PA3JIEJI 2. CUCTEMbBI 1 MOJAEJU TEXHUYECKOHA
JTNATHOCTHUKHU POCBH

JIEKI[UA 3: JinmarnocrupoBaHue CJI0KHBIX CHCTEM. IHATHOCTHYECKHE
Mo1eJIH

Bonpocel JIeKIuu:

1. JInarHoCTUPOBAHUE CIIOKHBIX CUCTEM.
2. IlocTpoeHne IuarHoCTUYECKOM MOJICIIM.
3. TabanyHas (popmMa JTUATrHOCTUYECKUX MOACIICH.
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1. AnarHocTtnpoBaHMe CNOXHbIX CUCTEM.

CncrtemMom TEXHUYECKOro AumarHoctupoBaHuUs (KOHTpoONS
TEXHUYECKOIO COCTOSIHUA) Ha3bIiBalOT COBOKYMNMHOCTb CPeAcTB, ObbeKTa U
NCNosiHuTenNen, HeobxogMmyro AN NPOBEAEHUS AMarHOCTUPOBAHUA
(KOHTpOMNS) Mo npasunam, yCTaHOBITIEHHbIM B TEXHUYECKOW AOKYMEHTAaLUMN.
ObbekTaMn TEXHUYECKOW OMArHOCTUKM SABMAKOTCA TEXHOSIOrM4YecKkoe
obopynoBaHMe NI KOHKPETHbLIE NPOU3BOACTBEHHbIE MPOLECCHI.

Cpedcmeo KOHMpPOJIss — MEXHUYECKOEe ycmpolcmeo, 8euecmao
usiu Mmamepuari Orid rnposeodeHuUss KoHmMporis. Ecriu cpedcmeo KOHMPOoris
obecrieyusaem 803MOXXHOCMb U3MEPEHUS KOHMPOIUPYeMoU 8eJTUHUHBI,
Mo KOHMPOJsIb Ha3bl8arom UamepumeribHbIM.

Cpedcmea KoHmMposis b6biearom 8CMPOEHHbIMU U B8HEWHUMU,
8bIMOSIHEHHBIMU KOHCMPYKMU8HO omoesibHO om obbekma. Pasnu4yarom
makxe arinapamHsie U rnpoapamMmMHbIe cpedcmea KOHMPOIS.
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VicrionHumernu — amo crieyuasnucmasi criy>kbbl KOHMPOsis unu
mexHu4YecKkou oduagHocmukKu, oby4yeHHbIe U ammecmoBaHHbIe 8
YCMaHOoB/IEHHOM [OPSO0Ke U UuMerwue rpaeo B8bINoIHAMb
KOHMPOJsIb U 8bl0agamb 3aK/THOYEHUS 110 €20 pe3yibmamanml.

[TapameTpbl 00LEKTa, MCMOSfb3yeMble MPU €ero AuarHoCTUPOBaAHUK
(KOHTpOne), HasbiBAlOTCA OWMArHOCTUYECKUMU (KOHTpONMpyemMbiMKn) na-
pameTpamu. Crneayet pasnuyartb NpsiMble U KOCBEHHbIE ANArHOCTUYECKME
napameTpbl. [lpamMon CTPYKTYpHbIN napamMeTp HEeNnocpencCTBEHHO
XapaKkTepusyeT TEXHUYECKOE COCTOSHME oObekTa. KOCBEHHLIN napameTp
KOCBEHHO XapaKTepu3yeT TeXHNYeCKoe COCTOAHME.
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TeopeTnyeckmum oyHOaMEHTOM TEXHUYECKOMN ANArHOCTUKU SABMNSIETCA 00 as
Teopusa pacnodHaBaHusi obpasoB. K peweHnto 3Ton 3agavm  CyLlecTBYyeT OBa
nogxoaa: BEPOATHOCTHbLIN M AETEPMUHNCTCKUN.

BepodaTHOCTHbIM NOAX04 UCMOSb3yeT CTaTUCTUYECKME CBA3N MeXay
COCTOAHMEM O0OBbEeKTa W AuarHocTudeckumm napameTtpamu. OueHka
COCTOAHUSA MNpM OTOM OCYLLECTBNAETCA C onpeneneHHoun
OOCTOBEPHOCTHLHO.

[eTepMUHUCTCKNK noaxon, npumMeHaeMbln Yalle Bcero, UCnonbayer
YCTAHOBJIEHHbIE 3aKOHOMEPHOCTU W3MEHEHUSA AONAarHOCTUYECKUX
napamMeTpoB, onpeaensitoLLnX COCTOAHNE O0beKTa.

[ToMMMO Teopunm pacno3HaBaHUsl, B TEXHUYECKOW AUarHoCTUKe WC-
NOMb3YHT TaKXKe TEOPUIO KOHTPOECNOCOOHOCTN.

KoHTponecnocobHOCTbL onpenensaerca KOHCTPYKUMEN OOBLEKTa,
3aJaeTcad Npu ero nNpPOEKTUPOBAHUMN U HABMAETCA CBOWCTBOM OObekTa
obecne4ymBaTtb BO3MOXXHOCTb [JOCTOBEPHOW OLEHKM [ONarHOCTUYECKUX
napameTpoB.
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MeToabl NnoncKka OTKasaBLUEro arieMeHTa, NOCTPOEHHbIE Ha
MHTYUUMN W ONbiTe O0OCnyXuBaloLllero rnepcoHana, He
BCeraa Mo3BOMAT onTuManbHbiM 06pa3oM COCTaBUTb
nporpaMmmy (anroputm) Noucka oOTKasa, YTO NpuBOAUT K
yBenuyeHno BpeMeHn BOCCTaHOBNeHNA oTkasaswero POC.

[lpeamMmeT uccnegoBaHUA B TEXHUYECKOM AMArHOCTUKE - pearnbHble
TEXHUYECKNE OOBEKTHI.

JTtobon TeopeTnyecknn aHanma 3TUX OOBLEKTOB Bceraa npeanonaraet mnx
onpeneneHHyo naeannsauuio.

[Ipn 9TOM BbIOENSIOTCS HEKOTOPble CTOPOHbI PearibHbIX YCTPOMUCTB W
OoTpabaTbiBalOTCA BTOPOCTEMNEHHbIE.

B pesynbrarte peanbHbll OObEKT 3aMEHSIETCA €ro MOAENbIO.

3amMeHa pealibHbIX OOBEKTOB MX MOAENSMU MNO3BONAET LWNPOKO

NCMNOJ1b30BaTb (*)OpMaJ'IbeII7I arinapar MaremMatukm an4ga peweHnda 3aiad
TEXHUYECKOW ANArHOCTUKMN.
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MopenupoBaHue ¢aBRsieTCA OAHUM W3 UMHCTPYMEHTOB (C
METOONTIOMMYECKOM TOYKN 3PEHUS) UCCNegoBaHUSA CMOXHbIX CUCTEM
Ha BCeX CTaansaAX UX )KU3HEHHOTO LIMKNa.

OuarHoctunyeckne mogenu (M) — aTo Mmogenn oObeKTOB M NMPOLLECCOB
OWarHoCTUPOBAHUSI, KOTOPbIE ABMSKOTCS UCXOOHLIMW AONS onpeaeneHns u
peanusauun arropnTMoB ANarHoCTUPOBaAHUS.

[OM cnepnyet paccmartpuBaTtb Kak COBOKYMHOCTb METOAOB MOCTPOEHUd
MaTeMmaTuyeckon MoAenu, onpenenstollen, B CBOK odvepedb, MeTOOAUKY
dopmMnpoBaHms cnocoboB M anropuTtMoB onpeaeneHns TEXHUYECKOro
coctosHmnsa POYuC.

Mexay o0bekToM U MO ENbIO CYLLIECTBYET CBA3b.

Mopoenb oTpaxaeT peanbHOCTb OObEKTa M MO3BOMSAET B
onpeneneHHbIX npegenax WMMUTUPOBATb HEKOTOpble CBOMCTBA
obObeKTa.
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,D,I/IaFHOCTI/I‘-IeCKaFI MOoAellb MOXET ObITb 3adlaHa B ABHOM WUIN
HEABHOM BUOE.

ABHaa moaenb — 3TO COBOKYMHOCTb (popManbHbIX onncaHum
ncripaBHoro m pabotocnocobHoro obbekTa M BCEX €Ero
HemncnpasHbIX U HEPAabOTOCNOCOOHbLIX COCTOSHU.

HeaBHaga moaens O] — npeacraBnsaeT cobon kakoe-rnmbdo ogHo
dopmanbHoe onnucaHne obbekTa + MmaTemaTu4eckme Mogenmn ero
domnanyecknx HeucrpaBHOCTEM + rMpaBuia MOMYYEHUS MO ITUM
OAHHbIM BCEX [OPYrMxX OnucaHun, XapakTepusyrlimx apyrue
cocTodHusa. Ob6bIYHO 3adaemcss Mamemamu4yecKas MOOEeslb
ucripasHozo O[], no Komopou MOXHO [ocmpoums MOOEsU
HeucripasHbkIX COCMOSIHUU.
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[OM MOXHO YCNOBHO pasfaenuTb Ha criefytoume rpynnbl;

- HenpepbIBHbIe MOAENU, NPeACTaBNAoLWME 0ObEKT N NMpoTeKatowme
NpoOLUECChLI B HENPEPbLIBHO MEHSIIOLWLEMCHA BPEMEHM; HENpepbIBHbIE 1M —
9T0 B 6Oonbwen 4yactu anrebpandeckne wunm gudpdepeHumnarnbHble
NIMHEWHbIE N HEJNTMHENHbIE YPaBHEHUA, BKINOYas nepeaaTtoyvHble PyHKUNK;

- AUCKPEeTHble Moaenu, onpeaensoLmne coctossHmua O] ansa nocneno-
BATENbHOCTU AUCKPETHbIX 3HA4YE€HU BPEMEHU, U WCMONb3YITCA AN
onucaHna UMAPOBbLIX U UMMYITbCHBIX YCTPOWCTB;

-rMbpuagHble Mogernu, onucbiBarLme pearbHble 0ObEKTLI, BKIHOYal0-
LLiMe KaK YCTPOMUCTBA HEMPEPLIBHOIO OEeNCTBUA, TaK U UMMYIbCHbIE
(UuMdpoBbLIE) YCTPOUCTBA;

- cneumanbHble MOoAenun, XxapakTepusyoLwine 6onbLUyo rpynny Mmoge-
newn, NOCTPOEHNE KOTOPbIX onpeaensieTcst cneymndukon o6 bLEKTOB U OCO-
BEHHOCTAMN OMarHOCTUYECKOro obecneyeHunsd; K 3Tom rpynre MoryT ObiTb
OTHECEHbl (YHKUMOHAalrbHble MOAENnN, MOOENN XapakKTEepPUCTUK, WH-
doopMaLMOHHBLIX MOTOKOB U Ap.
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[lo meToOam npeacTtaBneHna B3aMOCBA3EN MexXay
COCTOAHMEM ODObEKTa, ero afieMeHTamMm U
napamMeTpamm BbIXOAHbIX CUTHANIOB MeTo4b!
NOCTPOEHUA Moaenen MOXHO pasfennTb Ha
aHanuTundeckmne, CTPYKTYpHble, OYHKUMUOHANbLHO-
norn4yeckme n MHPoOpMaLNOHHbIE.

YcTpaHeHMe 0TKa3oB, BO3HMKAKLWLMX B MpoLecce aKcnyarauumu,
npeanosiaraet npoBeaeHne QnarHoCTUYECKUX npoueayp MMHUMYM
Ha OBYX YPOBHSAX: HEMOCPEACTBEHHO Ha OObLEKTE C LeNbio
onpegenennsa HeucrnpapHoro orioka POC 1 B pEMOHTHbIX
MacTEePCKUX C rmyoOuHOM OAMarHoCTMUKK OO0 nnar, y3rnoB 1 geTanemn
HeuncrnpaBHoOro 6rioka
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TexHuudeckad

JIMAarHOCTHUKA
C pa3bopkou 06'beKTa be3 pa3bopku 06'beKTa
JIMarHOCTUPOBAHUS JIMAarHOCTUPOBAHUS
J/lnarHocTtuka c JlnarHocTtuka c OyHKIMOHAJb- TecTtoBas
NpUMeHeHUueM IpUMeHeHUueM Has JIMarHOCTUKA
METO/0B BU3YaJIbHO- JIMarHOCTUKA
paspyliapiier M3MEPHUTEJIBHOTO
0 KOHTPOJIf KOHTPOJISA
[TapamMeTpuryeckad Bub6panvoHHas
(onepaTuBHast) JIMarHOCTHKA
JIMAarHOCTUKA
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2. IlocTpoeHne IuarHoCTUYECKOM MOJICIIM.

MaTtemaTtndeckon Mmoaernbio 00bekTa KOHTpOsA byaem
Ha3blBaTb OpMarnibHOE OonucaHue ero noBedEeHUsA B
paboTocnocobHOM N HepaboTOCNOCOOHOM COCTOSIHUSAX.

MartemaTtndeckne moaenn OOBLEKTOB MOryT ObITb
npeactaBneHbl B BUAEe aHanUTUYECKUX, J1IOrMMYecKux,
TabrnYHbIX, BEKTOPHbLIX U AP. ANAarHOCTUYECKUX MOJENEN.
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AHanuTnyeckme moaenun. Ecnn Ha Bxog obbekTa
KOHTPOMNA MnoAaeTca N-MepHbI BeKTop Y BXOAHbLIX
BO3QENCTBUN, KOMMOHEHTAMM KOTOPOro ABMAKTCA N
3Ha4YeHUN BXOAHbIX NEepPeMEHHLIX Y,, Y, ..., YN, TO Ha
BbIXOo4e Mnonydyaetca m-MepHbI BEKTOP X BbIXOAHbLIX
napamMeTpoOB C COOTBETCTBYHLLMMWM COCTaBNAOLLNMMN X,

XJ

O0bLeKT

KOHTPO.IHA
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CTpyKTypHasa mogenb o0beKTa.

Ecrnn oObekT KOHTPOMNS COCTOUT N3 (PYHKLUMOHANbHO CBA3aHHLIX MeXay cobon
KOMMOHEHTOB (b510KOB, Y3110B, arperaTtoB M T.M.), TO UX COCTaB, CBA3N MEXAY HUMMU
N BHELLHME CBA3M NPeACTaBNSAT CTPYKTYPHYIO MoAdernb 0ObekTa.

OAuVH 1 TOT XXe 00bEeKT MOXET ObITh NpeacTaBlieH pasHbIMU €ro CTPYKTYPHbLIMU
MOAENSMU, pasnmyaowmmMmncsa mexay cobom coctaBomMm U YNCNOM KOMMOHEHTOB.

PH
A
. ]

7 1, 1 U — 1]
T [ Cr 1 » B3V [

T iy 7

Py [«

Ha ynpoLweHHON CTPYKTYPHOWU MOAENN CUCTEMbI SNEKTPOCHADXEHUS NePEMEHHOrO ToKa
0b603Ha4eHo: n_, N_- YacToTa BpaLleHUs1 COOTBETCTBEHHO TAroBoro asuratena T[] n reHepartopa;
u, fis - HANPSXXEHWE, YacToTa N TOK BO3DYXOEHNS reHepaTopa; if - ynpasnaloLiee BO3gencTane

Ha TAroBbIn Asurartesnb; PH - perynatop HanpsxxeHus; CIT - cMHXPOHHbIW reHepatop; PY - pery-
naTop vYactoTbl; B3Y - 6riok 3aWuThl U ynpaBrieHus.
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YCTPOUCTBO CUHXPOHHOIO reHepaTtopa
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DOYHKIUOHAJbHAS cXeMa 00beKTa

T.K. KaXablh BXOOHOM W BbIXOOHOW curHan 6rnoka obbekta KOHTPOMNst MOXET
Xapakrepn3oBaTbCA OAHUM WIIN HECKOSIbKUMU OU3NYECKMMM NapamMeTpaMu, TO Ha
JYHKLUMOHANbLHOW CXeMe KaxAblh U3 3TUX MNapaMeTpoB MNpeacTaBrideTcs OTAeSNbHbIM

BXOAOM (M BbIXO4OM) Brioka CTPYKTYPHOM CXEMBbI.

B pes3ynbrate nepexoga K oyHKUMOHANbHOM CXeMe HEKOTOPble CBA3U CTPYKTYPHOU
CXeMbl OKa3blBaeTCs «pacLuensieHHbIMNy . BbINONHMB «pacLuenneHne» BXO40B U BbIXO40B
BceX BTOKOB CTPYKTYPHOM CXEMbI U COEAUHNB MEXOY COO0M COOTBETCTBYIOLLME APYT APYrY

BXO/bl 1 BbIX04bl BNOKOB, Nony4yaem pyHKLMOHaNbHY0 CXeMy 00bekTa.

; PH
ls
l 1" ‘
™ CIy S

—» T —e
M, 1,

! 7
I ;

n,, N, - 4acToTa BpalLlleHNsa COOTBETCTBEHHO TArOBOro ABUraTens u reHeparopa;
u, / /, - HanpsbkeHne, YacTtoTa MU TOK BO3byxAeHus reHepatopa; if - ynpasnstowiee
BO34eNCTBUE Ha TAroBbIn ABuratens; PH - perynatop HanpskeHust; CI™ - CUHXPOHHbIN
reHepartop; PY - perynaTtop yactoTtbl; B3Y - 6nok 3awunTsl M ynpasneHus.
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OXBayeHbl
CBSA3IAMMU.
cCBMUOEeTenNbCTBYEeT O
HEpPasMMYNMMOCTM UX OTKa30B,
T.e. 6nok B3Y MOXHO He
OEennTb Ha ABe 4YacTu Ha ro-
rM4Yeckowm Moaenu.

—

;':‘*

cr

Brokn B3Y1 un B3Y2
nepeKkpecTHbIMNA

QTO

P

h

B3y —*




YacTo BMeCcTO oyHKUMOHaNbLHOW MoAdenu CUCTEMbI UCMNONb3YIOT eé
YNPOLLUEHHbIN BApPUaHT - JIOTMYECKYH OMarHoOCTUYECKY MoeSb

PH
_ 7y
lg
W 1" 1H;
—» T [—* CT » ;v —
N, 1, > im—
F /i
I

P [

B otnnymne ot dyHKUMOHaANbHOW Moaenu Kaxabi Onok umeer
TONbKO MO ogHoMy Bbixoay. ['1pn 3TOM 4MCNO BXO4OB MOXET
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B oKkoH4YaTENbHOM BiaE CXeMa 0bbekTa Anst CoCTaBneHus
anroputma anarHoOCTUKK npmo6peTaeT BUA.

PerynaTtop HanpsikeHus PH

Cr1 | | Q-i e
X4
Tarosbin gBuratenb 11
\ Q._ J{2 Brok sawmTsl 1
> = ynpasneHna b3Y .
) “ cr2 1 %6
" O ; Os -
£ X3 T
<

Y

Sl gy e
\

Perynatop yactotel PY
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3. TabauyHas popma IMarHoCTUYECCKUX MOJICTICH.

Mpn OMarHOCTMPOBaAHUN TEXHUYECKUX OOBEKTOB OObLIYHO paccMaTpuBaloTCA W
YYMTbIBAOTCA TONbKO [1Ba XapaKTePHbIX COCTOSAHUS:

- 06bEKT PYHKLNOHUPYET;

- 06BEKT HE DYHKLMOHUPYET.

C yyeTom KOMNNEKTYOLWKMX 0ObekTa (ONOKoB, arperaToB, AeTarien)
drakTryeckoe YNCrio COCTOAHNN MOXET ObITb CyLLECTBEHHO DorsbLue,
Hanpumep:

- nepBbIn arperaTt oobekTa PYHKLUNOHUPYET,;

- BTOpOW arperaTt obbekta He PYHKLUMOHUPYET;

- TpeTun arperaTt obbekTa PYHKLMOHMNPYET U T.4.

[ToaToMy 3agadva onpenerieHms Yymcria CocTosiHUM obbekTa CBOAUTCS K
3afade onpeneneHns yncna Takmx KoMnrekTyowmnx obrekra (br1okos,
arperaroB, getanemn), 0Tka3 KOTOpbIX MPUBOAUT K OTKa3y BCero o0bekTa B
LlerioMm.
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B o0mmem cinyyae, Korja 00beKT COCTOUT U3 N KOMIUIEKTYIOIMIHX, BO3MOKHOE YHCIO0 COCTOSHHUIT
MOsKeT OBITh OIpe/IerIeHo 110 (hopmyIie:

g =2oN
Yncmo cocTOSHHUIL, Korjia 00beKT He QYHKITHOHHPYeT (00BheKT 0TKa3all) paBHO:

Ss=8«1,

Hanpumep, nycTb paccmaTpmBaemMbli 0ObEKT COCTOUT U3 ABYX NocneaoBaTenibHO COeANHEHHbIX
KOMMMEKTYOLWNX (arperaTos)

—> 1 — 2 |—>
Torga MOXHO BbI4ENUTb YeTbIpe BO3MOXHbIE COCTOSAHMS OObekTa:
1. OTkasan nepsbIN arperar;
2 OTkasan BTOpoOu arperar;
3. OTkasanu nepsbi N BTOPOKW arperaThl;
4

O6beKT PYHKUNOHMPYET (HE OTKasanu HU NepBbIA, HA BTOPOW arperarhbl).

A3 obLlero ymcna CoCTosIHUM S YMCro HEPaABbOTOCNOCODOHbBIX COCTOSAHMI SN MOXET BbITb onpeae-
NeHo rno goopmyrie:

Sy=2"-1

O4eBNOHO, 4TO npun nocrniegoBartesyibHOM coeaunHeHnn 3r1IEMEHTOB B pacCcMaTpmBaeMOoOM MnpuMmepe

cocTtosiHma 1,2,3 cBUOETENLCTBYOT O HEPABOTOCNOCOBHOCTU BCEN CUCTEMBI. YMCIO COCTOSIHUKA COOT-
BETCTBYIOLLMX OTKa3y Bcero obbekta 4-1= 3.

Cykuszos A.lL 2019 J103-010 2019

ctp. 19



I'Ipvl KOHTPOIJ1€ pealribHbIX TEXHUYECKUX CNCTEM, COCTOALLUNX U3 OO0sbLLIOro Yncna aNneMeHToB,
Aaxe rnpun yyvetTe and KaXgoro ajfieMeHTa TOJIbKO ABYX COCTOSIHMI ObLLEee KONM4ecTBOo
BO3MOXHbIX COCTOSIHMW OKa3bIBAETCH l-Ipe3BbI‘-IaI‘/JIHO oonbLwnMm.

Ona ymeHblUeHNs 4ucria YYUTbIBAEMbIX COCTOAHUMM OOBLEeKTa NPUHUMAOT
cregytouime oonyLweHusa:

1. BepoATHOCTL OAHOBPEMEHHOIO BO3HMKHOBEHUA B CUCTEME OTKA30B ABYX
n 6onee aNeMeHTOB NnpeHebpeXxrnmMmo Mmarna no CPpaBHEHUIO C BEPOSITHOCTbLIO OTKa3a
TONbKO OAHOro anemeHTa. Yncno HepaboToCnoCOOHbIX COCTOAHUN CUCTEMBI MOXET
ObITb OnpeaeneHo no gopmyrne:

S,=N;

roe N - KonnyecTBO AfIEMEHTOB B cUCTEME (B ODOBbEKTE KOHTPOMS).

2. MOXHO UCKNIOYNTb U3 PACCMOTPEHUSA OTKa3bl TEX ANNIEMEHTOB,
BEPOATHOCTb OTKa3a KOTOPbIX Mana, Uin nx otkasbl HE UMEIOT OMacHbIX
nocneacTeun. B aTon cBA3KM YNCNO BO3MOXHbIX COCTOAHUN,NPaKTUYECKU
NPMBOOALLNX K OTKa3y BCero oobekra, paBHO:

S, <N.
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Ybepem obpaTHblie CBA3MN.

Perynatop HanpsikeHus

PH
Cr1 Qs &~
l X4
Tarosbin agBuratens TI
3 X
() 2 Briok 3awwuThl 1
> =il l ynpasnexus B3Y .
X
T | cr X
0, : Os “I— >
A X
< 3 1
iz
X5
(- R —
Yb6epem obpaTHble CBA3MN. A
PerynaTtop 4actotsl PY
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