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Conepxanue NpaKTHYECKUX 3aHATHH
1. MmuoxecrBa. Onepanuu HaJl MHOKECTBAMU

[ToHsATHE MHOXKECTBA B MaTeMaTHKE OTHOCHUTCS K HeompeaensieMbiM (IT0100HO
MOHSATHUSAM YHUCIIa U TOUKH).

MHO0XXECTBOM SIBIISIETCS COBOKYITHOCTh OOBEKTOB, 00bEIMHEHHBIX KaKUM-JIHO0
MIPU3HAKOM.

OOBEKTHI — AIEMEHTHI MHOKECTBA — 0003HAYAIOTCS CTPOUHBbIMU OykBamu. Ca-
MH MHOXKECTBa 0003HAYarOTCS 3aryIaBHBIMHU (MPOMKMCHBIMH) OYKBaMH JIATHHCKOTO
andasura. ToTr dakr, yTo a SABIAETCA SJIEMEHTOM MHOXecTBa A 0003HadaeTcs
al A(roBopsT, uToa mpHHAISKHT A); TO, 4TO@ HE ABIACTCS IEMEHTOM MHOXKeE-
ctBa A,0603Hauaerca al A (roopdr, utoa He npuHALIECKHUT A).

CuuTaercsi, YTO MHOXKECTBO 3aJaHO, €CIU TMEPEUYUCIICHBl BCE €ro JJIEMEHTHI
WM HAa3BaHO XapaKTEPUCTUYECKOE CBOWMCTBO, MO KOTOPOMY MOJKHO OMPEISIUTh,
MIPUHAJICKUT JAHHBINA AJIEMEHT MHOXKECTBY WJIM HET, HAIIPUMED:

M ={1,2,34,5 mmM ={x: xI N,1£ x£5}

[pumep: Haiitn snementsr maoskectBa: A={x: x| N, 2x*- 7x+3=0}.

1. ~
PemuB kBagpaTHOE ypaBHEHHE, HAXOIUM €0 KOPHU X = EI N, x,=31 N,

snaunt A={3}.

: MHO)KGCTBa, COCTOAIIME U3 OJHUX U TEX KE O6L€KTOB, HAa3bIBAIOTCA paB-
HbIMHU

[Mpumep: A={0,2,3},B={3,2,0}
A=B

Ecnu kaxnaeiii piaeMeHT MHOXKeCTBA B saBisgeTcst nieMeHTOM MHOXeCTBa A,
10 B HaspBaeTcs mogMHoxkecTBOM MHOXkecTBa A: Bl A

Hpumep: B={3,2 1 A={3,2,0
/E — NOJIMHOXKECTBO JTI000ro MHOXKECTBA, A ToIMHOXKeCTBO A

NI Zz1 QI R
N —MHOXECTBO HaTypaJbHbBIX YHCEIl
Z —MHOX€ECTBO LIEJIBIX YUCEI
Q — MHOKECTBO paIlMOHATIBHBIX YHCE R
R — MHOECTBO JIEHCTBUTEIbHBIX YHCEI Q



N300pa3um mHOokectBa A n B kpyramu Ha miockoctu (auarpaMmsel Ditiepa-
Benna)

- MHuoxectBo C, 31eMEHTaMHU KOTOPOT'O SIBJISIFOTCS BCE 3JIEMEHTHI MHOXKECTBA
A, He mpUHAJICKAINEe MHOXKECTBY B, Ha3pIBacTCs pa3HOCThIO MHOXKECTB A u Bu
sanuceiBaercs C = A\ B.

[Tpumepsl

1) A={123,B={123 b A\B={3

2) A={12,3,B={34 b A\B={12)
3) A={12,3, B={1,234 P A\B=£A

- Ecu Bl A, to A\ B — nononinenue maHOkectBa B 10 MHOkecTBa A

MuoxectBo C, cocrosinee M3 BCeX 3JICMCHTOB, NPHHAIJICKAIINX Kak
MHOKeCTBY A Tak 1 MHOKeCTBY B( M TOIBKO M3 3THX 3JIEMEHTOB), HA3bIBACTCS
nepeceueHrneM MHOkecTB A B:C=A1l B.

Mpumep: A={1,2,3}, B={2,3,4}
C=AIB={23



- MHoecTBa, nmepecedyeHrue KOTOPhIX €CTh MyCTO€ MHOXECTBO, HA3BIBAIOTCS
nenepecekarommmucs: {0, 1{2} = A.

[Tpumep.
I X*+4x+4=0
)i fE
1x20

1 X200 Cany i) =(y
i x30

MmuoxectBo C, cocrosiliee U3 BCEX M TOJBKO TEX AJIEMEHTOB, KOTOPHIE
MIPUHAJICKAT XOTsA Obl OJHOMY M3 MHOXecTBA u B, Ha3wbiBaeTcs oObequHEHHEM

muoxectB Au B:C=AUB

[Mpumep. A={1,2,3}, B={2,3,4}
C=AUB={1234}

[Ipumep:
1) (x+D(X* - 4) =0{- 2,- 1,2} —cOBOKYIIHOCTb pElICHUI
é x>5
gx>-3 éx>5
2) (x- 5(x+3)>0U % P a U (-¥;-3)U(5+¥)
& x<5 &x<-3
&
& X<-3



CocTaBuTh MHOKECTBA!
1) A— HaTypalbHbIC AeIUTEIH Yrcia 12,

2) B\ A,eciu A={-5-4,-3 B={-5-4,-3-2,

3) R\Q, Z\N

2) 9L 7IV[S8], [L7]1[58] [L71\[58] [58\[17]
6) (O:3IU[57), (B3 1[57) (O;3\[57) [57)\(0:3]
5) O0beMHEHHE U TTIePECeUCHNE KOPHEH ypaBHEHUI
X +9x-10=0y X - 3x+2=0

6) 3ammumTe pemenne Hepaserncraa (X- D)(X- 6)3 0

7) A—HarypaybHbIC JenuTeny uncia 18,
B—narypanbnbie nenurenu uncia 45. Haiitu Al B,

8) Haittu Al B, eciu A={x: xI Z,|x <5 B={x: xI N,|x-1<7}
9) Haittn AUB, ecin A={x: x*- 6x+9£0} B={x: xI Z,[{£3]

- MHOkecTBO AHa3bIBacTCS IKBUBaJICHTHBIM MHOXecTBY B (A B), ecnm
MEXy dJIEMEHTaMu MHOKeCTB A W B MOXHO yCTaHOBUTH B3aUMHO OJHO3HAYHOE
COOTBETCTBHE.

PaznuuaroT KoHeUHbIE U OECKOHEUHBIE MHOXKECTBA.

- UHuCco 27€eMEeHTOB MHOXKECTBAa A HasbIBaeTCs €ro MOIIHOCTBIO MM Kaplu-
HAJTBHBIM YHCIIOM (|A|I/IJH/I cardA).

KoHneuHoe MHOXECTBO, COCTOSIIEE U3 N 3IEMEHTOB UMEETMOUTHOCTh |A| =n.

Ecimn A - N, To MHOXeCTBO A CUYETHOE.
Ecmm A: R, T0 A- KOHTUHYaJIbHO€ MHOXECTBO MJIM MHOXCCTBO MOIIHOCTH
KOHTHHYYM.

3axauu 15 CaMOCTOSITEIbHOTO PEIICHUS.
N300pa3uth quarpammel Diinepa-BeHHa AJist ClieIyIomnX MHOKECTB:
a) (A1 B)\C

6)(AU B)\C

B)(AIB)IC

r) (A\B)IC

n (A\B)UC

e) (A\B)\C
x) (A1 B)UC



2. MHO0)KeCTBO KOMILICKCHBIX YHCeJI

Omnpenesnenue. Komniekcnvlm 4uciom Ha3bIBAIOT BCAKYIO  YIOPSAOYEHHYIO Hapy
(X, y) NENCTBUTEIBHBIX YHCEI.

Ero o6o3nauaror Z=X+ Vi, X,yT R,raei=+-1wmi’*=-1.

[Ipumep. Pemmts ypaBuenue X° + 6X + 25 = QHaJy MHO)KECTBOM KOMILIEKCHBIX YUCEI
Berunciaum guckpumunanT: D =b® - 4ac=36- 100=- 64.

Torna VD =+- 64 =/- 1564 =/- 1x/64 = §i

Hainem kopHU ypaBHEHHUS:
_-b+JD _-6+8 _2(-3%4i)
2" 0a 2 2

= -3+ 4i.

3anuch Z = X+ Yyi Ha3bIBaCTCA aeebOpauyeckol ¢Hopmol 3alUCH KOMIUIEKCHOTO

yuca./leficTBUTenbHbIE YCiaX U Y Ha3bIBAIOT COOTBETCTBEHHO OeliCMBUMENbHOU U
MHUMOU 4acmbl0 KOMITJIEKCHOTO Uncia Z = X+ Vi !

Rez=x ulmz=y.
Cymmoui JByX KOMIUIEKCHBIX 4YHcenl Z =X +Yi ®u Z =X, +Y, Ha3bBaIOT
KOMILIIEKCHOE YHCIIO Z = Z + Z,, NEUCTBUTENbHAS YaCTh KOTOPOIo paBHa X =X, + X,,
a MHUMas paBHa Y=Y, +Y,, T.C.
2=+, = (Xt %) (Yt Y,)
Pasnocmolo ByX KOMIUIGKCHBIX 4Yucenl Z =X +VY,i u Z =X, +Y, Ha3bpBaIOT
KOMIUIEKCHOE YUCII0 Z = Z - Z,, IeHCTBHUTENIbHAS YacTh KOTOPOTrO paBHA X =X - X,,

a MHUMas paBHa Y=Y, - V,, T.C.

=1 - 22:()(1' X2)+(y1' yz)i

IIpoussedenuem NBYX KOMIUIEKCHBIX YHceNn Z =X + VY| U Z, =X, +Y,| Ha3bIBaeTcs

KOMIUIEKCHOE YHCIIO
2=2%, = (X1X2 B y1y2) + (X1y2 + X2y1)i :

Yucno Z=X- yi HaspiBaeTCs conpsiceHHblM (KOMIUIEKCHO COTNPSDKCHHBIM) YHCITY
Z=X+Yyi.OTrmerum, uto ZXZ = X* + Y°.
Yacmuvim (omnowenuem) NBYyX KOMIUIEKCHBIX 4Hceln Z =X +VYi U Z, =X, +V,i
npu z,* 0 (t.e. 10, y,* 0) Ha3pIBAIOT KOMILJICKCHOE YHCJIO

Z:i:)(1x§+y1¥2 +X2y21- )(132/2i_

L, X 1Y, X Y,




[pumep. Berauconts (2- 31)° + 27

(2- ) +2°=2%- 28 +(3)*+ 2" %N =4- 12 +9i° + 2(i*)" % =
=4-12i +9°+2(1>)" % =4-12i - 9+2X-1)"i=-5-12i - 2i =-5- 14
7+3i

3-1

7+3 _ 7+3 _ (7+3)(-1-3) _-7-21-3i-9°_
3-1 -1+3 (-1+3)(-1-3) (-27+3

[Tpumep. Berunciaurs

_-7-24+9_2-24 _1-12 _1 12

1+9 10 5 5 5

IIpumep. 3anucaTh YUCIO Z = - B alreOpandeckon popme.

Yucno Z B anredpandeckoit popme nmeet Bua Z = X + yi . [Ipeobpazyem npoOs,

YMHOJXHB YHUCJIHUTECIIb U 3HAMCHATEC/Ib Ha YUCJI0, CONPSKECHHOC 3HAMCHATECIIHO.

242 _ 2J2Q-i) _ 2J2@-i) _ 2J2(1- i)

T ) N 2
=-J2(1-i)=-2+-/2
Anrebpanyeckas ¢popma: Z =-J2+/2i 3necs Rez=x=-+/2 u Imz= y:\/z.

33[{3‘-]]’[ A CAMOCTOATECIbHOI'O PCIICHUSA

1. Beraucnuts (4+5i)%(5- 4i) Ortser: 115+ 236i
-5 o s . .
2. Borunciants - 210 +iP - M4 28 Otser:1
5+4
3. Boruncauth 23_+5_| OtBet:0,1- 1,7i
i
3.  DJieMeHTbI MATEMATHYECKOM JOTHKH

Jloruka Bo3Hukia B Kynaprype [dpeBnen ['peuun. IlepBoe momenmee no Hac
COYMHEHHE 10 JIOTUKE - «AHAIUTHKU» ApuctoTens (384-322 rr. 10 H.3.). Dopmab-
Has JIOTHKA MPOCYIIEeCTBOBANIa O€3 CepPhE3HBIX U3MEHEHUN OoJiee ABAIATH CTOJIETHH.
BYJIb Jlxopmk (1815-1864) - aHrmuiicKuii MaTeMaTHK, KOTOPBIA CYMTAETCSI OCHOBO-
MOJIOKHUKOM MAaTeMaTUYECKOM JIOTHKH.

Pa3BuTHe MaTeMaTHKU BBISIBUIO HEAOCTATOYHOCTh JIOTUKA APHUCTOTENS U TO-
TpeboBajo nanpHeiiiero e€ pasButus. HezaBucumMo pasBuBanach OyJIIUCTCKas JIO-
TUKa, HO JJOCTOSTHUEM €BPOIIEHCKON HAayKH OHa CTaja HEJIaBHO, TO3TOMY MaTeMaTu-
yeckas JIoThka OepeT Hayajao U3 JIOTMKU ApucTtoTens. MaTeMatndeckas JIOTUKA SIB-
JIIeTCSl HAYKOM O 3aKOHAaX MaTeMaTU4eCcKOro MbiiuieHus. [IpeqMerom maremaruye-
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CKOU JIOTMKU SIBIISIFOTCSI MaTeMaTUYECKUE TECOPHUM B 1I€JIOM, KOTOPBIE H3Yy4arOTCS C
MIOMONIBI0 MAaTEMATUUYECKUX S3BIKOB. [Ipu 3TOM B MEpBYIO ouepelb UHTEPECYIOTCS
BOIPOCAMU HEMPOTHBOPEUYMBOCTH MATEMATUUYECKUX TEOPUM, UX PA3BA3HOCTH U TOJI-
HOTBHI.

MaremaTnyeckasi JIOTMKa OTJIMYAETCS TEM, YTO IMOJb3YETCs SI3bIKOM MaTema-
TUYECKUX U JIOTUYECKUX CUMBOJIOB, UCXOAS U3 TOTO, YTO B MPUHIIUIE OHU MOTYT CO-
BCEM 3aMEHUTH CJIOBA OOBIYHOTO SI3bIKA M MPUHSTHIE B OOBIUYHBIX JKUBBIX SI3bIKAX CIIO-
coObl 00bETMHEHUS CIOB B MpeaioxkeHrs. OCOOEHHOCTH MAaTeMaTUYECKOrO MbIIILIe-
HUSI OOBACHSIOTCS OCOOCHHOCTSIMU MaTeMaTHYECKUX aOCTpakIuii 1 MHOrooOpa3uem
UX B3auMOCBsI3eil. OHM OTpa)katoTCsl B JJOTUUECKOM CUCTEMAaTU3allui MaTEMAaTUKH, B
JI0Ka3aTeIhLCTBE MaTeMaTHYECKUX TEOpeM. B CBS3M C 3TUM COBPEMEHHYIO MaTeMaTH-
YECKYIO JIOTUKY OMPEACIISIIOT KaK pa3/iesl MaTEMaTUKH, TIOCBSIIEHHBIN U3yYEHUIO Ma-
TeMaTUYECKUX JIOKAa3aTEIhLCTB U BOMPOCOB OCHOBAHUI MaTeMAaTHKH.

B akcmoMaTtnueckoM MOCTPOEHUHM MATEMaTUYECKOW TEOPUHU MpPeIBaAPUTEIBHO
BBIOMPAETCSI HEKOTOpasi CUCTEMa HEOIPEAC/IIeMbIX MOHSATUN W OTHOIICHUS MEXIY
HUMU. DTH TOHSATUS ¥ OTHOIIIEHHUS HA3bIBAIOTCS OCHOBHBIMU. Jlanee 6e3 mokazaresb-
CTBAa MPUHUMAIOTCS OCHOBHBIC TOJIOKEHHUSI PACCMATPUBAEMON TEOPUM - AKCHOMBI.
Bcé manbHeliiee coaepkaHue TEOPUM BBIBOAUTCS JOTHMYECKU M3 akCHMOM. BriepBbie
aKCHMOMAaTHUYECKOE MOCTPOCHUE MAaTEMATUYECKON Teopuu ObUIo Tpeanpuuaro EBkiu-
JIOM B TIOCTpPOEHUH reoMmeTpuu. M3noxxenue 3tor Teopuu B Hauanax He 6e3ynpedHo.
EBkiup 37ech mbITaeTcs JIaTh OMNPEICIICHUE HMCXOTHBIX MOHSATHHA (TOYKH, MPSIMOH,
IJIOCKOCTH). B JToKa3areabCcTBE TEOpeM HMCIONB3YIOTCS HUTIEC IBHO HE chopMysIupo-
BaHHBIC MOJIOKEHUS, KOTOPBIE CUMTAIOTCS OYEBUIHBIMU. TakuM oOpa3oMm, B 3TOM I0-
CTPOCHUHU OTCYTCTBYET HEOOXOMMas JIOTUYECKasi CTPOTOCTh, XOTSI UICTUHHOCTh BCEX
TMOJIOKEHHUI TEOPUHU HE BHI3BIBAET COMHEHUM.

OTMeTHM, YTO TaKOM MOJAXOJ K aKCMOMATHYECKOMY MOCTPOCHUIO TEOPUHU OC-
TaBaJICSl €AMHCTBEHHBIM 110 XIX Beka. bosblyto poiab B U3MEHEHUH TaKOTO MOAX0/a
ceirpanu padotel H. . JlobaueBckoro (1792-1856). JlobaueBCcKuit BIICpBbIC B IBHOM
BUJIC BBICKa3aJl yOeXJICHUS B HEBO3MOXKHOCTH JI0OKa3aTeNIbCTBAa MATOTO TOCTYyjaTa
EBxinnia u mojkpenui 3To yoexieHre co31aHrueM HOBOM reomeTpu. [lozxe Hemerr-
kuii Mmatematuk ®. Kieiin (1849-1925) nokazan HEMPOTHBOPEYHUBOCTH T'€OMETPHUH
JloGaueBckoro, yeM (hakTHUECKU ObLIa JI0Ka3aHa U HEBO3MOXKHOCTh JIOKa3aTeJIbCTBA
naroro nocrynara EBkimna. Tak Bo3Hukiu u Osutn pemieHsl B padborax H. WM. JloGa-
yeBckoro u @. KieitHa BniepBbie B HICTOPUM MAaTEMATHUKUA MPOOIEMbI HEBO3MOXHOCTH
JI0Ka3aTeIhCTBA U HEMPOTHBOPEUMBOCTH B aKCHMOMaTUueckoi Teopuu. HempoTtusope-
YUBOCTh AKCMOMATUYECKOW TEOpUU SBISIETCS OJHUM U3 OCHOBHBIX TpeOOBaHUH,
MPEIBSIBIAEMBIX K CUCTEME aKCMOM JaHHOW Teopuu. OHa O3HAYAET, YTO U3 JAHHOU
CHUCTEMBl aKCHOM HEJIb3sl JIOTMYECKUM MYTEM BBIBECTH JBa MPOTHBOPEUYUBBIX IPYT
JPYTy YTBEPKICHUS.

Jloka3aTenbCTBO HENPOTHBOPEUYUBOCTH AKCMOMATUYECKHX TEOPUHA MOKHO
OCYIIECTBUTh pa3auyHbIMM MeTojamu. OnuuM u3 Hux sBisiercs METOJl MOJIE-
JIMPOBAHMU I nin I/IHTEPHPETALII/Ifl. 31ech B Ka4YeCTBE OCHOBHBIX IOHITHU U
OTHOIIECHUHN BBIOUPAIOTCS SJEMEHThI HEKOTOPOTO MHOKECTBA M OTHOIICHUS] MEXKITY
HUMH, a 3aTEM MPOBEPSIETCS, OYYT JIU BHIMOTHATHCS JJIs1 BBIOPAHHBIX MOHSATUN U OT-
HOILICHUN aKCUOMBI JaHHOU TEOPHUH, TO €CThb CTPOUTCA MOJEINb JJIsI JAHHOW TEOPUH.
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Tak, aHanuTHYecKasi TeOMETpUs SIBISAETCS apudMETHUECKOW HHTEpIpeTanuend reo-
Metpuu EBkimaa. SIcHO, 4TO METOA MOJEIMPOBAHUS CBOJIUT BOIIPOC O HEMPOTHUBOPE-
YUBOCTH OJIHOM TEOpUU K TpoOJieMe HEMPOTUBOPEUYUBOCTU JIPYroil Teopuu. bosb-
[IMHCTBO UHTEPIPETAIMN JII1 MaTeMaTHIECKUX Teopui (M, B YaCTHOCTH, JJis apud-
METHKH) CTPOUTCS Ha 0aze Teopun MHOXkecTB. OnHako B KoHIe XIX Beka B TCOpUH
MHOYECTB ObUTH OOHAPY)KEHbI MPOTHBOpEUHs (MMapagoKChl TEOPUU MHOXKECTB). SIp-
KUM IIPUMEPOM TaKOro napajaokca siBisercs napagokc b. Paccena.

[Ipumep. HazoBEM MHOXKECTBO HOPMAJIBHBIM, €CJIM OHO HE COACPIKUT ceOsl B
Ka4eCTBE CBOETO AJIEMEHTA U HECHOPMAJIbHBIM B IIPOTUBHOM CITy4ae.

Hanpumep, MHOXECTBO BCEX KHHUI - HOpPMaJIbHOE MHOKECTBO, 4 MHOKECTBO

BCEX MBICIMMBIX BeIIEeH - HEHOpMajabHOE MHOXecTBO. Ilycth L - MHOXECTBO
BCEX HOPMaJIbHBIX MHOXeECTB. K KakoMy Kiaccy oTHocuTcs MHOKecTBO L? Eciu L -
HOPMAJIbHOE MHOKECTBO, TO L1 L, T.C. COIEPKUTCS B KJIac-

C€ HOPMaJILHBIX MHOKECTB, HO TOT/Ia OHO COJIEPKHUT ceOsT B KayecTBE CBOErO dJe-
MEHTa, ¥ M03TOMY HeHOpMaJibHO. Eciiu L - HeHopManbHOe MHOKeCTBO, To LI L, T.c.
HE COJIEPKUTCS CPeIu HOPMAJLHBIX MHOXKECTB, HO Torja L He comepxut ceOs B Ka-
YeCTBE CBOEr0 DJIEMEHTa, W IMOTOMY OHO HOpMaibHO. Takum o00pa3oM, MOHS-
THE HOPMaJIbHOI'O MHOKECTBA MIPUBOJIUT K MPOTUBOPEUHIO.

[TonbITKU yCTpaHUTH MPOTHUBOPEYHS B TEOPUH MHOXKECTB MPUBEIIA K HEOOXO-
JAMOCTH ITOCTPOUTHh aKCHOMATHUUYECKYIO TEOPUI0 MHOXKECTB. [locneayromue Buons-
MEHEHHSI U YCOBEPIICHCTBOBAHUSA 3TOM TEOPHUU MPHUBEIM K CO3IAHUIO COBPEMEHHOM
TEOpUH MHOKECTB. OTHAKO CPEJICTBA ITOM AKCHOMATUYECKOW TEOPUU HE MO3BOJSIOT
JI0Ka3aTh €€ HEMPOTUBOPEUYUBOCTD. [[pyrue MeToasl 000CHOBaHMS MaTeMaTUKHU ObLIN
pa3suthl 1. TMJIBBEPTOM (1862-1943) u ero mikosoii. OHM OCHOBBIBAIOTCS Ha I10-
CTPOEHUM MATEMATUYECKUX TEOPUN KaK CUHTAKCHYECKUX T€OPUH, B KOTOPHIX BCE aK-
CHUOMBI 3alUCHIBAIOTCS (POpMYJaMHU B HEKOTOPOM ajipaBUTE U TOUHO YKa3bIBAIOTCS
MpaBujia BbIBOIA OJHUX (GOPMYI U3 IPYTUX, T.€. B TEOPUIO KaK COCTABHAs 4aCTh BXO-
JUT MaTeMaTU4eCKast JIOTHKA.

Takum oOpa3zoM, Maremaruueckass Teopusi, HEMPOTUBOPEUYMBOCTh KOTOPOM
TpeOOBaJIOCH J0Ka3aTh, CTaja MPEIMETOM JAPYrod MaTeMaTUYecKOW TEeOpuH, KOTO-
pyto T'mnbepr massan METAMATEMATUKOW, wmmu TEOPUEN JTOKAB3A-
TEJIbCTB. B cBsi3u ¢ 3TUM BO3HHMKAaeT 3ajaya MOCTPOCHUS CUHTAKCHYECKOM, T.€.
dhopMaIM30BaHHON aKCMOMATHYECKOM TEOPHUH CaMOM MaTEMaTHYECKOM JIOTUKHU. BEI-
Oupasi o-pa3HOMY CHUCTEMbl aKCMOM U TIPaBHJIa BBIBOJAA OJHUX (DOPMYN U3 JIPYTHUX,
MOJy4aroT Pa3JUyHbIe CHHTAKCUYECKUE JIOTHYECKUEe Teopun. Kaxayro u3 HUX Ha3bl-
BaroT JIOTMUYECKUM NCUYUCJIEHMEM.

OcHOBHas Uesl MATEMAaTHYECKOU JIOTUKH - (popMaIn3alus 3HaHUI U paccyx-
nenuii. 3BecTHO, 4TO Hanbosee Jierko opMaauzyeMblie 3HaHUS - MaTeMaTUYECKUe.
Takum oOpa3om, MaTeMaTHUeCKas JIOTHKA, IO CYIIECTBY, - HAyKa O MaTeMaTHUKe, WU
MeTamareMaThka. [{eHTpaibHbIM MOHATHEM MaTEMAaTUYCCKOM JIOTHKH SIBJIIETCS — Ma-
TEMaTUYECKOE JI0Ka3aTeNIbcTBO". JIeHCTBUTENBHO, — J0Ka3aTebHble" (HHAUYe TOBOPS,
JCTyKTUBHBIC) PACCYXKIACHUSA - CAMHCTBCHHBIN BHJ MPHU3HABACMBIX B MaTeMaTHKE
paccyxaeHun. PaccyxaeHUsT B MATEMaTUYECKON JIOTUKE U3YYalOTCSI C TOYKHU 3PCHUSA
(dbopMmBbl, a HE CMBICTIA.
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ITo cyIiecTBy, pacCy aeHHUsI MOACTUPYIOTCS YUCTO ~ MEXaHHMYECKUM'' TpoIiec-
coM nepenucbiBanus Tekcta (popmyi). Takoit mpoiiecc Ha3bpIBAIOT BBIBOAOM.I OBOPSIT
elle, YTO MaTeMaTH4ecKasl JIOTUKa ONEPUPYET TOJBKO CHHTAKCUYECKHUMH IMOHSITHS-
MU.O1HaKO OOBIYHO BCE )K€ Ba)KHO, KAK COOTHOCATCS PACCYXKJEHUS C ACUCTBUTEIb-
HOCTHIO (WJIM HAIIUMHU TIpesicTaBicHusMu). [loaToMy, Ha/lo BCE e MMETh B BULY He-
KOTOPBIN CMBICIT (OPMYJT U BbIBOJA. [Ip 3TOM HCHONB3YIOT TEPMHUH CEMaHTHKA (CH-
HOHHUM CJIOBa ~ CMBICI") M YETKO pa3ieisaioT CHHTAKCUC M ceMaHTHKY. Koraa xe neit-
CTBUTEIILHO HHTEPECYIOTCS TOJBKO CHHTAKCUCOM, YaCTO MCIOJIB3YIOT TEPMUH  (hop-
MajpHasg cucrema'. Mpl OyJeM HCNOIb30BaTb CHUHOHMM 3TOrO0 TEpMHHA -
TucuncneHue”  (MCMONB3YIOTCS €€  TEPMHUHBI  (OpMaibHas Teopusi W
“akcromaruka'). O0ObeKTOM (OPMABHBIX CHCTEM SIBJISIFOTCSI CTPOKH TekcTa (mociie-
J0BaTEIbHOCTH CHMBOJIOB), C TIOMOIIBIO KOTOPBIX 3aITUCHIBAIOTCS (POPMYJIBI.

dopMasbHas cucTeMa OnpeJiesieHa, eCllu:

3anaH angaBut (MHOKECTBO CUMBOJIOB, HCIIOJIB3YEMbIX JJISl IIOCTPOSHHUS (Op-
MYII).

OrmpeniesieHo, Kakiue UMEHHO CTPOKU CUUTATh popMynamu (OCTaIbHbBIC CTPOKH
CUUTAIOTCS MPOCTO OECCMBICIICHHBIMM).

BriaeneHo MHOXKECTBO (pOpMYJ1, HA3bIBAEMBIX aKCHOMaMU. DTO - CTapTOBbIE
TOUYKU B BBIBOJIAX.

3a/1aHO0 MHOKECTBO IPaBUJI BBIBOJIA, KOTOPBIE MO3BOJISIOT U3 HEKOTOPOH (hop-
MyJIbl (MITH MHOXKECTBa (OPMYII) TOTy4aTh HOBYIO (JOPMYITY.

OTpuuaHmne JOTMYECKOTO BBICKA3bIBAHUS - JIOTMUECKOE BBICKa3bIBaHUE, MPU-
HUMAIOII[ee 3HAUYEHUE 'WCTUHHO", €CJIM UCXOIHOE BBICKA3bIBAaHUE JIOKHO, U HA000-
poT. DTO clienuanbHas JOTUYecKas onepaius. B 3aBUCUMOCTH OT MECTOIOJIOKEHUS
paszIuMyaloT BHEUIHEE U BHYTPEHHEE OTPHUI[AHUE, CBOMCTBA U POJIU KOTOPBIX CYILECT-
BEHHO Pa3JINYarOTCs.

BHemHee oTpuiianue (IpoOno3uIMOHATBHOE) CIYKHUT JJIsi 00pa30BaHUS CIIOXK-
HOT'O BBICKa3bIBaHUs U3 JIpyroro (He 00s3aTebHO MPOCTOr0) BhICKAa3bIBaHHS. B Hem
YTBEPKAAETCSI OTCYTCTBUE MOJIOKEHUSI /1], ONMCHIBAEMOI0 B OTPUIIAEMOM BBICKA3bl-
BaHUU. TpaJMIMOHHO OTPUILIATEIHHOE BBICKA3bIBAHUE CUMTAETCS UCTUHHBIM, €CIIH, U
TOJIBKO €CJIM, OTPUIIAEMOE BbICKa3bIBaHUE JIOKHO. B ecTeCTBEHHOM sI3bIKE OTpHUIIAHKE
OOBIYHO BBIpAXKaeTcs 0OOPOTOM «HEBEPHO, YTO», 32 KOTOPBHIM CIEAYET OTPULIAEMOE
BbICKa3bIBaHUE.

B s3b1kax (hopMalIbHBIX TEOPH OTPULIAHKWE Ha3bIBaeTCA 0co0asi yHapHas Mpo-
MO3ULIMOHAbHAS CBA3KA, UCIOJIb3yeMasl Il 00pa30BaHUs U3 OJHON (POpMyIIbI Apy-
roii, 6osiee ciaoxkHOM. [l 0003HaUECHUN OTpUIIAHKE OOBIYHO MCHOJIB3YIOTCSI CUMBO-
b1 «\OTPUTIAHHUE, «-» HIH «- 1». B Kjlaccnyeckol JIoTnke BhICKa3bIBaHUI Gopmyiia -
A uCTHMHHa TOrJa ¥ TOJIBKO TOraa, koraa popmyna A J10xkHa.

OpHako B HEKJIACCHMYECKOW JIOTMKE OTpHUIIAaHUE MOXKET He 00yaaTb BCEMH
CBOMCTBAMHU KJIACCUYECKOI'O0 OTpULAHMs. B 3TOW CBA3M BO3HMKAET BIIOJHE 3aKOHO-
MEpHBIN BOIPOC O MUHUMAJIbHOM HaOOpe CBOMCTB, KOTOPOMY JOJKHA YOBJIETBO-
PATh HEKOTOpasi yHapHas oreparysi, YToObl €€ MOKHO ObLIO CUMTATh OTPULIAHUEM, a
TaKXKe O MPUHIMIAX KJIacCU(UKALMU DPA3JIMYHBIX OTPULAHUSX B HEKIACCUYECKUX
(hOpMaJIbHBIX TEOPHSIX.
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MdaKkTHYECKH YKa3aHHOE BBIIIE TPATUIIMOHHOE MOHMMAaHKE BHEMIHEro (IpoIo-
3UIMOHAJIBHOIO0) OTPHIIAHUSA MOXET OBbITh BBIPAKEHO YepPe3 CHUCTEMY CICAYIOIINX
tpeboBanuii: (1) Ecin A - uctunHo (J105kHO), TO He-A - n0xHO (ucturHO); (I1) Ecnu
He-A - HCTUHHO (JI0%KHO), TO A - JTI0)kHO (MCTHHHO). OTpHUIlaHKe, YI0BICTBOPSIOIICE
ycnoBuio (1), MpUHATO Ha3bIBATH MUHUMAJIbHBIM OTPHIIAHUEM. .

BHyTpeHHEe OTpHIIaHUE BXOJIUT B COCTaB MPOCTOrO BhICKa3biBaHUs. Pasznmuya-
10T OTPUIIAHUE B COCTABE CBS3KM (OTpHIIATE/IbHAS CBSI3KA) M TEPMUHHOE OTPHIIaHHUE.

OTpullaHre B COCTaBE CBSI3KU BBIPAKACTCS C MOMOIIBIO YACTHIIBI KHE», CTOS-
IIei Tepe/T IIaroJIoM-CBsI3KOM (€CITM OH UMEETCSI) WK MEePEel CMBICTIOBBIM TJIar0JIOM.
OHO CIY)KUT IS BBIPAKEHUS CYKICHHH 00 OTCYTCTBHH KAKUX-TO OTHOIICHHM
(«MBan He 3Haetr [leTpa»), uiuum 1si 00pa30BaHUs OTPHUIIATEIBHON MPEIUITUPYIOIIEH
CBSI3KM B COCTaBE KaTErOPUYECKUX aTPUOYTHBHBIX CY:KICHHI. TepPMUHHOE OTPUIIAHHE
UCIOJIB3YETCS ISl 00pa3oBaHMs HETATHBHBIX TepPMHUHOB. OHO BBIpaXkKaeTcsl depes
NPUCTABKY «HE» MK OJIM3KHUeE el 1o cMbIciy («Bce Hecmelnble s0JI0KH - 3eJICHBIE).

KOHBIOHKIMS JBYX JIOTHYECKMX BBICKA3bIBAHUN - JIOTMYECKOE BbICKA3bIBa-
HUC, WCTUHHOE TOJBKO TOTJa, KOIJa OHM OJHOBPEMEHHO HCTHHHBI (OT JIaT.
conjunctio - coro3, CBsI3b), B IIHUPOKOM CMBICJIE - CJIOXHOE BbICKa3bIBaHUE, 00pa3o0-
BaHHOE C TIOMOIIIBIO COI03a «U». B MpHUHIIMIIE MOKHO TOBOPUTh O KOHBIOHKIIMU Oec-
KOHEYHOTO YMCJIa BBICKA3bIBaHM (HAIIpUMeEp, O KOHBIOHKIIUM BCEX UCTUHHBIX MPEI-
JOKEHUN MaTeMaTukH). B JOruKe KOHBIOHKIHEH Ha3bIBAIOT JIOTHUYECKYIO CBS3KY
(omepanmto, (GyHKIHIO; 0003HA4YAOT: &,); 00pa3oBaHHOE C €€ MOMOIIBIO CIOXKHOE
BBICKa3bIBAHNE MCTHHHO TOJIBKO IPH YCAOBHU OAMHAKOBOM MCTHMHHOCTH €0 COCTaB-
JstroIuX. B Kiaccuueckoil TOTuKe BHICKA3bIBAHUN KOHBIOHKIIMS BMECTE C OTPHIIAHHU-
€M COCTaBJSIOT ()YHKIIMOHAILHO-TIOJHYI0 CHCTEMY IIPOMO3UIIMOHATIBHBIX CBS30K.
DTO 03HAYAET, YTO Yepe3 HUX MOXKHO OMPEIC/IUTh JIIOOYIO APYrYIO MPOIMO3UIHO-
HAJIBHYIO CBsI3KY. OHMM U3 CBOMCTB KOHBIOHKIIMHU SIBJISIETCS KOMMYTaTUBHOCTS (T. €.
sKkBUBaJIeHTHOCT, A& B n B & A). OxgHako, MHOTIa, TOBOPSAT O HEKOMMYTATHBHOM,
T. €. YIIOPSI0OYCHHON KOHBIOHKINHU (IIPUMEPOM BBICKA3BIBAHHS C TAKOW KOHBIOHKITUH
MOJKET CIYXKHTh:«SIMIIIMK CBUCTHYJI, U JIOIIA M TOCKAKAIN).

JM3bIOHKIUS IBYX JIOTHYCCKUX BBICKA3bIBAHUH - IOTHUECKOE BBHICKA3bIBAHHE,
HUCTMHHOE TOJIKO TOTJa, KOTJa XoTsA Obl 0J1HO M3 HUX mcTuHHO(OT siar. disunctio -
paso0iienue, 060co0IeHne), B IIMPOKOM CMBICIIE - CIIOKHOE BBICKa3bIBaHKHE, 00pa30-
BaHHOE U3 JIBYX WJIM 00Jiee MPEIOKEHUH ¢ IIOMOIIBIO COI03a «HJIHM», BBIPAKAIOIIETO
Al TEPHATHBHOCTH, WM BHIOOP.B CHMBOIIMYECKOI JTOTHKE AM3BIOHKIMEH HA3bIBAIOT
JIOTUYECKYIO CBs3KY (omepanuio, GyHKIINI0), 00pa3yrolyo U3 mpeaaoxenuit A u B
CIIO’KHO€ BBICKa3bIBaHue, 0003HauaeMoe 00bIYHO Kak A V B, koTopoe sBIsieTCS HC-
TUHHBIM TP UCTUHHOCTH 10 KpaHEH Mepe OAHOIO M3 JBYX MU3BIOHKTHUBHBIX YIle-
HOB.

MMnimKamus IByX JIOTHYCCKUX BbICKa3biBaHuil A u B - mormdeckoe BbICKa-
3bIBaHKE, JIOKHOE TOJIKO TOraa, Koraa B moxHo, a A ucturno (ot yat. implicatio -
crutereHue, ot implico - TeCHO CBSA3BIBAIO) - JIOTMYCCKAs CBS3KA, COOTBETCTBYIOIIAS
rpaMMaTHYECKONH KOHCTPYKIMH «ECJIH.., TO...», C TIOMOIIBI0 KOTOPOH M3 JABYX MpO-
CTBIX BBICKa3bIBaHUI 00pa3yeTCsl CI0KHOE BbICKa3bIBaHWE. B MMILTMKATHBHOM BbI-
CKa3bIBAHUU PA3IMYAIOT aHTeIeleHT (OCHOBAaHHE) - BBICKA3bIBAHUE, MIYIIEE TOCIE
CIIOBA «eCJIM», W KOHCEKBEHT (CJCICTBUE) - BbICKA3bIBAHWE, MJIYIIEE 3a CIOBOM
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«T0».VIMIUTUKaTUBHOE BBICKA3bIBAHHUE MPEJICTABIACT B SI3bIKE JIOTUKU YCIIOBHOE BbI-
CKa3bIBaHUE OOBIYHOTO si3bIKa. [locnennee urpaet ocoOyro poJib, KaKk B MOBCEIHEB-
HBIX, TaK ¥ B HAYYHBIX PACCYXKICHUSIX, OCHOBHOU ero (pyHKIHEl sBsieTcss 000CHO-
BaHUE OJTHOTO IIyTEM CCBUIKMA Ha HEYTO APYTOE.

BripakaeMyt0 yCIIOBHBIM BBICKAa3bIBAHHUEM CBSI3b OOOCHOBBIBAIOIIETO U 000C-
HOBBIBAEMOTO TPYJHO OXapaKTepU30BaTh B OOIIEM BHUJE, U TOJIBKO MHOTIIA IPUPOIA
€€ OTHOCHUTEJIBHO SICHA.

DTa CBSI3b MOXET OBbITh, B YaCTHOCTH, CBSI3bIO JIOTHYECKOTO CJICIOBAHMUS,
HMMEIOIIEH MECTO MEXY MOCBUIKAMH U 3aKJIFOYEHUEM MPABUIBHOTO YMO3AKIIOUEHHUS
(«Ecimu Bce )KUBbIE MHOTOKJICTOYHBIC CYIIIECTBA CMEPTHBI M MEy3a SBIISCTCSA TaAKUM
CYIIICCTBOM, TO OHA CMepTHa»). CBsI3b MOXKET MPEACTABIIATh COOOM 3aKOH MPUPOIBI
(«Ecimu Tenmo MoABEPrHYTh TPEHHUIO, OHO HAYHET HArpeBaThCs») WM MPUYHHHYIO
cB3b («Eciau JIyHa B HOBOJIyHHE HAaXOIHUTCS B y3ji€ CBOSH OpPOMTHI, HACTYIAET COJI-
HEYHOE 3aTMEHHE»). PaccmarpuBaemas CBsI3b MOXKET MMETh TaK)Ke XapaKTep COIH-
aJIbHOW 3aKOHOMEPHOCTH, MpaBWIIa, TPAaUuIKUKA U T.01. («Eciau MeHseTcs SKOHOMHMKA,
MEHSIETCS U MOUTHKaY», «Eciu oberanue 1aHo, OHO JOHKHO OBITh BBITTOJIHEHOY).

CBs13b, BbIpakaeMasi YCIOBHBIM BBICKAa3bIBAHHEM, MPEANOJIAraeT, YTO KOHCEK-
BEHT C OTPEJICIICHHON HEOOXOUMMOCTBIO «BBITEKACT» U3 aHTEIEJCHTa U YTO €CTh He-
KOTOPBIN OOIIUI 3aKOH, CyMEB C(HOPMYIHPOBATH KOTOPHIHA, MBI MOKEM JIOTMYECKH
BBIBECTH KOHCEKBEHT M3 aHTeleAeHTa. Hampumep, yciioBHOe BbicKa3biBaHue «Ecin
BUCMYT- METaJlI, TO OH IJIACTUYEH» MIperoiaraeT oonmi 3akoH «Bce MeTasibl mia-
CTUYHBI», JETAIONIMNA KOHCEKBEHT JAHHOTO BBICKA3bIBAHUS JIOTUUYECKUM CIIEICTBUEM
€ro aHTEeICACHTA.

N B 0OBIYHOM SI3bIKE, M B SI3bIKE HAYKU YCJIOBHOE BBICKA3bIBAaHUE, KPOME
(GyHKIIMM 00OCHOBaHUS, MOXET BBHIMIOJHATh TaKXKe MENbIA psan Apyrux 3agad. OHO
MOXeT (OpMYyJIMPOBAThH YCIOBUE, HE CBSI3aHHOE C K.-JI. TOJIpa3yMeBaeMbIM OOIIUM
3akoHOM WM npaBuwioMm («Eciu 3axody, pa3pexy CBOHM Iam»), GUKCHpPOBATh Ka-
KYIO-TO TocienoBaTeabHOCTh («Eciu mporuioe JIeTo ObLI0 CYyXHM, TO B 3TOM IOy
OHO JOXJIMBOE»), BhIpakaTh B cBocoOpasHoil (opme HeBepue («Eciu BbI pemute
3a7a4y, s JOKaxXy BEIHKYI0 TeopeMy Depma»), mpoTrBomnocrasienue («Eciau B oro-
poJie pacTeT KamycTa, TO B Caay pacTeT sOJIOHI») U T.I. MHOTOYHCICHHOCTD U pas-
HOPOJHOCTh (DYHKIIMI YCIIOBHOTO BBICKA3bIBAHUS CYIIIECTBEHHO 3aTPYIHSET €Tr0 aHa-
3.

B normdeckux cucremax abCTparupyrTcsi OT 0COOEHHOCTENH OOBIYHOTO YIIOT-
pebiieHusT YCIOBHOTO BBICKA3bIBAHUSI, UTO BEJAET K Pa3IMUHBbIM UMIUIMKausaM. Hau-
0oJiee U3BECTHBI U3 HUX MMIUIMKAIUS MaTepuUalibHasi, CTporas UMILIUKAIUs U pelie-
BaHTHAas (YMECTHas) UMILIMKAIHS.

Mamepuanvras umniukayus - OHA U3 OCHOBHBIX CBSI30K KJIACCHUYECKOW JIOTH-
k. OnpejenseTcss oHa TaKUM 00pa3oM: UMIUIMKAIMS JIOKHA TOJIbKO B Ciydae Hc-
TUHHOCTU AHTELEJCHTAa U JIOKHOCTU KOHCEKBEHTA U HCTMHHA BO BCEX OCTAIBHBIX
ciaydasix. YcilIoBHOE BbicKasbiBaHue «Ecimu A, To B» mnpenmnosiaraer HEKOTOPYIO pe-
aJbHYIO CBSI3b MEXKJIy TEM, O YEM rOBOpPUTCSA B A U B; BbIpaxkeHne «A mMaTepuaibHO
AMIUTMOHAPYET B» Tako# CBsI3U HE MPEAINOJIaraert.
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Cmpoeast umnauxayust ONIpeeIsIeTCs Yepe3 MOJATBHOE MOHITHE (JIOTHYECKO#)
HEBO3MOXKHOCTH. «A cTporo umruuiupyer B» o3znauaer «HeBo3MoxkHO, 4TOOBI A
OBLJI0O UICTUHHO, a B J10KHO».

B peneBaHTHOU JIOTMKE MMIUIMKALKS [MIOHMMAETCS KaK YCIOBHBIA COIO3 B €0
OOBIYHOM CMBICIIE.

B ciiydae peneBaHTHOW MMIUTUKAIUS HEb3s CKa3aTh, YTO HCTUHHOE BHICKA3bI-
BaHHE MOXET ObITh OOOCHOBAHO MYTEM CCHUIKM Ha JII000€ BBICKA3BIBAHUE U YTO C
MTOMOIIBIO JIOXKHOTO BBICKA3bIBaHUSI MOYKHO OOOCHOBAaTh KaKOE YTOJHO BBICKA3bIBa-
HUE.

IKBUBAJEHTHOCTD JIBYX JIOTHYECKHUX BBICKA3BIBAHUN - JJOTHYCCKOE BBHICKA3bI-
BaHHE, HCTUHHOE TOJILKO TOTJIa, KOT/Ia OHU OJTHOBPEMECHHO MCTHHHBI WJIH JIOXKHBI (OT
no3aHenaT. equivalens - paBHOIEHHBINH) - POJOBOC HAMMEHOBAHHE BCEBO3MOXKHBIX
OTHOIICHUH THIA PaBEHCTBA, T.€. PEICKCUBHBIX , CAMMETPUYHBIX U TPAH3UTUBHBIX
OMHApHBIX OTHOIICHUH. [IprMephI: SKBUITOJIEHTHOCTh (COBMACHHUE TTO CMBICITY, 3HA-
YCHHUIO, COACPIKAHUIO, BHIPA3UTEIbHBIM U (HMJIH) JACIYKTHBHBIM BO3MOYKHOCTSAM MEXK-
Ny TIOHATUSMH, KOHIICTIIUSMHU, HAYYHBIMU TEOPUSIMH WA (DOPMATU3YIONIUMU UX
(dbopMaJIbHBIMU CHCTEMaMH) KOHTPYEHTHOCTh WJIM MM0100ue reoMeTpusi, GUryp; m3o-
MOP(U3M; PAaBHOMOIIHOCTh MHOKECTB U JIPyTrHe YKBUBAJICHTHOCTh KAKUX-JTM00 00b-
CKTOB O3HAYaeT MX PaBEHCTBO (TOXIECTBO) B KAKOM-THOO OTHOIICHUH(HAIIpUMeEp,
M30MOpGHBIE MHOKECTBA HEPA3IMUUMBI 110 CBOEH "CTPYKType", eciu moja " CTPyKTY-
poii" MOHUMATh COBOKYITHOCTh T€X MX CBOMCTB, OTHOCHTEIHHO KOTOPBIX 3TH MHOXe-
cTBa u3oMop(HbI). Bcskoe OTHOIIEHHWE SKBHBAJICHTHOCTH ITOPOXKIACT pa30OHCHHE
MHOKECTBa, Ha KOTOPOM OHO OTPE/IEICHO, Ha TOMApHO HE TEPECEKAONMINECs ""KIIACChI
AKBUBAJICHTHOCTH " B OJIMH KJIACC OTHOCST TPHU ATOM J3KBHUBAJICHTHBIC APYT JIPYTY
AJIIEMEHTHI JJaHHOTO MHOKECTBA.

PaccMoTpeHue KacCoB 3KBUBAJICHTHOCTH B KaueCTBE HOBBIX OOBEKTOB MPE/I-
CTaBIISICT COOOM OZMH M3 OCHOBHBIX CITOCOOOB MOPOXKAeHUs (BBEICHUS) aOCTPAKTHBIX
MOHATUH B JIOTMKO-MaTeMaTHUeCKuX (M BOOOINE €CTECTBCHHO-HAYUYHBIX) TCOPHSX.
Tak, cuuTast SKBHBaJIeHTHBIMH ApoOu &b 1 C/d ¢ meapIMu YHCIUTEIIIMHA U 3HAMCHA-
TEeNsAMH, ecii ad=bC, BBOJAT B PACCMOTPEHUE paI[MOHAIbHBIC YHCIIa KaK KJIaCcChl K-
BUBAJICHTHBIX JPOOCH; CUMTass SKBUBAJICHTHBIMA MHOXECTBA, MEXIY KOTOPBIMH
MOHO YCTAHOBUTH B3aUMHO-OJTHO3HAYHOE COOTBETCTBHE, BBOJST MOHSTHE MOIIHO-
cti (KapAMHAJIBHOTO YKCJIa) MHOXeCTBA (Kak KiacC SKBHBAJCHTHBIX MEXIY COOOM
MHOJKECTB); CUMTas SKBHBAJICHTHBIMH JIBa KyCKa BEIIECTBA, BCTYIAIONIUEC B PABHBIX
YCIIOBHSIX B OJJMHAKOBBIE XMMHYECKUX PEAKIINH, PUXOJIAT K a0CTPAKTHOMY ITOHSTHIO
XUMHUYECKOTO COCTaBa M T.II.

TepmuH " SKBUBaJIEHTHOCTH' YNOTPEOJSAIOT YACTO HE KaK POJIOBOM, a KaK CH-
HOHUM HEKOTOPBIX M3 €r0 YacCTHBIX 3HaueHWH ('IKBHUBaJICHTHOCTh TEOPHH" BMECTO
"SKBUBAJIEHTHOCTh"', " IKBUBAJICHTHOCTh MHOXECTB" BMECTO 'PaBHOMOIIHOCTH ,
9KBUBAJICHTHOCTH CJIOB" B a0CTPAaKTHOM anredpe BMECTO "TOXIECTBO" M T.II.).
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Maremarndeckasi JOTMKAa SBISIETCA HAyKOW O 3aKOHaX MaTeMaTHUYE€CKOro
MbllLIeHUs. [I[puMeHeHne MaTeMaTUKU K JIOTHKE MO3BOJIIIO IPEACTABUTH JIOTHYE-
CKHE€ TEOpUU B HOBOU y/OOHON (hopMe W MPUMEHUTH BHIYUCIUTENBHBIN amnmapar K
PELICHUIO 3a7a4, MAJIOJOCTYIHBIX YEJIOBEYECKOMY MBIIUIEHUIO, U 3TO, KOHEYHO,
pacmupuiio o0JacTh Joruyeckux ucciegaoBanuii. Cpepa nmpuMEeHEHUs MaTeMaTuye-
CKOHM JIOTMKUA OY€Hb MUPOoKa. C KaKIbIM TOJOM PacTeT ITyOOKOE MPOHUKHOBEHHE
UJel U METOJI0B MAaTEMATUYECKOM JIOTUKU B MH(DOPMATUKY, BHIYUCIUTEILHYIO MaTe-
MAaTHKY, JIUHTBUCTUKY, Qriiocoduro. MOIHBIM UMITYJILCOM JJIS Pa3BUTUSI U PACILIHU-
peHust 00JIacTH MPUMEHEHHUSI MaTEMAaTUYECKON JIOTUKU CTAJIO MOSBJICHUE DJICKTPOH-
HO-BBIUUCJIHUTEIBHBIX MallMH. OKa3ajaoch, 4TO B paMKax MAaTE€MaTHYE€CKOW JIOTHKH
YK€ €CTh TOTOBBIM amnmapar JJis TPOCKTUPOBAHUS BEIYUCIUTEIIBHON TEXHUKU. MeTo-
Ibl ¥ TIOHSTHSI MaTEMAaTUYECKOW JIOTUKHU SABJISIETCS. OCHOBOM, SIIPOM HHTEIUIEKTYaJIb-
HBIX UH(POPMAIMOHHBIX cucTeM. CpelcTBa MaTEMAaTHUYECKON JIOTUKH cTaiu 3¢ dek-
TUBHBIM Pab0YMM HHCTPYMEHTOM /I CIELUATUCTOB MHOTHUX OTpaciel HayKu H
TEXHUKUA. MaTreMaTuuecKkyro JIOTUKY HEOOXOJIUMO 3HATh BCEM CIEIHAINCTaM, He3a-
BHCUMO B Kako# cpenie oH paboraeT (Oyap TO HHXKEHEp, MpenoaBaTeib, FOPUCT WK
Bpau).

4. Jj1eMeHTbl KOMOMHATOPHKH
Onpenenenue. Kombunamopuxa — pasznes JUCKPETHOM MaTEMaTUKH, KOTOPBIH
M3ydyaeT KOJWYeCcTBa KOMOWHAIIMM, COCTABJICHHBIX M3 KOHEUHOI'O YHWCJa 3JIEMEHTOB
32ITaHHOTO KOHEYHOT'O MHOECTBA 3JIEMEHTOB Pa3IMUYHON MPUPOJIbI, Pa3INYaOIINECs
KOJIMYECTBOM H/iii mopsiakoM. K TakuM KOMOMHAIIMSM OTHOCSTCS
- nepecmanogku P,- uucio cnoco0oB, KOTOPBIMU MOXHO IEPECTABUTH N 3J1e-

MEHTOB. YHCII0 TEpECTaHOBOK M3 N 2JIEMEHTOB MOXKHO HaiTH o ¢popmyise P, =nl.

- couemanus C'- 9UCIO CIOCOOOB, KOTOPBIMH MOYKHO M3 N 3JIEMEHTOB BbI-

OpaTb M 3JIEMEHTOB, MPUYEM MOPSJAOK IIEMEHTOB B KOMOMHAIIMK M3 M AJIEMEHTOB
0e3paznuieH. Yncao mepecTaHoBOK M3 N 3JIEMEHTOR IO M 3JIEMEHTOB MOKHO HAWTH
n!
m . m n-m
no popmyne C'=—————— npusrom C' =C ",
mi(n- m)!
- pasmewjenuss A - 9UCIO CIOCOOOB, KOTOPBIMH MOXKHO K3 N 3JIEMCHTOB BbI-

OpaTh M 3JI€EMEHTOB, pacnoJaras B3sTble M 3JIEMEHTOB B pa3IMuHOM nopsake. Yuc-
JO pa3sMelleHH K3 N 3JIEMEHTOB MO M 3JIEMEHTOB MOXKHO HaWTU MO (dopmyiie

AT = n!

(n- my!’
5. Cayvyalinbie COOBITHSA

HemnocpencTBeHHBIN N0ICUYET BEPOSITHOCTH
Onpenenenue. [lon cryuaiinvim cobvimuem nMOHUMAETCs BCAKHUM (HAKT, KOTO-
pBIi B pe3ysIbTaTe UCTIBITAHUS MOKET TPOU30NTH MU HE TTPOU3OUTH.
BeposaTHOCTh COOBITHSI XapaKTEpHU3yeT CTeNeHb OOBEKTHBHOM BO3MOKHOCTH
HACTYILJICHUSI 3TOTO COOBITHS.
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Onpenenenue. Heckonbko cCOObITUI B TaHHOM HUCIBITAHUM HAa3bIBAIOTCS T10-
MApHO HeCco8MeCmHubLMU, €CIIA HUKAKUE JBa U3 HUX HE MOTYT MOSIBUTHCS BMECTE.

Onpenenenue. Heckonbko cOOBITUN B JAHHOM WCIIBITAHUU HA3bIBAIOTCS pas-
HOBO3MOJCHbIMU, €CITA HU OJIHO U3 HUX HE SIBJISIETCSI OOBEKTUBHO 00JI€€ BO3MOKHBIM
10 CPAaBHEHUIO C OCTaJIbHBIMU.

Onpenenenue. Heckonbko cOOBITHIN B TAHHOM UCIIBITAHUN OOPa3yIOT HOJHYIO
2pynny, €clii B pe3yJbTaTe UCIIBITaHUSI 00s13aTEIBHO JOHKHO MOSBUTHCS XOTS ObI O/1-
HO U3 HUX.

Onpenenenue. CnydaifHbie COOBITHS, 00pa3ylolIUe MOJHYIO TPYIIy HECOo-
BMECTHBIX ¥ PABHOBO3MOXHBIX COOBITHI, HA3bIBAIOTCS cayuasmu (ucxooamu, wam-
camu).

Omnpenenenne (Knaccuueckoe onpeoenenue eepoamuocmu). Ecnu pesynbra-
Thl OJHOTO UCTBITAHUS MOXKHO MPEJCTaBUTh B BUJI€ TMOJHOW Ipynmbl N paBHOBO3-
MOHBIX U HECOBMECTHBIX MCXOJIOB U €CIU COObITHE A TOSBISETCS TOJIBKO B M
CIIyJasiX, TO BEpOATHOCTh COOBITHsI A paBHA OTHOIIECHHUIO YHUCIIA CITy4aeB, B KOTOPHIX
coObITHE A MOSIBIISIETCA, K 00IIEMY YHCITy BCEX CIIy4aeB:

P(A) :%

3ametum, uyto Bcerma O£ P(A)£1. Ilpu 3TOM COOBITHE, A KOTOPOTO
P(A) =0, Ha3bIBacTCsS HE803MOMCHBIM, A COOBITHE, JuId KoToporo P(A) =1, Ha3bIBa-

€TCSI 00CMOBEPHBIM.

[ToHsATHE TEOMETPUYECKON BEPOSTHOCTH MOKHO paccMaTpuBaTh Kak 0000Ie-
HHE MOHATHUS KIACCHUYSCKOW BEPOSITHOCTH Ha Cy4ail ¢ OECKOHEYHBIM (HECUCTHBIM)
qrcIoM ucxooB. Eciu OporieHHas Hayady TOYKa MOXKET IOMACTh B JIIOOYIO TOUKY
obmactu G, TO BEpPOSATHOCTH MOMNACTh B KaKyro-1u00 yacth g obmactu G (coObiTHe
A) npornoproHaTbHa Mepe dTOW YacTh (IUIMHE, TUIOIAAH, 00bEeMY) U HE 3aBUCHT OT
pacnoiokeHust U GOpMbI ITOW YACTH:

p(A) =249
mepa G
OCHOBHBIE T€OPEMBI TEOPUH BEPOSITHOCTEN

Onpenenenue. Cymmou A+ B nByx coOwiTuit A u B HazpiBaeTcsi coOBITHE,
COCTOSIIIIEE B HACTYIIJIEHUH XOTS ObI OJTHOTO U3 ITUX COOBITHUH.

Onpenenenue. Cymmor HECKOJBKUX COOBITUM Ha3bIBA€TCSl COOBITHE, CO-
CTOSIIIIEE B HACTYIUJICHUH XOTS OBl OJTHOTO U3 3TUX COOBITHIA.

Ecnu HeckoiabKko COOBITHI MOMAPHO HECOBMECTHBI, TO UX CyMMa CBOJUTCS K
MOSIBJICHUIO OJTHOTO COOBITHS (Oe3pa3inyHo Kakoro). /[is IByX HECOBMECTHBIX CO-
obiTrii A B ux cymma A+ B ecTb coOBITHE, COCTOSIIEE B TIOSBICHUH WA A, WK

B.

Onpenenenue. [lpouszsedenuem AXB nByx coObiTuii A u B Ha3zpIBaeTcs COOBI-
THE, COCTOSIIEEe B COBMECTHOM (OJHOBPEMCHHOM HJIM TOCJICAOBATEIILHOM) HACTYII-
JIEHUH 000MX ITUX COOBITHI.

Onpenenenue. [Ipoussedenuem HECKOIbKUX COOBITHI Ha3bIBaeTCS COOBITHE,
COCTOSIIIIEEe B COBMECTHOM HACTYIUICHUH BCEX 3TUX COOBITHIA.
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Onpenesienue. J/[Ba cOOBITUSI Ha3bIBAIOTCS HE3ABUCUMBIMU, €CTTU HACTYIUUICHHUE
OJIHOTO U3 HUX HE MEHSIET BEPOSATHOCTU HACTYIUICHUS APYTOTO.

Onpenenenune. Heckolbko COOBITUN HA3bIBAIOTCS NMONAPHO HE3ABUCUMBIMU,
€CJIM JIFOObIe JIBa M3 HUX HE3aBUCHUMBI, T.€. BEPOATHOCTh HACTYIUICHUS OJHOTO MX
HUX HE 3aBUCUT OT HACTYIUUICHUS APYTHX.

Teopema (croXeHHs BEPOATHOCTEH HECOBMECTHBIX coObITHIA) [Tycth Au B -
HecoBMecTHbIe coObITHs, Torna P(A+ B) = P(A) + P(B)

CaencrBue. Ilycte A,A...,A - HonapHO HECOBMECTHbIE COOBITHS, 0Opa-

3YIOILIKE MOJHYIO TPYIIILY, TOrAa
P(A+A +..+A)=P(A)+P(A)+..+ P(A)=1.

Caencrsme. Ilycte A, A,..., A - IomapHO HE3aBUCUMBIE COOBITHS, TOTAA BE-

POSTHOCTB HACTYIICHUS XOTS ObI OJTHOTO U3 3TUX COOBITHI HAXOIUTCS MO (hopmyIie
P(A+A +..+A)=1- P(AXAXA) =1- P(A)XP(A)P(A)

Omnpenesienue. J/[Ba HECOBMECTHBIX COOBITHS, 00pa3ylollue MOJHYIO TPYIIILY,
HA3bIBAIOTCSA NPOMUBONONOMNCHVIMY U 0003HAYaloTCs Kak A u A, mpu 3ToM
P(A) +P(A) =1.

Teopema (ciIOKCHHS BEpOSATHOCTEH COBMECTHBIX coObiThii) [Iycth Au B -
coBMecTHbIe coObITHs, Toria P(A+ B) = P(A) + P(B) - P(AxB)

Teopema (yMHOKEHUSI BEPOATHOCTEH HEe3aBUCUMBIX coObITHi) [TycTth A1 B -
He3aBUCHMbIe coObITHs, Torna P(AxB) = P(A) XP(B)

Caencrsue. [Tycts A, A ..., A, - oOnapHO HE3aBUCUMBIE COOBITHS, TOTA

P(A XA, x..XA) = P(A) XP(A,) P (A,)
Onpenenenue. BeposTHOCTh coObITUsSI B, BhIUMCIIEHHas B MPEIONIO0KEHHH,
4TO COOBITHE A MPOU3OIILIO, HA3BIBACTCS YCI06HOU BepOosmHOCmblo COObITUS B u
obo3nauaercs P(B/ A).

Teopema (yMHOKEHUS BEPOSITHOCTEH 3aBUCUMBIX coObITHIT) [TycTh A 1 B - 3a-
BucuMbIie coObITHs, Torna P(AXB) =P(A)xP(B/ A).

CaencrBue. [Tycte A, A ..., A, - 3aBUCHMBIE COOBITHSA, TOTIA

P(A XA, »xA) = P(A) XP(A | A) P(A [ AA) P(A | AAA A, )
[Mpumep.B kopoOke 5 oamHaKOBBIX M3AENUN, pUudeM 3 U3 HUX OKpPAIICHBI.
Haymauay n3Bnedensl 2 nznenus. Haiitu BEpOSTHOCTh TOTO, YTO CPEIH 2-X U3BIICUCH-
HBIX M3JICNIMN OKaXETCs: a) OJHO OKpaIlleHHOe; 0) 2 OKpallleHHBIX; B) XOTs ObI OJIHO
OKpAILIEHHOE U3/ENuE.
Bocnonb3yemcss  dopmynioli  KJACCHYECKOro  IMOJICYeTa  BEPOSITHOCTEH

m
P(A)=—.
n
O‘{eBI/II[HO, 06H1€€ KOJINYECCTBO BO3MOXHBIX HUCXO40B n PaBHO
5Bl 4%
n=C’=——=—-=10
2631 2

a) OnpeaenuM YUCII0 OJIATONPUATHBIX UCX0A0B M. OYEBHIHO, YTO CIIOCOOOB,
KOTOPBIMU MOHO M3BJIeUb 1 okpaiieHHoe uznenue u3 3 u 1 HeokpaieHHOe U3/enne
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I [
13 2, paBHO COOTBETCTBEHHO: C; = % =3u C; = ﬁ =2.

Bcero momyantcss m=6 crnoco6oB.

0) OmpenenuM YHUCIO OJArompUATHBIX HCx0q0B M. CrocoO0B, KOTOPBIMH
3

MOKHO M3BJICYb 2 OKPAIICHHBIX H3CIHS U3 3, paBHO C32 =——=3

24!
Torma m=3.
2
Tornma P(A) :g =3 =0,3.

B) Ilepebiii cnoco6. CodbiTre A — U3BICKIM XOTsI OBl OJTHO OKpAIICHHOE HM3J1e-

mue. Torna coOpiTHe A - HU OJTHOTO OKpaiieHHOTo. Onpeenum Yucio OJaronpusT-
HBIX ©cX010B M. Crtoco00B, KOTOPHIMH MOKHO U3BJICYh 2ZHEOKPAIICHHOE U3ICTUS U3

2 pano CZ =1.
Bcero nonmyunutcs m=1 cnoco6oB.

_C2 1
P(A):C—E:E— 1

Torna P(A)=1- P(A)=1- 01=0,9.

Bmopoii cnoco6. Xots Obl 0JHO OKpaIllcHHOE — OJHO WJIH JiBa. B perrennu mon
a) IMOJICYUTaHa BEPOSTHOCTh TOr0, YTO U3BJICUECHO OJHO OKPAIICHHOE U3EIHE, IO 0)
— JIBa OKpaIIeHHBIX. Torga BEpOSITHOCTh TOTO, YTO M3BJICYCHO XOTS OBl OJHO OKpa-
IIICHHOE U3/ICNINEe, PaBHA CYyMME P( A) =0,6+0,3=0,9

[Mpumep. M3 ypHbI, coaepxaiieii aBa OENbIX U TPU YEPHBIX IIapa, H3BICKAIOT
o oxHOoMy Oe3 BO3BpallleHHsI Bce apbl. HallT BeposTHOCTH COOBITHIL: 1) TpeTuii
rap Oelnblif; 2) TPETUil U YETBEPTHIN mIapsl Oesble; 3) MATHIH I1ap OCIblid, eciu mep-
BbI OBLT OCTIBIH.

1) BO3MOXKHBI CIIEIYIONINE BAPUAHTHI:

[lepBslit map — 6enblid, BTOPOH — YepPHBIMA, TPETHI — OCIIbI.

[lepBslit map — yepHbINA, BTOPON — O€JIbIiA, TPETHI — OCIIbIH.

[lepBeIit map — YepHbINA, BTOPON — YEPHBIN, TPETHI — OCIIBIN.

Haiinem BepoOsATHOCTH Ka)XJIOTO M3 3THUX BapHUAHTOB, UCTIONB3YS TEOPEMY yM-
HOXXEHHS BEPOSITHOCTEN 3aBUCUMBIX COOBITUI:

231 1
pl:_x_x_:_’

54 3 10

321 1

pz_—x—x—_—,

54 3 10
023,221
543 5
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Torga o Teopeme CI0KEHUS BEPOSITHOCTEH HECOBMECTHBIX COOBITUI MOTyYa-

~ 1 1 1.2
M P = p1+p2+p3__+_+_—_-

2) HaiineM BeposSTHOCTH TOTO, YTO MEPBBI MIAp — YEPHBIH, BTOPOH — YEPHBIH,
TPETHI — OeMbIif, YETBEPTHIN - OCJIbIN, UCIOJIB3YSI TEOPEMY YMHOXKEHHS BEPOSTHO-
CTEH 3aBUCUMBIX COOBITHI:

3221 1
Pp=—X=X=Xx-=—,
5432 10

3) Haiinem BepOSTHOCTH TOTO, YTO MEPBBIH MIap — OCIbIA, BTOPOH — YEPHBIH,
TPETUN — YEepPHBIN, YETBEPTHIA — YEPHBIN, MATHIN - OCNbIN, UCIIONIB3YSI TEOPEMY YM-
HOKEHHUS BEPOSITHOCTEH 3aBUCHMBIX COOBITHIA:

2321, 1
P=—=X=X%X=X%-A=—,
5432 10

[Tpumep.BepodaTHOCTH NOSIBIECHUS! KaXKIOTO U3 ABYX HE3aBUCUMBIX COOBITUIA
u B cootBercTBeHHO paBHbI 0,6 u 0,5. HaiiTu BEposSTHOCTD MOSBICHUS TOJIBKO OJTHO-
ro U3 HUX.

CoOriTieC, cocTosIIee B MOIBICHUN TOJBKO OJHOro M3 coOnITuiid u B, 3a-
KJIFOYaeTCsd B TOM, UTO MOSIBISAETCA COOBITHE A, HO HE MOsIBisieTcs: coObiThe B mnu
coObITuM B Hactynaer, a coObiTHe 4 He HacTynaeT. BeposTHOCTh MOSIBIEHUS COOBI-

TUsiA paBHa P( A) =0,6, a HEHACTYILJICHUS coObITUSIA paBHa

P(z\) =1- P(A) =1- 0,6=0,4. BeposATHOCTh TOSBICHUSA COOBITHS B paBHA
P(B)=05,a P(B)=1- P(B)=1- 0,5=0,5.

Torna P(C)=P(A)P(B)+P(A)P(B)=0,60,5+0,40,5=0,5.

[Tpumep. BeposTHOCTH TOTO, YTO ONpEAcICHHAs TaOIHIa COACPIKUTCS B KaxkK-
oM u3 Tpex cripaBouyHukoB paBubl 0,6; 0,9; 0,75. HaiiTu BeposiTHOCTH TOTO, YTO Ta0-
JUIa HE COJIEP>KUTCS HU B OJHOM CITPABOYHHKE.

[Tyctb coObiTHEA COCTOHMT B TOM, YTO TaOJHUIAa HE COACPKUTCSI HU B OJHOM

CIIPaBOYHUKE.
CoObiTue 4, - TalbnaMuma COAEPKUTCS B IEPBOM CIPABOYHUKE, TOTAA

p(Al) =0,6, a BEpOSITHOCTH TOTO, YTO TAOJHIIA HE COACPIKUTCSA B IMIEPBOM CITPaBOY-
HUKE p(ﬂl) =1- p(Al) =0,4.

AnHanornyHo, A, - Tabiuuia COJEpXKHUTCS BO BTOPOM CIIPAaBOYHHKE, TOTJa
p(Az) =0,9, a BEpOSITHOCTH TOTO, UTO TAOJUIIA HE COACPIKUTCS BO BTOPOM CITPaBOY-
mnxe p(A,)=1- p(A,)=0.1.

U, A, - Tabnuna conepKuTcs B TPETbEM CIIPABOYHUKE, TOTAA p(A3) =0,75, a

BC€POATHOCTL TOI'0, YTO Ta6J'II/II_Ia HC COACPKUTCA B TPCTHEM CIIPABOYHUKE
p(A;)=1- p(A;)=0,25.
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CoObitust 4, 4,, A, HE3aBUCUMBI, IOATOMY 110 TEOPEME 00 YMHOKECHHUU BEPO-
srrocreit P(A) = p(4,4,4,) = p(4,) p(4,) p(4;) =0,4>0,150,25=0,01.

[Ipumep. Kaaposas cnyx0a 6anka Ha 00bsiBieHue B MutepHete nmomyunina 300
pestome. IlpakThika TMOKa3bIBAaeT, YTO BEPOSATHOCTH TOTO, YTO IPETCHJICHT HMEET
BBIcIIee oOpa3oBaHue, paBHa 0,7, BEpOSATHOCTH TOTO, YTO MPETCHACHT MMEET OIIBIT
pabotel B 6anke — 0,3, a BEpOATHOCTH TOTO, UTO MPETEHACHT UMEET U BhICIIee 00pa-
30BaHHEe, M ONBIT paboThl B Oanke — 0,2. OnEHUTH KOJIUYECTBO NPETCHIACHTOB,
HMMEIOIIHX WIJIHM OIBIT pa0oTHl B OaHKE, WM BBICIIEE 0Opa3oBaHUE.

[TycTh cOOBITHE A COCTOHWT B TOM, YTO IPETCHICHT MMEET BEHICIIEe 00pa3oBa-

HUEe, B -— TpeTeHACHT HMeeT ombIT paboThl B Oanke. Ilo ycioBuio p(A) =0.7,
p(B) =0.3. CoObiTHE AB COCTOHUT B TOM, YTO MPETEHACHT UMEET U BhICIIEe 00pa3o-

BaHWeE, U OMBIT pabOTHI B OAHKE. p(AB) =0.2.

Haiinem BepOSTHOCTBh TOTO, YTO MPETCHJICHT, UMEET UM OMBIT PabOTHI B OaH-
Ke, WU BBICIIIEE 00pa30BaHUE, TO €CTh p( A+ B) .

Tak kak4 uB COBMECTHbBIE COOBITHS, TO IO TEOPEME O CyMME BEPOSITHOCTEH
COBMECTHBIX COOBITHI

p(A+B)=p(A)+p(B)- p(AB).
p(A+B)=0.7+0.3- 0.2=038

OILICHUM KOJIMYECTBO IMPETEHJACHTOB, UMCIOIIUX WM OMBIT paboThl B OaHKe,
uin  Beicmiee oOpasoBanue. Bceero 300 mpereHIeHTOB. CrenoBaTenbHO,
300>0.8 = 240 nmpeTeH1IeHTOB UMEIOT HJIM OTBIT pabOTHI B OaHKE, WIIU BBICIIEE 00pa-
30BaHHE.

OO0BbeM KOHTaKTHOM paboThl 00YyYaroIIerocs IMPH OCBOCHUH JTHUCIUILTHMHBI
(MoTyJsn)

6. DJeMeHThI CTATHCTHKH

Koneunas 1enb q1000r0 MccneqoBaHUsl COCTOUT B BBIABICHHH 3aKOHOMEPHO-
creii. OIHU TPOSIBISIOTCS B €AMHUYHBIX CIy4asX W HA3bIBAIOTCSA TUHAMUYECKHUMH
3aKOHOMEPHOCTSIMH. XapakTep AWMHAMUYECKON 3aKOHOMEPHOCTH YCTAaHABIMBAET I10-
BEJICHUE KaXKJO0ro Mpu3HakKa. J[pyrue - TOJIbKO BMACCOBBIX, T.€. B IPYIIE SBICHUH,
KOTOpas HapsAAy ¢ NpU3HAKaMH, IPUCYLIMMH WHIWBUAYAJIBHBIM SBJICHUSAM, XapaKTe-
PU3YIOTCS U OOIIMMM JIJISl BCEX - CTATUCTUYECKHUE 3aKOHOMEPHOCTH.

OO1eCTBEHHOE SIBJICHHE CKJIAIBIBAETCS M3 MAacChl MHAMBHUIYaJIbHBIX U BbI-
SABUTHh 3aKOHOMEPHOCTb O3HAYAET HAUTH NOBTOPSIEMOCTbh BHYTPU BCEH MAaCCHI SIBJIE-
HUMW, T€ HApAAY C IJIaBHBIMU JACHCTBYET U MHOXECTBO BTOPOCTEIICHHBIX, HEYCTOM-
YUBBIX, CIIy4allHbIX (PAKTOPOB. DTO MPUBOJAUT K TOMY, YTO B OOLIECTBE HET CTPOTO
OIPEEIICHHBIX JUHAMUYECKUX 3aKOHOMEPHOCTEN.

CratrucTryeckas 3aKOHOMEPHOCTH SIBJISIETCSI KOJIMYECTBEHHBIM BBIPAKEHHEM
ONpeaeIeHHON TeHIeHUUH. MOXKHO OOHApY UTh CTATUCTUYECKYIO 3aKOHOMEPHOCTD
pacnpocTpaHeHus: KyJbTypbl KapTodeins B Poccun B robl KpeCTbsIHCKOM BOWHBI MO
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npenBoautenscTBOM E.IlyraueBa. AHanmu3upys TOJSydeHHBIC JaHHBIE, UCTOPHK Ha
OCHOBE COJIEpKATeJIbHOT0, KaYeCTBEHHOI'O MOJX0Aa PEIIaeT, OTpakaeT JIM HalJeH-
Hasi CTaTHCTUYECKash 3aKOHOMEPHOCTb HMCTOPHUYECKOE SIBJICHHE, KaKyl0 CTEIEHb
000011IeHNs HECET, KaKUe YCIOBUS €€ OTPEICTUIIH.

BoNBIIMHCTBO SIBICHUN MOXKET XapaKTepU30BaThCs JMO0 C TOUKU 3pEHUs yac-
TOTHI IOBTOPEHUSI BO BPEMEHH WJIM MPOCTPAHCTBE, TOTAA 3a/1a€TCSl BOIPOC: CKOJIBKO
pa3? — 100 ¢ TOYKHU 3PEHHS YPOBHS WM UHTEHCUBHOCTHU: KAKOB YPOBEHb HIIM KaKO-
Ba CTEMEHb MHTEHCUBHOCTU? B 000MX ciyyasx sSIBJICHHSI MOXKHO BBIPA3UTh B KOJIAYE-
CTBEHHOU (opMme.

Boe16opounblii MeTon ucnonb3oBaics B JpesHem Erunte u antuunoil I'perun
IIpU W3YYEHUU SIBJICHUN XO34WCTBEHHOW kU3HHU, a B Pycckom rocynapcree XVII u
XVIII BB. npuMeHsuics 7151 ONpeeeHs] BETMYUHBI BCETO YPOXKasi.

Wnest BBIOOPOYHOTO METO/Ia — 3aMEHUTH CIUIOIIHOE 00CIIEeI0BAHUE MAaCCOBBIX
OJTHOPOJIHBIX OOBEKTOB YaCTUYHBIM UX OOCIIEJOBAaHHEM, HE JOMYyCKasl MpU 3TOM Cy-
IIECTBEHHBIX OMIMOOK B BBIBOJAX. {51 3TOro BhIOOpKA NTOJDKHA OBITH pEerpe3eHTa-
THUBHOW,T. €. JIOCTATOYHO XOPOIIO MPEACTABIIATh U3Yy4aeMbId NMPU3HAK F€HEPAIBHON
COBOKYITHOCTH, YTO OOECIEeYMBACTCA CIy4ailHOCThIO 0TOOpa. ObecneunTh Cirydaii-
HOCTb BBIOOPKH, €CJIM MCTOPUK MPOU3BOJIUT OTOOP aHHBIX U3 MHOTOUYUCIIEHHOMH re-
HEPaJIbHOM COBOKYIMHOCTH COXPAHUBIIMXCS CBEICHUHM, BOZMOXKHO MTPH OMOIIH Kpe-
Oust MIU TAOJMITHI CITyYaiHBIX YHCE]L.

Ecnu ke mpu momormy KpeOusl WK CIydalHbIX YHCEN OTOOp BBIMOJ-
HUTH HE yJAeTCs, IPUMEHSIOTCS IpYTHe CocOObI BEIOOPKH: MEXaHUYECKUH, THUITHYE-
CKHMI ¥ CEPUIHBII.

[Ipu mexanuueckoti evibopke TeHepanbHas COBOKYIHOCTh pa30MBAETCS
Ha paBHbIC YaCTH W W3 KaXKIOW yacTu Oepercs ofgHa eAuHHUIA. ['eHepaabHyI0 COBO-
KyITHOCTb NPH MEXaHWYECKOM OTOOpE MOXKHO PAHKHPOBATh WUJIH YIOPSIOUYUTH IO
BEJIMYMHE U3Yy4aeMOro WM KOPPEIUPYIOIIEro ¢ HUM MPU3HAKa, YTO MMO3BOJIUT MOBbI-
CUTh PEIpe3eHTAaTUBHOCTh BhIOOpKU. Hampumep, mpu 5%-Hoil BBIOOpKE WHTEpBAT
otbopa coctaBuT 20 enuHuIl, Toraa oT60p HyxHO HaunHaTh ¢ 10-i wim ¢ 11-it equ-
Hutbl. B mepBom ciydae B BeiOopky monanyt 10, 30, 50, 70 u ¢ TakuMm xe uHTEpBa-
JIOM TIOCIISAYIONINE SAMHUIIBI;, BO BTOPOM Ciydae - equHuIbl ¢ Homepamu 11, 31, 51,
71lu .0

Tunuueckas, unu panoHupo8aHHas, 6blOOPKA 3aKIKOYAETCS B pasjese-
HUU TeHEepaIbHOW COBOKYMHOCTH Ha TUIMYECKHE TPYIMIBI, 00pa30BaHHBIC MO KaKo-
My-n0o npusHaky. Hanpumep, Tepputopus, nojjiexaiias o0Ciae10BaHNIO, pa3aeis-
€TCsl Ha palOHbI, OTIMYAIONINECS COIMATbHO-DKOHOMHUYECKUMH WM Teorpaduye-
CKMMH ycToBHUsAMH. M U3 KaXX10T0 paitoHa MPOU3BOIAT OTOOP €AUHUIL B BHIOOPOUHYIO
COBOKYITHOCTb.

[Ipu cepuuinoii 6b100pKe COBOKYIHOCTD AENAT HA OJIMHAKOBBIE MO 00be-
My TpyMIbl — cepur. B BEIOOPOUHYIO COBOKYITHOCTh OTOMPAIOTCSI CEpUH, a BHYTPH
cepuil MPOU3BOJIUTCS CIUIOIIHOE HAOJIOJEHUE €AWHHUL, IMOMAaBIIUX B CEPHUIO.

[IpumeHeHne Toro Wik UHOro crnoco0a 0T0Opa 3aBUCUT OT CBOWCTB H3y4aeMo-
ro SIBJICHUS U TIOTOMY MpeJroJiaraeT o0s3aTeIbHOE MPEeIBapUTEIbHOE 3HAKOMCTBO C
00BEKTaMH HCCIICIOBAHUS.
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I'pynnuposka - Hambojee pacpoOCTpaHEHHBIN MPUEM MPEICTaBICHUS COBO-
KYITHOCTH Pa3pO3HEHHBIX JAHHBIX B yIOOHOU NIt BOCHpHUATHS (hopMe. DTO Hayallb-
HBIH 3Tanm oO0paOOTKHU JAaHHBIX HUCTOYHHKOB, (DYHIAMEHT JJIS OONBIIMHCTBA JPYTHUX
MIPUEMOB MAaTEMAaTUKO-CTaTUCTUYECKOTO aHaln3a. biaromapsi rpynmupoBKe MOMKHO
COOTHECTH CBOJIHBIE TTOKA3aTEeJIU 10 COBOKYITHOCTH B IIEJIOM CO CBOJIHBIMU IOKa3aTe-
nsMU 110 rpytinam. [losiBisieTcs BO3SMOXKHOCTh CPaBHUBATH, AHAJIM3UPOBATH MPUUHHBI
pazIuYuil MEXy TPyNIaMu, U3y4aTh B3aUMOCBSI3U MEXITy TPU3HAKAMHU.

MeTon TpynmupOBKHU MO3BOJISET CIIOKHOE SBJICHHUE MPEJACTABUTH Yepe3 s
0oJiee MPOCTHIX, YTO MMOMOTACT MPUNTH K aHAIM3Y BCEH CUCTEMBI B IIeoM. MeTo-
JIOM TPYIIHPOBKH XapaKTEPU3YIOTCS THIBI SBICHUA B UX B3aMMHBIX OTHOIICHH-
X, @ TaK)KE BCKPBIBACTCS NMPUYMHHAS 3aBUCUMOCTh MEXKIY OTICIBbHBIMU (haKTO-
pamu 1 oO1Iel TeHICHIMEN pa3BUTHUA Mpollecca.

B nHayke pasznmuuaroT 3 OCHOBHBIX BHJAa TPYIITUPOBOK. THUITOJIOTHYCCKHH,
CTPYKTYPHBIN, aHAIUTUYECKHUM.

Tunonocuueckas epynnuposxka pacuyieHsIeT KaueCTBEHHO-PA3HOPOIHYIO CO-
BOKYITHOCTh Ha OJHOPOJIHBbIE TPYIIIbl, HA TUMBI. B OCHOBY I'pynmUpOBKH 3aKia-
JILIBACTCA KAUYECTBEHHBIN Mpu3HaK. Tak, HAampuMep, MUPOKO U3BECTHO HCIOJIB30-
BaHUE TUNOJOTHYECKON rpynnupoBku B.W. JIeHMHBIM 171 aHamu3a KPECTbIHCKUX
XO3SIUCTB: MPOJETAPCKUX, COOCTBEHHO KPECThIHCKUX U KAMTUTATUCTUUECKUX WUIIH -
OCHAIKNX, CEPEHINKUX U Kynankux. [[pumMepoM THUIOIOTHUYECKON TPYNIUPOB-
KM BBICTYMAET pacupeeiieHHe MPOMBINUICHHOCTH TEepHOoa HOBOH JKOHOMHYE-
ckoit monutuku (HOII) mo conuanbHBIM CEKTOpPaM - rOCyAapCTBEHHAs, KOoIepa-
TUBHAs, YacTHas. BeIereHne TUIIOB Ha OCHOBE KOJMYECTBEHHOTO MPH3HAKA COCTO-
UT B OINPEJACICHUM TPYII C yU4ETOM 3HAYCHHUH (BEJIMYMHBI) M3y4aeMbIX IPH3HAKOB.
[Ipu 3TOM OUYEHb Ba)KHO MPABHJIBHO YCTAHOBUTH MHTEPBAJ TPYMIHMPOBKH, HA OCHOBE
KOTOPOTO KOJMYCCTBEHHO PA3IMYalOTCS OHHU TPYMIBI OT APYTHUX, HAMEYAIOTCS Tpa-
HUIIBI BBIJICTICHUS UX HOBOTO Ka4eCTBa.

CmpykmypHas epynnupogka TPEICTaBIsIeT KaueCTBEHHO-OJHOPOJIHYIO CO-
BOKYITHOCTh B BHJI€ KOJIUYECTBEHHBIX T'PYMI. B OOJIBITMHCTBE CBOEM CTPYKTYPHBIC
TPYNIIUPOBKUA TIPOU3BOMATCS HAa OCHOBE OOpa3oBaHHUS KAYECTBEHHO OIHOPOJIHBIX
TPYII, XOTSI HEPEJIKO OHU MPUMEHSIOTCS U 0€3 MPEeIBApUTEIHLHOTO PACUICHEHHS CO-
BOKYITHOCTH Ha 4YacTH. B OCHOBY 3THUX TpYINNHUPOBOK 3aKJIaJBIBAETCS KOJIUYECT-
BEHHBIN Tpu3HaK. [[puMepoM MOXKET CIYXKUTh pacrhpeesieHne padodux Mo cra-
Ky, IO pazMepam 3apaboTHO TJIaTHI, IO BO3paCTYy.

TpeTuit METO — METOJ AHAAUMUYECKOU 2PYNAUPOSKU - 3AKITF0YACTCS B HC-
CJI€IOBAaHUU B3aMMOCBSI3eH MKy (PaKTOPHBIMHU MPHU3HAKAMHU B KaYECTBEHHO O/JI-
HOPOAHON COBOKYMHOCTH. C TOMOIIBIO aHATUTUYECKHX TPYIITHUPOBOK yIACTCS
BBISIBJIATH MMPU3HAKH, KOTOPBIE MOTYT BBICTYIIATh WUIM MIPUYWHOM, UIIA CIEACTBHEM
TOTO WJIM WHOTO SIBIICHUS. DTOT METOJ €Ile Ha3bhIBAIOT (PAKTOPHBIM, MPHU 3TOM
OJIMH U3 MPU3HAKOB TPYNIUPOBKU paccMaTpPUBAETCS KaK pe3ysbTaT, a JPYrou -
Kak (¢aktop. Hampumep, gaHa rpynmnupoBKa MajbIX NPEANPUATHH IO pazMepam
NpUOBLIN U MPOJIOTIKUTEIHBHOCTU 000poTa cpencTs. [Ipu oHOM U TOM Ke CpOKe
000poTa KanmuTaia NPeAnpUsITUs MOTYT UMETh Pa3HYIO MPUOBLIb, CIE0BATEIbHO,
NPHU3HAK «000pPaYMBaAEMOCTh CPEACTB» - (hakTop (MM ycloBHE), a TPU3HAK KIPH-
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OBLIb» - pe3ynbTaT. YTOOBI YCTAHOBUTH CBS3b MEXKIY MPU3HAKAMU, JaHHbBIE TPYII-
MUPYIOTCS 1O MPU3HAKY-(PaAKTOPY.

Pe3ynbrarhl rpynnupoBOYHOrO MaTepuana oGOopMIISIOTCS B BUAE TAaOJIUI WK
B MHBIX rpadudeckux (opmax. Ha Gaze rpynmupoBKH pPacCUUTHIBAIOTCS CBOJHBIC
IIOKAa3aTeNId 10 TpyIIaM, NOSBISIETCS BO3MOKHOCTh UX CPABHEHUS, aHAJIN3a TPUYNH
pa3Iuyui MEXIy TPYIIaMU, U3yYEHUs B3aUMOCBI3€M MEXIy Npu3Hakamu. [ pynmnu-
POBKa CO3[1a€T OCHOBY IS ITOCJEAYIOLIEH CBOJKH U aHAJIN3a JaHHBIX.

O600maroImMil KOJIMYECTBEHHBIM MMOKA3aTeNb, XapaKTePU3YIOIIUNA TUIIAYHBIN
YPOBEHb COBOKYIMHOCTH IO ONPEEICHHOMY MPU3HAKY HAa3bIBAIOT CPEJHEH BEIUYU-
HOM. OHa MIMPOKO MPUMEHSETCA B PA3JUYHBIX OTPACISIX 3HAHUU.B mcropuyeckon
HayKe CpeHHE BEJIMYMHBI MPUCYTCTBYIOT 1aBHO, HO HE B MOJHOM Mepe. Jliia oOpa-
OOTKHM MacCOBBIX JaHHBIX B CTATUCTHUKE pa3pabOTaHbl CPEHUE TapMOHUYECKAs!, Ieo-
MEeTpHUYECcKasi, KBaJlpaTUUYECKas, a TAKKe OMUCcaTEeIbHbIE CPETHHUE - MOJIA U MEIUaHA.

Cpeonsisi apugpmemuueckast (X) - sBISICTCS CaMbIM PACIPOCTPAHCHHBIA BHT
CpeIHUX BeanYuH. OHA MCUUCIISIETCS IyTEM OTHOLIEHUS! CYMMBI BCEX 3HaYEHUH ITPU-

3HaKa K 00IeMy YHCITy HaOJIIOICHHM.
Xl +X2 +X3 + ..o+ Xn
X = , rae
n

X1, X5, X3, ... X;, - BAPUAHTHI IIPU3HAKA,;

N — YUCJIO €AUHHULL HAOIIOACHHUS.

Mooa (Mo) npeactapisieT HanboJIee YacTO BCTPEUAOIICECs 3HAUYCHHE MTPU3HA-
Ka B YIOPSAIOYCHHON COBOKYITHOCTH, HAanOOJee TUTMYHOE cpeHee 3HaueHue. B quc-
KpeTHOM psiny Mo ompenensiercs 06€3 BBIYMCICHUN KaK 3HAYEHUE MpU3HAKA C Hau-
OonpInieit yacToTol. JIJis BEIYMCIIEHUS MOJIbI B MHTEPBAJIILHOM Py CHadaJa orpese-
JSIeTCS MOJANBHBIN KJlacc, T.€. MHTEpBal ¢ HambOombIneil yactotoi. 3areM Mo BbI-
qucisercs no gpopmyse:

P, — P,
2P, — P, — Pg

X - HUKHSIS TpaHWIla MOJaIbHOTO MHTEPBAa,

K - BeninunHa MHTEpBaa;

P; —yacToTa MHTepBaJIa, MPEAIIECTBYIONIETO MOJAILHOMY;

P, - yacToTa MOJIAJILHOTO UHTEPBAJIA,

P; - yactoTa uHTEpBaja, MOCIEAYIOIEro 32 MOJIATbHBIM.

Meouana (Me) - BeauunHa, ONpEACIIAIONIas 3HaUCHNE MPU3HAKa, HaXOsIIe-
rocsi B CEpeIMHE YIIOPSAI0YEHHON COBOKYITHOCTH. MenaHa JeJUT 3y4aeMyto COBO-
KYITHOCTh TaK, YTO YHCJIO €JIMHHI] C OOJBITUM M MEHBIIIUM, YeM MeJMaHa 3HAUCHHEM
MpU3HaKa, OJIMHAKOBO. B MHTEpBaIbHON IpynImupoBKe I BeIUUCICHHS Me HeoOXo-
VMO HAWTHU MeIMaHHBIA MHTEPBAJ - HHTEPBAJI, KOTOPOMY COOTBETCTBYET IepBas U3
HAKOIJICHHBIX YacTOT, MPEBBIIIAIONIAS OJOBUHY CYMMBI BCEX HAaCTOT psijia pacmpe-
JeJeHus. 3aTeM CUMTaloT 1o dhopmyrie:

Mo = X, +K ,Te

P/2-Ym-1
Me=X0+KZ 2 ,rae
Pn
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X - HUKHSIS TpaHuIla MEIMAHHOTO MHTEpPBaa,

K - BenmmunHa MeIMaHHOTO UHTEPBAJIA;

Y. P- cymma 4acror;

Y. m — 1- cyMMa 4acTOT MHTEPBAJIOB, IPEAMICCTBYIONIMX MEIHAHHOMY

(HaKOIJICHHAs YacTOTa B MHTEPBAJIE, IPEAIICCTBYIONIEM MEIHAHHOMY).

P,, - 4acToTa MEIMaHHOTO UHTEPBAJIA.

Cpeonsa ceomempuveckas cpeoHssi geuduna UCTIONb3YeTCs JUIsl COXpaHEHUS
HEU3MEHHOCTH NPOU3BEJACHHUS WHIMBUIYaJbHBIX 3HAYECHWN NpPU3HAKA, HAIMPUMED,
IPH aHAJIM3e JUHAMUKH (11 pacdera CpeJHEro TeMIa pocTa), MPU 3alaHHOM MUHU-
MQJIBHOM U MAaKCUMAJIbHOM 3HAYEHUSX MTPU3HAKA.

Cpeonss eapmonuueckas MPUMEHSICTCS, €CIU HE0OXOAUMO OCTaBUTH ITOCTO-
SSTHHOW CyMMY BEJIMYHH, OOpaTHBIX MHAMBUIYAIbHBIM 3HAUYCHHUSAM MPU3HAKA, B 3TOM
cllydae 4acTOThI (Beca) HCHM3BECTHBI, a U3BECTHHI IPOU3BEACHUS IIPU3HAKA HA COOT-
BETCTBYIOIIYIO 4acToTy (IpHMEpHI: CpEAHHME 3aTPaThl TPyAa, BpEMEHH, MAaTCPHUAIOB
Ha OJHY JCTallb, CPEIHSISA YPOKAHHOCTD, CPEIHSS CKOPOCTh M T.I1.).

Cpeonsisi keadpamuueckas paCCUNTHIBACTCS, KOTJa HEOOXOIUMO COXPaHUTh
HEU3MEHHOW CYMMY KBaJpaTOB MHAWBUIYaAJbHBIX BEJIWYHH; MPU pACUYETE ITOKa3aTe-
Jei Bapuanuu (IpUMEphI: CPEAHSS ILIONMIAAb, CPEIHUN IUaMETp, CPEIHssA JJIuHA
KBaJ[paTHOTO y4acTKa U T.II.).

dopMyIibl pacueTa CpeAHEr0 3HAUYCHUS MMOKA3aTeNsl YePE3 OTHOCUTEIbHbBIEC BE-
JIMYUHBI CTPYKTYPHI MO3BOJISIIOT 0XapaKTEPU30BATh 3aBUCUMOCTh CPEJIHEN HE TOJBKO
OT WHJIMBUIyaJIbHbIX 3HAYCHUN OCPEIHSIEMOW BEIWYMHBI, HO U OT CTPYKTYPBI COBO-
KYITHOCTH, MOCKOJIbKY M3MEHEHUE CTPYKTYPhl COBOKYITHOCTH INMPUBOAUT K HM3MEHE-
HUIO CPEIHEW BEJIWYHUHBI, IPU 3TOM WHAUBUAYAJIbHBIE 3HAYECHUSI OCPEIHIEMOTO TIPH-
3HAKa MOTYT OCTaBaThC HEU3MEHHBIMH.

[To3HaHHWE CYIIHOCTH HCTOPUYECKHX SIBJICHUHW M MEXAHU3MOB HXPA3BUTHSA
MPEJINoJIaraeT packKphbiTUEC BHYTPEHHUX CHUCTEMHBIX CBS3EHM HMX OIIEHKY. DTH CBSI3U
CJIO’KHBI 1 MHOTOOOPAa3HbI, CPEeIM HUX HEOOXOIUMOBBIJICIUTh Hanboiee CyIeCTBeH-
HbIe, (GOpPMUPYIOITHEXapaKTep Pa3BUTHS SIBJICHUS.

BaxHenmmM ycioBUEM aHaIN3a CBSI3EH BCEX BUJIOB SBIISIETCS BO3MOXHOCTBUX
KOJIMYECTBEHHOTO BBIpaKeHUs. MaremaTuyeckash CTaTUCTHUKapaspaboTana Iesblid
pA1 METOJOB, MOMOTAIOIINX PELIUTH 3Ty3anauy. Cpenn HUX —Kopperiyuottblil ana-
Ju3.JIaHHBIA METOJ1 TTO3BOJIAET YCTAaHOBUTH Hadu4ue, PopMy M HampaBIe€HHOCTh CBSI-
3, a TAKXK€ KOJMYECTBEHHO OLICHUTH €€ CUiTy. [Ipu 3TOMIIsl YMCI0BOTO BBIPAKEHUSA
M3y4aeMBbIX MPOLIECCOB U SIBICHUNA MO>KHOIOIB30BAaThCSI BCEMH IIKAJIaMUA U3MEPEHUS,
IIPUHATBIMA B COBPEMEHHOWHayKe. Takass yHUBEpCAJIbHOCTh CAEjajga METOJ Koppe-
JSIMOHHOTOaHAaJIM3a BeChMa IMOIMYJISIPHBIM U BOCTPEOOBAaHHBIM B MCTOPHYECKUX HC-
CIICIOBaHUSX.

Koppensanusa — nmokazarenp, OTpaxarolui B3aUMHYIO 3aBUCUMOCTb JABYX WU
Oosiee BenmmumH. [Ipy 3TOM BEIMYMHBI JTOKHBI BBIOMPAIOTCS CIyYaiiHO, a 3aBUCH-
MOCTb MOXKET OIPEACNIAThCS MO0 COBMaJACHUEM, THOO OTHOIICHUSIMH IIPUIYNHHOCTH.
Heo6xoaumo BBICHUTD, HE SIBIISICTCS JIM KOPPEJSIIIUS JIOKHOM, TO €CTh OCHOBAaHHOM
Ha COBITIAJICHUU. /{711 3TOr0 BBOJMUTCA €IlI€ OJHA HOBas Cly4yanhHas BEJIWYMHA. TOJIBKO
MIPY U3MEHEHUHU 3HAYCHUS OJTHOM BEJIMYHMHBI, KOTOPOE BIICUET 3a COOOM HEMUHYEMOE
CUCTEMATHUYECKOEC M3MEHECHHUE 3HAYECHUS JIPYTOM BEIWYMHBI, KOPPEISIU CUATACTCA
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ycTaHOBJIEHHOU. Takoe M3MeHeHHuEe MOXKET ObITh BBIPAXKEHO B BUIE KOd(puuueHTta
KOPPEJSIHY, WIH KOPPeIsUOHHOTO oTHOoweHus. Koadduunent koppensunn noxa-
3bIBAET, HACKOJIBKO TECHO JIBE IEPEMEHHBIX CBA3aHbI MEXYy COOOH.

B ocHOBe KOppeNIHOHHOTO aHaNU3a JICKUT UJEs COMOCTaBICHUSIKOICOaHUN
3HAYEHUN U3y4aeMBbIX NPU3HAKOB OTHOCUTEIBHO Ipyr Apyra.Eciu uucieHHble 3Ha-
YEHUs OJHOIO INPHU3HAKA W3MEHSIOTCS OJHOBPEMEHHOCO 3HAYEHUEM JApPYroro, TO
MOYKHO IIPEANOJIOKUTD, YTO MEKIYHUMHU CYILIECTBYET CBA3b.

B marematuke paznuyaroT (YHKIHMOHAJIBHYIO M CTaTUCTUYECKYHO 3aBUCH-
MOCTb.

QOyHKIMOHAIbHAS 3aBUCUMOCTD ABYX KOJIMYECTBEHHBIX MPU3HAKOB WM IEpe-
MEHHBIX COCTOUT B TOM, YTO Ka)XJIOMY 3HAYCHUIO OJHOU MEPEMEHHOM BCETAA COOT-
BETCTBYET OJHO OIIPEIEIICHHOE 3HAYEHUE IPYyroul nepeMeHHOM. DyHKIMOHAIbHAsA
3aBUCHUMOCTh TMPEANOJIAracT PacCMOTPEHUE IPU3HAKOB H30JIMPOBAHHO, OJHAKO B
OOIIIECTBEHHOMN KU3HU TOJI00HAsI CUTYaIlMs CKJIajbIBaeTCs KpaiHe peako. Kak mpa-
BUJIO, BO3/ICHCTBHE OJIHOM MEPEMEHHON Ha JIPYTyI0 HE U30JUPOBAHO OT JIPYrux (ax-
TOPOB, a IPOUCXOJUT B YCIOBMAX MX BIIHMSIHUSA HA HM3y4aeMyl B3auMOCBA3b. [l
OIMCaHUsA 110,100HOTO pona 3aBUCHMOCTH UCIIOJIb3YyeTCs IIOHS-
THE CTATUCTUYECKOU, WU KOPPEISLIMOHHOM, CBS3H.

B oTinuune ot pyHKIMOHATBHON 3aBUCUMOCTH, KOTJIa KaXKJJOMY 3HaYEHUIO OJ1-
HOI'O IpU3HAKa BCErAa COOTBETCTBYET OIPEAECICHHOE 3HAYEHUE JIPYroro, B Cilydyae
CTaTUCTUYECKON 3aBUCHMOCTH HEKOEMY 3HAYEHUIO OJHOTO IIPU3HAKA MOTYT COOTBET-
CTBOBATh PA3JMYHbIE 3HAYEHUs Apyroro. [IpmumHa 3TOTO 3aKI0YaeTcs B TOM, YTO
NPU CTATHCTUYECKON 3aBUCHMOCTH CBSI3b MEXAY MpU3HAKaMu (IByMmsl, Tpems, He-
CKOJIbKAUMH) ONPEIEIISETCS] HE TOJILKO B3aUMOJICHCTBHEM MEXIy HUIMU CaMHMH, HO U
BO3JICWCTBUEM MHOKECTBA JPYTUX HEYUYTEHHbIX (akTOpoB. B pe3ynbrare Takoro
BO3JCHCTBHS CBA3b MEKy IPU3HAKAMH MPUCYTCTBYET U MPOSBISETCA HE B KAXKIOM
KOHKPETHOM CJIy4dae, a TOJBKO «B CPEAHEM», KaK TeHIeHUMs. [lo3ToMy yCcTaHOBUTH
HaJIMYMe B3aMMOCBS3U U ONPENCIINUTh €€ KOJIUYECTBEHHYIO MEPY MOKHO HE IOCPE.-
CTBOM €JIMHUYHBIX HAOIIOACHMN, a JHIIb MPUMEHUTEIBHO K ONpEeAesIEHHOW COBO-
KYIHOCTU OOBEKTOB, T.€. B CPEJHEM IO OTHOLIEHUIO K MACCOBBIM OOBEKTaM WJIU SIB-
aeHusiM. COOTBETCTBEHHO XapaKTEPU3YIOIINE 3TH OOBEKThI WIH SIBICHUS KOJIMYECT-
BEHHBIC I10KA3aTEIW HA3BIBAIOTCA MAaCCOBBIMHU JIaHHBIMU.AHAIU3 CTaTUCTUYECKOU
(KOppeJISIIIMOHHON) CBSI3U MPEIOJIaracT BISBICHUE XapaKTepa CBS3H M OICHKY TEC-
HOTHI CBs13u. KoppensiuMOHHBIA aHANIU3 MO3BOJISIET OUEHUTh TECHOTY CBA3U IPHU I10-
MOIIIM CIEUHUANIBHBIX MTOKa3aTesield, BBIOOP KOTOPBIX 3aBUCHUT OT BHJIa (DYHKIIMOHAJb-
HOM 3aBHCHUMOCTH, aJ€KBATHO OIMCBIBAIOIIETO PACCMATPUBAEMYIO CTaTUCTUUYECKYIO
B3aMMOCBS3b.

B KOppemAMOHHOM aHalIu3€ OJHOM M3 OCHOBHBIX MEp CBSI3M MEXKIY NpU3HA-
KaMH ABJISIETCS TApHBIN TUHENHBIA KoddduireHT koppemsiuuud. C ero noMoubo 13-
MepSIETCS TECHOTA CBSI3M MEXIY JABYMsI NpU3HaKaMu. JInHenHHbIi ko uimeHt kop-
penduuu I u3MeHsercs B npeaenax ot -1 go +1. PaBencTBo ko3¢ duureHTa HyImro
CBUJIETEIBCTBYET 00 OTCYTCTBHH JIMHEWHOU CBsi3u. PaBeHCTBO KO3 dunnenta -1 uim
+1 roBopuT 0 HaMM4YUU (PYHKIIMOHAIBHON 3aBUcUMOCTH. [Ipur = 1 mpucyrcTByer
IIpsIMAasi CBA3b, T.€. YBEINYEHNE WIIK YMEHBIIEHUE OJHOI0 IIPU3HAKA COIIPOBOXKAACTCS
aHAJIOTUYHBIM U3MEHEHHEM Jipyroro npusHaka. [Ipu r = -1 cBs3p oOpaTHas, T.€. yBe-
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JUYEHNE WM YMEHBIIICHUE OJHOTO MPHU3HAKA COMPOBOXKIAETCS MPOTHUBOIOJIOKHBIM
10 HAIIPABJICHUIO U3MEHEHHUEM JAPYroro Mpu3HakKa.

C nmoMouipl0 KOPpEJIMOHHOTO aHaiau3a eiie B Hadaie XX B. IPOBEPSIOCH
CXOJICTBO JIaHHBIX 00 ypoxkaiiHocTH Xxj1e00B B Poccun B konie XX — nagaine XX B.,
KOoTOpbie cobupanuch lleHTpambubiM cratucTHdeckuMm komureTtoM (IICK), Munu-
CTEPCTBOM 3€MJICJICTNS U 3eMCTBaMU. Tak, KOppessius MoryOoepHCKUX JTaHHBIX 00
ypoxaitnocTH, 3aduxcupoBanHbix [[CK u MunucrepctBom 3emienenus B 1885—
1908 rr., Obl1a 0OYeHB BBICOKOH (10 BceM ryoepHusM koddduruent npebiimai 0,90).
Ouenb TecHol ObUIa U B3auMOCBs3b AaHHbIX LICK u 3emcTB. JlaHHBIE BCex Tpex He-
3aBUCHUMBIX HCTOYHUKOB PUCYIOT OJIMHAKOBYIO KapTHHY.

Metoa Koppensiuy MoMoraeT peluTh ONpeaeIeHHbIN Kiacc 3ajaad, npuoiu-
3UThCS K TOHUMAHUIO TPUYUHHO-CJICICTBEHHBIX MEXaHNU3MOB.

7.  OcHOBHbIE NEPUOAbI PA3BUTHA MATEMATHKH U UX 0COOCHHOCTH

1. M3ydeHne KOHCIIEKTA JICKIUH (TeMbI — 0030p HCTOPHH MAaTEMATHKH)
2. TloaroroBka u Hanucanue pedepara Mo BHIOPAHHON TEMe
3. TloaroroBka mokianaa mo reme pedepara
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