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NPEAUCIIOBUE

Sra KHHUra NonyJaspHO H3jaraeT OCHOBbH MaTeMaTH-
geckoll Joruku. Heo6XOOHMOCTb TaKOH KHHUTH BhI3BaHa TEM, .
yTo B HAcTOsiLee BpeMs Bce Gosbluee sHaueHWe NpHOGpeTaeT
aBTOMATH3alMs TPOM3BOACTBEHHBIX npoueccos. [Iporpamma
KIICC npsimo yKa3biBaeT Ha BaXKHOCTb aBTOMAaTH3aLHUH st
CO3JaHHs MaTepHaJbHO-TEXHHUeCKoH 6a3bl KoMMyHH3Ma. Ma-
TeMaTHUeCKas JIOTHKA fBJSETCS TEOPETHUECKOH OCHOBOH KH-
GepHETHKH, a 5Ta NOCJEAHAA B CBOIO OYepelb NpPHMEHSAETCH

Il pellleHHsi npo6GjaeM aBTOMaTH3alHH.

| HecMoTpss Ha BaXHOCTDb MaTeMaTHUeCKOH JIOTHKH, B Ha-
1eft cTpaHe MOYTH HET KHHT, H3JIaralouiMX OCHOBbI 3TOH Hay-
KH. VIMelompecs y HAC KHHMH IO MaTeMaTHYeCKOM JIOTHKe
paccUMTaHbl Ha YHTaTess, AOCTATOYHO MaTeMaTHYECKH NOX-
roToBJeHHOro. Mexay TeM HEOOXOAUMO CO3JaTb TaKYK KHH-
Ty, KoTopas jAasana Gbl NpEACTaBJEHHE O MaTeMaTHUECKOH
JIOTHKE H B TO e BpeMs He TpeGopana Obl Jifl CBOETO MOHH-
MaHHsl GOJIBIIErO, YeM LIKOJbHLIA Kypc MaTeMaTHKH. [lanHas
' KHHTa, MO-MOeMy, peliaeTr 3Ty 3ajady.

KoHeyHO, B paMKax NaHHOH KHHMIH HEBO3MOXHO Hcuep-
TIHIBAIOLIE OTBETHTb Ha BONpOC: YTO TaKoe MaTeMaTHueckas
aoruka? Ho MHe Kaxercs, 4YTO, MpOYTA JAHHYIO KHHIY,
YyHMTaTe/lb CMOMKET COCTaBHTb ce6e HEKOTOpOe NpeicTaB/eHHE
O TOM, YeM 3aHMMaeTcsl 3Ta HayKa, H o npobJjeMax, BO3HH-
Kalolux B Hed.

Kuura cocTouT H3 Tpex rias. B rnase I crpoures Jio-
FMKa BbICKa3biBaHHH Kak TeOpHs OyJeBblX (DYHKUMH, T. e.
(GyHKUMHA, apryMeHTh KOTOPbIX NMPHHHMAIOT JBa 3HAUEHHA —
CHCTHHHO® H «JIOKHO», H KOTOpLIE CaMH NPHHHMAIOT 3TH XK€
JBa 3HaueHHs. B 3T0f rylaBe MOKa3aHO TaKXe MNPHMEHEHHE
JIOTHKH BBICKa3biBaHMH B TeOPHH aBTOMAaTOB H B TCODHHM pe-
JefHO-KOHTaKTHHX- cxeM. B rsase II paccMmarpuBaioTcs
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TOM/IECTBEHHO HCTHHHbIE (JOPMYJIBI JIOTHKH BbICKasbiBaHHH. B-
raase 11 M3naraercs Jordka npeaukaTos, spasiomascs 6o-
aee rayGokolt o6nacTblo JorHKH. Ecrectsenso, yTto moj-
po6HOe paccMOTPeHHe JIOTHKH NPEIUKAToB B PaMKaxX HEGOJb-
Wo# mnOMyJspHOH KHHIH HEBO3MOXHO; IIO3TOMY OCHOBHOE
BHHMaHHE YJEJEHO ONepauHsM JOTHKH NpeIHKaToB (B Yacr-
HOCTH, KBaHTOPaM), a TaKxke NPHMEHEHMIO JIOTHKH IpeIHKa-
TOB B CHJJIOTHCTHKe ApHcToTeNst M [ dopMajH3allH MaTe-
MaTHYeCKHX TeopHil. .-

B sak/oyeHHe NPHBENEH OYEPK Pas3BUTHsl HCCJIeNOBaHHH
10 OCHOBaHHSM MaTeMaTHKH. Pa3dymeercsi, OH He NpETEHAyeT
Ha TOJIHOTY, HO, MO-BHIMMOMY, MpPEICTaBJIsieT HHTEpeC He .
TOJIbKO A/l BNEPBbE 3HAKOMSLIMXCS C MaTeMaTHYeCKOH Jio-
THKOH, HO M JJf TeX, KTO BJajeeT OCHOBaMH 3TOH HayKH.

B KoHIE KHHTH YHTaTelb HalJeT CIMCOK JIMTEPATYpHI,
KOTOpasi MO3BOJHT €My Iayfixe O3HAKOMHTbCS € COBPEMeEH-
HBIMH JIOCTHXKEHHAMH B 06GJAcTH MaTeMaTHYeCKOH JIOTHKH.
BOJIbIIMHCTBO K3 YKa3aHHBIX B 5TOM CNHCKE KHHT H.cCTaTed
JOCTaTOYHO TPYAHBI MJIsi HENOATOTOBJEHHOrOo UHTaTeJsl M
MoTpeGyIoT OT HEro ynopHod paGoThl.

Asmop



BBEJIEHHUE

B Hacrosiiiee BpeMs Mbl ABJISIEMCS CBHAETESMH
HeGbiBaJIOTO pocTa HaykH. Ha Hammx riasax dopmupyroTcs
HOBble QOJIaCTH 3HaHH#, a yXKe CYIIeCTBYIOLIHe HAayYHbIE IH-
CLHNJIHHB PAaclpOCTPaHSAIOT CBoe BJHSHHE M HaXomdT cebe
npHMeHeHHe TpH pelleHHH npo6aeM, JaleKHX oT TeX 3ajady,
M3 KOTOPHIX OHHM BOSHHK/H, Elle oueHb HEaBHO MHOTHE MbIC-
JIHTeJM BHIpaXalH ONaceHHe, YTO Pa3BHTHE HAYKH HIET Mo
nyTH Bee Gosbluedt M GoJipllel crmenHasH3alHH, BCJEeACTBHE
yero BO3HHKAeT OMAaCHOCTh Bce GoJiblliero H GoJbluero pasol-
HIEHHS XapaKTePHbIX I PasHbIX HayK NMPHHUMIOB H METO-
JOB HayuHmX HccegoBaHHH. OfiHako 3a mocJelHHe JBa fecsi-
THJETHS Mbl. IBHO HaGMIOfaeM TakkKe H IPOTHBOMOJOXHYIO
TeHAEHLHIO: Bee GoabIUMHA HHTEpEC NPHUBJEKAIOT T Hampas-
JeHHs, KOTOpble BCKPBHIBAIOT ofilee B HayKax, Ha MepBbli
B3MVIAL JAJleKHX ADYr OT JApyra, CiyXa TE€M CaMbiM Jeay
ux cOnmxenus. JajbHelluee pasBHTHE 3TON TEHAEHUHH CYJHT
B HejasexoM GyjyileM HOBble HeGbiBajble yCEXH Kak B OG-
nacTH uHctofi, Tak H B 06jacTH npukaaaHod Hayku. OcoGoe
MeCcTO B 3TOM CBSI3H HMrpaeT HoBas o6aacTb 3HAaHHS — KH-
GepHeTHKa, K KOTOpofl MPHMbIKAeT PSiJi COBPEMEHHBIX pasje-
JIOB MaTeMaTHKH: T€OpHs HHGbOpPMalMH, TEOpHs Hrp, Hccie-
IOBaHMe onepauuil, MaTeMaTHyecKas CTaTHCTHKa, MaTeMa-
THYeCKasi, JIOTHKa H JAp. ‘

Mjen KuGepHETHKH — HaykH o npeo6pasoBaHHH HHGOP-
MauHH 1/ Lesell yrpasaeHHs CIOKHBIMH CHCTEMaMH — MpH-
o6peTaloT ceiiyac HCKMOYHTEJbHOE 3HAUEHHE MO JBYM INpH-
yunam'). Bo-nepBblX, MPHHIHMNB KHGEPHETHKH = NMPHUMEHHMbI

1y Mu He co6upaeMcsl B RaHHOH KHHUre NMOAPOGHO OCTAHABJHBATLCA
Ha DACCMOTDEHHH OCHOBHHIX HPHHIIHIOB H. npuMeHeHH# KuGepHETHKH
H OTCH/IaeM uHTaTeass K OGIIMpHOHN /MuTeparype, nmossusiuefics B moc-
JeLHHe TOAM M TpakTywouiefi 3TOT KOMIJIEKC BONPOCOB. :
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B OJIHHAKOBOA MePe K CaMblM PasjHYHBLIM pasfesaM HayKH-
H TeXHHKH: K GHOJIOTHH, MaTeMaTHKe, MELHIHHE, JIHHIBHCTH-
K€, XHMMHM, IeJlarorHke, 5KOHOMHKE, IOPHCIPYACHLHH, Teo-
pHHM aBTOMaTH3allWH, TEJEYNpaBA€HHs M T. A. B aToM cMuicie
KHOEDHETHKA JIEXHT B OCHOBE TEHICHLUHMH CHHTE3a HayYHBIX
3Hanuil. Bo-BTOpHIX, CO3JaHHEIE M co3JjaBaeMble Ha Gase
PaAHO3JIEKTPOHHOH TeXHHKH KHOEDHETHYECKHe MAILIHHLI IB-
JSOTCS MOIHBLIM HHCTDPYMEHTOM, BNEPBBIE B.PasBHTHH ueJO-
BEUECTBA MO3BOJIAIOMHM € INOMOILBIO TeXHHYECKHX MPHCIO-
co6IeHHH OCYUIeCTBJASATL MNPOLECCH, CYHTABIIHECS 1O CHX
0P | YAEJNOM HCKJIIOUHTEJNbHO YMCTBEHHOH JeATENBHOCTH ye-
JIOBEKA.

XIX B. u nepsas nonoenHa XX B. 3HAMEHYIOTCA IIHPO-
KHM BHEJPDEHHEM CNEPBa NapOBHIX, a 3aTeM -3JIEKTPHUECKHX
MallMH B IpOLECC NPOW3BOACTBA MaTepHaJbHBIX Gnar AJs
yeJIoBeyeckoro obuecrea. To sBJECHHE 3aYacCTyl0 HA3bIBAIOT
TEXHHYECKOH peBOJIIOIHEH: MallHHBI, co3/jaBaeMble Ha Gase
HCIO/b30BaHHs (DH3HYECKHX CHJ NPHPOAE,, BO MHOrO pas

NPHYMHOXHJIH (QH3HYECKHE CHJILI YeJIOBEKAa H TE€M CaMBIM BO
MHOIO pa3 YyBeJIHYHJIH INPOM3BOAMTENBLHOCTb TPYJa.

+ Bcem BHEMaTesbHO HAGMIOJAIONMM CErofHsilIHee passH-
THE HaYKH M TEXHHKH BIIOJIHE SICHO, UTO BO BTOPOH IIOJIOBHHE
XX B. Mbl HaxXoAHMCSl Ha HayaJbHOM 3Tale HOBOH, BTOPOMH
TEXHHYEeCKOH pesosioHH. Ee pesyjbTaToM GymeT YCHJEHHe
YMCTBEHHBIX crocoOHOCTEH vyejiopeka - Ha 0ase KuGepHeTH-
YeCKol TEeXHHKH. YKe cefiyac sICHO, YTO 3HayeHHE 3TOH BTO-
poil HayyHO-TEXHHYECKOH PeBOJIIOLUHH AJs pasBHTHS yeJlo-
BEYECKOro obmiectsa OyneT eme GoJbllle, 4eM NEpBOH.

KomMyHHCTHYeCKast napTHs 1 CopeTckoe NPapHTENbCT-
BO INPaBHJbHO NOAMETHJIH 3Ty TEHACHLUHIO H BCEMEPHO €e .
noomwpsoT. Hoebi#l GosbILOA CKAaUOK B yBEJHYEHHH NPOH3BO-
IMTEJbHOCTH TPYJd, KOTOPHIH OXMAAeTCs OT pa3BepHYTOro
H IUMPOKOrO NPHMEHEHHs1 KHOEPHETHUECKOH HayKH H Tex-
HHMKH, §IBJSETCS ORHOH H3 HEOGXOAHMMBEIX MPEATNOCHIOK AJs
CO3/laHHMs M300WJHS MaTepHANbHBIX 6nar B TrPAAYIEM KOM-
MYHHCTHYECKOM OCIIeCTBE.

Yxe cefiuac Mbl HaGuofaeM aoapaCTammnn HHTEpEC K
TEOPETHYECKHM OCHOBaM KHOEDHETHKHM CpefH MpejcTaBHTe-
Jell caMblX pasJIMYHBIX OTpacjel yejopeueckoll JesiTebHO-
CTH M 3HaHHA. HyXHo BCAYECKH NpHBETCTBOBATb 3TOT HHTE-
pec H CTPEMHTbCSl NMO3HAKOMHTL IIHPOKHE KPYTH COBETCKOTO
ofimecTsa ¢ TeMH NOKa MaJIOH3BECTHBIMH pasfiesiaMH Hayklii,
KOTOpbI€ 3/1eCh 0COGEHHO BaXHbl. K HHM He B NOCJIEHIO OYe-
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peflb OTHOCHTCA MarTeMaTHYeCKas JorMkKa — TéMa npejjara-
eMoll KHHTH. ,

YTo Takoe MaTeMaTHUecKkas JorHka? Kak W M3 KakHMxX 3a-
Jay oHa BO3HMKJIa? Kakux oHa jocTHria pesyabratos? Ka-
KOBO COBpPEMEHHOE COCTOSIHHE 3To HaykH? Kakoshl JaJibe
HeillllMe NepcnekTHBbl ee pa3BHTHsA? B Hamiel HeGosbloOH
KHHIre Mbl MOCTapaeMcsl YaCTHYHO OTBETHTb Ha 3TH BOMPOCHL.
Cpenatb 370 B nonyasipHo# Qopme B HACTOslEE BPEMs Cpas-
HHTEJbHO TPYyAHO. JleJo B TOM, UYTO O CaMOro NOCJEAHEro
' BpeMEHH MareMaTHYecKas JorHka Oblia YJAEJIOM OYeHb Y3-
KOTo' Kpyra CHelHaJHCTOB-MAaTeMaTHKOB M pa3pHBajach AJs
nesnelt HecJefoBaHHs OCHOBaHMH MaTeMaTHKH; HUIKaKOTO ONbITa
B TONYJ/ISIPHOM H3JIOXMEHHH OCHOB 3TOM HayKH IOKa HeT.
C npyro#t cTOpOHbI, 00BEeM JOCTHTHYTHIX Pe€3yJbTaTos, HueH
H METOoB 3/eCh JOBOJIBHO BEJHK H TpeOyeT ISl CBOEro
NpaBHJBLHOTO NOHHMaHHsl CEPbE3HOH MaTeMaTHYECKOH NOA-
rotrosk. [losToMy To HeMHoroe, 4ro OyjeT 3[eCb CKa3aHO
O MaTeMaTHYeCKOH JIOTMKe, NMPHHAJJIEKHT K CaMbiM 3JIEMEH-
TapHHIM €e pasjielaM H OTHOCHTCS KO BCEH 3TOH HayKe NpH-
GJM3UTEJNbHO TaK, KaK 3JIeMEHTapHas IIKOJbHAs MaTeMaTHKa
K pasfenaM Boiciiei MatematHkdH. Ho mam xaxercs, uro
3HAHHE W MPaBHJbHOE NOHHMAaHHE H 3THX 3JIEMEHTapHH
pasjesoB JOCTaTOYHO BaXHO M MOJIE3HO. :



FMTABA ITEPBA4

JIOTHKA Bm‘CKASblBAHmvg

§ 1. daeMeHTH NOTHKH BBICKA3bHIBAHHMM |

Jas Toro uto6bl COCTaBUTHL XOTS Obl NMPUGHH3H-

TeIbHOE NpEICTaB/leHHe o KaKo#-HUGYAp oOjacTH SHaHUH,
HEJI0CTaTOYHO CKa3aTh, KaK U noyeMy sTa o6JacTb BO3HUKAA. -
Heo6xo14Mo NO3HAKOMHTECS ¢ HEKOTOPLIMH pasiesaMH STOH .
o6aacti. TosbKo nocie 3TOro MoXKHO YSCHHTBL cebe ee HeaH,
3aaud U TPYAHOCTH, BO3HAKAIONIHE Ha NMYTH MX DEIeHHs. .
Mb co6upaemcsi MO3TOMY paccKas3aTh YHTATEMIO O HECKOAb-
KMX pasjenax MarteMaTHyeckoft Joruku. Ecrectesino, uTo
TaKoe O3HaKOMJEHHE CJelyeT HauHHaTb € CAMBIX 3/€MEH-
TapHbBIX pasgenoB. [losToMy Mbl H HauyHEM C HSJIOKEHHS
npocrefiedl ryaBH — a02uku  evickastieanutd.  Jloruka
BLICKA3LIBaHHH JIKUT B OCHOBE BCEX JIPYTHX pPasAesioB
MaTeMaTHyecKo! JIOTHKH H# Heo6XoluMa M HX NOHH-
MaHH1l. . ' ‘

Jloruka BLICKasbiBaHH# CTPOMTCS TaK Ke, KaK U MHOro+
YHCJEHHbIE MaTeMaTHYeCKHE TeopHH. B KauecTBe OCHOBHHIX
nousTHi Gepercsi HeKoTophifi KjJacc OOBEKTOB, a TaKke He-
KOTOpLIE CBONCTBa, OTHOIIEHUS H ONepaluy Haj STUMH OGbeK-
TaMH. DTH OCHOBHHE TMOHATHS pacCMaTPHUBAIOTCA KaK HCXOA-
Hble, He Tpe6ylouue BHYTPH caMOH TEOpHH KaKoro-jau6o
onpenenennsi. C npyrofl CTOpoHbl, OHH BHLIGUpAIOTCA He
NPOU3BOJILHLIM 06pa3oM, a Tak, YToObl COOTBETCTBOBATb TOMY
BHEMAaTEMAaTHUECKOMY COAEPIKAHHIO, KOTOPOE HOMKHA OIH-
ChiBaTh MaTeMaTHuecKasi TeopHs. OCHOBHbIE MOHATHSA TEOPHH
o6bIYHO MOSICHSIOTCA Ha NPHMEpax.

OCHOBHLIM OGBEKTOM H3yUeHHs! JIOTHKH BbiCKa3hiBaHHH
CllyKaT NPOCTHE BLICKAa3bIBaHHS, HanpuMep,

1) «ducao 100 desumcs na 4», ;

2) «Hucao 5 Goavwe yucaa 3»;
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3) «Hucao 17 deaumcs na 8y,

4) «Hucao 30 Goavuie uucaa 70,

5) «He ece yuaujuecs xopowo yvamcss;

6) «/JTyna Goavwe 3emau» U T. A . o

-Hs npocTeiX BHICKa3blBaHH#l NyTeM HEKOTOPOro 4HCJa
JIOTHYECKHX OMepamuii MOMKHO CTPOHTb CJIOXKHbBE BBHICKA-
3bIBAHHS. DTHM JIOTHYeCKHM OMEpalusM cooTBeTcTBy1o}
B OObIYHOH peud TaKHe BbIpamKeHHs, KaK «H», <HJH»,
" «eCJId,..., TO», «He» M Ap. Hampumep, M3 HPoCTHIX BHICKa-
3pIBaHHH: .

(1) «Paduocmanyus pabomaems, ‘

(2) «Haw paduonpuemnur eKitodens, .

. (3) «Haw paduonpuemuux Hacmpoen Ha 604KY paduo-
Cmanyuus,

(4) «Mu Haxodumes y paduonpuemnura,

(5) «Muor caywaem paduonepedaty»
-MOXKHO IIOCTPOHTb CJIOXHOE BhICKa3blBaHHE:
© (6) «(Paduocmanyus pabomaem) u (naw paduonpuemnux
_6Ka104er) U (HaW NPUeMHUK KACMPOEH HA 60AHY PAOUOCMAH-
yuu) u (Mot HAxXOOUMCA Y paduonpuemnuxa) u (Mo cayuiaem
paduonepedauy)».

[NpuBeneM apyrue npuMepsl 06pa3OBaHHSA CIOKHBIX Bbl-
CKa3plBaHH# H3 TNPOCTHIX.

W3 mnpocThiX BhICKa3bIBaHHI:

«B 6Gensoxoronke wogep moscem noayuumo OeH3uH»

H «B Oensoxononke wiogep mooem noAY4ume , asmos»
MOXHO COCTaBHTb CJIOXKHOEe BBICKasblBaHHME: ,
«(B 6ensoxononxe wogep mosxcem noaysums 6en3un) usu (6
Gen30K0M0HKE WOdep MOJCem NOAYYUMb GBIMOA)».

W3 mnpocroro BbiCKa3sbiBaHHA

N

«5 deaum T»

Mbi MOXKEM C TOMOIIBIO YAaCTHIHI «HE» COCTABHTb BLICKa3blBa-
HHE — €ro €CTeCTBEHHO CUMTATb CJIONKHBIM — « b ne deaum 7».
IOns Gosabmel sCHOCTH 3TOMY CJOXKHOMY BLICKa3biBaHHIO
€CTECTBEHHO MNpHJIaTh BHI: ‘ ’

. «Hegepro, umo (5 deaum T)».

Ha mnepBoIX CTynmeHAX H3y4eHHs JIOTHKH BBHICKa3biBa-
Huil o6biyHO He o0paiiaioT BHHMaHHS Ha COIEpiKaHHe Ipoc-
THIX BbICKa3blBaHHH, a HHTEPECYIOTCA JHIbL HX HCTHHHO-
CTBI0 HJIH JIOXKHOCTBIO, TaK, OYeBHIAHO, NpHBEIEHHbE BhIlLE
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" phickasbiBaHHs 1), 2), 5) sBAAOTCS HCTHHHBLIMH, a 3), 4),
6) — JIOKHBIMH. _

3aMeTHM, YTO O. BHICKa3blBAHHSX, YNOTPECISEMBIX HaMH
B NOBCEAHEBHOH KH3HM, 3ayacTylo TPYAHO ObIBaeT CKasaTb,
SIBJIIIOTCS JIH OHH MCTHHHBIMH MJIH JIOXKHBIMH. Tak, Hanpumep,
?ocme BHICKagbiBaHHe THnNa «Paccmosnue om 3emau 00

oanya passo 150 000 000 km» HexoToprie OYAYT CUHTATh
JIOXKHBIM, TaK KaK, KOHeYHO, yKasaHHasd LH(ppa He TOYHA
(na, xpome Toro, paccrosinne oT 3emaH 1o Connua He mo-
_CTOSHHO, 2 MEHSIETCS B HEKOTOPEIX npefeaax). Jpyrue cou-
TYT 3TO BbICKa3blBaHHE HCTHHHbLIM B CBf3H C TeM, YTO UHIPY
150 000 000 oum c¢ camoro Hayasa OyAyT paccMaTpHBaThb
KaK HEKOTOpOoe MPHOGJMHKEHHe, BIOJHE NPHEMJEMOe Ha. MpaK-
THKe. BriBaloT M TakHe BbICKa3biBaHHMs, 06 HCTHHHOCTH HJIH
JIOXKHOCTH KOTOPHIX HeJib3sl TOBOPHTb Ge3 NpeJsapHTEIbHOrO
YTOUHEHHs] 3THX BbicKasbiBaHHH. Tak, BbICKasblBaHHE THNA
«Cerofiusi Xxopollasi norogas Moxer ObiTb H HCTHHHBIM, H
JIOXHBIM B 3aBHCHMOCTH OT TOTO, IJI€ H KOrjla OHO Jesaercs.
-Jlns Toro uto6hl NMPHAATh 3TOMY BbLICKA3bIBAHHIO BMOJIHE Of-
peneseHHOe 3HayeHHe HCTHHHOCTH, HYXHO YCTaHOBHTb MECTO
H BpeMs, B KOTOpble OHO JleslaeTcs.

Besikass Tounas Hayka, B JaHHOM Cjay4yae MateMaTHyec-
Kasi JIOTHKa, a6CTparupyeTcst OT MHOTHX NOGOUHBIX SIBJEHHH
B HM3yyaeMblX €l OOBEKTaX H paccMaTpPHBAeT B HEKOTOPOH
Mepe HIeaJH3HPOBaHHYW KapTHHY. HanomuuM, YTOo reomer-
pHsl paccMaTpHBaeT TOYKH, JIMIICHHblE FeOMETPHYECKHX pas-
MepOB, H JIMHUH, JIHIUEHHBIE TOJIIHHBL. -

. Kak yxe ykasbipaJioch, Ha NEPBBIX CTYNEHAX H3YYEHHS
JIOTHKH BBICKa3biBaHHA OCBIYHO CUHTAIOT, YTO BCE MPOCTHIE -
BHICKa3bIBaHMsl, BXOJAsLLHE B PaccMOTpEHHE, 00JajaloT B
TOYHOCTH OJHHM H3 JBYX CBOHCTB: OBITb HCTHHHBIM HJIH
6LITh JOXKHHIM. MaTeMaTHyecKHE YTBEpPXKJECHHS KakK pas
66Jaal0T 3THM CBOHCTBOM, H TaK KakK JO CHX MOp MaTeMaTH-
feckas JIOTHKa M3yyaJsa B EPBYIO odepellb JIOTHKY MaTeMa-
THYECKH X JOKasaTeJbCrB, TO TaKasg aGCTpakuMsi OCOGEHHO -
onpasjiaHa. '

SIcHO, UTO CJIOXKHbIE BHICKAa3bIBAHHS, IOJy4aeMble H3 mpoc-
TBIX, GYXZyT ONATb MCTHHHBIMH HJIH JIOXKHBIMH, NPHYEM HX
HCTHHHOCTb MJIH JIOXKHOCTb — B JajibHeHlleM Mbl OyAeM
FOBOPHUTb «uUX 3HA4eHUE UCIMUKHOCMU» — 3aBHCHT NPH 3TOM
TOJIBKO OT HCTHHHOCTH HJIH JIOXKHOCTH 0GpasyollHX NPOCTBIX
BhICKa3biBaHMH. OcCHOBHAasi 3ajjaya JIOTHKH BBICKa3blBaHHH
COCTOHT B H3YYEHHH 3TOH 3aBHCHMOCTH.
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§ 2. Jlornueckue onepanuu

O6cynum Gosee noApoGHO JIOTHUECKHE ONMepanHH,
TN03BOJIAIIOIIHE CTPOHTD CJIOMXKHBIE BHICKAa3bIBAHHS H3. IPOCTHIX.
B oObluHOH peuH JOrHuecKHe OMepalHH YacTO HaabIBAIOT
n02udeckumu cesskamu. Jlis H3ydeHHs JIOTHUECKHX omepanuil
N0JIE3HO MNOJIb30BaTbCS HEKOTOPOH CHCTEMOH CHMBOJIHYEC-
KHX 00603HaueHHH; 3TH 00O03HauUeHHsS MO3BOJSAIOT Je/aThb
paccyxJieHus: 6oiee CTPOTHMH. Y CJ0OBHMCSI 0603HauaTh npo-
CTbl€ BBICKa3bIBaHH S MaJIbIMH OYKBaMH JIATHHCKOTO ajidaBuTa:
a, b, c,... u 1. 1. 3HaueHHs HCTHUHHOCTH GyJeM COKpAIEHHO
0603HauaTh PYCCKHMH OYKBaAMH 4 AJs «HCTHHHO® H 4 JIJ .
«JIOXKHOS.

Tpocreiineii omepanuell JIOTHKH BBICKA3hIBAHHUH sBJsET-
csl OmepauHus Ompuyanus, COOTBETCTBYIOAS B OGBIYHOM SI3bi-
Ke vacTHIe «He». ITy ONepanHio (JOrHYeCKYI0 CBSI3KY) MbI
o6o3HauuM 3HakoM |'). EciM a — HeKoTOpoe BhICKa3biBaHHE,
HanpuMep, «IATb JEJHT CeMb», TO @ — HOBOe, CJIOXK-
HOe BBICKa3blBaHHE «ISATb He JEJIHT CeMb» (HJIH «HegepHO, 4mo
namo Oeaum cembv»). BbICKa3biBaHHE |@ UHTAETCS TAK: «HE a».

Jlerxko BHAeTb, UTO €C/H ‘a — HCTHHHOE BEICKa3bIBaHHe,
TO TJa Gyaer JOXKHBHIM BbICKasblBaHHEM, H HaoGOpOT, eciH a
JIOXXHO, TO |@ HCTHHHO. DTOT GaKT KJAaJeTcsi B OCHOBY Ompe-.
JesieHHsl jorHueckodl onepauuH |. MeficrBue omepauuu or-
pHIaHUSl TIPeJCTaBHM B BHAe cCielyomed Tal6aHIH
HCTHHHOCTH JAJS OTPHUAHHA:

« Q
B 1
Q

£
«

HMeHHO 3Ty TabiaHuy MBI H NpUMeM B KauyecTBe Ompeje-
JIEHHSl onepauuH oTpHuaHHus., [logoGHbIME TaGIHLIAMH MBI
GyneM MOJb30BATbCA M NPH ONpeAeJeHHH APYTHX JorHYec-
KX omepauuii. OHH HasblBawTCA mabauyamu (WM Matp-
namH) ucmunxocmu. WX ynorpeGnenne oueHb yAoGHO, H

1) 3auacTyio BHCKasLBaHHE [a 06osHaugercs Takke 4. Takoe 06o-
~_ 3HayeHHe OCOGEHHO MPHHATO B $JEKTPOTEXHUKE, T'ie 3Ta ONMepauHs Ha-
sbiBaeTcsd HHBepcHel.

I



OHH LIHPOKO NMPHMEHSIOTCS BO MHOIHX pasjenax MareMaTH-'
YyecKOH# JIOTHKH. |

B Kayecrse BTOpOH omepauuH PacCMOTPHUM OMNepauHio
KONBIONKYUL, COOTBETCTBYIOLLYIO O3y «H». OG03Hayaercs
KOHBIOHKIIHA CHMBOJIOM «/\», KOTOpHIH CTaBHTCSI MeEKAY
BBLICKasbiBaHHsIMH. Ecii @ 1 b — BhicKashiBanus, T0a/\b —
- CJIONKHOE BhICKa3biBaHHe (dHTaercs «a H b») ). Tlpu sToM Aedict-
BHe ONepallH KOHDBIOHKIMH ONPEAeNISIeTCs TaK: CAONHCHOe
sbickasviearue a/\b UCMUHHO 8 MOM U MOALKO 8 MOM Caysae,
ecau 06a evicKasbisanusl a u b umerom suavenue u, T. e. u\u =
=y, H0 u/\4 = a; aA\u = a2; 2/A2 = 2. Kak BuAHO, 3TO
olpejie/ieHHe BMOJIHE COOTBETCTBYET CMBIC/AY COM3a «H».
JleficTBHTebHO, MPOCTHIE BHICKA3bIBAHHS «6 JeqHTCS Ha 3»,
«10 Gosbire, ueM 5» HCTHHHBI, @ «3 ASAHTCS HA 7», «3 Gojiblile,
yeM 7» — JIOXKHBI, MO3TOMY CJIOXKHOE BhICKasbiBaHHE

«6 menutcs Ha 3 u 10 Goabiue, ueM 5»
Gyfer HUCTHHHBIM, a CJIOXHbI€ BLICKA3bIBaHHs

«6 menutcs Ha 3 ¥ 3 Goablle, ueM 7»,

«3 menutcs Ha 7 u 10 Goabie, ueM S,

«3 menurcsi Ha 7 u 3 GoJbiue, ueM 7»
SIBJAAOTCA JIOXKHBIMH. ) )

VxasanHble npaBusia AefCTBHS AJ1s OMNEpanu# KOHBIOHK-
IHH CBOAATCS B CJAeAyOUyl0 Ta6JiHLY HCTHHHOCTH
AN KOHBIOHKIHH: ‘ .

NAE
u,ul/z
/l,/l'/l

Tperbs onepauusi, KOTOpas YnoTpebsiseTcsi B JOrHKe
BBLICKA3EIBAHHA, COOTBETCTBYET CO03y «HiH». Ho 3fech cpasy
CJleflyeT OTMETHTb To OGCTOSITENBCTBO, YTO COI0O3 «HJIH® HMEeT,
B PYCCKOM si3biKe (H BO MHOTHX ADYTHX eBpONeHCKHX 13bIKaX)
ABa pa3MHYHBIX 3HaueHHs. B OAHOM ciyyae Mpl TOBOPHM 06
LCKAIO4QIOWeM «UAU, B IPYTOM — O HEUCKAIOHQIOUWEM <UAUY.
Pasnuna cocrout B caenyoueM. . Ecaid Ml HMeeM [iBa BbICKa-

1y Onepanud KOHBIOHKIHH HasHBaeTca HHOTA3, OCOGEHHO B MpPH-
JIOMEHUAX MaTeMaTHUeCKOM JOTHKH, A02UUEGRUM YMHONECHUEM U o603Ha-
yaeTcs TOTA3, KaK B aare6pe U B apUpMeTHKe, SHAKOM ¢-» HIH Boob1e
HHKaK He o6o3nauaercs. ) )
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SLIBaHHMS @ H b M 062 BHICKA3KBaHHS JIOXKHH, TO, HECOMHEHHO,
CJI0KHOE BHICKA3hIBAHHE 44 HJIM b» CIeAyeT CUHTATD JIOKHEIM.
EcnH a MCTHHHO, a b JIOXKHO (HJH @ JIOXKHO, a b HCTHHHO),
TO TaKkKe NOHATHO, UTO «a HJH b» cjiedyeT paccMaTpHBaTb
KAK HCTHHHOE, 5TO BIOJIHE COOTBETCTBYeT CMBICJY CJIOBa
«HJH» B PYCCKOM si3bike. Ho Kak cJielyeT paccMaTpHBaTh
CJIOXHOE BbICKa3blBaAHHE «a HJIH b», eclH a H b 062 HCTHHHBI:
KaK HCTHHHOE HJIH Kak JjioxkHoe? HanpuMep, «6 aeaHTcs Ha 3»
H «3 Menbme, uyeM 6» — ABa HCTHHHBIX ' BbICKA3bIBaHHA.
CuHTaTh JIH CJIOXKHOe BbICKasbiBaHHe «B AeJquTcs Ha 3 HAH 3
MeHble, yeM 6» HCTHHHBIM HJIH JOXKHBIM? B OGblusOM sisbiKe
«HJH» TOHHMAaeTCs] HHOT/a B ORHOM, HHOTAA B ApPYroM CMHICJE.
B nepBoM ciiyuae, Korjfia yKasaHHOe BHICKAa3bIBAHHE CUHTaeT-
CSl HCTHHHBIM, Ml TOBOPHM, UTO MLl HMeeM J€JIO C HEHCKJIIO-
YAOIIHM <HJIH», BO BTOpPOM CJyyae — ¢ HCKJIOUAIOIMHM.
Jlorueckasi onepamHsi, COOTBETCTBYIOMAs] HEHCKJIIOUAIOMEMY
«HJIH», B JIOTHKe BHICKa3blBaHHH Ha3blBaeTCsl Ou3wlOHKYyuel.
Mz ee GyzeM 06Go3HauaTh 3HAKOM « \/». V13 BhllllenpHBeACHHHX
paccMOTpeHHH MBl HMeeM Jisi Hee CJefyiollee ONpeAesieHHe:

Ecau a u b — 0sa evickasvieanus, mo ux Oussionkyus a\/b
(unTaercsi «a HAH b») — cAbICHOE 6bICKA3bIBAHUE, KOMOpOe
A0XCHO moz20a u moasko mozda, Ko20a A0JcHeL 006a BbICKA3LIGA-
Hua a u b. CorlacHO 3TOMY Onpefie/IeHHIO MEL HMEEM CJIeRyIo-
myo TaGAHOLYy HCTHHHOCTH JJAf ONEPalHH
NH3BIOHKIHH: .

- TlpMephl AM3BIOHKIHH: H3 BhICKasHBaHHH «b Gosbiie 3»

K «2 Goubllle 3» 06pa3yeTCs CNOMKHOE BbICKAa3bIBaHHE «5 60/b-

- me 3 HaH 2 Goabllle 3», H3 BLICKA3HIBAHHH <2 MeHblle l» H

«3 MeHbllle 2» 06pa3yeTcs CJOMKHOE BhICKa3bIBaHHE «2 MeHbllle
1 #an 3 Mmenbiue 2v').

1) B npHMeHeHHAX JKSBIOHKI{HIO HA3HIBAlOT OCLIKHOBEHHO Jo2ude-
CKUM CAOXNCEHUeM ¥ BMECTO 3HAKa V YHoTpe6adioT HHOTAA 3HAK +-.

YacTo sHakoM -- o603HauaeTCs  omnepagHfA, COOTBETCTBYIOIAS
HCK/IIOUAIOMEMY «MJIHS, CM. CHOCKY Ha cTp. 35.
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PaccMoTpenHbie  OMepanHM  OTPHUAHHS, KOHBIOHKIHH,,
IH3BIOHKIHHE (HHBEPCHH, JIOTHYECKOrO YMHOXKEHHS H JIOTH-
YeCKOro CJOXEHHs) HasplBaloTcs OYJEeBbIMH ONepamusiMH.
OHH SIBASIOTCH OCHOBHBIMH B NPUMEHEHHSIX JIOTHKH BBICKa3hl-
BaHHA B 3JEKTPOHHMKE, aBTOMAaTHKE M TEOPDHH BHIYHCAHTENb-
HBIX YCTPOHCTB.

MpuseseM 1asi NOJHOTHI TaGJAHIy HCTHHHOCTH
AJds JOrMuecKofl onepanuu, COOTBEeTCTBYOMmEH
HCKJAKUYAWILEeMY «HJIHY:

u,/l u
/llu A

OnHofi U3 BaxHeHIIHX omepanHil JIOTHKH BBICKa3bIBaHHH
sIBJIsIeTCsl umnaukayus. B xauecTBe 3Haka JJisl 3TOH onepanuu
Mbl 6yAeM yHOTPe6asiTb CHMBOJI &—»».

ViMnaukauus ompegensiercss CJAeAylomUM 06pasoM:

Ecau a u b — Oea evickasvisanus, mo a—»b (1umaemcs
«a umnauyupyem b») — cA0AHOE BbicKA3bIBAHUE, KOMOPOE
UCMUKKHO 8ce2da, Kpome moeo Caydas, Koeda a ucmusRo, a b
AOICHO.

TeM caMbIM OnepanHs UMIJIHKALHMH OMHCHLIBAETCS CJEAYIO-
mell Ta6aumnen HCTHHHOCTH JAJsf HMINJHKANHM

\V ul s

a '
u {ula
A u u

N

N
B uMnHKanuu a ~>b nepsblil U/leH a Ha3bIBaeTCs anmeyedex-
mom, BTOPOH b — KoHcexsermonm.

* Onepauusi~» I0 HEKOTOPOH CTeNEeHH COOTBETCTBYET COIO3Y
«eCJIH..., TO ...». Ho ciiepyer ckasarb 0 TOM, U4TO 3TO COOTBET-
CTBHE BecbMa NpPHOIH3HTENLHO. i
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Ecau Mbl GyAeM paccMaTpPHBaTb HMIIMKANHIO KaK COOT-
BETCTBHE COIO3Y ¢€CJH ..., TO...», TO COIVIACHO ONpPEJEJIEHHIO
HMeeM, HampHuMep, :

«Ecau  Osancdor 0Osa — ueinvipe, mo mpuxrOol mpu —
desamp» UCTHHHO, .

«Ecau 0sancOvi 0sa — name, mo mpusclo. mpu — 0essmp»
HCTHHHO; \ ,

«Ecau deancdvi 0sa — namo, mo mpuxcdol mpu — 60CEMbd
HCTHHHO M TOJIBKO

«Ecau 0saxncOoi dsa — uembipe, mo mpudicOso, mpu 60cemb»
JIOXKHO. A ’

dro eille corjacyercsi B KaKoH-TO Mepe ¢ OOLIeNnpHHSATHIM
NMOHUMAHHEM COI03a «eCIH ..., TO...».

Ho Bo3sbMeM /1Sl NMOCTPOEHHsSI CJIOMHBIX BbICKA3bIBAHHH
«a — b» TaKHe MpOCTble BBHICKA3bIBAHHA:

«CoxpaT — rpexk» — u;

«Hanoneon — rpexk» — 4;

«[Baxkapl JBa — ueThipe» — u;

«JIBax bl JgBa — MSATbY — A.

HHTepnperupys HMIVIMKALHIO KaK CO0O3 «eCIH ..., TO...»,
noJiyuaeM TakHe YTBepXKAEHHs:

«Ecau Coxkpam — 2pex, mo deascdoL 06a uemboipey» UCTHHHO,;

«Ecau Hanoaeon — zpex, mo 0sancdvr Osa — uemoipe»
HCTHHHO; '

«Ecau Hanoaeon — zpex, mo 0eancdo. 06a — namo» HCTHHHO;

«Ecau Cokpam — zpex, mo 08asc0si 0sa — namb» JOKHO.

Kak BHAHO, 9TH yTBEpIKAEHHS COBCEM He COOTBETCTBYIOT
NPUBBIYHOMY YNOTpPeC/IeHHIO CO03a «eCiH..., TO...». [IpHuHHa
TaKOTO HECOOTBETCTBHSI B OCHOBHOM cjepyiomasi. Kak sto
YyacTO INpPOHCXOAHT B OOBIYHOH peyH, HEKOTOpHIe CJ10Ba
(a TakXe CJOBOCOUETAHHS H lieJible IPENJIOKEHHsI) UMEIOT He
OfHO, a MHOTO pa3/IHYHbIX 3HAuUeHHH, 8aBHCSALIUX OT TOrO,
B Kakoll CBSI3H JaHHOe S3bIKOBOE BbIpaKeHHe ymnoTpedisi-
ercsi. Tak 3TO MPOUCXORHT H C COIO30M «eCJH ..., TO...».
AHanu30M ero pas/qMuHBIX 3HAYEHHH 3aHHMAJHCh KpymHeH-
IHe JIOTHKH co BpemeH Jlpesneil I'peunn u no ceél xeHb. Mu
He HMeeM BO3MOXKHOCTH B paMKax Halllell KHUTH OCTaHaBJH-
BaThCsl HA STOM CJAHILKOM MOAPOGHO').

OTMeTHM TOJIbKO AJisl NpHMepa TaKHe ynoTpeC/eHHs Bbl-
paxeHHuss «ecJau a, TO b». :

1) INoapo6GHee O CBA3H HMNJHKALHH C COIO30M €€C/H..., TO...»
H O PasJHYHLEIX BHAaX HMNJHKAiHH MOXHO Y3HaTb H3 CTaTbH «Umnau-
KapuA», Haneuatanno# Bo Il Tome «Punocodckoft sHUHKIONERHHD.
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a) «Ecau mor Ha2peeaem HEKOMOopoe meAo, mo 0RO (9mo mead,
yeeaudusaemcs 6 00vemen. : D

3nech «ecAlé ..., MO...» ONMHCHIBAET MPHUKHHO-CACACTBRH
HYIO CBA3b MeXKAY a H b («Mor nazpesaem méaoy — npHYHHEA
«neso yeerudusaemcs 6 06veme» — CNEACTBHE). .

6) HeckosIbKO HHOH CMBIC/I COHO3 «€CJH ..., TO...» HMeE
B CHefyiomeM IpeNJIOKeHHH: T

«(Ecnu ece a00u cmepmusr u Cokpam uenosex), To (Coxpam
CMepmer)»: o '

3mech «ecau ..., mo...» BHIpaxKaeT OTHOLUEHHE JOTHYec-
Koro ciefopandsi b M3 a: «CokpaT — CMepTeH» JIOTHYECKH
cyefyeT H3 I[OCHJIKH -

«Bce a00u cmepmnor B Cokpam 4en08eK».

 HecMoTpsi Ha ~ CYHIECTBEHHYIO DPAsSHHIYy B TNOHHMAHHH
CMBICJIA COI03a «ecAl ..., MO...» B ciyyae a) (MpHYHHHO-CJIEA-
CTBeHHas CBAA3b) H 6) (JIOrHYecKoe C/IefoBaHHE), H B TOM H B
IAPYTOM cjyuae B CONEPXKAHHH ¢€CHH ..., TO...» HMeeTCs
ofHa ofillas yepTra: COI3 YKAa3pBaeT Ha HEKOTOpYK CBA3b
MeXKLY COJNEpIKAHHEM BHICKA3HIBAHMA @ ¥ BhICKasHiBa-
una b. o ’

Jloruka BHICKa3hLIBaHHH OGHIYHO OTBJIEKAETCs OT COAEPIKA~
HHSl NPOCTHIX BHICKAashIBaHHH M paccMaTpHBaeT TOJBKO HX
3HauYeHHs MCTHAHOCTH. TeM caMBIM JIOTHYeCKHe omepa-
(MK OBHIYHO HE BHIPAXKAIOT CBA3H MEXJY CONEpXMaHHEM Bbi-
-cKasuiBauui, JlorHyeckas -omepauus, oCpasyiomas H3
IBYX BBICKashBaHHA a M b CJOXKHOE BLICKA3LIBAHHE,
ompejensier, TaKHM o06pasoM, TOJNbKO OTHOMEHHE MexAy
8HAYEHHSMH HCTHHHOCTH BhiCKaspiBaHMA a M b ‘H 3Haye-
HEEM HCTHHHOCTH COCTAaBJIEHHOTO M3 HHX CJIOXKHOrO Bbi-
CKa3bIBaHHS. : e E

OrsneueMcsl OT COJAEpXKAHHSl BHICKasblBaHHH «eelH aq,
T0 b» B 3afalUM BOIpOC, KaKas JIOTHUECKas one agys: Jiyqile
. BCETO COOTBETCTBYT COIO3Y «eCAH ..., TO...». OxasHBaercs,
BLICKASHIBAHHE «€CJIH @, TO b» MOXKHO MOHHMATb, KaK b HJH
He a» (r.-e. Ja\/b). B TaKOM NOHHMAHHH NpPHMEPH a) H 6)
nepenHmyTcs Tak: N A

a’) «(Teao yeerutusaemcs 6 06veme) AR (HegepRo, ¥mo Mol
Hazpesaem me.o)y; R

6') «(Coxpam cmepmen) WA (HesepHO, 4Mmo 6ce a0du cmepm-
o u Coxkpam — 4eno08ex). A
~ MoOXHO OTMETHTb HEKOTOPOE COOTBETCTBHE MeXAy Bbl-
CKasHIBaHHSAMH a') H a), a TaKxke MexAy 6') H 6). O6paTHM BHH-
MaHHe Tenepb Ha T0, 4T0 “|a@\/b JoxHO TorAa, Korza 74 foxKHO
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U b JOXKHO, T. €. KOT/\a @ HCTHRHO H b JIOXHO, a B OCTaJIbHBIX
cayyasax _|a\/b HCTHHHO. Hrak, raGaHla HCTHHHOCTH A1d .
Ta\b coBrnajaer ¢ ‘TabJjHiLeH HCTHHHOCTH A a—b. Tem
caMplM BHICKASHIBaHHe G—>b MOMKHO CUMTATb COOTBETCTBHEM
IUIst «eCJIH 4, . TO b». '

B page ciydyaeB yAOOHO MOHHMATb BRICKasbiBaHHE a—>b
Kak |(aA b). Takoe nonumManne HMIJIHKAalH{ NOAYep KHBAaeT
HMEHHO TOT (KT, UTO IPH HCTHHHOCTH g—»b HE MOKeT cay-
YHThCS, YTOOH @ Obii0 HCTHHHLIM, 2 b nOXKHBIM, DTO COOTBET~
CTBYeT Ba)HOMY. CBOMCTBY HMIJIMKAllHH, KOTOpO€' 3aKJio-
yaeTcsi B TOM, YTo HCTHHa HE MOXeT HMIIHUHDOBATH
© JIOXb. _

B §3 ra. II Ma yGepumcsa B TOM, YTO 3TO CBOHCTBO HM-
MJIHKALMH HTpaeT BaXHYIO pOib B JIOTHKE BLICKA3LIBAHHH,

K TakoMy NpHMEPHO MOHHMAHMIO HMIVIHKAUMH MApHILE]
npeBHerpeyeckni JoruKk Punon u3 Meraph (IV B. HO H. 3.)..
YyenHe 06 3Toil JIOTHUECKOR omepalHH, noayyHpied Ha3Ba-
HHE MQMepUalbRas UMNAUKAYUA, YTOUHANOCH H pasBHBAIOCH
s Jlpeneit [peuuH B Merapo-CTOHYecKo#l. IKosie (IV u III
BB. JIO H. 3.), B JOTHKe CXOJIaCTOB H B TPYAax ApYyTrHX JIOTH-
' KOB BIJOTH A0 HauMX AHell. BrillenpuseneHHOe ONpenese-
HHe 3TOH omepaulH, 0KasanoCh HCKIIOYHTENbHO MJIOAOTBOD-
apiM. 'Kak Mpl yBHAMM B JaJIbHEHILIHX IaBaxX, B HECKOJBKO
pacliHpEeHHOM NOHHMAHWH HMIJIHKALHA cnoco6Ha AoBOMb-
HO XODOIIO MepefaBaTh CMEICA JIOTHYECKOTO C/IEJOBAHHS
(npumep 6)). : ] g

Ho Ml ele pas xotend Gbl MOAYEPKHYTh, YTO BHICKASHL:
paHHe «a—»b» He COBMafiaeT MO CMBICAY C BHICKa3LIBaHHEM
wcnn a, 10 b». TlosTomy, Bo H36exaHHEe HEJOpasyMeHHH,
YMECTHO YHTaTh CJIOXKHOE BbICKasbiBaHHE «a—->b» He cecau a,
To b», a «a umnauyupyem b» W NIOHMMATD STY ONEPALHIO TOMb-
KO TaK, KaK 3TO YCTAHOBJIEHO COOTBETCTBYIOWIEH TaGnuued
HCTHHHOCTH. ‘

BBejeM, HaKOHEll, ellie OHY JIOTHUECKYIO Onepaiuio —
 sxeusasenmnocms. Mbl ee GyleM 00603HauaThb 3HAaKOM ~,
CJio)HOEe BHICKa3hIBaHHE «d~ b» YHTaercs: «@ 3KBHBAJIEHTHO
b». DKBHBAJEHTHOCTb ONpeENeNnserTcs Tak: .

CA0%cHOe 8bICKA3bIBARUE «a~by UCMUNHO; eCAU G UCIMUKKO
U b UCMUNHO Uiu ecatt @ A0KHOU b aoncno. Bo ecex Opyeux
cayiasx «a~b» n0%CHO. _ . .

WUnave rosop4q, «a~b» MUCTHHHO B TOM H TOJIbKO B TOM
cayyae, eciih 06a BHICKA3HIBAHWs @ H b HMEIOT OJHO H TO
e 3HaueHHe HMCTHHHOCTH. TeM caMblM 3SKBHBaJIEHTHOCTH
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onuchiBaercs CaeAyiomef Tab6aHImeH  HCTHUHHOCTH
AJds1 5KBUBAJEeHTHOCTH: -

blu|a
a

u ul'/l
A | u‘

DKBUBAJIEHTHOCTb MPHMEPHO COOTBETCTBYET YNOTPeOJeHHIO
BbIPaXKeHHsl «TOrfAa H TOJMbKO TOrAa, KOrAas; «a~ b» coorper-
cTByer B OGbIYHON peud BHICKA3bIBAHHIO «a mo20a u MOALKO
moeda, koz0a b». Ho, Tax e KaxK H /s UIMILJIMKAHH H «€CJIH.. .,
TO ...», 9TO COOTBETCTBHE JajieKo He noJHoe. O CBS3H JIOTH-
yecKOH omnepanuH SKBHBAJEHTHOCTH H $3BIKOBOTO Bblpaxke-
HHUSl «TOrJAa M TOJIbKO TOrjfa, KOrja» MOXKHO B OCHOBHOM
HNOBTOPHUTb TO, 4TO OBIJIO CKa3aHO O CBSI3H HMIIMKAnHH ¢
«CJIY ..., TO...».

Ynorpebasisi Bce NATh BBEAEHHBIX JOTHUECKHX ONepauui,
MOXKHO, NOJOGHO TOMY KaK 3TO Je/1aeTcsl B asire6pe ¢ NOMOLIbIO

CHMBOJIOB ~+, —, -, CTPOHTb CKOJIb YTORHO CJIOXKHbIE BhIpaKe-
uusa. Hanpumep, : . )

1) (aVOhAe -

2) a\/ (bAc);

3) (aV1a) A\ (b —a);

4 a\b)—c) ~Ta;

5) (((a—b)V 1) ~ (@ ANV (d o).

Hapsay co sHakaMu As JorHueckux onepaunit ], \/, A,
—», ~, JJATHHCKUMHU GyKBaMH a, b, c, d,... Ansg 0603HAUEHHS
BBICKa3bIBAHUH, B NpUBeJEeHHbIX (GOpMyJaX yYacTBYIOT ele
B KauecTBe BCIOMOraTeNbHbIX 3HAKOB (,) — OTKpHIBAOIAS U
3aKkpbiBaouias cko6ku. Tak ke, Kak B ajre6pe H B apH(Me-
THKE, OHH CJyXaT AJs yKasaHHs [MOCJAeJ0BaTe/NbHOCTH, B
KOTOPOH CllefyeT BLIMOJHATH onepauud, Hanpumep, BbIpa-
weHus a-(b +c¢) u (a-b)+c¢ uMeloT pas3HUHBIA CMbICI.
IlepBoe O3HauaeT: yMHOXKHTb @ HA TO, UTO IOJIy4aeTCsl, €CH
CJIOXKHTD b U ¢, BTOPOe — NpHGaBHTH ¢ K TOMY, UTO NOJyuaercs,
€C/TH YMHOXHTDb a Ha b. Kak u3BecTHO, pe3y/bTaThl 9THX ABYX
nocjiefoBarTenbHocTel onepauuii Gyayr, BooOue TroBops,
pasaHuHB: 3 X (2 + 1) =9; 3 x 2) + 1 = 7. B TouHOCTH

-

TAK XKe, CKaeM, a/\(b\/c) u (a/\b)\/c — RBa pas3iTHUHBIX
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CJIOXHBIX BHICKASHIBAHHS: NPH HEKOTOPHIX SHaYEHHsIX HCTHH-
HOCTH BHICKa3blBaHHH a, b H ¢ 3HaYeHHs] HCTHHHOCTH 3THX
CNOXHEIX BbICKa3biBaHHH GYRYT pas/HuHbl; HANpPHMEp, €ClH
a N0XHO, b J0XKHO, ¢ HCTHHHO, TO a/\ (b \/C) NpHMET 3HaUeHHe
aN@\u) = a2, a (a/A\b)\/c — 3Hauenne (2/\a)\Vu == u.
TakuM 06pa3oM, paccTaHOBKa CKOGOK B ¢OpMy/axX JIOrHKH
BBICKA3bIBaHHH SIBJISETCS OYEHb CYIECTBEHHOH.

YuraTeab Jerko ysIcHUT cefe, KaK MOACYMTHIBAETCS 3Ha<
yeHHe HMCTHHHOCTH CJOXHEIX BBICKa3blBAHHH BpOJAe TeX, KO-
TOpble MBI NPHBEJH BHILE, ‘

[ycrs, HanpuMep, Mbl HMeeM BbIpaxeHHe

((la—b)V1b) ~ (a/\C)_)V(d/\C)-
HyxXHO noAcuuTaTb €ro 3HayeHHe HCTHHHOCTH A/ 3HaueHu#
a—u, b—a, c—a, d—u.

I[ToxcraBasieM BMecTo GYKB 3TH 3HaueHHsl HCTHHHOCTH. [lomy-

yaeM
((w— D)V T2) ~ (wAD)V (A1)

Onepauuy npousBOAATCS B TOM INOPsIIKE, KaK 3TO YKa3aHO
paccTaHOBKOH CKOGOK. IlpuMeHeHHE KaxJOH omnepauuu npo-
H3BOAHUTCS COTJIACHO TaBJHLie HCTHHHOCTH JyIst 5TOH omepauuH,
Takum o6pasoM, noay4yaeM

N

Uu—a=a, Tla=u,

C/IeI0BATEbHO,
w—a)\ la=aVu=u;
najee o
upha=a
TaK 410 ,
(((e— VT2 ~ @A) =u~a=4

H OnATh .

(A2 =x
H, HaKoOHel,

(= )V V1) ~ @A)V @A) =2V 2=2.

3HaueHHe HCTHHHOCTH BCero.BHIpayKeHHs — Mbl OyJieM roBO-
PHTb 3HAaU€HHe HCTHHHOCTH (OPMYJIbI IOTHKH BbICKA3BIBAHUH —
OyZmeT 3aBHCETb OT 3HAUEHHH HMCTHHHOCTH BXOJSIIHX B Hee
6YKB, 0603HAYAIOMMX MPOCTHe BhICKa3biBaHHA. Mbl peKoMeH-
JyeM YHTaTe/i0 BHIYHCJAHTbL 3HAu€HHe HCTHHHOCTH JaHHOTO

19



CJIOMHOTO BHICKA3BIBAHHS MJS HEKOTOPHIX APYruX HaGopoB
3HaYeHHH HCTHHHOCTH cocraa.nmomux ero npocmx BHICKA-,
3bIBaHUM.

[MpusemeM eme, pann anMepa, 3HaYeHUs] HCTHHHOCTH

dopmyael
((aAb) =)V 1a) ~ (aAo)

AJIs BCEBO3MOXKHBIX HA60pPOB 3HAYEHHH HCTHHHOCTH MPOCTHIX’
BbICKa3biBaHuil a, b u ¢:

a| 6| ¢ (ahb)~c)VTa)~(ape)
u u u u

u u A u )
u A u u

u A A A N

A u u A

A u A A

A A u A B

Al a2 A A B

. SN\

Mul cpa3y mnpeACTaBHJM 3HAYEHHS HCTHHHOCTH CJIOXKHOTO
BLICKA3HIBAHHSI B 3aBHCHMOCTH OT 3HAYeHHH HCTHHHOCTH
NpOCTHIX BbICKA3BIBaHHA a, b, ¢ B yAOOHOM TaGJIHYHOM BHJAE.
BriuHc/eHHs1 NPOBORATCS TaK e, KaK Mbl 3TO yKasbiBadd
BHIIlE, H YHTaTeNb HX JIErKO NpoBepHT. B nofoGHOM Tabauy-
HOM BHJIe MOXHO NMPEACTaBHTb 3HAYEHHS HCTHHHOCTH JIoGOH
(opMyJIbl JIOTHKH _BBICKa3BIBAHHH.

§ 3. Byaesn dyHKuHH

U3 Bcero CKasaHHOTO BHAHO, YTO BCAKYIO GopMy Ty
JOrMKH BHICKa3biBaHHl MOXHO paccMaTpHBaTh Kak NpeACTaB-
JleHHe HeKoTopoH (YHKHMH: BcsiKoMy Habopy sHayeHHH Hc-
THHHOCTH OYKB — KaxJasi OyKBa MoxeT NPHHHMATb OJHO
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M3 ABYX SHau€HMH u WaR 4 — corjlacHO GopMyAe OIHO3HAY-
HO COOTBETCTBYeT HEKOTOpoe 3HAYeHHe HCTHHHOCTH — U
HJH 4 — BCEr0 CJIOXHOLO BbICKA3BIBAHHA, NPEJCTaBJEHHOTO
- stoft popmysoft. TakuM 06pa3soM, Mbl MOXKeEM H OyJleM HHOTAA
BCAKYIO (POpMyYJIy paccCMaTpHBaTh Kak BoipaxeHHe Ana GyHK-
uud. Hampumep, dopmyna : :

(((a\b) — )V 1a) ~ (a/\c)) ='f(t.1,' b, o)

BHIpaXaeT GYHKUHIO OT NepeMeHHHX 4, b, ¢.

Takas TOUKa 3pEHHS BNOJIHE COOTBETCTBYET B 9JIEMEH«
TapHOH anre6pe MOHATHIO QYHKUHH, npejcTaBieHHOR GyKe
peHHOH ¢opMyno#k. B anreGpe ¢opmysnl

. f,(x, o 2)=(x-+y+2)'—8x
HJIH .

fa (x, y,_2)=x+2y+2’

npeACTaBAfIoT GYHKIUHH OT NEPEMEHHBIX X, Y, 2. 3710 03HAUAET,
yTo BCAKHM pa3s, Korja Mol BMecTO OYKB-NIepEMEHHHX X,
Y, -2 TOACTABIfAEM HEKOTOpble uHcaa (HAampHMep, X = 1,
y=2, z=1), To H BcA (opMysa NMPHHHMAET HEKOTOpOE
_BfIOJIHE OMpeMeICHHOE YHCJIOBOE 3HAYCHHE gs HaleM tiaydae
(1, 2 1) = (14+2+1P—31=13 fol, 2, H=1+
© 4 2:2 + 1* = 6). Pasnuua B TOM, 4TO €C/H B sJeMeHTapHOR
anrebpe paccMaTpHBAIOTCA UHCJIOBbie (YHKUUH (r. e. ®
nepeMeHHble, H (QYHKUHA NPHHHMAIOT YHCJIOBBIC 3HaUeHHA),
To B JIOTMKE BBICKA3LIBAHHA paccCMaTpHBAlOTCA TaK HasblBae-
Mbie Jornueckne (6yneBbl) GQYHKUHH, B KOTOPHX KaK Kaxlas
" riepeMenHas (a, b, ¢ H T. 1.), TaK K caMa QYHKIHS, BHpaxae-
Masi HekoTopoff (opMyJIoR, NPUHHMAET TOJIBKO OJHO M3 ABYX
3HAUEHHH — HCTHHHO «u» HJH JIOXHO <4». [Ipu stoM JjorH-
yeckne onepaumud (], A,\,—»~) aHaJIOTHUHB anreGpaH-
YeCKHM ONEpallHAM CJOMEHH#, BHUMTAHHA, YMHOMEHHA,
BO3BEJEHHS B CTENeHb H Jip. YCJIOBHMCH NepeMeHHble, NMpH-
HHUMaIOIHe SHAUeHHS & HJH 4, HasbBATH OyJIEBHIMH mnepe-
MEHHBIMH. :

Dopmyansl  (ckaxeM, a\/(b/Ac)). MOTHKH BhICKa3biBaHH#
MOMKHO, KaK Mbl BHAMM, MOHHMaTb ABYMf DasjHUHBIMH CIO-
- cobaMmH: ,

1. a, b, c MOryT GuITb COKpAIIEHHHIMH OOO3HAUEHHAMH
HEKOTOPBIX OMNpEJENCHHHX (N0CMOANHbX) —BHCKA3HIBAHHMA
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(ckaxem, a —b5 peaut 10», b — «3 menbue 2», ¢ — «5 —
HeueTHoe uHncio»). Torxa cnoxuas ¢opMyna (a V(b/\c))
ABJASICTCS COKPaleHHOH 3amHChbi0 HEKOTOPOro ONpefeseH-
HOTO CJIOXHOTO BbICKa3biBaHHs (B HalieM cayyae «(5 HeaHT
10) uam (3 Menbme 2 ¥ 5 HeGeTHOE UHCJO)».

2. ByKBH BBHICTYNAIOT B pOJH NEpPEMEHHBbIX; BMECTO HHX
MOXHO MOJACTaBJAATb NPOH3BOJBHEIE BHICKA3HIBAHHA H TOJY-
YaTh Ka[bld pas C/IOMHEE BBICKA3BIBAHHSA, 3aBHCALIHE OT
NOJICTaB/ICHHEIX NPOCTHIX BhICKa3blBaHMH. B cuay Ttoro, uro
JIOTHKA BBICKa3bIBAHHN OGBLIYHO YUHTHIBAET HE COJEpIKaHHe,
a TOJMIbKO 3HaueHHe HCTHHHOCTH BhICKa3blBAHHH, Mbl CUHTaeM,
YTO TNEepEMEHHhie BbICKA3biBAHHS NPHHMMAIOT TOJMbKO “ABA
3HAUEHHS: «u» H «1». B TAKOM NOHMMaHUH GOpMyJia peACTaB-
JISIeT HEKOTOPYIO OyseBy (DyHKIHIO,

3ameTHM, uTO 145 OYKBEHHHIX (JOPMYJ 3JEMEHTapHOM
aareOpbl MBI TaKXKe pas3jiMuaeM o6a 3TH MOHUMaHHA: B HEKO-
TOpHX CJAy4asdXx OyKBhH paccMaTpHBAIOTCA KAK COKpalleHHS
HEKOTOPHIX MOCTOSIHHHIX UHCeJ (C — CKOPOCTb cBeTa, h —
nocrosiHHas Ilnanka u Ap.); B APYTHX CayYasix OHH paccMaT«
pHBaIOTCA Kak nepeMenHnle. [ln5 pasjnueHHs 3THX IBYX CJay-
4aeB B 3JEMEHTapHO# ajareGpe NMpHHATO 0603HAYATH MOCTO-
fIHHbIE HayaJbHBIMH OyKBaMH JIaTHHCKOTO afidaBHTa: @, b, c,
a NepeMeHHbIe — MOoCc/eHUMH GyKBaMHM JIaTHHCKOro aJada-
BHTa: X, y, 2. [lofoGHBIM ke 06pa3oM, BO H3bexaHHe HeAOpa-
3YMEHHH, €CJH Mbl XOTHM NONYEPKHYTb, UTO CJIOXKHYIO (op-
MyJy cJelyeT paccMaTpHBaTb KAk MNpeAcTaBjeHHe O6yJjeBoft
GyHKIHH, MBl OyaeM ynoTpebaATh nocjaefuHe GyKBbl JATHH-
ckoro aadaBHTa x, y, 2 HAH — Jasg ¢GopMyJa ¢ GOJBIIHM
YHCJIOM NEpeMEeHHbIX — Mbl 6yZieM ynoTpe6asaTb OYKBH X, § €
HHIEKCAMH: Xy, X2,... H Y1, Ysz,-..

Has  ¢dopMmya JIOTHKH BbICKaSBIBaHHH paccMmartpHBa-
eMblX KakK OyJeBn (DYHKIHH, Mbl ONMpPENEJaHM pSJ BaXKHBHIX
CBOHCTB M MOHATHH, KOTOPHIE HaM MOHajo6ATCA B Aajb-
HelllieM.

Herpynuno ykasatb p;m ¢dopMyJ1, KOTOpPHE NpHHHMAIOT
3HaYeHHE & MPH JIOObLIX 3HAYCHHSAX MCTHHHOCTH BXOASLIMX
B HHUX TepeMeHHuIX. TakOBHIMH OYAYT, HampHMep, (OpMYJIbl

(xV Tx)
(x — (y—x));
(A7) —(xAy) u 1. A
Mbl pekoMeHIyeM YHTATE/IO npoaeﬁmb € NOMOINBIO TabJHIL
22



HCTHHHOCTH JJIi JIOTHUECKHX- OmepauHil, YTO YKa3aHHbIE
dopMyaEl AeACTBHTE/BHO OG/MAafAlOT STHM CBOHCTBOM. Takue
(OPMYIEl HA3BIBAIOTCS MOMIECMBEHHO UCTUNHbIMI POpMYa-
MU HJH MABMO0ZUAMY A02UKY ebickasulsanuli. B crenyomed
rJaBe Mul 60j1ee NOJPOGHO OCTAHOBHMCS HA 3HAYEHHH TOXIE-
CTBEHHO HCTHHHHIX (OpMyJs B mpouecce JIOTHYECKHX 3aKJIO-
yeHHH.

PaccmarpHBaioTcs Takxe (OpMYyJbl, NPHHHMAIOIKE 3HA-
yeHHe . TIpH BCEX 3HAUEHHSX IMEpPEMEHHBIX: OHHM Ha3LIBAIOTCA
moscdecmeenno n0%cHuimL opmysamu. TlpEMepaMH TakHX
dopMys1 ABAAIOTCA “

A%
)~ WA
TEAT)—(xAY)

H-1p.

Jlerko saMeTHTb, uTo ecnH A(x, y,"z) — Kakas-HHOYAb
TOXJECTBEHHO HCTHHHAas (opMyJa, MOCTPOEHHas H3 Oyks
X, Y, 2 C TIOMOLIbIO 3HAKOB JIOTHYECKHX ONepaiHii, To dopmyaa
TA(x, y, 2) (1. e. Ta ¢opMmysaa, KoTopas noJiyyaeTcsi, ecJjH
BHLIMHCATb MOJHOCTBIO (opMyay, 0GO3HAUEHHYIO Ax, y, 2),
¥ TOCTaBHTBH Teped 3TOH opMynoll 3HAaK |) OyAeT TOMXAecT-
BEHHO JIOXHOA (opMyJiol H HaoGOpOT. o )

TOXIECTBEHHO HCTHHHBIE M TOM(JECTBEHHO JIOXKHbIE (op-
MyJB TpEACTABJASIOT  NOCMOAHHbie  GyaeBbl GyHKUIHH,
NpHHAMAIOIHE TOJBKO OJHO 3HAUeHHe: HMX 3HaYCHHE He
3aBHCHT OT TNepeMeHHBX, BXOLAmHX B QopMyay. Bee
ocTasbHEE (OPMYJB HE MOCTOSHHBIE: /151 HEKOTOPHIX 3HA-
yeHH# GyJeBHIX NEPEMEHHbIX OHH MPHHMMAIOT 3HAYeHHE U,
Ina ApyrHx — 4. DopMyJbl, NPHBEAEHHHE HAMH Ha CTp.
18 mnpencTaBaAfioT HMMEHHO TaKHe HEMOCTOSHHBIE 6yJeBnl
GYHKIHH. ' o

Jpe pasnuuHbie GOPMYJBl MOTYT MpEACTaBAATh OAHY H
Ty %e GyaeBy (GyHKIHIO; TaGMHIbI HCTHHHOCTH TaKHX dopmyn
6yayT coBnajaTh. Tak, HampHMep, JIETKO MOXHO NPOBEPHTD,

uyto ¢opMyJa
((x~9)—(*A\2)
H ¢dopmyaa S

ATV AXADIV (xA2)
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NPeNCTaBASIOT OHY H.Ty Xe OyJesBy tbyuxumo f(x, Y, 2) ¢
Tabiuueil HCTHHHOCTH: -

X

f'(x' Y, Z)

<
»

LS B S IR
LS B~ IR
&

S

t
S
S
t

i A A A A

Hse (bOpMlebI A v B, npejcTapAIOLHe OHY H Ty XKe Gyneny
GYHKUHIO, HA3LIBAIOTCHA PABHOCUAbHOIMU. DTOT (PAKT 3amH-
CHIBAIOT C TOMOLIBIO 3HAKA = CJEAYIOLHM obpasom: A ==.
== B. ‘Hanpuwmep,

(% ~ ) — A = (A THV (TEAD VXA,

paBHOCYIJIbHOCTb ABYX dopMys MOXHO TPOBEPHTH TAK: BCEM
GyKBaM, BXOAALIKM B GOpPMYJIHl, IPHIAIOTCA HE3ABHCHMO JAPYT
OT JApYra BCEBO3MOXHBE 3HAYCHHS HCTHHHOCTH H BHIYHC-
JBeTCs 3HAYEHHe HCTHHHOCTH 06enx Qopmy.. PopMysn pas- |
HOCHJIbHbI, €CJIH HX 3HAUCHHS HCTHHHOCTH NPH JMI060M Habope. .
3HauYeHH# HCTHHHOCTH BXOASALIMX B HHX NMEpPeMEHHHX COBMa-
JaloT, H OHM He PAaBHOCHJIBHBI, €C/H HX 3HAYEHHS Pa3/IHUHAH
no KpaltHell Mepe Ans OHOrO Ha6opa 3HAUEHHH HCTHHHOCTH
nepemeHHuX. HexoTophie nepeMeHHbBe MOFYT BXOHTD TOJBKO
B onHy u3 Qopmya. Torna spauenue HCTHHHOCTH To# opmy--
Jbl, B KOTOPYIO 9Ta NepEeMEHHas He BXOJHT, He 3aBHCHT OT
3HAaUEHHS -~ MCTHHHOCTH, INpHIaBaeMOro 3To#f nepeMeHHOM.
Hanpuwmep, xVy——((zV‘]z)—»(xVy)) -TlepeMenHas z ne
BXOIHT B JieBylo (opmyay x\/y. Ee 3HaueHHe, Hanpumep,
L5l 3HAUeHHH x = u, y =4, z=uM 1 3HaueHH# x = u,
Yy = A, 2 = 4 OyleT ONHO H TO XKe, a HMEHHO «. YKasaH-
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HYI0 DaBHOCHJIBHOCTb HeTpyAHo mnposepHTb. Kak nesas,
TaK H mpaBas yacTb $HOPMYJB NMpPENCTaBJSET ORHY H Ty XKe
OyneBy ¢yHkuHio f(x,y,2) ¢ TabauuUeHd MCTHHHOCTH

X y 2 f (xv Y 2)

u | u u]lu

u u A u

A A A A

B1a QpyHKUUS B-AEHCTBHTEJLHOCTH 3aBHCHT TOJBKO OT X H Y.

" PaBHOCHIbHOCTb (OPMYJ JIOTHKH BHICKAa3bIBAHHH aHa-
JIOTHUHA TOMXAECTBaM 3/eMEHTapHOH asre6pbi, H3BECTHBHIM
U3 Kypca cpenHeli mkosnl. Hampumep, a

Ax+y)r=x"+y* +2y, ,Lx‘+y)(x—‘y)=‘x’——y’ HT A

Y TaM TOXAECTBEHHOE PAaBEHCTBO ABYX Pa3/HUHbIX (HOPMYJib-
HbIX BhIpaXKeHHi#l O3HauaeT, 4TO OHH NMPHHHUMAIOT OJHHAKOBLIE
YHC/IOBLIE 3HAYEHHS, KakHe Obl YHCJA Mbl HE MNOACTaBJAJH
BMECTO TepeMeHHBIX X, Y, 2. TONIbKO, KOHEUHO, TOXJECTBEH-
HOE PaBEHCTBO (GOPMYJ 3JeMeHTapHOH anreGpbl HeJb3s Mpo-
BEpPHTb MPOCTHM METONOM Npo0, TaK KaK MpHILIOCH 66l noJ-
CTaBJATb BMECTO MEPEMEHHHIX HeOrpaHHYeHHOe YHCJO BO3<
MOKHBIX UHCJIOBLIX 3HaUE€HHHA mMepeMeHHBIX H J0Ka3aTeJbCTBO
~ TOM/ECTBEHHOTO paBeHcTBAa (opMyJ HHKOrJZa OH HE 3aKOH-
yuaoch. ToT (akT, Y4TO PABHOCHJABHOCTb (OPMYJ JIOTHKH
BHICKA3LIBAHHH MOXHO TIPOBEPHTb HEMOCPEJNCTBEHHO, CYIIecT-
BEHHO CBfI3aH C T€M, 4TO NepeMeHHbe, BXOAAIHE B hopmyay,
MOTYT HpHHHMATh TOJIbKO KOHEUHOE UHCJIO 3HaueHuit. [Ipasaa,
$TO. UHCJIO MOMET OhiTb Ha TPAKTHKE AOBOJbHO OOJBIIHM.
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HefictButennHo, ecnd B HEKoTopyio dopmyny A Bxomar .n
nepeMeHHBIX, TO, TAK KaK KaxXjas NepeMeHHas MOXKET He3a-
BHCHMO OT APYTHX NPHHHMaTb JBa 3HAUEHHS («U» HJIH «1v),
BCSl COBOKYNHOCTb NEPeMEHHbIX (Xy, X3,..., X,) MOXeT NpH-
HMMaTb 2" 3HaueHUH. DTO UYHCIO GHICTPO PacTeT € POCTOM
n: 0 JecATH mepeMeHHBIX Bo3MoxHO 1024 nHaGopa, ana 30
nepeMeHHuIX yxKe Gosbine 1 000 000 000. IIpuueM HYKHO
CKa3aTb, YTO OCOGEHHO B TNPHJIOXKCHHAX JIOTHKH BBICKa3hl-
BaHHi#, KaK mNpaBHJO, BCTpedaoTcsd GOpMyJnl ¢ GOJBIIHM
YHCJIOM NEPEMEHHBIX: NIECATKH, COTHH H THICHUH NEPEMEHHBIX.
BriuncneHue BceX 3HaUEHHIl MCTHHHOCTH TaKHX dopmyxn cTa-
HOBHTCH OYEHb TPYJAOEMKOH 3ajaueil. B anemeHTapHO# aJ-
re6pe TOXIECTBEHHbIE paBeHCTBa (POPMYJ YCTaHaBJAHMBAIOTCSA
— M TaM 5TO HHaue M HEBO3MOXKHO — HCIOJb30BAaHHEM He-
6oIbLIOT0 YHCJIA OCHOBHBIX TOMJECTB — 3aKOHOB, CBSI3bI-
BAaIOIMX MeXAy coGoi apudMeTHuecKHe omepauuH. TakHMH
3aKOHAMH SIBJISIOTCS, HamNpHMep, acCOUHMATHBHBIE 3aKOHHI

x(2)=(xy)z, (x+Yy)+z=x+(y+2),

IUCTPHOYTHBHBEIA 3aKOH x(y + 2z) == xy + xz ¥ MHOTHe Jpy-
rHe, KOTOpble MBI He GyieM Bce BhIMHCHIBaTh. OHH NO3BOJSAIOT-
npeo6paaoabIBaTb OYKBgHHEIE (OPMYJIBI 3JIEMEHTapHOH aJ-
re6pel B Apyrue GopMy/bl, paBHbIE HM TOxkJAecTBeHHO. Oka-
3blBaeTcs, YTO MOJOOHBIM Ke 06pa3oM MOXKHO NOCTYyNaTh
M B JIOTHKE BbICKa3blBaHMil.- Mbl CKOpPO MO3HaKOMHMcSA ¢ oc-
HOBHBHIMH 3aKOHaMH, MO3BOJISIIOIIMMH MPOH3BOAHTb TaKHe
npeoGpa3oBaHH4.

B nepByio ouepenp otMeTHM TOT ()aKT, UTO HaGOp BBEAEH-
HbIX HaMH JIOTHYECKHX onepanuil fABjseTcs CHIbHO H3GBITOY-
HbIM: HEKOTOphle OMepamHH MOKHO BblpasHTb uepes Apyrue.

C noMowpio TaGnML HCTHHHOCTH YHTAaTe/b JIETKO MNpPO=
BEpHT, YTO 3KBHBAJEHTHOCTb NPOCTO BHIPAXKAeTCs uepes
HAMIVIMKAOHIO H KOWBIOHKIHIO. A MMEHHO, HMeeT MecTo cJe-
Ayoiias paBHOCHIbHOCTB: ~

x~y5«bﬂwAw—ﬂ» )

TakuM o6GpasoM, B j06o# (popMmyJie MBI MOKEM MOBCIOAY HC-_
KJ/IOUHTh 3HaK ~ H BbIPa3HTh ero coryiacHo (1) uepes —u
/\, 1 HoBasi opMyJa GYAeT paBHOCHJbHAa HCXOAHOH. ByneM,
HampHMep, HCXOAHTb H3 (OpPMYJIbI

(x ~ 8) ~ (£ AD). @
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Bupaxas 3HaK ~ uepes — H./\ coraacHo (1), moaydum

E~PH~EAN=((x—DAY— X)) ~ (x\Yy)=
' = (= NAEG—2) — @EAYA
CMEAY — (2= DAY —x)). (%)

Jlamee HMIIJIHKaU.HlO MOXHO BBIPa3HTb C ﬂOMOIlelO OTpHILAHHSA
" H JIHS'HOHKU.HH Ha OCHOBAHHH c.nenylom,en .nerxo npopepse-
Moii paBHOCHJIbHOCTH

x—y=TxVy. | @)

Takum o6pasoM, AJsi MoGoi GHopMyJbl MOXKHO yxasarb paB-
HOCHJIbHYIO el (hOpMYJy, COIEepMallyl0 TONbKO 3HAKH |,
V., /. Has npuMepa mpeoGpasyem Hamy dopmyay (**),
HCKJIOUasi 3HaK —:

(x—=HAG— ) —FAMA

MNEAD— (x—=NAG—2)) = (T({(TVHACIyV )V
‘ VEAMACTEADV T2V 9) ACTEV £).

Oqub YacTo, OCOGEHHO B TPHJIOMEHHSX JOTHKH BBHICKA3Hl-
BaHHA K 3JEKTPOTEXHHKe, MOJb3YIOTCA (QOpMyJ/aMH, cOxep-
JKALHMH TOJBKO TPU 3HAKa JIOTHUECKHX omepaunit: A, V/, 1.
Kak Mbl BHAHM, 3TOTO BNOJIHE AOCTAaTOYHO, TaK KaK Apyrue
JIOTHYECKHE OMEpalHH MOMHO BHIPAa3HTh Uepes HHX. .

Haxownen, okasbiBaeTcsi, YTO IH3BIOHKIHIO MOXHO BhHIpa-
SHTb Uepe3 KOHBIOHKIHIO U OTPHUAHHE H, HAOG0POT, KOHBIOH-
KIHIO Yepe3 IH3BIOHKUHIO H OTPHUAHKE. D10 MOXHO caenaTb
C TMOMOIIbI0 PaBHOCHJBHOCTEH, HA3bIBAEMBIX 3AKOHAMU Oe
Mopeana (MX ONATb-TAKH JIETKO MPOBEPHTH C MOMOLIBIO Tal-
JHL HCTHHHOCTH):

| T&Vy)=(1xAT9) ®
H ’ : N
, TEAD=(1xV 1Y) (4)
¥, KpOME TOro, C MOMOILbIO TaK HA3bIBAEMOTO 3aKOHA CHSATHS
JIBOHHOTO OTpHHAHHS:
, Tle=x. - (5)
JelicTBUTENBHO,
tVy=T1T«V)=TCIxATY) (6)
H, aHaJIOTHYHO, ‘ )
xAy=T1(T%V To). )
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TakuM 06pa3oM, BCAKYO (OPMYJNy JMOTHKH BbICKA3HIBAHHA
MOXHO 3aMEHHTb Ha PaBHOCHJIbHYIO eff H COJlepXKaIlyio TONb- -
KO 3HAakH |H /\ (unu \/ 4 7). [lns Hawero npHMepa (++) HMeeM

(~ 9) ~ EAM=(TCTEATHA TGATNATEAN A
' ATEADATAEATHATEA TN

MoXHO MOKa3ath, YTO JaJble NO 3TOMY MyTH HATH HeAb3A!
CYLIECTBYIOT (JOPMYJIb, KOTOPhE He PAaBHOCHAbHEI (GOpMYJIaM,
SaIHCBIBAEMBIM TOJIBKO ¢ TIOMOMIBIO, |, HIAH A\, HAH \/.

TeM npuMeuaTenbHelf, 4TO MOMHO yKa3aTb HEKOTOPYIO
OMNEepanHIO NOTHKH BHICKAa3bIBaHHM, KOTOPYIO Mbl JIO CHX MOp
HE BBOJMJH, C MOMOUIbIO KOTOPOH MOMHO BHIpPa3iTb BCe H3-
BECTHBIC HaM onepauuu |, \/, /\, —» ~. DTa onepauus Hasml-
Baetcs «wrpux lleddepas; nns Hee ynoTpebnsiercs sHak | (alb
uutaetcs «a WTpUX lleddepa b»). Ona onpesenserca cuelyio-
medi Ta6aunmed HCTHHHOCTH AAs mTpuxa lleg-

tepa:
N u|a

u At u

n‘u u

~

Cornacro s10#t TabNHIe CIOXKHOE BHICKA3biBaHHE a|b MCTHHHO
BCerjla, KpoOM€ TOro ¢jgyyas, KOorja a HCTHHHO H b ucTHHHO.
JLOBOAILHO TPOCTO Ha OCHOBAHHM TaG/HIbl MCTHHHOCTH JJIfl
| BHAHB CJAelyiolUHe paBHOCHABbHOCTH:

jx—z(x[x) ' 1 (8)
sANy=(x|9l(xly). - )

OnH riOKa3bIBalOT, YTO KOHBIOHKUHIO H OTPHUAHHE MOXKHO
BoIpasuth yepe3 wTpux [ledepa, a, Kak HaM y¥Ke H3BECTHO,
uyepes OTPHUAHHE M KOHBIOHKRHIO MOXHO BHIPa3HTb BCE OC-
TaAbHBIE JIOTHUECKHE ONepayHH. ' '

PekoMenjlyeM YHTaTeNl0 MPOBEPHTH BhLILECYKA3aHHEIE Npe-
00pa3oBaHUS H, ' Il TOTO YTOGbl OKOHYATENbHO YCBOKTD.
NPHHIMN 3aMEHEl OJHHX omnepauyfi ApYrHMH, mpeoGpaso-
BaTb HECKOABKO Hayrajl BHIOpaHHHIX (OPMYJ, 3amHCAHHBIX

28

-



¢ moMouibio 3HaAKOB |, A\, V., —% -~ B PaBHOCHJbHbIE HM
¢GopMyJiBl, 3aMHCAHHBIE TOJNIBKO C TMOMOILbIO 3HAKOB T A
WK Toabko ¢ noMompi |. Hanmpumep, npeoGpasosatb ¢op-
myay ((x—4)A2) x paBHOCH/IbHOH efi popmy e, 3amHCcaH-
Hoft TosbKo ¢ nomombio mrpuxa lleddepa,

EcTecTBEHHO BO3HHMKAeT BOMPOC: €CJNH JIOTHYECKHEe ore-
pauun MoryT GhiTb CBeAeHE K BYM (7], /\) M JlaKe TOAbKO
K OJIHO# (|), TO 3aueM e JIOTHKA BbICKAa3bIBaHUH MOJB3yeTCs

_MHOTMMH ONEpaunHsMH?” DTO HMeeT. HECKOJIbKO, NPHUHH. Mui
OTMETHM CJAEAylomHe: - »

a) Uuratesb, HaBEPHOE, yXKe 3aMETHJ, UTO HpPH HCKJIO-
YEeHHH 3HAKOB omepaumuil (GopMyJiel cTaHOBATCA Oosee JJIHH-
HHIMHM ¥ MeHee 0603pHMbIMH. Bellb H B SM€MEHTapHOH ajrel-
pe MOMKHO ObLTO Gbl, M10-BHAMMOMY, OGOATHCH Ge3 LeJOUHC/IeH-
HBIX TOKasaTesiell CTEMEHH M BMECTO, CKaeM, x'° THcaTb
X X-X-X-X-X-X-X-X-X. §SICHO, YTO 5TO MaJjoO CNOCOGCTBOBAJIO
61 06oapumocTH M yAoGounTaemocti dopmy.t. Habsrrounocts
B 0GO3HAUEHHAX He Bcerfia sBASETCS HENOCTATKOM.

6) Kak Mbl yBHAMM B clelyouledl ¥ B JlaAbHEAWHX IJa-
BaX, BBeJICHHble HaMH omepauuH |, /\, V, -» ~ Hrpawor
OnpeieIeHHYI0 POJIb NPH OMHCAHHH 3aKOHOMEPHOCTEH JIOTH-
yecKHX 3aKmoueHuit. OCOGEeHHO 5TO OTHOCHTCA K OMEpamuH —»,

B) VanaraeMulii HaMH pasjieNl JIOTHKH BbICKa3hlBaHUH, Ga-

3UpYIOHMAcA HA TMOHATHAX 3HAUEHHS HCTHHHOCTH M TaGiHL
'MCTHHHOCTH, JaJ€KO HE HCUEPNbIBAeT MPOGNEMATHKY JIOTHKH
BhicKa3uBaHH#. OH fABASETCH OJHHM M3 CaMbIX 3JIEMEHTap-
HBIX ee pasjesoB. VimeloTcs Apyrue o6/acTH, B KOTOPHIX He
BCe MpHBEAEHHbIE PABHOCHABHOCTH MEXNY JIOTHUECKHMH Ofe-
palMAMH MMEIOT MECTO M TEM CaMblM B HHX HE BCEeria jomyc-
' THMBl yKasaHHble HaMH BHIDQXEHHsS ORHHX ONepauui yepes
‘ppyrue. Ciofia OTHOCATCS TaKHe pasjiesibl, KaK HHTYHUHO-
HHCTCKOE HCUHMC/IEHHE BBICKASHIBAHHH, PasMHUHbIE HCUHMCIIE-
HHS TaK, Ha3blBaeMO CTPOroil MMmJHKailuh H Jp. B pamkax
Haime!l KHHIH Mbl HE MOXKeM H He OyJIeM Ha 3TOM OCTaHaBJIH-
BaThCH. ’

. AHaJIOTHUYHO TOMY, KaK Mbl 9TO CeNanu Ans onepauuit /\
u 7, MOXHO MOKa3aTb, YTO BCE JIOTHUECKHE ONEPaHH MOXHO
BHIpasHTL yepes \/ H [, a Takke yepes —>H |. Boo6ue, B
OCHOBY MOCTPOCHHS JIOTHKH BBICKA3bIBAHHH MOKHO MOJMOXHTD
caMble pasjHuHble HaGopbl omepauHi, 3ajaHHBIX CBOMMH
Ta6ANIAMH HCTHHHOCTH. Takue omepanuH He 0053aTesbHO
JOJKHB! OBITh OJIHOMECTHBIMH, KaK T, HaM ABYMECTHBIMH, KaK

“/\s \/, — OHH MOTyT 3aBHCETb OT 3, 4 u GoJbliero yHcmaa
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nepeMeHHuX. [lpeactaBasier GoJblloli HHTEpeC BOMPOC” O
TOM, KakHe Halophl NPH 3TOM ‘BhIpaXKalOTCAd uepe3 ApYTHe.
STOT BOMpPOC MpPEACTAB/AfAET HHTEpPEC KAK A/ TeOPETHUECKHX
BOMPOCOB JIOTHKH, TAK H OCOGEHHO AJA NpPHMEHEHUH JIOTHKH
BLICKA3blBAHMH B TEOPHH H NMpPAKTHKE MOCTPOEHHS 3JIEKTPOH-
HBIX aBTOMAaTHYECKHX YCTPOHCTB M GbICTPOAEHCTBYIOLIHX
BBIYMCJIMTENbHEIX MAIMH. JTOMY BONPOCY MOCBSLIEHO MHOTO
uccaenoBanuil. Jlnsi o3HakoMJeHHs ¢ oOTHocswmeHcs cioa
TEMaTHKOH MOXKHO pekoMeHzoBath cTathio C. B. Sl6noncKorD
«PYHKUHOHAJIbHEIE TOCTPOEHHS B k-3HAUHOH Joruke», Tpy-
Il MaTeM., HH-Ta M., B. A. Crekqosa, 1. 5l.

§ 4. Hopmaabubie dopmbi. AareGpa Byas

[TpuBe feHHBIMH paBHOCHJIbHOCTﬂMH CYIKAIHMH
ANs BbIpAXEHHs] OJHHMX JIOTHYECKHX OMepamuii yepes Apyrue,
JaJIeKo He HCuepibiBaeTcss Ha60p OCHOBHHIX PaBHOCHJIbHOC-
Tefl, TMO3BOJAIOIMX YNpowaTh (GOpMyJabl (HIH, TOYHee, 3a- .
' MeHATb (OPMYJ/Ibl PaBHOCHJBLHLIMH H GoJjee npocrblMH),. Or-
paHHYMMcA cayyaeM (opMyJ, COAEpIKAIIMX TOJbKO 3HAKH
/\, V, 7. Onu HaswiBaloTcs 6y/eBbIMH GopMysaMH. Y KameM'
OCHOBHBlE, OTHOCAIIHECH K HHM pPaBHOCHJBLHOCTH.

KOMMYTaTHBHEE 3aKOHbI:
V=WVx)i. (A =(yA». ON
AcconyaTHBHbIE SAaKOHHI: ) . :
V@V =((xVyVa); EAGAD=(xAy)A2). (2) -
3aKOHBl MAEMIIOTEHTHOCTH: e
(Vr)=x (x\x)=x. o ©)
JIucTpUOYTHBHbBIE 3aKOHbI: o
*V@A2)= ((xVy)/\(sz)),
xAGV)=((xAPV (xA2)). (4)
3akoHH ge MopraHa: )
TEVH=CTxATY: TEAD =12V Ty). (5)
3aKOH ABOMHOIO OTPHUAHHA: ‘
Tlx=x. (6)

KoMMyTaTHBHHI 3aKOH NO3BOJISIET NEPECTaBJATb PAAOM
CTOSIIME BbIPAXKEHHS, CBS3aHHbIE /3HAKOM -\/ (6y.eBb cJja-
raeMple) MJH 3HakoM /\ (6yneBnl MHOxHTenu). Coryiacuo
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" acconmaTMBHOMY 3aKOHY MOMKHO ONYyCKaTb CKOOKH Mexny
JIO6BIM YHCJIOM YJICHOB, CBfAI3aHHbIX OJMHAKOBBIMH 3HAKaMH
(V unu /), H BMeCTO, CKaxeM,

ANV EAD)V =V (A2))
ANV AV EV G A2)),

u Hao6opor. C MOMOIIBLIO 3aKOHOB MAEMIIOTEHTHOCTH OJHHa-
KOBble BbIPAXKEHHs, CBA3aHHBIC 3HAKAMH /\ HJH \/, MOXHO
3aMenaTb oguuM. Hanpumep,

(VIDAEV THAEVT9) = =V 1p)-

3akoH ABOMHOrO OTPHIIAHHS paspellaer ONyCKaTb ABa PAAOM
CTOsIlIIHE 3HAKa |, €C/IH OHH HeNOCPEACTBEHHO NPeAIIeCTBYIOT
HeKoTopo# ¢opMyJe, CKakeM,
TIEAD=(xAY)-

3akous Ae Moprana Hcmosbsylorcsi A TOro, 4To6H BHO-
CHTb 3HAK | B CKOGKY, B KOTOPO# CTOAT UsieHbl, OGbeJHHEH-
Hele 3HakaMi \/ uau /\. IIpu sToM 3HaK \/ NepexoiuT B AR
a 3Hak A\ — B \/. Hanpumep,. :

TEVHAD=(T=VHV 12), -
a Takxe ~
S TEADVEAN=(TEADATEAZ).

Tlone3sHo, HaKOHeL, AMAA COKPAIlEHHA TOXKAECTBEHHO HC-
THHHBIX (GOPMYJ BBeCTH 3HaK M, a TOXKIECTBEHHO JIOXKHBIX
¢gopmyn — 3nak JI. 3aMeTuM, uTo BCe TOXKJAECTBEHHO MCTHH-
Hble OpMYJBL OT JIO6Oro uy#cC/a NMepeMEeHHbIX PaBHOCHJIbHBI
Mexay COOOM M TO 3XKe camoe HMeeT MeCTo LIS TOX/JECTBEHHO
NOXHBIX popmys. Tak Kak B paccMaTpuBaeMblX HaMH PaBHO-
CH/IbHbIX TIPeOGPasOBAHHAX Mbl MOXEM 3aMeHATb DPaBHO-
CHMbHbIE GOPMYJBI APYT Ha APYyra, TO MOXHO NpPeJCTaBHTDb
cebe, 4TO Mbl BHIGpPAJNH KaKylO-HHOYAb TOXAECTBEHHO HCTHH-
Hy1o gopmyay, Hanpumep (x\/ X), i 06o3HaunnH ee yepes H
H KaKyIo-HHOY/Ib TOXAECTBEHHO JOXHYIO, Hanpumep (xA\7] x),
# 06o3Havanu ee yepe3 JI. Toraa Mbl HMeeM elle ClAeRylolmue
PaBHOCHJIbHOCTH: '

nucaTb

(xV1x)=H, (Ta) A=/, (76)
(x\VH)=H, (8a) xN\NI=J, (86)
xVJA)=x, (9a) sNH=x, - (96)

TH=J, (10a) = TJd=H. (106)
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VKasaHHBe PaBHOCHJIbHOCTH MO3BOJSAIOT NPUBOAUTH JIOGHIE
6yneBsl opMyJibl K HEKOTOPOMY NPOCTOMY CTaHJapTHOMY
BHAy. Takoe ymnpouleH#e BIOJHE aHAJOTHYHO NpPHUBEJCHHIO
B s/eMeHnTapHo#i anreGpe dopmyd, BbIPaXaIOMHKX HeJbie
pauHoHa/IbHbIe (QYHKUHH (r. e. QopMyJ; NOCTPOCHHHX c
noMoiibio onepauui +, —, <), K cyMme nponssenennﬁ pac-
KpBITHEM CKOGOK H HpPHBEICHHEM [OJOOHBIX UJICHOB,
VKaxeM, KaK IpHBOAHTCS Gynepa ¢opMyna K CTaHHapT-
HoMy BHAY. [IpHMeHeHye npaBii GyJeM NMOSICHATD Ha npuMepe

(opMmy bl
F=T((ATHVEAT)- Y

Cnayana (BO3MOXHO 'MHOTOKpDATHBIM) [DHMEHEHHEM 3aKO-
HOB fie MopraHa 1 3aKOHa CHATHA JABOMHOrO OTPHUAHHS MOX-
HO AOGHTBCA TOro, YToObl 3HAKH 7} noBcioAy HEMOCPEACTBEH-
HO NpejuecTBoBalH OyKBaM: ‘ .

TEATHVEATN=TEATHATEA TN =
=((1«V1THACYV1T2) =((1xVy)HA(TyV2))

Tenepb MHOTOKpaTHBIM npUMeHeHHeM JUCTPHGYTHBHOIO 3a-
KOHa 3HAaKH /\ BHOCATCA B CKOGKH!

F=(TeV)AToV=(TxACTgVNVEACTIVI)=
=((TxATHV( ?c_/\z))V((y/\Wy)V(y/\z)))-

3aKOHH AaCCOLHAaTHBHOCTH NO3BOJSAIOT ONYCTHTb HEHYXXHBIE |
CKOOKH: h :

F=(TxATHVTXADV ATV A

3akous (76) # (86) mosBOMSIOT 3aMEHUTD KOHBIOHKUHH, B
KOTOPHIX BCTpeUaeTcs HeKoTopas GyKBa BMeCTe ¢ ee OTpHHA- |
HHeM, Ha GykBY JI, a COTVIaCHO' (9a) 6ykBy JI B AM3BIOHKIUA
. MOXHO ONYCTHTb. HITak, B HallleM MpHMepe HMEEM OKOHHA-
TeJIbHO: - ]

F=((1xATHV(IxADVIVEA)) = .
= (T*ATHV(1xADVEA2)

Tenepb B KaXJOA KOHBIOHKUHMH HHKaKad 6ykBa HEe BCTpedya-'
ercsi BMecTe co cBouM orpHnanueM. Ecan B KaKo#-n60°
KOHBIOHKIMH HEKOTOpasi 6YKBa X, Y, Zy... HIH "I, Y, T2
peTpeuaeTcsl HECKOMbKO /pa3 — B HailleM NpHMEpe 3TOrO He
[IPOM30ILIO0,— TO COTVIACHO SaKOHY HJEMIIOTEHTHOCTH . AOC-
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TATOYHO B STOf KOHBIOHKUMH OCTaBHTb TOJIbKO MO OXHOMY
3K3eMIIAPY Kaxuoft Tako#t Gykswl. Hampumep,

(At AYA Tz ATV TgATYA) =
=((*AyA T2V (TyA2)-

TakuM 06pa3oM, Besikasi Gysiepa GopMysa (a CIEHOBATENBHO,
Kak BHAHO U3 § 3, K BcAKas GopMyJia JIOTHKH BHICKa3biBaHH)
MOMKET GhiTb IPHBEIEHa K PaBHOCHJIbHOM el hopmyne clienyio-
Biero MpOCTOrO CTaHA3PTHOrO BHJAA: .
 JIu3vIOHKYUA 4AEH08, KAICObI U3 KOMOPbLX npedcmagasem
COB0Il KOHDIOHKYUIO OMOeAbHbIX PASAUHHLIX OYK8 CO SHAKOM
T uau Ge3 Heeo; Hu 8 KAKOU KOHDIORKYUU HE ecmpeaemes 6yK-
sa emecme co ceoum ompuyanuem. JIONOJHATESPHO MOXHO
CKa3aTb, YTO BCE KOHBIOHKTHBHBIE WICHbI PasJIHYHBI MEXIY
co6o#t. (ViHaue, yuuTBIBas 3aKOH HAEMNOTEHTHOCTH, H3 OAH-
HAKOBBIX KOHBIOHKTHBHBIX WICHOB MOXHO OblIO bl OMYCTHTH
BCe, KPOMe OJHOrO.)

HyXHO OTMETHTb ele OJHH yacTHBIH cyyyall, KOTOpHH
MOMKeT BCTPETHTbCA B IIpoliecce YNPOmeHHUs. A HMEHHO, MOXET
0Ka3aTbCsl, UTO TOCJE PACKPHITHA CKOGOK COINIACHO 32KOHAM
AMCTPHOGYTUBHOCTH BCe KOHBIOHKTHBHbE WJICHB HYXHO
saMeHHTDb Ha 3HAK JI. Torfa ¥ Bcio GOPMyJy HYXKHO 3aMEHHTD
Ha JI. Hanpumep, '

(EAYATHVEATOVGAZA TN =TV IV T = '

Ucxopnas ¢opMyJa Obijla TOXACCTBEHHO JIOXKHOH, -

[NpuBeseHHas HAMH CTAHAAPTHAA ¢opMa GyseBHX (opMyJ
HA3bIBACTCA OUIBIONKMUEHOR HOpMArbHOE Gopmod. 3ameTuM,
yTo BIOJIHE AHAJOTHYHO MOXHO Obulo OBl JOKa3aTb, 4TO
Bcakas GyneBa ¢opMyJia paBHOCHJIbHA HeKoTopo#l GyJiepoit
dopMyJte, ABAAIOMEHACS KOHBIOHKIHel UJICHOB, KaXIpi# H3
KOTOPbIX MpEACTaBJIAeT 060! AM3BIOHKIMIO 6YKB CO 3HaKOM
7 unu G6es wuero. Takas ¢opMa HasbBaeTCA KOHBIOHKMUBHOUL
Hopmanvrot popmol.

Yuratesb, HaBEpHOE, YyKe 3aMeTH]l, 4YTO sHakd A\ H V
BeAyT cebs BIOJIHE CHMMETPHYHO. BhinucbiBasg OCHOBHBIE
PaBHOCHJIBHOCTH, Mbl HX DAaCnoJIOXWIH Tak, 4TOGH GLLIO
BHJJHO, UTO BCIKOM PaBHOCHJIBHOCTH CO 3HAKOM /\ orBeuaer
B TOYHOCTH OfiHA PABHOCHJIHOCTb €O 3HaKOM V. Bouaee obmo,
¢ nomompio mpaBun e Moprana MoxHO GbiIO 661 goKasaTb
C/IeAyIOmHKH NPHHIHUT JBOMCTBEHHOCTH: :

Ompuyanue rexomopod Gyiesoil topmyavt A, y xomopoi
‘8HAKW™| cMosm HenocpeoCcmBenHo neped Gyxeamu, PasHOCUALHO
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popMmyAe, nOAY4AIOLEUICA U3 GOPMYALL A samenoti snakos /\.u
\/ dpye Ha Opyea u 3ameHotl ecaxotl GyxeoL x HA | x u Haobopom.
Hanpumep,

TEATIADV EAMAEV Ty) =
= (((WxVyVWz)A('IxV'Iy))V(WZA.}/))-

C Apyroft CTOPOHHI, TaK KaK H3 PaBHOCUJIBHOCTH ABYX dopMya
A u B (A= B) cnefyer paBHOCHJIbHOCTb HX OTpHUAHHH
(7A == B) u HaoGopoT, TO BbIUCYKA3AHHOMY NpHHIHIY
JABOMCTBEHHOCTH MOXHO MpPHAATb TaKYIO dopMy:

Bcakas paeHocuabHocty Gyaregoix (popmya, Y KOMOPLLX
SHAK OMPUYAHUS HenocpeoCimgeRro Cmoum neped Oyxeamu,
COXPAHACMCA, €CAU NOBClodY Samenummb SHAKU A u '\ dpye
na Opyea, KaxcOywo Oyksy a Ha BbIPANHCEHUE Ta u naobopom.

W3 TOro HEMHOTOTO, UTO MBI COOGLIMJIA O JIOTHKE BbICKA3bI
panuil, BHAHO, YTO OHA MpEACTaBiseT co60f HEUTO aHAJIOTHH-
Hoe GYKBEHHON 3JeMeHTapHOM -aqre6pe, HO HMelolee CBOH
XapaKTepHbIe M Ha MePBEIX MOpaxX HENPHBLIYHbIE 3aKOHOMEp-
HOCTH. OTa JIoTHKa HasbiBaercsi Gy.esoil aiceGpod.

dra anre6pa BOSHHK/IA B CEpeAHHE MNPOILIOTO CTOJETH:.
B OCHOBHOM OHa BOCXOZHMT K paGoraM k. Byns H HasbiBa-
eTca nostoMy ero umeneMm. IlpaBra, Byub ynotpebasisi He
JN3BIOHKIHIO, a JIOTHUECKYIO OnepauHio, COOTBETCTBYIOIILYIO
HCK/IIOYAIOMEMY ¢HJH», T. €. ONepauHio co caenytouet Ta6-
Jauuell MCTHHHOCTH:

yu ;
Q

u /llu
A ul/l

B Hammux 0603HaueHHsAX 5Ta onepanus (CyAeM ee 3amHChl-
BaTh 3HAKOM -+2) Bhpaxaercs uepes/\, \/ H | CleAyrOLHM

o6pa3omM:
(x+.0)=(VHATEAY).

Bosee yao6Hyio cBA3KY \/ BB B ynorpebinenne aHTTHACKHHA
noruk JxeBoHc, W GyneBa aare6pa NpHMepHO B TOM BHIE,
KaK Mbl e NpeACTaBHIH, Oblna paspaboTaHa JaJblie aHTJaHA-
CKHM JorHKoM BeHHOM, aMepHKaHCKHM JIOTHKOM Y. INupcom
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(1839—1914), -uemenkum MaTematukoM 3. llIpérepom (1841—
1902) u ap. OcoGenno GosblION BKJaj B 9TO PasBUTHE BHEC
pycckufi MateMaTHK ¥ joruk I1. C. Tlopeuxuf (1846—1907).
B nauane XX B. HHTepec K ganbrelielt paspaGorke 6yneBolt
anre6phH HECKOJAbKO OC/Ial B CBASH C TeM, YTO BHHMaHHe cre-
[{Ma/JACTOB MaTeMaTHYeCKON JIOTHKH CKOHLEHTPHPOBaJOCh
Ha pAje APYTHX CYIIECTBEHHEHIX BONPOCOB B CBA3H C paspa-
Gorko# mpobneM OCHOBaHHMH MaTeMaTHKH. 3a mocaesiHue 20—
30 ser BHOBb HaGmofaercss Gosbuiofi HHTepec K OyJaeBoit
anre6pe, B mepByio ouepeib OCbSCHALIMACA BCE BO3pacra-
JOIIMM 3HAYEHHEM 3TOro pasjiena JOTHKH B aBTOMaTHKE H K-
GepHETHKe: OKA3HIBAeTCH, YTO 3aKOHOMEPHOCTH 6yneBoil
anre6pbl, IO CYTH JieNIa ellle MaJio H3yUeHHble, HIPAIOT B 3TOH
06/1aCTH OCHOBHYIO pOJib. B OfHOM M3 CleAyIOHIMX [VIaB Mbl
BEpHEMCA K 3TOMY BONpOCY.

3aMeTHM, HaKOHel, 4TO K HCXOAHON Haee Byas Hcmosb-
30BaTb omepanui +; BMecto \/ BepHyacs B 20—30-x rr.
Hamiero BeKa coseTckuit Marematdk M jormk M. W. JKeran-
KuH (1869—1947). Okasanoch, 4To A pPAja BONPOCOB CO-
OTBETCTBYIOLIEE HCUHC/eHHe — aszebpa Jezaikuna — obna-
Jaer pAAOM NpeHMYILeCTB; AMsl APYTHX BOMPOCOB PacCMOTPEH-
Has HaMH ajirebpa Dyss Gosee ynoGHa').

Mbi elnte JOMIXHE OCTAaHOBHTbCA Ha OJHOM BaXKHOM BOIpoce
JIOTHKH BbicKaspiBaHMi. Kak Mb 3HaeM, BesiKasi ¢opMyisa
JIOTHKH BbICKasblBaHHM MpPEACTaBAsieT HEKOTOpylo OyJ/ieBy
dynkuuio. Bo3HuKaer 06paTHbI BONPOC: MOXHO JIH BCAKYIO
6y/eBy QYHKUHMIO IPEACTaBHTb HEKOTOPOH ¢$opMyJIOH JIOTHKH
BbICKa3biBaHUN? OTBET Ha 5TOT BONPOC MOJMOXHTENeH. MoXHO
yKasaTb NPOUEAYPY, KOTOpas Mo3BoisieT Mo TaG/uue HCTHH-
HOCTH NpOHM3BOJBHOH Gy/éBOK (QYHKUMH OT JI0GOro umcna
epeMEHHbIX [OCTPOHTb HEKOTOpYIO (OpMyJy JIOTHKH Bii-
CKasbiBaHMI M Jaxe cpasy (opMyJay B AUSBIOHKTHBHOH HOp-
MaJibHOH hOpMe, IPEACTAaBAAIONLYI0 AaHHYIO 6yneBy QYHKUHMIO.

Wgeto 3Toll mpoueaypsl Mbl HOSICHHM Ha IpuMepe GyeBEIX
YHKUH OT TPEX NepeMEeHHHIX X, Y, 2; OO cnyvai 6yneBbHX
GYyHKuHMH OT J1:060r0 YKC/IA IEPEMEHHBIX BIIOMHE aHAJIOTHUYEH.

CHauasa paccMOTpUM YacTHbIA cydaht Gy/eBbiX GyHKIHHA,
NPHHUMAIONMX 3HAYEHHE U TONbKO i OJHOrO-eIMHCTBEH-
HOro Ha6opa 3HAUeHHH HCTMHHOCTH CBOHMX MepeMEeHHbIX.

1) yKeraJKHH paccMaTpHBaeT 3HaueHHA HCTHHHOCTH # H 4 Kak
gucaa 1 u 0 coorserctBenHo. Omnepaiius -, B 3TOM CJly4ae COOTBETCTBY-
er OGHIYHOMY C/IOKEHUIO B apH(METHKE BHUETOB 110 MOLYJIIO 2; STHM 06b-
AcHAeTcA o6o3HaueHHe NI 3ToH onepayHH.

.
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Ecau BbINHCATb TaGaMIy HCTHHHOCTH Tako# 6yseBo#t QyHK- .
MM, TO OHA TOJbKC B OAHOM Mecre Gyjer uMerb GYKBY 4,
a BO BCEX OCTAJIbHBIX MeCTax 6ykBy 4. Tako# 6yneBoH ¢(yHK-
nuell 6yner, nanpumep, Gynkuusa flx, y, 2), NpeACTaBICHHAS
caefyomedl Tabauue#l HCTHHHOCTH:

s|y|z]|iwya
wlal wl.oa-
u u A N
u A u A
u A A A
N u 1 u N
N u A u
A A U A
A A A A

Herpyano ykasaTb (opMyay, NPeACTaBASAOILYIO 3Ty {PYHK-
wmio. Taxoi dpopmynofi 6yger (7x A y/\ 7 2). HekcTButensro,
KOHBIOHKIMS HCTHHHA TOTJA M TOJIbKO TOTJa, KOrja HCTHHHBI
BCe BBIPaXEHHs, OObeJMHEHHbIE 3HaKaMH /\. 3nauuT, Halla
KOHBIOHKIMs GyJeT HCTHHHA B TOM H TOJbKO B TOM CJaydae,
KOTZla BCe BHIPaXEeHHsl |X,Y, |2 HCTHHHBL. A 3TO B CBOIO OYe-
peAb O3HAaYaeT, YTO OHAa OyJeT MCTHHHA TOJBKO B TOM CJy-
yae, KOrja X==4, Yy=Uu, 2=4, BO BCeX JAPYrHUX ciy4asx
oHa GyJer JIOXKHOM, T. €. OHA KaK pa3s NpeACTaB/sieT paccMar-
puBaeMyo HaMH QYHKIHIO.

[Mogo6HpM O6GpasoM mnpeicTaBiasercs W mobas Apyras
yHKUMSA, NpPHHEMAMOIAsA 3HAYeHHEe 4 TONbKO OAHH pas.
Hanpumep, ecnn g(x, y, 2) HCTHHHA TOMbKO JJsi Habopa u,
4, A, TO OHA HpeACTaBJsieTcs KOHBIOHKIHMeH (x A\ Ty A 72)
H T A .

MO HO 5TO paBHJIO ChopMyTHPOBaTh Tak: Ecau gynxyus
npuxumaem sHaverue u 8 moynocmu 08 00Ho20 Habopa nepe-
MeHHbX, MO OHa moxcem Obimb RpedCcmasrena KOHBIOHKYUed
nepemernbX U UX ompuyanud. fipu srom, ecanm B naope,
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COOTBETCTBYIOWIEM 3HAYEHHIO- ¥ AN (QYHKLUHH, HEKOTopas
nepeMeHHasi UMeeT 3HaYeHHE U, TO B KOHBIOHKUMIO BXOAMT
caMa NepeMeHHas, eC/H Ke NepeMeHHas HMeeT 3HaYCHHe A,
TO B KOHBIOHKLUHMH y4YaCTBYeT COOTBETCTBYIOIIAH MepeMelHas
cO 3HAKOM |. )

[lepefineM Temepb K paccCMOTpEHHIO nponssonbuoﬁ ¢yHx-
uu. Hanpumep,

x|y | 2| fxy o

u u u A

u u A A ~

BuigenuM Bce Habopbl NEepPEMEHHHX, IS koropmx byHRUNSA
NpHHHMaeT 3HayeHHe 4. B HaumieM ciaydae sto GyayT caenyio-
mHe TpH HaGopa: :
X=u, Y=, 2=U; X=A, Y=Uu, 2=Uu;
X=a, Yy=a 2z2=aA

Kaxgomy H3 3THX HaGOpOB Mbl BbIlIEYKasaHHHM 0GPa3oM
CTaBUM B COOTBETCTBHE KOHBIOHKUMIO [epeMeHHBX H HX
orpuuanuii: (xA7yA2); (xAyAz2); (Tx/\‘Ty/\'IZ) M
yTBepKJaeM, UTO paccMaTpHBaeMast (YHKUHMSI HpeAcTaB/ser-
CAl JM3BIOHKUHMER 3THX KOHDBIOHKILHIL:

(ATYADV 2 Ay AV (T2 Ny A T2)).

HeficTeurenbHO, yKasaHHas GOpMyJa NpHHHMaeT 3HAUEHHe
U TOTAa M TONIBKO TOTAA, KOTJA 3HaYeHHe ¢ NpHHHMaeT XOTd
Obl OfiHA M3 KOHDBIOHKLHH, OGbeMHEHHHX 3HaKOM \/. Ho Mhul
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yXKe BHIEJNH BBIlE, YTO KaXKJaf M3 STHX KOHDBIOHKLUHUH NpH-
HUMaeT 3HAuY€HHe y B TOUHOCTH AJIs ofiHOTO Habopa: (4, 4, u);
(2, u, u); (4, 4, 2), @ 970 KaK pas Te HaGophl, AN KOTOPBIX
paccMaTpuBaeMas (QYHKUHMs NPHHHUMAET 3HAYCHHE U. Taxum
06pasoM, Halle yTBepXJAEHHE JIOKA3aHO. TeM cambiM ycTa-
HOBJEHA IpOUEAypa, NOSBOJAMMAA s BCAKOH GyneBoH
(YHKUHH HAmuCaTh COOTBETCTBYIOILYIO el dopmyay.

WTaK, OKOHYATENbHO, BcAKas (opMyJa JIOTHKH BBICKA-
3pIBAHHM TNpeACTAaBAsfeT HeKoTopylo GyJseBy GYHKLHIO H,
HaoBopoT, BCAKas OyneBa (YHKIHA MOKeET GblTh TIPEACTAB-
nena Hekoropol dopmynoii. Ho pasnuunbie ¢popMysnbi MOTYT
NpeiCTaBAATh ONHY H Ty Xe GynaeBy (YHKUHMIO; OHH Hasbl-
BAlOTCA TOTJA pAaBHOCHJABHBIMH. BO3HHKAOT Cjelylomue
BOIIPOCHI, BAXHBIE KK B TEOPHH, TAK M B NPAKTHKE NpUME-
HEHHI JIOTHKH BBLICK43bIBaHHH: 0003peTb COBOKYIIHOCTb BCEX
¢opMys1, NPEACTABJSAIOLHAX HEKOTOPYIO GyneBy (yHKUHIO.
YacTHYHO MBI STOT BOIPOC YXX€ PEIUHJH, YKas3dB, KdK C no-
MOIIBIO HEKOTOPOH NOCAEI0BATeNIbHOCTH npeoGpasoBaHHH
BCAKas QopMyaa MOXKET ObIThb NPHBEIEHA K HeKoTopo#l pas-
HOCHJIbHOM ell (hopMyJie CTAHAAPTHOrO BHIA — AH3BIOHKTHB-
HOH HopMmanbHO# ¢opMme. Tem He MeHee 3THM npobyeMa He
BIIOJIHE KCUEPNIBIBACTCH, H B CJeAyloulell riaBe Mbl BEDHEMCH
K Hell ¥ paccMOTPHM €e ¢ HeCKOJbKO HHON TOUYKH SPEHHA.
Kpome TOro, OKasblBaercsi, YTo CYIIECTBYET, BooGlie rosops,
MHOTO JU3BIOHKTHBHBIX (OPM, PABHOCHJIbHBIX MEXIY cofoil.
B npuMeHeHHSX OueHb BaXHO GbiBaeT BBIOpPATb CpPEIH HHX
OIHY, 1O BOSMOXHOCTH GoJee NMPOCTYIO, CONEPHKAULYI0 KaK
MOXKHO MeHbile GyKB. Droil 3ajaye MNOCBAIACTCA ceffuac
MHOrO pafoT, H HYXHO CKas3aTb, YTO OKOHUY4TEe/bHOE pelle-
HHe ewme He HailjeHo.

§ 5. MNpumeHenns anreGpoi JIOTHKH
B TEOPHH peefHO-KOHTAKTHBIX CXeM
H B TEOpPHH ABTOMATOB

Kak yxe oTMeuasJochb BO, BBEICHHH, TIJIABHbIMH
IpHYMHAMH BCE BO3PACTAIOLIEro 3HAUCHHS MaTeMaTHUYeCKOo#
JIOTHKH TIOC/AYXKUJH NPOHCXOJsIIEe Y HAC HA IJIasaXx pA3BH-
THe 4BTOMATHKH, NOTPEGHOCTH TEOPHH M NPAKTHKH BBIUHC-
JIATE/IbHEIX MallHH W YNpPABAAIOMHEX yCTPOHCTB. Yemosek
H3JaBHa CTPEMHUJCA K TOMY, 4TOGbl CO3]aBaTh npubopel, KO-
TopBIe GblTH Gbl CriocoGHb B TOH MM HHOH Mepe OCYLIECTBAATD
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BMECTO HEro KAKYI0-TO JIOMI0 €0 YMCTBEHHON IeATeNbHOCTH.
OnHAaKO Uil 3TOH UeJAH B NepBylo ouepenb TpeGopasach
cTpOrasi M yeTKas GOpMYyJHPOBKA OGBEKTOB, ABJACHUN H 3aKO-
HOB 9TOHM jedArtesqbHOCTH. OKasanoch, YTO masl STOM LENH ©
ycnexoM Moxer ObITb HMCIOMb30BAaH anmapaTt MaTeMmaTHue-
CKOH JIOTHKH, B YacTHOCTH ajnre6pa Byaa. U sto me YIHBH~
TeNbHO. Benb MartemaTHueckas JIOTMKAa H3ydaeT MeXaHH3M
JIOTHYECKHX 3aK/MIOYeHHUHA. A MMEHHO OHHM M JOJIKHbI OCYIIECT-
BAATbCA aBTOMAaTHYECKHMHM ycrpolictBamH, Toabko mocie
TOro, KaK cama 3ajlaua, KOTOpYIO JIOJIXKEH peliaTh aBTOMarT,
chOpMy/HPOBaHa M pacuJeHeHa MeTONaMH JIOTHKH Ha 3Je-
MEHTapHble NeHCTBHA, MOXHO NEPEXOUTb K COGCTBEHHO TeX-
HUYECKOH 3ajiaue, cocrosimeldl yke B NOCTPOCHHH H HAMaKH-
BaHHH HEKOTOPOrO YCTPOHCTBA, CMOCOGHOrO BBINOJHSATD Ipe-
JLYCMOTPEHHOE IeHCTBHE,

Hnes ucnombsosanusi anre6pni Byas ans noctpoenus
aBTOMATHYECKHX YCTPOHCTB, OCHOBAHHBIX Ha penefiHO-KOH-
TAaKTHBIX CXeMaX, Oblnia BbiCKasaHa yxe B 1910 r. KpymHbiM
¢usnkom I1. Apencecrom. Ho sra nennas mbicab nonroe Bpe-
Msl He IpHUBJEKana K ce6e JO/MKHOTO BHHMaHHsA. [leno B TOM,
YTO AJfl KOHCTPYMPOBaHHS MPOCTEMIINX CXeM — a Jpyrue
TOTJa ¥ HE BBINOJHANNCD — HHXEHEpbl BIOJHE OGXOLHJIHCDH
CBOHM TIIOBCEJHEBHbIM ONBITOM H HE HYXKIAAHCh B O6mel
TEOPHH M MaTeMaTHyecKoMm annapare. [losmoxkenue cymect-
BEHHO M3MeHHJOChb B 30-X rojax Haulero crojetus. K stomy
BpEMEHH aBTOMaTHYeCKHe yCTPOHCTBA JOCTHI/IH TAKOTO YpPOB-
HSl C/JIOXKHOCTH, YTO CO3JlaHHe OOIIMX TEOpH#l A1 MX KOHCT-
PYHUpOBaHHMA CTaNo0 HAcYmHON HeoGxomumoctbio. M Bor B
PasMMYHBIX CTPaHaX U B OGOJbIIOM Mepe He3aBHCHMO APYT
OT pyra yueHbleé NPHXOAAT K MBIC/JH HCIOJb30BATb AAA 9TOH
LeH 3JIEMEHTbl anre6pbl JOTHKH. 3Hech HYXKHO OCOGEHHO
OTMETHTb coBeTcKoro (m3Hka B. U. IllecTta kos a [26],
amepukaHckoro matematka K. Il e a H o v a [27] u snom-
ckoro unxenepa A. Hakacuma [17]. C Tex nop o6nactb
NPUMEHEHNS] MaTeMaTHUeCKOH JIOTHKH B TEODHH M NpaKTHKe
ABTOMATHYECKMX  YCTPONCTB HENPEPbIBHO  pacCIIHPSETCH.
B Hee BKJIIOYatoTCA H 60JIee BHICOKHE Pasjiesibl MaTeMaTHYeCKON
JOTHKH — HCUHCJIEHHE MPENMKATOB, TEOpHSI aJIrOPHTMOB
H Jp. DTa TeHJEHUHs OCOGEHHO YCHJIM/ACh B 3MOXY CO3JaHHS
BBIYHC/AUTENbHBIX MallMH H BO3HHKHOBEHHS! KHUGEpPHETHKH.
Ha cerogusimmn#i neHb cymecrByer yxe G6OJbLION HOBHIM
Pasjen HayKH, KOTOPBIH MOXHO GbLIO Gbl Ha3BaTh «IPHUKJIAA-
Hasi MaTeMaTH4ecKas JIOTHKav,
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Mbl 03HAKOMHMCSI TOJBKO C MNpocTeHIIMMH, OTHOCHAIMH-
MHCS CIQIa BOTPOCAMH H OTCHIIaeM WYHTATeNs, XKeJMaiollero
03HAKOMHTbCSI 60Jeé JAeTaNbHO ¢ 3TOH 06/AaCTblO, K OGLIMP-
HOH JHTEpaType. .

PaccMOTpHM camoe obiiee aBTOMaTHYeCKoe YCTpOACTBO —
"a6CTpakTHBIM aBTOMaT. ETo MOXHO KparKo OmMHCaTh CAeAyio-
mUM 0Gpa3oM. _ ‘

ABTOMaT NpejHA3HAYeH yyacTBOBaTb B -HEKOTOPOM NpO-
mecce. B HEro MOCTYMAOT CHFHAJB — HHPOPMAIHA O CHTYya-
LHAX, CYWECTBYIOIHX B JaHHbIH MOMEHT. B 3aBHCHMOCTH
OT MOCTYNHUBIUHMX CHTHAJOB aBTOMAaT JOMKEH BBINOJMHATL TO
HAH HHOE TpefycMOTpeHHoe pAeficrsue. [IpHHATO YC/IOBHO
rOBOPHTb, YTO CHTHAJIbI MOCTYMAlOT HA «BXOA» &BTOMATa,
a JeHCTBHSI QCYLIECTBJASAIOTCA HAa ¢BBIXOJEX.

Tlog 20 oueHb obmiee ompeje/ieHHe NMOANAAAIOT BCE H3-
BECTHbIE KQHKPETHbIE aBTOMaThi, KaK CaMble NMpPOCTble, TaK H
caMble C/IOXHEE, B MHPOKO PacnpoCTpaHEHHBIX TENepb TOP-
TrOBbLIX aBTQMATax AefiCTBHE HA BbIXOJe, COCTOAllee B OTKPbI-
BaHMH JIIOKa H Bbifaye TOBapa, JO/IKHO NMPOMCXORHTH TOTJad
¥ TOIbKO TOTA, KOTja B yNpas/siollee yCTPOACTBO aBTOMATa
NOCTy[iaeT CHTHAaJA O TOM, YTO B Kaccy aBTOMara MoCTYIH]
. MPeAyCMOTPeHHB HaGop MOHET. ABTOMaTHUYeCKHH CTpesoy-
HUK HA JKEJIe3HOH JOpoTe JO/IKEH OTKPHITb HEKOTOpHIA mpe-
AYCMOTPEHHBIHl MYTb noesay A, eciH MOCTYMHJIH CHrHAJMB! O
TOM, UTO 1oe3j A NPHGIH3HICA K CTpeJKe, H CHTHAJX O TOM,
YTO QUpejieNeHHBIl OTPE3OK NMyTH 3a CTPEVIKOH cBofojeH OT
noesfoB, ¥ T. A. UuTaTenb Oes TpyAa MOACHHT cebe 3TOT
NPUHUMN Ha JAJbHEHIUMX NpHMepax M3BECTHBIX eMy aBTOMa-
THYECKHX YCTPQHCTB. _—

Criepyer OTMETHTb, 4TO, Boofiie roBops, XKenaemoe jed-
CTBHE aBTOMAaTa MOXET 3aBHCeTb KaK QT CHTHAJIOB, NOCTYNaio-
IUMX B JAHHbIH MOMEHT, TaK M OT CHTHAJOB, MOCTYNHBIIMX
paHbiIe. i

B camoft obmell ¢opme aGCTPaKTHbIA aBTOMAaT JOJIKEH
pemaTb caeAyiouiylo sajauy. Hexoropbie JNEeHCTBHS HA BHI-
XOJi¢ aBTOMAaTa B HEKOTOPHIH MOMEHT BPEMEHH { BOMKHBI OBITH
GyHKUHKEH . OT CHrHAMAOB, NOCTYNHBIUHX Ha BXOZ aBTOMarTa
3a BCe BpeMa Jo 3Toro MomeHTa. Kak MOXHO Gosiee TOUHO
chopMy/IHPOBAThL 3Ty TpeGyeMylo 3aBHCHMOCTb MEXKIy NOCTY-
NAIOMAMH CHTHAJMAMH H HAJ/IeKALIHMH JeficTBHSMY?

OxasaJjiochb, 4YTo ajare6pa JOTHKH HaeT NoAXOAAIKA an-
napat AJis AETaJbHOTO aHAJIN3a 3F0H obIlel 3ajauH. [IpHu 3TOM
BBISICHHJIOCh HCKJIIOUHTENbHO BaXKHOE OGCTOSITENbCTBO: NPUK-
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yunst NOCITLPOEHUS UCKOMOZO GEMOMAMA HE SABUCAM Om €20
KOHKPEMHO20 NPaKmu4eckoz0 Hasnaenus. Yimetr nu peus o6
aBTOMHJIOTE, YNPaBJIAIOIIEM CaMOJIETOM, 06 aBTOMaTe, ynpas-
JISIONIEM CTaHKOM, 00 aBTOMaTHYECKOM PeryJHpOBAHHH YJIHY~
HOTO JBHXEHHS M T. II.— BCE 3TH H BCEBO3MOXKHBIE JpYyrue
yCTPOACTBA, KaK yXe CYIECTBYIOUIHE, TaK H Te, KOTOpHIE
OGyRyT CO3JlaHbl, SIBJISAIOTCA PAa3/JIHUHBIMH TeXHHYECKHMH BO-
TVIOIIEHHSIMH OOLIHX «a6CTPAKTHHIX® dBTOMATOB, NPHHIHIML
KOTOPHIX HM3YHalOTCs MaTeMaTHYeCKHMH MeTOaMH B HOBOH
Hayke — KHGepHetHke. CnenHanbHO 3TOH 3ajayell 3aHH-
MaeTcsl COBCeM HeNaBHO OOpa30BABLIHHCS pasjen KHGepHe-
THKH — TEOpHs abCTpakTHHIX aBToMaToB [1]. B aToM mnapa-
rpage Mbl T03Ha KOMHMCS C HEKOTOPLIMH OCHOBHLIMH NOHATHAMH
3TOH TEOPHH H HECKOJIBLKO 60jiee NOAPOGHO PACCMOTPHM NPHH-
UHNBl APOCTEAIIMX aBTOMATOB, pPeaJH3YeMHX C MOMOUIbIO
pesIeHHO-KOHTAKTHBIX H 3JEKTPOHHO-HMIYJIBCHEIX CXeM.

Kak Bcerma, Koria BCTaeT BONPOC O MOCTPOEHHH CTPOTOM
TEOPHH ¢ NMPHMEHEHHEM MaTeMaTHYECKOro ammaparta s pe-
IIeHHs] KakoH-nHO0 obumed sajaud, BO3HHKawmeH B HayKe
HJIH B TPaKTHKe, NEPBOE, UTO HEOOXOLHMO CAENATH,— 3TO
yOPOCTHTb pacCMaTpHBaeMyio 3afauy, BHIIEISAS B Hell sce
CYIIECTBEHHOE H BPEMEHHO OTBJEKafACh OT NOGOYHHIX 06-
CTOSATENIBCTB, YCJIOKHSIOUHMX H 3aTEMHSIOMUX CaMyl CyTh
NOCTAaHOBKH 3afiauH. YHpOIATh 3afayy HYXKHO TaK, YTOGH,
Oyay4yH YnpoLIeHHOH, OHa NOCTATOYHO MOJIHO OTpaxkajia BCe
APHHIHAHAJIbHBIE CTOPOHBE! HCXORHOH 3afiayH, M TaK, YTOOH
CYIIECTBOBAJ PasyMHEIA MeTOJ, NO3BOJSAIOLMA caMyo o6uLyio
3ajiayy CBOAHMTb K yNMpOLIEHHOH. B CBA3H ¢ 3THM Mbl nmpuMeM
pAA ynpoleHui:

1. Mo 6ydem cuumames, umo Oeticmeue asmomama Aoasxc-
HO COCMOAMb 8 UCNOANREHUU O0HO20 AKMA C O8YMA B03MONCHBIMU
ucxod0amu. .

HanpuMmep, ycTpoHcTBO AOMKHO BK/WOYATH HJH BHIKJIO-
YaTh JIAMMOYKY, BKJIOYATh HJH BBHIKJIOUaTh MOTOP, OTKpPHITH
HJIH 3aKpeITh ceMadop M T. m. Bkpatué, nefictBue mOMKHO
3aKJIOYaThCsl B 3aMBIKAHHH HJIH Da3MBIKAHHH HEKOTOPOro
3JIEKTPHYECKOr0 KOHTaKTa. [lJIs onpejiesieHHOCTH GyAeM CYH-
TaTb, YTO B pe3yJIbTaTe 3TOr0 BCHBLIXHET HJH NMOTACHET JaM-
noyka. Herpyano cebe npeAcTaBHTb, Kak Gojee CJOKHOE
AeilcTBHe MoeT ObiTb B MPHHIANE CBEACHO K TaK YIpolleH-
HOMY. [leficTBHTeNIBHO, CKOJb YTOAHO CJOXKHAA ONepaiHs
Ha BHIXOJie aBTOMaTa MOxeT OBITb OCYLIECTBJIEHa OAHOBpe-
MEHHbIM JeHCTBHEM GOJIbLIOTO - YHCJAA  HCHOJHHTeNbHBIX
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yerpo#icTs. JLis BK/IOYEHHS H BBIKNIOYGHHS KaXJOTO  H3
HHX MOKeT OHITh NPEeiyCMOTpEH OTAeJNbHHIH aBTOMAT.

BTopoe yNpoIeHHe OTHOCHTCA K CHTHa/1aM, NOCTY NAOMIHM |
Ha BXOJ aBTOMaTa:

2. Mot npednosoxcum, 4mo 8 KaxcOoll MOMEHM BpemeRy
Ha 6x00 asmomama NOCMYynaem HeKomopoe KOHeYHoe HUCAO
1 CUBHAA08, KONCObIL U3 KOMOPbIX MOXCEm NPURUMams: 00HO
‘u3 Osyx 3Hauenull.

CMBIC/I CHTHAJOB MoOXeT OHTb CaMbiM pasjHYHLIM H
3aBHCHT yKe OT KOHKDETHOro HasHaueHHs aBToMara. Ha-
npHMep,

a) B dBTOMaTe, OCYLIECTB,IAIOWEM YNIPAB/IEHHE CTaJIeHTeH-
HBIM TpOILECCOM, 3HAYEHHE HEKOTOPOro CHrHaja Ha BXOJie
MOXeT OHThb

«Temnepamypa 6 nedu evuue 1100° unu «Temnepamypa 6
newu Huoce 1100°x;

6) AIA aBTOMAaTHYECKOTO CTPEJIOYHHKA 3HAYeHHe OJIHOro
U3 CHTHaJIOB MOXeT OhITh

«IToe3d A npowen cemagops unu «Iloesd A ne npousen ce-
magop» 1 T. A. :

Jlns onpejiesieHHOCTH MBI NPEeJCTaBHM ce0e BTO YCJ/OBHE
TaK. BXoJ aBTOMAaTa COCTOMT H3 7 KHOMOK, Kaxjas H3 KOTo-
pHIX MOXeT OuTh HaxaTa Huu ornymena. (CocrosinHa «Ha-
karas H ¢OTHYILIEHa» OTBEYAIOT ABYM 3HAUEHHsM OJHOTO H3
NOCTYMNAMIHX CHIHAMO0B.) 3aHyMepyeM KHOMKH YHCiaMmH 1, 2,
3,...Torma BXop Hamlero aBToMaTa OyJeT NPeACTaBJATH CO-
6oft copokymHocTb KHOMOK Ki, Kz,..., K,. Kaxap#i cHr-
HaJl COCTOUT B TOM, UTO B IaHHBLI MOMEHT BPEMEeHH ONpeJieseH-
Hasi KHOMKA OKashBaeTcsl Haxkartodl HjM ormymeHHo#t. OGo-
3Hayasi 9TH 3HA4YeHHA cokpauieHHo 6ykBaMH H u O, MOXHO
BCIO COBOKYHNHOCTb BO3MOMKHHEIX CHTHAJIOB, MOCTyMaioLiHX
B HEKOTOPHIH MOMEHT BPeMEHH f, MpEICTaBHTh TaK:

K,—H wm O,
K,—H uwmn O,
K,—H wm O.

Mul mpeanosiaraeM TakixKe, YTO COCTOSIHHE KaXJOof KHOMKH He
3aBHCHT OT COCTOSIHHSA BCEX APYTHX KHOMOK. Torja B Kamablil
MOMEHT BPEMEHH COCTOSIHHE BXOJia aBTOMaTa MOXKET OLITh OXa-
PAKTEPH30BaHO Kakoi-HHOYAb H3 2" MNOC/IEN0BATE/IbHOCTEH
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6yke H u O anunm n. Hanpumep (n=5),

K, K, K, K, K,
H 0 H H 0.

Hetpyano cebe npencraBUTh, KaK 6ojiee C10XKHbIE CHTHA-
JBl MOTYT ObITb CBEJEHB K pacCMaTpHBaeMOMY THINY, €CJH
TOJILKO BHIOPATb YHCJIO KHOMOK AOCTATOYHO GosbiiuM. el-
CTBHTEJIbHO, OOLIKHOBEHHO aBTOMAT JAOJIKEH pearupoBaTth ON-
pefeseHHBIM 00pa3oM Ha 3HaueHHS YHC/IOBHIX MapaMeTpoB,
OMNpefieNfAIOIHX COCTOSIHHE, DPeryJHpyeMoe aBTOMAaToM (Ha-
NPHUMep, BeJHUHHBI JaBJIeHH S, TeMIEPaTypbl, JIEKTPHYECKOTO
Hanp sKeHHs H Ap.). CoOTBEeTCTBYIOIHE BEJIHUHHBI MOTYT OHITh
JaHb KaK YHCJa, 3aNHCAHHEE C ONpeAe/eHHHIM YHCJOM 3Ha-
KOB B IBOHYHOH cHcTeMe cuncieHus. KaxaoMmy paspsgy coor-
BETCTBYIOILETO ABOHYHOI'O YHCJAa MOXKHO TOTAA COMOCTABHTDH
OJAHY KHOMNKY, YCJOBHBUIHCh, YTO OHa OYyJAeT HaxaTa, ec-
AU uHdpa AaHHOTO paspsja paBHa l, u oTmyuieHa, ecjH OHA
paBHa 0.

[Ipu BBeleHHBIX Bhillle ABYX YHPOIIEHHAX YCIOBHE AJA
HCKOMOTO abCTPaKTHOTO aBTOMaTa MOMKeT GbITb Temepb YeTKO
c¢pOpMyJHPOBAHO TaK.

BoamoxHoe aeficTBHE Ha BBIXOJA€ B MOMEHT BpEMEHH f
(maMmoyKa TOPHT HJIH MOTalleHa) AO/IKHO ObiTh (yHKUHEH OT
COCTOSIHHH COBOKYNMHOCTH BceX KHOMOK Ky, Ko, ..., K, And
BCEX MOMEHTOB BpEMEHH, MpeAlIecTBYIOIHX f.

Ecau tpeGyeMoe neficTBHe B MOMEHT / 0603HAUHTb yepes
2(f) (2(¢f) npHHHMaeT B MOMEHT BPeMeHH f{ OfHO H3 JBYX 3Ha-
yeHHH: «iaMAOouKa TOpHT», YTO Mbl 6yAeM o6o3HayaTh COKpa-
meHHo OykBoH I, M «JaMOOYKa MoraileHa» — COKPAIlEHHO
IT), a cocrosHHe KHONOK B MOMEHT BpeMeHH ! uepes x;(f),
Xo(t),. . ., x,(t) (x,(f) mpUHHMaeT B KaXAblHi MOMEHT Bpe-
MeHH { ofHO M3 3HauewHi# H uau O), To 3ajaua COCTOMT B
CO3JJaHHH aBTOMaTa, YJOBJIETBOPAIOMWIETO YC/JAOBHIO BHAA

z(O)=F @ (1), x,{), ..., %)), ()

The x; (f') ykasbiBaeT COCTOsIHHe KHORKH K; BO BCe MOMEHTHI
BpeMeHH {', ApeAUIeCTBYIOIIHEe JAHHOMY MOMEHTY f.

Haule nociepHee ympouleHHe KacaeTcsi BpeMeHH HOCTyH-
JeHHA CHTHanoB. Mul OyfeM CYUHMTaTh, 4TO

3. Cuenaabr nocmynarom He HenpepuisHO, a 8 HeKomopsie
OucKpemmele MOMERMbL BpEMERU, 0003HAYAeMbIe YEALIMU HUCAQ-
mu 0, 1, 2,... D10 03HAyaeT, UYTO aBTOMAT HauHHaeT paboTaTb
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B HEeKOTOPHIA MOMeHT ¢’ = O H CHTHAJIb! B HETO NOCTYNaKT, CKa-
JeM, Yepes KakAylo CeKyH1y: #'= 0 — HauaJbHbIA MoMeHT,
#'=1 — uepes OAHY CEKYHAy, ¢'=2 — uepe3 JBE CeKyHJHI
W T. 1. A0 HACTOAIIEro MOMEHTa, KOTOPhlfl fBisercs -
cexyHJolt ({'=¢) mocie Hayana paGoOTH aBTOMara. Torja
BRILIENpHBEAEHHOE ycioBHe (1) Gonee noApoGHO BHINHCHBAET-
cA Tak: . :

£(O)=F (5, 0), %, (D), ..., % () 5,0 %, (1) o5, @)
BN R () R () HPPPNE A ) N ¢)

TlepBHiM TanoM B peileHHH 3ajlayH Ha CO3JAHHE HeoGXO-
JHUMOro aBTOMaTa sBJSETCS PasBepHyTOe OMHCAHHME dyHkuHit
B DpaBoil YaCTH paBeHCTBA (2). Ono cocToHT B GOPMyHpOBKE
TeX NOT'HYecKHX YCJIOBHH, NpH KOTOPHIX JaMNOYKa noyKHA
ropeTh H MpH KOTOPHIX OHA JIOJIKHA 6uITh noraiuera. Mmenno,
9TH JIOTHYECKHE YCJIOBHsI JOPMYJIHPYIOTCSA Ha sA3LIKe 6yseBbIX
pyHKuuA ¢ npEMeHeHHeM GyJeBbIX onepauui u dopmys. ITo
STHM (OPMyJIaM yKe HeTPYAHO H3 HEKOTODEIX SJIEMEHTapHBIX
y3JI0B ~- pesie MM AHOZIOB H TPHOZOB — COCTABHTH cxeMy,
BLITIONHSIOMLYIO JKeJaeMOoe aBTOMaTHYecKoe JelicTBue,

PaccMOTpHM AeTauibHO B KayecTBe NPHMEpA YacTuwiff, HO
OuYeHb BaxHbf cryuall, Korjia JeACTBHe aBTOMATa Ha BLHIXOZAE
3aBHCHT OT CHT'HAJIOB, MOCTYMAIOIHX Ha BXOA B JAHHHHK MO-
MenT ( @ He BO Bee npefipiaymue). Takue aBTOMAaTH HasLBAKOT-
¢l OJHOTAKTHGLIMH, HJIH aBTOMaTaMH Ge3 NMaMATH. (Apromat
Kak 6pl 3a6biBaeT BCe CHTHaJMBH, MOCTYNHBIIHE pagpie, H
pearHpyer TOJBKO Ha Te, KOTOpbie MOCTYNH/IH B HacToAIHH
MQMeHT.) B aToM yacTHOM ciydae ycjoBHE (2) s pepictHS
aBTOMATa YRpOIaeTcss H NpHHHMAeT BHA

2(t)=F (x, (), %, (&) ..., X)), 3)

a TAK KaK B NMpaBoff YacTH QUrypHPYIOT 3HAYEHHA yx; TOJNBLKO
Aasl JaHHOTO MOMEHTa f, TO PaBEHCTBO MOXKHO Npome sanH-
¢aTh, MOQJOXHB %; (f)=x;, Tak 4TO

Z=F(x‘, xzy ey xn)‘ (4)

31ech Mbl HMeeM YxKe H3BeCTHYIO HaM 6yneBy QyHKuuo OT 7
GyJieBbiX nmepemMeHHBIX. Kak Mbl yxkKe 3HaeM, €& MOXHo 3afiaTh
WM TaGIHYHO, WJH DPas/HYHBIMH GyJneBbIMH GOpMymaMH.
INycTs, HampuMep, BXOA aBTQMaTa HMEET TPH KHOMKH, H
Mbl XQTHM, YTOOHI JIaMIIOYKa TOpeJia MpPH CJEAYIOUHX yeTHIpeX
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H3 BOCHMH BOSMOXKHEIX CoYeTaHHH:
| K, H H H 0,
K, H H 0.0,
K, H 0 H H.

Bo Bcex oCTaJbHHIX CydYadX JIaMIoykKa AO/KHa OITh MO-
raileHa.

[onr3ysace GyneBo#t anreGpoft, a HMEHHO MeTOAOM HpH-
BeJleHHs TaOMHYHO 3afiaHHOH GyJIeBOR (OYHKUHMH K JH3BIOHK-
THBHOH HOpMaJbHOR (hopMe, YC/IOBHe FOpeHHs JIaMHOYKH MO-
KeT GHTb NpeACTaBJeHO cjeAyoweli dhopMyJoi:

z=(x1/\xz)\/(~|xz/\xl) (5)
HJIH B OGO3HaYeHHNX, YROTpebJseMBHX B 3JIEKTPOTEXHHKe,
2=X%,+ X,X,. (6)

3nech x4, X,, X, O3HAYAIOT:

x,—KHonmka K, Haxara,
x,—KHonka K, HaXara,
X,—KHonka K, Haxara,

H, KOHEYHO, Xj, X,, X, O3HAUalOT, YTO COOTBETCTBYIOIHE
KHONKH oTnyuens. PopMyaa (5) uau (6) eme cronb npocra,
YTO YCJIOBHE, KOTOPOEe OHa OMpefensieT, MOXKeT JIeTKO OHITh
BHIPAXXEHO H CJIOBECHO:

JlaMnoyka ropHT TOTAa H TOJBKO TOTA3, KOra HCTHHHO
BHICKAa3LIBaHHE:! ‘ ’

«(Knonka Ky naxcama u xnonka K, nasxcama)
usu
(kwonka K, omnywena u knonka K, naxcama)s.

Koneuno,"eciii YHCJI0 KHONOK BeJIHKO H 6yJieBa QyHKIUHSA CJI0OK-
Ha, TO OOBIYHOE CJIOBECHOE BhIPaxKeHHe yCJIOBHSA JAeHCTBHSA aB-
ToMaTa GyjeT MaJio 0603pHUMO, HO GOPMYJy JIOTHKH BLICKa3hl-
BaHHH — NO MeHbillell Mepe OfHY — MBI BCeTJia CMOXeM Io-
CTPOHTBb RO TaGJHLE METOAOM, YKa3aHHLIM B NPEABIAYIIEM Na-
parpade. OueHb CyIeCTBEHHO, YTO HOPMYJILI JIOTHKH BhICKa-
3bIBAaHHH 3aMHCaHBl HCKJIOYHTENBHO C MOMOILBIO 3HAKOB Ore-
pauuit 7 (oTpHuanue), A\ (KOHBIOHKUHA) H \/ (AH3BIOHKIHA)
(COOTBETCTBEHHO B 3/IEKTPOTEXHUKE —, -, -+). DTH onepauuu B
CBOI0 OYepeAb MOXKHO OCYLIECTBHTb HajJI€XKaIlHM pacroJo-
MEHHeM 3JIEKTPHYECKHX 3aMBIKAlOIHX H  pa3MBIKaolHX
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KOHTAKTOB HJH e, yTo Gojiee COBepIIEHHO, ¢ HOMOINBIO
5JICKTPOHHBIX AHOJIOB H TPHOAOB.
[ToxkaxkeM, Kak 3TO JAesnaercsd C MOMOIIbI0 KOHTAaKTOB.
PaccMotpuM npocteifimuil cnyyall. MMeercsi TONBKO OHA
KHOMKA, H aBTOMAaT JAOJ/IKEH OCYUIECTBJATH Clenyrolee ycso-
BHE: AGMNOUKA 20pum mozda u moabko mozda, Ko2da KHONKAQ

A s ogd - V4

Puc. 1.

-Haxncama (puc. 1). Eciu 0603HayHTh BHICKAa3biBaHHE «KHOMKA
HaxaTa» yepes X, TO JIOTHYECKOE yCJIOBHE NPUMeT HaumpOoCTel-
MHA BUJ

Z=X.

DTa 3ajauya OCYLIECTBJSAETCS C HOMOIIBI0 «3aMBIKAIOIIETO
KoHtakta» (puc. 2). Y3 pucynka serko yGepHThCs, 4TO ApH
HaXKaTHH KHOMKH KOHTaKT 3aMblKaeTcss H JiaMMOYKa TOpHT.

Puc. 2. Puc. 3.

. TIpOTHBOMONOXKHYIO 3ajjauy «IaMMOYKa TOPHT TOrAa H
TOJILKO TOFJAa, KOTJa KHOMKa OTHYIIEeHa», OCYLIECTBJIAET pas-
MbiKatomui KoHTakT (puc. 3). Eciu KHonka Haxara, TO KOH-
TAaKT Pa3OMKHYT H JIAMIIOYKa NOTALIeHa; eClIH OTNYCTUTL KHOM-
Ky, TO NPYXHHA 3aMbIKaeT KOHTAKT U JaMIOUKa TOPHT. Pas-
MBIKAIOIIMH KOHTAKT OCYINECTB/ISET ONEpPanHio OTPHUAHHA

B panbHefiimeM Mbl GyAeM 3aMBIKAIOIMA KOHTaKT Ha cXeMax
0TMeYaTh TaK:

a pasMbIKaiolHUA Tak:

=
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JInf MOCTPOEHHS CXeM, peanH3youHX Jio6ble GOPMYJIbl
JIOTHKH BbLICKa3bIBAHHH, HYXKHO Temepb eule YKasaTh, Kak
OCYLIECTBJATDL ONEPalHH AHSBIOHKIHH H KOHBIOHKIIHH. KoHnb-
IOHKIHS DeaJH3yeTcs NOCJAECAOBATENbHBIM BKJIIOUEHHEM KOH-
TAKTOB (3aMBIKAIOLHX HJH Pa3MBIKAIOLIMX), AHSBIOHKLHSA —
napaJiiesbHBIM BKJIoueHHeM. M3 cxem (puc. 4, 5) menocpen-
CTBEHHO ycMaTpHBaercsi, YTO nepBas cpalaTbiBaeT TOTAa H

r
z 4
L -
Puc. 4. Puc. 5.

TOJILKO TOT/ia, KOT/la BBINOJHSACTCS BepHas GopMyaa x-y, BTO-
pasi, ecnd BepHa ¢opmysaa x+-y.

BoilepaceMoTpenHast QYHKUHA 2==1x;x,~x,%,, KaK Jer-
KO BHJIeTb, peasH3yercsi cliefyiomel cxeMolt (puc. 6). Bosee
ofulo, Besikasi AH3BIOHKTHBHAA HOPMajbHasi GopMyna ocy-
LIECTBJIAETCS CXEMOH, B KOTOPOH KOHTaKThl, COOTBETCTBYIOLIHE

z 5 & 5
T I E‘
—— Z Z
s —— X

Puc. 6. ’ Puc. 7.

WICHaM KOHDBIOHKIHH, BKJIOYAIOTCH HOC/AENOBATENbHO, a BCe
AU3BIOHKTHBHbIE WIEHbl B CBOIO OYepeAb NOMELIAIOTCS napaJ-
Jgeapno. Hanpumep, ¢opmyaa

Z=X X, X, + XX, X, X,

peanusyetcs cxeMo¥ (puc. 7). 3xechb CleAyeT OTMETHTb, YTO,
KaK HeNoCPeACTBEHHO BHIHO, HEKOTOPOE 3JEMEHTAPHOE YCJIO0-
BHE-BbICKa3blBaHHE (COOTBETCTBYIOLIEE B HAIUEeM pacCMOTpe-
HHH HaXaTHIO KHOMKH K;) BCTpeyaercs, BOOOwE ropopsi, B
dopMyJie H B COOTBETCTBYIOLIEH CXeMe HEeCKOJAbKO pa3. Ynpas-
JIeHHe BCEMH KOHTaKTaMH, KaK 3aMBIKAaIOLHMH, TAKH Pa3Mbl-
KalolUMH, TNOMEYEHHBIMH OJHOH M TOH xe OyKBOH X,
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NPOHCXOAHT G MOMOIIBIO SJIEKTPOMATHHTHLIX peJe, KoToprie
NpH HaXaTHH KHOMKH K; 3aMbIKIOT BCe 3aMBIKAIOIHE H pas3-
MBIKZIOT BCE Pa3MHIKAIONHe KOHTAaKTHI, OTBeyalowe GyKBe X;.
Cpasy e BHIHO, YTO YHCJIO KOHTAKTOB B CX€Me PaBHO YHC-
1y 6yks B cooTBeTcTBylomed ¢popMyiie. Ho mpeAcTaBienue 6y-
JeBulX GyHKuHE opMyJaaMH He OAHO3HAYHO. CkaxeM, ¢op-
MYJIEl '

a) ALV EARAR) B ) HAEV(EAR)

NPEACTaBJSAIOT, KaK JIerko NpPOBEpHTb, Ty Ke caMyio GyHK-
muio. VIM GyAyT COOTBETCTBOBaTh JABE pa3JHYHBIE CXEMbI
(puc. 8).

z % Vi %

== Q= T Qr
T o

Puc. 8.

B npesuiecTByIOmHEX naparpagax Mul NOKasasH, Kak Jo-
6yio GyseBy GYHKIHIO MOXHO NPEICTABHTE B BUAC tdopMyaH,
cofiepKainefi TONbKO 3HaKH OTPHUAHHS, KOHBIOHKIUHH H JH3B-
IOHKUHH. DTO yTBepXKACHHE PaBHOCHJIBHO TOMY, HTO no6o#
ONHOTAKTHHHA aBTOMaT MOXKHO NOCTPOHThH C MOMOIUIBIO NOCHAe-
JOBAaTE/IBHOTO H MapalliebHOTO COSAHHEHHH 3aMBIKAIOUHX
H pa3MBIKAIOMHX KOHTAKTOB.

Knonka, 3aMpiKaiomasi (MIH pa3MBIKaiowasi) ONHH HJIH
HECKOJIbKO KOHTAKTOB NMPH HaxaTu, sIBMAeTCA MPOCTEHIIHM .
KOMMYTallHOHHEIM (coenunHTENbHLIM) NpHGOpOM. Ilisi cosfa-
HHSI aBTOMaTa C MPHHIHAHAJbHOH TOYKH 3pEHHs HE Cyume-
CTBEHHO, KAKHM ~HMEHHO CnocoGoM OyAeT OCYIECTBJATHCSA
3aMBIKAHHE HJIH PaSMLIKAHHE SJIEKTPHYECKOH LemH. B cospe-
MeHHOH aBTOMaTHKe /IS 9THX LeJiell NpHMEeHSIoTCS CaMble pas-
JIMYHEIE YCTPOWHCTBA: SJEKTPOMATHHTHHIE DeJIe, SJICKTPOHHbIC
JaMME, TOJYNPOBOXHHKOBbIE YCTpOHCTBa H Ap.

He3aBHCHMO OT KOHKPETHOTO TE€XHHYECKOI'O BLIMOJHEHHS
TOrO HJIH MHOrO aBTOMaTa, ajre6pa JIOTHKH MO3BOJIAET orpe-
JeJUTb ero CTPYKTYpY, €ro JIOTHUECKYIO cxemy.. Kak Mol
BUJE/JH Ha TMPOCTHIX NPHMEpax OJAHOTAKTHBHIX aBTOMAaTOB, JIO-
rHYecKas cxeMa COOTBETETBYeT ITPeACTaBJIEHHIO GyJnesoll HyHK-
ILHH HeKOTOpOl (HOpMYJIOA JIOTHKH BEICKasniBaHH#. Pasauy-
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HeIM GopMyJiaM, NPEACTABISIOIHM OAHY H Ty Xe G6yieBy
(YHKIHIO, COOTBETCTBYIOT Pa3/IHYHbIE CXeMbl aBTOMATOB, Bbi-
NOJIHAOIHX OAHHAKOBHe AeficTBHA. TeM caMbM BO3HHKaeT
Ba)KHas 3ajaya: CpeiH DaBHOCHABHHIX (OPMYJ HailTH BO3-
MO3KHO GoJiee POCThHIE, CoAepIKalHe BO3MOXKHO MeHbillee YHC-
0 6yks. D10 — TPyAHas 3ajaya ajreOphl JIOTHKH, HasblBae-
Masi sajayefi MHHHMH3aIHH, KOTOpas A0 CHX mop B oOuieM
clyyae He MOJYYHJIa €lle OKOHYAaTeJbHOTO YAOBJIETBOPHTEJIb-
HOro peienusi. CyllecTBeHHEE YCTIeXH B HAalPaBJCHHH ee pe-
menuss mocTHraH coperckue yuenne IC. M. JKypasnes,
O. b. Jlynanos, C. B. flGnoHcKu# H Ap.

Mbl 3aTPOHY/IH B HallleM H3JIOXXEHHH TOJIbKO MpocTeHiiue
aBTOMAaTHYeCKHe YCTpOHCTBa — OfHOTaKkTHEe. Mexny Tem
ocoGHIi HHTEpeC MNPEACTaBJAIT cedyac yCTPOHCTBA MHOTrO-
TaKTHBHlE, HJIH yCTPOACTBA «C MaMATHIO», Y KOTOPHIX AEHCTBHE
Ha BHIXOJe 3aBHCHT OT MOCTYMHBIIHX CHTHAJIOB B HEKOTODHIi
npouwleAIHA NPOMEXYTOK BpeMeHH. FKlcclegoBanHe TaKHX
YCTpOHCTB HaMHOTO C/IoXHee. B HacTosiiee BpeMs 31eCh BO3-
HHK HOBBIH pasjen MaTeMaTHKH, TeCHO CBA3AHHLIH ¢ MaTeMa-
THYECKOH JIOTHKOH, KOTOpHIH HasbiBaeTcs «abCTPaKTHOH Teo-
pHell aBTOMATOB», ¢ KOTOPHIM MOXHO MO3HaKOMHTBCA IO yiKe
JOBOJIBHO OOIMIHPHOH JIHTepaType.



F'TABA BTOPAH4

TO)XJAECTBEHHO MCTHHHBIE -
®OPMYJIbl JIOTHKH
BbICK A3bIBAH MY

§ 1. 3nHayeHHe TOXIECTBEHHO MCTHHHHX dopmya
JJasi JOFMKH BbICKa3biBaHMi

B npeapiaymeil rnaBe Mb BBEJIH BaXKHOe NOHSATHE
PaBHOCHJIBHOCTH ()OPMYJ1 JIOTHKH BhICKasbiBanHi. e ¢op-
Myl A u B paBHOoCHibHBI (A==B) TOrja M TONBKO TOrZAa,
KOT/ia OHH NMPEACTABJAIT OAHY H Ty Xe 6y/ieBy (PYHKUHIO OT
BXOJAIMX B HHX NepPeMeHHbIX. TaM xe Mbl 0GCyAHAM 3afauy,
KaK yCTaHOBHTb, DABHOCH/bHEI JIH JBe JaHHBE (GOPMYJIH
HJIH HeT. _

BooGwe rosopsi, camo onpefeseHHe NOKA3HBaeT, KaK B
JHOGBIX C/TyYasiX KOHEUHBIM YHCJIOM ONEPaLHil MOXKHO yCTaHO-
BHTb PaBHOCHJIBHOCTb HJIH HEPaBHOCHJBHOCTb ABYX (DOpMy.
A v B. i1 3T0r0 HYXHO BBIYHCJAHTH 3HAYEHHA HCTHHHOCTH
(opMyn Ansi BCEBO3MOXKHBIX 3HAYEHHH HCTHHHOCTH NepeMeH-
HBIX H CpaBHHBaTh UX. EcanH A5 BceX 3HaueHHH nepeMeHHBIX
3HaYeHHA HCTHHHOCTH ¢opMyn A u B coBmajaioT Apyr ¢ Apy-
TOM, TO GOPMY/Ibl PABHOCHJIBHEI, B IPOTHBHOM CJyyae — HeT.
Takum o6pa3oM, Ha mepBHH B3rIAJ MOXET NOKa3aThCA, 4TO
npoGieMa yxXe pemleHa H MPHTOM CaMbiM NPOCTHM 06pasoM
YTO BCe JasbHeHuINe MCC/eJIOBaHHA B 5TOM HANPaBJIEHHH
H3JIHIIHH, . '

IlpuseneM paBa cooGpakeHusi, MOKA3HIBAIOIIHE, YTO 3TO
nepBoe BHeyaTJeHHe OGMaHYHBO.

Onno coolpaxkeHHe MBI yXe BCKOJIb3b YMOMHHaJH. Eciu
YHCJIO MEPEMEHHBIX HE OYeHb MaJIo, TO YHC/IO HaGopoB, KOTO-
pBIe HYXXHO MOACTaBAATH, OyJeT OYEHD BEJIHKO U NPHUMEHEHHe
NPOCTOro MpHHLHMAA cpaBHEHUA 3Hauenud dopmyn A u B
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MOXKeT cTaTb NpPaKTHYeCKH HEBHMOJHUMBIM. Befb, Kak Mbt
y3Ke TOBOpHJIH, yxe a5 30 nepeMeHHbIX HYKHO HCIpo60BaTh
Gosiee 10° HaGopoB. M5l yCTAHOBNEHHS PaBHOCHJIBHOCTH HYX-
HO ellle JJIsl BCSIKOro Habopa NMpOBECTH BHIYHMCJIEHHE 3HAUEHHH
obeux QopMyJ, a ecau 3TH QOpPMYJBl AOCTATOUHO GOJIbLIONH
IJIMHBL, TO Ha 3TO B CBOIO ouepelb NoHago6HuTcs 6oJblioe YHC-
J0 omepauuii. Hajuune o6mIMX KpUTEPHEB PaBHOCHJIBHOCTH
3ayacTyl0 N03BoJsieT yGeguThcsl B PaBHOCHJBHOCTH HJIH He-
PaBHOCHJBHOCTH (OpMyJi, He mpuberas K NOJOGHBIM BBIUHC-
JIEHHSIM BCeX 3HaueHHH copmy..

Bo-BTOophiXx — M 3TO coobpakeHHe, . 10-BUAUMOMY, GoJjiee
BaXKHO — B JIOTHKE BbICKa3blBaHHH, B ee NPHUMEHEHHUAX H B
JIOTHKE TIpeIHKaToB, 0 KoTopolt 6yjer uaru peub B ra. III,
B GOJIBIIMHCTBE CJIy4yaeB HHTEPECYIOTCS HE PABHOCHJBHOCTHIO
JIBYX KaKUX-1H60 GopMyJl, a paBHOCHIbHOCTBIO GECKOHEUHOTO
MHOXecTBa mnap -gopmyJ. HyXHB yTBepXKAeHHS, COLJIACHO
KOTOPHIM BCe JOPMYJIbI HEKOTOPOTO OTpeJIe/IEHHOTO BHJIA PaB-
HOCHJIbHBI COOTBETCTBEHHO ()OpMYJIaM HEKOTOPOTo ONpeJeNeH-
HOro Apyroro Buaa. Ecau kaaccel GopMyJ paccCMaTPHBAEMBIX
BHJIOB COfiepKaT GECKOHEUHO MHOTO (GOpMyJ, TO, OUEBHJHO,
nojfo6HbIe yTBEPXKIACHHS He MOTYT OBITb YCTAHOBJEHBI JaxKe
CKOJIb YTOJHO FPOMO3JKHM NOJCYETOM, a TPeGyloT NpHMeHe-
HUs o6mux coobpaxenuit. K Takum of6muM coobpakeHU-
SIM OTHOCATCSI, HampUMep, paccyXkJIeHHUs B Mpeaplayuei
rJaBe, TO3BOJIMBIINE HAM YCTAHOBUTb DPABHOCHUJBHOCTD
Jo6o#t dopMyabl dopMyse B JIU3BIOHKTHBHOH HOPMaJbHOH
¢dopme.

Ha nporsixkenuu storo.naparpada Mbl HapaLy ¢ 3ajaueit
0 PaBHOCHJBLHOCTH (OPMYJ BCTPETHMCA C APYTHMH CXOAHBIMU
3agauamMu. OTHOCHTEJBHO HHX MOXKHO CHAEJaTb Te XKe 3aMeua-
HHSI: KOJb CKOPO peub UJET O KOHEYHOM 4YHcjae dopMyd, TO
BCE pacCMaTpHBaeMble CBOHCTBa M OTHOLIEHHS] MOTYT B NpHH-
uune GbHITH MPOBEPEHHL NMPAMBIM NojcyeToM. B moab3y mpuso-
JUMOTO OGILIEr0 PacCMOTPEHUS MOKHO BCAKHH pa3 MOBTOPHTb
cooGpaxenHs, NOKOGHLIE TEM, KOTOPHIE Mbl IPUBEJH U151 CaIY-
yas 3aJaud PaBHOCHJbHOCTH.

[NokaxeM, YTO paBHOCHJABHOCTb JABYX (OPMYJ JIEFKO CBO-
IMTCS K TOMXJECTBEHHOH HCTUHHOCTH HEKOTOpOH ¢opMyJkl.
HelicTBUTEIbHO, UMEET MECTO C/IEAYyloLlee, JeTKO JOKa3biBae-
MOe NpeAJoXKeHHUE,

[Tycte A u B — pgBe QopMyJbl JIOTHMKH BLICKa3blBaHHMH
(Bcermga MOMKHO CUMTaThb, YTO 3TH (OPMYJH 3aBUCAT OT Of-
HHUX U TeX e NMEPEMEHHBIX X1, X2,. . . , X,). Popmysst A u B
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pasrocuaenbr A=B moeda u moasko moeda, Koeda dopmyra
A~ B moxOecmeenno ucmurna.

HeficTBuTeNbHO, eCau A(x,,..., X, )= B(x4, ..., x,), To, KaKue
6bl Mbl 3HAUEHHS] MCTHHHOCTH @y, Qs,..., @, HU TONCTABJSAIH
BMECTO TNEPEMEHHBIX Xy, X2, ..., X, UMM A(ay, ..., a,) 4
B (ay, ..., a,) o6e GypyT HMeTb 3HAuUEHHe y HJHU 3Ke 06e GYIYT
HMeTb 3HaueHue 4. Ml B ToM, H B ipyroM cayuae BricKasLiBalHe
Aay, ..., a,) ~B (a4, ..., a,) 6yner ucturno. CaenoBaTesbHO,
opmyna A(xy, ..., x,) ~ B(xy, ..., x,) 6yeT HCTHHHA .AJA
BCeX 3HAYEHUH CBOUX NMEPEMEHHBLIX, T. €. GYAET TOXAECTBEHHO
HCTHHHOR ¢opMyJioii.

Hao6opor, ecniu A% B, T0o ais HekoToporo Habopa
Q4,..., @, 3HAUEHHH HCTMHHOCTH OJHO BHICKA3LIBaHHE GYAET
uMeTb 3HayeHue u, gapyroe 2. Torma A(ay, ..., a,) ~
B (ay,..., a,) 6YAeT JIOXKHLIM BHICKa3LIBAHHEM, @ CJ€J0Ba-
Teabno, ¢opmyna A(xy, ..., x,) ~ B(xi, ..., x,) He Gymer
TOXJIECTBEHHO HCTHHHOIM. '
> TeM caMbM 3aj1aua 06 yCTaHOBJIEHHH PABHOCHJIBHOCTH JIBYX
(GopMyJ1 CBOAUTCA K YCTAHOBJIEHHIO TOMKJAECTBEHHOH MCTHH-
HOCTH (OPMYJl HEKOTOPOrO YaCTHOTO BHAA.

Hapsiny ¢ oTHomeHHeM PaBHOCHJIBLHOCTH MEXAY GopMyJa-
MH JIOTHKH BHICKa3blBaHUH paccMaTPHUBAIOTCS HEKOTOpPLIE APY-
THe OTHOWIEHHUS, NpPeACTaBJgIomHe GOJBbIIOH UHTEpEC Aas JIo-
TUKH U ee npuMeHeHHH. Cpefil HHX HaHBaXKHEHIIHMM SIBJISET-
Csl OTHOLIEHHE JIOCMYECKOTO CJefoBaHHS. Mpl OCTAHOBHMCS
ceffyac -HeCKOIbKO GoJlee MOAPOGHO Ha 3TOM OTHOMIEHHM, NO- .
KaXX€M CBOJMMOCTb 3TOTO HOHSITHSI K TOXICCTBEHHOH HCTHH-
HOCTH (JOPMYJ1 HEKOTOPOTO YaCTHOrO BHAA M OGCYAHM 3HAYECHHE
3TOrO OTHOLIEHHUS. _

Iyers A(xy,... , x,)=A u B(xy,... , x,)=B — 1e dopMy-
Jbl JIOTHKH BEICKA3bIBAHMA OT NEPEMEHHBIX Xy,...,; X,. Mu
GyneM rosopuTb, uto dopmyna B(xy, ..., X,) SBJSETCS JIOTH-
YECKHM CJeAcTBUEM QopMyab A (xy,..., X,), ecnu B npunnma-
eT 3HaueHHe u A/s BceX HAaGOPOB 3HAYEHUH MCTUHHOCTH, LS
KOTOPHX A MCTHHHA. DTO 03HAYAeT TaKKe, YTO €C/IH NpeacTa-
BHTb 06e (opMyJbl MX TaGNHUAMH HCTHHHOCTH, TO MHOMKECT-
BO HaGOpPOB, 1715 KOTOPLIX A HCTHHHA, COREPKATCS B MHOXKECT-
Be HaGopoB, A/ KOTODHIX MCTHHHa ¢opMyaa B. :

Hanpumep, cornacHo sToMy ompefesennio dopMyaa
B = (x\/2) ABNAETCA JIOTMYECKHM CJIEACTBHEM (OPMYJIbl
A= (xVy)A\2). D10 BUAHO U3 CQPOTBETCTBYIOWIMX TaGJIMLL
HCTHHHOCTH:
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W3 ckasanuoro BUAHO, uTO ABe GopMysut A U B paBHOCHJBHH
TOTJia H TOJBKO TOTJA, KOTJa KaKJas U3 HUX SIBJSAETCS JIOTH-
yeCKHM CJIeACTBHeM fpyrofi. K3 onpepesnenus Takxke sBCTBY-
€T, 4TO BCSAKasa (popMyJsia sIBJsieTcsl JIOTHUECKHM CJI€NCTBHEM
TOXKJECTBEHHO JIOKHOH (opMyssl. JleficTBUTENBHO, TaK Kak
B STOM Cjy4ae popMy/aa A HUKOTJA He MPHHMMAaeT 3HAYEHHS
1, TO MHOXECTBO HabOpOB, AJIsI KOTOPHIX A HCTHHHA, MYCTO H
CONIEPIKUTCS, CJIENOBATENbHO, B MHOMeCTBe HaGOpPOB HCTHH-
HOCTH 15 J06oit gopMyasl B. Taxxke oueBHIHO, UTO TOK-
JECTBEHHO HCTHHHAs GopMyJsa ABASETCA JOTHUECKHM CAEACT-
BHeM 060 QOpMYJIHL.

BBenenHoe mMOHATHE CJAEAYIOMMM OOpasoM CBOAMTCH K
NOHATHIO TOXAECTBEHHOH HMCTHHHOCTH HEKOTOPOH (OpMysbl:

Dopmysa B=B (xi,..., X,;) ABASeMCA A02udecKum caedcms-
suem popmyarer A=A(xy,..., x,) moeda u moseKo moaaa, Koeda
MoscOeCmBERNO UCMUNKA (Popmyira

A, ..., x,)—B(x, ..., x,).

HetictBuTenbHO, NycThb B(Xy, ..., X,,) ABASAETCA JOTHYECKHM
caenctBueM dopMmyas A(xy, ..., x,). Ecau ana kakoro-uubyab
Habopa ay, ..., a, 3HaYeHUH HCTUHHOCTH A (ay, ..., @,) HMeeT 3Ha-
yeHue u, T0 4 B(ay, ..., a,) UMeeT 3HAUEHHE U; CJIEJIOBATE/bHO,
Ins a,..., a, HiMeeM,uto A(ay, ..., a,)—B(ay, ..., a,) HCTHHHA.
Ecan xe A(ay,..., a,) IMeeT 3Hau€HHe 4, TO, KAKOBO OBl HH
6e110 3HAUeHHe HCTHHHOCTH B(ay, ..., @,), COracHo omnpexene-
HHIO MMIVIMKaUMH Takxke mnoayyaeMm, urto A(a ..., a,)—>
— B(ay, ..., a,) ucTHHHA. 3HAYHT, B 3TOM cayyae A(xy, ..., X,)—
— B(%y, ..., x,) Bcerja HCTHHHA, T. €. 3TO TOXKJIECTBEHHO
HCTHHHAS (po'pmy.na.
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[Npexnonoxkum HaoGopor, uto B(xy, ..., x,) He sBAseTes
JIOTHYECKUM cJIeACTBHeM ¢opmyisl A (xy, ..., x,). DTO 03HaUa-
eT,uTo J1d HeKoToporo Habopaay, ..., a, hopmyna A(ay, ..., a,)
6y11eT HCTHHHA, a B(ay, ..., a,) JoxHa. Ho Torjia Ajisi 3T0ro
Habopa A(ay,..., a,) = B(ay, ..., a,) GyjeT n0XKHOM, H 3HAUHT,
¢dopMyna A—B He TOXKIECTBEHHO HCTHHHA.

Ecay npUHATbL BO BHHMaHHE TO CYIIECTBEHHOE orpy6.neHMe
JIOTHYECKUX TMOHATHH, KOTOpOE HMEeT MeCTO B JIOTHKE BHICKa-
3bIBaHUH, TO caefyeT MpU3HATh, UTO MPUBEJEHHOE ONpesee-
HHEe JIOCTATOYHO TOYHO OTpaaeT TO HHTYUTHBHOE NOHATHE
JIOTHYECKOTO CJIeIOBaHUS, KOTOPHIM MBI TIOJIb3YeMCs NpH AeAY-
KTHBHBIX 3aKJIOUEHHSX B TOMHEIX HayKaxX H, B OCOGEHHOCTH,
B MaTeMaTHKe. OTMeTHM, YTO BBEJEHHOE HAMH OTHOILIEHHE OT-
HOCHTCAI He K €IMHHMYHBLIM BHICKA3LIBAHHSIM, KaK 3TO HUMeEJIO
MeCTO HJisl NMOHATUS HMIJIMKANHM, a K LEIbIM MHOMKEeCTBaM
BBICKa3bIBaHUH ompefesieHHON (GOpMbl, ONMUCHBAEMbLIX QOPMY-
namu A(xy, ..., x,) ¥ B (x4, ..., x,,). PopMyny A (xi, ..., x,,)
MOXHO paccMaTpHBaTb KaK ycaosue, KOTOPOE MOXKeT ObITb
BEINIOJIHEHO MJIH HeT B 3aBUCUMOCTH OT HCTHHHOCTH HJIH JIOK-
HocTH dopMyssl A. OTHOIIEHHE JIOTHUECKOTO CENOBAHUS BhI-
paKaeTr TOT (h)aKT, YTO BCErfia, KOrJa BLINOJIHEHO YCJIOBHE,
onuceiBaeMoe dopmyitoft A(xy, ..., x,), UMEET MECTO CHTyalHs,
onucniBaeMass ¢opmynoit B(xy, ..., x,). Mel cuuraeMm, 4ro
B(xy, ..., x,) aBasiercsi aoeuueckum caeactsueM A(xy, ..., x,)
NOTOMY, YTO 3HaHHe 06 -UCTHHHOCTH A T03BOJISIET HaM
yTBEPXKJAaTb HCTHHHOCTb B BO Bcex cayuasgx U Ge3 3HaHHA’
Kako#l-nubo gononuurenpHoll Hudopmauuu. Ecnu, Hao6opor,
A(ay, ..., a,) noxHa, To B(ay, ..., a,) Ipu 3TOM MOKeT ObITb H
MCTHHHO#, H JIOXKHOf, YTO HE HapyIlaeT H3BECTHYIO HaM TOX-
JECTBEHHYIO HCTHHHOCTb

A, ..., x)—B(x, ..., x).
B sToM cayuae Ge3 jganbHeluell undopMaLUH Mbl HE MOMXEM
yTBEpPXKJAAaTb MCTHHHOCTb BbICKasbiBauusi B(ay, ..., a,). Kak

Mbl BHJUM, 5Ta CUTYaLHs BIOJHE COOTBETCTBYET HalleMy IOB-
CEJIHEBHOMY NMOHHMAHHIO JIOTHUECKOTO 3aKJIOUEHHUS.

JIio6ast TOXIeCTBEHHO HCTHHHAsi (OpMyJa TEOPHH BEHI-
CKasblBaHHH BMJa

A, «ovy x)—B(x,, ..., x,)

COOTBETCTBYET HEKOTOPO# O6LLeHl cXeMe JIOTHUECKOrO 3aKJ/IIoue-
nus. s Toro uTo6sl YSICHHTH 3T0 ceGe, PacCMOTPUM NpH-
Mep OJHOfl CXeMEbl JIOTHYECKOTO 3aKJ/IOUeHHs, 4acTo Hpume-
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HAEeMOH B MaTeMaTHUECKHX JOKa3aTeJbCTBaX, a HMEHHO, yCTa-
HOBJIEHHE HCTHHHOCTH HEKOTOPOrO YTBEPIKAEHHS NMYTEM INpH-
BEJIeHHs NPOTUBOIMOJIOKHOTO YTBEpKAEHHUs K abcypny. Cxe-
Ma 3TOrO 3aKJIOUEHHs BHINIAAUT Tak. [IpexmosoxuM, uTO
HYKHO JIO0Ka3aTb HCTHHHOCTb HEKOTOPOTO YTBEpKAEHHT A.
INpenanonaraercs, uto uctuHHO YyTBepXKAeHHe |A. Ilocae
3TOr0 MOKa3blBaeTCsl, YTO TOTJAa HMEETCS] HEKOTOpPOe TaKoe yT-
BepKJAEHHE B, YTO HCTHHHLIMH ABJSIIOTCS 06a YTBEPKIECHHUS
1A—B u 1A—"B. 210 U ecTb TO, YTO Ha3bIBaeTCs abCypoM.
Kak moKasblBaeTCsl HCTHHHOCTb 3THX ABYX UMIJIMKaIMiH, Hac
B HacTosiilee BpeMsi He HHTepecyeT'). Mbl npexnosiaraeM, 4To
OHH yiKe JIoKa3aHbl. Torga Mbl yTBepKAaeM, YTO HCTHHHO BbI-
ckasbiBanne A. CrnipaliiBaeTcsl, Ha OCHOBaHHH KaKOro JOTH-
UeCKOTO 3aKOHA Jej1aeM MHl 3TO sakKJjioueHHe. OKasbiBaeTcs,
YTO STO SaKJ/IOYEHHE OCHOBAHO Ha TOXJIECTBEHHO HCTHHHOH

tdopmyne
[((Tx—HACix—TH]—x (*)

JIOTMKH BHICKasbiBaHU#. (UUTaTesNb 1erKO NPOBEPHT, UTO (%)—
TOXKJECTBEHHO HCTHHHAsA ¢opMmyJa.) Popmyna (x) UMeeT BUJ
A(x, y)—~B(x,y). PopMmyna x sABAsETCS JIOTHYECKHM CJIeJCT-
BuieM gopmyasl (Jx—=y) A(TTx—Ty). Ecaiu HaM yxXKe HU3BeCTHO,
uto (JA—B) A\ (JA—"|B) ucTHHHA, TO MBI OTCIOJa 3aKJIOUAEM,
YTO HCTHHHO yTBEpKIeHHe A. DTO H eCTb CXeMa SaKJIOUeHHs
_TpUBeJIEHHEM TPOTHBONOJIOKHOIO YTBEPKACHHUSA K abcypay.

B crnenyroteM naparpade Mbl JaguM 0630p JIOCMYECKHX
TOXKJIECTB, J€KAIHUX B OCHOBE BaXKHEHLIHX OOGBLIYHEIX CXeM
JIOTHUECKHX saKJjioueHui. Tenepb Ke Mbl NpHBefieM Apyrue
BO3MOXHBIE JIOTHYECKHE .OTHOLIEHHS MexXAy QopMyaaMu
A(x1,...y x,) ¥ B(xy,..., x,) NOTHKM BHICKa3blBaHMH, cojep-
AKalUlUMH NepeMeHHble BBICKA3BIBAHHA Xi,..., X,, OTHOLIEHHS,
OCHOBAHHBIE HAa TOXAECTBEHHO MCTHHHBIX (OpMyJax U IO-
SBOJIAIOLINE NeJ1aTh JIOTHUYECKHE 3aKJIOUeHHS.

1. Kak MBI yxe BHJEJH, eCIH

Alxy ooy x)—B(x,, ..., x,) (1)
— TOXKJECTBEHHO MCTHHHasg dopMyna, To BeAKuEl pas,

1) Bro 3aBHCHT yXe OT CTPOEHHA CaMHX BBICKasbBaHu# A u B u
yCTaHABAHBaeTCd Ha OCHOBAHHH SaKOHOB H INPaBHJ, OTHOCAIIHXCA K
TOH MaTeMaTHUeCKOH TeOpHH, K KOTOPOH OTHOCATCA JaHHBle BBICKashHl-
panus. J{nf GopManbHOrO ONHCAHHSA STHX SaKOHOB HeJOCTaTOYHO JO-
FMKH BbICKa3biBaHui#l. MH Heckojgbko Gojiee NOAPOCHO OCTAHOBHMCH
Ha OTHOCAIIHXCA CIOfa cOOOpaKeHHAX, KOr/ia MB IO3HAKOMHMCS C JIO~
THKOH NpeAuKaTos.
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xorja A(ay,..., 4,) UCTHHHA, B(ay,..., @,) TaKKe HCTHHHA.
(Ecnn A(ay,...,a,) nOXKHA, TO OTHOCHTENLHO B(ay,..., a,) Ha
OCHOBaHHH (1) HHMYero yTBepXKAaTb HEJb3S.)

2. Econ :
Ay ooy x)VB(%y oony x,) (2)
— TOKIECTBEHHO HCTHHHas ¢opMyna, TO BCAKMH pas,
xorpa A(a,,..., a,) noxua, gopmyna B(a,,..., @,) HCTHHHA.
(Ecnu A(ay,..., a,) uCTHHHA, TO OTHOCHTEJBHO B(aiy..., a,)
HHYEro yTBEPKJAATh HeJb3d.)
3. Ecou
A(xy ooy x)VIB(x,, .70y x,)
TOXJICCTBEHHO HCTHHHA, TO U3 JIOXXHOCTH A(ay, ..., a,) BHITEKaeT
JIOXHOCTD B(ay,..., a,). (Ecan A(ay,..., a,) UCTHHHA, TO OTHO-

CUTENbHO B(ay,..., @,) HHYErO YTBEPXKAATb HEJb3l.)
4. Ecin

Ay ooy )|B(xyy ovuy x,)
7
— TOXJECTBEHHO MCTHHHAs ¢opMysa, TO KOJb CKOPO HCTHH-
HO BobiCKasmiBanue A(ay,..., a,), 10 B(ay,..., a,) "$0XKHO.

(Ecnn A (ay,...,a,) noxno,T0 0 B (ay,..., a,) HHYETO YTBEPKAATH
HEJb34.) :
5. Ecan, kaK HaM yxe M3BecTHO,

A(xy ooy x)~B(x, ooy x,)

~~ TOXJECTBEHHO HCTHHHas QopMyJsa, TO BCIKHH pas, Koraa

C/I0XKHOE BhICKasbiBanue A(ay,..., @,) HCTHHHO, TO B (ay,..., a,)

MCTHHHO, a Korza A (ay,..., a,) 10XKHO, TO U B (a4,..., a,) T0XKHO.
6. Hakownen, ecau

TAKy ooy %) ~B(x,, ..., x,))

~— TOXKIECTBEHHO MCTHHHAasg (opMyJa, TO H3 HCTHHHOCTH
A(ay,..., a,) crexyeT JOMKHOCTD B(ay,..., a,), a U3 JIOKHOCTH
A (a,..., a,) cnexyer uctunnocts B(ay,..., a,).
He OyJIeM JOKasblBaThb NPUBEJEHHBIE YTBEPKIEHHS;

OHH YCTaHABJIMBAIOTC NPOCTHIMH DAacCCYXKAEHUSMH, BIOJHE
AHAJIOTHYHHIMM TEM, KOTOPbHIE Mbl IIPOBOAMJ/IH BbIlE, HOKa3Hi-
Basi yTBepxjeHusi 1 u 5, u '

W3 ckasanHOro BHIHO, KaKyw GOJBIIYIO POJb HIPAIOT
TOXJIECTBEHHO HCTHHHbIE (POPMYJIb JIOTHKH BBICKA3BIBaHHMH.
O3HaKOMHMCsl Temephb JeTajbHEe C HEKOTOPHIMH M3 HHUX.
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§ 2. Mpumeps TOXAECTBEHHO MCTHHHBIX dopmys
JIOTHKH BBICKa3bIBaHHH

B HaerosimeM naparpacge Mel pacCMOTPHM PSIA TOXK-
JIECTBEHHO HCTHHHBIX (JOPMYJ JIOTHKH BhICKasbiBaHu#. B mpe-
IelIymeM naparpadge Mbl YCTAHOBHJIH, YTO TOXKAECTBEHHO HC-
THHHBIE QOPMYJIBL JI€KAT B OCHOBE JIOTHUECKHX 3aKJIOUeHHH;
ISl HEKOTOPHIX U3 NPHBOAUMBIX HAMH TOXJIECTBEHHO HCTHH-
HbIX (OpPMYJ Mbl OGCYZMM COOTBETCTBYIOWME THI 3aKJjioue-
Hufi. CyniecTByeT 66CKOHEYHO MHOTO TOXKJECTBEHHO MCTHHHBIX
¢opMyJ, U BhIGOpP TeX HJIHM HHBIX NPHMEpOB Bcerga OyneT B
"HEKOTOpO#M Mepe cayuyalHuIM. B HauleM ciayuae Mel cTapajiuch
BLIGpPATh Te, KOTOpbie OCOGEHHO YaCTO MCNOJb3YIOTCA B IpaK-
THKE MaTeMaTHUeCKHX J0Ka3aTelbCTB. BHOBbL OTMETHM, YTO
JIOTHKa BLICKA3blBaHHH SBJASETCA CAUIHKOM GemHOR Teopue
AJISl OMHCAHHsI JIOTMYECKOrO ammapara MaTeMaTHYeCKHX 3a-
KitoueHH#. TeM caMbiM U THIIBI JIOTHUECKHUX 3aKJ/IOUEHHH, oc-
HOBaHHBIX Ha TOXKJECTBEHHO HCTHHHHIX (JOPMYJax JIOTHKH
BLICKA3BIBaHHUi, Na/€eKO He HCUEpNBbIBAIOT JIOTHYECKHX 3aKo-
HOB, HCNOJIb3YeMEIX MaTeMaTHKOH, He roBOpsS yxKe O JIOTH-
YeCKHX 3aKJIOUEHHAX B JAPYTHX HayKax.

ToT ¢akrt, uTo NpHBOAUMBIE HHXKe (DOPMYJIBI ABJASIOTCH
TOXKJECTBEHHO HCTHHHBIMH, JIETKO YCMAaTpPHBaeTCsi Ha OCHO-
BaHUM TaGnull HCTHHHOCTH, OMpPEAENSIOWMX JOTHUECKHE Ome-
panuu.

YKamkeM cHauaja TPH «KJACCHUECKHE» TOKIESCTBEHHO HC-
THHHBIE (OPMYJIBL.

1. 3axoH TOoOXAeCTBAa:

'x-»x

«Bcsikoe BrICKasbiBaHHE SIBJISIETCSA JIOTHUECKHM CJI[CTBH-
€M caMoro ce6si».
2. 3aKOH NPOTUBOpEUHUS:

TEATA)-

DTOT JIOTrHYECKUH 3aKOH JIEXKUT B OCHOBE CJIEAYIOLIEro yTBEPK-
Jenus: «[lis BCSKOrO BbICKa3blBAaHHS @ HEBEPHO, YTO MCTHH-
HO U BbICKa3biBaHHE @, U €ro OTpPHUIIAHHEy.

3aKOH - IPOTHBOpPEUHs] €CTECTBEHHO TaKiKe CHOPMYJHpo-
BaTb KaK YTBEpMKJEHHE, COTJIAaCHO KOTOpoMy QopMmyJa

xA\x

TOXKIECTBEHHO JIOKHA.
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3. 3aKOH HCKNIOYEHHOrO Tperbero:

x\/ T x.

ATOT 3aKoH YTBEPXKAAET, UTO «AJA KaXJA0ro BbICKa3bIBAHUS X
HJIH caMo BEICKa3bnlBaHUE, HJH €ro OTpHIAHHE HCTUHHO»,

Hapsmy C YKa3aHHBIMH TpeMs 3aKOHaMH HYXHO OTMETHUTD
TaKxe:

4. 3akou gBo#imoTO OTpHUAHHUS
Tk~

COTJIACHO KOTOPOMY OTpHUAHHE OT OTPHUAHHS JIOGOTO BHICKA-
SEIBAHHS DABHOCHJIbHO CaMOMY BHICKA3HLIBAHMIO.

5. Jo6aBaenue a HTEeUeNeHTa verum ex quolibet
(MCTHHA H3 uero yrogmo)

X—(y —x).

Ecan A — ucTunnoe BLICKa3bIBaHUE, TO JJA JIO60r0 BHICKA-
3HBaHUA B uMnaukauus B->A OyAeT MCTHHHBIM BHICKA3bI-
BaHHEM.

6. Ex [also quodlibet (us noxmoro uto YTORHO)

(1x—(x—y)).

Ecnun B — noxuoe BbICKA3LIBAHHE, A TeM CaMbIM |B HCTHH-
HO, TO B umnanuupyer mioGoe BhcKasbiBaHue.
7. Modus ponens

(A x—9)—y

JIEXHT B OCHOBE OJHOIO H3 CAaMBIX Ba)KHBIX THIOB JIOTHYe-
CKOro 3akmwouenus. Ecau uctunno, yro HEKOTOPO€E BBICKA3LI-
BaHMe A HMIUIHUUDYET BEICKA3bHBaHHe B H, KpoMe TOro, Bhi-
CKasbiBaHHEe A HCTMHHO, TO COIJIACHO 3aKOHy modus ponens
MOXHO 32K/IOUUTb, YTO HCTHHHO B. DTOT THN 3aK/IOYEHHS
TNOBCEMECTHO YnOTPeGJIsieTCs MPH MAaTeMAaTHYECKHX NOKa3a-
TeJbCTBAX.

I'IpoaHa.nMsnpyeM NPUMEHEHHs] 3TOrO 3aKOHA Ha NMpHMepe
MPOCTOrO 3aKJIOYEHHsI B 3JIEMEHTAPHOM apugMeTHKe:

«Bcee mpocruie uncna, 66abune 2, HEYETHHI»,
«7 €CTb NpPOCTOe uuca0, Gojbuice 2v.
CnenoBaTenbho, «7 €CTb HEUETHOE YHC/IOM.

Ha ocHOBanMH KakMX JOTMYECKMX 3aKOHOB JieJIaeTcs 3To
3aKJIIOYeHHe? 31eCh MPUMEHSIOTCS BA 3aKOHA. [epBuiit 3akow,
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3aKOH 3aKJ/IoUeHHs OT oOIiero K 4aCTHOMY, OTHOCHTCS HE K
JIOTHKE BHICKA3bIBaHHil, a K JOTHKE MPEIHKATOB, C KOTOPOH
MBI TIO3HAKOMHMCS B caeayiomeil rsiase. Ha ochoBanuu .
3TOrO 3aKOHa mpeoGpasyeTcsl mepBas MOCHUIKA 3aKJIOYEHHS.
JJ1s 5TOTO TeEpEnHuIleM CNepBa 3Ty NOCHUIKY B YIOOHOH 15
name# nesau Qopme:

«[J1s Bcex x, €CaM x — TpPOCTOe YHCyo, Gojbliee 2, TO
x HeyeTHO». COrJacHO 3aKJIIOYEHHIO OT OOLIEro K YacTHOMY,
BCAKOE BBICKa3bIBaHHE '

«Ecau g — mpocroe uucio, Goabliee 2, TO g HEYETHO»
ucrunno. Hanpumep,

«Ecau 1 — mpocroe yucio, Goabiiee 2, To 1 HEYeTHO»,

«Ecau 2 — mpocTtoe yucs0, Goabliee 2, TO 2 HEYETHON,

«Ecn 3 — npocroe uucao, Gojbiiee 2, TO 3 HEYETHO»
M T. 1. SBJSIIOTCS HCTHHHBLIMH BLICKa3blBaHHSIMH. B YacTHOCTH,
HMeeM

«Ecau 7 — npoctoe yucso, Gosbiiee 2, TO 7 HEYETHO»
— HCTHHHOE BBICKa3bIBaHHE. :

Kpome TOro, mo IpeInoJOKEHHIO, BbICKa3bIBaHHE
«7 — mpocToe yucso, Goabiiee 2»
HCTHHHO.

[Nonoxum
A — «7 — npocrtoe yucyo, 6oabiee 2»,
B — «7 HeueTHOs.
Torna uMeeM -
A — B ucTHHHO
"
A HCTHHHO.

‘Tenepb npuMensiercsi modus ponens; ClefoBaTeNbHO, B He-
TMHHO, T. €. BbICKasblBaHHE «7 HEYETHO» HCTHHHO.

8. JIBoHCTBEHHBIM K modus ponens sIBJISIETCs 3aKOH, H3BECT-
ublil TIOJ JIATMHCKUM HasBaHHeM modus follens:

(x—=NATY) — T

ATOT 3aKOH JIEKHT B OCHOBE C/IefYIOIIEro THIA JIOTHYECKUX
3aKJIOYEHHUI: Tpefnosaraercss M3BECTHBIM, YTO YTBEDKACHHE
A PMIJIHUHDYET yTBEPKAEHHE B, a TaKke CTAHOBHTCS H3-
BECTHBIM, UTO YTBEpKAECHHE B JIOXHO, TOrJAa HA OCHOBAHHH
modus tollens 3akmouaoT, Yo A J0XHO. B HECKOJBKO HS3-
menennolt popMe modus follens sanucpiBaeTcs Tak:

le—nNATy) — .
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Modus tollens ynotpebasierca npu JoKasaTesbcTBax OT -1po-
THBHOro. HyXHO 1oKasaTh HekoTopoe yTBepwkuenue A.
IIpexnonaraercs;, uto A n0xHO, U noKaswiBaercs, uto | A um-
IIMIHPYET HEKOTOpOe BhICKas3biBaHMe B, 0 KOTOpoM H3Bect-
HO, 4TO OHO JIOXHO (T. €. "] B ucTHHHO). OTCIofa 3aKI0uaeTcs
Ha OCHOBaHHH modus follens, 4yto A HCTHHHO.

9. Ouenb BaXKHYIO POMIb B IOKA3aTeNIbCTBAX HTPaeT 3a KOH
CHJJOTH3MA

(x =) A(g—2) —(x—2).

Ecnu BrickasuBanne A HMIIHIMPYeT BHICKa3biBaHue B, a B
B CBOIO QU€peAb HMIVIMIHUPYeT BeICKa3biBanue C, To oTciofa
MOXHO 3aK/IOYUTb, 4To A uMmiaunupyer C.

OTOT 3aKOH MO3BOJISIET IpH JOKA3aTeNbCTBAX HEKOTOPOTo
YTBEPXKICHUS NOJIb30BATBLCA CKOJIb YIOAHO AJMHHHBLIMH II€NOY-
KaMM 3aKmoveHn#. [Tyctb Heo6X0HMMO NOKA3aTh, UTO HEKOTO-
poe BbiCKasnlBaHHEe A MMILIMIMPYET HEKOTOPOE BHICKA3biBa-
Hue B. Bo Muorux Cayyasx UMIIKKauusa A — B Hemocpenct-
BEHHO He ycMaTpuBaercd. Ilisi gokasaTesabCTBa STOR MMIIH-
KaluH BEIGHDaeTcs pPSA NPOMEKYTOUHBIX BLICKA3LIBAHUM
A=A, Ay As,..., A =B Takux, uro A—A,;,, Bce Moryt
OHITb JIETKO JIOKasaH®l. Toraa YTBEPIKJAETCs, UTO HMeeT Mec-
TO UMILTHKANHA A — B.DTO noc/eHee JOrHUECKOe 3 KJIOUSHHe
A€/IaeTCsl Ha OCHOBAaHMH BHINIEYKA3aHHOTO 3A4KOHA CHJIJIOCH3-
Ma, NPUMEHAEMOro n pas Mo caefyiomel cxeme:

(A—A, YA(A, — A,)ucrunno, sHauur, A— A, I/ICTI/IHH&),
(A—A, YA(4, — A,)uctuHHO, 3HAUHT, A— A, uctunno,

(A—A,_))A(A,_,— B) uctuuno, sHauur, A—B HCTHHHO.

i

§ 3. dopManbHBIE BBHIBOJL TOXKAECTBEHHO
HCTHHHBIX (DOPMYJ JIOTHKH BBICKA3bIBAHHIA

B stom naparpade Mb octanoBHMCS Ha OfiHOM Me-
TOJE MOJIYUECHHS BCEX TOXKNECTBEHHO HCTHHHBIX (OPMYJ AOTH-
KU BBICKA3LIBaHUH. DTOT MeTOX HAas3bIBAETCA Mermodom gop-
Ma6r020 66i600a. OH HTpaeT LEHTPABHYIO POJIb B 60/Iee CI0K-
HBIX pa3feJlaX MaTeMaTH4YeCKOH JIOTHKH U B €e NPUMEHEHHIX
K HCC/IENOBAHUAM OCHOBaHMH MageMaTHKH. O6 3TOM MEI MO-
TOBOPUM B nocyenHel ryaBe Hawell kuurd. Manoxum ceifyac
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NpPHMEHEHHE 3TOr0 METOAA K MQJYYEHHIO TOXAECTBEHHO HCTHH-
HBIX (OPMYJ1 JIOTHKH BLICKa3blBaHHH.

Ecau no cux mop Mb paccMaTpuBajH (GOPMYJH JIOTHKH
BBICKa3biBaHHH KaK BhIpaKeHHA A1l OyJEeBHX (QYHKUHH, TO
B Merojie ()OPMaJIbHOTO BHIBOJA 3TH (POPMYJIH paccMaTpH-
BAIOTCAl MPOCTO KaK HEKOTOPHE MOCHAEA0BATEIbHOCTH CHMBO-
JIOB, MOCTPOEHHLIE MO ONMpEJieNIeHHHM npaBHiaM. B coorser-
CTBHH ¢ 3THM MH JaJMM HOBOE ONpeJieNIeHHe MOHATHA ¢op-
MyJibl IOTHKH BbiCKasbiBanui. [na 3Toro csavana sanaercs
HEKOTOPHIA CIHCOK 3J€MEHTapHHIX CHMBOJIOB, Ha3bIBaeMbIH
aagasumom. DneMeHTapHble CHMBOJIBI, BXOASIIHE B 3TOT aJ-
taBuT, HasbiBawTCA Gykeamu. Haw andaBHT cocTOMT H3 che-
AYIOHHX OYKB:

1) nepeMeHHbIe: Xy, X3, X,,... (MaTHHCKasi 6yKBa C HHAEK-
COM, HampHMep X;, paccMaTpHBaeTCsl KaK odxa GykBa);

2) 3HaKM JIOTHUECKHX omepauuii: ], A, V, = ,~;

3) ckobku: ( ).

Hanee onpenensiercs nousitue cao6a. floa cioBoM Mul 6y aeM
NOHHMATh JI06YI0 KOHEUHYIO NocheJoBaTebHOCTh OykB. Ha-
NpHMeEp, CJIOBaMH GYAYT TaKHe BHIPaKEHHSsi:

_l((xxo s (’ W/\_’! Xy (x,Vx.)» ijx

JlBa cnoBa cuMTaOTCA PaBHLIMH — WKJIH, Kak MB OyjeM ro-
BOPHTb, rpadHUeCKH paBHBEIMH,— €CJIH OHH COCTOSIT M3 OfH-
HakoBHX OYKB, 3alHCaHHBIX B OJHOH M TOH Xe mnocnenosa-
TeIbHOCTH. TakuM ofpasoM, cyoBa | |x, H [ lx; rpaduuecku
paBHH MexAy cofoii, a cyioBa () H |) He paBHHI, TaK Xe KaK
He paBHH (rpadmuuecku) cmosa (x,/A\x,) ¥ (x,Ax,). Mu 6y-
ZeM o6o3HayaTb cjoBa OCOJBIIMMH JIATHHCKHMH GyKBaMH
A, B, C,Dunr n '

Mbl XOTHM CpeJi BCEX CJIOB BLIAEJHTb HMEHHO T€, KOTOPHIE
O6yAyT KaK pas yme 3HAKOMBIMH HaM OPMYJiaMH JIOTHKH Bbi-
CKa3blBaHHH. ITO, OKa3bIBAETCS, HETPYAHO CHEJIATh MO OAHOMY
TONIbKO BHJY CJIOB, He 00pamasch K KaKOMY-JHGO CMbICTY
COCTaBJAIOHINX HX OYKB.

Hanum caepyiomee onpeaeneHHe NOHATHSA (QOPMYJbI:

1) Besikasi nepemeHHasi (T. €. CJIOBO BHAA Xj, X3, X,,...)
apasiercsi GopMyJioH. '

2) Ectn cnoBa A u B sBasiorcss GopMyJaaMH, To CJo-
Ba A, (AA,B), (A\/B), (A—>B), (A~B) sBasorcs ¢op-
MyJaMH. _

Hukakne Apyrue cnosa, KpoMe TeX, KOTOPHE MOJYYEHbI
no mpaBuiaM 1) K 2), He ABASIOTCA GOPMYJIaMH.
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Herpynuo y6emutbes, uto TakuM o6pasom NosTyyaloTesl Kak
pa3 yiKe 3HaKOMble HaM (POPMYJIbl JIOTHKH BHICKA3BLIBAHHH.
JlaauM mpHMeps! MPaBHIbHO NMOCTPOEHHBIX dopMy.I:

Xy X5 X, X, ,—(opMyJBl coraacHo 1).-
CrnegoBarenbno, cornacHo 2) '
(%, \%g)s (x5—x,), Tx,,—popmy.ni.
Onsarb coryacho 2)
(s Ax)V (25— x,)) u ({xa Axs) ~7x, ;) — dopmyanl.
Y, naxkonen,
(G Ax)V (2 —>%,)) — ((x, Ax,) ~T%,,) — dopmyaa.

OTMeTHM BaiKHOe CBOHCTBO JAHHOTO ONpEE/EHHS MOHATHS
hopmy.ibl. MoxHO, OKasbiBaeTcsl, omHcaThb MPOUEAYPY, KOTO-
pas, GynyuH npuMeHeHa K JMOGOMY CJIOBY, MOCJA€ KOHEYHOIO
UHC/Ia IIaroB YCTaHOBHT, fIBJSETCH JIM JaHHOE CJOBO (op-
MYJIOi HJIM HeT, H Jaxe, 60Jee TOTO, O 3aMHUCH (hopMyJIbl 3T
Npoueaypa BOCCTAHOBHT, B KaKOH MOCJENOBaTENbHOCTH Oblia
nocTpoeHa ¢opMyJa. Mu He Gynem ocTaHaBiIHBaThCH Ha JO-
BOJIbHO KPOTOTJIMBOM [0Ka3aTeJbCTBE 3TOTO pakTa. YKameM
JIMIIb HA TO, YTO JJISl IPOBEPKH TOTO, ABJAETCH JIH HEKOTOPOE
cnoBo  popMysioH, HEOGXOAMMO NPOBEPHTL PaCHONONKEHHe
OTKPbIBAIOMIHX H 3aKPHIBAIOLIMX CKOGOK, a TaKXKe PaCHoJoxKe-
HHE omepanui JIOTHKH BHCKAa3bIBaHHM.

Vmesi Tenepb B cBOeM pacnopsiKeHHH COBOKYIHOCTD ¢op-
MYJI KaK HEKOTOPLIX NMOCTPOEHHBIX MO ONpEJeNeHHLIM NPaBH-
JlaM TOC/IE0BaTENIbHOCTER OyKB, Mbl MOKEM CAeNATh CJAELYIO-
Yl War B HAaNPaB/JeHHH ONpEeJCNeHHS MOHSITHS (opMab-
Horo BbIBoAa. Mul onuiem cefiuac aBa npasusa npeo6Gpasosa-
HHSl GOPMyJ. DTH mMpaBHJa GylEM Ha3bLiBaTh NPABUAAMI Gbi-
60o0a. Ha ocHoBaHMM npaBus BHIBOAA OHpefessieTcsi MOHSTHE
(opMaibHOTO BHIBOZA.

1. ITpasuso nodcmanosku. W3 dopMyan A, copepxaruei
NEPEMEHHYIO X;, MOXHO BuiBecTH dopmyay Fg (4), rae FE (A)
nonyuesa M3 GopMyJsn A mojicTaHOBKOH B Hee dopMmyan B
Ha MeCTO BCEX BXOXKJAEHHH mepeMeHHOH x;. JIerko BHgeTb,

yto cnoBo- F5' (A) siBasieTcss NpaBHJIBHO MOCTPOEHHOM ¢op-
MYJIOH. '

Hanpumep, Fouy((en A x2) —x0) = (((x2 > x,) Axs) >
—(x2 > x,)); Fe((x1 —>x3) —x3) &= (X = %1 ) —xy).
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B3amerum enle, 4TO €C/IM flepeMeHHas X; He BXOJIHT B A,
TO MOXKHO onpesneauth Fg (A) = A.

Ilns mpuMeHeHHMsi NMpaBHJAa MOACTAHOBKHM HYXHO 3HATh
JIHIIb 3aMHCH TeX (GOpMyJ, B KOTOpPble MPOH3BOAHUTCS MOACTA-
HOBKa, M He TpefyeTcs 3HaTb 3HaueHHH 3THX QopMyda. [lo-
STOMY MpHMEHEHHe NpaBHJ/a MOJACTAHOBKH MOXKeT GHTh OCy-
IIECTBJIEHO C MOMOIIbIO ABTOMAaTHYECKOro ycTpoifcTBa.

2. Ilpasuno modus ponens. Bropoe npaBu/io NPHUMEHHMO K
HEKOTOPLIM JByM (OpMyJaM H JaeT B pe3dyJbtarte ogHy ¢op-
Myay. TlycTb Mbl HMeeM jpe ¢opmyan Buza A u (A — B)
(3mec» BaxkHo, uTO neppas ¢opmynaa A rpadHYecKH paBHa
aHTEUEJEHTY BTOPOH (POPMyJB: Halle NPAaBHJIO MPHMEHHMO
TOJILKO K TaKHM JBYM (DOPMyJaM); TOTJa MOKHO BLIBECTH (pop-
MyJay B. B 3toM ciyyae Mbl 6ygeM rOBOpHTh, 4TO gopmyra B
noaytaemcs us gopmys A u (A — B) 6 pesyarsmame npumene-
Hus npasusra modus ponens. Hanpumep, B pesynbTate mpHme-
HeHHs mpaBuaa modus ponens K QopMyJaaM (xq —Xy) H
((x1 = x2) = (x2 A\ x,)) nosmyuaercs cdopMmyaa (xa A x,); B
pesyJbraTe NpHUMEHEHHs MpaBHJIa modus ponens K (xy /\ Xz)
H ((xi/\ x2) —x,) momyuaercs x,. :

OTMeTHM. H NOJYEPKHEM CJaeiyiolue CBoficTBa NpaBHJa
modus ponens. Bo-niepBbiX, 3T0 NPaBHAO NPHMEHHMO HE KO
BCAKHM IBYM (OpMyJsiaM, a TOJbKO K (opMyJaM BHia A H
(A — B), rne A u B — npoussosbHbie HopMyasl. Bo-Brophix,
TaK e Kak M B CJy4ae MpaBH/Ia NOACTAHOBKH, NPaBUJIO modus
ponens OCyLIECTBJISI€TCSl HaJ 3amHCAMH (OPMyJ H MOXKET B
NPHHIHNE MNPOHM3BOAUTLCA  HEKOTODHIM  aBTOMAaTHUYECKHM
yCTpOHCTBOM. _

Tenepb, HaKOHel, Mbl MOMKEM ONpEAENHTh OCHOBHBLIE MO-
HATHSA — 6b1600umocuL u PopmarsHoeo esisoda. Tlyers @ —
HEKOTOpasi 3ajlaHHas COBOKYMHOCTb ¢opMya. COBOKYMHOCTD
MOKeT GHITb KOHEYHOM WM GECKOHEUHOH (HO HAac B MEPBYIO
ouyepelb OyJeT MHTEPECOBATb Clyyall KOHEUHBIX COBOKYIHOC-
Te#t). [lpuMenss x dopMynaM 3 @ BCeBOSMOXHBLIM 06Gpa3oM
OMpeJe/ICHHbIE Bhbillle NPAaBHJA BLIBOZA, Mbl MOJYYHM HEKO-
TOpy10 60JbIIYI0 COBOKYNHOCTb popMy.1 Dy, conepxkamyio @,
Ilpo ¢opmyan u3 @; Mbl GyaeM TOBOPHTb, UTO OHH 6b60-
Oumor uz O 3a odun wae. Janee, GyneM paccMaTpHBaTh COBO-
KynHOCTb (popMys1 @, BHIBOAMMBIX 3a opuH war u3 @,. [Ipo
HUX MbI Oy 1€M FOBOPHTb, YTO OHH BbIBOAHMEI H3 (D 3a jBa ua-
ra. [Ipeanonoxum, uto Mul yxe HMeeM MHOXKeCTBO dopMya @,
BBIBOAMMbIX M3 D 3a 7 maroB. Ty cOBOKYMHOCTb (hOPMyJI, KO-
TOpPbi€ MBI MOXKeM MOJy4YHTb U3 D, OIHOKPATHEIM NP HMEHEHHEM
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OMHOTO M3 TMpaBHA BHBOJAA (MOACTAHOBKH HJH modus
ponens), 6yneM cuMTaTh coBoKymHocThio @, ., dopMmys, Bh-
BofuMbix H3 @ 3a n-+-1 mar. Hekomopas gopmyra A 6ydem
cuumamocs evieodumotl uz @, ecau oHa BoisosuMa M3 @D sa
HEKOTOPO€ KOHEYHOe YHCJO /1 IIAroB, T. €, NPHHANIEKHT He-
KkotopoMy MHOxectBY @, . EcTecTBeHHO cUHMTaTh, 4TO caMH
¢opmynn u3 @ puBoauMH H3 @ 3a 0 maros (O, = ©).
Tlon BuBOmOM HekoTOpO# hopMynn A H3 MHOXKecTBa op-
Mysn @ noHHMaeTcsi HEKOTOpasi MOCJAeA0BATENbHOCTb (OPMYJI
A, AL A, .., A,
Takasi, 4T0 KaxJas u3 popmyn A; unu npunapiexut O, unn
Ke Mosydaercsi M3 mpeaumecTBylomux el dopmyn A,, Ay,...,
A;_, ONHOKDATHHIM NpPHMEHEHHEM OJIHOTO H3, MPHBEAEHHBIX
BHILE NpaBHJ BHBOAA, NpHYEM mochefusis QopMyna A,
rpacduueckH paBHa ¢opMyJe A, BHBOJAHMOCTb KOTOPO#l yTBep-
xKaaetcsi. Herp ynHo BHAETD, YTO ecyiH J/isi HEKOTOPOH ¢opMy-
Aot A uMeercsi BhiBoA H3 @, To oHa BmiBoguMa u3 @. [pu
$TOM, €CJIH HMeeTCs BHBOJ, cocTosiuiuit u3 gopmyn A, Ay, ...
ey A,y A, 10 A BoiBoftHMa H3 @ He Gosiee yeM 3a n Ima-
roB. O6paTHO, H3 onpejiesieHHsi MOHSTHsi BHIBOAUMOCTH ¢op-
MYJIBl CJ€AYeT, YTO AJIsi BCsiKOH BHIBOAHMON (DOPMYJH CyLie-
CTBYeT HEKOTOPEIH BBIBOA. JIJ/isi ysiCHEHHsi IOHSTHS BBHIBOAHUMO-
CTH H BBbIBOJa PACCMOTPHM HeCKOJbKO MPOCTHIX NPHMEPOB.
3aTeM Mbl mepefiieM K OMHCAHHIO BHIBOJHMOCTH COBOKYIHO-
CTH TOXJECTBEHHO HCTHHHHX (OPMYJI. -
a) Ilycts MHoxecTBO @ COCTOMT M3 OfHOH (GOPMYJH X4,
Torpa, Kak cpasy BHAHO, NMPOH3BOJbHasi GopMyna A BbiBo-
auma u3 @ ¥ npuToM 3a OfMH war. JleficTBUTeNIbHO, A0CTATOY-
HO TIPHMEHHTb K (OpPMyJsie Xx; NPaBHJO MOACTAHOBKH F¥ (xy)
IJisi TOro, yTo6nl NoJy4nTh GopMyny A. Ee BHBOJ BHIVISAHT
TaK: x1, A. BooGuie, ec/in H3 HEKOTOPOTO '3aJAHHOrO MHOKECT-
Ba ¢opmys @ BhiBOAMMA KaKasi-nH60 oAHOGYKBEHHasi HopMY-
Ja Xx;, TO H3 5TOrO MHOMKECTBA BHIBOAHMH Bce (JOPMYJIHI. ,
~ 6) Ilycts @ cocrout u3 opHoH QopMyan (x, — x,). Ilo-
KaxeM, uro u3 O BLIBOAMMA NpOH3BOJAbHasi dopMyna A. Has
3TOr0 MOKameM cmepBa, uyrto 3 @O BhiBOAMMA (opMyJsa -Xa.
JleficTBHTENbHO, IPHMEHHM K (X; -+ X,) NPaBHJIO MOACTAHOB-
KH: F{}x) (¥4 = ;). CrefioBatenbuo, ns @ BHIBOAHMa (Hop-
Myna ((xy —xz ) — x3) H, KOHEUHO, caMa GopMyJa (xy —>x3).
. K atM aBYM ¢opMysiaM MOKHO, yiKe NPHMEHHTb NPaBHJIO
modus ponens, B pesyJabTaTe yeré nosmyyaercsi GopMynaa Xa.
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Ecin Temepbh A — cOBEpIICHHO NpoM3BOAbHAA (opMyna
(ckaxeM, A=(x,/\X,)), TO Mbl €€ MOXKeM MOJYYHTb H3 X MO

npasuny noactanoBkH FZ(xz). TakuM o6pasoM, OKOHUATENb-
HO Mbl ToJiyyaeM Jjisi A chepyroumui BhIBOA H3 (OPMYJIBt
(%1 —>%2): :

(xl_*xz)’ ((xx_*xz)—_’xz)’ Xy A.

w.

[Ipu paccMOTpeHHH MOCJEAHEro NMpHMepa MBI BOCMOJb30BA-
JHCh HEKOTOPHIM MPOCTHIM CBOHCTBOM MOHSITHS :BHIBOAHMOCTH,
HENOCPEACTBEHHO BBITEKAIOMMM M3 ONpENENIEHHsi: €CAH Bce
¢opMyan tekoToporo MHoxecTsa ¢opMyn ¥ BHIBOAMMB H3
mHoxectBa ¢opmys @, a Hexoropas ¢opMysaa A BhBOAHMA
n3 ¥, To A puBoauMa Takxke H3 @.

B) [yctb @ cocrout u3 popMya A, TA u (A — (T4 — x)).
Toraa nus ® mBoAuMa niobasi popmyana. TIpuMensisi mpaBUIO
modus ponens x ¢opMmynaM A u (A — (TJA —-x)), BoIBOAHM
dopmyny (JA —x). [lpuMensis eme pas npasuao modus
ponens K nociefnedi ¢opmyne u ¢opmyne [A, BHBOAHM
¢opMyay x. A KaK Mbl BHJEJH paHblie, eCH Mbl BBIBEH fIe-
PEMEHHYIO X, TO MB MOMeM BBIBECTH JiI0OyI0 (opMyay.

310 06CTOATENLCTBO MMeET BaxHoe 3HaueHHe. PopMysa
(A - (TA — x)) siBAsieTCsi TOMIECTBEHHO HCTHHHOM, KaKo+
Bbl Gbl HH GbTH (popMyJia A ¥ nepeMeHHas x. Pas sra gopmy-
Jia TOXKJECTBEHHO HMCTHHHA, TO MBI MOXEM MOJIb30BaThCs €l0
B BHIBOJIAX OJIHUX TOXKAECTBEHHO HCTHHHBIX (POPMYJI H3 APYTHX
M, B YacTHOCTH, NpH TOCTPOCHHH JeAYKTHBHHX TeopHi (0
KOTOPHIX TMOJPOGHEe cM. B 3ak/ioueHHH). [TosToMy ecH Mbl
U3 Kakoli-To cHcTeMh (opMyJ BHIBOAMM ¢opMysan A u TA,
TO U3 3Toll CHCTeMHl BHIBOAMTCsi JoGasi ¢opMyna. Takas cH-
CTeMa HashBAETCH NPOMUBOpedusoLl.

r) Koneuno, ne u3 mo6oro @ BHBOAMMBL BCe (GOPMYJIHL.
Hanpumep, ecnin @ cocToHT M3 OAHOH OPMYJB [X1, TO C
MOMOIIBIO NPaBHJia MOACTAHOBKH H3 @ MOXHO MOJMyYHTb BCe
¢opmyan Buaa A, rme A -— npoHsBosibHa# ¢opMmyna, H
TOMBbKO TakHe (opMyJn. Belb HeTpyAHO cebe ysiCHHTb, UTO
K ¢(opMynaM BHJAa |A HEBO3MOXHO NPHMEHATb IMPaBHJIO
modus ponens, a ¢ TIOMOLIbIO OJHHX JIHIIbL MOJACTAHOBOK MbI
HHMKOTJla HE MOJYYHM, cKaxeM, QOPMyJny X;. '

AHaJIOTMYHO H3 MHOMXECTBA, COCTOSILIEro U3 ABYX ¢opMyJr
(x,—x1) B (¥, = (X1 — %1 )), MOXHO MOJYYHTb BCe HOPM YL
sufa (A — A) u Buga (A — (A — A)), tae A — TIPOH3BOJb-
Has (GOpMyJa, H TOJMbKO HX. Mul mpefocTrasiisieM NMPOBEPHTDH
3T0 YTBEPXKAEHHE YHTATENIo.
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x) PaccMoTpum HeCKOmbKO Gosee COKHBIA NPHMED BHIBO-
Aa. Tlycts @ cocToMT M3 ABYX QopMyn :

Ri=(x,—(x,—x))
H . .
R.l = ((xl - (xz “’x:)) — ((xl _’xz) — (xl ""’x:))'

'Crentyer ykasatsb BbBOA dopMmysbi (x; —x1) n3 © u TeM ca- -
MBIM JI0Ka3aTh BRIBOIMMOCTD (x; — X;) H3 . [TokaxkeM cHa-
Yaja BBIBOAMMOCTb Qopmyanl. (x,—x,) u3 @, orciofla yxe
TMOACTAHOBKOH X; BMeCTO X, Cpasy moaydaerc (x; —- £i).
Hrak, npuMeHHM noc/ie/oBaTeIbHO NOACTAHOBKH X, BMECTO X,
H X, BMECTO ¥y K QopMyne R,. IlonyuaemM copMmyny .R,=
=((x, = (x2 = x,)) > ((x,~ x3) — (x,~x,))). Teneps nox-
CTaBHM B Ry X, BMeCTO xy; moiyuaeM R,=((x, — (x» —X,)).
TlpumensieM npapuno modus ponens x R, u R,. B pesynp-
TaTe nonyyaercs R,= ((x,— x) — (x,—x,)). O6pamaemcs
onarb K Qopmyse R; H NepesofuM ee NMOJACTAHOBKAMH CHa-
gana B (¥y — (x,—>x; )), a notoM B (x2 — (x,— x3)). B moc--
Jepneit ¢opMysne TPOH3BOAMM TOACTAHOBKY R; BMECTO xs.
B pesynbrate nonyuaercs popmyna R, = (R; — (x,~ Ry))
(MiH, ecaH ee AeTaNBHO BBIMHCaTh, R, = ((X; — (X2 — x1))~> -
(X, = (xs_—>(x2 —x,))))). [pumenum npasuno modus ponens
K Ry # R,. Tlonyuaem R, = (x,—R;). B R, npousBoauM noz-
CTaHOBKY Ry BMECTO X5, 2 mosyuaeMyto dopMyny ((x,— Ry) —
—>(x,— x,)) 0603naunM uepes R,. Teneps no npasuny modus
ponens, npuMeHeHHOMY K R, m R,, mnojay4aeM, -HaKOHel,.
(x,—>x,), OTKy#a yXe NOACTAHOBKOH X; BMECTO X, OKOHYa-
TEJBHO BBIBOAHMTCA (X; —> X3). -

TlpuseneM eme pas stor BuBOA B 0603pHMOM Popme

Ry | (5 > (%, = %))

R, ((xy = (xg = x4)) > ((x, ~ Xg) —
= (%, + xy))

(e > (£ = x3)) = (x4 > £3) >

= (s~ 1) Fit (R
((Fa = (xg = x)) > ((x, > x,) ~ Xy (X
Re 1 5 e 5 2. , Fl (Fx (R)
Ry | (kg = (x, %,) - 7 Fi‘l (Ry)




- # NpaBHIio
Ry | (xa—= %) > (xg > %) . modus ponens
: K R, 1 R,
(>t 5)) - FRRY
(xg = (x4 — %,)) F';; (F;" (RY)
Ry | (Ri~(x~R)) FZ, (P2 (F2(R))
‘ MPaBHIO
R, | (x,—~RY : modus ponens
: K R, B R_o
Re | (e~ R > (s > %) - FR R
‘ HPAaBHAO
Ry 1 (x4—>x9 , modus ponens
. ' K R-; H R.
(% > x1) FU(Ry)

B npumepe r), KaK HeTPYJHO MPOBEPHTH, obe QopMyinl
R, ¥ R; — TOXIECTBEHHO HCTHHHBIE (ODMYJbi ' JIOTHKH Bbl-
ckasmBanuil. OKaseBaercd, YTo cOpPMYJHDOBAHHbIE HaMH
npaBuaa BhiBOJA OG/AjAIOT TEM 3aMedaTesbHLIM CBOHCTBOM,
4TO OHH BCErja MEPEBOAAT TOXKJAECTBEHHO HCTHHHHE (POPMYJIH
B TOMMIECTBEHHO HCTHHHbE. PacCMOTpHM 5T0 YyTBEDKACHHE
HecKOJbKO Oosiee BHHMatenbHo. IlyeTh A(xy, X2,.:., x,)=
= A-— npaBHIbHO NMOCTPOEHHAA $OpPMYNa, B KOTOpOH ydact-
BYIOT TObKO TIEDEMEHHBIE X1, X3,.-+; X, H IYCTh 5T4 ¢dopMyna.
TOXAECTBEHHO HcTHHHA. Ilycth B pesysbTaTe NOACTAHOBKH
npoussosbHOM (opMysH B BMeCTo nepeMeHHOM x; ojyyaeTcs
nekoropas ¢opMysa C. B pesynbTaTe N0JCTaHOBKH B ¢opmMy-
ae C, Boobuie ropops, GyLyT BCTpedaThCsl HAPARY C nepeMeH-
HEIMH Xy, X2,-++) X, TAKXKE T NEPEMEHHbIE, H3 KOTOPHIX ObliA
noctpoena ¢opmyna B. Hrtak, nycrs ¢opmyna-C 3aBHCHT OF
MEPEMEHHBIX X1, X2, +++y Xpy UTO Mbl OTMETHM B €e 3amucu C=
=C(Xgy X2)++» Xgp)« TEHEPH MOXKHO COOBPA3UTD, UTO topmyna
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C (x4, %2,..., X,,) Gy ZET TOXAECTBEHHO HCTHHHO. HeficTBuTeND-
HO, MpH BBIYHC/IEHHH 3HAueHHs QopMyan C (xy, xa,..., X,)
AZlsi HEKOTOpOro HaGopa 3HaueHHH MEDEMEHHBIX CJefyeT,
OUCBHJHO, TOCTYyMaTh TaK: BBHIYUCAHTb CHAYaJa 3HAYCHHE
$opmyarl B u nogcrasutb B dopMyay A Bmecto x; HalijeH-
HO€ 3HAu€HHe, a JIsi APYTHX MEPEMEeHHBIX, BCTPEUAIOMIUXCS
B A, MOACTAaBHTb NpHIAHHbBIE UM 3HaueHHsi. Ho Tak Kak ¢op-
MyJa A 6blIa MO NPEANOJOMEHHIO TOKIECTBEHHO HCTHHHa,
TO OHa NPHHUMAET 3HAUEHHE  MPH JIOGbX HABOpax, a CJIeLo-
BaTEIbHO, H MpH yKasanHoW HaMH npoueaype. TeM caMbiM
npu NpumeHenuu npasusa noOCMaHoeKU mMONOeCmBenno yc-
MURKAR Gopmysa hepexodum Oname @ morcdecmeenno ucmun-
Hyro dopmyary.

PEANOJIOKUM TeNepb, YTO NAaHH JABE TOXKAECTBEHHO HC-
THHHble GOpMyan Buia A u (A — B). Kak Mul BHgesH B npe-
AbLLyLleM maparpacde, eciu dopMyna (A — B) ToxaeCTBEHHO
HCTHHHA, TO GOopMysa B NpHHHMaeT 3HaueHHe u A5 BCEX
HaGopoB, AJIsi KOTOPHIX hopMy.sa A NPHHAMACT 3HAUEHHE U.
Ho Ttax kak A ToMjecTBeHHO HMCTHHHA, To OHa NpHHHMaeT
SHau€HHE u Lnsi Becex Habopos. CieoBatesnbHo, U B MpHHH-
MaeT SHauCHHe u NpH BCeX HAGOPAX U SBJNETCH TOKIECTBEH-
HO MCTHHHOH QopMynofi. Otciofa BHIHO, 4mo npasuaso mo-
dus’ ponens nepesodum moscdecmeernro Ucmunroe hopmyabt
A ¥ (A - B) B TOXAECTBEHHO HCTHHHYIO QopMyny B. .

Buison dopMynst A u3 HEKOTOpOro MHoxecTBa Qopmya @
OCYIIECTBJIACTCA MNOC/AeJOBATENLHHIM MPHMEHEHHEM NpaBHJ
BHIBOA2 K (opmysaM u3 @. OTCiofa BhITeKaeT caeaywoumi oc-
HOBHOH (pakT. Ecau ® cocmoum us HEKOmopo2o MHONcecmea
MOKOECMBERHO  ucmunnox  Gopmys, mo us O eowodumss
MOAbKO  moscdecmeenno ucmunnvie gopmyss.. Tak Kak He
BCC NpPaBHJBHO MOCTPOEHHBIE (OPMYJB  TOMKAECTBEHHO
HCTHHHBI, TO BO BCHKOM cJayyae u3 O BHLIBOAUMH He BCE
dopmy.bL. ,

~ Boo6uie rosops, ecam samath TPOH3BOJIbHOE MHOMECTBO
® TOXIECTBEHHO MCTHHHBIX (opMy.1, To M He Bce ToxeCTBEH-
HO HCTHHHBIE GopMyJIbl MOTYT GHITH BhiBeAeHH H3 O, Hanpu-
mep, u3 @, cocrosilero u3 AByX GopMy.. (X1 =>x1) 1 (xy —
—> (¥4 —>X1)), MOTYT 6bITb BBIBEAEHB! TOJbKO ¢dopmyanl BHAA
(A—A) 1 (A >(A—>4) ¥ He MOXKeT 6uThb BhIBEJICHA,
CKaKeM, TOXIECTBEHHO HCTHHHasi QopMysaa (x;\/Tx;). Bos-
HHKaeT HETPHBHA/ILHBLIA BOMPOC: MOMHO JH YKasaTh He-
KOTOPbIH Koneunbui nabop @ TOXJECTBEHHO HMCTHHHBIX ¢op-
MyJ TakoH, uTo BCsikass TOMIECTBEHHO MCTHHHasi (opMyJa
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6yzet BoiBofuMa H3 @P (3hech aKUEHT feJaeTcsi Ha KOHEYHoC-
TH cHcTeMbl popmya D, Tak KaK 6ecxonetmyxo COBOKYIIHOCTb
@, obnagarouiyo Tpe6yeMbuw cBOHCTBOM, YKasaTb MNpOCTO:
MOKHO B35iTb. B KauecTBe O MHOXKECTBO 6C€X TOXKIECTBEHHO
HCTHHHHX (opMys.) OkasbiBaeTcsi, YTO 3TOT BOMNPOC HMeEET
NOJIOKHTEJbHBIH OTBET. DTa BaKHASi TeOopeMa, HasbiBaeMas
meopemotll 0 noanome ucuucierus soickasvisanull, Golia Brep-
Bhl€ Jl0Ka3zaHa aMepPMKaHCKHM MarteMaTHkoM -D. [loctoM B
1921 r. ¥ nocse 3Toro MHOTO pa3s mepejoKasbBaJach Pasnys
HboIMH aBropaMH. [lpM 3ToM B OCHOBY OpasiHCh pas/jHYHHIE
KoHeuHble Habopnl . YKameM Ansi onpeleNeHHOCTH OHH K3
Habopos @, npemnoxennsiit I'manGeprom u Bepraiicom, H3
KOTOpOro, KakK JOKa3aHO, BBIBOAMMBI BCE TOXKJECTBEHHO HC-
THHHBIE (POPMYJIBL:

1) (xx —’(x: —?xx));

2) (((xxﬁxz)—fxx) —X,);

3) (x,—x,) — ((x; = %) — (x, -'*xa»;

4) (xx/\xz)—’xx; o

5) (%, Ax,) — x5 )

6) (xx—>xz)_> ((xx —>xl)—__>(xl—> (xz /\xl)));

7) xxﬁ(xxvxz);

8) x,—(x,Vx,)

9 (x — £,) — (%, — %) = (5, V £,) — 1,));

10) (x, ~ £,) — (x, — £,);

) (xy, ~x) — (6, — 1)

12) ()C‘ —X,) —>((xz ——>)C1) —’(xx ~ x:));

13) (x, = x,) — (X, — 7Tx,);

14) x,— 7 Tx5

15) 7%, —x,.
PasniiuHbie JOKA3aTEJbCTBA TEOPEMBbI O MOJHOTE HOBOJBHO
CJIOXKHB, H M He OyAeM Ha HHX OCTaHaBJauBaTbcd. (Xopo-
mee HsjgoxkeHHe copepxkurcsi B KHHre [I. C. Hosukosa
«QyieMeHTBl MaTeMaTHuecKo#t Joruku», ®uaMatrus, 1959.)
Mn xe oCTaHOBHMCH TOJBKO H2 CMBIC]E 3TOH TEOPEMbl 0
noJiHOTe.

B npempymux naparpadax MBI BBISICHHJIH 0co60e 3Ha-
YCHHE TOXKAECTBEHHO HCTHHHBIX (HOPMYJ JIOTHKH BbiCKas3blBa-

nuil. EcTecTBeHHO BO3HHMKaeT BOMpPoc 06 0603DEHHH COBOKYTI-
HOCTH BCe€X TaKHX (opMy.Jl. MeTOJJ, (opMasbHOrO BBEIBOJA AAET

69



ORHO M3 BO3MOMKHBIX DeLIEHHH STOH 3ajauH, KOTOPOE MOMKHO.
Pe3OMHPOBaTh CHACAYIOIXHM 06pa3oM: :
- 1) MoxHO 3aJaTh .HEKOTOpHE NpaBHsa NpeoSpasoBaHHE
¢GopMya, KOTOPLIE 06/1a]AI0T TeM CBOACTBOM, YTO, IPHMEHEHHbIE
K TOMXAESCTBEHHO MCTHHHBIM (ODMYyJaM, OHH JalOT B pe-
3yJbTaTe BCETZia TOXKAECTBEHHO HCTHHHBIE (GopMyJnl. TakuMy .
NpaBHJIaMH fIBJISIIOTCS ONpEJENEHHble HAMH NpaBHJIa BBIBOAQ,
a MMEHHO NPABHJO MOACTAHOBKH M NpaBHao modus ponens.
2) MoxHO 32/1aTh KOHEYHOE YHCJIO TOX/JECTBEHHO HCTHH-
HHX (OpMYsn TaKHX, 4TO /06as TOXKJAECTBEHHO MCTHHHAS
dopMyna Moxer OHTb MOJYYeHAa H3 HHX MOCJAEN0OBATENbHBIM
TIPUMEHEHHEM YKa3aHHBIX NMDaBHJ BHIBQAA. TakoH COBOKYyIM-
HOCTBIO TOXAECTBEHHO HCTHHHHIX GOPMYJa ABJSETCH, HaNpH-
Mep, NPHBEJCHHHIA HAaMH CNHCOK (JOPMYJ, MpeRIOXKEeHHBI
Tunn6eprom n BephaficoM. UTo u3 Hero npUMeHeHuem mnpa-
BHJl BBIBOJIAa MOXXHO MOJYYHTb BCE TOMAECTBEHHO HCTHHHBIE
GOpMyJb, COCTaBAfET KAaK pa3 COAEPIKAHHE TEOPeMbl O
TIOJIHOTE, ’ '
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FJIABA TPETHSH

' IOTHKA MPEAMKATOB

§ 1. NpexuxaTt

1. Kak Mbl BHAEJH, OIHOH H3 OCHOBHBIX 3ajay Jo-
THKH BHICKA3HIBaHH ABASAETCA H3yYeHHEe HCTHHHOCTH HJTH JIOXK-
HOCTH CJIOXKHBIX BHICKa3bIBaHHA B 3aBHCHMOCTH OT HCTHHHOCTH
HJIH JIOXHOCTH BXOASILIMX B HHX NMPOCTHIX BLICKa3blBaHHHA. Mbl
NO3HAKOMHJIHCh C OCHOBAaMH 3Tofi o6nacTH JOrHKH. Heemorps
Ha ee GOJIbLIYIO BaKHOCTb, OHA OKa3BIBACTCS C/IHLIKOM 6e1moﬁ
AJISl OMACAHHS H A5 H3YUeHH JaxKe NPOCTEHAIIHNX 3aK/IIOUeHHH
HAYKH H NPaKTHKH. B PaMKH JIOTHKH BHICKa3bBAHHH He yKJa-
AHBAIOTC HH AapHCTOTE/IEBCKas TEOPHS CHJJIOTM3MOB, HH
npocTelIHe 3aKMIOYeHHsI apH(METHKH W TeOMETPHH, He ro-
BOPA YyXKe O 3a4acTyio J0BOJIBHO CJIOXKHBIX JIOTHYECKHX BHI-
BOJldX, C KOTOPHMH Mbl CTaJIKHBaeMCH B ApYrHX Haykax HB
NOBCEJHEBHOH XKH3HH.
HeficTuTeNBHO, PaccMOTpHM  CJieylouHe npomem.une
3aKJIOUCHHS.
M3 HCTHHHBIX BHCKasHBaHHH «3 MeHblue 5» H & MEHblile
7» MBl 3aKJo49aeM, 4To «3 MeHbiie 7». M3 HCTHHHBIX BHICKa-
3niBaHHfl «Bce NTHIB — XHBOTHHE» H «Bce BOpoObH — NTH-
bl MB ZeJaeM 3akjoueHHe: «Bce BOPOObH — MHBOTHHIE®.
Us BuickaspiBanuil «[1é1p — coin MiBaHa» M «[laBen — chiH
[lerpa» Mu 3akmouaem: «[laBen ~ BHYK HBama» u T. 1.
3aMeTHM, 4YTO BO BCEX PacCMaTPHBAaeMBIX NPHMEPax HC-

THHHOCTb 3aKJIOUEHHA BSaBHCHT HE€ TOJbKO OT HCTHHHOCTH .

MOCHUIOK, HO M OT HX CTpOeHHs. Ec/IH H3MEHHTb BHJ NOCHUIOK,
TO MOXET OKas3dTbCs, 4YTO 3aK/do4YeHHe OYIAeT HEeBEePHBIM.
Tak (B nepBoM mnpHMepe) H3 HCTHHHBIX BbICKa3HIBaAHHH
«3 MeHblie 5» H «5 He PABHO 7» HENMb3s AENATb 3aKJIOYECHHE
(KoTOpoe OKasbiBaeTcs HCTHHHBIM), 4TO «3 MeHblie 7»,
HJIH — M3MEHHB HEMHOTO BTOPOA NpHMEp — H3 HCTHHHBIX
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BHICKa3biBaHHH «Bce NTHIH—KHBOTHbIe» H « HHKakue pHOH Re
NTHNH» HeJIb35 BHIBOAHTb HH JIOMKHOE BHICKasnlBaHHe «HHka-
'KHe phibbl He XHBOTHBIE», HH HCTHHHOE BHICKasbiBaHHe «Bce
pbiObl — XHBOTHbIe». HakoHen, BHAOM3MEHHB NOC/AEIHHI
NpHMEp, M3 MCTHHHHX BbiCKasbiBaHHH «IléTp — cwH HBa-
Ha» U «[laBen — poncrBennnk Ilerpa», Mbi He HMeeM mpapa
AeNaTh 3aKJIOYeHHe (KOTOpoe B’ JAeHCTBHTENbHOCTH MOXKET
ObITb KaK HCTHHHBIM, TaK M JIOXHHM), uTo «[laBesm — BHYK
MBana» (HO MOXKeM BBIBECTH HCTHHHOe 3aKJiioueHHe «IlaBej—
poacTBeHHHK HBaHay). )

Bo Beex paccMOTpeHHHIX AONMYCTHMBIX MPHMEpax Mu yGe-
¥KJaeMCA, YTO HCTHHHOCTb MJIH JIOKHOCTb 3aKJIOYEHHA 3aBH-
CHT He TOJIbKO OT HCTHHHOCTH NMOCBUIOK, HO H OT HX COAepa-
Hust. Takum o6pasoM, misi TOro 4yTOGHl NMOCTPOHTH CHCTEMY
NpaBHJ, MO3BOJMAIOMHMX HAM aBTOMATHYECKH (T. €. MO BHAY
A3bIKOBOIO BLIPAXKEHHA) AesaTh 3aK/KOUYeHHs, NOLOOGHbIE BH-
LIeNpPHBEJEHHBIM, Mbl JOJKHH HCCJELOBaThb B HEKOTOPOH Me-
pe CTpOCHHe 3THX BHICKA3HIBAHHH.

BaxHBIM IaroM B 3TOM HaNpaBjeHHH SABJAAETCA 06/acCTh
MaTeMaTHYeCKOH JIOTHKH, Ha3blBaeMasl JIOTHKOH NpeIUKAaToB.
C Hefl Mbl HEMHOTO MO3HAKOMHMCS B HACTOsIEM Maparpade.

JIorHka npefuKaToB NpeANO/IaraeT JOTHKY BHCKAa3LBaHHIA
yKe H3BECTHOH, HO MJET AaJblie., 3[eCb NPOCTHE BHICKA3bi-
BaHH#A, BXOAALIHE B 3aK/IOYeHHe, pacujeHsoTcs. [lostoMy
MHOTJa B3aHMOOTHOLICHHE JIOTHKH BBHICKA3bLIBAHHA M mpeiH-
KaToB BblpaxaloT 00pA3HO, TOBOPS, YTO JIOTHKAa BBICKA3H- -
BAaHHH SB/ISCTCA «MOJIEKYJNAPHOMA» JIOTHKOMN, a JIOTHKa TpeH-
KaTOB — «aTOMapHOA» JIOTHKOH. DTH CDaBHEHHs BHIPAXKAIOT
HEKOTOPYIO aHaJOrHI0 ¢ (H3HYECKHMH TEeOpHsMH. B HeKoro-
PHIX QH3HYECKHX TEOPHAX, KAK, HANPHMED, B MOJEKYJ/IAPHOH
TEODHH Tas3oB, PaCCMATPHBAIOTCA B3AHMOOTHOLICHHS MEXIy
MOJIEKYJIaMH TaK, YTO BHYTPEHHee CTPOCHHE 3THX NOCJACKHHX
He YUHTHIBaeTCs: OHH PAacCMaTPHBAIOTCH KaK OCHOBHHE, He-
pacusieHsieMble fajiee 3JEMEHTbl. B Apyrux Teopuax — kak,
HanpHMep, B (pH3HYECKOH XMMHH — OJHOBPEMEHHO PacCMaT-
pHBAIOTCSl H B3aHMOOTHOLICHHSA MEXIY MOJIEKY/IaMH H OTYaCTH
HX CTPOGHHe H3 aToMOB (aTomMapHas TeopHs). KoHeuno, e
C/eNyeT CIHLIKOM [ajJeKO NMPOBOAMTb 3TY aHAJOTHIO.

2. Jloruka npeaMKaTOB HAYHHACTCS C AHANH3A CTPOEHHS
NPOCTHIX BbiCKasbiBaHHA. OHa MCXONHMT H3 cienyoomed ycra-
HOBKH, .

{1pocmeie 8bicKa3bIBaNUA BbIpadCArOM, 4MO HEKOMODbIE 06BEK-
moL (uiu 0b6vexm) obradarom nexomopuimu ceolicmeamu uau
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sce umo OHU Haxodamca mexcdy coboil 8 HeKomopwix OMHo-
WeHUsAX. A s

[Ipu 3TOM MOHATHE «CBOACTBO» H MOHATHE OTHOMIEHHE»
paccMaTpHBAIOTCS KaK YaCTHbIE C1yyaH OOUIero NMOHATHA «npe-
IHKaTd» (HHOTJa roBOPAT «aTTpHOYT»). OGBEKTHl, O KOTOPHIX
TOBOPHTCA B BGLICKA3bIBAaHHH, HasbIBalOTCA «repMamH». [lo-
crapaeMcsl BBIACHHTh CMBICA 3THX MOHATHA Ha NpHMeEpax.

PaccMOTpHM CHauaJja HEKOTOpOe YHCJIO MPOCTBIX MpEeNIo-
KeHHil — BHCKa3biBaHH#, BHIPAXKAIOWHX, YTO HEKOTOPHIH
06beKT 06/1afiaeT HEKOTODHIM CBOHCTBOM:

«Coxpam— epexy»; ’

" «[Taamon — yuenux Coxpamay,
«Tpu — npocmoe uucio»;
«Mocxsa — cmoauya CCCPy;
«Bacuauti — cmydenm» M T. A.

Bce mnpHBeIeHHBE MNPHMEpH — MpOCTble  MNPELTOKEHHS.
C TOYKHM 3peHHs TPaMMaTHKHM OHH COCTOSIT H3 MOJJI&XKAlLero
(«Cokpat», «Ili1aToH», «TpH», ¢MockBa», «BacHJIHA») H CKa-
3yeMoro («ecTb I'pek», «ecTb yueHHK COKpaTa», «eCTb APOCTOE
yHca0», ¢ectb cToaHua CCCP», «ectb cTynenT»). [loanexauee
ABJAseTC] HAHMEHOBaHHEM HEKOTOPOro 00BheKTa — KOHKperT-
HOTO HJH a6CTpakTHOTO, CKa3yeMoe BblpaxaeT HEKOTOpoe
cBoiicTBO. OCHOBHBIM /ISl JIOTHKH NPEIUKaTOB SB/IAETCA BTO-
polt uleH mpelIOKeHHs — CKasyeMoe-cBoficTBo. Kak ke
JOrHKa TPeIHKaTOB TPAKTYeT 3TO MOHATHE «cBoiicTBO»? OHa
paccMaTpHBaeT ero Kak HEKOTOpYIO (yHKIHIO, a HMEHHO CJie-
IYIOIHM 06pa3soM.
Bo3sbMeM fepBHH TpPHMeEp:

«Cokpam ecmb epexs.

BMecto HMeHH uejoBeka COKpaT Mbl MOXEM MOACTaBJAATH
HMEHa BCEBO3MOXHBIX JIofeH H GyAeM noJydaThb Bcerja oc-
MBICJIeHHBIE npenyiokeHHs. OXHH npelioxeHus G6yayT HCTHH-
HbIMH, Jpyrie — JIOXKHBIMH: : -

«Cokpam ecmb 2pexy— HCTHHHO;
«[Tramon ecmb epex» — HCTHHHO;
«Hanoaeon ecmb epeks — J10¥KHO;
«Hwsromon ecmb epex» — nOXKHO H T. L.
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Bosee obmo moxHo pacematpupath BblpaXKeHHe BHJA
«X ecmb epexs, '

rie 6ykBa X yKasblBaeT MecTo, Ha KOTOpoe HYXHO NOJCTAaBHTh
HMsl HEKOTOPOTO 4€JIOBEKa, YTOGHI IOJIYUHTD BLICKA3BIBAHHE ~—
HCTHHHOE MAH JoxHoe. CaMo BHpaxenue «X ecms 2pexs —
€ll€ He BHICKA3LIBaHHE, a TOJIBKO (pOpMa, SaroTOBJEHHAs /S
BbICKasniBaHHsA. A. Tapckuii B u3BecTHOH KHHre «BBeneHne
B JIOTHKY H METOJNOJIOTHIO IEAyKTHBHHX HayK» [22] ouensb
06pasHO cpaBHHBaeT mnogoGHYIO pasHHIly Mexay ¢opmoit
Al BHICKA3HIBAHMS M BBICKa3bIBAHHEM C DAasHHUEN Mexay
¢GopMynfipoM 11 aHKETH H aHKeTOH. ©opMyssp aHKeTH
ABJIACTCH, 3arOTOBJEHHOR (opMofi, cofepxalueii onpegesien-
HO€ UHCJIO MYCTHIX MeCT, B KOTOPhIE HAMJIEXKHT BIHCATh OMpe-
AC/ICHHBIE NaHHbIE, B pe3yJ/ibTaTe 4ero H MoJy4aeTcsl TO, YTO
Ha3BIBAeTCH aHKeTOH. [TOZOGHBIM (opMynspoM siBAsieTcs H
BHIpaKeHHe «X ecTh rpek». 3xech X — 310 rpaga, B KOTOpYyiO
HYXHO BNHCATh HMsl KAKOTO-HHGY[b YelOBEKa, B pe3y/bTaTe
4ero M NOJIYYHTCA BhiCKasblBaHHe. Bor sto BHpamenne «X
€CTh I'PEK» JIOTHKA NPEJUKATOB H OTOXACCTBASET C MOHATHEM
cBOMACTBA «OHTh TpeKoM». TakuM o6pasoM, cBOHCTBO CTaHO-
BHTCA 'GOYHKUHeR, s3aBHCAmER oT OGbeKTa, HMs KOTOPOro
NOACTAB/ACTCA BMeCTO G6YKBH X, H MpHHHMaomel B KagdecT-
BE 3HAYCHHA BbiCKasbiBaHHe. Ho, KaK HaM yxe W3BecTHo,
CYLIECTBEHHBIM CBOHCTBOM BHICKAa3bIBAHHs fIBJAETCS €ro SHa-
HYEHHE HCTHHHOCTH « WJH 2. CTaHOBACh Ha 3Ty TOYKY 3pEHHS,
JOTHKA TNPEIHKATOB CYMTAET BhipameHWe «X eCTb Tpek»
dyHKuueH, aprymeHT KoTOpo# X mpoberaer K/aace BeeX Jio-
Relt, a caMa QyHKUHS NDHHHMAET B KaUecTBe 3HAYCHHH 4 HJIH
4. Eciu Ml 6yJeM, Kak 3To NPHHATO B MaTeMaTHKe, «X ecTb
PeK» 3aMHCHBATh COKDAINEHHO, HampuMep, B BHIe 'p (X),
T0 A5 sHaueHHd X =Cokpar noayunm I'p (Cokpar)= u, a
ckaxeM, I'p (Hamoseon)= 4 u t.° 1. OrHOCHTENIBHO ApyrHX
NPHBEACHHEX MPHMEPOB MOXKHO JOCJIOBHO NMOBTOPHTH BCE TO,
4T0 ObIIO CKAa3aHO OTHOCHTENBHO NEPBOTO npHMepa.

"~ OCTaHOBHMCS TOJIBKO HECKOJBKO 60JIge NOAPOGHO Ha NPH-
mepe «Tpu ecTb mpocToe uyHC/O» H Ha COOTBETCTBYIOLIEM TIpe-
AMKaTe-CBOACTBE «GHITh MPOCTHM YHCAOM». BBeieM aisi 5TOro
CBOACTBA COKpalleHHoe oGo3HaueHHe [lp (X). TIpemuxar
IIp (X) onpenenen Ha MHOXecTBe HaTypanbHHX ynces. Umeem
IIp (1)=2 (3aMeruM, uto 1 mpuHsTO paccMaTpHuBaTh Kak
Henpocroe wHeao), Ilp (2)=u, Ilp @)=u, Ip @) =a,...
«os, [Ip (10)=2, Mp-(11)=un 1. 1. NoNO6HMLIA NpeanKar, onpe-
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JeTeHHbIl Ha MHOXeCTBe HATYPANbHBIX YHces, yAOOHO mpex-
CTaBHTb B BHAE TaGJHUB (HJIH MaTPHIbH).

Marpuua npenukarta Ilp (X)=«X emb npoc-
moe 4ucios ‘

-

X 1 2 3 4 5 6 17...

Mp (X) A u ouw oA ou AU

Ceepxy B TaGJiHile NOC/EAOBATE/IbHO 3aMHCAHH HATYpaJbHHE
yHcsa, CHH3Y CTOMT GyKBa 4 A TEX YHCeJ, KOTOpHe fB-
ASIOTCH MPOCTHIMH, H 4 JJIfi T€X, KOTOPbE 3THM CBOHCTBOM He
0671aa10T. AHAJIOTHYHO CBOKCTBO «OBITb UYETHBIM YHCJIOM»
npexcTaBHTCA Cjefylomed TaGaHueH (MaTpHUEH):

- Marpunma mnpepgukata Yer (X)=¢X ecms
HemHoe HYUCA0» _

L, X 1 2.3 4 5...

Yer (X) A U o a U a...

[ .

Boo6uie NpOM3BOJBHYIO TabJHIly NMOAOGHOTrO BHAA MH pac-
CMATPHBAaeM. KaK TNpEJCTaBJEHHE HEKOTOpOro InpeRHKara-
CBOACTBa, ONPENCNEHHOTO HAa MHOXECTBE HATYPaJ/bHBIX YH-
cen. JIBa cBOMiCcTBa PacCMaTpHBAIOTCA KaK OXHHAKOBbLIE, €C/H
COBNAfAIOT HX TaGJHIb, T. €. €CJIH OHH MCTHHHH AJf OXHHX
H TeX e 3Ha4YeHHH apryMeHTOB. . :
PesioMHpYs Bce CKasaHHOE, MBl MOXeM JaTh CJefyiouiee
onpejaeieHHe. : ' ~
Ecau mol umeesm Kaxywo-nubyds cosoxynnocms obvexmos M,
mo nod npeQuKaAmomM-ceolicmeom Ha 3MOLl COBOKYRHOCMU Mbi
nonumaem Qyukyuio Ha M, npunumaioufyio SHa4eHus «u» U
«». Orciofa cpa3y BHIHO, YTO B AeHCTBHTeJBHOCTH BCAKHUH
NpEAHKAT-CBOKCTBO BINOJHE ONpeAe/sieTcs NOAMHOKECTBOM
T€X OGBLEKTOB, Ha KOTOPHIX AaHHAA QYHKIUMS IPHHHMAET 3Ha-
yeHHe «HCTHHHO». Onpesnenss Ha M Kakyo-HHOYAb QYHKIHIO
CO 3HAUEHHAMH 4 H 4, MBl TeéM caMbiM pasGuBaeM M Ha jBe
COBOKYNHOCTH: Ha MHOMECTBO TeX OGBEKTOB, JJIf KOTOPBIX
3HaueHHeM QYHKUHMH GyZeT « (T. €. MHOXKECTBO TeX OGBeKTOB,
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KOTOpHle 06/1aJa10T JaHHLIM CBOACTBOM), H Ha MHOXKECTBO TeX
OGBEKTOB, /ISl KOTOPHIX 3HAUCHHEM byHkuuH 6yger 2 (T. e.
MHOXECTBO TeX OGBEKTOB, KOTOPble JaHHBIM CBOWMCTBOM He
obsaganr). :

Ouenp yacro npuxogurtes paccMaTpHBaTb NpENMKATHI-
CBOHCTBA, ONpPEJEJCHHBE HA KOHEUHBIX MHOMECTBAX. Torna
H TIPEAMKATOB CYIIECTBYET KOHeYHoe uHcJo. MX cTosbko xe,
CKOJIbKO NMOJAMHOXKeCTB MHOxecTBa M. Ecau MHOXKecTBo M
COACPIKHT 71 5/1EMEHTOB, TO HMeeTcs 2" OAMHOXKECTB H CTOJIbKO
K€ NPeNHKATOB-CBOACTB. Kak Wif’ Cllyyas KOHEUHbIX, TaK H
Anfl Cly4asi GECKOHEUHBIX COBOKYMHOCTEN CpeaH BcexX Mpenu-
K4TOB HMEIOTCA JiBa 3aMeYaTebHBHIX, HTPAIOLHMX 6oblIyI0
POJIb BO Beelt TeQpMH. ONMH MpemHKaT — 5TO TOT, KOTOPHIi
HCTHHEH LISl BCeX OGBEKTOB PAacCMAaTPHBAEMOTO MHOXKECTBA:
OH . HA3LIBACTCH  MONGECMBEHHO UCTUHHbIM  NPEOUKAMOM.
HApyro#t npemukat — moacdecimsenno ovcrowi — 3T0 TOT,
KOTODHH NPHHAMAET 3HAYEHHE WIOKUO» IS BCEX OGHEKTOB
s M. » i :

Cpasy xoresioch 661 OTMETHTH TO orpy6ieHHe, KOTOpoe Je-
J1a€T JIOTHKA NpPEIMKATOB, pacCMATpPHBaA CBONCTBA TakK, Kak
6BLIO OOBSCHEHO. 3aMeTHwm, HanpHMep, YTO B S5TOM 4IOHMMA-
HHH CBOHCTBA «GHITh YeJIOBEKOM» H CBOHCTBO «GbiTb ABYHOTHM
CYIUECTBOM Ge3 NepbeB» ABJSIOTCA OLHHM H TeM 3Ke cBoOficT-
BOM. BooGme nBa cBoiicTsa, KOTODbIe YIOBJETBOPSAIOTCA Of-
HHMH H TeM Xe OGBEKTaMH, C PacCMAaTPHBAeMOH TOYKH 3pe-
HH3l HE pasinuaorca. EcTb TakHe 06/1aCTH JIOTHKH, KOTODHIE -
H3y4aloT GoJiee TOHKHe' Da3JIHuMsl Mex1y cBolcTBaMH. [IBa
CBOHCTBA MOT'YyT YAOBIETBOPATLCH ONHHMH H TEMH Ke 06bek-
TaMH H TeM He MEHee HMeTb Pas3JHYHHI CMBbicA. TaKoro pas-
JIHUHSA JIOTHKA NPeAHKaToB He AenaeT. OHAa CTOMT Ha TaK Ha-

- 3BIB3EMOH «OGBEMHOM» (HJIH «IKCTEHCHOHAIbHOM») TOUKe 3pe-
HHA B OTVIHYHE OT JIOTHKH, Pas3/Hyaomeii cCBOHCTBA He TOJbKO
«no 06beMy», HO emle u «mo CMBIC/Y» H HasbBawIefica «MH-
TeHCHOHAJIbHOM» JIOTHKOIi.

3. Ilomo6HO npHBeseHHBIM NpeInKaTaM-CBONCTBAM MaTe-
MaTHYECKasi JIOTHKa pacCMaTpHBaeT Gojlee ofIee MNOHSTHE .
IPEANKATA-OTHOWIEHHS. B 3aBHCHMOCTH 0T TOTO, MEX]Iy Ka-
KHM 4HCJIOM OGbeKTOB yCTAHABIHBAETCS OTHOLICHHE, MBI pas-
JIH4aeM IByMecCTHble (6HHapHbIE), TPEXMeCTHbIe (TepHapHbie) u

- A., B OOIIIEM CJTy4ae — n-MeCTHHE OTHOLICHHS. PaccMotpen-
HBIE BHIllle NPEAHKATH-CBOACTBA CUNTAIOTCS YACTHHM CJIyqaeM
NPEAMKATOB-OTHOWICHHN, a HMEHHOs OLHOMECTHBIMH (ynap-
HBIMH) npeukaTaMu. Hakone, YAOGHBIM OKAa3HIBaeTCs BKJIO-
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YHTb K BLICKA3LIBAHHA B HOHATHE (PEJHMKaTa-OTHOIICHHS
KaK 9acTHH# ciyyalt — B KauecTBe 0-MeCTHBIX NpeIMKaTOB.
PaccMOTpHM HeCKoJIbKO GoJiee MoAPo6HO moHATHE GHHap-
HOrO OTHOLIEHHs. B KauecTBe NPHMEPOB H3 NOBCEIHEBHOM
XHM3HH I NOSICHEHHS MNOHATHS OTHOLIEHHS YHOGHO GpaThb
pasjiHyHbleé OTHOLIEHHS DPOACTBA, ONHCHIBaéMble CJOBaMH
«6paT», «CecTpas, «OTEl», «MaTb», «IANA», <TETHA», MYK»,
©KEHA», «3ATb» H T. 1. Bcé MaTeMaTHYECKHE THCIHIVIHHE HMEIOT
JeJ0 C TNpefMKATAMH-OTHOIICHHSIMH, NpHYeM CaMbIMH pac-
NPOCTPaHEHHBIMH SIBJAIOTCA GHHAapHbIE OTHOUIEHHA. OHH ONH-
_CHIBAalOTCSl Pa3/JHYHBIMH CJIOBaMH: «DaBHH», «HE pPaBHbI»,
«GOJIbllIe», «MEHbINe», IEJAHT», «MEPNEHIHKYJSAPHBI», «mapaJ-
JIEIbHBI® H T. [. L
PaccMoTpum BhicKasbiBaHHe «kiBaH — Opat Ilerpa», ro-
BOpsIlee O TOM, UTO ONpeJesieHHbIe MY XKYHHB 0 HMeHH «IBaH»
H «[leTp» HaXomATCA MeXAy CO60H B HEKOTOPOM OTHOLIEHHH
POACTBa, KOTOpPOE Ha PYCCKOM fi3blKe 0603HayaeTcsi CJOBOM
«6paT». AHAJOrMYHO, KaK H B Cjyyae NMpeAHKaTa-CBOHCTBA,
JIBYMECTHOE OTHOLIEHHE «6paT» CYHTAeTCA KaK HEKOTOpoe
¢HENMOJIHOE BHICKA3blBaHHE», KaK HEKOTOpas «popMa BbICKa-
3piBaHH#». Mb MBICJMM €ro 3amHCAHHHIM NPHMEPHO TakK:

&.. — 6par...».

[Ipn 3TOM npepnmoJaraercsl, YTO BMECTO NEPBOTO H BTOPOro
MHOTOTOYHA MOKHO NMOJACTaBJATb MyXKCKHe HMEHA, NOC/Ie Yero
¢opMa BbICKAa3bIBaHHH NpeBpaliaeTcsi B BbICKashBaHHE —
HCTHHHOE HJH JoxHOoe. (Mbl Ju1d onpezneseHHOCTH ByneM CyH-
TaTh, 4TO PaCCMATPHBAeTCs OTHOLICHHE «6paT» MEKAY MYX-
YHHAMH, T. €. Mbl HCKJIIOYaeM H3 PaCCMOTPEHHS NPEJIOKEHHS
Buga «MBan — Gpat Mapuu».) Hanpumep,

HBan — 6par [lerpa,
HBan — 6pat [laBaa,
Cepre#t — 6paT AHTOHa H T. X

BMecTo nepBoro ‘M BTOPOrO MHOTOTOUHS NMOACTABJISAIOTCS pas-
JAHyHBle HMeHa. EcrecTBeHHO Mo3ToMy o6yl ¢dopmy Bbille-
YKa3aHHBIX BBHICKa3biBaHHH 3aNHCHBATH TaK:

«X —0par Y».
3nech 6ykBnl X H Y ABasAOTCA 0603HaYEHHSIMH MECT, HA KO-
TOpbie CJEAyeT NMOACTABJATb MYMCKHE HMEHa, 4TOOH MNoJye

YaTb NPAaBHJbHO NMOCTPOEHHLIE BbICKa3blBaHHA. an BCEBO3-
MOXHHIX IOJCTAHOBKaX B 3TO BbIpaxK€HHE BMECTO X H Y nmen
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KOHKpeTHBIX Mofel ') Beerma GyayT moAyYaThés OCMBICACH-
Hbl€ BBICKA3bIBAHHS, 00A3aTe/IbHO HCTHHHBiE HJH JIOXKHBIE,
YKkasaHHe Ha TO, KAKHe M3 HHX HCTHHHBI, 2 KAKME JIOXHHI, H
CYHTAETCA ONpeNC/ICHHEM HHTEPECYIOIero Hac OTHOMIEHHS.
IlosToMy oOTHOLIeHHe «GpaT» MH paccMaTpPHBAaEM Kak ¢dyHk-
LHIO ABYX NEPEMEHHLIX, MPoOEralolHX He3aBHCHMO APYyr OT
Apyra MHOXECTBO Jioge#i MYXKCKOTO NoJa H NPHHHMAIOLMX
3HaueHHA u U 4. Kak u B clyqae mpeaHKaTa-CBOHCTBa, yH00-
HO 3aMHCHIBAaTb HOROGHYIO QYHKUHIO B NMPHHATOM (YHKUHO-
HaJIbHOM oGosHauewnu, nanpumep’ Bp (X, Y). ®yukums
Bp (X, Y) nocne noxcranosku BMecto X H Y HMeH onpeje-
JICHHBIX JIIOJeH NpPHHAMaeT 3HAYCHHE 4 UJH A B 3aBHCHMOCTH
OT TOro, SABAAIOTCA JH YyKasaHHBle 1Ba YeJOBeKa GpaTbiMH
HIH HeT. :

PaccMorpuM eme gsa mpuMepa GHHADHHIX OTHOLIGHHI,
ONpeAe/IeHHBX HA MHOXKECTBE HATYPaJbHbIX YHCEJ, a HMEHHO
OTHOLUCHHE, ONHCHIBAEMOE CJIOBOM «GOMblle», H OTHOLICHHE,
ONHCHIBAEMOE C/IOBOM «eJIUT». B mepBOM ciyyae Mbl HMeeM
¢OpMy BLICKA3HIBaHH{

«X Gosblie Y,

BO BTOPOM — (JOPMY BLICKA3LIBAHHII
«X penut Y.

Ecan paccMaTpuBath sTH (OpMBl BHCKASHBAHHE KaK (YHK-
IHH OT ABYX NMEPEMEHHHX X M Y, mpoberaioniHe MHOXKECTBA
HaTYPa/IbHHIX YHCEJ H MPHHHMAIOUIHE 3HAYCHHA 4 HJIH 4 B
32BHCHMOCTH OT TOTO, 6yAeT JIH COOTBETCTBYIOIIee BHCKA3bIBA~
HHE HCTHHHBIM HJIH JIOXKHBIM, TO 3TH (JOPMHI ONpeAeNsioT ABa
npefHkara, KOTOpHe M 0603HauuM uyepes > (X, Y) u

Hen (X, Y)%).

1) Mlpu  stom NpeAnonaraeTcs, KOMEYHO, UTO MMeHaMu «HBas
HJIH «ﬂe‘x‘py Zauuu i HeJIoBeK oAuo3Hauno onpelesned. Korga B mosce-
AUEBHOR KHBHH YNOTPeGasioT yrepxkaeune «HBau — G6par Ilerpay,
TO OGBIKHOBEHHO TOBOPSmMe 3HAIOT, O KaKMX uMenuo WBame H Ilerpe
HIeT peus. B mporusuoM caydae, ecan yK43aHHE OXHOTO KPaTKOro HMe-
HH OKasblB3eTCfl HeAOCTATOYHHM AAA INOHMMAauMfAi BHCKA3HBaHHA,
Tak KaK CpelM SHAKOMHX colecefHHKOB HMeloTcs Muoro Meauoe n
Merpos, To ymorpebasiores Gosee OGLIHPHHE ¢AMeHa» ¢ YKa3anueM
KaKHX-NHGO NOMOJNHHTeNLHWX NpH3HAKOB, wuanpuMmep +«HBam, xu-
Byumn#t ua yaune I'opekoros uss «ITerp, naxomamuiics B 3TONX KOM-
HaTe» M T. I
" %) Tlpeaukar >(X, Y) sanucuBaerca o6LKnoBenHo B Buge X>Y.
Mu yrotpe6asiem samuck >(X, Y ) — npustiunoe 0603navenne GyuKinft
— AJsi TOro, 4TOOH MOJYepKHYTb, YTO npeAuKarH — 370 (GyHKIUHH.

78




Torza ans npémukara > (X, Y) uMeeM, HanpHMep,
>3, =4, >(, =4, >(7, H=un 1. L,
a aas npeaukata [en (X, Y) umeeM, nanpumep,

Hea (3, 6)=u, Oea (5, 10)=4, Oea (7, 9)=2u 1. A

Bosee nonuo u 0603pHMO ABYMeCTHbie npexukaTth > (X, Y)
u Hden (X, Y) MoxHO npeacTaBuTh B TaGJH4HOH dopme C
NOMOLIBIO MATPHL, HHKeCAEAYIOUHM 06pasoM: |

Marpuuna npenukata> (X, Y)

\ 1 2 3 4 5 6 7
1 Y] A A A A A A
27 u oa A ] A A
3 - u u A A A A y]
4 - u u u A A A A
5 u u u 4 A 22
6 u u L o u u y) ¥
7 4 u u u u u a
Martpuna npeaunkara Hex (X, V)

x I 2 3 4 5 6 1 8

X
1 u w u u u u u u
2 A u A u 2 u 2 U
3 A A 7 Y R R R R
4 A A A u A 4 a4 U
5 R R S SR A R R |
6 - A A A R A R S ]

------

Ha pgaHHEX npHMepax HeTpyAHO cebe YSCHHTb, Kak
COCTAaBJIIeTC MaTpHIa Hekotoporo mpemmkara P(X, Y),
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ONpeNIe/IEeHHOTO Ha MHOXECTBE HATypaJbHbIX uHces]. HHcoa
BbINHCHIBAIOTCSA MOCJIEAOBATEIbHO MO TOPH30HTAJNH H MO BEp-
THKaJIH. KaxAas cTpoka cooTBeTCTBYeT HEKOTODOMY 3HAUEHHIO
nepeMeHHOM X, Kaxzblit cron6er — HEKOTOPOMY. 3HaueHHIO Y,
B nepecesennn i cTpokm u j-ro crosbua 3amHCHBaeTcs
6yKBa u, ecaH BHCKasbiBamue P (i, j) HMeeT 3HaueHHe 4, H
OykBa 4, ecii P(i; j)=a. Takum 06pasoM, BCIKOMY NpefuKa-
Ty P(X, Y) coomsercreyer HekoTopas MaTpHua H, obpaTHo,
BCAKOM MAaTPHIE COOTBETCTBYET HEKOTOPHIl mnpeaMKar. Ko-
HEYHO, TaKk Kak X M Y npo6erary 6eCKOHEYHOE MHOMKECTBO
BCEX HATYpPaJIbHHX 4HCeJ, TO (PAKTHYECKH BO3MOMKHO BhIMH-
CbIBATh TOJbKO KOHEYHYIO, XOTHl H CKOJb YTOAHO GOJBLIYIO
HacTb MATpHubl. B GosblIHHCTBE CJyyaeB ykKe IO TaKOH
KOHEYHOH HacTH MOXKHO cefe NMpeICTaBHTb ee CTpOoeHHe. Ml
PEKOMEHJlyeM YHTaTeNMI0 IJsl YSCHEHHA NOHATHA JABYMECT-
HOTO NpEeAHKAaTa COCTaBHTb MATPHIUBb! APYTHX H3BECTHHIX eMy
OTHOIICHHH, ONpEJe/ieHHBIX Ha MHOXECTBE HAaTYPaJibHBIX UH-
CeJI, HaNpHMEpP, X5 NpejHKaTOB

IMpen (X, Y)=«X npemumecrsyer Y»,
KB (X, Y)==«Y paBes xBagpary X» u \
HI (X, Y)=«V ssnserca HanGoabwiuM aesuteneM X,
OTJIHYHBIM OT X3, '

3aMeTHM, YTO MaTpHUA MpPEAUKATa-OTHOUICHHS «X DaBHO
Y», KoTopblif 3amHchiBaeTcsi Takxe NPHBHYHHM 06Da3oM B
BHJe «X=Y», Hmeer CTeAyIOUIHi NpocToi BHI: Ha JHAroHa-’
Ju TaGHUbl 3aNHCaHa NOBCIOAY OYKBa 4, Ha BCEX OCTAJbHHIX
MeCTax —.0OyKBa 4. OcoGeHHO YHAOGHHIM OKA3blBaeTCs Mpej-
CTaBJIEHHE NpPEJHKATOB-OTHOLICHHH MATPHILAMH Il TOTO CJIy-
dasi, KOrja pacCMaTpHBAaIOTCS OTHOLICHHSl HA HEKOTODOM KO+
HEYHOM MHOMXECTBe OGBLEeKTOB. B 3TOM cayuae cylecTByer
TOJIbKO KOHEYHOE 4Hc/10 GHHApHLIX OTHOLUEHHH, H BCS Mar-
pHUA — no KpailHefi Mepe B NpPHHUHNE — MOXKET MOJHOCTBIO
ObTh BRnHCaHa. PaccMoTpuM /15 npHMepa OTHOLIEHHE «3Ha-
KOMCTBa» B HEKOTOpOM KOJIIEKTHBe JiofeHl. [TycTb Mul nmeeM
HEKOTODHH KOJUIEKTHB, COCTOSILIMEI M3 Jiofeli MO HMeHH
«AntoH», «Bacuinit», «Baagumups, «Tlasens, «[letp», «AHHay,
«Bepa», «Hapexna», «/Tio6oBbs, «Mapus». Hac unTepecyer
OTHOILUEHHE 3HAKOMCTBA B 3TOM KOJIJIEKTHBE, T. €. OTBET Ha
Bonpoc. «<KTo ¢ KeM spakoM?» OTHOILLIEHHE 3HAKOMCTBA SIBJIf~
€TCs ABYMECTHHIM npeaukaToM 3H (X, Y), cooTBercTBYIOLIHM
¢opMe BhiCcKa3biBaHHs «X 3HakoM'c Y». Komeuno, cnemyer
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CYHTATb, UTO BCAKHH UeJIOBEK 3HAKOM C CaMHM co6oii, U ecliH
X snakoM ¢ Y, To v Y 3HakoM ¢ X. (ToBopAT, YTO OTHOWIEHHE
sHakoMcTBa pegaercusno: 3 (X, X) = u pnsi BCeX X u
cummempuuno: ecnd 38 (X, Y), 10 3 (Y, X). B ocranpnoM
OHO MOXeT ObITb NpPOH3BOJbHBIM.) Iloanyio, H 0603pUMYI0
HH(OPMALHMIO O TOM, KTO B JAHHOM KOJIJIEKTHBE 3HAKOM MEX-
Ay cobofi, RaeT MaTpHIa STOrO OTHOWIEHWS, HAMpPHMED,

u g‘ ¥
: = a8
sl 2l El5|als|alB|8]E
2l 8| s| 8| E|E| 5|38 |2
sla|la|lE|E|l<|alm|R|=
AnTOH ulalulalululujaju]|a
Bacuauit alulalulululapapuls
Baagumup| w | 2| u| a | 24| a | u}| i u U
TlaBen alulajulalalalujalu
Iletp ululalajulatulujuu
Anna utulalalajulaju|la|u
Bepa ulalulalu|la]lu]ala]|d
Hagexga | 4| 2| w|uju|ujajuw 4l
JIi060Bb ulululajlujalajajpuila
Mapus alalulululujululalu

Takasi MaTpHILA NOJHOCTbIO OMHCHIBAET COOTBETCTBYIOMLH npe-
AMKaT, yKasbiBasi s Jio0biX ABYX Jiofiei paccMaTpHBaeMo-
o KOJJIEKTHBA, 3HAKOMBl OHHM MexJy COGOH MM HeT. B npr-
BeJICHHOM IpHMepe, CKaxeM, Mbl BHAHM, UTO BbICKa3blBaHHe
«AHHa 3HAKOMA C BacHjHeM» HCTHHHO, a «AHHA 3HaKoMa ¢
Iletpom» Joxeo M T. A. CBofCTBO pedJieKCHBHOCTH OTHOILIe-
HUS «3HAKOMCTBa» COOTBETCTBYeT TOMY (akrTy, 4TO Ha AHAro-
HaJH, BeAyllell ¢ BepXHEro JieBoro yrsia MaTpHIbl B npassiil
. HMXHHB yToJ, TIOBCIOAY 3aNHCaHbl GYKBH U; CBOHCTBY CHM-
MeTPHUHOCTH COOTBETCTBYET TO, UTO K/JIETKH MAaTpHILK, CHMMeT-
pHUHLIe OTHOCHTeJIbHO STOH JHarOHaiH, cOJlepKaT. OfHHAKO-
Bble GYKBHI. ! ,
Uyratesnib Teneph 6e3 TpyAa CMOXeT YACHHTb CaM cebe,
4TO C/efyeT MOHHMATb NOJA TPEXMECTHEIM, UETHPEXMECTHLIM
¥ BOOOUIE 7-MECTHHIM MPENHKaTOM, OMNpeJe/ieHHLIM Ha HEKO-
TOpOM MHOXecTBe OOBEeKTOB. B kauecTBe TpPeXMEeCTHOrQ
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OTHOIUGHHS POJCTBA YKaxeM Ha NpeankKar, BuipaxkaeMsift Gop-
MO# BhicKasbiBaHHs «X B Y sipjisioTes poautensiMu Z». B reo-
METPHH YacTo NPHXOAuTCH paccMaTpuBaTbh TpEXMeCTHHIH mpe-
AMKaT, omuchiBaeMbfl cji0BoM awexay» («Touka X pexur
MEXLY ToukaM# Y ¥ Zy). B kauecTse NpHUMepa TPeXMeCTHOro
NpeLNKkaTa U3 apH@MeTHKH yKameM Ha OTHOILIeHHe, OMHCHIBae-
MOe opMOlt BhICKaSHBAHKS «X ecTh HauGosbuuit o6muil pe-
JUTEND uncen Y u Zy,

fAcko, uto ans npescrapienns TPEXMeCTHHIX NpPEeXHKATOB
B MaTpuugoi q)opMe_ecTechenno'pacmafpuBarb TPeXMepHule °
MaTpHUb. B ofmem cryuae ps NPeACTaBIEHHS 1-MEeCTHHIX
TIPEIMKATOB COOTBETCTBEHKO NOHAOGH/INCH 6Bl 12-MepHble Mar-
punsl. Koneuro, NPEAMYMECTBO HarJIANHOCTH NpeacTaBJeHHUA
NPE/IMKaTOB MATPULAMH JUIfi TAKHX MHOTOMECTHEIX npexuKa-
TOB BO MHOTOM TepseTes. B namenm KpPaTKoM -0630pe HeKoTo-
PLIX OCHOBHBIX MOHATHH MaTeMATHUECKON JIOMMKH MB He
GyneM noxpoGuee o6CyXnaTh cMbic/t ¥ CBoficTBa GoJiee e IBY-
MECTHEIX mpenukatoB. B npuuumne omm me Gosee CJIOXKHBI,
€M JIBYMeCTHbIE, H OHH paccMaTpHBaloTCs BHOJIHE aHAJOrHY-
HO IBYMECTHBIM. :

- Bepuemca k fByMectnM npesmkatam. Bynem aas ompe-
ACJCHHOCTH. DaCCMaTPHBATb NpPeAHKATHI, omnpejie/ieHHHE Ha
MHOXECTBe HaTypaJibHX yucey. 3aMeTHN, 4To BCAKas PyHk-
uns Y=f(X), aprymenmu u spavepus KOTOpo# — HaTypaJip-
Hb€ 1HHC/Ia, MOMET paccMaTpPHBATBCA KaK 4acTHmil cayyah
AABYMECTHOTO NPeANKaTa. A uMeHHO, hyHKuuK Y = f(X) ofHo-
SHa4YHBIM 006pPasoM comocTapfsiercsi HEKOTOpHIA mpefnKar
F(X, Y) na Muoxectse HAaTYpaJbHBIX 4HCeJl, NPHHAMAIOUIAI
SHauyCHHe u Jnd map uhcen X=q, Y.= b B TOM H TONbKO B
TOM Clyuae, ecau b=f(a). OueBuano, ¥To Takofi mpesmKat B
CBOIO Ouepefp BHOJiHE OnpeJieifieT COOTBETCTBYIOMYIO (PyHK~
uuio. Iosicuum cebe 5To o6eTosTeNLCTBO Ha MpHMepe, CKaxkeM,
byHKnHR Y = X?, PaccMaTpuBaemolt Kak QYHKIHS Ha MHOKECT-
BE HaTypaJbHHIX uHcey, CooTBeTcTBYIOMMA JABYMECTHBIR
NpefuKar — o603HauNM ero uepes Q(X, Y) — npuuumaer 3ua-
UCHHE U 1y TaKHX map uyucen X = g » Y = b, pas kotopuix
b = d’, ¥ 3navenme 4, ecy b # a*. Hanpuwmep,

QL) =wu Q@24 =u, Q27 =14 Q6.2 = u n . 1
Cocrasum MaTpuuy storo NpefHKaTa, HO 3aNHIIeM ee B He-
CKOJILKO M3MEHEHHOM BHJe, a HMEHHO, GYJeM 3alHCHBATh .

BHAUEHHA riepeMeHHON Y, Y=1, 2, 8,..., He cBepxy BHuS3,
a cHH3y BBepXx (puc. 9). 4 o
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Snech Mbl 3auepHUAN Te KJETKM MaTpHilh, B KOTOPHIX
JIO/BKHE! ObITb MoMemiessl OYKBH 4, a Te KJETKH, B KOTOPLIX
sanHcoiBaercss GYKBa 4, OCTaBHJIH CBETJIBIMH. -

FIpeLnoioRKM, UTO Mbl XOTENH bl NOKOOHHIM XKe 0GpasoM
npeactaButs npepukar Q(X, Y), coor-

percTBylomunit Gynknun Y=X*, onpefe- Mampuya
JleHHbIg Ha m?c))};xecme, CKaMXeM, III’O}IOf rpedurama 9z, 4/
WHUTEJIbHBIX BellecTBeHHbIX yHcen. Oue- 75 v
BHIHO, MBI He MOXeM s Kaxporo 49} .-
BeIeCTBEHHOr0 uHcaa X.= a npexy- z
_ CMaTpHBaTh HENYIO CTPOKY, KaK MBI 3T0
JeJaju B Cjiydae HaTypasibHbIX HHCEN,
a gna BcAkoro Y = b— croabenl Mat- /7
punsl. EcrecTBeHHO HampaluuBaercs Ta- -9
Kas MpoieAypa, KOTOPOH IUMPOKO. MOJib- g
3YIOTCA B aHa/n3e M KOTOpas M3BeCTHa -
KaK npejcTaBjenue (GyHKuuH rpajuka- s
‘MH. BemecTBeHHHIM UYHCJIAM CTaBATCA B 4
' COOTBETCTBHE TOUKH Ha ABYX B3aHMHO 4]
'NepNeHAMKYJSAPHLIX OcAX: OcH X M ocH £
Y. Beskoll mape BemecTBeHHbX uHcen 7.

X=a,Y=>b orBeuaer TOUKa Ha IJIOCKO- J7Vzlal4i
crH ¢ KoopjuHaTamu (@, b). Yepnoit Puc. 9
Kpackoll OTMeualoTcs Te TOMKH (@, b), He. .

as Kotopux b=aq*. COBOKyITHOCTb Beex - . ‘

OTMeUEHHHIX TOUeK o6pasyeT TOrAa HeNpepHBHYI® JHHHIO —

rpapuk ¢ynkunn Y=X* (puc. 10). IlogoOubiit e cMmbica

HMeeT rpapuk JoGofi BemecTBeHHOA Qynknun Y=f(X). Or-

ciofa BHAHO, YTO MpEACTaBJEeHHE

4 ¢yHkuuA rpagukaMM B HEKOTOPOM

CMbIC/IE SIBJIIeTCA UYAacTHBIM CJyda-

. eM MpeACTaBJeHHA . JBYMECTHHIX

NpeAHKaToB MaTpHIAaMH. Mbl B J1adib-

> y HeHIeM BEDHEMCH K STOMY BONpOCY.

Lo HpefrKaTtol, COOTBETCTBYIOULHE

Puc. 10. (YHKIHAM, He HCUEPMHIBAIOT COBO-

_ KyMHOCTb BCEX JBYMECTHHIX NpejH-

KaToB, a 06Pa3yIioT TOJIbKO HeKoTophil ee moxkaacc. Onpe-

genenne pynknun Y=f(X) Ha HekotropoM MHOXecTBe M coO

3HAYEHHSIMH B 5TOM XKe MHOMecTBe TpeGyer, uTOGH BCAKOMY

seMeHTy @ U3 M Gbll cOrnocTaB/ieH B TOYHOCTH ONHH SJIEMEHT

MHOMecTBa M. Jlnf MaTpHUHOTO mpejACTaBJE€HHS COOTBETCT-

Bylomero mpefnkata F(X, Y) sTo o3Hauaer, 4To B KamJoH
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CTPOKe MATPHUB JO/MKHa BCTpeéyarThe G6yKBa u (BCAKOMY
5J/IeMEHTY @ COOTBETCTBYET HEKOTOPHIN 5/ieMeHT) H BCTpeuaeTcs
OHa B TOYHOCTH OJHH pa3 (BCAKOMY 3JIEMEHTY @ COOTBETCTBYeT
TOYHO OJIMH 5JIEMEHT). SICHO, YTO Ja/jieKO He Bce MaTPHIH H
TeM CaMbiM He BCe [IByMeCTHble NMpeJHKaTs 06/1afialoT 3THM
CBOMCTBOM. . ) _

OcTanoBuMcH eimle Ha OHOM CBOMCTBe npeauKaToB. [1ycTs,
HanpHMep, peub HJAET O JBYMECTHOM InpegHkate << (X, Y),
‘ONpeJie/ICHHOM HA MHOMECTBE HATYDaJbHHIX yHces. Mb yixe
3HaeM, YTO NocJe MOJCTAHOBKH BMECTO IepeMeHHbXx X H Y
ONPeJieICHHBIX UHCe/I NIOJIyyaeTcs BbiICKa3hiBaHHe. EcTecTBeH-
HO BO3HHKaeT BOMNPOC: BO YTO NMEPEeXOAHT JABYMECTHHIH mpej-
KaT, eCJiH NIPOH3BECTH MOJACTAHOBKY HEKOTOPOro YHCJja BMec-
TO TOJIbKO OfHOH mepeMmenHofi? [losioxkuM, ckaxkeM, Y =4.
Bripaxenue <<(X,4) 3aBHCHT TONbKO OT OAHO# nepeMenHoi- X,
T. €. 3T0 OoAHOMeCcTHHH npeaukar. OH BblpaxkaeT CBOHCTBO
«OBITb YHCJIOM, MEHBLIMM 4» ¥ TeM CaMbiM YIOBJETBOPfeTcs
Kak pas uucnamu 1, 2, 3. INonoGHBIM ke 06pasoM NpH NOA-
CTaHOBKe X =4 BO3HHKaeT OAHOMeCTHbIll npeaukar << (4,Y),
BLIPaKaIOLIM# CBOHCTBO «OHITH UHCJIOM, 661b1IEM 4». HeTpyaso
'YAICHHTD ceBe, 4TO TaG/IMIIA OXHOMECTHOTO NpeanKaTa << (X, 4)
8ajiaeTcsi CTONOLOM, COOTBETCTBYIOWIMM UHCAy 4 B MaTpHIe
npeprkata << (X, Y), u ananornuHo TaG/Hia OfHOMECTHOIO
npexukata << (4,Y) sajaercsi cTpoKo# 5TOH MaTpHilH, OTBEYA-
fouteit uncy 4. BooGule A4 M060ro AByMeCTHOTo MpeAHKaTa
P(X,Y), sananHoro Ha /ilo60M MHOXKECTBe, NMPH NOJCTAHOBKE
HaHMEHOBaHHA 4 HEKOTOpOro oGbeKTa M3 M BMecTO mepeMen-
HOH X uay Y BO3HHKAIOT OiHOMEeCTHbE MpeaMKaTH. TabaHna
OJIHOMECTHOTO mpenukata P(X, a)nonyuaercs cJiefylomuM
o6pasoM: nepeMeHHOH X CTaBHTCSi B COOTBETCTBHe HOC/e-
JOBaTeJIbHO 3JIeMeHTH Toro croibua Matpuun P(X,Y),
KOTOpHAi oTBeuaeT 3HaueHuio Y =a.:' ITogoGubiM ke obpa-
30M, Tabauna npeaukara P(ag, Y) noayuaercs M3 MaTpHin
P(X,Y) BbineneHHeM CTPOKH, COOTBETCTBYomIel 0GbeK-
Ty X=a. l :

HeTpynHo cebe yfACHHTb, UTO, MCXOAst M3 TPeXMECTHOTO
npexukara P(X, Y, Z), noncTaHoBKO#H NOCTOSAHHOTO 3JIeMEHTa
a u3 M BMecto onHo# H3 nepemennuix X, Y, Z nonyuarorcs
JABYMECTHbIE NpeXUKAaTH, BOOOIe roBopfi, pasanunne. Boaee
o010, 3apHKCHPYeM '~ HEeKOTOpPOe UHC/IO /1 MepeMeHHHX B
n-MectHoM npepaukate P(X,, X,,...,X,) ¥ noacTaBuM BMeCTO
HHX NOCTOSIHHbIE, TOT/ia 7-MECTHBIH NPAANKAT NPpeBpalaerci B
(n — m)-mecTHHA. 3TO coo6pakeHHe HABOAHT Ha MHIC]b
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CuHTaTb  BBICKa3blBaHMA  HY/ABMECTHBIMH  fipefiKaTaMy,
BO3HHKAIOUMMH M3 MHOTOMECTHBIX' MNPEJMKATOB MOACTaHOB-
Koli o6o3HaueHHH omnpeiesieHHHX 0OBEKTOB BMECTO Bcex
HepeMeHHBIX.

§ 2. Mpumenenne onepauuit aorukH
BbhICKa3mBaHHM K MpeaHKaTam

 O3HaKOMHBIIACH ¢ TIOHAITHEM MpEAMKaTa, Mbl
NEePeXoNUM Tenepb K PacCMOTPEHHIO Onepaiuil, 03BOIAOLIHX
M3 HEKOTOPBIX HMCXOJHHIX NpEXHKaTOB CTPOMTb HOBhe. B
HacrosmeM naparpade Mbl OGCYyAMM NpPHMEHEHHEe Onepanui
JIOTHKH BBICKa3blBaHHH K mpeinkaTaM. B crenyiomem naparpa-
(e Mpl HO3HAKOMHMCS C HEKOTOPLIMH HOBLIMH ONEpailHsiMH —
KBaHTOpPaMH, KOTOpble THNHYHb AJIfl JIOTHKH NPEeJHKAaTOB.
Mbl HayHeM Hallle H3y4yeHHe ¢ MpocTefiiero cjiy4as OfHO-
MeCTHHIX npefukaTos. ITyctb P (x) u Q (x) — ABa opHOMecCT-
HbIX MpeAHKaTa, omnpejie/ieHHBIX HA HEKOTOPOM MHOXecTBe M.
C nomoubio onepanni JOTHKH BuickassiBaHuH A, \/, 7], == ~, |
Mbl MOXEM CTPOHTb HOBLIE NMpeXMKaThl Ha MHOXeqrse M.
Kousionkuusi P (X)AQ (x) — s10 nmnpexukat Ry (x)=s
=P (x) \Q (x), KOTOpHI HCTHHEH AJA TeX M TOJbKO TeX
o6bekTOB x M3 M, AAf KOTOpuX ofa npeaukara P (x)
¥ Q (x) MCTHHHBI Anasiornuso onpeienfeTcs AU3bIOHKIHA

PHVQ®: )
R, ()= P (1)V/Q (x).

Rz (x) — mpeaukat Ha M,. KOTOpHIi HCTHHEH B TOUHOCTH
LA TeX x, AJAA KOTOPBIX MCTHHEH IO MeHblllel Mepe ORHH
U3 npeaukatoB P (x) u Q (x) Touno Tak Xe ompejiesfercs

orpuuanue P (x):
R, (x)=="1P (x).

R,(x) — mpepgukat Ha M, MCTHHHBIH AJfl TeX H .TOJbKO
Tex x € M, pns KOTOpHIX P (x) noxew.

1'101106an e 00pasoM BBOJATCA oOmepaluy P (x)—
—Q (x), P (x)~Q (x), P ()1 Q (x).

Kak BHAHO, ompeJiesieHHs! onepauui JIOTHKH BHICKa3bBa-
HHA Haj npeAMKaTaMH BIOJiHe ecTecTBeHHbl. Mx ob6uias
cXeMa TaKoBa: MycTb \/ — KakKaf-HHOYJAb Onepamus JIOTHKH
BuickasniBanufi. Torga oHa onpefiesisieT onepamMio Haj, mpe-
aukataMu: R (x)=P(x) \/ Q(x). Benp npeaukar R (x) onpefe-
JieH, ecJil AJs BCAKOro o6bekTa @ u3 M ycraHosjieHo, 6yAeT
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An 3HavenveM R (a) u nau 4. A 510 yeTanaBnHBAETCS Taki
70 3HaueHHAM MCTHHHOCTH P (a) m Q (a) cornacHo TaGnuue
HCTHHHOCTH AJIA onepamHHu \/ HaXoAUTCA 3HaYeHHWe MCTHH-
HocTH P (a)V/Q(a). Tak mafiieHHOe 3HauyeHMe HCTHHHOCTH
M CYUMTAeTCs 3HAaYeHHeM MCTHHHOCTH R (a) npenmkaTa R (x).
i x = q. . , :

Ecan, nanpumep, P (x) — npexukat-cBoficTBO «6biTh afiT-
JHYAHUHOMY, Q@ (x) — MpeAMKAT «BHTh CTYACHTOM» (MHOXKECT-
Bo M 6yneM cudrarsb MHOXeCTBOM Bcex Jjiofieh), To P (x) A
AQ (x) o6osHauaer cBOHCTBO «GHITB AHIIHYAHHHOM H GLITE
CTYLEHTOM». STHM CBOKCTBOM 06/1aJaioT To H TOJBKO Te JIORH,
KOTOpHE OXHOBPEMEHHO ABASIOTCS AHIJIMYUAHAMH M CTYNEH-
TaMu. [lpepukat P (x) \/Q (x) obBosHauaer CBOHCTBO «GHTD
aHIVINYAHUHOM MJIM OHITh CTYAEHTOM», mpeaukar P (x) —" -
CBOHCTBO «OHITb HE aHTJIMUaHHHOM» (emy ymoBaeTBOpSIIOT Te
JIIOLH, KOTOpHE He SABAAIOTC AaHIVIHUAaHAMH), NpefHKaT
P (x)—>Q (x) ucTuuen nas Tex x€ M, KOTOpLIe WY He aHr-
JIMUaHE WJH CTYACHTH H T. K. '

Bynesu omepaumu A,\/, T Hag opHOMeCTHBIMH npejHKa-
TaM{ COOTBETCTBYIOT OnepailiaM HajJ MHOMXKeCTBAMH, Ha3hBae-
MBIMH  nepecewenuem, ob6veluneruem W OonosxeHuem. STH
SJIEMEHTAapHEE ONepaiHy UrParT GOJbIIYI POJbL BO BCEX
00/1acTAX MaTeMaTHKH M ee NpHMEHeHHAX. [ostomy wueue-
C000pasHO BKDATIE HAa HHUX OCTAHOBHTbCS M BHIACHHTH HX
CBfA3b ¢ Oy/ieBHMH ONepanMAMH Haj ONHOMECTHHMH npejH-
KaTaMH, - - : : , .

Mu HeXonuM B3 TOT0, UTO HMeeTcs KaKoe-TO MHOXecTBo M
OGBeKTOB, ABJAAIOLMMXCA NPeIMETOM HALIero paccMOTpeHHS.
Hanpumep, M — MuoxecTBo Beex aofe# - unn M — muo-

' - XeCTBO BCeX HATypPalbHBIX YHCeJ, HJH

it ¢ M — MHOXecTBO BCEX TOUeK NAOCKOCTH H
T. X Takoe wucXonHOE  MHOXECTBO
BCEBO3MOXKHHX OOBEKTOB, KOTOPHE MHl CO-
Gupaemcsi paccMaTpHBaTh, H3yuaTb H 0
KOTOPHX MH OyneM TrOBODHTb, MPHHATO
Ha3LBATb YHUBEPCYMOM.

Bynmem cumtate a8 onpepenenHoctH,
-YTO YHHBEPCYM M — 5TO MHOXKeCTBO BCeX
HaTYPaNbHBIX YHcesl. PaccMaTpHBalOTCS BCeBOSMOXKHEIE MHO-
*ecrba, colepxaupecs 8 M. ITycts P uQ — nBa MHOXecTBa.

Ilepeceuene PNQ — 570 *MHOKECTBO BceX O0GBEKTOB
(13 M), KoTopnie npHuapneRaT KaK P; tak n Q. Ha puc. 11
MH 3alITPHXOBaNM nepecevende PNQ. Ecan P u Q obumux
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SMEMEHTOB He HMEIOT, TO FOBOPAT, 4TO mepeceyenne PNQ
nycto (IycToe MHOMKECTBO). . o
ObvenunenteM PUQ HasbiBaeTCsi MHOMXKECTBO TeX SJIeMEH-
TOB, KOTOpHi€ NMPHHAJJIEKAT MO MeHblUeH Mepe OXHOMY H3
muoxects P u Q. Ha puc. 12 muoxecrso PUQ sawrpuxo-
BaHo. Ilox momosneHueM P MHOxecTBa P NOHHMaercsi MHO-
XeCTBO BCeX 3JIEMEHTOB M3 M, He' NpHHAAJIEXAWHX MHO-
xecTBy P. ‘ '
Ha puc. 13 MHoXectBo P samTpuxo-
BaHO. o _
[NpuBeneM mnpHMepsl STHX MOHATHH.
" Tlyctb P — MHOXECTBO BCEX YETHBIX YH-
cen: {2, 4, 6,...}, _
(Q — MHOXKeCTBO BceX IeJHX. KBajparTos:
{1, 4,9, 16, ...}. ’
Nepeceuenne PNQ — 9TO MHOXKECTBO BCeX YETHLHIX KBajipa-
10B: {4, 16, 36, 64,...}. O6benunenne PUQ — 5TO MHOXKeCTEO
TeX LEeJbIX YHCeJ, KOTOpble fBJAIOTCA HJH YeTHHIMH, HJH
kBanpatamu: {1, 2, 4, 6, 8, 9, 10, 12, 14, 16,...}. Haxkonen,
noToJIHeHHe P — 3TO MHOXECTBO BCeX HEUeTHHIX WYHCeJ:
{1, 3, 5,...}. - ' A
Kak MH yxe BHAeNH, o0cyXjasi NOHATHE OJHOMECTHOTO
' mpexMKaTa, BCAKHA mpenukaT P (x), onpenefieHHbid Ha He-
KOTOpOM MHOXecTBe M, B3aHMHO OJHO3HAYHO
COOTBETCTBYeT HEKOTOPOMY _NOAMHOXeCTBY P
B M, a MMEHHO, XxapaKkmepucmu4ecKomy noi-
MHOXeCTBY Bcex oOBekToB @ M3 M, a1s Ko-
TopuiX P (a) -uMeer 3Hauexwe u. . .
Mycts, P (x) w Q (x) — nBa npenukara
Ha M, P ¥ Q — HX XapaKTepHCTHUeCKHe MHO-
®ecTBa. Torja no onpese/ieHHI0 KOHBIOHKIHH,
IM3BIOHKUHH H OTPHLAHAS NPEJUKATOB XapaKTepPHCTHUECKHM
mHoxecTBoM P (x)/A\Q (x) sBaserca mnepeceuenne PNQ,
XapaKTepHCTHUECKHM MHOXecTBoM P (x)\/Q(x) — obnesu-
Henre PUQ, a XapaKTepHUCTHUECKHM MHOXecTBOM |P (x)—
' jornoAHeHne P MHOXKectBa P. . .
Takum o6pa3oM, 6yJieBbIM OnepanHiaM Haj OXHOMECTHHIMH
npefHKaTaMH B3aHMHO OJ{HO3HAYHO COOTBETCTBYIOT OMepPamuu
nepeceuens, 00beJUHEHNA U JIONOJHEHHS HAX MHOXKECTBAMH.
D10 TEeOPeTHKO-MHOXECTBEHHOEe IpejcTaBjeHHe OyJeBhX
omepauuii HaJ NPEIHKATAMH HrPaeT HEMAJiOBaXHYIO POJb
KaK jns JOTMKH, Tak H JJf MaTeMaTHKH. Heckonbko -
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no3XKe Mbl YBHIHMM, Kak B paMKaX 3TOit B3aHMOCBSI3H YKJja-
AbiBaeTCsi KJACCHueCKasi apHCTOTe/eBCKas TeODHA CHJ-
JIOTH3MOB.

Onepauvy JIOTMKH BLICKa3BIBAHMA HaJl MHOIOMECTHBLIMH
npeiHKaTaMH ONpele/flOTCS BNOJHE aHaJOrHYHo. HyXHo
TOJIbKO CJIeJUThb 33 TEM, KaKHe IMepeMeHHble 0603HAUeHbI
OJMHAKOBHIMH OYKBaMH, a KakHe DasiHUHBIMH. Mu He GyjeM
AaBaTbh o0uiero onpejeneHnsi. IIpuBesieM TONbKO HECKOJbKO
NPHMePOB, HAa OCHOBAHHHM KOTOPBHIX YHTATE/b JIETKO YHACHHT
cefe, KaK ClefyeT NOCTYyNaTb B JIOGOM ciayvae.

VmeeM, ckaxeM, 1Ba IBYMeCTHbIX mpefukaTa P (x, y) W
Q (y, z), onpenenennelx Ha MHoxecte M. P (x, y)/\
AQ (y, z) — s10 Tpexmectunifi mpemukatr R (x, y, z) or
X, Y, zHa M. Kak yBuJieTp, Il KAKHX 3HaueHHHA nepeMeHHbIX
%, 4,2 R (x,y, 2)=P (x, y) \Q (y, z) npnnumaer 3nduenne
u, a nas kakux 4? [lycrs a, b, ¢ — Tpu ob6vekra 3 M. 3Ha-
YeHHe HCTHHHOCTH R (a, b, ¢) ma x =a, y=05b, z=c¢
H0JIyyaeTcsi ‘ Tak: '

, .
R(a, b, )="P(a, b)AQ(b, ).

P (a,'d) v Q (b, c) uMeIOT BNOJIHE OMpeje/eHHbe 3HAYCHHS
HCTHHHOCTH. R (a, b, ¢) ¥Meer 3HaueHHe u TOTJA M TOJABKO
Toraa, ecau P (a, b) u Q (b, c) o6a UMelOT 3HaueHHe u.
Ecan P (x) u Q (x) — 1Ba OZHOMECTHHIX MpeIHKaTa, TO
He CleflyeT CMewinBaTh npeankats P (x)\/Q (x) u P (x)\/ .
VQ (y). P (x)\/Q (x), KaK HaM yxKe H3BeCTHO, OXHOMECT- -
Heli npemukar. Hampotus, P (x)\/Q (y) — mBymecTHmift
NpeJHKaT OT NMepeMeHHbX X, y: :

R(x, ))=P (x)VQ®).

R (a, b) uMeer 3HaueHHe 4 B TOUHOCTH TOTKa, Koraa P (a) \/
\VQ (b) umeer sHauenue ul).

!) Pasunna spech, KOHEYHO, He NMPOCTO B OSO3HAUEHHSX MepeMeH-
HHIX, @ B TOM, 4T0 B P (x)VQ(y) HMeloTcs Jse pasauunsie nepeMeHHbe:
BMECTO HHX HE3aBHCHMO JPYI OT APYFa MOXHO MOACTABJAATh HAHMEHO-
BaHH s 08Yx KOHKPETHHX 06BeKTOB. P (y) V Q(y)—TOT Xe camulii npeankKar,
uTo H P(x) VQ(x), Tak e kak # P(x)VQ(y) — 3T0 TOT Xe caMmuili
NpeiHKaT, YTO H, cKaxeM, P(4)VQ(v). BaxHo TombKo, Kak MH yxe
CKasajd, Kakie INepeMeHHbie 0603HAYalTCH OAMHAKOBBIMH, a KaKue
pasMYHEIMA CyKkBaMH. B ocTaabHOM Xe 5TY OYKBH MOI'YT OHITh npo-
H3BOJbHBIMH, ¢
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§ 8. Ksantopnt

B JorMke mnpeJHKaTOB HapAAy C oOnepanHiMu
JIOTHKH BHICKa3bIBAHHE ~OCHOBHYIO POJib HTPAIOT ONepalhH,
HasbiBaeMble Keaumopamu. VIMERHO ynoTpeGieHHe KBaHTOPOB
jeNaeT JOTMKY NpPeAMKaToB 3HaYHTeJbHO Gosee Goratod,
yeM JIOTHKa BbICKa3blBaHHH.

B § 1 sToit raiaBel MBI BHJIEJIH, UTO MOACTAHOBKA OGBEKTa 4

3 M B ljg{/{OTOprﬁ npenrkat P (x), onpeenennnii va M,
npespamaer P (x) B BbicKasmiBanue P (a).” (Hamomuum:
eca I'p (x) — cBOACTBO «OLITb TPEKOM», & @ — HMf HEKO-
Toporo uejiopeka, Hampumep a — «COKpaT», TO I'p (a) —
5TO BhiCKa3biBaHHe «COKpaT ecTb rpek».) byJieM Takne BhiCKa-
abLIBaHMSA Ha3bBaTb eOUHUYHbIMU 6bickasbisanuamu. Hapany
¢ of6pasoBaHHeM eAHHHUHBIX BbICKa3LIBaHHH H3 NMpPeJHKAaTOB
'B JIOTHKE MNPeJHKATOB PaccMaTPHBAIOTCA JABe ADpYrue omepa-
UHMH, MpeBpallaioluliie OAHOMECTHH npeaukar P (a) B Bo-
cKasbiBaHHe. DTH Onepalyf COOTBETCTBYIOT 0 CMEICIY TOMY,
4YTO Ha OOGBLIKHOBEHHOM $i3blKe — Mbl, KOHEYHO, MOJib3yeMcs
DYCCKHM fi3bIKOM — BBHIPaXKaeTcsi CJIOBaMH «BCe» H «CyLlecT-
BYET». _ ' \ .
[MousTtHe, obo3HauaeMoe CJIOBOM «Bce», JIEKHT B OCHOBE
keanmopa eceobunocmu. Ecau onsite I'p(x) cooTBeTcTByeT
_ ApeAHMKaTy «x eCTb IPeK», OnpejleleHHOMY Ha MHOXeECTBe M
BCex Jiofiel, To M3 3TOro MpeirKaTa C MOMOLIbIO C/JI0BA «BCE®
Mbl MOMXeM MOCTPOHMTb BhiCKasbiBaHHe «Bce oM — rpexu»
 (3T0, KOHEUHO, JIOXHOE BLICKa3biBaHHe). DT0 — MpuMep NpH-
MeHEeHHs KBAHTOpa BCEOOUIHOCTH.

Boo6iie e KBaHTOpP BCeoOUIHOCTH Ompeje/ifieTcsi Tak.
Tycts P (x) — xakoit-uuGyAp mnpeiukar. Torma KsaHTOD
BCEOGHIHOCTH — 5TO OMepalHsi, KOTopas conocrasiser P (x)
BbICKa3blBaHHe

«Bce x obaapjaior cBofictBoM P (x)». (%)

Jins sTofl omepamuH «Bce» ynoTpebisercs 3HaK y (mepesep-
HyTOe JaTHHCKOe A, HaNOMHHaiOllee O HEMEUKOM CJioBe
«alle» — Bce). :

. BrickassiBaHHe (%) 3amMCHBaeTcs TakK:

‘ v xP(x)
(v untaetcs: «[las BeeX x P ot x»). B COOTBETCTBHH CO CMBIC-
JoM cJoBa «Bce» Yy xP (x) — noxHOe _BbICKa3bIBaHHe,
KpoMe TOro eJXHHCTBEHHOro cJyyas. KOraa P (x) — ToxnpecT-
BeHHO HCTHHHBHIH TpejHKarT. -
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Ecan MuoxectBo M cocTonT ToMbko M3 KoHetHOro yucna
00beKTOB, HANpHMep W3 MATH: 4, 4,, a,, a,, a,, TO BHICKA3bI-
BaHHEe Y X P (x) Jerko sanuchiBaeTcs B BHje KOHBIOHKIHH
EAMHMUHBIX BLICKa3biBaHHH. JleficTBUTe1bHO, B HPHBEJASHHOM
NpUMepe MHOXECTBa M3 NATH OGBLEKTOB OHO O3HAUAET, UTO
P(a)) =u, P(a,) = u, P(a,) = u, P(a,) = u, P(a,)=
= u. TakuM obpasoM, B 3ToM cny4ae yxP(x) paBHOCH;b-
HO BbICKa3blBaHHIO . C

P@IAP@)AP @AP @INP (a,).

Ecau, Hanpotus, M — 6Geckoneunoe MHOMeCTBO (HanmpHMep,
M — MHOXECTBO BCeX HATypasibHBIX 4YHCeN), TO, HOCKOMbKY
KOHBIOHKIIHA GECKOHEYHOTO YHC/Ia BHICKA3LIBAHHA He onpene-
JeHa, yx P(x) He MoxeT noaoGHemM 00pa3oM GLiTb CBeieHO
K KOHBIOHKIMH eJIMHHYHBLIX. BHICKA3HIBAHU, vxP(x) — Bu-
CKasbiBaHHe COBEPLIEHHO HOBOTO BHAa. TeM He Memee st
MHOTHX 1eJiell YAO6HO MEICAHMTb cebe, yTo KBaHTOp Bceobl-
'HOCTH Y fBJAETCA 0GOGIIEHHEM KOHDBIOHKIHH eHHHUHBIX
BhlCKasuiBaHHE P(a), korfa a mpoGeraer Bce — BO3MOXHO
Geckoneunoe — MuoxecTso M. «Bce HaTypajibHBle YHCHS
06712 Jal0T HEKOTOPHIM CBOACTBOM P(x)» bl nonumaeMm, kak
«l obsmanaer cBoiicTBOM P(x)», «2 obnapmaer cpolicTBOoM
P (x)», «3 obnamaer ceoficTBOM P (x)», .. v 1. 1 (Bor
HMEHHO: I'le-T0 MBI IOJKHEl NPEKPaTHTh Nepeynciente U Boc-
NOJIb30BaTLCH BhIpaXeHHeM M T. L.». Kak pas sto obcTos-
TEALCTBO ¥ MellaeT HaM paccMaTpHBaTh BHCKA3HIBaHHe
vx P(x) «Bce HaTypambhble uncsa 06/1a/1al0T CBOMCTBOM
P (x)» Kak KOHBIOHKIMIO eXMHHMUHBIX BbICKa3biBaHHMiL.) !
Hapsny ¢ xBantopoM BceoGmuocTs B noruke HpeJHKaTOB
paccMaTpuBaeTcs Apyro# KBaHTOp, ABOACTBEHHbIf KBaHTOpY
BCEOOUIHOCTH, — Kéanmop cywecmsosanua, 0603HauaeMptli
S8HaKOM g (3TO mepeBepHyTas JlaTHHCKAA Oyxsa E, nanommu-

') Hekotopue noruky cuntawt; uto n B clyuyae KOHeuUHOro MHO-
KectBa M yxP(x) uMeer Re COBceM TOT xe CMHICH, YTO H KOWBIOMKOHS
BHICKasHBauHR P(a) iast Bcex a us M. A HMenvo, 'y xP(x) naer 66apmyio
HAQODMALHMIO, YeM KOMBIOHKIHS Bcex CAMHHYHHX  BHCKa3HBauuil,
YKAa3HBas elle Ha TO, YTO O6BbEKTH @ AeHCTBHTENBHO HCYePNHBAOT BCIO
06/1acTs onpefetenns npefuxara, Takum o6pasoM, Ans ciyuas M, coe-
TOAMEro U3 OObeKTOB ay, gy, ay, a,, a9y, YxP(x) paBRocaanno, no ux
MHEHHIO, INDHMEPHO TaKOMY BHICKAa3HBAHHIO! & (a)) A P(a) A Plag A
AP(a)AP(ag), v npyrux OGBEKTOB MHOXECTBO ONpefieeris npenukara

(x) He comepxuts. Takas Touka 3peHHEs HaM KaXeTcs BHOJHe
pasymHo#.
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Haomas HeMelKoe CJI0BO «eXistieren» — CylecTBOBaTH).
A xP (%)

(unTaeTcs «CylIeCTBYeT TaKOe X, 4TO P OT x») — BHICKa3H-
BaHHe, KOTOpOe HCTHHHO TOrJia. M TOJBKO TOrAa, Koraa P(a)
HCTHHHO 1O MeHbilell Mepe 1A OfHOro 06beKTa @ U3 06/1acTH
onpenenenus M. Tem cambiM gxP(x) — HCTHHHO® BhICKa-
3piBaHHe A5 BCEX npeaukaToB P(x), KpoMe OAHOrO — TOX-
JeCTBEHHO, JIOXKHOTO. ' i

OnaTb-TakH, eciH M — KOHEUHOE MHOXECTBO (HAmpH-
mep, M = {a,, a,, a,, a,, a;}), T0 3HaYeHHe HCTHHHOCTH BHI-
cKkasbiBanHs JxP(x) coBnajaer co 3HayeHHeM - HCTHHHOCTH
IMSHIOHKUHH BCeX eNMHHUHBIX BhickaswiBanui P(a) aas
Bcex g u3 M. Tak, B HauleM NpHMEPE HMeeM

4 xP (x)=P(a,)VP (a,)VP (@)VP(@)VPa,)

KBauTop ‘cymecTsoBaHus 06061aeT OnepauHio JH3bIOHK-
ILHH B TOM e CMLIC/Ie, B KAKOM KBAHTOp BCeoO61HOCTH 0600-
maer onepainHio KOHDIOHKIIHH. o

MexXy KBaHTOpaMH Yy H g HMEIOT MECTO OTHOLIeHHs1, 0606-
walmHe 3aKoHH Je Moprana H nospoJisiiolide CBOAHTL OJAHH
H3 3THX KBAHTOPOB K JPYIrOMY:

TveP@=axTP® (D)

(«Hepepno, wro Bce x 06/MafaloT CBOHCTBOM P (x)» pasuo-

cuibHO «CyINecTBYeT TaKOH OOBEKT X, AJsi KOTOPOro HCTHHHO

ue P (x)»). - ' .
AHaJIOTHYHO HMeeT MecTo JBoficTBeHHHH 3akoH Ae Mop-

raHa :
TaxP () =vx 1P (%) @

{«HeBepHo,.4TO CymECTBYET ¥, o6iafatomee CBOACTBOM P (x)»
paBHOCHJbHO «Bce x ofnafaioT cBofictBoM He P(x)».) ’
 Hecmotps Ha To, yrto B 3anucax ¢opMya yxP(x) ©
gx P(x) Bctpevaercs G6yksa x, 0603Hayaowas nepeMEHHyIo,
ofe 5TH QopMyJbl 0603HAYAIOT BHICKA3LIBaHHA, a HE HOPMHI
BLICKA3LIBAHHSI: OHH OT MepeMeHHOH x 6oJblle . He 3aBHCAT.
[Ipunsto rosopurb, uTo B -popmynax yxP(x) u FxP(x)
KBAaHTOPH Y _H T CEA3bI6AI0M. NEPEMERAYIO X. Cas3aHHag nepe-
menHasi Gosblile yxe NMepeMEeHHOH He sIBJISIETCS; €€ JIPHCYT+
crBHe . B (opMyJie HEOGXOAHMO HCKJIOYHTENbHO LM TOrO,
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- UTOGbl yKa3aTh, H3 KAKOTO MpeIHKaTa JaHHOE BEICKa3blBaHHe
APOH30LLIO ). : _ : )
Ecnu Tenmepb npHmoMHHTb B3aHMOCBsi3b MeXny omepa-
UHAMH Hajl OLHOMECTHHIMH ONEpalHAMH, C OXHOMN CTOPOHbI,
H 3/1IEMEHTAaPHBIMH TEOPeTHKO-MHOKECTBEHHEIMH OmepanusMH
C ApYyroi, 0 KOTOpO#H Ml TOBOPHJIH B NPE/ILIECTBYIOLIEM Napa-
rpade, To HETPYAHO BHAEETH, uyTO C MOMOLIBI0 KBAHTOPOB MK
HMEEM  BO3MOXKHOCTb BBIPaXaTb PAA BaKHBIX OTHOWIEHH
MeXIy MHOXEeCTBaMH. . )
Ilyets P (x) u Q (x) —npa NpeIxKaTa, ONnpeaeseHRLIX
Ha8 HEKOTOpOM yHHBepcymMe M, P i Q — COOTBETCTBYIONIHE
XapaKTepHCTHYECKHE MHOMKECTBa. BHICKasbBaHHe

V(P () —Q(x)

O3Hadaer, 4to P (a)—>Q-(a) — HCTHHHOE BHICKA3bIBAHHE s
BCEX a U3 M. B cuny onpezesenus uMnHKanuu P (@) >Q(a)
HCTHHHO BTOM H TOJIbKO B TOM CJ1yuae, ecid P (a) noxHO HH
Q(a) ucrunno. IlycTh @ npuHasIeKHT P, torpa P (a) ucruuso,
H Tak Kak P(a)—>Q (a) McTHHHO A1 mo6oro a, To OTCIofa
CrenyerT, uto Q (a) HCTHHHO, T. e. a€Q. Beakuii snemenr q,
NpHHAJJIEKALMA P, NpHHALIEKHAT TaKiKe Q, T. e. MHOXKeCTBO
P comepxHTCS B MHOMKecTe Q. (310 o6osnauaercs Tak:
PcQ) - '
Ecan, HaoGopor, PcQ, 10 P (a)—>Q (a) uctuHHO I8
BCCX a M3 M d, crenoBaTenbHO, HCTHHHO BLICKa3blBaHHe
WX (P (x) >Q (x)). HeficTBurenbHo, ecan a €P, To g Takxe
NPHHAAMEXRHT Q, T.'e. U aHTeueneyr P (@) ¥ KoucekBeHT
Q (a) HcTHHHBI, ¥ TeM caMbIM HCTHHHA HMnaHKauusa P (q) -
—-Q (a). Ecu xe a ne npunannexur P, 10'P (a) noxno,
H UMIHKanusa P (a)->Q (a) ucTauna. :
Tarum 06pa3oM, BbiCKaspiBaHHe vx (P (x)>Q (x)) yr-
BEPKJIACT, UTO MHOKECTBO P COEPHTCH ‘B MHOMKECTBE Q

') Crenyer ormernts, uTo cBs3amubie nepeMeHuble ynoTpe6asioTes
B MaTeMaTHKe H BHe MateMaTHuecKOH JOrukH. Cambift pacnpocTpauen-
rt

HHH npHMep — 310 OmpenesenuiI HHUTerpax: ff(x)dx. Onpenenennsiit

a
HHTErpan — 9HCIO; OHO OF X He 3aBHCHT. DyHkmus f(x) saBuc¢ur or .
Onepaunet BasiTus onpegenennoro HHTerpana 3ra nepeMeHHast cBf-
SHIBACTCA H OCTaeTCA B SaMHCH TOABKO JJA TOTO, 94To6K yKasaTh Ha
IpOHCXOXfienHe uHc/ia H3 (yHKnHH [(x). CpasmBaHue nepeMeHHRX
KBAHTOpAMH — COBEPIIEHHO aWaJOTHYHOE SBjeHHE. ‘
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'

WJTH, UTO TO ¥e.£aMoe, 4TO BCe OOBEKTH, 06J1a atonie CBOfCT-
BoM P(x), 06/1aa10T TaKiKe CBOHOTBOM Q(x)"). ’

C noMowpio KBaHTOpA CYILECTBOBaHHS JIETKO BbIpaXaeTcs
cyspenne THna «Hekoropsie P cyTe Q» (nanpumep, «Heko-
TOpHE aHrJMYaHe — Kypsinue», «HekoTopbie HeueTHbIE HHC-
Ja — npocTteie» H T. A.). «HekoTopuie P cymp Q» cneayer
OHHMATh KaK TO, YTO NO Kpaiinell Mepe OlMH O06BEKT X, o6aa-
Jaomuil cBofcTBOM P, 061ajaeT TaKxe CBOHCTBOM Q. 3ror
dakT 3anuchiBaercs ¢opMyJaoH Fx (P(x)\Q(x)) («cymect-
‘ByeT Takoe x, 4T0 P.oT x H Q oT x»). Ora popMysa yTBepKAaeT
TaKKe, YTO NepecéyeHHe XapaKTepPHCTHYECKHX MHOMKECTB P
H Q npesipKaToB P(x) u Q(x) nenycro. o

AHaJOrHYHO C TMOMOIIbI0 KBAHTOPOB 3anHCHBACTCHA pAX
JPYrHX OTHOLIEHWH MeXIy ORHOMECTHHIMH MpPELHKATaMH.

Topaspo Gosee GoraThie BOSMOMHOCTH OTKPHIBACT NpHME-
HeHHe KBaHTOPOB K MHOTOMECTHBIM NpefiiKaTaM. OCTaHOBHMCA
BKpaTIle Ha OGCYMIEHHH 3TOTO BOMpoca.

Mycte A (x, y) — HEKOTOPbI IBYMECTHHI MNpeuKarT,
onpezeneHHuil Ha HekoropoM MHoxectse M. Ksanrop Bce-
OGIIHOCTH H KBaHTOpP CYLIECTBOBAHHA MOMHO TNPHMEHATDH
K HeMy KaK [/ NepeMeHHOH x, Tak H Aad nepeMeHHOR y:
vxA(x, y); VyA(x, y); axA(x, y); Ay A(x, y). Ilepemen-
Hasi, K KOTOPOH Gblil NPHMEHEH KBAaHTOP, Ha3bIBACTCH C8A3AH-
Hoi, Apyrasi TepeMeHHas — C60000HOU. Bce ueThipe NpH-
BENEHHbIE BHIPaXKEHHS MABJNAIOTCA 3aNMHCAMH  OLHOMECT-
HBIX TNPEIHKATOB OT COOTBETCTBYMOmLEH csoGogHol mepe-
MEHHOM. _ ‘ _

vxA(x, y) (uMTaercs «u1a BCeX X, Aorx u pyr)—
OIHOMECTHBI npenuKaT OT nepeMenHofl y:y x A (x, y) =
= F (y). OH HCTHHEH B TOYHOCTH M1s TeX b € M, /1 KOTOpHIX
onHOMecTHbI npenukat A (x,b) HcTHHEH s Beex x. Ecan
npencTaBuTb npeaukar A (X, y) ero TaGaHied, To NpeaUKaT
F (y) = yxA (x,y) HCTHHER 1715 TeX b, s KOTOPBIX CTO-
Gell C BXOZOM b comepXHT HCKmounTenbHo 6yksy u. (Ha
HHXecJaenyioulell TaGHuie Mbl PHBOLHM NMPHMEp TpELHKaTa,
OnpeJieIeHHOTO Ha MHOMecTBe M M3 NATH 5/1EMEHTOB 4,, a,,
a,, a,, &, W TaGJHIE OIHOMECTHHIX NPEAHKAaTOB, MOJyHaio-
LIHXCS H3 HEro NpHUMEeHeHHeM KBAHTOPOB.)

_ TonoGusiM e obpasoM yyA (x,y) = C (x) — npenu-
Kar oT x. OH HCTHHEH sl TeX a €M, 175 KOTOpHIX CTPOKa

1) Bupaxenne supa yx(P(x)—Q(x)) nHasuBaeTcs HHOTAA Gopmanrs-
Hod umnaukayued,
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C BXOMOM @ CONEPXHT ToMbKO GykBy u. [Ipemukar -
dxA(x, y) = H(y) ucTHHen mna Tex a€M, nas KOTOPHX
COOTBETCTBYIOLIHH CTO/IGEI COAEPIKHT NO MeHbIIeH Mepe OfHH
pa3 OyKBy u, a mpemuKaT gyA(x,y) HCTHHeH ANs Tex
a €M, nnst KoTopHIX B COOTBETCTBYIOLIEH CTPOKe BCTpeuyaercsi
6ykBa u. o

Ax, y)
6
&) [ )
; a, a, ay a; ag ¥ | vxA(x, y)
X
a, |uuar uz a, 2
a, | 2ua ua a, u
a, luuaruu a, A
a, |2uasr uu a,{ u
a, fuuasruu ac| 4
B) r) )
¥ | axA(x, y) x| vyA(x, y) x| dyA(x, y)
a, u a, A a, u
a, u a, a4 a, u
a, A a, A a, u
a, u a, A -a, u
a, u a, 2 a, u

VivyA (x, y)=vyyyxA(x, y)=u;
XAy A (x, Y)=qyarA(x, y)=u;
VXA (X, y)=u; FeyyA (x, y) =1,
CVYaxA (x, y) =2, yxayA (x, y) =u.

Bo Beex cayyanx npHMenenHe KBaHTOpa NO OFHOH H3
TMEPEMEHHBIX IByMECTHOTO NPeAHKaTa NpeBpallaeT ero B OHO-
MECTHBHIA, : _

B cayyae TpexMecTHHX NpesMKaTOB NpHMEHEHHe KBam- -
TOpa NMPHBOAUT K ABYMECTHOMY NpefHKaTy. AHaJOrHUHO M
AJSt IPEMKATOB ¢ GOMbLIMM YHC/IOM MeCT NpHMEHEHHe KBaH-
Topa npespaiiaeT rn-MeCTHHH mnpeankaT B (n—1)-mecT-
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Heifl. Dosee mozpo6HO MBI Ha STOM OCTaHABIHBaTLCA He
GyzemM. :

K cBoGoaHOH mnepeMeHHOH X OZHOMECTHOTO NpeIHKaTa
VYA (x, y) B cBOIO ouepenb MOXKHO NPHMEHATb KBaHTOP BCe-
OOIIHOCTH HJIM KBaHTOp cyulecTBoBaHHs. [losydaiorcs Bhi-
paxeHHs

vx(VyA{x, 9));  ax(VYA(x, o),

KOTOPHIE, ONyCKas CKOGKH, NPHHATO 3aNMHCHBAThb COOTBET-
CTBEHHO

VXVYA(x, v);- axvyA(x, y).

St0 yxe BhicKaspBaHHs. [lepBoe HCTHHHO, €C/IH BCE CTPOKH,
a TeM caMbiM H BcA Ta6aHIa NpeIHKaTa, COAEPKAT TOJNbKO
6YKBY 4, BTOPOe HCTHHHO, €CJIH COOTBETCTBYIOIIash MaTpHIa
COJEPIKHT NO MEHbUIEH Mepe OJHY TOKIECTBEHHO HCTHHHYIO
ctpoky. TpH npyrue npenuxara yx A (x, y); FyA (x,-y);
gxA (x, y) TaKXKe JONyCKalOT KBaHTHQHKAKHIO, TaK YTO
B OOleH CJIOMKHOCTH Mbl NOJyYaeM H3 OLHOTO MNpeaHKaTa
BoceMb (hOpMaJIbHO Pa3THYHBIX BHICKa3bIBaHHI: yx YYA (X, y);
VYA (x, y); vxayA (x,y); 3xayA (x,9); vy vxA (x,9);
ayvxA (x, y); vyaxA (x, y); gyaxA (x, y). Herpyauo
y6eIHTbCSl B TOM, 4YTO HeThipe BBHICKA3hLiBaHHsA, COJEpIKalHe
OJMHAKOBBIE KBaHTOPHI, MONMAPHO 3KBHBAJIEHTHHI:

VIVYA(x, o) ~vyvxA(x, y)
R

xFYAx, ) ~qyaxAx, y).

¥xyyA (x, y) Tak xe, KaK H yyyxA (x,y), HCTHHHO TorHa
H TOJIbKO TOrha, Korjga A (x, y) — TOXIECTBEHHO HCTHHHBIH
npenukat, gxgy A (x, y) ¥ gy 3xA (x, y) o6a HCTHHHH BO
BCEX cJaydasx, Kpome Toro, Korga A (x, y) -—— TOXAECTBEHHO
JIOXHBIA NpefukaT. Bce ocTajbHble BbHICKA3bIBaHHSI CYIECT-
BEHHO pas/IHYHBl, YTO HETPYAHO MNOKa3aTb Ha NpHMepax.
- Oco6eHHO caeflyeT NOMHHTDb, YTO NOPANOK CJELOBAHHS PasHO-
HMEHHBIX KBAHTOPOB CylIeCTBeH. BrickasniBanua yxgy A (x, y)
H gyyxA (x, y), BooGile TroBOpsi, He 3KBHBAJEHTHHI.
B ta6auuHoM npexcraBieHHH npepukata A (x, y) HCTHH-
HOCTb MNEPBOTO BLICKA3blBaHHS O3HAyaeT, YTO BO BCAKOMH
CTPOKE BCTpeYaeTcsi MO MeHblUed Mepe OfMH pa3 GykBa u
(Ha mMpOM3BOJILHOM MecCTe), MeXJy TeM Kak BTOPO€ BHICKA3bl-
BaHHE HCTHHHO TOTJa H TOJIbKO TOra, KOTJa HMEETCs 110 MEHb-
Ied Mepe oaMH crosbel, 3anosHeHHHH GykBaMH u. Kak
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BHIHO, €CJIH BBIMOJNHSIETCA BTOpoe TpeGoBaHHE, TO aBTOMAaTH-
YeCKH BbINOJIHsSIETCsi H mepBoe. Takum ofpasoMm, ecsH
-JyvyxA (x, y) HCTHHHO, TO HCTHHHO Takke Yx3gyA (x, y).
CrnenoBatenbHO, KakoB Obl HH Obut mpenukat A (x, y),
HMeeT MeCTO HMILJIHKAIlHS

AYVrA(x, y)—vxAYA (%, y),

HO ofpaTHas MMILIMKalHsi, BOOOIEe rOBOPsi, He HMEET MecTa.
ITycrb, nanpumep, A (x, y) — npemukat, onpejeneHHb Ha
MHOXeCTBe H3 JBYX 3JIEMEHTOB @y, Gz TaGnHuel

- X
. a; a,
. X
a, | 2 u
a, | u 2

Torpa, - oueBnpno, yxgyA (x, y) HMeeT 3HaueHHe u, a
AyvxA (%, y) 3HaueHHe 4. ,

Tpusenem eme oxun npumep. Ilycte A (x, y) — pac-
CMOTpPEHHBIH yiKe HaMH npefHkat Heax (x, y), onpeneneHHbiil
Ha MHOXeCTBe HaTypaJbHHIX YHCesJ H O3HAYaIOIHH «x JeJHT
y». Torpa yreepxkaenue yxgy Hen (x, y): «ans Besikoro x
CYILECTBYET TaKOe Y, YTO X JEIHT y» OUEBHIHO, UCTHHHO,
MEeXIy TeM Kak gyyx Iexn (x, y) «cyumecTByer Takoe y, uTd
ao6oe x JeJHUT Y» JIOXKHO. .

§ 4. IpeoGpasopanus ¢opmys NOTHKH
npepukatos. IllpexsapenHas HopmaipHas ¢(opma
B ocHOBe JIOTHKH NpefHKAaTOB JIEXKHT Psili 3aKOHOB
Inst npeob6pasoBaHHsi ¢OpMyJ, COfepXaIHUX [pefHKaTH,
onepanHH JIOTHKH BbICKa3biBaHWH H KBaHTOPH. Mbl npHBeneM
HEKOTOpble H3 HHX B BHJe npuMepoB. YacTb U3 3THX 3aKOHOB
HaM noHazoOuTcs B masbHeHimieM. Ml npH 3ToM He GyjpeM
CTpeMHTbCsi 0603peTb BCIO COBOKYNHOCTb MNpeo6pasoBaHHH
H He OyjeM cTapaTbCsi NPOBOAHTb CTPOTHE [JOKa3aTeJbCTBa.
HanoMHHaeM B CBfi3d € 3THM, YTO TpejjiaraeMasi KHHra He
ABJISieTC Y4eOHHKOM MaTeMaTHUeCKOH JIOTHKH.
Pan oCHOBHHIX 3aKOHOB TNpeuGpa3oBaHHA BbipamKeHHH
JIOTHKH TPEIHKATOB OTHOCHTCS K BO3MOMKHOCTH BBIHECEHHS
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KBAHTOPOB 38 CKOOKH. 34eCh CJIeyeT 3allOMHHTD ClIe/lylollHe
PaBHOCHJIBHOCTH: ‘

vXAMAY 2B (@) =y x (A () \B %)), ()
arAVarBw=ax(AwWVB®). @

‘[Ipx 3TOM PaBHOCHJIBHOCTH (3HaK ==) B JIOTHKE NpPEeIHKATOB
| eCTECTBEHHO- MOHHMAETCA Tak: AAsA Jmoboro MHoxecTBa M
H 418 Jmo6biX npeaukatoB A (x) 1 B (x), ompeieJeHHHX Ha
M, BHIpa&¥KeHHs B JIEBOH H B NpaBoil YACTAX HMEIOT OAHO H TO
e 3HayeHHe HCTHHHOCTH (T. €. OJHOBPEMEHHO HCTHHHbI HAN
ONHOBPEMEHHO JIOXKHH). -

TTpocToe comepaTenbHOe PaCCyXACHHE MOKABHIBAET HC-
THHHOCTL papHocHabHOcTelt (1) u (2). HeficrpurensHo, gepas
yactb (1) NpUHHMAeET SHaUEHHE & B TOM M TOJBKO B TOM CaIy-
yae, ecni U A (x), ¥ B (x) HCTHRHB Aas BceX x €M, T. e.
ecaH ofa MpeIHKATa TOXAESCTBEHHO HETHHHHL. Ho. B sTOM B
TOJIBKO B 3TOM CJydae Takxke H KONbIOHKIHA A (x)AB (x)
GyAeT TOMAECTBEHHO HCTHHHBLIM NPEAUKATOM, H TEM CAMbIM
Gyzer WcTHHEbLIM BhiCKashiBan#e yx (A (x) AB (x)). Auano-
FHYHO JOKA3BIBA€TCA BTOPas PABHOCHJBHOCTE. Ho Mbl He
GyleM MPOBOAHTH STO PACCYXRACHHE, a NPHBENEM ABE PABHO--
CHJIbHOCTH, MO3BOASIOIIHE CBOAHTb KBAHTOP CYLIECTBOBAHHSA
K KBaHTOPY BCEOOLIHOCTH H OGpaTHO:

Tard@=yx14@, @
Tv x4 () =3+ 74 (). @®

PaBHOCHABHOCTD (3) O3HAHAET: €CJH HEBEPHO, YTO cyme-
CTBYeT HEKOTOPHI 5JEMeHT, VI KoToporo HerhuHo A (x),
TO LJISi BCEX 3/IeMEHTOB HCTHHHO |A (x) M HaoGopor. Pasuo-
CHIbHOCTH (4) 03Hayaer: ecaH HeBepHo, HTO MIA Beex
aJileMeHTOB MHOXectBa M ucTHHHO A (x), TO CywecTsyer
Tako#l 3jJeMeHT, JusA KoTtoporo HcTHHHO A {(x). OueBupuo,
5TH yTBEPXKAEHHS COOTBETCTBYIOT KaK Pa3 NMOHHMAHHIO BhIpa-
MeHHH «IIfl BCeX» H «CYIIECTBYeT TAKOH, UTO». :

PapHocuabHOCTH (3) H (4) ABAAIOTCA OGOOLUIEHHAMH 8aKO-
HOB Ji¢ Moprana, K KOTOPLIM OHH CBOAATCSA B CJyuae KOHEUHBIX
MHOXecTB M. Ml HX GyleM HasbiBaTh 3aKoHaMH e Moprana
IS KBaHTOPOB. [IpHMensisi oTpHUaHHe K oGeHM dacTaM (3)
H (4) ¥ yuHTbiBasi, YTO JABOHHOE OTpHIAHHE BHICKA3BIBAHHS
PABHOCHJIbHO €My CAMOMY, HMEeM PaBHOCHJIbHOCTH

FxA(x)="Tvx T4 (x), (3
va (x)s_WaxWA(x). '- (4')
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KOTOpbi€ MOSBONIAIOT BHIPaXkaTb KBaHTOP CYleCTBOBagH &
Uepes KBaHTOP BCEOOLIHOCTH M HaobopoT. -

C noMoIbio paBHOCHAbHOCTEN (3') u (4') paBrOoCHABHOCTD
(2) nerko BuBOAUTCA H3 PaBHOCHabHOCTH (1). [eitcTBUTENBHO,
3aMensis B JIeBOH wactH (2) KBaHTOPbl CYyLIECTBOBAHHMA Ha
KBaHTOPbl BCeOOLIHOCTH, nosyyaem

qxA VaxBX)=Tyx AKXV TyxTBx);

COrJIacHO npaBuay ge M PraHa nociejnee Bolpamenue paBHO-
CHJIBHO : S

T xTA@AY 2 TB ()
nocaennee BBuny (1) pasrocusbuo ,
Tv2(TAMATB ()= Tyx (4 )V B (x)), -

-2 NOCAeH A5 POPMYJIa COrIacHo (4) paBHOCHIbHA I3x (A (x)\/
VB (x)). Urak, uMeeM okonuaTenbro axA (x)\/3xB (x)==
=3x (A (x)V/B (x)).

JICLYET 3aMETHTb, YTO KBAHTOP BCEOGLIHOCTH HEMb3s
BLIHOCHTb 33 CKOGKH, €CJIM BHIPameHHs OCbeNHHENbl SHAKOM
RUSBIOHKIMA: GopMyan yxA (x)\/yxB (x) v yx (A (x)\/
VB (x)) He paBHOCHbHEL. LeiicTBurenbro, neppas ¢dopMyna
YTBEDKIAeT, YTO OAMH H3 npeguKaToB A (x) unun B (x)
TOXICCTBEHHO HCTHHEH, MEXIy TeM Kak BTOpas c¢opMysa
O3HAtaeT, uTO NHMIBIOHKUUA mNpesHKaToB A (x*) u B-(x)
TOXJECTBEHHO HcTHHHA. Ho serko ykasato NpHMEpH IBYX
HE TOMKLECTBEHHO MCTHHHBIX MDEAHKATOB, JU3BIOHKIHS KOTO-
PHIX TOXIECTBEHHO MCTHHHA, ﬁ.;m TaKUX NPeNHKaTOB BTOpas
dopmyna Gyner ucturHa, a nepBas JoxHa. C Apyroi croponb,
€CIH nepBas (opMyna MCTHHHa, TO, OUEBHAHO, HCTHHHA W
BTOpasi. TakuM. o6pa3soM, Mbl MOmKeM CKa3aTb, YTO BTOpas
dopMyna sBasiercs mornveckum CJIeICTBHEM MNEPBOMi:

V2A(X)V v xB (%) — vy x (A (%) B (x).
Anasnoruyno, Kax yuTartenn MOIKET JIeTKO yﬁenHTbCﬂ, HCTHHHA
tdopmyna -

dx(A (A B (x)) —g xA (x) A g %B (x),

HO 3HaK HMIIHKAUUM HENb3s 3aMeHUTb 3HAKOM PaBHOCH/JIb-
HOCTH.

M Bce-taku umeercs BO3MOKHOCTD B HECKOJbKO HHOM
dopme BoioCHTL KBaHTOp BCEOOILHOCTH U KBaHTOp CYILIECTBO-
BaHHA 32 CKOGKH H B 9THX C1yyasx.A UMEHHO, HMEIOT MecTo
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caepyouue pPaBHOCHJIbHOCTH: . .
vxA(x)VC=y x(Ax)VC), )
FrA(NANC=3x(AX)AC). (6)

3pece C ob6osnauvaeT BbIpaMeHHe, He 3aBHcsllee OT X. (@10
BbIpa¥KeHHe MOXeT ObITb JHOO BHICKa3blBaHHEM, au6o npenu-
KaTOM OT NEpPEMEHHbIX, He COJepIKamHX X.)

VICTHHHOCTD 3THX paBHOCHJbHOCTeH YSICHHTb ceGe He-
Tpyano. Jlepasi uacTb (5) MpHHHMaeT 3HAaUeHHE u B TOM H
TOJIbKO B TOM CJyuae, ecjd HaH A (x) UCTHHHO JJIsi BCEX X,
Had ke ecad C ucrunno. Ecam mo Kpafined Mepe OZHO H3
3THX o6cTOsiTe/bCTE HMeeT Mecto, T0 A (x)\/C Oyner HMeTb
3HaueHHe u AJa BCe€X X, T.€. HCTHHHO BBbICKa3biBaHHE
vx (A (x)\/C). Ipexnonoxum Hao6opor, uto yx (A(x)\/C)
HMmeeT 3Hauende u. Ecaum npH aToM CP=u, TO M JIeBasl 4acTb
uMeer 3pavenue u. Ecan xe C=4, To popmyna yx (4 (x)V
\/C) Moxer ObITb HCTHHHOH TOJbKO B TOM cCJyyae, KOraa
A (x) npHHHMaeT 3HauenHe u Jaa Beex x. Jlepas 4acTb MpH-
HHMaeT Tp¥ 5TOM ONATb 3HayeHHe u. AHAMOrHYHO IOKa3bl-
Baetcs (6). )

3aMeTHM Tenepb, uTO0 0GO3HaueHHe NEPEMEHHOH B mpe-
gukate A (x) npoussonbHO H uto YxA (x) M yyA (y) —
paBHOCHJIbHbE BbiCKasbiBaHHsA. CJe0BaTe/NbHO, COrJIaCHO
paBHOCHJBHOCTH (D) MBI MOMKeM YTBepXKJaTh CJENYIOLLYIO
IENOYKY PaBHOCHIBHOCTEH:

VAV v xBx)=vx4A(x)VvyB )= |
- =vi(AWVVBEH=vVxvyAxYBE),

T. €. HMeeT MeCTO paBHOCHJ/IbHOCTDb

© yxA@)VvyxBE)=vxvy(Ax)VB(@) @)
H aHaJOTHUYHO BBIBOIHTCH paBHOCH.anOCTb

gxAATxBx)=3x3y(AX)AB©®). (8)

Pasnocuabroctd (7) # (8), KaK Mbl BHIHM, NO3BOJISIOT B He-
CKOJIbKO HHOH (OpMe BHIHOCHTb KBaHTOPH 3a CKOOKH.
I[TpHBeseHHblE PABHOCHJBHOCTH TO3BOJSAIOT JMOGbIM BHIpa-
MEeHHSIM JIOTHKH TNpeIHKaTOB COMNOCTAaBJATb DaBHOCHJbHbIE
¢OpMyJIbl HEKOTOPOro CTaHAAPTHOrG BHJA, TAaK Ha3blBa€Mbie
npedeapennsie HopMarbHbie Gopmbl. DTHM TEPMHHOM 0603Ha-
4aioT QOPMyJIbl, y KOTOPBIX BCE KBAHTOPH BbIHECEHB! BIEPEL.
Boasiee TOuHO, HOPMyJIEl B NpeABapeHHOH HOpMasbHOH Qopme
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HMEIOT BHJ ’
)llxl)[:xl M )‘rxrgt(xv xp reey xr):

T2€ M;,--+, M, MOT'YT GHITb KaK KBaHTOpaMH BCEOGLIHOCTH, TaK
W KBAHTOPaMH CymecTBoBanHs, a A(xy, X3, ..., X,) — BhIpa-

KCHHE, COCTOSIIEE U3 MPEAHKATOB OT NMEPEMEHHBIX X1, Xg,...
-++»X, (OHH MOTYT COZIepKaTh, KPOME TOFO, H Apyrue nepemes-
HbI€), CBA3aHHBIX MexJy co6oH ToabKO 3HaKaMH omnepanui
JIOTHKH BHICKa3bIBaHUil. ) : ,

Mur e Gynem nokasmBath B o6meM BHze TEOpeMy O TOM;-
UTO JJIs1 BCAKOTO BBIPaXKEHH sl JIOTHKH NPEIHKATOB CyLIECTBYeT
‘PaBHOCH/IBHOE €My BEIPaXEHHE B IIPeBaPEHHON HOpMaJib-
HOil opMe, a NoOsACHHM 3T YTBEPKICHHE Ha OJHOM MNpHMepe.

Ilycte nana dopmyna -

XV YA »)VIvxayB(x, y).
CHavana ¢ mOMOWIbIO 3aKOHOB Je Moprana MoxHO BhiHecTH |
KBaHTOPH 3a 3HAK OTPHIAHHSA:
dxvyA(x, )V Ty x3yB (v, y)=
=dxvyA(x y)Vaxvy1B(x, y).

Teneps corsnacuo (2) MoxkHO BhiHecTH KBaHTOp CymecTBoBa-
HHA 3a CKOOKy: . '

AxvVyA W YVaryy1B( 4=
. =dx(VyA(x 9Y)Vvy 1B(x, y)).

Inst Toro uto6m BHIHECTH KBAHTOPbl BCEOOLIHOCTH, HYXKHO -
NpeLBapUTE/ILHO NEPEHMEHOBATh NIEPEMEHHEbIE; ‘

dx(VyA(x, NVvyTB(x y)=.
=g4x(VyA(x, Y)Vvz1B(x, 2))=
=4rVY(AE, »)Vyvz 1B (x, 2)=
=dxVyvz(A(x, )V B (x, 2).
Hocregnsas dopmyna yme umeer npe1BapenHyio HOp-
MajbHYI0 (opMy.
OxonyaTesbHO noOJTyuaem
BxvyAx, )V ITvxayB(x, y)=
o =dxvyvz(A(x, )V 1B (x, 2)).
AHasoruyso NOCTYNaloT H B o6WwéM cayuae,
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§ 5. CyxpueHua M CHJIOTH3MBl

B mHacrosmeM naparpade Mb XOTHM [MOKa3arThb,
KaK B paMKax COBpeMEHHOH JIOTHKH. IpeIHKaTOB ONHChIBaeTCA
apHCTOTeJIeBCKasi TEOpHA CYXKAEHHH H CHJJIOTH3MOB, HJIH,
KaK Mbl GyZieM Ha3biBaTh €e, apHCTOTeNIeBCKas CHJJIOTHCTHKA.
DTa TeopHA HMeeT OTrPOMHO€ HCTOPHYeCKOe 3HaueHHe, TakK
KaK OHa SIBHJIaChb MEPBLIM NPHMEPOM CTPOro MNOCTPOEHHOH
(hopMaJbHO-JTOTHYECKOH CHCTEMbl. B TeueHHe JBYX ThiCHYe-
JEeTHH — BIVIOTh A0 BO3HHKHOBEHHS MaTeMAaTHYECKOH JIO-
IHKH — OHa OhlJla MO CYINECTBY H €JHHCTBEHHBIM DPa3/IeIoM
dopManbHoit JorHkH. Eme Ha pyGexke XIX B. neMeukuit
¢dumocod M. Kaur cuntas, uto Bee CyuiecTBeHHOe, YTO BoOGIIe
MOXKeT GHiThb CKa3aHO O 3aKOHaX (JopMaJibHOM JIOTMKH, ykKe
6LUIO CKasaHo ApHCTOTeJEM H YTO TeM caMbiM (opmajbHas
JOrHKa B HEKOTOPDOM CMEICJle MepTBas, HepasBHBAlOIlasACH
Hayxa. [IpaBga, HyXHO OTMETHTb, YTO JIO'HYECKHE HCC/IENO-
BaHHA APHCTOTe/s H ero nocjefoparesefi He HCUepNHBAIOTCA
TeOpHell KaTErOPHUECKHX CYXKAeHHH H cHorusmos. MM u
ero yueHukom TeodpacToM ObVIH 3aJI03KEHB! OCHOBBHI TEOPHH
TaK Ha3HBaeMbIX MOAAJIbHHIX CyXAeHH#H # cHijordsmoB. Ho
STOT pa3jesl JIOTHKH O CHX IOp He JOCTHT TO# CTENeHH 3aKOH-
YeHHOCTH M CTPOTrOCTH, KOTOpafi XapaKTepH3yeT TeopHio
KaTerOPHUECKHX CYMKJeHHH H CHJIJIOTH3MOB').
BosuHkHOBeHHe H GypHOe pa3BHTHE MaTeMaTHUYECKOH
JOTHKH, Hayaplleecfl ¢ CEpefHHbl NPOILJOro CTOJETHA, MOJ-
HOCTBIO OMPOBEPIVIO TAKOE MEeCCHMHCTHYECKOE MHEHHE, BhLIBH-
HYB HOBYiO IIHPOKYIO NpPOGJEMaTHKY AJA JIOTHYECKHX HCCJe-
nosauufi. Cerofina Ge3 npeyBeJHUEHHA MOXKHO CKa3aThb, 4TO
Mbl HaXOJHMCSl He HAa KOHEYHOM 5Talne, a B HayaJjie IHPOKOIo
pasBHTHA HccaefoBaHHd GOPMaJbHLIX 3aKOHOB JOrHKH. Ho
Jaxe B y¥Xe XOpouo pa3paGoTaHHOM YaCTH MaTeMaTHUeCKOH
JIOTHKH apHCTOTeJeBCKasi CHIIOTHCTHKA NpefcTaBaser cofoi
HeGOJIBIIYIO H AOBOJLHO 5/I€MEHTapHYIO 4acCTh, OTHOCALLYIOCH
K JIOTHKe NpefHKaToR H — Gojiee TOYHO — K JIOTHKE OIHO-
MECTHHIX NpeJHKaToB. TeM He MeHee H CeroJHs MHOIHE cre-
IHAJHCTH JIOTHKH BCE BHOBb H BHOBb BOSBpAILlalOTCH K KpH-
THYECKOMY pa36opy KJIaCCHUECKOro Hacseans ¢opMajbHOH
JIOTHKH, 32JI0XKeHHOH ApHCFROTeNeM, H K BHACHEHHIO TOTO,
KaKoe MECTO OHO 3aHHMaeT B COBPEMEHHOH JOrHke. Taxue
1) O MozanbHOM JIOTHKe M BaXHEHAWHX pesysnTaTax B 5TOM obnac

TH MOXHO NpPOYHTaTh B crathe «Mojanpuas JOFHKa», HanégaTaHHOM B
II1 Tome «PuiaocoPckoii SHUHKJIONELHHD, :
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HCC/IeIOBAHHS HECOMHEHHO BaXXHH J/Ifi NOHHMAaHHS HCTODH-
YeCcKoro pasBHTHA (OPMabHOH JIOTHKH. )

Hama sagaya Gosee ckpomHa. TeOpHIO KaTeropHyecKHX
CYXJICHHH H CHJJIOTH3MOB Mbl DaCCMOTPHM Kak NpDHMEp NpH-
MEHeHHsl MOHATHH JIOTHKH npepukaToB. [ist GoJee AeTasp-
HOTO 3HAKOMCTBAa C 3THM Das3Je/oM MBl OTCHIAEM YHTATEJs
K OGIIHpHOH JHTepaType no sToMy Bompocyl). Hysmuo cpasy
e TOAYEPKHYTh, YTO Ta JIOTHYECKas CHCTEMa, KOTOPYIO MHI
Ha3LIBa€M apPHCTOTENIEBCKOM CHJJIOTHCTHKON, B TOil opme,
KaKk Mbl ee OyJeM HanaraTh, B JEHCTBHTENLHOCTH HE COJEp-
XHTCA B TpyAax ApwHcrorens. CoBpeMenHas GopMa apHCTOTe-
JIEBCKOH CHJIJIOTHCTHKH SIBJISIETCS] Pe3YJIbTATOM PaGOThl MHOTO-
YHC/IEHHBIX KOMMEHTaTOPOB M nocJjejoBaTesell ApHcToTens:
APEBHETPEUECKHX, ADEBHEPHMCKHX, apaGCKHX H CpeJHEeBe-
KOBBIX JIOPHKOB. CHJIIOTHCTHKA ADHCTOTe/Ns 3a4acTyIO HA3H-
BA€TCsl NMPOCTO MPAOUYUOHKOL hopmarbHOl r02uKOl W TIPO-
THBOTIOCTaBJ/ISI€TCS] COBpEMEHHOH (opMaJbHOM JOTHKe, BO3-
HHKie# B XIX B. H Gasupywowmeiica Ha MaTeMaTHYECKHX
meronax. HyXHO oTMeTHTh, uTO BrjoTh 10 XVII—XVIII BB.
3HaHHe TPAJHIHOHHOH (OpMa/sbHOH JIOTHKH CYHTAJOCh He-
OTBHEMJIEMOH YaCThl0 BCAKOTO 06pa30BaHHS H 3aHHMAJIO B HEM
NIPHMEPHO TO K€ MECTO, KaKOe CerofHf 3aHHMaeT 3JEeMEeH-
TapHas MaTeMaTHKa. B fanbHefiiieM TpaJIHunMOHHAs JOTHKa
CTa/la OTCTYNaTb Ha 3aJHHH NJaH, yCTynas CBOE MECTO ecTe-
CTBEHHHIM HayKaM H MaTeMaTHKe.

B apucTOTe/1eBCKO# JIOTHKE pacCMaTpHBaJIOCh YeTHpe BHAA
TaK Ha3blBa@MBIX KAMe2opudeckux cymncoenuil:

1. «Bce S cyte P» — oGueymsepdumensroe cywcdetiue.

2. «Huxkaxkoe S ne ectb Py — obujeompuyamensroe cymic-
Oerue.

3. «Hekoroprie S cyTe P» — wacmroymeepdumensroe
cyxcoenue. .

4. «Hexkotoprie S He cyTe P» — wacmuoompuyamensrioe
cyxcOerue.

CorniacHo 1aBHO YCTaHOBHBILEHCS TPajHUMH TPHHATO
3TH YeTHIPE THNA CYXKJEHHH 0603HAYaTh 3arJaBHHEIMH JaTHH-
CKHMH OYyKBaMH: '

A — o0lIEeYTBEPAUTEILHOE CYXKICHHE,

E — o6meoTpHnaTespbHoe CyXIeHHe,

1} Unrarenam, Gojee NOAPOGHO MHTEPEeCYIOLHMCS STHMH Bonpoca-
MH, peKoMeHZyeTcsl oGparhtbest K KuHre: $I. JIy k ace B u u, ApHucro-
TEJNEBCKAs CHJJIOTHCTHKA € TOUKHM SpeHH$ COBPeMEHHOH (opManbHo#
Joeruku, WJI, 1959,
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I — 4yacTHOYTBepAUTe/IbHOE CYXKJICHHE,

O — YaCTHOOTpHLATENbHOE CYXKJACHHE.

CyxaeHusl JeJU/IH, BO-ePBHIX, «n0 KauecTBy»: 1) A, /] —
ymeepOumenvrvie cyxedenus, 2) E, O — ompuyameabroee
cyoicdenus; BO-BTOPHIX, «NO KoJuuecTBy»: 1) A, E — obujue
cyxncdenusn, 2) I, O — uacmnoe cyxcoenus.

PaccMoTprM Bce uYeThIpe THHMA CYXAEHHH HECKOJbKO'
6osige NOAPOGHO.

O6meyTBepAuTedbHOE CyXR geHHe: «Bece
S cytp P».

[IpuMepaMi MOTYT CJYXKHTh Clefylolye cyxaeHHs: «Bce
pPHIGE — KHBOTHBIE», «Bee moau cMepTHRHI», «Bce kxBajpaTh —
TP IMOYTOJIbHUKH» U T. A. .

CMmbica cyxkpaenusi «Bce S cyTb P» COCTOMT B TOM, YTO
HEKOTOpHIH KJacc OOBEKTOB S COAEpPKHTCS B HEKOTOPOM
KJacce 00BeKTOB P: KJacC Bcex pol® CONEPIKHUTCS B KJacce
BCEX MKHBOTHHIX, KJacC BCex JIIOJeH COJepKHTCS B KJacce
BCEX CMEPTHBIX CYINECTB, KJacC BCEX KBaJApaTOB COAEPIKHTCSA
B KJlacCe BCeX NpSAMOYTOJbHHUKOB H T. J. OGBEKTH KJ/accoB S
1 P HaspiBalOTCS TepMHHaMHU CyXJeHHs. B nmepBoM CyxXAeHHH
TEDMHHAMH GYAYT «pBIGH» H «KHBOTHBHIE», BO BTOPOM —
«TIOAH» U «CMepTHHE (CYLIeCTBa)», B~TPETbeM — «KBaApaThl»
H «1p IMOYTOJIbHHKHY. _

Cyxnaenne «Bce S cyTe P» — dopMa BriCKa3biBaHHi, a
S u P — nepemennoie, BMECTO KOTOPBIX HYXKHO NOJCTaBHThb
KOHKDETHHIE mepmunsl («pbiObl», KHMBOTHBIE» H T, 1.) A
TOro, YTOOGH NOJYYHJIOCH BHICKa3plBaHHE — HCTHHHOE HJIH
JoxHoe. Ho, KaK Ml yKe 3HaeM, KJacChl OOBEKTOB OJHO-
3HAYHO COOTBETCTBYIOT OJHOMECTHbIM NpejHKaTaM, oOmpeje-
JEHHHM Ha COBOKYNHOCTH BCex OOBeKToB. Kisacc «prG»
COOTBETCTBYET MNpERHKATY-CBOHCTBY «ObITh pHIOOH», a KJacc
@KHBOTHBIX» — TPEAHKATy «GbITh KHBOTHBIM». Y TBEPKJEHHE
«Bce S cyrr P» B TepMHHax mpeIMKATOB €CTECTBEHHO
NOHHMAaTh TakK:

Kak To/IbKO HEKOTOpH# OGBEKT x O6Gnafaer CBOHCTBOM S
(T. €. S (¥) HCTHHHO), TO OH TaKxke O6Jajaer CBOWCTBOM P
(r.e. P (x) HCTHHHO). DTO YTBEPKIEHHE 3aNMHCHIBAETCS
C HCNIO/Ib30BAHMEM KBaHTOPA BCEOGLIHOCTH, OYeBHAHS, Tak:

V % (S(x) — P (x))
(«A1sa BCeX X, ecJH x o6jajaer cBoiicTBoM S, To x o6/ajaeT
cBoiicTBOM P).
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- O6cyxfienre TpeX OCTaJIbHbIX THIOB CYMICHHH MBI MOXKEM
MPOBECTH GoJlee KPATKO, TaK KaK GOJIBIIHHCTBO COOGpasKeHHI
BIOJIHE aHaJIOTHYHO Y¥e PACCMOTPEHHOMY CJy4Yaio obie-
YTBEPAHTENLHBIX CYKAEHHH. )

O6meoTpHuaTenbnoe cysagenHne: ¢ Hu-
Kakoe S He ecTb P».

IlpuMepamu MOTyT CIyXHTh cysueHHs: «Hukakue PHIGH!
HE SBJAIOTCA NTHHaMH», «HHKakHe KaMHH He SsBJASIOTCA
KHBOTHEIMH», «HHKaKHe TPeYroMibHHKH He SIBJSIOTCH KBaj-
patamu» H T. 1. . -

CMBIC) 061 eOTPHLUATENILHONO CYMACHHS TAKOHR: €CJIH HEKO-
TOpHI# OGBeKT x OOJafaeT cBoHcTBOM S (T.e. eca S (x)
HCTHHHO), TO OH He o6Majaer cBoficteoM P (1. e. P (x)
JIOXKHO). OTO 3aNMHCHIBAETCS CJEAYIOMHEM O6Pa3oM:

V2 (S (¥) — TP (x)).

HacTHOYTBEPAHTENbHOE CYRAEHHe:
«cHexotopue Scyrp P».

IlpaMepamu sBAsIOTCS CJeaylomHe CyxIeHHs: «HekoTo-
prie JoAH kypsmue», «HekoToprie mBeHinapus rosopar
no-GppaHuysckH» (1. e. «HekoTophle mBedlaplsl CYTh roBO-
pAmHe no-¢ppanHuysckd»), <«HekorTopee npocTwie - uncaa
YeTHH» H T. A. VI3 anannsa ynotpeGnenns YaCTHOYTBEpH-
TEJbHBIX CYMICHHH B TpaJMUHOHHON (hOpMaJbHON JOrHKe
BHJHO, YTO CJIOBO «HEKOTOPHIE» B HHX CJEJYET NOHHMAaThb
KaK «no MeHbluedl Mepe omun». B sTOM cmmpicne cympienme .
“ ¢HEKOTOPLIE NPOCTHIE YHCJA YeTHHIE» — HCTMHHO, TaK Kak
OIlHO NPOCTOE YHCJIO, a HMEHHO 2, YeTHO. YacTHOYTBep [HTe b~
HOMYy cyxaennio «Hekoropwe S cyte P» cooTseTcTByer
caenyomas dopMmyaa: "

xS () AP (x))

(«CymecTByer Takol O6BexkT ¥, obsajalomui cBOACTBOM S,
KOTOpbifl Takxe 06sajaeT CBOHCTBOM Py).

YacTHoOTpHULAaTedAbHOE CyXJeHHe:
«cHexoTopre S He CyThr P».

[lpuMepamn sBasIOTCS crenyiomue cyxaenns: ¢Hekoro-
PHI€ JXHBOTHLHIE HE JBILUAT JIETKHMH», «HekoTopnie IpHOBI
HeCheloOHbI», «HeKOTOpEle TpeyroJbHHKH He paBHOGez-
pPeHHH» H T. JI.

ITO CyKJAEHHE 3aNHCHIBAETCS TaK:

TS EATP(x)
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(«CymecTByeT Takoil 06bEKT ¥, KOTOpBIH 06/1aJiaeT CBOMCTBOM
S H He odnanaer cBOficTBOM P3).

C noMompio H3BECTHBIX HaM MNPaBHJ npeodpasoBaHHﬂ
KBaHTOPOB IOJIE3HO NPeo6pa3oBaTh 3aNHCh OBIHX CYKAEHHH
TakK, YTOObl B HHX BMECTO KBaHTOpPa BCEOGLIHOCTH Y4aCTBOBAJ
KBaHTOpD CYIIECTBOBAHHA. AHAJIOTHYHO YaCTHOYTBEPIAHTEJb-
Hble CYXKJEHHS MOXHO 3alHCAaTh C KBaHTOPOM BCEOGIIHOCTH.
Hanpumep, ans oOmEyTBEPAHTENLHOTO CYXKACHHS

Vi(A@)—Bx)=TaxT(1AX)VB(x)=
=3 x (A8 (x)).

Htak, Mb HMeeM cielyloine BHpaXeHHs: KaTeropHYeCKHX
CYXKIEHHH B JIOTHKE TIpeIHKaTOB:

) A:yx(S(x)—Px)="TFx(SHA TP (r));
2) E:xyx(S(x)— TP (x))="13x(S() AP (x));
3) Iy x(SH)—TP () =3xS K)AP (%)
4) 0:Tvx(SE) —P () =3 xSEATP (x).

M3 sTHX 3anmHcell HENOCPEACTBEHHO YCMaTpHBaeTcs psf
OTHOLUEHHH MEMY CYXKICHHSMH. OTH OTHOIUEHHS MOAPOGHO
H3yYyaJIHCb B TPaJHIMOHHOH JIOTHKe.

B3akoHH OTpHILaHH A Cyxdenus A u0, a makxe
cyxcoenus E u I seasomes ompuyanusmu Opye Opyea. Kax
FOBOPHJIOCh, OHH HAaXOAATCS B OMHOUIEHUU NpPOMUBOpedUs
dpye K Opyey.

M3 nepecTaHOBOYHOCTH OnepalHH KOHBIOHKLHH Clleflyer,
yto cyxkaexHs E # | ponmyckaloT obpauenue.

3akoHn o6pameHHs:

TaxSWAP @) ="Tax P A SE)

(«Hukakoe S He ecTh P» HCTHHHO TOTAa H TOMIBKO TOrja, KOrja
HcTHHHO «HHkakoe P He ecTh S») H

IxSWAP(N=7x(P *)A\S (%))

(«<Hexoropbie S cyTp P» HCTHHHO TOr[a H TOJNbLKO TOTAa,
Korja HCTHHHO «HekoTopeie P cyTh S»).

HyxHo ckasaTb, YTO B TPaAHLHOHHOHN JIOTHKE CyXIeHHH
YCTaHaBJIHBAJICS PS4 APYTHX OTHOIICHHH MeX1Y CYXKICHHIMH,
HMEIOIHX BHJ HMIVIHKalMH HJH, TOYHee, BHJ JIOIHYECKHX
caefoBaHHl. A HMEHHO:

a) ecau «Bce S cyTh P» HcTHHHO, TO «HekoTophie S cyTh
P» HCTHHHO;
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6) ecim «Hukakoe S He ectp P» ucTHHHO, TO «HekoTophie' S
He cyTb P» HCTHHHO; )

B) eciu «Bce S cytb P» uctunno, o «Hukakoe S He ecTh
P» noxHo;

B') ecau «<Hukakoe S He ecTr P» HCTHHHO, TO «Bce S CyThb
P» noxHo; .

r) ecnu «Hekoropsie S cyTh P» JIOKHO, TO «Hexoroprie S
HE CYTh P» HCTHHHO; ‘

r') ecau «<HekoTtopeie S He cyTh P» JIOKHO, TO «Hekotopnie
S cyTh P» ucTHHHO;

a TaKKe Cjelylomue 3aKoHbl 06paleHus:

1) ecau «Bce S cyTh P» HCTHHHO, TO «Hexoropsie P cyth
S» HCTHHHO; .

') ecan «Hukakoe S He ecTb P» HCTHHHO, TO «Hekotophie
P ne cytp S» ucrunno. , , .

Kak Mbl CKOpO yBHIHM, Bce 5TH 3aKOHH a) — &) pas
KAaTCrOpHYECKNX CYMKIEHHH, ONHCAHHHIX (opMyaamu 1)—4),
He uMeioT Mecra. He cienyer, koneuno, iymats, uto Apucro-
TEJIb H €70 NOC/IeJ0BATE/IH OLIKGA/IHCh, KOTla OHH YTBEpKAaMH
3TH 3aKOHH. CyTh JieJla B TOM, YTO TPajAHIMOHHOE NOHHMA-
HHE CMBHIC/IA CYXK/JEHHH HECKOJIBKO OTJIHYaaO0Ch OF TOrO, KO-
TOpoe onpefeseno gopmysamu 1)—4). A uMenHo, B Tpajiu-
UHOHHOH JIOTHKE BO BCEX CYXKJEHHSX HESBHO MpeAnojara-
JI0Ch, UTO TEPMHHH BCErJa COOTBETCTBYIOT HEnycmuim KAiaccam
OGBEKTOB HJH, HHAYE T[OBOPSA, NPeIHKATH S(x) u P(x)
HE MOTYT ObITh TOXAECTBEHHO JOMHHIMH. [IOSICHHM 3TO mo-
JIOXEHHE Ha NpHMepax.

BosbMmeM B kauectBe S yacTo ynotpe6isieMpiii npuMep ny-
CToro xsacca «koponu Ifsefinapun». (HyxHo, KoHeuwo,
3HaTh, yto IlIBefinapus Hukorga xoposeit He uMeja.) Ecau
oGosHayaTh uepes K(x) mpegHKaT «6HTh Koposem Ilseii-
uapun» (a uepes K — kaacc «koposieit [Isefinapuun»), TO
K(x) — TOXIECTBEHHO JIOKHBLIA npeaukar (a K — nycroi
knacc). OGosHauuM uepes M (x) KaKOH-HHOYIb OCMHICJIEH-
HbI TNPEHKAaT, HATIPHMED <HOCHThH Gopoay». Toraa B nownu-
MaHHH TDAAMUHOHHOH (OPMaJbHOM JIOTHKH — H, HYKHO
NPH3HATh, B NPHHATOM NOBCEAHEBHOM YNOTPeGIEHHH f3bi-
Ka — BCe HHUKECJEAYIOUHE CYKIECHHS:

A — «Bce koponu Ulsefinapuu mocuau Gopony»,

E — «Hukako#t kopoab llBefiuapuu He HOCHJ 6OpOJEIN,

I — «Hekoroprle Kkopomu IlBefinapuys Hocunu Gopopy,

0 — «Hexkotoprie koposu UlBeiiuapun He HOCHIH 60POLHIN—
.BOCIIpHHHMAIOTCS KaK JIOXKHbE BLICKA3bIBAHHA, . -
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Mexny TeM B TOH HHTepNpeTaUHH CYXIeHHH Ha s3bIke
JIOTHKH NPEJHKATOB, KOTOPYIO Ml NPEIJOXHJIH, 062 NepBbIX
cyxuenns (obuie cyxkpaeHus A u E) ciepyer paccMaTpHBaTh
KaK HCTHHHHE, MEXJIy TeM Kak 06a MOCAeAHHX (YacTHbIE
cyxnendsi I u 0) — kak JoxkHele. [leficTBHTe/bHO, HMeeM

T2 x (K (A TM(x))

(«He cymecTByeT Takoro o6bekTa x, KOTOpbIi 6611 66 KOPOJIEM
Ulpefinapun H He HOCHJ GOpOABI») HCTHHHO, TAK KaK KOposeH
[IIseituapun BooGuie He Gbl10. AHaJOrHYHO

Tax (K (x) AM (%))

(«He cymecTByeT Takoro o6beKTa ¥, KOTOphId bl 6b1 KOpOIEM
[Ipefinapau H HOCHJ 6GOpOALY») HCTHHHO ONSATH-TAKH B CHJY
Toro, uto KopoJeil LlBefinapun ne cymecrsoBajo. Hrak,
B HallleM NOHHMaHHH NPH KOHKPETHHIX npepHkaTax K(x)
«6piTh  KOposieM IlIBeiinapuu» H M (x) «HOCHTb GOpOZRY»
o6a cyxknenust A H E HCTHHHBI BBHAY TOXJECTBEHHOH JIOXK-
HOCTH npeinkaTa K(x). Herpyano yGeiuThCS B TOM, UTO /s
3THX KOHKPETHHX NpeIHKaTOB YacTHele cyxuenus I u O
JOXHH (KaK H B TPagHUHOHHOH JorHke). IledcTBHTENLHO,
3anHCh OGOMX CYXKIEHHH HauWHAeTCs C KBAaHTOPa CYLIECTBO- .
BaHHsA: «CyIECTBYET TaKoH OGBEKT X, UTO (B NEPBOM CIyyae)
S (x) u P (x), a (Bo BTOopoM cayyae) «S(x) H He P(x)».
Ho 3T0 J0KHbBIE BHICKa3hIBaHMS, TaK KakK /s JAHHOTO KOH-
KPETHOro TepMHHa «koposH LlIBefilapHu» yxe nepBpiHl yjeH
KOHBIOHKIHH JIOXeH IS BCAKOro OOBEeKTd X.

BrlllenpHBeIEHHEIE 3aKOHb TPaAHIHOHHOH JIOTHKH a) —
I') A5 JaHHBIX TEPMUHOB He BHINOJHAIOTCA. TaM roBOpHTCS,
HanpHMep, 4To ecH «Bce S cyTh P» HCTHHHO, TO «HekoTophie
S cyts P» uctHHHO. Ho B HallleM NOHHMaHHH LS paccMar-
pHBaeMbix npeaukaros «Besikoe K ecte M» HeTHHHO, «Heko-
Topoe K ecTb M» JIOXKHO H, C/I€J0BATe/bHO, BCS HMIIHKALHA
JIOXKHA.

ITono6HEIM 3Ke 06pa3oM JIOXKHOH OKa3biBaeTcsi HMIJIHKa-
uns; ecad «Hukakoe K He ectb M» HeTHHHO, To «Hexoropbie K
He CyTh M» HCTHHHO. 3/leCb ONATh AHTELENEHT HCTHHEH, a
KOHCEKBEHT JIOXKEH.

PaccMoTpenne JaibHEMIUHX HMIJHKaUHA a) — ') s
cayyast myCTOro Kjacca S Mbl NPEJIOCTaBJisieM YHTAaTeJo.

He cienyer ayMaTb, UTO HEBbINOJHeHHE 3aKOHOB @) —
A') TpH HalleM ONHCAHHH CYXKJICHHH B TEPMHHaX JOTHKH
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NPEJHKaTOB CBHIETENLCTBYET O HEAOCTaTKAaX JIOTHKH NpeqH:
KaToB. B TepMHHAX JIOTHKH NpeIHKATOB COBCEM HETPYAHO
BLIDA3HTh KAaTErOpHUYECKHe CYXJEHHH TaK, Kak HX MOHHMAJIH
B TpaJHUHOHHOH JorHke. s sToro focTatouno B dopMysaax
1)—4) n06aBHTL KOHBIOHKTHBHBHIE UY/I€HbI, obecrieynBalomue
CylIeCTBOBaHHe 06BEKTOB B KaaccaX S H P. TakuM o6pasom,
MBI noJTy4aeM CreayioiHe GopMyss, Gosee TOYHO Nepenalo-
IUHE CMBICT CYXJIeHHH TaK, KaK €ro NOHHMaJH B TPajHIHOH-
HOH JIOTHKe! :

1) A:agS@ATZP QA TaXSE®ATP ()
2) E:asSWAazP @A T3 *(SMAP ().

Jlo6aBneHHe KOHBIOHKTHBHBIX YJIEHOB AJif cjlyyasi 4acTHoO-
YTBEDAHTE/ILHOTO CYsAeHHS | H3NMHIIHE, TakK KaK KBAHTOP
CYIIECTBOBAHUSA B QOpMyJie 3) yKe 0GecneynBaeT HEMyCTOTY
o6onx kmaeco S u P, lns yacTHooTpHuaTeNbHOTO CyXIeHH s
O neo6xoaMMO J0GaBHTh KOHBIOHKTHBHHIH WJeH 2P (z),
4TOGB O0eCneyHTh HemyCToTy Kaacca P. Hrtak, Mu nosyuaem

3) 1:3x (Sx)A\P (x)); ‘ .
4) 0: g3 x(SWATP () AF 2P (2).

Bynem HasmBaTth dopmyan ') — 4') sanucamu Kamezopuue-
ckux cyxdenuldl 6 mpaduyuonnom nonumanuu. Las HHX,
KaK HETPYAHO NPOBEPUTH, _ACHCTBHTEJNLHO BBLINOJIHAIOTCH
BLILICIIDHBEIEHHbI® 3aKOHBE a) — 1). TIpoBepKy MoXHO mpo-
BECTH HJIH COAEpXKaTeNIbHO, HJIH HCNONb3YS 3aKOHB! JIOTHKH
npennkatoB. IlpoBepuM, HampHMep, NMEPBYIO HMILTHKALHMIO:

(VxSE)—PENATYSOAT2P @) —TtSHOAP ()

(ecan «Bce S cyTb Py, To «<Hexoropsie S cyTe P»). Cogepxa-
. T&JIbHO MOXHO paccyXaath Tak: qyS(y) o3HayaeT, 4To Kjacc
S we mycr. Ilycts U — KaKOH-HHOY/b 06BEeKT, BHINOMHAIOMHHN
S (1. e. S(u) HCTHHHO), HO Tak Kak vx(S(x)—P(x)),
10 S (u)—P (u) H, cregoBaTesbHO, P () HcrHHHO
(cormacHo  modus ponens): CiaegoBaresbHo, S (WN\P(u) -
HCTHHHO, a, 3HauHT, Yx(S(x)/\P(x)) HCTHHHO, T. e.
uMmeer mecro I.

PopMa/NbHO MOXKHO MPOH3BECTH CJIELYIOLLYIO LIENOYKY
npeo6pa3oBaHHil:

AP @NTYSWAV *(S(x) — P (x))=
=4zP ()Aayvx(S GNAS () — P (1))
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.

Ho MBI ye BHEEJH, YTO /151 KBAHTOPOB HMEET MECTO CJENyIo-
ass HMIIHKanMs:

Ay v xC(x, y)~>3yC(y, y)-
3HayHT,

2P @ANTYy v 2 (SHA(S (%) — P (x))) —
—FYV*(SHYAES (*)—P (¥)) —

—IZYSWASH—PYN—a 9 SWACSHV Py)) —

=AY SONANTSOIVSWAP N —AySHAP )Y

AHaJZIOTHYHO MOXHO NPOBEPHTH H JAPYrHe 3aKOHH a) — 1).
Mul Ha 3TOM OCTaHaBJ/IHBaThCH He GYJeM.

Ocraercs eme OJHO HECOOTBETCTBHE C 3aKOHaMH TpajH-
HHOHHOH JIOTHKH. EcaH Bce cysXJeHHS C ITyCTHIM TEpMOM CUH-
TaTh JIOXKHLIMH (HalpHMep, Bce CYXKJCHHST OTHOCHTE/IHO «KO-
poneit lllBefinapHH»), TO OKa3blBaeTCs, YTO CYXKICHHS A H
O, a Taxxke E u | He BCerja ABJSIOTCS OTPHUAHHSMH APYT
Apyra. 3aKOHH OTPHUAHHS, KOTOpHIE YTBepXKJana TpajH-
HHOHHAS JIOTHKa, He BHINOJHAIOTCS. EAWHCTBEeHHHH BHIXOZ,
KOTOPHIH HamnpaliHBaeTCsA, COCTOHT B TOM, YTO ¢paskl C Iy-
CTHIMH TepMaMH (Bpojie «Bce koponn IllBefinapuu HocHAU
Gopody») cnenyeT B TPaAHHHOHHOM INOHHMAaHHH CYHTAaTh He
JIOXHBIMH, a OCCMBICIEHHHIMH CJIOBOCOUYETAHHSIMH H TeM
CAMEIM HE OTHOCHTh K CyXJeHHAM. [lo-BHIHMOMY, TaKOH nox-
XOJl Jyylle BCero mnepejaeT TOYKY 3pEeHHs TpaAUIHOHHON
tdopManbHOfl OorHkH. Ho HYXHO CKa3aTh, UTO MaTeMaTHye-
CKasl JIOTHKa O MHOTHM IpHYHHAM MNPeANOYHTaeT He CTAHO-
BHTbCSl Ha TOUKY 3PEHHs, COIJIaCHO KOTOpOH BhHICKa3bIBaHHA,
B KOTOPBIX MOT'YT y4aCTBOBAaThb IYCTHIE KJIAaCCH, HCKJIOYAIOTCS
H3 pacCcMOTpeHHs. B MarTeMaTHKe OCOGEHHO wesecoo6pasHO
paccMaTpHBaTh ITyCThie MHOXKeCTBa HapaBHE C HENYCTHIMH,
Hanpumep, B anre6pe Mbl FOBOPHM O MHOMKECTBE BEIIECTBEH-
HBIX KOpHe#l MOJHHOMOB C BEIIECTBEHHHIMH KO3(h(dHIHEHTaMH,
Mexny TéM, Kak XOPOILO H3BECTHO, HE BCE NOJHHOMBHI JAefiCT-
BHTEJIbHO HMEIOT BEIIECTBEHHbIe KOPHH. TeM He MeHee Mbl ro-
BODHM H pPacCy}XJiaeéM O COBOKYITHOCTH TaKHX KOpHel, BNoOJHe

1y Mon A;—+A,—...—>A, Mu nounMaem dopmyay (A,—~A,) A(A,~.
+AJQA-- A{Ay_;—A,). B cuay TpaH3NTHBHOCTM HMNJHKAUWH (IJI.
11, § 2) sra popmyna pasaocuanHa A;—+A,. [losToMy B Nenoyke HMIJIH-
KanHi MH Bceria MoXeM JeJarh 3akiaioyeHue OT nepBoll GOpMymsH K
nocaeptell. TouHo TaK e MOXHO paccMaTpHBaTh M LENOYKH 3KBHBa-
aenthoctell BHAA A\~Ay~...~A, (lpum. ped.)
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oTAaBasi ceGe OTUET B TOM, UTO 3Ta COBOKYNHOCTh MOXKET OKa*
3arscsa nycroil. M ato JaJIeKo He eHHCTBEHHbI! npHMep. Bee
pasBHTHE COBPEMEHHOH MaTeMaTHKH NOKa3blBaeT, YTO JOmYy-
IIEHHEe NYCTOrO MHOMKECTBA B Kaye€CTBE OOBEKTa MaTeMaTH-
YECKHX pacCyXJEHHH BO MHOIOM ympollaeT MaTeMaTHUeCKHH
annapaT. B 3ToM cMbicsie BBeJeHHE NMYCTOrO MHOMXKECTBa Ha-
paBHE C HEMYCTHIMH CHITPaJIO POJb, NOJOGHYIO TOH, KOTOPYIO
B CBOE BpeMs cmrpano BBEJICHHe YHCJIA HYJb LA apHpMe-
THKH.

3aMeTHM Takke, UTO H B DACCYX/JECHHAX B [OBCELHEBHON
XH3HH 6osiee 1en1eco06pasHO HE HCK/IOYaTb BO3MOMKHOCTh
NYCTOTH KJAaCCOB T€X OGDBEKTOB, O KOTOPHX Mbl I‘OBOpHM.
BosbMeM, ckaxeM, TaKOe CYXIEHHe:

«HeKOTopre JIIOJIH, HE XHBYIIHE Ha 3eMJie, HOCAT GOPOIbI».
Kaacc A TIOJIEH, HE KHBYIHX Ha 3eMJle» B HACTOSILIEE BPEMS]
NYCT H NO 3TOH NMPHYHHE JaHHOE BhHICKa3piBaHHe JoXKHO. Ho
HaM KajKeTc HEePa3syMHbIM CYHTaTh €ro GeCCMBLIC/JEHHBLIM,
0COGEHHO Ha NMOPOre KOCMHYECKOH 3pbl, KOrJa Mbl C MOJIHBIM
OCHOBaHHEM OXHJaeM, YTO B CKOpPOM GyaymieM KJaacc A yxke
GoJspille He GYJET NMYCTHIM.

Ha 3TOM MBI 3aKOHUYHM Halle 06CYKIeHHE TEOPHH KaTero-
PHUECKHX CYXJEHHH. YC/IOBHMCS, YTO B JajbHEHIIeM NpH
PaccCMOTPEHHH TEOPHH CHJIJIOTH3MOB Mbl B COOTBETCTBHH ¢ TOY-
KOH 3pEeHHs] MaTeMaTHYeCKOH JIOTHKH He GYJAeM HCKJIOYaThb
H3 PaCCMOTPEHHS NYCTHE TEPMHHBI. DYJIeM TakxkKe CUHTaTh, YTO
KareropHueckue cyxuenus A, E, I, O sagaiotcs GopMyaaMu
1)—4) JorHkH npeaHkatoB. B CBSI3H ¢ 3THM pe3yJbTaThl
COBPEMEHHOH TEOPHH CHJIJIOTH3MOB HECKOJbKO OTJIHYHHI OT
pe3yJIbTaTOB TPAIHIHOHHOH JOTrHKH. BrnpoueM, npHHHMas
HOTIOJIHATEJIbHO 3aKOHB! @) — A) (T. €. 3amHCHBasi CyXKAEHHS
B BHIe |’ )—4 )), HETPYAHO BBIBECTH KaK pa3 CHJJIOTH3MHI Tpa-
JMIHOHHOM JIOTHKH. Mpl 3TOro genath He 6yleM, TakK KaK OHH
NPEACTaBJSIOT B HACTOALIEE BPEMS JOBOJLHO MaJjbiil HHTEpeC.

[lepefineM Tenepr K TEOpHH KaTerOpHYECKHX CHJJIOTH3-
MOB. PaccMaTpHBasi TEOPHIO KaTerOpHYECKHX CYKIEHHH, Mpl
yXKe OTMETHJIH DS HMIJHKAaLUHH, KOTOpHie NO3BOJAIOT H3
HCTHHHOCTH HEKOTOPOTO CYKJAEHHS BHIBOJHTH HCTHHHOCTb HJIH .
JIOXXHOCTh HEKOTOpPOro jApyroro cyxkpaends. Ciofa OTHOCATCS
NpHBEJEHHbIE HAMH 3aKOHBI OTPHIIAHHS H 3aKOHBI OOpaIleH s,
KaaccHyeckHe CHJIJIOTH3MBI NPeACTaBIAIOT co6oil HEKOTOpHIE
npaBHJia JIOTHYECKHX 3aKJIOYEHHH, MO3BOJSIOWHAX H3 HCTHH-
HOCTH JBYX CYIEHHH BbIBOAHTb HCTHHHOCTH HEKOTOPOro
TPETbEro cyx(ne}mﬂ .
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CaMbiM H3BeCTHBHIM PHMEpPOM CHJLJIOrH3Ma sIBJISIeTCs CHJI-
Jorusm Barbara:
‘ Bce M cyts P
Bee S cyts M
CJIeZI0BATEJNIBHO,
Bce S cyts P

B nanbHefilueM BMECTO CJIOBa «CJIEJOBATebHO» MH OyeM
ynoTpe6isiTh TOpH30HTANBHYIO uepTy. [IpuBeseHHbIH Bblile
CHJJIOTH3M 3alHIieTcs NpH 3TOM TakK:

Bce M cyts P

Bce S cyts M

Bce S cym P

(«Bce M cytb-P» ¥ «Bce S cyTb M» Ha3BIBAWOTCA NOCHLAKAMU
cusiiorusma, a «Bce S cyTb Py — 3aKanouenuem.)
Hanpumep, .
Bce nTHOBE —XHBOTHLIE
Bce BOpo6bH — NTHIEI

Bce BOpOObH —KHBOTHEIE

3uauenye cHJJI0rH3Ma Barbara ciepyolee: ecjil HOACTaBHTD
BMecto M, P, S KOHKpeTHble TePMHHbI (B HalleM Cjydyae Mbl
MOACTABHJM TEPMHHBI «NTHIbY, «HKHBOTHLIE», «BOPOOBHM») H
eC/IM [PH 3TOM MNOCBUIKH CTAaHOBATCA HCTHHHBIMM BBICKa3bl-
BaHHSIMH, TO MCTHHHO OYZeT H BHICKa3biBaHHe-3aKJ/IOUEHHE.
CusjioruaM Barbara ocHOBaH Ha HMIJIMKALMH:

Ecau («Bce M cymo P»'u «Bce S cymo M»), mo («Bce S
cyms P»).

Sra MMIVIMKAUMs Bceria HCTHHHA HE3aBHCHMO OT TOrO,
KaKHe TepMHHBI IOACTaB/AIOTCS BMECTO nepemeHHnix M, P, S.
Ecau Temepb H3BECTHO, YTO AHTEUEHAEHT 3TOH HMILIMKaUMH
(T. €. KOHDBIOHKIHS MOCHLIOK) HCTHHEH, TO Ha OCHOBaHHH
modus ponens MOXKHO yTBepPXIaTb MCTHHHOCTb KOHCEKBEHTa
(3ak/OUEHHS). '

Bce apyrue CHJJIOTH3Mbl HMEIOT aHAJIOTMUHOE CTPOEHHe.
OHM OCHOBaHBl Ha HMIVIHKaUMAX BHJa

(A\B)—C,

rae A, B, C — KateropHueckne CyXJeHHd, 3aBHCAIIHE OT
Tpex nepeMeHHbIX TepmoB M, P, S. D1H UMIUIHKAUHH TOX-
JIeCTBEHHO MCTHUHHBI, B CHJIy YeTO U3 HCTHHHOCTH KOHBIOHKLHH .
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A/\B Ha ocHOBaHMH modus ponéns MOXHO BHIBOAUTH HCTHH-
HOCTb cyxjenus C. '

Has 6osee noAPOGHOrO ONKCAHHSA CHIJIOTH3MOB MBI JIOJIHK-
Hbl BBECTH DS NOHATHA H OBGO3HAUYEHHI. ’

B CcyxpeHHAX Mbl mepBblii TepMUH GyjeM HaswiBaTh n00-
NEHCAUYUM, BTOPOH — cKa3yembim ). DTO B TOYHOCTH COOTBET-
€TBYET rpaMMaTHueCKOMy oGosHauenuio. Hanpumep, B cyx-
AEHHH «Bce NTHIB — XHBOTHBIE» TEPMHH KOTHIB — MOJ-
Jexallee, CKHBOTHLHIE» — CKadyeMoe; B CyxaeHun «Heko-
TOpbie LIBEHUAPIH FOBOPAT NMO-(PAHIY3CKHy = «HexkoTophie
IWBeANApIbl CYTh TOBOPALIHE [O-PAHIY3CKHY TEPMUH «LIBeH-
Uapubl» — MOJuIeKalliee, «rOBOPSIIHe no-QpaHIy3CKU» —
ckasyeMoe. B cuyiornamax yuactsywor Tpu Tepmuna S, M, P,
HasHIBAeMBIX S — maavil mepmun, M — cpednui mepmun,
P — Goavwwod mepmun. CHNIOTHSMBI COCTOSIT U3 TpPeX CyX-
JieHUH, KamJ0e U3 KOTOPHIX CONEPIKHT [Ba U3 TPeX TepMHUHOB
M, P, S, iBe NOCHUIKM H 3aK/iOueHHe. 3aK/OUeHHe BCerja
fIBJISIETCS CYXKJIEHHEM, B KOTOPOM S — mojexamee, a P —
ckasyeMmoe. [IOCBUIKH ABJIAIOTCS CYXKJCHHSAMH, CONEDIKALIMH
Cpenuuit TepMHH M ¥ OzuH U3 TepMHHOB S M P. Ilochika
¢ TepMuHaMu M u P HasuiBaetca Goabwiod noceixod, ¢ tep-
MHHaMH S U M — mazoii nocowkoi.

YCNOB/MBAIOTCS, YTO BO BCAKOM CHJLJIOTH3Me CHauajia
nomemaercsi 6obias NOCHUIKA, MOTOM Majas. Takum o6pa-
30M, OOLIMH BHJL BCAKOrO CHILVIOTH3MA CJIEAYIOLLH:

BOJIbIIASI TIOCBIJIKA — cyxpenue, comepxamee M
u P; :
MAJIAS TIOCBIJIKA — cympenne, comepxamee M u S;
3AK/MOYEHHE — cyxpenne, B KotopoM S — nogje-
XKauee, P — ckasyemoe.

Takum 06pasoM, B KaCCHUECKOM CHJLIOTH3ME HEKoTopoe
CyXJeHHe O TeDMHHAX S U P BHIBONMTCS M3 ABYX CYXJACHHi-
NOCHIIOK, B KOTOPHIX yYaCTByeT HEKOTOPHl TepMuH M, ne
BCTpeyatomuics B 3aKimouenrd. CHIVIOTHCTHYECKOE TIPaBHJIO
NO3BOJIIET HMCKJOYaTh OOLIMA TEPMHH ABYX CYyXJIEHHI.

Cyxnenue c repmunamu U u V, B kotopom — nojJexaiiee,
a V — ckasyemoe, GyzeM cokpameHHO samuchiBath UV,

!) B TpaaHUUOHHOM JOTHKe A5 -OATeNKAlLEero B CYXAeHHH ynoTpe6-
JAETCH C/IOBO «CYGHEKTH, AJIS CKA3YEMOrO — CJI0BO «IPEAHKATY (0TCioAa
u OykBet S u P). Mum stoft TEPMHHOJIOTHEM I0/b30BaThC He GyleM,
TaK KaK CJIOBO npeduxam B JIOTHKE NPEAHKATOB HMEET HHOH CMBICJL.
Han nac o6a Tepmuna S ¥ P SBASIOTCE OJHOMECTHHIMH NpefuKaTaMu.
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Bo BCAKOM CHJLIOTH3Me 3aK/ioueHHe JOJIKHO HMeTb BHL SP,
a B MOCBUIKaX MOPANOK CJENOBAHHS TEPMHHOB MOXET ObiTb
pa3jiMuHbIM: GoJsibIIasi MOCHUIKA MOXET UMeTb BHA MP unn
PM, manas — Bua SM unu MS. B 3aBHCHUMOCTH OT NOpAJAKa
CJI€[IOBaHHsl TEPMHHOB B NOCBUIKAX COBOKYIHOCTb CHJIJIOrH3-
MOB pacCNajaeTcsl Ha YeTHpe BOSMOMKHEIX THIIA, Ha3biBAEMBIX
ueypamu cunroeusmos. K nepsoil ¢urype OTHOCAT CHILIO-
TH3MB, B KOTODHIX cpeiuuii TepMuH M — moAjexaiuee
B GosIbLION M CKa3yeMoe B MaJof NOChIIKe; BO BTOPOH dHurype
M — ckasyeMoe B OGeHX NOCHUIKaX; B TpeTbedl purype M —
nojsexaliee B OGEHX INOCBUIKAaX; W, HAKOHEW, B ueTBepTOH
- ¢urype M — cka3yemoe B GoJbILOM H NOAJIENALIEE B MaJIoH
nocblike. HeTpyAHO BHIeTb, UTO THM HCUEPNIBIBAIOTCS BO3-
MOXHbie GUrypHl. BrHIIeM HX Bce B CXeMaTHUeCKOH ¢opme’):

I gurypa II ¢urypa III purypa IV durypa

MP PM MP PM
sMmo sM MS  MS
SP - SP SP SP

Kaxpoe us cyxuenuit puga UV Moxer ObiTb OJHOTO H3 de-
teipex THnoB: A, E, I, 0. ByneM HX 3anuChBaTh Tak: UadV —
ofeyTBepauTeNbHOE Cyxaenne, UeV — oflleoTpHIATeNb-
Hoe cyxjaeHue, UiV — 4aCTHOYTBEDAHTEJbHOE CYXKIACHHE,
UoV — uacTHOOTpHUATE/IbHOE CyXJAeHHe. B  3aBHCHMOCTH
OT TOTO, KaKoO# M3 ueThipeX THIOB HMEET NOCHIKH H 3aKJlio-
yennsi, KaxJas (QHMIypa paclajaercsi Ha TaK Ha3biBaEMble
Modycel. Besikasi pUrypa CHIIOTH3MOB COIEPHHUT TPH CYyXKAe-
HHS M KaxJoe M3 3THX CYXKAeHHH He3aBHCHMO ADYT OT Apyra
MOKeT MMeTb OfMH u3 ueThipex Tunos: A, E, I, 0. Takum 06-
pasoM, LSl BCAKON (PUrypHl BO3MOXKHB B OOLIEH CJIOMHOCTH
4°=64 momyca, a BceX BO3MOXHBIX MOJAYCOB CHJLJIOrH3Ma,
OTHOCSILIAXCS KO BCeM ueThipeMm ¢urypaM, umeercs 4-64 =
= 256. , '

K uMM OTHOCHTCH, HalpHMep, yXe YyNOMHHaBLIHHCS
cuaiorusM Barbara, koTtopeifl ABJjsieTCS OJHMM H3 MOAYCOB

1) MoxeT BO3HHKHYTk BONpPOC, 4YeM O0GYyCJIOBJHBAETCS duxchpo-
BAHHe NMOPAAKA CJAeAOBAHUA TEPMOB B 3aKJIIOYEHHH SP. He BO3HUKHYT
Jau AanbHeftiine BosMoXHble GUIypH, eC/H JONYCTHUTh 3aKJIIOUEHHS BH-
1a PS? Ha oeHOBaHHH NPOCTHX KOMGHHATOPHEIX cOOGpaxeHufl okasbl-
BAeTCs, UTO C TOYHOCTHIO A0 0603HAYEHHS MOJYYAlOTCHA Te Xe CaMmbie
¢urypu. Beap 'repngmu M, P, S srnoane npousBoasHH. Ecnu 3akJio-
yenue uMeer BUA PS, To GyAeM cuHTaTh P — MajuM, a S — GoaAblIHM
TepMuHOM. IlepecTaBasis TorAa MOPAAOK NOCHUIOK, ME BHOBb BO3Bpa-
maeMcsl K YyXe MepeuHCJeHHLIM UeThlpem Hrypa.
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nepBo# (HUrypel, a AMEHHO MOLYCOM

Ma P
SaMm
SaP )
A Boobmie yxe 1/ nepBoii GHrypH MBICAMME MOZYCHI:
MaP MaP MiP
SeM — SIiM, . SoM
W’ Fa—p’,""' -SE-F’ oo U T, I

AHasioruyHble MOLYCHl MBICIHMBI JJisl APYTHX GUIyp.

Bce, uTo 6bl10 CKa3aHO O CHX OD, OTHOCHTCS K BHISICHE-
HHIO TOrO, KaKHe MOAYCHl CHJIJIOTH3MOB BOOOIE BO3MOXKHEIL
Tonbko Tenep» MOKHO NPHCTYNUTL K OGCYKACHHIO OCHOBHOTO
BOMpPOCa TEOPHH CHJUIOTH3MOB O TOM, KaKHe e H3 MOLyCOB
NO3BOJIAIOT BO BCEX CiyyasX (T. €. NPH Jiio6biX KOHKPETHBIX
TePMHHAX) M3 HCTHHHBIX MOCHIIOK [eJIaTh MCTHHHLE 33 KJII0ue-
HHA. O TakMX MOAycaX MH OyneM TFOBOPHTb, UTO OHH SB-
JIAIIOTCS NpasusbHbimi MoOYcamu cunroeusmos. TIpaBHIbHBIM
fAIBJIS€TCS, HanpuMep, Mopyc Barbara. HenpaBusnbHemM — sB-
JISI€TCA, HaNpHMep, MOAYC

Ma P

SiM

Sa P )
Ias toro uto6bl B 5TOM yGeAUTHCS, AOCTATOUHO NOJBICKATD
Anisl IepeMeHHBIX TepMHHOB M, P, S Takue KOHKpeTHHIE Tep-
MHHBI, /151 KOTOPHX 00€ NMOCBUIKH GYAYT MCTHHHBIMH, a 3a-
KJIIOueHHe JIOKHEIM. BosbMeM, ckamxeMm, M — «ppanuysmy,
P — «eppomnefiney, S — «kypsamues. O6e DOCHUIKH

Ma P —Bce ({paHny3sl — eBpOnefinpl,
Si M—«Hekotopele Kypsiuue — (paHIysbl»

MCTHHHEI, a 3aKJIIOUeHHe
Sa P—«Bce kypsuiHe — eBponeis»

JOXHO (KYPAT HE TOJNbKO eBpomeHubl). Mexnmy TeM, kak
Cpa3y BHJIHO, HCTHHHBIM ObliI0 Obl 3aKJiOueHHe BHga SiP —
«Hekotopnie kypsmue — esponefiney. A 5To GHJIO 6B 3a-
KJIIOYEHHe 0 MOAYCY

Ma P

SimM

SiP !
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KOTOpBIfl, Kak ° OKasblBaercs, ecez0a JaeT H3 HCTHHHBIX
TOCHIIOK HCTHHHOE 3aKJIOYeHHe M ABJETCS MO3TOMY Npa-
BH/IbHBIM MOJYCOM CHJLIOTH3Ma, W3BECTHHIM NOJ Ha3BAHUEM
Darii.

3ajaua Temepb COCTOHT B TOM, UTOOH YCTAaHOBHTb BCE
npaBUJIbHEE MOAYCH CHJJIOTH3MOB, T. €. I moboro H3
BO3MOXKHEIX MOJAYCOB PeIIHTb, SIBJSETCS JIH OH NpaBHJ/ILHLIM
und HeT. [IpH STOM HYXKHO JaTb cee OTUET B TOM, UTO €C/IH
LS YCTAHOBJIEHHS] HENpaBHJbHOCTH Kakoro-aubo moayca
(#u @i oT6pachHBaHHS MOLyCa», KaK mpeinaraer roso-
puth §I. JIykaceBHu) AOCTaTOUHO HafiTH Habop KOHKPETHHIX
. TePMHHOB, JEJAIOMHX TOCHUIKH HCTHHHBIMA, @ 3aKJIOUCHHE
JIOXKHBIM, TO AJ1Sl YCTAHOBJIEHHs NPaBHJIbHOCTH MOJyca (aH
«NPUHSITHS MOJYyCa» B TePMUHOJIOTHH JlykaceBH4a) HYXKHO
npoBecTH oflee 10Ka3aTesNbCTBO, KakK B MmateMaThke. HeficT-
BHTEJIbHO, 63 TaKOro JOKa3aTeJbCTBa, CKOJIBKO 6b1 MBI KOH-
KPETHBIX TePMHHOB HH NOACTaBJIAJH, M3 TOro, 4TO JJi HHX
¥ NOCHUIKH, H 3aKJ/oueHHs: 6y1yT HCTHHHBIMH, MBI HE MOXKEM
6biTb yBEpEHHl, YTO 3TO BCEraa 6yler TaK ¥ 4TO He HAHAYTCHA
TakHe TEPMHHBI, KOTOpHIE C/eJaloT NOCHUIKH HCTHHHLIMH,
a 3aKJIOUEHHE JIOXKHBIM. DTO COBEPIIEHHO aHaJOrHYHO TOMY,
KaK, CKaxeM, B [eOMETPHH HeJb3sl YTBEPKAATb TCOPEMY 1u-
daropa, MpoOBEPHB €e Ha CKOJIb yTOJHO 6oJIbIIOM YHCJIe Mpsi-
MOYTOJIbHBIX TPEYTOJIbHUKOB; MMy MEOpeMy HYHcHO dokasams.
Or6pachiBaHde HeNpaBUJbHbIX MOJAYCOB H JOKa3aTE&BCTBO
npaBHJbHBIX OBLIO NPOBENICHO YyKe ApucrtoteseM B ero «Ana-
nuTHKe». IIpuuem otGpachiBanKe OBUIO MO CYIIECTBY o6ocHO-
BaHO KOHTPIpMMEpPAaMH, a JO0Ka3aTeJbCTBO NPaBHJIbHOCTH
6bi10 NPOBENEHO, HCXOAS U3.MPABHJbHbIX CHIUIOrM3MOB Ne€p-
Boil (UTYpbl, NPHHATHIX B KauecTBe aKCHOM, MPHMEHEHHEM
npaBusi OOpaimeHusi H OTpHUAHHS CyXJeHHH, a TaKxe,
B HesIBHOH (opMe, C TNOMOIIBIO 3aKOHOB JIOTHKH BHICKA3hIBd-
guii. CaM . ApucToTesb NPaBHJbHBIE CHJ/JIOTHIMEL nepBoil
(pUrypHl, NOJIOMEHHBIE B OCHOBY JOKasaTeJbCTBa, Ha3bIBaeT
He aKCHOMAaMH, a COBEPUICHHBIMU CUAN02USMAMU, BCE OCTAJIb-
Hble CHJIJIOCM3MBI, [Jisl KOTOPHIX OH JaeT J0Kas3aTesbCTBa, —
Hecosepuiernbimu curroeusmamy. OH MALIET: «CoBepLIeHHbIM
" CHJIOTH3MOM s HA3HIBal0 TaKOH, KOTOPHIA VISl BbIABJIEHHS
Heo6GXOUMOCTH * (3aKJIOUEHH 1) HE HYXJaeTcs HU B 4eM Jpy-
roM, KpoMe TOrO, UTO NMpHHsTO. HecoBepuUICHHBIM s Hasbl-
BAIO TAKOH, KOTOPHI XOTS M SIBJIAETCS HeOOXOIUMBIM 6aaro-
Japs TOJIOKEHHbBIM B OCHOBaHHe (1aHHOTO CHJIJIOTH3Ma) Tep-
MHHAaM, HO HYX/aeTCs B OJTHOM HJIH HECKOJIbKHX (cyXneHHnX),
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KOTOPEIX HeT B NMOCHUIKAX»)'). Slu JlyKaceBuu KoMMeHTHpYer
3T0 HM3peueHHe ApPHCTOTENA TaK: «¢ITOT OTPHIBOK HyXJaeTca
B NEpeBOJC Ha A3BIK JIOCMYECKOH TepMHHOJOrHH. Kamuwil
apHCTOTEJIEBCKUI CHIIOTH3M — 3TO MCTHHHAA HMILIHKALKs,
AHTELEJCHTOM KOTOPOH SBJfieTCA COEJHHEHHE NOCHUIOK, a
KOHCEKBEHTOM — 3akJniouenue. To, 410 roBoput ApucroTess,
CIeI0BaTENIbHO, O03HAYaeT, HTO B COBEPLIEHHOM CHJIJIOTH3Me
CBA3b MEXJy aHTELEJCHTOM H KOHCEKBEHTOM OYeBHJIHA caMa
1o cebe, 6e3 KaKOro-Mu60 NONONHHTENBHOTO NpeAnoJIOKEeHHA,
CoBepIleHHEIE CHIIIOTHSMEL — 3TO CaMOOYeBHJHbIE YTBEPXK-
ACHHA, KOTOpHie He NOKa3bBAlOTCA M HE HYXKAAIOTCA B JOKa-
SaTE/IbCTBAX; OHHM HeJIOKasyeMl, dvaméde tor. Hepokasyemuie
HCTHHHBIE YTBEDKAEHHA NENYKTHBHOH CHCTEMEI HBIHE HA3HI-
BaloTCA akcHoMaMH. CJIe0BAaTeIbHO, COBEPIIEHHbIE CHJLIO-
TUSMBI CYTb aKCHOMBl CHJIOTHCTHKH. C ApPyrodf cTopomsi,
HecoBeplIeHHbIe CHIIOTU3MbI HEe CAMOOYEBHIHEL, OHH JOJIKHbI
ObITh JIOKa3aHBEl C MOMOMLIBIO OZHOTO HJH Gojiee npeanoyoxe-
HHH, KOTOpLIE CJHEAYIOT U3 MOCHIOK, HO OTJIHYHBLL OT HHUX» %),

Tak chopmynnpoBannan sagaua u 6ua pemiena Apucro-
TeseM. HyxHo ckasath, uto mocrpoennas nogo6HeM o6pa3oM
ApucroTesieM TeOpHA CHJNIOrU3MOB SIBHJACh OJHHM H3 BEJH-
KX JIOCTHMEHHH yeJOBeYecKOH MBICJIH, BO MHOTOM HalOMH-
HalomKM Jpyrue miefieBpbi ApeBHerpedecKod HayKH, TaKHe,
KaK «Hauyana» EBkimpa v reoMerpuueckie ¥ mMexamuuecKHe
TpakTathl ApXMMeja. YIMBHTeJbHbHIM SBASIOTCS M caMa
NOCTaHOBKA 3a/ia4 M INIyGOKHE MEICHH, KOTOpHE GblH MpH-
MCHEHbI JVIf NPEOJIOJIEHHA TPYJHOCTEH Ha NyTH e PelleHHd.
Benp 3nech, KaK u B MateMaTHuecKuX paborax, KoTophie Mbl
YOOMAHYJIH, HYXHO BCE BPeMs HMeTb B BHIY, UTO JpeBHHe
TPEKH eme He obJajaNM TOM COBEpIIEHHOH CHMBOJIHKOI,
KOTOpO#i o6/ajiaeM Mbi. Kpome Toro, cama uues npoBeJeHusn
AOKAa3aTeJIbCTB, HCXOAA M3 HeGOJIBIIOrO YHCJa OYEBHIHBIX
YTBEPKJCHUH — aKCHOM, HaXOJIHJIaCh B 3a4aTOYHOM COCTOAHUH.

B pamkax MaTeMaTHYecKo# JIOrMKH HeT HEOGXOIHMOCTH
NPUHUMATDb NpaBUJIbHbIE MOLYCH NepBOH (GHrypH B KayecTse
aKcHoM. MX MOXHO NOKas3aTh, MCXOASt U3 OCHOBHHEIX 3aKOHOB
JIOTHKH BLICKAaSHIBAHHA M JIOTHKH MIPeJUKaTOB. DTH mocjef-
HHM8, MOXET ObTb, HE CTOJb OYEBHIHH, KaK COBepIUeHHbI®
CHJVIOTH3MEI (Hanpumep, cHasorusM Barbara) — yro ofbsice

Apucroreasn, Anaautuka, . 1; ra. 1, 24, 22, Tocnoaut-
usnar, 1952,

)Sl.lykaceBuy, ApHCTOTeleBCKasA CHJIOFHCTHKA ¢ TOWKH
SpeHHA CcOBpeMeHHOH (opManbuoit morukm, ra. 111, § 15, HJI, 1959.
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HSIETCH B NIEPBYIO QUepelb TeM, 9TO OHH [I0KA MEHEee H3BECTHH
¥ TPHBLIYHBI,— HO BO BCSKOM Cilydae HMeEIOT ropaslio 6671b-
Wylo 06MacTh NpHMEHEHWA M MOSTOMY €CTeCTBEHHO MOryT
cuuTaThCs Goslee OOGUIUMH. '

PaccMOTpHM NpaBHJbHbIE CHJJIOTH3MbI nepBofl (UTypHL.
"[inf HAMMEHOBaHHS NPABHJIbHBIX MOJAYCOB OblnH BBEACHH
CcHenHaNbHbie MHeMOHHUeCKHe 0G03HaueHHsl — CJI0Ba, COAEP-
Kaide Tpu GYKBEI M3 UHCJE 4, &, {, 0, yKa3biBalolue nocJaeno-
BATEeJIBHO THIIE CYXJeHHHA GOJbIION NOCBIIKH, MaJIoH MOCKITKH
M 3aKJiodeHHs. B 3THX O6O3HAaueHHSX CYIIeCTByeT UeThipe
TpaBUABHHIX MOJAyca NepBoi (Hryph: Barbara, Celarent,
Parii, Ferio, T. e. cXeMbl 3aKJIOUEHHA: '

Barbara Celarent Darii Ferio
MaP MeP MaP MeP
SaM SaM SiM SiM
SaP SeP  SiP So P

JlokaxeM NpaBHIBHOCTb STHX MOAYCOB, MDEACTaBJsAs BXQ-
JSIHe B HUX CYXJAEHHs B BHIE (OPMYJ JIOTHKH NPEJHKATOB
M HCMOMBb3YS 3aKOHbI JOTHKH BHICK23bBAaHHH — H JIOTHKH
npeArKaToB. '
Moayc Barbara. KoHbIOHKIHS NOCEIOK HMeEET BHI

V(S () — M)AV *(M(x) —P (1)) =
=y £ (S (X) =M ) AM (¥) — P (x))).

STa paBHOCHIBHOCTb HMEET MECTO COrJIaCHO NpPaBHAY BhIHE~
CeHHS. KBAHTOPA .BCEOGMIHOCTH 32 3HAK KOHBIOHKIHMH:

viA(MAVEB®=Yx(AXAB®). .

Ho, corjiacHO 3aKOHY CHJUIOrM3Ma ((A=B)A\(B—~C))—
—(A—C), ecn BhlpaxeHHe B ckobkax ((S (x)—>M (x))\
A(M (x)—P (x))) HCTHHHO 15 BCAKOrO X, TO AN BCSKOrO
¥ MCTHHHO Takke S (x) =P (x), T. e, HCTHHHO Y X (S (x)—
—P (x)). A 510 ¥ €CTb 3aKJIOUEHHE CHIJIOrH3Ma Barbara.

Monyc Celarent. Ananoruyso, xak 4 B ciydae Barbara,
3anuChiBaeéM NMOCEUIKH B BHJE

VEME@— TP (@) 1 yx(SEH—ME).
Hrak, nmeem
V(S () — MNAY % (M (B — TP () =
=y 2 (S () — M () A M (£) — TP ().
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U onaTh Ha OCHOBAHHHM 3aKOHA CHJIJIOTH3Ma TakK Xe, Kak H
B cayuae Barbara, monyuaem yx (S(x)—1P(x)), 1. e.
sakmouenne mMonyca Celarent.

AHaJIOTHUHO, TOJIBKO HECKOJBKO GoJiee CJIOKHO, A0Ka3bi-
Baercsl MPaBHJIbHOCTbL MoAycoB Darii, Ferio.

[IpaBHJBbHOCTL MOAYCOB JPYTHX (PUIyp MOXKHO JOKasaTb,
HCXold M3 MOAycoB nepBoil ¢urype: Barbara, Celarent,”
Darii, Ferio. 9To uMeHHoO To, uTo Jesan Apucrorens. [Toka-
KeM Ha NpHMepe TpeX MOAYCOB BTOPOH (MryphHl, KAK 3TO
Jenaercs. .

- CylecTByeT yeTbipe NpaBHJbLHBIX MOAYCa BTOPOH DUTYpHL:
Cesare, Camestres, Festino, Baroco. .

Cesare Camestres Festino Baroco
PeM PaM = PeM PaM
SaM - SeM SiM SoM
SeP Se P SoP SoP

Monyc Cesare cBoguTcst oueHb npocto K Moxycy Celarent.
Hns 3TOro KOCTaTOYHO MPHMEHHTH 3aKOH OOpalleHHs s
o6weoTpHLaTe/bHBIX cyxaenuii: «Ecau PeM, 10 Me P>
(1 Hao6opOT). DTOT 3aKOH B CBOK OYepenb, KaK Mbl BHJIECIH,
fIBJISIETCS NPOCTLIM CJIECTBHEM KOMMYTATHBHOIO 3aKOHA AJf
KOHBIOHKIHUH: x/\y==y/\x. Bexb Pe M MOXHO 3anucaTh Kak
Tax (P (x)AM(x)), a sto paBHocumbO g x (M(x)A
AP(x)), 1. e. MeP. Tlpumensia xe ofpaleHde K nepBo
nocslike B Monyce Cesare M OCTaBjisfisi BTOPYIO MOCHUIKY He-
M3MEHHOH, MBI MOJIyYyaeM MOCHIKH ‘ '

MeP
SaM

T. e. nocbiik# Moayca Celarent, U3 KoToporo, Kak HaM yxe
M3BECTHO, CJlellyeT 3akjoueHHe SeP.
Tem caMbiM 3TOT MOAyC J0OKasaH. ‘
Monyc Camestres B cBoo oOuepelib €' NOMOLIBIO 3aKOHA
ofpalleHus cBOAMTCS K npeapiaymemy (Cesare).
HefictBuTeNbHO, ecn B Mopyce Camestres

PaM

SeM

SeP ’
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o6paTuThb 3akJoyeHre M FOMEHSITb NOPAAOK CJeJOBaHHs
'IOCBIJIOK, TO TOJYUHM ’

SeM

PaM

7S

Cuntas Tenepb P MaJjbM TepMOM, a S — GOJIbLIHM, I0JY4HM
KaK pa3 ye paccMOTpeHHH Moxyc Cesare.
Monyc Festino
PeM
SiM
SoP . ,

ofpallleHHeM NePBOH NOCHLUIKH MpeBPaIlaeTcs B

MeP
SiM
_ SoP .
1. e, B Moxyc Ferio nepoit ¢urypu ¥ 1. 1. HyxHo ckasats,
YTO He BCE JOKAa3aTeJbCTBA CBEAEHHS CTOJb XK€ NPOCTHI, KaK
pACcCMOTPEHHble, HO NPHHUMNHANbHBE TPYAHOCTH 3JeCh He
BO3HHKAIOT. : . :
[IpuBeneM Anisi NOJMHOTH NPABHJIbHbIE MOAYCH TpeTbedl H
. geTBepTofl uryp. TpeTbs purypa obsazaer TaKmxKe 4eTbIPbMS
npaBHabHEIME Monycamu: Datisi, Feriso, Disamis, Bocardo;
K 4eTBepTof (Hrype OTHOCATCS TPH NpPaBUJIbHHIX MOAyca -
Calemes, Fresison, Dimatis. Hrak, B ofume# Ci0XHOCTH
uMetoTcsl 15 mpaBHJBHBIX MORYCOB. TpajMuMOHHAs JIOTHKA
npU3HaBaJa NPaBHJBHEIMH elig JeBATb MOAYCOB. Pacxoxje-
HHe CBSI3aHO C PA3jMYMeM B NMOHHMAHHH CMbIC/A CYXKIEHHH.
JeBsiTb JONIOJHHUTEIbHHX MOLYCOB BOSHHKAIOT, €CJIM CUH-
TaTh, YTO TEPMbl BO BCeX CYXKJEHHAX CHJIJIOTH3MOB 3aBeJIOMO
He mycThl. Mbl yiKe Bbillle TOBOPUJIH O TOM, NIOYEMY COBPEMEH-
Hasi MaTeMaTHuecKas JIOTHKa NpeAnoyHuTaeT OTKa3bBaTbCsl OT
sTOro TpeGoBaHHSA.
'Ha 3ToM MH 38KOHUMM Hanle o6CyXJeHHe TPaJULHOHHOH
CHJLJIOTHCTHKH.
CoBceM KPaTKO OCTAHOBHMCS Ha BOSMOXHBIX 060CLIEHHSAX
3TOH TEOpHH. .
¥Xe B APEBHOCTH CTaBHJICS BONPOC O PaCCMOTPEHHH TaKHX
06OBIIEHHbIX CHJIJIOTH3MOB, B KOTOPBIX 3aKJIIOUEHHE Ae/Iaj0Ch
651 He W3 ABYX, a U3 GoJblIero uncia cyxaeHui. [lono6HsIMH
BONPOCAMH 3aHMMaJICsl, HampuMep, APEBHEPHUMCKHH Bpad
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M MBICHTENb [aseH. Cpaay xe, Hanpnmep,Bmmo Y70 HMeeT
MECTO CJIeAyIoman MpaBU/IbHAA CXeMa 3aKJioueHHs (MOAYyC):

MaP
NaM

SaN
SaP

obobwatoman Mopyc Barbara u Jjierko M3 Hero AoKasbiBae-
Mas. 3eCb, KaK BUIHO, B IOCBHIKAX COAEPMKATCS JBa CPeHHX
tTepMa M u N, HCKimouaeMBIX B 3aki/oueHHH. Bce cyxpenus
3Jechb o6meyTBepnmeJ1bele. Jdas cnyuast cxeM C Jpyrumu
THIOAMH CYXJEHHH H C OO/bIIMM YHCJOM NOCHUIOK 3afiaua
YCTaHOBJIEHHS BCEX NPaBHJIbHBIX MOAYCOB 3aKJIOUEHHS OKOH-
yaTeJbHO emle He pemieHa. [Tono6GHble MOAYCE! ¢ UHC/IOM TOCHI-
JIOK Gosibllle ABYX H COOTBETCTBEHHO CO MHOTMMH CPeJHHMHU
TepMaMH MOJIYUHJHM Ha3BaHHe MOJIHCHJIJIOTH3MOB. ‘

Hekotopuifi MHTEpeC mpelCTaBJAKT UCCIAENOBaHHA 0606-
HIEHHBIX CYXJIEHHH, YTBEPXKAAOWHNX OTHOUIEHHA MEXAY
TPEMsl, YeTHIPbMA W T. . TEPMAMH H COOTBETCTBYIOIUX CXEM
SaKJ/IIOUEHHH, NO3BOJAIOMIUX HCKJIOYaTh HEKOTOphie (Cped-
‘HHe) TepMH M3 MOCHUIOK HOoRoOHoro BHAaa. Ho, kKak Herpymamo
BHJETb, 3TH OGOOIUEHHBIE CYKAEHHA H BaK/IOYEHHS, TaK Ke
Kak H TpafiHUHOHHBIE CYXACHHA H CHJIJIOTH3MHI, ‘ﬂn.nmqrca
O00BbEKTaMH HCCJIEAOBAHHA TEOPHH ONHOMECTHHIX MpPeRHKATOB,
B PaMKaX KOTOpOH OHM ceHuac M H3yuaioTcs.

§ 6. Ipumenenne BHpaxeHHd JOrHKH
TPEANKATOB ISl ONHCAHHS HEKOTOPHIX OTHOMIEHRH

SI3BIK JIOTHKH NpeAMKaTOB CYIIECTBEHHO Gojiee
GoraT 1 rH6OK, YeM A3bIK JIOTHKH BhiCKasniBauHil. OH Xopowo
NPHCIOCOG/IeH, UTOOE OMMCHBATh MaTeMaTHUeCKHe NOHATHSA U
YTBepXKAEHHA, TaKHe KaK AKCHOMBI, TeOpeMHl, NOKa3aTejb-
crBa. Takoe onucaHHe NO3BOJIfAET YETKO H CTPOTrO BHIPAXKaTh
' JIOTHYECKHe CBA3H MeXAY NOHATHAMH H YTBepIKAEHUSMH,
¢ KOTODHIMH HMeeT JeJio Ta HJIH MHasl MareMaTHyecKadl Teo-
pus. IlosToMy cpenctBa, BelpaGoTaHHbiE B MaTeMaTHYecKofi
JIOTHKE H, B YaCTHOCTH, B JIOTHKe NpPeAHKaTOB, ABAAIOTCH OC-
HOBHBIM HMHCTPYMEHTOM Ml HCCJAENOBAHHA OCHOBAHHUH MaTe- -
MaTHKH, Ha 4eM Mbi OCTaHOBMMCA HeCKOJIbKO no3xe. Ho oTkpHi-
BalOIMECs 3[IeCb BO3MOXXHOCTH BO,BCe BO3pacTaiomed Mepe
MCMOJIb3YIOTCS M BHE MaTeMaTHKH.
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OcoBeHHO NMPOCTO Ha A3bIKE JIOTHKH MPEIHKATOB BHIpaxa-

“'joTCH CaMbie ofuiMe ¥ a6CTPaKTHple MOHATHS W OTHOLIGHHA.
" KoHKpeTHble MpPHBHIYHBIE PASACJbI ajre6pbi, TeOMETpPHH H

aHaJM3a TaKke B NMpPHHIUNE XOPOLIO TOJIAI0TCA ONMHCAHHIO

. B paMKaX JIOFHKH NpPEJHKATOB, HO BBHJY HX Goabluero Gorar-

1‘;
4
i

i

cTBa 3/€Ch BO3HMKAIOT 3aUacTyl0 HHCTO TeXHHYeCKHe. TPYA-
gocTH npH onucaHuu. [1osToMy MHL OCTAaHOBHMCSI B HACTOsi-
meM naparpade Ha pacCMOTpeHHH TaKMX OGHIMX MNOHATH,
KAK SKBUBAAEHIMHOCb, NOPAOOK (MIIHK ynopsiiouenne) u pyHK-
yusa (Mau oTo6paxeHHe). _

1. dkpupajsenTHocTH. OfHUM H3 NpOCTeHIINX THMOB 6u-

‘HapHHIX OTHOIUGHHH SABJAITCA TaK Ha3blBaeMble 3SKBHBA-

JEHTHOCTH. DTO MOHATHE Mbl MOCTapaeMes YSCHUTb Ha psle
npHMepOB Kak M3 061acTH MaTeMaTHKH, TaK H H3 HeMaTeMa-
THUeCKHX OBJjacTeit.

DKBHBAJICHTHOCTbIO fBJSETCS, HAaNpPHMED, OTHOILEHHE
napaJJielbHOCTH, OMNpEJesIeHHOE, ‘CKayeM, Ha MHOMKeCTBE
NpSIMBIX NJIOCKOCTH. Jlpe npsiMbie Ha MJIOCKOCTH HaSBIBAIOTCH
napaJuJieibHbIMH, €CJiH OHH HE MMeIOT OOUIMX TOUEK HJM HKe

- OHM COBMAjAIOT. IT0 — 6uHapHblt NpeAukar, onpejieIeHHbIH

4a MHOXKecTBe npsMblXx. OGO3HAUUM €ro Huepes Tap (x, y).
Jlnsi napajjenbHbIX NPAMBIX g, h npenuxart Ilap (g, h) umeer
aHaueHMe U, /I HEMapaJliesbHblX -— SHAUCHHE 1.

OueBuHO, OTHOLIEHHE MapaJIe bHOCTH obJjajaer ciae-
AYIOUUMH CBOMCTBaMH: : -

1) Kaxpas npsMasi napajJejbHa caMa ce6e. Ias Bcex
npsmuix g Ilap (g, g) ¥MeeT 3HAUeHHe Ui YX Map (x, x).

2) Ecau mpsiMasi g TlapajJiesibHa npsmo# h, TO npaMas
h napaanesbHa g: ,

y xy y(Map (x, y) —Iap (4, x)).

3) Ecau npsmMasi g MapajJiesbHa npsivoil A M npsaMas h
napajiesbHa MPAMOH k, TO mpsMas g napajnenbHa k:

v xv ¥V z ((Tap (x, y) Allap (4, z)) — Tap (x, 2)).

CpojictBaMu 1) — 3) XapaKTepH3YIOTCA OTHOILIEHHS 3KBHBa-
JEHTHOCTH, OJHHM M3 NPHMEpPOB KOTOPBIX ABJIAieTCs mapad-
J1€JIbHOCTD. :

CroiicTBO 1) Ha3BIBACTCA PePACKCUBHOCITLON. BoJiee TOUHO:
JBYMECTHbI NpejuKar P(x, y) pedaekcupen, ecad s Jro-
Goro s;emeHTa x P(x, x) HMeeT 3HaUeHHE u, WJH, 4TO TO XKe
camoe, ecad yx P(x, X) — HCTHHHOe BBICKa3biBaHHE.

5 J1. A. KanyxHuH 121



Bropoe OTMeueHHOE HaMH CBOWCTBO — CUMMEHPULHOCIb.
npeaukata. Ilpenuxar P(x, y) cummerpuuen, eciu u3 P(x, y)
caenyetr P (y, x) Ansi NPOM3BOJNIBHHX X, Y.

Haxkouel, Tperbe cBoficTBO — mpar3umusHocmes. - Tlpe-
nukat P (x, y) TpaHsuTtuBeH, ecaiv u3 P (x,y) u P (y, 2)
caepyer P (x, 2).

Besikuil npefMKaTt, 1Jisi KOTOPOTO BHINOJHSIOTCS BCE TPH
CBONiCTBA: pPeUIEKCHBHOCTb, CHMMETPHUYHOCTb H TPAH3HTHB-
HOCTb -— HAa3HBAeTCHi 3JKBUBAJIEHTHOCTHIO. 1eM CaMBM yc-
JIOBHE AJfi TOro, 4To6Bl HEKOTOPHIH ‘npemukat P (x, y) Obla
9KBHBaJIEHTHOCTBIO, 3anHCchiBaeTcs (opMyJioH

VP (x, YAV xvy(P(x, ) — Py, x)) \
Avxvyvz({(P(x, ) APy, 2)) — P (x, 2)).

[puBeneM HeCKONIbKO JajbHeHIMX NMPHMEPOB OTHOWICHHH
9KBHBAJIEHTHOCTH. DKBHBAJEHTHOCTbIO 6YZeT PaBEHCTBO Tpe-
YrONbHUKOB (MM BOOOIIE NPOM3BOJNIBHBIX (HUIYp) Ha IJIOC-
KOCTH (MJH B TNPOCTPAHCTBE). OKBHBAJEHTHOCTBIO 6yIer
TaKKe OTHOLIeHHe MoJo6GHsi Ha IJIOCKOCTH (WM B MPOCTPaH-
cTBe).

BaxHBIM NpUMEpOM OTHOLIEHHSI 9KBHBAJIEHTHOCTH B apHd-
MeTHKE LeJHX YHCeJ SIBJASIIOTCA TaK Ha3blBaeMble CPaBHEHHUS
no moaymawo. IlycTe m — HexkoTOpOE 1E/I0€e NONOKHTENbHOE
yucj0. Bo3bMeM, CKakeM, IJs onpefeleHHoCTH m = 5. By-
JeM TOBOPHTb, UTO JBa IEJHX YHCIA @ H b CPaBHHMBI 1O
MOAYJII0 5, eC/M pasHoCTb @ — b 9THX uMces AenuTcs 6es oc-
TaTka Ha 5. D10 OTHOLIEHHe 3aMHCHIBAETCS TaK:

= b (mod 5).
HanpuMmep, Kak JIerko NpOBepPHTb, HMEIOT MECTO CPaBHEHHs:
2s=7(mod5), —1=4(mod5), 21=23l (modD?),

Mex1y TeM kak 6% 3 (mod 5). CpaBHeHHe mo Moayaio 5
fIBJSIeTCS JBYMECTHHM TNpeIHKaTOM, ONpeleJeHHBM Ha
MHOXKecTBe 1eanix uHcea. OG6GosHauMM 3TOT NpefuKar
Cp, (¢, y), 1. e. Cp, (x, y) — 310 Apyras 3amuCh YyTBEpPK-
JgeHusi x==y (mod-5). Jlerko nposeputp, uto Cp, (¥, y) —
9KBHBAJIEHTHOCTb. JIeHCTBUTE/NIbHO, BCSAKOE LEJ0€ YHCIO
CpaBHHMMO C caMuM cobofi, Bexp O nenutcs Ha 5. Jlanee, eciu
a=sb (modb5), To b==a (mod 5): ectu a — b AeaUTCa Ha NATH,
10 ¥ b—a geaurcs Ha nate. Hakowenu, U3 a=b (mod 5) u
b=c (mod 5) caenyer a=c (mod 5): a —c = (@ —b) +
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+ (b——c’),HTaKKaKa———be———CJJ,e.nﬂTcaHaB', Toua —¢
penurcs Ha 5. TeM CaMBIM TaK ONpeJe/IeHHOe OTHOIIECHHE ped-
JeKCHBHO, CHMMETPHUUHO ¥ TPaH3UTHBHO. Urak, OTHOILIEHHE
Cp, (x, y), onpeneneHHoe Ha MHOMKECTBe LeJBIX uhces, Npea-
crapasier cobofl IKBUBAJEHTHOCTD.

Bue MaTeMaTHKH OTHOIIEHUS SKBHBAJEHTHOCTH HrpaioT
rakke ouesb Goapuylo poab. C 9KBUBAJEHTHOCTAMH MH
HMeeM JeJO BCSKHHl pa3, Korja Mbl COBOKYMHOCTb KaKHX-
460 OGBEKTOB pa3bliBaeM Ha HEKOTOpPOe HHC/IO rpynm, OT-
BeualollX HEKOTOpoMy Habopy B3aHMHO ACKJIIOYaIoINX
npU3HaKoB. TaK, MHOXKECTBO BCeX Jofell MOXHO pasCuTh
[0 HALMOHAJbHOCTSM, MHOMKECTBO BCEX JKHBOTHBIX pa3bu-
paeTcs Ha BHAHW H T. I.

Besikuil pas, KOrJa Mbl HMEEM HEKOTOpOE MHoxecTBo M
06LEKTOB M JaHHBE OOBEKTH 00/alaloT OLHUM H TOJIbKO OJi-
HUM U3 TPU3HAKOB f1, f2, ..o t,, obpasyouux na6op T, TO
Mbl EMEeM JeJO ¢ HEKOTOPO# IKBUBAJNEHTHOCTBIO, onpenesex- -
kot Ha M. D70 OTHOILIEHHE SKBHBAJIEHTHOCTH P, (x, y) onpe-
jensieTcs Tak. ByjeMm cuutarb, 410 P, (x, y) npUBUMaeT 3Ha-
4enHe 4 TOrIa M TOJBKO TOTAA, Korja x H Y 06413 1210T OfIHUM
A TeM Ke TpPHUSHAKOM f; W3 na6opa T . Camo coboit pasy-
MeeTcsi, uTO JIpH 3TOM Kak pas BHIOJIHSIOTCS 3aKOHB ped-
JIEKCHBHOCTH, CHMMETPpHUUHOCTH H TPaH3UTHBHOCTH.

[Mogo6uas cuTyanus BCTpedaercs Ha KaXJOoM 1ary BO
Beex o6JacTsX HayK#H H yejioBeueckoii JeATeNbHOCTH.

2. Ynopsaouenus. Hapany ¢ OTHOILIEHHEM 3JKBUBAJICHT-
HOCTH B HayKe W NpaKTHKe GOJBbliiyio pOJb urpaer Apyro#
THN GMHAPHBIX OTHOILEHHHA: OTHOMICHUS nopsiika (4au ymo-
psinouenust). C OTHOWEHHEM NOPALKA Mbl BCTpeuaeMcsi, KOrjia
cpaBHHBaeM 4ucja MO pejiiunye, Jiofefl No CTapiinHCTBY,
KHUFM Ha TOJKe OTHOCHTENbHO HX PacIoOJIONKEHHsT CaIeBa
HanpaBo, KOrla paccMaTpuBaeM [OC/IEJOBATENBHOCTD COObI-
THil, YNOPSAOYEHHHX BO BpeMeHH, U T. 1. CooTBeTCTBYIOLLHE
npeanKaThl ONHCHBAIOTCA HA PYCCKOM fi3blKe CJIOBaMH «60JIb-
jié», «cTapiies, «IpaBeey, «MO3MKey, «cefyer 3a» u Jp. Ycra-
HOBHM XapaKTepHble CBOWCTBA OTHOLICHHS nopsika ¥ YKa-
JKeM, KaK OHHM SalHCHBAIOTC CPEACTBAMH A3bIKa JIOTHKH
npeauKaToB.

Jls onpejeseHBOCTH 6yneM ¥MeTb B BHLY KakoH-Huby1b
npuMep MHOXeCTBa M, B KOTOpOM ONpPELeNeHO HEKOTOpOE
OTHOLIEHHE MNOpfAAKa. B KauecTBe MHOXKECTBA M Bo3bMEM
MuokectBo N HaTypaJsbHbIX YHCE] (Bxmiouasi 0) © paccMoT-
pUM Ha HeM OTHOIEHHe MEXIy yHCJaMH, OfMCHIBaEMOE
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BbIpajKeHHeM «BOspllie WIH PaBHO»: «5 GOJIblle MK PaBHO 5»
HCTHHHO, «7 6oJbllle HJIH paBHO 3» UCTHHHO, «10 Gosblle HJIH
paBHO 15» JI0XHO U T. A. Boo6iue a5 /OGbIX IBYX HATypasb-
HBIX UHCET X M y YTBEPXKIEHHE «x GOJblle WJIH PaBHO y» —
BMOJIHE ONpPeJEe/IEHHOE NMPEJJIOKEHHe, HCTHHHOE WJIH JIOKHOE.
Ouno onpenenser Hexkotopmit npeaukat b (x, y), onpege-
JIEHHBI Ha MHOXeCTBe HaTypajbHbX uucea. OTMETHM Heko-
TOpEIE CBOMCTBa ITOFO MpeAHKaTa. :

1) Kaxpoe uncyio x Gosbllle WM PaBHO CaMOMy ce6e, T. €.
HCTHHHO YTBEpPKJCHHE .

v xB(x, x). )

910 — ycnoBHe DPe(IEKCUBHOCTH, yKe M3BECTHOE HaM M3
onpejesNieHHsi SKBHBAJIEHTHOCTH.

2) B orsMuMe OT OTHOIIEHHsi THNA 3KBHBAJEHTHOCTH AJISi
Hallero oTHOWmeHHA B (x, y) He BHINOJHAETCA CBOUCTBO CHM-
METPUYHOCTH. 3J1eCh HMeeT MECTO B HEKOTOPOM CMBICJE Mpo-
THBONOJIOXKHOE CBOHCTBO, KOTOpOE eCTEeCTBEHHO Ha3BaTh CBOI-
CTBOM aumucummempuunocmu. Ecau cBoHCTBO cHMMeTpHu-
HOCTH HeKoToporo mpeauxata P (x, y) osHauaer, uto P (x, y)
H P (y, x) MCTHHHB HWJIM JIOXHB OJHOBPEMEHHO, TO B C/1yyae
oTHowenus b (x, y) — «Gonpiie HaM paBHO» — B (x, y) H
B (y, x) MOTYT OIHOBpPeMEHHO OBITb HMCTHHHLIMM TOJbKO B
TOM CJy4ae, €CIM X H Y OJHO H TO XK€ YHCJIO: "

Vv y((B(* ) AB(y, X))~ (x=y)) 2

(cBOHCTBO aHTHCHMMETPHUHOCTH).
3) Taxk xe, KaK W JJsi CJydyasi 3KBHBaJEHTHOCTEH, OTHO-
HIeHHe TPAaH3UTHBHO

vxvyvz((B(x yy AB(y, 2)) =B (x, 2)). 3)

4) Hakonen, aas otHowenus b (x, y) BomOMHAETCS CBO-
CTBO, XapaKTePHOe 1JIfi OTHOLIEHHsi MOPSiflKa U HE HMMEIOoIee
aHajlora B OTHOIIEHMSX 9KBHBAJEHTHOCTH. ITO CBOHCTBO
TOBOPHT O TOM, YTO AJIfi JIOOBIX IBYX UHCEJ X U y BEPHO «X
GoJibllle WJIM PABHO y» WIH «y GOJbIUE MJIH PABHO X»:

vivy(Bx VB, x) (4)

(ceoticmeo duxomomuu).

[Tpoussonbubifi npeguxar P (x, y), onpeneeHHLI! Ha HeKO-
TOpoM MHOxecTBe M, Kotopmil ob6nanaer csoficreamu (1),
(2), (3), (4), HasbiBaeTcsi OTHOIUIEHHEM mNOpsAKa, OMpeje-
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neHHbM Ha M. Taxkum oGpasom, mpepukat P (x, y) — oTHO-
IIeHHe TNOpsijika, eCAH OH YHOBJeTBOpsieT (opmyJe

VP (x, )AV XV Y((P (x, YAP (4, x))— (x=9)) A
Avxvyvz((Px YAP (Y, 2)) =P (x, 2)) A
AV xvy (P (x, )V P (y, x)). ()
CnenaeM crefyioumee 3aMeuanue. Mbl HEMOCPELCTBEHHO BBEJH
B PacCMOTpeHHe OTHOLIeHHe «GOoJibllle MU PaBHO», a He OT-

HOIIEHHe, ONMMCHIBaeMOe CJOBOM «Goablue». Ecnu 0603HAYUTH
uepes B (x, y) otHoweHHe

«x Goablie y» (x> y),
Bx y)=Bx, Y)Vx=y)

B(x, 9)=Bx yATx=9).

Takum o6pasom, otHowenus B (x, y) ¥ B (x, y) nHenocpen-
CTBEHHO CBOAMMH JpyT K apyry. Herpyano npoeputs, uto
cBoficTBa mpeauKaTa B (x, y), -COOTBETCTByIOUIHE CBOfiCTBAM
1), @), @), (4), 6ynyr caepymomue:

TO, KOHEYHO,

4, o6patHo,

v x 1B (x, x) (1)
(cBOACTBO aHTHpe(IeKCHBHOCTH), ’
vxvy(B(x, ) = TB, %) - (@)

(cBOACTBO aHTHCHMMETPHYHOCTH), )

vivyvz(B(x HABW, 2)) ~B(x,2)) @3
(CBOACTBO TPaH3UTHBHOCTH), '

vivyBx »)VBW, 1)V x=y) #")

(CBOACTBO TPUXOTOMHMH).

3auacTyio moj OTHOLIEHHEM NOpsiAKa NOHHMaeTcs ABY-
mectHuifi mpemukat P (x, y), YHOBJAETBOPSIOMHH CBOHCTBAM
(1, @), 3"), (4), 1. e. yrosnersopsiomuit hopmyae

Vx-lp(x, X)vavy(P(x, y)""—]P(y’ x))V
Vvivyvz((Px HAPY, 2))—P(x, 2))V
Vyxvy @ 9)VP @y, x)V@x=y). 6
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Msl e 6yJeM NPHAEPIKUBATHCS ONpelesieHHs NOpsaKa CBOH- .
creamu (1), (2), (3), (4). 310 pa Hamux uesedl 6yaer Gosee
y1o6HO.

Koueuno, orsouenue B (x, y), onpeneneHHoe Ha -MHO:
xecrse N HaTypanpHBIX uHcea, obJajaer pagoM JpPYTHX
CBOHCTH, KOTOpble MBI He BBIIEJNUIH B KauecTse XapaKTepHBIX
LIS OmpejesieHusi OTHOLIEHWs mNopsigka. Tak, Hamnpumep,
Cpei# HATYpaJbHBIX YHCEJ HMeeTCsi HauMeHbllee YHCIO
(uMenno 0), UTO BHIpaXKaeTCsi BRIMONHEHHEM YCJOBHS

ayvxB(x, y). (6)

(Cywecrsyer Takoe YHCJIO y, YTO JJs BCeX X x OOJblle WIH
paBHO y.)

Ecau Mpl paccMOTpHM, Hampumep, oTHoulexue By (x, y) —
«BoJIbllle WJK paBHO», ONpeJeJeHHOe - HA MHOXECTBE BCeX
LeJIBIX UHCeJI, TO OHO YJ0BJeTBOpsieT GopMyJe (5) u aBasercs
no Onpefe/eHuio OTHOLIeHHeM mNopsigka, HO ¢opmyaa (6)
yKe He yjosJersopsiercs npeauxatoM By (x, y).

. Janee, pas ornowenusa b (x, y) va N BEINONHSETCA Takoe
cBolcTBO:

vyax®Bx, pAT(x=y) (7

(A7 BCAKOrO UKC/Ia y CyWeCTBYeT GOMblliee YHCIO). ITO CBOH-
CTBO HE BBHINOJIHSAETCS JJIsi aHAaJOTMYHOrO INpejukaTa, oOnm-
Pe/Ie/IeHHOrO Ha MHOXECTBe OTPHLATEJNbHBIX UYHCeJ.

Haxouneu, gns orthouiesus b (x, y) Ha N uMeeT MecCTO
Takoe yTBepxjenue, Gosee cuibHOe, ueM (7):

vyax(Bx pATE=9A
Avz((B(z, y)/\7(2=y))~*5(23 x))). (8)

Sra (opMysa TOBOPHT O TOM, UTO A/ KaXKJOro yucnaa y Cy-
HIECTBYET «HEMOCPeACTBeHHO Oodblleey. ([la1s BCsikoro y
CYLIECTBYET TaKoe X, YTO x GOJbllie y, U JJI15i BCAKOrO Z, eClu
2 6osblile y, TO 2 GOJIbLle WKW PaBHO X.) ITO yCJIOBUE BHINOJ-
HAETCS TaKKe JJIsi OTHOLIEHWs «OGosbllie Wl PaBHO» B 06-
JACTH UEJbIX 4MCeJ, HO He BHINOJHSETCH JJIsi OTHOLIeHHUS
«6oJIbllle WM PABHO» B OG/MACTH pauUoOHaJbHBIX uyucea. s
orHowexnusa b (x, y) B 06JaCTH palHOHAJbHEIX YHCEJH HC-
' THHHO TaKOe yTBepXKJeHue:

vxvydz((b,(, y)/\T(x=y))—+(j(x=z)/\7(y=z)/\
AB, (2, y) AB,(x, 2))). (9)
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(Ecau x Goablile y, TO CymecTByeT Takoe 2, 4TO z GoJblie Y
u x Goablue 2.) TeM caMbIM 1J1si OTHOLIEHHUS «6oJblie» By (X, y)
HY JUISi KAKOTO 3JIEMEHTAa Yy He CYiIeCTBYET HEeNOCPEeICTBEHHO:
6oabllero sjeMenTa. OTHOlleHUs NOpsjKa, AIs KOTOPHIX
BenosIHsAeTcss dopMyaa (9), HA3HBAKTCS HACHIHOIMU.

"Hapsajay ¢ oTHOLIeHusMH NOpsJKa KakK B MaTeMaTHKe,
TaK U B APYrux oOO6JacCTAX 3HaHHUA 3a4YacTyl NPHXOLUTCH
paccMaTpuBaTh - 60see ciabble OTHOLUIEHHS, UeM OTHOLUEHHS
nopsigka. Ilog 9TUM nOJpasyMeBalOTCsi TaKue INpefHKaTH,
IJs1 KOTOPHIX BHINOJIHAIOTCS He BCE XapaKTepHble CBOACTBa
1), (@), (3), (4), a TonbKO HeKOTOpble U3 HHUX. TaK, yacTo
BCTPEUAIOTCS OTHOLUEHHUsi, JJIsi KOTOPHIX BHINOJHSIOTCS CBOM-«
crBa (1), (2), (3), Ho He BBHINOJHSIETCsi CBOHCTBO (4) TPUXOTO-
mud. Takue OTHOLIeHHS Ha3LIBAIOTCS OTHOLUCHHUAMH 4aACHUHL-
Hoeo nopadka.

Besikoe oTHOLIeHHe NOPAJKA ABJSETCS TaKKe OTHOILEHUEM
YAaCTHYHOTO MNOpsifiKa, HO He HaoGopor. IlpumepoM oTHole-
HUSi YAaCTHYHOrO TNOPsifKa, He SMBJAIOUIMMCS OTHOLICHHEM
NopsiJiKa, MOXKET CJYXKHTb OTHOLIEHHWEe BKJIOUEHHS LJIsi NOJ-
MHOKECTB HEKOTOPOro MHOXKeCTBa.

3. dyHKuHOHaJbHBE OTHOWeHHsi. McKkmounTenbHo Bax-
HBIM THUNOM JBYMECTHBIX OTHOLIeHHH SBJAAIOTCA (YHKIUY,
WIH, KaK X WHOTJa HasbplBaloT, orobpaxenusi. HanoMuum,
uyto noj ¢yHKuue#d wiau oTo6paKeHHeM HEKOTOPOTO MHOXKe-
cTBa M B HeKOTOpOe MHOXKeCTBO N NOHUMaeTCs 3aKOH, IO
KOTOPOMY KaxKJOMY 9JeMeHTY m MHOXecTBa M cooTBeTCTBYeT
OI¥H BIOJIHE OMNpeIeJeHHBI 3JeMeHT n MHOxectBa N. IT0
COOTBETCTBHE TNPUHATO 3anucHiBaTh B ¢opMe n = f (m).
Mbl orpaHuuuMcCs cJayuaeM, Koria MHoxectBa M u N cos-
NajialoT, ¥ COBOPUM TOTJa 06 OTOGpaceHHH MHOXKecTBa M
8 ceba. 3Jecb peub WJIET,. CleJOBaTeJbHO, O COOTBETCT-
BHfX, CONOCTABMSIOMUX KaXKIOMY 9jeMeHTy m u3 M Heko-
TOpbIfi BHOJHEe onpejefeHHbI 3neMeHT n U3 M. OyHKuuH
y=sinx, y=x*, y = 5x - 3, usBecTHHle H3 aHaJu3a,
ABJSIIOTCS OTOGPaXKeHUsIMH MHOMKECTBa BeilleCTBEHHBIX YHCel
B cebs. )

Kaxk MHl yxke ropopuau (ra. 111, § 1), Besikolt pynkuuu f (x),
onpejeneHHofi Ha M co 3HaueHusiMu B M, Mbl MOXeM OT-
HeCTH HEKOTOphIfi BMOJHe onpeneseHHb mpeaukar F (x, y)
Ha M, nonoxus F (m, n) = u,ecnun = f(m),u F (m, n) =
= 4, eCl4 n=Af (m). Hepr)J,Ho BHJIETb, UTO 3aflaHHe Mpeju-
kata F (x, y) ONHO3HAauHO ompefenaseT QyHKuuio y = f (x).
CnpauivBaercsi, Kakue e JBYMeCTHble npejukatol P (x, y)
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cootBeTcTBYIOT (yHKuMaM? Takue npeaHKaThl YMECTHO-
Ha3bIBaTh PYHKYUOHAAbHbIMYU. HTOOH UX XapaKTepH30BaTh, MBI
JOJIKHBI Y4eCTb omnpeje/ieHHe NOHATHS QYHKUMH: 1) KaxxaoMy
X 06513aTEJIbHO COOTBETCTBYET 3JIEMEHT y H 2) KaXKAoOMy X
COOTBETCTBYET TOJILKO OfMH 3jeMeHT y. Mtak, Bcakuil pyHK-
UHOHAJNbHEIA TIpefMKaT YNOBJAETBOPSIET CJEAYIOMHMM ABYM
dopMyaM;
vxayP(x, y) (1)
VIVUVZ(P(r AP (-2 —(=2). (D

(Bropas ¢dopMysa copepKaTeJbHO O3HayaeT, 4TO €CIH -y
CONOCTaB/N€H X M 2 COMOCTaBJIEH X, TO y U Z — OAHH H TOT
Ke 3aneMeHT.) TakuM o6pa3oM, NMpegHKaThl, KOTOpble YHOB-
JIETBOPSIIOT BTOPOH (OpMyJie, XapaKTepU3YIOTCH TeM, UTO
OHH CONOCTABJSIOT KaXKAOMY 3JEMEHTy x MHOxecTBa M He
6oJiee OZHOTO 3JIeMEHTa Y. ITO COOTBETCTBYET MOHSATHIO (PYHK-
HHH, He 00s3ameavHO 6Ci00Yy onpedeseHroli. 3aMeTHM, 4YTO B
aHa/JM3€¢ Mbl OYEHb YAaCTO BCTpeyaeMcsi ¢ NOAOGHBIM NOHSA-

tem. Tak, manpumep, dyHkuus }/x me ompejesena Ajs
1
OTPHUATE/IBHBIX YHCEN H HyJst, a QyHKIHS — HE ONpejiesiena

. ana x=0. CooTBeTCTBYIOIHE NpPEAHKATH YAOBJETBOPSIOT yC-
J0BHIO (2), HO He ypoBaerBopsiioT ycaosuio (1). Corsacuo
HalleMy ONpeje/ieHUI0 (YHKLIUOHAJNbHEIE NpPefHKATH YHOB-
Jerpopsitor ycaoBusM (1) 1 (2). OHM COOTBETCTBYIOT BCIOAY
onpefeeHHbM (QYHKIHUSM.

Cpenn dynkuufi (oTo6paxenuil) 60JblIyI0 POJb HIPAIOT
JBa YaCTHBIX CJIyyas: 3TO TaK Ha3blBaeMHIE 63QUMHO OOHO-
3Haunbie  omobpadcenus W omoOpajXceHus Ha 6ce  MHO-
Jicecmeo. :

Oro6pax<eHHe MHOXKeCTBa B ce6si Ha3blBaeTCsi B3aHMHO
OJIHO3HAYHBIM B TOM H TOJIbKO B TOM CJy4ae, KOTJa pasiHuHbe
3JIEMEHTH NEPEXOAAT B pasjHuHbe, DTO TpeGOBaHHE COOT-
BETCTBYeT TOMY, YTO COOTBETCTBYIOMIMH q)yuxuuouanbnblﬁ
NpefuKaT JOMXKeH YAOBJIETBOPATh (opMyJe

vivyveyu((P(x, 2)AP @y, u)\
Alx=y)—TE=u)). 3

Jipyroe Bamuoe TpeGoBaHHe, KOTOpOE HacTo  HaK/afbi-
BaeTcsi Ha (PyHKUMIO, COCTOMT B TOM{ UTO KaX/blil 3J€MEHT
y M3 M nosKkeH GbITb COMOCTaBJEH HEKOTOPOMY 3JIEMEHTY X.
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310 Tpe6OBaH'ue BHIpaxaeTcs , popMyoh

vyaxP(x, y). 4

Oco6oe 3HaueHHe HMeIOT Te GyHKuuu Ha M, KoTOpHE sBAA-
JOTCSl OZIHOBPEMEHHO B32HMHO OJIHO3HAUHBIMH H OTOOpaiKe-
HHSIMM Ha Bce MHowecTBo M. Takue oroGpameHHsi OBHIKHO-
BEHHO HA3BIBAIOTCS nodcmaHoskamu MuomectBa M. Hs ripe-
JBIYLIEro BHAHO, YTO HEKOTOpHi mpemuxar P (x, y) Gyier
TOrJa M TOJBKO TOTJa (PYHKHHOHAJbHBIM NMPEJHKATOM HEKO-
TOpO#i MOACTaHOBKH MHOMeCTBa M, KOria OH Y[OBJETBOPSET
konbloHkituK dopmya (1), (2), 3 u 4.



SAKJTIOYUEHUE

OCHOBAHHWSI MATEMATHUKH 4
M MATEMATHYECKAS JIOTHKA

[Tocie Toro Kak Mbl KPaTKO ONUCAJIH HEKOTOPHIE 3J1e-
MEHTapHbIe pas/iesIbl MaTeMaTHUECKOH IOTHKH, MBI XOTHM HEMHO-
T'0 OCTAHOBHUTLCS HA CBSI3H MaTEMaTHUECKOH JIOTHKHU ¢ WCCI1e0-
BaHUSMH N0 OCHOBaHUSM MaTeMaTHKH. KaK Ml yxKe HECKOJb-
KO pa3 oTMeuasid, LEHTpajbHBE NPo6JeMbl MaTeMaTHUeCKOH
JIOTHKY OBIIK [0 CHX NOP TECHO CBfi3aHBI ¢ BONPOCAMH, BO3-
HUKAOMUMHE NPH HU3YUEHUH CTPOEHHUS MaTeMaTHYECKHX TEo-
puil. IMeHHO 3T BONPOCH MOCYKHIH OCHOBHEIM CTHMYJIOM
AJISi pa3BUTHUSL MATEMATHYECKOH JIOTHKY ¥ UMEHHO 3[eCh MaTe-
MaTHYeCKas JOTHKA HAlla CBOM CaMble MJIOJOTBOPHEIE NMPH-
menenusi. Jlo camoro mocienHero BpemeHH NpHaraTeNbHOE
«<MaTeMaTHYecKasi» B BHIPAXKEHHH «MATEMaTHUECKasi JIOTHKA»
MHOTHMH NOHHMMAJIOCh CPa3y B JBYX CMEICJAX: BO-NePBHIX,
‘B TOM CMBICJIE, YTO B 3TOH HayKe JIOTHUECKHE 3aKJIOUeHHs
H3y4yaloTcsi ¢ NPUMEHEHHEM amnmapaTa MaTeMaTHKH, BO-BTO-
PBIX, B TOM CMBICJIE, YTO OCHOBHHIM OGBHEKTOM HCCJE0BAHHUS
NpH 9TOM SIBJIAIOTCS JIOTHUECKHE PACCYKJEHHWS B caMoil Ma-
TeMaTHKe. B rnocnennue 1Ba NeCATHNETHS TAKyI0 TOUKY
3PEHHS yKe HeJb3s CYUTATh BHOJIHE npaBoMepHoil. Heficreu-
TeJIbHO, B CBSI3H C BOSHMKHOBEHHEM U Da3BUTHEM KubGepHe-
THKH ¥ B OCOGEHHOCTH B CBSI3H C TEOpPHeH U NPaKTHKOH aBTo-
MaTHYECKHX BBHIYUCITUTENBHBEIX U YIIPABJAIOMMX MALIHH MaTe-
MaTHuecKas JIOT¥Ka NpuoGpeTaeT HOBble, LIUPOKHE 06JACTH
NpUWIOKEHUsi BHe MaTeMaTuKH. B wacTHocTH, MaTemaTuue-
CKasi JIOTMKa HAuWHAET BHEJPATHCH B TaKHe HeMAaTeMaThue-
CKHE JMCUHMIVINHEI, KaK A3LIKO3HAHHE, SKOHOMHUKY, Melu-
UVHY, MCHXOJIOTHIO, MEeJATOTHKY, npaBo. Ho siech Mul ua-
' X0JHMCsl, HECOMHEHHO, TOJbKO B CAMOM Hauaje PasBUTUS H
HAM KaxeTcsi YMEeCTHbIM B paMKax Halllefl KHUTH He KacaTbes
3TUX BONpocoB. HecMoTpsi Ha Takoe pacumupenue objgacTu
NPUIOKEHHUA MaTeMaTHYECKOH JIOTHKH; NOKA U CErOfHS eje
caMble IJIyGOKHe Ppe3ysbTaThl OTHOCATCS K mpo6aeMaTHKe,
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kacalomieiicsi OCHOBaHHH MateMaTHKH, U Mbl, XOTS H KPaTko,
JOJKHBl HAa 3TOM OCTAaHOBMTbCH.

OG6LUENpHHSATO CUHTATb MaTEMATHKY HayKOH JeLyKTHBHOM.
[lon 5THM TMOHMMAeTcs Ta XapaKTepHas OCOGEHHOCTb MaTe-
MaTHKH, KOTOpasl TFOBOPHT O TOM, YTO HCTHHHOCTb MaTeMa-
THYECKHX YTBEPHKAEHHH, B OTJIHYHE OT yTBEpKIEHHH ecTe-
CTBEHHBIX HayK, HE yCTaHABJHMBAETCs] HA OCHOBaHMH OINBITA M
HabJI0JieHHs], a BLIBOAMTCS (meayumpyercs) ¢ NOMOLIBIO JIO-
THUECKHX paccyXjeHu#, HCXOi M3 HeGOJbLIOro uucjaa Hc-
XOIHBIX yTBEpKAeHHH. McXoaHble NOJOKEHHs HA3HBAIOTCA
akcuomamu WiH nocmyramamy. VICTHHHOCTb aKCHOM NPHHH-
MaeTcsi Ge3 JOKa3aTeJbCTBa; BCE OCTAJbHEHIE YTBEPKICHHA
HA3BIBAIOTCSl TEOpEMaMM H JIOKa3bIBAaIOTCS (BLIBOAATCA) K3
akchoM. TIOHSTHS, YydYacTByollMe B YTBEPKIEHHSX, TaKxKe
pasjeNsOTCsl Ha HCXOJHbIE — OOLIeNPHHATHE M OueBHA-
Hble — H TNPOHU3BOJHBIE MOHSATHS, KOTOPBHIE IOJIKHBI 6bITH
onpejie/ieHsl uepes ucxofHse. Takue TpeGoBaHHS K JEAyK-
THBHOl HayKe Bbipa6oTajuCh JAPEBHErPEYECKMMH MBIC/IH-
TeJSIMH M GBUIH JOBOJILHO UeTKO c(opMyJHpOBaHb Apucro-
teneM. B JlpeBnefi I'peunn MaremaTHKa NpHHsJA ¢dopmy
JeLyKTHBHOH HayKH H coXpaHuna 3Ty (GopMy K TO CeHl JeHb.
Bo 1I B. 10 H. 5. EBkana B cBoMX «Hauasnax» 1aj aKCHOMATH-
yeckoe (IeJyKTHBHOE) M3JIOXKEHME TIEOMETpHH, KOTOpOE B
TeyeHHe JBYX THICSUENETHH CUMTANOCh OCHOBHBIM H HA€aJIb:
HbIM TPHMEPOM JeIyKTHBHOTO MNOCTPOEHHs 3HAHHS. dro u3-
JIOXEHHE SBHJIOCH 3aBEPILIEHHEM OCHOBHOIO 3Tana pasBHTHS
JApEBHETPeYeCKOll MaTeMaTHKH, NPOJOJIKABILEroCs NpHMEPHO
¢ V o II B. 10 H. 3. Koneuro, He Enenyer AyMaTh, YTO nues
NOCTPOGHHST MATEMATHKH KaK AENYKTHBHOH HayKH BOSHHK/A
B Jlpepueit I'penun B V—II BB. JI0 H. 3. Ha MYyCTOM MECTE..
DToil MAee NPEAIIECTBOBAJO JJIHTENbHOE Da3BHTHE MaTeMa-
THKH, npoMcxousuiee B [pessem Erunre, B Ipesunem Ba-
BHJIOHE W B PAHHHE BeKa APEBHErpeueckoil HCTODHH, KOTAa
MaTeMaTHKa, KoTopasi BHauaje Gba HaGopOM MNOJYYEHHBIX
M3 OMbITa MPaBHJI apH(METHUECKHX HeHCTBHA H TEOMETpH-
yeCKHX (PAKTOB, TOCTENEHHO NpHoOpena 3HAKOMYyIO ~HaM'
¢opmy. K coxaneHnuio, Becb 3TOT O4€Hb MHTEpECHBIA H BaXkK-
Hbl TIPOLECC CTAHOBJEHHS MaTeMaTHKH MaJso H3YUeH .

1) OTHOCHTeJBHO 3aTparMBaeMHX 3/leCh BCKOJb3b BOMpOCOBy OT-
HOCAIIAXCA K HCTOPHH MaTeMaTHKH, MB DeKOMeHAyeM UHTaTemio O3Ha-
KOMHTbCS GoJee TOAPOGHO B criefyioilelt uTeparype: H. Bbyp6akn,
OuepKH 110 HCTOPHH MaTeMaTHKH, UJ,1963; 6. J1. Bau nep B ap-
A e H, [Tpo6yxaaomasca nayka, UJI, 1959; 3. Ko abwmaH, Heropus
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HyxHo cka3aTb, 4T0, KaK 5T0 fI0CTENEHHO BHISICHHAOCD, H
H3jokenue B «Hawanax» EBkaumma joBosbHO paseko or
GesynpeyHoro  aKCHOMATHKO-JeAYKTHBHOTO  [OCTPOEHHSI
F€OMETpHH, KOTOPO€ COOTBETCTBOBaNO Obl TpeGOBaHHAAM,
NPEAbABISEMEIM ADHCTOTEIeM K JeAYKTHBHBIM HayKaM.
Cpasy xe GpocaioTcsi B rnasa cjelyiowHe c/aGhie CTO
poHbl. ’

1. Henaetcs nonbiTKa JaTh ONpENe/eHHE HE TONBLKO npo-
H3BOJHBIX, HO H HCXOJHBIX NMOHATHH'). DTO NMpPOTHBOPEUHT
OCHOBHOMY NPHHIHNY, COIJIACHO KOTOPOMY O6a3HCHBIE T1O-
HATHS B onpejefieHHMH He Hyxkpjaiotcsi. EcaH kakoe-To mo-
HATHE OMpEJeJIAeTCS, TO B OMPEAEJNEHHH BCTPEHaloTCs JApY-
THE MOHATHS, O KOTOPHIX NMPEANOJAraercs, 4YTo OHH SIBJSIIOTCS
6oJlee MPOCTHIMH, @ OTIPEME/IAEMOE MOHSTHE TEeM CAMBIM OKa-
3bIBAETCsl YK€ MPOH3BOAHLIM, & HE HCXOAHBIM. B JaHHOM
cly4ae B TpPHBEJEHHBIX ONDEJEJEHHSX TOHSATHS <TOYKAM,
«IHHHSI®, «npsIMasi», «MNOBEPXHOCTb H T. A. ONPENEJSIOTCS
Ha OCHOBE MNOHSTHH «IMHA» GUHPHHA», «OLHHAKOBO pac-
NOJIOXKEHbI» H T. A. IlpH 3ToM HescHo, caeayer jiu 3TH ompe-
ACHSIOUIME MNOHATHS PACCMATPHBATb KaK HCXONHBIE, a €CJIH
A3, TO noYeMY OHH G0J1ee OYEBHHBI H MPOCTHI, YEM OTpeEes-
€Mbie noHATHA. BripoueM, ecan jaxe ocTaBHTb STOT BOmpOC B
CTOPOHE, TO PacCMaTpHBAEMble E€BKIHAOBCKHE OMNpEJe/eHHs
HHKaK HE COOTBETCTBYIOT TPeGOBaHHSAM apHCTOTEJEBCKOH
norukH. Kaxk yteepxpan B. ©. Karan, «npupegenubie ompe-
ACJIEHHs] HE TOJIbKO COCTaBJSIIOT caMoe cjaboe MecTo BO BCEM

MaTeMaTuky B ApeBHocTH, Puamartrua, 1961; K. A. Pu6uu x o B,
Hcropus maremarnkn, Hag-eo MY, 1961.

Y) Neprass kuura «Hauams OTKDBIBaeTCs CJEAYIOUKMH olnpejese-
BHAMH.

«Onpenenenni.

1. Touka ectb To, 4TO He uMeeT yacrei:.

2. Jluwms ecTe AJMHA 6e3 LIMPHHBL

3. Kouns JMHHH CYThb TOYKH.

4. lpsMas ecTb NMuRHA, KOTOpas OAKHAKOBO PACIONOMKEHA OTHO-
CHTeJNBHO JeXamHuX Ha Hel Touek.

5. IloBepXHOCTb €CTb TO, YTO HMEET TOMRKO AMERY H LR
puny. ' .

6. Tpanmnub ke NOBEPXHOCTH CYTh JHHHK.

7. TlMocKoCTh ecTh TaKas MOBEpXHOCTb, KOTOPas OAHHAKOBO pac-
To/I0KeHa 10 OTHOLIEHHIO K JeXKAuMM Ha Hell NpAMbIM.

8. IlnocKuit yron ecTh B3anMuoe Hak/Ionenue ABYX Jauuult na nJgoc-
KOCTH, KOTOpHe ApYFr Apyra BCTPEYaioT, HO He PaclioJoXenH Ha oAHON
np aMofi.

9. U ecn sunun, obpasyiomue yrod, npsimuie, To yroJl HasblBaer-
¢ NpAMOJHHEAHEIMY,
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i

COUHHEHHH, HO B H3BECTHOH Mepe SBISIOTCS HCTOUHHKOM:
GOABIIHHCTBA €ro Ae(eKToB» '). .

2. TlpuBoauMble EBKIHIOM akCHOMBI H TOCTYJATH He
SIBASIIOTCS. JOCTATOUHBIMH JJsl JOKA3aTE/NbCTBAa TEOPEM reo-
MeTpHH. B Joka3aTenbCTBAX HCMOJB3YIOTCS MHOTOUHC/IEHHEIE
JpYyTHe yTBepkKJEeHHs, CUMTAOUMECS] OUEBHIHEIMH, HO HHTJE
fIBHO He C(HOpMYJHPOBaHHbIE.

OTH HEJOCTATKH BIIOJHE HMCNPAaBHMbl H ObllM JefCTBH-
TeAbHO MCIpaBJeHbl reoMetpaMH B kohue XIX B., korja
MaTeMaTHUeCKasi MBICAb TOCAe€ MHOTOBEKOBOTO TNepepHBa
onATh O6paTHAACh K TNPEJCTaBJEeHHIO FeOMETPHH B crporofi
dopMe, COOTBETCTBYIOMIEH apHCTOTEJNEBCKOMY HJealy aKCHO-
MATHKO-IeJlyKTHBHOH HaykH. OJHOBPEMEHHO B 3TO XK€ BpeMs
6La MocTeneHHO paspafoTana JOCTaTOYHO CTporas aKCHO-
MaTHueckKast opMa H JJsi APYTHX MaTeMaTHYEeCKHX JHCUHM-
JAMH: 1As apHQMETHKH, anareOphl, aHaJH3a, a HECKOJMbKO
nosxe, B Hauane XX B., A/l TEOPHH BEpOSITHOCTEH H A5
TEOPHH MHOMECTB.

BosHHKaeT BONpOC, NoueMy NoHaloGHCcs Tako#l Gosbllol
CpOK AJsl MPHBEJEHHsS B TMOPSJIOK H3JNOKEHHUS Eskanja. Ha
5TO MOMHO OTBETHTb, 4T0o J0 XIX B. MaTeMaTHKH HeAOCTa-
TOYHO O6pallajJi BHHMaHHE HA JOPHYECKYIO CTPOrOCTb. Kak
B FeOMeTpHH, TaK H B JPYrHX o0nacTsX MaTeMaTHKH rocrnof-
CTBOBAJIO HM3JIOXKEHHE, KOTOPOE MOXKHO ObuIO OBl XapakTepH-
30BaTh KAK HATJSAHOE H HESBHO akcHoMaTHueckoe. HyxHo
cKa3aTb, YTO OHO M cefiyac OGLIENPHHSATO BO BCEX CayHasX,
KOTA2 JeNo HJET 06 H3JIOKEHHH KOHKPETHOro MaTeMarHue-
ckoro MaTepnana. Kak u B «Hawanax» Eskanza, GoNBUIHH-
CTBOM HCXONHHX TOJOMEHHH TNOMb3YIOTCH [0 Mepe Hano6-
HOCTH: B KauecTBe aKCHOM OHH B GOJIbUIHHCTBE Cly4aeB HE
dopmyaupytorcs. CunTaeTCsl, YTO OHH CTOJIb HATJSAHBL, NP0~
CThl H OYEBHAHBI, YTO MOFYT GHITb NPHHSTH KAK HCXOMHBIE,
H He TONMbKO He HYXKLAITCS B J0KasaTeNbCTBaX, HO Jaxe H
B siBHOH (opMysupoBke. B Takoil gopmy/nHpoBKE H B JOKa-
3aTe/IbCTBE HYXKAAIOTCS TOJbKO JAOCTaTOYHO CJIOKHBHIE YT-
BePIK/JEHHsI, KOTOPHE BLIAESIOTCS KaK TEOPEMHl, TMpHUEM
OCHOBHOE Ha3HAUEHHE JI0KA3aTeJbCTBA COCTOHT B TOM, HTO-
66 yGenuTb uMTaTeNs, cChaywareas H caMoro asTopa B

1) B. . Karau, OcHoBauus reoMerpus, T. -1, TocTexH3jaar,
1949, ctp. 41. B oToff KHure COAEDKHTCH OueHb AeTanbHoe KPHTHHEC-
Koe wu3ajgoxenne «Hauam» Epkaujga. Ywurtarteaio, KeJawolieMy Goaee
rMy60KO 03HAaKOMHTHCA € 3aTparuBaeMoil HaMH TeMaTHKOH, MH oOYeHb
coBeTyeM 06paTHTBCA K 9To#l KHHTe.
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MCTHHHOCTH JIOKa3bIBaeMOro yTBepikIeHHs. B anoxy 6ypHoro
passutus aHajausa — B XVII, XVIII u XIX BB.— Takas
tdopma Obljla BIOJIHE YJOBJIETBOPHTENbHOM. ]

Takoe cocTosiHHe OOBSACHSJOCH elle TeM, YTO MaTeMa-
THKa, B UYAaCTHOCTH TEeOMETPHs, UMEJa JEJ0 HCKJIOUHTEIbHO
C OUYEHb HAIVIAJHLIMH H HPHUBBLIYHEIMH TpEACTABJEHHSIMH.
B HCTHHHOCTH HCXOJHHIX TOJIOKEHHH, HE3aBHCHMO OT TOrO,
(hopMyJIHpOBaJIKCh JIH OHH SIBHO B BHJE aKCHOM HJIH HCINOJIb-
30BaJHCh Ge3 $SIBHOH (OPMYJHPOBKH, HHKAKOTO COMHEHHS
He BO3HHKaJjo. KpoMe TOro, He BO3HHKaJO HHKAKHX CO-
MHEHHH OTHOCHTEJBHO TOrO, YTO CJAEAYyeT MOHHMAaTb TOJ OC-
HOBHLIMH HeOTpeJe/IfieMbIMU MOHSITHAMH, O KOTOPHIX TOBOPSIT
aKCHOMBI U TeOpeMnb! JaHHOH o6JacTH MaTeMaTHKM. JLas onu-
cbiBaeMod (hOpMBI aKCHOMaTHUECKOTO TMOCTPOEHHsI MaTeMa-
THKH — H B NEPBYIO OU€Pelb eOMETPHH — XapaKTEpPeH cJie-
AyomHui OCHOBHOH NpHHUHUN. Hcxo0Hbie nosoxcenus — axcu-
OMbL U OCHOBHbIE NOHAMUA — UMEIM 6noaxe onpedeseHHbill
codepacamenbHoili CMbICA; QKCUOMbL UCIMUHHbL 8 cuny c8oedl
ouegudnocmu. Teopemo: UCMuUHHbL, MK KAK OHU 8bi800AMCA
AOSUMECKUMU  PACCYHCOCHUSMIL U3 UCMUHHBIX NOCLIAOK, @ OC-
HOBHbIM CBOUCMBOM NPABUALHOIX N02UHECKUX Y MOBAKAIOUCHLLL
ABAREMCA MO, 4MO, NPUMEHEHHbIE K UCHUNHbIM NOCHLAKAM,
OHU Jatom ucmuHHbie 3aKao4eHus. dta GopMa akcHOMaTHYe-
CKOTO NOCTPOeHHs], eANHCTBEHHO U3BecTHad A0 KoHua XIX B,
HasuiBaeTcsl codepacamenvroli. Pazputne MaTeMaTkd B XIX
1 XX BB. MPHBEJO K CO3JAaHHIO HEKOTOPOrO HOBOTO YPOBHs
JELYKTHBHO-aKCHOMAaTHUECKHX TOCTPOEHHH, KOTOpPHH npH-
HATO HasblBAThb (HOPMAALHBIM.

3. BoJabuioe 3HaueHHe /151 H3MEHEHHs] TOUKH 3DEHHsI Ha
BONpPOC 06 OYeBHAHOCTH AKCHOM H OCHOBHBIX MOHSITHH HMEJO
BO3HHKHOBEHHE HEEBKJHJOBOH reoMeTpHH, CO3JaHHOH B mep-
Boii nomoBuHe XIX B. BEJHKHM pPYCCKHM MAaTEMaTHKOM
H. W. JloGaueBckHM H 3ameuaTeJbHHIM BEHTepPCKMM MarTe-
MaTHkoM Y. Bosu. Ha npuuHHAX 3TOro BOSHMKHOBEHHS MbI
'JIO/KHBI KPAaTKO OCTAHOBUTLCH.

Cpenn akcuom H mnocrysnatoB B «Hauamax» Esxkauga
HMEETCsl CJeAyIolmlee YTBEpXKJAeHHe, H3BECTHOE KaK MOCTY-
JaT (aKCHOMa) O MnapaJji/ieJbHbIX, TAK HA3bLIBAEMbIl NATHIM
nocryaat Eskauga. Ero  jgocnoBHasi  ¢opMmyaHpoBka
TJ1aCHUT:

1 ecnu npsMas, majaomas Ha ABe npsiMbie, oGpasyer
BHYTPEHHUE H MO OAHY CTOPOHY YIVIbf, MeHbIlHe ABYX Tmpsi-
MBIX, TO TPOAO/IKEHHbIE 3TH JBE MpsIMble HEOrPaHMUYEHHO
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BCTPETATCS] C TOR CTOPOHbI, TAE YIJbl, MEHblIHE ABYX Nps-
MbIX» ). :

B nasbeiileM aTa akcHoma (OPMYJHPOBajach OCBIKHO-
BEHHO B HECKOJbKO HHO# Qopme, KoTOpas, Kak MOXHO MO-
KasaTb, MO CYLLECTBY PaBHOCHJIbHA MPHBEACHHOMY NATOMY
nocTyJaty: : _

«[las1 Besiko# psIMOlL g M AUt BCAKOM TOUKH P BHE g CY-
IECTBYET OJHA H TOJBKO OJiHA MpsiMasl, NPOXOJsilas uepes P
M He Tmepecekamowmas g».

BoJlee KpaTKO MOXKHO TaKXKe€ CKasaTb, 4YTO JaHHAs aKCH-
oMa YTBEpKAAeT, YTO uepe3 BCAKYIO TOUKY BHE npsMolt g
MOMHO NPOBECTH OJHY M TOJNBLKO OAHY NpSMYIO, Napajeb-
HyIO &. .

B TeueHHe JOJTOr0 BpPEMEHH MHOTHE MaTEMaTHKH MoJja-
rajM, YTo TSATHIl NMOCTYJAT sIBJsIETCS HE aKCHOMOH, a Teo-
pemoil, KoTopast MOXKeET ObiTb JOKa3aHa M3 APYrHX aKCHOM.
V3BeCTHH MHOTOUHC/IEHHBIE TIONMBITKH MOCTPOUTH TAKOE JIOKA-
3aTenbcTBo. (OCOGEHHO HM3BECTHBI MOMBITKH JIOKA3aTeIbCTBA
uTaabsHckoro MatematHka Cakkepu B XVII B. H HeMeukoro
mateMatuka JlamGepra B XVIII B.) Amanus stux Jokasa-
TeNbCTB TOKA3bIBAET, YTO OHH HJIH COJEPXKAT JOTHYEeCKHe
OMIHGKH HJIH € HESIBHO HCTOJBL3YIOT YTBEPKIEHH:, Npasia
OUeHb HAIJISAHBIE, HO, MO CYTH, PABHOCHJbHBIE MNATOMY MO-
cryaary ’). 4

BoJILLIMHCTBO JI0KA3aTEJbCTB MbITAMHCh CTPOHTH MpHBE-
JeHHeM k a6eypay. [peanosaranoch, 4To 4epes TOUKY P BHe
npsAMOil g MPOXOAHT HECKOJbKO (Gosee OJIHOH) MpsIMHIX, Na-
paJlIeJbHbIX g, H H3 3TOTO MPEAMNOJIONKEHHS NOCIEA0BATENBHO .
BbIBOJMJIHCH CAEACTBHS B TMOHCKaX npotuopeuus. Ecian bl
npoTHBOpeuHe GbIO HaNJeHO, TO MPHHATOE OTpHUAHHE aK-
CHOMBI O MapaJljiebHBIX 6bl10 Obl ONMPOBEPTHYTO, H HCKOMOE
yTBEpXKJeHHE JOKa3aHO. Ho HeCMOTpsl Ha BCE TOMBITKH, HH-
KaKHX TpOTHBOpeuHit He moJyuaioch. [lpaBja, NOJIy4aHCh
C/IE[ICTBHS, NPOTHBOpEYAINHe BCEM MNPHBLIYHBIM HATJISAHBIM
TPEACTAB/IEHHSIM, HO HCKOMOE JIOTHYeCKOE MPOTHBOPEUHE HE
BO3HHKAJO *).

1) Cm. «Hayana» EBknuja, KHHIH 1—VI, Tocrexusnar, 1950,
crp. 15. :

2) Hanpumep, MOXHO T0Ka3aTh, YTO A/ J0Ka3aTesNbCTBA AKCHOME!
0 mapajfieibHEX JOCTATOYHO NPEANONOKHTE, YTO CYLIECTBYKT HE pas-
HHe, HO [0J06HHE TPeyroibHHKH.

%) [lospo6HOe H3JOMKeHHe YHTaTenb HAHJAeT B yxe nuTHpoBaHHOR
kuure B. @. Karana «Oceopanns reomerpuu», T. 1, n B KHHre
B. ®. Karana «Jlo6aueBcKkuily,
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B mBajguaTthiXx rojax npouutoro croaetes H. Y. Jlo6a: '
4eBCKH# OblT NEPBHIM, KTO $IBHO BBICKa3aJ MBICJIb O TOM, 4TO,
3aMEHHB aKCHOMY O MapasijIeIbHOCTH MPOTHBOMOJIOXHBEIM yT-
BEPXKJIEHHEM, MOXHO GYJeT MOJyUYUTb B KAUECTBE CJECACTBHS
HEMPOTHBOPEUHBOE TOCTPOEHHE HEKOTOPOH HOBOH reomer-
pUH, OTJIMYHOH OT mpuBbLIYHOH reoMerpuu Esxkanja.

BMmecro akchombl EBKauja o mapasnenbHbix JloGauep-
CKHH paccMaTpUBaJj aKCHOMY, COTJIACHO KOTOPO# uepes TOuKy
P BHe mpsMo# g mpoxoAHT GeCKOHEYHO MHOTO NPSIMbBIX, HE
nepecekaomux g. COBOKYNHOCTb 3THX MpPSAMBIX 3aMOJHSET
HeKoTopH#l yroa (puc. 14).

Puc. 14,

Jlo6aueBcKOMy yAasoch JOBOJIBHO °lajieko pa3paboTaThb
BO3HHKAIOIYI0 M3 3TOro INpPEANOJNOMKEHHS HEEBKJHIAOBY reo-
METPHIO, KOTOPYIO OH Ha3BaJ «BOOOpaxKaeMasi reoMeTpHsi» H
KOTOPYIO TENEpb NPHHATO Ha3bIBATb 2unepboruteckot 2eo-
mempued, unu eeomempued Jlobauesckozo. )

Heckoabko Jiet cnycrsi HesaBucuMo ot JIoGaueBckoro aHa-
JIOTHYHYIO MBICJIb Pa3BHJI B CBOHX paGoTax BEHr€pPCKHH MaTe-
Mmatuk $1. Bosu.

Mbl He GyneMm omHcbiBaThb reoMetpHio Jlo6aueBcKoro, a
OTMETHM H TOJAYEPKHEM TOJNBKO, UTO, HECMOTPSI Ha TO, YTO
YTBEDXKIEHUsI 3TOM TreoMeTPHH BO MHOrOM MNPOTHBOpEYAT
NPHUBBIYHBIM JUIsl HAC HAIJIAAHBLIM NPEACTABJEHHSM, BCS Teo-
pHsl B LeJOM npencTaBisieT co6od JlorHueckH GesymnpeuHoe
JAENyKTHBHO-aKCHOMATHUECKOE TOCTpoeHHe. B najdbHeimeM,
B KoHLe XIX B. 6bl10 CcTpOro 10KasaHo, 4To reoMeTpus JloGa-
YEBCKOrO CTOJIb e HEMPOTHBOPEUHBA, KAaK H TeOMETpHs
EBknnpa. :

C npyroit cropoun, yxe B XX B. reoMerpnus Jlo6aues-
CKOTO H HEKOTOphle ee OCOOIIeHHs JIErJH B OCHOBY MaTeMa-
THYECKOro anmaparta ofuweil TeOPUH OTHOCHTEJLHOCTH DHH-
wure#iHa. TeM caMblM NOATBEPAMJIOCH, YTO 3Ta IEOMETPHUs
SIB/ISIETCSl He OeCroJie3sHoll Hrpoll yMa, a MOMHOUEHHOH MaTe-
MATHUYECKOH IUCLUNJIHHOM. ’ '
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~ C TOUKH 3peHHS JOTHKH BaXKHOCTb BO3HHKHOBEHHS HeeB-
KaujoBoH reoMeTpHH JIo6aueBCKOro COCTOHT B TOM, 4TO OHa
BIEPBBIE OUEHb CYHIECTBEHHO TNOJOpBaJja HaUBHOE MHEHHE,
COTJIaCHO KOTOPOMY HCTHHHOCTb aKCHOM NpH JEJAyKTHBHOM
HOCTPOEHUH HEKOTOPOH MaTeMaTHuecKol AUCUHUILIMHBL JOJIKHA
HETMOCPEJACTBEHHO yCMaTPHUBaTbCSl HA OCHOBAHUH HAIVIsiAHOMN
OYEBHIHOCTH. '

[ocTeneHHOMY H3MEHEHHIO TOUKHM 3DEHHS. OTHOCHTEJNbHO
OUYEBHJHOCTH aKCHOM Crnoco6CTBOBaJH H Jpyrue paspenl
MaTeMaTHKH, BosHHKiHe B XIX B. 31ech MOXHO Ha3BaTb B
KayecTBe MpHMepa reOMETPHIO MpPOCTPAHCTB CKOJb YTOJHO
GoJbiIof pasMEpPHOCTH — UEThIpEX-, NATH-, HIECTH- U BOOG-
uie n-MepHeIX mpoctpaHcTB. B konné XIX B. pns ueneit ana-
JIM3a CTajd U3yuaThb GeCKOHEUHOMEpHbIE NpocTpaHcTBa. OrT-
CIOfa BO3HHKJA TaKasl BaXHasi Kak AJs TEOpUH, Tak H MIA
NPHJIOKEHHH B QU3UKEe 06/AaCTh MATEMATHKH, KaK q)yHKuuo-
HaJbHBIA aHaJH3.

CyinecTBeHHO MepecTpousach ajare6pa. 3ra MaTeMaTH-
uecKkas Hayka fepemija OT H3yueHHs aJjreGpauyeckhx ore-
pauuil Haj YHCJaMH K H3YyUYEHHIO Oomepauui Haj sJeMeHTaMu
NPOH3BOJILHOH NpPHPOAbI. Tak BOSHHUKJIH TaKHE Pasfesbl aj-
re6pbl, Kak TEOpHs TPYNN, TEOPHs KOJIEl, TEOpHUs moJeil,
BEKTOpHasl ajreGpa, TeH3opHasi ajare6pa, TEOpHSI CTPYKTYp
H Jp., B KOTOPBIX H3y4alOTCsl caMbie oOlHe 3aKOHOMePHOCTH
anre6paHuyecKHX omepanHi. B mepBoil rsaBe Mbl MO3HAKO-
MHJIMCb C TaK HasbiBaeMod GyJseBoH ajareGpofi, siBasioutefics
ele, OJHHM TpHMepoM NOAOGHOH ajre6panyecKod TEOpHH.

Haxkonen, B 80-x rr. XIX B. HEMEIKHM MaTeMaTHKOM
I'. Kanropom Gblia co3jaHd TeopHsl aGCTPAKTHHIX MHOMKECTB,
H3yvaioulasi caMble ofmue CBOHCTBA GECKOHEUHBIX MHOXECTB
OOBEKTOB MPOU3BOJIbHOM TNPUPOAHL.

Bce 3TH HOBBIE 06/1acTH HMEIOT JEJO C OYEHb OTBJIEUEH-
HBIMH H MaJIO HarJsiiHBIMH KOHCTpYKuHsMH. Tem He MeHee,
KaK TM0Ka3ajJo pa3BHTHE MaTeMaTHKH H ee NpHJIOMeHUH B
¢usnke — 0coGeHHO B aTOMHOH (PU3HKe,— HMEHHO TOJOOHBIE
aGCTpaKTHBle pasfenbl JAOT 3ayacTylo TOT MaTeMaTHUECKHH
anmapar, KOTOpHIHi HEOOGXOAMM JJIsl ONHCAHHA 3aKOHOMEpHO-
crefl peficTBUTEbHOCTH. HarnsaHoCTh H OYEBHAHOCTD UCXO[-
HbIX MOHATHH U YyTBEpXKJEHUH He sIBJSIOTCSA GOJblile KpHTe-
pUEM MpaBHJIBHOCTH U MOJE3HOCTH MATEMAaTHUECKHX MOCTPO-
enuit. Hotorga cosepienHo oco6oe 3Hau€HHe npHoGpeTaer Ao-
rHYecKasi CTPOrOCTb MaTeMaTHUECKUX TeopHH. OueHb BaXKHBIM
CTaHOBHTCA sIBHasl (POPMYJIHPOBKA BCEX AKCHOM H TMOCBLIOK.
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4. B xauecTBe npuMepa GopMaJbLHON CHCTEMH aKCHOM JJIsk
reoMeTpHH NPHUBEAEM OTPLIBOK U3 3HaMeHUTOH KHuTH . Tuib-
Gepta «OCHOBaHHSI T€OMETPHH», B KOTOPOM (OpMYJHpYeTcs
4aCTb OCHOBHEIX aKCHOM. DTOT TPYJA, BhILIEAUIHH Nep BbIM H3jia-
HueMm B 1899 r., ABNsETCS B HEKOTOPOM CMHIC/IE 3aBEpIIEHHEM
KPHTHUECKOH mnepecTpofiKM aKCHOMAaTHYECKOTO MOCTPOEeHHs
9JieMeHTapHOH reoMmerpuH, npeinpuHaroro B XIX B. mocne
BO3HMKHOBEHHSl HEeBKJHJOBOH reomerpuu. Hama nurtara ot-
HOCHTCS K MEPBOH rJaBe, B KOTOPOH H3JaraioTCsi aKCHOMBI
IJIOCKO# M mpocTpaHCTBEHHOH reoMerpuu. Msnoxenue Ha-
YHHAETCA TakK:

«Mbl MBICJIHM TpH pa3/HYHblE CHCTeMBbl Beulefl: BemH
nepBOH cUCTeMB MBl Ha3BIBaeM moukamu U 06GO3HauaeM
A, B, C, ...; peuld BTO p 0 il CHCTeMbl Mbl Ha3blBa€M npA-
Moimu ¥ 0603HauaeM a, b, ¢, ...; BEIU TP € Tb € i CHUCTEMBI
Mbl Ha3blBaeM nAOCKOCMAMU U 0603HauaeM a, P, vy,...; TOUKH
Ha3bIBAIOTCS TaKXKE JAEMEHMAMU AUHEUHOU 2eomempuu, TOUKU
H TPAMBIE — 31EMEHMAMU NAOCKOU 2eomempuu, TOUKH, nps-
Mble H IUIOCKOCTH — 34eMeNmami npocmparcmeeHrol eeo-
mempuu UIH  3NEMEHMAMU  NPOCMPAHCMEA.

MBI MBIC/THM TOUKH, MpPSIMBIE H IVIOCKOCTH B OMpeeseHHbIX
COOTHOWIEHUSIX H 0003HAayae€M 3TH COOTHOLUEHHS PasJHYHBLIMH
CJIOBaMM, KaK-TO: «I€X aTby, «MEXAY» KKOHT P y-
9HTHHHY, «apansenbpHb#ly, «enpepH B-
H bl #i». TouHoe M JJa MaTeMaTHUECKHX Ilejled noJHoe
OMHCAaHHE 3STHX COOTHOLIEHUH JOCTUraeTcsl aKkcuoMamu
eeomempul.

AKcHOMEI reOMeTpHH Mbl MOXKEM pas3GHTb Ha NSATb TPYMIL.
Kaxpas U3 sTHX rpynn Bblpaxaer onpeje/eHHbe, CBI3aHHbIE
IPyr ¢ ApPYroM OCHOBHBIE pe3yJbTaThl Hauiero ombita. Mol
6yJeM Ha3blBaTb STH TPYNMNBI CJAEAYIOUIHM 06pasoM:

[ 1—8 akcuoMbl coedunenusn (npunadiescrocmu),
II 1—4 akcuoMbl moOpsnKa,

II1 1-—5 akcHOMH KOHepYysHmHocmu,

IV akcuoma o napassesvHoix,

V 1—2 akcHoMH Henpepoigrocmus ).

[Tocnte sToro KpaTKOro BCTYIJIEHHS JaeTcsi GOpMYyJHPOBKA -
AKCHOM C KPaTKMMH KOMMeHTapHsMU. PopMynupyioTca He-
KOTODHIE TEOPEMBI, COAEpIKallHe MOHATUS, BBEAEHHHE B aK-
CHOMaX, U Ha OCHOBaHHHM aKCHOM JalOTCSl JOKa3aTeJbCTBa

H Cum. 0. Tuab6eprt, Ocropannét reomerpuu, [ocTexmspar,
1948, ctp. 56.
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dopMyJiHpyeMbiX TeopeM. Mbl MpHBEIEM TOJBKO HEKOTOpbIE
U3 aKCHOM, OTHOCSIIHECS K TUIOCKOH reOMETPUH, NPHUEM H3
[ u Il rpynn akcuom.

«ly dan aroboix 08yx mowex A, B cyujecmeyem npamas a,
npunadaexcawas Kaxcood us smux O0yx mouex A, B.

1, [as Osyx mowex A, B cywecmeyem re 6oaee odHod
npamoti, npunadsexcaueil xandod uz mowex A, B.

3gechb, KaK M B MOCJEAyOLleM, NMOA JABYMs, TpeMs, ...
TOUKAMH (MPSIMBIMH, TJIOCKOCTSIMH) BCETJa MOAPa3yMeBaioTCs
pPasJHUHDb € TOYKH (NpAMHE, [UIOCKOCTH). - ‘

BMeCTo TepMHHAa «1 P H Ha A J € X a T» Mbl GYJieM moJb-
30BaThCs TaKkKe M JPYruMmu (opMmyaupoBkamu. Hanpumep,
BMECTO MpsAMas o NPHHaAJNEXHUT KaxJoid
u3 Touek A U B Mbl 6yieM roBopHuTh: MpsMasi a m p o-
XOAHMUT uepes ToukH AU Bumnpsamas a
coeguHsier Touky A c Toukoit B; BMecto A np H-
HajgJdeXHT a MH GyJeM ropoputb: A Je X UT Ha a
win A ssasiercss Toukoid au 1 n Eciu touka A
JIEXHT Ha NPsMOi a H, KpOMe TOTO, Ha NPSIMOM b, TO Mbl 6y JieM
FOBOPHTb, N P sIMble gaHbTepeceKawTCs B TOU-
ke A, umMmenoT o6myt Touky AHT. I

Ha npamoii cywecmsyrom no Kpaiined mepe 0ée mouxu.
Cywecmeyrom no Kpaiideil mepe mpu mouKu, He Aexoujue Ha
00nHoil npamoti» ).
 JanbHefimKe aKCHOMbl 3TOH TPyNmbl OTHOCATCHA YXe K
TIPOCTPAHCTBEHHOH reOMEeTPHH; MbBl HX TPHBOLHUTH HE GyIeM.
Mexy TeM Mbl NpHBEJEM aKCHOMbI BTOPOH IpyMMbI.

«AKCHOMEI 3TOH TPYNNbl OMNPEAEJISIOT MOHATHE <M € XK-
I y» H JeJaloT BO3MOXKHBIM Ha OCHOBaHHH 5TOrO MOHATHSA yC-
TAaHOBHTb nOpAO0OK TOUEK Ha NPSMOM, MJIOCKOCTH H B NpOCT-
paHCTBe.

Touku mpsiMOHl HAaXOAATCS B ONMPEJEJEHHbIX OTHOLIEHHSX
APYF ¢ ApyroM. st onMcaHHs 3THX OTHOWEHHH GoJbuie
YaCTbIO MOJb3YIOTCS CJIOBOM «MEXKJY». A

11, Ecau mouxa B aexcum mencdy mouxod A u mouxoi C,
mo A, B, C cymb mpu pasauunsie mouxu npamoi u B aexcum
maxsxce mexdy C u A.

11, s awoboix deyx mowex A u C na npamoii AC cywecm-
ayem no kpaidnetll mepe 00Ha mouka B makas, 4mo mo4Ka c
aexcum mexwly A u B.

% Cm. O. Tuanb6eprt, OcHoBaHHA TeOMETpHH, FOCTexnénaT,.
1948, ctp. 57. ’
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11, Cpedu awbox mpex mouex npamod cywecmeyém
He 60see 00HOU mo4Ku, rexcaujeld mexcOy Osymsa Opyeumu.

KpoMe 3THX akcuom nopaoka Ha npamoi (Aumednoix ak-
cuom nopadka) Heo6XOAUMa elle OJIHA AKCUOMA, OTHOCSIIASCS
K TMOPAAKY Ha MJOCKOCTH.

Onpenenenue Mo paccMaTpuBaeM Ha mpsaMoll a
ABe ToukH A H B; cucreMy 1ByX Touek A U B Mbl Ha3sniBaeM
ompeskom U GyneM ee o6o3HauaTh uepes AB unu BA. Touxku,
Jexamue Mexny A u B, HasuBawTCs moukamu ompeska AB
HIH TOYKaMH, DaCNOJIOKEeHHBIMH (JeXalluMHu) 8Hympu oT-
peska AB; Toukd A ¥ B Ha3bIBalOTCS KOHIAMH oTpe3ka AB.
Bce ocranbHBle TOUKH NpsIMOfl @ HasHIBAIOTCS TOUKaMH, Je-
KaAUMH  8He OmpesKa.

I, Nyecmo A, B, C — mpu mouxu, He rexcauyue Ha 00HOL
npamod, u a — npamas 6 naockocmu ABC, ne npoxodsuan
Hu 4epe3 o0ny u3 mouex A, B, C; ecau npu smom npamas o
npoxodum 4epe3 00Hy u3 modex ompeska AB, mo ona dorxera
npodmu 4epes 00ny u3 mouex ompesxa AC uau wepes odny u3
mouex ompeska BC.

Beipaxasich HarJsjHo, roBopsT, «€CAH NpsMas BXOXHUT
BO BHYTPb TPEYroJibHHKa, TO OHAa TaKme BBIXOLHT H3 Tpe-
yronbHuka». ToT QakT, uTo npsMasi a He MOXeT NMPH 3TOM
nepeceyb o6a otpeska AC u BC, moxer GbiTb AokasaH» Y.

Ha npumepe usnoxenus 'nab6epTa 10BONBHO SICHO BUAHO,
B YEM COCTOHT CYINECTBEHHOE OTHUHe (OpMaNbHOR aKCHO-
MaTHKH OT cofepxaresbHol. XapaKTepHolt uepToft dopMab-
HOH aKCHOMATHKH SIBASIETCSl TO, YTO OCHOBHBIE TMOHSITHS He
Onpefe/sioTCs U Jaxe He omHchiBatorcsd. OHH mpeACTaBASIOT
coboit abcTpaKTHble OGBEKTHl U aGCTPAKTHBE OTHOLIEHHS:
BCE CBOMCTBA, KOTOPble B JajbHEHIIEM JOMXKHH OHTb HC-
NOJNb30BaHLl, YCTaHABAMBAIOTCS B aKCcHOMaX. B mpuHmune
CBOHCTBa M OTHOMIEHHsS, CDOPMYJHUpPOBAHHBHIE B aKCHOMaX,
COBEpIIEHHO TPOM3BOJMbHEL. Ha HHX HakJajblBaeTCs TOJMBKO
Tpe6oBaHHE HEMPOTHBOPEUHBOCTH, T. €. HEBO3MOXKHOCTH Bhbl-
BOJa H3 HHX Kakoro-nu6o yTBepxJeHHs] A H ero oTpHUAHHS -
TA. Ho, xoHeuHO, B NeHCTBHTE/NBHOCTH aKCHOMbI BHIGHpa-
IOTCS TaK, YTOOB OHM OTpaXKa/JH KaKHE-TO CYLIECTBEHHBbIE CTO-
poHHl feficTBUTeNbHOCTH. Tak cpasy BHAHO, YTO B aKCHOMaXx
I'nnpbepra chopMyaHpoBaHE HEKOTOpHE CBOMCTBA H OTHO-
WEHHs, KOTOPHIE COOTBETCTBYIOT NMPHUBBIYHOMY COAEpHKATeNb-

) Cm. O. Tuasbepr, OcHoBauud - reoMerpun, Iocrexusgar,
1948, crp. 58—60.
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HoMy nouuManu0. Ho — u uMeHHO 510 BasKHO NOAYepPKHYTh—
NoCJIe TOrO KakK CaMH OTHOINEHHS M BCTpEYalolHecsi B HHX
NOHATHA a6CTparupoBaHbl OT JAeACTBUTENbHOCTH, B (op-
MaJIbHO aKCHOMAaTHYECKOM IIOCTPOEHHH TEOPHH HAMEpEeHHO
OTBJIEKAIOTCH OT COAEPKATENbHOrO NMOHHMAHHA, H BOMPOC 06
MCTHHHOCTH MJIM OYEBHJHOCTH aKCHOM yxe Gosbllle He CTa-
BUTCA. B caMoil MaTeMaTHueCKOH TeOpHH HM3Yy4aloTCsl TOJbKO
JIOTHYECKHE CJIE[CTBHS H3 aKCHOM, NPHHATHIX B KauecTee
TNIOCBLJIOK. . '

Insi ysCHeHHMs COBPEMEHHOrO MOHATHS aKCHOMATHYECKOMH
CHCTEMBbl NPHBEJEM elle OAMH NpHMep, Ha 3TOT pas Hs 06-
JacTH anare6phl.

BaxHpIM npegMeToM H3yueHHsi anre6pbl ABAAIOTCH 06-
JIACTH OGBEKTOB, B KOTOPHIX P HBBHIYHBIM 06Pa30M BEINOJHHMbI
yeTbipe QYHJAMEHTAJIbHBIX JAeHCTBUS apUPMETHKH: CIOKEHHe,
BLIYHTaHHE, YMHOXeHHe M JeseHHe. TakHe o6sacTH ¢ ompe-
AeJEHHBIMH Ha HHX ONepalMsaMH HashlBalOTCH noaamu. Tak,
HampuMep, g YKasaHHHIX onepauuil moJjeM sIBJASeTCS Co-
BOKYNHOCTb BCEX pallHOHAJbHBIX yHces. Jpyrum moseM ss-
JIfI€TCS MHOXECTBO BEIleCTBEHHbIX yHces. [loasmu 6yayT Tak-
XKe MHOXECTBa KOMIJIEKCHBIX YHCEJ, MHOXeCTBa pauuo-
HaJIbHBIX QYHKIMA C PallHOHANbHBIMH KO3(GDHUHEHTAMH, T. €.
BhIpaXKeHHs BHJa ' :

ax"+-a,_x""14- ... +4aq,
Bt A by T b,

TAe @; ¥ b; — pauMOHaJbHBIE YHC/IA, M MHOTHE JApyrHe of-
JacTH, H3yyaeMple B ajareGpe. _

Crporoe onpejiesieHHe NOHATHSA MOJS ONHUCHIBACTCS CIEAY-
IOlEH CHCTEMOH aKCHOM." :

MHoxecTBO OGBEKTOB NPOH3BOJIBHOH HPHPOAbI Ha3biBa-
eTCsl MOJIEM, €CHH JJISl 3THX OOBEKTOB OMNpeleNieHhl JABE ome-
pauuu, neppasi H3 KOTOPHIX HAa3bIBaeTCS CJOXKEHHEM H 060-
3HauaeTcs 3HAKOM -, BTOPasi — YyMHOXeHHeM H 0603Havaercs
3HAaKOM -, TakK, YTOObl MPH 5TOM BHINOJHSJHCH CJAEAYIOULHe
aKCHOMBHI.

I. AKCHOMBI I/ CIOXKEHHS:

1) omepauus cJoXeHHS onpeleseHa A JOOLIX nap
OGBEKTOB. @ H b H CONOCTaBJIfieT HM HEKOTOPHIH OGBEKT C,
HasplBaeMufl cyMMo#i: a + b = ¢

2) a+b=05-+ a— KoMMYTaTHBHBIH 3aKOH AIsl CJO-
JKEHHS; ’ .
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3) a+ @ +c)=(a+b) + c— acconnartuBHuil 3aKoR
IJs CJIOXKEeHHS;

4) cyumwecTByeT OfHO3HAUHO OMNpeJeseHHBIH 3/eMeHT, 060-
3HayaeMull O H Ha3biBaeMblHl HyJeM MmoJs, TaKoH, uTd AJs
Jwoboro o6beKTa a HMeeT MecTO

at+0=gq

5) Ang KaxJoro o6beKTa @ CYLECTBYeT OJHO3HAYHO ONpe-
JeleHHBIH O0OBeKT, 0603HaYaeMmii — @, TaKo#l, 4To

a-+(—a)=0.

II. AKcHOMBI /1Sl YMHOMEHHS:

1) omepamus yMHOXKeHHs onpefeseHa Ais Jio60H mapbi
O0OBEKTOB @ H b U CONMOCTaBJASieT MM HEKOTOPHH O6BEKT c,
Ha3bplBaeMbIH HX NMPOH3BefeHHEM H 0603HayaeMblli ¢ = a-b.

2) ab=>b-a— KOMMYTaTHBHBHIH 3aKOH [/ YMHO-
KeHHs; ‘

3) a (b.c) = (a-b)-¢c — accouuaTHBHBIH 3aKOH [/l YMHO-
KEeHHS;

4) cymecTByeT OJHO3HAUHO OMpejieJieHHbH O06BEKT, 060-
3HavaeMbiil | U Ha3biBaeMBId efMHHIEH noJs, TaKoH, uTO A/
BCeX OOBEKTOB @ HMeeT MecCTO

a-l1=a,

5) Ana BceX O06BEKTOB MOJSA, OTMHYHLIX OT 0, CyIiecTByeT
OJIHO3HAUHO oOmnpefie/leHHBIH 06BEKT a~' Tako#, uTo

aa'=1.

ITI. PacnpegenuTenbHblil 3aKOH:
Inst mo6LIX TpeX 3JEeMeHTOB noJas @, b, ¢ HMeeT MecCTo
paBeHCTBO ,

a-(b+c)y=a-b+a-c.

D10 aKcHOMBbl noJsi. JlioGbie yTBepXKAEHHS, KOTOPHIE 3a-
MHCBLIBAIOTCS C MOMOLILBIO ONepalHi CI0KEHHS H YMHOXKEHHs
H KOTOpble SIBJASIIOTCS JIOTHYECKHMH CJIEACTBHSIMH BBHIILENpPH-
BEJEHHBIX aKCHOM,— 3TO TeOpeMbl TEeOpHH moJjisi. TeopeMsbl
NPEJCTABJAT cO60H YTBEPIKJEHHS, KOTOPbie BHINOJHSIIOTCS
B NPOH3BOJbLHOM IIOJI€ HE3aBHCHMO OT TOro, YTO NpeACTaB-
JSIIOT cO60H ero sjeMeHThl. Kak M B cilyuae aKCHOM reoMerT-
pHH, B NpHBeJICHHOM NpHMepe aKCHOM ToJ1si cHOPM Y/IH POBaHEL
CBOHCTBA M OTHOUIEHHS, OTpakKaiolie HEKOTOpHIE CYIIECT-

142



BEHHBIE CTOPOHBI TpPHBBIYHKEIX apH(pMeTHUECKHX omNeparui.
Ho nocne Toro, Kak atH TpefoBaHHSl abCcTparupoBaHbl OT
JefCTBUTENBHOCTH, B (popMasbHOM aKCHOMATHYECKOM mOCT-
pOeHHH HaMepeHHO OTBJEKAITCS OT COAEPIKATeJNbHOrO MO-
HUMaHHUS: H3YYAIOTCSl. TOJNBKO JOTHYeCKHe CJeJCTBHSl U3
NPHHSATBIX NMOCBUIOK. MOXKHO cKas3aTb, UTO Takasi Mpouefypa
JIOBOJIBHO XOpOIIO COOTBETCTBYET apHCTOTEJNEBCKOMY IOHH-
MaHHIO JeJYKTUBHOH HayKH H, HaOpHMep, HajJoxeHHe ['Hib-
6epra B «OCHOBaHHSIX TeOMeTpHH» GOJbllle OTBEYAaeT apHc-
' TOTeJeBCKOMY Hpeany, ueM «Hauasa» Epkaupa.

5. Ocraercs emuie OfHA CYLIECTBEHHAsl CTOPOHA aKCHOMa-
THYeCKHX TOCTPOeHHH B MaTeMaTHKe, KoTopas JO KOHIA
XIX B. ocTaBajach B TeHH; OHAa KacaeTcsi KaK pa3 CBS3H C
MaTeMaTHyeckoll Jorukoii. Ml B comepmxarenbHpIX aKcHOMa-
THYECKHX TEOpHSIX, H B COBpeMeHHHX (POPMasbHBIX TEOPHAX
peub HJET O JIOTHUYeCKOM BBIBOJE ORHHX yTBepKACHHUH H3 ApY-
rux. Ilpu sToM BOmpOC O TOM, uTO mpeficTaBiseT co6oil J0-
THYeCKHH BBIBOJ, He cTaBHJ/CS. JICHO GBLTO, YTO AOKasaTesb-
CTBO KaKoii-mu60 TeopeMbl, MCXOAS H3 HEKOTOporo Habopa
MOCBIJIOK-aKCHOM, COCTOUT B IOCTPOEHHH LENOYKH NMPOMeXy-
TOYHBIX YTBepKAeHHH, KaxJoe H3 KOTOPHIX MOJy4aeTcsl U3
NpefbAYIIMX NpUMeHEHHEM HEKOTOPBIX JOTHYeCKHX 3aKo-
HOoB. Ho uTtOo mpepcraBasioT co60H 3TH JIOTHYeCKHE 3aKOHBI H
KaK OHH MpHUMEeHSIIOTCH AN NpeoOpa3’oBaHHUA ONHMX YTBEPK-
JIeHH# B JpyTde, HUTJEe He ONHCHIBAJIOCh H He YTOUHSJIOCH.
A Takoe yTOUHeHHe CTalO Tenepb HeOOXOAUMBIM.

HefictBuTenbHO, OOBEKTH H OTHOILEHHS, H3yyaeMbe B
COBpPeMeHHOH MaTeMaTHKe, KaK Mbl yiKe FOBOPHJIH, 06/1aJal0T
GOMIbINOK CTENMEHbIO a6CTPAKTHOCTH M OGLIHOCTH, H TOBOPHTD
06 OUeBHAHOCTH aKCHOM HeT BO3MOKHOCTH. [Ipu BmIGOpE HC-
XOIHBIX TMOJIOXKEHHH — aKCHOM MBI JOJXHBI ObITb B IEPBYIO
ouepellb yBepeHbl, UTO JIOTHUECKHMH BbIBOJAMH Mbl He MNpPH-
JeM K a6CcypAHBIM yTBepkAeHHsM. MHaue rosops, meHTpasb-
HBIM BOMPOCOM OGOCHOBAHHSI KaKOH-JHG0 MaTeMaTHYeCKOH
JHUCUHMIJIMHBI CTaBHTCSI BONPOC O HENMPOTHBOPEYHBOCTH HC-
XOAHBIX TOCHIIOK-aKCHOM. MBI He MOKeM NpH 3TOM OTpaHH-
YHTbCS CCBIIKOH Ha TO, YTO AKCHOMBI HeNpOTHBOPEUHBH B
CHJIy TOTO, YTO OHH OTPAXKAIOT HEKOTOPOe MOJIOKEHHE BellleH
OKpyXKalomero Hac Mupa. Beip ¢opMysupyeMmble HaMH OT--
HOIIEHHS] H CBOHCTBA OGBEKTOB He SIBASIIOTCSI TOUHBIM OTpa-
KeHHeM JeHCTBHTENbHOCTH, a SIBJAIOTCA JaJeKo uayuieh uje-
ajgnsanuei, NpH KOTOpPOH Mbl HaMepeHHO yMNpOIaeM KapTHHY.
HeT HuKaKo# rapanTuH, YTo B pe3y/bTaTe TAKOH aGCTPaKIHH
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H HJeanu3and GopMyJHpYeMble aKCHOMBI He MOTYT OKa3aTh-
ca nporHBopeuHBbiMH. IlpoGiema crajsa ocofeHHO oCTpo#
nocJie Toro, Kak Ha py6exke XX B. B OfIHOH M3 CaMBIX OCHOB-
HbIX ofJacTedl MaTeMaTHKH — TEOPHH MHOMKECTB, HMeromiedl
JeJ0 C CaMbIMH OOUINMH CBOHCTBAMH 6ECKOHEUHEIX MHO-
eCTB,— JICHCTBHTENIbHO BBISIBUJIMCh NAaPajoKChl: paccy-
JeHHs O HEKOTOPBIX GEeCKOHEYHBIX MHOMKECTBAX IPHBEJNH K
JIOTHYECKHM NPOTHBOpeuHsiM. Bo3HHKHOBeHHe 3THX napajoK-
COB ObLIO BCKOPE YJAOBJETBOPHTEJbHO OODBSCHEHO H GblJiH
NPeJIOXKEHb pas3jIHyHble JIOTHYECKHe NPOUEAYPHl, MO3BOJS-
IOlIHe HX H306eraTb. BO3HHKIIHE NPH 5TOM MHOTOYHCJIEHHbIE H
OCTpLIE JHMCKYCCHHM 3a0CTPHJIH BHHUMAaHHME MHOTOUHC/EHHBIX
MaTeMaTHKOB Ha BOMNpPOCaX JIOTHUECKOro OBOCHOBAHMS MaTe-
MaTHKH. OCOGeHHO OOIIHMpPHBIE HCC/IEJOBAHHS B 3TOM Halpap-
JeHHH ObuiH npeanpunaThl [I. Tuabn6epToM M psifoM ero yue-
HHKOB H nocaefoBateneii: I1. Bepuaiicom, 1. ¢on Helimanom,
K. dp6panom U 1p. B pesyJibTate 3TOr0 PasBUTHS JJIsi pelle-
HHMSI OCHOBHHIX BOIIPOCOB, CBSI3aHHBIX ¢ OGOCHOBaHHeM Marte-
MaTHKH, BO3HHKJA HOBasi MaTeMaTHuyecKas JHCOHIJIHHA —
Memamamemamuxa Ui TeOpUs JOKa3aTesIbCTB, ONHPAIOHIASCS
CYUIECTBEHHO Ha TNOHSITHS H METOAbl MaTeMaTHuecKo#l JIOrH-
KH — JIOFHKY BbICKa3biBaHH# M JIOTHKY INpejUKAaToB.
O6Gbekramd HM3yyeHHs1 MeTAMATEMAaTHKH SIBASIIOTCS Je-
AYKTHBHBIE MaTeMaTHUeCKHe TeopuHH. B Helt Hccaenyiotcs
CBOWCTBA M OTHOIIEHHS MEXJYy CHCTEMaMH aKCHOM, CTPOeHHe
AOKa3aTesIbCTB, B3aHUMOCBSI3b MeX1y TeopeMamu. Cpemu oc-
HOBHBHIX MpPOGJIeM, KOTOPHIE JOJIKHA pellaTh MeTaMaTeMaTHKa,
OCOGEHHO BBIAENSIOTCS TPH: NMpPOGaeMa HENpOTHBOPEUHBOCTH,
npobseMa MNONHOTHI, NpofjaeMa paspeliMMOCTH. I[log 3THM
noHuMaeTcst ciepyiomee. [lycrts gaH Hekoropeilf maGop oc-
HOBHLIX OOBEKTOB H HEKOTOPHIX OTHOILEHHH MexXIy HHMH,
ONHCaHHBIX HEKOTOPOH CHCTeMOH akcHOM. Mbl npHpenu jns
3TOH CHTYaUHH yXe psjf NpuMepoB. Tak, B asieMeHTapHOM
reOMeTPHH Ha IJIOCKOCTH HMeIOTCS OOBEKThl, Ha3blBaeMhle
TOYKAMH H MPSMBIMH, KOTOPBIe CBSI3aHbl OTHOIIEHH IMH €TOUKA
P npuHajnexut npamoll a», «Touka B pacnosioxena Mexuy
ToukaMH A # C» U HEKOTOPHIMH APYTMMM OTHOIIEHHSIMH, KO-
TOPble Mbl HE YNOMHHAJHM, 3TH OTHOIUEHHS ONMCAHBEI B aKCH-
oMax. AHAJIOTHYHO B TEOPHH IOJIsi HMEIOTCS HEKOTOpbie 0fb-
€KThl ~- 9JIEMEHTbI MOJIsl, CBSI3aHHble ONEPAlMAMH CJOKEHHs
H YMHOXEHHs!, TaKxKe 3aJlaBaeMbIMH HEKOTOPO#M CHCTeMOH aK-
CHOM. B npejecTByomuX riapax MB BCTPeYaJuch ¢ Apy-
FHMH aKCHOMAaTHYeCKH ONpeneNieHHbIMH objacTsMH. B rju. 1
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MBI BHIMHCAJMM CHCTEMY aKCHOM Ansi anare6pnl Byas, urpaio

meli CTOJb BaXHYI0 PoJb B JOTHKe BHCKasniBaHHH, B § 6

ra. 111 Mbl MpHBEJH aKCHOMBI [Jisi OTHOINEHHS] SKBHBAJIEHT-
HOCTH, OTHOIIEHHMS YNOPSIOYEHHOCTH, (QYHKIHOHAJNbHHIX OT-
HOWEHHH. . «

HMrak, nycTb Mbl HMeeM HEKOTOPYIO aKCHOMaTHYECKH sa-
JaHHYi0 06JacTb. '

1 pobaema renpomusopeiugocmi COCTOMT B BLISICHEHHH He-
NPOTHBOPEUHBOCTH TpeGoBaHHi, CHOPMYJNHPOBAHHBIX B akK:
cuoMax. VlHaue roBopsi, HYXKHO BbISICHHTb HEBO3MOXKHOCTb
_MOJMyYeHHs B KauecTBe JIOTHYeCKHX cJeACTBHH ABYX YTBEPXK-
nenuft A 1] A. 3ameTHM, YTO ec/iH CHCTEMa aKCHOM NMPOTHBO~
peuHBa, T. €. H3 Hee BHIBOJHMA KaKas-lHGO nmapa yTBepmje-

uuit A 7] A, 10, KaK Mbl BUzeH B § 3 ra1. 11, 13 Hee BRIBOAHMO \

NPOH3BOJIbHOE YTBeP:KJeHHe, KaK HCTHHHOE, TaK M JIOXHOE.
Takum o6pa3oM, HHTepPeC MOT'YT NMPEACTABJATL TOJABKO HENpo-
THBOPEUHBEIE CHCTEMbl aKCHOM.

He MeHee BaxHOH SIBJsIETCS npobaema noAHOMbL CHCTEMEI
aKCHOM. 3jech TpefyeTcsi yCTaHOBHTb, AOCTATOUHA JH CH-
cTeMa aKCHOM, uTOObl H3 Hee B KaueCTBe JOTHUECKHX Clel-
CTBHl BBEIBOJHMJIHChH BCe HMCTHHHEIE YTBEDXKJEHHs OGnacTH.

HakoHen, 6oJbilnoe 3HaueHHe HMeeT cJielyrouias npob-
JeMa, HasbiBaeMas npobaemold paspeulumocmu. 3pecy Tpe-
GyeTcsi yCTAHOBHTb, CYIIECTBYET HJH He CYILECTBYET HEKO-
Topasi s(xpeKTHBHas mnpouelypa, KoTopas A moboro -yr-
BepKeHHS, (DOPMYJHPYEMOro B TePMHHAX BBEEHHBIX o6ns
eKTOB M OTHOWIEHHM}I, YCTAHABIMBAET, BHIBOAMMO HJIH HE BHl-
BOJMMO 3TO YTBepKJEHHE H3 33aJaHHbIX aKCHOM. “

Jlns yTOUHEHHs M pellleHHsi YKa3aHHBIX OCHOBHBIX: H pana
JPYTHX CXOAHBIX Mpo6seM B MeTaMaTeMaTHKe . I'napbepToM
6bl1 APEJIOKEH HEKOTOPHI OueHb OOLIHH MeTos topmanuaa-
UMH TPOLEIYPH JOTHUECKHX 3aKJIOUEHHH. OcHOBHHIM TpH
STOM SIBJSETCS IOHSATHE GOPMaJBHOTO BHIBOAA, C KOTOPHM Ml
NO3HAKOMHJIHCh Ha OueHb YaCTHOM M NpPOCTOM NpHMEpE B
§ 3 ra. IL : o

OnuiueM 3TOT MeToj B OueHb OOIHMX wepTax AJA NPOH3-
BOJIbHOTO €Jyuas. :

Jinst M3yueHHS HEKOTOPOH aKCHOMaTHUECKOH TeopHH CTpO=

UTCS HEKOTOPBIH OOW(HH «s3bIK», KOTOPHI MO3BOMAET 3amH-

CchiBaTh JI060€ YTBepIKjeHHe JaHHOH TEOPUH KaK HeKOTOpylo
OHO3HAYHO OMpEJeNeHHyi0 NOCJAeJ0oBaTeNbHOCTb 3HAKOB, B
BHJIE HEKOTOPOH «IPABHJbHO INOCTPOEHHOH dopmy.bis. Hare
NOCTPOEHH ST TAKOTO 5i3bIKa MOXKHO HCNOJIB30BATD (bopMyAbHYIO
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3alHCh JIOTHKH NpPeAHKaTOB, KaK MBI 3TO NOKAa3aJjH tia psne
npuMepos B § 6 ra. 1111,

B xauecTBe panbmefrero npuMepa ykakem eie dopma-
JIU3ALHIO YTBEPKACHHI TeopHH moss. Jia s1oro foctaTouno
HapsAy C ONepaiHsMH JIOTHKH BLICKA3bIBAHHH H KBaHTOpaMH
BBECTH B PacCMOTPEeHHe /IBa TPEXMECTHBIX peIHKaTa S (*, 9,2
M P (x, y, z), ONUCHIBAILIHX COOTBETCTBEHHO onepaimu
CTOXKEHHS ‘M YMHOXeHHs: S (, y, 2) NpHHHUMAET 3HaueHHe y
B TOM H TOIPKO B TOM Cay4yae, KOTAa X +y =2z, a
P (x, y, 2) = u, xorma x-y = z. Beskoit dopMyne noruku
IIpEHKATOB, B KOTOPOH BCTPEYAIOTCS TOJNBKO NpeaHKaThl
Su P u B xoTopoil Bce NIepEMEHHEIE CBSI3aHbl KBaHTOpaM H,
OJHO3HAYHBIM O6PAa30M COOTBETCTBYET —YTBepKAEHHE TeopHH
nons. Ilpu aToM HyXKHO 0CO60 BHIIENHTH dopMyaH, co-
OTBETCTBYIOLUHE BBIIICNPUBE/ICHHBIM aKCHOMaM MNoJsi. Mbl He
6yZeM MX BBUIHCHIBATb BCE, a NpHBEJEM TOJBKO HEKOTO-
pble H3 HHX.

Axcuoma 1,1) mas croxenus TJIACHT, YTO oNepailMg cJo-
KEHMs1 COMOCTABJSAET NPOU3BOJNLHBIM ABYM 3J€MEHTaM X H ]
HEKOTODLIA 3JIEMEHT 2 — HX CYMMY — H TOJIbKO oguH. Cy-
IUECTBOBAHHE CYMMbl BbIpaxaeTcst (opmyJoi

Vivyazs(x, y, 2), (1)

4 e/IMHCTBEHHOCTb — (hOpMYJI0it
VIVIVZVO (S 4, DAS(x, y, ) —(z=w)), (2)
TaK 4YTO akcHoMa I,1) 3amucelBaeTcsi KaK KOHBIOHKIIHS ¢op-
Myn (1) u (2). CooTBETCTBEHHO aKCHOMa I1,2) o cymeecr-

BOBAHHH H €IHUHCTBEHHOCTH HpOHSBe,IleHHH Bblpa)KaeTCH
dopmytoit
VXVYd2P (%, y, )Avxvyveyve((P(x, y, 2)\

: AP %, y, ) —(@z=w). (3)

Axcroma 1,4) 0 CymIeCTBOBAHHH H eIMHCTBEHHOCTH HYJIs
BBIPAXKAETCS CIEAYIOLIEH KOHBIOHKIHEH:

AYVEP (%, y, ) Avyvz(yx(P(x, y 0N\
AP (x, 2, x)) —(y=2)). (4)

') 3amernM, uro TOT pasgen TEOPHH NPeJHKATOB, KOTOPHA MBI OIH-
Cami B DpelbAYIIHX IVaBaX — OH HA3blBaeTCHA «Y3KHM HCYHC/TEHHeM
IIpEJHKATOB», — He BIOJIHE JOCTAaTOYeH, YTOGH OMHCHIBATH IPOH3BOJIb-
Hble MaTeMaTHYeCKHe TeopHH, I/ MHOTHX o6aacTelf HYXHO IpHBJe-
KaTb GoJslee BLICOKHe Pasjieslbl TeODHH NpEeAKKATOB, Ha KOTOPHIX MH B
HalueM 3/EMEHTAPHOM H MONYJAPHOM H3JOXKEHHH He OCTaHABJHBAIHCD.
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AHaOTHYHO MOXKHO YKa3aTh 3amHch Jasi APYTHX aKCHOM H
AJIsi TIPOM3BOJIbHBIX TeopeM TeopuH noas. IlpuBeleM B Ka-
yecTBe NMpHMepa 3aNHuChb YTBEpKIEHHS, KOTOpoe OYHAeT yxe

TeOpeMOH, O CYIECTBOBAHHH YaCTHOTO OT JeJIEHUS Z Ha X, eCJIH
x ue paBHOo O:

vivzay (IS, x, x) —P(x, y, 2)).

(B mepeBojie Ha MPHBBIYHBIA A3bIK: [JiS NPOM3BOJBHHIX X, Y,
2, ecad x -+ x+x, T. e. ecnu x7= 0, TO CYyIIECTBYET TaKoe Yy,
4yTo XYy = 2.)

[TogoGHBIM e 06pasoM YTBepKACHHS APYTHX aKCcHOMa-
THYECKHX TeOpHH 3amuchiBaloTCAd B BHJE (HOpMYJI OmpejesieH-
HOTO BHJA.

[Ipu MeTaMaTeMaTHYECKOM NMOAXOJIEK H3YUEHHIO KaKOH-THGO0
aKCHOMAaTHYECKOH TEOpHH B OCHOBY HCCJENOBAaHUS KJafyTcs
caMu 3anucu ymeepixcOenuil. YKasblBaeTcsi HEKOTOPBIH Habop
sJeMeHTapHBIX 3HaKoB. (B cayyae moas 310 6yAyT GYKBbI
JUISl TIepeMeHHbIX X, Y, 2 U T. A., OyKBbl P M S, 3HaKH AJs
omepaimuil JOTHKH BblcKaswiBau# |, /A, \/, — ~, 3HaKH
L5 KBAaHTOPOB Y, q, 3HaK = H CKoGKH (,).) lanee ykaseiBa-
I0TCS TpaBHJa, MO3BOJSIOLIHE M3 3THX 3HAKOB 06pa3OBbIBATH
MpaBHJAbHO TMOCTPOeHHble (OPMYJIBl. DTH MpaBHJIA 3aJAOTCH
TaK, 4TO6bl T€ (GOPMYJIbI, KOTOPHE MOJYYalOTCsl B pe3yJbTare
UX MPUMEHEHHs, KaK pa3 COOTBETCTBOBAJNH Cbl cOAepKaTeNb-
HBIM YTBEPKJIECHHSM TEOPHH KaK HCTHHHBIM, TaK H JIOXHBIM.
HekoTropble MPaBUJbHO MOCTPOEHHDbIE (POPMYJIbl BBIAEISIOTCS
1 oGbsaBasioTcs akcioMaMu, Cofiep:KaTeJbHO aKCHOMBl — 9TO
(opMyJIbl, KOTOpbIe SIBJSIOTCS 3aMHCAMH TeX YTBEPKAeHHH,
KOTOpBIE Mbl IpejnoJjaraeM HcTHHHbIME. Hakowenw, ¢opmy-
JUPYIOTCS NPaBHJA BbIBOJAA — 3TO HEKOTOpble MeXaHHYECKUe
npaBuJia ONEPHPOBAHUS CO 3HaKaMH, MO3BOJIsAONLHeE Mpeobpa-
30BbIBATh NPABUJIBHO NOCTPOeHHblE (OPMYJB B MPaBUJIbHO
nocTpoenHbie opmyanl. [lpaBusa BbIBOJA (POPMYJHPYIOTCA
TaK, YTOGbl OHH NEPEBOJHJIH COAEPIKaTeJbHO HCTHHHbIE (op-
MyJbl B COAEPIKATEJIbHO MCTHHHBIE H COOTBETCTBOBAJH JIOTH-
yeckHM 3aKjgoueHusaM. [locae atoro omnpegensieTcst OCHOBHOE
CBOHCTBO — BBIBOAMMOCTb (popMyJisl. PopMysa A HasbiBaeTCst
BBIBOJMMOH H3 aKCHOM, €CJIM OHa MOJIY4yaeTcsi U3 aKCHOM IO-
cJIe[OBaTeIbHBIM NIDHMeHeHHeM npaBHa BbiBOfa. Ilocsenosa-
TeJIbHOCTb NPOMEXKYTOYHBIX (HOPMYJI, TOJNYYAEMBIX MpPH ITOM,
Ha3piBaeTCs1 BBIBOJOM ¢opMynsl A. BuiBog GOpMYJBl MOXKHO
paccMaTpHBaThb KaK 3alHCbh JOKa3aTeJbCTBA YTBEPKIEHUS,
COOTBETCTBYIOILETO (hopMy.e.
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Onnucannas mpouefypa gopMmanusanuu MaTeMaTHYECKHX
TeOpHii NpeBpallaeT HCCAE0BAaHHE aKCHOMATHUECKHX cHCTEM
B HCCJI€IOBaHHE onepaluil Haj KOHEUHHIMH M B NpHHIHIIE
BIOJIHE OBO3PUMBIMH COBOKYNHOCTSIMH bopMys gaxe B Tom
Caydae, KOrlia B COOTBETCTBYioLell cofieparesbHOl Teop HH
peub HJIET O CBOMCTBAX GECKOHEUHHIX MHOMKECTB.

OTOT MeToA MNo3BOMsET YTOUHHUTb MNOHATHE HENPOTHBOpE-
UHMBOCTH, MOJHOTH M Pa3pELIUMOCTH, a JIsl HEKOTOPHIX aKCHO-
MaTHYECKHX TeOpHH peluuTh COOTBETCTBYIOIHE MNPOGJIEMBI.
Tak, HenpotuBopeynsocTs HEKOTOPO# CHCTEMBI aKCHOM MOCJIe
opManMsanmuu o3navaer HeBO3MOKHOCTH BRIBOZa H3 COOT-
BETCTBYIOIIeH CHCTEMEl HHKAKHX JBYX ¢opmyn A u TA. Coor-
BETCTBEHHO TMOJIHOTA CHCTeMbI -O3Hauaer, 4To st JoGoi
3aMKHYTO# GOpMyJIbl JOMKHA GRITH BbIBOJUMA HJIH opMysa
A, unu popmyna TA. Yeranosnenne NOJI0GHBIX haKTOB npex-
CTaBJIseT U3 cebsl, NpaBia, TPYAHHE, HO BIOJHE onpejesen-
HbIE MaTeMaTHYeCKHe 3a7ayd. Y Ha atom IIyTH 3a HoCJeaHHe
ACCATHACTHA ObMM JNOCTHTHYTH BasKHBIE pe3yabTathl.

OnHHM M3 caMhIX 3aMeyaTesbHLIX JOOCTHXKEHHH SBHJIOCH
YCTAHOBJICHHE OJHOTO OTpHHATeNbHOrO. pakta. Ha nyTH
MCCJIEIOBAHHST Da3IHUHBIX MaTeMaTHYECKHX TeOpHil 6pijio -
TI0Ka3aHo, YTO HX 06OCHOBaHHE CBOAUMO K HCC/IENOBAHUIO OH-
CTEM aKCHOM LJIfi 91eMEHTapHOH apHMEeTHKH HaTypasbHRIX
4YHCeJ1, C ONHOH CTOPOHEI, U TeopHH MHOXeCTB, C Apyro#i. Muo-
TOUMCICHHBIE MaTeMAaTHKH, HAaYMHAs C Havyajla Hallero cTo-
JETH, 3aHHMAJUCh HCC/IENIOBAHHEM AKCHOMATHYECKOrO. Mo- .
CTpoeHHs apudmeTHkH. B Hayase 30-x rofo aBCTPHBCKHUM JI0- .
rukom K. T'énenem spmech 6w TIOJIyYeH CJIeLYIOHH Desyb-
TaT OTPHIATEJIbHOrO XapaKTepa: HHKaKasi KOHeYHas CHCTeMa
AKCHOM 111 5/IEMEHTApHOH apHMETHKH He moJHa, Hnave
TOBOpS, Kakoe Gbl MEl HH BbINHCAJH KOHeYHoe MHOeCTBO
aKCHOM J1Ji1 apH(METHKH, BCerja Hafiflercss MCTHHHOe apugp-
METHHECKO® yTBEpKIEHHE, KOTOPOe He MOKET GHITb J0KA3aHo
Ha OCHOBaHHMH 3TOH CHCTEMbl. DTOT 3aMeyaTeNbHmIl pesyJb-
TaT H pasJHYHEIe ero 060BILIEHHST HMEIOT AaJsIeKo HIyIHHe cref-
CTBHSl JJIfl COBPEMEHHOH MaTeMaTHKH H HaxoATCsA B HeHTpe
BHHMaHHsl MaTeMaTHYeCKOH JIOrHKH. B HameM NONYyJaSApHOM
HSJOKEHUH He MpEICTABJACTCH BOBMOXKHBIM OCBETHTb €ro B
AocTaToyHO¥ Mepe. Boofuie mam KDPaTKHH 9KCKypc B mpo6-
JIEMaTHKy OCHOBaHHH MaTeMaTHKH MOMET jaTh 06 3Toj
06JIaCTH TOJBKO OYeHb O0e/IHEeHHYI0 H NIPHGTH3UTEbHY IO
KapTHHY. '
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