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IIpeducarosue 7

ITpeanciaoBue

Jlannoe yuebHOEe TOCoOMe B 3HaYUTENbHON dacTu moBTopsieT «Kypc
BBICIIEel MaTemaTuknm» mox pemakmuei B.B.Muuocesa, BbIaeprKaBIImit
BOCEMb M3JIAHU{l W CTABIIN MoOeIUTEIeM KOHKYpCa «YHUBEPCHTETCKAS
kaura — 2008». IsMeHenus m qomojaHeHns BHeceHBI B ocHoBHOM B III n
IV wactn mocobus, nocBaménnbe nuddepeHnnaIbHbIM YPaBHEHAIM, J1e-
MEeHTaM BapUAIMOHHOTO MCYUCJIEHUS U TEOPUH ONTUMUIAINH, TEOPUH Be-
POATHOCTH U MATEMATHYIECKOii CTaTHCTHKE. Permenne cI0KHBIX 3a/1a1 9TUX
pa3zesioB JaHHOTO Kypca BXOAUT B JabopaTOpHBbIE PabOThI, TPOBOAUMbIE
C WCIOJIb30BaHUEM IakeToB npukiaaHbix nporpamm Excel, MathCad, a
TakKe JJisT KOHTUHTEHTA, HE MMEIOIIET0 COOTBETCTBYIONINX JINIEH3NH Ha
10JIb30BaHNeE 3TUMH TTakeTamu, B Maxima, Haxo/simemcsi B CBOGOIHOM J10-
CTyTIE.

Mper canTaem, 9TO BBITYCKHUKHA TEXHUYECKHUX BBICITNX YyYeOHBIX 3aBe-
JIEHUH JIOJKHBI YMETh JOBOAUTH PEIEHUE JIO YUCIA, & B CJIOKHDBIX CJIyda-
sIX 9TO HEBO3MOXKHO CJIeJIaTh 0€3 MCIOIh30BAHNST YNCIEHHRBIX METOJIOB W
MMAKETOB MPUKJIAIHBIX TIporpamMm. C 3TUMI BOIIPOCAME CTYIAEHTHI JOJIXKHbI
Ha4YaTh aKTHBHO 3HAKOMUTHCS YK€ B KypCe MaTeMaTHKH.

Vuebnoe nocobue 06beauHSAET JEKIUOHHBIH MaTepuast, IPUMepPhl U 3a-
Jlavy I TPAKTUYECKUX 3aHATHH 1 1abopaTropHbix pabor. ABTOpBI cunTa-
0T, 9TO HAPSILy CO CTYJICHTAMM JTHEBHOH (0uHOM) dbopmbr 0byuenns nan-
HOE TI0COOME C yCIIEXOM MOKeT ObITh UCIIOIB30BAHO CTYAEHTAMI JUCTAHIIN-
oHHO# (3a0uHOl) dopmbr 06y1ernst. OCHOBHOE OT/IMYNE TAKUX CTYAEHTOB
OT CTY/EHTOB OYHON (POpMbI 00ydeHHsI COCTOWT B TOM, YTO OHU CHCTE-
MaTHYeCKW HE CJIYTIAiOT JIEKINW W He 3aHNMAITCS HA TTPAKTHIECKUX 3a-
HSITHSIX HEMOCPEJACTBEHHO MO PYKOBOJCTBOM IpEToaBaTeieil, KOTOphie
CIENUuAJbHO MOAOUPAIOT W JIO3UPYIOT MAaTepUaJi, MpUydas CTYJEHTOB K
peryssipHbIM 3aHATHsIM. [109TOMY TIOCTPOEHHOE IO TIPEJTIOKEHHO cxeMe
y4ebHOE Mocobue MOMOXKET CTYAEHTY-3a09HUKY U3YYaTh MATEPUAJT 006~
HO CTYAEHTY OYHO (hOPMBI CHCTEMBI 00YYEHNST TIPW YCIOBUHN PETYJISTPHOT
U TIOCJIEJI0BATETBFHON €ro mpopaboTKA.

Kpowme nzyuenust maTepuaa JEKIUH, pEIIEHUs IPUMEPOB HA TTPAKTHU-
YECKUX 3aHATHAX CTYJIEHTAM HeOOXOIMMO BBIMOJHUTH WHIUBUIYAJTbHBIE
3aJIaHUsl, BBIMYIEHHBIE OTAEIbHbIMEI cOopHuKamu. [Ipu sToM cebLIKE Ja-
0TCS HAa COOTBETCTBYIOIINE OIPEIETeHUsI, TeOpeMbl U (hOPMYJIBI JEKITHi.

[Torumasi Bce TPYIHOCTH U3YYEHUsT Kypca MATEMATUKH, OCOOEHHO pH
JIUCTAHIIMOHHOM OOYYeHNHN, aBTOPHI B PAMKaX IIPOTPAMMBI CTaPAJHCh, TIO



8 Ilpeducaosue

BO3MOXKHOCTH, 00JIETYIUTh 00y IaIOMNMCS BBITOJTHEHTE TOH 3amaqan. Kyp-
CHBOM B TIOCOOHMH BBIJEJICHBI ONPEIETEHUS U TeOpeMbl, (GOPMYIHPOBKI
KOTODBIX CJIEIYeT BBIYYHTh Hau3ycThb. llocobue paccuntano ma 404 gaca
AyIMTOPHBIX 3aHATHH, COOTBETCTBEHHO, B [-0ii acTu (cemectpe) 8 dacoB
B Heqenio, Bo II u 111 wactax mo 6 gacos, B IV wactn mo 4 gaca B HEZEIO.
[Ipu oTnuyaroniemcsd 4ucae ayJUTOPHBIX 9aCOB MATEPUAJ PEKOMEHIyeTCs
pacIpenendaTsb M0 YUCIy JeKIUil 1 TpaKTHYeCKUX 3aHATHN, COOTBETCTBY-
IOIMUX Y4eOHOMY IIJIaHY HAIIPABJIECHU W CHEIUATBHOCTEN.

B mpunrarom B 2011 rony locymapcTBeHHOM 00pa30BaTEIbHOM CTaH-
JapTe MaTeMaThKa Pa30MBaeTCs Ha OTJeTbHBIE KYpchl. B Hamem moco-
6nm «Anrebpa M reoMeTpusy M3JOKEHBl B JeKnngax 2-5, 24-34 (uactb
I), «MaremaTuvecknii ananmus» B jgekmuax 1, 3, 4, 6-23 (wacts 1), 35-50
(wacre II), «KpaTuble m KpuBOJIMHEHHBIE HHTErPAJILHBIE JIEMEHTHI TEO-
PHHU BEKTODHOTO TOJIst» B Jekimax 51-68 (wacts II), «Teopus dbynkumii
KOMIIJIEKCHOH mepemenHofi» B nekmmsax 33 (wacte 1), 42, 59 (wacrs 1),
«Inddepennmanpabe ypapHeHnsa» B gekmuax 69-80 (wacts I11), «Bapnu-
AIMOHHOE MCYNC/IEHNE W TEOPHsS ONTUMU3AINnn» B jekiusax 81 85 (qaCTb
III), «Teopus BepoATHOCTEH M MATEMATHYECKAS CTATUCTHKAY B JIEKIHSTX
86 102 (wacrs 1V). Ilocobue B memom coorsercreyer l'ocymapcreennomy
CTaHJAPTY TEXHUYECKUX crienuaabHocTeif. OJHaKO Mbl CIUTaeM, 9TO OT-
JIEJIbHBIE €0 Pa3fesibl MOTYT ObITh MCIOJIB30BAHBI JJIs SKOHOMWYECKNX,
OPUIMYECKIX W JPYIUX HAIPABJIEHWI.

Mpm1 6iiarogapum penensenTa nocobus wi.-kopp. PAH, 3ar. kadenpoit
«Bwrancanrenpras maremarnka u nporpammuposannes MAW V.I'. Tupy-
MOBa 3a IIOCTOgHHOE BHMMaHue K Hameil pabore. IIpodeccopa A. M. Ku-
63yH, A.A. Ilyraryc, A.B. Ceryxa n gonentor A.B. Bynak, A.B. Haymor
O3HAKOMWJINCh C OTIEJIBHBIMH Pa3jesiaMi MOCOOWsT M CJeJIain Psifl IIeH-
HBIX 3aMeYaHnil, KOTOPhIE Mbl VUM TIPW TIOATNOTOBKE W3IaHust. Beem wm
MBI YPE3BBIYAHO TPU3HATEIBHBI.

ABTopb! 61aromapHbl IpenogaBare aM Kadeapbl obmeil u mpuKial-
noit maremarnkn MI'MIY, npuasiBmmM ygyactine B 00CYyKJIEHUN MaTepha-
Jla JJAHHOTO y4eOHOro mocobusi. AKTHBHOE ydacTue B moaroroske «Kypca
BBICITIEH MaTeMaTHKuy pUHUMaJ cKonvasmuiics B 1999 romxy npodeccop
MT'I1Y B.A. Jlaxosckuit. B namars 06 9TOM 3aMedaTeIbHOM Y€IOBEKE 1
TIPEKPACHOM TI€JIATOTe MBI IIOCIUTAINA HEOOXOIMMBIM OCTABUTD €70 B TIUCIIE
aBTOPOB NEPBBIX JBYX 4acTell JaHHOTO «Kypca MaTeMaTHKu JId TeXHU-
TECKUX BBICIINX YIEOHBIX 3aBEICHMUIT».

B.B.Munocnes, E.A.Ilymkapb



Jexyua 1. Muoscecmeaa. Cumsosura u mepmMuHof02ILA 9

[JTABA 1

BBenenne

Jleknusa 1. MuoxkectBa. CHMBOJINKA U TEPMUHOJIOT S

[Ipenmer maremaTuru. MuOXKecTBa. Onepanun Haj MHOXKECTBAMI.
Keanrops! obmuocTu u cymiecrsoBanns. Heobxonunmoe u nocrarod-
HOEe ycsIoBHusS. YHMCIOBBIE MHOMKECTBA. DJIEMEHTHI MATeMATHIECKOH

JIOTUKH.

1.1. IlIpeamer MaTeMaTUKA

Maremaruka — 3T0 TouHas abCcTpaKTHas HayKa, ONEPUPYIOIAs CBOU-
MH CIENUATbHBIMY MOHATHAMHU, CTPYKTYPAMH ¥ CUMBOJAMU. OCHOBHBIMEA
METOIAMH B MATEMATHYECKHUX HCCAEIOBAHUAX ABJIAIOTCA CTPOrUe JOrmde-
CKHE PACCYKIEHHA, a 0OOBEKTAMU U3YYEHHS — MATEMATHIECKE MOIEII.
Ho abcrpakTHOCTh MATEMATUKY HE O3HAYAET €€ OTPLIB OT PEATbHON KI3-
Hu. PeasibHble 320241 OMUCHLIBAIOTCA B MATEMATHIECKUX TEPMHHAX, KAK
npasuiio, B 6e3pasMepHoM BHAE. DTO eCThb TaK HA3blBaeMasd MaTeMaTHIe-
cKast MOJENb siBeHusd. [Ipu peesnn y»Ke NOCTaBJIeHHON MaTeMaTuIeCKOi
3aJaYH UCIOJIB3YIOTCH ADCTPAKTHBIE MATEMATHIECKIE METO/IbI.

OnHa 1 Ta XKe MaTeMaTUYeCKas MOZE]b MOXKET ONHMCBIBATL CBOMCTBA
pasnuYHBIX peanbHbiXx aBieHuil. CamMo peajbHOE ABJIEHHE PACCMATPUBA-
€TCA BHOBb ITOCJIE PEIIEHUs] MATEMATHIECKON 3a]a4t W €€ aHAJIN3a, Ha OC-
HOBAHUH KOTOPOTO MOTYT OBITH CJIEJIAHBI BHIBOJBI HE TOJBKO O COCTOSHUI
SIBJIEHHHA, HO M O €r0 Pa3BHTHH. B 3TOM CMBbIC/Ie 663 MATEMATHKH HET HAy-
ku. Emé senukuit Jleonapno na Bunun nucan: «Hukakoit gocroBepuocTH
HET B HAYKAX TaM, TJe HeJIb3s [PUMEHHTH HU OJHY U3 MATEMATHYECKHX
HayK, H B TOM, 9TO HE HMEET CBs3H ¢ MaTeMaTukoil». I em@é: «Hu omno ve-
JIOBEYECKOE MCCIIEIOBAHNE He MOYKET HA3BIBATHCS UCTUHHON HAyKOM, eciu
OHO He IPOIIJIO Yepe3 MATEMATHYECKHE I0KA3ATEbCTBAY.

MaremaTuyeckre METOBI HIPAIOT OTPOMHYIO POJIb B 0OPA30BAHUE CO-
BPEMEHHOTO BBICOKOKBAJIM(MDUIUPOBAHHOTO CIIEIHATUCTA B TEXHUYECKUX
obs1acTaX, MPeAOCTABISIS €My AnnapaT UCCIeIOBAHNS, MUCIUTIMHUDY,



10 Jlexuyus 1. Muoocecmea. Cumsorurxa u mepmunoso2usi

npuydas K CTPOTHM JIOTHIEeCKUM paccykaeHusM. [[0CKOIbKY a3bIK 1 Me-
TOZBI MaTEMAaTUKA IMUPOKO UCIOJIB3YIOTCA IIPU COBPEMEHHOM IIpenojaBa-
HHUU BCEX €CTeCTBEHHO-HAYYHBIX U TeXHUYECKUX AUCHUIINH, MaTeMaTHKa
U3y9aeTCs C MEPBOTO CEMECTPa B JIOO0M BBICIIEM TEXHUIECKOM yIeOHOM
3aBEJIEHNN, U HA HEe€ BBIJIENIETCd 3HAYNTENbHAA 9aCcTh BpEMEHU CTYACHTA.

Ilepeitmem Temepb K pacCMOTPEHMIO HEKOTOPOH MAaTEMATHIECKOM CHM-
BOJIIKHA ¥ TEPMHUHOJIOTHN.

1.2. MuoxxkecTtBa. OCHOBHBIE TIOHATUA

TTog, MHOKECTEOM TMOHWMAETCS COBOKYTIHOCTh KAKMX-IN00 O0OGHEKTOR,
HA3BIBAEMBIX SJIEMEHTAME STOT0 MHOXKECTBA. Hampumep, MOXKHO FOBOPUTh
O MHOXKECTBE CTYIEHTOB [JAHHOI'O By3a, MHOXKECTBE y4eOHHUKOB 110 MaTe-
MATHUKE, MHOKECTBE TPEYTOJbHUKOB, MHOXKECTBE JeHCTBUTEIBHBIX JUCET
u .21. MHO)KeCTBa, cojiepzKaliie KOHETHOE YUCII0 SJIEMEHTOB, HA3bIBAIOTCA
KOHEYHBIMH (MHOZKECTBO CTYIEHTOB, MHOXKECTBO yueOHUKOEB). MHEOXKECTBA
¢ GECKOHETHBIM IHUC/IOM SJIEMEHTOB HA3BIBAIOTCA GECKOHEYHBIME (MHOZKE-
CTBO TPEYTOJbHUKOB, MHOKECTBO JEHCTBATENHHBIX THCE ).

MHOKecTBO 06BITHO 0B03HAYAETCS 3aTTABHBIMU JIATHHCKUME OyKBaMU
A, B, C, ..., a uxX 3JleMeHTbI — MaJIBIMH a, b, C, . . ..

VTBepKIeHNE «3EMEHT T IPUHAIIEKUT MHOKECTBY A» 3amuchiBaer-
cd Tak: T € A, a TPOTUBOMOJIOKHOE YTBEPKICHUE «IJIEMEHT X HE TPUHAI-
JIEKAT MHOXKeCTBY A» 3ammchiBaeTcs Tak: © ¢ A.

ONPEAENEHUE 1.1. Ecau 6ce anemernmov, muoostcecmea A npunadae-
orcam makoice mmoscecmey B, mo zoeopam, umo «A codepocumces 6 By
uau: <A asasemca nodmmoscecmeom By, u zanucwearom max: A C B.

ONPEAENEHUE 1.2. /Jl6a MHootcecTn6a HA3b6GIOMCA PASHBMU (CO8NA-
ar0UWUMY), ECAU OHU COCTNOAM U3 00HUT U MeT sce snemenmos: A = B.

[MPuMEP 1.1. Chopmyaupytime caosamu ymeepocierue:
A=DB < AC B u B C A u dokasrcume ezo.

KOHeqHOe MHO>KECTBO MOY»XHO 3aJaTh nepeqncneﬁneM €Tr0 3JIEMEHTOB.
Tak, sanmuce A — {1; 2; 3} o3HATAET, 9TO MHOKECTBO A COCTOUT W3 TPEX
quncen 1, 2, 3. [Ipu 3TOM HmOPSAOK MEepednCiIeHns 3JEMEHTOB He HIPAeT
poma: {1; 2; 3} — {3; 2; 1}.

BeckonedHOE MHOXKECTBO MOXKHO 331aTh, HAIINCAB yCIOBHE, KOTOPOE
BBINIOTHAETCA JJI BCEX 3JIEMEHTOB JAHHOTO MHOKECTBA W HE BBITIOTHAETCS
JUISI IDYTHUX. 3AIUCh

B={z]|l<z<2}
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O3HAYAET MHOXKECTBO BCEX YUCEJI, OOJIBIIUX OJHOTO, HO MEHBIIUX JBYX.
MHOXKeCTBO yI0OHO CXeMaTHYeCKH W300paskaTh B BHUJE «IHATDAMM
Qiinepay — reoMeTpudecKux (UTYP Ha IIOCKOCTH, B3aMMHOE PACIIOJIO-
JKeHHEe KOTOPBIX OTpaskaeT OTHOIIEHWe MeXKIy MHoXKecTBaMu. Tak, Ha-
npumep, eciu A C B u B C C, to A uzobpaxaercs dacteio B, a B
gacteio C' (puc. 1). C nomompio quarpammer Diinepa Ha puc. 1 HATIAI-
HO BHJHO CBOWCTBO TPAH3UTHUBHOCTU ONEPAIUN BKJIOYEHUS MHOXKECTB:

ACBCc(C= ACC.

(. @

Puc. 1. Juazpamma Sisepa

ONPEAEJIEHUE 1.3. Mnootcecmeo Ha3wi8aemcs nycmovim, €CAl OHO
He codeparcum Hu 00H020 ssemerma. ITycmoe muoorcecmso 0603HaaeMCSA
CUMBONOM D).

Tax, HanpumMep, MHOXKECTBO OTPULIATEIbHBIX HATYPAJIbHBIX YUCEJ Iy~
CTO.

1.3. Onepanum HAJ MHOX>KECTBAMU

ONPEAENEHUE 1.4. Ilepeceuenuem mmoocecme A u B nasweaemcs
muoocecmeo C, cocmoawee u3 6Cexr INEMEHMO8, 0OHOBPEMEHHO BLO0M-
wur u e A, u 6 B. 9mo 3anucweaemcs caedyrowum obpazom: ANB = C.

Unnrocrpanus mepecedeHns IBYX MHOXKECTB C MOMOIIBIO JHATPAMM
Diinepa npuBelieHa Ha puc. 2, rae MHOXKecTBO C 3aIlITpUXOBaHO.

[TPUMEP 1.2. Ecau mmoowcecmso A ecmov unmepsan (1;5) a mrooice-
cmso B ecmv unmepsan (2;7), mo nepecevenue mmoorcecms A u B ecmo
unmepsan (2;5).

CeoiicTBa omeparyu IepecedeHrsl MHOMKECTB TpuBesieM 6e3 jgoKasa-
TEJTbCTB:
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/
.

Puc. 2. Ilepeceuenue mmoorcecme A u B

1. AN B = BN A (KOMMYTATUBHOCTS ).
2.AN(BNC)=(ANB)NC =ANBNC (acconuaTuBHOCTD).
3. ACB=ANB=A

4. ANA=A

5. AN =0.

ONPEAENEHUE 1.5. Ob6sedunenuem mroscecme A u B nasweaemcsn
Mmuoorcecmeo C'; cocmosusee u3 8CET MEMERHMOS, KAHCObT U3 KOMODHIT
npuradiencum roms 6v, 00HOMY U3 OAHHBLT MHOMcecms uiu A, uiu B,
uau A u B odnospemento. Omo oboznavaemcsa caedyrowum obpazom: AU

B=C.

Puc. 3. O6sedunenue mmosxncecme A u B

Miuttocrpanust obbenHeHrs ¢ NCHOJIb30BaHUEM JuarpaMm Jitiepa npu-
BeJleHa Ha pUC. 3, TIe MHOXKecTBO C' 3aIITPpUXOBAHO.

ITPUMEP 1.3. Ecau muooicecmso A ecmov ompesox: [1; 3], mmoscecmeo
B ecmw ompesox [2;5], mo AU B ecmv ompesox B = [1;5].

CroficTBa onepanun oGbeJMHEHNs. MHOJKECTB TIPHBEEM (€3 JloKasa-
TETBCTE:

1) AUB = BU A (KOMMYTaTHBHOCTB ).

2) AU(BUC)=(AUB)UC = AUBUC (acconuaTuBHOCTD).

3) AN(BUC)=(ANB)U(ANC) (mucTpuby TABHOCTS ).
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4) AC B=AUB=B.
5) AUA = A
6) AUQ = A.

OMNPEIENEHUE 1.6. Pasnocmuio mrooicecms A u B nazweaemes mHo-
atcecmeo C, cocmosauiee U3 6CET INEMEHMOB, NPUHAONEHCAULUL MHONHCE-
cmey A, no ne npunadaescawyux B. Pasnocmov A u B o6osnauaemces A\ B
U UBOOPANCEHA WMPUTOEKOT Ha PUC. 4.

Puc. 4. Paznocmv mmoocecme A u B

Omeparnus BHIYATAHUST MHOXKECTB He KoMMyTaTuBHa : A\ B # B\ A.

ITPuMEP 1.4. Ecau A = (1;10), B = (3;20), mo A\B = (1;3], B\A=
— [10;20).

1.4. KBaHTOPHI OOIIIHOCTU U CYIIIeCTBOBAHUS

[Ipn m3noxennn marepraaa Mbl OyIeM HCIOIR30BATh 3HAK V, HA3bI-
BaeMblif KBAHTOPOM OOIITHOCTH, M 3HAK J, HA3KIBAEMbBI KBAHTOPOM CYIIle-
creoranusi. CuMRBOJI VI 03HAYAET: «IJIst JIIOOOTO I», «IJIsA BCEX I», «IJIA
KaXJIOTO T», «Kakoe Obl HU ObLIO ». 3anuch Vo > (0 03HAYAeT: «IJIs1 BCEX
MOJIOKUTETBHBIX T». 3amuch Vr € M duraercs: «JJisd BCeX T, NpHHAJIe-
JKAIIX MHOXKECTRY M».

O6o3nadenne Jr 03HAYAET: «CYIIECTBYET TAKOE X, UTO . . .», <110 Kpaii-
Hell Mepe ISt OJTHOTO I...», 3amich 3x > () YNTAETCs: «CYIIECTBYET TaKOe
MOJIOKUTETBEHOE YHUCIO X, YTO...», 3aIUCh JT1, Ty € M O3HAYAET: «CyIile-
CTBYIOT TaKUe X1, To — SJEMEHTBI MHOXKeCTBa M, 910 .. .».

Hawm Tak:ke HEOIHOKPATHO MIPHUJIETCSA UCIOIB30BATH CAMBOJIBI = U <.

Sammck jorudeckoro ciaegoanuss A => B o3Ha4aeT, 9TO eCJIi BEPHO
yTBepxKjieHne A, To BepHO U yTBepxKaeHue B, To-ecTh, u3 A ciemyer B.

3amnuch JTIOrn9ecKoil pABHOCHITBHOCTH <> 03HAYAET, 9TO U3 A ciemyer
B u mHaobopot, uz B ciemyer A.
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Tak, manpumep, samuch: Ve > 0 3N Vo > N = |f(z) — b < ¢
YUTAETCS CAeAYIONUM obpazomM: «js toboro € 6ombme 0 cymecrByer N
Takoe, 9T0 Jsd 006X , 6oabmux N, OyIeT BBIMTOTHATHCA HEPABEHCTBO

|f(z) —b] <e».
1.5. Heo6xouMoe U 1OCTATOYHOE YCJIOBHE

Jlrobasg Teopema MOXKeT 6BITH cHOPMYIUPOBAHA B BUJIE: €CJIN BBITOTHS-
ercs ycnosue A, To BepHO yTBep:)KAeHUe B. BymeM Ha3bBaTh 9T0 MpsaMoit
TEOpeMOl U CXeMaTHIeCKN 3aIuIleM B BUJE:

TEOPEMA 1.1.
A= B.

Venosue A cronT 10CIE CJIOBA «€C/INY, yTBEPKACHUE B HanmcaHo no-
CJle CJIOBA <TO».

ONPEAEJIEHUE 1.7. A Hasveaemca docmamounvim Yycroeuem 0Nl 6bi-
noanenus B. B ceoto ouepedv, B asasemces neobLodumvim yciosuem s
BHINOAHEHUA A.

,ZLTIH JIyYHIero yCBOEHUA BBe,Z[éHHI)IX TOHATU PacCMOTPUM OYEBUIHO
CIpaBeO/INBOE€ YTBEPXKIACHUE HE U3 06J1aCTH MaTEeMATUKH.

TEOPEMA 1.2. Ecau uwenoser 300pos, mo Yy Hez0 ecmb 204064.

311ech 37I0POBBE SABJSETCS JOCTATOYHBIM YCAOBUEM HAJHYUS § I€I0BE-
ka 1os10Bbl. Hao60poT, Hasmm4ane rojioBbl SBISA€TCH HEODOXOIAUMBIM YCJIOBH-
eM 3710poBbs. [lomymaiiTe, 6ymer in 3TO yCIOBHE TOCTATOYHBIM JIJIsT TOTO,
4T00Bl vesioBek Obu1 310poB? PeasibHo st BooOIIE copMympoBaTh 110~
CTATOYHOE YCJIOBHE TOTO, UTO UeJIOBEK 370POB?

O6osnaunm A yTBepIKIeHIe, 3aK/I0YAIONIEECs] B OTPULAHIN yTBEp-
xkaeanss A(umraerca «we As). Ecim cnpasennmsa npsamas Teopema 1.1,
TO METOZOM <«OT MPOTHBHOTO» JIETKO MOXKHO JIOKA3aTh CIMPABEIINBOCTH
CJIEJLYIOIIEr0 YTBEPXKIEHNsI, KOTOPOE HA3bIBAETCS <«IIPOTHUBOIOJIOKHAST K
obpaTHOii Teopemay :

TEOPEMA 1.3. B = A.

Jlokazarenscto Umeem A = B, Hy)XHO J0KazaTh, 9t0 B = A
I pexamnonoxunm mpoTusHOe: 5 = A, HO B COOTBETCTBHH C Teopemoii 1.1
A = B. Hony4ennoe npotnsopeune (B = B) N0oKa3biBaeT Teopemy.

AHAIOrHYHO MOXKHO JI0KA3aTh, 9TO €CJIU CIIpaBeinBa TeopeMa 1.3, 1o
BepHa Teopema 1.1, T.e. 3TH yTBEepKICHUSA PABHOCUIbHBI.
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g Teopembl 1.2 MpOTUBOIMONIOKHBIM K 0OpaTHOMY Oy/IeT yTBEpXKIe-
uue: «Ecan y desioBeka HET TOJIOBBI, TO OH HE 3/I0POB».

[IpoBenuTe TOKA3aTENBCTBO 3TOTO YTBEPIKICHUS CAMOCTOATETBHO Me-
TOJOM «OT TMPOTHBHOTO».

Hapsiy ¢ npsmoit Teopemoit 1.1 MOXKXHO paccMOTPETH YTBEDKIEHUE,
Ha3bIBAEMOE «0OPATHON TEOpeMOii» :

TEOPEMA 1.4.
B = A.

Onmrako obpaTHast TeopeMa He BCETa CIIPABEINBA, €CIH BEPHA TPs-
Mag. Tax, Hanpumep, ayia TeopeMbl 1.2 ob6paTHOe yTBepKaenue: «Ecan y
4JeJIoBeKa eCTh r0JI0Ba, TO OH 3J0POB», OYeBUIHO, HEe BEPHO.

Eciu Bee ke Teopema 1.4 cupaBejinBa, T0 METOJIOM «OT IPOTUBHOTO
UCXONA N3 Heé JOKA3bIBAETCS CIPABEINBOCTE YTBEPIKICHNUS, HA3bIBAEMO-
0 «IIPOTUBOIIOJIOXKHAA TEOPEMa»:

TEOPEMA 1.5. A — B.

Haobopot, u3 Teopemsr 1.5 BbITEKaeT cupaBeinBocTh Teopembr 1.4,
T.e. 9TH YTBEPXKJEHUsI PABHOCHJIBHBI. 3aMETHM, YTO U3 MPSIMOIl TeopeMbl
1.1 He 0bsi3aTEIHLHO CJIEYET CIPABEIJINBOCTH MPOTHBOIOJIOKHON TEOPEMbI
1.5.

ITpuseennble cBs3u yIOOHO 3aMOMUHATD, IPEICTABIASA cebe CIIemayIo-
Wi «JIOTWYECKNIA KBAJLpaT» (pnc. 5):

A = B Tlpsamas teopema ‘ B A Obparnas Teope-
Ma

B — A TIpoTuBomoaox- A — B TIporuBonoaox-

Has K 00paTHOi Teopema Hasl TEOpeMa

Puc. 5. Jlozuueckuii xeadpam

Ecin mHapsigy ¢ npsiMmost TeopeMoii BbITIOJIHSIETCST TaKyKe 00paTHAST Teo-
pema, To A ABIAETCT «HEOOXOAUMBIM M JOCTATOYHBIM» YCJIOBHEM IJist B.
To e camoe MOXKHO cKazaTh PO B 1o orHOMmeEHNno K A.

Tak, HanpuMep, TO, 9TO TPEYTOJBHUK TIPSIMOYTOJIBHBIN, SIBJISIETCsT HE0D-
XONUMBIM W JOCTATOYHBIM YCJIOBHEM TOTO, ITO KBAJPAT OMHON M3 CTOPOH
PaBeH CyMMe KBaJIPaTOB IBYX JIPYTUX.
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1.6. Muo>xkecTtBo N HATYypaJbHBIX YUCEJ

ONPEAENEHUE 1.8. Yucaa 1,2,5,... Ha3vi6a10MCA HAMYPAALHBLMU.

CyMmMa 1 Ipou3BeiIeHne HATYPaIbHBIX YHCeT OyIeT THCIOM HATYPajlb-
HBIM, a Pa3HOCTH M YacTHOE — He Bcerja. IIpu BelduTaHuu HATYPaJIbHBIX
quCcesI MOXKET MOJIYYUTCA OTPpUNAaTeIbHOe YUC/IO, a IPU JeJIeHUN — He Iie-

soe. Hanpumep, npu geseHnn 3 TIOJTYIUTCA TIelast 9acTh 2 U 1 B OCTaTKe,

7 1
9TO 3aMMMCHIBAETCS CIEIYIONINM PABEHCTBOM: 5:2—}——.

3

IIpuBoasi kK ObIIEeMy 3HAMEHATEIO, MOJydYnM paBeHCcTBO: 7= 2 -3 + 1.
B s1ux paBencrBax 7 Ha3bIBAETCS JEJUMBIM, 3 — JeJIATENEM, 2 — 1eJioi
qacTeio 1 1 ocrarkom (OCTATOK BCErma MeHbIe gesuress). Ecmm ocra-
TOK DaBeH HYJII0, TO TOBOPST, 4TO JIEJUMOE JIEJIUTCS Ha JIeJNTe/b, KakK,
HampuMmep, 6 meautca Ha 3. Ecim HaTypanabHOe YHCIO, GOMbINTEE eINnHN-
B, JIEIATCSA TONBKO Ha 1 W Ha cebs (9TO BCeTma CIpaBeINBO), TO OHO
HaszbiBaeTcst npocTbiM. [IpocreiMu dnciamu siBysitorcs auciaa 2, 3, 5, 7,
11, 13, 17, 19, 23 n 1.71. JIob6oe HaTYypaIHHOE YHCIO MOXKET OBIThH MPeJi-
CTaBJIEHO B BHJE TPOW3BEIEHMs TIPOCTHIX COMHOXKuTeseh. Hampumep
12=1-2-2-3,18=1-2-3-3, 7=1-Tumrna

OnPEAEJEHUE 1.9. Haoumenvwum o6uwum Kpamusim 068Yr OaHHHLT
HAMYDAALHUT YUCEN HA3DIEACTNCA HAUMEHDULEE U3 HUCEA, KOMOPblE Oe-
AAMCA HQ KAAHCIOE U3 HUX.

st 100bIX ABYX HATYPAJIbHBIX YUCEJ BCEr/a HANIeTCs HauMeHbIIee
obImee KpaTHoe, TIOCKOJIbKY UX MPOU3BEIEHUE BCETA JIETUTCA Ha KayKI0e
n3 IBYX JAHHBIX.

Haumenbmee obmee kparaoe 12 u 18 pasuo 36. g Toro urobbl Hall-
TH HAUMEHBINEE 00IIee KPATHOE IBYX YNCEJ, HY>KHO MMEPBOE YUCJIO ZOMHO-
JKUTh Ha TMPOCTHIE MHOXKHUTEJIN, BXOJSAIINE B PA3I0KEHNE BTOPOTO YUCIa,
¥ HE BXOJAINUE B pasyioxkeHue mepporo: 12 - 3 = 36.

OnPEARJEHUE 1.10. Hauboavwum obuyum deaumenem 06yxr 0aHHbLT
HAMYDAALHYT YUCEA HAZBLEAETNCA HAUOONDULEE U3 YUCEN, HA KOMOPHLE Oe-
AUMCA KaAHCIOE U3 HUL.

Jlng mobBIX ABYX HATYPATbHBIX YHCEN Beerga HalaeTcs HanboIbInni
o0Iuil JeIuTeNDb, MOCKOIbKY JI00BIE Ba YUCTA BCETJa IEIITCA HA €Iu-
vuny. Ecan y aByX HaTypalbHBIX YUCEN] HET JAPYTHUX OOIMUX JesIuTeseit
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KpPOME eIUHUIbI, OHM HA3BIBAIOTCA B3aMMHO IpocThiMu. Haunbonbimmii 06-
it genureab 12 u 18 pasen 6. [ag Toro, 4roObl HAMTH HAHOOJIBIIHI
obImil feuTeNb BYX TUCET, HYKHO IEPEMHOXKHUTE O0IIHE IIPOCThIE MHO-
KUTeNH, BXOAAIINE B PA3JIOKEHNe U OJHOr0, U APYyroro dncia: 1-2-3 = 6.

1.7. MHO2KecTBO Z IeJblX YHuCe]I

ONPEAENEHUE 1.11. Hamypasornie, npomugonosoHCHbie Hamypais-
HOLM YUCAGM U HOAL 0ODA3YIONM, MHONCECTNEO UEAVT WUCER (MHONCECTNEO

Z).

CynMa, TPOUBBEIEHNE ¥ PASHOCTD IEJIBIX YHUCEJT IBJIAETCH TIEIbIM YHC-
JIOM, & 4acTHOe — He Bcerga. MHorma MHOXKECTBO OTPUIATENbHBIX [ETBIX
yuces obosHayaercd Z_.

MHOXKECTBO HATYPAJIBHBIX YHCEN SIBJISETCH TTOAMHOYKECTBOM MHOXKE-
cTBa nenblx uncesr: N C Z.

1.8. MuoxkecTBo () pauOHAJILHBIX YHCEJ]

ONPEAENEHUE 1.12. PoyuonasoHbmu “UCAGMYU HA3DEAIOMCA HUCAG
m
suda —, 2d0e m — yeaoe (m € Z), n — namypasvroe (n € N), m un ezaummno
n
npocmuie. Muootcecmeo payuonasonuir wucea obosnauaemes Q.
MHOXKeCTBO IEBIX HHCEN SIBJILETCH MOAMHOMXKECTBOM MHOXKECTBA Da-
TMOHANBHBIX YHCET, TAK KaK J000e Ieioe dHCIo M MOXKHO PACCMAaTPHBATE
m
KaK palnuoHaJbHOe, IPEeICTABUB B BUIe (T> Cymma, mpousseene, pas-
HOCTB, YACTHOE PAIMOHANBHBIX Yucesl (IPK HEHYAEBOM 3HAMEHATENE) AB-
JIIETCA IHCJIOM PAIMOHATBHBIM, OJHAKO KOPEHb U3 PAIINOHAIBLHOTO YHCTIA
— He BCerJa, Kak, HallpuMep, V2,V/3 1T
m
Bceakoe pampoHanbHOe IHCIO | — | MOXKHO IPENCTABATL B BHIE J€-
n

cAaTuYHOM npobu, KoHeuHo# win nepuogndeckoi. M naobopor, sodast ko-
HeUHAsd WIN IEPUOINIECKasd JeCATHIHAA APOOL MOXKET OBITH 3aMHCaHA B
BHUJE TPOCTON Apobu.

1 4 2
IIPMMEP 1.5. 5) =0,5;{ =) =0,8; <§> =0,666... =0, (6);

TAD
965
132

=7,31(06).
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JlBe mocieHIE IeCATHYHBIE Apobn OecKOoHEeUHBIe nepuoandeckue. [lo-
BTOpAONIHECs NUGPbl HA3BIBAIOTCS TEPUOIOM JIPOOU U MUIITYTCSA B CKOO-
KaX, KOJTHIEeCTBO 3TUX Mudp HasbIBaeTCd IINHOM nepuoga. Ing obpaTHoro
npeobpa3oBaHUs KOHEYHOW JECATUYIHON Apobu eé HYKHO MPEICTaBUThH B

BUJIe pocToit m cokpaTuth: 0,8 = (1) = (%) Ha camom gene pasuam-

10
1a MeKJy KOHEYHOW JAPOObI0 U MepUOANIecKOil HEMPUHINIHAIbHA. TaxK,
0,5=0,4(9).

IlepeBon mepuoanteckoit JecATHIHON APOOU B TPOCTYIO 0OBICHIM Ha,
TIpUMeDe.

[TPuMEP 1.6. 3anucamo 6 eude npocmoti dpobu 0,(6)

Pemenne: Iepnommuaeckyio npobs 0,(6) o6osraunm 3a x: 0,(6)=xz,

Torma, mockoabpKy 10 - x = 10 - 0,666... = 6,666..., 1€rkK0 3aMeTUTH, 9TO

6 2
10 - x = 6 + x. Permast 370 ypaBrenne, moaydaem: 9-x =6 < x = — = —.

9 3

ONPEAENEHUE 1.13. I[eaot wacmuvio 4ucaa Ha3b68aemes Haubosvuiee
yeaoe wucao, ne npesocrodauiee dannoe. Lleaan wacmo wucaa r 0603Ha-
waemes [x].

13
[pumepsr. [3,56] = 3;]0,12] = 0;[—0,12] = —1; [_Z} = —4;
[5] = 5;[0] = 0.

ONPEAEJIEHUE 1.14. /[pobnoti wacmuio wucia Ha3bi64eMCA PASHOCTVD
MENHCOY CAMUM HUCAOM U €20 ueaoll wacmovro. pobras wacms wucaa 06o-
snauaemcs {x}. Ona cmpozo menvuie eQuHUYbL U HATOOUMCA 6 NPedenas:
0<{z} <L

IIpumepsr. 3,56 = 0,56;0,12=0,12; —0,12 =0, 88;

13 3
{*Z} =7:5=0,0=0.

1.9. MHo>kecTBO J nppannoHaJIbHBIX YNCEJI

ONPEAENEHUE 1.15. HppayuoHasbHblm 4uciom Ha3vi6aemcs becko-
HeUHaA Henepuoduueckas decamuunas 0pobn.

3
IIpuMepaMy HppaIMoOHATBHEIX YHcen SBasioTcs V2, V3, V11, m, e
u 1.4. 3ameruM, uro J N Q = @. UppanmoHaabHOe YHCIO0 HEMB3sT TPET-
CTaBUTh B BHUJE MPOCTON ApobU, ero TakKe HEBO3MOXKHO <«BBIMHUCATH 0O
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KOHIA» (IIPEJCTABATE B BUJE KOHEYHOI NECATHIHON qpobm), mo3ToMy 3a-
ek V2 = 1,41 omuGouna, creayer mucats V2 & 1,41.

SaganHoe GECKOHEYHOW HENEePHOINYECKON JPOOBI0 MPPAIMOHAIBHOE
YHCIIO ONPENENSAET JBE TOCJAEI0BATEIBHOCTH KOHEIHBIX (pPAMOHAIBHBIX )
JIECATUYHBIX IPOOeil, HA3BIBAEMBIX JECATHIHBIMU TPUOIUIKEHUSIMU 110 He-
jocratky u o n3owriTKy. Hanpumep, miist V/2 MOXKHO HAaIHCATE:

1< v2<2,

1,4< v2<1,5

1,41< v2<1,42.

B umyKeHepHBLIX pacuerax IIpH 3aMeHe MppalioOHaIbHBIX YHCeT UX pa-
UOHATEHBIMHA TPUOJINKEHUAME JTOCTATOYHO BO BCEX BBIYUCJIEHUAX OpaTh
Ha OJIMH 3HaK GoJblle, YeM TpebyeTcsa B pe3ysibTaTe, U 3aTeM OKPYTJIUTh
pe3yJbTarT.

JI71s nppanuoHaIbHBIX YHCET MOXKHO TaKzKe OTpPeJeTHTh HelyIo 1 Apo6-
Hyto "acTu, npuuém s ¢ € J = {z} € J.

1.10. Muo2kecTBO R meiicTBUTENBHBIX YMCEJ

OUPEAEJEHUE 1.16. Bce payuoHasvHvle U UpPaUUOHAALHBIE YUCAL
obpasyrom  mHooceCmB0  JelUCmEUMENvHUT —(BEULECMBERHOT) YUCEA:

R=QUJ.

B mmoxkecTse ,HeﬁCTBHTeJIbeIX quceJsl BCerja BbIITOJITHUMBI CJIO2KEHUeE,
BbI9UTaHNE, YMHO2KEHUE, JTEICHUE (He Ha HO.]'[b)7 BO3BeJI€HUE B TIIO6yIO ,ILEfI-
CTBUTEJIbHYIO CTEIIEHb MOJJIOKUTEJIbHOT'O 9UC/Ia, U3BJIEYEHUE KOPDHA HEYET-
HOU cTeneHN u3 OTpUIIATEIBHOI'O YHUC/IA.

B muoXkecTBe JIeNCTBUTENBHBIX YNCEJ] HEBO3MOXKHO U3BJIeUEHUE KOpHA
9YETHON CTEIeHu U3 OTpHUIIaTEJIBHOT'O YHUC/IA.

1.11. Yncaosasa och

MHuozkecTBYy JI€HICTBUTEIBHBIX UNCET MOXKHO aTh TPOCTYIO T€OMETPHU-
YEeCKYI0 MHTepIperanuo. Beibepem Ha MpsMOil MOJOKUTEIBHOE HAPAB-
nerne (YKas3bIBA€TCsl CTPEIKOl), HAdalo OTCIETa W eIWHUILY MaciTada.
Takag mpsimas Ha3bIBaeTCa YHCI0BOI ocbio. Kaxkmoit eé Touke MOXKHO
MOCTaBUTh B COOTBETCTBUE €IUHCTBEHHOE JIEUCTBUTENHHOE YUCTIO CIETY-
omuM 00pa3oM: MOJOKUTETBHOE YUCI0 T M300pakaeTcs TOYKOI, Paco-
JIOKEHHOII Ha OCH Ha PACCTOSHWHA T B HANPABJIEHWN CTPeJKH (Ha puc. 6
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cupasa or O), orpunareabHOe — ¢ APyroii cTtopons! (Ha puc. 6 ciesa or
O) na paccrosaun z ot O.

Yucrno & Ha3blBaeTCs KOOPAUHATOR COOTBETCTBYIONIEH TOYKH Ha <HC-
J0Bo#t ocu. W13 mByx umncen Gosble 6yIeT TO, KOTOPOE PACIOTIOXKEHO HA
YUCIOBOR OCH Jalblile B HAIPABJIEHHUH CTPesKU (Ha puc. 6 — mpasee).

Ve e Y
—

T T T T T

-2 -1 0] 1 2 3

Puc. 6. Yucaosas oco
Hampuwmep, —1 > —2.
1.12. YncsioBble TPOMEXKYTKH

Ecnwn w3BecTHBI jiBa JefiCTBUTENBHBIX dnciaa a u b, a < b, TO MOXKHO
ONIPEJIE/IATD CIEAYIOMIE MHOYKECTBA TEHCTBATEIBHBIX TACET, HAXOAIIAX-
CA MeXOy ABYMA HAHHBIMU — YUCJIOBBIE TTPOMEIKYTKMA.

Orpesok (cermenr) [a;b] = {z | a < z < b},

Nurepsan (a;b) = {z | a < z < b}.

B wacTHOCTH, MOXKHO paccMaTpUBaTh GECKOHETHBIE HHTEPBAJIBL:

(—o0;+00) = {z € R}, (a;+00) = {z |z > a}, (—o0;b) = {z | z < b}.

Monyunrepsan. [a;b) = {z | a <z < b}, (a;0] = {z | a < z < b}.

B wacTHOCTH, MOXKHO PACCMATPUBATH GECKOHETHBIE TIOTYHHTEPBAJIBL:

[a;400) ={z | = a}, (—o0;b] = {z | z < b}

Yuc/oBBIe TPOMEKYTKA N300parkaloT Ha 9IHCIOBOf OCH, IPHIEM ec-
JIM TPAHWYHAS TOYKA TPUHAJIEKAT TIPOMEKYTKY — OHA 3aKDAIIEHa, €CIIH
HET — M300parkaeTcsl CEETIBIM KPYKKOM (<«BBIKasbiBaeTcst» ). Ha pue. 7
n306paken nomynHTEpBaT (2;5].

| P
T -

) 2 5

Puc. 7. Hoayunmepsan (2;5]

YucjioBble npoMexkyTKu OyIeM BbIAEIATh IITPUXOBKON WU yTOJIIIEH-
HOI JIMHUEMN.
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1.13. D1eMeHTBI MaTeMaTUYeCKON JIOTUKM

B MmaTeMaTwdeckoil JIOTMKe KOHCTAHTBI, NEPEMEHHBbIE M BbIPAKEHUA
MOIYT IPHHEMATH BCEro JIMINL JABa 3HadeHus: «uctuHay ("true") wmm
«noxby ("false"). Hacro oTn sHaueHns KomupyroTcs nudpanyl <«UCTH-
Hay=1, «noxb»=0. Jlornyeckue mepemenHble 0003HAYAIOT OONBLITUMI 1
MaJILIMK JIATHHCKUME OyKBaMu: T, Y1, Y2, A, B, C, .. ..

Kpome jormueckux KOHCTAHT, MEPEMEHHBIX W BLIPDAYKEHUI, B MaTe-
MATHYECKO} JIOTHKE PACCMATPUBAIOTCH <BBICKA3BIBAHMSA», KOTOPBIE TaK-
JKe MOTYT NPUHUMATH 3HAYEHWE <HCTHHA» WIH «JI0XKb». Hanpumep, Bbl-
CKasblBaHue «—7 < —5» NPUHMMAET 3HAYECHHE «MCTUHA»; BHICKA3BIBAHHIE
«x? < 4» ncrugro pu X € (—2;2) U JIOXHO IPH OCTAJBHEIX 3HATCHUAX 7.

CywecTByIOT TPU OCHOBHBIE JIOTHYECKHE OLIEPALAN — OTPULAHNE, AU3b-
IOHKIUA ¥ KOHBIOHKLHA.

ONPEAENEHUE 1.17. Ompuyaruem Haszweaemcs (ynapras) sozue-
CKAA ONEPAYUA HAO OOHUM GP2YMEHMOM, OGIOUAR SHAMEHUE <UCTRUHAS,
K020G QPRYMERM NOXHCEH, U <A0ICHS, KO200 APLYMERT UCTRUHEH.

Orpruuanne 0603HaTaeTCA IE€PTOH, KOTOPAsS CTABUTCA HAJ ONEPAHIOM
A mmm ~A. Bce norudeckie omepaIii 3a,a10TCH TabTIIel NCTHHHOCTH,
B KOTOPOil IEPEUNCIAIOTCA BOSMOYXKHBIE 3HAYEHNS OTIEPAHIOB U 3HAUCHUH
Jorudeckux omeparyit. s omepanuu orpunanus Tabauna MCTUHHOCTH
uMeeT Bun Tabu.l. B

IIpocreiimee cBo#CTBO omeparuy oTpunamus: A = A.

ONPEAENEHUE 1.18. Jusstonkyuetd deyr apeymernmos A u B naswvi-
8aemcs GUHAPHAA AOUMECKAS ONEPALUS, 6 PE3YAbMame Komopot o6pa-
syemcsa aozunecras nepemernan C, UCTMUHHAA 8 TOM CAYYGE, ECAU TOMA
6ot 00un u3 apeymenmos A uasu B npurumaem 3HaMEHUE <UCTRUHGS.

N3 bIOHKUMS TAKKE HA3BIBACTCHA JIOTHYECKUM HJIH, JIOTHYECKUM CJIO-
KEHIEM.

Huzblonkuus obosuadaercd AV B um A + B.

Cornacuo oIpe e/ IeHUIO ONIEPALHS « U3 bIOHK LKA » IIPEICTABIAETCA Tab-
JIULEH UCTUHHOCTH Tabui.2.

IIpocreinime cBOMCTBA IU3BIOHKLIMHN:

AVO0=A; Av1i=1; AV A=A AVA=1;
AV B=BVA; (AvB)VC=AvV(BVC).
Hosromy: AVBVCVDVIV---=1.AVAVB---=1.



22 Jlexuyus 1. Muoocecmea. Cumsorurxa u mepmunoso2usi

ONPEAENEHUE 1.19. Konstonxyuet dsyxr apeymenmos A u B Hasvi-
6aemcs GUHAPHAA NOZUNECKAS ONEPALUA, 6 Pe3yavmame Komopot obpa-
syemcsa aozuveckas nepemernnan C, UCTMUHHGA 6 MOM U MOALKO MOM
cayuae, ecau oba oneparnda A u B ucmumnmoL.

KOH']:)IOHKI_[I/IH TaK?Ke€ Ha3bIBA€TCHA JIOTUYECKUM U, JIOTUIECKUM YMHO-
KEHUEM.

Konunionkumsa obosnagaerca nan A&B, nmim A A B, nim AB.

Ta6.HVIHa NCTUHHOCTU [JId OTIEpalliN «KOHBIOHKIOWA» TPEIACTAaBJIEHA B
Tab.1.3.

IIpocreiimue cpoiicTBa KOHBIOHKITIN:

ALO=0;  ALl=4A; A&A=A; A&A=0;
A&B = B&A;  (A&B)&C = A&(B&C)

ITpuopurer jornueckux onepanuii: orpunanue (BLICL[H/H‘/’I HpI/IopI/ITeT)
KOHBIOHKIIUSA (Cpe;LHI/IfI) 1 JIN3BIOHKIUA (HI/I’%HH/II?I)

A|B|AVB| |A|B|A& B
AlA 00 0 00 0
0|1 0|1 1 01 0
110 110 1 110 0
11 1 11 1
Tabmmma 1 Tabmmma 2 Tabmmma 3

HpI/IBeLLeM HEKOTOPbIE TOXKAECTBA, CBA3bIBAIOIINE BBEACHHbBIC JIOTUYE-
CKMe OTepaInm:

A&BV A&C = A&(BV C)

(AVB)&(AVC)= AV B&C

AV B =A&B

A&B=AVB

Bcee st popmyan MOXKHO JOKa3aTh, MCHOIL3Ys TPUBEICHHBIE BbI-
me TabIuIBl NCTHHHOCTH OCHOBHBIX JIOTHYECKHX omepanuil. HekoTopere
TTpaBWJjia MOYXKHO BBIBECTHU, UCITOJIH3ysA OCHOBHBIE 3aKOHBI. ﬂﬂﬂ TTPOCTOTHI
u yn0o6CcTBa MAHWIY/ISINA HAJ| TIOTHIECKAMA BBIPAZKEHUSIMA JIOTHIECKHE
ONepanuy A3 bIOHKINA 1 KOHBIOHKIUE MOXKHO 0003HAYATE KaK B JE€MEH-
TapHOIl MaTeMaTHKe + ¥ - (3HAK yMHOKEHIs MOZKHO He IHCaTh). JJokazkeM
TAK HA3BIBAEMBIE TIPABH/IA IOTJIOMIEHNS:

AVALB=A

Hokazarenscreo: AV AAB=A+A-B=A(1+B)=A-1=A.

A&(AV B)=A
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Hokazarenscrso: A&(AV B) = A(A+B)=AA+AB=A+ AB =
=A(1+B)=A-1=A

AV A&BV A&C&D = A

Hoxazarenscrso: AVA&BVA&C&D = A+ AB+ACD = A(1+ B+
+CD)=A-1=A

Jlormyeckne BeIpasKe€HNST MOXKHO IIEPEMHOXKATH KaK B OOBITHOI aareb-
pe, packpsiBast ckobku: (AV B)&(C'V D) = A&CV A&DYV B&C'V B&D,
wmn B apyroit sanucu: (A+ B)(C+D)=A-C+A-D+B-C+B-D

[TPUMEP 1.7. Hatimu 3HaveHue A02UMECKO20 BbIPANCEHUA

A&BV C&BYV D&BV A&B&C V A&B&E npu A =1

P em e n ue: IlepenucbiBaeM BeIpaXkenue B 6ojiee HATISTHOU U
npusbranoii dopme: AB+ CB+ DB+ ABC + ABE = (AB+ AB +
+ABE)+CB+DB =AB(1+C+E)+B(C+D)=AB+B(C+D) =
=B(A+C+D)=B(1+(C+D))=B-1=B

[MTpuMEP 1.8. Hatimu snauenue nozuveckozo évipascenus AV A& BV
VC&DV C&D&E NV A&F npu C =0

Pemenue: A+ AB+CD+CDE+AF =(A-1+AB+ AF) +
+C(D+DE)=A1l+B+F)+0D+DE)=A-1+40=A4

[TpumMEeP 1.9. Hatimu 3navenue A02UMeCK020 8bLPaHCEHUS
A&BV A&B&C V A&B&D V B&D V B&E&F npu D =1

Pemenne: AB+ABC+ABD+BD+ BEF =AB(14+C+ D)+
+BD+ BEF =AB+B(D+ EF)=AB+B(1+EF)=AB+B=RB

IIpakTuyieckoe 3ausarue 1. MuoxxecrBa

[Ipu permenun mpuMepoB JAHHOTO MPAKTUYIECKOTO 3AHATUSA UCIOJIb3Y-
ercsd MaTepuas CpeaHeit MKoabl u Marepuas Jjekiun 1. [lpuvmenenne me-
TOJIa MHTEPBAJIOB JIJIs PENeHNs HEPABEHCTB UJMIOCTPUPYETCA TPUMepaMu
1.2-1.5

[TPuMEP 1.1. ITyecmov A = [=3;5], B = (=5;7),C = [1;2]. Hatidume
mmoorcecneo: Ag = (AN B)U (BN C).

Pemenne JInga HaXoXKIeHUs pe3yabTaTa OMEpaIdil HAJl YUCTO-
BBIMU MPOMEKYTKAME UX YI00OHO M300parkaTh HA YUCIOBBIX OCSAX, PACIO-
JIOKEHHBIX OJIHA TIOJ, JPYTOil ¢ COrTaCOBAHHBIM HAYATIOM U OJUHAKOBBIM
macmraboMm. Ecimu nexomnbie npomexkyTku A u B zamTpuxoBarh, TO UX
nepecevdeHneM OYIEeT MHOKECTBO TOUEK, 3allITPUXOBAHHBIX Ha KaXK 1o u3
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oceit (puc. 8), a nX 0ObEIMHEHAEM — MHOKECTBO TOYUEK, 3aIITPAXOBAHHBIX
xoTs Gbl Ha OfHOMU m3 oceit (puc. 9).

-3 5
A
-5 7 B
AnB
-3 5

Puc. 8. Hazoocdenue nepecenenus [—3;5] N (—=5;7)

[Tonb3ysich 3TUM TPaBUIOM, OCTAEA0BaTebHO IonyunM AN B, BN C
u, nakoren, (AN B) U (BNC) (puc. 8, 10, 11).

Orser: Ay = [-3;5].

-3 5
A
-5 / | 7 B
HH H AUB
5 7

Puc. 9. Hazoocdenue obsedunenus [—3;5] U (—5;7)

-5 7

BNC

1 2

Puc. 10. Hazoorcdenue nepecenwenus (—5;7) N [1;2]
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3 5
// // / ANnB
L : BNC
f /
3 5 (ANB)U(BNC)

Puc. 11. Pewenue npumepa 1.1

IIPUMEP 1.2. Hatidume saemermo, MHOHCECTNEA:
Ag={z | (2—-3z)(x+4)(z —2) >0}

P e m e u u e: Hepasencrso (2 — 3z)(x + 4)(z — 2) > 0 pemmnm Me-
TOOM HHTEPBAJIOB, JJIs 9ero HaHeCeM Ha IHCJIOBYIO OCh 3HAUEHUS T, P
KOTOPBIX JI€Basl 9aCTh HEPABEHCTBa 0OpPAlaeTcs B HOb: &1 = 3, Lo = —4,
x3 = 2. (puc. 12)

2
3

+ - + -

-4 2/, 2
Puc. 12. Pewenue npumepa 1.2

Camu 9TH 3HaYeHHsI He YIOBIETBOPSIOT HEPABEHCTBY, MOTOMY COOT-
BETCTBYIOIIHE TOUKU «BBIKOJIOTHI».

3HaKHN BBIPA’KEHUS B JICBOH YaCTH HEPABEHCTBA OMPEJEINM, TIOJCTAB-
NS B HEro MO OJHOMY 3HAYEHWIO M3 KaykKJOro MHTEpBaJja, Ha KOTOpBIE
BCe MHOXKeCTBO R pa3buiioch TOYKaMU Ty, Tg, Tz. OTMETHM IITPUXOBKOIL
Te MHTEpPBAJbl, Ha KOTOPBIX BbIpakKeHHe B JIEBOH YacTH HepaBEeHCTBA MO-
JIOJKUTEJBHO. DTO MHOKECTBO SBJISAETCI HCKOMBIM.

Orger: Ay = (—o0; —4) U (2;2).

[TPUMEP 1.3. 3adatime rapaxmepucmuveckum c80tUcCmBEoM MHOHCE-
cmeo:

Ap — MHONHCECMBO 6CET HAMYPANLHOLL YUCEA, MEHDUIUL 5 UAU OOND-
wux 10.

Pemenue B ycnoBum tpebyercs,aTobbl HATYpATbHBIE YUCTA ObBI-
Jin MeHbIte 5 uian 6onpbie 10, T.€. HCKOMOe MHOXKECTBO €CTh 00beINHeHne
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JIBYX TIOJIMHOYKECTB: MHOYKECTBA HATYPAJbHBIX IHCE, MEHBIMHX b U 00T
mmx 10.

Ortser: Ay = {z|z <5,z € N}U{z|z > 10,2 € N}.

[TPUMEP 1.4. Pewume cucmemy Hepasercmes:

(z—3)(z+2) <0,
{ (5—2z)(x+1)>0.

P e e nue: Pemenue cucrembl HEPABEHCTB €CTh IEPECEUEHUE MHO-
JKECTE pelleHnii KaXKI0T0 U3 BXOAAIINX B CHCTEMY HEpaBeHCTB. AHaIoTnd-
HO TOMY, KaK 9TO JeJaJIOCh TPU PeIeHnn npuMepa 1.2, pemum KaxkIoe
W3 HEPABEHCTB CHCTEMBI METO/IOM WHTEPBAJIOB U Hali/IeM UX IepecedeHue

(pmc 13).

+ - +
S HHHHHHHHH S, (x-3)(x+2)<0
- + N
1 25
(5-2x)(x+1)>0
1l 25 (x-3)(x+2)<0
! (5-2X)(x+1)>0

Puc. 13. Pewenue npumepa 1.4

Otser: z € (—1;2,5).
I[IPUMEP 1.5. Pewume co60kynHocmsd cucmem HEPaseHcmes:

2% — 522 + 6z > 0,
(z2 —1)(z*+7) < 0,
-2+ r—-1<0,
22+2-2<0.

Pem e nue: Pemenne COBOKYyIHOCTH CUCTEM HEPABEHCTB €CTh 00b-
eJIMHEeHUE PEeIeHni KaXK10i CucTeMbl, BXOsiIel B COBOKyIHOCTh. [list pe-
IIeHUA PAa3JIOKUAM KazKIblli MHOTOYJIEH B IPOU3BEJEHNUE C IIOMOIIBIO KOP-
HET:

23 — 5% 4+ 62 > 0, z(z —2)(z —3) >0,

(2 = 1)(2* +7) <0, (z+1)(z —1)
-2+ —1<0, (z—-1)(a?+1) <0,
2 +z2-2<0. ( )( )
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Pelrene coBOKYIHOCTH CHCTEM METOIOM HHTEPBAJIOB [IPEJCTABIIEHO
Ha puc. 14

- - - +

0 1142 3 1 0 et
7 li
+ 7 + T2 g 1t 2 / 1
1 1 !
0 1 -2 1 2 1
77T
X(x-2)(x-3)>0 (x-1)(x*+1)<0
(x+1)(x-1)(x+7)<0 (x+2)(x-1)<0

Puc. 14. Pewernue npumepa 1.5

Otger: x € (—2;1)

Camocrogrensuas pabora
ITpumEP 1.6. [Tyemv A = [-3;5], B = (=5;7),C = [1;2). Hatdume

MHOHCECTNBA. 7
A = ANBNC, Ay=AUBUC, As=(AUBINC, Aq=(ANB)UC
As=AU(BNC), As=AN(BUQC), A;=B\A

IIPUMEP 1.7. Hatidume ssemenmol CACOYIOUUT MHONCECTNE:

Ay = {z|pz — 6 — 22 =0}, By = {z[pz — 6 — 2% < 0},

Ay ={a]5—a? =0}, By = {a|5 — a® > 0},

Ay = {yl6y +v* = 0}, By = {y[6y +y* < 0},

Ay =A{z|(x — )2z + 1)(x + 3) =0}, By = {x](z — 1)(2z + 1)(z + 3)< 0},
As = {z|z?+1 =0}, B; = {z|z*+1 > 0},

C={z|l <z <5 x€eN}, D ={zlx = (-1)",n € N},

E={zlt=1+(-1)"-3,nec N}.

IIPUMEP 1.8. 3adatime xapaxmepucmuveckum CE0TCTNBOM MHOMCE-
cmea:
Ay — MmHoocecmBo 6cex JelicmEUMEAPHULT YUCes, BOADWUL 2 U MeHb-
wuzx 5,
Ay — mHoocecmBo 6cex OelicneUMeNbHblL HUCeA, HE BOADWUL 5,
A3 — MHOHCECTNBO 6CET OMPUUBMENDHLET PAUUOHAADHBIT HUCEN,
Ay — MHOHCECTBO BCET HEOMPUUAMEALHBLL 0eTICMEUMENLHBIT HUCEN,
Az — MHOHCECTNBO 8CET OMPUUGMENLHDLT UCABIT YUCEN,
Ag - mmosicecmeo scex yugp, m.e. {0;1;2;3:4;5;6;7;8;9}.
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Pemmre cuctembr HepaBeHCTB, IpuBeAeHHBIE B mpuMepax 1.9 — 1.13.

2 — 6z +15 >0,

ITPUMEP 1.9. { :L'2 —4x+3>0.

22— 42 —8>0,

[TpuMEP 1.10. 2_8 <.

(@ —3)(2—2) >0,
422+ 122+ 11 > 0.

IIpuMEP 1.12.

ITpuMEP 1.11. {

r4+2>8—22

r+520,
ITpuMEP 1.13. 1—x>0,
z+5<(1—2)
PeH_II/ITe COBOKYIIHOCTHU CUCTEM HEPABEHCTB, IPDUBEIECHHBIE B IIDUMEPAX
1.14 - 1.18.

—22 +6x — 5> (8 —2z)?,

8 —2x >0,
IIpuMEP 1.14. 1<2<5,
8 —2x < 0.

22> 1,

2+x<a?,
24z >0,
0<2?<1,
2?2 <24 a2,

r—320,
i}l
{x2—5x+6 ’

ITpuMEP 1.15.

IIpuMEP 1.16. T—320

3—=x
.1'2—5ZE+6>
7T—x2>20,
S5r+12 (7T—1x)%
524130,
7T—2x<0.

1.

IIpuMEP 1.17.
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x> 1,
2
2r + —
75>17
IIPuMEP 1.18. 5(1 —z)
0<x<l,
2
0< —2 < 1.
L 51 —x)

[MTPuMEP 1.19. Pasaootcume Ha npocmvle MHOHCUMEAU YUCAG:
a) 90; 6) 120; 8) 48; 2) 54.

I[TPuMEP 1.20. Hatidume naumenvuiee obwiee kpammoe u Haubosvuiut
obwuti deaumens wucen:

a) 90 « 120; 6) 48 u 54.

[MTPuUMEP 1.21. Hatidume yeayro 4acms u ocmamor 0m 0eAeHUs YUCEN:
)17'6)22' )6. )2
a 7 5 8 5 2 3
[TPUMEP 1.22. [Ipedcmasvme 8 sude decamuurnoti dpobu:
4 2 17
—6) = . 2.
@) =557 0) gi®) ~5i ¥ 2y
I[TpumePr 1.23. Ilpedcmasvme 6 sude 06vikHOGEHHOT OPOOU:
a) 2,04; 6) —3,12; 8) 5,(3); 2) 1,2(3).
[TPUMEP 1.24. Buuucaume 6€3 nomouyl KasbKYAAMOPA:
a) 0,(2) +0,(3),
2
<§ +0,3)]:0,25
0,12(3) : 0,0925

6) +12,5-0,32.

[IpenBapurenpHO mEpeBeaUTE MEPUOANYUECKUE APOOW B MPOCTHIE U HE
3abbIBaiiTe MOPSJIOK Omepaluii: CHaYaIa BEIYUCISEeTCs BBIDAsKeHnEe B CKOO-
Kax, MOTOM OTIEpalliN BO3BEJICHUS B CTENEHb (M3BJEIE€HNE KOPHS), YMHO-
JKeHUe U JieJIeHne, 3aTeM CJI0KEHUE W BBIYUTAHUE.
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Jlekmusa 2. CucremMbl KOOPIAMHAT

AGcosoTHast BeITMaIrHa, AefiCTBUTEILHOTO dncia. 1lomoxkenune To4-
KM Ha MPsIMO#i, Ha TJIOCKOCTH, B IIPOCTPaHCTBE. Paccrosinne Mex Ly
nBymsi Toukamu. [Ipeobpaszosanne koopanuart. [lossiparie Koopan-
HATHI.

2.1. AGcosroTHag BeJIMYWHA JeiiCT