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AHHOTAuMsA. Ilenv pabompt — 1aTh TPOSKTUPOBIINKAM BBICOKOHAAEKHBIX TEXHHYECKHX CHCTEM, He
BIIAJICIOIIMM COBPEMEHHBIMH METOJAaMHU ONTHMHU3AIINH W HABBHIKAMH IIPOTPAMMHPOBAHUS, MPOCTONH MaTeMaTHYeCKHUN
WHCTPYMEHT IS BBIOOpA ONTHMAJIBHON CTPYKTYPBHI pe3epBUPOBAaHHOM cucTeMbl. Memooduka. 1lpu mpoexTupoBaHUN
BBICOKOHAIS)KHBIX CHCTEM C HCIIONB30BAaHHEM METOAA CTPYKTYPHOTO pE3epPBHPOBAHMS BCErIa BCTae€T BOIPOC
palMoOHATBPHOTO BEIOOpAa OJHOTO W3 HECKOJIBKHX BapHaHTOB cocTaBa cucTeMbl. C OIHON CTOPOHBI, XeNaTeIbHO
00€ecIeunTh KaKAbIH 13 JIEMEHTOB CUCTEMbl KaK MOKHO OOJIBIIUM KOJIMYECTBOM PE3EPBHBIX JIEMEHTOB, a, C JPYroi
CTOPOHBbI, HEJIB3S NPOCKTUPOBATHL CUCTEMY CO CJIHMIIKOM OOJIBIIMMH 3HAYECHUSAMU CTOUMOCTH, MaCChl WUJIN Fa6apI/ITOB.
[TosTOMy akTyasbpHOM sIBIIsSIETCS 3a/1a4a, KaKuM 00pa3oM 3ape3epBUPOBATh CUCTEMY TaK, 4TOOBI 00eCeYnTh TpeOyeMblii
YPOBEHb HAJIEKHOCTH CHCTEMbI IIPU JIOMYCTHMBIX 3arparax. OOBIYHO 3aJaud ONTHUMAJIBHOTO CTPYKTYPHOTO
pe3epBUPOBAHMSI TEXHHUYECKMX CHCTEM (OPMYJIHPYIOTCS B BHAE 3a/aud HEJIMHEHHOro  IIeJI0YMCICHHOTO
MIPOTPaMMHPOBAHNUs, a JUIA MX PEIIeHUs, B 3aBUCUMOCTH OT CJOXXHOCTH M TpeOyeMoil TOYHOCTH, HMCHOJIB3YIOTCS
CIeHATBHBIE ANITOPUTMBI, OCHOBAaHHBIE, MPEXIE BCETO, HA METOAE AMHAMHYECKOTO MPOTpaMMHUpPOBaHHA. B maHHOM
CTaTbe TpeaaraeTcs HOBBIM TOAXOX K peIIeHHI0 S3THUX 3a7ad, OCHOBAHHBIM Ha MPEICTAaBICHUW HCXOIHOM
ONTUMH3AIIMOHHON MOAENH B TEPMHHAX 33Ja4dl HEIMHEHHOTO IEJIOYMCIEHHOTO MPOTPaMMHUPOBAHHUS C OMHAPHBIMHU
MIepEeMEHHBIMH U TOCIIEAYIOIIEH ee YNCIeHHON pean3annueil B HHCTPYMEHTAIBHOH cpezie TabInIHOro mpoueccopa MS
Excel. Boigoowi. TlonydeHHble pe3ysibTaTbhl Ha KOHKPETHBIX MPHMEpPax MOKa3bIBAIOT d3PPEKTUBHOCTh U JAOCTATOUHYIO
OOIMHOCTh PACCMOTPEHHOIO TI0/IXO0/a K PEUICHHI0 3ajJad ONTHMAJIBHOTO pe3epBHpOBaHMs. [Ipe/ioskeHHbIE
ONTUMH3AIMOHHbIE MOJEIM OTHOCATCA K KJaccy 3aJad HEJIMHEHHOIro IeJIOYHCICHHOTO INPOrpaMMHPOBAHUS C
OMHApHBIMU NEPEMEHHBIMH, JIJIs YMCICHHOH peaii3alny KOTOPBIX XOpOLIO IpUCIIoco0IieH TabaryHbIi npoueccop MS
Excel. Ot Mozenu Moryt OBITH TOJIE3HBI JUIS aHAJIHM3a HAJEKHOCTH TEXHHYECKHX CHUCTEM HAa PaHHUX CTaAUsIX HX
MIPOEKTUPOBAHHUS.
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AHoTauisi. Mema cmammi — 1ati NPOEKTYBAIBHUKAM BHCOKOHAMIMHMX TEXHIYHUX CHCTEM, SIKi HE BOJIOAIOTH
CYy4acHHMMH METOJaMH ONTHMi3allii Ta HaBUYKaMHU IPOrpaMyBaHHs, IPOCTHH MaTeMaTHYHHUN 1HCTPYMEHT Uil BUOOPY
ONTHMAJIBHOI CTPYKTYpU pe3epBoBaHoi cuctemu. Memoouka. Ilin dac npoeKkTyBaHHS BUCOKOHAIIMHUX CHCTEM i3
3aCTOCYBaHHSIM METOJy CTPYKTYPHOTO PE3EpBYBaHHS 3aBXKIHM IOCTA€ NHTaHHS paliOHaJbHOTO BHOOPY OJHOTO 3
JICKITBKOX BapiaHTIB CKIIQAy CHUCTEMH. 3 OJHOTO OOKy, 0a)kaHO 3a0€3MeYUTH KOXKEH 3 CJICMEHTIB CHCTEMH SKOMOTa
OUTBIIOI KUTBKICTIO PE3epPBHUX CJIEMEHTIB, a, 3 1HIIOr0 OOKY, HE MOXKHA MPOCKTYBATH CHCTEMY 3 JY)KE BCIMKAMHU
3HA4YEHHSAMH BapTOCTi, MacH abo rabdapuriB. ToMy ImocTae MUTaHHS, SKAM YHHOM 3ape3epBYBATH CHCTEMY TakK, 1100
3a0e3meunTH HEOOXigHWI piBeHb HAIIIHOCTI CHCTEMH 3a IOMYCTUMHX BHTPAT. 3a3BUYail 3aJadi ONTHMAIbHOTO
CTPYKTYPHOTO pe3epBYBaHHS TEXHIYHMX CHCTeM (DOPMYIIOIOTHCS Yy BUTIISAL 3aJavi HETIHIHHOTO MiJIOYHCEIHHOTO
MpOTrpaMyBaHHs, a JJIs X PO3B’sA3aHHA, 3aJISKHO BiJl CKIIATHOCTI 1 HEOOXiTHOI TOYHOCTI, 3aCTOCOBYIOTHCS CIELiaTbHI
AITOPUTMH, 3aCHOBAHI, IIEPII 3a BCE, HA METOMAI AMHAMIYHOTO MPOTPaMyBaHHA. Y CTATTi MPOIOHYETHCA HOBUH IMiIXif
JI0 pO3B’s3aHHSA LMX 3ajad, 3aCHOBAaHWI Ha MpeACTaBIEHHI BUXIJIHOI ONTHMI3alliiHOI Mozesi B TepMmiHax 3ajmadi
HENiHIHHOTO LiJOYHCENFHOTO MPOTpaMyBaHHS 3 OiHAPHUMH 3MIHHHMH 1 TOZAJBINOI0 i YHCENBFHOIO peati3alicio B
IHCTpYMEHTaJIbHOMY cepeioBHIli TabnuuHoro npouecopa MS Excel. Bucnosku. Otpumani pe3yabTaTi Ha KOHKPETHHX
NPUKIaAaX MOKa3ylTh €(EeKTHBHICTh 1 JOCTaTHIO CHUIBHICTh PO3MIISTHYTOTO MiAXOAY 1O BHKOHAHHS 3aBIaHb
ONTHMAJILHOTO pE3epBYBaHHS. 3allpOIIOHOBaHI ONTHUMI3alliliHI MOJeNi Hajexarb J0 KiIacy 3ajad HeJiHIHHOTo
LIJIOYUCETBHOTO NPOrpaMyBaHHs 3 OiHApHUMH 3MIHHMMH, JJIsI YHMCENBHOI peamizalii SKuX A00pe NpHCTOCOBAHHN
tabnmmunuit npouecop MS Excel. Ili Mozxeni MoXyTb OyTn KOpHCHI ISl aHaIi3y HaJiifHOCTI TEXHIYHMX CHUCTEM Ha
PaHHIX CTaifX iX MPOEKTyBaHHS.
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Annotation. Purpose — to give designers of highly technical systems, do not know the modern methods of
optimization and programming skills, a simple mathematical tool for choosing the optimal structure of a redundant
system. Methodology. In the design of highly reliable systems using the method of structural redundancy is always a
question of rational choice of one of several options for the composition of the system. On the one hand, it is desirable
to provide each of the elements of the system a greater number of redundant elements, and, on the other hand, can not
be designed with too large system cost values mass or size. Therefore, the actual problem is, how to reserve the system
so as to provide the required level of system reliability at acceptable cost. Usually, the problem of optimal structural
redundancy of technical systems are formulated as a nonlinear integer programming problems and to solve them,
depending on the complexity and required precision, using special algorithms based primarily on dynamic programming
method. This article proposes an approach to solving these problems based on the representation of the original
optimization model in terms of the problem of nonlinear integer programming with binary variables and its subsequent
implementation in numerical workbench MS Excel spreadsheet processor. Conclusions. The resulting article of specific
examples demonstrate the efficacy and sufficient generality of this approach to solving problems of optimal reservation.
The proposed optimization models belong to the class of non-linear integer programming problems with binary
variables for the numerical implementation of which is well suited spreadsheet MS Excel. These models may be useful
for analyzing the reliability of technical systems in the early stages of their design.

Keywords: system, reliability, model, optimization, structural redundancy, binary variables

ITocTanoBka mpodaembl. Hepocrarounass — SKCIUTyaTallMOHHBIX PacxoOB B OOLIMX 3aTpa-
IIPOEKTHAsl HAJEKHOCTh TEXHUUYECKHMX CHUCTEM  TaX Ha MX NPOEKTUPOBAHHE, M3TOTOBJIECHUE U
MIPUBOJNT K 3HAYUTEIbHOMY YBEJIMUEHUIO I0JIM  NpUMeHeHHe. [Ipu 3TOM CTOMMOCTB 3IKCIUTya-
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Tallud MOXXET BO MHOIO pa3 IMPEBOCXOIUTH
CTOMMOCTh pa3pabOTKH M H3TOTOBIICHHUS CH-
crembl [4; 5; 7]. [loaToMy HalEeKHOCTh TEXHU-
YeCKMX CHCTeM [OJDKHa 00ecreunmBaThCs,
MPEeXKJe BCEro, Ha ATane MPOCKTUPOBAHUS [2;
8].

OnHum u3 OCHOBHBIX METOJIOB
oOecrieyeHnss HAJEKHOCTH MPOEKTHPYEMBIX
TEXHUYECKUX  CHCTEM  SBISETCA  METOJ
CTPYKTYpHOTO pe3epBupoBanust [l; 3; 6],
Mpe1ycMaTpUBaIOIIU HCIIOJIb30BaHNE
M30BITOYHBIX 3JIeMEHTOB B cucreme. CyTb
CTPYKTYpPHOTO PE3€pBUPOBAHUS 3aKJIIOUAETCS B
TOM, 4YTO B CTPYKTypy CHCTEMbl IIOMHUMO
OCHOBHOTO (pe3epBUpYyEMOTO) o0BeKTa,
COJIepXKalllero  MUHUMAJIbHO  HEoOXoaumoe
KOJMYECTBO  3JIEMEHTOB, TpeOyeMbIX s
HOPMaJIbHOTO BBINOJIHEHUS cucTeMOM
NPUCYLIUX en byHKIHH, BBOJISTCS
JIOTIOJTHUTENbHBIE 3JEMEHThI, HMJCHTUYHbIC (B
CMBICJIC BBIOJMHAEMBIX padounx (GyHKIuH u
Ha/IeKHOCTH) OCHOBHBIM. OTH H30BITOUHBIE
(pe3epBHBIC) SJEMEHTHI TPEIHA3HAYCHBI IS
BBINIOJIHEHUST PAabOUYMX (PYHKLUUH OCHOBHBIX
3JIEMEHTOB.

Taxum o0pazom, cucreMa c
pe3epBUPOBAHUEM — 3TO CUCTEMA, COAepIKaIlas
pE3epBHBIE CTPYKTYPHBIE COCTABISIOIIME IO
OTHOIIEHHIO K PE3EPBUPYEMOMY OOBEKTY,
KOTOpBIE BBIMOJHSIOT T€ e paboune QyHKIHH,
YTO W COOTBETCTBYIOIIHME COCTAaBISIOLINE
OCHOBHOT'O 00beKTa. PesepBupoBanHas
crcTeMa COXpaHsAeT paboTOCIIOCOOHOCTH TOCIe
OUYEPEZHOTO OTKa3a KakKoro-mubo »3IIeMEHTa,
eciu KOJIMYECTBO paboToCcToCOOHBIX
3JIEMEHTOB HE CTaHOBHTCS MEHbIIIEe
MHUHAMAJIEHO HEO00XO0IUMOr0 qHCa,
MIPEyCMOTPEHHOTO HOPMAaTUBHBIMU
TpeOOBaHUSAMHU K OCHOBHOMY OOBEKTY.

IIpy  CTpYKTYpHOM  pe3epBHPOBAaHUU
BCEI/Ia BCTAET BONPOC PallMOHAIBHOTO BhIOOpa
OJTHOTO U3 HECKOJIbKHX BapUaHTOB COCTaBa
cuctembl. C OJTHOW CTOPOHBI, JIJIs1 MOBBILICHUS
Ha/IEKHOCTH KEJIaTeJIbHO 00ECHeUnTh KaXkIbIi
U3 3JIEMEHTOB CHUCTEMbI KaK MOXKHO OOJBIINM
KOJIMYECTBOM PE3EPBHBIX JJIEMEHTOB, a, C
JIpYroi  CTOPOHBI, HENb3s MPOEKTUPOBATH
CHCTEMY CO CIIMIIKOM OOJIBIIMMHU 3HAYCHUSIMHU
CTOMMOCTH, Macchl Wiau rabaputoB. [loatomy
aKTyaJbHOH sBISETCS 3ajjaya, KakuM oOpa3oM
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3ape3epBUpPOBaTh  CHUCTEMY  TakK,  4TOOBI
oOecrieunTh TpeOyeMblii YPOBEHb HAJCKHOCTU
CHUCTEMBl IIPHU AONYCTUMBIX 3arparax. BeiOop
XapaKTEpUCTUKU 3aTPaT OINpPEAEIAETCS BUAOM
CUCTEMBI M €€ Ha3HadeHueM. Hampumep, mis
JETaTeIbHBIX  allapaToB  CYLIECTBEHHBIM
(dakTOpoM sfBIsSIETCA Macca, a JUIsl Ha3eMHBIX
CUCTEM — CTOMMOCTb. BHe 3aBucumoctu OT
buznIecKoit CYIIHOCTH BBHIOPAHHYIO
XapaKTepUCTHKY 3aTpaT Ul KPAaTKOCTH Aalee
OyJeM Ha3bIBaTh CTOMMOCTBIO.

OO0bI14HO 3aa4u ONTUMAJILHOTO
CTPYKTYpPHOTO PE€3€pBUPOBAHUSA TEXHHUYECKUX
cucreM (opMyIupyroTCs B BHJE 3aJaud
HEJIMHEWHOTO  IIEJIOUYMCIEHHOTO  Iporpam-
MUPOBaHUs, a U1 UX PELIEHUs, B 3aBUCUMOCTH
OT CJIOXHOCTH M TpeOyemMol TOYHOCTH,
UCIIOJB3YIOTCS  CHEUUAIBHBIE  AITOPUTMBI,
OCHOBaHHbIE, TMPEXJIE BCEro, Ha METOoJe
JUHAMHUYECKoro mnporpamMmmupoBanus [3]. B
JAHHOW CTaThe MpeAsiaracTcs HOBBIA MOAXOJ K
PEIIEHUI0 OJTUX 3aJad, OCHOBAaHHBIA Ha
IIPEACTABICHUM HMCXOAHOW ONTUMHU3ALMOHHON
MOJEIM B TEpPMHUHAX 3aJauyd HEIMHEWHOTO
LEJI0YHCIEHHOTO IPOrpaMMHUPOBAHUS C
OMHApHBIMM NIEPEMEHHBIMU U MOCIIEAYIOLIeH ee
YUCJICHHOW pealin3aluell B UHCTPYMEHTAJIBHON
cpezne TabauuHoro mpoueccopa MS Excel.

Henp cTratbu - 1aTh NPOEKTHPOBIIUKAM
BBICOKOHAJIC)KHBIX TEXHUYECKUX CHCTEM, HE

BJIACIOIIUM COBPEMEHHBIMHU METOAAMH
ONTUMHU3ALNU U HaBbIKaMU
IIPOrpaMMHUPOBaHMUS, IIPOCTOMN MaTema-
TUYECKUI UHCTPYMEHT I BbIOOpa
ONTUMAJIBHOW  CTPYKTYpPBl  pe3epBUPYEMOM
CUCTEMBI.

— 1 2 ] n —

Puc.1. CmpyxmypHas cxema HaoexcHocmu 0CHO8HO20
obwexma / Structural diagram of reliability of the main

object
OcHoBHasi 4YacTb. [lpm mocTraHOBKe
3aJ1auH ONTUMAJILHOTO CTPYKTYPHOTO
pe3epBUPOBAHUS OCHOBHOM 00BEKT
paccMaTpuBaCTCA KaK CUCTEMA, COCTOAINas H3
n Pa3IUuYHBIX DJICMCHTOB, HUMCIOIITUX

JIOTHYECKH TIOCJeA0BaTeIbHOE coeauHeHne [3]
(puc.1). B kadecTBe TJaBHOTO TMOKa3aTems
HAJICKHOCTH  PE3CPBUPOBAHHON  CHCTEMBI
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NPUHUMAETCS BEPOSTHOCTh €€ Oe30TKa3HOM
paboThI.

CunTaercs, 4TO MMOTOK OTKA30B JIEMEHTOB,
BKJIFOYCHHBIX B Pa0bOTY, OMUCHIBACTCS TOTOKOM

Ilyaccona [2]. Bo3moxHbIE  BapUaHTHI
pe3epBUPOBAHUS OCHOBHOTO o0BeKTa
OTPAaHUYUBAIOTCA PACCMOTPEHHUEM  THUIOBOM
CXEMBI pa3ienbHOro «XOJIOJTHOT O

pe3epBUPOBAaHUSI C 3aMEIICHUEM U  IeJIOH
KPaTHOCTBIO TIPU HCATHHOM TMEpPEKIIoYaTee
[3; 6] (puc. 2).

OCHOBHOI1 371€MEHT
—0— -o—
PesepBHbIe
A 1 L AN
A r )\

Puc. 2. CmpyxmypHas cxema Ha0exicHocmu npu
«XON0OHOMY pe3epauposanuu ¢ 3ameujeruem / Structural
scheme of reliability with "cold" reservation with
substitution

3aMeTuM, 4YTO BEpPOSTHOCTh O€30TKa3HOM
paboThl pe3epBUPOBAHHOMN TPYIIIIBI AJIEMEHTOB,
CTPYKTYpHasi CXeMa HaJIeKHOCTH KOTOPOU
MOKa3aHa Ha pHUCYHKE 2, OmpelensieTcs o
dhopmyne Dprnanra [3; 6]:

& (A
P(t)=e ifzi( .) , (1)

0 1!
rac ﬂ, — HNHTCHCUBHOCTDH OTKA30B
JJIEMEHTa, BKIIOYEHHOTO B pabory; r -

KPaTHOCTh PE3ePBUPOBAHHSI.
Benem crienyrompe 0003HaYCHHUS:
A, — VHTEHCHBHOCTb OTKa30B 3JIEMEHTOB

k -ro THma, BKIFOUYECHHBIX B paboTy;

m —  MakCHUMajJbHO  JOIYyCTHMAas
KpPaTHOCTb pe3epBUPOBaHUS OCHOBHBIX
AIIEMEHTOB;

¢, — CTOMMOCTb OJIHOTO 3JIEMEHTa k-TO
THIIA;

Xy OuHapHasi TepeMeHHasi, paBHas 1,

€CIIM YKCJIO PE3CPBHBIX AIIEMEHTOB K-TO THIIA
paBHO i, U X,; =0, ecinu YMCIO pPE3EePBHBIX

3JIEMEHTOB k-TO THIIA HE PaBHO I ;
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0, (t) — BEPOATHOCTL GE30TKA3HON pabOTHI

OCHOBHOIO  DJJEMeHTa  Kk-ro  THma, Ha

MPOTSHKEHUH BPEMEHU ¢
— ot

prt)=e"". (2)

Paccmotpum HEKOTOPYIO

PE3epBUPOBAHHYI0 TPYMIY, COCTOSIIYI0 W3

aNMeMeHTOB  k-ro  Tuma. [lpuHumas  Bo

BHUMaHHE BBEJICHHBIC 0003HAYCHUS,

BEPOSITHOCTh ~ O€30TKa3HOW  paboTel W

CTOMMOCTh 3TOW PE3ePBUPOBAHHOW TPYIIIBI
MO>KHO HAWTH TI0 (hOpMYyIIam:

RO = p (03 S,
i=0 j=0 (3)
» Aty
e h S Sy, A
i=0j=0 ]
Co=S(ic,-x ) k=12 (4

i=0

C YUC€TOM JIOTHYCCKHU IIOCJICHOBATCIIBEHOT'O
COCAMHCHNA OCHOBHBIX 3JICMCHTOB M ITpaBHJIA

YMHOXKEHUS BEPOSATHOCTEH, a  TaKxe
cootHomieHnt (3) wu  (4), BEpOSTHOCTh
0e30TKa3HOM paboTl M CTOUMOCTh BCeH
pPE3epBUPOBAHHON  CHCTEMBI  OINpPEAEISAIOTCS
cIeyoUMM 00pa3oM:
n
P(X,0)=]]P,(t); (5)
k=1
(6)

CS(X)zéC ,

rae X — Mmarpuia, OMUCHIBAKONIAs COCTAB
AJIEMEHTOB PE3EPBUPOBAHHON CUCTEMBI

xlo xll vee xlm
Xog X1 «ee X
20 V21 2
X = " (7)
'an xnl ""xnm

B TepMmmHax 3amauM MaTeMaTH4YeCKOTO
IPOrPaMMHUPOBAHUSL BO3MOXKHBI ~ CIIEAYIOIINE
TBe THUITOBBIC HOCTaHOBKH 3ama4n
ONITUMAJIFHOTO CTPYKTYPHOTO pE3€PBUPOBAHUSI.

3amaya 1: TpeOyeTcs HaWTH COCTaB
PE3EPBHBIX AJIEMEHTOB (PJIEMEHTHl MAaTpPHULIBI
X'), obecnieunBaromunii TpeOyeMblil YPOBEHB

P

HagCXKXHOCTH CHCTCMbI Ha HPOTAKCHUU



Bicnuk [TpuaHinpoBceKoi aepskaBHOT akaieMii OyaiBHUITBA Ta apxiTekTypH, 2017, Ne 6 (235-236) ISSN 2312-2676

3aJaHHOI'O BpeMeHI/I T HpI/I MHWHHMAJIBHO
BO3MOXHOU CTOUMOCTH

C,(X)—>mtn

(8)
.
P.(X,)=P",te[0,T];

m

dxy=Lk=12,.,n.

i=0

3agaya 2: TpeOyercs HaWTH COCTaB

PE3EepBHBIX  DJIEMEHTOB,  OOECTIeYHMBAIOIINI
MaKCUMAaJIbHO BO3MOKHBIN YPOBEHb
HAJCOKHOCTH  CHUCTEMBl Ha  MPOTSHKEHHH

3aJIaHHOTO BpeMeHH | NpH OrpaHUYEHHUH Ha €€
CTOMMOCTD

P (X,t) > max

. )
C,(X)<C ;te[0,T];

Sxy=Lk=12..n.
i=0

Ontumuzarmonnsie Mozenu (8) u (9)
UMEIOT Pa3MEPHOCTb nxm W OTHOCATCS K
KJIacCy 3a/iad IEJIOUMCIICHHOTO HEJIMHEWHOTO
MIPOrPaMMHUPOBAHUS c OMHAPHBIMH
nepeMeHHbIMH. J[7Is YHCICHHON peanu3aiuu
Mozenu (8) MCmoap30Bajiachk HajcTpoiika MS
Excel «Ilouck pemenusi». 3amaya perianach

opu CICAYHOIINUX HUCXOAHBIX JAHHBIX: ;=7

m=4; P’ =0,999; T = 10000 dYac.
MNHTEeHCUBHOCTM  OTKA30B W CTOMMOCTH
JJIEMEHTOB TPHHUMAIUChL 10 Tabmume 1.
Haiinennsie ONTUMAIIbHBIC 3HA4YCHUS
HEU3BECTHBIX X;; NIPHMBEICHBI B Tabmuue 2.
OneHkun rokazaresei HaJIC)KHOCTHU "
CTOMMOCTh ONTHMAJIBHOW PE3epBUPOBAHHOMN
CUCTeMbl TMpHBEACHBI B Tabmuue 3, a
COOTBETCTBYIOIIAS CTPYKTypHAast cxema
HAJIC)KHOCTU HATOM CHCTEMBI IIOKa3aHa Ha
pHUCYHKe 3.
Tabnuya 1
Hcxoonvie oannvie / Initial data
Ne HurencuBHocTh 0T- | CTOMMOCTD
3JIEMEHTA Ka30B (4ac™) (TBIC. TpH)

1 0,02-10" 25

2 0,014:10™ 52

3 0,09-10" 12

4 0,30-10" 17

5 0,11-10" 29

6 0,01-10" 43

7 0,07-10" 34

63

Tabauya 2

Onmumanvuovle snavenus neuzeecmuwlx Xj; / Optimal

values of unknowns Xj;

k\i 0 1 2 3 4
1 0 1 0 0 0
2 0 1 0 0 0
3 0 0 1 0 0
4 0 0 0 1 0
5 0 0 1 0 0
6 0 1 0 0 0
7 0 0 1 0 0

Tabruya 3

Ilapamempol HadexcHOCMU U CHIOUMOCHb ORMUMATTb-
Hout cucmemut / The reliability parameters and the cost
of an optimal system

P] P2 P3 P4 P5 Pé P7 Ps | Cs

0,999810,999910,99980,9997|0,9998|0,9999(0,9999(0,9990| 533
i[5 5]—{3]
L= L= L= [

Puc. 3. Onmumanvuas cmpykmypa pesepsuposantoti
cucmemst / Optimal structure of the redundant system

BrIBOaBI. [Tony4yenubie B cTaThe
pe3ynbTaThl HAa  KOHKPETHBIX  IpHUMepax
MOKa3bIBAIOT 3()(PEeKTUBHOCTE M JOCTATOUHYIO
OOLTHOCTh ~ PACCMOTPEHHOTO  MOAXoAa K
peleHuo 3a1a4 ONTUMATBHOTO
pe3epBUPOBAHUS.

[Ipennoxxenusie ONTUMHU3AIOHHBIC
mozaenu (8) m (9) oTHOCATCS K Kjaccy 3aaad
HEJIMHEHHOTO LEJIOYUCIIEHHOTO
IPOrpPaMMHUPOBAHUS c OMHAPHBIMU
MEPEeMEHHBIMH, JJIsl YHCIEHHOW pean3anun
KOTOPBIX XOPOIIO MPHUCTIOCOOTICH TaOIMYHBIN
nporeccop MS Excel.

OTH MoOJenH MOTYT OBITh MOJIE3HBI MJIst
aHaM3a HAJECKHOCTH TEXHUYECKUX CHCTEM Ha
paHHUX CTaJAMUIX UX MPOESKTUPOBAHMUS.



Bicnuk [TpuaHinpoBceKoi aepskaBHOT akaieMii OyaiBHUITBA Ta apxiTekTypH, 2017, Ne 6 (235-236) ISSN 2312-2676

CIIMCOK UCIIOJIb30OBAHHBIX HCTOYHUKOB

. O0ecnieueHne HaJEKHOCTH CIOKHBIX TEXHHYECKHMX cucteM : yued. s By3oB / A. H./lopoxos,
B. A. Keproxunkuii, A. H. Muposnos, O. JI. lllectonanosa. — Cankr [lerepOypr : Jlans, 2011. — 352 c.

. Kamyp K. Hanexnocts u npoexrupoBanue cucrem/ K. Kamyp, JI. JlamGepcon ; nep. ¢ anri. Kosanenko E. I'., mox
pen. Ymakosa M. A. — Mocksa : Mup, 1980. — 604 c.

. Kamrranos B. A. Teopust Hame)XHOCTH CIIOKHBIX cucTeM: ydeOHoe mocodue / B. A. Kamranos, A. Y. Mensenes. —
2-e u3., nepepad. — Mocksa : @uzmatiut, 2010. — 606 c.

. OcrpeiixoBckuit B. A. Teopus HagexxHoctH : yueb. / B. A. OctpeiikoBckuii. — Mocksa : Breicmas mkomna, 2003. —
463 c.

. TlonoBko A. M. OcHoBBI Teopul HaaexHOcTH : npaktukyM / A. M. ITonosko, C. B. I'ypoB. — Cankr-IleTepOypr :
BXB-Iletepbypr, 2006. — 560 c.

. Psa6unun U. A. HanexxHocTh 1 6€3011aCHOCTh CTPYKTYpPHO-CI0XKHBIX cucteM / U. A. Psiounun. — Cankr [letepOypr :
[Tonurexnuka, 2000. — 248 c.

. Cemenen C. H. VYmnpaBieHne O5KCILTyaTallMOHHBIM COCTOSIHUEM HE(QTSIHBIX pE3epBYyapoB IO HSKOHOMHYECKHM
kpurepusim / C. H. Cemenen, C. C. Haconosa // [ndopmaniiini TexHomnorii B OCBiTi, Hayli Ta yHpaBJiHHI : MarT.
HayK.-IIpaKkT. ceMinapy, ([Juinponerposcebk, 13 ciuns 2012 p.) / [Ipuaninp. nepx. akaa. Oyn-Ba Ta apXiTeKTypH —
Huinporerposerk : [TJABA, 2012. — C. 184-187.

. lummapes B. 0. HagéxHocTh TexHWYeCcKHX cucTeM: y4ueb. s crya. By3oB / B. FO. [llummapeB. — Mocksa :
Axanemms, 2010. — 304 c. — (Breicmee npodeccrnoHansHOE 00pa3oBaHue).

REFERENCES

. Dorokhov A.N., Kernozhickij V.A., Mironov A. N. and Shestopalova O.L. Obespechenie nadezhnosti slozhnyx
texnicheskix sistem [Ensuring the reliability of complex technical systems]. Sankt Peterburg: Lan’, 2011, 352 p. (in
Russian).

. Kapur K. and Lamberson L. Nadezhnost’ i proektirovanie sistem [Reliability and systems designing]. Moskva: Mir,
1980, 604 p. (in Russian)

. Kashtanov V.A. and Medvedev A L. Teoriya nadezhnosti slozhnyx sistem [Theory of reliability of complex system].
ed. 2, Moskva: Fizmatlit, 2010, 606 p. (in Russian)

. Ostrejkovskij V.A. Teoriya nadezhnosti [Theory of reliability]. Moskva: Vysshaya Shkola, 2003, 463 p. (in Rus-
sian).

. Polovko A.M. and Gurov S.V. Osnovy teorii nadezhnosti [Fundamentals of the theory of reliability]. Sankt Peter-
burg: BXV-Peterburg, 2006, 560 p. (in Russian).

. Ryabinin I.A. Nadezhnost’ i bezopasnost’ strukturno-slozhnyx sistem [Reliability and safety of structurally compli-
cated systems]. Sankt Peterburg: Politexnika, 2000, 248 p. (in Russian)

. Semenets S.N. and Nasonova S.S. Upravlenie ekspluatacionnym sostoyaniem neftyanyx reservuarov po ekonomich-
eskim kriteriyam [Operational status managing of oil tanks on economic criteria)]. Informazhiini tekhnolohii v osviti,
nautsi ta upravlinni: mat. nauk.-prakt. seminaru, (Dnipropetrovsk, 13 sichnia 2012 r.) [Information technologies in
education, science and management: proceedings of the mathematical scientific-practical seminar (Dnipropetrovsk,
January 13, 2012)]. Prydnipr. derzh. akad. bud-va ta arhitektury [Prydniprovs’ka State Academy of Civil Engineer-
ing and Architecture]. Dnipropetrovsk: PDABA, 2012, pp. 184 -187. (in Russian)

. Shishmarev V.Yu. Nadezhnost texnicheskix sistem [Reliability of technical systems]. Moskva: Academiya, 2010,
304 p. (in Russian)

Peyenzenm: €pwosa H. M. 0-p mexu. nayk, npog.

Haniituna no penkomnerii: 12.10.2017 p. [pwuitasTa no apyky: 22.10.2017 p.

64



