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Conepxanue NpaKTHYECKUX 3aHATHH
1.  MmuoxecTrBa. Onepanuu HaJi MHOKEeCTBAMHU

[ToHsiTHE MHOKECTBA B MaTEMaTUKE OTHOCUTCS K HEOTpeIesieMbIM (IOJ00HO
MOHSTUSIM YUCJIA U TOYKH).

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

OOBEKTHI — JIEMEHTHI MHOXKECTBA — 0003HAYAIOTCS CTPOUHbIMU OykBamu. Ca-
MU MHOXECTBa 0003HAYAIOTCS 3arjaBHbIMH (TIPOMHUCHBIMH) OYKBaMHU JIATUHCKOTO
andasuta. ToT (dakT, 4To a ABISETCA DJIEMEHTOM MHOXecTBa A 0003HadaeTcs
a € A(roOBOPAT, UYTOa MPUHAMICKUT A ); TO, YTOQ HE SIBISAETCS DJIIEMEHTOM MHOXKe-
ctBa A,0003Hauaercs a ¢ A (TOBOPAT, YTOa HE MPUHAIICKUT A ).

Cuuraercsi, YTO MHOXECTBO 33JIaHO, €CJIM NEPEUYUCIICHBI BCE €r0 3JIEMEHTHI
WM Ha3BaHO XapaKTEPUCTHUECKOE CBOMCTBO, MO KOTOPOMY MOKHO OIPEIECIUTD,
MIPUHAJICKUT JAHHBINA AJIEMEHT MHOXKECTBY WJIM HET, HAIPUMED:

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

[pumep: Haiitu snemeHTs MHOKecTBa: A={x: xe N, 2x* —7x+3=0}.
1ipumep

1
PemuB kBagpaTHOE ypaBHEHHE, HAXOAUM €r0 KOpHU X, =—¢ N, x, =3 N,

3HAUUT A= {3}.

e MHOXECTBA, COCTOSIINE U3 OJTHUX U TeX K€ 00BEKTOB, Ha3BIBAIOTCS PaB-
HBEIMHA

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

A=B

e Eciu KaXKIpIil DJIEMEHT MHOKECTBAa B SABIIsIETCS DJIEMEHTOM MHOKeCTBa A,
TO B Ha3bpIBaeTcs MOJIMHOKECTBOM MHOXecTBa A: BC A
[Mpumep: B={3,2} c 4A=1{3,2,0}

(J — MOAMHOKECTBO JI000r0 MHOKECTBA; A MOJIMHOXKECTBO A

NcZcQcR

N —MHOk€CTBO HaTypaJbHBIX YUCEII

7. — MHO>KECTBO II€JIbIX YHUCEI

Q — MHOKECTBO palMOHAIbHBIX YHCEI R

R — MHOKeCTBO JICMCTBUTEIBHBIX YHUCEIT Q



N306pa3um MHOXkecTBa A W B KpyraMmu Ha IJIOCKOCTH (quarpaMmsbl Ditiiepa-
Benna)

o MHOXECTBO C, QJICMCHTAMH KOTOPOI'O ABJIAIOTCA BCC 3JICMCHTBI MHOKCCTBA

A, He TIpUHAJIeKAIUE MHOKECTBY B, Ha3bIBaeTCA Pa3HOCThIO MHOXECTB A U Bu
3anuceiBaeTest C= A\ B.

[Tpumepbl

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

e Eciiu Bc A, 10 A\ B — nonojiHeEHUEe MHOXecTBa B 10 MHOKecTBa A

e MuoxectBo C, cocTosiiee U3 BCEX DJEMEHTOB, NMPUHAJICKAINIMX Kak

MHOXECTBY A TaKk U MHOXECTBY B ( M TOJbKO U3 3TUX JIEMEHTOB), HA3bIBACTCS
nepeceueHreM MHokecTB A u B:C=A(B.

Ilpumep: 4A=1{1,2,3}, B={2,3,4}
C=A4ANB={2,3}



e MHOXECTBa, IIEPECEYEHNE KOTOPBIX €CTh IYCTOE MHOKECTBO, HAa3bIBAIOTCS
Henepecekaromumucs: {0,1} ({2} = .

[Tpumep.

D x2+4x+4=O®
x=0

X 4+x-2=0
2) {x >0 = {-2;1} N[0;+00) = {1}

e MmuoxectBo C, COCTOSIIEE U3 BCEX U TOJIBKO TE€X JJIEMEHTOB, KOTOPHIC
MPUHAJICKAT XOTS Obl OJTHOMY M3 MHOXECTBA W B, Ha3bIBaeTcs OO0bEIMHEHHUEM
muoxectB A u B:C=AUB

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

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

[Ipumep:
1) (x+1)(x* —4)=0 {-2,~1,2} —~COBOKYITHOCTb pEIICHHIA

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

{x >5
x>-3 x>5
{ & (—0;-3) U (5;+0)

—
x<5 x<-3
x<-3




CocTaBUTh MHOXKECTBA:
1) A— HarypanbHble AenUTENH yncia 12.

2) B\A4,eciu A=1{-5,-4,-3} B=1{-5,-4,-3,-2}.

3) RA\Q , Z\N

4) 2)[L7IUIS:8], [L7IN[5:8] [L71\5:8] [5:81\[1;7]
6) (0:31U[57), (0:31N[57) (0;31\57)_ [57)\(0;3]
5) O6benriHEHNE U TTepeceyeHue KOpHEN ypaBHEHUI
X +9x—-10=0yx’ -3x+2=0

6) 3anummTe penrenne HepaencTra (X —1(x—6)=0

7) A— HartypajbHbIE AEIUTENH uncia 18,
B— narypansnbie neautenu uncna 45. Haiitu A()B .

8) Haiitu ANB , ecim A={x: er,x|<5}B:{x: xeN,x—1|<7}
9) Haittu AUB | eciu A={x: x* —6x+9<0} B={x: er,x|S1}

® MHOXXEeCTBO A Ha3bIBaeTCsl SKBUBAJIECHTHBIM MHOXECTBY B (A~ B), eciu
MEXy JIEMEHTaMU MHOXECTB 4 U B MOXXHO yCTaHOBUTH B3aUMHO OJHO3HAYHOE
COOTBETCTBHE.

Paznuyator koHeUHbIe U OECKOHEYHBIE MHOYKECTBA.

e Uuciio 37€MEHTOB MHOXECTBa 4 Ha3bIBAETCS €ro MOIIHOCTBIO WM Kapu-

HaJIbHBIM YHCIIOM (|A| uiu cardA).
KoHeuHoe MHOXKECTBO, COCTOSIIIEE U3 71 IIEMEHTOB MMEETMOIIIHOCTh |A| =n.

Ecrm 4~ N, To MHOKECTBO A CUETHOE.
Ectm 4~ R, T0 A —KOHTUHYaJIbHOE MHOKECTBO MJIM MHOYKECTBO MOIIHOCTH
KOHTUHYYM.

3aganus. M300pa3uth quarpaMMel Diiiepa-BeHnHa 11 cieayronmx MHOKECTB:
a) (A N B) \C

6)(4UB)\C

B)(ANB)NC

r) (4\B)NC

) (A \B ) uc

e) (A \B ) \C

x) (ANB)UC

MHO0X€CTBO KOMILIEKCHBIX YHCEJI

Omnpepnesienune. Komniekcuvim 4uciom HA3bIBAIOT BCSIKYI0  YIOPSAOYEHHYIO Hapy
(x, y) NEeWCTBUTEIBHBIX YHUCEIL.



Ero o6o3navaror z=x+ yi, x,ye R, rne i=+—1 wmu i* =-1.

[pumep. Pemuth ypaBHeHHE x° + 6x + 25 = 0 HaJI MHOXKECTBOM KOMIUIEKCHBIX YHCEIT
Borauciaum auckpuMuHanT: D = b’ —4ac =36 -100 = —64 .

Torma VD =—64 =—1-64 =/—1-/64 = 8i

Haitnem xopHU ypaBHEHUS:
. _obxVD _ 68 2(3+4)
2 2a 2 2

=-3+4i.

3anuch z =X+ yiHa3bIBACTCS aneeOpauyeckol ¢Hopmou 3aluch KOMIUIEKCHOTO

yycia./[eficTBUTENbHbIE YHCTaX U Y Ha3bIBAIOT COOTBETCTBEHHO OelicmEUmenbHOU U
MHUMOU Yacmblo KOMIUIEKCHOTO YUCHA z = X + Vi :

Rez=x ulmz=y.
Cymmou aBYyX KOMIUIEKCHBIX 4YHUCENl Zz, =X, +)I H Zz,=X,+),i Ha3bIBaIOT
KOMIUIEKCHOE YHCIO Z = Z, + Z,, JCUCTBUTEIIbHAS YacTh KOTOPOTO paBHAa X =X, + X,,
a MHHUMas paBHa y =y, +J,, T.C.
z=2+2, = (X + %)+ (¥ + )i
Pasnocmvio ByX KOMIUICKCHBIX 4YHMCEN Z, =X, +),i M Zz,=X,+y,l Ha3bIBAIOT
KOMILUIEKCHOE YHCIO Z = Z, — Z,, JCUCTBUTEIIbHAS YacTh KOTOPOI'O paBHAa X = X, — X,

a MHUMas paBHa y =y, —),, T.€.

z2=2-2,=(x = X%,)+ (V=)

IIpouseedenuem NByX KOMIUIEKCHBIX YUCEN z, =X, + ), U z, =X, + ),i Ha3bIBAETCs
KOMIUIEKCHOE YHCJIIO
z2=2-2, = (0% = Y,) + (0, + 6,00
Yucno z =x— yi Ha3bIBaCTCAd conpsxceHHviM (KOMIUIEKCHO COMPSKEHHBIM) YHUCITY
. — 2 2

z=x+yi. OTMETUM, UTO Zz-Z =X~ + )".
Yacmuvim (omHowienuem) BYX KOMIUIEKCHBIX YMCEN z, =X, + Vi U z, =X, + V,i
npu z,# 0 (T.e. x,#0, y,# 0) Ha3bpIBAIOT KOMIUIEKCHOE YUCIIO
2 _ X% TN, LN THD

B 2 2 2 2 0
Z, Xt X, 0,

zZ =

Hpumep. Beruncauts (2 —3i)” + 2i"
(2-30)° +2i°=2"=2-2-3i+(3i)* +2i" - i=4-12i + 9i* + 2(i*) -i =
=4-12i+9° +2(°) -i=4-12i-9+2-(-1)i=-5-12i - 2i=-5-14i



7+3i

3i-1
7+3i  7+3i  (7+3i)(-1-3i) -7-21i-3i-9¢
3i-1 —1+3i (=143i)(-1-3i)) (=1 +3?

[Ipumep. Beraucauts

_—7-24i+9 2-24 1-12i 1 12

— =

1+9 10 5 5 5

[Ipumep. 3anucarh YUCIO z = — B alreOpandeckoi popme.

I+1
Yucino z B anredpandeckoit popme umeet Bua z = x + yi . [Ipeodpazyem apoosw,

YMHOKHB YUCIUTCIIb U SBHAMCHATCIIb Ha YMCJI0, COIIPSIKCHHOC 3HAMCHATCIIIO!

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

T o1+i (1+i)1-i) -7 2
= —2(1-1)=—2 +~/2i
Anrebpaunyeckas popma: z=—/2 +~/2i 3neck Rez=x=—2 u Imz:yzx/i.

3amannsa
1. Beraucnuts (4 +5i)° (5 — 4i) Otset:115+236i
—5
2. Bpruncauthb l 20" i i+ 27 Otger: 1
5+4i
3. Bpluncauth — Ortser: 0,1-1,7i
3+i
2. JJjIeMeHTbI MaTeMaTH4YeCKOM JJOTUKH

Jloruka Bo3HuKNa B KyabType peBHeu ['peruu. IlepBoe momeniiee no0 Hac
COYMHEHHUE TI0 JIOTUKE - «AHamuTUKN» Apucrorens (384-322 rr. 1o H.3.). Dopmaib-
Has JIOTHKa MPOCYIIEeCTBOBANIAa O€3 CepPhE3HBIX U3MEHEHUN OoJiee ABAIATH CTOJETUH.
BbYJIb Hdxopmx (1815-1864) - aHrnuiickuii MaTeMaTUK, KOTOPbIA CYMUTAETCS OCHOBO-
MOJIOKHUKOM MaTEMaTUYECKOMN JIOTHKH.

Pa3BuTre MaTeMaTUKH BBISIBUJIO HEJOCTATOYHOCTh JIOTUKH APUCTOTENS U TO-
TpeboBasio nanpHelmero e€ pazputus. HesaBucuMo pasBuBanach OyaaucTCKas Jio-
T'MKa, HO JIOCTOSIHUEM €BPOIICMCKON HAyKH OHa CTaja HelIaBHO, MTO3TOMY MaTeMaTH-
yeckas JIoThka OepeT Hayajao U3 JIOTMKU ApucTtotens. MaTeMatndeckas JIOTHKA SB-
JISIeTCSl HAYKOM O 3aKOHAaX MaTeMaTU4eCcKOro MbiiuieHus. [IpeqMeroM maremaruye-
CKOU JIOTMKU SIBISIFOTCSI MaTEeMaTUYECKUE TECOPUM B 1I€JIOM, KOTOPBIE H3Yy4arOTCS C
MIOMOIIIBI0 MAaTEMAaTUUECKUX SI3BIKOB. [Ipu 3TOM B MEpBYIO ouepeb UHTEPECYIOTCS
BOIIPOCAMU HEMPOTUBOPEUMBOCTH MATEMATUUECKUX TECOPUM, UX PA3BA3ZHOCTH U TOJI-
HOTBI.



Maremarnyeckasi JJOTHKa OTIMYAETCS TEM, UYTO MOJB3YETCS SI3bIKOM MaTema-
TUYECKHUX U JIOTUYECKUX CUMBOJIOB, UCXO/S U3 TOTO, YTO B IIPUHIIUIIE OHU MOTYT CO-
BCEM 3aMEHUTH CJIOBA OOBIYHOTO SI3bIKA M MPUHSTHIE B OOBIUHBIX JKUBBIX SI3bIKAX CIIO-
coObl 00BETMHEHHS CIIOB B Mpe/iiokeHnus. OCOOEHHOCTH MaTEMAaTUYECKOTO MBIIILJIe-
HUSI OOBSACHSIOTCS OCOOCHHOCTSIMU MaTeMaTHYSCKUX aOCTpaKIuii 1 MHOrooOpa3uemM
UX B3auMOCBs3eil. OHM OTpa)xaroTCsl B JOTMUECKON CUCTEMATU3allU MaTEMATUKH, B
JI0KA3aTeNbCTBE MATEMATUYECKUX TEOPEM. B CBSA3U C 3TUM COBPEMEHHYIO MAaTEMAaTH-
YECKYIO0 JIOTHKY OINPEACIISIIOT KaK pa3/iesl MaTeMaTUKH, TOCBSIIEHHBI U3yYEHUIO Ma-
TEMATUYECKHUX JI0KA3aTEIbCTB U BOMPOCOB OCHOBAHUN MaTEMATUKH.

B akcrmomaTHueCKOM MOCTPOCHUM MATEMATHYECKOW TEOPUM TMPEABAPUTEIIHHO
BBIOMpaeTCs HEKOTOpask CUCTEMa HEOIpEIeIsieMbIX MOHATUM M OTHOIICHUS MEXIY
HUMHU. DTH TIOHIATUS U OTHOIIICHHUS Ha3bIBAIOTCS OCHOBHBIMH. Jlajee 0€3 JoKka3aTellb-
CTBa MPUHUMAIOTCSI OCHOBHBIC IOJIOXKEHHSI PACCMATPUBAEMON TEOPUU - AKCHOMBI.
Bcé nanphelimee cogepkaHue TEOPUH BBIBOJMTCS JIOTUYECKU M3 akCUOM. BriepBbie
aKCHMOMAaTHUYECKOE MOCTPOCHUE MAaTEMATUYECKON Teopuu ObLIO TpeanpuuaTo EBkiu-
JIOM B TIOCTpOEHUH reomeTpuu. M3noxxenue 3tor Teopuu B Hauanax He 6e3ynpedHo.
EBknup 31ech mblTaeTcsl 1aTh ONPENEICHUE UCXOAHBIX MOHATHUH (TOYKH, IPSIMOMH,
IJIOCKOCTH). B 0Ka3aTenbCTBE TEOPEM HCMOIB3YIOTCS HUTJE SIBHO HE CHOPMYITHPO-
BaHHBIC MOJIOKEHUS, KOTOPbIE CUNTAIOTCSI OUYEBUIHBIMU. TakuMm oOpa3oM, B 3TOM I10-
CTPOEHUHU OTCYTCTBYET HEOOXOJMMasi JIOTHUECKasi CTPOTOCTh, XOTSI UCTUHHOCTD BCEX
TMOJIOKEHUN TEOPUHU HE BHI3BIBAET COMHEHUM.

OTMeTHM, YTO TaKOM MOJXOJ K aKCHOMAaTHYECKOMY MOCTPOCHUIO TEOPUU OC-
TaBAJICA €AUHCTBEHHBIM 10 XIX BeKa. bosbllylo poJib B U3BMEHEHUH TAKOIO MOAX01a
ceirpanu padotel H. U. JloGaueBckoro (1792-1856). JlobaueBckuii BriepBhIE B SBHOM
BHJIC€ BBICKa3al yOEXKJIECHHUS B HEBO3MOXKHOCTH JIOKa3aTEIhCTBA MSTOrO IMOCTyjaTa
EBknuaa u mogkpenut 3To yoexaeHue co3ganueM HoBoi reomerpuu. [1o3xe Hemel-
kil marematuk @. Kneitn (1849-1925) nokazan HENpPOTHBOPEUYMBOCTH T€OMETPUU
JloGaueBckoro, yeM (hakTHUECKH ObLIa JI0Ka3aHa U HEBO3MOXKHOCTh JIOKa3aTelIbCTBA
naroro nocrynara EBkimna. Tak Bo3Hukiu u Osutn pemieHsl B padbotax H. U. JloGa-
yeBckoro u @. KneiiHa BrepBbie B UCTOPUU MATEMATHKU MPOOIEMbI HEBO3MOKHOCTH
JI0KA3aTeNbCTBA U HEMMPOTUBOPEYUBOCTH B aKCMOMATUYECKOU Teopuu. Henporusope-
YUBOCTh AKCMOMATHYECKOW TEOPHUH SBISETCS OJHHUM M3 OCHOBHBIX TpPEOOBaHUA,
MPEABSABISIEMBIX K CUCTEME aKCMOM AaHHOU Teopuu. OHa O3HAYaeT, 4YTO U3 JaHHOU
CHUCTEMBI aKCHOM HEJb3Sl JIOTUYECKUM NYyTEM BBIBECTH JIBa MPOTHBOPEUYMBBIX IPYT
IPYTY YTBEPKACHUS.

Jloka3aTenbCTBO HEMPOTHBOPEYMBOCTH AKCHUOMATHYECKUX TEOPUM MOMKHO
OCYIIECTBUTh pa3auyHbiMH Metojgamu. OnuuM n3 Hux sBisiercs METOJl MOJIE-
JINPOBAHUS win UHTEPIIPETALIMI. 3nech B KauecTBe OCHOBHBIX MOHSTHIl U
OTHOIIICHUI BBIOMPAIOTCSA 3JIEMEHTHl HEKOTOPOTO MHOXECTBA U OTHOIICHUS MEXKIY
HUMH, a 3aTEM MPOBEPSIETCS, OYYT JIU BHIMOTHATHCS JJIs1 BBIOPAHHBIX MOHSATUN U OT-
HOILICHUN aKCUOMBI JAaHHOM TE€OPUHU, TO €CTh CTPOUTCS MOJENb ISl JAHHOW TEOPUH.
Tak, aHamuTHYeCcKass reoMeTpHs SBIAETCS apuPMETHUECKON MHTEprpeTanuend reo-
MeTpuu EBkimaa. SIcHO, 4TO METOJ MOJEIIUPOBAHUS CBOJUT BOIIPOC O HENPOTUBOPE-
YUBOCTH OJIHOM TEOpUU K TPoOeMe HEMPOTHBOPEUYMBOCTH JIPyroit teopuu. boib-
IIMHCTBO MHTEPIIPETAIUH JIJIT MaTEMAaTUYECKUX TEOpHUi (U, B YACTHOCTH, JJIs apud-

9



METHKH) CTPOUTCS Ha O6a3e Teopuu MHOxkecTB. OnHako B KoHIe XIX Beka B TeOpuuU
MHOKECTB ObUIM OOHApY>KEHBI MPOTHUBOPEUUs (MapagoOKChl TEOPUU MHOXKECTB). Sp-
KUM IIPUMEPOM TAKOTO Mmapagokca sipisiercs napagokce b. Paccena.

[Tpumep. HazoBEéM MHOXKECTBO HOPMAJIBHBIM, €CJI OHO HE COJIEPIKUT Cce0s1 B
Ka4yeCTBE CBOETO 3JIEMEHTA U HEHOPMAJIbHBIM B IIPOTUBHOM CIIy4ae.

Hanpumep, MHOXKECTBO BCEX KHHUI - HOPMAJIbHOE MHOKECTBO, 4 MHOYECTBO

BCEX MBICIMMBIX BEILIEH - HEHOpMajabHOE MHOXeCTBO. Ilycte L - MHOXeCTBO
BCEX HOPMAJIbHBIX MHOXKECTB. K KakoMy kiaccy oTHocHuTcs: MHOkecTBO L? Ecimum L -
HOPMAaJIBHOE MHOYKECTBO, TO Lel, T.€. COLEPKUTCS B KJ1ac-

C€ HOpMaJIbHBIX MHOKECTB, HO TOTJla OHO COJCP>KUT ceOs B Ka4eCTBE CBOETO dJie-
MEHTA, U II03TOMY HEHOpMaJIbHO. Eciu L - HeHopMaiibHOE MHO)KeCTBO, TO L¢ L, T.c.
HE COAEPKUTCS CPer HOPMAJIBHBIX MHOXECTB, HO Torna L He comepkut ceds B Ka-
YeCTBE CBOEr0 JJIEMEHTa, U TMOTOMY OHO HOpMaibHO. Takum 00pa3om, TOHS-
THE HOPMaJIbHOI'O MHOKECTBA MTPUBOIUT K MPOTUBOPEUHIO.

[TonbITKU yCTpaHUTH MPOTHUBOPEUYHS B TEOPUH MHOXECTB MPUBEIIA K HEOOXO-
JAMOCTH IIOCTPOUTHh aKCHOMATHUUYECKYIO TEOPUI0 MHOKECTB. [locnenyromue 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
paszButhl [{. TMJIBBEPTOM (1862-1943) u ero mkomnoil. OHU OCHOBBIBAIOTCS HA MO-
CTPOCHUM MATEMATUYECKUX TEOPUM KaK CUHTAKCUYECKUX T€OPHU, B KOTOPHIX BCE aK-
CHUOMBI 3aIlUCHIBAIOTCS (POpMYJaMU B HEKOTOPOM ajipaBUTE U TOUHO YKa3bIBAIOTCS
MpaBuJia BEIBOAA OJHUX (GOPMYJ U3 APYTHUX, T.€. B TEOPUIO KaK COCTABHAsl YacCTh BXO-
AT MaTEMAaTUYEeCKas JIOTUKa.

Takum oOpa3oM, MaTeMaTH4ecKas TEOpHs, HENPOTUBOPEUHUBOCTH KOTOPOM
TpeboBaJOCh J0Ka3aTh, CTaja MPEIMETOM JPYyrod MaTeMaTU4eCKOW TEOpHUH, KOTO-
pyto T'mnbepr massan METAMATEMATUKOW, wmmu TEOPUEN JOKAB3A-
TEJIbCTB. B cBsi3u ¢ 3TUM BO3HHMKAET 3ajJaya MOCTPOEHUS CHHTAKCHYECKOH, T.€.
dhopMaTn30BaHHON aKCMOMATHYSCKOW TEOPHUH CaMOM MaTEeMaTHYECKOM JIOTUKH. BEI-
Oupas Mo-pazHOMY CHCTEMbl aKCHOM U TIpaBUjia BbIBOJA OJAHUX (DOPMYI U3 JIPYTHUX,
MOJIY4Yal0T Pa3IN4YHbIe CHHTAKCHUECKUE Jorudeckue teopur. Kaxayro u3 HUX Ha3bl-
BatoT JIOTUHECKUM NCUHUCJIEHMEM.

OcHOBHas UIesl MATEMAaTHYECKOU JIOTUKU - (popMau3anus 3HAaHUN U PacCyxk-
nenuid. 3BecTHO, 4TO Haubosee Jierko (hopMaau3yeMbie 3HAHUS - MaTEMaTHUECKHE.
Takum oOpa3om, MaTeMaTHUeCKas JIOTHKa, 10 CYIIECTBY, - HAyKa O MaTEMAaTHUKe, WU
MeTaMareMaTuka. [{eHTpalbHbIM MOHATHEM MAaTEMaTUYECKOM JIOTUKU SIBIIAETCSA =~ Ma-
TeMaTHYECKOEe JTI0Ka3aTenbCcTBO". JleMCTBUTENbHO,  JA0Ka3aTelbHbIe" (MHAYE TOBOPS,
JEYKTUBHBIE) PACCYXIEHUS - €IWHCTBEHHBIM BHJI MPU3HABAEMBIX B MaTEMAaTHUKE
paccyxaeHui. PaccyxaeHns B MaTeMaTHUYE€CKOM JIOTUKE M3Y4YalOTCA C TOYKHU 3PEHHUS
(dhopMBI, a HE CMBICIIA.

ITo cyiiecTBy, paccyXAeHUS MOJICIUPYIOTCS YUCTO = MEXaHUYECKUM' Mpoliec-
coM nepenuchiBanus Tekcta (hopmyi). Takoi mpoiiecc Ha3bIBAIOT BHIBOJOM.[ 0BOpAT
enle, 4TO MaTeMaTH4ecKasl JIOTUKAa ONEPUPYET TOJIbKO CUHTAKCUYECKUMHU TMOHATHS-
MU.OTHAKO OOBIYHO BCE JK€ BaXXKHO, KAK COOTHOCSITCS PACCYXKJEHUS C JIEHCTBUTEIb-
HOCTBIO (MJIM HAIIMMU TpeqicTaBieHus MK ). [loaTomy, Halo BCE )K€ UMETh B BUY He-
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KOTOPBIN cMbICT (OpMyJT U BeIBOJAA. [Ipy 3TOM HCMONIB3YIOT TEPMHUH CEMaHTHKA (CU-
HOHUM CJIOBA = CMBICI'") U YETKO Pa3AENSAIOT CHHTAKCUC U ceMaHTuKy. Koraa xe nen-
CTBUTEILHO UHTEPECYIOTCS TOJIBKO CHHTAKCHCOM, YaCTO MCIOJIB3YIOT TEPMUH  (op-
ManpHasg cuctema'. Mpl OyaeM HCMOJIb30BaTh CHUHOHMM JTOTO TEpPMHHA -
“ucumcinenne"  (MCHONB3YIOTCS  emé€ TEepMUHBI  (QopManbHas Teopusa' U
““akcroMatuka'). O0BEKTOM (OPMATLHBIX CUCTEM SIBJISIOTCS CTPOKHM TEKCTa (Mociie-
JIOBATEIbHOCTH CUMBOJIOB), C TIOMOIIIbIO KOTOPBIX 3aIMUCHIBAIOTCS (hOPMYJIBI.
dopmMmarbHas cucTeMa onpeseseHa, eclu:

- 3agaH andaBuT (MHOKECTBO CUMBOJIOB, UCIIOJIb3YEMBIX ISl HOCTPOCHHUS
dhopmyn).

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

- Beineneno MHokecTBO (hOpMyJ, HA3bIBAEMBIX aKCHOMAaMU. DTO - CTAPTOBBIE
TOYKHU B BBIBOJIAX.

- 3aJlaHO MHOKECTBO MPABUJI BBIBOJA, KOTOPHIE MO3BOJIAIOT U3 HEKOTOPOU
dbopmybl (MM MHOKECTBa (POPMYIT) TTOTydaTh HOBYIO (OPMYITY.

OTpunanmne JOTMYECKOTO BBICKA3bIBAHUS - JOTUYECKOE BBICKA3bIBAHUE, IIPU-
HUMalollee 3HaueHue "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.

Bremnee orpunianue (porno3uIMOHAIBHOE) CIIYXKUT JJIs1 00pa30BaHUs CIOK-
HOTO BBICKa3bIBaHUs U3 APYroro (He o0s3aTelIbHO MPOCTOr0) BhICKa3biBaHUs. B Hem
YTBEPKIAETCSI OTCYTCTBUE MOJOKEHUS JIE€], OMMCHIBAEMOTO B OTPHUIIAEMOM BBICKA3bI-
BaHUU. TpaJUIIMOHHO OTPUIIATEILHOE BHICKA3bIBAHUE CUUTAETCS UCTUHHBIM, €CIIU, U
TOJIBKO €CJIU, OTPULIAEMOE BBICKA3bIBAaHUE JIOKHO. B €CTECTBEHHOM SI3bIKE OTPHUIIAHUE
OOBIYHO BBIpAXKAETCS 00OPOTOM «HEBEPHO, UTO», 32 KOTOPHIM CIIEYeT OTPUIIAEMOE
BBICKa3bIBaHUE.

B s3p1kax (hopMalIbHBIX TEOpH OTPHUIIAHUE HA3bIBaeTCA 0co0asi yHapHas Mpo-
MO3UIIMOHAIFHAS CBA3KA, UCIIOJIb3yeMast /it 00pa3oBaHMs U3 OJHON (OpMYIIbI ApPY-
roii, 6osiee ciaoxkHOM. J{ns1 0003HaUEHUI OTpUIIAHKE OOBIYHO MCIOJIB3YIOTCS CUMBO-
761 «\OTPUIIAHKEY, «-» WIH «- 1». B Kilaccnueckoi Joruke BricKa3biBaHui hopmyna -
A WCTHHHA TOTJIa ¥ TOJIBKO TOT/Ia, Korna opmyia A JI0xKHa.

OpHako B HEKJIACCHUYECKOW JIOTMKE OTpHUIIAaHUE MOXKET HEe 00yalaTb BCEMH
CBOMCTBaMH KJIACCUYECKOT'0 OTpUIIaHMsI. B 3TON CBS3M BO3HUKAET BIIOJHE 3aKOHO-
MEpHBI BOIPOC 0 MUHUMAJIbLHOM HAa0Ope CBOMCTB, KOTOPOMY JIOJKHA YAOBJIETBO-
PATHh HEKOTOpas yHapHas oreparusi, 4ToObl €€ MOKHO ObLIO CUMTATh OTPUIIAHHUEM, A
TaKkKe O MPUHIUNAX KJIacCU(PUKAIUU Pa3IUYHBIX OTPHUIAHUAX B HEKJIACCMYECKUX
(hopMabHBIX TEOPUSIX.

@akTUYECKH YKA3aHHOE BbIIIE TPAAUIMOHHOE TOHUMAHHUE BHELIHETO (IIPOIO-
3UIIMOHAILHOTO) OTPHUIIAHUS MOXKET OBITh BBIPAKEHO Yepe3 CHUCTEMY CIEIYIONTUX
tpeboBanmii: (I) Ecmu A - uctunno (J10%HO), TO He-A - noxHO (uctuHHO); (I1I) Ecnm
He-A - HCTUHHO (JI0)KHO), TO A - 10XHO (MCTUHHO). OTpUIIaHUE, YIOBIETBOPSIOIIEE
ycioButo (1), IpuHATO HA3bIBATh MUHUMAIbHBIM OTPHUIIAHUEM. .
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BHyTpeHHee oTpullaHue BXOJUT B COCTAB MPOCTOr0 BhICKa3bIBaHUA. Paznnya-
IOT OTPULIAHUE B COCTABE CBSI3KU (OTpHUIATEIbHAS CBA3KA) U TEPMUHHOE OTPULIAHHE.

OTpunianre B COCTaBE CBSI3KH BBIPAYKAETCS] C TOMOIIBIO YACTUIIBI «HE», CTOS-
el nepes Ti1aroJioM-CBsI3KOM (€CIIM OH UMEETCSI) WM MEePE]] CMBICIIOBBIM TJIar0JIOM.
OHO CIYXHUT HJii BBIPOKEHUS] CYXIACHUH 00 OTCYTCTBHHM KAKHX-TO OTHOIICHHMA
(«Ban nHe 3Haet Ilerpay), unm ans oOpa3oBaHUs OTPUIIATEIHLHOW MPETUITUPYIOIICH
CBSI3KH B COCTaBE KaTErOPUUYECKUX aTpUOYTUBHBIX CyxaceHUI. TepMUHHOE OTpUllaHNe
HCTIONB3YyeTCs JJisi 00pa3oBaHUsSI HEraTUBHBIX TEePMUHOB. OHO BBIpaXKAECTCS Yepes
MIPUCTABKY «HE» WK OJU3KHE e 1o cMbIcy («Bce Hecrenblie 10710KHU - 3eJIEHBIe) ).

KonblOHKIUA JBYX JIOTHYECKHX BBICKA3bIBAHUMN - JIOTUYECKOE BBICKA3bIBA-
HUE, UCTUHHOE TOJIbKO TOI/Ja, KOrJa OHU OJHOBPEMEHHO MCTHHHBI (OT JiaT.
conjunctio - COr3, CBSI3b), B IIMPOKOM CMBICIIE - CJI0)KHOE€ BBICKa3bIBaHHE, 00pa30-
BaHHOE C MTOMOIIBIO CO03a «M». B MpUHIINMIIE MOKHO TOBOPUTHh O KOHBIOHKIIMH Oec-
KOHEYHOT'O YMCJIa BBICKA3bIBAHMU (HApUMeEpP, O KOHBIOHKIIMN BCEX UCTUHHBIX MPEI-
JIOKEHUN MaTeMaTHKH). B JIOTMKEe KOHBIOHKIMEW Ha3bIBAIOT JIOTUYECKYIO CBS3KY
(omeparuto, QyHKIMIO; 0003HAYAIOT: &,); 0Opa30BaHHOE C €€ MOMOIIBIO CIOXKHOE
BBICKA3bIBAHUE UCTUHHO TOJIBKO MPH YCIOBUU OJMHAKOBOW MCTHHHOCTH €TI0 COCTaB-
Jsromux. B Kilaccuueckou JIOTMKe BhICKAa3bIBAHUN KOHBIOHKIMS BMECTE C OTPULIAHU-
€M COCTaBIIIOT (PYHKIIMOHAIBHO-TIOJIHYIO CHUCTEMY MPOMO3UIIMOHAIBHBIX CBS30K.
OTO O3HAyYaeT, YTO Yepe3 HUX MOXKHO OMPEIEIUTh JIOO0YI0 JIPYTyH0 MPOMO3UIHO-
HaJIbHYIO CBA3KY. OJTHUM U3 CBOMCTB KOHBIOHKITUU SIBJISIETCS KOMMYTaTUBHOCTH (T. €.
SKBUBAJICHTHOCTh A& B 1 B & A). OnHako, nHOr/1a rOBOPST 0 HEKOMMYTAaTUBHOM, T.
€. YIOPSI0YCHHON KOHBIOHKIUU (IPUMEPOM BBICKA3bIBAHMS C TAKOW KOHBIOHKIIMU
MOXET CIYKUTh: « IMIIIUK CBUCTHYJI, U JIOIIAAN TTOCKAKAIN).

JAM3bIOHKIMSA IBYX JIOTHYECKUX BBICKA3bIBAHUM - JIOTUYECKOE BHICKA3bIBAaHUE,
HMCTUHHOE TOJIBKO TOTJIa, KOTJIa XOTs Obl OJHO M3 HUX UCTUHHO(OT jaT. disjunctio -
pazobiieHne, 000co0JIeHHE), B IIIUPOKOM CMBICIIE - CIIO’KHOE BBICKa3bIBaHUE, 00pa3o0-
BaHHOE U3 JIBYX WK 00Jee MPEIIOKEHHM C TTOMOIIBIO CO03a «HIINY», BEIPAKAIOIIETO
ATbTEPHATUBHOCTD, WU BHIOOP.B CHUMBOJIIMYECKON JIOTUKE NU3BIOHKIIMECH HA3bIBAIOT
JIOTHYECKYIO CBA3KY (omepanuio, (GyHKIIHI0), 00pa3yIolyo U3 mpeiokennii A u B
CJIO)KHOE BBICKa3bIBaHUE, 0003HauUaeMoe 0ObIYHO Kak A V B, koTopoe sBisieTcs uc-
TUHHBIM MPU UCTUHHOCTHU IO KpailHE# Mepe OJHOTO U3 JABYX AU3BIOHKTHUBHBIX 4JIE-
HOB.

NMnuiukanms JByX JIOTHYECKUX BBICKa3bIBaHUU A U B - ormdeckoe BbICKa-
3bIBaHUE, JIOKHOE TOJILKO TOrjAa, korjaa B joxkHo, a A uctunHO (OT jat. implicatio -
CIJIeTeHHe, OT Implico - TECHO CBSA3BIBAIO) - JIOTMYECKAsI CBSI3Ka, COOTBETCTBYIOIIAS
rpaMMaTUYECKON KOHCTPYKIUU «ECIHH.., TO...», C TOMOIILI0O KOTOPOM U3 JIBYX MPO-
CTBhIX BBICKa3bIBaHUN 00pazyeTcsl CIOXKHOE BbICKa3bIBaHHE. B MMIIJIMKATUBHOM BBI-
CKa3bIBAHUM PA3IMYalOT aHTEICJACHT (OCHOBAHHE) - BBICKA3bIBAHUE, MAYIIEE IMOCTE
CJIOBA «ECIN», U KOHCEKBEHT (CIEACTBUE) - BHICKA3bIBAHKE, UAYIIEE 32 CIIOBOM «TO».
NMnrkaTuBHOE BBICKA3bIBAHHE MPEJICTABISIET B SI3bIKE JIOTUKU YCIOBHOE BBICKA3bI-
BaHME OOBIYHOTO si3bIKa. [locneaHee urpaer 0codyro pojb, Kak B TOBCEIHEBHBIX, TaK
Y B HAYYHBIX PACCY>KJEHUAX, OCHOBHOU €ro (PyHKIIMEH ABISIETCSI 00OCHOBaHUE OJTHO-
ro IMMyTEM CCBhUIKM Ha HEYTO JIPYTOE.
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BoipaxkaeMyl0 yCIIOBHBIM BBICKAa3bIBAHUEM CBSI3b OOOCHOBBIBAIOIIETO U 000C-
HOBBIBAEMOTO TPYJHO OXapaKTepU30BaTh B OOIIEM BHUJE, U TOJIBKO WHOTIIA IPUPOIA
€€ OTHOCUTEJIBHO SICHA.

OTta CBs3b MOXET ObITh, B YACTHOCTH, CBS3bIO JIOTMUECKOTO CJIEIOBaHMUS,
MMEIOIIEeH MECTO MEXIY MOCHUIKAMHU M 3aKJIIOYEHHEM MPaBUILHOTO YMO3aKITIOUCHHUS
(«Ecnm Bce kMBBbIE MHOTOKJIETOYHBIC CYIIIECTBA CMEPTHBI U ME/y3a SIBJSETCS TaKUM
CYIIIECTBOM, TO OHAa cMepTHa»). CBSI3b MOXKET MPEJICTABIATh COOOM 3aKOH MPUPOIBI
(«Ecm Temo moaBeprHyTh TPEHHUIO, OHO HAYHET HArpeBaThCS») WM NPUYUHHYIO
cBs3b («Ecnu JlyHa B HOBOJTlyHME HaXOAMUTCS B y3Jie€ CBOEH OpOUTHI, HACTYyMHAeT COJ-
HEUYHOE 3aTMEHHuE»). PaccmaTpuBaemasi CBA3b MOXKET UMETh TaKXKe XapaKTep COLHU-
aJbHOM 3aKOHOMEPHOCTHU, MpaBuja, Tpaauiuu U T.1. («Eciam MeHseTrcs 3KOHOMUKA,
MEHSETCS U NMOJUTHKay, «Eciu o0elianue 1aHo, OHO J0JKHO ObITh BBITIOJTHEHOY ).

CBs13b, BeIpakacMasi yCIIOBHBIM BBICKAa3bIBAHUEM, TIPEAIIOaraeT, YTo KOHCEK-
BEHT C OTPEJEICHHON HEOOXOIUMOCTBIO «BBITEKACT» U3 aHTEIEJCHTA U YTO €CTh He-
KOTOPBIH OOIIUI 3aKOH, CyMEB CHOPMYIHPOBATH KOTOPHIHA, MBI MOKEM JIOTMUECKH
BBIBECTU KOHCEKBEHT W3 aHTele[eHTa. Hampumep, ycnoBHoe Bbicka3biBaHue «Eciu
BUCMYT- METaJII, TO OH IJITACTUYCH» MperoaraeT o0mnuii 3akon «Bce MeTas mia-
CTUYHBI», JISTAIONUH KOHCEKBEHT JIaHHOTO BBICKA3bIBAaHUS JIOTHYECKUM CJICJICTBHEM
€ro aHTeleCHTA.

N B 0OBIUHOM sI3BbIKE, M B SI3BIKE HAYKH YCJIOBHOE BBICKA3bIBAHUE, KPOME
GyHKIMA 00OCHOBAaHHUS, MOKET BBITTOIHATH TAKXKE ICNBINH psa Apyrux 3amad. OHO
MOXKET (POpMyJIHMPOBaTh YCIOBHE, HE CBSA3aHHOE C K.-JI. MOAPAa3yMEBAeMbIM OOIIUM
3aKkOoHOM Wiu mpaBuioM («Eciu 3axouy, paspexy CBOW IJamp), pukcHUpoBaTh Ka-
KYIO-TO TOCJeA0BaTenbHOCTh («Eciu mponuioe j1ieto ObUI0 CyXHM, TO B 3TOM TOJY
OHO JIOXJIMBOE»), BhIpaXKaTh B CBOe0Opa3Hoil ¢opme HeBepue («Eciu Bl pemmre
3a/auy, 5 JOKaxy Benukyto teopeMmy depmay), mporuBonocrasieHue («Eciu B oro-
poJie pacTeT KamycTa, TO B Caay pacTeT s0JOHs») U T.I. MHOTOYMCIEHHOCTh U pa3-
HOPOJHOCTh (DYHKIIMI YCIIOBHOTO BBICKA3bIBAHUS CYIIIECTBEHHO 3aTPYIHSET €r0 aHa-
3.

B nornueckux cucremax abCTparupyroTcs OT 0COOEHHOCTEH OOBIYHOTO YIIOT-
pebJieHHs YCIOBHOTO BBICKA3bIBAHMS, UTO BEJET K Pa3IUYHBIM UMIUTMKausaM. Hau-
0oJiee M3BECTHBI U3 HUX MMIUIUKAIUS MaTepUasibHAasi, CTpOTas UMIUIMKAIUA U pee-
BaHTHAas (yMECTHasl) UMIUIUKALIUS.

Mamepuanvnaa umnauxayus - OHa U3 OCHOBHBIX CBSI30K KJIACCHYECKOU JIOTH-
k. Omnpezensercss oHa TakuM 00pa3oM: UMILIUKALIMS JIOKHA TOJIBKO B CIy4yae HC-
THUHHOCTH aHTEIEJICHTa M JIO)KHOCTH KOHCEKBEHTAa M HMCTHHHA BO BCEX OCTAIBHBIX
ciaydasx. YcioBHOE BbICKasbiBaHHe «Ecnmu A, To B» mpeamnonaraer HEKOTOPYO pe-
aNBHYIO CBSI3b MEXIY TEM, O YeM TOBOPHUTCS B A U B; BeIpakeHHe «A MaTepuaIbHO
UMIUTAIIIpPYET B» Tako# cBs3u HE Mpeanoaraer.

Cmpoeas umnaukayus ONPENesseTcs 4epe3 MOJAIbHOE MOHATHE (JIOTHYECKOM)
HEBO3MOXKHOCTH: «A cTtporo umruuiupyer B» o3nauaer «HeBo3moxkHO, 4TOOBI A
OBLJI0 UCTUHHO, a B J103kHOY.

B peneBaHTHOU JIOTMKE MMIUIMKALKS MIOHMMAETCS KaK YCIOBHBIA COIO3 B €0
OOBIYHOM CMBICIIE.
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B ciyuae peneBaHTHON UMIUIMKAILIMS HEJIb3sl CKa3aTh, YTO HCTUHHOE BHICKA3bI-
BaHHE MOXET ObITh OOOCHOBAHO MYTEM CCHUIKM Ha JII000€ BBICKA3BIBAHUE U YTO C
MTOMOIIIBIO JIO)KHOTO BBICKA3bIBAaHUSI MOKHO OOOCHOBATh KaKOE YTOJHO BBICKA3bIBa-
HUE.

IKBHUBAJIEHTHOCTD JIBYX JIOTHYECKUX BBICKA3bIBAHUM - JIOTUYECKOE BHICKA3bI-
BaHUE, UCTUHHOE TOJIbKO TOT/la, KOrJa OHU OJJTHOBPEMEHHO MCTUHHBI WJIH JIOKHBI (OT
Mo37HeNaT. equivalens - paBHOILIEHHBIN) - POJOBOE€ HAMMEHOBAHUE BCEBO3MOKHBIX
OTHOIIICHUI THUIA PaBEHCTBA, T.€. PEPIICKCUBHBIX , CAMMETPUYHBIX U TPAH3UTUBHBIX
OMHApHBIX OTHOIIEHUH. [IpuMephl: SKBUMOJEHTHOCTH (COBIIAJICHUE 110 CMBICTY, 3Ha-
YEHUIO, COJICPKAHUIO, BBIPA3UTEIbHBIM U (MJIM) I€TYKTUBHBIM BO3MOXXHOCTSIM MEXK-
Ny TOHSATUAMH, KOHUEMIUSMU, HAYYHBIMU TEOPUSIMH WU (HOPMATU3YIONIUMU HX
(bopMaIbHBIMU CUCTEMAaMH) KOHTPYEHTHOCTh WM MOJ00HE reoMeTpusi, Puryp; mu3o-
MOpP(pU3M; PAaBHOMOIIIHOCTh MHOKECTB U JIPyTrU€ IKBUBAJICHTHOCTh KaKMX-TU00 00b-
€KTOB O3HAYaeT WX PABEHCTBO (TOXIECTBO) B KaKOM-JTMOO OTHOIICHUM(HAIIPUMED,
M30MOPGHBIE MHOKECTBA HEPAIMUMUMBI 110 CBOEH "CTpyKType", ecinu moja "CTpyKTy-
poil" MOHMMATh COBOKYITHOCTh T€X UX CBOMCTB, OTHOCUTEIBLHO KOTOPBIX 3TU MHOXKE-
cTtBa n3oMop(Hbl). Beskoe OTHOIEHWE SKBUBAJIEHTHOCTH MOPOXKIAET pa3OHeHHE
MHOKECTBA, HA KOTOPOM OHO OINPEAEJICHO, Ha MOMAPHO HE MEepeCceKaronInecs "Kiiaccol
SKBUBAJICHTHOCTH " B OJIMH KJIACC OTHOCSIT MPU ATOM SKBUBAJIECHTHBIEC JIPYT JIPYTy
AJIEMEHTHI JAHHOTO MHOKECTBA.

PaccmoTpeHue Ki1accoB 3KBUBAJICHTHOCTH B KAYECTBE HOBBIX OOBEKTOB IMPE/I-
cTaBJsieT cOOOM OJIMH U3 OCHOBHBIX CIIOCOOOB MOPOXKI€HUS (BBEACHMS) a0CTPAKTHBIX
MOHATUN B JIOTUKO-MAaTeMaTH4YeCKUX (M BOOOIIE €CTECTBEHHO-HAYUYHBIX) TEOPHUSX.
Tak, cunTas SKBUBaJICHTHBIMU JpoOu a/b u ¢/d ¢ 1eabIMU YUCIUTENISIMU U 3HaMeHa-
TensaMu, eciid ad=bc, BBOJAT B pacCMOTPEHUE pallMOHAIbHbBIE YKCIa KaK KJIACChl JK-
BUBAJICHTHBIX Jpo0ei; cuuTash SKBUBAJICHTHBIMH MHOXECTBA, MEXKIY KOTOPBIMU
MOXHO YCTAaHOBUTH B3aUMHO-OJIHO3HAYHOE COOTBETCTBHUE, BBOJSAT MOHSATHUE MOIIHO-
CTH (KapIWHAJIBHOTO YHKCJa) MHOXKECTBA (KaK KJIacC SKBUBAJEHTHBIX MEXIY COOOM
MHOKECTB); CUMTAsl SKBUBAJICHTHBIMU JIBAa KyCKa BEIIECTBA, BCTYNAIOIINE B PABHBIX
YCJIOBUSIX B OJJMHAKOBBIE XUMHYECKUX PEAKIINH, PUXOJIAT K a0CTPAKTHOMY IMOHSATHIO
XUMHYECKOTO COCTaBa U T.II.

TepmuH " SKBHUBAJICHTHOCTD' YMOTPEOISIOT YaCTO HE KaK POJIOBOM, a KaK CH-
HOHUM HEKOTOPBIX M3 €r0 YaCTHBIX 3HA4YC€HWH (''SKBUBAJIEHTHOCTh TEOPUH' BMECTO
"3KBUBAJICHTHOCTH', " SKBUBAJICHTHOCTh MHOXECTB'" BMECTO '"paBHOMOIIHOCTBH', "
SKBUBAJICHTHOCTH CJIOB" B aOCTpaKkTHOM anredpe BMECTO "TOXAECTBO" U T.I1.).

MaremaTndeckass JIOTMKa SIBISETCS HAYKOM O 3aKOHAX MAaTeMaTHYECKOTO
MblnuieHusA. [IpuMeHeHne MaTeMaTUKU K JIOTMKE MO3BOJWJIO INPEICTABUThH JIOTHYE-
CKHE TEOpUU B HOBOW ynOOHOU (hopMe U MPUMEHUTH BBIUMCIUTENbHBIA anmapar K
pPELICHNIO 3a7a4, MaJOJOCTYIIHBIX YEJIOBEYECKOMY MBILIJICHUIO, U 3TO, KOHEYHO,
pacimupmio o0JacTh JIornueckux uccienoBanuil. Cdepa npuMeHeHUs: MaTeMaTHye-
CKOM JIoTMKM oueHb ImMpoka. C KaxKIbIM IOJOM pacTeT IyOOKOe NMPOHUKHOBEHHE
ue U METOI0B MaTeMaTUYECKOM JIOTUKH B MH(POPMATHKY, BRIYUCIUTEIbHYIO MaTe-
MaTHUKY, JUHTBUCTUKY, Quiiocoduio. MOIIHBIM UMITYJILCOM JJISl Pa3BUTHS U PACIIH-
peHust 00JacTU MPUMEHEHHUS] MAaTEMaTHYECKON JIOTMKHU CTaJO MOSBJICHUE 3JEKTPOH-
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HO-BBIUYMCIUTENBHBIX MamuH. OKa3ajaoch, 9TO B paMKaX MaTEMaTHYCCKON JIOTHKH
y>K€ €CTh TOTOBBIN ammapar JJis TPOSKTUPOBAHUS BBHIYUCIUTEILHON TEXHUKUA. MeTo-
Tl U TIOHATHS MATEeMAaTHYE€CKOM JIOTUKU SIBIISIETCS OCHOBOM, SIIPOM WHTEIUICKTYallhb-
HbIX WHGOPMAIMOHHBIX cucTeM. CpelcTBa MaTeMaTHUeCKOM JIOTUKKA cTainu A dek-
TUBHBIM Pab0YMM HHCTPYMEHTOM JUJIS CIELUATUCTOB MHOTHUX OTpacjiell HayKu H
TEXHUKUA. MaTreMaTuuecKyro JIOTUKY HEOOXOJIMMO 3HATh BCEM CIEIHAINCTaM, He3a-
BHUCHMO B Kakoi cpejie oH pabotaeT (0y/b TO HHKEHED, MIPETNOaBaTelNb, IOPUCT WIIH
Bpay).

3.  Cuayuaiinble cOOBITHS U BEPOATHOCTH

JIEeMEHThbl KOMOMHATOPHUKH
Onpenenenue. Komounamopuxa — pasnesl JMCKPETHOM MaTEMAaTUKH, KOTOPBIH
M3ydaeT KOJUYeCTBa KOMOWHAIIMM, COCTAaBICHHBIX M3 KOHEUYHOI'O YHCJIa 3JICMEHTOB
3aJJaHHOTO KOHEYHOI'0 MHOYKECTBA 3JIEMEHTOB PAa3JIMUYHOU MPUPOJIbI, PA3TUUYAIOITUECS
KOJIMYECTBOM H/WJIH TIOpsIAKOM. K TakuM KOMOMHAITUSIM OTHOCSITCS
- nepecmanosku P - 4icino crnoco00B, KOTOPHIMU MOKHO IE€PECTaBUTh 71 3JIe-

MEHTOB. UKCII0 NEpecTaHOBOK U3 71 2JIEMEHTOB MOKHO HaiTH 1o popmyie P = n!.

- couemanusi C' - 4UCIO CIIOCOOOB, KOTOPBIMU MOXHO M3 7 3JIEMEHTOB BbI-

OpaTh m 3JIEMEHTOB, IPUYEM IOPSIIOK SJIEMCHTOB B KOMOMHAIIUU M3 71 3JIEMCHTOB
0e3pazanucH. YnCao IepecTaHOBOK M3 71 3JIEMEHTOB IO 71 3JIEMEHTOB MOKHO HAWTH
n!
m m n—m
no popmyine C" =——————, npustom C' =C"™".
m!(n—m)!
- pasmewenuss A" - 4UCIO CIIOCOOOB, KOTOPBIMU MO>KHO M3 71 3JIEMEHTOB BBI-

OpaTb m >IEMEHTOB, pacroJiarasi B3siTble M 3JIEMEHTOB B pa3IMyHOM mopsiake. Ywuc-
JIO pa3MelIeHU U3 7 BJIEMEHTOB MO 7 BJIEMEHTOB MOXKHO HaWTH 1o dopmyrie
m_ Nl
" (n—-m)!
CayuaiiHble COOBITHS
HenocpencTBeHHbIN MOICYET BEPOATHOCTH
Onpenenenue. [lon cryuatinvim cobvimuem MOHUMAETCs BCAKHUM (DAKT, KOTO-
pBIi B pe3ysIbTaTe UCTIBITAHUS MOKET TPOU30NTH MU HE TTPOU3ONTH.
BeposaTHOCTh COOBITHSI XapaKTEpHU3yeT CTeNeHb OOBEKTHBHOM BO3MOKHOCTH
HACTYTUICHUSI 3TOTO COOBITHSI.
Onpenenenue. Heckonbko cOOBITHI B TAHHOM UCIBITAHUM HA3bIBAIOTCS I10-
MIapHO HeCO8MeCmHbIMU, €CIIM HUKAKUE J1BAa U3 HUX HE MOTYT MOSIBUTHCS BMECTE.
Onpenenenue. Heckonbko cOOBITHN B JAHHOM WCIIBITAHUU HA3bIBAIOTCS pas-
HOBO3MOMCHbIMU, €CITU HU OJHO M3 HUX HE SBJSETCS O0OBEKTUBHO 00Ji€€ BO3ZMOKHBIM
110 CPAaBHEHUIO C OCTAIbHBIMU.
Onpenenenue. Heckonbko cOOBITHI B TAaHHOM UCIIBITAHUN OOPa3yIOT HOJHYIO
2pynny, €clii B pe3ysibTaTe UCTIBITAHUS 0053aTEIBHO JAOJKHO MOSBUTHCSA XOTS ObI OJ1-
HO U3 HUX.
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Onpenenenue. CnaydaifHble COOBITHS, 00pa3ylolIME MOJIHYIO TPYIIy HECOo-
BMECTHBIX U PAaBHOBO3MOXKHBIX COOBITUN, HA3BIBAIOTCS CAYUAAMU (UCXOO0AMU, WIAH-
camu).

Onpenenenue (Knaccuueckoe onpeoenenue eepoamunocmu). Eciiu pesyinbra-
ThI OJTHOTO WCIIBITAHUS MOXKHO TPEJCTABUTH B BUJE TMOJHOW TPYIIBI 7 PAaBHOBO3-
MOHBIX U HECOBMECTHBIX MCXOJIOB U €CIU COOBITHE A TOSBISETCS TOJIBKO B M
CIIyJasix, TO BEpOSATHOCTh COOBITHSI A paBHA OTHOIIECHHUIO YHUCIIA CITy4aeB, B KOTOPHIX
COOBITHE A TIOSABIISACTCS, K OOIIEMY YHCITY BCEX CITyJacB:

P(A) :%

3ametum, uto Bcerga 0<P(A)<1. Ilpu 3tomM coObITHE, AJII KOTOPOIrO
P(A4) =0, Ha3bIBaeTCA HEBO3MOICHBIM, & COOBITHE, Il KoToporo P(A)=1, Ha3biBa-

€TCSI 00OCMOBEPHBIM.

[ToHsiTHE TEOMETPUUECKON BEPOATHOCTU MOKHO paccMaTpuUBaTh Kak 00oO1e-
HUE MOHATHUS KJIACCUYECKON BEPOSTHOCTH Ha Ciydyail ¢ OECKOHEYHBIM (HECUETHBIM)
yuciIoM ucxoAoB. Ecnu OporieHHas Haygady TOYKAa MOXKET MOMACTh B JIIOOYIO TOUKY
obnactu G, TO BEPOATHOCTh MOMACTh B KaKy-TM00 yacTh g obsnactu G (coObITHE
A) mponopuroHaibHa MEPE ITOW YacTH (AJIMHE, IJIOIIAI1, 00bEMY) U HE 3aBUCHUT OT
pacmosokeHus: 1 GOpMbl FITON YaCTH:

p(a)=2PLE
mepa G
OCHOBHBIE T€OPEMBI TEOPUH BEPOSITHOCTEMN
Onpenenenue. Cymmoii A+ B nByX coObITUl A W B Ha3bIBaeTCsi COOBITHE,
COCTOSIIEE B HACTYIUICHUH XOTs ObI OJTHOTO U3 3TUX COOBITHIA.
Onpenenenue. Cymmori HECKONBKUX COOBITUM Ha3bIBaeTCs COOBITHE, CO-
CTOSIIIIEE B HACTYIUUICHUH XOTS OBl OJTHOTO U3 3TUX COOBITHIA.
Ecnu Heckoiabko COOBITHI MOMAPHO HECOBMECTHBI, TO UX CyMMa CBOJUTCS K
MOSIBJICHUIO OJTHOTO COOBITHS (0e3pa3uyHo Kakoro). [[is IByX HECOBMECTHBIX CO-

ObiTHii A 1 B ux cymma 4+ B eCThb COOBITHE, COCTOSIIES B TOSBICHUHN U A, WU
B.

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

Onpenenenue. //pouzgedenuem HECKOIBKUX COOBITHI Ha3bIBa€TCs COOBITHE,
COCTOSIIIIEE B COBMECTHOM HACTYIUICHUH BCEX ATUX COOBITUM.

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

Onpenenenune. 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 -
HeCcOBMeCTHBIE coObITHS, ToTna P(A+ B)= P(A)+ P(B)
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CaencrBue. Ilycte A4,4,..,4 - nomapHO HECOBMECTHble cOOBITHS, 00pa-

3YIOILLKE MTOJIHYIO PYIILY, TOrAA
P(A+A4,+..+A4)=P(4)+P(4,)+..+ P(4)=1.

Caencrsue. Ilycts A4,4,...,A, - nonapHo He3aBUCUMBIE COOBITHS, TOTIA BE-

POSITHOCTh HACTYIUIEHUS XOTs1 ObI OJHOTO U3 3TUX COOBITUN HAXOAUTCS 1O popMyiie
P(A+A +..+A)=1-P(A4-A4,-4)=1-P(A)-P(4,)--P(4,)

Onpenesienue. J/[Ba HECOBMECTHBIX COOBITHSI, OOpa3yIoNue MOJIHYIO TPYIIy,
Ha3BIBAIOTCS MPOMUBONONOJCHVIMY W 0003HaYaroTcss kak A u A, npu 3ToMm
P(A)+P(A)=1.

Teopema (ciioKeHUSI BEpOATHOCTEN COBMECTHBIX coObITH) Ilycth A u B -
COBMeECTHBIE cOObITUS, TOTNa P(A+ B)=P(A)+ P(B)— P(A-B)

Teopema (YMHOXEHUSI BEPOATHOCTEN He3aBUCUMBIX coObITHI) [Tycth A U B -
He3aBUCHUMBIE cOObITUSA, TOTAa 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,)
Onpenesienue. BeposTHOCTh COOBITHS B, BBIYUCICHHAS B MPEIIOIOKEHUH,
9TO COOBITHE A TPOU3OILIO, HA3BIBACTCSA VCIOBHOU BEPOSAMHOCHbIO COOBITUA B U
ob6o3Havaetrcs P(B/ A).

Teopema (yMHOKEHUSI BEpOSTHOCTEM 3aBUCUMBIX coObITHH) [TycTh 4 U B - 3a-
BUCHUMBIE cOObITHS, ToTHAa P(A-B)=P(A)- P(B/ A).
Caencrsue. Ilycts 4, 4,...,4, - 3aBUCUMBbIE COOBITHS, TOTAA
P(4-A4,---A)=P(A) P(4,|4) - P(4|AA,) - P(A | 44,4, -4 )
[Ipumep.B kopoOke 5 oAMHAKOBBIX HM3CIUM, MPUYEM 3 U3 HUX OKPAIICHBHI.
Haynauy u3Bneuens! 2 uznenus. HaliTu BEpOSITHOCTh TOTO, YTO CPEIH 2-X U3BJICUECH-
HBIX U3JIETTUN OKaXXETCsl: a) OJIHO OKpallleHHOe; 0) 2 OKpaIleHHBIX; B) XOTS OBl OJTHO

OKpAlICHHOE W3JICIINE.
Bocnonb3yemcss  dopmysioli  KJIACCHYECKOro  IMOJCYeTa  BEPOSITHOCTEH

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

a) Onpeaenum 4KuciIo OJaronpusITHBIX UCX0A0B m. OYEBUIHO, UTO CIIOCOOOB,
KOTOPBIMH MOYKHO M3BJIeUb | OKpalmIeHHoe nu3aenue u3 3 u 1 HeoKpameHHOe U3/IeHe
3! 2!
211! -1
Bcero momyautcs m =6 crnoco0oB.
1,1
GG _6
c: 10
0) OmnpenenuM 4YUCIO OJaronpUATHBIX HMCX0JI0B m. Cnoco0oB, KOTOPHIMU

U3 2, PaBHO COOTBETCTBEHHO: C; =

Torma P(A)=

5
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3!

MO’KHO M3BJIEYb 2 OKPALICHHBIX M3/eNust U3 3, paBHo C; = CYET 3
Torma m=3.
c; 3
Torma P(4)=—=—=0,3.
(4) c: 10

B) llepsuviii cnocod. CobbiTHE A — U3BIEKIN XOTS Obl OJTHO OKpPALIEHHOE U3JIe-

mue. Torma coObiTHe A - HA OJTHOTO OKpamieHHOTo. OnpeaenuM 9uciio 0JaronpusT-
HBIX UCX0/10B 7. CriocoO0B, KOTOPHIMH MOKHO M3BJICYb 2HEOKPAIICHHOE U3ICTUS U3
2
2 pasno C; =1.
Bcero nonmyuurtcst m =1 cnoco6oB.
c; 1
= —2 = —_— = 0’1 .
c; 10
Torna P(4)=1-P(4)=1-0,1=0,9.
Bmopoti cnoco6. Xotst 061 0HO OKpaIlIeHHOE — OJTHO WM JiBa. B pelienun non
a) MOJCYNTaHa BEPOSATHOCT TOTO, YTO M3BJICYCHO OJHO OKPAIICHHOE HU3JIene, 0T 0)
— JIBa OKpalleHHBIX. Toraa BeposSTHOCTh TOTO, YTO M3BICYCHO XOTS OBl OJHO OKpa-

IIEHHOE U3JIeJINE, paBHA CYMME P(A) =0,6+0,3=0,9

P(4)

[Ipumep. U3 ypHBI, comepxalieit 1Ba OENbIX U TPU YEPHBIX I1apa, U3BICKAIOT
o oJHOMY Oe3 BO3BpalleHus Bce Imapbl. Hailtu BeposTHOCTH coObITHIl: 1) TpeTwii
map Oelblil; 2) TpeTui 1 YeTBEPThIN 1Iaphl Oenble; 3) NAThIA map Oenblil, eciau nep-
BbIN OBbLIT OETIBIi.

1) Bo3MOKHBI clie1yIolue BapUaHThI:

[lepBblii map — Genblid, BTOPON — YEPHBIA, TPETHI — OEIIbI.

[lepBblii map — yepHbIi, BTOPON — O€JIbIiA, TPETHI — OEJIbI.

[lepBblil map — yepHbIA, BTOPON — YEPHBIN, TPETHI — OEIIbIN.

HalineM BEpOATHOCTH KaXKJ0I'0 M3 3THX BapUAHTOB, UCIOJIb3YsS TEOPEMY YyM-
HOXKCHHS BEPOSITHOCTEN 3aBUCUMBIX COOBITUN:

231 1
P 0
321 1
PEST0
322 1
PSS
Toraa no Teopeme CloKeHUsI BEPOSITHOCTEH HECOBMECTHBIX COOBITUH IMOJTyda-

2) Haiinem BepOSATHOCTb TOTO, YTO MEPBBINA 1IAP — YEPHBIN, BTOPOIl — YEPHBIH,
TpeTuil — OeINbIil, YETBEPTHIA - OCNBIN, UCTONIB3YSI TEOPEMY YMHOKEHHUSI BEPOATHO-
CTEl 3aBUCUMBIX COOBITHI:

3221 1
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3) HaiineM BeposITHOCTH TOTO, YTO MEPBBIN I1ap — O€Nblii, BTOPO — YEPHBIH,
TPETUN — YEepPHBIN, YETBEPTHIA — YEPHBIN, MATHIN - OCNBIN, UCTIONB3YSI TEOPEMY YM-
HOXKCHHS BEPOSITHOCTEN 3aBUCUMBIX COOBITU:

2321 - 1
5432 10

[Tpumep.BeposaTHOCTH TIOSBICHUST KaXKOTO U3 ABYX HE3aBUCUMBIX COOBITHUIA
u B coorBercTBeHHO paBHbl 0,6 1 0,5. HailTu BEpOSATHOCTH MOSBICHUSI TOJIBKO OJIHO-
ro U3 HUX.

CoOniTeC, cocTosiiee B MOSIBJICHHM TOJILKO OJHOIO M3 COOBITMMA U B, 3a-
KJIFOYaeTCsd B TOM, YTO MOSIBISAETCA COOBITHE A, HO HE MOSBISIETCS cOObITUE B Min
coObITHM B HacTynaer, a coobiTHEe 4 HE HAcTymaeT. BeposATHOCTh MOSIBIEHUS COOBI-
TUsIA paBHa P(A) =0,6, a HEHACTYIUICHUS coObITHsA paBHa

P(Z ) =1-P (A) =1-0,6=0,4. BepoarHocTs moOsABIECHUS CcOObITUS B paBHa
P(B)=0,5,a P(B)=1-P(B)=1-0,5=0.5.

Torma P(C)=P(A)P(B)+P(A4)P(B)=0,6-0,5+0,4-0,5=0,5.

[Tpumep. BepositHOCTH TOTO, YTO OmpezesieHHas Ta0IuIa CONEPKUTCS B Kax-
JIOM 13 TpeX crpaBoYHUKOB paBHHI 0,6; 0,9; 0,75. HaiiTu BepoATHOCTH TOTO, YTO Tab-
JUA HE COJEP’KUTCS HU B OJHOM CIIPABOYHUKE.

[Iycth coObiTHEA COCTOUT B TOM, YTO TaOJIWIA HE COAEPKUTCA HU B OJHOM

CTIIpaBOYHHKE.
CoObiTue 4, - Tabnuua COAEPKUTCS B IEPBOM CIIPABOYHUKE, TOTJAA

p(A,)=0,6, a BepOsATHOCTb TOrO, 4TO TaGIMIA HE COACPIKUTCS B IIEPBOM CIIPABOY-
HUKE p(A]) =1 —p(Al) =0,4.
Ananoruyno, A4, - TabIauIa COAEPKUTCA BO BTOPOM CIPABOYHMKE, TOIJA

p(Az) =0,9, a BEpOsITHOCTH TOTO, UTO TAOJIHIIA HE COACPIKUTCS BO BTOPOM CIIPABOY-
HUKE p(;xz) =1-p(A,)=0,1.

U, A, - Tabnuua conepXuTcsi B TPETbEM CIIPABOYHUKE, TOTAa p(A3) =0,75,a
BEPOATHOCTh TOTO, YTO TaOJMIla HE COAEPXKHUTCI B TPETbEM CIPABOUHUKE
p(A,)=1-p(A,)=0,25.

Cobbitust 4, A,, A, HE3aBUCUMBI, IO3TOMY 10 TeopeMe 00 YMHOXKEHUU Be-
postrocteit p(A) = p(4,4,4,)=p(4) p(4,)p(4,)=0,4-0,1-0,25=0,01.

[Ipumep. Kaaposas cinyx0a 6anka Ha 00bsiBieHue B utepaete momyunina 300
pestome. IlpakThika TOKa3bIBAa€T, YTO BEPOSATHOCTH TOTO, UTO IPETCHJICHT HMEET
BhIcIIee oOpa3oBaHue, paBHa (0,7, BEpOSATHOCTh TOTO, YTO MPETCHACHT MMEET OIIBIT
pabotel B 6anke — 0,3, a BEpOATHOCThH TOTO, YTO MPETEHJACHT UMEET U BhICIIee 0Opa-
30BaHHE, M ONBIT paboThl B Oanke — 0,2. OIEHUTHh KOJUYECTBO TNPETCHIACHTOB,
HMMEIOIIHX WM OIBIT padOoTHl B OaHKE, WM BBICIIEE 0Opa3oBaHUE.
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[Tycth coObITHE A COCTOMT B TOM, YTO IMPETEHJIEHT UMEET BhICIIee 0Opa3oBa-
HUEe, B -— TMpEeTeHJEHT MMeeT OmbIT paboThl B Oanke. Ilo ycnoBuio p(A):O.7,

p(B) =0.3. CobObiTE AB COCTOUT B TOM, YTO MPETCHACHT UMEET U BhICIIEe 00pa3o-

BaHME, U ONBIT pabOTHI B OAHKE. p(AB) =0.2.

Haiinem BEpOATHOCTb TOTO, YTO MPETEHJICHT, UMEET WUJIU OMBIT pabOThI B OaH-
K€, WU BbIcIIee 00pa3oBaHUE, TO €CTh p(A + B) :

Tak xak4 B COBMECTHBIC COOBITHS, TO IO TEOPEME O CyMME BEPOSTHOCTEH
COBMECTHBIX COOBITHIA
p(A + B) = p(A) + p(B) — p(AB) )
p(A +B) =0.74+03-0.2=0.8

OrneHuM KOJUYECTBO MPETEHICHTOB, UMEIOIINX WKW OMBIT paboThl B OaHKe,
uin  Beicmiee oOpasoBanue. Bcero 300 mpeTeHIEHTOB. CnenoBaresnbHO,
300-0.8 =240 nmpeTeHACHTOB UMEIOT WUJIU OTBIT pabOTHI B OaHKE, WIIU BhICIIEEe 00pa-
30BaHUeE.

OO0BeM KOHTAaKTHOM palbOThl 00YyYarOIIErocss MPU OCBOCHUHU JIUCIUILIMHBI
(Momyst)

4. DJIEMEHTBI CTATHCTHKH

Koneunas 1ienb 1100070 MCCIEAOBaHUS COCTOUT B BBISBICHUH 3aKOHOMEPHO-
creii. OIHU TPOSIBISIOTCS B €AMHUYHBIX CIy4asX W HA3bIBAIOTCS TUHAMUYECKHUMU
3aKOHOMEPHOCTSIMH. XapakTep JUHAMUYECKONW 3aKOHOMEPHOCTH YCTAaHABJIMBAET I10-
BEJICHUE KaXJO0ro Mpu3Haka. J[pyrue - TOJbKO BMACCOBBIX, T.€. B TPYMIE SIBJICHUU,
KOTOpasi Hapsay ¢ MpU3HAKaMH, NPUCYIIUMH WHJIUBUAYAJIbHBIM SBJICHUSM, XapaKTe-
PUBYIOTCS U OOIIMMH JIJISl BCEX - CTATUCTUYECKUE 3aKOHOMEPHOCTH.

OO11IeCTBEHHOE SIBJIEHHUE CKJIQJbIBACTCS W3 MAaCChl MHJIWBHUAYaJIbHBIX U BHI-
SBUTh 3aKOHOMEPHOCTH O3HAYaeT HAWTH MOBTOPSEMOCTb BHYTPU BCEH MacChl sIBJIC-
HUM, TJIe HApSAy C TJIaBHBIMHU JEHCTBYET M MHOXECTBO BTOPOCTEIEHHBIX, HEYCTOM-
YUBBIX, CIy4alHBIX (PAKTOPOB. DTO MPUBOIUT K TOMY, YTO B OOIIECTBE HET CTPOTO
OTPE/ICIICHHBIX JUHAMHYECKUX 3aKOHOMEPHOCTEH.

Cratuctuyeckas 3aKOHOMEPHOCTh SIBJISIETCSI KOJIMYECTBEHHBIM BbIpaKEHUEM
oTpeeeHHON TeHIeHIUU. MOXKHO OOHAPY UTh CTATUCTUYECKYIO 3aKOHOMEPHOCTD
pacnpocTpaHeHus: KyJIbTypbl KapTodens B Poccun B rojibl KpeCThbsTHCKON BOWHBI MO/
npensogutensctBoM E.llyraueBa. AHanu3upys MOJyYE€HHBIE JAHHBIE, UCTOPHUK Ha
OCHOBE COJIEPKATEIbHOI0, KAUECTBEHHOI'O MOAX0JIa PEIIAET, OTPAKAET JU HalJCH-
Has CTaTUCTUYECKAas 3aKOHOMEPHOCTb HCTOPUYECKOE SIBJIECHUE, KAaKYI0 CTEIEHb
0000ITIeHNS HECET, KaKue YCIIOBHS €€ OTPEICIIHIIN.

BoabIMHCTBO SIBIEHUN MOXKET XapaKTepU30BaAThCS JIMOO C TOUKH 3PEHUS Yac-
TOTHI TOBTOPEHUSI BO BPEMEHH WUJIM MIPOCTPAHCTBE, TOT/Ia 3aJa€TCsI BOIPOC: CKOJIBKO
pa3? — mubo ¢ TOYKH 3pECHUS] YPOBHS WM MHTEHCUBHOCTU: KAKOB YPOBEHb WJIM KaKO-
Ba CTEIMEeHb MHTEHCUBHOCTU? B 000MX ciydasx sSIBICHUS MOKHO BBIPAa3UTh B KOJIMYE-
CTBEHHOM (opme.
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Boe16opounblii MeTos1 ucnonb3oBaics B JpesHem Erunte u antuunoil I'peruun
IIPA U3YYECHUHU SIBJICHUW XO3SIMCTBEHHOW XWU3HH, a B Pycckom rocymapctee XVII u
XVIII BB. npuMeEHSIICA 1T ONPEACIICHUS BEJIUYNHBI BCETO YPOKasl.

Wnest BLIOOPOYHOTO METO/Ia — 3aMEHHUTH CILJIOLIHOE 00CIIEJOBAHUE MAaCCOBBIX
OJTHOPOJIHBIX OOBEKTOB YACTUYHBIM UX OOCJIEIOBAHUEM, HE JOMYyCKas MPH 3TOM CY-
IIIECTBEHHBIX OMIMOOK B BBIBOJAX. {51 3TOro BhIOOpKA NOJDKHA OBITH pErpe3eHTa-
THUBHOW,T. €. JIOCTATOYHO XOPOIIO MPEACTABIISATh U3Yy4YaeMbId NMPU3HAK F€HEPAIBHON
COBOKYITHOCTU, YTO OOECIIEUMBAETCS CIIy4alHOCThIO OoTOOpa. ObecnedyuTh ciydaii-
HOCTb BBIOOPKH, €CJIM UCTOPUK MPOU3BOIUT OTOOP JAHHBIX W3 MHOTOYMCIIEHHOW re-
HEpaJIbHOM COBOKYITHOCTH COXPAHUBIINXCSA CBEICHUM, BO3MOKHO IIPU IMOMOIIM JKpe-
Oust MU TAOJMIIBI CITYYaHBIX YHCE]L.

Ecnu >xe mpu nomouy >kpelusi Wik CIy4alHbIX 4ucesl 0TOOp BBINOJ-
HUTH HE YAACTCS, MPUMEHSIOTCS IPyTrue CoCOObl BHIOOPKU: MEXaHUYECKUM, TUTIUYE-
CKUU U CEpUNHBIN.

[Tpu mexanuueckou 6vib60pke TeHepaidbHasi COBOKYIMHOCTh pa30uBaeTcs
Ha paBHbBIC YaCTH U W3 KXKIOW "acTu Oepercs ojHa eauHuna. ['eHepaabHyr COBO-
KYITHOCTh TP MEXaHUYECKOM OTOOpE MOXKHO PAaHKHUPOBATh WM YMOPSAOYUTH IO
BEJIMYMHE U3YYaE€MOT0 WJIM KOPPEIUPYIOUIErOo C HUM MPU3HAKA, YTO MO3BOJIUT MOBbI-
CUTh PEIpe3eHTaTUBHOCTh BhIOOpKU. Hampumep, mpu 5%-Hoil BBIOOpKE WHTEpBAT
otbopa coctaBuT 20 equHuIl, Toraa 0TOOP HYXHO HauuHaTh ¢ 10-i wiu ¢ 11-i equ-
Huubl. B nepBom citydae B BeiOOpKy nonanyt 10, 30, 50, 70 u ¢ TakuM ke MHTEpBa-
JIOM TOCJEAYIOIINE €IUHULIBL, BO BTOPOM Clly4ae - €IuHUIBI ¢ HoMepamu 11, 31, 51,
71 u .o

Tunuueckas, unu pauoHupo8anHas, 6blOOPKA 3AKIIOYAETCS B pasjele-
HUU T€HEPaJIbHOM COBOKYMHOCTH Ha THUIHMYECKUE TPYIIIbI, 00pa30BaHHBIC MO KaKO-
My-n00 npusHaky. Hanpumep, Tepputopus, nojjexaiias oOCae0BaHHIO, pa3iens-
€TCSl Ha PalOHbBI, OTIUYAIONIUECS COIMATBHO-IKOHOMUYECKHUMU WM Teorpadude-
CKUMH YCIOBHUSAMU. 1 13 KaXK10TO pailoHa MPOU3BOAST OTOOP €IUHUIL B BHIOOPOUHYIO
COBOKYITHOCTb.

[Ipu ceputinoii 66100pKe COBOKYITHOCTD JENAT HA OJIMHAKOBBIC TIO 00Be-
My TPYIIIbI — cepuu. B BEIOOPOUHYIO COBOKYIMHOCTH OTOMPAIOTCS CEpUU, a BHYTPH
cepuil MPOU3BOJIUTCS CIUIOIIHOE HAOJMIOJEHUE €AWHHUL, TOMAaBIIUX B CEPHUIO.

[TpumeHeHne Toro win UHOro croco0a 0TOOpa 3aBUCUT OT CBOMCTB M3y4aeMo-
ro SIBJICHUS U TIOTOMY MPEJIONaraeT o0sa3aTesIbHOE IPEeIBAPUTETLHOE 3HAKOMCTBO C
00BEKTaMH UCCIIECIOBAHU.

I'pynnuposxa - Hanbosee pacpoOCTPaHEHHBI NMPUEM MPEICTABICHUS COBO-
KYIMHOCTH Pa3pO3HEHHBIX JaHHBIX B yJIOOHOM s Bocmipusitusi ¢popme. ITO Hayajb-
HBI 3Tan 00pabOTKU JTaHHBIX MCTOYHHMKOB, (PYHIaMEHT JUIsl OOJIBIIMHCTBA JPYTUX
IIPUEMOB MAaTEMaTUKO-CTaTUCTHYECKOTO aHaiau3a. biaromaps TpynImMupOBKE MOKHO
COOTHECTH CBOJIHBIE IOKA3aTENH 110 COBOKYITHOCTH B II€JIOM CO CBOJHBIMU ITOKa3aTe-
nsiMu 110 rpynmnam. [TosBisieTcs BO3MOKHOCTh CpaBHUBATh, aHAJIM3UPOBATH IPUYHUHBI
pa3IMyuuii MEXIY TpyIIamMu, U3y4aTh B3aUMOCBSI3U MEXAY MPU3HAKAMU.

Metona rpyninupoBKH MO3BOJISIET CIOKHOE SBIICHHUE MPEACTABUTh YEPE3 PsII
0oJiee MPOCTHIX, YTO MMOMOTAET MPUNTH K aHAJIN3Y BCEHW CHUCTEMBI B 11eJioM. MeTo-
JIOM TPYNIHUPOBKU XAPAKTEPU3YIOTCS TUIBI SIBJICHUM B UX B3aWMHBIX OTHOUICHH-
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X, a TaK)KE€ BCKPBIBAETCS NMPUUMHHAS 3aBUCUMOCTH MEXIY OTIEIbHBIMU (haKTO-
pamMu B 00IIel TeHICHIMEH pa3BUTHUS IIpoIlecca.

B Hayke pasznuuaroT 3 OCHOBHBIX BHJA TPYNIUPOBOK: TUIMOJOTHUYECKHIA,
CTPYKTYPHBIN, aHAIIUTUYECKUM.

Tunonocuueckas pynnuposka pacuieHseT KauyeCTBEHHO-PA3HOPOJIHYIO CO-
BOKYITHOCTh Ha OJHOPOJIHBIE TPYMIIbI, HA TUIBl. B OCHOBY IpyNnmnupoOBKHU 3aKia-
IBIBAETCSI KAYE€CTBECHHBIM Ipu3HaK. [Ipumepom THUIIOJIOrMYECKON TPyNIUPOBKU
BBICTYNAET pacnpeieieHUe MPOMBIIUIEHHOCTH MEepHoJa HOBOW 3KOHOMHYECKOU
MOJUTHUKUA N0 COLIMATBHBIM CEKTOpaM - TOCyJapCTBEHHas, KOONEpaTUBHAs, YacT-
Has. Beinenenue TUIIOB HA OCHOBE KOJIMYECTBEHHOIO MPHU3HAKA COCTOUT B ONpefe-
JIEHUU TPYIIl C y4E€TOM 3HAYCHHUM (BETMYUHBI) M3ydaeMbIX Mpu3HakoB. [Ipu sToMm
OYEHb BA)XHO MPABUIIBHO YCTAHOBUTH MHTEPBAJI IPYIIUPOBKHU, HA OCHOBE KOTOPOIO
KOJIMYECTBEHHO PA3JIMYAIOTCS OJHM TPYIIbI OT APYTUX, HAMEYAIOTCS TPAHUIIBI BbI-
JIEJICHUS UX HOBOT'O KAYeCTBA.

Cmpykmypnasa epynnupogka TpPeICTaBIsIeT Ka4yeCTBEHHO-OJHOPOIAHYIO CO-
BOKYITHOCTh B BHJI€ KOJIUYECTBEHHBIX T'PYMI. B OOJIBITMHCTBE CBOEM CTPYKTYPHBIC
IPYNIUPOBKUA TPOU3BOAATCS HAa OCHOBE OOpa30BaHUS Kaue€CTBEHHO OJHOPOIHBIX
IpyMI, XOTS HEPEAKO OHU MPUMEHSIOTCS U 0€3 MpeIBapUTEIbHOTO pacUJICHEHHs CO-
BOKYITHOCTH Ha 4acTh. B OCHOBY 3TUX TPYNIHUPOBOK 3aKJaJIbIBAETCA KOJIUYECT-
BEHHBIN Tpu3HaK. [[puMepoM MOXKET CIYXKUTh pacrmpeesieHne padodux Mo cra-
Ky, IO pazMepam 3apabOTHOM MIAThI, 10 BO3PACTY.

Tperuil MeTO — METOJ AHATUMUYECKOU ePYNAUPOBKYU - 3AKIII0YAETCs B HC-
CJIEJOBAHUHU B3aMMOCBSI3€l MEXAY (PAKTOPHBIMU MPHU3HAKAMU B KaU€CTBEHHO OJI-
HOPOAHON COBOKYMHOCTH. C TMOMOIIBIO aHATUTUUYECKUX TPYHIHUPOBOK YyHAETCA
BBISIBJISITh IPU3HAKHU, KOTOPHIE MOTYT BBICTYNATh WJIM MPUYUHOMN, UJIN CIICACTBUEM
TOrO WJIM WHOTO SIBJIEHUSA. DTOT METOJ €lle€ Ha3bIBalOT (PAKTOPHBIM, MPHU 3TOM
OJWH W3 MPU3HAKOB IPYNIUPOBKU paccMaTpuBaeTCsl KakK pe3ylbTar, a APyrou -
kKak (¢aktop. Hampumep, gaHa rpynmupoBKa MajbIX NPEANPUATHH IO pazMepam
NpUOBLIN U MPOJIOTIKUTEIHBHOCTA 000poTa cpencTs. [Ipu ogHOM U TOM Ke CpOKe
000poTa KanmuTaia NPeAnpusiTUs MOTYT UMETh Pa3HYIO MPUOBLIb, CIE0BATEIbHO,
MpU3HAK «000PAYNBAEMOCTh CPEACTBY - PakTOp (WU yCIOBHUE), a TPU3HAK KIIPHU-
OBLIBY - pe3ynbTar. YTOOBl YCTAHOBUTDH CBSI3b MEXKY NMPU3HAKAMU, JaHHbBIC TPYII-
MUPYIOTCS 1O MPU3HAKY-(PAKTOPY.

Pe3ynpTaThl rpynnupoBOYHOIO Marepuana o(hOpMIISIIOTCS B BUJIE TAOJIULL WU
B MHBIX rpapuyeckux (opmax. Ha 0aze rpynnupoBKH pacCUMTHIBAIOTCS CBOJHBIE
MOKa3aTeNd 1o TpyIiaM, NOSBISIETCS BO3MOKHOCTh UX CPaBHEHUS, aHAJIW3a PUUYUH
pazIMuuii MKy TpymHIaMu, U3y4eHUsl B3aUMOCBSI3el Mex Ay mpu3Hakamu. [ pynmnu-
POBKa CO3/1a€T OCHOBY ISl MOCJEAYIOIIEH CBOJKH U aHAJIU3a TAHHBIX.

O600uaroImMil KOJIMYECTBEHHBIM MMOKA3aTeNb, XapaKTePU3YIOIIUNA TUIIAYHBIN
YPOBEHb COBOKYIHOCTH IO ONPEAECICHHOMY IPU3HAKY HAa3bIBAIOT CPEJHEH BEJINYU-
HOM. OHa MMPOKO MPUMEHSETCA B PA3IUYHBIX OTpACISIX 3HaHUN.B umcropuueckoi
HayKe CpPEeIHHME BEJIIMYUHBI MMPUCYTCTBYIOT J1aBHO, HO HE B MOJIHOM Mepe. [lis obOpa-
OOTKHM MacCOBBIX JaHHBIX B CTATUCTUKE Pa3pabOTaHbl CPEHUE TAPMOHUYECKAsI, TeO-
MEeTpUYEeCKas, KBapaTUUECKasl, a TAKKE ONUCATEIIbHbIE CPEHUE - MOJA U MEJIMaHA.
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Cpeonsa apugpmemuyeckas (X) - SIBASETCS CaMbIM PACHPOCTPAHEHHBIN BUJ
cpenHux BenuduH. OHA UCYUCISIETCS TTyTeM OTHOIICHHS CyMMbI BCEX 3HAYCHUH TIPH-
3HaKa K 00IeMy YHCITy HaOJII0ICHHM.

X; + X, + X3+ -+ X,
X f
n

X4, X5, X3, ... X;, - BAPUAHTHI IPU3HAKA;

N — YUCJIO SAMHUI] HAOJIOICHMUS.

Mooa (Mo) npencrapiseT HanboJee YacTo BCTpeUaroIieecs 3HaYeHue IIpu3Ha-
Ka B YIOPSAJIOYEHHON COBOKYITHOCTH, HAauOOJIee TUITMYHOE Cpe/lHee 3HaUeHue. B muc-
KpeTHOM psiny Mo omnpenensiercs 6€3 BBIYMCICHUN Kak 3HAYEHUE MpU3HAKA C Hau-
OonpInieit yacToTol. JIJis BEIYMCIIEHUS MOJIBI B MHTEPBAJIILHOM PsAJTy CHadaJa orpeje-
JSIeTCS MOJANIBHBIN KJlacc, T.e. MHTEpBal ¢ HambOombIneil yactotoi. 3areM Mo BbI-
qucysercs no Gopmyie:

,TAe

P, — P,
Mo = X, +K ,rae
2P, — P, — P;

X~ HIDKHSISL TPaHUIa MOJAIbHOTO NHTEPBAIA;

K - BennuuHa uHTEpBAIA;

P, —yacToTa MHTEpBaJIa, MPEAUIECTBYIOIIETO MOJAIBHOMY;

P, - 4acToTa MOJIaJIbHOT'O UHTEPBAJIA;

P - yactoTa HHTEpBAaja, MNOCIEIYIOMIETO 32 MOIAJIbHBIM.

Meouana (Me) - BenuuuHa, Onpenessonias 3HaueHUe MpU3HaKa, HaXosIe-
rocsi B CEpeIMHE YyIOPAJLOYEHHONM COBOKYIIHOCTU. Meauana IejuT n3y4yaeMyro COBO-
KYITHOCTh TaK, YTO YUCJIO €IUHUII C OOJIBIITUM U MEHBIIINM, YeM MeJuaHa 3HAUCHUEM
MpU3HAaKa, OIMHAKOBO. B MHTEpBaAIILHON TPYNIUPOBKE ISl BEIYKCIIeHUs Me HeoOXo-
MO HaWTU MEJUaHHbIA MHTEPBAJ - UHTEPBaJ, KOTOPOMY COOTBETCTBYET IEpBas U3
HaKOIUIEHHBIX YaCTOT, IPEBBINIAIONIAS TTOJIOBUHY CYMMbI BCEX YAaCTOT psA/ia pacipe-
JeJeHMsl. 3aTeM CUMTAIOT 10 opMyIie:

YP/2-Ym—-1 .
P, TAC

X (- HIOKHSISI TPaHHUIAa MEAMAHHOTO HHTEPBAa;

K - BenuurHa METHAaHHOTO MHTEPBAJIa,;

Y. P- cymMa gacTor;

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

(HaKOIUIEHHAs YacTOTa B HHTEPBaJe, IPEANICCTBYIOIEM MEIMAHHOMY).

P,, - 4acTOTa MEJMaHHOTO HHTEPBAJA.

Cpeonsisi eeomempuyeckas, CpeoHsisi 6eUUHA NCTIONb3YETCs Il COXPAHCHUS
HCHU3MCHHOCTH IIPOM3BEACHUS WHAMBHIYaIbHBIX 3HAUEHHUN MPH3HAKA, HAIPHMED,
[pY aHAJIKM3€ AMHAMHUKHU (IJ1s pacyeTa CpeHero TeMiia pocTa), Ipu 3aJaHHOM MUHU-
MaJIbHOM U MaKCHMaJbHOM 3HAUYEHUAX MIPHU3HAKA.

Cpeonsisi eapmonuyueckas IPUMEHSIETCS, €CITU HEOOXOIMMO OCTaBHUThH IMOCTO-
SHHOM CyMMY BEIHYMH, OOPaTHBIX MHIMBHIYaIbHBIM 3HAUYEHUSAM IPU3HAKA, B 3TOM
cllydae 4acTOThI (Beca) HEM3BECTHBI, @ U3BECTHBI MMPOU3BECHHS MPH3HAKa HA COOT-

Me = X, + K
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BETCTBYIOIYIO YacTOTy (MPUMEPHI: CPEAHHUE 3aTpaThl TPyAa, BPEMEHH, MaTepHAJIOB
Ha OJIHY JIeTallb, CPEIHSIS YPOIKAMHOCTh, CPEIIHSASI CKOPOCTH U T.I1.).

Cpeonss keadpamuyeckas PaCCUUTHIBACTCSA, KOTJIa HEOOXOJIUMO COXPAHHUTH
HEM3MEHHOM CyMMY KBaJpaTOB MHAUBHUIYyaJIbHBIX BEJIIMYWH; MPU pacyeTe rmokasare-
Jel Bapuanuu (MpUMEpHI: CPefHsis IUIOMAb, CPEIHUN AMAMETpP, CPEIHsS IIUHA
KBaJ[paTHOTO y4acTKa U T.IL.).

dopMyIibl pacueTa CpeHEro 3HaUeHUs MoKa3aTelsa Yepe3 OTHOCUTEIIbHbIC Be-
JUYUHBI CTPYKTYPHI TIO3BOJITIOT 0XapaKTepHU30BaTh 3aBUCUMOCTh CPETHEH HE TOIBKO
OT WHIWBHUAYAJIbHBIX 3HAYCHUU OCPEIHSICMOW BEIIMYUHBI, HO U OT CTPYKTYpPHI COBO-
KYITHOCTH, TIOCKOJIbKY M3MEHEHHE CTPYKTYpPhl COBOKYIHOCTH NPHUBOIUT K H3MEHE-
HUIO CPEIHEH BEJIUYHHBI, P 3TOM WHIWBHIYaTbHBIC 3HAYCHUS OCPEAHIEMOTO TPH-
3HAaKa MOTYT OCTaBaThCs HEM3MECHHBIMH.

[Ipumep. MiMeroTcs gaHHbIE O pa3Mepax OCHOBHBIX (poH0B (MiH. py0) 30
npennpustuit: 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 MHTEpPBAIBHBIN P, TUCTOrPAMMY, MOJUTOH YaCTOT,
BBIYUCIIUTH MOJTY, MEJITUaHy, CPETHIOI0 TapMOHUYECKYIO.

[lo3HaHue CYIIHOCTH HMCTOPUYECKUX SBJICHUNW W MEXAaHU3MOB HMXPa3BUTHS
MIPEANOIaraeT pacKpbiTUEe BHYTPEHHUX CUCTEMHBIX CBSI3€WU MX OIICHKY. JTH CBS3H
CJIOKHBI U MHOTOOOpa3HbI, CpeId HUX HEOOXOAMMOBBIJIEIUTh Hau00JIee CyIIeCTBeH-
HbIe, OPMUPYIOIIHEXapaKTep PA3BUTHS SIBICHHUS.

BaxHeHWIIMM yCIIOBHEM aHaIM3a CBS3EH BCEX BUIOB SBIISICTCS BO3MOKHOCTBUX
KOJTMYECTBEHHOTO BBIpAXKEHUSA. Maremarndeckas CTaTHCTHKapa3paboTana IelTbli
PSA METOJIOB, MMOMOTAIOIINX PEUINTh 3Ty3anauy. Cpenu HUX —KopperayuoHHblll ana-
su3.JJaHHBIA METOJT MTO3BOJIICT YCTAHOBUTH HAIMYHUE, (POPMY M HaNpaBIEHHOCTH CBSI-
3W, a TaK)KE KOJMYECTBEHHO OIICHUTH €€ Crity. [Ipr 3TOMIIS YHUCIOBOTO BBIPKCHHUS
M3Y4aeMBbIX MPOIIECCOB U SIBIICHUN MOXHOIIOJIB30BAThCSI BCEMU ITKAJIAMU U3MEPEHUS,
MPUHATHIMU B COBpEMEHHOWHAayKe. Takas YHUBEPCAIBbHOCTh Cliejiana METOJl Koppe-
JSIMOHHOTOaHAIN3a BEChMa MOMYJSPHBIM M BOCTPEOOBAHHBIM B UCTOPUYECKUX HC-
CJIEIOBAHUSX.

Koppensanust — mokazaresb, OTpa)karolluid B3aMMHYIO 3aBUCUMOCTh JIBYX WJTU
6onee BenuuuH. [Ipy ATOM BENIUYWHBI TOJKHBI BHIOMPAIOTCS CIIy4ailHO, a 3aBUCH-
MOCTBh MOXKET OMPEJIEIATHCS TNOO0 COBMAJACHUEM, JIMOO OTHOIIEHUSMH IPUUYUHHOCTH.
Heo0xoaumo BBIICHUTD, HE SIBJISCTCS JIM KOPPEISIIIUS JIOKHOMU, TO €CTh OCHOBAaHHOM
Ha COBIaJicHuU. [[J1s1 ’TOTr0 BBOAUTCS €Ilie OJHA HOBas CydyalHas BEIHYMHA. TOIBKO
MIPU U3MEHEHUH 3HAYCHUS OJHOW BEJIMYHMHBI, KOTOPOE BJICUET 3a COOOM HEMHUHYEMOE
CHUCTEMATHYCCKOE M3MEHCHHUE 3HAYCHUS APYTOW BEIUYHHBI, KOPPEIAIUS CUHTACTCS
ycTaHOBJIIEHHOU. Takoe M3MeHeHHuEe MOXET ObITh BBIPAXKEHO B BUAE KO3(pduiueHTta
KOPPEJSAINH, W KOPPEIAITMOHHOTO oTHOMEeHHs. Ko duiment koppensaiuy moxa-
3bIBAET, HACKOJBKO TECHO JIBE MEPEMEHHBIX CBSI3aHBI MEXKTY COOOM.

B ocHOBe KOppPEISAIMOHHOTO aHaIM3a JICKHUT HJIEs] COMOCTaBICHUAKOICOaHU
3HAUYCHUN M3Yy4aeMbIX MPU3HAKOB OTHOCUTENBHO ApyT Apyra.Eciau uucienHsle 3Ha-
YEHHUS OJHOTO MPHU3HAKA HM3MEHSAIOTCS OJHOBPEMEHHOCO 3HAYEHHEM JIPYroro, TO
MOKHO MPEANOI0KUTD, YTO MEKTYHUMH CYIIECTBYET CBSI3b.
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B marematuke paznuyaroT (YHKIMOHAJIbHYIO M CTAaTUCTUYECKYHO 3aBUCH-
MOCTb.

OyHKIMOHAJIbHASA 3aBUCUMOCTD JABYX KOJIMYECTBEHHBIX IPU3HAKOB WM IIepe-
MEHHBIX COCTOUT B TOM, YTO KaXJIOMY 3HAYEHUIO OJHOU IEPEMEHHOM BCEraa COOT-
BETCTBYET OJIHO OIPEIEIICHHOE 3HA4YE€HUE JIPYyrou nepeMeHHoM. DyHKIHOHAIbHAA
3aBUCHMOCTB IMPEAINOJIAracT PacCMOTPEHUE IPU3HAKOB H30JIMPOBAHHO, OJHAKO B
OOIIIECTBEHHOMN KU3HU TOJI00HAsI CUTYaIlMsl CKIIajbIBacTCs KpaiiHe peako. Kak mpa-
BUWJIO, BO3JICHCTBHUE OJHOM MEPEMEHHON Ha APYTYIO HE M30JIUPOBAHO OT APYrux (ak-
TOPOB, & MPOUCXOAUT B YCIIOBHUSX WX BIMSHUA HAa W3y4aeMYyHK B3auUMOCBA3b. [l
ONMCAHUsA 0100HOTO pona 3aBUCHMOCTH HCIIOJIb3YETCS MIOHSI-
THE CTATUCTUYECKOW, NN KOPPEISLNOHHOM, CBS3H.

B otnuune ot GpyHKIMOHATBHOW 3aBUCUMOCTH, KOTJa KaKIOMY 3HAYEHUIO O/I-
HOI'O TMPHU3HAKa BCErAa COOTBETCTBYET OINPEACICHHOE 3HAYEHUE NPYTrOro, B Cilydyae
CTaTUCTUYECKOMN 3aBUCHMOCTH HEKOEMY 3HAYEHUIO OJHOTO IIPU3HAKA MOTYT COOTBET-
CTBOBATh PA3jM4HbIE 3HAYEHUs Apyroro. IIpmumHa 3TOro 3aKiIto4aercs B TOM, YTO
IIPU CTATUCTUYECKOM 3aBUCUMOCTH CBSI3b MEXAY NpU3HAKAMHU (IBYMs, TpeMs, He-
CKOJIbKAMH) OIIPEAEIIECTCS HE TOJBKO B3aUMOJEHCTBUEM MEXy HUMHA CAMHMH, HO U
BO3/JICIICTBMEM MHOXECTBa JPYrMX HEYYTEHHBIX (hakTopoB. B pesynpraTe Takoro
BO3JICHCTBHS CBA3b MEXKJY IPU3HAKAMU MPUCYTCTBYET U MPOSBIISETCA HE B KAXKIOM
KOHKPETHOM CJIydae, a TOJBKO «B CPEAHEM», KaK TeHIAeHLMs. 11o3ToMy yCcTaHOBUTH
HaJIMYMe B3aWMOCBS3U U ONPENCIIUTh €€ KOJUYECTBEHHYI0 MEPY MOKHO HE NOCPEN-
CTBOM E€IUHUYHBIX HAOJIOJCHUI, a JIMIIb MPUMEHUTEIBHO K OIpPEAENIEHHONH COBO-
KYITHOCTH OOBEKTOB, T.€. B CPEJHEM 10 OTHOIIEHHUIO K MAaCCOBBIM OOBEKTaM WIIU SIB-
neHussM. COOTBETCTBEHHO XapaKTEPU3YIOIINE 3TH OOBEKThI WM SBJICHUS KOJIUYECT-
BEHHBIE II0KA3aTENM HA3BIBAIOTCA MACCOBBIMHM JTaHHBIMH.AHAIU3 CTaTHCTUYECKOU
(KOppensIuMOHHOW) CBSI3M MPEANOJAraeT BhISIBIIEHUE XapaKTepa CBSI3HU U OLEHKY Tec-
HOTBI CBs3U. KoppensiMOHHBIA aHaIU3 IO3BOJISIET OLEHUTh TECHOTY CBA3U IIPHU I10-
MOIIIM CHEIHMAIbHBIX MOKa3aTeseil, BHIOOp KOTOPBIX 3aBUCUT OT BHJ1a (YHKIIMOHAJIb-
HOM 3aBHCUMOCTH, aJ€KBAaTHO OINMCBIBAIOLIETO PACCMATPUBAEMYIO CTATUCTUUYECKYIO
B3aMMOCBSI3b.

B koppersAiMOHHOM aHaiau3e OJHOM U3 OCHOBHBIX MEp CBS3M MEXIY IpU3Ha-
KaMH SBJISICTCS TTAPHBIN TUHEHHBIN KodhduireHT koppensanuu. C ero moMoInibo u3-
MEpSIETCS TECHOTA CBSI3M MEXIY ABYMsI Mpu3Hakamu. JIunelHbiil kodhPuimeHT kop-
persiuu » U3MeHsieTcsl B mpenenax ot -1 go +1. PaBeHcTBO koadduieHTa HYIIO
CBUJIETENBCTBYET 00 OTCYTCTBHM JIMHEWHOMU CBsI3U. PaBeHCTBO K03 dunnenta -1 wim
+1 roBoputr 0 HaNMMYMK (PYHKIMOHAIBHOWU 3aBHCHUMOCTH. llpur= 1 mpucyrctByet
IpsIMasi CBSA3b, T.€. YBEIMYEHNE WK YMEHBIIIEHUE OHOTO IPU3HAKA COMTPOBOKAAETCS
aHAJOTMYHBIM U3MEHEHUEM JIpyroro npusHaka. [Ipu r = -1 cBa3b oOpaTHasi, T.€. yBe-
JMYEHNE WM YMEHBIIEHUE OJHOTO MPU3HAKA COMPOBOKIAAETCA MPOTUBOIOJIOKHBIM
I10 HAIIPABJICHUIO U3MEHEHUEM APYroro Ipu3HaKa.

MeTo Koppensauuy MOMOTaeT PeUInTh OMpeleIeHHbIN KiIacc 3aaad, Ipuoim-
3UTBHCS K TOHUMAHHIO IIPUYUHHO-CIIEICTBEHHBIX MEXaHU3MOB.

5.  OcHoOBHbIE IEPUOABI PA3BUTHA MATEMATHKH U UX 0COOCHHOCTH
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1. M3yudeHue KOHCIIEKTA JICKIUH (TeMbI — 0030p HCTOPUU MATEMATUKH )
2. TloaroroBka u HamucaHue pedepara Mo BEIOpaHHOU TeMe
3. IMoaroroBka mokiaaa mo Teme pedepara

OcHoBHas auTEpaTypa

1. Crpoiik I.51. Kpartkuii ouepk uctopuu marematuku. /I.5. Ctpoilk—
Mocksa : Hayka, 1990. — 256 c.
2. Kuerenuk, JI.B. COopHUK 3a/1au 10 aHATUTUUYECKOW reoMeTpuu. [DIek-

TpOHHBIN pecypc| — DnekrpoH.nan. — CII6. : Jlanb, 2017. — 224 c. — Pexum noc-
tyna: http://e.lanbook.com/book/92615 — 3ari. ¢ s3xpaHa.

3.  Iuckynos, H. C. duddepenunansHoe U UHTErpagbHOE MUCUYHUCICHUS :
yaeOHoe nmocoowue st Bry30B. T.1 / H.C.ITuckynos. — U3n. crep. — Mocksa : Un-
terpai-IIpecc, 2010 .— 416 c.

4.  Tluckynos, H. C. JuddepennnaibHoe 1 UHTETPAIILHOE WCUYUCIICHUS :
yaeOHoe rmocodue jyist BTy30B : B2 T. T. 2/ H. C. IluckynoB. — U3a. crep. — Mock-
Ba : Mnrerpain-IIpecc, 2009 .— 544 c.

5. Jlakepuuk A.P. Beicias matematuka. Kpatkuii Kypc [Dn€KTpOHHBIN pe-
cypc]: yuebHoe mocobue/ JlakepHuk A.P.— DNeKTpOH.TEKCTOBBIC JaHHBIE.— M.:
Jloroc, 2008.— 528 ¢.— Pexum pocrtyna: http:// www.iprbookshop.ru/9112.html.—
9BbC «IPRbooks»

6. I'mypman, B.E. Teopus BeposiTHOCTEW 1 MaTeMaTU4eCKasl CTa-TUCTUKA /
B.E. I'mypman. — M.: FOpaiir, 2012. — 479 c.

7. BenTtuens, E.C. Teopus BepositHoctelt / E.C. Bentuens. — M.: Knopyec,
2010. - 664 c.

8. ITucemennsin, /1. T. KoHCIIEKT JIeKIIMI 1O TEOPUM BEPOSITHOCTEM, Ma-
TEMaTUYECKOU CTaTUCTUKE U ciaydaiHbIM miporieccam / JI.T. Ilucemennsbrit. — M.: Aii-
puc-Ilpecc, 2010. — 288c.

9. I'mypman, B.E. PykoBoaCTBO K pelIeHHIO 3a/1a4 10 TEOPUU BEPOATHO-
cteit u matematudeckout craructuke / B.E. I'mypman. — M.: FOpaiit, 2011. — 404 c.

10. Bentnens, E.C. 3amaun u ynpakHeHHs] 1O TEOPHUU BEPOATHOCTEH /
E.C. Bentuens, JI.A. OBuapoB. — M.: Knopyc, 2010. — 493 c.

JdonoaHuTeIbHAA JIUTEPATypPa
1. AgepuH, B. B. Marematuka. Y. 1 [31€KTpOHHBIN pecypc] : Kypc JEKIH:
yueoHoe nmocodue/ B. B. Apepun, M. FO. Coxkoinogsa, JI. B. Xpuctuy; Tynl'V. - Tyna:
N3p-Bo Tynl'V, 2010. - 254 c. : un.- ISBN 978-5-7679-1748-8. — Pexxum noctyna
:https://tsutula.bibliotech.ru/Reader/Book/ 2014100214370663049600009433, o ma-

poJTIo

2. AgepuH, B. B. Marematuka. Y. 2 [37€KTpOHHBIN pecypc] : Kypc JEKIIH:
yueOHoe nocobue/ B. B. Asepun, M. FO. Cokonoga, J[. B. Xpuctuy; Tynl'VY. - Tyna:
N3p-Bo Tynl'V, 2010. - 275 c. : un. - ISBN 978-5-7679-1749-5. — Pexxum noctymna no
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napoJito :https://tsutula.bibliotech.ru/Reader/Book/201410021441294315510000
8498, o napoJio

Ilepeyenn pecypcoB HHGOPMALMOHHO-TEJIEKOMMYHUKAIIUOHHOM ceTH
«/HTEpHET», HEOOXOAMMBIX /IJI1 OCBOEHMS M CIIUTLIUHBI

1.  VYcnexu mateMatnyeckux Hayk/ Poccuiickas akagemus Hayk. - M.: Hay-
ka, 1995-ISSN 0042-1316
2. OnextponHbid untanbHbii 3a1 “BUBJIMOTEX” : yueOHMKH aBTOPOB

Tynl'V o Bcem nuctummHaM.- Pexxum noctyna: https://tsutula.bibliotech.ru/, mo
MapOoJIt0.- 3aril. ¢ JKpaHa

3. OBC IPRBooks yHuBepcanbpHas 0a30Basi KOJUISKIHUS U3TaHUHN.-Pexnum
noctyma: http://www.iprbookshop.ru/, no maposro.- .- 3arj. ¢ 3kpaHa

4.  Hayunas DnexktponHnas bubnuoreka eLibrary — 6ubnmoTeka 31eKTpOH-
HOM TIepUOAUKH, PEXKUM JToCTyna: http://elibrary.ru/ , mo maposro.- 3ari. ¢ 3KpaHa.

5. HDb KubepJlenunka Hay4dHasi HJIEKTpOHHas OUOIMOTEKA OTKPBITOTO
JOCTYyIIa, peKUM J1ocTyna http://cyberleninka.ru/ ,cBo00 HBIN.- 3ar. ¢ SKpaHa.

6. EnauHoe OKHO J0CTyma K 00pa3oBaTelIbHBIM pecypcamM: moprtai [DJiek-
TPOHHBIN pecypc]. - Pexxum noctyna :http: //window.edu.ru. ,cB000/1HbIN.-3ar1. € 3K-
paHa.

7.  EnuHOe OKHO J0CTyma K 00pa3oBaTelIbHBIM pecypcamM: moprtai [DJiek-
TpOHHBIN pecypc]|. - Pexxum noctyna :http: //exponenta.ru. ,cBOOOAHBIN.-3ard. ¢ K-
paHa.
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