IIpuioxkenme K BBEaEHUIO.

A1l. BpickazpiBanms. B maremaTnke Mbl 9acTO BCTpedaeMCs C BhI-
ckasbiBaHusIMU. [loJ1 BhICKa3bIBAHMEM IMMOHUMAIOT ITOBECTBOBATEJHLHOE IIPE/I-
JIO?KeHUE, B KOTOPOM YTO-TO yTBEPKIAETCA O KAKOM-TO OObEKTE, U IIPU ITOM
MOYKHO CyJIUTh, BEPHO 3TO yTBEPKJICHUE WU HeT. JIjis BhICKa3bIBAHUST BMe-
CTO CJIOBA «BEPHO» TOBOPST TAK>Ke «UCTUHHO» «CIPABEIINBOY», «BBIIIOJIHEHOY,
«AMeeT MeCTO» W T. 1., JIJIT He BEPHOT'O BBICKA3BIBAHUS HMCIOJIb3YIOT TaKXKe
TEPMUH <«JIOKHO>.

EcTb HECKOJIbKO CIIOCOOOB TIOJIyYeHUsI HOBBIX BBICKA3bIBAHUI HA OCHOBE
UMeIOIuXCcsA. fICHO, UTO /I KaKJIOTO U3 HUX MBI JIOJI2KHBI yKa3aTh, B KAKUX
cIydasgx HOBOE BbICKa3bIBaHME Oy/IeT UCTUHHBIM B 3aBUCUMOCTU OT MUCTUHHO-
CTH MMEBIIINXCST BHICKA3bIBAHMUIA.

Mo2KHO TIO/IyIUTh HOBOE BBICKA3bIBAHWME, MUMEsI B PACIOPSKEHUU BCETO
OJIHO BBICKA3bIBAHUE, & UMEHHO MOXKHO B3STb OMPUUGHUE JTAHHOTO BHICKA3bI-
BaHUs, T. €. €CJIM BBICKa3bIBAHUE OOO3HAYUTDH OJTHOM OYKBOI, HAmpumep P, To
HOBOe BbICKa3biBanue Oymer (He P). CumBosmdecku BbiCKasbiBanue (ue P)
unn (HeBepHo P) obo3nauatoT depes —P.

PaccmorpuMm 71Ba BbICKa3bIBaHUs, 0O03HAYNM OJIHO M3 HUX OYKBOi P, a
npyroe — OykBoit (). IlyreM mx coemmHeHUsI OHUM U3 COIO30B «U», <UJIU»
MOYKHO TIOJIy9UTh HOBBIe BbicKasbiBauus: (P u Q) u (P wmu Q) (B mocmues-
HEM BMECTO COI03a «UJIM» HMCIOJIB3YIOT MHOTIA COK3 «Jinboy ). Bhickas3biBaHme
(P n Q) Ha3BIBAIOT KoHslonkyuel 6vickadneanut P u () nm 0bo3HATAIOT te-
pe3 P A Q wmn P&(Q). BoickazpiBanue (P win ()) Ha3bIBAOT JU3s10HKUUEN
svickadvieanut P u () u obo3nagaior uepe3 PV ().

BrickazbiBanue (P u () uctuaHo, ecin 06a BbIcKasbiBanus P, () MCTHH-
HbBI, W JIOXKHO IPU JPYIUX pacK/jaaaax. BeickazeiBanue (P wiu () UCTUHHO,
ecJii XOTs ObI OJIHO U3 BbICKa3biBauuili P, () NCTUHHO, U JIO2KHO B OJIHOM CJIy-
Jae — Korja 00a BbICKa3biBaHUs P, () JOXKHBI.

Eme oqun ciocob moJtydeHns HOBOTO BbICKa3bIBaHusA u3 P, () — 3T0 co-
CTaBJIEHUE YCJIOBHOTO YTBEPIK/IEHUS, & UMEHHO BBICKA3bIBAHUS

u3 P ciaenyer ()
WJIN, WHAYE TOBOPS,
ecau (BoimostHeHo) P, To (BBIIOIHEHO) Q).

OTO BBICKA3bIBAHUE KPATKO 0003HAYAIOT TaK:

P = Q,



A HA3bIBAIOT UMNAUKAUUET.

Ecmu P = Q u QQ = P, To Bhicka3biBaHusi P u () Ha3bIBAIOT PAGHOCUAD-
HHMU U IKGUBAAEHMHBLMU T UCIIOTB3YIOT IIPH 3TOM 0bo3HadeHne P <= ().
JIBa BBICKa3bIBaHUS PABHOCUJIBHBI B TOM W TOJBKO B TOM CJIydYae, €CJIM OHU
006a, JInOO MCTUHHBI, JTUOO JIOXKHHI.

Nvnukanuio P = () MOXKHO 1epedopMyInpPOBATH UHBIM CIIOCOOOM, TIPH-
BJIEKasi PACCYKJIEHUE «OT IIPOTUBHOTO» ! IIPEIIIOJI0KIM, 9TO () He BEPHO, €CJIn
pu 3ToM P Takke OKa3bIBAaeTCs JIOXKHBIM, TO CUATAECTCS, YTO BEPHO BHICKA-
3piBanne P = (). Muade roBopsi, BbICKa3biBaHue P = () paBHOCUJILHO BbI-
ckazpiBaHmio (He ()) = (me P).

Nvmnukanus P = () J102KHa TOJIBKO B OJHOM CJIydvae, Korma P mcTuHHO,
a () JIOKHO, B OCTaJIbHBIX cydasx oHa uctuHHa. Cuntars P = () JIOXKHOII,
ectn P uctunHO, a () JIOYXKHO, JIOCTATOYHO €CTECTBEHHO — BPSJ JII MBI CO-
IJIACUMCSI, YTO M3 UCTUHHOT'O YTBEPXKJEHUS, PACCYK/Iasi KOPPEKTHO, MOXKHO
MIOJTyIUTh JIOYXKHOE. TaK»Ke eCTEeCTBEHHO CUMTATH €€ MCTUHHOM, ecyim P u ()
oba mcTuHHBI. HeKOoTOpyIo HACTOPOXKEHHOCTh MOT'YT BBI3BATH CJIy4aM, KOT/IA
P noxno. Ilonpobyem JjioroBoputThest Tak. Ecim () MCTUHHO, TO HAM BCE paB-
HO, OTKYJa OHO MOTJIO OBbI CJI€/IOBaTh, TaK 4TO MMILIUKAIIO P = () B 3TOM
caydae Oy/eM CUYUTATh UCTUHHOM, Jlaxke ecau P JI0KHO.

OcraJjiack curyamusi, korga P, () oba jgoxHbl. OgHAKO BBHUIY TOI'O, YUTO
uMmIkaius P = () paBHocmabHa uMmiumkaun (ve ) = (we P), B ciayuae,
Korja 0ba P u () yoxkubl, nx orpurianus (He P) u (#e ) uctunuel. B takom
ciydae uMmiumkanuio (e () = (me P) mcrwnHa, a BMeCTe ¢ Heil MCTUHHOI
cunuTaeM W UMILIMKanuio P = ().

Nudopmaruio 060 NCTUHHOCTH BBICKA3BIBAHUN, COCTABJIEHHBIX C UCIIOJIb-
30BaHUEM KOHDBIOHKIINH, AU3BIOHKIIUN, UMILIAKAIINA U dKBUBAJEHTHOCTH, B
3aBUCHUMOCTH OT UCTHHHOCTU UX COCTABJISIONINX YIOOHO IIPEJICTABUTH B BUJIE
TabJIUIBI, B KOTOPO# 1 03HAaYaeT, YTO BbICKA3bIBAHUE UCTUHHO, & ) — 9YTO OHO
JIOYKHO:

PIQIPNQ|PVQ|P=Q | P<Q
1)1 1 1 1 1
110 0 1 0 0
0|1 0 1 1 0
00 0 0 1 1

O PaBHOCHUJIBHOCTHU COCTaBHBIX BBICKA3bIBAHUI MOZKHO CyauTb IIO UX Tab-
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JINTIAM UCTUHHOCTU. A MMEHHO OTJINIUTEIbHON 0COOEHHOCTHIO PABHOCHIbHBIX
BBICKA3bIBAHUI CJIY?KUAT COBITaJIeHUE MX TaOJIUI UCTUHHOCTH. (CTaJio ObITh, ec-
JIM OKA3aJI0Ch, YTO TAaOJIUIIBI COBIAJIN, TO TaKHE BHICKA3bIBAHNST PABHOCUJIHHBI.

A2. Orpunanme cocTaBHBIX BbICKAa3bIBaHWiIl. PaccMoOTpuM BBICKa-
3bIBAHUE

e (P u Q).

B meM roBopuTCst 0 TOM, UTO He BBIIOJIHEHBI yTBepK AeHust P u () ofHOBpeMeH-
HO, & 9TO yKa3blBaeT Ha TO, YTO IO KpailHell Mepe OHO U3 HUX HE BBLIIIOJJIHEHO,
T. e. He (P u ) paBHOCHIBHO BbIcKasbiBanuio ((me P) mwm (ue ())). Cumso-
JIMYEeCKH MOYKHO 3TO 3aIIUCATh TaK:

~(PAQ) == (=P) V(=Q).
PaccmoTpuMm BbICKa3bIBaHTE

He (P wm Q).

B nem roBoputcs: He BEPHO, UTO BBINIOJIHEHO P WM BBIIOJIHEHO (), T. €. 00a
BbICKa3biBaHus P u () ve Bepubl. Takum o6pazom, ve (P wim () paBHOCUIBHO
Ttomy, uto ((He P) u (me @)). CuMBoIMYIeCcKn:

~(PVQ) = (=P) A (-Q).

[Ipexae yeM 3aHATHCSA OTPUIAHUEM UMILIUKanmu P = ) chopmupyem
PaBHOCHUJILHOE €if BBICKA3bIBAHUE C MCIIOJIb30BAHUEM JU3BIOHKIIUNA U OTPUIA-
HUSI U 3aIIUIEM OTPHUIAHIE UMILIMKAIMN KaK OTPHUIAHUE TAKOTO BBICKA3bI-
BaHusg. Korga mbl cauTaeM BbICKasbiBaHue «ecym P, 1o ()» unctunabiM? B
ciaydae, Korja P He BBIIOJHEHO, HaM Oe3pas3/ImviHa CIIPaBeIJIMBOCTD (), HO ec-
s P BepHO, TO () JOKHO OBITH TaK:Ke€ BEPHBIM. DTO MOXKHO CKa3aTh TaK:
wm P He BepHO, wim () BEPHO, T. €. 3aIllCaTh B BUJEe Au3bIOHKINN —FP V ().
Jlerko ybeauThbcss B CHPaBEJIMBOCTH PABHOCUJIIBHOCTU 3TOW TU3BIOHKIUU U
uMIIKaImn P <= (), HanmucaB TaOJIMILy UCTUHHOCTH:

PlQ|-PVQ|P=Q
101 1 1
1{o] o 0
0/1] 1 1
ojo| 1 1




Temepn sterko copmuposBats orpurianue (He Bepao P = ()). Samenus
P = (@) emy paBHocuabHBIM — P V () U B3sIB €r0 OTPUIAHKE, TIOJIYIUM BBHICKA-
spiBanue P A (). CiaoBecHO ero MOXKHO OPOPMHUTH TaK: HEBEPHO, 4TO u3 P
crenyet (), o3HaIaeT, 9TO P BBIIOJIHEHO, a mpu 9TOM () — HeT.

A3. Brpicka3biBanusa ¢ nepeMeHHbIMHU. KBaHTOpBI. Bhicka3biBa-
HUSI MOT'YT OBITH TAKUMH, YTO WX MCTHHHOCTH 3aBUCHUT OT BBIOOpPA KAKOT'O-TO
00beKTa (MM HECKOJBKUX OOBEKTOB) M3 3aJJAHHON COBOKYITHOCTH OO'BEKTOB.
B TakoMm ciiyyae BbICKA3bIBaHWE BKJIIOYAET B ce0Osi HEKOTOPYIO OYKBY (wmim
HECKOJIBKO OYKB), HA MECTO KOTOPO# (KOTOPBIX) MOYKHO TIOJICTAB/ISITH Pa3HbIe
O0BEKTHI U3 JAHHON COBOKYIIHOCTH, W TOTJIa TOBOPST, 9TO PACCMATPUBAET-
csl BBICKA3bIBaHUE C repeMeHHOi (mepemennbivu). [lpu sTOoM B pesyibrare
MIOJICTAHOBKY KAXKJIOTO KOHKPETHOTO OOBEKTA MBI JOJIPKHBI MOy IaTh BBICKA-
3pIBaHNE 0e3 MEPEMEHHON, T. €. KaXKJbIil pa3 JO/KHBI UMETh BO3MOYKHOCTH
CY/IUTH, UICTUHHO BBICKA3bIBAHME J[JIsI KOHKPETHOTO O0'bEKTA UJIH JIOZKHO.

C BBICKA3BIBAHUSIMU C IIEPEMEHHBIMU CBSI3aH BaXKHBIN cI1ocob oOpa3oBa-
HUSI HOBBIX BBICKa3bIBaHUil (6e3 mepemeHHbIX). I[lycTh maHO BBICKA3bIBaHUE
P(x), “CTUHHOCTB KOTOPOI'O 3aBUCUT OT OObEKTOB, 0OO3HAUYEHHBIX 371eCh OYyK-
BOI1 = U BBIOMPAEMBIX M3 HEKOTOPOro MHOXKeCTBa X . V3 9TOTr0 BBICKA3bIBAHMS
C TIEPEMEHHOI MOXKHO CJIeJIATh HOBBIE BBICKA3BIBAHUsI, COOOIINB, MPU KAKWUX
00CTOSITETHCTBAX OTHOCUTEBHO & Oy/IeM PacCMAaTPUBATH JAHHOE BHICKA3bIBA-
HIIE.

O1HO U3 9TUX 0OCTOSITETHCTB BBIPAXKAETCSI (hpa3aMU «JIsT JTFOOOT0», «IIJIsT
KarKJ0r0», «JJIs BCEX» W TPUBOJUT K HOBOMY BBICKA3BIBAHUIO BUIA «(J1JIsi
moboro x € X) P(x)», KOTOpoe YuTaeTcss 0OOBIYHO TakK: JJIs JIIOOOTo (Jiist
KazKJI0r0, 11 Bcex) « u3 X BoimosHeno P(x). fcro, ¥To cioBamu 5tu dhpasbl
IcaTh He BCETa YA0OHO, TIOITOMY Jist NX 0O03HAYEHUST UCIIOIB3YIOT CUMBOJI
V, Ha3bIBaeMbIil keanmopom obwwocmu. O BbickasbBanuu (Vr € X) P(x)
IOBOPST, YTO IepeMeHHasds ¥ € X B HEM C8A3aHA K8AHMOPOM 0DUHOCTIU.

Bropoe 0b6cTOATENTHCTBO BhIpayKaeTCsa CJA0OBAMH «HAUJAETCAY, «CYIIECTBY-
eT», «MOXKHO TIOJI00paTh» W T. II. U MPUBOJAUT K BBICKA3BIBAHUIO BHja «(Cy-
mectByer © € X ) P(x)», untaercsa tak: cyiectByer x u3 X, /I KOTOPOrO
BoiostHeHo P(x). s obo3HadeHust 0B «HAIeTCs», «CYIIeCTByeT» U T. II.
UCIOJIB3YETCS CUMBOJI 3, KOTOPBINI Ha3BIBAIOT KEAHMOPOM CYULECTNEOBAHUSA.
O BoickazpBarnu (Vo € X) P(x) roBopsar, uro mepemenHas r € X B HEM
CBAZBIBAEMCA KEAHMOPOM CYUECTNEOBAHUA.

A4. Orpulianue BbICKa3bIBaHUs C KBaHTOpamMu. Paszbepemcs B TOM,
KaK OpaTh OTPUIAHUE BHICKA3bIBAHUIT C KBAHTOpaMu, PaccCMOTpUM yTBEpK/1e-
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HUEe BUJIA

(3z € X) P(x).
Ero orpurianme, T. e. yTBepKIaeHMe

ue Bepro ((3r € X) P(x)),

MOKHO TPOTOBOPUTH TaK: HE BEPHO, UTO CYMIECTBYeT T € X, JJIsT KOTOPOTrO
seimosineno P(x). Ho ecom me cymecrByer Takoro x € X, mjs KOTOPOTO
BBIIIOIHEHO P(x), To mist mo6oro x € X JO0/IZKHO BBIIOJHATLCS OTPUIAHEE
BbICKa3bIBaHus P(x), T. €. JO/IKHO OBITH

(must sto6oro x € X)  He BepHO P(x)

njm, CMMBOJIMYECKU,
(me (dx € X) P(x)) < (Vx € X) ne P(x).

Yro npousonio? KBaHTOpP CylecTBOBaHMUS CMEHHUJICS KBAHTOPOM OOIITHOCTH,
a OTPUIaHUE TTPOHUKJIO BIUIyOb YTBEPXKJICHUA U PA3MECTUIOCH 38 KBAHTOPOM.
Teneps paccMoTpuM yTBEPKIEHNE BUIA

(Vr € X) Q(x).

Ero orpurianue, T. e. yTBep:KIeHIE
ue Bepro ((Vz € X) Q(x)),

MOKHO IIPOTOBOPHUTH TaK: HE BEPHO, 9TO Jiyisi Jr000ro x € X BoInojHeHO Q (),
T. e. He JyIs Joboro r € X BeimosiHeHO (), T. €. cymecTByeT Takoe T € X,
JJIsT KOTOPOTO He BbINoHeHO (Q(z). CuMBoImYIecKn:

e (Vzr € X) Q(z)) < (Jzr € X) ne Q(z).

3/1ech KBAHTOP OOIITHOCTHA CMEHUJICS KBAHTOPOM CYIIIECTBOBAHMUS, & OTPUIAHUE
CTAJIO TIOCJIe KBAHTOPA.

[TocnemoBaTe/IbHO TIPUMEHSISI 9TU TPOCTEHIe Mmarn K 0oJjiee CIOKHBIM
BbBICKa3bIBAHUAM C KBAHTOPpaMMt, MO2KHO JICTKO IIOJIYY9aTh UX OTPUIAHWA. Ta,K,
HAIIPUMED,

He ((3C Vr € X) f(x) < C) <~

< VC ue (Vr € X) f(x) < C) <~
< (VC Jdz € X) ne Bepro f(z) < C <~
— (VC Jz € X) f(z) > C,
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iy, OIIyCKasd IIPOMEZKYTOYHBIC IITaru,
He (3C Vz € X) f(x) < C) <= (VC Jr € X) f(x) > C.

3HATOKK MOI'YT OTMETUTBH, UTO MbI CHAaYaJa yKa3aJIM CBOMCTBO OI'paHUYEH-
HOCTHU cBepxy GyHKIuU f Ha MHOXKecTBe X W B BUIAE OTPUIAHUS IOy IMIN
CBOMCTBO HEOTPAHUYEHHOCTH CBepXYy (byHKImm f Ha MHOXKecTBe X.

A5. BocnpusitTue KBaHTOPOB B 3aBUCHUMOCTHU OT CUTYAIUil C UX
MCITIOJIb30BaHMEM. [l0CKOIbKY BCTpevdaThCs ¢ KBAHTOPAMU IPUXOUTCS HA
MIPOTSI>KEHUU BCEr0 BPEMEHM OOINEHMS ¢ MaTeMaTUKOIl, BaXKHO XOPOIIO ITOHU-
MaTh, KaK paboOTaTh ¢ YTBEPKIACHUSIMH, COJIEPXKAIIUMI KBAHTOPBI.

OTHomleHre K KBAHTOPaM OOIITHOCTH U CYIIECTBOBAHUSI HEOJIHO3HAYHO U
3aBHUCUT OT CTATYCa YTBEP:KIEHUS C UX yIaCTUEM, a IMEHHO OT TOr'O, HaJI0 JIN
TaKoe YTBEp:KIEHNE T0KA3bIBATh WJIN OHO YK€ JJaHO M €ro MOYKHO HCIIOJIb30-
BaTh.

Curyanust 1. KBaHTOp OOIITHOCTH yYaCTBYEeT B YTBEPXKJIEHUU, KOTOPOE
HAJI0 JIOKa3bIBATh. 10TIa KBAHTOP <«JJIsl JI0O0OTO» MOYKHO IIPEJCTABIATH cebe
KaK BHeIlTHee TpeOOBaHUe, He 3aBUCHIIEE OT HAC, KOTOPOE MbI JIOJIZKHBI YJIO-
BJIETBOPUTh. EcC/M B yTBEP:KIEHUHN €CTh CJIOBA <«JJIsi JIIOOOr0», IIPEICTaBbTE
cebe, 9TO KTO-TO Oy/IeT mpe/ijlaraTh BaM KaKie-TO 3HAUYEHUS BeJTUIUHbBI, COITPO-
BOK/IA€MOI CJIOBAMH «JIJIsT JITIOOOTO», & BaM IIPEJICTOUT IPU ITOM BBITIOJHUTH
BCe JefiCTBUsI, KOTOPBIE CJIEYIOT 3a 3TUMH cjoBamu. IlycTh i ompeiesieH-
HOCTH BEJIMYMHA, K KOTOPOW OTHOCSATCS CJIOBA <JIjIst JIIOOOr0», 0D03HATAETCs
OyKBOIt €, U JjIsi erne OOJIbINell OIpeeIeHHOCTH (TaK dallle Beero ObIBaeT)
nobapuM TpeboBanue: € > 0. Torma BeIpakenme «isg J000ro € > 0» HAIO
MIOHUMATH TaK: KTO-TO OyJeT JlaBaTh KAKUe-TO IOJIOKUTEJIbHBIE YNCIA B Ka-
gecTBe €. MbI, B CBOIO 09epeib, JTOJIKHBI OyaeM 00eCIIednTh CIIPABE/JIMBOCTh
KaKOro-TO yTBep:KIeHus (0bo3HaumnM ero depe3 P(g)), cBsI3aHHOTO ¢ BHIOpaH-
HbIM €. C 4dero HavuaTh obecrieueHne TpedyeMoro yTBep:KjaeHusi! Bo-IepBbIX,
HAJI0 TIOCMOTPETh, YTO OT HAC MOTpedyeTcss B yrBepxKaenun P(e), n 3a1arh-
Csl BOIPOCOM: OTKYJZIa MOXKHO HOJIyunTh BbinosHerne P(g)? Wuade roBops,
IONTH C KOHIIA, IBITAsCh MOHSATH, KaKue JEeHCTBUS HAJI0 HPEINPUHSITDH s
obecrieuerusi P(g). 3HadeHme € HAM HEU3BECTHO, MTOITOMY HAJIO 3a00TUTHCsI
0 TOM, 9TOOBI BEIPADOTATH MPABUJIO Obectiedenus crpasemiuBoctu P(g), 3a-
BUCHINEE, €CTECTBEHHO, OT €. Kcim Takoe MmpaBmio BbIpabOTaTh YJIAETCs, TO
MOYKHO TapaHTUPOBATH, YTO MbI OOECIIEYNM BBITIOJTHEHUE YTBEPKICHUS

(Ve > 0) P(e).
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Curyanust 2. KBaHTOp OOINTHOCTU BCTPETUJICS B YTBEPKIECHUN, KOTOPOE
JIAHO, U MBI IM€€EM TTPABO ITO YTBEPXKJIEHUE UCIOIb30BaTh. 10r/1a BHIOOD TOM
BEJIMYUHBI, K KOTOPOl OTHOCUTCSI 9TOT KBAHTOP, B HAIIUX PYKaX, Mbl BIIpaBe
MpUJIaTh €l TO 3HaYeHWe, KOTOpOoe HaM TpeOyeTcs, U MCIOJb30BaTh C STHUM
3HaYEHUEM BCE, UTO COODIAETCS B YTBEPXKJICHUN.

Odenb BaskKHO He CMEIINBATH 3TU JIBE CUTYaIU!
WNuawve ciemyeT OTHOCUTHCS K KBAHTOPY CYIIECTBOBAHUS.

Curyanust 3. KBaHTOp CyIiecCTBOBaHUSA CTOUT B yTBEP:KAEHUN, KOTOPOE
MBI JIOKa3bIBAEM, TO 9TO HAIIIU BO3MOXKHOCTHU, MbI MOXKEM IIOJONPATH BEJINYIN-
HY, O CYIIECTBOBAHUU KOTOPOU T'OBOPUTCH, UCXOAA U3 BCEX UMEIOIIUXCSI Pe-
CypCOB. DTO HAIIl PEryIsITOP, KOTOPBIM MbI yIIpaBjseM. KOHEYHO, B KarKI0M
KOHKPETHOM CJIy4dae rapaHTUd CYIIECTBOBAHUA OCYNICCTBIIAETCH I10-PA3HOMY,
O/THAKO B HEKOTOPBIX CUTYAIINAX €CTh HADJIIOJICHUS, HOCAIIINE PEKOMEH,IaTeTh-
HBII XapakTep.

Curyarusa 4. KBaHTOD CyIIeCTBOBaHUS HAXOIUTCA B YTBEPXKIEHUH, KO-
TOPOE M3BECTHO, HAM JIAHO, U MBI MOXKEM €TI0 WCIOJIb30BaTh. B 3TOoM ciydae
KBAHTOD CYIIECTBOBAHWS — JTO MPUIIEINAasi W3BHE (M3 MMEIOIIErocss yTBep-
JKJIeHust) nHOPMAIHsi, KOTOPYIO MbI MOYKEM HCIIOJIb30BATH B HAIINUX IEJISX.

PopmMupoBaHNE KOPPEKTHOTO OTHOIIEHUsST K KBAHTOPAM — IIPOIIECC JIJIH-
TEeJIbHBIN, U OH 3PPEKTUBHO pean3yeTcss Ha ITPOCTEHINNX BBICKA3bIBAHUI C
KBAHTOPAMU, 3aJIOKEHHBIX B OIIPEJIEJIEHUAX Oa30BBIX MOHSATHUI, CBI3aHHBIX
¢ dyukmuamu. Ileaecoobpa3Ho paciiosiaraTh HOABIEHHE TaKUX MOHATHN B
MTOPsiJIKE BO3PACTaHUsI TPYAHOCTU BOCHPUATHS KBAaHTOpPOB. (Camble IIPOCTHIE
IIOHSATUS CBSI3aHBI C OJTHUM KBAHTOPOM CYIIECTBOBAHUs, 3TO 00JIACTDh OIIPeIe-
JIEHUS W MHOYKECTBO 3HAYEHUI, 3aTeM MOXKHO MEPENTN K MOHATUAM, OCHOBAH-
HBIM Ha OJTHOM KBAaHTOPE OOIITHOCTH, 9TO Y€THOCTDb 1 He4eTHOCTh. CJieayrornuii
Iar — JABa KBAHTOPA OOIIHOCTHU, 3TO MOHOTOHHOCTH. 3aTeM MOXKHO IepeiiTu
K OIpeJIeJIeHNsIM, OCHOBAHHBIM Ha JIBYX KBAHTOPaX, CHAYAJIa CYIIEeCTBOBAHMUSI,
IIOTOM OOIITHOCTH, 3TO IEPUOIUIHOCTb U OTPAHUYEHHOCTH, W CHAYAJA OOII-
HOCTH, TIOTOM CYIIECTBOBAHUs, 9TO HEOT'PAHUYIEHHOCTb W TOYHBIEC T'DAHUIIHI.
Crenyrommuii 1o TPYAHOCTH BOCIPHUSITHUSI AT — OIPeJIeIeHIe IpeIesa moce-
JioBaTeibHOCTA. Ha BocnpusaTHN KBAHTOPOB UMEHHO B 3TOI KOH(MUTYpAIUH, a
UMEHHO V3V, MBI B OCTAHOBUMCS BBUJLY TPAIUITMOHHOIO HAJUYUS TPYIHOCTEN
B M3yYEHUU [OHSITUsI [IPEJIe/Ia TOC/IeI0BaTeIbHOCTH, OTChLIas YuTaTesis K [2]
JIJIsT 3HAKOMCTBA C YKAa3aHHBIMH BBIINIIe cxeMaMu. lIpu 3Tom OyjaeT mcnosb3o-
BaH CTUJIb U3JI0KEHNS, HATIPABJIEHHBIIT HAa BOBJIEUYEHUE CIIyIIaTe el B IPOTIECC
dpopMUPOBaHUS TTOHSITHUSI.



A6. Akcumombl. YTBepKaeHusi. Heobxomummble m gocTaToOYHBIE
ycyoBusi. MareMaTnka COCTOUT U3 BBICKA3bIBaHMI, HCTUHHOCTH KOTOPBIX
JIEeKJIAPUPYETCsi, U TaKHe BHICKA3bIBAHUS HA3BIBAIOT AKCUOMAMU, U BHICKA3HI-
BaHHﬁ, JAOKa3bIBAEMbIX Ha OCHOBE aKCHOM U YK€ JOKa3aHHBIX BbICKa3bIBa-
HUIl C IIOMOIIBIO JIOTHYIECKUX paccyxkaeHnii. Jloka3biBaeMble BBICKa3bIBAHUS
Ha3bIBAIOT YMEEPHCOEHUAMU, U B 3aBUCUMOCTH OT JOIOJHUTEIbHBIX OOCTO-
SITEJILCTB HMCIIOJIB3YIOT JIPyTrue CJa0Ba Jijisd 0003HavdeHuUsi yTBepxkaeHuit. Ha-
IpuMep, YTBEPKJIEHNE, HOCAIee BCIIOMOTATEAbHBIN JIJId JIJAHHOTO KOHTEKCTA
XapakTep, Ha3bIBAIOT JIEMMOIl, a yTBep:KJIeHNe, B JAHHOM KOHTEKCTe (PyHIa-
MeHTaJIbHOE, BayKHOEe — TeOpeMOii, 1 T. II.

B MaTEMATUYICCKUX YTBEP2KJICHUAX HE BCTPECIACTCA CBO60£];HBIX, HE CBd-
3aHHBIX KBaHTOpPaMH 00beKTOB. IIpu 3TOM ecTh JTOrOBOPEHHOCTH, UTO €CJIN He
yKa3aHO SIBHO, KAKIM U3 KBAaHTOPOB CBSI3bIBAETCSI IIEPEMEHHAasI, TO CINTAETCsI,
9TO OHA CBsI3aHa KBAHTOPOM OOIITHOCTH.

PopMyJIUPOBKH YCJIOBHBIX YTBEPXKIEHUI Oprann3yoT oObraHo Tak. CHa-
“aJ1a coobIaioT 00CTAHOBKY, B paMKaX KOTOPOU OyAeT IPOUCXOIUTh JefCTBHE,
T. €. YKa3bIBAIOT, KaKne OObEKTHI U IIPU KAKHX 00OCTOSITEIHCTBAX PacCMaTPHU-
BalOTCA. 3aTeM JIal0T yCJI0BHe, HadYWHas (ppas3y, HAIIPUMEDP, CJIOBOM <ECJI».
[Tocse TOro Kax ycJjaoBue 3aliCaHO, COODIAIOT PE3yIbTAT (BBIBOM). DTa IaCTh
YTBEP:KIEeHUsT HAUMHAETCH, HAIIPUMEpP, CJA0BOM «TO». OmnucaHme oOCTaHOBKU
MOKHO BBIHECTHU 33 PAMKH YTBEPXK/IEHUS, OJHAKO IIPU U3YUIEeHUU U UCIIOJIb30-
BaHU OJAaHHOT'O YTBEPZKIACHUA BCETr'Ja HAJI0 MMETH B BUIY O6CTaHOBKy, B KO-
Topoit oHO hopmyaupyercsa. Takasi opraHu3aliisi B sBHOM BHJIe BCTPEYAETCsI
He BCerja, eCTb U JIPYTue CIocOObl BBIPAXKEHMsI YCJIOBHOIO YTBEPXKIEHUS, HO
9Ta HamnboJiee Tpo3padHa U TPedyeT MUHUMYMa YCUJIUN TPHU PACKOIUPOBAHUN
COAEPKaHUA YTBEP2KIACHUA.

[ToroBopum 0 TOM, KaK B pyCCKOM (MaTEMATHIECKOM ) si3bIKEe O(DOPMIISET-
cs1 uMmiutukanus P = (). /IBa BapuanTa Takoro oopMJIeHUS MbI YK€ BCTpe-
THJIA 1IPpU €€ OIIpEACJICHUM:

u3s P ciaenyer ()

ecsn (BeImosiHeHo) P, 1o (BBImOIHEHO) Q).

Ho stuMm s1361K0BOE 60raTcTBO It UMILIMKAIINN He ncdepubiBaercs. Ocras-
IIIeCsT TPU CIIocoba, KOTOPhIE MBI OOCYINM, HE CTOJIb IIPO3PaYHbIE, I MbI OCTa~
HOBUMCsI Ha HUX TMOJpPoOHee, MOO OHM TOHAYAJY BBI3BIBAIOT OIIPEJIeIeHHBbIE
TPYAHOCTHU.

Oaua 13 crrocoOOB CBsI3aH CO CJIOBAMHU O HEOOXOIMMBIX U JOCTATOTHBIX
ycaoBusix. A mMeHHO, 0 BbicKasbiBanuu (ecau P, 1o ()) TOBOPST:
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1uist (BBIOTHEeHUs1) P Heobxoaumo (BbImoTHEHNE) (),

U B 9TOM KOHTEKCTe yTBep:KjeHne () Ha3bIBAIOT HeoOT0JUMbBLM YCA0BUEM BbI-
noytHeHns P.

[Touemy ummiumkanmio «u3 P ciemayer (J» BBIPaXKaloT TAKUM CJIOBOCO-
JeTaHueM?! IJTO HECKOJILKO HEIIPUBBIYHOE BbIParKeHUE MOXKHO JIETKO MOHSITh,
€CJIA 3aMETHUTh, YTO CJIOBO «HEOOXOJIMMO» 3/1eCh O3HAYAET «HE 00XOIUMO», T. €.
«HEJIB3sT 0OOUTU», T. €. «00A3aTETbHO OYyJ/IET BBIIOJTHEHO», T. €. €CJIA BIIOJI-
HEHO yTBepxKJeHne P, TO HeJb3si 000NTH BBINIOJHEHNE YTBEp:KAeHUs (), OHO
TakzKe OyJeT BBIIOJIHEHO, T. €. u3 P caemxyer ().

To ke camoe yTBepxKaeHne «u3 P ciieyer ()» BBIPAXKalOT U TaK: <«JJIsl
BBITIOJIHEHUsT () TOCTATOYHO BBINIOJIHEHUsT Py, 1 BhICKa3bIiBaHWe P Ha3bIBAIOT
docmamounvim ycrosuem i Q).

Ermme onun criocob Bbipasuth yrBepxKaenue (ecaun P, 1o Q) TakoB: () BbI-
IIOJTHEHO TOTJIa, KOTJA BBIMOJIHEHO PP, 1 9TO cjioBOcOYeTaHue JIOBOJILHO €CTe-
cTBeHHO. MeHee ecTeCTBEHHO, K YeMy IIPOCTO HAJIO NMPUBBIKHYTH, TAKOE CJIO-
BocoveTaHue: P BBINOJHEHO TOJIBKO TOT/a, KOT/Ia BBITOJIHEHO ().

Haxkower, (ecm P, To () BhIpaKaioT Tak: () BBIIOJHEHO B TOM CJIydae,
ec/iu (MM KOTJA) BBIMOJIHEHO P, W JIBONCTBEHHBIM 06pa3omM: P BBINOJIHEHO
TOJIKO B TOM CJIydae, ecn (MJIM KOT/ia) BBIIOTHEHO ().

Baxxno moHmMaTh CyTh W 3HaUYeHWEe HEOOXOAMMBIX ycJioBuii. /JlomycTnwm,
9TO MBI MHTEpEeCcyeMcsl yTBepxKaeHneM P u XOoTuM y3HaTh, CHPABEIINBO JIX
OHO, HO TIOKa pacIoJjiaraeM JUIb yTBEpXkKJeHueM Tuma <«u3 P ciegyer Q».
Mo>KHO JI MCXOJIsI U3 9TOT'O YTBEPKIEHUsT BBISICHUTD, BhITosiHeHO Jiu P77 Ko-
HegHo, HeT. Jleso B ToMm, uTO B yTBepxkKieHunm «u3 P ciemxyer ()» mHTEpe-
cylolllee HAC yTBepxKJeHne P CTOUT B YCJIOBUM, Ha MECTE IPEJIOJIOXKEHUS,
a He B pe3yJibTaTe, He HA MECTe BBIBOJA, T. €. HAM U3BECTHO, YTO B IIPEJ-
MMOJIO>KEHUU CIIPABEAJIMBOCTU P Oy/eT BBIIOJTHEHO KaKOe-TO 3aKII0UYeHHE,
obo3HaveHHOe HamMu cuMBOJioM (). Ucxonmsg m3 9TOro HEBO3MOXKHO CJI€IaTh
KaKoe-1n00 3aKII0UeHne O crpaBeuBocTu P.

Tem He Menee yTBep:KeHUe TUIA «u3 P caexyer (Q», WIn <« BBITIOTHE-
Hust P HeoObxo1uMo BhITIOJIHEHRE ()», KaKyI0-TO HHAOPMAITIIO 00 yTBEPXK ICHUN
P coobmaet. /leiicTBUTENIBHO, IIEPENIUAIIIEM €TI0 B BUJIE «€CJIA HE BBIIIOJHEHO (),
TO HE BBINOJHEHO P» M 3aMeTUM, 9YTO Mbl TEM CAMBIM IIOJTyYaeM BO3MOXKHOCTH
BBISICHUTD, KOI'/Ia K€ P He BBIMOJIHEHO, T. €. IIPU KaKUX 00CTOSITeIbCTBAX HE
Ha/I0 MTHTEPECOBATHCs CIIPABEINBOCTBIO P — 9TO MpOn30iijIeT B TOM CJIydae,
ecyim He BbITOJIHEHO (). OTcroma MOXKHO CHeJIaTh BBIBOJ O TOM, UTO OXKHUIATH
BBITIOJTHEHUsT P MOXKHO JIUIIL Cpesin OObEKTOB, JJIsi KOTOPBIX BBITIOJHEHO ().
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Te 00bexThI, Ha KOTOPBIX () HE BBIOJIHSIETCSI, MOXKHO HE PaCCMAaTPUBAThH, MO0
Ha HUX P 3aBe0MO He BBITIOJTHAETCS.

B ornmyume or HEOOXOMMMBIX, JIOCTATOYHBIE YCJIOBHUSI TapaHTUPYIOT BhI-
IIOJIHCHUE WHTEPECYIOIIEro Hac CBOMCTBA — MX U HA3LIBAIOT JOCTATOYHBIMU
IIOTOMY, YTO UX ITPOBEPKHU BIIOJIHE XBATAET JJIsI BBIITOJTHEHUsT TPEOYyeMOro CBOM-
crBa. OJHAKO IIpeXkK/ie 4eM IMPUMEHUTh JI0CTATOYHbBIE YCJIOBUSI, CHAYAJIA, CJIe-
JIyeT y4ecTb HeOOXOIWMBbIE YCJIOBHS C T€M, UTOOBI JIOCTATOYHBIE ITPUMEHSATH
TOJIBKO TaM, TJIe BBIIIOJTHEHBI YCJIOBUsI HEOOXOIUMBIE.

Paccmorpum nipumep. Jlomyctum, MBI mHTEpECyeMcst, OyAeT JIU TOYKa X
u3 uaTepBasa (a,b) C R toukoii sxkcTpemyma muddepennupyemoii ua (a,b)
dyukmun f. Eciim HuKakoit mHGOPMAIIN O BO3MOXKHOCTH SKCTPEMYMa B JIaH-
HOIl TOYKe HeT, TO 3aJada HEeIOJbeMHas — He HCCJIEeN0BATh YK€ BCe TOYKHU
u3 (a,b), UX CAUIIKOM MHOTO, BpeMeHH He XBaTuT. llomoraer HeoGXommMoe
YCJIOBHE: JIJIsi TOTO YTOOBI TOYKA X ObLIa TOYKOM dKcTpeMyMma (DyHKIUU f,
HEOOXOIMMO, 4TOOBI €€ IIPOU3BOIHAS B 9TOI TOYKE OOpalajiach B HYJb, T. €.
4T00BI OBLITO BbITOTHEHO paBeHCTBO f'(x) = 0. Wnate 310 MOXKHO cHOpMyITH-
poBaTh TaK: €cJiu T — To4YKa dKcTpemyma dyukiuu f Ha (a,b), To f'(z) = 0.
1o yTBepxKIeHue, chopmynupoBantoe B Buje: ecau f'(x) # 0, To x — He
TOYKA KCTPEMyMa, TojCKa3biBaeT HaM, uTo ecau f'(x) # 0, To Ha mpeaMeT
HAJIMYUs 9KCTPEMyMa TaKylo TOYKY MCCJIEI0BaTh He HAJI0 — B Heil 3KCTpe-
myMma Her! CreaoBaTesbHO, HCCJIEI0BAHNIO OIJIEXKAT TOJHKO T€ TOYKH, TJIe
f'(x) = 0, a ux, Kak MPaBUJIO, HE OYEHb MHOIO, U 331298 CTAHOBUTCSI 0003PH-
moit. Kakumu cpepcrBamu u3ydars Te Touku, riae f'(z) = 0, 310 yke Apyroii
BOIIPOC, KaK IIPaBUJIO, K HUM IPUMEHSIOT JOCTATOYHOE YCJIOBHUE SKCTPEMYMA.

A7. CsoiicTBo, npu3Hak, kputepuii. IIpsimoe n obparHoe yTBep-
XKaeHns. /1 ycJIOBHOTO yTBEPXKJICHUS «E€CJIU BBIIOJIHEHO P, TO BBIITOJTHEHO
()» B 3aBUCHUMOCTHU OT CUTYAIIUN YHOTPEOJISTIOTCS ceaytomue Ha3Banus. Jlo-
IyCTUM, UTO MbI HHTEPECYEMCs CIIPABEJIMBOCTHIO YTBEp:KAeHus (), Torma P
HA3bIBAIOT NPu3Hakrom BbIToJHeHUA (). Ecmu ke y Hac ectb P U MblI UHTe-
pecyeMcsi, 9TO U3 3TOr0 MOXKHO IOJIYIUTh, TO BbICKa3bIBaHME () HA3BIBAIOT
ceoticmeom P. Harmpumep, B yTBEpP:KJIEHUU «B PaBHOOEJIPEHHOM TPEYTOJIb-
HUKE yTJIbI IPU OCHOBAHUU PAaBHBI» BBICKA3bIBAHUE ()= «YTJIbI IPU OCHOBAHUHU
pPaBHBI» SIBJISIETCSI CBOMCTBOM BBICKA3bIBAHUS P— «JaHHBII TPEYTOJbHUK PaB-
HOOeIpeHHbIN». Ecim »Ke Mbl MHTepecyeMcsi BbICKa3bIBaHHEM ()= «IaHHBI
TPEYTrOJIbHUK PaBHOOEJIPEHHBII» W WMEEeM B PACIIOPSI?KEHUN BBICKA3bIBAHUE
P=«JBa yriyia TpeyrojbHUKa PaBHBI MEXKIy CODOI», TO OHO CJIYXKUT TpU3HA-
KOM paBHODOEIPEHHOCTH, TaK KaK MMEET MECTO YTBEPXKJEHHUE «ECJIH JIBA YTJIa
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TPEyTroJbHIUKA PABHBI MEXK/Iy CODOI, TO TPEYyTrOoJbHUK PaBHOOEIPEHHBIN,

Ecnu y nac ectb HeKoe BbICKa3biBaHUe P U Mbl YCTAHOBUJIM SKBUBAJICHT-
HOCTb «P paBHOCHIBLHO (¥, TO () HasbBaIOT kpumepuem P. Hanpumep, ecan
IIOCMOTPETh Ha IMPUBEJIEHHBIN IIPUMEP ¢ TOYKHU 3PEHUsI TaKOi (DOPMYJTIHPOB-
KI: «PpaBHOOEIPEHHOCTb TPEYTOJbHUKA PABHOCUIbHA TOMY, YTO JBa €ro yIJia
paBHBI MEXKJy CO0Oii», TO PABEHCTBO YIJIOB OKA3bIBAETCS KPUTEPUEM PABHO-
OeIPEeHHOCTH TPEYTOJHLHUKA.

[Iyctes manbl yrBepxkaenuss P u (). VI3 HUX MOXKHO COCTaBUTH JIBa, YCJIOB-
HBIX YTBEPXKJIEHUS, & UMEHHO «eCJid BepHO P, To BepHO ()» U «ecJi BEpHO (),
TO BepHO P» W, UHBIMU cJoBaMu, «u3 P cienyer (Q» u «u3 () caenyer P».
Cunrast OIHO U3 HUX JaHHBIM, TOBOPAT «IIPAMBIM», IPYTroe HA3bIBAIOT K HEMY
obpamnwvim. Hanmpumep, eciim yTBep:KIeHTE

u3 P ciaenyer ()
JMaHHoe (IIPSIMOE), TO YTBEPXKJIEHNEe
u3 () cremnyer P

K HeMy oOpaTHOe.

ObparuM BHHMaHWE Ha TO, KaK O(QOPMJIAETCS B JIOKA3aTEJIbCTBE PaB-
HOCHJIbHOCTU KaKHUX-TO YTBEPXKJICHUIN MepexXoj K JOKa3aTeJIbCTBY OOPaTHOTO
YTBEPKIEHUsI. ITO B HEKOTOPOI Mepe 3aBUCUT OT TOI'O, B KAKOW MaHepe JIaHa
dopmynupoBka. Tak, eciim B yTBEpKJIEHUU HAITUCAHO, UTO JIJI BBITIOJTHEHUS
P HeoOxoauMoO M JOCTATOYHO BBINOJHEHHUs: (), W JIOKa3aHa HEOOXOIMMOCTb,
T. €. «eCJIM BBITIOJIHEHO P, TO BBITIOJIHEHO ()», Jlajiee TOBOPSIT: «JIOKaXKeM JT0-
CTATOYHOCTh», UMed B BHJLy, UTO Telepb OyJeT JOKa3bIBATHCS WMILIUKAIIHIS
«u3 @ cienyer P».

Ecnu yrBepkieHne cchopMyInpPOBaHO TaK: <«BbICKa3bIBaHUE P BBHITIOJTHSI-
eTCs1 TOTJIa U TOJIBKO TOTJIA, KOTIa BBITIOJIHEHO (Q», U JJOKA3aHO MpsiMoe (B JIaH-
HOM KOHTEKCTE) yTBEpKJIeHNe, T. €. 94T0 u3 P cieayer (), u Tenepsb mepexoum
K JIOKa3aTeJIbCTBY OOPATHOTO yTBEPKJIEHUs, TO 3TOT MOMEHT O(pOpMJITETCs
TaK: «0OpaTHO, IIYCTh BBITIOJHEHO (), T0KaxkKeM BhIntosiHeHue P». Vcmoab3ye-
MO€ B 3TOI CUTYyaIMu CJI0BO «00paTHO» KaK IPU3HAK HATAJIA J0KA3aTEIbCTBA
00paTHOTO YTBEPKAECHUS NHOT/IA 3aMEHSAIOT CJIOBOM «HA000POT», 3/1€Ch COBEP-
IIIEHHO HEYMECTHBIM: CJIOBO «OOPATHO» YKa3bIBAET Ha HAYAJIO J0KA3aTEILCTBA
0oOpaTHOTO, & HEe «HA0OOOPOTHOTO» YTBEPXKJICHUS.

MozkeT BO3HUKHYTH BONPOC: KaK CBS3aHbI MEXKJy CO0Oil mpsaMoe u 00-
paTHOe yTBEpXkKJIeHUsI B ILIaHe ux cupaBejmuBocTu! (OTBeT HMpPOCTOil: HU-
kakK. [[oaToMy eciim BMeCTO TpeOyeMOTo yTBEP2KIEHUS IPe/jIaraioT oopaTHOe
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K HeMYy, 3TO Ipybasi ommbKa, BCTPEYAIONasicsd, B YACTHOCTHU, MPU (DOPMYJIIU-
POBKE TeOopeMbl O HEOOXOMMBIX YCJIOBUSIX IKCTPEMyMa, OCOOEHHO B CTHUJIE,
HCTIOJIL3YIOIEM UMEHHO CJIOBO «HEOOXOIMMOS>.

A8. Kparkue ob6o3HadYeHUd IJid CyMMBbI U ipou3BeaeHus. [lo3ua-
KOMUMCS C IIPOCTBIMH OOO3HAYEHUSMHU, C KOTOPBIMH OYJIEM YaCTO BCTPEYATHCS
B JaJIbHEMIIIEeM.

PaccmorpuMm KoHeuHBII HAOOD 9ucesa 1, Lo, ..., Ty, N € N, 3aHyMepOBaH-

HBIX ITOCJIEI0BATEIbHBIMU HATYPAJbHBIMIA YucaaMu orT 1 10 n. st cymMmbr
n
x1 + X9 + -+ + T, UCHOJB3YIOT 00O3HAYEHHME » Tk, B KOTOPOM OYKBY k Ha-
k=1
3BIBAIOT UHOEKCOM Cymmuposarus. OHa dBJISIETCA BHYTPEHHEH IIepeMeHHOil B
TOM CMBICJIE, UTO €€ UCIIOJIb30BaHIe OIPAHNINBAETCS JAHHBIM BhIpaXkKeHueM 1
3a €ro IpejieslaMi MOYKHO CHOBA UCIIOJIb30BATH 3Ty Ke OyKBYy. Bakno e TO,
KaKoil OyKBOIl 0003HAYEH MHIEKC CYMMUPOBaHUsI, & TO, B KAKNX KOH(MUrypa-
n
usx 3ra OyKBa ydacTByeT. MHade roBOpsi, BBIDAYKEHUE Y . Tj MPEJCTABJISIET
k=1
co0oit KpaTKyio (OpMY 3alliCh CJIEIYIONIEH MPOIEyphl: Ha TO MECTO, TJIe
BCTPEUAETCSA MHIAEKC k B BBIPAXKEHUU Ij, HOICTABJISIIOTCS IIOCJIEI0BATEIHLHO

yncia 1,2,...,n 1 IoJydeHHble 3HaUYeHusT cyMMupyoTces. Hampuwmep,

"1 1 1 1
Zﬁ—1+—+—+---+—2,
k=1

22 32 n
—~ (2k—1)2 (2-2-1)2 (2:3-1)2 " (2-m—1)2
11 1

S e —
TR TR T Gmo1)y

Amnajgormunoe 0603HAUYEHNE UCIOIB3YIOT IJIsI OO0O3HAYEHNSI IIPOU3BEIEHUST

KOHEYHOU IMMOCJIeI0BATEIbHOCTH Xk, k = 1,..., n:
n
H — X1 T2+ ... " Tp.
k=1
[IpousBenenme 1 -2 -3 - ... n MEepBBIX N HATYPAJbHBIX YHCEJT O0DO3HA-

Jal0T CHMBOJIOM 7! Ha3bIBaeMBIM paxmopuasom wucia n. as ymobcTBa 1o
omupeaenennio mojaraor 0! = 1.
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[Tone3Ho mMMeTHh B BUJIY CBOMCTBO COYETAEMOCTHU CYMM, COCTOSIIEE B CJIe-
ayiomeMm. PaccMoTpuM KOHEUYHBIN HA0Op YHCes, 3aHyMepPOBAaHHBIN IOCpe-
CTBOM JIByX HaTyPaJbHBIX HYHCEJI, HAIPUMED T;;, TJe ¢ MOXKET IPUHUMATD
3HavdeHud oT 1 10 m, a j — or 1 jio n, T. e. HAOOP YMCes

L11y--9LInsL21y-- -T2y Lmly---sLTmn-

HCHO, 9TO CyMMa BCEX ITHUX YHUCEJI HE 3aBUCUT OT TOI'O, B KaKUM ITOPAIKE UX

ckJIaabIBaloT. Hampumep, mpu KazKjaoM (puKcUpoBaHHOM j = 1,...,7M MOXK-
HO B3dTh CyMMY IIO BCEM HMHAEKCaM ¢ = 1,...,m, a 3aTeM BCe Pe3yJIbTATbI
n m

IIPOCYMMHUPOBAaTh, U 3TO B KPATKOM BHJIE 3AITUIIETCS TaK: Z Z Tij, & MOXK-
j=1i=1

HO TOCTYIHUTH HAOOOPOT, T. €. CHadaJja IIPOCYMMHUPOBATH MO j IPHU KaXKJIOM

PUKCUPOBAHHOM %, a 3aTeM COOpaTh Pe3yabTaTbl. DTO IPOCTOE HADJIIOICHUE

BBIPA3UTCSA TAKUM PABEHCTBOM:

m n m

LTSS s

i=1 j=1 j=1i=

A9. Meron maremarumyeckoii mMHAyKiuu. CTpoeHne MHOKECTBa
HATYPAJbHBIX YUCEJT MOPOXKIAeT METOJ MaTeMaTUIeCKOH WHIYKITMU JOKa3a-
TeJIbCTBA, yTBEP:KIEHUI, NICTUHHOCTh KOTOPBIX 3aBUCUT OT HATYPAJbHBIX Y-
cest. OH cOCTOUT B CJIEIYIOIIEM.

[TpeamosiozkuM, 9T0 HEKOTOPOE yTBepKAeHne P(n), cupaBejinBOCTb KO-
TOPOT'O 3aBUCUT OT HATYPAJIHHOIO N, BEPHO JJIsI IEPBOTO HATYPAJIBHOIO UNCJIA
n = 1 m u3 Toro, uro Bepuo P(n), ciemyer, aro Bepuo P(n + 1). Ilpunnumn
MaTeMaTUIeCKON WHIYKIMK TJIACUT, YTO B TAKOM CJIydae yTBepxkieHue P(n)
BepHO 1151 Jitoboro n € N.

J1J1s McoTb30BaHUsT METO/Ia MATEMATHIECKO HHIIYKIINH C TIETBIO JTOKa-
3aTeILCTBA HEKOTOPOro yreepxjaenus P(n), n € N, mamo nposepurs P(1),
T. €. CIPABEJIMBOCTh YTBEPKJIEHUs [ [EPBOrO HATYPAJBHOIO UHUCJIA, a
3aTeM OOOCHOBATBH YCJIOBHOE YTBEpPXKJICHUE, TaK HA3bIBAEMBIN WHTYKTUBHBIN
mepexos. A MMEHHO, IPEJIIosIarasi ClipaBeJINBOCTD YTBEPXK/ICHUS JIJIsT HEKO-
TOPOTO HATYPAJIBLHOTO JHCIA 7, JOKA3ATh €ro BBIIOIHEHNE JJIs CJIEYIOMNIErO
HaTypaJibHOro uncyia n + 1. Pasymeercs, B mporiecce oka3aTebCTBa HAIO
AKTHUBHO HUCIIOJIb30BaTh MHAYKTHUBHOEC IIPEAIIOJIOZKECHUE, T. €. JOIIYIIIECHUE CIIPpa-
BeumBoctu P(n). Ecim yrBepxaenne P(n) Hamo MOKa3bIBATH HE JJIs BCEX
HATYPAJbHBIX 71, 8 TOJBKO HAYMHAS C HEKOTOPOTO HATYPAJILHOTO Mg, TO B
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KavecTBe 0a3bl MHIYKIINU TPOBEpsIeTcst yTBepxKaenue P(ng) U WHIyKTUBHBII
1epexo ] OOOCHOBBIBAETCS JJIsT 1. = Ny.

IIpumep 1. /lokazaTh paBeHCTBO

2 n(n+1)2n+1)
> k= : .

HeiicTBuTenbHo, ecan n = 1, To cyMMa CJIeBa IPEBPAIIACTCS B OJIHO HC-
no 1, u cupasa mmeem 1-(1+4-1)-(2-1+1)/6 = 1, tak aro npu n = 1 Tpebyemoe
PaBEHCTBO BEPHO. Hpe,ZLHOHO}KI/IM, 9TO OHO BBIIIOJIHEHO IIPU HEKOTOPOM HaTy-
PaJIbHOM 70, ¥ JIOKAZKEM, UTO

6 N 6

ni:lkz (n+1)((n+1)+1)@2rn+1)+1)  (n+1)(n+2)2n+3)

Ncnonb3yst mpenoiozKeHne, nMeeM

n+1
DR =12422 4 40?4 (n+ 1)

—Zk2 (n+ 1) (n+1)6(2n+1)+<n+1)2
B n(n+ 1)(2n + 1) +6(n + 1) _ (n+1)(n+2)2n+3)
6 6 '

CieioBaTe/IbHO, COTJIACHO MPUHITUITY MAaTEMaTUIECKON WHIYKIIUH TpedyeMoe
pPaBEHCTBO OYJIeT BEPHBIM IIPH JIOOOM HATYpPaJIbHOM 1.

YnpaKHeHus.

1. JlokazaTh paBeHCTBA

Zkg <n n+1)>27 )

Stk -1 - D), &)

o 1 n

k—1)(2k+1) 2n+1

k=1
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2. /TokazaTb dpopmysry bmnoma HeroToHa

(a+b)" ch”’%’f a,b € R,

njg aboro n € N, roe

n! nn—1)...(n—k+1)
Ck — — : l1—1.9.
" gl n— k) k! "
3. /lokazaTh HepaBeHCTBA
1 2n — 1 1
3 9 n n>1,
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