Maremarnueckas JIOTuKa
Jlekuus Nel
Pasnen Nel. Anredpa Boicka3piBaHui 1 OyJsieBa ajaredpa
Tema 1.1 Anredpa BoiCKa3bIBaHUM
Conepxxanue: Bsenmenne B Kypc «Maremarnueckass JIOTMKa». BO3HHKHOBEHHE
MaTeMaTU4YeCKOW JJOTUKU. JIornueckue BhICKa3bIBaHMS U CBA3KU. AHAIU3 JIOTUYECKUX
BBICKA3bIBAHUM WM JIOTMYECKUX 3anad. Jlormyeckue omnepanuu M MX CBOMCTBA.
ITonHOTa cruCTEMBI OlIEpaLUH.
Beenenne B kypc «Maremaruyeckas JIOrHKa»

[{enbro OCBOEHHUS TUCHUIUIMHBI «MaremMaTudeckast JIOTUKa» SBIISIETCS:

— ¢hopMHUpPOBAHUE MATEMATHUYECKOM 1 JIOTHUECKOM KYJIBTYPbI CTY/ICHTA;

— IIPUBUTHE IIOHUMAHUS YHUBEPCAIILHOTO XapaKTepa 3aKOHOB JIOTUKU
MaTeMaTHYECKUX PACCYKICHUN, IOHUMAHUS POJIM M MECTa MATEMATUYECKOU JIOTYIKH B
CUCTEME HAYK;

— pa3BUTHE aOCTPAKTHOTO MBIIICHHUS, OOIIEH MaTeMaTHIeCKO! U
MH(POPMAIMOHHOM KYJIBTYPBIL.

Hucuunnuaa «Maremarrueckast JIOTUKa» OTHOCUTCS K BapuatuBHOM yactu biioka 1.
Hucuumiuasl (Moaynu) yudeOHoro maHa. OHa U3y4aeTcs MOCHe JIUCIUIUIMHBI
«IIporpammupoBanue». JlJi1 €€ OCBOEHHsI CTYyJEHTHl TaK)K€ HMCIIOJIb3YIOT 3HaHUS,
yYMEHUS, HaBbIKU, C(OOPMHUPOBAHHBIE B XOJI€ M3YUYEHHS] OCHOBHBIX MaTeMaTUYECKHX
KypcoB: «Maremarnueckuil aHanuszy» «Anredpa», «l'eomerpusi». Beero mnanupyercs
npoBeAeHue 12 nekumii, 12 npakTU4eCKUX 3aHATUNA, TPOMEKYTOUHAS aTTecTaluus —
3a4er.

N3yuyaemble TEMBI U pa3Iembl:

Ne HaumenoBaHue pasnesoB
1 Aure0pa BbICKa3bIBaHMii M OyJieBa ajaredpa
1.1 AunreOpa BhICKa3bIBAHUI
1.2 bynessl QyHKIIMN
2 Jloruka npeaukaroB U (popMasibHasl JIOTHKA BbICKA3bIBAHU I
2.1 QPopManin3alys JOTMKA U aKCUOMATHKa
2.2 Jloruka npenukaroB

Kypc «Maremarnyeckasi JIOTMKa» COAECPKUT JIEKIMOHHBIE M NPAKTHYECKUE
3aHSTHSL.

Ha  nekuuoHHblE  3aHSATUS  BBIHOCATCS ~ OOILIETEOPETUYECKHE  TEMBI.
PaccmarpuBatorcst 0a3oBass TEOPETUYECKHE CBEIECHUS O JIOTMKE BBICKA3bIBAHUU U
JIOTUKE MPEANKATOB, OCHOBAaX AKCMOMAaTUYECKOM TEOPUHU U HEKOTOPBIX MPUIIOKEHUAX
MaTeMaTuyecKol JIOTUKU (TEOpUHM aBTOMATOB, OyJeBbIX (QYHKUUN, TEOpHUH
JI0Ka3aTeNbCTB M TEOPUM aJTOPUTMOB). YUHUTHIBAasl HE3HAYUTEIBHOE KOJIUYECTBO
y4eOHBIX 4YacoB, BBIIEISIEMBIX Ha JAHHBIM  Kypc, 0a30Bble  (OpPMYJIBI



MaTeMaTHYeCKUX METOJOB M WX OOOCHOBAaHWE JA€TCS B OCHOBHOM 0€3 CTPOTHX
MAaTeMaTUYECKUX 10Ka3aTeIbCTB.

Ha mpaktuueckux 3aHSTHSX (KOTOpbIE, KaK MHPaBUJIO, MOCTPOEHBI MO THUITY
CEMHUHAPCKUX 3aHATHI) pa3OUparOTCsd METOMIbl PEIICHUS 3aJ]a4, CBA3AHHBIX C
Pa3IMYHBIMUA TEMAMU JIAHHOTO Kypca.

Hcnoab3yemast aureparypa
[Ipu u3ydyeHHn JAHHOTO Kypca HEOOXOAUMO MPHUBICYCHUE JTOMOJHUTEIHHOTO
MaTepuajia M MpopaboTKa JEKIMOHHOIO MaTrephalia C IOMOUIbIO CIIEAYIOIIeH
y4eOHOM JIUTEepaTyphl:

OcHoBHas1 JuTEeparypa
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Bo3HnKHOBeHNE MATEMATHYECKOI JIOTUKH

Maremaruueckasi JIOTUKa TECHO CBsi3aHa C JIOTUKOW W oO0s3aHa €i CBOUM
BO3HUKHOBEHUEM. (OCHOBBI JIOTHKH, HayKd O 3aKOHaX U (popMax YeJIOBEUECKOTrO
MBIIIUIEHUST (OTCIOAa OJTHO U3 €€ Ha3BaHUU - (popMasibHas JOTHKA), ObUTH 3aJI0KECHBI
BeIMYalIIUM apeBHerpeueckuM dumocopom Apucrorenem (384—322 rr. 10 H. 3.),
KOTOPBIM B CBOMX TpakTarax OOCTOSATENbHO HCCIENOBAl TEPMHUHOJOTHIO JIOTHUKH,
noJpoOHO pa3olpa TEOPUI0 YMO3AKIIOUEHHM M JI0Ka3aTelbCTB, OMHUCAN PAJl
JIOTUYECKUX Orepaiui, copMyIupoBail OCHOBHbIE 3aKOHBI MBILIUICHHS, B TOM YHCIIE
3aKOHBl TMPOTUBOPEUMS] W HCKIIOYEHUS TpeThero. Bxian Apuctorenss B JOTHUKY
BEChMa BEIIMK, HEAApOM JIpyroe €€ Ha3BaHue - ApucrtoreneBa Jioruka. Eme cam
ApHUCTOTENb 3aMETHII, YTO MEXKY CO3IaHHOW UM HAyKOW M MaTeMaTUKOH (TOorjga oHa
MMEHOBaJIach apupMeTHKOI) MHOTO 001Iero. OH MBITANICSA COSAMHUTH ABE ATH HAYKH,
a IMEHHO CBECTH Pa3MBILIUIEHUE, WU, BEPHEES, YMO3AKIIOUEHNE, K BBIUYMCICHUIO HA
OCHOBAHUW MCXOAHBIX IIOJOKEHUH. B OJHOM M3 CBOMX TpPakTaroB ApPHUCTOTEIb
BIUIOTHYIO MPUOIU3UICS K OJTHOMY W3 Pa3/eJIOB MareMaru4eCKoW JIOTUKHU - TEOpUU
JI0KA3aTeIIbCTB.

B nanbHeitimem mHorHe ¢uiaocodbl M MaTeMaTHUKU Pa3BUBAIU OT/EJIbHBIC
TIOJIO’KEHUS JIOTUKU U MHOIJIA 1K€ HaMedalu KOHTYPbl COBPEMEHHOTO MCUYHUCIICHUS
BBICKa3bIBAHUM, HO OJIMKE BCEX K CO3JaHUI0 MAaTeMaTUYeCKOM JIOTUKH MOAOIIEN yKe
Bo BrTopoi momoBuHe XVII Beka Bbigaromuiicss Hemelkud yueHeld [ordpun
Bunerensm JleitOnun (1646 - 1716), ykazaBmuii myTH Ajisi MepeBO/a JIOTUKU «H3
CJIOBECHOTO LIapPCTBA, ITOJIHOTO HEONPEACIIEHHOCTEN, B LIAPCTBO MATEMATHUKHU, TE
OTHONICHUS MEXIYy OOBEKTaMH WM BBICKA3bIBAHHUSIMU OIPEICISIIOTCS COBEPIICHHO
TouHO» . JIeWOHMI] Hajesuica daxke, yTo B Oyaymiem ¢uinocodsl, BMECTO TOTO YTOOBI
OECIUIOHO CHOPUTH, CTAaHYT OpaTh OymMary M BBIYMCISATH, KTO M3 HHUX mpaB . [lpu
3TOM B cBOMX pabotax JIeMOHMI| 3aTparuBai U JBOUYHYIO CUCTEMY CUUCIICHUS.

Crnenyer OTMETUTb, 4YTO W€ MCIIOIb30BaHUS JABYX CHUMBOJIOB JIJIA
KOJIUpOBaHUsI WH(OpMaUM oO4YeHb cTapa. ABCTpaTUMCKUE aOOPUTEHBI CUUTAIH
JIBOMIKaMHU, HEKOTOpbIE IJIEMEHa OXOTHUKOB-cOopuinkoB Hosoil I'Bunen u HOxnoi
AMEpUKM TOXE TMOJb30BAIUCh JABOMYHOW CHCTEMOW cuera. B HEKOTOphIX
adpUKaHCKUX IUIEMEHaX IMepelarT COOOIIeHUs C TOMOIIbI0 OapabaHOB B BHUE
KOMOWHAIIUNA 3BOHKUX U TIIYXUX yAapoB. 3HAKOMBIM BCEM MPUMEP JIBYXCUMBOJIHHOTO
KOJUpPOBaHUs - a30yka Mop3e, rie OykBbl ajipaBuTa MPeCTABICHBI ONPEICICHHBIMU
COUYETAHUSIMU TOYEK U TUPE.

[Tocne JleiitOHUIIa KccIeIOBaHUsA B 3TOM OOJIACTH BEJIW MHOTME BBIJAIOIHAECS
y4E€HbI€, OJIHAKO HACTOAIIMM ycHex MpHUIIea 3/1eCh K aHNIUMCKOMY MaTreMaTHKYy-
camoyuke Jlxopmxky bymo (1815—1864), neneyctpemMieHHOCTh KOTOPOrO HE 3Halla
rpanull. MarepuanbHOe MoOJoXKeHue poautened Jxopmxa (OTel] KOTOPOro Obul
CanoXXHbIM MACTEPOM) MO3BOJUJIO €MY OKOHUUTH JIMIb HAYaJIbHYIO IIKOJY JIJIsi
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OennsikoB. CrycTsi Kakoe-T0 Bpemsi byib, CMEHMB HECKOJBKO MpodeccHii, OTKPHLI
MaJE€HbKYIO0 IIKOJIy, TA€ caM npenogaBaj. OH MHOIO BPEMEHH  YHEISUI
caM000pa30BaHUIO U BCKOPE YBIIEKCS MAEIMU CUMBOJIMYECKOM JIoruku. B 1847 romy
byne onyOnukoBan crarbio «Maremarnueckuil aHanu3 JIOTMKHA, Wik OmnbIT
VCUYUCIICHUS JEyKTUBHBIX YMO3AKIIOUCHUIN», a B 1854 rogy NmOsIBWICS TJIaBHBIN €0
Tpya «HccnenoBanne 3akOHOB MBILUIEHUS, HA KOTOPBIX OCHOBAHbI MAaT€MaTHYECKUE
TEOPUH JIOTUKHU U BEPOSTHOCTEN.

Bynbe u300pen cBoeoOpasHyro anredpy - cucteMy OOO3HAUCHHN W TpaBul,
MPUMEHUMYIO KO BCEBO3MOXHBIM OOBEKTaM, OT 4YHcesl U OyKB 10 MPEAJIOKEHUU.
[Tonb3ysiCh 3TOM CUCTEMOW, OH MOT 3aKOAUPOBAaTh BBICKA3bIBAHUS (YTBEPKICHUS,
WMCTUHHOCTH WJIH JIOKHOCTH KOTOPBIX TPeOOBAJIOCh JI0KA3aTh) C MOMOIIBIO CUMBOJIOB
CBOETO sI3blKa, a 3aT€M MaHUIYJIHPOBaTh MMM, MOAOOHO TOMY, KaKk B MaTeMaTHUKe
MaHUMYIUPYIOT yuciaMud. OCHOBHBIMHU oONepanusiMu OyJaeBOi anreOpbl SBISIOTCS
koHbIOHKIUS (1), nuzbtonkius (MJIN) u orpunianue (HE).

Yepes HEKOTOPOE BpEeMsI CTaJIO MOHATHO, YTO cucTeMa Byist XOopolo moaxoaut
JUISL ONTMCAHUS AIEKTPUYECKUX MEPEKITIOYaTeIbHbIX cXeM. TOK B LENU MOXKET 0o
IPOTEKATh, TMOO OTCYTCTBOBATh, NOAOOHO TOMY, KAK YTBEPKJIECHUE MOXKET OBITH TMOO
UCTUHHBIM, JHOO JOXHBIM. A elle HECKOJbKO AECATUIIETHH crmycTs, yxke B XX
CTOJIETHH, y4€Hble OObEIWHUIM co3laHHbId J[opmkem bymem maremarnueckuit
anmnapar ¢ JBOMYHOM CHUCTEMOM CUHUCIIEHMS, 3aJ0KUB TEM CaMbIM OCHOBBI JUJISI
pa3paboTKH HUGPPOBOIO AEKTPOHHOTO KOMIIBIOTEPA.

OTtnenbHbIe MOJ0XKEHUS paOOT Byist B TOM min MHOW Mepe 3aTparuBajiuch U 10,
U TI0CJI€ HEro JIpYyrMMH MareMaTUKaMu M Jiorukamu. OJHako CEroiHss B JaHHOU
oOmactu WMEHHO Tpyasl JIkopmxka bByns npuyucisroTcs K MaTeMaTudecKoin
KJIACCUKE, a caM OH IO IpaBy CUYUTAETCS OCHOBATEIIEM MaTeMaTHYECKOW JIOTMKU U
TeM OoJiee BaXHEHITMX €€ paslenoB - anreOpsl Joruku (OyneBoil anreOpwl) u
anreOpbl BHICKA3bIBAHHIA.

bonpiioii Bkiaag B pa3BUTHE JIOTMKM BHecau M pycckue yuenole I1.C.
[Mopenkuii (1846-1907), .. Kerankun (1869-1947).

B XX Beke OrpOMHYIO pOJIb B Pa3BUTUHM MAaTEMaTHYECKOM JIOTHKHU cbirpan /l.
['uns6ept (1862-1943), npemioxuBmuii nporpaMmy (GopMmain3aldd MaTeMaTUKH,
CBSI3aHHYIO C pa3pa0OTKOW OCHOBaHMM camoil MareMmaruku. HakoHer, B moclienHue
necartuneTuss XX Beka OypHOE pa3BUTHE MaTeMaTHYeCKOW JIOTMKU — ObLIO
0OYyCIIOBJIEHO Pa3BUTUEM TEOPUH AJTOPUTMOB U ANTOPUTMHUYECKUX SI3BIKOB, TEOPUU
aBTomatoB, Teopuu rpadoB (C.K. Kimunu, A. Yepu, A.A Mapxkos, I1.C. HoBukoB u
MHOTHE JIPYTHE).

Jlornyeckue BbICKA3bIBAHUS M CBA3ZKH. AHAJIN3 JJOTHYECKHX
BBICKA3LIBAHUH M JIOTHYECKHX 3agad
JIOTMYECKUMU  8bICKA3bIBAHUSAMU  SIBIISTFOTCSI YTBCPAUTCIBHBIC TIPCIJIOKCHUA, O
KOTOPBIX MOXHO CYJAUTb, UCTHHHbI OHHW WJIN JIOKHBI. HpI/I‘IGM OHHM HC MOI'yT OBITH
HNCTUHHBIMH U JIO)KHBIMH OJJHOBPECMCHHO.
Jlocuueckoe eblckazvieanue — 3TO JH00E ITOBECTBOBATEIBHOE MMPEAJIOKCHUC, B
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OTHOILIEHHH KOTOPOT'0 MOKHO OAHO3HAYHO CKa3aTh, ICTUHHO OHO WJIM JIOKHO.
Jlorvka BBICKa3bIBAaHUN paccMaTPUBAET ITH MNPEIJIOKEHHUS HE C TOYKH 3PEHUS UX
CMBICJIa, COJIEPKAHUSI, @ TOJIKO C TOYKH 3PEHUSI UX UICTUHHOCTHU WUJIU JIOXKHOCTH. JIjist
MOHSTUSI «BBICKA3bIBAHUE» WHOTJA UC-TIOJB3YIOT TEPMHH «IIPOIMO3UIUS», & TOBOPS
«MPOTIO3UITMOHATBHBINY, MOAPa3yMEBAIOT OTHOCSIIUINCA K JIOTHKE BBICKAa3bIBAHUH.
Knaccuueckuit mpumep yTBEpKICHUS, HE SBIISIONIETOCs BHICKa3bIBAHUEM, TAKOB:
Bce, 4T0 HamycaHo MOYEPKHYTHIM MIPUPTOM - JT0XKb

JleicTBUTEIBHO, TMIOMBITKA OMNPEACIIUTh HMCTUHHOCTHOE 3HAYEHUE OTOTO
«BBICKa3bIBaHUSD» MPUBOJIUT K MPOTUBOPEUHIO: €CIU TO, YTO HAMKMCAHO, UCTUHHO, TO
ATO MPOTUBOPEUUT CMBICIY CJIOB B paMmke. To ke MPOTUBOPEUHUE BO3HUKAET, €CIU
NPEANONOXKUTb, YTO OHO JIOKHO. BompocurtenbHble, MOBEIUTENbHBIE U
OeCCMBICIIEHHBIE TPEVIOKCHHUSI HE SBISIOTCS JIOTMUYECKUMHU BBICKA3bIBAHUSMH.
[oBOpAT, YTO €ciu MPeasioKeHUE MCTUHHO, TO €ro 3HAY€HHE WCTUHHOCTU PABHO
U(1), ecmu noxxHO — 1O JI(0). ITo ananoruum ¢ ameMeHTapHO# anreOpoii, rae ardoe
YUCJIO SIBJIIETCSI KOHCTAHTOM, BBICKA3bIBAHUE SIBIISECTCS JIOTMUYECKOM KOHCTaHTOM,
BennunHa kotopoi pasua JI(0) unu U(1).

VYnorpebinsiembie B OOBIYHOM peun cioBa U ciioBocoyeTanus "'ne", "u", "uan'",
"eciH... , TO", "TOraa u TOJBLKO TOrAA'" M APYrUe NO3BOMISAIOT U3 YK€ 3aJaHHBIX
BBICKa3bIBAHUM CTPOUTH HOBBIC BhICKA3bIBaHUA. TakKe CJIOBA U CIIOBOCOYETAHUS Ha-
3bIBAIOTCS JIOTUYECKUMH CBSI3KAMM.

Bricka3piBanus, 00pa3oBaHHBIC U3 APYTUX BHICKA3bIBAHUN C TOMOUIBIO JIOTHYE-
CKHX CBSI30K, Ha3bIBAIOTCSl COCTABHBIMHU. BhICKa3bIBaHUs, HE ABIISIIOLINECS COCTAB-
HbIMU, Ha3bIBAIOTCS 3JIEMEHTAPHBIMHU.

W cTUHHOCTD WU JIOKHOCTH MOTy4aeMbIX TAKUM 00pa30M COCTaBHBIX BBICKAa3bIBa-
HUW 3aBUCHUT OT UCTUHHOCTH WJIM JIOXKHOCTH AJIEMEHTAPHBIX BbICKAa3bIBAHUM.

[Ipono3unroHansHEIE IEPEMEHHBIC — TIEPEMEHHBIC, 001aCThIO OTIPEICICHUS KOTO-
PBIX SBIJISIIOTCS] BBICKa3bIBaHUS. bynem ucnosib30BaTh coramnieHue — OONbIINE OyKBBI
0003HauYal0T MPONO3UIIMOHAIIBHBIE TIEPEMEHHbBIC, 4 MAJICHbKHE OYKBbBI BBICKA3bIBAHUS
1 0OBIYHBIE TIEPEMEHHBIE.

Jlormueckue onepauuu u ux cpoiicrea. IloyiHoTa ccTEeMBI ONEepanMi

Kaxxnast mormdeckas cBs3ka COOTBETCTBYET OTNEpalluy HaJl JOTUYECKUMHU BhICKA-
3bIBAaHUSIMU U UIMEET CBOE Ha3BaHUE U 0003HAYCHUE:

OCHOBHBIE OIEpalnu:

Omnepariusi, BeIpakaemasi CJIOBOM "He”, Ha3pIBaeTCsl OTPUIIaHMEM U 0003HaYaeTCs
YepTOi HaJl BHICKa3bIBAHHEM (MM 3HAKOM —)

OcHOBHOE CBOICTBO: OTPUILIAHUE UHBEPTUPYET JIOTHUECKOE 3HAYECHUE.

Omnepanusi, Beipakaemasi CBA3K0M "u"”, Ha3bIBaeTCd KOHbIOHKIMEH (J1aT.
conjunctio — COeAMHEHUE) WX JOTUICCKUM YMHOKEHUEM U 0003HAYAETCSI TOYKOU
""" (MOXeT Takke 0003HaYaThCs 3HAKAMU A WIH &)

OcHoBHoOe cBOICTBO: Bricka3siBaHue A B nCTHHHO TOI1a ¥ TOJILKO TOT/A, KOraa
00a BbICKa3pIBaHUS A 1 B HCTUHHBI.

Onepanus, Beipaxaemasi CBA3KoW "unu” (B HEUCKITIOYAIOIIEM CMBICIIE ATOTO CJO-
Ba), Ha3bIBaeTCs AU3bIOHKIMeH (J1aT. disjunctio — pasziesieHne) Uin JOTUYEeCKUM
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CIIOKEHHUEM M 0003HAYaeTCs 3HAKOM V (V HIIH TITFOCOM).

OcHoBHOe cBOMcTBO: Bricka3zsiBanue A v B 10KHO TOI/Ia M TOJIBKO TOIUIA, KOTAa
00a BbICKa3bIBaHUSI A U B JI0XKHBI.

Omnepanusi, Beipaxkaemasi cBI3kamu "ecau ..., mo", "uz ... cnedyem", "... eneuem ...",
Ha3bIBAaCTCA MMIJIMKAUMen (1at. implico — TECHO CBsI3aHbl) U 0003HAYAETCA 3HAKOM
—. OcHOBHOe cBOJicTBO: Bricka3piBanue A—B J10)kHO ToT1a ¥ TOILKO TOTAa, KOraa
A ucTuHHO, a B 10XXHO.

Onepartus, Belpaxaemasi CBI3KaMu "mozoa u moavko moeoa", "nHeobxooumo u 0o-
cmamoyno", "... pagnocunvro ...", HA3bIBACTCS IKBUBAJEHIUEN WX IBOMHON UM-
TJTMKAIMEeR 1 0003HaYaeTCsl 3HAKOM <> U ~.

OcHoBHoOe cBOJicTBO: BbhIicKa3bpiBaHNe A<>B HCTHUHHO TOIrIa M TOJIBKO TOTYIA,
korga A = B.

Ecte mu npyrue omneparuu? Jla ectb. Bcero Bo3MOXHBI 4 YHApHBIX OIEpalvu
(meticTByIOT Ha | BBICKa3bIBaHME) U 16 OMHAPHBIX OrnepaIuu (CBA3BIBAIOT 2 BHICKA3bI-
BaHUA).

4

Tabdauubl HCTUHHOCTH JIOTHYECKUX ONlepalMid
O. TabuMua UCTUHHOCTH JIOTHYECKOH ONepaluu BIPaxKaeT COOTBETCTBHE MEkK-
1y BCEBO3MOKHBIMH HA00PAMHU 3HAYEHUI BbICKA3BIBAHNI U 3HAYEHUSIMU Ollepa-
HH.
Tabnuia ucTuHHOCTH JIornuyeckoit onepanuu orputianve (HE)

X HE X
JI n
n JI
Tabnuiia ICTUHHOCTH JIOTUYECKOM ornepanuny KoHbOHKIMS ()
X y XAY
JI JI JI
JI n JI
n JI JI
n n n
Tabnuia ICTUHHOCTH JIOTUYECKOi onepanuu au3bloHkus (MJIN)
X y XVy
JI JI JI
JI n n
n JI n
n n n
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Tabnuia HCTUHHOCTH JIoTUYeCcKol onepanuu uMiuinkamnus (Ecau..toraa)

Tabnuiia ICTUHHOCTH JloTUYeC. onepanuu dkBuBaieHIMy (Toraa u ToIbKO KOI/1a)

A B A—B
JI JI nu
JI 4| 4|
nu JI J
nu n u
A B A-B
JI JI nu
JI n JI
nu JI JI
4| 4| 4|

IToiHOTA JIOrHYECKUX onepauuﬁ

W3 Tabnui ICTUHHOCTH CEAYET, YTO Pa3IMYHbIX ONEPALMI KOHEUHOE YUCIIO (4 1uis

YHapHbIX U 16 15151 OMHAPHBIX).

YHapHbIe onepauuu

BoickasbiBaHue Onepanus
X F0 Fl F2 F3
JI JI JI 41 4!
4! JI 4! JI 4!
bunapHble onepauumn
Boicka3bIBaHus Onepanuu

A B FO Fl F2 F3 F4 | F5 | F6 | F7

JI JI JI JI JI JI JI JI JI JI

JI 41 JI JI JI JI 41 41 41 41

41 JI JI JI 41 41 JI JI 41 41

41 41 JI 41 JI 41 JI n JI 4!

A B F8 F9 | FI0O | Fll | FI2 | FI3 | Fl4 | FI5

JI JI 41 41 41 41 41 41 41 41

JI 41 JI JI JI JI 41 41 41 41

41 JI JI JI 41 4! JI JI 41 4!

4! 141 JI 41 JI 141 JI 41 JI 41




Onepanus Ha3zBanue

FO KoHcTaHTa JIoXb

Fl KOHBIOHKIIHS, JIOTHYECKOE YMHOKCHHUE

F2 OTPUIIAHWE UMILIMKAIINU

F3 nepemeHHas X/

F4 OTpUIIaHUE 00PATHON MMILTUKAITUU

F5 nepeMeHHasi X2

Fo6 CTporasi [IM3bIOHKIN, UCKIrovaromee i XOR

F7 JU3BbIOHKIUS, JIOTHYECKOE CIIOKECHUE

F8 crpenka [Iupca, cumBoin Jlykamesuua, pyukius Jlarrepa, GyHKIus
Beb66a, oTpuiianue TU3bIOHKIIAN

F9 SKBHBAJICHTHOCTh, PABHO3HAYHOCTh

Fl0 OTpuIlaHHEe UHBEPCUU

Fll UMILIUKAIUS OT

Fi2 OTPULIAHUE, UHBEPCUS

Fli3 uMIumkarms A u B

Fl4 mtpux [leddepa, orpuiianne KOHbIOHKIIUU

Fl5 KoHcTaHTa Mcruna

Ilpuopumem nozuuecxkux onepayuu. Jlocuueckue onepayuu umerom npuopumem
UCNONIHeHUs 8 clledyroujeM NopsaoKe OMpUyaHue, 102udeckoe Cl0XdceHUue U YMHONCe-
HUe, UMNAUKAYUS, PAGHOCUIbHOCHb.

Jlexuus Ne2
Pasnen Nel. Anredpa Boicka3pIBaHui 1 OyJsieBa ajaredpa
Tema 1.1 Anredpa BbICKa3bIBAaHUM
Conepxxanue: Jlormueckue ¢opMynbl U TaOMUIBI UCTUHHOCTH. PaBHOCUIIbHBIC
npeoOpazoBanus ¢Gopmyn. TaBTogoruu ¥ TPOTUBOPEUHUS. 3aKOHBI  JIOTHKH.
Jloka3aTenbCTBO PaBHOCHIBHOCTH (DOPMYJI U 3aKOHOB JIOTHKHU.
Jlormueckue popmyJibl M TAOIMIBI HCTHHHOCTH

C noMoIipio JOruYecKuX (MpONO3UIMOHAIBHBIX) TIEPEMEHHBIX, CHUMBOJIOB JIOTH -
YECKHUX OMepaluii U CKOOOK JIt000€e BBICKAa3bIBAHHE MOXHO (POPMaAIN30BaTh, TO €CTh
3aMEHHTH Jorudeckoit popmyinoit. Takum 0O6pazom, 3HaueHUE J1I0O0H POpMyYIIBI TOXKE
BbICKa3biBaHue. [loaTomy mr00yI0 popmyiny MOKHO riepe 0003Ha4aTh HEKOM MPOIIO3HU -
HUOHAIBHOMW IIEPEMEHHOM.

O. K snemenTtapasiM popmyram JIOTHKK BbicKa3biBanuii (JIB) oTHOCAT mpomo3u-
LIUOHAIBHYIO IEPEMEHHYIO U (POPMYJIbI TIOJTYUYEHHBIE U3 OJHON WM 2-X MEPEMEHHBIX
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C TIOMOIIIbIO OJTHOM YHAPHOU WM OMHAPHOMN JIOTUYECKOM OTIEpaIIHH.

O. Cocrasubie Gpopmynst JIB 00pazyroTcst n3 HECKOJIBKUX IEMEHTAPHBIX MTyTEM
O00bETUHEHHSI X C TIOMOIIBIO JIOTHUECKHUX OTepalfii U CKOOOK.

Ecou B cocraBHOl ¢dopmyne snemMeHTapHble (GOPMYIIbl 3aMEHUTH MPOMO3UIIUO-
HanbHbIMU TiepeMeHHbIMU (I11T) unu nao6opot I1I1 3ameHuTh Ha Apyrywo Gopmyimy,
TO 3TO MPUHATO Ha3bIBaTh MpeoOpa3zoBaHueM Qopmysbl. Cpelrd BO3MOXHBIX MpPeod-
Pa30BAHUM BBIAEISIOT SKBUBAJICHTHBIE.

O. DKBUBaJICHTHBIMU MTPe0Opa3zoBaHUSIMHU (DOPMYIT HA3BIBAIOT T€, MPU KOTOPHIX
JIOTUYECKHE 3HAUCHUS (POPMYIT HE U3MEHSIOTCS.

Knaccupuxauuss dpopmyi. Bapuanter dopmyn JIB (Joruku BbICKa3bIBaHH):
TaBTOJIOTUH (BCETJa UCTUHHBIC), BHIMOJIHUMbIC (€CTh UCTUHHBIC 3HAYECHHSI), OIIPOBEP-
KUMBIE (€CTh JIOKHBIE 3HAYCHHUSI ), TOXKIECTBEHHO JIOKHBIE (BCET/Ia JIOKHBIE).

Ta6aubl HCTHHHOCTH JIOTUYECKHUX (POPMYJT

CornacHo onpeaenenuto, Tadauna uctuHuoctu (THU) norumveckoit gopmyibl
BbIPA’KAaeT COOTBETCTBHE MEKIY BCEBO3MOXXKHBIMHM HA0OpaMHU 3HAYeHHH mepe-
MEHHBIX M 3Ha4eHUsIMH (popmy.isbl (110 aHagoruu ¢ TH jiornyeckoi onepauun).

Ilocmpoenue madauybl UCMUHHOCIU I02UYECKOU (DOPMYTTbL.

[Toctpoenne TU TpebOyeT BBIMOIHEHHS HECKOIBKHUX JTAIOB :
1) OnpenenuTs MOCe10BaTeIbHOCT/0YEPETHOCTh BBITIOJHEHUS Olepalinii B popmy-
Je.
2) Onpenenutsb pazMep TabIUIbL, T. €. YUCIO CTPOK U CTOIOIOB. UKCIIO CTPOK ompe-
JIEJISIETCS] YMCIIOM Pa3IMYHBIX HAOOPOB 3HAYEHHM MEpEeMEHHbIX. Takux HaOOpOB 3Ha-
YeHHUI MePEeMEHHBIX Jis1 (DOPMYIIbI, KOTOpasi CONEPKUT 1 mepeMeHHyro — 2 Habopa,
2 nmepeMeHHbIX — 4 Habopa, ..., A7 n IepeMeHHbIX 2". Unuciao cTonbI1ioB onpeaenser-
Cs1 YUCJIOM OIlepalui-+4ucIio nepeMeHHbIx. Kpome Toro, s 3arojJjoBKOB CTPOK U
cTosIONOB BhIAENAeTCs enle 1 cTtpoka u 1 cronderr.
3) Ctpourcs nmyctas Tabiauia HeoOXoAUMOro pazmMepa.
4) 3anonHs0TCS CTPOKA U CTONOEI] 3ar0JI0OBKOB, 3aT€M CTOJOIbI JIOTHYECKUX 3HAYE-
HUN MEPEMEHHbIX. 3/1eCh HEOOXOIUMO MPUIEPKUBATHCS OOILIEro MpaBHIIa 3aIloJIHE-
HUS, 4YTOOBI MOXKHO OBLJIO JIETKO conocTaBisiTh TU pasubix dhopmyn. Kparko »to mpa-
BUJIO MOXKHO BBIPa3uTh Tak — cHayana BbiOupaercs Jloxp (JI), 3arem Uctuna (M).
[Ipu sToM nocnenHss nepemeHHas mensiercs ovictpee Bcero JI-U-JI-U. Tlepemennas
nepen Hewl B 2 pa3za meqyennee JI-JI-M-U. Eciau ecTh niepemMeHHas nepesl HUMU, TO W3-
meHenus 3Hauenni JI-JI-JI-JI-U-U-U-U u 1. 1.
5) IlocnenoBaTebHO 3aMOMHSAIOTCS CTOJOIBI JIJIs KaXK0M olepaluu OTAeNIbHO. 3a-
IIOJITHEHHWE BEJIETCS HA OCHOBAHMU OCHOBHBIX CBOMCTB JAaHHOW omnepauud. [Ipu stom
OMEepaIy 3alUCHIBAIOTCS B OPSIKE OUEPEAHOCTU UX BBINMOJIHEHHUs. HacTo onepanuu
g ynoocta HymepytoT. [locnennuit ctonbern; TU u ecTh MCKOMBIIA pe3ynbTart.

[Ipumep:
VYenosue: [Toctpouts TaOAUIy HCTUHHOCTH (DOPMYIIBI JIOTUKH BBICKA3bIBAHUIA
1(C AA)VI(A v B)) A(I(AAB)—C) < ((C AA)V (A vV B)A(TA v (IB— A)NA — 10))
Pewienue:
1. 3amumem cHoBa (OpPMyNy JIOTUKH BBICKa3bIBAHUN M paccTaBUM Haja HeH

16



HyMEpAalul — TMOPSAOK BBINOJHEHUA onepauuii. llo mpuopurery onepanui
MIEPBBIMU BBITIOJHSIOTCS IEHCTBUS B CKOOKAaX, 3aTeM OTpHUIIaHUE, Jajiee AU3BIOHKITUS
Y KOHBIOHKIIUS, TAJIE€ UMILIMKALUS U MMOCJIEAHEN SKBUBAJICHIIUSL.

5 1 4 3 2 9 7 6 8 21 10 12 11 20 17 18 13 14 19 16 15
T(C A A vIAVB)A(dM@AB — C < (CAA) v (AB) A (JA v (IB —»A) A (A— 10)
2.0npenenyM  KOJIMYECTBO CTONOIOB Tabnuipsl. Bceero mnepemennbix 3. Bceero
onepanuii 21. Torga Bcero cronbmor 3+21=24.

3.0mpenenuM KOJIMYECTBO CTPOK TaOmuibpl. Bcero mepemeHHBIX 3. 3HAYUT YHCIIO
BapuanToB 2°=8. Eme HY>KHbBI 2 CTPOKH JIJIsl HyMEpaluy Onepaluii U yKa3aHusi CaMUX
onepauuit. roro 8+2=10.

4.Iloctpoum nycrtyro Tadnuiy u3 10 ctpok u 24 cTond1oB (MOXKHO B 2 psna).
5.3amoyHUM BEPXHIOIO CTPOYKY, MPOIMYCTUB 3 CTOJIOIA ISl IEPEMEHHBIX PACCTaBUB
uuppel ot 1 1o 21. Bo BTOpoil CTpoke 3amuilieM HMeHa MEepPEeMEHHbIX, a Jajee
oneparuu. Oneparuu T0JDKHBI CBA3BIBATH PE3YJIBTATHI YKE BBIMOIHEHHBIX ONepalui
WU CTOJIONBI MIEPEMEHHBIX, TTOATOMY BBIMIOJHEHHBIC OINEpaluy 0003HA4aeM IMPOCTO
ux HoMepoM. Tak kak onepanuu 10 u 1, 11 1 2 coBmagarmT, TO UX MOXXHO 0003HAYUTH
npocTo ogHUM HomepoM. He Oymer ommOKkoil M COKpallleHHe 4YHciia omnepanuidl u
TabnuIel Ha 2 cronbia. MHave 3tu 2 cToa011a MpoCTO MEePerChIBAIOTCS.

6.3amotHMM TIepBBIe 3 cTOOma. s sToro HaumHaAs ¢ 3-W CTPOKH BHOCHUM
norudeckue 3HadeHus JI u U mo cnexyromemy mpaBuiry. CTpOKH MEPBOTO CTONIOIA
nensites Ha 2 paBHble yacTd (o 4 crpoku). B mepBoit yactu numeMm JI Bo BTopoi
yactu M. CTpoku BTOpOro cronbua aenarcs Ha 4 paBHble yacTd (1o 2 cTpoku). B
nepBoy yactu nuiem JI, Bo Bropou yactu U, B Tpereit yvactu numeM JI, B ueTBepTon
yactu U (To ecth yepenyrorcs yepes 2). Ctpoku 3 cronbua yepenyem JI u U yepes
CTPOUKY.

7.3anonusieM 4 cronben. 10 KOHBIOHKIUA. Ee cBOWCTBO — KOHBIOHKLHMA paBHa U
tosibko nipu AU, Tlosromy umem xorna C=A=HM u numem B 3Tux ctpokax M. Bee
ocTayibHbIe CTPOKU paBHbI JI. 3anonHsieM 5 cronben. 1o Mu3blOHKIMKA. Ee cBOMCTBO
— nu3btoHKIMs paBHa JI Tonbko nipu JI v JI. [Tostomy uiiem korga B=A=JI u numem
B 9Tux cTpokax JI. Bce ocranbubie cTpoku paBubl M.  3amonnsiem 6 cronber. Ito
oTpullanue 2 onepanuud. Ee CcBOWCTBO — OTpuUllaHWe HWHBEPTUpPYET, T. €. JI
npeBpamaercs B 1 1 Hao60opoTt. [loaToMy HY>KHO HHBEPTHPOBATH CTOJIOEI] OTepaluu
2. Jlamee 3amoyiHSEM CTOJOIBI TIO AHAJOTHUW, YYUTHIBas KAaKWe W3 CTOJIOIOB
y4acTBYIOT B JaHHOW omnepauuu. [lpu 3amonHeHun ctondia omnepanuu 8, HYXHO
y4eCTh CBOMCTBO UMIUIMKauu. MMiukanus pasHa JI tonbko ans Bapuanta U — JI.
[Ipu 3anonHenun cronOua onepanuu 21, Hy>)KHO y4€CThb CBOMCTBO IKBHBAJICHIIMH.
DOKBUBaJICHIMA paBHA | TOJBKO €CIM 3HAUCHUS CBSI3AHHBIX BEJIMYMH OJMHAKOBHI (00a
paBubl JI unm o0a paBubsl N).
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TaGnHua HCTUHHOCTH

1 2 3 4 5 6 7 8 9
A B C | CAA | AVB | 12 | 1v2 | 14) | AAB| 16) 7—C| 518
b I 71 bl 71 51 71 u 1 " b 71
b b 51 bl b 51 bl i 1 u i u
b 1 1 bl 1 7 1 7 b 1 bl b
b 1 " bl 1 7 " 7 1 " 1 71
1 b bl bl 1 b 51 b 1 51 bl 71
u 71 " 51 51 7 " 7 b n 1 b
i i 71 bl i b " b " b i 71
i " 51 i i b " b " b i 71
II OOOJIDKCHHC Ta6JH/IL[I)I NCTUHHOCTHU
10 11 12 13 14 15 16 17 18 19 20 21
1 2 Iv2 | 1B |[135A| 1C | A—>15| 1A | 17v14 | 18 Al6 |12 A 19 9520
b b b 51 bl 51 " i i u b i
b b b " bl 7 1 1 1 1 bl b
b 1 " bl 1 51 " 1 1 " 1 71
b 51 51 71 51 b 51 51 51 51 i 71
b u i 51 i 51 " bl u " 51 b
i i 51 51 i b b b i 71 b i
b 1 51 bl i 51 " b i u n 71
1 1 " bl 1 7 bl bl 1 b bl 1

8.ITocre 3amoHEeHHs BCEX CTOJIOIOB MOIyYaeM Pe3yabTar, B KOTOPOM HE BE3JIE JIOKb
W HE Be3Jle UCTUHHA. DTO 3HAYMUT, 4TO (POpMysa HE TaBTOJOTHS U HE MIPOTUBOPEUHE.
OHa BBIIOTHUMA.
PaBHoCU/IBHBIC TPpeoOpa3oBanus (popMy.JI

O. 2 ¢popmyIbl Ha3BIBAIOTCS PABHOCWIBHBIMU, €CJIM MPHU JIFOOOM BapUaHTE 3HAYE-
HUM BXOISIIUX B HUX MPOINO3UIUOHAIBHBIX EPEMEHHBIX U BBICKa3bIBAHWW WX JIOTH-
yeckue 3HaueHus copnagarot. O003HauaeTcsi paBHOCUIBHOCTh 3HAKOM =,

O. Ilpeo6pazoBanusi Gpopmyn Ha3bIBAIOTCS PABHOCUIBHBIMH, €CIH PE3yIbTaTOM
sBIsgeTCs popMysia paBHOCHIIbHAS HCXOIHOM.

CymiecTByeT 1enblid psifi paBHOCHIBHBIX (POPMYJI, KOTOPhIE aKTUBHO HCIIOJIb3YIOT
JUTSI TAKUX TipeoOpa3oBanuii. YacTo uX HA3bIBAIOT 3aKOHAMU JIOTHKHU.

Teopema 0 paBHOCUJIBHOCTSIX JIOTUKY BBICKa3bIBAHUI
CrnpaBemyiuBbI CIEAYIONME PABHOCUIBHOCTH:

a)l1P =P 6O)P—->Q=1Q —» 1P B)P->Q =1P «1Q
NP-(Q—->R=PAQ >R [ ) P>RANQ—-R)=(PVQ)—R e)PAP =P
x)PVP =P 3)  PAQ =QAP u) PvQ =QVP

KPAQAR)=(PAQ)AR

mPVQVR)=PVQ)VR

M) PA(QVR) = (PAQ) V (PAR)

H) PV (QAR)=(PVQ)A(PVR)

o) PAQQV P)=P

mPV(QAP)=P
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p) (BAA)=TA VB ¢) (BVA) = TAATB P Q =Q« P
(1-# 3akoH ne Moprana) (2-11 3akoH ne Moprana)
y)P—Q = PVvQ PP—-Q =1PA1Q X PAQ=1P—1Q)
HPVQ=1P—Q HPo>Q=P—->Q)A(Q —»P)| mPAIP =JI PVIP=U
) PAUL =P PVU=U PAJI=JI PVII=P

JlaHHBIE PAaBHOCUJIBHOCTH CBSI3aHBI C 3aKOHAMU (PUI0CO(CKON U MaTeMaTuyecKon
JIOTUKH: 3aKOHBI MOIVIOLIEHUS: €, K, O, I, II-bl. 3aKOH JBOMHOTO OTPUIIAHMUS a.

[lepecTaHoBOUHBIE 3aKOHBI O, B, 3, U, T. CoueTarenbHble 3aKOHBI 1, K, JI, M, H.

3aKoHBI BhIpaXKarollue OJJHU ONepalluu 4yepe3 ApyTue: T, 1, y, ¢, X, 11, 4.

Jloka3aTenbCTBO TEOPEMBI: METOJIOM OT MPOTHUBHOTO, UCIIOJIb3Ysl OCHOBHBIE CBOM-
CTBa JIOTUYECKUX OTEPALUH.

Cnenctue 1. U3 dopmyn ¢) u 4) ciaemyet, YTO UMIUIMKAIUIO U SKBUBAJICHIIHIO
BCEINla MOYKHO 3aMEHUTh JM3BIOHKIMEH, KOHBIOHKIMEN U oTpuuanueM. Crenosa-
TeNbHO 17151 I000i dopmyssl JIB cyiecTByeT paBHOCHIIbHAS €l coBepiieHHas Qop-
MyJa.

CnenctBue 2. 3 gopmyn p) u c) ciaeayer, yTo 00y COBEPIICHHYIO (OopMyTy
MOKHO IIPEBPATUTH B YUCTYIO, OCTABUB TOJBKO 2 ONEpPaLUU U3 TPEX.

N3 cnenctBuil BBIBOJUTCS JOKA3aTEIbCTBO TEOPEMBI O TTOIHOTE onepauuii JIB.

TaBT0/10TMH ¥ NPOTUBOPEUYHS. 3AKOHBI JIOTUKHU

TaBToNOrNMM U3BECTHHI B GUI0CODUM U JIOTUKE OYeHb AaBHO. DaKTHUECKHU ATO JIO-
ITMYECKUE KOHCTPYKIIMH, KOTOPhIE BCETa UCTUHHBI M MOATOMY HE TpeOyroT J0oKa3a-
TenabcTBa. Oco0yr0 aKTyaJIbHOCTD ISl JIOTUKU MPU 3TOM UMEIOT (OPMYIIbI, KOTOPHIE
SBIIIFOTCSl TABTOJIOTUYECKUMH. Tak Kak B 3TH (HOPMYIJIBI MOXKHO TOJICTaBUTH B Kaue-
ctBe 3HaueHwus [111 mo6oe Bricka3piBaHue U PopMysIa OCTAHETCS UCTUHOW. DTO OYEHB
yI0OHO JUTs JOKa3aTeIbcTBA UCTUHHOCTH CJI0KHOTO BhICKa3bIBaHUA. JlocTaTogHO TO-
Ka3aTh, YTO ATO BHICKA3bIBAHUE CBOMUTCS K TABTOJOTUUYECKOHN (OpMyJie U HCTUHHOCTh
yctaHoBiieHa. [1oaToMy TaBTONOrMU 00pa3yrOT MHOKECTBO 3aKOHOB JIOTHKHU.

3aKOH JIOTMKH MOXKHO MPEACTABUTH B OJTHOM U3 JIByX BUJIOB:

1) Buzne skBuBaneHTHOTO npeodpazoBanus F/ =F2 (3HaK = - PaBHOCUIILHOCTD,
T. €. 17151 Bcex BapuaHToB 3HaueHu 111 hopmyrbr paBHbI).

2) B Buze TaBronoruu F1 <» F2 . CyiiectByeT TeopeMa, J0Ka3bIBaIOIas YKBUBA-
JIEHTHOCTB 3THX JIByX MOJIXOIOB.

[TprmephI 3aKOHOB JIOTHKH B 1-11 (popme JaHbI BhIIIE B TEOpEME O PABHOCHUIIBHOCTSIX.

[Tpumepbl 3aKOHOB JIOTUKHU BO 2-i (popMe MOKHO NPEACTaBUTH JI0Ka3aB, YTO OIpPE/e-
JIeHHbIE (DOPMYIIBI SBJISIFOTCS TABTOJIOTHSIMH.

TeopeMbl 0 TABTOIO0rUSAIX
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Teopema 3. 1. Caedyrowue gpopmynst areebpbl 8b1CKA3bI6AHUY ABAAONM -
Cs Magmono2uUiAMU:
a) 3aKOH UCKAIOYeHH020 mpembe2o P v —P;
6) 3axon ompuyarnus npomueopeuus —(P A —P);
8) 3aKOH 080UH020 ompuyanus ——P < P,
2) 3aKkoH modcdecmea P — P;
d) 3akon xoumpanosuyuu (P — Q) & (=0 — —=P);
€) 3aKOH cuano2usma (npasuso YenHo2o 3aKA4eHus)
(P—= Q) A(Q@ - R)) » (P> R);
ac) 3axon npomuegonosoxcnocmu (P < Q) & (=P & =Q);
3) npasuno dobasnrenus anmeyedenma («UCMUHA U3 Ye20 Y200HO»)
P— (Q—- P);
U) Npaeuno «u3 A0HcHo20 4mo y200no» P — (P — Q);
K) npaeuno «mooyc nouenc» (modus ponens) (P A (P — Q)) = ©;
£) hpasuno «modyc moanenc» (modus tollens) (P — Q) A =Q) — —P;
M) npaeuno nepecmarno6Ku NnoCulN0K
(P - (@ - R) & (Q - (P— R));

H) npaeuno obsedunenus (U pazeeOUHEHUS) NOCHINOK
(P—>(Q > R)) & (P Q) - R)
0) npaeuno pazbopa cayuaee
(P> R)A(Q > R)) & (Pv Q) > R)
n) npaeuno npugedenus K abcypoy
(P> DD A=P-5-0) > P, (P> (0A=0) - P

Teopema 3.2 (CBOMCTBa KOHBIOHKUHUU U IU3BIOHKUMUU). Credyrowue
gopmynsl anreebpol @bICKA3bIBAHUL AGAAIOMCA MABMONOUAMU
a) 3axonbt udemnomernmuocmu (P A P) & P, (P v P) & P;
6) 3axonel ynpouwenua (P A Q) - P, P - (P v Q);
8) 3QKOHbI KOMMYMamueHocmu
(PAQ)e (QAP),(Pv Qo (QvP)
2) 3aKOHbl accoyUamueHocmu
(PA@QAR) & ((PAODAR,Pv(QVR)e (Pv OvVR);
0) 3akoubl ducmpubymugrocmu
(PA(QV R)) & ((PAQ)v (PAR),
(Pv(QAR)) & ((Pv O A(PvR);
€) 3aKOHbl NO2A0ULeHUS
(PA(Pv Q) & P, (Pv(PAQ) e P
o) 3aKkonbl de Mopeana

CaoiicTBa TaBTOJIOT Uil
CymiecTByI0T npaBuiia (CBOMCTBA) € MOMOIIBIO KOTOPHIX MOXKHO TMOTy4YaTh U3 Of-
HUX TABTOJIOTUU JIPyTHE.
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Teopema 3.5 (npaBuio 3axmwouyeHusi). Ecau gpopmyast Fu F — H
Aenaromea masmoanoausmu, mo opmyasa H makice maemonozus. Apyeu-
mu caoeamu, u3 = Fu = F— H caedyem = H.

ITO MPaBUJIO HA3BIBAKT «MOAYC-TIOHEHC)

Teopema 3.6 (ripaBwio noactaHoBKM). Ecau gpopmyna F, codepicawas
APONO3ULUOHANBHYIO nepemernyo X, aensemcs maesmoaoauel, mo noocma-
Hoeka 6 popmyny F emecmo nepemernrnou X aroboti gpopmyast H croea npuso-
dum k maemoanozuu. Jpysumu croeamu, u3 = F caedyem = S§ F.

3TO MPABUWJIO MOACTAHOBKH
OTH mpaBUia O3BOJIAIOT PACCMAaTPUBATh JIFOOYIO TABTOJIOTHIO KakK IMIa0JI0H /s
o0pa3oBaHUs 1IEJIOT0 CEMENCTBA TaBTOJIOTHH.
Jloka3zaTeibCTBO PABHOCHJIBLHOCTH (GOPMYJI 1 3aKOHOB JIOTUKH
Jloka3arenbCTBO PaBHOCHIBHOCTH (POPMYNI — OJIHA M3 OCHOBHBIX 3a/1ady MaTema-
TUYECKOUN JOTUKH. J{J1s MpOoBEAEHUS TAKOTO JTOKA3aTeIbCTBA €CTh HECKOJIBKO BapHaH-
TOB:
* Iloctpouts TU GopMyn u mpu COBHAJAEHUH MOCIEIHUX CTOJIOIOB — PABHO-
CUJIBHOCTD JIOKa3aHa.
* (CBecTd paBHOCWIBHOCTH ()OPMYJT K OTHOM W3 CTAHAAPTHBIX PABHOCHIBHOCTEH
yTeM PaBHOCHJIBHOTO IPe0Opa30oBaHus JIE€BOU U MPaBOIl YaCTH.
* Jloka3aTh paBHOCUJIBHOCTb METOJIOM OW MPOTHUBHOTO U aHAJIM30M PE3YJIbTaTa C
ITOMOIIBI0 OCHOBHBIX CBOWCTB JIOTUYECKUX ONEPaLINi.
Jlexuus Ne3 4
Paszjnen Nel. Anredpa Bbicka3biBaHMU M OyJieBa ajaredpa
Tema 1.1 Auredpa BoICKa3bIBaHUM
Conepxanue: Jlornueckoe cienctsue (opmyll. BBIBOIMMOCTE M J10Ka3aTelbCTBO
TeopeM. Buzasl norumyeckux Qopmyn. CoBepllieHHbIE U HOpMajbHblE (POPMBI,
JIBOMCTBEHHOCTDH (POPMYIL.
Jlornueckoe ciaeacreue popmy.a
[Tycth Ai, Az, As ... Ay, B— dbopmynsr JIB.
O. ®opmyna B sBisiercs mormueckum cieacreuem (JIC) nocnenoBareabHOCTH
dbopmyn A, As, As ... Ac, ecau s J1I000KW COBOKYIHOCTH OJTHOBPEMEHHO
WCTUHHBIX 3HAYeHW (QopMyn mociefaoBareIbHOCTH (Gopmyna B Toxke Bcerma
HCTHUHHA. 3allUChIBAETCS 3TO KaK
A1, Az, A3 cee AK |= B
['oBopsTt, uto mocnenaoBarenbHOCTH GopMyn A; norudecku BiekyT (JIB) B wiu B
ABJIETCS JIOTUYECKUM CIIeACTBUEM A; . DaKTUUEeCKH HCTUHHOCTD BcexX (hopmyil A;
BJIEUET 332 COOOM MCTUHHOCTH B, 4TO 0OueHb yIOOHO AJis MOCBUIOK U 3aKJIHOUEHHUS
TEOPEM.
O. Teopema popmupyeTcst Kak JIOTHUECKOE CIIEe/ICTBHE 3aKIIOYEHHS U3 MOCHUIOK.
Hoxazars JIC MoxkHO ¢ momorbio Tadauir uictuHHocT (TH).
[Tpumepom ciayxar THU popmyn moceuiok u 3akmodeHus JIC: A—B, A—1B |= 1A
Tasronorus JICnen u3 moboit hopmyisl, a mporuBopeune JIB 106yto Gpopmyy.
CBsi3b MeXKIy PABHOCHJIBLHOCTBHIO H JIOTHYECKUM CJIeICTBHEM
Ces3b Mexay JIC ¥ paBHOCUIIBHOCTBIO ONIPEACIISIETCS TEOPEMAMH:
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T1. A < B Torna u toibko Torna korna A|=Bu B|[= A

T2. A |= B toraa u ToJabK0 TOrIa, Korna A A — B

T3. A1, Az, Az ... Ac|= B TOrIa u TOJIbKO TOI/IA, KOI/A

A1, Az, A3 cee AK =(A1 A Az A A3 Acee A AR )—) B

T4. A, Az, Az ... Ac, B |= C TOraa u TobK0 101712, KOIAa

A], Az, Az ... Ax ,B |=(B—> C)

TS. A, B |= C Toraa u ToJbKo0 TOraa, korga A,B [=A — (B— C)

BrIBOAUMOCTD M 10KA3aTENbCTBO TEOPEeM
IHocTpoenne 10Ka3aTebCTBA M MPABIWJIA BHIBO/AA
Ha ocHOBaHWM TPUBEJECHHOTO BHIMIE MOXHO CGHOPMYIUPOBATH  MPUHIIUI
JI0Ka3aTeIbCTBA TEOPEMBI KaK IMOJyYEHHUE JIOTHUECKOro ciencTBusd. [1ockoibKy 31O
CIPABEJIMBO Il MHOXKECTBA PA3HBIX BAPUAHTOB ITOCBUIOK, TO TOBOPAT O IMPaBUJIE
BbIBOJIa — JoKazaTtenbcTBa (I1B).
O. TIB — coBokynHocTh ¢opmyn cBszaHHbIX JIC. Tlochulku JIOrMYecku BIEKYT
3aKJIFOYEHHE 3aMHUCHIBAETCA ATO KaK JIpoOb, TI€ YUCIUTENb MTOCBUIKH, a 3HAMEHATEIh
3aKJIIOYEHHE.
O. CoBokymHOCTh (POPMYJT HA3BIBACTCS MPOTUBOPEUMBOM, €CJIM B JIFOOOM BapUaHTE
XOTs1 OBl O/1Ha hopMyIia JIOXKHA.
Ecnu mocnenoBarenbHocTh dopmyn Aj, A, As ... A, IPOTUBOpPEUMBA, TO HX
MIPOU3BEICHUE — MTPOTHUBOPEUHE.
Teopema o nporuBopeunu. Eciau u3 copokynuoctu ¢popmyn JIC mporuBopeuune, To
OHa MPOTHUBOPEUMBA.
Ha ochHoBe mnpotuBopeunit ¢GopMyiaupyeTrcs MeTo, KOCBEHHOTO JI0Ka3aTesbCTBa
TeopeM (0Ka3aTreabCTBa OT MPOTHUBHOTO).
MeToabl 1oka3aresbCTB. loKka3aTeJbCTBO OT NIPOTHUBHOIO.
Teopema o MeTo/e J0Ka3aTeJbCTBA OT MPOTUBHOIO. Ecnu 3 hopmyn Aj, Az, Az
... Ax, 1B TOTHYECKH ClIeayeT IPOTHBOPEUne, TO Aj, Az, Az ... A |= B.
Teopema. SABmsit0TCS CripaBeyIMBBIMU CIIEAYIOLIME CXeMbI JIoka3aTeabcTB (I11B)
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—E“ — MPaBHI0 OTARIEHHS;
A
a‘li‘iﬁ — MpaBHio BBEISHHA KOHBIOHKUHH;
!
"'d"":ll"E H A'Q'B — [IPaBHJ/IA YIAMEHHA HOHBHHKILHH,
ﬂﬁ 55 Aﬁ F — MpaBi/a BBeJeHHs JHIBIOHKIHH,
AV B
-'LAB; — MPaBHIO VIAACHHA BHILHOHKIIHH,
._% — [PABHJI0 BBEJSHHA HBOHHOTO OTPHIAHHA;
.l]i — MPaBHA0 YAANeHHA ABOHHOTO OTPHILAHUA;
A—=B
H — NPaBHJIO0 BRENEHHA SKBMBANEHIIHH;
,."! e B ..Iq e -B - W
T5E' B4 —TPaBHIa yranedus SKBHBAJEHILHH;
g "_: ﬁl y — NpPABKHM0 KOHTPANU3HIHH,
17A—+B
EA:“JHE — MpaBHAO [OKA3ATeNLCTBA OT NPOTHBHOLO,
A—B
B—C .
= — MPaBHJIO CHJIOTH3MA;
A—-C
BsC
AVEST — JOKa3aTeNbeTBo pasbopou Cydaes.

Meron pa3bopa ciydaeB, OCHOBaH Ha jokKa3zarelbcTBe C HCXOAs M3 MOCBUIOK
AVB, A —-B, B— C.

Buabl moruyeckux gpopmyia. CoepuieHHbIe H HOPpMaJibHbIE (DOPMBI,
ABOMCTBEHHOCTH (hopmyJ1

O. ®opmyna JIB Ha3bIBaeTCs MPEACTABICHHON B HOPMAJILHOM (popMe, €Cliid OHA
BBIpA)KAETCsl UCKIOUUTENbHO depe3 mpoctbie [ (mpormo3uiroHanbHble MepeMeH-
HBIE), CBSI3aHHBIE TOJIBKO ONEPALUSIMU OTPULIAHHUS, CIIOKEHUS U YMHOKEHHUSL.

JIrobas popmyna JIB mpencraBuma B HOpMaJIbHON (pOpMe, 4TO JOKA3bIBACTCS PaB-
HOCHWJIBHBIMH NpeoOpa30BaHUsAMH OINEpalvii UMILUTUKAIMU U SKBUBAJICHIIMH depes3 3
0a30BbIX ONEpally — OTPHUIIAHUSA, JUIBIOHKINN 1 KOHBIOHKIIUH.

O. Hopmanbnas ¢opmymna JIB Ha3piBaeTCsS MpeACTaBICHHOW B (GopMe UYMCTBIX
koHbIOHKIUI (UK) eciii OHa COIEP>KUT TOJBKO 2 ONEPALMH — OTPULIAHUSA U KOHb-
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FOHKIIUH.

O. Hopmanbnas ¢opmyna JIB HaspiBaeTCs MpeACTaBICHHOW B (GopMe UYMCTBIX
au3bloHKIMA (Y)[) eciiu oHA CONEPKUT TOJBKO 2 ONepalvil — OTPULIAHUS U AU3b-
FOHKIIUH.

O. ®opmyna JIB Ha3biBaeTca npeacTabieHHON B {u3br0HKTHBHON HopmanbHoi
®opme (JHD) ecnu sBnsieTcs AMIBIOHKIMEH YUCThIX KOHBIOHKIIUN (UK).

O. ®opmyna JIB Ha3siBaeTcs npencrtabiieHHOW B KonbroHkTHBHOI HopMmaib-
Hoii ®opme (KH®D) ecnu siBnsieTcst KOHBIOHKIMEN YUCThIX Mu3bloHKIMNA (UK).

Takum o6pazomM KH® - KOHBIOHKITUS TU3BIOHKITUH,

O. CoBepmiennasi popma — HopMasbHast opma, B KOTOPOIH HUCIIONB30BAHUE OT-
pULIAHHS Pa3pElIAeTC TOJbKO NMPUMEHUTENBHO K IMPONO3UIIMOHAIBHBIM MEPEMEH-
HBIM, HO HE pa3pemniaercs sl IpUMEHEHHS K GOpMysiaM B CKOOKax.

[Ipumepsr:

(1P vV (1Q V R)A(IP V Q ) A TR — cosepiieHHas ¢popma
(TP vV 1(Q vV R)A(IP vV Q ) A IR — He coBeprieHHas popma

C nmomompto 3akoHOB [le Moprana moOyro HE COBEPLIEHHYIO (POpMYTy MOXKHO
npeoOpa3oBaTh B COBEpLIEHHYIO. J[OKaXkeM 3TO Ha MpUMEpaAX:

1) Eciiu dpopmyna comepkut Beipaxkenue Buaa 1(BAA), roe A u B nmro0bie popmy-
761, TO IO 3aKkoHy Jle Moprany ee MoxxHO BbIpa3uTh kKak 1(BAA) = 1A V 1B packpsiB
TE€M CaMbIM CKOOKH.

2) Ecnu popmyna comepxut Beipaxkenue suaa (B V A), rne A u B mo0sie dop-
MyJIBI, TO IO 3akoHy Jle Moprany ee MoxHO BbIpa3uTh kKak (B V A) = 1A A 1B pac-
KPBIB TEM CaMbIM CKOOKH.

Jlpyrux BapHaHTOB MCIIOJIb30BAHMS OTPHUIIAHUS TEpe]] CKOOKaMU B HOPMAaJIbHBIX
(dopmax HE CyIIECTBYET, IOATOMY MOCIEI0BAaTEIbHOE UCIOIb30BaHUE IPUMEPOB 1) U
2) mo3BoauT yOparh oTpullaHue mepes ckoOkaMmu B 1r000i Gopme. [lomyduennas dhop-
Myna OyJIeT COBEPILICHHOM!.

O. Cosepuiennoit HopmaabHnoii In3sronkrusaonn ®opmoii (CHAD) Ha3biBa-
101 /[H® B coBepiieHHOM BUIE.

O. CoBepmiennoit Hopmanbnoit Konbronkruaoii ®@opmoit (CHK®) Hasbisa-
10T KH® B coBepiieHHOM BUJIE.

Teopema 0 coBeplIeHHBIX HOPMAJIbHBIX (hopMax

Hns mo0oit HopManbHOM dopMbl Gpopmyiibl JIB cyliecTByeT paBHOCHIBHBIE €t
CHA® u CHK®.

Jlok-Bo: mpeacTaBuM HOpMasibHYIO hopMy dhopmyiibl JIB B coBepiieHHOM BHIE T10
npaBwiaMm 1) u 2). B pe3ynprare noay4unm BbIpaKeHUE BUJIA :

F=P,OP,0...0Py ,me O — onepanust V uiam A , a Belm4IuHbI Py OymyT co-
JepKaTh JIHOO TIepEeMEHHbBIC, TU0O0 X OTPHUIIAHHUS.

Jlst Toro uro0s! mpeoOpazoBars F B CH® HyXHO BBIpa3nuTh €€ B BUJIE JU3BIOHK-
uuid yucThix KoHBIOHKIMK (UK). AnHanusupyem mocienoBarelbHOCTh onepanuii O.
Haiinem nepyto nu3broHkuuio B F. Bee uro Obu10 10 Hee 0603HauuM F,. Torna nomy-
yuM F = F, V P, O ...O Py npu 3TtoM F, — uncras xonbtoHkuusA. Eciu cienyromas
oneparnus 1nociue Py, Toxke au3btoHkuus, TO U Py, — uncTas koHbrOHKIUSA. PaccmoTpum
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TENEePh BapUAHT KOTJa CIeAyIolas onepamnus nocie P, konbroHKIusA. B 3ToM ciiyuae
paccmotpuMm yacth popmyisl ( Fi V Py ) A Pryy = (Fi A Pt ) V (P A Prii ) B coOT-
BETCTBHH C paBHOCHILHOU hopmymnorr M) ( PA(QVR) = (PAQ) V (PA R)). Takum 06-
Pa3oM TeNneph BHOBb MOJYYUM AUZBIOHKIIHAIO 3JIEMEHTAPHBIX KOHBIOHKIMK. Ecnu a1y
MOCJIE/IOBATEIIBHOCTh JEUCTBUM TOBTOPSATH, TO MPOWJIS BCH MOCIEA0BATEIBHOCTD
onepanui Ml nomyuum CHJD.

[To ananoruu u3 F moxuo nomyuuts 1 CHK® ecnu ncnonas3oBath GopMyity

) (PV(Q\R)=(PVQ)A(PVR)).
Tak Kak KUCIONb30BAaHHBIM AJITOPUTM pabOTaET I JIF000 HOPMAIbHOU (PYHKIH, TO
MbI MO’KEM CJIeaTh BBIBOJ, 4TO Jit00as HOpMalibHas (HOpMylia UMEET paBHOCHIIbHbBIE
BapuanThl CHA® u CHK® u.T.71.

JIBoiictBeHHOCTH (popmya JIB
O. 2 HopMaisibHBIE (DOPMYITBI HA3BIBAIOTCS JABOMCTBEHHBIMH, €CJIM OHA MOTyYa-
€TCsl U3 JPYyrod 3aMEeHON JU3BIOHKIIMU Ha KOHBIOHKIUIO U HA00OPOT.
JIBOMICTBEHHOCTh OTPAXXKAET CHUMMETPUYHOCTH OINEpPAMd KOHBIOHKIUU U AU3b-
IOHKIIMM OTHOCHUTENbHO nX cBOMCTB. Bce cpoiicta CH/I® n CHK®, 3akonsl [le
MopraHa, 3aKOHbI IOIVIOILEHHSI, COUYETATEIbHBIEC 3aKOHBI UMEIOT OJIMHAKOBBIEC TTAPHBIE
(dhopMysbl OTHOCHUTEIIBHO 3THX Olepanuii. ITo uMeer Oosee r1yOOKUil MaTeMaruye-
CKMH CMBICJI, KOTOPBIM OTPAXKAET TEOPEMA IBOMCTBEHHOCTH.
Teopema nBoiictBenHocTH. Eciii 2 coBepiiieHHbIe (YOPMYIIbI pABHOCUIIBHBI, TO U
JIBOMCTBEHHBIE UM (POPMYJIBI TaK K€ OylyT paBHOCHIIbHBIMU (0€3 10Ka3aTeNbCTBa).
3akonbl [le-Moprana siBIsFOTCS WLTFOCTPALUEN 3TON TEOPEMBI.
Hokazamenbcmeo 3moii meopemvl 0O4eHb CLONCHO U He OYOem paccmampusamsCs
6 Hauiem Kypce.
Jlexuns Ne4 5
Pasnen Nel. Anredpa Boicka3piBaHui 1 OyJsieBa ajaredpa
Tema 1.2 byuaeBbl pyHkuun
Conepxanue: byneBbl nepeMeHHble, onepauuu U GpyHkuuu. bynesa anredopa. Ca3b
OyneBbix GyHKIMHA U Gopmyn Jjoruku. IlomHoTa cuctembl OyneBbIX (PYHKIUH.
[Ipencrasnsromnyie QyHKIUH.

bysieBbl nepeMeHHbIe U QYyHKIMHA
Anrnmiickuii marematuk Jxopmx bynb (1815—1864) B 1854 romy omyOaukoBan
Tpyn «VccaenoBaHue 3aKOHOB MBIIUICHUS, HA KOTOPBIX OCHOBAaHbl MareMaTH4eCcKUe
TEOpPUHU JIOTUKU W BeposiTHOCTeH». B Helt bynp mpenmoxun ocobyro anredpy —
cucteMy 00O3HAaYeHHWH M MpaBUjl, IPUMEHUMYIO KO BCEBO3MOXKHBIM OOBEKTaM, OT
yrices U OyKB 0 mpeuiokeHnid. [1omb3ysck 3TOH cHCTEMOW, OH MOT 3aKOJIUPOBATh
BBICKa3bIBaHMsI (YTBEPKACHHUS, UCTUHHOCTh WU JIOKHOCTh KOTOPBIX TPeOOBaIOCH
JI0Ka3aTh) C MOMOUIbIO CHMBOJIOB CBOErO $3bIKa, & 3aT€M MAHMITYJIMPOBaTb HMH,
NoJ0OHO TOMY, Kak B MareMaTUKE MAaHUIYJIUpYIOT yuciaamMu. OCHOBHBIMU
onepauusaMu OyneBoil anreOpsl ABISAIOTCS OyJeBO€ YMHOXKEHHE, OyJIeBO CIOKEHUE U
uHBepcus. [lo ananorum ¢ oObIYHON anreOpoil Hy>KeH Mepexo]] K OOBIYHBIM YHCIIaM.
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byas mpennoxun paccMarpuBaTh 0a30BO€ MHOXKECTBO UHCEN CBOEH anreOpbl
COCTOSIIIIMM Bcero u3 AByX uucen {0;1}.

CpaBHeHHEe ¢ 0OBIYHON areOpoil Tak ke MO3BOJISIET OMPEACTUTh U (PyHKIINH B
OyneBoiil anredpe. byneBa gpyHkius onpeneneHa Ha MHOxkecTBe {0;1} u pe3ynbrar ee
TOKE DJIEMEHT HTOTO K€ MHOXKECTBA.

®daktudyecku OyneBa (YHKIMS — YAaCTHBIA CIydaldl JUCKPETHBIX (PYHKITUH,
KOT/Ia apTYMEHT M 3HAYCHHUE YHCIIa TPUHUMAIOT 3HAUYEHUS TOJIBKO U3 KOHEYHOTO MHO-
XKecTBa. DTH PYHKLIHUU OY€Hb HHTEPECHBI JJIsl MHKEHEPOB, TaK KaK OMUCHIBAIOT MOBE-
neHue NuppoBOM TEXHUKHU U AUCKPETHBIX aBToMaToB. [lo anamoruu ¢ 9BM nuckper-
HbIE aBTOMATbl OOBIYHO CBOZSAT K JBOMYHBIM CHCTEMAM, KOTOPBIE OMUCHIBAIOTCA Oyrie-
BBEIMU (DYHKITASIMH.

KonnyecTBo BO3MOKHBIX OyieBbIX QpyHKIMI orpanudeHo. F(x) — 4, F(x,y) — 16
u T. 1. K OyneBbiM (yHKUMSAM NPUMEHUMBI omnepainuu OylieBoro yMHOXeHus (&),
cinoxeHus (O), HWHBEPCUU-OTPHUIIAHUS (YepTa CBEPXY/CHU3Y) KOTOphIE JaloT
pesynbraroM OyneBbl (yHKIUU. Anredpa, MOCTPOCHHAs HAa THX MHOXECTBAaX H
orepanusax HazbiBaeTcs byneBoi anreOpoi.

CpoticTBa onepariuii B OysIeBOM anredpe onpeaessitoTCs BhIPaXKCHUSIMU:
1&X=X, 0&X=0, 16X=1. 06X=0, 1=0, 0=1.

O. byaeBa aaredpa — amreOpa ompeneneHHas Ha MHOXectBe {0,1} u
MHOXKeCTBe OysieBbIX omepauuii (2 OmnHapubix u 1 yHaphas). B OyneBoil anrebpe
3aJ]aI0TCSl TaK K€ MEePEMECTUTENIbHBIE, COUETATENbHbIE 3aKOHBI JUISl ATUX OMNEparyid,
3aKOHBI TOJOOHBIE (opmynam ae Moprana. WX BbIpaKeHUSI aHAJIOTUYHBI
COOTBETCTBYIOLIUM PABHOCWJIBHOCTSIM ~aireOpbl BBICKA3bIBAaHMWA. Takum 00pa3zoM
NPOCJIEKUBACTCS OHO3HAYHASL CBS3b MEXIy (opMynaaM JIOTUKM BBICKAa3bIBAaHUM U
dbopmynamu OyneBoi anreopsbl.

IHonHoTa cucremsl 0yJeBbIX QyHKIU
Teopema 0 MHOxkecTBe OyJ1eBbIX QyHKIIU
Yucno pasnu4HbIX OyiIeBbIX QYHKIHH OT n apryMeHToB F(X,Xy,...X,) — 27, roe T=2%.

JlokazaTenbCcTBO:

1) Yncno crpok B Tabmuue OyneBbix ¢ymkummii T=2 , rme k — wumcino

MEPEMEHHBIX. JTO CIEAYeT W3 aHAJOTHH TAOMWIlbI WCTUHHOCTH W TaOIHUIIBI

OyneBoil PyHKIUU.

2) Yucno pa3nuuHbIX OyJIEeBBIX (PYHKIMI OT N apryMEHTOB OIpEAeNseTcs Kak
N=2" . Dro ciemyer u3 TOro (akra, 4ro pazaM4HbIC OyJeBble (YHKIUH
OTJIMYAIOTCsl HA0OPOM 3HAYEHUW B MOCJEIHEM cToyiOle ux Tabmui. B srToit
tabnuue T cTpok, 3HauuT 3T0 T OyJieBbIX 3HAUEHHUM (KaXK10€ 3HAaYEHHE UMEET 2
BapuaHTa 0 unu 1). C Touku 3peHHsi KOMOMHATOPUKU YKCIIO pa3HbIX HAaOOPOB
n3 T Takux 3HAYEHUN paBHA N=2Ty.1.1.

[Tockonbky
Kaxnyro b® o6o3nagator Homepom ot 0 10 3 s b onnoit nepemenHoit, ot 0

1o 7 st bB® nByx nepeMeHHbIX, 0T 0 10 255 a1t 3 nepeMeHHbIX.

Bce b® omuHakoBOro 4mucia MEPEMEHHBIX OOPa3yrOT MOJHYI0 3aMKHYTYIO

CUCTEMY.
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s b® oxHOM TEepeMEHHOM:

X Fo F, F, F;
0 1
0 1 1

()

Jns b® aByX nepeMeHHBbIX:
FO Fl FZ F3 F4 FS F6 F7 FS F9 FlO Fll F12 F13 F14 FlS
0 1 0 1 0 1 0 1 0 1 1 0 1
00 1 1 0 | 0 1 1 00 1 0| 0 1
O] 00 0 1 1 1 1 00 0 1 1
0 0 0 0 0 0 0 0 1 1 1 1 1 1

OTU TaOIUIBI MOTHOCTHIO AHAJIOTHYHBI TAOMUIIAM UCTUHHOCTH JIOTMUECKHUX
orepanuii yHapHbIX 1 OMHAPHBIX.
MOXHO MOCTPOUTH TaKUe kK€ CUCTeMbI Jyisl OyieBbIX (QyHKUMA U3 3, 4 U apyroro
YHCJIa IEPEMEHHBIX.

—_—— OO | X

—_ O = O

_— o = O
—_

— | | |

CBs3b 0y/1eBbIX QpyHKUMI U GOPMYJI JIOTUKH
CoBepIIEHHO OYEBHUIHO, YTO OYJIEBO MHOXXECTBO AHAJIOTMYHO MHOYKECTBY JIOTHYE-
CKUX 3HAUYEHUU JIOTMKU BbICKa3biBaHHU. [103TOMY (pOopmyrnam JOrMKM BbICKa3bIBAaHUMN
COOTBETCTBYIOT OyJ€BbI (YHKIUH.
[Ipomie Bcero 3anucarh OyieBy (QYHKIIHIO C TOMOIIBIO TaOJIMIIbI, TOTJA OHA Oy/IeT Mo-
X0’Ka Ha TaOMUILy UCTUHHOCTHU. DTO JAET BOBMOXHOCTh COMOCTABIISThH OyJeBbl (PyHK-
MU U GOPMYJIbI JIOTUKHU BbICKa3bIBaHUN. HYKHO TOJIBKO MOMHUT :
a) Kaxxnoit hopMyiie 10ruku COOTBETCTBYET TOJIBKO O/lHA OylieBa (PyHKIIHSL.
0) Kaxxmoit OyneBoit GyHKIIMM COOTBETCTBYET MHOXECTBO (DOPMYJI JIOTUKH (HAIIPH-
Mep BCE TaBTOJIOTUU — OJiHA OysieBa (QyHKIINS).

Hpencrasasiromue pyHKuumn
[IpencraBnstomme QyHKIUA — OOBIYHBIE (PYHKUUU (KOTOPBIE HCIIONB3YIOT
OOBIYHBIE MaTeMAaTUYECKHE onepanuu +, -, *) oT OyleBbIX NEPEMEHHBIX, PE3YJIbTAThI
pacuera KOTOPBIX COBMHAAAIOT C pe3ysibTaramu OyieBbIX omnepanuii. O003Ha4YaOT 3TU
¢byHkuuu OonbminMu pycckumu OykBamu O (otpunanue), U (ummnukanus), J(au3s-
10HK1US), K(KOHBIOHKIMA), D(PKBUBAJICHIIMS).

Takum 00pa3oM ¢ TOMOLIBIO MPEACTABISIOMUX (YHKIUHA MOXKHO CBS3aTh
OyleBbl IEPEMEHHbIE OOBIYHBIMH MATEMaTHMYECKMMM ONEpalusMU TakK, YTOOBI
pe3ynbrar 0bu1 OyieBoi mepeMeHHo (aHamor OyaeBol yHKIIUH).

BriBenem BripaxeHUs JJIsl PEACTABISIOMUX (QYyHKIMNA HA OCHOBE PABHOCUIILHOCTEH
JIOTUKY BBICKA3bIBAHWM:

O(a)=1-a,

K(a,B) = a*s,
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J(a,B) = O(K(O(a),0(B))) = O((1-a)*(1-B))=1-1+a+B-a*B= a+B-a*s.
3ameuyanme. HyxHO yuuThIBaTh, YTO JUIsi OyJIEeBBIX MEPEMEHHBIX BCETIa
BBIIIOJIHSAETCS YCJIOBUE A" = a.

H(a,B) = JI(O(a), B) = O(a) +B - O(a)*B =1-a+B -(1-a)*B = 1-a + B -B+a*B = l-a+a*B
O(a,B) = K(M1(a,B),1(B,a)) = (1-a + a*B)*(1-B + a*B) = 1-a + a*B -(B-a*B + a*B*B) +
(a*B-a*a*B + a*a*B*B) = 1-a + a*B -ta*B-a*B +a*B-a*B + a*B = 1-a-B+2*a*B

910 nmonmydeHo Ha ocHoBe GopMyn A—-B=1AvB A< B=(A—>B)A(B—A)

Jlekuust Ne6 7
Pa3znesn Ne2. Jloruka npeaukaroB ¥ (popMasibHasl JIOTHKA BbICKA3bIBAHUM
Tema 2.1 @opmajm3anus JOrMKH U AKCHOMATHKA
Conepxanue: [loHsiTHE 0 aKCMOMAaTUYECKOM METOAe mocTtpoeHus teopuu. IlomaHora,
MPOTUBOPEUYMBOCTD, Pa3pEIIMMOCTh Teopuu. Dopmanu3aius JOrMKU BbICKa3bIBAHHIM.

ITonsiTHE 0 aKCHOMATHYECKOM METOAC MOCTPOCHUS TECOPHUHU
OcHoBolf  mocTpoeHuss  (opMalibHOM ~ MareMaTHMuecKol  TEOpUHM  SIBIISETCS
aKCUOMaTUUeCKUI METO/I.
O. AKcMOMBI — YTBEpPXJCHUS, MPUHUMAEMble HCTUHHBIMU O€3 J0Ka3aTehCTBa.
AKCHUOMBI SIBJISIFOTCSI OCHOBOM ISl TOCTPOEHHs JII000M MareMaTH4ecKod TeopuH,
KOTOpasi CTpOUTCA M3 Habopa 0a30BBIX aKCMOM U ONpeAeTeHU (MTOJOOHBIX B HEKTOPOM
CMBICJIE aKCHOMaM).
O. IlpaBuia BbIBOAA — HAOOp JIOTMUECKUX TPABUJI WM 3aKOHOB B JJAHHOM TEOpPHUH,
KOTOpBIE TO3BOJIIIOT CTPOUTH JIOTUYECKU BEPHBIE 3aKIIIOUEHUS, TO €CTh IOJy4aTh B
pe3yibrare BBIPAXKEHUS, JOTMUECKHE 3HAYEHUE KOTOPBIX HCTHUHA, MPU YCIOBUU YTO
MOCBUIKY JIeXKAIllMe B OCHOBE IMPABWJI BBIBOJAA SIBISIFOTCS MCTUHBIMU. [losTOMy mro00€
MIPABUJIO BHIBO/IA MOXKHO CBSI3aTh C JIOTMUECKUM CJIEOBAHUEM 3aKJIFOUEHHSI U3 MOCHUIOK.
O. Teopema — yTBEPXKIICHHE B TEOPHUH, KOTOPOE SIBISIETCS PE3YJIBTATOM BBIBOAA WU
JI0Ka3aTesIbCTBa C TOMOILBIO MTPABUII BHIBOJIA.
O. /[doka3areJbCcTBO — TIOCTPOEHHE HAa OCHOBE TNPaBUJ BBIBOJA IIETIOYKU
peoOpa3oBaHuii, KOTOpasi CBS3bIBACT IIOCJICIOBATEIBLHBIM MPUMEHEHHUEM IPaBUII
BBIBO/Ia K M3HaYaJIbHOMY HabOpy akcuoM TeopuH. [locnenoBarenbHOCTh MpaBuIl BEIBOAA
MIPUHSTO HA3bIBATh LIEMIOYKOM BBIBOAA.
O. loka3yeMOCTh YTBEP:KICHUSI — HAJIM4YKE LIETIOYKH BBIBOAA JAHHOTO YTBEPKICHHUS
u3 Habopa MOCHUTIOK (aKCMOM HIIM T€OpeM JaHHOW Teopuu). [lokasyeMbIMu B JHO0OM
Akcuomarnyeckon Teopuu (AT) SIBISIFOTCSI aKCHOMBI U TEOPEMBL.
O. Axcuomaruveckas Teopusi (AT) — MHOXECTBO, OOBCAMHSIONICE KOHCUHBIC
HAOOPHI aKCHOM, TIPABWJT BBIBOJIA M TICTIOUEK BHIBOAA i TeopeM. KomndecTBo TeopeM
He (PUKCUPOBAHO U MOXKET MOCIEA0BATENILHO YBEIMUUBATHCS IyTEM MOCTPOCHUSI HOBBIX
LernoveK BbiBoAa. Bo3aMoxkHOCTh nocTpoeHust AT — ofHa U3 QyHIaMEHTaJIbHBIX 3a/1a4
MaTeMaTuKU, KOTopasi oTpa3uiach B CO3JaHUM MaTeMaTHUeCKON TeOpUH aJrOpuTMOB U
MeTaMaTeMaTuKu (TepMuH npeaiokeHHbI {aBuaom ['miboepTom).
Meramaremarika J0/DKHA ObLIa OMKMCHIBATH BO3MOXKHOCTH TOCTPOCHHSI M CBOMCTBA
paznuusbix AT. B nanpHelneM 3 MeTaMaTeMaTuKH BbIICITWINCH TEOPUS AJITOPUTMOB,
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MaTeMaTU4ecKasi TEOpUsi MOACITUPOBAHUS U HEKOTOPbIE APYTUE TEOPHH.
Takum oOpazom mpaBuiao BbiBoga (IIB) — coBokymHOCTE GopMysT CBSI3aHHBIX
Jlormueckum  CnenoBanviem (JIC). TlochUikM JIOTMYECKH BIEKYT 3aKJIIOUEHUE
3aIMMCHIBACTCSI ATO KaK JIPOOB, IJIE€ YUCIUTENb TOCHUIKH, a 3HAMEHATEIb 3aKJIFOUEHUE.
[TockoabKy ATO CIIpaBEeIMBO I MHOXKECTBA Pa3HBIX BAPUAHTOB MOCHLIOK, TO TOBOPSIT
O HaJIM4uu npaBmiia gokazareiascTsa (I1]1).

CroiicTBa akcuomarudeckux reopuii. [loiHoTa, 3aMKHYTOCTH, HEIIPOTUBOPE-
YMBOCTH
[Ipodnema  paspemmmoctu  Teopuit.  [lomnora  AT.  3amkuytocth  AT.
HenpotusopeunBocts AT. 'nnoresa I'enensi.
O. AT paspemumasi €ciu:

CYLLECTBYET AJITOPUTM, MO3BOJAOLMHA Wid N000ro yTBEPXKICHHS,

c(hOpMYJTMPOBAHHOTO B TEPMUHAX TEOPMH, OTBETUTb Ha BoIpoc, Oy-

NET MY HET 3TO YTBEPXIEHUE TEOPEMOi NaHHOM TEOPHH.

Jns noctpoenust AT HEOOXOAUMO ONPEAETUTh KOHEYHBIE CUCTEMbI AKCUOM U MPaBUII
BBIBOJIA.

Onpedeaenue 17.1. AxcoMa A U3 CUCTEMBl aKCUOM L Ha3bIBaeTCS
He3aeuc;1u4el7 Om OCMAaAbHbLIX AKCUOM STOM CUCTEMDBI, €CJIU €€ HEAb3A
BbIBECTH (IOKa3aThb) U3 MHOXeCTBa X \{A} BCeX OCTAIbHBIX aKCHOM
CucTeMbl X. CUcTEMA aKCUOM X HA3bIBAETCSl He3a8UCUMOU, ECITU KaX-
lag ee akCMOMa HEe 3aBUCHUT OT OCTaNbHBIX.

O.Pazpeminmocts AT - cymectBoBanue B AT qoka3areibCcTBa/0NpPOBepKEHUs IS
JIIO00r0 YTBEP:KIEeHUsI, KOTOPOe MOKHO ¢(hOPMYJIMPOBATH B SI3bIKE JAHHOW TEOPHH.
Takum oOpa3om, Jr000e yTBep:kaeHue JH00 [J0Kazyemo (Teopema), JH00
ONPOBEPKUMO (TO eCTh JOKa3yeMo 00paTHOe yTBep:KIeHHe).
O. IIpobsaema pazpemmmoctu AT :

CYILECTBYET AJITOPUTM, MO3BOJAWOWMIA Wi N0O0ro yTBEPXKIEHHS,

c(hOpMYJIMPOBAHHOTO B TepMUHAX TEODUM, OTBETUTh Ha BOMpOC, Oy-

IeT WIK HET 3TO YTBEpXAeHUE TEOPEMON NAHHOM TEOpHUHM.
O.ITostnota AT — cymecrBoBanne B AT Joka3zare/ibCTBA/ONPOBEPKEHUNA IS
Jao6oi popmyiibl, chopmyanpoBannoii B AT.
O.IlIporuBopuvuBocts AT - cymectBoBanue B AT nokasareabcrBa Teopemsl B n
1B.
['unore3a (Teopema) I'enens 0 MPOTUBOPEUNMBOCTH MOJIHBIX TEOPUM YTBEPKAAET YTO
mo0asi TojiHAsE TEeOopUsl MPOTHBOpPEUMBA, a J00as HE NPOTUBOPEUYMBAs TEOpUS HE
nojiHa. JTa TeopemMa He MMeeT OOIIero AokazaTresbcTBa Juisl 0ot AT , a TOIbKO
YacCTHbIE MpPUMEpPHl (HampuMep Uil UCUYMUCIEHUS BbICKa3blBaHWi),. IloaToMy 3TO
YTBEPKJICHUE OCTAETCS TUIIOTE301.
O. Ucunciaenue — 310 0cooObii Bua AT momoOHBIM TEOPUH YHCEN, T/Ie €CTh andaBuT
— Habop nudp U mpaBWiia MOCTPOSHUS YUCET, KOTOPHIE JOJKHBI YIOBICTBOPATH
CTPOTHM YCJIOBHSIM, TIO3TOMY HE J00asi MOCIeA0BaTeIbHOCTh MU(p YHUCIO U IS
Ka)KJJOT0 YKCJia €CTh OJHO3HAUHAs 3alliCh C MOMOIIBI0 HU(p. B vcuncienun tak xe
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3amaercsa (opManbHBIA S3BIK JJIS 3alUCH BBIPOKEHUW W TIpaBWIA OIpeNeTeHUs
MPUHAJICKHOCTH OTUX BbIpakeHnid gaHHOW AT (mpaBUIBLHOCTH (POPMATHLHOTO
dbopmynupoBaHusi yTBEpKAeHUN Teopun). McuncieHue BhICKa3bIBAHUM TOXKE UMEET
cBOM andaBUT M NpaBUjia MOCTPOEHHUs Jormueckux (opmyn. B Toxe Bpems B
VCUMCIIEHUH 3a/1al0TCs U IpyTUe IpaBuiia — MpaBuUiia BbIBO/IA/10KA3aTEIbCTBA U T. 1.

Meramaremaruka I'nan0epra

JA.TunsOept npemsioxkun crpoutTh JoObie AT eauHbiM 00pa3oM Ha OCHOBE
dbopManbHON Maremaruyeckoil Jioruku. Takum oOpa3zom, OH Mpeaiarai pa3padoTarh
MeTo/bl (hOpMaIbHOTrO(aBTOMATHYECKOT0) MOCTpoeHus 000l AT B moboi obmactu
TOYHBIX HAyK HA OCHOBE €IMHBIX MOAX0n0B. OH Ha3Bajd 3TO METaMaTeMaTUKOM.
['unsbepToM OblTIa TpejIokKeHa TIepBas CHUCTEMa MpaBWUI BBIBOAA IS TaKoW
yauBepcanbHoii AT. AnprepHaTUBHO [€HIIEH NpemTIOKUI CBOM BapwaHT Habopa
MpaBUJI BbIBOJA /I YHUBEpcainbHOM AT.

O. MeramareMaTHKa — pa3Je]l MATEMATHYECKOW JIOTUKH, U3y4alrOU OCHOBAHUS
MaTeMaTUKH, CTPYKTYpy MareMaTH4eCKUX J0Ka3aTeIbCTB U MareMaTU4eCKUX TEOPUid
c mnomomiblo (GopMalbHBIX METOJ0B. TepMUH «MeTamaTeMaTuka» OyKBaJIbHO
O3HAYaeT «3a MPEACIIAMU MAaTEMATUKI.

B IIAPOKOM CMBICJIE CJIOBa Me€TaMareMaTuKa — MCTAaTCOpHUA MATCMATHKH, HC
npearnojararoniasd HUKakKux CIICHHaJIbHBIX OFpaHI/IlleHI/Iﬁ Ha XapaKTCp UCIIOJIb3yCMbIX
MCTA-TCOPCTUYICCKUX MCTOHOB, Ha CII0co0 3aJaHusd U 00BEM I/ICCJ'ICI[yeMOf/i B Hel
«MATCMAaTUuKM».

MeTamaTtemaruka UCCIIEIyeT CIASAYIONINe BOMPOCHL:

* HEMPOTHBOPEYUBOCTH M MOJHOTHI (POPMATH30BAaHHBIX TCOPHUIA;

* HE3aBUCHUMOCTb aKCHOM;

* npobliieMy pa3pelIuMOCTH;

* BOIIPOCHI ONPEICTUMOCTH U MOTPY>KEHHSI OJTHUX TEOPUI B JIPYTHE;

* JIaeT TOYHOE OMpEICICHUE TIOHITHSI I0KA3aTeIbCTBA ISl PA3TMIHBIX
(hopMaTM30BaHHBIX TEOPHH U TOKA3BIBACT TEOPEMBI O JIEAYKITUH;

* M3ydYaeT NMpoOJeMbl HHTEPIIPETAIIUU (HOPMATIBHBIX CUCTEM U UX Pa3JIMYHbIC
MO/JIEIIH;

* yCTaHABJIMBAET Pa3HOOOPA3HBIC OTHOIICHHS MEXKTy (hOpMaTM30BaHHBIMHU
TEOPUSMH.

Kax okazanoce pewums smu npooiemvl He max npocmo, 8 oduem cmvicie peuie-
HUue OONbUWUHCMBA 3a0a4 OCMANOCh HA YposHe eunomes. Yem Oonee odbweli cmasu-
Jack 3a0aya, mem CiodcHee ee 0okazamv. B mooice spems pabomor [edens, Knunu,
Ilocma, Tviopunea, Yepua u Opyeux mamemamuko8 no360Julu 0OKA3amb pPsid meo-
pem o Henpomusopeuugocmu u noanome paziuunvix AT (6 mom uucie o ucuucienuu
BbICKA3LIBAHULL, UCHUCTICHUU NPeOUKamos PAasiuyHblx nopsaokos). bviio onpedenena
HeobX00UMOCMb NOCMPOEHUST CIMPO2OU Meopul MoOeIupo8anus (Kaxk mamemamuye-
CKOU 3a0a4u) U meopuu NOCMpoeHus areopummos. Mamemamuueckas meopus aneo-
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PUMMO8 NOCMABUNLA 2NABHOU NPOOIeM) CYUWEeCMBOBAHUS KOHEUH020 ANI2OPUMMA pe-
wieHusl 3a0ayu, 04e8UOHO YMO YACHHBIM Cllyyaem Imou npoobiemvl A611emcs paspe-
wumocmo u norvoma AT. Ilosmomy 6e3 pazeumus Memooo8 meopuu aiecopummos
(peKypcusHvle QYHKYUU, SUPMYATbHble MAWUHbL, (HOPMAbHblEe SPAMMAMUKU) pe-
WUmv npooIeMbl MEMAMAMEMAMUKY He 803MOMCHO. Daxmuyecku meopus aicopun-
MO8 U (hopmanvHas meopusi MOOEIUPOBAHUS. PA3BUBAIOMCSL 00 HACMOAWE20 8PeMeHU
U 8EPOSIMHO OCHOBHBIE OOCMUNCEHUS IMUX HAVK elje 8nepeou.
Jleximsa Ne8-9
Pazagesn Ne2. Jloruka npeaukaroB U popMasibHAasi JIOTHKA BbICKA3bIBAHUI
Tema 2.2 Jloruka npeauKaroB

Conepxanue: Ilonstue npenukara. Jlormueckue obimactu mpeaukaToB. Jloruueckue
oneparuu Hax npeaukatamu. [Ipumepsl. [Ipeaukaraeie GopmyIbl.

IHonsitue npeaukara. lipumepsl

B TekcTax €CTECTBEHHOIO s3blKa YaCTO BCTPEUAIOTCS IMOBECTBOBATEIbHbBIC
OPEUIOKEHUsI, HE SBISIOMIMECS BbICKa3bIBAHMSIMH TaK Ka MOTYT HMETh
HeompeneTeHHbple mapaMeTpsl. Hampumep, Takuwe NpenyioxeHus, Kak «Y IEBOYKH
KpacuBas Koca», «Huciao x — mpoctoe», «x + y = 2». Ecnu B Takue mpeioKeHus
BMECTO MapaMeTpoB (MIEPEMEHHBIX) TIOCTABUTh KOHKPETHYIO J€BOYKY U KOHKPETHBIE
quciIa X. ), z, TO TOJYYUM BBICKA3bIBaHMs, KOTOPHIE CTAaHYT HMCTUHHBIMH WU
JOXXHBIMU, Hanipumep «Y Bepsl kpacuBas kocay, «Hucno 17 nmpocroe» wim «7 + 8 =
9% u 1. m. IloBecTBOBaTeNnbHbIC MPEMIOKEHUS C IMapamMeTpaMH IPUHSITO HA3bIBaTh
NpeIuKaTaMu.

He Bcsikue BbICKa3bIBaHUSI M HE JIIOOBIE JIOTUYECKUE PACCYKIIEHHUSI MOTYT OBITh
OIMCAHbI Ha SI3bIKE JIOTHKH BbICKa3bIBaHWM. VIHOTa BhICKA3bIBAHUS KACAIOTCSI CBOMCTB
OOBEKTOB WJIM OTHOLICHUH MeXIy oObekTamu. Kpome Toro, HeoOXoauMoO HMETh
BO3MOXKHOCTh ~ YTBEp)KIaTh, YTO JIOObIE WM KaKHe-TO OOBEKTHI  0OMamaroT
OTPEAETICHHBIMIA CBOMCTBAaMHU WJIM HAXOAATCS B HEKOTOPHIX OTHOMIeHWsX. [losTomy
CIIeTyeT PaCHIUPUTH JIOTUKY BBICKa3bIBAHHI U MMOCTPOUTH TAKYIO JJOTUYECKYIO CUCTEMY,
B paMKax KOTOpOH MO)XHO ObLTO ObI MCCIEOBaTh CTPYKTYpy M COAEp)KaHHE M TaKUX
BBICKa3bIBaHUI, KOTOPHIE MOKHO OTHECTH K TpeauMKaraM. Takas JOoTWka Ha3bIBaeTCs
JIOTUKOH MPETUKATOB.

O. Ilpeamkar — JOrWYeCKOe BBIPAKEHUE, JIOTUUECKOE 3HAYEHHE KOTOPOTO
3aBHCUT HE TOJBKO OT JIOTMYECKHX OINepaluidi W 3HAYeHWH IPOMO3UIMOHAIBHBIX
HEPEMEHHBIX, HO M OT 3HAYE€HUI OOBIYHBIX IEPEMEHHBIX.

Takue nepeMeHHbIe MPUHATO Ha3bIBaTh CBOOOAHBIMHU. 10 KOMMUecTBYy CBOOOIHBIX
NEPEMEHHBIX TMPEIUKaThl MPHUHATO AEIUTh Ha OJHOMECTHBIE, IBYMECTHBIE U T. [I.
[Tpenukar Takum oOpa3oM 00JaIaeT CBOMCTBOM MECTHOCTH, KOTOPOE OIpenessieTcs
KOJIMYECTBOM CBOOOTHBIX MIEPEMEHHBIX.

[Tpumepsnr: P(x)=(x>5), N(x,y)=(x<(y+5)).

Jlormueckue 00j1acTH NPEAUKATOB
Tak kak mpeauKarbl 3aBUCAT OT OOBIYHBIX IEPEMEHHBIX, TO HEOOXOIUMO
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OTIpENIENIUTL 00TaCTH 3HAYEHUH ATUX MIepeMeHHbIX. Harpumep x-1ienoe, a-HaTypaabHOe
u T. 1. Takum oOpa3om, JUIsi KOPPEKTHOTO OMHMCAHUSI TPEAUKaTa HY)XKHO HE TOJBKO
yKazarh ero (opMyiy, HO U yKa3aTh 00JacTH 3HAYEHUH IS OOBIYHBIX MEPEMEHHBIX B
npenukare. [Ipu 3ToM Takue 00gacTH (C TOUKHU 3pEHUs JIOTUKH) MOXKHO pa3JeuTh Ha 2
4acTu — 00JacTh JIOXKHOCTH M OOJIACTh UCTUHHOCTH. B onmHOW oOnactu npemukar
NPUHUMAET JIOKHOE 3HAYECHUE, a B IPYTOil HICTUHHOE 3HAYCHHUE.

[Mpumeps: P(x)=(x>5) u x-HarypambHOe, N(Xy)=(x<(y+5)) u Xxy —
Harypaibehele. Torna OU (P(x)) = {6,7,8,9,10...} OJI (P(x)) = {1,2,3,4,5}

OU (N(x,y)) — MHOXECTBO Tap HarypaibHbIX uncen tumna (1;1), (1;2), (1;3), ...
I7I€ BTOPOE YMCIIO OOJIbIIIE PA3HOCTH IMEPBOTO MUHYC 3,

OJT (N(X,y)) — MHOXECTBO IMap HaTypaJbHbIX uncen tuna (6;1), (7;1), (8;1), ...
I71e IEpBOE YUCIIO OOJIbIIIE BTOPOTO Ha 5 1 Oosiee.

Takum o6pazom O u OJI mpeamkara — HEKOE MHOXKECTBO, OOBEIUHSIONTIE
YHca WIM KOPTEXKHU YHUCET M3 BO3MOXKHBIX 3HAYCHUW JUII CBOOOIHBIX TMEPEMEHHBIX.
Koprexxem B anreOpe Ha3bIBalOT COBOKYIHOCTb WM HaOOp uwced (mapbl, TPOUKH,
YETBEPKHU YMCEN U T. 11.). B KopTexkax (pUKCHpyeT YMCIIo YUCell, MOATOMY KOPTEXH Map U
TPOEK YHCEI OTHOCATCS K Pa3HBIM TUIIAM KOPTEXKeH. /{1151 KopTexkel Tak ke OnpeaesstoT
00JIaCTh 3HAUEHUI JJIs1 KaKJ0r0 YUCIIa B KOPTEXKE — €ro IoMeH. JloMeHbl MOTyT OBITh
KOHEYHBIM MHOXKECTBOM YUCEJ, OECKOHEUYHBIM CYETHBIM WJIM HE CUETHBIM MHOXKECTBOM
YHCe.

0. Ob6aacTb JIOKHOCTH NPETUKATA — T€ 3HAYCHUS CBOOOJHBIX MEPEMEHHBIX,
MPU KOTOPBIX MPEIUKAT MPUHUMAET JIOTHYECKOe 3HaueHne — JI0kb. O603HaunM OJ1.

0. O61acTh HCTUHHOCTH MPEIUKATA — T€ 3HAUYCHUSI CBOOOHBIX MIEPEMEHHBIX,
IIPU KOTOPBIX MPEIUKAT MPUHUMAET JIOTUYECKOoe 3HaYeHne — uctuHa. O603Haunm OU.

OdeBHUIHO, YTO O0NACTh JIOKHOCTH M 00NacTh WMCTUHHOCTH TIpeauKara He
nepeceKaroTces, a uX o0beAnHeHne OyAeT 00IacThi0 3HAYEHUH CBOOOTHBIX MEPEMEHHBIX
(obnacTh orpeeneHus MpeIuKara).

O. ToxnecrBenno ucrtunublii (THU) npeauxar uMmeeT B KauecTBe OO0JACTH
JIOKHOCTH ITyCTO€ MHOYKECTBO.

O. ToxnecrBenno Joxubiii (TJI) nmpeaukar uMeeT B KayecTBE O0JIACTH
HCTHUHHOCTH ITyCTO€ MHOXKECTBO.

O. Bemoanumbiii (BII) nmpeaukar vMeeT HEMyCThle MHOXECTBA OOJACTEi
VCTUHHOCTH U JIO)KHOCTH.

Hampumep mnpeaukar P(X)=(x>x+5) 1me x-HarypayibHOe, sBisgercs TJI
MIPEIUKATOM.

Jlornyeckue onepanuu Hajx npeaukaramu. Ilpumepsl

ITo aHanmoruu ¢ JOTrMKOW BBICKA3bIBAHUHN OIPEIICIIMM OIEpAlUM HAJ IIPEIUKATaAMU
— OTPULIAHUE, KOHBIOHKIUIO, TU3BIOHKIUIO, UMILIMKALINIO, SKBUBAJICHIIUIO.

O. Orpunanme npeaukara P Oyaem Ha3bIBaTh TaKOM MpeauKar, 0OJacTh JIOKHO-
CTH KOTOPOT'O COBIAJAET ¢ 001aCThI0 UCTUHHOCTH P, a 1 001acTh HCTUHHOCTU COBMA/1a-
eT ¢ 00NacThio JOKHOCTH P.

O. Konbronkuueii npenukaroB P u T Oyaem Ha3pIBaTh TaKOM MpeIUKAT, OOJACTb
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JIO’KHOCTH KOTOPOTO COBIAAAET ¢ 00beIuHEHHEM oOacTer noxHocT P 1 T, a obmacth
WMCTHHHOCTH COBIIAJIACT C mepeceueHrneM oobnacreit uctuHaocta P u T.

O. Musbronkumeit npeaukaroB P u T Oynem Ha3pIBaTh TAakoil Mpeaukar, o0nacTh
JIOKHOCTH KOTOPOTO COBMAJIAET ¢ mepeceueHuem oonacteit toxxHoctu P u T, a o6nactsb
HMCTUHHOCTHU COBMAaeT ¢ 00beauHeHreM obnacteid uctuHHoctu P u T.

O. UIMmmummkanmei npenukaroB P u T OyneM Ha3bIBaTh TaKOM Mpeaukar, o0nacTh
JIOKHOCTH KOTOPOTO COBMAAAET C MepecedeHreM o0IacTeid HCTUHHOCTU P 1 okHOCTH
T, a 061acTh HICTUHHOCTH COBMAIAaeT ¢ 00BEIMHEHUEM O0JIaCTH JIOKHOCTU P 1 miepece-
yeHueM obnacteit uctuHHocTd P u T.

O. DkBuBajenumneil npenukaroB P u T OyneM Ha3bIBaTh TakoM NMpeauKkar, 00-
JIaCTh JIOKHOCTH KOTOPOT'O COBIAJAET C OOBEAMHEHUEM MepeceueHus 00JIacTel JI0KHO-
ctu P u uctunnoctu T u nepeceuennem obnacreit uctuHHOCTH P 1 noxknoctu T., a 00-
JIaCTh UCTUHHOCTHU COBITAJIACT C OOBEAUHEHUEM TiepecedeHus oonacteit JoxkHocTr P u T
U riepecedcHreM oonacteit nctuaHocT P u T.

[Tpumepsl rpaduuecknx 1300paxxeHui onepauuu :

OMU n OJI xoHbIOHKIIMYM IIpeankaToB A u B

OWU siBnsieTca nepeceyeHnueM odnactei

IpeaukarHubie popmybl
[To aHanoruu ¢ JOTMKOM BBICKA3bIBAHUM MOXKHO ONPEAECIUTH MOHSATHE NMPEAUKAT-
HOUW (popmyrnbl, BBeAs 00O3HAUCHUS (aHAJTOTHYHBIC) JJISl JIOTHUECKUX ONEparuii u
CKOOKHM JUIsl pa3fesieHust 3Tux omepanuii. OQHaKO HYXHO YUYUTHIBATh, YTO TMOMUMO
OOBIYHBIX omepaluii B popMysiax MpeaUKaToB TaK e HCHOJb3YIOTCS CIElUaIbHbIC
MpeANKaTHBIE ONepallii — KBAHTOPbI. [Ipu 3TOM MOXHO c/e/laTh HEKOTOPhIE BBIBO-
JTBI:

* Ilpu puxcupoBanuu 3Ha4eHU CBOOOIHBIX TIEPEMEHHBIX MIPEIUKATHBIE HOpMY-
JBI HE OyIIyT OTAMYaThCs OT (OPMYJT JIOTUKHU BbICKa3biBaHU. [103TOMY MOXKHO
CUMTAaTh JIOTUKY BBICKA3bIBAHUM YAaCTHBIM CIIy4aeM JIOTUKHU MPEAUKATOB, a JIO-
IMYECKHUE BbICKa3bIBaHUSI 0COObIMU (0-MECTHBIMU ) MPEUKATAMM.
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* Ha npenuxarabie (GOpMyJIbI MOXHO PACUIMPUTH MOHSATHE PABHOCUIBHOCTH H
Joruyeckoro ciegoBanus. [lpu 3TomM, MOXKHO JOKa3aTh YTO OCHOBHBIE PaBHO-
CWJIBHOCTH OyIyT CHpaBe/IMBbI MPU 3aMEHE MPOMO3UIIMOHAIIBHBIX TEePEMEH-
HBIX Ha IIPEIUKATHI.

* C apyroil CTOpOHBI BO3MOYKHA CUTYyallWs, KOTJa Py OJHUX 3HAYEHUSAX CBOOO-
HBIX IEPEMEHHBIX (POPMYJIbI OyyT paBHOCHIIBHBI, a IPpU APYruX — HeT. [losTomy
BBOJISITCS] 00J1aCTH PAaBHOCUIIBHOCTH.

e Ilpu pukcupoBanuu 3HaYeHUN CBOOOMHBIX NepeMeHHbIX TU mpemukar Oymer
TaBTOJIOTMEH, MO3TOMY TAaBTOJOTHUU JIOTMKH BbICKa3bIBaHUI OyayT mpeBpa-
marbest B TU npeaukarsl npy 3aMeHE MPONO3ULMOHAIBHBIX IEPEMEHHBIX Ha
IIPEIUKAaTHI.

e JIns npenukaTtHbIX GOpMYI MOXKHO ONPEACIUTh cOBepleHHbIe (opMbI (TOJb-
KO OTpHIIaHHE, KOHBIOHKIINSA, AU3BIOHKIUSA U KBAaHTOpbI). ONpenenstoTcs: Tak
K€ HOpPMaJIbHAasA (popMa (KOHBIOHKIMS, TUIBbIOHKINSA U KBAHTOPBI, OTPULIAHUE
TOJBKO ISl AIeMEHTapHbIX Gopmyi) u npeaBapeHHas H® — kBaHTOPHI TO-
CIIC/THHE OTIepalu B (popmyrax.

Teopema (6e3 mokazarennctBa) JItobast npenukarnas ¢popmyna nmeer [THD.

Jlexmust Ne10-12
Paszpnesn Ne2. Jloruka npeaukaroB 1 (popMajibHasl JIOTMKA BbICKA3bIBAHUM
Tema 2.2 Jloruka npeguKaroB
Conepxanue: Ksantopel. Ilpenukarnble KBaHTOpHbIE (opmyinbl. (CBsi3bIBaHUE
NEPEMEHHBIX. 3aKOHBI JJOTUKH MPEAUKATOB. PABHOCUIIBHOCTh MIPEIMKATHBIX (POpMYII.
OO0111€3HaUMMOCTh NpeAUKaTHbIX popmyd. [Ipumepsl.
KBanTopsl

[ToMrMo OOBIYHBIX oOmIEpaluid B JIOTMKE IPEIUKATOB BBEAEHBI 2 0COOBIE
orepalyy, KOTOpblE NPUHATO Ha3blBaTh KBaHTOpaMu. OCOOEHHOCTh KBAHTOPOB
COCTOUT B TOM, YTO OHM JECWUCTBYIOT HE TOJBKO Ha JIOTMUECKHE, HO U Ha OObIYHBIE
nepemMeHHbie. bonee TOro, Kaxaplii KBAaHTOP [OJDKEH OBITh CBSI3aH C  OJHOMU
OINPEACIICHHONM CBOOOJHOM NEPEMEHHOM, KOTOpas II0CiI€ 3TOr0 CTaHOBUTCS
cBsi3aHHOM. VIHOT/Ia TOBOPSAT UTO KBAaHTOP «BEIIAIOT» Ha CBOOOHYIO IEPEMEHHYIO.

O. Ksanrop — Jjormyeckas omnepauus JIOTHKHA IPEIUKATOB, KOTOPAs
3aKJIIOYAETCsl B CBSI3bIBAHUE OJHOM M3 OOBIYHBIX NEPEMEHHBIX OCOOBIM YCIOBHEM,
KOTOPOE OIpPEJIENSET JIOTHYECKOE 3HAYEHNE BCETO BhIPAKEHUSI.

O. KBanrop o6mmuoctu V(mis1 000ro X) — KBaHTOP, KOTOPBIA CBSA3bIBACT
NEPEMEHHYIO X YCIOBHEM JIIOOON X WM IS JTI000T0 X. DTO YTBEpKIICHHE UCTUHHOCTHU
JIOTHYECKOTO 3HAYEHMsI, OOLIEro /Uil Bcel 00JIaCTH ONpeAETIeHHsI OOBIYHOM EPEMEHHOM
X (BHe oO0NacTu OIpeneieHus,, 3HAYeHHE BbIpaXEHUs He omperaeneHo). [lostomy
KBaHTOP Ha3BaH KBAHTOPOM OOILIIHOCTH.

O. KBaHTOp cymecTBOBaHUs JCyIIECTBYET X) — KBaHTOP, KOTOPBIN CBS3bIBACT
NEPEMEHHYIO X YCIIOBHEM CYILIECTBYET TAaKOrO X WM €CThb TaKoe 3HayeHHe X. ITO
YTBEPKJIEHUE CYIIECTBOBAHUS TAKOTO 3HAYEHUs OOBIYHOM MEPEMEHHOM X B 00JIacTH ee
omnpezeneHusA(BHE 00IacTU ONPE/IEIECHUs], 3HAUCHUE BBIPAXKECHUS HE OIPEIETICHO) IS
KOTOpPOTO JIOTMYECKOE 3HAYEHUE orepaluu OyieT UCTUHHBIM. [103TOMy KBaHTOp Ha3BaH
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KBaHTOPOM CYIIIE€CTBOBAHMUA.

[Mpumepsr: P(x)=Vx(x>5) x-HarypansHoe, N(x,y)=dy Vx (x<(y+5)), X, y — Ha-
typanbhbie. Torga OU (P(x)) = {@} OJI (P(x)) = Bce 3HaueHus1, To ectb npeaukar TJI.
s N nHao6opot npenukar TH.
3ameuanme. [IpuHSATO TpM 3amuMcKM KBaHTOpa cpa3y IMOcCIe HEro mnucarb Ty
NEPEMEHHYI0, KOTOPYIO OH CBsI3bIBaeT. B 3TOM ciiyyae naHHOe onmucaHue nepeMeHHon
HE BXOAWT B TMPEAVKATHYIO (OpMydy W HE BIUSET HA €€ 3HauCHHEe, HTO MPOCTO
KOMMEHTAapHUil K KBaHTOPY.
3ameuanue. [IpuHATO cUuMTaTh KBAaHTOPHI O0JIE€ TMPUOPUTETHHIMU OIEPAIUSIMHA YEM
OCTalbHBIE W JEHCTBYIOIIUMH Ha Menyr ¢GopMyidy, MOITOMY MPUHATO OOIACTh
JIEUCTBUS KBAaHTOpA BKIIIOYATh B KPYIVIbIe CKOOKH. ECiM €CTh HECKOIBKO KBaHTOPOB,
TO KBaHTOPHI OOIMHOCTH M CYIICCTBOBAHHWS CUMTAIOTCS PAaBHO3HAYHBIMH M HX
JIEHCTBHE BBITIONHACTCS [0 OYEpPEeaH, CHadaja BHYTPCHHHM, ITOTOM BHEIIHUN
kBanTop. Hampumep dopmyny N(x,y)=dy Vx (x<(y+5)) HEOOXOIUMO O3BYYHTH TaK,
CYIIECTBYET y TaKOM, YTO JIJIsl JTI0OO0T0 X BeIpaskeHue (X<(y+5)) OyJeT UCTUHOIA.

IIpennkarHbie KBAHTOPHBbIE (POPMYJIBI

C moMOmBI0 KBAaHTOPOB MOXKHO PACIIUPUTH MHOXKECTBO  Pa3IMUHBIX
MPEAUKATHRIX (HOPMYII, TPHYEM KOJIMUYECTBO JIEHCTBYIOIIMX KBAHTOPOB OTrPAaHUYEHO
TOJIHKO YUCIIOM OOBIYHBIX IMEPEMEHHBIX. DTO 3HAYMT YTO HA OIHO W TO YK€ BBIPAKCHHE
MOXET JEHUCTBOBaTh HECKOJIBKO KBAaHTOPOB OIHOBPEMEHHO, HO KaXKIbli Ha CBOIO
MIEPEMEHHY0. 3aIIPEIacTCsl HaBEIINBATh 2 KBAHTOPA HA | IEpEMEHHYO.

KBaHTOpBI M Omepanust OTpuIlaHus (110 aHAJIOTUH C HOPMAJIbHBIMH (hOPMaMH H
ONepanysiMd ~ KOHBIOHKIIMM W JU3BIOHKIMH)  O0pa3yloT  ONpeesieHHYIO
B3aUMOCBSI3aHHYI0 cucTteMy. OHa MOXeT OBITh MPOWLIIOCTPUPOBAHA CIEMYIOIICH
CXEMOM:

(Vx)(P(x)) (Vx)(=P(x))

(@0 (P()) (I)(=P(x))

CaMOCTOSTENBHO ONpPEACTUTE JIOTMYECKHE 3HayeHusl (opMyn KBajapara Juls
npenukara P(x) — (X-4eTHOe HaTypajbHOE YHUCIIO).

BBenenue KBaHTOpPOB pacmivpsieT CHeKkTp (opMysl JIOTUKA U TIOMHMO
HOPMAaJILHBIX M COBEPIICHHBIX (OPM MOSBIsIETCS enle npeasapenHas gopma (I1D).

O.llpeaBapennasi (popMa npeaukara — Takas GopMmysia B KOTOPOU KBATOPHI
BBIHECEHBI 32 CKOOKHU 00111er hopmyibl. To ecTh popMysa BEIIIAIUT Kak
CIHCOK MPEIUKATOB U CBSI3aHHBIX UMH MEPEMEHHBIX ( hopmyIia 6e3 KBAHTOPOB)

B stom cnyudae peiicTBHE KBAaHTOPOB OTHECEHO K KOHIY. OHH  SBIISIIOTCS
KOHEYHBIMHU.

Teopema o I1D. Jlro6ast popmyna oruku npenukaroB umeet [1D. (6e3 mok-Ba)
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0.2semenTapHoii  ¢GopMyJioil JIOTMKM MPEIUKATOB SIBJISIOTCA (OPMYJIbI

CBSI3bIBAIOIIHE JJIEMEHTAPHbIEe MPeAUuKaThl (0e3 HAJINYUSA BHYTPH JIOTHYECKHX

onepanuii ¥ KBaHTOPOB) 1 Jioruyeckou onepanueil UM TOJbKO KBATOPaMM.
Casi3bIBaHMe NepeMeHHbIX

VY moboro npeaukara €CTh ONPEACICHHOE KOJIMYECTBO OOBIYHBIX MEPEMEHHBIX.
DTO omnpenenseT CBOMCTBO MECTHOCTH WJIM apHOCTH Ipeaukara. Hanpumep nipu Ha-
JUYUU 2 TIEPEeMEHHOM, MpeIuKar MPUHITO Ha3bIBaTh OJHOMECTHBIM WJIM yHApHBIM,
pu 2 TMEePEMEHHBIX NPEJUKAT HA3bIBAIOT JBYMECTHBIM WX OWMHApHBIM U T. 1. [lpu
ATOM MPUHATO MPHU yKA3aHUM UMEHU MpeAuKara o0s3aTelbHO yKa3blBaTh B CKOOKAxX
YHCJI0 U UMEHA 0OBIYHBIX epeMenHbIX. Hanpumep P(x), T(a,B), K(a,B,c) u T. 1.

Kak mbI y)xe roBopuiin, 0e3 HalTu4dusi KBAHTOPOB OOBIYHBIE IEPEMEHHBIE SIBIISIOTCS
CBOOOJHBIMU U OTIPEAEIISIOT Pa3MEPHOCTh 00JIACTH ONPEIEICHUS, a CIeI0OBATEIbHO U
OU u OJI npenukara. Tak npu 1 nepemennoii O onHoMepHa, Mpu 2 MEePEMEHHBIX
JIByMEpHA U T. 1. CBsA3bIBAHUE KBAHTOPOM MEPEMEHHOM MPUBOJUT K U3MEHEHUIO pa3-
MEpPHOCTHU Takux oOyacteil Ha eauHuily. Kak yke roBOpMIOCH, €CJIM CBSI3aTh BCE
MepeMEHHbIE, TO 00JaCTh CTaHYT TOYKOM, TO €CTh MPEIUKAT MPEBPATUTCS B JIOTHUYE-
CKHME€ BBICKAa3bIBAHHUE C OJHUM BapHaHTOM 3HAYEHUS — UCTHUHA WIH JIOXKb. [TorTOMY
aHaJU3 CIIOKHBIX (DOPMYJ JOTUKU TPEAUKATOB TPEOyeT MEPBLIM JEIOM aHaIu3a U
OTJIeJICHUS CBOOOHBIX U CBSI3aHHBIX TIEPEMEHHBIX.

3aKOHBI JIOTHKH NPEAUKATOB

[To aHanoruu c JIOTMKOM BBICKA3bIBAHUN MOYKHO ONPEIEIUTH MOHATHE 3aKOHA JIO-
UKy TpenukaroB. OJIHAKO HYKHO YYHMTHIBATh, YTO IMOMUMO OOBIYHBIX ONEpaluii B
dbopMynax mpeIruKaToB TaK e UCIONIB3YIOTCS CIeIHalbHbIe MPEAUKATHBIC ONepaiuu
— KBaHTOpPBHI. [Ipy 3TOM MOXHO Ha MMEPBOM IIAre ClIeNaTh CIEAYIOUIUNA BBIBOJ — BCE
3aKOHBI JIOTMKW BBICKa3bIBAaHUE OYIyT CIPABENJIUBHI JUISI TPEIUKATOB, KOTOPHIE HE
UMEIOT KBaHTOPOB. [103TOMY MBI MOKEM BCE M3BECTHBIE HAM pPaHEe 3aKOHBI JIOTUKH
pacIMpuTh Ha Mpeaukathl. [Ipy HaTWMYUU KBAaHTOPOB ATH (POPMYJIBI TaK KE MOTYT
OBITH CIPABEAJIMBBIMU, BEJIb KBAHTOPHI MPOCTO CBSI3BIBAIOT OOBIUHBIC NEPEMEHHBIC.
[TosTOMYy, eciii KBaHTOPHI HE JEUCTBYIOT Ha (POPMYJIbI C JIOTUYECKUMU OTEPAIUsIMH,
ONPEACICHHBIMU B 3aKOHE JIOTUKH, TO 3TH 3aKOHBI OCTaHYTCS ACUCTBYyOIMMH. MHavye
TOBOpSI, €CJIM B 3aKOHE JIOTMKH 3aMEHUTH JIOTMYECKYI0 IEPEMEHHYIO Ha MPEIUKAT, TO
3aKOH JIOTUKH OCTaHEeTCsl AeHCTBYOIUM. [pyroe aemno, eciin Mbl paboTaeM ¢ IpeiBa-
peHHBIMU (GOpMyJaMU MPENAUKaTOB. 37€Ch HYKHBbI OCOObIE 3aKOHBI, YUUTHIBAIOIINE
MPEAKATHBIE KBAHTOPHI.

[TockonbKy 3aKOHBI JIOTHKH MOXHO (DOPMYJIHUPOBaTh JHOO Kak TaBTOJIOTHHU (TO
ectu THU mpenukarsr), 1100 Kak paBHOCUILHOCTH, PACCMOTPUM UX Ha YPOBHE PaBHO-
CWJIBHBIX TIPE0Opa30BaHMIl MPETUKATOB.

PaBHOCWIBHOCTH NPEAUKATHBIX (POPMY.JI
O.Ilpenukarapie (HopMyNbl CUATAIOTCS PaBHOCWIBLHBIMH eciu ux OU u OJI
COBIMAJIAIOT.
Bce paBHOCHIIbHBIE (POPMYIIbI, BBITEKAIOIINE U3 3aKOHOB JIOTUKU BBICKa3bIBAHUN
CIPABEUIMBBI U JUIS NIPEAUKATOB, €CIIM OHU IIOJYYEHBI 3aMEHOM IPOINO3ULIMOHAIBHBIX
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NepEeMEHHBIX Ha MPEAUKaThl (MPUYeM OJHOMMEHHAs MEPEMEHHAs 3aMEHSIETCSl OJJHUM €
TEM K€ MTPEIUKATOM ).
ChopmynupyeM HEKOTOpBIE M3 PAaBHOCHIBHBIX (opMy ¢ kKBaHTOpamu. IIpexne
BCETO 9TO KBAHTOPHBIE 3aKOHBI 7 MopraHa:
1(VxP(x)) = 3dx(1P(x)) 1(3dxP(x) ) = Vx (1P(x))
Eciu npuMeHuTs K 3TUM (hopMysIaM OTPHILIAHHE, TO IMOTYUHM :
V xP(x) =1(3x(1P(x))) dxP(x) ) =1(Vx (1P(x)))
Janee 3To paBHOCUIIBLHOCTHU cienytome u3z TU dhopmyi:
Vx VpAX,p) ©Vp VxAX,p) = Vx VpAX,p) =Vp Vx Ax,p)
dxdpAEp «<dpdxAXp) =dxdpAKX,p) =1 pd xAX,)p)
DTO 03HAYaeT, YTO KBAHTOPHI MOXXHO CBOOOJHO MEHSTH MECTaMH, €CIIH 3TO
OJTHOTHITHBIC KBAHTOPBI.
Ecte  paBHOCHIBHOCTH  CBSI3BIBAIOLIME KBAaHTOPHl C  JW3BIOHKIHEH U
KOHBIOHKIUEH :
1 xA®x) vd xB(x) =3 x (A(X) v B(x))
V x A(x) A VX B(x) = Vx (A®X) A B(x))
371ech BUIHO, YTO J CBSI3aHO C TU3BIOHKIIMEH, a V CBSA3aHO ¢ KOHBIOHKITHCH.

Vx VpA(x,p) <>Vp Vx A(x,p) = Vx VpA(x,p) = Vp VxA(x,p)
Ix3dpAxp)<>3pI xARxp) =>3IxI pA,p) =3 p I xA(x,p)

OO0me3HaYMMOCTh NpeauKaTHbIX opmyJi. Ilpumepsbl

O. IlpeaukaTrHas ¢opmysa Ha3piBaeTcs: 00me3HA4YNMOil, ecan oHa THU npm
JII0001i 3amMeHe J11000i1 d1eMeHTapHOH (P OPMYJIbI HA JIIO00i MPEINuKAT.

O4eBUIHO, YTO BCAKHUM 00IIEe3HAYMMBIN npeaukar sBisiercss TH, Ho oOparHoe He
BepHO. MokHO HaiiTh ipuMepbl TU npeankaToB, KOTOPbIE HE SBISIOTCS 00IIEe3HAYH -
MBIMH. DTO YCIOXKHAET IPOBEPKY Ha o011e3HauuMocTh. [losicHiuM 310 Ha mpuMepe.

IIpumep
VYenoBue: Jlokasarb (MM ONPOBEPrHYTH) OOIIE3HAYUMOCTh (OPMYJIbI JIOTHKU
npenukaroB. [Ipu oTcyTcTBHM OOLIE3HAYMMOCTH MPUBECTU MPUMEP MPEAUKATOB, ITPU
KOTOpbIX 3Ta (opmyna MoxeT ObITh JoxHa. Ilycth 3agana ¢opmyna JOruKd
npeaukaroB Vx VyVz (P(x,y) AP(y,z) — P(x,z))
Pemenne:
Jns nokaszarenbcTBa  OOIIE3HAYMMOCTH (DOPMYJNBI JIOTMKH TPEAUKATOB HYKHO
nokazatb ee TH (TOXAEeCTBEHHYI0 HCTUHHOCTD) IIPH JIFOOBIX 3aMeHax npenukara P Ha
mo0yto nipeaukatHyto gopmyiy. [TonmpoOyem poka3aTh 3T0O METOJOM OT MPOTUBHOTO.
Chopmynupyem 3Ty GopMyily Ha €CTECTBEHHOM si3bike «JlJist MoObIX X,y,Z dhopmyna
P(x,y) A P(y,z) — P(x,z) siBnsierca ucTUHHOM. D10 3HauuT, yto P(X,y) A P(y,z) —
P(x,z) — THN.
Hoxka3zarenscTBo. [Ipeamnonoxum, 4ro maHHas Gopmysa JIOKHA, TOTAA CYIIECTBYIOT
Takue X,y,z, uto Gopmyna P(x,y) A P(y,z) — P(x,z) sBnsercs noxnou. [1o cBoiicTBY
VMMILUIAKAIUU IOy YHM:
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P(x,y) A P(y,z) =1 u P(x,z) =0 nns storo Habopa X.,y,z. [lo cBOMCTBY KOHBIOHKIIUH
TIOJTyIHM:
P(x,y) =1 u P(y,z) =1 nmns storo Habopa Xx,y,z. Torma mpenukar P momkeH OBITH
WUCTUHHBIM JUIsl ONHUX TIMAp YWUCEN W JIOXKHBIM IS APYyTHX. Takoe BO3MOXKHO.
Hamnpumep npenukar P (x*y=0). J{nsa y=0 oH ucTuHEH AJis pa3HbIX nap yucen (x,y) u
(v,z), HO Tipu 3TOM X*Z # 0.

BeIBO/: mpenuKkar He sSBISETCS OOMIE3HAYNMBIM, TaK KaK MUHUMYM JJTSI OJTHOTO TIPH-
Mepa npenukara P (x*y=0) oH siBIseTCS JT0XKHBIM.

B Joruke BbICKasbIBaHHE CylecTByeT OOIMil METOJ, I103BO-
JEIOMIKUHA 32 KOHEUHOEe UWCJO IarOoB BLISICHUTHL OJd Jro00H
I PONO3UIIMOHANBHOH (OpPMYJBl, SBAAETCH JH OHA TOXKIECT-
BEHHO MCTHHHO# (METOX HUCTHHHOCTHBRIX Tabsjui). B Joruke
NnNpeaKaToB HE CYHIECTBYET TaKOro ol1ero meTrojda, 1o KOTO-
pOMY 33 KOHEYHOe YHCJIO INaroB JJs1 JmoOOH MpefuKaTHOU
dopMyJIbI MOXKHO peliHTb, oOle3HauuMa OHa HUJu HeTr. Jas
HEKOTOPBIX BUIOB (hOpMYJ TaKWUe METOHABI CVIIECTBYVIOT.

Jlexumst Nel3
IIpuMeHeHHe MATEMATHYECKOM JIOTUKH B IIKOJbHOU MaTeMaTuKke U HHdop-
MAaTHKe

[Tpumenenune MJI B undopmarnke — TaOIHUIBI UCTUHHOCTH, aBTOMATHI, YIIPOIIIEHUE
MIPENICTABICHUS AITOPUTMOB C OMOIIBI0 hopmys MIL.

[Ipumenenne MJI B MareMaTnke — IPEACTABICHNE TOKA3ATENbCTB U YTBEPKIACHUN.
[Ipumepsr:

3anucarp ¢ IMOMOIIBI0 KBAHTOPOB CIIEYIOIINE YTBEPKIACHUS U UX OTPULIAHHUS.

1) ®yukius f (x) Bo3pacTaeT Ha HHTEPBAJE (a,b).

2) ®ynkuus f (x) HenpepbIBHA HA UHTEpBAJIE (a,b).
3) MHOxecTBO A SBiIsIeTCS COOCTBEHHBIM MOJMHOKECTBOM MHOXECTBA B .
4) Touka xo IBIsI€TCS TOYKOM 3KCTpeMyma QyHKIHH [ (X).

5) ®yuk1ms f (x) JOCTUTaeT HAUOOJIBIIIETO 3HAYCHUSI HA OTPE3KE [a,b] B TOYKE X0 .
6) Oyukuus f (x) nuddepenurpyema B TOUKE X0 .

7) bunapHoe oTHOIIEHHE P SBISETCS CUMMETPUYHBIM.

8) dynkuus f (x) orpaHueHa HA MHOXKECTBE R .

9) bynesa dbynkuums f (x1, x2,..., Xk ) CAMOJBONCTBEHHA.

10) MuoxecTBa A U B He nepeceKaroTcs

Cpenu cneayomux npeioKeHUN BbIICTUTh TPEIUKAThI, U ISl KaXkK10T0
IpelrKaTa yCTaHOBUTh MECTHOCTb U 001aCTh UICTUHHOCTH, eciid X = R . [{ns
JIBYMECTHBIX TIPEIMKATOB N300pa3uTh 00JIaCTh UCTUHHOCTU IPaPUUECKHU.
H)x+2=0.

2) Ilpu x = 0 BeIMOTHSAETCS paBeHCTBO X —2 =0 .

3)x* 8=0.
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4) (' —8=0).
Ipumep 24.2. 3anuiueM Ha SI3bIKE JIOTUKHU NMPEIUKATOB ONpeaese-
HHME MPOCTOro yucna: «HarypajibHOe YMCI0 X Ha3bIBaeTCsl MPOCTHIM,
€C/IM OHO HE paBHO | U MPH BCSIKOM Pa3iOXEHUU €r0 B IPOU3BEACHUE
IBYX HaTYpaJIbHbIX YUCEJ OMHO U3 HUX OKa3bIBA€TCS PABHbIM 1 MIIH Xx»:

S(x=1D) ANV x=u-v->(u=1)v (u=1x).

OTpHLlaHVIe 9TOr0 YTBEpXACHUA — YTBEpXIEHHUE TOro, 4YTO YUCJIO X
COCTaBHOE, 3alIUCBHIBACTCS CIECAYIOLIUM 06pa30M:

x=1D)v@uEv)(x=u-vauzlanu#x).

[Tpumep 3. Chopmynuposats Ha mpumepe Teopemsl [Tudaropa npsimyro, oOpaTHyIo
TEOPEMBI, IPOTUBOTIOIOKHYIO U TIPOTHUBOIOJIOKHYIO 00OpaTHOW TEOPEMBI.
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