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BCTYII

CydacHa eJNeKTpPOCHEpPreTHKa € CKIIQJHOK 0araTopiBHEBOIO CUCTEMOIO, sKa
CKJIQIa€ThCS 3 PI3HOMAHITHUX OO0 €KTIB, HI0 MalOTh pI3HY (I3UUHY HPUPOLY,
PO3IOIIEHI B MPOCTOP1 Ta 3MIHIOIOTh P&KUMHU (DYHKITIOHYBAaHHS B Yaci.

['onoBHa MeTa ENEKTPOCHEPTeTHKH — HaAIMHE ITOCTa4YaHHS CIIOKHBadam
eJIEKTPUYHOI eHeprii. JlocsirHeHHs 111€1 MeTH MoB’s3aHe 3 OararbMa TeXHOJIOTTYHUMHU
orepariisiMi, 1 BiAMOBa B (PYHKIIOHYBaHHI OYy/Jb-SKOI JTAHKA MOXE MPHU3BECTH 0
HEJOMOCTaYaHHs €JIEKTPUUHOIT €HEePTii.

ToMmy, IIIKOM MPUPOIHO PO3TIISIAATA EICKTPOCHEPTETHUYHUA KOMILIEKC SIK
CKJIaJIHYy CHCTEMY, 1 3acCTOCOBYBAaTH TEOPil0 HAIIMHOCTI [JIsi OOTpYyHTYBaHHS
OpraHi3alfiifHoO-TeXHIYHUX 3aXO0JIB MPHU MPOEKTYyBaHHI, OyIIBHUIITBI Ta €KCILTyaTaIll
00’€KTIB €HEPTETUKH.

OCKUIbKM BIIMOBA € BHUIIQJKOBA OIS, TO TOJOBHUM IHCTPYMEHTOM IIpH
BUBYCHHI JUCHUILTIHA «HamiiHICTh €NEKTPUYHUX MEPEX» € Teopiss WMOBIPHOCTI Ta
MaTeMaTHYHa CTATHCTHKA. BUKOpPUCTaHHS IIHOTO MAaTEMAaTHYHOTO amapary BUKIHUKAE
B CTYJICHTIB J€AKl TPYIHOII BHACIIJIOK TOTO, II0 KypC Teopii MMOBIPHOCTI Ta
MaTeMaTUYHOI CTATUCTUKH BUKIIAJAaBCs Ha IMOYATKOBUX Kypcax HaB4YaHHSA. Tomy
OCHOBHI TEOPETHYHI IMOJOXEHHS Tpeba BIIHOBUTH Ta IMOJATH iX IiJI KYyTOM 30Dy
HaJIIMHOCTI caMe B €HEPreTHIIl.

BinoMo, 1m0 OCHOBHI TOJOXKEHHS TeOpii HAIIMHOCTI TPYHTYIOThCS Ha
CTaTUCTUYHIN 0OpOoOLl pe3ynbTaTiB CIOCTEPEKEHHS, ICHHUTIB Ta EKCIIEPUMEHTIB.
Tomy mopsia 3 JEKUIMHUM KypcOM MPOBOASATHCS MPAKTUYHI 3aHATTS, METOIO SIKUX €
HaOyTTS CTYJICHTaMU JIOCBIIy CTaTUCTUYHOI OOPOOKH €KCIEPUMEHTAIBHUX JaHUX Ta
BU3HAYCHHS OCHOBHHUX MOKa3HUKIB HAJIHHOCTI €JIEMEHTIB CUCTEM
€JIEKTPOTIOCTAYaHHSI.

OCHOBHI TEOPETHYHI MOJOKEHHS Teopli HaIMHOCTI HAOYBaIOTh MPAKTUYHOTO
3MICTY MpH OLIHII HAJIMHOCTI CTPYKTYp Ta BH3HAYEHH! QJITOPUTMIB PO3PAXYHKY
MMOKA3HUKIB HATIMHOCTI CKJIATHUX CTPYKTYP.

JocBig exkcrulyartamii  eJeKTPUYHUX MEpEeX CBIAYMTH Tpo Te, IO
OpraHi3allifHO-TeXHIYHI 3aX0JW 3 ITJABUINECHHS HAAIHHOCTI EJIEKTPHUYHHX MEPEK
MOXXYTh MaTH 3Ha4YHY BapTicTh. Lle B mepiry uyepry TopkaeTbes pe3epByBaHHSA. ToMy
BHHHUKAE IIMUTAaHHS BHU3HAYCHHS CIIIBBITHOIICHHS BapTOCTI MOXIJIMBUX 30HUTKIB 1
KaIlTaJOBKIIAIEHbh HEOOXITHUX I 3an00IraHHs IUX 30UTKIB.

Takum YMHOM, TEeMaTHUKAa TPAKTUYHUX POOIT OXOIUTIOE HANOUIBI BaXJIUBI
MUTaHHSA Kypcy 1 A03BoJisie c(hOPMYBATH B CTYJEHTIB MPAKTUYHI 3HAHHS Ta BMIHHS

I10J10 OIIHKU HAJIMHOCTI EIEKTPUIHUX MEPEK.



IIpakTuune 3ausarrs 1
Tema «IlousiTTs liMmoBipHOCTI noAil. OCHOBHI TeopeMH Teopii HIMOBIPHOCTI»

Teopemuuyni sidomocmi

[Tin momiero B Teopii HWMOBIPHOCTI PO3YMIEThCS BCAKHM (akT, SKH B
pe3yabTaTi BUIIPOOYBaHb MOXeE B1IOyTHCS a00 HEe B1IOyTHCS.

SK oAMHMIIO BUMIPY MNPUIAMAIOTh WMOBIPHICTH JOCTOBIpHOT ToOMIi i
IPUITHIIEMO i WUMOBIPHICTD, 10 AopiBHIOE 1. Toai KMOBIPHOCTI 1HIIUX MOMKJIUBUX,
ajie HeJJOCTOBIPHUX MO/1H OyIyTh XapaKTepU3yBaTUC MMOBIPHOCTSAMHU, MEHIIIUMH 32
1. IlpupoHo, 1110 KMOBIPHICTH HEMOXKJIUBOI MTO1T JOpiBHIOE 0.

SIKIO0 € MOXIMBICTH 3pOOMTH EKCIIEPUMEHTH ¢ TopaxyBaTH, CKUIBKH
BUITAJIKOBUX PE3YJbTaTIB E€KCIECPUMEHTY MPHUBEIU A0 MOSBH MOJIi A, TO MOXHA
OI[IHUTU WMOBIPHICTB MOAIT A 3a HOpPMYJIOIO

P(A) = % , (1)

ne P(A) — iMOBIpHICTB TIOAIT A;

N — 3araJibHEe YMCJI0 MOXIJIMBUX PE3YJIbTATIB EKCIIEPUMEHTY,

M — YUCJI0 PE3yIbTATIB EKCIEPUMEHTY, SIK1 MPUBEIH J0 MOSBH MOII.
3 ¢popmynu (1) BUAHO, 1110

0<PA)<I.

OcHo6HI meopemu UMOGIpHOCMELl

1. IToBHa rpyna nomiii. Kinbka moaiit B ;aHoMy BUNIPOOYBaHHI YTBOPSITH TTOBHY
rpyny MoJii, SIKIIO B pe3yiabTaTl BUIPOOYBaHHS HEOJAMIHHO MMOBUHHA 3'SBUTHCS X04a
0 oJIHa 3 HUX.

2. Hecminbri momii. Kinpka mopmiii Ha3WBAIOTHCS HECHUIBHUMH B JIAaHOMY
BUIIPOOYBaHHI, SKIIO HisIKI AB1 3 HUX HE MOXYTb 3'SIBUTHCS pPa30OM.

3. PiBnomoxxymmBi mopii. Kinbka moxiét B JaHoMy BUIIPOOYBaHHI HA3MBAIOTh
PIBHOMOKJIMBUMH, SKIIO € IIJICTaBa BBaXKAaTH, IO JKOJHA 3 MHMX IOAINH HE €
00'€KTUBHO OLJIBIIIC MOKJIMBA, HIXK 1HIIII.

4. TTpoTUnEKHUMH TOAISIMUA Ha3WBAIOTHCS JIB1 HECIIILHUX TMOI1, IO YTBOPSTH
MTOBHY TPYITY.



5. Ioxist A Ha3uBa€ETHCS HE3AICIKHOIO Bija MoAll B, skio WMOBIpHICTE moaii A
HE 3aJIeKUTh B1J] TOTO, BiaOynacs noais B uu Hi.

6. Ilomiss A Ha3uBa€eThCs 3ajeKHOIO BiJ moiail B, skio WMOBIpHICTH moaii A
MIHSIETBCSI 3aJI€KHO BiJl TOTO, BigOyacs nosis B uu Hi.

7. Cymoro aBox moxiii A 1 B HasuBaerbcs mogis C, o Mae Miclie Mpu
BUKOHaHHI Mof1ii A abo mozii B, a0 060x pa3om y3sTHX.

8. CyMO10 IEKUJIBKOX MOJII Ha3UBA€ETHCS MOJis, 110 MAa€ MICIIe TIPH TOSB1 X0ua
0 ofHi€T 3 IIUX MOIIH.

9. JloGytkoM nBox mojuii A 1 B HaszuBaetbcs momis C, 1o Mae Micie npu
CHUIBHOMY BUHMKHEHHI 1oAii A 1 moxii B.

10. HoOyTkOoM HEKIIbKOX TMOJIA HAa3WBAETHCSA OIS, IO CKIATAETHCA B

CHUIBHIN TIOSIBI BCIX ITUX MOIIH.
Teopema 0ooasanHs UmogipHocme
HIMOBIpHICTb CyMHU JJBOX HECYMICHHX TMOJ1H JOPIBHIOE CyMi HMOBIPHOCTEN 1IUX
oAl

P(A+B)=P(A) +P(B).

MeTtogoM TIOBHOI 1HAYKINI MOXKHA Y3araJlbHUTH TEOpeMy J0JaBaHHS Ha
JOBLJILHE YMCIIO HECYMICHUX TOA1M

=1

P@Ai)ziP(Ai).

Hacmigoxk 1. Sxmo momi A ‘,AZ,...,An YTBOPIOIOTH TTOBHY TPYINy HECHIJIBHUX

MO, TO CyMa IXHIX HMOBIPHOCTEH JOPIBHIOE OJUHUIII
n
Z P(Ai) =1.
i=1

Hacnigok 2. Cyma HMOBIpHOCTEH MPOTUIICKHUX IO TOPIBHIOE OTMHUIII

P(A)+P(K):1.



Teopema mHodceHHs UMOBIDHOCIEU

HNmosipHicTh TIoAli A, oOunciieHa 3a YMOBH, 11O Majla MicIle 1HIIa mojis B,

HA3UBAETHCS YMOBHOIO WMOBIPHICTIO MO11 A ¥ TO3HAYA€EThCS P(A/ B) :

HmoBipHicTh JOOYTKY ABOX MOJiN NOPIBHIOE TOOYTKY WMOBIPHOCTI OJHIET 3
HUX HA YMOBHY MMOBIPHICTh 1HIIIO1, OOYMCIICHOT 32 YMOBY, 1110 II€pIlla MaJjia MicIle

P(A-B)=P(A)-P(A/B).

Hacmigox 1. fxmo momiss A He 3anexkuTh Big momii B, To #i moxis B ne
3aJIEKUATH B O A.

Hacinox 2. IMOBipHiCTE 106YTKYy IBOX HE3ANEKHHMX IIOIifl JIOpPiBHIOE
N00yTKY MMOBIPHOCTEH LIUX MOIIH.

Honomisxxcni meopemu
1. B Bunaaky, koau moaii A u B couipHI, WMOBIPHICT CyMH LHUX MOJIN
BHUpPaXXa€eThCs 3a (GOPMYJIIO0

P(A + B)=P(A) +P(B) - P(AB),
a s Tprox noait A, B 1 C — 3a dpopmyroro
P(A + B + C)=P(A) + P(B) + P(C) - P(AB) — P(AC) — P(BC) + P(ABC).

2. B Bunanky, xoau noaii A ta B — crmisibHi, KMOBIPHICT JOOYTKY IUX TOJii
BUPAKAETHCS 32 POPMYJIIOIO

P(AB) =P(A) +(B)—-P(A+B),
a s Tprox noait A, B, 1 C — 3a popmyioro
P(ABC)=P(A)+P(B)+P(C)-P(A+B)-P(A+C)-P(B+C)+P(A+B+C).

Ipuxnaou po3s’sazauns 3a0ay
3aoaua 1.
BuszHaunty WMOBIPHICT BHUHUKHEHHS MaKCUMAaJbHOIO HaBaHTA)XXEHHS B
CUCTeM]1 TMpU poOOTI EJNEeKTPOCTaHIli, SKIIO, 3a TrpadikoM HaBaHTAKECHHS,

MaKCUMaJIbHE HaBaHTAXEHHS OYJI0 BpaHIIl B MPOJOBXK 2 TOAMH, a BBe4epi — 4 TOJIMH.
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!
JC ZTmaxi — YHUCJIO0 I'OANH MaKCHMMAJIbHOT'O HABAHTAXXCHHA 3a I[O6y.
a

Axmo BpaxoByBaTH, IO MaKCUMalbHE HAaBaHTAXCHHS OyJIO JOCATHYTE Ba
pasu Ha JB1 Ta YOTUPU F'OAUHHU BIAMOBIIHO, TO

P(A)=(2+4)/24=0,25.

3aoaua 2.
3HaliTH WMOBIPHICTh BIIMOBHM MaporeHeparopa Ppr, sKmo Bigomo, 10
HMOBIpHICTH 0€3B1IMOBHOI pob0oTH cTaHOBUTH Ry =0,99.

ITpuiiMaroThCs MO3HAYEHHS P(A) =R Ta P(A) =Pr.

VIMOBIpHICTb BiIMOBH TiporeHepaTopa BU3HAYAETHCS 3 BUPA3y
Por=1-Rpr=1-0,99 =0,01.

B pospaxyHkax HaIIHHOCTI €JIEKTPOCTAaHIIM, 10 CKIAJAIOThCA 3 JEKUIBKOX
reHEepaTopiB, 1HOJI MOTPIOHO BU3HAYUTH WMOBIPHICTH OJHOYACHOTO BHXOAY 3 Jady
(BIIMOBHM) TpyINH TE€HEPATOpPIB, TOJl BUKOPUCTOBYIOTH (QOpMyiy OIHOMIaJIbHOIO

posmnozminy P
m _ ~m n-m m
P =Cn R -Prr
Jie N — 3arajabHe YUCIIO T€HEPATOPIB;
M— 4KCII0 T€HEePaTOPIB, IO BIAMOBHIIH.

3aoaua 3.

Ha enexkTpocranHuii mpamooTh TpuU TypOOreHepaTtopu, MHNMOBIPHICTh
0e3BiAMOBHOI poO0TH KOkHOTO 3 HMX Ryr = 0,98, iimoBipHicTh BimmoBu Prr = 0,02.
Bu3HaunTu MIMOBIPHICTH BIIMOBHU OJIHOYACHO JBOX TypOOTreHepaTopiB

3!

P; =C3 Ry Py = (m

J-O,98-O,022 =0,0012.

3aoaua 4.
Buznauutu iimoBipHicTh BiiMoBHu 0sioky TEC, sikio BijioMo, 1110 IMOBIPHICTh
BijiMoBH TeHepaTopa Pr =0,006, tpanchopmaropa Pt = 0,00035.

7



P(A+B) =P(A) + P(B) - P(A)-P(B),
ne P(A)=Pr; P(B)=Pr.
P(A+B) = 0,006 + 0,00035 — 0,006-0,00035 = 0,63479- 10

3aoaua 5.
Bimomo, mo cxema PV enexrpocraniiii nepedyBae B HOpMaIbHOMY PEKHMI 3
iimoipuicTio P = 0,9. Bu3HaunTy HMOBIpHICTH PEMOHTHOI'O CTaHy cxemu PP

P'=P(A); P"=(A); P"=1-P"=1-0,9=0,1.

3aodaua 6.

HMoipricTs Bimmou 610Ky Ha TEC cranosuts Py, = 0,001,

Busnaunt HWMOBIpHICTH BIAMOBHM OJIOKY B TEpPiOJ] MaKCHMAaJIbHOTO
HABAHTAXKEHHS B CHCTeMi. VIMOBipHiCTP MAakCHMyMy B CHCTEMi HPOTATOM J06H
CTaHOBHUTD Ppay = Kimax = 0,8.

Beenemo nosznauenns: P(A) = Pg, ; P(B) = Kiax - Toni
P(AB) = Pg,Kmax= 0,001 0,8 = 0,0008.

3aoaua 1.

Jlnst BnacHUX MOTpeO €NeKTPOCTAHIs KUBHUTHCS BiJl IBOX TpaHC(HOPMATOPIB.
ﬁMOBipHiCTL BIIMOBHA KOXHOro 3 HuX crtaHoButb Pr = 0,002. Busmauutu
HMOBIPHICTh OJIHOYACHOI BIAMOBH 000X TpaHC(hOpMaTOpiB.

[Tpunyctumo, mo P(A) = P, Ta P(B)=P1,. Toni

P(AB)= Pr-Pr,= 0,002.0,002=0,000004.

3aoaua 8.

Cekuiss 6 kB BnacHux notped0 TEC HOpManbHO >KMBUTBHCS Bl poOOYOro
TpaHnchopmaTopa, WMOBIPHICTh BiAMOBH sikoro ctaHoButh Pyr = 0,01. B Bumamky
Horo BiIMOBU BKJIFOUAETHCS pe3epBHUM 3a jgornomoroto 1ii ABP. IMOBIpHOCTI BiJIMOB:
pesepBHOro Tpanchopmatopa Ppr=0,005; aBTOMATHYHOTO BKIIOYEHHS PE3EPBY
PAgp = 0,001. Busnauutu WUMOBIpHICTb MoramieHHs cexii 6 kB BracHux notpeo.



P(A)=Ppr; P(B) =Pagp ; P(C) = Pur;
P(A+B) = Ppr + Pogp = 0,005+0,001=0,006;
P((A+B)C)=P(A+B)- Pyr =0,006- 0,01 = 0,00006.

3aoaui 0ns camocmitino2o po38 s3aHHA

1. B enekTpuyHOMY JaHITI031 TOCIIIOBHO BKIItOUEH1 Tpu npuctpoi. [Ipu Buxomi
3 JaJy OJHOTO 3 IPUCTPOIB BTpava€ Mpane31aTHICTh BECh JIAHIIIOT.

IMoBipricTs BuXOmy 3 mamy mnepmoro mpuctporo 0,02, mpyroro 0,009,
tperboro 0,026. 3HalTH WMOBIPHICTH TOTO, IO CIICKTPUYHHUHN JAHITIOT BHIIC 3 Jady.

2. [ToxkexxHa CBITJIOBAa CHTHAJI3AIS Ma€ TPU 1HIAUKATOPH, K1 TyOIIOI0TH OJUH
oJHOT0. VIMOBIpHiCTH BUXOLY 3 Ta[y KOXKHOTO 3 iHIMKATOPIB 3a yac t nopisuioe 0,02,
3 sIKOI0 MUMOBIPHICTIO B MOMEHT 4acy t BUMAYTh 3 Jaay BCl TPU IHAUKATOPH?

3. Texniuna cucreMa MicTuTh Tpu mizcuctemu: A, B i C. MMoBipHicTb
BHUXOJy 3 JIaAy 3a 4ac poOoTtu t I miacucTeMu A JOPIBHIOE P(A) =0,21, nus
mijicucteMu B nopiBHIOE P(B) = 0,32, a s miacucremu C AOpIBHIOE P(C) =0,39.

[ligpaxyBaTt MMOBIPHICTH TOTO, IO JO MOMEHTY yacy U cucrema 30epexe
npare3aTHICTh, SKIIO JJIS TOro, 100 BOHA BTpaTWUiia IMpare3JaTHICTh, HEO0OX1THO
11100 BUUIIUIM 3 JaAy BCl TPU MiACUCTEMH.

4. TexHlyHUW TPUCTPIA CKIIAJAETHCA 3 TPHOX arperariB: JIBOX arperariB
nepworo tunny — A; ta A, 1 ogHOro arperary apyroro tumy — B. Arperatu A, Ta

A, nyOnroI0Th OJIMH OJIHOTO: NPH BIAMOBI OJIHOTO 3 HUX B10YBAa€ThCSI aBTOMAaTHUYHE

nepeMuKaHHs Ha apyruid. Arperatr B He myOnmboBanumii. [ist Toro, mo0 mpuctpiit
MPUIUHUB POOOTY (BIAMOBHUB), MOTPIOHO, 100 OJHOYACHO BIAMOBHWJIM OOH]IBA
arperatu A, 1 A, abo x arperat B. BuzHaunTu HMOBIPHICTB BIIMOBH IPHCTPOIO

(mogis C), AKIIO BiIOMO, 1110 P(A1 +A,+B)=11a P(A1 + B) = P(A2 + B) =g .

IIpakTruHe 3aHATTHA 2
Tema «@opmyJia NOBHOI HIMOBIPHOCTD».
Teopemuuni sioomocmi

Hexaii moTpiOHO BU3HAUYUTH WMOBIPHICTb JESIKOI MO A, 10 MOXeE BiIOYTHUCS
pasoM 3 oxHiero 3 moxii H;,H,,...,H,, 1m0 yTBOPIOIOTH MOBHY IpyIly HECHUIBHUX



noaii. byneMo i noii Ha3uBaTu rirnore3amMu. MIMoBIpHICTh oI A OOUUCITIOIOTH K
CyMy J0OYTKIB IMOBIPHOCTI KOXHOi TIMOTE€3M Ha MHMOBIPHICTH MOl 3a LI€I0
T1II0TE3010

P(A)=3P(H,)xP(A/H;).

i=1

Ilpuxnao poss’sazanns 3a0aui

Po6oTa renepaTopa KOHTPOJIIOETHCS ABOMa peryisropamu. Posrisgaerbcs
MEBHUI Tepioa 4yacy t, B IUIMHI SKOro OakaHO 3a0e3mednTH Oe3BiAMOBHY POOOTY
reHepartopa. [Ipu HassBHOCTI 000X PETyJISATOPIB IeHEepaTOp BIAMOBIISE 3 IMOBIPHICTIO
0,5, IpU poOOTI TIABKU MEPIIOTO 3 HUX — 3 IMOBIPHICTIO (;, IpU POOOTI TUIBKU
APYroro — 3 IMOBIPHICTIO (,, IPU BIAMOBI 000X PEryJIiTOpiB — 3 IMOBIPHICTIO (.
[Tepmmii 3 peryasaTopiB Ma€e HaJllHICTb P,, ApyTuil — P, . Bci eneMenTH BUXOIATS 3
Jaxy HE3aJeKHO OJWH BiJI OJHOTO. 3HAWTH TIOBHY HAIIMHICTH (HWMOBIPHICTH
0€3B1IMOBHOI p0OOTH) TeHEpaTOpA.

Po36’a3anns. Po3risgHemo rinoresu:

H,, — npamoroTs 06uBa perynsropu;

H, — mpamroe TUIbKK NEpIIMN PErynaTop (Apyruid BUMIIOB 3 JIALY);

H, — mpamtoe TinbKU IpyTruil perynsarop (IepIunii BUIILIOB 3 JIaay);

H, — obuxBa peryisitopyu BUHILIIM 3 Jaay.

[onis:

A — 6e3BigMoBHA poOOTa reHepaTopa.

IMOBIpHOCTI TiNOTE3 AOPIBHIOIOTH:

P(H,y,)=pip,;
P(H,)=p,(1-p,);
P(H,)=p,(1-p,);
P(Ho)=(1-p)(1-P,)-

YMOBHI UMOBIpHOCTI MOJIii A 3a IIUMU TIMOTE3aMH JTOPIBHIOIOTH!

A _1_ .
P /41,2)—1 Oz’
A 1. .~ -
(D)1
A _1_ .
(5, J7r-ae
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(CARSN

3a GpopMyII010 MOBHOT HMOBIPHOCTI OJIEP>KUMO

P(A)=pp,(1—0y, )+ Py (1—p,)(1—0y )+ Py (1-py)(1—0,) +(1—py (1P, )(1—dp) -

3aoaua 0ns camocmiiuno2o po38 I3aHHs
Ha IPOMHUCIIOBOMY 1 IPUEMCTB1 yepes aBapiio BTpaTUIN
POOOTOCTIPOMOKHICT YOTHPU AUTBbHUIN. Ha TpbhoX 3 HUX BHMILIM 3 Jaay UIICTh
3anmo01KHUKIB, a JIBa 3aIMINMIACS IUTMMHA. Ha yeTBepTiil MUIbHUII BUMIILIN 3 JIaTy
BiCiM 3almOO1KHUKIB, a OJUH 3aJUIIMBCS NUTUM. Bu3zHaunT iiMoBipHICTS TIomii B, mo
MoJIsirae B TOMY, 1[0 Ha JIOBUILHO BHOpaHIN MITBHUII MPU MEPEBIpIl Ta PEMOHTI
YCTaTKyBaHHA JOBLILHO OOpaHMid 3alI001KHUK Oy/1€ LIJIUM.

IIpakTuuyHe 3aHaTTHA 3
Tema «Teopema rinores (popmyiia beiieca)y.

Teopemuyni gidomocmi

Hacnigkom TeopemMu MHOXKEHHS 1 (OpMyJIM TTOBHOI WMOBIPHOCTI € TaK 3BaHa
TeopeMa rinores, ado popmyina belieca.

IToctaBumo 3aBnaHHA. € moOBHA rpyma HecnuibHuX rimore3 H;,H,,...,H,,
IMOBIpHOCTI IIMX Timote3 10 BunpoOyBaHw Bimowmi # pieai P(H,),P(H,),....P(H,).
[TpoBenene BunpoOyBaHHs, B pe3yJIbTaTi KOO Majia MiCIIe IMosiBa ASSKOl moii A.

Ax Tpeba 3MIHMUTH HMOBIPHOCTI TINOTE3 B 3B’S3KY 3 IMOSBOIO II€i MOMI1i?

Lle 3HaunTH, 0 Tpeba 3HAHTH yMOBHY iMOBIpHicTE P(H;/A) s K0XKHOI TinoTe3u

p(H, )= PH)XPATH)
S P(H,)xP(A/H))

=l

Ipuxnao poss’sazauns 3a0avi
Ha migcraniiii BeayTh CIIOCTEPEKEHHS 3a PEKHUMOM poOOTH TpaHchopMaropa
3a JOMOMOTrol0 J1BOX mpuiaAiB. TpancdopmaTop Moxke nepedyBaTv B JABOX PI3HUX

peKMMax — B HOMIHAJIBHOMY S, Ta B PEXHMI IEPEBAHTAXECHHSA S;, BUIAIKOBO

MepexoAsyr 3 OJHOTO B iHIIHN. J[OBrOCTPOKOBOIO MPAKTHUKOI BCTAaHOBJICHO, IO
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npubmsHo 30 % wacy mnepebyBae B pexumi S, a 70% — B pexumi S,.
BuwmiproBaneuuii npunag 1 nojgae nmoMuiakoBy iHpopMalio npuoim3Ho B 2 % Beix
BUIAJIKIB, a BUMIpIOBaIbHUM mipuiag 2 — B 8 %. B axuiich MOMEHT yacy mokazaHHs
npuwiany | BigmoBimanu pexumy S, a npunagy Ne2 — pexxumy S,. BuszHauuty, B
SKOMY 3 PEKUMIB niepeOyBae TpaHchopMaTop 3 OIBIIOK HMOBIPHICTIO.

Pimenns. [lpupoaHo BipUTH TOKa3aHHSAM TpUiaay, UIsl SKOro Ouiblia
NMOBIPHICTH TOTO, 1110 BOHHU BIJNOBIAAIOTH 1ICTHHI. 3aCTOCOBYIOTH (popmyny beiieca.
Jis IbOTO BUKOPUCTOBYIOTH TIOTE3H MPO CTaH 00’ €KTa:

H, — 06’exT nepebyBae B cTaHi S ;

H, — 00’ext nepeOyBae B cTaHi S, .

CroocteperkeHa mofisi A Toisrae B HACTYNMHOMY: mpuiaa | mokasas, IIO
TpaHc(hopMaTop nepedyBae B CTaHl S, a mpwiajg 2 — B CTaHl S,. MIMoBipHiCcTh
rinotes j0 exciepumenty P(H,)=0,3; P(H,)=0,7.

3HaxX0ATh YMOBHI HIMOBIPHOCTI CIIOCTEPEXKEHOI MOoAll A 3a LUX rinore3ax. 3a
rinote3n H,, mo6 BinOynacs noaist A, nmoTpiOHO, 00 MepIInil Npuiaj AaB BIpHY

1H(popMaIito, a APYTHl — TOMUIKOBY

A
(/Hj (1-0,02)0,08=0,0784.

AHaJIOTIYHO

A
(/H) 1-0,08)0,02=0,0184.

3acTocoByrouu ¢Gopmyny belieca, 3HaiiieMo HMOBIPHICTh TOTO, IO ICTUHHHI
pexxuM TpaHcdopmaropa — S;

(Hj_ 0,3-0,0784

A) 0,3-0,0784+0,7-0,0184 -

Takum 4YWHOM, 3 TOKa3aHb JIBOX TMPWIAMIB OUIBIIE TPABAOMOMAIOHNM €
MOoKa3zaHHs 1-ro npuany.
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3aoaua ons camocmilino2o po3e I3aHHs
Ha migmpueMcTBi BUTOTOBISIIOTH BHPOOM HAa TPbOX MOTOYHUX JIHISX.
Ha niepmiit minii BupoOssitoTs 20 % BUpOOIB Bij 3araJiIbHOTO 00CSTY iX BUPOOHHUIITBA,
Ha npyriit — 30 %, wa Tpetiit — 50 %. Koy mniHiI0 XapakTepusye, BIIAMNOBIIHO,
BIJICOTOK BUPOOIB, SIKi BIAMOBiIal0Th HOpMaM: 95, 98, ta 97 %. Tpeba BU3HAUMTH
HMOBIPHICTb TOTO, IO Oy/Ib-SKU BUIBHO BUOpaHUI BUPIO BUSBUTHCA OpaKkOBaHHUM, a
TaK0>X WMOBIPHICTh TOTO, IO IIek BUpiO OyB BUTOTOBJCHWM Ha MEpIIii, APYTid 4u

TpeTiii JiHii.
IIpakTu4yHe 3anATTA 4
Tema «BunagkoBa Ben4ynHa Ta il XapaKTEPUCTUKNY.

Teopemuyni gioomocmi

BunankoBoro BEIMYMHOIO HA3MBAIOTh BEIMYUHY, SKa B peE3yJbTaTl JOCBIIY
MOK€ MPUUHATH T€ a00 1HILE 3HAYEHHS, IPUUOMY HEBIJOMO 3a3JaJerijlb, IKE CaMe.
Jlo BUNAAKOBUX BEJIMYMH MOXHA BIJTHECTH dYac BIIMOBU €JEMEHTIB CHUCTEM
€JIEKTPOIIOCTAYaHHsI, KIJIbKICTh €JIEMEHTIB, SIKI BUMIILIM 3 Jaay 32 BU3HAYEHUH 4ac i
1HIIIE.

BunanakoBi BenWuuWHM, 110 OPUNMAIOTh TUIBKU BIIJIUICHI OAHE BijJ OJHOTO
3HAUEHHS, SKI MOXKHa 3a3[ajeriib MepeliyuTH, Ha3UBalOTh JUCKPETHUMHU
BHITAIKOBUMU BEJTUIMHAMH.

SIKIIIO MOJKJIMBI 3HAYE€HHS BUIAJKOBUX BEJIMYMH HE BIAAIJIECHI OJHA BIiJ OJHOI,
BOHU O€3yNHMHHO 3aMOBHIOIOTH JIEIKUN MPOMIKOK, IO 1HOAI Ma€ pi3KO BUPaXKEHI
IpaHUIll, a dYacTillle — TPaHMI[l HEBH3HAUYCHI, PO3IUIMBYACTI, TO TaKi BHUIIAJIKOBI
BEJIMYMHU HA3UBAIOTh O€3MEePEPBHUMM.

3aKOHOM  pO3MOJUTY  BUMAAKOBOI  BEIMYMHU  HA3MBAIOTh  BCAKE
CIIBBIAHOIIEHHS, IO BCTAHOBJIOE 3B'SI30K MK MOYKJIMBUMHU 3HAYCHHSIMH BUITaIKOBOT
BEJIMYMHU ¥ BIATOBIAHUMH IM TMOBIPHOCTSAMH.

Haiinpocrimorwo (GopMor 3aBiaHHS 3aKOHY PO3MNOJAUTY € TaONuls, B SIKiif

IEPEepPaxoBaHl MOXJIMBl 3HAYCHHs BHIIAJKOBOI BEIWYMHU X; 1 BIANOBLOHI IM
iMOBIpHOCTI P;. Taky TaOnMIIO HA3UBAIOTH PAJOM PO3MOMALIY.
DyHKIIEIO F(X) pPO3MOJLTY BUIAJKOBOI BEJIMYMHU X HA3WMBAIOTh BEJIUYUHY,

10 IOP1BHIOE HMOBIPHOCTI TOT0, 1110 TOTOYHE 3HAYEHHS X OlIbIIe X.

F(X) =P(X<Xx).
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Akmo a <X <P, TO

P(a <X <B)=F(p)—F(w).

[Toximay Big GyHKIOIT pO3MOAUTY BHIAAKOBOI BEIWYMHH X Ha3UBAIOTh

HIUTBHICTIO PO3MO/IUTY BUITQJKOBOT BEJIMUMHH X 1 ITO3HAYAIOTh f(X).

MartemaTtnyHe OdYiKyBaHHSA (cepelHe BHUOIPKOBE) BHITAJKOBOI BEITUYMHH X

BU3HAYAIOTh 32 (HOPMYJIIOI0

M[x]=

1
n

i=1

'in =m,,

Jc n — KIJIBKICTh MOKJIMBHX 3HAYEHb BI/IHaI[KOBO'l' BCIIMYHHU.

BianoigHo, aucnepcito BUZHAYAIOTh 32 (HOPMYJIO0

D*[x] =

Cepenne KBaJpaTHUHE

obunciuTu 3a HopMyJIor0

1
n-1

n

(X — M)

i=1

BIAXWJIEHHS BUIAJIKOBOI

5" [x] = VD" [x].

3aoaua ons camocmilinoeo po3e I3anHs;

BCIMYMHHN X MOJXHAaA

B mporieci excrmyartartii 150 i3omsatopiB cepii IO 10 kB BigznauaBcs yac iXHbOI

poOoTu 10 mepinoi BiAMOBU B pokax. OTpuMaHi 3HAYEHHS BHUIMAJAKOBOI BEIUYMHHU

HaBejieH1 y Tabmui 1.

Tabmuug 1 — Yac podotu i3o0asTopis 10 10 kB

BumnankoBa BennuunHa X

491

5,05

5,47

4,95

4,85

4,90

4,96

5,20

4,99

4,94

4,81

5,18

5,10

4,88

5,00

5,10

5,15

4,87

4,99

4,80

5,03

491

5,07

4,89

5,01

5,03

491

5,10

5,05

4,96

4,97

5,05

5,03

5,01

5,14

4,87

4,93

5,02

4,99

4,97

4,91

5,00

4,98

4,79

4,96

4,98

5,00

4,94

4,94

4,89

4,91

5,05

5,03

4,84

5,00

4,94

4,90

5,05

4,92

4,84

5,03

5,16

5,07

5,17

4,98

4,99

4,80

5,05

4,94

5,15

5,00

5,10

5,07

5,08

474

4,96

4,86

5,00

4,98

4,84

5,16

4,82

5,02

5,06

4,96

5,18

4,70

4,96

5,03

4,89

5,02

5,04

5,04

4,88

5,05

5,05

4,97

4,98

5,05

5,19

5,09

4,80

5,10

5,00

5,27

4,97

4,88

5,29

4,99

4,92

5,06

5,00

5,02

4,86

4,91

5,04

4,83

5,03

5,00

4,93

5,00

5,14

5,01

5,21

5,00

5,01

4,92

5,09

5,00

4,98

4,88

4,80

5,18

4,96

4,89

4,86

4,91

4,98

511

4,99

5,16

4,86

5,02

5,02

5,02

4,92

4,78

5,07

4,74

4,89
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Po3paxyBaTi  CTaTUCTHUYHI  XapakTEPUCTHUKKA  OTPUMAHOI  CYKYIHOCTI

BUNaIKOBOI Bemunud M., D[x], o'[X].
IIpakTu4He 3aHATTA 5
Tema «Ilo0yaoBa ricrorpamu po3noaijly BUNAJAKOBOI BeJTMYNHH X».

Teopemuuyni gidomocmi

Bech niana3oH BUMIpIOBAaHUX 3HAY€Hb BEJIMUMHU X PO3JLIIOIOTH Ha IHTEPBAJIH,
KUIBKICTh SIKMX BU3HAYAIOTh 32 (OPMYJIOHO

s=1+3.3lgn.

O06YMCIMMO BETUYMHY TPAHUITL THTEPBAIIIB, SIKIIO Xmax T Xmin B1IOMI.

X, = X . _E.Xmax_xmin-
1 min ’
2 s—1
1 X, — X
XZ_Xmin—i__'M’
2 s—1
X3:X2+Xmax_xmin-
s-1
X_:X_1+Xmax_xmin-
or s—1
X — X,
X,y = X + max min
s—1

*

[TinpaxoByOTh KIIBKICTh M; , IO JOPIBHIOE KIIBKOCTI 3HAYEHb BEJIUYUHU X,

AK1 TOTpanmuivd B 1-M iHTepBan. lle uucmo AUISATH Ha 3arajbHE YHCIO BUMIPIB N 1
BUHAXOJIATh YaCTOTY, 1110 BIATIOBIIa€ JaHOMY 1HTEPBATY

. m;

Pi=—-
n

CyMa 4acToT ycixX iHTepBaJliB MOBUHHA JOPIBHIOBATU OWHHUIII.
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BynyroTh CTaTUCTHYHUI P, B SKOMY HaBEJEHI iHTEpBaIU B MOPSIKY IXHBOTO
po3TalryBaHHs y3[I0BXK OCl aOcuuc 1 BIAMOBIIHI 4acTOTH 1 O(QOPMIISIOTH HOTo y
BUTJIAA1 Ta0IUI 2.

Tabnuus 2 — CTaTUCTUYHUN sl pe3yJbTaTIB BUIPOOYBaHb

[ panuIn X1 Xo X3 Xi.1 Xs-1 Xs

inTepBaiiB | X X3 Xa | | x| Xs Xs+1
m;" m_ | m |ms | ...|m | ...|my | mg
Qactotupi | P1 | P2 | Ps | oo | PP | oo | Ps1 | Ps

CratucTuyHud  psifg KpecisTh  rpaiyHO Yy  BUIJISIAI  TICTOTpamu
(puc. 1, cryminuara miHig). [ictrorpamy OyayroTe B Takuil crnocid. Ha oci aGcumc
BIJIKJIAJIAIOTh IHTEPBAIHU 1 HA KOXKHOMY 3 1HTEpBaIIB OYIyIOTh MPSIMOKYTHHK, TUIOIIA
AKOTO JOPIBHIOE YacTOTI JAaHOro iHTepBaiy. i1 moOymoBH rictorpamu MOTpPiOHO
4acTOTYy KOXHOTO 1HTEpBaTy MOJUIMTH HA MOTO JIOBXKUHY M OTpUMaHE YUCIO B3ATU
3a BUCOTY IMPSIMOKYTHHKA. 3a CIIOCOOOM MOOYAOBH TiCTOrpaMu BUXOAUTH, 1110 MOBHA
oA ii JopiBHIOE 1.

BizyanpHa oIliHKa TiCTOrpaMu JI03BOJISIE BUCYHYTH TINOTE3y IIOJA0 3aKOHY
PO3MOILTY CYKYITHOCTI BUITAIKOBUX YUCEI X.

3aoaua ons camocmitino2o po38 a3aHHsA
[ToGynyBatu ricTorpamy pe3yiabTaTiB BUIpoOyBaHb (K Ha puc.l) 3a

eKCTIICPUMEHTAIbHUMH JaHUMHU, HaBEJICHUMH B TaOmI 1.

4.5 T T T T T T

3.5

25

0.5

Pucynox 1 — I'ictorpama pe3ysibTaTiB BUIIPOOYBaHb
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IIpakTuyHe 3aHATTH 6
Tema «AHaJti3 3aK0HIB PO3MOALTY BUNIAAKOBOI BEJIMUMHHU X)).

Teopemuuyni sidomocmi

[Tpu anamizi HaIIHHOCTI MEPEBaXKHO 3aCTOCOBYIOTH 3aKOHH PO3MOALTY, fK1
BHU3HAYAIOTh 32 JIONIOMOTOI0 HEBEIMKOi KUIBKOCTI YMCIOBHX XapaKTepUCTUK. Tak,
MMOKA30BUH (€KCTIOHCHINIAIbHUIM) 3aKOH PO3MOJAUTY BH3HAYAIOTh JIMIINE OJHUM
napamMeTpoM — MaTeMaTUYHUM OYIKYBaHHSIM BUIAJKOBOT BEJTUYMHH.

ExcrioneHmianbHuii  po3MOAUT  BHU3HAYAIOTH  OJHHUM  IMApaMETPOM  —
IHTEHCHBHICTIO BIJIMOB A, a TOKa3HUKH HAAIMHOCTI JOPIBHIOIOTD:

— HWMOBIipHICTH 6€3BIAMOBHO1T poOOTH B iHTEepBai Big 0 10 t

R(t)=e™;

— WMOBIPHICTH BiJIMOBH (pHC. 2)
F(t)=1-R(t)=1-e™;
— IIUIBHICTH HIMOBIPHOCTI BiaMOBH (pHC. 3)

f(t):dFd—(tt):xe‘“;

— cepeHii yac 6e3BIAMOBHOI poOOTH

R(t)dt :ofexp(—xt)dt =%.

T=

oO— 8

HopmanbHuii  3aKOH ~ pO3MOJAUTY — XapaKTepU3ylOTh  JBa  MapaMeTpu
(MaTeMaTHYHE OYiKyBaHHS BUITAIKOBOI BEJIMYUHH 1 JUCIIEPCIs).

HopwmaibHuii 3aKk0H po3MoIiTy BU3HAYAIOTh IIUTHHICTIO HMOBIPHOCTI

—(x-my)?

1

o2n

e 202

f(x)=

17



0,632

Pucynok 2 — I'padik 3a1exHOCTI HMOBIPHOCTI BiIMOBH BiJ Yacy

A ()

>

Pucynok 3 — I'padik 3a5eHOCTI HIITBHOCTI IMOBIPHOCTI BiIMOBH BiJ 4acy

I'padix minbHOCTI KMOBIPHOCTI HaBEJEHUH Ha puc. | 0e3nmepepBHOIO JIHIEIO.

[TapameTpamMu HOPMaNbHOIO 3aKOHY PO3IMOALTY € MaTéMaTHYHE OYIKyBaHHS
(cepenmne BUOIPKOBE) My 1 CEPENHE KBAAPATUYHE BITXUICHHS G, .

[HII  3aKOHM  pO3MOALTY BUMAaralOTh BEJIMKOI  KUIBKOCTI  YHMCIIOBHUX
XapaKTEePUCTHK.

Po3srisitHeMo piBHOMIpHUNA PO3MOILIL.

[{impHICTE HMOBIPHOCTI BIIMOBH (pHC. 4)

JORSS

ne T—yac QyHKIIOHYBaHHS €JIEeMEHTA;

18



— WUMOBIpPHICTB B1IMOBH Ha iHTepBaii t =0, g0 t

t

F(t)=[f(t)dt=

Ly tjt
0 T T

t
| =
0

O —

L
T
— IMOBipHICTH 0€3BIAMOBHOT pOOOTH
t
R(t)=1-F(t) =1—?;

— cepeHiil yac 6€3B1IAMOBHOI pOOOTH

T 27 2
T =j(1—l)dt=T_t_|:T_T_:I_
P 0 T 2TO 2T 2

f(t)

A

v

0 T

Pucynox 4 — I'padik niinpHOCTI KMOBIPHOCTI BIIMOBHU

Ha pucynky 5 HaBeneno rpadik iMOBIPHOCTI BIIMOBH.

T
Pucynok 5 — I'pacix iMOBIpHOCTI BiAMOBHU
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3aoaua ons camocmilino2o po3e I3aHHs
3a OTpUMaHUMU Ha MOTIEPETHIX 3aHATTSIX MapaMeTpax BHUITAJKOBOI BETMUNHU X
noOyayBaTu Ha TicTorpami rpadikd HIIJIBHOCTI PO3IMOALITY HOPMAJIbHOIO Ta
PIBHOMIPHOTO 3aKOHIB po3moairy. ITicis Bi3yalbHOTO aHami3y 3pOOUTH TIOTE3Y PO
3aKOH PO3MOLTY BUIAJKOBOI BEJTMUNHU X.

I[IpakTuyne 3anarrs 7
Tema «IlepeBipka rinore3u Npo 3aK0H PO3NOAIJLY BUNAIKOBOI BeJJHYMHNY.

Teopemuyni gidomocmi
Posrisgaroun nuTaHHS MO0 Y3TOJKEHHS TEOPETUYHOTO W CTATUCTUYHOTO
pO3MOJITY, MAOMYyCKaloTh, IO JAaHUN CTAaTUCTUYHUN PO3MOALN BUPIBHSHUNM 3a
JIOTIOMOTOI0 JIesIKOi TeopeTnuHoi KpuBoi f(x). Sk 6u nobpe He Oyna mimiOpaHa

TEOpeTHUYHAa KpHUBAa, MIK HEI 1 CTAaTUCTUYHUM pO3IMOALIOM HEMHHYYl JesiKi
po30ikHOCTI. [IpupoaHO, 110 BUHHUKAE MUTAHHS: YU TOSICHIOIOTHCS I PO301KHOCTI
TIIBKA ~ BUMNAQJKOBUMU OOCTaBMHAMM, TIOB'SI3aHUMH 3 OOMEXEHUM YHCIOM
CIIOCTEPEXKEHb, YU BOHU € ICTOTHUMH | MOB'sI3aH1 3 THUM, 1110 MiA10paHa KprUBa MOTaHo
BUPIBHIOE JAHUN CTATUCTUYHUI PO3MOJILI.

JInst BIAMOBIAI HA Take MUTAHHS CIYXaTh KpUTEpli 3roAu. Ines 3acTocyBaHHS
KpUTEpiiB 3roAM TMoJsirae B HAcTynmHoMmy. Ha mincTaBi 1aHOTO CTaTUCTHYHOTO
Marepiany Tpeda mepeBipuTH rinore’y H, dka mossrae B TOMy, 110 BHIIaJIKOBa
BeauurHa X MIAKOPSAETHCS ACSIKOMY NEBHOMY 3aKOHY posnoaury. Lleit 3akoH mMoxe
OyTu 3amaHuii B Tiil abo 1HWIN (opmi: HANpUKIAA, B BUMIIAAI (PYHKIIT pO3MOILTY
F(X), B BUIVIAJl IIUIBHOCTI PO3MOALTY f(X) ad0 X B BUINISAAl CYKYIHOCTI
MMOBIpHOCTEH P; .

PosrisparoTe oMH 3 HAHOUIBII YacTO 3aCTOCOBYBAHUX KPUTEPIiB 3rOAM — TaK
3BaHumii kputepiiiy’ ITipcona.

3HalOYM TEOPETHMYHUU 3aKOH pO3MOALTY, MOKHAa 3HAaWTH TEOPETUYHI
WMOBIPHOCTI  BJIIYYEHHS BHIMAJAKOBOI BEJIMYMHM B KOXHHM 3 1HTEpBaJiB
P1, P2, .- Pis ---» Ps-

[lepeBipsitour TOTOKEHICTh TEOPETHYHOTO H CTATUCTUYHOTO PO3MOILTIB,

BUXOAATh 3  pPO30DKHOCTEH MK  TEOPETMUYHUMHM  HMMOBIPHOCTSMH  p; 1
CIIOCTEPEKEHUMH YaCTOTAMH P; .

Mipy po36ixHOCTi 3BHYAITHO O3HAYAIOTH ¥, BOHA JIOPIiBHIOE
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Posmozin y%3anexuTh Big mapameTpa I, HA3MBAHOTO HYHCIOM CTYIICHIB
cB0o0oaM po3noiay. YKcio cTymneHiB cBOOOAU T JOPIBHIOE YHCITy 1HTEpBaJiB Kk MiHyC
YHCIIO HE3AIeXHUX yMOB (“3B'A3KiB”), HaKIaJIeHWX Ha 4acToTd p;. [Ipukiamamu

TaKUX YMOB MOXYTb OyTH:
— SKIIO0 BUMaraTd TUIBKH TOTO, 1100 CyMa 4acTOT JOpIBHIOBajIa OJUHMUII (1[0
BUMOTY HaKJIaIal0Th Y BC1X BUIAJKAX), TO

— SIKIIO MiAOMpaTH TEOPETUYHUN PO3MOJIT 3 YMOBOW, 00 30iranucs
TEOPETHYHE W CepeIHE 3HAUCHHSI, TO

S
~ 3 .
inpi =m,;
i=1
— SIKIII0 BUMaraTu, KpiM TOro, 301T TEOPETUYHOI i CTATUCTUYHOI TUCTIEPCiH, TO

> (% —m})?p; =D,

i=1

TOIIO.

. 2 . . . .
Jns posnoniny x° CKIaIeHl coeriaidbHl TaOduIll, KOPUCTYIOUHMCh SKUMHU
MOJKHA JIIsl KOXKHOTO 3HAYEHHs > 1 4KMC/a CTYIEHiB CBOGOIM I' 3HANTH HMOBIPHICTH

p TOro, mo BEIMYMHHA, po3n0z[ineHa 3a 3aKOHOM Xz, MNECPCBCPIINTL L€ 3HAYCHHA.

B Tabnuii BxoaMu € 3Ha4eHHsI KMOBIPHOCT1 P 1 YMCJIO CTYIEHIB CBOOOIH T.
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Po3mozin y° 1ae MOXIIMBICTh OLIHUTH CTYIIiHb MOTOKEHOCTi TEOPETHYHOTO if
CTaTUCTUYHOTO PO3MOALTIB. SIKIIO MMOBIPHICT P MOPIBHSIHO BEJIMKA, TO MOXKHA

BU3HATU PO3O1KHOCTI MK TEOPETUYHUM 1 CTATUCTUYHUM PO3IMO1IJIaMU HECYTTEBUMU
1 BITHECTH 1X Ha PaxXyHOK BHUMAJIKOBUX NpuyuH. ['imoresy H mpo Te, mo BenuuunHa

X posmojaiieHa 3a 3akoHOM F(X), MokHa BBaKaTH IIPaBIOINOJIIOHOIO a0o,

HpHHaﬁMHi, HC CYIICPCYHOIO CKCIICPUMCHTAJIbHUM JaHHUM.

3aoaua ona camocmitino2o po36 "a3aHHs
[lepeBiput 3a kputepiem I[lipcoHa TimoTe3y mIOA0 MPUHAIECKHOCTI
EKCIIEPUMEHTAIbHOI CYKYIMHOCTI BHIMAJAKOBHX YHCEN X JO0 HOPMAJbHOTO 3aKOHY
PO3MOILITY.

IIpakTruHe 3aHATTH 8
Tema «/loBipumnii inTepBaJ. JloBipua HMOBIPHICTB).

Teopemuuni sidomocmi

[Hom1 moTpiOHO 3HATH, /10 SKUX MOMUIIOK MOKE MPU3BECTH 3aMiHA MMapaMmeTpa
a MOoro TOYKOBOIO OIIIHKOIO a 13 SIKMM CTYIEHEM YIIEBHEHOCTI MOXHA YEeKaTH, 110 I
MTOMUJIKM HE BUKIYTh 3a BIIOMI MEXKI.

Taki 3aBIaHHS OCOOJIMBO aKTyallbHI 3a MajoOro YHCIIa CIIOCTEPEKEHb, KOJIU
TOYKOBA OIliIHKA a4 3HAYHOIO MIPOI0 BUITAJIKOBA 1 HAOJMIKEHA, a 3aMiHA a Ha a MOXE
MIPU3BECTH JI0 CEPUO3HUX TTOMHIIOK.

[IIo6 chopmyBaTh ysBAECHHA TPO TOYHICTH 1 HAAINHICT, OIIHKK a, B
MaTeMaTUYHIA CTATUCTHUIIl KOPHUCTYIOThCS TaK 3BAHUMH JIOBIPYMMHU 1HTEpBajIaMu i
JOBIPYUMH WMOBIPHOCTSIMHU.

Hexait nans mapamerpa a OTpUMaHa 3 JOCBiy HE3MIillleHa OIliHKa a.
Mu xo04eMO OIIHUTH MOXJIUBY MOMUJKY. [Ipu3HauuMo nesiky IOCUTH OLIBIITY
uMoBipHicTh 3 (Hampukian, =0,9 a6o 0,99), Taky, mo moxir0 3 IMOBIpHICTIO [3

MOYKHA BBa)KaTH MPAKTUYHO JTOCTOBIPHOIO, 3HANUIEMO TaKe 3HAUYCHHS €, JJIsI IKOTO

P(la-al<e)=p.
Tom miana3oH NPaKTUYHO MOXKJIMBHX 3HAQUYCHb IIOMMIJIKH, III0 BHHHUKAE IPHU

3aMiHi a Ha a, Oyme +te; Oinbmii 3a aOCOJIOTHOKO BEIUYMHOK TOMWJIKH OyIyTh

3'SIBIATHCA TUTBKHU 3 MaJIOIO0 HMOBIpHICTIO oL =1—f3.
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[TonepeiHe CiBBITHOIIEHHS MEPEMUCYIOTh Y BUTTISI1
P(a—e<a<a+e)=p.

PiBHICTH O3Hauae, MO 3 IMOBIPHICTIO [3 HEBIJIOME 3HAYEHHS NapameTpa a

MOTIa/Ia€ B IHTEPBAJ

VIMOBIpHICTD 3 TIPHIHATO HAa3WBAaTH IOBIPYO0 WMOBIPHICTIO, a IHTEpBaN I —

JOBIPYUM 1HTEPBAJIOM.
I'pannui inrepsany I

HA3MBAIOTh JIOBIPUYMMU TPAHUIISIMHU.

Posrnsanaroun 3aBmaHHs MIOJI0 JOBIPUOro 1HTEpBANy [JIsi MaTeMaTHYHOTO
OUlKyBaHHS, BUXOJSATh 3 TOrO, IO BEJIMYMHA M po3MOjlIeHAa 3a HOPMaJbHUM
3aKOHOM. XapaKTEPUCTHKHU LILOIO 3aKOHY — MaTEMaTUYHE OYIKYBaHHS U AuUcCHepCis

: . : D
JOPIBHIOIOTH BIATIOBIAHO M Ta P

IIpunyckaroTh, 110 BeaM4YnHA D € BIIOMOIO, 1 3HAXOIATh TaKy BEIMYHHY &g,

TSI SIKO1

P(jf—m|<g;)=p.

NmoBipHiCTh B MBI YacTHHI BHPaXKalOTh dYepe3 HOPMaJbHY (YHKIIIIO

PO3MOILTY
~ * 8'3
P(|m—m|<sB)=26D iy
O
D ) ) -
1€ Oy =,|— —CepenHe KBaJpaTUUHE BIIXWICHHS OLIHKU M.
n

3 nonepeAHbOro PIBHSIHHS OTPUMYIOTh

* 8'3
20| 2B | _1=p.

Om

23



3HaxXOaATh 3HAUEHHS €

H(1+P
= argd"| —= |,
—— (Zj

ne argCD*(x)—(pyHKui;I, 3BOPOTHA IO CD*(X), TOOTO Take 3HAYCHHS

apryMEHTY, IIpH SIKOMY HOpMaJibHa (PYHKIIIS PO3MOAUTY JOPIBHIOE X.

Hucnepcis D, yepe3 siKy BUpakeHa BEeTUYMHA G, B TOYHOCTI HE BiJoMa, B

m?

AKOCTI 1i OpPIEHTOBHOTO 3HAYEHHS MOXKHA CKOpUCTATHCS OIiHKOI0O D 1 mokmactu

D
Oxp = F

Taxkum ynHOM, NPUOIU3HO BUpINIEHA 3a7a4a MOOY0BU JOBIPUYOTO 1HTEPBAIY,

PUOIM3HO

AKUU JOPIBHIOE

106 mpy 0OYMCICHH] €; BUKIFOYMTH 3BOPOTHE iHTCPIIONIOBAHHS B TAOJIMIISIX

dysknii ®"(x), MOXKHA CKIACTH ClelianbHy Tabuuuio (tabn. 3), K¢ HABOISTHCS

H1+B
tB zargCD (Tj,

3HAa4YCHHA BCINYHUHU

B 3QJICXKHOCTI Bif 3 .

Tabmuns 3 — JlomomixkHa TaOIHI

B ty B t p ts p ty
0,80 1,282 0,86 1,475 0,91 1,694 0,97 2,169
0,81 1,310 0,87 1,513 0,92 1,750 0,98 2,325
0,82 1,340 0,88 1,554 0,93 1,810 0,99 2,576
0,83 1,371 0,89 1,597 0,94 1,880 0,9973 3,000
0,84 1,404 0,90 1,643 0,95 1,960 0,999 3,290
0,85 1,439 0,96 2,053
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KBaJIpaTUUHUX BIIXWIEHb, SKI TOTPIOHO BIAKIACTA BIJ LEHTpPA PO3CIIOBAHHS
IpaBoOpyY Ta JIBOPYY JJIS TOTO, 100 WMOBIPHICTh BIyYaHHS HAa OTPUMAHY JUISHKY

BennunHa t; BH3HAYa€ Ui HOPMAIBHOTO 3aKOHY YHCJIO —CEPEeAHIX

JopiBHIOBaA f3 .

IIpuxnao poss’azanns 3a0aui
Bukonani 20 gociijiiB Haj BEIUIUHOIO X, pe3yJIbTaTH HaBeACH1 B Ta0uIll 4.
[ToTpiOHO 3HAWTH OIIHKY M IJIT MATEMATHYHOTO OYiKyBaHHS M BETUYMHHU X

1 moOyyBaTH JOBIpUYMi 1HTEpBaJ, BIAMOBIAHUI 10Bipuoi iiMoBipHOCTI 3 =0,8.

Tadonuig 4 — 3HaueHHS BUIIAIKOBOI BEJIMUYUHU X

i X; i X; i X; i X;

1 10,5 6 10,6 11 10,6 16 10,9

2 10,8 7 10,9 12 11,3 17 10,8

3 11,2 8 11,0 13 10,5 18 10,7

4 10,9 9 10,3 14 10,7 19 10,9

5 10,4 10 10,8 15 10,8 20 11,0
Maemo:

IR 10,78
m=—>x; =10,78.
02

i=1

3a ¢popMyIIo10 NI BUSHAYEHHSI TUCTIEPCli PO3PaxOBYIOTh HE3MIIICHY OI[IHKY

D ———1 3 —m 2——006
X . Xi ,064;
[ ] 20-1 E( I X)

=0,0564.

Q

=

Il
STo)

3a Ta0IUIEI0 3HAXOIATh t, =1,282; ep =tgom = 0,072.
JloBipui rpaHMmIli:
m, =m-0,072=10,71;
m, =m+0,072=10,85.
JloBipuiii iHTEpBAJI:
Iy = (10,71;10,85).
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3aoaua ons camocmilino2o po3e I3aHHs
PospaxyBatu noBipunii iHTEpBad ISl BUITAJIKOBOI BETWYHHH, HABEICHOI B
tabmuin 1.

IIpakTHuyHe 3aHATTH 9
Tema «BusHaueHHs1 00CATY CIIOCTEPEIKEHbY.

Teopemuyni gidomocmi

OpHiero 3 BaXJIMBUX 33J]1a4 € BU3HAUYCHHSI MIHIMAJIBHOTO 00CSTY CTaTUCTUYHOI
iHdopmariii, 3a SKUM 3 HEOOXITHOIO BIPOTIMHICTIO MOXXHA OJEpXKATH TOKAa3HUKU
namifigocti enemedTis CEIl. Meroan BH3HAYeHHS MIHIMAJILHOTO 4YHciaa 0O0'€KTIB
CIIOCTEPEKEHb MOXYTh OyTH NapaMeTpuyHUMU (IpH BIJOMOMY BH[l 3aKOHY
PO3MOAUTY JTOCTIIPKYBAHOT BHUIAJKOBOI BEJIMYMHM) 1 HEMapamMeTpUyHUMHU (BUJ
3aKOHY PO3MO/ALTY HEBIIOMUI).

Skmo BIIOMUN 3aKOH PO3MOJAUTY IIYKAaHO! BEJIMYMHU, BapTO 3aJlaTUCA
B1JIHOCHOIO (200 aOCOJIIOTHOI0) MOXUOKOIO 3 JTOBIpYOI0 MMOBIpHICTIO . KpiM Toro,

HEOOXITHO MaTH OUIHKY BHIAJKOBOI BEJIMYMHHU X OTpMMaHy Ha MiJCTaBl

aoci ?
nociaiaiB abo mo BuUOIpKaX 3 MHOXKHHM 3HA4Y€Hb BHUMAAKOBOI BeaWM4WHU. Jljist
JBOMIApAMETPUYHUX 3aKOHIB PO3MOAUTY HEOOXiJHO TaKoXXK BUOIPKOBE CEpEIHE

KBaJ[paTUYHE BIIXUJICHHS O rocn -

Tak, mpu EKCIIOHEHTHOMY 3aKOHI, KOJU (QYHKLIS IIUIBHOCTI HWMOBIPHOCTI
3a/1aHa y BUTJISI

f(t)=1e™ mpnu t >0.

Yucino N 00'€KTiB CHOCTEPEKEHHS 3alleKUTh BIJ BIIHOCHOI TMOXUOKH O
BU3HAYEHHs CEPEIHbOrO 3HAYEHHS tg, NOCILIKYBaHOI BUIAJKOBOI BEJIMYUHH t 3
JIOBIPYOIO UMOBIPHICTIO [3.

BigHoCHY MOMMIIKY BU3HAYAIOTH SIK

5=(t"—te )/ tep,

ne t° — BepxHst 0IHOOIYHA JOBIpYa TPAHMIIS.
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PexomeHmyI0Th BUKOPUCTATH JOBipUYl MOBIpHOCTI 3, mo mopiBHIOOTH 0,80;
0,90: 0,95; 0,99.
Yucno N 00'eKTiB CIIOCTEpEKEHb BU3HAYAIOTH 3 POPMYITHU

3+1=2N/y*(1-B;2N),

e x? (1— B; 2N) — KBaHTHJIb PO3IOAITY > TIpH 4HCHi cTyneHiB Boui 2N.

[Tpu HeBiZOMOMY Bl 3aKOHY PO3MOIUTY BHUIIAJKOBOI BETUYUHU MIHIMAJIbHE
guciao N 1 mepeBipku HeoOXigHoi HMoBipHOCTI P(t) 0e3BiAMOBHOI poOOTH
OPOTATOM JESKOro 4Yacy t 3 JOBIpYOIO HMOBIPHICTIO [3 3a7al0Th 3a YMOBH

BIJICYTHOCTI BiJ]MOB 3a 4ac t
N=In(1-B)/InP(t).

Axmo npu BunpoOyBaHHAX N 00'ekTiB 3a yac t HE Oyne BIJ3HAYEHO >KOJHOI
BIJIMOBH, P€3YJIbTATU CIIOCTEPEKEHb BBAXKAIOTh 3aJOBUIBHUMHU. SIKIIO X BIIOYAETHCS
xo4a 0 oJjHa BIIMOBA, TO HEOOX1JHE 3HAYEHHS UMOBIPHOCTI HE MIATBEPAKYETHCS.

3aoaui 0ns camocmilino2o po38 sI3aHHs.

1. Bwusnauutu oO0car BunpoOyBaHb JIU3EJIb-TEHEPATOPIB  aBapiitHOi
enexrpoctanii i1 AEC. 3agana iiMoBipHicTs 6e3BinMoBHOI pobotu P(t,) = 0,92
IPOTArOM PO3PaxyHKOBOI'O 4acy JikBigamii aBapii t,=240 rog. JloBipuy HMOBIPHICTb
Toro, mo P(t,)>0,9, npuitmarors 3 =0,9.

2. Ckinpku pa3iB MOTPIOHO MPOBECTH BUMPOOYBaHHS BUMHUKaua, 1100 OyTH
BIIEBHEHUM, 10 3 rapanTiero 95% npu excruryarailii BiH Oy/ie BIAMOBJISTH HE OUIbIII

aK B 5% ycCiX BUIAKIB?

IpakTnune 3ansarra 10
Tema «HapiitnicTb cTpyKTYp. IlOoC/i10BHE 3'€IHAHHSA €JIEMEHTIBY.

Teopemuuyni 8idomocmi
[TocmimoBHUM 3'€HaHHSIM HA3WBAETHCS TakKa CTPYKTypa, BiIMOBAa SKOI
HAaCTYyIIa€ MPU BUXO/I 3 JIaJly Xo4a O OJTHOTO eJeMEeHTa, TOOTO MOCIIJ0BHA CTPYKTypa
mparie3aaTHa, SKIIo BCi 11 eJIeMEHTH Ipalie3aTHi.
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YacToTa BiIMOB CTPYKTYpHU

(’OC = Z(Di '
i=1

CepenHiii yac 6€3B1IMOBHOI pOOOTH

T
O‘)C

Cepenniit 4ac BiTHOBJICHHS

1 n
Tc = 1 Z(’)i’ci

€ MaTCMaTUYHUM O‘-IiKYBaHHHM qacy BiI[HOBJIGHHH, 3Ba’KCHHUM 3a 4aCTOTOIO BiIIMOB n

MOCJIIIOBHO 3'€THAHMUX €JIEMEHTIB.

llpuxnao poss’sazanns 3a0au.

Bu3HauuTtn mokasHUKU HEIIIifIHOCTi CHUCTCMH, IO CKJIAAAE€THCA 3 HOCJ'IiI[OBHO

3'eJHAaHUX E€JIEMEHTIB.

1
|
o, =0,5 1/pik;
®, =0,32 1/pix;
o, =0,3 1/pik;

o, =0,64 1/pix;
s =0,001 1/pik;

Po3ze’sizannua;
YacroTa BiIMOB

t=16,0 rox;
t=8,0 rox;
t=6,0 rox;
t=12,0 rozx;
t=15,0 rog.

5
o, =2, 0;=0,5+0,32+0,3+0,64+0,001=1,7611/pix.
1
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CepenHiii yac BiJHOBJIEHHS, (TOJIMH)

13 1

T. (05 -16+0,32-8+0,3-6+0,64-12.5+0,001- 15) 11,57.
0, i= 1761

CepenHiii yac 6€3B1IMOBHOI poOOTH

T, = 11 . = 0,568 poxis,
o, 1761

abo
T,=0,568-8760=4974rox.
VIMoBipHicTb BiMOBH crcTeMH 3a t = 1 pik

F(l)=1-e " =1-e*™=1-0,172=0,83.

3aoaui 0ns camocmilino2o po38 sI3aHHs.

1. BuzHauuTi mokazHUKM HAJIIHHOCTI CUCTEMH 3 YpaxXyBaHHSIM HaJiMHOCTI
po3'€IHYyBauIB.
10 xB KIJI ‘
> ] ] >
g L] L] ‘ >
L=1,5 km

2. BuszHaunuTH MOKa3HWKHM HAJTIAHOCTI cucTeMu 0€3 ypaxXyBaHHS HaIIHHOCTI
po3'€THYBaYIB.

" \

110 kB > ] ] ‘ >
L=35 km
3. Bu3HauuTH NOKa3HUKMU HAIIMHOCTI CHUCTEMH 3 ypaxXyBaHHSM HaAIMHOCTI
pO3'€THYBaYIB.
10 xB KJI ‘ 0,4 xB
N [ ] [ >
i L] LI @ ‘ "
L=4 xkm

29



IpakTrune 3ansaTTa 11
Tema «HapiiinicTb cTpykTyp. IlapajiesibHe 3'€1HAHHS eJIeMEHTIB).

Teopemuuyni sidomocmi

[TapanensHUM 3'€THAHHSM HA3UBAIOTH CTPYKTYPY, BiIMOBA SIKOT HACTyIa€E MPHU
B1JIMOBI BCIX €JIEMEHTIB, III0 BXOJSATh B CTPYKTYpY.

[TapanenbHy CTPYKTYpy HA3WBa[OTh 1€ HAJIUINTKOBOIO ab0 pPE3epBOBAHOIO,
OCKUJIBKM BOHA MICTUTBH €JIEMEHTIB Olblle, HIK 11 HEOOXITHO MJIs 1i HOPMAaJIbHOTO
¢yukionyBanusa. [lpum BigMOBI OJHOTO ab0O [EKUIBKOX €JIeMEHTIB (YHKIIIIO
CTPYKTYPH BUKOHYIOTh €JIEMEHTH, 110 3aJTUIITUINCS B pOOOTI.

B 3aragpHOMY BUTNIAQAKy [JIsi CTPYKTYpH, IO CKJIQMA€THCS 3 TMapajielibHO
3'€IHAHUX €JICMEHTIB MOYKHA OTPUMATH HACTYITHI CITIBBITHOIIICHHS.

Yacrora BIIMOB

H(DJ’CJZ 1/ron,

_1‘E

abo

w, =8760" mHo)JrJZ 1/pik;

j=1 =1 T j

CepeaHii yac BiTHOBJICHHS

1
zi

_1’CJ

JIoist cucTeMu 3 PiBHOHAMIHIME eTeMeHTaMH ©, =Mo"t ~; T, =m 'T.

Ipuxnao po3s’sazanms 3a0ay po3paxyHKy NOKA3HUKIE HAOILIHOCMI NAPAebHOT
CMpYKmypu
BuszHaunTty TOKa3HUKM HAIIMHOCTI CHCTEMH, IO CKIAJA€ThCSI 3 TPhOX
napaseiabHO 3'€THaHUX €JIEMEHTIB.

v
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o, =12 1/pix; 7, =16 rog;
0, =2,7 1/pix; T, =6 rox;
0y =5,2 1/pik; T, =24 TOop.
Po3zs’azanus.

YacroTa BiIMOB

m, =8760"° 0,1,00,T,0,T, (i + 1 + ij =1,37-10" 1/pik.
T T, T3
CepenHiii yac BiJHOBJICHHS
= 1 3,69 r
e 1 g oY TIA
T T T

HIMOBIipHICTb B1JIMOBH 3a pPIK

F

- =1-e 7 = 0,000137.
3aoaui 0ns camocmilino2o po38 sI3aHHs.
1. Bu3HaunTH MOKa3HUKH HAJIIMHOCTI CUCTEMU 0€3 ypaxyBaHHSIM HaJIHHOCTI
IIIHH.

KJI
[ ] [ ]
110 kB LI [

M M
L L
L=2,5km
2. BuszHaunTH MOKAa3HWKH HAJIWHOCTI cUcTeMU 0€3 ypaxyBaHHsS HaJIIHHOCTI

IIMH Ta 301pKu.

KJI

[ ]

—
10 kB L 0,4 kB

@
@

[
L |

[ ]

L=3,8 km
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3. Bu3HauuTH MOKa3HUKMU HAIIHHOCTI CUCTEMU O€3 ypaxyBaHHSIM HaIIHMHOCTI

HIHH.

110 kB 11

[ ]

—
LD 10 kB
@

—
LI
L=45 kM

[ ]

IIpakTuyne 3anaTTs 12
Tema «HapiiiHicTh cTPYKTYP. 3MilIaHe 3'€ITHAHHSA €JIEMEHTIBY.

IIpuxnao pose’azanmns 3a0aui
BusHnaunTi moka3HUKU HAJAIMHOCTI CHCTEMH.

1 4
3
A, =0,1 1/pik; ts, =16 rog;
A, =0,5 1/pik; ts, =8 rox;
A3 =0,6 1/pix; ts; =10 rox;
A =0,2 1/pix; ts, =4 rox;
As =0,2 1/pik; ts: =4 ron.

Poszs’azanus.

Po3paxyHok moka3HHUKIB HAAIHHOCTI BUKOHYIOTH ITOCTAITHUMHU €KBIBAJICHTHUMH
MePETBOPEHHSIMU TOCIIIOBHO 1 MapayiesIbHO 3'€THAaHUX €JIEMEHTIB. EKBIBaJICHTHHIA
eJIeMEHT 6, 1110 TIPEICTABIISE MapajielibHe 3'€IHaHHs eIeMeHTIB 1 1 2.

[HTEHCHUBHICTH BIIMOB

A =87607" Ay ta Ayt (i + i} =87607"-0,05-24=0,1368-10" 1/pik.

Bl B2
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CepenHiii yac BiJHOBJICHHS

1 _ tBl . tBZ _ 16 ° 8
1.1 t+t, 16+8
ty, to,

=5,333 rox.

tBS -

ExBiBaneHTHUII eeMeHT 7, 110 SBJIsi€ TapalieIbHO 3'€THaH] eleMeHTH 4 1 5.
[HTEHCHUBHICTH BIIMOB

A, =8760—1-x4-t34.x5-t35£i+ ! j:8760‘1-O,2-4-0,2-4(%+%):

B1 B

=87601.0,2-0,2-8=0,03648-103 1/pik.
CepenHiii yac BITHOBJICHHS

1 1
ts, = 1+1 =7 1—2FOI[.

7+7
t, t 4 4

IToxa3HMKY HaAIMHOCTI CUCTEMH I ITOCIIOBHO 3'€THAHUX €JEMEHTIB 6, 317

A =hg +Ag+A;, =0,1386-10"° + 0,6+ 0,03648-10"° = 0,6 1/pix,
t :_'(7\‘6'1:36 Ayt Ay ’tB7):

___1 (0,1368-107-5,333+0,6-10+0,03648-10 2 - 2) =9,998 rox.
0,60017328

Cepenniit yac 6e3B1iIMOBHOI pOOOTH CUCTEMU

Lo 1 1667 pix
C 2, 0,60017328

VIMOBIpHICTbh BIIMOBU CUCTEMHU 32 OJUH PiK

1
F(1)=1-e ¢ =1-¢ %0045,
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KoedirieHT roTOBHOCTI

K-= L =~1.
S W
KoedirtieHT 3MyIIEHOTO TTPOCTOIO
Ky =1-Kp ~0.

3aoaui 0ns camocmilino2o po38 sA3aHHs
1. Bu3HaYUTH MOKAa3HUKK HAAIMHOCTI CHCTEMH 3 YypaxXyBaHHSIM HaAIHMHOCTI
pO3'€THYBaYvIB.

LT
[ ] [ ]
110 kB L L

[] []
L1 L
L=35 km

2. Bu3HaunTH TOKa3HWUKMU HAJINHOCTI CHUCTEMH 3 ypaxyBaHHSM HaIiHOCTI
pO3'eIHYBaUIB.

KJI
[ ] [ ]
L1 LI

10 kB 0,4 xB

@
@

[]

—
L
L=5 kM

3. Bu3HaunTH TOKa3HWKM HAJIMHOCTI CHUCTEMH 3 ypaxyBaHHSM HaIiHHOCTI

po3'eIHYyBaUIB.

1 :Q: :|:| :
110 kB 10 kB
>
L=85 km

34



IIpakTuuHe 3ansarTTs 13
Tema «HagiiiHicTh CKJIaAHUX CTPYKTYP. MicTKOBA cXemMay.

Teopemuuyni sidomocmi

PeanpHi TeXHIYHI CHCTEMH HE 3aBXKIH SBIISIOTH COO0I0 CYKYITHICTh TTOCITIIOBHO
1 TapajelbHO 3'€IHAHUX €JIeMEHTIB. ICHYIOTb 1 OUIBII CKJIAgHI CTPYKTYPH,
HAIPUKIIAJ, TaK 3BaHa MICTKOBa cxeMa. B miil CTpyKTypi eleMeHTH 3'€THaHl TaKuM
YuHOM, IO ii mojanbine crapoieHHs HemoxiuBe. Cepen 0e3miyul IEepEeTHHIB
CKJIQJIHUX CTPYKTYp € Taki, sIKi YTBOpEHI MiHIMAJbHUM HaOOpPOM EJIEMEHTIB — II€
MiHIMaJIbHI IEPETUHH.

B Teopii HamiitHOCTI BUKOHAHI JOCHIIKEHHS, SKI TOBOASATH, IO HAAIMHICTH
MOCJIJIOBHO 3'€IHAHUX MIHIMAJIBHUX TIEPETUHIB CTPYKTYpH BHU3HAYAE HUIKHIO
rpa”uio ii HamiHocti. [lpuyomy, yuM HafllHINIE €JIEMEHTH, IO BXOJATh B
CUCTEMY, TUM TOYHIIIE HAAIMHICTh CYKYITHOCTI MiHIMaJbHUX MEPETUHIB S BiOMBa€E
HAJIHHICTh BCIEl CTPYKTypH. BBakaeMo 3 JOCTaTHIM CTYNEHEM TOYHOCTI, IO JJIA
BUCOKOHAIIMHUX CTPYKTYp MPU JOTPUMAHHI CITiBBITHOIICHHS

Z T << Tmin

ieS

HaJIIMHICTh TOCIIJIOBHO 3'€lHAHUX MIHIMAJIbHUX MEPETUHIB € HAAIMHICTIO BCIEl

CTPYKTYpH.

3aoaua ons camocmilino2o po3e 3amHs;
Buznauntu HaAIlHICTh CX€MH, 300paKEHOT Ha PUCYHKY O.

A
X | £

a

Pucynoxk 6 — CTpykTypHa cxeMa eJIeKTPUIHOI MEePEexk1 THITY «MICTOK
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EnemenTu cxemu MarOTh Takl IIOKa3HUKU HAIHHOCTI:

@, = 0,20 pix 1, =4rox;

», =2,00 piK_l; 1, =12,5rox;
0, = 3,50 piK_l; 13 =20T0x1;
w, = 0,50 pix *; t, =10rox;
w5 = 5,50 pik ; 15 =15T07.

IpakTnuni 3anarrsa 14-18

Tema «HagiHicTh CKJIAAHUX CTPYKTYP. AJITOPUTM MOLIYKY MiHIMAJbHHX
NePeTUHIBY.

Teopemuuni sioomocmi

SO 4Yucno eJEeMEHTIB 1 iXHiX 3B'SI3KIB OyJe JTIOCUTh BEIMKHM, TO BUOIp
MIHIMQJIBHUX TEPETUHIB — TPYAOMICTKUH MPOIEC — YUCIO MOMJIMBHUX CIOJYYEHb
€JIEMEHTIB 3POCTAE 3a CTYMEHEBOIO 3aJICKHICTIO.

Crin 3ynMHUATHCA HA OJJHOMY 3 METOIB CIPSIMOBAHOTO BHOOPY MiHIMaJIbHUX
MEPETUHIB, IO BHUKOPUCTOBYE eleMeHTH Teopii rpadiB. CTpyKTypy MNOAAIOTh Yy
BUTJISIAI 3aMKHYTOro rpada, 1mo mae oauH Bxig A Ta oauH Buxin E (puc. 7, a).
3aMKHYTUM Ha3MBAETHCS Tpad, MO0 HE MICTUTh €JIEMEHTH, MO SKUX HE MPOXOIUTH
’KOJICH TUIAX, 10 3B'si3ye BXia rpada 3 BuxoaoMm. Pebpamu Takoro rpada ciyxarb
€JIEMEHTH, HaJAIMHICTh SIKUX BlJOMA.

Hexait € rpad, uo mictuts M pedep 1 M BepiuH. PozipBemo pedpa rpada tax,
o6 wyactuHa BepimH (N) Oyna mpreaHaHa TUTbKH 10 BXoAy rpada, a inmm (M—N)
BEPIINH — 710 BUXOAY rpada (puc. 7, 6). llum camum nopyiiieHuii 38'130K Mik BXOJI0M
1 BUX0A0M rpada 1 yTBOpeH1 JBI CTPYKTYypH, HazuBaHi aepeBamu: N-nmepeBo (ToOTO
nepeso, 1o mictuth N BepmuH) i (M —N) - aepeso.

[Ipu upoMmy «oOipBaHi» pedpa yTBOPSATh MiHIMaNbHI nepeTuHU. Ha pucyHky
7, 6 MIHIMaTBLHUN TIEPETHH YTBOPSTH CIEMEHTH 3, 5, 6.

TakuMm 4yMHOM, 3aJady MOIIYKY MIHIMQJIbHMX MEPETHUHIB 3BOJASTH 10 3ajayl
moOyZI0BU MOXIMBUX nepeB rpada. s mporo mo omniei 3 BepmmH rpada (Bxomy
a00 BUXOJy) MOCIIJIOBHO MPUETHYIOTH OJHY 3a JAPYro0 BEPIIUHH, 0€3MOCEPEIHBO
ITOB'sI3aHI 3 TIOTIEPEIHIM JIEPEBOM.
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Pucynox 7 — 3amknyTuit rpad

ANTOPUTM BU3HAYCHHS MiHIMAJIbHUX IMEPETUHIB HACTYITHUH.

1. CknagaroTh MaTpUII0 Oe3MOCEPEHIX 3B'sI3K1B BEPIIMH — pedep rpada.

2. Cknanaroth MacuB N-znepeB rpada MOCTIIOBHUM MNpUEAHAHHAM 10 Nj-
JiepeBa BEpIINH, 0€3M0CePeIHBO MOB'SA3aHUX 3 OJHIET 3 BEPIIHH, [0 BXKE HaJIEXKaTb
Ni.; 1epeBy.

3. st kosxkHOTO Nj-IepeBa BUOMPAIOTh IEPETHUHHU.

4. CxnagaroTh MacUB MEPETUHIB, 3 SIKOTO BUOMPAIOTh MIHIMAJIbHI.

Tlpuxnao nowtyky MiHiMAIbHUX nEpemunie y CmpyKmypi, wo npeocmasienda Ha
puc. 1, a.

CknagaroTh MaTpHIll0O Oe3rmocepeHix 3B'A3KiB BepmmH 1 pedbep rpada.
Hampuknan, BepmmHaa A Ge3mocepeHbo MmoB's3ana 3 peopamu 1, 2, 3; pepmmna B — 3
pebpamu 3, 4, 6 1 T.1. MaTpuiist 3B'sI3KIB [Tl pO3TIISIHYTOTO rpada Oyae MaTy BUTITIS,
HaBeJIEHUH B TaOmuI b.

Tabnuis 5 — Matpuiist 3B’ s13K1B

PeOpa, mo nos'sizani 3
Bepumnn
BEPILINHOIO

A 1,2,3
B 1,4,6
C 2,4,5
D 3,57
E 6,4,7
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2. Cknanarotb macuB N-nepes. Ilepmie N;-nepeBo — Bepmuna A. [ToTim 10 Hel
0e3mocepeHb0 MpUEAHYIOTH Tpu Bepmnuau B, C, D, mo € Hactynmaumu N-nepeBamu
AB, AC, AD. [ami, no nepesa AB mnpuennyrots BepmuHy D, Ockigbku BOHa
MoB's3aHa 3 OJHIEIO 3 BepmuH N, nepesa, a came — A. Toxi onepxyroTh N3-mepeBo
ABD. Kpim toro, 10 N,-nepeBa npuennyots Bepimuny C 1 Tak gaii, A0KU He OyIyTh
pPO3TISHYTI BCl BEpIIMHU, 3a BUHATKOM E — Buxig rpada (axmo BepmuHy E
npueaHaTi 10 N-1epeBa, TO yTBOPUTSH 3B'3aHY CTPYKTYPY).

Taxkum ynHOM, BU3HAYAIOTh MacuB N-aepeB rpada

A,AB,AC,AD,ABC,ABD, ACD,ABCD.

3. s xoxHoro Nj- nepeBa BU3HAYaIOTh NMEPETHHHU. 3a MaTpUIEl0 pedpa-
BEpPUIMHHU B CTOBIYMK BUIIUCYIOTh BCl peOpa, Oe3rmocepe/IHbo MOB'A3aH1 3 BEPIIMHAMHU
N-nepeB (Tadu. 6).

PeOpa, mo BxoasTh A0 CyKymHOCTI pebep Nj-mepeBa, mapHe YHCIO pa3
BUKJTIOYAIOTH (B TaOJIUII BOHU MEpEKpecieHi), a pedpa, 110 3aJIUIITUINCS, BUITUCYIOTh
B HIKHIN psAAOK Tabmuili 6.

4. BuOupaioTb MiHIMaJdbHI MEPETUHU 3 O€3J]1iUl OTpUMAHUX TepeTuHiB. [
bOIO BCl MEPETUHU MNPEICTABISAIOTh B MOPSAAKY 3POCTAHHS YHKCIA EJIEMEHTIB 1
YTOYHIOIOTh, UM HE MICTUTHCS B IEPETUHAX 3 OUIBIIKMM YUCIIOM €JIEMEHTIB IIEPETUH 3
MEHIIIMM YUCJIOM €JIEMEHTIB.

Tak, nepetun, mo yrBopenuit nepesom ABD = 24567, micTuTh nepeTHH, 1110
yrBopenuii nepeBom ABCD — 67. Tomy nepetun 24567 Buxitouarots. [lepetnnu, mo
3AIIMIIUINCS, € MIHIMaabHUMU. [[1s1 HaBeeHOro MpUKIaay MiHIMAIbHI TIEPETHHHU:
67, 123, 146, 356, 1257, 1345, 2346. [Hmux MiHIMaJIbHUX TEPETUHIB B rpadi HE
MICTUTHCS.

Tabmuus 6 — [leperunu rpada

N-1epeBo A AB AC AD | ABC | ABD | ACD | ABCD
Peopa | 123 | 123 | 123 | 123 123 | 123 | 123 | 123

146 | 245 | 357 146 | 146 245 | 146

245 | 357 | 357 | 245

357

Meperuny | 123 | 2346 | 2345 | 1257 | 356 | 24567 | 147 67

38



Busnayumu nokasmuxu HaoiuHocmi Wo npeocmasieHa Ha

cmpykmypu,
PUCYHKY 8, NOKA3HUKU elleMeHmie HaoaHi 6 madauyi 1.

Pucynoxk 8 — BuxizmHa cTpyKTypa eJIeKTpHUUHOT MEpexi

Tabmuus 7 — Buxiaai maxi

Howmep enemenTa 1 2 3 4 5 6 7 8
o, i’ 0,05 4,2 0,05 0,05 3,8 0,05 0,05 0,95
T, TOJI. 6 12 6 6 15 6 6 7,5
Howmep enementa 9 10 11 12 13 14 15 16
o, piK” 0,05| 0,05 2,4 0,05 1,75 2,05 0,8 0,5
T, TOJI. 6 6 10 6 15 15 20 10
Howmep enementa | 17 18 19 20 21 22 23 24
o, piK’” 0,5 0,3 1,2 0,65 2,25 1,55 0,8 3,5
T, TOJI. 10 8 10 6 12 6 20 8
Howmep erementa | 25 26 27 28 29 30 31 32
o, piK” 0,4 2,2 0,6 3,2 0,5 0,15 0,1 0,05
T, TOJ. 20 25 20 25 20 10 5 6
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