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[IlaHoBHMI YNTAYy, TPONOHOBaHKWH BaM HaBuansHUM NOCIOHAK
— mepmuii i3 3agymMaHoi cepii HeBeTMKHX 34 00CATOM HABYAILHUX
KHHT 3 JUCKPEeTHOI MATEMATHKH ¥ BUTJIAN]L JEKIIH.

Kpim niei mepmoi xauru “Jleknil 3 AMCKPETHOI MaTeMaTHKH
(MHOXHMEH 1 Jorika)”, nepenbadacThCa BHAATH TaKOX: “Iludposi
aBromaru”, “Cucremn umcrienus”’, “Kombinaropri obumcieHH:
“OcHOBH Teopil KoAyBaHHA , AKL NPAMO CTOCYIOTBCHA JTHCKPETHOL
MAaTEeMATHKH i MOYKYTh PO3TAAAATHCE K Il CKJIaJ0Bl YaCTHHH.

HapuanbHUI MaTepiaa y poboTi BUKIafaeTbCs B IEBHUX (Dop-
MaJbHUX paMKax — y ‘BUrJsAL TeopeM i HacHiAKiB HABITH TaM, Je
3BUYANHO BiH cropuiiMaeTses Ha inTyiTMBHOMY piBHi. Taka gop-
Manizaiis JOfa€ CTPOrocTi i 4iTKoCTi 3MicTy TEKCTY 1 AO3BOJNAE
NOPiBHAHO JIETKO OPIEHTYBaTHCA B HLOMY.

Marepian ans KHATE Bubupasca 3 GaraTboX AKepen, cHCTe-
MAaTH3yBaBCs, nepepobiascs, micis Yoro Oye HEOAHOPA30BO anpo-
60BAHUM YV HABYAIHLHOMY IIPOIIECi.

Cxix Taxko)X 3a3HAYMTH, 10 HHUHI icHye 6araTo pISHHX IIO-
CiGHHKIB 3 JHCKPETHOI MAaTeMATHKH, KOXKHHH 13 AKHX Mae€ Ti 4H
1HIII1 epeBary.

OcobaMBiCTIO faHOro MocibHUKa € Te, 1[0 BiH HacaMmepes opi-
€HTOBaHWII Ha CTY[EHTiB, AKi HaBYalOThCA 332 HanpamoMm “Exext-
poHika” i ANA AKUX BAXKJINBE 3HAYEHHS MAalOTh PO3ALIN AUCKPeT-
HOI MATeMATHMKH, 10 BHKOPHCTOBYIOTHCS IPH JIOTIYHOMY CHHTE31
nudposux cxem, I[Ipm BubGopi TakuX PO3ALIB aBTOP KepyBascd, 3
oaHoro GOKy, cBOIM OaraTopiuHMM AOCBiZoM po3poOHHKA 1 BUKJA-
naya mudppoBoi Ta o6YMCIIOBANLHOL TEXHIKHW, 4 3 iHIIOr0 — OpH-
KJIaJHOT'0 MporpaMicTa 1 BUKJIajada MaTeMaTHKH.

1li posainy Tako BaXKAMBI 1 Aisa MaibyTHIX cneniamicTis 3
indopMaTuky i npuknagHEoi MareMaTHKHM. Tomy ms KHMra Oyze
KOPHCHA 1 AJIA HHX.

OnuuM i3 3aBAaHb, AKe PO3B’A3YETHCA B AaHid KHH31, € 3pobu-
TH i1 JOCTYIIHOIO A8 AKHAHIITHPIIOro KOJa YATAYIB, AKI He MalTh




crieniaasHOol MaTeMaTHYHOL MiATOTOBKH, HE 3aBJal04YM, OAHAK, IIPH
HBOMY IIKOJAM MaTeMaTW4Hiil KopexkTHOCTi. [l71s nporo B nocibHEuK
HopAn i3 BHKJIAJEHHAM OCHOBOIIOJOXHHX NUTaHb OyJI0 BBEEHO
BEIHKY KiJNBKICTH Pi3HMX NPHKJIAIB 3 po3B’s#3KaM¥ 1 BIIpaB, a B
nopaTky GyJI0 BUHECEHO KOHTPOJbHI 3aja4l AN MepeBipKH 1 camo-
nepeBipKM 3HaHbL CTYAEHTIB, & TAKOX KOHTPOJbHL IHTAHHSA.

Ili 3azagi i KOHTPOAbHI IMTAHHSA, AK 1 BCA KHHIa B ijzioMmy,
IpU3HAYEHI TAKOMXK i [UIA AMCTAHIIWHOrO HABYaAHHA, SKe Habysae
CHOTOAHI 0COBAMBOrO 3HAUYEHHA B YCHOMY CBITI.

Kpim Toro, 3aBaaHEaM JaHOTO nocibruKa OyB perensHMI B1AOID
Marepiany AJadA Toro, mob cTyIeHT, ocobauBo 3a09HOL (hopMH Ha-
BUaHHS, 3Mir BUBYMTH MaTepian mocibHMKa 3a MiHiMajbHUH Hac.

V 1998 poui aasmii nociGHUK y BHTJIAAL TOAL Ie KOHCIEKTY
ekl Mopsj i3 HAYKOBMMM MaTepiajaMy B Tanysi AMCKDETHOL
MaTeMaTMKH i Teopil imdopmanii BErpaB KOHKYPC Ha IpaHT (oH-
ny “Bingpoaxenss” 3a MiXKHapPOAHOIO HAYKOBO-OCBITHLOIO IPOTpa-
moio (MHOII) ana maykosBux cHiBpoGITHHKIB i BUKIanaudis cepes
maremarukis (Ne QSU081019).

Aamop 6UcN08NI0E €010 nodary Gondy “Bidpodicenna” 1 0zo
s3acnosruxam — ¥Ypady Yrpainu ma Incmumymy 6i0Kkpumozo cyc-
niavemea (CITA) — 3a cnpuanHa 3aKiHYeHHI0 pobomu Had JaHuM
HABYAALHUM NOCIGHUKOM, @ MAKON NPOo6edeHHI0 NodalbUuLol HAY-
0601 pofomu 6 2any3i KOMn 10MmepHol MameMamuKy ma it npax-
MUYHUX 3ACMOCY8AHb.

ABTOp TaxoK IHAPO AAKYE KepiBHHOTBY CyMCBKOr0 JepiaB-
HOrO VHIBepCHTeTy, fIKeé HAAaN0 HOMY HOCHIbHY IiJTPUMKY B
HATWCAHHI AaHOI KHMI'H T4 BHAAHHI 11 paHiie B cTiHAX yHIBepCH-
TeTy, 4 TAKOK BHKJAZa4yaMm, 110 COPHAIM CBOIMH 3ayBaKeHHAMH
i mobarkaHHAMM MOJINIIEHHI0 11 3MicTy Ta AKOCTi, CHiBpODITHH-
KaM yHiBepcuTeTy i KadeApH aBTOMAaTHKH Ta IPOMUCIOBOL eJeK-
TPOHiKM, AKi Gpasm yvacTh y HMiAroToBIl A0 BUAAHHA nocibHHAKA,
i, 3BUuaiiHO, COTHAM CTY/JEHTIB, AKi Oynu yATAYaM¥ MEePIIHX BH-
naHb niel KEury i 6e3 AKUX BOHA BTpaTUIa O CBOIO NEPBICHY CYTE.

Asmop
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FOREWORD

Dear reader, this is the first textbook of the planned short
sized textbook series on the discrete mathematics presented as a
summary.

Except this manual «Lectures on Discrete Mathematics (Sets
and Logic)» it is planned to publish «Digital Automatons»,
«Number Systems», «Combinatory Calculations», «The Bases of
Coding Theory», connected with discrete mathematics directly
and can be considered as it’s components.

Educational material is explained in strict formal frames, in
the form of theorems and consequences, even there where they
are perceived in intuitive level. This formalization makes the
text clear and makes the orientation easier.

This textbook material was chosen from many sources, it
was systematized, changed, tested in studying process many
times.

It’s important to underline, there are many different books
on discrete mathematics, and every textbook has its own pluses
and minuses.

The textbook’s peculiarity is oriented on students which study
Electronics, and discrete mathematics units them, who attach
importance on logic synthesis of digital schemes. Choosing these
units author was directed on the one hand many years experience
of lecturer and elaborater in digital calculation techniques and
on the other hand the experience of an applied programmer and
mathematics lecturer.

These units are also important for the future specialists in
information technologies and applied mathematics. That’s why
this book will be very useful for them.

One of the task which is solved in this textbook is to make
it accessibility for the readers, which don’t have special
mathematics training, but without a harm for the mathematics
correctness. For that reason simultaneously with giving
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fundamental question with a lot of examples with the solutions
and exercises, for self-control were included into the appendix.

These tasks and tests as a book in the whole can be used in
distance learning too, which acquires special significance in the
world.

Except this, the task of the textbook was a careful selection
of the material to help an external student in learning the material
quickly.

In 1998 this textbook was as a summary staying together
with the science works on discrete mathematics and information
theory won grant «Vidrodjennya» foundation, providing by the
World Science Educational Program (WSEP) for the research
workers and lectures among mathematics (Ne QSU081019).

Author thanks “Vidrodjennya” foundation and it’s founders
— Ukrainian Government and the Institute of Open Society (USA)
— for the supporting of finishing this manual, and carrying science
work in computer mathematics and it's practical using.

Author thanks Sumy State University direction for a adequate
to the strength support in writing and publishing textbook earlier,
and lecturers which helped with the remarks, and research
workers of the Automation and Industrial Electronics Department
which used to take part in pre-printing manual, and of course,
hundred of students, which were the first publication readers,
without theirs, the textbook could loose the source value.

Author
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Jdexnia 1| BeTrymnmHa JeKia

O6mim indopmarieo B cucTeMax KOMII IOTEDHOrO
onpanoBaHHsA iHQOpMAaIii 3MiHCHIOETHCSA 34 JOIIOMOTOK CHIHANIB,
AKHMH MOXYTh OyTH Oyab-Akl Gisw4Hl BeJIMYHHHM — CTPYM, Ha-
npyra, MargiTHi cTaHH, cBIT/IOBLI XBHJIi. :

@i3uYH] BEJIMYUHH ABIAKTH coboio ¢yHKnii wacy abo mes-
HUI POSTOJLN CHTHANIB y mpocTopi. IlapaMeTpn yacosux GyHKIIN,
110 HepeAalThcd, — TAKHX AK 4YacToTa, aMILITyaAa, dasa, TpH-
BaJICTE IMOyJabCiB abo NMpOCTOPOBHH pPO3MOAiNI CHIHAJIB, mO-
CJ1I0OBHICTE IMIYJILCiB, TOUOK HA 300pakeHH], MOEAHAHHESA KOJbLO-
piB Ha eKpaHi 1 T.1., — HA3UBAKTHCA [HPOPpMAYILHUMUL TTAPAMET-
paM4 CHI'HAJIB.

PospisHsaioTs Takl BUIH CHTHAJNIB:

1. Ananozoseuii abo HenepepsHuil.

Woro napamerpu BcepeAMHi 3aZaHOr0 AlaNasoHy MOKYThH Ha-
OyBaru Oyab-AKMX 3Ha4YeHbL y JOBiAbHHHM MomeHT dacy. lli mapa-
MeTpH € iHdopManiiHUMHU, OCKIJIBKH BOHHM IepelalTs iH(opmMa-
11110 Opo eTaH 00’eKTa, AKHUH BOHH Bigo6pa’kaioTh.

2. Jucxpemnuil cuzua.

ITapameTpu Takoro CHrHaxy MOKYTh HaOyBaTH JMIe MeBHHX
3Ha4yeHb y AUCKPeTHI MOMeHTH yacy. IIpu nsoMy Ba)XKIHBHM € He
piBeHb CHTHANy, & HOro HaABHiCTh. Ile MpH3BOAUTE AO TOrO, IIO
IepernkofaM LOCHTH BayXKO CIIOTBOPMTH CHI'HAJ, OCKiIBKH cTaH
CHTHaJIy 3aJIAINAEThCA HEe3MIHHMM IPH Pi3HHMX HOro piBHAX i
thopmi. I nunre Toal, KOMW 3MiHU CHUIHANY AOCATHYTE NEeBHOI MexXi,
BinGyBaeThea cTpubkononib6Huil nepexiz Moro Ao iHIIOro cTaHy.

Te 10 AMCKpeTHI CUrHANH MEHIIOK Mipol0 MiAXAraloTh CIOT-
BOPEHHAM IMiJ BIJAMBOM IEpPelIKOJ NPHU3BOAMTEL A0 TOro, Io mi
CIIOTBOPEHHA JIerle BUABIAKITLECA i BUmpasaswTees. Kpim Toro
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ix mpocrime sbepirarm i 06pobaATH. ToMy AMCKPETHlI CHIHAJIH
3HAXOAATH IIMpOIe NPaKTUYHe 3aCTOCYyBaHHA, HiX HelIepepBHI.

IcHYIOTH IBA BHAH JHCKPETHHX CHT'HAJIB.

1. JlucKpeTHI CHI'HAIH, orpumMaHi crocobom AUCKpeTH3aIil
HelepepBHHEX CHIHAJIB.

2. JImckpeTHI CHIHAJH, nofiaHi y BHIJIAAL KOJOBHX KoMm0Oi-
HAIi# — CJiB.

[lofaEHA y BUTJIAAL CIiB € HalibiapII YHiBEpCATBHEM i IIOIIH-
peruM. BOHO 3aCTOCOBYETHCHA AJA KOAYBAHHA JMIOACLKOl MOBH, ¥
MaTeMaTHIli, HEGpoBiil eXeKTPoHIni.

IuckpeTHa MaTreMaTHKa — Ie Hayka Ipo criocobr 110OYyAOBH
Ta eeKTUBHOIO ONPaNIOBAHHA mocailoBHOCTeH H1MHX o6’ekTiB, B
OKpeMOMY BHIAJKY JiTep @, a,... &,... &, MOPOAYKYBaHUX NEAKHAM
andasirom B ={b,, b,, ..., b}, a € B, aKi MOXKHA pO3TJIAfaTH AK
CJIOBA.

Taxum SHHOM, 6iIBIIICTE AUCKPETHAX MPHCTPOIB 3MiACHIOE
06pobky imdopmanii, mogasol y BUTIAAL caiB. BuKopucTaHHA
pepbanbpHOl (cIOBECHO]) indopmanii He Haxxanae oOMexeHb Ha
3aCTOCYBAHHA NHCKPETHHX IpUCTPOiB s 00podKH HenepepBHOI
indopmanii, TOMy 110 HenepepBHA indopMaIis MOXxe 6yTHu 3 0y ab-
AKOI0 TOYHICTIO ANPOKCMMOBAHA AUCKPETHHMH CHTHAJIaMH, a
CHrHAMH MOXKYTH 6yTH mozgaHi y BATIANL CJIiB.

HafiuacTime BAKOPHCTOBYIOTECA AUCKPETHi MpHCTPOl, B AKHX
BXifHi TAa BEXiZHI CHTHAIH MalOTh [BA PI3HHX pisus#a. Ile nos’s3a-
HO 3 HeobxiaHicTIO mpocToTH (iszmuHOI peasizanii npucTPOiB ANA
o06pobku HemepepBHOI iHGopMamii, MipKyBAaHHAMH IOAO HAa-
niftHOCTi i eKOHOMIYHOCTI BAKOHAHHA JOTIYHUX 1 apuPMETHIYHUX
omepaniit. OfHOMY 3 PiBHIB NIPHCBOIOETHCH mitepa 0, a iHmomy —
1, i, TaK¥uM YHMHOM, 3 JOMOMOIOX0 IIHX nmiTep, MPHCTPill 3AIHCHIOE
06pobxy ABifikoBol iHGOpManii — CIiB Y andgasiTi B.

3 DpUYMHE 3a3HAaYeHMX MepeBar MoJaHH:A indopmariii 3a mo-
HOMOTOIO CJIiB MMCKPETHi MPHCTPOi CHOTOHL 3aHMaloTh MOMIHVIO-
e MOJIOYKEHHA B raaysi obpobxu imdopmanii.

EnexTpoHH]I 004MCIIOBATbHI MAIINHUA (EOM) cnoyatky Gynn
apanorosumu. Cporogri nudposi EOM mpakTHYHO BUTICHMIN
ananorosi. Te 3 Bin6yBaeThcs 3i 3BYKO- Ta BiZle03amucoM, OpUA-
MadyamH, TenebadeHHAM.

V maii6amexui poxn nudposa eleKTPoHiKa Oyse NpOAOBKYBa-
TH 3aiiMATH MOHOMOJIbHE MTOJ0MKEeHHA Ha PUHKY eJIEKTPOHHHUX CHCTEM

11
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i npueTpoiB. OqHaK BUTICHUTH aHAJIOTOBY TEXHIKY UndpoBa B NpUH-
LU He MOoke, OCKiIbKY (isuyHi 06’eKTH, Bix Akux nudposi EOM
OTpUMYIOTE iH(OpPMaLin, a Takok 00’eKTH KepyBaHHSA 3BHYaMHO
MawThk aHajgoroBy mpupoay. Tomy Ha Bxoai # Ha Buxoai EIIOM
noTpibHi ananorosi, nudpo-asanorosi i ananoro-uudposi npucTpoi.
Kpim Toro, 4acto B HAaWBIANOBiAAABHIIIMX MicUAX NH(DPOBUX CXeM
BUKODPHUCTOBYIOTBCH AHAJIOTOBL eIeMEHTH.

AnHanoroBa eleKTPOHIKA Ma€ TAKOX HelNepeBeplIeHy IIBH-
Koo, mo obMexxyeTbca MBHAKICTIO (iswuHMX npouecis, i Ak
HaclaiJOK, He3Ba Kalo4YH Ha Te, L0 NHUTOMA Bara aHaJIOTOBOl eNneK-
TDOHIKHM cmajae, 11 3HaueHHA 30BCiM He 3MeHmyeThcA. Tomy “He-
nepepBHa’ MaTeMaTHKAa B OCBiTi ¢paxiBusa 3 eJIeKTPOHIKHM Ta aBTO-
MaTHKH He BTPa4ae CBOTO 3HAaYeHHsd, XO4Ya PONb NUCKPETHOI Ma-
TeMATHKH! NPH IBOMY IOCTiHHO 3pocTac.

HduckpeTHa MaTeMaTHKa, KpiM 1i 3aCTOCYBAHHSA AJIA €NEKTPOH-
HUX IU(PPOBUX MPHUCTPOIB 1 CHCTEM, IIMPOKO TAK0 BUKOPHCTOBYETE-
CA IJI CTBOPEHHA Ta eKCILIyaTallil KOMIJIEKCHUX aBTOMAaTH30BaAHUX
cucteM 00pobkm indopmanii, makeTis IPUKIAAHUX MporpaM, 6aEKIB
JaHuX, MIKPOIIPOIIECOPHUX CHUCTEM, MEpesX Iepefadi ZaHHX.

OcHoBHOI0 0COOIHBICTIO AUCKPETHOI MATEMATHKH € BiICYTHICTE
TPAaHUYHOIO IIEPEX0AY 1 HellepepPBHOCT], IPUTAMAHHUX KJIACHIHIN
Maremaruii. [[uckpersa MaTreMaTHKa MICTHTH TEOPil0 MHOMKHE i
anredpaiYHMX CHCTEM, MaTeMaTHYHY JIOTiKY, Teopiio rpadig, Teo-
plio aBTOMaTiB i HOpMaTbHHX IPAMATHK, TEOPil0 &JIrOPUTMIB, Te-
Opio KomyBaHHS, Teopiw umuces, KoMOiHATOPHI O6YMCICHHESA, TAC-
KPEeTH1 eKCcTpeMaJIbHi 3amayi.

¥ mam yac MeTonu i 3acobu AMCKpPETHOI MaTeMaTHKH PO3BH-
BaThCA Haubinem inTeHcueBHO. Cepen mux sazay ocobamMBO BH-
OLTAKTHCA 3a1a4i Ha nobynoBy, nepebip Ta HymMepanilo AUCKpeT-
HuX 00’ekTiB. BinsmicTs inmmux 3agayu abo 3BOAATHECH 40 HUX, a60
MICTATE 1X ¥ ABHOMY YM HESABHOMY BHIIAAL.

ITepen nmosBoi 0OYMCHIIOBANBHOI TEXHIKHW Wi 3amaui He Main
0COOIMBOTO MPaKTHYHOTO 3HAYEHHs, OCKIABKY MM 3agay MAaJjoi
PO3MIPHOCT] BifINYKYBaJMCh MPUPOAH]I ANTOPUTMM, & OIS 3a1aY
BeMKOI po3mipHocTi He 6yn0 TexHivHEMX 3acobiB ix peanisamii.

OcobnuBy TpyzmicTs A5t POSB’A3yBaHHS AMCKPETHHX 3a4ad
CTBOPIOE BIJICYTHICTE OCHOBOIIOJIOMKHHX TeODEM, 3 SKHX BHILIMBA-
7 6 MeToxu # anropuTMI po3B’A3yBaHHA MMX 3aJad. Ix pospobka
€ OHI€IO 3 IEHTPAJLHUX NpobieM Teopii ONCKPEeTHUX 00umclens.
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Ha me#t wac sHalijeHi auue 3arajgpbHi IPHHIMOH, 110 06’-
€AHYIOTH AWUCKDETHI airopuT™M# y ap’s3aHy rajysb 3HaHB. lle
MeTOOM pelneTa, yHiBepCaJIbHOTO po3B’asyBaua, NOWYKIB i3 mo-
sepHeHHAM. AJe GesnocepeHE 3ACTOCYBaHHA nUX METOXIB, AK
paBuJIo, Befie A0 AJrOPUTMIB, poBora 3 AKUMH noTpebye 6araTo
gacy. Tomy Ha OpaKTHIll ITHPOKEe 3aCTOCYBaHHA 3HAXOAATE €B-
PHCTHYHI NpHMOMH posB’#3yBaHHA QUCKPETHHX 3ajad. Ix me-
nonix — By3bKa cdepa sacToCyBaHHA, 11O NpPHU3BOAXATHL A0 HEOO-
xigHOCTi MOIMYKiB PO3E’ A3yBaHHA AUCKpEeTHOI 3aja4i ANA KOX-
HOTO KOHKPETHOTO BHIIANKY.

Opnak HABITH i 1i posp’A3yBaHHA MAloOTh BEJIUKY L[iHHICTH,
OCKiNbKHM HO3BOJAIOTL IPH 1X BHKOPHUCTAHHI MiABHIUTH edex-
THBHICT TH(POBHUX CHCTEM i IIPUACTPOIB.

ToMy B AaHOMY MOCIOHHKY pPOSTAAAAIOTHCA HauObiIBII BaXX-
JMBi IHTAaEHSA AUCKPETHOI MATEMATHKH 3 o6yiacTi Teopil MHOMXHH
i TOTiKHM, SKi BUKOPHCTOBYIOThCH B 3a/ia4ax 3 indpopmMaTHKH, IPO-
rpaMyBaHHA, yIpaBIiHHA, IU(POBOTO 38’ A3KYy, MeJAWYHOI TeXHi-
Ku, nudposoro TerebaueHHA, a TAKOH MPH nobyamoBi Ta eKcnaya-
Tamii eneKTPOEHEUX Hu(POBUX 00YHMCITIOBAIPHUX MAIIUH (ELIOM)
i mudpoBUX eJeKTPOHHUX IpPHUCTPOIB PisHOro MpU3HAYEHHHA, BiZ
no6yToBUX 70 HAYKOBHX.

OcobuBa yBara NpUAiIAEThCA TEOPETHYHHM OCHOBAM AMC-
KpeTHOI MaTeMaTHKH — Teopil MHOKHH, AKa € He JHIIEe OCHOBOIO
OVCKpeTHOoI, a M yciel cyJacHOl MaTeMaTHKH.

3HauHa yBara NPUAITAECTBCA TAKOXK NMUTAHHAM MaTeMaTHd-
HOI JIOTIKM fK OCHOBHM Teopil AUCKPETHHX aBTOMATIB 1 Cy4acHHX
MEeTOJiB MporpaMyBaHHA.

MaTtemarTukKa — Hayka MOAOAUX.
H. Binep
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Jerunia 2 | OCHOBHI O3HAYECHHSA

ITin mHoxMuHow posymMiioTh 06’cIHAHHA B OfgHE
nire 06’exris, Aki no6pe pospisHAOTECH Hamoo iHTYiNicw abo
HANIOK AVMKOIO,

O6’exTH, II0 YTBOPIOITH MHOXHHY, GYIAEMO HASHBATH eje-
MeHMAMU MHOXHHHA,

EneMeHTH 3BWYATHO MO3HAYAKTHCH MATUMHE JiTepaMu na-
TUHCBKOTO andariry. Axmo m naremums muoxuri M, 10 BHKO-
PHCTOBYETBCA 3anmuc m € M , B iHmomy Bunanky — mg M .

MuoxuHa, AKa MICTHTL CKiHYeHHe YHCJIO eJIEMeHTIiB, Ha3u-
BAETBCA CKIHYEHHOI0, & MHOKMHA, 1[0 MiCTHTh HeCKiHYeHHe YHC-
JIO eJIEMEHTIB, — HeCKIHYEeHHOI.

SKIO MHOXWHA He MiCTUTE KOIHOTO eJIeMeHTa, TO BOHA Ha-
3UBAETHCA Nycmow i nmozHavaeTsca &,

Muo)xuna Moxxe 3ajaBaTHCA DIBHMMHE crocobamu: nepepaxy-
6AHHAM €IEMEeHTIB JJIA CKiHYeHHOI MHOKHHN a60 3a3HAYeHHAM iX
éracmueocmeil. Y pasi nepepaxyBaHHA BUKOPUCTOBYIOTHCS irypri
ayxku { }. Hanpukaaa, Maoxury M nudp AecATKOBOro andasity
MOXHa 3agaty y Buraagi M = {0, 1,..., 9}, abo M = (i | i — mine, 0
< i < 9}, ne cnpaBa BiJl PUCKHM 383HAYAETHCH 6AACMUBICTb ele-
MeHTiE uiei MHOXMHM. Hanpuxnan, MHOXHUHEA M NapHUX YHCe]
samucyersea M = {m | m - napre uncmo).

Muosxuna M’ EasUBaETLCH NiOMHONUNOW MHOKUEN M Toai
i mame Toxi, Komu GyAB-AKUH eJeMeHT MHOKUEN M’ manexuTe
RO MHOMMHEM M: M'C M ¢ (me M'—>me M), ne C- smHak
BKJIIOUEHHA NIAMHOXHHM; — — “AKMIO ..., 70 ...”, & — “armo i
JIMIIE AKIIO ...". 30KpeMa, MEOXKUHU M’ i M moxyTs abiratucs.

Hesxmouenns migvuoxunn M’ A0 MHOXMHM M nosHAYaeThCH
Ak M'g M.
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MuoxXHuHA A, 110 ¢CMpoz0 BKINOYeHA 10 B, nosuHayaeTsCd AK
A c B. lle osmauae, mo B micTuTh i ipnri emeMeHTH, KpiM eJe-
MeHTIB A, i e 0co6IHBO MIAKPeCTIOETECH.

Il MHOMWHM pi6Hi B TOMY 1 JHIIE B TOMY BUNAOKY, KOJIH
BOHM CKJIAZAIOTHECHA 3 OJHMX 1 THX CaMMX eJleMeHTiB.

PisnicTs aBox MHO0kHEH X 1 Y nosHavaTAMETHCH Yepes X=Y,
a uepismicTe MHOXHH X i Y — uepes X # Y. Ilna OyAp-AKHX
muoxul X, Y, Z BUKOHYIOTECA TaKl yMOBH!

1. X =X.

2. Akmo X =Y ,10Y = X.

3. Axmo X =Y ,Y=Z,10 X =Z.

[opAAOK eJeMeHTiB y MHOXKUH1 He € CYyTTEBUM.

Muosxarx {3, 4, 5, 6} i {4, 5, 6, 3} ABnAWTE CO60I0 OAHY iTy
caMy MHOXKHHY.

MEOKHHM He MIiCTHTH OJHAKOBHX €JeMEHTIB.

Tak, MHOKMHA NPOCTHX AinbHUKIB yncaa 60 nopiBHIOE {2, 3,
5}, a me {2, 2, 3, 5}.

Cnix po3pisHsATH IpeAMeT 1 MHOMXHHY, €AUHUM eNneMeHTOM
AKOl € Iel mpeaMerT.

Hpuxaad. Muoxusn {{1, 2}} i {1, 2} He piBHi, OCKINTBKH IIED-
ma — OJHOeNeMeHTHa MHOKHMHA, IO Mae CBill €IVHHI eJIeMeHT
{1, 2}, a gpyra Mae ABa eJIeMeHTH 132

IHOZi HECKiHYeHHI MHOYXMHH 3aAal0ThCA NMPOCTHM Iepepaxy-
BAHHAM KiJTBKOX IepIIMX eJeMeHTiB, 1 TOAl XapaKTepucTHIHa BJa-
CTHBICTH BHABIAECTHCHA 3a7aHOI0 B HESBHOMY BUIJIAZIL. Hanpux-
a7, MEOXUHY NapHMX YMCe]I MOXHA 3a7]aTH ¥ puraani A = {2, 4,
8, B, <k

Muoxusa {@) He € mycrow, To6ro & # {J}; UA MHOKHMHA €
ONHOEJEMEHTHOIO, 1i €AMHUM eeMeHTOM € NyCcTa MHOMKHIHA.

Teopema 1. ITycma MEOKHHA € N0 MHONUHOIO Gyab-AKOI MHO-
HKHHH.

Jlosedernr. 11106 ycTaROBUTH L€, moTpifHO HJOBECTH, 10 KOJIY
A € NOBLIBHOI MHOMHHOIO, TO KOMHMII eeMeHT MHOXUEMN & €
enemenToM MHOXHEHN A. Ockinbku & He Mae eJleMeHTiB, TO IfA
yMOBa BUKOHAHA.

Inwe dosedenns. Ilpunycrumo, mo & C A — XxubHe TBEPAKEH-
ua. Ile Moxe 6yTu nuime B TOMY pasi, AKIIO icHYE JeAKUN eje-
MEHT MHOMHHW &, IO He € eJeMeHTOM MHOXMHH A. Are ne

_CYHCbKIIﬂ ne
Yt ine P ||-E;..'“ 1 7
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HEMOXXJIMBO, OCKiNBKH & He mae ememenTiB. Orxe, ymosa @ C A
He € xubHOI0, TOOTO & C Ag

Koxxra mMHOKMHA A # @ Mac NpUHAWMEL IBI DiAMBOXHHHA:
AiQ.

Ockineku OyAb-AKa MHOMXXHWHA MAac CBOCK IiIMHOMXHUHOIO
ACcA, roi@cCc.

Kpim Toro, eremMeHT MHOXXKHHE A BU3HAYAE JieAKY I AMHOMKA-
HY MHOXKHHH A. Ikmo a€ A, o {a} € A. MrOXMHa Beix migMHO-
HUH MHOKHHH A Ha3WBAETBCA MHONCUHOW-CMenerHem, abo Oyrea-
HOM MHOXWHH A, 1 mosnauaeTsca yepea P(A) abo B(A).

Axmio, ranpuknag, A = {1, 2, 3}, to

P(4) = {{1,2,3},{1,2},{1,3},{2,3},{1},{2},{3},{2}}.

Teopema 2. Muoxuna-crenias P(A) mEOXHEN A = {a,, a,
wey @}, IO CKIANAETHCH 3 1L €IeMEeHTiB, BRIOYAE 2" miAMHO-
JKHMH MHOXKHHH A.

Hogedernng. OueBHAHO, M0 iCHYE OAHA NMyCTa MiAMHOMXHEA i
OJHA MIAMHOXHUHA, 10 MICTUTE yci enreMeHTH MHOMXHUEKU A. Yne-
JIO MIAMHOMKHWH, o0 Micrars 1, 2, ..., n — 1 enxemeHTiB, BH3Ha-
JaETHCA YHUCIOM CIIoay4YeHs 1, 2, ..., n — 1 3 n. 3arajgsHe YHCIO
NIAMHOMKHME AOPiBHIOBATHME CyMi YMCeN IUX CIIOJYYeHb ILTioc 2.
Ax Bimomo, Taka cyma

n=1 n-1 n
N=YC +2=YC+C ;=Y C =-2"

i=1 i=1 i=0
Teopemy nosenexHog

ITpuxnadu

1. loBecTH, mo MHOXHHA A BCiX AOJATHHX NAPHHX LLIMX
4HCeN JOPIBHIOE MHOXKMEI B ycix moxaTHMX minux wmcen, mo mo-
AaThCA y BUIJIAAL CYMH JBOX AOAATHUX HEMAPHUX LIiAX YHCE.

Pose’a3yeanna. Ilpunyerumo, mo xe A, i AOBeaeMo, 1o
x€ B. fAxmpo x€ A, To x =2m, abo x=(2m—1) +1. Ile i o3Ha-
4ae, mo x€ B.

ITpunycTumo Tenep, mo x € B, i BuBegemMo 3BiJICH, I0 XE A .

Axmo x B,'rox=(2p—1)+(2q~1),animmx=2(p+q—1],
3 YOT0 BHILJIMBAE, M0 X € A.

Takum unroM, Mu goBemH, mo MEOxHEN A i B CKIalal0ThCA
3 ONHHUX i1 THX CaMHUX eJIeMeHTiB.
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9. Yn e muoxnnn {2,4,6}, {2,6,4} i {2,4,4,6} pisunMu?

Posze’ azysaria. OCKiIbKA MHOXUHHA (2,4,6}1 {2,6,4} cknapa-
JOTBCH 3 OAHMX i TMX cAMUX eJeMeHTiB, TO BOHM OyAyTH PIBHAMM.
3 piei K MPUYUHA BOHH- AOPiBHIOIOTH i muoxuHi {2,4,4,6).

3. Ym e muosxman {{1,2),{2,3}},{1,2,3} i {1,2,{3}} pisauM#A?

Posze’ssyeanns. Hi, BoHN He piBHi, OCKLIILKH eJIeMeHTaMH nep-
1o MuoxkmEM 6yayTs {1,2} i {2,3}, apyroi — 1,2,3 1 rpersol — 1,
2, {3}

4. Yu € muoxusn {{1,2}} i {1,2} pisEuMnA?

Poas’ssyseanns. Hi, He € piBHUMH, OCKiJNBEKHM mepmia — OJHO-
eleMEeHTHA MHOKHHA, II[0 Mac CBOIM €IWHUM €JIEMEHTOM {1,2}, a
Apyra Ma€ CBOIMH eJleMeHTaMH 112

5. Yu sipso, mo {1,2}e{{1,2,3}, {1,3}, 1,2}?

Posg’azyeanns. Hi, He BIpHO, OCKLIBKH B npaBii MHOKHHI1
memae enemenTa {1,2}. -

Ilns Toro mo6 NMO3HAYATH MHOKHHY BCiX NpegMeTiB, IIO €
eeMEHTAMH MHOXKHHU A 1 MalOTh BIACTHBICTD P, 3aMiCTh {x{xeA
i P(x)} wacto mumyTh {X € AlP(x]}.

Hanpuxnazg, {x € R |0 < x < 1} o3HaYac MHOKHMHY BCiX AIMCHAX

) + .2 A
ypcen mbx 0 Ta 1 BKIIOYHO, a {x €Q ‘-’-’ < 2} — MHOKHMHY BCIX
NOAATHHAX palioHANLHHX YHCeJN, KBAAPaTH AKHX MEHIII 34 YHMCIo 2.

Bnpaseu

1. fIki 3 mojaHUX TBepAYKEHb BipHI AJA BCIX MHOMKHH A. B i1C:
a) akmo A€ Bi BEC, 1o AgC;

b) akmo A#B i B#C, 10 A#C:-

¢) axmo A€ B i HesipHO, IO BcC, 1o AeC;

d) sxmo A C B i BC C, To HeBipHO, IO CciA:

e)amlno AcBiBeC,m AgzC?

2. ITepeniunTH BCi €IEMEHTH MHOXHUHE A = {{1,2},{3},1}.

3. JoBecTy iCTHHHICTE KOKHOIO 3 NOAAHUX TBEPIKEHDL AJA
noBinpEMX MHOXKHHE A, B i C:

a)sxkmo AcBiBgcC,10 AcCC;

b)akmo Ac Bi BcC,m AcC;

¢)akmo AcBiBcC,To AcC.
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4. fAki 3 HaBeAeHUX HMXK4Ye CNiBBifHOEHHs XWOHI i Yomy:
1)z € (2,8; %)

2) 3 € {1, {2, 3}, 4}.

3) {x, yjela, {x, y}, b}?

5. Yn piBHiI MK c0o0010 MHOMXHUHHA:

a) A={2, 5, 4}, B = {5, 4, 2};

b) A= {1: 2, 4, 2}9 B = {11 29 4};

c) A=1{2,4,5} B={2, 4, 3}

d) A={1, {2, 5}, 6}, B = {1, {5, 2}, 6};
e) A={1, {2, 5}, 6}, B={1, 2, 5, 6)?

6. Yu 3B’si3anl MHOXMEKN A i B BiJHOIIEHHAM BKIIOYEHHS:
a)A={a,bd}, B={a,b,c,d)j

b)A={a,c,d, e}, B={a,e,c)

c)A ={e,d, e}, B={c, a}?

7. B akux BifHOmMEHHAX NepebfyBalTh MiK cO00I0 MHOKHHM:
A ={1, 3}; B — MHOXWHA HENAPHUX N0AaTHUX unuceln; C — MHOXKH-
Ha pO3B'A3KiB piBHAHHA x°—4x + 3 = 0?

8. Insa mEoxkuHEHA nepmux 20 HaTypaJdbHHUX YUCe 3alUINITh
Taki Il migMBEOXHMHU: A — mapHEuUX yucen; B — venapHux uucen; C
— KBajapariB yucena; D — npocTHX uyucenl. B AKuX BigHOmMeHHAX
nepebyBaOTh Il MiAMHOMXUHEA?

Bus4eHHs matemaTuku HabAavKae
A0 GeacmepTHuUX Boris.

IThamown
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Jexuia 3 l IIii Hax MHO>KHHAMH
I

06’ cOnannam MHOKHUH A 1 B Ha3sWBAETHCH MHO-
SKWHA, IO CKJIAfaeThcd 3 yCIX THX i JMIIe THX eJieMeHTiB, AKIL
panesxaTh xoua 6 oguii 3 MEOkuH A abo B. IlosnayaeThes AUB =
= {x\ xeA abo xe B} (HasuBaeTsCA cymoio abo 06’ €OHAHHAM).

TaxuM YMHOM, 3a HaABEZEHMM O3HAUEHHAM X € AUB Tom 1
JMIIe TOAl, KOMH X € eJIEMEHTOM X0o4a 6 ogniei 3 MHOMXKHUH A abo
B. Hanpuxiaz, {1,2,3}U{1,3,4}=({1,2,3,4}.

AHajiOriYHO BU3HAYAETHCA 00’ c¢AHAHHA AOBiNBHOI (Y TOMY
yHcni # HecKiHYeHHOI) CHCTeMH MHOMKHH. Ao cucreMa MICTUTh
HeBeJHKY KiMbKICTh MHOXKHH, TO IX 06’eIHaHHSA ONHUCYETHCA ABHO:
AUBUCUD 1 T.1.

V 3araibHOMY BHIIAJKY BUKOPMCTOBYIOTH NO3HAYEHHHA Lk
AeS

gKe UMTACThCA SK 00’€qHAHHA YCiX MHOXHH A, L0 HAJIEXaThb 10
cuctemm S.
V Bumagky, SKIIO BCi MHOMHHH cHCTeMHU S 3aHyMEpOBaHI1
k

iHnexcaMy, BEKOPHCTOBYIOTECA iHINI BapiaHTH NMO3HAYEHD: UA4 i
=

o0

komu S ={A,, 4, ..., A} U A, xonm S — HeckiHueHHA cHCTeMa
=1

i i1 MHOKMHM 3aHYMepOBaH1 HMipAA HATYPaJIbHHUMH HYHCJIAMH.

Ilns 06’eAHAHHSA CIIPaBeAIHB1 KOMYTATHUBHMUM 1 aconiaTHBHUNA
3AKOHHU:

1. Komyrarusaui sakon: A U B =B U A.

2. AcomiaTuBEuil sakon: (AU B)UC=AU (BUC).

CrnpaBeAIMBICTL IMX 3aKOHIB BHILIHBAE 3 TOrO, IO niga 1
NpaBa YACTWHM PiBHOCTEN CKJIAAIOTHCA 3 OJHUX 1 THX caMUX eJe-
MEHTIB.

Taxox Mae micue A U @ = A,

21



ITepemunom (do6ymrxom) MEHOKHUH A i B HA3UBAETECA MHO-
JKMHA, M0 CKJIAJAEThCA 3 YCiX THX i TIIBKM THX eJeMeHTiB, AKi
HAJIeXKATh AK MHOXUHI A, Tak i MEoxuHi B. [lozaavacreca A ] B.

®DopmanbHe 03HAYECHHA:

ANB ={x|xe Aixe B).

Hanpuknanx, {1,2,3} N {1,3,4} = {1,3}.

MaloTe Micue Taki 6KaIOYeHHA:

GcANNBc AcCcAUB,

@cANBcBcAUB.

HIBi MHOXHMHN A 1 B Ha3suUBalOTBCA HENEPeCciyHuUMU, AKII0
ANB=3, i nepeciunumu, sxmo AB#JD.

IlepeTHH MHOXKHH Ma€ KOMYTATUBHY BJIACTHBICTH:

ANB=BNA
i aconiaTuBHY:
(xNnY)nz=xn{rnz)=xn¥n 2.
Mae micme Takox chniBBignomesnsa X @ =0 .

PISHUIA MHOKHWH

Busrauaersca numie aas 060x MHOMKHH.
Piznuyero MmurO¥KHUH A i B HABWMBAETHCA MHOMKHHA, 0 CKJIa-
AaeThbCA 3 yCiX THX 1 JIMIIe THX eJIeMEeHTIiB, AKi HajxexaTs A i He
HaJexaTes B.
Pisaunsa maouH A i B noznayaeTscsa yepes A \ B, a6o A — B,

10 BifimoBizae yMosBi {1 \a cAiaeg B}, AKa BU3HAYAE Ti elleMeH-
TH MHOXXMHH A, AKl He € eleMeHTaMu MHOXHEN B. Pisauna MHO-
’KHH 1HOJL Ha3WBAETHCA TAKOMXK BIOHOCHUM OOTOBHEHHAM.

Muoxura A+B = (A-B) U (B—A) HasuBaeThCA CUMEMPULHOID
Pi3Huyer.

YHIBEPCAJIbHA MHOXKHHA

Haii6inbma MmaoxuHa I (mosHauaeTbea takox U),

AKA PO3TNANAEThCA 1 AJIA AKOI BCA peIlTa MHOMKHH € HiAMHOMKM-

HAMH, HABWBAETBLCH YHIBEPCANLHOI0 MHONCUHOW, TAKOMX MOSHOMW,
abo oduruvHo0.

Ils MHOXHMHA iHOAI HABUBAETHCA YHiGepcymom. YHiBepcaib-

Ha MHOXXMHA € NOHATTAM BignocHuMm. Hanpuknan, B apudmernni
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yHiBepCaIbHOIO MHOXKHHOK0 BBAKAETHCA MHOKHUHA PAlloHAIBHUX
YyHCeJ.
Jlna yHiBEpCAAbHOL MHOMXHHHI

ANI=A AUI=1.

JMONNOBHEHHSA MHOKHHH

- MuoxuEa A , 1[0 BUBHAYAETHCA 3a CIIBBLHOIIEH-
gam A =T\ A, HasUBacTLCA AOCONIOMHUM donoéHeHHAM MHO-
swuER A 10 yHiBepcaibHOI MHOXWHA [, abo mpocTo JONOBHEH-
HAM. i

Ai A He MalOThL COLUTEHUX eneMeHTiB. Tomy A NA=¢@.Kpim

toro, Al A =1I. OueBnanO, WO A € JONOBHEHHAM O A. Ile

3HAUMWTh, 0 A = A.
3a ZOMOMOroI0 Omepanil ZOMOBHEHHS MOXKHA TAKOXK y 3py4-
HOMY BHTJAJAL HOJATH PI3HHMII0 MHOMHH A\ B.

I Teopema 1. A\B=ANB

Iloeedennsa. Ockinpkn A\ B = {x|xe Aixg B} =
={x|xeAixe B, To0 A\B=ANBm

PO3BUTTSA MHOMKHH

CrerTeMOI0 S HAZMBAETHCS CYKYIHICTD 71 MHOXKHH:

A, A, . A,

CuoceTeMa MHOKMH S HA3WBa€ThCA PO30UMMAM MHOMKHH M,
AKII0 BOHA 3a[0BOJIbHAE TAKHM YMOBaM:

1. Byas-Axa MHOXHHA A cuereMu S € NiAMHOKHHOK MHOMH-
gam M:Ac M.

2. Byab-AiKi ABI MHOXHHH A i B 3 S € HemepeciYHAMH:
ANB=9.

3. O6’enHAHHA BCIX MHOXHH CHCTEMH S yTBOpPIOE MHOMHUHY

M: UA =M, A€ S.
=1 .
' MeTolo mpoBeneHHEA AOBe/leHb B anredpl MHOMKHH BHKOPHC-

ToByloTh diazpamu (kpyzu) Einepa (Bena ). YuiBepcaibHa MHO-
scmHa U 306pakaeThcs y BATJIAIL TOUOK IESKOTr0 NpAMOKYTHHKA,

23



Pue. 1. [Jiazpama Etunepa Puc. 2. iazpama Eunepa daa
0nR MHOMUHU A deox nepeciunux mHoxun A i B

(sawmpuxosano A ) (3awmpuxosarno A[]B )

Puc. 3. [iazpama Einepa 0na Puc. 4. liazpama Eitnepa dan
dsox o6’ednarux mnoxcurn Al B pisHuyi deox Muo;minBA - B
(sawmpuxosano A|)B) (3awmpuxosano )

Pue. 5. Tiazpama Eunepa ona Puc. 6. Cumempuyna pisnuya
pisnuyi deox mHomun B — A deox mHomuH A+B
(sawmpuxosano B — A) (3awmpuxosano A+B)

a 11 MiAMHOMKMHA — y BHUIIAAL Kpyra BcepelWH]l IIPAMOKYTHHKA
(puc. 1). onosuenua MEOXUEN A 1o U — A 300pasKaEeTeca Tielo

1aCTHHOIO NIPAMOKYTHUKA, AKA JIEKUTH 11038 KPyrom, 1o 306pa-

x#ae A. Arwo ma giarpami Eitnepa so6pazutu KpyraMu MHOMXHWHHA

A1 B, mo ¢ nigmMuoxuEamMu U, To MHOMXUHA ANBi AUB
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GynyTs 3006parkeHi 3alITPUXOBAHMUMH obnmacTaMu Ha puc. 2 1 3
pinmopigno. PizHuUNl ABOX MHOMKHH, HNOoKazaHl 3allITPpUX0BaHUMH
obnactamu (puc. 4, 5, 6).

Hpuxnadu
1. Yn icuyiors migmuoxnEn A, BiC yHiBEpCANTBHOI MHOMH-
gu U, ans AKHAX OJHOYACHO MalH 6 micHe Taki CIiBBIIHOIIEHHA:

C+0, ANB#@,ANC=2,(ANB)-C=2.

Po36’asyeanng. 3 Apyroi yMOBH BHILIMBAE, 110 A i B nepe-
THHAKTHCH, 3 YOr0 CTAE 3PO3YyMLIHM, IO o6uaBl MHOXKHWHHU He
nycri. YeTBepTa ymMoBa FOBOPHTH PO TE, 110 ANBcC. 3 uso-
ro BHAHO, 10 IepIIa yMOBa 3aiiBa. 3 oguoro Goky, A[]B BXO-
aute 1o C, a 3 inmoro — A[C € nycTOI0 MHOXXHHOIO. Ile cymne-
peunicTs. OTiRe, MHOKHEHM, I[0 3aA0BOJBHAITH yciM HaBene-
HUM yMOBaM, He iCHYIOTh.

9. Hexait F, 6, L — Taki migMHOXHHA MHOMXWHHA U, mo
FcooNLcFLNF=2. Un jcuyiors muoxurEH F, 0, L, fAKi
3aM0BOJLHANK 6 3asHaueHiil CyKymHOCTI yMOB?

Posze’azyeanns. Ockinskn LNF=@ i cNLcF,0Lic
He MOXKYTEH NepeTHHATHCH, 1 TOMY c(L=9.

3 immoro 6oxy, skmo Fco i o(1L =9, To BUKOHYIOTHCA
Bei 3amani ymoBu (guB. puc. 7).

=

Puc. 7. [liazpamu Eiinepa Oni mpvox MHOMCUH
F, G, L npuxaady 2

)

Bnpasu
1. oeectn, m1o Ans OyAb-AKHX MHOMHH A i B cnpaBelJnBO
@cANBc AUB.
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2. Hexaii A — poeinbHa muOMuHA. Illo aBasioTs cobol0 Taki
MHOMHHHN:

AN, AUD, A-O,A-A,T-A?

3. BusnaynTu:
enfe}oin o} {o.fol}- 2.
{.o}}- o) 0. loll- floht-

4. Hexait A 1 B — miamuoxuan muoxuan U. ITokaxits, mo
717 KOXXKHOI HaBeJleHOl HM)KYe CHCTEMH CHiBBiAHOmMIEHB (a), (b),
(¢) 31 cnpaBeANMBOCTI OQHOrO CHiBBiAHOMIEHHS CHCTEMH BHWILIN-
Ba€ COpaBeAIMBICTEL iHIIWX CHiBBIAHONIEHE AAHOI CHCTEMH:

a) ACB,BCc A, AUB=B, ANB=A;

bANB=O,ACB,BCA;

¢)AUB=U,AcB,BcCA.

5. osecTn, mo ans poBinsEnx A, Bi C

ANBUC)=ANBUANC).

6. osecTH, o Ans HOoBinbHUX MHOXHHE A, BiC

(A-B)-C=(A-0C)-(B-0).

7. Ilobynysaru piarpamy Eiinepa, mo sianoBizae caMeTpauHii
pisEnni A + B =(A - B)U (B - A) muoxun A i B.

8. 3a nonomoroio giarpamu Eilepa mokasaTH KOMyTATHBHICTS
1 aconiaTUBHICTL OoNepamii CAMEeTPHYHOI pisHMMI.

9. Iloxasatu, mo ga:a 6yas-AK0l MHOKHEH A

A-A=Q, A+O=A,A+A=A.

10. 3a nonomorox jgiarpamu Eiinepa mosectn, mo axkmo A, B
i C — raxi migmuoxuan U, oo

ANBcC i AUCcB, 10 ANC=0.

11. CopmMynioBaTH 03HAYAMBHY BAACTHBICTL KOXKHOI 3 OTpH-
MaHUX MHOMHH:

AUB,ANB,ANC,AND,C-A,C-B,C+D.




8)

Puc. 8. [Ipuxnadu diazpam Elnepa
dna mpvox muoxcun A, B, C

12. BammcaTd 3a AOTMOMOTOIO ONepaliil Haj MHOXAHAMU BH-
pasu [AJs MHOXHH, IO BimoBiIal0TH 3AIITPHX0OBAHUM obnmacTamM
niarpam Eiinepa sa puc. 8 a, 0, 6.

13. MMokasaTh, mo AaA Gyab-aKOI MHOMKHHH A cnpasenjHuBi
cripsignomenaa ANA=0; A U@ = A.

14. TlokasaTh, o i3 cHiBBifHOIIEHbE A N B = C BHIIHBAE,
mo CcAiCcB.

3HaHTH AOBEACHHS MATEMATHYHOI TeOpemy
AOpOX4€, HDK 3aBOIOBATH NepPCbKe UAPCTBO.

Hemoxpim
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Jderkuia 4 | Anredopa MHOKHH

Anrebpa MHOXXHH ABJIAE 0600 CYKYITHICTh TOTOX-
HOcTeH (piBHOCTE}H).
HOna 6yae-axux migmuaokuH A, B i C yHiBepcanbHol MHOMXKH-
Hu U pificHEMH € Taki pisHOCTI:

1. AUBUO=(AUBUC.

2. AUB=BUA.

3. AUBNO=AUBNAUC).
4. AUZ=A.

5. AUA=U;(A=U-A).

" ANBNC=ANBNC.
2. ANB=BNA.
3. ANBUC)=(ANBUMKNOC).

4. ANU = A.
. ANA=0.

KoxxHy 3 HaBejleHMX piBHOCTel MOKHa [OBECTH, MOKA3ABIIN,
LI10 MHOJKHWHA, fKa CTOITh 3 OAHOTr0 BOKY Bijf 3HaKa piBHOCTI, BKIIIO-
YeHa N0 MHOXXHHH, IO CTOITH 3 iHmoro OOKy Big nmporo sHaka
P1BHOCTI.

[losedemo pienicms 3. JloBefieHHA CKIANAcTHCA 3 ABOX Yac-

THH:
1. Hexait xe AUJ(BNC). Toni x€ A a6o x& B C. Axmo
xeA, 0o xe AUB i xe AUC, i, Takum YHHOM, X € eJeMeH-
TOM IlepeTuHy nux muoxus: (AU B)N(A UCQ).

Axmo x€ B(1C, To x € Bix € C. Orxe, xe AUB i
xe AUC, TobTo i B 1LOMY BUNAAKY X € €IeMEeHTOM MepeTUuHy

(AUBNAUC).
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2. IMoreaemo, mo (AUB)NAUC) C AUBNC).

Hexait xe(AUB)N(AUC). Togi xe AUB 1 x€ AUC.
Orsxe, abo x € A, a6o x x € B1x € C. 3 uporo BUILIMBAE, 110
xe AU(BNC).

IloseneRHA PELITH piBHOCTE! POBECTH caMOCTiHO 3a aHaJ0-
rieio.

Pigrocri 1 i 1’ HasuBaOTHCA acoyiaMuEHUMU 3aKOHAMH AN
06’cIHAHES i NEPETHHY, & TOTOXKHOCTI 212 — komymamusHUMU
3aKOHAMHM AJNA IUX OIepaniu.

Pismocri 8 i 3' — me ducmpubymusHi 3aKOHM JNA OuX orme-
pamii.

V saransHOMy BUraaai pismocti 3 i 3’ Mo)KHa mOJATH B
raxkuit croci6:

AU(&ﬂBJLﬂBJ=mUBJﬂMUBgWJHAU&L

AN(B, UB,U..UB,)=(ANB)UANB)YU..UANB,).

Ilns ZOBLIBHMX MiAMHOMXHH A 1 B yuiBepcansHOi MEOKHEN U
cripaBenuBi Taki piBHOCTI:

1. fAxmo BgZAi AUB=A, 10 B=0O.

2. @ =l

3. AUA=A.

4. AUU=U.

5. AU(ANB)=A.

6. AUB=ANB.
7JﬁmoAUB=UiAﬂB=@moB=Z.
1. fixkmo BZ A i ANB=A,T0B=U.

¥ =@,

3. AN A=A

4. ANS=0.

5. AN(AUB)=A4.

6. ANB=AUD .

7. fAxmo ANB=92 i AUB=U,10 B=A.

JloBefieHHA MPOBECTH CAMOCTIHHO.

Jleaki 3 piBHOCTEH Bigomi mij cremiaJeEHMMM HA3BAMH. Tax,
3 i 3’ — 1e 3aKOHH idemnomenmuocmi; 3 1 5’- 3aK0HU NOZAUHAH-
 na; 616 — saxonn de Mopzaha.
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PisHicTs anre6pn MHOMKHH, OTpUMaHa 3 iHIIOI piBHOCTI yepes
saminy BCix Bxomsxens U Ha N, Nua U, @ va U i U na @, sasn-

BaeThCA 060icmow (AyanbHOI0) IO BIAHOMIEHHIO A0 BHXiAHOI
piBHOCTI.

INPHHIIAII IBOICTOCTI AJIA AJITEBPH
MHOXHH

Hns 6yaL-AKOro iCTHHHOrO TBEPAYKEHHH, IO dop-
MyeTheA B TepMmiHax U ta N, @ ra U gBoicTe no BifHOMEHHI A0
OBOTO PEYEHHS TAKOXK € [CMUHHUM.

3 IBOro NPHHIUNY BUIIMBAE, IO AKIIO € AesIKe TBePIKeHHS
1-7 3 repmiramu U ta N, @ ta U, T0 Bignosigxe oMy TBEPHKEH-

HA 31 wrprxoM 1'-7 Ha migcrasi ABoicTOCTI BUIIHBAE 3 OBOTO X
CaMOr0 TBEp/KeHHSI.

Ile nossonse cupougysatu pismi ckaagmi BHpasu aarebpu
MHOXHH.

¥Y3araneHeHHs onepauii HAJ MHOMKHHAMH
1. O6’egHaHHA N MHOMKHH:

A, UAU...UA, = CJA,- , rakosx UA; npmn = .
F=I J=1
2. IlepeTun MHOKHH

A4,N4,N..NA,=NA,, rakox (A, npu n = .
j=1 j=1

3. @opmyna xe Moprara

DA:':[E]I;; ﬁAJZOX;-

Hpuxnad 1. ANBUB=AUBUB=4UB.

Mpuxnrad 2. (ANBNC)UMANBNCUBUC =
=[(AUANBNCIUBUC =
=(UNBNC)UBNC=(BNOUBNC)=U.




[Ipuxnrad 3. (ANBNCNXU@ANCOUEBNOUENX)=
—(ANBNCNX)UAUBUX)NC]=
-[ANBNXUANBNX]INC=UNC=C.

IMpuxnad 4. JloBecTH ToToxHicTs : AJA=A:
AUA=(AUANU=(AUANAUA) =
—AUMNA)=AUT=A.

Bngagu
1. losecTn, o moaaHi piBHOCTI € TOTOXXHOCTAMH:

(AﬂBﬂX)U(AﬂBﬂCﬂXﬂY)U(AﬂXﬂA} ANBNX:;
2. IloBecTH, M0 ANA AOBLIBHUX MHOKHUH A, A, WA (n22)
AUAU...UA =(4,- AUA,- AU ...

U4, - A)U(4, - A)UA,NAN...NA,).

3. JloBecTH, IO AJA AOBLIBHUX MHOMKHH A B, 6, D i.X;

AANXDUBNX) =(AUXINBUX)

HANXUBNDUCNXUDNX) =
-[(AUC)NXIUIBUD)NX];

AN UEBNXINKENX) UMD NX)]=
=[(A nonNxiuBNDNX].

4. JlosecTn, mo mMuoxuEa (M - N) (N -M)=0

5. JloBecTH 3a AOIOMOTOIO KPYTiB Eiinepa TOTOXHICTE

AUBNC)=(AUBNAUQO.
6. JloBecTH 3a HOMOMOTOK KPYTiB Eiinepa TOTOKHICTD

(ANBNOUM@ANCUMBNC)=C.

7. losecTH, IO
A-(A-B)=B-(B-A)-
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8. 3a momomorow kpyrie Eitnepa moxasaTn, II10:

a) ANBc AUB;

HA+A=0

¢) akmpo ANB=C,70 Cc A iCcB;

dy(M-N)U(N-M)=U -

9. V AKOMY CHiBBifiHOIIeHH] 3HaX0ZATHCA MHOMHHM A i B,
AKIO A-B=B-A=0?

10. TTokasaTy CHpaBelIUBiCTh TOTOXKHOCTEM:

a)ANBUB =AUB;
BY(ANBNOUANBNC) =BNC.

11. Ha ocHOBi BigHOIIEHHS HAJEMXHOCTL AOBECTH, IIO:
a)AJ(B-A)="AUB;

B)AN(B-A)=D;

c)A-(ANB)=A-B;

d)AN(B-C)=(ANB)-C;
e)A-(BNC)=(A-B)U(A-0);
fIA-(BUC)=(A=B)N(A-C);
g)(AUB)-C=(A-C)U(B-C).

IIIII_Il!!l!l!'!lllll'lllllllll'llllllll!!llllll—

Mpupoaa — ue peaizauis HaRNPOCTIWMX
MaTeMaTHYHUX iAeH.
A. Einwumeitn
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JTexuia 5 | BeKTopH i mpAMHI JOOYTOK

Bexmop (kopTex) — 1e YHOPALKOBAHUM Habip ene-
MenTie. EfmeMenTn, IO YTBOPIOIOTH BEKTOP, HA3UBAIOTHCA KOOD-
IuHATaMHA, KoedinieETaMH abo KOMIOHEHTaMM BEKTOPA. Koopaou-
HATH HyMepyIOThLCH 3J1iBa HAIpaso. Yucsio KOOPAWHAT HA3MBAETh-
csa doarcurow, abo poamipHicmio BEKTODA. KoopauHaTH BEKTOPA
MOKyTh 3b6iraTucsa. BexTop OepeThcs B KpPyIJi Ay»KKH, HalpHK-
nan, (0, 5, 4, 5).

BexTOpH JOBKHMHH 2 HA3HWBAIOTHCA YIOPANKOBAHMMH napa-
MM}, JOBXKMHH 3 — TpiKaMu, NOBXKHHH 7l — EHKAMH.

IlBa BeKTOPH PiBHI, AKINO BOHM MaIOTh OJHAKOBY MOBYKHUHY 1
pigmoBigHI IM KOe(IIIEHTH TAKOXK piBri, To6TO BexTODH (@, @),
S B (g R b,) piBHi, AKIIO M = N i@ = b, a8, = bgs sees
a =b,;

Bexrop (a,, a,) MOe PO3rAAAATHCE AK TOUKA HA TMJIOLIMHI
abo AKX BEKTOp, NMPOBeJIeHHH BiJ mMOYATKY KOOPAMHAT IO OaHOl
rouku (puc. 1)

BignosigHo A0 umBOTO BeKTOp (a@,, @, a,) po3rnAfAETHCA AK
TOYKA B TPMBHMipPHOMY IpocTopi (pHc. 2):

2 A

e i, )

a ’1

Pue. 1. 3adanHa 6eKmopa Ha NAOWUHL
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I.h s (az, a3)

(ﬂ| 3 a21 33)

—>
(4 5] 2

(a1, a3)

Puc. 2. 3adanna éexmopa 6 npocmopi

IIpoexnii BekTOpa Ha OCi KOOpAHHAT

HP:(ﬂvaziaa) =a;,i=1, 2, 8.
ITpoexnii BexTOpa Ha KOODAMHATHY HJIOIIUEY

IIp, (ay.a5a) =(apa;),i=1,2,8;j=1,2, 8;i#]j.

Ilpuxnad 1. Tp,(a,,a,a;)=a,.
Ilpuxnad 2. Ilp, ;(a,.a,.a,) =(a,, a,).

NPAMHANA JOBYTOK MHOMKHH

IMpamum nobyrkom muOxHH X i Y HaswBacThCH

MHOHMHA, 0 Imo3HavaeTbea X X Y i cknagaersesa 3 yeix Tux i

IHIe TUX YOOPAAKOBAHMX Hap, Iepina KOMNOHEHTa AKHX Hale-
KUTH [0 MHOXKHHHA X, a Ipyra — 40 MHOMKHEH Y.

Ile osrauae, mo eleMeHTAME YIOPATKOBAHOI MHOMKHEH € TBO-

eIeMEHTHI BeKTOPH (X, y). ©PopMaNbHO e BH3HAYAETHCH TAKHM
YHUHOM.

XxY={(x,y|xe X, ye Y.
XxY=@,axmo X =P aboY=F abo X =Y = O.

IHlpuxnad. Hexair X = (1, 2}, Y = {1, 3, 4). Toxni
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X xY ={(1,1), (1,3), (1,4), (2,1), (2,3), (2,4)}. Cnix 3asHa4uTH,
mo X xY#Y x X.

IIpaMuM A06YTKOM MHOMKHE AL A, ..., A Ha3MBAETHCH MHO-
JKMHA, 10 TMO3HAYaEThCH Alezx...xAn, ycix BexkTOpiB (a,, 4,
.+sy @,) OBMKHEH 1N, TAKHX, mo a,€ A,, a,€ A,,...,a, € A, .

Hexait A — nosinbEa MHOkKHWHA. Hassemo n-M cTeeHEM MHO-
sKAHHA A, 10 MO3HAYAETLCHA AK A", npaMuil 100YyTOK N OJHAKOBHX
MHOHH, 10 JOPiBHIOIOTE A!

AP =AXAX...XA
n pasiB )
Ilpu meomy A' = A4, A° ={D}.

Axmo R — MHOKWHA JIACHHX YHCeN, TO R? = R x R € A1ACHOI0
nnommuEocio, a R*=RXRXR - TPUBHMIPHMM A1MCHAM IPOCTOPOM.

Teopema 1. Hexait A, y: 7 = KiEmeBl MHOXKHMEH i
A, =m,,

Az‘ =Mg;...s An|1 =m,, e m,, Mm, ..., m — THCIO
(moTYHICTB) eJleMeHTiB Y MHOKHHAX ALA, A . Togi mo-
TyxEiCTE MEOKHEM A X A, X .. XA nopirEI0E AOGYTRY MO-

TY#HOCTeH MHOKHE A, Ay A
\Alezx...xA,,\ =m, my...m,.

Iosedenna. IlpoBegeMo HOr0 METOAOM MaTeMaTHYHOL IHAYKIL
(zuB. gomaTok 1). ins n = 1 Teopema rpuBianbHO BipHa. IIpuany-
CTHMO, IO BOHA BipHA Ans n = k, 1 gosenemo ii cmpaBeAIUBICTD
ana n = k + 1. 3a npunymesEHaM, A1XA2x...xA,,\=m1,mz...mk :
BizsmeMo OyAb-AKHI BEKTOD (@, a,,...,a;) 3 AXAX.. . XA, iupn-
[WIIEMO CIpaBa eNEeMEHT a,,€ A,, - Ile MOXHa 3pobuta m,,,
pisEuME crocofaMu; OPH NHLOMY 6yne m,,, PI3HHX BEKTODIB 3
mEOoEIEE AXAX .. . xXA,,. Takum uuHOM, 3 YCiX m, m;...m,

BEKTOPiE NPUNHCYBAHHAM CIIpaBa eleMeHTa 3 A,,, MOXXHa OTPH-
MaTH m, M,...M, M, BEKTOPIB 3 MHOMKNHH AXAX.. . XAu, -
IIpm npoMy BCi BOHH pisHi, 1 KOXHHX iHIIUX BEKTOPiB Yy MHO-
sxami AXAX ... XA, memae. Tomy ana n = k +1 Teopema BipHa
i Tomy BipHa ana 6yab-axux n. Teopemy AoBeAeHOm

=la".

Hacaidok: | A"
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INPOERLIA MHOXHHH

3aCcTOCOBYETLCA JUILIE A0 MHOMKHH, eleMeHTaMu
AKHUX € KOPTeXKi 00HAK0B80I NOBHHUHH,

[Ipoekniero MHOMKHHM BeKTOpiB M Ha3HUBAETHCH MHONUNA
npoexyiii BeKTopiB 3 M. ;
Hexait M = {(1,2,3,4,5), (2,1,8,5,5), (3,3,3,3,3)}). Toxi

Mp,M = (2,1, 3},

Hpg_iM = {(2, 4)! {19 5]& (31 3]] .

Axmo M = XxY, 10 lIpM = X ; Ip,M =Y , AaKmo MHO-
KMHA BEKTOPiB Q C X xY, 1o [Ip,@ € X ; Ip,Q@ CY.

Hexait A — xinneBa MHOXWHA, eJleMEHTAMY AKOI € pisHi cum-
BOJM — JiTepH, mu(ppH, 3HAKW omepaniit Tomo. Taki MHOMXHEHR
Ha3HWBAWThLCA alPasimanu. Enementn MHOXHHE A” HA3UBAIOTE-
CA CAO8AMU OBXUHM n B andasiTi A.

CioBa He po3ginAwTLCA Hi JYKKAMHU, HI KOMaM#u. EleMenTH
CJiB TAaKOX He posjinsiorecs. Tomy cmoBo B andasiti A — e
IPOCTO KiHIl€Ba NOCHiZOBHICTHL cuMBOMNiB andapity A.

Hanpuknaz, gecATKoBe Iijle YHCJIO — Ie CJIOBO B andasiri
oudp {0, 1, ..., 9}.

)KoAHe AACHKE AOCAIAKEHHS HE MOXKe Ha3BaTHCh |
ICTMHHOIO HayKOI0, AIKILO BOHO He NPOAIWAO
4epe3 maTtemaTH4Hi AOBEAEHHS,

Jleornapdo da Binui
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Jexuia 6 | BimmosigHOCTiiBiTOOpaKEHHA

Byap-aKka nigmHoxkuHa P C AxX B noDYyTKY MHO-
SKAH HA3HBAETHhCH OiHapHOKW éidnosidnicmio 3 A B B. MHOXHHA A
HAa3MBAETHCA MHOMKWHOIO 6i0npasieHHs (BUSHAUeHH), 8 MHOMKH-
Ha B — MHOMHAHOIO npulymms (3HaYeHH) BignosignocTi P.

BiamosifiHoCTi MOJATAIOTH Y TOMY, IO A€AKHM eJleMeHTaM
MHOKHHH A MocTaBieHl y BIAMOBIAHICTH €JI€MEHTH MHOMAHHU B.

ITpuxnad 1. Hexait A = {1, 2, 3, 4, 3), B=1{a,b,c,d,e, [}

Tomi P = {(1,a), (3,a), (3,b), (3,¢), (4,¢), (5,b). (5.)} —
BinnosigaicTs P.

Icrye 6araTo ciocobiB 3aaHHA BinmosigHocTe#. JIBa HANOI MBI
NOIIMpeHUX 3 HUX — y BUraaxl rpadikis (puc. 1) i crpinkose
nogaHusa (puc. 2).

MuosxuEa Beix b € B, 10 BiANOBifaOTL €eMeHTy a € A, Ha-
swBaeThCH o6pasom a B B nupwm signmosiguocti P.

MHOKMEA BCiX @, SKAM BifmoBifae b, HasuBaeTLCA NPoolpa-
3om b B A npu BignosigHOCTL P.

Tak, MHOKHHA {@, b, ¢ } € oOpasom 3 B P, MHOXHHA {3,5) ¢
npoobpasom b.

} B340 S

T

(SR = SO o TR~ R |

: T

|

Puc. 1. Tpaginre 3adanna éidnosidnocmet
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Puc. 2. Cmpinxoee sadanwna sidnosidnocmeit

EnemenTn mHOoxuHH A i B, mo 6epyTs yyacTs y 3icTaBieHHi,
nosnavaorecd abo sk Ilp P illp, P — nmpoekiis MHOXXHHHA BH3HA-
YEeHHA 1 IPOeKIld MHOXHHHM 3HAYeHb, a00 K AK 007acTh BH3HA-
YeHHHA 1 0b6sacTs 3HAYEHb anonmﬂocm

ITpuxnad 2. Hexait A={1,2}, B={3,5}, robro

A x B ={(1, 3), (1, 5), (2, 3), (2, 5)}
HaBeneMO NeAKl 3 MOMKJIHMBHX BiZlHOBigHOCTEMH:
={(1,3)}; Tip,P, ={1}; TIp,P, ={3}.
={(1,3),(1,5)}; IIp,P, ={1}; Tp,P, ={8,6} =
P3 ={(1, 3), (2, 3)}; Ip,P, ={1, 2}; Hp,P, = {3}.
Takum yuHOM Bi,E[lIOBl,H;HlCTL P BXOZuTH [0 TPIMKH MHOMKHH
(A, B, P), Bakit PC AxB.

OBEPHEHA BIINIOBITHICTH

Hns koxuol Bigmosiguocri (A, B, P), Pc AxB
icHye obepHeHa BiANOBiZHICTH, AKY MOXKHA OfEDKATH IPH PO3-
IS4l faHol BiANOBIAHOCTI y 3BOPOTHOMY HANIPAMKY, TOOTO KOJH
BH3HAYAIOTLCA eJIEMEHTH a € A, 3 AKUMH 31CTABISIOTHECH e.nemen-
TH be B. ObGeprena BignosifnicTs mosmauaetses (B, A, P'), e
P ¢ Bx A . ObepreHOI0 anomnmcm obepHeHO1 BiiMOBIAHOCTL
€ mpama BignosigmieTs (P7')'=pP

KOMIIO3HIIIA BIJIOBIIHOCTEN

Komnosuuiew BignosigHOCTeld HABHMBAETHCS NO-
caido6He 3aCTOCYBaHHA ABOX BiAmoBimHOCTEIH.
Komnosunis BigmopigHOCTel — He omepamis 3 TPhOMAa MHO-
xunamu X, Y, Z, Ha AKUX BHU3HaveHi ABi Bianoeizmocri P i Q:
(X,Y,P)i(Y,Z,Q),ne PcXxY, QCYXZ.
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IIpu usoMy 061acTh 3HAYEHD nepuroi BigmoBigHOCTI 36iraeTh-
cs 3 06JIACTIO BU3HAYEHHA APYrol signosigumocti: Ilp,P =1Ip,Q .

Ilepma BiAMOBiAHICTE BH3HAYAE ANA 6yab-axoro xe IIp, P
OesKMil, MOKJIMBO i He oxuH, ejeMeHt yeY. 3rifgHO 3 O3HAUEH-
HEM onepamii KoMIosmmii BigmoBigHOCTEH Temep noTpibHo ANA
3HalileHOro Y€ Y BUBHAYHUTH 2€ 7. CKROpHCTABIIUCA APYTOI0 BiAMO-
BimHOCTIO Q.

OTxe, KOMIIOZHIIIA BiAMOBiIHOCTEH zicTaBAAE 3 KOXKHHM eJie-
MeHTOM X 3 obJyacTi BU3HAYEHHA nepmoi BigmosiguocTi Ilp, P oanH
abo meKinbKa eneMeHTiB 2z 3 obnacTi 3HayeHb APYroi BiAMOBIA-
mocti Ilp, @ - :

KoMmnosuniio BiAnoBigHOCTEH MO3HAYAIOTE E€pPE3 Po@ . Ilpn
IBOMY KOMTO3HILiA BiAMOBiAHOCTEH 3amHIIETHCA Y BUTIAAAL
(X,Z,P<Q), P.QCc XxZ.

OueBHAHO, IO ONepaliio KOMITO3MII] MOXHA MOIIMPHUTH 1 HA
KinbpKicTs BigmoBifiHOCTEH Giibmly HIXK ABA.

BITOBPAKEHHA

Binob6paxenuaM, a60 nepeTBOPEHHAM MHOMHUH A
v MHOKHHY B, HaguBaeThCsH BiAMOBIAHICTE, B AKIH KOXMCHOMY ele-
MEHMY MHOMWUHH A CTaBUTHCH Y pigmosigmicTs He Giabln HiXNC
odur ONHO3HAYHO BU3HAYEHHUN EIEMEHT MHOMHHH B.
EnemenT b € B HasuBacThca 006pa3om eleMeHTa a, a eJIeMeHT
a, y CBOX 4epry, HasuBaeThCH npoobpa3om enementa b.
Bigo6paskeHHA OJHI€]l MHOXHWHY B iHIY MO3HAYAETHCA MaIH-

M¥ JiTepaM¥ TpelnbKoro andasity: ¢ : A — B, abo A——('O—%B :

O6pas eneMeHTa g € A MMO3HAYAETHCA AK (a)p. Bigobpaxenss
ofHiel MHOXKHHHM B IHIODY 3afaeThcA 3a pomoMoroxo rpadikis,
cTpinkoBux cxem abo Tabnume, AK Y Tabn. 1.

Taﬁnm‘;s 1. 3adanns 6idobparcenna MHONCUK Y 6uznadi mabruyi

a i as [
(a)@ b, by b,

BianosigHo A0 O3Ha4YeHHA BigoOpaxeHH: KOMKHOMY eJleMeH-
Ty MHOXHHM B Moxe pignoBigaTa opuH abo Oinvwe eJIeMEeHT1B
. MHOXKHMEHH A.
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Ane ofHOMY eNeMEHTY MHOMUHM A He MOke BigmosizaTh
Oinbw HIXK oAWH eneMeHT MEOKUHM B. Tomy BinobparkeHHA MOse
Oyt mojane rabamuern. ¥ mpoMy nonsrae BigMiHHiCTB BifoGpa-
KeHHA Big 6inepm 3aranpHOTO MOHATTA — BiADOBiZHOCTI.
BignosiguicTe B 3aralbHOMY BHIOAAKY He MONCHA TIOHATH Y BUI-
nAl Tabnuii, OCKINBKH eleMeHTY @ MOXKYTh BiAIIOBifaTH AeKinb-
Ka eneMeHTiB b. :

Ilpuxnad 3. Hexait A = {3, 2, 6, T}; B = {28, 12, 4, 9, 11},
¢ : A — B - ne BifobpaxkenHs, AKe KOXKHOMY YHCAY 3 A CTABUThH
Y BiNOBiJHICTE HaWMeHIIE CIIiNTbHe KPATHE I[LOr0 YHCAA i yHena
4, siKe BXOAUTH 10 MuOkHHE B. O1xe, maemo (3) o =12, (2) p=414,
(6) ¢ =12, (7) ¢ = 28 (aus. puc. 3).

e
6 88—
28

7e

Puc. 3. Ilpuxnad eidobpaxenns MHONCUH 30 ONOMO2010
CMpLAKO0B0L cxemu

Ilpuxnad 4. Hexait A = {2, a, u, 2}, B = {1,2,3,4,5,6,7), a
¢@:A — B e BigoOpaskenHs, 3a AKAM KOHIN niTepi 3 MHOXHEHR A
CTABUTHLCH Y BIANOBiAHICTEL I MOPAXKOBHI HOMEDp Y cnoBi “jora-
pudpm”. 5 A

— N WA L oo
T3

-

2 g u a A

Puc. 4. ITpuknad 2pagivnozo sadanna eidnosidnocmei
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Tpadix 1poro BigodparkeHHA AAETHCA HA puc. 4.

KopucTyounch THM, 10 KOXHE Bimo6parkeHHA MHOMHUHHA A 1
B OBHICTIO OMMCYETHLCHA CBOEIO TabIHUIEI0 3HAYUEHb, niagpaxyemo,
CKiNBKH icHYe pisHMX BifoOpakeHb MHOXKHHH A y muOXUHY B.

Tlo3HAUMMO eleMEeHTH MHOKHHHA A CHMBOJAMH &y, Ay, -0 @
a ejeMeHTH MHOKHMEM B, B AKi BiAOYBaeTHCHA BinoOparkeHHA, —
cumBonamu b, by, ..., b .

[Ipu4yoMy OCTaHHLI He 0008’A3K060 pismi. BepxHiit pax Tad-
aumi 1 ofHAKOBHE ANA BCIX MOMKJIMBHX gigobpaxens A v B, a
HYOKHIN — amimoersca. IIpu nboMY PI3HHX Bino6pakens A y B
6yzZe CTLMBKHM, CKLIbKOMA PI3HUMHU cmocobaM¥ MOXKHA 3aIIOBHUTH
npyruit pag Tabauni 1. o KOSKHOI KIITHHKH APYroro pagy Tab-
7V MOXKHA 3aMKMCATH ITO3HAYEHHA AKOr0 3aBrOJHO JEMEHTA MHO-
wuHu B, umcno skux nopisHioe m. TakuM YMHOM, KOMXHY 3 N
KIITHHOK HMIKHBOTO paay Tabmuil BigoOparkeHHA MOXKHA 3alIOB-
HUTH m PidHEMH criocobfaMy He3anerxHo Bix cmocoOy 3aIOBHEHHA
iHmUX KJIiTMHOK. A Ie O3Hayae, 0 B Tabaunl BizoOpaskKeHHSA
MO’KHA YTBOPHTH BCHOTO M - 1M - ... - M =m" pi3HMX HMIKHIX PAALB.
OTixe, icHye m" pisaux BizobpaskeHb A ¥ B.

Bigobpaxkenns ¢ : A — B Ha3WBaeThCA BigoOpakeHHAM Ha
BCIO MHOMKHHY B, abo clop’exuyicio, AKIO A KOX*CHOZ0 €JIEMEHTA
b € B sHalileTbca TAKWA enemMeHT a € A, mo (a)p=0b.

fkmo MEokAEN A 1 B crinueHHl Ta @ A — B e ciop’ekuiceo,
TO B HMMKHBOMY pAAy il Tabnuili BiodpaKeHHs 3HAXOAATHCH BCl
emeMeHTH 3 B, Xou MOJKJIHMBO i HEe OfUH pa3, a Ha KOMHIH ropH-
3OHTANBHINM NpaAMii rpadika cop’ €Kil 000B’A3KOBO € MO3HAYEH-
Hs BepIIMEY ciTkX. Ha cTpinKoBiH cxeMi clop’eKIlll B KOMKHY TOY-
KV, AKA NIOSHAYAE eJeMeHT MHOKHHH B, BXOAWTS IpUHANMHIL 00HA
cTpinKa (MOMKIUBO ¥ Gimbie).

Crop'€KUisA CKiHYeHHOI MHOXKUHE A HA CKIHYEeHHY MHOMXHHY
B icuye He 3aémdu. Jlis ubOTO Heobxigwo, mMo0 BHKOHYBAIAaCh
HEPiBHICTH !A| 2 |B|

Bigobpaxxennsa ¢ : A — B Ha3WBAETHCH in'eKxyieto, AKINO Pi3HL
eeMEHTH MHOMKHEN A NepeBOIATLECA UM BiA00paKeHHAM Y Pi3HL
eleMEHTY MHOMKHMEM B: I KOXKHUX a,, @, € A i a #a, BUILIH-
Bae, mwo (a,) ¢ # (a,) ¢.

V EukHEbBOMY paay Tabiauil iH €KTHBHOTO BigobGpaxeHHA
@ : A — B KOXKHHH eleMeHT MHOKHHA B npucytHii nuie 0duH
_pas. Ile osnavae, IO NpH CTPLIKOBOMY 3obpakeHHi 1H’e€KIll

41



B KOXKHY TOYKY, AKa MO3HAYAE eJleMeHT MHOXKHHN B, BXOAUTH He
6inein HiNe odna cTpinka.

HAxmo muoxuEM A i B ckinvenni i icrye in'exknis A y B, 10
OYEBMJHO, IO Ma€ BUKOHYBaTHCH HepiBmicts |A| < |B|,

HAxmo eigobpaxenns MHOKHEE A B MHOXHHY B € BogHO9ac
iH'€KTHMBHHUM i CIOP’€KTMBHHMM, TO BOHO HA3HBAETHLCH 63AEMHO 00-
HO3HauHuMm BifiobpakeHHAM MHOXHHM A Ha MHOXxuHY B, abo
Giexuyiew A Ha B.

Ilpu Giexknii Mae BukoryBaTHcs pissicrs |A|=|B|.

Ilinpaxyemo, CKinbKHM icHye pisHuxX OieKmi# MHOXKHHH
A=\{a,a, .., a)} navaoxumny B={b, b, ..., b}.

Koxxna Gieknis ¢ : A — B NoBHICTIO OIUCYETHCA CBOEIO Tab-
nuneno tTany tabx. 1, B AKkif KOXXHOMY eleMeHTY a Moxke O6yTu
BIJIIOBIIHO NOCTABNEHUH Yy APYIrOMY PAAY TAKHH eleMeHT b, axuit
He 3ycTpiHeThcA Oinbire Hi B AKiM iHIIA KIITHHEOI OBOTO PAAY.

Taxkum umHOM, BepxHi#l psag tabnuni 1 He sMmiHOETHCH, a B
HHOKHBOMY PAAY MOMKYTH 3HAXONMTHCH NOBIJIBHO PO3MIiINeH] mo-
3HAYEHHS eJIEMEHTIB MHOXUHY B, npuyoMy 0008’ 3K0BO pi3HHX.
OT:xe, nepie 37iBa MiCIle HHXHBOTO PAAY TaOAHMII MOKHA 3aM0B-
HHATH n pl3auMHu cnocobamMu. AKIiNo nepiie Micie BiKe 3aloBHEHE,
TO, HE3aJeXXHO BiJi TOro, AKMM eJIEeMeHTOM BOHO 3alOBHEHe, Ha
ApyTe Miclle MOXKHA IIOCTABATH NO3HAYEHHA OyAb-TKOTO 3 pemTH
n — 1 eremenTiB MHOXKHMHHA B. AHANOriYHO TPETIO KIITHHKY MOX-
Ha 3an0BHHTH n — 2 cnocobamu i 1.4, [Ins nmepefocTanHbBOro Micis
3aNMIIAIOTHCH JIMIIE ABl MOMKIMBOCTI HOIro 3aMOBHEHHS, & ANA
OCTAHHLOI0 — Jume ogHa. OCKiTLKY KO HA KIITHHKA 3alI0OBHIOETE-
CA HesaNeXHO Big pemru, To icaye n(n-1)(n-2)---2-1=n!
pizHuX criocobiB OHOYACHOrO 3aN0BHEHHA KIiTHHOK. OT:ke, MOXKHa
CKJAcTH n! pisHMX Takux Tabnums, a me o3Hayae, WO icHye n!
pisaux bOiexuiii A y B.

Maremaruka - ue mosa npupoam.
Hac. I'i66e
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ass =

JNexuia 7 | @®yHKILl i TepeTBOPSHHA

BigobpakeHH#A, 110 CTABUTH KOMKHOMY ENEMEHTY

x 3i cBoel obxacTi BH3HAYEHHA X vy BIATOBiAHICTE cOunull emne-
MeHT y 3 06nacTi 3HaYeHb Y, HazUBaEThCH pynruicio f (x)=1y.

EneMeHT X HasMBacTbCA ApZYyMenmoMm dyHKIii, y — 3HAYEH-
aaM QyHKIIL Ha X.

SIKi10 MHOKHHA BH3HAYEHHIA X cKNafacThbcA 3 €IUHOIO0 elle-
MeHTa, TO [ HA3MBAETHCHA PYHKYIEI0-KOHCMARMOI.

Pdyuknii f i g piBHl, AKIIO ix obsiacTh BU3HaYEeHHA — OJHA %
ra cama mHOXHHA X, 1 Ans 6yABL-AKOTO X € X f(x) =g (x).

Tak@M YAHOM, CAMBOJ [ BAKOPHCTOBYETBCH IIpM O3HAYEeHHI
dyHKIIL ¥ ABOX pPOSYMIHHAX!

a) f € MHOMXMHOIO, eleMeHTaMH sxoi € mapu (x, y), 1o 0epyThb
y49acTh Y BiZMOBi/{HOCTI;

6) f(x) € mo3HAYEHHAM AJIA Y €Y, mo BifmoBifae JaHOMY X € X.

3pauenHsa y y Oyap-aKii 3 1ap (x, y) € [ HasuBaeThCHA QYHK-
mi€io Bijf AHOTO X 1 3aNHCYETBCA ¥ purasag y = [ (x).

dopManbEEe 03HAYEHHA dysKIil:

f={xpe xx¥|y = f}.

Ile o3HAYEHHS LO3BOJIAE BCTAHOBUWTH cITocib 3afaHHA GyHKIL:

1. TlepepaxyBaHHA geix map (x, y) y BHIJIAAL Tabnulb.

9. ITopanHsa y BUTAAAL (hOpMYJIH, IO MICTHTH ITepesiKk MaTe-
MATHYHHX omepamiif, AKl MaiTh fyTH BUKOHAHI Haj X € X, u1ob
OlepIKaTH Y.

Mpuxnad 1. Axmo X =Y = Rif= {(x, y)E Rzly =x2}, TO
f(x)=x*-
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Arxmo y Bupaszi f : X - Y X =U x V, ro 6yzemo marn
QYHKLIO BiA ABOX 3MIHHHX ¥ 1 v, 0 MO3HAYAETHCH Yyepes
fu,v), Reue UiveV. :

@opmanbHe 03HaYeHHA (PYyHKUII ABOX AilicHUX aMiHEHX:
f= {(u. v, Y)e UV xY|y = f(u, u)}.

AHAJOriYHO JaeThCA O3HAYEHHSA GYHKUII Bix TpBOX i Giasmo-
ro 4YHCaa 3MiHHUX. 9

Arkmo fi g — xBi pyrkuii: f: X -Yig: Y > Z, 10 obepHe-
HUMHM 710 HAX QyHKLiaMu 6yayte 7' : Y 5 X i gl: Z25Y .

Komnosunia dyskuiit fig fog: X —» Z ans kosHoro x e X
BH3Ha4ae 2z € Z i mo3HaYaeThCH AK

z=(f-g)x = glf(x)].

@yukuisz Tany X, X X, x...x X, — Y HasHBAeTHCS N-MiCHOIO

GyHKUic. ¥V NbOMy BUNAAKY QYHKIiS Mae n apryMeHTis i mo-
3HavdaeTeca f(x, x,,...,x,) =y, Ae

%L EX, € Xy, l o0 X Ut W

Honasanua, BiIHIMAHHA, MHOMKEHHS i iTeHHS € JBOMICHH-
MM QyHKIiAMHE Ha R, To6ro dynkmiavu tuny R2 — R.

PyHKLisA, OTPUMAHA 8 f,,..., f, AEAKOIO MiACTAHOBKOIO iX omHe
B O/iHE 1 TepeliMeHYBAHHAM apryMeHTIiB, HA3HBAETLCH cynepnosu-
yiew if;y-.os f, -

Bupas, 1o onucye 1m0 cynepnosuiio i MicTaTs tbyExoionansai
3HAKH 1 CHMBOJIM apryMeHTiB, Ha3MBAETHCA Gopmynowo.

Binem saransHUM DOHATTAM, Hix GYHKIiA, € TOEATTSA GYHK-
nioHAamy.

DyHKIIOHAT YCTAHOBIIOE 3a€KHICTE MisK MHOMUHONW wucean,
3 OAHOTO DOKY, 1 IEeAKOK MHOXHHOIO GbyHKniin — 3 inmmoro, Ile
SHaYMTh, IO (QYHKIIOHAN YCTAHOBIIOE 3aNEXKHICTh YHEIA BiJg
GOyHEKI].

IMpuxknagom yHKIioHATA MOMKe Oyt BM3HAaYeHHH imTerpan
BHTIIALY

I(f) = [ f(x)dx ,
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fIx 6aummo, ¢yuxuionan I(f) e =mcao, IO 3aJIeKUTE BiJ
byrxnii f(x), axa BubUpaeTLCA 3 AedAKOl 3anadol MHOMKHHH
hyHEKIIHA. y

BisbIm 3arajfhbHAM MOHATTAM € MOHATTA onepamopa.

OnepaTop YCTAHOBJIOE BigmoBigHOCTI MiXK ABOMa MHOXHHA-
My QYHKIIA Tak, 0 KoKHil PyHKIIL 3 ofHiE]l MHOKHAHHA BifTIO-
pinae meBHa QyHKUiA 3 iHII01 MHOMXHAHH.

Tak, SKII0 TO3HAYUTH YEpPeE3 P onepartop AudepeHLioBanHA,
df(x)
dx
6yTu 3amHCAHUN Y BUTIAIL ONIEpaTOPHOTO CIIiBBiAHOIIEHHA:

f(x) = P[f(x)].-

Bigo6GpakeHH#A JeAK0l MHOXITHA M={1, 2,3, ..., n} Ha camy
cefe HABUBAETHLCA NeEpemeopeHHAM.
IlepeTBOPEHHA Ma€ TAKHA TabMAYHANR BATIAL:

12818
0, 5 G, o, |

ne a, € M.

Hpuxnad 2. M = {1, 2, 3, 4, 5}. [lna MHOMXKHUHHA M MOKYTH
OyTH TakKi nmepeTBOPeHHA:

12345 12345 12345
a) : 6) : B)
22425 | 32154 ) 54321)°

Ieski nepeTBOPeHHA MHOKHHHA M MaioTh clelianbHy Has3BYy.

10 38°30K Mix moxizmoiwo [ (x) = i pyurmicio f(x) moxe

1. ToToKHEe NMepeTBOPEeHHS
IlepeTBOpeHHHA, B AKOMY Bei eremenTH 3 M 3anwmalThCA Ha
Micmi:

123...n
123..an)
2. [MocriitEe MepeTBOPeHHEA

IepeTBOpEHH#A, B AKOMY KOMKHOMY eneMeHTy 3 M CTaBUTHCA
y BigmoBizHiCTB geAKui GiKCOBAHUN eeMeHT miel MHOXHUHH:
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L
- R N N O B O - W - T O - e e e - e e S O e e Em e wm e .=

1 2785
aaa..al

ne ae {1, 2,8, 5wl

3. Higcranoska
Ie Giexyis muoxxunu M Ha cebe:

1 2 & s il
4
a a,a; ... a,
ARe a,eM,a fa,#..#q¢ ,t=1,2, .., 'n.

Hexait M — poBinbna muOxHHA; @ i Y — HeAKl NepeTBOpeHHS
niel MHOMHHHA,

Komnosumiero ¢ °¥ mnepersopens @ 1 \y Ha3WBAETHLCA TaKe
[IEPETBOPEHHA () MHOXKHHU M, AKe KOXHWI enemenT ac€ M me-
peTBOpIOE B 06pas (a)p =b imorime W)y =c:

(a)w=((a)p)y =c

a—(o——:-b—w—yc

| () A

ITpuxnad 3. Hexait ¢ : x - x + 3 — IePeTBOPEHHA MHOKHUHHA
AlCHAX 4Ymcen R, AKe 4YMCNY X CTABHTEH YV BiANOBiAHICTL YHCIO

@Q:x—>x+3 Vixox+2

Qoy

Puc. 1. ITpuxnad nepemeopenns wucen
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x+3,ap:x—>x+2. Tozai nepeTBOPeHHAM () MHOMKHHH R 6yne
KOMIIO3HIIA @ °VY , AKA KOMKHE HHCIO X NepeBOIUTh Y HHCIIO

x + 5 (zmB. puc. 1).
[IpunycTHMO, M0 YMCIO X = 3. Toxl kKommosuIia ¢ ° Y nepe-
Bejie Ie YMCJIO B UHCJIO 8.

B maTemaTuui CHAA HEBIAOMOTO He3MipHa.
Hanoneon

47



- O W e W e O N R O R W O O W O O O O O O W W O R W W W .

Jdexuin 8 | Anredpaiuni omepamii Ta
CHCTEMH

Onepayicio ma mMuHOXUHI M HasuBacThes
8i0noeidHicmb, IPYA AKiH 3 KOMKHOIO Iapow eneMeHTiB 3 M 3icTas-
JIeHUH IIeBHUI eTeMeHT 1iei & MHOkuHKM. O3HAYEeHa B TAKHH crocib
omepania moxe OyTu MHONCeHHAM abo Jodasamnman i 3anuCyIOTh
11 y Burnagi ¢ = ab abo ¢ = g+b. Hanpuknan, mis NonaBaHHS
oinux yucen mapi (2, 3) craBuUTH y BianosigmicTs ymeno 5. =
oInepanis € acoliaTUBHOIO,

Onepania masuBaersca acouiamuenow OJA MHOMEeHHS H Jo-
AaBAHHA, AKIIO A4 OyAb-akux a, b, ce M BHKOHYETHCH CIiBBigHO-
mreHHsA (ab)e = a(be) abo (a + b) + ¢ = a + (b + e).

Axmio onepania gosinsHA i napi (a, b) enemenTtie 3 M Boua
CTaBUTh Yy BiANOBIAHICTH eleMeHT ¢, To KOPOTKO Il 3alINCYETLCH
Tak: a°b=c. EneMeHT ¢ HasMBAIOTH KOMNO3uyiew,

Osnavenna I. Muoxuua M iz 3aJlaHOIO HA HIN Jie0 o Ha3u-
BAETLCA HANIBZPYNON, AKINO:

a) ANnA KOXKHUX a, b € M xomnosuuis (a+b) mamexurs o M;
6) ans KOXHUX enemeHTiB @, b, c € M BHKOHYETBCH PiBHICTH
(aeb)ec=aso(boc), TobTo nin o, sanama Ha M, acouiaTuBHa;

B) iCHYE TaKuH eNeMeHT e € M, mo gna xoxHOro a € M
MaeMoO adce=eoca=gq,

Enement ¢ nasmBawTs HeumpanvHum gua gii o,

Inkonu Taka HamiBrpyna masmeaeTscH MOHOIdOM, & HAIIBrpY-
14 BU3HAYAETLCA AK TaKa MHOMKHMHA, B AKIiMH BUKOHYIOTLCA JIMIIIE

IYHKTH @ i 6.
Ilpuxnad 1. MeouHa Z VCIX minmx uMcen ans il gogasan-
HfA — HaIiBrpymna.
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HiitcHo, cyMa HiAuX YHCeN — 3HOBY nine umeno. [ia nonaBaH-
H5 OiIAX 9MCEN MaE acoliaTHBHY BIACTHUBICTE.

HeiirpanrbHuM eleMeHTOM AJiA Ail fofaBaHHA Minux 4Yucen
cny»xuTh 4yucao 0, ToMy IO ANAA KOXHOTO @€ Z MaeMo
a+0=0+a=a.

MuoKuEA Z* OJaTHUX LIIMX YMCcel i3 3a1aH0I0 Ha Hil onepa-
miero acb = a” He € HAMiBrpymoo, OCKiNBKH LA OIepalis He aco-
miaTHBHA, TOOTO ANA YKcen is Z' He 3aBiKIM BHKOHYETHCA PIBHICTD
(@aeb)ec=ac(boc).

Hanpuxaapn,

(203)02=(2%) £20(302)=2%".

Osnavenns 2. Muoxuaa M i3 3aaHO0I0 Ha HIiH OIEPAIIEI0 ©
HA3WBAETHLCH 2PYNoi0, AKIIO 3aJ0BOJBHAIOTLCA BUMOTH O3HA-
yeHHS MiBIPYIH 1, KPiM TOTO, BUMOTa, 10 /A KOMXKHOIO eJe-
menTa @ € M icuye Takwuii erementbe M, mo acb=beca=e.

SIkmo onepamia @ob y rpymi € MHOMKEHHs, TO HeATPaIbHHU
eJleMEHT ¢ HASMBAETHCH OOUHUUEID TPYIH, a eleMeHT b=a  Ha-
3UBAETLCH eJIeMeHTOM, o0epHeHuM 00 a.

fAxnio omepallid, BH3HAYeHa B IPyIll, HA3MBAETHCA NOAaBaH-
HSM, TO eJIleMEeHT ¢ Ha3MBAEThCA HyJleM TPYIH, a exeMenT b = a
HA3WBAIOThL NPOMUNENHUM a i mosnavawTs —a. EnemMenTH Oia
3a10BOALHAIOTE criBBigHOomenuaM a + 0 =0+ a =a, a + (-a) =

(—a) + a = 0.

IMpuxnad 2. MaoxuHEA Z yCcixX LIAHX YUCEN ANA nil mogaBaH-
HA — rpyna.

V npuknagi 1 6yau HaBefeHi foKasM, 10 Z — miBrpyna.

Kpim Toro, Ans KOXKHOTO YMCIA @ € Z iCHYE TaKe YuCIo be Z
(npo-mne.;&cne a), moa+b=>b+a=0.

IIpuxnad 3. MuEOkuHa R* JoAaTHUX AIUCHHMX YHCeN A1 il
MHOKE€HHA — rpyna.

Io6yTOK AOJATHMX YHCEJ] — 3HOBY AOJAATHE YHCJO; AifA MHO-
JKeHHs NONATHUX YMCel ACONiaTHBHA; HEHTDPANLHHM YHCJIOM € 1;
nns KoxHOro yucna a€ R’ icuye obeprere oMy umcio a™'.

3BepHEMOCH [0 MiACTAHOBOK (AWB. JeKNiio 7).

CyxynmicTs ycix micTAHOBOK HA MHOMHHLI M mO3HAYMMO
camBoaoMm S(M).
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Toxi MokHa mokaszaTH:

1. fAxmo mincranosku @,y € S(M), To # ix KOMOO3HIiA
poye S(M).

2. lia MHOXKEHHSA MiJCTAHOBOK ACOLiaTHBHA.

3. Icnye enquna mifgcranoska €€ S(M), raka, L0 AJISA KOMKHOIL
HiACTAHOBKH Q€ S(M)=€o@=@oc=¢.

4. Icuye Taka migcraHoBka ¢ e S(M), mo

N B N B

- . EEwEe.

-1 =1

P SPsP=Es

Orxe, cykynmictes S(M) yCiX IiACTAHOBOK Ha MHOMKHHI
M={l1,23,...,n} gns gii MHOXKEHHS TiACTAHOBOK YTBOPIOE I'py-
ny. Kokna rpyna € takosx i miBrpymnomwo, are He HABIAKH.

HiiA MHOMWH i3 3alaHWMM HAa HHUX ONEepaliasMH IIepeBipATH
. BHKOHAHHSA BJIACTHBOCTEHA rpynH OyBae IHKOAM BasKKO.

- e e EwE=.

: fkmo MHOXKMHA CKiHYeHHa, TO JJIS TaKoi IIEePeBIPDKH MOXXKHAa
- CKOPHCTATHCH, HAUPHKIAN, TaONIUIE0 MHOKeHHSA IPYIIN.

. Posrnsemo ii no6ynoBy HA MpUKIani.

2 Hexait G — MHOXMHa TiICTAHOBOK:

4 . (123 123 123

. o, = y Gy = Ol = 5

_ 123 231 312

. ITepemuoxxyioun ix aniBa HampaBo, oAep>kUMO Ta6. 1.

Tabnuys 1. Tabruys muoxmenns nidcmanoeox

Ockineku Bei KaiTuHKH TabnuIi 3an0BHEHI NHITEe CHMBO-
JlaMu @, @,, Cf;, MHOXHMHA G BaMKHEHa AJA Jil MHOMKeHHS 3a-
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NAaHMX MiJACTAaHOBOK i, oT¥kKe, IX H06yTOK BifHOCHTHCA 10O MHO-
xuEu G.

VMOBH ACOI[IATHBHOCTL Ail MHOMXEeHHHA enemeHnTis 3 G Ta-
KOJX BUKOHYIOThCA. IlepecTaHOBKA ¢, € HEHTPAJbHUM €JIeMeH-
TOM TpPYIIH.

3 rabauii BUAHO, 110 KOKHUHU eJeMeHT &, ,, O, Ma€ obepue-
HUM eJIeMeHT:

~% -1 -1
oy, Oy O -

TakuM YHHOM, MHOXXHHA NepecTaHOBOK G € rpymnoi.

IIii mopaBaHHA 1| MHOXEHHs 4Kcesl MaloTh BJIACTHBICTE KOMY-
TaTHBHOCTI. AJle BUMOra KOMYTATHMBHOCTL He BXOJWUThL A0 O3HA-
yeHp Hamiprpyn# 1 rpymu. Ile MOACHIOETHCA THM, IO Iisg MHO-
>KeHHs MepeTBOPeH: He KOMYTATHBHA, a 1CTOPUYHE NOHATTHA I'DY-
O BHHHMKJIO caMe Ha OCHOBlI BUBYECHHA BIACTHBOCTENH MOl MHO-
WeHHS MiJCTAHOBOK Ha CKIHUEHHHX MHOXHHAX.

OxpeMo pO3rIAAalOTECA TPYNH, ANdA AKHX BAKOHYETHCA BH-
MOTra KOMyTaTHBHOCTiL. BOHM Ha3WBAKOTHCH abenesumu.

Sxmo Mix ereMeHTaMu ABOX rpym X 1 Y ycranoBnena B3eMoO-
OIHO3HAYHA BiANOBifHICTH, IPHU AKif nns 6yAb-AKHX eJeMeHTIB
a, be X i Bignosigaux iM eneMenTiB @', b’ Y enemenry ¢ =4ac B
BirmoBizaTaMe enemeHT ¢ =a’ob’, TO Taki rpynu Ha3WBAIOTHCH
L30MOPPHUMU .

IzomopdhHi rpynH MOKYTE BiAPISHATHCH OJHA BiJl OOHOL NHIIIE
NIPUPOZIOIO CBOIX eleMeHTiB. AJe Bel BJACTHBOCTI isOMOP(HHHX I'PyIl
OJHAKOBI.

ko Ha MEOXuHI X BH3Ha4YeHi 3pasy ABi anrebpaiuyfi ome-
pamii — AoAaBaHHA 1 MHOXKEHHHA, IPHIOMY omeparia AoJaBaHHA
komyTaTuBHa (@ + b = b + a), a onepanis MHOXKeHHA 3B’si3aHAa 3
omeparnier A0AABAHHA IUCTPUOYTMBHUMM 3aKOHAMH a(b + c) =
=ab + aci(b+ ¢)a =ba + ca, To TaKa MHOXHHA HA3UBAETLCH
KiabvUyeM.

V kinsni moxke He 6yTH ofuHUL] | OGEDHEHUX €JEMEHTIB.

KinpnAMME € MHOKMHHM BCiX IiNMX, PallioHANbLHUX, AIHCHUX i
KOMILIEKCHHX 9YHCe)l BiAHOCHO 3BHYAMHMX Oolepaliil NoJaBaHHA i
MHOMEeHHSA.

Kinsue, B axoMy ansa Gyab-AKOro eneMeHTa a # 0 i 6yas-
AKOTO enemeHTa b iCHYE DiBHO OJlMH eleMeHT X, Tak 1o ax = b,
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HA3HBAETBCA NOJeM; €JIEMEHT X HABMBAETLCH YACMKON Bill JineH-
Hf efleMeHTa b Ha eleMeHT a i mosHauaeTsecs x = b/a.

ITonamu € KiNbOA paunioHANBLHHX, AIMCHHUX i KOMIJIEKCHHX
YUCEN.

N
n
|
=
n
i
]
}
1
]
]
o
1
]
}
i
5.
i
A
-]
#
_
i
_}
]
|
h
.
-
_ 3
_J
MatemaTuka — 0AMH 3 BMAIB MUCTEUTB.
H. Binep
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dexnia 9 | I'pynmu

IepeiineMo [0 6inbl FAUO0KOr0 POSKPUATTS 3MICTY
MOHATTH I'PYIH, TOMY IO TPYNNAa € OJHUM i3 Haibinbln BaKIH-
BUX 06’€KTiB AUCKPETHOI MaTeMaTHKH Ta aarebpu B LLIOMY.
3BHuAlHO TPYNa B 3arajbHINA Teopil BHBHAYAETHCA AK JeAKa
MHOMHHA eJleMeHTiB G i3 3aganoo Ha Hill gBOoMicHOIO (6iHapHOIO)
onepaiieo f, 1m0 3aX0BONLHAE NeBHUM yMoBaM. Ia onepamis iHKO-
AW Ie HA3WBAEThLCH 2pYnoeoio omnepanieio, abo zpynosum 3axKo-
soM. Onmepanis f Bizobpaskye Oyab-aKy Dapy eleMeHTiB a, b MHO-
xxuEu G B ejJeMeHT i3 Tiel camol MuoxuHH. OTiXe, TpymoBa ome-
pamisa € He mI0 iHIIe, SK QYHKYiA, 1[0 NepeTBOPIoE OyAbL-AKY mapy
eneMeHTiB MEHOKHEM G vy JesKui eneMeHT Tiel camol MHOMXHHH.
IIpu nsomMy 060B’ A3KOBO 3a3HAYAETHLCS, AKUH eJeMeHT MepIuni, a
AKWH — ApPyrMil. ¥ KOHKPETHUX CHTYalifaXx IrpynoBy omepamniio f
MOJKHA TIPeJICTABUTH 3HaAKOM “+” a6o “ - ', mo mosrayae cymy abo
nobyTok eneMeHTiB @ 1 b, a B 6inbII 3araJlbHUX BHIAJKAX — KOM-
nosunien “o”.

TakuM YHHOM, I'PYIOI0 HasuBacThea napa <G; f>, Axa ckia-
IAETLCA 3 MHOXKHHEM eneMerTiB G i geomicHol onepamnii f Hag HEUMH,
AKINO 11 OIEepallisg 3aJoBOJBLHAE TAKUM YMOBAM:

1. Onepauis f aconiaTusHa, T06TO ANA OYAL-AKUX €JEMEHTIB
a, bic vuoxkuEN G

f(f (a, b), ¢) =7 (a, f (], C))-

2. Icnye weiimpanvruill (OAMHUYHHI) eleMeHT, TOOTO TAKUM
e/leMeHT e MHOKUHEHE G, nio Ana 6yab-sKoro exemenTta a is G

f (e, a) = f (a, €) = a.
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3. Icaye 36opommuil eneMeHrT, TOOTO ANA ByAL-AKOro eneMeH-
Ta @ MEOKMHEH G MOKHA 3HAWTH TAKHH CBii enemeHT b, mo

f(a,b)=f (b, a)=e.

EnemenTn MHOXHEM G IpM BUKOHAHHI 3a3Ha4YeHUX YMOB Ha-
3UBAIOTLCH eNeMEHMAMU ZPYNU.

OckinbKHM HaBeZleHI YMOBH 3aBXXJM NOBMHHI BHKOHYBaTHCH
AnA Oyab-AKOL 'PyIH 1 KOXXHA 3 HAX HE BHBOAHUTHCA 3 HEAKHX
IHIIWX YMOB 1 HE 3aMiHIOETHCA HAMH, TO IIi YMOBH BHCTYIAIOTh ¥
BHrIAAlL axciom. Ina axcioMm IX AIHCHICTE NPHIOYCKAETHCA 3a-
puacHo. ToMy BOHM He LOBOAATLCA 1 B IPDHHIIMIIL HEe MOKYTh OyTH
IOBENEHUMH, OCKIJIBKY € I€PBHHHAMH iCTHHAMH. 3aBXKJAH, KOJIH
6yab-AKa MHOXKHMHA eJIEMEHTIB Ha3HBAETHCHA IPYIIOK, IPHIYCKAETh-
cs, 110 AJA Hel BUKOHAHL HaBeJeHi BHIe akcioMH. ¥ IIPOTHIIEHK-
HOMY BUNAJKY MHOXHAHA He MoXKe OyTH rpyoio.

Teopemu, AKi BUKOPHUCTOBYIOTH TiJILKHM aKCiOMH I'PyIIH, HA3H-
BalOTbCHA Meopemuko-zpynosumu. Boan 1{iHHL TMM, IO 1X pe3yib-
TATH 3aJUINAIOTLCA B CHIL Aad OyAB-AKHX OKPEMHX IpYI.
Haibinpm zarajibHl TEOPETHKO-TPYHOBLI AOBeZeHHS MOXKYTL BH-
IIMBATH TinbKH 3 akciom rpynu. Ille mosBosse 3amobirtTu moBTO-
PEHHIO OBeJleHb AJIA OKPEMHUX I'PYIl, B AKHX BHKOHYIOTHCSH 1HIII
Oinpm conenudivHi YyMOBH Ta OOMeXeHHS, 110 KOHKPETH3VIOTh
TpynoBi omepamnil Ta ejeMeHTH MHOXKHHHM G. ¥V 3araibHi#A Teopii
TPYII 3BUYaHHO YHUKAKOTH FOBOPHTH IIPO BHJ €JIEMEHTA 1 THII I'Py-
NMOBHX Omepanif. ¥ BHNAAKY, KOJH € KOHKDPETHA Ipylla 3 BU3HA-
YeHUMH eJIeMeHTaMH 1 IPpYyNoOBOK OIepalli€exy, BUCHOBOK TOr0 4H
1HIIIOTO pe3yNnbTATY NPOBOAUTHCH 3a JOMOMOTOK0 3arajibHol Teopil
rpym, fiKa Ije HasuBaeTbcA abcmpamHoio.

IlepeiizemMo Temep A0 TPyH i3 rPYNOBMMH ONEpamisiMM MHO-
keHHA “-” 1 mogaBamHa “+”. ¥V mepmomMy BHOaAKy 1HOAI roBo-
PATL PO MYyJAbmuniixamueéri onepaii, a B Apyromy — npo addu-
mueéni. Ilpn npomy ciiz 3a3HAYWUTH, IO B iCTODHYHOMY IIJIaHi
MYJbTHIIIIKATHBHI onepanii € NepmuMy i Ha cbOroAHL HaubiabII
nomupesuMu. PosrasHemMo rpyny 8 UMM ONepamisiMH.

Hexait safaHa fesaxa maoxkuHba GG, Ha AKil BH3HAaYeHAa I'PyIo-
Ba Oneparia MHOXEHHHA, III0 YMOBHO ITo3HavaeTscsa “ - 7, 1 Bigmo-
BilHO 3ajaHa meska gBoMicHa QyHKIiA f, AKa sicTaBnsge Oymb-
AKiM nmapi a, b enemenTiB i3 G enemeHT i3 miel camMol MHOMKHHH,
110 HA3HBAETLCA JOOYyTKOM a i b 1 mosHavaeTscs a - b abo ab. Qna
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toro, mo6 MHEOkuHA G i3 3a7aHO0 Ha HiA onepanieio f 6yna rpy-
noio, HeobxigHe i AocTATHE BUKOHAHHA TaAKUX aKciom:
1. AconiaTMBHOCTL

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

2. IcuyBaHHA OMUHWYHOTO €JIE€MEeHTa 1, Takoro, mo Ana# 6yas-
AKOro a

a.l:l.a:a.

3. HaaBmicTs AJIf @ CBOTO 3BOPOTHOTO enemeHTa b = a’l, ra-
Koro, moa-b=a-a'=1ib-a=a’-a=1.

['pyna Ha3WBAETHCA KiHYe€B0H, SAKINO BOHA CKIAZAETHCA 3
KiHnmeBoi KinbKOCTi eneMeHTiB. Y NMPOTHJIEKHOMY BHIAJAKY BOHA
Ha3WBAETHLCH HECKIHYEHHOI0.

KinbKicTh eNeMeHTiB KiHIeBoi Ipym# HasMBaeThcA 1I no-
padkom.

AxciomMa AcOMiaTHBHOCTI BCTAHOBJIOE MOPANOK IePeMHOMEH-
Hf TPLOX CIIBMHOMHUKIEB a, b, ¢, AKAA MOXKe 3MIHCHIOBATACH abo
cmpaBa HaniBo, abo 31iBa Hanpago, OHAK 3a pa3 3aJlaHUM IOPAL-
KOM. BBHYANHO CHIBMHOKHHMKH, IO CTOATH NMOPAJ, NTePEMHOMY-
0THECA B mepiny 4epry. IloTim 341HCHIOETECA TePeMHOXKEHHSA O/lep-
’KAHOTO Ppe3yJLTaTy 13 CHIBMHOXHHKOM, IO 3aMAINIUBCAH. IIpu
IBOMY NOTPiIOHO AOTPMMYBATHCHA BCTAHOBJIEHOTO MOPHAAKY IeEpe-
MHOKEeHHS, MOPYIIeHHA AKOro MOX<e IPHUBECTH A0 HEBIPHOTO pe-
3yJALTATY, OCKLIBEKHY PesyIbTaTH MHOXKEHHSA 3J1iBa HAIpaeo 1 cripasa
HAJIiBO MOKYTh BIAPISHATHCA.

Ilosepemo, M0 Aid aKCiOMH ACOIIIATHBHOCT1 HOIIMPIOETHCH
TAKOX i HA YOTMPH CHiBMHOKHUKH. [ YOTHPLOX CIIBMHOMK-
HUKIB Iy’KKHM MOJKHA DO3CTABATH TAKMMH II'ATbMA CIOCODAMM:

a (b (c d)), a ((b c) d), (a b)(c d), (a (b)) d, ((ab)c) d.

i

3HaK MHOMeHHs “-" MiX CHIBMHOXXHHKaMH [IJId IPOCTOTH
zamyMcy TYT 1 B AeAKMX IHIIMX BHNOAAKAX Yy NOAAJBIIOMY OIycC-
KaeThbCA. I

OcCKiNbKH MOMOKEHHSA AYKOK cepell CIiBMHOMHHUKIB @, b, ¢ 1
b, ¢, d B CUNY AKCIOMH aCOIiaTHBHOCTI /A TPLOX CIiBMHOXKHHUKIB
OpPUBOAMTE 0 OFHOrO i TOro & peayneprary a (bc)=(ab)c= abc,
b(cd) =(bec)d=>bcd, TokinekicTs cnocobiB po3CTAHOBKH
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OVXOK MiK YOTHPMA CHIBMHOMHHKAMHM MOYHA 3MEHIIHTH X0
TPEOX:

a(bed)),(ab)ecd),(abec)d.
JHoBegeMo, 110 MPHA IBOMY
abecd)=(ab)cd)=(abe)d.

damiruMo y ABOX gobyTkax a(bed) i (ab)(cd) nobyrok cd Ha q.
Toxi a (bed) = a (bg) i (ab)(cd) = (ab) q.

BignmoBizHO X0 aKcioMHM acoliaTMBHOCTI IpaBi YacTHHH oep-
JKAHUX BUpa3iB 6yAayTe piBHMMH. 3 HBOT0 BUIIHABAE, 10 ByAyTH
PiBHMMH H 7iBi yacTuHE nux piBHOcTel: a (bed) = (ab)(cd).

Tenep npoeememo 3aminy ab ua p y nobyrkax (ab)(ed) i (abe) d.
BinmosigHO ofep:xuMO, 110

(ab)cd)=p(ed)i(abec)d=(pc)d.

Ockineku 3a akciomoro acouniarusrocti p (ed) = (pc) d, To i
(ab)(cd) = (abe) d.

Iz Toro, moa (bcd)=(ab)(cd)i(ab)(cd)=(abec)d,
BUXOAUTS, 110 @ (b ¢ d) = (a b)(c d) = (a b ¢) d i Bignorig=O

acd)=a(bec)d)=(ab)cd)=(a(bec))d=(ab)c)ad,

1o i Tpeba 6ymo moBecTH.

AnajoriyHO MOYKHa JOBECTH [Ail0 AKCIOMM acoliaTHBHOCTI HpH
YUCJIl CIIBMHOXKHMKIB, o AopiBHIOWTE 5, 6, ..., n. CuopobyiiTe
CaMOCTIMHO IIPOBECTH MOBEJEeHHA Ha OCHOBI MeTOAy MaTeMaTH4-
HOI IHAYKII] AJA YMCAA CHiBMHOMKHUKIB, 10 ZOPiBHIOIOTE 7 (AUB.
nomaTtok 1).

Axcioma npo HafBHICTH ¥ I'DYIi OJWHHYHOIO ejleMeHTa IpH-
IIyCKae, 1o AnA 6yap-AKOro eneMentTa a rpynn a-1 =1-a = a,
ane He CTBepHKye, LI0 el eleMeHT €IHHUIA.

I Teopema 1. ins eneMeHTIB PPy € TIABKH OAMH OXHHNYHMIM
exement — 1.

Losedenns. Tlpunyctumo, Mo 418 KOHKPETHOTO eleMeHTa a,
KpiM OZAMHWYHOrO eJleMeHTa 1, I/A AKOro BUKOHYETHCH PiBHICTS
a-1=1-a=a, € 1le ofUH OAUHUYHUK eTeMeHT 1’, 1110 BaX0BOME-
HAE piHOCcTi @-1'=1"-a =a. Ockinbky JiBl 4YaCTHHU OUX JBOX
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piBHOCTEH JOPIBHIOKTHL @, TO BOHA TAKOXK MOBUHHI OYTH PIBHUMH
Mix coboro: a-1=a-1il-a=1"-a. .

I3 mBOT0 BHXOAUTH, w0 1° = 1, oTke, AAA KOHKPETHOIO €Je-
MEHTa @ € TLIBKY OOMH ONMHUYHHUN enemeHT — 1.

Awmanoriygo ans 6yab-AKoro iHmoro enemexTta b, migcTaBUB-
¥ #oro B YMOBY aKCiOMH 3aMiCTh @, MOXHA JOBECTH 3a HaBEE-
HOI0 BHINE CXeMOI0 HASBHICTB y IPymi OAHOTO OAMHHYHOTO €Je-
menTa — 1. Teopemy noBeieHOg

VmoBa icHYyBaHHA 3BOPOTHOTO eJIeMeHTa a ! y Tpy1mi nmo BiAHO-
[IIeHHIO 10 KOHKPEeTHOro eJleMeHTa a, TaKoro, 1o a - al=al-a=
= 1, HOCTYMIOETHCA OJHICIO 13 aKClOM I'pynu. Oxmak s axcioMa
He BKAa3ye, 110 eJeMEHT a ' €IuHUM.

Teopema 2. Km0 N5 KOHKPETHOTO eJleMeHTa @ € eleMEeHT
a’, nnA axoro a-a’ = a’-a = 1, TO TAKMH eTeMeHT € TIABKH
onun a’ = a'.

Jlogederns. I3 piBHOCTi @ - @" = 1 BUXOAUTE, 11O al(a-a)=
—~a'-1=a"'. B inmoro 6oky, al-(a-a)=(a'-a)a' =1-a' =a
i, OCKiNBKY 3a HoBefileHUM Buile a ' - (a-a’) = a’l, 10 i =.al.

I3 pisHOCTi @’ - @ = 1 BUXOANTS, WO (@' -a)-a'=1 -gl=al,
3 jmmoro 6oky, ockineku a-a '=1, 10 (a’-a)-a ' =a’-(a- al)=
=a’-1=a’, isigmosiguo a’ =a .

TakuM YMHOM, AJA AAHOTO eJeMeHTa a ICHYE TINIBKHA OOHH
eneMeHT @’ = @), 10 3aIOBONBHAE AK piBHOCTL @-a = 1, TaK i
piBrocTi @’ - a = 1. Teopemy noBeseHOm

l Teopema 3. (™)' = a.

Jlosederna. Is pisnocri a-a’ = a"-a =1, ne a’ = a', BUXO-
IUTH, IO A5 eJeMeHTa d eJeMeHT 4’ BHCTYNAE K 3BOPOTHHH,
tob6ro a = (a’)!. [lizcraBuBmy 3amicTs a’ #OT0 3HAYEHHSA a’', omep-
xuMo, mo a = (a!)!. Teopemy noBeneHOy

po3B’A3KaMH BiagnosigHO GyAyTE BUpasu x =b - alix=a'b

I Teopema 4. Axmo mavi piBHOCTI X -a = bia-x=b, T0o Ix
i Ui po3B’A3KH €IMHI.

Ilosedenna. I Toro, mo a-a' = 1 i enemenr a’! eguHUH,
po3B’ A3yBaHHAM PiBHOCTL X - @ = b Gyze enemedT x = b - a . [OiiicHo,
x-a=b-a'-a=>b-1=b.1le po3s’A3yBaHHA €IUHE, OCKIIbKH
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Ao 6ye 64 e ofMH po3B’A30K Iiel piBHOCTI y BUT AL eleMeH-
rax=c-a',torogic-at-a=c¢-1=b. Orke, c = b 1 0bngea
po3B’A3KHM piBHOCTI X - @ = b € OfHUM E€AHHUM DO3B’ AZKOM.

Ilns piHOCTI @ - ¥ = b poss’sizakom Gyje ereMeHT X = @' - b.
Ileit po3B’A30K TAKOXK E€OHHWUM, OCKINBKM AiA OyAb-AKOro ene-
MeHTa ¥ = a !-c¢ moBuEHa Gyna 6 BHKOHYBATHCH DiBHICTBH
a-a'l-c=1-¢c = b isignosigao ¢ = b. ¥ pesynsTaTi 0bmasa
pO3B’A3KH € OJHHM €IMHUM pPO3B’A3KOM. Teopemy AoBeeHOy

I Teopema 5. Axkmo a-b=a-c abob-a=c-a, 0 b =cC.

Jlogedernna. 3anuieMo mepIIy YMOBY TeODEMH Yy BHTIAAL
pisHoctia-b=x,gex=a-¢c.Togib=a'-x=a'-a-e=1-¢c=
= ¢. AHaJIOTiYHO 3aMMIIEeMO APYTY YMOBY y BHrAA[l piBHOCTI
b-a=y,ney=c-a.Togib=y-a'=c-a-a'=c-1=c.1B
epIIoMy, i B ApyroMy BHIaAKy ofeprkaHa piBricTts b = ¢. Teo-
peMy IOoBeleHOg

I Teopema 6. (a-b)y'=b"-a™.

Josedenns. OueBnuano, mpo (a - b)(a - b)™ = 1. 3 inmioro Goky,
(@a-b)(b-a)=a(b-bY)a'=a-1-a'=a-a'=1. Orxe, MoxHa
sanucatu, mo (a-b)(a-b)'= (a-b)(b'-a?)i, BiznoBinHO 3 Teope-
Mo 5, (a-b)'= b a’'. Teopemy fOBezeHOqy

3a HOMOMOror MeToja MaTeMaTHdHol imgykuil (auB. xoxa-
Tok 1) MOXHa OTPHMAaTH TaKe y3aranbHeHHs Teopemu 6:
(@, ... 0. ) =@ tona

IloBeieHHSA IIPOBECTH CAMOCTiHHO.

Ilo usoro uacy GyJM PO3rIAHYTI YMOBHM iCHYBaHHS Ipyn 3
omepaniaMu “MuEOXkeHHA”. Tenep poaragHeMo IDynH 3 omepanis-
MH “momaBaHHA,

I'pymoBi akcioMmn HaGYAYTH IPUA UBEOMY TAKOr0o BHTJIANY:

1. YmoBa acomiaTHBHOCTI:

(a+b)+c=a+(b+c)

2. HasABHiCTE HEUTPAJBLHOTO €JIeMeHTa:
a+0=0+a=a.

3. IcuyBanus nporunexHoro enxemenrta 0:
a+ (—a)=(-a)+a=0.

58



I[IpukaafoM TpynH, Ae 3pYy4Hille KOPHCTYBATHCA ANNUTHE-
HOIO MOBOIO, € Irpynu niamx umcen. I'pymoroio omepailieo TYT €
3BMYAiiHE CKIANaHHS, HEMTPAJbHUM €JIEeMeHTOM BHCTYIIA€ HYIb,
a 3BOPOTHHUM €JIEMEHTOM — IPOTHEKHe YHCJIIO.

T'pynoBy onepaniio 4acTo BBOAATH 34 JOMOMOroK MOHATTH ne-
pemeopernna muEOxuHH G ¥ cebe. Peanizanis Takoro nepeTBopeH-
Hf, HAOPUKIAJ ¥, 3A1ACHIOETLCH IIIAXOM 31CTaBJIE€HHA 34 BU3HA-
YeHHM NPABHJIOM KOXKHOMY €JeMEeHTY @ MHOKUHU G €0uHO020 erne-
menTa (@) W = b miei MHOXKHHH, II0 Ha3MBAETHCHA 00pa3OM IPH
repeTBOPEHHI | eleMeHTa G, AKMH y CBOIO Yepry € npoodpa3om
enemeHnTa b.

sxio 3axaHi aBa mepeTBOpeHHA Y 1 ¢ MuoxuHHU G y cebe,
TO MOJKHA CKJIACTHM HOBE IIEPETBOPEHHA W = Y © (), 1110 HA3HBAETh-
Cs KOMNO3UYico, AKe OAepKyeThcA B Pe3yNbTaTi MOCH1AOBHOTO
BUKOHAHHA MEPEeTBOPEHL | 1 @ oxHe 3a ogHUM. Tak, HaNpHUKIan,
nns eneMeHTIB a i b ob6pasamu GyAyTE BIAMOBIAHO NE€PETBOPEHHA
(a)y =5 i (b) @ = ¢, a KOMIO3HI[IE€I0 NEPETBOPEHE € MEPETBOPEH-
HA 0= weo @= ((@)w) @ = (b) ¢ = c. Taki KOMIIOZHI[i] NEPETBOPEHD
MHOKHUEM G B cefe yTBOpPIOIOTH TPYIOBi omepanii, AK1 B CyKyII-
HOCTL 3 MHOXMHOI0 ejxeMeHTiB G CTBOPIOIOTH Ipyny, IO HA3H-
BAEThCHA ZPYNOK NEpemeopeHs.

OcKinbKH B FPYIli MepeTBOpeHb, AK i B 611bIIOCTI IHIINX, YMOBA
KOMYTATHBHOCTL BiICYyTHS, TO

Yep#F@oy.

Cyxynuicts G mepeTBopeHb YTBOPIOE TPyHy, SKINO BHKOHY-
IOTBCA TaKl YMOBH:

1. Pasom i3 6yap-SKAMH ABOMA [IEPETBODEHHAMH Y 1 @ cy-
kynHicTs G MICTHTH IX KOMIO3HUIO YV °@ .

9. Ha KOMOOSHILI0 MepeTBOpeHs NONIMPIOETHCA YMOBA aColLi-
aTuBHOCTi, TO6TO AKINO @, V, h € mepeTBOpPeHHAMH, TO
(We@)eh=yo(peoh).

3. HaaBHiCTH ANA KOXKHOrO eneMeHTa B G TOTOMKHOTIO Iepe-
TBODEHHS €, L0 € HeATpanbHHUM (OAMHMYHHUM) [I€PETBOPEHHAM,
OIA AKOTO Pee=e°@Q = Q.

4. Pa30M i3 KOXKHHM IePEeTBOPEHHAM ( CyKynHicTs G MICTUTD
i 3BOpPOTHE A0 HBOTO TEPEeTBOPEHHA @', KOMNIO3UIIA SAKHUX
Pop =e.
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Axmo mHOxknHA G KiHIEBa, To Oyab-AKe B3aEMOOAHO3ZHAYHE
nepeTBopeHH# 11 B cefe 3BOAUTHCA A0 3MIHH NOpAJKY NPOXOAIKEH-
u# 1i enemenTtis. Taki nepeTBopeHHA HASUBAIOTE Nidcmanosxamu
(imoxi mepecTaHOBKAMH).

[IpunycTuMo, LI0 eJeMeHTaMu MHOoKHEM G e unena 1, 2, ...,
n. Toxi miACTaHOBRY |/, MOJKHA 3alMCATH Y BUTAAL

g W i oua il .
U v w(@2) wn) )’
ne wy(i),i=1, 2, ..., n, — obpas i-ro Yucsa NpH NiACTAHOBI v, .

Ockinbku Y — B3aEMOOJHO3HAYHE IePETBOPEHHA MHOMKHHY G
B cebe, To pna i #j w (i) # v (j). Bume 6yn0 BaBefieHO, 10 KLIBKICTH
Pi3HHX MiACTAHOBOK, AKi € B3a€MOOJHO3HAYHUMH BigobpaskenHA-
mu (biexkuiamMu) n enemMeHTiB ymcesn B camMux cebe, gopisHOE n!
Tomy y= 0, 1,..., n! — 1.

Hanpuknang, skmpo n = 3, Toe 3! = 1:2:.3 = 6 nmigcraHoBoK
MHOxUHH G 13 Tphox ememeHTiB 1, 2, 3 B camux cebe:

_(123) (123 (123
R “i=l132] ¥27|213
(123 (123 (123
%'235 Y4 Tlaq 9 TE T gmg |
: : 123) (321
BEPHEMO yBAary, 110, HAIPHUKJIAZ, HiICTAHOBKH 155 i 5'aq

OJHAKOBI1, OCKiNBKH 1X 0Bs1acTi BUsHauYeHHd (enemerTH 1, 2, 3) piBHi,

a KOKHHH eJIEMEHT, L0 HAJEeXHUThL CHiNIpHIN o0nacTli BU3HAYCHHA,
BOHHY NEPeBOAATH B OfWH 1 TOM CAMHUH €JEeMEeHT.

BnacTusicTh NiICTAHOBOK MepPeBOAMTH OAHI M Ti X cami ese-
MeHTH 3 06acTi BH3HAYEHHS B 3arajJbHOMY BHIANKY B pisHi ene-
MeHTH 00yiacTi 3HaYeHHA BUKOPHCTOBYETHCH NPH NOCILIOBHOMY
BHKOHaHHI NepeTBOPeHb, 110 ABJsde cobow KoMrosuiio (1obyTok)
MiICTAHOBOK. £

[MpunycTumo, 1110 HeobHXiTHO MTePEMHOKHUTH ITIACTAHOBK M v, i
¥,. Toxi peayabryioua mepecTaHOBKA
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s iy 123} 123) (128) (132)_(123 s
# "% li132) |213) (132) |231) (231 .
TyT BHKOpHCTaHa BJIACTHBICTH IiJICTAHOBOK, AKa JO3BONAE
NOPYIIYBATH MOPALOK PO3MIIlleHHA eJleMeHTiB Y HiJ[CTAHOBI, 110
[IOJIermIye po3B’A3yBaHHA 3a4advl IX MHOMKEHHHA.
BHKOPHCTOBYIOYH HaBeAeHe Ha NMPHKJIaJl IpaBHUJIO NEPEMHO-

JKEeHHS TMiJCTAHOBOK, CKJIajgeMo 1X Tabnuinio MHOMXeHHS (IHB.
taba. 1).

Tabauys 1. I'pyna nidcmanogox

[Tiacra- ITepuinii CIIBMHOKHHK
ROPIS Vo v, ) &) Vs Vs
x| Yo Yo ¥ L) Vs L Vs
= E Vi Vi Vo Vs Ys L7p; W3
Ee| v | v | W Wo 7 Ws | Vs
= = 7] ! %] Vs Yy Vo v
B| Y Vs s Vi Vo Vs Y2
Ws Ws Yy Vs v Vi Vo

3BepHEMO yBary Ha Te, IO Y, — TOTOX<HEe NePeTBOPeHH:, AKe
€ HeHTpaibHUM (OAMHMYHHUM) eJIeMEeHTOM!:

e =, = ¥'=ut =yl

I3 1poro BUXOAMTE Y, = V¥, ¥, ' = ¥,, ¥, = y,. Takox i3
TOTO, IO Y,Y, = W,W, = €, BUXOAUTL, WO W, = W, ' 1 vy, = y .
BignoeizHo i3 Y, = e BANAMBaE, 1O Y, = ¥, .

HeobxigHO NIpH NepeMHOXKEHH] NiICTAHOBOK JAOTPHMYBATHCH
NOPAAKY 1X NEePEeMHOKeHHs, HAIpPUKIaJ, cnodaTKy Oeperncs
miicTAHOBKA Ha MepIIOMY 3BepXy PAAKY (mepriuil CIIiBMHOMKHUK)
i moTiM MOMHOMKYETHCH Ha HeobXiHy miICTAHOBKY 8 IEepIIoro 371iBa
CcTOBNIA (APYTME CHIBMHOMKHHWK), 4 pPe3ynbTaT 3aIHUCYETBHCA Ha
nepexpeleHHl OUX pAAKA 1 CTOBIILA.

IIpu 3BOPOTHOMY NOPSAAKY IepeMHOXXeHHs Oyle ofepkKaHa
igma TabauuAa MHOXKeHHA nepecraHoBokK. Crpobyiite ckiacTu 11
CaMOCTIHHO.

Ha zakiHueHHA HaBejeMo 0Oe3 AOBefleHHA BajrKIHBY TeOpeMmy,

Bigomy sk Teopemy Keni (Caley — aHrniiickkui maTeMaTHK,
1821-1895).
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Veara xinyesa zpyna izomopgra do deaxoi zpynu nidcma-
HOBOK.

Ile spaunTs, 010 A5 6yAb-AKOL rpynH i3 KiHIEBOIO KinbKicTIO
eJieMeHTiB MOXXHa 3HaWTH rpyny NiICTAHOBOK, AKa He Oyae
BiZlpi3HATHCA BiJ Hel 3a cBolMH BracTuBocTAMH. OTIKe, BUBYEHHSHA
BIACTHUBOCTEH IpyHn HNiICTAHOBOK € OAHOYACHO BUBYEHHAM
HaWO1ablI 3araJbHUX BJIACTHBOCTEH abCTpaKTHHX IpYI.

IcHy€ BpaXkalo4ya MOMAMBICTE OBOAOAITH NPEAMETOM
MaTeMaTH4YHO, He 3PO3YMIBILKM CyTi CNPaBH.

A. Eiinwumetn

62



Jexuia 10 | IIpHKIagH rpynn

Huxue OyayTh HaBedeH1 AedAKl NpHKJIagH TPy,
1[I0 AO3BOJIMTE YATAYAM Y HOZANBIIOMY CAMOCTIMHO 3HaXOJHUTH
HOB1 IpyIIH. f

ITpuknad 1. Yucno 0 yTBOpIOE IPyny 3a MHOXKEHHAM 1 floAa-
BaHHAM.

Ii¥icHo, ana omepanii muokKeHHA 0 -0 = 0, Tobro Oonmeparisa
MHOKeHHS He BUBOJNUTE Pe3yJIbTaT MHOXKeHHs 3 MEOXKuHU G = {0}.
AconiaTuBHIicTE onepanii MHOKEHHSA I8 JaHOINO BUNAJKY TAKOMXK
sanumaetbes B caai 0 - (0 - 0) =(0 - 0) - 0. OguaMyHUM (HeHTpaNL-
HuM) i 3BoporHEM enemeHTOM A0 0 y mHOXHEHI G Takox € 0.

IOna omepanii gogasarHa 0+ 0=0 i, BUXOAUTHL, PE3yAbLTAT
nofaBaHHS 3aMHIIAETHECA B paMkax MHOoXKuUHE G. Onepauia poxa-
BaHHA ANA KiNbKOX HyniB aconiatusHa: 0 +(0+0)=(0+0)+0=
= (0. He#iTpanbHHM eJeMeHTOM IJs onepamnii zomaBaHHa 3 0 y
muoxuHL G Takox 6yae 0. Hapemri, 3BopoTHEM enemeHTOM 10 0
vy saganiil MEOXKUHI G Takox Oyze 0.

3BepHEMO TAKO0K yBary Ha Te, mo onepanii Maoxensa 0 ma 0
i nogasagHg 0 3 0 He TiNBLKHM AcOIiaTHBHI, ane ¥ KOMYTATHBHI.
Tomy ozepkaHa rpyna € abeneBoro.

ITpuxnad 2. Yucno 1 yTBOPIOE rPpyNy 3a MHOMEHHAM.

YV nsomy BEnagky muoxkuHa G ={1}. Omepanis MHOXeHHA
1-1=1 zanmmaerhca B paMKax MHEOKHHH G. Onepanisa MHOMXKeH-
HA acoliaTHBHA i KOMyTaTuBHA, ocKinekm 1-(1-1)=(1-1)-1 i
1-(1)=(1)-1. OgpErYEEM i 3BOPOTHHM enemMeHTaMu ausa 1 e 1.
OckiNnbKHA MHOMEHHSH He TiNBKH acoliaTHBHe, ajle i KOMYTATHB-
He, TO JlaHa rpyna abenesa.

Opuak 1, Ha BigMiry Big 0, He Mae BANACTHBOCTI rpyna Ans
omepanii gogaBaHH#A, ockKinpku 1+ 1=2 i sBignoBigao 1 He €
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HUHUM eJeMeHTOM And 11 THM 6inpmie 1 B JaHOMY BHIAAKY

He ¢ obepHeHHM eJleMeHTOM /0 cebe.
ToMy MOHA BBa)KaTH, IO YHCIO0 0 mae 6inbm rauboxl rpy-

OHNMH

[OYTBOPIOIOYL pnacTuBOCTL, Hik 1.

Ilpuxnad 3. Iucna +1 i -1 yTBOpIOIOTH TPYNY 34 onepanieio

MHOMEeHHHA.

Ockinbky (+1) - (-1) = -1, (+1)-(+1) =+1,(-1)- (-1)=+1,
(1) - (+1) = —1, To pesyabTaTh MHOKEHHS € eJleMeHTaMH MHO-
sxuan G = {+1, —1}, Axa yTBOPIOE IPyIY. AconiaTUBHICTL HABENE-
HUX Orepariil oYeBUAHA.

[cHye OMWHUYHMA eTeMeHT +1, MHOYKEHHSI HA AKHI eleMeHT1B
—1 ra +1 crnpasa i aniBa He 3MIHIOE ix amavenHs: (+1)-(-1)=-1,
(-1)-(+1) =13 (+1) - (+1) = +1.

IcHYIOTH 3BOPOTHI eJeMeHTH +1 i —1 gna eneMeHTiB BiITIOB1-
aEo +1 1 —1, moMHOMXKeHA Ha AKI yTBOpIOE ONMHUYHHUH EJeMeHT:
(+1) - (+1) = +1, (=1) - (-1) = +1.

INpuxnad 4. IHonaBaHHSA BEeKTOpiB YTBOPIOE TPymy 3a omepa-
i€ AofaBaHHSA.

CxapBmy O6yAbL-AKi ZBa BEeKTOPH, OAEPKHMO pexTop. OTxe,

omepaiis jogaBaHHA He BUBOAUTD pesyALTYIOunil eJIeMEeHT 38 MEXKY

MHOHMHYM BekTOpiB G.
Omnepanis ACOIIATHBHOCT] AJifA BEKTOPIB BHKOHYETHCHA 3a ix

BU3HAYEHHAM.
OAWHAYHUM eJeMEHTOM € HYJABOBUl BEKTODP, 4 €JEMEHTOM,

3BOPOTHHUM HAHOMY BEKTOPY, — TPOTHUJIEXKHHN BEKTOD (ix cyma
yTBOPIOE HYJIBOBHHI BEKTOD).

IIpuxnad 5. I1oBOPOTH MpaBUJBHOTO TPHKYTHHKA HABKO-
70 #loro MeHTPY B OHOMY HAIPAMKY YyTBOPIOIOTH rpyny (AUB.

puc. 1).
£ e
" :
A B
Puc. 1. ITosopomu npaeuiibH0oz0 MpuKymHuia
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BH3HauMMo NOBOPOT AK TaKHM, IO 36iraeTecs, AKINO BiH
BinpisHAETLCHA BiJl MOYATKOBOIO MOJIOYKEHHA TPHKYTHUKA Ha ijie
YpesI0 MOBHMX 06epTiB (oAMH MOBHUN 00epT AopiBHIOE 00epTy HA
360°). Oaue Takuil TOBOpPOT OyAeMO HA3MBATH HYAbOEUM i mosua-
YMMO HAK &

Byzemo BBasXaTH NOCTiLOBHO IPOBEAEH] B OAHOMY HANPAMKY
IBa MOBOPOTH NOMHOMCEHUMU.

IloBoporu GyaeMo MPOBOAMTH, OKPiM HYJIBOBHMX, TAKOX Ha
120° i 240°. ITosgaumumo ix BiamoBigHO fK @, i a,.

OueBUIHO, IO MOXKYTh OYTH OfepaHi Takl pe3ynbTaTH MHO-
’KeHHA MOBOPOTIB Mik coboio y BUrIaAl iX A06yTKiB:

a, a,=a,a:" 3 =a-a=2a

a,-a,=a, a,=a,a -a =a,

a,-a,=a,-a,=a,a, a, =a,.

I1i pesynbTaTH MOXKHA 3BeCTH B Tabnuiuio 1.

Tabruya 1. Jobymxu noeopomis npasuibH020 MPUKYMHUKA

TMosopoTH ag a a;
dg dp a, a;
a, a4 a; ay
a az g a

Ilo6yToK ABOX €AeMEHTIB y mi#l Tabnuili 3HAXOAUMO HA Iepe-
THHI PANKE, TOMI4eHOr0 MepIINM eJIeMeHTOM, i CTOBIII S, TOMiYe-
HOTO APYTHM eJeMeHTOM.

IagexcH, ofepxaHi B Taba. 1, MOXKHA CTBODUTH 32 IIPaBH-
NaMM CKAAmaHHA nudp TpiikoBol cucreMH uUMCcIeHHA (AUB.
rabn. 2).

-~

Tabruys 2. CxnadanHa mpilikosux yugp

Lindpn 0 1 2
0 0 1 2
1 1 2 0
2 2 0 1
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Iz rabnumi 2 BHXOAMTE, IO BCi PesymBTATH NOMHOMKEHHS
NOBOPOTIB HaleXaThk A0 NOYATKOBOI TPYIH nopoporie G =
= {a,s a,, a,}.

IIi moBOpOTH TAaKOMX 3a/0BONBLHAITEL ACOMIATHBHOMY i KOMY-
TATHBHOMY 3aKOHY.

Cepen moBOpOTIB € TaKOX HYILOBHH HOBOPOT a,, AKUH € HeW-
TPaNbHHM e/IeMeHTOM [JIs HOBOPOTiE a, a, i a,.

HapemrTi, KoxHUM# i3 TprOX nonopo'rls Mae 3BOPOTHHM, MO
Aa€ B HoOyTKY 3 MOYATKOBUM HeHTDANLHUIT a,.

L =1 -_
3BODOTHHH eJNeMeHT AIs a, =a, TOMYy, IO a,-4,= a,.

Ockinpku a,-a,=a,, 10 a, =a;' i a,=a;".

Orxe, moOYTKH IIOBODOTIB HPABHABHOTO TPUKYTHUKA 3aJ0-
BOJIBHAIOTH yeiM axciomam rpynu. Tomy MEOXXMHA MOBOPOTIB Ipa-
BHJIBHOTO TPMKYTHHUKA B OZHOMY HAaIpAMKY 3 OMepaniaMu ix MHEO-
)KeHHA MK cobol e rpymnoio.

OTrpumaHi pe3ynbTaTé MOMKHA Y3araJbHHTH HA anrebpy is 4o-
TAPBOX JIiTep, IPU3HAYEHY A/Id NepPeMHOMKEHHA NOBOPOTiB KBaj-
para. ¥ nsoMy BHnagky GyaeMo MAaTH SOTHDH TIOBODOTH: HYJIHO-
BHH MOBOPOT, noeopotr: Ha 90°, ma 180° i ma 270". I1i moBopoTH
TIO3HAYMMO BiATIOBiAHO 4epes a, a,, a,, a,. koo miag Ko6yTKoM
IIOBOPOTiB pO3yMiTH 3HOBY MOCIiZOBHE a,ZI;IHCHeHHH IIOBOPOTiB B
ONHOMY HANPAMKY, TO OAEPMKUMO TabIMII0 MHOMXKEHHA, AHAIOTIiY-
HY HaBeZeHi¥ BuIe (auB. Tabn. 3).

Tabauys 3. Jobymxu nosopomis xeadpama

[ToBopoTH ay a a; a;
dg dg a, d as
a, a; a as ali]
a, a ay dyp a)
as as dy a a

Bigmosigeo ingercn mitep tabn. 3 OTPHMYIOTHCSH 3a IIPaBHJIa-
MH CKJIaJJaHHA B YOTHUPHYHIN CHCTEeMi YHUCIIeHHS. 5

MosxHa mOKasaTH 3a aHAJODielo 3 nonepeaaiMu gobytkamu,
1110 OIlepalis MHOYKEHHSA JiTep 3aJ0BONLHAE aconiaTUBHOMY i KO-
MYTaTHBHOMY 3aKOHY.
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Cepex niTep € TAKOK HeHTpaJIbHA 4, MHOKEHHA Ha AKY oyas-
SKHX iHIIMX JiTep, SK cHpaBa, Tak 1 37iBa, He 3MIHIOE IX 3HA-
wenb, i, HAPEITi, AN KOXKHOI JNiTepH € 3BOPOTHA, Pe3yAbTaT MHO-
SKeHHS Ha AKY JOPIBHIOE 4.

AHaJOTIYHO MOKHa PO3I/AAATH IOBOPOTH NPABHIBHOTO n’s-
TH-, IIECTH- 1 B3aranl n-KyTHHKa Ta nobyayBaTu BigmoigHi Tab-
NIl MHOYXEHHHA.

Ha npakTHIi onepania MHOMXeHHA MOBOPOTiE A03BONAE DOP-
MANTLHO BESHAYATH IONOKEHHS N-KYTHUKA Micias ZeKiITbKOX Imo-
BOPOTIB.

Tak, HanpuKkaag, AJd NPAaBHIBHOI0 TPUKYTHHKA nobyToK
IIOBOPOTIB

au'ai'az'a1'a1'a2'al'as = au'(a:'azj'{al'al}'az'(afaJ:

={a,- ao) -(a, -a,) - (a,- az) = (a,: az)._- a, =a, a, =a,

Ile o3mauae, MO IMiCAs BCiX MOBOPOTIB MNpaBUIbHHNA TPHKYT-
HAK Oye SHaXOAMTHCH y IOYaTKOBOMY cTaHi.

MaremaTuka — e HayKa Npo MHOXHHH.
Impe Pyma
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Jeknia 11 | YucaeHHS BHCJIOB/IIOBAHB

B anre6pi norikm, a6o uyKMcleHHI BHCIOBIIOBAHS,
06’€KTOM HOCHIIKEeHHA € BHCIOBIEHHSA.

Osnavenna 1. Bynb-sike TBepIKeHHS, 0 MOXKe oyTu icmun-
Hum abo xubHuMm, HA3UBACTHLCHA BUCLOBNEHHAM.

IcTHHHMM BHCIOBIEHHAM NpPUNUCYETLCA 3HAYEHHA 1, XH6-
HAM — 0.

3 oxmoro abo KinkKOX BHCIOBJNEHb, IO NPHIMAIOTECH 32
IPOCTi, MOKHA CKJIACTH CKJAAHI BUCIOBIEHHS.

Oxpemi BuCHOBIEHHS NO3HAYATHMEMO BEeIHKHMH JiTepaMu
JaTHHCBKOTO andasity A, B, C...

Ilpuxnad 1. ITpoctuma BuCHIOBNeHEAME OYAyTH: A = “Bicim
— naphe wucao”; B = “Bicim dinumsca na 06a”; C = “Bicim dinumu-
ca na mpu”; /I = “Ruie — cmoauuys Yxpainu”. 3 HUX BUCTIOBIEH-
ua A, BiJ] - icruuni, a Bucnosnenus C — xubne. Lle sanucyers-
caakA=1,B=1,C=0,0=1.

IIpuknad 2. CknagauM BUCAOBACHHAM Oyne BHCIIOBIEHHSA:
“Axwo sicim — napue wucno, mo sicim dirumveca nHa dea”. Ile
BHUCJIOBJIEHHA icTHHHE, TO6TO HopisHIOE 1.

Hns o6’efHaHEA NPOCTHX BHCIOBIEHB V CKIANHI 3aCTOCOBY-
I0Th JIOTIYHI onepauit.

PoarnsareMo ocroBHI noriuni omepamii HaJ BHCIOBJIEHHSAMH.

1. Onepania “Konemanma nyav”. Ilepenac BucnoBneRHS, AKe
3aBx /4 € xubanmMm. Ilozuavaernes “F = 0.

2. Onepauia “Kowcmanma odunuys”. ITepenae BucnoBneH-
HA, AKe 3aBX/Hu € ictTuHauM. Ilosnavaersca “F = 1.
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3. JloriyHoip OmIEpANico “HE” Ha3WBAcTLCSA BHUCJOBJIEHHA
F=A, ke € iCTWHHAM TOXi i MHmTe ToAal, Konu A xubue, 1 xuo-
ge, konu A ¢ ictuarum. YnracThesa “He A” abo “Hesipro, wjo A”.

4. Jloriumoo onepauicio “I” (kon'oHKyiEw, d00YMKOM, J02iY-
HUM MHONCEHHAM) HABUBAETHCH BUCHOBIeHHA F = AAnB(A-B,
AB, A&B), Aixe € iCTHHHAM TOAI i nHNIe ToAi, KON 00uIBa IIPOCTi
EMCJIOBJeHHS icTHHHI, 1 XxubHuM, KONMH X04a 06 ogHe IpocTe BHC-
nosnerEs xubHe. Ynraersca “A 1 B”.

5. JIoriuHoI0 onepanieo “ABO” (du3s’10HKYICI0, CYMOI0, NOZIY-
Hum OodasanHAM) HASHBACTHLCS CKJIaJHE BHCJIOBJIEHHA F=AvB
(A + B, A abo B), ake € XuOHHM roni i amme ToAl, Konu obHABa
mpocTi BHCHOBIEHHA XuOHI, 1 ICTHHHAM, KOJIH X044 6 opHe BHC-
noBsenHs icTmaEe. YuracThes “A abo B”.

6. Jloriunowpo onepanicwo “Axwo — mo” (imnaixayicio) Ha3u-
BaeThCH CKiamHe BucioBmoBaHHa F=A — B (F = B — A), fike €
xubHuM ToAi i mmmre toxi, konam A(B) icTHHHE, a B(A) — xubne.
Upraersea “Sruwo A, mo B” (“Axwo B, mo A”).

7. Jloriumoio omepamicio “3abopona no B” (3anepeienHA
imnaixauii A — B) HazuBaeThCA CKJIaJHE BUCIOBJIECHHA
F=AAB=A — B, AKe € iCTHHHMM TOAl i nume Toxi, Kom:d A
icTunne, a B xubpe. Unraersca “HegipHo, W0 AKULO A, mo B”.

8. Jloriunoio omepaiieio “3a6opoxa no A” (3anepeieHnA LM

kauii B — A) Ha3MBaeTLCH CKJia/He BUCTIOBIEHHA F=BAA=B—- A,

sKe € icTHEEMM Toxl i mmme Topmi, Konm B icTuHEHE, a A xubne.
Unraerses “Hesipro, wo axuo B, mo A”.

9. Jloriunoio omepamicio “Pignosnaunicmy” (exeieanenm-
Hicmb) HA3MBAETHCA CKJIANHE BHCJIOBIEHHA F=A-B (A=B),
AKe € iCTHEHUM TOoxAi i mume Toxi, koau obuaBa IPOCTL BUCNOB-
nemns A i B icrunai abo xub6Hi ogrouacHo. YuraeTscs “A pieHo-
anavHe B”.

10. Jloriunoio onepauicio “Hepienosnaunicmy” (cyma 3a mo-

dynem 06a) HABHBAETLCA CKIAJIHE BUCIOB/IEHHA F=A®B(A#B),

AKe € ICTHHHHMM TOAl 1 JAIme ToAl, KOJMH OAHEe BHCIIOBJIEHHA €
icTurEMM, a gpyre — xubauM. Huraerecs “A HepigHOIHAUHE do
B” a6o “Cyma 3a modynem 2”.
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11. Jloriunolo onepauieio “Cmpiaka IT ipca” (pynryia Bebba,
onepauyia Ilipca) Ha3uBaeThCcH CKJIagHe BHCIIOBJIEHHHA
F=AlB=-AvB , AKE € ICTHHHHUM TOZAI i mmme Toxi, Koau obuaBa
npocTti BUcnoBieHHA A i B xubni OOHOYACHO. YHTaeThcs
“Hi A, ni B”,

12. Jloriumoio onepamieio “Onepayis Ilegepa” (IImpux
IIlegpepa) nasmBaeThca ckaanne BHCIOBAeHHA F = AB=AAB,

AKe € XubHHUM ToAi i mume Toxi, Koam 00uaBa MpOCTi BHCJIOBJIEH-
HA A 1 B e ictunni ogmoyacuo. YuraeTnes “Hesgipno, wo A i B”.

13. Jloriyno0 omepaniew “Sminnag A” Ha3HBaETLCHA BHUCIIOB-
neHHA F = A, axe nopisxioe 0 toxgi i numnte TOJi, KoM A AOpiBHIOE
0, i1, xonu A nopisuioe 1. Yuraerses “Bucnonenns anreicums
Juuwe e6id A”.

B anre6pi noriku icHyiors moriumi 3aKOHW, NOTiYHI cynepey-
Hocmi 1 meepOacenna, wo noziuno BUKOHYIOMBCA,

Osnavenns 2. Cknague BHUCTIOBNIEHHA, AKE € ICMUHHUM TIDH
BCIX MOXKJIHMBHX KOMOiHALifX 3HAYEHE NPOCTHX BHUCJIOBJIEHE,
Ha3WBAaETLCH JIOTIYHAM 3AKOHOM.

Osnavenns 3. Cknagne BHUCJIOBIIEHH#A, AKe € XUGHUM IIPH BCix
MOKIMBAX KOMOIHANIAX 3HAYEHL MPOCTHX BHCJIOBJIeHb, Ha-
SHBAETLCHA JIOTIUHOIO cynepeyricmio.

Osnavenns 4. Cxnanue BHCJIOBJIEHHS, AKe € ICTHHHHUM Ana
OAHMX 3HAYEHL NPOCTHX BHUCJIOBJIEHb 1 XHOHHM OIS pelnTH,
HA3UBAECTLCA MBEPINCCHHAM, W0 JOZIYHO BUKOHYEMbCA.,

HaBeznemo ocHOBHI 3akonu anrebpu goriku (guB. Tabia. 1).



Tabauys 1. OcroeHi 3axonu arzebpu nozixu

Ha3Ba 3aKOHY

JToriyHui 3ammc

1. ToToXHOCTI A=A
2. CynepeuHocTi AA =
3. BHKIIOYEHOr0 TPETHOTO A+A4=1

4. IpeMmoTeHTHOCTI

AA=A; A+A=A4

5. KomyraTuBHHMA

AB=BA, A+B=B+A4

6. AcouiaTMBHMH

(4B) C = A(BC);
(4+B)+C =4A+(B+C)

7. JuctpubyTHBHHHA

A(B+C) = AB+AC;
A+BC = (A+B)(4+()

8. IlornuHaHHA

A(B+A4)=A; A+AB=A

9. TloagiitHocTi
(Teopema ne MopraHa)

AB=A+B:A+B=AB

10. TlonsifiHOrO 3anepevyeHHs

= A

11. BnacTHBicTh OAWHHLI

A1=4; A+1=1

12. BnacTHBICTE HONA

A-0=0; A+0=4

MaTtemaTHKa — Lie KIHKa, a AOriKa — 1i OAdr.

M. Knain
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Jdexuin 12 | TIOHATTA TOrigYHOT PyHKIKIT

Osnavenna 1. ®ypxuia F Big n sMinEEX (aprymenTis) X, X,
--+y X, AKA TAK CAMO, fK 1i aDTYMeHTH, MOKe HabupaTu nunre
ABa s3HaYeHHA — 0 i 1, masuBaeTsca n02ivHOW (dsiitkoasor,
0Yy1e6oi0, nepexaioLansHow).

Osnauenna 2. CykynuicTs a, a,, ..., @ 3HAYEHEL 7l 3MIHHUX
X3 X5y .oy X HA3WBAETHCA HAOOPOM 1 NMOZHAYAETHCS a a,..

a,nea, € (0,1})i=1,21.,n.

Teopema 1. Kinekicrs HaGopis ans aAPryMeHTiB X,, X,, ..., X,
aorivyeol ¢yuxuit N = 2~

Loeedentia. OCKiNbLKY 33 03HAYCHHAM NOriYHOI byEKII KoMxX-
Ha 3MiHHA X, i = 1, 2, ..., n, Moxke HabupaTn snavenns 0 i 1, To
KinbpKicTs HaGOpiB, M0 MiCTATE J OBMHWISL, n — j HYIiB, AOPIBHIOE
KITLKOCTL crionygens j 3 n— ¢f . Ockinekn j moxe HabyTH 3Ha-
denssa 0, 1, ..., n, To KinbKicTs yeix MomaIHBHX HabopiB mopis-

HioBatuMe N = ¥ C} , AKe, AK Biffomo, nopisHioe 2, Teopemy mo-

j=0

BeIeHOg

Bracnigox Toro, mo KinekicTs apryMeHTiB CKiHYeHHa, TO i
KiTbKicTE MOXKIHBUX Habopis obmesrena, i BignoBigHo i Habopn
1 3HaYeHHA NoriyHoi ByHKmI MOXKYTh 6yTH 3afani Tabaanero.

Hns messocti i npocrotn posmicTiMo Habopu y nBifikoBoMy
KoAl B cmemianbmiit tabnmni B nopAxkKy spocraHHs Bix 0 mo
2" — 1. 3niBa BKa)keMO HeCATKOBI €KBlBAJIEHTH ABIMKOBMX Ha-
bopis (auB. Tabn. 1).

Bin necatkosoro sammcy momepa Habopy mpu TakoMy Koxy-
BaHHI JIETKO IepeiiTH A0 Horo ABifKOBOro 3amucy, NnepeTBoOpIo-
HOUM [EeCATKOBE YUCNO Yy ABIMKOBUI KOZ.
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Ta6ruys 1. Habopu 3nawend deiliko6ux apzymMenmis

Ne

nabopy ¥ o 2
0 0 0 0
1 0 0 1
2 0 1 0
3 0 1 1
4 1 0 0
5 1 0 1
6 1 1 0
T 1 1 1

Kosxua noriuna pyekinia F npuiMae 9UCiI0 3HAYUEHD, 110 [o-
pisaioe 0 abo 1, aAxe pinmosizae ymeay sabopis N = 2", Buxopauu
3 IIHOT0, MA€ Micle TaKa TeopeMa.

I Teopema 2. KinbkicTh pisHUX gorigEux QYHKIH BiX n apry-
wmenTie M =2".

Jlosedenns. Jli#icHO, OCKLNBKY Ha KOKHOMY mabopi i = 0, 1,
.., N — 1, noritma pyakuia F, gopisHioe 0 abo 1, TO KiNBKIiCTh
GyHKIIA, O0 DPUAMAIOTH 1 ma y mabopax i 0 Ha pemuti N — ¥
mabopax, HAOPiBHIOE KinTBKOCTL CHOJIYy4eHE Y 3 YHCIa MOMKJIHBHX
mgabopis N —Cf -

Ockinsxm y=0, 1, ..., N , TO KLIBKICTb YCiX MOMXIWBHX

N
dyuxuii M =Y Cx = 2" . Teopemy poBefeHOm
y=0

PoamicTuMo jorigri GyHKI] y ABIAKOBOMY kozl B Tabnumnl B
HOPAAKY IX 3POCTaHHSA, 3aJaBIIA IPH LLOMY necATKOBiI HOMepH,
1o Bi,zmoninzim'rh iX ABIMKOBHAM 3HAUEHHSIM. Taki Tabauml Ha3H-
BAIOTHLCH MACAUYAMU ICMUHHOCTI.

Icuye 9oTHpH pisHi NOTiYHI dysKIil OZHOrO APryMeHTa A
(Tabn. 2).

®ynxuia F, TOTOXHO JOPiBHIOE 0. Ti wasusawoTs “KoHcman-
ma Hyav”.

®yuknia F, DOBTOPIOE 3HAYEHHS apryMeHTa i TOMY TOTOXHO
AopisRIoE 3MiHHIN. II Ha3HBAIOTH “Bminna A”.
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Tabruyn 2. Tabauyr icmunnocmi nozivkux Pynkyid odnozo

apzymenma
Homep
Habopy i Fo ., F £
0 0 0 0 1 1
1 l 0 1 0 1

DyHEKIiA F, nabupae snayenns, nporuaexsi [0 3Ha4YeHL ap-
rymenTa. Ii HasuBaroTs “Ineepcia A”, abo “3anepevenna A”. Io-

3HavaeThcHa A .

Pynxnia F, Toroxuo gopismioe 1. Ii nasusarors “Koneman-
ma oduruui®. : .

3rixno 3 Teopemoto 2 icaye M =2V = 2% =16 pisnux moriu-
HUX QYHKLIH IBOX apryMmeHTiB A i B , KOMKHA 3 SKHUX BH3HaYeHa
Ha N = 2% gabopax smineux (gus. Ta6. 3).

Tabruya 3. Tabruys icmunnocmi nozivnux Pynryin deox

apzymenmie
Ne |3yinua Dynkuis F
sopy| A [Blo]1]2]3]a]5]6[7[s]o 1011 [ 1213 ] 1a T 13
o [o]ojojofolo|ofofofoft]tf 1111l
1 lofifolofofofift|1]1]o]ololo]1|1]1]}
2 | 1|ojofoft|rfofol1]ifofofltf{1]oflo] 1]}
3 fijrjoft]ofi]ofafo]1fofi]o]1loli]ol;

IIi pyrKuil MaloTs cnemiansgi HAa3BH, IO BiANOBiZAIOTH JIO-
riYHUM OIMepamiaM, AKi BOHH peanisyioTs (auB. nexmiio 11):

| F,=0 — KOHCTAaHTa HYJEb;
5 F.=AAB - noriune MHOKeHHS (rou’10HKLisA, 106yTOK);
| F, = AAB — 3abopona no B;

F, = — 8MiHHa A;

F, = BAA — sabopoHa no A;

F, = — 8MiHHa B;

F,=A®B - cyma sa moaynem 2 (noriuma HEpiBHO-

3HAYHICTE);
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F,=AvVBIi= soriune npozaBaHHA (I3 IOHKL1A);
F,=Al B - omepanuis Ilipca (crpinka ITipca);

P i — joriuHa PiBHOSHAYHICTE;

F, = B — imBepcia B;

F, =B - A - imnmixanis Big B mo A;

F, = A — imBepcia A;

F,, = A — B — immuikauia Big A no B;

F,, =A|B - — omepauin Ileddepa (urpux Ileddepa);
= — KOHCTAHTA OAMHHUILA.

Mis JoriuEMMMA QYHKUIAMA 1 MHOKHUHAMHA € TiCHHH 3B’ A30K.

Jloriuni @yHKIil BM3HA4aOTh onepaiil Haj ABOMa BHAAMH
MHOKHH — YHIBEPCANLHUM 1 NYCTUM. ToMy BCi MpaBHuia i 3aKOHM
Teopil MHOKHH MalOTh MicIe i nns moriuamx GyHKLiX 3 ypaxy-
BAHHAM TOro, II0 TAKHX MHOMKHH TibKM OBl. 3 Li€l TOYKH 30pPY
Teopis JMOriYHMX QYHKIIA € OKpeMHUM BHIIAJKOM Teopil MHOKHH.
Koy MY TOSOPMMO, 110 (hyHKILA soriugoro poxaanHd F Big ABOX
aminaux F = x, v x, 1pH piBHOCTI IUX 3MIHHHX OofMHUIL IOpPiB-
HIOE TAKOM OZMHMIIL, TO PO3yMIEMO, IO apiftcHOETHCA 06’ €AHAH-
HS IBOX LNEHTHMYHUX YHiBEPCATBHHUX MHOMMH B onHy. 3a 3aKOHAa-
M# Teopil MHOMHH pe3ynbTaToOM Gyme 1A K caMa yHIBepcajbHa
MHOMKMEA. fAKmo x MH 00’€IHYEMO ABi mycTi MHOXXHHH, TO pe-
3yNBTYIOHE MHOMWHA TAKOX Gyne mycroio. AHANOriyHO MOXKHA
MOSACHMUTH i peaynbTaTy iHIINX omepalliif JIOriYHUX dyBKILiMA.

MaremarTMka — ue AMllle OAWH 3 BMAIB
NPUKAAAHOT AOTIKH.

M.I'. YepruwescoKull
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Jdexuiz 13 | IlepeTBOpEHHA JIOTi9HHX
dyuakin

Posrnsanyri suime 16 noriunux dyaxmoii s JIBOX
3MIHHHX HOCATH HA3BY €JleMEHTADHHX. IIe dymxnii, #a ocHOBi

AKHX OyayeThca anrebpa Jorikm Ta il SHCNEeHHL 3aCTOCYBAHHA B
Hayni ¥ rexmini. Cepen nux GyHKNi#A BuginuMo 6a3ucki. 3a Io-
IIOMOro1 IUX PYyHKIIH MOXHA Ofep:kaTH Oyab-aki iHmi soriumi
byEKUil. ¥V Toit xe uac Gasmcui dyHKOii me MOXYTEL 6yTH omep-
’aHi 3 6iae1r npoerux. Jlo HUX HANEKATE:

. Koncranra nyns.

. Koncranra oguanmsa.

SMiHHa.

. IaBepcisa.

. Inz’ oK.

. Kor'roBKIis.

[y T 51 Y SN/ IR W T S

Osnavenns 1. Jloriuna GyHKIis HASHBAETHCH iH8epcHOI0 10
BLAHOWIEHHIO JO iHIOI, AKO0 BOHA MOIKe 6yTH oTpumanHa 3
OCTaHHBOL criocoboM iHBepeil Beix i 3maueHs.

Koxna 3 16 dyurmin F,i=0,1,...,,15 mae Takox iHBEepcHY
byaKII0.

Tak, sanpuknaz, dyEknis F, mae inBepcHy yHKHi©O Fy» 2
F. — inBepcry dyukuiio y R

BrnpoBagumo pax BakauBux DopMyNT ANA eneMeHTAPHHX
byHKIiH, :

Hosenenna npasunsHocTi GopMynu merxo OTDMMATH 3a Jo-
nomoroio GesmocepefHBoi nepeBipkM B Tabmmisx icTHHHOCT] 3a
36ixHicTIO 3HaueHs, o YTBOPWIOTE NPaBY 1 NiBYy cTOpOHHM
CHiBBifHOWIeHS, AKi KoBOAATHCA (AMB. Tabm. 1, 2, 3, 4).
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TaGauya 1. AnB=AvB — npasuno Oe Mopzana

A| B | ArB A B AvB | AvB
ol T 0 1 1 1 0
0 |1 0 1 0 1 0
1 0+0 0 1 1 0
154 11 1 0 0 0 1

Tabnuys 2. AvB=

A A B — npaeuno de Mopzana

0 -0 0 1 1 1 0
01 1 1 0 0 1
1 0 | 0 1 0 1
1 1 1 0 0 0 1
Tabruys 3. A>B=AvB
A B I A—B A B AvB
0| O 1 1 0 1
0 1 1 1 1 1
1 0 0 0 0 0
1 1} Y 0 1 1
Tabruuysa 4. A-B=(AvB)(AvB)
A1 BlA-Blal|B|AvB|A|B |AvB|(AvB)A
A(ZVB}
0|0 1 Bl i) 1 0|1 1 1
0 1 0 1] 1 1 010 0 0
1 0 0 0|0 0 1|1 1 0
1 1 1 81 1 1|0 1 1

AnanorigyHo NOBOAATHCA i, HANPHUKJIAZ, TAK] CIIBBLIHOIIEHHSA:
A=A.

A-B=ABv AB.

AAB=AvB=AAB,

BAA=BvA=BrA,

= et
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5. AOB=A-B=(AvB)AvB)=(AAB)v (A B).
6. ALB=AvB=AAB,
7. A/l B=AAB=AvDE.

8. B A=BvA.

Y pasi, KoM OZHMUM 3 ApryMeHTis e koHcraHTa 1 abo 0, cnpa-
BeIIMBl HACTYNHI CHiBBigHOmeHHS, nopaHi B Taba. 5.

Tabruys 5. Cniseidnowenns dnn apzymenmis
x ma 0 abo x ma 1

CniBBigHomenHs CniBBigHomeHES

1 xwl=il xv0=x
2 ral=x xA0=0
X 3 X el = x~0=Xx
4, x@l=x x®@0=x
3. x-1=1 x=0=x
6. lox=x 0—x=

g xl=% x[0=

8 xd1=0 xl0=%

Y BUDAgKax, KoMy IBA apryMeHTH X, =X,= X, a TAKOXX KOJH
H=X1Xx,= X, MaEMO JJA LUX APryMEHTIB CIiBBiAHOLIEHHSA,
nogaxi B rabua. 6,

Haseneni enemenrapui dyuxmii A03BONATEL OyayBaTu HOBI,
y Tomy umeni i 6insmr ckaagmi, hyrkuii Bifl nOBiNBHOL cKinyeH-
HOI KiJIBKOCTI aprymMeHTis masxom oifcTaHOBKHU 10 byHKIiNK
inmux dyurunii samicrs aprymenTis. IIpu usomy pas sanucy
byuKi BUKODHCTOBYIOTHCA AYKKH. .

Ilepenbavaerscsa, mo CIOYATKY BHKOHYIOThCA omepanii Bce-
PEOMHI AVHKOK, Micas Hux — omepauii nig aHaxom 3arnepeyeHHsd,
NOTiM KOH'IOHKIifA, a xani mma’oHknig 1 sei imnri onepauii B no-
PAAKY 3anucy 3niBa Hanpaso, Hanpukaan, imorikamis Ta it samne-
peYeHHs.
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Tabruya 6. Cnissidnowenna 0N apzymenmis
X,=x,=xmax,=xix,=X

CniBBiIHOLIEHHS CriBBIIHOMIEHHSA

1 TN X=X xvx=1l

2 XX =Xx xx=0

3 E=x=1 x~x=0

4 x@x=0 xBx =1

5 x—x=1 xX—=XxX=X

Xr—x=x

6 x] X=X x| x=1

! xdx=%x x4X=0
Osnavenns 2. Oyuxuin F=F(F , F,, ..., F), axa oTpuMana
iz hyEKIik Fl, ) Frl IIJIAXOM 1X HiACTAHOBKHM 3aMicThb
APTYMEHTIB X, X,, ...y X, dyrrmoii F(x,, x, ..., X ), Hasu-
BaeTLCA cynepno3uyierw dynknin F., F,, ..., E .
Mpuxnad 1. Hexait pana dynkuia F = F (x,, x,, x;, X)) =

((x, v x,) A x) > x,) i dymrnil A = (X~ x,); B = x, Voxy;
C=xDx; D=2,

Iorpibuo orpumaru cynepmosuuirn dyskuiin A, B, C, D
F (A, B, C, D), a 3 mei pynxuio F(x,, x,, x,).

Poae’azyeanns. Migerasumo y dpynkuio F = F(x,, x,, x;, X,)
3aMicTk ApPryMEHTIB X, X,, X,, X, PYHKIII A, B, C, D i orpuMaemMo
ix cynepnoauniio F (4, B, C, D) = ((A v B) A C) — D. Jani
samicts QyHKuii A, B, C, D sanumemMo iX 3HAYEHHS!

F=(AvB)AC)— D=F(x,, x;, X;) =
={[(31“x3)v(x1 ‘sz)]’\(xl @-le}—-)xa.

BukopucToByioum Tabauii e1eMeHTapHUX JOriYHUX QYHKIIA
ong ~, v, +, ®, —, orpumaemo B Tabn. 7 yci sHaveHHs QyHKuil
F(x,, %, 2,):
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Tabruys 7. 3adanns gynwyii F (x,, x,, x,)

Homep I X X3 X3 ] X & =2t x Loyl bl
nabopy

0 0 0 0 1 0 1 1

1 0 0 1 1 ‘) 1 1

2:1, B8 1 0 1 0 0 0

3 0 1 1 | 1 0 1

4 1 1 0 0 0 1 0 1

5 1 0 1 0 0 0 0

6 1 1 0 0 1 0 1

7 I 1 1 1 0 0 0 0
Homep [ X1 x2 o a®@x|{} ]| x| Fon,xx)
H'lﬁo_p

0 0 0 0 0 0 1

[ 1 0 0 | 0 0 1 1

2 0 1 0 1 0| 0 1

3 0 1 1 1 1 1 1

- 1 0 0 1 1 0 0

5 1 0 1 1 0 1 1

6 | 1 1 0 0 0] o0 1

7. W51 1 1§ "0 T [P 1

Taxum unnoM, pyrruia F(x,,x,,x;) = x,X,X, , AKa ofepKaHa
HIIAXO0M HiZICTAHOBKH A0 byHKIii F(x,, x,, x,, x,) dysxuin Alx,,
x,), B(x,, x,), C(x,, x,), D(x,) samicTe aprymenTiB X X, Xy, X,
nopienoe 0 Ha Habopi 4 i 1 Ha pemTi Habopis.

Osnavennsa 3. Jloriuni onepamii Ha,u aprymMeHTamMu X, X,,

x noriveEux ¢ysxuiik F = F (.r ooy X ), IO MlCTJITI: y
coBi omepaili sanepedyeHHs, U3’ mmcuu 1 KOH'WHKIIII, HasH-
BAIOTLCA Oyse6umu, a NOrivymi piBHOCTI, 110 OTPUMYIOTECH B
pPesynbTaTi, pa3oM 3 GYIeBMMH ONEpAalisiMH HASHBAIOTHCH
Gynesow anzebpoio (Tabn. 8).

Hasea mama Ha yects ariifickkoro maremarmra XIX CTO-
mrra xopaxa Byns, mo saknae ocHoBu 6ynesoi anrebpu.
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Tabaruys 8. Ocroeni Qa}:mynu byneeoi anzebpu dnn Ou3’wHKYLL,
KOR'IORKYIL ma ineepcii

dopmyna ans dopmyna s Mopmya s
Au3 OHKI KOH HOHKLIL 1HBepCli

1 Ov0=0 0A0=0 0=1

2 1v0=1 1A0=0 =0

<) v Ial=1 =7

- Ovx=x 0Aax=0

5 lvx=1 l aX=2

6 XVX=X XAX=X

7 anE=1 xax =0

8 XVY=YVX XAY=VAX S

9 xviyva= xA(yaz)=
=(xvy)vz =(xAY)AZ

SMIHEL X, X,3 .oy X, ¥ 6ynepii anrebpl BRaXKaIOTHLCA JOBLIb-

HUMM JIOTIYHUMHA (QYHKIIAMH, TOOTO AJA HHX CHPaBAMKYEThCA

IpHUHIAN cynepnosuyii. e osnavae, mo OyAb-AKH#A BAPa3 byne-

Boi anrebpm siBnse c060i0 JOTIURY QYHKIIIO 1 Moxe OyTH No3HA-

yeHHi OXHICIO JiTEepolo, AKAa € aprymMeHTOM y iHIIOMY BUpPasi.
Crneuiansui dopmyan:

1. Onepania moriMHaHHEA X v xy = x 1 x (x v y) = x.
2. Onepanis ckneoBasua Xy vxy =x i (xvy)xvy)=x.
3. Omepanis xii 3 AyKKaMu xy v xz = x(y v 2).

4. ®opmynu ne Moprasa: x vy=xAy: XAYy=xvy.
5. X, F(Xy0 X5y 0000 X,) = X, F(1, X550, X,) -

6. x, v F(x,, X3,-..,%,) = %, VF(0, X; ,..., X,) -

T X F(x55 Xy 5evon %) = X F (0525 5.0 %,) «

8. x, v F(x,, X3 y..» X,) =%, v F(1, x5 ,..., x,) .

9. F(Xys Xg 10000 Xps V50 ) = F(Xy, X5 50005 X5 0, V)

Toeenerss cneniansEnx dopmyn 1-9 npoeecTn caMOCTiHHO.
®opmyna 9 ozmavae, mo Koam Qynknis F ckaageHa rax, mo
sMiHE] 3B’A3aE] TiMBKM onepaniaMu Au3’OHKIII 1 KoH'IOHKII,
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TO, 3aMiHMBIIN BCIOAM y BUpasi nns F sgak IU3'I0OHKIII Ha 3HAK
KOH'IOHKIII i HABNMAKM, a4 TAKOX B3SBIIX 3anepevyeHHs 3 KOMHOL
13 BMiHHMX, OJlep}KHMO 3aNepeyeHHs DAHOL dynaknil F.

Popmynn 8 i 9 T7aba. 8 ABAAIOTL COBO0 KOMYTATHUBHMIL i 4CO-
LiaTHBHUI 3aKOHM, a dpopmyna 3 3i cnemianpHEMX opmyn — poa-
HOZIMBEHUHN (nnc'rpnﬁy'mnnnn) sakoH. Tomy y Bupasax, Axki ma-
I0TH OTepanii Aua’oHKLIl 1 KoH'IOHKLil, MoXHa pO3KpUBaTH LYH-
KH, BUHOCUTH CIIIBHUN MHOMKHWK, [ePeCTABIATH MiCLAMM uJle-
HH 32 IPABUJIAMH 3BHYAIHOL anrebpu, BBAXKATH GOPMAaTBbHO AU3 -
IOHKIIIIO Onepaniero NoNaBaHus, & KOH IOHKIILIO — onepamnieio MHO-
YKeHHJ.

DopmyAH MOTYTHI, are caini.
@. Knein
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JMexuia 14 | IU3’FOHKTHBHI HOPMaIbHi
dhopmu

Jloriuni dyHKIil MOXyTh OyTH moxaHl B PI3HHX
dopmax. Haiibinem nomupeHuMu (GopMaMH € HOpPMaabHiI An3 -
JOHKTHBHI i KOH'IOHKTHBHI QopMu mOAaHHA QYHKOIH. ¥ AaHIH
meknil posrasHeMo AU3 IOHKTHBHI (hopmu.

Osnavenns 1. Jloriuaui 700YTOK KiJBKOX 3MIHHHX, B3ATHX
13 sanepedeHHAM abo 6e3 HbOro, HA3HBAETHLCA eNeMEHMAPHUM
do6ymicom, abo KOH IOHKULEN.

Ilpuxnad 1. EneMeHTapHUM T06YTKOM € BUPasu X,X,, X,X,X;,
Xz, XYz, a BUPA3H XY Ta XY V XZ HUMH He €, OCKIJILKH B IIepILO-
My BHpasi 4jleH xy Mae CILIbHE 3allepeyeHHdA, a B APYroMy €
3HaK AW3 IHKIIII.

O3znauennsa 2. Jloriuna GpyHEKIIIA, 110 TOZAETHCA 1U3 IOHKIIIEIO
eleMeHTapEUX A0o0YTKiB (KOH'IOHKIIN), HasuBaeThCs Ou3'0H-
KmueHow Hopmaasvhow gopmoi (JHD).

Teopema 1. Enevenrapauii 700yTOK TOPiBHIOE OJMHMII HA
onHOMY Habopi, KoM 3MIHHMM i3 3amepedyeHHAM IPHCBOE-
HUM HYJ5, a2 3MIiHHMM 0e3 3amepedeHHS — OXWHHISA.

Ilogedenna. ¥ BUNAAKY, KONA B eleMeHTAPDHOMY H0O0YTKY
aMiHH] i3 3amepeueHHAM X NPUIMAIOTh SHAYEHHA HYJA, a4 3MIHHL
fea 3amepedeHHA X — OAMHMII, TO, ocKimpkm 0=11 lax=x,
LoOyTOK yCiX 3MIHHMX AOPiBHIOBATMME OJZWHHIIIL.

Tenep npuNycTUMO, 110 B 3aZaHOMY e€leMeHTApHOMY J00yTKY
xo4a O ogHiN 3MiHHIN i3 3anepevyeHHAM X NPHCBOEHA OJHHHIA 3
6yab-axkoro Habopy. Toal usa aminza 3 sanepevendam B cuay 1 =0
Habepe 3HauYeHH#A, 10 AopiBHIOE Hy10. [ToABa xoua 6 ogHOrO HyIA
B JIoriyHOMY A00YTKY 3MIHHMX i3 3amepedYeHHsM 1 Oes, 3arigHo 3
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BaacTuBictio 0 A x =0, npuBeie A0 HYJLOBOrO 3HAYEHHA BCHOrO
no6YyTKY.

IIpunycrumo Temep, o xoua 6 ogHa sMmiEpa Oe3 sanepeueH-
HA X NpUHHANA HYJILOBe 3HAYEHHA. Toxl, 3rilHO 3 BAACTHBICTIO
nobyTky 0 A x =0, noriuauit gobyToxk 3MiHHOI, 10 DMPHUEANA
HYJIbOBE 3HAYEHHs, 3 PENITOX0 3MIHHMX He3a/JleXHO Bij iX 3Ha-
YeHb HOPiBHIOBATHME HYJIIO.

TakuM yuHOM, eleMeHTADHHMH N0OYTOK MOPIBHIOE OAMHUMILL
JIMIIIe B €JMHOMY BUMNAAKY, KOJNM BCiM 3MiHHMM 3 3alepedyeHHAM
NPHUCBOEHO HYNb, a BCIM 3MIHHHM 0e3 3amepeyeHHA — ONMHHILA.
Teopemy noBefeHOg

ITpuxnad 2. Habip 3HaueHs 3MIHHEX x, x,, X,, HA AKOMY
eneMeHTapHUH N0OYTOK ¢ = X X,X, AOpiBHIOE ogmuEmui, Oyae 011,
ockinmbKH @ =0 AlAal=1A1A1=1. Ilei Babip € equanit. Byas-
AKWH 1HIMKUHK Hablp mepeTBopioe nobyToK ¢ B Hyas. Hanpuxknan,
AKINO 3MIHHI X, X,, X, HabepyTe BianosigHo sgavyenHs 0, 0, 1, To
e=0A0A1=1A0A1=0.

OOMH 1 JMIlle OJHH I1X eJleMeHTAPDHUM X00yTOK, N[0 AOPiB-

Teopema 2. [ina womxHOro HaGOpy 3HAYeHb 3MIHHHX €
HIOE€ OOMHHILL.

[oeedenns. 3abikcyemo moBinbani Habip sHaYeHsb 1 mobyaye-
MO eJieMeHTapHHH Ao0yTOK, SKUH IpUiiMae HA NboMy Habopi 3Ha-
YeHH:, 110 AOpiBHIOE oguHEKLI. Ile sHAUNTE, 10 B HEOMY HOOYTKY
KOXXKHOMY HyJaw0 Habopy BignmoBigaTuMe OJHA 3MiHHA i3 3amepe-
YeHHAM, a ONUHNI — 3MiHHA 0e3 sanepeueHHEs. Byab-axuii iHITHi
NoOYTOK THX caMMX 3MIHHHX Bifipi3HATHMETHECH HASBHICTIO 3ame-
peuenns xo4a 6 oxmiel sminnoi. Ile osmauae, mo abo x, mepexo-
ANTE B X, , a00 X, mepeTBOPIOETHCA B X,. Y Pe3yNbTaTi eleMeHTap-
HHUH 100yTOK cTaHe AOpPiBHIOBATH Hy0. TeopeMy hoBeneHOg

Osnavenns 3. Jloriuna GyHKIiA n SMIHHHX, o0 NpHIAMae
3HaYeHH#A, DiBHe OJMHUILL, JHIIEe Ha OgHOMY IX Habopi, Ha3n-
BAETHCHA KOHCMUMYEHMOoWw 00UHUYL.

I Teopema 3. Enemenrapaunit o6yTok ycix n 3sMiHHMX, 10 BX0-
AATh o Gysxuil F, € koncmumyenmoio odunuyi.

Hosedennsn. OckinbKA 3rifHo 3 Teopemow 1 eneMeHTapHMIA
A0OYTOK AOBINBHOTO YHCHA 3MIHEWX NPANMAaE OGHHAYHE 3HAYEH-
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Hs IUIIe Ha ONHOMY HaGopi mMx 3MiHHAX, TO # KOOGYTOK ycix n
aMIHHHMX JOPiBHIOE OJMHWIIL JAUIlle HA OfHOMY HAOOp1 iX 3HAYeHb.
Taka PyHKIiA, AK Ie BUNINBAE 3 03HAYEHHSA 3, € KOHCTHTYEHTOIH
onmnuuLi. Teopemy AoBeleHOm

l Teopema 4. Yncio KOHCTHTYEHT OAMHHULI 7L 3MIHHHX MOPiB-
HIOE 2" .

Jlogedenis. JloBejleHHs BUIIMBAE 3 TOIO, IO YMCJ0 HabopiB
AJ1s N 3MIHHHX AOPiBHIOE 2", 2 KOKHOMY mabopy, srifiHoO 3 TEope-
Moo 2, BiANOBiZA€ OfHA 1 nuile OfHA KOHCTHTYEHTa OJMHMILL.
Teopemy AoBeneHOq

Biamosigro #o Teopevn 1 ai:a Toro, mob nNpeacTaBUTH KOHCTH-
TyeHTy ONMHWII Biff 7 3MiHHHUX, 100 AopiBHIOE 1 Ha m-my Habopi,
CJTi MOAATH YHCHO M Y BADIAML N-PO3PAZLHOrO ABIHKOBOrO YHCHA 1
B KOH I0HKIII (00yTKY) BCiX 3MiHHMX y3ATH 13 3allePeYeHHAM JIMIIe
Ti 3MiHHI, AKHM y ABIfIKOBOMY 4uCJi BiNNIOBIZAIOTL HYJI.

ITpuxaad 3. 3aNUCATH KOHCTUTYEHTY OJWHUIIL 17-ro mabopy.

Pozse'azannga. Homamo uucno 17 y ABiAKOBOMY BHTASAML:
170 10001{2) BanmiemMo KOH IOHKIIIIO I ATH SMIHHHX: X, X,X.X X,
BispMeMo i3 3alepedeHHAM Ti 3MiHHI, AKMM y ABiiiKOBOMY 4HCIi
BiAMOBIAAIOTE HYA: X, X,X,x,x,. Oep)KaHAN pe3ynbTaT € KOH-
CTHTYEHTO omxmHHI] 17-ro mabopy.

Osnavenns 4. [Ina’0EKIiA KOHCTHTYEHT OJMHUILL, AKA HKOPi-
BHIOE OMHMII HA THX camux Habopax, Hlo ¥ 3ajgaHa QPYHK-
I[ifi, HASABAETHCHA JOCKOHAN0I0 U3’ IOHKMUBHOW HOPMALLHON
gopmor (JAHP) noriunoi GyHrmii.

I Teopema-5. Byap-axa norivsa QyHKuis F, xpiM KOHCTaHTH
Hyns, €MMEMM cnocobom mMoxke 6yTu moganoro B JI/TH®D.

Jlosedenns. Jlilicao, 6yas-aka norivaa pysxmia F, KpiM KOH-
CTAHTH HYJA, XapaKTepUayeThCsa THM, INo Ha k(1 <k <2") mabo-
pax BOHA JOPiBHIOE OAMHWUILL, a Ha pemTi — Hymo. Korcruryerra
OAMHUI AOPIBHIOE OMHHUILL JWIle HA OAHOMY-€ANHOMY Habopi, a
Ha pemri — HabyBae HynBOBOrO 3HaueHHA. ToMy, AKIIO BCi KOH-
cruryenta oguEnni K, i = 1, 2, ..., k, AKi AOPiBHIOIOTH OJMHHIIL
Ha TMX caMux Habopax, 110 i JorivHa yHKIiA, 00’ egHATH 3HAKOM
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AM3’IOHKIIL, TO BiAMOBiAHO xo mpasuna lv x = 1 dyuruia F 6yzne
AOPiBHIOBATH OAMHMIIL Ha THX caMux Habopax, 110 # KOHCTHUTYeH-
TH OOMHHMIL, 1 HYII0, AKINO KOAHA 3 KOHCTUTYEHT OAMHMAILL K, me
Oyzne AOpiBHIOBATH OAMHUIL, IO MOMKIMBO JHMIIE NPH Hasmnncn
HabopiB 3HayeHb 3MiHHMX, AKi He HaJe)KaTh KONHIN 8 MHUX KOH-
cruTyenT. Ile osnauae, mo 6yne-aka ¢pyrenia F moxe 6yTa npex-
CTaBJIeHA 3a A0IOMOro M3’ IOHKII] KOHCTHTYEeHT oguEnni. Take
IIOJaHHA €ANHE, OCKUJILKH B IDOTHIEKHOMY BUNIAAKY MalOTh OyTH
npucyTHi 7Bl abo Ginbuie pisHAX KOHCTUTYEHT OAMHMIN, PIBHHX
OAMHUII HA OAHOMY i ToMYy ¢ HA6Opi 3SMIEHMX, IO BUKIIOYEHO 3a
Teopemowo 1.

KoncranTa Hynsa Ha Beix mabopax SMiEHMX IOPIBHIOE HYIIO.
Tomy 1i He MOKHA TOJZATH 3a JOIIOMOI'OX0 KOHCTHUTYEHT ONWHHKII,
tobro y J[AH®. Teopemy nosenerog

Buxogsuu 3 moBeneHol TeopeMu 5, pO3rISHEMO 3azady IIo-
AaHHA norivanx Gyernin y IIHD.

Insi il po3B’sisaHHA NOTPIGHO CKIACTH AU3’IOHKIIIO KOHCTH-
TYEHT ONWHMUIII, AKi AOPiBHIOIOTH OAWHMII HA THX caMHX Habo-
pax, 10 ¥ 3agaHa QYHKIiA, 34 TAKUM aJITOPATMOM:

1. Bunucatu 3a 4YMCIOM OZMHULE Y JOTiYHINK GyHKIII ZobyT-
KH BCIX apryMeHTiB Bif mepmioro a0 n-ro i 3’egEaT iX 3HAKOM
IM3’ OHKIIIL.

2. 3anmucaTy Mif KOXXHUM apryMeHTOM #Oro 3Ha4eHHS Y BiAmo-
BiIHOMY J0 naHOTO A06yTKY Habopi, mo mopisnioe 1 abo 0, i Haxn
aprymMeHTaMH, IN0 AOPiBHIOIOTH HYJIO, TIOCTABUTH 3HAKM 3amepe-
YeHHH.

Januit aNropuTM HOCHTH HA3BY 3alMCy JOTiuHOI QYHKIII 3a
OOUHHUIIAMH,

ITpuknad 4. Tlonatu y JOH® noriuny dyaxuito m’atu apry-
MeHTiB F = F (&,; X%,5 %y X,, X.), IO JOPiBHIOE oguEuUIi Ha Habo-
pax 3 HomMepamu 35, 14, 16, 31 i vyno — Ha pemri Habopis.

Poss’sxemo 110 3afady 3a HaBeZleHHM BHIIE aJrOpUTMOM:

1. Bunumemo uoTupm JOOYTKM apryMeHTiB i 3’enHaeMoO Ix
3HaAKaMH Ou3 IOHKILI:

X1 XpX5X, X5 V Xy XpX3X X5 V X XpXg X, Xp V X, X, X0 X, X, o

2. Ilix xoxHUM 06GyTKOM TOCTABMMO HaBGOPH 3HAYEHD
3MIHHUX, TOJAHMX y ABilikoBoMy Buai umcna 5, 14, 16, 31, i
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pO3CTABHMMO 3aIllepedYeHHs Hal 3MIHHHAMH, 110 ZOPiBHIOKTE HYIIO.
Toxi

F=X %, 3 X X3V X, X5 X3 X X5V Xy X5 X3 Xy XV Xy Xy X3 Xy X,

g RNa R 0  1T0N0N0E0 117101 1

IIH® e Haitbirem saranbHOX0 (HOPMOI0 MOJAHHA JOTIYHHX
GyaKuifl B A3’ IOHKTUBHIA HOpManpHid ¢opmi i ToMy MiCTHTH
HAMOLIBIN MOXKJIMBE YHCIIO JiTEp.

Yucno mirep, mo BxoxATs o [JTHD noriunol dyHKIii, dopis-
Hi0e abo Oinbule YHCIA 3MIHHHX, fKi MICTATBCA B Wik (yHKIIl,
OCKiTBLKM OIHA ¥ Ta caMa 3MiHHA MOK€e BXOJHUTH A0 GYHKIIII Kinbka
pasis. Hanpuknan, JH® dysxuii F = xy v XYz V Y2 MICTHTb TPH
aMiHHI X, Y, 2 i cimM jiTep BHACHiAOK TOrO, IO X BXOAUTE 10
dyaknii gBiui, y — Tpuyi (oguH pas i3 3anepedeHHAM) 1 z — ABIYIL.

Ha npakTumi i BigmoBinHo B Teopil mocrae npobiemMa CKOPO-
yenns yucna mitep y JIHD.

Osnawenna 6. Axmo geaka morivHa QyHKOiaA ¢ (B OKpeMoOMYy
BUIAAKY eleMeHTapHui no6yTOK) NOPIBHIOE HYJIIO Ha THX Ha-
fopax, Ha AKUX JOPIBHIOE HYJIO iHIIA dyaknia F, To QyHK-
Uis () HA3MBAETLCH IMRAIKAHMOKN QYHKUII F. Ilpu usoMy
dyHKIIA @ MOKe JOPiBHIOBATH HYJIIO HA THX Habopax, Ha
akux F = 1, ane He HABIAKH.

V pasi, konu QYHKIOIA ¢ € IMIIIKAHTOIO dyakuii F, To Ka-
JYTh, 10 QYHKIIA @ BXOAMUTH A0 byHKUil F. YMOBA BXONKEHHA
gamucyeThed AK @ C F .

BacToCcyBaHHA TepMiHa iMILIIKaHTA NOB’A3aHe 3 JIOTIYHOIO
dyukniero F, = A — B, mo HasuMBaeThCs iMIIikaHTOo. Bupas
¢ — F popiBHIOE OAWHHILL JHIIE TOAL, KOMu @ C F , TobTo Ha Ha-
fopax, Ae 3HA4YEHHA AadA @ i F pigmoBigro marors Buraan: 0-0,
0-1, 1-1. gmo x ¢ ¢ F, To Ha ogHOMY 3 HabopiB QYHKLIA @ Mae
NpUAHATH OAMHWYHE 3HAYEHHA, a QyHKUiA F — Hy’IBOBE. B ngpo-
my pasi supas ¢ = F=0.

IMpuknad 5. Hexait v Tabauni 1 gani dyEKmil:

F=F(x, %, X,), 9= @ (x, X, X,), Z =Z (x,, X, X,)-

fika 3 dyHKOiK @ i Z € imnaikanron dyskuii F?
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Tabnuys 1. Pyuxyii mpeox aminnux das npuxnady 5

i%h;;g X X3 X3 F ¢ | Z
0 0 0 0 1 1 0
1 0 0 1 0 0 0
2 0 1 O Jiaen 0 |0
3 0 1 1 1 1 0
4 1 0 0 0 0 1
5 1 0 1 0 0 0
6 1 1 0 1 0 0
7 1 1 1 1 1 i

Bidnogide. IMnnikanTo0 € QYyHKILIA @, OCKiTLKH BOHA NOPiB-
HIOE HYJIIO HA TUX Habopax, ae pieHow Hymo € dyakniz F. @yn-
KUisa Z He € iMmnnikanToo Gysknii F, ockinsxkyu Ha Habopi 4 dys-
Kuia Z = 1, a pyaxnia F = 0.

Teopema 6. Bynp-ka KOHCTHTYEHTAa ONMHMWIN, INO BXOTHTH
no JJIH® noriusol ¢pyrxuii F, € il iMmnnikaaTor.

[oeedenna. Jlificuo, srigHo 3 Teopemoio 1 KOHCTHTYEHTA OQH-
HHUII AOPiBHIOE OJMHHIL JMINe Ha ogHOMY Habopi sminmEmx. A
ockineku JITH® noriumol cdyuknii F signoeizno go Teopemu 5
CKJIAJaETLCA 3 AU3 IOHKIII KOHCTHTYEHT OQWHMILL, TO OJHE OXH-
HAYHE 3HAYEeHHSA OyAb-AKOl KOHCTHTYEHTH OAWHMIN, 0 BXOAUTE
no NIIH®D, 36iracThcs 3 O[HUM 3 OAWHUYHHX 3HAYEHb JNOTiYHOI
¢yrknii F. Tomy, srifHo 3 03HAYEHHAM IMIIIKaHTH, KOHCTHUTY-
eHTa OJMHHI, o BXxoAuTs A0 JIH® noriumoil ¢pyaruii F e ii
iMnnikaraTolo. Teopemy moBeneHog

l Teopema 7. KorcTanTa HyAs € iMILTIKAHTONW OyIb-aAK0l N0-
riugol gysxuii.

[Jogedenna. Jliticno, KOHCTAHTA HYJS 34 O3HAYEHHAM JOPiB-
HIOE HYNMIO Ha BCiX 11 MoxnauBHX Habopax, 1 ToMmy 060B’A3K0OBO
AOPIBHIOE HYJIO Ha Beix TuX Habopax, Ha Axux dyukuis F nopis-
HIo€ Hya10. Teopemy noBenenog

OueBmHO TAKOXK, IO KOKHA JOTiYHA (DYHKOIS € iMImmikau-
TOI0 camoi cebe.
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I Teopema 8. Byas-sxa aoriuna QyHKLIA € IMITIKAHTOK KOH-
CTAHTH OJMHHMILL.

[losedenns. Korcranra ONMHWIIl HE JOPiBHIOE HYJIIO Ha KOXI-
momy Habopi. Ile osHavae, mo B HyAb-AKIN norivygi# dyHKOIl, HaA
akux Habopax He crosnu 6 y Hel oguHHLi, Gyne BimOBiAHICTS 11
ONMHMYHHUX 3HAYEHH 0 OAMHUYHMUX 3HAUEHb KOHCTAHTH ONWHHUIIL
i mine me Gyge Habopy, ANA AKOro JorivHa QYHKIIA Oyme mopis-
HIOBATH OJHHUII, a KOHCTAHTA OfMHHUIIL B Ied Yac cTaHe opiB-
HioBaTH Hyno. TeopeMy nOBeleHOm

Osnavenna 7. IIBi noriuni GyHEKOm @ 1 ¢, HASUBAKTHCA
3pi6HI0BAHUMU, AKIO JI/IA HAX BUKOHYIOTECA YMOBH: @, C @,
1¢,C0,.

Osnauenns 8. Enementapuuil fo6yTOK, OAEPKAHUAN MIIAXOM
BHKJIIOUEHHA 3 IMo4YaTKoBOro AobyTKy ozHiel abo KiNBKOX
3MiHHUX, HA3MBAETLCA 8LACHOI0 HACMUHOI OCMAHHBOZO.

ITpuxnad 6. Hexan nano eneMeHTapHME gobyrox xyz. Toni
#0ro BJIACHMMH YacTHHAMM OyAYTH AOOYTKH:

Xl, Y2, 2, X, 0, 2 -

Oznavenna 9. EnemenTapHi f06yTKH, siKi BXOAATHL A0 HAHOL
dyuaknii 8 JIH®, ane HisgKa IX BlIacHa YacTHHA CaMOCTiHHO,
AK no0yTOK He BXOJWTHL, HABHBAIOTBCA nNpocmumu IMNALKAH-
mamu.

IMpuxnad 7. lIpunycTaMo, 1Mo AOOYTOK @ = X,X,X,X, P,
BXONATH A0 AeAkoi moriumoi ¢ymkmii F = F (x, x,, X;, X,), a
amiHHi X, 1 X, CaMOCTiHO He BXOAATE, AK mobyrkm. Toxi ,qoﬁy'rcm
X%, ﬁyne npocTol imMnaikaHTolo GyHKNii F, OCKIABKH

x,x, cpcF,a x,¢F i X, ¢ F. Pasom 3 TumM J00yTOK ¢ He
Gyme NpocTo IMIAIKAHTOW, OCKIIBKH Xx,x, C F . IIpuknagom
Takoi QYHKIIL Oyse F = X,X,X,X, V X, X,V X, X3 V X X3X, X5 .

Axmo 6yas-axuit JO6YTOK BXOANTSE N0 AaHOol QyHKIII, TO IPU
BKIIOYEHH] 10 HBOTO Oyib-AKHX 3MiHHMX HOBHM JOOYTOK TAKOMK
6yme BXoguTH A0 Hiel GYHKIII], OCKIIBKH BiH fa€ HYJIb YU OAUHA-
[}0 pas’oM 3 MOYATKOBUM JOOYTKOM.

Osznavenns 10. [Tua’ OHKIIA NPOCTUX IMIIIKAHT HAZHBAETH-
ca crxopoyerow JHD.
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Teopema 9. Byns-axy noriuny dyaxuiro F moxaa nogatu y
BHIIAAL ckopouernoi [JJH®D.

Hosederna. OCKiIBKH NPOCTL iIMIIIKAHTA BXOAATE CAMOCTIHHO
oo ¢yekuii F, To0 BOHW NOBHHHI NOPIBHIOBATH HYIIO Ha THX Ca-
MHX Habopax, mo i pyrkiia F. Axkuaio ne He Tax 1 mpoeTa iMmunikas-
Ta AOPIBHIOE ONMWHMUILL TaM, fe GyHKIia F Maec JOpiBHIOBATH HYJIO,
TO Ha mizecrasl piBrocti 1 v x = 1 dyskuia F gopiBHioBaTuMe 1,
10 HEeZONyCTHMO.

Hns koxxnoro Habopy, ne ¢dyukuia F gopisxioe 1, mae 3Haii-
THCh Xoua 6 ofgHa mpocra iMnaikadTa, 10 AopiBHIOE 1, imaxmie
dyuruia F y usomy sunagky He 6yne gopisuiosata 1. B ripmomy
pasi Takoo iMIIIKaHTOX BUCTYIIa€ KOHCTUTYEHTA OJWHHIIL.

Cepen imnnika®HT y dyHKULii F MoKyTh 3HalTHCH ITpocTi
iMnaiKaATH U, AKi € BJACHOI YACTHHOIO IMITIKAHT y. ¥ HBOMY
BUNAAKY Yy = wv. Ha mincrami pismocrest wv+u=ulv+1l)=u i
BIANOBIAHO Y + u = u BiAByHeThCA NOrNWHAHHA iMOAiKaHTH Y ii
BJIACHOIO YaCTHHOIO U, AKAa € NPOCTOK IMIITIKAHTOIO.

ITe osnauvae, mo byuxnia F 6yge micasa Bcix MOKIWBHX TO-
TIMHAHD YPeIuTi-peIT CKAAJATHCA 3 OQHMX NPOCTUX IMIMTiKAHT.
Teopemy moBeneHog

3 MeTo0 nojaHHA JoriuHol GyHKUil F y BUTIALI cKOpOYeHol
HH® posrinsnemo omepailil IOBHOTO i HEIIOBHOIO CKJCIOBAHHS, a
TAKOJK MOTJIMHAHHA i posropranEa B J[THO.

Onepanisa mOBHOro CKJICIOBAHHA BU3HAYAETHCA CIIIBBIIHOIICH-
HAM XYV Xy =x.

Ile BuntmBae 3 Toro, 1o

xyvxy=xgvi=xAKl=x.

CxneroBanna gobyTKiB xy i XY BinbyBaersca B JaHOMY pasi
10 3MiHHIA y.

Onepanisa HENOBHOTO CKJIEOBAHHA MAE€ BHUIJISAI

XYvxy=xvxyvxy

[Te moMBO TOMY, 10 JIOriYHe ZOAABAHHA 3MiHHOI X 3 BHpa-
30M XYV XY HISK He BNJUBAE HA ocTasHiil. Bin 3aJIUIITAETHCH
He3MIHHUM, CKINBKHM 6 pasiB 3MiHHA X 10 HEOTO He HOZABAJIACE.

Onepania DOrMMHAHHA BUSHAYAETHLCA 3 PiBHOCTEH X Vv Xy =x
ixvxy=x.
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V usomy pasi x morauHae Bech BMpasd. Lle Bumiansae 3 TOro,
mo xvxy=x(lvy)=x.

BigmoBigao xvxy =x(lvy)=x.

OCKifbKHM naeKo He 3aBXXKAM BHXigHA JoriyHa QyHKLiA 1O-
naersca y JJIH®, To posrisHeMO onepamnio ii po3aropTaHHd. Bona
TepeTBOpIoE OyAb-IKY IPOCTY IMILUIIKAHTY B A13’IOHKIIII0 KOHCTH-
TYEHT OAUHMII.

Hexaii, HampuWKJajg, XY € IpocTa iMmiaikaHTa JOriunOl
(yHKIil YOTUPLOX AapryMeHTiB: X, Y, 2, U. Toxai, 3acTOCOBYIOYM
nBivi onepaiino pos3ropTaHHA, OAEPXKHMO

xy = xy(avz) = xyzvxyz =xyz(uvu)vxyz(uvu) =

= XJ2u v XY2Uu Vv XYyzZu v xyzu .

ITpu po3ropTaHHI pisHi iIMIIIKaHTH MOMXYTE YTBOPIOBATH ONHY
# TY caMy KOHCTHTYEHTY OAMHMII. ¥ mboMy pasi Ha OCHOBI1 TO-
TOMKHOCTLI X V X =X Tpeba 3aJUIIMTH OJHY KOHCTUTYEHTY OIH-

guni. Bracaigoxk meoro ogepxkumo NJH® suxigroi noriunol
byHKuil.

Bia 4acis rpexis roBopuTu “maremaruka” -
3HAYMTH FTOBOPUTH “AoBeseHHs”.

H. Bypb6aki
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JMekuia 15 M1H1M133um norivHUX (PyHK- l

i B /I/IH®

Meron mimimizsanmil goriuamx ¢yHKIOIH, moO pos-
TIANAETHECA B AaHiM JNeknii, 6asyersca Ha Teopemi Ksaina.

Teopema Keaina dnsa AAHD. Axmo B JJHP® noriumoi

dysruii F 3gilficEuTH BCi omepaiii HEMOBHOTO CKIEHBaHHA,
a MoTiM yci omepanii NorIMHAHHES, TO OyIe oxep’kaHa CKOpPO-
yena AH®P uiei ¢pyaruil, Tobro au3’roHEKLiA BeiX I MpocTHX
iMIUTIKaHT.

Hosedenna. Hexaill, Hanpukaaa, micas 3AiMicHeHHA BCIX ome-
pamiif HENOBHOTO CKJIEKBaHHA, a moTiM norauHanaAa, JH®P byxe
MICTHTH 4YJIeH ¢, AKHMH He € mpocToio iMmiaikanTow. Toal xo miel
dbyrKIil, KpiM YreHa ¢, CAMOCTIHHO BXOJHUTH AKACh HOr0 YACTHHA
P, AKa € npocTow iMnaikaaTow. Ile osrauae, nro pyakuis F doyze
MiCTHTH iMIIIKaHTY ¢ 1 MIPOCTY iMOJNIKAHTY p V BUTAALL IX AH3’-
IOHKIi1 pvg. Ane g = q,p- Toxai unen g 3rifHO 3 piBHICTIO pvg =
= pvq,p = p NOTIMHATHMETBECSH NPOCTOX IMILUIIKAHTOIO p, i BiANO-
BimHO cKopoueHa [IH® Oyme MicTHTH TiABKH LI iMOJIiKaHTY.
Bignorigro [IH® ckrazaTuMeThCs JIMANIE 3 IPOCTHX IMIIIKAHT,
00’emHaHUX omepaniasMu OU3 WHKIIL. TeopemMy noBeIeHOgy

OcobnueicTio MeTona MiHiMizanii sa Ksaiinom € Te, mjo #oro
poboTra mounHaeTheA nicad noganua B JJIH® poriunol dyHKI],
Axa minimisyersea. Tomy arino pyHKIis 3agana B gosiabHLH [[HD,
TO 11 enno4yaTKy caig nepersoputa y JIIH® maaxom 11 posropras-
Ha. [ToTiM HeoBXiZHO BUKOHATH TaKi KPOKH: )

1. ¥V JIH® F=F(x,, x,,..., X,) 341ACHIOIOTHCA BCl oneparil
HEIOBHOI'O CKJIEIOBAHHH KOHCTHTYEHT OLMHHIN.

HenorHe cknel0BaAHHA BUKJIMKAHO THM, N0 KOXXHA KOHCTH-
TYeHTa OJUHUIL BOMHOYAC MOME CKJACKBATHCH 3 KLIBKOMA 1HIIIH-
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mu. Tozi il micas mepinoro cKJAel0BaHHA He MOTIMHAIOTH, & BUKO-
PHCTOBYIOTH JJIA iHIIMX, Y MOPAAKY Yepru, omepaimii cKieioBaH-
Hsa. Ile 1 € onmepania HENOBHOTO CKJIEIOBAHHA.

Y pesyabTaTi OAEPXKYIOTH iIMILIIKAHTH, 10 MaioTh IO 1 — 1
aMigEMX. IIpM DLOMY MOMKIHBE TAKOX@ OTPHMAHHA 1 MPOCTHX
iMILIIKAHT.

2. BigfyBaeThca NOTIAHAHHSA IMIUIIKAHTAMM BCiX KOHCTHTY-
eHT ONWHHUI, AKi 6epyTh yYacTh Y HENOBHOMY CKJIEIOBaHHI.

KoHCTHTYEHTH OAMHEMILI, mo 6epyThk yYacTh B OIlepanifgx He-
[TOBHOTO CKJIEIOBAHHSA, 000B’ 13K0BO MOTVIMHAIOTECA, OCKLIBKH BOHU
MiCTATE YV CBOEMY CKJajl IMIIIKAHTH, SK1 MAaOTh MiCJAA IePIIoTo
CKJICIOBAHHA 1O n — 1 yirep i MicTaATheA y QYHKNIL F.

KoHCTHTYeHTH ONWHHMII, fKi He Oynm 3aAiaHi B omepamisx
CKJICIOBAHHHA, HE MOKYTh IOTIHHATHCH, GCKIIBKH BOHH ABIAIOTH
coboi0 mpocTi IMIOIIKaHTH 3 . 3SMiHHUMH.

3. 3ailicHIOIOTECA OMepallili HEHOBHOTO CKJIEIOBAHHS 1 ITOTJIN-
HaHHS iMOIiKasT 3 . — 1 3MiEHOIO, OflepsKaHuX Ha IepIIoMYy KpOoIil
CKICIOBAHES, 38 aHAJOrien 3 nyHKTaMu 1 Ta 2.

I1s# mpolexypa MOBTOPIOETHCA AOTH, IOKH Omepallil HeIoBHO-
I'o CKJICIOBAHHSA 3anMuIIanTsca MoxkaueamMu. OTpuMaHa B pe3yib-
rari [JTH® 6Gyae ckopouernowo JHD.

IMpuxnad 1. 3uaity ckopoyeny JH® moriusol GyHKImil
F=F(x,y,2)=xyvxzvyz.

Pozg’a3ysanns

1. 3acTOCOBYIOUM OTepamiio poaroprasHs, oaepxumo [JTHD
d?rYHHEll V=1F(x, Y, Z):

F=F(x,y,2)=xylzvZ)vXxz(yvy)vyz(xvx)=

=XyzvxyzvxIyzvx yzvxyzvxyz.

2. Bniiicaumo B JAH® dyuxuil F = F(x, y, 2) BCl MOXIUBL
omepanii CKAEIOBAHHA KOHCTUTYeHT oguBMUi. [l1s 0poro mpoHy-
MepyeMo BCl KOHCTUTYEHTH OAWHHMII PyHKIIL:

1 2 3 4 5 6

F = F(x, y, 2) = xyzv XyzZv Xyzv Xyzv xyzv xyz

i BUKOHAEMO BCi Omepallii HermoOBHOro CKJIEIOBAHHA 4WieHiB QyHKIIL,
NMOYMHAKYM 3 NEepuIoro, 3 pemToi.
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3. PeaynbTaTH CKJCIOBAHHA 3aMUIIEMO A0 rabauni 1, y axii
HepLIMii CTOBIYMK MOAAE HOMEPH KOHCTHUTYEHT, APYTHH MOKa3ye
peaynbTaT CKJIEIOBAHHA, TpeTiii — 3MiHHI, 3a AKAMH Bigbynocs
CKJICIOBAHHA.

Tabruys 1. Cknewsanri xoncmumyenm oduHuyi 6 npuxaadi 1

Homep CKIeBaHHX 2 CkieroBaHa
I(OEICTHT)JBHT FHERERETH 3MIHHA
1. 1-2 xy Z
b 1-3 yZ X
i 2-5 Xz y
4. 34 Xz y
5: 4-6 Xy Z
6. 5-6 yz  ;

OueBMAHO, IIO MOAAJbIIE CKJICIOBAHHA HeMOJKJINBE, 1 HaBe-
nexi B Taba. 1 iMIUIIKaHTH 6yAyTH TPOCTHMH.

[Ticna morJAHHaAHHA DHUMHA iMILTiKAHTAMH BiANOBiZHMX IM KOH-
CTATYEHT OJAMHHIIL OePHHMO crxopoueny JTH®D:

F=F(x,y,z)=xyvyzvxivfzvfgv_ﬁi.

Tlauuit Bupa3 MICTHTEH [icTh MPOCTHX IMIIIKAHT, AK1 mpen-
CTABISIOTH V€I MOKIUBI mpocTi iMIIiKaHTA. Cepen HHX 3HaXO-
naThcA 1 A0OYTKH, IHO BXOOATE 10 mouaTkoBol GyEKHil F:
xy, X2, yz . Tomy iMmTiKaHTH Y2 xZ, X1 MO)KHA BBaXKATH 3aH-
puMu. JlaHuit posB’A30K JUIIE nifaTBEEpAuB, IO AOOYTKH BHIXiZ-
pol dyukuil F € IpoCTHMH iMIIiKaHTaMH.

TaxkpMm 4Y@WHOM, MH 6auHMO, IHO ckopouena JH®P — ne na-
nex0 He 34BXAH MiHIMaIbBHA MH®, ockinbKkM BOHA XO0H i
MicTHTH MPOCTi IMIAIKAHTH, IPOTE cepel HUX MOXYTHb oyTH i
HANJTUIIKOBI.

Osnawennsa 1. [Ina IOHKIIA IPOCTHX iMIIiKaHT, XKOJHA 3 AKUX
He € 3aiiBol0, Ha3MBAETHCH MynuwKoseomn IH® noriusol
PpyHKILIIL. Y :

TynukoBux QYHKIIH ¥ 3arajibHOMY BUIIAJKY MOXKE byTn ne-
xinpka. KoykHa 3 NAX QYHKIIH MOXKe MicTHTH KiNBKiCTH JIiTEP,
pigMiHHY Bif IX KinbKOCTL And peuTH (yHEKILA.
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Toxi BUHHKAE 3aBJaHHSA IOLIYKY TaKOl TYMHKOBOI JIOTi4HOI
dyeknii, axa 6 Mana MiHIManeERY KinkkicTs aiTep. Taka QyHKL1A
Ha3UBAaETHCA MiHIMaAbHOW [JHD.

Ieaki moriuni @yHruil MOXKYTh MaTH KilbKa MIHIMalbHHX
IH®, o MICTATH OZHAKOBY KinbKicTh JiTep. ¥ HbOMY BHUNAAKY
pubupaerhea Minimansaa [JH®D, aka 6inbmr opuaaTHa DOPIBHAHO
3 pemIToo IS TexHiyHol peanizanil B mudppoBOoMy HpUCTPOI abo
Kepywouiit oporpami.

3 meTol0 Bu3HaveHHA MiHiMansHOl [JH®P BHKOPHCTOBYIOTHCA
iMIIiKaHTHI MaTpHIi.

V 7abn. 2 HaBefeHa IMIIIKAHTHA MATPHIA OIS DO3TIAHYTOL
BHIIle B IPHKJIaAl jJorigHol pyekmii. ¥ Taba. 2 0o BepTHKaJIbHAX
BXOJaX 3aIMCYIOTHCH KOHCTHTYEHTH OJHMHHMII, AK1 BXOOATEL B 3a-
na"ny GVHKIiK, a 10 TOPU30HTAIBHUX — nmpoeTi iMmikanTH wiel
dyuKIil, ogep:ka#i 81 ckopouenol [JTH®P. Axiuio iMniikanTa € Biac-
HOKIO YaCTHHOIO AeAKol KOHCTHUTYEHTH OZMHHIL, TO KIITHHKA
iMnnikaHETHOI MaTpHIi, II0 BifnoBifae mii iMIiaikaHTi i KOHCTH-
TYEeHTI OAMEMNI, Bizmiuaerbca xpecruroMm. IIlo6 oxepxxartu
minivansay JJTH® saganoi ¢pyHKIil, ZOCTATHHO 3HAWTH MIHIMAb-
HY KigbKicTs iMmiaikasT, AKi pasoM HaKpHIOTh XPECTHKaMH BCi
CTOBIIII IMIJIIKAHTHOI MaTpHILi.

V Tabn. 2 KoKHHH CTOBIEIb BiiMiyeHWH ABOMA XPECTHKAMH.
Tomy 3i ckopouenoi [JH® dyHKOil, II0 pPO3TrIaNacThCss, MOXKHA
BUKJIIOYHTH Oyab-AKy iMnaikamTy. MimHimManpHa KIJIBKICTH
iMITIKAHT, 1110 HAKPHBAIOTEL XPECTUKAMHE BCL CTOBIINI, TOPiBHIOE 3:
Xy HAKDWBAEC NMepIIMH 1 Apyruit, Xz — TpeTiit i yeTBepTHit, Yz —
n’arui i mocetui ctoBnil Tabmumi. Mo)XHa HAKDHUTH M 1HaKIIe:
Yz HaKpWBA€E NMEPIUM i TpeTiit, xz — Apyru#t i m’ATHH, Xy — 4Yer-
BEPTHH 1 IIOCTHH CTOBIIII. !

Omxe, naga noriuna ¢yrEknia mae a8i rynukosi JTH® 3 ogua-
KOBHMM MiHiManbHHM uuciom (6) mitep:

1. F=xyvikzvyz.

2. F=yzvxzvxy.

KpiMm minimansanx ¢opm, GyHKIIA, [0 PO3TAAJAETLCH, AK
e BHIJMBae 3 taba. 2, mae pag rynukoBux JHP, B aAkux yucuo
6yvks 6yzae 6inbmre, HixK y MmimiMmaneHuX. Hanpuknan, TynuKoBoio
6yne raka [JTHD:

F=xyvyzvxzvxy.
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Tabauys 2. Imnnrixanmua mampuys daa npuxaady 1

Ilpocra : Koncruryenta
IMILTIKAHTA 1 ) 3 4 5 6
xyz | xyz | X% xXyz Xz xyz

1 ‘xy X 4 -
2 Y X X
L X X
4 xz 0 X
5 X X X
6 ¥z X 2

i

Buxonsuu 3 HaBeAeHOrO MPHKIAZAy, AAMO PeIlTy KPOKiB, He-
obxigaux AnA Minimizanii noriuEMX QYHKI1M.

4. 3a orpuMaHoI0 cKopodexoio J[H® Gyayersca iMIIiKaETHA
MATPHILA.

5. B iMnmixamTHI# MaTpHIi 3HaXoAATHCHE HaAOOpHM NPOCTHX
iMIIiKaHT, AKi HAKPHBAIOTH BCi KOHCTHTYEHTH OAMHMUIL noriueol
dyHEKLil, axa npexcrasnena y JH® i MiHIMI3yEeTHCH.

6. Cepes nux HabopiB 3HaXO#AT: ONMH 860 KiIbKa TaKHX,
AKi B cyMi MicTATH MiEiMansHY KinbKicTe OYKB.

7. 06’ eAHYIOTH IPOCTi iMMTiKaHTH TUX HAGOPIB 3HAKAMM A3 -
I0HKIIL i ofepXyioTs 0AHY 200 JeKinska MiHIMaTbHHAX OH®D.

Ipuxnad 2. 3naitn minimanrsuny JTHD noriggol QyHKNIL
F=F(x,, X;, X35 % ) AKa ZOpiBHIOE OJWHHIL Ha Habopax 3 HOMe-
pamn 1, 3, 5, 7, 14, 15 i gopiHIOE HYy/II0 HA PEmITi Habopis.

IMogamo dyuxnio F B JIH®:

ey i ) YaNE e BAs
= F(x,, %5 X3 X4) = F X, 8,0,V T XXX,V 5%y X5 X,V

4 5 5
V X, Xa XV Xy Xy Xg Xy V X XX X

3aificEMMO olepanii HEMOBHOrO CKJICIOBAHHA B TAKOMY NO-
PAAKY:

1. BUKOHAEMO BCi MOK/IMBi HENOBHI CKJIEIOBAaHHSA NEepIIOTO
yjieHa, MOTiM APYroro, TPeTsLoro i T.4.
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2. ITposeeMo BCl MOXKJIMBI omrepanil MOrTHMHAHHA KOHCTHTY-
eHT OZMHMILL i pesyiasTaT mogamo y Tabu. 3.

Ta6auya 3. [Tepwe cknerwsanna xoncmumyenm 1 6 npuxknadi 2

Homep ckneroBaHol 3 CrneroBaHa
KgHml']myenm il 7 L i 3MIHHA

L. 1-2 20 X3

2 1-3 b L X2

o 2-4 ,flx‘xd X2

4. 3-4 5 45 X3

5. 4-6 Xy X%, X

6. 5-6 'lez x3 X4

3 Tabn. 3 BEHAHO, IO BCi KOHCTHTYEHTH OAWHHIII NOTJIHHA-
IOTHCHA IMILIIKAHTAMHA, OTPHMAHHMH IiCJIA CKJIEIOBaHHA. B peaynb-
Tati Oyze ogepskaHa Taka QYHKIIA:

: L 2 RS
F = Flx); XeuBar 1) = B, X, 0, V- X %00,V B0, %,V
prail 5 ‘6

V Xy XX V XXy XV X X0 Xy

3. Ins orpumanol ¢pyeKuii F y Tabn. 4 3HOBY nIpoBeAeMo BCi
MOXKJIHBi omepanii HEeIOBHOTO CKJICIOBAHHSA 1 NOTJIMHAHHA.

Tabaruys 4. Jpyze ckneroeanna xoncmumyenm 1 y npuknadi 2

Homep ckneroBasol : €HOBaHa

P o ImnnikanTa 2 >
KOHCTHTYEHTH “°] 3MIHHA

1. : 1-4 N X2

2 2-3 flx‘ I3

Taxum ymHOM, OflEPIKHMO, IO
F=F(x), 2, 23,2 = 2,%, V X, 5.2, V 2% %, .

Jo nporo BMpasy onepamii HEIOBHOrO CKJIEIOBAHHA 1 IOIJIH-
HAaHHA 3aCTOCYBATH He MOXHA4, 1 ToMy BiE € ckopouenow [[H®
3alaHol NMOriyHol pyHKHII.
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Tabruys 5. Imnaikanmua Mampuys

[Tpocta KoHCTUTYEHTa OAMHHILL

IMILTI- 1 2 3 - 5 6

KaHTa | XX, %%, | X, %, %50, [ X0, X320, | X2, X, | X, X X3 X | Xy Xy X5 Xy
L. ';c_lx-t X X X
2. XaX3Xs X »
3. x1x203 3 X

[Mo6yayeMo iMNIikKaHTHY MaTPHIIO IJf OZEPKAaHOL dyEKIi]
F (ouB. Taba. 5).

3 7aby. 5 BUNAMBAE, 10 A0 MiHiManbHOI hopMu 0608’ A3KOBO
Mae yBiiTH iMILTiKaHTa X,x, OCKiNBKM JIMIIEe BOHA HAKPHBAE Xpe-
CTHKAMM Mepuiuii, ApyrHii i TpeTii cToBmIi iMINiKAHTHOI MaT-
puni. Kpim Toro, ofos’askoso mae GyTu BHOpaHa iMnaikaHTAa
X,X,X,, OCKIIbKY BOHA HAKPHUBAE n’aTuil i moetu# crosnui. Ilpu
BubOpi mUX ABOX iMITiKaHT yeci cTOROHi Tabn. 5 3aJMIIAITBCA
NepeKpHTHMH, i TOMy iMmiikaHra X,X,X, € 3aHBOIO. Y naHOMY
BHIAnKy JorivHa ¢ymEKnia mae eauny TH®, mo MiCTATE I'ATH N
aiTep:

F = F(x;,%5,%5,%,) = X, X, V X, X,%5.

MoxHa 6yTH NepLIOPSAHUM MaTeMaTUKOM i He
BMITH paxyBaTu. MOXHa paxyBaTH AOCKOHAAO
i He MaTH aHi HaHMEHLWOTO YSBAEHHS
NPo MaTemarmky.

Hosauaic
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Jeruia 16 | KOR’IOHKTHBHiI HOpMAaJIbHi

dopmu

Oznauennsa 1. Jloriuea cyMa KinbKOX pi3HMX 3MIHHUX, y3d-
THX i3 samepeueHHAM abo 6e3 HBOIO, HABMBAETHCH €AE€MEH-
maproi cymoio, abo dus HKYLENW.

Osnauenna 2. Joriuna YyHKIIA, 110 HNOJAETHCA KOH IOHK-
mi€lo eleMeHTApHMX cyM (ama’IOHKIIiH), HA3UBAETBLCA KOH -
HOHKMUEHOI HopmansvHow (opmoi (KHDP).

Hpuxnad 1. Enementapuumu cymMaMu OGyAyTh BHPAa3H

X, VX5 X, VX, VX3, XVYVZ, & BUDa3H xvy i (xvy)xvz)
HYMH HE €, OCKIJIBKM B NepUIoMy BHpPAasl 4JeH x v y Mae€ 3aralb-
He 3allepeYeHHs, 4 B APYroMy € 3HaK KOH IOHKIIIL.

Teopema 1. EnemeHTapHa cymMa QOPIiBHIOE HYJIIO B €EIHHOMY
BUMAIKY, KOJM 3MIHHHM i3 3amepe4eHHAM NPHCBOEHA ONH-
HHUIA, a 3MiEEMM Oe3 3amnepe4yeHHA — HYJb.

IloBeleHHSA TeOpeM TYT i Zani He JAOThCH, OCKLIBKHA BOHU

AHAMONiYHI HOBEJAEHHAM BiANOBIIHMX TeopeM y JeKIil 14.

Ipuxnad 2. Habip sHavens 3MIHHHX X, X,, X,, Ha AKOMY

eleMeHTApHA CyMa ¢ = X, + x, + X, JOpiBHIOE Hynw, Gyze 100,
ockimpkH @ =1vO0Ov0=0v0vO0=0.

Teopema 2. Jina woxHOro HaGopy 3HAYeHb 3MIHHMX ICHYE
OIHA i TUIIe ogHA IX eJleMeHTapHA CyMa, Io AOPiBHIOE HYIIO.

Oznavwenna 3. Jloriupa dyHKUis n 3MIHHHAX, [0 TpHiiMae

3HA4YeHHA, AKe JOPIBHIOE HY/IO JHIIE Ha ofHoMy iX HaGopi,
HA3UBAETHLCH KOHCMUMYEHMOK HYAA.
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Teopema 3. Enemenrapsa eyma BCiX n 3MIHHHWX, [0 BXOAATH
mo Gpyskuii F, € KOBCTHTYSHTOH HYJIH.

§ Teopema 4. Iucno KOBCTATYEHT HyA It 3MIHHMX JOpPiBHIOE 2”.

3rinHo 3 Teopemoio 1, m06 HOAATH KOHCTATYEHTY HYJA Bif n
aMiHEHX, oo gopiBHIOe 0 Ha m-My Habopl, MOTPiOHO mMOAATH YMC-
10 m y BATAAAL N-pO3PANHOTO ABIMKOBOroO YMCIa 1 B a¥3 I0HKII1
BCiX 3MIHHHAX Y3ATH i3 3amepedYeHHAM TiABKH Ti 3MiHHI, AKAM ¥y
ABifiKOBOMY YMCJi BiIOBial0Th OAMHMII.

ITpuxnad 3. 3anucaTn KOHCTATYEHTY HYJIA 17-ro mabopy.

Pose’asysanns. Nogamo pecaTkose umciao 17 y IBiIAKOBOMY
surasgi: 170y = 10001, . Banmmemo AM3'IOHKOIO 5 SMIHHHX:
X,V X, VX VXNV X BlBLMEMO i3 3amepeyeHHAM Ti 3MIHHI, AKHM

v ,zmmrcoaomy 1-:0;:,1 Bl,[l;HOBl,l];alOTL ONUHHII: X,V X,V X,V X,V X;.
Opep:KaHU# Pe3yJNLTAT € KOHCTHTYEHTOIO HYIA 17 -TO Haﬁopy

Osnauenna 4. Ko I0OHKIIS KOHCTHTYEHT HYJIH, IO AOPIBHIOE
HYJI0 Ha THX caMux Habopax, mo ¥ 3ajfaHa dbyEKIiA, Has3H-
BAETLCA OOCKOHANOI KO IOHKMUEHOI HOPMAAbHOW YOPMOI0
(IKEH®) noziunoi pyHKYIL.

Teopema 5. Byxp-aka noriusa ¢ymxiis, OKPIM KOHCTAHTH
OIMHHUILI, €IMHUM YHHOM MOZKe DyTH npeacTaBieHa B ITKH®D.

BuxoaAum 3 TeopeMH 5, PO3rJiAHEMO ANTOPUTM MOAAHHSA JIO-
rivaux pysxkain y JEH®.

3 miero meroio Tpeba cknacTy Jo6yTOK THX KOHCTUTYEHT HYJId,
AKi NOPiBHIOIOTH HYIIO HA THX caMHX Habopax, mI0 i samaHa QyH-
KI[if, 38 TAKMM aJITOPUTMOM:

a) BUIMCATH 3a YMCJIOM HYJiB ¥ JOTiuHii GyHKuil AU IOHKILI1
(cymMm) BCix apryMeHTIB Bif mepIIoro go n-ro | 3’eHATH 1X 3HA-
KAaMH¥ KOH IOHKIIiT;

6) 3ammcaTH Mij KOXKHAM apryMeHTOM HOro 3Ha4eHHA Y BiAmO-
BimHOMY Zo maHoi cymu HaGopi, ske jgopiBHioe 1 abo 0, i HaAg
apryMeHTaM, 1[0 ZOPiBHIOIOTH OAMHHMI, IOCTABATH 3HAKH 3ame-
peuYeHH4d.

[auwit AITOPUTM MA€ Ha3By 3aIMCY JOTiYHOL QYHKIIL 3a HY-
JAMHA.
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Ilpuxaad 4. logaru y JKH® noriuny GyHKIio 0'4ATH apry-
menTiB F = F(x,, x,, x,, x,, x.), 1110 JOPiBHIOE HYTIO HA mabopax 3
gomepamu 5, 14, 16, 31 i oguEuni — Ha pemTi Habopis.

Poap’axemMo 130 3aauy 3a HABEAEHHUM BHIIle aJIrOPHTMOM:

1. BunuinemMo YOTHpPH CyMH apryMeHTiB i 3’egHaeMo IX 3Ha-
KaMM KOH I0OHKITiL:

(i+xetxstxstax) Al txztxstxat xs) A

Aot txstxatxs)Alxtxstxatxat xs)-

2. TTiz KOXHOX CYMOIO MOCTABMMO MOAAHL y ABIHKOBOMY BH-
rasapai yucna 5, 14, 16, 31 1 poscTaBuMoO 3aniepeYeHHs HAJl 3MIHHHA-
MH, AK1 BiANOBiZaoOTh ogmHMALL. Toxal

F=(x;+xatFatxat xs) At Xot Xat X4t x3) A
0 o0 £ 1 s g S el

A1t 22t xat xat x5) A (X1+ X2t X3t Xat x5) |
1 0 0 0 0 1 1 1 1 1
JIKH® ¢ maibinein 3araasHOK (OPMOIO MOAaHHSA JIOTIYHOL
dyHEKNOII B KOH IOHKTHBHIi#X ¢opMi i TOMy MiCTHTH HailblabIle MOXK-
JMBe YHAcao JdiTep. Po3riaHeMo NHTAHHSA 3MEHIIEeHHA 1X KiIbKOCTI.

O3nauennsa 5. Axino geaka joriyEa yHKOia @ (B okpeMoMy
BHNAAKY — eJeMeHTapHa cyMa) JOpiBHIOE oduHuyi Ha BCIX
Tux Habopax, HA AKMX JAOPIBHIOE OJAWHHII iHma QyHKNiA F,
T0 (PYHKILIA ( HABUBAETHCA IMnaiyernmorw pyskiii F. KaxyTs,
mo dyHKIia @ BXoauTs Ao pyukuii F. Ilpun npromy GpysHKnia @
MOXke JOPiBHIOBATHM OJAMHHIIL, B3araji KayKydH, 1 Ha THX Ha-
fopax, Ha skux F = 0, ayse He HABIaKH — He MOKe JOPiBHIO-
BATH HYJIO Ha Habopax, xe dyvekuia F gopiBHIOE OAWHUIII.

Hpuxnad 5. Hexait y Tabn. 1 gani pysKmii:
F=F(x, %, %), o= ¢(x,, x,, z.),
Z =17 (x, 2, x,)-

fAka 3 dyHKOi#A @ i 2z € iMnaineHTow QYyHKOIL F7

Bidnogide. Aui dyEKnia @, aHi dyHKUig z He € iMmiIineH-
TaMH QYHKILL F, OCKIJIBKM Teplia IOPIBHIOE HyNI0 Ha Habopax
216, a gpyra — ga Habopax 0, 2, 31 6. Ha nux mabopax pyHKIiA
F popiBHIOE OAMHMIL, HI0 CYNepeYuTh O3HAYEHHIO iMILTilleHTH.
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Ta6ruya 1. Dyuxyii mprox aminnux dns npuxaady 5

Ne Xy X3 X3 F Q@ Z
0 0 0 0 1 1 0
1 0 0 1 0 0 0
2 0 1 0 1" @ 0
3 0 1 | 1 1 0
- | 0 0 0 0 1
5 1 0 1 0 0 0
6 i 1 0 | 0 0
7 1 1 1 1 1 1

Teopema 6. Bynp-AKa KOHCTHTYeHTa Hyls, II0 BXOAMTH 10
NKH® noriunol ¢pysxkuii F, € Il imnriyenmoro.

I Teopema 7. Koncranra OOuMHMIIL € IMILIILEHTO Oynos-aKol
JoriuHol yHKII.
I Teopema 8. Byns-axa jnoriusa QpyHKuis € iMIIieATo0 KOH-
CTAHTH HYJIH.

O3navenna 6. EnemenTapHa cyMa, ofepXaHa BHKJIIOYEHHAM
3 BUXigHOI cyMu opmiel abo KiJTpKOX 3MIHHMX, HaA3MBAETLCHA
6J1ACHON YaCTHHOI OCTAHHBOI.

Ipuxnad 6. Hexait nana enemenTapHa cyma x +y +2. Toni
il BIacHMMM yacTHHaAMHu OyayTs CyMH:

X+ Y+ x+20Y; 2.
Osnavenna 7. EnementapHi cyMmu, AKi camMi BXOZATH O Aa-

HOl hyHKIiI, aye KoAHA IX BjIacHa YacTHHA, IK eJleMeHTapHa
cyMa, He BXOJHTb, HA3WUBAKOTHECHA Npocmumu imniiyenmamu.

Mpukaad 7. Tpunycrumo, mo eyma @ = x, + x,+ X, + X, 1ii
4YacTMHA X, + X, BXOAATh AK CaMOCTiiHI HYJeHH Y dyHEKIiIO
F = F(x,, x,, X,, x,), a 3MiHHI X, 1 X, He BXOJATE. Toxi cyma
x,+ X, 6yne nmpocToio iMmoninestow GyHKNI1 F, OCKiABKH
(x,+ x,) cpc F,ax,z Fi x, ¢ F. B roi1 e 4ac cyma ¢ He 6yvae
NpOCTOI0 iMIJIiLEHTOI0, OcKinbky (x,+ X,) C F.
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fAxmio 6yab-AKi eneMeHTapHl CyMu BXOAATE 10 pasol QyHKIII,
TO IpHM AOHABaHHI A0 HUX OyAB-AKHX 3MIHHMX HOBA CyMa TaKOMX
Gyze BXOAMTH A0 miel GyHKIII, OCKIIBKM BOHA MEPETBOPIOETHCH B
OIWHHMII0 Pa30oM 3 MOYaTKOBOIO CYyMOIO.

Osnavenns 8. Kon 10HKIiA OTPOCTHX IMIIIIEHT HASHBAETHCH
cropouerow KHP.

I Teopema 9. Byap-axy noriuny QyHKIi0 F Mo’kHA NMOJATH Yy
BuraAni ckopouenoi KHD.

3 meTo10 mofaHHA jgoriunol GyHKOil F y BUTJIAAL CKOPOYeHO1
KH® posrasEeMo onepamnii IOBHOTO 1 HEIIOBHOTO CKJICIOBAHHA, a
TAKO0X TIOTAMHAHHSA i posropranaa B KHD.

Onepaiis IOBHOTO CKJIEHBaHHA BU3HAUAETHCH CHiBBiAHOIIIEH-
HaM (x +y)(x + y) = x . Ile BunuBae 3 TOro, Mo

(x+y](x+'g_r)=x+x§+xy+y§:x+x(§+y]:x.

CxeloBaHHSA cyM X + Y i x+Y BinbyBaeThcA B NaHOMY BH-
MajKy 3a 3MiHHOIO Y.

Omnepanis HEMOBHOTO CKJIEKBAHHA Ma€ BUIIAL

(x + y)x +y) =x(x +y)x + V).

Omnepallis HOrIMHAHES BU3HAYAETLCA 3 piBHOCTEH X(X + y)==x
i x(x+y)=x. VY mpomMy BUOAAKY X NOIrJIMHAE BeCh BUPas3. Ile
BUILJIMBAE @ TOTO, o x(x +y)=x+xy=x(1+y)=x.
BignorizHO

x(x+y)=x+xy=x(1+y)=x.

Ounepanis po3ropTaHHA NepeTBOPIE OyAbL-AKY HPOCTY
iMITineHTyY B AW3 I0HKIII0 KOHCTHTYEHT HYIA.

Hexaif, Hanpukaaj, X +}J — IpocTa iMIJIINEHTa JOTiYHOI
byHKLII YOTHPLOX apryMeHTiB: X, ¥, 2, 4. ToAl, 3aCTOCOBYIOUH
nBiyi omepamiio posropTaHH#A, AlCTaHEMO:

x+y=(x+P+2Z2=(x+y+2)x+ty+2)=
=((x+y+2)+u)((x+y +2)+tuu)=

=(x+§+z+u)[x+§+z+1?)[x+§+§+u)(x+§+§+tﬂ.
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IIpu posroprasHi pisHi IMIUTILEHTH MOKYTE YTBOPIOBATH ONHY
I TY caMy KOHCTHTYEHTY HyJdA. ¥ OEOMY pasl Ha OCHOBI TOTOX-
HOCTL XX = X Tpeba 3aNHUIATH ONHY KOHCTHTYEHTY HYJdA. ¥ pe-
ayabTaTti orpumaemo JJKH® nouatkoroi noriunoi dpyEKOii.

Yepe3 Aoriky AOBOASITH,
yepe3 iHTYiLil0 BUHAXOANIT.

A. [Tyankxape
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NMexuia 17 | Mimimizania morigaux QyHK-
uii B IKH®

Teopema Keaiina dns KH®. fAxmo B JKH® noriumol
¢dyakuii F nposectH BCi omepalili HEMOBHOIO CKJIEHBAHHA, 2
nmoTtiM BCi omepainii NOrJIWHAHHHA, TO puiine ckopodena KH®
uiel @ysKLii, TO6TO KOH'IOHKIIA BCIX i mpocTUX IMILTILEHT.

3a Teopemon KpaiiHa Ins migimisanii jgoriunoi dyeKUii F,
mopanoi 8 KH®, ii cmo4aTky Tpeba IepeTBOPHUTH B OIKH®, a notiM
BHKOHATH TaKi KPOKH:

1. B IKH® F = F(x,, x,5 -+ X ) 3OIACHUTH Bci omepamil
HeIOBHOTO CKJICIOBAHHA, a MOTIM NOTIMHAHEA KOHCTUTYEHT HYJIA.

2. BpilicHATH BCl omepallil HEIIOBHOI'O CKJIEIOBAHHA i moraH-
HaHHS iMmainesT 8 (n — 1)-10 3MiHHAMM, OTPHMaHUX Ha HEepIo-
MV KpOIli CKJICIOBaHHSA, MOTIM — iMmrinesT 3 (n — 2)-a 3MIHHHMH
i T.71., IOKH OpOLeAypa MOKIHUBA.

3. Ilo oxep:xaniii ckopouerit KH® mobyaysatn IMILIIIEeHT-
HY MaTpHUio.

4. B iMniimeHTHIM MATPHIL BiAMIyKaTH HabopH IPOCTHX
iMIIineHT, AKi HAKPHBAIOTh yCl KOHCTHTYEHTH HYIA JOTiYHOL
(yskuii, AKa HoAaHa B JTKH® i miniMisyeTbcA.

5. Cepes nmux HabopiB 3HAWTH TakKi, AKlI B cyMi MicTATH
MiHiMaNTbLHe YHCH0 JATEP.

6. Onepsxaru minimansai KH®, 06’eqraBmum NpOCTi IMILIIIEH-
r;m 3paxamu kor'oEknii. Cepex Hux BHOpaTu ojxHY HaHO01IbII
edexTHBHY ANdA peanisamil.

Hpuxnad. 3paiTa MIHIMAILHEY KH® noriyeoi dyHKIII, LI10
HopiBHIOE Hy/AI0 Ha Habopax 3 HOMepamMu 0.1,2.3,79.12, 13,
15 i oguEMN — HA PeImnTi.
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1. Snaigemo JKH®:

1 2
F(x,, X5, X3, ) = (X, ¥ X V X3 ¥ EJIN[X, U 25 W X VEE IR
3, e us T =

AX, VI VI VIIA(X, VI, VI VI IA(X VX, VIV X IA
B 6 I R . LA bl

AX, VEVELVIIA(X VX, VIV XN VX3 VX, VE A
. —— 9_ —

AT VX N Xy X, )

2. BUKOHaEMO BCl MOXKJIMBI Omepanil HEIOBHOI'O CKJICIOBaAHHA
i morauHAHHA:

1~ 2 =x,M 258X, X, 4-5=x VE, VT %
1 =3 ="x; VX, ¥V, x, - =X, vX, VE, %,
2-4=x Ve VE X, 6-8=x, va, vz, x
2 —6.= &, W, NP X, 1T-8=X,vX,vx %,
34 =2, V& V¥ ¥, 8-9=x, vX;vx, x

Y peayasTaTi gicTaHeMmo:
1 2
F(x,, Xy, 245 2, ) =2y V50, Vg NG, ¥ 2, X, JNT 2 0 s NI A
ey el e, dgipiiee oL
A (xy v x5 VXA (X v 25 v B YN, VR RN (B e E g e
e - B Ui SEATTI L
A (X, v xg VXN EX; Y By vity) infas i eaes e

B omepmxavoMy BHpasi 3HOBY BHKOHAEMO BCi omepanii Hemos-
HOTO CKJICIOBAHHA 1 NMOTJIHHAHHHA

1-5=x,vx, x

2-3=x,vz, 2.

¥ KiHIeBOMY HiICYMKY AicTaHEMO:
1 2 3
Fixy, X3, X3, 2,)-= (X, ¥ X, )A (X, ¥ X3 ¥ B A (X, V¥ B VEJA
. Ty 2,4 S e BATIT ™ L Ty
A(Xy v X5 VXN V2, VX)X Y X V. EINER N X VX)) .

1o ocTaHEBEOTO BHPA3Y ONepanii HelloBHOI'O CKJASIOBAHHA 1 10-
, IrIMHAHHA 3aCTOCYBaTH He MOJKHa, 1 ToMy BiH € ckopodenoo KH®.
3. IMobynyemo iMnuainesTHy marpuno (que. Taba. 1).
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1
Mo miHiMansHOI GOPMH CAif BKIOUNTH iMTUIiHEHTH Xy vxg i

L]
X,V X, V X3 . BHacHiok BU6OpY HMX IMIJIIIEHT ONUHAIOTECS me-

PEKPUTHMH CTOBHIL 3 HOMepamu 1, 2, 3, 4, 7, 8. CroBnni 5, 6, i

9 MO Ha NMepeKpUTH IBOMAa crocobamm:
1 2

imnainesTamu (X, v x; vXx,) i (x, v x, vx,),
L .C B a] 8 -
abo (X, v vx,)i(x vx,vx,),
Taxkum unnOM, 3agmana byHKIiA Mae a8l MimiManbHL dopmu 3
OTHAKOBMM YHCJIOM JiiTep:
1. F(x % % X)) =

= (2, VX)X, VI, V)X, vE vE)NE, Vv,V x;).

2. F(xn X Xas X0 =
=(x, VX, )(x, v X, va)x, vV XWX, vV 2 VE,) .

Cnin sasmauuTH, MO Kinsxocti pitep B minimansanx KHO® i
HAH® noriumoi dyrkuii pismi. Tomy npm po3B’A3yBaHHI 3amayq
MiHiMisauil torivENx GyHEKUii morpibro sHalTH Ak U3’ IOHKTHBHI,
TaK 1 KOH IOHKTHBHI MiRiManeHi HopManbhi dopmu i BUOpaTH cepex
HHX (OPMY 3 HANMEHIIOK KiNbKicTIO diTep.

Kpawwii cnoci6 suBunTH Gyasb-wo —
e BIAKpMTH camomy.

A. ITotia
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Jexkuia 18 Ongmannﬂ MiHIMAJIBbHHX
KH® 32 10IIOMOTOX0 JH3’ FOH-
KTHUBHHUX (popM

Jloriugi ¢yekuii, nogani y HIHP, micnd
minimisanii moxua nepersoputy B KH®, BHKOPHCTOBYIOYH J0BE-
JeHi HUKYe BAACTMBOCTI JOTiYHMX QYyHKUIH.

[IpunycTUMO, IO AAaHa JIOTivHA dyukuia F = F(x, x,, ...,
x ), Aika NpUAMAae Ha Habopax j,, J,» «+vy J, SHAYCHHS OZWHMUILL, &
Ha Habopax i, i, .- ip, e p = 2" — m — 3GHaYeHHA HYJIH. Toni mae
Micue Taka Teopema.

Teopema 1. JIn3’IOHKIiA BCiX KOHCTUTYEHT omuaMui K, , v
K,Vv..V Kip' nto He Bxoaars go JJH® xoriusoi pynruil F,
€ 3anmepedyeHHAM L€l QyHKUiI:

K“vKuv.,¢va= |

[Mogedenna. Cyma BCiX KOHCTHTYEHT 1 gnA n 3MiHHHX CTBO-
pioe (DyHKIi0 KOHCTAHTY l:

K, VKLV...VKE,. =1

= !
To6T0 yHKIilO, AKa mopiBHioe 1 Ha Beix Habopax 3Ha4YeHb
3MiHHHUX,
Cepe IMX KOHCTUTYEHT BHIIIMMO KOHCTUTYEHTH K o K}. o
.., K ., 10 yTBOPIOIOTE dpyurnio F=K, v K, v..vK, . Toai
Mae Micle CIiBBIAHOIIEHHS

FVK”VKWV.-.VKW=1.

3 moTosxHOCTL x v ¥ =1 Bumusae, mo i Fv F =1 i sigmosi-
gpo F =K, vK ,v..V Ku. Teopemy noBeleHOm
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#oi TH® ¢ynxuii F micas ii nepersopenEs 3a 10moMorow

I Teopema 2. KH® noriunoi ¢pynxuii F, ogepxkana 3 migimans-
¢opmyn ne Moprana, Takox Gyme MiHIMAJIBHOIO.

Loeedenna. Ilpasuno ne Moprana He 3MIiHIOE KiTbKiCTE JiTep
y JOriyHOMY BHpas3i, 1110 BUXOLHATH MiCIsH IepeTBOPEeHH A, NOPIBHAHO
3 MOYaTKOBMM, AKHH NepeTBOpoeThesA. ToMy akmo mimiManbaa
AH® ¢ysxnii F micrurs k nitep, To # ogepxana micas nepeTBo-
peHHs 32 npaBunoM ge Moprana KH® noriunoi dyuknii F 6yze
MICTATH Te X came ymuciao jirep k. Ile umeno € mimiMansam.
Axmo ne He Tak i icaye inma KH® noriumoi dyuknii F 3 MeH-
IIAM YHCJIOM JIiTep, To, mepeTBopuBiH ii 3 KH® y [TH® 3a npaBH-
namu ne Moprana, ogep:xumo IH® ¢yuknii F 3 MeRmEM umnc-
oM jiTep, Hixk me Gymo BH3HAYeHO paHimie y BUXigHINR
MiHiManbHiN. BHacHinok nporo npuxogumo o cynepeunocTi. Te-
opemMy [JOBeleHOg

Buxoasuu 3 mosegenux teopem 1 i 2, sanmmemo aJTOPUTM
omep:xaHHA MiHimansHoi KH® noriumoi ¢ymknii F ma ocHOBI

MiHimMizanii dysknii F y OHD.

1. 3anucyoTs AM3'IOHKLIIO BCIX KOHCTHTYEHT OAMHHI, AKi
He BxoAaThk o JNJTH® dyrknii F, Trobro spaxogsTts F .

2. 3naxomATE MiHIMaNbLHY HOH®D 3a BizomMuM anropurmom P8¢
Gyarnii F. x

3. BepyTs 3anepeuenns Bixg dyakmii F i [epeTBOPIOIOTE ii 3a
npasunamu e Moprana 8 KH®. Opepxana KH® 6yae mimivans-
Ho10 KH® dyurnii F.

IHpuxnad 1. 3uaiita minimansay KH® noriunoi GyHKIDIL
F=F(A,B,C)= AC v ABC.

Po3ze’azysanmns
1. 3naiigemo [MJTH® dyukuii F:

F=ABC v ABC v ABC.

2. Opepxumo NJIHD pyuxumii F :
F=EEVEBEVEBCVAE_CVABC.

3. 3uaiizeMo ckopouerny JIH® dyuknii F, suxonasmmu sci

oneparnii HEMOBHOTO CKJICIOBAHHA i MOrINHAHHA®
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F=AC v ABv BCv AC.

4. CknageMO IMOAIKAHTHY MaTpHIIO ANA hyHKIIL F (nuB.
tabna. 1).

Tabauys 1. Imnaixaumna mampuyg Ons npuknady 1

Imnnikanta | ABC | ABC | ABC | ABC | ABC
1 AC % X
2 AB
¥
3 BC i 5
4 AC W X

5. Bmaitnemo MiEiMansHi dopmu dymknii F y JHD:
F=AC vBCv AC;

F=ACv ABv AC.

6. BaaBmiu 3amepedeHHA Bif 060X YacTHH OCTaHHIX PiBHOC-

rTeit i 3acrocoByloun ¢opmynu ne Moprara, OAepKHMO aBi
MiHiManbHI KOH IOHKTHBHI HOpMaibHl QOPMH:

F=(AvC)YB vC)AvC);
F=(AvC)Av B)AvC).

Ao Bu HakacTe HABYMTUCH NAABATH, TO CMIAMBO
BXOABLTE Y BOAY, a SKIIO XO4eTe HABYMTHCA
po38’A3yBaTH 3asaui, To po3s’a3ynre ix!

. IToua
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Jdexuia 19 | MimiMizauis moriyaux -
Ii¥l 32 TOTIOMOT O Ta0/THIH
Berua

Icnytors yriBepcanbhi MeToam MiHiMisammii TorivEmx byrKIiH,
Hanpuknaz, meron Kpaiina, axwmili npmaaTaHmi ansa 6yas-sKoro
4McTa 3MIHEMX 1. Bil spyunumii ana peanisamii ma VHiBepcanbHiN
EIIOM B anropurwmiuniit dopmi. ¥ To#t cammit uac ma IpakTHIL
NP IIPOEKTYBaHHI NU(MPOBHUX ABTOMATIB YACTO CTABHTHECH 3aB-
MaHHA MiHiIMizanil QYHKUi#l BPYYHY ANS HeBeIMKOro YHCIa
3MiHHUX. 3 i€ Merow byau poapobieni MeTOoAHM MiHimizamii
norivHuX QyHKUi# y HaouHi# dopmi y BUIJIALL crienianbHux Tab-
JIALE, 110 HABUBAKOTHECA Kapramu, giarpamamu abo Tabnunsamu.

PosrnaHeMo oauH 3 HUX Ans MiHimizamii moriunnx dyHKIIHR
=T, X,5 +esy X,), U0 MICTATH He GiibINe I’ ATH 3MIEHEX 1 < 5,
— metox Tabnune Beiiwa. Minimizanis B OBEOMY BHIAAKY
3miMcHIOEThCA Ans GyHKNii, samucanoi B aHamiTHuHii dopmi, —
OOH® ato TKH®D.

Ta6bmuusa Beitua aBiase cofoio0 posKpecieHmii IIPAMOKYTHHK,
o BMimye 2" KIITHHOK, 00 AKHUX 3aHOCHTLCH OLMHHUII IIpH
MiHimizanii moriuaux Gysxnii, axi sagani y AOH®, a6o gy y
BUIIAAKY MiHIMizanii norivenx Gynxuisk, nogagmux y OKH®. Axmo
byukuisa sanucara 8 TH® a6o KH®, 1o ii caix IONEepeHBO nepe-
TBOpUTH (posropryTH) y JIH® ato IKHD.

Ilo6 samatu noriuny yskniio f = f (xy %5 ...y %), AKA
sagana B [IITH®D, y surnaxi rabauni Beitua, crig samucarn onM-
HUII 10 KJTITMHOK, L0 BiANOBifai0TEH Habopam, Ha AKUX QYHKUiA
f nopiBHIOE OAMHHULI, & PEINTY KIITUHOK 38IHIINTH IIOPOXKHIMH.

3 Lieo MeToK cIoYaTKy Tpeba BUKOHATH poamiTky Tabamumi.
Hna umporo HeobxigHo posmicTuTy aMimEI Xy il 2,00, 1 In
SallepeueHHs X, O CTOPOHAX NPAMOKYTHMKA — STODH, 3HM3Y,
8J1iBa, cIpaBa, MPUYOMY TakK, o6 aminnea Ge3 sanepevenHs i A
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caMa 3MiHHA i3 3amepedyeHHAM IIOPI3HO HAKPHBAIH 2" ! KIITHHOK
KOJKHAa, 4 pasoM — 2", M0 MOKJIMBO B TOMY BHIIAAKY, KOJIH 3MiHHA
x i Il samepevyeHHA X, 3HAXOATBLCA JHILE HA OTHOMY foii Tab-
nuni. Kosxea sMidHA 31 cBOIM 3anepeieHHAM poamilyeTses 3 GoKiB
rabaumi Tak, mobd 2" KIiTHHOK, d 2 n 2 2, 3 1X 3arajJbHOrO 4YMcia
271 1110 HAKPHUBAIOTHCH KOMHOKI 3MIHHOIO abo 11 3anepedyeHHAM,
mepeTHHANMNUCH 3 2" * KIITHHKAMU KOJKHOI 3 pemiTy 7 — 1 3MIHHHX
abo ix samepeuens. Taxuil MepeTHH MiXK ABOMA 3MIHHUMH Bigdy-
IeThCA ABTOMATHYHO, AKIO OfHA 3 HUX i ii sanmepeuenHdA OyAYTE,
HaTIpHUKJIal, Po3MiIIeH]l 3BepXY cTOBMIB Tabnui, a Apyra 3i cBoiM
sanepedeHHAM — 3HU3Y, 31iBa abo cnpasa rabauni (aus. Tabua. 1).

Apanoriguso Tpu 3miHHI i IX 3amepedeHHS MAalOTh NepeTHHA-
rues 8 273, 5> n > 3 xaiTnHKax; yorupn— B 2", 52n2>4; n’aTh
- 2"%=1, n=2%5.

INepeTHHA KAITHHOK N 3MiHHMX 1 IX 3amepedeHs, 1o CKIaza-
JOTbCS 3 OAHiEl KIITHHKYW, BIANOBIZNAIOTE JoTivHOMY HOOYTKY NI
3MiHHMX — KOHCTHTYEHTI OJHMHHILL. KinskicTk KOHCTHUTVEHT O/IM-
HHIi ZOPIiBHIOE KiNBKOCTI KJIITHHOK Y rabnuni — 27. Tomy Oyab-
Ky QYHKIIIO Big n £ 5 3MIHHUX, MOAAHY ¥ IITH®P, moKHA TIOAA-
i B Tabmuni Beifua 3 2" KIITHHKAMH.

BaxIMBOIO BAACTHUBICTIO IIUX KOHCTUTYEHT € T€, 110 Ti 3 HUX,
aKi pajeXkarTh A0 CYCIAHIX KJIITHHOK 1 20 KJITHHOK, III0 3HaXO0-
AATHCH HA KPaAX PAAKIB 1 cToBnIIiB Tabnmii, BiAPi3HAIOTECH 3HA-
KOM 3allepeuyeHHA JHiIe B OfHilH 13 SMIHHUX. 1le nosBomnsi€ 3AIHUCHIO-
paTH Mimimisaniro GyHKNil 6esnocepeiHBO 32 TAOMUIILIO B HAOYHIN
¢opmi. [Ins LBOTO B KJIITHHKAX rabauiil, 110 BiANOBiAa0TE KOH-
CTHTYEHTAM OLHHHUIL JOriYHOI dyHKIil, sKa MiHIMIBy€ETHCHA, TTPO-
CTABAAIOTHLCA OIMHUIL. JKIIIO BOHH CTOATE ¥ CyCiHIX IBOX KJITHH-
Kax, HANpUKJaj, TAKUX, 110 BixmosigaioTs A06YTKaAM XYz i xyz
tabx. 1, TO BHACHAIJOK TOro, 110 BOHH Bl/IpisHAIOTLCA 3HAKOM 3a-
mepeYeHHs JMINe B OZHIM aMiBHi#A (y ZaHOMY BUNAAKY Y), BiADY-
BaETLCS CKJICIOBAHHA 3a Ii€10 3MiHHOI. PesynbTaT CKIEIOBAHHA
JUIS IBOT0 BUNAAKY XYz + xyz = x2(y + y)=xz. i amiani xi2zy
HBOMY BHMAAKY HAKPHUBAIOTE PasoM Bl KJIITHHKH.

Axi10 OAMHALL CTOATE ¥ YOTHPLOX cycimHix KIiTHHKAaX, TOAl
aBiui BigOyBaeThCH CKJIEIOBAHHA 34 CTOBIIAMM abo pAaxkaMu, a
noTtiM HOBI HOBYTKH ABOX BMIHHMX CKJIEIOWOTHCA L€ pas. Y pe-
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Tabauys 1. Poamiwenns dobymxie aminnux ma ix 3anepevens
Yy kaimunxax mabauyi Beiwa

X x
y XyZ xyz xyz XyzZ
y XyzZ xyz Xyz Xyz
z Z z

synbTaTi Oyne omep:kaHa OxHA 3MiHHa, fIKa HaKpHWe Bei YOTHDH
CYCIAHI KIITHHKH.

Axmo B Tabnuni Beliua 3 n = 4 micrarses 16 KJITHHOK, TO
nponeAypa ob’egHaHEA KAiTHHOK BiffyBaeTncs aHaNoriyHo, Ak i
B Tabmnni 3 8 kniTuEkamu, 3 Ticlo BigMirHicTIO, 100 TPH 3MiHHI
Pa30M HaKPHBAIOTE ABi KJIITHHKH, ABi — YOTHDH, a OfHA — Bicim.
Ana Tabnuni 3 5 smMinauMy i BigmoBiaHO 32 KuiTHHKAMM YOTHDH
3MiHHI CyMiCHO HaKpHBAIOTH ABi KIITHHKH, TDH — YOTHPH, YOTH-
p¥ — BiciM i oaHa — mWiCTHAAUATSH.

ITpoiniocTpyeMo BHKNamenmi Marepias 3a ZOIOMOIOI0 IpH-
KJIagiB.

IlIpuxnad 1. 3uaiiTu minimansay JH® dpyarnoii
f(x,y,2) = xyz + Xyz + xyz + xjz + XYz + xyz .

Poszg’azox. ¥V Tabn. 2 YOTHPM OAMHMIIL, IO 3HAXOAATHECH Y
ABOX KJITHHKAX HEpIIOro i 0CTaHHLOTO CTOBMIIIB, HAKPHBAIOTHCH
3MIHHOIO Z , a OMHHIL, AKi SaHIIANNCE, 06’ efHyIOTECA MO ABi B
HHXKHBOMY 1 BEeDXHBOMY pAfKax Tabmumi i HAKPHBAIOTLCA ABOMA
3MiHHHAMH.

Tabauys 2. O6’conanna odunuys dna npuxnady 1

y y

X 1 (

A

=
r—
—

M

v
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V pesyabTaTi OfEpPKHUMO, IO

f(x,y,2) =2 +xy + Xy .

Mpuxnad 2. 3saiTN migiMansry JH® dyHKOmil

f(A,B,C,D) =

_ ABCD + ABCD + ABCD + ABCD + ABCD + ABCD .

Po3p’a30k, HaBegeHmit y Tabn. 3, AKa mokasye croci0
Hab6inbI panioHANbHOTO 00’€AHAHEA OAMHHILD. IIpan nbLOMY

MiHiMANBbHA AU3 IOHKTHBHA HOpMalbHa Qopma dyeKIil f maTH-
Me TaKWHi BUINANL:

f(A,B,C,D)=CD + ABD + ABC.

Ta6auys 3. 06’ ednanns odunuyb dns npuxaady 2

B B

1 C
<]
A 1 1
A 1 C
< —

C
D D D
Insa minimMizamil noriusoi @yekmii f = f (x,, x,, ..., X,), HOA2-

poi B [IKH®, cknagaeTeca TAKOX rabnuna Beitya, ane ii 3am0B-
HIOIOTH He ONMHUIAMH, a HyJIAMH. BoHM CTABAATECH B KJITHHKH,
10 BiATIOBiZA0TH NOTIYHUM CyMaM, Ha AKHX dyuKLisa [ fOpiBHIOE
HYJI1I0, — KOHCTHTyeHTaM HYJId. V BcroMy iHmoMy mnponeaypa
MiEiMizanmii TPOXOAMTH AHAJIOTIYHO AJA norivEUX (QYHKOIA, I0-
nasnx y JTHD.

Mpuxnad 3. 3uaiiTi MiHIMAILHY KH® dyskuii
f(A,B,C)=(A+B +CYA+B+C)A+B+C).
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Insa omep:xaHHa MiHiManbHO! KOH'IOHKTHUBHOI HOpMAaJBHOI
topmu caig ob’egmary Hyni doriyHol QYHKIIL. IIBa obBegenmx
CYLiNbHOW JNiHie By (anB. Tabj. 4) cKaernThed 3a aMiarow0 C
I HaKpHMBAIOTBCA JIOTiYHOIO cymMow A + B , a ocrammii HYJIb —
KOHCTHTYeHTOW A + B + C .

Tabauys 4. O6’cdnanns nynie dna npuxnady 3

C C C

=|
=

Tomy mMimiManbHa KOH'IOHKTHBHA HOPMAILHA dopma 3amasol
GyHEKIII MaTHMe BHIIAL

f(A,B,C)=(A+B)A+B+0).

Ilpuxnad 4. 3panTn minimansry JTH® ans dbyurmii f(A, B,
C), axa sanana B npuknani 3. [Ias msoro mogamo ii B OOH®D:

f(A,B,C) = ABC + ABC + ABC + ABC + ABC.

Posp’s30k niel 3azaui maBegenuit y Tabaunsx 5 i 6 y OBOX
BapiaHTax.

Tabauys 5. 06’ ednanna odunuys dna npuxnady 4
(nepwui eapianm)

B B

s

==

o)
0
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Tabauua 6. 06 ednanna odunuys dnz npuxnady 4
(0pyzuii eapianm)

B B

A 1 ) 1
A

e & C

o |
-

Ta6aunam 5 i 6 BiATOBIAAIOTE nBi MigimManbH1 NH® dhyHKIL

#(A,B,C)=AB+ AC + AB i #(A,B,C) = AB+ BC + AB .

3pepHEMO yBary Ha Te, 110 wvigimMansaa KH® micTuTh MEHIIE
niTep, HiXk MiHIMANBHI ITHD.

V pazxi BUNAAKIB 3PYIHO 06’eIHYBATH B OHIN rabmuamni Berdda
vigimizamiro 3 JJH® i minimisamiio B KH®, panpukaaj, Ha oC-
posi Tabx. 5. Toal npH migimizanii 8 KH® Hyl 3anuCcylOThCA A0
THX KIITHHOK Tabml. 5, AK]1 3HAXONATHLCA HA nepeTHHl 1HBEPCHUX
sHAYeHb 3MIHHMX KOHCTHTYEHT HYJIHA (zuB, Taba. 7). ITle BUXO-
IWUTHL 3 MpaBuia e MopraHa, BiffmOBiAHO A0 AKOTO

A+B+C=ABC, A+B+C = ABC, A+B+C=ABC.

Tabauys 7. 06’ednana MiHimizayia 3@ HYRAMU
ma oOuHUYAMU

B B
P, 1 I 0
g o I PR ) O 1
C c €
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Bianosiaro no pesynnTyiouoi mimimanbHOi dyHKmii 3anucy-

I0TBCA 1HBEPCHI 3HAYEHHA 3MIHHHX, II0 HAKPUBAIOTH HYJII:

f(A,B,C)=(A+ B)A +B+0).

Bona mae Taku¥ caMuil BUrAAnm, K i ana tabna. 4.
Hosezemo npuBezieri npasuia Ha OCHOBI Jekmii 18.
Iliiicuo, f(A, B,C)= ABC + ABC + ABC

1 BIAMOBiAHO

f(A, B,C) = ABC + ABC + ABC = ABC - ABC - ABC =
=(A+B+C)A+B+C)A+B+0)
Micns minimisanii f(A, B,C) = AB + ABC , i Bignosigso

f(A, B,C)=AB+ ABC = AB-ABC =(A+ B)(A + B+ 0C).

CnaAuTH — He 3HaYUTh AOBECTH.
HA. Bpyro
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JMexuia 20 | MimiMizanis HEMOBHICTIO BH-
3HAYEHWUX JOTiUHHX (PyHKITiN

¥V nudpoBux aBTOMAaTaX JOCHTEH JacTO € sabopo-
HeHi crloBa, AKl1 HIKOJMM He HaJAXOAATE HA BXij nudpoOBOTO aBTO-
MaTa. BHACTiIOK mBOro iX MOKHA AOBLTBHO NO3HAYWTH abo HYy-
neM, abo ogMHHIIEIO.
V pasi, axujo andasit giTep oux cniB cknagaerses 3 0 Tra 1,
TO MW OZepPKHMMO JOTIYHY QYyHKII0

£ = f(as 220 ces By ers 2D € (011

Osnavennsn 1. Jloriuaa ¢yHKIia f, sKa BU3HAYEHA HA 8Cix
pabopax 3MiHHHX, HA3MBACTHCH NOGHICMI0 BH3HAYEHOIO.

Osnavennn 2. Jloriuna pyHKNia [, sKa BH3HAYEHA He Ha écix
nabopax 3MIiHHHMX, HA3MBAE€THCA HENOGHICMIO abo wacmkoso
BH3HAYEHOIO.

IIpunycTUMO, IO € HEemoBHICTIO BU3HAYEHA JOTiuHa QYHKILA
f, AKa He BU3HAYEHA Ha p < 2" gabopax SMIHHHX 2, 2, «ven 2, ¢

Topi 11 MOKHA JAOMOBHUTH 97 criocobaMM 10 MOBHICTIO BU3HAYEHOL
noriyHol QyHKIIL

=02, 2, - z).

Osnavenna 3. Joriuna dyuknia @ = ¢ (2,, 2,, ..y z,), 3Ha-
geHHA SKOI 36iraloThCs 3i 3HAYEHHAMM QYHKII f=7F(z,2,
...y 2,) Ha BCIX gabopax, Ha AKUX OCTAHHA BH3HAYEHA, HA3H-
paeTLCH exeieanenmHon GyHKHii f.

Cepen ycix 27 QyHxOid @, exBiBajeHTHNX f, €, OYEBHHO,
onHa abo KilpKa TAKMX, 0 MICTATH MiHiMANBHY KilbKicTh JiTep.
PosraaHeMo iX MONIYK Ha NPUKJIa].
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IIpuxnad 1. 3najitn MiHIMANBHY AN3 IOHKTHBHY HOPMAaJIBHY

thopmy noriunol dyHKIil

f=f(A,B,C,D)= ABCD v ABCD v ABCD .

IIpn nwomy s3amano, mo GYHKIIA He BH3HAYeHa HA 4 Habo-
pax: 0110, 1011, 0011 i 0010. ITum nabOpam BiAMOBIAAKOTH KOH-
crutyentn 1: ABCD , ABCD, ABCD i EECﬁ, AKL B cCHNY He-
BH3HAYEHOCT] PyHKUI] f Ha nux 4 HaGopax MOKYTh JOPIBHIOBATH
Ha HEX AK 1, Tak i 0.

Hasenemo B Tabn. 1 piarpamy Beitua ans miei dymxmii.

[TopoxuiMu p = 4 KIITHHKAMH TO3HAYAIOTHCSH LOOYTKM
SMIHHHUX, AKI MOXKYTh HaOMpaTH 3HaYeHHA Ak 1, Tax i 0. V nux

KJIITHHKaX MOXKYTb OyTH moxaHi ogunuui i Hymi 2°= 2¢= 16 cno-
cobammu.

Tabnuysa 1. 3a0aHHA HENOBHICMIO BUHAYEHOL PYHKYIL

N
L b Qi 0ok Dedh s
Alofo 0
A 0 C
O D o
Dl B .|D

BuGepemo TakHii po3noOAiN OXMHHIE i HYAIB, AKMH MiHiMizye
¢yuruio f (qus. tabna. 2).

Tabruys 2. 3adanna donosnenoi Gynryii

'y JB

OIoIo| o
ol Renll e i o]

S|
t:-}lF—- Hle| e
v

1] o]

|
U[v—ar—-@n—
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PeaynbTyioua QYHKI(iA MaTHMe BUIIAL
#(A,B,C,D)=AD v BCD.
IlomoBHHMO TeIep MOPOXKHI KIITHHKHA HYJIAMUI.

Ta6aruys 3. 3adanna donosnenoi pynKyii 3a JonOM0OZ0M10 HYALE

B B

o

C

r I S

olelo] e

l:::::r::o

C
&

Uli—'c‘cr-—
el =11=]

V pesyasTari MiHiMaIbHA KOH'IOHKTHUBHA HOpMaJjbHa opMa
dyEKUil f/ MaTAMe TAKHN BUTIAL:

f = f(A,B,C,D)=CD(A V B).

Ak BHUIINIMBAE 3 BHUINEHABENEHOTO, HemoBHICTIO BU3HAYEHI
dyHKIL] al0TE MOKIMBICTE JOLATKOBO 3MEHIITHTH KiapKicTh JiTED
npy Mi"imisanii JOriYHMAX QyHKIIHA, a 0TIKe, AO3BONAIOTE CHHTE-
3yBaTH 61aBII exonomiuni nudposi apromaru. Tomy And CUHTE3Y
A pPOBAX ABTOMATIB CILJ TaM, A€ MOHA, BHKOPHCTOBYBATH 4a-
CTKOBO BH3HAYeH] PYHKILL.

®pa3u Tpeba CKOpPOUYBaTH AO PO3MipiB AyMKH.
I3 3zanosimy Ilpoxpycma
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Nogaror 1| MaTeMaTHIHA iHAYKIIiA
|

1. HEIIOBHA (3BUYAHHA) IHIYKIIIA

TonsarTs dedyruyii Ta indykyil — Ne NOHATTH, AKi
0cOGIMBO YACTO 3YCTPivaoTHCA B HAYI, 38 1X JOIOMOTO0I0 tdopmy-
JOTHCS TBEPAKEHH:, II0 MOXYTh 6yTn AK Oilichumu (DpaBUIBHHA-
MH), TaK 1 XUOHUMU (mommaxoeumu). Ilo Toro yacy, IOKH He BA3-
HaueHa AilcHicTs a60 XMOHICTH TBEPAEHHHA, BOHO € zinome3soiw —
nepeabauyBaHUM NPHANYINEHHAM.

V cBOIO Uepry TBepA KeHHS MOA1AAITECA Ha 3azanbii Ta “ac-
mxosi. Hanpukinaj, TBEPAKEHHHA, 10 BCi CTYZeHTH, AK1 BCTHTA-
I0Th Yy HaBYaHHI, MalOTh IpaBO HA CTHIIEHJII0, € 3arajbHuM, a
TBEpAMKEHHH, [0 CTYAEHT X MOXKe OTPHMYBaTH CTHIIEHIi10, € 4Ya-
crkoBuM. TBepAKeHH:A, L0 BCL HATYpaibHi mapHi 4yAcaa AiAfATh-
cA Ha 2, € 3araJbHHUM, 4 TBepJKeHHd, 10 misie umesao x = 6 ginuTh-
cA Ha 2, € YaCTKOBHM.

TNenyxuia (nar. deduction — BUCHOBOK) fiBJIf€ co00I0 mepexif
Bijl 3araJibHOTO 10 YaCTKOBOTrO, a impgyknis (naT. inductio — HaBe-
IeHHs) — Mepexij BiJ 4acTKOBOro A0 3arajlbHOrO.

JlenyKIlisi MIXPOKO BAKOPNCTOBYETHCA IPH JIOTIYHMX NOBeJeH-
HAX MATeMATHYHHUX TeopeM 1 IpH IPaBHIBHOMY {1 BUKOpPHCTAHHI
fae IpaBUIIBHI # OCTATOYHI BHCHOBKH.

3puyaiina iHAYKIiA TAKOX IIMPOKO BHKOPHUCTOBYETECA B Ma-
TeMAaTHIL, ajle He 3aBKI¥ Aac IPaBHJILHANA BUCHOBOK IIPO AIMCHICTH
260 XUGHICTH TOTO YM iHIIIOTO TBEPAKEHHA, OCKLILKY BOHA bynye
cBOi BMCHOBKM HAa OCHOBL DAY YACTKOBHX Pe3yibTATIE, OAEpHa-
HUX TIPH AOCHiKeHH] Tiel YM iHII0l MATEMATHYHOL BJAACTHBOCTI.
3a I0MOMOroK XX PesyJbTaTiB MOTIM (POPMYKTECH TBEPAKEHHA
Npo AOCHiKyBaHy BJIACTHBICTE. OpHak e TBEPAXeHHA MOXHA
BBAYKATH AiCHUM, KOJH AOCHifyKeHi BCci Ge3 BHHATKY MO JIMBL
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qacTKOBL pesynabTaTH, mpo OyBae TiIBKHM TOmi, KOJM 1X KiNBKICTH
CKiHYeHHa. ¥ BHOAIKY, KOIM KilBbKiCTh MOMKIHMBUX Pe3ynbTaTiB
HeCKiHYeHHa, OTPHUMATH BUCHOBOK IIPO aificaicTs abo xubHICTH
TBEpAKEeHHs 100 TIEl 4 iHIIOi MATEMATHYHOI BJIACTHBOCTL 3a
AOIIOMOTOK0 3BUUANHOL IHAVKIIIL HeMOMCIUGO B IIPHHILAIIL.

Tomy ofep»aHi 3a AomoMoromo 3BUUYaMHOl IHAVKIL TBEP/IKeH-
HS ABISIOTH coboio zinomesu, miiicHicTs abo XxMOHICTE AKUX 1€
noBeeThCA MiATBEPAHTH 1HIIAM criocoboM.

Hanpukaag, Te, 10 DapHi Yucia 2,4, 6,8, 10, 12 ainaTs-
cs Ha 2, 1Ie He Jac mpaga Oes AOJATKOBOrO AOBEINEHHA MNpUUTH
0 TBEpAXKEeHHA M0 BIACTUBOCTL ycix MapHUX HATYPaabHHX
ypeesa ginuTHcH Ha 2 (Ipo BU3HAYEHHHA IapHOTO YyMCJia AUBITh-
cs Hukdue B mpuKiaani). Ogpaxk Taxke IpaBo HA IO BJAACTHBICTH
icHYe, AKIO MHOXHHA YHCe 06MEXKYETHCHA TIILKM BKA3AHAMMU
YHCIaMHU. ’

Ipyruit npukaan. Hexait MacMo TPHYIEH x2+ x + 41. Hrmo
MiZcTABMTH B HBOTO 3aMiCTh X HYJb, TO OZEPIKHAMO rpocTe YHUCIO0
41; sixkmo 1, To 43; axmo 2, 3,4,5,6,7,8,9, 10, To BIAITOBIAHO
gucna 47, 53, 61, 71, 83, 97, 113, 131, 151. VYeci Borm npocTti
ypeia. 3aaeThcd MOXKHA IPHIYCTHTH, IO NpH mifCTAHOBIL YV Aa-
HEit TpuuJeH 6yAb-AKOro LLJIOro AOAATHOTO HMHCJIA 3aB3KIH B pe-
aynbrari Oyze ojepiKaHe MpocTe WHCIO. OxHak ue He Tak. Bixe
npn x = 40 BKasaHM{ TPUUJIEH minpThca Ha 41, mpu X = 41
(x*+x +41 = 41+ 41 + 41) TpuwieH TAKOXK minuthesa Ha 41. Y
npoMy HeDesmeKa appyalinol iHAYKIil, OCKITBKHM BOHA HE rapahl-
TYE MOZUTHBHHUE pesyibTar y OyAb-AKOMY BAMNALKY.

3suyaiiia IHAYKIig XapaKTepuaye c06010 IHAYKTHBHUMN IiAX11
IO HayKM B3arall 1 € HenoeHow iHAYKIIEI0, OCKINIBKHA He Ia€ MOX-
AWBOCTI Ofiep’KaTH BiporifiHe TBepAKEeHHA IIPO BJIACTHBICTE, fAKa
JOCHLIKYETBCH.

2. TIOBHA THAYKIIIA

Ha mpoTuBary HemoBEii imaykuii B MaTeMaTHu
poapobaeHn# MEeTOH, L0 rapaHTye BiporigHicTh OfepKaHUX 32
#10T0 AOTIOMOTI0I0 Pe3yALTATIB, ~ Memod mamemamuyHol iHOYKyil,
AKWI HAZMBAETHCH 1€ METOJOM NnosHol abo yinkosumoi iHAyKIil.
Ile#t mMeTO] NMOUIMPIOETHCA TiTBKMA HA TeopeMH, I0 BiAOHBAIOTH
saragbHi BIACTMBOCTI HATYpanbHMX umcen 1, 2,...., T4 Ha iHmii
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PO3ALTH MaTeMaTHKH, AKi CIHPAIOTHECH HA HaTypanbHi yucna. Ha-
NPpHKIah, 4O TaKUX PO3AiaiB HANEKHUTH apudMeTHKa IMiaTNX 4Y|-
Cel Ta 3aCHOBaHAa HAa Hi¥ Teopia pamioHaNLHUX YHCel. Icayiors
TaKOK PO3NINHM MATeMATHKH, AKI MOKYTh 6yTu inTepnperoBani B
TepMiHaX apuMeTUKH, HAIPHKIAT, eBKJIifoBa reomerpis. Bigno-
BIZIHO B IHX PO3AiNax TAKOMX MOKe OyTH BHKOpHCTaHMIT MeTOoxn
MaTeMaTHYHOl iHAYKIii. L

Maremarnuyna iEgVKLiz, gKa HA3WBaEThCA 1le iHOYKyicio 3a
no6ydoeo10, BUKODHCTOBYETECH TAKOM AJNA DOBENEeHHA JAO0ZIYHUX
thopmy.

B oceOBi MeToxy maremaTmymHOi IHAYKII] TeXuTs NpHHIEAD
MaTeMaTHYHOI IHAYKNil, AKAH HmoImIHpIOeTHCH Ha Oyab-aki Teep-
AxeHHA P(n), MO BiAHOCATHCH KO gamcen 1 — 1,2,... Chopmyemo
el IPHHLOMN Y BATIALI TEOpeMH.

Teopema 1. Byns-ske TBeépKenHa P(n) pilicae gna 6yxs-
AKOT0 N y BMOAAKY, AKII0 BOHO HiilicHe mug n = 1, Ta 8
AiHCHOCTI I[BOr0 TBePAIKEHHS IS Oyne-aKOro HoBinsHOrO N = k£
BHXOAHTH HOI0 MiHCHICTE IIA n=F%k + 1.

Hagsenena Teopema posnagaeTses Ha ABl leMH, epmIa 3 AKAX
— zema 1 — BuMarae, mo6 TBepAyKeHHA P(n) 6yno cnpaBegnusuM
Ana n =1, a gpyra — aema 2 - Ans n = k+1, 3a ymosm, mpo
TBEpIKeHHA P(n) cnpasexnmuse mans n = k. Tinekm Tomi TBEp-
AxxenHs P(n) 6yze cupasegnmuse nns 6yne-AKOrO nN.

Hosederna. Mpunycrumo, 010 YMOBH JieM 1 i 2 BHKOHYIOTECS.
Toxi Teepmxenns P(n) BIATIOBiZHO K0 2emu 1 mificue aman=k=1.
Bixnosinso g0 apyroi nemu P(n) piticke gnan=k+1=1+1=2.
Ane axmo P(n) giicae Anan=Ek =2, To Bigmosinno Io Tiel camoi
Apyrol nemu BoHO Gyze mificee i ana n =k + 1 = 2+1=31pgani
Ana n = 4 i 1.5. HeobMeKeHO AT Beix MOXIHBHX 1. Teopema
JlOBeieHagy

Is nroro npunnuny BunTHRaE MEeTOJ MaTeMaTHYHOI iHAyKIii,
IO CKIANAETECA 13 BUKOHAHHA HABEICHHX HUMKYE OYHKTIB ofiep-
HaHHA TBEP/KeHHA P(n): 3

1. Bucypaersca HOBa rimoresa Yy BHTIAAL TBepkeHHsa P(n)
[P0 AeAKY MaTeMaTHYHY BIACTUBICTD, KA MOKE OyTH AK AilicHOIO,
Tak i XxuOHOIO.

2. IlepesipaeTsesa rimoTesa P(n) pna n = 1. dxmo P(n=1)
HIATEEDIKYETHCA, TO 3MIHCHIOETLCA nepexiJl 10 HACTYIHOIO HyH-
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KTY 3. ¥ npomnemno'myr BUIAAKy TimoTesa, L0 MepEBIPAETHCA,
BBA’KAETHCH HEBIPHOIO 1 3[iMCHIOETHCA pepexin fo nyHKTY 1.

3. TIpoBOAMTHLCA [OBEAEHHA IiIOTe3n P(n) anan=Fk + 1 npu
mpunymeHHi, mo P(n = k) miiicue.

4. Sixmo P(n = k + 1) giiicHe, TO AOBEAECHHSA rinoresu P(n)
st 6yAb-AKOT0 HATYPaJbHOIO 71 OAEPIKAHE. Axmo P(n =k + 1)
xubHe, TO 3MIMCHIOETHECA Iepexia A0 MyHKTY j 1

Ilepmuit KPOK HaBeeHOTO AJTOPHUTMY ABJIAE cobo10 3BHUYaM-
Hy (HemoBHY) iHAyKUi, AKa peanisye iHAyKuidHmE miAXix RO
HayVKH B ILJIOMY.

Ilpyrait i TpeTiii KPOKHU anropurMmy € HACJIAKOM IPHHIANY
MaTeMATHYHOL iHAVKNil Ta peanisyioTs HOro MPaKTATHO. Ilpu=n-
[MI MaTeMaTH4YHOL IHAYKIil rapasTye, Mo KOMH Apyruit i TpeTin
KDOKH METOAY BHKOHaHi, TO reepaxkennsa P(n) pificee. IIpa npo-
My ApPYrHH KDOK 3aCHOBYETBCA HA nemi 1 i € ocnogow (6a3010)
MeTOLy MaTeMaTHYHOI iHAYKIil, a TpeTiit — Ha nemi 2, AKa BA3HA-
wae iHdyKyilHuil Kpox (Tepexin) MeToxy.

Ha puc. 1 HaBefeHa GiIoK-cxema peanisanii MeTony Marema-
ruunol iHayKoii. BoHa nokasye, 0 METOX MaTeMaTHYHOL IHAYKII]
MiCTHTE ABa OCHOBHMX 610KH — GJIOK, IO peasriay€e OCHOBY 1HAYKILL,
i 60K, IO peanisye iHZYKIIAHAK nepexin.

[NpuHuKMn MaTema-
THYHOI IHAYKIIi

MeTtoa MaTema-
THYHOT THAYKI

/\

OcuoBa ' TayKiifemi
iHAyKuil nepexin

Puc. 1. Baok-cxema, AKa peanisye npunyun i memod
mamemamuyinol indyryil
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3. IPUKJIAIA TOBEIEHHS METOJOM
MATEMATHYHO!I THAYKIIT

3BepHEeMO yBary mge pas Ha Te, 110 OCHOBOIO MEeTo-

Ay MaTeMaTHYHOl iHAYKIil € DpUHUNN MaTeMaTHYHOL iHgYKmil,
AKNH TBEDIHTH, 0 KOJW AOBemeHi nemu 1 i 2 A TBEPAKEHHS
P(n), To ue TBepAKeHHA AilicHe ans dyne-axkoron =1, 2, ... .

Tomy saBnanusam merony € dosedenia mem 1 i 2 ana P(n).

ITpuknad 1. 3uaiiTy 3a ZOMOMOTroIo MEeTOAY MaTeMaTH4YHOI
IHAYKHii dopmyny P(n), axa BUpaxkae cob0l0 HemapHi yHucia B
IX ymopsgkoBamii mocaimosHOCTI 1, 3, 5, ... uepes ix HOMepH
n=1,2,3;

Hepm misk npuerymura go PO3B’AZaHHSA LBOTO OpUKIany, BBe-
AeMO NesaKi 03HaYeHHSd,

Osnauvenns 1. Henapaum unciom e YHCJIO HATYPANBLHOrO PAAY,
110 HAe micas naphozo.

Osnavenns 2. TlapHUM YHCIOM € YHEIO HaTypaJabLHOTO paAAy,
110 #ae micas HenapHozo.

Osnauernns 3. Ogunnus e HenapHum 4HUCIIOM.

3BepHeMO TaKOX yBary Ha T€, 1[0 HOMEPH N IMOCIIAOBHOCTI
HEMIAPHUX YUCEJ YTBOPIOIOTE HAMYPANbHUL PSR IUCe.

Pose’asyeanna. Ia HABEIEHUX O3Ha4YeHb BUXOJHUTH, IO B DAL
HaTypalbHHX YMCes HenapHe YHCJIO BiApisHAETHCH Bif mapmOro i
napHe BiJ HemapHoro Ha 1. Omixe, pPisHMUA MiXx IBOMAa HenapHH-
MH i TapHUMM YHCIIAMH, IO CTOATE MOPAM, 3aBXKIHM AOPiBHIOE 2.

Ockinbxu meprmum HEITapHUM YHCJIOM Y pAAi HATypaJabHHX
4ucen € 1, To mocnifoBHICTE HETIAPHUX YHCeJ MOXKHA Ofep)KaTH,
AopaBmin no 1 wmeno 2, morim mo OTPMMAHOI0 PE3yabTaTy 3HOBY
quCcnao 2 i T.A. 10 HECKIHYEHHOCTI.

AHanisyooum mouyaTkosi HENIAPHI YHCJIA HATYPAaJIBLHOIO pany
1, 3, 5, ... muaxom HenorHOI IHAYKDil, IpUXOAMMO HO rimoresau,
IO HemapH] YHC/Ia HATYPAJbLHOTO DALY MOMKHA OZlep)KaTH 3a mo-
Tiomoroto Bupasy P(n) = 2n — 1. IlificHo gna n = 1 P(n=1) =
=2'1—'1=1,,I(JIHR=2P(H‘—_2)=2'2*1=3, n=3Pn=3)=
=2-3 - 1=5.

HoBexemo mio rinmoreay, nmpoBiBmIM MaTeMaTHYHY (IOBHY)
inpyxuiio sa gomomorow mem 1 i 2.
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Jlema 1. HOBOAUTHCS TiACTAHOBKOIO 1 gamicTs n B P(n):
Pn=1) =251 1~ L.

Ockinskm 1 3a O3HAYeHHAM 3 € HemapHe WYHCIO, TO OCHOBA
igaykii omepIKaHa.

BukoHaeMo iHAVKIi#EWIE KPoK (mepexin), AKWAN CKJIAZAETHCA
i3 nopemenHsA aemu 2.

JIns gporo MpUNYCTHMO, L0 OPH 7 = k tBepmxenus P(n) =
— P(n = k) = 2k — 1 piicnHe.

Nopeaemo Aani, 110 e TBePAKEHHA OpaBuiIbHe 1 117 HAaCTYII-
HOTO 3a MOPAAKOM HENapHOro YMcia 3 N = B+ 1:

P(n)=P(n=k+1)=2(k+1)—1.

3 gapeneHOl BJACTHBOCTL HEMAPDHUX HHCeJ pisHHILA MiK He-
mapHUMH# YHCAaMH, 0 CNIAYIOTH OAHE 38 OAHHM,

P(n=k+1)—P(n=k}=2.
BuxoguTs, 110
P(n=k+1)=P(n=k}+2=2k~1+2 — k-t 1)=1.

OpepsXaHUM Pe3yJbTAT CIIBIAAE 3 noTpibEUM i BiAMOBIAHO
nema 2 € noBelleHo0. '

V pesynbTaTl Ha OCHOBI fl0OBe[IeHb, OflepKAHAX A JIEM 132,
Ta BiMOBIAHO /10 NPUHITAIY MaTeMAaTHIHOIL IHAYKIIIL MOKHA TBEP-
OUTH, 1110 BHPa3

P(n)=2n—-1

[OPOAKYE HOCHLIOBHICTE HENapHHX THCEN HATYPAJIBHOTO PALY.
TuMm caMuM YHeBHIOEMOCH, 10 Buxinua rimoresa P(n) e dilicHuM
rTeepAkenHAM. [inoresa miATBEpIKeHAN

Hacnidox 1. Henapue 4ucio HE ALTUTHCA HaLino Ha 2.

Iificuo, Bupas 2n — 1 mpu nineHHi Ha 2 A€ TaKUU pe-
3VIBTAT:
2an =13 A s
AL
Bamumox 1/2 € mpaBuabHUi Apib i ToMy miTeHHA HAILN0 He-
NapHOTO YHMC/a HEMOJKIMBE.
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HMpuxnad 2. 3a gonmomoroio METOLY MaTeMaTHYHOI iHAVKIii
3HAWTH Bupas P(n), akuii BUpaxxkae cobow napHe wMciao uepes
#oroHomepn =1, 2, ... B YHOOPAAKOBAHIN nocaizoBHOCT] mapaux
aucen 2, 4, 6, ... .

Bigmosizro mo osmauens 1, 2 mapaumvu GyayTes umena HarTy-
PaJIBHOTO PAZNY, INO CTOATH MiX HEMAPHMMH. Hanpuknazg, uneno
2 € mapEMM, OCKiNIBKH CTOITH Mi ABOMa HENIADHUMM YucaaMu 1
i 3, uncno 4 Takoxk mapue, 60 CTOITEL Mi HEMMapHUMH YHACIAMH 3
idir.g.

Posa’ssyeannsa. Ockinern NnapHEe YHCAO CTOITH MiXK ABOMAa
HEIADHAMM, TO DiSHULOA MiXK ABOMa MADHHMH YHCIAMY HaTy-
PalbHOTO PAAY, IO CTOATH NMOPAX, HODiBHIOE 2. Ilepmam nap-
HUM 4uciaom Oyze 2, ToMy mI0 Ie Yucso jife micas mepmoro
HemapHoro — 1.

Ha ocrogi ananisy mepmmx NapHUX YHCEN HATYPaNbHOTO DALY
2, 4, 6 npuxoxaumo xo rimoTesm, mpo

P(n) = 2n.

OcnoBa nmoBHOI iEAYKIDii MiATBEPIIKYETLCA THM, IO
Pn=1)=2-1=2.

IIpunryctumo Temep, 110 rimoresa

P(n=Fk) =2k

€ NpaBunbHOW0. Toal 2anmmaerses AOBECTH, IO BOHA NpaBHILHA
iansa

P(n =k + 1)= 2(k + 1).

Hijiceo, B cmny Toro, 110 mapHi Yuenxa, SKi CTOATH nopsanm,
BiApisHAIOTHECA HA 2, TO

P(n=k+1)=P(n=k}+2=2k+2=2(k+1).

I'imoTesa niATBepAxeHag

Hacaidox 2. Ilapre uncno HinuTheca Hamino Ha 2.
e 2n ) s K
HikcHo, Tomy 1o = =N 1n — Hijge 4YMciao, To Haciidox 2

OiATBEepAXKEeHHI,
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Hacnigku 1 i 2 gossonsATs CHPOPMYIIOBATH O3HAKH Hemap-
HOCT1 T4 MAPHOCTI YHCeJ HATYPaabHOTO PAAY.

O3HaKOI0 HEMAPHOIO uMcia € HEMOMKJIHBICTE MifneHHA HOTro
Haiino Ha 2.

O3HAKOI MAPHOTO YMCia € AiJleHHs HOoro Haniio Ha 2.

IIpuxnad 3. 3uaiTA BUPA3 AJA CYMH IEpIIAX Tt HeTmapHHuX
yyces HATYPAJABLHOTO PALY:

P(n)=1+3+ ...+ (2n—-1).

Po36’a3ysanna. Ha ocHOBI aHaizy mepHmux MO4YaTKOBHX HH-
ceJl HATYPaJbHOro pAxy 3a nonomorom HeImoBHOI 1HAYKI1L ITPHUXO0-
auMo mo rimoresm, mo P(n) = n2.

3acToCyBaBIIN METOJ MaTeMaTHYHOL iHAVKIIil, fOBEeIeMO JaHy
rimoreay.

BizmoBigHO 0 MEPUIOr0 KPOKY METOAY, AKWHI JOBOAUTE JEMY
1, omeprxumo, mo P(n = 1) = n®= e [

IlepeiigemMo A0 APYroro KpoKy AOBefeHHHA rimoTesu.

IIna mporo NpPHIYCTHMO BiAnOBigHO A0 Jemu 2, IO rimoresa
P(n) Bipua ana n = k. Toxi

P(n=k)=1+3+...+(2k—1)=k2.
IloBeseMo Temep, II0 IA rimoresa BipHa 1 Ans
Pmn=k+1)=1+3+ ...

+ (2k — 1) + (2(k + 1) — 1).
ITogxamo ana meoro P(n = k + 1) TakuM YHHOM:
P(n=k+1)=Pn=Fk)+(2(k +1) - L.
Toni, ockineku P(n = k) = k2,
P(n=k+1)=k2+2k+1=(k+1)2.

PeaynpTaT cniBmajgae 3 neobxigapum. I'imoresa mipTBep-
AKeHam '

Ipuxnad 3. [losecTH, Mo CyMa NI MEPUIMX YHCEN HATYPATb-
HOTO PARY

P(n)=1+2+...+n=ﬁ%il—).
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Pose’asyeanns. Y nanomy BUNAJIKy HENOBHY iHAYKIiO ans
BUCYHEHHA rinorean P(n) npoBoauTu He norpi6so, 60 BOHA € B
VMOB1 npukiany.

IlpuBenemo moeemenus nemu 1 ANA LaHOTO BUNAAKY:

P(n:l}:ﬁzﬂzl_ !

TakuM YHHOM, OCHOBA MOBHOI InAyKnii onepskana. JloBegen-
H nemu 2 Mae Takui Burnan. Hexaii

Pn=Ry=1+2+.. +p=lEED,
Toxi BizmoBigHO Mae OyTu omep:kaHuWii BHpag

Pn=k+1)=1+2+...+k+(k+1)= (k“;(k*‘z).

Hosenemo ue. IiiicHo

P(n=k+l):P(n:k)+(k+l)=k(kz‘l']-}

+(E+1) =

2 2
I'imoreaa niATEepAXKeHag

_ K +3k+2 (k+1)(k+2)

Ipuxnad 4. losectn, mo CyMa KBaJpaTiB NepIINX YHCeJ
HATYPaJbLHOIO PAAY

: nn+1)(2n +
Pn)=1"+ 2 1. s 00 = 208 }6( C i
Posze’asyeanna. V npomy OpUKIani, AK i B IpuKaagi 3, Teep-
AxenHa P(n) sagaue y surmani rinoresu, sKa MOKe IepeTBOpH-
THCA B [JiliICHE TBED/KEHHA TiNBKHA MiCas noBeneHHA demu 11 2.
Jdema 1 RoBOANTHCH MiACTAHOBKOIO 1 3aMIiCTEL n: '
1(1+1)2-1+1) 6
P(n=1)= (T4 12 )=—=1=12,
; 6 6 L
Hns posenenns nemu 2 npumycrumo, sk i B momepexHix Ipu-
Klafax, mo TeepaxeHHA P(n) y sumagky n = k CIpaBeinuBe,
TO6TO ANA JaHOro MpHMKIaLy 3
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® kE(k+1)(2k+1)

6 i
IoBefeMo, MmO CIIPaBEATHBAM fyae TAKOMX TBEPAKEHHA
P(n=k+1)=13+22+...+k2+(k+1}2=

(k+1)(k+ 2)(2k + 3)
6 :

Ilnsa DBOTO MOKAXKeMO, 110 P(n=k+1)-P(n=k)= (B + 1)%
Iiiicuo, P(n =k + 1Y - P(n=Fk) =

_ (R 1)(k+2)(2k+3) k(k+1)(2k+1) _
6 6

Pn=k)=1+2% +... + K’

—P(rn=Kk)+ (& +1)=

E+1

[k + 2)(2k + 3) — k(2K + 1l=

E+1
6

E+1

4 [2k2+3k+4k+6—2k2-k]= 6% + 6]=(k +1)

3 pHpOro BHUILIMBAE, 110

(k + 1)(k + 2)(2k + 3)
- !

P(n = k+1) = P(n = k) + (k+1)* =

lNinoTesa miATBEpAKEeHam

Oco6IHEO CJiA MiZKPECIuTH, 110 AN NPaBHIBHOTO BUKOPHC-
TaHHA MEeToAY MaTeMaTH4YHOl 1HAYKIIL oBoB’sizKoBO Tpeda J0BO-
nutH obuaei nemu 11 2, OCKinbKM Jema I cTBOPIOE OCHOBY AJNHA
poBeAeHHA IHAYKIIIAHAX KPOKiB y MeTOAi, 0 po3radfacThed, a
sema 2 JO3BONAE IMPOBOAUTH BipHUII Mepexiz BiX BUHAAKY 3 12 = k
A0 BHNAAKY 31N = k +1, skui ife 3a HUM, 110 JO3BOJIAE Heobme-
’KEeHO POSMUPATH KiABKICTE IUX nepexofnis.

Axmo nema 1 He foBeJeHA, ozl BiICYTHA OCHOBA [JIfA IIPOBE-
AeHHA IHAYKUIAHUX KpOKiB. ¥ pesyanTaTi 3a AONOMOTOIO Je€MU 2
MOIKHA JOBECTH MOMMIKOBY rinmoresy P(n).

Hanpukiag, DoTpiGHO AOBECTH rinmoresy P(n), AiKa CTBEPIIKYE,
mo n = n + 1. OcHoBa igaykuii B JaHOMY BHIIAAKY BimCyTHA,
ockinekm 1 # 1 + 1, To6To 2exa 1 HE JOBEJEHA.

OxHOYACHO BiAMOBiZHO AO JeMU 2 npunycTHMO, IO TBEp-
nxerna P(n) ana P(n = k) misicHe, TOOTO N = k + 1. Buxogaum i3
piei ymosu, HeoOXigHO AOBECTH, IIO BipHEe # TBep/XKeHHHA
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P(n = k + 1). TakuM unuom, Tpeba moBectn, mo k + 1 =k + 2.
HiiicHo, migcTaBUBIIN B JiBY 1 IpaBy 4acTHHY pPiBHOCTI n = n +1,
n=~k+ 1, ogepxumo, mo k +1 = (k + 1) + 1, To6T0 nema 2
BHABJNAECTLCA NOBENEHOIO.

I2 uporo noMuaKOBOrO ACBEJEHHSA MOKHA 3pOOHTH BHCHOBOK,
L0 KOXKHE YMCJI0O HATYPANBLHOTO PAAY AOD]BHIOE 4uciIaM, AKi iTyTs
3a HHAM, 1, OT3Ke, BCi YHCIa HATYPATLHOrO pPARy pieHi Mix coboro.

Ane crnpaBa B TOMYy, [0 B AOBeJeHH] TBepmkeHHs P(n), mo
n=n+ 1, € rpy6a nomunka, AKa CKIAZAETHCS 3 TOro, mo Jgema 1
ana n = 1 He noeefeHa. JloBeneHHA Jemu 2 He € DOCTATHIM.

Y pani punmajgkis zaBegena thopma noBenenHs rimores Mero-
AOM MaTeMaTHYHOl IHAYKII Moxke ByTH Aemno sMiHeHa 6ea mopy-
LIeHHA BipHOCTI moBemenusa. Tax, AOBENEHHA JeMu 2 MOMKe CIIH-
paTucsa He TiBKM HA CIpaBefIHBiCTH TBepAxeHHA P(n) nns
n=katanain=%k-1,a inozi cnpaBepausicTs P(n) Ipumyc-
KaeTeCA JUIA BCIX HATYPANBHHX YHCEN i < k.

Jdema [ moxe Takox HOBOOMTHCHA, HANIPUKJIAL, ONS 11 = p. vy
OBOMY BHOAAKY AINCHICTE JOBEeIeHHSA P(n) nommpioerses TiabKH
Ha 3Ha4YeHHA n = p.

4. BIIPABHA JJIs1 CAMOCTIHHOI POBOTH

1. ToBecTn, mo cyma KBaJpaTiB n IepIIux He-
NapHUX YHCeJ HATYPATBHOIO DAY

P(n)=1*+3*+...4+(2n-1)% = n(2n-1)(2n +1)

3 :
2. Iosectn, mo cyma kybis n NePIIHX 4YHCell HATYPaJIbHOrO
pany : |
2
P(n)=1*+2%+ ... +n® :[21’12;1_)} {

3. Iosectn, mo

P(n)=0-1+1-242-3+...+(n-Tjn = ‘"“1);(“1)_

4. ToeecTn, mpo
P(n}=1-2-3+2~3-4+...+n(n+1)(n+2)=
_nr+1)(n+2)(n+3)
4 "
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5. JdosecTH, LI0
P(n)=1-ll+2-2!+...+ n-nl=@r+1-1, nenl=
= ... ¢ n.

6. JoeecTH, IO

P2t g = d ...+ (1) - n? = (D"’ n(n2+ 3)
7. Iz 2n amcen 1,2, ..., 2n HOBiNBHO obpani (n + 1) umcen.

JloBecTH TBEPAXKEHHA P(n), mo cepexn oBpaHUX YHCcen 3HAMAYTHCA
xous 6 2 umcna, 3 AKUX OfHe ALIATHCA Ha APYTE.

8. IlosecTH, IO N Pi3HUX NPAMHX, NpoBefeHuX Ha MO HHI
yepes OZHY TOYKY, ALIATE NIOIOUHY HA 2n JacTHH.

5. ICTOPHYHA JTOBITKA

IlepmiuM BilOMHM YUEHHM, SAKHAH 3aCTOCYBaB Me-
TOM MaTeMaTWYHOI iHAYKIIl B Cy4acHOMY puraani y 1575 poui,
6ys iranificeKkui yueHni PpaHIECKO Maypoaiko. ¥ XVII ctomiTTi
neit meron 6yB ypockoranenui II’epom zie Pepma, AKHN HA3BaE
#ioro MeTOXOM HECKIHYEHHOTO CIIyCKY. Ile#t MeTON TAKOXX BHUKO-
PHCTOBYBAaB y CBOIX MpanfAx Brnez IMackans, 30KpeMa, AIA T0BE-
neHHs GOpMYIH Aid GimomianbEux koedimienTi. [oBeneHH:
mpanesfaTHOCTL METOAY MaTeMaTHYHOl 1HAYKIil, AKe BHKOPHUCTO-
syBasoca IlackaneM, NpeACTaBIeHo B mist poboTi.
Ilo mporo Yacy 3a fOIOMOroio AaHOTO MeTOAY IpoBejeHo 6e3id
pisHMX [0OBe/leHb MaTeMaTHIHHX reopeM i IX KiIBKICTB beacym-

gipsO 6yAe 3pocTaTH B ManbOyTHLOMY.
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Hompatorx 2

OCHOBHIi O3HaAYEeHHS

ETHMOJIOTO-TEPMIHOJIOTTYHH I CJIOBHHK

Tepmin

Etumonoris

3Ha4eHHS

1

2

3

abconroTHui

anrebpa

aHATOris
acOLIATHBHEH
Dlekuig

O1HapHMH

BEKTOp

rpadik

AN3 FOHKILA
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nat. absolutus —
HeoOMexeHHH, 6e3yMoBHHiT

apab. azs docebp —
BIIHOBJIEHHS

Ip. dvadoyia — BiANOBIiAHICTS,
CNiBPO3MIPHICTS

J1aT. associatio — NPUEIHAHHS,
00’ eaHaHHy

jar. bis — aeiui:
lacio — KMOATH

nar. binarius — nogpifinui

JaT. vector — TOM, WO Befe,
HEce

Ip. Jpa@ixeg — HakpecneHui

nar. disiunctio — Bigoxpem-
JICHHA, PO3AIAEHHS

Oe3BITHOCHHMI, JOCKOHA-
T, MTOBHHUIH

YaCTHHA MATEMATHKH,
HAayKa Mpo 3arajikHi Omnepa-
uii Hag uncnamu, Harato-
4JICHAMH, BEKTOPAMH,
MaTPUIIAMH TOLLO

nonibHICTs y Byab-sikoMy
BIIHOLIEHH]

CIOAYYHHH

B3a8€MHO OJHO3HAYHA
BIIMOBIAHICTE MHOXHH

JIBIHKOBHI

BEIIHYHHA, 0 XapaKTepu-
3YETHCS HE JIHIIE YUCTIO-
BUM 3HAYEHHAM, aJie i
HanpsiMKOM

300pamenss Qyakuil Ha
KOOPAHHATHIHA MIOMIHHI

J0T14HA OMepaltis noe-
HAHHA KiIIBKOX BHCIIOB-
JIFOBaHb 33 JONOMOI 00
JIOr4HOTO CHONYYHMKA
SGAE 01]




2

3

IUCTpUOYTHB-
HUH

Jiarpama

nyanbHHH

eKBIBAJIEHTHICTE

eNneMEHT

11EeMIIOTEHT-
HICTB

i3omopbHui

iIeHTHIHWH

IMILIIKaHTa

iMIUTILIEHTA

IMMIIKaUisL

nat. distributio — po3aUICHHA,

po3moain

rp. Sidypapiiia — OKpeCIeHH,

PHCYHOK

nat. dualis — ABOICTHHA

NaT. aequus — PIBHHIL;
valens — TOH, 110 Mae
CHITY, 3HAYCHHS

nat. elementum — Nepuio-
pEevOBHHA, CTHXI1A

naT. idem — TOW CaMUH;
potens — CHIbHHA,
3aTHHH

rp. i8opdpPoS — PIBHOBHI-
HU#, piBHOGOpMHUI

nar. identicus

nar. :mphcans — BIUIETEHHH,
onneTeHui, nepeneTeRni

nat. implicens — BIIETCHHH

nat. implicatio — BINIETEHHA,

nepenueTeH s, ONIeTeH s

PO3MOALTEHHH

KpecrneHHs, [0 HA0YHO
MOKa3ye CHiBBIAHOMICHHA
MK PI3HMMH BENHYHHA-
MH, Y BUTJISA1 BiPI3KIB
abo reoMeTpUIHAX GITYp

ABOICTHiA, IpHTAMAHHUH
AyanizMy

plBHOHIHHlCTb BiIMOBI-
HicTh YoMy-HEOyab Y
Oyab-AKOMY BIZHOIICHHI

cKnagoBa YacTuHa Oyab-
Yoro

PIBHOCHIBHICTB, PIBHO-
3HAYHICTh

B32EMHO OJHO3HAYHHHA Y
Biio6pakeHH1 ABOX
MHOXKHH TIpH 30epexeHH]

IXHIX CTPYKTYPHHUX
BIIACTUBOCTEH

TOTOKHMIL, OJIHAKOBHI

noriyHa GyHKiL, 010 B
T.4. gopiBHIOE 0 Ha THX
rabopax, ae AopisHioe 0
nana (pyHKLU1A

noriyHa (QpyHKIiL, Mo B
T.4. AopiBHIOE | HA THX
rabopax, e A0pIBHIOE 1

nana QyHKLIA

noriyHa QyHKLis, WO
CTBOPIOE CKIAIHE BUCIIOB-
AIOBAHHA 3 ABOX MPOCTHX
33 J0NOMOTOIO JIOriYHO1
3B’ g3KH “AKIIO..., TO...”
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1

2

3

IHBEpCIA

IHAYKIig

10’ exuis

IHTYII[is

KoedimieaT
KOMTIO3HLIs
KOMIIOHEHT
KOMYTaTHBHHH

KOHCTaHTa

KOHCTHTYEHTa

KOH 'FOHKIIS

KOOpAHHATA

KOpTexX
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NaT. inversio — nepeBepTAHHA,
NepecTaHoBKa

nar. inductio — BUBEIeHHS

JIart. iniectio — BKHAYBaHHSA

JIAT. intueor — yBaxxHo
NpUrAAAaTHCH

nar. coefficiens — cnpusoYmii
JIaT. compositio — cKilagaHas
JaT. componens — CKnamoBa

J1at. commuto —
NEPECTABIATH, 3MIHIOBATH

laT. constans — MOCTIHHMIA

nat. constituens —
YCTAaHOBIIOIOYHH

naT. coniunctio — 3’€HAHHS,
3B 430K

NaT. co-(cum) — pazom, 3
ordinatus — ynopsgko-
BaHHH

$p. cortége — ypouncrwii xiz,
BHI3]

norivHa QYHKIIA, 1no
Habupae 3HaYeHHs,
MPOTHIEHKHE APTYMEHTY

NOTTYHUHA NpHitoM, mio
MOJsrae B nepexomi Big
OKPEMHX BHMAIKIB 10
3arajlbHOrO BHCHOBKY

BII0OpaskeHHs &

Oesnocepenne ocaruenns
icTHHYU §e3 norivHOro
0O6rpyHTYBaHHS Ha OCHOBI
NONEPEIHLOTO JOCBIMY

MOCTIHHUE MHOMXHHK MpH
3MiHHIH (HeBigoMiil)
CTPYKTypa, noGyaosa,
NOC/II0BHE BHKOPHCTAHHS

CKIa0Ba YacTHHa Gyas-
40ro

nepecTaBHHH

CTajga Benu4YwHa

noriuna Qynkuig, mo
yctanoemoe 1 (a6o 0)
THIlIE HAa ONHOMY CBOEMY
Habopi

noriyHa onepauis “I”

BEJIMYHMHA, IO BH3HAYAE
NOJIOXKEHHSA TOYKH

(BekTOpa) y Gynp-koMy
npocTopi

ynopsaxosaunii Habip
EIIEMEHTIB




1 2 3
norika rp. AOYIKGS — pO3yMHUA HAyKa [PO 3aKOHH 1
dhopmu MUCTIEHHA
MOAY/b nart. modulus —mipa abconipoTHa BENMYHHA
yicAa, OCHOBA CUCTEMH
YHC/IEHHA
HelTpaTbHMi nat. neutralius — TOM, W0 He  |TOH, 10 HE NPHCTAE AO
HANEKHATH Hi 40 TOrO, Hi A0 [KOAHOI 3 MPOTHICKHHX
1HIIOr0 CTOpPIH
oneparop naT. eperator — TOM, WO nie  |BimoGpaxkeHHT MK
eleMEHTaMH MHOXHH
onepatis nat. operatio — s Oyas-AKa [is, Y TOMY
yycal MaTeMaTHIHA
npoeKif nart. proiectio — KAAaHHA BioOpakeHHsA OyaAB-AKOTO

pauioHaTEHAA
(mpo uucna)

CHMBOJI
CHMETPHYHHHA

cHCTEMA

crop exiiA

cynepno3uiis

TpHBiaNLHHA

TEOpeMa

Bniepen

nat. rationalis — pO3yMHHH

rp. Siipifolov — 3naK, O3HAKA

Ip. ODUUETPIG — CITIBPO3-
MipHICTS, HaNEkHa NPONopHis

rp. CUOTNHa — cKnan,
ynopsAKOBaHe uije

74T, suriectio — KHaaHHA
3BEpXy

NaT. superpositio —
COOPY/UKEHHS
nat. trivialis — 3BUYaAHAA

rp. Bewpnpa — BUAOBHLLE,
BYCHHA

06’exTa Ha nuoumHy abo
npAMY

uini i apo6ml wucna, a
TAKOXK HYIb

yMOBHE no3sayeHns Oy/ib-
AKO1 BEAHYUHH

CHOiBpPO3MIPHHMH, AKHIA MA€E
BIACTHBICTH CHMETPIi

HiJlicHE YTBOPEHHA,
MHOJKHHA 3aKOHOMIDHO
38’ A3aHUX Mk 0000 Y
NesKy €HICTh eIEMEHTIB

piobpakeHHs Ha

paknananus, 06’ eqHaAHHA B
uine pisHOPiAHMX
elieMEHTIB

JBHIHMIN, HEOPUTIHATBHHHA

TBEPIUKEHH, ICTHHHICTE
AKOr0 AOBOAHTHCA
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|

2

YHIBEpCANbHHI

YHIBEPCYM

topmyna

(yHKiOHan

byHkis
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nar. universalis — 3aransauii

natT. universum — BCECBIT

nat. formula — npasuno

nart. functio — BAKOHAHHS

naT. functio — BHKOHAHHS

3araabHMH,
PI3HOCTOpOHHI

3arafnbHa MHOMKHHA, [UIA
SIKO1 BCI 1HII] €
NIAMHOKHHEAMMI
MaTeMaTHYHe
CMIBBITHOIICHHS, AKE
OAECPIXKAHE 3 JOMOMOro0
CYNEPNO3MIIT

YHCII0, WO € GyHKIIEK Bij
GyHKuii

MaTeMaTHYHAa 3a1eXHICTh
OAHi€T 3MIHHOT Bif iHmo]

B



Nomarox 3 | FpenbKHA i IATHHCHBKHH AJI-

.| daBiTH

I'penprnit andasit

Jlarunchknit axdasit

Ilo3HadeHHA
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ITozHaueHHA Hasga
niTepu niTepH
Ao ansda
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Hoparox 4 |3aBAAHHA I KOHTPOJIBHHX
pooiT
|

1. MHOKXHHH

1. TIpoBecTd TOTOXHI MEepeTBOPEHHS piBHOCTEI
BIATIOBITHO N0 3a/jaHOro BapiaaTy B Tabn. 1.1 3 MeTo0 aMeHIIeH-
HA B HEX KLIBKOCTI JiTep 70 MiHiMyMa.

2. BupasuTi CUMBONIYHO (BHKODHCTOBYIOYM 3HAKH ONEpAILliif
nepeTHHY, 00’€JHaHHA i NONOBHEHHS) MHOXXWHH, 3alITPHXOBaHi
Ha piarpamax Eiinepa-Bema, sizmosiguo go Tab6n. 1.2. Homepn
Bamoro Habopy piarpam Eiinepa sagani B Tabm. 1.3.

3. HakpecnuTu giarpamy Eitnepa ans 4oTHPBHOX MHOMHH A,
B, C, D, aki yTBopoioTE MHOXUHY F, i IO3HAYUTH MITPHXOBKOIO
il obnacts (guB. Tabn. 1.4).

Tabauys 1.1.
% PiBHoOCTI
&
I |[F=AUBUCUDUANBNCND
2 IF=(ANBNCOUMANBNCNDIUMANCNA)
3|IF=(ANBNCNDYUANCUBNCUECND)
4 |F=(AUBN(CUD)NAUBUC
5 |F=(AUBNC)U(AUB)NC)UD
6 |F=(BUC)ND)N(BNC)UD)UMANC)
7 |F=(ANBNC)U(AUBUC)U(CUD)
8 |F=AUBNCUD)NAUBUC
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ITpodoencenns mabauyi 1.1.

Bapiaut

PiBHOCTI

o

F=((AU§UE)D(BUCU5))H((KHBQC)U
UBNCND)

10

F=(ANBNCcNDUMANCOUBNOUCND)

12

F=(ANB)NANCNDP)NAUCUD)

13

F=BUCUD)NEUcUD)NBUCUDINMAUC)

14

F=(bNcnNauUdNncnaumnNcNA)UBUA)

15

F=@AUcoN@UcUpNEecUD)NCUD)N(BUD)

16

F=ANcNDUANCcUDUAUB

17

F=CcNDNBNAUBUC)NCND)N(AUB)

18

F=(bUBUCNMD@UBUCUANMBUCUAN
NBNCNAND)

19

F=mUcUANMDdUCUANMDUCUA)NBNA)

20

F=(pNcNBNAUMNBUCNBUBNA)

21

F=(ANBYUCND)UANBNC

22

F=ANBNCWANBUCND

23

F=(BNC)UDUWBUC)ND)UAUC)

24

F=(DNcNBNAUMDNBUCNBUMBNA)

25

F=(AUBUCNANBNC)NCND
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ITpodoexwenna mabnuyi 1.1.

%; PienocTi

(a 2]

2 | F=(PUCUANDUCUDHNBUCUAN

NDouUcUANB

- F=BUcUANBUCUANBUCUAN
NnBuUcua)ND

= F=(AUCPI?)O(HUEUI‘J“)H(EUCUE)H
N@AuUcub)NB

29|F=AUBNCUDUANANB

e F=(ANBNC)UANBNC)UMANBNC)U
UNBNC)UD
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ITpodoexcenna mabnuyi 1.2.

BapiauT

Hiarpamu Eitnepa
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IT poaésmeuuu mabauyi 1.2.

BapiasT

Iiarpamu Eiinepa

10

11

12
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Ipodosxenna mabnuyi 1.2,

Bapiaut Miarpamu Elinepa

14

15

16
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Ilpodosxcenna mabauyi 1.2.

P28
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Ipodosxcenna mabnuyi 1.2.

Hiarpamu Eiinepa

Bapiant

21

22

23

24
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Ipodosxenna mabnuyi 1.2.

BapiaHT

Hiarpamu Eiinepa

25

27

28
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Ilpodosxcenna mabauyi 1.2.

Bapiant

Jiarpamu Einepa

30

52
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Ilpodosxcernna mabauyi 1.2.

BapiaHT

Hiarpamu Eiinepa

33

34

35

36
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ITpodosexcenns mabauyi 1.2.

Bapiaut

Jiarpamu Eiinepa

37

38

39

40
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Hpaéosmuus mabnuyi 1.2.

Bapiant

Hiarpamu Eiinepa

41

42

43
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IMpodosncenns mabruyi 1.2.

BapianT Iliarpamu Efnepa

45

46

47
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Bapiaml Homepu niarpam

Tabnruysn 1.3.

Eiinepa
1 1, 12,23, 34
2 2,13,24,35
3 3,14, 25,36
4 4, 15, 26, 37
5 5,16, 2T, 38&
6 6, 17,28, 39
7 7, 18,29, 39
8 8, 19,30,41
9 9,20,31,42
10 10, 21, 32,43
11 11,22, 33,44
12 12,7, 22,45
13 13, 8,23, 46
14 14,9, 24,47
15 15, 1, 25, 30

Bapiant | Homepu alarpam
Einepa
16 16, 2, 26, 31
17 Sl 24,32
18 4,18, 28,33
19 5,19,29, 34
20 6, 20, 30, 35
21 7. 21, 31,36
22 8,22,32, 37
23 9, 12;33,38
24 10, 13, 34, 39
25 1, 10, 20, 40
26 2. 11,28, 41
27 3,12,22,42
28 4,13,46,43
29 5,14,47,44
30 6, 15, 23, 45
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(@uouguvn(@uauguyn(@usuguv)=4

8

(@UaUguUVI)N@UouguwIN@uauguv)=d

(@uoUuguUy)N(@uouguy)NlauoUguUyI=4 6
(@Uouguv)N@uoauguvIN@uougauy)=4 8
(@U2UgUWIN@U2UgUVIN@UIUgUW) =4 L
(@UoUgUvIN@uoaUguUvIN@uouguUv)=4 9
(@uavguwvIN@uouguvInNn@uouguy)=4d g
(@uoUgUv)n@uouguy)Nnauouguv)=4 b
(@UoUguUv)N(@UoUgUVIN@UouUguUy)=4d ¢
(@uouguv)N@uouUguUvIN@uoUguUv)=4 Z
(@UoUgUw)N(@UouguvIN@uauguy)=4d I
‘D ‘g 'V MWeHHXOHW eHAAOELA J BHHXOHIN Lueideq

‘»'I vhnugo |
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(@Uouguwv)n@uauguvIN@uauguv)=4 (éé
(@UouguvIN@uUauguvIN@uouguy)=4 1Z
(@uoUuguUv)N@uauguvIN@uauguyl=4 0T
Ecmcmcﬁaﬂcucmcﬁzacucmcmvna 61
(@UauguvIN@uauguvIN@uouguv)=4d Q1
(@UoUguUvINt@UauguvINt@uouguy) =4 L1
(@UoUguv)N@uauguy)N@uouguy) =4 01
(@uouguv)n@uauguvInl@auouguy) =4 Gl
(@UauguUvIN@uauguyIN@uouguyl=Jd 1l
(@uouguvIN@uouguvIN@uouguv)=d €l
(@UoUgUuv)N(auouguvIN@uouguy) =4 Zl
d'D ‘g 'V WWeHIKOHW eHAdOELA J BHIDKOHA] 1Herdeg

‘I thnugow vunaxmeogod]]
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(@UouguvInNtauasuguvIN@uouguyv)=4d 0g
(@UoUguwv)Nt@uauguvINt@uauguy) =4 62
(@UouguvIN@uauguy)N@uouguv)=4 8z
(@UuoUguUwvIN@UoUguUWIN@UouUguUy)=4d LT
(auoUguUv)N@UoauguwvIN@uouguy)=4 07
(@UoUguUwvIN@UauguvIntauouguv) =4 ¢Z
(@UoUguv)n@uouguwvin@uouguv)=4 T
(@UoUguvIN@uaUguUv)Na@Uouguv)=4 €T
‘D ‘g 'V MWeHINXOHW eHIdOEIA ] RHUMOHA] 1xeideg

‘B thnugow ¥unaxeopod]]
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2. JIOTTKA

1. Onsa dyuknii, AKa HaBeJeHA B konoHmi 1 Tab-
nuni papiamTtis 2.1, 3afaHl HOMEpH HabopiB, Ha AKHUX BOHA AOPi-
pHIOE opmHEMIL. HeobxizHo MiHIMi3yBaTH IIO dyHKOiI0O 1BOMA Me-
tronamu — Kpaitsa i kapr Beirua. Minimizalliio NIpoBeCcTH B IOH®D i
KH®. PeayIbTATH NIOPiBHATH.

2. MimimizyBaru B JJH® i KH® 3a 1omomMorom KapT Beitua
HEeNOBHICTIO O3HAUEHY (DYHKIIil0, HaBeleHy B KOJOHII 2 Tabauii
papiagTie 2.1, onTHMaNnbHO 11 JOMOBHUEBIIH.

3. IlposecTH JOriuHi NepeTBOPeHHA dyakiil f, Axa safaHa B
KonoHI 3 Tab6nuni BapianTis 2.1 B aHANITHYHIHA dopmi. Ogepxa-
i [JH® a6o OJKH® miei dynxnii. IlposecTn ii minimizamiio
metonom KBaiiHa.

4. IIpoBecTH JOTiYHi MEPETBOPEHHA dbyaruii f y Tabau4HOMY
surnsan i sanucarn i B JAH® i JKH® Ta HOPIBHATH 3 Pe3yib-
taToM, ofep:xamum y nyHkrti 3. IIposect: ii MiHiMiBamio MeTo-
nomM KapT Beifua i mopiBHATH MiHIMAaJIBHY QYHKIDiII0 3 TAKOIO X
dYHKII€I0 B MYHKTIL 3.
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Moxatox 5| OCHOBHI3AITHTAHHA UL CAMO-
nepeBipKu
|

Jeruyia 1

1. Oznauenna guckpeTHOI MaTeMaTuk# i o6aacreit ii BUKOpH-
CTaHHA.

2. [luckpeTHi curHaN| Ta iX Kjaacudikamia.

YHacrura 1. Muaoxuun

Jeryia 2

1. OcHoBHi o3HaueHHA TeOpil MHOMKWH.

2. IToraTTs nycrol MEOKHUENA. Byjlean MHOMXHHH.

Jexyia 3

1. Onepaunil vaxg muo)uHamMu. IIpukaagy.

2. O6’ennanHs i mepeTuH MHOMXKHH. IIpUKIaTd.

3. Pisnuni ta gonoBHeHHa MHOXUH. [Ipuknagn. CumeTpny-
Ha pisHnnA. [Ipuknany.

4. Po3dburra MHOoxuH. [Ipuknanu.

5. IlonATTA yHiIBEpCANLHOI MHOKHHM.

Jdexuyia 4

1. IlorsaTTa npo anredbpy muoxuHE, OCHOBHI TOTOMHOCTI a-
rebpn muoxxuH. Hosepenns, Ilpurknangn.

2. KoMmyTaTHBHMIT, aCONiaTHBHUI, IMCTPHOYTHBHUM 3aKOHHM.

3. 3aKOHM ieMNOTeHTHOCTI, NOrIMHAHHES, Ae Moprasa.

4. IMpunuun asoicrocti Ana anre6pu muEOkHH. [IpHKaagn.

9. JloBeleHHA TOTOMKHOCTEHR anredbpu MHOKHH 3a JOMOMOTrO00
aiarpam Eiinepa. [MTpuxaamgu.

6. Ysarancuenus omepaniil Hag MHOMKUHAMM.
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Jexyis 5

1. O3HauyeHHS KOpTexka, BexkTopa. IIpoeKiil BeKTOpa Ha KO-
OpAMHATHI NJIOLIMHKM TA OCl KOOPAMHAT. Ilpuknagn.

2. Ipamuit Bo6YTOK MHOMUH. Ipoexuis MEoxXHUH. [IpUKagy.

Jexyin 6

1. Bignosignaicts. O6pas i mpoodpas. 3BOpPOTHA BiANMOBIAHICTE.,
Kommosuuia signosiguocreii. [Ipuxnanm.

2. BigobpaxxerHsa. PopMH MOAAHHHA Bio6paxenHsa: Tabnud-
Ha, rpadiyna, crpinkosa. [Ipuxaaau.

3. Bigobpaxenns y BUIIAAL COp’eKIil, in’exmii Ta Giexkmil.
IIpuknangu.

Jdexyia 7

1. @yHKIiA, CYyNepHo3nIld dyHKLi#, dopMyna, GyHKILIOHAT,
3BOPOTHA DYHKIiA, KOMIO3NUILLA dyaxnii. IIpukranuy.

2. IepeTBoperHsa MHOXKUH. TOTOXKHE NEPETBOPEHHA. Ilocrifine
nepersopenns. Ilizcranoska. Ilpuknazu.

Jexuyia 8

1. TlouaTTsa anredpaiunol omepaiii. Ilpukragn.

9. IIoHATTS HANIBrpYIIHA, HEUTPaIbHOTO eJ1eMeHTa. ITpuknanu.

3. TlousTTH TPyIOH, 3BOPOTHOro, HYJILOBOTO Ta OAMHHUHMHOTO
enemeHTa rpymu. lIpuknany.

4, IzomopdHl rpynu.

5. Kinpna, nona. Ilpuxkiaann.

Jexyia 9

1. A6cTpakTHa rpyna. MynsTHIIIIKATHBHL Ta agUTHUBHIL oIle-
panii. Kinmesi Ta HeCKiHYeHH1 I'DyIH.

2. AxcioMHu TpYIIHA.

3. TeopeM# Npo 3BOPOTHUH 1 OMUMHWYHHY eJIeMeHTH T'pPyIl.

4, T'pynu nepeTBOPEHb.

5. I'pynu mijacTaHOBOK.

6. Teopema Keuni.

Jexuyin 10

1. I‘pyuﬂ “0" i lllﬂ‘

2. I'pyna “+11i-1".

3. I'pyna BeKTOPIB.

4. I'pyna noBOPOTiB NPABHJILHOTO TPHKYTHHKA.
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Yacrura 2. Jlorika

Jexuyig 11

1. IlonsATTa npo anre6py Noriky i 06YHCIeHES BHCIOBICH.

2. Ictunre 1 xubne Bucnosnenns. Ilpocre i CKJIaAHEe BHCJIOB-
nessA. Ilpuknagn. "

3. OcHoBHi nmoriuni omepamii: xomeranTa HYJdA, KOHCTaHTAa
ogunuii, “HE”, “I”, “AB0O”.

4. Jloriuni omepauii: “iMnaikamia”, “zabopora”, “piBHO-
3HAYHICTE”, “HepiBHO3HAauHicTs”. [Ipuknamn.

9. Jloriuni omepanii “Illegdepa”, “ITipca”, “Bmima”. IIpn-
KJIagH.

6. IloraTTs Ipo NOTivYHMIA 3aK0H, JOTiuHe IIPOTHPiYYA i TBep-
IPKeHHsA, sfiKe JIOTIYHO BHKOHyeThCHA. IIpuKknanmy.

7. OcHOBHI 3akoHM anrebpm NOTiKH. IIpuknann.

Jeryin 12

1. Ilonarrs mabopy noriunoi dynkmii. Tabruns icTHEEOCTI.
Yucno wabopis Bix n aprymenTtis byaxnii. Josenerns.

2. Ilonarrs npo noriuny hyuKio Ta il aprymenTtu. KigexicTs
byHKIi#k Big n aprymenTis. JloBenenHs.

3. Jloriuni ¢yHKuii fBOX aprymenTis. BusHAYNTH ix KINBKICTH
i matu HasBy. IlpuBecTH Ta6aumio icTHEHOCTI.

Jewyia 13

1. JToBefeHHA NOTiYHUX TBEpPIKEHL i 3AKOHIB 34 IOIIOMOT00
Tabnune icrurHOCTi. IlpUKIansA.

2. IlpuBecTH [OBefeHHA 3a AOMOMOTOIO Tabaune icTHHHOCTL
npasuna fe Moprara, immiikanii, piBEOZHAYHOCTI.

3. IlpuBecTy i oBeCTH CHIBBIAHOMIEHHES MidX ABOMA ApPryMeH-
TAMH X,, X,, OAVH 13 AKMX NOCTiiiHO Habupae spavenns 1 a6o 0.

4. TlpusecTn i JOBeCTH CHIBBITHOIIEHHS Misk ABOMa apry-
MeHTaMH X, X,, KOIH X, =X, =x i X, =%, 8 X =%,

5. HOHHTTH mpo 6yneay a.nreﬁpy Hpnnec'rn OCHOBHI
cniBBifHOMEHHA B GyneBiit anrebpi ans omepamnii Au3’IOHKII]
Ta KOH IOHKIi.

6. Cneuiancni popmymm Gynesoi anrebpu. IlopecTn Ha npwu-
KJIagax.
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Jexyin 14

1. IoEaTTs MpO A3 IOHKTUBHY HOPMAaNbLHY dopmy (JHD).
Eneventapemnii 1o6yTok. KoECTHTYEHTa onuaHni. OCHOBHI Teope-
MH )i KOHCTHTYEHTH onuHMI 1 Il HaCHIAKH.

2. [lockoHANA U3 IOHKTHBHA HOPMAJILHA dopma (JIHD). A-
rOpUTM OAEpIKaHHA KOHCTHTYEHTH onmuwuni ta [JAH®. [Ipuxnan.

3. MMoEsTTA IMIJIIKAHTH i TIPOCTOl iMmomikarTu. IIpuKIany.

4. TlorsTTa ckopouenoi [TH®. ITpukaan.

5. Oneparii MOBHOrO 1 HEIIOBHOTO cxkneosanad B JTH®, ome-

pamis mOrJAMHAHES 1 PO3TOPHEHH. TIpuknann.

Jexyia 15

1. Teopema KpaiHa Ay OOH®. [loseneHHA.

9. AnropuTM MiHiMi3aIil NIH®D 3a KpaHOM. IIpuKnaz.

3. IMIIiKaHTHL MATPHI] [JId OePrKaHHsA mirimansaol THD.
IMpuxnan.

4. Tynukosi i MimiManbHi ITH®. Ilpuxiagu.

Jexuyia 16

1. TloHATTS Npo KOH'IOHKTHBHY HOPMAaJbHY dopmy (KH®D).
EnemenTapHa cyma. KoscTuTyeHTa HYJI. OCcHOBHi TeOpEMH.

9. JlockoHANa KOH JOHKTHBHA HOpMAJIbHA dopma (JKH®P). An-
FOPUTM OfEPIKAHHA KOHCTHUTYCHTH gynsa i JEH®. Ilppknagu.

3. TIoHATTA iMILIIEHTH 1 IpocTol iMmnmineaTu. HasecTn npu-
KIIaH.

4. Tloustra ckopouenoi KH®. Ilpuxnazs.

5. Omepanil MOBHOTO 1 HENOBHOI'O cxneosanasag B KH®. Omne-
pamii nOraAMHAHHHA i POSTOPHEHHA. IlpuknanH.

Jexuyia 17

1. Teopema Kpaitga ana JKH®. [loBejeHHA.

9. Anropurm MiHiMizauil NKH® 3a KpaiHOM. IIpuknan.

3. IMnJiIeETHA MaTPHILA A OfepIKaHHA mirnimansaoi KH®.
IIpuxnaz.

4. Tynukosi i MiniManbHi KH®. IIpuknagn.

Jexuyin 18
1. OpepxaHHEA MiHIMAJILHUX KH® 3a AOMOMOTroK0 AHu3’ IOHK-
ruganx Gopm. Ilpuknan.
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Jexyis 19

1. Merox xapr Beiiua mas mimimizaunii 6ymesmx GyHKIIH,
npencrasnenux B JIH®D. IMpuknagu.

2. Meron xapr Beitua ansa mimimisanii Gymesux dyHKILIH,
npeacrasnesux B JKH®. IIpukaaznn.

Jdexyia 20

1. Minimizanis HeMoOBHICTIO 03HAYEHUX OYAeBHUX byaKIiHA.
IIpuknagn.
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SUMMARY

The textbook considers in detail the principles of multitudes theory
and logics from the common ones till the abstract ones. The material is
given in separate lectures according to the topics chosen and is rich in a
great dead of examples.

The first chapter comprises the main notions of multitudes theory,
operations with them, vectors and multitudes projections, their products,
reflection and conversion. The algebraic systems and some operations in
them are described.

The second chapter concerns the bases of the mathematical logics. Special
attention is devoted to the notion of the logical function. Sixteen principal
logical functions and various conversions with them are described. Under
thorough consideration are the conjunctive and disjunctive normal forms
of the logical function and their minimizing. '
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