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OLIHKA PE3YJIbTATIB BUIIPOBYBAHD
HA HAJIMHICTb PAKETHOI'O IBUI'YHA
HA OCHOBI JIOT'TKO-UMOBIPHICHOT'O METOY
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Jninpoecvruii hayionaneHuti yHieepcumem imeni Onecsa I onuapa,
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AnHoranus. IIpenjio:keH J0TMKO-BepOSITHOCTHBI MeTOA OLECHKH pe3yJbTaTa HCIBLITAHUS, KOTOPBIH
OCHOBBIBAaeTCS HA TeopuH Aoka3aTeabcTB Jemncrepa-Iladgepa ¢ HekOTOPBIMM NONYLICHUSIMH, HEe BINSIOIIMMHA
HAa KOHEYHBIH pe3yabTaTr. B HacTosiliee BpeMsi 0CTPO CTOMT BONPOC O CO3AAHMH HOBBIX 00pa3lOB PaKeTHOI
TeXHUKH B CBSI3M €O CMEHOIl KOHBEKTYPbI Ha MeKIYHAPOJHOM W BHyTpeHHeM pbiHke. IIpu co3panum HOBBIX
00pa3noB He00X0AUMO YAEJATH 0c000¢ BHHMAHHE YPOBHIO HUX HAJEKHOCTH, HO M He 3a0bIBAaTh YYHTHIBATH
(pMHAHCOBYIO COCTABJISIIOINYI0 NPOEKTOB MO Pa3padoTKe M M3rOTOBJICHHIO HU3feanii. B cBs3M ¢ 3THM, B JaHHBII
MOMEHT NPOBOJSATCSH HCCJIE0BAHUS HE TOJIbKO B HANTPABJICHUH NMOBBIIIEHHUS HAESKHOCTH CJI0KHBIX TeXHUYECKHX
CHCTeM, K KOTOPBIM OTHOCSITCSI M PaKeTHbIe IBHUraTeId, HO H B HANPABJeHUH CHUKEHHsI CTOUMOCTH HX J0BOJKH.
OaMH U3 BADHAHTOB MCCJIEI0BAHUI B IAHHOM HalpPaBJIeHUH U ObLJ1 MPeJI0KeH aBTOPOM B JaHHOi padore. Llebio
padoTHI M HcCIeJOBAaHMS B LeJOM ObLIa 3aJa4a NPOJeMOHCTPUPOBATH BO3MOKHOCTH BBIOPAHHOIO MeTOAa JJIsI
OLICHKH Pe3yJIbTATOB HCNBITAHMIA, 10 KOTOPHIM MOKHO OBLIO OBl C/1€JaTh BHIBOJABI 00 YCNELIHOCTH MPOBeAeHHs
caMux ucnbiTaHuil. Kak nokaszanum ucciieoBaHMA, JOTHKO-BEPOSITHOCTHBI MeTOJ OLICHKH pe3yJbTaToB
HCNBITAHUH HA OCHOBE TeopuH Joka3aTesbcTB Jlemncrepa-Iladepa u3-3a HegocTaTouHOro 00bLeMa aNPUOPHOIL
uHpopManMu BO3MOKHO NMPHUMEHUThL NPH pPa3padoTKe HOBBIX 00pPa3LOB PAKeTHLIX ABUIaTeseil, HO TOJBKO B
Y3KOM HanpapjeHHHu. boJsiee IIMPOKO JaHHBI MeTOJ MOKHO HCHOJb30BATh NMPH NPOEKTHPOBAHMM W3/eJHii HAa
OCHOBAHMH HAKOIUIEHHOro omnbiTa (00beMa wnHGoOpManuu) N0 CYHeCTBYIOIIUM Y:ke aHajgoram. Teopuio
aokasateabeTB lemncrepa-Illadepa Bo3MO:XKHO NPUMEHUTHL M HA 0oJiee PAHHMX 3Tanax NPOEKTHPOBAHHUSA, HO
TOJIBKO B COYETAHMH € IPYTHMH MOJe/ISIMH HA/Ie’KHOCTH.

Kirouesbie cinosa: HAJEKHOCTb PAKETHOI'O ABUTATEJIA, UCIIBITAHUA HA HAJIEXHOCTD,
TEOPUA JEMIICTEPA-ITA®EPA, ®YHKIIUA JOBEPUA, ®YHKIUA TPABAOIIOAOBUS.

AHorauis. B po6oTi po3riisiHyTo 0AMH i3 JI0riK0-iIMOBiIpHICHUX MeTOAiB OLiHKHU pe3yJbTATiB BUNIPOOYBaHb, AKUI
0a3yerbesi Ha Teopii noka3iB Jlemncrepa-Illagepa, Ha ocHOBI siIKOro Mok/jiuBa Mo0ya0Ba MOAEPHi30BaHOTO, 32
J0TIOMOT0I0 I0/IaTKOBUX MO/IeJIei, METOIy OLiHKH pe3yJbTaTiB BUNIPOOyBaHb paKkeTHOro ABUryHa. lanuii MeTon
JA03BOJIMTH NPUIHATH 200 BiIKMHYTH rinore3y npo ycmilHicTh NpoBeJeHHs] BUNPOOYBaHb.

Kmouosi cioa: HAIIMHICTD PAKETHOI'O JIBUT'YHA, BUIIPOBYBAHHS HA HAJIIMHICTD, TEOPIS
JEMIICTEPA-IHIA®EPA, ®YHKIIS JOBIPU, ®YHKIIA NPABJAONOAIBHOCTI.

Abstract. A logical-probabilistic method for evaluating the test result is proposed, which is based on the theory of
evidence of Dempster-Schafer with some assumptions that do not affect the final result. Currently, there is an acute
question of creating new types of rocket technology in connection with a change in the situation on the international
and domestic market. When creating new samples, it is necessary to pay special attention to the level of their
reliability, but also remember to take into account the financial component of projects for the development and
manufacture of products. In this regard, research is currently being conducted not only in the direction of
increasing the reliability of complex technical systems, which include rocket engines, but also in reducing the cost
of their refinement. One of the research options in this direction was proposed by the author in this work. The aim
of the work and research as a whole was to demonstrate the capabilities of the chosen method for evaluating the
test results, according to which it would be possible to draw conclusions about the success of the tests themselves.
As studies have shown, the logical-probabilistic method for evaluating test results based on the Dempster-Schafer
theory of evidence, due to the lack of a priori information, can be used in the development of new rocket engine
models, but only in a narrow direction. More widely, this method can be used in the design of products based on
accumulated experience (amount of information) on existing analogues. Dempster-Schafer proof theory can be
applied at earlier design stages, but only in combination with other reliability models

Keywords: RELIABILITY OF THE ROCKET ENGINE, RELIABILITY TESTS, DEMPTER-SAFER THEORY,
TRUST FUNCTION, LIKELESS FUNCTION
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Beryn

Ha pannpomMy eTami mOpOEKTyBaHHS
HOBMX 3pa3KiB PaKETHUX JBUT'YHIB BUHUKAIOTh
npoOJeMH SK TPU OLIHII HaIiHHOCTI HOBOTO
BHpOOY, TaK 1 3 MPOTHO3YBAHHIM PE3Y/IbTaTIB
BUIIPOOYBaHb, SKI IMOB’s3aHI 3 HEIOCTATHIM
o0’emom  iHpopMmamii A MPOBEAEHHS
HEOOXITHUX PO3PaXyHKIB.

B nanuii yac rocTpo CTOITh HUTAHHS PO
CTBOPEHHSI HOBHX 3pa3KiB PaKeTHOI TEXHIKH B
3B'I3Ky 31 3MIHOIWO  KOH'IOHKTYpH  Ha
MDKHApOIHOMY Ta BHYTPIIIHEOMY pUHKY. [Tpn
CTBOPEHHI  HOBHUX  3pa3KiB  HEOOXigHO
OPUIUIATH OCOONMBY yBary Ha piBHI iX
HafiiiHOCTI, ame 1 He cmia 3a0yBaTu
BpaxoByBaTH (DiHAHCOBY CKJIaJIOBY IMPOEKTIB 3
pPO3pOOKH Ta BUTOTOBJICHHS BUPOOIB.

VY 3BI3Ky 3 UMM, B JaHUH MOMEHT
IPOBOJATECS  JOCHIDKEHHSI HE TUIBKU B
HANPSIMKY T1ABUIICHHS HAIIHOCTI CKJIaTHUX
TEXHIYHUX CHCTEM, O SKHX BIiZHOCATHCH 1
paKeTHi ABUTYHH, a i Y HANPSIMKY 3HUKCHHS
BapTOCTI iX JIOBEJICHHS.

BucHOBKM TIpO JOUIIBHICTH JTOPOOKH
OKpeMHX BY3JiB Ta arperaTiB PJ/] moxiauBo
3poouTH AKILO BUIIPOOYBaHHS
KIaCU(]IKYIOTBCS K <GallikoBi». A Tpo Le
MOJJIMBO CYAWTH TUIBKH 3a pe3yJibTaTaMH
camMux BunpoOyBaHb. Taki pe3ynbTaTH
MO>KJIUBO OTPUMATH TUIBKU Y pa3i 3a11KOBUX
BUNIPOOyBaHb, TOOTO BUIpPOOYBaHb, 3a
pe3ylbTaTaMu SKUX MOXYTh OyTH 3po0IieHi
BHCHOBKH po BIJINIOBIJTHICTh (abo
HEBIJIMOBIIHICTh) PaKETHOTO JIBUTYHA
BHUMOTaM, BIJIHOCHO OCHOBHHX IapaMeTpiB i
CTaHy  MaTepiaJbHOi  YacTHMHM  MiCIs
BunpoOyBaunHs [1].

VY cBotO uepry 3aiikoBi BUIIPOOYBaHHS,
srirzno 3 JCTY 2860-94 wmoxyte OyTu:
YCHIIIHUMUA Ta HEYCHIIIHUMHU. Y CIIIIHI
BUNIPOOYBaHHS - BHUIPOOYBAaHHS, IMpPH SKUX

3HA4YCHHS OCHOBHHX napameTpiB
3aJJ0BOJIbHSIIH BUMOTaM TEXHIYHOI
JOKyMEHTaIlli po3po0iroBaya JBUTYHA, a
MmarepiajibHa JacTUHA HE Masa
HECTIPAaBHOCTEH, 3JaTHUX TPHBECTH IO
BiIMOBHU BHpOOY; HEYCIHIIIHI BUIIPOOYBaHHS -
BUTIPOOYBaHHS, TpH  SKAX  3HAUCHHS
OCHOBHMX| TMapaMeTpiB HE 3aJOBOJIbHSIM
BUMOIraM  po3poOiitoBadya  JBUTYHa  abo
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MarepiajgbHa YaCTMHA Majla HECTIPABHOCTI, SIK1
3/1aTHI IPUBECTH J0 BiIMOBH BHPOOY.

BuripoOyBanHs1, 3a pe3yIbTaTaMu SIKHX
HE MOXYThb OyTH 3poOJeHI BHCHOBKH IO
BIJIIIOBITHICTH (abo HEBIIMOBIIHICTB)
paKkeTHOTrO JBUTYHa BHMOTaM  BiJHOCHO
OCHOBHHUX MapaMeTpiB 1 CTaHy MaTepiajibHOI
YaCTUHM MICJsl BUIPOOYBaHHS, a00 3 aHAIIZy
pe3yabTaTiB BUNIPOOYBaHHS BUILIMBAE, IO Ha
HOT0o pe3ynbTaT Malld BIUIUB OCOOIUBOCTI
BUTOTOBJICHHS JIBUTYHA, 0CO0JIMBOCTI
MiATOTOBKKA 1 TPOBENEHHS BUMPOOYBaHHS,
XapakTepHi TLIBKU IS IAHOTO
BUIIPOOYBAHHSI, BiJTHOCSITBCSI bi (o)
«HE3IIKOBUX» BUIIPOOYBaHb.

I[lpn omiHm HATIHHOCTI
BUKOPUCTOBYIOTh TUIBKH
3aJIIKOBUX BUIPOOYBAHb.

JIBUT'YHA
pe3ynbTaTi

ITocranoBka 3agaui

MeToro JOoCHiJKEHHS, PO3IJISHYTOro B
JaHii pobori, Oyna MOJKJIMBICTh
CIPOTHO3YBaTH YCIIIITHUNA pe3yibTar
BUIIPOOYBaHHA Ha paHHIA CTamii po3poOKH
PAaKEeTHOro JBUIYHA 3a JIOIIOMOI'OK OJHOTO 13
JOTiKO-HMOBIpHICHUX METO/IB 3a
HEJI0CTaTHHOT0 00’ eMy anpiopHoi iH(opMarii.

Pimenns 3aBpanns

Jnst BupilIeHHS TIOCTaBJICHOI 3ajadi
Oynu 3poOieHi Aeski NpPUIYLIEHHS, sAKi O
MOTJIM  JAEUI0  TOJETIIUTH  BHPIIICHHS
IOCTaBJIeHOI  3ajadyi  Ta  CYTTEBO  He
BIUTMBATUMYTh Ha 3arajlbHUI pe3ysbTar:

- Ha BUNPoOyBaHHs NOCTaBJIeH1 BUpOOH,
BUTOTOBJICHI Y BIJIMOBIIHOCTI /10 TEXHIYHOT
JIOKyMEHTAIlii;

- BUIPOOYBaHHS MPOBEJEH] BIANOBIAHO
oOpaHiil mporpami;

- BIJIXWJICHHS y pe3yabpTaTax
00yMOBIIeH1 pO3p0O0IIOBaYEM 1 3aMOBHUKOM;
Ha pE3yJbTaTH HE BIUIMHYIU OCOOIMBOCTI
HiATOTYBaHHSA 1 IPOBEICHHS BUITPOOYBaHHS.

Taki mnpumymeHHs JTO3BOJSATH HaM
3pOOMTH  BHCHOBOK, IO  PE3YJIbTaTH
BUnpoOyBaHb OyAyTh 3amikoBuMH. ToOTO, 3a
UMM PE3yJIbTaTaMU MU 3MOXKEMO OLIHUTH
HaJIMHICTh pPAaKETHOrO JBUTYHA. AJle HaM
HEOOXiTHO  CHpPOTHO3YBaTH, fK  came
3aBepUIMIINCA BUMPOOYBAHHS — YCIIIIHO, YU



neycmimue. o6 me 3po3ymitu modymyemo
JIOTIKO-UMOBIPHICHY MOJIENTh HAIIIHOCTI.

Jns  1moOynoBH  JIOTiKO-HMOBIpHICHOT
MOZICNII  BUKOPHUCTAEMO  TEOpiI0  JIOKAa3iB
Hewmmncrepa-Illadepa, sika Oyna BUKopucTaHa y
po6ori [2]. Toxi, BiamoBimHO 10 TeOpii q0Ka3iB
Hewmrcrepa-1lladgepa BucyHemMo 1Bi TimOTE3H:
rimote3y Ho, sika OyJe mojisiraTH y TOMY, IO
pe3yNbTaTé BUMPOOYBaHHS MOYKHA OLIIHUTH SIK
3QJIIKOBl YCHIIIHI, Ta albTePHATUBHY il —
rinote3y Hi, aka Oyae MoisiraTd y ToMy, IO
pe3yabTaTH BUIIPOOYBAHHS MOYKHA OLIHUTH SIK
3aJIIKOB1 HEYCITIIIHI.

Hexaii, y xomi BumpoOyBaHHS Oyin
oTpuMaHi pe3yibTatu mapamerpis PJ] — X;. 1li
pe3yabTaTh OyAyTh CKJIaIaTH MHOXUHY A.

A={xifi=1n} L)

Pesynbratu mapametpiB X;, ki OyAayTh

BIJMOBI1AAaTH BUMOTaM I10 HAXIHHOCTI

P,(X;)< Ploy; < X; <B;)<1, (2)
Oynyrp cknamatd MHOXuHY B. Ilpudomy
MHOXHHA B OyJie MiIMHOKUHOK MHOKUHH 4,
TOOTO M<n 1 BC 4.

B=1X;j=1m, @3)
ne: Xj — 3HAYCHHS MapaMeTpiB 3a

pe3yabTaTaMu
3a/10BOJIBHSAOTH YMOBI

BUIIPOOYBaHb, AK1
(0 < X; <B;);
o; Ta }; — HIKHI Ta BEPXHI MEX1 3HaYCHb
napamerpa Xi.
3HaueHHs nmapameTpiB X, skl He OyAyTh
BI/IMOBIIaTH BHMOTaM MO HafgiidHOCTI (2),
CKJIAyTh 1I€ OJAHY MHOXHHY — MHOXHUHY C,
sKa TpejcTaBisie cob0ro pizHullto Bupasis (1)
i(3) — A\B, Ta Ma€ HacTyIHI BIACTUBOCTI:

Ccd4d,
CNnB=y;
CUB=A.

OcnoBy Teopii lemncrepa-Illadepa
CKJIQJIal0Th TpU 0a30B1 QYHKIIII:
— yactoTHa (¢yHKLiS (0a3oBa HMOBIPHICTB)

m:
m@) =0, Em(X;)=1 (4)
XieA
— (ynkuig nosipu:
bel(B)=  ¥m(X,) (5)
BcA4,X, €4

— (yHKIIA MpaBIONOAIOHOCTI:

pls(B)=  Im(x)) (6)

BNA%D, X, e

OyHKIisA JIOBipH Ta byHKIIsA
MPaBIOMOMIOHOCTI TOB’s3aHI MK CO00I0
3aJIE€KHICTIO

pls(B)=1—bel(B) @

VY pob6ori [3] mpencraBieHo, 110 GyHKIIT
nosipu bel(B) (5) ta npaBronoxi6rocti pls(B)
(6) po3rasmarOThCs K HIDKHS Ta BEPXHS MEXKi
iHTepBally, SIKAH MICTUTh TOYHE 3HAUYCHHS
nMoBipHOCTI P(B), MiAMHOXUHHA B

bel(B)< P(B)< pls(B).

Ane, sxkmo ¢ysakuis gosipu bel(B)
npuiiMae 3HaueHHs Bix 0 g0 1, i TyT nuTaHb
HIIKUX HE BHMHHKA€, TO BIiAIOBIAHO [0
3anexxHocTi (7) QyHKIis mpaBaomoAiOHOCTI
pls(B) moxe mpuiitMaTH 3HaYCHHS | 3 SKOIOCH
JI0JICI0 HMOBIpPHICTIO. A OT)XKE TYT MOXe
BUHUKHYTH HEOJHO3HAUYHICTh, $5Ka BHeEce
TpyAaHOUli y po3paxyHku. [logomatu i
TpyAHOLI MOkHa. [ly1s 11boro 10 JaHoi Teopii
Hemmncrepa-Illagepa HeoOximgHO Oyme 1ie
oJaTH AKUiich MeTol. | HalOuIbIIOl yBaru
3aciyroBye Meto] baiiecoBchbkux mepex [4].

B cuny Toro, mo baitecoBcrka Mepexa —
II€ II0BHA MOJENb JUIA 3MIHHHUX 1 IX BIIHOCHH,
BOHa MOXe OYTH BUKOPHUCTaHA ISl TOTO, 1100
JlaBaTH BIJNOBiNI Ha WMOBIPHI 3amUTaHHS.
Hanpuxnan, Mepexy MOYXHa
BUKOPHUCTOBYBaTH, W00 OTpUMaTH HOBE
3HaHHS NP0 CTaH MiAMHOXHUHU 3MIHHHX,
CIOCTEpIrarouy 3a IHIMMH 3MIHHUMU (3MIHHI-
ceigzonTtBa). lLle  mpoumec  oOuHMCIEHHS
amoCTEPIOPHOTO  PO3MOALTY 3MIHHUX  TO
3MIHHHM-CBiTYCHHSIMH Ha3UBaIOTh
IMOBIpHICHUM BHUCHOBKOM. lle Hacmimok nae
HaM YHIBEpCAJIbHY OLIHKY Ui TOJATKiB, 1€
MOTPIOHO BUOpATH 3HAYEHHS MIAMHOXUHU
3MIHHUX, fIK€ MiHIMiI3ye (yHKIiIO BTpar,
HampuKiIag,  WMOBIPHICTh  TOMHUIIKOBOTO
pimeHHs. i OG1IbII MOBHOTO YSIBJIEHHS MPO
npuHOun noOynoBu bailecoBchkoi Mepexi
Kpaire Oysno 6 BUKOPUCTATH MOJAETH «IepeBa
BiZIMOBY» [5]. AJsie Tak sIK y HAC HAKJIAAAEThCS
BCHOTO JIBI yYMOBH, TO MOXHa Horo He
OyayBatu.

Jns  miarBep/ukeHHs Timotesu  Ho

HeOoOX1IHO (o4} 3a pe3yapTaTaMu
BUMPOOYBaHHS  BHKOHYBAJIHCS  HACTYIIHI
YMOBH:

— KUIBKICTh €JIEMEHTIB (3HaYeHb IapaMeTpiB)
MHOXHMHM B choiBmajgaima 3 KUIBKICTIO



eIeMEeHTIB  (pe3yNnbTaTiB  BHUIIPOOYBaHb)
MHOXXHHH A, TOOTO m=n;
— BHKOHYBAQJIHCS BUMOTH I10 HAaIIHHOCTI (2).

[To3HaunMO BUKOHAHHS IIUX YMOB Yepe3
Ui Tta Uz Bigmosigno. Toxi, mipum
MIPOTHO3YBaHHI PE3y/IbTaTiB BUIIPOOYBaHHS B
yMOBaxX HEOJIHO3HAYHOCT1, OTPUMAEMO:

PU,)= {0,1}}
: (8)
PU,)={01}

ne: 0 — yMoBa He BUKOHYeETbCS; | —
YMOBa BUKOHYETHCS.

Jlnst  OUIbII  TIOBHOTO  YSIBJICHHS TIPO
npuHIUN 1o0ynoBu bailiecoBchkoi Mepexi
Kpamie Oyno O BUKOPHCTATH MOJIENb «IepeBa
BiZIMOBY» [5]. AJie Tak sIK y HAC HAKJIAJAEThCS
BCHOTO [BI YMOBHM, TO MOXHa Moro He
OynyBaru.

[IpoananizyBaBmm Bupa3z (8) MoxkHa
3poOMTH  BHCHOBOK, 1Mo Timore3a Ho
MiATBEPAUTHCS MOBHICTIO TUIBKU Y BUMAJKY,
KoM OynyTh BUKOHaHI oOuaBi ymou Ui Ta
Uz, To6TO:

PU;)=1
P(Uz)zl}:P(Ho):l.

BucHoBku

3anponoHoBaHa  JIOTiKO-MMOBIpHiCHA
MO/IeJIb Ha OCHOBI Teopii Aoka3ziB [lemmncrepa-
[Madepa no3Bonuiaa 3poOUTH BHUCHOBOK, IO
CIIPOTHO3YBaTH  PE3YJIbTaT BUIPOOYBAHHS
MO’KJIMBO TUIBKHU 32 MIEBHUX YMOB.

Jnst  Ouibll  TOYHOTO  TPOTHO3Y
HEOOX1THO MaTH CYTTE€BHH 00’eM iH(popMarlii
PO pe3ynbTaTh BUIPOOYBaHb BHUPOOIB-
aHaJIOT'IB.

Ha panHpoMy eTari cTBOpEHHS HOBOTO
BUPOOY JaHMH JIOTIKO-WMOBIPHICHHH MeETON,
KUl 6a3yeTbes Ha Teopii 1oka3iB [emmcrepa-
[Mladepa HEOOXIAHO MOJAEPHI3yBaTH  3a
JOTIOMOT OO 1HIITMX MaTeMaTHYHUX MOJIEIICH.
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