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1.  MmuoxecTrBa. Onepanuu HaJi MHOKEeCTBAMHU

[TonsiTHEe MHOKECTBA B MaTEMaTUKE OTHOCUTCS K HEOMpeIesieMbIM (IOJ00HO
MOHSTHUSM YUCJIA U TOYKH).

MHO0XXECTBOM SIBIISIETCS COBOKYITHOCTh OOBEKTOB, 00bEIMHEHHBIX KaKUM-JIH00
MIPU3HAKOM.

OOBEKTHI — JIIEMEHTHI MHOXKECTBA — 0003HAYAIOTCSA CTPOUHbIMU OykBamu. Ca-
MU MHOXECTBa 0003HAYAIOTCS 3arjaBHbIMH (TIPOMHUCHBIMH) OYKBaMHU JIATUHCKOTO
andasuta. ToT QakT, 4TO a SBIASETCA JIEMEHTOM MHOXKecTBa A 0003HavaeTcs a € A
(TOBOpSAT, UTOa TPUHAMIEKUT A); TO, YTOa HE SABISIETCS DJIEMEHTOM MHOXXECTBa A
,0003Ha4aeTcs a ¢ A (TOBOPST, UTOa HE MPUHAIJICKUT A ).

Cuuraercsi, YTO MHOXECTBO 33JIaHO, €CJIA NEPEUYUCIICHBI BCE €r0 3JIEMEHTHI
WM Ha3BaHO XapaKTEPUCTHUECKOE CBOMCTBO, MO KOTOPOMY MOKHO OIPEIECIUTD,
MIPUHAJICKUT JAHHBIN 3JIEMEHT MHOXECTBY WUJIM HET, HAIPUMED:

M ={,2,3,4,5}wmuM ={x: xe N,1<x<5}

[Ipumep: Haiit snementsl MHOKecTBa: A={x: xe N, 2x’ —7x+3=0}.

1
PewmuB kBazpaTHOE ypaBHEHHUE, HAXOAUM €0 KOPHU X, = 5 g¢N,x,=3eN,

3HauuT A ={3}.

® MHO)KCCTBa, COCTOAIIUEC N3 OAHUX U TEX KE 06T>GKTOB, Ha3bIBAXOTCs paB-
HBIMHA

[pumep: 4 = {0,2,3}, B ={3,2,0}

A=B

e EciM KaXXKIOplil 3J1€MEHT MHOYKECTBA B SIBISIETCS DJIEMEHTOM MHOXecTBa A,
TO B Ha3bIBaeTCAd IMOIAMHOXECTBOM MHOKecTBa A: B C A4
[pumep: B={3,2} c A=1{3,2,0}

(J — MOJIMHOKECTBO JIIOOOTO MHOKECTBA; A MOAMHOXKECTBO A

NcZc(QcR

N —MHOk€CTBO HaTypaJbHBIX YUCEII

7. — MHO>KECTBO II€JbIX YHUCEI

Q — MHOKECTBO palMOHAIbHBIX YHCEI R

R — MHOXECTBO AEHCTBUTEIBHBIX UHCEN Q



N306pa3um MHO)kecTBa A W B Kpyramu Ha IUIOCKOCTHU (IuarpaMmbl Diiepa-
Benna)

e MHOXECTBO C, QJICMCHTAMH KOTOPOI'O ABJIAIOTCA BCC 3JICMCHTBI MHOXKCCTBA

A, He pUHAIIeKAIUE MHOXKECTBY B, Ha3bIBaeTCS Pa3HOCTHIO MHOXKECTB A U Bu
saruceiBaeTcs C=A\B.

[Tpumepbl

1) A=1{1,2,3}, B={1,2} = A\B={3}
2) A={1,2,3}, B={3,4= A\B={1,2}
3) A=1{1,2,3}, B={1,2,3,4} = A\B=0

e Ecitu Bc A, t0 A\ B — gomnojiHeHHEe MHOKeCcTBa B 10 MHOKecTBa A

e MuoxectBo (', cOCTOAILIEE M3 BCEX 3JIEMEHTOB, NPHHAICKALINX KaK
MHOXECTBY A Tak U MHOXECTBY B( M TOJIbKO M3 3THX AJIEMEHTOB), HAa3bIBACTCS
nepeceuenneM MHoxecTB A u B:C=A(B.

Tpumep: A= {1,2,3}, B=1{2,3,4}
C=ANB={23



e MHOXeECTBa, NEPeCceUeHUEe KOTOPHIX €CTh MyCTOE MHOXKECTBO, HA3bIBAKOTCS
Henepecekarommmucs: {0,1} ({2} = .

[Tpumep.
*+4x+4=0

1)x+x+ o
x>0

X +x-2=0
2){x S0 = {-2;1}N[0;+0) = {1}

e MuoxectBo C, COCTOsIIIEE M3 BCEX U TOJBKO TEX JJIEMEHTOB, KOTOPHIC
MIPUHAJICKAT XOTS Obl OJTHOMY U3 MHOXECTBA W B, Ha3bIiBaeTcs 0O0bEIUHEHHEM
muoxects A u B:C=AUB

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

C=4UB={1,2,3,4}

[Tpumep:
1) (x+1)(x* —=4)=0 {-2,—1,2} —~COBOKYIHOCTH PEIICHUI

2) (x=-5)(x+3)>0<

{x>5
x>-3 x>5
{ & (—0;-3)U (5;+0)

f—
x<5 x<-3
x<-3




3aganus. CocTaBUTh MHOKECTBA:
1) A— HatypanbHbIe AenuTeny yrcia 12.

2) B\A,ecrm A=1{-5,-4,-3} B={-5-4,-3,-2}
3) R\Q , Z\N

4) 2)[71U[S:8], [1,71N[5;8]

6) [0;31U[5:7], [0;31M[5;7]

5) O6benriHEHUE U TTepeceyeHue KOpHEN ypaBHEHUI
X +9x-10=0yx" -3x+2=0

6) 3amumuTe pemenne Hepasencrsa (X —1)(x—6)=0

7) A— HatypaybHbIC AeNUTeNn yncia 18,
B— narypanbuble nenurenu uncna 45. Haiitu A(\B |

8) Haiitu ANB  ecim A={x: er,x|<5}B={x: xeN,x—1|<7}
9) Haittn AUB | ecin A={x: x* —6x+9<0} B={x: xeZ|[x<1}

e MHOXECTBO A Ha3bIBAE€TCsl PKBUBAJECHTHBIM MHOXECTBY B (A~ B), ecnu
MEX]ly dJIEMEHTaMU MHOXECTB A U B MOXXHO YCTAaHOBUTH B3aMMHO OJHO3HAYHOE
COOTBETCTBHE.

PaznnuaroT koHeuHbIe 1 OECKOHEUHbIE MHOKECTBA.

e Uuciio 371eMEHTOB MHOXKECTBA A Ha3bIBACTCSI €0 MOIIHOCTBHIO WM Kapau-
HaJIbHBIM YHCIIOM (|A|I/IJ‘II/I cardA).

KoHeuHoe MHOKECTBO, COCTOSIIEE U3 71 DIIEMEHTOB I/IMCGTMOLHHOCTB|A| =n.

Ecrmm 4~ N, ToO MHOXXECTBO A CUETHOE.
Ecmm A~ R, T0 A —KOHTHHYaJIbHOE€ MHOXECTBO WJIM MHOYXECTBO MOIIHOCTH
KOHTHHYYM.

3amanus.M306pa3uts nuarpammsel Ditiepa-BeHHa 715 CIETYIONTUX MHOXKECTB:
a) (A N B ) \C

6)(4UB)\C
B)(ANB)NC
r) (4\B)NC
m (4\B)UC
e) (A4\B)\C
x) (ANB)UC

MHO0:K€eCTBO KOMILIEKCHBIX YHCEJI

Omnpepnesienune. Komnaekcuvim yuciom Ha3bIBalOT BCAKYH  YIOPSJAOYEHHYHO Iapy
(x, y) NEeWCTBUTEIBHBIX YHUCEIL.



Ero o6osHauaor z=x+yi, x,yeR,tne i=~-1 nm i* =-1.
[Ipumep. Pemmts ypaBHenue x” + 6x + 25 = 0 HaJ MHOKECTBOM KOMILIEKCHBIX YUCEI
Borunciaum quckpuMmuHanT: D =b° —4ac=36-100=—-64.

Torna /D =+/—64 =-1-64 =/—1-/64 =8i

HaiigeM KOpHHM ypaBHEHUS:

. _btD _ 68 2(-3+4i)
12 2a > 5

=314

3anuch z =X+ yiHA3bIBACTCS aneeOpauyeckol ¢Hopmou 3aluch KOMIUIEKCHOTO

qprcia.JleiCTBUTENBHBIE YUCIAX U ) HA3bIBAIOT COOTBETCTBEHHO OelCcmEumenvHou u
MHUMOU 4acmbl0 KOMIJICKCHOTO YUCHA Z =X+ Vi
Rez=x nwImz=y.
Cymmou JIBYX KOMIUIEKCHBIX 4YHCEI 2z =X, +)i H z,=X,+),i Ha3bIBaIOT
KOMILIEKCHOE YUCIIO z = Z, + Z,, ACUCTBUTEIIbHAS 4acTh KOTOPOIO PaBHA X = X, + X,,
a MHUMas paBHa y =y, +),, T.C.
z=2z,+z, =0 +x)+(y, +,)i

Pasnocmeio 1ByX KOMIUIEKCHBIX 4YMCENl z, =X, +)yi U Z,=X,+y,] Ha3bpIBalOT
KOMILIEKCHOE YUCIIO Z = Z, — Z,, ACUCTBUTEIIbHAS 4acTh KOTOPOIO PaBHA X = X, — X, ,

a MHUMas paBHa y =y, —y,, T.€.

z=z -2z, == x)+ (¥, —»,)i

IIpoussedenuem IByX KOMIUIEKCHBIX YUCEN z, =X, + Vi U z, =X, + y,i Ha3bIBaeTcs
KOMILJIEKCHOE YHUCIIO
z=2-2, = (X, =y 1,) + (X, + 0,00
Uucno z =x— yi Ha3bIBaCTCS conpsicernbiM (KOMIUIEKCHO COINPSKEHHBIM) YHUCITY
. — 2 2

z=x+yi. OTMETUM, UTO z-Z =X~ + )".
Yacmuvim (omHowienuem) NBYX KOMIUIEKCHBIX YHCEN z, =X, + Vi U z, =X, + ),I
npu z,# 0 (T.e. x,#0, y,# 0) Ha3bIBAIOT KOMIUIEKCHOE YHUCIIO
A NN, X T XD,

2 2 2 2 :
Z, X ) X, +),

Zz =

Hpumep. Beruncants (2 —3i)* + 2i"
(2-3i) +2i°=2"-2-2-3i+(3i)" +2i" i =4-12i +9i* + 2(i*) -i =
=4-12i+9° +2(i°) -i=4-12i-9+2-(-1)i=-5-12i - 2i=-5-14i



7+ 3i
3i-1
74+3i _ 7430 _ (T+3i)(-1-3i) _ 7-21i-3i-9" _

[Tpumep. Berunciaurs

3i—1 —1+3i (=1+3i)(-1-3i) (1) +32

_—7-24i+9 2-24 1-12i 1 12,

———1

1+9 10 5 5 5

IIpumep. 3anucaTh YUCIIO z = — B alreOpandeckoi popme.

I+1
UYucno z B anredbpanueckoit hopme umeet Buj z = x + yi . [IpeoOpazyem npoosn,

YMHOKHB YUCIUTCIIb U SBHAMCHATCIIb Ha YHCJI0, COIIPSIKCHHOC 3HAMCHATCIIIO!

242 242(1-1)  242(1-1)  242(1-i)

T+ (+i-i) 17 2
=—2(1-1)= =2 +~/2i
AnreOpanyeckas popma: z =— 2 +~/2i 3necs Rez=x=—/2 I/IImz:y:\/z.

3agaHusl.
1. Boraucmuts (4 +5i)° (5 — 4i) Otser: 115+ 2361
2. Bprauciauth 4-oi 2+ =i+ 2P Otser:1
5+4i
3. Bpluncanuts — Ortser: 0,1-1,7i
3+1i
2. JJIeMEeHTBLI MAaTEMATHYECKOM JJOTHUKH

Jloruka Bo3HuKNa B KyabType peBHeu ['peruu. IlepBoe momeniiee no0 Hac
COUYMHEHUE MO0 JIOTUKE - «AHamuTukn» Apucrorens (384-322 rr. no H.3.). Dopmaib-
Has JIOTHKa MPOCYIIEeCTBOBANIAa O€3 CepPhE3HBIX U3MEHEHUN OoJiee ABAIATH CTOJETUH.
BbYJIb Hdxopmx (1815-1864) - aHrnuiickuii MaTeMaTUK, KOTOPbIA CYMUTAETCS OCHOBO-
MTOJIO’KHUKOM MaTeMaTUYECKOU JIOTHKHU.

MaremaTuyeckasi JIOTMKa SIBISIETCS HAYKOM O 3aKOHAX MAaTeMaTUYECKOTo
MblnuieHusA. [IpeameToM mMaTeMaTHuecKO JIOTUKU SIBJISIIOTCS MAaTEMAaTUYECKUE TEO-
pHUH B I1EJIOM, KOTOPBIE M3YUYaIOTCS C MOMOIIBI0 MaTEMAaTUUECKUX A3bIKOB. [Ipu s3TOM
B NIEPBYIO OuUepe/lb MHTEPECYIOTCS BOMPOCAMU HEMPOTUBOPEYMBOCTH MaTEeMaTHye-
CKHX TEOPHUH, UX PA3BSI3HOCTU U MOJTHOTHI.

MaremaTudeckasi JIOTMKa OTJIMYAETCS TEM, YTO TMOJIb3YeTCs SI3BIKOM MaTeMa-
TUYECKHUX U JIOTHYECKUX CUMBOJIOB, HCXO/Is U3 TOTO, YTO B MPUHIUIIE OHH MOTYT CO-
BCEM 3aMEHUTH CJIOBA OOBIYHOTO SI3bIKA M IPUHSTHIE B OOBIYHBIX KUBBIX SI3bIKAX CIIO-
coObl 00BETMHEHHS CIIOB B Mpe/iiokeHnus. OCOOEHHOCTH MaTEMAaTUYECKOTO MBIIILJIe-



HUSI OOBACHSIOTCS OCOOCHHOCTSIMU MaTeMaTHYECKUX aOCTpakIuii 1 MHOrooOpa3uem
UX B3auMOCBs3eil. OHM OTpa)xaroTCsl B JOTMUECKON CUCTEMATU3allU MaTEMATUKH, B
JI0KA3aTeNbCTBE MATEMATUYECKUX TEOPEM. B CBSA3U C 3TUM COBPEMEHHYIO MAaTEMAaTH-
YECKYIO JIOTHKY OMPEAENSIIOT KaK pa3/iell MaTEMATHKHU, MOCBSAIIEHHBIA U3YYEHUIO Ma-
TEMATUYECKUX JOKa3aTEIbCTB U BOMPOCOB OCHOBAHUI MAaTEMATHKHU.

B akcnomaTHuecKOM IMOCTPOCHUU MATEMATHUYECKOW TEOPUU IPEIABAPUTEIIHLHO
BBIOMPAETCSI HEKOTOpasi CUCTEMa HEOIPEAC/IIeMbIX MOHSATUN W OTHOIICHUS MEXIY
HUMHU. DTH TIOHITUS U OTHOIIICHUS Ha3bIBAIOTCS OCHOBHBIMH. Jlajee 0€3 JoKa3aTellb-
CTBa MPUHUMAIOTCSI OCHOBHBIEC IOJIOXKEHHSI PACCMATPUBAEMON TEOPUU - AKCHOMBI.
Bcé panmphelimee cogepkaHue TEOPUM BBIBOJUTCS JIOTUUECKU U3 aKCUOM. BriepBbie
aKCMOMAaTHUYECKOE TTOCTPOCHUE MAaTeMaTUYECKOU Teopuu ObUI0 mpeanpuHsaTo EBkiu-
JIOM B MOCTpOEHUU TeoMeTpur. M3noxkenue 3Toit Teopun B Hauanax He 0e3ymnpeyHo.
EBknup 31ech mblTaeTcsl JaTh OMPENEICHUE MCXOJHBIX MOHATHUH (TOYKH, TPSMOH,
IJIOCKOCTH). B 0Ka3aTenbCTBE TEOPEM HCTOIB3YIOTCS HUTE SIBHO HE CHOPMYITHPO-
BaHHBIC MOJIOKEHUS, KOTOPbIE CUNTAIOTCSI OUEBUIHBIMU. TakuMm oOpa3oM, B 3TOM I10-
CTPOEHUU OTCYTCTBYET HEOOXOJMMasi JIOTHUECKasi CTPOTOCTh, XOTSI UCTUHHOCTD BCEX
MIOJIOKEHUM TEOPUU HE BBI3BIBAET COMHEHUM.

OTMeTHM, YTO TaKOW MOJXO0J K aKCHOMATHYECKOMY MOCTPOEHUIO TEOPHH OC-
TaBasCsa eAUHCTBEHHBIM 10 XIX Beka. boibinyro posb B I3MEHEHHHU TAKOIO MTOAX01a
ceirpasii padotsl H. U. Jlo6aueBckoro (1792-1856). JlobaueBckuii BiepBbie B SBHOM
BHJIC€ BbICKa3aJl yOEXKJICHHUS B HEBO3MOXKHOCTH JOKa3aTEIhCTBA MSTOrO IMOCTyjaTa
EBknuaa u mogkpenut 3To yoexaeHue co3ganueM HoBoil reomeTpuu. [1o3xe Hemel-
kuii matematuk . Kneitn (1849-1925) nokaszan HENpOTUBOPEUHUBOCTH F'€OMETPHUH
Jlo6aueBckoro, uem akTUUeCKU ObLTa JI0Ka3aHa M HEBO3MOXKHOCTh JI0KA3aTeJIbCTBA
naroro nocrynara EBkinuna. Tak Bo3HUKIM U ObLIu pemieHsl B paborax H. U. JloOa-
yeBckoro u @. KieitHa BniepBbie B HICTOPUM MAaTEMATUKU MPOOIEMbI HEBO3MOXHOCTHU
JI0KA3aTeNbCTBA U HEMPOTUBOPEYUBOCTH B aKCMOMAaTUYECKOU Teopuu. Henporusope-
YUBOCTh AKCMOMATHYECKOW TEOPHH SBISETCS OJHUM M3 OCHOBHBIX TpEOOBaHU,
MPEABSABISIEMBIX K CUCTEME aKCMOM AaHHOW Teopuu. OHa O3HAYaeT, 4YTO U3 JaHHOU
CUCTEMbl aKCUOM HEJIb3sl JIOTMYECKUM MYTEM BBIBECTH JBa MPOTUBOPEUYUBBIX APYT
IPYTy YTBEPKICHUSI.

Jloka3aTenbCTBO HENMPOTHUBOPEYMBOCTH AKCHUOMATUYECKUX TEOPUM MOMKHO
OCYIIECTBUTh pa3auyHbIMM MeTojamu. OnuuM u3 Hux sBisiercs METOJl MOJIE-
JINPOBAHUS wimn UHTEPIIPETALIMI. 3nech B KauecTBe OCHOBHBIX MOHSTHIl U
OTHOIIICHUI BBIOMPAIOTCSA 3JIEMEHTHl HEKOTOPOTO MHOXECTBA U OTHOIICHUS MEXKIY
HUMH, a 3aTEM MPOBEPSECTCS, OYAYT JIU BBITOJHITHCS 1JI BEIOPAHHBIX MOHSITHH U OT-
HOILIEHUM aKCHUOMBI JAHHOM TEOPUH, TO €CTh CTPOUTCS MOJEINb I JTAHHOW TEOPHH.
Tak, aHanuTHYECKass TeOMETpUs SIBIsETCS apuMETHYECKOM HHTEpHpeTaluel reo-
MeTpuu EBkimaa. SIcHO, 4TO METOA MOJIEIMPOBAHUS CBOJUT BOIPOC O HEMPOTUBOPE-
YUBOCTH OJIHOM TEOpUU K TPoOeMe HEMPOTHBOPEUYMBOCTH NIPYroit teopuu. boib-
IIMHCTBO MHTEPIIPETAIUH [T MaTEMAaTUYECKUX TEOpHUi (U, B YACTHOCTH, JJIs apud-
METHKH) CTpoUTCs Ha Oa3e Teopun MHOXecTB. OnmHako B KoHie XIX Beka B Teopuu
MHOKECTB ObUIM OOHApY>KEHBI MPOTHUBOpPEUHUs (MapagOKChl TEOPUU MHOXKECTB). Sp-
KUM IIPUMEPOM TaKOTo mapajaokca sipisieTcst napajgokce b. Paccena.



[Ipumep. HazoBEM MHOKECTBO HOPMAJIBHBIM, €CJIM OHO HE COACPIKUT ceOsl B
KayeCTBE CBOETO 3JIEMEHTA U HEHOPMAJIbHBIM B IIPOTUBHOM CIIy4ae.
Hampumep, MHOKECTBO BCEX KHUT - HOPMAJIbHOE MHOYKECTBO, @ MHOXECTBO

BCEX MBICIMMBIX BEIIEH - HEHOpMaJibHOE MHOXkECTBO. Ilycth L - MHOXECTBO
BCEX HOpMaJIbHBIX MHOkECTB. K kakoMy kjaccy oTHocutcs MHOkecTBO L? Ecnu L -
HOPMAJILHOE MHOXECTBO, TO Lel, T.C. COJIEPKUTCSA B KJIac-

C€ HOPMaJIbHBIX MHOKECTB, HO TOT/Ia OHO COJIEPKUT ce€0s B KAa4eCTBE CBOETO 3Jie-
MEHTA, U MO3TOMY HEHOpManbHO. Ecnu L - HEHOpmanbHOE MHOXKECTBO, TO L¢ L,
T.€. HE COJIEPXKUTCS CPeId HOpMaJIbHBIX MHOXKECTB, HO Tor/a L He coepKuT ceds B
KaueCTBE CBOETO JJIEMEHTa, W IOTOMY OHO HOpMaibHO. TakuMm o0pa3oM, TOHS-
THE HOPMAJIbHOT'O MHO>KECTBA MPUBOJIUT K TPOTUBOPEUHUIO.

[TonbITKM yCTpaHUTh TPOTUBOPEUHS B TEOPUU MHOXKECTB MPUBEIIU K HE0OXO-
JMMOCTH TTOCTPOUTHh AKCHOMAaTUYECKYI0 TEOPHUI0 MHOXKECTB. [locnenyromue Buion3-
MEHEHUSI U YCOBEPILICHCTBOBAHMS 3TOM TEOPHUM MPUBEIN K CO3IAHUI0 COBPEMEHHOMN
TEOpUU MHOKeCTB. OTHAKO CPE/ICTBA 3TOM aKCHOMAaTUYECKOW TEOPHUH HE MO3BOJIAIOT
JI0Ka3aTh €€ HEMPOTUBOPEUYUBOCTh. J[pyrue MeToapl 000CHOBaHMSI MATEMATUKK ObLTH
paszButhl [{. TMJIBBEPTOM (1862-1943) u ero mkomnoil. OHU OCHOBBIBAIOTCS HA MO-
CTPOCHUU MATEMATUUYECKUX TEOPHUI KaK CUHTAKCUYECKUX TEOPHUid, 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 MaTEMaTHYeCKas JIOTUKa.

Takum oOpa3oM, MaTeMaTH4ecKas TEOpHs, HENPOTUBOPEUHUBOCTH KOTOPOM
TpeboBaJoCh J0Ka3aTh, CTaja MPEAMETOM JPYyrod MaTeMaTU4eCKOW TEOpHUH, KOTO-
pyto TI'mnbepr wasan METAMATEMATUKOWM, umu TEOPUEN JIOKAB3A-
TEJIBCTB. B cBsA3u C 3TUM BO3HHKAET 3a/1a4a MOCTPOCHHS CHUHTAKCUYECKOH, T.€.
(dhopManu30BaHHON aKCMOMATHYECKOW TEOPUU CaMOW MaTeMaTUYeCKOU JIOTUKH. BhI-
Oupas Mo-pazHOMY CHCTEMbl aKCHOM U TIpaBUjia BbIBOJA OJAHUX (DOPMYI U3 JIPYTHUX,
MOJIY4YaloT Pa3IN4Hble CHHTAKCHYECKUE Jorudeckue teopur. Kaxayro u3 HUX Ha3bl-
BatoT JIOTUHECKUM NCUYUCJIEHMEM.

OcHOBHas Uesl MATEMAaTHYECKOU JIOTUKU - (popMau3anusi 3HAaHUN U PacCyx-
nenuit. I3BecTHO, uTO Hanbosiee Jerko GopMain3yeMble 3HaHUS - MaTeMaTHYECKUE.
Takum 006pa3om, MaTemMaTrueckas JIOTHKa, IO CYIIECTBY, - HAyKa O MaTeMaTHKe, UK
MeTtamaTeMatrka. LleHTpalbHbIM MOHATUEM MAaTEMaTUUYECKOW JIOTUKH SIBIISIETCS — Ma-
TeMaTUYECKOe JT0Ka3aTenbCcTBO". JleMCTBUTENbHO,  JA0Ka3aTebHbIe" (MHAYEe TOBOPS,
JEYKTUBHBIE) PACCYXIEHUS - €IWHCTBEHHBIM BHJI MPU3HABAEMBIX B MaTEMAaTHUKE
paccyxkaeHui. PaccyxaeHns B MaTeMaTHUYE€CKOM JIOTUKE M3Y4YalOTCA C TOYKHU 3PEHHUS
(dhopMBbI, a HE CMBICIA.

[To cyiiecTBy, paccyXAECHUSI MOJICIUPYIOTCS YUCTO = MEXAHUYECKUM' MpOILieC-
coM TepenuchiBaHus Tekcta (popmyin). Takoil mpoiiecc Ha3bIBAIOT BHIBOAOM.I 0BOPST
enle, 4TO MaTreMaTH4ecKasl JIOTUKAa OMEPUPYET TOJIbKO CUHTAKCUYECKUMHU TMOHSATHS-
MU.OTHAKO OOBIYHO BCE JK€ BaXXKHO, KAK COOTHOCSITCS PACCYXKJEHUS C JEHCTBUTEIb-
HOCTBIO (MJIM HAIIMMU TipeqicTaBieHus MK ). [loaTomy, Halo BCE )K€ UMETh B BUY He-
KOTOPBIN cMbIch popmyl U BeiBOJA. [Ipu 3TOM HCTIONB3YIOT TEPMUH CEMaHTUKA (CH-
HOHUM CJIOBA = CMBICI") U YETKO PA3AEISAIOT CHHTAKCUC U ceMaHTuKy. Koraa xe nen-
CTBUTEIHLHO UHTEPECYIOTCS TOJIBKO CHHTAKCHCOM, YaCTO MCIOJIB3YIOT TEPMUH  (Dop-

10



MalibHas cuctema"'. Mbl OyleM HCMOJb30BaTh CHHOHHUM JTOT0 TEpMHHA -

“ucumncinenne"  (MCMONB3YIOTCS  emé€ TEepMUHBI  (QopManbHas Teopusa' U

““akcroMatuka'). O0BEKTOM (POPMATBEHBIX CUCTEM SIBJSIOTCS CTPOKHM TEKCTa (Mociie-

JIOBATEIbHOCTH CUMBOJIOB), C TIOMOIIIbIO KOTOPBIX 3aMMUCHIBAIOTCS (hOPMYJIBI.
dopmalibHasi cUCTEMA OTpEJIeNICHa, €CIIU:

- 3agan andaBuT (MHOKECTBO CUMBOJIOB, UCTIOIB3YEMBIX JIJISI TOCTPOCHHUS
dbopmym).

- OnpeneneHo, Kakue UMEHHO CTPOKU CUUTaTh (GopMynamMu (OCTaabHbIE CTPO-
KM CUMTAIOTCS IPOCTO OECCMBICIIEHHBIMH ).

- Beigeneno MHokecTBO (hOpMyJl, Ha3bIBAEMBIX aKCHOMaMU. JTO - CTAPTOBBIC
TOYKH B BBIBOJIAX.

- 3aJ1aHO MHOYKECTBO MPABUJI BBIBO/IA, KOTOPHIE MTO3BOJIIOT U3 HEKOTOPOU
(bopmyIbl (MM MHOKECTBA (POPMYIT) MTOTyHYaTh HOBYIO (POPMYITY.

OTpunanmne JOTMYECKOTO BBICKA3bIBAHUS - JOTUYECKOE BBICKA3bIBAHUE, MIPU-
HUMaloIlee 3HauYeHre "MCTUHHO", €CIM MCXOIHOE BBICKA3bIBaHHUE JIOKHO, U HA000-
pOT. DTO crienHalibHAs Joruyeckas onepanusa. B 3aBUCHMOCTH OT MECTOIMOJIOXKEHUS
pa3IMYaloT BHEIIHEE U BHYTPEHHEE OTPUIIAHHE, CBOMCTBA U POJU KOTOPBIX CYIIECT-
BEHHO Pa3IN4arOTCs.

Buemnee otpunianue (Ipomo3UIIMOHATIBEHOE) CITYKUT 711 00pa30BaHUs CIIOXK-
HOTO BBICKa3bIBaHUS M3 JAPYroro (He o0s3aTelIbHO MPOCTOT0) BhICKa3biBaHUs. B Hem
YTBEPIKIAETCSI OTCYTCTBUE MOJIOKEHUS JI€J1, ONUCHIBAEMOTO B OTPUIIAEMOM BBICKA3bI-
BaHUU. TpaJUIIMOHHO OTPUIIATEILHOE BHICKA3bIBAHUE CUUTAETCS UCTUHHBIM, €CIIU, U
TOJIBKO €CJId, OTPUIIAEMOE BbhICKa3bIBaHUE JI0KHO. B €CTeCTBEHHOM SI3BIKE OTPUIIAHUE
O0OBIYHO BBIpAXaeTcsi 00OPOTOM «HEBEPHO, YTOY», 32 KOTOPBIM CIEAYEeT OTPUIIaEMOE
BbICKa3bIBaHUE.

B s3bikax dhopmanbHBIX TEOPUI OTPHUIIAHKE HA3bIBAETCS 0c00asi yHapHas Mpo-
MO3UIIMOHAIbHAS CBA3KA, UCIOJIb3yeMasi i 00pa3oBaHMs U3 OJHON (OpMYIIBI ApPY-
roii, 6osiee ciaoxkHOM. J{ns1 0003HAUEHUI OTpUIIAHKE OOBIYHO MCIOJIB3YIOTCS CUMBO-
761 «\OTPUIIAHKEY, «-» WIH «- 1». B Kilaccnueckoi Joruke BricKa3biBaHuil hopmyna -
A WCTHHHA TOTJIa M TOJLKO TOT/Aa, Korna popMyra A JoxHa.

OpHako B HEKJIACCHMYECKOW JIOTUKE OTPHUIIAaHHUE MOXKET He 00y1alaTb BCEMH
CBOMCTBAMU KJIACCUUYECKOr0 OTPHUIAHUs. B 3TOW CBSA3M BO3ZHHMKAET BIIOJHE 3aKOHO-
MEpPHBI BOIPOC 0 MUHUMAaJILHOM HAa0OpE CBOWCTB, KOTOPOMY JIOJKHA YIOBIIETBO-
PATh HEKOTOpas yHapHas orepariusi, 4ToObl €€ MOKHO ObLIO CUMTATh OTPUIIAHHUEM, A
TaKkKe O MPUHIUNAX KJIacCU(PUKAIUU Pa3IUYHBIX OTPHUIAHUAX B HEKJIACCMYECKUX
(hopMabHBIX TEOPUSIX.

DakTHUYECKU YKAa3aHHOE BBIIIE TPAAUIIMOHHOE TOHUMAHKUE BHEIIHETO (TpOoIo-
3UIMOHATILHOTO) OTPUIIAHUS MOKET OBITh BBIPAKEHO YEpe3 CHUCTEMY CIICIYIOIINX
tpeboBanuii: (I) Eciu A - uctuaHo (J105kHO), TO He-A - j0xkHO (uctuHHO); (II) Ecnu
He-A - HCTUHHO (JI0KHO), TO A - 10HO (MCTUHHO). OTpUIIaHUE, YIOBIETBOPSIOIIEE
ycioButo (1), IpuHATO Ha3bIBATh MUHUMAIbHBIM OTPHUIIAHUEM. .

BHyTpeHnHee oTpullaHiEe BXOJHUT B COCTAB MPOCTOrO BhICKa3biBaHUA. Paznuya-
IOT OTPULIAHUE B COCTABE CBS3KU (OTpHUIATEIbHAS CBSA3KA) U TEPMUHHOE OTPULIAHHE.

OTpunianre B COCTaBE CBSI3KH BBIPAYKAETCS] C MIOMOIIBIO YACTUIIBI «HE», CTOS-
e nepes Ti1aroJioM-CBsI3KOM (€CIIM OH UMEETCSI) WM MEPE]] CMBICIIOBBIM TJIar0JIOM.
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OHO CHYXHUT IS BBIPOKEHUS CYXJACHUH 00 OTCYTCTBUM KaKMX-TO OTHOIICHHI
(«Ban nHe 3Haet Ilerpay), unu ans oOpa3oBaHUs OTPUIIATEIHLHON MPETUITUPYIOIICH
CBSI3KH B COCTaBE KaTErOPUUYECKUX aTpUOYTUBHBIX CyxaeHUI. TepMUHHOE OTpUllaHNe
UCIIONIB3YETCsl JIJII 00pa30BaHUsl HETaTHBHBIX TePMUHOB. OHO BBIpa)KaeTcs depes
MIPUCTABKY «HE» WU OJm3Kue eit o cMbiciy («Bce Hecnenbie s10710KH - 3eJICHBIEY ).

KoHBbIOHKIUA [BYX JIOTUYECKHX BBICKA3bIBAHUU - JIOTMYECKOE BBICKA3bIBa-
HUE, UCTUHHOE TOJIbKO TOI/Ja, KOrJa OHHU OJHOBPEMEHHO WCTHUHHBI (OT JIaT.
conjunctio - COr3, CBSI3b), B IIMPOKOM CMBICIIE - CJI0)KHOE€ BBICKa3bIBaHHE, 00pa30-
BaHHOE C MTOMOIIIBIO COI03a «M». B MpuHIIMIIE MOKHO TOBOPUTHh O KOHBIOHKIIMK Oec-
KOHEYHOT0 Yhciia BHICKA3bIBaHUM (HampuMep, 0 KOHbIOHKIIMN BCEX UCTUHHBIX MPE]I-
JIO’)KEHU MaTeMaTHKW). B JOrMKe KOHBIOHKIMEH Ha3bIBAIOT JIOTMYECKYIO CBS3KY
(omepanuio, QPyHKIUIO; 0003HAYAIOT: &,); OOpa30BaHHOE C €€ MOMOILBIO CIOXKHOE
BBICKA3bIBAaHUE UCTUHHO TOJILKO MPH YCIOBUU OJMHAKOBOM MCTMHHOCTH €TI0 COCTaB-
JAIKX. B Ki1accuueckon JOTUKe BhICKA3bIBAHUN KOHBIOHKIMS BMECTE C OTPULIAHU-
€M COCTaBIIIOT (PYHKIIMOHAIBHO-TIOJIHYIO CHUCTEMY MPOMO3UIIMOHAIBHBIX CBS30K.
DTO O3HAyYaeT, YTO Yepe3 HUX MOXKHO OMPEIEIUTh JIOO0YI0 JIPYTyH0 MPOMO3UIHO-
HaJIbHYIO CBA3KY. OJTHUM U3 CBOMCTB KOHBIOHKIUU SIBJISIETCS KOMMYTaTUBHOCTS (T. €.
skBUBAJICHTHOCTh A& B u B & A). OnnHako, nHOT1a, TOBOPAT O HEKOMMYTATHBHOM,
T. €. YIOPSIAOUYEHHOW KOHBIOHKINH (IPUMEPOM BBICKA3bIBAHUS C TAKON KOHBIOHKIIUU
MOXET CITYKHUTh: «IMIIIUK CBUCTHYJI, U JIOIIAAN TTOCKAKAIN).

JAM3bIOHKIMSA IBYX JIOTUYECKUX BBICKA3bIBAHUMN - JIOTUYECKOE BHICKA3bIBAaHUE,
HMCTUHHOE TOJIBKO TOTJIa, KOTJIa XOTs Obl OJHO M3 HUX MCTUHHO(OT jaT. disjunctio -
pazoOieHue, 000co0JIeHHE), B IIUPOKOM CMBICIIE - CJIOKHOE BhICKa3bIBaHUE, 00pa3o-
BaHHOE M3 JIBYX WIH 00Jee MPeaIoKEHHUI C TOMOILBIO COI03a «HJINY», BEIPAKAIOIIETO
aJbTEPHATUBHOCTH, WM BbIOOP.B CHMBOJIMYECKON JOTUKE TU3BIOHKIIMEH HA3bIBAIOT
JIOTUYECKYIO CBS3KY (omepaiuio, (GyHKIMI0), 00pa3yrollyo U3 npeioxenniit A u B
CJIO)KHOE BBICKa3bIBaHUE, 0003HauUaeMoe 0ObIYHO Kak A V B, koTopoe sBisieTcst uc-
TUHHBIM MPHU UCTUHHOCTHU IO KpailHE# Mepe OJHOTO U3 JABYX AU3BIOHKTHUBHBIX 4JIE-
HOB.

MMnimkanus IByX JIOTHYECKUX BBICKa3bIBaHUN A M B - mormuyeckoe BbICKa-
3pIBaHUE, JIOKHOE TOJIbKO Torjda, korjaa B joxkHo, a A uctunHO (OT nat. implicatio -
CIUIETeHHE, OT 1Implico - TECHO CBSI3bIBAIO) - JIOTUYECKAsA CBSI3KA, COOTBETCTBYIOIIAS
rpaMMaTUYECKON KOHCTPYKIUU «ECHH.., TO...», C TOMOIIbI0 KOTOPOl M3 JIBYX IPO-
CTBhIX BBICKa3bIBaHUN 00paszyeTcsl CIOXKHOE BbICKAa3bIBaHHE. B MMIIJIMKATUBHOM BBI-
CKa3bIBAHMM PA3IMYaIOT aHTEICJACHT (OCHOBAHME) - BBICKA3bIBaAHUE, UAYIIEE IMOCTE
CJIOBA «ECIN», 1 KOHCEKBEHT (CJIE/ICTBHE) - BbICKa3bIBAHUE, UYILIEE 32 CIOBOM «TO.
NmMmirkaTuBHOE BBICKA3bIBAHUE MPEJICTABISIET B SI3bIKE JIOTUKH YCIOBHOE BBICKA3bI-
BaHHe 00BIYHOIO si3bIKa. [lociennee urpaer ocoOyIo posib, Kak B OBCEIHEBHBIX, TaK
1 B HAyYHBIX PACCYKICHUSAX, OCHOBHOM ero (yHKIUEH sBIseTcs 000CHOBAHHUE OJTHO-
ro IMMyTEM CCBhUIKM Ha HEYTO JIPYTOE.

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

OTta CBs3b MOXET ObITh, B YACTHOCTH, CBSI3bIO JIOTMUECKOTO CJIEIOBaHMUS,
HMMEIOIIENH MECTO MEXK]y MOCHUIKAMU U 3aKIIOYEHHUEM MPABWIHBHOTO YMO3aKIIOUECHUS
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(«Ecnu Bce KMBbIE MHOTOKJIETOUHBIE CYIIECTBA CMEPTHBI U MeAy3a SIBJIACTCS TaKUM
CYIIIECTBOM, TO OHAa cMepTHa»). CBSI3b MOXKET MPEJICTABIATh COOOM 3aKOH MPUPOIBI
(«Ecnu Teno moABEpPTHYTh TPEHUIO, OHO HAYHET HArpeBaThCs») WA MPUYUHHYIO
cBs13b («Ecnm JlyHa B HOBOJlyHHE HAXOAWTCS B y3Jie CBOEH OpOUTHI, HACTYMAET COJ-
HEYHOE 3aTMEHUE»). PaccmaTpuBaemasi CBA3b MOXET UMETh TAKKE XapaKTEp COLHU-
albHOM 3aKOHOMEPHOCTH, MpaBuja, Tpaaguuuu U T.1. («Eciam MeHsercs 3KOHOMUKA,
MEHSETCS U MOJUTHKaY, «Eciu obernianue 1aHo, OHO JOHKHO OBITh BBHITIOJTHEHOY ).

CBs3b, BeIpakacMasi YCIOBHBIM BBICKAa3bIBAHUEM, MPEAINOIAracT, YTO KOHCEK-
BEHT C OIpeeICHHON HEOOX0IUMOCTBIO «BBITEKAET» U3 aHTEICACHTA U UTO €CTh He-
KOTOPBIM OOIIUH 3aKOH, CyMEB CPOPMYIUPOBATH KOTOPBIM, MBI MOXEM JIOTHUECKHU
BBIBECTH KOHCEKBEHT M3 aHTeleaeHTa. Hampumep, ycioBHOe BbicKasbiBaHue «Ecin
BUCMYT- METaJI, TO OH IIJIACTUYEH» TIperoiaraeT oonmi 3akoH «Bce meTrasisl mia-
CTUYHBD), JETAIONIMNA KOHCEKBEHT JAHHOTO BBICKA3BbIBAHUS JIOTUUYECKUM CIIEICTBUEM
€ro aHTEeLEeICHTA.

N B 0OBIUHOM sI3BIKE, M B SI3BIKE HAYKH YCIOBHOE BBICKA3bIBAaHUE, KPOME
GbyHKIIMM 000CHOBAaHUS, MOKET BBITIOIHATH TAKXKeE IENbINH pan Apyrux 3amad. OHO
MOXKET (POpMYyJIHUPOBaATh YCIOBHE, HE CBS3aHHOE C K.-JI. MOJAPa3yMEBAeMbIM OOIIUM
3akoHOM uiu mpaswioM («Eciu 3axouy, paspexy CBOHM Iutaimr»), GUKCUPOBATH Ka-
KYIO-TO TOCJeI0BaTenbHOCTh («Eciu mpornuioe 1eto ObUI0 CyXHM, TO B 3TOM TOIY
OHO JIOXKJIMBOE»), BBIpaXKaTh B CBOeoOpa3Hoii ¢opme HeBepue («Eciu Bl pemmre
3a/1a4dy, s I0KaxXy BelMKyto Teopemy depmay), npotuBonocrasieHue («Eciu B oro-
pOJie pacTeT KalycTa, TO B Caay pacTeT si0JIOHs») U T.I. MHOTOYUCIEHHOCTh U pa3-
HOPOJIHOCTh (DYHKITUH YCITIOBHOT'O BBICKA3bIBAHUS CYIIECTBEHHO 3aTPY/IHSET €ro aHa-
3.

B norudeckux cucremax abCTparupyroTcss OT 0COOEHHOCTEH OOBIYHOTO YIOT-
pebiieHusT YCIOBHOIO BBICKA3bIBAHUSI, UTO BEJAET K Pa3IMUHBbIM UMIUIMKausaM. Hau-
OoJiee M3BECTHBI U3 HUX MMILIUKAIUS MaTepUasibHAasi, CTpOTas UMIUIMKAIUA U pee-
BaHTHAas (yMECTHasl) UMIUIUKALIUS.

Mamepuanvnas umniukayus - OHA U3 OCHOBHBIX CBSI30K KJIACCHUYECKOU JIOTH-
ku. Onpezensercs oHa TaKuM 0o0pa3oM: UMILIUKAIMS JIO)KHA TOJIBKO B Clydae HC-
TUHHOCTH aHTELEJECHTAa W JIO)KHOCTU KOHCEKBEHTA M UCTUHHA BO BCEX OCTAJBHBIX
ciaydasx. YcioBHOe BbicKasbiBaHue «Ecnmu A, To By mpeamnonaraer HEKOTOpYHO pe-
aJbHYIO CBSI3b MEXK]Iy TEM, O YEM rOBOpPUTCSA B A U B; BbIpaxkeHue «A mMaTepuaibHO
UMIUTMIHAPYET B» Tako#l CBSI3M HE MPEINOJaraer.

Cmpoeas umniuxkayus ONPEACISIETCS Yepe3 MOJAIBHOE MOHATHE (JTOTHUYECKOM )
HEBO3MOXHOCTH: «A cTporo ummummiupyer B» o3Hauaer «HeBo3aMoxkHO, 4TOOBI A
OBLJIO HCTHUHHO, a B j103kHOY.

B peneBaHTHOM JIOTMKE MMIUIMKALNS MOHUMAETCS KaK YCIOBHBIA COIO3 B €r0
0OBIYHOM CMBICJIE.

B ciyuae penieBaHTHON MUMIUIMKALIMS HEJb3Sl CKa3aTh, YTO UCTUHHOE BBICKA3bI-
BaHHE MOXET ObITh OOOCHOBAHO MYTEM CCHUIKM Ha JII000€ BBICKA3BIBAHUE U YTO C
MTOMOIIIBIO JIO)KHOTO BBICKA3bIBAaHUSI MOKHO OOOCHOBATh KaKOE YTOJHO BBICKA3bIBa-
HUE.

IKBHUBAJEHTHOCTD JIBYX JIOTHYECKUX BBICKA3bIBAHUM - JIOTUYECKOE BHICKA3bI-
BaHUE, UCTUHHOE TOJIBKO TOT/la, KOrJa OHU OJJTHOBPEMEHHO MCTUHHBI WM JIOKHBI (OT
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Mo3JIHeNaT. equivalens - paBHOIIEHHBIN) - POJOBOE HAMMEHOBAHUE BCEBO3MOXKHBIX
OTHOIIECHUH THUIA PaBEHCTBA, T.€. PEICKCUBHBIX , CAMMETPUYHBIX U TPAH3UTUBHBIX
OMHaApHBIX OTHOIICHUMN. [IprMephI: SKBUIOJIEHTHOCTH (COBNAJCHHUE 1O CMBICITY, 3HA-
YEHUIO, COJICPKAHUIO, BBIPA3UTEIbHBIM U (WJIM) I€IYKTUBHBIM BO3MOXXHOCTSIM MEXK-
Ny TIOHATUSMH, KOHIICTIIUSMHU, HAYYHBIMU TEOPUSIMH WA (DOPMATU3YIONIUMU UX
(dhopMaIbHBIMU CHCTEMaMHK) KOHTPYEHTHOCTh WM MOJI001ue reomMeTpusi, Puryp; mu3o-
MOP(U3M; PAaBHOMOIIIHOCTh MHOKECTB U JIPYTH€ IKBUBAJICHTHOCTh KaKMX-THOO0 00b-
€KTOB O3HauyaeT MX PABEHCTBO (TOXJAECTBO) B KAKOM-JIUOO OTHOIICHUHU(HAIIPUMED,
M30MOpP(HBIE MHOKECTBA HEPA3IMUYMMBI 110 CBOEH "CTpyKType", ecnu nmoa "CTpyKTy-
poi'" MOHMMATH COBOKYITHOCTBH TE€X UX CBOMCTB, OTHOCUTEIBHO KOTOPBIX 3T MHOXE-
cTtBa u3oMop(dHbI). Besikoe OTHOIIEHHE SKBUBAJIECHTHOCTH MOPOXKAAET pa3OneHUE
MHO’KECTBa, Ha KOTOPOM OHO OIPEEJICHO, Ha MOMAPHO HE MepeceKaromirecs "Kiacchl
SKBUBAJICHTHOCTH " B OJIMH KJIACC OTHOCST MPHU ATOM DKBUBAJICHTHBIC JIPYT JIPYTy
AJIEMEHTHI JAHHOTO MHOKECTBA.

PaccMoTpeHme Ki1accoB KBUBAJIGHTHOCTH B Kau€CTBE HOBBIX OOBEKTOB TPEI-
CTaBJIsieT cOOOM OJIMH U3 OCHOBHBIX CIIOCOOOB MOPOKIEHUS (BBEICHMSI) a0CTPaKTHBIX
MOHSATUN B JIOTMKO-MaTEMaTHYECKUX (M BOOOIIE €CTECTBEHHO-HAYYHBIX) TEOPHUSX.
Tak, cunTas SKBUBaJICHTHBIMHU JpoOHu a/b u ¢/d ¢ 1eabIMU YUCIUTEIIIMU U 3HaMCHa-
TesIMU, eclii ad=bc, BBOJSAT B paCCMOTPEHHUE pallMOHAIBHBIC YHCIIA KaK KJIACChl K-
BUBAJICHTHBIX JpPOOEH; CUMTasi SKBUBAJICHTHBIMA MHOXECTBA, MEXIY KOTOPBIMH
MOYXHO YCTAaHOBUTH B3aUMHO-OJHO3HAYHOE COOTBETCTBHUE, BBOJST MOHSATHE MOIIHO-
CTU (KapAWHAJIBLHOI'O YHMCJa) MHOXKECTBA (KaK KJIAaCC SKBUBAJICHTHBIX MEXIY COO00i
MHOKECTB); CUMTasl SKBUBAJICHTHBIMHU JIBa KyCKa BEIIECTBA, BCTYMAIOIINE B PaBHBIX
YCJIOBHUSX B OJJMHAKOBBIE XMMUYECKUX PEAKIIUU, IPUXOAAT K a0CTPAKTHOMY IMOHSITHIO
XUMHUYECKOTO COCTaBa U T.II.

TepmuH " SKBUBaJEHTHOCTB' YNMOTPEOJAIOT YACTO HE KaK POJIOBOM, a KaK CH-
HOHUM HEKOTOPBIX W3 €r0 YaCTHBIX 3HA4YCHWH (''SKBUBAJIEHTHOCTh TEOPUH' BMECTO
"SKBUBAJICHTHOCTB'", " SKBUBAJICHTHOCTh MHOXKECTB'" BMECTO '"paBHOMOIIHOCTBH'", "
SKBUBAJICHTHOCTH CJIOB" B aOCTpaKTHOM anredpe BMECTO "TOXKASCTBO" | T.I1.).

MaremaTuyeckasi JIOTMKa SIBISIETCS HAYKOM O 3aKOHAX MAaTeMaTUYECKOTo
MblnuieHus. [IpuMeHeHne MaTeMaTUKU K JIOTMKE MO3BOJWIIO IMPEICTABUTH JIOTHYE-
CKHE€ TECOpUU B HOBOU y/OOHON (hopMe M MPUMEHUTH BBIYUCIUTENBHBIN amnmapar K
pPELICHUIO 3a7a4, MaJOJOCTYIHBIX YEJIOBEYECKOMY MBIIIJIEHUIO, U 3TO, KOHEYHO,
pacmupuio obyacTh Joruueckux ucciaenoBanuii. Cdepa npuMeHeHUs MaTeMaTuye-
CKOU JIOTMKUA OYeHb Imupoka. C KaxIbIM TOJ0M pPacTeT TIIyOOKOe MPOHUKHOBEHHUE
uJeld U METOJIOB MaTeMaTUUYECKOU JIOTUKU B UHGOPMATHKY, BEIYUCIUTEIBHYIO MaTe-
MAaTHKY, JIUHTBUCTUKY, pritocoduro. MOIHBIM UMITYJILCOM JJI PA3BUTUSI U PACIIIU-
peHust 00JIacTH MPUMEHEHUSI MaTEMAaTUYECKOM JIOTUKU CTaJIO MOSIBJICHUE DJIEKTPOH-
HO-BBIYMCIUTENBHBIX MalinH. OKa3ajaoch, YTO B paMKaxX MaTEMaTUYECKON JIOTUKHU
yK€ €CTh FTOTOBBIN anmnapatr JJisl MPOSKTUPOBAHUS BBIYUCIUTEIBHON TEXHUKU. MeTo-
Il U TIOHSITHSI MATEMATHUYECKOMN JIOTUKU SIBIISIETCS OCHOBOM, SIPOM WHTEIUIEKTYallb-
HbIX WH(GOPMAIMOHHBIX cucTeM. CpelcTBa MaTreMaTHUeCKOU JIOTUKHA cTainu A dek-
TUBHBIM Pab0YMM HHCTPYMEHTOM I CIEHNUATUCTOB MHOTHUX OTpaciell HayKu H
TEXHUKUA. MaTreMaTnuecKkyro JIOTUKY HEOOXOJIMMO 3HATh BCEM CIEIHAINCTaM, He3a-
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BHUCHMO B Kakoi cpejie oH paboTaeT (0yllb TO MHXKEHEDP, MPENOoJaBaTENb, IOPUCT WU
Bpau).

3.  CuayuaiiHble cOOBITHS U BEPOSATHOCTH

JJIeMEeHThLI KOMOMHATOPUKH

Onpenenenue. Kombunamopuka — pazien TUCKPETHOM MAaTEMATUKHU, KOTOPBIH
M3ydyaeT KOJM4YeCcTBa KOMOWHAIIMM, COCTABICHHBIX M3 KOHEUHOI'O YHCJa 3JIEMEHTOB
3a2JIaHHOTO KOHEYHOT'O MHOKECTBA AJIEMEHTOB Pa3JIMYHON MPUPO/bI, PA3TUYAIOIIHECS
KOJINYECTBOM W/UJIH MOpsiAKoM. K TakuM KOMOMHAIIUSIM OTHOCSITCS

- nepecmanosku P - 41ci10 crnoco00B, KOTOPEIMM MOKHO IIEPECTaBUTh 71 JIe-

MEHTOB. Y10 nepecTaHOBOK U3 71 3JIEMEHTOB MOKHO HalTH 110 popmyine P = n!.

- couemanusi C' - 4UCIO CIIOCOOOB, KOTOPBIMU MOXHO W3 7 3JIEMEHTOB BbI-
Opatb m 3IEMEHTOB, NPUYEM MOPAIOK 3JIEMEHTOB B KOMOWHALIUU U3 7 3JIEMEHTOB
0e3paznuueH. Yucao nmepecTaHoBOK W3 71 AJIEMEHTOB TI0 71 SJIEMEHTOB MO>KHO HAWTH

n! -
no popmyne C' =——————— npustom C, =C™".
m!(n—m)!

- pasmewgenus A" - 9uciI0 coco0OB, KOTOPEIMU MOKHO H3 71 3JIEMEHTOB BBI-

Opathb m 2JIEMEHTOB, pacroyaras B3sTbIE 7 DIEMEHTOB B Pa3MUYHOM mopsjake. Yuc-
M
JO pa3MEIIeHHH W3 7 3JEMEHTOB IO 71 3JIEMEHTOB MOXXHO HAWTH 1O Qopmye

P
(n—m)!

Cav4yaliHbie COOBITHS

HGHOCDC,Z[CTBCHHI)Iﬁ HoACYCT BEPOATHOCTH

Onpenenenue. [lon cryuatinvim cobvimuem MOHUMACTCS BCAKHM (DAKT, KOTO-
PBIi B pe3yIbTaTe UCIIBITAHKUS MOKET IIPOU30UTH UITH HE TIPOU30UTH.

BeposTHOCTh COOBITHS XapaKTepU3YeT CTENCHh OOBEKTUBHON BO3MOKHOCTH
HACTYTUICHHSI 3TOTO COOBITHSI.

Onpenenenue. Heckonbko COOBITUI B TaHHOM HMCIBITAHUM HAa3bIBAIOTCS T10-
MapHO HeCco8MeCMHbIMU, €CITA HUKAKWe JBa U3 HUX HE MOTYT IOSIBUTHCS BMECTE.

Onpenenenue. Heckonpko cOOBITHI B JTAHHOM HCITBITAHUN HA3bIBAIOTCS pas-
HOBO3MOMCHbIMU, €CITU HU OJTHO M3 HUX HE SBJSETCS O0BEKTUBHO 00Ji€€ BO3ZMOKHBIM
110 CPaBHEHHIO C OCTAJLHBIMHU.

Onpenenenue. Heckonbko cOOBITHI B TAaHHOM UCIIBITAHUN O0OPa3yIOT HOJHYIO
2pynny, €Clii B pe3yJbTaTe UCIIBITaHUS 00s13aTEIBHO JIOJKHO MOSBUTHCS XOTS OBI O/1-
HO U3 HUX.

Onpenenenue. CiydaitHbie COOBITHSA, 00pa3yrolue MOJTHYIO TPYMIYy HECOo-
BMECTHBIX U PAaBHOBO3MOXKHBIX COOBITUN, HA3BIBAIOTCS CAYUAAMU (UCXOO0AMU, WIAH-
camu,).
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Onpeneaenue (Knaccuueckoe onpeoenenue eepoamuocmu). Eciiu pesyibra-
ThI OJTHOTO WCIIBITAHUS MOXKHO TPEJCTABUTh B BUJE TMOJHOW TPYIIBI 7 PAaBHOBO3-
MOHBIX U HECOBMECTHBIX MCXOJIOB U €CJIU COOBITHE A TOSBISETCS TOJIBKO B M
CIIyJasiX, TO BEpOSATHOCTh COOBITHSI A paBHA OTHOIIECHHUIO YHUCIIA CITy4aeB, B KOTOPHIX
coObITHE A TIOSBIISAETCA, K OOIIEMY YUCITY BCEX CITyJaceB:

P(A) = %

3ametum, uto Bcerma 0< P(A)<1. Ilpu 3TOoM cCOOBITHE, HJII KOTOPOIO
P(A) =0, naspiBaetcs Heso3modicHbiM, & COOBITHE, I KoTOoporo P(A) =1, Ha3biBa-

eTcs 00CMO8EPHBIM.

[TonsiTue reoMeTpUUECKON BEPOSTHOCTH MOKHO paccMaTpuBaTh Kak 00001Ie-
HUE MOHATHS KJIACCHYECKON BEPOSITHOCTH Ha CiIydail ¢ OECKOHEYHBIM (HECUYETHBIM)
YHCIIOM UCX00B. Ecnu OporieHHas Hayaqy TOYKa MOXKET MOMAacTh B JTIOOYIO TOUKY
obnactu G, TO BEPOATHOCTh MOMACTh B KaKy-TM00 yacTh g obsnactu G (coObiTHE
A) nponopioHaJIbHA MEpe ATOM yacTu (AJIMHE, IJIOMaau, 00beMy) U HE 3aBUCUT OT
pacnoJiokeHust 1 GOpMbI ITOW YACTH:

P(4)y="P28
mepa G
OCHOBHBIEC TE€OPEMBI TEOPUH BEPOSITHOCTEN
Onpenenenue. Cymmou A+ B nByX coObiTuii 4 u B Ha3pIBaeTCs COOBITHE,
COCTOSIIEE B HACTYIJICHUH XOTS ObI OJTHOTO U3 ATUX COOBITHI.
Onpenenenue. Cymmori HECKOJNBKUX COOBITUM Ha3bIBaeTCs COOBITHE, CO-
CTOSIIIEE B HACTYIICHUH XOTS ObI OJTHOT'O M3 ATUX COOBITHH.
Eciam HeckoiabKO COOBITHH MOMapHO HECOBMECTHBI, TO UX CyMMa CBOJHUTCS K
MTOSIBJICHUIO OJHOTO COOBITHS (Oe3pa3InuHo Kakoro). /(s AByX HECOBMECTHBIX CO-

obiTHii 4 U B ux cymma 4+ B ecTb COOBITHE, COCTOSIIIEE B TOSBICHUH U A, WU
B.

Onpenenenue. /lpouzsedenuem A- B 1ByX coObITUl A 1 B Ha3bIBaeTCs COObI-
THE, COCTOSIIEE B COBMECTHOM (OJJHOBPEMEHHOM WJIA TOCJIEIOBATEILHOM) HACTYII-
JIEHUU 000MX ITUX COOBITHIA.

Omnpenenenue. //pouzgedenuem HECKOIBKUX COOBITHI Ha3bIBa€TCsl COOBITHE,
COCTOSAIIEE B COBMECTHOM HACTYIUIEHUU BCEX ATUX COOBITUH.

Onpenesienue. J/[Ba COOBITHSI HA3BIBAIOTCS HE3ABUCUMBIMU, €CTTU HACTYIUICHHUE
OJIHOTO M3 HUX HE MEHSET BEPOSTHOCTU HACTYIUICHUS JPYTOTO.

Onpenenenue. Heckonbko COOBITUN HA3BIBAIOTCS MONAPHO HE3ABUCUMBIMU,
€CJIM JIFOObIe JIBa M3 HUX HE3aBUCHUMBI, T.€. BEPOATHOCTh HACTYIUICHUS OJHOTO MX
HUX HE 3aBUCUT OT HACTYIUICHUS APYTHX.

Teopema (cioxxeHus BEpOSITHOCTEH HECOBMECTHbIX coObiTui) Ilycth A U B -
HEeCOBMeCTHBIE coObITHS, ToTna P(A+ B) = P(A)+ P(B)

Caencrue. Ilycts A ,A4,..,4, - NONapHO HECOBMECTHBIE COOBITHS, 0Opa-

3YIOIIHE ITOJIHYIO I'pYIITy, TOrga
P4+ A4, +..+4)=P(A4)+P(4,)+..+P(4)=1.
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Caencreue. Ilycts A4 ,4,...,4, - nonapHO HE3aBUCUMBIE COOBITUS, TOTAA BE-

POSTHOCTb HACTYIICHUS XOTS OBl OJTHOTO U3 3TUX COOBITHI HAXOIUTCS MO (hopmyIie
P(A4+ 4+ A)=1-P(4- 4, 4)=1-P(4)- P(4) - P(4))

Onpenesienue. /[Ba HECOBMECTHBIX COOBITHS, 0Opa3yloLUe MOJIHYIO Tpynmy,
HA3BIBAIOTCA NPOMUBONONIONCHVIMY T 0003HauaroTcss kKak A u A
P(A)+P(4)=1.

Teopema (ciiokeHUSI BEpOSTHOCTEH COBMECTHBIX coObITHH) I[lycth A u B -
COBMECTHBIE coObITHS, ToTna P(A+ B)=P(A)+ P(B)— P(A4-B)

Teopema (YMHOXXEHHS BEPOSITHOCTEH HEe3aBUCUMBIX coObITUM) [TycTh 4 U B -
He3aBUCUMBIE cOObITHS, ToTna P(A-B)= P(A)- P(B)

Caencreue. ITycts A4, 4,...,4, - nonapHO HE3aBUCUMBIE COOBITHS, TOIZA

P(4,-4,-...-4,)=P(4)-P(4,)---P(4,)
Onpenenenne. BeposTHOCTE cOOBITHS B, BBIUMCICHHAS B IMPEANOJIOXKEHHUH,

4TO COOBITHE A TIPOU3OIUIO, HA3BIBACTCA VCIOBHOU BEPOAMHOCMbIO COOBITUS B U
obo3nauaercs P(B/ A).

Teopema (yMHOXEHUSI BEpOSITHOCTEM 3aBUCUMBIX coObITUI) ITycTh A U B - 3a-
BHUCHUMBIC coObITHS, TOorna P(A-B)=P(A)-P(B/ A).

Caencrsue. Ilycts 4, 4,...,4, - 3aBUCUMBIE COOBITHS, TOTAA

P(A -A4,---A)=P(4) P(A4,|A4) -P(4,|44,)---P(A4, | A4A4,4,--- 4, ,)

[Ipumep.B kopoOke 5 oAMHAKOBBIX HM3AENIUN, MPUYEM 3 U3 HUX OKpAICHBHI.
Haynauy u3Bneuens! 2 uznenus. HallTu BEpOSTHOCTh TOTO, UTO CPENH 2-X U3BIICUECH-
HBIX U3JIETTUN OKaXXETCsl: a) OJIHO OKpallleHHOe; 0) 2 OKpaIleHHBIX; B) XOTS OBl OJTHO
OKpallEHHOE U3JICIIHE.

Bocnonb3yemcss  dopmynioli  KJIACCHYECKOro  IMOJICYeTa  BEPOSITHOCTEH

, TIpU 3TOM

m
P(4)=—.
n
OHGBI/II{HO, oO1ee KOJIMYCCTBO BO3MOXKHbBIX HCXO0O0B n PaBHO
51 45
n=C=——=—=-=10.
2131 2

a) Onpenenum 4uciao OJaronpusTHRIX UCXO0J0B m. OUEeBUIHO, YTO CIIOCOOOB,
KOTOPBIMH MO>KHO M3BJI€Yb | OKpallleHHOE u3enue u3 3 U 1 HeoKpalleHHOE U3IeJINE
3! 2!

U3 2, PaBHO COOTBETCTBEHHO: C; =——=3n C; =——=2
211! 11!
Bcero nonyuutcs m = 6 croco0oB.
C,C, 6
Torma P(A4)=—2=—=0,
C; 10
0) OmnpenenuM 4YUCIO OJaroNnpUATHBIX HMCX0JI0B m. Cnoco0oB, KOTOPHIMU
, 3!
MO’KHO M3BJI€Yb 2 OKPALICHHBIX U3Aenus u3 3, paBHo C; = ETET 3

Torma m=3.
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c: 3
=—2=—=0,3.
C; 10
B) Ilepsuviii cnocob. CobbiTHE A — U3BJICKIN XOTS OBl OJTHO OKpAIIEHHOE U3JIe-

mue. Torna coObiTHe 4 - HU OJHOTO OKpaiieHHOTo. OnpeaenanM 9ucio OJaromnpusT-
HBIX UCcX00B m. Crioco60B, KOTOPHIMH MOKHO U3BJI€Ybh 2HEOKPAIICHHOE U3IETHUS U3

2 pasno C; =1.

Torma P(A)

Bcero nonmyuutcs m =1 cnoco0oB.

- C: 1
P(A)zc—jzzwzo,l.

Torna P(4)=1-P(4)=1-0,1=0,9.

Bmopoii cnoco6. Xots ObI 0JHO OKpallieHHOE — OJTHO WJIM JiBa. B pemienuu nox
a) MoJICYUTaHa BEPOSITHOCTh TOTO, YTO U3BJICYECHO OJTHO OKpAIIEHHOE U3/IeTHe, 1Mo/ 0)
— JIBa OKpalieHHBIX. Toraa BeposSTHOCTh TOTO, YTO M3BJICYCHO XOTS OBl OJHO OKpa-
LIEHHOE U3JIeJINE, pABHA CYyMME P(A) =0,6+0,3=0,9

[Ipumep. U3 ypHBI, comepxalieil 1Ba OENbIX U TPU YEPHBIX IIapa, U3BJICKAIOT
o oJHOMY Oe3 BO3BpalleHus Bce mmapbl. Hailtu BeposTHOCTH coObITHIl: 1) TpeTwii
map Oelblit; 2) TpeTuil 1 YeTBEPTHIN IIaphl Oenble; 3) MAThIN Iap Oemnblil, eciu mnep-
BbI OBLT OCTIBII.

1) Bo3MOXHBI ClIeAYIONINE BAPUAHTHL:

[lepBsrit map — 6enblid, BTOPOH — YEpPHBIMA, TPETHI — OCIIbIN.

[lepBsIit map — yepHbIA, BTOPOH — O€JIbIiA, TPETHI — OCIIbI.

[lepBblii map — YepHbINA, BTOPON — YEPHBIN, TPETHI — OEIIbIN.

HaiineM BepOATHOCTH KaXKJ0r0 M3 3THX BapUaHTOB, UCIOJIb3YsSd TEOPEMY YyM-
HOXKEHHS BEPOSITHOCTEN 3aBUCUMBIX COOBITUI:

231 1
AT
321 1
EREIE T
322 1
SIS
Tornma mo Teopeme CIOKEHUS BEPOSTHOCTEH HECOBMECTHBIX COOBITHIN TOJTyYa-

o 1 N 1 N 1 2
M p=p TP, TPy =TT —T_=_.
10 10 5 5
2) Haiigem BepOsITHOCTb TOTO, YTO MEPBBIN 1Iap — YEPHBINA, BTOPOUN — YEPHBIH,
TpeTUil — O€eJblil, YETBEPTHIA - OENbIi, UCIOJB3Ysl TEOPEMY YMHOXKEHHUSI BEPOATHO-

CTEN 3aBUCUMBIX COOBITHIA:

3) Haiinmem BeposSITHOCTH TOTO, YTO TMEPBBIN IIap — O€JbIii, BTOPOM — YEPHBIH,
TPETU — YEpPHBIN, YETBEPTHIA — YEPHBIN, MATHIN - OCNBIN, UCIIONIB3YSI TEOPEMY YM-
HOXKCHHS BEPOSITHOCTEN 3aBUCUMBIX COOBITU:
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5232710

[Tpumep.BeposaTHOCTH TOSBIACHUS KaXKIOTO M3 ABYX HE3aBUCUMBIX COOBITHIA
u B cootrBercTBeHHO paBHbl 0,6 1 0,5. HailTu BEpOSATHOCTH MOSBICHUS TOJIBKO OJIHO-
r0 U3 HHX.

CoOniTeC, cocrosiiee B IOSIBICHUHM TOJBKO OJHOIO M3 COOBITUHA MB, 3a-
KJIFOYAeTCSd B TOM, UTO TOSBISIETCA COOBITHE A, HO HE TOSIBISIETCS COObITHE B MiH
coObITHU B HacTymaer, a coobiTe 4 HE HACTymaeT. BeposTHOCTh MOSIBICHUS COOBI-
A paBHa P(A4)=0,6, a HEHACTYTUIEHUACOOBITHAA paBHa

P (Z ) =1- P(A) =1-0,6=0,4. BeposaTHOCT, MOSIBJICHUS COOBITUSIB paBHA
P(B)=0,5,a P(B)=1-P(B)=1-0,5=0,5.

Torna P(C)=P(4)P(B)+P(4)P(B)=0,6-0,5+0,4-0,5=0,5.

[Ipumep. BeposTHOCTH TOTO, YTO OMpeAcieHHas: Ta0IuIa COJACPIKUTCS B KaxK-
JIOM U3 TpeX cnpaBOoYHUKOB paBHbI 0,6; 0,9; 0,75. HaiiTu BepoATHOCTH TOTO, YTO Ta0-
JIIa HE COAEPIUTCS HU B OJTHOM CIIPABOYHUKE.

[lycTh coOBITHEA COCTOUT B TOM, UTO TaOJMIla HE COJACPKUTCS HU B OJHOM

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

p(A,)=0,6, a BepOSTHOCTb TOr0O, 4TO TaGIHIA HE COACPIKUTCS B IIEPBOM CIIPABOY-
make p(A,)=1-p(A,)=0,4.

AnanornyHo, A, - Tabiuua COJAEPKUTCS BO BTOPOM CIIPAaBOYHMKE, TOIJa
p(Az) =0,9, a BEpOosSTHOCTH TOTO, UTO TAOIHIIAa HE COACPKUTCA BO BTOPOM CIIPABOY-
HUKE p(Kz) =1-p(A,)=0,1.

U, A, - Tabnuna conepKuTcs B TPETbEM CIIPABOYHUKE, TOTAA p(A3) =0,75, a
BEPOSITHOCTh TOrO, YTO TabJlMIa HE COAEPKUTCA B TPEThEM CIPABOYHHUKE
p(A,)=1-p(A;)=0,25.

CoObiTust 4,, 4,, A, HE3aBUCHUMBI, IOITOMY 110 T€OpeMe 00 YMHO)KEHUH Be-
positHocTei p(A) = p(212223) = p(Zl)p(Zz)p(Z3) =0,4-0,1-0,25=0,01.

[Tpumep. Kaaposas cnyx0a 6anka Ha 00bsiBienue B utepuere nomyunina 300
pestome. [lpakThka MOKa3bIBa€T, YTO BEPOSITHOCTH TOrO, YTO MPETEHIEHT HMEET
BbIcIee oOpa3oBaHue, paBHa 0,7, BEpOSTHOCTb TOTO, YTO MPETEHACHT UMEET OIBIT
paboTel B 6anke — 0,3, a BEpOATHOCThH TOTO, YTO MPETEHACHT UMEET U BhICIIee 00pa-
30BaHUEe, M OMBIT paboThl B Oanke — 0,2. OLEHUTH KOJUYECTBO MPETEHICHTOB,
MMEIOIINX WIH OIBIT padoThl B OaHKE, WM BbICLIEE 00pa30BaHUE.

[Tycth coObITHE A COCTOUT B TOM, YTO IMPETEHJICHT UMEET BhICIIee 0Opa3oBa-

HUEe, B -— TpeTeHACHT HMEeT OmbIT paboTel B Oanke. [lo ycmoButo p(A) =0.7,
p(B)=0.3. CoGbitiie AB COCTOUT B TOM, YTO IPETEHCHT UMEET U BhICLICE 00pa30-

BaHMHeE, U OMBIT PabOTHI B OAHKE. p(AB) =0.2.
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Haiinem BEpOATHOCTH TOTO, YTO MPETEHJICHT, UMEET WUJIU OMBIT pabOThl B OaH-
K€, WU BbIcIee 00pa3oBaHKE, TO €CTh p(A + B) .

Tak kakAuB cOBMECTHBIE COOBITHSA, TO IO TEOPEME O CYMME BEPOSITHOCTEH
COBMECTHBIX COOBITHIA
p(A + B) = p(A) + p(B) — p(AB) .
p(A + B) =0.7+0.3-0.2=0.8

OrneHuM KOJMYECTBO MPETEHIECHTOB, UMEIOIINX UKW OMBIT paboThl B OaHKe,
win  Beicmiee oOpasoBanue. Bcero 300 mpeTeHIEHTOB. CrnenoBaresnbHO,
300-0.8 =240 npeTeHIeHTOB UMEIOT WJIM OMBIT pabOTHl B 0aHKE, WJIM BhICIIEEe 00pa-
30BaHHE.

4. DJIEMEHTBI CTATUHCTHKH

Koneunas 1enb q1000r0 MccnegoBaHUsl COCTOUT B BBISABICHHH 3aKOHOMEPHO-
creii. OIHU TPOSIBISIOTCS B €AMHUYHBIX CIy4asX W HA3bIBAIOTCS TUHAMUYECKHUMH
3aKOHOMEPHOCTSIMH. XapakTep AWMHAMUYECKON 3aKOHOMEPHOCTH YCTAaHABJIMBAET I10-
BEJICHUE KaXJO0ro Mpu3HakKa. J[pyrue - TOJbKO BMACCOBBIX, T.€. B IPYINIE SBICHUU,
KOTOpas HapsAay ¢ IpU3HAKaMH, IPUCYLIUMH WHIWBUAYAIBHBIM SBJICHUSAM, XapaKTe-
PU3YIOTCS M OOILIMMU JJIsl BCEX - CTATUCTUYECKUE 3aKOHOMEPHOCTH.

OO1eCTBEHHOE SIBJIEHUE CKJIAJbIBACTCA U3 MAcChl MHAMBHUAYAJIbHBIX U BBI-
SABUTHh 3aKOHOMEPHOCTb O3HAYAEeT HAUTU IOBTOPSIEMOCTbh BHYTPU BCEH MAaCCHI sIBJIE-
HUW, T HApAAY C IJIaBHBIMU JCHCTBYET U MHOXECTBO BTOPOCTEIIEHHBIX, HEYCTOM-
YUBBIX, CIIy4allHbIX (PAKTOPOB. DTO MPUBOJAUT K TOMY, YTO B OOLIECTBE HET CTPOTO
ONPENEIICHHBIX JUHAMUYECKUX 3aKOHOMEPHOCTEN.

Craructuyeckass 3aKOHOMEPHOCTh SIBJISIETCS KOJIMYECTBEHHBIM BBIPAKEHUEM
ONpeaeIeHHON TeHIeHUUH. MOXKHO OOHApY UTh CTATUCTUYECKYIO 3aKOHOMEPHOCTH
pacnpocTpaHeHus: KyJbTypbl KapTodeins B Poccun B rojibl KpeCTbsIHCKOM BOWHBI MO
npensoauTensctBoM E.IlyraueBa. AHanm3upys IMOJyYEeHHBIE NAHHBIE, UCTOPHK Ha
OCHOBE COJEPIKATEIBHOI0, KAYECTBEHHOI'0 MOAX0/a pelaeT, OTpa)kaeT U HauJeH-
Has CTaTUCTUYECKAas 3aKOHOMEPHOCTb HCTOPUYECKOE SIBJIECHUE, KAKyH CTEIEHb
000011IeHHs HECET, KaKre YCIIOBUS €€ OIPEICITUIIH.

BoNbIIMHCTBO SIBICHUN MOXKET XapaKTepU30BaThCS MO0 C TOUKU 3pEHUS dac-
TOTBI IIOBTOPEHHSI BO BPEMEHHU WJIM IIPOCTPAHCTBE, TOTJA 331a€TCsl BOIPOC: CKOJIBKO
pa3? — 1100 ¢ TOUKH 3pEHUS YPOBHS WM MHTEHCUBHOCTH: KAKOB YPOBEHb MJIHM KaKO-
Ba CTENEHb HHTEHCUBHOCTU? B 000MX ciayyasx sIBJICHHSI MOKHO BBIPA3UTh B KOJIUYE-
CTBEHHOM (opme.

Boe16opounblii MeTon ucnonb3oBaics B JpesHem Erunte u antuunoil I'peruun
IIPY U3YYEHUHU SIBJICHUM XO3SMCTBEHHOW XW3HU, a B Pycckom rocynmapcree XVII n
XVIII BB. NpUMEHSIICSA 1715 ONIPEIEIICHUS BEJIMYUHBI BCETO YPOXKas.

Wnest BBIOOPOYHOTO METO/Ia — 3aMEHUTH CIUIOIIHOE 00CIIEeI0BAHUE MacCCOBBIX
OJTHOPOJHBIX 0OBEKTOB YACTHMYHBIM UX OOCJIEIOBAaHUEM, HE JOMYCKas IPHU 3TOM CY-
IIECTBEHHBIX OMMOOK B BbIBOJAX. sl 3TOro BhIOOpKA OJKHA OBITH pEnpe3eHTa-
TUBHOW,T. €. IOCTATOYHO XOPOIIO MPEACTABIIATh U3Yy4aeMbIi NMPU3HAK F€HEPAIbHOU
COBOKYITHOCTH, YTO OOECIEYUBACTCA CIy4alHOCTBhIO 0TOOpa. ObecneunTth Cirydaii-
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HOCTb BBIOOPKH, €CJIU UCTOPUK MPOU3BOJUT OTOOP JAHHBIX U3 MHOTOYMCICHHOM Tre-
HEpaJbHOM COBOKYITHOCTH COXPAHUBIIUXCS CBEICHHUI, BO3MOKHO MIPU IMOMOIIH Kpe-
Oust MIU TAOJMITHI CITyYaiHBIX YHCE]L.

Ecnu >xe mpu momornu >xpelust WM CIy4alHbIX YKucesl 0TOOp BBINOJ-
HUTb HE YJACTCsl, IPUMEHSIOTCS APYTHE CIIOCOOBI BHIOOPKHU: MEXaHUYECKUN, TUTTHYE-
CKUU U CEpUNHBIN.

[Ipu mexanuueckoti 8vibopke TeHepaibHas COBOKYIMHOCTb pa30MBaeTCs
Ha paBHBIC YaCTU U U3 KaXKJOW yacTu OepeTcs oAHa eauHuila. ['eHepalbHyI0 COBO-
KYIMHOCTh IIPH MEXaHUYECKOM OTOOpPE MOXKHO PaHKUPOBATh WM YMOPSAIOYUTH IO
BEJIMUYMHE U3Y4aeMOT0 WU KOPPETUPYIOIIEro C HUM MPU3HAKA, YTO MO3BOJIUT MOBbI-
CUTh pernpe3eHTaTUBHOCTh BbIOOpKU. Hampumep, npu 5%-Hoil BbIOOpKE MHTEpBaI
otoopa coctaBuT 20 eqUHUII, TOTJa OTOOP HYXKHO HauuHaTh ¢ 10-i wim ¢ 11-i equ-
Huubl. B nepBom citydae B BeiOOpKy nonanyt 10, 30, 50, 70 u ¢ TakuM ke MHTEpBa-
JIOM TMOCIIEAYIOUIME €ANHULIBI; BO BTOPOM CiIy4ae - €QuHuIlbl ¢ Homepamu 11, 31, 51,
71 u 1.1

Tunuueckas, unu panoHUpo8aHHas, 6blOOPKA 3aKIIOYAETCS B pasjese-
HUW T€HEPaJIbHOW COBOKYIMMHOCTH HAa TUIHWYECKUE TPYMIIbI, 0Opa30BaHHbIE MO KaKoO-
My-n00 Tipu3HaKky. Hanpumep, Tepputopus, nojjiexaiias o0CaeI0BaHHIO, pa3Ies-
€TCSl Ha PalOHbBI, OTIUYAIONIUECS COIMATBHO-IKOHOMUYECKHUMU WM Teorpadude-
CKUMH YCIOBHUSAMU. 1 U3 KaXK10TO pailoHa MPOU3BOAST OTOOP €IUHUIL B BHIOOPOUHYIO
COBOKYITHOCTb.

[Ipu cepuiinoii 8b160pke COBOKYIHOCTh JACJIST Ha OJJMHAKOBBIE MO 00be-
My TpyHnnbl — cepur. B BEIOOPOUYHYIO COBOKYITHOCTh OTOMPAIOTCS CEPUU, a BHYTPHU
cepuil TMPOM3ZBOAMUTCS CIUIOIIHOE HAOJIOJACHUE €IUHMI], I[IOMAaBIIMX B CEPHUIO.

[IpuMeHeHue TOro WM MHOTO CrocoOa 0TOOpa 3aBUCUT OT CBOMCTB U3y4aeMO-
ro SIBJICHUS W MOTOMY Mpe/roiaraeT o0s3aTeabHoe IpeABAPUTEILHOE 3HAKOMCTBO C
00BEKTaMH HCCIICIOBAHUS.

I'pynnuposxa - Hambosee pacpoCTpaHEHHBIN MPUEM MPEJICTABICHUS COBO-
KYITHOCTH Pa3pO3HEHHBIX JAHHBIX B yIOOHOU NIt BOCHpHUATHS (hopMe. DTO Havallb-
HBI 9Tarn 00pabOTKH JTaHHBIX MCTOYHHUKOB, (PYHIAMEHT JUIsl OOJIBIIMHCTBA JPYTUX
MIPUEMOB MAaT€MaTUKO-CTAaTUCTHYECKOTO aHaiau3a. biaromaps TpynmupoBKE MOKHO
COOTHECTH CBOJIHbIE MOKA3aTEJH M0 COBOKYITHOCTH B II€JIOM CO CBOJIHBIMH ITOKa3aTe-
nsiMH 110 rpynmnam. [TosBisieTcs BO3MOKHOCTh CpaBHUBATh, AaHAJIM3UPOBATH IPUYHUHBI
pazIMunii MEXy TPyINamMu, U3y4aTh B3aUMOCBSI3U MEXIY MPU3HAKAMU.

MeTtoa rpynnupOBKH MO3BOJISET CI0XKHOE SIBJICHUE MPEJCTAaBUTh Uepe3 P
0oJiee MPOCTHIX, YTO TOMOTAET MPUUTH K aHAIU3y BCEH CUCTEMBI B 11eJ0M. MeTo-
JIOM TPYHNIUPOBKU XapaKTEPU3YIOTCSI TUIBI SIBICHUM B WX B3aMMHBIX OTHOIIEHHU-
X, a TaKXKE€ BCKPBIBAETCSl NMPUUMHHAS 3aBUCUMOCTh MEXJY OTIEIbHBIMU (haKTO-
pamMu 1 oOIIel TeHICHIIMEN pa3BUTHS Mpollecca.

B Hayke pasznuuaroT 3 OCHOBHBIX BHJA TPYNIUPOBOK: TUMOJOTHUYECKHIA,
CTPYKTYPHBIN, aHAIUTUYECKUM.

Tunonocuyeckas epynnupoexka pacuyieHsIeT KaueCTBEHHO-PAa3HOPOIHYIO CO-
BOKYITHOCTh Ha OJHOPOJIHBIE TPYMIIbI, HA TUIBl. B OCHOBY IpyNnmnupoOBKHU 3aKia-
NbIBA€TCSl KAYECTBEHHBIN MpuU3HaK. Tak, HampuMep, MIUPOKO U3BECTHO UCHOJIB30-
BaHME TUIOJOTUYECKON rpynnupoBku B.W. JIeHMHBIM 171 aHammn3a KPECThbIHCKUX
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XO03SMCTB: MPOJETAPCKUX, COOCTBEHHO KPECTHIHCKUX M KAMMUTATHUCTUYECKUX HIIH -
OCHAIKNX, CEPEHINKUX U Kynankux. [[pumMepoM THUIOIOTHUYECKON TPYNIUPOB-
KM BBICTYMAET paclpejieieHHe MPOMBINUICHHOCTH TMEpUoJia HOBOW JKOHOMHUYE-
ckol monutuku (HOIT) mo conmuanbHbIM CEKTOpaM - TOCyAapCTBEHHAs, KOolepa-
TUBHAs, YacTHas. BeijeneHne TUIoB Ha OCHOBE KOJMYECTBEHHOTO MPU3HAKA COCTO-
UT B ONPENIECTICHUU TPYII C YYETOM 3HAYCHUH (BEIMYUHBI) U3y4aeMbIX MPU3HAKOB.
[Ipu 3TOM OUY€Hb Ba)KHO MPABWIIHLHO YCTAHOBUTH UHTEPBAJ TPYNIHUPOBKHU, HA OCHOBE
KOTOPOTO KOJMYECTBEHHO Pa3NUYAIOTCs OJHM TPYIIBI OT JPYTUX, HAMEUYAIOTCS Tpa-
HUIIBI BBIJICJICHUS X HOBOTO Ka4eCTBa.

CmpykmypHas epynnupogka TPeCTaBlIsIeT KaueCTBEHHO-OJHOPOIHYIO CO-
BOKYITHOCTh B BHJIC€ KOJIMYECTBEHHBIX I'PYII. B OOJBITMHCTBE CBOEM CTPYKTYPHBIC
TPYNIUPOBKUA TPOU3BOIATCS HAa OCHOBE OOpa30BaHUS KadeCTBEHHO OJHOPOIHBIX
TPy, XOTS HEPEAKO OHU MPUMEHSIOTCS U 0€3 MpeIBapUTEIbHOTO PACUICHEHHS CO-
BOKYITHOCTH Ha 4YacTH. B OCHOBY 3THUX TpPYINIHUPOBOK 3aKJIAJBIBACTCS KOJIUYECT-
BEHHBIN Tpu3HaK. [[puMepoM MOXKET CIyXKUTh pacrhpeesieHne padodux Mo cra-
Ky, IO pazMepam 3apaboTHOM MIaThl, 10 BO3PaCTYy.

Tperunii METON — METOJ AHATUMUYECKOU 2PYNNUPOEKYU - 3AKIIK0YAETCS B HC-
CJIEJIOBAaHUU B3aMMOCBSI3EH MEXKAy (PAaKTOPHBIMU MPU3HAKAMHU B KaU€CTBEHHO OJI-
HOPOJAHOW COBOKYMHOCTH. C TOMOIIBIO aHATUTUUYECKUX TPYIIHUPOBOK YyHACTCA
BBISIBJIATH MMPU3HAKHU, KOTOPBIE MOTYT BBICTYIIATh WJIM IPUUUHOM, UIIU CIEJCTBUEM
TOTO WM WHOTO SBJICHHUA. DTOT METOJ €IIe HAa3bIBalOT (PAKTOPHBIM, MPU ITOM
OIWH W3 MPHU3HAKOB I'PYNIUPOBKH paccMaTPUBAETCS KaK pe3yibTaT, a APYrou -
kKak ¢aktop. Hampumep, naHa rpynmupoBKa MajbIX NPEANPHUATHH IO pazMepam
NpUOBLIM U MPOJOJKUTEIBHOCTA 000poTa cpeacTB. [Ipu 0oAHOM U TOM Ke CpOKe
obopoTa KanmuTana IpeAnpHUsITHS MOTYT UMETh Pa3HYIO MPUOBLIb, CIE0BATEIBHO,
MPU3HAK «000PaUYMBAEMOCTh CPEJICTBY - (hakTOp (WUJIU YCIOBUE), a IPU3HAK IIPU-
OBLIBY - pe3ynbTar. YTOOBl YCTAHOBUTDH CBSI3b MEXKY NMPU3HAKAMU, JaHHbBIC TPYII-
MUPYIOTCS 1O MPU3HAKY-(PAKTOPY.

Pesynbrarhl rpynnupoBoYHOro Matepuanga opopMIISIOTCS B BUAE TaOIHI] WA
B MHBIX rpadudeckux (opmax. Ha Gaze rpynmupoBKH pacCUUTHIBAIOTCS CBOJHBIC
MOKa3aTeNId 10 TPyIIaM, MOSBISIETCS BO3MOXKHOCTh UX CPaBHEHUS, aHAJIW3a IPUIUH
pa3Inyui MEXIy TPYIIaMU, U3yYEHUs B3aUMOCBSI3€M MEXy Npu3Hakamu. | pynmnu-
POBKa CO3/1a€T OCHOBY JUIsI MOCJIEAYIOIIEN CBOJAKU U aHAJIN3a JaHHBIX.

O0600maroImMil KOJIMYECTBEHHBIM MMOKA3aTeNb, XapaKTePU3YIOIIUNA TUITAYHBIN
YpOBEHb COBOKYITHOCTH IO OMpEACICHHOMY MPHU3HAKY HAa3bIBAIOT CPEIHEH BEIHUH-
HOM. OHa MIMPOKO MPUMEHSETCA B PA3JUYHBIX OTPACIIX 3HAHUN.B mcropuyeckon
HayKe CpeJHME BEJIMYMHBI MPUCYTCTBYIOT JAaBHO, HO HE B MOJHOU Mepe. s obpa-
OOTKM MacCOBBIX JaHHBIX B CTaTUCTHKE pa3pabOTaHbl CpeHIE TapMOHHYECKAs, T€O0-
MeTpHUUeCcKas, KBapaTUuecKas, a TakKe OmrcaTeIbHbIe CPETHUE - MOJIa U MEIHaHa.

Buvibopounas cpeownssn (cpeouss apupmemuueckas) - SBISCTCS CaMbIM pac-
MIPOCTPAHEHHBIN BUJl cpeAHNX BeanuuH. OHA UCYHCISIETCS MyTeM OTHOIICHUS CyM-
MBI BCEX 3HAYCHUI MpU3HAKA K 00IIeMy YUCITY HAOIIOACHUI:
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Z X,
X, =,
n

TI€ X,,X,,X;,...X, - BADHAHTHI IPU3HAKA (PE3yJIbTaThl U3MEPEHUI);

N — 4NCNIO €IUHUL] HaOmoneHus (n = me_ ,20e m_ - COOTBETCTBYIOLIME Yac-

1

TOTBI).

Mooa (Mo) npenctapisieT HanOOJee YacTo BCTpeUarolieecs 3HaueHue pu3Ha-
Ka B YIOPSAOYCHHON COBOKYITHOCTH, HanboJiee TUMTMYHOE cpeHee 3HaueHue. B nuc-
KpeTHOM psinmy Mo ompenensercss 0e3 BBIUMCICHUM Kak 3HaY€HUE MpU3HaKa C Hau-
OoubIei YacTOTOM. J{JIs1 BEIYMCIICHUSI MOJIBI B MHTEPBAIBHOM DSy CHadaja orpese-
JIIeTCSl MOJIAJIbHBINA KJ1acc, T.€. MHTEPBaJ ¢ HamOOJbIeld JacToTo. 3aTeM Mo BBI-
qucisercs no Gopmyie:

P, — Py
Mo = X, + K ,Tae
2P, — P, — P;

X~ HIDKHSISL TPaHUIa MOJAIbHOTO NHTEPBAIA;

K - BenuuuHa uHTEpBAIA;

P; — yacToTa UHTEpBaJIa, MPEAIIECCTBYIONIETO MOJATIBLHOMY;

P, - 4acToTa MOJIaJIbHOT'O UHTEPBAJIA;

P5 - yactoTa UHTEpBAaja, NOCIEIYIONIETO 32 MOIaJbHBIM.

Meouana (Me) - BenuuuHa, onpeaessonias 3HaueHUe MpU3HaKa, HaXosIIe-
rocsi B Cepe/IMHE yHOPsI0YEHHON COBOKYIMHOCTU. MeauaHa JeJIUT U3y4aeMylo COBO-
KYITHOCTh TaK, YTO YUCJIO €IUHUII C OOJIBIITUM U MEHBIIINM, YeM MeJuaHa 3HAUCHUEM
MpU3HAaKa, OIMHAKOBO. B MHTEpBaAIIbHON TPYNIUPOBKE ISl BhIYKCIIeHuss Me HeoOXo-
TMMO HaWTW MEJUaHHbIA UHTEPBAJ - HUHTEPBaJ, KOTOPOMY COOTBETCTBYET NEpPBas U3
HaKOIUIEHHBIX YaCTOT, IPEBBINIAIONIAS TTOJIOBUHY CYMMbI BCEX YAaCTOT psA/ia pacipe-
JIeJIeHHsl. 3aTeM CYUTAIOT TI0 popMyIie:

YP/2-Yym—1
P, ’

X (- HIOKHSISI TPaHHUIAa MEAMAHHOTO HHTEPBAa;

K - BenuurHa METHAHHOTO MHTEPBAIa,

Y. P- cymMa 4JacTor;

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

(HaKOILUIEHHAs 4acTOTa B HHTEPBaJe, IPEAMICCTBYIOIIEM MEIHAHHOMY).

P,, - yacTOTa MEIMaHHOTO WHTEPBAJIA.

Cpeonsisi ceomempuyeckas, CpeoHsisi @eUdUHA NCTIONB3YETCs TSl COXPAaHCHUS
HEU3MCHHOCTH TPOM3BEACHUS WHIAMBHIYaIbHBIX 3HAUYCHUN MpHU3HAKA, HAIPHMED,
IpY aHaJIM3e JMHAMHUKHU (I pacyeTa CpeHero TeMiia pocTa), Ipy 3aJJaHHOM MUHU-
MaJIbHOM U MaKCHMaJbHOM 3HAUYEHUAX MIPHU3HAKA.

Cpeonsisi eapmonuyueckas IPUMEHSIETCS, €CITM HEOOXOIMMO OCTaBHUThH IMOCTO-
SHHOM CyMMY BEIHYMH, OOPaTHBIX MHIMBHIyaIbHBIM 3HAUYEHUSAM IPU3HAKA, B 3TOM
Cllydae 4acTOThI (Beca) HEM3BECTHBI, @ U3BECTHBI MIPOU3BEACHHS MIPU3HAKA HA COOT-
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BETCTBYIOIYIO YacTOTy (MPUMEPHI: CPEAHHUE 3aTpaThl TPyAa, BPEMEHH, MaTepHAJIOB
Ha OJIHY JIeTallb, CPEIHSIS YPOIKAMHOCTh, CPEIIHSASI CKOPOCTH U T.I1.).

Cpeonss Keadpamuueckas pacCUUTBHIBACTCS, KOTJa HEOOXOAMMO COXpPaHUTh
HEM3MEHHOM CyMMY KBaJpaTOB MHAUBHUIYyaJIbHBIX BEJIIMYWH; MPU pacyeTe rmokasare-
Jel Bapuanuu (MpUMEpHI: CPefHsis IUIOMAb, CPEIHUN AMAMETpP, CPEIHsS IIUHA
KBaJ[paTHOTO y4acTKa U T.IL.).

Bri6opouHoe cpeHee KBaapaTHueCKoe OTKIOHEHUE BBIUUCISAETCS 10 (hopMy-
e

1
o,= \/673 , 20e d, =;Z(x,. —x,)° —evibopounas ducnepcust

@DopMyJIbl pacyeTa CpEJHEro 3HaUYEHUs NTOKa3aTelsl Yepe3 OTHOCUTEIIbHBIE Be-
JUYUHBI CTPYKTYPBI MO3BOJIAIOT 0XapaKTEPU30BaTh 3aBUCUMOCTb CPEAHEN HE TOIBKO
OT WHJIUBUAYaJIbHBIX 3HAYEHUU OCPEIHSIEMOW BEIIMYMHBI, HO U OT CTPYKTYpbl COBO-
KYITHOCTH, TOCKOJIbKY M3MEHEHUE CTPYKTYpPbl COBOKYMHOCTHU NMPUBOIAUT K HU3MEHE-
HUIO CPEeIHEW BEJIUYMHBI, IPU 3TOM WHJIMBHUIyalbHbIE 3HAYEHUSI OCPEAHIEMOTO MPH-
3HAaKa MOTYT OCTaBaThCsl HEM3MEHHBIMH.

OMnupuyeckas GyHKIUS pacnpeneseHus onpeaensercs no gopmye

* m‘c.
Fr(x)=—
n

IJIe B YUCIHUTENEC CTOMT YHUCIIO BAPUAHTOB BHIOOPKH, MEHBIIIHX X.

[Ipumep 1. MeroTcs gaHHBIE O pa3Mepax OCHOBHBIX (OHAOB (MJH. py0) 30
npennpusituii: 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. IlocTtpouTh MHTEpPBAIBHBIM PAL, THCTOIPAMMY, IMOJUTOH YacTOT,
BBIYUCIIUTH MOJTY, MEIMAHY, CPEIHIOI0 TAPMOHUYECKYIO.

[Ipumep 2. Bribopka X oobemom 100 usmepenuii 3agaHa TaOIuIeH:

i 1 2 3 4 5 6 7
X, 0,2 1,4 2,6 3,8 5 6,2 7,4
m 5 13 25 25 19 10 3

X

IZIe X, - Pe3yJbTaThl U3MEPEHUM, m _ - COOTBETCTBYIOLIME 4acTOThl. IlocTpouts mo-

JIUTOH OTHOCHUTENBHBIX YAaCTOT, HAUTHU MOJY, MEAUaHy, KyMYJSTY, SMIHPUUYECKYIO
byHKIMIO pacnpencieHus. BeluucanTh BEIOOPOYHOE Cpe/lHEEe KBAAPATHUYECKOE OT-
KJIOHEHHE.

[lo3HaHue CYIIHOCTH HCTOPUYECKUX SBJICHUM M MEXaHU3MOB HXPa3BUTHS
MpenoaraeT pacKpbiTUe BHYTPEHHUX CHUCTEMHBIX CBS3€MH UX OLICHKY. DTH CBS3U
CJIO’KHBI U MHOTOOOPa3HbI, CPeIM HUX HEOOXOIUMOBBIJICTUTh Hauboiee CyleCTBEH-
HbIe, (GOpMUPYIOIIUEXapaKTep PA3BUTHUS SIBJICHUS.

BaxHeHmuM ycaoBrueM aHaIn3a CBs3EH BCEX BUAOB SIBJISIETCS BO3MOKHOCTBUX
KOJIMYECTBEHHOTO BBIpaXEHUs. Maremarnueckasi cTaTHCTHKapa3paboTana Iemblid
P METOJOB, IOMOTAIOIIMX PEIIUTh 3Ty3anady. Cpeln HUX —KopperayuoHHbll aHa-
su3.JIaHHBIA METOJT MO3BOJISIET YCTAHOBUTH HAJIMYUE, (POPMY U HaNpaBIEHHOCTH CBSI-
3M, a TAK)KE€ KOJIMYECTBEHHO OLICHUTH €€ cuily. [Ipy 3TOMIJISE YUCI0BOTO BBIPAXKEHUS

24



M3y4aeMbIX MPOIECCOB U SIBJICHUN MOXHOMOJIb30BAaThCSl BCEMU IITIKAJIAMHU U3MEPEHUS,
MPUHATBIMA B COBPEMEHHOWHayKe. Takas yHUBEpPCAIBbHOCTh CJeana METOJ KOppe-
JSIMOHHOTOaHAIN3a BEChMa MOMYJSPHBIM M BOCTPEOOBAHHBIM B UCTOPUYECKUX HC-
CJI€JOBaHUSIX.

Koppensiuusa — nokaszaTtenb, OTpaXXkarolluid B3aUMHYIO 3aBUCUMOCTb ABYX WU
Oonee BenuuuH. [Ipyu ATOM BENIUYWHBI JTOJKHBI BHIOMPAIOTCS CIIy4aiflHO, a 3aBUCH-
MOCTBH MOXKET OMPEIEIATHCS TNOO0 COBMAJACHUEM, JIMOO OTHOIIEHUSMHA IPUYUHHOCTH.
Heo0xonumo BBISICHUTB, HE SIBJISIETCS JIM KOPPEJISIUS J0KHOU, TO €CTh OCHOBAaHHOM
Ha COBHNAJEHUU. [{J1 3TOro BBOJUTCS €1Ie OHA HOBAs ClydaiiHas BEIU4YUHA. TOIBKO
MIPU U3MEHEHUHU 3HAYCHUS OJTHOM BEJIMYMHBI, KOTOPOE BIICUET 3a COOOM HEMUHYEMOE
CHUCTEMAaTHYECKOE M3MEHEHUE 3HAYCHUS JAPYrodl BEIWYUHBI, KOPPETSALUS CUUTACTCS
ycTaHOBJIIEHHOU. Takoe m3MeHeHHue MOXET ObITh BBIPAXKEHO B BUAE KO3(pduuueHTta
KOpPEJAILUU, UKW KOPPEJSIIIMOHHOTO oTHOIIeHUsA. KoadduureHT koppensiiuu noka-
3bIBAET, HACKOJBKO TECHO JIBE MEPEMEHHBIX CBSI3aHBI MEXKTY COOOM.

B ocHOBe KOppPESAIMOHHOTO aHaIM3a JICKHUT HJIEs] COMOCTaBICHUAKOICOaHU
3HAYEHUN U3y4aeMbIX MPU3HAKOB OTHOCUTEIBHO JIpyr Apyra.Eciu uucieHHble 3Ha-
YEHUs OJHOr0 MpHU3HAKa H3MEHSIOTCS OJHOBPEMEHHOCO 3HAYEHUEM JAPYroro, TO
MOYHO IIPEANOJIOKUTh, YTO MEKIYHUMU CYIIECTBYET CBS3b.

B wmarematuke paznu4aroT (YHKIMOHAJIBHYIO U CTAaTUCTUYECKYIO 3aBUCH-
MOCTb.

OyHKIMOHAJIbHAS 3aBUCUMOCTD ABYX KOJIMYECTBEHHBIX MPU3HAKOB WM Tepe-
MEHHBIX COCTOUT B TOM, YTO Ka)XJIOMY 3HAYCHUIO OJHOU MEPEMEHHOM BCETAA COOT-
BETCTBYET OJIHO ONPEIECIICHHOE 3HAYEHHUE APYron rnepeMeHHou. DyHKIHMOHAJIbHASA
3aBUCHUMOCTh TMPEANOJAracT pPacCMOTPEHUE NPU3HAKOB H30JIMPOBAHHO, OJHAKO B
0011IeCTBEHHOM >KU3HU MOJI00HAsT CUTYallusl CKJIaJbIBaeTCs KpaiiHe penako. Kak mpa-
BUWJIO, BO3JICHCTBHUE OJHOM MEPEMEHHON Ha APYTYIO HE M30JIUPOBAHO OT APYrux (ak-
TOPOB, a MPOUCXOJUT B YCIIOBHSIX UX BIIHMSHUSA HA HM3y4aeMylO B3auMMOCBA3b. [lis
ONMUCaHUSA 0 I00HOTO ponaa 3aBUCUMOCTH HCIIOJIB3YETCs MOHS-
THE CTaTUCTUYECKOM, NI KOPPEISIIUOHHOU, CBSA3H.

B otnuune ot GyHKIIMOHATBHOM 3aBUCUMOCTHU, KOTJ[a KKIOMY 3HAYEHUIO O/T-
HOT'O IPHU3HAKa BCEr/Ja COOTBETCTBYET OINPEJEICHHOE 3HAYEHHUE JPYTroro, B CIydyae
CTaTUCTUYECKOMN 3aBUCHMOCTH HEKOEMY 3HAYEHHUIO OJTHOTO MIPU3HAKA MOTYT COOTBET-
CTBOBaTh Pa3jIMYHbIC 3HAYEHUs Jpyroro. [IpuumHa 3TOTO 3aKIOYaeTCsl B TOM, UYTO
MPU CTAaTHUCTUYECKOW 3aBUCUMOCTHU CBSI3b MEXKIY IMpHU3HAKaMu (IByMs, TpeMms, He-
CKOJIbKUMU) OTpeesieTCs HE TOJIbKO B3aUMOJICUCTBUEM MEXIy HUMHU CaMHUMHM, HO U
BO3JICHICTBUEM MHOXECTBa APYTUX HEYYTCHHBIX (akTopoB. B pesynbTaTe Takoro
BO3JICHCTBUS CBS3b MEXK]ly IIPU3HAKAMH MPUCYTCTBYET U MPOSIBISETCS HE B KaKJIOM
KOHKPETHOM CJIy4ae, a TOJBKO «B CPEAHEM», KaK TeHIeHUHMs. 1103TOMy yCcTaHOBUTH
HaJIMYMe B3aWMOCBS3U U ONPENCIIUTh €€ KOJUYECTBEHHYI0 MEPY MOKHO HE NOCPEN-
CTBOM EIMHUYHBIX HAOJIOJCHUM, a JIUIb NMPUMEHUTEITHLHO K OIMpPEICICHHON COBO-
KYITHOCTH OOBEKTOB, T.€. B CPEHEM 10 OTHOIICHHUIO K MAaCCOBBIM OOBEKTaM WIIU SIB-
neHusiM. COOTBETCTBEHHO XapaKTEPU3YIOIINE ITH OOBEKTHI WM SBJICHUS KOJIUYECT-
BEHHBIE IIOKA3aTEJIM HA3bIBAIOTCS MACCOBBIMHM JIaHHBIMH.AHAIN3 CTAaTHCTUYECKON
(KOppEIIIMOHHOM) CBSI3U MPEIOIaracT BhIABICHUE XapaKTepa CBSI3H U OLIEHKY TecC-
HOTHI CBsI3u. KoppensiuMOHHBIA aHaNIU3 MO3BOJISIET OLEHUTh TECHOTY CBA3U IPHU IO-
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MOIIIM CIEUHUANIBHBIX MTOKa3aTesiel, BBIOOP KOTOPBIX 3aBUCHUT OT BHJAa (DYHKIIMOHAJb-
HOM 3aBHCHUMOCTH, aJ€KBAaTHO OIMCBIBAIOLIETO PACCMATPUBAEMYIO CTaTUCTUUYECKYIO
B3aUMOCBSI3b.

B koppersALiMOHHOM aHaiau3e OJHOM M3 OCHOBHBIX MEp CBS3HM MEXIY IpU3Ha-
KaMH SBJISICTCS TTAPHBIN JTUHEHHBIN KodhduireHT koppesuuu. C ero moMoInibo u3-
MEpSIETCS TECHOTA CBSI3M MEXAY ABYMsI Mpu3Hakamu. JIunelHbiil koahPuiimeHT kop-
pesLuY r u3MeHsieTcst B mpenenax ot -1 go +1. PaBeHcTBO K03duIeHTa HYIIO
CBUJIETENBCTBYET 00 OTCYTCTBHHM JIMHEWHOM CBsI3U. PaBeHCTBO Koaddunnenta -1 wim
+1 roBopuT o Hamuuuu (yHKIMOHAIBHOW 3aBHUcHMOCTU. [lpur= 1 mpucyrcTByeT
IpsIMasi CBSA3b, T.€. YBEINYEHNE WIIK YMEHBIIIECHUE OJHOTO IPU3HAKA COMTPOBOKAAETCS
aHAJOTMYHBIM U3MEHEHUEM Jpyroro npusHaka. [Ipu r= -1 cBs3p oOpaTHas, T.€. yBe-
JMYEHNE WM YMEHBIIEHUE OJHOTO MPHU3HAKA COMPOBOKIAAETCA MPOTUBOIOJIOKHBIM
I10 HAITPABJICHUIO U3MEHEHUEM JPYroro IMpU3HaKa.

MeTo Koppensauuy MOMOTaeT PeUInuTh ONpeeIeHHbIN Kiacc 3aaad, Ipuoim-
3UTBHCS K TOHUMAHUIO IIPUYUHHO-CIIEICTBEHHBIX MEXaHU3MOB.

5.  OcHoOBHbIE NEPUOAbI PA3BUTHA MATEMATHKH U UX 0COOCHHOCTH

1. M3yudeHue KOHCIIEKTA JICKIUH (TeMbI — 0030p HCTOPUU MATEMATUKH )
2. TloaroroBka v HanKcaHue pedepara Mo BEIOpaHHOM Teme
3. IloaroroBka nokiaaa mno teme pedepara

OcHoBHas JuTEpaTypa

1. Hdepp, B. S. Teopus BeposaTHOCTEH U MaTeMaTHYeCKas CTaTUCTUKA : y4eOHOE To-
coobue mist By30B / B. S. Jlepp. — Cankrt-IletepOypr : Jlanb, 2021. — 596 c. —
ISBN 978-5-8114-6515-6. — TekcT : 531eKTpoHHBIN / Jlanb : 3JIEKTPOHHO-
oubnuoteunas cuctema. — URL: https://e.lanbook.com/book/159475. — Pexum
J0CTyna: JUisl aBTOPHU3. MOJIb30BATENEH.

2. bexnemumes, JI. B. Kypc aHanmuTuyeckodl reoMeTpuUU U JIMHEHHOW anreOpsl
yueOHuk ansa By3oB / JI. B. beknemumieB. — 18-e uza., nepepadb. — CaHKT-
[TerepOypr : Jlanb, 2021. — 448 c. — ISBN 978-5-8114-4916-3. — TekcT : s7ek-
TpoHHbIM / Jlawb :  3neKkTpoHHO-OMONMMOTeuHass  cucrema. —  URL:
https://e.lanbook.com/book/152643. — Pexxum jmoctymna: mjisi aBTOPHU3. IOJIh30Ba-
TEJICH.

3. ®uxtenronsll, I'. M. Kypc nuddepenninansHOro U MHTErpaaIbHOTO UCUUCTICHUS
y4eOHUK /171 By30B : B 3 Tomax / I'. M. @uxrtenronbil. — 15-e uzn., crep. —
Canxkrt-IletepOypr : Jlanp, [6. 1.]. — Tom 1 — 2021. — 608 ¢. — ISBN 978-5-
8114-7061-7. — TekcT : 371eKTpOHHBIH // JIaHb : 3J€KTPOHHO-OMOINOTEYHAS CHC-
tema. — URL: https://e.lanbook.com/book/154399. — Pexum nocrtymna: ajis aBTo-
pHU3. IIOJIB30BATEIIEH.

4. ®uxrenronsl, I'. M. Kypc nuddepeHnnanibHOro 1 MHTErpaibHOTO UCYUCIICHHUS :
y4eOHHUK 1711 By30B : B 3 Tomax / I'. M. @uxrtenronsi. — 15-e u3na., crep. —

26


https://e.lanbook.com/book/159475
https://e.lanbook.com/book/152643
https://e.lanbook.com/book/154399

Canxkrt-IletepOypr : Jlansb, [6. 1.]. — Tom 2 : Kypc auddepeHimaibsHOoro u uHTe-
rpasibHOro ucuucienus — 2021. — 800 c. — ISBN 978-5-8114-7377-9. —
Texcer : anexTponHslit // JIans : snekTpoHHO-0MOMoTeYHas cuctema. — URL:
https://e.lanbook.com/book/159505. — Pesxxum gocTyma: 1 aBTOpH3. MOJIH30Ba-
TEJICH.

. @uxtenronsll, I'. M. Kypc auddepeniinanbHOTO U HHTETPaIbHOTO UCUUCTICHUS
y4eOHUK 17151 By30B : B 3 Tomax / I'. M. @uxrtenronbi. — 11-e uzn., crep. —
Cankr-IletepOypr : Jlanb, 2020 — Tom 3 — 2020. — 656 c. — ISBN 978-5-
8114-6652-8. — TekcT : 37IeKTpOHHBIH // JIaHb : 3J€KTPOHHO-OMOIMOTEYHAS CHC-
tema. — URL: https://e.lanbook.com/book/149365. — Pexum nocrtymna: ajis aBTo-
pHU3. IIOIB30BATEIIEH.

. Crpoiik J1.51. Kpartkuii ouepk ucropuu mareMatuku. — Mocksa : Hayka, 1990. —
256 c.

. I'mypman, B.E. Teopus BeposiTHOCTEM 1 MaTeMaTniecKasi CTAaTUCTHKA /

B.E. I'mypman. — M.: FOpaiir, 2012. — 479 c.

. [Iucemennsii, [[. T. KoHCIIEKT JIeK1IH IO TEOPUU BEPOSITHOCTEN, MaTEMaTHUYe-
CKOM cTaTucTuke U cinydaiiaeiM nporteccaM / J1.T. [Tucemen-ubiit. — M.: Alipuc-
ITpecc, 2010. — 288c.

JlonoJiHUTe/ILHAS JINTEPAaTypa
AsepuH, B. B. Martematuka. Y. 1 [31eKTpoHHBIN pecypc] : Kypc JIeKIUl: y4ueo-
Hoe nocobue/ B. B. Asepun, M. 10. Cokomnoga, /1. B. Xpuctuu; Tynl'V. - Tyna:
N3p-Bo Tynl'V, 2010. - 254 c. : un.- ISBN 978-5-7679-1748-8. — Pexum nocty-
na :https://tsutula.bibliotech.ru/Reader/Book/
2014100214370663049600009433, no napoJito
AsepuH, B. B. Matematuka. Y. 2 [37eKTpOHHBIN pecypc] : Kypc JIeKIU: y4ueo-
Hoe nocooue/ B. B. ABepun, M. FO. Cokonoga, /{. B. Xpuctuy; Tynl'Y. - Tyna:
N3p-Bo Tynl'V, 2010. - 275 c. : un. - ISBN 978-5-7679-1749-5. — Pexum noc-
Tyma 1o MapoJIro
:https://tsutula.bibliotech.ru/Reader/Book/201410021441294315510000 8498,
0 MapOJTI0

Ilepeyenn pecypcoB HH(OPMANMOHHO-TEJTEKOMMYHHUKANMOHHOM
cetu «MHTEpHET

1. Dnexrponnsiit untansublil 3a1 “BUBJIMOTEX” : yuebuuku aBropoB Tynl'Y
0 BCEM JUCIUIUIMHAM.- https://tsutula.bibliotech.ru/ Pexxum noctyma: nms aB-
TOPHU3. NIOJIB30BATEIIEH.

2. OBC IPRBooks yHuBepcaibHas 0a30Bast KOJISKITUS U3aHUH.-
http://www.iprbookshop.ru/ Pexxum goctyna: ijis aBTopu3. MOJIb30BaTENEeH.

3. Hayunas Dnextponnas bubnmoreka elLibrary — OuOnuoTeka 3JIeKTpOHHOM 1ie-
PUOJIMKH, peXuM foctyna: http://elibrary.ru/ Pexxum noctymna: 1js aBTopus.
ITOJIb30BATEIIEH.
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