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1. MHuo:xecTBa. Onepanuu HajJl MHOKeCTBAMHU

[ToHsATHE MHOXKECTBA B MaTeMaTHKE OTHOCHUTCS K HeompeaenseMbiM (I0100HO
MOHSATHUSAM YHUCIIa U TOUKH).

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

OOBEKTHI — JIIEMEHTHI MHOKECTBA — 0003HAYAIOTCS CTPOUHbIMU OykBamu. Ca-
MH MHOXKECTBa 0003HAYarOTCS 3aryIaBHBIMHU (MPOMKMCHBIMH) OyKBaMH JIATHHCKOTO
angasuta. ToT GakKT, 4To A ABIAETCS DIEMEHTOM MHOXKecTBa A o603HagaeTcs al A
(roBOpST, 4TO @ MPUHAMICKHUT A); TO, YTOA HE SBIIICTCS FJIEMEHTOM MHOXKECTBa A
,0003Hau4aercs al A (roBopsT, 4TO A He IpHHAIIEKUT 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 snementst maoxkectBa: A={X: xI N, 2x*- 7x+3=0}.

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

spaunt A={3}.

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

Ipumep: 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

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

NI zI QI R
N —MHO>KeCTBO HaTypaJbHBIX YHCEI
Z — MHOKECTBO IIEJIBIX YUCE
Q — MHOXKECTBO paIlMOHAIBHBIX YHCEIT R
R — MHOkeCcTBO IeHICTBUTEIILHBIX YHCET 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 P A\B={3

2) A={123,B={34 b A\B={1,2
3) A={1,23,B={1,234 P A\B=A

- Ecomm Bl A, 1o A\ B — nononaenue Mmuoxectsa B 1o muoxectsa 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.

Ipumep: 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

Ipumep. A={1,2,3, B={2,3,4
C=AUB={1234

[Ipumep:
1) (x+D(x* - 4) =0{- 2,- 1,2} —coBOKYIIHOCTb pelIcHU
é x>5
gx>-3 éx>5
2) (x- 5)(x+3)>0U & P& " U (-¥-3U(5+¥)
& x<5 &x<-3
&
& X<-3



3aganus. CocTaBUTh MHOKECTBA!
1) A— HaTypalbHbIC AeIUTEIH Yrcia 12,

2) B\ A, ectu A={-5-4,-3 B={-5-4,-3-2,
3) R\Q Z\N

4) g[L71U[58], [17] 1[5

6) [0:3U[S 7], [G3 1[57]

5) OObenMHEHHE U TTIepeceUCHUEe KOPHEH YpaBHEHUH
X +9x-10=0y X - 3x+2=0

6) 3amuumre peurenne Hepasercrea (X- 1)(X- 6)3 0

7) A—HaTrypasbHbIC JeTUTEIN yncia 18,
B—narypanbnbie nenurenu uncia 45. Haiitu Al B,

8) Haiitu Al B, ecomu A={X: X1 Z,|X|<5} B={x: x| N,|X- ]_l<7}
9) Haittu AUB  ecmn A={x: x*- 6x+9£0} B={x: xI Z,|}£1

- MHOkecTBO AHa3bIBaeTCs SKBHBaICHTHBIM MHOKecTBY B (A : B), ecmu
MEXKIy 3JIEMCHTaMU MHOXKECTB A W B MOXHO yCTaHOBHTH B3aUMHO OJHO3HAYHOEC
COOTBETCTBHE.

Pa3anyaroT KOHEYHbIC U OECKOHEYHBIE MHOYKECTBA.

- YHCI0 37€MEHTOB MHOKECTBA A Ha3bIBACTCS €0 MOIIMHOCTHIO MM Kapau-
HAJTBHBIM YHCIIOM (|A|I/IJ'II/I cardA).

Koneunoe MHOECTBO, COCTOLMIIICC U3 N IJICMCHTOB I/IMeeTMOI_HHOCTB|A| =n.

Ecimu A - N, o MHOXeECTBO A CUETHOE.
Ecmm A: R, T0 A- KOHTHHyaJIbHO€ MHOXXECTBO MJIM MHOYXECTBO MOIIHOCTH
KOHTHHYYM.

3amanus.M306pa3uts nuarpammsel Ditiepa-BeHHa 1715 CIeTyIONUX MHOXKECTB!
a) (A1B)\C

6)(AUB)\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

Onpenenenue. KomniekcHbiM 4uciom HA3bIBAIOT BCSIKYIO  YIOPSAJIOYEHHYIO Mapy
(X, y) NEeWCTBUTEIBHBIX YHCEI.



Ero obo3nauaror Z=X+ Vi, X,yT R,raei=+-1wmi’*=-1.
[Ipumep. Pemmts ypaBuenue X° + 6X + 25 = QHaJl MHOKECTBOM KOMILIEKCHBIX YUCEI
Beraucnum quckpumunadt: D =b*- 4ac=36- 100=-64.

Torma VD =+-64 =+/- 1564 =/- 1x/64 =8

Haiinem kopHu ypaBHEHHS:
_-b+JD _-628 _2(-3+4i)
A

=-3+4i.

3anuch Z = X+ Yyi Ha3bIBaeTCsS aneebOpauieckol @opmoti 3anvuch KOMIUIEKCHOTO

yucia.JleiicTBUTENbHBIC YHCIIaX U Y Ha3bIBAIOT COOTBETCTBEHHO OeliCMEUMENbHOU 1
MHUMOU YACMbI0 KOMIUIEKCHOTO Ynclia Z =X+ Vi .

Rez=x ulmz=y.
Cymmoui NByX KOMIUIGKCHBIX 4Hcen Z =X +VYji ®u Z =X, +Y, Ha3bpBaIOT
KOMIIICKCHOC YUCI0 Z=Z +Z,, JNEUCTBUTENIBHAS YaCTh KOTOPOTO paBHA X = X, +X,,
a MHUMas paBHa Y=Y, +VY,, T.C.
2=+, = (X% +X%) (Y 1Y)
Pasnocmolo IByX KOMIUIGKCHBIX 4Wcel Z =X +VYi W Z =X, +Y, Ha3pBaIOT
KOMIUIEKCHOE YUCII0 Z = Z - Z,, ICHCTBUTENIbHAS YaCTh KOTOPOrO paBHA X =X - X,,

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

2=2-2,=(%- %)+ (Y- ¥,)

IIpoussedenuem NBYX KOMIUICKCHBIX YHCeNl Z, =X, +VY,i U Z, =X, + Y, Ha3bpIBaercs

KOMILJIEKCHOE YHCIIO
2=7%, = (X:LXZ - ylyz) + (X1y2 + X2y1)i .

Yuciio Z=X- yi Ha3bIBacTCs conpsidceHHbiM (KOMILICKCHO COMPSIKCHHBIM) YHCITY
Z=X+Yyi.OTrmerum, uto ZXZ = X* + Y°.
Yacmuvim (omHnowenuem) IByX KOMIUICKCHBIX ducell Z =X +VYi u Z, =X, +V,i
npu z,* 0 (t.e. 10, y,* 0) Ha3pIBarOT KOMIUIEKCHOE YK CIIO

Z:i: X%t ViY, +X2y1' lezi_

Z, XY %Y,

pumep. Berauconts (2- 3)° +2i°
(2- 3)2+21°=2- 223 +(3)*+ 2" % =4- 12 +9*+ 2(i*)" % =
=4-12i +9°+2(i>) % =4-12i - 9+2X-1)7i=-5-12i - 2i =-5- 14



7+3
3-1
7+3 _ 7+3 _ (7+3)(-1-3) _-7-2%i- 3i- 9% _

[Tpumep. Berunciaurs

3-1 -1+3 (-1+3)(-1- 3) (-1 +3

1+9 10 5 5 5

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

[Tpumep. 3anucaTp YUCIO Z = -

B anireOpandeckon popme.

1+1
Yucno Z B anredpandeckoit popme nmeet Bua Z = X + yi . [Ipeobpazyem npoOb,

YMHOXHUB YHUCJIMTECIIb U 3HAMCHATC/Ib Ha YHMCJIO, COIPSKECHHOC 3HAMCHATECIIIO.

_o2¥2_ 2J2(1-0) U 2d2@-i0) _ 2J2(@-i) _
o1+ @+i)a-i) 1-it 2
=-2(-i)=-2+2

Anrebpanyeckas ¢popma: Z = - J2++/2i 3necy Rez=x=-+/2 u Imz= y= J2.

3agaHust.
1. Boraucnuts (4+5i)%(5- 4i) Orset: 115+ 236i
2. BIUHCINTD — - 2P +iP - M4 28 Ortsert:1
S5+4
3. Boruuciuts 23-+5i| OtBeT:0,1- 1,7i
3. DJieMeHTBHI MATEeMATHYECKOM JTOTHKH

Jloruka Bo3Hukia B KynapType [dpeBnen ['peuun. IlepBoe momenmee no Hac
COYMHEHUE 10 JIOTUKE - «AHAIMTHKU» Apuctotens (384-322 rr. 1o H.3.). Dopmaib-
Hasl JIOTHKA MPOCYIIeCTBOBala 0€3 cephE3HBIX U3MEHEHUH O0iee IBAAIAaTH CTOJICTHH.
BYJIb JIxopmxk (1815-1864) - aHTIUiiCKUiT MaTeMaTHK, KOTOPBIA CYMTAETCSI OCHOBO-
MOJIO)KHUKOM MaTEeMaTHUeCKOH JIOTUKH.

Martematuueckasi JIOTMKa SBISETCS HAyKOH O 3aKOHAX MaTeMaTHYeCKOTO
MbInieHus. [IpeqMeToM MaTeMaTudecKo JIOTHKHU SABISIOTCS MaTeMaTHYECKUe Teo-
pHUH B 1IEJIOM, KOTOPbIE U3y4YalOTCsl C TIOMOIIbIO MaTEMaTHUECKUX A3BIKOB. [Ipu aToM
B NEPBYIO OuY€pe/b MHTEPECYIOTCS BOIPOCAMU HEMPOTUBOPEUMBOCTH MaTeMaTuye-
CKUX T€OpUM, UX Pa3BA3HOCTHU U MOJHOTHI.

Maremaruueckasi JIOTUKa OTIUYAETCS TEM, UYTO MOJIb3YeTCs SA3bIKOM MaTema-
TUYECKUX U JIOTHYECKUX CUMBOJIOB, UCXOS U3 TOTO, YTO B IMPUHIUIIE OHU MOTYT CO-
BCEM 3aMEHUTH CJI0BA OOBIYHOIO A3bIKA U MPUHATHIE B OOBIYHBIX JKUBBIX SI3bIKAX CIIO-
coObl 00BEAMHEHHUS CIIOB B MpeuiokeHns. OCOOEHHOCTH MaTeMaTUYECKOrO MBbIIILe-
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HUSI OOBACHSIOTCS OCOOCHHOCTSIMU MaTeMaTHYECKUX aOCTpakIuii 1 MHOrooOpa3uem
UX B3auMOCBsI3eil. OHM OTpa)xkaroTcsl B JOTMYECKON CUCTEMATU3allU MaTEMATUKH, B
JI0Ka3aTEIbCTBE MATEMAaTUYECKUX TEOPEM. B CBSA3U C 3TUM COBPEMEHHYIO MaTeMaTu-
YECKYIO JIOTHUKY ONPEACISIIOT KaK pa3/iesl MaTEMATUKH, MOCBSIIEHHBINA U3yYEHUIO Ma-
TEMATUYECKUX JOKA3aTEIbCTB U BONPOCOB OCHOBAHUI MAaTEMATHKH.

B akcmoMaTtnueckoM MOCTPOEHUHM MATEMaTUYECKOW TEOPUHU MpPeIBaAPUTEIBHO
BBIOMPAETCSI HEKOTOpasi CUCTEMa HEOIPEAC/IIeMbIX MOHSATUN W OTHOIICHUS MEXIY
HUMH. DTH TOHATHUS U OTHOILICHUS HA3bIBAIOTCS OCHOBHBIMU. Jlanee 0e3 qoka3aTesb-
CTBa IMPUHUMAIOTCSI OCHOBHBIC TOJIOXKEHUSI PACCMATPUBAEMON TEOPUM - AKCHOMBI.
Bcé panmphelimee cogepkaHue TEOPUM BBIBOJMUTCS JIOTUUECKU U3 aKCUOM. BriepBbie
aKCMOMATHUYECKOE TTOCTPOCHUE MAaTeMaTUYECKOU Teopuu ObuIo mpeanpuHsaTo EBkiu-
JIOM B MOCTPOEHUU TeoMeTpur. M3noxkenue 3Toit Teopun B Hauanax He 0e3ymnpeyHo.
EBkiup 37ech mbITaeTcs JIaTh OMNPEICIICHUE HMCXOTHBIX MOHATHHA (TOYKH, MPSIMOH,
IUIOCKOCTH). B ToKa3aTensCcTBe TEOPEM MCIIONIB3YIOTCS HUT/IE SIBHO HE cHOPMYITUpPO-
BaHHBIC MOJIOKEHHU S, KOTOPHIE CUNTAIOTCS OUEBHIHBIMU. Takum 00pa3oM, B 3TOM I10-
CTPOEHUU OTCYTCTBYET HEOOXOJMMasi JIOTHUECKasi CTPOTOCTh, XOTSI UCTUHHOCTh BCEX
IIOJIOKEHUN TEOPUU HE BBI3BIBAET COMHEHHUM.

OTMeTHM, YTO TaKOW MOJXOJ K aKCHOMAaTHYECKOMY MOCTPOEHUIO TEOPUH OC-
TaBaJICSl €AMHCTBEHHBIM 110 XIX Beka. bosblyto poiab B U3MEHEHUH TaKOTO MOAX0/a
ceirpanu padotel H. . JlobaueBckoro (1792-1856). JlobaueBCcKuit BIICpBbIC B IBHOM
BHJIC€ BbICKa3aJl yOEXKJICHHUS B HEBO3MOXKHOCTH JOKa3aTEIhCTBA MSTOrO IMOCTyjaTa
EBknuaa u mogkpenu 3To yoexaeHue co3gaHnueM HoBou reomeTpun. [1o3xe Hemelr-
kuii Matematuk @. Kieirin (1849-1925) nokazan HEMPOTHBOPEYUBOCTH T€OMETPHUH
Jlo6aueBckoro, yem gakTUUeCKU ObLTa JI0Ka3aHa M HEBO3MOXKHOCTh JI0KA3aTENIbCTBA
naroro nocrynara EBkiuna. Tak Bo3HUKIM U ObLIM pemieHsl B paborax H. U. JloOa-
yeBckoro u @. KieitHa BiepBbie B HICTOPUM MAaTEMATUKUA MPOOIEMbI HEBO3MOXHOCTHU
JI0Ka3aTeIbCTBA U HEMPOTUBOPEUMBOCTH B aKCMOMaTH4eckoil Teopuu. HenmpoTtusope-
YUBOCTh AKCMOMATHYECKOW TEOPHH SBISETCS OJHUM M3 OCHOBHBIX TpeOOBaHUA,
MPEABSABISIEMBIX K CUCTEME aKCMOM AaHHOW Teopuu. OHa O3HAYaeT, 4YTO U3 JaHHOMU
CUCTEMbl aKCUOM HEJIb3sl JIOTMYECKUM MYTEM BBIBECTH JBa MPOTUBOPEUYUBBIX APYT
IPYTy YTBEPKICHUS.

Jloka3aTenbCTBO HENPOTHBOPEUYUBOCTH AKCMOMATUYECKHX TEOPUHA MOKHO
OCYIIECTBUTh pa3auyHbIMM MeTojamu. OnuuM u3 Hux sBisiercs METOJl MOJIE-
JINPOBAHUS win UHTEPIIPETALIMI. 3nech B KauecTBEe OCHOBHBIX MOHSTHIl U
OTHOIIICHUI BBIOMPAIOTCSA 3JIEMEHTHl HEKOTOPOTO MHOXECTBA U OTHOIICHUS MEXKIY
HUMH, a 3aTEM MPOBEPSETCS, OYAYT JIU BBITOJHITHCS JI BEIOPAHHBIX MOHSITHH U OT-
HOILIEHUM aKCHUOMBI JAHHOM TEOPHUH, TO €CTh CTPOUTCS MOJENb JJI JaHHOW TEOPHH.
Tak, aHanuTHYecKasi TEOMETpUs SIBISETCS apudMETHUECKOW HHTEpIpeTaluend reo-
Metpun EBximaa. SICHO, 4TO METOJ MOJICTUPOBAHHUS CBOJUT BOIPOC O HEMPOTUBOpPE-
YUBOCTH OJIHOM TEOpUU K TpoOJieMe HEMPOTHBOPEUYUBOCTU JIPYroil Teopuu. bosb-
[IMHCTBO WHTEPIPETAIMN JIJIT MaTeMaTHIECKUX Teopui (M, B YaCTHOCTH, JJis apud-
METHKH) CTPOUTCS Ha 0aze Teopun MHOXkecTB. OnHako B KoHie XIX Beka B TCOpUH
MHOYECTB ObUTH OOHAPYKEHbI MPOTHBOpEUHs (MTapagoKChl TEOPUU MHOXKECTB). SIp-
KUM IIPUMEPOM TaKOTro napajaokca siBisercs napagokc b. Paccena.



[Ipumep. HazoBEM MHOXKECTBO HOPMAJIBHBIM, €CJIM OHO HE COACPIKUT ceOsl B
KayeCTBE CBOETO 3JIEMEHTA U HEHOPMAJIbHBIM B IIPOTUBHOM CIIyYae.
Hampumep, MHOKECTBO BCEX KHUT - HOPMAJIbHOE MHOXKECTBO, @ MHOXECTBO

BCEX MBICIMMBIX BEIIEH - HEHOpMajabHOE MHOXeCTBO. IlycTh L - MHOXkeCTBO
BCEX HOPMaJIbHBIX MHOXeECTB. K kakoMy kiaccy oTHocuTcs MHOkecTBo L? Ecnu L -
HOPMAaJIBHOE MHOXECTBO, TO L1 L, T.C. COIEPKUTCS B KJ1ac-

C€ HOPMaJILHBIX MHOKECTB, HO TOTJ/Ia OHO COJIEPKHUT ce0si B KayecTBE CBOETO dJe-
MEHTa, U MO03TOMY HeHopMalibHO. Eciiu L - HeHopManbHOe MHOXecTBO, To LI L,
T.€. HE COJIEPXKUTCS CPeId HOPMaIbHBIX MHOXKECTB, HO TOT/1a L He coliepKuT ceds B
KauecTBE CBOEr0 3JIEMEHTAa, M IMOTOMY OHO HOpMaibHO. Takum 00pa3om, MOHS-
THE HOPMAJIbHOTO MHOKECTBA MPUBOJIUT K MTPOTUBOPEUHIO.

[TonbITKH yCTpaHUTh MPOTUBOPEUHS B TEOPUU MHOXKECTB MPUBEIIU K HE0OXO-
JUMOCTH ITOCTPOUTh aKCHOMATHUYECKYIO TEOPUIO MHOKECTB. llocnenyromue Buaons3-
MEHEHHSI U YCOBEPLICHCTBOBAHUS 3TOM TEOPUU IPUBEIHU K CO3IAHUIO COBPEMEHHOMU
TEOpPUU MHOKECTB. OTHAKO CPE/ICTBA 3TOM aKCHOMAaTUYECKOW TEOPHUH HE MO3BOJIAIOT
JI0Ka3aTh €€ HEMPOTUBOPEUYUBOCTh. J[pyrue MeToapl 000CHOBaHUSI MATEMATUKK ObLTH
pa3suthl 1. TMJIBBEPTOM (1862-1943) u ero mikosoi. OHM OCHOBBIBAIOTCS Ha I0-
CTPOEHUU MATEMATUYECKUX TEOPUU KAK CUHTAKCUYECKUX TEOPUH, B KOTOPBIX BCE aK-
CHUOMBI 3aMHCHIBAIOTCS (OpMyIaMH B HEKOTOPOM alipaBUTE U TOUHO YKa3bIBAIOTCS
MpaBujia BbIBOIA OJHUX (GOPMYI U3 IPYTUX, T.€. B TEOPUIO KaK COCTABHAS 4aCTh BXO-
AT MaTEMAaTHYeCKas JIOTHKa.

Takum oOpa3oM, MaTeMaTH4ecKas TeOpHs, HENPOTUBOPEUHUBOCTH KOTOPOM
TpeOOBAJIOCH JOKa3aTh, CTaja MPEIMETOM APYrold MaTeMaTH4eCKOW TEOPHH, KOTO-
pyto TI'mnbepr wHasan METAMATEMATUKOWM, umu TEOPUEN JIOKAB3A-
TEJIBCTB. B cBA3u ¢ 3TUM BO3HHUKAET 3a/ia4ya MOCTPOCHHS CHHTAKCUYECKOH, T.€.
(dhopManu30BaHHON aKCMOMATHYECKOW TEOPHUU CaMOM MaTEeMaTUYe€CKOM JIOTUKHU. BbI-
Oupast Mo-pazHOMY CHCTEMbl aKCHOM U TIpaBujia BbIBOJA OJAHUX (DOPMYI U3 JIPYTHUX,
MOJIy4aroT Pa3JIUYHbIC CHHTAKCUYECKUE JIOTUYECKUE Teopun. Kaxayro u3 HUX Ha3bl-
BatoT JIOTUHECKUM NCUYUCJIEHMEM.

OcHOBHas Uesl MATEMAaTHYECKOU JIOTUKH - (popMan3anus 3HAaHUN U PacCyxk-
nenuit. 3BecTHO, uTO Hambosiee JeTko (hopMaliu3yeMble 3HAHUS - MAaTEMaTHYECKHE.
Takum 006pa3om, MaTemaTrueckas JIOTHKa, IO CYIIECTBY, - HAyKa O MaTeMaTHKe, UK
MeTamareMaThka. [{eHTpaibHbIM MOHATHEM MaTEMAaTUYCCKOM JIOTHKH SIBJIIETCS — Ma-
TEMAaTHYECKOE J0Ka3aTeabcTBO". JleHCTBUTENBHO, — JOKa3aTenbHbie” (MHAYE TOBOPS,
JCTYKTUBHBIC) PACCYKJICHUSA - CIUHCTBCHHBIA BHUJ IMPU3HABAEMBIX B MaTEMaTHKE
paccyxkaeHui. PaccyxaeHns B MaTeMaTHUYECKOM JIOTUKE U3Y4YalOTCA C TOYKHU 3PEHHUS
(dhopMBbI, a HE CMBICIIA.

ITo cyImiecTBy, pacCy aeHHUsI MOACTUPYIOTCS YUCTO ~ MEXaHMYECKUM'' TpoIiec-
coM niepenucbiBanus Tekcta (popmyir). Takoit mporiecc Ha3bIBAIOT BBIBOAOM.I OBOPSIT
ele, YT0 MaTeMaTUYECKas JIOTUKA OINEPUPYET TOJIBKO CUHTAKCHUYECKUMU IOHSITHUSA-
MU.OTHAKO OOBIYHO BCE JK€ BaXXKHO, KAK COOTHOCSITCS PACCYXKJEHUS C JEHCTBUTEIb-
HOCTBIO (WJIM HAIIMMU MpeaCcTaBIeHUsIMK). [loaTOMY, Ham0 BCE JKe UMETh B BUY He-
KOTOPBIN CMBIC (OpMYIT U BbIBOJA. IIpy 3TOM HMCITONIB3YIOT TEPMUH CEMaHTHKA (CH-
HOHHUM CJIOBa ~ CMBICI") M YETKO pa3ieisaioT CHHTAKCUC M ceMaHTHKY. Koraa xe neit-
CTBHUTEJIBHO HHTEPECYIOTCS TOJBKO CHHTAKCHCOM, YacTO UCIOJB3YIOT TEPMUH  (Op-

10



MajpHasg cucrema'. Mpl OyJeM HCNOIb30BaTb CHUHOHMM 3TOrO0 TEpMHHA -

“ucuncnenue”  (MCMONMB3YIOTCS  emiE  TEPMUHBI  (QopMaiabHas Teopus’ U

““akcuomatuka'). O0BEKTOM (OPMATIBHBIX CUCTEM SIBIIIOTCS CTPOKU TeKcTa (mociie-

JI0BaTEIbHOCTH CHMBOJIOB), C TIOMOIIBIO KOTOPBIX 3aITUCHIBAIOTCS (POPMYJIBI.
dopMarnbHas cucTeMa omnpeiesieHa, eCIIu:

- 3aman andaBuT (MHOXKECTBO CHMBOJIOB, HCIIOJIB3YEMBbIX IS TIOCTPOCHHUS
bopmyn).

- OnpeneneHo, Kakne IMEHHO CTPOKHU CUUTATh (hopMyaamMu (OCTAIBHBIC CTPO-
KU CUUTAIOTCS MIPOCTO OECCMBICIICHHBIMH).

- Brigeneno MHOXeCTBO (hOpMYyIT, HA3bIBAEMBIX AKCHOMAaMHU. JTO - CTAPTOBBIC
TOYKH B BBIBOJIAX.

- 3a/1aHO MHOXECTBO MIPABHJI BBIBOJIA, KOTOPHIE TIO3BOJISIOT U3 HEKOTOPOM
dbopmyIbl (MM MHOXKECTBA (POPMYII) TOITYYaTh HOBYIO (POPMYITY.

OTpuuaHue JOTUYECKOTO BBICKA3bIBAHUS - JIOTMUECKOE BBICKA3bIBaHUE, MPU-
HUMAIOIIee 3HaUECHNUE 'WCTUHHO", €CJIM MCXOIHOE BBICKA3bIBAHHUE JIOKHO, ¥ Ha000-
poOT. DTO crienuanbHas JOTUYecKas orneparus. B 3aBUCUMOCTH OT MECTOIOJIOKECHUS
pa3IMYaloT BHEITHEE W BHYTPEHHEE OTpPHUIIAaHUE, CBOWCTBA U POJIU KOTOPBIX CYIIECT-
BEHHO Pa3IN4aroTCsl.

BHernee otpuiianne (pono3UIIMOHATIBHOE) CIYKHUT I 00pa30BaHUs CII0XK-
HOTO BBICKa3bIBaHUS M3 APYroro (He o0s3aTebHO MPOCTOr0) BhICKa3bIBaHUS. B Hem
YTBEPIKAACTCSI OTCYTCTBUE MOJIOKESHUSI JI€TI, ONMCHIBAEMOTO B OTPUIIAEMOM BBICKA3bI-
BaHHMH. TPaJUIIMOHHO OTPHIIATEIILHOE BHICKA3BIBAHUE CUMTACTCS UCTHUHHBIM, €CIIH, U
TOJIBKO €CJIH, OTPUIIAEMOE BBICKa3bIBaHUE JIOKHO. B €CTECTBEHHOM SI3bIKE OTPHUIIAHUE
OOBIYHO BBIPAXKAETCA 0OOPOTOM «HEBEPHO, YTO», 32 KOTOPHIM CIIEAYET OTPUIIAEMOE
BBICKa3bIBaHUE.

B s3p1Kax (hopManbHBIX TEOpU OTPHUIIAHKE HA3BIBACTCA 0C00ast yHapHas Mpo-
MO3UIIMOHATBHAS CBA3KA, UCIOJIb3yeMasl NIl 00pa30BaHUs U3 OJHOM (OPMYIIBI ApY-
roii, 6onee ciaoxkHOM. J{ms 0003HAUEHUI OTpUIIAHUE OOBIYHO MCIOJIB3YIOTCS CUMBO-
JIbI «\OTPHUIIAHHUE», «-» WU «- 1». B Kjaccu4yeckoi JIoruke BbICKa3bIBaHUi Gopmya -
A WCTHUHHA TOTJIa ¥ TOJILKO TOT/Ia, Koraa opmyina A JoxKHa.

OpHako B HEKJIACCHMYECKOW JIOTUKE OTPHUIIAaHHUE MOXKET He 00y1alaTb BCEMH
CBOMCTBAMHU KJIACCUUYECKOr0 OTPHUIAHUs. B 3TOW CBSA3M BO3ZHHMKAET BIIOJHE 3aKOHO-
MEPHBI BOIPOC 0 MUHUMAJILHOM HAa0OpE CBOWCTB, KOTOPOMY JIOJDKHA YIOBIIETBO-
pATh HEKOTOpasi YHApHas orepaliysi, YTo0bl €€ MOXKHO OBIIIO CUMTATh OTPUIIAHUEM, a
TaKkkKe O TMPHUHIUIAX KIaCCH(PUKANUKA PA3TUYHBIX OTPHIIAHMSIX B HEKJIACCHYCCKUX
(hopMaIbHBIX TEOPHUSIX.

dakTHYeCKH yKa3aHHOE BBINIC TPATUIIMOHHOE MMOHMMAHUE BHENTHEro (Iporio-
3UIMOHAJIBHOTO) OTPHIIAHUS MOXKET OBbITh BBIPAKEHO 4YepPe3 CHUCTEMY CIECAYIOIINX
tpeboBanuii: (1) Ecnu A - uctuaHO (J10%KHO), TO He-A - noxkHO (ncturHO); (1) Ecmu
He-A - HCTUHHO (JI0%KHO), TO A - JTIo)kHO (MCTHHHO). OTpHUIlaHKe, YI0BICTBOPSIOIICE
ycnoBuio (1), MpUHITO Ha3bIBATH MUHUMAJIbHBIM OTPHIIAHUEM. .

BHyTpeHHee oTpuilaHue BXOJIUT B COCTAaB MPOCTOrO BbhICKa3bIBaHUs. Paznnua-
10T OTPUIIAHUE B COCTABE CBS3KM (OTpHIIATE/IbHAS CBSI3KA) M TEPMUHHOE OTPHIIaHHUE.

OTpuilaHie B COCTaBE CBS3KU BBIPAKAETCS C MOMOIIBIO YACTHIIBI «HE», CTOS-
IIeH Mepe/] IJIaroJoM-CBS3KOM (€CJIM OH MMEETCs) WITH TPl CMBICIIOBBIM TJIar0JIOM.
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OHO CHOYXHUT JJIS BBIPOKEHHUS CYXJACHUH 00 OTCYTCTBUM KaKMX-TO OTHOIICHHI
(«MBan He 3Haet [leTpa»), uiau 1j1st 0Opa3oBaHUs OTPHUIIATEIIBHON MPEIUIIUPYIOIIEH
CBSI3KH B COCTaBE KaTErOPUUYECKUX aTpUOYTUBHBIX CyxaAceHUI. TepMUHHOE OTpUllaHNe
UCIIONIB3YETCsl 111 0O0pa30BaHUSl HETaTHBHBIX TEePMUHOB. OHO BBIpa)kaeTcs depes
NPUCTABKY «HE» MK OJIM3KHUE e 1o cMbIciy («Bce Hecmelnbie s0JI0KH - 3eJICHBIE).

KoHbIOHKIUSL JBYX JIOTUYECKUX BBICKA3bIBAHUU - JIOTHYECKOE BBICKA3bIBA-
HUC, WCTUHHOE TOJBKO TOTJa, KOIJa OHM OJHOBPEMEHHO HCTHHHBI (OT JIaT.
conjunctio - coro3, CB3b), B IIIMPOKOM CMBICIIE - CJIOXHOE BhICKa3bIBaHUE, 00pa3o-
BaHHOE C MTOMOIIBIO CO03a «H». B MpHHIIUIE MOKHO TOBOPUTh O KOHBIOHKIIUU Oec-
KOHEYHOT'O YMCJIa BhICKa3bIBaHUI (HampuMep, 0 KOHBIOHKIIMK BCEX UCTHHHBIX MPE/I-
JIOKCHUH MaTeMaTHKH). B JIOTMKEe KOHBIOHKIIMECH HA3BIBAIOT JIOTHYECKYHO CBSI3KY
(omepanmto, (GyHKIHIO; 0003HA4YAOT: &,); 00pa3oBaHHOE C €€ MOMOIIBIO CIOXKHOE
BBICKA3bIBAaHUE UCTUHHO TOJILKO MPH YCIOBUU OJMHAKOBOM MCTMHHOCTHU €TI0 COCTaB-
JAOMKX. B Ki1accuueckon JOTUKE BBICKAa3bIBAHUM KOHBIOHKIMSA BMECTE C OTPULIAHU-
€M COCTaBIIIOT (PYHKIIMOHAIBHO-TIOJIHYIO CHUCTEMY MPOMO3UIIMOHAIBHBIX CBS30K.
OTO O3HAyYaeT, YTO Yepe3 HUX MOXKHO OMPEIEIUTh JIOO0YIO JIPYTyH0 MPOMO3UIHO-
HAJIBHYIO CBSI3KY. OJIHUM U3 CBOMCTB KOHBIOHKIIUHU SIBJISICTCS KOMMYTaTUBHOCTS (T. €.
skBUBaJIeHTHOCT, A& B n B & A). OgHako, MHOTIa, TOBOPSAT O HEKOMMYTAaTHBHOM,
T. €. YIIOPSI0YCHHON KOHBIOHKINHU (IIPUMEPOM BBICKA3BIBAHHS C TAKOW KOHBIOHKITUH
MOJKET CIYXKHTh:«SIMIIIMK CBUCTHYJI, U JIOIIA M TOCKAKAIN).

JAM3bIOHKIUSA JIBYX JIOTHYECKUX BBICKAa3bIBAHUM - JIOTHYECKOE BBICKA3bIBAHUE,
HUCTUHHOE TOJILKO TOTJa, KOrja XOTs Obl 0JlHO M3 HUX MCTHHHO(OT yat. digunctio -
pa3o0ieHne, 000c00JICHUE), B IIUPOKOM CMBICIIE - CIIOKHOE BhICKa3bIBaHHE, 00pa3o-
BaHHOE U3 JBYX WJIU 0oJiee MPEIOKEHHM C MOMOIIBIO COI03a «UJTH», BHIPAXKAIOIIETO
aJbTEPHATUBHOCTH, WM BbIOOP.B CHMBOIMYECKON JOTUKE TU3BIOHKIIMEH HA3bIBAIOT
JIOTHYECKYIO CBS3KY (omepanuio, GyHKIUIO), 00pa3yIonlyo U3 npeiiokennid A u B
CJIO)KHOE BBICKa3bIBaHME, 0003HaUaeMoe oObIYHO Kak A V B, koTopoe siBisieTcst uc-
TUHHBIM TIPY UCTUHHOCTHU IO KpalHeW Mepe OJHOTO U3 JABYX JU3BIOHKTHUBHBIX UJie-
HOB.

NMnummkanusi 1ByX JOTUYECKUX BbICKa3biBaHUM A u B - mornueckoe BbICKa-
3bIBaHKE, JIOKHOE TOJIKO TOraa, Koraa B moxHo, a A ucturHo (ot yat. implicatio -
crurerenue, ot impliCo - TeCHO CBSA3BIBAIO) - JIOTMYCCKAs CBS3KA, COOTBETCTBYIOIIAS
rpaMMaTUYECKON KOHCTPYKIUU «ECHH.., TO...», C TOMOIIbI0 KOTOPOMl U3 JIBYX MpPO-
CTBhIX BBICKa3bIBaHUN 00pazyeTcsl CIOXKHOE BbICKAa3bIBaHHE. B MMIIJIMKATUBHOM BHI-
CKa3bIBaHUU PA3IMYalOT aHTEIEeACHT (OCHOBaHME) - BBICKA3bIBAaHUE, HMIYIIEE IMOCIIEC
CJIOBA «ECIIN», M KOHCEKBEHT (CIICACTBHE) - BRICKA3bIBAHUE, UAYIICE 3a CJIOBOM KTO»,
NMminkaTuBHOE BBICKA3bIBAHUE MPEJICTABIISIET B SI3BIKE JIOTUKHU YCIOBHOE BBICKA3bI-
BaHHe 00BIYHOIO si3bIKa. [lociennee urpaer ocoOyro posib, Kak B OBCEIHEBHBIX, TaK
Y B HAyYHBIX PACCYXJCHUSIX, OCHOBHOM ero ¢hyHKIMEH sBisieTcs 000CHOBAHUE OJTHO-
ro MMYTEM CCBhUIKH Ha HEUYTO JIPYTOE.

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

OTta CBs3b MOXET ObITh, B YAaCTHOCTH, CBS3bI0 JIOTMUECKOTO CJIEJIOBAHMS,
HMMEIOIIENH MECTO MEXK]y MOCHUIKAMU U 3aKIIOYEHHUEM MPABWIHBHOTO YMO3aKIIOUECHUS
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(«Ecimu Bce )KUBbIE MHOTOKJICTOUYHBIC CYIIIECTBA CMEPTHBI M MEy3a SBIISCTCSA TAKUM
CYIIECTBOM, TO OHA CMEpTHa»). CBsI3b MOKET MPEACTABIATh COOOM 3aKOH MPUPOIBI
(«Ecmu Temo MmoABEPrHYTh TPEHHUIO, OHO HAYHET HArpeBaThCS») WM MPUUMHHYIO
cBsa3b («Ecnu JIyHa B HOBOJIyHHE HAXOJIUTCS B y3Jie CBOCH OpOHMTHI, HACTYIACT COJI-
HEYHOE 3aTMEHHE»). PaccmaTpuBaeMasi CBSI3b MOJKET MMETh TaK)Ke XapaKTep COIH-
aJIbHON 3aKOHOMEPHOCTH, MpaBuja, Tpaauluu U T.1I. («Ecau MeHsSeTcs SKOHOMHKA,
MEHSETCS U IMOJIUTHKa», «Ecin odenanue 1aHo, OHO JOKHO OBITh BBIITOJIHEHO).

CBs13b, BbIpakaeMasi YCJIOBHBIM BBICKAa3bIBAHUEM, MPEANOJIaraeT, 4To KOHCEK-
BEHT C OIpeeTICHHON HEOOXOIUMOCThIO «BBITEKAET» U3 AHTEIICJCHTA U UTO €CTh He-
KOTOPBIM OOIIUH 3aKOH, CyMEB CPOPMYIUPOBATH KOTOPBIM, MBI MOXEM JIOTHUECKHU
BBIBECTH KOHCEKBEHT W3 aHTeleneHTa. Hampumep, ycioBHoe BbickasbiBaHue «Eciu
BUCMYT- METaJl, TO OH IIJIACTUYEH» MIperoiaraeT oonmi 3akoH «Bce Mmerasisl mia-
CTUYHBI», JEJAIONUi KOHCEKBEHT JAHHOTO BHICKA3bIBAHMS JTOTHYECKHM CJICICTBHEM
€ro aHTeleACHTA.

N B 0OBIYHOM SI3bIKE, M B S3bIKC HAyKH YCJIOBHOE BBICKa3bIBaHHUE, KPOME
(yHKIIUH 000CHOBAHUS, MOXKET BBITIOJHATH TaKKe MENBIA psan Apyrux 3amad. OHO
MOXeT (HOPMYJIMPOBATh YCIOBHE, HE CBSI3aHHOE C K.-JI. TOJIpa3yMeBaeMbIM OOIUM
3akoHoM wiau npaBuioM («Ecim 3axody, paspeky CBOHM IUIaIi»), (GUKCHpOBATH Ka-
KYIO-TO IOCJEI0BAaTEIBHOCTh (KECau mpoIoe jJeTo ObLIO CyXHM, TO B 3TOM TOIY
OHO JOKIUIMBOE»), BEIpaKaTh B CBOcOOpasHoil popme HeBepue («Eciu BbI permrte
3ajady, g JOKaXy BelUKyio Teopemy depma»), mporuBomnocrasienue («Eciu B oro-
poJie pacTeT KamycTa, TO B cajly pacTeT S0JI0H») U T.I1. MHOTOYMCICHHOCTh M pa3-
HOPOJHOCTh (DYHKITUH YCITIOBHOT'O BBICKA3bIBAHUS CYIIECTBEHHO 3aTPY/IHSET €ro aHa-
3.

B normdeckux cucremax abCTparupyrTcsi OT 0COOEHHOCTENH OOBIYHOTO YIIOT-
pebiieHusT YCIOBHOI'O BBICKA3bIBAHUSI, UTO BEJAET K Pa3IMUHBbIM UMIUIMKausaM. Hau-
0oJiee M3BECTHBI M3 HUX MMIUIMKAIMS MaTepHUalibHas, CTporas MMILIUKAIUSI U pelie-
BaHTHas (YMECTHAs) MMILTHKAIIHS.

Mamepuanvnas umniukayus - OHA U3 OCHOBHBIX CBSI30K KJIACCUYECKOW JIOTH-
ku. OnpeaenseTcs oHa TaKUM 00pa3oM: MMIUIMKAIMS JIOXKHA TOJIBKO B Cydae HC-
TUHHOCTH aHTEIIEJCHTAa M JOKHOCTH KOHCEKBEHTA M HMCTHHHA BO BCEX OCTAJIBHBIX
ciaydasix. YcilIoBHOE BbicKasbiBaHue «Ecimu A, To B» mnpenmnosiaraer HEKOTOPYIO pe-
aJbHYIO CBSI3b MEXKIY TEM, O YeM roBOpPUTCS B A u B; BeIpakeHHEe «A MaTepUaIbHO
uMIUIMIUpyeT B» Takol cBsi3u HE mperosaraeT.

Cmpoeas umnauxayusi OTIPEACIAETCS Yepe3 MOAAIBLHOE IMOHATHE (JIOTHYECKOM)
HEBO3MOXHOCTH: «A CTporo ummumiupyer B» o3nauaer «HeBo3MoxHO, 4TOOBI A
OBLIO UCTUHHO, a B 10XHO».

B peneBaHTHOM JTIOTHKE MUMIUIMKAIMS MOHUMAETCSl KaK YCJIOBHBIA COIO3 B €r0
O0OBIYHOM CMBEICTIE.

B cnydae peneBaHTHOM MMILTMKAIIUS HEJIb3s CKa3aTh, YTO UCTUHHOE BBICKA3bI-
BaHHE MOXXET ObITh 0OOCHOBAHO ITYTEM CCBUJIKH Ha JIF00O€ BBICKA3bIBAaHUE U YTO C
ITOMOIIIBIO JIO)KHOTO BBICKA3bIBAaHUSI MOYKHO OOOCHOBAaTh KaKO€ yrOJHO BBICKA3bIBa-
HHUE.

IKBHBAJEHTHOCTD JIBYX JIOTUYECKUX BBICKA3bIBAHUM - JIOTUUECKOE BBICKA3BI-
BaHHE, HCTUHHOE TOJILKO TOI'JIA, KOIIa OHH OJHOBPEMEHHO MCTHHHBI MU JIOXKHBI (OT
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no3aHenaT. equivalens - paBHOIEHHBINH) - POJOBOC HAMMEHOBAHHE BCEBO3MOXKHBIX
OTHOIIECHUH THUIA PABEHCTBA, T.€. PEICKCUBHBIX , CAMMETPUYHBIX U TPAH3UTUBHBIX
OMHApHBIX OTHOIICHUH. [IprMephI: SKBUITOJIEHTHOCTh (COBMACHHUE TT0 CMBICITY, 3HA-
YCHHUIO, COACPIKAHUIO, BHIPA3UTEIbHBIM U (MJIH) JACIYKTUBHBIM BO3MOYKHOCTSIM MEXK-
Ny TIOHATUSMH, KOHIICTIIUSMHU, HAYYHBIMU TEOPUSIMH WA (DOPMATU3YIONIUMU UX
(bopMalIbHBIMU CHCTEMaMH) KOHTPYEHTHOCTh WJIM MM0100ue reoMeTpusi, GUryp; m3o-
MOP(U3M; PaBHOMOIIIHOCTh MHOKECTB U JIPyTrHe YKBUBAJICHTHOCTh KaKUX-JTHMO0 00b-
CKTOB 03HAYaeT WX PaBEHCTBO (TOXKIECTBO) B KAKOM-THOO OTHOIICHWH(HAmpUMep,
M30MOP(HBIE MHOKECTBA HEPA3IMUYMMBI 110 CBOEH "CTPYKType", eCii MoJ ' CTPYKTY-
poii" MOHMMATh COBOKYITHOCTh T€X WX CBOMCTB, OTHOCHUTEIHHO KOTOPBIX 3T MHOXKeE-
cTBa m30MOp(HBI). Beskoe OTHOIICHHWE SKBHUBAJCHTHOCTH TOPOXKIAeT pa3OueHHE
MHO’KECTBa, HA KOTOPOM OHO OIPEAENICHO, Ha TOMapHO HE MePeCceKaloNIruecs " KI1acChl
HKBUBAJIIEHTHOCTH " B OJMH KJIACC OTHOCST MPH 3TOM 3KBUBAJICHTHBIC JIPYT JPYTY
AJIEMEHTHI JJAHHOTO MHOKECTBA.

PaccMoTpeHne Ki1accoB 3KBUBAJIGHTHOCTH B Kau€CTBE HOBBIX OOBEKTOB MpE/I-
CTaBJIsIeT CO0O0I OJIMH M3 OCHOBHBIX CIIOCOOOB MOPOXKIACHUS (BBEICHUS) a0CTPAKTHBIX
MOHATUH B JIOTMKO-MaTeMaTHUeCKuX (M BOOOINE €CTECTBCHHO-HAYUYHBIX) TCOPHSX.
Tak, cuuTast SKBHBaJIeHTHBIMH ApoOu &b 1 C/d ¢ meapIMu YHCIUTEIIIMHA U 3HAMCHA-
TEeNAMH, ecii ad=bC, BBOJAT B PaCCMOTPEHUE paI[MOHAIbHBIC YHCIIa KaK KJIaCChl K-
BUBAJICHTHBIX JPOOCH; CUMTasi SKBUBAJICHTHBIMA MHOXECTBA, MEXIY KOTOPBIMH
MOKHO yCTaHOBUTH B3aWMHO-OJHO3HAYHOE COOTBETCTBHE, BBOJST MOHATHE MOIIHO-
ctu (KapAMHAIBHOTO YKCIIa) MHOXKECTBa (Kak KJIacC SKBHBAJICHTHBIX MEXIY COOOM
MHOJKECTB); CUMTas SKBHBAJICHTHBIMH JIBa KyCKa BEIIECTBA, BCTYIAIONIUEC B PABHBIX
YCIIOBHSIX B OJJMHAKOBBIE XHMHYECKUX PEAKIINH, PUXOIAT K a0CTPAKTHOMY ITOHSTHIO
XUMHYECKOTO COCTaBa U T.II.

TepmuH " SKBUBaJIEHTHOCTh' YNOTPEOJSAIOT YACTO HE KaK POJIOBOM, a KaK CH-
HOHHM HEKOTOPBIX M3 €ro YacCTHBIX 3HaueHHUH ('IKBHBAJCHTHOCTh TCOPHH" BMECTO
"IKBUBAJICHTHOCTh , ' AKBHUBAJIEHTHOCTh MHO>KECTB' BMECTO 'pPaBHOMOIIHOCTH , "
9KBUBAJICHTHOCTH CJIOB" B a0CTPAaKTHOM anredpe BMECTO "TOXIECTBO" M T.II.).

MatemaTuyeckas JOTMKa SBISIETCS HAYKOW O 3aKOHAaX MaTeMaTHYeCKOTO
MbInuieHus. [I[puMeHeHne MaTeMaTHKU K JIOTUKE TO3BOJIMIIO MPECTABUTh JIOTHYE-
CKHE€ TECOpUU B HOBOU y/OOHON (hopMe M MPUMEHUTH BBIYUCIUTENBHBIN amnmapar K
PEIICHUIO 3a/Ja4, MaJOJOCTYIHBIX YEJIOBEUECKOMY MBIIUICHUIO, U 3TO, KOHEYHO,
pacmmpmio o0JacTh JIoTUdecKux uccienoBannii. Cdepa mpuMeHeHUsT MaTeMaTHye-
CKOM JOTMKM OuYeHb Immpoka. C KaXIbIM TOJOM pacTeT TyO0OKOoe MPOHMKHOBEHHE
UJeH U METO/I0B MaTEMAaTHUICCKOH JIOTUKU B MH(DOPMATUKY, BBIYUCIUTEIIBHYIO MaTe-
MaTHKY, JJHHTBUCTHUKY, (Pprtocoduto. MOIIHBIM UMITYJIBCOM JUTSI Pa3BUTHUS M PACIIHU-
peHus 00JacTh MPUMEHEHHS] MAaTEMAaTHUECKOM JIOTHKHU CTaJIO MOSIBICHUE JJICKTPOH-
HO-BBIYMCIUTENBHBIX MamuH. OKa3anoch, YTO B paMKaX MaTeMaTUYECKOW JIOTUKH
y>K€ €CTh TOTOBBIN ammapar JJis TPOSKTUPOBAHUS BHIYUCIUTEILHON TEXHUKUA. MeTo-
JIbl U TIOHATHS MATEeMAaTHYE€CKOM JIOTUKU SIBIISIETCS OCHOBOM, SIIPOM MHTEIUIEKTYallb-
HbIX WH(GOPMAIMOHHBIX cucTeM. CpelcTBa MaTeMaTHUeCKOM JIOTUKKA cTainu A dek-
TUBHBIM Pab0YMM HHCTPYMEHTOM I CIEHNUATUCTOB MHOTHUX OTpaciell HayKu H
TEXHUKUA. MareMaTuuecKyro JIOTUKY HEOOXOJIMMO 3HATh BCEM CIEIHAINCTaM, He3a-
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BHCHMO B Kakoii cpeae oH paboraeT (Oyap TO HHKEHED, MPEHoAaBaTeib, FOPUCT UM
Bpau).

4. JjaeMeHTbl KOMOMHATOPHUKH

Onpenenenue. Kombunamopuka — paszien TUCKPETHOM MaTEeMAaTUKHU, KOTOPBIi
M3ydyaeT KOJWYeCcTBa KOMOWHAIIMM, COCTABJICHHBIX M3 KOHEUHOI'O YHCJa 3JIEMEHTOB
3a2JIaHHOTO KOHEYHOT'O MHOYKECTBA AJIEMEHTOB Pa3JIMYHON MPUPO/IbI, Pa3TUYAIOIIHECS
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 1o ¢popmyie P, =nl.

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

OpaTb M 5JIEMEHTOB, MPUYEM MOPSAOK IIEMEHTOB B KOMOMHAIIMK M3 M AJIEMEHTOB
6e3paznuueH. Ynucao mepecTaHoBOK M3 N 3JIEMEHTOB IO M 3JIEMEHTOB MOKHO HAWTU
n!
m . m n-m
no popmyne C'=——————— npusrom C' =C"".
mi(n- m)!
- pasmewjenuss A - 9ACIO CTOCOOOB, KOTOPBIMH MOXKHO K3 N 3JIEMCHTOB BbI-

OpaTh M 37I€EMEHTOB, pacnoJaras B3sTble M 3JIEMEHTOB B pa3IMuHOM nopsake. Yuc-
JO pa3sMelIeHH K3 N 3JIEMEHTOB MO M 3JIEMEHTOB MOXKHO HaWTU MO (Gopmyiie

AT = n!

(n- my!’
5. Cayvyalinbie COOBITHSA

HGHOCDCI[CTBGHHBIﬁ HoACYCT BEPOATHOCTH

Onpenenenue. [lon cryuarinvim cobvimuem nMOHUMAETCs BCAKUM (HAKT, KOTO-
PBIi B pe3yIbTaTe UCIIBITAHKUS MOKET IIPOU30UTH WITH HE TIPOU30UTH.

BeposaTHOCTh COOBITHSI XapaKTEpHU3yeT CTeNeHb OOBEKTHBHOM BO3MOKHOCTH
HACTYILJICHUSI 3TOTO COOBITHS.

Onpenenenue. Heckonbko COOBITUI B TaHHOM MCIBITAHUM HAa3bIBAIOTCS T10-
MapHO HeCO8MeCmHbIMU, €CII HUKAKUE BA U3 HUX HE MOTYT MOSIBUTHCS BMECTE.

Onpenenenue. Heckonbko cOOBITHI B JAHHOM WCIIBITAHUM HA3bIBAIOTCS pas-
HOBO3MOJCHbIMU, €CITA HU OJIHO U3 HUX HE SIBJISIETCSI OOBEKTUBHO 00JI€€ BO3MOKHBIM
M0 CPaBHEHUIO C OCTAJILHBIMU.

Onpenenenue. Heckonbko cOOBITHI B TAaHHOM UCIIBITAHUN OOPa3yIOT HOJHYIO
2pynny, €clid B pe3yJibTaTe UCIIBITaHUSI 00s13aTEIHHO JIOHKHO MOSBUTHCS XOTS ObI O/1-
HO U3 HUX.

Onpenenenue. CiydaitHbie COOBITHSA, 00pa3yromue IMOJTHYIO TPYMIy HECo-
BMECTHBIX ¥ PABHOBO3MOXXHBIX COOBITHI, HA3bIBAIOTCA cayuasmu (ucxooamu, waw-
camu).

Omnpenenenne (Knaccuueckoe onpeoenenue gepoamuocmu). Ecnu pesynbra-
THI OJTHOTO HCIIBITAHUS MOYXHO TIPEJICTAaBUTh B BHUJC IIOJTHOW TPYIIBI N PaBHOBO3-
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MOXXHBIX U HECOBMECTHBIX HMCXOJIOB M €CJH COOBITHE A TOSBISAETCSA TOJIBKO B M
CIIyJasix, TO BEPOSATHOCTh COOBITHSI A paBHA OTHOIIECHHUIO YHCIIA CITy4aeB, B KOTOPHIX
coObITHEe A MOSBIISIETCA, K 00IIEMY YHCITy BCEX CIIy4aeB:

P(A) :%

3ameruM, uto Bcerna O£ P(A)£1. Ilpu stoM coOblTHE, ISl KOTOPOTO
P(A) =0, nasniBaercs neeozmodchbim, a coObiTue, i kotoporo P(A) =1, nasnisa-

€TCSl 00CMOBEPHBIM.

[ToHsATHE TEOMETPUYECKON BEPOSTHOCTH MOKHO paccMaTpuBaTh Kak 0000Ie-
HUE MOHATHUS KIACCHUYSCKOW BEPOSITHOCTH Ha Cy4ail ¢ OECKOHEYHBIM (HECUCTHBIM)
qrciIoM ucxozoB. Eciu OporieHHas Hayaqy TOYKa MOXKET IOMACTh B JIIOOYIO TOUKY
obmactu G, TO BEpPOSATHOCTH MOMNACTh B KaKyro-1u00 yacTh g obnactu G (coObiTHe
A) TpornoproHaTbHA Mepe dTOW YacTh (IUIMHE, TUIOIAAH, 00bEMY) U HE 3aBHUCHT OT
pacnoiokeHus: U GOpMbI ITOW YACTH:

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

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

Onpenenenue. Cymmor HECKOJBKUX COOBITUM Ha3bIBA€TCsl COOBITHE, CO-
CTOSIIIIEE B HACTYIUJICHUH XOTSI OB OJTHOTO U3 3TUX COOBITHIA.

Ecnu Heckoiabko COOBITHI MOMAPHO HECOBMECTHBI, TO UX CyMMa CBOJUTCS K
MOSIBIICHUIO OJTHOTO COOBITHS (Oe3pasinuHo Kakoro). /[is IByX HECOBMECTHBIX CO-
obiTrii A B ux cymma A+ B ecTb coObITHE, COCTOSIIEE B TOSBICHUH U A, WIN

B.

Onpenenenue. /lpouszsedenuem AXB nByx coObiTuii A u B Ha3zpIBaeTcs COOBI-
THE, COCTOSAIIEEe B COBMECTHOM (OJHOBPEMEHHOM HJIM TOCJICAOBATEIILHOM) HACTYII-
JIEHUU 000MX ITUX COOBITHIA.

Onpenenenue. /Ipouzsedenuem HECKOIBKUX COOBITHI HAa3bIBACTCS COOBITHE,
COCTOSIIEE B COBMECTHOM HACTYIUICHUH BCEX ATHUX COOBITHH.

Onpenesenue. J/[Ba COOBITHS Ha3bIBAIOTCS HE3ABUCUMbIMU, €CTTH HACTYIUICHHEC
OJIHOTO M3 HUX HE MECHSET BEPOSITHOCTH HACTYILICHUS APYroro.

Onpenenenne. Heckoabko COOBITHII HA3BIBAIOTCS MONAPHO HE3ABUCUMbBIMU,
€CJIM JIOOBIC JIBa M3 HUX HE3aBUCHMBI, T.€. BEPOSTHOCTh HACTYIJICHUS OJHOTO UX
HUX HE 3aBUCHUT OT HACTYIUICHHS JIPYTHX.

Teopema (croXeHHS BEPOATHOCTEH HECOBMECTHBIX coObITHIA) [Tycth Au B -
HecoBMecTHBIE coObITH, Torna P(A+ B) =P(A) + P(B)

CaencrBue. Ilycte A,A...,A - HonapHO HECOBMECTHbIE COOBITHS, 0Opa-
3YIOIKUE MOJHYIO TPYIIILy, TOr1a

P(A+A +..+A)=P(A)+P(A)+..+P(A)=1.

Caencrsue. I[Iycts A, A ..., A, - TIONapHO HE3aBUCHMBIE COOBITUS, TOTAA Be-
POSITHOCTb HACTYILJICHUS XOTS ObI OJTHOTO M3 ATUX COOBITUN HAXOIUTCA MO (hopMyIie

P(A+A +..+A)=1- P(A A xA)=1- P(A)XP(A)P(A)
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Omnpenesienue. J/[Ba HECOBMECTHBIX COOBITHS, 00pa3ylolue MOJHYIO TPYIIILY,
HA3BIBAIOTCA NPOMUBONONONCHLIMY ¥ 0003HaualoTcss kak A u A, mpu d>ToMm
P(A) + P(A) =1.

Teopema (ciiokeHUsT BEpOSATHOCTEH COBMECTHBIX coObITHIi) [Tycth AU B -
coBmecTHbIe coObiTus, Torna P(A+ B) =P(A) + P(B) - P(AxB)

Teopema (yMHOXKEHUSI BEPOATHOCTECH HEe3aBUCUMBIX coObIThi) [TycTth A1 B -
nesasucumble coobitus, torna P(AXB) = P(A) XP(B)

Caencrsue. [Tycts A, A ..., A - OnapHO HE3aBUCUMbBIE COOBITHS, TOTIA

P(A xA, x..xA) = P(A) XP(A,) »P(A,)
Omnpenenenue. BeposTHOCTh coObITUSI B, BhIUMCIIEHHas B MPEIONI0KEHHH,

4TO COOBbITHE A MPOW3OIILIO, HA3BIBACTCA VCIOBHOU 8eposmHocmbio coObiTus B u
o6osnauaercs P(B/ A).

Teopema (yMHOKEHUS BEPOSITHOCTEH 3aBUCUMBIX coObITHIT) [TycTh A 1 B - 3a-
BucuMsble coobitud, Torqa P(AXB) =P(A)XP(B/ A).

Caencreue. [Tycte A, A..., A, -3aBucuUMbIC COOBITHA, TOTIA

P(A XA, 0xA ) = P(A) XP(A, | A) P(A | AA) oP(A, | AAA »<A, )
[Ipumep.B kopoOke 5 oAMHAKOBBIX M3ICHHHN, MPUYEM 3 W3 HUX OKpaIICHBHI.
Haynauy u3Bnedens 2 uznenus. Haiitu BepoITHOCTh TOTO, YTO CPEIU 2-X U3BIICUECH-
HBIX M3JICIUN OKaXETCs: a) OJHO OKpaIlleHHOe; 0) 2 OKpallleHHBIX; B) XOTs ObI OJIHO
OKpalIEHHOE U3JICNIHE.
Bocnonb3yemcss  dopmysiol  KJIACCMYECKOro  IMOJICYETa  BEPOSITHOCTEH

m
P(A)=—.
n
OueBUIHO, oO1tee KOJIMYECTBO BO3MOXXHBIX HCXO0B N paBHO
5l 4%
n=C’=——=-—-=10.
231 2

a) OnpenearM 4ucio OJaronpHsITHBIX UCX0J0B M. OYeBHIHO, YTO CIOCO0OB,
KOTOPBIMH MOYHO M3BJIeUb 1 OKpalIeHHoe n3aenue 3 3 u 1 HeokpameHHOe U3/Iee

1_ 3 . 2
u3 2, paBHO cooTBeTcTBeHHO: C; =——=3n C =—=
214! 114!
Bcero nmomyantcs m=6 crmoco0oBs.
1
Torna P(A) =C3—1C2:2 =£ =0,6
C: 10
0) OmpeaenuM YuCIO OJarompUATHBIX HCX0J0B M. Croco0oB, KOTOPBIMHU
, 3
MOKHO M3BJI€Yb 2 OKpAIIEHHbIX U31enus u3 3, paBHo CJ = ol =3
Torma m=3.
c: 3
Torma P(A)=—==—=0,
( ) C? 10

B) Ilepebiii cnoco6. CodbiTre A — U3BIEKIM XOTsI OBl OJTHO OKpAIICHHOE H3J1e-

mue. Torna coOpiTHe A - HU OJTHOTO OKpaiieHHOTo. Onpeaenum Yucio OJaronpusT-
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HBIX UcX0/10B M. Coco00B, KOTOPBIMU MOKHO M3BJI€Yb 2HEOKPAIICHHOE U3/1ETHS U3
2
2 pasHo C; =1.
Bcero nomyunutcs m=1 cnoco6oB.

Torza P(A)=1- P(A)=1- 0,1=0,9.

Bmopoii cnoco6. Xots Obl 0JHO OKpalllcHHOE — OJHO WJIH JiBa. B perrenuu mox
a) IMOJICYUTaHa BEPOSTHOCTh TOr0, YTO HU3BJICUECHO OJHO OKPAIICHHOE U3EIHE, IO 0)
— JIBa OKpaIlleHHBIX. Torga BEpOSITHOCTh TOTO, YTO M3BJICYCHO XOTS OBl OJHO OKpa-
IIICHHOE U3/ICNINEe, PaBHA CYyMME P( A) =0,6+0,3=0,9

[Tpumep. U3 ypHBI, comepxaliei 1Ba OSNBIX U TPU YEPHBIX IIapa, U3BJICKAIOT
1o oxHOMy Oe3 BO3BpallleHHsl Bce mapbl. HallTu BeposTHOCTH COOBITHIL: 1) TpeTuii
rap Oelnblif; 2) TPeTUil U YETBEPTHIN mIapsl Oesble; 3) MATHIH I1ap OClblid, eciu mep-
BbIH OBLT OCTIBIH.

1) BO3MOJKHBI CIIEIYIONINE BAPUAHTHI:

[lepBslit map — 6enblid, BTOPOH — YepHBIMA, TPETHI — OCIIbII.

[lepBslit map — yepHbBINA, BTOPOH — O€JIbIi, TPETHI — OCIIbII.

[lepBsIit map — YepHbBINA, BTOPON — YEPHBIN, TPETHI — OCIIbIN.

HaiineM BepOATHOCTH KaXJIOTO W3 3THX BapUAHTOB, MUCIOJIb3YS TEOPEMY yM-
HOXKEHUS BEPOSITHOCTEHN 3aBUCHUMBIX COOBITHIA:

231 1
pl = —X—X—=—
543 10
321 1
p2 T —X—X—=—
543 10
03221
° 543 5
Tornma mo Teopeme CIIOKEHUS BEPOSATHOCTEM HECOBMECTHBIX COOBITUM TMOTyYa-
eM P=p+p,*+ P i"'i"'l E
7?7710 10 5 5

2) HaiieM BeposSTHOCTB TOTO, YTO MEPBBIN MIAp — YEPHBIH, BTOPOH — YEPHBIH,
TpeTUil — OeJblil, YETBEPThIA - OeNblid, UCHOJb3Ys TEOPEMY YMHOXKEHUS BEPOSTHO-
CTEH 3aBUCUMBIX COOBITHI:

3221 1
T X—X—X—=—
5432 10

3) Haiinem BepOSTHOCTH TOTO, YTO MEPBBI MIap — OCIbIA, BTOPOH — YEPHBIH,
TPETU — YEpPHBIN, YETBEPTHIA — YEPHBIN, MATHIN - OCNBIN, UCTIONB3YSI TEOPEMY YM-
HOXXEHUS BEPOSITHOCTEH 3aBUCHMBIX COOBITHIA:

2321 1
=X XXX =
5432 10

[Ipumep.BeposTHOCTH MOSBISHUS KaXKJIOTO M3 JIByX HE3aBHCUMBIX COOBITHIA
u B cootBercTBenHo paBubl 0,6 1 0,5. Haiitu BeposSITHOCTD MOSIBIICHHS TOJIBKO OJTHO-
I'0 U3 HUX.
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CoOriTieC, cocrtoslliee B IOSABIEHUH TOJIBKO OJHOro W3 coOnITMiA uB, 3a-
KJIIOYAaeTCsl B TOM, 4YTO IOSABJISIETCS COOBITHE A, HO HE IOABIIICTCS coObITHE B mim
coObiTu B Hactymaer, a coObiTe 4 HE HAcTymaeT. BeposTHOCTh MOSIBICHUS COOBI-
THsA paBHa P( A) =0,6, a HEHACTYIUICHUSICOOBITUSIA paBHa

P(A) =1- P(A) =1- 0,6=0,4. BeposTHOCTb TOSBICHUS COOBITUSIB  paBHa
P(B)=05,a P(B)=1- P(B)=1- 0,5=0,5.

Torza P(C)=P(A)P(B)+P(A)P(B)=0,60,5+0,4>0,5=0,5.

[Ipumep. BeposTHOCTH TOTO, YTO OMpeaesieHHas TabIUIa COOCPKHUTCS B Kak-
oM u3 Tpex crnpaBouyHukoB paBubl 0,6; 0,9; 0,75. HaiiTu BeposiITHOCTH TOTO, YTO Ta0-
JIMIIa HE COJIEP>KUTCSI HU B OJJHOM CIIPABOYHHKE.

[Tycth coObITHEA COCTOMT B TOM, YTO TaOJHIIAa HE COACPKHUTCS HU B OJHOM

CTIIPaBOYHHKE.
CoObiTe A4, - Tabiuua COAEPKUTCS B IEPBOM CIPAaBOYHUKE, TOIza

p(Al) =0,6, a BEpOSITHOCTb TOTO, YTO TAOJHWIIA HE COJCPKUTCS B IIEPBOM CIIPABOY-
muxe p(A,)=1- p(A,)=0,4.

AnHanoruyHo, A, - Tabiuuma COJEpXKHUTCS BO BTOPOM CIIPAaBOYHHKE, TOTJa
p(Az) =0,9, a BEpOSITHOCTH TOTO, UTO TAOJUIIA HE COACPIKUTCS BO BTOPOM CIIPaBOY-
muxe p(A,)=1- p(A,)=0,1.

U, A, - Tabnuua conepKuTcst B TPETbEM CIIPABOYHUKE, TOTJA p(A3) =0,75, a
BEPOSITHOCTh TOTO, YTO TabJIWIla HE COJCPKUTCA B TPEThEM CIPABOYHHUKE
p(A,)=1- p(A;)=0,25.

CoObitust 4, 4,, A, HE3aBUCUMBI, IOATOMY I10 TEOPEME 00 YMHOKECHHUU BEPO-
srrocreit p(A) = p(4.4,4,) = p(4,) p(4,) p(4;) =0,4>0,1»0,25=0,01.

[Ipumep. Kaaposas cinyx0a 6anka Ha 00bsiBieHue B MutepHete nomyunina 300
pestome. [lpakTuka mMOKa3bIBa€T, YTO BEPOSITHOCTH TOTO, YTO MPETEHIEHT WMeEEeT
BhbICIIee 0OpazoBaHue, paBHa 0,7, BEpOSTHOCTh TOTO, YTO MPETCHJACHT UMEET OIBIT
paboTtsl B 6anke — 0,3, a BEpOSATHOCTh TOTO, YTO MPETEHACHT UMEET U BhICIIee 0Opa-
30BaHue, W ONBIT paboTel B Oanke — 0,2. OueHUTH KOJWYECTBO TMPETEHICHTOB,
HMMEIOIITUX WM OTBIT paboThl B OaHKE, WM BhICIIEE 0Opa3oBaHUE.

[Tyctb coObITHE A COCTOUT B TOM, YTO MPETEHICHT UMEET BBICIIEE 00pa30Ba-

HUEe, B -— TpeTeHACHT HMeeT ombIT padoThl B Oanke. Ilo ycioBuio p(A) =0.7,
p(B) =0.3. CoObiTHE AB COCTOHUT B TOM, YTO MPETEHACHT UMEET U BhICIIEe 00pa3o-
BaHME, U OMBIT pabOTHI B OAHKE. p(AB) =0.2.

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

Tak kakAuB COBMECTHBIE COOBITHS, TO MO TEOPEME O CYMME BEPOSITHOCTEH
COBMECTHBIX COOBITUI

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

O1LleHUM KOJIMYECTBO MPETEHJCHTOB, UMEIOIINX WM OMBIT paboThl B OaHKe,
uin  Beicmiee oOpasoBanue. Bceero 300 mpereHIeHTOB. CrenoBaTenbHO,
300>0.8 = 240 npeTeHACHTOB UMEIOT WJIM OIBIT pabOTHI B OaHKe, WIIU BBICIIEE 00pa-
30BaHUE.

6. DJeMeHTBhI CTATUCTUKH

Koneunas nenpb 11000ro HcciaenoBaHUsl COCTOUT B BBISABJICHUU 3aKOHOMEPHO-
creil. OgHU TPOSBIAIOTCS B €IMHUYHBIX CIy4yasX M Ha3bIBAKOTCA JUHAMUYECKUMH
3aKOHOMEPHOCTSIMU. XapakTep AMHAMUYECKON 3aKOHOMEPHOCTH YCTaHABIIMBAET I10-
BEJICHHUE Ka)/0ro NpHU3HaKa. J[pyrue - TOINbKO BMACCOBBIX, T.€. B IPYIIIE SIBJICHUH,
KOTOpasi Hapsay ¢ NpU3HAKaMH, MPUCYIIUMH WHIUBUAYAJIbHBIM SBJICHUSAM, XapaKTe-
PU3YIOTCS M OOIIMMU JJIs1 BCEX - CTATUCTUYECKUE 3aKOHOMEPHOCTH.

OO111eCTBEHHOE SIBJICHHE CKJIA[BIBAETCS M3 MAacChl MHAMBUAYAJbHBIX U BbI-
SABUTh 3aKOHOMEPHOCTh O3HAYaeT HAWUTH MOBTOPSEMOCTh BHYTPH BCEH Macchl siBJiE-
HUH, T/Ie HapsA1y C TJIABHBIMU JIEUCTBYET U MHOYKECTBO BTOPOCTEIEHHBIX, HEYCTOM-
YUBBIX, CIy4aHbIX (PAaKTOPOB. DTO MPUBOAMUT K TOMY, UTO B OOLIECTBE HET CTPOIrO
ONpEeEICHHBIX TUHAMUYECKUX 3aKOHOMEPHOCTEH.

CratucTtryeckas 3aKOHOMEPHOCTb SBJISIETCSI KOJIMYECTBEHHBIM BBIPAKEHHUEM
ONpeeIeHHON TeHIeHUUH. MOXHO OOHApY UTh CTaTUCTUYECKYIO 3aKOHOMEPHOCTD
pacnpocTpaHeHus: KyJIbTypbl KapTodens B Poccun B rojibl KpeCThbsTHCKON BOWHBI MO/
npeaBoautenscTBoM E.llyraueBa. AHanu3upysl NOJy4YEHHBIE JTAHHBIE, UCTOPHUK Ha
OCHOBE COJIEpPKATENBHOI0, KAYECTBEHHOI'O MOJX0J1a PEIIAeT, OTPAXKAET JIM HaWJEH-
Hasg CTAaTHUCTHYECKAas 3aKOHOMEPHOCTb HCTOPUYECKOE SIBJICHHE, KaKylO0 CTEICHb
000011IeHNs HECET, KaK1e YCIOBUS €€ OTPEICTUIIH.

BoNBIIMHCTBO SIBICHUN MOXKET XapaKTepU30BaThCs JMO0 C TOUKU 3pEHUs yac-
TOTHI TOBTOPEHHUSI BO BPEMEHU WJIM MIPOCTPAHCTBE, TOTJA 33JaETCsl BOMPOC: CKOIBKO
pa3? — 1100 ¢ TOYKH 3peHHs YPOBHS WM MHTCHCUBHOCTH. KAKOB YPOBEHb MJIH KaKO-
Ba CTEMEHb NHTEHCUBHOCTU? B 000MX ciyyasx sSIBJICHHSI MOXKHO BBIPA3UTh B KOJIAYE-
CTBEHHOH (opMme.

Boe16opounblii MeTon1 ucnonb3oBaics B JpesHem Erunte u antuunoil I'peruun
IIpU W3YYEHUU SIBJICHUN XO34MCTBEHHOW >kU3HHU, a B Pycckom rocynapcree XVII u
XVIII BB. npuMeHsics 7151 ONpeeeHs] BETMYUHBI BCETO YPOXKasi.

Wnest BLIOOPOYHOTO METO/Ia — 3aMEHUTH CIJIOLIHOE 00CIIEJOBAaHUE MAaCCOBBIX
OJTHOPOJIHBIX OOBEKTOB YaCTUYHBIM UX OOCIIEJOBAaHHEM, HE JOMYyCKasl MpU 3TOM Cy-
IIECTBEHHBIX OMIMOOK B BBIBOJAX. {51 3TOro BBIOOpKA NTOJDKHA OBITH pErpe3eHTa-
THUBHOW,T. €. JIOCTATOYHO XOPOIIO MPEACTABIIATh U3y4YaeMblid NMPU3HAK F€HEPAIBHOU
COBOKYITHOCTH, YTO OOECIeYMBACTCS CIy4ailHOCThIO 0TOOpa. ObecneunTh Cirydaii-
HOCTb BBIOOPKH, €CJIM MCTOPUK MPOU3BOJIUT OTOOP aHHBIX U3 MHOTOUYUCIIEHHOM re-
HEpaJIbHOW COBOKYITHOCTH COXPAaHUBIIUXCS CBEACHUI, BOBMOMXHO IIPH MOMOIIH Kpe-
Oust UM TaOJMIIBI CITyYaHBIX YHCE]L.
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Ecnu xe mpu momoIu KpeOusi WIM CIIy4alHbIX YHCe]l OTOOp BBIMOJ-
HUTb HE YJACTCsl, IPUMEHSIOTCS IPYTHUE CIIOCOOBI BHIOOPKHU: MEXaHUYECKUU, TUTTNYE-
CKUU U CEpUNHBIMN.

[Ipu mexanuueckoti evibopke TeHepabHas COBOKYIHOCTh pa30MBaeTCs
Ha paBHbBIC YaCTH U W3 KaXKIOW "acTu Oepercs ojHa eauHuIa. [ eHepaabHyI0 COBO-
KYITHOCTh TP MEXaHUYECKOM OTOOpE MOXKHO PAHKHUPOBATh WM YIOPSAOYUTH IO
BEJIMYMHE U3YYa€MOT0 MUJIM KOPPETUPYIOUIEro C HUM MPU3HAKA, YTO MO3BOJIUT MOBbI-
CUTh pEINpe3eHTaTUBHOCTh BbIOOpKU. Hampumep, npu 5%-Hoil BBIOOpKE MHTEpBaI
otbopa coctaBuT 20 equHUII, TOrAa OTOOP HYXHO HaunHaTh ¢ 10-i wim ¢ 11-i equ-
HuIel. B mepBom ciaydae B BeiOopky monaayT 10, 30, 50, 70 u ¢ Takum ke UHTEpBa-
JIOM TIOCJICTYIOIITNE SUHUIIBI;, BO BTOPOM CiIydae - equHuUIbl ¢ Homepamu 11, 31, 51,
flurt.nm.

Tunuueckas, unu pauoHUpo8anHas, 6blOOPKA 3AKIIOYAETCS B pasjele-
HUW T€HEPaJIbHOW COBOKYIMHOCTH HAa TUIHWYECKHUE TPYMIIbI, 0Opa30BaHHbIE MO KaKoO-
My-n0o mpu3Haky. Hanpumep, Tepputopus, mojyiexaiias o0CiaeI0BaHUIO, pa3/eis-
€TCS Ha PalOHbBI, OTIUYAIONIUECS COIMATBHO-IKOHOMUYECKUMU WM Teorpadude-
CKUMH YCIOBHUSMU. W 3 KaK10TO pailoHa MPOU3BOAST OTOOP €IUHUIL B BHIOOPOUHYIO
COBOKYITHOCTb.

[Ipu ceputinoii 6b100pKe COBOKYITHOCTD JENAT HA OJIMHAKOBBIC MO 00be-
My TPYIIIbI — cepuu. B BEIOOPOUHYIO COBOKYIMHOCTH OTOMPAIOTCS CEpUU, a BHYTPH
cepuil TMPOM3ZBOAMUTCS CIUIOIIHOE HAOMIOJCHUE E€IUHMI], IOMNAaBIIMX B CEPHUIO.

[IpuMeHeHue TOro Ui UHOTO Crocoba 0TOOpa 3aBUCUT OT CBOMCTB M3y4aeMo-
ro SIBJICHUS W MOTOMY Mpe/rnoiaraeT o0s3aTeabHoe IpeABAPUTEILHOE 3HAKOMCTBO C
00BEKTaMH UCCIIECIOBAHU.

I’ pynnuposxa - Hanbosiee paclpOCTPaHECHHBIA TMPUEM IMPEJCTABICHHUS COBO-
KYIMHOCTH Pa3pO3HEHHBIX JaHHBIX B yJIOOHOM sl Bocmipusitusi ¢popme. ITO Hayajb-
HBIH 3Tanm oO0paOOTKHU JaHHBIX HUCTOYHHKOB, (DYHIAMEHT IS OONBIIMHCTBA JIPYTHUX
MIPUEMOB MAaT€MaTUKO-CTaTUCTHYECKOTO aHaiau3a. biaromaps rpyniupoBKE MOKHO
COOTHECTH CBOJIHBIE MOKA3aTENH MO COBOKYITHOCTH B II€JIOM CO CBOJIHBIMH ITOKa3aTe-
nsMU 110 rpytinam. [losiBisieTcs: BO3SMOXKHOCTh CPaBHUBATH, AHAJIM3UPOBATH MPUUHHBI
pazIuYuil MEXy TPyNIaMu, U3y4aTh B3aUMOCBSI3U MEXITy TPU3HAKAMHU.

MeTon rpynnupoOBKYU MO3BOJISIET CIOKHOE SIBJICHHUE MPEICTABUTH YEPE3 P
0oJiee MPOCTHIX, YTO MOMOTAET MPUNTU K aHAIN3Y BCEHl CUCTEMBI B 1ieioM. MeTo-
JIOM TPYHNIUPOBKU XapaKTEPU3YIOTCS THUIIBI SIBICHUM B UX B3aUMHBIX OTHOIICHU-
X, a TaK)KE€ BCKPBIBAETCS MPUUMHHAS 3aBUCUMOCTH MEXIY OTIEIbHBIMU (PaKTO-
pamMu 1 oO1Iel TeHICHIMEN pa3BUTHUSA Mpollecca.

B nHayke pasznmuuaroT 3 OCHOBHBIX BHJA TPYIITUPOBOK. THUITOJOTHYCCKHH,
CTPYKTYPHBIN, aHATUTHYECKUM.

Tunonoeuueckas epynnuposka pacuieHsIeT KaueCTBEHHO-PA3HOPOJIHYIO CO-
BOKYITHOCTh Ha OJHOPOJIHBIE TPYIIIbI, HA TUMBI. B OCHOBY I'pynmUpOBKH 3aKia-
NbIBA€TCSl KAYECTBEHHBIN MpU3HaK. Tak, HanmpuMep, MHUPOKO U3BECTHO MCIOIb30-
BaHME TUIOJOTHUYECKON rpynnupoBku B.W. JIeHMHBIM 171 aHamU3a KPECThbIHCKUX
XO3SIUCTB: MPOJETAPCKUX, COOCTBEHHO KPECThIHCKUX U KAMTUTATUCTUUECKUX UIIH -
OCHAIKNX, CEPEIHIIKUX U Kynankux. [[pumMepoM THUIOIOTHUYECKON TPYNIUPOB-
KU BBICTYIA€T paclpeAesieHue MPOMBIIIJIEHHOCTH MEepuoJa HOBOW 3KOHOMHUYE-
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ckoii monutuku (HOII) mo conuanbHBIM CEKTOpPaM - rOCyAapCTBEHHAs, KooIepa-
THBHAdA, 4acTHasA. BbljeneHue TUIIOB Ha OCHOBE KOJMYECTBEHHOTO MPU3HAKA COCTO-
UT B OIpPEJACICHUH TPYII C yUYeTOM 3HAYCHHUH (BEJIMYMHBI) M3YIaeMbIX MPH3HAKOB.
[Ipu 3TOM OYEHb BaKHO MPABUIBHO YCTAHOBUTH MHTEPBAJ IPYIIIHUPOBKH, HA OCHOBE
KOTOPOTO KOJMYECTBEHHO Pa3IMYalOTCS OJHU TPYIIbI OT APYTUX, HAMEYAIOTCS Tpa-
HUIIBI BBIJICTIEHUS] KX HOBOTO KauecTBa.

Cmpykmypnas epynnupogka NPEACTABISIET Ka4eCTBEHHO-OJHOPOJAHYIO CO-
BOKYITHOCTh B BHUJI€ KOJIMYECTBEHHBIX I'pyMIl. B OOJIBIINHCTBE CBOEM CTPYKTYPHBIE
IPYIIUPOBKUA TMPOU3BOJATCS HAa OCHOBE OOpa3oBaHUs KA4€CTBEHHO OJHOPOIHBIX
TPYII, XOTSI HEPEIKO OHU MPUMEHSIIOTCS U 0€3 MPeIBApUTEIILHOTO PACUJICHEHHSI CO-
BOKYITHOCTH Ha 4YacTU. B OCHOBY 3TUX TPYNIUPOBOK 3aKJIaJbIBACTCA KOJIUYECT-
BEHHBIN mpu3Hak. [[puMepomM MOXKET CIYKHUTh pacipeaeieHre paboyux Mo cra-
Ky, IO pazMepam 3apaboTHOM NJIaThl, 10 BO3PACTYy.

Tpernili METON — METOJ, AHAAUMUYECKOU 2PYNNUPOSKU - 3AKIIF0YAETCS B HUC-
CJIEJIOBAaHUU B3aMMOCBSI3EN MEXAy (PaKTOPHBIMU MPU3HAKAMHU B KaUY€CTBEHHO O/]I-
HOPOJHON COBOKYNHOCTH. C MOMOIIBI AHAJIUTUUYECKUX TPYNIMUPOBOK YJIAETCS
BBISIBJISITh IPU3HAKU, KOTOPbIE MOTYT BBICTYNATh WJIM MPUYUHON, UIIN CIIEACTBUEM
TOTO WJIM WHOTO SIBIICHUS. DTOT METOJ €lle Ha3bIBalOT (PaKTOPHBIM, MPHU ITOM
OJWH W3 MPU3HAKOB TPYNIUPOBKU paccMaTpUBAETCs KaK pe3ylibTar, a APYrou -
kKak (¢aktop. Hampumep, gaHa rpynmupoBKa MajbIX NPEANPUATHH MO pazMepam
NpUOBLIN U MPOJOJKUTEIBHOCTA 000poTa cpeacTB. [Ipu 0oAHOM U TOM Ke CpOKe
000poTa KanuTana NpeanpusiTUs MOTYT UMETh Pa3HYIO MPUOBLIb, CIE0BATEIbHO,
NpHU3HAK «000pPaYMBAEMOCTh CPEACTB» - (pakTop (WM ycioBue), a MPU3HAK KIIPH-
OBLIB» - pe3yabTaT. YTOOBI YCTAHOBUTH CBSI3b MEXKIY MPU3HAKAMU, JaHHBIE TPYII-
MUPYIOTCS 1O MPU3HAKY-(PAKTOPY.

Pe3ynpTaThl rpynnupoBOYHOIO Marepuana o(OpMIISIIOTCS B BUJIE TAOJIULL WU
B MHBIX rpadudeckux (opmax. Ha Gaze rpynmupoBKH pacCUUTHIBAIOTCS CBOJHBIC
MOKa3aTey Mo TpyInaM, HOSIBIASETCS BO3MOKHOCTh UX CPABHEHUS, aHAIN3a IPUUUH
pa3nyui MEXIy TPYIIaMU, U3yYEHUs B3aUMOCBSI3€M MEXy Npu3Hakamu. | pymnmnu-
POBKa CO3J1a€T OCHOBY JIJIS MOCIIEAYIONIECH CBOJIKY U aHAIM3a JaHHBIX.

OO6o0maronmii KOJIMYeCTBEHHBIM MMOKA3aTeNb, XapaKTePU3YIOIUNA TUTTAYHBIN
YPOBEHb COBOKYITHOCTU IO ONpPEACICHHOMY MPU3HAKY HAa3bIBAIOT CPEIHEN BEIUYH-
HOM. OHa MMPOKO MPUMEHSIETCA B PA3IUYHBIX OTpACisIX 3HaHUN.B umcropuueckoi
HayKe CpeIHHME BEJIIMYMHBI MPUCYTCTBYIOT 1aBHO, HO HE B MOJHOM Mepe. Jliia oOpa-
OOTKM MacCOBBIX JIaHHBIX B CTATUCTUKE pa3pabOTaHbl CPEIHUE rapMOHUYECKas, reo-
MEeTpHUYECcKasi, KBaJpaTUUYECKas, a TAK)Ke OMUCATENIbHbIE CPETHHUE - MOJIA U MEIUaHA.

Bvibopounas cpeonss (cpeonsisi apugpmemuueckas) - SBISIETCS CaMbIM pac-
MIPOCTPAHEHHBIN BUJ CpeAHUX BedudrnH. OHA UCUUCISECTCS MyTEeM OTHOILICHHS CyM-
MBI BCEX 3HAUEHUI MpU3HAKa K 00IIeMY YUCITy HAOJIIO1CHHIA

o]
_ a Xm,
X,=—— —

TIE X, X5, X5,...X, - BADHAHTHI MpHU3HaKa (pe3ysIbTaThl U3MEPEHUi);
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[¢]
N — 9uciIo equHUI HabmoaeHus (N=gQ m, ,20e M, - COOTBETCTBYIOLIHE Yac-
i

TOTBI).

Mooa (Mo) npencrapisgeT HanOoJIee YaCTO BCTPEUaloeecs 3HaYCHUE MPU3HAa-
Ka B YIOPSJOYCHHON COBOKYITHOCTH, HauboJiee TUITMYHOE cpeaHee 3HaueHue. B quc-
KpeTHOM psiny Mo ompenensercss 0e3 BBIUMCICHUM Kak 3HAaUYCHUE MpU3HaKa C Hau-
OoJibliei YacTOTOM. J[J11 BEIYMCIICHUSI MOJIbl B MHTEPBAJILHOM sy CHauaja orpee-
JIIeTCsl MOJIAJIbHBINA KJ1acc, T.€. MHTEpBal ¢ HaubOojblield yacTtoToi. 3aTeM Mo BbI-
qucisercs no gpopmyse:

P, =Py
2P, — P, — P4

X~ HIDKHSISL TPaHUIa MOJAIbHOTO MHTEPBAJIA;

K - BennunMHa MHTEpBAa,;

P; —4acToTa HHTEpBaJa, MPeIIeCTBYIOIIEI0 MOJAILHOMY,

P, - 4acToTa MOJIaJIbHOT'O UHTEPBAJa,

P; - yacToTa MHTEpBaa, MOCIEAYIOLIETO 3a MOJAJIbHBIM.

Meouana (Me) - BeawunHa, ONpEACIIAIONIAs 3HAYCHUE MPU3HAKA, HaXOsIIe-
rocsi B CEpe/IMHE yMOPSI0YEHHON COBOKYIMHOCTH. MeanaHa JIeUT U3y4aeMylo COBO-
KYIMHOCTh TaK, YTO YHMCJIO CAUHUI] C OOJBIIMM U MEHBIIIUM, YeM MeJMaHa 3HAUCHUEM
MpU3HaKa, OJIMHAKOBO. B MHTEpBaIbHON rpynnupoBKe s BeiuucieHuss Me Heobxo-
JTMMO HaWTH MEJUMaHHBIA UHTEPBAJ - UHTEPBaJ, KOTOPOMY COOTBETCTBYET IepBas U3
HaKOTUICHHBIX YaCTOT, MPEBBIIIAIONIAs TOJOBUHY CYMMbI BCEX YaCTOT psijia pacrpe-
JeJeHUs. 3aTeM CUMTAIOT 10 hopmyJe:

Mo = X, +K TAe

YP/2—-Ym-—1
Me =X, + K 2 , e
m

X - HUKHSISL TpaHuIla MEIMaHHOTO MHTEpBaa,

K - BenmnurnHa MEIMaHHOTO MHTEPBAJIA,

Y. P- cymma 4acTor;

Y. m — 1- cymMMa 4acTOT HHTEPBAIOB, IPEAIICCTBYIOIINX MEINAHHOMY

(HakoOIJICHHAs YacTOTa B MHTEPBAJC, MPEAIICCTBYIONIEM MEIHAHHOMY ).

P, - yacToTa MEIMAaHHOTO UHTEPBAJIA.

Cpeonsisi ceomempuveckas cpeoHssi eeuduna NCTONb3YeTCs UIsl COXpPaHEHUS
HEU3MEHHOCTH IIPOU3BEJCHUS WHIWNBUAYAIbHBIX 3HAYEHUM IIPU3HAKA, HampuMmep,
[IpH aHallM3e AMHAMUKH (1711 pacdera CpeaHEro TeMIia pocTa), MPU 3aJaHHOM MUHU-
MaJIbHOM U MaKCUMaJIbHOM 3HAYEHMSX IIPU3HAKA.

Cpeonsisi eapmonuueckas MPUMEHSETCS, €CIU HE0OXOAUMO OCTAaBUTH ITOCTO-
SSTHHOM CyMMY BEJIMYHH, OOpaTHBIX MHAMBUIYAIbHBIM 3HAUYCHHUSAM IPU3HAKA, B 3TOM
cJlydae 4acTOThI (Beca) HEM3BECTHBI, a M3BECTHBI IPOU3BEICHUS MIPHU3HAKA HA COOT-
BETCTBYIOIIYIO 4acToTy (IpHUMEpHI: CPEJAHHME 3aTpaThl TPy/aa, BpEeMEHHU, MAaTCPHUAJIOB
Ha OJTHY JIeTallb, CPEIHSSA YPOIKAHHOCTD, CPEIHSAS CKOPOCTh M T.I1.).

Cpeodnsa keaopamuueckas pacCUMTHIBACTCS, KOTJa HEOOXOIUMO COXPaHUTh
HEU3MEHHOW CyMMY KBaJpaTOB MHIAWBUAYAIbHBIX BEJIMYWH; MIPU pacueTe Mmokazare-
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jei Bapuanuu (OpUMEpBI. CPeaHss ILIOMIaab, CPEAHUN TUAMETP, CPEOHsS IIHHA
KBaJ[paTHOTO y4acTKa U T.II.).

Bri0opouHoe cpeHee KBaapaTHYeCKOe OTKIOHCHHE BBIUUCIIACTCS MO GopMy-
e

s =.d

8 8!

1
ede d, ==3 (X - X)? - evibopounas oucnepcus
n;

@opMmyiibl pacueTa CpeaHEro 3Ha4eHus IoKa3areis 4epe3 OTHOCUTEIbHBIE Be-
JIMYUHBI CTPYKTYPBI ITO3BOJISIIOT OXapaKTEPU30BATh 3aBUCUMOCTb CPEIHENU HE TOJBKO
OT UHAWBHIYaJbHBIX 3HAYCHUIN OCPEIHAEMOMN BEJIMYUHBI, HO U OT CTPYKTYpBI COBO-
KYITHOCTH, TIOCKOJIBKY M3MEHEHHE CTPYKTYpbl COBOKYIHOCTH INMPUBOIUT K M3MEHE-
HUIO CPEHEW BEJIMYUHBI, [P 3TOM MHIMBUAYAJIbHBIC 3HAYCHHS OCPEAHSAEMOrO MPU-
3HaKa MOTYT OCTaBaTbCsl HEU3MEHHBIMH.

OMnupuyeckas QyHKIUS pacnpeneseHus onpeaensercs no gopmye

F*(x)=%

rZIe B YUCIUTENE CTOUT YHCIIO BAPUAHTOB BEIOOPKH, MEHBIITHUX X.

[Mpumep 1. MMetoTcs naHHBIE O pa3Mepax OCHOBHBIX (GoHaoB (MiH. py0) 30
npeanpustuii. 0,42, 0,24,0,49, 0,67,0,45, 0,27, 0,39, 0,21,, 0,58, 0,40, 0,28, 0,73,
0.44, 0,56, 1,21, 0,63, 0,79, 0,81, 1,07, 0,68, 0,94, 0,76, 0,63, 0,38, 0.65, 1,14, 0,46,
1.38, 0,72, 0,91. ITocTpouTh WHTEPBAIBHBINA PAJM, TUCTOPAMMYy, TOJUTOH YacToOT,
BBIYHCIUTH MOY, MEIMaHy, CPEIHIOI0 TAPMOHUUYECKYIO.

[Tpumep 2. Beibopka X o6pemom 100 n3mepenwnii 3aaana TabauIei:

i 1 2 3 4 5 6 7
X 0,2 14 2,6 38 5 6,2 74
m, 5 13 25 25 19 10 3

TAe X - Pe3yNIbTaThl U3MEPEHHI, M, - COOTBETCTBYIOIUE YacToThl. [locTpouts mo-

JIITOH OTHOCUTEJIbHBIX YAaCTOT, HAWTHU MOJY, MEAUAHY, KyMYJATY, SMIIUPUUYECKYIO
GyHKIMIO pacripenesieHrs. BeriuciuTh BEIOOPOYHOE CpellHee KBaJIpaTHYECKOE OT-
KJIOHEHUE.

[To3HaHWE CYHMIHOCTHM HCTOPUYECKHX SIBIICHUM M MEXAHU3MOB HMXPa3BUTHUS
MPENNOJIaraeT PacKpbiTUE BHYTPEHHUX CUCTEMHBIX CBS3EHHM MX OIIEHKY. DTH CBSI3H
CJIO’KHBI U MHOTOOOPa3HbI, CPeIM HUX HEOOXOIUMOBBIICTUTh Hanboiee CyleCTBEH-
HbIe, (GOpMUPYIOITUEXapaKTep PA3BUTHUS SIBJICHUS.

BaxuelmmM yciioBUEM aHaIM3a CBS3EM BCEX BUJIOB SIBJISIETCS BO3MOXKHOCTBUX
KOJIMYECTBEHHOTO BBIpaKeHUs. MaremaTuyeckass CTaTUCTHUKapaszpaboTana Iesbli
Pl METOAO0B, MOMOTAIOIINX PEUINTh 3Ty3anauy. Cpenn HUX —KOppesyuoHHbIl aHa-
su3.JIaHHBIA METOJT MO3BOJIIET YCTAHOBUTh HAJIMUWeE, OpMy U HANpPaBIEHHOCTH CBS-
3, a TAKXKE KOJIMYECTBEHHO OLICHUTH €€ CUily. [Ipu 3TOMIUIs YMCI0BOTO BBIPAKEHUS
M3y4aEMBIX MPOLIECCOB U SIBIICHUN MO>KHOIIOJIB30BaThCS BCEMU IIKAJIAMU U3MEPEHUS,
MPUHATBIMA B COBPEMEHHOWHayKe. Takas yHHUBEpPCAIBHOCTh CAEJaja METOJ Koppe-
JSIMOHHOTOaHAIN3a BEChMa MOMYJSPHBIM M BOCTPEOOBAHHBIM B UCTOPUYECKUX HC-
CJIEOBAHUSIX.
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Koppensuusa — nokaszarenb, OTpakarolUuid B3aUMHYIO 3aBUCUMOCTh JABYX WU
6osnee BenuuuH. [Ipy 3TOM BETMYMHBI JOJDKHBI BHIOMpAIOTCA CIy4ailHO, a 3aBUCH-
MOCTb MOYXET OINPEAEATHCS MO0 COBNAJCHNUEM, TMO0 OTHOIICHUAMU PUIMHHOCTH.
Heo6xoaumo BBICHUTD, HE SIBIISICTCS JIM KOPPEJSIIIUS JIOKHOM, TO €CTh OCHOBAaHHOM
Ha COBNAAEcHUHU. JlJIs1 3TOro BBOAUTCS €IIE OJIHA HOBAs CllyyailHas BeJIMYHUHA. TOJBKO
IIpU U3MEHEHUU 3HAUEHUS OJHOM BEJIMUHMHBI, KOTOPOE BJIECUET 3a OO0 HEMUHYEMOE
CUCTEMATUYECKOE U3MEHEHHUE 3HAYCHUS APYrOM BEIWYUHBI, KOPPEIALUS CUATACTCS
ycTaHOBJIIEHHOU. Takoe M3MeHeHHuEe MOXKET ObITh BBIPAXKEHO B BUAE KOd(pduuueHTta
KOPPEJSLNH, WIN KOPPEISIMUOHHOTO oTHOIIEeHHs . Koadpunuent koppensuun noxa-
3bIBAET, HACKOJBKO TECHO JIBE MIEPEMEHHBIX CBSI3aHbI MEXAY COOOM.

B ocHOBe KOppENSIMOHHOIO aHaIKu3a JEXKHUT UEsl COMOCTaBICHUAKOICOaHUN
3HAYEHUN U3Y4YaeMBIX MPU3HAKOB OTHOCUTEIBHO IpyTr Apyra.Eciu yucieHHble 3Ha-
YEHUs OJHOIO MPHU3HAKA H3MEHSIOTCS OJHOBPEMEHHOCO 3HAYEHUEM JAPYroro, TO
MOYKHO IIPEANOJIOKUTD, YTO MEKIYHUMH CYILIECTBYET CBA3b.

B MaremaTtuke pa3nuyaroT (YHKIHMOHAJIbHYIO U CTATUCTHUECKYIO 3aBHCH-
MOCTb.

@OyHKIMOHAIBHASI 3aBUCUMOCTb JIBYX KOJIMYECTBEHHBIX IIPU3HAKOB WIH IEpe-
MEHHBIX COCTOUT B TOM, UYTO KaXJIOMY 3HAYEHUIO OJHOW IEPEMEHHOM BCEraa COOT-
BETCTBYET OJIHO OIPEIEIICHHOE 3HAYEHUE IPYyroul nepeMeHHoM. DyHKIHMOHAIbHAA
3aBUCHMOCTb IPEAINOJIAraeT pPacCMOTPEHUE IPU3HAKOB H30JIMPOBAHHO, OJHAKO B
OOIIECTBEHHOM *U3HMU MOJO0OHAsI CUTYyalMs CKIIaJbIBaeTcsl KpaiiHe peako. Kak mpa-
BUJIO, BO3JICHCTBHE OJIHOM NMEPEMEHHOM Ha JIPYTyIO0 HE U30JUPOBAHO OT JIPYrux (pax-
TOPOB, & MPOUCXOAUT B YCIIOBHUSX WX BIMSHUA HAa W3y4aeMYyHK B3auMMOCBA3b. [l
ONMCaHUsA 10100HOTO pona 3aBUCHMOCTH HCIIOJIBb3YETCS MTOHS-
THE CTATUCTUYECKOMN, NI KOPPEJSIHUOHHOM, CBA3H.

B otnuune ot GpyHKIMOHANBHOW 3aBUCUMOCTH, KOTJa KaKI0OMY 3HAYEHUIO O/I-
HOI'O IIpU3HAKa BCErAa COOTBETCTBYET OIPEACICHHOE 3HAYEHUE IPYroro, B Cilydae
CTaTUCTUYECKOMN 3aBUCHMOCTH HEKOEMY 3HAYEHUIO OJHOT'O IIPU3HAKA MOTYT COOTBET-
CTBOBATh PA3jMYHbIE 3HAYEHUs Apyroro. IIpmumHa 3TOro 3aKiato4aercs B TOM, YTO
IpU CTaTHCTUYECKOW 3aBUCHMOCTH CBSI3b MEXIy MpH3HAKaMU (IBYMs, Tpems, He-
CKOJIbKMMH) ONPECISIETCS] HE TOJIBKO B3aUMOJICHCTBUEM MEXKy HUMH CAMHMU, HO U
BO3/JICHICTBMEM MHOXECTBa JPYrMX HEYYTEHHBIX (hakTopoB. B pesynpraTe Takoro
BO3JCHCTBHS CBA3b MEXKY IPU3HAKAMU MPUCYTCTBYET U MPOSBISETCA HE B KAXKIOM
KOHKPETHOM CJIy4ae, a TOJIBKO «B CPEAHEM», KaK TeHJeHUHMs. 1103ToOMy yCcTaHOBUTH
HaJIMYMe B3aMMOCBSI3U U ONPENEIIUTh €€ KOJTUYECTBEHHYIO MEPY MOKHO HE TOCPE.I-
CTBOM E€IUHUYHBIX HAONIOJACHUI, a JIMIIb NMPUMEHUTEIBLHO K OIpPEAENIEHHON COBO-
KYITHOCTH OOBEKTOB, T.€. B CPEJHEM 10 OTHOIIEHHUIO K MAaCCOBBIM OOBEKTaM WU SIB-
neHussM. COOTBETCTBEHHO XapaKTEPU3YIOUINE 3TH OOBEKTHI WM SIBJICHHUS KOJIHYECT-
BEHHBIE II0KA3aTENM HA3BIBAIOTCA MACCOBBIMHM JTaHHBIMH.AHAIU3 CTAaTHCTUYECKOU
(KOppeJSIIIMOHHOW) CBSI3U MPEIOJIAracT BISBICHUE XapaKTepa CBS3H M OICHKY TEC-
HOTHI CBsA3U. KoppensiMOHHBIA aHaIU3 IO3BOJISET OLUEHUTHh TECHOTY CBA3U IIPU I10-
MOIIIM CHENHMATIbHBIX MOKa3aTeseil, BHIOOp KOTOPBIX 3aBUCUT OT BHJIa (yHKIIMOHAJIb-
HOM 3aBHCUMOCTH, aJ€KBAaTHO OINMCBIBAIOLIETO PACCMATPUBAEMYIO CTATUCTUUYECKYIO
B3aMMOCBS3b.
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B xoppensiiimoHHOM aHalau3€ OJHOW M3 OCHOBHBIX MEp CBS3M MEXAY MpPHU3HA-
KaMH SBJISICTCS TAPHBIN JTUHEHHBIN KodhduireHT koppesanuu. C ero moMoInibo u3-
MEpSIETCS TECHOTA CBSI3M MEXY JABYMsI MTpU3HaKaMu. JInHenHbIi ko uimeHt kop-
pensiiuu I u3meHsiercss B npenenax ot -1 go +1. PaBenctBo koddduiuenta HyIro
CBUJIETEIBCTBYET 00 OTCYTCTBHH JIMHEHHOMU CBsi3u. PaBeHCTBO K03 dunrenta -1 uim
+1 roBopHUT O HaIM4YMKM (PYHKIUOHAIBHOU 3aBUCUMOCTH. [Ipur= 1 mpucyrcrByer
npsAMas CBA3b, T.€. YBEJINYEHHUE UM YMEHBIICHHUE OJHOTO MMPU3HAKA CONMPOBOXKAAECTCA
aHAJIOTUYHBIM M3MEHEHHEM Jpyroro npusHaka. [Ipu r= -1 cBs3p oOpaTtHas, T.e. yBe-
JIMYCHUE WIM YMEHBIICHUE OJHOr0 MPHU3HAKa COMPOBOXKAAETCA MPOTHUBOMOJIOKHBIM
10 HAMPABICHUIO U3MEHEHUEM JIPYTOr0 MPU3HAKA.

Meton koppeisiuy MoMoraeT peluTh ONpeaeIeHHbIN Kilacce 3ajaad, npuoiu-
3UTHCS K IOHUMAHUIO TPUYNHHO-CIICICTBEHHBIX MEXAHU3MOB.

7.  OcHOBHbIE NEPUOAbI PA3BUTHA MATEMATHKH U UX 0COOCHHOCTH

1. M3ydyeHne KOHCIIEKTA JICKIUH (TeMbl — 0030p HCTOPHH MAaTEMATHKH)
2. TloaroroBka u Hanucanue pedepara Mo BHIOPAHHON TEMe
3. TloaroroBka mokiana mo reme pedepara
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