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6. IPOTHO3UPOBAHUE TEXHUYECKOI'O
COCTOSAHMUA DJIEMEHTOB U PIY

6.1. PacuetHble cooTHOLIEHUS U GOPMYJIbI

Tabnuna 6.1
Bripaxkenue Howmep Breipaxxenue Howmep
N n
Zlaiyi o Vup =Zal. V; 6.2
_ = .
Y =N ' =
>a :
P o, =1 6.3
i=1
k
(J) 2 _ i
D () - ()] = min 6.4
i=1
k
Za y () - @(t,)]’ = min 6.5
i=l1
jeK,ecruF(x”,...x")> P,
6.6
jeK,,ecruF(x”,...x") <P,
P, —> maxumw P, — min 6.7 D1 < Potoon» @ P, — Min 6.8
n +n n +n
— _ 11 2 _ "a 12
P,=1-P  =1- ~ 6.9
n n
n, +n
_ ™ 22 _
n(K, / pewk ) n(K,/ pewk ,)
p21 = 6.12 p21 = 6.13
n(pewk ) n(peuk ,)
6.2. IlosicHeHnE mapamMeTpoB
Yip _ pe3yJIbTUpPYIOIIasl OLIEHKA [apaMeTpa y, MOIy4YeHHasi IpU 3BPUCTUUYECKOM
POTHO3UPOBAHUY;
Vi — KOJTMYECTBEHHAs OlLleHKa B Oajuiax, cAelaHHast i-M SKCIIEPTOM;
a; — BecoBO# K0d(h(pUIIMEHT i-TO IKCTepTa; BeC [-T0 KBajapaTa pa3HOCTH B
dhopmyie (6.5), MEHSFOIITUICS OT HAOMIOJCHUS K HAOIIOICHUIO;
N — YHCIIO SKCTIEPTOB, YYACTBOBABIUINX B PEIICHUH 33/1a4W TPOTrHO3UPOBAHNUS,
y(t) — uabmonaemoe 3HAYCHHE MAPAMETPA V j-TO FK3EMILIAPA, COOTBETCTBYIOIICE
MOMEHTY BPEMCHH £ ;
¢(¢;) —3HaueHHUE MapaMeTpa y, MOJCUUTHIBAEMOE [0 MaTEeMAaTHIYECKON Moaenu ¢(t)
MyTeM IOJICTAHOBKHU B HEE 3HAUCHHUSI 1=,
k — YHCII0 TOYEK MPEIBICTOPUH (TOUYECK HAOIIOIEHUS ) TapaMeTpa ),
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Jj — KOHKPETHBIN (j-i) SK3eMILISIp U3IEIHS;

K — KJIaCC HAJIEKHBIX 3K3EMILISIPOB;

K, — KJIaCC HEHAJICKHBIX DK3EMILIAPOB;

0. x - 3HaueHWS MPU3HAKOB j-TO SK3EMILIAPA B MOMEHT BPeMEHH (=0

(o6pa3 j-ro sK3eMIUIspa);

F(x,,... x) — snauenne permaroreii GpyHKIMH, TOICIUTAHHOE IS j-TO K3EMILIAPA;
Py — TIOPOT pa3JIeNIeHuUs KIacCOB, ONMPEACIIIEMbI SKCIIEPUMEHTAIBHO, HCXOS U3
YCIIOBHS JIyHIIETO Pa3/IeIeHUs KIIaCCOB;

Pupass  — BEPOATHOCTB NIPUHATHUS NPaBUJIBHBIX PEILCHUH;

P — BEPOSITHOCTh MPUHATHS OIMIMOOYHBIX PEIICHUN;

P21 — PUCK MOTPEOUTENS;

P21gon — JIOIIYCTHMOE B JAaHHOM 3ajJlaye 3HAaUeHHE PUCKA MOTPEeOUTENS;

P12 — PUCK U3TOTOBUTEIIS;

n — 00muit 00beM 00y4Jaroei BRIOOPKH;

ni — KOJIMYECTBO MPAaBUIIbLHO PAaCllO3HAHHBIX AK3EMIUISIPOB Kiacca K; B 00y
Yaroliel BIOOPKE;

N — KOJIMYECTBO MPAaBUIILHO PACIIO3HAHHBIX SK3EMIUIIPOB Kiacca K, B 00y
Yaromiei BHIOOpKeE;

7 — KOJIMYECTBO B 00yUaroIiei BEIOOPKE SK3EMILISIPOB B IEHCTBUTEIHHOC-

TH KJacca K,, HO TI0 MPOTHO3Yy OMMUO0YHO OTHECEHHBIE K Kiaccy Ki;
ni — KOJIMYECTBO B 00YYarOIIIEel BHIOOPKE IK3EMIUISIPOB B JCHCTBUTEIBHOC-

TH Kiacca K, HO 1o MPOrHO3Y OIIMO0YHO OTHECEHHBIE K Kinaccy K>
n(Ky/pemiK;) — KOIMYECTBO OMIMOOYHBIX PEIICHUH, 3aKIIFOUAIOIIUXCS B
OTHECEHUH IK3eMILIAPOB Kiacca K, B K (TO ke, 4TO U ny);
n(K/pemkK,) — KOIWYECTBO OMIMOOUYHBIX PEUICHUH, 3aKITI0YAIONINXCS B
OTHECEHUU FK3eMILISAPOB Kiacca K B K (TO ke, 4TO U np3);
n(pemkK;) — obIiee YUCIo PEIICHU, MPUHUMAEMbIX 00 OTHECEHUH HK3EMILIIS-

pOB K KJ1accy K 1o mporsosy;

n(pemK,) — obliee YUCIo penieHui, MPUHUMAEMbIX 00 OTHECEHUH IK3EMILIS-

poB K Ki1accy K 1o mporsosy.

6.3. TunoBkie MpUMEPHI

IIpumep 6.1. Jlnsa oGecnieueHust yBEPEHHON CBSI3U C 0OBEKTOM HEOOXOIAMMO, YTOObI
MOIIHOCTh MepeaaTunka MOOWIbHOHN paauoctaniiuu Obuta He menee 0,5 Bt. HomunansHOE
3HAYE€HHEe MOIIHOCTH cocTaBiisieT 1,2 BT. B mporecce skcmityaranuym KOHTPOJIMPOBAIACH
MOIIHOCTh Tepenatyuka. B Tabn. 6.2 ykazaHbl 3HaU€HUS MOUIHOCTH, COOTBETCTBYIOIINE

OTIpEJICIICHHON CyMMapHO# HapaOoTKe.

Tabmnuma 6.2
Hapabotka ¢, u 0 100 150 200 250
MomnocTs P, BT 1,25 1,12 1,08 1,05 1,02

Tpebyercst onpenenuTs MPOrHO3HOE 3HAYEHUE BPEMEHH NOTEPH NepeaTyukoM pado-

TOCIIOCOOHOCTH.

Pemenne. Vcnonb3ys nanHelie npeasicropuu (3HaueHus P B Tabmn. 6.2), BeiOepeM Mo-
JIeJIb POTHO3UPOBaHUs. AnipobupyeMm ABe GyHKIUH, KOTOPbIE NMPEANOJIOKUTENBHO HEIUIO-
X0 MOTYT OIMCATh U3MEHEHHE MMapaMeTpa P: SKCIIOHEHIMAIBHYIO U JIMHENHYIO.

P=at+b - nuneiinas ¢pyHKIUS;
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P=b-e“ - norenuuanbHas (9KCIOHEHIUANbHAS (QYHKIINU).
[Tapametpsl a u b 5TuX QyHKIUI (MOIeNel) ONpeneauM C MOMOIIbI0 METOAa Hau-
MEHBUINX KBaJpaToB - Kputepus (6.4), UICHONAb3ys JaHHbIE Ta0d. 6.2 U IPUEMBI, OTUCAHHbIE
B [1, ¢.58-64]. Haiinennsie 3HaueHus Ko3QpGUIMEHTOB a U b IpUBEEHBI B Ta0I. 6.3.

Tabmumna 6.3
Monenn a b S ( cymma Beipaxenus (6.4))
P=at+b -9,135-10™ 1,231 1,243-107
P=be" -8,08-10™ 1,233 8,958:10

N3 Ttabn. 6.3 BUAHO, 4TO MO Kputepuro (6.4) IydIieil ABIseTcsS MOJEIb MPOTHO3UPO-
BaHUS B BHJIC PKCIIOHCHITMAIBHOW QyHKIMH. Vcronb3yem ee aiist onpeaesieHus] TIPOTHO3HO-
ro BPEMEHHU IIOTEPU IEPENATIYMKOM PAabOTOCHOCOOHOCTH. DTO BpEMA fy, €CTh PE3yJIbTAT
pelIeHUs ypaBHEHUS

ES
P =b-exp(at,),

rae P’ — KpUTHYECKOE 3HAYCHHUE MOIIHOCTH MEPEIATIHKA C TOUKH 3PSHIS ero paboTocIo-
cobHocTH (B maHHOM TiprMepe P =0.5).
Pemnm 310 ypaBHEHHE OTHOCUTEIBHO BPEMEHH Iy, . C yueToM HallIeHHBIX KOhPHu-
[IUEHTOB a U b SKCTIOHEHITMAIBHONU MoAeNu (cM. Tabu. 6.3), moayuum

fp1117 4.

IIpumep 6.2. [Ipennonoxum, uto ais daeMeHTa POY (Hampumep TpaH3UCTOpa) DKC-
HNEepUMEHTAJILHO OIPEe/eNIeHbl Ba MHPOPMATUBHBIX napamerpa. O003HAUUM UX, KaK X| U X; .
ITycTh mATEpECYET KIIACC DK3EMIUIIPOB HA MOMEHT BPEMEHHU fy, =5000 u.

Bynem cumrtarh, yTO OBUT BHINOJHEH OOYyYarOUIMil SKCHEPUMEHT C HCIOJIb30BAaHUEM
YCKOPEHHBIX HCIBITaHWK B TeYeHUE BpeMeHU £,=100 4, DKBUBAICHTHBIX C TOYKH 3PEHHMS
(yHKIMOHMPOBAHUS U BO3HUKHOBEHUS OTKa30B BpeMEHH f;,=5000 1.

Pe3ynbrarel 00y4aromero s3KCiepuMeHTa MpeicTaBiIeHbl B Ta0. 6.4.

Tabnuna 6.4
Homep  ok- | 3nauenne | Homep | 3Hauenue Howmep knacca no nporuosy
3eMIuIpa X, (tp=0) |xmacca | pemaromie |npu P, paBHOM
oOyyarorniei : npu byHkuuu F 0
BBIOOPKH X; | x [Tty —6|-4|-210 |2 |4
1 1,7 |13 1 1-1=0 1 1 1 1 2 2
2 1,5 |14 1 —-1-2=-3 1 1 2 2 2 2
3 1,2 |12 1 —4+0=-4 1 1 2 2 2 2
4 2,0 |12 1 4+0=4 1 1 1 1 1 1
5 1,6 |9 1 0+3=3 1 1 1 1 1 2
6 L1 |17 2 —-5-5=-10 | 2 2 2 2 2 2
7 1,4 |13 2 —2-1=-3 1 1 2 2 2 2
8 1,2 |12 2 —-4-0=—4 1 1 2 2 2 2
9 1,0 |12 2 —6—-0=-6 1 2 2 2 2 2
10 1,3 |16 2 —-3-4=-7 2 2 2 2 2 2
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Tpebyercst OCTPOUTH MPOTHO3UPYIOLIEe IPABUIIO, OOecIIeUrBaroIee MPU UHAUBUTY-
QJIBHOM MPOTHO3UPOBAHIHM MaKCUMaJIbHOE 3HAUCHNE BEPOSTHOCTHU MPABUIBHBIX PEILICHUI.

B paccmaTtprBaeMom mpumepe IUIsl TPOCTOTHI WIUTIOCTPAIMU TPOIIETyPhl TOCTPOCHHUS
MIPOTHO3HMPYIOIIETO MpaBuiIa B3siTa oOydyaroias BeiOopka oobemoM 10 snemenTtos. [lpu pe-
IIEHUU MHXXEHEPHBIX 3a/1a4 00beM oOyuaroliel BBIOOpKHU clieAyeT BbIOMpaTh He MeHee 20-
30 3K3eMIIApOB.

Pemenune. Herpynno yoenutbes (cM. Tabm. 6.4), yto OosblieMy 3HAYEHUIO MPU3HAKA

X B CPEIHEM COOTBETCTBYET KJIace K | » & V1S IPU3HAKA X, — Hao0o0poT (puc. 6.1).

K, K,

2
K] KZ

T f 1 1 f 1 T i 1
1,0 1.2 1.4 2,0 X1 9 12 14 17 x2

Puc. 6.1. CBs3b 3HaU€HUI TPU3HAKOB C KJIACCOM

B kauecTBe 3BpHUCTHYECKOTO alropuTMa ajs pemiaromeid GyHKuuu F BbIOMpaeM BbI-
paXkeHne BUaa
leO(xl—ml)—(x2 —mz), (6.14)

rac ml — CPCOHCC 3HAUYCHHC IIpU3HAKA X

M., — CPENHEE 3HAUCHUE MPH3HAKA X

Jlerko yOeautbes, 9To m

| B Kmacce K1 ;

2
) =1,6; my =12.

®yukmus F B 3anuwcanHOM BHE XapaKTepU3yeT OJM30CTh dK3eMIulsipa K kiaccy K.
Yucno 10, cTosimiee mepea MepBbIM ClIaraéMbIM, HEOOXOIUMO JIJIsi TOTO, YTOOBI MPUMEPHO
ypaBHATH BKJIAJ MPU3HAKOB B PEHIAIONIYI0 (PYHKIMIO. 3HAK MUHYC TIepe]l BTOPhIM clarae-
MBIM B BbIpaskeHUU (6.14) mosBuiica B CBS3M C TEM, UTO dK3eMIusipaM kiacca K; B cpennem
COOTBETCTBYET MEHBIIICEe 3HAUCHHUE MTPU3HAKA X, .

[Togcuntaem 3HaueHus pemaromeid GyHKIUU F 11 Bcex 3K3eMIUISIPOB 00ydaromiei
BBIOOPKH, UCTIOJIb3Ys BhIpakeHHe (6.14). DTu 3HaueHUs MOMEIEeHHBI B Ta0. 6.4.

Herpynno ybenutbes, 4To 3HAYEHHUs, TOJACUYUTAHHBIC I SK3eMIUISIpOB KiaccoB K u

K,, mepecekatorcs (puc. 6.2).

K> K Tenepp ompenenum ONTHUMAalIbHOE
3HAUYE€HHE MOpOora pa3fesieHUs] KIacCoB.
st aToro 3amagumcs HECKOJbKUMH
3HAYEHUSIMU BEJIMYUHBI PO U JUTSL KaXkK-

B KJ1acce K1 .

f | J0ro 3Ha4CHUA POZ OmnpcaciiMM KJ1accC

-4 -3 F osxsemmispa oOyudaromeir BHIOOPKH IO
IPOrHO3Y, HCIIOIb3Ysl IPOTHO3UPYIO-
Puc. 6.2. Ilepeceuenne 3naueHu 1Iee MpaBUiIO BUa

pemiaroniet pyHKIUU
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jekK,, ecin 10{x]—1,6}—[x] —IZ}ZP -
1 1 2 017

: J A
]eKz,ech 10|:)C1 1,6} [xz 12}<P0i.

B nmanHom ciiydae 3aBUCHMOCTH Be-

fpas POSITHOCTH TIPABWJIBHBIX PEIICHUA OT Be-

! JIUYUHBI POi CJIOHO BOCTIPOU3BECTH M3-

08T R 3a OTpaHUYECHHOCTH 00BEMa oOyuaroiei

06 | BbIOOpKU. OMHAKO, pacUIUpHB JTUATIA30H

Y 3HAYEHUUN BEIMYUHBI POi BJICBO U BIIpa-
04 ——

BO, MOXHO BBISIBUTh TEHACHLHIO H3MEHE-
HUSI BEPOSTHOCTH NPABWIBHBIX PELICHUN
(puc. 6.3).

N3 puc. 6.3 BUAHO, YTO OMNTH-
MaJbHOE 3HaYE€HHE ITopora P0 ~-15.

8 6 4 2 0 2 4 6

Puc. 6.3. BeiOop BeanunHbI PO

Torga B OKOHYATEIBHOM BU/IE IPOTHO3UPYIOIIEE PABUIIO 3aMUIIETCS KaK

jek,, ecn IO[xj —1,6}—[# —12}2—1,5;
g 2 (6.15)
jeK ., ccm 1o{x{ —1,6}{% —12}—1,5.

[TprMeHHUM 3TO MPaBUIIO U MHAMBHAYAIBHOIO IIPOrHO3MPOBAHUS OAHOTHIIHBIX JK-
3eMIUTAPOB, HE YYaCTBOBABIIMX B 00ydaroiieM sKcrepuMenTe. [IpeanonokuM, 9To dK3eMII-
JISIPBI UMEFOT CIICAYIOIINE 3HAUCHHSI TPU3HAKOB:

SK3eMILISp 1: X, =1,4; X, =14; sk3emmuisp 2: X, =1,6; X, =13.

[Tpumensis mpaBusio (6.15), MOXHO yOEIUTHCS, UTO IO TIPOTHO3Y IK3EeMIUIAP 1 TOmKeH
OBITH OTHECEH K Kiaccy K 5 » @ DK3EMIIAP 2 —x kimaccy K K U3 puc. 6.3 ciexyet, 4To Mak-

CUMAJIbHOE 3HAYEHUE BEPOSTHOCTH INPABWIBHBIX PELICHUN PnpaB COCTaBUT IMPUMEPHO

0,85. OT0 03Ha4aeT, 4TO B CpelHEM JJisi 85 MPOLIEHTOB 3K3EMIUISIPOB M3 Ka)XIAOW MapTuu
YPOBEHb HAJIEXKHOCTH (KJ1acc) OyJeT CIIPOrHO3UPOBAH BEPHO.

6.4. 3aaun st CAaMOCTOSITEIIBHOTO PEILICHUS

6.1. B mpomnecce skcmyatauuu nepenatuuka PJIC u3mepsiioch 3Hau€HUE €ro MM-
MyJILCHOM MOIIIHOCTH B OTpeeI¢HHbIE MOMEHTHI BpeMeHU (Tabi1. 6.5).

Tabmnuma 6.5
Bpewms, u 0 200 400 600 800
Momntnocts, Bt | 800 790 750 730 710

Tpebyercss METOIOM HKCTPAIOJISALUU OINPENEIUTh TOUYEHHBIH MPOTHO3 MOUIHOCTH
3TOr0 DK3EMILIApa MePEeJaTINKa I BPEMEHH fyp, = 2500 .

ITpu pemenun 3amaun anpoOUpOBaTh HE MEHEe TPEX MOJAEIEH MPOTrHO3UPOBAHUS
(MaTeMaTHYECKUX BBIPAKEHUH, ONHUCHIBAIOLIMX IMPEABICTOPHUIO Ipolecca). Jlyumyro u3
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paccMaTpuBaeMbIX Mojiesield BbIOpAaTh MO METOJY HAMMEHBIIMX KBaIpaTOB — KPUTEPUIO
(6.4) Tabm. 6.1.
6.2. Pemmts 3agauy 6.1, ucnonw3ys Ui BBIOOpA JTydiled MOJEIN HPOrHO3UPOBAHUS
METOJ «B3BEIICHHBIX HAUMEHBIIINX KBAIPaTOBY - Kputepuii (6.5) Tadim. 6.1.
6.3. JluHamuka m3MeHEHUs HapaOOTKW Ha OTKa3 7 PaJHO’JEKTPOHHOTO MpudOopa
COOTBETCTBYET JJaHHBIM Ta0I. 6.6.

Tabmumna 6.6
TI'on 1988 1990 1992 1994 1996 1998 1999
Ty 800 1200 1500 1900 2100 2100 2200

Tpebyercst naTh ToueuHbI MpOruo3 3HaueHuio 7y Ha 2010 rox, ucmonap3ys KpUTepuid
(6.4) Tabm. 6.1.

6.4. Perunth 3agauy 6.3, ucnosib3yst AJs BbIOOpA JIydllled MOJENN MPOTrHO3UPOBAHUS
Kputepuii (6.5) Tabm. 6.1.

6.5. Ucnonb3ys nanHbie Taba. 6.5, onpenenuTs BpeMs MOTepy MepeiaTaukoMm paboTo-
crocoOHOCTH. Y cloBHE pabOTOCIIOCOOHOCTH MepeIaTurKa:

500 Br £ P < 1200 Br.

6.6. JlunamMuka yBenMUYeHHs HapaOOTKHU Ha OTKa3 7 3a CUET TMOBBIIICHUS KauecTBa
KOMIUIEKTYIOIINX 3JIEMEHTOB COOTBETCTBYET HaHHBIM Tabn. 6.6. Tpebyercs ompenenutsb
MPOTHO3HOE 3HAYEHUE roja, Korja rnokasarenb 7 gocturHet 3Hadenus 7y > 3000 4. [Ipu
BBIOOpE MAaTEeMaTHUYECKON MOJENU MPOTHO3UPOBAHUS UCIIOJIB30BATh CIEAYIOIINE METOIbI:
1) MeTO1 HAMMEHBIITNX KBAIPAaTOB — KpuTepui (6.4) Tabdi. 6.1. 2) MeTo1 «B3BEIICHHBIX HaH-
MEHBIINX KBaJAPaTOBY - Kputepwuii (6.5) Tadmn. 6.1.

6.7. B Tabn. 6.7 yka3aH JAeMCTBUTENBHBIN Kilacc 3Kk3eMIuisipa (anementa POVY) Ha mo-
MEHT BPEMEHHM [ = fy, , @ TAKXKE NOJACYMTAHHBIC JUI KAKIOTO SK3EMIUIAPA 3HAYCHUS Pe-
maromet pyHkuuu F.

Tabmuma 6.7
Homep k- | 203 |4 |5 |6 |7 |8 |9 [10 |11 |12 |13 ]14]15 |16]17
3eMnaspa
g KKK KKK KRR R R R KK KK
F 5514 |5 6 10 | 7 8 7 6 3 4 2 6 |5 145 1|3 |35

Tpebyercs moACYUTATh BEPOATHOCTD MIPHHATHS MTPABUIILHBIX PEIICHHM, & TAK)KE PUCKH
HOTPEOUTEIISE M U3TOTOBUTEIISA B MPEINOI0KEHUH, YTO B IPOTHO3UPYIOMIEM MIPABHIIE TOPOT
pas3zeneHus KJIaccoB COOTBETCTBYET CICAYIOIINM 3HaYeHUsIM: 3; 4; 5; 6; 7. BeiOparth 3Haue-
HHUE TOpOTra paseiICHUs] KJIacCcoB Py JJIs MPOTHO3UPYIOIIETo MpaBUjla UCXOAS U3 KPUTEPH-
eB: 1) Pypas —> max; p»;<0,1 npu pj, — min.
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	Pправ – вероятность принятия правильных решений; 
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	P=at+b
	   Таблица 6.4      


	                      Таблица 6.6 
	 6.6.  Динамика увеличения наработки на отказ Т0 за счёт повышения качества комплектующих элементов соответствует данным табл. 6.6. Требуется определить  прогнозное  значение года, когда показатель  Т0  достигнет значения Т0 ≥ 3000 ч. При выборе математической модели прогнозирования использовать следующие методы: 1) метод наименьших квадратов – критерий (6.4) табл. 6.1. 2) метод «взвешенных наименьших квадратов» - критерий (6.5) табл. 6.1. 
	                                                                                                                           Таблица 6.7 



