUTyalus,
paccMOTpEHHas B MPEABIAYIIEM IIYHKTE, MOKET ObITh OXapaKTepHU30BaHa CIEAYIOUIUM 00pa3oM.
Hmeercss HEKOTOpPOE MHOXECTBO CKpPBITHIX NpUYMH (Oose3Hel) M MHOXecTBO HalirogaeMb
cnenctBuil (cumntomoB). Kpome Toro, mMeroTcs BbICKa3bIBaHUS, CBS3BIBAIOIINE MPUYUHBI U
cieactBus. TpeOyercs, omupasch Ha 3TH BBICKA3bIBAHUS OKa3bIBaHUS, MO NPEABIBIIEMOMY
HaOOpYy CIEACTBUIM OMpEAeTUTh BO3MOXHBIE IPUYHUHBI UX TopoauBIIne. Bo BTopoil moiomu He
XX B chopmupoBasach 005acTb NPUKIAJHOW MaTEMaTHKH, 3aHUMAIOINASCS H3yYCHHUEM
no100HbIX MpobsieM. OHa Moty4usia Ha3BUaHUE Meopuu pacno3Hasanusi 00pa3oes.
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I'masa VIl JIEMEHTBI TEOPUU AJITOPUTMOB
§1. UaTynTHBHOE NIpeCTaBICHUE 00 alropuTMax

Anroputmbl BOKpyr Hac. [IoHsATHE alropuT™Ma CTUXUIHO (POPMHPOBAIIOCH C JPEBHEHIINX
BpeMeH. COBpEMEHHBIN YeJIOBEK MOHUMAET I0J aI20pummoM YETKYH0 CUCTEMY MHCTPYKLHM O
BBITIOJIHEHUH B ONPE/ICIICHHOM TMOPSIIKE HEKOTOPBIX ACHCTBUM ISl PEIIeHUs BCEX 3a]1ad KOro-TO
JTAHHOT'O KJ1acca.

MHOTro4YHCICHHBIE U Pa3HOOOpa3HbIC AITOPUTMBI OKPYKAIOT OYKBAJIBHO BO BCEX cdepax
JKU3HU U JIeATeIbHOCTH. MHOrue HamM JeiCTBUS JIOBEACHBI /0 OeccOo3HaTeIbHOIro
aBTOMaTu3Ma, Mbl IOPOM  HE OCO3HAEM, 4YTO OHHU PErJaMEHTHUPOBAHBI OMpPEACIICHHBIM
AJTOPUTMOM — YETKOM CUCTEMOW UHCTPYKIUM.

HedopmansHoe moHsiTHe anroputMma. Kaxaplii anropuTM MpenanoyiaraeT Haaudue

HEKOTOPBIX HAYAIbHLIX WIH UCXOOHbIX, OAHHLIX, a4 B pE3ylibTaTe MPUMEHEHMsI MPUBOAUT K
IIOJIyUEHUIO OIPEACIEHHOI0 HCKOMOIo pe3yiemama. llpn BBIUMCIEHMHM pPaHra MaTpULbl
HAYaJbHBIMU  JaHHBIMH  CIY)KUT TPSAMOYrojibHas TaOluIla, COCTaBleHHass U3 mM-n
palMOHATIBHBIX YHCEN, Pe3yJabTaT — HATypajJbHOE YKCIIO, SBISIONICECS PAHTOM JaHHOM
MaTpULbI.
Janee, MpUMEHEHHE KaXXJOTO AJITOPUTMA OCYIIECTBIISIETCS MYTEM BBINIOJHEHUS JUCKPETHOU
HENnoYkH (MOCNIEA0BATEIbHOCTH) HEKUX SJEMEHTAPHBIX ACHCTBHIA. DTH JEHCTBUS HA3bIBAIOT
11araMu, a MpoIEeCcC UX BBINOIHEHUS HA3bIBAIOT areopummuieckum npoyeccom. Takum o0pazom,
OTMEYAETCsI CBOMCTBO OUCKPEMHOCU aN20pUmMMA.

CyliecTBEHHON 4epToil anroputMa SBISETCS €ro Maccoevlil Xxapakmep, T. €.
BO3MOXXHOCTh TMPUMEHATh €ro K OOUIMPHOMY KIAcCy HAYaJbHBIX JAHHBIX, BO3MOXKHOCTH
JIOCTAaTOYHO IIWPOKO OSTHM HAYallbHbIC JaHHBIE BapbUPOBaTh. JpyruMu cioBaMM, KaxKIIbIi
QITOPUTM MPU3BAH PEHINTH Ty UM UHYIO MACCO8VI0 npobiemy, T.e. peliaTh Kilacc OJHOTUITHBIX
3ajau. Hampumep, 3amada HaxoxJeHUsT HAHOOJBIIEro 00miero aenuTens yucena 4 u 6 ecTb
eANHUYHas mpoliemMa (MOXKHO pemuTh u 0e3 mpumMeHeHus anroputma EBkinma), HO 3amaua
HAXOJICHUS HAOOJIBIIETO OO0IIEro ASTUTENS MPOU3BOJILHBIX HATYPAIBHBIX YUCENT M , 1 — YXKe
npobiema MaccoBas. CyTh anroputma EBKIIMIa COCTOUT TOM, YTO OH MPUBOAMT K SKETAEMOMY
pe3yabpTaTy BHE 3aBUCUMOCTH BbIOOpa KOHKPETHOM Mapbl HATypajdbHBIX YUCEN, B TO BpEeMs Kak
IpU peIIeHUH yYKa3aHHOW €IMHUYHOU MPOOJIEMbI MOKHO MPEATIOKUTH TaKOH croco0, KOTOPbIi
OKa)XETCSl HEMMPUMEHHUMBIM JIJISI IPYTOH Mapbl HATypalbHbBIX YHCE.

HenpeMeHHbIM  yClOBHEM, KOTOPOMY  YJIOBJIETBOPSIET QJITOPUTM  SIBISIETCA  €T0
0emepMuUHUpOBaHHOCMb, WA ONpeoeeHHOCMb. ITO 03HAYaeT, YTO MPEANHUCAHUS aJropUTMa C
pPaBHBIM YCIIEXOM MOTYT OBITh BBHIMOJHEHBI JIOOBIM JPYTMM UYEJIOBEKOM M B JI000€ Jpyroe
BpeMs, TpPHUYEM pE3yJbTaT MOJIYYUTCS TOT K€ caMblil. [[pyrumMu cioBamu, NpeaUCaHUS
QIropuTMa HACTOJIBKO TOYHBI U OTYETIMBBI, YTO HE JOIYCTUMO HHUKAKHUX JIBYCMBICICHHBIX
TOJIKOBAaHWUW W HUKAKOTO MIPOU3BOJIA CO CTOPOHBI UCTIOJTHUTEIIS.

['oBopss 0 HauyanbHBIX MAAHHBIX MJI aIrOpUTMa, UMEIOT B BHUAY TaK Ha3bIBa€MbIe
odonycmumble HayalbHble OaHHble, T.€. TAKHE HayallbHbIE JaHHbIE, KOTOPHIE .

Ilog aneopummom TOHMMaeTcss YeTKash CHUCTEMA HMHCTPYKIMH, OIpeaensionas
JTUCKPETHBIN JIETEPMUHUPOBAHHBIN MPOIECC, BEAYIIUH OT BaphbUPYEMbIX HAaudadbHBIX JaHHBIX
(BX0OI0B) K HICKOMOMY pPe3YJbTaTy (BBIXOJY), €CIIH TAKOBOW CYILIECTBYET, Yepe3 KOHEUHOE YHUCIIO
TaKTOB pa0bOTHI AITOPUTMA; €CJIH K€ HCKOMOTO Pe3yJIbTaTa He CYIIECTBYET, TO BRIYNCIUTEIHHBINA
mpolecc MO0 HUKOTIa He OKAHYMBAEM JIM0O MOMa1aeT B TYIHK.

HeoO6xomuMocTs yToUHEHUs MOHATHA anroputMma. [loHsTue anroputma GopMHpPOBAIOCH
C JpeBHEHIINX BPEMEH, HO /0 KOHIA MepBoil TpeTu XX B. MaTeMaTUKH JTOBOJIHCTBOBAIHCH
WHTYUTHUBHBIM TIPEJCTaBICHUEM 00 OSTOM O00BEeKTe. TepMHUH «aITOpPUTM» YIOTPEOIsICS B
MaTeMaTHUKe , JTUIIb B CBA3U C TEMHU WIM UHBIMUA KOHKPETHBIMU aJITOPUTMaMHU.

[lepBbie pabOTHI 1O YTOUHEHHUIO MOHSATHUS AITOPUTMA M €r0 MU3YyUEHHIO, T. €. 10 TEOPUHU
ITOPUTMOB, ObLTH BHIMONMHEHBI B 1936—1937 rr. marematukamu A.Twropunarom, D.ITocTom,
K. Opbpanom, A. A. MapkoeiM, A.Uépuem. bbuto BbIpabOTaHO HECKOJIBKO OIpEaAeSICHUN
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MOHATHUS AITOPUTMA, HO BIIOCIIEACTBUU BBIICHUIIOCH, YTO BCE OHM PaBHOCHIIBHBI MEXAY COOOH,
T.€. ONPENEIISIOT OJHO U TO ¥KE.
§ 2. Mamunsl Teropunra

Onpenenenne wmammHbl ThropuHra. Mammbaa TeropuHra ecTb MaTeMaTHYeCKas
(BooOpakaemasi) maimiuHa, a He MamuHa (usndeckas. OHa e€CcTh TaKOW K€ MaTeMaTHYeCKHA
00BeKT, Kak (yHKIUS, NMPOU3BOJAHAS, MHTErpaj, rpynmna v T.a0. M Tak e Kak U Jpyrue
MaTeMaTHYECKUE TOHSATHS, OHATHE MAIIMHBI ThIOpUHTA OTpaxkaeT 0ObEKTUBHYIO PEATbHOCTb,
MOJCIIUPYET HEKue pealibHble Impouecchl. MeHHO ThIOpUHI NOpPEANPUHSAT MOMBITKY
CMOJIEIMPOBaTh JEUCTBUS MaTeMaTHKa (MU JAPYroro 4YeJlOBEKa), OCYIIECTBISIOUIETO HEKYIO
YMCTBEHHYIO CO3HMJATEIbHYIO JEATEIbHOCTb. TaKOM YEIOBEK, HAXOJSCh B ONPEIEICHHOM
YMOHACTPOEHUHU («COCTOSIHUMY), MPOCMATPUBAET HEKOTOPBIM TEKCT. 3aT€éM OH BHOCHUT B 3TOT
TEKCT KaKWe-TO W3MEHEHUs, IPOHUKAETCS HOBBIM «YyMOHACTPOEHUEM» U IEPEXOJHUT K
IIPOCMOTPY MOCIIEAYIOIINX 3aIUCEH.

Mammna Teropunra neiicTByeT npumepHo Tak ke. E€ ymoOHO mpencTaBisiTh B BUC
aBTOMATUYECKH pPa0OTaIOIIEI0 YCTpoiicTBa. B  Kaxabli JAMCKPETHBI MOMEHT HpEMEHHU
YCTPOMCTBO, HAXOAWCh B HEKOTOPOM COCTOSHHH, O0003pEBaeT COJEPKUMOE OJHOW sueiiku
IPOTATMBAEMON Yepe3 yCTPOMCTBO JIEHTHI M JEaeT IIar, 3aKJIIOYaroUIMKCA B TOM, YTO
YCTPOMCTBO MEPEXOIUT B HOBOE COCTOSIHHE, U3MEHSET COJIEpPKUMOe 0003peBaeMoil siueiku u
NepexoauT K OOO3pEHHI0 CIeAyIolie s4Yeikn — crpaBa Wik cieBa. [Ilpuyem mmar
OCYLIECTBIISICTCS. HAa OCHOBAaHMM MpEeANHCaHHOW KoMaHAbl. COBOKYIHOCTh BCEX KOMaH]
IpeCTaBIsieT COOOU MporpaMMy MalIiHbI ThIOpHHTA.

Onumem teneps MamuHy ThtopuHra ® Oozee TmarensHo. Mammua © pacronaraer
KOHEYHBIM YHCIIOM 3HaKOB (CHMBOJIOB, OYKB), OOpa3yloIIUX TaK HA3bIBAEMBIA 6HewHull

angasum Az{ao,al,...,an} B kaxnyro sueiiky 0003peBaeMOl JIEHThI B KaXKIbIA JAUCKPETHBIM
MOMEHT BPEMEHHU MOXET OBITh 3amucaH TOJNbKO OAMH cuMBON u3 andasuta 4. Pamu
eauHooOpa3us yAoOHO CYHTaTh, 4YTO cpeAu OykB BHemrHero andaButa 4 HUMEETCsS «IIycTas
OykBa», 1 IMEHHO OHa 3allMCaHa B MYCTYIO SUEHKY JICHTHI. Y CIOBUMCS, YTO IIYCTOW OYKBOI»
WU CUMBOJIOM IIYCTOH siueliku siBisieTcst OykBa a,. JIeHTa mpeanonaraeTcsi HEOrpaHUYEHHOU B
00€ CTOpPOHBI, HO B KaXKJbIii MOMEHT BPEMEHH Ha HEW 3amrcaHO KOHEYHOE YHCJIO HEMyCTBIX

OyKB.
Jlanee, B KaXJblii MOMEHT BpeMeHHM MammHa © CcrmocoOHa HaXOJWUTHCS B OJHOM
cocmosinuy W3 KOHEYHOTO YHWCJIa BHYTPEHHHUX COCTOSIHUH, COBOKYITHOCTH KOTOPBIX

Q={q0,q1,...,qm}. Cpenn COCTOSHHI BBIIEISIFOTCS IBA — HayanbHoe O, WU 3aKI0OYUMeENbHOe
(unu cocmosnue ocmanosxu) (,. Haxoasce B COCTOSIHUM (], MAaIlIMHA HaYWHAeT paboTaTh. [Tomas
B COCTOSTHHE (],, MAIIMHA OCTaHABJINBACTCS.

PaGora mammubl O omnpenensercss npoecpammot. IlporpamMmma COCTOMT W3 KOMAaH/I.
Kaxxmgast komanga T(i,)) (i =12,...,m;j=0,1,..., n) MIPEJICTaBIseT COO0M BRIpAKEHHE OJHOTO U3
CJICAYIOIINX BHUJIOB:

ga; — qkaIC;qiaj _)qkaln;%aj —>qaJ1
rae 0 <k <m;0< A <n.. B BelpaxkeHus1x epBoro Buga cumMBoJi C OyZieM 9acTo OImyCKaTh.

Kak ke paboraer mammua Teropunra? Haxomsch B KakoW-TuOO MOMEHT BPEMEHH B
HE3aKJIFOUUTEIbHOM COCTOSIHHU (T.€. B COCTOSIHUM OTJIUYHOM OT (Jp), MalllMHA COBEpIIACT IIar,

KOTOpLIfI MOJIHOCTBIO  OMNPCACIIACTCA €€ TCKYIIUM COCTOSHUCM qi U cuMBOojoM A i

BOCIIPUHMMAEMbIM €0 B JIaHHBII MOMEHT Ha JieHTe. [Ipu 3TOM cojaeplkaHue Iiara
perIaMeHTUPOBaHO CooTBeTCTBYomEel Komannoi T(i,j): ga; —ga X , e X € {C, I1, JI}. Illar

3aKJTFOYAeTCs B TOM, 4TO: 1) comep:kumoe 0003peBaeMoil Ha JICHTE STYCHKU CTHPACTCS U Ha €0
MECTO 3alMChIBACTCS CHUMBOJI @, 2) MallMHA NEPEeBOJUT B HOBOE COCTOAHUE (], ; 3) MamMHa
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MEPEXOIUT K 00O3PEHUIO CIICAYIOIIel MpaBoOi siUeHKH OT TOM, KOTOpas 0003peBaiach TOIBKO
yto, npu X=I1, wim Kk 0003peHUI0 CICAYIONICH JIEBOM siUeiKH, ecinu X=JI uim ke mpoaoKaeT
0003peBaTh Ty ke HICHKY JeHTHI, eciu X=C.

N cnenyromuii MOMEHT BpemMeHu (ecam  (, #(,) MamMHa JedaeT  LIar,

permamenTupoBannsiii komannoi T (k,1):q,,a —>g.aX nr.u
[TockoybKy paboTa MalIMHEI, MO YCIOBHIO, MOJHOCTHIO OMPEIENSETCS COCTOSHUEM (), B

JTAHHBI MOMEHT U COJICPKUMBIM a i 0003peBaeMoi B 3TOT MOMEHT SYEHKHU, TO Ul KOKIbIX O U
a; (i=12,..,m; j=0,1..,n) mporpaMMa MAIIMHEI TOJKHA COIEPXKHUM, OJHY U TONBKO OIHY
KOMaH/ly, HAa4YMHAIOLIYIOCS CHUMBOJIaMU (;,Q;. [Toaromy mnporpamMmma mamuHbl ThrOpHHTa C

BHEUIHUM  alipaBUTOM A:{ao,al,...,an} U an@aBUTOM  BHYTPEHHHUX  COCTOSHUI

Q={a,,a,..,a,} conepxur m(n+1) komauz.

Cnosom B andasute A wiu B andasure Q, win B andasure AUJQ HazbiBaeTcs yrodast
MIOCJIEIOBATENBHOCTh OYKB COOTBeTCTBytomero andasura. Ilox k- koumgueypayueu Oynem
HOHUMATh W300paKCHUE JICHTHI MAIINHBI ¢ HH(OpPMAIHEH, CIOKUBIIECHCS HA HEM K Hadaimy K -
o, C YKa3aHHUEM TOro, Kakas sueiika 0003peBaercs B 3TOT LIar U B KAKOM COCTOSIHUM HaXOJUTCS
MamuHa. VIMeoT CMBICT UMb KOHEYHbIE KOH(HUTYpalyH, T.€. TaKUe, B KOTOPBIX BCE SUCHKHU
JICHTBI, 32 UCKJIIOUYEHUEM, ObITh MOXKET, KOHEYHOro uucia, nyctsl. Kondurypauus HaspiBaeTcs
3aKII0YUMENbHOL, €CIIU COCTOSIHUE, B KOTOPOM IIPU 3TOM HAaXOJUTCSI MAILMHA, 3aKI0YUTEIbHOE.

Ecnu BeIOpaTh Kakyro-1u00 HE3aKIIOUUTENIbHYI0 KOH(GUIypaluio MamuHbl ThlopuHra B
KayeCcTBE MCXOJHOM, TO paboTa MallIMHbl OYAET COCTOSTh B TOM, YTOOBI OCJIEI0BATENbHO (I1ar
3a I1IaroMm) IpeoOpa3oBbIBaTh HCXOAHYIO KOH(UIypalui0 B COOTBETCTBUU C IPOrpaMMoOin
MAIMHBI JI0 TeX MOop, MOKa He OyIeT HOCTUTHYTA 3aKiIrounTeNbHas KoHdurypamus. [locie sToro
pabota MamuHbl ThIOPMHIa CUMTAETCsl 3aKOHUYUBIIEHCS, a Pe3yabTaTOM pabOThl CUUTHCTCA
JOCTUTHYTAs 3aKTFOUMTENbHAS KOHQUTYpaITusl.

Bynem roBoputh, UYTO HemycToe CJIOBO « B andaBuTe A\{ao}:{ai,...,an}
BOCIIPUHUMAETCS MAIIMHOM B  CMAHOAPMHOM  NOJIOMCEHUY, €CIM OHO 3alhcaHo B
MOCNEOBATENbHBIX sUEHKAaX JIGHTHI, BCE JApYyrue SYEeWKH JIEeHThl, M MalluHa 0003peBaeT

Kpal‘;IHIOIO ClipaBa H‘IeﬁKy 3 TE€X, B KOTOPBIX 3allMCaHO CJIOBO . CTaHI[apTHOG ITOJIOKCHHUC
HAa3bIBACTCA 3aKjiodumeslbHbvimM, €CJIW MallrhHa, BOCIpPHHUMAroImasg CJIOBO B CTaHAAPTHOM

NOJIOKEHHUHU, HAXOJIUTCS B HaYaJIbHOM cocTosiHMM (. HakoHew, OyneM roBOpUTh, 4TO €060 a

nepepabamuléaemcs MauluHol 6 c06o [, €CIu OT CIIOBa ¢ , BOCIPUHUMAEMOr0 B HaYaJlbHOM
CTaH/IapTHOM I0JIO)KEHNH, MAIlIMHA TI0CJIE BBIIOJIHEHUS KOHEYHOIO YHCiIa KOMaH] MIPUXOIUT K
CJIOBY [, BOCHIPUHHMAEMOMY B I1OJIO)KEHUH OCTAHOBKH.

IIpumenenne wmammH TeropuHra k cinoBam. IlpommmrocTpupyem npuMepax Bce
BBEJICHHBIE MTOHSTHSI, CBSI3aHHbIE C MalIMHAMU ThIOpUHTa.
Ilpumep . Jlana mammHa Teiopunra ¢ BHemHUM andaButoM A = {0, 1} (3necb 0 — cumBoI
nycTol stueiiku), andaBuroM BHYTpeHHHX coctosHuid Q - {Qo, Q1 , O2) ¥ CO CleayromIen
(YHKIMOHATIBHON MPOrpaMMOii:
%0 —a,0/7,9,0 > g, g1 — ¢ 11T g1 — g, 11
[TocMoTpuM, B Kakoe CJIOBO TMepepaboTaeT 3Ta MalllMHA CIOBO HMCXOIS M3 CTaHAApTHOIO
HAYaJIbHOTO MOJIOKEHUs. byneM mocienoBaTenbHO BBIMUCHIBATh KOH(DUTYpaIllMi MalluHbI MpU
nepepaboTKe 3TOro ciaoBa. FiMeeMm cTaHAapTHOE HayaIbHOE MOJI0KEHUE!

o  TTLOITT]

Ha nepBom miare aeiictByer komanpa: 0, 1—Q1l// B pe3ynpTare B MAalllUHE CO3JAETCS
clenyromas KoHpurypamus:
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@ T Tifolifo] | ]

Ha Bropom mare neiictByet komanaa: ¢,0 — ,0// u Ha mammHe co3gaeTcsa KOH(QUrypamus:

|

(3) .]iu[[

—

Hakonen, Tperuil mar oOycioBieH komanpoii: 0,0 —(,1 B pe3ympTaTare Hero cosgaercs
KOHpurypamms:

) HERDRDRE
Orta KoHUTypalus SBISETCS 3aKIIOYUTEIbHON, MOTOMY 4YTO MAalllMHA OKasajach B
COCTOSTHUHM OCTaHOBKH (.
Takum o6pa3om, ucxoaHoe ciaoBo 101 nmepepadorano mammue cimoso 10101.
[TomrydeHHYIO TOCIIEIOBATEIILHOCTh KOH(MHUTYpaluii MOXKHO 3amucaTh 0oJiee KOPOTKUM
cocoboM. Kondurypauust (1) 3ammcbiBaeTcsi B BHAE CIEIYIOIIET0 cjoBa B andaButTe

AUQ:10q,1 (comepxnmoe 0603peBaeMOil SIMEHKH 3alMCaHO CIPaBa OT COCTOSHMUS, B KOTOPOM
XOAWUTCSI B JaHHBIH MOMEHT MammHa). Jlanee, koHdurypanusa (2) 3anucsiBaercs tak: 101 0,0,

koH¢purypauus (3) —10109,0 wu, nakomen, (4) —1010g,1. Bcs mnocnenoBaTenbHOCTD
3aIMChIBACTCS TAK:

109,1=101q,0 =1010q,0 =>1010q,0

[IpuBenem mnocnenoBaTeNbHOCTh KOH(UIypauuit mpu nepepaboTke MammHoi cinoBa 11011,
MCXO/ISl U3 HAYaJIbHOTO MOJI0XKEHUS, IPU KOTOPOM B COCTOSIHMM (1 0003peBaeTcs KpalHss JieBas
A4eiika, B KOTOPOH COJEPKUTCS CUMBOJI 3TOTO CJIOBA

(1) FlkqQ] ki ]

|

) T Tifafoufufe]

Takum o6pa3zom, cioso 1101 1mepepadoTano mamuuo# B cmoso 110111.
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KoncrpyupoBanune mamus Teropunra. Coszdanue (cunmes) mamuubsl  Toiopunra (T.e.
HAIMCaHHe COOTBETCTBYIOIIMX MPOrpamMM) SBIATCA 3aJadyell 3HAYUTENIbHO OoJiee CII0XKHOM,
HE)KEJIU IPOLECC IPUMEHEHMSI TAaHHOW MaIIMHbI K JAHHBIM CJIOBaM.

Ilpumep. TlombiTaeMcsi MOCTPOUTH TaKyl0 MaliMHy ThIOpUHIa, KOTOpas M3 7 3alMCaHHBIX
HOJPS SMHHUI] OCTaBIIsUIA ObI HA JICHTE 2 SIUHHUIIBI, TAK)KE 3alIMCAHHBIC MOAPS, eciii N> 2, u
pabotana Obl BeuHo, eciii n =0 unu n = 1.
B kauecTBe BHemHero angaBuTa BO3bMEM JIBYX3JIEMEHTHOE MHOXKECTBO

A = {0, 1}. Konmn4yecTBO HEOOXOIUMBIX BHYTPEHHUX COCTOSHHUI OyIeT OmpeseneHo B mporecce
coctaBieHUsl mporpammbl. CyuTaeM, YTO MallldHa HauyWHaeT padoTaTh M3 CTaHIAPTHOTO
HAYaJIBHOTO MOJIOKEHUS, T. €. KOTJa U COCTOSIHUU (1 0003peBaeTcsi KpaifHss MpaBasi eIuHUIA U3
7 3aIMCAHHBIX HA JICHTE.
Haunem c TOro, 4Tto cOTpeM MEpBYIO €IMHMILY, €CIM OHA MMEETCs, MeperzieM K 00O03pEHHIO
CIEAYyIOUIEH JICBOM SYEMKH W COTPEM TaM €AWHUIlY, €ClId OHa B 3TOM suelke 3anucaHa. Ha
Ka)KJOM TaKOM Iepexojie MalllMHa JO0JDKHA MEPEXOJUTh B HOBOE BHYTPEHHEE COCTOsSIHUE, U0O0 B
MPOTUBHOM cllydae OyayT CTepThl BOOOIIE BCe €AMHMUIIBI, 3aMCaHHbIe MoapsaA. BoT koMaH[bL,
OCYIIIECTBIISIOLIUE ONMCAHHBIE JEHCTBUS:

,1—0q,0/7;9,1— q,0J1.

MamyHa HaXOgUTCSI U B COCTOSSHUH q3 , U 0603peBaeT TPCTbHIO CIIpaBa H‘ICI‘/’IKy Hu3 T€X, B

KOTOPBIX 3aIKCaHO JaHHOE ClI0OBO. He MeHss copepkuMoro o0o3peBacMOW SYCHUKH, MAallMHA
JOJDKHA OCTaHOBUTHCS, T.€. TEPEHTH B 3aKIIOYUTENBHOE COCTOSIHHE (o, HE3aBHCUMO OT
COJICPKUMOTO STYCHKH :

450 = 9,0; G, 1 — g, 1.

Tenepb ocTaeTcss pacCMOTPETh CUTYHIIMHU, KOT/Ia Ha JICHTE 3allicaHa BCEro OJ(HA CAMHUIA WIIH
He 3amucarno HU onHoW Ecnm Ha neHTe 3ammcaHa onHA €AMHUIIA, TO TOCJE TEPBOTO IIara
MalMHa OyJeT HaXOAWThCS M COCTOSHMM () M OyaeT 0003peBaTh BTOPYIO CIpaBa siUEHKy, B
kotopoi 3amucan 0. [lo ycinoBuio, B Takom ciydyae MuimHa IOJDKHA paboTaTh BEYHO. DTO
MO>KHO 00€CTIeunTh, HAPUMEDP, TAKOH KOMaH 10

9,0 —q,017.

BBITIOJHSSL KOTOPYIO IIAr 3a [IaroM, MaiuHa OyeT JBUTaThCs M0 JIEHTE HEOTPAHUYEHHO BITPABO.
Hakoner, ecnu Ha JeHTE HE 3alMCAHO HU OJHOW €IWHUIIBI, TO MAIIMHA, IO YCIOBUIO, TaKKe
JOJKHa paboTaTh, BeYHO. B 3TOM ciyyae B Ha4allbHOM COCTOSTHUM (; 0003peBaeTcs sueiika ¢
coaepxuMbIM 0, 1 BeyHast paboTa MalIMHbI 00ECIICYNBACTCS CJIENYIONEH KOMaH 0M:

0,0 > q,077.

Boeruucniumele o Tetopunry ¢yHkuuu. Omnpeoenenue. @OyHKIUS ~ Ha3bIBaeTcs
svluucaumot no Teropuney, €ciii CylIlecTBYeT MallliHa | bIOPUHTa, BEIUMCIISIONIAs ee, T.e. TaKas
MamuHa ThIOpHUHTa, KOTOpask BHIUMCIAET €€ 3HAUEeHUS Ul TeX HaOOpOB 3HAUEHHUI apryMeHTOB,
KOTOpBIX (DYHKILHMS ompeseneHa, U paboTaromias BEYHO, eclid (pyHKUMs s JaHHOTO Habopa
3HAUEHUI apryMEHTOB HE ONpEeIIeHa.

OcTtaercs JOTOBOPUTHCS O HEKOTOPBIX YCIOBHOCTAX AJISL TOTO, YTOOBI 3TO OMpEEIeHNE
CTaJI0O /10 KOHIA TOYHBIM. Bo-mepBbIX, HAallOMHUM, YTO pedb HJET O (PYHKIIHS, 3a/laHHBIX Ha
MHOECTBE HaTypaJbHBIX YHCEN M MPUHUMAIOIIUX TaK)Ke HaTypajbHbIe 3HaUeHUs. Bo- BTOPHIX,
HY’)KHO YCJIOBUTBHCS, KaK 3allUChIBaTh HA JICHTE€ MAIUHBI [BbIOPUHTA 3HAYEHUS X, X,,..., X,

aprymenroB ¢ynkmmu f (X, X,,...,X.), U3 KaKOro TIOJIOXKEHUS HauyuHaTh IepepaboTKy
UCXOJIHOTO CJIOBAa U, KOHEI], B KaKOM IOJIO)KEHUH MOJy4aTh 3HaueHUEe (QPYHKIMH. DTO MOXKHO
JenaTh, HaNpUMep, CleAyloIuM o0pa3oM. 3HadeHus X, X,,..,X, apryMeHToOB Oynem

pacmonaraTh Ha JICHTE B BUJIC CIICAYIOLICTO CJIOBA:
01...101..10..01...10.

X X2 X

n

31ech MOJIe3HO BBECTH clenyromue o6o3Hauenus. /s natypaibHOro x o6o3Havaem:
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I*=1..1,0=0... 0.
X X
Jonomuurensro nonaraem 0° =1° = A — myctoe croBo. Tax uro cnosa, 1° =A , 1'=1.,1° =11.,

1°=111. OygeM cMOTpeTh Kak «M300pakeHHs» HaTypanbHeIX umcen 0, 1, 2, 3,
COOTBETCTBEHHO.

Ipenpiayiiee CIIOBO MOXKHO MPEACTABUTH CieAyromuM  obpasom: 0101%0...0170. [Haee,
HAYMHATH [IEPepabOTKy JAaHHOTO CJI0Ba OyJeM M3 CTaHAapTHOI'O HAYaJIbHOTO MOJOKEeHUA. Ecim
¢yakums  f(x,X,,...,X,) omnpeneneHa Ha JaHHOM Ha0Oope 3HA4YEHHH apryMeHTOB, TO H B
pe3ynbTaTe Ha JEHTe JOJDKHO ObITh 3ammcaHo noapsn f(X,X,,...,X,) €IUHHI ; B IPOTHBHOM

cllydyae MallldHa JO0JDKHA paboTarh OeckoHeYHO. IIpu BBIMOJHEHHH BCEX MEPEYHMCICHHBIX
yCIIOBHI Oy/IeM TOBOPHUTD, UTO Mawiuna Tolopunea ebluucisiem OanHyO QYHKYUIO.

[TpaBuibHAs BRIYMCIMMOCTD (GYHKIHH Ha MamuHe TwiopuHra. B mpeapiayiiemM myHKTE
MBI PaCCMOTpPEJIM BOIPOC O TOM, YTO 3HAYUT M KaKUM O0pa3oM «IaHHas MalirHa ThropuHTa
Berancisier yaknuto f (X, X,,...,X,) . [ 3T0ro HY)XHO, YTOOBI KaXK10€ U3 YHCEI X1 ,..., X, OBLIO
3aMyCcaHo Ha JICHTY MAllluHbl HEIIPEPHIBHBIM MaCCUBOM M3 COOTBETCTBYIOIIETO YHCIIA CIUHMII, a
caMH MacCuBbI ObLIH pasaeneHbl cumBoioM 0. Eciu dynkmus f (Xi, Xyyuees Xn) orpejesieHa Ha
JTAHHOM HaOope 3HAYeHHWH apryMEHTOB, TO B PE3yJibTaTe Ha JIEHTE MO/DKHO OBITh 3alMCaHO
noapsa f ()(1, Xyyeens Xn) enunuil. [Ipr 3TOM MBI HE OYEHb CTPOrO OTHOCHJIMCH K TOMY, B KaKOM

HAYaJIbHOM IIOJIOKCHUHM MalllMHAa HauWHAeT padoTaTh, B KAKOM 3aBepmiacT paboTy M Kak 3Ta
pabota npoTeKaer.

B nanpHelinieM HaM MOHAI00UTCS 00JIe€ CHIILHOE MOHITHE BBIYUCIUMOCTH (DYHKIIMU HA
MalInHEe TI)IOpI/IHFa — IIOHATHUC HpaBHHBHOﬁ BBIYNCIIMMOCTH.

Onpeoenenue . byneMm TOBOpPHUTb, YTO MalllMHA TBIOPUHTA NPABUILHO BbIYUCTAEM

dynxumo f (X, X,,..., X, ), ecin HavansHoe c10Bo 0, 01%01%0...01"0 OHa NEPEBOAUT B CIOBO

HOBBIX SY€EK Ha JICHTe HM clieBa, HU crpaBa. Ecnu sxe pynkuus f(X) ompeneneHa Ha JaHHOM

Habope 3HaueHU apryMEHTOB, TO, Ha4aB pabOTaTh U3 YKAa3aHHOTO MOJIOKEHHUS, OHa HUKOTJa B
npoiiecce paboThl He OyIEeT HaJICTpanuBaTh JICHTY CJIEBa.
Ilpumep . llpuBemem mnporpaMmbl MaiiuH ThIOPUHTaA, MPABUJIBHO BBIYUCISIONUX (YHKIUH

S(X)=x + 1 u Ox) = 0. ®ynxims S(x) =x+ 1 ocymectsnser nepesox: ¢,01*0=>q,01*"*. Ee
nporpamma ,0 —0q,/7,9,1—> ¢,1/1,4,0 > ¢,1, .1 —> q,1/1,4,0 - ¢,0. Dyrxmus O(x) = 0
OCYIIECTBIISET TIEPEBO/T: q,01*0 = q,00"*" .Ee nporpaMma:
¢,0 »q,0/7,9,1— q,111,9,0 - ¢,0/1,4,1— q,0,4,0 — q,0J1, 4,0 — g,0 .CooTBeTcTBYyIOMIYIO

MamuHy Teropunra o6o3naumiu O.
Komnozunus mamus Teropunra. Onpedenenue. 1lycts 3amansl MamuHebl Teiopuara ©,,

u ©,, umeronye o0muil BHEMHUN andaBut {ao, a,...,a } U angaBUThl BHYTPEHHUX COCTOSHUMN

m

’ ! o
{0 Gy 0, } M {qo,ql ven O } COOTBETCTBEHHO. Komnosuyueri (WK npoussedeHuem) MaIIHbI

©, Ha mammHy O, Ha3pBaeTcs HOBas MammHa © C TeM Ke  BHEMIHUM aiaBHUTOM
{ay,a,....,a,} .BHyrpeHHuM  andaButoM {0y, G-, 0y, 0ppgres Oy} M TPOTPAMMOIA,
nojydJamooueiics ciueayomuMm obpazoM. Bo Bcex komanmax u3 ®, coiepxkalmux CHMBOJ
OCTaHOBKM (|, 3aMeHsieM mocieaHuit Ha (,,,.Bce ocranpHble cuMBONBI B KOMaHgax u3 O,

OCTalOTCs HEHM3MCHHBIMU. B KOMaHIaax u3 @2 CHMBOJI q() OCTaBJIsIEM HCHU3MCHHBIM, a BCC
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ocranbHble coctosiams O (i=1,...,t) H3MeHsieM COOTBETCTBEHHO Ha (|,,;. COBOKYIIHOCTh BCEX

TaK MOJYYEHHBIX KOMaHa 00pa3yeT NporpaMmMy MaIldHBI-KOMIO3UIUN O .

BBenenHnoe nouatue sBIsSETCS YIOOHBIM MHCTPYMEHTOM JUIsl KOHCTPYUPOBAHMS MAalllUH
Treropunra. Ilokaxkem 310 Ha npuMepeE.

Ilpumep. CKOHCTpyHpyeM MamIuHbl ThIOpUHra, MPaBUIBHO BBIYUCISIOMINE (YHKIUU-

mpoeKTopbl 17 (X, X510, X, ) = X, (1S M<n).
PaccmoTpuM cHavaiia KOHKpETHBIN ciaydaid n = 3, m = 2, T.e. QYHKIIHIO |23 (Xl, X, , X3) =X,
. MBI pomkHbl mepepaborats cimoBo ,01901°01%0 u cmoBo (,0170. Byaem mpuMeHSTH K

HAYaJbHOM KOH(UTYpalMK MOCIE0BAaTEIbHO CKOHCTPYUPOBAHHBIE paHee MalIuHbl ThropHHTra
F",B,F,0:

0,010101%0;
B* 010120140
B 01 01010 ;
5* 0101* 010
0 0101% g00™0 ;
5 01* 01%00%0;
0 01 g00“00%0;
5 q01200%00*0.

Taxum oGpasom, QyHkuus |5 (X,X,,X;)=X, BbIYHCIAETCS CleAYIOUIEH KOMIIO3ULHEii
+ + - - + + )2
vammn: 5°BE'O5 OB =B'BE* (O™ ) .

[TpoBepbTe caMOCTOATENBHO, YTO (DYHKIIHS IZZ(Xl,Xz)z X, BBIYMCIISIETCS] KOMITO3HLIUEH
F"BOF".

Terepp MBI MOXEM NPEACTaBUTH Ce0€ AJITOPUTM IIOCTPOCHHUS KOMITO3UIIMHA MAIITHH
bF7",B,B",0 nns BeUUCIEHHsS 000 (QYHKIHMH BHIa I,T](Xl,x ,...,Xn):Xm. C mOMOIIbIO
npaBoro casura b, npuMenuB ero M—1 pa3, Hy)xHO cHavana 10cTUub MaccuBa 01 :

m-1

(B*) "+ 01%0..q0T"...01"0.

3ateMm, IBHUTasCh BICBO, TPAHCIOHMPOBAThH (C momompio B) maccuB 01" ¢ KaxabIM
COCEIHUM CIIeBa MacCHBOM, 1moka maccuB 01" He BBIHIET HA MEPBOE MECTO:

(B-57)"": qOI*01*0...01:01*0...01°0

Tenepb HYXHO I[Of/iTI/I a0 KpaﬁHeFO IpaBoOro MacCuBa C IMOMOIIBIO (n—l)—KpaTHOFO
MMPUMCHCHUSA TTPaBOTO CABUT'A E+:
+\1 X, % X, X, X,
(57) " 01701%0..0101*"0...q01*0.

HaKOHeH, HY)XXHO CTUpPATh IMOCJICHOBATCIIBHO CIIpaBa HAJICBO MACCHBBI CAWHUI], KPOMCE
HIEPBOTO:

(05*)”‘1: q01*00%0...00"+00™0...00*0
Wtak, naHHyio (yHKIMIO (TPaBWIIBHO) BBIYMCISIET Clenylomlas MaiuHa ThlOpHUHTa:
(5 (55)(5) (05 )
[Ipu n = 3, m = 2 3Ta MalIMHa UMEET BU:
5°B5(57) (05") =5"B5"(05")

2
’
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T. €. COBMNAJAET C MOCTPOCHHOM BbIlle MammHOW. Ilpu n = 2, m = 2 3Ta MalmMHa UMeeT BUI:

b (Bb)bB" (OE - ) = 5"B5*(OF")?, T.e. TaKXe COBNANAET C COOTBETCTBYIONIEH PaCCMOTPEHHOI

BbIIIE MAIIMHOW ThrOpHHTa.

Tesuc TriopuHra (OCHOBHAs TUIOTE3a TEOPHUHM alropuTMmoB). Hamomuum, ogHO u3
CBOWMCTB alropuTMa 3aKIIOYaeTCs B TOM, YTO OH IMpPEACTaBisieT co00il eauHBIH Crmocoo,
MO3BOJIIOIIMN JUIsT KaXXI0W 3a/ladyl U3 HEKoero 0eCKOHEYHOro MHOXKECTBA 3aay 3a KOHEYHOE
YUCJIO IIArOB HANTHU €€ PELICHHUE.

Ha nonsAtue anroputMa MOXHO B3IJISIHYTh M C HECKOJIBKO MHOW TOYKOH 3peHus. Kaxayro
3amaqy u3 OECKOHEYHOrOo MHOXKECTBA 3a/lad MOXXHO BBIPA3UTh (3aKOJAUPOBATH) HEKOTOPHIM
CIIOBOM HEKOTOporo aindaBuTa, a pelIeHHE 3aJaud — KaKUM-TO JAPYTUM CJIOBOM TOTO K€
andasuta.B pesynpraTe moOMyuyuM (DYHKIHIO, 33JaHHYI0O Ha HEKOTOPOM ITOJAMHOXECTBE
MHO’KECTBA BCEX CJIOB BBIOPAHHOrO ajdaBuTa U MPUHUMAIOIIYIO 3HAUYEHUS B MHOXKECTBE BCEX
CJIOB TOTO ke andaBuTa. PemmnTh Kakyro-1100 3a1a4y — 3HAYUT HANTH 3HAYEHUE 3TOW (QyHKINU
Ha CJIOBE, KOJUPYIOIIEM JaHHYIO 3a7ady. A UMETh aIrOPUTM JUJISl PELICHUs BCEX 3a/lb JAHHOTO
KJIacca - 3HAYUT UMETh €IUHBIN CIOCO0, MO3BOJSIOMUA KOHEYHOE YUCIIO IIaroB «BBIUUCISATHY
3HAYEHUS TOCTPOEHHOM (yHKUMU JUIs JIOOBIX 3HAYeHHWH aprymeHTa wu3 e€ o0nactu
ompenenenusi. Takum o0Opa3oM, airopuTMuYeckas mpoOiemMa 1O CYmecTBy mpodiema
BBIUMCJICHUSI 3HAUeHUN (QYHKIINH, 3aIaHHOM B HEKOTOPOM asiaBuTe.

Ocraercs yTOYHHTH, YTO 3HAYUT YMETh BBIYHCIATH 3HAYCHUS (QYHKIUH. JTO 3HAYUT
BBIUMCIIATH 3HaYeHHs] (QYHKIMU C TIOMOIIbIO MOIXOsIIel MamuHbel Thiopunra. [ kakux xe
GyHKIMA BO3MOXXHO THIOPUHTOBO BbIuMciieHHEe? MHOTOUYMCICHHBIE MCCIEIOBAHUS YYEHBIX,
MOKa3aJjM, YTO TaKOW Kilacc PYHKIMM upe3BbIuaitHo mupok. Kaxnas GyHKIus, A7 BBIYUCICHUS
3HAQYEHUN KOTOPOW CYIIECTBYET KaKOW-HUOYAb aJIrOpUTM, OKa3bIBAIACh BBIYUCIMMON
MOCPEJICTBOM HEKOTOpOM MamuHbel ThropuHra. OTO ndano NoBOJA ThIOPUHTY BbICKAa3aTh
CJICYIOIIYIO THUIIOTE3Y, HA3bIBAEMYIO OCHOBHOW THUIIOTE30M TEOPUU AJTOPUTMOB, WU ME3UCOM
Tovtopunea:

LI naxoorcoenusi 3naveHuti QyHKYuu, 3A0aHHOU 6 HEeKOMOpom augaeume, moz20d u
MONILKO Mo20a cyujecmayem Kakou-Hubyob ancopumm Ko20a (YHKYus Aeiaemcs GblyucIuMou
no Telopuney, m.e. K020a OHA MONCEM BLIYUCTAMBCS HA NOOX00AWed Mauune Tolopunea.

DT0 03HAYaeT, YTO CTPOTO MAaTEMATHUECKOE MOHSATHUE BBHIYUCIUMON (YHKIIHMH SBISETCS
M0 CYIIECTBY MJICAIBHON MOJIEINIbIO B3STOrO M3 OIbITA MOHATHS alIropuT™Ma. JlaHHBIN TE3U3 €CTh
HE YTO MHOE, KaK aKCHOMa, IIOCTYJaT, BbIIBUTa€MbI HAMU O B3aMMOCBS3SIX HAILEro ONBITA C TON
MaTeMaTUYECKON TEOpUEH, KATOPYIO MBIMOJ 3TOT OMBIT XOTUM NoABECTH. KOHEYHO K€ JaHHbIN
Te3UC B MPHUHIIUIE HE MOXKET OBITh JOKa3aH METOJaMH MaTeMaTHUKH, TOTOMY YTO OH HE HMeEeT
BHYTpHUMAaTEeMaTHYECKOTO xapakTepa. OH BBIIBUHYT HCXOJS W3 OINbITa, U HMEHHO OIBIT
MOJTBEPXKJIAET €0 COCTOSTENBHOCTh. TOUHO TaK e, HApUMep, He MOTYT OBITh JOKa3aHbl U
MaTeMaTUYeCKHE 3aKOHbI MEXaHUKHU; OHH OTKPHITHI HEIOTOHOM M MHOTOKPATHO TOTBEPIKICHBI
OTBITOM.

Bnpodewm, He uckitodaeTcss MpUHIUIHAIBHAS BO3MOXXHOCTh TOTO YTO, T€3UC ThIOpUHTA
Oyner ompoBeprHyT. Jlyis 3TOro MoikHa OBITH yKazaHa (YHKIUS, KOTOpas BBIYHCIUMA C
MOMOIIBI0 KaKOTO-HUOY/Ib aJITOPUTMA, HO HEBBIYMCIIMMA HU Ha Kakod mamuHe TeropuHra. Ho
Takas BO3MOXKHOCTH IMPEJICTABISETCSI MaJOBEPOSITHOW: BCSIKUW alTOPUTM, KOTOPBIA Oymer
OTKPBIT MOXET OBITh peayin30BaH Ha MarnHe ThropuHTA.

§3. PexypcuBHbIe QyHKIIHH

OcHOBHBIE TIOHSTHS TEOPUU pPEKypcHBHBIX (yHkumid u Tesuc Y€pua Illpucrtynum x
MOCTPOEHUIO KJIacCa PEKYPCUBHBIX (DYHKIIMI B COOTBETCTBUU C W3JIOKCHHBIMHU MPUHIIUIIAMH.
Hamomunm, 4to paccMarTpuBaroTcs (yHKIMH, 33/JaHHbIE HA MHOXKECTBE HATYpaJbHBIX YHUCEI
NPUHUMAIOIIME HaTypajdbHble 3HaueHUs. DYHKIUHU MpeanonaraeTcss Oparb YacTUYHBIE, T.€.
ompezieNieHHbIe, BOOOIIE TOBOps, HE JJIs BCEX 3HAYCHHUN apryMEeHTOB. B KadecTBe MCXOIHBIX
MpOCTEUIUX QYHKIIMHA BHIOEPEM CIICTYIOITHE:

S(x) = x + 1 (pynxyus creoosanus);
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O(x) = 0 (nyno-pynkyus);
I (Xl, Xy yueny Xn) =X, (Qyukyuu-npoexmopur,1<m=<n).

Onpeodenenue (omeparop cymneprnosuiuu). byaem roBoputh, n-mecTHass (QyHKIHS ¢
HOoJTy4eHa u3 M-mMecTHOM QyHKuMU f M n-MecTHBIX QYHKUUH (..., J, C IIOMOILBIO onepamopa
cynepno3uyuu, eclu Aust BceX X, ..., X, CIpaBeIMBO PABEHCTBO:

()= (8 (o) G (1)

[Tonstue cyneprno3uuuu (QyHKUUNA W CIOXKHOW (DYHKIMH XOPOIIO M3BECTHO, HO HAc
ceifyac ATOT OMepaTrop HMHTEPECYEeT C TOYKH 3PEHHs] €ro B3aMMOOTHOLICHHWH C MPOIECCOM
BBIUMCIMMOCTH (QYHKIIHI ¢ TOMOIIbIO MalllMH ThIOpHHTA.

Teopema. Ecau  pynxyuu f(Xl,...,xm),gl(xl,...,Xn),...,gm(xl,...,xn) NpasuIbHO
sblyuciumMbl no Tolopuney, mo NpasuibHO GbIYUCIUMA CILONCHAS GYHKYyuu (cynepnosuyus
@dynxyuti):

P(Xproen X, ) = TG (XX, ) oees Oy (X0 X, )

Onpeoenenue. 1'0BOpAT, 4TO (n +1) -MecTHast (YHKIHSA ¢ TOIydeHa W3 N-MECTHOM
byakun f wu (n+2) -MECTHOM (YHKIMH ( C TIOMOILBIO Onepamopa NPUMUMUBHOU PeKypPCUl,

€CITH JUTS JIFOOBIX X,,..., X, Y CIPaBEIMHM PaBCHCTBA:
P ,0)= (K, )
P(X, ey X, Y +1) = g(xl,..., X0 Yo @( Xy X, y))

[Tupa 3TUX paBEHCTB HA3BIBAECTCS CXEMOU NPUMUMUBHOU PEKYPCUL.
31ech BaXHO OTMCTUTH TO, YTO, HE3aBUCUMO OT YHUCIIa apryMEHTOB B ¢, PEKYpCHs

BEIETCA TOJBKO IIO OJIHOH HepeMeHHOﬁ Y, OCTaJIbHBIX IICPECMECHHBIX X:L""’Xn Ha MOMCHT

NPUMEHEHUS CXEMbl NMPUMUTHUBHOM PEKypcHH 3aUKCHPOBAHbl M WUIPAIOT POJb MAPaMETPOB.
Kpome Toro, cxema NpPHUMHUTHUBHOM PEKYpPCHH BBIPAXACT KaKJ0€ 3HAUYECHUE OINpEACIIeMOU
(GyHKLIUU ¢ He TONbKO 4epe3 AaHHble GyHKIMM f W g, depe3 Tak Ha3bIBaeMble MpEeAbLAYIINE

3HaueHUsl omnpeaenseMol (QyHKUMHM ¢: Tpexae 4YeM IMOJIyYUTh 3HaYCHHE ¢)(X1,...,Xn,k),

MPUIETHCS PoAeNaTh k+/ BIYUCIEHUE TI0 YKa3aHHOU cxeme — anst y =0,1,...,K.
Onpeoenenue. OyHKIMS HA3BIBACTCS NPUMUINUBHO PEKYPCUBHOU €CITU OHA MOXKET ObITh

noxydeHa u3 npocremmx ¢yakuuit O, S, 1! ¢ MOMOIIBI0 KOHEYHOrO YHCiIa MPUMEHEHUH

m
OTIEPaTOPOB CYIEPITO3UIINU U IIPUMUTHUBHOU PEKYPCHUH.
Onpeoenenue. (onepatop MUHUMHU3aLUN). byeM roBoputs, 4to N-MecTHas QyHKIUSA ¢

nony4aercs u3 (N+1)-mectupix pynxumii f, u f, ¢ nomomwto onepamopa munumusayuu, wna
oleparopa HAWMEHBIETO YHCIA, €CHH I JHOOBIX X,...,X,, Y PaBEHCTBO @ (X, ...,X,)=Y
BBITIOJIHEHO TOI/IA M TOJBKO TOTAA, Koraa sHadeHus T (Xy,..., X;,0), ..., f; (X, ... X, y—1)(i=1,2)
OTIpeJieNIeHbl U TIOMAPHO HEPABHEI:
£ (X X0, 0) # £, (X0 X0 0) ey B (X0 X, Y =1) = £, (X X, Y —1)
a f (%X, y)= (XX, Y).

KopoTko roBopsi, BenuduHa ¢(X,...,X,) PaBHA HAUMCHbIIEMY 3HAYCHUIO apryMEHTa ,

IPY KOTOPOM BBIMOJIHAETCS MOCIIENHEE PABEHCTBO. MCoNb3yeTes caeayrolee 0003HaYeHue:
O (X Xy ) = 22y £ (X X0 Y) = T, (X0 X0, Y)

B wacTHOM citydae MokeT ObITh f2 =0. Torma
(%o Xy) = Y[ £, (%%, Y) =0]
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Onepatop MUHUMU3ALIUN Ha3bIBACTCS TAKXKE LI -ONepamopoMm.

OTOoT omepaTop MNpeAHAa3HAuYE€H i IOPOKIACHHUS CIEAYIOLUIEr0 Ba)KHOI'O Kiacca
PEKYpPCUBHBIX (QYHKIUH.
Onpeodenenue. OyHKIMA HA3BIBACTCS YACMUYHO PEKYPCUSHOU €CIIM OHA MOXKET OBIThH

noiydeHa u3 npocredmmx ¢ynkuuiit O, S, 1! ¢ HOMOIIBI0 KOHEYHOrO YHC/Ia MPUMEHEHUH

m
CYIEpPIIO3UINH, TIPUMUTUBHON PEKYpCUH U 4 -oniepaTopa. Eciu ¢yHKIus BCIOy OIpeneseHa u
Y4aCTUYHO PEKYPCHBHA, TO OHA HA3bIBACTCS 00UepeKyPCUBHOU.

[loHATne  YyacTUYHO  PEKYpCUBHOM  (yHKIMM  OKa3aJochb  HCUEpIbIBarOILEH
dopmanuzanueil MOHATHS BBYMCIMMUMONW (yHKIMU. [Ipm mocTpoeHuMM akcMOMaTH4eCcKOH
TEOPHM BBICKAa3bIBAHUM UCXOJHBIE (OPMYJIbI (AaKCMOMBI) U IpaBUiIa BbIBOJIA BBIOMPAINCH TaK,
4TOOBI TOJY4YEHHbIE B TEOpHUH (OPMYNIBI HCYEepHald Obl BCE TAaBTOJIOTUU aireOpshl
BbICKa3bIBaHU. K uemy ke crpeMuMcs Mbl B TEOPUM PEKYPCUBHBIX (DYHKIUI, TOYEMY UMEHHO
TaKk BBIOpanmM npocTedmme (QYHKIMHA M ONEpaTophl s TOJyYEHHs HOBBIX (DYHKIHMNA?
PexypcuBHBIMH ~ (QYHKLMSMH MBI CTPEMHMCS HMcuepnaTb BCE€ MbICIUMBbIE  (YHKIMH,
NOJJAIONINECS] BBIYMCICHHUIO C IIOMOIIbIO KAKOW-HUOYIb ONPENeNIEHHOM IpoLeaypbl
MexaHudeckoro xapakrepa. Ilogo6Ho Te3ucy TwlopuHra, B TEOpUH PEKYPCUBHBIX (GYHKLUH
BBIJIBUTAETCSI COOTBETCTBYIOIIAsl €CTECTBEHHO-HAy4YHasl TMIOTE3a, HOCALIash Ha3BaHWE me3ucd
Yépua:

Yucnosas @ynkyus moeda u mMoabko moz20a aneopumMuyeck 8bl4UCIUMd, Ko20d OHA
YyacmuyHo PEKYpCuUsHa.

W srta rumore3a HE MOXKET OBITh [OKa3aHa CTPOrO MaTEMAaTHYEeCKH, OHA ITOATBEPIKIAETCS
IPaKTUKOMH, ONBITOM, HOO MPU3BaHA YBA3aTh MIPAKTUKY U TEOPHIO.
[TpumuTHBHO pexypcuBHbIe (yHKIMUA. UTak, GyHKIMS MPUMUTHBHO PEKYPCHUBHA, €CITU

OHa MOXET OBITh MoJydeHa u3 npocreimux ¢pyakuuid O, S, | ¢ MOMOIIBI0 KOHEYHOTO YnCia
IIPUMEHEHNI ONIEPATOPOB CYNEPIO3ULIUHA U IPUMUTUBHON PEKYPCHH.

Ilpumep. TlokaxkeMm, Kak, MCXOJS M3 NPOCTEHIINX (QYHKIUI C MOMOIIBIO OmepaTopa
NPUMHUTUBHOM PEKYpPCHM, TOIYYUTh CJIEAYIOLUIYI0 (YHKIMIO, Ha3blBAEMYIO YCEUEHHOM
Pa3HOCTBIO:

. X—Y,ecaux 2 y
X=¥= 0,ecrux <y

Bo-nepBbix, oTmeruMm, uTo (QyHKIUS X—1, nomywaromasics u3 (QyHKIUM X-—Y
(buKCUpOBaHUEM BTOPOI0 apryMeHTa, YAOBJIETBOPSET CISIYIOIUM COOTHOIICHHSIM:

0-1=0=0(x)
(x +1)l1: x=17 (xy),
T.e. IIOJTy4eHa u3 npocreiinx GpyHkumit O(x) u 1 (X, y), ¢ IOMOLIBIO OlepaTopa IPUMUTHBHOI

pexypcun. Bo-BTOpBIX, HETPYIHO IOHATH UCXO/S U3 ONPEACIICHHs YCEYEHHON Pa3HOCTH, YTO dTa
(GYHKIMS YIOBIETBOPSET TaKKE PaBEHCTBAM:

X—0=x=12(xy),
xl(y+1):(xlyj11=h(x, y,xiy]

JUIst MoObIX X W y. ToKIecTBa MOKa3bIBAIOT, YTO ABYXMECTHass (QYHKIMS X—Y TMOJydeHa C

TIOMOIIBIO OTIepaTopa MPUMHUTHBHON PeKypcMM M mpocTeiinredt Gpynkimn | (X, y) U QyHKIMH

h(x,y,z)zzil.
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Teopema. @yHKyus, nONYYEHHAsI CYNEPRO3UYUel NPUMUTNUBHBIX DEKYPCUBHBIX (DYHKYUU, cama
NPUMUTNUBHO PEKYPCUBHAL.

JlokazarenbcTBo. B camMoM jene, KOMIIOHEHTHI 3TOM (YHKIMM TOJXYYEHBI M3 IMPOCTEHIINX
¢ynxumii O, S, |} ¢ HOMOIIBIO KOHEYHOrO YHUCIA MPUMCHCHHH ONEPATOPOB CYNEPIIO3ULUH H

OPUMUTHBHOHN peKkypcur. UTOObI MOIyYUTh pacCMaTpUBAEMYIO (QYHKIUIO, HY)KHO JI00aBUTH €Ilie
OJIHy cymneprno3unidio. B urore sta ¢yHKIMS TakkKe MOJIydaeTcss U3 MpocTedmux (QyHKIuN B
pe3ysbTaTeé KOHEYHOIO YHMCIIa NPUMEHEHUH ONepaTOpOB CYNEPHO3ULUU U INPUMUTHUBHOU
pPEKypCuH, T.€. SBISIETCS IPUMUTHUBHO PEKYPCUBHOM.

[IpuMuTHBHAS PEKYpCUBHOCTHh mpeaukaTtoB. [Ipemukar P(Xl,...,Xn),Sa,Z[aHHHﬁ HaJ

MHOXXKecTBamMu ~ M,,...,M ,ects ¢GyHKIUS, 3a7aHHAas Ha YyKa3aHHBIX MHOXECTBAaX H

NPUHUMAOINAS 3HAYCHUST B JIByXdJeMeHTHOM MHoOxuctBe {0, 1}. B Teopuu amroputmon
NPUHITO pa3inyaTh Mpeaukar P u QyHKIHIO, CBI3aHHYIO C HUM, a caMy (DYHKIIMIO HA3bIBAIOT
XapakTepucTUIecKon GpyHKuuei npeaukara P u oboznavaior y, . Takum obpasowm,

0, ecru svickasvieanue P(xl, o X, ) — UcmuHo,

X5 (X %,) =

1, ecau svickaszvisarnue P(xl, e X, ) — JIOJICHO.
Ecin M, =...=M_ =N, mo Xo — GbyHKIUS, BXOAAIAs B KPYT HAIIUX PACCMOTPEHUH, U

HUMEET CMBICII TIOCTaBUTh BOMIPOC O €€ MPUMUTHUBHOM peKypcH BHOCTH.

Onpeoenenue. Ilpenukar P Ha3bIBAaeTCSl NPUMUMUBHO PEKYPCUBHLIM, €CIH  €ro
XapaKkTepUCTUIECKas QYHKIMS ¥, TPUMUTUBHO PEKYPCUBHA.

OTmeTuM elie OJHO Ba)XHOE CBOWCTBO, CBSI3aHHOE C NPUMMTHUBHON PEKYPCHBHOCTBIO
byHkuii. Mbl HCHONB3YyeM €ro B IMOCIEAYIOIIUX paccMoTpeHusx. OAHMUM U3 YacTo
BCTPEYAIOUINXCsA, OCOOEHHO B TEOPUU AJITOPUTMOB, CIOCOOOB 3aaHUsl (PYHKUIMN SBISETCS HX
3a/laHie C TIOMOINBIO TaK HAa3bIBAEMOTO 0nepamopa Yclo8HO20 nepexodd. DTOT OMepaTop Mo

byHKIISIM fl(xl,...,xn), fz(xl,...,xn) U TIpeANKaTy P(Xl,...,xn) CTPOUT PYHKIHIO ¢ :

fl(Xi,..., Xn),ecvm P(xl,...,xn)—ucmuHo,

(X000 %) =

fL (Xsen X, )y €cu P(xy,..., X, ) — 1001CHO.

HeTpyaHOo NMOHATH, YTO C MOMONIBIO XapaKTepUCTHUECKUX (QYHKIMH npeaukara P u ero
OTpHULIAaHUS — P QYHKIHIO ¢ MOXHO BBIPa3UTh CJEIYIOIUM 00pa3oM:

go(xl,...,xn): fl(xl,...,xn)-;(p(xl,...,xn,)+ fz(xi,...,xn,)-;(w(xi,...,xn)

W3 5TOTO BBIpa)KEHHS BBITEKAET CIEAYIOIIee YTBEPKIACHHUE.
Teopema. Ecau ¢ynkyuu f,, f, u npeouxam P npumumusno pexypcushvi, mo u @ynkyus ¢,
nocmpoennas f, f, P ¢ nomowwio onepamopa ycnoenoco nepexooa, npumumueno pexypcugHa.

Omom ¢hakm evipadicalom makdice 2060ps, YUMo ONEpamop YCI08HO20 nepexooa NPUMUMUEHO
PeKypcusen.

Boruuciumocts 1o ThIOPUHTY NPUMHUTHUBHO PEKYPCUBHBIX (DYHKIIMH. Teopema.
DYHKYUA @, BO3HUKAIOWASA NPUMUINUBHOU PeKYPCUeU U3 NPABUTbHO GbIYUCIUMbBIX HA MUULUHE

Totopunea pynxyuti f u g ,cama npasunvno eviuuciuma na mawune Toropunea.

JokazarenbctBo. s KpaTkocTu 3amuceid OyaeM cuuTarh, 4TO (DYHKIUS ¢ CBsA3aHa C
Gyskmusmu  f wm g crexyrommm 06pa30M:gp(X,0)=f(X),(p(x,i+1)=g(x,(p(x,i)).
O6o3naunM F u G — mamumubel TelopuHra, nmpaBWIbHO BbluucisAoomme ¢ynkunu f u g
cOOTBEeTCTBEHHO.IIyCTh X,y — MpOM3BOJIbHBIE HATypalbHble yicia. TpedyeTcss CKOHCTPYHpPOBATh
MamuHy ThiOpuHra, BblUMCISIOUMI0 3HadeHue @(X,y).Kak Mbl yke ormedamn, s
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BBIYUCIICHHSI 1) ( X, y) MPEICTOUT BBIYUCITUTH y+1 3HAYCHUH
?(x,0),0(x1),...0(x, y-1),0(X,y).
Havanpnast xoudurypamms Ttakosa: (,01°01°0. IlpumenuM K HEH CleIyIOIIyIO

MOCJIEI0BATEIFHOCTh MallluH Teropunra: 5"BIBEF . B pe3yabpTare MOJIYYUM
MOCIIEI0BATEIHPHOCTh KOH(UTYPALIHIA:

5" B r B B* F
,01*01¥0=01*q01'0=>01’ g01*0= 01’ q0101*0=01*q01*01*0=01*01¥ g01*0=01*01’ g, 01"**0

Ha mnocienHeM 1miare, NPUMEHHB MAallMHY, BBIYMCISIONYIO (yHKimoo f (X), K
xkon¢wurypammuu (01°, Mbl monyunm 3HaueHue f (X), KOTOpPOE, COTJIACHO CXEME NMPUMUTHUBHOU
pEeKypcHuH s ¢ , €CTh (p(x, 0).

Tenepp MBI MOXEM MPUCTYINUTh K BBIYUCICHUIO qo(x,l) UCIOJIb3YSl BTOPOE
COOTHOUIEHUE CXEMbl IPUMUTUBHON PEKYpPCUU: (p(x,l)z g(x,(o(x,O)). [ns aToro nmpumeHum

CHauana K nocienHei kondurypauuu xomanas: 0,0—0,,,0/,q,., —q,,,0.. B pesynprare

o+1

nonyunm koudurypamuio: 0101 *q_,, 001790 . Terepb Hy HO IOATOTOBUTD JIEHTY MAIIHHEI K

MMPUMCHCHHUIO MAIlIMHbI G, BLI‘IPICJ'IHI-OH.IGIZ 3Ha4YCHHC J (X,@(X,O)) , T.C. HCO6XO,I[I/IMO MMOJIYYUTb

Ha nente koHurypammo 01°01°% . Jlns sroro mpuMeHMM K  KOH(UIypHMH

01°01'*q,,,001°*Y0 nocnenosarensrocts Mamun A5 BB BIBE BE'F*BE~. Tlonydyunm
IIOCJIEI0BATEIBHOCTh KOH(MUIypaLlHii:

A b~ B 5"
0101 *q,,,001"*%0=0101""q01"*?00=>01*q01*01"** = 01" *q01"01"*" =

a+2
B* 0 B 0 r 0 B 0 5~
= 01101 q01°"? = 01’ *01°™% q01* = 01*101”* q01*01* = 01’ 101* 01 V01* =
B~ 0 B 0 B* 0 B* 0 B
—01"1q0101°*901* = 01*q01**01°*?01* = 0101’ *q01”**01* = 0101’ *01°*? q01* =

01’01 01" q017% 20101 010172

Temeps MBI  MOXEM  NOpUMEHHTh MammHy G W BBIYMCIHTH  3HAYCHHUEC
o(x1)=g(x ¢(x0)):0101 *q, 017

IIpumeHnM K 9TOH KoHQuUryparmu komanay: 4,0 —q,0, 3anukinaromnyo nporpamMmy.
Mosnyanm korduryparmo: 01017 7q,, 0270Y,

Haunnaercst ciielyromuil IUKII, OCYIIECTBIAEMBIN KOMaHIaMH WIYIIUMH TIOCIE TIEPBOTO
TOABJEHUs COCTOSTHHUA (, . DTOT IUKN TpeobpasyeT kKoudurypamuio Buga 0101 qa01"’(x’i) B
xondurypammo 0101 g ﬁ01¢’(x'i+l) npu ycnosuu, uro y > i. Komamma @,0—q,0
3aIUKIIMBACT POTPaMMy, B B Pe3yJIbTare paboThl [IUKJIA IapamMeTp Y OyAeT MOHMKAThCS 10 TeX
1op, MOKa He MOJYYUTCS KOHPUTypanus OlXOqa01"’(X‘y) 0J1
002

Jlononnurenshbie  komauasl  Q,,,0—>0,,0,A;B,0,B,5,5" co3maioTr Ha JieHTe

KOTOpas B CUJ1y KOMaHJbI o 0— g a4l

nepeiaér B kouduryparuo 01°q

a+1

TpeOyemMyto KOH(UTYpAIHIO q001¢(x'y), JOKa3bIBAIONIYIO, YTO (YHKIUS (p(x, y) MPaBUIIBLHO

BBIUMCJIEHA HA MAIllMHE | bIOPUHTA.
Cnedocmeue. Beakas npumumueHo pekypcusnas Qyukyus evryucauma no Teiopuney.
§4Dynkunn AxkepMaHa.
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Teopema. Cywecmgyiom ¢ynxyuu, He A81a10WUECs RPUMUMUBHO PEKYPCUSHBIMU.

JlokazaTenbcTBO. B camMom jerne, HETPYAHO MOHSTh, YTO MHOXECTBO BCEX MPUMHUTHUBHO
PEKYPCUBHBIX (DYHKIMIA CYETHO. DTO OOBSICHATCS TEM, YTO KaXKJas MPUMUTHBHO PEKypCHUBHAs
GyHKIMS UMEeT KOHEYHOE OINKMCAaHHWEe, T.€. 3a/JaeTCi KOHEYHBIM CJIOBOM B HEKOTOPOM
(puxcupoBannom It Bcex (yHkumii) andaBure. MHOXECTBO BCEX KOHEYHBIX CIIOB CUETHO.
[ToaTOoMy ¥ MPUMUTUBHO PEKYPCUBHBIX (DYHKIMI HMeeTcs He Ooliee, UeM CUETHOE MHOXKECTBO.
B TO e Bpems MHOXECTBO Bcex (yHKuuH naxe ot oxHoro aprymeHta u3 N B N mmeer
MOIIIHOCTh KOHTHHYyMa. Tem Oosee, KOHTHHYaabHO MHOXXecTBO (pyHkiuit u3 N B N sro6oro
KOHEYHOT0 4YHcla apryMeHTOB. Takum o00pa3oM, HENPEeMEHHO CYIIECTBYIOT (YyHKIUH, HE
SBIISIOIIMECS IPUMUTHUBHO PEKYPCHUBHBIMHU.

Ilpumep. Vickomass (yHKIHMS KOHCTPYHPYETCS C TOMOLIbIO IOCJEI0BATEIbHOCTH
BBIUMCIUMBIX (YHKIMI, B KOTOpOM Kaxaas (yHKIMS pacTeT CyIIeCTBEHHO ObicTpee
MPEABLIYILEH.

Hauynem c moctpoeHust Takoil mociefoBaTelbHOCTH. MbI 3HaeM, 4TO MPOU3BEACHHE
pacter ObIcTpee CyMMBI, a CTelNeHb - ObicTpee mnpomsBeneHus. Haunem moctpoeHue
MOCIIEA0BATEIHLHOCTH UIMEHHO C 3TUX (PYHKIUN, BBES A7 HUX eAMHO0Opa3Hble 0003HAYCHUS:

P(ay)=a+y; R(ay)=a-y; P(ay)=a’.

OTH QYHKIUH CBA3aHBI MKy COOO0# CIECAYIOIUME PEKYPCUBHBIMHA COOTHOIICHUSIMH:
P(ay+l)=a+ay=P(a,R(ay)).R(al)=a
P(ay+l)=a-a’=R(a,P(ay)).P(al)=a

[IpogomxuM 3Ty MOCIeI0BaTENbHOCTD, MOJIOXKUB I10 ONpeAeIeHHo A N=2,3, ...

P.(a0)=1
P.(al)=a (1)

P.(ay+1)=P, (a, P..(a y))

Ota cxemMa HMeeT BHJ NPUMHUTHUBHOM DPEKYpCHH, H, CIIEJOBATEIBHO, BCE (YHKIUH
P (a, y) OPUMHUTUBHO  pEKypcuBHbl. PacTtyr oHM  KkpaiiHe  ObicTpo. Haumpumop,
P, (a,l) =a, B (a, 2) =P, (a, a) =a%,.. 3nauenne P, (a, k +l) IIOJy4aeTcsi B PE3yabTarTe

BO3BEJICHUS YMCIIa d B CTeneHb a K pas.
3apukcupyeM Tenepb 3HaueHue a= 2. [loJayduM MOCIEN0BATENBHOCTh (YHKIHUH OT

OJIHOTO apryMeHTa: F{)(Z, y), Pl(2, y),..., ... BBenem nBe HOBbIe QyHKIMH: B(X,Yy)= P2(2, y).
[lepBass U3 HUX Ha3bIBaeTcs @yukyuell Axkepmana, a BTOpas — OUACOHANLHOU QYHKYueu
Axxkepmana,

s dyskuuu B(x, y) Ha OCHOBaHUM BBEACHHBIX BBIIIE 0003HaUeHUH 1 cooTHOMIeHUH (1)
BBITEKAIOT CJIEAYIOIME PaBEHCTRA!

B(0,y)=2+y
B(x+1,0)=sg(x) (2)
B(x+1y+1)=B(x,B(x+1Y)).

KOTOpbIE TO3BOJISIOT BBIYMCIATH 3HAaueHHWe (YHKIMU B{X, y), a cliefoBaTeNbHO, U 3HAYCHUS
¢byukun A(x). Ilpu sTom B mpoiiecce BBIYUCIECHUS 3HAYeHUS QYHKIUH B(X, ) B HEKOTOPOM
TOYKE MCIIONB3YIOTCS BBIUYMCIIEHHBIE PAHEE €€ 3HAYECHUs B HEKMX MPEABIAYIIMX TOYKaX. OTUM
cxema (2) moxoska Ha cxeMy NMPUMHUTHUBHON pekypcuu. Ho mpuMuTHBHAs peKypcHusi BeAeTcCs IO
OJTHOMY apryMeHTy, a B cxeMme (2) pekypcHs BeleTcs cpa3y MO JBYM apryMeHTam (Takas
PEKypCHsl Hall BaeTCs JIBOMHOM, MBYXKpPATHOW, WJIM PeKypcuen BTopoi crymenu). [Ipu stom
CYLIECTBEHHO YCJIOXHSETCSI XapakTep YNOPSIOYEHHUs TOYEK, CIEAOBAaTENbHO, U IOHATHE
NPEIIECTBYIOIEH TOYKH. DTO YINOPAJOUYEHHE HE MPENOINpPENesIeHO 3apaHee, KaKk B CXeMe
IPUMHUTHUBHON PEKYPCHM, I'/I€ YUCIIO A BCErza IMpeaulecTBYeT ynuciay n + 1, a BbICHSET B Xone
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BBIUMCICHUA W AN Kaxaod cxeMbl (2), BooOmie ToOBOps, pa3nuuHo. Hampumep,
B(3,3)=B(2B(3,2), a max xaxB(32)=PR,(22)=PR,(2,R(21))=P,(22)=2"=4, 10
BhIUUCIeHHIO ToUKe (3, 3) mo cxeme (2) DOKHO MPEIIIECTBOBATh BBIUUCICHHE Touke (2, 4):
B(3,3)=B(2,4)=P,(2,4)=2"=16.
Oynaknus B(x, y), a BMecTe ¢ Hel U GyHKIUA A(X) BRIYUCIUMBI (110 cxeme (2)), a 3HaYUT, B CUITY
runore3bl ThIOpHUHTa, BBIUKUCIUMBI IOCPEACTBOM NOAXOAIIECH MamiuHbl TrropuHra. Bo3zHukaer
BOIPOC, MOKHO JIM UX BBIUMCIICHHE CBECTH K BBIUYMCIICHUIO IO CX€MEe MPUMUTUBHOM PEKypCHUH,
T.e. OyoyT &M 3TU (QYHKIUH TPUMHTHBHO PEKYpPCUBHBIMU. VIMEHHO TakoBa CHTYyalus C
byakuueir AkkepmMana . HMpes mokazatenbcTBa TOro, 4ro (GyHKOHMS A(x) HE SBISETCS
MPUMHTHUBHO PEKYPCUBHOM, COCTOUT B JIOKA3aTEIbCTBE TOTO, uTo (DYHKII A(X) pacTeT ObIcTpee,
yeMm Jr00asi MPUMUTHUBHO PEKypCUBHAs (YHKIUS WUIU, IO3TOMY HE MOXET OBITb MPUMHUTHBHO
pekypcuBHOi. Bonee Toro, mis mo0o0i MPUMHUTUBHO peKypcuBHOH (yHkimu f(x) or omHOrO
apryMeHTa HaiIeTCs Takoe 7, YTO st Tr00oro X >n Oynet A(x)> f(x).

Omneparop munuMu3zanuu. B Oosee o01ieM Buae ero MOXKHO ONPENENIUTh KakK OMepaTop,
NPUMEHSEMbIH K Tpou3BoibHOMY (N+1) MecTHOMY mpeauKary P(Xl,.., X, s y)I/I JAommii B

pesynbrare N -MecTHYIO GYHKIAIO @(X,, .., X, ). 3HaueHue ¢(X,,..,X, ) 910l QyHKuMK Ha HAGOpE
apryMeHTOB 4, ..., &, PABHO HAMMEHbBLIEMY W3 TAKHX YHCEI ), 4YTO BbicKasbiBanue P(a,,..,a,,Y)
uctunHo. OHO oGo3Hauaercss (YP(a,,..,a,,Y). Ecin jke HaMMEHBIIEro Cpe/y TAKUX YHCeN He
CYIIECTBYET, TO 3HAYCHUE (YK HUMHU go(Xl,.., Xn)Ha sToM Habope 4,...,4, HC OMIPEIACICHO.

Takum o0Opazom, go(xl,..,xn):ny(al,..,an,y)OnepaTop MHUHHMMH3ALHAA HAa3bIBAETCS TaKKE
OnepamopomM HAUMEHbULE20 YUCILA, WA L -ONEPAMOPOM.

[Mpeaukat P(Xl,..,xn,y), K KOTOPOMY TPHUMEHSETCS ONeparop MHHHUMH3AINH, MOKET
ObITb  CKOHCTPYMPOBAaH M3 JBYX YHCIOBBIX (DYHKIHH  CIEAYIOIIUM  00pa3oM:  «
fl(xl,..,xn,y): f2(><1,..,xn,y) YHIX W3  OIHOW: «f(Xl,..,Xn,y):O». 4TO  OIEeparop
MHHAMH3AIHH MOYHO pacCMaTpUBaTh KaK OIEpaTop, MaHHBIH Ha MHOXKECTBE YHMCIOBBIX

(GYHKIMHN 1 IPUHUMAIOIINN 3HaYEHHUSI B HEM XKe€.
B sTOM CcBOEM KauyecTBe OmepaTop MUHUMM3ALMU SIBISETCA yIOOHBIM CPEICTBOM IS

noctpoeHus o6paTHeIx GyHKumiA. Jeiicrurensro, Gyrkius f ™ (X) = ,uy[ f(y)= X] ABJISETCS

oGparHoii wist pyskimn f (X).

PaccMoTpuM npumMeps! JeicTBHS onepaTopa MUHUMHU3ALUHU TOTYyYeHHUs] 00paTHBIX (QYHKIUI.
IIpumep. PaccMOTpUM CleAyrOIy0 (YHKIHUIO, MOJIYYAIOUIYIOCS C MOMOIIBIO OrepaTopa
MUHUMU3ALUU:

d(x,y) = pzly +z=x]= pz[s(1;(x, y,2), 13(x, ¥, 2)) = 1}(x, ¥, 2))]

Berarcnum, Hanpumep, d(7, 2). Jliast 3TOro HY»XHO MOJOXKHUTh y= 2 U MpHIaBas NePEeMEHHOH Z
nocyenoBarenbHo 3HaueHust 0, 1,2, ..., KaXAbIid pa3 BBIUUCIATH cyMMy y + Z. Kak Tonbko oHa
CTaHET paBHOM 7, COOTBETCTBYIOIIEE 3HAYCHUE Z

npuHATH 3a 3HaueHue d(7,2). Beruucnsem:
2=0,2+0=2=7,;

z2=12+1=3=7
21=2,2+2=4=T,
2=3,2+3=5=#T,
1=4,2+4=6=T,
z2=52+5="7.

Taxum obpaszom, d(7, 2) = 5.
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[TompITaeMcst BBIYUCTUTD 110 3ToMy TipaBuity d(3, 4):

z=0,4+0=4>3;
z=14+1=5>3;
1=2,4+2=6>3;

BuauMm, 4to maHHBIN mporecc OyAeT mpoxoibkaThes OeckoHeuHo. CnemoBartenbHo, d(3, 4) He
Onpe/esieHo.
OOmie peKypcHBHbIE M YaCTHMYHO pEKypcuUBHbIE (QyHKUMH. DyHKIHUS  Ha3bIBaCTCS

YACMUYHO PEeKYPCUBHOU , €CITH OHA MOXKET OBITh MOCTpoeHa U3 mpocteiinmx ¢pyukuuid O,S, 1 ¢
MOMOIIbI0 KOHEYHOIO YHCJa MPUMEHEHUH CYNEepUINUINH, NPUMHUTHUBHOW PEKYPCHUU U 4 -

omepatopa. Eciu ¢yHKIusS BCIOAY UYaCTUYHO pPEKypCHBHA, TO OHAa  HAa3bIBaeTCS
obwepexypcusnoi. llpumepoM 0OLIEPEKYPCUBHON, HO HE NMPUMHUTUBHO PEKYPCHUBHON MOXKET
CIyXuTh U QyHKIUS AKKepMmaHa A (x).

[TpogomxuM Terneps MPOIBMKEHUE K MIOCTABICHHON IEIH —K OMMCAHHUIO BCEX (YHKIIHH,
BBIYMCIUMBIX Ha MamuHax TeropuHra. Creayromuil mar — J0Ka3aTellbCTBO TOr0, YTO BCE
YAaCTUYHO PEKYPCUBHBIC (PYHKIIUU BHIYUCIUMBI 110 THIOPUHTY.

Boruncnumocts 1mo ThIOpUHTY YacTHYHO pEKYpCHBHBIX GyHKIUH. Teopema. Ecau
Qyuxyus (X, y) npasurbno eviuuciuma Ha mawune Tvlopunea, mo u  QyHKYUs

o(x)= ,uy[f (x, y)=0], NOAYUAIOWAACA C NOMOWBLIO ONEPAMOPA MUHUMUSAYUU U3 (DYHKYUU

f (X, y) eblyuciuma Ha mautune TblOpuHZCZ.

JokaszarteunbcTBso. Obo3HauuM F — mamnny ThlopuHra, npaBUIbHO BBIUUCIISIIOILIYIO
dynkimto f (X, y). Hcnone3ys €€,CKOHCTpyHpyeM TaKkyl0 MallMHy ThHOpUHIa, KOTOpas i

3aJaHHOTO 3HAYCHMs X BBIYMCISCT HocienoBarenbHo sHadenus f (X,0), f (x,1), f (x,2), 1o Tex
nop, moka f (X, i) =0. Ilocme »TOro MamMHa JJOJDKHA BbIJATh HA JICHTY YHCIO |,
nmpeicTaBIsomee o060l 3Hauenne @(X)=i. Ecim ke aHs Bcex | OyaeM MMeTh MecTo
f(x,i)>0, To MammHa KOIKHA PaGOTAaTh BEYHO, M 9TO OyJAET O3HAYATh, YTO QYHKLUHS ¢ He
omnpeseseHa B Touke x. HauanpHast KOHGUTypalys Ha KOHCTpYHpyeMoit MammHe Takosa: g, 010 .
ByjieM MbICIUTh ee cefyrommm obpazoM: (,01°01°u HauHeM ¢ MPUMEHEHMH K Heil MalIMHbI
«xonupoBanue» K. Iomyunm xonpurypanmio: ¢,01*01°q01*01°. Teneps BbMUCINM 3HAYEHHE
f (x,0),mpumenns mammny F:0101°g,01"*?.

Jlanee mozGupaeM KoMaHIbl, KoTopble mpu ycnosun f(X,i)>0 mnpeoGpasoBbiBaroT

xoudurypammro 01°01'q, 01" *Y B kondurypamum 0101 g, 01" % :
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q,0—>q,,,01T: 0101°q, 1™,
0441 Q,.,0: 0101°q,,01' 9%
0,120 = 0,507 : 01°01°q, ,001' O *;
Uo-s0 = Gl 0101°q,., 101" O,
Oypel = 0,611 orotq, 0170
o 01*01-q0;

bb q0101;

"2 01'01'q01*01";

] :0 01°01'q,01'*Y;
q,0—>q,:

0101'q 01"™*P,

IMocrenusis KOMaHAa 3alMKIMBAET IIPOrpaMMy, M MauluHa oT KoHpurypamuu 01°01'q,01'*
nepexoaut Kk kouQuryparmn 01°01°g,01'*? | a sarem k xoudurypamuu 01°01°q,01"*?u T.1.
JIonyCcTHM, YTO [0 WMCTEYEHHH HEKOTOPOTrO BPEMEHW MallMHA JOCTHIVIA KOHQHIypauuii
0101'q,01"™", mpu koropoii f(x,i)=0. Yucno i nHakomnenno B «cueranxe» 01'. Tlosromy

MOCTyIaeM cleayomuM obpasoM. Creayrone KOMaHIbl BBIJAIOT Ha JICHTY HEOOXOIUMYIO
xouurypauuio 0,01, r.e. g,017:

9,..0—>q,0: 0101'0q, 0;
b B : 01°01';
BOF": q,01';

9,0 > q,0: q,017%.

Teopema oka3ana.

Cneocmeue. Beakas wacmuuno pekypcuhas (ynkyus eviuucauma no Toropuney.
Teopema. Ecnu ¢ynxyus gviuucauma no Teropunzy, mo oHa YaCMUYHO pPEeKYPCUBHA.
JokazaTenbcTBoO.

Pa3niennM noka3zaTenbCTBO Ha JTAlbL.

Ilepsvui sman. Apupmernsanys MamvH ThlOpHMHra HauyMHAETCs € TOrO, YTO MBI BBOAMM B
MalIMHY CBOEro poja apu(METHYECKyl0 CHUCTEMY KOOpJAMHAT. DTa CHCTeMa KOOpJIWHAT
npeHa3Hauea Uil KOHpUrypanuuu MamuHbel. Kak W3BEeCTHO, B KaXIblH MOMEHT BpEeMEHU
KOH(urypauus Ha jeHre MamuHbl ThlOpUHTa MMeeT BUA G/, raed - clIoBo B anpasure

A={a,a,,...,a, ,}, 3anucaHHOE HHU JICHTE JieBee 0003peBaeMOil B TaHHBI MOMEHT SYCHKH ( ;
— COCTOSHHME, M KOTOPOM HAaXOAMTCS B JI@HHBIH MOMEHT MalllMHA; a;— COJEPKUMOE
o0o3peBacMOll B JIaHHBII MOMEHT fueiiku; [ — clloBO B andaBuTe A, 3alIMCAHHOE Ha JICHTE
mpaBee 0003peBacMOM sUCHKH. YKa3aHHOW KOH(UTYpaluu OJHO3HAYHO COIMOCTABIISETCS
ynopsitouennas uerBepku (&, G, 4, ,3) qucesd, ONpPENCAEMBIX  CIEAYIOIMIMM  00pa3om
G, =1;d8;=]; @ - umcno, u300pakaemMoe UMPpamy, MONYIECHHBIMH KOJMPOBAHUEM CHMBOJIOB

ClIOBa ¢ MO CIENYIOIIEMY MPaBUIIY:3TH CUMBOJIBI HHTEPIIPETUPYIOTCS Kak M- WYHbIE HUDPHL, T.
e. upsl M- UYHOW CHUCTEMBI CUUCIICHUS, T. € . MUGPBl M- UYHOW CHCTEMBI CUUCIICHHUS, T. €.
8, xomupyercst uppoi i; [ aHAIOTMYHO MOTydaeTcs W3 [, HO NPU YHOM UYHMTAETCS CIIpaBa
HaJIEBO, T.€. KpalHsIs cieBa siueiika [ COOEp>KUT CaMblid MITAIINI pa3psij, a KpaHssA crpaBa —
CaMbIid CTApIINA.
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3aBepIuM KOAMPOBAHUE DJIEMEHTOB MamuHbl ThiopuHra. CUMBONy @, IyCTOH SYEHKH

conoctaBuM uucio 0, casury Brpaso II conocraBum 1, ciury BieBo JI — 2, OTCYTCTBUIO CABUTa
C comocraBuB OyKBOH Z 3aKOJUPYEM 3aKJIIOUUTENIBHOE COCTOsiHME (,. B mTore andasur 4

3aKOJMPYETCs] YUCIIOBBIM MHOXKECTBOM A, a andaBut Q - YUCIOBBIM MHOXKECTBOM Q .
Torma, Hanpumep, ecaM Mbl KHMEEM MallMHy TBIOpHHTa € BHEIIHUM alx(aBUTOM

A={a,,a,} u Ha ce JeHTC MMeeTCs KOHGUIypauus 8,3,3,8,8,0,8,83,838,, TO NpH Haeii

KOJIMPOBKE, €1 COOTBETCTBYET CIEAYyIOIIas YIopsAoueHHas YeTBEepKa HaTypalbHbIX 4ucel: (22,
3, 1, 13). TIlosacaumMm, Kkak oOHa  ToJdydYWwsgack. B  Hameld  KoHUTyparuu

a=233,333, 0, =0;, a;=a, f#=3a3,33. Ilosromy a= 10110 — aBonuHoe 4UCIIO,
KOTOpO€E CHEAYIOLIUM obpazom MEPEBOIUTCS B JECATUYHOE: [10110]; =
1-2*+0-2°+1-2°+1-2'+0-2° =22 . Jlanee, ¢, =3, 8 =1u, nakonemn, 0 = [1101]3 = 13.

Bmopoii sman. 1lpy TakoM KOIMpPOBAaHMM CHUCTEMA KOMaHJ MamuHa ThelOpuUHra c
andaBUTOM A ¥ MHOKECTBOM COCTOSIHHH Q MpeBpamaeTcsi B TPOUKY YMCIOBBIX ()yHKITHI:

@, éx A — A (pynxyust newamaemoeo cumeona);
Py éx A é (pynkyus cnedyroweco cocmosnus);

@y éx A {0,1,2} (pyuryus cosuea).

Hampumep, eciu cpemd  KOMaHJ  MAIIHHBI TeropuHra  WMeeTCs  KOMaHja
g;a; _)qi,a';X' mO(Pa(‘]i’ajjza;’ Dy (qi'ajj:q}l Dy (qi’ajj=d;’

rae £=0,1,2, eciu X =C,11,JI JI COOTBETCTBEHHO.

OtmetnM 4TO BCe 9TH QYHKUMH @,,¢,,¢; 3aJaHbl Ha KOHEYHOM MHOXecTBe Qx A u

IIOTOMY IPUMHTHBHO PEKYPCHBHBI.
Tpemuii >man. BpINOMHUB OJHY KOMaHAy, MaliuHa ThlopuHTra mpeodpaszyeT
uMeronlyrocs Ha nente koupurypammio K =a0a; B Hosylo koupurypammio K'=a'qajf’ .

[lpu apudmeTH3amUK 3TO O3HAYACT, YTO YIOPSJOYECHHOW YETBEPKE YHCEIN (a,qi,aj, ,Bj,
COOTBETCTBYIOIIEH KOHpurypauuu K, 0OJHO3HAYHO COMOCTABISIETCS YIOPSIOYCHHAsT 4eTBEPKa
qHCe (a’, q,aj, ﬂ'j , COOTBETCTBYoIIast KoHpurypamuu K'.

Tak OyneT mpOUCXOAUTH MOYTH CO BCEMHU KOH(MUTYPAIMSIMH, CBSI3aHHBIMHU C aldaBUTAMU
A, Q. B urore Ha MHOXKECTBE TaKUX KOH(HUTypanuid OyaeT 3ajaHa (BooOIIe TOBOPsI, HE BCIOIY

OIIpe/ieNieHHast, T.e. 4acTH4Has) Heuwciosas ¢yHkuus y,(K)=K’' obyciosieHHas naHHOI

marmmuHoU Teropunra 6. HazoBem ee ghynkyueil credyowezo waza.
[Tpu BBeneHHOUN apudmeTH3auu 3TON (PYHKIIMHM COOTBETCTBYET UETBEPKA YHCIOBBIX ()YHKITUIT

cnefyromero mara. Maage ropops, «',q;,aj, f° - 970 unucioBble (yHKIMHU, KaX1as U3 KOTOPBIX
3aBUCHT OT YETHIPEX YHCIIOBBIX IEPEMEHHBIX «,(,a, [ . [lonbITaemMcst MOHATH, KaK ATH QYHKIIUN

CBA3aHbl C QYHKIUSAMU CHCTEMBI KOMAHI @,,®,, @, . BO-NIepBbIX, ACHO, 4TO G =@, U QyHKIHS

q'" dakTUYeCcKH HE 3aBUCHT OT «, 3, @ 3aBUCHT JIMIIb OT (,a T.C. q'(a, a;, aj,ﬂj =@, (qi 8, j
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Paccmotpum Tenepb (GyHKIUIO a’(a,qi,aj,ﬂj. Ecnu npu paccmarpuBaeMoM TakTe pabOTHI

MaIllMHEL €€ TOJIOBKAa OcTajach Ha MECTEC, T.C. 0603peBaeMa51 suerika He U3MECHNIACh, T.C.

o (qi ¥ ) =0, 10 sAcHO, yTO S = . Eciy ronoBka cIBUHYJIACh BIPABO, T.€. @, (qi , ajj=1, TO

9TO 03HAYaCT, 4YTO CTCICHb KAXIOIO pa3psaAaa 4ucCiia & IMOBBICHJIACh HAa CAWMHUIY: HyJICBOfI

paspsil CTaJl IIEpBbIM, IIEPBBIM - BTOPBIM M T.H., T.€. YUCJIO « YBEIMYWIOCH B M pa3: Ma.
Kpowme Toro, B 00pa3oBaBIImiics MIAAIINN pa3psa] MOMEIaeTcs Ta m — u4Has 1udpa, Kotopas
COOTBETCTBYET IPU KOJAMPOBAHUM TOJbKO YTO BIIMCAHHOMY Ha JICHTY 3JIeMEHTY U3 4. OTa nuudpa

paBHa o, (qi 8, j . B UTOTe MIOJIYYHM, 4TO pu CHBUIE BIIPaBO:

a'(a, g, aj,ﬂj =Ma+@e, (qi gy j Hakonen, npu caBure Ha JaHHOM IIAare roOJIOBKU BIIEBO, T.€.

opu @, (qi &, ) =0, cTeneHp KaXIO0ro paspsja 4Mcia ¢ IOHU3WIACH HA EIUHHUILY: MEpBBIHA
pa3psijL CTaja HyJEeBBIM, BTOPOH - IEPBBIM H T.JI., T.€. YUCIO & YMEHBLIMJIOCH B m pa3: « /m. Ho
MOCKOJIBKY CaMbIil MiIaJilIuil pa3psii okasaucs GakTUYeCKH Kak Obl «OTpYyOJIEHHBIM» TO B UTOI€

MOJIYYHJIOCh HE YacTHOe « /M, a ero menas 4acthb: [a /m].

Urax, nnst GyHKIMU «' MBI IOJydYaeM CIIEAYyIOLIee ONMCAaHUE C IOMOIIBI0 OllepaTropa
YCIIOBHOTO IEepexo/a:

o, ecu @, (c}i,aj j =0 (rnem cosuea),

é'(&,di,dj,bj: m&+¢a(di’ajjj' eciu @y (c;i,c;jjzl (cosue snpaso),

al m, eciu @, (c;, 4, j =2 (cosue 61e60).

COBCpHIGHHO aHaJIOTM4YHasA, HO B ONPECACICHHOM CMBICIIC HBOﬁCTBGHHaﬂ KapTuHa

HaOmonaercst U uid GyHKUMH f': TIpU COBUre BIPaBo (BJIEBO) OHA BelIeT ceOs Tak ke, Kak

bynkiuu @' npu casure BieBo (Brpaso). Tak 4To ajist Hee MOydaeM CIeIyIolIee OMMCaHKHe C
TIOMOIIIBIO OTIepaTopa YCIOBHOTO Tepexo/a:

b, eciu @y (é, a; j =0 (rem cosuea),

B'((;c,di,éj,bj: m,b+¢a(di,éj), eciu @, (qLa}sz (cosue enes0),

b/ m, eciu @, ((;, a, j =1 (cosue enpaso).

Hakonern, paccmMoTpum (GyHKITHIO a’(a,qi,aj,ﬂ]. Ecnu caBura He mpouUCXOAUT, TO

SCHO, 4TO ' =@, (qi,ajj. Ecnm mpoucxoauT cABUT BIOpaBO, TO MallWHA MPUXOIUT K

74



0003pEHUIO JICBOTO paspsiia — uuciia [ : UMEHHO OH ObLI OTOPOIICH MpHU B3SITUU s ' 1enon
yactu yactHoro £ /m. OH Kak pa3 W MPeICTaBIsieT COOOH OCTATOK OT JIEJCHUsS YKucia [ Ha m,

T.e. B 3TOM ciIydae o= r(m, ,6’). Ecmu ke NPOUCXOAMT CIBUI BIICBO, TO JBOWCTBEHHO
noiydaeMm: o' = r(m, a). Wrak, pyHKIHA @' TONTydaeT CIeayrolee OMHCaHue:
o, (qi : ajj, eciu @, (qi,aj ) =0 (nem cosuea),

&'(&,di,éj,,bj: r(m,,@’), eciu @, (q~i,a~jj:1 (cosue snpaso),

r(m,a}), eciu @, (q}a}j=2 (cosue sneso).

B mnomyueHnbix BeIpaxeHusx s QyHkumd  «',q’,a’, S 3a1eHCTBOBaHBI TOJBKO
IPUMUTHBHO PEKYPCHBHBIC (DYHKIIUM, ¥ yKa3aHHBbIC (DYHKIUH MONYyYCHBI M3 ITHX MPUMUTHBHO
PEKYPCHBHBIX (YHKIMI C MOMOIIBIO ONepaTopa YCIOBHOTO MEpeXoja KOTOPBIA COXpaHSeT
CBOMCTBO MPUMHUTHUBHOW PEKYPCHBHOCTH, T.C. U3 MPUMHTHBHO PEKYPCHUBHBIX (DYHKIMH CO3/IaeT
CHOBa MPHMHUTHUBHO peKypcuBHy O¢yHkuui. CrenoBarenbHo, Bce ¢Gynkuuu o', q,a’, 3

IIPUMIITMMHO PEKYPCUBHBI.
Wtak, Mbl J0Ka3any, 4TO Ha KaXJOM Liare Jiro0as MallMHa [BhIOPUHIA OCYIIECTBIISET
IIPUMUTUBHO PEKYPCUBHOE BBIYUCIICHUE.
Yemeépmoiii sman. PaccMOTpUM Temneph C TOUYKU 3pEHUS BBEICHHOM apudMeTn3anuu
paboTy MamuHbl ThIOPUHTA B LIEJIOM.

ITycts 3agana HavanbHas koHdurypaums K(0)=(e,,q,,a,, 5,). Torna kouduryparmms K(
t), Bo3HHWKaromas Ha Takre t pabOTBl MAaIIWHBI, 3aBUCHT OT BEIMYHMHBI t W KOMIIOHEHT
ay,0,,8y, 5, HauaJdbHON KOHQUIypalMu, T.. OHA SBISAETCS BEKTOPHON  (yHKIHEil

K(t)= ( K, (1), K, (). K, (1),K 5 (t)) KOMIIOHEHTBI KOTOPOH, B CBOK OYEpe[b, SBISAIOTCS

(GYHKIUSAMHU, 3aBUCSIIUMH OT TEpeMeHHBIX t,¢,,0,,8,,/,. OTH (YHKIUH ONIpenensoTcs
CJIEIYIOIIUM 00pa3oM:

Ka(oiazmdo’éo ﬂ~o) :020 ;

tO‘o'qo’ao ﬂo] (t Gy, Gy B ﬂoj (t,&o,do,éo,ﬁoj,
K (t+1a0,q0,ao,ﬁ0) a'

K,H t ao’qo’ao ,Boj |
K, (0)=0o; K, (t+1)= ’(K t),K, (t), K, (t), K, (t));
)

K, (0)=ay; K, (t+1)=a'(K, ) (1)K, (1)
K,(0)= B K, (t+1)= (a aqt)1Ka(t)’Kﬁ'(t));

OTH  COOTHOWICHHWS  MPEJACTABISIOT COOOH  CXeMbl IMPUMHUTUBHOW  PEKYypCHUH,

ompeznenstommne  pynkuuu K, K, K., K, ¢ nomompio ¢GyHkimii a’,d’,é', ,é’. [Ipu sTom
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pekypcust BenmeTcs mo nepemeHHoil t. IlpumutuBHas pckypcuBHOCTh QyHKImi «',q,a’, [’
YCTAQHOBJICHA Ha MpeblIyLeM 1are J0Ka3aTeabcTBa. Torna oTcroaa O4eBUAHO CIEeNyeT, YTo U
bynkunn K, K, K,, K, Taxxke IpUMUTHBHO PEKYPCHHHBI.

Ilamuuii sman. HakoHel, Ha 3aK/IIOYMTENIBHOM IlAre JI0Ka3aTENbCTBA IIOKAXKEM, YTO
pe3yabTar paboThl MamMHBI ThIOpUHTra (T.e. BbIUMCIAEMas MalIMHOM (YHKIMS) HOCHUT
peKypcuBHbIi XapakTtep. (OOpaTuTe BHUMaHHUE: HE IPUMUTUBHO PEKYPCUBHBIN, @ pEKYPCUBHBIM,
T.€. 31eCh IPHUJIETCS UCIOJIB30BATh ONEPATOP MUHUMH3ALUK L/ ).

31ech MBI JJOKaXXEM YTBEp:KIEHHE, 00paTHOE TOMY, KOTOpOE OBUIO JIOKa3aHO B MPEAbLAYIIEM
NYHKTE: 6CAKas (QYHKYuUs, NpAGUIbHO GblYUCIuUMas Ha mawune Tvlopunea, UacmuyHo
pekypcusHa. Ilyctb ¢ —- GyHKIMS, TpaBUIBHO BblUMCisieMas MamuHON Triopunra. Takas

MallllHa, HauaB ¢ KoHurypauuu 0,a,/%,, ocTaHaBIMBaeTCs B KOHGUrypauu Buaa 0,a,/[,, T.c.

mist takoit mammusr K, (0)=0,K,(0)=1,, ucxomHoe COBO Ha JEHTE KOAMPYETCA HHCIOM
m B,+ @, , 3aKITIOYUTENBHOE CIIOBO — YHCIOM M 3+ ¢, , T.€. BBIYUCISETCS 3HAUEHUE QYHKIMK
(p(m B+ aoj =M fB,+a, . 3aKIIOYUTENBHOE CIOBO — 3TO CJIOBO, HAIMCAHHOE HA JIEHTE: B TOT

MOMCHT tz , KOI'/la MalliiHa BIICPBLIC IICPCILJIA B 3aKIIIOYUTCIIBHOC COCTOAHUC C]Z T. €. B MOMCHT
t, :,ut[Kq(t):Z]. [TosTomy ,éz =Kﬂ(tz),0;Z =K, (t,) u
q,(m ﬁaj mp+a, =mK, (tz,o,l,ogo, ﬁj K, (tz,o,l, a ﬂj

VYuauteBas, 4to [ = [X / m], oy = r(m, X), BBIPAXKEHHE TSI PE3YIBTUPYIOIIETO 3HAYEHUS

¢(X) MO>KHO CO BCEMU l'IOI[pO6HOCT5{MI/I 3alucaTb TakK:

o(x)= mKﬁ(yt[Kq (t,O,l,r(m,x),[x/m]): z],O,l,r(m,x),[x/m])+

+Ka(ut[Kq (t.0,,r(m,x),[x/m])= z],O,l,r(m,x),[x/m])

r71e M,Z — KOHCTaHThI, 3aBUCSIINE OT KOHKPETHOW MamuHbl. OTCoa HEMOCPEICTBEHHO BUIHO,
yTo (yHKIUSA ¢(X) , TpeacTaBisomas coOoil pesynbraT paboThl MamnHbl ThlOpuUHTa,

MOCTPOCHA U3 MPUMHUTHBHO PEKYPCUBHBIX (DYHKIIMN C TOMOIIBIO ONepaTopa MUHUMU3AINH £ H,
CJI€I0BATEIILHO, SIBJISIETCSA YACTUYHO PEKYPCUBHOI.

OTUM U 3aBepIlaeTcs A0Ka3aTelbCTBO TOrO, YTO BCSKas BblUMCIUMAasMas M0 ThIOPUHTY
(GYHKIIMS YaCTUYHO PEeKYpPCHBHA.

Teopema. Dyuxyusa eviuuciuma no Tvropunesy mozoa u mMoOAbKO mo20d, K020d OHA
YACMUYHO PEKYPCUBHA.

§ 6. Hopmanbasle anroputmsel Mapkosa

MapkoBckue MOJACTaHOBKU. Angasumom (Kak W MPEX]E) HA3bIBAETCS JII000E HEMyCToe
MHOXecTBO. Ero sjeMeHThl Ha3bIBAlOTCSA OyK6éamu, a JI0ObIe MOCIEeN0BATEIbHOCTH OYKB —
cnroéamu B JaHHOM aindasute. [ns ynoOCTBa pacCyKIEHHM OMYCKalOTCsl IyCThIE CIIOBA.
Ilycmoe cnoso O6ynem o6o3Hayath A . Eciu 4 u B — nBa andasurta, npudem 4 < B, To andaBut
B HazwBaeTcs pacuupenuem andasuta A.

CrnoBa Oynem oOo3HauaTh JaTUHCKMMH OykBamu: P, Q, R (wnm stumu ke OykBamu C
uHaekcamu). OgHO CJIOBO MOKET OBITh COCTaBHOM YacThlO JAPYroro ciosa. Torma mepBoe
Ha3bIBACTCSI 100CI060M BTOPOT UM BXOXKJACHUEM BO BTOPOE.

Onpeodenenue. Mapxoeckoli noOCmMaHO8KOU HA3bIBACTCS Olepalus HaJ CIIOBaMH,
3ajaBaeMas C TOMOIIbI0 yrnopsigoueHHoH mapel  cinoB (P Q), cocrosimas B ciepyromem. B
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3a/IaHHOM CJI0OB€ R HaXoJT mepBOe BXOXKIEHHUE caoBa P (eciii TAKOBOE UMEETCS) U, HE U3MEHSA
OCTaJIbHBIX YacTel cioBa R, 3aMeHSAIOT B HEM 3TO BXoxkJeHue cioBoM Q. IlomydyenHoe cioBo
HA3bIBACTCS pe3yibmamom NTPUMEHEHHUs MapKOBCKO# moacTanoBku (P, Q) x cioBy R. Ecim xe
MEPBOro BXOXACHUA B CI0BO R HeT (u, cienoBaTenbHO, BOOOIIE HET HU OJHOTO BXOXAeHUS P B
R), To cuMrTaeTcs, 4uTo MapKoBcKas mojactanoBka (P, Q) HenmpumenuMa K ciioBy R.

YacTHBIMH Clly4assMH MapKOBCKHX IOJICTAHOBOK SIBJIIOTCS MOJCTa)! HOBKHU C MYCTHIMU
cnoBamu: (A, Q), (P, A), (A,A).
s 00o3HaueHUsT MapKOBCKoOW mojactaHoBku (P, Q) wu 3amuce P —Q. OHa Ha3bIBaeTCs
Gopmynoi noocmanosku (P, Q). Hexotopbie mnoxacranoBku (P, Q) Oyaem Ha3bIBaTh
3aKITIOYUTEIbHBIMY . J1Ji1 0003HaUY€HHS TaKUX MOJACTAHOBOK Oy/J€M HCIOIb30BaTh 3amuch P —
Q , HaseBasg e€ opmynou 3axiaouumenvrou noocmarosku. CioBo P Ha3bIBaeTCA .J1€601U
yacmoio, & Q— npasoii yacmeio B PopMyIie MOACTAHOBKH.

HopMmanbHble anropuTMbl U WX MPUMEHEHHE K CIIOBaM.  YTOPAJOYEHHBIM KOHEUHBIN
CITUCOK (pOPMYJI MTOJICTAHOBOK

P -0Q,
P, = ()Q,,

P —()Q,
B andasute A HazpiBaeTcs cxemot (MU 3anucvio) HOPMAIBHOTO aliroput™a B 4. JlaHHas cxema
OmpefeNsieT ajaroputM MpeoOpa3oBaHUS CJIOB, HAa3bIBAEMbI HOPMAIbHBIM aJTOPUTMOM
Mapkosa.

Onpeoenenue. Hopmanvuvim ancopummom (Maprosa) 6 angasume A HazbIBaeTCs
ClelyIolllee MPaBUJIO MOCTPOEHUU MOCIEAOBATENbHOCTH Vi ClOB B aidaBute A, UCXOAS U3
na”HHoro ciown V B 3ToM andasute. B kauecTBe HavaiabHOro ciioBa V, MOCIEI0BaTEIbHOCTH
oepercst cioBo V. Ilycts s Hekoroporo i > 0 cioBo Vi MOCTPOCHO M MPOIECC MOCTPOCHUSI
paccMaTpuBaeMOM TIOCIIEIOBATEIbHOCTU elle He 3aBepiumics. Ecnu mpu 3ToM B cxeme
HOPMAJILHOTO aJIroput™Ma Hem (GOPMYJ, JIEBbIE YacTH KOTOpbIX Bxomunau Obl B Vi 1O Viig,
[ojaraloT paBHBIM Vi , U Tpolecc TOCTPOCHHUS TIOeNeA0BAaTeIbHOCTH  CUHUTAETCA
3aBepIIuBIIMCS. Ecii ke B cxeme UMeroTcest GOpMYITBI C JIEBBIMHU YaCTSIMHU, BXOASAIMMH B Vj, TO
B KauecTBe Vi1 Oepercs pe3ynpTaT MapKOBCKON MOJICTAHOBKHM MPaBOW YacTH MEPBOU M3 TAKUX
dopMysl BMECTO MEpPBOTO BXOXKJEHHUS €€ JIEBOM 4YacTu B CiOBO V; ;Ipoliecc MOCTPOEHUs
MOCNIEAOBATEIHbHOCTH CUUTACTCS 3d8epUIUBUUUMCS, €CIIM Ha JaHHOM Iare Obula MpHUMEHEHa
bopMyIa 3aKIIOYUTETBHON MOJCTAHOBKH, U NPOO0IMCaAouUMCcs — B IPOTUBHOM ciaydae. Eciu
npolecc MOCTPOSHHs]  YHOMSHYTOM IOCIIeOBAaTENbHOCTH OOpBIBAE€TCS, TO TOBOPSAT, UTO
paccMaTpuBaeMblii HOpMabHbll  aneopumm npumenum Kk crogy V. Tlocmemuuit umen W
MIOCJIEI0BATEIBHOCTH HA3BIBAETCS Pe3yabmamom NPUMeHeHUss HOPMAIbHO20 AleOpUmma K ciogy
V. T'oBopAT, uTO HOpManvHbll aneopumm nepepadbamvieaem VN ¢ W.

[TocnenoBarenbHOCTD Vi OyieM 3amMChIBaTh CIEAYIOUIMM 00pa3oM
Vo=V, =2V, ==V, =V,
rneVy =V u V, =W.

MBI omnpenenvin MOHATHE HOPMAILHOTO anropuTMa B aidasute. Ecimum xe anroputm
3aJaH B HEKOTOPOM pacIIupeHuu andaButa 4, TOBOPAT, YTO OH €CTb HOPMATbHBIL ANOPUMM
Hao A.

PaccMoTpuM puMepsl HOpMaIbHBIX aTOPUTMOB.

Ipumep . Tlycts A = {a,b} — andasur. PaccMoTpum crienyomyo cxeMmy HOPMaIbHOTO

aIropuT™Ma B 4:
a— A,

b—b.
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HetpynHo noHsATh, Kak paboTaeT onpenessieMblid 3TOM cXeMoil HOpMaJbHbIN anroputM. Beskoe
cioBo V andasute 4, couepikaiiee XOTAObl OJHO BXOXKJEHUE OYKBBI d, OH mepepadaThiBacT B
CJIOBO, ToOdydaromieecs M3 V BBIYEPKMBAHHUEM B HEM CaMOrO JIEBOTO (IIEPBOTr0) BXOXKIACHUS
OykBhI a. [lycroe ci10BO OH mepepadaThIBacT B MyCTOE.

HopmanpHo BbhMHCTUMBIE (DYHKIMM W TpPUHIMI HopMmanu3amuu MapkoBa. Kak u
MamuHbl ThIOpUHTA, HOPMAJIbHBIC AJITOPUTMBI HE MPOU3BOISIT COOCTBEHHO BBIUYMCIICHUI: OHH
JHIIb TPOM3BOIAT TPCOOpa30BaHMSA CJOB, 3aMEHsSsI B HHUX OIHU OYKBBI JPYTHMMH TIO
OpeJMCcaHHbIM MM TpaBWiIaM. B cBOO odepenb, Mbl NPEANUCHIBAEM WM TaKHE MpPaBUIIA,
pe3yNbTaThl IPUMEHEHHSI KOTOPBIX MBI MOKEM HUHTEPIPETUPOBATH KaK BHIYMCICHUSI.

Ilpumep. B angpasume A = {1} cxema A —.1 ompenensier HOPMaJIbHBIN aJITOPUTM, KOTOPBINA K
kaxaomy ciaoBy B andasute 4 = {1}  npunmceiBaer cieBa 1. CienoBarelibHO, aJrOPUTM
peanusyer (ynkiuio f(x) = x+ 1.

Onpeoenenue. Oynxuus f, 3a1anHas Ha HEKOTOPOM MHOXKECTBE CJIOB aji(paButa 4, Ha3bIBACTCS
HOPMANILHO BbIYUCIUMOU , €CTTM HAWIETCs TaKoe pacluiupeHre B maHHoro andaBUTa W TaKOU
HOPMAJIbHBI alIrOpUTM B B, 4To Kaxkmoe ciioBo V (B andaBute 4) U3 00JIaCTH ONpeaeIeHUs
¢Gyukimu f ator anroputm nepepadarsiBaet B ciioo f (V)

CoBnaJieHHEe KJlacca BCEX HOPMaJIbHO BBIYMCIMMBIX (DYHKIIHH C KJIACCOM BCEX (YHKIIUH,
BBIUUCIUMBIX 10 ThlOpHHTY. DTO coBHmajeHue OyneT O3Ha4yaTh, YTO IOHATHE HOPMAaIbHO
BBIYUCIUMON (DYHKIIMH PABHOCHIIBHO MOHSTHIO (DYHKIIMH, BEIYUCIUMON 110 THIOPHHTY, a BMECTE
C HUM ¥ YaCTUYHO PEKYPCUBHON (YHKIINH.

Teopema. Beaxas gpynkyus, eviuucaumas no Teiopuney, Oyoem makace u HOPMAIbHO
BLIYUCTUMOLL.

HoxaszaTtensbcTs o. [lycte mammua Teropunra ¢ Baemum H | A={a,,a,,...,a }u

andasutoM BHyTpeHHUX coctosituii Q={0;,0,,...,q,} BbrumMCIIET HEeKoTOpYIo (yHKUMIO f,

33IaHHYI0 U TIPUHUMAIONIYIO 3HA4YeHHs B MHOXecTBe cioB andaButa A. IlombiTaemcs
MPEJICTaBUTh MPOrpaMMy 3TOW MamIuHbl THIOPHHTA B BHUJE CXEMbI HEKOTOPOTO HOPMAILHOTO
ajropur™a. Jljig  5TOro0  Hy)XKHO KaXkJIyl0 KoMaHay MamuHel Teropunrag,a, — q ﬁan
NpEaACTaBUTbL B BUJAC COBOKYITHOCTH MAPKOBCKHX IMOJCTaHOBOK. KOH(l)I/IpraIII/H/I, BO3HUKAKOIINC
B MammHEe THIOpHHra B Ipolecce ee paboThl, IPEACTaBIA0T coboii cinosa B andasure AU Q.

Ot cioBa MMEIOT BHA 8.8 0,8 ..8 . Ham moHanoOuTCs pasnn4arh Ha4ajuo CloBa U €ro

k+1
KOHel[ (WM ero JEeBbId M MpaBblii KoHLBI). (s 3Toro x andasury AU Q nmoGaBuMm emie /Ba
cumpona: AU QU {u,v}. DT cumBoOIBI OyaEM CTaBUTh COOTBETCTBCHHO B HAYalo M KOHEIT
Ka)KJ0r0 MalIMHHOT'O CJI0OBa W:. UWV.

[TycTh Ha JaHHOM Iare paboThl MAlIMHBI THIOPUHTA K MAIIUMHOMY CJIOBY W MPEACTOUT
NPUMEHUTH KOMaH1y 0,8 —> J,a;X . DTO 03HaYaeT, YTO MANIMHHOE CJIOBO W (& BMECTE C HUM H
CIOBO UWV) coxepxuT mozacioBo (& .IlocMoTpuM, Kakol COBOKYMHOCTBIO MapKOBCKHX
M0JICTAHOBOK MOYHO 3aMEHUTH JAHHYIO KOMaH/1y B KaXJ/I0M U3 CIEIYIOIIUX TPEX CIydaeB:

a) X=C, T.e. KOMaHaa UMeeT BU: 0,8 —> ,a;. SICHO, UTO B 3TOM Cilyyae CIEAYIOIEES CIOBO
TOJIy4aeTCst U3 CII0Ba UWV C TIOMOLIBIO MOJCTAHOBKH (& —> (,8; KOTOPYIO Mbl U Oy/ieM CUHMTaTh
COOTBETCTBYIOIICH KOMaHae 0,8 — 0,4;;

6) X=JI, 1.e. xoMaH1a UMeeT BUA: (], —> ;,@;/1 . HeTpyaHO MOHATB, YTO B 9TOM CiIy4ae s

MOJYYEHHS U3 CJI0Ba UWV CIEAYIOUIErO CI0BA HAJ0 K CIOBY UWV IPUMEHHTH 3Ty NOACTAHOBKY
COBOKYITHOCTH
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a,0,8; — Q52,3;,

aq,8 —Qza,a;,

a‘mqozai - q/}amaj;

ug, 8 —> Ud,a,a,

KOTOpas IPUMEHUMa K CJI0BY UWV. B 4acTHOCTH, MMOCICIHASA MOACTAHOBKA IPUMEHUMA TOJIBKO
TOTZa, Korja (, — camas JeBas OyKBa B CIIOBE W, T.€. KOTJa MaJIO IIPUCTPANBATh SYCHKY CIIEBa;

6) X=11I, 1. e. kOoMaHza uMeer BUI: (,8 — 0,a;// .B 5TOM cilyuae aHAOrM4HO, YTOObI [OJTYYUTH

U3 cioBa UWV CIeIyroliee CJI0BO, HY)KHO K CIIOBY UWV TPHUMEHHUTH Ty M3 IOJICTaHOBOK
COBOKYITHOCTH
0,83, = a;Q,a,,

qaaiai - ajqﬂaiy
qaaiam - ajqﬂam;
0,8V — a;q,a,V,
KOTOpas NMpuMEHUMaA K CJIIOBY Uwv.
HOCKOJII)Ky CJIOBO qaai BXOOHUT B CJIOBO W TOJIBKO OOWH pas, TO CJIOBY uwv IMpUMCHUMA

TOJIbKO OJTHA M3 TOJICTAHOBOK, NIEPEUUCIECHHBIX U MyHKTaX 0, . [103TOMYy MOpsaKU Cile10BaHUs
MOJICTAHOBOK, B 3TUX MyHKTaX 0e3pa3IMyHbl, BaXKHBI JIUIIb UX COBOKYITHOCTH.

3aMEHHM KaXIyl0 KOMaHIy M3 MPOrpaMMbl MallMHBI ThIOPHHTa YKa3aHHBIM CIIOCOOOM
COBOKYITHOCTbIO MAapKOBCKHX TIOJICTAHOBOK, MOJYYHMM CXEMY HEKOTOPOTO HOPMAaJIbHOTO
anroputma. Tenepp CHO, YTO IPUMEHUTD, K CIIOBY W JaHHYIO MalluHy ThIOpHUHTa — 3TO PaBHO,
YTO MPUMEHHUTh K CIOBY UWV TOCTPOCHHBIM HOpPMalbHBIM anroputm. [lpyrumu cioBamu,
JIEWCTBME MAalIMHbBI ThIOPUHIAa PABHO3HAYHO JAEHCTBUIO MOAXOSAIIET0 HOPMAJIBLHOIO aarOpUTMa.
DTO0 1 03HAYaeT, UTO BCSAKasg (DYHKIUS, BEIYUCIUMAS 1O THIOPUHTY, HOPMAJIBHO BBIYUCIUMA. O
BepHo u o0paTHOE yTBEpXKIECHUE.

Teopema. Beaxas nopmanvho evluuciumas pyukyus sviuuciuma no Teropuney.

Takum o00pazoMm, KiacC HOPMaJbHO BBIYUCIMMBIX (YHKIUH COBIAJAaeT C KiIaccoM
(GyHKUUH, BBIYUCIUMBIX 110 ThIOpHHTY.

DOKBUBAJIIGHTHOCTh PA3UYHBIX TEOPUM aNTOPUTMOB. Teopema. Credyrouwue Kiaccol
Gynryutl ( 3a0aHHBIX HA HAMYPATLHBIX YUCLAX U  NPUHUMAIOWUX HAMYPALIbHbIE 3HAYEHUS)
coenaoaiom:

a) Knacc écex QhyHKyuil, 8bIYUCIUMBIX NO TblOpUHSY;
0) K1acc 8cex YaCMuUyHO PeKypCusHbiX QYHKYULL,
8) Klacc 6cex HOPMANbHO GbIYUCTUMBIX QYHKYUIL.

§7. PazpemiuMoCTh U EPEUYUCIMMOCTh MHOYKECTB
[Tpu MHTEpHIPETUPOBAHUH ITOH 00IIEH Teopuu, HaNMpUMeEpP, B TCOPHUH PEKYPCUBHBIX (YHKITUI
MOHSTHUE AJITOPUTM TIPEBPAIACTCS B PEKYPCHUBHOE OMUCaHWe (YHKIIUH, TTOHSATHE BBIUYHCIUMAs
(GYHKIHS ¥ IOHSATHE YaCTHYHO- PEKypCUBHAs (MK OOIIepeKypCcuBHAs) QYHKIIUA.

bynem paccmarpuBarh GyHKIHE f OT 0HOTO WIIM HECKOJIBKUX apryMEHTOB, 3aJaHHbIC Ha
mHoxectBe N= /O, I, 2, 3, 4, ..., n, ...} BceXx HaTypaJlbHbIX YHCEJ WM Ha HEKOTOPBIX €ro
MOJAMHOXKECTBAX W TMPUHHUMAIONIME 3HadeHuss B MHoxkecTtBe N. Takum  0Opazom,

paccmaTpuBarotcst Gpyukiuu f sBisronmecs orodpakeHusIME JeKapToBOi N -it crenern N"B
mHO)kecTBO N. OOnacte omnpeaenenus Df ¢ynknum f ecth mOAMHOXKECTBO MHOXECTBa

N"=Nx...xN, Df= {(x,...X,): f(X,....X,)— ompeneneno}. O6maacts m3MeHeHus f ectp
noxmuoxectBo MHOXKecTBa N: If={y e N : (3x,,..., X,), (f (X,.... X,) = ¥)}.
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Onpeoenenue. Pynxuus f (X, ..., X,) Ha3bIBaeTCA 6bIYUCTUMOLU, €CTH CYIIECTBYET AJITOPHTM,

MO3BOJIIOIINN BBIYUCIIATH €€ 3HAYCHUE JUIsi TeX HaOOpOB apryMEHTOB, Ui KOTOPBIX OHA
orpezenieHa, U paboTaroMii BEYHO, eCiii (PYHKIMS JJi JTaHHOTO Habopa 3HAYeHU apryMEeHTOB
HE OIlpeieTIcHa.

IMycte M c N"=Nx..xN.

Onpeodenenue 35.2. MHOXECTBO M Ha3bIBACTCS pa3peuiumvbim, €CIIM CYIIECTBYET alITOPUTM A,
KOTOPBIHA 1O JTIOOOMY 00BEKTY @ AaeT OTBET MPHUHAJICKUT d MHOXKECTBY M WM HET. AITOpUTM
A,, Ha3bIBaeTCs pa3pelIatoluM aIropuT™MoMm Jiist M.

W3BeCTHO MOHATUE Xapaxkmepucmuieckou @yHkyuu MHOXecTBa M . Eo Ha3bpIBaeTCsl (yHKUIUS

Xy 3adaHHas Ha MHOXKECTBE M, NPUHMUMAIOIIAs 3HAUYCHHUS B JBYXdJeMeHTHOM MHOXecTBe {0, 1}
U onpezensiemMast CIeIyomuM 00pa3om:

0, ecmu (x;,....,x,)e M,

s X,) =
Zu (%, ) 1, ecu (x,...,x,)EM.

OTtcroa sSICHO, YTO MHOECTBO M pa3pemumo Torga U TOJIBKO TOrAa, KOraa €ro
XapaKTepucTHyecKas QyHKIHS ¥,, BBIYUCINMA.

[Ipumepom pa3pemiuMOro MHOKECTBA MOJYKET CIIY>)KUTh MHOXKECTBO BCEX TaBTOJIOTHI
JIOTMKHU BBICKa3bIBaHWM. Pa3pemaroniuii aroputM COCTOMT B NPSIMOM BBIYMCIICHUHM 3HAYEHUU
JaHHOU (hOPMYIIBI Ha BCEBO3MOXKHBIX HA0Opax 3HAUEHUH €€ MPOMO3ULIMOHAILHBIX IEPEMEHHBIX.

ITycts Tenepp M < N .

Onpeoenenue. MuoxectBo M < N Ha3biBaeTcsi nmepcuuciauMbiM, ecad M nubo mycTo,
1160 ecTb 00JacTh 3HAYEHUI HEKOTOPOM BBIYMCIMMON (PYHKLIMK WIH, IPYTUMH CIOBaMHM, €CIIU
CYILIECTBYET aIrOPUTM i TMOCIEAOBATEIBHOIO MOPOXKACHUs (TepeuyucIeHs]) BCEX €ro
AJIEMEHTOB.

Jpyrumu cioBaMu, M TNepeyuciIuMoO, €ClId CYLIECTBYET Takas BBIYMCIMMAS (QYHKIUS
Wy (X), uto aeM < (IX)(y, (X)) . PyHKIMS W,, Ha3bIBaeTCs nepeuucisoujell MHOXecTBO M

(v g MHOXKecTBa M) COOTBETCTBEHHO —alITOPUTM, BBIYMUCISIIOIIUN /), HA3bIBAETCS

nepeyuCIAIowUM N TIOPOKIAFOIIMM 11 M.

Teopema. Ecnu muoxcecmea M u L nepeuucaumor, mo nepeuuciumovr muoxcecmea MU L
u M L.
Jloxa3zaTenbcTB 0. ECIIM UMEIOTCS alrOPUTMBI IS TIOPOKIAEHHS DJIEMEHTOB MHOKECTB M
v L, To anmroput™ mis mopoxaenus MHoxkectBa MU L mosnydaercs M3 MCXOOHBIX MYTEM HX
OZIHOBpPEMEHHOT0 prMeHenus. CienosarenbHo, Muoxectso MU L nepeunciumo.

ITycts Tenepb anroput™ Qv MOCIEAOBATENBLHO MOPOXKAAET IEMEHTH / M, M,, M,,...—
MHOXecTBa M, a alroput™ | TOCiIe0BaTeIbHO Nopoxaaet snements |, 1, 1,,... MHOXecTBa L.
Torna aaropuT™ st IEPEYHCIIEHUS 2IEMEHTOB MHOKecTBa M) L 3aKirouaeTcs v clie Iy oIeM.

[Toowepenno ¢ MOMOIIBIO AITOPUTMOHU Qm w Q|, TOPOXKIATCSI BIECMEHTHI
m,l,m,, L, m, ;... T.1. Kakaplii BHOBB HOPOJKICHHBIHDIEMEHT M, CPABHUBAETCS CO BCEMH
paHee MOpPOXKAECHHBIMHU dneMenTamu |, . Eciin m; coBmazaer ¢ OHUM M3 HUX, TO OH BKJIIOYAETCS
MHOkecTBO M(\L . B mpoTHBHOM ciydae Hajo MEPEXOAUTH K IOPOKICHHIO dyeMeHTa | u

CpaBHUBATh €r0 CO BCEMM paHee MOPOXKIAECHHBIE AIeMeHTaMu M;, U T.A. OnucaHHas npoueaypa
103B0JIsIeT d()(HEKTUBHO TEPEUUCIUTE BCE DJIEMEHTHI MHOXecTBa M()L, 4to u TpeOGoBaIoCh
JI0Ka3aThb. O

Teopema. Ilycmv M < N . Muoowcecmseo M paszpewumo mozoa moabko moaoa, Ko20a OHO CAMO

u e2o oononnenue M TepeUUCITNMBL.
Teopema. Cyuecmeyem nepeuuciumoe, Ho Hepaspeuumoe MHONCECMBEO HAMYPATbHbIX YUCE]L.
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JJoxaszareunbcTB 0. Ha ocHOBaHMU NIpeablIyLIed TEOPEMBI JOCTATOYHO IIPUBECTH IIPUMED
Takoro MHoxkectBa U HaTypalbHBIX 4YHCeN, KOTOpoe caMoO ObLIO Obl MEPCUUCINMO, a €ro
nononHenre U NepeurciumMbiM He ObLIO.

SIcHO, 4TO MEepeYUCIMMbIX MHOXKECTB HAaTypallbHBIX 4YKcel (KaK U aIrOPUTMOB) UMEETCS
JUIIb CcYeTHOe KoaudecTBO. CIleJ0BaTE€NbHO, 6Ce IEPEUUCIUMbIE MHOYKECTBA MOXKHO
PACHONIOXKUTH B IIOCIEI0BATENBHOCTD (IepenymepoBats): My, M, M,,..., ... Boiee Toro, MokHO

CUMTAaTh, YTO ATa Hymepaius 3PQPeKTUBHA, T.€. 10 HOMEPY MHOXKECTBA MOXHO BOCCTAHOBHTH
CaMo 3TO MHOKECTBO.

Paccmorpum Temeps anroputM  Q, KOTOPBIH MOCIEAOBATEIHHO TOPOXKIACT BCE
aseMeHTHI cienytoniero MEokectBa U. Ha tare ¢ Homepom C(m, 1) 3TOT alropuT™M BBIYHCIISET
m-1i SJIEMEHT MHOXecTBa M, U €CIIH SJIEMEHT COBIAJAeT C, N, TO OH OTHOCUT €TI0 B MHOXECTBE
U. Takum oOpazom,

neU <neM,.

Wrak, U nopoxnaercsa anropurmom Q, 1.€. U nepeuncinumo. [lockonbky gononnenvne U
mHOXectBa U cocroutr u3 Bcex Takux n, 4yto N¢M, 1o U omnmmyaercs or moboro

TEpPEeYnCIMMOTO MHOXKECTBA XOTS Obl OaHMM dieMeHToM. Ilostomy U He sBnsercs
nepeyuciauMbIM. U - Hepa3pelumo, 4To U 3aBepIIAeT 10Ka3aTeIbCTB.
JlokazaHHas Teopema (aKTHUECKH HKJIOYaeT B ce0s B HEIBHOM Bujae Teopemy [é€nens o
HETOIHOTE (POPMATBHOM apu()METHKH.

§ 8. Hepaspemmmble anropuTMuyecKue mpoodaemMsl

Aneopummuueckasn npobrema — 3T0 NpoOieMa, B KOTOPO TpeOyeTcs HAWTU eAUHbIN
MeTOA (aIropuT™M) AJs pelieHHs OECKOHEUHOW CepuM OJHOTHUIHBIX €IMHUYHBIX 3aj1ad. Takue
npoOJIeMbl HAa3bIBAIOT TaKXke Maccoguimu npooremamu. OHU BO3HHMKAIUM U pEIIAINCh B
pas3InYHbI 00J1ACTSAX MaTEMaTUKH Ha MPOTSHKEHUU BCEH ee HCTOPHH.

Hywmepanus anroputmos. [ToHsTe Hymepanuy aaropuTMOB — Ba)KHOE CPEJICTBO JUIS UX
WCCJIEIOBAHMsI, B YaCTHOCTH JJIS JI0KA3aTEIbCTB HECYIECTBOBAHUS €IMHOTO alrOpUTMa AJIs
pelieHys ToM Ui MHOM MaccoBoM mpobsieMbl. [locMoTpuM cHavasia Ha 3TO MOHATHE B paMKax
Haluei oo1eil Teopun aaropuTMOB.

[Tockonbky m1000W aJrOpUTM MOKHO 3aJlaTh KOHEYHBIM ONHUCAaHHEM (CJIOBOM)
(HampuMep, B KOHEYHOM alihaBUTE 3HAKOB, UCIOJIb3YEMBIX MTPU HAOOpE MaTeMaTHUECKUX KHMT),
a MHOXECTBO BCEX KOHEYbIX CJOB B (UKCUPOBAHHOM KOHEYHOM aj(aBUTE CUETHO, TO
MHOKECTBO BCE€X QJITOPUTMOB CYETHO. OJTO O3HAa4aeT HAJW4YME B3aMMHO-OJHO3HAYHOI'O
COOTBETCTBUSI MEXJIy MHOXecTBOM N HaTypaibHBIX UMCENl U MHOXKECTBOM BCEX aITOPUTMOB,
paccMaTprBaeMbIM KaK OJMHOXKECTBO MHOXKeCTBa Al™ Bcex CIIOB B andaBuTre Al , BRIOpaHHOM
JUIL  ONHUCAHUSl  alTOPUTMOB (p:N — Al"). Takas <GyHKUUsS Has3bIBaeTCcs  Hymepayuer

aneopummos. Ecin ¢(n) = A, TO YUCIIO s Ha3bIBACTCA HOMepom ancopumma A. V3 B3auMHOU

-1
onHo3HayHOCTH  oTobpaxkenus P cnenyer cymecTsoBamme obpaTHoit  Qymkmum P

BOCCTAHABJIMBAIOMIEH I10 OIMCAHUIO aJIropuTMa An €r0 HOMECp B 3TOM HyMepalnuun

-1 _
¢ (A’]) =N . O‘-ICBI/I,Z[HO, YTO pa3JIMYHBIX HYMCpaLII/Iﬁ MHOTO.

Hymepanusi Bcex anropuTMOB SIBISIETCS OJHOBPEMEHHO M HyMepalued BCeX BBIYMCIMMBIX
GYHKIMIA B CIEAYIOIEM CMbIciae: HoMep (yHkimu f — 3TO HOMEp HEKOTOPOro ajaropuTMa,
Beruncistoniero f. SIcHo, uto B m000H Hymepariu Besikas pyHKIUS OyJIeT UMEeTh OECKOHEUHOE
MHOXCECTBO pa3JIMYHbIX HOMECPOB.

CymiecTBoBaHNE HyMepaluii MO3BOJISIET padOTaTh C alrOPUTMaMHU KaK C YUCIaMU. DTO
0COOEHHO yAO0OHO MpHU HUCCIEJOBAHUM aJTOPUTMOB Haja aiaroputMaMu. OTCyTCTBHE MMEHHO
TaKUX JITOPUTMOB YaCTO MPUBOJIUT K aJITOPUTMHUYECKH HEPA3PEIIUMBIM ITPOOIEeMaM.

Hymepamuss mammu  Teroopunra. OmnumieMm Teneps 0ojiee  KOHKPETHBIH — MPOIECC
HyMepaluu BCeX MamMH ThIOpUHra, KOTOpBIM MCIOIb3yeM IIpU IIOCTPOECHUU IpUMepa
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HEeBBIYMCIUMON 10 ThiopuHry ¢yHKuuMu. byaem cuumrtaTh, 4To 11t 0003HAUEHHS] BHYTPEHHHUX
COCTOSHUN MalnH ThIOPUHIAa HCHOJB3YIOTCA OYKBBI OECKOHEYHOM IOCIIeA0BATENbHOCTH:

0o:%. 9510, ,.-.s @ o0OO3HAUeHHsT OyKB BHEIIHUX al(aBUTOB HCHOJIb3YIOTCA OYKBBI
IIOCIIOBATEIbHOCTU: 8,8, 8,, ..., &, ...

Boipazum  (unmu, Kak TOBOPSAT, 3aKOAMPYEM) BCE CHMBOJBI ATHX OECKOHEUHBIX
IIOCJIEI0BATEIFHOCTEH CIOBaMM KOHEYHOro cranaaprHoro aidasura {a,,1,0,C,77,/}no

CIICTYIOIIUM TIPaBUIIAM:
g;(1=0,1...) o6o3Ha4unM (3akogupyem) ci1oBoM U3 i+1 OyKB q

a;(J =12,...) 0603na4mM (3aKOIUPYEM) CIIOBOM U3 | €/IMHHIL:

B crangaptHOM andaBute mporpaMmy MamuHbl ThIOpMHTa MOXKHO 3amucaTtbh B BHJIE
CJIOBA, PYKOBOJICTBYSCH cleAyromuMm npasuiaoM. CHayana BCe KOMAHIBl ITPOrPaMMBbI
NEPEBOIATCS HA SA3bIK CTAH/IAPTHOTO anaBuTa, IS 4€ro B 3aMMCAX dTUX KOMaHA §;a; — ¢, X

, tne X e{C,II,JI}, omyckaercsi cuMBOI ''—'", a OYKBHI 0, a;,0, &, 3aMEeHAOTCS

COOTBETCTBYIOLIMMH CJIOBaMH CTaHAAPTHOrO ajdaBuTa. 3aTeM MOJyYCHHbIE CIOBa-KOMAaH[bl
3alMChIBAIOTCS MOJPSA B THOOOM MOPSAJIKE B BUJIE €IMHOTO CIIOBA.

Herpyano yka3aTp airopuT™, IO3BOJSIIOIIMKA y3HaBaTh, SBJIAETCA JM CIOBO B
CTaHJapTHOM asi(haBUTE MPOTPaAMMON HEKOTOpO# MarmwHbl ThiopuHTa. Takol aJrOPUTM MOXKET,
HanpuMep, COCTOATh B cienyrouieMm. HyXHO aHanM3upoBaTh BCE IOJCIIOBA JAHHOIO CJIOBA,
3aKJIF0OYCHHBIE MEXIy BCeBO3MOKHBIMU Tapamu OykB m3 {C, I, JI}. DTu moacioBa JOIKHBI
UMETH CIEIYIOLYI0 CTPYKTYpY: CHadaja 3alicaHbl HECKOJIBKO OYKB (], 3aT€M &, HJIM HECKOJIBKO

OykB 1, 3aTeM CHOBa HECKOJIbKO OyKB (] M, HAKOHEIl, CHOBA 8y WM HECKOJIBKO EAMHUILI.

Takum oOpa3oM, kaxjgas MaimuHa TbhIOpUHTA BIIOJHE OIpPENENeTCsl HEKOTOPBIM
KOHEYHBIM CJIOBOM B KOHEYHOM CTaHAapTHOM aidasure. IlocKogbKy MHOMXECTBO BCEX
KOHEYHBIX CJIOB B KOHEYHOM ay()aBUTE CUETHO, TO MU BCEX MBICIUMBIX MamuH ThlopuHra
uMeeTcsl He 0oJiee YeM CUETHOE MHOYKECTBO.

Ilepenymepyem Temepp Bce MallMHBI [hIOpHMHIa, JUIsl Y€ro BCE CJIOBA CTaHAAPTHOIO
andaBuTa, MpeACTaBIsAOmMEe COOOM MporpaMMbl BCEBO3MOXKHBIX MalIMH ThHIOPHHTa,
pacroysio’)kuM B BHJE (UKCUPOBAHHON CUETHO-OECKOHEUHOW I0CIEeI0BaTEIbHOCTH, KOTOPYIO
COCTaBUM IO TaKOMY IpaBUJIy: CHayaja BBIIMCHIBAIOTCS B KaKOW-HUOYAb (DUKCHPOBAHHOU
TOCJIE/IOBATEIIBHOCTH BCE OJHOOYKBEHHBIC CIIOBA: (), ..., & , TPEICTABISIONINE TIPOrPAMMBI

MallluH TBIOpI/IHFa, 3aTE€EM  BBIIIUCBIBAKOTCS  BCE I[BYX6YKB€HHI>I€ CJIOBa: a§+l, veny aﬂ )
MpEaACTaBIAOIINEC ITPOTrpaMMbl MalllMH TI)IOpI/IHFa, 3aTCEM BBIITMCBIBAIOTCA TpCX6YKBeHHI>IC CJIOBa

u T.1. [lonyunTcs nocinenoBaTebHOCTh IPOTPAMM (g, Oy, Ly ..oy Ly ... BCEX MBICIUMBIX MAIIMH

Trropunra. Yucno x OyaeM Ha3blBaTb HoMepom Mawiunsl Telopunea, €ciy Mporpamma 3TON
MalllMHbI 3aIIUCBIBAETCS CIIOBOM (, .

CyiiecTBOBaHNE HEBBIYMCIUMBIX 110 THIOPUHTY (YHKLUH.

Teopema. Cywecmeyem pyukyus, He guluucaumas no Telopuney, m. e. He GblYUIUMAS HU
Ha 00Hou mawiune Tolopunea.
JHoka3zatenbcTBo. OYHKIMH, O KOTOPBIX UAET pedb, MPEACTABIAIOT cOO0N (DYHKIMU, 3a/1aHHbIE U

IPUHUMAIOIIME 3HAUYEHHsI B MHOKECTBE CJIOB B alipaBute A = {1} . SIcHO, YTO MHOXECTBO CJIOB B

andaBure Ai;={1} cuerHo. CnemoBaTeJbHO, PacCMAaTPUBAETCS MHOXKECTBO BCeX (YHKIIUH,
3a/laHHBIX Ha CYETHOM MHOJKECTBE M MPUHUMAIOIINX 3HAYEHHUS B CUETHOM K€ MHO)KecTBe. Kak
W3BECTHO, 3TO MHOXKECTBO HMMEET MOIIHOCTh KOHTHHyyma. C Apyrodl CTOPOHBI, MOCKOJIBKY
MHO>KECTBO BCEBO3MOJKHBIX MAalllMH THIOPUHTA, KaK Mbl YCTAHOBWJIM B MPEABIAYIIEM ITYHKTE,
NEPEHYMEPOBAB HX, CUETHO, TO M MHOXKECTBO (DYHKIWH, BEIYUCIUMBIX 110 THIOPUHTY, TaKKe
cuetHo. KoHTHMHYanmpHAsh MOIIHOCTh CTPOro Ooibine cueTHOW. ClemoBaTeNbHO, CYIIECTBYIOT
(GyHKINY, HEe BRIYUCIUMBIE 110 THIOPHUHTY.
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3. METOAJUYECKHUE YKA3AHMUA JJIsA TIPOBEJEHUS TIPAKTHYECKHUX

3AHATUI
OCHOBHBIE PABHOCUJIBHOCTH 5
JIJ11 OTIEPALTMI AJITEBPBI BBICKA3BIBAHUI

. A= A — 3aKx0H IBOWHOrO OTPHUIIAHMNS;

. AAB =B A A —xommyraTuBHBI 3aKOH KOHBIOHKIIUHY;

. Av B =B Vv A - xommyratuBHBI 3aK0H JU3BIOHKINH;

. AA(BAC)=(AAB)AC —acconunatunblii 3aKk0H KOHBIOHKIUH;

o~ WD

. Av(BvC)=(Av B)vC - acconuarusnblii 3aK0H IU3BIOHKIIHY;
AA(BvC)=(AAB)V(AAC) — naucrpubyruBHBIH 3aKOH
OTHOCHUTENBHO I3 BIOHKIIHY;

7. Av(BAC)=(AVvB)A(AvC) - naucrpubyruBHblii 3aKOH

OTHOCUTEIIbHO KOHBIOHKIIHH;
8.4 A (4 v B) = A — nepBblii 3aK0H noriiomneHus 1e Moprana;
9.4 Vv (AAB) = A— BTOpPOii 3aKOH TOTJIOIIEHHS JI¢ MopraHa;

o

10. AAB = A v B - nepssiit 3axon ne Moprana;

11. Av B = A A B — Bropoii 3akon e Moprana;
12. 4 v A = A — NIeMIIOTEHTHOCTD JU3BIOHKIINN;
13.4 N A = A — NIEMIIOTEHTHOCTh KOHBIOHKIINH;
14.4v A =1,

15.4 A A =0;

16.4 v 0 = 4;

174 N1 = 4;

18.4 —-B= A Vv B;

194 B=(4—B) A(B—A).

KOHBIOHKIIUH

JAU3BIOHKIINU

3AJJAYM T10 TEME «®OPMYJIbI AJITEEPbI BRICKA3BIBAHU»

1. Kakue u3 cnenyromux npeuioskeHu SBISIOTCS BbICKA3bIBAHUAMU:
a) bnaroBenieHck — 001acTHON LIEHTp AMYpPCKOi 0051acTH;
0) crynent AMI'Y;

6) /5 — 24/7 +11;

2) uucno 15 nenurcs Ha 3 1 Ha 5;

0) a>0;

arc) arcio 0,000001 moctaTouHO Mano;

3) B Mae Teruiasi moroja;

1) YUCJIO X — MPOCTOE.

2. Cpeny cneayrommXx BbICKa3bIBAHUN yKa3aTh UCTUHHBIE:

@) €CIU X1 U X2 — IEUCTBUTENIbHbIE KOPHU YPAaBHEHUS 4x2+236x-11=0, TO
X1+ X2 =509;

6) €CJIN B YCTBIPCXYT'OJIbHUKC INAaroOHaJId PaBHBI, TO 3TOT YCTHIPECXYTOJIbHUK — pOM6;

6) CYLLECTBYET ACHCTBUTEIBHOE YHCIIO X, TAKOE 4TO X +26x°+3=0.
2) ecnu a>b, o b<a;

0) sin X He GobIe 1;

€) HUKaKoi poMO HE MOXKET OBITh BIIMCAH B OKPYKHOCTb.

3. ChopmynupoBaTh OTPUIIAHUS CIAEAYIOIINX BHICKA3bIBAHUMN:

a) ctyneHT BanoB yuutcs B AMI'Y;

0) uucno 15 He nenuTcs Ha 5,
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6) 21< 4;

2)5>3;

0) BCE MPOCTHIC YUCIIAa HEUETHBI;

€) He CYIECTBYET YETHBIX MPOCTHIX YHUCET;
oc) pynkuus f HeueTHa;

3) CYIIECTBYIOT HPPALMOHAILHEE YHCIIA.

4. Ilyctb uepe3 A 0003HAUYEHO BBICKAa3blBaHHE : «ITOT YETHIPEXYTOJBHUK —
napajjiesiorpaMM», a 4epe3 B — BbICKa3blBaHUE: «OTOT YETHIPEXYTOJIBHUK — pPOMO».
Cdhopmynupyiite crieayronye BbICKa3bIBaHUS:

5. ITycth P — BBICKA3bIBAHUE «CETOMHSI ICHO», Q — «CeTOMHsI HIIET N0XKIb», R — «ceromus
UJET CHEer», S — «ceroans nacMypHo». Chopmynupyiite ciaenyromre BbICKa3bIBaHUS:

a) P>—=(QVR); 2 (S—>Q)v P
6) S <>—P; 9 S<>(QA—R);
) SA(RvQ); e) (S<>Q)A—R.

6. Jlokaxxute, 4To cienyromue GopMyJibl ABISIOTCS TaBTOIOTHSAMMU:

a)(AANB)—>C<<>A4—> B —> O

6)A ANB & —|(—|A V—|B);

6)(4 >B)A(C—>D)—>(AvC—>BvD).

7. CoctaBbTe TaONHIBI HCTUHHOCTH JUTS CIEAYIOIUX (OpPMYN M yKaKUTe, KaKhe U3 HHUX
SIBIISTIOTCSI  BBITIOJTHUMBIMH, KaKH€ — OINPOBEPKUMBIMH, KaKHe TaBTOJOTHSIMH W KaKHe —
IPOTHBOPEUHUSIMHU:

a) (p—>a)—>((p—>-a) —>-p);

6) (pA(@v—=P)A((=a— p)va);

6) PA(QA(=pVv—Q).

8. OmpenenuTe CTUHHOCTh BBICKA3bIBAaHUH:

a) —pAgQ<>pv(, ecrn A(p—>Qq)=0;

6) p—>(—=r—>-Q), ecru A(p—>(q—r))=1L

6 p——t, ecu A(Pp—>Qq)=LA(—Ss—>—-0)=LA(t >—=s) =1

2) p—>—sS, ecu A(p—>Qq)=1LA(—Ss—>—q)=0;

0) p—V,ectu A(pvq—orvs)=LA(Svr—v)=1,

9. JlanHble cCOCTaBHBIE BBICKA3bIBAaHUS pACUICHHTE Ha TPOCThIE U  3aMUIINTE
CUMBOJIMYECKH, BBE/ISI OYKBEHHBIC 0003HAUCHUS IS IPOCTHIX X COCTABIISIOIUX
a) eciii 162 nenutcs Ha 3 U JEIUTCS HA 2, TO OHO JISJUTCS Ha 6;
0) NpoOb paBHAETCS HYIIO TOTJ/Ia U TOJBKO TOT/Ia, KOTJa YUCIIUTEh PaBEeH HYJIIO;
8) €CJIH 5 TPOCTOE YUCII0, TO OHO HE JACTUTCS Ha APYTrye MPOCThIe YHCTIa;
eyecmu S<7,m7<9,105<09.

10. [Ipumensiss paBHOCWIBHBIE MpeoOpa3oBaHUs, MPUBEAUTE CIEAyIOIHe (HOPMYNBI K
BO3MOXKHO O0Jiee mpocToit popme:

i) A>(RVvP)VAS(RAQVA->(RVP)VA>(RAQ);
6) (P AQ)—> (P AR);
) (RA(PAQ));

84



2) (C>P)A(C>Q)A(C—>R).
11. Cnenyronue dopmyibl mpeoOpa3yiiTe paBHOCHIBHBIM 0O0Opa3oM Tak, 4TOOBI OHHU
COACPIKAIN TOJIBKO OII€paliui — 1 A

a) ((Av B)v A A (Av B) v A;
6) (AvB)vC;
6) (AvB)VvC;
2) (AvB)vC.

12. Crenyromue Qopmyiasl npeoOpa3yidTe paBHOCHIBHBIM 00pa3oM TakK, 4TOOBI OHH
COJIEpXaJIH TOJBKO OMEpaALUA — U V!

) (K/\ﬁ)—>6,

6) (AABAC) > (A A);
8) B/\K;

) (A>AA(B—>A).

13. Cnenyromue hopmynbl mpeodpazyiiTe paBHOCHIBHBIM 00pa30oM Tak, YTOOBI OTPUIIAHKE
OBLIO OTHECEHO TOJIBKO K MPONO3HIIMOHAIBHBIM IIEPEMEHHBIM H HE CTOSUIO OBI TIepe/i CKOOKaMHU:

a) (AAC)v (BAC);

6) AA C;

6) (AAB)AC;

2) (AAB)vC.

14. Haﬁzmze OTpHULIAHUE 53)1(;:[0171 U3 cienyrmux GopmMyi:
a) (AvB)AC)>(B—>C)VvA;

6) (A—>B)—>C;

¢) (Av BvC)—D;

2 (DvAVC—->D.

15. Crnenyromue QopMmynsl mnpeoOpa3yiiTe paBHOCHIBHBIM 00pa3oM TakK, YTOOBI OHH
COJICPIKATM TOJIBKO omepanuu —, A, V.

a) (A>B) v (C— A);
6) (A—>C) A (A—B);
6) (C—>A)v (C—>B);
) (A>C)> A A(C—>A) > A).

3AJJAYN 110 TEME «bYJIEBBI ®YHKIIUN»

1. TlpeacraButh GpopmyIoif aaredpsl Beicka3biBaHUH OyineBy ¢pynkuuto: 11110001
2. Tloctpouts PKC:

P /\( A (PvﬁQ)/\ﬁP vQa R)\/ﬁQ A (Q/\ﬁRvﬁP/\ﬁR)v QARA (P/\ﬁRvﬁP)

3. Ympocturs u noctpouts PKC:
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4. IlpoBeputb paBHOCHIBHOCTD JaHHBIX PKC:

X Z
X
Y
Y
& x %) N
Y Z
X Y

5. CocTaBUTh cXeMy IIENH C TPeMsl He3aBUCHUMbIMU KOHTAKTaMH, KOTOpasi 3aMKHYTa TOTAa U
TOJIBKO TOT/Ia, KOTJIa 3aMKHYTHI HE 00Jiee 4eM 2 KOHTaKTa

5. BBISICHUTB, SKBUBAJICHTHBI JTU (DOPMYJIBI

L(Xy,z2)=(x—> Oy —>2)>X-y) 1 f,(X,y,2)=yAz—>X.

6. Iloctpouth Gpopmymy, ABOMCTBEHHYIO JaHHON (YHKIIHH

(x+ V)@ (N (x> y-2).

7. TlpencraButh B CIH® dynkuuio: a) (X > y) D (x|yz); 6) (1100100010010011).

8. TMocrpouts momuHoM XKerankuna st pyHKmm X — (Y — 2).
9. CseneHmeM K 3aBEJOMO IIOJIHOW cucTeMe B Py 1OKa3aTh MOJTHOTY CHUCTEMBI (DYHKITHIA
Xy@®z,(x o y)®z}.
3AZTIAYN 10 TEME «KJIACCBI 3BAMKHYTOCTW»
1. BerisicHuTS, sBNsAETCA U QYHKIHS CaMOJIBOMCTBEHHOM:

a) Xy v yzvzx;0) (xv §/ v Z)tv xyz ; B) (1001101110111007).
2. BoisicHUTSB, sBigeTCS U QYHKIUS TUHEWHOM:
a) (xvyz)®xyz;6) (0110100101101001) .
3. BeIsicHUTD, IPUHAIIISKUT 71 QyHKIUS MHOXKeCTBY T1\Tp
a) X—>(y > (z—>x)); 6) (00011011).
4. BoIsICHUTB, sBIIAETCS U (YHKIIMSI MOHOTOHHOM:
a) (0010001101111111);0) (x@ y)A(X <> Y).
4. BBIACHUTD, MTOJTHA JIU cucTeMa (DYHKITHI:
a) (XY, XV y,x®y®z®1};6) &,x(y<—> 7)o (yv z),x@y@z};
B) {(11),(0111),(00110111)}.
5. BeisicHuTb, nosiHa s cucrema ynkuii (M \7,) U (S\L).
Hcnonp3ysl TEOPETUKO-MHOKECTBEHHBIE OIlEpalVM, BBIPA3UTh YEPE3 U3BECTHHIE 3aMKHYTHIE
KITaCChI 3aMbIKaHus MHOKecTBa A: a) A={P,\ (T, T, ULUS UM)};
0) A=M\(T,NL).
6. [TpoBepuTh AByMsI cioco0amu, OYyT JIU SKBUBAJICHTHBI CIAEAYIOIMHE (POPMYIIHI:
Xv(y®z) u (xvy)®(xvz).
a) COCTaBJICHUEM TaOIHI] ICTUHHOCTH:
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Xy | z y®z | XVY | Xvz | xv(y®z) | (xvy)®(xvz)
0] 0] O 0 0 0 0 0
0] 0] 1 1 0 1 1 1
0| 1] 0 1 1 0 1 1
0] 11 0 1 1 0 0
11010 0 1 1 1 0
1101 1 1 1 1 0
11110 1 1 1 1 0
1111 0 1 1 1 0

JlanHble GOpMYJIIbl HE SKBUBAJICHTHI.

0) npuBenenuem Gopmyi k CAH® nnn CKH® ¢ moMomipo SJKBUBaJICHTHBIX
npeoOpa3oBaHui:

XV(y e 2)=xv((y>2)AZ->))=xv{(Yv)A(Zvy)=xv({(YVvI)A(ZVY))=
=Xxv(yVv2)VEZVY)=XV((VYAD)V(ZAY)=XV(YAZ)V(ZAY) - JHD.

XVYAD)VEZAY)=(XANYVIIACZV))IVIXV)IAYAZD)V((XVX)AYAZ)=
S(XAYAZDVIXAYAZDVIXAYVADVXAYVAD)V(XAYAZ)V(XAYAZ)=
S(XAYAZD)VXAYADVIXAYVADV(XAYAZ)V(XAYAZ) -COAHD.

(xvy)@(xvz)=((xvy) <> (xv2))=(((xvy)v(xvz)A((xvz)Vv(XVvy))=
=((xvy)vxv2)v((xvz)v(xvy)=((xvy)a(xvz)v((xvz)A(xvy))=
S(XVYAXADVIXVOAXAY)=(RAX)VXAYDAZD)VIIRAX)V(XAZ))AY)=
=S(XAYAZ)V(XAYAzZ) -COAHD.

W3 monydeHHbIX (hOpMYI BUTHO YTO UCXOHBIE (POPMYIIBI HE YKBUBAJICHTHBI.

7. C moMo1Ib10 3KBUBAJIEHTHBIX IpeoOpa3oBanuii npuseaute popmyssl k JJHD, KHO,

CIH®, CKH®. IToctpouTts mosuuoM XKerainkuna: (X|y) @ (z>y).

XY@ Z->y)=(x[y) > (Z—>y)=xly) > (Z—>Yy)=

((X[Y) > (Z > y)A(EZ—>y) > (X]y)=
=((XINVEZ>MA(Z=>Y)vX]Y))=((xAY)v(Zvy)Al(zvy)v(XAay))=
=((XANVEVIAEANVEVI)=(EVvI)AEZV ) V) AKXV AKXVY))VY)=
=((yv@vDAlyv@vyalYvXvI)A(Yv(XvY))=
=(XvYVIOA(YVIIA(YVXVI)A(XVY) - KHOD.

XVvYVIOA(YVIVIXAXDA(YVIXVIIAKXVYV(ZAZ))=
S(XVYVIO)ANXVYVIIAXRVYVIIAXVYVIOARXVYVOAKXVYVZ)=
=(XVYVI)AKXVYVIIAKXVYVIIA(XVvYVZ)-CKHO.

X[z = Y)=(XAY)VEVY)AZAY) VXV )=
=(XAYVEVINAC AV (XAY)V(EV ) ARV )=
=((ZANAXAYIVE AN AEVY)VIEY I AXAY) VXV ) A(ZVY)=
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ZAXAYAYIVEAYADVEZATAYVXAYAX)IVXAYAYIVIXVI)AZ)V(XVY)AY)

=@ZAX)v(ZAY)v(yAX) - THO.

ZAXIV(EZAY)VYAX)=(ZAX)VIV(ZAY)VIV(YAX)VI=
SXAYADVXAVYADVXAYVAZ)VXAYAZ)VXAYAZ)IVXAYAZ)=
S(XAYADVXAVADV(XAYAZ)V(XAYAZ) - CIHO.

fX,y,2)= ZAX)VEZAY)V(YAX)=(ZAX)AZAY)IA(YAX)=
=(z(xe)e(z(ye)(y(x2) D) DPl=(xz @ zDY(YzD 2D (Xxy DYy D) D1=

S CVASY A AR /A AC VAR ACYAC I CACMCINC R CVACKAC KN CVACRACIN SN
=SXYZOXYZDOXYZDPXYZDYZDZzDXyDYyDP1P1l=yzDPzD Xy DYy - Ilonmnuom XKerankuna.

8. Haiitu cokparieHHyro, Bce TYNnuKoBbie 1 MuHUMaIbHbIe JJHD Oynesoit dpyukimu f(X, Y, 2) =
f(0,0,1)=f(0,1,1)=f(1,0,0)=f(1,0,1)=1 aByms criocobamu:
a) metogom KBaiiHa:
FXY,2)=(XAVADV(XAYADV(XAYAZ)V(XAYAZ) =1
XZ(YvY)vyz(XvX)vXy(Zvz)=Xzv yzvXy - cokpamennas JJHD.
Marpuna Ksaitna:

Xyz Xyz Xyz Xyz
yz * *
Xy *
)_(Z * *

BeimuceiBaem tynukossie [JHO:
XZv Xy; VZv Xy Vv XZ.
Br16upaem 13 TYNHUKOBBIX MUHUMAIbHYIO: XZ V XY .

6) c momombto kapT Kapho:

1
1 1 1
XYZ;XyZ = XY ; XYZ; XyZ = XZ; XYZ; XyZ = Yz ;
BeinucsiBaem tynukossie JJHO:
XZ Vv XY ; YZv Xy Vv XZ.

Bri6upaem u3 TynukoBbix MUHUMaNbHYIO JIH®: XZ v Xy (MMIUIMKaHTHI, KOTOPbIE
MOKPBIBAIOT BCE CAMHUIIBI U MIMEIOT HAMMEHbIIICE YHCIIO BXOXKICHUHN MTEPEMECHHBIX ).

Kakum knaccam [locTta nmpuHauiexkut 31a QyHKINsA?

Po(0, 0, 0) =0; fePo. Knacc bynesvix ¢hynxyuil coxpansrowux Hyno.

P:1(1,1,1)=0; fgP1. Knacc 6ynesvix ¢hynxyuil coxpansrowux eOuHuybi.

f(0,0,1)>1(1, 1,1); feM. Knacc monomonmwvix ¢hyHkyuii.

f(0,1,1) = f(1,0,0); feS. Kracc camodsoiicmeentvix pynryuii.

f=XzvXy=Xzvxy=Xz2Axy=(x@)z@Y(X(yP) @) D1l=(xz D zBY(xy ®x D1 =
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EXYZLDOXZDXZDXYZDOXZDZDXYyDXDPLDLI=X2D Xy D Z@® X - NOJIUHOM

Kerankuna.

Xz

2

XZDXYyDzZDX

RR PO Ooolo| X

RO |OkR kR IooIx

=1 =1 =1l =1

o|lo|r|FR|IFIOoFR|lol L
Ol |k |FR|lOo|r|lo

-

0
Oyukius muHeinas: fe L. Kiace nunetinvix ¢ynkyuil.

9. C nomomsio kapt KapHo HaiiiuTe COKpAIICHHYIO, BCE TYIUKOBBIE W MHHUMAJIbHbIC

JTH®, KH® 6ynesoii dpyukiwu f(X1, X2, X3, X4), 3a1aHHBIC BEKTOPOM cBouX 3HaueHuit: (0111
1101 0010 1010).

x1/0/0]0]0|0|O|JO]|O]2|1T]2]2|1]1]1]|1
X2/0/0]0]0|1]|21]1]1]|]0|J0]0O]OJ1]1]1]1
Xx3/0/0(1]1/0|0|1}]1]0|0]21]2|0]0]1]|1
X/0/1]0]1/0|2|0}1]0|1]0]2|0]1]0]|1
f|]0/1)1|1|1]1|/0|1]0]|0]1|0]|1]|0]1]0
Kapta Kapno:
1|1
1] 1
1] 1
1 1|1
0-xky0 — HET UMIUIMKAHT.
1-ky0: 1) X,X;X,; 2) XXXy ; 3) XiXoXs; 4) XXX, ; 5) XXX, ; 6) X, X, X3
2-xKy0: XX, .
KXo XaXy | X XoXoXy | KXo XaXy | X XoXaXy | X XoXaX, | XiXoXaX, | X XoXaX, | X Xo XX, | X XXX,
X, XX, * *
XXX, * *
X, XXy * *
XXXy * *
X, XX, * *
X1 Xo X% " "
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* * * *

BeimucsiBaem tynukossie JJHO:

XXy VXXX, VXXX, VX XX, - MEHUManbHas JIHD
XXy VXXX, VXXX VXXX, VX XX,

XXy VXXX, VXXX VXXX, VXXX,

XXy V XXX, VX XXy VXXX, - MuauManbHas JTH®
XX, VXXX VXXX VXXX, VX XX,

XXy VXXX VXXX VXXX, VXXX, VX XX,

XXy VXXX VXXX VXXX, VXX K, VX XX,

XXy VXXX VKKK VXXX VXXX,

XX, VXXX VX KX VX KX, VXXX,

XXy VXXX VXX K, VK XX, VX XX,

XX, VXXX, VXXX, VX XX, VX XX,

XX, VXXX VXXX, VX XX, - MuauMaibHag JIHO

10. SABnsercs nu nonHo# cucrema GyHkiuit? O6pa3zyer Jiu oHa Oazuc?
3=l y.xo v}
B, Y) =x¥ y=xvy=Xnay;
f,(xy) =X §=X=2>VAT=>X)=(xv)A(yVv);
[TpoBepsieM nmpuHaLIekKaT JU PYHKIHH K KIIACCY COXPAHSIONIUX HYIIb:
LLD=0  f(xy)eR,
L00=1 fxy)eR
[TpoBepsieM nmpuHaIeKAT U QPYHKIINH K KJIACCY COXPAHSIOIINX SAHHUILY:
fl(]-’l) =0 fz(X1 y) & R
fLAD=1  f,(xy)eR
ITpoBepsieM npuHaaIekaT 1 YHKIUH K KJIACCY CAMOJIBOMCTBEHHBIX:
f,(1,0) = f,(0,0) f,(0,0) = f,(L1) feS
f,(1,0) = f,(0,0) f,(0,0) = f,(L1) f,e$
ITpoBepsieM npuHaaIeKaT U PYHKIHH K KJIACCY MOHOTOHHBIX:
f,(0,0)< f,(01) fieM
f,(0,0) > £,(0,1) =>f, M
[IpoBepsieM ABIAIOTCS I AaHHBIE QYHKINUU JIMHEHHBIMHU:
i y)=(x@YAy=xy®y
L Y) =XV A(Y V) =XAY)ATAX)=(xy Dy DD (xy ©XxD1) =
XY DXy PXYPYDPXYyDYyDXxydXDPl=xy®xD1

X[Y| XAY | XAY®DY | XvY)A(YVX) | xy ®xD1
0]0 0 0 1 1
0]1 1 1 0 1
1/0 0 0 0 0
11 0 0 1 1
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Knaccer
Po | P2 S M L
xyy | Ha |Her | Her| Jla | [la
X<>Y | Her | JIa | Her | Her | Her

Cucrema (yHknuii I 00pa3yeT MOJHYIO CHUCTEMY, TaK KakK JUIsl KaKJIOTO M3 KJIacCOB
[Tocta B cucteme ecTh (yHKIIMM HE TpHHAAIEKAIas 3ToMy kiaccy. Cucrema QyHKIUA I
SIBIISIETCSl 0a3UCOM, TaK KaK OHA MOJIHA ¥ MPH YJAICHUU OJHOUN U3 (QYHKIMI cHCTEMa CTAaHOBUTCS
HENOJIHOM.

VCUYNUCJIEHUE BEICKA3BIBAHUN
Bcesikoe ucumcnenue BkiouyaeT B ce0si ONMCAHHME CHMBOJIOB 3TOro HMcuucieHus (andaBuTta),
dbopMyI U orpeiesieHue BEIBOIUMBIX (hopMyi.
AndaBuT UCUNCIIEHUS BBICKA3bIBAHUN COCTOUT U3 CUMBOJIOB TPEX KaTETOPHIA:
1. CumBounbl nepBoi Kateropuu: X, Y, Z,... OTH CUMBOJIbI OyZIeM Ha3bIBATh MEPEMEHHBIMU
BBICKa3bIBAaHUSIMH.
2. CuMBOJIBI BTOPOH KaTE€ropuu: A,v,—»,—. OHH Ha3bIBAIOTCS JIOTHYECKUMHU CBSI3KaAMH.

3. Tperbs kareropusi CAMBOJIOB COCTABIISICT ITaPy CUMBOJIOB ( ), HA3bIBAEMbIC CKOOKAMH.
Omnpenenenne GOpPMYITBI UCUNUCICHHS BBICKa3bIBAHUS
1. Bcskas nepeMeHHas X, Y, Z,...ABaseTcs GOpMyIIoi.
2. Ecom A u B — ¢opmynsl, 1o cioBa (AAB), (AvB), (A—>B),—4 - Takxke

(dopMyIIBL.
3. Hukakas apyras CTpO4Ka CHMBOJIOB He SIBJISIETCSI (DOPMYIIOH.
AKCHUOMbBI UCUUCJIEHM A BBICKA3BIBAHUA

i x> (y—>x)

L (x=>(y—=>2)>((x—>y)—>(x—>12)
1 xAy—x

I xAy—>y

3 zox)>(z—>Yy)—>@Z—>xAY)
My x >xvy

My y 5> xvy

M3 (x>2)>(y—>2)—>(xXvy—>2)
Vi (x > y) > (y > X)

IV2 X — x
Vs x - x
|— A
HpaBI/IJ'IO IIOACTAaHOBKHA 2 .
- [(4)
-B|-B—>C

[TpaBuiio 3akir0YeHU
-C

Omnpenenenue nokazyemMoil popmyisl

Bcesikast akcmoma siBisieTcst JokazyeMoi (hopMyIIoi.

2. ®opmyna, TMoJyueHHas U3 J0KazyeMoil (opMynabl TyTeM pPUMEHEHHs
MOJCTAHOBKM BMECTO TIEPEMEHHON X TIPOM3BOJIBHOW ¢opMynsl B ecTh
nokazyemast popmyna.

3. ®opmyna B, mnomyueHHas u3 JokazyeMblx (opmyn A u A—>B nyrem
MPUMEHEHHUS MTpaBUJia 3aKJIIOUEHUs, €CTh JJokazyemas popmyia.

=
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4. Hukakas ppyras ¢opMmylna HMCYHCICHHMS BBICKA3bIBAaHMSA HE CUUTAETCS

JIOKa3yeMOH.
IIpou3BoaHbIE MpaBUIIa BEIBOJA

-4

|B - - IIpaBHIIO OI[HOBpCMCHHOfI IOJACTaAaHOBKMU,
- [

Xyeny
= A Ay A= A = (A > (A > (A, > 1))

| L - IMpaBUJIO CJIIOXHOI'O
3aKJIFOYCHU A,
4> B|-B>C
- [IpaBUJIO CUJIJIOTU3Ma,
-4—>C

l-4— B
———— - [IPaBUJIO KOHTPIO3UIINHU;
‘— B—> 4

‘—A—)TE ‘—j—>B

y - HpaBI/IJIO CHATUA HBOﬁHOFO OTpI/IHaHI/Iﬂ.
l-4—>B |-4—>B

3AJIAYUN 110 TEME «MCUHUCJIEHUE BBICKA3BIBAHU»
1.J]loka3ark: |-(4—> B)AB— B, [-AAB—> AABVC,

(4 B) > ((C > B) > (v C > B)), ‘4wﬂ»cwm
[-(AAB—>(C—>BAC)) >(A~rB—>C)—>(AAB—>BAC)), |mAvA—> A, |-4—> A~ A
. A— 4, | xvy—oxay, |-A—>ArA, |-AAB->BAA, |-AvB-—>Bv4,

yAvBerAJ4AeBy+M—»@¢j—LLFZVEaAAB¢++»mAEaZ.
2. I[OKEB&TL IIpaBuJjia BBIBOAUMOCTH
Hl-4 _ HCl-4H|-C_ HC-4W|-C H|-C—4

CHW|-A H|- A ' HW|-A  HC]-A
5T H,Cl-4
. Teopema nenykmum ————
P Y -C—>A
6. 0606 {Cor G4
. O6o0mIeHHas TeopeMa AeTyKIIUU
P e 5 (€, > (C > A
H|- 4,H|-B
7. IlpaBuio BBeI€HUSI KOHBIOHKIIUH ——————
H|-AAB
.- H,4-CH,B-C
. ABUJIO BBCACHUA TU3BIOHKIINU
P AEHA ! H,Av B-C
[-4—(B—>C)
9. IlpaBuio nepecTaHOBKHU MOCHUIOK
[-B—(A—>C)
[-4—(B—C)
10. ITpaBuio coenuHEHUS MOCHIIOK
|— AAB—>C
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[-AAB—>C
[-A—>(B—>C)

11. I[IpaBuno pa3beAUHEHHS TOCBUIOK

H|-AH|-B

“H-AnB

H,4-CH,B-C
H,Av B-C

12. ITpaBuio BBeACHUS! KOHBIOHKIIUU

13. IIpaBuio BBeACHUS AUIBIOHKIIUU

JIOI'UKA ITPEJJUKATOB
OcHOBHBIE PABHOCUJIBHOCTH, COAEP KAILNE KBAHTOPBI

1)—(3Ix)P(x)) = (Vx —=P(x));

2) ~(Vx)P(x))= (3x—P(x));

3) (Vx)P(x) A Q(x)) = (WxYP(x)) A (¥xXQ(x));
4) (AN P(x)v Q(x))= (3xXP(x))v (Fx)Q(x));
5)H A (3x)P(x))= (3x)H A P(x));

6) H A (Vx)P(x))= (Wx)H A P(x));

7YH v (3x)P(x))= (3x)H v P(x));

8)H v (Vx)P(x))= (Wx)H v P(x));

9)H — (Ix)YP(x))= (3x)H — P(x));

10) H — (Vx)P(x))= (vx)H — P(x));

11) (3N P(x)) > H = (vx)P(x) > H);

12) (Wx)P(x)) > H = (3x)P(x) > H).

4. METOAWYECKHUE YKA3AHUSA 11O CAMOCTOSITEJIBHOM PABOTE
CTYAEHTOB 5
NHAMBUAY AJIBHOE 3AJTAHUME I10 AJI'EBPE BEICKA3BIBAHUU
Bapuanr 1

Y1pocTuTh: (A — B)/\ (Av BA C)/\ (A — C)vﬁC :
VCTaHOBUTE THIT (POPMYJIBL: (A AB—> C) — (A - (B - C)) .
Haiitu CKH®: "A—>BAC.
Yupoctuts PKC 1 noctpouts ee:
Q R
& P—7Q—R %)
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HcTHHHOCTB ABYX BBICKa3bIBaHMIA: «A 1 B 100 BMecTe momnuim B oTIyck, aubo oba ot
HEro OTKa3aJIUCh» U «eClii A He MoIIeN B OTIYCK, TO B moiemn» o3HauaeT, 4To a OTIycKe
HAXOJATCS:
1)A; 2) B; 3) A, B; 4) HUKTO HE TIOIIEI B
OTITYCK.
3anava: et ueMnuoHaT MIKOJIbI 10 TUMHACTHKE: OOJIENBIIUKNA TOPAY0 OOCYKAAIOT X0/
OOpBOBI M BBICKA3BIBAIOT MPEATIOTIOKCHHS:
Cepexa: «IlepBoii Oymer Harama, a Maiist - BTopoii»
Boga: «Her, Jluga 3aiimer Il mecto, a Puta Oynet uerBepToii»
Tons: «Bropoii 6yner Harama, a Puta - Tpetbeii»
Korga copeBHOBaHMSI 3aKOHUMIIMCH, OKA3aJIOCh, YTO KaXKJbIH M3 MaJbYUKOB OIIMOCS
TOJBKO OJIMH pa3. Kakue Mecrta 3ansuin Hatama, Maiisi, JIuna u Puta?
WNnu AnHa 1 AHTOH oAHOrO Bo3pacTa, wiu AHHa crapiie AHToHa. Eciin AHHa U1 AHTOH
OJIHOTO Bo3pacta, To Hatama u AHTOH He ogHoro Bo3pacta. Eciin AHHa crapiie AHTOHa,
To AHTOH crapmie Hukonas. Crnenyer nam orcroga, yrto Hartama m AHTOH HE OJIHOTO
BO3pacTa win AHTOH crapiie Hukomnas?

Bapuanr 2

YIpocTHTh: (A—) B)—)ﬁB.

VCTaHOBHUTH THIT HOPMYIIBL: (A — (B — C)) - (A AB—> C).
Haiitu CKH®: ﬁ(Av B—fB/CC).

CrpykrypHast popMyIia [ist IEPEKITI0YATENeN CXEMbI

A B
G —A—B—(J
HNMECT BU:
1)A+B: 2)AB: B AL A 4) A-B: 5) (A+B)AA.

HcTuHHOCTD ABYX BBICKa3bIBaHM: «eciu A u B nouuiu B kade, To C He momen» u «A u
B BMmecte nouuu B kade, ecnu B kade nomen Cy» 03Ha4yaeT, yTo B Kade He MoLIe:
1) C; 2) A; 3)B; 4)A u C; 5)A,B,C.
3anaua: Yetelpe yueHuubl — AHuta, brururra, Kpucrta m Jlana — 3aKOHUMIM MEXIY
coboii copeBHOBaHUs1. Ha Bompoc, KTO Kakoe MECTO 3aHsUI, OTBETHIIH:
«AHuta nobdeauna, bpururra 3ansna I mecto»
«Anwnra 3ansa Il mecro, a Kpucra - [I»
«Jlana 3ansna |l mecro, a Kpucra - IV»
Kak BeIsIcCHUIIOCH 1TO3/1HEE, B Ka)KJIOM U3 BBICKA3bIBAHUN OJIHO YTBEPKJIEHUE MPAaBUIBLHOE,
a ipyroe joxHoe. Kakoe MecTo 3aHsna Kaxaas u3 JeBoueKk?
Ecnmu s moiiny 3aBTpa Ha I-e 3aHsTHE, TO MOJDKEH Oyay paHO BCTaTh, a €CIH s MONTY
BEUYEPOM Ha TaHIIbI, TO JIATY CNaTh 034HO. Eciu s J1Ary craTe MO34HO U BCTaHYy paHo, TO
Oyay BBIHYXKIEH JOBOJIbCTBOBATHCS MATHIO 4YacaMH CHa. Sl MpPOCTO HE B COCTOSIHUM
IATBIO yacamu cHa. CliefyeT JIM OTCIOfa, YTO s JIOJKEH IPONyCTUTh 3aBTpa | 3aHsTHE,
WIM HE XOJUTh BEUEpPOM Ha TaHIIbI?

Bapmuanrt 3

YHpoCTHTS: ﬁ(A—) B)vﬁ(C - B)v B.
VCTaHOBHUTH THIT HOPMYIIBL: (A - B) - (A vC—>Bv C).

Haiitn CKH®: (A—f (Bv C)).
CrpykTypHas ¢opMyria s epekiiouaTeeii CXeMbl

A
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UMEET BUJL:
)AAB; 2)AAB; 3 ArB; 4 A+B; 5 (A>B)
JloxxHoCTh NBYX BbIcKa3biBaHUil: «B 1 C 01HOBpEMEHHO NOLUIM B OTHYCK» U «C B
OTITYCK HE MOUIeN» 03HAYaeT, YTO B OTITYCK MOILLUIH:

1)B, C; 2) B; 3)C.

3agava: Yerblpe KoMmaHIbl — «Aprek», «Bweimmen», «Cokom» u «Meteop» - B
CIIOPTHUBHBIX COPEBHOBAHMSAX 3aHSUIM YETHIPE MEPBBIX MECTa, IPUYEM HU OJHO HE OBLIO
pa3neneHo Mexay komannamu. O 3aHATHIX KOMaHIaMH MECTax IOJyYeHbl TpHU
BBICKA3bIBAHUS:

«Btopoe mecto 3ans1 «Cokomny, a «Meteop» - I1»

«[Tobenurenem Boimen «Cokomy, «BeiMIem ObUT BTOPBIMY

«Btopoe mecTo 3aHa1 «ApTeK», a MeTeop ObLI MOCIeTHUM»

Kak pacnpenenuinch MecTta, €ciM B KaXKJIOM W3 BbICKa3bIBaHUI OJHO YTBEpXKIECHUE
BEPHO, a JIPYroe J0XKHO?

Ecnu AHTOH JIsDKET ceroHs 03{HO, TO YTPOM OH OyzaeTr B HepaboueMm cocTosHuu. Ecim
OH JISDKET MO3JHO, TO eMy OyJe Ka3aTbCs, UTO OH MHOTO BPEMEHH TepsAeT Oecroje3HO.
CnenoBarenbHO, Ui AHTOH OyneT 3aBTpa B HepabOueM COCTOSHUU, WU eMy Oyaer
Ka3aThCsl, YTO OH MHOTO BpeMeHu TepsieT HampacHo. CrpaBeqiMBO JIM TaKoe
3aKiroueHue?

Bapuant 4
VIpocTuTh: (A © B) A (A\/ B).
VCTaHOBHUTH THI (OPMYIIBL: (A - B) - (A —>Bv C).

Haiitu CKH®: A—> "B AC.
CrpykTypHas popMya sl IepeKTrouaTeneii cCXxembl

2N o

UMEET BUJL:
1)AvB; 2) AAB; 3) "B; 4) "A+B; 5) "BA(B—A)
HcTuHHOCTD ABYX BBICKA3bIBaHUI: «HEBEPHO, UTO €CIM COTpYAHUKH A u C noiayT B
OTIIYCK, TO COTPYIHMK B TOXe» 1 «eciu COTpyIHUK A He MOWJET B OTIYCK, TO C MoNuaeT u
B He noiiieT» 03Ha4aeT yxox B OTIIYCK COTPYIHUKOB:
1) A, B, C; 2) B; 3) A, B; 4) B, G; S5)A,C.
3amava: Ilepen Havanom 3alera 3puTenu O0OCYXJadM CKaKOBBbIE BO3MOXKHOCTH TpPEX
JTYUITUX JIOMIAAEeH ¢ KInukamu «AOpek», «Betep», «CTpernok».
- [ToGeaut mim «Abpex» ninn «CTpernoky, - cka3all OJIuH.
- Eciiu «Abpek» Oyzaer BTopbIM, TO modeny npuHeceT «Betepy, - ckazain
BTOPOH.
- Bropsim npuniet unu «Betep» ninn «AOpek», - ckazan TpeTHi.
- A s BaM CKaxy, - BMeIIajcs YeTBEPTHIi, - 4TO eciiu «AOpeK» mpuaer
TpeTbuM, TO «CTPENIOK» HE MOOEUT.
ITocne 3abera BBIICHHIOCH, UTO TPH JIomaan - «AOpek», «Berep» u
«Ctpenok» 3aHsIM 3 MepBbIX MECTA, U YTO BCE YEThIPE MpeCKa3aHus ObLIH
npaBuiIbHBIME. Kak 3akoHumics 3aber?
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7. Ecmm nex Il He Oyner y4acTBoBaTh B BBIITYCKE HOBOTO 0o0Opasiia MpOAYKIHUU, TO HE Oyaer
yuactBoBaTh U 1ex |. Eciu ke nex |l Oyner yqacTBoBaTh B BBIIIYCKE HOBOTO 00pasiia, TO B

3TOW paboTe HEMPEMEHHO MOJKHBI ObITh 3ajeiicTBoBanbl 1exa | u I1l. HeoOxomumo nm
yuactue mnexa I, ecou B BeImycke HOBoro o0Opasia Oyner ygactBoBaTh 1ex |?
Bapuanr 5

YIpocTuts: ((A — B) A (B—)ﬁA)).
VY CTaHOBUTH THIT GOPMYIIBI: (ﬁA Vv B)—) ((A Vv B) — A).

Haiitu CKH®: "AA BV AAC.
CrpykrypHas Gopmyna 1l IepeKIroyaTesieil CXeMbl

/@—|: “B } B A
UMEeT BUJI:
DA+B; 2B 3)A:; 4 AAB; 5 ("A+B)

5. VcTUHHOCTH IBYX BBICKA3bIBAaHUU: «eCIH A TolIeN B KHHO, TO B Toxke» u «ecnu A He
noien B KuHo wiu B nomien, To B He nomien B kuHo, a C - nowen» 03HavyaeT, 4YTo B KUHO
ObLIH:

1) A, B, C; 2) A, B; 3) B; 4) C; S)A,C.

6. 3amaua: Ha Bompoc o niene koHdeT mpogaBel] OTBETHIIA:

1. «C nukepom» - 15 py0., «puc» - 17 p.

2. «Paukuy - 19 py0., «C nukepom» - 17 py0.

3. «Tearpanbubie» - 17 py0., «Pauku» - 18 pyo0.

Kaxplif pa3 oHa npaBHJIbHO Ha3bIBaja LEHY JIMIIb OJHOTO COpTa KOHQET.

CKOJIBKO CTOSIT KOH(ETHI?
Ecnu Cepreii BRIMTpaeT TEHHUCHBIM TypHUP, TO OH OYyJIeT JOBOJIEH, a €CJIM OH OyZeT 10BOJIEH, TO
OH IIJIOXOM Oopell B mocieaymux Typaupax. Ho eciiv oH npourpaer 3ToT TypHUP, TO NOTEPSIET
HOJJIEP)KKY CBOUX OousenblukoB. OH MII0X0# Oopell B MOCIeaYIOUMX TypHUpax, €ClId NoTepseT
HNOJJIEPKKY CBOMX OosenbiikoB. Eciny oH miioxoi Ooper B MOCHENYIOIIMX TYpPHUPAX, TO EMY
clefyeT MpeKpaTUTh 3aHATHS TeHHHCOM. Ceprei WM BBIUTPAET 3TOT TYPHUP WIM HPOUTPAET

ero. CrnenoBaTelnbHO, €My HYXHO TpPEKpaTUTh 3aHATUS TeHHHUCOM. CIpaBeIMBO U 3TO
pacCykJI€HUE C TOUYKHU 3PEHUS JOTUKH?

NHANBUAY AJIbHOE 3ATIAHUE 110 JIOI'MKE ITPEAUKATOB

1 Bapuant

1. lokaxkute, yTo naHHasi popmyJa sIBIsIETCS TaBTOJIOTHEN anredphl MPeIUKaToB:

[Ex)XP(x))— Q] (Vx)P(x)— Q).
2. BpienuB ycloBHE W 3aKJIIOYEHHE TEOpPEeMbl, CHOPMYIHUPYHTE €€ MOCPEICTBOM CBSA3KU
«eCJH ..., TO ...»: 4T0OBI PyHKIMS ObUIa AUdPepeHIpyeMol B TOUKe, HEOOXOIMMO, YTOOBI
OHa ObljIa HETIPEPHIBHOM B 3TOM TOUKE.
3. B 1naHHOM BBICKA3bIBAaHUM BMECTO MHOTOTOYHMS BCTaBbTE OJHO U3 BBIPAKEHUMN:
«HEeO00XOAMMO M JOCTaTOYHO», «HEOOXOJUMO, HO HEIOCTAaTOYHO», «JIOCTaTOYHO, HO HE
HEOOXO/MMO», «HEJOCTaTOYHO M HE HEOOXOJUMO», 4YTOOBI MOJYYHUIIOCh HCTUHHOE
BBICKA3bIBAaHHUE: @ — YETHOE LI€JI0€ YHCJIIO ... JJIS TOT0, YTOOBI 3@ OBIJIO YETHBIM YHCIIOM.

o b P

5. KOHTPOJIb 3HAHUI

CAMOCTOAATEJIBHAS PABOTA 110 TEME
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«AJITEBEPA BBICKA3BIBAHUI»

Bapuanr 1

1. VYopoctuTs: (A—) B)/\(AVB/\C)/\(A—)C)/WC

2. YcraHoBUTH TUII (POPMYJIBL: (A/\ B— C)
"A—>BAC

3. Haiitu CKH®:

Bapuant 2

1. Vupoctuts: (A—) B)—)ﬁB

2. YCcTaHOBUTH THIT (DOPMYIIBIL: (A - (B - C)) -

3. Haittn CKH®: ~ ((Av B)>"BAC)

—-(A>(B—C))

(AAB—C)

KOHTPOJIBHA PABOTA I10 TEME
«POPMVIJIbI AJI'EBPBI BBICKA3BIBAHU A »

Bapuant 1
L (XeY)AZ X
2. YOpoCTUTh:
1) (X eoY)aX
2)
T(XAYVZ)T(XAZ)
3. [IpuBectu x C/ITH®:
("X vz)aYv2)
2) XAY VY AZ

BapuanT 2
1.

(A>"B)A(AABNAAB
2. YIpocTuTs:
1) " XAY>TYAX
2) XvY 5> ("X > 2)
3. [IpuBectu xk CIH®:
)("XvZ)aYv2)
2) XAY VY AZ

Bapuant 3

1. "' AvBo AATC

2. YIpoCTHUTB:
)" (X >Y)v("X>7Y)
2) (X <>Y)v X

3. IIpusectu k CAH®D:
1) XvY AZ

(XA vZ)A("X vZ)

KOHTPOJIBHAA PABOTA I10 TEME «bYJIEBbI ®YHKILINN»

Bapuanr 1

1. BblIsicHUTH, 3KBUBAJIEHTHBI JIU (POPMYJIIbI
L(Xy,2)=(x—> V®(y—>2)>Xx-y)u f,(X,y,2)=yAzZ—>X.
2. Tloctpouts popmyny, ABOHCTBEHHYIO JaHHON (YHKIUU

(x4 Y@ (N (x> y-2)).
3. TlpencraButs B CIH® dynkuuio: a) (X > y) D (x|yz); 6) (1100100010010011).

4. Tloctpouts nonuHoM XKerankuna aisg GyHKIuu X — (Y — z).

5. CaeneHueM K 3aBeJOMO MOJIHOW cucrteMe B P, mokazarh MONHOTY cUCTeMBbl (QyHKUIUN

Xy@®z,(x o y)®z}.

Bapuanr 2

1. BbIsICHUTH, SKBUBAJICHTHBI JU ()OPMYIIBI

LY, ) =(xvy) L (x> (y>2) n f(xy,2)=
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2. Tloctpouts popmyny, ABOHCTBEHHYIO JaHHON (PYHKLIUU
(xvyv(yzod)iz.
3. IlpenacraButs B CKH® dynkmuio: a) (X > y) @D (x|yz); 0) (1100100010010011).

4. Tloctpouts nonuHoM JKerankuna ais pyakiuu (10001110) .
5. CseneHueM K 3aBEJOMO IIOJIHOM cucteme B Py mokas3aTh MOJHOTY CHCTEMBI (DYHKITHIA
{x—> y,x@y@z}.
KOHTPOJIBHASI PABOTA T10 TEME
«KJIACCBI 3BAMKHYTOCTW»

1. BblIsicHUTB, MONTHA U cucTeMa (yHKITHI:
a) {Xy, XV y,x®y®z®1};6) &,x(y<—> 7) > (yv z),x@y@z};
B) {(12),(0111),(00110111)}.
2. BoisicHuts, nonHa i cucrema yukuuit (M \T,) U (S\L).

Ucnosb3ysi TEOPETHKO-MHOKECTBEHHBIC ONEPALliH, BBIPA3UTh Yepe3 M3BECTHHIC 3aMKHYThIC
KITaCChl 3aMbIKaHus MHOXKecTBa A: a) A={P,\ (T, T, ULUS UM)};

6) A=M\(T, NL).

KOHTPOJIbBHA A PABOTA 110 TEME «JIOI'MKA TTPEJJUKATOB»

B3amava 1. [lansl mpemukatel P(x): «x — uerHoe umcino» u Q(x): «x — kpaTHO S»,

onpezaeneHusie Ha MHOXKecTBe N. Haliute 061acT HICTUHHOCTH MTPEINKATOB:
1) P(x) A Q(x); 2) P(x) v Q(X); 3) —P(x); 4) Plx) — Q(X).

3anaua 2. U306pa3ute Ha kpyrax Ditepa — BenHHna 061acTb HCTHHHOCTH JJIsl TIpeAUKaTa
—|A(x) Vv —|B(x)

3anava 3. BBens moaxojsmiye NpeauKaThl Ha COOTBETCTBYIOIIMX OOJIACTSAX, IEPEBEIUTE
CJIEYIOIIME BHICKA3bIBAHUS HA SA3BIK AITreOphl MPEIUKATOB:

@) HEKOTOPBIC YUCIIA HE SABIISIOTCS JIEHCTBUTEILHBIMU;

0) BCAKOE HATypallbHOE YUCIIO, Aensiieecs Ha 12, nenurcs Ha 2, 4 u 6;

) CYILIECTBYIOT IO MEHBIIIEH Mepe 2 pa3IMYHbIX YUCia, Takue u4To P(x).

3anaua 4. Jlokaxxute, uto Gopmyna

AXVYP(X, y) = VYy3IXP(X, Y)
TOX/I€CTBEHHO-UCTUHHASI.
BAPUAHTHI 3AUETHO! PABOTBI
Bapuanr 1

1. Haittu CITH® (X® y) A (2>t A P);
2. BBISICHUTB TIOJTHOTY CHCTEMBI (D yHKITHI {xy Vv )_(9, X® 1};
-A4— B,‘— A—>B
5
4. H={4—>B}-AAC—>BAC;

5.3anucarh Ha SA3BIKE JIOTHUKH MMpEaANKaToB OMpCACIICHUC npeacia YHCI0BOM

.

MMOCJICIOBATEILHOCTH.
6. Mamuna Teropunra onpenenseTcs: yHKIMOHATBHON CXeMOM
Ju 02 Js Q4
o Qe aol/ Q3 aol/ Q3 ao// QL ao//
1 02 ao/l Q2 1J1 04 a0/l Oa 111
* Qo Qo qs *JI Qs *17

OmnpenenuTh B Kakoe CIOBO mepepaboraercss cioBo 111*11 | mcxoms M3 CTaHIAPTHOTO
HAYaJIbHOTO COCTOSIHUS.
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Bapuanr 2
1. Haiitu CKH® (X > (Y >z A p);

2. BBISICHUTB MOJIHOTY CUCTEMBI (DYHKIIHIA {Xy, XYVvz,Xey,x—y, )_(},
‘— A4— A

A
4. H={4— BJ-(C - 4) > (C - B);

5.3amucarpb Ha SI3bIKE JJOTMKH MIPEIUKATOB OIpe/esieHue rpesiena (yHKIUN B TOUKE.

3.

6. Mammna Teropunra omnpenensercs: yHKIIMOHAIBHON CXeMOi

01 g2 Sk Qs
ao Q1 @oll Qs aoll Qs ao/l 1 a0/l
1 g2 ag/l g2 1J1 Qs a0l1 Qq 111
* Qo o s *JI Q4 *11

OmnpenenuTh B Kakoe CJIOBO mepepadoraercss cioBo 11*11 | mcxoms M3 CTaHIApTHOIO
HAYAIBHOTO COCTOSIHHUSL.

Bapwuant 3
1. Haittu CTH® (X = Y)® (X4 y A 2);
2. BBISICHUTB MOJIHOTY CUCTEMBI (DYHKIIHIA {Xy v Xz, (01111110)};

FA%&PA%E
3. :

o
4. H={4—(B—>C)}-B— (4 —>C);

5.3anucarp Ha SA3bIKE JIOTUKH NPEAUKATOB ONPE/eIEHNE BO3pacTaolell GyHKIIUH.
6. Mammmuna Teropunra omnpejensercs: yHKIIMOHAIBHOM cXeMoil

J1 g2 s Ja
Ao Qqu aoll Q3 aoll Q3 ao// Ju ao//
1 02 ag/l g2 1J1 Q4 a0l7 Qq 111
* Qo o s *JI s *17

OmnpenenuTh B Kakoe CJIOBO mepepabotaercs ciaoBo 111*111 | wcxoms M3 CTaHIApTHOTO
HAYaJILHOTO COCTOSTHUS.

Bapwnanr 4
1. Haiitu CKH® x4 y;
2. BBISICHUTE MTOJTHOTY CHCTEMBI () YHKITHIA {xy Dzt D], (10110110)};

~A>B[-B
A
4. H={4— Bj-AvC —>BvC;

5.3amucartp Ha SI3bIKE JJOTUKH MPEIUKATOB OINpee/ieHe OTPAHUYCHHON (YHKLIUH.
6. Mamuna Trropunra onpenensiercss GyHKIMOHATBLHON CXeMOn

3.

Q1 | G2 | Js | Oa
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o Qu aol/ Qs aol/ Qs ag/l Q1 a1

1 g2 ag// g2 1JI Qs aol/ Qs 111

* Qo Ao Qs *JI Qs * 17

OmnpenenuTh B Kakoe CJIOBO mepepaboraercs ciaoso 1111*11 |, mcxoms M3 CTaHIApTHOTO
HAYaJIbHOTO COCTOSIHUSA.
TECT UTOI'OBOI'O KOHTPOJIA JIJIAA CTYAEHTOB 4 KYPCA
10 MATEMATUYECKOH JIOTUKE
K kaxmomy 3agaHuio JaHbl YETHIPE OTBETA, M3 KOTOPBIX BEPHBIMH MOTYT OBITh
HECKOJIbKO. BBINIOTHUB 3a1aHKe, BEIOEPUTE BEPHBIM OTBET U YKAXKUTE B OJIaHKE OTBETOB.

1 Tabmuueit [y [y UCTUHHOCTU 3aa€TCs ONEPaLys:
0/0]1
0/1]0
1101
1) X—>Y; 11110 2) XNY; 3) XY, 4)
Xy y.
2. Cpenyu NpUBEACHHBIX PABHOCUJIEHOCTEH BBIOpaTh HEBEPHBIE:
1) Xv—x=0; 2) XAX=X;3) XA (yvx)=y; 4) —(XVvYy)=—XVv-y.

3. dopmyna amre6per  noruku (X —> (Y —>2)) > ((X—>y) > (X—>2)) sasasercs:

1)o0mie3naunMoii; 2) BBIMOJIHUMON; 3) ONPOBEPKUMOI; 4) HEBBITOTHUMOIA.
4. Tlocnennuit cTonGer TabauIB! 3Hauenmit Ams 6ynesoit dymxumn (X —> (Y v 2)) ¥ X

HUMECT BU.
1) (01011100);2) (11111111);3) (00000000):4) (11011011).

5. OnpenenuTsh GOpMyITy IABOICTBEHHYIO naHHOH hopmyne X-1v Y- (Z v 0) v X f/ .Z:
1) (XVY)Z:2) XV Y-ZVvX-Y-2:3) Xyvz(Xv yvz)4) XyvZ.

6. CHH® ¢yuxuuu T (X, Y, z) =(10100001) umeer sun:

1) (Xy2) v (Xyz) v (Xyz) v (xy2) v (Xy2Z) ;

2) (Xy2) v (XyzZ) v (xy2);

3) (xyz) v (xyz) v (XyZ);

4) (Xyz) v (xyz) v (Xyz) v (xy2) v (Xy2).

7. CKH® ¢yuxuuu (X v )_/) —> 7 umeer BHL:
H(XvYyvZIv)(XvYVvZXVvYyvVIZ);

2) (XvyvIZ)(XvyvDXVvYyvVI);

) (XvYyvIDXVvYvXvYVIXvYvVI);

4) (Xvyv2)(Xvyvz)(xvyvi).

8.Cpenu naHHBIX QYHKIMHA BEIOpaTh HOMepa (yHKuMi u3 kiacca To:
DX (Y > (Z>X);2) xyvyzvzt;3) (X®y) <> z;4) (01010011).
9. Cpenu naHHbIX QYHKIMN BEIOpaTh HOMepa (yHKIUH U3 Kiacca T1:

XD Y)v(Z®xX) v (yDz);2) (11111001); 3) (X ® y) A Xz ; 4) (00010010).
10. Cpenu naHHBIX QYHKIUH BEIOpaTh HOMepa QyHKIMI U3 Kiacca S:

1) XVVY;2) XYyVvyzZvzX;3) x®y®z®1,4)(1010101000110110).

11. Cpenu naHHBIX QyHKIUI BEIOpaTh HOMEpa (hYHKIMH 13 Kiacca M:

1) XVY;2) (X®Y)(X<>Y);3) Xx—>(X—Y); 4) (0110).

12. Cpenu nanHbIx QpyHKIHMIA BEIOpaTh HOMepa (GyHKIMN U3 Ki1acca L:
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1) Xy;2) X— y @ Xy; 3) (1001011001101001); 4) X > (X > V).
13. Cpenu naHHBIX cucTeM (PYHKIIMIA yKa3aTh HOMEpA MOJTHBIX

1) {01};2) XAy, xvy}3) Xy, Xxvy, x®yDzD1}; 4)
{Xy, XV Y, X®Y, Xy ® yz ® zx}.

14. Cpenu npuBeIeHHBIX PAaBUII BBIBOJIA BBIOPATH MPABUIIO KOHTPIIOIUIUH:

1)\—A—>B,\—B—>C_ ~A>B \—B,\—B—>c_4)—A—>B
~A->C T LBoA -c " T-A>B’
15. Ha maoxectBe M={1, 2, 3, ..., 20} 3aganbl npeauKkatsl A(x): «x HE ACTUTHCA Ha S»; B(x): «x

— geTHoe uncion; C(x): «x — uucio mpocroe»; D(X): «x kpaTtHO 3». MHOKECTBOM HCTHHHOCTH
npeauKara g(X) AN B(X) SABJISICTCS:

1) {35,7,9111315,17,19}:2){1,3,5,7,9,11,1315,17,19};

3){15,7,11,1317,19}:4) {1,2,3,4,5,6,7,89,10,1112,13,14,15,16,17,18,19,20}.

16. Cpenu BbICKa3bIBaHUI BHIOPATH JIOKHBIE, IPH YCIOBHH, YTO 00JIaCTh UCTHHHOCTH TPEINKATa
coBnajaer ¢ R:

1)3X(X+5=x+8);2)Vx(x|<0);
3)Ix((x € {2,5}) > (x? —6x+5=0)):4)Ix((x € {2,3}) > (x* —6x +5<0)).

17. Cpeau mpuBEICHHBIX PaBHOCHIIBHOCTEW BHIOpaTh BepHBIC ((popmyna H He CONEPKHUT X
CBOOOJTHO).

1) =(vX)(P(x)) = (VX)(=P(x)):

2) (V) (P(x) A Q(x)) = (VX)(P(X)) A (VX)(Q(X)):;

3) H A (WX)(P(X))=(3X)(H A P(X));

) H A (¥X)(P(X) = (VX)(H A P(x)).

18. YkasaTh TOXJIECTBEHHO JIOKHBIE TIpejIokenus, ecan npeaukar P(X,Y) onpenenen a
muoxkectBe M =N X N u o3nagaer « X < Y».

1) IXVYP(X,Y);2) VyaxP(x,Y);3) VXVYP(X,Yy);4) IxIyP(X,y).

19. Cpenu TpeGoBaHMIt K aNTOPUTMAaM OJIHO JIUIITHEE:

1) mpocToTa; 2) 1eTepMUHUPOBAHHOCTD; 3) TUCKPETHOCTD; 4) pe3yIbTaTUBHOCTb.
20. Kakoii anroput™ peanu3oBaH cieayroniei Mammnoi Teropunra (A - mycToit cumBoi)?

Qi*—> Qo *

41— g,4R
gJ,1—>0g,1R
0p* —> gzll
01— q5lL

034 — qpAR
1) Beruncnenue QyHKIUN f (X) =Xx+1;

2) BIYUTAHUE JABYX YHCEII,
3) cioXeHue IByX YUCen;
4) peraucnenne pyakmun T (X) =X —1.
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