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1 IOYATKOBA CTATUCTUYHA OBPOBKA JTAHUX

1.1 TeopeTuuHi BimomocTi

HocmimkenHs MOKA3HUKIB HaiHHOCTI iH(popMaLiitHO-
BUMIDIOBAIBHOI ~TEXHIKM OCHOBaHA Ha BHUOIPKOBHX pe3yibTaTax
CITOCTEPEKEHb (U4 BUMIPIOBAHb), IO IPEACTABISIOTh COOOI0 BHITAIKOBI
BEIMYMHU. 3a3HAUYUMO, L0 6UNAOKO8A 6eiuyuna - e TaKa BeIUYWHA,
OJIepKaHHSI KOHKPETHOTO 3HAuU€HHS SIKOi MOB’A3YETHCS 3 IMOBIpHICTIO il
BUHUKHECHHS.

3a pesynpTataMu BUOIPKH MOXHA OLIHUTH CTATUCTHYHHN PO3MOJLT,
LEHTP TPYyIyBaHHsS, PO3CIIOBaHHSA 1 PO3MOJIT IMOBIPHOCTEH BHIIaJIKOBOL
BEJIMYUHU.

Cmamucmuunum po3nodinom BUTAIKOBOI BEIMYMHU HA3UBAIOTh
PO3MIIIICHY B TOPSAKY 3POCTaHHS CYKYIHICTh 3Ha4eHb BHIIQJKOBUX
BEeIWYWH (BapiamiiiHuii psim) 13 BKa3iBKOIO MWMOBIPHOCTI IXHBOTO
BUHUKHCHHSL.

CraTHCTUYHHMIA PO3MOMAIT MOXKHA HaJaTH y BUIJISLII TicTorpaMu abo
TIOJIITOHY .

licmoepama — 1e crymiHYacTHid Tpadik, OpIUHATH SKOTO
BIAMOBIAAIOTH 4YacTOTi ab0 YacTocTi IOHaJaHHs JAHOTO BUIIAJIKOBOIO
3HAYEHHS Y BU3HAYCHUH IHTepBaJ 3HAUYEHb, BIJIKIIaZICHUX TI0 OCi abcIuc.

Ionieon Bix TicTOrpamMu BiAPI3HAETHCS THM, IO POIb CTYIIHYACTOTO
rpadika Bifgirpae 0araTOKyTHHK, KyTH SKOTO BiJIOBilalOTh 4acTOTi abo
gactocti. Yacricts f; (abo BiJHOCHY 4acTOTY) BU3HAYAIOTh 32 (HOPMYIIOH0

Ie: M, — KiNbKIiCTh MOMalaHb 3HAUCHb BUIIAJKOBOI BEIMYHHY B i-Hit
iHTEpBal (abCOMIOTHA YacToTa); N — 00’ €M BUOIPKH.

Jis ouiHKM yewmpy epynyeannsi BUOIPKH BUIAJIKOBHX BEJIHMYUH
Xy Xy, .oy X, BUKOPHUCTOBYIOTb

o cepenHE apuPMETHUHE X |

e MeJliaHy;

® MOy.



Meodiana nOpiBHIOE cepeIHROMY WIEHY BHOIPKH BHITaIKOBUX UHCET
Xy Xy, -y X, POSMIIIEHUX Y 3POCTAIOYOMY INOPSIKY, IIPU HEMApHOMY N .
SAxmo n —napHe, MeliaHa AOPIiBHIOE MiBCyMi BOX CEPEAHIX WICHIB.

MooOorw Ha3uBalOTh Take 3HAUYCHHS BHIIQJAKOBOI BEIUYMHH,
HMOBIPHICTB OJIep>KaHHS SIKOTO HAHOLIbITIA.

Poscilosanns eunadkosux eenuyuH ycepeauHi BUOIPKH X, X,, ..., X,

XapaKTePU3YIOTh:

® eMITipHYHOIO JIUCTIEpCi€ro S ;

® po3MaxoM (pI3HHIL MaKCUMAJILHOTO W MIiHIMAJILHOTO YJICHIB
BUOIPKH).

1.2 Mpukaagu po3B’A3aHHS THIOBHX 33124

HanilinocTh iHQOpMaNiiiHO-BUMIpIOBaIbHOD TEXHIKH, TIEpII 32 BCE,
HaJIMHICTIO T eJleMEeHTHOI 0a3W, OCHOBY SIKOI CKIIJIalOTh iHTErpaibHi
mikpocxemn (IMC). Hanitinocts IMC Bu3HayaeTbcs 3a pe3yJbTaTaMu
BunpoOyBanb. [IpOBOAMINMCH JOCHIPKEHHS BIUIMBY BHIIPOOYBaHb Ha
MIIHICTh KJIEHOBOTO 3’ €THaHHS KprcTal — kopryc IMC nmpu HuKmiuHii 3MiHi
TeMIepatyp 1 TpuBamuiii TemmeparypHiii mii. OTpuMaHi 1aHi HaBeleHI B
Tabymmi 1.1.

3aedanns. BU3HAUMTH  YUCIIOBI  XapaKTCPUCTHKH  PO3MOALTY
OTPUMAaHMX 3HaU€Hb PYWHIBHOTO 3YCWILIS BiIpHUBaHHSA. 3POOUTH BUCHOBKH
PO HAlIWHICTh KJIEHOBOTO 3’ €THAHHSI.

Brasziexu. Jlnsi 3HAXOKEHHS YHCIOBUX XapaKTEPUCTHUK MOXKHA
BUKOPHCTOBYBAaTH METOAMKY, ONUCaHy y [2].

Pos3é’s30k. Ilepm 3a Bce, HEOOX1THO 3HAUEHHS BHUITAJIKOBOI BETHYNHU
YHOPSAKYBATA y BUTISAL 3POCTAOMOTO PSIy, a MOTIM 3HAWTH 3HAYEHHS
OCHOBHHX YHCJIOBUX XapakTepucTuk. OTpuMaHi pe3yibTaTH HaBelleHI B
Tabn.1.2. MogansHuM OyJie Te 3HAYCHHS BHUIIAJIKOBOI BEIIMYUHH, SIKE MaE
HaANOLITBIIIe YUCIIO TOBTOPEHb. MeiaHHUM 3HA4YeHHSM, 3T1IHO BU3HAYEHHS,
Oyze cepelHE 3HAYCHHS B PO3MOJIJICHOMY 3a 3pPOCTaHHSAM psjty, MpH
mapHoMy N (ToOTO y HamiOMy BHWIIQJKy) MeJiaHHE 3HaueHHS Oyze
JIOPIBHIOBATH CEPEeHHOMY apU(METHYHOMY JIBOX 3HAYCHb BHIAJIKOBOI
BEJIMYMHU BCEPEIUHI PSTY.



Tabmuus 1.1 — 3nauenns pyiHiBHOTO 3ycHiuisa 3cyBy, Mlla

Ilepen [Micna . Micrs
. ITicns 100 TEPMOTPEHYBaHHs
TepMETH3aIliel0 | BUIPOO . o
IMC YBAHD TEPMOLIUKIIIB mpu 125 C
npotsiroM 1000 rox
11 2,1 3,3 4,0
18 3,0 2,0 3,5
19 2,0 2,3 3,1
0,8 15 3,0 2,6
18 2,0 19 3,1
2,0 2,6 3,5 3,3
0,7 2,0 18 2,3
0,9 3,0 2,0 3,0
0,7 3,9 2,0 4,1
14 29 3,6 3,6
0,6 29 2,3 3,7
0,8 2,0 1,6 3,9
11 3,7 3,1 4,4
0,9 19 14 3,2
13 2,4 3,3 3,2
1,6 1,8 3,0 4,0
13 2,2 2,3 3,6
1,1 2,0 14 4,1
2,0 1,8 2,3 4,1
14 2,6 2,3 3,1
Tabmuus 1.2 — 3HayeHHs YNCIIOBUX XapakTepucTuk X, MlIla
Cepenne 1,26 2,415 2,42 3,495
Meniana 1,20 2,15 2,30 3,55
Mona 1,10 2,00 2,30 3,10
Crangapthi BiaxwieHHs | 0,4627 0,6467 0,6978 0,5530
Excriec -1,2333 | 0,2424 -1,1412 | -0,4003
Acumerpist 0,2913 0,9237 0,2903 -0,3624
MiniMym 0,60 1,50 1,40 2,30
MakcumMym 2,00 3,90 3,60 4.40




Amnanizyroun Ta0u. 1.2, Mo>KHA 3pOOUTH HACTYITHI BHCHOBKH:

® MIIHICTh KJICHOBOTO 3’€THAHHS ITiCIIsl BUITPOOYBaHb 301IbIIYETHCS,
0 BHUIHO 13 30UIBIICHHS MiHIMQJIBHOTO, MaKCHMAaJIbHOTO 1 CEpeaHBOTO
3HAYEHB;

® PO3IO/LT 3HAYEeHb 3YCHIIb BiPUBaHHS — OIHOMOJATBHUH;

® PO3KHW 3HAYEHb PYWHYIOUHMX 3YCHIIb 3CYBY KPHCTANIB JJIS JaHOT
koHcTpyKuii IMC y Bunaaky po3risiHyTHX BUiB BUIPOOYBaHb YKIIAAA€THCS
B MEXKi po3kuay =+3S, M0 TOBOPUTH MPO CTAOUIBHICT LHX ETaliB
TEXHOJIOT1YHOTO MPOIIECY.

1.3 3apayi nast caMmocTiliHOTO pO3B’A3yBaHHS

IMpu BumiproBanHi Ha 100 TecroBux Kpucramax emHocti MOH-
CTPYKTYpu  (CTPYKTYpH  METaN-OKCHI-HAMIBOPOBITHUK) Y  PEXHUMI
30aradeHHs orpuMaHi 3HaueHHs (y nd), HaBeneHi B Tadmmii 1.3.

Tabmuus 1.3 — Pe3ynbTatn BUMiprOBaHb

1 2 3 4 5 6 7 8 9 10
1 | 704 | 663 | 675 | 672 | 623 | 648 | 645 | 686 | 679 | 684
2 | 679|672 | 658 | 671|694 | 709 | 665 | 693 | 670 | 700
3 | 655|679 | 710 | 702 | 669 | 662 | 676 | 643 | 684 | 705
4 | 700 | 651 | 713 | 682 | 692 | 696 | 663 | 678 | 707 | 652
5 | 683|672 644 | 692 | 648 | 673 | 657 | 643 | 674 | 676
6 | 711 | 701 | 662 | 643 | 691 | 691 | 629 | 667 | 693 | 694
7 1692 | 661 | 664 | 657 | 657 | 654 | 663 | 669 | 664 | 647
8 | 659 | 684 | 636 | 618 | 634 | 678 | 661 | 620 | 680 | 701
9 1692 | 661 | 640 | 641 | 647 | 701 | 637 | 690 | 674 | 724
10 | 677 | 678 | 708 | 687 | 661 | 659 | 708 | 689 | 670 | 704

3a wHaBepeHuMu y TaOi. 1.3 pesynbpratamMu OOYHMCIITH OCHOBHI
CTaTHCTHYHI XapaKTePUCTHKHU:

o cepenHE apuMETHUHE X |

e MeJliaHy;

e MoY;

e eMIipuyHy AUCHIEpCiio S7

® po3Max;
1 TOOy/IyBaTH TicTorpamy.



2 OCHOBHI 3AKOHH PO3IOALTY B TEOPII HAIMHOCTI

2.1 Teoperuuni BizomocTi

OCHOBHMMU 3aKOHAMH PO3IOJITY HenepepgHux BUMAIKOBUX BETMYHH
€ eKCTIOHEHIIIITHHIA 3aKO0H, 3aKOH po3MoAiTy BeitOymia i HopManbHUi 3aK0H
posnoziny (3akoH ['aycca).

BunankoBa BenuumHa x p03n0)1ineHa 3a eKCI’lOHeHZ/ﬂ.L?HUM 3AKOHOM,
KOO TYCTUHA ﬁMOBipHOCTi Ma€ BUTTIA

f(x)=nre™
)
JIe X — BAMAAKOBA BEINYMHA, a A - cTaja.

(2.1)
Slkmo 3a BHIMAAKOBY BENTMYHHY MPUAHATH 9ac 0e3BiAMOBHOI poOOTH
t, To Bupas (2.1) MOKHA TIepenucaTH Tak:

f(x)=re™ = 17
T (2.2)
e A — IHTEHCUBHICTH BIIMOB
~ON(t) - N(t+ At)
 N@MAt ]

ne N(t), N(t+A4t) — kinpKicTs mpare3raTHUX BUPOOIB BiIIIOBIIHO B MOMEHTH

yacy tit+4; T - cepenHiit yac 6e3BiMMOBHOT POOOTH.
IaTerpansHa QyHKIIS pO3NOALTY

F(t) :j f(t)dt,
abo 0

(2.3)
e Q(t) — iMOBIpHICTE BiIMOBH.

F(t)=1-e™ +Q(t), (2.4)
ImMoBipHicTH 6€3BiAMOBHOT pOOOTH
P(t)=e™ ;1 =const. (2.5)
3a pealbHUX YMOB IHTEHCHUBHICTB BiJIMOB A HE 3aBXK/H € HE3MIHHOIO.
3a 3akoHOM BetiOyana nudepeHiiiina GyHKIis po3noaity (rycTHHa
HMOBIpPHOCTI):

o1
f(ty=b—e ™
0

(2.6)
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Bix excnoneHmiitHOI QyHKHIi pO3MOMITYy BOHA BiPI3HAETHCA
HasABHICTIO Koeirienta ¢popmu b, skuii I iHTErpaabHUX MIKPOCXEM Mae
sHaueHHs b<1. B ninomy b moxxe Oytu i 6inbmmm Bix 1. [pu b=1 3akon
BeiiOyina criiBriagae 3 eKCIIOHEHITIHHUM.

IMoBipHICTE 6€3BIIMOBHOT pOOOTH

Pt)=e ™. (2.7

Hopmanenuii  3axon  posnodiny  (3axon  laycca)  9acto

BUKOPUCTOBYIOTh [UI OMUCY HAapoOITKy JO BiIMOBH, OMHUCY HOMHIIOK
BUMIPIOBAHHS Ta 1HIINX BEITHYMH.

B3araii HopMabHUIA 3aKOH 3aCTOCOBYIOTH /IO HETIEPEPBHHUX BEJTHYHH,

SIKi PO3IOJLIEH] B iHTEpBai BiJi —00 10 +00, Y TOM 9ac siK HapoOITOK 10

BIIMOBM MOX€ NpHUAMAaTH TUIBKH IMO3WTWBHI 3HaueHHA. B ocTaHHbOMY

BUTAJKY BUKOPUCTOBYIOTH 3pi3aHuii (yCiueHHH) HOpMAIbHUH 3aKO0H, aje 3a

M(t)

o(t)
L1i 3aKOHM MPAKTUYHO HIYUM HE BiPI3HSAIOTHCS OHH Bix oguoro. Tyt M(t),
o(t) — MaTemaTHYHe OYIKYBaHHS 1 JUCHIEPCis HAPOOITKY 10 BiMOBH.

I'yctura posmoniny (rycthHa WMOBIPHOCTi) HapoOITKY 1O BiAMOBHU
Ma€ BUIJISI;

YMOBH, 1[0 BiJHOIICHHS

> 2, 1[0 3BUYAHO Ma€ MICIIe Ha MPaKTHIII.

1 (=M )

f(t)= e 2 (2.8)

ov2n
KpuBa HOpManbHOTO pO3MOALTY Mae€ J3BOHOMOMIOHMH BHIJIS,
CHMETPHYHHI BiJHOCHO IeHTpa poscitoBanus B Toumi M (t)=1 . Skmo

sminroBatd M(t) 6e3 3minu ot), To KpruBa po3moiny Oyjie 3CyBaTHCh B3I0BK
oci uacy 6e3 3miHu cBo€i (opmu, npu 30imbimeHHI o(t) 00epHEHO

MPOMOPIiiHO Oyne 3MEHIIYBaTHCh MaKCHMajbHa OpJMHATA KPUBOL
(puc.2.1).
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ﬂlm
0, (2} < 0,(t) < o5 (1)

0,4}

fat

34%

fo

05 )

|
|

1,2 .

M, [¢ o3 & Mt t
TR i

Pucynok 2.1 — I'ycTrHa HIMOBIPHOCTI IPH HOPMAJIBHOMY 3aKOH1 PO3MIOILTY

2.2 3amaui Ay caMOCTiHHOTO PO3B’SI3yBaHHS

1. 3a gaBemenuMu B Ta0m. 2.1 JaHUMM BH3HAYUTH, B MEKaX KOO
94acoBOTo iHTepBally A= const, a HMOBIpHiCTh 6e3BiAMOBHOI podotu IMC
BU3HAYATHMETHCSl €KCIIOHESHIIHHIM 3aKOHOM.

2. TlobynyBatu rpadix 3anexnocti A=f(t). Busnauutu cepeanio
IHTEHCUBHICTHL BIJIMOB A i cepenniit HapoOiTok IMC no BimMOBHU T.
[MoGynyBaru rpadik samexnocti P = f(t). Buxigui nani naBemeni B
Tabm. 2.1. 3poOUTH BUCHOBKH.

3. Bubparu caMocCTiHHO 3HAuYeHHS CEpEeHLOr0 4acy Oe3BiIMOBHOI

po6ot IMC T B mekax 50+200 Trc.roa. 3aaBiuiy WMOBIPHICTD y'y Mekax
Bix 0 mo 100%, BU3HaYNTH rama-mponeHTHHI yac 0e3BiIMOBHOT poOOTH K
¢yHkito Bix y. Oco0IMBO 3BEPHYTH YBary, sik 3MiHIOEThCS t, TpH 3MiHI ¥ Bill
90 10 99; 99,9; 99,99; 99,999%. Buxinni nani HaBeneHi B Tabdm. 2.1. 3podutu
BUCHOBKU.

4. TloOynysatu rpadik 3aJeKHOCTI TramMa-MpoIEHTHOTO TEPMiHYy
ciyx0u sk QyHkuito Big y. [ToOynyBaru rpadik 3aexxHOCTI HMOBIPHOCTI
0e3BiIMOBHOT poboTH Bijx Hacy P=f(t). Buxigni nani HaBeaeHi B tabm. 2.1.
3poOUTH BICHOBKH.

5. 3a HaBeneHumH B TaOi.2.2 JaHUMHU BH3HAUUTU TapameTpu b, To
3aKkoHy po3noiiay BeitOyiuia, ae b - koedirient popmu kprBoi, 7o 3a cBOIM
3MICTOM OJU3BKUI 0 CEPEAHBOTO Yacy 0e3BiIMOBHOI pOOOTH.

6. [MoOynyBatu rpadix 3anexnocti P(t). Jami mis po3paxyHKy
HaBeJieHi B Ta01. 2.2. 3poOUTH BUCHOBKH.
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7. IlopiBHATH, SK 3MiHIOBaJach OM WMOBIpHICTH O€3BiAMOBHOI
po6otu P(t) mpu b=1. Jlani a5t po3paxyHKy HaBezeHi B Ta0. 2.2. 3po0uTu

BHCHOBKH.

8. 3a maBenennMu B TaOJ. 2.2 JaHWMU BU3HAYMTHU CepelHiii yac T
0e3BiIMOBHOI pOOOTH (MareMaTH4YHE OYiKYBaHHs), CEpEeAHbOKBAAPATUIHE

BIIXWICHHS O 1 BeMUuuHy 30 - inTepBaiy (Bix T —o a0 T + o), B saxuit
omaaae, sk mpaBuio, 97% cTaTUCTUIHNX JaHUX.

Tabmums 2.1 — Jlani ans po3paxyHKy

Bapianr 1 BapianTt 2
Yac pod. Kinbk. I . . I .
IMC, t, | npanessaran HTCHCHBHICTS Kinbk. HTCHCHBHICTS
ron X BigMoB A(t), npare3aaTHuX BigMoB A(t),
IMC, N, mt 1/ron IMC, N,mr 1/ron
0 10000 20000
100 9990 19732
200 9980 19473
300 9972 19239
400 9966 19008
500 9961 18867
700 9956 18609
1000 9944 18279
1500 9925 17763
2000 9905 17242
3000 9865 16228
4000 9826 15288
6000 9748 13503
10000 9590 10305
15000 9397 7312
20000 9195 5199
25000 8979 -
30000 8741 2168
40000 895
50000 342
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Tabmuug 2.2 — lani 11 po3paxyHKy

ImoBipHicTE 6e3BiaMOBHOI poboTH P(t), %

Bapianrt 1 Bapianr 2
0 100 100
100 99,70 99,72
200 99,42 99,45
400 98,89 98,96
800 97,87 98,01
1600 95,93 96,21
3200 92,28 92,86
6 400 85,52 86,74
12 500 74,59 75,58
25 000 56,75 59,94
50 000 33,48 37,45
100 000 12,07 15,20
200 000 1,68 2,69

400000 3,74-10? 9,72.10?
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3 HAJIMHICTH. IOKA3ZHUKHA HAJIIMHOCTI

3.1 TeopeTuuHi BitomocTi

Haoitinicmv — e BnactuBicTh 00’ €kTa 30epiratu B MOTPIOHUX MEXax
3HaYeHHS BCIX TMapaMeTpiB, fAKI XapaKTepU3yIOTh 3MATHICTh 00’€KTa
BUKOHYBATH CBOi (DYHKIIT 32 IIEBHUX YMOB €KCILTyaTallii, 00CIyroByBaHHS i
30epiranHsa. CKJIAJOBUMU HAJIIHHOCTI € 06e36I0MOBHICb, 006208IMHICIb I
30epesicysanicmo.

HaiiBaxnuBimma cknamoBa HagiiHOCTI — 1ne  O€3BiIMOBHICTB.
KinpkicHo 0€3BIIMOBHICTh  OIIHIOIOTHL TAKUMM  ITOKa3HHKAMH, SIK
HMOBIpHICT 0€3BiAMOBHOI POOOTH, HMOBIPHICTH TIOSBM BiIMOBH Ta
IHTEHCHUBHICTH BIIMOB.

HUmosipuicmu 6e36iomosnoi pobomu eupody P(t) — ue iMoBipHicTH
TOTO, IO TP 33JJaHUX PEXHMax i yMOBax poOOTH B 3alaHOMY iHTEpBai
9acy BiZIMOBAa HE BHHUKAE.

Cepeons inmencusnicmo 8iomos A(t,At) — 1e KinbKicTh BUPOOIB, SIKi
BiIMOBWUTH, BiIHECEHE O KUTHKOCTI BHPOOIB, SKi HEMEPEPBHO MPAIIOBAIH
JO TOYaTKy BHUIpOOyBaHb 1 10 4Yacy, Ha TPOTA3i SKOTO BiAOyBaHCh
BUTIPOOYBaHHS:

An
(N —n)At
Jie AN - KUTbKIiCTh BUPOOIB, K1 BIZIMOBWIIA IIPOTITOM Yacy BUIIPOOYyBaHb At;
N — KUTBKICTh BUPOOIB, M0 BiJIMOBHIIN JI0 TIOYATKYy BUIIPOOYBaHb;
(N-n) — kinbKicTh BUPOOIB Ha TIOYATOK BUIIPOOYBaHb;
A(t,At) mae posmipricts 1/roauny (1/rox).

SIkio HeoOXiJTHO BHU3HAYMTH BEJIMYUHY IHTCHCHBHOCTI BiJIMOB 3a
niepioq HapoOiTKy 7, TOo hopMyIia MaTUME BUTIIS:

A =n/(NT), (3.2)
Jie A - cepeiHs iIHTEHCUBHICTD BiJIMOB;
N - KUTBKICTh B1IMOB 3a mepiof 7.

VBeneMo MOHATTS Mummeeoi inmencusrocmi 6iomoe A(t). KinmpkicTs
BUPOOIB Ha MOYATOK BUNPOOYBaHb MOKHA BU3HAUMTH K NP(t), a KimbKicTb

BUPOOIB, 1110 BiIMOBWIIN 3a 4ac BUNIPOOYBaHsb [t,t+At], sk

A(t, AL) = (3.1)

AN=N-F(t+At) - N-F(t) = N-F(t+At) — F(1).
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Tomi
_limAcAn =L@ _ SO
A(t) =limA(t,At) = P PO) (3.3

I3 (3.3) micns HeCKJIaHUX EPETBOPEHB OTPHMAEMO:

P(t)= exp{— j./l(t)dt} : (3.4)

Sxmmo A(t) = const = A, To

P(t) = exp(-At). (3.5)
CepeoHiii Hapobimoxk 00 6i0MO8U — MaTeMaTHUYHE OYiKyBaHHS
HapoOiITKy 70 MepIoi BiMOBH:
T :th (t)dt :TP(t)dt . (3.6)
[Ipu ekcrioHEHITIHHOMY 03aK0Hi posroloz[iny i A = const
— At

T=|e di=1/2

S L)

(3.7)

Y OiNbIIOCTI TEXHIYHMX yYMOB HA BHPOOHM ENEKTPOHHOI TEXHiKH
BKa3yIOTh HE TEPMiH 30€pEeKyBAHOCTI, a 2aMa-8i0COMKOBULL YaAC HAPOOIMKY
0o giomosu T, - TepMiH, IPOTATOM SIKOTO BUPIO HE JOCATAaE TPAHUYHOTO
CTaHy i3 3aJJaHOI0 HMOBIPHICTIO ¥ TTPOIICHTIB:

— (I
VR o

OTxe, pH 3a1aHOMY 3HA4YEHHi y 1 BiIOMil OCTIHHIN iIHTEHCUBHOCTI
BiiMoB A 3a Qopmynamu (3.7) i (3.8) MokHA BU3HAYMTH CEpeIHid Yac
HapoOITKy JI0 Bi/IMOBH 1 ramMa-TipolIeHTHUH Yac HapoOITKy J0 BiJIMOBH.
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3.2 Mlpukjaaau po3B’si3aHHS THIOBUX 33724

Braszigxu. SIkmio HEOOXiTHO BU3HAYHATH BEIHMYHMHY IHTEHCHBHOCTI
BiIMOB 3a mepioa HapoOku T, 3 ypaxyBaHHSM JOCTOBIPHOCTI OTPHMaHHX
pe3yunbTartiB, TO Gpopmyna (3.2) mepeTBOpUThCS B HOpMYITy

A=Kp+/(NT), (3.9
ne Kpx — koedimient, sikuii BuOMpaeTbes i3 T1a0i. 3.1 B 3alIe)KHOCTI Bif
KUTBKOCTI BiZIMOB N 1 3HaYEHHS TOBipY0i HMOBIpHOCTI P*.

1 ¢pit = 10°rox™.

Ta6mums 3.1 — 3nadenns koedimieaTa Kpx

p* Kp= mpu n
0 1 2 3 4 5 6 7 8 9 10

06 092 |20(31|42|52|63| 73 | 84 | 94 | 105 | 115
09| 23 39|53 |66 |80|93| 105|118 | 13.0 | 142 | 154

3as0anns. BusHaunTh KinbkicTe BUpoOiB B maptii IMC, B sKkiii
BUHMKJIO 4 BinIMOBH, K0 Ty = 5 pokiB mpu #iMoBipHOCTI 95%. Tepmin
BUTpoOyBanb - 5000 r.

Po3B’s130kK.

Busnaunmo, mo 5 pokis =43 800 rox.

3 dopmymu T, = —(%jln(ﬁj BU3HAYMMO

e | L WL) = (1/43800)* In(95/100)=1,171*10"rox™.
T, ) (100

3 dhopmynu A = n/(NT)

BusHaunmMo N = n/(AT) = 4/(1,171*10°*5000) = 683 Bupobis.
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3.3 3apaui a1 camocTiiiHOT0 Po3B’sI3yBaHHS

1. Ilpu sumpoOyBanni 300 IMC Ha npotazi 1000 r maemo 4 BiIMOBH.

BusnaunTtu A nipu noBipuiii iiMoBiprocti 0.6 1 0.9.

2. BusnauuTH 3HaYeHHs IHTEHCHUBHOCTI BinMoB, sAkmio IMC gocsrae
rpannyHoro crany 3a 20000 r 3 imoBipHicTIO 5%.

3. BusnauuTu Kinbkicts BiamMos IMC 3 maprii 200 mrT., sIKIo raMma-
MIPOIEHTHUN TEPMiH 30€peKyBaHOCTI CKJIaB 8 POKiB 3 WMOBIpHICTIO 95%.
Tepmin BunpoOysans - 25000 r.

4. Tlpu BunpoOyBanui 200 IMC na mpotsizi T r maemo 3 BiAMOBH.
Busnauntu T, gkumo iHTeHCHBHICTH BinmMmoB ckmagae 1.5%/1000 r. mpu
noBipuiit iiMoBipHOCTI 0.6.

5. BuzHauuTH ramMma-TpoOLEHTHUH TepMiH 30€peKyBaHOCTI, 32 SIKHi
IMC He mocsiTHE TPaHUYHOTO CTaHy 3 MOBipHICTIO 95%, siko A = 15000

¢iT.

6. Ilpu BumpoOysanni maptii IMC nHa mporszi 1000 r maemo 1
BimMOBY. BH3HAauMTH KiNBKICTH BHpPOOIB B TapTii, SKIO0 iHTEHCHUBHICTH
BigMoB ckiagae 5000 ¢it npu moBipyiii iMoBipHOCTI 0.6.

7. Buznauntu Ty, 3a sxkuii IMC pocsirae TpaHWYHOTO CTaHy 3
HMOBIipHicTIO 5%, AKIIO iIHTEeHCHBHICTH BimMOB ckiangae 0.9%/1000 r.

8. BusznauuTu TepmiH BuripoOyBanHns naprii IMC kinbkictio 500 mir.,
SKIIO TaMMa-TIPOIIEHTHUI TepMiH 30epeXyBaHOCTI CKiamae 6 pOKiB 3
rMoBipHicTIO 95%. 3a yac BunpoOyBaHb BiI0YJI0CH 5 BiIMOB.

9. BusnHauuTu Kinbkicth BigMoB IMC i3 maprii, sika BUIpoOyBaiach
2000r. Po3mip maptii — 300 . [HTeHCHBHICTE BiIMOB CKJIa/1a€ 2-10°% 1/r
pu J0Bipyii iMoBipHOCTI (0.9.

10. Busnauntn 3Ha4YeHHsS IHTEHCHBHOCTI BIiAMOB, SKIIO TraMMa-
NPOLIEHTHUH TepMiH 30epexyBaHocTi ckianae 40000r 3 iimoBipHicTIO 95%.

11. BumzHauutu Kinmekicte BiamMoB IMC i3 maptii 100 T, sika
poxojuiia BunpoOyBanHs Ha npoTsa3i 1000 r. 3a 3 poku NOBUHHI BUWUTH i3
nany 5% BupoOiB.

12. Ilpu BunpoOysanni 100 IMC na mpotszi 5000 r BunuKIO 4
BiZMOBH. BH3HAYMTH IHTEHCUBHICTh BIIMOB IPU JIOBip4ii iMoBipHOCTI 0.6
10.9.

13. Busnauutu TepMmiH, Ha mpoTasi sxoro IMC He nocsirae
TPaHUYHOTO CTaHy 3 HMOBipHiCTIO 95%, SKIIO IHTEHCHBHICTH BiJMOB
2.1%/1000r.
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14. Tlpu BumpoOyBanui maptii IMC, ramMma-miponeHTHHH TepMiH
30epexxyBaHOCTI SKkux ckiamae 10 pokiB 3 WMoBipHicTIO 95%, 3a 25000 T
BUHHKJIO 3 BiIMOBU. Bu3HaunTH KiNbKicTh BUPOOIB B MapTii.

15. Tlpu BunpoOyBanHi 400 IMC na mpoTs3i T r Maemo 2 BigMOBH.
Busnauntn T, K110 iHTEHCHBHICTD BiAMOB ckiagae 6000 dhit mpu moBipdiit
moBipHOCTi 0.9.

16. Busnauntu 3HaueHHSA IHTEHCHUBHOCTI BigMoB IMC, skmo 3
“MOBIpHICTIO 5% MOXKHa CTBEpIKYBATH, IO Yepe3 3 POKH BOHA BHHIE 3
Tamy.

17. Ilig yac unpoOyBanb 300 IMC Bunmkiio 6 BimMoB. ['amma-
MPOLIGHTHHI TEpMiH 30epekyBaHOCTI ckiaB 1.4 poku 3 HMOBIpHicTIO 95%.
BusnaunTti TepMmiH BUIPOOYBaHb.

18. Tlpwu BumpodyBanni IMC Ha mpoTs3i 3000 rox maemo 4 BigMOBH.
BusHaunTH KinbKicTh BUpPOOIB y MapTii, SKIIO IHTEHCHUBHICTH BiJIMOB
ckianae 0.67%/1000 rox npu moBipdiii iimoBipHOCTi 0.9.

19. Bu3HauuTH ramMMa-TIPOLICHTHHUH TEPMiH 30€peXyBaHOCTi, Ha
npotssi sikoro IMC BUXomuTh 3 naxy 3 UMOBIpHIiCTIO 5%, AKIIO A CKIagae
2000 ir.

20. MMaptis IMC B kinekocti 200 mT. Mpoxoauiia BUIIPOOyBaHHS Ha
npotsasi 1000 rox. 3a 2 poku gocsirae rpaHuyHoOro crany 5% takux IMC.
BusHaunTH KiTBKICTH BiIMOB ITiJl 4aCc BUTIPOOYBaHb.
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4 HAJIMHICTH IH®OPMAIIMHO-BUMIPIOBAJIBHOI
CUCTEMMU IIP1 NIOCIAOBHOMY 3’€/IHAHHI
EJIEMEHTIB

4.1 TeoperuyHi BizomocTi

BinmbiricTh cucTeM CIPOEKTOBaHI Tak, IO MPHU BiAMOBI OYIb-SIKOTO 3
€JIEMEHTIB BCS CHCTEMA BIAMOBIISIE. AHAII3YIOUN HAIIIHICTD TaKOl CHCTEMHU
BB2XKAIOTh, IO BiAMOBa OYyIb-SKOTO 3 €JEMEHTIB CHCTEMH HOCHUTH
BUIAJKOBHI 1 HE3aJIOKHUN XapakKTep 1 HE 3MIiHIOE XapaKTCPUCTHKH (HE
MOPYIIy€E TPANE3JaTHOCTI) PEIITH EJIeMEHTIB. 3 TOYKH 30py Teopii
HAJIMHOCTI B CUCTEMI, JIe BiTMOBa OyIb-SKOTO 3 €IEMEHTIB IIPU3BOAUTH IO
BIZIMOBH CHCTEMH, CJIEMEHTH BKJIIOYEHI 3a OCHOBHOIO CXeMOI abo
MOCTIZOBHO. Y TOHATTA BIAMOBM 3akjafcHUN (i3UYHUN  aHaioOr
EJIeKTPUYIHOI CXEMH 3 TIOCTIIOBHUM BBIMKHEHHSIM €JI€MEHTIB, KOJIU BiIMOBa
OyZb-KOTO 3 €JEMEHTIB TOB’s3aHa 3 PO3PUBOM JaHIora. [Ipore ayxke
YacTO TpPU PpO3paxyHKax HaIIHHOCTI JOBOJUTHCS (i3UUHE MapaieibHe
BBIMKHEHHS €JIEMEHTIB pO3TISAaTd SK  TIOCHiJOBHE BBIMKHEHHSA
PO3paxyHKOBUX eleMeHTIB. Hampukian, meskuil CroKHBad CIIOKUBAE
€JIEKTPOCHEPTiI0 TI0 JIBOM OJIHAKOBUM KaOeisiM, MPUUOMY Iepepi3 KUl
OTHOTO  Kabeno  HECTIPOMOXHHW — TPOIMYCTUTH  BCE  EJIEKTPUYHE
HABaHTAXEHHS croxuBaya. [Ipy BUXOMI 3 JIaay OJHOTO KaOenro, Apyrui
Ka0enb 3a3Ha€ HEMpPUIYCTUMOTO HaBaHTKEHHs, 1 Iled kabenb 3a
JIOTIOMOTOI0  3aXUCTy BIJIKIFOUAETBCS — CHCTEMa EJIEKTPOIIOCTauaHHS
BiIMOBIISIE, TOOTO BiMOBAa OJHOTO 3 KaOEINiB MPHU3BOJIUTH IO BiIMOBH
enekTponioctayanHsa. OTXe, NpU PO3paxyHKy HaIIHHOCTI Kkabemi, sK
PO3paxyHKOBI €JIEeMEHTH, MalOTh TIOCITIZIOBHY OCHOBHY CX€MY BBIMKHEHHS.

[TpunycTrmo, 10 CUCTeMa CKIIAAEThCs 3 N MOCIIJOBHO BBIMKHEHUX
€JIeMEHTIB. 3 Teopii IMOBIPHOCTEH BiZIOMO, 110 KOJIM BU3HAUEHI KMOBIPHOCTI
MOSIBH JEKUJIBKOX HE3aJ€)KHUX BUIIAAKOBUX IOAIH, TO 30ir HUX HO;ii
BU3HAYAETHCA SK JOOYTOK HWMOBIPHOCTEH iX TOSIB. Y HAIIOMY BHIIAIKY
npayeszoamuuil cman OyIb-IKOrO 3 N €JIEeMEHTIB CHCTEMHU OLIHIOETHCS SIK
HAMOBIpHicTh 0€3BiAMOBHOI poboTn enemeHTa. Cuctema Oy/ie 3HAXOIUTHCS
B Ipale3/[aTHOMY CTaHi JIMIIIEe 32 YMOBU 30iry Inpare3JlaTHUX CTaHiB yCiX
enemeHTiB. OTke, NpalE3aTHICTh CUCTEMH OI[HIOETBCA SK JT00YTOK
HAMOBipHOCTEH 0€3BiIMOBHOI POOOTH €JIEMEHTIB.
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3’eqHaHHs €JIEMEHTIB HA3UBAETHCS NOCIIO06HUM, SIKILIO BIIMOBA X04a
0 OHOTO eJIeMEHTa IPU3BOAUTH JI0 BiAMOBH cucTeMHU. CHCTeMa ITOCITiTOBHO
3’€IHAHUX CJICMEHTIB Mpalie3/1aTHa TO/i, KOJIH Mpale31aTHi BCi 11 elIeMeHTH.

Imosipuicms 6e36i0Mo6HOI pobomu cucteMu 3a 4ac t BH3HAYAIOTH 32
hopmyIioro:

=R OR(0)-R () =T[R (), (1)

ne P (t) —iMosipHicTs Ge3BiMOBHOI poGOTH i -TO eeMeHTa 3a yac t.

Sxmo P (t)=P(t), 10
R(O)=P"(1). (4.2)
Bupasumo P, (t) uepes intencuBHicTH BimMoB A, (t) emementiB

cucreMu. Maemo:

P(t)=¢ o (4.3)
abo
—jkc(t)dt
P(t)=e® (4.4)
e

re (1) =20 (1) (4.5)
Tyt A (t) —  IHTEHCHUBHICTH  BIJIMOB i -TO  eJEeMEHTa;

A, (t) — {HTEHCHBHICTb BiJIMOB CHCTEMH.

Imogipnicms 8i0M06u cucmemu B IHTEpBaJl yacy (O, t) JOPIBHIOE

d. :1_1_[7% (t) (4.6)
i-1
Yacmomy eiomoe cucmemu T, (t) 3aJ1a¥0Th CIIIBBIHOIIEHHSIM
dP,(t)
f(t)=—"T-2. 47
()= @

IHTEeHCUBHICTE BiIMOB CUCTEMH

a (t)=e®) 4.9)
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Cepenniii 9ac 6€3BiIMOBHOI pOOOTH CHCTEMH:
m, =[P (t)dt. (4.9)
0

VY BHUMagKy eKCIMOHEHIIATBHOTO 3aKOHY HaJlIHHOCTI BCiX €JIEMEHTIB
CHCTEMHU MaEMO

i (t)=2; =const; (4.10)

re(t) =D (1) =2 (4.11)

P(t)=e™; (4.12)

P.(t)=e™"; (4.13)

f.(t)=re™; (4.14)

q (t)=1—e™". (4.15)

m. =%:J/_n \, (4.16)
1

ti :7\’_ ) (417)

Je m, — cepe/Hiil yac 6e3BiIMOBHOI POOOTH | -TO eJIeMEHTa.

IMpu  po3paxyHKy HAIIMHOCTI CHCTEM YacTO MPUXOIUTHCS
MEPEMHOXKYBaTH HMOBIPHOCTI O€3BIIMOBHOI POOOTH OKPEMHUX EJIEMCHTIB
PO3paxyHKy, MiTHOCUTH iX JI0 cTymeHs 1 1o0yBatu kopeHi. [Ipu 3HaYeHHX

P(t), 0JIN3BKUX JI0 OJMHHUIN, II PO3PAXYHKH MOXHA 3 JIOCTATHHOIO JIJIS

MMPAKTHUKHN TOYHICTIO BUKOHYBATU 34 TAKUMHU HaOJIMKEHUMH (I)OpMy.TIaMI/IZ

RIR (1) R (1) ~1- 20, (1),

P"(t)=1-nq, (t), (4.18)

i -1- 20

ne g (t) — AMOBIpHICTE BiIMOBH i -TO eeMeHTa.

4.2 TlpuxJiaau po3B’si3yBaHHs 32124
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1. CucreMa CKIAgaeThCsi 3 OBOX IPHCTPOiB.  MMoBipHOCTI
0e3BiqMOBHOT pOOOTH KOXKHOTO 3 HHX mpoTsrom dYacy =100 rox
JOPiBHIOIOTH P,(100)=0,95, P,(100)=0,97.  CnpaBemiuBuii

EKCIIOHCHIIIaJbHUI 3aKOH HAIIMHOCTI. 3HANAITh cepeHiil yac 0€3BiIMOBHOL
poOOTH CUCTEMH.
Po3B’s13anHs
ImoBipHicTE  0e3BiZMOBHOI  poOOTHM  CHCTEMH  3HalJeMo,
CKOPHCTABIIUCH (hopmydoro (4.1):
P.(100) = P, (100) P, (100) =0,95-0,97 =0,92.
BukopucroBytoun Bupa3 (4.13), 3HaiieMo iHTEHCHBHICTH BiIMOB
BHPOOY A, :
R (=™
Toni cepenniif yac 6e3BiTMOBHOT poOOTH Oy TOPIBHIOBATH:
m, =1/, =1/0,83-10"° =1200 rox*
Bionosiob: m, =1200 rog.

2. VmoBipHicTh Ge3BiMOBHOI POGOTH OJHOTO €IEMEHTA TPOTATOM
yacy t JopiBHIOE P(t)=0,9997. 3HalIITh WMOBIPHICTh O€3BIAMOBHOL
pobotu cuctemu, 1o ckiazaerses 3 N =100 Takux caMuX €JIEMEHTIB.

Po3zs’azamns

WmosipHicTs 0€3BiIMOBHOI POOOTH CHCTEMH, MIO CKJIAJTAETHCSA 3
N=100 imeHTHYHUX E€JIEMEHTIB MOXKHA 3HAWUTH 3a IOMTOMOTrO0 BUPa3y (4.2)

P.(t)=P"(t)=0,9997"".

Ockinbku P(t) Grm3bka 10 oguamii, T0 o6umcenns P, (t) 3pyuno

BUKOHATH 3a hopmyJioro (4.18):
P"(t)=1—nq(t).
YV Hamomy BHIIAJKY
q(t)=1-P(t)=1-0,9997 =0,0003.
Toni
P.(t)=1-100-0,0003=0,97.
Bionosion: P (t) =0,97.

c
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3. VimoBipHicTh Ge3BiIMOBHOI POGOTH CHCTEMM IPOTATOM yacy t
nopisuioe P (t)=0,95. Cucrema ckiamaethest 3 N=120 piBHOHamiHIX

eJIeMEHTIB. 3HAUIITh KMOBIpHICTH 0€3BIIMOBHOI pOOOTH €lIeMEHTA.
Pos3é’azanns
OueBunHO, O WMOBIPHICTH 0€3BiAMOBHOI poOoTH eneMeHTa Oyme

JOPIBHIOBATH:
P(t)=4R.(t)-

Ockimpku P, (t) Gmusbka 10 ommmmii, To obumcienns P(t) 3pyuso
BUKOHATH 3a (hopmyoro (4.18):

P(t)=1- q°r£t).

YV Hamomy BHUINAJKY
g, (t)=1-P,(t)=1-0,95=0,05.
Toni
P(t)=1- 2% _0,9996
120
Bignosins: P (t) =0,9996

4.3 3apayi 1 camocTiiiHOr0 po3B’si3yBaHHsA

1. Cucrema cxnanmaerbes 3 2000 eneMeHTiB, cepellHsl IHTEHCUBHICTh
. 5 o — . ..
BiJIMOB SIKMX 7%3,7 =0,33-10 ]/ 200 . BuzHaure WMOBIpHICTh 0€3BiIMOBHOT

pobotu amaparypu npotsrom t=200 200 i cepenHili yac 0e3BiIMOBHOI

poboTu amaparypH.
2. HeBigHOBIIOBaHA B IIPOIECi pOOOTH €NEKTPOHHA MAIIIHA MICTHTh
200000 €JIEMEHTIB, cepemHs IHTEHCHUBHICTD B1IMOB SAKUX

A = 0,2:10° 200™". BusHaute HMOBipHiCTH Ge3BiIMOBHOI POGOTH
€JIEKTPOHHOT MaliHU TpoTsroM t =24 200 1 cepenniii yac 0e3BiAMOBHOI

pOOOTH ENEeKTPOHHOI MAIIIMHU.
3. Cucrema kepyBaHHs ckiamaetscsi 3 6000 eneMeHTIB, cepemHs

IHTEHCHBHICTb BiIMOB SKHX A, = 0,16-10° 200™". BusHaute iiMOBipHICTH
0e3BiIMOBHOT POOOTH eNeKTPOHHOI MamuHu npotsiroM t=50 200 i
cepeaHii yac 0e3BiIMOBHOI POOOTH.
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4. Tlpunag ckmagaetbess 3 N=5 By3miB. Hagiitnicts By3IiB
XapaKTepU3y€eThCSI WMOBIPHICTIO 0€3BiIMOBHOI pOOOTH TPOTITOM dHacy t,
ska popisrioe P, (1)=0,98; PB,(t)=0,99; P(t)=0,998; P,(t)=0,975;
P,(t)=0,985. BusHaure iMOBipHICTh 6€3BiIMOBHOT POGOTH TpHITAJLY.

5. Cucrema CKJIama€eThes 3 ITSATH MPUIAJIB, CEPEIHIA 4ac poOOTH
SIKHUX JIOPiBHIOE m, =83 200 ; m,, =220 200 ; m,; =280 200 ;
m,, =400 200 ; m,=700200. Jlna  npunagiB  cIpaBeiIUBHI

eKCTIOHCHIIATbHUH 3aKOH HaIIWHOCTI. 3HANTITH cCepenHii gac 6e3BiIMOBHOL
poOOTH CUCTEMH.

6. INpunan ckianaerbes 3 m°sATH 0J0KiB. FIMOBIpHICTH O€3BIMOBHOT
podotn koxkHOTO Onoka mporsirom dacy (=50200 mopiBHIOE:
3(50)20,98; R, (50):0,99; P3(50):O,998; P4(50):0,975;
P,(50)=0,985. CnpaBeiuBuii €KCIOHEHIiATbHMI 3aKOH HaiffHOCTI.
3HaNIITh Cepe/iHil Yac 0€3BiAMOBHOT pOOOTH MIPHIIATY.

7. IMoBipHicTh 0€3BiIMOBHOI POOOTH CHCTEMH MPOTATOM dacy {
nopisuioe P (t)=0,9654. Cucrema ckmamaethcss 3 N=150000
pIBHOHAIIHHUX €leMEeHTIB. 3HaWIITh HMOBIPHICTH 0€3BiIMOBHOI poOOTH
eJIeMEHTA.

8. ImoBipHicTh 0€3BIAMOBHOI POOOTH OJHOTO €IIEMEHTa MPOTATOM
yacy t mopiBHIOE P(t) =0,9867. 3HaiiniTh WMOBIpHICTH 0O€3BiIIMOBHOI
poboTH cuctemu, 110 ckianaerbes 3 N =50000 Takux ke eIeMEeHTIB.

9. Cucrema wmictuth 11750 ememeHTiB, cepeiHs IHTEHCHBHICTb
BIJIMOB SIKMX ?ucep =0,32-10"° 200" . Busnaure HWMOBIpHICTb 0€3BiIMOBHOI

poboru cucremu P, (t), iimMosipuicTs BixmoBH cucTemu q(t), wacTory
BinmoB  f, (t) 1 cepenHiii 4ac 0e3BiIMOBHOI poOOTH cucteMu M, s
t=120 200.

10. Cucrema wmictute 21 300 enemeHTIB, cepelHs iHTEHCHBHICTh
BIJIMOB SIKHX ?»Cgp =0,33-10"° 200" . Busnaure WMOBIpHICTE 0€3BiAMOBHOL

poboru cucremu P, (t), iimMosipuicts BixmoBH cucTemu Q(t), wacTory

BiiMOB (t) 1 cepenHiii 4yac 0e3BiMOBHOI pobOOTH cucteMu M, s
t =250 200 .



25

5 IABOPATOPHA POBOTA Ne 1
«BU3HAYEHHS TA AHAJII3 TABJINI b HAPOBITKY 10
BIZIMOBMU 110 EKCIIEPUMEHTAJIBHUM JTAHUM»

VY neskux Bumnagkax yacu BigMoB (failure time) mogaroTecs y BUIIISAAL
3rpyHoBaHUX AaHuX. Lle MOSCHIOEThCA THM, IO B 0araTboX peaJbHUX
JOCIIDKEHHSIX CKJIaJHO OLIHUTH 4ac BiAMOB 3 IOCTaTHBOIO TOUHICTIO, IIPOTE
MOXHa BH3HAYWTH, CKUIBKH BIJIMOB CTalocs a00 CKiIbKH BHUPOOIB
BUSIBUIIOCS TIPUIATHUMH MIPOTSITOM TIEBHOTO iHTEpBaiy yacy. Takoro poay
JlaHi Ha3MBAIOTHCS TAOIUISIMH YaciB )KUTTS BUpOOH (HapoOiTKy A0 BIIMOBH)

5.1 MeToanka BHKOHAHHSI PO0OTH

VY po6ouy kuury cucremu STATISTICA HeoOXiHO BHECTH BUXIJIHI
naHi, 1715t yoro 3 MeHto niporpamu STATISTICA Bubpatu nynkt mento File
— New. BingkpuBaeTbcsi BiKHO, 7€ BHU3HA4Ya€ThCA HEOOXiMHA KiNBKICTBH
3MIiHHEX (CTOBOIIB) 1 KINBKICTh CTpOK. s BHUKIAAEHHS METOINKU
BUKOPHUCTOBYETHCSI KOHTPOJIBHUHA BapiaHT 3 3 3MiHHUX 1 7 CTPOK.

Jns Bu3Ha4YeHHS TaOMUIF HAPOOOTKU 10 BiIMOBH BHUKOPHCTAETHCS
moayns Survival Analysis (puc. 5.1) nporpamu STATISTICA [1]. Hdust
BiIKpUTTS. Momynsi Survival Analysis HEoOXiJHO 3 MEHIO Mporpamu
STATISTICA BubOpatu Statistics —  Nonlinear Models — Survival
Analysis. ¥ mogymi Survival Analysis BinkpuBaeTbesi BikHO Survival and
Failure Time Analysis, ne Bubupaetscs Briazka Life tables & Distributions

(puc. 5.2).
File Edit View Inset Format | Statistics Graphs Tools Data Window Help
DEE SR % BE © Reume. Ctd+R | AddtoReport v | & K2
Calibri v| |11 Zn Basic Statistics/Tables ~[E- (SN B R A e

1 IL Muiltiple Regression
7] Data: Spreadsheetl... [ = |[ & B ANOvA

KOHTpONbHBIi BapuaHT “al Nonparametrics
P€ Distribution Fitting
Var1 Var2 Va3 - =
1 100,0 10,0 1 k2 T T T A i B General Linear Models
2 150,0 9,0 ( K Multivariate Exploratory Techniques *| [%3 Generalized Linear/Nonlinear Models
3 200,0 8,0 C % Industrial Statistics & Six Sigma » % General Regression Models
4 250,0 7,0 ¢ Y Power Analysis S General Partial Least Squares Models
5| 300,0 6,0 197 Data-Mining »| ® Variance Components
6| 3500 50 C[@ statistics of Block Data MIAY Survival Analysis |
7| 400,0 4,0 C [\ Nonlinear Estimation
8 @ STATISTICA Visual Basic M Fixed Nonlinear Regression
? % Probability Calculator » :':§ Log-Linear Analysis of Frequency Tables
l'_l | I L2 Time Series/Forecasting
Structural Equation Modeling

Pucynok 5.1 — Hlmsax o moxymns Survival Analysis
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r — N
"\, Survival and Failure Time Analysis: Spreadsheet4 g
[ p

Quick |

Beg Life tables & Distributions
[#" Kaplan & Meier product-limit method
% Comparing two samples

[ ] . .
£33 Comparing multiple samples EE?,- Open Data l
|%:: Regression models

- - SELECT s l & W I
|*: Time-dependent covariates o —

EOptionsv

Pucynok 5.2 — Bikno Survival and Failure Time Analysis

Hani BinkpuBaetscs nianorose BikHO Life tables & Distributions of
Survival Times, ne Bubupaetbcs Bkiaanka Table of Survival Times, B sikiid
BU3HAYAIOTHCSI HEOOXIIHI AJISl pO3paxyHKy 3MiHi, a came:

a) HIDKHI MEXI JUIs KOXHOTo yacoBoro intepany (The lower limits
for each time interval);

0) KiIbKiCTh BUPOOiIB TOAHUX Ha KoxkHOMY iHTepBaii (The number
of individuals withdrawn alive from each interval);

B) KiJIbKICTh BHPOOIB, sIKi BiIMOBWJIM B KOKHOMY iHTepBani The
number of individuals dying in each interval).

Takox, y BikHo Number entering first interval BBOIUTBCS MOYaTOK
nepioro intepsaiy (puc. 5.3).

Rawdata Table of survival times I

@ Variables I Cancel

Variable with lower limits for time intervals: ~ Varl @B Options ~
Wariable with number withdrawn (censored). Yar2 B s
Variable with number failing (dying): Vard Nl s Bw

Number entering first interval: {100

¥ Conect intervals containing no terminations/deaths

PucyHok 5.3 — Bikno Life tables & Distributions of Survival Times
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1Varl 1Varl 0K
me 2Mar2 ’—I

2V ar2

3Var3 3Var3 Cancel |

Spread | Zoom | Spread | Zoom | Spread | Zoom
Lower interval: No. censored: Mo. of obs. dying:
I 2 I3

PucyHok 5.4 — BikHO 1 BU3HAYCHHS 3MiHHUAX

ITicns BU3HaueHHs 3MiHHUX BiAKpHUBa€eThHCs BikHO Life Table & Survival
Time Distribution Results (puc. 5.5), B ikoMy BUOHUpaeThcs BKIaaKa Summary:
Life table.

[0 Life Table & Survival Time Distribution Results: Spreadsheetd et

Variables: Lower limits for intervals: Varl
Number withdrawn (censcored): Varz
Number dying: Var3
Total number of valid observations: 100
uncensored: 70 ( 70,00%) censored: 30 ( 30,00%)

Quick  Advanced I Function plo!s]
Summary: Life table I

Results for modek | Exponential :]'

iiiii Parameter estimates | [l  Estimates of hazard function |

[l Estimates of survival function | [l Estimates of prob. density Iuncl.l

Pucynok 5.5 — Bikno Life Table & Survival Time Distribution Results

Haui BinkpuBaetscst Tabnuirt acis BigMoB (Hapobok) (puc. 5.6)
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Life Table (Spreadsheetd)
Log-Likelihood for data: -12 4748
Interval Mid Interval | Mumber | Mumber | Mumber | Number | Proportn
Interval Start Point Width | Entering | Withdrwn [ Exposed | Dying Dead
Intno.1 [100,00001 125,0000| 50,00000 100 107 95,00000 0/ 0,005263
Intno.2 [ 150,0000 175,0000 50,00000 90 9 85,50000 1 0,011696
Intno.3 [ 200,0000 2250000 50,00000 80 8 76.00000 0/ 0,006579
Intno.4 [ 250,0000 275.0000 50,00000 72 7 68,50000 0/ 0,007299
Intno.5 [ 300,0000 3250000 50,00000 65 6/ 62,00000 0/ 0,008065
Intno.6 [ 350,0000 375.0000 50,00000 59 5 56,50000 1 0,017699
Intno.7 [400.0000 53 4 51.00000 0/ 0009504
Proportn | Cum.Prop | Problty ‘ Hazard | Std.Err. | Std.Er. | Std.Er. | Median | Std.Err.
Survivng | Sumnvivng | Density Rate Cum.Surv | Prob.Den | Haz Rate | Life Exp | Life Exp
0.994737 1,000000 0,000105 0,000106 0.000000 0,000148 0,000149 300,0000 0.00
0.988304  0,994737 0,000233 0,000235 0.007424 0,000231 0,000235 250,0000 0.00
0.993421 0,983102 0,000129 0,000132 0.013697 0,000182 0,000187 200,0000 0.00
0.992701 0,976635 0,000143 0,000147 0.016379 0,000201 0,000207 150,0000 0.00
0.991935 0,969506 0.,000156 0,000162 0.019112 0,000220 0,000229 100.0000 0.00
0.982301  0,961687 0,000340 0,000357 0.021924  0,000337 0,000357 50.0000 0.00
0,990196  0,944666 0.027357 L
Pucynok 5.6 — Tabnuus 3 pe3yabTaTaMy pO3paxyHKy
[HTepnperaniss 3MIHHMX, SIKI CKJIQJAlOTh  3MICT  OTPUMAHOL
€JIEKTPOHHOT TaOJUIII YaciB BiAMOB (IO CTOBIIISX):
e Homep  inmtepBany  (Interval/Intno = Interval Number)  mis
3rpyrnoBaHux JaHUuX,
°

HWKHs Mexa intepBany (Interval Start);
cepenuna intepany (Mid Point);
mmpuHa inTtepBany (Interval Width),
yrcno Ha noyatky (Number Entering);
yuciio BuwiydeHux 00'extiB (Number Withdrwn) 06'ekriB;
yrcno gociimkyBanux 00'ektiB (Number Exposed) 00'exriB;
4yKicio 00'ekTiB, mo BiaMoBmIH (Number Dying);
yacTKa 00'ekTiB, 110 BigMoBuiaH (Proportn Dead);
KyMYJISSTUBHA 4acTka npuaaTHux 00'extiB (Cum. Prop Survivng);
HIUTBHICTE FiMOBipHOCTI (Problty Density).

5.2 3aBnanus 10 1adoparopHoi podotu 1

1. OneprxaTu BapiaHT BHXIJAHHUX JaHUX Y BHKJIaJgaya,siKi BBECTH UM
iMnopryBaru (Hanpukiaz, 3 Excel) BuxinHi gani B poO0ouy KHUTY CHCTEMHU

STATISTICA.

2. BuxoHaTH poOOTY 3TiJIHO METOAUKHU, OMTUCAHOI IT0 KOHTPOJIBHOMY

BapiaHTy.
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3. TligroryBaTtH 3BiT, B SKOMY OITUCATH IOCIIJIOBHICTh BHKOHAHHS
po0oTH 1 3p00HTH aHAali3 OIeP)KaHUX PE3yIbTATIB.

Tabmums 5.1 — Buxigai gani s mabopatoproi podotn 1

Bapianr 1 Bapianr 2 Bapianr 3 Bapianr 4
Huwxn. | Z § Huwxn. | Z § | Huka. = € | Huka. ! §
MeKa e 5 | mexa e 5 | mexa e 5 | mexa e 5
100 100 0 200 9 0 60 8 0 100 121 0
130 9 1 250 8 1 80 7 1 130 1] 1
160 9 0 300 8 0 100 7 0 160 111 0
190 9 0 350 8 0 120 7 0 190 111 0
220 9 0 400 9 1 140 7 0 220 111 0
250 8 1 450 7 1 160 6 1 250 10| 2
280 8 0 500 7 0 180 6 0 280 8 0
310 8 0 550 7 0 200 6 0 310 8 0
340 8 0 600 7 0 220 6 0 340 8 0
370 8 0 650 7 0 240 6 0 370 8 0
400 7 1 700 6 1 260 5 1 400 7 1
Bapianr 5 Bapianr 6 BapianT 7 Bapianr 8
Hmwkn. | £ é Hmwxn. | E § Hikn, | E 5 Huka. = é
Mexa o 5 | Mexa o 5 | mexa o 5 Mexa o s
1000 | 15| O 180 9 0 600 8 0 110 121 0
1300 |14 | 1 200 7 2 800 7 1 130 1] 1
1600 |14 | O 220 7 0 | 1000 | 7 0 150 111 0
1900 |14 | O 240 7 0 | 1200 | 7 0 170 111 0
2200 |13 | 1 260 6 1 1400 | 7 0 190 111 0
2500 |12 | 2 280 5 1 1600 | 6 1 210 10| 2
2800 |12 | O 300 5 0 | 1800 | 6 0 230 8 |0
3100 |12 | O 320 5 0 | 2000 | 5 1 250 8 |0
3400 |12 | O 340 5 0 | 2200 | 5| O 270 8 |0
3700 |12 | O 360 5 0 | 2400 | 5| O 290 8 |0
4000 |11 | 1 380 4 1| 2600 | 4 1 310 7 1
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Iponorxenns Tabmui 5.1

Bapiant 9 Bapianr 10 BapianT 11 Bapianr 12
HuxH. = § Huwxn. | 2 § Huwxn. | Z § Huxn. | £ §
MeKa | §| mexa e 5 | mexa e S | Mexa e 5

315 10 | 0 | 2000 9 0 650 8 0 550 8 0
330 9 |1 2100 8 1 850 7 1 600 7 1
345 9 | 0| 2200 8 0 1050 7 0 650 7 0
360 9 | 0| 2300 8 0 1250 7 0 700 7 0
375 9 | 0| 2400 9 1 1450 7 0 750 7 0
390 8 | 1 | 2500 7 1 1650 6 1 800 5 2
405 8 | 0 | 2600 7 0 1850 6 0 850 5 0
420 8 | 0| 2700 7 0 2050 6 0 900 5 0
435 8 | 0 | 2800 7 0 2250 6 0 950 5 0
450 8 | 0 | 2900 7 0 2450 6 0 1000 5 0
465 7 11| 3000 6 1 2650 5 1 1050 5 0

5.3 Bumoru 10 ogopmieHHs 3BiTy 3 J1adopaTopHOI po6oTH

Koxxnuit 3BiT 3 nmabopaTopHoi poOOTH MOBMHEH MICTUTH HACTYIIHI
MYHKTH:

a) MeTa podoTH;

0) 3aBaaHHs /10 JIAOOpPaTOpHOI pOOOTH;

B) IIPaKTUYHI pe3yIbTaTH;

T') aHaJi3 OTPUMAHUX PE3YNbTaTIB 1 BUCHOBKH.
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6 JABOPATOPHA POBOTA Ne 2
«BU3HAYEHHSA ®YHKIIITI HAQIMHOCTI ITIPA
HEIIOBHHUX JIAHUX»

Ha mpakTuni npu BU3HaUEHHI MOKa3HHUKIB HAAIMHOCTI YacTO MaeMO
CIpaBy 3 HEMTOBHUMHU AaHUMH. Lle moB's13ane 3 TUM, 10 BaXKKO CIIOCTEpiraTu
CHCTEeMY YBECh Jac BiJl TOYATKy eKCILTyaTallii 10 BiAIMOBH, TOMY iH(pOpMarlist
Mpo dYac BIAMOBH MOXKe OyTH HeBimoma, TOOTO iHdopmarlis Bix modaTKy
eKcILTyaTallii (BUIpoOyBaHb) 0 BiIMOBH HEMOBHA. Taki JaHi HA3MBAKOTHCS
HENOBHMMHU a00 TeH3ypoBanuMu (censored). fkiio wac Bii MOMEHTY
MOYaTKy  eKcrolyararii (BumpoOyBaHb) IO BIiIMOBH BiJIoMO, TO MdaHi
HA3MBalOThCS MOBHUMH (complete).

Jns Bu3HaueHHs QYHKLIT HagifHOCTI TpPU HEMOBHUX JaHUX
BUKOPHUCTAEThCSI MoOAyns Survival Analysis mporpamm STATISTICA.
OcHOBHE 3aBAaHHSA, IO BUPIIIYEThCS B MOyl Survival Analysis, momnsrae
B ouiHmi (ynkuii BrkuBaHoCTI ((PpyHKUIT HamidHOCTI) MO JaHUM, 1€
BKITFOUEHI SIK TIOBHI, TaK 1 HEMOBHI JJaHi IM0/I0 Yacy poOOTH IO BiIMOBH.

Moayne  MICTUTP  TpOLUERYypH JUIA  ONUCY  YaciB  JKUTTS
JOCHIDKYBAaHOTO O0'€KTa 1 J/I03BOJISIE BWU3HAUMTH (YHKIIO HaIiHHOCTI,
IHTEHCUBHOCTI ¥ IIUJILHOCTI HMOBIPHOCTI BiJ]MOB.

6.1 MeTonnka BUKOHAHHS PO0OTH

VY po6ouy kuury cucremu STATISTICA HeoOXiHO BHECTH BUXIJIHI
nai, as goro 3 MeHro nporpamu STATISTICA suGpatu nynkt menro File
— New. BiakpuBaeTbcsi BIKHO, Jie¢ BHU3HAYaeThCs HEOOXiJHA KiJIbKICTh
3MiHHHX (CTOBOIIB) 1 KUIBKICTh CTpOK. i BHUKIAAEHHS METOINKU
BUKOPHUCTOBYETHCSI KOHTPOJILHUH BapiaHT 3 2 3MiHHUX (TIepia - CTOBOEIb 3
pes3yJbTaTaMH CIIOCTEpEXeHb, apyra - koau Complete abo Censored) i 30
CTPOK, JIe MICTSITBCS Pe3yJIbTaTH CIIOCTEPEKEHb 32 KOHKPETHOIO CUCTEMOIO.
PosrnsiHemMo Bu3HaveHHs (yHKINT HaAiMHOCTI TPH HEMOBHHUX JAHWX Ha
NPUKJIAi pe3ysibTaTiB BUPoOyBaHb OCHOBHOTO eJIeMeHTa iH(opMarliifHo-
BUMIpIOBAJIbHOI TEXHIKM, IO BHM3Hayae il HaXidHICT - iHTErpaybHOI
Mmikpocxemu (IMC).

Binkputu BikHO Survival and Failure Time Analysis, mnas 4oro
HeoOxiano 3 Mento nporpamu STATISTICA Bubparu Statistics — Nonlinear
Models — Survival Analysis (puc. 6.1).
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STA C(3

File Edit View Insert Fgrm §tatistics’ Phs Tools Data Window Help
DR &R | $ B R ¢ Resume. Ctrl+R | Add to Report ~ ‘ N
Arial 'I 10 [Zn Basic Statistics/Tables _VVQ;; e | = i ﬁ T ‘ él =

3 |/ Multiple Regression

PeayneTati 8Bunpoby

}Au

1 2 Be gistrzbution Fitting
Timo | = I I [ |
[329261COMPLETE || L2 EEIR YR o [ General Linear Models

2712,3 COMPLETE ! Multivariate Exploratory Techniques *| [&5 Generalized Linear/Nonlinear Models
3653,9 COMPLETE Industrial Statistics & Six Sigma » B2 General Regression Models

2946,5 CENSORED ¥ Power Analysis [B5 General Partial Least Squares Models

3069,2 COMPLETE > Data-Mining 4 E: Variance Components

2333.1|CENSORED i AN Survival Anabysis |
2966,2 CENSORED [E Statistics of Block Data » I\ Nonlinear Estimation

32664 CENSORED 5 3

2967.3 CENSORED G STATISTICA Visual Basic I_C Fixed Nonlinear Regression

2893,2 COMPLETE || % Probability Calculator » %8 Log-Linear Analysis of Frequency Tables
2986,6 CENSORED l? Time Series/Forecasting
31853 CENSORED| | 3 Structural Equation Modeling

Pucynok 6.1 — Bubip moxynst Survival Analysis

Y monyni Life tables & Distributions of Survival Times Bubupaetbcs

Bknanka Raw data (puc. 6.2), ne 3amarotees 3miHi Varl, Var2, y skux
BimoOpakeHi yac poboTu 10 BimMoBH (Time) Ta koau (Code) 3 BUBHaUCHHIM

NOBHOTH J1aHuX (puc. 6.3).
[licna natuckanns Ha Ok, Binkpusaetscs BikHO Life Table & Survival

Time Distribution Results (puc.6.4), ne na Bxyaaui Function Plots
MOCHIIOBHO BHOMparoThcst KHOmMkM - Plot of survival function (s
BifnoOpakeHHst QyHKIT HaxiiHOCTi) Ta Plot of probability density function

(st BimoOpaskeHHst TycTHHH (QyHKIIT HaiiHOCTI) (puc. 6.5, 6.6).

&u&rable&mmmﬁgnofwnmmcmm- )

Raw data | Table of survival times | oK
E Variables (survival times & censoring indicator) I Cancel |
Survival times (1) or dates (2 or 6): Time E Options v
Variable with censoring indicator. CENSORED

Code for complete responses: |COMPLETE el ,:; ?:m‘ %’ M

codes from the list of
Code for censored responses: M valid variable values

- Compute table based on: -
@ Number of intervals:  [12
" Stepsize (interval width): [1,

[V Correct intervals containing no terminations/deaths

Pucynok 6.2 — Bikno Life tables & Distributions of Survival Times
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[1Time | 1-Time 0K
2CENSORED e = |

SelectAll | Spread |  Zoom |  Selectall | Spread |  Zoom

Survival times (1), dates (2 or )

Censoring indicator:

|1

2

PucyHox 6.3 — BikHO 1711 BUOOPY 3MiHHHX

[ Life Table & Survival Time Distrit

I Variable: Time

Variable with censoring indicator: CENSORED

Total number of wvalid observations: 30

uncensored: 10 ( 33,33%) censored: 20 ( €€,87%)
Bz

Quick | Advanced Function piots |

Results for modet | Exponential >

Plot of hazard function |

Plot of survival function |

{Plot of probabiity density fu

Pucynok 6.4 — Bikno Life Table & Survival Time Distribution Results
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Pucynok 6.6 — I'yctuHa (1ibHiCT) QyHKIIT HaailHOCTI

+ {59 LS Estmetes of Survival Funcion (34 LS Estmates of Probabity Densiy |

Bzge WWWW
m, M,ﬂ
g, ‘s
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g 8§ = =& & = m SEEEBEEEEEGEE
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6.2 3aBaanns 10 Ja6opaTopHoi podoTu 2

1. OpneprkaTu BapiaHT BHXITHUX JaHUX Yy BUKJIa/Ja4a, SIKi BBECTH YU
iMnopryBaru (Hampuknaz, 3 Excel) BuxinHi gani B po00Yy KHUTY CHCTEMHU
STATISTICA.

2. BuxoHaTH poOOTY 3TiJJHO OMHUCAHOI METOTUKH.

3. TligroryBaTtH 3BiT, B SKOMY OITUCATH IOCIIJIOBHICTh BHKOHAHHS
POOOTH 1 3pOOUTH aHAITi3 OJEPKAHUX PE3YJIHTATIB.

Tabnuus 6.1 — Buxinni nani nis naboparopHoi podotu 2

BapianT 1 Bapiant 2 BapianT 3
Time | CENSORED | Time | CENSORED | Time | CENSORED
3293 | COMPLETE 982 CENSORED | 1016 | COMPLETE
2712 | CENSORED | 1009 | CENSORED 972 COMPLETE
3654 | COMPLETE | 1033 | COMPLETE 978 COMPLETE
2947 | CENSORED 985 CENSORED 982 CENSORED
3069 | COMPLETE | 1017 | CENSORED | 1005 | COMPLETE
3339 | CENSORED | 1034 | CENSORED 931 CENSORED
2966 | CENSORED | 1034 | CENSORED 989 CENSORED
3266 | CENSORED | 1012 | CENSORED 962 CENSORED
2967 | CENSORED 997 CENSORED | 1006 | CENSORED
2893 | COMPLETE 983 COMPLETE | 1019 | COMPLETE
2987 | CENSORED | 1062 | CENSORED | 1048 | CENSORED
3185 | CENSORED 981 CENSORED 973 COMPLETE
3827 | COMPLETE | 1034 | COMPLETE | 1057 | CENSORED
3263 | CENSORED 945 CENSORED | 1032 | CENSORED
3144 | CENSORED | 1041 | CENSORED | 1017 | CENSORED
2666 | CENSORED 984 CENSORED | 1025 | CENSORED
3151 | CENSORED 975 CENSORED 948 CENSORED
3207 | CENSORED | 1000 | COMPLETE | 1025 | CENSORED
3130 | CENSORED 978 CENSORED | 1000 | CENSORED
2721 | CENSORED | 1059 | CENSORED | 1007 | COMPLETE
2825 | COMPLETE 996 CENSORED | 1027 | COMPLETE
2832 | CENSORED 989 CENSORED | 1030 | CENSORED
3239 | COMPLETE 993 CENSORED | 1028 | COMPLETE
1816 | CENSORED 997 CENSORED 970 CENSORED
2203 | CENSORED 987 CENSORED 971 CENSORED
2636 | CENSORED 973 COMPLETE 992 CENSORED
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3601 | COMPLETE | 986 | COMPLETE | 1004 | COMPLETE
3012 | CENSORED | 1009 | CENSORED | 1027 | CENSORED
3977 | COMPLETE | 972 | COMPLETE | 1079 | COMPLETE
2898 | CENSORED | 1036 | CENSORED 960 CENSORED
Bapianr 4 Bapianr 5 Bapiant 6
Time | CENSORED | Time | CENSORED | Time | CENSORED
10094 | COMPLETE | 886 | COMPLETE | 10043 | COMPLETE
9948 | CENSORED | 1017 | CENSORED | 10034 | CENSORED
9878 | COMPLETE | 997 | COMPLETE | 9976 | COMPLETE
10154 | CENSORED | 961 | CENSORED | 9851 | CENSORED
9838 | CENSORED | 963 | CENSORED | 10023 | CENSORED
9949 | COMPLETE | 977 | CENSORED | 10052 | CENSORED
10047 | CENSORED | 1014 | CENSORED | 9918 | CENSORED
9968 | CENSORED | 962 | CENSORED | 10027 | CENSORED
10032 | CENSORED | 990 | CENSORED | 10118 | CENSORED
10023 | COMPLETE | 997 | COMPLETE | 10057 | COMPLETE
9846 | CENSORED | 1043 | CENSORED | 9985 | CENSORED
10062 | CENSORED | 982 | CENSORED | 10063 | COMPLETE
9717 | COMPLETE | 988 | COMPLETE | 9798 | CENSORED
9963 | CENSORED | 1099 | CENSORED | 10197 | CENSORED
10027 | CENSORED | 981 | CENSORED | 9898 | CENSORED
9878 | CENSORED | 1054 | CENSORED | 9973 | CENSORED
9886 | CENSORED | 1017 | CENSORED | 10018 | CENSORED
9954 | CENSORED | 943 | COMPLETE | 10146 | CENSORED
9931 | CENSORED | 986 | CENSORED | 9898 | CENSORED
10054 | CENSORED | 1000 | COMPLETE | 10094 | COMPLETE
10085 | COMPLETE | 961 | CENSORED | 9976 | COMPLETE
9896 | CENSORED | 978 | COMPLETE | 9966 | CENSORED
9994 | COMPLETE | 1011 | CENSORED | 10149 | COMPLETE
10060 | CENSORED | 1001 | CENSORED | 10150 | CENSORED
10035 | COMPLETE | 1012 | CENSORED | 9960 | CENSORED
10001 | CENSORED | 1070 | COMPLETE | 9980 | CENSORED
10111 | COMPLETE | 1001 | COMPLETE | 10156 | COMPLETE
10011 | CENSORED | 1020 | CENSORED | 10043 | CENSORED
9986 | COMPLETE | 955 | COMPLETE | 10116 | COMPLETE
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7 IABOPATOPHA POBOTA Ne 3 )
«BUBHAYEHHA AHAJIITUYHOI'O BUAY @ YHKIII
HAJIMHOCTI»

7.1 MeToanka BUKOHAHHS POOOTH

Jns Bu3HAueHHA aHANITHYHOTO BHIAY GYHKWIT HamidHHOCTI mpH
HEMOBHHUX JIaHWX BHKOPHCTAETHCS PE3yNbTaTH JlabopaTtopHoi pobdoTm 2.
ITicns Bukonanns m.1-3 y BikHi Life Table & Survival Time Distribution
Results (puc. 6.4 3 maGopaTopHOi pPOOOTH 2) BHOMpPAETHCS BKJIAAKA
Advanced, me y Bikommi Results for model mocmigoBHO 3amaroThCs
po3moninu - eKcrmoHeHmiansHuil, BeitOymma 1 [ommeprma. ¢dyHKIil
PO3MOiNY SIKMX, BiIIIOBIHO:

F(x)=1- €™, ne 2 >0, x € [0,4+0);
W(x)=1- €™, 1e1>0,7>0, x e [0,+);
G(t):exp(—e_ﬁt), t= (x=%)/y, p=-Inin2,

aed e (—oo,+), y>0,x € [0,+x).
[lapameTpu TEOPETUYHOTO PO3MOJTY, HAWOLIBII OIWU3BKOTO [0

EMITIPUYHOTO, BU3HAYAIOTHCS 33 JIOTIOMOTOK  3BHYAWHOTO  METOIy
HallMEHIIMX KBaJpaTiB 3 BaraMu, piBHUMH W; = 1 (He3BakeHi HaiiMeHIIi
KBa/IpaTH), 1 ABOX METOMIB 3BaKEHHX KBaapaTiB w; = 1/vj, w; = n;-h;,
Je V; - eMIlpu4Ha JAUCIEpCis, N , hj - MUpPUHA i-r0 iHTEpBaTy i YKCIIO
BIJIMOB Ha MoYaTky i-ro inTepBany. Hamami, OymeMo mo3Ha4yaTH I1i Bark siK
Weightl, Weight2 i Weight3, Biamosigao. 3 ronoMoror kHorku Parameter
estimates BH3HAYAIOTHCS MapaMeTpH i CTATUCTHYHI OIIHKU BiJlMOBIIHOCTI
TEOPETUYHOTrO 1 emmipuyHoro po3mnoaimi. OIliHKAa — BIAMOBIIHOCTI
MIPOBOIUTRCS 3a TOTIOMOTor0 Kputepito Ilipcona [2]. Sk mpukiam, HaBeaemMo
pe3yIbTaTH BU3SHAYEHHS aHAIITUYHOTO BUAY (PyHKLIT HAAIMHOCTI IO JaHUM
BapianTa 1 3 maboparopuoi pobortu 2 (puc. 6.1).
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ExcrioHeHIianbHAN pO3TOIi

Parameter Estimates, Model: Exponential (IMC(30).sta) j
Note: Weights: 1=1., 2=1./V, 3=N(I)*H(l)

Estimatn |Lambda | Variance | Std.Er. | Log- |Chi-Sqr. [df| p ‘
Method Lambda | Lambda | Likelhd.

Weight 1 {0.000443] 0,000000 0,000170  -67,1934 65,73554 10 0,000000]
Weight 2 | 0,000056' 0,000000 0,000025 -32,6821 16,71287 10 0,081018]
1Vf’ighw 0,000152/ 0,000000 0,000042 -37,3813 26,11138 10 0.0036(i1|j

1

»

Parameter Estimates, Model: Exponential (IMC(30).sta) P Estimates, Model: 4 | »

Posmopin Beiibymia

Parameter Estimates, Model: Weibull (IMC(30).sta) j
Note: Weights: 1=1., 2=1.V, 3=N(I)*H(l)

Estimatn [Lambda| Variance | Std Err. ‘ Gamma | Variance | StdErr. [ Covamce | Log- ’Chi-Sqr. ‘df’ )

Method Lambda | Lambda Gamma | Gamma | Gam-Lamd | Likelhd. |
Weight 1 {0.0000001 0,000000 0,000000 2,058863 0,183165 0427978  -0,000000 -32,7270 16,80270 9 0,051940
Weight 2 | 0,000000 0,000000 0,000000 2,580769 0,159637 0,399546 -0,000000 -355496 2244796 9 0,007577

JW_e]ight3 0,000001 0,000000 0,000004 1,546852 0,248508 0,498505 -0,000002 -32,2197 1578809 9 0,071489) ~
{ »

Parameter Estimates, Model: Gomperz (MC(30)sta) [7] Parameter Estiates, Model: Weibul (MC(30)sta) | <

Posmnonin 'omnepTia

Parameter Estimates, Model: Gompertz (IMC(30).sta) :1
Note: Weights: 1=1., 2=1./V, 3=N(I)*H(l)

Estimatn |Lambda | Variance | Std.Err. | Gamma | Variance Std.En.‘ Covance | Log- ’Chi-Sqr.‘df ‘ p
Method Lambda | Lambda Gamma | Gamma | Gam-Lamd | Likelhd. |
Weight 1 -11,1188! 0,666640 0,816481 0,001089 0,000000 0,000291 -0,000219 -28,5785 8,50567 9 0484115
Weight 2 | -11,5084 0,622632 0,789070 0,001325 0,000000 0,000270 -0,000199 -28,3746 8,09801 9 0,524314
Weight 3 | -10,6821 0,781449 0,883996 0,000719 0,000000 0,000392 -0,000308 -30,2078 11,76424 9 0.22698jj

4 B

Parameter Estimates, Model: Gompertz (MC(30) ) | >

Pucynok 7.1 — BusHaueHHs mapaMeTpiB It Pi3HUX PO3MOALTIB

OtpumaHi pe3ynbraTe (puc. 7.1) moka3anu, Mo HaHOUTBIT OIU3EKUM
0 EMHIIpHYHOr0 Po3mofiny € po3noin I'ommeprua 3 mapaMeTpam, sKi
BU3HAUEHI METOJOM 3BaKEHMX HalMeHIMX KeajpaTiB Weight 2

Opnepxanuii piBeHb 3HaUUMOCTi p=0,524 HabaraTto nepeBUIye KPUTHIHHN
piBeHb, 1m0 nopisHioe 0,05.

7.2 3aBmaHH#A 10 Jad6opaTopHoi podoTH 3

1. BapiaHT BHXIJIHMX JaHUX B3ATH BIANOBIAHUN TONEpeaHIN
nabopatopHoi poboTi 2.

2. BuxonaTtu poOOTY 3riJHO OMMCAHOI METOIUKH.

3. IligroryBaru 3BIT, B SIKOMY OIIMCATH IMOCJIAOBHICTh BUKOHAHHS
poOoTH 1 3pO0HUTH aHaNi3 OlePKAHUX PE3YIIbTATIB.
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8 CAMOCTIHHA POBOTA
«PO3PAXYHOK XAPAKTEPUCTHUK HAJJIMHOCTI
CHUCTEMMH ITPA NOCTIMHIN IHTEHCUBHOCTI
BIAMOB»

8.1 Po3paxyHok iiMoBipHOcTi Ge3BiAMOBHOI poGoTH TIpH
nocTiliHii iHTeHCHBHOCTI BiTMOB

[Tix iiMoBipHicTIO Ge3BiAMOBHOI POOOTH PO3YyMi€ThCA WMOBIpHICTH
TOTO, IO B MEXKax 3aJaHOr0 4Yacy HampaimloBaHHS BiIMOBAa HE BHHHUKAE.
KonkperHe umncensHe 3HaYeHHS WMOBIPHOCTI 0€3BiAMOBHOI poOOTH MOXKe
OyTH po3paxoBaHe TiNBKH JUIS 33JaHOTO Yacy HampalloBaHHS t, B mepediry
SIKOTO MOKJIMBE BUHMKHEHHSI BiTMOBH.

OcHOBHHI 3aKOH HaliIHHOCT1 BU3HAYAETHCS SIK:

P(t) = exp{— jﬂ(t)@t} (8.1)

[Ipumyckaroun iHTEHCHBHICTH BiIMOB TIOCTIHHOK BEIMYMHOIO, IO
CIPaBE[UINBO, SKIIO BiIMOBH BiIOYBAarOThCSI BHACHIJOK MPUXOBAaHUX
nedexTiB i He MOB’s3aHi 3 MporecaMu cTapiHHs, 3 piBHsIHHS (8.1) mpuiime
BUTJISIL

P(t) = exp(—At) (8.2)

Ha migcragi (8.2) mpu BioMoMy 3Ha4YeHHI A Ta, SIKIIO 3aJaBaTHCh
NEBHAMH 3HA4YEHHSMH 4acy t, MOXKHa MoOyJyBaTH Tpadik 3aiexHOCTi
HMoOBipHOCTI 0€3BiIMOBHOI pOOOTH Bij Yacy HarpamroBaHHA (t 3MIHIOETHCS
BiJl 3HAUEHHsI, MpH sIKOMY P(t) JOpiBHIOE OJWHMII 70 3HA4YeHb, Ko P(t)
OM3BKe 10 HYJIS).

8.2 Po3paxyHOK cepeJHHOI0 Ta raMmMa — BiICOTKOBOI0 4acy
HApoOKM 10 BiIMOBU NPH NOCTiliHili iHTEHCMBHOCTI BiTMOB

CepenHiii yac HapoOKH 10 BIJIMOBU SIBJIIE COOOI0 MaTeMaTHYHE
OUiKyBaHHS 4acy HapOOKH JI0 BiJIMOBH
0

fzft‘f(t)dl

1 MOXe OyTH BUpaXCHUH uepe3 HMOBIPHICTh O€3BIIMOBHOT pOOOTH SIK
1= [P(t)dr.
0

(8.3)

(8.4)
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Ipu mocriiiniii inTeHcHBHOCTI BigMoB P(t) cepenriii yac HapoOKH 110
BiJIMOBH ITiIIIOPSAKOBYETHCA €KCIIOHEHIIIHHOMY PO3ITOALTY, 1 TOAl

f== (8.5)

IlincraBnsaroun 4YMCeNbHE 3HAYCHHS A , OTPUMAEMO CepemHiid dJac
HapoOKH (HAIIpaIfOBaHHS) 10 BiJIMOBH.

I"amMma-BigCOTKOBHH Yac HapOOKH J10 BiIMOBH t, BU3HAYa€THCA AK Yac,
OPOTATOM SIKOTO BiMOBa HE BHHHKA€ 3 IMOBIpHICTIO Y. 3HaueHHs f,
OTPUMYETHCS IOCUTD TIPOCTO 3 PILlICHHS PiBHAHHS:

y=P(t) (8.6)
JJ1s1 eKCTIOHEHIIHHOTO PO3MOIiTy BUpa3 i t, OTpuMy€eThes
1
t = —zln(]/) (8.7)

8.3 3aBpanus

Ha mincrasi Bupasis (8.2), (8.5), (8.7) moOyayBatu rpadik 3ainexxHOCTi
HWMOBiIpHOCTI 0€3BiAMOBHOI pOOOTH Bif dYacy, po3paxyBaTH CepemHid i
ramMma-BiJICOTKOBHI 9ac HApOOKH JIO BiTMOBH.

Buxiani nanHi HaBeneHi B Tadm. 8.1. IlinroryBaTu 3BIT, /i HABECTH
3po0IeHi po3paxyHKH.

Taomuug 8.1 — Buxigxi gani

Bapianr | A-10° y:10? Bapiant | A-107 y:10?
1 1 75190 | 95 16 1 99 | 95 | 95
2 2 80 91|96 17 2 98 | 95 | 96
3 3 85192 | 97 18 3 97 194 | 97
4 4 90 | 93 | 98 19 4 97 193 | 98
5 5 95 [ 94 | 99 20 5 96 | 92 | 99
6 10 [ 95]75]90 21 10 196 91|90
7 20 |96 80|91 22 20 | 95|90 |91
8 30 97 | 85| 92 23 30 95 190 | 92
9 40 98 | 90 | 93 24 40 95190 | 93
10 50 |99 ]|95)|94 25 50 |95 |85|94
11 60 |90 | 75|97 26 60 |90 |85 |97
12 70 [ 95|80 98 27 70 |90 |80 | 98
13 80 95 | 85| 99 28 80 85180 | 99
14 90 96 | 90 | 90 29 90 80 | 75|90
15 100 | 97 | 95| 91 30 100 | 75| 75|91
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