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HAJIEXHOCTD 3JIEKTPOCHABXEHUSA
KOMIIBIOTEPHBIX CUCTEM U METO/Ibl EE IOBBIINEHU A

RELIABILITY OF COMPUTER SYSTEMS
ELECTRICAL SUPPLY AND METHODS OF ITS INCREASE

B crathe mpuBeeHbI SKCIIEpUMEHTANILHBIC JTAHHBIE 10 HHTEHCUBHOCTH OTKA30B
cetu anekrponuTanus ~220V. IlpemioxkeHna METOIMKa pacyera HaJIeKHOCTU CETU MPHU
WCIIOJIb30BaHUM OJIOKOB OecriepeOoitHOTO MUTaHUs, TIO3BOJISIONIAs BEIOpATh yKa3aHHBIC
OJIOKH C TapaMeTpamu, 00eCeunBaONIUMU 3a/IaHHBINA YPOBEHb HAJIC)KHOCTH.

KiroueBble ¢j10Ba: HAJIS)KHOCTh, MHTEHCUBHOCTH OTKA30B, MIEPEPHIBHI IIEKTPO-
cHaOKeHUs1, BPEMSI BOCCTAHOBJICHUSI.

Puc.:1. Ta6x.: 1. bubmx.: 6.

Experimental data regarding the fail intensity and recovery of a ~220W network
is given. A methodology for evaluation the reliability of a network while using
uninterruptible power supplies that allows for choosing the specified blocks with
parameters that provide the required reliability level of a computer network is
suggested.

Keywords:reliability, failure intensity, power outage, recovery time.
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AKTYaJIbHOCTH TeMbl HcceqoBaHus. [Ipyu mocTpoeHnu BICOKOHAAEKHBIX
komnbroTepHbIX cucTeM (KC) Bo3HuKaeT 3aaua pacuéra ux Haa&KHOCTH, KOTOpasi BO
MHOTOM 3aBHUCHT OT HaJIEKHOCTH CETH AnekTpocHabxeHus (CD). s yKka3aHHBIX
pacy€ToB HEOOXOAMMO UMETH JOCTOBEPHBIC JaHHBIC 0 HanéKHOCTH CO.

IToctanoBka mpodaemMbl. OTCYTCTBHUE JOCTOBEPHBIX JAHHBIX O HAJIEXHOCTH
pabotel CO nmemaer HEBO3MOXKHBIM pacdyeéT HanékHocTH KC m MX ONTUMHU3AIMIO 110
KPUTEPUIO CTOMMOCTb — HaJIEKHOCT.

AHAJIM3 TOCJHeAHUX HccaenoBaHuii u myoOaukanumid. [lpuBenéHnnie B
auTeparype AaHHble 0 HaACkHOCTH CD OTIMYAIOTCs JIPYyTr OT JApyra Ha HECKOJIbKO
TOPSIIKOB M M3-3a 3TOT0 HE MOTYT OBITh MCIOJIB30BaHBI A pacuéra Haa&xHocTu KC
U UX ONTHUMU3AIUHU 110 KPUTEPHUIO HAJEKHOCTH.

BbiesieHue HenccJieIOBAHHBIX YacTeil o0meii npodJembl. B nanHoil craThe
MpPUBEJIEHb JIaHHBIE O WHTEHCUBHOCTH OTKa30B (OTKIIOYECHHI) B Iojade
3JIEKTPOIHEPTUU U MHTEHCUBHOCTH BOCCTAaHOBJICHUS TTOAAYM JIEKTposHepruu B CO.

ITocTanoBKa 3amaHMsl. 3aJjaHUEM €CTh TOJIYUYEHHS! JOCTOBEPHBIX UHCIOBBIX
JaHHbIX O HanéxkHoctu CD, mnpuroasblx mis pacuéroB HaaéxkHoctu KC, u
ONTUMHU3AIIMM HAa WX OCHOBE MEPONPUATHH MO OOECIeUCHHI0 HaJAEKHOCTH II0
KPUTEPUIO CTOMMOCTb — HaJIEKHOCT.

N3n0xxenune ocHOBHOr0 matepuaJa. [Ipusenensl ganueie o 140 oTkiIoueHUAX
B IIOJa4e DJJICKTPOSHEPIHH, TMOJydeHHbIe MyTEM HaOmrofeHus 3a paboroit CO B
TeueHuHr modTH 10 jeT. DTo MO3BOIMIO ONPEICTUTh HHTEHCUBHOCTh OTKa30B CD A =
0,00169 qac'l, HapaboTKy Ha oTka3 Ty = 593 uaca, BpeMs BocctanoBienus T, = 0,585
Yac W MHTEHCHUBHOCTh BO300HOBIeHHH p = 1,71 gac™, IToka3aHo, KaKk 3TH JaHHBIC
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MOTyT OBITh HCHONB30BaHBI B pacuére Han&kHoctu KC u Bbibope 010KOB
OecriepeOOHHOTO TUTAHUS.

KuroueBble cji0Ba: HaJEXKHOCTb,
ANEKTPOCHAOKEHUS, BpEMsI BOCCTAHOBJICHUSL.

O6ecneuenue HamexxkHoctd, coriaacHo I'OCT 27.205-97, sBasercs OOHOU U3
OCHOBHBIX IO O0BEMY W CIIOKHOCTH 3a7ad pa3paboT4yMKa KOMIBIOTEPHBIX CHCTEM
(KC). Tak kak ckoyib yrogHO HaJIeKHAs ammaparypa He CIOCOOHA BBITIONHSATH CBOU
byHKIIMKM 03 SIEKTPOCHAOKEHUS, TO TEPBBIM IO BAXKHOCTH MEPOIPHUSITHUEM II0
nmoBeIieHUI0O  HagexkHocth  KC  sBisercs  oOecnedeHue — OecriepeOOMHOIO
anektponutanusa KC. OnTtuMmuzanus TeXHUKO-dKOHOMHUYeckux mnokazarenein KC mpu
MPOCKTHPOBAHUU HEBO3MOXKHA 0e3 yueTa HaAEKHOCTH ceTd dnekrporutanus (CD).
Jljist 5TOr0 HeoOXO0IMMBI JJaHHBIE O HAJEC)KHOCTHU. [IprBeIcHHBIE B TUTEpaType JaHHbBIE
BBI3BIBAIOT COMHEHHUS, TaK KaK OTJIMYAIOTCS Opyr OT Apyra Ha 3 mopsnka. Tak,
Hanpumep, B [1] yka3zaHO, YTO WHTEHCUBHOCTh OTKAa30B A M BoccTaHOBieHHH p CO
paBubl A=270-10° 1 u=3 wac™, a B [2] HpHUBeICHBI JaHHBIE, U3 KOTOPHIX CIEAYET, UTO
0,332123'10'3 qac™. Jlns momyuyenus Oosiee JOCTOBEpHBIX JaHHBIX ¢ (O dacoB
24.09.2008 roga u mo 3 uaca 13.03.2018 r. (82971uacoB) HamMu NTPOBOJUIIUCH
HaOmoaeHus 3a c6ossMu CD B TOPOJICKUX YCIOBHUSX, KOTOPBIE MPOJIOJDKAIOTCS U T10
ceil neHb. 3a ykazaHHoe Bpewms 3adukcupoBaHo 140 mepepbIBOB 3JIEKTPOCHAOKEHUS
(Tabn.1), rtme BpeMs CyYTOK OKpyrieHo 0 1enblx uacoB. Otcioga [3]
A=140/82971~0,001687 uac™., Ty=\"'=593 yaca, HHTEHCHBHOCTb BoccTaHOBICHNH CD
1=60/2107,63=0,0285 mun"'=1,71 gac™; T,=p'=0,585 uyac=35,1 MuH.

HHTCHCUBHOCTL OTKa30B, IICPCPLIBLI

Tabnuya 1
IlepepsbiBbl 3s1ekTpocHadxeHus: B 2008-2018 romax

rie N — Homep mepepriBa (1,2,3...), T — cymmapHOe Bpems B yacaX OT Hadayia HaOIOJICHUS
(0 gacoB 24.09.2008 T.) 10 BOCCTaHOBIEHUS AJIEKTPOCHAOKEeHUs TIocie N-HOTo mepepsiBa, t — BpeMs
B MUHYTaX OTCYTCTBHUS 3JIEKTpocHaOxeHus mociie N-HOro mepepsiBa (BeIMYMHA t yKa3aHa TOJIBKO
B TeX CIydYasx, KOorja ee yjaaioch 3adukcupoBath), *N=70,71,72 m 73 — derblpe mepepbiBa
C UHTEepBaJaMHu 5 cek, 5 cek u 182 cek, npu 3ToM t=2 cek = 0,03 MuH.

N:T-t N:T-t N:T-t N:T-t N:T-t
1:65 27:22680-1 53:45700-45 82:57925 112:70615
2:258 28:22681-80 54:46511-60 83:58248-0,02 113:72440
3:497 29:23575 55:48975-120 84:58376 114:73135
4:1633 30:23674 56:49201-44 85:58423 115:74606
5:2065 31:24117 57:49558-0,02 86:59834 116:75012-0,02
6:2296-13 32:24421 58:49597 87:61536-0,02 117:75183-0,02
7:3080 33:25728-0.02 59:49774 88:61814-19 118:75310-0,02
8:4487-15 34:31504 60:50527-140 89:62144 119:75543-480
9:4525 35:32105 61:50599 90:62170 120:76273-5
10:5027-20 36:32894 62:50611 91:62660 121:76489
11:5208-2 37:33121-0.17 63:50650 92:63348-70 122:76501
12:5573 38:33804-0.02 64:50848 93:63351 123:76770-120
13:7639 39:34887-3 65:52303 94:63397-27 124:77556
14:8421 40:34981-10 66:52313 95:63492-156 125:78541
15:8886 41:35321 67:52824-0,02 96:63946-25 126:79178
16:9194-15 42:36352 68:53046 97:64007-80 127:79530-1
17:11714 43:37645 69:54946-140 98:64918 128:79530-1
18:12803 44:38155 70:55200-0,03* 99:66554-0,1 129:79530-1
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Okonvuanue maoan.

N:T-t N:T-t N:T-t N:T-t N:T-t
19:14300-0.1 45:38459 71:55200-0,03* 100:67268 130:80049-51
20:15240-25 46:38653 72:55200-0,03* 101:67776-0,02 131:80630-14
21:15281 47:40673 73:55200-0,03* 102:67824-0,02 132:81036
22:16296-0.02 48:40705-1 74:55331-200 103:68849 133:81082
23:17707 49:42995-1 75:55550 104:68968 134:81208
24:18593-0.02 50:44185 76:55883 105:69725 135:81786
25:21497 51:44376-20 77:56221 106:69761 136:82068
26:21592 52:44798 78:56842-10 107:69840-1 137:82074-7

Jlsist ycTpaHeHUs BIUSHUS TIEPEPHIBOB B dekTpocHatkennn B KC ucmonp3yior
6moku Gecniepedoitnoro nutanus (BBII) co BCTpoeHHBIM aKKyMyJsITOPOM, OJTHUM U3
OCHOBHBIX TMapamMeTpoB KOTOPBIX sIBIseTCS BpeMs 1, aBTOHOMHOW (T.e. 0e3
anekTpocHaOxkenus) padotel BBIT [5]. Ouenuts Brnusinue T, Ha HagexHocth BBII
MOKHO IyTeM paccMoTpenus rpada ero paboter (Puc.l), roe mudpamu 0, 1 u 2
o6o3naueHbl coctosaus: 0 — KC nuraercsa ot cetu ~220V,1 — cetb ~220V oTkazaia,
KC nwuraercs ot BBIL,2 — cetb ~220V He BocctaHoBuiack, a BBII ucuepmnan cBoit
pecypc,A ¥ L — HHTEHCUBHOCTH OTKa30B W BOCCTAHOBJIEHUS ceTH ~220V.

1-A 1-p

© =(2)
B

Puc. 1. I'pad paboter KC ¢ BIIII

Cpennee Bpems npedsiBanust KC B cocrosiuuu 0 (110 mepexoja B coctosiHue 1)

6yner paBHo A-l. Crmenomartensmo, 3a Bpems tKCt-A pa3 Oydger nepexomuTh B
coctostnue 1. Eciu Bpems tg BoccTanoBieHus ~220V Oyner mMeHbIe yem Bpems Tg,

to KC mepeiiner B cocrosue 0 u orkaza He Oyzaer. BeposiTHOCTH 3TOro cOOBITHS

oyzer paBHa 1-e ~#Ta JIng Toro, uro6s! otkaso KC 3a Bpems t He GbLIO, HEOOXOIUMO,

yto0bl KC Bce t'A mepexonoB cosepmimiia B coctostHue 0. OTcroga ciemyer, 4To
BEpOSTHOCTh Oe30TKa3HoM paboTel KC 3a Bpems t Oyner paBHa

P(t) =(1— e—/,tTa)tX — e(n(1-e#Ta))® (1)

Tak xak BBII umeer, kak u mo0bie aqpyrue 610ku KC, cBOI0O HHTEHCUBHOCTbD A,

0TKa30B (BenmunHa mopsiaka 10~ 4ac™), TO pesyIbTHPYIOmAas HHTEHCHBHOCTh OTKA30B

BBII Gyner paBHa

Ay = Ay —Aln (1 — e HTa) )

Hna yBennuennss Tq nmpuMeHSIIOT nocienoBarenbHOe BKItoueHue bbBII, mpu

kotopoMm TiepBbid bbBII mutaer Bropou BbBII B Teuenue Bpemenu Ty, mocne yero

nepBbiii BBII oTkmroyaeTcs, a BTOpoil HaYWHAEeT aBTOHOMHYIO paboTy. B HeKoTophIX
bbIl nmna yBemnuennss Ta B n  pa3 NpeaycCMOTPEHA BO3MOXKHOCTh CMEHBI

aKKYMYJISITOPOB B «ropsiuem» (T.e. pabouyeM) pexume, €CTEeCTBEHHO, YTO JJIsi ATOrO
HEO0OXOAMMO UMETh N-1 3amacHbIX 3apsHKCHHBIX aKKyMYJISITOpoB [4,5].
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B sToM ciydae Ay = Ay, — Aln (1 — e #1Ta),

Kak u MHOTHE Apyrue MeponpusTUs MO MOBBIIICHUIO HAJIEAKHOCTH YHEPreTUKE
[3,4] BenMMUMHA N UMEET ONTHUMAJIbHOE 3HAaYEHUE, IPU KOTOPOW CyMMapHBIE 3aTpaThl
Ha o0OecreyeHne HaJIe)KHOCTU U TTOTEPH OT OTKA30B OyIyT MHHHUMAIIbHBIMHU.

Ecnu Bce ke mepeuncieHHbIe MEPOIPUSTUS HE TO3BOJISIOT TOOUTHCS 3a/IaH-
HOT'O YPOBHS HaJEKHOCTU CETH NMUTAHUs, TO NpuMeHsIOT bblI, Bkimrouaromumii qu3ensb-
HBIW JIBUTATEJIb M TEHEPATOP AJICKTPOIHEPTHHU, TTO3BOJISIIOIINN HEOTPAaHUYEHHOE BPEMsI
paborarh 0e3 BHeIIHeH cetn muTanus ~220V[5,6].
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RELIABILITY OF COMPUTER SYSTEMS
ELECTRICAL SUPPLY AND METHODS OF ITS INCREASE

Relevance of the research topic. When constructing highly reliable computer
systems (CS) there emerges the problem of evaluation of their reliability, which
mostly depends on the reliability of the power source (PS), namely the network.
Trustworthy specification of a PS are required for these evaluations.

Problem introduction. The absence of trustworthy specifications of the
reliability of a PS makes it impossible to evaluate the reliability of CS and their
optimizations with respect to the cost-reliability criteria.

The analysis of recent research and publications. The data about the
reliability of PS provided in articles and publications differs significantly by the order
of multiple magnitudes and therefor cannot be considered as trustworthy.

Determining the innovative part of the article. In this article the data
concerning the fail intensity and the intensity of recovery in supplying the electricity
with PS is given.

Goal introduction. The purpose of this article is to derive trustworthy
specifications of PS and their optimization with respect to the cost-reliability criteria.

The essence.The data related to 140 network fails that was gathered during the
analysis of a PS operation for 10 years is presented. This allowed to derive the
intensity of failure as A = 0,00169 hour™, time until a fail occurs as Ty = 593 hours, the
recovery time as T, = 0,585 hours and the recovery intensity as p = 1,71 hour™. It is
shows how this data can be used to evaluate the reliability of a CS and when choosing
uninterruptible power sources.

Keywords:reliability, failure intensity, power outage, recovery time.



