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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 ALTIVISE], (L7158 [L7\[58] [58)\[L7]
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 SKBHBaJICHTHBIM MHOkecTBY B (A : B), eciu
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).

Koneunoe MHOKECTBO, COCTOAIIEC U3 NIJIEMEHTOB UMECCTMOITHOCTD |A| =n.

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

3aganus.M300pa3uth quarpaMmel Ditiiepa-BenHa s ciaeayronmx MHOXKECTB:
a) (A1 B)\C

6)(AUB)\C

B)(AIB)IC

r) (A\B)IC

n (A\B)UC

e) (A\B)\C

x) (A1 B)UC

2. MHOKeCTBO KOMILJIEKCHBIX YHCEJI

Omnpenenenue. KomniekcHvlmM yuciom Ha3bIBAIOT BCAKYHO — YIOPSJOYEHHYIO Mapy
(X, y) NENCTBUTEIBHBIX 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 _-6+8 _2(-3%4i)
T Toa 2 2

= -3+ 4i.

3anuch Z= X+ Yyi Ha3bIBaCTCA aeebOpauyeckoi ¢Hopmol 3aluCH KOMIUIEKCHOTO

yuca./[eficTBUTenbHBIE YuCaX U Y Ha3bIBAIOT COOTBETCTBEHHO OeliCMBUMENbHOU U
MHUMOU 4acmbl0 KOMITJIEKCHOTO Uncia Z = X+ Vi !

Rez=x ulmz=y.
Cymmoui JByX KOMIUIEKCHBIX dYHCel Z =X +VY,i ®u Z, =X, +Y, Ha3bBaIoOT
KOMILIEKCHOE YHUCIIO Z = Z + Z,, IEUCTBUTENbHAS YaCTh KOTOPOIO paBHa X =X, + X,,
a MHMMas paBHa Y=Y, +VY,, T.C.
2=+, = (Xt %) (Yt Y,)
Pasnocmolo NByX KOMIUIGKCHBIX 4Yncenl Z =X +Y,i u Z =X, +Y, Ha3bpBaIOT
KOMIUIEKCHOE YUCIIO Z = Z - Z,, NeHCTBUTENIbHAs YacTh KOTOPOrO paBHA X=X, - X,,

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

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

IIpoussedenuem MBYX KOMIUIEKCHBIX YUCeN Z =X + VY, U Z, =X, +Y,I Ha3bIBaeTcs

KOMITJICKCHOE YHCJIO
2=2%, = (X1X2 B y1y2) + (X1y2 + X2y1)i :

Yucino Z=X- yi Ha3bIBaeTCA conpsidcernbiM (KOMILICKCHO COMPSKCHHBIM) YHCITY
Z=X+Yyi.OtMerum, uto ZXZ = X* + Y°.

Yacmuvim (omnowenuem) NBYX KOMIUIEKCHBIX 4Hceln Z =X +VYi U Z, =X, +V,i
npu 2z, 0(t.e. 10, y,* 0) Ha3bIBAIOT KOMILJICKCHOE YHCIIO
XX T ViYs + XY - XY i

XHY, X Y

Z:i:
Z,

pumep. Berauconts (2- 31)° + 27
(2- 3)*+2° =2%- 23 +(3N)*+2Y % =4- 121 + 9 + 2(i*)" % =
=4-12i +9°+2(i>) % =4-12i - 9+2X-1)"i=-5-12i - 2 =-5- 14



7+3
3-1
7+3 _ 7+3 _ (7+3)(-1-3) _-7-21i-3- 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.

3agaHus
1. Boraucnuts (4+5i)%(5- 4i) Orset: 115+ 236i
2. BIUHCINTD — /Rt S o R OrtBer:1
S+4
2.5 _ .
3. Boruuciuts 31 OtBet.0,1- L, 7i
3. DJIeMEeHThl MATEeMATHYECKOH JJOTUKH

Jloruka Bo3Hukia B KynapType [dpeBnen ['peuun. IlepBoe momenmee no Hac
COYMHEHUE 10 JIOTUKE - «AHAIMTHKU» Apuctotens (384-322 rr. 1o H.3.). Dopmaib-
Has JIOTHKA MPOCYIECTBOBAIA O€3 CephE3HBIX U3MEHEHUI OoJiee ABAIATH CTOJETUH.
BYJIb JIxopmxk (1815-1864) - aHTIUiiCKUiT MaTeMaTHK, KOTOPBIA CYMTAETCSI OCHOBO-
MOJIOKHUKOM MaTeMaTU4eCKON JIOTUKH.

Pa3BuTre MaTeMaTUKH BBISIBUIO HEJOCTATOYHOCTh JIOTUKU APUCTOTENS U TO-
TpeboBajo nanpHeiiiero e€ pasButus. HezaBucumMo pasBuBanach OyJIIUCTCKas JIO-
I'MKa, HO JIOCTOSIHUEM €BPOIIEMCKOM HAYKH OHa CTaja HEIaBHO, IO3TOMY MaTeMaTH-
yeckas JIoruka OepeT Hauyajo U3 JIOTUKU Apuctorens. MaremaTuueckas JIOTUKA SIB-
JseTCs HAYKOW O 3aKOHAaX MaTeMaTHYecKoro MeluuieHus. [Ipenmerom Maremarnue-
CKOHM JIOTMKH SIBJISIFOTCS MAaT€MATHYECKUE TEOPUU B LIEJIOM, KOTOPBIE M3Y4aroTCs C
IIOMOILBI0 MAaTEMATHYECKUX SI3bIKOB. IIpy 3TOM B mepByr0 ouepenpr MHTEPECYIOTCA
BOIIPOCAMH HENPOTUBOPEUYMBOCTH MAaTEMAaTUYECKUX TEOPUM, UX Pa3BSA3HOCTU U MOJI-
HOTBI.



Maremarndeckasi JJOTUKA OTJIMYAETCS TEM, UTO MOJb3YETCA A3bIKOM MaTema-
TUYECKUX U JIOTUYECKUX CUMBOJIOB, UCXOAS U3 TOTO, YTO B MPUHIIUIE OHU MOTYT CO-
BCEM 3aMEHUTH CJIOBA OOBIYHOTO SI3bIKA M MPUHSTHIE B OOBIUHBIX JKUBBIX SI3bIKAX CIIO-
coObl 00BETMHEHHS CIIOB B Mpe/iiokeHrus. OCOOEHHOCTH MaTEMaTUYECKOTO MBIIILJIe-
HUSI OOBSACHSIOTCS OCOOCHHOCTSIMU MaTeMaTHYSCKUX aOCTpaKIuii 1 MHOrooOpa3uemM
UX B3auMOCBs3eil. OHM OTpa)xKaroTcsl B JOTHUUECKON CUCTEMATU3allUd MaTEMATUKH, B
JI0Ka3aTEIbCTBE MATEMAaTUYECKUX TEOPEM. B CBSA3M C 3TUM COBPEMEHHYIO MaTeMaTu-
YECKYIO0 JIOTHKY OINPEICIISIIOT KaK pa3/iesl MATeMAaTUKH, TTOCBSIIIIEHHBIA N3YyUYEHUIO Ma-
TEMATUYECKHUX JI0KA3aTEIbCTB U BOMPOCOB OCHOBAHUN MATEMATUKH.

B akcrmomaTHueCKOM MOCTPOCHUM MATEMATHYECKOW TEOPUM TMPEABAPUTEIIHHO
BBIOMpaeTCs HEKOTOpask CUCTEMa HEOIpEIeIsieMbIX MOHATUM M OTHOIICHUS MEXIY
HUMH. DTH TOHATHS U OTHOILICHUS HA3bIBAIOTCS OCHOBHBIMU. Jlaniee 0e3 qoka3aTesb-
CTBa MPUHUMAIOTCS OCHOBHBIE IOJIOKECHHUSI PAaCCMATPUBAEMOM TEOPUU - AKCHOMBI.
Bcé manbHeliiee coaepkaHue TEOPUM BBIBOAUTCS JOTHYECKU M3 akCHMOM. BriepBbie
aKCHMOMAaTHUYECKOE MOCTPOCHUE MAaTEMAaTUYECKON Teopuu ObUIo Tpeanpuuaro EBkiu-
JIOM B TIOCTpPOEHUH reoMmeTpuu. M3noxxenue 3tor Teopun B Hauanax He 6e3ynpedHo.
EBKMI 3/1eCh TBITACTCS JIaTh OINpPEICICHHUE WCXOMHBIX MOHATHH (TOYKH, MPSIMOH,
IUIOCKOCTH). B ToKa3aTensCTBe TEOPEM MCIIONIB3YIOTCS HUT/IE SIBHO HE cHOPMYITUPO-
BaHHBIC MOJIOKEHHU S, KOTOPHIE CUUTAIOTCS OUEBUIHBIMU. Takum 00pa3oM, B 3TOM I10-
CTPOEHUU OTCYTCTBYET HEOOXOJMMasi JIOTHUECKasi CTPOTOCTh, XOTSI UCTUHHOCTh BCEX
TMOJIOKEHHUI TEOPUU HE BHI3BIBAET COMHEHUM.

OTMeTHM, YTO TaKOM MOJAXOJ K aKCMOMATHYECKOMY MOCTPOCHUIO TEOPUHU OC-
TaBajicsl eMIMHCTBEHHBIM 10 X|X Beka. bosbliyto poJjib B U3MEHEHUHU TaKOTO MOX0/1a
ceirpayia padotel H. . Jlo6aueBckoro (1792-1856). JlobaueBckuii BIIepBbIC B IBHOM
BHJIC€ BBICKa3al yOEXKJIECHHUS B HEBO3MOXKHOCTH JIOKa3aTEIhCTBA MSTOrO IMOCTyjaTa
EBknmaa u mogkpenu 3To yoexaeHue co3gaHnueM HoBou reomeTpun. [1o3xe Hemelr-
kuii Mmatematuk @. Kieiin (1849-1925) nokasan HEMPOTHBOPEYHUBOCTH T'€OMETPHUH
JloGaueBckoro, yeM (hakTHUECKH ObLIa JI0Ka3aHa U HEBO3MOXKHOCTh JIOKa3aTeJIbCTBA
naroro nocrynara EBkimna. Tak Bo3Hukiu u Osutn pemieHsl B padborax H. U. JloGa-
yeBckoro u @. Kneiina BrepBbie B UCTOPUU MATEMATHKU MPOOIEMbI HEBO3MOKHOCTH
JI0Ka3aTeIbCTBA U HEMPOTUBOPEUMBOCTH B aKCMOMaTH4eCcKkoil Teopuu. HenmpoTtusope-
YUBOCTh AKCMOMATHYECKOW TEOPHUH SBJISETCS OJHHUM M3 OCHOBHBIX TpEOOBaHUIA,
MPEABSABISIEMBIX K CUCTEME aKCMOM AaHHOW Teopuu. OHa O3HAYaeT, 4YTO U3 JaHHOU
CHUCTEMBl aKCHOM HEJIb3s JIOTMYECKUM MYTEM BBIBECTH JBa MPOTHBOPEUYUBBIX IPYT
JPYTy YTBEPKICHUS.

Jloka3aTenbCTBO HEMPOTHBOPEYMBOCTH AKCHUOMATHYECKUX TEOPUM MOMKHO
OCYIIECTBUTh pa3auyHbIMH Metojgamu. OnuuM n3 Hux sBisiercs METOJl MOJIE-
JINPOBAHUS wimn UHTEPIIPETALIMI. 3nech B KauecTBe OCHOBHBIX MOHSTHIl U
OTHOIIICHUI BBIOMPAIOTCSA 3JIEMEHTHl HEKOTOPOTO MHOXECTBA U OTHOIICHUS MEXKIY
HUMH, a 3aTEM MPOBEPSIETCS, OYYT JIU BHIMOIHATHCS JJIs1 BBIOPAHHBIX MOHSATUN U OT-
HOILICHUN aKCUOMBI JAaHHOU TEOPHUH, TO €CThb CTPOUTCA MOJEINb JJIsI JAHHOW TEOPUH.
Tak, aHamuTHYeCcKass reoMeTpHs SBIACTCS apuPMETHUECKON WHTEpHIpeTanuen reo-
Metpun EBkinna. SICHO, 4TO METOJ MOJETUPOBAHUS CBOAUT BOIIPOC O HEMPOTUBOpPE-
YUBOCTH OJIHOM TEOpUU K TpoOJieMe HEMPOTHBOPEUYUBOCTU JIPYroil Teopuu. bosb-
IIMHCTBO UHTEPIPETAIMN I MaTeMaTHIECKUX Teopui (M, B YaCTHOCTH, JJis apud-

9



METHKH) CTPOUTCS Ha 0aze Teopuu MHOXkecTB. OnHako B KoHIEe XIX Beka B Teopuu
MHOYECTB ObLTH OOHAPYKEHbI MPOTHBOpEUHs (MTapaJoOKChl TEOPUU MHOXKECTB). SIp-
KUM IIPUMEPOM TaKOro napajaokca siBisercs napagokc b. Paccena.

[Tpumep. HazoBEéM MHOXKECTBO HOPMAJIBHBIM, €CJI OHO HE COJIEPIKUT Cce0s1 B
KaueCTBE CBOETO AJIEMEHTA U HEHOPMAJIbHBIM B POTUBHOM CIIyYae.

Hanpumep, MHOKECTBO BCEX KHUT - HOPMAJIbHOE MHOKECTBO, & MHOKECTBO

BCEX MBICIMMBIX BeElIed - HEHOpMajbHOE MHOXECTBO. Ilycth L - MHOXeECTBO
BCEX HOPMaJIbHBIX MHOXeECTB. K KakoMy Kiaccy oTHocuTcss MHOKecTBO L? Eciu L -
HOPMAJIBHOE MHOKECTBO, TO L1 L, T.C. COIEPKUTCS B KJIac-

C€ HOPMaJIbHBIX MHOXKECTB, HO TOTJIa OHO COJCPKUT CceOs B Ka4eCTBE CBOEro 3Jie-
MEHTa, ¥ I03TOMY HeHopMalibHO. Eciiu L - HeHopMaiibHOE MHOXeCTBO, To LI L, T.e.
HE COAECPXKUTCS CPEeAr HOPMAJIbHBIX MHOXECTB, HO Torja L He conepKuT ceds B Ka-
YeCTBE CBOEr0 JJIEMEHTa, U TMOTOMY OHO HOpMaibHO. Takum 00pa3om, TOHS-
THE HOPMaJIbHOI'O MHOKECTBA MIPUBOJIUT K MPOTUBOPEUHIO.

[TonbITKU yCTpaHUTH MPOTHUBOPEUHS B TEOPUH MHOXECTB MPUBEIIA K HEOOXO-
JAMOCTH IIOCTPOUTHh aKCHOMATHUUYECKYI0 TEOPUI0 MHOXKECTB. [locneayromue Buons-
MEHEHHSI U YCOBEPLICHCTBOBAHUS 3TOM TEOPUU IPUBEIHU K CO3IAHUIO COBPEMEHHOMU
TEOpUU MHOKECTB. OTHAKO CPE/ICTBA 3TOM aKCHOMAaTUYECKOW TEOPUH HE MO3BOJIAIOT
JI0Ka3aTh €€ HEMPOTUBOPEUYUBOCTh. J[pyrue MeToapl 000CHOBaHMSI MATEMATUKK ObLTH
pa3suthl . TMJIBBEPTOM (1862-1943) u ero mikosoi. OHH OCHOBBIBAIOTCS Ha I10-
CTPOCHUM MATEMATUYECKUX TEOPUN KaK CUHTAKCHYECKUX TEOPUH, B KOTOPHIX BCE aK-
CHUOMBI 3aIlUCHIBAIOTCS (POpMYJaMU B HEKOTOPOM ajipaBUTE U TOUHO YKa3bIBAIOTCS
MpaBuJia BEIBOAA OJHUX (GOPMYJ U3 APYTHUX, T.€. B TEOPUIO KaK COCTaBHAsl 4acCTh BXO-
AT MaTEMAaTHYEeCKas JIOTUKa.

Takum oOpa3oM, MaTeMaTH4ecKas TeOpHs, HENPOTUBOPEUHUBOCTH KOTOPOM
TpeboBaJOCh J0Ka3aTh, CTaja MPEAMETOM JPYyrod MaTreMaTUYeCKOM TEOpUH, KOTO-
pyto T'mnbepr massan METAMATEMATUKOW, wmmu TEOPUEN JOKAB3A-
TEJIbCTB. B cBsi3u ¢ 3TUM BO3HHMKAaeT 3ajaya MOCTPOCHUS CUHTAKCHYECKOM, T.€.
dhopMannu30BaHHON aKCMOMATHYECKOM TEOPHH CaMOM MaTEMaTHYECKOM JOTUKHU. BEI-
Oupas Mo-pazHOMY CHCTEMbl aKCHMOM U TIpaBUJjia BbIBOJA OAHUX (DOPMYI U3 JIPYTHUX,
MOJIYYal0T Pa3IN4YHble CHHTAKCHYECKUE Jorudeckue teopur. Kaxayro u3 HUX Ha3bl-
BatoT JIOTUHECKUM NCUYUCJIEHMEM.

OcHOBHas UIesl MATEMAaTHYECKOU JIOTUKH - (popMan3anusi 3HaHUN U PacCyxk-
nenuii. 3BecTHO, 4TO Hanbosee Jierko opMaauzyeMblie 3HaHUS - MaTeMaTUYECKUE.
Takum oOpa3om, MaTeMaTHUeCKas JIOTHKA, IO CYIIECTBY, - HAyKa O MaTEMAaTHUKe, WU
MeTamareMaThka. [{eHTpaibHbIM MOHSATHEM MAaTEMAaTHYECKOM JTOTHKH SIBIIIETCS =~ Ma-
TEMaTHYECKOE J0Ka3aTenbCcTBO" . JIeHCTBUTENBHO, — JAOKa3aTeabHble” (HHAYe TOBOPS,
JCTYKTUBHBIC) PACCYKJICHUSA - CIUHCTBCHHBIA BHUJ IMPU3HABAEMBIX B MaTEMaTHKE
paccyxaeHui. PaccyxaeHns B MaTeMaTHUYECKOM JIOTUKE M3Y4YalOTCA C TOYKHU 3PEHHUS
(dhopMBI, a HE CMBICIIA.

ITo cyiiecTBy, pacCcyXaeHHsS MOACTUPYIOTCS YUCTO  MEXaHHUYSCKUM' TIpoIiec-
coM niepenucbiBanus Tekcta (popmy). Takoit mpoiiecc Ha3bIBAIOT BBIBOAOM.I OBOPSIT
enle, 4TO MaTreMaTH4ecKasl JIOTUKAa OMEPUPYET TOJIbKO CUHTAKCUYECKUMHU TMOHATHS-
MU.OTHAKO OOBIYHO BCE K€ BaXKHO, KAK COOTHOCSITCS PACCYXKJEHUS C JEHCTBUTEIb-
HOCTBIO (WJIM HAIIMMU MpeaCcTaBIeHUsIMK). [Io3TOMY, Ham0 BCE JKe UMETh B BUY He-
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KOTOPBIA CMBICT (GOPMYIT M BBIBO/A. [Ipy 3TOM UCHOJB3YIOT TEPMUH CeMaHTHKa (CH-
HOHHUM CJIOBa =~ CMBICI") M YETKO pa3eisaioT CHHTAKCUC M ceMaHTHKY. Koraa xe nei-
CTBHUTEJIBHO HHTEPECYIOTCS TOJBKO CHHTAKCHCOM, YacTO UCIOIB3YIOT TEPMUH  (Op-
ManpHas cucrema'. Mpl OyJaeM HCNOIB30BaTh CHHOHMM 3TOrO0 TEpMHHA -
“ucuncnenue”  (MCMONMB3YIOTCS  emié  TEpPMUHBI  (QopMaiabHas Teopus’ U
““akcuomatuka'). O0OBEKTOM (GOPMATIBHBIX CHCTEM SIBIIIOTCS CTPOKU TeKcTa (mociie-
JI0BaTEIbHOCTH CHMBOJIOB), C TIOMOIIBIO KOTOPBIX 3aITUCHIBAIOTCS (POPMYJIBI.
dopmainibHas cucTema ornpeeeHa, eCiu:

- 3a1aH andaBuT (MHOKECTBO CHMBOJIOB, HCITOJIB3YEMbIX IS TOCTPOCHHUS
bopmymn).

- OnpeneneHo, Kakne IMEHHO CTPOKHU CUUTATh (hopMyaamMu (OCTAIBHBIC CTPO-
KH CYMTAFOTCS MPOCTO OECCMBICIICHHBIMU).

- Beimeneno MHOXKeCTBO (hOpMYJI, HA3bIBAEMBIX aKCHOMaMH. DTO - CTAPTOBHIE
TOYKH B BBIBOJIAX.

- 3a71aHO MHOYKECTBO MPABIII BHIBOJIA, KOTOPBIE MO3BOJISIOT U3 HEKOTOPOI
dbopmyIibl (MM MHOXKECTBA (GOPMYIT) MOTYYIaTh HOBYIO (hOPMYITY.

OTpuuaHmue JOTUYECKOTO BBICKA3bIBAHUS - JIOTMUECKOE BBICKA3bIBaHUE, MPU-
HUMAIOIIee 3HAaYECHNUE 'WCTUHHO", €CJIM MCXOIHOE BBICKA3bIBAHHUE JIOKHO, ¥ Ha000-
poOT. DTO crienuaibHas JOTUYEecKas orneparus. B 3aBUCUMOCTH OT MECTOIOJIOKECHUS
pa3IMYaloT BHEITHEE M BHYTPEHHEE OTPHUIIAaHUE, CBOMCTBA U POJIU KOTOPBIX CYIIECT-
BEHHO Pa3IMYaroTC.

Bremrnee orpunianue (MpOMo3HIIMOHAIBHOE) CITY>KUT JIJISI 00pa3oBaHUS CIIOXK-
HOTO BBICKa3bIBaHUS U3 Apyroro (He 00s3aTelbHO MPOCTOro) BhICKA3bIBaHUA. B Hem
YTBEP)KIACTCS OTCYTCTBUE MOJOKEHUS NI, OMMMCHIBAEMOTO B OTPHUIIAEMOM BBICKA3bI-
BaHHMH. TPaJUIIMOHHO OTPHIIATEIILHOE BBICKA3BIBAHUE CUMTACTCS UCTHHHBIM, €CIIH, U
TOJIBKO €CJIH, OTPUIIAEMOE BBICKAa3bIBAaHUE JIOXKHO. B €CTECTBEHHOM S3bIKE OTPHIIAHHEC
OOBIYHO BBIpAXKAETCS 000POTOM «HEBEPHO, UTO», 32 KOTOPHIM CIIEyeT OTPUIIAEMOE
BBICKA3bIBaHUE.

B si3pikax (hopMalIbHBIX TEOpH OTPHUIIAHUE HA3bIBaeTCA 0co0asi yHapHas Mpo-
MO3UIIMOHATIBHAS CBA3KA, UCIOJIb3yeMasl /il 00pa30BaHUs U3 OJTHON (POPMYIIBI ApY-
roii, 6onee ciaoxkHOM. J{ns1 0003HaUEHUI OTpUIIAHUE OOBIYHO MCIOJIB3YIOTCS CUMBO-
JIbI «\OTPHUIIAHHUE», «-» WU «- 1». B Kjaccn4yeckoi JIornke BbICKa3bIBaHU# Gopmya -
A WCTHHHA TOTJIa U TOJBKO TOT/Ia, Korja opMyina A JIo)KHA.

OnHako B HEKJIACCHMYECKOW JIOTUKE OTPHUIIAHHUE MOXKET HE 00J1alaTh BCEMH
CBOMCTBaMH KJIACCHUYECKOTO OTPHIIaHMs. B 3TOH CBsA3M BO3HUKAET BIIOJHE 3aKOHO-
MEPHBIA BOIIPOC 0 MHUHUMaJIbHOM HAa0OpE CBOWCTB, KOTOPOMY JIOJDKHA YIOBIIETBO-
PATH HEKOTOpas YHapHas OTepalys, 9TOObI €€ MOXHO OBLJIO CYMTATh OTPHIIAHUEM, a
Takke O TMPHUHIUIAX KIacCH(PUKANUKA PA3TUIHBIX OTPHIIAHMSIX B HEKIACCHYCCKUX
(hopManIbHBIX TEOPHUSIX.

dakTUYECKH yKa3aHHOE BBIIIC TPATUIIMOHHOE MOHMMAaHUE BHEHIHEro (Iporo-
3UIMOHAJIBPHOI0) OTPHIIAHUSA MOXET OBbITh BBIPAKEHO YepPe3 CHUCTEMY CICAYIOIINX
tpeboBanuii: (1) Ecin A - uctunHo (J105kHO), TO He-A - n0xHO (ucturHO); (I1) Ecnu
He-A - HCTUHHO (JI0%HO), TO A - JTo)kHO (MCTHHHO). OTpHUIlaHKe, YI0BICTBOPSIONICE
ycnoBuio (1), MpUHITO Ha3bIBATH MUHUMAJIbHBIM OTPHIIAHUEM. .
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BHyTpeHHee oTpullaHue BXOJUT B COCTAB MPOCTOr0 BhICKa3biBaHUs. Paznuya-
10T OTPHUIIAHUE B COCTABE CBA3KH (OTpHUIATEIIbHAS CBA3KA) M TEPMHHHOE OTPHIIAHHE.

OTpullaHr€e B COCTABE CBSI3KM BBIPAYKAETCS C MOMOIIBIO YaCTHULIbI «HE», CTOS-
IIeH mepe II1arojaoM-CBA3KOM (eCaIM OH MMEETCS) MM IIEPE]] CMBICIOBBIM IJIaroIOM.
OHO CHOYXHT IS BBIPOKCHHUS CYXJICHHH 00 OTCYTCTBHM KaKHMX-TO OTHOIICHHI
(«MBan He 3Haet [leTpa»), wiau 1j1st 0Opa3oBaHUs OTPHUIIATEIBHOMN MPEIUIIUPYIOIIEH
CBSI3KH B COCTaBE KaTETOPUUCCKUX aTpUOYTHUBHBIX CYXKACHUN. TepMUHHOE OTPUIIAHKE
HCTIONB3YyeTCs JJisi 00pa30oBaHUsSI HEraTUBHBIX TEPMUHOB. OHO BBIpaKAETCS Yepes
MPHUCTABKY «HE» WM OJIM3KHUE i 1o cMbIciy («Bce Hecrenbie SI0J0KH - 3eJICHBIC).

KonblOHKIUA JBYX JIOTHYECKHX BBICKA3bIBAHUHN - JIOTUYECKOE BBICKA3bIBA-
HUE, WCTHHHOE TOJIbKO TOTJa, KOTJa OHHM OJHOBPEMEHHO HCTHHHBI (OT JaT.
conjunctio - coro3, CBs3b), B IIIUPOKOM CMBICIIE - CJIOXHOE BhICKa3bIBaHUE, 00pa3o-
BaHHOE C MTOMOIIBIO CO03a «H». B MpHHIIUIE MOKHO TOBOPUTh O KOHBIOHKIIUU Oec-
KOHCYHOI'O YHCJIa BhICKA3bIBaHUI (HampuMep, 0 KOHBIOHKIIUN BCEX UCTHHHBIX M-
JOKEHUI MaTeMaTukH). B JOruKke KOHBIOHKIHEH Ha3bIBAIOT JIOTHUYECKYIO CBS3KY
(omepanmto, (HyHKIMIO; 0003Ha4YaOT: &,); 00pa3oBaHHOE C €€ MOMOIIBIO CIOXKHOE
BBICKA3bIBAHUE MCTUHHO TOJIBLKO MPU YCIOBUH OJIMHAKOBOM MCTMHHOCTH €T0 COCTaB-
Jromux. B Kilaccuueckou JIOTMKE BbICKAa3bIBAHUM KOHBIOHKIMS BMECTE C OTPUIIAHHU-
€M COCTaBISIOT (YHKIIMOHAIHHO-TIOJHYIO CHCTEMY IPOIO3UIIMOHATIBHBIX CBS30K.
DTO O3HAyaeT, YTO 4Yepe3 HUX MOXKHO OMNPEACNIUTh JI00YI0 APYTyH IPOMO3HUIIHO-
HAJIBHYIO CBS3KY. OJTHUM U3 CBOMCTB KOHBIOHKITUH SIBJISICTCS KOMMYTaTUBHOCTH (T. €.
sKBHBaJICHTHOCTh A& B u B & A). OnHako, HHOTIa TOBOPSAT O HEKOMMYTATHBHOM, T.
€. YIOPSA0YCHHON KOHBIOHKIIMH (IIPHUMEPOM BBICKA3BIBAHUSA ¢ TAKOH KOHBIOHKIIMH
MOJKET CIIYKHTb:«SIMIIUK CBUCTHYJI, M JIOIIA M ITOCKAKAIIN).

JAM3bIOHKIUSA JABYX JIOTHYECKUX BBICKAa3bIBAHUM - JIOTHYECKOE BhICKA3bIBAHUE,
HUCTUHHOE TOJILKO TOTJa, KOrja XOTS Obl 0JIHO M3 HUX MCTHHHO(OT yat. digunctio -
paso0iienue, 000co0IeHne), B IIMPOKOM CMBICIIE - CIIOKHOE BBICKa3bIBaHHE, 00pa30-
BaHHOE U3 JBYX WU 0oJiee MPEIOKECHHM C IIOMOIIBIO COI03a «HJIN>», BRIPAXKAIOIIETO
ATbTEPHATUBHOCTD, WU BBIOOP.B CUMBOIMYECKON JIOTUKE NU3BIOHKIIMECH HA3bIBAIOT
JIOTHYECKYIO CBS3KY (omeparuio, GyHKIUIO), 00pa3yIollyo U3 npeaiokennii A u B
CJIIO’)KHOE€ BBICKa3bIBaHWE, 0003HauyaeMoe 00bIuHO Kak A V B, koTopoe siBiseTcs uc-
TUHHBIM MPU UCTUHHOCTHU MO KpaHeH Mepe OJHOTO M3 JBYX JAU3bIOHKTUBHBIX YJle-
HOB.

NMnuiukanms 1ByX JIOTHYECKHX BbICKasbiBaHUU A u B - mormdeckoe BbIcKa-
3bIBaHUE, JJOKHOE TOJBKO TOTJa, koraa B moxkHo, a A uctunno (ot mat. implicatio -
crutereHue, ot impliCo - TeCHO CBA3BIBAIO) - JIOTMYECKAsK CBS3KA, COOTBETCTBYIOIIAS
rpaMMaTUYECKON KOHCTPYKIUU «ECJH.., TO...», C TOMOIILI0O KOTOPOM U3 JIBYX MPO-
CTBhIX BBICKa3bIBaHUN 00pazyeTcsl CIOXKHOE BbICKAa3bIBaHHE. B MMIIJIMKATUBHOM BBI-
CKa3bIBaHUHU PA3IMYalOT aHTEIEACHT (OCHOBAaHME) - BBICKA3bIBAaHUE, MIYIIEE IMOCIIEC
CJIOBA «CCIIN», M KOHCEKBEHT (CIIEACTBHE) - BRICKA3bIBAHUE, UAYIIEE 3a CJIOBOM KTO».
NMmnukaTUBHOE BBICKA3bIBAHUE IIPEJICTABISAET B SA3BIKE JJOTMKH YCIOBHOE BBICKA3bI-
BaHHE 0OBIYHOIO si3bIKa. [locmennee urpaer ocoOyro pojib, Kak B TIOBCEIHEBHBIX, TaK
1 B HAyYHBIX PACCYKJICHHUSAX, OCHOBHOM ero (hyHKIMEH SBIsSeTCS 000CHOBAHHUE OJTHO-
ro MyTeM CCBhUIKH Ha HEYTO JAPYToe.
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BolpaxkaeMyl0 yCIIOBHBIM BBICKAa3bIBAHUEM CBSI3b OOOCHOBBIBAIOIIETO U 000C-
HOBBIBAEMOTO TPYJHO OXapaKTepU30BaTh B OOIIEM BHUJE, U TOJIBKO MHOTIIA IPUPOIA
€€ OTHOCUTEJBHO SICHA.

OTta CBs3b MOXET ObITh, B YAaCTHOCTH, CBS3bI0 JIOTMUECKOTO CJIEJIOBAHMS,
HMMEIOLIENH MECTO MEXK]y MOCHUIKAMU U 3aKIIOYEHHUEM MPABWIHBHOTO YMO3aKIIOUECHUS
(«Ecnm Bce KUBbIE MHOTOKJICTOYHBIC CYIIIECTBA CMEPTHBI M METy3a SIBISCTCS TaKUM
CYIIIECTBOM, TO OHa cMepTHa»). CBsA3b MOXKET NPEACTABIATh COOO0M 3aKOH MPHUPOIBI
(«Ecimu Teno MoABEPrHYTh TPEHHUIO, OHO HAYHET HArpeBaThCs») WM MPUYHHHYIO
cBs3b («Ecnu JlyHa B HOBOJIyHHE HAXOJUTCS B y3Jie CBOEH OpOWTHI, HACTYIACT COJI-
HEYHOE 3aTMEHHE»). PaccMaTpuBaeMasi CBSI3b MOXKET MMETh TaK)Ke XapaKTep COIH-
aJIbHOM 3aKOHOMEPHOCTH, MpaBuja, TPAAUIMK U T.10. («Eciau MeHseTcs SKOHOMHKA,
MEHSETCS U IMOJIUTHKa», «Ecin odemanue 1aHo, OHO JOKHO OBITh BBIITOJIHEHO).

CBs13b, BbIpakaeMasi YCJIOBHBIM BBICKAa3bIBAHUEM, MPEANOJIaraeT, 4To KOHCEK-
BEHT C OIPEJICICHHON HEOOXOUMOCTBIO «BBITEKACT» U3 aHTEIEJCHTa U YTO €CTh He-
KOTOPBIN OOIIUI 3aKOH, CyMEB CHOPMYIHPOBATH KOTOPHIH, MBI MOKEM JIOTMUECKH
BBIBECTH KOHCEKBEHT M3 aHTeleneHTta. Hampumep, yciioBHOe BbicKazbiBaHue «Eciu
BUCMYT- METaJII, TO OH IJITACTUYCH» MperoaraeT o0muii 3akon «Bce MeTasl mia-
CTUYHBI», AN KOHCEKBEHT JAHHOIO BBICKA3bIBAHUS JIOTUUECKUM CIIEICTBHEM
€ro aHTelEeACHTA.

N B 0OBIUHOM sI3BIKE, M B SI3BIKE HAYKH YCIOBHOE BBICKA3bIBAHUE, KPOME
(GyHKIIMM 00OCHOBaHUS, MOXET BBIMIOJHATh TAKXKe HENbIA psan Apyrux 3agad. OHO
MOXKET (POpMYyJIMpOBaTh YCIOBHE, HE CBSA3aHHOE C K.-J1. MOJAPa3yMEBAeMbIM OOIIUM
3akoHOM WM npaBwioM («Ecim 3axody, pa3pexy CBOHM Iam»), GUKCHpPOBATh Ka-
KYIO-TO TociienoBaTeabHOCTh («Eciu mporuioe JieTo ObUI0 CyXHM, TO B 3TOM IOy
OHO JIOXKIUTMBOE»), BBIpAXKaTh B cBOeoOpa3Hoil (opme HeBepue («Eciu BBl pemmte
3a7a4y, s JOKaXy BEINHKYI0 TeopeMmy Depma»), mpoTuBornocrasienue («Eciau B oro-
poJie pacTeT KamycTa, TO B Caay pacTeT sOJIOHI») U T.I. MHOTOYHCICHHOCTD U pas-
HOPOJHOCTh (DYHKIIMI YCIIOBHOTO BBICKA3bIBAHUS CYIIIECTBEHHO 3aTPYIHSET €r0 aHa-
3.

B noruueckux cucremax abCTparupyrorcs OT OCOOEHHOCTEW OOBIYHOTO YIIOT-
pebJieHHs YCIIOBHOTO BBICKA3bIBAHMSI, UTO BEJET K Pa3IUYHBIM UMIUTMKaIusaM. Hau-
OoJiee M3BECTHBI U3 HUX MMIUIMKAIUS MaTepuaibHasi, CTporas UMIUIMKAIUS U pesie-
BaHTHas (YMECTHAs) MMILTHKAITHS.

Mamepuanvnaa umnaukayus - OJHA U3 OCHOBHBIX CBSI30K KIIACCHYECKOM JIOTH-
ku. Omnpezensercss oHa TakuM 00pa3oM: MMILUTMKALMS JIO)KHA TOJIBKO B CITydae HcC-
TUHHOCTH AHTELIE/ICHTa M JIO)KHOCTH KOHCEKBEHTa M HMCTHUHHA BO BCEX OCTAJIbHBIX
ciiydasix. YcioBHOE Bbicka3zbiBaHue «Eciu A, To B» mpenmnonaraer HEKOTOPYIO pe-
aJbHYIO CBSI3b MEXK]Iy TEM, O YeM roBOpUTCS B A u B; BbIpaxkeHue «A mMaTepuaIbHO
uMIUIMIupyeT B» Takol cBsi3u HE mperosaraeT.

Cmpoeas umnauxayusi ONPeesieTCs Yepe3 MOJATBbHOE MOHTHE (JIOTUYEeCKO)
HEBO3MOXKHOCTH. «A cTporo umruuiupyer B» o3nauaer «HeBo3MoxkHO, 4TOOBI A
OBLJI0O UICTUHHO, a B J10KHO».

B peneBaHTHOU JIOTMKE MMIUIMKALKS MIOHMMAETCS KaK YCIOBHBIA COIO3 B €0
OOBIYHOM CMBICIIE.
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B ciiydae pesnieBaHTHON MMIUIMKAIUS HEJb3sl CKa3aTh, YTO HICTUHHOE BBICKA3bI-
BaHHE MOXET ObITh OOOCHOBAHO MYTEM CCHUIKM Ha JII000€ BBICKA3BIBAHUE U YTO C
MOMOIIIBIO JIO)KHOTO BBICKA3bIBAaHUS MOYKHO OOOCHOBATh KaKO€ YTOJHO BBICKA3bIBA-
HUE.

IKBUBAJEHTHOCTb JIBYX JIOTUYECKUX BBICKA3BIBAHUM - JJOTUYECKOE BBHICKA3bI-
BaHHUE, HICTUHHOE TOJBKO TOT/a, KOT/1a OHU OJJHOBPEMEHHO MCTUHHBI WJIH JIOKHBI (OT
no3jHenar. equivalens - paBHOIICHHBIN) - POJIOBOC HAMMEHOBAHHME BCEBO3MOYKHBIX
OTHOIICHUH THIA PaBEHCTBA, T.€. PEICKCUBHBIX , CAMMETPUYHBIX U TPAH3UTUBHBIX
OMHAPHBIX OTHOMICHUH. [IprMephI: SKBHITOJICHTHOCTh (COBITaJICHUE 11O CMBICITY, 3HA-
YCHHIO, COJICPIKAHUIO, BBIPA3UTEIbHBIM U (MJIH) JETYKTHBHBIM BO3MOYKHOCTSIM MEX-
Iy TIOHATHUSMH, KOHIICTIIUSAMH, HAyYHBIMH TEOPUSAMH WA (DOPMATM3YIONIUMU HUX
(dbopMaIbHBIMU CHCTEMaMH) KOHTPYEHTHOCTh WJIM M000ue reomerpusi, GUryp; mu3o-
MOP(U3M; PAaBHOMOILIHOCTh MHOKECTB U JIPyTrUe 3KBUBAJIEHTHOCTh KaKUX-IM00 00b-
CKTOB O3HAYaeT MX PaBEHCTBO (TOXIECTBO) B KAKOM-THOO OTHOIICHUH(HAIIpUMep,
M30MOPGHBIE MHOKECTBA HEPA3IMUMUMBI 110 CBOEH "CTPYKType", eciu moja " CTPyKTY-
poil" MOHMMATh COBOKYIMHOCTh T€X UX CBOMCTB, OTHOCUTEIBLHO KOTOPBIX 3TU MHOXKE-
cTBa M30MOp(HBI). BesAkoe OTHOIICHHWE SKBHUBAJICHTHOCTH IOPOXKAAeT pa3OueHHE
MHOKECTBA, HA KOTOPOM OHO OIPEAEJICHO, Ha MOMAPHO HE MEPECEKAIONINECS "KIIACChI
AKBUBAJICHTHOCTH " B OJIMH KJIACC OTHOCST MPU STOM IKBUBAJICHTHBIE APYT JIPYTy
AJIEMEHTHI JAHHOTO MHOKECTBA.

PaccMoTpeHne Ki1accoB 3KBUBAJIEGHTHOCTH B KaY€CTBE HOBBIX OOBEKTOB MPE/I-
CTaBIISIET COOOI OJMH U3 OCHOBHBIX CITIOCOOOB TOPOXICHUS (BBEICHUS) a0CTPAKTHBIX
MOHATHH B JIOTHKO-MaTeMaTHYeCKHX (M BOOOINEC ©CTECTBEHHO-HAYYHBIX) TECOPHUSX.
Tak, cuuTast SKBUBaJICHTHBIMH Apoou &b u C/d ¢ meapIMu YHCITUTEIIIMHA U 3HAMCHA-
TensMu, ecin ad=bC, BBOAAT B pacCMOTPEHHE PallMOHAIBHBIC YHCIIa KaK KIacChl JK-
BUBAJICHTHBIX JApPOOCH; CUMTass SKBUBAJICHTHBIMA MHOXECTBA, MEXIY KOTOPBIMH
MOYHO YCTaHOBUTH B3aUMHO-OJIHO3HAYHOE COOTBETCTBHUE, BBOJAT MOHSATHUE MOIIHO-
cti (KapAMHAJIBHOTO YKCJIa) MHOXECTBA (KaK KJacC SKBHBAJCHTHBIX MEXIY COOOM
MHOJKECTB); CUMTas SKBUBAJICHTHBIMH JIBa KyCKa BEIECTBA, BCTYMAIOUIMNE B PaBHBIX
YCJIOBUSIX B OJJMHAKOBBIE XUMHUECKUX PEAKIINH, PUXOJIAT K a0CTPAKTHOMY MOHSATHIO
XUMHUYECKOTO COCTaBa M T.II.

TepmuH " SKBHUBAJICHTHOCTH' YMOTPEOJSIOT YACTO HE KaK POJIOBOM, a KaK CH-
HOHHUM HEKOTOPBIX M3 €ro YacCTHBIX 3HaueHHUH ('IKBHBaJCHTHOCTh TCOPHH" BMECTO
"SKBUBAJIEHTHOCTh", " IKBUBAJICHTHOCTh MHOXECTB' BMECTO 'PaBHOMOIIHOCTH ,
9KBUBAJICHTHOCTH CJIOB" B a0CTPAaKTHOM anredpe BMECTO "TOXKIECTBO" M T.II.).

MaremaTndeckass JIOTMKa SIBISETCS HAYKOM O 3aKOHAX MAaTeMaTHYECKOTO
MblnuieHusA. [I[puMeHeHne MaTeMaTUKU K JIOTMKE MO3BOJWIIO INPEICTABUThH JIOTHYE-
CKHE TEOpUU B HOBOW ynOOHOU (hopMe U MPUMEHUTH BBIUMCIUTENbHBIA anmapar K
pPELICHNIO 3a7a4, MaJOJOCTYIHBIX YEJIOBEYECKOMY MBILIIJICHUIO, U JTO, KOHEYHO,
pacimupmio o0JacTh JIornueckux uccienoBanuii. Cdepa npuMeHeHUs: MaTeMaTHye-
CKOM JIOTMKM oueHb Iupoka. C KaxKJIbIM I'OJOM pacTeT IyOOKOe NMPOHUKHOBEHHE
uel U METO/I0B MaTeMaTUYECKOM JIOTUKH B MH(POPMATHKY, BRIYUCIUTEIbHYIO MaTe-
MaTHUKY, JUHTBUCTUKY, Quiiocoduio. MOLUIHBIM UMITYJILCOM JJIsl Pa3BUTHS U PaCIIU-
peHust 00JacTi MPUMEHEHHUS] MAaTEMaTHYECKOM JIOTMKH CTaJIO MOSIBICHUE 3JIEKTPOH-
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HO-BBIUYMCIUTENBHBIX MamuH. OKa3ajaoch, 9TO B paMKaX MaTEMaTHYECKON JIOTHKH
y>K€ €CTh TOTOBBIN ammapar JJis TPOSKTUPOBAHUS BBIYUCIUTEILHON TEXHUKUA. MeTo-
JIbI U TIOHATHS MATEeMAaTHYE€CKOM JIOTUKU SIBIISIETCS OCHOBOM, SIIPOM MHTEIUIEKTYallb-
HbIX WHGOPMAIMOHHBIX cucTeM. CpelcTBa MaTeMaTHUeCKOM JIOTUKKA cTainu A dek-
TUBHBIM Pab0YMM HHCTPYMEHTOM JUJIS CIELUATUCTOB MHOTHUX OTpacjiell HayKu H
TEXHUKUA. MaTteMaTuuecKkyro JIOTUKY HEOOXOJIMMO 3HATh BCEM CIEIHAINCTaM, He3a-
BHCUMO B Kako# cpenie oH pabdoraeT (Oyap TO HHXKEHEp, MpenoaBareib, FOPUCT WK
Bpau).

4. JjaeMeHTbl KOMOMHATOPUKHU

Onpenenenue. Kombunamopuka — paszien TUCKPETHOW MAaTEMATUKH, KOTOPBIH
M3y4aeT KOJMYECTBA KOMOMHAIIMHN, COCTABIEHHBIX M3 KOHEYHOTO YHUCIA 3JIEMEHTOB
3aIaHHOTO KOHEYHOTO MHOECTBA 3JIEMEHTOB PA3JIMYHON MPUPOIbI, PA3INYAOIINECS
KOJIMYECTBOM H/WjH mopsaakoM. K TakiuM KOMOMHAITUSIM OTHOCSTCS

- nepecmanogku P, - 4nucno cnoco6oB, KOTOPEIMA MOYXHO IEPECTaBUTH N 3iie-

MEHTOB. Yncio nepecTaHoBOK U3 N 3J1EMEHTOB MOKHO HaiiTu 1o opmyine P, =nl.

- coyemanuA Cr:n' quCIo CHOCO6OB, KOTOPBIMHM MOXXHO M3 N 3JIECMCHTOB BBI-

OpaTh M 3JEMEHTOB, MPUYEM IOPSIOK IIEMEHTOB B KOMOMHAIIMK W3 M 3JIEMEHTOB
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 - 9ACIO CIIOCOOOB, KOTOPBIMH MOXKHO M3 N 3JIEMEHTOB BbI-

OpaTh M 37IEMEHTOB, pacroJiaras B3siTble M 3JIEMEHTOB B pa3IMuyHOM mopsiake. Yuc-
JIO pa3MelIeHn U3 N 3JIEMEHTOB MO M 3JIEMEHTOB MOXKHO HaWTH 1o ¢dopmyrie

A" = n!

S (n-my!
5. CayyaiiHble COOBITHSA

HenocpencTBeHHbIN MOICYET BEPOATHOCTH

Onpenenenue. [lon cryuaiinvim cobvimuem nMOHUMAETCs BCAKHUM (HAKT, KOTO-
PBIM B pE3yJIbTATE UCIIBITAHUS MOYKET IPOU30UTH WU HE IIPOU3OUTH.

BeposiTHOCTh COOBITHSI XapaKTepU3yeT CTENEeHb OOBEKTUBHON BO3MO>KHOCTH
HACTYTUICHHSI 3TOTO COOBITHSI.

Onpenenenue. Heckonbko cOOBITHI B TAHHOM UCIBITAHUM HA3bIBAIOTCS I10-
MMAPHO HeCcO8MeCmHbIMU, €CIIU HUKAKUE J1BA U3 HUX HE MOT'YT MOSIBUTHCSI BMECTE.

Onpenenenue. Heckonbko cOOBITHN B JAHHOM WCIIBITAHUM HA3bIBAIOTCS pas-
HOBO3MOMCHbIMU, €CITH HU OJHO M3 HUX HE SBJSETCS O0OBEKTUBHO 00Jie€ BO3ZMOKHBIM
[0 CPABHEHUIO C OCTAIILHBIMU.

Onpenenenue. Heckoabko COOBITHH B TAHHOM UCIIBITAHUU OOPa3yIOT NOJIHYIO
2pynny, €ciii B pe3yJibTaTe UCTIBITAHUS 0053aTEIbHO JOIKHO MOSBUTHCS XOTS ObI 0J1-
HO U3 HUX.
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Omnpenenenue. CiyyvailHbie cOOBITHSA, 00pa3ylolIUE IMOJIHYIO TPYMIY HECO-
BMECTHBIX U PABHOBO3MOKHBIX COOBITHIA, Ha3bIBAIOTCS cayuasmu (ucxooamu, wam-
camu).

Omnpenenenne (Knaccuueckoe onpedenenue eepoamnocmu). Ecnu pe3ynbra-
Thl OJJHOTO HCIIBITAHUS MOXHO MPEJICTABUTHh B BUJE IIOJHOW IPYIIBI N PaBHOBO3-
MOXKHBIX M1 HECOBMECTHBIX MCXOJOB M €CIH COObITHE A MOSABISAETCSA TOJBKO B M
Cllydasx, TO BEpPOSITHOCTb COObITHS A paBHA OTHOILIECHUIO YUCIIA CIy4YaeB, B KOTOPBIX
coObITE A MosiBIIsI€TCA, K 00IIEMY YHCITy BCEX CIIy4aeB:

P(A) :%

3ametuMm, uto Bcerma O£ P(A)E£1. Ilpu »TOM CcOOBITHE, JUISI KOTOPOTO
P(A) =0, Ha3bIBaCTCS HEB03MOMCHBIM, A cOOBITHE, JIst KoToporo P(A) =1, Ha3wiBa-

eTcs 00CMOBEPHBIM.

[ToHsiTHE TEOMETPUUECKON BEPOATHOCTU MOKHO paccMaTpuUBaTh Kak 00oO1e-
HUE TIOHATHS KJIACCUYECKON BEPOSTHOCTH HA Clydail ¢ OECKOHEUHBIM (HECUCTHBIM)
YHCIIOM UCX0A0B. Ecnu OporieHHas HayJjaqy TOYKa MOXKET MOMAacTh B JIIOOYIO TOUKY
obmactu G, TO BEpOSATHOCTH MONACTh B KaKyr-Tu00 yacth g obmactu G (coObiTHe
A) mporoplioHaibHa Mepe 3TOH YacTu (IIMHe, IJIOMAan, 00beMy) U HE 3aBUCUT OT
pacmnosokeHus: 1 GOpMbl FITON YaCTH:

p(a)=2PLY
mepa G
OCHOBHBIC TEOPEMBI TCOPHUH BEPOSITHOCTEH

Onpenenenue. Cymmou A+ B nByx coOwiTuii A u B HaspIBaeTcsi cOOBITHE,
COCTOSIIEE B HACTYIJICHUH XOTS ObI OJTHOTO U3 ATUX COOBITHIA.

Onpenenenue. Cymmori HECKOJNBKUX COOBITUM  Ha3bIBaeTCs COOBITHE, CO-
CTOSIIEE B HACTYIICHUH XOTS ObI OJTHOTO U3 ATUX COOBITHH.

Eciam HeckoiabKO COOBITHH MOMapHO HECOBMECTHBI, TO UX CyMMa CBOJHUTCS K
MOSIBJICHUIO OJTHOTO COOBITHS (Oe3pa3inuyHo Kakoro). /Iist AByX HECOBMECTHBIX CO-

opiTiii A u B ux cymma A+ B ecTb coObITHE, COCTOsIIIEE B TIOSIBIICHUM Ui A, WU
B.

Onpenenenue. /lpouszgedenuem AXB nByx coObiTuii A B Ha3zwiBaeTcs COOBI-
THE, COCTOSAIICe B COBMECTHOM (OJHOBPEMEHHOM WIIM ITOCJICIOBATEILHOM) HACTYII-
JIEHUU 000MX ITUX COOBITHIA.

Onpenenenue. /lpoussedenuem HECKOIBKUX COOBITUM Ha3bIBa€TCS COOBITHE,
COCTOSAIIEE B COBMECTHOM HACTYIUIEHUU BCEX ATUX COOBITUH.

Onpenesienue. J/[Ba COOBITHSI HA3BIBAIOTCS HE3ABUCUMBIMU, €CTTU HACTYIUICHHUE
OJIHOTO U3 HUX HE MEHSET BEPOSTHOCTH HACTYIUICHUS APYTOrO.

Onpenenenue. Heckonbko COOBITHII HA3BIBAIOTCS MONAPHO HE3ABUCUMbBIMU,
€CJIM JIFOObIE JIBa M3 HUX HE3aBUCHUMBI, T.€. BEPOATHOCTh HACTYIUICHUS OJHOTO MX
HUX HE 3aBUCUT OT HACTYIUICHUS APYTHX.

Teopema (ci0eHHUS BEpOSITHOCTEH HeCOBMECTHBIX coObITHI) [Tycth Au B -
HecoBMecTHbIE coObITHs, Torna P(A+ B) = P(A) + P(B)
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Caencrsme. Ilycte A,A...,A, - HonapHO HECOBMECTHbIE COOBITHS, 0Opa-
3yIOIIKE IIOJIHYIO TPYIILY, TOr1a

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

Caencrsme. IIycte A, A,..., A - IomapHO HE3aBHCUMBIE COOBITHS, TOTAA BE-

POSATHOCTB HACTYIIJICHUSI XOTS ObI OTHOTO U3 3THX COOBITHHM HaXOAUTCS 1O (popMyIie
P(A+A +..+A)=1- P(AXA xA)=1- P(A)XP(A)xP(A)

Omnpenesienue. /[Ba HECOBMECTHBIX COOBITH, 00pa3ylollue MOJHYIO TPYIIILY,
HA3BIBAIOTCA NPOMUBONONIONCHVIMY W 0003HadaloTcss kak A u A, npu >ToMm
P(A) + P(A) =1.

Teopema (ciiokeHUsT BEpOSATHOCTEH COBMECTHBIX coObITHii) [Tycth Au B -
coBMecTHbIe coObITHs, Toria P(A+ B) = P(A) + P(B) - P(AxB)

Teopema (yMHOXKEHUSI BEPOATHOCTECH HEe3aBUCUMBIX coObIThi) [TycTth A1 B -
He3aBUcHMbIe coObITHs, 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,)
Onpenenenue. BeposTHOCTh coObITUSI B, BhIUMCIIEHHas B MPEIOI0KEHHH,

4TO COOBITHE A MPOU3OIILIO, HA3BIBACTCS YCI06HOU BeposmHOCcmblo 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).

Caencrsue. [Tycte A, A ..., A, - 3aBUCHUMBIE COOBITHSA, TOTIA

P(A XA, 00A) = P(A) XP(A | A) P(A | AA) P(A, | AAA XA, )

[Mpumep.B kopoOke 5 oamHaKOBBIX M3AENUN, TpUudeM 3 U3 HUX OKpPAIICHBI.
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
OKpAILIEHHOE U3JENuE.

Bocnonb3yemcss  ¢opmysioli  KJIaCCHYECKOro  IMOJICYeTa  BEPOSITHOCTEH

m
P(A)=—.
n
O‘{eBI/II[HO, 06H1€€ KOJINYECCTBO BO3MOXHBIX HUCXO40B n PaBHO
5Bl 4%
n=C2=——=——=10.
2631 2

a) OnpeaenuM YUCII0 OJIATONPUATHBIX UCX0A0B M. OYEBHIHO, YTO CIIOCOOOB,
KOTOPBIMH MOYKHO M3BJIedb 1 OKpalIeHHoe n3aenue u3 3 u 1 HeokpameHHOe U3/Iee

1 3' 1 2'
U3 2, paBHO cooTBeTCTBeHHO: C; =——=3u C,=—=
214! 114!
Bcero nomyantcs m=6 croco0oB.
1
Torna P(A) =C3—1C2:2 :E =0,6
C: 10

0) OmpeaenuM YuCIO OJarompUATHBIX HCX010B M. Croco0oOB, KOTOPBIMHU
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3!

MO’KHO U3BJIeYb 2 OKPAIEHHBIX U3zienus u3 3, papHo C. = pTeTh =3
Torma m=3.
c: 3
Torma P(A)=—==—=0,
( ) C? 10

B) Ilepebiii cnoco6. CodbiTre A — U3BICKIM XOTSI OBl OJTHO OKpAIIICHHOE H3J1e-

mue. Torna coOpiTHe A - HU OJTHOTO OKpaiieHHOTO. Onpeaennum 4ucio OJaronpusT-
HBIX ©cX010B M. Crtoco60B, KOTOPHIMH MOKHO U3BJI€Ybh 2HEOKPAIICHHOE U3IETHUS U3

2
2 pasHo C; =1.
Bcero nonmyunrcs m=1 cnoco6oB.

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

Bmopoti cnoco6. XoTst Obl OHO OKpallleHHOE — OJJHO WJIM J1Ba. B pemienun noj
a) TOJICYMTaHa BEPOSTHOCTh TOTO, YTO U3BJICUCHO OJHO OKPAIICHHOE H3JIeNHne, Mo 0)
— JIBa OKpamieHHbIX. Torjga BeposiTHOCTh TOTO, YTO M3BICYEHO XOTsS OBl OJHO OKpa-
IIICHHOE U3/CNINEe, PaBHA CyMME P( A) =0,6+0,3=0,9

[Tpumep. U3 ypHBI, comepxalieil 1Ba OenbIX U TPU YEPHBIX IIapa, U3BJIECKAIOT
o oxHOMy Oe3 BO3BpallleHHsI Bce mapbl. HallTu BeposTHOCTH COOBITHIL: 1) TpeTuii
mrap Oenblii; 2) TPETUil U YETBEPTHIN Maphl Oemble; 3) MATHIHM Iap Oelblid, eciH mep-
BbIN ObLT O€IBIiA.

1) BO3MOXKHBI CIIEIYIONINE BAPUAHTHI:

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

[lepBsIit map — yepHbBINA, BTOPOH — O€JIbIiA, TPETHI — OCIIbIH.

[lepBbIit map — YepHbBINA, BTOPON — YEPHBIN, TPETHI — OCIIbI.

Haiinem BepOATHOCTh Ka)KJOTO U3 3THX BAPUAHTOB, UCIOJIb3Yys TEOPEMY yM-
HOXEHUS BEPOSITHOCTEH 3aBUCHMBIX COOBITHIA:

231 1
pl = —X—X—=—
543 10
321 1
p2 T —X—X—=—
543 10
03221
° 543 5
Tornma mo Teopeme CIIOKEHUS BEPOSATHOCTEH HECOBMECTHBIX COOBITUM TMOTyYa-
eM p—p+p +p i+i+l E
7?7710 10 5 5

2) Haiinem BeposSTHOCTB TOTO, YTO MEPBBIN MIap — YEPHBIH, BTOPOH — YEPHBIH,
TpeTUuil — OeJblil, YETBEPTHIA - OeNblid, UCHOJb3Yys TEOPEMY YMHOXKEHUSI BEPOSTHO-
CTEH 3aBUCUMBIX COOBITHI:

3 2 21 1
XX _X_=___
5432 10
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3) Haiinem BepOSTHOCTH TOTO, YTO MEPBBI MIap — OCIbIiA, BTOPOH — YEePHBIH,
TPETHI — YEPHBI, YETBEPThI — YEPHBIHN, MATHIN - OCNbIN, UCMIONB3YsI TEOPEMY YM-
HOXEHHUS BEPOSITHOCTEH 3aBUCHMBIX COOBITHIA:

2321 1
=X x— X =—
54 3 2 10

[Ipumep.BeposaTHoCcTH TOSBICHUS KaXKJOTO M3 JABYX HE3aBUCUMBIX COOBITHUIA
u B cootBercTBeHHO paBubl 0,6 1 0,5. HaiiTu BeposSITHOCTD MOSIBJIICHHS TOJIBKO OJTHO-
r0 U3 HHX.

CoObiTueC, cocroslee B IOSIBICHUH TOJIBKO OJHOTO M3 coObITMiiA U B, 3a-
KJIFOYAeTCs B TOM, YTO TOSBIISIETCS COOBITHE A, HO HE MOSABIISIETCs coObITHE B nnu
coObITuu B Hactynaer, a coObiTe 4 He HacTynaeT. BeposTHOCTh MOSIBIEHUS COOBI-

TUsIA paBHa P( A) =0,6, a HEHACTYILICHHS coObITHsA paBHa

P(Z\) =1- P(A) =1- 0,6=0,4. BeposTHOCTh TOSBICHUS 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 TaOIHIIa COACPIKUTCS B KaxkK-
oM u3 Tpex cripaBouHukoB paBubl 0,6; 0,9; 0,75. HaiiTu BeposITHOCTB TOTO, YTO Ta0-
JUIA HE COJEP)KUTCS HU B OJHOM CIIPAaBOYHHKE.

[TycTh coObITHEA COCTOWUT B TOM, YTO TaOJWIlA HE COACPKUTCS HU B OJHOM

CIIPaBOYHHUKE.
CoObiTue 4, - TalbaMuIa COAEPKUTCS B IEPBOM CIPABOYHUKE, TOTAA

p(Al) =0,6, a BEpOSITHOCTH TOTO, YTO TAOJIMIIA HE COACPIKUTCS B IMIEPBOM CITPABOY-
HUKE p(ﬂl) =1- p(Al) =0,4.

AnHanoruyHo, A, - Tabiuuna 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
BEPOSATHOCTh TOTO, YTO TaOIWIIa HE COACPKUTCI B TPEThEM CIPABOYHHUKE
p(ﬂ3) =1- p(A,)=0,25.

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>0,1x0,25=0,01.

[Mpumep. Kaaposas ciyx06a 6anka Ha o0bsiBieHue B Uutepuere momyunia 300
pestome. IlpakThka TMOKa3bIBa€T, YTO BEPOSTHOCTH TOTO, YTO MPETEHICHT WMEET
BEICIIce 0Opa3oBaHue, paBHa 0,7, BEpOSATHOCTh TOTO, YTO MPETCHACHT UMEET OITBIT
paboTtsl B 6anke — 0,3, a BEpOSATHOCTh TOTO, YTO MPETEHACHT UMEET U BhICIIee 0Opa-
30BaHHEe, M ONBIT paboThl B Oanke — 0,2. OUEHUTHh KOJUYECTBO TMPETCHICHTOB,
HMMEIOIIHX WM OIBIT padoTHl B OaHKE, WM BBICIICE 0Opa3oBaHUe.

[TycTh cOOBITHE A COCTOMT B TOM, UTO IIPETEHIEHT UMEET BhICIIee oOpa3oBa-
HUEe, B -— NpeTeHAEHT HMeeT OmbIT padoTel B Oanke. Ilo ycioBuio p(A)=O.7,
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p(B) =0.3. CoObiTHE AB COCTOUT B TOM, YTO MPETEHJICHT UMEET U BhICIIee 00pa3o-
BaHME, U ONBIT pabOTHI B OAHKE. p(AB) =0.2.

Haiinem BEpOATHOCTH TOTO, YTO MPETEHJICHT, UMEET WUJIU ONBIT pabOThl B OaH-
K€, WJIM BhICIIee 00pa3oBaHUE, TO €CTh p( A+ B) :

Tak kak4 uB COBMECTHBIE COOBITHS, TO IO TEOPEME O CyMME BEPOSITHOCTEH
COBMECTHBIX COOBITHI
p(A+B)=p(A)+p(B)- p(AB).
p(A+B)=0.7+03- 0.2=0.8

OIICHUM KOJIMYECTBO MPETEHJCHTOB, UMCIOIIUX WM OMBIT paboThl B OaHKe,
nin  Beicmiee oOpasoBanue. Bceero 300 mpereHIeHTOB. CrenoBaTenbHO,
300>0.8 = 240 nmpeTeH1IeHTOB UMEIOT HJIM OTBIT pabOTHI B OaHKE, WIIU BBICIIEE 00pa-
30BaHUE.

O0beM KOHTaKTHOM pabOThl OOY4YarOIIETOCs MPU OCBOCHUHU JTUCHUTLIUHBI
(MoTyJsn)

6. DJeMeHThI CTATHCTHKH

Koneunas 1ienp q1000T0 HCCIEAOBAaHUSA COCTOUT B BBISBICHHH 3aKOHOMEPHO-
creit. OgHM TPOSBIAIOTCS B €IWHUYHBIX CIydasx W HA3bIBAIOTCS TUHAMHUYCCKUMH
3aKOHOMEPHOCTSIMHU. XapaKTep AUHAMHUYCCKON 3aKOHOMEPHOCTH YCTaHABIIMBACT IIO-
BEJICHUE KaXJ0TO Mpu3HaKa. J/[pyrue - TONbKO BMAaCCOBBIX, T.€. B TPYIIIEC SBJICHUH,
KOTOpasi HapsAy C MpU3HAKaMHM, TPUCYITUMH WHANBUAYATLHBIM SBICHUAM, XapaKTe-
PHU3YIOTCS M OOIIMMM JIJISI BCEX - CTATUCTUYECKHUE 3aKOHOMEPHOCTH.

OO1IeCTBEHHOE SIBJICHHE CKIIAJBIBACTCS M3 MAacChl MHAWBUAYAIbHBIX W BHI-
SIBUTh 3aKOHOMEPHOCTh O3HAYaeT HANTH MOBTOPSAEMOCTh BHYTPU BCEH MacChHl sIBJIC-
HUM, TJIe HApSAy C IJIaBHBIMH JCHCTBYET M MHOKECTBO BTOPOCTEIICHHBIX, HEYCTOM-
YUBBIX, CIyYalHBIX (PAKTOPOB. DTO MPUBOIUT K TOMY, YTO B OOIIIECTBE HET CTPOTO
OTIPENICIICHHBIX JUHAMHYECKUX 3aKOHOMEPHOCTEH.

CrarucTudeckas 3aKOHOMEPHOCTH SIBIISICTCS KOJWYECTBECHHBIM BBIpaKEHHUEM
OTIPEJICICHHOW TeHACHIIMU. MOKHO OOHApPYKUTh CTAaTHUCTHYECKYIO 3aKOHOMEPHOCTH
pactpocTpaHeHUs KyJIbTypbl KapTodens B Poccun B robl KpeCThSIHCKON BOWHBI IO/
npeaBoautenbcTBoM E.llyradeBa. AHanmusupysl MOJydYeHHBIE TAaHHBIC, UCTOPHK Ha
OCHOBE COJIEpPKATEIHHOT0, KaY€CTBEHHOTO TIOJIX0/Ia PeIIaeT, OTpakaeT JIn HalcH-
Has CTaTHCTHYECKAas 3aKOHOMEPHOCTh HCTOPHUYECKOE SIBJICHHE, KaKyIO0 CTCIICHb
0000I1IeHUsI HECET, KaKue yCJIOBUS €€ OMPEACIIHIIN.

BoIBIMHCTBO SABICHUN MOXKET XapaKTepHU30BaThCS MO0 C TOUYKH 3pEHUS Jac-
TOTBI TIOBTOPEHUSI BO BPEMEHHU WIIH MTPOCTPAHCTBE, TOTJA 3a7aeTCS BOMPOC: CKOIBKO
pa3? — 1ub0 ¢ TOYKH 3pCHHS YPOBHS WM MHTCHCUBHOCTH. KAaKOB YPOBECHB MJIH KaKO-
Ba CTEIICHh HHTCHCUBHOCTU? B 000MX ciydasx sSIBICHUS MOYKHO BBIPA3UTh B KOJIMYE-
CTBEHHOU (opme.
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Boe16opounblii MeTos1 ucnonb3oBaics B JpesHem Erunte u antuunoil I'peruun
P U3YYEHUU SIBIICHUI XO3SIICTBEHHOM *W3HU, a B Pycckom rocymapcree XVII u
XVIII BB. mpumensiics 1151 OonpeIesIeHUs] BETUYUHBI BCETO YPOXKasi.

Wnest BBIOOPOYHOTO METO/Ia — 3aMEHUTH CIUIOIIHOE 00CIIEIOBAHNE MaCCOBBIX
OJTHOPOJIHBIX OOBEKTOB YACTHMUHBIM UX OOCJI€IOBAaHUEM, HE JIOMyCKasi MPH 3TOM Cy-
IIECTBEHHBIX OMIMOOK B BBIBOJAX. {51 3TOro BBIOOpKA NOJDKHA OBITH pEerpe3eHTa-
THUBHOW,T. €. IOCTATOYHO XOPOIIO MPEACTABIIATh U3Yy4aeMbld NMPU3HAK F€HEPAIBHOU
COBOKYITHOCTH, YTO OOECIEeUMBAECTCS CIIy4alHOCThIO 0TOOpa. ObecneyuTs ciydai-
HOCTb BBIOOPKH, €CJIM UCTOPUK TPOU3BOJIUT OTOOpP JAaHHBIX W3 MHOTOUYHCICHHOM Te-
HEpaJbHOW COBOKYITHOCTH COXPAaHUBIIHUXCS CBEACHHUI, BOBMOXHO IIPH TTOMOIIIHU JKpe-
Oust MU TAOJUIIBI CITYYatHBIX YHCE]L.

Ecnm >xe mpu momorny XKpeOus WM CIYYaHBIX YHCeNl 0TOOpP BBIMOJ-
HUTbH HE YIACTCs, IPUMEHSIOTCS IPYTHE CIIOCOOBI BRIOOPKH: MEXaHUYCCKUI, TUITHYE-
CKUU U CEpUNHBIMN.

[Tpu mexanuueckou 6vib60pke TeHepaidbHasi COBOKYIMHOCTh pa30uBaeTcs
Ha paBHbBIC YaCTH U W3 KaXKJIOW "acTu Oepercs ojHa eauHuIa. [ eHepaabHyI0 COBO-
KYITHOCTh TP MEXaHUYECKOM OTOOpE MOXKHO PAaHKHUPOBATh WM YMOPSAOYUTH IO
BEIIMYMHE M3YYaEeMOTO UM KOPPEIHUPYIOIIETO ¢ HUM MPU3HAKA, YTO MO3BOJIUT MOBHI-
CUTh PEIpe3eHTAaTUBHOCTh BhIOOpKU. Hampumep, mpu 5%-Hoil BBIOOpKE WHTEpBAT
otbopa coctaBuT 20 enuHuIl, Toraa oToop HyxHO HaunHaTh ¢ 10-i wim ¢ 11-it equ-
HuI1el. B mepBom ciaydae B BeiOopky monaayT 10, 30, 50, 70 u ¢ Takum e UHTEpBa-
JIOM TIOCJICTYIOIITUE €UHUIIBI;, BO BTOPOM CiIydae - equHuUIlbl ¢ Homepamu 11, 31, 51,
flurt.nm.

Tunuueckas, unu pauoHUpo8anHas, 6blOOPKA 3AKIIOYAETCS B pasjele-
HUW TEHEPaJIbHOW COBOKYIMTHOCTH Ha THUIMYECKHE TPYIIIBI, 0Opa30BaHHBIE MO KaKo-
My-1100 nipu3Haky. Hanpumep, Tepputopusi, moajiexaiias 00cie10BaHuI0, pa3aes-
€TCSl Ha PalOHbBI, OTIUYAIONIUECS COIUATBHO-IKOHOMUYECKHUMU WM Teorpadude-
CKUMH YCIOBHUSAMU. W U3 KaXK10TO pailoHa MPOU3BOAST OTOOP €UHUIL B BHIOOPOUHYIO
COBOKYITHOCTb.

[Ipu ceputinoii 66100pKe COBOKYITHOCTD JENAT HA OJIMHAKOBBIEC MO 00Be-
My TPYIIIbI — cepuu. B BEIOOPOUHYIO COBOKYIMHOCTH OTOMPAIOTCS CEpUU, a BHYTPH
Cepuil TPOU3BOAUTCA CIUIONTHOE HAOMIO/IEHUE €IWHUII, IOMAaBIIUX B CEPHIO.

[IpumeHeHre Toro Win HHOTO crocoba 0Toopa 3aBUCUT OT CBOMCTB M3y4aeMo-
ro SIBJICHUS W MOTOMY Mpe/rnoiaraeT o0s3aTeabHoe IpeABAPUTEILHOE 3HAKOMCTBO C
00BEKTaMH UCCIICIOBAHU.

I'pynnuposxa - Hanbosee pacnpoOCTPAHEHHBI MPUEM MPEICTABICHUS COBO-
KYITHOCTH Pa3pO3HEHHBIX JAHHBIX B yIOOHOW NI BOCHIPHATHS (opMe. DTO Hadajlb-
HBIN 3Tan oOpabOTKU JaHHBIX MCTOYHHUKOB, (DYHIaMEHT AJis OOJBIIMHCTBA JIPYTUX
MIPUEMOB MaTEMaTHKO-CTaTHUCTUYECKOTO aHaM3a. biarogaps TpynmupoBKe MOYKHO
COOTHECTHU CBOJIHBIE TTOKA3aTEeJIU 10 COBOKYITHOCTH B IIEJIOM CO CBOJIHBIMU ITOKa3aTe-
nsMU 110 rpytinam. [losiBisieTcs: BO3MOXKHOCTh CPaBHUBATH, AHAJIM3UPOBATH MPUUHHBI
pazIuYuil MEXTy TPyNIaMu, U3y4aTh B3aUMOCBSI3U MEXITy TPU3HAKAMHU.

Metona rpynnupoBKU MO3BOJISET CIOKHOE SIBICHUE MPEJCTABUTH UYepPe3 P
0oJiee MPOCTHIX, YTO MOMOTAET MPUNTH K aHAIU3Y BCEl CUCTEMBI B 1ieioM. MeTo-
JIOM TPYIIHUPOBKH XapaKTEPU3YIOTCS THUIBI SBJICHUM B UX B3aUMHBIX OTHOIICHHU-
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AX, @ TAaK)K€ BCKPBIBAETCS MPUUYMHHAS 3aBUCUMOCTb MEXAY OTIEIbHBIMU (haKTO-
pamMu B o0IIel TeHICHIMEH pa3BUTHUS IIpoIlecca.

B nayke pasznuyaror 3 OCHOBHBIX BHA T'PYNIUPOBOK: THIIOJIOTHYECKHH,
CTPYKTYPHBIN, aHAIIUTUYECKHUM.

Tunonozuueckas epynnupoéka pacweHsIeT Ka4yeCTBEHHO-PAa3HOPOIHYIO CO-
BOKYITHOCTh Ha OJHOPOJIHBIE TPYMIIbI, HA TUIBl. B OCHOBY TpynImHUpOBKHU 3aKja-
IBIBAETCSI KAYE€CTBECHHBIM Ipu3HaK. [Ipumepom THUIIOJIOrMYECKON TPyNIUPOBKU
BBICTYNAET pacnpeieieHUe MPOMBIIUIEHHOCTH MEepHoJa HOBOW 3KOHOMHYECKOU
MOJUTUKUA N0 COLIMATBHBIM CEKTOpaM - TOCyJapCTBEHHas, KOONEpaTUBHAs, YacT-
Has. BeiieneHue TUIIOB HA OCHOBE KOJIMYECTBEHHOI'O MPHU3HAKA COCTOUT B OINpEfe-
JICHUU TPYII C y4ETOM 3HA4YCHUH (BEIIMYMHBI) W3ydaeMbIX MPU3HAKOB. [Ipu 3TOM
OYEHb BA)XHO MPABUIIBHO YCTAHOBUTH MHTEPBAJI IPYIIUPOBKHU, HA OCHOBE KOTOPOIO
KOJIMYECTBEHHO PA3JIMYAIOTCS OJHU TPYIIBI OT IPYTUX, HAMEYAlOTCA TPAaHULbI BbI-
JIEJIEHUS UX HOBOT'O Ka4eCTBA.

Cmpykmypnas epynnupogka NPENCTaBIsIET Ka4eCTBEHHO-OJHOPOJAHYIO CO-
BOKYITHOCTh B BHJI€ KOJIUYECTBEHHBIX I'PYMI. B OOJIBITMHCTBE CBOEM CTPYKTYPHBIC
IPYNIUPOBKUA TPOU3BOAATCS HAa OCHOBE OOpa30BaHUS Kaue€CTBEHHO OJHOPOIHBIX
IpymI, XOTS HEPEAKO OHU MPUMEHSIOTCS U 0€3 MpeIBapUTEeIbHOTO pacuJICHEHHs CO-
BOKYITHOCTH Ha 4YacTU. B OCHOBY 3TUX TpPYNIUPOBOK 3aKJAJbIBACTCA KOJIUYECT-
BEHHBIN Tpu3HaK. [[puMepoM MOXKET CIyXKUTh pacrhpeesieHne padodux Mo cra-
Ky, IO pa3Mepam 3apaboTHOM MIaThl, 10 BO3PACTYy.

Tpetuit METO — METOJ AHAIUMUYECKOU SPYNNUPOSKYU - 3AKIIFOYAETCA B UC-
CJIEJJOBAHUHU B3aMMOCBS3el MeXAy (PaKTOPHBIMU MPU3HAKAMU B KaUYE€CTBEHHO OJI-
HOPOAHON COBOKYMHOCTH. C TMOMOIIBIO aHATUTUUYECKUX TPYHNIHUPOBOK YyHAETCA
BBISIBJISITh IPU3HAKHU, KOTOPHIE MOTYT BBICTYNATh WJIM MPUYUHOM, UJIN CIICACTBUEM
TOrO WJIM WHOTO SIBJIEHUS. DTOT METOJ €lle€ Ha3bIBalOT (PAKTOPHBIM, MPHU 3TOM
OJWH W3 MPU3HAKOB IPYNIUPOBKU paccMaTpUBAETCs KaK pe3yJsibTar, a APYrou -
kKak (¢akrop. Hampumep, gaHa rpynmupoBKa MajbIX NPEANPUATHH IO pazMepam
NpUOBLIN U MPOJIOTIKUTEIHBHOCTA 000poTa cpencTs. [Ipu oHOM U TOM Ke CpOKe
000poTa KanuTaia NPeAnpusITUs MOTYT UMETh Pa3HYIO MPUOBLIb, CIE0BATEIbHO,
NpHU3HAK «000pPaYMBAEMOCTh CPEACTB» - (hakTop (MM ycloBHE), a TPU3HAK KIPH-
OBLIB» - pe3ynbTaT. YTOOBI YCTAHOBUTH CBS3b MEXKY NMPU3HAKAMU, JaHHBIC TPYII-
MUPYIOTCS 1O MPU3HAKY-(PAKTOPY.

Pe3ynpTaThl rpynnupoBOYHOIO Marepuana o(hOpMIISIIOTCS B BUJIE TAOJIULL WU
B MHBIX rpaduyeckux (opmax. Ha 0aze rpynnupoBKH pacCUMTHIBAIOTCS CBOJHBIE
MOKa3aTeNd 1o TpyImaM, NOSBISIETCS BO3MOKHOCTh UX CPaBHEHUS, aHAJIW3a IPUUYUH
pazIuuuil MEeXIy TpynnaMu, U3y4eHHs B3aUMOCBS3Ee MexX Iy npu3Hakamu. [ pynmnu-
POBKa CO3a€T OCHOBY IS MOCIIEAYIOIIEH CBOJIKY Y aHANIN3a JAHHBIX.

O0600uaroImMil KOJIMYECTBEHHBIM MMOKA3aTeNb, XapaKTePU3YIOIINUNA TUIIAYHBIN
YPOBEHb COBOKYIHOCTH IO ONPEAECICHHOMY IPU3HAKY Ha3bIBAIOT CPEAHEH BEINYU-
HOM. OHa MMPOKO MPUMEHSIETCA B PA3IUYHBIX OTpACisIX 3HaHUN.B umcropuyeckoi
HayKe CpeJIHME BEJIMUYMHBI IPUCYTCTBYIOT JAaBHO, HO HE B MOJHOU Mepe. [lns oOpa-
OOTKHM MacCOBBIX JAHHBIX B CTATUCTUKE pa3pabOTaHbl CPEHUE TAPMOHUYECKAs!, Te0-
METpUYEeCKasi, KBapaTUUECKasl, a TAKKE ONUCATENIbHbIE CPETHUE - MOJA U MEJMaHA.
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Cpeonsa apugpmemuueckas (X) - sIBISIETCS CaMbIM PAaCIPOCTPAHCHHBIA BUJI
cpenHux BenuduH. OHA UCUUCISIETCS] TyTEM OTHOIICHUS! CyMMBI BCEX 3HAYCHUH TMpH-
3HaKa K 00IIeMy YHCITy HaOJII0ICHHH.

X+ X X+ e+ X

= ,Te
n

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

N — YUCJIO €AUHHUILL HAOIIOACHHUS.

Mooa (Mo) npeactapiseT HanboJIee YacTO BCTPEUAOIICECs 3HAUYCHHE ITPU3HA-
Ka B YIOPSAIOYCHHON COBOKYITHOCTH, HAanOOJee TUTMYHOE cpeHee 3HaueHue. B quc-
KpeTHOM psiny Mo omnpenensiercs 06€3 BBIYMCICHUN KaK 3HAYEHUE MpU3HAKA C Hau-
OonpInieit yacToTol. JIJis BEIYMCIIEHUS MOJIbI B MHTEPBAJIILHOM Py CHadaJa orpeje-
JISIeTCS MOJANIBHBIN KJilacc, T.€. MHTEpBal ¢ HambOombIneil yactoToi. 3areM Mo BbI-
qucisercs no gpopmyse:

P, — P,
2P, — P, — Pg

X - HUKHSISL TpaHuIla MOJAIbHOTO HHTEPBAa,

K - BeninunHa MHTEpBaa,;

P; —yacToTa HHTepBaJIa, MPEAIIECTBYIONIETO MOJAILHOMY;

P, - yacToTa MOJIAJILHOTO MHTEPBAJIA,

P5 - yactoTa UHTEpBaja, MOCIEAYIOIEr0 32 MOJIATbHBIM.

Meouana (Me) - BeauunHa, ONpEACIIAIONIas 3HaUCHNE MPU3HAKA, HaXOsIIe-
rocsi B CEpeIMHE YIIOPSAI0YEHHON COBOKYITHOCTH. MenaHa JeJuT W3y4aeMyto COBO-
KYITHOCTh TaK, YTO YHCJIO €JIMHHI] C OOJBITUM M MEHBIIIUM, YeM MeJ1MaHa 3HAUCHHEM
MpU3HaKa, OJIMHAKOBO. B MHTEpBaIbHON rpynnupoBKe I BeIUUCICHHS Me HeoOXo-
VMO HAWTHU MeIMaHHBIA MHTEPBAJ - HHTEPBAJ, KOTOPOMY COOTBETCTBYET IepBas U3
HaKOIJICHHBIX YacTOT, MPEBbIIIAIONIAs TOJOBUHY CYMMBI BCEX HAaCTOT psijia pacmpe-
JeJeHus. 3aTeM CUMTaloT 1o dhopmyrie:

Mo = X, +K , rae

YP/2-Yym-—1
Me =X, + K 2 ,rae
m

X (- HIOKHSISI TPaHHUIA MEAMAHHOTO HHTEPBAJA;

K - BemunHa MeIHAHHOTO UHTEPBAIA;

Y. P- cymma 4acror;

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

(HaKOIJICHHAs YacTOTa B MHTEPBAJIE, IPEAIICCTBYIONIEM MEIHAHHOMY).

P,, - vacToTa MeIUaHHOIO HHTEPBAIA.

Cpeonsisi 2eomempuyeckas cpeoHss eluduHa UCTIOIb3YeTCs IS COXpaHEHHUs
HCHU3MCHHOCTH IIPOM3BEACHUSA HMHIMBHIYaIbHBIX 3HAYCHHUN IPH3HAKA, HAIpHMeED,
IpY aHAJIM3€ AMHAMHUKHU (IJ1s1 pacueTa CpeHEro TeMiia pocTa), Ipy 3aJaHHOM MHHU-
MaJIbHOM U MaKCHMaJbHOM 3HAYEHHUAX [TPHU3HAKA.

Cpeonsisi eapmonuyeckas IPUMEHSIETCS, €CIId HeOOXOAMMO OCTaBHUTh ITOCTO-
SHHOM CyMMY BEIHYMH, OOPaTHBIX MHIMBHIYaIbHBIM 3HAUYEHUSAM IPU3HAKA, B 3TOM
cllydae 4acTOThI (Beca) HCHM3BECTHBI, a U3BECTHHI IPOU3BEICHUS IIPU3HAKA HA COOT-
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BETCTBYIOIIYIO 4acToTy (IMpHUMEpHI: CPEJAHHME 3aTpaThl TPyaa, BpEeMEHH, MAaTCPHUAJIOB
Ha OJIHY JIETallb, CPEIHSS YPOIKANHOCTD, CPEIHSS CKOPOCTh M T.II.).

Cpeonssn Keadpamuueckas pacCUUTHIBACTCS, KOTJa HEOOXOAMMO COXpPaHUTh
HEM3MEHHOW CyMMY KBaJpaTOB MHAUBHUIYyaJIbHBIX BEJIIMYWH, MPU pacyeTe rmokasare-
Jei Bapuanuu (IpUMEpBI. CPeaHssA IUIONIaab, CPEAHUN TUAMETp, CPEIHsS IMHA
KBaJ[paTHOTO y4acTKa U T.II.).

dopMyIibl pacueTa CpeHEro 3HaUeHHUs MoKa3aTels 4Yepe3 OTHOCUTENIbHbIC Be-
JUYUHBI CTPYKTYPHI TIO3BOJITIOT 0XapaKTepHU30BaTh 3aBUCUMOCTh CPETHEH HE TOIBKO
OT WHIWBHUAYAJIbHBIX 3HAYCHUU OCPEIHSICMOW BEIIMYWHBI, HO U OT CTPYKTYpPHI COBO-
KYITHOCTH, TIOCKOJIbKY M3MEHEHHE CTPYKTYpPhl COBOKYIHOCTH NPHUBOIUT K H3MEHE-
HUIO CPEIHEH BEJIUYMHBI, P 3TOM WHIWBHIYaIbHBIC 3HAYCHUS OCPEIHIECMOTO TPH-
3HAaKa MOTYT OCTaBaThCsl HEU3MECHHBIMH.

[Mpumep. Mmerotrcs maHHBIC O pa3Mepax OCHOBHBIX (hoHmoB (MiH. py6) 30
npeanpusaruii: 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. IlocTpouTh UHTEPBAIBHBIN Psijl, TUCTOTPAMMYy, TOJUTOH YacTOT,
BBIYUCIIUTHh MOJTY, MEJITUaHy, CPEHIOI0 TapMOHUYECKYIO.

[lo3HaHMe CYIIHOCTH HCTOPUYECKUX SIBICHUN M MEXaHU3MOB MPEJIoIaraet
PACKpBITHE BHYTPEHHUX CHUCTEMHBIX CBSI3€MM UX OIIEHKY. JTH CBSI3H CJIIOKHBI U MHO-
rooOpas3Hbl, Cpe HUX HEOOXOIMMOBBIJICIUTh HanOOJee CyIIeCTBEHHBIE, (Gopmu-
pYIOIIHeXapaKkTep Pa3BUTHSI SIBJICHUS.

BaxHeHWIIMM yCIIOBHEM aHaIM3a CBS3CH BCEX BUIOB SBIISICTCS BO3MOKHOCTBUX
KOJTMYECTBEHHOTO BBIpaXKEHUS. Maremarndeckash CTaTHCTHKapa3paboTajia IesTbli
PSA METOJIOB, MMOMOTAIOIINX PEUINTh 3Ty3anauy. Cpenu HUX —KopperayuoHHblll ana-
su3.JIaHHBIA METOJT MO3BOJIIECT YCTAHOBUTh HAIM4YWeE, (POpMYy U HANpaBIEHHOCTH CBS-
3W, a TaK)Ke KOJMYECTBEHHO OIICHUTH €€ CHiTy. [Ipy 3TOMIIS YUCIOBOTO BBIPKCHHUS
M3Yy4aeMBbIX MPOIIECCOB U SIBICHUN MOKHOIIOJIb30BAThCSI BCEMU IIKAJIAMU U3MEPEHHUS,
MPUHATHIMU B COBpEMEHHOWHayKe. Takas YHUBEPCAIBbHOCTH Cliejana METoJ]l Koppe-
JSIMOHHOTOaHAIN3a BeChMa MOMYJSPHBIM M BOCTPEOOBAHHBIM B UCTOPUYECKUX HC-
CJICIOBAHUSIX.

Koppensanust — mokazaresib, OTpa)karoluid B3aMMHYIO 3aBUCUMOCTD JIBYX WJTU
6onee BenumuuH. [Ipyu ATOM BENIUYMHBI TOJKHBI BHIOMPAIOTCS CIIyYailHO, a 3aBUCH-
MOCTBh MOXKET OMPEIEIATHCS TNOO0 COBMAJACHUEM, JIMOO OTHOIIEHUSIMH IPUYUHHOCTH.
Heo0xoaumMo BBISICHUTB, HE SIBISCTCS JM KOPPEISIIIHUS JIOKHOMW, TO €CTh OCHOBAaHHOM
Ha COBIIAJICHUU. /{711 5TOr0 BBOJMUTCA €IlI€ OJHA HOBAs Cly4yanhHas BEJIWYMHA. TOJIBKO
MIPU U3MEHEHUH 3HAYCHUS OJHOW BEJIMYHMHBI, KOTOPOE BJICUET 3a COOOM HEMHUHYEMOE
CHUCTEMATHYCCKOE M3MEHCHHUE 3HAYCHUS APYTOW BETUYHHBI, KOPPEAIUS CUHTACTCS
ycTaHOBJIEHHOU. Takoe M3MeHeHue MOXKET ObITh BBIpAXKEHO B BUAE Ko3(duuueHTta
KOPPEJSAINAH, WIH KOPPEIAIIMOHHOTO oTHOMEeHHs. Koadduiment koppensaiuy moxa-
3bIBAET, HACKOJBKO TECHO JIBE IIEPEMEHHBIX CBSI3aHBI MEXKTY COOOM.

B ocHOBe KOppPEISAIMOHHOTO aHaIMU3a JIEKHUT HJIEs] COMOCTaBICHUAKOICOaHU
3HAUYCHUN M3Yy4aeMbIX MPU3HAKOB OTHOCUTENBHO ApyT Apyra.Eciam uucienHsle 3Ha-
YeHHUS! OJHOTO TMPHU3HAKA HM3MEHSAIOTCS OJHOBPEMEHHOCO 3HAYEHHEM JIPYroro, TO
MOKHO MPEATON0KUTh, YTO MEKTYHUMHU CYIIECTBYET CBS3b.
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B marematuke paznuyaroT (YHKIHMOHAJIBHYIO M CTaTUCTUYECKYHO 3aBUCH-
MOCTb.

DyHKIMOHAIBHASL 3aBUCUMOCTb JIBYX KOJIMYECTBEHHBIX IIPU3HAKOB WIN IEpe-
MEHHBIX COCTOMT B TOM, YTO Ka)KJOMY 3HAUECHHIO OJHOW IEPEMEHHOM BCEraa COOT-
BETCTBYET OJIHO OIPEIEIICHHOE 3HAYEHUE IPYyroul nepeMeHHoM. PyHKIHOHAIbHAA
3aBUCUMOCTh IPEAIOJIaracT pPacCMOTPEHHUE IPU3HAKOB H30JIMPOBAHHO, OJHAKO B
OOIIIECTBEHHOMN KU3HU TOJI00HAsI CUTYaIlMs CKIajbIBacTCs KpaiiHe peako. Kak mpa-
BUJIO, BO3JICUCTBHUE OJIHOM MMEPEMEHHOM Ha JIPYTyI0 HE U30JUPOBAHO OT JIPYrux (pax-
TOPOB, a MPOUCXOJUT B YCIOBUAX MX BIMSAHHUS HA HU3Yy4YaeMYyIO0 B3aUMOCBS3b. [[is
ONMCAHUsA 0100HOTO pona 3aBUCHMOCTH HCIIOJIb3YETCS MTOHS-
THE CTATUCTUYECKOW, NI KOPPEISIHUOHHOM, CBA3H.

B otnuune ot GpyHKUIMOHANBHOW 3aBUCUMOCTH, KOTJa KaKIOMY 3HAYEHUIO O/I-
HOI'O MPHU3HAKa BCErAa COOTBETCTBYET OINPEACICHHOE 3HAYEHUE JAPYTOro, B Cilydyae
CTaTUCTUYECKON 3aBUCUMOCTH HEKOEMY 3HAYEHHIO OJIHOTIO IPU3HAKA MOTYT COOTBET-
CTBOBAaTh Pa3jM4YHbIC 3HAYeHUs Apyroro. IIpuumHa 3TOrO 3aKiroyaercs B TOM, YTO
IpU CTaTHCTUYECKOW 3aBUCHMOCTH CBSI3b MEXIy MpH3HAKaMU (IBYMs, Tpems, He-
CKOJIbKMMH) OMPEACISIETCS] HE TOJIBKO B3aUMOJICHCTBUEM MEXKy HUMH CAMHMU, HO U
BO3/JICHICTBMEM MHOXECTBa JPYrMX HEYYTEHHBIX ()akTopoB. B pesynpraTe Takoro
BO3JICHCTBHS CBS3b MEXY MPU3HAKAMM IPUCYTCTBYET U MPOSIBISIETCS HE B KaXKIOM
KOHKPETHOM CJIy4ae, a TOJIbKO «B CPEAHEM», KaK TeHJAeHUus. [103TOMy yCTaHOBHTH
HaJIMYMe B3aMMOCBSI3U U ONPENEIIUTh €€ KOJIUYECTBEHHYIO MEPY MOKHO HE IOCPE.I-
CTBOM E€IMHUYHBIX HAOJIOACHUI, a JIUIb MPUMEHUTEIBHO K OIpPEAENIEHHON COBO-
KYITHOCTH OOBEKTOB, T.€. B CPEJHEM 10 OTHOIIEHHUIO K MAaCCOBBIM OOBEKTaM WU SIB-
neHussM. COOTBETCTBEHHO XapaKTEPU3YIOUINE 3TH OOBEKTHI WIH SIBJICHHUS KOJIHYECT-
BEHHbIEC TMOKAa3aTey HA3bIBAIOTCA MACCOBBIMHU JIaHHBIMU.AHAIU3 CTaTUCTHYECKOU
(KOppEIIAIMOHHOM) CBSI3M MPE/IIOJIaracT BhISBICHHE XapaKTepa CBSA3H M OLICHKY TeC-
HOTBI CBsI3U. KOppessLMOHHBIN aHaau3 MO3BOJISIET OUEHUTh TECHOTY CBSI3H MPHU IO-
MOIIM CHENHMAIbHBIX MOKa3aTeseil, BHIOOp KOTOPBIX 3aBUCUT OT BHJIa (YyHKIIMOHAJIb-
HOH 3aBHCHMOCTH, aJIEKBaTHO OIMCBHIBAIOIIEIO PACCMATPUBAEMYIO CTATHCTHYECKYIO
B3aUMOCBS3b.

B KOppessIIMOHHOM aHajau3€ OJHOW M3 OCHOBHBIX MEp CBS3M MEXIY IpH3HAa-
KaMU SBJISICTCS TTAPHBIN JTUHEHHBIN KodhduimeHT koppesainuu. C ero moMoImibo u3-
MEpSIETCS TECHOTA CBSI3M MEXY JABYMsI MpU3HaKaMu. JInHenHbIi kodpuimeHt kop-
persiuu ' u3MeHsieTcst B npezgenax ot -1 go +1. PaBeHcTBO k03 duLiMeHTa HYIIO
CBUJIETENBCTBYET 00 OTCYTCTBHM JIMHEWHOM CBsi3U. PaBeHCTBO ko3 dunnenta -1 wiu
+1 roBopuT 0 HaNMMUMM (PYHKIHUOHAIBLHOW 3aBUCHUMOCTU. IIpur = 1 mpucyrcrByer
npsiMasi CBsI3b, T.€. YBEJIMUYEHUE WIH YMEHBIIEHHUE OJIHOTO NMPU3HAKA COMPOBOXKIAETCS
aHAJOTMYHBIM U3MEHEHUEM JIpyroro npusHaka. [Ipu r = -1 cBa3p oOpaTHas, T.€. yBe-
JUYEHUE WM YMEHBUIEHUE OAHOTO MPHU3HAKa COMPOBOXKAAETCS MPOTUBOIOIOKHBIM
10 HAIPABJICHUIO U3MEHEHHUEM JIPYroro NpHu3Haka.

MeTto Koppensauuy MOMOTaeT PeUuInTh ONpeleJeHHbIN Kiacc 3aaad, Ipudim-
3UTHCS K TOHUMAHUIO IPUIMHHO-CIIEACTBEHHBIX MEXaHU3MOB.

7.  OcHOBHbIE NEPUOAbI PA3BUTHA MATEMATHKH U UX 0COOCHHOCTH
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