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IIPUMEHEHUE KPUTEPUEB ITIOAOBUA IIPU PECYPCHOM OTPABOTKE
CAO>KHBIX TEXHUYECKUX CUCTEM U UBAEAUI

N. A. Severtsev, A. N. Daryina

APPLICATION OF SIMILARITY CRITERIA FOR RESOURCE DEVELOPMENT
OF COMPLEX TECHNICAL SYSTEMS AND PRODUCTS

Annomauusa. B npaxtuke oTpabOTKH (MCTBITAHMIA) CO37a-
BAaeMOIl CHCTEMBI, Kak IPaBHJIO, BOCIIPOM3BOAUTCA Oornee
Y3KUH CHEKTp HAarpy3ky, [O3TOMY IIPHM Pa3HbIX JIPYTuX
YCIOBUSAX Pa30poc pe3yJbTaToB HCIIBITAHWI OyneT cylie-
CTBEHHO MEHbIIIe pa3dpoca 3TOro Ke rnapameTpa B yCIOBHSIX
peasibHOM dKcIuTyatanun. KpoMe Toro, sKCriepiMeHTalIbHAs
OLICHKA HCCJIEYyEeMOro IIapaMeTpa, IOIyYeHHas 110 pe3yiib-
TaTaM HCIIBITAaHUH, SBISIETCS CXOXel 1o (usmdeckon mpu-
pozie, TIOCKOMIBKY B MPOLIECCE MCTIBITAHNH BOCTIPON3BOIUTCS
HE BECh CIIEKTP HArpy30K, a T€ Harpy3KH, KOTOPBIE 33/1af0T-
Csl 1 IMEIOT Ty WITH WHYIO CTETICHb MPUOIIDKEHHS. ITO 00B-
ACHSIETCS TE€M, YTO TOYHOE MOJEIMPOBAHUE BCETO CIEKTPa
Harpy3oK MPaKTHYECKH HEOCYIIECTBUMO, & SKOHOMHYECKU
HerenecoobpasHo. Bo3HukaeT mpobieMa cpaBHEHHs pas-
HBIX MECTO/I0B HUCIIBITAHUN U nepecucra ux pe3yJibTaToB.
B crarbe mpuBOAATCS BapUaHTBI [IPUMEHEHUS KPUTEPHUEB
NoI00MsI K Pa3IMYHBIM TIPOLIEccaM MPH OTpaboTKe (MCHbI-
TaHMSIX) CJIO’KHBIX TEXHUUECKHX CHCTEM.

Knrouegvie cnoga: cioxHas TEXHUYECKas CUCTEMa, KpH-
TEpUH TOJO00MS, BEPOSTHOCTb, OTKAa30yCTOHYMUBOCTb,
Ha/Ie)KHOCTb.

Abstract. In practice, testing (creating) the created sys-
tem, as a rule, reproduces a narrower spectrum of the
load, therefore, under various other conditions, the spread
of the test results will be significantly less than the spread
of the same parameter in real use. In addition, the exper-
imental assessment of the parameter under study, ob-
tained from the test results, is similar in physical nature,
since in the process of testing not all spectrum of loads is
reproduced, but those loads that are set and have one or
another degree of approximation. This is because accurate
modeling of the entire spectrum of loads is practically
impracticable, and economically impractical. There is a
problem of comparing different test methods and recount-
ing their results. The article provides options for applying
the similarity criteria to various processes during the de-
velopment (testing) of complex technical systems.

Keywords: complex technical system, similarity criteria,
probability, fault tolerance, reliability.

BBeaeHnne

[Ipu otpabotke cnoxubix TexHnueckux cucreM (CTC) Ha pecypce, T.e. Ha IOITOBEYHOCTb, UCIIOIb-
3yIOTCSI MOJIEIIH, OIMCHIBAIONINE 3aKOHOMEPHOCTH Ipoueccos orkazoycroiunBoct CTC, xoTopas xapak-
TEPU3yETCs] TOCTEIICHHBIMU M3MEHCHHUSMH NapaMETPOB BCIICACTBUE M3HAIIWBAHUS, PEryJIUPOBAHUS U CTa-
pEeHHsI, a TaKk)Ke BCICACTBUE BHEIIHEro arpeccuBHoro Bozzaelicteus Ha CTC cnenmanbHOro Ha3Ha4YeHUS,
BKJIIOYasi BO3ecTBUS HH)OPMAMOHHBIMU TEXHOJIOTHSMH. Vcronp30BaHue METOAOB TEOPUH MOJ00MS IS

© Cesepnes H. A, Aappuna A. H., 2020
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HAAEXHOCTD 1 KAYECTBO CAOXXHBIX CUCTEM Ne 4 (32),2020

(U3MUECKOr0 MOJICIIMPOBAHMS [IPU UCHBITAHUAX HA PECYPC U 3AIUUTY 3aKI0YaeTCS B YCTAHOBJICHUH THIIO-
BBIX NPU3HAKOB OTKAa30B, MCCIIEJOBAHUSA 3aKOHOMEPHOCTEH MX BO3HUKHOBEHHUS. CTOXaCTHYECKUI MOIXO0M
K MOJEIMPOBAHHIO IPOLIECCOB OTKA30B YUUTHIBAET MHOr00Opasue CiydailHbIX (akTOpOB, NEHCTBYIOIIUX
Ha CTC B skcruryatarmu [1]. g mocTpoeHus KputepreB MOJ00HMs apaMeTpUIecKuX 0TKa30B He0OX0u-
MO YYHUTHIBaTh IWHAMUKY NPOLIECCOB M3MEHEHUS B 3aBUCUMOCTH OT BPEMEHHU XapaKTEPUCTHK PabOTOCIIO-
cobonoctu u aeictyromux Ha CTC daxropos. s feTepMUHHPOBAHHBIX KPUTEpUEB MOA00Ms Hanbojee
MIPOCTBIM JUISL MX TOCTPOEHHUS SIBJISETCS ClIydall JIMHEHHBIX A€TEPMHHHUPOBAHHBIX 3aBHCHMOCTEHN, ONMCHI-
BAOIIHNX TIPOIECC U3MEHEHHS OIPEIeIIAIONEero mapamerpa [2].

I1pu BeiOpannbix Harpyskax C, , Gy, C, , C, n3 ycnoBus noao0us ONpeenseTcs: HEOOXOMUMBIH KO-
sddunment GopcupoBanus Harpy3ku C, M U3 HEro Harpy3ku x. B ciydasx macmrabHoro dakropa dop-

CHpOBAaHMS HArpPy3KH HEOOXOMMMO yCTaHABIMBATH IIpeelbHyI0 HArpy3Ky X", IpHU KOTOpPOiH coXpaHseTcs
nonodue puzmueckux nporeccoB npu ¢yHkironupoBanuu CTC B HOpMaIEHOM U (DOPCUPOBAHHOM PEXKH-
Me. MeTo/ MOCTPOSHHUS U NPUMEHEHHSI KPUTEPHUEB MOA00Ms Ha OCHOBE ITPe0OpPa30BaHHBIX HUCXOHBIX 3aBH-
CHUMOCTEH, OMUCHIBAIONINX HCCIIEyeMble TPOIECCHI MapaMeTPHUECKIX OTKA30B, UJICHTUYEH H JJIS JPYTUX
CITy4YaeB IETCPMUHUPOBAHHBIX MTPOIIECCOB OTKA30B.

Jlnst HEeMMHEHHBIX TIPOIIECCOB KPUTEPUU MOAOOUS ONMPEACSIOTCS Ha OCHOBAHWU IMEPBOW M BTOPOWM
TEeopeM MOoJO0HsI ¢ UCTOIBb30BaHHEM MPaBUIIA YCTAHOBJICHHS MOJ00US TPOLIECCOB, COACPKAIIUX HEOIHO-
ponHble GyHKITHH [2].

IlpnMeHeHHNe KpHTEPHEB IOAOOHS AASI HEAWHEHHbIX IIPOIIECCOB

Kputepuu nmogobust 11t Haubosee pacpoCTpaHEHHBIX HETMHEWHBIX AETEPMUHHUPOBAHHBIX TPOIIEC-
COB IIOCTENIEHHBIX OTKA30B IPUBEICHHI B Ta0MI. 1.

Tabmuua 1
Kpurepun nogobus HennHEWHBIX nporieccoB u3HammuBanus CTC
I'paduk u3meHeHUs YpaBHeHus nporecca Kpurepuu *TIpumepsl mporiecca
W3HAIIMBAHKS nogo6ust
w0 e n, =bt Koppo3us,
y(O) =y, + Iat e of pasrepMeTH3aIms
J\ ’ =
Yo
Yo
t
y(?) y(t)=y, + A( & _1) 4 W3nammBanue
T = ¥ KOHTAKTHBIX I1ap
0
/ T, = bt
Yo
t
W) y(t)=y, + A(l — e‘b’) - _A4 W3nammuBanue
1 Vs B TIEpUOJ TPUPAOOTKH
/ T, = bt
Yo
t
w(f) y(t) = yoe"” n, =bt Brixon
\ 13 paboTOCIIOCOOHOCTH
Yo
t

II puMc4dYaHMUC. HpI/IMepI)I nmponecca rnoka3aHbl YCJIOBHO.
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q)YHAaMeHTaAbeIQ OCHOBBI HPO6ASM HaACKHOCTH U Ka4eCTBa

Torma xputepuil momoOus s paccMaTpUBAEMOro Kilacca JIMHEHHBIX HCXOJIHBIX 3aBUCHMOCTEH
IIPUMET BUJ

Ux b
() =] 1+— |2t
by )y,
B cooTBeTCTBUM ¢ TpeTheil TeopeMoil Moa00us YCIOBUS OJJHO3HAYHOCTH JMHEWHOTO Mpolecca u3-
HaIUBaHUs (BBIXO U3 CTPOS) IMEIOT BUJI TIPH

t=0,m,(0)=0,

2
t=T,n(T)=m, =2mx_], @

Yo
Kpurepun nonoOust napameTpuuecKuX OTKa30B MOTYT MCHOJIBb30BaThCs AN IUTAHUPOBAHUS OTpabo-
TOYHBIX HCTIBITAHUH Ha pecypc Mo cenyIoIIel mporenype.
[Tycts Tpebyerest monreepauth Heobxoaumelii pecype 7' CTC 3a Bpems ucnbitannii 7, . Ilapamer-
PBI, XapaKTepu3yIoIlie MPOoLEecc 0TKa3a, PaBHbl y,, ,. » b, . HIUKaTOp MomoOHs ucmbITaHUi (0TpaboT-
k) CTC B pealbHBIX YCIOBHSIX U B (DOPCHPOBAHHOM PEKUME UMEET BHU]T

e A

by ), by )y

Uxtb bo

2. 3)

T
O6o3naunm C, :F — k03QduueHT GopcupoBaHus UCTIBITAHUN IO BpeMeHH; C, — KO3(QQHIUEHT

b
(opcupoBanus ucnbiTanuii mo Harpyske. C ydaerom (2) u (3) momyyum
_hT
max X
C, = o uX,=—o.
_ b T c,

C'T nmax
Cryy

B cnyuae, Korja HCHBITAHUSAMH Ha PECypC Ha3HAYACTCS KOHCTPYKTHBHO-TIOJOOHAS MOJAETh U KO3(]-
(hunMeHTH Mo00Us paBHBI, TOTIA

b u_ X T
ﬁﬂ?@); W=CU’ ﬁ=cyﬂ; W=Cxa T—M=CT
WHaukaTop nomo0us HMeeT BUL
Y
e yO CJ’O CU _

X =
T - Cyo bol CT CX
‘max Cbo CT yo

3amava MOCTPOCHHS ¥ MIPUMEHEHUS KPUTEPUEB MOI00US MapaMeTPUIECKUX OTKa30B pa30uBaeTcCs Ha
CIICAYIOIINE JTAIbI:

— BEIOODP Hamboiee MHOOPMATHUBHBIX TTAPAMETPOB, XapaKTSPUIYIONINX MPOIIECC OTKA30B;

— ¢opmupoBaHue TpeOOBaHUN K OOBEKTaM M YCIOBHSIM WCHBITAHUA MPU TUIAHUPOBAHUY KPUTECPH-
QIBHBIX KOMILJICKCOB JIJIsl OLICHKHU 3aBEPIICHHOCTH OTPAOOTKH.

IIpnMeHeHNe KpHTepHEB IOAOOHS AASI AMHEHHDIX IPOLECCOB

PaccmoTrpum 3amady KpuTepueB IMOA00MS THHEHHBIX MOTYyCITy9alHbIX TporteccoB oTkazoB CTC. Us-
BECTHO [3, 4], uTO B psife caydaeB MPOIECCHl OTKA30B MOTYT OBIThH MPEACTABICHEI B BUAC TMHCHHON MMOTY-
CIIy4aliHOW (DYHKIIUU H3MEHEHUS OIPEICISIFOIIEro apaMeTpa

Fundamentals of reliability and quality issues 7



HAAEXHOCTD 1 KAYECTBO CAOXXHBIX CUCTEM Ne 4 (32),2020

y=y,+Bt, 4)

rae B — CKOpOCTh U3MEHEHHUs OINpPEESIONIEro mapaMmeTpa, SBIAIoIascs CaydailHOW BEIMYMHOU; y, —
HavaJbHOE 3HAYEHHWE OIPEeeNSIOIero napamerpa. st mpakTiudecknx menei BakeH CIydaid, Koraa cripa-
BEJIJTNBA 3aBHCUMOCTh

B=b,+U x,

riae b, — HadajabHass CKOPOCTh M3MEHEHHs ONPEAEIIAIOIIETO apaMeTpa, a U — YyBCTBUTEIBHOCTH CKOPO-
CTH B Kk HarpyskaMm; X — BeauduHa Harpyskd. Cumraem, uto mia ucneiteiBaeMort CTC b, u U — Hecy-

YaifHble BeJIMYHHBI, sBisomuecs napamerpamu CTC, a Harpys3ka X — ciiydaiiHas BeJIMYUHA, TOAYNHEHHAS
HOPMAaJIbHOMY 3aKOHY pacIpezeNneHus ¢ napamerpamu m_ U o, . CkopocTte B Takxke OylIeT UMETh HOP-

ManbHOE pacnpenenenue. Ilapamerpel pacnpeneneHus BeJIWYUHBI B OyxyT umeTb BHA m, =b,+Um_,
6,=Uc_ . B MOMeHT 0TKa30B, KOrja ONpelesslolui napaMeTp ) JOCTHIaeT NPEAENbHOrO 3Ha4eHMs
Voax» BBIDAXKEHME (4) mpumer BuA y, . =y, + Bt. IlnotHOCTE pacmpenencHus HapaOOTKU 10 OTKa3a

T =% sBisieTcst QyHKIMEH ciiy4aiiHON BeIMYMHBI B, KOTOpas OnpeAessieTcsl 0 U3BECTHOM TUIOT-

Hoctu f(B)

FO=[wew@)], (5)

—y, A A
e w0 =2 gy

B pesynbrare noncranoBku B (5) BeIpakeHUE s () u Y'(¢f) MOSYydYUM IUIOTHOCTH pacIpesene-
Husl (), Ha3pIBAEMOMW O -pacrpeie]ICHHEeM

miC i (m,—t)

28%2

f(t):—sﬁﬁe ;

A o o
rae m, -2 cpemHss HapaOoTKa 10 OTKasa; 0=—>- — kod(uuueHT Bapuamuu; C — HOPMHUPYIONIHMiA
m, m,

MHOKHUTEIIb.

[Ipu nocTpoeHnn Kputepus MoAoOus JeTePMHUHUPOBaHHO-onpeaeneHHbIX mapamerpoB CTC wucmbi-
TaHUW € TIOKA3aTEeNsAMK OTKa30yCTOWYMBOCTH, HAJISKHOCTH, KUBYYECTH U OE30MaCHOCTH, TpeOOBaHUS 3a-
TAIOTCS, HAIIPUMED, B BUAC BEPOSTHOCTH OC30TKa3HOU paboTHl. BBemeM Oe3pasMepHYIO ClydaiiHyIO BEIH-

T N
E140:0% ]; =—, IJIIOTHOCTb PaCHpPECACIICHUA KOTOPOU 6yI[6T HUMCTDb BU]
m
t

1 (1-1)

e 2827

e
O S

DyHKIMY MIOTHOCTH pacmpenenenus f(¢) u f(T) cBA3aHbl cOOTHOLIEHHEM [ (T)=m, f(¢). Bepo-
saTHOCTh oTka3a CTC ompenensiercs o Gopmyiie

4(0)=F(O)=[f(O)di=[ f(D)dT1=F(0)

-1 .
O603HaYNM z = S5t Torma BeposTHOCTE O6e30TKa3HOMN padoTel CTC
T

P(t)=1—F(T)=1—jff(T)dT=E)(Z), (6)

8 RELIABILITY AND QUALITY OF COMPLEX SYSTEMS



q)YHAaMeHTaAbeIe OCHOBBI HpO6AeM HaACKHOCTH U Ka4eCTBa

rae F,(z) — uHrerpanbHas GyHkuus Jlamnaca. Micxons U3 NpUHIMIA yCTAHOBIEHUS! CTOXACTHYECKOTO T10-

n00Hs Ha OCHOBE PAaBHO OTKa30yCTOMYMBOCTH CPAaBHUBAEMBIX CUCTEM (M3/AEIHl, 00BEKTOB, B JaHHOM CIIy-
Yae 110 MapaMeTPUIecKUM 0TKa3aM), C y9eToM (6) KpUTepuil mogoous OyaeT UMeTh BUJI
-1t Ay-T(b,+Um,)

= = =idem. @)
o1 Uo. T

B kpurepuansnom komiuiekce (7) B3aumocBsizanbl pusuueckue napamerpsl CTC u BepoSTHOCTHBIE
XapaKTePUCTUKU HATPY3KH.
Ecnu tpeboBanus k orkazoyctoitunBoctd CTC 3amatoTcs B BUAe BEpOSTHOCTU OE30TKa3HON paboThI,

(XxapakTepusyolme KUBYECTh, HAIEKHOCTb, HE30MACHOCTD, OTKA30yCTOHYMBOCTE) P, TO ycnoBue moo-
Oust Oyner umets Bua P(f) =P, . 3aBUCMMOCTb, yCTaHABINBAIOIIAsS B3aUMOCBS3b [EPEYMCIIEHHBIX MOKa3a-
Tesei, mapameTpoB ucnbiThiBaeMoit CTC u neficTByIOLEH HArpy3KU MPEACTABIAECTCS B BUIE
Ay-T(b,+Um,) _y
- s
Uos. T b

®)

rae Z, — KBaHTHIIb HOPMAIBHOIO pacnpenenenns yposns P, . Vcnons3ys Beipaxkenue (8), npeacrabiser-

p
Cs1 BO3MOXKHOCTh (DOPMUPOBATh TPEOOBAHMS K UCIBITAHUSM IMPH TUIAHUPOBAHUM OTPAOOTKH U MPOBOAMTH
OIIEHKY 3aBepiIeHHOCTH uctbitTanuii uccnenxyemont CTC (w3menus u ap.) [7].

IlpuMeHeHNe KPHTepHEB OAOOHS K HEAMHEHHBIM CAYJaifHBIM BEANYHHAM

PaccmoTrpum kputeprun momo0us HEMWHEHHBIX CITyYalHBIX BenMWduH. Ecnm ciydaliHas Harpys3ka He
MOJXKET CUUTATHCS MOCTOSIHHON B TEUYCHUE MPOMEKYTKa BpeMeHu ¢yHkimonupoanus CTC, Torna nuHen-
Has TIOJTyCITydaifHash MOJIENh MPOIIECCOB OTKA30B CTAHOBUTCS HEAJAEKBAaTHOW. B 3ToMm ciydyae Harpyska
JIOJDKHA pacCcMaTpPUBAThCS Kak ciiydaiiHas GyHkuus BpeMenu. [Iporecc u3HAIMMBaHUS MIPU PACCMOTPEHUH
Harpy3Kd KakK CIy4aiHo# (yHKINK BpeMEHH MOXET OBITh IPEACTaBIIeH B BHJIE

)=y, +j'(bO +U x(t))dt .

[Ipomecc mapaMeTprdecKux OTKa30B MOXKHO OIMCATh C MOMOIIBIO CXEMBbl H3HAITUBAHUS C HAKOILIE-
HUeM noBpexaeHni. CoriacHo 3Toil cxeMme, B CilydaiiHble MOMEHTHl BPEMEHU BO3HMKAIOT €IMHUYHBIE T10-
BpeXACHHS paBHOW BemwuwHBL. [lpw Hakommennn r moBpexaeHuid Hactymaetr otkaz CTC. IloBpexnenue
COCTOMUT B TOM, 4TO B pe3yJIbTaTe M3HALIMBAHUS CKAYKOOOpa3HO yBEITHMYMBAETCS ONpPEACIIIOIINI napaMeTp
Ha HEKOTOPYIO TIOCTOSTHHYIO BenmuunHy Ay [8]. OnmcaHHas cxema M3HAIIMBaHUs CIIPaBeJIuBa PH COOTO-

JIEHUU CJIELYIOUIUX yCIOBUMA:

— BEpOATHOCTh y BO3HMKHOBEHMS CKauKa M3HAIIWBAHHUA 332 BpeMs OT ! 1O ¢+ At TPUOIMKEHHO
MPOIOPLIHOHANBHA JIUTEIBHOCTH, T.€. Y= AAf+O(At), rme O(A?) — 6eCKOHEUHO Majas BBICIIETO TIOPSI-
Ka OTHOCUTEIIBHO A{ — 3TO YCJIOBHE ONIPENEISIET CBOMCTBO MOCTOSHCTBA CPEAHEH CKOPOCTH N3HALIVBAHHS,

— BEpOATHOCTH 0OJIee OJHOTO CKauKa B MPOMEKYTKE (t, r+ At) Majia Ipy MallbIX At . JTO yCIIOBHE

OTIpeneNsieT CBOMCTBO OPAMHAPHOCTH MOTOKA HAKOIUICHHS TIOBPEXACHUH. BepoaTHOCTh KaXa0ro cienyro-
IIEro CKayka He 3aBUCHT OT YKCJIa paHee MPOM3OUICANINX CKAYKOB, YTO CHPABEUIMBO IS 30HBI YCTAHO-
BUBILErocsi (HOpMallbHOTO) M3HAIIMBaHMS. B 30HE HOpPMaNbHOTO M3HAIIWMBAHHS MapaMeTp NpuoOpeTaer
CTaOMIIEHOE CBOWCTBO.

[Ipu BBIIOTHEHUM TEPEYNCICHHBIX YCIOBUM BpeMsi OezoTka3Hoii paborei CTC umeer ramma-
pacnpeneneuue [9]. st uensix 7 QyHKUMS pacnpeneneHusi BpeMeHH T UMeEeT BHIT

r—1 k
F(f)=P{TST,k=r}=1_Z%e_M ’
k=0 .

AT
e =F(T) — ectb BEpOATHOCTb TOTO, YTO K MOMEHTY / TMpPOHM30IUIO k CKAYKOB (TIOBpEXKIIe-

k
(AT)
k!

uuit). [lapamerpbl A ®u r raMMma-pacrpesencHus BpeMeHn 0e30Tka3Hoi paborel CTC, moaBEpKEHHOTO H3-

TIe
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HAAEXHOCTD 1 KAYECTBO CAOXXHBIX CUCTEM Ne 4 (32),2020

HOCY OIpeneNsioTcs Tak: mapamerp )(¢) usmMepsercs depe3 (QUKCHPOBAHHBIE MMOCTOSHHBIE NMPOMEKYTKU

BpEMEHU At . MaremaTrnuecKkoe OXXUIaHUE U JUCTIEPCHU BEJIMYMHBI U3MCHCHUA OIPEACTIAOIICTO ITapaMeET-
pa 3a UHTEpBaJl BpEMECHHU A¢ I TaMMa-pacnpeeaeHUs COOTBETCTBCHHO PaBHbI:

M{Ay k(A)} = Ayt,

> )]
D{y k(A)} = Ay* At

rae Ay — BenmunHa u3Hoca CTC, mpuxonsiasicss Ha OJHO MOBpeKAeHUe (CKadok); k(A) — cimyvaiiHas Be-
JMYMHA, paBHAs YUCITy CKauOK 32 HHTEPBAJ BPEMEHHU Af .
B o e Bpems ans npouecca (9) MOXKHO 3amucarh

At

M [y(t+At) - y(1)] :M{j(bo +Ux(t))dt} =[by+Um,]At,

At At At (10)
D[ y(t+ A1) - y(1)] =D{j(b0 +Ux(t))dt} =U* [ [ K (et drdr,

0

roe m, =M{x(f)} — maTemaTnuecKkoe OuIAHHE CITyHaiiHOro IpoLEcca BO3AEHCTBHS HArPY30K; K (1,¢') —

KOppeJsuroHHas (GYHKLMS CIy4aifHOTo mpolecca BO3ACHCTBUS HAarpy3oK. [ ramma-3aKoHa pacnpeaese-
Hus F(T) MOIKHO yIOBIETBOPATHCS TpeOOBaHUE m, = const .

[Moacrasus (9) B (10), momyanm

At At
Uzijx(t,t')dtdt'
A — 00 ’
Y T b+ Um A (1)
=l tUm Ve =V
Ay ’ Ay

BepositHOCcTh 6e30TKa3Ho# pabotel CTC, nmoaBepKeHHON M3HALIMBAHUIO, ONPENENsieTCS B paccMaT-
PHBAEMOM BBILIE CIIydae KaKk

P(T)=1-F(t)=P{t>T,k=r}= i (7“;) e

Kputepuii ctoxactudyeckoro nogodus npouecca H3HAIIMBAaHUSA ¢ HAKOTUIEHHEM TTOBPEXKICHHI ¢ yue-
ToM (9) OyJeT UMETh BUIT

e =idem . (12)

Bennuunbel A u 7, BXoasmme B Kputepuid nogodus (12), onpenenstorcst u3 Beipakenus (11). Ber-
60p mapamMeTpoB 0OBEKTA — UCIBITAHUH ( Vs Vos Dy, U) , ONPEIEISIIOIIMX [POLECC W3HAMBAHUS MIPH 3a-

JAHHBIX XapaKTEPUCTHKAX CIyYaiHOW HATPY3KH, a TAKKE MapamMeTpoB A U 7, OCYHIECTBIISIETCS TAKUM 00-
pasoM, 9ToOBI 00eCIICYNTh PH TIAHUPOBAHUN UCITBITAHUKN TPEOOBAHMS 7t = idem .
Bennunna T ycTaHaBnMBaeTCs ¢ yu4eToM TpeboBaHui K oTkasoycroiunoctu P . U3 ycnosus cro-

XacTHIeCKOro mozo6mst (12) MoryT GbITbh TakKe onpeneneHsl Benuduubl (V.. ,Vy.0,,U), uenomnssyemsie

JUTSL KOHTPOJISL XOJ1a M OLICHKH 3aBEPIIEHHOCTH OTPAO0OTKU CHCTEMBI (M3nenus, o0bekTa). Heodxomumo oT-
METHUTh, YTO Ay NOJDKHA OBITH MOCTATOYHO MAJION ISl 0O€CTeueHUsT TOYHOW anmmpOKCHMAIIMH Ipoliecca

y(t) crynenuatod ¢yHKIMer. [y CHUKCHUS BIMSIHUS OIIMOKYA U3MEPEHHUsS Ha alMpPOKCUMAIIMI0 KPUBOH

W3HANIMBAHUA UHTEPBAT A¢ MEXIY U3MEPEHHSIMH CIIeAyeT BRIOMPATh TakK, YTOOBI OMNOKa N3MepeHHs ObI-
Jla MaJjia 1Mo CPaBHEHUIO C MpHUpAIeHHeM Ay Ha 9TOT UHTEpBal BpeMeHuU. [Ipu omucaHuu mporecca ¢ Hesa-

10 RELIABILITY AND QUALITY OF COMPLEX SYSTEMS



q)YHAaMeHTaAbeIe OCHOBBI HpO6AeM HaACKHOCTH U Ka4eCTBa

BHUCUMBIMHU TIPUPALICHUSIMH CKOPOCTH W3HaImBaHus Bpemst (yHkimonupoBanus CTC pasOuBaeTcs Ha
(hmKcHpoBaHHBIE TIOCTOSIHHBIE WHTEpBajbl BpeMeHW Ar. Ilpemmomnaraercsi, 9To CKOpPOCTH Tpolecca Ha
KaKJIOM HHTEpBaJie SBIAIOTCS CIyYalHBIMU HE3aBHUCHUMBIMU BETMYHMHAMY, U3MEHEHHBIMHA Ha MPOTSKEHUU
HHTEpBaia At .

3aKOH paclpeaeseHus CKOPOCTH Ha KaKJIOM UHTEpBaJle BPEMEHU U3BECTEH U OCTAETCS] HEU3MEHHBIM
JUTSI BCEX BPEMEHHBIX HHTEPBAJIOB.

[Ipornecc n3HAMIMBAaHUS UCCIIEYyEeMOI CUCTEMBI (00bEKTa, U3eNs) Al JAHHON CXeMBI IPeICTaBUM
B BHJIE

¥(4) = (A1) = 3, + Y (B~ U, ), (13)

j=1
rae i =1,2,... — HOMep TOYKH, B KOTOPOH paccMaTpuBaeTCs NpoLecc.

B Beipakenuu (13) yepes x; 00o3HaueHa cirydaiiHas BENMYUHA HATPY3KH HA j-M MHTEPBAJIE BPEME-
uu. [InotHoCTh pacnpenesnenust f(x;) Harpy3ku X; MOCTOSIHHA HE3aBUCHMO OT HOMepa uHTepBaia. Kpu-

THYECKOE 3HA4YEeHHE OIpPENeNIOmero mapamMmerpa y,,, COOTBETCTBYyIoIee oTkazoBoMy cocTtosHmio CTC,
JOCTHTAETCsl B HEKOTOPOM CITy4aifHOM MPOMEIKYTKE BpEMEHU £ — S At .
Bripaxenwue (13) s kputnueckoro cirydas umeeT Buf [10]

s—1
Vo (1) =y + ALY (By + U x)+(T —sAt) (b, + U x, ) . (14)
j=1
BepositHocTh 6e30TKa3HOM padoTel CTC 1o mapamMeTpy Ha OTpe3Ke BPEMEHU (0, i —At) ompeenseT-
csa Tak. OTKa3 B pe3ynbTaTe JOCTIKEHHS MapaMeTPOM ) 3HaYeHHs y, Ha MepPBOM BPEMEHHOM HHTEpBaje
A=t —t,=t . Oynkuponnposanne CTC Hactymur Torma, korma Oymer y,. <V, +At(b,+Ux) wm

y Zmax 0 y 0 b
0

U
orpenenseTcs GopMyIon

=s,. BepostHocTh 0TKa3a CTC cOOTBETCTBYET BEPOATHOCTH COOBITUSA, KOTAA X, 25, , U

9(0.6,)=P(x jf(x])dxl = j f(x)dx.
Co0TBETCTBEHHO, BEPOATHOCTH Oe30TKa3Ho padboTel CTC

P(0,4)=1-q(0,6) =1~ [ f(x)dx.
i
OTka3 Ha BTOPOM BPEMEHHOM YYacTKe Af =t, —f, IPOM3ON/IET TP HACTYIUIEHUH CJIEAYIONUX JBYX
YCIIOBHIA:
1) y,+At(by,—Ux,)<y,,. —Hauarepsane spemenn (0,7) OTKasa He MPOU3OILIO;
2) yy+A(25,~U (X, +X,)) 2 Yy — 1a unreppane Bpemern (4 1) mponsommen otkas. Yenosus 1),
2) MOKHO BBIPA3UTh Uepe3 CTyydaiiHyro BEIMYUHY HArPy3KH B CJIEIYIOIIEM BUJIE:

ymax yO 2b
0

. At
XSS5 X X, 2—=——=35,.

U

BeposiTHOCTh OTKa3a Ha ydJacTke (tl,tz) MPEJCTABIIIET COOON BEPOSTHOCTH OJHOBPEMEHHOTO BBI-

MOJIHEHUs yclioBui 1) 1 2) u onpenensieTcs: GopMyIon

j Fe)ds [ f)d, = jf(x)dx [ s

5274 274
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I[J'IH MMPOU3BOJIBHOI'O 1-TO y4daCTKa BpEMCHHU (Zi—lﬂli) YCJI0BHUEM OTKa3sa ABJISACTCA COBMCECTHOC BbI-

MIOJIHEHUE TaKUX COOBITUH, KOTOPBIE MOYKHO MPEJICTABUTH C MOMOILIBIO BEJUYMH Harpy30K Ha KaXXIOM HH-
TepBaje BPEMEHH, T.€.

X, < s, — OTCYTCTBYyeT oTKa3 Ha nnrepsaine (0,7, );
X, < s, — X, — OTCYTCTBY€T OTKa3 Ha nHTepBane (1,7, );

X, <, = (% +X,) — oTcyTCTBYeT OTKa3 Ha unTepBaie (f:h )}
i1
X,25,— Y x, — IpOM3OLIEN OTKa3 Ha uHTepBane (f_,f),
=
yKP yO _ lbo
At
U

BeposITHOCT OTKA3a Ha i -M MHTEPBAle BpeMEHH (f,_;,1,) OIpeIenseTcs BHIpaKeHHEM

rae s, =

S,—X s3—(x+x,

5 ) 5
qg(tont)= [ fdx [ fdx [ fdx.. [ f)ax (15)
- - - S

COOTBETCTBEHHO, BEPOSITHOCTh OE€30TKa3HON pabOTHl Ha WHTEPBAJIEC BPEMEHHU (O,ti) ompeensIeTCs
B BHJIE

i

P(O,ti)=1—ZQ(fj—nf.f )

J=1

UYucno i Ha uHTEpBaje Ar, Ha KOTOpbIe pa30MBaeTCs MPOLIECC NPU BBHIUYMCIECHHH BEPOATHOCTH
P(0,,), oueHnBaeTcs Npu BBHIOPAHHOM A¢ M 3a1aHHOM BPEMEHH t, OGynxkunonnposanus CTC xak

i=t . At. Kpurepuil cToXacTHUECKOro MoA00us MPOLECCOB U3HAIIMBAHHS UCCIEAYEMBIX CUCTEM IPHU UX

AlIpoKCUMaIl CTyInEeHYATbIM MPOLIECCOM C HE3aBUCHUMBIMU MPUPALIICHUAMU CKOPOCTU U3HOCA NPEACTaB-
JISIE€TCSA B BUIC

nziq(tﬂ,tj):idem.
=1

C nmomomwsto Beipakenuit (14), (15) xpurepuil momoOusi ycTaHaBIMBAET B3aMMOCBA3b (PHU3MUECKUX
[apaMeTpoOB M BEPOSTHOCTHBIX XapaKTEPHCTHUK IMpoliecca M3HALIMBAHUS UCCIIEAYeMOil cucTeMsbl (00BEKTa,
m3nenus). Ilockombky MHOrOMepHBIN HHTETpant (15) T0CTaTOYHO CIIOXKHO aHATUTHICCKH BBIYUCIISICTCS, TI0-
3TOMY SIBHYIO 3aBHCHMOCTb MEX/y MapaMeTpaMy U3HAIIUBAHU U TPEOOBAHUSAMH IO OTKAa30yCTONYUBOCTH
UCCIIelyeMbIX 00pa3ioB (crcTeM, 0OBEKTOB, H3IEIUH YCTPOMCTB) 1EIeco00pa3Ho ONMpeaessTh ¢ TOMOIIBI0
I[I9BM.

W3znoxeHHast TEOpUSI MOXKET MPUMEHSTHCS K JIIOOBIM CIOKHBIM TEXHHYECKUM CHCTEMaM, B TOM YHC-
ne 1 pobororexaudeckum [11, 12].
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HOBDBIE PEHIEHUA B IIPOBAEME MHOTI'MX TEA

N. 1. Zemtsova

NEW SOLUTIONS IN THE MANY - BODY PROBLEM

Aunnomayua. JlokazaHO  CyIIECTBOBaHUE  S-mapa-
METPUYECKOTO CEMeHCTBa TOYHBIX pelIeHui auddepeH-
OHATBHBIX yYpaBHCHWH NIBWXKEHHs B mpobimeme (n+1) —
TEJ B CIy4ae MPOM3BOJIFHOTO 3aKOHA MPUTSDKCHNUS, 3aBH-
CSIIIIETO OT B3aMMHBIX paccTOSTHUU. ['eoMeTpHUecKuii 00-
pa3 JAaHHOIO PEIICHUS MpPEACTABISIET MPAaBUIBHBIM MHO-
TOYTONBHUK C nieHTpoM F, . Tema F, B, ..., P, ¢ maccamn
My, M, =m, =...=m, =m,n =2, HAXOJAIUECS B BEPILIU-
HaX MHOTOYTOJIbHHKA, BPAIIAIOTCS MO KOHUYECKOMY Ce-
YEHUIO WIX JABUXKYTCS 110 PAJMyCy OT LEHTPa WIX K IIEHT-
Py B 3aBHCHUMOCTH OT HayaJbHBIX ycioBuid. Ilpu stom
pELIeHnH COXpaHseTcs Mo1o0ne HavaabHOW KOH(pHUrypa-
UM Tpu Jr000M f. PaccMOTpeHbl paauaibHble CUMMET-
pUYHBIE pENIeHUs] IPOCTPAHCTBEHHOH HBIOTOHOBOU
mpoOiemMbl MHOTHX Tel. Takue paananbHble pEeIIeHHS
CYIIECTBYIOT TIPH YCIOBHH, YTO HadaJIbHBIE CKOPOCTH
BCEX TeJl, HaXOMSAIINXCS B BEpPIIMHAX MPABHIBHBIX MHO-
TOTPaHHHUKOB, HAIpaBJICHbl BJIOJIb COOTBETCTBYIOLIETO
paJuyca-BEeKTOpa OT I'€OMETPUYECKOro LEHTpa (UTypshl
WU K 3TOMY LIEHTPY.

Knrwouegvie cnosa: nuHamuyeckue cucremsl, nuddepen-
LMajbHbIE YPaBHEHMS, CHMMETPUYHBIC PEIICHHMs, IIPO0-
JIleMa MHOTHX Tell.

Abstract. We prove the existence of a 5-parametric fami-
ly of exact solutions of differential equations of motion in
(n+1) — body problem in the case of an arbitrary law of
attraction that depends on mutual distances. The geomet-
ric image of this solution is a regular polygon with the
center F. Bodies F,B,...,P, with masses
my,m, =m, =...=m, =m,n =2, located at the vertices of
the polygon, rotate in a conical section or move in radius
from the center or to the center, depending on the initial
conditions. In this case, the solution remains similar to
the initial configuration for any ¢. Radial symmetric solu-
tions of the spatial Newton many body problem are con-
sidered. Such radial solutions exist provided that the ini-
tial velocities of all the bodies, located at the vertices of
regular polyhedra, are directed along the corresponding
radius vector from the geometric center of the figure or to
this center.

Keywords: dynamical systems, differential equations,
symmetric solutions, the many-body problem.

DyHIaMEHTANBHOU U, K COKAICHHIO, 10 KOHIA HE PEIIEHHON MPOOJIeMON ISl HAYKH SBISIETCS POO-
JieMa YCTOWYMBOCTH, O€30MACHOCTH, )KUBYUECTH CIOMXKHBIX TUHAMHUYECKUX CHCTEM, K KOTOPBIM, OE3yCIIOB-
HO, OTHOCSITCS ¥ TAMHUJIBTOHOBBI CHCTEMBbI, OMUCHIBAIOIINE 3312491 KOCMUYECKOH JMHAMUKH.

I'eomerpudeckuii oOpa3 qr000T0 pEIIeHS TMHAMHISCKONW CHCTEMBI TIPEACTABIISIET COO0H HEKOTOPYIO

koH(purypammro. OcoObIii HHTEpEC BCETNIa BHI3BIBAIA PEMICHUS, 00JIaTaloNIie CBOWCTBAMH CHMMETPHH U
noxodus [1, 2], a cpenu HUX — roMorpaduueckue pemeHus. [1o onpeneneHuio Yuntuepa [3], pemieHue 3a-
Jlauul 1 TEJ Ha3bIBaeTCs TOMOrpaguyecKuM, eciu KoHpUrypauus, oOpa3oBaHHAs 3TUMH TellaMH, OJ00Ha
cebe camoit i Beex ¢ > 0.

B pabotax [4, 5] moka3aHo, 4TO B IUNIOCKOW HBIOTOHOBOM mpodsieme (n+1) —ten K, F,...,P, ¢ macca-
MU My, ny =m, =...=m, =m,n =2, o0pa3yloluX B HayaJIbHbIi MOMEHT IpPABUIbHBIH MHOTOYTOJIbHHK
c ueHtpoM F,, cymecTByeT 4-mapaMeTpH4ecKoe ceMeiiCTBO TOYHBIX PELICHH, FTeOMETPUYECKU H300paxa-

C€MBIX BpallalomUMCSa BOKPYT LCHTpPaA ])0 MHOTOYTOJIbBHUKOM, KaxXJad M3 BCPUIMH KOTOPOIr'0 ABUIKCTCH

10 KOHUYECKOMY CEUCHHIO.

[IpencraBneHHble UCcCaeI0BAaHUS ABISIOTCS 0000IIEHHEM YKa3aHHBIX pe3ybTaToB. JlokazaHo cyIe-
CTBOBaHHUE S5-TApaMETPUUECKOT0 CEMEICTBA TOYHBIX pelieHUu MU epeHIIMAIBHBIX YPABHCHUHN JBUKCHUS
B npobsieme (n+1) — Ten B cily4yae MPOU3BOJIBHOTIO 3aKOHA MPUTSKCHHUS, 3aBUCSIIETO OT B3aMMHBIX PaccTo-

© 3emuosa H. 11,2020
I
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SHUIA, T.€. B3aMMHO NPUTATHBAOIIMX APYT Apyra 1o 3akony F, ~ A *" rne F, — cuna B3aumHOro npu-

Tsokenus ten B u P, A, — uX B3aMMHOE pacCTOSIHKE, 0L — IPOU3BOJIbHBIIA YMCIIOBOM MapaMeTp, XapakTe-

pI/ISyIO].LII/Iﬁ TpaBUTALIMOHHOC MOTCHUUAJIBHOC II0JIC. PaCCMOTpCHI:I TAKXXC CUMMCTPUYHBIC PCHICHUA IIPO-
CTpaHCTBeHHOﬁ 3aga4yd MHOT'MX TCJI.

Juddepennyansuble ypaBHeHUS ABWOKeHUS Ten F,..., P, NIMEIOIMX OHYy U Ty K€ MaccCy 71, OTHO-
CHUTENIBHO Tesa [, HaXoasmerocst B Hayajle KOOpAMHAT, B MOISAPHBIX KOOPAUHATAX, KaK U U1 HbIOTOHOBOM

POo0OJIEMBbI, UMEIOT BHI [6]

Sou(m, +m)

. . U cos(A.—A,)— cos(A. —A
Py _pk}\'i +T:fo‘m2|:pj ( Aoﬁl k) Pe (p;ﬂ k):|’
k s=l1, s

s#k (1)
Jsin(ks -\,

pk7\' +2pk7\' famZL oz " an
AV O
rj1e f — mocTosiHAas TAToTeHus, A; =p’ +p; —2p p, cos(A, —A,), k=1,n,s#k.
OO6mmit mopsaok cucteMsl ypaBHeHui (1) paBen 4n.
CrpaBeiBa Cleyromias Teopema.
Teopema. Pewenue cucmemol (1), onpedensiemoe HAYanbHbLMU YCIOBUIMU

PO =a, 5,04, KO- 4 0=0, k=in @)

0OHOBPEMEHHO ABNAeMCs peuleHueM 0 0OUHAKOBLIX CUCHeM 4-20 NOpAOKa 8Uda

5 pxz _ _Anp—(om),
. 3)
PA+2pA =0,
C HAYAJIbHbIMU YCTOBUAMU
p(0)=a,, p(0)=b,, A(0)=0, A(0)=aw,. &)

31ece

pt)=p,(H)=...=p, (1), Mt)=A(),

4, = fo{mo +m 2-<“*1>Zn:(sin s mjﬂ, )

5=2 n

a a,>0, by, W, —npoussonvbnvle napamempui.

HoxkazatenbcTBo. Kak u B pabote [2], BBeIeM HOBBIE IEPEMEHHBIE U, V, !
u,=p,—p, v,=A—-A, k=2,..,n (6)

B HOBBIX mepemeHHBIX cucteMa (1) nmeeT BUI

. Xzz_foc(m0+m)+ (p+u)cosv, —p  cosv, ’
p p poc+1 famz A:Tz (p+us)oc+1

(7)

s 5 (p+u,) .
A+2ph = SC— :
p p f(XWZZ|: A;;xs+2 (p+us)oc+1i|81nvs

5=2
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iik—p(zka+v§)—uk(1+vk)2=—foc(mo+m){ ! - iﬂ}r
(p+u)™ p
a3 {(p +u)cos(v, —v) ~(p+1) _ cos(y, - v)} _ famz[(p +u)eosy, =p __cosv, }
i=l,izk Aki (p + ui) =2 Als (p + us)
pi, +u, (A+7,)+2pv, +2i, (A +v ):focmzn: pru, 1 sin(v, —v,) — (7)
k k k k k k P AZ+2 (p_i_ui)ou—l i k
i#k

S| ptu, 1 .
—fOLmZ{ Aoc+2 - ot Sy,
1s

s;i, (p+us)
Aif=(p+uk)2+(p+uj)2_2(p+uk)(p+ui)cos(vi_vk)a
A2 =p’+(p+u,)’ =2p(p+u)cosv, ki=ln, s=2n.

Cucrema (7) ©UMEET TOT K€ MOPSAOK 47 U COCTOUT U3 JABYX IOJICUCTEM: TIOJICHCTEMBI 4-TO TOPSIKA
(7') u3 mepBBIX IBYX ypaBHEHHH U TofcucTeMbl (7”) mopsaaka 4n—4 ¢ HeM3BECTHBIMU DYHKIUAMH U, V, .
[MokaxkeM, 4to npu 060 gupdepenimpyemoit pynximu p(¢) moacucrema (7”) UMEET YACTHOE PELIEHUE

u,(t)=...=u, (t)=u(t)=0,

— 8
vk(t):m, k=2,..n. ®)
n
Jli1st 3T0ro OyIeM MCKaTh YaCTHOE PEILICHUE B BUJIE
2n(k -1
u,()=..=u,(t)=u(®)=0, v, (?) :¥
C HaYaJIbHBIMHU yCIOBUSIMU
2n(k —1)

u(0)=1(0)=7,(0)=3(0)=0, v,(0)=

Bmecto noacuctemsl (7”) OMy4uM CIeAyIOMyIo cucTeMy audepeHInanbHbIX YPaBHEHUH TOPsIKa
4n—4:

i —ul* =—foum +m)[ ——}+focm L - 1 -
0 (p+u)(x+1 poc+1 %’: Az;rz (p +u)oz+1
a (p+u)cos@—(p+u) coszn(%_l)
— a — ,
/ MZZZ AL (p+u)™

©)

“X+2’?'7v=fOWX P - 1 1Sin2n(1_k)—focmzn: P~ l lsinzn(s_l),
AZ; (p-i-l,[)wr n o A?;r (p+u)a+ n

i=l,
i#k

Ay =2(p+u)

sin

, 1#k, k,s=2,...,n.

“(’_k)‘, A, =2sin®=D

n n

JleBbie gacTu cuctemsl (9) He 3aBUCAT OT MHIAEKCA k, TOATOMY HEOOXOAMMO JT0Ka3aTh, YTO IS KaXK-
Joro k=2, ..., n MOJCUCTEMA U3 JIBYX YPaBHCHHI CUCTEMEI (9) uMeeT perieHue

u()=0, v,(t)=2"*=D
n
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DTO yTBEPKICHUE PABHOCHIBHO BBIMOJIHEHHUIO IS JIIOO0TO k = 2,...,71 CIIEYIOIIUX TOXKIECTB:
—a —o

. T(s—1)
sin—— —
n

_ 5. mi—k u 2n(i—k _ z
) (oc+l)z sin ( ) —Zcos ( )+2 (a+1)z
i=1 n i=l, n oy
i#k izk

icos—mc(i_ D =0, (10)

§s=2

|—(oc+2)

3 isin 2n(i-k)

| i=l, n

o) ZSin 2= k) ‘sin =k
5 n n

i:tlg i#k
—(o+1)
4 -D( . -1 2 -1
—p (e ZCOS (s —1) (sm s —1) ) + Z:smM =0.
5=2 n n 5=2 n

CripaBeIIIMBOCTE 3TUX TOXKIECTB MPOBEPSAETCS] HEITOCPEACTBEHHO.
Takum o0pa3zom, moka3aHO, uyTO cHcTeMa ypaBHeHus (9) umeer uvactHoe pemienue u(t)=0,

2n(k —1)
v, (t)= — [t HaxoXKIEHHUS YaCTHOT'O peleHus Beeil cuctemsl (7) Heo0X0IMMO IPOUHTETPUPOBATh
' 2n(s—1) o
noxcucremy (7') mocie nmoacraHoBku B Hee #,0, V. =————= ¢ y4eTOM HayaJbHBIX YCIOBHH (2).
n

IMocre BBITIONHEHMS TOCTATOYHO MPOCTHIX Mpeodpa3oBaHuii moacuctema (7') MpUHUMAET BHJ| CHCTE-
MHI (3) B ee HHTETpUpPOBaHUE BBHITTOTHAETCS B KBaipaTypax. Bropoe ypaBHeHHE CHCTEMBI (3) UMEET IepBHIi
HUHTETpaI

21 2
ph=d =alw,. (11)
I/ICHOHL3yfI 9TO COOTHOIICHUEC, NNCPBOC YPABHCHUEC CUCTCMbI (3) MOJKHO 3aIliuCaThb B BUJAC PaBCHCTBA
o 12 3 —(a+1)
p - dO p - Anp .

Hanee OyaeM UMETb

o[ pdp =t+C, (12)
\/2hocp2 +24p" " —d o

rae 2h=b; +a; o, —24,0."'a,”, C— npoM3BOIBHAS OCTOSHHAS.
U3 Boipaxenns (11) B IPUHIMIIE MOXKHO HATH 3aBHCHMOCTB MOJIAPHOTO yriia A Kak QyHKIWH £:

NOETA %. (13)

3aBHCHUMOCTD A = A(p) BBIPAKAETCS HHTETPAIOM, SIBIISIFOIIIUMCS YPAaBHEHHEM «OPOUTHD:
dp
p\/2hocp2 +24p7" —d;o

Mp)=*+dNa| (14)
Takum o6pazom, cootHomeHus (12), (13) maroT moHOE pelieHue 3aaa4umn.
U3 coornourenust (11) BugHO, uto A #const, T.e. MHOroyroisuuk F,B,...,P., ocraBasice B 11000i
MOMEHT IPaBUJIbHBIM, HO MIEPEMEHHBIX Pa3MEpPOB, BPAIIACTCs C MEPEMEHHOM yIJIO0BOM CKOPOCTHIO BOKPYT
T€OMETPHYECKOro eHTpa £, mpuueM yrioBas CKOPOCTb €T0 BPAIIEHUs B JII000H MOMEHT ¢ OIpeenseTcs

naTerpaigom (13). C yBennmueHHEM pa3MepoB MHOTOYTOIBLHUKA €T0 YTII0Basi CKOPOCTh BPAIICHHs YMEHbIIIA-
eTcs, 1 Ha00OPOT.

PaccmoTpum pasnuuHble BapUaHThI PELICHHIA 3TOW 3aa4u.

1. KpyroBele pemeHus II0CKOH HbIOTOHOBOM MPOOIIEMBI.

A . . . T
Ecn b, =0 n o, =+ |~ , Toraa NpaBWIBHBIN 7-YTONBHUK CO CTOPOHOH 2a, Sin—, 0CTaBasCh WH-
a, n

BapUaHTHBIM B pa3Mepax, Oy/eT BpallaTbCsi BOKPYT IEHTpa [, ¢ IMOCTOSHHOW YIJIOBOH CKOPOCTBIO (),
[4,7,8].
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2. PagnansHble penieHns MI0CKOH HBIOTOHOBOHM TPOOIEMBI.
Ecnn nawaneHas ckopocts ®, = 0, T.e. B HAYaIbHbIH MOMEHT HauajlbHble ckopoctH e F, P, ..., P,

HAIPAaBJICHBI KOJUIMHEAPHO COOTBETCTBYOIIEMY HAYaIbHOMY PanyCy-BeKTOpY, To Beanunna d, =0 n
M) =0. (15)

OTO0 03HAYaeT, YTO MHOTOYTOJILHUK OyzneT cebe MoJoOHO YBEIWYMBATHCS MM YMEHBIIATHCA B Pas-
Mepax B COOTBETCTBUH ¢ mHTerpaiom (12), Ho OyzmeT oTCyTCTBOBaTh BCAKOE BpaieHue. B aTom ciyuae,

HanpuMep nmpu 7 =4n,, BOSMO)XKHO CUMMETPUYHOE pPelIeHHEe, B KOTOPOM HEKOTOpBIE Tela JBIKYTCS CHa-

Jajia K IIeHTpYy, a Apyrue — ot ueHrpa. [Ipu n, =3 pemenue nzodpaxeHo Ha puc. 1.

Puc. 1. CummeTpuyHOE pelenue i n, =3

9T0 pelieHuC NpeaACTaBIIsICT coboii «BBIITYKJIO-BOTHYTOC» IIPOCTPAHCTBO. I[J'ISI TOYCK, HMMCIOIIHUX
Ha4YaJIbHYIO CKOPOCTb blO , CJICAYCT B HpI/I6J'II/I)KCHHOM AJId 3TOro ciiydad COOTHOHICHUN (3) B3ATHb 3HAK MU-

HYC, a JUISl TOYEK C Ha4aJIbHOH CKOPOCTBIO b, — 3HAK ILIIOC.

Ota KOHpUrypalus HHTEPECHa TeM, YTO OHAa HE OYJET MPEACTaBISITh COOOM IS BCEX ¢ BBIMYKIIbINA
MIPAaBIIIGHBIA MHOTOYTOJIBHHK.

3. CuMMeTpUYHBIE PEIICHUS TPOCTPAHCTBECHHOMN MPOOIEMBI MHOTHX TEJI.

W3BecTHO, YTO B TPEXMEPHOM MPOCTPAHCTBE CYMIECTBYET JIUIIb IIATH NPAaBUILHBIX MHOTOTPAaHHHUKOB,
Tak Ha3biBaeMbIx Tei [lnarona [9]. Do Terpasap (uucio BepimH — 4), Ky (4UCio BEpIIUH — ), OKTadIp
(amcmo BeptuH — 6), nkocadap (wwcno BepmuH — 20), qoaeka’ap (Iuciio BepmuH — 12).

BeneactBre 3T0ro MOKHO yTBEPIKIATh, YTO PaJUaIbHBIE CHMMETPUYHBIC PEIICHUS TPOCTPAHCTBEH-
HOHM HBIOTOHOBOW MPOOJIEMBI MHOTHX TEJ MOTYT CYIIIECTBOBATh, IT0 MEHBINEH Mepe, it n = 4, 6, 8, 12, 20,
T.€. JUIsl IpoOJIeM ISITH, CEMH, JIEBATH, TPUHAILATH U JABAJIATH OJHOTO TENa, B3aMMHO NMPUTATHBAIOIINX
JIPYT IpyTa B COOTBETCTBUHM C 3aKOHOM TIpUTsDKeHus P, ~ A .

Takue paauaIbHBIC pCIICHUSA CYHICCTBYIOT IIPU YCJIOBHUU, YTO HAYAJIIBHBIC CKOPOCTU BCCX TCJI, HAXO-
OAIUXC B BEPUIMHAX IMEPEUYNCIICHHBIX MHOTOIPaHHMUKOB, HaIlpaBJICHBI BAOJb COOTBETCTBYIOIIETO paany-

ca-BeKTOpa OT T€OMETPUIECKOro IEeHTpa (GUTyphI (Hadasia KoopauHat — £ ) wim kK atomy nentpy [10-12].
Juddepennmanbroe ypaBHEHHE IBUKEHUS KaXKAOTO U3 1-TeJl BOJIb Painyca-BeKTOpa UMEET BU

d—25+ SfIm, +;4(m,n) —0
dt r

rae mapamerpudeckas QyHKIus A(m,n) I KaKI0T0 MHOTOTpaHHUKA pa3inudHa. Hampumep, 1 ky6a

: (16)
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(33 +3v6 +y/2)m

A(m,8) = 17
(m,8) W) (17)
Ypasuenue (16) HEOOXOAMMO PENMIATH ¢ YIETOM HavaIbHBIX yCIIOBUIH
r(0)=a,, 7(0)=b,. (18)

Ecnu b, >0, To cOOTBeTCTBYOLINIT MHOTOIPaHHUK OyIeT mo00HO0 cebe paciupsaThes (110 KpaitHen

MEpPC Ha HAa4YaJIbHOM OTPE3KE BPEMCHH, a4 IPpHU AOCTATOYHO OOJIBIINX 3HAYECHUSIX bO 6YZ[CT IOCTOSAHHO pac-

wupsateest. Ecmm ke b, <0, MHOrorpansuk Oyzmer mogo6HO cebe yMEHbIIAThesl B pa3Mepax [0 MOJHOTO

.
BBIPOXKJICHHS B TOUKY, a P HEKOTOPOM ¢ >0 HAcCTYIUT OJHOBpEMEHHOE COyAapeHHe BCeX TOYEK B Haya-

ne koopauHat F).

11.

12.

20

Paboma svinonnena npu wacmuunou punancosoi nooodepicke PODU (epanm Ne 18-29-03061-mk).
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INPOLECCHBIE ACIIEKTBI IIOBBIINIEHU S KAYECTBA CO3AAHUA
NHTEAAEKTYAABHBIX MHTEI'PUPOBAHHBIX CUCTEM YIIPABAEHUA

S.V.Kozlov

PROCESS ASPECTS OF IMPROVING THE QUALITY OF CREATING INTELLIGENT

Annomayun. Axkmyanvnocmo u yenu. Co3gaHue U pa3Bu-
THE MHTETPUPOBAHHBIX CHCTEM YIPABICHUS HAIIPABICHO
Ha oOecrieYeHUe UX aJeKBaTHOTO pearupoBaHKs Ha yrpo-
3Bl M OMACHOCTH B cpepe mpumeHenus cucreM. Ilo mepe
Pa3BUTHS TEXHOJIOTHH, IPUMEHAEMbIX IIPU CO3JaHUU WH-
TETPUPOBAHHBIX CUCTEM, OJHOBPEMEHHO PACLIMPSIOTCS
TOPU30HTHI BHEITHUX M BHYTPEHHUX YTPO3 U ONACHOCTEH.
B 3101 cBsI3M peanm3anys CBOMCTB MHOTO(MYHKINOHAb-
HOCTHU CO3/1aBa€MbIX MHTEIPUPOBAHHBIX CUCTEM Ha OCHO-
Be OOBEIMHEHHs PAa3HOPOJHBIX (PYHKIMOHAIBHBIX CH-
CcTeM M O0ecTeueHus: X COBMECTHOW pabOThl B COCTaBE
CHCTEMBI YIPABJICHUS SBISIETCS aKTyaJIbHOM Hay4HO-
TeXHUYeCKoW 3ajmaveil. KauecTBeHHO HOBBIE BO3MOXHO-
CTM WHTETPUPOBAaHHBIM CHCTEMaM YIIPaBICHHUS [JacT
NIPUMEHEHNE B UX COCTaBe POOOTOTEXHHUUYECKHX CHCTEM.
WX co3maHue B cocTaBe CHUCTEMBbI YIpaBieHHs TpeOyer
ompeneieHnss o0Imed OpraHu3alMOHHONM M CHUCTEMOTEX-
HUYECKON OCHOBEI. l{enpro paboThI SBISIETCS YTOUYHEHHE
napajiurMbl CO3J[aHUSI MHTETPUPOBAHHBIX CHCTEM YIIPaB-
JICHUSA B 4acTH 0OOCHOBaHUS HEOOXOAUMOCTH KOMILIEKC-
HOTO IPUMEHEHHs (PYHKIMOHAIBHBIX M TPOIECCHBIX
METOJIOB COBPEMEHHOI0 MEHEIKMeHTa. Mamepuanvt u
Memoowl. PaccmarpuBaeTcsi HOBBIM 1oaxoJ K GopMupo-
BAaHMIO CKBO3HOTO IIpoliecca Ha OCHOBE B3aMMOYBSI3aH-
HOW COBOKYIIHOCTM OpTraHU3alMOHHBIX, OpPraHU3alllOH-
HO-pPECYPCHBIX U TEXHHUKO-TCXHOJIOTHMYCCKUX IMPOLCCCOB
B JKN3HCHHOM IIMKJIE MHTETPUPOBAHHBIX CHCTEM YIIPaB-
neHusi. BBomuTest Kateropus MOJHON TPYyMIIBI IPOIIECCOB
B LEJIAX COCPEAOTOUYECHUS M KOOPAMHAIMU JESITeTbHOCTH
BCeX CyOBEKTOB TOCYJapCTBEHHOTO 3aKa3a Mo pa3paboT-
K€ MHTETPUPOBAHHBIX CHCTEM Ha (DOPMHPOBAHHE pammo-
HAJIBHOW OpraHM3allud CKBO3HOIO MpoLEecca U Ha ITOU
OCHOBE Ha IOBBIIIEHHE Ka4eCTBAa CO3JAHUSI MHTEIPHPO-
BaHHBIX CHCTEM YyIpaBieHus. Bwuigoodwi. OmnpenencHne
MPOLIECCHOW OCHOBBI AJISI CO3/aHUS U PA3BUTUSL UHTETPU-
POBAHHBIX CUCTEM C IMPCACTABICHUCM MOJITHOM TpYyIIIbI
MIPOLIECCOB B MX LUKJIE M YHUBEPCATHHOW CXEMBI JIEKOM-
MO3MLMU LENEBbIX U MPOTUBOAEHCTBYIOIIUX MPOLECCOB
TMO3BOJIUT MPOBOAWUTL MOACIMPOBAHUC B3aHMO}1€ﬁCTBHH
Ha YpPOBHE 3JIEMEHTOB CKBO3HOTO IIPOILIECCA, BHIIBICHUE
YSI3BUMOCTEH Ha CTBIKE IPOLECCOB M 0OOCHOBAHUE IPEI-
JIO’KEHUU 110 UX YCTPAHEHUIO.

INTEGRATED MANAGEMENT SYSTEMS

Abstract. Background. The creation and development of
integrated management systems is aimed at ensuring their
adequate response to threats and dangers in the field of
systems application. With the development of technolo-
gies used in creating integrated systems, the horizons of
external and internal threats and dangers are simultane-
ously expanding. In this regard, the implementation of the
multifunctional properties of the integrated systems creat-
ed on the basis of combining heterogeneous functional
systems and ensuring their joint operation as part of the
management system is an urgent scientific and technical
task. The use of robotic systems in integrated control sys-
tems provides qualitatively new opportunities. Their crea-
tion as part of a management system requires defining a
common organizational and system-technical basis. The
purpose of this work is to clarify the paradigm of creating
integrated management systems in terms of justifying the
need for a comprehensive application of functional and
process methods of modern management. Materials and
methods. The article considers a new approach to the
formation of a cross-cutting process based on an inter-
connected set of organizational, organizational-resource
and technical-technological processes in the life cycle of
integrated management systems. The category of a com-
plete group of processes is introduced in order to focus
and coordinate the activities of all subjects of the state or-
der for the development of integrated systems for the
formation of a rational organization of the end-to-end
process and, on this basis, to improve the quality of creat-
ing integrated management systems. Conclusions. Defin-
ing the process basis for creating and developing integrat-
ed systems with the representation of a complete group of
processes in their lifecycle and a universal scheme for de-
composing target and counteracting processes will allow
modeling interaction at the level of elements of the end-
to-end process, identifying vulner abilities at the interface
of processes and justifying proposals for their elimina-
tion.

© Koszaos C. B, 2020
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Knrwouesvie cnoea: napagurma cosianus uHTerpupoBaH- | Keywords: paradigm for creating integrated management
HBIX CHCTEM YIpaBiieHHs, GYHKIMOHAIBHBIN U mpouecc- | systems, functional and process approaches, life cycle,
HBIA TOAXO[BI, JKU3HEHHBIH LMK, MoJHas rpymma | complete group of processes, universal scheme for pro-
MPOIECCOB, YHUBEPCANBHAS CXeMa JCKOMIIO3HMIMHU Tpo- | cesses decomposition.

[ECCOB.

O6mue noAoKeHHus

CoBpeMeHHBIE TEHACHIMH K PACIIUPEHHI0 (YHKIHOHATBHOCTH CHUCTEM YIPABICHUS Pa3MIHOTO
Ha3HAUCHHS CBSI3aHBI C HEOOXOIUMOCTBIO O0eCIieueHHsI UX MHBAPUAHTHOCTH K IIMPOKOMY MEPEYHIO YIPo3
1 ONacHOCTe! B c(hepe OTBETCTBEHHOCTH KOHKPETHON cUcTeMbl ynpasieHus. Co3gaHue MHTETpPUPOBAHHbBIX
cucreM ynpasienus (MICY) ¢ peanu3zanueil NpUHIMIIOB CETELIEHTPUYECKOr0 YIPABJIECHHUs IIPU UCIIOIb30Ba-
HUH IIUPOKOTO MEPEYHs Pa3HOPOAHBIX PECYPCOB, CPEACTB U TEXHOJOTHH MPHOOPETAET BHICOKYIO aKTyaslb-
HOCTb U IPAaKTUYECKYI0 BaXKHOCTH. [Ipy 3TOM mprMeHeHHe B COCTaBe WHTETPUPOBAHHBIX CHCTEM YIIpaBJie-
HUsI pOOOTOTEXHUYECKUX CHCTEM M KOMIUIEKCOB B BUJC COBOKYIMHOCTH YHPABISIONIMX U UCTIOJIHUTEIBHBIX
CHCTEM BBIBOJIUT TpoOsieMy moBbwieHus kadecTBa MICY Ha HOBBIN ypoBeHb. BHeapeHne poOOTOTEXHIUE-
CKUX CHCTEM U KOMIUIEKCOB B COCTaB HHTETPUPOBAHHBIX CUCTEM 1I€JI€CO00pa3HO MPOBOANUTE MO3TAIHO:

1) npuMeHeHHe UCIIOJIHUTEIBHBIX 3JIEMEHTOB POOOTOTEXHUYECKHX CHCTEM, BCTPaMBaeMbIX B (DYHK-
LIMOHaJIbHBIE cucTeMEbI B coctaBe MCY;

2) MpuUMEHEHHUE OTIAEIHHBIX POOOTOTEXHUIECKUX (PYHKITHOHAIBHBIX cucTeM B cocTare UCY;

3) npuMeHEeHHE aBTOHOMHBIX WHTEJUIEKTYAIbHBIX POOOTOTEXHUYECKUX (YHKLUHMOHAIBHBIX CHCTEM,
JeWCTBYIONINX Ha YIaJleHn! OT ueHTpa ynpasieHust UCY u KoOpaAuHUPYEMBIX B €€ COCTABE;

4) npuMeHEHHE CEeTEeBbIX MHTEIUIEKTYaIbHBIX pOOOTOTEXHUYECKUX CHCTEM B KadecTBe OCHOBBI ICY.

BaxHO OTMETHUTB, YTO IO MEpE POCTa CIONKHOCTU MHTEIPUPOBAHHBIX CHCTEM IOSBIIETCS HEO00XO-
OUMOCTh YTOYHEHHsI MOJXO00B BCEX CYOBEKTOB rOCYIapCTBEHHOrO 3aKasa (3aKa3uMKOB, pa3pabOTUYUKOB U
MOJIb30BaTeNel) K INTAHUPOBAHHUIO U OPTaHU3aLUH UX KU3HEHHOTO IIUKJIA.

TpamTuuuoHHBIA MOIXO0/T K CO3JJAHUIO CJIOXKHBIX CUCTEM Ha OCHOBE (DYHKIIMOHAILHON MHTErpalny pas-
HOPOJHBIX CHUCTEM, pa3pabaThIBAEMbIX HA OCHOBE IE€PCHEKTUBHBIX TEXHOJIOTHH MIECTOrO yKJIaJa MHPOBOH
9KOHOMUKH [1, 2], uMeeT 1enbi0 cOpMHUPOBATE CTPYKTYPY UHTETPHUPOBAHHON CHUCTeMBl. DYHKIIMOHAIb-
HBIH TOAXOJ pa3paboT4MKa, OTBEYasi Ha BOIPOC «YTO HAlIO cAearh?», BIOJIHE COOTBETCTBOBAJ NEPUOAY
CO3JIaHHsl Y3KOCTICIMATM3UPOBAHHBIX, MOHO(YHKIIMOHANBHBIX YIPABISIOMIAX CHCTEM M CUCTEM C MaJlod
CTETNICHBIO NHTETpAMK (PYHKITHI IpH CO3/IaHNH KOMITIEKCHBIX cHcTeM yrpaBienus tumna «Command, Con-
trol, ...» (C%, C*) B 70-80-e rr. XX B. [3]. B Takux cucreMax peanmsarus (yHKIHOHAILHOTO MPOLECCa
OCyIIECTBIsIach OOBIYHO B IIpejesiax He 0osee IBYyX-TPeX CTPYKTYPHBIX 3JIEMEHTOB.

B cBsi3u ¢ pacmmpenueM 3a1ad, MOBBIIIEHUEM WX CJI0KHOCTH M HAYyKOEMKOCTH OCHOBHOW TEHICHIIH-
€l B pa3BUTHM CUCTEM YIPABJICHHUSA CTAJIO YBEJINYEHHE UX (YHKLIHOHAIBHOCTH, 00YCIOBICHHOE HEO0X0-
OUMOCTBIO CBOEBPEMEHHOIO M KadeCTBEHHOI'O PEILEHHS ONEPAaTHBHO BO3HUKAIOIIMX 3a1ad B IIUPOKOM
CreKTpe mpobiieM ynpasieHus. Onepexaroliee pa3BUTHE yrpo3 B HHPOKOMMYHHUKALMOHHOH cdepe u pac-
LIMPEHHE TOPU3OHTOB MX MOSABJIICHUS MO Mepe Pa3BUTHS NPUMEHSAEMBIX TEXHOJOTHHA ONpeneseT Heo0Xo-
JMMOCTh pEIIeHHs] HOBBIX MPOOJIEM MO YCTPAaHEHUIO YS3BHUMOCTEH Ha CTHIKE (PYHKIMOHAJIBHBIX CHCTEM.
B aro0ii cBa3u B nocneanue 10—-15 net mosrydm1 mmpoxkoe pacupoCcTpaHEHUE U NIPAKTUYECKOE IPUMEHEHHE
MPOLIECCHBIN MOAX0[, peanu3alys KOTOPOro B OTIMYHE OT (YHKUMOHAIBHOI'O MOAXOJAA OCYILECTBISIETCS
MOJI IEBU30M «KaK HaJ0 CIENaTh?», 4TO MO3BOJIET HE TOJBKO MO-HOBOMY MOJOWTH K pelIeHHI0 MpolieM
o0ecTevyeHus CIIaXKCHHOTO B3aUMOJACHCTBHS (DYHKIMOHAIBLHBIX CHCTEM B COCTaBe MHTEIPHUPOBAHHON CHU-
CTEMBI, HO M, pPacCMaTpuBas yNpaBieHUE KaK HEIPEPHIBHBIN Mpolece, pa3BOpadynBaIOIINICS BO BPEMEHH,
(¢hopMHpOBaTh, MPOBOJUTH AHATU3 M ONTHMHU3ALMIO CKBO3HBIX IPOLECCOB Ha MPOTSDKEHUH KM3HEHHOTO
nuKia cucteMsl [4—6]. CoBpeMeHHbIE CHCTEMBI MEHEKMEHTa KadecTBa 0azupyrorcs Ha npuHiunax TQM.

AHanu3 u 00001IeHIe 0COOCHHOCTEH MPAKTHUYECKOr0 MPUMEHEHHUSI METO0B MPOIECCHOIO MOAX0/1a
B 00J1aCTH CO3JaHMS W PA3BUTHUS CHCTEM YIIPABJICHUS PA3IMYHOIO HA3HAUCHWS CBUAETENIBCTBYIOT O TOM,
YTO B HACTOSIIEE BPEMsI €ro MPUMEHEHNE ¢ HOPMAaTUBHO-METOMYECKON TOUYKH 3PEHUs PerJaMeHTHPOBAaHO
MPUMEHHUTENIFHO K OM3HEec-poueccaM B )KU3HEHHOM IHKIIE JIFOOBIX 0OBEKTOB pa3padOTKH U, B OCHOBHOM,
B MIPOM3BOJCTBEHHOH cdepe. OO 3TOM B HacTosIIee BpeMs CBUICTENBCTBYET U JICHCTBYIOIIAS CHCTEMa Me-
HeDKMEHTa KadecTBa Mpoayknuu. B pabortax [7, 8] moka3aHbl OCHOBHBIC HAMPAaBIICHUS IBOJIOIHH IPO-
LIECCHOTO MOX0Aa B 00JIaCTH CO3JIaHMS U Pa3BUTHA CUCTEM YNPaBJICHHS KaK BBICOKOTEXHOJIOTUYHBIX 00b-
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€KTOB pa3paboOTKH B paMKaX rOCyJapCTBEHHOIO 3aKa3a ¢ yU4eTOM HEOOXOAMMOCTH PEOIOICHUS OrpaHHye-
HUW CUCTEMHOTO TI0JIX0J1a, OTMEUCHHBIX B paboTe [9].

Yrounenune MmapapurMbl HCCACAOBaHH S HHTeI‘PHpOBaHHOfI CHCTEMBbI YIPaBACHHSL

PerpocniekTHBHBIN aHAIIM3 CUCTEM YIPABIEHUS Pa3IMYHOTO HAa3HAYEHUS TO3BOJISIET B UX Pa3BUTHU
YCJIOBHO BBIIEITUTH HECKOJIBKO CTAINM, KaK IMMOKa3aHo Ha puc. 1 u B Tabm. 1:

— B HayaJie 3T0 OBLIN y3KOCIEITHATN3NPOBAHHBIE CHCTEMBI, HAPABICHHBIC HA PEATU3AIUI0 HECKOIb-
KHX Pa300IICHHBIX (DYHKIUI B YCIOBUSX JOCTATOYHOW CTEIICHH ONMPEACICHHOCTH MPUMEHEHUS CHCTEMBI
yIpaBIICHHS,

— JlaJiee HAYaIoCh CO3JaHHe KOMIUIEKCHBIX CHCTEM, PEaTU3YIOIIHX Mpoliecchl MHQOpMaTU3alu op-
TaHOB YIPAaBJICHHUS W aBTOMATHU3AIUU JCATSILHOCTH UX JOJDKHOCTHBIX JIUI] (IT0 CYIIECTBY 3TO ObLIA IepBas
CTaus KJIACCHYECKOW WHTETPAIUU: HOBBIE 33/1a4ll — HOBasi CTPYKTYpa CUCTEMBI YIIPABIICHUS);

— WCXO/ll M3 TIOSBIICHWS] HOBBIX TEXHOJOTHH — IMPOW3BOIMIOCH HapamuBaHUe (pyHKINOHAIHHBIX
BO3MOKHOCTEM KOMIIJIEKCHBIX CHUCTEM yhpaBJICHUA Ha OCHOBC HCIIOJIB30BAHUA T'OTOBBIX K COBMECTHOMY
MPUMEHEHUIO HOBBIX ()YHKIIMOHAIBHBIX MOJICUCTEM (HAIpUMeEp, IMOJCUCTEM HABUTAIUU, OPUEHTHUPOBAHHUS,
OTI03HaBaHUSA U Ap.) Ha 0aze cucreMbl CASE-TeXHOI0THI;

— OCHOBHBIM COJIEp)KaHHEM pabOT Ha BTOPOHM CTaauu CTajla WMHTErpalus Ha YpPOBHE OH3HEC-
MIPOLIECCOB;

— YYUTBIBas OOIIYI0 TEHICHIIUIO TTOBBIICHHUS POJIH MPOIECCHOTO MOAXO0/a K CO3IaHUI0 BBICOKOTEX-
HOJIOTHYHBIX CHUCTEM yHPAaBIICHUS, HAa TIOCIEAYIOMECH CTaIluK MPOTHO3UPYETCS pacIupeHne 00JIacTH UHTE-
Tpalliy B HANIPABJICHUH YBEIHUYCHHUSI TIEPEYHS PACCMATPUBACMBIX MPOLIECCOB B )KU3HEHHOM IIMKJIC CUCTEMBI
YIpaBICHHUS.

Y3kocneunannanposaHHble
CUCTEMbI YNpaBneHns

—
KomMmnnekcHble CUCTEMBI
ynpasneHus (C2, C3, C3, ...)
—

WHTerpauusa nogcnuctem Ha ocHoBe
TexHonorum COTS
(Commercial Off-The-Shelf -
«rOTOBbIE K UCNOSTb30BaHUIO»)

~ =
WHTerpaumsa nogcmctem Ha
NPOLIECCHOM OCHOBE
(o6wme GusHec-npoLeccsl)

~ >
WHTerpauusa nogcmctem Ha
NnpoLeccHOn 0OCHOBE
(nonHasa rpynna npoueccoB)

Puc. 1. DBomronus 0T MOHOQYHKITHOHAIBHBIX CHCTEM
JI0 MHTErPUPOBAHHBIX MHOTO()YHKIIHOHAJIBHBIX CUCTEM YIIPABICHUS

Ha ocHoBe Takoro MpeACTaBJICHUA PCTPOCIIEKTHUBLI pa3BUTHUA CUCTEM YIIPABJICHUA KaK 00BLEKTOB HC-
CJIICOOBAaHUA U pa3pa60TI<H MOXXHO ITOKa3aTb 3BOJJIIOIIMIO 00BEKTa U npeamMeTa UuCCICA0BaHus 110 TaKoOU Te-
MAaTHKCE.
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Tabmuna 1

SBOJ'HO]_[I/DI 00BEKTa U npeamMeTa I/ICCJ'IG,Z[OBaHI/Iﬁ MO0 TCMATUKEC UHTCTPUPOBAHHBIX CUCTCM YIIPABJICHUA

Craauu MHTErpaIiu
3JIEMEHTOB CHCTEMBI

OCHOBHbIE MMPpU3HAKHU
CTaagun UHTETPpaAlIun

[Ipenmer uccnenoBanust

MeTop! ucciaen0BaHuS

(ma 1-# u 2-# cragum

COBOKYIIHOCTbH OPT'aHOB,

yIpaBIIeHUs
TuroBoit 00beKT Cucrema ynpasieHus Busnec-npoueccsl @OyHKINOHAIBHBIN
HCCIIEOBAaHHS KaK B3aUMOYBsI3aHHAS B )KN3HEHHOM IIHKJIE. MOJXO0J] K CO3/JaHUI0

HWHTCTPUPOBAHHBIX CUCTEM

HCCIIEN0BAHUS
(ma 3-# cragumn

CHCTeMa yIPaBIICHHUS KaK
MHOTO(YHKIMOHAIbHASI

MIPOIIECCOB B JKU3HEHHOM
LIMKJIE

MHTETPALUH 3JIEMEHTOB) LICHTPOB YIPaBICHUS CucreMoTexXHHKa yIpaBIICHUSI.
U CPEJICTB YIIPABICHHS CucreMHas HHXCHEPUsI
CoBpeMeHHBII 00BEKT HurerpupoBanHas [lonnas rpynna [IpoueccHslii

Y MIPOEKTHBIN MOIXOMBL.
CucremMHas HHKEHEPHS

MHTETPALUH 3JIEMEHTOB) CHCTEMa Ha yPOBHE
OpraHoOB, LIEHTPOB

U CPEJCTB YIPaBJICHUs

Tak, Hanpumep, Ha 1-i1 ¥ 2-ii cTagusax MHTErpalliy CUCTEMa YIPaBJeHUs KaK 00BEKT UCCIIEIOBAHNUS
MIPEJICTABIIAECTCS B BHUJAE B3aUMOYBSA3aHHOW COBOKYIIHOCTH OPraHOB, LIEHTPOB M CPEACTB YIIPABICHUS,
a MpeaMeT MCCIIeJOBaHUs COCTaBISIIOT OM3HEC-TIPOIIECCHl M CUCTEMOTEXHHUKA Ul X peanu3anuu. OCHOB-
HBIMU METOJJaMHU MCCIIEJOBaHUM SBISIIOTCS METObI (PYHKLIHMOHAIBHOTO ITOAX0Aa U CUCTEMHON MHKCHEPHU.

B HacTosimiee BpeMsi 00BEKTOM HCCIENOBAHUS JIOJDKHA CTaTh MHTEIPUPOBAHHAS CUCTEMa yIIpaBiie-
HUS KaK MHOTO()YHKIIMOHAIbHAs CHCTEMa Ha YPOBHE JIEMEHTOB CHCTEMBI YIIPABJIEHUS, PACCMaTPUBACMBbIX
Ha BTOpOil cragun. [Ipu 3TOM mpenMeT uccieaoBaHus JOHKEH pacCcMaTpUBaThCs MPAKTUYECKH TTOTHOCTHIO
Ha YpOBHE IIPOLIECCOB B KU3HEHHOM IIMKJIE CHCTEMBI YNPABICHUS, @ METOABI HCCIEN0BaHUS — HA OCHOBE
IIPOLIECCHOTO ¥ MPOEKTHOT'O MOAXO0I0B U CUCTEMHOM HHKXCHEPHUH.

Eme yeTBepTh Beka TOMy Hazaj Takas HHTETpaLUs OrPaHUYMBANACH TPEMS, MAKCUMYM YETBIPbMS BU-
naMu (QYHKIHOHAIBHBIX CUCTEM, a 00ecredeHre UX COBMECTHOTO (PYHKIMOHHUPOBAHMS JOCTHUTAIOCH 33 CUET
MIPUMEHEHUSI CHCTEMBI IPOTOKOJIOB M Pa3IMYHOTO pojaa IuIo30B. JlanbHeiilnee pacmmpeHue (yHKIHO-
HQJIBHOCTH MHTEIPHUPOBAHHBIX CUCTEM IIPUBOJIMIO K BO3PACTAHHUIO CIOKHOCTH OOECIIEUEHUSI COBMECTHMO-
CTH UX KOMIIOHEHTOB, a OJHOBPEMEHHOE Pa3BUTHE MPOTHUBOJCHCTBYIOIIMX (DaKTOPOB, MOPOM Olepexkaro-
1iee pa3BUTHE MHTEIPUPOBAHHBIX CHUCTEM, CTAHOBMIIOCH CEPBE3HBIM NPEISATCTBUEM Ha IMYTH MOBBILICHUS
3¢ GEeKTUBHOCTH YIPABIEHYECKOH AEATEIIbHOCTH OPIaHOB yIIPaBICHHUS.

NudpokommyHHKanMoHHas cdepa B HACTOSIIEe BpeMst SIBIISIETCS BEChbMa YSI3BUMOW B OTHOIICHUH CO-
BpPEMEHHBIX YI'PO3 U MPOTHO3UPYEMBIX omnacHocTel. [1o Mepe pa3BuTHsa TeXHONOTWi HaOIIOAAETCS MHTEH-
CHBHOE€ PaCIIUPEHHE TOPU30HTOB YIpo3, pocT 00BEMOB PA3HOPOIHOMN, @ YaCTO U MPOTHUBOPEUUBOI HHPOP-
MalliH O TeKyImuX yrpo3ax. CkiiaapIBaeTcs IPOTUBOPEUHBAS CUTYyallls, B KOTOPOU B YCIOBHSIX HapacTaHUS
BHEIIHUX YIpO3 JABUHOOOPAa3HO PAcTET CJIOKHOCTh OpraHu3anuu 1 obecrneyenus 3ppekTuBHON nesTenb-
HOCTH OpPraHOB YIPABIECHHS, YTO CTAHOBUTCS IPUYMHOMN MOSIBICHUS U BTOPUYHBIX YTPO3 BHYTPHCUCTEMHO-
ro mopsaKa.

Cy1iecTByoIye OrpaHHYeHNs CUCTEMHOTO Mojaxofa [9], cBA3aHHBIE ¢ HEAOCTAaTOYHOM OIpeJeNeH-
HOCTBIO IPEAMETHOH cdephl MPOBENEHHUs UCCIENOBAaHUN, C HEIPOTHBOPEUMBOCTHIO MCXOAHBIX AaHHBIX H
LIEJIOCTHOCTBIO PacCMaTpUBAEMOro 0OBEKTa MCCIIEIOBAHUI, MIPOSIBIAIOTCS B TOM, YTO CO3/1aBacMble H3[ie-
TSl HE B TIOJIHOHM Mepe OyIyT COOTBETCTBOBAThH YCIOBUSM HX MPUMEHEHHUS. YUUTHIBAs 0COOYIO BaXKHOCTD
yhnpaBlieHHS BO BceX cepax >KU3HH U ACATENBHOCTH JMYHOCTH, OOIIECTBa M TOCYNApCTBa U BBICOKYIO
CJIO)KHOCTh CO3[1aBa€MbIX COBPEMEHHBIX CHCTEM YIPABICHHS Pa3IMYHOIO HAa3HAYCHMs], TAKOE IOJOKEHHE
CTaHOBHTCS CICPKUBAIOIINM (PAKTOPOM IIPH CO3JIAaHUH MHOTO(QYHKIHOHABHBIX HHTETPUPOBAHHBIX CUCTEM
YIpaBIECHHUS.

KAaCCI/I(l)I/IKa].II/ISI NpoOLeCCOB B JKU3HEHHOM ITMKA€ HHTEI'PHPOBAaHHBIX CHCTEM YIIPABACHHA

AHanu3 ombITa pa3paboTKH W MPUMEHEHUS] CUCTEM YIIPaBIEHHUS PAa3IMYHOTO MaciiTtada ¥ TpUHAI-
JIE)KHOCTH TTO3BOJIAET BBIIEIUTH CUCTEMBI YIIPABICHUS U3 OOIIETO TepeYHs 0ObEKTOB, CO3JaBAEMBIX B paM-
KaxX roCyJJapCTBEHHOI'O 3aKasa, M MOKa3aTb 0COOEHHOCTH (JOPMHPOBAaHUS CKBO3HOTO IpoIecca B MX JKU3-
HeHHOM IukJie. Ha puc. 2 wumrocTpupoBaHa mporeccHasi OCHOBa MIPUMEHUTENFHO K CHCTEME YIIPaBICHHS
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[10—-12]. [Tonaras, 4To cucTeMa yNpaBJICHUS IO ONPEICIICHUIO NPEACTABIAET COOOH COBOKYITHOCTh Opra-
HOB, LIEHTPOB U CPEJACTB yNPABIEHUS, IOCTABUM UM B COOTBETCTBUE OPTraHU3ALIMOHHBIE, OPraHU3AIMOHHO-
PECYPCHBIE U TEXHHUKO-TEXHOJOTHYECKHE MPOIECChl, 00eCTIeunBalolie pealn3alliio [eJIeBOTo MpeIHa3Ha-
YEHUSI CHCTEMBI YTIPABIICHUSI.

BILIE! 1 YPOBHI OIIICAHIIA IPOIIECCOB
i 1 EpMHHO.TOTHS MPONECCHOT0 MOAX013
B THIIOBOII CHCTeMe YIIpaBIeHNs TepMuH010THH NDONECCHOTO NOX01A

TumoBas cucreMa B cOOTBETCTEHH C KOHIENTTHEH TIPONECCHOTO

VIIpaBIe s OpraHmzannoHHEE | OpraHI3aoHHO- TexHHKo- TOIX0/a, KAK OMHOH H3 KOHI[SIIHIT
eCYPCHETE TexHOMOLIecKme | | VIPABIEHEL, BCA IeSTETbHOCTD OPTaHHSAIHH
p PACcCMATPHEAETCHA KAk KOMILIEKC IIPOLeCCoB.

YrobBI ABIATH OPrAHKIAIHEH HATO
YOpPaBIaTh NpoOeccaMy B HelH

Ogg?[}e]:;m % | TIponecc — COBOKYTTHOCTh B3AHMOCEA3AHHBIX
yIpasl v M E33HMO/ISHCTEYIOIIX BHOOE J2ATeIbHOCTH,

]
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KOTOpBIE IIPE00PA3VIOT BX0JB! B BBIXOIBI

Tlentpsr Ileasb OPOmeccHOro MOIX0aa —

P! COBepIISHCTBOBAHE OPTAHH3AIAH Ha OCHOBE
YIpaBJIeHIIA ONTHMH3ALHE B3aHMOZeHCTEHA ee 31eMeHT0B
HAa TOPH30HTATRHOM VPOBHE B PAMKAX

MPOLIECCOR

i
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]
T
.
:
i
]
i
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]

Cpencrsa y ¥k IIpHAEDHOE! TPONEecCHOr0 MOAX0JA:
YIpaBIeHILT Al B3aHMOCES3H, BOCTPe0OBAHHOCTH,
IOKYMEeHTHPOBAEHS, KOHTPOMS B
OTBETCTEEHHOCTH 3a MIPOIIECC

OTpakaoT OTpakaot OTpararoT
CperncTBa B3AMMONCHCTEHES B3aHMOJEHCTEHE B3aHMOIeHCTEHe OcHOBHBEIE KaTeTOPHH NPONeccHOTo
ABTOMAaTH3aLILII OpTaHOE VIPABISHAT | OPIAHOE YIPABISHHT | cpe[CTB VIPABIEHH | | mMOJX0Ja:
yTIpaRTeRIA MEETY coooil be3 MesKIy coDoH ¢ MeKIY CODOH - BX0J Ipollecca
V4eTa cpeIcTE VUETOM CPEJICTE - BBIXOJ IpoLiecca
YOpaBIeHHsT YTIpaBIeHHT - pecypcH
- BIIaJIeler] Tporecca
TenexoMMyHI - MOTPeOHTEIH H HCITOMHHTIEIH IPpollecca
KaIlHOHHBIE YopaeaeHHe - OKA3aTeNH Ipolecca
CIICTEMET (HOPMATHEHAA NIPABOBAL,
HOPMATHEHO-MeTOIHIecKad 0asa,
TpebOBAHNA, KOHTPOMIE)
Bxoa B
BIXOT
(TIOCTAHOBKA 3371, HCXOTHBIE KOHIETITY ATHHBIE
i e e T i
C-TJEHBI-.OJ{I)%KJ;\%I}TW‘ TeXHOJOTHYECKHe PeIeHHA, IPOIVKIIH,
T HHOPMAITHS, TOKYMEHTHI, YCIVTH)

Pecypcel
(3HAHHA H HABBIKH NepCOHANA, TeXHOTOTHH
(obIIHe H HOYV-XAY) BEpeMeHHBIe, (PHHAHCOBEIE
H MaTepHAILHEIS DeCVDCEL, JHePTH,
00ODVIOBAHHE H I0.)

Puc. 2. OcHOBHBIE TIOJIOKEHUS IMMPOUECCHOI0 MoaAxoAa K CUCTEME YIIPABJICHUSA

TepMuHOIOTHS M KaTETOPUHU MPOIIECCHOTO TIOX0/1a, OCHOBHBIE HAIIPABIICHHs B3aMMOJEHUCTBUS yKa-
3aHHBIX BHJIOB TpoIlecca MpeICcTaBieHbl Ha puc. 2. HeoO0XoquMo OTMETHUTh, YTO OpPraHU3AlUOHHBIE TPO-
1ecchl, GOpMHPYEMbIE B COOTBETCTBHH C LIEISAMHU M 33JayaMH CHCTEMbI YIPaBJICHUS, OMPENESIOT Tpebo-
BaHUS K OPraHM3AIMOHHO-PECYPCHBIM W TEXHHUKO-TEXHOJOTHMYECKMM TIpoIieccaM, B CBOIO OdYepeb,
TEXHHUKO-TEXHOJIOTHIECKHE M OpPTaHH3aIllMOHHO-PECYypPCHBIE MPOIECCHl OMPEAEISIOT Pealln3yeMOCTh Opra-
HU3aIMOHHBIX IMPOIECCOB. B mpakThke MpoBeACHHUS HAYYHBIX HCCIICJOBAHUN 1O 0OOOCHOBAHHIO CHCTEMO-
TEXHHUYCCKUX U TCXHOJIOIMYECCKHUX peIHeHI/Iﬁ M0 CO3MaHNUIO0 MHTCTPHUPOBAHHBIX CUCTEM YIIPABJICHUA ITPOLIC-
Iypa ONTHUMH3AIMH B3aMMOJAEWUCTBUS TIPOIECCOB HOCHUT WTEPAlMOHHBIN XapakTep. YYacTHUKAMHU
MPOBEJICHUS TaKOW MPOLEAYPHl JOKHBI OBITh OCHOBHBIE CYOBEKTBHI TOCYAapCTBEHHOTO 3aKa3a 10 cO37a-
Huto UCY': 3aka3uuk, pa3pabOTIUK U OJIH30BATEIb.

C YU€TOM IMO3MIIUOHHUPOBAHUA IIPOLCCCOB IO OTHOMICHUIO K DJJIECMEHTaM CHCTEMBI YIIpPaBJICHUA
(cM. puc. 2) ux nepedeHs 1 odlee coepkaHue TPeACTaBIeHBI B Ta0. 2.

Ha Takoil e MeToan4ecKoi OCHOBE OIpEEJIeHUsI BUIOB IIPOILIECCOB, HANPABJICHHBIX Ha pealn3a-
nuio 1eneBoro npeanasHadeHus MCY, mpemmaraercs NMpencTaBUTh CTPYKTYPY HPOTHBOAEWCTBYIOIIETO
npoliecca Ha MPOTSDKEHUH €€ KU3HEHHOTO IIUKJIA, T.€.:

— OpraHM3alOHHBIE MPOIECCHI, OTPAXKAIOIIUE B3aMMOJICHCTBHE OPraHOB YNPaBICHUS MPOTHBOICH-
CTBYIOIIIEH CTOPOHBI MO TUIAHUPOBAHHUIO W OPTaHW3AIMd HETATHBHOTO BO3JEHCTBHS Ha IEJIEBOM Tporiecc
B sxn3HeHHOM mukine UCY;

— OpraHM3alOHHO-PECYPCHBIE TPOLECCH], OTPaKAIOUIME B3aMMOJEHCTBUE OPraHOB YIPaBIICHUS
MEXIy cO00H C MPUMEHEHUEM CPEICTB ypaBieHus (MHPOPMAIIMOHHBIX, KOTHUTUBHBIX U TEXHUYECKUX pe-
CypCOB) IUTSl pean3ali HETraTUBHOTO BO3EHCTBHS;

— TEXHUKO-TEXHOJIOTUYECKHE MPOIIECCHI, OTPAYKAIOIINE B3aMMOACHCTBIE CPEACTB YIPABICHHUS MEX-
Ity co00¥i pu pealin3aluy HETaTUBHOTO BO3ACHUCTBUS Ha CpelICTBa yipaBiieHus B coctase MCY.
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Tabmuua 2

Knaccugukanus npoueccos B ku3HeHHOM 1ukie UCY

OneMeHTHI
CHUCTEMBI Bunsl nponeccon [pu3Hak kmaccuUKAIUK TPOIECCOB
YOpaBJIeHHUS
Opranbt OpraHu3anuoHHbIE B3aumoneiicTBue OpraHoB yIpasieHUs, IOAPA3IEICHUHN,
YIpaBJICHUS (amMUHUCTpATHBHBIC JOJDKHOCTHBIX JIMI], CTIIEUAJIMCTOB MEX Ty co00ii Oe3 ydera
Wy OM3HEC-IPOIIECChI) MIPUMEHEHHS CPEICTB YIPABICHHS
HeHTpsl Opranu3aloHHO- B3aumoneiicTBue OpraHoB yIpaBieHUs MOAPA3IEICHHUI,
YIpaBICHUS TEXHUYECKHE MPOIECCHl | JOKHOCTHBIX JIMII, CIICIIHAIUCTOB MEXIy OO0 ¢ ydeToM
MIPUMEHEHHS CPEACTB YIPaBICHUS
Opranu3anroHHO- B3auMoneiicTBuE OpraHoB YIpaBleHUs OAPA3AEICHUIH,
nH(pOpMaLMOHHbIE JOJDKHOCTHBIX JIMI], CIIEUAICTOB MEXIy COOO0M C yueToM
TIPOIIECCHI MIPUMEHEHHS CPEICTB yIpaBlieHUs HHPOPMAITMOHHBIMHU PECypPCaMu
Opranu3anroHHO- B3aumMoneiicTBre opraHoB ynpaBieHHs MOApa3AeICHUH,
KOTHUTHBHBIC TIPOIIECCHl | TOJDKHOCTHBIX JIUII, CHICIIHAIICTOB MEXIy COOOH C yIeTOM
IPUMEHEHHUs CPEACTB YIIPABICHUS PecypcaMy 3HaHUIT
Cpencrsa TexHuko- BsanmopeiicTBre cpencTB yrpaBiIeHHst MEXKLy co00i 6e3 yuacTus
YIpaBICHUS TEXHOJIOTHYECKUE YeloBeKa-oreparopa
IPOLECCHI

Baxxaeim YCJIOBUEM IIpU O6OCHOBaHI/II/I HaHpaBJ’IeHI/Iﬁ IMOBBLIMICHUA KaueCTBa CO3JaHUA HHTCTPUPO-
BaHHBIX CHCTEM YIPABJIICHHUS SBISCTCS ONPEACICHUE TOJHON IPYIIBI IMPOIECCOB B UX KU3HCHHOM IIUKIIE.
Y4uuThIBas CTPYKTYPY ILIEIEBOrO MpoIecca, Pa3BEPHYTOr0 Ha MPOTSDKEHWU KMU3HEHHOTO ITUKIIA, TOHAS
rpyIIia MOXKeT OBITh TIpENCcTaBlicHa B cienyromieM Buae (puc. 3). I[Ipu 3ToM Ha MPOTHKEHUH KU3HEHHOTO
LUKJIAa PACCMATPUBAIOTCS 3JIEMEHTHI OCHOBHOTO M 00ECIICUMBAIOIIETO MPOIIECCOB.

OCHOBHBIE
TPOIECCH

o]
(=11

©CIICTIIBAIOIITIE
IIponeccel

(G‘?\'“

Puc. 3. IIpencrapneHue NOTHOM rPyNIbl MPOLECCOB B )KU3HEHHOM LIMKJIE HHTETPUPOBAHHON CUCTEMBI YIIPaBICHUSA

Fundamentals of reliability and quality issues

27



HAAEXHOCTD 1 KAYECTBO CAOXXHBIX CUCTEM Ne 4 (32),2020

Ha pannux cramusx sxkusHeHHoro nukia MCY poctmkeHue cOaTaHCHPOBAHHOTO IO LIEJISIM M 3a]a-
yaM TpeOyeMoro ypoBHsI CO37]aBaéMOM CHCTEMBI, JOCTYITHBIX TEXHOJOTHH, a TaKKe C YIEeTOM MaTepHallb-
HBIX, ((MHAHCOBBIX PECYPCOB M BPEMEHH, B paMKaxX (p)yHIaMEHTaIbHBIX, IIOMCKOBBIX M MPUKIIATHBIX HCCIIe-
JIOBaHUW MTPOBOAMTCS 0OOCHOBAaHWE PALMOHATIHLHOIO OOJMKA CHCTEMBI M OCHOBHBIX CHCTEMOTEXHHUYECKHUX
Y TEXHOJIOTHYECKUX PENICHHUH 10 €€ co3manuio [12—16], mpu HEOOXOAMMOCTH MOYKET TIPOBOTUTHLCS MOJIC-
JUPOBaHKE B3aMMOCHCTBUS AJIIEMEHTOB IEJIEBOT0 U MPOTHBOACHUCTBYIOMIETO MPOIECCOB C YUYETOM HX aT-
puOyTOB (TIpeoOpa3oBaHHe BXOJHBIX MMapaMEeTPOB B BBHIXOJIHBIE ITapaMeTpPhl MpoIecca Mo YIpaBIeHUEM
MpoLeypbl UCIOIB30BaHMUS PECYPCOB IS pealu3alu Ipolecca), ¢ MPUMEHEHHEM pa3paboTaHHOH
B pabore [10] UMUTALIMOHHOW MOZAENH, B XOJ€ KOTOPOTO OCYIIECTBIISIETCS BBIABICHHE YSI3BHMOCTEH Ha
CTBIKE MPOLIECCOB.

3akArouenune

Pa3BuTHE MHTErPUPOBAHHBIX CHCTEM YIIPABJICHUS LIENECO00Pa3HO MPOBOIUTH HA OCHOBE KOMILIEKC-
HOT'O MPHUMEHEHHUS] METOIOB (YHKIMOHAIBLHOTO M MPOLECCHOTO MOAXOAOB, UYTO 00ECIeYrBaeT BO3MOXK-
HOCTh OJJHOBPEMEHHOTO MPOEKTUPOBAHHS OPraHU3alUOHHON CTPYKTYPHI (PyHKIMOHAIBHBIX 00JacTei HH-
TErpUPOBAHHONW CHCTEMBI YIIPABJICHHS) M MOPSAKA B3aMMOAEUCTBUS JJIEMEHTOB CHUCTEMBI B paMKax 3TOH
CTPYKTYpBI, TIPEJCTABIAEMOTO B BUE MOJIHOM IpynIbl nmpoueccoB. Heo0XoauMo OTMETHTH, YTO MpOLecc-
HBIH TTOIXOJ, IO CYIIECTBY, MOJBOJMT K Mepexony Ha (hopMUPOBaHUE pecypcocOeperaromeil opraHu3aru-
OHHOM CTPYKTYPBHI.

Omnpenenenne MPOILECCHON OCHOBBI JUISI CO3/IaHUS M Pa3BUTHS WHTETPHPOBAHHBIX CHCTEM C Ipe.-
CTaBJICHUEM IOJHOW IPYIIBI IPOLECCOB B UX JKU3HEHHOM LMKIIE H YHUBEPCAIBHON CXEMBI JEKOMITO3ULINH
LEJIEBBIX U IMPOTUBOAECHCTBYIONINX MPOLECCOB MO3BOIUT MIPOBOAUTE MOJEIHPOBAHNE B3aHMOJCHCTBUS HA
YPOBHE MIEHTHUYHBIX U MEPEKPECTHBIX DIEMEHTOB CKBO3HOTO IIPOLIECCA, TPOBOJUTE BBISIBIICHUE YA3BHUMO-
CTel Ha CTBIKE MPOLIECCOB U 00OCHOBAHHUE NPEAJIOKEHUH 110 UX YCTPAHEHHUIO.

Paboma evinonnena npu wacmuunou gurnancogou noodepicke PODU (epanm Ne 18-29-03061-mx).
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B. A. OcrpeiikoBckuii, C. A. AbIceHKOBa, LE H. IJ.IqueHKo‘

O METOAE IITIPUMEHEHMUS OIIEPATOPA BHYTPEHHET O BPEMEHH
B 3AAAYAX OBOCHOBAHUMA AOATOBEYHOCTH

CAOXHBIX AMUHAMHWYECKHNX CUCTEM

V. A. Ostreykovsky, S. A. Lysenkova, ﬁ N. Shevchenko

ON THE APPROACH TO APPLYING THE INTERNAL TIME OPERATOR
IN THE PROBLEMS OF JUSTIFICATION OF THE LONGEVITY

Annomayus. AxkmyanpbHocms u yenu. Brioine BO3MOXKHO,
YTO OJJHOH W3 BaXKHBIX NMPUYMH OOJBLIOTO YHCIIA aBapuil
U KatacTpoQ SIBJISETCS HEMOJHBIA y4YeT NPU MPOEKTHPO-
BaHUM CTPYKTYPHO M (PyHKIMOHAIBHO CIIOKHBIX CHCTEM
(COCC) ycnoBuil BX KU3HU U B TOM YUCIIC HEJOCTATKA-
MH B pacderax JOJTOBEYHOCTH C YY4ETOM HEyCTOWYHBO-
CTH U HEOOpPaTUMOCTH IPOIECCOB, MPOTEKAIOIMNX B 000-
PYIOBaHHMM IWHAMHYECKHX cHCTeM. [Ipm 3TOoM ocoboro
BHUMAaHHs 3acIy’KHBAIOT BOMPOCHl OJHOBPEMEHHOIO
ydeTa CYIIECTBOBAHHUS DPa3HOOOPA3HBIX (aKTOPOB KOH-
CTPYKTHBHOTO U 3KCIUTYyaTallHOHHOTO XapakTepa B ycIo-
BUAX ACUMMCTPUM BPEMCHHM B MOAYyCax «IIPOHLIOC—
Hacrositee—Oyayuee». be3 3HaHUs BIUSHUS KOMIUIEKCA
(akTOpOB BHEUIHEH cpenbl M MX Pa3HOOOpa3usi HEBO3-
MOXKHO C TpeOyeMoi TOYHOCTBIO IpEJCKa3bIBaTh Oymy-
1ee MOBEICHHE CII0KHOM CHCTEMBI M TeM Oosee Oe3 3Ha-
HUsL €e TPOLUIOr0 W 3HAYeHWI HAYaIbHBIX YCIOBHM.
HeycroitunBocTs 1 HEOOPATUMOCTE TPOLIECCOB TIPUBOIAT
K pa3pyLICHUIO TPAaeKTOPUHU IOBEICHUS 000pYIOBaHMS
COCC wu, cnemoBaTelbHO, K BO3MOXXHOMY IIOSIBICHHUIO
MHOroo0pasus CTPyKTYPUPOBAHHBIX KOJJIEKTUBHBIX CO-
CTOSIHUI. A 3TO TPO3UT MOSBICHWEM OTKa30B, aBapuil u
KatacTpod OOOpYIOBaHHUS CIOXKHBIX KOMIUIEKCOB. Mc-
CJIC/IOBaHUsI HEyCTOWYHMBOCTEW M HEOOpaTUMBIX Ipoliec-
COB B CJIOXKHBIX CHCTEMax HpUBEIU K 00pa3oBaHUIO
CTPOMHOM TEOpUU HCIOJB30BAHUS TMOHITHS BTOPOTO
(BHYTpEHHETO) BpeMEHH, KaK Ha MHKPOCKOITHYECKOM, TaK
U Ha MakpockonudeckoM ypoBHsx onucanust COCC. Tak
KaK HM3-3a CIy4alHOTO MOBEICHHS TPAaeKTOPHUI 000pymo-
BaHMS TMHAMHYECKHX CHCTEM BHYTPCHHEE BpEMs CyIIe-
CTBEHHO OTJIMYACTCS OT ACTPOHOMHUYECKOTO BPEMEHH,
OHO SIBJIETCS OIEPATOPOM, COOTBETCTBYIOIINUM BEINYHU-
HaM B KBAHTOBOM MeXaHHMKe. 1 BCIencTBHE 3TOro OHO
MIPUBOJUT K TIIIyOOKMM H3MEHEHMSAM Ha (YHKIHOHAJb-
HOM YpPOBHE IMPOCTPAHCTBEHHO-BPEMEHHOIO KOHTHHYY-
Ma. CuibHO HeyCTOﬂ‘iMBble CUCTCMBI C 6OJ'II)LlII/IM YUCJIOM
BO3MOJXHBIX HeO6paTI/lMI)IX IMPOUECCOB ABJIAIOTCA HCTOY-
HUKOM KOTEPEHTHOCTH SIBJIEHHH TEXHOTeHHOH Oe3orac-
HoctH. Ecnm B paBHOBecHM WIIM BOJIM3U HETrO COCTOSTHHE
obopynosanust COCC no kpaiiHell Mepe B TedeHHE JO-
CTaTOYHO JOJITOTO MEPHO/a BPEMEHH MOIHOCTBIO OIpe-

OF COMPLEX DYNAMIC SYSTEMS

Abstract. Background. 1t is possible that one of the im-
portant reasons for a large number of accidents and disas-
ters is the incomplete consideration of their living condi-
tions when designing structurally and functionally
complex systems (SSSS), including shortcomings in the
calculation of durability, taking into account the instabil-
ity and irreversibility of processes in the equipment of
dynamic systems. At the same time, special attention is
paid to the issues of simultaneous consideration of the ex-
istence of various factors of a constructive and operation-
al nature in the conditions of time asymmetry in the past-
present-future modes. Without knowledge of the influ-
ence of a complex of environmental factors and their di-
versity, it is impossible to predict the future behavior of a
complex system with the required accuracy, and even
more so without knowledge of its past and the values of
the initial conditions. The instability and irreversibility of
the processes lead to the destruction of the trajectory of
behavior of the SPSS equipment and, consequently, to the
possible emergence of a variety of structured collective
states. And this threatens the appearance of failures, acci-
dents and catastrophes of equipment of complex com-
plexes. Investigations of instabilities and irreversible pro-
cesses in complex systems have led to the formation of a
coherent theory of using the concept of second (internal)
time, both at the microscopic and macroscopic levels of
the description of SPSS. Since, due to the random behav-
ior of the trajectories of the equipment of dynamic sys-
tems, the internal time differs significantly from astro-
nomical time, it is an operator corresponding to quantities
in quantum mechanics. And as a consequence of this, it
leads to profound changes at the functional level of the
space-time continuum. Strongly unstable systems with a
large number of possible irreversible processes are a
source of coherence of technological safety phenomena.
If, at or near equilibrium, the state of the SPSS equip-
ment, at least for a sufficiently long period of time, is
completely determined by boundary conditions, then far
from equilibrium, many dissipative structures. That is
why in the last three decades of the XX and the beginning
of the XXI century, the concepts of deterministic chaos
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HAAEXXKHOCTD 1 KAYECTBO CAOXHBIX CUCTEM

JIeNIAeTCsl KpPaeBbIMU YCIOBHSMH, TO BJAJIH OT PaBHOBE-
CHUsl BO3MOYKHO TOSIBIEHHE MHOXECTBA JIUCCUITATHBHBIX
CTPYKTYp. VIMEHHO M0O3TOMY B MOCIIEAHUE TPU JIECSATUIIE-
st XX u Havane XXI B. B kauecTBe 0000IIEHHOTO Ta-
pamerpa COCC ucnonb3yroTcsl NOHITUS AETEPMUHHUCTU-
YEeCKOro Xaoca M aTTpakTopa. B cuiry cka3aHHOTO LieNbIO
JTAHHOW CTaTbU SIBISIETCS] aHAJIM3 CTPYKTYPHI M COAEpKa-
HUSI KOHIIETIIIMY OIlepaTopa BHYTPEHHETO BPEMEHH B TEO-
PHH JOJNTOBEYHOCTH CIIOKHBIX IMHAMHYECKHX CHCTEM.
Mamepuaner u memoos:. KOHIIENTYaIbHOW OCHOBOM Me-
TOJOJIOTUH B CTAThe ABISIETCS] 3aKOH BO3pPACTaHUS SHTPO-
MMM 1 BOSHUKHOBEHUE Ha €ro 0a3e aCUMMETPHU BPEMEHHU
B MOJIycax «Ipoluioe—Hactosmee—Oyaymee». [Tpu atom
aHAJIM3MPYETCsl HOBOE IIOHATHE «BHYTPEHHEE BpEMs»,
XapakTepusyroniee HeoOpaTHMbIe TPOIECChl B HEYCTOM-
YHMBBIX AMHAMUYECKHX CHCTeMax. Takod MOAXOA I03BO-
JIWJI TIOJTyYUTh aHAJUTHYECKHE BBIPaKEHHUS MOKazaTelel
JIOJTOBEYHOCTH Ha 0a3e HOBOW CTPYKTYpBI MPOCTpPaH-
CTBa-BPEMEHHU: HEINPOTHBOPEUYMBHIC CPEIHNE 3HAYCHUS
«BO3pacta» cucteM. Pesyismamsei. ChopmynupoBana u
pacKpbITa KOHLENIUS NPUMEHEHUS! MOHITUS «BHYTpPEH-
HEe BPeMs)» B TEOPUU JONTOBEYHOCTH CTPYKTYPHO U
(DyHKIIMOHATIBHO CIIOXKHBIX CHCTEM, B TOM YHCIIE U CIIe-
LUAIBHOTO Ha3HAYCHHUS.

Knrouesvle cnosa: onepatopbl MUKPOCKOITMYECKOH 3H-
Tponuy, JIMyBH/UIA U BHYTPEHHErO BPEMEHH, JOJTOBEY-
HOCTb.

Ne 4 (32),2020

and attractor are used as a generalized parameter of the
SSSS. In view of the foregoing, the purpose of this article
is to analyze the structure and content of the concept of
the operator of internal time in the theory of the durability
of complex dynamic systems. Materials and methods.
The conceptual basis of the methodology in the article is
the law of increasing entropy and the emergence on its
basis of the asymmetry of time in the modes «past-
present-future.» At the same time, the new concept of
“internal time”, which characterizes irreversible processes
in unstable dynamic systems, is analyzed. This approach
made it possible to obtain analytical expressions of dura-
bility indicators based on the new space — time structure:
consistent average values of the ‘“age” of systems.
Results. The concept of the application of the concept
of “internal time” in the theory of the durability of struc-
turally and functionally complex systems, including for
special purposes, is formulated and disclosed.

Keywords: operators of microscopic entropy, Liouville
and internal time, durability.

Pusnko-MaTeMaTHIeCcKOe 000CHOBaHHEe KOHIENITHH OII€paTOpa BHYTPEHHEI0O BpEMEHH!

Tpebyercst HOHUMAaHUE TOTO, KaK yIaeTCsl BKIIOUUTh HEOOPAaTUMOCTh B IMHAMHYECKOE ONMCAaHNE CH-

CTEM.

Oyukuun JIsnynosa Buaa (1)—(3) capuraroT onepatop MUKPOCKOMYECKOH SHTpONTUK M, 3aBUCAIINN

OT JTMHaAMHUKHU CHUCTEMbI

Q= [p()Mp()dpdg =0 (M)

Q=1rp"Mp(t)20; )
dQ

— s 0, 3)

T/I€ p U ¢ — COOTBETCTBEHHO UMITYJIbCHI M KOOPAWHATHI; P — MJIOTHOCTH BEPOATHOCTH B ()a30BOM MPOCTpPaH-

CTBE TWIOTHOCTH P(P1, .., Ps> 1y - -5 s)-
Jlunentnsbiit oneparop JlnyBuiisa L

Jp
—=1p, 4
= =Lp (4)
L=—iaH 9 +iaH J , )
dp dg dg dp
p(t)=e"p(0), (6)

rac H — ramunipToHMAH.

Omneparop JInyBriis neiicTByeT Ha MaTpULy U, CIEI0BATEILHO, IPUHAIICKUT K YHCIY OIIEpaTOPOB.
Omneparop M Takxe ABIAETCS CyNepoIepaTopoM, TaK Kak TOXKe ACHCTBYET Ha MAaTPHUILy INIOTHOCTH p.
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q)YHAaMeHTaAbeIG OCHOBBI HPO6AQM HaACKHOCTH U Ka4eCTBa

Ho oneparop M nmpuHUIMIHANBEHO OTIMYAETCS OT omeparopa L W3-3a pa3iuuusi MEKAY YHCTHIMH H
CMEIIAaHHBIMHU cocTOoSHUIMU. Oneparop L, TecTByS Ha p, COOTBETCTBYET YHNCTOMY COCTOSTHUIO M OCTaBIIS-
€T CHCTEMY B YHCTOM COCTOSIHHH. A omepatop M He COXpaHSET pa3Indus MeKAy YHCTHIMU M CMEIIaHHBIMU
COCTOSIHUSIMU.

Kak pa3oOpaTtbca ¢ u3NUECKUM CMBICIOM COOTBETCTBYIOMIMX MOHATHH? [l storo: 1) cHauama
HEOOXOMMO YCTaHOBHTD CBSI3b MEKAY CyliecTBoBaHueM ¢yHkuuit JlssmyHosa Buna (1)—(3) u 6ompmManoB-
CKHUM IIO/IXOJIOM, a 3aTeM 2) pacCMOTPETh HEKOTOPbIE MPHIIOKEHUS C TIOMOIIBIO BKIIFOYCHHUSI HEPOTHBOPE-
YHUBBIM CIIOCOOOM HEOOPATUMOCTH B IMHAMHYECKOE OITMCAHHE CHCTEM.

BPeMS[ — 9TO HE IIapaMeTp HAH METKa, a oIlepaTop, TECHO CBSA3aHHBIN

C ONIepaTopPOM MHKPOCKONHMYECKOH SHTPONHMH B QYHKIMAMH ASITyHOBa

He BbI3bIBae€T COMHEHMI yTBEpXKAEHHE: IJIS1 YCTOMUUBBIX CHCTEM HEOOJIBIIOE M3MEHEHNUE TOUYHOCTH
HaydalbHBIX YCIOBUM HE MMEET CYILECTBEHHOI'O 3HaueHHus. B To ke BpeMsi HEyCTOHYMBas cHUCTEMa Jaxe
[IPY HE3HAYHUTEIILHOM M3MEHEHHWH HadalbHBIX YCIOBUH M (QIyKTyauui BHEIIHUX M BHYTPEHHHX (DPaKTOPOB
uMmeeT OOJbIINE 3HAYCHUS: TPACKTOPUH MOBEACHUS CUCTEM CTAHOBATCS WACAIM3ALMSIMH U3-32 U3MEHEHUS
CTPYKTYpHI (pazoBoro mpoctpancTBa. Hanomuum, uto npennoxenHast JI. bonsumanom (1844—-1906) kon-
Lennus HeoOpPaTUMOCTHU MOCTYIIUPYET: «HEOOPaTUMOCTh €CTh MPOSBICHHE B MAKPOCKOITMUYECKOM MacIlTa-
0¢ CTOXaCTHYHOCTH, CYITICCTBYIOIIEH B MUKPOCKOITMIECKOM MactiTadey [1].

Ecmu k 3ToMy emie 100aBUTh BIMSIHHE HEOOPAaTUMOCTH, TO OOJBIIMAHOBCKUHM IOAXOI K ONUCAHUIO
cucTeM (OImycKasi Bce IOAPOOHOCTH) CBOJUTCS K CIEeIyIOIEeMy: JUHAMHKa — MapKOBCKHH mporecc (Bepo-
SITHOCTH) — SHTPOIIHSL.

OOpatumcsl cHavana K ONHMCAaHHIO OIepaTopa MUKPOCKONMMYECKOW 3HTponuu M depes3 omepaTopa
JInyswins L.

Ilepexon OT METOIOB KJIACCUYECKOM MEXaHHUKH K OTIEPaTOPHOMY SI3BIKY O3HAUaET, YTO KJIacCHYecKas
MeXaHHKa [ePecTaeT 3aHUMAThCs N3yUYeHHEM TPAEKTOPUI M COCPE0TaunBAEeT BCE BHUMAHUE HAa UCCIENO-
BaHUM HBOJIOLMHU BO BpeMeHM (GYHKLUH pacipenencHus. 11 nanee 3a10iro 10 JOCTHXKEHUH B HUCCIIENOBaA-
HUU acuMMeTpuu Bpemenn Hobenesckoro maypeara . P. [Ipuroxuna [2—4] B Hayane XX B. A. M. Jlamy-
HOB (1906 T.) [5, 6] pemIoKuI Ui pelieHns 3a7ad HEPaBHOBECHOW TEPMOIMHAMUKHA BBECTH (DYHKITHH
HW3MEHYMBOCTH BPEMEHHOW CHMMETPHUH, MOJYYHBIIME Mo31Hee Ha3zBaHue «pyHkun JlamynoBa». B pabo-
Tax [2—4] ObUI0 JOKa3aHO, YTO C BEIMUMHONW MUKPOCKOITUYECKOW SHTPOIUN M CYyIIECTBYIOT AOTOJIHUTEIb-
HBIE CBOMCTBA, HE BKIIIOYaeMbIe B JUHAMHUYECKOe onucanue (QyHkiuoHana JIAmyHoBa, 3aBUCSIIETO OT KO-
opauHaT ¥ IMITYIIsCOB (1)—(3).

OpHako eciay pacCMOTPETh BENWYMHY M Kak ONepaTop MUKPOCKOIMYECKOH SHTPONHHU, HE KOMMYTH-
pyrowuii ¢ oneparopom JInyBuiIs, TO KOMMYTaTOp

—i(LM —ML)=D<0 (7)

3aJlaeT MPOU3BOACTBO MUKPOCKOIIMYECKOW 3HTpONUH. Takol MOaX0/1 MPUBOAUT K HOBOU (hopMe JOTIONIHU-
TEJBPHOCTH MEXAY JUHAMHYECKUM U TEPMOJMHAMUYECCKHM OIMUCAHHUSMU, TaK KaK OOIIMX COOCTBEHHBIX
¢byHkuuii y omepatopoB L u M He cymiectByeT. JpyruMu CIIOBaMH, MPHUXOJHUTCS pelIaTh TUIEMMY,
a UMeHHO: 1) mubo uccaenoBaTh COOCTBEHHBIC (DYHKIMH Oneparopa L Jjis onpeieicHus TUHAMUKA CUCTE-
MBI, 2) OO0 aHATM3UPOBAThL COOCTBeHHBIC (PYHKITNH omepaTopa M. 13 aToro ciemyerT, 4To, IO CYTH, HE00-
XOJUMBI JOTIOTHUTENFHBIE CBOWCTBA, HE BKIIIOUAaeMbIe B AMHAMUYeCcKOoe onrcanue. i 3Toro Heo0XoauMbl
CBOWCTBa JOMOJHUTEIFHOCTH TOTO WJIM WHOTO THIIA CTOXaCTHYHOCTH ABMXeHus. [losToMy Oblia mpemso-
KeHa Oollee «TOHKas» KiIacCU(UKAIUS CTPYKTYPHO U (DYHKIIMOHAIBHO CIIOXKHBIX CHCTEM Ha «BHYTpPEHHE
CIIy4aliHbIe» U «BHYTPEHHE HeoOpaTuMbie». BHyTpeHHE ciydaifHble CUCTEMBI JOJDKHBI 00J1a/1aTh BO3MOXK-
HOCTBIO OIHMCAHUS MOBBIIICHHOM CIIOKHOCTH, T.€., HAlPUMEP, JAOIYCKaTh OTOOpaXKeHHE Ha 1ienu Mapkosa.
BuyTpeHHe HEOOpaTHMBbIE CHCTEMBI JOJDKHBI UMETh OTOOpPa)KCHHE, KOTOPOE MPUBOJIUT K BHYTPCHHEMY
Pa3HYNI0 BPEMEHU MEXKIY «IIPOILIBIM» U «OYIyIIIIM

W, kak cnencreue, Uil ONUCAHUS JUHAMUKH CBSI3U MEKIy oneparopamu M u L BBOJUTCS HOBBIM THII
BpPEMEHH, OIlepaTop «BHYTPEHHETO» BpeMeHH 7.

B pabGorax [2, 4] Takke CTpOro aHaIUTUYECKH JIOKA3aHO, YTO HEOOXOJIMMBIMU M JIOCTATOUYHBIMH
YCIIOBUSIMHU JUTS TIepexofa OT oreparopa M K omnepaTopy BHYTPEHHETO BpeMeHHU 1 ABISIOTCS CIIEAYIOLIHE:
1) cymecTBoBaHue cooTHOIIEHUH TeopeMbl [lyankape — Mucpsl [2] u 2) Hammane K-motokos (A. H. Koin-
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MoropoBa, B. W. Apronsaa u FO. K. Mo3zepa [7-9]), oneparopy JluyBmiis L MOXKHO COIOCTAaBUTh TaKOU
COTPSDKEHHBIN oniepaTop 7, 4To UX KOMMYTaTop (8) paBeH KOHCTaHTE

~i[L,T)=—i(LT -TL) =1, (8)

rae 1 — eqmEWYHEIN onepaTop. Kiraccudukarys TMHaMAYECKUX CHCTEM OCHOBAHA Ha CIIEKTPALHBIX CBOM-
cTBax oreparopa JInyBwuIs, B KOTOPOM OInepaTropy L COOTBETCTBYET YUCIO A. ECliM U3 KaKUX-TO MPeario-
JIO’KEHUU U3BECTEH omepaTtop L, TO BO3MOXKHO OTHICKATh omeparop 7, KOTOPBIM B TOM K€ MPEACTABICHUU

ONPEIENAETCS TPOU3BOIHOMN I (8/ 87»). OTO O3Ha4aeT, 4TO CONPSKEHHBIN orepatop 7 COOTBETCTBYET

«BPEMEHU» B TOM CMBICJIE, YTO IIPEACTABICHUC
. d
L— la—, T— t, (9)
t

YAOBJIETBOPSIET KOMMYTAITHOHHOMY YpaBHEHHIO (8).
Beipaxxenue (8) mo3BoJIsieT MOIyYUTh COOTHOIICHHE ISl CPETHETO BHYTPEHHETro BpeMeHH. CpenHue

2 9
3HaYEHUS <T > u <T > OTIPEAETISIOTCS C TOMOIIBIO OMITHHEHHBIX (GOpPM

(T)=trp" (T*)=trp"Tp. (10)

U torga «oObluHOE» BpeMs Kak AMHAMHYECKHH MapaMeTp €CTb HOBOE COOTHOILIEHHE HEONpelesieH-
HOCTH ¢ oniepatopom JlnyBuis:

—(T)= %tr[(e’“p)r Te’iLtp] = itr[pTeiLt (LT - TL)e”'L’p] =trp’p = const. (11)

Ecnu HaifTu nmoaxoAsiyo HOpMUPOBKY KOHCTaHTe paBoil yactu (10), paBHO# enquHUIIE, TO
dt=dT, (12)

T.€. B 3TOM IIPOCTEHIIEeM cllyuyae BHyTpeHHee BpeMs 1 COBIa/laeT ¢ aCTPOHOMHUYECKHUM BpEeMEHeM . 37ech
HEOO0XOMMO TOTYEPKHYTh, YTO IPUHIUIIHAILHO BHYTPEHHEE BPEMsl COBEPIICHHO OTJIMYACTCS OT BpEMEHH,
HYMEpPYEeMOTO B KJIACCHYECKOW WIIM KBAaHTOBOW MEXaHWKE TPACKTOPHH WIJIM BOJHOBBIX (PYHKIHHU, 3TO Clie-
IIyeT W3 HOBOT'O COOTHOIIICHIS HEOIIPEAEIECHHOCTH ¢ oneparopoM JlmyBmmis (11).

COBHa,Z[eHI/Ie TCKYHICT0 BpEMCHHU tu CpEAHCTO BHYTPCHHCTO <T> BO3MOKHO TOJIBKO B TOM CJIy4dac,

Koraa COOCTBEHHBIE 3HAYCHHUS oreparopa T — To camoe BpEMs1, KOTOPOC CUUTHIBACTCA C LII/I(l)ep6J'IaTa 00BIY-
HBIX 4aCOB:

Tp(x,v,t) =tp(x,v,1), (13)

rJie X — Touka (ha30BOro MPOCTPaHCTBA X; v — (DYHKIUSA CKOPOCTH M3MEHEHUS X B X BO BpEMEHH 7.

Bo Bcex ocranpHBIX citydasix u3 BeipaxkeHuH (8)—(12) cienyroT BayKHbIE BBHIBOIBI:

1) MakpocKOmMYecKoe BpeMs ECTh CpelHEe OT OIepaTopa BHYTPEHHETO BPEMEHHU CHCTEMBL

2) «BO3pAcT» CHCTEMbI 3aBUCUT OT CAMOI'0 Paclpe/IeiCHHs CUCTEMBI B (Da30BOM IIPOCTPAHCTBE U HE
SIBJISIETCSI BHEIIIHUM MapaMeTPOM;

3) «BO3pacT» CHUCTEMBI SBIISETCS CPETHUM 3HAYEHHNEM OT «MHANBHUIYaTbHBIX)» BPEMEH aHCaMOJIs.

[Tocne caenaHHBIX BRIBOJOB MOKHO TIOWTH €IIIe JTajbIIle.

Ecmu Beipaxkenus (7) u (8) crpaBemiuBbl, TO BMECTO (8) MOKHO, KaK 3TO CIeNaHO B paboTax [2—4],
JUTSL TIepexojia K BEPOSTHOCTHOMY OIHMCAHWIO CHJIBHO HEYCTOMYMBEIX CHCTEM, MCIOJIH30BATh CIIEAYIOIIEE
COOTHOIIIEHUE MEXy YHUTAPHBIM onepaTopoM U, u oneparopom 7

U/'TU,=T-t-1, (14)
rae
Ty =ny,, (15)
X, — coOcTBeHHas QyHKIUS orepaTopa 7, COOTBETCTBYIOIIAS «BO3PACTY M.
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JIJis KOTMYECTBEHHOTO OMMCAHUS 3HAYCHHI MOKa3aTesei JOJTOBEYHOCTH TaKUX, KaK pPecypc, CpPOK
CHy)K6I)I N UX OCTAaTOYHBIC 3HAYCHMHA, B I[aHHBIﬁ MOMCHT BPEMCHH IMPUMCHCHUSA 110 HA3HAYCHUIO O6’I)€KTOB
CDOCC HEeoOXOAMMO TONYYUTh AaHAUTUTHYSCKHE 3aBUCHMOCTH TOKA3aTeIeH ITONTOBEYHOCTH OT (YHKITHH
pacrpenenieHusT COCTOSIHII 0O0BEKTOB p M 3HAYCHHWH omeparopa BHyTpeHHero BpemeHH 7. C 3TOU Mebio
PaccMOTPHUM TIOIHYIO CUCTEMY COOCTBEHHBIX (yHKIMH oniepaTopa T Beipaxenus (15).

W3BecTHO, uTO NM00ast (DYHKIMS pACIPEICIICHUSI COCTOSIHHI CUCTEMBI P MOXET MMETh Pa3jiOkKCHUE

0 COOCTBEHHBIM (PYHKIHAM {I,YH}

p=l+icnYn. (16)

n=—oco

AHAJOTUYHBIM 00pa30M MOKHO HMOIYYHUTh U HOJHYIO CHCTEMY COOCTBEHHBIX (YHKIM orepaTtopa 7’
110 BCEM BO3MOXKHBIM KOHEUHBIM IIPOM3BEACHMSIM (QyHKIMi ), . Ecnm m3BecTHa TOYHAS JTOKaIU3anus CH-
CTEeMBI, TO PYHKIUS p UMEET BUJ O-PYHKIINH:

P =3, (1,9)=8(x—1)8(r— 1) =1+ 3 ¥, (30,30 )Y, (1,9, (17)

n=—co

IZIe X ¥ OCU KOOPAMHAT.
Toraa MOKHO yTBEpPKIaTh:
1) B BeIpaxkenue (17) BXOAAT BCe «BO3PACTBI» CUCTEMBI C pABHBIMU BECaMy;
2) cyuiecTBYeT HOBas JOMOJHUTEIHFHOCTh MEXK/Y OIMCAHUEM CHUCTEMBI Ha SI3BIKE TOUYEK B (pasoBoM
IIPOCTPAHCTBE U «Pa30UEHUI», KOTOPBIE COOTBETCTBYIOT PA3IMUHBIM BHYTPEHHUM «BO3pPacTaM» CHUCTEMBI;
3) BHYTpEHHHI BO3pacT CBUAETEILCTBYET O HOBOM HEJIOKAJILHOM OIMCAaHUH CHUCTEM.
[IpunsB eme nBa npennoioxeHus: 1) ecnu GyHKLIUS pacnpeieieHusl p UMEET HyJIeBOH BO3PacT MpH
X = %o U 2) €cy MO0 CPaBHEHHUIO C PABHOMEPHBIM PABHOBECHBIM paclpelleIeHHEM BO3MOXKEH M30BITOK P,

paBHBIH

p=p-1= ¢, (18)

n=—oo

TO KaXKAOMY COCTOAHHUIO CUCTEMBI P BO3MOKHO COIIOCTABUTDH Cpe,I[HI/Iﬁ BO3pacT <T>p . paBHLIﬁ

(1), = %’—Tﬁ_‘?. (19)

VYuuteiBas OpTOHOPMHPOBAHHOCTH GyHKIMU Y, u ypaBHeHue (17), moxHO popmyny (19) mpeobpa-
30BaTh K BUJIY

(r), =ZZ_”CC =(n). (20)

Torna B coorBeTcTBUM ¢ popmyioii (14) momaydaeM upe3BbIYaiHO BaKHOE BBIPAKEHHUE ISl CPETHETO
BO3pacTa COCTOSIHUS CUCTEMBI p:

(1, )=(1), +t, @1)

a MMCHHO: CpCI[HI/Iﬁ BO3pacCT COCTOSAHUA CUCTEMBI M3MCHACTCA aJICKBATHO C BHYTPECHHUM BPEMCHEM WIIN
¢ OOBIYHEIM BHEIIIHUM BPCMCHEM. bonee TOTO, €CCIIN

(877)=(1")=(T)’, (22)
TO
d(81%)=0, (23)

T.€. JUCIIEPCHs BHYTPEHHETO BPEMEHH ITOCTOSHHA.
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Otcroa mosBIsIeTCS BO3MOXKHOCTH C(DOPMYIIMPOBAThH BAXKHBIE CIICJICTBUSI.

Crnencteue 1. deHomeH «BHyTpeHHee BpeMs» QyHKiuoHHUpoBaHusi COCC no60ro cioxHOTO 00b-
€KTa MPUHYTUTEIBHO HE MOXO0XK Ha BHEIITHEE BPEMSI.

Crnenctue 2. Bo3pacT cuCTEMBI 3aBUCUT HE OT CPOKa CITYKOBI KaKOH-THOO TOICHCTEMBI HITH TPYTI-
MBI €€ DJIEMEHTOB, XOTS U KaXyHIMXCs HanOoJiee BaXKHBIMHU, ONPEICISIFOIIMMU CUCTEMY, & PaBeH CpeIHEH
0000IIIEHHOM OLIEHKE, OTHOCSIIENCS KO BCEM YaCTsIM CUCTEMBI.

OTO MPOTHUBOPEUUT MPUHATON TOYKE 3PEHHUS B TEOPUU HAJISIKHOCTH U BEPOSITHOCTH O «CjIaboM
3BCHEY.

Crnencteue 3. HeycTOMYMBOCTD MPOIIECCOB, TPOTEKAIOIINX B CUCTEME, SIBJSIETCS OJJHUM M3 «TJIABHBIX
(haKTOpPOB MOSBICHHUS BHYTPEHHETO BPEMEHU» U NIPUBOMT K CJICIYIONIEMY HCTOUHUKY HE JIOKAIbHOCTH, HO
yKe B KJIIACCHYECKOI MEXaHUKe.

CrnenctBue 4. CyTh ciieacTBUA 3 MPUBOIUT K BO3MOXKHOCTH MOCTPOCHHUS MpeoOpa3zoBaHus A, KOTO-
poe B CBOIO OYepe/Ib MO3BOJIAET HAPYIIUTH CHMMETPHIO BPEMEHH, T.€. OCYIIECTBUTH MEPEXO OT KiIacchye-
CKOM MEXaHHKH K TEPMOJIMHAMHKE B MOJIyCaX BPEMEHH «IIPOIIIOe—HACTOSIIee—OyayIIee.

0606mennas cxeMa IOCAEAOBATEAbBHOCTH OIleHKH M aHaAn3a onucanusa COCC
Ha MAaKPOCKOIINY€CKOM YPOBHE B TEOPHH AOATOBEYHOCTH

Ucnonvzosanue memooa JI. bonvymana

[Moxxo/, oUCaHHEIN BBIIIE B I1. 2, OY€Hb OJIM30K K KOHLENIMH HeobpaTumoctu JI. Bonbiimana, npu-
BejieHHOH B padote [1]: «HeoOpaTUMOCTh €CTh MPOSIBICHHE B MAKPOCKOITUYECKOM MACIITa0e «CTOXacTHY-
HOCTH», CYIIECTBYIOLIEH B MHKPOCKOIHMYECKOM MacmiTtabe». Eciau OmycTHTh MHOTHE MOAPOOHOCTH, TO
cXeMy Hcroib3oBanus noaxoaa JI. bombiimana a5 neneit co3nanus METOANKH aHAIM3a U OLICHKH MoKa3a-
teneit monroedHoctn COCC MOKHO CBECTH K CIEAYIONICH MOCIIeIOBATEIIBHOCTH (puc. 1).

JuHaMHKa

v
MapkoBCKHE TIPOTIECCHI

4

Outponus uepes H-pynkmuo boasiiMana

Puc. 1. [TocnenoBarensHOCTh PACUETOB IMOKA3aTeNel TOJITOBEUHOCTH
NP UCIIOJIb30BaHUM KMHETUYECKUX ypaBHeHUH JI. Bonbimana

B nocnennue rogst XX B. moaxox JI. bonpiMaHna momyuni pacIpoCTpaHEHHE 4epe3 MPUMEHEHUE
ypaBHEHU AJs TUIOTHBIX cpea. OAHAKO Taknue ypaBHEHHs He MommycKatoT GyHKIuio JIsmyHOBa, 9TO IpHUBO-
JIUT K yTpaTe CBSA3H CO BTOPHIM Ha4yajaoM TE€PMOJAUHAMUKHU.

Heynumapusie npeobpazosanus A u ux poiv 8 ORUCAHUYU OUHAMUKY CUCTEM
C HapyweHHOU cummempueti 6pemeHu

CremyronyM IaroM B MOJTYYEHHH MCKOMOW METOIMKH pacdeTa IoKas3aTelel TOJITOBEYHOCTH SIBU-
JIOCh MCIIONb30BaHUE HE YHUTAPHBIX Mpeobpa3oBanuii A. C 3TOH LENbI0 PaCCMOTPUM «CBSI3b MEXKIY CYIIe-
CTBOBAaHHEM OIEpaTOpa MHKPOCKONHMYECKOW SHTponK M U Teopuei mpeodpa3oBaHus ¢ OnepaTopom Ax.
[Tycts oneparop M u ¢pyHkuus JissmyHoBa 2 MMEIOT ClIeAyIOIIee COOTHOICHHE:

Q=trp"Mp=0, (24)

B KoTOpoM (24) 3amaet QyHkIHio JISmyHOBa, a orepaTop M 3aBUCHUT OT «IMHAMHKN». B TO ke camoe Bpems
OH MOXeT OBITb IpeACTaBJIeH B BUJC MPOHU3BeneHHs oneparopa I U 3PMHTOBO CONPSDKEHHOTO olepaTropa
7", Tak kak T — «KBaJPATHBII KOPEHbY U3 onepatopa M:

M=T"T u A" =T. (25)
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B
IToncrasmsis (27) B (26), momydnm
Q=tp'p, (26)
rae P o0Opa3 MIOTHOCTH IpHU IpeoOpa3oBaHUU
p=A"p. 27)

CreoBaTesbHO, MOKHO CJIENIaTh BHIBOIBIL:
1) ecnu (26) — dynkuus JIsmyHOBa, TO Bce BBIMYKIIbIE (PYHKIMOHABI OT P

Q=trplnp (28)

Taxke GyHKuuu JIsmyHoBa;

2) ¢yukuuu JlsmyHoBa Buga (26) MOTYT CyIIECTBOBATbh TOJIBKO B HOBOM IPEJCTABICHUH, IOIyYac-
MoM u3 (24) ¢ moMomibio peodpazoBanus (27);

3) cocTosHME P, KOTOpOE MPHUBOAUT K 3HAYCHHIO ()=min, SIBIAETCA aTTPAKTOPOM JUIsS JIFOOBIX

OCTAITbHBIX COCTOSHHIA;

4) takuMm 00pa3oM, CYIIECTBYET TeCHas CBS3b MEXAY CYLICCTBOBaHHEM oIleparopa dHTponuu M
¢ Teopuel peodpa3oBaHus orneparopa A.

Kpome Toro, BayxHO paccMOTpeTh CBOWMCTBA MOJYYCHHOTO MPeoOpa3oBaHUsl, 3a/1aBaeMOT0 COOTHO-
menusmu (24)—(26).

1. YpaBHEHUs ABMKEHUS B HOBOM IpescTaBieHnu (24)—(26) c yuerom (27) UMerOT BUA

P .
—=dp, 29
5, =P (29)
rae
d=A"LA. (30)

W ouenp BaxkHoe cienctBue u3 BoipaxeHwit (29)—(30): HOBoe mpeoOpa3oBaHUE, TO3BOJSIONICES
BKJTIOYATh HEOOPATUMOCTh uepe3 GyHKIHH JIsmyHoBa, HAMHOTO IIMpe MPOCTON 3aMEHbI KOOPAWHAT, BhIpa-
JKaeMOM yHHUTapHBIM IpeoOpa3zoBaHueM. B riase 8 [2] g0ka3aHo, 4T0 pa3HOCTh Mexay ® W 3pMHUTOBO CO-

OPAKEHHBIM OII€PaTOPOM (DT HC paBHA TOXACCTBCHHO HYJIIO:
i(®—D")>0, 31)

T.€. HOBBIM omnepaTop ABmKeHus (29), Bxoasuuii B npeodpazoBanue JInyBuuist (27) He T0KEH OBITh 3p-
MHUTOBBIM, Kak ornepaTtop JinyBuwuia L, 1 BOZHUKaeT HEOOXOUMOCTb BBIXOZA 33 MPEAEsIbl OOBIYHOrO Kilacca
YHHUTapHBIX peoOpasoBaHuil. Omyckas IPOMEXyTOUYHbIE PACcCy’KIESHUSA, MOXKHO IIOJIyYUTh CIIELYIOLIUE CO-
OTHOILIEHUS:

[A-D)] =ALLA (L) =A"(L). (32)

Ecmm omepatop mpeoOpa3oBanusi A HE 3aBHCHT OT omeparopa JIMyBUIUIA, TO OH SIBISETCS YHUTAp-
HBIM [TPEOOpa30BaHUEM.

2. Knacc ypaBHeHU IBIKCHIS ¢ HE YHUTAPHBIM 3aKOHOM IIPpeoOpa30BaHwsI.

N3BectHo [2, ¢. 161-165], mis TOro 4ToObI MEPSHTH OT NUHAMHYECKOTO OIMCAHUS TOBEIACHHS CHU-
CTeM K TepMOJIMHAMHYECKOMY, TpeOyeTcs mpruderaTh K HOBOMY 3aKoHY TpeoOpa3oBanus (32). Takoe mpe-
obpa3zoBaHNe HOCUT Ha3BaHNE YHUTAPHOE *-TIpeoOpa3oBaHme

A(L)=A"(-L), (33)
(* o3HauaeT nHBepcHIo L——L). VIcTIonb3ys 3pMUTOBOCTH oniepatopa L u cooTHomenus (32)—(33), monydaem
O =0 (-L)=D(L) (34)
I
(i®) = i®. (35)
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Takum o0Opa3om, oneparop ABmwkeHuss O sBiseTCs *-3pMHUTOBBIM M JIOJIKEH OBITh JINOO SPMUTOBBIM
Y YETHBIM OTHOCHUTEIBHO MHBEPCHM omepartopa L, MO0 aHTHIPMUTOBBIM U HeueTHBIM. Clie/l0BaTENbHO, B
o01eM cinydae *-3pMHUTOB OTEPaTop UMEET BUJ

YECTH. HCYCTH.

i® = (iD)+ (iD). (36)

VYcnoBue auccunatuBHocTH (31), BeIpakaroiee cyniectBoBanue ¢pyHkuun Jlsmynosa €2, npuHUMa-
eT BU]

YETH.

(i) >0, (37)

B COOTBETCTBHMH C KOTOPBHIM YETHAS YacTh MOPOKAAET «IIPOU3BOJCTBO SHTPOIINNY.

Hcxonst n3 BBIIEU3I0KEHHOT0, MOJIy4€Ha HOBasi (popMa MUKPOCKOIHMYECKOIO YPaBHEHUs, KOTOpas
B SIBHOM BHJIC — YaCTh, COOTBETCTBYIOIIAs (yHKIMH JlsmyHoBa. JIpyrumu cinoBamu, ypaBaenus (36)—(37) co-
JepikaT oOpaTHMYI0 U HEOOpaTHMYIO YacTH M, CJIEJOBATEIbHO, MAKPOCKOIMMYECKOE U TEPMOIMHAMHYECKOE
paznuume MeXIly oOpaTUMbIMU U HEOOpaTUMBIMH MPOLIECCAMU BKJIIOYEHO B MUKPOCKOIINYECKOE ONMCAHUE.

dusnueckuil cMbIch ypaBHeHUH (36)—(37) TakoB, YETHBIN WIEH BKJIIOYAET B ceOs BCEe MPOIIECCHI, J1a-
IOLIME MOJIOKUTENbHOE Npupaenrie GyHKuun JISmyHoBa U CIBUTAIOLINE CUCTEMY K COCTOSIHUIO PaBHOBE-
cus (paccesiHue, pOXKICHUE, 3aTyXaHue U Ipyrue mnpoueccel). M BooOIue, npuBeAeHHBIE B 1. 3 COOTHOLIE-
HUs O0BEIUHAIOT TUHAMUKY U TEPMOJUHAMUKY M IPUBOIST K CYIECTBOBAHUIO IMHAMUKU C XapaKTEPHOH
HapymeHHoW «L—t» cummerpueil. Torma cxema Juisi OCIEAOBATEILHOCTH aHaM3a dTOro (pyHIaMeHTalb-
HOTO (haKTa MOXKET OBbITh peACTaBlIeHa CIeAYIOIMM 00pa3oM (puc. 2).

OnepaTop MHKPOCKOTTHYECKOH YHTPOITHH

v

He yuurtapHoe npeobpazoBanue A

* — H5PMUTOB ONEPATOP IBOJKOLHH D
(c HapymeHHOH BpeMeHHOH cHMMeTpHei)

Puc. 2. IlocnenoBaTeabHOCTH OLICHKH M aHAIK3a IIpyu ONMCaHHUU COCTOAHUSA CJIIOKHBIX CUCTEM
C HCYHUTApHBIM 3aKOHOM npeo6p3303aﬂml

3akArouenue

1. MaremMaTu4ecku CTpOro J0Ka3aHo, YTO €CIH AJISl CUCTEM, SIBIIAIOLIMXCS BHYTPEHHE CIIyYaiHbIMU
Y BHyTpEHHE HEOOpaTHMBIMHU, BBITIONHSIOTCS yciaoBus BeiBosa 11, To: 1) Mmakpockonmyeckoe Bpemsi COCC
PaBHO cpellHEMY 3HAYEHUIO OT OllepaTopa BHYTPEHHETO BPEMEHH CHCTEMBI; 2) «BO3PACcT» CUCTEMBI 3aBUCHUT
OT €aMOro paclpeelieHrus] CUCTEMBl B ()a30BOM TMPOCTPAHCTBE W HE SIBISACTCS BHEUTHHM IApaMeTPOM;
3) «BO3pacT» CUCTEMBI SBJISIETCS] CPEIHUM 3HAUEHHEM OT «MHIUBHLYaJIbHBIX)» BPEMEH aHCaMOIs.

2. B Teopuu 3BOIONMY BHYTPEHHETO BPEMEHH CHUCTEM JJIS IIEPEX0a K BEPOSITHOCTHOMY ONUCAHUIO
MpejiaraeTcsa UCIoNb30BaTh CIAEAYIONIee COOTHOIICHNE MEXAY YHUTApHBIM ornepatopoM U, (CM. BBIBOJ 7)
u oneparopom T Buna U/TU, =T +¢t-I,tne Ty =ny,,uY), — cobctBennas gyukuus oneparopa T, cooT-
BETCTBYIOILAS] «BO3PACTY» CUCTEMBI A1.

3. OpmHako Ui KOJMYECTBEHHOTO ONMCaHMs 3HaueHWH nokasareneil mponroBeunoctH COCC Heob-
XOJMMO 3HaHUE aHAJUTUYECKUX 3aBUCUMOCTEN COCTOSHUSI CUCTEMBI p OT 3HAYEHUS OllepaTopa BHyTPEHHE-
ro BpeMeHH 7, T.e. 3HaHHE NOJHON CHCTEMbI COOCTBEHHBIX (YHKUHMH omnepaTopa I’ M0 BCEM BO3MOXKHBIM
KOHEUHBIM IPOU3BeIeHUAM QyHKUUH X, . JloKa3aHO, YTO €CIU ITO CTAHOBUTCS BO3MOXKHBIM, TOrJa (yHK-

st p uMmeerT BuA O-pyHKumu (29). 3TO MO3BOISIET YTBEp)KAATh clieAyiomiee: 1) B BBIpOKEHHH IS
O-GyHKUMM OMMCaHMS P BXOIST BCE «BO3PACTBI» CHCTEMbI C PaBHBIMU BECaMH; 2) CYLIECTBYET HOBas I10-
HOJHUTEJIBHOCTh MEX/Ly OIIMCAaHHEM CHUCTEMBI Ha S3bIKE TOUECK B (Da30BOM IPOCTPAHCTBE U «Pa30MEHUSIMH,
KOTOpBIE COOTBETCTBYIOT Pa3JIMUHBIM BHYTPEHHUM «BO3PACTaM» CHCTEMBI; 3) «BHYTPEHHHUI BO3pacT» CBH-
JIETEIbCTBYET O HOBOM HEJIOKAIBHOM ONHMCAHUM CHUCTEeMBbl. ECIIM mpH 3TOM NPUHATH ABa MPEANONIOKCHHUS:
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a) QyHKUMS pacrpeeNeHus] COCTOSIHUSI CHCTEMBI P IMEET HyJIEBOM BO3pacT pH ), =Y, U 0) IO CPaBHEHUIO
C PaBHOMEPHBIM M PaBHOBECHBIM PACHPEAEICHUEM BO3MOXKHBI U30BITKH P =P —1, TO K&KIOMY COCTOSIHUIO

P BO3MOIKHO COMIOCTABHTE CPE/IHHIA BospacT (T >p =(n).

4. B KOHEYHOM HTOIC Iojiy4acM BBIPAKCHUC JIsI «CPCAHCETO BO3paCTa» COCTOAHUSA CUCTCMBI P

<Tp >=<T >p +¢. DTO CBHIETENBCTBYET O TOM, YTO CPETHHM BO3PACT COCTOSHUS CHUCTEMBI M3MEHSETCS
‘ (1

aJIeKBATHO BHYTPEHHEMY BPEMEHH WIIM C OOBIYHBIM BHEIIHUM BpeMeHeM 7. U make Gojiee TOro, eciu
2 2 2 2
<8T >:<T >=<T > ,T0 d <6T >=O, T.€. TUCIIEPCHsI BHYTPEHHETO BPEMEHH MOCTOsIHHA. [IpoaHaan3upoBas

BBIBOJIbI 2—4, TIOSIBJIICTCS BO3MOXKHOCTh C(POPMYJIMPOBATh BBIBOJ 5 B BUJE YETHIPEX CJCICTBUH, KOTOPBIC
3ByYaT KaK IMOCTYJATHI COIeP KaHUs BCEH CTAaThH.

5. Cnencreue 1. DeHOMEH «BHYTPEHHEE BPEMsD» JTIOOOTO CIIOKHOTO 00BEKTa MIPUHITUITHAILHO OTIIH-
yaetcs oT BpeMeHH pyHkuonupoBanust COCC.

Crnencreue 2. Bo3pacT cucTeMbl 3aBHCUT HE OT CpOKa CIykObI (pecypca) Kakoh-InOo ee ToJIChCTe-
MBI WJIM IPYIIBI 3JIEMEHTOB, XOTS M KaXYIIUXCs HauOoJIee BaXKHBIMH, ONPEICIISIONIMMEI CUCTEMY, a PAaBeH
cpeaHeil 0000IIeHHOM OllEHKEe, OTHOCSINIEHCS! KO BCEM YacTsIM CHUCTEMbI. DTO MPOTUBOPEUYHUT YACTO MPUHH-
MaeMOW TOYKE 3PEHHS B TEOPHUAX HAJAEKHOCTH M OE30IMACHOCTH, MOJIOKEHUAX O «CIadOM 3BEHE», Ha KOTO-
PO€ IOMKHO OBITH 00PAIEHO TJIABHOC BHUMAHUE MIPU OIICHKE JTOJITOBEYHOCTH.

Crnencreue 3. HeycToiiuMBOCTH TIPOIIECCOB (OCOOSHHO CHITbHAS) SIBIISIETCS OJHHUM W3 TJIABHBIX (hak-
TOPOB TMOSIBIICHUS «BHYTPEHHETO BPEMEHM» KaK UCTOUYHHUKA HEJTOKAIHHOCTH.

CnenctBue 4. CyTh cneacTBusl 3 COCTOMM B TOM, YTO OHO MPUBOIUT K BO3MOKHOCTH MOCTPOCHUS
HapyIIAloIIEero CHMMETPHIO BPEMEHHU MPeo0pa3oBaHus A, W OCYIIECTBIAETCS MEPEX0] OT KIACCHYECKOi
MEXaHUKH K TEPMOJMHAMUKE B MOJIyCaX «IPOILIOe—HACTOSIIee—0yayIIee.

6. PesynpraThl, onrcaHHbIE B BRIBOAX 1—5, oueHb ONU3KM K KOHIENMu HeoOpatumoctu JI. boib-
[IMaHa: «HEOOPaTHMMOCTh €CThb IMPOSBICHHUE B MAKPOCKOIMUYECKOM MAcCIITa0e «CTOXaCTUYHOCTHY, CYIIe-
CTBYIOIIIEH B MUKPOCKOITUYECKOM MacinTabe». [locnenoBarebHOCTh pacyeToB MoKa3aTelleh J0ITr0BEUHO-
CTH CHCTEM TIIpW HCIONB30BAHNN KHWHETHYECKWX ypaBHeHHH JI. bombliMaHa BBITVIAOUT CIEXYIOIINM
00pa3zoM: TuHaMHKa — MapKOBCKHE Tpollecchl — dHTpomus yepe3 H-¢pyHkuuto bonbimana. OqHako oka-
3aJI0Ch, YTO TOJYYCHHBIE TAKMM 00pa30M YpaBHEHHUS He JOMycKaroT GpyHKuuu JIsmyHoBa, 4TO IPUBOAUT K
yTEPE CBSI3U CO BTOPBHIM HAYAJIOM TEPMOIUHAMUKH.

ITosTOMy crnemyromuM IIaroM B MOJIYYEHUH HUCKOMOM METOAOJOTHMU pacueTa MokasaTeieil oJyro-
BEYHOCTH SIBHJICS TIOJXOJ C UCTIONh30BaHUEM ipeoOpa3oBannii A.

7. B koHue XX B. CIOXKWICS HNPUHIMIIMAIBHO HOBBIM MOJXO0J K OLUEHKE M aHAJIM3y IMOKa3zaTelseu
JIOTITOBEYHOCTH CIIOKHBIX CHCTEM C YYETOM acHMMETPUH BPEMEHH W HEYHHTapHBIX IpeolOpa3oBaHuil A.

YETH. HCYCTH.

MaremaTHdecku cTporo nosyden omnepatop asrkenus © suna: i® = (i®) + (idP), B koTopoM conepkarcs
oOpaTuMble U HEOOpaTUMbIE YacTH. Y CIIOBHE AMCCHIIATUBHOCTH, BBIPAXKAIOLIEE CYLIECTBOBaHUE (DyHKIMU

YETH.
JIsmyrosa (i®)=0, mopoxaaeT «IPOU3BOACTBO SHTPOMUNY, U, CICIOBATEIHLHO, MAKPOCKOIIMYECKOE Tep-
MOJIUHAMUYECKOE PA3IIUUUe MEXKIY OOpPAaTUMBIMH U HEOOPATHMBIMH MPOIECCAMU BKJIFOUEHO B MHUKPOCKO-
nmryeckoe onucanue. Ou3ndeckuii cMbIcH ypaBHeHUH (36) u (37): YeTHBIN YIeH BKIIIOYAeT B ceOs BCe Mpo-
LIECChI, JAIONIUE BKIIAJ B TOJOXHUTEIbHOS NpupaiieHue (QpyHkuuu JIAmyHOBa M CIBUTAIOIIEE CHCTEMY
K COCTOSIHUIO PaBHOBECHSI.

B 1iesiom naHHBIN 101X0] 00BEIUHACT AUHAMUKY ¥ TCPMOJUHAMMKY U MPUBOJIUT K CYIIECTBOBAHHUIO
JMHAMHUKH C XapaKTePHOM, HApyIMeHHOU «L—1» cuMMeTpueid. U Toraa pe3ynbrar 3Toro pyHaaMeHTaIbHOTO
(akTa MO3BOJSIET CKOOPJAMHUPOBATH PA3NIMUHBIC BHJIBI YPAaBHCHWH OMNMCAHWS COCTOSHUS M IOKa3arenen
JIOJITOBEYHOCTH CTPYKTYPHO U ()YHKIIHOHAIIEHO CJIOMXHBIX CUCTEM.

Cama Metojmka (TIOCIIEI0OBATEIBHOCT) OMMCAHMS OLICHKU M aHallM3a COCTOSIHUS TaKUX CHUCTEM Oy-
JIeT JIeTAIbHO PacCMOTpPEHa aBTOPaMH CTaThU O3 THEE.

8. Jlns perieHus 3a1a4 OLEHKA aCHMMETPUHM BPEMEHH B MOJyCax «IPOILIOe—HACTOsIIee—0yIyIiees
B Teopun nonroBedHocTH COCC HEoOXOAMM KOMIUIEKCHBIA MOAXO0 C YIETOM OINEPaTOPOB MHUKPOCKOIIH-
Yyeckoi SHTpornuu M, ipeoOpa3zoBanus A, BHyTpeHHero BpeMenu 7, ¢hyHkiwmii JIsmyHOBa, METOIOB U MOJIC-
JIel COBPEMEHHOTO (PYHKI[MOHATHLHOTO aHAIU3a M TEOPUHU CIYYalHBIX MPOIIECCOB.

Paboma evinonnena npu ¢hunarcogou noodepicxke PODU (npoexmur Nel8-07-00391, Ne 18-47-860007).
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YIIPABAEHHE BE3OITACHOCTbBIO IIOTEHITMAABHO

OITACHBIX OB BEKTOB

I. A. Kubasov

MANAGING THE SAFETY OF POTENTIALLY HAZARDOUS OBJECTS

Annomayusn. Axmyansnocmo u yenu. ViccienoBansl T€o-
pEeTHYECKHE AacCHeKThl YIpaBlIeHHs O€30IacHOCTBIO II0-
TEHIIMAThHO OIACHBIX OOBEKTOB C IICNBI0 BHIPAOOTKH
€IMHOTO0 METOJOJIOTUYECKOT0 MOJX0/1a K KaTerOpUpOBa-
HUIO 00BEKTOB IO CTEIICHH 3aIIUIICHHOCTH. Mamepuaisi
u memoout. IIpenoxKeHo KaTeropupoBaTh MOTSHIINAIEHO
OTacHbIe OOBEKTHI, UCIIONB3YS MIECTh KaTEeTOPH MO CTe-
[IEHU MOTEHHAIBHON ONaCHOCTH U LIECTh KaTEropHil 1o
CTereHu 3amuiieHHocTd. OnpeneneH OCHOBHON MOKa3a-
Tesb 3(GEKTUBHOCTH YIpaBIeHHs 0€30MaCHOCThI0 00b-
€KTa KaK WHTETPajbHBIA IMOKa3aTelb KaTCrOPHUPOBAHUS
00beKTa 10 CTEeNeHH 3alluiIeHHOCTH. [IpeioxeH HOBbIH
METOJIOJIOTMYECKHIA MMOIX0J] K KATErOPUPOBAHUIO MOTCH-
[UATLHO OIACHBIX OOBEKTOB MO CTEICHH WX 3allUIICH-
HOCTH, OCHOBAHHBIH Ha y4ETE TPEX OCHOBHBIX (PAKTOPOB:
YpOBHS OXpaHbl 00BEKTA; YPOBHS COOCTBEHHOW (TEXHO-
JIOTHYECKOM) 3aIUIIEHHOCTH 00BEKTa M YPOBHS 3aIUTHI
uHpopManuu o0veKTa. Pesyromamor. OG0CHOBAHO YCITO-
BHE oOecriedeHus1 0E30MacHOCTH OOBEKTa — KaTeropHs
00BEKTa IO CTETIEHN NOTEHIIMAIBHOI OMTACHOCTH IOJIKHA
COBIIAJaTh C KaTeTOpHel JaHHOTO OOBEKTa IO CTEHEeHU
3aIIUIIEHHOCTH. BBIpaboTaHBl NMpakTHYECKHE PEKOMEH-
JIALMY 110 ONPEAEICHUIO MEePBOOYEPEIHOCTH M HalpaB-
JICHUI1 COBEPIIEHCTBOBAHUS CHCTEMbI oOecredeHus: 0e3-
OMAacHOCTM TMOTEHLMAJIBHO ONAacHOro O00beKTa ISt
BEITIOJTHEHUSI YCIIOBHS O0OECIeUeHHs 0E30MacHOCTH 00b-
ekta. Buisoowi. PazpaboraHHas cucreMa KaTeropuUpoOBa-
HUS T03BOJIsIET 000CHOBaHHO A (hepeHIupoBaTh Tpebo-
BaHUS K YPOBHIO OE30MACHOCTH KaXXJOW KaTeTOpHH
OOBEKTOB, a TakKXe OIICHUTh COOTBETCTBHE CHCTEMBI
obecnieueHns 6€30MacHOCTH 00BEKTa TpeOyeMoil KaTero-
PHUH IO CTETEHH 3aIlUIIEHHOCTH 00BbeKTa, paBHOW Kare-
TOPHH IO CTETICHH MTOTEHIIAIFHON OMAaCHOCTH OOBEKTA.

Kniouesvie cnosa: moTeHIMATLHO ONACHBIA OOBEKT; Ka-
TeFOpHpOBaHI/Ie; CTCIICHb 3alIUIICHHOCTH, praBﬂeHl/Ie
0Ee30IMaCHOCTRI0; cHUCTeMa obeciieueHus 0e30MacHOCTH;
oxpaHa 00beKTa; 3aIuTa HHHOPMAIHH.

Abstract. Background. Theoretical aspects of safety
management of potentially hazardous objects were inves-
tigated in order to develop a unified methodological ap-
proach to categorizing objects by degree of security. Ma-
terials and methods. It is proposed to categorize
potentially dangerous objects using six categories by the
degree of potential danger and six categories by the de-
gree of protection. Main indicator of object safety man-
agement efficiency is defined as integral indicator of ob-
ject classification by degree of security. A new
methodological approach to categorizing potentially haz-
ardous objects by the degree of their security is proposed,
based on three main factors: the level of protection of the
object; level of own (technological) security of the object
and level of information protection of the object. Results.
The condition for ensuring the safety of the object is justi-
fied — the category of the object by the degree of potential
danger should coincide with the category of this object by
the degree of protection. Practical recommendations have
been developed to determine priorities and directions for
improving the security system of a potentially dangerous
facility in order to fulfill the condition for ensuring the
safety of the facility. Conclusions. The developed catego-
rization system makes it possible to reasonably differenti-
ate the requirements for the safety level of each category
of objects, as well as evaluate the compliance of the ob-
ject security system with the required category by the de-
gree of security of the object, equal to the category by the
degree of potential danger of the object.

Keywords: potentially dangerous object; categorization; se-
curity degree; management of safety; security management
system,; protection of an object; information security.

BBepenne

Xo3siicTBeHHAsA AEATEIILHOCTh COBPEMEHHOTO YeJOBEKa, CBA3aHHAs C NMPUMEHEHHEM Ha 00BEeKTax
CJIOXKHBIX M OIIACHBIX TEXHOJIOTHH, MOKET NPUBOJIUTh K BO3ZHUKHOBEHHIO PA3JIMYHBIX aBapyUil M YPE3BBI-
yalHbIX cuTyarmid. [loaTomy Bompocam oOecriedeHusi 0€30MacHOCTH MOTEHIMAIBHO OMACHBIX OOBEKTOB
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JOJDKHO YAENSATHCS MOBBIIIEHHOE BHUMAaHHE, B TOM YHCIIE M B CHIJIy BO3MOYKHBIX IOIBITOK COBEPIICHHUS
TEPPOPUCTHUYECKUX aKTOB HAa TaKuX o0bekTax [1—4].

BecbMa akTyasbHBIM SBISIETCS IPUMEHEHHE €IMHOTO METOAOJIOTMYECKOro MOAXO0Aa K 0OecIeueHHIo
0€30MacHOCTH NOTEHIHAIBHO OIACHBIX OOBEKTOB U, B YACTHOCTH, K OPraHMU3alMU UX 3aIIUThl. Takol eIuHbIH
MOJX0JT oOecreynBaeT KaTeropupoBaHre (TPyNIHMPOBAaHHE MO ONpENENIeHHBIM IpU3HAaKaM) OOBEKTOB [5].
[Ipu sTOoM menecooOpa3sHO MMETHh ABE OLEHKH: CTENEHb PEJIbHOW YIrpo3bl BOSHMKHOBEHHS HCTOYHHKA
Ype3BbIYAMHON CUTyallud U CTENCHb NPEAOTBPAILEHHS WIN MPENEIbHOTO CHUXECHUS HETAaTUBHBIX MOCIEN-
CTBH JUIsI HaceleHus, IPyrux oOBEKTOB U OKpY’Karolleill MpupoaHoil cpenpbl. Tak Kak 0OBEKT BhICTyIAeT
HCTOYHUKOM TOTCHLUHUAIBHON OMAaCHOCTH M OOBEKTOM 3alIMTHI, TO CIEAYET PaccMaTpHUBaTh JBa aCIeKTa
ynpasiieHHs 0€30MacHOCThIO O0BEKTa — YIPaBJIEHHE CTEIECHBIO TOTEHIIMAIbHOM ONAaCHOCTH 00BEKTA, C Of-
HOW CTOPOHBI, U YNIPaBJIEHUE CTENEHBIO €0 3aAIIUIIEHHOCTH, B TOM YHCJIE€ aHTUTEPPOPUCTUIECKON 3ally-
LIEHHOCTH, C APYrod CTOPOHBI [5—7].

Kak cnenyer u3 ananm3a HOpMaTHUBHBIX MPAaBOBBIX JOKYMEHTOB M Hay4HBIX ITyOnukarmii [1-3, 5, 8],
IIPY KaTE€rOpUPOBAaHMU IOTEHIMAJIBHO ONACHBIX OOBEKTOB BBIOMPAIOT PA3HOE KOJIMYECTBO KAaTETOPHH
(ot 3 no 10). B manHO# cTaThe MpeayiaracTcsi CBOM METOJOJIOTHUYECKUMA MOIX0] K KaTETOPHPOBAHUIO T10-
TEHIUAIBLHO OMACHBIX OOBEKTOB MO CTENECHH 3aIIUIIEHHOCTH.

Bp160p KoAHYeCTBa KATeropuii 00beKTOB IO CTeNeHH

HOTeHHHaAhHOfI OIIACHOCTH H CTCIICHH 3alllNIIICHHOCTH

IoTeHUHATBHO ONACHBIH 00BEKT — 3TO O0BEKT, HA KOTOPOM PACTIONIOXKEHBI 3[aHUS ¥ COOPY>KEHHUS
MOBBIIIEHHOTO YPOBHS OTBETCTBEHHOCTH, MO0 OOBEKT, HA KOTOPOM BO3MOKHO OJJHOBpPEMEHHOE NpeObiBa-
HHe 0oJjiee IATH THICSY YesioBeK [3].

Taxxe nMeeTcst ”HOE OmpezieNieHNe TTOTEHIIMAIbHO OMIACHOTO 00BEKTa: OOBEKT, Ha KOTOPOM HCIIOINb-
3YI0T, TIPOM3BOMAT, NepepadaThIBalOT, XPaHAT WM TPAHCHIOPTHPYIOT PaAMOAKTHUBHBIC, TOXKApOB3PHIBO-
OTIaCHbIE, OMACHbIE XUMHUYECKHE M OMOJIOTHYECKUE BELIECTBA, CO3JAIONINE PEANbHYI0 YTrpOo3y BOSHUKHOBE-
HUs wucrouyHWKa upesBbuaiiHoW curyammu (OCT P 22.0.02-94: bezonmacHOCTh B 4pe3BBIUANHHBIX
cuTyanusax. TepMUHBI ¥ OIpeesIeHUs] OCHOBHBIX MTOHSTHH).

PaccmaTpuBas mocTpoeHue cHCTEMBbl KaTerOPHUPOBaHUs, CIeIyeT MOHUMAaTh, YTO KaTeTOPUH MOTEH-
[UATBHOM OMACHOCTH M 3alIMIICHHOCTH OOBEKTOB, B OTIMYME OT OOBEKTUBHBIX Kiaccuukanuii (Hampu-
Mep, niepuonndeckuii 3akoH J[. 1. MenneneeBa), SBIstOTCS CyOBEKTHBHBIMHU, T.€. KOJIMYECTBO KaTETOPUH,
[IOKa3aTeNId ¥ HOPMAaTHBHbIE 3HAYEHMs TOKa3aTeJiel KaTeropupoBaHHs Ha3HAYaIOTCS JIIOAbMH B OIpejie-
JICHHOW CTENEeHM MPOM3BOJIBHO, UCXOS M3 KOHKPETHBIX NOTPEOHOCTEH U C Y4eTOM MMEIOLIMXCS BO3MOXK-
HOCTEH 10 OIIEHKE ITHX TOKa3aTemei.

Bcenencrerue oTiiMunii TOTEHIIMAIEHO OIMACHBIX OOBEKTOB, BEIMYMHEI PUCKOB (YIIIEpOOB) aBapwii Ha
KOHKPETHBIX 00BEKTax (B pe3yJbTaTe aHTPOMOTEHHBIX, TEXHOTCHHBIX M MPUPOAHBIX (aKTOPOB BO3EH-
CTBHSI) XapaKTepU3YIOTCS 3HAYUTEIHHBIM Pa30pOCOM, UTO, B CBOIO OYepe/b, TPEOYET BBEIACHHUS PACIINPEH-
HOTO HaOOpa KaTeropuit il y4eTa HHANBUIYaIbHBIX 0COOCHHOCTEH 00BEKTOB M 0OecIieueHus TpedyeMoin
TOYHOCTH KareropupoBaHus. [103TOMy C ydeToM MpUHATON KiacCU(HUKAIMK YPE3BBIYANHBIX CHUTYaIMH
MPUPOTHOTO U TEXHOTCHHOT'O Xapakrepa B cooTBeTcTBUU ¢ [loctanoBnenuem Ilpasurensctea PO No 1094
ot 13.09.1996 [8] npennaraercsa yCTAHOBUTH LIECTh KATErOpUil 00bEKTOB MO CTeNeHH MOTeHIHAJLHOI
onmacHOCTH: 00BEKTHI 1 U 2-i KaTETOPUH — O0BEKTHI BHICOKOW IMOTEHITHAIBHON OMACHOCTH, 3 U 4-1 KaTero-
puH — 00BEKTHI CpeHEN MOTEHIMAIBHON OMACHOCTH, 5 U G-I KaTeropuu — 00bEKThl HU3KOW MOTEHIHATb-
HOH OIaCHOCTH.

C y4yeToMm B3aMMOCBSI3H KaTETOPHUH MO CTETIEH! MMOTEHIIMANBHOI OMaCHOCTH W CTENEHH 3allUIIeHHO-
CTH TpeAJIaraeTcsl TaKKe BHIOPATh IECTh KATEropuii 00beKTOB MO CTeNeHH 3alMIIeHHOCTH: O0BEKThI
1 u 2-i kareropun — OOBEKTHI BRICOKOW 3alUIIEHHOCTH, 3 U 4-ii KaTeropum — oOBEKTHI CpPEIHEH 3aIu-
MIEHHOCTH, 5 U 6-1 KaTeropun — 00BEKTHI HI3KOH 3alTUIIICHHOCTH.

YcaoBue o6ecnnedenns 6e30MacHOCTH 00 beKTa

JIro60ii 00BEKT 00MaIaeT pa3HoOi CTENEHBIO 3aIMIICHHOCTH 110 OTHOIIEHHIO K BO3MOXKHOCTH TPOBO-
LIMPOBaHUs Ha HEM Pa3NW4HbIX aBapui [5, 9, 10]. besycnoBHO, cpeu Bcero MHOXKECTBA MPEANONAraeMbIX
aBapuil oco0oe MecTo 3aHMMaeT HanboJee omacHas aBapysi, ONPEASISIONnIasi KATETOPHIO 110 CTENICHH omac-
HocTH 00bekTa. Ilo OTHOIIEHUIO K 3TOW aBapuy KaTeropus IO CTEIECHU 3aIlUIIEHHOCTH O0BEKTa J0JIKHA

Fundamentals of reliability and quality issues 43



HAAEXHOCTD 1 KAYECTBO CAOXXHBIX CUCTEM Ne 4 (32),2020

onpenenartbes. Kateropuio no cTeneHy 3aluIIeHHOCTH 0603Ha4nM Kak U, OHA I0JKHA OBITH OIpesene-
Ha JUIsl KOKIO0W aBapuu U3 MHOxecTBa Ar. [locne 3Toro moiaHas XxapakTepUCTHKA 3aIUIICHHOCTH 00bhEKTa
npencrapiserca B Buje rpaduka B koopaunatax (D', U',), riae Kaxaoi aBapuu U3 MHOKeCTBA Ay COOT-
BETCTBYET O/[HA TOYKA C KOOPJAMHATAMH, PABHBIMH KAaTETOPUSM IO CTENIEHH OMACHOCTH 3TOH aBapuu D', 1
CTEIEeHH IO 3aIUIIEHHOCTH 00hEKTa 0 OTHOIIEHHIO K Toi aBapuu U,

CoctosiHue obecriedeHus: 6€30MacHOCTH 00BEKTa MOKHO C(HOPMYIIMPOBATH KaK BBHITIOJHEHHE CIIEIY-
FOIIIETO YCJIOBHSI: KaTeropus 00bEKTa 0 CTETICHU MTOTEHITHAIBHON ONTaCHOCTH JIOJDKHA COBIIAAATh C KATEro-
pueil TaHHOTO OOBEKTa MO CTEINCHU 3alUIICHHOCTU. ['paduuecku BHIIIOJHEHHE 3TOT0 YCJIOBUS MOXKHO
MpPEeACTaBUTh HA puC. 1.

Tpebyemoe cocTosHNE
4 -t obecneueHns
Oe3onacHOCTH 00BEeKTa

1 »
1 2 3 4 5 6 U,

Puc. 1. I'paduk GraromomygHoro ooObekra

Ha puc. 2 nzobpaxken rpaguk cocTosHUS 0€30MacHOCTH OOBEKTa IpU IEPEepacxone CPEnACTB,
HalpaBJIsieMbIX Ha JOCTHXEHUE TpeOyeMoro ypoBHs Oe3omacHocTH. B 3ToM ciydae kaTteropust oObexTa 1o
CTEIeHH MOTEHIMAIBHON OMACHOCTU HUYKE KaTErOpUH JaHHOTO 0OBEKTA 110 CTENICHH 3alUIEHHOCTH.

A
;

Dol 4 * *

6 -+ *

s | * * ¥ MHOK€eCTBO COCTOAHUI
% % obecrneuennss 0e30MacCHOCTH

4 4 " 00BEeKTa MpHU nepepacxoie

CPEeACTB, HAMPABJIAEMBIX
3 1 * Ha J0CTHXeHHe TpedyeMoro
% ypOBHs 0e30nacHOCTH
2 1
1 2 3 4 5 6 U,

Puc. 2. I'paduk Oe3omacHOro 00HEKTa IPU IEPEPACXOJIC CPEICTB

Ha puc. 3 uzo0paxen rpaduk HeOIAronoaydHoOTo 00BEKTa, TaK KaK 3alIUIIICHHOCTh O0BEKTa HU3KAS
10 OTHOLICHHIO K HaI/I6OJ'Iee OINIaCHBIM aBapusiM U BBICOKAA — IO OTHOLICHUIO K MEHCEC OIIACHBIM aBapusM,
T.€. B 3TOM CJIy4ae KaTeropusi 00beKTa 10 CTENCHU MOTSHIIMATbHONW OMACHOCTH BHIIIE KATETOPUH JAaHHOTO
00BEKTa 10 CTENCHH 3alUIICHHOCTH.
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A
=
D,
6 -t
MHOXKeCTBO COCTOAHUM
5 - oOecrnedeHns 0e30MaCHOCTH
* Ok 00BeKTa NP HEeJOCTATKE
4 - % % CPEACTB, HANTPABJISEMBIX
« « HA JOCTIGKEHHE TPedyeMoro
3 - YPOBHs O€30MacHOCTH
*
2 + * *
1 P
1 2 3 4 5 6 U,

Puc. 3. I'padux HEOIArONOTYIHOTO OOBEKTA

[Moms3ysce Takumu rpadukamu (D', U',), ¢ yd4eToM MCKIIFOUEHHS TIepepacxofa M HeloCTaTKa
CPEICTB, HAIPABIIIEMBIX Ha JOCTHXKEHHE TPeOyeMOro ypoBHsI 0€30MacCHOCTH, MOXKHO 3alKCaTh yCl06Ue
obecneuenus bezonacrocmu 00beKma:

D —U.=W,=0. (1)

Benvunny W, MOXHO TpPUHITH B KavyeCTBE YCJIOBHOH OIIGHKH YpPOBHs O€30MACHOCTH OOBEKTa
B 1I€JIOM, COOTBETCTBEHHO, MOXXHO paccCMaTpUBATh KaK Kpumepuil d(pexmusHocmuy ynpasienus be3onac-
HOCMbI0 00beKmda.

Teneps, nmest KpuTepuid 3OHEKTUBHOCTH YIIPaBICHUS 0€30TaCHOCTHIO TOTCHIINATLHO OMACHBIX 00b-
€KTOB, BbIOEpEM OCHOBHOM (MHTETpabHBIN) MOoKa3aTesb d(h(HEeKTUBHOCTH yNpaBieHHsT 0€30MacHOCTHIO, KaK
MoKa3arTeib KaTerOPUPOBaHUs OOBEKTOB 110 CTETNIEHH 3aIUIIEHHOCTH.

HuaTerpasbnbiii nokazareAb 3¢ PpeKTHBHOCTH yIPaBACHHS
6e30IaCHOCTHIO MOTEHIIHAABHO OIIACHBIX 00hEKTOB

Ecmu 00bekT He oxpaHseTcs, TO OH HE3alIUIIeH 10 OTHOMIEHHIO K JII000H aBapuu W KaTeropus ero
3AIIUAIIEHHOCTY HU3IIAS:

U,=6. 2

Ecnm moTeHIManbHO OMAcHbBIH OOBEKT OXpAHSETCS, TO B 9TOM CIy4ae €ro aHTHTePPOPHCTHYECKAs
3aIIUIIECHHOCTH 110 OTHOIICHHUIO K KOHKPETHOH aBapuy ONpeesseTcs BpeMEHEM ITPEoJ0ICHHS HapyIIuTe-
JIEM CUCTEMBbI OXpaHbl U JOCTUIKCHUA KpHTI/I‘ICCKOﬁ TOYKH BOSﬂCﬁCTBHH Ha 06’I)CKT C IICJIBKO BbI3OBaA 3TON
aBapuM, a TaKKe MOLIHOCTBIO BOOPYXEHHUSI HApYLIMTEIs, HAIPUMEpP, MAacCO CIIEIMAaIbHOTO CHApPSIKCHUS
IUISL BO3/ICHCTBHS HAa OOBEKT. ByseM Ha3bIBaTh 3TH BEIMUMHBI «BPEMEHEM JIOCTYTIA» M «MAacCOW CHapsiKe-
Hus». Takxke nmojaracMm, 4To mecTon KaTCropuu 1o CTCHCHU 3alllUMIIEHHOCTU COOTBETCTBYCT BPEM JOCTY-
na t,= 1 ¢ u Macca cHapspxeHus mg = 0,1 xr. OgHa cexyHaa (yCIOBHO) — 3TO BpeMsl, B T€4€HHE KOTOPOTO
OXpaHHHUK CMOTPHUT Ha Ka)KJJOT0 YeJIOBEKa B MOTOKE JIFO/ICH, MPOXOIAIINX Yepe3 TYPHHUKET MPoxoaHoi. CTo
IpaMMOB B3pPBIBYATKH, HOXX, OTBEPTKA, TACYHBIH KIJIIOY (BCE YCIOBHO) — 3TO CHApsDKEHUE, C TIOMOIIBIO KO-
TOPOT'0 MOYKHO YCTPOUTH HEOOJIBbIYIO aBapUIO Ha 0OBEKTE.

B kayectBe OCHOBHOrO mokasareinsi 3(pQEeKTHBHOCTH yIpaBiIeHUS 0E30MaCHOCTHIO TMOTEHIMAIBEHO
OIIacHOTO 00BEKTa MPUHMMAEM IT0Ka3aTeIb KaTerOPUPOBAHMS 110 CTEICHHU 3alIMIIEHHOCTH, PaBHBIH MHTE-
rpalbHOMY TMOKa3ateno 3(GeKTUBHOCTH (YHKIMOHUPOBAHUSI CHCTEMBI oOOecriedeHHsl 0e30MacHOCTH
(manee — COB) oOwekTa. [Ipu 3TOM MoKazarenu «Bpemsi JOCTyMa» (TMOKa3aTedb YPOBHS OXPaHBbI), «Macca
CHapsDKeHHs» (ITOKa3aTellb YPOBHS COOCTBEHHOW 3aIMINECHHOCTH) M YPOBHS 3aIIUTHl WHOOPMAITUH SBIIS-
FOTCSl YaCTHBIMH TOKa3zaresiMu dppexTuBHOCcTH (yHkunonupoBanuss COB. Takum oOpa3oM, onpeeneHue
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KaTeropuu oOBEKTa M0 CTENECHHU 3allIMIICHHOCTH CTPOMM Ha OCHOBE y4eTa Tpex (JaKTOPOB: YPOBHSI OXPaHBI
00BeKTa, ypOBHS COOCTBEHHOH (TEXHOJIOTHUECKON) 3alIMIIEHHOCTH 00BbEKTa U YPOBHI 3alIUThl HHGOpMa-
IUHA 00BEKTA.

Teneps paccMOTPUM PEKOMEHAINH 0 YIETy YKa3aHHBIX (PaKTOPOB.

[IpemnaraeTcst onpenensaTh TPH YPOBHS OXpaHbl 00bEKTa 10 3HAUCHUSIM ToKa3aTess 3pEeKTUBHOCTH
(YHKITMOHUPOBAHUSI CUCTEMBI OXPaHBI Py,

Ecmu Py, > 0,95, To mocturaercsi mepBblii YpOBeHb OXpaHbl 00beKTa (BhICOKas 3(PHEeKTUBHOCTD
CUCTEMBI).

Ecmn 0,8 < Py, < 0,95, To nocturaercs BTOpoii ypoBeHb 0XpaHbl 00beKkTa (cpenss 3hdexTus-
HOCTH CUCTEMBI).

Ecmu 0 < Py, < 0,8, To mocTuraercsi TpeTHil ypoBeHb 0XpaHbl 00beKTa (Hu3Kas d(Q(PEKTUBHOCTD
CHCTEMBI).

3HaueHNe JTAaHHOTO ITOKA3aTeNs 3aBHCHT OT KOHKPETHBIX YCIIOBUH pPacroJIOKeHHs O0BEKTa, OCBe-
JIOMJICHHOCTH HapyIIUTENS O CHCTEME OXpaHbl, 3P(HEKTUBHOCTH (PYHKIIMOHUPOBAHUS TTOICUCTEM CHUCTEMBI
OXpaHBbl (CHCTEM OOHAPYKCHUS, PACTIO3ZHABAHMS U ONIOBEIICHUS, CUCTEMbI KOHTPOJISl U YIPaBJICHHS JIOCTY-
MOM, CUCTEMBI CUTHAIIU3aIuu u T.1w.) [11].

CoOcTBeHHas (TEXHOJIOTHYECKAs ) 3aIUIIEHHOCTh 00BEKTA OIMICHUBACTCS IT0 YETHIPEM YPOBHSM.

IlepBbIM ypoBHEM COOCTBEHHO#H (T€XHOJIOrMYeCKOi) 3alMIIEHHOCTH 0071aJaeT OOBEKT B TOM
cllydae, €CJIi 3HauMTEIIbHBIC MOBPEXKICHUS KOHCTPYKUHMH (COOPYKEHHS, TEXHOJOTMYECKOTo 000pyaoBa-
HUs1) 00BEKTa He PUBOJIAT K €T0 BBIXOAY M3 CTPOS (BBICOKAsi COOCTBEHHAS 3alUIIEHHOCTH ).

BTopbiM ypoBHeM COOCTBEHHOH (TE€XHOJOTHYECKOI) 3aIMMINEHHOCTH 00agacT 00BEKT B TOM
Cllydae, €CJIi 3HauMTEIbHBIC MOBPEXKICHUS KOHCTPYKUHMH (COOPYKEHHS, TEXHOJOTMYECKOTo 000pyaoBa-
HUS1) 00BEKTa MPUBOJAT K €r0 YaCTUIHOMY BBIXOJLy U3 CTPOSI.

TpeTbuM ypoBHEM COOCTBEHHOW (TEXHOJIOIMYECKOI) 3alUIIEHHOCTH 00JIaacT OOBEKT B TOM
cllydae, eclii He3HaYUTENbHBIC MOBPEXKICHNSI KOHCTPYKIUHU (COOPYKEHUSI, TEXHOIOTHIECKOTO0 000pyA0Ba-
HUsT) 00BbEKTa MPUBOAAT K €r0 YaCTUYHOMY BBIXOJY M3 CTpPOSL.

YeTBepTHIM YPOBHEM COOCTBEHHOI (TE€XHOJOTHYECKON) 3aIMIIIEHHOCTH 00JIaf]aeT 0OBbEKT B TOM
cilydae, eclii He3HaYUTEeNbHBIC MOBPEXKICHNSI KOHCTPYKIUH (COOPYKEHUSI, TEXHOIOTHIECKOTO0 000pyA0Ba-
HUsT) 00BbEKTa MPUBOAAT K €0 MOJIHOMY BBIXOAY U3 CTPOs (HHU3Kasg cOOCTBEHHAs 3allUILIEHHOCTD).

[Ipu 5TOM O HE3HAYUTENHHBIM MOBPEKIACHHEM O0BEKTa IMOHMUMAETCs MOBpexIeHue menee 1 %
KOHCTPYKITUH (COOPY>KCHHSI, KOTMIECTBA TEXHOJIOTHUECKOTO 000PYIOBAHUS U JIp.) OOBEKTA.

[on 3HaYMTENBEHBIM MOBPEXKICHHEM 00BEKTa MOHUMAaeTCs noBpexacHue oonee 10 % KOHCTPYKIHMU
(coopyskeHUs, KOJIMYECTBA TEXHOJIOTHYECKOTO 000PYAOBaHUS U JIp.) OOBEKTA.

YpoBenb 3amuThl HHGOPMAILUM OTIPEAETSETCS MO0 3HAYCHUAM Tokaszarens d(dexTnBHOCTH (yHK-
IUOHUPOBAHUS CUCTEMBI 3alIUThI HHPOopMaIyu Pe.,,.

Ecmu P, > 0,95, TO cymecTByromias cucreMa 3aiuTsl HHpopManuu 00beKTa OTHOCUTCS K MIEPBOMY
YPOBHIO (BbICOKas 3 (PEKTHBHOCTH CUCTEMBI).

Ecmm 0,8 < P, < 0,95, TO cymecTBytomas cucreMa 3aliuThl HHPOpManud 00BEKTa OTHOCHTCS KO
BTOPOMY YPOBHIO (cpenHsisi 3p(heKTUBHOCTD CUCTEMBI).

Ecmn 0 < Py, < 0,8, To cucrema oxpaHbl 00BEKTa OTHOCUTCSI K TPeThbeMy YPOBHIO (HU3Kas a3 dek-
THBHOCTbH CUCTEMBI).

3HayeHue JaHHOTO MOKa3aTels 3aBUCHT OT MPOPEeCcCCHOHANBHON MOATOTOBICHHOCTH OpTaHa 3allyuThl
(ucnonHUTENEH), MPUMEHIAEMBIX CPEACTB 3alIUThl HH(POPMALUH (IPOrPAMMHBIX, TEXHUYECKUX H JIp.), OCO-
OeHHOCTEH 00BEKTA 3aIUTH HHGOPMAIIHH.

C yueTroMm Tpex ykazaHHBIX ()aKTOPOB MpeasaracTcsi KaTeropuio 0OBEKTa MO CTENEHH 3alUIeHHO-
CTH OTIPENEIISATh U3 AaHHBIX, IPUBEICHHBIX B Ta0m. 1-3.

Taomuua 1
Kateropust 00beKTa IO CTENEHH 3aNTUIIICHHOCTH IIPH ITEPBOM (BEpXHEM) YPOBHE 3aIIUTH HHGOPMAITHH
YpoBeHb COOCTBEHHO (TEXHOJIOIMYCSCKOMN) 3alUIIEHHOCTH 00BEKTa
YpoBeHb OXpaHbl
1 2 3 4
1 1 2 3 4
2 2 3 4 5
3 3 4 5 6
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Tabmuua 2

Kateropust 00beKTa 10 CTENEHN 3aNTUIIIEHHOCTH TIPH BTOPOM (CpeIHEeM) YPOBHE 3alTUTHI HH(DOPMAITIH

YpoBeHb cOOCTBEHHOH (TEXHOJIOIMYECKON) 3aIUIIEHHOCTH 00BEKTa
YpoBeHb OXpaHbl
1 2 3 4
2 3 4 5
2 3 4 5 6
3 4 5 6 6
Tabnuma 3

Kareropust 00beKTa 110 CTENEHN 3aIIUIIEHHOCTH IPU TPETheM (HIKHEM) YPOBHE 3alIUTHl HHPOPMAaLH

YpoBeHb COOCTBEHHO (TEXHOJIOIMYESCKOMN) 3alUIICHHOCTH 00BEKTa
YpoBeHb 0XpaHbl
1 2 3 4
1 3 4 5 6
2 4 5 6 6
3 5 6 6 6

CrnemoBaTenbHO, KATETOPHIO MOTEHIMAIBHO OMACHOTO OOBEKTa MO CTETEeHH! 3alUIIEHHOCTH MOYKHO
OTIPE/IETNTh, BHITIONHSAS CIIEIYIOIINE ONEPaIru:

— IpUMEHSIST U3BECTHBIC METOIMKH, OTACIBHO PACCYMTATh 3HAYCHHS YACTHBIX IOKa3aTelieil: YPOBHS
OXpaHbl 00BEKTa, YPOBHS COOCTBCHHOH (TEXHOJIOTMYECKOW) 3aIUIICHHOCTH OOBEKTa M YPOBHS 3alllUThI
nHpopMaIuu 00BEKTA;

— YCTAaHOBHTH KaTETOPUIO 00BEKTA MO CTENEHH 3alUIEHHOCTH KaK MHTErPAIBHOTO MOKa3aTens d¢-
(beKTUBHOCTU CHCTEMBI OOECTIeUeHHs O€30MacHOCTH 00BEKTA, 110 MOJYYCHHBIM 3HAYCHUSM YaCTHBIX TOKa-
3aresieii U3 cooTBeTcTBYIoUIer Tabmunbl (1 nim 2 wim 3), T.e. BBIIOJHUTH CBEPCTKY YaCTHBIX IMOKa3aTeseH
s dextuBHOCTH COB 00BEKTA.

Takum 00pa3oM, YCTaHOBHB TEKYIIYIO KaTETOPUIO MOTEHIMAIBHO OMACHOT0 OOBEKTa MO CTETeHU
3aIUIIEHHOCTH U COMOCTaBUB €€ C KaTeropueil 00beKTa MO CTENCHU MOTCHIIUAIBHOW OMacHOCTH, MOXKHO
000CHOBAHO NPHUHAThH PEIICHUE O IENeCO00Pa3HOCTH TEX MU MHBIX MEPOIPHUSITUN 10 BBHIOJHEHHIO yCIIO-
BHA oOecriedeHnst 0€30MacHOCTH OOBEKTa: KaTeropus OOBEKTa MO CTENeHHW MOTEHIMAJbHOW OMACHOCTH
JOJDKHA OBITH paBHA KaTETOPUHU 00BEKTA MO CTETICHN 3alUIIEHHOCTH.

3akaroueHnune

[pennaraeMbiii METOIOIOTMYECKHUN MOIXO/ K KATETOPUPOBAHUIO MOTEHIIMALHO OMACHBIX OOBEKTOB
10 CTETICHU 3allMIIEHHOCTH Ha OCHOBE Y4eTa TPEX OCHOBHBIX ()aKTOPOB: YPOBHS OXpaHbl 00BEKTA; YPOBHS
COOCTBEHHOH (TEXHOJIOTHYECKOW) 3alUIEHHOCTH OOBEKTa M YPOBHS 3allUTHl WHPOpPMALUK OO0BEKTa
(Tabm. 1-3) orBedaeT TpeOOBAHMSIM TTOJIUTUKH B chepe odecrieueHms 6€30TacCHOCTH 0OBEKTOB OT TEPPOPH-
CTHYECKHX, TEXHOTCHHBIX U MPUPOJTHBIX BO3/ICHCTBUH (aBapuii).

PazpaboranHasi cucreMa KaTeropupoBaHUs ITO3BOJIIET 0OOCHOBAHHO MU(GEpEeHIUPOBaTh TpeOoBa-
HUS K YPOBHIO 0€30MACHOCTH Ka)JIOH KaTeropuud OOBEKTOB, a TAK)KE OICHHTh COOTBETCTBUE CHCTEMBI
obecrieueHus1 0€30MMaCHOCTH 00BEKTa TPeOyeMOM KaTeropry 1O CTEIICHH 3alTUIIICHHOCTH 00BhEKTa, paBHOM
KaTErOpuH Mo CTESIECHH MOTEHIMAIBHON OMACHOCTH 00BEKTA.

Kpome Toro, mpuMeHeHHe TaKoTo MOAX0/1a K KATErOPUPOBAHUIO OOBEKTOB I10 CTEIICHU 3alUIIICHHO-
CTH TO3BOJISIET JIETKO YCTaHABJIMBATH MPUOPUTETHOCTH PA0OT 10 COBEPIICHCTBOBAHHUIO CHCTEMBI 00ecIeye-
HUsT 6€301TaCHOCTH 00BEKTA W TIOBHIIIICHUIO CTENICHHU 3aIIUIIICHHOCTH: YPOBHS OXpaHbI U (MJIN) YPOBHS COO-
CTBEHHOH (TEXHOJIOTMYECKOW) 3aIUIICHHOCTH 00BheKTa W (WMIIM) YPOBHS 3aIIUThl MHPOPMAMUA OOBEKTA.
Tak, cpenn 0OBEKTOB U3 OJHOW KATErOPHH MO CTENCHU MOTEHIHMATbHON OMACHOCTH B MEPBYIO OYepellb
ITOJUICKHUT COBEPIIICHCTBOBAHHIO CHCTeMa O0ECIeUeHUs OE30MaCHOCTH OOBEKTa, UMEIOIIEro 0oJiee HU3KYHO
KaTeropuio MO CTENeHH 3aiuineHHocT. [Ipu 3TomM Tpedyemoe (Miu TpeOyeMble) HAIpaBICHUE COBEPIIICH-
CTBOBAHMS CHICTEMBI OOECTICUCHHUS 0e301MacHOCTH 00BEKTa MOXKHO OIPEICIIUTE (MCXOAS U3 HATMUIHSI He00X0-
JIMMBIX PECYPCOB) U3 HAOOPA BO3MOXKHBIX BAPUAHTOB MOBBINICHUS KATETOPUU IO CTETICHH 3aIUINEHHOCTH.
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KAACCHUOPHUKATOPOB

V. N. Klyachkin, D. A. Zhukov

AUTOMATED DIAGNOSTIC SYSTEM OF THE TECHNICAL CONDITION
OF THE OBJECT USING THE AGGREGATED CLASSIFIERS

Annomauyun. Axkmyanonocmos u yeau. J{ns odecrieueHus
HAJIS)KHOCTH TEXHHYECKOTO OOBEKTa MTPOBOAUTCS €ro JH-
arHOCTHKA B YCJIOBUSX JKCIUTyaTallMd 0 pPe3yJIbTaTaM
MOHUTOpPHUHTA TMoKa3aresieil (pyHKIHOHUPOBAHHUS 3TOTO
00BeKTa. AKTYalIbHOCTD 331a49¥ O0YCIIOBIICHA TIOCTOSIHHO
pacTymumMu TpeOOBaHUSAMH 1O OE30IACHOCTH M HAJEXK-
HOCTH TeXHUKHU. [Ipu nuarHOCTHpPOBaHUHM PabOTOCIIOCOO-
HOCTH TEXHHYECKOTOo 0OBeKTa TpeOyeTcs OLEHUTH €ro
COCTOSIHUE TIO 3aJ[aHHBIM ITOKa3aTelsIM (YHKIIMOHUPOBA-
Hust. [Ipy 3TOM MOTYT HCIOJIB30BAThCSI METOJbI MHOTO-
MEpPHOU KJIacCH(PHUKALMHU, KaK CTAHJAPTHBIC CTATUCTHYC-
CKMe, TaK M CICLUaIbHbIE METOJIbl MAIIMHHOTO
o0yuenust. CylIeCTBEHHBIMH OCOOCHHOCTSAMH paccMaT-
pHBaEMOU 3aja4u SIBISIOTCS, BO-MIEPBBIX, HECOAIAHCUPO-
BaHHOCTh 00yuUaroIieil BEIOOPKU: HHGOPMAIIMK O TIOKa3a-
TesIX  (PYHKIIMOHMPOBAHUSA TPH HEpabOTOCHOCOOHBIX
COCTOSIHMSIX O0BEKTa Topas3/io MeHbIlIe, YeM Ipu paboTo-
CIOCOOHBIX, W BO-BTOPBIX, CPAaBHUTEIHFHO HEOOIBIION
00beM BBIOOPKM (KaK IIPaBHJIO, COTHH HAOJIOICHHUIA,
B oriuuue oT «BigDatay B JeCSTKM M COTHH THICSY
B OOBIYHBIX 3ajJayaX MAIIMHHOrO oOyueHwus). llensp uc-
ClIe/IOBaHUST — Pa3paboTKa MPOrPaMMHOIO KOMILIEKCA,
KOTOpPBIH B aBTOMAaTHYECKOM DEXHUME, aHAIU3UPYS HC-

Abstract. Background. To ensure the reliability of the
technical object, its diagnostics is carried out in operating
conditions according to the results of monitoring the per-
formance indicators of this object. The relevance of the
task is due to the constantly growing requirements for the
safety and reliability of technology. When diagnosing the
operability of a technical object, it is required to evaluate
its condition according to specified performance indica-
tors. In this case, multidimensional classification methods
can be used, both standard statistical and special machine
learning methods. Significant features of the problem un-
der consideration are, firstly, the imbalance of the training
sample: information on the performance indicators for in-
operative states of the object is much less than for healthy
ones, and secondly, a relatively small sample size (usual-
ly hundreds of observations, unlike “BigData” «Tens and
hundreds of thousands in the usual problems of machine
learning). The aim of the study is to develop a software
package that, automatically, analyzing the initial data on
the results of the previous operation, would give an opin-
ion on the operability of the facility and would predict its
condition according to specified performance indicators.
Materials and methods. To solve the diagnostic problem,

© Kasuxun B. H., XKyxos A. A., 2020
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AI/IaFHOCTI/I‘IeCKI/Ie METOADI obecneuenns HaACXHOCTHU U Ka4€CTBa CAOXKHbBIX CUCTEM

XOIHBIE JIaHHBIE O pe3yibTarax IpeaecTBYoeH
SKCIUTyaTaluy, faBan Obl 3aKI0UeHHe O paboTocmocoo-
HOCTH OOBEKTa M TPOTHO3MPOBAI OBl €ro COCTOSHHE
10  3aJaHHBIM  MOKa3aTelsiM  (PyHKIMOHHPOBAHMS.
Mamepuanvr u memoovl. JIjis1 pelieHus 3a1aud TUarHo-
CTHKHA MOTYT OBITH HCIIOJB30BaHbI PAa3IMYHBIE METOIBI
MalIMHHOTO O0y4YeHMs: HauBHBINA OaiiecoBCKWil Kilaccu-
(UKaToOp, METO OIMOPHBIX BEKTOPOB, KOMIIO3UIIMOHHBIC
meronsl (OarruHr M OycTwHr) M np. i NOBBIIIEHUS
TOYHOCTH AMATHOCTHKH MOTYT OBITH IPUMEHEHBI arperu-
POBaHHbIE METOJIbl KJIacCH(UKAIIUU, KOTOPbIE HCIONb3Y-
0T KOMOWHAImi0 0a30BBIX MOJEJIEH, MOCTPOCHHBIX Ha
oOyuatomieii BbiOOpke. [Ipum QopmupoBanuM enuHOTO
pemieHus 0 pabOTOCTIOCOOHOCTH OOBEKTa MOXKHO WC-
IMMOJIb30BAaTh TpHU BapuUaHTa arperupoBaHusA PE3YJIbLTATOB:
10 CPEeJHEMY 3HAYEHHIO, [0 MEAWAaHE, a TAKXKE C ITOMO-
IO TpoLeAyphl TosiocoBaHus. Kpome arperupoBanus,
Ka4eCTBO JMArHOCTHKH TaK)X€ 3aBHUCHT OT BBIOPAHHOTO
00beMa KOHTPOJIBHOW BBIOOPKH M criocoba oTOopa 3HA-
YUMBIX TIOKa3aTenei. Jloist KOHTPOIbHOW BEIOOPKH B
o0memM o0beMe HMCXOAHBIX JaHHBIX (MM KOJWYECTBO
OMOKOB pa30MEeHHs BBIOOPKH IIPH KPOCC-BAJHIAIIIH)
OKa3bIBaE€T HEOJHO3HAYHOE BJIMSHHME HA KauyecTBO Kiac-
cuuKkamu: ST KaXI0ro KOHKPETHOT'O TEXHHUYECKOTO
00BEKTa HEOOXOIUMO OIECHMBATH 3TOT (HAKTOP HHIMBH-
nyansHo. Eme onuH (akTop, CyIIECTBEHHO BIIMSFOLIMNA
Ha KayecTBO AMArHOCTHKH, — 3TO 3HAYUMOCTb BIIMSIHUSA
paccMaTpHuBaeMbIX IOKa3aresieil ()yHKIMOHMPOBAaHMS Ha
cocrosHHe O0ObekTa. PaccmaTpuBaroTcst IBa moaxona
K OILIEHKE 3HaYMMOCTH TOKa3arenel. Pe3yibmamyl u Gbl-
600vl. Pa3zpaboTaH aaropuT™M W MPOTPAMMHBIA KOMILIEKC
JUIL JIMAaTHOCTHKHM TEXHHYECKOTO COCTOSHMS 00BeKTa
C HCIIOJIb30BAHMEM arpernpoBaHHBIX KIAaCCH(HKATOPOB,
BKJIIOYAIOIINA B ceOs: pa3OueHne MCXOIHBIX JaHHBIX
Ha KOHTPOJIbHYIO M O0YYarollyio BBIOOPKH, OTOOp 3HAYH-
MBIX IIPU3HAKOB, IIOCTPOEHNE 0a30BBIX M arperipoBaHHbBIX
KJIacCH(MKATOPOB, MOMCK HAWIYYIIEr0 MO F-KPUTEPHIO
METO0/1a, a TAKXKE BO3ZMOXXHOCTh NPOTHO3UPOBAHUS COCTO-
SHUSI TEXHWYeCKoro oObekTa. Bce mnepeuncrnenHsle
(YHKIIMM PacCUUTHIBAIOTCS B aBTOMATH3MPOBAHHOM pe-
KHUME, TEeM CaMbIM IUISI OCYIIECTBICHHS AWArHOCTHKU
TCXHUYCCKOT'O O6'I)€KTa JO0CTATOYHO 3arpy3uTb JaHHBIC O
€ro TPEIIIECTBYIONIMX COCTOSIHMSIX W IPOTPaMMHBIN
KOMIIJICKC noz[6epeT OINITUMAJIBHBIC TIapaMETpPbl IJId I10-
JMydeHus Haubojiee TOYHOrO pe3ynbTarta. B kadectse
00beKTa MCCIIEI0OBaHUS HCIOJIb30BAJIaCh CUCTEMA TOpsi-
Yero BOJOCHAOKEHHS B TOpOAE YJIBbSHOBCK: KOHTPOJIb
MNpoBOAWJICA MO AJaHHBIM, CHATBIM CO CUCTUYMKOB BO/O-
cHaOxxeHns. IlyTeM IpoBEOEeHUS] CTAaTHCTHYECKUX HCITBI-
TaHWH MokazaHa IPQeKTUBHOCTh pa3pabOTaHHBIX MOJE-
JIEl ¥ aJIrOPUTMOB, IIPU 3TOM 3HAUEHHE F-KpUTEpHs Ha
UCCleyeMbIX BBIOOpKax 3a cueT NPUMEHEHHUS arperupo-
BaHUS, BBIOOpa 00beMa KOHTPOIS M OTOOpa 3HAYMMBIX
nokazaTesiel yBeJauyuiaoch 10 15 % orHocurensHO 6a3o0-
BBIX METOJIOB.

Knrwouegvle cnoea: TexHudeckas IUAarHOCTHKA, [TOKa3aTe-
1 (DYHKIMOHHPOBAHUs, pabOTOCIIOCOOHOCTD, arperupo-
BaHHbIE KJ1aCCU(HUKATOPBI, KPOCC-BATH AL, F-KpUTEpHH,
CUETUYHMK rOpSYEro BOJAOCHAOKEHUSI.

Diagnostic methods for ensuring reliability and the quality of complex systems

various machine learning methods can be used: a naive
Bayesian classifier, a support vector method, composi-
tional methods (bagging and boosting) and others. To in-
crease the accuracy of diagnostics, aggregated classifica-
tion methods can be applied that use a combination of
basic models built on a training set. When forming a uni-
fied decision on the operability of an object, you can use
three options for aggregating results: by average, by me-
dian, and also by using the voting procedure. In addition
to aggregation, the quality of diagnostics also depends on
the selected volume of the control sample and the method
of selecting significant indicators. The share of the con-
trol sample in the total volume of the source data (or the
number of blocks of sample splitting during cross-
validation) has an ambiguous effect on the quality of
classification: for each specific technical object, it is nec-
essary to evaluate this factor individually. Another factor
that significantly affects the quality of diagnostics is the
significance of the influence of the considered indicators
of functioning on the state of the object. Two approaches
to assessing the significance of indicators are considered.
Results and conclusions. An algorithm and software
package for diagnosing the technical condition of an ob-
ject using aggregated classifiers has been developed, in-
cluding: dividing the source data into control and training
samples, selecting significant features, building basic and
aggregated classifiers, searching for the best method ac-
cording to the F-criterion, as well as the ability to predict
state of the technical object. All these functions are calcu-
lated in an automated mode, thus, to carry out diagnostics
of a technical object, it is enough to download data on its
previous states and the software package will select the
optimal parameters to obtain the most accurate result. The
hot water supply system in the city of Ulyanovsk was
used as the object of study: control was carried out ac-
cording to data taken from water supply meters. By carry-
ing out statistical tests, the effectiveness of the developed
models and algorithms is shown, while the value of the F-
criterion in the studied samples through the use of aggre-
gation, the choice of control volume and the selection of
significant indicators increased to 15 % relative to the
basic methods.

Keywords: technical diagnostics, performance indicators,
operability, aggregated classifiers, cross-validation,
F-criterion, counter of hot water supply.
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IlocranoBKa 3apaun

s obecriedeHns1 HAAEKHOCTH TEXHUYECKOTr0 00BEKTa MPOBOJMUTCS €ro JUArHOCTHKA B YCIJIOBHUSIX
OKCIUTyaTallH 0 Pe3yJibTaTaM MOHUTOPHHTA MoKa3aTeseld QyHKIMOHUPOBAHUS 3TOT0 00bEeKTa. AKTyalb-
HOCTB 3aJja4i 00YyCJIOBJIEHA MMOCTOSHHO PACTYIIMMHU TPEOOBAHMAME 1O 0€30MaCHOCTH W HAJIEKHOCTH TEX-
HUKH [1-3], a cOBpeMEHHBIC KOMITHIOTEPHBIC TEXHOJIOTHH, B YaCTHOCTH, MCIIOIB3YEMBIC B HACTOSIICH pa-
0oTe METOAbl MAaIIMHHOTO OOYYeHHs, MO3BOJSIOT Ooliee TOYHO IUArHOCTHPOBATH COCTOSIHHE OOBEKTA.
YacTo AMAarHOCTUKA CBOJUTCS K PACIIO3HABAHUIO OJHOTO M3 JIBYX COCTOSIHHM: K Pa3leIeHHIO COCTOSHHI
00BbEeKTa Ha UCTIPaBHBIC WM HEUCIIPaBHBIE, PA0OTOCIOCOOHBIE MM HEPAOOTOCIIOCOOHBIE.

[Mpu puarnoctupoBaHuM pabOTOCIIOCOOHOCTH TEXHUYECKOTO 00BEKTa TPeOYeTCsl OLIGHUTh €ro co-
CTOSIHUE TI0 33J]aHHBIM TIOKa3aTeNsiM (QyHKIIMOoHHpoBaHus. [Ipr 3TOM MOTYT HCIIOTB30BATHCS METOABI MHO-
TOMEpHOH Kiaccu(uKanny, Kak CTaHAApPTHBIE CTATHCTHYECKHE, TaK M CIEeNHaIbHBIE METOABI MAIIMHHOTO
00y4eHusl, K KOTOPHIM OTHOCSTCS HEHpOHHBIE CeTH, aHcaMmOmm Moxeneil u ap. [4—6]. CymiecTBeHHBIMH
0COOEHHOCTAMH paccMaTpUBACMOM 3aJadd SIBIAIOTCS,, BO-TIEPBBIX, HEcOAaHCUPOBAHHOCTH OOy4arolien
BBIOOPKH: MHPOPMAIMK O TIOKa3aTeNsIX QyHKIHOHUPOBAHUS PH HEPaOOTOCIIOCOOHBIX COCTOSTHUAX 00BEK-
Ta TOPa30 MEHBIIIE, YeM MPH pabOTOCIIOCOOHBIX, M BO-BTOPBIX, CPABHUTEIHLHO HEOOIBIION 00beM BbIOOD-
K¥ (Kak IIpaBWIIO, COTHU HAOIONACHUM, B oTiimuue oT «BigData» B AECSITKH W COTHH THICSY B OOBIYHBIX 3a-
Jlagax MalTuHHOTO O0yYCHUS).

Jumarsoctuka paboTOCIIOCOOHOCTH 00BEKTa MOXKET PACCMATPUBATHCS Kak 3a/1aya OMHAPHOMN KIIaCCH-
¢uxaumu [7-9]. TouHOCTH peLIeHUs 3TOW 3a1a4H 3aBUCHT OT:

— o0beMa BBIOOPKH C JaHHBIMH IO PE3yJIbTaTaM MOHUTOPHHTA (YHKIMOHHUPOBAaHUS 00BEKTa B MPO-
1ecce dKCIuTyaTalum;

— Ka4uecTBa 3TOU BEIOOPKH (B YACTHOCTH, HATMIMS BEIOPOCOB M MIPOITYIIICHHBIX HAOIOIECHNUT);

— croco0a paszeneHus] BEIOOPOYHBIX JAHHBIX Ha 00YYAIONTyI0 M KOHTPOJIBHYIO YacTH;

— MeTo/1a KiIacCU(pUKAUH (MOTYT OBITh UCTIONB30BAHEI IECATKH CYIIECTBEHHO Pa3IMUYAIONINXCS Pa3-
JIMYHBIX MOJIENIeH Kiaccu(UKanum);

— KpUTEPHEB KauecTBa JUArHOCTUKH;

— 3HAYMMOCTH KOHTPOJIUPYEMBIX TTOKa3aTesei;

— apyrux (HaKTOPOB.

Br16op aTux dakTopos, odecreunBamMuX HEOOX0IUMYI0 TOYHOCTh JUATHOCTUKH, SBIISICTCS BAXKHOU
3aga4ei.

Henp nccnenoBanust — pazpaboTKa MPOrpaMMHOTO KOMITIEKCa, KOTOPBIHA B aBTOMAaTHYECKOM PEXUME,
aHaJM3UPYsT UCXOAHBIC JaHHBIE O pe3yJbTaTax MPEeIIeCTBYIOMIEH dKCIUlyaTaluy, JaBajl Obl 3aKII0UeHHE
0 paboTOCIIOCOOHOCTH 0OBEKTa M MPOTHO3UPOBA Obl €r0 COCTOSIHUE I10 3aJIaHHBIM TI0Ka3aTessIM (QyHKIU-
OHHMPOBAHUSI.

ArpernpoBaHHbIe KAACCHPHKATOPHI B 3aAa9aX MAIIHHHOTO 00yYeHHs

Kak yxxe oTmeuanoce, A pelIeHus 3a1a4dl JUarHOCTHKHA MOTYT OBITh MCIOJB30BaHBI Pa3IMYHbIC
METOJIbI MAIIMHHOTO OOYYCHUS: HAUBHBIN 0aileCOBCKUMN KaccU(UKATOP, METOJ ONMOPHBIX BEKTOPOB, KOM-
MO3UIMOHHBIC METObI (O3TTHHT M OycTuHT) U jp. [Ipu 3TOM He cylIecTByeT YHUBEPCATIbHOW MOJEIH, KO-
TOpast MorJia Obl CIIPOTHO3UPOBATh COCTOSTHUE TEXHUYECKOTO 00BEKTA C SIBHBIM MPEUMYIIICCTBOM.

JJ1 TOBBIIIIEHUST TOYHOCTH JUATHOCTUKHA MOTYT OBITh NMPUMEHEHBI arperHpOBaHHbBIE METOMABI Kiac-
cr(UKaI, KOTOPBIE HCIIOIL3YIOT KOMOWHAITHIO 0a30BBIX MOJIETICH, TOCTPOCHHBIX Ha 00yJarOIIeH BEIOOP-
ke. [Ipu 3TOM Haz0 ompeneNnnTh, Kakue MEeTOIbl 00yJeHHUs! UCIIONb30BaTh (HarpuMep, B cucteMe Matlab, B
KOTOPO# pelanachk 3ajava, BCTpoeHbl 11 MeTo0B KitaccuuKaum), Kak uX OObEJAMHUTh U KaK MPUHSITH
peleHue 0 paboToCIIOCOOHOCTH 00BEKTa HAa OCHOBE PEIICHH OT/IEIBHBIX METOI0B?

[Tepebop BceX BO3MOXKHBIX COUCTAHHMH METOJIOB KJIACCU(UKAIIMU JACT CIUIIKOM OOJIBIIOE KOJIHUYE-
CTBO MOJIEJIeH U HEONpaBAaHHBIM 00beM BhIUHCIEHUH. [IpoBeieHHbIE YCIIEHHBIE NCCIIEIOBAHNS U UX CTa-
TUCTHUYECKHN aHaIM3 MOKA3aJH, YTO YBEJIHMUEHHE Yrcia KOMIOHEHTOB B arperare OOoJbIlIe ABYX HE MPHUBO-
IUT K CYIIECTBEHHOMY IIOBBIIICHHIO TOYHOCTH. Ha mpakThke BO3MOXKEH Iepe0op IHUIb IeCATH
arperupoBaHHBIX MOJICJICH: COYETaHUE JIyUIeH 13 0a30BBIX C OJHON U3 OCTANBHBIX. CTPYKTYphI arperupo-
BaHHBIX KJIACCH(PHUKATOPOB MOTYT OTIMYATHCS APYT OT APYyra U3-3a TOTO, YTO Pa3OUBKa UCXOMHBIX JAaHHBIX
Ha 00y4arolIyio U KOHTPOJIbHYIO BEIOOPKH MTPOU3BOJUTCS CIIyYalHBIM 00pa3oM.

Jus popmupoBaHus eqUMHOTO pemeHus 0 paboToCrocOOHOCTH 00BEKTa HAa OCHOBE PEIICHUH OT/IENb-
HBIX METOJIOB KJIACCU(UKAIIMU MOXKHO HCIIOJIb30BaTh TPH BapHaHTa arperupoBaHus pe3yibtatos [10, 11]:
M0 CpeHEMY 3HAYCHHIO, TI0 MEJIMaHe, a TAKIKE C MTOMOIIIBIO MPOLIEYPhI TOJIOCOBAHUS.
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[TocTporM MaTeMaTUYECKYHO MOJEIh arpernpoBaHHOTO METOoJa Kiaccu(UKAIUU 10 CPeIHEMY 3Ha-
YCHMIO IS IByX 0a30BbIX METOAO0B. [Ipenosiokum, 4To Mpy NPOBEACHUN TUATHOCTUKH (DYHKIIMOHUPOBA-
HUS pacCMaTPUBAEMOT0 OOBEKTa HAWITYYIINMHE 0 33JJaHHOMY KPHUTEPHIO OKa3aJUCh METOJ OMOPHBIX BEK-
TOPOB M OJIVH M3 BapUaHTOB OyCTHHTA.

Torma maremMaTudeckass MOJIENb arpernpOBaHHOTO METO/a KIIACCH(HKAINH 10 CpeIHEMY 3HAUYESHUIO
JUISL IBYX 0a30BBIX METOJIOB — OTIOPHBIX BEKTOPOB M OyCTHUHTA — MPUMET BUJT

A 1 1 1
PAch (X)=—= +

p T
1+exp(—z wx; +w,) 1+ exp(—z o,h)
t=1

J=1

P,y (X) — 9TO BEPOATHOCTH TOTO, YTO NPH 3aJaHHON MaTpHLE HoKasaTeseil X 0GbeKT paboTocnocodeH,
HaW/ICHHAs C MIOMOIIBIO arperupoBaHHoro Knaccudukaropa AK 1o cpenneMy 3HaYEHHIO, X; — MOKA3aTeNn

(hyHKITMOHUPOBAHUS, W; — TTAPaMeTPhl METO/Ia OMTOPHBIX BEKTOPOB, OINPENEsieMbIe C MCIIOIh30BAHUEM Me-
tTona MHOKuTenel Jlarpanxa; /,(x) — 6a30Bble KilacCHPUKATOPHI OYCTHHTA; 0, — KOA((DUIIMEHT B3BEIICHHO-
rO TOJIOCOBaHUS JUIsi COOTBETCTBYIOIIETO Kiaccudukaropa /,(x), onpeaensieMblii B 3aBUCUMOCTH OT KOH-
kpetHoro metona Oycrunra (AdaBoost, LogitBoost, GentleBoost u ap.). [Tono6HbIM 00pazom MOTYT OBITH
MOCTPOEHBI U MOJICIIU arperupoBaHus sl JPYTHX 0a30BbIX METOOB.

Kpome arperupoBanus, JUisl TOBBIMIEHUS KadecTBA TUATHOCTUKH TaKXKE 3aBHUCHUT OT BBIOPAHHOTO
00BeMa KOHTPOJIBHOM BBIOOPKHU U CIIOcOo0a 0TOOpa 3HAYUMBIX TTOKa3areieid. Jlost KOHTPOIbHOH BBIOOPKHU B
o01ieM 00beMe UCXOMHBIX NaHHBIX (MIIM KOJUYECTBO OJIOKOB pa30OMEHHUs: BBIOOPKHU TPHU KPOCC-BaTHIAINH )
OKa3bIBaCT HEOJHO3HAYHOE BIIMSHHE HA KA4eCTBO KiacCH(PUKAIMU: JUIS KaXJIOr0 KOHKPETHOTO TEXHUYEC-
CKOT0 00bEeKTa HEOOXO0AMMO OLIEHUBATH 3TOT (AKTOP UHIUBHUILYaTHHO.

Eite o ¢akTop, CyIIEeCTBEHHO BIUSIONIMIA HA KAYECTBO JUArHOCTHUKHU, — 3TO 3HAYMMOCTh BIIUSHUS
paccMaTpuBaeMBbIX IMMOKazaTenell (yHKIMOHUPOBAHUS HA COCTOSHHE 00BbekTa. PaccmaTpuBaiich 11Ba mMoj-
X0Jla K OIICHKE 3HAYNMOCTH noka3areieil [12]. IlepBolii moaxo/ CBS3aH ¢ aHAIM30M KOPPEISIHOHHON MaT-
PUIIBL: HapUMep, eciau KOA(POUIIMEHT KOPPEISIUN MEXTy MOKa3aTelleM (YHKIMOHUPOBAHUS X; U COCTOS-
HreMm 00bekTa Y (¥ =1 — 00bekT paboTocnocobeH, Y = 0 — 00beKT HEpabOTOCIIOCOOEH) OIU30K K HYIIIO, TO
MaJIOBEPOSATHO, YTOOBI TAKOM IOKa3aTelh OBLI 3HAYMM. BTOpO# mMOAX0 — OIlEHKA 3HAYUMOCTH PErPeCCo-
poB 10 kpuTepuro CThIOJICHTA B TMHEHHOU PErpecCHOHHON MOJICIH 3aBUCUMOCTH COCTOSIHHSI OOBEKTa Y OT
MOKA3aTeNen X;.

YunteiBass HecOAAHCHPOBAHHOCTh KJIACCOB MPU HMCCIENOBAaHUM (PYHKIIMOHHPOBAHUS TEXHUYIECKUX
00BEKTOB (KOJIMYECTBO HAOIIOAEHHUH ¢ paboTOCTIOCOOHBIMU 00BEKTaMH, KaK MPaBHIIIO, 3HAYUTENLHO OOJIbIIIe,
4eM ¢ HepabOTOCIOCOOHBIMH), KPUTEPUEM KaueCTBa KIIACCU(DMKAIMK CIICAYET BIOUpaTh F-Mepy: rapMOHH-
YEeCKOE CPEeHee MKy TOUHOCTHIO U MOJHOTOHN KIacCU(HUKAIIMK; YeM 3TO 3HAUYCHHE OJIMKE K CAUHUIIC, TEM
Ka4yecTBO Kiaccudukaiuu jgyuiie. MIHOTAa, Ipy COBNAJICHUM 3HAYCHUH 3TOW MEpPBI JIJIS Pa3IMYHBIX METOJIOB,
MO>KHO JTOTIOJTHHTEIHHO MCIIOB30BATh B KAUECTBE KPUTEPHS ILIOMIAAb 10T KPHBOM omuook [12, 13].

ABTOMaTHSPIPOBaHHaﬂ CHCTEMa AHAI'HOCTHKH

Jnst pa3paboTKi mporpaMmbl TUarHOCTHKH (YHKLIMOHHUPOBAHUSI TEXHUUYECKOTO OOBEKTa, MO3BOJIS-
fouiel B aBTOMaTHYECKOM PEXUME ITOCTPOUTH HAWITYUIIYI0O MOZAEIb IS IPOTHO3UPOBAHUS COCTOSIHUS 00b-
€KTa, UCIIOJIb30BaH ajrOpUTM, OCHOBAaHHBIN Ha pe3ysbTaTax M3JI0KEHHOTO HccliefoBanus. [Ipu sToM st
pacueToB NPUMEHSETCS KPOCC-BaJMIAIMS HA BCEX JTarax: MpH BeIOOpE HaWIydIero oobemMa KOHTPOJIBHOM
BBIOOPKH, TPU OTOOPE 3HAYMMEBIX TOKA3aTeNeH, MPU MMOUCKE METOIOB OOYyUCHHS, 00eCIIeUNBAOINX MaK-
CHUMaJIbHOE 3HAU€HHE F-KpUTEPHs Ha KOHTPOJIBHOM BBIOOPKE.

Brauane nonp3oBarento npearaercst BbIOOp (paiina, B KOTOPOM XpaHSATCA UCXOAHBIE JaHHbIE. JlaH-
HBIH (paiin momkeH ObITH B popmate .xls minm .xIsx, a comepxumoe ¢aiina: mepBblid cTOI0EI — OTKIMK, Ja-
Jiee — CTOJIOIBI MoKa3aresiel (PyHKIUOHUPOBAHUS TEXHUIECKOTO 00BEKTa.

[Mocne cunthiBanus (aiiina UCXOTHBIX JaHHBIX (pHc. 1) 3amaeTcs 00beM KOHTPOIBHOM BEIOOpKH. [lis
COKpAILCHNS BBIYUCICHUM NPUHMMAETCs HadajlbHOE 3HadeHue o0beMa KOHTpois 25 %, T.e. mpH Kpocc-
BaJIMJalUHU BEIOOPKA pa30MBAETCs HA YETHIPE YACTH, TPH U3 KOTOPBIX UCHONB3YIOTCS JIs1 O0y4EHHUSL.

Hanee npoBoautcst o0yyenue mo Bcem 11 6a30BbIM MeTolaM KiacCU(pHUKALUU C HCIOJIb30BaHUEM
BCeX 3a/IaHHBIX TOKa3aTeleill PyHKIMOHUPOBaHHUS 00bekTa (0e3 0TOOpa 3HAYMMBIX TOKa3areseil) Ha Oase
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Ooubnmorexkn wWHCTpyMeHTOB Statistics and Machine Learning Toolbox B makere Matlab ¢ pacuerom
F-meprl. BriOupaeTcs 3agaHHOE MOJIB30BAaTENEM KOJIMYECTBO METOAOB (MCCIEIOBAaHUS IMOKAa3bIBAIOT, YTO
JIOCTaTOYHO ABA-TPH, XOTsI BO3MOXKEH U IOJHBII 11epedop), MoKa3aBIIUX HanOoblIee 3HaUeHHE F-Mephl.

st oTOOpaHHBIX METOAOB MCCIIEAyeTCsl BHaYaje BIUsIHUE 00beMa KOHTPOJILHOHM BBIOOPKH, a 3aTeM —
crocoba oTOopa 3HAYMMBIX TMokazareneil. OOBeM KOHTPOJBHOW BBIOOPKH ITOCIICIOBATEIHHO CHUKACTCS
¢ 25 10 5 % (COOTBETCTBEHHO KOJIMYECTBO OJOKOB pa3OMeHHs HpU Kpocc-Banupanuu paBHo 20) ¢ marom
5 %. g BapuaHTOB, B KOTOPBIX F-Mepa oKa3anach MaKCHUMalIbHOH, TPOBOAUTCA OTOOpP 3HAYMMBIX ITOKa3a-
tenelt. [Ipu 3TOM HCTIONB3YIOTCS ABa PAaCCMOTPEHHBIX MOAX0/a K OLIEHKE 3HAYUMOCTH.

o pe3ynpraTaM NpoOBEICHHBIX UCIIBITAHUH IPUHUMAIOTCS 3HAYCHHE 00beMa KOHTPOJIbHOM BBIOOPKU
W TIOKa3aTeld, KOTOpble OyQyT HCIOJIb30BaHbl AJISl MPOJODKEHHS MAIIMHHOTO o0yueHus. C y4yeToM 3THX
IBYX (PaKTOPOB CTPOSITCSL arperupoBaHHBIE KJIACCU(UKATOPHI TPEX TUIIOB — II0 CPEAHEMY 3HAYEHUIO, IO
MeJIMaHe U C MIOMOILBIO POLIEAYPhI roJ0coBaHMs. BeiOnpaercs MoJens (BKIIOYAIONIasl BUA arperupoBaHus
U KOMIIOHEHTHI arperarta: HECKOJbKO 0a30BBIX KJIAacCH(UKATOPOB), KOTOpPask B JAJIBHEHIIEM HCIIOJIb3YeTCs
JUTSL IPOTHO3UPOBAHHUS COCTOSHUSA TEXHUYECKOTO O0BEKTA.

YucaeHHOE HCCACAOBAHHEC

B xadectBe 00BEKTa HCCIEHOBAHUS MCIOIH30BAIACH CUCTEMA TOPSYEr0 BOAOCHAOXKEHHS B TOPOJIC
YABSHOBCK: KOHTPOJIh MPOBOJMIICA MO JaHHBIM, CHSATBHIM CO CUETYHMKOB BOMOCHaOkeHHsA. KoHTpomuposa-
Jlach paboTa CUCTEMbl BOAOCHAOXKEHHS TOpSYECH BOJBI Ha HAJIMYHME YTEYeK (CHCcTeMa HepaOOTOCIIOCOOHA:
Y = 0) mo moxazarensM (QyHKITMOHHpPOBaHHS: X; — TeMIlepaTypa BOABI B IOAAIONIEM TpPYOOIIPOBOJIE;
X, — pacxon paboueii )KUAKOCTH B TPYyOOTIPOBO/IE MOAa4YH; X3 — pacxo]] paboyeid ®KUIKOCTH B TPYOOIIPOBOIC
«oOpaTkm»; X, — moaBaeMoe napiicHue; Xs — o0paTHOE HaBJICHHE;, Xy — KOJMYECTBO TEIUIOBOH SHEPTHH.
O0beM ncxonHol BEIOOPKH cocTaBuil 756 HabmoaeHu# (13 HUX 584 paboTOCHOCOOHBIX COCTOSHHUS).

3amavya: WCHONB3ys Martpully X TMoKaszareneid (YHKIMOHHUPOBAHHUS CUETYMKOB Pa3MEPHOCTHIO
756 cTpoK U 6 CTOJIOIIOB M BEKTOP-CTOJIOCI] OTBETOB O HAJMYWU WIH OTCYTCTBHH YTEUECK B CUCTEME Y, pa3-
paboTtaTs MonIeTs OMHAPHOTO KiIaccHu(PUKaTopa, KOTOpas MO BHOBb MOCTYITUBIIUM TOKa3aTeIsIM (yHKITHO-
HUPOBAHUS CYETUYMKOB JACT MPOTHO3 O PA0OTOCIIOCOOHOCTH CHCTEMbI BOJOCHAOKECHHSI.

Ha puc. 1 moka3ansl UCXOMHBIC JaHHBIC, M3 KOTOPBIX CIyIaiHBIM 00pa3oM GOpMHUPYIOTCS 00ydaro-
1ast ¥ KOHTPOJIbHAS BEIOOPKH, a Ha PUC. 2 — Pe3yJIbTaThl pacueTa: HauIy4liel 10Jei KOHTPOJIBHOU BEIOOD-
KH OKa3aJnch 25 %; 3HaYNMOCTh MOKa3aTelNiell OIeHNBajIach 0 PErpECCHOHHON MOJAEIH, TIPY STOM He3Ha-
YUMBIM OKa3aJICs MoKa3aTenb X (KOJMYECTBO TEIIOBOIM 3HEPTUM); JIYUIITUMH METOJAMU KIACCU(PUKAIMH
okazanch AM-C (arperupoBaHue 1o CpeaHeMy 3HaueHUI0) 1 AM-M (1o Meamane), Ipu 3TOM 00a MeTo1a
MoKa3aiu oJuHaKoBoe 3HaueHue F-mepsl (F = 0,9164) u 0AMHAKOBYIO CTPYKTYypy, BKItOUamomymw A —
JMMCKpUMHUHAHTHEIN ananu3, BJIP — 6arruar nepeBbeB pemenuit 1 GB — meton Oyctuara GentleBoost.

4\ Bbibop AaHHbIX - et
3arpysutb gaHHble | Obbem 756
1 2 3 4 5 6 7
14 1 663000 74100 64100 24400 30900 00550 A
15 1 663100 79200 63500 23500 24100 00870
16 0 662600 79900 64900 6 25200 00840
17 1 662100 81900 65800 21600 45100 0.0900
18 1 660700 82700 68500 24600 36700 00800
19 1 660100 90700 68500 20700 31700 01260
20 1 659400 90400 68500 24600 57200 01240
21 1 657700 91700 68000 20800 45200 01340
22 1 66.0900 82500 66800 19900 62000 00880
23 1 647000 70700 60700 20800 27100 00550
24 0 569300 65400 61500 24600 4 00180
25 0 570400 61600 58800 24800 4 00130
26 1 572500 61100 57500 21500 15600 00170
27 1 573200 58500 57300 24800 10100 0.0050 v

Puc. 1. BBoa HCXOOHBIX JaHHBIX
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Jlyywmii npouexT

» 25 BLINONHWTE pacyet
KOHTPOMbLHOII BbIGOPKM

OtBop npu3Hakos: M0 3HAUMMOCTU PErPECCOpPOB

Jlyuwine meToabl:

MeTtoga F-kpuTepmii
1 |AM-C: A + B[P + GB 09164
AM-M: OA + B[P + GB 09164
3 |AM-T-BOP+ LB 0.9061

Puc. 2. Pe3ynbraTsl pacdera

B paspaboranHO# mporpamMmme MOKHO MPOBECTH NPOTHO3MPOBAHHE HOBOTO COCTOSIHHS CUETUHKA.
[IpornozupoBanne NPOUCXOAUT MO JYYIIEMY METOJY, ITOJyYEHHOMY IpPH BBIIOJHEHHMH OCHOBHOIO aJro-
putma. [Ipu BBoZe maHHBIX, HanmpuMep W3 Tabin. 1, moxy4aeM pes3ysbTar, MOKa3aHHBIA Ha puc. 3: V=1 —
CYETUYHK pabOTOCTIOCOOEH, YTEUKa HE TIPOTHOZUPYETCSI.

Tabmuma 1
HoBble mokazarenu GpyHKIMOHUPOBAHUS CUSTUHKA
X1 X2 X3 X4 X5
66,4 8,35 6,41 2,48 3,02

[pordoa HOBOTO COCTOAHMA 1

Puc. 3. [IporHo3upoBaHre HOBOTO COCTOSTHUS CUETUHNKA

3akArouenue

Pa3pa0oTaHbl aaropuTM ¥ IPOrpaMMHBINA KOMILICKC Il JUATHOCTHKH TEXHHYECKOI'O COCTOSIHUS 00b-
€KTa C MCIIOJIb30BAHUEM arperMpOBaHHBIX KJIACCH(DUKATOPOB, BKIIIOUYAIOIIMI B ce0s: pasOMEHHE UCXOTHBIX
JIAHHBIX HA KOHTPOJBHYIO W OOY4YAIOIIyI BBIOOPKH, OTOOpP 3HAYMMBIX MPU3HAKOB, MOCTPOCHHE 0a30BBIX
1 arperupOBaHHBIX KJIACCH(PUKATOPOB, OUCK HAMITYYILETO 10 F-KPUTEPHIO METO/Ia, & TAK)KE BO3MOKHOCTh
MIPOTHO3UPOBAHHUS COCTOSIHUS TEXHHUYECKOro oObekTa. Bee mepeunciieHHbie (YHKIMH PAaCCUUTHIBAFOTCS
B aBTOMAaTHU3MPOBAHHOM PEXHUME, TEM CaMbIM JIJIsi OCYIIECTBIICHUS JUATHOCTUKU O0BEKTa JOCTATOYHO 3a-
IPY3UTh JaHHBIE O €ro MPEIIECTBYIOIUX COCTOSHUSIX U MPOrPAMMHBINA KOMITIEKC MOJ0EpeT ONTHUMATbHbIC
rapaMeTpbl IS MOTy4YeHUs. HauOoJiee TOYHOTO pe3ybTara.

[TyTem mpoBeneHUs] CTATUCTUYECKUX WCIBITAHUH MOKa3aHa 3()(QEKTHBHOCTh pa3pa0OTaHHBIX MOJIC-
JIeH ¥ allTOPUTMOB, TIPU 3TOM 3HAYEHHUE F-KPUTEPHUsS HA Pa3IUYHBIX UCCIECYyEMBIX BBIOOPKAX 3a CUET MPH-
MEHCHHS arperupoBaHusi, BbIOOpa 00beMa KOHTPOJS M OTOOpa 3HAYMMBIX ITOKA3aTeleld YBEIMYHIOCH
110 15 % oTHOCUTENBLHO 0A30BBIX METOIOB.

Hccnedosanue svinonneno npu gunancosot noodepcke POOU u Ilpasumenvcmea Yiuvsnosckou obaracmu,
npoexkm 18-48-730001.
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METOAHKA ODEHKHA OCTATOYHOTI'O PECYPCA DAEKTPOHHOI'O BAOKA
CHUCIIOAB3OBAHHMEM YCKOPAIOINIHUX PAKTOPOB

I. I. Kochegarov, N. K. Yurkov, O. K. Abdirashev, D. S. Ergaliev, A. D. Tulegulov

METHODOLOGY FOR ASSESSING THE RESIDUAL LIFE OF THE ELECTRONIC
UNIT WITH THE USE OF ACCELERATING FACTORS

Annomauyusn. Axkmyanvnocms u yeau. CTaBUTCS Telb —
OLIEHUTH OCTATOYHBIN PECYpC U3AENUS JJIsL AIEKTPOHHOTO
6soka. PaccmaTtpuBaroTcsi BUABI OTKAa30B B 3JIEKTPOHHBIX
cpencTBax. AKTyaJlbHOCTh TIOJOOHOTO MOAXO0Na BEI3BaHA
HKOHOMHUYECKOH LeNIecO00pa3HOCThIO, KOTAa HEBO3MOX-
Ha orepaTHBHas 3aMeHa Oijoka. OmpeneneHne ocTaTod-
HOTO CpOKa CITy>KOBI SIBJISIETCS Ba)KHOW KOHIICTIIMEH B
MPUHATHH PEIICHUH 110 CHIDKEHHIO PUCKOB M CMATYCHHUIO
MOCTIEICTBUM upe3BblYaliHbIX cuTyanuil. CTaBUTCS 3aja-
Ya OLIEHKH OCTATOYHOTO Pecypca 3a CUeT BBEICHUS YCKO-
pSIOIMX KOI(PQPUIMEHTOB MPH MPOBEICHUU HCIBITAHUN
JUTS pa3iMYHbIX BHUIOB Bo3jecikcTBuil. [lompobHO pac-
CMaTpHBaeTcsl BIMsHUE Ie()EeKTOB KOHAEHCATOPOB Ha
OCTaTOYHEIHN pecypc. Mamepuanvt u memoowt. J1st ipen-
BapHUTEIBHON OIIGHKH DPEXHMOB DPAaOOTHI 3IEKTPOHHBIX
CXEM Mpe/IIoKeHa MaTeMaTHYecKass MOJEb, TO3BOJISIO-
asi Y9eCTh BIHSHUE YCKOPSIOUINX (DaKTOPOB B 3aBUCH-
MOCTH OT BHOpauuii, TeMIepaTypbl U BIaKHOCTH, a TaK-
K€ OLCHHUTb HAACKHOCTb H3ACIHA. I[J'lﬂ MOJIyUCHUA
3aBUCHMOCTH peXHUMa paboThl KOHAEHCATOpa OT TeMIle-
paTypbl TPUMEHSIOTCS METOABI CTaTHCTHYECKOW o0pa-
OOTKM [aHHBIX, TOIYYEHHBIX B XOJA€ H3MEpPEHH.
Pesynomamei.  TlpemynoxeHHas: METOIMKA IO3BOJISIET
Y4eCTh TEMIIEPATYPY B JOMOIHUTEIHHOM KO3 HUIMEHTE,
BIIUSIONIEM Ha pacyeT HanexHocTdu. Koadduiment mo-
KET NMPUMEHATHCA KaK B OLCHOYHBIX pacye€Tax Ha oTale
MIPOEKTUPOBAHMS, TaK M NPH IKCIUTyaTalWud U3AEIHs Ha
OCHOBE MAaHHBIX, TOJIYYaeMBIX B pEallbHOM BpPEMCHH.
JlanHast Metonuka OasupyeTcs Ha W3BECTHBIX (U3Mue-
CKMX MOJIEJISIX M TO3BOJISIET JOOUTHCS XOPOIIEro COoBIa-
JIEHUS C SKCIICPUMEHTAIbHBIMH JTaHHBIMHU 33 CUET BBEJle-
HUSI BECOBBIX KO3(DPHUIMEHTOB. Bvigodst. IIpemnoxenHas
METOJIMKA T03BOJISIET HA OCHOBE MPEABAPUTENLHO MO0~
TOBJICHHBIX TAaHHBIX OIICHUBATh OCTATOYHEIA pecypc Oro-
Ka B 3aBHCHMOCTH OT HHTETPAJBbHOIO M3MEHEHHS TaKhX
BO3/eiicTBYOMMX (HAaKTOPOB, Kak BUOpalus, TeMIepary-
pa, BIQXKHOCTb.

Knroueevle cnoea: ocTaToOYHBIN pecypcC, HaACKHOCTD,
TeMIIEpaTypa, KOHACHCATOP, OTKa3bl, MOACJIMPOBAHUE.

Abstarct. Background. The article aims to assess the re-
sidual life of the product for the electronic unit. The types
of failures in electronic means are considered. The rele-
vance of this approach is due to the economic feasibility,
when it is impossible to quickly replace the unit. Deter-
mining the remaining service life is an important concept
in making decisions to reduce risks and mitigate the con-
sequences of emergencies. The task is to assess the resid-
ual life by introducing accelerating factors during testing
for various types of impacts. The influence of defects of
capacitors on the residual life is considered in detail. Ma-
terials and methods. For a preliminary assessment of the
operating modes of electronic circuits, a mathematical
model is proposed that allows taking into account the in-
fluence of accelerating factors depending on vibrations,
temperature and humidity, as well as assessing the relia-
bility of the product. To obtain the dependence of the op-
erating mode of the condenser on temperature, methods
of statistical processing of the data obtained during meas-
urements are used. Results. The proposed technique
makes it possible to take into account the temperature in
an additional coefficient that affects the calculation of re-
liability. The coefficient can be used both in estimated
calculations at the design stage and during the operation
of a product based on data obtained in real time. This
technique is based on known physical models and allows
you to achieve good agreement with experimental data by
introducing weighting factors. Conclusions. The proposed
technique allows, on the basis of previously prepared da-
ta, to evaluate the residual resource of the unit depending
on the integral change in such influencing factors as vi-
bration, temperature, and humidity.

Keywords: residual life, reliability, temperature, capaci-
tor, failures, modeling.

© Kouerapos M. 11, FOpxos H. K., A6aupames O. K., Epraaunes A. C., Tyaeryaos A. A, 2020

58

RELIABILITY AND QUALITY OF COMPLEX SYSTEMS



AI/IaFHOCTI/I‘IeCKI/Ie METOADI obecneuenns HaACXHOCTHU U Ka4€CTBa CAOXKHbBIX CUCTEM

BBeaeHnne

Pa3BuTHE TEXHOJOTUH M CETOAHSIIHSAS TCHICHIIUSA B MPOCKTUPOBAHUH MUKPOIJICKTPOHUKH CICIIAIN
BO3MOXKHBIM TIPHMEHEHHE Bce 0oJiee BO3PACTAIOIINX MO CIOKHOCTH AJIEKTPOHHBIX CXEM B OTBETCTBEHHBIX
MIPUMEHEHUSX C BBICOKUM TpeOyeMbIM YPOBHEM HAJEKHOCTH. JIJsl Takux mpuUMeHeHHH (hyHIaMEeHTaIIbHO
BRXHBIM SIBJIICTCS HAJIMYUE CPEJCTB CaMOJUArHOCTUKHU, MO3BOJIIONUX YOCIUTHCS B OTCYTCTBUH JIHOO
HAJIMYMH MTOBBIIIICHHOTO PUCKA OTKa3a CUCTEMbI M TEM CaMbIM PACIO3HATh NPUOJIMKarOIIuics oTkas [1].

[lepcrieKTHBHBIM Pa3BUTHEM CPEACTB CAMOAMATHOCTHKH SBISETCS BO3MOXKHOCTD MPENCKA3aHUS CPO-
Ka CIIyObl KOHKPETHOTO TEXHHUYECKOTO YCTPOWCTBA, HA OCHOBE OIICHKH €r0 OCTaTOYHOTO pecypca B KOH-
KpPETHBIH MOMEHT BPEMEHH C Y4E€TOM XapaKTepa ero SKCIuTyaTaluu. Pa3BUTHE TEXHOJIOTUYECKUX BO3MOXK-
HOCTEH IPOW3BOJCTBA KaK »JJICKTPOHHBIX KOMIIOHCHTOB, TaK U OJJICKTPOHHBIX YCTPOWUCTB MPHBEIIO
K CUTYaIluH, KOTJ]a MHTEHCUBHOCTh CIIYYalHBIX OTKA30B, OTKA30B, CBA3aHHBIX C MPHUPAOOTKON, CHU3HIIACH,
4 UHTEHCUBHOCTb OTKa30B, CBSI3aHHBIX ¢ M3HOCOM, YBEIUUMIIACh [2, 3].

AKTyanbHOCTh TPOTHO3MPOBAHMS OCTATOYHOIO PEecypca MOANUTHIBACTCS 3KOHOMHUYECKOW IIeNIecCo00-
Pa3HOCTHIO MPOBEACHUS TEXHUYECKOTO OOCIYyKHBaHUs (JIMOO MPEBEHTUBHON 3aMEHbI KOMIIOHEHTORB), OCHO-
BaHHOTO Ha KITFOYEBOM MapaMeTpe — OCTATOYHOM Pecypce, B OTJIMYHE OT KOCBEHHBIX ITOKa3aTesel, TakuX KaKk
HapaboTKa (MOTOYackl), Ipoder, paboune MUKIIBI, CPOK CITYKOBI (KalleHnapHbI) u T.11. OnpeneneHue ocra-
TOYHOTO CpPOKa CIIYXOBbI SBJISICTCS Ba)KHOW KOHIICIIIIMEH B TMPHHATHH PEIICHUA IO CHIKCHUIO PUCKOB
U CMSITUYCHUIO MOCIEACTBUNA YpE3BbIUAMHBIX CUTYALIUMN.

Jannas pabota mocBsmeHa pa3pabOoTKe METOIWKH OLEHKH OCTATOYHOTO pecypca dIEKTPOHHOTO
OIoxa.

1. AHaAN3 CyIIeCTBYIOIIHX IOAXOAOB K IPOTHO3HPOBAaHHIO

B mocnenHee Bpems yaensercs 0co00e BHUMaHHWE ONEPATHBHOMY MPOTHO3UPOBAHUIO OCTATOYHOTO
pecypca Juis CIOXKHBIX U3JISIIUNA U CHCTEM C Pa3IMYHbIMU BUAAMH PEKUMOB OTKA30B C LIEIbI0 MOHUTOPHHTA
HAJIGKHOCTH B PEAIbHOM BPEMEHHU Y MAaKCUMHU3AIUH SKOHOMUHU.

[IporHo3upoBaHre OCHOBAHO HA aHAIM3E PEKUMOB Pa3pyIICHHUS, BHISIBJICHUN PAHHUX IPU3HAKOB H3-
HOCA Y CTApCHUSI, a TAKKE aBAPUIHBIX COCTOSHUHA. D(H(HEKTHBHOE MPOTHOCTUIECKOE PEIICHUE PEaTU3yeTCs
[IPY HAJIMYHMH JIOCTOBEPHBIX 3HAHUHM 0 MEXaHU3MaX cOOEB, KOTOPbIE MOTYT IIPUBECTH K ACTPalalliu, BEay-
HIEH K BO3MOKHBIM COOSIM B CHCTEME.

Kpome Toro, HakOILUIEH MaCCHB IaHHBIX O PA3JIMYHBIX OTKa3aX KOMIIOHEHTOB M YCTPOMCTB, YTO jeja-
€T MEPCIEKTUBHBIMU CTATUCTHYCCKUE MOXO/IbI K PEIICHUIO 3a/1a4M OIEHKH OCTaTOYHOrO pecypca.

Cy11ecTBYIOT Hay4YHbIC JUCIUILUIMHBI TOJ] OOIUM Ha3BaHHUEM «YyMPABJICHUE 370POBBEM», KOTOPbHIE
CBSI3BIBAIOT M3YUYCHHE MEXaHU3MOB OTKAa3a M YIPABJICHUE KU3HCHHBIM I[UKJIOM CHCTEMBbI, BKJIFOUAs TEXHH-
YEeCKoe 00CIy)KMBaHHWE HA OCHOBE COCTOSHUSA 00bekTa. B paMKax 3THUX HAy4HBIX AMCLHUIUIMH Pa3BHJIMChH
Pas3IUYHbIC TIOJXO0/IbI K IPOTHO3aM TEXHUYECKOTO COCTOSHUS OOBEKTA.

1.1. Ilpoznosuposanue Ha 0cHoge OAHHBIX

[Iporno3upoBanue Ha OCHOBE JaHHBIX OOBIYHO HCIOJIB3YET METOJIBI PACIO3HABAHHUSA 00Pa30B U Ma-
HIMHHOTO O0yuYeHHs Ijsi OOHAPYKEHUSI U3MEHEHUH B COCTOSHUAX cucTeMbl [4]. C MaTeMaTH4ecKol TOUKU
3pEHHMs 3a/1a4a CBOJUTCS K IPOrHO3MPOBAHUIO HENMHEHHBIX cucteM. Kilaccudyeckue MeToasl MpOrHO3upo-
BaHUs HEMMHEHHBIX CHCTEM BKJIIOYAIOT WCIIOJIb30BAaHUE CTOXACTUUECKUX MOAENIEH, a B MOCIEIHUE TOIbI
BHUMAaHHWE HaNpaBJIeHO Ha 0ojiee TMOKKE PEIeHUs, TaKie KaKk HEMPOHHBIE CETH.

B oOmiem ciyuae, moaxo/ibl, OCHOBaHHbIE Ha HCIOIb30BAaHUM JAHHBIX, YMECTHBI B T€X CIydasx, KO-
I7la HOHUMAaHUE IEPBBIX NPUHLIUIOB (DYHKIIMOHUPOBAHMS CUCTEMBI HE SIBJISIETCS] BCEOOBEMITIOIINM HIIN KO-
rza cucrema sIBIISICTCS JOCTaTOYHO CJIO0XHOM, TaK 4TO pa3paboTKa TOYHON MOAEIH SIBISETCS HENOMEPHO
noporocrosimei. M3 3Toro BeITEKAIOT UX TIaBHBIE HEJAOCTATKH M JOCTOMHCTBA: TPEOYIOT OONBIIOTO MaccH-
Ba JJAHHBIX Uil 0OyYEHHsI, HIMEIOT MOBBIIICHHYIO BEPOSTHOCTh OMIMOOYHBIX MPECKa3aHui, He PUBSA3aHbI
K Y3KMM (PU3NYECKUM MOZEISIM. 3HAYUTEIbHBIM IIPEITCTBUEM SIBIIAETCS HEOOXOAUMOCTD TIOJIy4EHUs 1aH-
HBIX JI0 OTKa3a, YTO MOXET OBITh 3aTPYJHUTEIILHO, OCOOCHHO B IPWJIOKEHHUAX C BBICOKOH HE0OXO0AMMON
HaJeXHOCThI0. Kpome Toro, XxapakTep MCIOIB30BaHMS YCTPOHCTBA MOXET OTJIMYAThCS OT PEKUMOB, IPH
KOTOPBIX COOMpAINChH NaHHBIE, a cOOP JaHHBIX, KOTOPBI BKJIIOUAET BCE BO3MOXKHBIE OYIyIINE HCIOJB30-
BaHU (KaK Harpyska, Tak U yCJIOBUS OKPY>KalOIIEH Cpelbl), 4aCTO CTAHOBUTCS IIOYTH HEBO3MOXHBIM. []o-
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MHUMO OOJIBIIIOrO KOJUYECTBA JaHHBIX, B CMBICIIC KOJINYECTBa 00PaO0TaHHBIX IIUKJIOB OTPAOOTKH JI0 OTKAa3a,
MOJEITb MOXKET OKa3aThCs TpeOoBaTelIbHAa K Ka4eCTBY NAaHHBIX, TaK KakK 3apaHee HEM3BECTHO, KaKUE mapa-
METPBI CHUCTEMBI HEOOXOAUMO OTCIIEKHBATh. [IpeMOYTHTENHHO OTCIEKUBATH KAK MOXKHO OOJIbIIee KOJH-
YEeCTBO MapaMeTpoB (3T UCTOYHUKH JIAHHBIX MOTYT BKJIIOYATh TEMIIEPATYpY, AaBIcHUE, HE(DTIHBIC YaCTH-
1IbI, TOKW, HAIPSHKEHUS, MOITHOCTh, BUOPAIIMIO U aKyCTUYECKUW CHTHAJ, & TAK)KE MHBbIC CIeUU(UICCKUE
mmapameTphl, TAKUE KaK paguarus u T.0.).

1.2. Ilpocno3uposanue na ocnoge mooeneii

[Moxxo HA OCHOBE MOJIEJICH TBITACTCS BKIFOYUThH (PU3MUECKOE TOHUMAHKUE TPOUCXO/ISIIETO B OICH-
Ky OCTaTOYHOr0 pecypca, T.e. 3aIeHCTBYET (PU3MUECKHUE MOACIH IS MIPEACKA3aHUI TEXHHYECKOTO COCTOS-
HHS 00BEKTA.

dusndeckre MOACIU Pa3InyaroT Mo MOJPOOHOCTH PaCCMOTPEeHUS (BU3NUECKHX IpoleccoB. Ha Muk-
pPOypoBHE (PHU3UYESCKHE MOJICIH BOILIOMIAIOTCS B CEPUM TUHAMHYCCKUX YPAaBHEHHUM, KOTOPHIE OMPEACIISIFOT
OTHOIIICHUS, B JJAHHBIA MOMEHT BPEMEHHU WM IIUKJIA HATPY3KH, MEXY MOBPESKACHUEM (WK JIeTpaaanueii)
CUCTCMBI/KOMIIOHEHTa M JKOJIOTHYCCKMMH M OKCIUTyaTallMOHHBIMH YCIIOBUSIMHM, B KOTOPBIX CHCTE-
Ma/KOMIIOHEHT 3KCILIyaTHPYIOTCA. B KauecTBe mpumepa TakKMX MOJEIEH MOrYT CIyXXHTh MOJEIb yCTa-
JIOCTHO# JonroBeuHocTH B. Xappuca Il MApUKOMOMIIMITHUKOB, KOTOPask CBS3bIBACT YCTATOCTHYIO JIOJI-
TOBEYHOCTh MOJIIMITHUKA C HHAYIUPOBAHHBIM HANpPsHKEHUEM, WM MOJENb pocra TpeuwH [lapuca u
Opnorana.

MakpoypoBHEBasi MOJIeNTb — 3TO MaTeMaTH4YecKas MOJICNIb Ha CUCTEMHOM YPOBHE, KOTOpasl onpejie-
JISICT B3aUMOCBSI3b MEXK]y BXOJHBIMH IEPEMECHHBIMU CHCTEMbI, IEPEMEHHBIMU COCTOSIHHMSI CUCTEMBI U Tie-
PEMEHHBIMH/BBIXOHBIMHA M3MEPEHUSIMH CHUCTEMBI, TJ€ MOJEIb 4aCTO SIBJISIETCS HECKOJIBKO YMPOIICHHBIM
MPE/ICTABICHUEM CHCTEMBI. [Ipy 3TOM HEHU30eKeH KOMIPOMHCC MEXIY TOYHOCTBIO MOJICNH, IHPUHON
0XBara M TPYJA0EMKOCTHIO MOJICIIH.

1.3. I'uopuonwie nooxoowt

I'uOpuaHbIe MOAXOABI MBITAIOTCSA UCIOIB30BATh MPEUMYILECTBA KaK MMOIX010B, OCHOBAaHHBIX Ha J1aH-
HBIX, TaK M TIOAX0JJ0B, OCHOBAaHHBIX Ha MOJEISIX. B IeHCTBUTENFHOCTH peko OBIBAET TaK, YTO NMPHMEHSC-
MbI€ Ha MIPAKTHKE METO/BI TOJHOCTHIO OCHOBAHBI MO0 Ha JAaHHBIX, MO0 Ha Mozensix. Kak mpasuio, moa-
XO/bl, OCHOBaHHBIE Ha MOJIENISX, BKJIIOYAIOT B ce0sl HEKOTOpHIE ACMEKTHI MOAXOJI0B, OCHOBAHHBIX Ha
JAHHBIX, ¥ TIOJIXO/IbI, OCHOBAaHHBIE HA JIaHHBIX, COOMPAIOT UMEOIIytocs HHpopManuio u3 Moeneit. [Tpume-
POM MOXKET CIIyXKHUTh HACTPOIKa MapaMeTpoB MOJIEIH C MCIOJIb30BAHIEM MOITYYSHHBIX B XOJI€ AKCILTyaTa-
UM JaHHBIX.

B pabote [5] paccmaTpuBaloT jiBa BUJa OTKA30B:

— «Msrkue otkasze» (Soft failures), KOTOpbIE BKIIOYAIOT B ce0s JerpaJlallMOHHBIC OTKa3bl, 00Y-
CJIOBJICHHBIE €CTECTBEHHBIMHU MOCTENIEHHBIMU TPOLIECCAMHU CTAPEHHS, U YPOHOM, BBHI3BAHHBIM BHEITHHUMHU
BO3JICHCTBUSAMU,

— «Kectkue ortkase» (Hard failures), xoTopble BKIIOYalOT B ceOsi BHE3aNHBIE OTKa3bl, 00YCIIOB-
JICHHbIE BHEITHUMH BO3JICHCTBUSMH.

J1st MATKUX OTKa30B BBOAMUTCS MaTEMaTHUECKOE OMUCAHUE COCTOSHUS CUCTEMBI:

X, =X, +BAt+7Y, (1)

rae X — COCTOSIHUE CHCTEMBl; kK — UTepalysi OOHOBJIEHUS 3HAYEHUs; J — CKOPOCTh AeTpafanuu; At — Ipo-
MEXYTOK BPEMEHU MEXK]Ly UTEPAIUAMHU; Y — CyMMapHBII YPOH, NOJIyYEHHBINA CUCTEMOM.

B xauecTBe mpumepa MpUMEHEHUS! TAKOH MOZEIH CIEAYET OTMETUTh JUArHOCTHKY aKKyMYJISITOPOB,
TaK Kak MPOLECChl, IPOUCXOISIINE B SYCHKE NPU CTApPEHHUH, TOCTATOUYHO XOPOILIO M3YUYEeHbI U OJHO00pa3-
HBI, YTO [IO3BOJIAET HA OCHOBAHUH M3MEHEHMS BbIIIIEYKa3aHHBIX IapaMETPOB AaBaTh OLIEHKY 370POBBIO (pe-
CYpCYy) aKKyMyJIATOpa.

CornacHo JoKNany LEHTpa MepcrneKTUBHON nHxeHepun xu3HenHoro nukia (CALCE), B 30 % ciy-
YyaeB 0TKa3a JIEKTPOHHOI'0 YCTPOWCTBA BUHOBHUKOM OTKa3a SIBJIIOTCS KOHAEHCATOPH!, B 26 % — meyaTHbie
w1atel, B 21 % — MonynpoBOIHUKN B MIIACTHKOBBIX Kopmycax U B 13 % — maiika [6]. HarmsgHoe npencras-
JIeHHe J10JIe 0TKa30B H300pakeHo Ha puc. 1.
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Puc. 1. [loas 0TKa30B pa3NIu4HBIX TPYII KOMIOHEHTOB

B uccnenoanuu [7] paccMaTpuBaIOTCS OTKa3bl CUIIOBBIX ITpeoOpa3oBaTesieil ¢ Leibio 0oiee TOUHOTO
OTCIIC)KMBAHHUS TEXHUYECKOTO COCTOSHHS YCTpoOicTBa. PacmpeseneHue OTKa30B 10 KOMIIOHEHTaM OYEHBb
CXO0’KE€ C paHee YIMOMSIHYTHIM U MPEAICTaBICHO Ha pHC. 2.

Connector 3%

Semiconductor

21%

Capacitors
30%

Puc. 2. Pacnipenenenne 0TKa30B 0 KOMIIOHEHTaM B CHJIOBOH 3JIEKTPOHUKE:
30 % — xoHgeHcaTopsl; 26 % — nevatHele matsl; 21 % — MoIynpoBOAHUKHY;
13 % — maiika; 3 % — coeguautenu; 7 % — npouee

Takum ob6pazom, 90 % OTKa30B MPOMCXOAST MO BECbMa OTPaHUUYEHHOMY KOJIMYECTBY THUIIOB OTKa-
3aBLIMX COCTABHBIX KOMIIOHEHTOB. BO3MO’KHBIE MPUYMHBI OTKA30B 3TUX THIIOB KOMIIOHEHTOB JIETKO HOJ-
JAr0TCs aHAIH3Y.

2. AHaAWM3 MEXaHHA3MOB 0TKa30B IACKTPOHHBIX KOMIIOHEHTOB

PaCCMOTpeB MEXaHNU3MbI OTKa30B J3JICKTPOHHBLIX KOMIIOHECHTOB, CTAHECT BO3MOXHBIM BBIACHUTHL IIPU-
YHHBI U YCJIOBHUS, IMOATAJIKMBAIOIIUE BHeKTpOHHLIﬁ KOMITOHEHT K p€ajiu3alvu CUCHapusd OTKa3a. Otcnexu-
Bad OTU NIPUYUHBI U YCJIIOBUSA, MOXKHO 6y,z[eT MpEeaAynpexKaaTe 0 CKOPOM BBIXOAC U3 CTPOS.
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[Tpu paccMOTpeHUH OTKA30B IEKTPOHHBIX KOMIIOHEHTOB OyJIeM CUMTATh, YTO MPU MPOCKTUPOBAHUN
ANEKTPUYECKON CXEMBl YUTEHBI MpeeIbHbIE MapaMeTphl KOMIIOHEHTOB M HE JIOIYCKAIOTCS Hepabouue pe-
KIUMBI KOMITIOHEHTOB, T.€. OTKa3 HE MPOUCXOJUT OT TOTO, YTO YCTPOHUCTBO pabOTaeT, yCTPOHCTBO paboTaeT
IPaBUIIBHOY.

2.1. Konoencamopot

KonpeHcaTopsl HaXOAsT MPUMEHEHHE MPAKTUYCCKH BO BCEX OOJIACTAX 3NCKTPOTEXHUKU. CI0KHO
MPEJICTABUTh 3JICKTPOHHOE YCTPOWCTBO, B KOTOPOM HE ObUIO Obl HU OJHOTO KOHJeHcaTtopa. [loaTomy
B IIEPBYIO OYepEeh PACCMOTPUM OCHOBHBIC MEXAaHU3MBI OTKa3a CaMbIX PaCIpPOCTPAHCHHBIX THUIIOB KOHJICH-
CaTOpOB.

Kepamuueckue KoHAEHCATOPHI — MOXKAIYH, CaMbIil paclpOCTPaHEHHBIN THUIT KOHJIEHCATOPOB, MpUMe-
HSIEMOM CETOJHS B JIEKTPOHHUKE. DTO TUI KOHACHCATOPA, B KOTOPOM KEepaMHKa MCIIONb3YeTCsl KaK AMAJICK-
TPUUECKUI MaTepual.

OpauM U3 HauboJiee PacIpPOCTPAHCHHBIX JE(PEKTOB KEPAMUYCCKUX KOHJICHCATOPOB SIBISICTCS pac-
TpECKUBaHHUE IUAIEKTpUKa. M3HauanpbHO HE3HAYUTENIbHAS HEOIHOPOIHOCTh B CTPYKTYype KOHACHCATOpPA
MOJ| BIIMSTHUEM IHUKJIMYECKUX HATPY30K aKTHBHO PaclpoCTpaHseTcss B 00beMe IUAJIEKTpUKa. BHYyTpeHHsIs
cTpykTypa SMD KepaMHYecKOTO MHOTOCIOWHOTO0 KOHIEHCATOpa C Pa3BUBIICHCS TPEUTMHOW HM300pakeHa
Ha puc. 3. Hambomnee pacrpocTpaHeHHbIE MEXaHH3MBI 0TKa3a KePaMHUYECKHUX KOHIIEHCATOPOB IMPHUBEICHBI
B TaOm. 1.

)
QBknagku i Boigon
Mpunoii
KepaMHKa__,_,
/
/ N
MNeyatHas TpewuHa KoHTakTHas
nnara nnowaaka

Puc. 3. PactpeckuBanue nuanekTpuka B kepamuueckoM SMD konzpeHcarope (B pa3pese)

Tabmuua 1

MexaHu3Mbl 0TKa30B KEepaMHUYCCKUX KOHACHCATOPOB

BO3}1€I7[CTBH}I, MOATAaJIKMBAKOIIMEC
MexaHu3M oTKaza Onucanue MexaHu3Ma
K peaji3ayy 0TKa3a M0 JAHHOMY MEXaHHU3MY

PactpeckuBanue OO0pazoBaHue TPEINH B KEPAMHKE 1. TennoBele ynapsl
JU3JIEKTPUKA B CJI€JICTBHUE PA3IHUHBIX IPUYHUH. 2. Pe3kue ckauky HaIpsKEeHUS

Bo3MoxHBIE IPOSBIICHUS: 3aIIpeIeIIbHBIN 3. Yopyrue aedopmMariiu rne4aTHO! IIaThl

TOK YTEUKH, 3aKOpauYNBaHNE, CHIDKCHIE B CIIyYae C KOPITyCaMH JJIs TIOBEPXHOCTHOTO

IpoOUBHOTO HAITPSDKEHUSI, OOPBIB U T.J. [8] MOHTaKa

IInenounvie konoeHcamopwi

[IneHo4HbIE KOHAEHCATOPHI MPEACTABIAIOT CO00 KOHCTPYKIINIO, B KOTOPOH JUAIEKTPUK BHIIOJTHEH
B BuJI€ IieHKU. CTPYKTypa MICHOYHBIX KOHJEHCATOPOB TAKXKE Yallle BCETO SIBJSICTCSI MHOTOCIIONHOM, KaK U
y KepaMHUYECKUX KOHJeHCaTOpoB. OTHAKO TICHOYHBIC KOHACHCATOPBI ropa3o CTabuIbHEe KePAMUYCCKHX.
Haubonee pacmnpocTpaHeHHbIC MEXaHU3MbI OTKa3a MJICHOYHBIX KOHJICHCATOPOB MPUBEACHBI B Ta0JI. 2.
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Tabmuua 2

MexaHnU3MBI OTKA30B IICHOYHBIX KOHACHCATOPOB

BosneiicTBus, moaTaakuBaronme
K peajn3anyuy 0TKa3a Mo JAaHHOMY
MEXaHU3MY

Mexanu3m oTKaza Onucanue MexaHu3Ma

Ileperopanue
KOHTaKTa

MEXIy BBIBOJIOM
1 00KJIaIKOH

Heperopaﬂne COCANHCHUA MOXKCET
MMPOUCXOOUTH ITPU OOJIBIINX HUMITyJIbCax
TOKa, a TaKXK€ IMPU JOJITOBPEMEHHOM
IMPEBBIMICHUN IIEPEMEHHOI'O TOKA

1. Ileperpes
2. Pe3kue ckauku HaNpsHKEHUA

KOHJIEHCaTopa (ompeaeneHHOoM YacTOThI)
Oxucienne [TpoHNKHOBEHNE BIAard MPOUCXOAUT [NoBrIIeHHas BIAXKHOCTH
MeTaJTn3aluu M3-3a HETEPMETUYHOIO KOPILyCa U MPUBOAUT

K OKHCIIEHHIO MeTau3anuy. Haubonee
YSI3BAMBI MECTa KPETICHUS HOXKEK [9]

Tanmanogvle KoHOeHCAMOPb

TaHTanOBBIE KOHAEGHCATOPHI — OJWH W3 BUJIOB DJIEKTPOIUTHYECKUX KOHAEHCATOPOB. TaHTallOBbIC
KOHJICHCATOPBI SBJISIOTCS TOJSIPHBIMUA. DTH KOHJIEHCATOPHI XapaKTEpU3YIOTCs OOJBIION yIeIbHONH eMKO-
CTBIO, CIIA0OM TEeMIEPAaTypPHOU 3aBHCHMOCTBHIO €MKOCTH. B CpaBHEHHM ¢ aFOMHHHEBBIMH TOpa3ao Oojee
JIONITOBEYHEI ¥ MMEIOT MEHBIIee SKBHBAJIIEHTHOE TOCIEeI0BaTeIbHOE CONpoTHBIeHre. HeratnuBHoil cTopo-
HOM TaHTAJIOBBIX KOHJICHCATOPOB SBJISICTCS BHICOKAs IIEHA M CTPOTHE TPEOOBAHHUS MO COOIIOICHUIO JIOIY-
CTHMBIX HAIpPsOKEHUH W TOKOB (HOPMAJbHOM MPAKTHKOW CYATAETCS MCIOIB30BaHNE KOHICHCATOPOB C HO-
MUHAQJIBHBIM HAIPsDKEHHWEM B JBa pasza OoJbllle HEOOXOAMMOTO, a TaKKe OTPaHWYCHHE 3apsAHOTO TOKa
BHEIITHUM COTIPOTUBIICHUEM).

YHUKaIbHOH OCOOEHHOCTBIO TAHTAJIOBBIX KOHAEHCATOPOB SIBIISIETCS NMPHUCYIIMHA TOJBKO UM MeXa-
HU3M OTKa3a — IOJIeBasi KPUCTAILIM3AIlMs AUAJIEKTpUKa. B pesynpraTe MeXaHWYECKHX MOBPEKIACHUN WITH
HECOBEPIICHCTBA TEXHOJIOTMYECKOTO TIPOIECCa B JMAJICKTPUKE TMOSBISIFOTCS HEOJHOPOJHOCTH, KOTOPBIS
SBIISIOTCS SIUIICHTPAMH KPHUCTAILTU3AIUMHN TIpU 3apsie KOHAeHcaTopa. AMOpP(HBIN AMINEKTPUK, KPUCTAI-
JIN30BABIINCh, MHOTOKPATHO IMOBBIIIAET CBOIO MPOBOJIMMOCTh. Ecim TOK 3apsiia HE OrpaHWYeH, MPOIECC
KpUCTAJUTM3AIMK TIPUHUMACT JIABMHOOOPA3HbBIN XapaKTep U MPUBOIUT K KOPOTKOMY 3aMbikaHuto. [locien-
CTBHEM TAaKOTO OTKa3a MOXKET CTaTh B3phIB Wik Bo3ropanue [10, 11]. OcHOBHBIC OTKa3bl TAHTAIOBBIX KOH-
JIEHCATOPOB TPUBEACHEI B Ta0I. 3.

Tabmuma 3

MexaHnU3MBI OTKa30B TAHTAJIOBBIX KOHJACHCATOpPOB

Bo3neicTBus, mOATAIKHBAIOIINEC

MexaHu3M OTKa3a

Onrcanne MexaHu3Ma

K peajlu3alluy 0TKa3a 10 JaHHOMY
MEXaHU3MY

€ro NpOBOANUMOCTD YBEIIMYUBACTCS

Ha HECKOJIBKO IMOPSAIKOB. Bo3mosxHbIe
IIPOSABIICHUA: He,HOHyCTI/IMBIﬁ TOK YTC€YKH,
KOPOTKO€ 3aMBIKAaHUE, B3PBIB

PacrpeckuBanue PactpeckuBanue nuaneKTpUKa 3HaYUTEIBHO 1. MexaHn4eckre BO3ICHCTBUS
JIUDJIEKTPUKA CHUXAeT YCTOWYMBOCTh K UMITYJIbCHBIM 2. Tennossle yapsbl

TOKaM, yBEJTMYNBACT TOK YTCUKU
IloneBas [Tox neficTBUEM PE3KOro U3MEHEHHUS 1. Pe3kue TokM 3apsna
KpHUCTaJTU3aLUs HaMpPsHDKEHHOCTH BJIEKTPUYECKOTO TOJIS 2. TennoBoit yaap npu mnaiike
JIUDJIEKTPUKA KPUCTAJUTU3YETCS TUIIEKTPHK,

Anomunuesvie oJleKmpoiumudecKue KOH()eHcamopbl
AnMoMUHKEBEIC SJICKTPOJIUTHYCCKHUEC KOHACHCATOPHI SABJIAIOTCI camoin ,Z[OCTyrIHOfI eMmKocThio. He-
CMOTpsA Ha TPaAUIIUOHHO 0oJIBIIINE pasMEpbl aAIIOMUHUEBBIX KOHACHCATOPOB, UX 00BbEMHAs EMKOCTh TaKiKe
SIBJISIETCSI CUJIILHOU CTOpOHOﬁ AJIIOMUHUECBBIX KOHACHCATOPOB. AITFOMUHHEBBIE KOHACHCATOPHBI TAK KC, KaK U
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TaHTAJIOBBIC, SIBJSIFOTCS MOJIIPHBIMU. XOTS aJJFOMHHUEBBIC KOHJIEHCATOPHI 00IaJal0T HECKOJIBKO XYAIIUMHU
ANEKTPUIECKUMH XapaKTEPUCTHKAMH B CPAaBHEHHM C TAHTAJIOBBIMH, SBJIAIOTCS OOJiee HEMPHXOTIUBBIMU
B MCNOJb30BaHNH. OHU JOMYCKAIOT KPaTKOBPEMEHHOE MEpeHanpshKeHe, TOMyCKaloT 1Mo1ady HeOOobIIoro
(oxomo 1-1,5 BosbT) HampsiKeHUs] B 00paTHOi nossipHocTH. Hanbonee pacrpocTpaHeHHbIE MEXaHU3MBI OT-
Ka3a aJTFOMHUHUEBBIX 2JIEKTPOJUTHYECKHX KOHCHCATOPOB IIPHUBE/ICHEI B Ta0I. 4.

Tabnuna 4

MexaHu3Mbl OTKa30B aJIIOMUHHEBBIX KOHACHCAaTOPOB

Bo3znelicTBus, noaTankuBaroue
K PeIN3aliy 0TKa3a 10 JaHHOMY MEXaHN3MY
Bricbixanue BrIchIXaHue )XKUIKOT0 3JIEKTPOJIUTA [loBbIlIEHHAs TEeMIepaTypa
13-32 HEBO3MOXXHOCTH a0COIIOTHON
repMeTHYHOCTH Kopiryca. [IposiBisiercst
CHIXEHHEM EMKOCTH U YBEJINUEHHEM
MIOCJIEI0BATEILHOTO CONPOTHBIIEHHS

Mexanu3m oTkaza Onucanue MexaHu3Ma

2.2. Obobutenue mexanusmos OmKazoe

CoBMECTHOE pacCMOTpPEHUE JaHHBIX U3 Ta0j. 1—4 yka3bIBaeT Ha TO, YTO MEXaHU3MBI OTKA30B 3JICK-
TPOHHBIX KOMIIOHCHTOB TEXHOJOTHI IMpoOU3BOJACTBA MMCIOT OJHU U TC KC€ INPHUYUHBI, MOATAJIKHWBAIOIINEC
K OTKa3aM 3JICKTPOHHUKH. DTUMH (DaKTOpaMuU SBIISIFOTCS: TOBBIIICHHAS BJIAXXHOCTh, MTOBBIIICHHAS TeMIIepa-
Typa, epenajpl TeMIEPaTyphl (TEPMOLMKIUPOBAHNE), MEXaHUUYECKUE ITUKIMYECKUE HArpy3KU (BHOPAIIUK)
Y MEXaHUYECKHE yIapbl, MOBBIIICHHOE HAMIPSKCHUE.

[MpuyrHa BIEKTPUIECKOro MPOOOs MOTYIPOBOIHUKA, KOTOPBIHA MPOBOLUPYETCS Pa3psiaMH CTATHYE-
CKOr0 DJICKTPUYECTBA U MPH JOCTATOYHOM BHUMAHHU K OTOM yrpo3e Ha 3Tare MPOCKTUPOBAHUS MOXKET
OBITh CBEJICH K MUHUMYMY, a B OT/ICJIBHBIX CIyYasXx JIaKe MOJIHOCTHIO HCKITFOUCH.

CrenaHHbIe BEIBOJIBI B IIEJIOM COBIAAAIOT C AaHAJIM30M, BRITIOJTHEHHBIM B padoTax [12, 13].

Juist Toro 4To0bl OoJiee HATIISAHO MPOJCMOHCTPUPOBATh CBS3b BHEIIHUX BO3JCHCTBYIOMIUX (PAKTO-
POB Ha OTKa3bl, CTPYIIIUPYEM BO3MOXKHBIC OTKa3bl 0 BO3JCHCTBYOUMM (hakTopaMm. Pe3ynbTaT mpeacra-
BHUM B Ta0. 5.

Tabnuua 5

CBs3b BO3):[CI>1CTByIOH.IHX (baKTOpOB C OTKa3aMHU 3JICKTPOHUKU

Bremnwuit
BO3JICHCTBYIOIINN CBsI3aHHBIC OTKA3EI
(hakTop
TloBbIeHHASt . OkucrieHre MeTaUTM3aNH ITICHOYHBIX KOHACHCATOPOB
BJI&KHOCTD . O6pa3oBaHUe MPOBOAALINX HATEH HA TIEYATHOM TLIaTe
. Koppo3us nasHbeIX coeTuHeHMH
TloBbIeHHAS . Ileperopanue KOHTaKTa MEXIy BRIBOAOM H OOKJIaIKOI IIIEHOYHOTO KOHIEHCATOpa
TeMIeparypa . BrIchIxaHue 31eKTPOIUTHIECKOTO KOHASHCATOpa

. O6pazoBanue MPOBOAAIINX HATESH Ha TIEUaTHOM IjIaTe

. DICKTPOMHUTPAITHS B TTOJTYIIPOBOTHUKAX

. Koppo3sus nastHbIX coeiMHEHUIA

. PacTpeckuBanue AUAIEKTPHKA B KEPAMUYCCKUX KOHCHCATOPAX

. PacTpeckuBanue AUAIEKTPHKA B TAHTAIOBBIX KOHICHCATOPAX

. Paspymenne cKkBO3HBIX METaLTH3NPOBAHHBIX OTBEPCTHU B MEYATHBIX TTATaX
. OOpBIB IIPOBOJIOYHBIX IEPEMBIYCK B KOPITyCaX MMOYIPOBOTHUKOBHIX KOMIIOHCHTOB
. TpelHbI KPUCTAIIOB B KOPITyCaX IMOJIYITPOBOAHUKOBBIX KOMIIOHEHTOB

. YcTanocTHoe pa3pylieHne masHoro COSANHEHUS

. PactpeckuBanue AUAIEKTPUKA B KEPAMUICCKUX KOHACHCATOPAX

. PactpeckuBanue AUAIEKTPUKA B TAHTAJIOBBIX KOHICHCATOPAX

. OTpBIB KOHTAKTHBIX IIOIIA/IOK Ha MEYaTHOH IIaTe

. YCTanoCTHbIE pa3pylIeHNs MasHOTO COSANHEHUS

IIepenans! TemnepaTypsl

Huknuyeckast
MeXaHW4ecKasl Harpy3ka

A WD =AU WD~ O WDND—=WN —
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3. Moaeab ydeTa BAUAIOIHAX GpaKTOPOB

3.1. Hoebluennas memnepamypa

PaccmoTpennsbie Bbime (cM. Taba. 5) OTKasbl, KOTOPbIE MPOBOLHUPYIOTCS MOBBILIEHHONW TEMIIepary-
POH, SIBJISIIOTCSL B CBOEM POZE MAKPONPOSBICHUSMH IPOLIECCOB, MPOXOAALINX Ha MOJIEKYJSIPHOM YPOBHE.
[TosTOMy u3BECTHBIE 3aBHCHMOCTH, XapaKTEPU3YIOLIME IMPOLECCHl, IPOUCXOIAIINE HA MOJIEKYJISIPHOM
ypOBHE, OyIyT CIIpaBEUIMBHI M B OTHOIIEHUH OLIEHKH OCTaTOYHOTO pecypca dIEKTPOHUKH.

HNmenno takoil moaxon npuHAt crannaptamu JEDEC st olleHKH pe3yibTaToB, MOJYYEHHBIX IpU
MIPOBEICHUH YCKOPEHHBIX HCTIBbITaHWUN Ha HamexkHOCTh (Highly accelerated stress test), mpoBoAMMBIX 1O
crarnapry JESD22-A118 [14].

Yckopennsie ucnbiTanus no crangapty JESD22-A118 mpencrasisiior co0oii 96-yacoBble HCIBITA-
HUS B TEPMETUYHON KaMepe, B KOTOPOH HOJIEpKUBAETCsI IIOCTOsIHHAS Temreparypa Bo3ayxa 130 +£2 °Cu
BJIQYKHOCTB BO31yxa 85 = 5 %.

g uHTEepIpeTanun pe3yibTaTOB YCKOPEHHBIX MCIIBITAHUHN B TIOKa3aTeld HaJeKHOCTH yCTpOWCTBa
BBOJUTCS MOHsATHE ycKopstoulero ¢akropa (AF) — BenuunHa, YUCICHHO paBHAsi OTHOILIEHUIO HHTEHCHBHO-
CTH OTKAa30B IIPH yCJIOBUSIX UCIBITAHUS K HHTEHCUBHOCTU OTKA30B IIPU Pab0OYHX yCIOBUSX.

W3HavanbHO OBLIO SKCHEPUMEHTATBHO MOATBEPIKIACHO, YTO BIHMSHUE TEMIEpaTypbl Ha IMPOIECCHI
CTapeHUs NMoAUMHseTCA ypaBHEHHIO AppeHuyca [15]. YpaBHeHue AppeHnyca CBSI3bIBa€T CKOPOCTh IPOTeE-
KaHUS XUMHYECKON PEaKITUU C POJOM ITOM peaKIinu 1 aOCOIOTHONW TeMITepaTypoi. Y paBHEHNE TPUBEACHO
B hopmyJie

EO

K =Ade 7, )

rae K — KOHCTaHTa CKOPOCTH XMMHYECKOW peakiuu; 4 — 4acToTa CTOJKHOBEHUH pearupyromux MOJICKYII;
Ey — sHeprus akTHBaILMK, HEOOXO0AUMAas IJIs1 IPOXOXKIAECHHUSI XUMHYECKOH peakiuy; I’ — aOCOIIOTHAs TeMIIe-
parypa; k — nocrosinHas bonbsimana.

Tak kak IpH NEepeBoje pe3ysIbTaTOB YCKOPEHHBIX MCIBITAHUHN B MOKa3aTeld HaJAEKHOCTU yCTpPOM-
CTBa MHXXEHEPA UHTEPECYET OTHOCUTEIBHOE BIMSHUE TEMIIEPATYPbl, TO MHOXHTENb 4 JIETKO COKpAIaeTcs
TeM 0oJiee, YTO OH He UMEET CMBICIIa IPUMEHUTENFHO K HaJIe)KHOCTH DJIEKTPOHHBIX CPEJICTB.

OHeprus akTUBALMM E, XapakTepu3yeT poj XUMHUECKoH peakuuu. B cioyuae ¢ mpoueccamu crape-
HUSl 3JIEKTPOHMKH SHEPTHsl aKTUBALMU — SMIMPUUECKOE 3HAYCHHE, HEOOX0IUMOE Ul MHULMALUKN OTKAa3a.
B kaXxIoM KOHKpETHOM ciydae (3JIE€KTPOMUIpAlUs, OKUCICHHUE NMAaHKH, BBICBIXAaHUE JIEKTPOJIUTA U T.1.)
HeoOXxoaumast dHeprus pasnuiHa. OTHAKO HA OCHOBaHUH SMIMPUYECKUX JAHHBIX 3HAUEHHE YHEPIUH aKTH-
BALIMHM 3151 JIEKTPOHUKY B LIEJI0M IpuHUMaeTcs pasabM 0,6...0,8 3B [16].

Taxum 00pazoM, yCKOPSIOMHKA (PakTop MOKHO paccuuTaTh 1o popmyire

T, T,

i i) 5

rae AF, — yckopsromuii GpakTop, CBS3aHHBIN ¢ Temiieparypoil; £, — sHeprus aktuBauu, pasHas 0,6...0,8 9B;

T . — abcomoTHas TEMIICpaTypa, AJIA KOTOpOfI paccunTaHa UHTCHCUBHOCTb OTKAa30B; T — a0CoIIIOTHAS

H.Y. 3KCIL.
TeMIIepaTypa KCIUTyaTanuu; k — nocrosHHas bosbpimana.

[anee 6yaem ncnonbs30BaTh yepeaHeHHOe 3HaueHue E,, pasHoe 0,7 3B. Torna ypasHenue (3) MOXHO
3amucarh B 0oJiee IPaKTHYHOM BHJIE

AFT :esn [%_Tmlcn.], 4)

rae AF, — yckopsroumii GpakTop, CBA3aHHbIHA ¢ Temneparypoit; I, .~ — aOCOJIIOTHAs TeMIeparypa dKCILTy-

3KCII.

aTaiuu.
3.2. Iloevrtiuennasn eénasxcrnocmeo

Iporecchl nerpamanuy, yCyryOJIstonuecs IPUCyTCTBUEM BJIAXKHOCTH, TaKXKE B 00sI3aTCIILHOM I10-
PAIKE 3aBUCAT OT TEMIIEPATyphl. Y CTAHOBIIEHHAS 3aBUCHMOCTb IPOIIECCOB CTAPEHUS OT YPOBHS BIAXKHOCTH
10 CBOEMY BH/y OY€Hb IIOX0XKa Ha ypaBHEHUEe AppeHnyca, OHAKO HMEETCS TOTOTHUTEIHHBIN MHOKHUTEIIb,
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YUUTHIBAIOIINI OTHOCHTENILHYIO BIaKHOCTB [17, 18]. Yckopsiromuii paktop 1i1st mporieccoB cTapeHwus, CBs-
3aHHBIX C BIQXKHOCTBIO, ONKCBIBAETCA 1O hopMyIie

E

Ty T,

=y g

rne AF, — yckopsiroumii (pakTop, CBSI3aHHBIN C BIaXHOCTBIO; E, — SHeprus aktuBauuu; RH — OTHOCH-

TeJIbHAS BIAXKHOCTh; 1.~ — aOCONOTHAS TEeMITEpaTypa KCILTyaTaluu; kK — mocTosiHHas bonmbimana.

OKCIIL.
3aMeTHM, YTO IIPHU YPOBHE OTHOCHTENBbHON BiaXHOCTH B 0 % 3HaueHHe ycKopsromero ¢pakropa oo-
paraercst B Hojb, 4TO corjacyercs ¢ Gu3MuecKor Npupoaoi npoueccos. [ onucaHus IpoueccoB crape-

E
HUS, CBS3aHHBIX C BIIAYKHOCTHIO, IIPUHATO COOTHOIICHUE k" paBHBEIM 5235, u mepenuiieM ypaBHeHHE (5)

B 0oJIee IPaKTUIHOM BHIC

o [2:93 T1 j
AF, =(RH)’e ) (6)

rae AF,, — yckopsttomuii GpakTop, CBSI3aHHBIN C BIAXHOCTbIO; RH — OTHOCHTENbHAs BIAXHOCTD; 1,

JKCII.

abCoIOTHAS TEMITEpaTypa IKCILTyaTalrH.
3.3. H3menenue memnepamypul

B Teudenue skcutyaTanyy 35EKTPOHHAS TEXHUKA UCTIBITHIBACT H3MEHEHUS TEMIIEPATypbl, BEI3BAaHHBIC
€CTECTBEHHBIMU CYTOUHBIMH II€penajaMu TEeMIIEpPaTyphl BO3yXa, COOCTBEHHBIM HarpeBoM WIH APYTHMMHU
npuurHamu. Pe3kre OoJbIlive mepenaapl TeMIIEpaTyphl SBISIOTCS CePhe3HON HATPY3KOH ISl DIIEKTPOHUKU
13-3a IPUMEHEHUSI MaTEPUAIIOB € PA3IMYHBIMU TEMIIEPATYpPHBIMH K03(puIieHTaMu paciunpeHusl.

Jlist IOATBEpXKIAEHHUST yCTOWYMBOCTH M3AEIMA K IepernagaM TeMIIepaTyp NPOBOIAT HUCIBITAHUS Ha
TepMOLMKIIMpoBaHue. V3aenre moMenaroT B CeNUAIM3UPOBaHHOE 000pyI0BaHUE — KaMEpy TEPMOIIHKIIH-
poBaHusI MO0 B IBYXCEKIIMOHHYIO Kamepy, e MOJBEpraiT nepenagaM TeMIeparypsl emle 0onee KecT-
KHM, YeM T€, C KOTOPBIMH yCTPOICTBO MOKET CTOJIKHYTBCS B IPOLIECCE IKCILTyaTaLUH.

HcnpiTanue Ha TEPMOLMKIMPOBAHUE SBIISIETCS OJHUM U3 HanboJiee dKECTKUX, TaK KaK MO3BOJISET BbI-
SBUTH CKPBITHIE Je(EKThl KOHCTPYKIHU U TEXHOJIOTHH, CKPBIThIE Ae(EKThl U3AEIHiA SIEKTPOHHON TEXHUKN
U T.4. VICKyCCTBEHHO CO3JIaHHBIC JKECTKHE Iepenaisl TeMIEepaTyphl MO3BOJISIOT MPOBOJUTH YCKOPEHHBIC
UCIIBITaHUsl, OJTHAKO PE3yJIbTaThl TAKUX MCIIBITAHUN CJIO’KHO MHTEPIIPETUPOBATE.

st cooTHEeCeHMsI TabOpaTOPHBIX YCJIOBUU C peabHBIMHU HCHOJB3yeTcsi monens Hoppuca — Jlan-
n30epra [19] ans yctanocTHOTO pa3pylIeHHs HasHbIX COSIUHEHUH. DTy ke MOoJelb B 3TOH paboTte Oyaem
UCIIOJIb30BaTh AJISl OIPEAEIICHUS YCKOPSIOIIETo (pakTopa, CBA3aHHOIO C U3MEHEHUEM TEMIIEPaTYPhI.

VYckopstromuii pakTop, CBA3aHHBIM C IMKIMYECKUM H3MEHEHHEM TEeMIIepaTyphl, OMUCHIBACTCS MO

bopmyne

1
3 19 z[;,;]
AFTC — f‘BKCl‘L AT;KCHA ek T:;AX T)]::[c/:X , (7)
f;—Ly A]—;—ly

rae AF;. — yckopsiioumii pakTop, CBA3aHHbBIA ¢ TEPMOLUMKIMPOBAHUEM; f, ~— 4aCTOTA U3MEHEHUS TEMIIE-

paTypbl B HOPMAJIBHBIX YCIOBHUSX; f. = — 9acTOTa M3MEHEHHUS TEMIICPATYPHI B YCIOBHUSX JKCILTyaTAINH;

MAX
T

MAX
9KCIIL. T

wy, | — MakCHMaJbHasI a0coJIroTHAsS

— MakcHMaJlbHas aOCOJIOTHAsI TeMIlepaTypa JKCIUTyaTallHu;

TeMIieparypa B HOpMalbHbIX ycioBusix; AT~ — mepenan TemrepaTypbl B YCIOBHSX OSKCIUTyaTaIlUH;

OKCII.

Ai;'y' — nepenaa TeMIeparypbl B HOPMAJIbHBIX YCJIOBHUAX; Ea — OHCPTUA aKTUBAIlUU; k — mocTostHHast bonbi-

MaHa.

E
I[J'ISI mpoueccoB, CBA3AHHBIX C TCPMOLUHUKIIMPOBAHUCM, IMPUHATO 6paTI> COOTHOIICHHUEC ka PpaBHbBIM

1414. XapakTepuCTUKU MaKCUMAaJIbHOM TeMIEpaTypbl U aMIUIUTYAbl Hepenaja A HOPMaJbHbIX yCIOBUN
OyzZeM OCHOBBIBATh Ha CPEJHECYTOUHOM IIeperaje TeMIepaTyphl B ropose MockBa B Hioj€ (CaMOM XKap-
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koMm). Cpennuii MmakcumyM coctaBisieT 24,3 °C, cpeauuii MunumyMm — 14,4 °C [20]. dus ymoOcTBa cuera
npumem AT, =10 °C; T\** =25 °C. A yacToTa H3MEHEHHs TEMIIEPATYpbl B TakoM ciiydae f, =1/ /eHb .

C yyeroM BbIlIECKa3aHHOIO TiepenuiieM ypaBHeHue (7) B 6osee y1oOHOM Buje

1 1.9 1 _ 1
LOAT 1414 —— -
AFre = fo?| =107 € i ] (®)

rae AF,. — yckopsioumii hakTop, CBA3aHHBIH C TCPMOLMKINPOBAHUEM; f, — — 9acTOTAa H3MCHECHHS TEM-

- MAX
neparypsl Py SKCIUTyaTalun, aeHb ; T, — MakcHMaibHas abCOJNIOTHAs TEMIIepaTypa dKCIUTyaTalluw;

OKCII.

AT, — mepeman TeMIeparypsl B yCIOBHX dkcruryaraiun °C.

OKCIL

4. O6masa MaTeMaTHIeCKasi MOAEAD

B npouecce 3kcmiyaTanuy 3JI€eKTPOHHOE YCTPOWCTBO IIOABEPraeTcsl BO3JAEHCTBUIO BHEIIHUX (DAaKTO-
POB, KOTOpBIE BIUSIOT Ha CKOPOCTHb MPOTEKAHUS MPOLIECCOB CTAPEHUs (M3HOCA) IEKTPOHHBIX KOMITOHEH-
TOB M 3JIEKTPUYECKUX COECIMHEHWH, BHITIOJHEHHBIX Ha TEeYaTHOM Iulare. XapakTep BHELIHUX BO3JEHCTBY-
onmx (akTOPOB HEMOCTOSTHEH M C TEUYEHHEM BPEMEHH MOXKET HeMpephIBHO M3MEHATHCS. OYeBHIHO, YTO
IIPU BO3/EHCTBUU HECKOJIbKUX BO3AEHCTBYIOIIMX (PAKTOPOB MX BIMSHUE CKJIAABIBAETCS U CTAPEHUE 3JICK-
TPOHMKH MPOUCXOAMT ObicTpee. OTCIOAa ClIEAYET, YTO UTOTOBBINA YCKOPSIOMMN (akTop OyAeT sSBIAThHCS aj-
reOpandeckoil KoOMOMHaIKMEH YyCKOPSIOMMX (HaKTOPOB, CBSI3AHHBIX C BUOpalLlMel, BIa)KHOCTBIO, TEMIIepaTy-
pOYi ¥ KBMEHEHUEM TEMIIEPATYyPHhl. 3alHUIIeM 3TO B BUE (GOPMYJIBI

AF =k, AF, +k, AF, + k. AF,. +k, AF,, 9)

rae AF — oOwwmii yckopstommii dakrop; AF, — yckopsitomuii GpakTop, CBsI3aHHBIN ¢ BuOpaumei; AF, —
YCKOPSIIOIIMHA (hakTop, CBA3aHHBIA ¢ Temneparypoit; AF;. — yckopsiomuii (pakTop, CBSI3aHHBII ¢ TepMO-

uukinpoBanueM; AF,, — yckopsioiuii (pakTop, CBI3aHHBII ¢ BIaXHOCTBIO; k,, k., k., k,, — BecoBbie

KO3 UIUSHTHI VISl COOTBETCTBYIOIIUX YCKOPSIOUINX (haKTOPOB.

OrneHKa OCTaTOYHOTO pecypca IOJDKHA MPOUCXOANTh, OTTAIKHBASICh OT HaYAILHOTO pecypca, 3ajo-
JKEHHOTO B YCTpOHCTBe. B KadecTBe TakoBOTO OyaeM HCIOJIB30BATh CPEHIOI HAapaOOTKy J0 OTKa3a, BHI-
YHUCJICHHYIO 110 «CIIPaBOYHOMY MeToay». ClipaBouHasi Ha/le)KHOCTh KaK pa3 XapaKTepUu3yeTcsl TeM, UYTO OT-
paKaeT XapaKTePUCTHUKH KOMIIOHEHTOB MPU HOPMAJIbHBIX YCIOBHSIX.

OcraTouHEII pecypc — CyMMapHasi HapaOoTKa 00BEKTa OT MOMEHTa KOHTPOJIS €ro TEXHUIECKOTO CO-
CTOSIHUS IO MOMEHTA JOCTHXKEHUS TpefielbHoro cocTosiHus [21]. CTporo roBops, IpeAenbHOe COCTOSIHHAE
B 00IIeM ciydae He TO K€ caMoe, YTo M HepaborocmocobHoe coctosiHre. OIHAKO TEHASHIMU Pa3BUTHUS
JNIEKTPOHHMKH M €€ TOCTOSIHHOTO YCIIOKHEHHUS! IIPUBEJIH K TOMY, YTO YK€ CETOJIHS OTKa3aBIINe MOIYJIH HE
PEMOHTHUPYIOTCS B CHITy OOJBIION CIIOKHOCTH OOHAPYKEHHUSI HEUCIPABHOCTH U €€ UCTPABJICHHS, a TIPOCTO
3ameHnsoTcsa. K Tomy ke B chepe OTBETCTBEHHOTO MTPUMEHEHHS, TJe 11eJIeCO00pa3Ho MPUMEHEHHE METO -
KM OLEHKH OCTaTOYHOTO pecypca, MOBTOPHOE MCIOJIb30BAHME OJHAXAbl OTKa3aBLIETrO YCTPOWCTBa He-
OIIPaBJIaHO.

3a OCHOBY BBIpa)KEHHS, OMICHIBAIOIIETO OCTATOYHBIA PECYPC AIEKTPOHHOTO OJIOKa, BO3BMEM BEHIpa-
xenne (1). Mnes HakarummBaeMbIX MOBPEKICHHNA B COCTOSHUM CHUCTEMBI, MTOJIBEPKEHHAS «MSTKHUM OTKa-
3aM», TOJIHOCTBIO COOTBETCTBYET BIHMSHUIO BHEIIHMX BO3JEHCTBUI M3 Ta0n. 5. OcTaToOuHBIN pecype 3JeK-
TPOHHOTO 0JIOKA OyIeM onpeesITh Mo GopMmyie

T =T —jAF(t)dt, (10)

roe T

oCcT

— OCTATO4HBIA PECYPC HIEKTPOHHOTO OnoKa; 7, — cpennsist HapaboTKa 10 oTkasa; T — HapaboTKa;

T
AF(¢) — o0mmuii yckopsironuii pakTop, N3MEHSIOIINICS BO BPEMEHU; '[AF (t)dt —»>ddexTiBHAS HapaboTKa.
0
Takum oOpazom, ypaBHeHus (9) u (10) sBAsArOTCS 00MmIEH MaTeMaTHUYECKOW MOJENbIO AJS OLEHKH
0CTaTOYHOI'0 Pecypca 3JIEKTPOHHOro OJIOKA.
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4.1. Tpebosanus k ko3ppuyuenmam 013 ycKOpAIOWUX PaAKMOpos

Cnenys noruke Boipaxenuii (9) u (10), 3amerum, uro koabduuuentst k,, k., k. u k, momkHsl
OBbITH TAKUMH, YTOOBI IPH (PYHKIMOHUPOBAHUM YCTPOKMCTBA B HOPMAIBHBIX YCJIOBUSX €ro 3¢hdeKTuBHas
HapaboTKa COBMaaia ¢ CoOOCTBEHHO HAPAOOTKOM. 3alHUIIEM 3TO YCIIOBUE B BUIE COOTHOIICHUS

T,

Hy.

T, = [4F (1), dt, (11)

rae 7,, — HapaOoTKa B HOPMaIbHBIX ycnosusx; AF(f),, — oOmuii yckopsomuii pakTop B HOPMaIbHBIX

T
YCIIOBHSAX; IAF (t)H‘y‘ dt —>dppexruBHasT HapabOTKa.
0

B xauecTBe HOpMaJIBbHBIX YCIOBUM MPUMEM CIIETYIOIIEE:

— cpeanaa temnepatypa 20 °C;

— [MKJINYECKOE U3MEHEHHE TeMnepaTypsl oT 15 10 25 °C oauH LUK 32 CYTKH;

— OTHOCHUTEIIbHAS BIAXKHOCTB Bo3ayxa 45 %;

— OTCYTCTBUE MEXaHMUYECKUX HArpy3o0K.

Bynem cuurath, yTo U3MeHeHue TemnepaTyps oT 15 1o 25 °C onuH pa3 B CyTKU — HE3HAUUTENBHO, U

06wt yckopsironiuii pakTop B HOPMATBHBIX YCIOBUAX MOKHO CUMTATh HeusMeHstommmes AF (¢), = const.
Torna pasenctso (11) Bo3smMoxkHO ToNbKO TP AF'(7),  =const=1.
C npyroii CTOPOHBI, BEIYMCIUB OOMIMK YCKOPSIOLIMHA (PaKTOp B HOPMABHBIX YCIOBHUSX MO (opMyIie
(9) u bopmynam (4), (6), (8) AT COOTBETCTBYIONINX YCKOPSIOMNX (PAKTOPOB, MOTYUHM
1=k, -0+k, - 1+k;.-1+k, -0,091;
1=k, +k;-+0,091-k,, (12)

rae k. — BecoBoit ko hHIEEHT M1t yCKOPsIFoIero GakTopa, CBSI3aHHOTO C TeMITepartypoil; k. — BeCOBOi

KO3 QUIHEHT I yCKOpsifoliero (GakTopa, CBI3aHHOTO ¢ TEPMOLMKINPOBaHUEM; k,, — BecoBOW K0 du-
IUEHT YIS yCKOPSIONIEero (pakTopa, CBA3aHHOTO C BIAYXKHOCTHIO.
KoHkpeTHBIE 3HaUYeHUS ITHX KOIPOHUIINEHTOB, a Takke Kod(h(UIMEHTa, CBI3aHHOTO ¢ BHOpamme,
MOJJICKAT IKCICPUMEHTAILHOMY YCTaHOBJICHHIO. B KadecTBe HAYalbHOIO NPUONIMKCHHS NPUMEM
1
i =hre =ky = 1+1+0,091
B cuny croxxHOCTEH B ONpeliesieHHH YCKOPSIoNIero Gakropa Juis BUOpALUK, a Tak)kKe HOPMHUPOBOY-
HOro TpeOoBaHUs KOAPPUIHMEHTY (TaK KaK B HOPMaJbHBIX YCIOBHUSIX MEXaHWYeCKas Harpy3ka OTCYTCTBY-
€T), IS HA4aJbHOTO MPUOJIMKECHUS MPUMEM 3HaYeHHE Kod((UIlMeHTa, CBI3aHHOIO C BUOpAIUCH, paBHBIM
HYJIIO: kv =0. B panbHeiimem, MPY HAKOIUICHUH JOCTATOYHOTO KOJUYECTBA JAHHBIX 00 OTKa3ax, Oynmer

=0,48.

BO3MOYKHO MPOBECTH PETPECCHIO, T.€. IKCIIEPUMEHTAIBHO ONPEEIUTh, KaK MapaMeTpbl MOJICIIN IS MeXa-
HUYECKHUX YCTAJIOCTHBIX TTOBPEXKICHUH, TaK U BECOBBIC KOA((DUITUCHTEI.

Takum 00pa3oM, OKOHYATELHBIA BHJ MAaTEMATHISCKON MOJIENN sl OIICHKH OCTAaTOYHOTO pecypca
AJIIEKTPOHHOTO 0JI0OKA ¢ HA9aJIbHBEIMHU KO3 GUITIEHTAMHU TIPUMET BHJT

T
T =T, — [0,48(AF, (t)+ AFc (t)+ AF, (¢))dt, (13)
0
g116e| L~ ! 1 VY LI 5235 L~ 1
rie AF(f)=e = Tj AF ()= froen? (—AITOJ e & Tj AF, ()= (RH)'e > T]

4.2. Koppexmupoexa 3naueHuii 6eco6vlx Ko3ppuuyuenmos

OneKTpOoHHBIE OJIOKU TOCTATOYHO CUJIBHO PAa3IMUaloTCs IO UCIIOJIB3YEMbIM KOMIIOHEHTaM U KOH(H-
Typalyy IJIaThl, KaK CIEJCTBHE, B CPABHEHUM C JPYTMMHU OJIOKAMH YCTPOWCTBO MOXKET OKa3aThes Ooiee
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BOCIIPUUMYMBO K OJIHUM BO3JICHCTBYIOIIUM (aKTOpaM W MEHee BOCIPUUMYHUBO K ApyruM. Hanpumep, BbI-
COKOCKOPOCTHOE LU(PPOBOE YCTPOHCTBO C TUIOTHOW KOH(UTYypanuen MiaTel U MIHUPOKUM HCHOIb30BaHHEM
BGA KkopItycoB u Ipyrux KOPITyCOB C MaJIbIM ILIarOM BBIBOJIOB OyZIET 3HAUUTEIBHO YSI3BUMO K BIaXKHOCTH,
TEPMOIMKIMPOBAHUIO M BUOpALMK M MOYTH HE BOCHPHUMMYMBO K ITOBBIIICHHON TEMIIEpaType SKCILTyaTa-
UK. DJIEKTPOHHOE yCTPOHCTBO, MCHOJB3YIOUIee OOJBIIOE KOJIMYECTBO ANEKTPOIUTHUECKIX KOHIIEHCATO-
poB, OyJeT OYeHb BOCIIPUUMYHBO K IKCILUTyaTalllH B CPEZe C MOBBIILICHHON TEMIIEpaTypoil. A Takas xapak-
TEPHCTHKA, KaK I'€OMETPHUYECKHE IapaMeTphl, CHIIBHO BIHMSET Ha BOCIPUUMYHMBOCTh K MEXaHHYECKHM
BO3ICHCTBHUSM.

[Ipu BHeApeHHU JaHHOW METOAMKH B HOBOE YCTPOMCTBO HEOOXOAMMO MOABEPTHYThH aHAIHU3Y MPOEKT
ANIEKTPOHHOTO OJIOKAa U METOZOM SKCIEPTHOTO OLCHUBAHUS ONPENETUTh 3HAUMMOCTH KaXKI0T0 U3 YeThIpeX
BO3JIeHCTBYIOIUX (hakTopoB. Ha OCHOBE NMpOBEICHHOTO aHANW3a 33/1aTh HAYaIbHOE MPHOJIMKEHHE BECO-
BBIX KO DUIIMEHTOB YCKOPAIOMUX (PaKTOpOB.

Kpome Toro, mpu omeHKe OCTaTOYHOTO pecypca MpeaaraeéMbIM CIIOCOOOM MOKET OKa3aThCs, YTO
MPON3BOIMMAs OLIEHKA CHIIBHO OTIIMYAETCS OT ACHCTBUTEIHFHOTO OCTATOYHOTO PECypca: peanbHble OTKa3bl
HACTYMAalOT Tropa3/io paHblIe MPEAnojJaracMoro Cpoka Wid, Ha00OpOT, PacCUMTHIBAEMOE 3HAYEHHE OCTa-
TOYHOTO pecypca YMEHbBIIAETCsl CIMIIKOM OBICTPO M CTAHOBHUTCS PaBHBIM HYJIIO, & YCTPOHCTBO MPOAOIKAET
UCTPaBHO PYHKIIMOHHUPOBATE.

B TakoMm cnyyae HeoOXoauMa KOPPEKTHPOBKA BECOBBIX KO3 PHUUMUEHTOB. sl mpoBeaeHHs] KOpPEK-
THUPOBKH MOJIE3HBIM OYyAET COOTHOIIEHHE BKJIAJOB KaXKIOr0 U3 YETHIPEX BUAOB BO3IACUCTBHH B d(P(PEKTHB-
HYIO HapabOTKy dJIEKTpOHHOTrO Oyioka. Bkiansl Bo3neiicTBuil B 3 (heKTHBHYI0 HapaOOTKy ¥ UX MaTeMaTH-
YeCKHE BBIPAKEHHS IIPEJICTABICHBI B Ta0I. 6.

Tabmnuua 6

Bxnagser Bo3aeiicTBuil B 3G (HeKTHBHYIO HapaOOTKy

Bxnag MaremaTuueckoe BbIpaKeHUE

T

Bkuian BuGparmn T, = jkVAFV (¢)dt
0
T

Bxuag remnepartypsl T, = JkT AF, (t)dt
0
T

BKJ1aji TEpPMOLMKINPOBAHMS Ty = J.kTCAFTC (¢)dt
0
T

Bkuiaj BIaHOCTH T, =ijAFH (¢)dt
0

[IpoBens craTucTUYECKYIO 00paOOTKY BKIJIAJIOB BO3ACHCTBUH, JaHHBIX 00 UCTIBITAHHBIX YCTPOHCTBA-
MU BHEIIHUX BO3JIEHCTBUSX, @ TAKIKE COOTHOIICHUS NPEJCKa3aHHBIX CPOKOB KU3HU U PealIbHBIX HAPAOOTOK
JI0 OTKa3a Ha CTaTUCTHYECKU PENPEe3eHTATUBHON BBIOOPKE yCTPOWCTB, MOXKHO CKOPPEKTHPOBATh BECOBEIC
KO3 UITUEHTHI TAKUM 00pa30M, YTOOBI CHU3UTh PACXOXKICHUE MEXITy TpeJCKa3aHHBIM CPOKOM CITYKObI U
peanpHOM HapabOTKOM! 10 OTKa3a.

KoppektrnpoBky BecoBbIX KOI((HUITMEHTOB MOKHO TaKXKE MPOBOAUTH METOJIOM IKCIIEPTHOTO OIEHH-
BaHUS, a MIPH JOCTATOYHON BBIOOPKE Pa3yMHO HCIIOJIB30BaTh METOMbI MAIIMHHOTO OOYYEHHS C YUHTEJIEM,
JUTS TIOCTPOEHUS PETPECCHH.

3akaroueHnune

[IpoBeneHHBIN aHANMH3 CTATUCTUYECKOTO PACIIPE/IEICHNs] OTKAa30B 110 KOMIIOHEHTaM M TIPUYMH OTKa-
30B AJIEKTPOHHBIX YCTPONCTB M AIEKTPOHHBIX KOMIOHEHTOB MO3BOJIMII MPOJEMOHCTPUPOBATh 3HAYUMOCTh
BHEIITHUX BO3JACHCTBYIOMMX (haKTOPOB B IpoIleccax OTKa30B. BBUT MpoBeneH aHaIn3 BO3AEUCTBHMA (DakTo-
POB Ha TPOIOJDKUTEIHHOCTh CIY>KOBI YCTPOMCTBAa, HA OCHOBE KOTOporo Obuia pa3zpaboTaHa MeTOAHMKA
OIIEHKH OCTaTOYHOTO Pecypca AJIEKTPOHHOTO OJOKa Ha OCHOBE MaTEMAaTHYECKOW MOJEIH, YUUTHIBAIOIIEH
YCIIOBHSI 3KCIIITyaTal|H.
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Takum 00pa3oM, METOAMKA OLEHKU OCTaTOYHOTO pecypca 3JIEKTPOHHOrO OJ0Ka COCTOUT U3 CIey-
IOLIMX 11aroB:

1) aHanM3 yCIIOBHI SKCILTyaTalMH Ha HAJIMYHE NIEPEUNCICHHBIX BHEITHUX BO3/ICHCTBYIONHMX (aKTOPOB;

2) OTCIeXHMBAaHHE U PETHCTPANNs KOJMYECTBEHHBIX BEIMYHH, XapaKTEPHU3YIONINX BHEIIHNUE BO3CH-
CTBUS,

3) BBIYHCIIEHHE YCKOPSIONIMX (DAaKTOPOB HA OCHOBE JAaHHBIX O BHEUIHUX BO3JCHCTBYIONIHX (DAaKTOPOB
no popwmyuiam (4), (6), (8), (10);

4) oleHKa OCTaTOYHOTO pecypca 1o hopmyde (12);

5) KOppEKTUpPOBKa BECOBBIX KO3 PULIMEHTOB 00LIel MaTeMaTHIECKO MOJIENH, TapaMeTPOB MOJIEIH
YCKOPSIIOIETo (haKTopa, CBI3aHHOTO C BUOpaIHen.

Crnemyer 3aMEeTHTb, YTO II. 5 SIBISIETCS 0053aTeNFHBIM TOJIBKO Ha CTAIUW BBEICHUS METOIMKU OIICHKU
OCTaTOYHOTO pecypca EKTPOHHOTrO OJI0Ka.

[pemnoskeHHast METOMKA O3BOJIMT HAa OCHOBE NPEIBAPHTEIIFHO MOIrOTOBICHHBIX JTAHHBIX OLCHHU-
BaTh OCTaTOYHBIM pecypc OJ0Ka B 3aBUCHMOCTH OT MHTETPAJBbHOTO M3MEHEHHS TAaKMX BO3/EHCTBYIOMINX
(hakTOpOB, KaK BUOpalMsi, TeMIepaTypa, BIaKHOCTh. METOAMKY 11e1ecO00pa3HO IPUMEHSTh B T€X CIydasX,
KOTJa OTKa3 AJIEKTPOHUKU MOXKET MPHUBOAUTH K NPUUMHEHUIO Bpela 3I0POBBIO YETIOBEKa, a TAKXKE U3JePK-
KaM, MHOTOKPATHO NPEBBIIIAIOIINM 3aTPaThl HA CBOEBPEMEHHOE TEXHUUECKOE 00CITYKMBAaHHUE WM 3aMEHY.
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CUCTEMA BE3ABAPUITHOTO YIIPABAEHUA I'PYIIIIO POBOTOB

V. A. Bereznev

SYSTEM FOR TROUBLE-FREE CONTROL OF AROBOTS GROUP

Annomayua. PaccmatpuBaercs 3a1a4a OJHOBPEMEHHOTO
ympaBJeHus Tpynnoii podoros. /it kaxaoro pobora 3a-
JlaHBl HayaJbHAs ¥ KOHEYHAs TOYKH MyTH. OCOOEHHOCTH
3aKJIFOYAeTCs B TOM, YTO MPSIMOJIMHEHHOE JBM)KEHHE PO-
00TOB M3 HaYaJILHOI TOYKH B KOHEYHYIO HEBO3MOXKHO U3-
3a Hanuuus npenarctBuid. [Ipeanonaraercs, 4To npensr-
CTBHsI UMEIOT KpyroByto ¢opmy. Hannume npensrcrBuit
JieTlaeT BEChbMa MPOOIEMaTHYHBIM HCIIOIb30BAaHHUE KIlac-
CHYCCKUX METOAOB CHUHTE3a ONTHMAJbHOI'O YIPaBJICHUA
WM MaTEMAaTHYCCKOI'O IMPOorpaMMUpPOBAaHUA B CUIJIY HE-
BBIITYKJIOCTH 00JIACTH JOIyCTUMBIX TPaeKTOpHii poOOTOB.
B ocHoBe mpeanaraeMoro HmoaxojAa JIEXKHUT pasfelieHHe
HCKOMBIX TpPAeKTOpUi poOOTOB Ha OTHEIbHBIE YYaCTKH,
Ha KaXJIOM M3 KOTOpBIX HeT mpenstcTBuil. Ilonck pas-
JUYHBIX BapHaHTOB TAaKWX TPAaeKTOpui Oaszupyercs Ha
Teopuu rpadoB, a IBIDKEHIE HA KAXKIIOM U3 YIaCTKOB 0e3
MIPEMSITCTBUI CBOANTCA K 3aJaue CHHTE3a ONTHMAIbHOTO
obIcTpociicTBUsA ¢ (ha30BBIMH OrpaHHuYcHHsIMH. Kpome
TOTO, IpeAIaraeTcs ajaropuTM, HCKIIOYAIOIINHA BO3MOX-
HOCTb CTOJIKHOBCHHSA pO6OTOB BO BPEMs ABUKCHUS.

Kniouesvle cnosa: 3amada ONTHMAJIBHOTO YIPABICHUS,
Teopus TpadoB, 3aj1a4a 0 KpaTyaiieM nyTH, yupaBieHue
pobotom.

Abstract. The problem of simultaneous control of robots
group is considered. For each of robots the start and end
points of the path are set. Feature the problem is that it is
impossible to move robots in a straight line from the start-
ing point to the end point due to the presence of obstacles.
It is assumed that obstacles have a circular shape. The
presence of obstacles makes it very problematic the use
of classical methods of optimal control synthesis or math-
ematical programming due to non-convexity region of
admissible trajectories of the robots. The proposed ap-
proach is based on is the segregation of the desired trajec-
tories of robots in certain areas each of which has no ob-
stacles. Search for different options such as the trajectory
is based on graph theory, and the movement on each of
the sections without obstacles it is reduced to the problem
of optimal control synthesizing with phase restrictions. In
addition, an algorithm, eliminates the possibility of robots
colliding while driving is proposed.

Keywords: optimal control problem, graph theory, the
problem of the shortest path, control of the robot.

Paccmotpum 3amady ympaBneHust rpynmoil u3 K poOGOTOB, AN KaXAOTO W3 KOTOPBIX 3a/IaHBI

HavyaJbHas TOYKA TPACKTOPUH X,, W KOHEYHas Touka X, , k€ 1,K , rme k — unpekc podora. [Ipeamonara-
eTcs TaKXKe, 4TO POOOTHI HAUYMHAIOT JBHXKEHUE OJHOBpPEMEHHO. IlycTh Ha IIIOCKOCTH 3alaHbl KPyIrOBbIE
MPEMSTCTBUSL TaK, YTO TPACKTOPHH JBMXKEHHsI pOOOTOB, KOTOPBIMH IPEACTOMT YIPABISATh, HE JOJKHBI
HUMETh OOLIMX TOYEK C 3TUMH Kpyramu. KpyroBble HpemsTCTBHUS 3afaHbl KOOPAMHATAMU CBOHMX LIEHTPOB

of (xl,j,xz’j) ¥ JUIMHAMM paauycoB r;, j€1,J . llenbro ynpapnenus ABIsSETCS MUHUMU3AUKUsl BDEMEHH, 3a-

*
TpaYuBacMOI'0 KaXXIbIM p06OTOM Ha MEpEeMCIICHUEC U3 TOYKHU X, , B TOUYKY X, (pI/IC 1)

TpaauuMOHHBIM TOAXOJOM K PEIIEHHUIO 3TOM 3aJlauu SBJIAETCS UCIOJIb30BAHUE METOJO0B ONTUMAJIb-
HOTO YMNpaBlieHUs, OCHOBaHHbIX Ha mpuHImIe makcumyma JI. C. IToHTpsruHa (cM., Hampumep, paboThI
[1, 2], a Takke [3—5]). B aTOM cimydae moBeneHne poOOTOB onUCHIBaeTCs AuddhepeHITHATBHBIMA YPaBHEHH-
SIMH BTOPOTO MOPSIIKA

¥ o= f(x%,u,), ke LK, (1)
rae u, =u, (f) — AeHCTBUTENbHBIH YIPABISIOLIMA NapaMeTp, OAYMHEHHBIH YCIOBUIO
u <u, (H)<u', )

© Bepesnes B. A., 2020
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a x,(t)e R, . YcnoBue HenepecedeHHs: TPACKTOPHiA poOOTOB X, () ¢ KPYrOBBIMHU O0JACTAMU HPEMSATCTBUIA
03Ha4aeT, YTo AJIs JF000ro ¢ JOJKHBI BBIIOIHATHCSI HEPAaBEHCTBA

l@o-c)|>r. keLk, jelJ. 3)

e
L LA

e
L LA

Puc. 1. KpyroBsie nmpensiTcTBust

OTH yCIOBHS 03HAYaIOT HEBBITYKJIOCTh 00JIACTH JOIYCTHUMBIX TPAEKTOPUi poOOOTOB, B CHITy YEro Uc-
[I0JIb30BaHUE METOJI0B ONTUMAJIBHOTO YIPABICHUS, KaK U METOAO0B MAaTEMaTHUECKOI'O IIPOrpaMMUpPOBaHUS
(cMm., Hampumep, [6—9]) cTaHOBUTCS BecbMa NpoOJeMaTHYHBIM. VI3BECTHBI M HEKOTOPHIC 3BPUCTHUECKUC
noaxonsl ([10, 11]).

[Ipennaraemple pe3yibTaTbl OCHOBAHBI HA M3BECTHOM TEOPHM CHHTE3a ONTHMAIBHBIX yNpaBlICHUN
B HEJIMHEWHBIX CHCTEMax BTOPOTO TOpsAaKka (cM., Hampumep, [2]), a Takke Ha METOJe MOCTPOSHHS KpaT-
Yalmiero MmyTy Ha CBA3HOM OPHUEHTHPOBAHHOM IUTOCKOM Tpade [12]. B wacTHOCTH, mpeiaraeMblii HOAX0.1
SIBIIIETCS. HEKOTOPO Mou(MKanuel nmpeanioskeHHoro B padore [13] MeToa 1 3aKitoYaeTcs B CIEAYOMIEM.

OKpy>KHOCTH, ABJIIOIIMECS IPAaHULIAMH KPYTOBBIX IPEISITCTBUM, CHA0XKAIOTCSI HEKOTOPHIMU TOYKa-

MH, 00BSBISIEMBIMH BEPIIMHAMU V,, [€ 1,n CBSI3HOTO OPUEHTHUPOBAHHOTO rpada F(S ,V) , TIe V:{Vi} -

MHOECTBO BepIlnuH rpada, a S=1s 1 _ MuoskectBo pebep i, j€ 1n JumnHa pebpa s, € S onpenensercs
5 ij] peoep 1,je Ln. peopa s;; pea

BPEMEHEM NPOXOKICHUS POOOTA OT BEPIIMHBI V, K BEPUIMHE V,, IPUYEM B Ka4eCTBE BPEMEHH OepeTcs

pelleHue 3a/1a4i ONTHMATBHOTO OBICTPOICHCTBUSL.
B (ha3oBIX KoopauHATaX X' =x M x° =X ypasHenwue (1) 11 kaxaoro ke 1, K 3amuceiBaercs B BU-
Jie HOpMAITbHOM CHCTEeMBI (MHICKC POOOTa BPEMEHHO OIyCKacM)

X, =X,
. 1 .2 4
X, =f(x,x"u). 4)
MbI orpaHUYMMCS PACCMOTPEHHEM JIMHEHHOTO ciydasi, koraa i = u . [Ipu aToM nmpeanonaraercs, 4To
Ha OTpe3Ke [VnV j] , TIIe paccMaTpUBacTCs 3a7a4a CUHTE3a ONTHMAIBHOTO YIPABIICHHS, HET MPETATCTBHM.
B npotuBHOM Ciydae Mbl cuntaem, uTo JumHa pebpa rpada s,; =-+eo. Kpome Toro, Oysem npenmnosarars,
YTO B TOYKE V, OOBEKT HAYMHAET JIBUKCHUE C JIMHEHHON CKOPOCTBIO, @ B KOHEYHYIO TOUKY V; JOJDKEH

IPUOBITH CO CKOPOCTBIO X =q;20. B oTux ycnoBusx, Kak 5T0 CleAyeT u3 paborsl [2], ynpasisemblii

00BEKT OTHOCUTCS K KJIaCCy HCOCHUUIMPYIOUIUX, MPUHOUII MaKCUMyMa OKa3bIBACTCA HE TOJIBKO Heo0Xo-
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JHUMBIM, HO U JOCTAaTOYHBIM YCHOBI/ICM OIITUMAJIBHOCTH, H, KpOMe TOTO, CHpaBe):UH/IBa CHCI[yIOHIafI JIEMMa
2, c. 282].

Jlemma 1 Kaoicooe onmumanvroe no bvicmpooeiicmeuio ynpasienue, 0Cywecmeisiouee nepexoo u3
000U HAYANLHOU MOUYKU 6 JI00YI0 KOHEUHYI0 MOYKY, HpuHumMaem moavko 3uadenuss u(t)=u" aubo

u(t)=u" u umeem ne 6onee 0OH020 NEPEKNIOUCHUAL.

B cBs13u ¢ nemmoii 1 yMECTHO clienath OJIHO BaXKHOE 3aMEYaHue. Y TBEPKICHUE JIEMMBI O YHCIIE T1e-
PEKITIOUEeHNH yIpaBIe s CIeNaHo MPH OTCYTCTBHH KaKOTro-THOO OrpaHHMuYeHHs CBepXy Ha x . Bmecre ¢

TEM OUYCBHUIHO, YTO €CJIM UMECT MCCTO OI'paHUYCHUC fCl Sé, TO B 3aBUCHUMOCTH OT 3HAYCHHA Lt+ 1 JJJIINHBI

oyt Sij BO3MOKHBI O/THO WJIK [IBa MEPCKIIOYCHUA CO 3HAUCHUAMUA YIIPABJIICHUA u+ , 0 ,u

OO6patumMcst K BOIIPOCY O HazHAUYCHHUM BEIIWH rpada. EcTecTBEHHBIM TpeOOBAaHHUEM IIPH ITOCTPOCHUN
TPaeKTOPHH JBIKEHHUS POOOTa SBISETCS ee MaakocTh (nuddepeHnupyeMocTs) Ha BCEM MPOTSHKEHUH. JTO
03HayYaeT, 4To 00X0J]] pOOOTOM KPYTOBOTO IMPEMSTCTBUS JIOJKCH HAUYMHATHCS U 3aKAaHUYUBATHCS B TOYKAX
KacaHHs K OKPY>KHOCTSIM, SIBIISTFOIIMMCSI TPAHUIIAMU MPENATCTBHN (puc. 2). B uKcio BepuuH (MOMUMO TO-

YeK KaCaHHs) eCTECTBEHHO BKIIIOUYNTH 3aaHHBIC HAYQIBHYIO V,( =X, U KOHEYHYIO V,, =X, TOYKH TpacK-

TopHH, TAC k = LK.

Puc. 2. Onpenenenne BepmmH rpada

ITycTs A(xm,xoz) — MPOU3BOJIbHAS TOYKA IJIOCKOCTH, a C (le,sz) — 3aJjaHHAs TOYKA, SBJISIONIASCS

LIEHTPOM j-TO KPYTOBOTO MPEnsTCTBYsL. Toraa O4eBUIHO, YTO KOOPAUHATEI TOYeK B u D SABISIOTCS pele-
HUSIMU HEJTMHEWMHOM CHCTEMBI YpaBHEHUN

(xm _xl)(le —xl)+(x02 _xz)(sz _xz) =0,

(3 =x,) + (3 =) =12, 5)

rae l"j — paaunyc ] -I'0 KPyroBOro mnpensATCTBUs-.

C moMoIIbI0 HECIOKHBIX MPeoOpa30BaHUN JIETKO YCTAaHOBUTH, YTO PEIICHUSIMH CUCTEMBI (5) SBIIS-
10T Toukn (X,,X,), TA€ B Clydae, KOTAa X, #X,,, KOMIIOHEHTa X, SBJAETCS PELICHUEM KBAJPATHOTO

ypaBHeHus ax’ +bx+c=0 mpu
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_ 2 2
cC=W —’c(xoz—sz) —2xj20)<x02—xj2),

2

_ 2 2
T=r =X — X,

O=T+ XX, + XX,

0
Hakomen, ecnn Xy, =X,,, TO X; BBIMUCIAETCS 10 GOPMyJIE X, = ————, & 3HAUYECHUE KOMIIOHEHTBI
‘ Xo1 ~ X1
J
X, HOJy4aeM U3 BTOPOr0 YPaBHEHUS CUCTEMBI (5).

Tenepb paccMOTPUM MOCTPOEHHUE KacAaTENbHBIX K IBYM Kpyram (puc. 3).

Puc. 3. KacarenbHble K TPETATCTBUAM

OueBuaHO, YTO U3 MOAOOUS CIEeNyeT, UTO ToUKa A SBJISIETCS eTIMHCTBEHHOM TOUKOH mepeceueHust Ka-
caTeJbHBIX U MPSIMOH, COCOUHAIOUICH LHEHTPhl Kpyros. ClenoBaTenbHO, MOKHO BBIYHCIUTH KOOPIMHATHI
TOYKH A, TOCTIE YEeTo 3a/iaua CBOJIUTCS K PACCMOTPEHHOM BBHIIIIE.

Takum o0pazom, sro0ast TpaeKTopHs J1I0OOro podoTa MpeAcTaBiIseT coOoi MOCIeA0BaTEIbHOCTD
YYacTKOB, YaCTb KOTOPBIX SIBJSIETCS NPSMOJIMHEHHBIMHM YYacTKaMU MEXAy AByMs BeplunHamu rpada 0e3
HPEISITCTBUI, a Ipyras — yyaCTKaMy ABMXKEHUS C ITIOCTOSIHHONH CKOPOCTBIO IO yre OKpY>KHOCTH. Jljis j1ro-
0oro po0oTa Takue TPaeKTOpUH O00Pa3yIOT HEKOTOPOE KOHEYHOE MHOMXECTBO, M3 KOTOPOTO MOXET OBbITh
czeiaH BBIOOp C IETbI0 MUHUMH3ALUUK BpeMeHH IBMKeHHs. C 3TOH LENbI0 BOCIIONIB3YEeMCSl alrOPUTMOM
HeiikcTpsr [12] mocTpoenus kparyaiiiero myTy Ha rpade.

Haxonern, oOpaTtumMcst K podiieme 6e3aBapuiiHOCTH ynpasiieHHs pobotamu. OnTUManbHBIE ¢ TOUKA
3peHust ObICTPOAEHCTBUSL MAPIIPYTHl POOOTOB MOTYT MOJIYYHUTHCSI TAKOBBIMHU, YTO HEKOTOpPbIE U3 HUX OKa-
JKYTCSl B HEKOTOPOW Majloil OKPECTHOCTH OJHOM M TOIKE TOYKH B TOT MJIM MHOW MOMEHT BpPEMEHH, T.€.

“xk (H-x, (t)” <€ IS HEKOTOPOTO ¢ ¥ HEKOTOPOTO 33JJaHHOTO Majoro 3HaueHus € > 0 . DTO 03HA4YaeT, 4To

B MOJCJIb ynpaBHCHI/IH HGO6XOI[I/IMO BKJIIFOUUTH yCJIOBI/ISI
EXOESRG) ¥ (6)

JUTSL TF000TO ¢ M IIIOOBIX k U P .

[Ipeamnonoxum, 4To B HEKOTOPHIH MOMEHT T > 0 ycioBue (6) Hapymaercs (puc. 4) anas k-ro u p-ro
po0OTOB, Tpu4UeM k-if poOOT TIPEOI0IEBAET TIEPBBIM MPSIMOIHMHEHHBIH YIaCTOK TPACCHI C IBYMsI TIEPEKITIoUe-
HUSIMH (CJTy4dail OJJTHOTO TIEPEKITIOUEHHUS UCCIeAyeTCst aHalorndHo). CienoBaresibHO, poOOT JOCTUTAET CKOPO-

CTH ¢ 3a BpeMsd ¢ =i. Eciy IpeanookuTh, 4To poOOT HAYMHAET ABMXKEHHE C YCKOpPEHHeM o <u’,
0 +
u

9

TO OH AOCTUTHET CKOPOCTH 3a BPEMs [l ==. HYCTL Ha4YuHas ¢ 3TOIr0 MOMCHTAa BPEMCHU pO60T COXpaHACT

BCE IepaMeTpsl cBoell Tpaekropuu. Torna k MOMEHTY f, pa3HULA B IPOHICHHOM PACCTOSHUU COCTABUT

+.2 ~.2
u'ty ut|

AS = +q(t1_to)_7’
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CJIEJIOBATEIHHO, HA 3Ty K€ BEJIMYMHY YBEIUYUTCS PACCTOSHUE MEXIy poOoTaMu B MOMEHT T. Takum 00-
pas3oM, 1o yciIoBHUI0 Oe3aBapuiiHOCTH TpedyeTcs, 4ToOsl AS > ¢ . OTCI0/1a TIOC/IE HECTIOXKHBIX peo0pazoBa-

HHW TIOJTydaeM, 9To yciaoBHe (6) OyIeT BBITOJIHEHO, €CTH IS £ € [0, tl] ¥ TOJHKO HAa DTOM yYacTKE TpacK-

TOpHH PoOOTa B KAUECTBE YIIPABIICHUS B3ATh U =

*

10.

11.

2eut +§°
u+qz

Puc. 4. OnTuManpHbIE TPaeKTOPUH POOOTOB
Paboma svinonnena npu uacmuunou unarcosoi noodepacke PODOU (epanm Ne 18-29-03061-mx).
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AATOPUTMHNYECKOE ITPOEKTUPOBAHUE

BECITPOBOAHBIX CEHCOPHBIX CETEN

K. A. Murav'ev, I. O. Alyab'ev, D. S. Sinyutina, A. I. Shushuev

ALGORITHMS MIC DESIGN OF WIRELESS SENSORNETWORKS

Annomayusa. B pabote npoaHaTU3UPOBAHBl TEXHOJIOTH-
YyecKkue IIaTGOpMbl U IOCTPOEHHs OeCcIpOBOAHBIX
CEHCOPHBIX cereil. [IpoBeseHO KOMIIIIEKCHOE CpaBHEHHE
CXEMOTEXHUYECKUX PELIEHUM THUIOBBIX y310B. [Ipousse-
JieHa KiIacCH(UKAIM apXUTEKTyp W alnapaTHBIX pelle-
HUH ceHCOpHBIX ceTell. [IpemnoxkeHa TumoBas CTpyKTypa
y311a OecpoBOAHOM ceHCOopHOH ceTn. OOOOIIECHB OCHOB-
HBIE€ aCMIEKThI NPHUMEHEHHUS U1 0a30BBIX IIATHOPM IHEP-
rodpQekTUBHBIX OECIIPOBOAHBIX CEHCOPHBIX  CETEH.
[lokazaHo, YTO OCHOBHAs TEHAEHLMS pPa3BUTHA BHEpP-
rod¢pGeKTUBHBIX OECIPOBOAHBIX CEHCOPHBIX CETeH Co-
CTOHUT B TOM, YTO MAJIOMOIIHBIE YCTPOWCTBA U3 HHU3KOIO
LICHOBOT'O CerMeHTa NpeobianaroT B cOope orpaHuueHHO-
ro, OJHOTHITHOTO HabOpa [aHHBIX, B TO BpeMs Kak
YCTPOMCTBA M3 BEPXHETO LIEHOBOI'O CETMEHTA HCIIOJIb3Y-
I0TCS 1151 TpeOOBATENbHBIX MPUIOKEHUH U TII00AILHOM
KOOpJIMHAINY, OPTaHU3ALNH, YCTAHOBKH ITapaMeTpOB Ce-
. [Ipennoxen crmocod mis paboThl YCTPOWCTB C BBICO-
KO BBIYUCIUTEIBHON MOIIHOCTHIO. [IpemtoxkeH crnocob
MOJIEpHHM3ALMH 3TUX Y3JI0B I Oosiee 3 PEeKTUBHOM pa-
0OTHI B 00JIACTH IPUMEHECHUSI.

Kniouesvie cnosa: 6ecipoBoIHbIE CEHCOPHBIE CETH, CEH-
COpBI, 3HEpronoTpedieHue, 3HeprodPpdeKTHBHOCTH, OT-
Ka30yCTOHUYMBOCTb, AQITOPUTMbI YHPABJICHHS, MHKPO-
KOHTPOJLIED.

Abstract. The paper analyzed technology platforms for
building wireless touch networks. Complex comparison
of schematic solutions of typical units was carried out.
The architectures and hardware solutions of sensor net-
works have been classified. Disclosed is a typical struc-
ture of a wireless sensor network node. The main aspects
of application for basic platforms of energy-efficient
wireless sensor networks are summarized. It has been
shown that the main trend of the development of energy
efficient wireless sensor networks is that low-power de-
vices from the low price segment prevail in the collection
of a limited, single-type set of data, while devices from
the upper price segment are used for demanding applica-
tions and global coordination, organization, setting of
network parameters. Disclosed is a method for operating
devices with high computational power. Disclosed is a
method of modernising these units for more efficient op-
eration in the field of application.

Keywords: wireless sensor networks, sensors, power con-
sumption, energy efficiency, fault tolerance, control algo-
rithms, microcontroller.
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BBepeHne

BecnipoBoHbIE CEHCOPHBIE CETH aKTHBHO BHEIPSIOTCS B PA3IMYHBIX OTPACIIAX, TO3BOJISIS 2 (HEeKTHB-
HO pellaTh CJIOXHBIC 331a4d aBTOMATH3aI[Ul W YIPABICHUs, MOHUTOPHHTA ¥ KOHTPOJIS, ONepUpys 0OJb-
IIMMHA MaCCHBAMH BXOJSIINX U 00padaThIBa€MBIX HCXOMHBIX MaHHBIX [1-5]. B3aumogeiicTBys ¢ ympasis-
IONTUMH yCTPOWUCTBAMH, AATYHKH CO3AAIOT pACIpPENeNeHHYI0, CaMOOPTaHM3YIOIIYIOCs CHUCTeMy cOopa,
00paloTKH U niepenaun uHpopmaryu [6].

BecnpoBoanas cencopHas cetb — 310 camoopranuzytomasics AD HOC cets, T.e. CeThb C ACLIEHTpaIH-
30BaHHBIM PEXHMOM pabOThI, KOT/Ia KJIMEHTCKHE CTAHIMH B3aMMOJIEHCTBYIOT HENOCPEICTBEHHO IPYT
¢ apyrom 6e3 Touku noctyna [7, 8]. Takum 00pa3oM, MOHITHE «CAaMOOPTaHU3YIOLIASICS CETh» ONpEeIsieT-
Csl KaK CHCTEMa, B KOTOPOU OTJIENIbHBIE YCTPOHCTBA «YMEIOT» CaMH HaXxOIHUTh IPYT Ipyra u popMupoBarthb
ceTh, OoJiee TOro, B Cilydae BBIXO/Ia U3 CTPOS KaKOTO-JIM0O M3 Y3IIOB OCTaBIIMECS MOTYT MepPEeHACTPauBaTh-
cs1, IEPEOPUEHTHUPOBATHCS, yCTAaHABIIMBAS HOBbIE MapUIPYTHI IJIsI [Iepeaadr COOOIICHUH.

Kaxnpiii y3en npeacraBisieT co00ii MUHHATIOPHOE YCTPOHCTBO, OCHAILLIEHHOE ceHcopamu. VX 3Haum-
TeIbHOE KOJMYECTBO W pa3MeIlleHHe B KIIFOUEBBIX TOYKAX MOHHTOPWHTA CHTYallMHd WM U3y49aeMBIX MPO-
IIECCOB TIO3BOJISIET OCYIIECTBIATH cOOp MH(POPMANWHK C OONBIIMX IJIOMIAIeH B TEUCHHUE JIUTEIHFHOTO Bpe-
MEHH, YTO B CBOIO OYE€pPE]b MPEAOCTABIISIET BO3MOXKHOCTh OTCIICKHUBATh U aHAJM3UPOBATH SIBIICHUS, paHee
HEIOCTYIIHBIE.

OpHAM W3 TJIaBHBIX TOCTOMHCTB M KOHKYPEHTHBIX MIPEUMYIIECTB TEXHOIOTUN CEHCOPHBIX CETeH SB-
JSieTCsl CIOCOOHOCTh (PYHKIMOHUPOBaHUS 0e3 He0OXOANMOCTH MPOKIAIKH TOPOTOCTOSIINX Kabesel BMme-
CTE€ CO BCIIOMOTATENIEHBIM 000pyZ0BaHuEeM (KaOebHBIME KaHaJlaMH, KIIeMMaMH, ImkadamMu u T.J1.). A To-
CKOJIBKY CEHCOpPHAs CEeTh IOJJEPKUBACT OCHOBHBIC MHTEP(ENCHl M MPOTOKOIBI, KOTOPHIE MPUMEHSIOTCS
B HaIllell CTpaHEe B HACTOSIIEE BPEMs, €CTh peajbHasi BO3MOKHOCTh HHTETPHUPOBATHh €€ B CYIIECTBYIOUIYIO
ceTb 0e3 MpoBeneHHs JONOTHUTENFHON MacIITaOHOW M JOPOTOCTOSIIEH PEKOHCTPYKLIUH.

Lenpro paboTHI sBISETCS aHATN3 U 0000IIEHNE CIIOCOO0B aIrOPUTMHUYECKOTO MPOSKTUPOBAHUS Oec-
MPOBOJIHBIX CEHCOPHBIX CeTed C TOYKH 3peHHs dHeprod()(eKTHBHOCTH, TE€HEepalUd CTPYKTYPHOU CXEMBI
y311a 6eCTIPOBOHON CEHCOPHOM CETH ¢ MUHUMAJIBLHBIM SHEPTOMOTPEOICHUEM.

Hcnonb3ys npeanaraeMblii aBTOPCKUH MOAXO0]] TEHEPALIMOHHOTO CUHTE3a, KOHKPETHBIN (yHKIMOHAI
y370B (hOpMHUPYETCS UCXO/Is M3 KOHKPETHOTO KIlacca pelraeMbIx 3a1ad. [I[puMeHeHrne MOy IbHBIX pelIeHui
MO3BOJIUT CTIIAIUTh CYHIECTBYIOIIME Pa3JIMuvsi MEXKIY THUIOBBIMH KOHKPETHBIMHU y3namu. JlanmpHeiilnee
paciIMpeHre KOJIMYeCTBa BO3MOXKHBIX BapUAaHTOB 0a30BBIX KOMITIOHCHTOB aIlapaTHO-IPOrPaMMHOM TLIaT-
(hopMBI 0TarOTBOPHO TIOBIUSIET HA PEIICHNE KOHKPETHOM 3a/1a4uM 3a CUET JallbHEHIIeH THIH3alny, YHUPH-
Kalliu ¥ CTaHAAPTH3AIHH.

AHaAM3 AATOPHTMHYECKOrO IPOEKTHPOBAHMS 6€CIIPOBOAHBIX CEHCOPHBIX CeTel

B ceHcopHoO#t cetr y371bI OOBIYHO B3aUMOJCUCTBYIOT MOCPEICTBOM OECIPOBOTHOM CBA3U — Pajuo,
MH(PPAKPACHOTO M3ITyYEHUS WIN ONTHYECKUX cUTHAIOB [9—12]. MH]pakpacHas cBs3b CpaBHUTEIBHO JIeTIe-
Ba U IIPOCTa B IPOMU3BOACTBE, JOCTYIIHA 0€3 JIMIEH3UH U 3aIlMIICHA OT OMEX 3JIEKTPUUECKUX MPUOOpOB,
HO TpeOOBaHME MPSIMOM BUIUMOCTH MEXIY OTIPABHUTENIEM M TOJydaTeleM YCIOXKHSIET HCIOJIb30BaHHE
JAHHOW TEXHOJIOTHMH B OECIIPOBOIHBIX CEHCOPHBIX ceTsx [13—15]. B cinydyae Mcmonb30BaHMs ONTHYECKUX
CUTHAJIOB MPEIbSBISIOTCS OMOJHUTEIbHBIE TPEOOBaHUS K y3/1aM CETH — aHTEHHBI y3JIOB JOJDKHBI 007a-
JaTh HYXHOH BBICOTOM M MOIIHOCTBIO M3JIy4EHUs Ul CBS3U C OPYTUMH yCTPOICTBaMH, YTO TpeOyeT Io-
BBIILICHHOTO 3HEPronoTpeOeHrs, B MPOTUBHOM Cllyyae MOTYT BO3SHHUKHYTH OIIMOKH M OOJbIINE MOMEXU
[13—15]. B GecnipoBOIHO¥ CEHCOPHO CETH HAMIYUIIMM BapHAHTOM SIBIISIETCS MCIIOJIB30BaHKE PaJIHOCBSI3H,
B YaCTHOCTH, II0JIOC YaCTOT VIS IPOMBIIIJIEHHBIX, HAYYHBIX U MEIUIMHCKUX Liesied ISM, koTopsie nocTymn-
HBl 0e3 JHIeH3uid B OobIIMHCTBE cTpaH. OCHOBHBIMH MPEHMYIECTBAMH HCIONb30BaHus ISM siBnsieTcst
HIMPOKHUI CHEKTP YacTOT M JOCTYIHOCTh MO BceMy Mupy. OHU He NPUBSA3aHBI K KOHKPETHOMY CTaHIApTy,
TEM CaMbIM JAl0T OOJBLIYI0 CBOOOIY AJISl peayn3alli SHEProcOeperaroux CTpaTeruil B CEHCOPHBIX Ce-
Tax. Jlns opraHu3anuy paguocBsa3n MEXAY y3JdaMH B O€CTIpOBOIHON CEHCOPHON CETH Yallle BCEro UCIOIb-
3YIOTCSl CIIEYOINE TEXHOJIOTUHU Tiepenadn naHHbeix: ZigBee, Bluetooth mmu Wi-Fi [16-20]. Ux cpaBHu-
TEeJbHBII aHaJW3 MPUBECH B Ta0OM. 1.

IIpoTtokonsl ZigBee naroT BO3MOXHOCTH CO3aBaTh CaMOOPIaHU3YIOLIMECS U CaMOBOCCTAaHABIIUBA-
IOLIMECs] CEHCOPHBIE ceTH. B 3TOM ciydae ycTpolcTBa ceTw Omarojapsi BCTPOCHHOMY MPOTPaMMHOMY
o0ecreyeHuIo 00aialoT ClIOCOOHOCTBIO MPH BKIIFOUEHUH NMHUTAHUS CaMH HaXOIUTh APYT Ipyra u Gopmu-
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BesomacHocTh B Upe3BbIYaiiHbIX CUTYAIMAX

pOBaTh CETh, a B Cllyyae BBIXOAA U3 CTPOS KaKOT0-IMOO U3 Y3JI0B — yCTAaHABIMBATH HOBBIE MapUIPYTHI JUIS
nepeaayn AaHHbIX. [IpoTokonbl ZigBee MO3BOJNSIOT YCTpOWCTBAM HAaXOJUTHCS B CIISIIEM pPEXHUME OOJb-
LIYIO YacTh BPEMEHH, YTO 3HAUNUTENIBLHO MPOJUIEBAECT CPOK CIIyKObI OaTapeu.

Tabmuma 1

CpaBHUTENBHBIN aHAIN3 TEXHOJIOTHI OpraHN3aIlH CBSI3U Y3JI0B OCCIPOBOAHBIX CEHCOPHBIX CETEH

CranjapTbl
[Mapamerpsr ZigBee Bluetooth Wi-Fi
(IEEE 802.15.4) (IEEE 802.15.1) (IEEE 802.11b)
YacToTsl 0,868/0,915/2,4 I'Ty 241To 2,4,5-61Tn
KonmuecTBo KaHaoB 1/10/16 79 14
CKOpOCTH Iepesaun 20-250 Kbur/c 3 Mbwur/c 11 M6wut/c — 10 I'6ut/c
Pamgmyc neiictBus yerpoiicts | 10-100 m 10 m 20-300 m
IMonoca nporryckanust kKarama | 0,3/0,6 MI'm; 2 Ml 1 MI'n 22 MI'x
KommgectBo ycTporicTB 65 536 7 10

B CCTH

[MotpebasieMbrii TOK

30 mA, B pexxume

40 mA, B pexxume

400 mA, B pexuMe 03KH-

oXupanus 3 pA oxuganust 0,2 mA maans 20 mA
Oo6macTu IpUMEHEHUS V nanmeHHbI [lepenaua 3amerienne

MOHHUTOPHUHT MYJIbTUMEIUNHON IIPOBOJHOTO

U yIpaBJeHHe uHpOpMaLU COCIUHCHUS

CeHCopHBIE CETH MOTYT OBITh PEAIM30BaHbI TAKXKE HA OCHOBE OecrpoBOAHOM TexHonoruu Bluetooth.
CriernanibHO 117151 6€CIIPOBOIHBIX CEHCOPHBIX ceTel Oblia paspaboTaHa BepcHs Crienn(UKANY Apa TEXHO-
noruu Bluetooth v.4.0, monyuusmas HazBanue Bluetooth Low Energy (BLE), xapakTepu3yromniasicss HU3KHM
3HepromnoTpediaeHueM. YcTpoiicTsa, ucnonb3ywmue BLE, Moryt paborars 6ojiee rojga Ha OJHON MHUHHUA-
TIOpHOU Oarapelike 03 Mo3apsIKH.

becripoBognsie cetrn Wi-Fi n3HayansHo OBUIH 32 fyMaHbl KaK crloco0 3aMeHBI TTPOBOIHBIX BBIYHCIIH-
TeNBHBIX ceTeil. OJHaKO OTHOCUTENHFHO BHICOKHE CKOPOCTH TIepefady AeNA0T IepCIeKTUBHBIM BO3MOXKHOE
MPUMEHEHUE B T€X CaMOOPTaHU3YIOIIUXCS CEHCOPHBIX CETSX, B KOTOPBIX HEOOXOIMMO TepenaBaTh 00Jb-
e 00beMbl HHGOPMAIINH B PEaTbHOM BPEMEHH, HaIPUMED, BUICOCUTHAIIBI.

Kax BuaHO M3 TaOMUIBL, 32 CYET MEHBIIETO OTPEOICHUS PHEPTHH U, KaK CIIEACTBHE, OOIBIIETO Bpe-
MeHH paboThl, a Takxke OOJIBIIEro pajauyca ASHCTBUS yCTPOUCTB, YeM y ycTpoiicTB Bluetooth, Hanmyummm
BapHaHTOM J1s1 OeCIPOBOAHBIX CEHCOPHBIX ceTei siBisieTcs ZigBee.

BecnipoBoHbIE CEHCOPHBIE CETH MOTYT OBITh KJIaCCU()MITMPOBAHBI HA OCHOBE PA3IMIHBIX KOHIETIINN —
B 3aBHUCUMOCTHU OT TUIIa U METOAA Pa3BEPThIBAHUA Y3JIOB B CETHU, OT UX PACIIOJIOXKCHUA, OT Opr)KaIOHleﬁ
cpenst u T.1. (puc. 1).

Mo pazmepHocTH

AsyxmepHuie npocTpaHcTEa [omoresHbe
TpexmepHole —— Mo TvNy y3nos ;

ETEPOreHHbIe

No MeToAay pazmeleHMs
ysnos ( becnpoeogHele
L CeHCOpPHble CeTH

\ Mo cTpykType ceTH

Puc. 1. Knnaccugukaryst apXuTeKTyp CCHCOPHBIX CETeH

CayyaiHbie
MoGunesmse

Cratuqeckue
Mo Tvny pazmeweHna
JeTeprrHUpoOBaHHbie

Mo cnocoby

MNpoakTHBaHme
$YHKLMOHHPOBAHMA

OaHopanropee

PeanTHBHbIE {_ Mepapxnueckue

Paccmotpum knaccudukanuio OSCIPOBOJHBIX CEHCOPHBIX ceTel moapoOHee. Ha ocHoBe crmocoba
(hyHKITMOHUPOBAHMS CEHCOPHBIE CETH MPHHATO MOIPA3ENiITh Ha MPOAKTUBHBIE W PEakTHUBHBIE. B mpoak-
TUBHOW OECIPOBOJHON CEHCOPHOW CETH Y3JIbl MEPUOJUYECKH MPOBEPSIOT CPEAy M IEpearoT JTaHHBIC,
MPECTaBISIOIIME UHTEpeC. B peakTUBHBIX CETSIX Y3Jibl ONEPATUBHO PEArMpYIOT JMIIL HAa BHE3aIIHbIE U
pe3Kre U3MeHEeHHUs B 00JIaCTH CEHCOPHOTO Tojsa. OYeBUIHO, YTO 3aTPAThl YHEPTHH MPOUCXOAAT BO BpEMs
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MpreMa Wi Nepesiadyn JaHHBIX, BBITOJHEHHUS KOHTPOJIbHO-U3MEPHUTEIBHBIX ONEpaluii, B CBSI3U C YeM IIpe-
ObIBaHME MaKCUMAaJIbHOTO KOJMYECTBA Y3JIOB B «CILIIEM PEXHUME», 3HAYUTEILHO YBEIIMUYUBACT MPOIOIIKH-
TEJILHOCTh aBTOHOMHOM Pa0OThI BCEH CHCTEMBI.

B 3aBucuMOCTH OT COCTaBJIAIOUIMX Y3JIOB OECIIPOBOJHBIE CEHCOPHBIE CETH MOTYT OBITh pa3/ieleHbl
Ha JiBa OCHOBHBIX THIIa — TOMOTEHHBIE (OJHOPOIHBIE) U reTeporeHHble (HeoqHOPOaHbIE). B roMoreHHbIX
0ecIpOBOJHBIX CEHCOPHBIX CETSAX BCE CEHCOPHBIC Y3JIbl OJMHAKOBHI C TOUKM 3PEHMS SHEPruu Oaraped u
anmnapaTHON CI0XKHOCTHU. I'eTeporeHHbIe K€ CEHCOPHBIE CETH MOTYT COAEP)KaTh HECKOJIBKO TUIIOB pa3jiny-
HBIX Y3JI0B, C Pa3IMYHBIMH SHEPTETHUECKIMU M (PYHKIIMOHATBHBIMH BO3MOXKHOCTSIMH, YTO JAaeT Psij Mpe-
uMyIecTB (puc. 2).

BelumcantensHas

HEOHOPOAHOCTE
Tunel reTeporeHHbIx
‘ HeoAHOpPOAHOCTE CeTEeBLIX
pecypcoB
pecypcos
‘ rE‘TE‘pOFEHHOCTb IHEPr M
.
leTeporeHHan
Mopens
6ecnpoBoOAHOH
CEeHCOPHOH CeTH
MNpoaneHue cpoka
BAMAHME cnyxbbl ceTh

HEOQHOPOAHOCTH | YMeHblIeHHE 3a/EpHKeK

| [MoBblWeHre HageXHOCTH

Puc. 2. 'ereporenHas Moenb OECIIPOBOTHON CEHCOPHOH CeTH

st BeIOOpa BapraHTa UCTIONB30BAHUSI SHEPrOPECYPCOB B TETEPOTCHHBIX CETSIX MPHOETalT K METOo-
JaM 0aaHCHPOBKHU HATPy3KH — PACIIPENIEICHUI0 3a/IaHuil MEXy HECKOJIBKHMH CETEeBBIMU yCTPOWCTBAMU
[21-26]. BerancnurenpHas HEOTHOPOAHOCTh CETH MOKET YMEHBIIUTD 3aJIepKKy 00paboTku WHOOpMAITIH
JUTsL ONMKAMIINX y3IJI0B, 8 TETEPOrCHHOCTh CETEBBIX PECYPCOB — COKPATHTH BpeMsl OOCITY>KUBAHHUS 3aIpo-
coB. CpeHUl pacxos SHEPrHU TaKXKe IepepacipeesieTcs MexXLy y3JaMH pa3HbIX THUIIOB, CHIDKas ee Mo-
TpeOJeHne, a NCIOIb30BaHUE B TETEPOTeHHON CETH Y3JI0B C BBICOKOHM MPOMYCKHOM CIOCOOHOCTHIO M MOIII-
HBIMH paauornepeaaTiukaM 3HAYUTCIIbHO IIOBBIIIACT HAJACKHOCTL NEpCaadr AaHHBIX BO Bcel CCTH,
o0ecreunBaeT 0TKa30yCTOMYMBOCTH PaboThI cetH [27-30].

[lo xputepuro CTPyKTyphl CeTH OECHpPOBOJHBIE CEHCOPHBIC CETH Pa3leisaiOT HAa OJHOPAHTOBae U
nepapxudeckie. B 0THOpaHOTOBOW ceTH BCe Y3IIbI BBHITOMHSIOT OJAMHAKOBBIE 337a49H, Iiepeada JaHHBIX Ha
0a30BYI0 CTAHIIMIO OCYILECTBIISIETCS] HETIOCPEACTBEHHO. B HEepapXuUuecKuXx CeTax y3Jbl MOApa3estoTcs Ha
TOJIOBHBIE U ceHCOpHbIe. CEHCOpHBIE Y3IIbI COOMPAIOT JaHHBIE, a TOJOBHBIE 3aHUMAIOTCA WX 00paOOTKOM,
aHaJIM30M U Iepefadel Ha 0a30BYyIO CTaHITNIO. JIaHHBIN pa3fel MPUHATO CBSI3BIBATH C TOMOJOTHEH CETH.
K mepapxudeckum TOIMOJIOTHSIM OTHOCSITCS «3BE3lla» M «KIACTEpPHOE JepeBo». B aToM cityuae ceTh pa3ou-
BAeTCs Ha CEIrMEHTHI, B KOTOPBIX OOBEKTHl (DYHKIIMOHAIBHO Pa3AeisIOTCsl Ha KOOPAWHATOPHI U KOHEYHBIC
y31bl. KoopanHaTOp OCyIIECTBISIET TIIO0ATBFHYI0 KOOPIWHAIINIO, OPTaHU3AINI0 U YCTAHOBKY IapaMeTpPOB
CCTHU, OCYHIECTBJIACT BbIXOA BO BHCHIHIOIO CCTh. Koneunsie Y3Jibl, B CBOIO OYCPEAb, BBIIIOJIHAIOT TOJBKO
NpUKJIagHble JeHCTBUS — cOOp MHPOPMAIMK M yIpaBlieHHE YIaJeHHbBIM 00beKTOM. XOTh AaHHBIN cr1oco0
OpTraHM3alliy CETH BBUAY €ro OCOOCHHOCTEH MOIXOAMT YIS PEIICHUS OTPAaHWYCHHOTO CIEKTpa 3ajad, OH
BBIZIEIISIETCS HAMMEHBIIIMMHA 3aTpaTaMH SHEPTHH, TaK KaK KOOPAMHATOPHI B TAKWX TOIIOJIOTHSAX Yallle BCETO
HalpsAMyr0 IMOAKJIIOYCHBI K CTaL[HOHapHOﬁ cetu. K OI[HOpaHI‘OBOI\/'I CE€THU OTHOCHUTCA TOIIOJIOIHA «TOYKa-
TOYKa», B KOTOPOH pa3/ieieHusI Ha CErMEHTHI He TpeOyeTcs. Y37l MOTYT 00IIaThesl MeKAy co00i B mpene-
Jax 06JIacTH BUANMOCTH, CAMOCTOSTEIHHO OPTaHU30BEIBATh CETH M a[IeKBaTHO pearnupoBaTh HA W3MEHEHUS
TOIOJIOTUH ceTH. Takas FI/IGKOCTB B HUCIIOJIb30BaHWU ITO3BOJIACT OPraHU30BbLIBATH 60J1ee CJIOKHBIC KOH(i)I/I-
Typaluy CeTH, pelaTh LIMPOKUN CIIEKTP HECTaHAAPTHHIX 3aay, HO, K COXKaJICHHUIO, C JaHHOW TOMOJIOTHEN
CBsI3aH YBEIWYEHHBIN PAcXOJ SHEPTHH BBUIY PE3KOTO BO3pAacTaHWs BPEeMEHHU NMpeOBbIBaHUS y3JIOB B pado-
YeM COCTOSHUH.
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ITo oTHOILIEHUIO K METOAY Pa3MEUICHUSI CEHCOPHBIX Y3JIOB BBIACISIOT CETU CO CIy4YailHBIM U C Je-
TEPMUHHUPOBAHHBIM pa3MellleHHeM y3JIoB. [Ipu ciydaiilHOM pa3MelIeHWH CEHCOPHBIE Y3Jbl MOTYT OBITH
CIIy9allHBIM 00pa3oM paz0pocaHbl IO HEKOTOpou obnacth. JlerTepMHHHPOBaHHOE pa3MelIeHne Ipenoia-
raeT pa3MeIleHHe y3JI0B B COOTBETCTBHH C TPEABAPUTEILHO ONPEeIEHHBIM IUIAHOM ITOCTPOEHUS CEeTH.

BecripoBoiHbIE CEHCOPHBIE CETH MOTYT OBITH KJIacCH(PHUIIMPOBAHBI B 3aBUCUMOCTH OT CIIOCOOHOCTH
MEHSTh CBOE reorpa)uiyeckoe IOJOKEHUE Ha CTaTH4YHbIE M MOOMWIbHBIC. MOOWIIEHBIC CEHCOPHBIC Y3JIbI
MIPUMEHSIOTCS TP MOHUTOPUHTE JBMKYIIMXCS OOBEKTOB.

C y4eTom pa3MepHOCTH MPOCTPAHCTBA MPUMEHEHHS BBIACIAIOT ABYXMEPHBIE U TPEXMEPHbIE CEHCOP-
HBIE CeTH, YTO HAKJIAaIbIBAET OTIEYATOK HA PagUyC MOKPBITHS CEHCOPHOTO y3a, a TaK)Ke Ha OCOOCHHOCTH
paboTHI IPOTOKOJIOB NIepeaady TaHHBIX.

J1s OTIOTHUTENFHOTO YBEITUYEHUST TPOJOIDKUTEIFHOCTH aBTOHOMHOM pabOoTHI y3JI0B OecTpoBO/I-
HOUM CEHCOPHOW CETH CTOUT OTAATh MPEANOYTEHHE SHEProcOeperaroluM MPOTOKOIaM MepeIaynl TaHHbBIX,
takuM kak LEACH, OEDSR, RT2.

Anroputm LEACH sBnsiercss moaudukanuelr 6azoBoro nporokona TDMA. Ilpeacrasnsier coboii
HepapXUIECKUN TIPOTOKOII, KIFOUEBOM 3a1adeii KOTOPOTO SIBISICTCSI MUHUMM3AITUS YHEPTHH, HEOOXOAMMON
JUTSL co3AaHus U 00cykuBaHus KiactepoB ceacopoB. LEACH uMeer cymecTBeHHBI HETOCTATOK — OTCYT-
cTBHE WH(POPMAIUH O TEKYIIEM DHEPreTHIECKOM COCTOSHHUY y3J1a, YTO HETaTUBHO BIHIET HAa HAJCKHOCTD
Nepeiavy JaHHBIX B CHCTEME.

DHepreTuyeckas xe BRIroAHOCTh poTokoiia OEDSR 3akitouaeTcst B TOM, YTO BCE Y3716 HAXOMSATCS B
PEXKUME OXKUIOaHUA WIN COCTOAHHUU CHA, 4 IIPU BOSHUKHOBCHUHN CO6I>ITI/I$I «IIPOCHINTACTCA» TOJBKO MOACCTH
PAIOM C MECTOM BO3HUKHOBEHHS COOBITHSL.

IIporoxon RT2 Takke OenuT ceTh, HO y’K€ Ha CEHCOPHBIE M aKTHBHBIE y3JIbI, IIEPBHIE U3 KOTOPBIX
OCYHIECTBIISIOT OOHApYXEHHE COOBITHS, a BTOPhle — 00padaThIBAIOT JIaHHBIE W TIEPEAA0T MHPOPMAIHIO.
DTO0 Tak¥Ke BBITOJHO CKa3bIBacTCA HA SHEProd3(PPEeKTHBHOCTH.

He crout Takxe 3a0bIBaTh, 4TO Ha MOTPEOJICHUE SHEPTUU OKA3BIBAIOT BIIMSHUE CIIOCOOBI JIOKAIH3a-
UM Y3JI0B OECIIPOBOJHOM ceHCOpHOIt ceTr. OCOOCHHO X0YeTCs BBIACIUTh METO/I JIOKAJIM3AIHUU TI0 YPOBHIO
cuibl curaana (RSSI) u pagnonaTepdepeHITHOHAYIO crucTeMy To3uitmonnpoBanus (RIPS).

Hapsiny ¢ mporpaMMHBIME cTIOCO0aMH yBENTWYEHUS SHEPT03(PPEKTHBHOCTH CIIETYET OTMETHTH H all-
MapaTHble, KOTOPhIE 3aKIIOYA0TCS B 3aMEHE MIEPBUYHOTO HETepe3aps»kaeMoro NCTOYHHMKA MTUTaHHs Ha Tie-
pe3apsbKaeMblii, a TaKkXkKe MOJKIOYCHHE YCTPOMCTBA K IMpeoOpaszoBaTelto 3Heprun. CyIecTByeT MHOXKE-
CTBO IOCTOSHHO JOCTYITHBIX UCTOYHHMKOB SHEPIHMHM — CBET, BUOpALMU, TEMIICPATypHBIH TuddepeHra,
MarHUTHasl JHEPTHsI U IPEe0O0Pa30BATENH, CIIOCOOHBIE UCTIONIL30BATh ATY HEPTHIO, COOTBETCTBEHHO — (HOTO-
rajJbBaHUYECKUM, SJIEKTPOCTATUUECKUN WIM AJIEKTPOMArHUTHBIN, TEPMOIICKTPUUECKUM U WUHAYKTHUBHBIN.
D¢ heKTUBHOCTS U MOITHOCTh KXKIIOTO TpeodpazoBarelss BappupyoTcs. CyTh aTOPUTMHAYECKOTO METOIA
cunte3a bCC cocTouT B Moce0BaTeIbHOM HCIIOIB30BaHNH MTPOTPAMMHBIX U almapaTHBIX METOJIOB o0ec-
NeYeHUs PHEProdpHEeKTUBHOCTH 3a CUET MCIIOJIb30BaHUs THITOBKIX y3110B BCC.

AHaAW3 THIIOBOH CTPYKTYPBI y3Aa CEHCOPHOM CeTH

PaccMoTpum 00001IEHHYIO CTPYKTYPY Y3712 OSCIIPOBOIHON CEHCOPHOI ceTH (puc. 3).

BbiqucaumenbHbIU Modyb

; ; ;

Cencopsl| |Modyab cBsa3u

Puc. 3. O600mieHHas apXUTEKTypa y371a CEHCOPHOU CeTH

VY3en OecipoBOIHON CEHCOPHOM CETH, KaK BUJHO W3 PUCYHKA, COCTOUT M3 BBIYMCIUTEIEHOTO MOJY-
JI5,, MOIYJIsl SNEKTPONUTAHMS, MOAYJISI OECIPOBOAHOM CBSI3M, a TAKXKE MCIOJIHUTENBHBIX YCTPOMCTB U pa3-
JIMTYHOTO POJIa CEHCOPOB, CYUTHIBAIOIINX HHPOPMAIIHIO U3 OKpYyXkaroei cpeast [31-33].
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PaccMoTpuM KasKbliA SJIEMEHT CTPYKTYphI oApoOHee. BoranucnnTensHbIi MOIYIIb IPEACTABIISIET CO-
00li MHUKPOKOHTPOJIJIEp — MUKPOIPOLIECCOP CO BCTPOSHHOM MaMATHIO, TaliMepaMu B 000pyJOBaHUEM IS
MOJKIIIOYCHNS] BHEIIHUX YCTPOWCTB, TAKUX KAaK JATYMKH, UCTIOJHUTEIbHBIE YCTPOHCTBA U paauoNepeaar-
YMKH. BeIUuCIUTENbHBIN MOIYIb 3aIlyCKaeT IPorpaMMHOE oOecriedeHne OeCIIpOBOIHOTO CEHCOPHOIO y3Ia.
Jnst xoppeKkTHOW pPaboThl YCTpOWCTBA MHUKPOKOHTPOJUIEP AOJDKEH HWMETh HHU3KOE SHepromorpebieHue,
a TaKk)Ke HAJINYKE anmapaTHBIX PECYPCoB UL pabOTHI y371a B COCTaBE CETH.

Jatunku (CEHCOPBI) U MCIIOJHUTENIBHBIE YCTPOUCTBA JJal0T BO3MOXKHOCTb y3JIy B3aHMMOJEHCTBOBATH
C OKpYKatoIM (PU3UUIECKUM MUPOM.

Moaynp OecripoBOJHON CBA3M HYXEH IJIsi OpPraHU3aldHl B3auMOJICHCTBUS MEXKIY Y3J1aMH CETH.
B kauecTBe JaHHOTO MOJYJISl UCIIOJIB3YIOT TpaHCUBEpbl. CTOMT OTMETHTh, YTO U3 alllapaTHBIX CPEICTB Y3-
J1a UMEHHO PaJuoNpUeMONepeIaTauK OOBIYHO SBISIETCS] HANOO0JIee YHEPrOEMKIM KOMITOHEHTOM.

Moaynb 3JeKTpOIIUTaHus MIpeJHa3HaueH Uil oOecrieueHus JA0JIrOBpeMeHHON Oecniepeboiinoii pado-
THI y371a CEHCOPHOM ceTH. baTapeiikul sIBISIOTCSI caMbIM PaclpoOCTPaHEHHBIM HCTOYHUKOM IUTAHUS IS CO-
BpeMeHHbIX IuaTgopm. IIpu pannoHanbHOM BbIOOpPE OCTANbHBIX KOMIIOHEHTOB, a TAaKK€ HAIWYMU IPO-
TpaMMHOTO OOecIieUeHHsI DPHEPreTHYECKOT0 MEHEDKMEHTa CPOK CITY>KOBI y3lla Ha JIUTHUEBBIX Oarapeiikax
yBeIMUYUBaeTcs. PaccMOTpUM OCHOBHBIE THIIOBBIE MOJYJIbHBIE alllapaTHbIE PELIEHUS MPOEKTUPOBAHUS y3-
JIOB CEHCOPHOM cetu (puc. 4).
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Puc. 4. Knaccndukarnyst anmnapaTHbIX pellieHni CEeHCOPHBIX ceTel

Ucxons U3 npuBeieHHON Kiaccu(UKaIMK, MOKHO CIIENIaTh BBIBOJ O TOM, YTO KPHTUYECKU HE0OXO-
JUMBIMHU J1JISL paGOTI)I KOMIIOHEHTAMU SIBISIOTCS: BBIYMCIUTEIbHBIN MOAYJb, MOAYJIb JJICKTPOIIUTAHUA U
MOJyJIb OECIIPOBOAHON CBSI3U. B TO BpeMs Kak CEHCOPEHI, J0OaBIsIeMbIe MPOU3BOUTEIIEM HA IUIATY ILIAT-
(bOpMBI, SIBISIOTCS JIUIIL TPUSATHBIM JTOMOJHEHHUEM, TaK KaK ¢ MOMOIIBIO Pa3beMOB, Pa3MEIICHHbIX Ha TUIa-
T€, MOXKHO TOJIKITIOYUTh Bce TpeOyeMbie pacimupeHus. M3 pucyHKa BHIHO, YTO Ha JIAHHBIH MOMEHT Ha
PBIHKE almapaTHOr0 OOECIEeUeHHUS MPUCYTCTBYET OOJIBIIOE KOJMYECTBO PA3IUYHBIX AJICKTPOHHBIX KOM-
TUICKTYOIMX, MOJXOASIIMX JUTS PeaTn3aliy y3ji1a OeCrpOBOAHON CEHCOPHOU CETH, YTO JACT MPOU3BOIH-
TEJISIM  aIapaTHO-MPOrPAMMHBIX ITATGOPM OONBIION MPOCTOP JJS € MOJCPHHU3AIMH U PaCIIMpPEHUS
(YHKIIMOHAJIA TOJ] PEUICHHE KOHKPETHBIX, CTOSIIMX B MOBECTKE JHA 3amad. [Ipu 3TOM Ui COKpalleHus
CPOKOB IPOSKTUPOBAHUS Ha MEPBBIN IJIaH BRIXOJAT 33Ja4u MojelbHoro ananu3a bCC Ha HayallbHBIX dTa-
max npoektuposanus [31-33].
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Konnennusa 3¢ pexTuBHOM MAATPOPMBI AASI IPOESKTHP OBAHHS
0ecnpoBOAHBIX CEHCOPHBIX CeTel

Ha ocHoBaHMM NPOBEACHHOIO aHANM3a CYHIECTBYIOUIMX allapaTHO-MPOrpaMMHBIX TIATPOpM OBLIO
BBISIBIICHO, YTO MHHHMMH3ALHS SHEPTonoTpedaeHns: 6ecIpoBOAHON CEHCOPHOW CETH HampsIMyIO CBSi3aHa C
HCTIOJIb30BaHUEM CTeKa NpOToKoJoB ZigBee. [l ynydmenus nokasareneil cama miatgopma, Ha KOTOpOH
Oazupyercs y3e, JOJKHA yIOBICTBOPATH Py CIEAYIOLINX allllapaTHBIX TPeOOBaHUM:

— MHUHHMMAQJIBHOE 3HEPronoTpediieHHe MpHUeMOIepefaTinka ¥ MOIYJsl 0OpaOOTKM IOIy4EHHBIX
JAHHBIX;

— OTCYTCTBHE BCTPOCHHBIX JaTYMKOB M HCIOJIHUTENBHBIX yCTpOicTB. Bce HEoOXoaumble ceHCOPHI
JOJKHBI MOJKITIOYAThCSl € ITOMOILBIO Pa3beMOB PACIIMPEHUS C LENbI0 SKOHOMHH 3JEKTPOIHEPIUH Ha HE
HCIIONB3YIOIINXCA yCTPOMCTBAX;

— HaJM4Me alTOPUTMHUYECKHU AIIAPATHOTO yMEHBLIEHUS YHEPIONOTPEOIICHHUS.

Hcxons w3 TpeOoBaHMH K y3i1y OECIPOBOJHON CEHCOPHOW CETH, MOXKHO MPEIJI0KHThH YIIyUIICHHYIO
THIIOBYIO CTPYKTYPHYIO cxeMy (puc. 5). JlaHHas cxema MOMHUMO KJIaCCHYECKUX 3JIEMEHTOB BKIIIOUAET TAKKe
TaliMep U KOMMYTarop. VX CTpyKTypHOE Ha3Haue€HHE COCTOMT B TOM, YTOOBI yJIep>KUBaTh HanOOJIee SHEPro-
€MKHE 3JIEMEHTHI IIaTGOPMBI BHIKIIOUYCHHBIMH HITH B CIISIIEM PEXHMME, KOra oHM He TpeOyroTes [34, 35].
B 6a3oBoM BapuaHTe TaKOBBIMU 3JIEMEHTaMHU MOTYT OBITH MOAYJIb OECIPOBOAHOM CBSA3U M BBIYMCIUTEIb-
HBII MOy JIb.

Modynb
decnpobodHou cBszu
I
f X I
BeiyucnumensHsid
Modynb

KomMmymamop —»

» Taumep |=—

Puc. 5. Konuenuus s¢pdpexTrBHON MIaTGOPMBI IS TPOSKTUPOBAHUS OECIIPOBOIHBIX CEHCOPHBIX CeTel

JlanHas TUTIOBast cXxema paboTaeT CIeayI0IUM 00pa3oM:

1. Taiimep momaeT cUrHam Ha KOMMYTAaTOp, YTOOBI OH HOAKIIIOYMI MOIYJIb OSCIPOBOJHOM CBSI3H U
BBIYHCIIUTEILHBIN MOAYJib K IUTAHUIO.

2. Moaynb GecripoBOJHOM CBSI3H MOy4aeT HH(POpMAIHIO 10 OECIIpOBOTHOMY KaHAITy CBS3H U Iepe-
JIaeT €€ BEIYUCINTEIBHOMY MOJIYJIIO.

3. BbIUMCIUTENBHBIA MOAYJb IPUHUMAET HHPOPMALIUIO H 00pabaThIBacT ee TPeOyeMbIM 00pa3oM.

4. Tlo HEOOXOAMMOCTH BBIUMCIUTEIBHBIH MOAYJb OTHPABIISIET MOIYJIO OECIpOBOJHOM CBsA3U 0Opa-
0OTaHHYIO WM HOBYIO HH(OPMALINIO, KOTOPYIO HEOOXOANMO IepeIaTh.

5. B ciywyae magoOHOCTH Tepenavyn WHGOPMAIUA MOIYJb OSCIPOBOTHOW CBS3HM IEpeIacT ee 1o
0ecrpoBOAHBIM KaHaIaM CBSI3U B CETH, IO OKOHYAHUH IepeJadu MOAYJIb OECIPOBOIHON MOCHIIAET BBIYHC-
JUTEIFHOMY MOJYJIIO CHTHAII O TOM, YTO Iepeiada 3aKOHYCHa.

6. BpruuCINTENBHBIN MOIYJIb, ONYYHB BCE HEOOXOAMMBIC CUTHAIIBI OT MOl OECIIPOBOTHOI CBS-
34, IIOChLIIACT CUT'HAJI TaﬁMepy, YTO BCEC HeO6XOIH/IMBIe 3aa44 BBIIIOJTHEHBI 1 MOXKHO OTKJIFOUATh ITMTAHUEC.

7. Taiimep, NOIy4YMB CUTHAN 00 OKOHYaHHUU PabOT, OCHUIAET CUTHANI KOMMYTATOPY O HEOOXOIMMO-
CTH OTKJIIOYEHHS SHEPrOEMKHX 3JIEMEHTOB OT NHUTaHus. Yepes3 HEKOTOpoe KOJIMYECTBO TAKTOB TaiiMepa Ie-
pexoauM K miary 1.

3akaroueHnune

B paboTe ocHOBHOE BHHMaHHE YIEJICHO MPAKTUUECKOW pealn3allii TUIIOBBIX Y3JI0B OECIIPOBOIHBIX
CEHCOPHBIX CeTell Ha OCHOBE COBPEMEHHBIX KOMMEPUYECKH JOCTYITHBIX allllapaTHBIX CPENICTB, 0OecreurnBa-
IOIUX MUHUMAaJIFHOE dHEpronoTpedinenrne. MoKHO KOHCTaTHPOBaTh, uTo piHOK BCC ycTpoiicTB genutcs
Ha JIBE KaTeropuu: OI0PKETHBIE YCTPOMCTBA U YCTPOMCTBA BEICOKOTO Kilacca.
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KonkpeTHblit (hyHKIIMOHAN Y3JI0B (DOPMHUPYETCS dYallle BCEro MCXOJI M3 Y3KOro Kjacca perraeMbIX
3a/1a4, HO MOJIYJIbHBIC PEIICHUS] MOTYT CTIAAUTh CYIIECTBYIOIIUE PAa3IUuMsi MEXIY KOHKPETHBIMH MOJIE-
nsmu. JlaneHeliniee paciupeHne KOJIMYECTBa BO3MOXKHBIX BapPHAHTOB 0a30BBIX KOMIIOHEHTOB almlapaTHO-
MporpaMMHON TIaTGOPMBI OJIATOTBOPHO BIMAET HE TOJIHKO HA peIIeHHe KaKOW-TO ONpeaeNeHHON 3a/1adH,
HO W Ha BECh PHIHOK OECIPOBOJHBIX CEHCOPHBIX CETEH B IIEJIOM 3a CUET JaJbHEHIICH THIU3AlUU, YHUDH-
KAl U CTaHJapTHU3aIUH.

OmoenvHble pe3yibmamol NOJIYUEHbL NPU PUHAHCOBOU Noddepcke Munucmepcmea HaAyKU U 8biciiezo 0opaszo-
sanus P® no npoexmy «@ynoamenmanvuvie ucciedo8anus Memoodos yu@dposou mpanchopmayuy KOMROHEHMHOU
6azvl MUKPO- U HAHOCUCEM.
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B. C. KaxamaukoB, A. B. Abicenxko, I'. B. Tanpkos, B. A. Tpycos, H. C. Peyra

®OPMHUPOBAHUE YIIPABASIOIIET O CUTHAAA AAATITUBHOM
HH®OPMAIIMOHHO-U3MEPUTEABHOM U YIIPABASIOIIEN
CUCTEMBI BUBPAITUOHHBIX UCIIBITAHUN

V. S. Kalashnikov, A. V. Lysenko, G. V. Tan'kov, V. A. Trusov, N. S. Reuta

FORMATION OF THE CONTROL SIGNAL OF THE ADAPTIVE
INFORMATION-MEASURING AND CONTROL SYSTEM OF VIBRATION TESTS

Annomayusn. Axmyanrvnocms u yeau. Ilpn npoekTuposa-
HUM TI€YaTHBIX y3JIOB OOPTOBOW pPaMOdJIEKTPOHHOM am-
naparypsl (BPDA) HeoOxommmo obecrieuuTbh BHOpOHA-
JIeKHOCTD y3na. OOline pekoMEeHIalMy 3aKII0YaroTcsl B
TOM, YTO HYXXHO pacriojiaratb HaM60nee YYBCTBUTCJIbHBIC
K BHEUIHUM BHOPALMOHHBIM BO3JECHCTBHSAM paJfodJie-
MEHTBI OJIIKe K KpasM Hecylled IUIaCTHHBI, TJe aMIUTH-
TyIbl M3rHOHBIX KojeOaHuii MeHbine. Ho Takoil myTh
OTIpaBJaH TOJNBKO B TOM CIlydae, KOrJia BECh KOHTYp He-
cymei ruaTel OyleT 3aKpeIuvieH W B TPAaHMYHBIX TOUYKax
IUIATHI OyJET TOJIBKO aMIUIMTY/1a BHEITHETO BO3ICHCTBHS.
Kpennenns peanpHBIX MEYaTHBIX y3710B M IiaT BPDA
CUJIBHO OTJIMYAKOTCSl OT 3aKpeluleHud 1o KoHtypy. llo-
3TOMY aMIUINTyJa U3rnO0B KOHTypa MOXKET ObITh 3HAUM-
TEJILHOM Npu (POPMHUPOBAHUU TOW WIJIM MHOM MOJIBI KOJie-
Oanmii. [IpoBeneHHBI aHalW3 T[OKa3aj, YTO 3ajada
pasMeleHus paarodieMeHToB Ha miate bPOA He umeer
OJTHO3HAYHOTO DPELICHHs] C TOYKH 3pPEHUs] 0OecIieueHHs
BHOpPOYCTOHYHMBOCTH y3Jla Ha TedyaTHO# rurare. Ha ka-
¢denpe KullPA TII'Y co3maH u coBepIIeHCTBYeTCs J1a0o-
paTOpHBIM CTEHA, HA KOTOPOM MOXXHO TECTHPOBAaTh He-
CyIIMe TUIACTUHBI pa3padaThIBaeMbIX Y3JIOB HA ITEYaTHBIX
miataXx. OcoOeHHOCTs B TOM, YTO BO3JIECHCTBHS Ha IIjIa-
CTHHY 3aJlal0TCsl C YEThIPEX MHUHHU-BHOPATOPOB, pacro-
JIOKEHHBIX 110 YIIaM IUTACTHUHBL. JTO MO3BOJISIET 33/1aBaTh
KosieObaHusi B (haze BO BCE YETHIPE TOYKH KPEIUICHHS U
nojy4datb p€30HAaHCHBIC q)Oprl, aICKBATHbIC HCUYCTHBIM
rapMOHMKaM; a TaKkXe 3aJaBaTh KoJieOaHMsI B MPOTHBO-
(haze 1O MPOTHUBOIIOJIOKHBIM CTOPOHAM U IOJIy4aTh (op-
MBI, aJieKBAaTHbIC YETHHIM TapMOHHUKaM. Mamepuansl u
MemoObl. B pabore HCIONIB30BAINCh METOABI TEOPHUHU
BOJIHOBBIX ITPOIIECCOB, INTAHUPOBAHMS W MAaTEMaTHIECKO-
TO MozaenupoBaHus. Pesyiomamul. Pa3zpaboTaHsl yCIoBHs
aJIaNTHBHOTO YIPAaBJICHUS 33JaHHUS BO30YKAAIOMNX KO-
nebaHmii, Mo3BoJSAIOMHKE CHOPMUPOBATE MAKCUMYM aM-
IUINTYABl CTOSYEH WM Oeryiieil BONHBI B TpeOyeMoM
MecTe MIaTel. B 0OCHOBE ynpaBiieHHs JIEKUT MaTeMaTH4e-
CKasg MOACIb THIla ((‘leprIﬁ AOIUK» C IIOLIaroBbIM
YOpaBJICHUEM HN3MCHCHHUEM Ha4YaJIbHbIX yCﬂOBI/lﬁ BO3-
OyxmeHus kKoieOanuil. Bvlgoovl. BEISBIEHO, UTO, MCHSS
(ha3y BHeIIHEro BO3AEHCTBUS B TOUKAX KPEIUICHHS, MOX-
HO B TOM WJIM MHOW CTENICHU YNPAaBISATH PE30HAHCHBIMU

Abstract. Background. When designing printed circuit
boards of onboard radio-electronic equipment (OREE), it
is necessary to ensure the vibration reliability of the unit.
General recommendations are that the radio elements that
are most sensitive to external vibration should be posi-
tioned closer to the edges of the carrier plate, where the
Flexural vibration amplitudes are smaller. But this way is
justified only if the entire contour of the carrier Board is
fixed and only the amplitude of the external influence is
present at the boundary points of the Board. Fixing of real
printed circuit boards and OREE boards is very different
from fixing along the contour. Therefore, the amplitude
of the contour bends can be significant when a particular
mode of oscillation is formed. The analysis showed that
the problem of placing radio elements on the OREE
Board does not have an unambiguous solution in terms of
ensuring the vibration stability of the node on the printed
circuit Board. A laboratory stand has been created and is
being improved at the Department of design and produc-
tion of radio equipment of PSU, where you can test non-
existing plates of developed components on printed cir-
cuit boards. The peculiarity is that the effects on the plate
are set from four mini-vibrators located at the corners of
the plate. This allows you to set vibrations in the phase at
all four points of attachment and get resonant forms that
are adequate to odd harmonics; as well as set vibrations in
the opposite phase on opposite sides and get forms that
are adequate to even harmonics. Materials and methods.
Methods of wave process theory, planning, and mathe-
matical modeling were used in this work. Results. Condi-
tions for adaptive control of the exciting oscillation task
are developed, which allow forming the maximum ampli-
tude of a standing or traveling wave in the required place
of the Board. The control is based on a mathematical
model of the "black box" type with a step-by-step control
of changes in the initial conditions of oscillation excita-
tion. Conclusions. It is revealed that by changing the
phase of external influence at the attachment points, it is
possible to control the resonant vibrations of the plate to
some extent. Studies have shown that the natural resonant
frequencies change or shift, but the forms (modes) of
standing and traveling waves are always the same, only
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KoyieOaHusaMHU TutacTHHbL. Kak mokasanu mposezeHHbie | the amplitude extremes shift in the plane of the Board.
HUCCJIICAOBAHHsA, UBMCHAIOTCA WU CABHUIAIOTCS CO6CTB€H—
HbIE PE30HAHCHBIE YaCTOThI, HO (POPMBI (MOZBI) CTOSUUX
U Oerynmx BOJIH BCEra OJNHAKOBBIE, JIHIIb POHCXOIUT
CMEILIEHUE YKCTPEMYMOB aMILUIUTY/ B IUIOCKOCTH ILIATHI.

Knroueevie cnosa: Bubpanus, paano3iaeKTpoHHBIe cpen- | Keywords: vibration, radio-electronic devices, printed
CTBa, TICYATHBIC IDIATHI, PE30HAHC, IIACTHHBL. circuit boards, resonance, plates.

BBeaeHnne

[Ipu mpoeKTHPOBaHKUH EUYATHBIX y3JI0B HECTallMOHAPHBIX (00pTOBBIX) POC st paboThl Ha MOABHXK-
HBIX HOCHUTEISIX OJTHA M3 TJIaBHBIX 3a]1a4 3aKJII09aeTcsl B 00ecredeHny BUOpoHaIekHOCTH y3ia. O0mwme pe-
KOMEH/IAllUH JIJIsl KOHCTPYKTOPA 3/1eCh 3aKIIOYAIOTCS B TOM, YTO HYXKHO pacIiojiarath Hanboyiee 4yBCTBU-
TEJIBHBIC K HArpy3KaM PajiodJIeMEHTHI (TPAH3UCTOPHI, MUKPOCXEMBI) OJIHKE K KpasiM HECYIICH IUIACTHHBI,
IJie aMIUTMTYIbl M3TUOHBIX KoJicOanui MmeHbine [1—4]. Ho Takoii myTh ompaBiaH Jjisi Ciiydas, KOTJa BeCh
KOHTYp HECyIIel IIacTUHBI OyJeT 3aKperuieH W B TPAaHWYHBIX TOYKaX IJIAThl OyIET TOJNBKO aMIUIUTYAa
BHEIITHETO BO3ICHCTBHSI (MHEPITMOHHASI COCTABJIAIONIAs KOJIeOaHUiA).

KperuteHnst peanbHBIX TIIaT 3JEKTPOHHBIX CPEACTB CIIOKHBI M Pa3HOOOpa3HbI [5—7] U pe3Ko oTiinya-
FOTCSL OT KJIACCHYECKUX (3aKPEIUICHHUsS 10 KOHTYPY), HAlpUMEp, KPEIUICHUE TUIAThl B YEThIPEX TOYKAX IO
yriaMm (BUHTaMH) — B 3TOM CJIy4yae 3aKpeIUICHbI HEOOJIBIINE 30HBI 1O YIJaM, a BEChb OCTAJIBLHON KOHTYP
cBOOOJIEH M YUYBCTBYET B M3THOHBIX KOJIEOAHMSX IUIACTHHEI B CIlydae BXOXICHUS ee B pe3oHaHc. [loaTomy
aMIUTUTY /1A U3TUOO0B KOHTYpa MOXET OBITh 3HAYMTEIHHON MPU (POPMHUPOBAHWHU TOUM WM MHOW MOZBI KOJe-
Oanwuii (puc. 1).

Puc. 1. CDopMa MEPBLIX ABYX MO KoJIeOaHus HpﬂMoyFOHBHOﬁ IJIAaCTUHBI IPU TOYEYHOM KPCIUICHUHU I10 yIjIaM

Ha puc. 1 moka3zans! iepBast (puc. 1,a) u Bropas (puc. 1,6) coOcTBeHHBIE (POPMBI KOIEOAHUH TIPSIMO-
YTOJIBHOM TIACTHHBI C YETHIPEXTOUYHBIM KPETUIEHHEM, MOJyYeHHBIE C TIOMOLIBIO MaKeTa MaTeMaTHIECKOTO
MOJICJIMPOBAHNS TUTACTHHYATHIX KOHCTpyKIwid kadenper KullPA TII'Y. Ilo naHHOW CTOpOHE IJIACTHHBI aM-
IUIMTYJa nporuda KOHTypa B NEPBOM M BTOPOM (OpMEe 3HAUMTENIbHA M HEMHOIO INPEBBIMIAET aMIUIUTYIY
BHEILIHETO BO3/AEHCTBUA. EcCiiM KOHTYp IIaCTUHBI 3aKperuieH, To gopMa KoneOaHui 3TOHM IUIACTHHBI He-
CKOJIbKO MHas (pHc. 2).

Puc. 2. ®opma nepBbIX JABYX MOJ KOJEOaHUH NPSMOYTOIBbHON IJIACTHHBI TIPH 3aKPETUICHUU 10 KOHTYPY
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3/1ech Mo BCeM CTOPOHAM KOHTypa aMILIMTYAa Mporuda paBHa HYJIIO M aMIUIMTY/1a KOJeOaHUH KOH-
Typa OyJIeT paBHa aMIUIMTYJle BHEIIHEro Bo3aeucTBus. [10oTOMy 31ech M npuemieMa uzes pazMerieHus
BHOPOYYBCTBHUTEIBHBIX PAIMOIIEMEHTOB OJIMKE K KPasM TUIACTHHBI.

Jlaxke 3TOT MPOCTOW aHAIN3 TTOKA3bIBAET, UTO 33/1a4a pa3MElICHHs PaJnodIEMEHTOB Ha IJIaTe HecTa-
rpionapaoro POC He MMeeT 0JJHO3HAYHOTO PEIICHHUS ¢ TOUKU 3pEHHS 00eCIeYeHusI BUOPOYCTONYMBOCTH y3Jia
Ha TieyaTHoM miare. Kpome Toro, B peasibHbIX KOHCTPYKIIMSAX HECTAIIMOHAPHBIC BO3ICUCTBYSI MIEPEIAIOTCS OT
KOpITyca HOCUTENISl Ha TUIATY 4Yepe3 TOYKU KPEIUICHHS, KOTOPhIE MOTYT OBITh PAacCIIOJIOKEHBI M0 KOHTYPY B
pa3nuHbIX BapraHTax. KojeOaHus T KaxI0H TOUKU KPETJICHUS PaclpOCTPaHsIOTCS B TEJIO TUIACTHHBI B BU-
Jie BOJIH, MJYIIMX B PAa3JIMYHBIX HATPABICHUSIX, U (popMa AMHAMUYECKOTO W3rnda IIaCTHHBI 00pa3yeTcs: OT
CJIOYKECHUS JIBYX WJIM OOJIBIIIETO YMCIIa BOJH, PACTIPOCTPAHSIONINXCS 110 Pa3HBIM HAIPABICHUSIM.

KapTuHa n3rn6a miacTHHBI MOTy4aeTCs JOCTATOYHO CI0XHOW. Ho mpu perieHun 3a1aun onTuMab-
HOTO Pa3MEIEHHs PaJuO3JICMEHTOB Ha Iiate MHQOpManus 00 W3TUOHBIX JIBWKCHUSIX IUIACTHHBI y KOH-
CTPYKTOPOB JIOJDKHA OBITh MOJHOW. [loMy4nTh 3Ty KapTUHY AMHAMUYECKOTO M3TM0a IUIACTUHBI MaTeMaTH-
YECKH MOKHO JABYMSI CIIOCOOaMH.

MaTteMaTHuecKast MOAEAD

Mop3 mokazai [8], 4To BOJIHEI JTI0OOOTO BO3MOYKHOTO BHIa MOTYT OBITH COCTABIICHBI U3 TTOIXOMSIICH
CYMMBI MPOCTHIX BOJIH, YTO MAaTEMaTHYECKH O3HAYALT, JII000E KOJIcOaHHE TIIACTUHBI MOXKHO BBIPA3UTh WUH-
TErpajiomM

m=Ioanu(xcosa+ysina—ct)dt, (1)

IJIe O — aMIUIATYJa TIporuda B TOYKE; 0. — YroJl HAKJIOHA HAPaBJICHUS TBIKEHUS BOJIHBI K OCH X; C — CKO-
POCThH pacIpoCTpaHEeHHs MPOJOIBHBIX BOJIH B JaHHOW cpexe; F, — QYHKIHS, COOTBETCTBYIONIAs TaHHOMY
KOJIEOaHUIO TUIACTUHBL. ['apMOHWYECKHE pemeH sl YIPaBIeH!s MPOJOIFHON BOJIHBI MOTYT OBITh COCTaBJIe-
HBI U3 CYMMBI BOJIH THTIA

27 .
A, cos —f(xcosa+ysma—ct) ,
c

rze o IPUHUMAET Pa3jIn4Hble 3Ha4eHUs. DTa CyMMa BOJIH MOXET OBbITh BBIOpaHa Tak, 4To OyIeT BbIpaxaThb
PSAA CTOAYMX BOJIH, COOTBETCTBYIOUIMX NPSAMOYTOJNBHBIM I'paHUIaM IUIacTuHbl. Ho perienue mosydaercs
HECKOJIbKO TPOMO3JIKUM U CIIOKHBIM.

Jpyroii nyTs, OoJiee MPsIMOi, COCTOUT B PacCIlEIUIEHNH YIpaBJIeHHs TPOAOILHON BOIHBI U TTIOAOUpa-
€TCsl pelIeHne, MOAXOMAIIee Ul MPSIMOYTONBHBIX TPaHUL, B KOTOPOM HCIOJB3YIOTCS IBE CUCTEMBI CTOS-
YMX BOJH, UMEIOLIMX Y3JIOBbIE JMHUM (BIOJb KOTOPHIX CMEIICHHE PABHO HYJIO), MAapajUIeNIbHbIE OCH X
U OCHU ).

dakTU4eCKH 3TOT MyTh NPUBOAMT K PA3I0KEHHUIO KoJieOaHHi 10 COOCTBEHHBIM (opMaM CBOOOIHBIX
KosiebaHuit, rie pyHaaMeHTanbHble (YHKLINH, BHIPAXKAIOUINE BO3MOXKHBIE (DOPMBI TUIACTHHBI, COBEpPLIAIO-
IICH MPOCThIE TAPMOHUYECKHE KoyieOaH s, Oy 1yT uMeTh BU/ [§]

npuyeM

¥,,, (5, ) = sin(=)sin(=2)
a b
rze a u b — CTOpOHBI NPSIMOYTOJIbHOM IUIACTHHBI.

@dopMa MIaCTUHBI AJIs IEPBBIX YETHIPEX MOJ MPUBEJEHA Ha puc. 3 [8]:

B ciyuae BeIpoxIeHHs, KOTJa NPsIMOYTOJIbHAS IUIACTHHA CTAHOBUTCS KBAIPaTOM M JOITYyCTHUMBbIE Ya-
CTOTBI CTAHOBSITCS TIONAPHO PABHBIMH fyy = fum, IIACTUHA MOXKET COBEPILATh MPOCTOE TAPMOHUYECKOE KO-
nebaHWe C YacTOTOH fy,, IPUHUMAsS JIOOYIO M3 MEPEYHCICHHBIX MHOXECTB Pa3iM4YHBIX (POPM, COOTBET-
CTBYIOIIMX Pa3IMYHBIM 3HaUCHHUSM [ B KoMOuHanuu [8]:

V,, COSY+Vy, siny,

TZIe Y — YTOJl HaKJIOHA y3JI0BOH JIMHUH K OCH X.
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S

m =1 n=2 m=2 n=2

Puc. 3. ®opma npaBbIX YeTHIPEX HOPMAIBHBIX MOJI KOJIEOAHHUSI MPSIMOYTOIBHON IIIACTHHBI.
CTpenkaMu MoKa3aHbl y3JI0BbIC TMHUH

Ha puc. 4 mokazanbl GopMbl HOPMaJIBLHBIX MOJ| KOJ€OaHWH KBaJPaTHOW IUIACTHHBI, COOTBETCTBYIO-
LIMX f1, CJIEBA U fi3 CIIpaBa AJIsl pa3IMUHbIX 3HAYCHUH .
Kone6anust MoryT npuHuMaTh (opMy CTOSUHX BOJIH, KOTOPbIE OYAyT ONPENesAThCS BhIpaXKEHHUEM

= [\an COSY + \Vnm Sin Y] COS(2nfmnt) s

a Y3JIOBBIE JIMHUW UMEIOT Pa3IIMYHBIA BHJ JJIS KaXIOTO 3HA4YeHUsS Y. BO3MOXKHBI Takke Oerylnne BOJHBI,
KOTOpBIE OTIPENEIISIOTCS BEIPAKEHHEM

o=[vy,, cosnf,, 1) +v,,sin2xf,, 1)].

<

Puc. 4. Pazniunple MOZIBI TapMOHUYECKOTO KOJIeOaHuUs KBaJpaTHOW TUIACTHHBI JJISl CITy4asi BEIpaXKeHUs fi, = fo;
(cmeBa) u fi3 = f3; (cupaBa). CTpenkamu MOKa3aHbl Y3JI0BbIC THHUU
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B 3TOM ciydae y3510Bble JIMHUU B TEUCHUE MEPHOAA MOCIEIOBATEIBHO MPOXOIAT Yepe3 LEbli ps
BO3MOXKHBIX (POPM.

TonbKO B BBIPOXKICHHOM ClIyyae BO3MOXKHO, YTO B IUIACTMHE KOHEYHOW BEIMYMHBI BOSHUKACT IPO-
CTOE TapMOHUYECKOe JBIKeHne B popme Oerymux BoiH [8—10].

Bce UJICU U MaTEMaTHKa NNPOBEACHHOI'O aHAaJIM3a MOT'YT GI)ITI) HCIIOJIb30BAHLI IIPpU CO3JaHUN UMUTaA-
LUOHHBIX MOJIEJIeH, C MOMOIIBIO KOTOPBIX MOXHO MOJYYUTh MH(OpMAIMIO 0 MpOrudax IUIACTUHBI IPU €
W3rHOHBIX KOJIeOaHMSIX, 0COOCHHO B PEXKUME PE30HAHCA.

IKCnepuMeHT

HccnenoBanus mokasaiu, 4TO ¢ HCIOJIb30BAHHNEM COBPEMEHHBIX CPEACTB M3MEpeHus BUOpauuii (Ja-
3epHbIe JAaTYNKU, BUOPOMETPHI) MOKHO pa3padaThiBaTh U3MEPUTEIbHBIE YCTAHOBKH M IMONYYaTh MOJHYIO
MHPOPMAIMIO O TUHAMHUYECKOM M3rH0e IUIACTHHBI HA BCEX PE30HAHCHBIX YACTOTax pabodero Auana3zoHa
(o TY). Ha kadenpe KullPA III'Y co3aaH U COBEPIICHCTBYETCS JIAOOPATOPHBIN CTEHJ, HA KOTOPOM MOX-
HO TECTHPOBATh HECYIIWE IUIACTHHBI pa3pabaThIBaeMbIX Y3JI0B Ha MevaTHBIX IaTax. OcoOEHHOCTh B TOM,
YTO BO3JEIHCTBUS Ha MJIACTUHY 3aIal0TCSl C YETBIPEX MUHHU-BUOPATOPOB, PACIIONOXKEHHBIX 110 yIJIaM ILa-
CTHHBIL. DTO IMO3BOJISIET 3a/aBaTh KosiebaHus B (pase BO BCe UETHIPE TOUYKH KPEIUIEHUS U IOJIydaTh PE30-
HaHCHBbIE (JOPMBI, aJIcKBATHbIE HEUETHHIM TapMOHMKAM; a TaKKe 3aJaBaTh KojeOaHHs B MPOTHBO(A3e 1Mo
MPOTHBOIIOJIOKHBIM CTOPOHAM U TIOJTy4aTh OPMBI, aJeKBaTHBIC YETHHIM TAPMOHUKAM.

Jliis mpuMepa Ha puc. 5,a okazaHa niepasi (hoopMma 10 JUIMHHOM CTOpOHE IIACTHHEI, a Ha pUC. 5,0 —
10 KOPOTKOM CTOPOHE.

Puc. 5. TlepBas popma koseOaHui NPSIMOYTOJILHOM TUIACTUHBI 10 JJIMHHOM (@) 1 KOPOTKOH (6) CTOpOHE

Ha puc. 6 moka3zana BTopas, TpeTbs 1 4eTBepTas GpopMbl KoJeOaHH MO JIMHHOW CTOPOHE IJIacTH-
HBL. 31ech rpeOHM BOJIH MTOYTH CTPOTO MapauIeIbHbI OCH ), @ PaclipOCTPaHEHUE BOJIHBI JIET IO OCH X.

Puc. 6. Bropasi, Tpetbs u yeTBepTast GOpMbI KOJICOAHUH 110 JUTHHHOW CTOPOHE TTACTHHEI

[TosyueHHBIE SKCIIEPUMEHTATBHO (HOPMBI KOJIEOAHUI TUIACTHHBI B 1IEJIOM COOTBETCTBYIOT HOPMAJb-
HBIM MOJIaM KOJICOaHWH MPSIMOYTOJNIbHOW IIACTUHBI, MOTYYEHHBIX PACUETHBIM IyTeM (CM. pHUC. 3), TOJIBKO
B MaTeMaTHYECKUX (OpMax y3JIOBbIC JIMHHH PACIIONATAIOTCS €Ille U 10 KpasM TuacTudel. Ho B mienom atu
IKCTIEPUMEHTAIILHBIC JTAHHBIC MOKHO HCIOJIb30BATh MPH PEIICHUU 3aJa4d Pa3MElICHUS PaH03JIeMEHTOB
Ha Tuiare.

Ha »Toii ycranoBke, Mensist a3y konedanuii (30, 40, 60, 90 rpan) B 0IHOM HITM HECKOJIBKUX TOYKAX,
MOKHO TMOJIyYUTh TAPMOHHYECKOE JBHXKEHHE B (popMe OeryIiedl BOJNHBI JJIS MPSIMOYTONBHOW TUIACTHHBI

(puc. 7).
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Puc. 7. ®opma miIacTHHBI IPU pacipoCcTpaHEHUH OeryIlei BOTHbI
Ha pe3oHaHCHO# yacToTe 535 I't1 (a) u Ha wactore 550 ' (6)

[Ipumenenue 3TOro npreMa aaeT BO3MOKHOCTh «YTHATh» ITyYHOCTh BOJIHBI Ha Kpail IiaTel, odecre-
YMB JJIS1 OCTAJILHOM YacTH MJIaCTUHBI MUHUMAJIbHYIO aMIUIMTYAY poruda Ha pe30HaHCe.

Takum 00pa3oM, MeHsIs (a3y BHEIIHETO BO3JEHCTBUS B TOUKAX KPEIUICHUS, MOKHO B TOW WJIM WHOU
CTETICHH yTPaBISTh PE30HAHCHBIMU KOJICOaHUSIMH IUTACTHHEI (puC. 8).

Puc. 8. ®a3a BrenrHero Bo3aeicTBys B Touke 1 — 22, B Touke 2 — 45, B Touke 3, 4 — 90 rpax.
[Iy4HOCTh CIBUHYTA K JICBOMY KparO IJIACTHHBI

OpHako mpu U3MEHEHUH Pa3MepoB IUIATHI, Coco0a M TOYEK ee 3aKperuieHus ((UKcaluuu), a Takxke
P pa3MElICHUU DIICKTPOPAJINOIIEMEHTOB Ha TIaTe, UX MMEPEKOMIIAHOBKE PE30HAHCHBIE YaCTOTHI U3Me-
HAKOTCHA.

Kak mokasanu npoBefieHHBIE UCCICIOBAHMS: U3MEHSFOTCS WM CIBUTAIOTCSI COOCTBEHHBIE PE30HAHC-
HBIE YaCTOTHI, HO (DOPMBI (MOJIBI) CTOSYMX U OETYIIMX BOJH BCET/Ia OJUHAKOBBIE, JIUIIb MPOUCXOTUT CMe-
HICHUE SKCTPEMYMOB aMILTUTY I B TNIOCKOCTH TLIATHI.

I[J'DI BO3HHUKHOBEHUS TOU WJIA HOU q)OpMI)I HYXHBI JIMIIb COOTBETCTBYIOIUEC HAYAJILHBIC YCIIOBUA:

— 4acToTa BO30YXIArOIIUX KoJeOaHui,

— cuH(Ma3HOe WU MPOTUBO(A3HOE BO30YKICHUE KOJICOAHUH,

— COOTBETCTBYIOIIUH CIBUT (a3 MEKIY BO30YkIAIOIUMU KOJIeOaHUS BO3ICHCTBUSIMH,

— pa3sHUIA aMIUTUTY BO30YKAAOMUX KOIeOaHHA,

— JIeBUAIUS YaCTOTHI BO30YKIAIOMIUX KOJICOAHMIA.

3akArouenue

BapbupoBaHue nepeuncieHHbIX HadyalbHBIX YCIOBHHA (JOPMHUPYET METOJ alalTUBHOTO yNpPaBICHUS
3a/1aHus BO30YKIAIOUINX KOJIEOaHH ISl TOTO, YTOOBI c(hOPMHUPOBATH MAKCUMYM aMILIUTYABI CTOSYEH UITH
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Oeryineii BOJHBI B TpeOyeMOM MeCTe IUiaThl. B OCHOBE MeTO/a YIPaBJICHHUS JIGKUT MaTeMaTHUECKas MO-
JIeJIb TUIA «YEPHBIN SIUK» C TONIaroBbIM YIIPABICHUEM M3MEHEHHUEM HAaYallbHBIX YCIOBUN BO30YKIEHUS
KOIeOaHu.

10.
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APEBOBHAHDBIE KAPTBI AAS ITIOBBINIEHNA KAYECTBA

IOAAEP)KKHY PEINIEHUI

M. Yu. Mikheev, O. V. Prokof'ev, I. Yu. Semochkina

TREEMAPS TO IMPROVE QUALITY OF SUPPORT OF DECISIONS

Annomayusn. B 1mpouecce 3BOIIOIMU KOMITBIOTEPHBIX
cucTeM THoanepkku npuHstus pemenuit (Decision Sup-
port System, DSS) «kmaccuueckue» IepeBbs peEIICHUM
ObUIM JTOTIOJIHEHBI HOBBIMH CII0OCO0aMH  OTOOpasKeHUs
JAHHBIX — JIPEBOBUAHBIMH KapTamu. Mcmonb3ys mepap-
XUYECKYI0 CTPYKTYpY, APEBOBHIHBIE KapThl oOecmedu-
BalOT OCMBICIICHHO OPTaHU30BAaHHBIC OTOOPAKCHHS WH-
(opMmaru OoBIIOr0 00BEMa, YTO JAeT MPEeUMyIIecTBa
MpH BBIPaOOTKE pemnieHus mo OonpmuM JaHHbIM. CoOu-
past 1 000011as1 ONBIT MPUMEHEHUSI OOBIYHBIX JEPEBHEB U
JAPCBOBUAHBIX KapT, aBTOPLI IIOCTABUIIU LEJIb Bpra6OTaT]>
PEKOMCHAAMU IO NMPUMCHCHUIO CPCIACTB BU3YyaIU3allUn
JaHHbIX B NPHUKIAIHbIX o6nacmx, MOBBIIIAIOMIEMY Ka4de-
CTBO MOIICPKKH pemieHnid. Eciau oOBIYHBIA TOIXO0X
Hameln 3QQeKTUBHOE NPUMEHEHHE B MalIMHHOM 00yde-
HUH, TO APEBOBHIHBIC KaPThl OPHEHTUPOBAHEI Ha IPUME-
HEHHE «BPYUYHYIO» JHIIAMH, MPHHAMAIOIIUMHI PEIICHHUS.
B oTnmume ot mepBoro moaxona, OMUpParoIerocs Ha 00b-
eKTUBHBIC YHCJIOBBIE KPUTEPHUH OLICHKH KadecTBa, 3¢-
(eKT OT MPUMEHEHHSI APEBOBUIHBIX KapT CyObEKTUBEH U
MeHee oOdeBHICH. [l BTOPOro mMoAxoia NPHUMEHEHBI
JTAaHHBIE OIPOCOB TIONB30BaTeNeil BO BpeMs pEIICHHS
npodecCHOHANBHBIX 33/1a4, CBA3aHHBIX C aHAIN30M Web-
CTpaHHUI] «BPYYHYIO» B MPOLECCE MOJHOTO (haKTOPHOTrO
skcriepuMmenTa. CpelHee BpeMsi pelieHHs 3ajad M JKC-
NepTHHIE OLIEHKH IO3BOJIMJIM CJIeNIaTh BBIBOABI O TIIpe-
MMYILIECTBaX IPEBOBUIHOTO IPEACTABICHHUS IAHHBIX M
MOTEHLUAIbHOW BO3MOXKHOCTH ITOBBIIICHUS KauecTBa
MOAJEPKKY IPUHUMAEMbIX pelleHuid. B 3akimoueHun
CcTaTb OOOCHOBAH BBIBOJ O HEOOXOIMMOCTH KOMILIEKC-
HOTO TIPUMEHEHHUS CPEACTB BU3yalM3allMy JAHHBIX U Ps-
Jla APYTUX TEXHOJIOTHH B MPOAYKTaX BTOPOTO ITOKOJICHHS
DSS 2.

Kniouesvte cnosa: nepesbsi penieHui, IPEeBOBHIHbIC Kap-
ThI, KAYECTBO BU3yaM3al[MH, KAYECTBO PELICHHUS, IKCIIE-
PHMEHTAIbHBIE JAHHBIE.

Abstract. In the process of evolution of Decision Support
System (DSS) computer systems, the “classic” decision
trees were supplemented with new ways of displaying da-
ta — tree maps. Using a hierarchical structure, tree maps
provide meaningfully organized displays of large
amounts of information, which gives advantages in de-
veloping solutions for big data. Gathering and summariz-
ing the experience of using ordinary trees and tree maps,
the authors set a goal to develop recommendations on the
use of data visualization tools in applied areas, which im-
proves the quality of decision support. If the usual ap-
proach has found effective application in machine learn-
ing, then tree maps are oriented to manual use by decision
makers. In contrast to the first approach, which relies on
objective numerical criteria for assessing quality, the ef-
fect of using tree maps is subjective and less obvious. For
the second approach, user survey data were applied dur-
ing the solution of professional tasks related to the analy-
sis of web pages “manually” in the process of a full facto-
rial experiment. The average time for solving problems
and expert estimates allowed us to draw conclusions
about the advantages of a tree-like presentation of data
and the potential for improving the quality of support for
decisions made. In conclusion, the article substantiates
the conclusion about the need for the integrated use of da-
ta visualization tools and a number of other technologies
in the second generation DSS 2 products.

Keywords: decision trees, treemaps, quality of visualiza-
tion, quality of solution, experimental data.

BBeaeHune

JlepeBo pelieHnii UCIONB3YETCS B CUCTEMaX TONCPIKKH MPUHATHS PEIICHNH KaK KapTa BO3MOYKHBIX
pEe3yNbTaTOB Psi/ia CBSI3aHHBIX BAPHAHTOB. DTO MO3BOJISIET OTACIFHOMY JIMIy WIJIM OPTaHU3AIlMH COTIOCTaB-
JISITh BO3MOXKHBIE IEUCTBUS APYT C APYTOM HAa OCHOBE MX 3aTpat, BEpOSITHOCTEN U BbIrof. [Ipumenenue ne-
PEBBEB pEIIEHUI B TPAIUIIMOHHOM CMBICIIE HEOAHOKPATHO PacCMAaTPHUBAJIOCh B JIMTEPAType IO MOCTpOe-
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Huto DSS [1]. IX MOKXHO HCIOJIB30BaTh JIMOO i HE(OPMAIBHOTO OOCYXACHUS, JIMOO Jisi COCTABIICHMUSI
ITOPUTMa, KOTOPBIH MaTeMaTH4ecKW MpeIcKa3blBaeT Mydiuii BbiOop [2-9]. [epeBo pemieHuid 0ObIMHO
HAYMHAETCSI C OHOTO y3J1a, KOTOPBIM pa3BEeTBISETCS HA BO3MOXKHbIE pe3ybTaThl. Kaxkablid u3 3TUX pe3yib-
TaTOB IIPUBOJAUT K JOIOJIHUTEIBHBIM Y3JIaM, KOTOPbIE NEPEXOIIT B JIPyrHe BO3MOXHOCTH, YTO HPUIAET
eMy ZIpeBOBHIHYIO Gopmy. Mmes momHoe aepeBo peuieHri, MOXKHO HavaTh aHAN3 PEIICHHS B CUTYAallHH,
C KOTOpPOH CTONKHYJIUCH. [IpuMepoM COBpeMEHHON peann3aluy «KIacCHYEeCKOroy» IMOAX0Aa SABISIOTCS qua-
TpaMMBI, TOCTPOCHHBIE B cpene pa3zpadorku Lucidchart [10].

5200k
J-f”f;
large revenue Expected value = {$200k*.38)
38% FIS100k* 62) - 875k = 843k
small reverue______ 100k
H2%
build game
£15
575k large revenue—"" 31350k
59% Expected value = (5130k*.5%)
build productivity app _ﬂ_-'—*‘#_f - 'r‘i'pHUk' 411 -£50k = §71.3
&50k — = _cmall revenue ! SRR = =
A1% — S80k

revamp existing app

330k
'“\\ IS.?;EF revenue 5120k
:_-._ N Expected value = ($120k*.55)

-:1‘%' revenue + (560k*.45) - 30k = $63k
b i — 540k

Puc. 1. [Ipumep nepesa pemenwii B cpeae Lucidchart

[Ipu ompeneneHnn TOrO, KaKOW pe3yibTaT SBISETCS HauOojee KelaTelbHbIM, BaXKHO yYUTHIBATH
MIPEMOYTSHHSI JIUIA, TPUHUMAIOIIETO perieHus. Hanpumep, HEKOTOpbIE MOTYT NIPEINOYeCTh BAPHUAHTHI C
HU3KHM YPOBHEM pPHCKa, B TO BpeMs Kak JAPYTHe TOTOBBI MONTH Ha pHUCK s Ooibliei Beironel. Korma
HY>KHO HCIIOJIb30BaTh JEPEBO PEIICHUI C COMYTCTBYIOIIEH BEPOSTHOCTHOW MOIENHIO, MOXKHO TPUMEHHUTH
ee ISl pacyeTa YCIOBHOM BEPOSTHOCTH COOBITHSI WIIH BEPOSITHOCTH TOTO, YTO ATO MPOU30HUIET, €CIIH TPO-
n30iaeT apyroe coositre. s TOro HAYMHAIOT ¢ HAYAIBHOTO COOBITHS, 3aTEM HYXKHO CIIEOBATh MO ITyTH
OT 3TOTO COOBITHSA K IIEJICBOMY COOBITHIO, YMHOXKasI BEPOSATHOCTH KaXKIOTO M3 dTUX COObITHI. Takum obpa-
30M, JIEPEBO pEIEHHH MOXET HCIOJIb30BaThCS KaK TPaJWIMOHHAs JPEBOBHIHAS AMArpamMma, KOTopas
oTo0pa)kaeT BEPOSITHOCTH ONpeeeHHbIX coObIThil. Pacder n Busyanuzanus B DSS pemennit ¢ momomnsio
KJIACCMYECKOTO BEPOSITHOCTHOTO ITOAX0/1a OBLTH TOJIEKO HAYAJIOM JUIsl HOBOTO 3Tarla, Ha KOTOPOM ISl BBI-
pa6OTKI/I peHIeHI/II\/'I CTaJiu NPUMCHATHCA HCABHBLIC JAHHBIC, IIOJYUCHHBIC B ITPOLICCCC JIOGBI‘II/I JaHHBIX, a
TaK)Xe JJaHHbBIC, BBISIBIICHHBIC B OOJBIINX 00beMaX MeHee NH()OPMATUBHBIX JaHHBIX. [[enbio paboThI sIBIIs-
JIUCh BBISIBIIGHUE, CHCTEMAaTH3aIUs IPEBOBUIHBIX KapT, MOSBHUBIIUXCS B HOBOM ITOKOJIEHWH TPOAYKTOB
DSS 2 [11], omerka kKapT B OTHONICHUH KAa4eCTBA BU3YyAIM3AIlNH NTAHHBIX IS JIUI], TPUHUMAIONTUX PeIre-
uus (JI[IP), BeipaboTka pekoMeHaanuii mo 001acTsIM MpUMEHEHUSI.

IlocranoBka 3apauH

CoBpeMeHHON pa3HOBUAHOCTBIO Auarpamm s JIIIP sBistroTcst ApeBOBUAHBIE KapThl, UCIIOJIb3YIO-
LI1€ METOJI BU3YalIbHOTO MPECTABIEHUS JaHHBIX, IPH KOTOPOM IUIOIIAb U IIBET MPSIMOYTOJILHUKOB TIPeI-
CTaBJIAIOT JIBE€ pa3Hble METpUKH. [[peBOBUAHAsA KapTa TakKe MOXKET HCIOJB30BaTh BIIOKEHHBIE MPSAMO-
YTOJNBHUKH JUIA TIPECTABIEHUS MepapXU4ecKux oTHomeHwd. ['padudeckoe mpencTaBiIeHHe BIOKEHHBIX
TPYII MOXET BIIMATH HA TOHUMaHUE T0JIh30BATEISIMHU APEBOBUIHON KapThl. CyIecTByeT JBa pacpocTpa-
HEHHBIX CIIOC00a MPEACTaBICHHs HEPAPXUH B JPEBOBUIHBIX KapTaxX: «IPOCTON» Moaxos (puc. 2), KOTOpBIH
WCIIOJIB3YEeT TUIABAIOLIHM 3aT0JIOBOK B IIEHTPE KaXKJIOM TPYIIIBL, U MOAX0]I «3aroJOBKW» (pUc. 3) UCHOIB3Y-
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€T OT/EJIbHBIM 3aroJ0BOK B MPAMOYTOJbHHUKE AN KOKI0H nmoarpynmnsl. B o0oux ciydasx mpu HaBeAEHHU
Kypcopa MBIIIM Ha 3arojOBOK I'PYMIIbl BBIAESAETCS IPAaHULA IPYMINbl ¥ HOSABJSIETCS BCIUIBIBAIOLIAS IOA-
CKa3ka ¢ o0Iell craTUCTUKOW Ipymbl. HeckolbKO BCTPOCHHBIX YPOBHEH MEpapXuH NMPHUBEOYT K MOSBIIC-
HUIO HECKOJIBKUX IJIABAIOLINX 3aroJIOBKOB MJIM CTPOK 3arojIOBKa, YTO BIMSAET KaK HA BUJUMOCTh, TaK U Ha
BbIOOp AaHHBIX. [lnaBaroimue 3arojgoBKH MOTYT CKPBIBATh 3HAYMTEIBHYIO YaCTh HIDKENICHKAIIUX INPSIMO-
YTOJIPHUKOB M JPyTUe€ IUIaBaIOIIKe 3arojOBKH, B TO BPeMs KakK IOAXO[] 3arojoBKa MCIIOJIb3yeT MPOCTPaH-
CTBO, KOTOpPO€ HMHAue MOrJo Obl MoKa3aTh AaHHbIE. KonndecTBO MpPSIMOYIrOJIBHHKOB, MPEACTaBICHHBIX
B PEBOBUIHOM KapTe, MOKET BIUATH HA CIIOCOOHOCTH MOJIb30BaTENCH HACHTU(PHIUPOBATD U MOHATH 3aKO-
HOMEPHOCTH B JIaHHBIX. 371eCh N300pakeHbl [Ba HAOOpa JTaHHBIX PA3JIMYHOrO pa3Mepa: Ha puc. 1 mokasana
npeBoBuaHas kapta ¢ 100 sueitkamu, a Ha puc. 2 mokazana ogHa ¢ 1000 suevikamu [12].
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Puc. 2. Kapra nepesa «npoctoit» uepapxuu ¢ HebobiM Habopom ganHbIX (Treemap-Classic)

Ilo cpaBHeHuIO ¢ TabaMLIaMu APEBOBUIHbBIE KapThl NOJDKHBI 0OecneuuBars JTydinili o0muii 0030p u
OoJee TECHYIO MHTETPALMIO MEXIY U3MEPEHUSIMH JaHHBIX. DTO MPEUMYIIECTBO OXKUAAETCS B 3a7a4ax, KO-
TOpble TPeOYyIOT HEKOTOPOI CTeNeHH IpyOOro CpaBHEHHS MEXIy MPSIMOYTOJIBHUKAMH U (WJIN) IPYIIaMHU.
Korma tpeOyercst KOHKpeTHast MICHTHU(UKAIMSA, OCOOCHHO B HEOONBIIMX TAOIMIAX, Pa3yMHO OKUIATh
OJJMHAKOBOW MPOM3BOIUTEIEHOCTH MEKIY APEBOBHIHOW KapTOH M TaOJIMYHBIMH TPEICTABICHUSMH OJTHUX
U TeX ke JaHHbIX. bonbime Habophl JaHHBIX TOTPEOYIOT OTHUMAIOIIEH MHOTO BPEMEHU MPOKPYTKH B Ta0-
JMIax, HO, BO3MOXKHO, MOTYT BbI3BAaTh OOJbIIEE «3aTEHEHUE» JaHHBIX B JPEBOBUAHBIX KapTax. B obmem
Cllydae OLIEHKa ITOJIC3HOCTH U yJ00CTBa IPEBOBUAHBIX KapT KacaeTcsl MOJOKEHHUS y3JI0B B HEPAPXHAX, OT-
HOULICHUI MEXIy y3JaM{ U TpyNIaMyd U UAEHTU(UKAMH KOHKPETHOW MH(popManuu (Ha OCHOBE 00JIaCTH,
LBETa WK TOTO U Apyroro). JlomonHutenbHble (aKkTOpbl, KOTOPbIE MOTYT TOBJIHUATH Ha CIOKHOCTH 3aJad
JUISL IPEBOBUIHON KapThl, BKIIOYAIOT: CJIOKHOCTh MICHTH(UKAINMU M CPAaBHEHHS; KOJIMYECTBO ypPOBHEH
HepapXud, MPOHICHHBIX B 337a4aX CPAaBHEHHS; HOTPEOHOCTh MCIOJIB30BaTh IUIONIAb, IBET WIN 00€ MeT-
PHUKH 1715 peuieHus 3agadd. M3 3Toro cieayer, 4To OLEHKa KauecTBa BU3yaIH3alud AaHHBIX M IPUHUMAae-
MBIX [0 HUIM peLIeHui TpeOyeT NpuMeHeHHsI METOJI0B (YOPMHUPOBAHUS TPYIIIBI IKCIIEPTOB, TOCTPOCHUS Te-
CTOBBIX HA0OPOB JaHHBIX, COOpa U 0OPAOOTKH IKCIIEPTHHIX OIICHOK.
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Puc. 3. Kapra nepeBa nepapxumn «3arojioBkm» ¢ 6oipumnm Habopom aaHsbx (Treemap-Titlebar)

JKCIepuMeHTbI H 00paboTKa pe3yAbTaTOB

PaccMoTpuM TecTOBBIE JaHHBIE U OpraHM3ALMIO dKcrepuMeHTa. llenbio sxkcrepuMenToB [12] sBis-
J0ck uccaenoBanue 3h(HEeKTUBHOCTY U CyObEKTUBHBIX BIledaTyieHHH moib3oBareneii-JIIIP, ncnonpsyromux
JPEBOBHIHBIE KapThl M TAOJIHIIBI IPH NACHTU(HKALINH, CPABHEHUN M aHAJIHM3€ HePapXUUeCKH OPraHn30BaH-
HBIX AaHHbIX. K ympaBisieMbiM akTopamM OTHOCHIIUCH APEBOBUIHAS KapTa W MPECTaBICHUE JaHHBIX Ta0-
JIMLBI, pa3Mep HaOopa TaHHBIX U HepapXHyecKoe MpeacTaBieHne ApeBoBUAHOM KapThl (Dataview). Jomno:-
HUTebHbIE (akTopel BrIOYaIH 3pdexTsl o0yuaeMocTd M 3PQEKThl CIoXKHOCTU 3anay. lIpuBiedeHo
10 sKcIiepToB, BBIAHO BOCEMb 33aJaHUM, B KaXKIOM U3 HUX MMEJIOCh mecTh ycioBuil. CyObeKTUBHBIE peii-
TUHTOBBIC IIKAJIbI OBUIM MMOCTPOCHKI TIOCTIE Kaxa0ro Habopa u3 Bochmu 3ananmii (Task Category), a Takxke
MIPOBOMINCH coOeceI0BaHus JIsl OLICHKH CyOBEKTUBHBIX BIIEUATICHHUH 1OCIE BBIIOJIHEHHUS BCEX 3aJaHHM.
[MonupIil (GaKTOPHBIH 3KCIIEPUMEHT HCIOIb30Bal (AKTOPHOE MPOCTPAHCTBO 3X2, COOTBETCTBEHHO,
TpH criocoba otoOpaxenus naHHbIX (Treemap-Classic Ha puc. 1, Treemap-Titlebar Ha puc. 2, Table) u
IIBa pa3IUYHBIX 1O pa3Mmepy Habopa nanubix (Large, Small). Bocemb 3agau Obutn 3afanbl UIsl KaKIOTO
W3 MPUBEJICHHBIX BBINIC MIECTH ycloBHi (MOapoOHOCTH B Ta0u. 1). OHU BapbHPOBAIUCH 110 CIOKHOCTH
oT 0a30BBIX 33724 HACHTH(HUKAINY 10 33/1a4 CPaBHEHUS U aHanu3a. BoceMb 3aaHuii ObLIN MpencTaBiie-
HBI B TOM JK€ MOPSJIKE B KAXKJIOM M3 LIECTU YCIOBHUH, HO ¢ pa3HbIMU Bompocami. lllects ycnoBuii (ompe-
JeJIIEMBIX MPEACTaBICHUEM JIaHHBIX U pa3MepoM HaOopa JaHHBIX) ObUIM BHIPOBHEHBI IO TPYAOEMKOCTH
IUISL TIPOBEIEHUS OLIEHKH HM3y4aeMOCTH C MOMOIIBIO TPEX OTPaHHMYCHHH: Ka)KIA0e yCIOBHE IMOSBISIIOCH
MPUMEPHO OJIMHAKOBOE KOJIMYECTBO pa3, TAOJIHIIBI YepelOBAINCH C TPEBOBUIHBIMU KapTaMHU B MOPSIIIKE
IPOCMOTpa, U OoJbIINe HAOOPH! AAHHBIX NEPEMEXAIUCh C HEOOJIBIIMMU HAOOpaMu JaHHBIX B MOPSIKE
MIPOCMOTpaA.

Tpu BuAa TaHHBIX BKIIOYAIH B ceOsl JPEBOBHIHYIO KapTy € KIACCHYECKUM MpPEACTaBICHUEM Hepap-
xun (Treemap-Classic uimu TM-C, puc. 1), ApeBOBHIHYIO KapTy ¢ NPEACTABICHHEM HEPapXUH 3ar0JI0BKOB
(Treemap-Titlebar unmu TM-T, puc. 2) u HecOPTUPOBaHHYIO TabIMIly C MEepapXuel, MpeacTaBIeHHON OT-
crynoM ¥ 1BetoM 3arosioBka (TABL). Tabnuiel ObUTH OTCOPTUPOBAHBI, YTOOBI 00eCTIeYnTh 0a30BYIO JIH-
HUIO JJIs1 CpaBHEHMS MPOU3BOIMTEIHLHOCTH HA JAPEBOBUAHBIX KapTax. Kakaplii HaOOp AaHHBIX copepial
TpU YPOBHSI HEpapXuu: BeO-NpwiIokeHHs (Hampumep, «MarasuH BenocunenoB J[xo»), TpaH3aKIUH
(mampumep, «IIpogaxkn») u crpanmnsl (Hanpumep, «llemammy»). Kak npeBoBuAHBIE KapThl, TaK M TAOJIUIIBI
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MO3BOJIMJIM YYaCTHHKAaM CBOOOZHO BHIOMpATh M3 CIMCKA JIBE METPUKHU MPOU3BOJUTEIBHOCTH M3 CIIHCKA:
KOJIMYECTBO NPOCMOTPOB CTPAHUIIBI, CPEJHEE BPEMs CTPAHMIBI, CaMOE€ MEIJIEHHOE BpeMsS CTPaHUIbl U
BpeMs coearHennsa. OHM ObUIM IPEACTaBIICHBI B IByX BBINAJAIOMINX CIIUCKAaX KakK B TaOIMLax, Tak U B Ape-
BOBHUIHBIX KapTax. Pe3ysbTaThl 3KCIEPUMEHTA, BBIPAKAIOIINE 3aBUCHUMOCTb CPEAHEr0 BPEMEHU PabOThI
HaJ 3a7iayeil OT 3Ha4eHUil (PaKTOPOB DKCIEPUMEHTA, MIPEJCTABICHBI HA pUC. 4,0—6, PEUTUHTOBBIC OIICHKU
CHocO00B BU3yaIH3alUH JaHHBIX 110 KPUTEPHUSIM KadecTBa IIOKa3aHbl Ha puc. 4,2.

Tabmuma 1
Kareropuu 3a7a4 v npumMepsbl
3amgauun Tun 3agaun TunuuHbie TPUMEPHI
1,2, |WpenTrduranus WA MOACYET KaxoBo Ob110 cpeiHee BpeMs Ha CTPaHHMIIE TIPH apeH/Ie KBApTUPHI
5 (Ident)
3,4 CpaBHeHue, Kaxkue cTpaHuIsl uMenn caMoe MeIJICHHOE CpeHee BpeMs
HCIIOJIB3YSl OJJUH HIIH HECKOJIBKO CTpaHHUIbl U HAUMEHbIIIEE KOJIMUECTBO XUTOB?
kpurepues (Compare)
7 PacmmpenHoe cpaBHeHHe Kakas Tpan3aknus copeprkaia 0oubliie BCEro CTpaHmll, KOTopbie
(Compare2) umeroT 6osiee 900 MPOCMOTPOB CTPAHUIL?
6,8 OTkpeIThIH aHamu3 (Analysis) OCHOBBIBasICh TOJIBKO HA TAHHBIX Iepe/l BaMU, KAKOBBI (€CIIH
TaKOBbIC OHpe]IeJ'lﬂlOTCH) OTHOWICHUA MEKIY BPEMCHEM CTPAHUILIBI-
XHUTa ¥ CPSTHUM BPEMEHEM IPOCMOTpPA CTPAHUIIBI?

JlMcniepCHOHHBII aHaIn3 BPEMEHH 3aBEpIICHHs 3a]aud BKJIIOYAN YCIOBUS JJIS KaKIOro crocoba
npeacrasieHust ganueix (TM-T, TM-C, Tabl), Homepa 3amauu, nopsaka npocMorpa (Viewing Order) u
pa3smepa Habopa manHbIX (Dataset). BusyansHoe mpencraBieHue AaHHBIX CHIBHO TOBIHSIIO HAa BPEMs BBI-
nonHeHus 3anaun: 3aaaun TM-T Bemonasumcsk Ha 30 % OvicTpee (78 c), uem npeacrasienuss TM-C (108 c)
nmn TABL (111 ¢) (xputepuit @umepa £ = 12, ypoBenb 3HaunMocTt p <0,001). YBenudueHne BpeMeHH 3a-
BEPIIICHHUS OT MaJIOTo K OOJBIIIOMY HAO0OpY MaHHBIX s npencraBieHuss TABL Obl10 3HAYNUTENBHO JJIMH-
Hee aHAIOTHYHOTO JPEBOBUIHOTO (puc. 4,a).

Cy1ecTBeHHbBIE Pa3IyuUs BO BPEMEHH BBIMOJIHEHUS ObUIM OOHAPY)KEHBI MEXK]y BOCEMbBIO 3a7jadyaMu
B ycnosuu (F = 16,5, p < 0,001). Kak nokazano Ha puc. 4,6, opmatr TM-T umen sIBHOE MPEUMYIIECTBO BO
BCEX 3TUX KaTEropusX 3ajad, CrPYNIUPOBAHHBIX B TPH KAaTETOPUM: WIACHTU(UKAIUS 3HAYCHUN WM TOJ-
CYET JIMCTOBBIX Y3JI0B (3afauu 1, 2, 5); cpaBHeHHe M0 BceM HabopaM JaHHBIX M 0oJiee OTKPBITHINA aHAIU3,
00BeIMHAIONINI J1Ba KpuTepHsl (3agaun 3, 4, 6, 8); crienuanbHas 3afada cpaBHEHU, TpeOyIoLIas CI0KHOTO
CpaBHEHUS TPYIIN HA OCHOBE KPUTEPUEB O0Jiee HU3KOTO YPOBHS (3a/1a4a 7).

Cxema ypaBHOBEUIMBAHHS TTO3BOJIMIIA OLIEHUTH AOCTYITHOCTD JIPEBOBUIHBIX KapT Iyt u3ydeHwus. [lo-
PSAIOK MPOCMOTpPa 3HAYUTEILHO TOBJIFSUT Ha BpeMs BBITIOJTHEHUS 3anauu (puc. 4,8, tne F = 8,3, p <0,001),
MIPH 3TOM TIEPBOE O3HAKOMJICHHE C JAHHBIMH Y4YacTHHUKOB (153 c) 3HaunTenbHO MemyieHHee, YeM BTOpOe
(121 c¢), xoTopoe OBIIIO 3HAYUTEILHO MEIJICHHEE, YeM OCTallbHbIC TpeacTaBieHus (73—86 c). B tpex mpen-
CTaBJICHUSX JAHHBIX ACHMIITOTHYECKAs MPOU3BOAUTENHLHOCTh OOBIYHO JOCTHTallaCh Ha TPEThEM WM YeT-
BepTOM Habope MaHHBIX. B 11emoM BocpusTiHe TaOIHIIBI U IBYX IPEBOBUIHBIX KapT OBUTH MPUOIU3UTENHEHO
OJIMHAKOBBIMH, XOTS Y HECKOJIBKHX OKCIIEPTOB BO3HHUKIIM HEKOTOPBIE TPYIHOCTH ¢ uHTepnpeTauneii TM-C
B TICPBOM TO3UIIMH POCMOTPA.

Bcero Obu10 Beimonneno 14 noackaszok u 40 ommnbok B 480 3aBepiueHHbIX ucnbiTaHusx (10 yuactHu-
KOB X 6 mpocMOTpoB X 8 3amau). [lomomp mpemocTaBisuiack OO IS MPENOTBPAICHUS BBIIOTHEHHS
YYaCTHUKOM JEUCTBUS, KOTOPOE MPETSITCTBOBAIO OBl 3aBEPIICHUIO 3a7a4H, JIUOO JIJIs UCTIPaBIICHHUS HEBEp-
HOT'O BOCTIPUATHS YYACTHHKOM, KOTOPOE MPEMsATCTBOBAIO OBl 3aBepIIeHuo 3afadu. [lonckasku ObIIH paB-
HOMEPHO pacrpeAesieHbl M0 TMPeACTaBICHUIM JaHHBIX U 337a49aM, HO 86 % moacka3ok moTpedoBalnuCh, KO-
I/Ia YYaCTHUKH UCIIOIB30BAIA O0NBINA HAOOp maHHBIX. OmMUOKHA OBUIH B paBHOW CTECTICHH PaCTPEICIICHBI
Mo TpeM crocodaM NpeACTaBIICHHUS AaHHBIX, TIPUYEM OOJBIIMHCTBO BO3HHMKANIO B 3amadax 7 u 3 (57 %
1 25 % ommbOK COOTBETCTBEHHO). J[Be TpeTH OMMOOK B 3THX ABYX 3aJauyaX BO3HHUKIIH MPH UCTIONb30BaHUN
Oonpuiero HaboOpa AaHHBIX. DTO OBUIM TaKkKe JIBE caMble MEAJICHHBIEC 3a/1a4M, IMOATBEPXKIAIOIINE CIO0XK-
HOCTb NTPOBE/ICHUSI CPAaBHEHHUI MEKAY YPOBHIMU HEepapXuu.
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Puc. 4. Pe3ynbraTsl 3KCTIEPUMEHTOB:

a — BpeMsl BBITIOJTHECHUS 33/1a4M, IPEICTABICHUE TAaHHBIX U pa3Mep Habopa TaHHBIX;
6 — BpeMs1 BBITIOJTHEHUS 3a/1a4 [0 KAaTETOPHsM 3a1a4 U BUAaM IPEACTABICHUS TaHHbBIX;
6 — BpeMs BBIIIOJTHEHHUS 337a4H B MOPSAKE MIPOCMOTPa U MPEACTABICHNS JaHHBIX;

2 — CpeIHUH pEeHTHHT TOIB30BaTeNe! IO JaHHBIM B THamna3one 1-7

BrimomHUB BoceMb 3afjaHH B KaXKIOM YCJIOBHHW, YYACTHUKH 3aITOJHWIN TATh 7-0aUTbHBIX pEeHTHH-
TOBBIX IIKaJ, KACAIOIIUXCS UX OMbBITAa C THM ycioBueM. B kaxxnom ciyyae orieHka 1 Obljia OTpULIIaTEIbHON
(HampuMmep, «COBCEM HE MOJIE3HO» MJIM «OYEHb CIOXKHO»), TOTJla KaK OleHKa 7 Obula MOJOXKUTENHbHON
(Hampumep, «OUEeHb I10JIC3HA» WU «OUYCHb IIpocTay). CpeqHue OLEHKH 110 KOHKPETHBIM BOIIPOCAM U BUAAM
MPEICTABICHUS] AaHHBIX TOKa3aHbl Ha pHUC. 4,2. Bompochl «HACKOIBKO 3TO OBUIO NPHUBIEKATEIBHO?» U
«HACKOJIBKO JIETKO TO OBUIO MCIOJIB30BaTh?» Al OUYeHb MMOXOKUE Pe3yIIbTAThI, C OOLIMMHU OLIEHKAMH JIJIst
TM-T (B cpennem 5,2) Boimre, yem anst TM-C (4,6), 9To B CBOIO ouepes OBLIO BBINIE, YeM TPEACTaBICHIE
TABL (3,8). IIpu onenke «Hackonbpko 3T0 OBLIO MOIE3HO?Y PECTIOHICHTHI CYUTAIIH, YTO JIBE APEBOBHIHBIC
kapthl (5,1-5,6) HamHOTO TIpeBocxoAAT Tadmuiy (3,9). Bornpoc «Hackoibko SICHBIM U MOHSTHBIM 3TO ObI-
J10?7» TIPOU3BEN aHAIOTUYHBIE OLEHKH IS TPeX MpeICTaBIeHnH nanHbIX, ¢ 4,5-5,0. Ha Bonpoc «Kak Ob1 BB
OIIEHWJIM Ballly CIOCOOHOCTH BHIMONHATH ceroansmHue 3amaun’?» TABL u TM-C Obumi oueHb MOXO0XKH
(4,4) u 6p1TH yMepeHHO HuKe, yeM st TM-T (4,8).
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Onenka KauecTBa MOAAEPIKKH peleHHi

3TO HcclieoBaHne TTO0KA3ajl0, YTO MOJIb30BATENH (CUCTEMHBIE aIMUHUCTPATOPHI M CETEBbIE aJIMUHH-
CTpaTOPBI, IPUBJICUYECHHBIC B KAYECTBE IKCIIEPTOB) OBICTPO M3Y4alOT APEBOBUAHBIE KapThl, KOTOPBIE MOTEH-
[IMATBHO TPEBOCXOAAT TaOJMUYHBIC TPEACTABICHHS I 33434 WIACHTH()HUKANWUW, CPaBHEHHS M aHAIM3A.
®dopmar mepapxun 3arooBkoB TM-T mis nmpeBOBHAHBIX KapT OBLT mpeanoututenbHee Gopmata TM-C,
KOTOPBI MOXET CKPBITh OCHOBHYIO MH(popMaluio. [IpenmMyIiecTBo BO BpEMEHU U B CYOBEKTUBHBIX TPe/-
MTOYTEHHSIX JIJISl IPEBOBHUIHBIX KapT 3aMETHO KaK /I HEOOIBINX, TaK U JUI OOJBIINX HAOOPOB JaHHEIX.

BonpmmHCTBO pemennii A1 BU3yann3anui MHPOPMAIUY, BKIIOYas JPEBOBUAHBIE KapThl, TPEOYIOT
BPEMCHU IJId O3HAKOMIICHUSA U U3YUCHU, NPCKIAC YEM I10JIB30BATCIIU CMOTYT B(I)q)eKTI/IBHO HCIIOJIB30BaTh
uX JUIs perieHus npodieM. HenoAarorosneHHble yYaCTHUKY IPOXOAUIN 00y4eHHE B MEPBhIX OIBITaX, He3a-
BHCHUMO OT TOTO, OOECTICUNBAIIH JIM TIPEJICTABICHNE JaHHBIX JAPEBOBUIHYIO KapTy wiu Tabmuiy. HaunGomee
ObICcTpOe M3y4YeHHE OBLJIO BBISBICHO MO CPEIHEMY BPEMEHHU 3aBEPUICHUS B CIy4asx JPEBOBHIHOW KapThl.
CrnenoBatesibHO, IPEBOBHIHBIE KAPThl MOTYT OBITH OBICTPO M3Y4YEHBI TEMH, KTO COBEPLICHHO HE 3HAKOM
C JTOW KOHIIETIIUEH, M 3TO 00yUYeHHE TIPOUCXOUT JOBOJBHO OBICTPO. BKiTtoueHNe 4eTKUX yCIOBHBIX 000-
3HaYeHHWH U1 pa3Mepa M IBETa, a Takke o0mupHast nHpOpMaIus O MOJCKa3Kax i epeBOPadNBACMbIX
3JIEMEHTOB JJ00ABMIIH BO3MOKHOCTh H3YUCHUS IPEBOBUTHON KapThl.

YeTblpe KaTeropuu 3a1au ObLIM BKJIIOYEHBI B IKCIIEPHMEHTAJbHBIC 3aJadud 3TOTO HCCIEJOBaHMUS.
3amaun waeHTH(PHUKAIIMKA OBUTH BBITIOJIHEHBI HanOoJiee OBICTPO IPH BCEX TPEX IMPEACTABICHUSAX NTaHHBIX.
33}:[21‘-11/1 CpaBHCHUA U OTKPBITOT'O aHA/JIM3a BBIMIOJHAIUCH MEIJICHHEEC, HO 110 BPEMCHU 6I)IJII/I TMMOXO0XHU Apyr
Ha Apyra. 3aJa4d pacIIMPEHHOTO CPAaBHEHHS HA YPOBHE CTpaHUI] ObUIM BBIMOJIHEHBI MEIJIEHHEEe BCEX
13 Tpex mpeacTasineHuil nanueix. [Ipeacrasnerne TM-T mpeBocXouiio Mo BpeMeHH! 3aBepliieHus 00a apy-
TUX MPEACTABJICHHUS B KaXXIOH M3 3THX Kareropuii, B To Bpems kak TM-C nu TABL obecrieunBanm anaio-
THYHYIO IPOM3BOIUTEILHOCTD MOJIb30BaTENs B LesioM. bosee Boicokas mpousBoautenbHocts TM-T Taroke
OBLIa OTpa)KeHa B PEUTHHTAX IMOJIb30BaTeNel, KOTOPHIM OBIJIO MPOIIE TIOIB30BaThCs, OHU 00JIee MPUBJIEKa-
TEJbHBI U TIOHATHEE, YeM JIPYTHe MPEICTABICHUS TaHHBIX.

[Tpon3BOAUTENLHOCTh 110 3aja4aM HACHTHU(HUKAIMK ObUIa HaMHOTO OoJiee MOX0XKa MEXIYy TpeMms
MPEJICTABJICHUSIMU JIAHHBIX, YeM Yy OoJiee CIIOKHBIX 33134 CpaBHEHUs. B 3agauax uiaeHTuUKANUM ydacT-
HUKWA OO TIPOCMATPUBAIM CTPOKH M 3aroJOBKH B TaONUIle, THOO0 YUTAIH WH(GOPMAIIMIO BCIUTBIBAIOIICH
MOJICKAa3K! B IPEBOBHUIHBIX KapTax. OCHOBHBIC pa3ivyuisi B MPOM3BOAMTEIHLHOCTH 33/a4 37IeCh 3aKI0va-
JMCh B TOM, YTO: JIPEBOBHUIHBIE KapThl COJCp)KaIH JaHHbBIE, BUIUMbIE O3 KaKOH-TMOO0 MPOKPYTKH; y4acT-
HUKaM 9acTO TMPUXOJIMIOCH MPOKPYYHBATH BEPXHIOK YacTh TaOIHIIBI, 9TOOBI OMPEIEUTh CBOU MapaMeTPhI
MeTpuku cTonbna. [IpencraBinenus IpeBOBUIHON KapThl MO3BOJIIIIN MMPOBOJUTH 00OJI€€ TOYHBIE CPABHEHHS
MEXIy CTpaHULAMHU U TPYIIIaMH.

Opnako ommOKM Bce elle ObUTH OYEBHIHBI, TOTOMY YTO: HEKOTOPHIE TMOJh30BATENH APEBOBUIHOMN
KapThl OIIEHUBATN Pa3Mep TPy MO KOJIMYECTBY COAEPIKAIINXCS MPSIMOYTOIBHUKOB, @ HE TI0O METPHKE, KO-
Topast Obula oToOpakeHa B O0JaCTH MPSIMOYroJNbHUKA. TakuM oOpa3om, obnactu rpynmbl (BeO-
MIPUJIOKEHUS M TPAH3AKIIMK) OTPAKAIOT KOJMYECTBO MPSMOYTOJIBHUKOB, a He BEIOpaHHYIO METpuKy. [lpy-
rast ommoOKa: MoJb30BaTeNId HE BCET/Ia MCKAH JTaHHBIE J0 CaMbIX KpaeB APEBOBUIHON KapThl, IPOIyCKas
HEKOTOPBIE BaKHBIE JaHHEIE.

PasnuyHas IIIOTHOCTh JaHHBIX B JPEBOBUIHBIX KapTax ¢ OOJIBIINM U MajblM KOJUYESCTBOM JaHHBIX
BJIMAJIAa Ha noje3Hoe nosie 3peHus yuactHukos (Useful field of view, UFOV), T.e. Ha kpyroByto o6sacts, B
KOTOpPOH yKa3aHo, U3 KaKOTO MCTOUHWKA m3BjiekaeTcs nHdopmarmsa. UFOV Moker OBITH OIIEGHEH IO pac-
CTOAHUIO MCXKAY ABYMA MOCJICA0BATCIIbHBIMU q)HKCElHI/IHMI/I Trj1a3a B 3aa4€ IOMCKA, OTU paCCTOAHUA (1)I/IK-
Callui YMEHBIIAIOTCSA C YBEIMYEHHEM BH3YAIbHOW IUIOTHOCTH (OHOBOH mH(popmauuu. CrenoBarenbHoO,
OoJee TIOTHBIC APEBOBUIHBIC KAPThI, BEPOSITHO, BEI3BIBAIOT MeHbIIee UFOV 1 TpeOyIOT OOJBITIETO KO-
4yecTBa (PUKCAIIMiA, YTO B CBOKO OYEPE/h MOKET MPUBECTH K OOJBIIEMY KOJUYECTBY HPOMYIICHHON UH(OP-
marmu. [Ipeacrasinenne TM-T mpeBocxoauo Kak Mo 00ObeKTUBHON MPOU3BOAUTEILHOCTH, TaK U 1O CYyOb-
eKTUBHBIM TpeArnodTeHusM npexacraBienne TM-C. DTo mpou3onuio, HECMOTpPSI Ha TO, 4TO JUIst hopMaTa
TM-T Opina 3ape3epBHpOBaHa OOJIACTH HKpaHA IJIsl UMEH TPYMIl B 3arojIOBKaX, OCTABISAS MEHBIIE MECTa
Tl 0TOOpaXKeHUs1 JaHHBIX KOHEUHoro y3na. B npeacrasnennn TM-C yuacTHUKM He Bcerza 3amMedalid, 4To
mpUTHL IS 3aTOJIOBKOB TPaH3aKIWK OBLTH MEHBIIE, YeM IS 3ar0JIOBKa BEO-TIPHIIOKEHUS, YTO MOTJIO
MIPUBECTH K YBETMYECHUIO KOJIMYECTBA OMNOOK ¥ BPEMEHHU BBIITOJHEHUSI.

HOTGHHI/IEUIBHEUI BO3MOKHOCTb IlaIIbHeﬁHleI‘O Pa3BUTUA APEBOBUAHBIX KAapT BBIABJICHA B XO/J€ BhICKA-
3bIBaHUS MPEAJIOKEHNH T0JIb30BaTENIeH, y4aCTBOBABILMX B SKCIIEpUMEHTE. MHOTHE YYaCTHUKU MPEATIOKH-
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JIM JIONOJHUTEIbHBIC (DYHKIMHM JPEBOBUIAHON KapThl, YTOOBI MOMOYb B MX 3ajjauaX MOHUTOPHUHIA CETH.
OrnpenensieMblil MONIB30BATENEM MOPOT, MOCIE KOTOPOTO KOHEUHBIE y3Jbl CTAHYT KPAaCHBIMU, TO3BOJIUT UM
0oJiee JIETKO OTCIIEKHUBATH POOJIEMHBIE ceTeBble 00BEKTHI. ABTOMAaTHYECKOE OOHOBJICHUE, TEHEPUPYEMOE
CUCTEMOI1, TpebyeTcsi depe3 OIpe/elIeHHbIe aJIMIHUCTPATOPOM HHTEPBAJIBI, HampuMmep, Kaxasie 30 MuH.
OubTpalys Mo OAHON WM HECKOJbKUM KOHKPETHBIM METPHKAM IO3BOJIUT OBICTPO aHAIU3UPOBATh IPO-
Omembl. HekoTopeiM Taxoke TpedyeTcst IpejoCTaBIeHne HCTOPUIECKOTO MPEICTABICHNS METPUKHU JaHHBIX,
YTOOBI Jyd4Ille TUarHOCTUPOBATH MpoOeMbl. HeKoTOphle y9acTHUKM TakKe OTMETHIIH, YTO HeTpepbIBHAs
LIBETOBAsI IIKaJia He HY»Ha, MOCKOJIbKY JUCKPETHBIX 3HAUCHUH I[BETA JIOCTATOYHO JUIsl OOJILIIIMHCTBA 33,184
MOHHUTOPUHTA U JIUATHOCTHKHU.

JpeBoBuAHBIE KapThI MPEBOCXOAMIN HECOPTUPOBAHHBIE TIPEACTABICHHS TAOIUI] B 3a/1a4axX MICHTH-
(uKanuu, CpaBHEHHUS ¥ aHAJIM3a B TOM MCCIICOBAHUU. DTO NMPEUMYIIIECTBO BO3POCIIO, KOT/Ia 1B METPUKHU
rH(OpMAIUH JOJDKHBI ObUTH OBITh OOBEIUHEHBI, U 3TO JaeT BO3MOXKHOCTh OOHAPY>KWUBATh TCHJICHIIUH.
31ech mpeAcTaBIeHe UePapXUN 3ar0JIOBKOB MPEBOCXOAMIIO KIACCHYECKOe MPEICTAaBIEHHE C TUIABAIOIIIM
3aroJIOBKOM HM3-332 MEHBIIET0 KOJIWYeCTBa 3aTyMaHWBAaHUS W IyTaHMIBI, HO 0coOble TpoOiIeMbl Tu3aiiHa,
TaKue KakK MPUQTHI U [[BETa, UMEIOT PEIIAIOIICe 3HAUYCHHUE TP BU3YyaIM3allUU JaHHBIX.

O6cyxpeHHe H peKOMeHAAHH

OBOIIOLMSI METOIOB BU3yalM3alli UEPAPXUUSCKUX JaHHBIX MPUBENa K CO3IaHHIO HOBBIX CIIOCOOOB
X OTOOpa)KeHMS, KOTOPhIE MOT'YT OJHOBPEMEHHO NPUMEHATHCA C M3BECTHBIMU CIOCOO0AMH, B3aUMHO J10-
HOJIHSS APYT ApYTa.

PaccmoTpumM mpenmyiecTBa U HEIOCTATKH «OOBIYHBIX» AEPEBHEB PELICHUN B aHANUTHKE. JlepeBbs
pELICHNUH OCTAaIOTCS MOMYIAPHBIMH, TaK KaK UX JIETKO BOCIIPUHUMATh, & TAKXKE U IO APYTMM IPUUMHAM:

— OHHM MOTYT OBITb IIOJIE3HBI C TOYHBIMH JAHHBIMHU WM 0€3 TOUHBIX JAHHBIX, a TAKOKE JIIOObIE JaHHbIE
TpeOyIOT MUHUMAaJILHOM MOATOTOBKHY;

— HOBBI€ OIIIMU MOT'YT OBITH JOOABJICHBI K CYLIECTBYIOIIUM JEPEBBSIM;

— UX LIEHHOCTh B BBIOOPE JIy4LIEro U3 HECKOJIbKUX BapUaHTOB;

— OHM JIETKO COYETAIOTCS C APYTHMH HHCTPYMEHTAMH MPUHATHUS PEILICHHUH.

OpHako JepeBbsl PeIeHUH MOTYT CTaTh Ype3MEPHO CIOKHBIMU. B Takux ciydasx 6osee KOMIakTHas
qyarpaMMa BIIMSIHUSL MOXET OBbIThb XOpolled anbTepHaTuBOW. JluarpamMMbl BAMSIHHS CY’>KarOT aKLEHT Ha
KPUTHUYECKUE PEICHUS, HCXOHbIC JaHHbIC U LeNd. JlepeBbsl pelleHni UTPaloT CyIECTBEHHYIO POJIb B Ma-
LUIMHHOM OOYYEHUH M MHTEJUIEKTYaJbHOM aHaJIM3e AaHHBIX. JlepeBo pelieHuid Tak)ke MOKHO UCIIONIb30BaTh
IUISL CO3AaHUSI aBTOMAaTH3HUPOBAHHBIX HPOTHOCTHYECKUX MOJIEINIEH, B KOTOPBIX MCIOB3YIOTCS MPHIOKEHUS
IUI MAIMHHOTO O0y4€HUsI, MHTEJUIEKTYyaJbHOI'O aHaIN3a JaHHBIX U CTaTUCTUKH. DTOT METOJ, U3BECTHBIN
KaK M3Y4YCHHUE JIepeBa PeIICHUH, yYUThIBaeT HAOIIOIEHNS B OTHOLICHUH DJIEMEHTA, YTOOBI ONPEAEIIUTh €T0
LEHHOCTb.

Korga y3ns! npencTaBisioT JaHHbIE, @ HE PELLICHUS, ITOT TUIl AEPEBA UCIOIb3YIOT KaK JIEPeBO KJlac-
cudukanun. Kaxxmas BeTBb cofiepXuT HaOOp aTprOyTOB WM MPaBII KJIacCU(PHUKAINH, KOTOPBIE CBSI3aHBI C
OTIpeJeNICHHON METKOW Kjlacca, KOTOpas HaXOIUTCA B KOHIIE BETKH. DTH NpaBUIIA, TAKXKE M3BECTHBIE Kak
[IpaBUIa IPUHATHUS PELICHUH, MOTYT OBITh BhIpa)KeHBI B npeiokeHnH if-then. Kaxxaplii 1ononHUTENbHBINH
Ha0Op AaHHBIX IOMOTAET MOJIEJIN 00JIee TOUHO MIPECKa3aTh, KAKOMY M3 KOHEUHOI0 Habopa 3HaYeHui Npu-
HA/JICKUT paccMaTpuBaeMblli 00BEKT. 3aTeM 3Ty HH()OPMALUIO MOXKHO HCIIOJIb30BaTh B KAUECTBE BXOAHBIX
JaHHBIX B OoJjiee IIMPOKOM MOAEIM MPUHATHS pelieHud. MHOoraa mporHosupyeMon nepeMeHHOW Oyzaer
JNEeWCTBUTEIBHOE YMCIIO, HAIIpUMeED, LieHa. JlepeBbsl pelieHuil ¢ HepephIBHBIMU, BEIIECTBEHHBIMU PE3YJlb-
TaTaMU Ha3bIBAIOTCS IEPEBBSIMU PETPECCHH.

J171s1 OBBILIEHUs] TOYHOCTH MHOT/IA HECKOJIBKO JEPEBbEB UCTIONB3YIOTCS BMECTE B METO/IaX aHCaMOJIs:

— CO37IaHUE IAKETOB IIPEIIIOIaraeT MOJYyYEHUE HECKOIbKHUX JEPEBbEB IIyTEM IIOBTOPHOI BBIOOPKH
HCXOJIHBIX JJAHHBIX, TIOCJIE YEro 3TH JePEBbs HCIOIB3YIOT IS JOCTHKCHHUSI KOHCEHCYCa;

— KJIaccu(UKaTop CIIy4aifHOTO Jieca COCTOMT M3 HECKOJIBKUX JEPEBbEB, MPEeIHA3HAYCHHBIX IS yBe-
JMYEHUsI CKOPOCTH KJlacCU(HUKaLNY;

— MOBBIILIEHHBIE JIEPEBbSI, KOTOPBIE MOXKHO UCIIOIBb30BaTh ISl AEPEBLEB PEIPECCHU U KiIacCu(UKaLnY;

— BCE JAEPEBbs B JIECY BpalICHUS] 00Yy4alOTCs C MCIOJIB30BAHMEM METOAA TJaBHBIX KOMIIOHEHT Ha
CIIy4alHOM 4aCTH JaHHBIX.

JlepeBo pelieHuil CUMTAETCs] ONTUMAIbHBIM, KOTAAa OHO HPEACTaBJIsieT HauOOJbIIEe KOJINYECTBO
JAHHBIX C HAUMEHBIINM KOJIUYECTBOM YPOBHEH MIIM BOTIPOCOB. AJITOPUTMBI, IpeTHA3HAYCHHBIE ISl CO3/Ia-
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HUS ONTUMHM3HPOBAHHBIX JiepeBbeB pemenni, BkaouaioT CART, ASSISTANT, CLS u ID3/4/5. [depeBo
pelIeHUH Tak:Ke MOXHO CO3/[aTh, CO3/IaB NPaBUJIa aCCOIMAIIUH, IOMECTUB IICJICBYIO MIEPEMECHHYIO CIIpaBa.
B kax1oM MeTOZie HY)KHO OIPEeIUTh, Te Ny4Ile C/IeNaTh pa3ieiiecHue U Ha KakoM ypoBHe. OObIYHbIC Me-
TOJBI JIUIS TOTO BKIIIOYAIOT IpUMeHeHne Koadduirenta J)KuHu, n3pjicdyeHne HHPOPMALUU U YMEHbIIIEHUE
nucnepcud. Vicnonb30BaHue JepEBbEB PELICHUH B MAIIMHHOM 00YYEHUN UMEET HECKOJIBKO MPEHUMYIICCTB:

— CTOMMOCTh HCIIOJIB30BaHMs JiepeBa i MPOTHO3UPOBAHUS JAHHBIX YMCHBIIACTCS C KaXJIOW JO-
MMOJTHUTENHLHOM TOYKOU TaHHBIX;

— paboTaeT JyIsi KaTeropraibHbIX MU YUCIIOBBIX JTaHHBIX;

— MOXET MOJICJIMPOBATH MTPOOJIEMBI C HECKOJIBKUMU BBIXOJIAMH;

— UCTIONIB3YEeT MOZeIh Oeroro smmka (o0erdast 00bsICHEHHE Pe3yIbTaTOB) ;

— HaJIe)KHOCTh JIEpPeBa MOXKET ObITh MPOBEPEHA U OIPEJICIICHA KOJIMYECTBEHHO;

— UMEET TCHJICHIINIO ObITh TOYHBIM HE3aBUCUMO OT TOTO, HAPYIIACT JIA OHO JOMYUICHHUS WCXOIHBIX
IaHHBIX.

Ho y HEX Tax)xe eCTh HECKOJIbKO HEIOCTATKOB:

—pu paboTe C KaTeropHalibHbIMU JAHHBIMH C HECKOJBKMMHU YPOBHSIMH HPHPOCT HHGOpPMAIUH
CMEIIAeTCs B MOJIb3Y aTPUOYTOB ¢ HAMOOJIBIINM KOJIMYECTBOM YPOBHEIH;

— pac4eThl MOT'YT CTaTh CJIOXHBIMH IIPH PadOTe C HEONPEIACIIEHHOCTHIO U MHOXKECTBOM CBSI3aHHBIX
pe3yJIbTaToB.

B mosBUBIIMXCS MCTOPUYECKH MMO3{HEE TPEBOBUIHBIX KapTaX OTCYTCTBYET BBOJI BEPOSTHOCTH CIIe-
Hapus (BbIOOpA BETBH) KaK MEPBUYHOE TAHHOE, HO 3aTO M0 pa3Mepy M IBETY MPSIMOYTOJIbHUKA TPYIIIBI UC-
XOJIHBIX JAHHBIX MOYKHO IOJIYYHTh HArJSIIHOE IPEACTaBlieHHe 00 3TOi BeiauuuHe. J[peBOBUIHBIE KapThl
MOTYT MPEAOCTABIIATH CYNICCTBCHHBIC IPEUMYIIECTBA 110 CPABHEHUIO C TAOJUYHBIMH JIAHHBIMU B KOpIIOpa-
TUBHBIX MPHIOKEHUAK OJarojaps NpUcCylield UM CHOCOOHOCTH MOMAJCPIKUBATh MHTETPALUIO MOJIh30BAaTe-
JISIMH pasHbIX u3MepeHuil nadopmanuu. [IpencrapieHus uepapXuu IPEBOBUIHBIX KapT 3HAYMUTEIILHO pas-
JIMYAJIMCh 110 MOAJCPIKKE 3a/1a4 UIACHTU(DUKAIIMK, CPABHEHHS U aHAJIM3a, HO OBbUIM 3HAYUTEIILHO OBICTpEe U
TOYHEE, YeM NPE/ICTABICHUS TaA0IMYHBIX TaHHBIX. M3yueHne qpeBOBUAHON KapThl ObLIO, IO KpalHel Mepe,
TaKUM JK€ YCIENIHbIM, KaK U JUIs TaOiuIl. Pa3nnuus B MPOU3BOIUTEIEHOCTH MEXTY TPEBOBHIHBIMHU KapTa-
MU M TaOJMIIAMU YBEJIHYMBAIOTCSA C yBEJIMYCHHUEM pa3Mepa HAO0OPOB jJaHHBIX. CyObEKTUBHBIC OILICHKH
MOJIL30BaTEIICH B TIOJJABJISIOIIEM OOJIBITUHCTBE CIy4YacB IMOAIEPKUBAIH JPEBOBUIHBIC KAPThI B TAOIUYHBIX
NPEICTABICHUIX JAHHBIX. DTH PE3yJbTAThI MOKA3BIBAIOT, YTO JAPSBOBUIHBIC KAPThI TOJDKHBI OBITH BKIIIOYE-
Hbl B KaYeCTBE CTAHAAPTHOIrO IpaduuecKoro KOMIIOHSHTA B MPHJIOKCHHS JIS aHajiu3a ¥ MOHHTOPHUHIA
JTAHHBIX HA YPOBHE MPEIIPUSATHS.

3akArouenue

TengeHuun pa3BUTHA APEBOBUIHBIX KapT SIBJISIOTCS YacThiO OOIIEro Mpolecca Pa3BUTHSL CUCTEM
HNOJEPKKU IPUHSTHS PELICHUH W JOCTHXXEHUS B 3TOH 001acTH TpeOyrOT KOMIUIEKCHOTO H3y4YCHHMS.
Hanpuwmep, ceiiyac MCKyCCTBEHHBIH WHTEIUIEKT MO3BOJMII JIIOISAM IMPUHUMATH JIYUIIHE PEUIeHHUS C TIOMO-
b0 MHTEIIeKTYanbHeIx DSS. HoBble MccienoBanus, perysipHO MyOJUKyeMble 10 pe3yibTaTtaM KoHde-
penuuit IFIP TC8 / Working Group 8.3 [11], moka3siBatoT, 4TO JMLA, HPUHUMAIOIINE PEIICHHUS, MOTYT
JeicTBOBaTh 0oJiee CBOEBPEMEHHO, MCIIOJIb3Ysl JAHHBIE B PEKUME PEAIbHOIO BpeMeHH, Oojiee To4HO Oia-
roJapsi HHTEJUIEKTyaJbHOMY aHaJIH3y AaHHBIX U METOJaM «OOJBIINX JaHHBIX», 00Jiee CTpATETHUECKH, YUu-
ThIBasi OOJIbIIIEE KOJIMYECTBO (pakTOpoB, O0sIee HHKIIO3UBHO, OJ1aro1aps JOCTYIHOCTH JaHHBIX COLMAIbHBIX
ceTelt m Oojee MHUPOKUH AOCTYH K CPEICTBaM MacCOBOH WMH(GOPMAIMK C ITOMOINBIO MEIHATEXHOJIOTHA.
Hauwnnas ¢ 2014 r. [13] BcTpedatoTcss yTBEPKACHUS O POXKIESHUN HOBOTO MOKOJIEHHS TEXHOJIOT UM, KOTOPO-
My npHucBoeHo Ha3zBanue DSS2.0.

B pamkax o01ero HanpaBieHUs UCCIEAOBAaHUN (OPMYJIUPyEMble TEMbI BKIIIOUAIOT TEOPETUUECKUE,
SMIHMPUYECKHE M MPOEKTHBIE HCCIENOBAHUSA; TEMAaTHYECKHE MOAXO/bl B CUCTEMAaX MOAAEPKKU MPUHITHS
pELIeHNH; MOJCIH NPUHATHS PELIeHUH B pealbHOM MHUpE; HHQOpMallMOHHBIE TEXHOJIOTUHU B 3paBoOXpa-
HEHHMHU; TEOPHMIO MPUHATHSA DELICHUH; yNpaBlieHHE 3HAHUSMH, OTKPBITHE 3HAHMH M PecypcoB; Ou3Hec-
AQHAJIMTUKY; CUCTEMBbl IOJIEPKKU NPHUHATHS TPYIIOBBIX PELICHUH; «OOJbIINE AaHHBIE»; CIELHAIbHBIC
S3BIKU JJIS1 TIOAJICPKKH TIPUHSTHUS PELICHUH; My IbTUMEINiHbIe HHCTPYMeHTHI i1 DSS; cuctemsr Web 2.0
B HOJJIEPXKKE MPUHATHUS PEIICHUH M KOHTEKCTHBIC TEXHOJIOTUH [UIS NPUHSTHS PELICHUI; HHTEeIUIEKTYalb-
HBIE CUCTEMBI ¥ TEXHOJIOTHUH MOANEPKKU MPUHATHS pelieHui; MeToas! uccieaopanns B DSS 2.0; MoOwmTh-
Hele DSS; ananuTuky coumanbHeIx cetedl. st Bcex, KTo pa3pabaThIBacT WM MCIONIB3yeT CHCTEMBI IOJ-
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JIEPKKU MPUHSATUS PELICHUH, EPEUUCICHHBIA CIIUCOK METOJIOB U MPUJIOKEHUHN JOJKEH AaTh UAEH U yKa-
3aHUS JJIs BBIBOJIa COOCTBEHHBIX pa3pab0TOK HA HOBBIM TEXHOJIOTUYECKUI YPOBEHb.

10.
11.

12.

13.
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NCCAEAOBAHUME BAMAHUS PESXKXUMOB PABOTDI
HAIIOTPEIIHOCTDb UBMEPEHUA YCTAHOBKH
AAA TTIOBEPKHM KMAOBOABTMETPOB YIIK-30IIT

A. S.Ilin, R. F. Plaksunov, A. P. Voronov, I. A. Kostrikina

INVESTIGATION OF THE INFLUENCE OF OPERATING MODES
ON THE MEASUREMENT ACCURACY OF THE INSTALLATION
FOR CALIBRATION OF KILOVOLTMETERS UPK-30 PT

Annomayusa. AxkmyanrsHocms u yenu. AKTYaabHOCTb UC-
CJIC/IOBaHUS PEKMMOB pabOTBI YCTAHOBKH ISl TIOBEPKH
kmoBonbT™MeTpoB YIIK-30IIT ompenensiercss HeoO6X01u-
MOCTBIO JJOCTMKEHMSI BBICOKOM TOYHOCTH M3MEPEHUM NpU
WCIIOJIb30BAHNH HECTAOMIIBHBIX KOMIOHEHTOB. IIpemme-
TOM HCCIIEIOBAHMS ABJISIETCS BIUSIHUE IAPAMETPOB BXOJ-
HOTO CHTHaJIa Ha MOTPEIIHOCTh u3MepeHus. Llenpro pabo-
TBl SIBISIETCS ONpENeJeHWE [Hala3oHa BPEMEHHBIX
WHTEPBAIOB pabOThl YCTAaHOBKH, HE BIMSIOLIEr0O Ha 3a/1aH-
HYIO MOTPELIHOCTh U3MepeHus. Mamepuansl u memoosl.
Jnst pemieHus NaHHOM 3aaddl paccMaTpHBAIICS HeIpe-
PBIBHBI U TIPEPBIBUCTBI CIIOCOO BOCIIPOM3BEAEHHUS CHT-
Hatna. Pesynbmamer. B Xone paOOThl yCTaHOBIICHO BIIUS-
HHE pa3IM4YHBIX pPEKUMOB pPabOTBl HA  TOYHOCTB
W3MEPEHN B YCTAHOBKE JUISl ITOBEPKH KWJIOBOJIHTMETPOB
VIIK-30I1T. B pe3ymnprare uccienoBaHus BIOPaH MPePhI-
BHCTBIM PEXHM, OOECIIeUMBAIOMINI MEHBIIYI0 MOTpemI-
HOCTh m3MepeHusi. OnperienieH Anana3oH BPEMEHHBIX WH-
TEpBAJIOB, B KOTOPOM MOJDKHO paloTaTh IOBEPSEMOE
YCTPOWCTRBO, 110 3a/IaHHOM MOTPEITHOCTH. Bb1600bi. BBIOOD
pexuMa paboThl YCTAHOBKH JUIS MOBEPKH KHJIOBOJBTMET-
poB VYIIK-30IIT oka3piBaeT CyIIECTBEHHOE BIHSHHE Ha
JOCTIKEHUE BBICOKOH TOYHOCTH M3MEPEHHH IPU HCIIOJb-
30BaHUN MEHEE CTAOMIIBHBIX KOMIIOHEHTOB.

Knrwouegvle cnosa: moBepka, BHICOKOE HAIPSDKEHHE, H3-
MEpUTEIbHAs CHCTEMa, MOTPEIIHOCTh M3MEPEHHsI, N3Me-
PHUTENbHBIC KaHAIIBI, PEKIM PabOTHI.

Abstract. Background. The relevance of the study of the
operating modes of the unit for checking kilovoltmeters
UPK-30PT is determined by the need to achieve high
measurement accuracy when using less stable compo-
nents. The subject of research is the influence of input
signal parameters on the measurement error. The purpose
of this work is to determine the range of time intervals of
the installation that does not affect the specified meas-
urement error. Materials and methods. To solve this prob-
lem, we considered a continuous and intermittent method
of signal reproduction. Results. In the course of the work,
the influence of various operating modes on the accuracy
of measurements in the unit for checking kilovoltmeters
UPK-30PT was established. As a result of the study, an
intermittent mode was selected, which provides a lower
measurement error. The range of time intervals in which
the device to be tested should operate is determined based
on the specified error. Conclusions. The choice of the op-
erating mode of the unit for checking kilovoltmeters
UPK-30PT has a significant impact on achieving high
measurement accuracy when using less stable compo-
nents.

Keywords: verification, high voltage, measuring system,
measurement accuracy, measuring channel, operating
mode.

3agaua pa3pabOTKH M U3rOTOBJICHUS YCTAHOBKU JUIA TIoBepkH KuitoBonbTMeTpoB YIIK-30I1T, mpen-
Ha3HA4YEeHHBIX A7 BOCIPOU3BEACHUN M M3MEPEHUH HallpsbKeHUH moctossHHOro Toka 10 30 kB ¢ npenenom
nonyckaemoi norpemHoctd = 0,1 %, npuBesna K HEOOXOJUMOCTH HCCIEIOBAaHUS BIUSHUS MIApaMETPOB
BXOJTHOT'O CHTHAJIa yCTAaHOBKM Ha MOTPEIIHOCTh u3Mepenus [1-3].

YcTaHOBKa MPEACTABIAET TPEXKAHAIBHYIO CUCTEMY M3MEPEHHs IOJ YIIPaBIEHHUEM IEPCOHAIBHOIO

kommbioTepa (I1K):

—kaHaji | (MICTOYHHUK BBICOKOTO HANPSHKEHUs ) BOCIIPOM3BOJUT BRICOKOE HaIpshKeHUe, 3aqaBaemoe 11K;

—KaHaji 2 (ITAIOHHBIA KHIIOBOJIBTMETP) MpeoOpa3yeT BOCIPOU3BOANMOE HAMPSIKEHUE O YPOBHS,
M3MEpSIEMOr0 ATAJIOHHBIM BOJIBTMETPOM, U IIEpeaaeT pe3yabTaThel n3mMepenui Ha 11K

—KaHaja 3 (moBepsieMbIii KWJIOBOJIBTMETP) MpeoOpazyeT BOCIPOU3BOJMMOE HANpPSHKEHUE 10 YPOBHS,
HU3MEPSAEMOro OBEPSIEMBIM BOJILTMETPOM, U MepeiaeT pe3yabTarhl uamMmepenuit Ha I1K;
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—IIK ¢opmupyeT BpeMeHHOI1 npouecc paboThl cUCTEMbI M 00padaThIBaeT MOIYUCHHBIE 10 KaHaJlaM
1 1 2 nauHble.

N3mepenust B kaHanax 2 u 3 npou3BoAsATCs OAHOBpeMeHHO. Pe3ynbratel n3mepenuii [1K cpaBHuBaior
Ipyr ¢ apyroM. PasHuma Mexmy pesylbTaTaMH H3MEpPEeHHH OIpeleNsieT MOTPEUIHOCTh IMOBEPSIEMOTo
ycrporictsa [4, 5].

CrpyKTypHas cxema U3MEepUTEIbHOM CHCTeMBI H300pakeHa Ha puc. 1.

o | Polw [N ?

! (Karan 1) | ! (Karan 2| | i (Koran %)_____1 |

Clowed | b fms3onT )b b

RS

oo | jokesonm |
MK

Puc. 1. CrpykrypHas cxema uameputenbHon cucteMsl: IBH — HCTOYHHK BRICOKOTO HAIIPSKEHHUS,
YHUBH — ynpasnsiemslit BCTOUYHUK BbICOKOTO HanpspkeHus; PUOH-10 — perynupyemslit HCTOUHHK
onopuoro Hanpspkenus; [IK — o6pasuosiii nupposoit kunososnst™Merp; JJHB-30I1T — nenurens
HanpspkeHus: BIcokoBOJIbTHBIN; CKB-30I1T — 610k M3MepUTENbHBINA KHJIOBOJIBTMETPA MNOCTOSHHOTO
Toka; OK— 00beKT KOHTpOJIS (1IOBepsieMblii KitoBosbTMETp); [1K — mepcoHanbHbIi KOMIIBIOTED

WzmepuTenbHble KaHAIBI 2 U 3 MOJBEPrallUCh BO3JICHCTBHIO BOCITPOM3BOUMOTO KaHAIOM 1 Hamps-
JKEHUS TTOCTOSIHHOTO (HETPEPBIBHBIA PEXKUM) U UMITYJIbCHOTO (IIPEPBIBUCTHINM PekuM) TokoB. Dopma Boc-
MPOU3BOJIMMBIX HAINPSDKEHHUH, JUTUTEIBHOCTh BO3JICHCTBUS HANpPsDKEHWH HAa KaHaibl 2 U 3 BBIOpaHBI U3
ycioBuii obecnieueHus: 6e30MmacHOCTH paboOTHI ONepaTopa B BEPXHEH TOUKE paboyero auama3oHa HarpsbKe-
Huii (Ul) B TeyeHUe 3aJaHHOTO BPEMEHH HenpepblBHOH paboTsl (7,), COOTBETCTBHS METOJUKH MOBEPKU
KiioBoIbT™METpa B7-40 B 4acTH yCTaHOBKM 3HAYCHUI HAMPSHKCHUS B TIOBEPSAEMBIX TOYKAX M ONTUMAIIBHO-
CTH TIEpHOJia TIOBTOPEeHMS n3MepeHuit (1) mpuBeAeHBI Ha pHC. 2.

U, kB
rd _ T T rfi—_l
| [ |
1 \ |  HenpepkigHLIl
u1 \1 \'"'. pemumM
] | ' .
T=10mun
- - t, MUH
| Tep=T*N=480 mun |
t2
: Mpepsiaucmeri
1 peMuM
g ] fuzm
. n ot fa t, MUH

Puc. 2. BpemenHoii iporiecc pabOTHI CHCTEMBI:
#; — BpeMs 10 IT0JJaYH HANPSDKEHUST; £, — BPEMS BBIICPIKKH IO HATIPSDKEHUEM; 113, — BPEMSI H3MEPEHUS
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Ilepuon noBTOpEeHUsT U3MEPEHUI B HENIPEPBIBHOM PEKUME COOTBETCTBYET NEPUOY IIOBTOPEHHUS W3-
MEpEHUI B IPEPBIBUCTOM PEKUME U PaBEH

T= tl + [2, (1)

rzie t — A0 MOJa4YM HalpsDKEHUs Ha BXObl KWIOBOJIBTMETPOB; f, — BPEMS BBIIEPKKH KMIOBOJIBTMETPOB IO
HampspKEHUEM.

Crnenyer OTMETUTh, YTO BPEMs BBIIEPKKH KHJIOBOJIBTMETPOB 0] HANIPSDKEHUEM f, HAMHOTO OOJIbIIe
BPEMEHH U3MEPEHUH fy13, KOTOPOE BKJIIOUAET BPEMs HEIOCPEIACTBEHHOr0 u3Mepenus (1 ¢) u Bpemsi Haxox-
JIeHUsI KWJIOBOJIBTMETpa IOJ HampsoKeHWeM mocie 3aBepineHus mnporecca uameperus (0,5 c). Ilostomy
BpeMsI BBIJIEP)KKH KHJIOBOJIBTMETPOB IOJ HANPSHKEHHWEM U BpPEMsl 10 M3MEPEHUsS HANpsKEHHs] C MOMEHTa
Hayaia BBIICPKKH IPUHUMAIOTCs paBHBIMU. Onucanue padotsl ynpassonieid [IK nporpamMmel npuseneHo
B CTaThe «AJITOPUTM pabOThl YCTaHOBKH Jisl TOBepKH KuiioBoibTMeTpoB YIIK-30I1T». [Iporpamma mno3Bo-
€T YyCTaHABJIMBATh PA3IMYHbIE COOTHOLIEHUS MEXAy BpeMeHamu Ty, T, f1, t, U 3a/1aBaTh 3HAYECHHs aM-
IUIUTY 1 HanpsbkeHuil. PesynbraTel paboThl porpammsl aist Ty, = 8 u = 480 mun, 7' = 10 muH, ¢, = 1 MuH,
t,=1muu u Ul = 30 kB nipeacrasiieHs Ha puc. 3.

t, MUH

v L 120 imQ 40 ey 350 4 4L

OH = 12(0)

(MpepLIBKCTHIR DEXMM)

d,%

on = flt)

(HenpepuIBHLIR pexHm)

Puc. 3. OTHOCHTENBPHAS TIOTPENTHOCTS U3MEPEHHSI CHCTEMBI TIPH PA3IMYHBIX PEKUMAX PAOOTHI

Ha puc. 3 n3o0pakeHbl 3aBUCUMOCTH OTHOCHUTENBHBIX MOTPEIIHOCTEH W3MEPEHHs HAIPSHKEHUS T10-
CTOSTHHOTO TOKa & OT BpEMEHHU MPOBEACHUS n3MepeHuii . AHanu3 QyHkuui & = f{f) moka3pIBaeT, 4To Npu
paboTe cucTeMbl B HEMPEPBIBHOM pexxnMe (rpaduk GyHKIuM O, = f1(f)) Mo ucTeueHuro 8§ 4 U3MEHEeHne J
OTHOCHUTEIIbHO IIepBOHAYalIbHOro 3HaudeHus cocrtasisier 0,1 %, a npu paboTe B NPEPHIBUCTOM DPEXHUME
(rpaduk pyHkmu 6, = f2(f)) u3menenue o, e npeppimaet 0,01 %. Otnuune Gopm rpaduKoB BEI3BAHO 3a-
BUCHMOCTBIO KOMIIOHEHTOB YCTQHOBKHM OT aMIUIUTYABI M JUIMTEIBHOCTH HPHUKIIAIBIBAEMOr0 K HUM Hampsi-
xeHus. [1o3ToMy HocTHKEeHHE BBICOKOW TOYHOCTH M3MEPEHHH NPH MCIIOIb30BaHUH HETIPEPHIBHOTO PEKUMA
JOCTHTaeTCsl TIOBBIIICHUEM CTAOMIBHOCTH KOMIIOHEHTOB YCTAaHOBKH, YTO MPUBOIUT K TOBBILICHUIO CTOM-
MOCTH YCTaHOBKH [6, 7].

Vcrionp30BaHMEe TPEPHIBUCTOIO PEXUMA IO3BOJISIET MOBBICUTH TOYHOCTh M3MEPEHHS C MOMOIIBIO
yrpasistonieit nporpammel [TK myTem cokpailleHHusl BpeMEHHBIX HHTEPBAJIOB B MPOLIECCE U3MEPEHUN U aB-
TOMAaTH3UPOBATh MPOLIECC MOBEPKH, a TAKXKE YCTAHABIMBATh COOTHOLICHUS WHTEPBAJIOB BPEMEHHU t U Iy,
B KOTOPBIX 3Ha4€HHE O, HE NPEBHIMIACT 3aJAHHOTO Ha YCTAaHOBKY 3HAYCHHS.

Hcnonp3ys B KadecTBe 0OBEKTa KOHTPOJIS BOILTMETP B7-40 cOBMECTHO ¢ BXOAAMINM B KOMIUICKTA-
LU0 JIeIUTeNeM, ONpeaeTMM 00JIaCTh 3HAYCHUH BPEMEHHBIX HHTEPBAIOB JUIsi OTHOCHUTEILHOMN MOTPEIIHO-
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CTH U3MEpPEHUsI HaNpsHKeHUI MocTosHHOTO Toka cucteMbl O < 0,1 %. McxoaHbpIMi JaHHBIMHU 7SI OLICHKH
rpaHul] 00JIACTH BHIOpAaHBI BpEMEHHBIC UHTEPBANLI ¢ = 1 MuH, t, = 1/12; 0,5; 1; 2; 3; 4; 5 MuH.

CornacHo MeTOJMKe NOBEPKH AJisl BosbTMeTpa B7-40 ycraHoBneHO: BpeMs O MOAAYM HAIPSKEHUS
t;— 1 MuH; BpeMs 10 U3MEPEHHUsI f, — 2 MUH.

JInTenbHOCTh BPEMEHHOI'O MHTEPBAJIA 10 [10/1a41 HamlpspKeHHs 6ojiee | MUH HE3HAUYNTENbHO BIUSET
Ha OTHOCHUTEJIbHYIO MOTpeIHOCTh. [laHHas mays3a MexXIy BO3ACHCTBHAMHU HAIPSDKEHHS MO3BOJISAET MPHBE-
CTH B MICXOJJHOE COCTOSIHUE KOMIIOHEHTHI U3MEPUTEIHLHON CUCTEMBI.

Ha puc. 4 nmpeacrasieHa NOrPeIIHOCTh CUCTEMbI B BUJIE TPEXMEPHOTo TpaduKa MOrpeIHOCTH OT IpH-
JI0KEHHOT'O HAIPSKEHUS B 3aBUCHMOCTH OT BEIOPAaHHOTO BPEMEHHOTO HHTepBaiia padoTsl & = AU, 4, 1).

Amnanu3 rpaduka mo3BoJsieT YCTaHOBUTh, YTO HOTPEIIHOCTh HE MPEBBILIAET JAOINYCTHMOE 3HAUEeHHUE
0,1 % B nmuamaszone (1/12 MuH — 5 MHUH) BO3JEHCTBHS BHICOKOTO HANPSDKEHHUA. MUHUMAIbHAS TTOTPEITHOCTD
CHCTEMBbI HaOJII0JaeTCsl IPU BpeMEHH BO3ACHCTBUS HANPsDKEHUS — | MUH.

Cka4yok NMOTPEeIIHOCTH U3MEPEHUs B TOUKE 3HaUeHHsI HanpshkeHus: 10 kB 00yclioBiieH mepekroueHn-
eM anarnazoHa m3mepenus oioka m3meputensHoro CKB-30I1T. Ognako maHHBIH (akTOp HE BIMSET HA Mpe-
BBIILIEHUE TTOTPELIHOCTH OTHOCUTEIBHO JOITYCTUMOTO 3HAYCHUSI.

m 00901
= 0,08-0.09
m0,07-0,08
m 0,06-0,07
0,05-0,06
m 0.04-0.05
m 0,03-0.04
m0,02-003
= 0,00-0.02

m0-0.01

a7 H
2

Las t1; 2, MUK

Puc. 4. PacnpeﬂeneHMe OTHOCHUTEIIbHOM MOrpC€IIHOCTU UBMEPCHUS B IUAINIa30HC BPEMCHHBIX MHTCPBAJIOB pa6OTI:I
CHUCTCMBI OT BOSZ[ef/'ICTBI/I}I HamnpsHKECHUA

Pe3yanaTLI BBIITOJTHEHHBIX I/ICCJ'IG,HOBaHI/Iﬁ IIOKa3bIBalOT, YTO:

— Ha WMeIoNIeiics KOMIOHEHTHON M anmapaTHON 0a3e MpepBhIBUCTHIA PEXUM MTO3BOJISIET 00ECTICYNTh
0OMBLIYIO0 TOYHOCTH U3MEPEHUS, YeM HETPEPBIBHBIN;

— HaJIMYKE B YIPABIHIOLIEH IporpaMme napaMeTpoB, YCTaHABIMBAEMBIX OIIEPATOPOM BO BpEMs I10O-
BEPKH BPYYHYIO, ITO3BOJISIET aBTOMAaTU3HPOBATh MPOIIECC TTOBEPKH;

— 0 33JaHHOM TOTPEIIHOCTH O YCTaHABJIMBAETCS AMANa30H BPEMEHHBIX WHTEPBAJIOB, B KOTOPOM
JIOJDKHO paboraTh ycTpoiicTBo. Hampumep, st BoiabTMerpa B7-40 vimeer BpeMs 10 MOJa4H HANPSHKEHUS
t; — 1 MuH 1 BpeMs 10 u3Mepenus t, — 2 MuH, o < 0,02 %.
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TOWARDS A THEORY OF REGIONAL CRITICAL INFRASTRUCTURE SECURITY

AND RESILIENCE

A.B.Macaob6oes

HABCTPEYY TEOPHUHN BE3OITACHOCTH U JKU3HECIIOCOBHOCTH
PETMOHAABHBIX KPUTHYECKUX UHOPACTPYKTYP

Abstract. Background. The work is aimed at modern the-
ory of complex system security development in the con-
text of an integrated methodology design for critical in-
frastructure security and resilience (CISR) management
and CISR research systematization of regional socio-
economic systems. The urgency of the study is condi-
tioned by rising requirements for control operators and
means for the purpose of CISR support at the regional
level and the need to improve the regional security man-
agement system engineered on the basis of situational
center network. The objective of research is to develop
the theoretical and organizational-technical foundations
of CISR management of the region as well as to analyze
foreign experience in this field. Materials and methods.
The research is carried out by the example of critical in-
frastructures of the Murmansk region, which is a part of
the Russian Arctic. Three key CISR domains (dimen-
sions) of regional socio-economic systems are consid-
ered: technological, organizational and societal resilience.
The methodological base of the study includes systems
approach, conceptual modeling, and convergence of con-
trol theory, reliability theory, risk analysis, safety and
stability theory methods. Results and conclusions. An
overview of the state-of-the-art research in the field of
CISR management and an analysis of the existing models
and methods applicability to problem-solving in this dy-
namic object domain are carried out. The novel holistic
methodology of CISR analysis and management support
is proposed. A conceptual model of CISR control system
and a technique for resilience assessment of the regional
critical objects and infrastructures have been developed.
The application of theoretical developments will in pro-
spect enhance the features of methods and tools used in
practice to regional security support within the situational
centers of the region, and to specify the information
structure and forms of resilience management of the so-
cio-economic systems as well as methods of risk assess-
ment and analysis of the security violation of regional
critical infrastructures.

Annomauyun. Axmyanvrocme u yenu. Pabora Hampasie-
HAa Ha pa3BUTHE COBPEMEHHOW TeOpuH OE30MacHOCTH
CJIOKHBIX CUCTEM B KOHTEKCTE pa3paOdOTKH KOMILJIEKCHOW
METOJIOJIOT U YIpaBJIeHHs: OE30IIaCHOCTBIO U JKU3HECIIO-
coOHocThIO KpuTHUueckuxX uHppacTpyktyp (BXKXKU) u cu-
cremaruszanuu  uccineposanuii  BXXKHW  pernonambHbIx
COLMAJIbHO-9KOHOMHUYECKHX CHCTEM. AKTyalbHOCTb pa-
0OTBI 0OYCIIOBITMBACTCS BO3PACTAIOMINMHU TPEOOBAHISIMA
kK opraram u cpencrBam obecreuenns bXXKU na perwo-
HAITbHOM YPOBHE U HEOOXOIMMOCTHIO COBEPIICHCTBOBAHHS
CHUCTEMBl YIPABICHUS DPETHOHAJIBFHONH O€30MacHOCTHIO,
MIOCTPOCHHOI Ha 6a3e CeTH CHUTYaIlHOHHBIX IIEHTPOB. Lle-
JIBIO UCCIICIOBAaHUHN SIBIISIETCS Pa3padO0TKa TEOPETHIECKUX
U OpPraHU3aI[MOHHO-TEXHUYECKHX OCHOB YIIPaBICHHUS
BXKKU peruona, a Takxke aHaJiu3 3apyOC)KHOTO OIbITA B
aTol chepe. Mamepuanot u memoowi. VccnenoBaHus
NPOBOASATCST HA NPHMEpe KPUTHUECKUX HH(PacTpyKTyp
MypMaHCKO#l 00JacTH, pernoHa BXOJSIIEI0 B COCTaB
Apxkruueckoil 3oubl Poccun. PaccMoTpeHsl Tpu Kiroue-
Bole oOnmactu (u3meperus) BXXKU perrnoHambHBIX COIH-
ATBHO-PKOHOMHYECKUX CHCTEM: TEXHOJIOTWYECKas, opra-
HU3AIMOHHAS W COIMeTanbHas. Meromonormdeckas 6asza
HCCIICIOBAHMS BKIIIOYAET CHUCTEMHBIN MTOIX0M, KOHIIETITY-
IbHOE MOJIEMPOBAaHNE, KOHBEPTEHIIHIO METOI0B TEOPHU
YIOpaBJICHUS, TEOPUH HAAEKHOCTH, aHAJIM3a PHCKa, TEOo-
puu  0€30MacHOCTH H YCTOWYUBOCTH. Pe3ynrbmamol
u 6b18600bl. [IpoBeeHBI 0030p COBPEMEHHOI'O COCTOSIHUS
uccnenoBanuii B ctepe ynpasiennss bXKW u anamus
MPUMEHNUMOCTH CYLIECTBYIOIIUX MOAENEH U METOJ0B JUIs
peleHus 3a/ad B 3TOH AMHAMUYHON MpoOiIeMHON o0ia-
cru. Ilpemnoxena meromonorust ympasinenus BXKKH.
Pa3pabotansr KOHIIENTYanbHAsT MOJENb CUCTEMBI yIIPaB-
neanss B KKM u merommka OIEHKHM >KH3HECITIOCOOHOCTH
KPUTHUYECKH BaXKHBIX 00BEKTOB U UH(PACTPYKTYp peruo-
Ha. [IpuMeHeHne TeopeTHyecKnx pa3pabOTOK B MEPCIEK-
THBE MO3BOJUT PACIIMPUTH BO3MOKHOCTU HUCIOIb3YEMBIX
Ha IMpakTHKE METOAOB M CPEACTB OOECIEUYEHHUs pEeruo-
HaJIbHOIM 0€30IIaCHOCTH B CHTYAI[MOHHBIX LIEHTPaX PEru-
OHa, KOHKPETU3UPOBATh HH(POPMALIMOHHYIO CTPYKTYpPY U
(hopMBI ynpaBlieHHS! >KU3HECTIOCOOHOCTBIO COIHAIBbHO-
HKOHOMHYECKHX CHCTEM, a TakKXe CIOCOOBI OLEHKH M
aHallM3a PHCKOB HAPYIIEHUS OE30MACHOCTH pPETHOHANb-
HBIX KPUTHYECKUX HHPPACTPYKTYP.
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Introduction

At present, it is necessary to maintain and organize an effective information support of regional criti-
cal infrastructure security and resilience (CISR) management on the basis of threat and vulnerability
sources outpacing monitoring and comprehensive analysis of the regional socio-economic systems to re-
duce different types of uncertainty under decision-making processes in the rapidly changing conditions.
A lot of various emergency situations are arising dynamically in the regional critical infrastructures both
predictable and unpredictable. This leads to increased requirements for modern security support systems
and technologies aimed to improve effectiveness of safety and resilience control of critical objects in the
socio-economic sphere. Therefore, methodology development of the regional CISR management is urgent
and perspective field of research which is facing a whole range of problems caused by crisis situations in
national and world economy, escalation of international relations, conflicts and instability in social and
economic sectors, uncontrolled external threats in military and political areas, anthropogenic impacts on the
environment and natural challenges, etc.

Efficiency enhancement of CISR management is one of the key directions and significant strategic
goals of public policy both at regional and national level in concordance with National Security Strategy of
Russian Federation [1]. To purposeful goal achievement and problem-solving a network of distributed situ-
ational centers [2] was created and expanded as a relevant tool for digital transformation of governmental
management in security and defense areas of socio-economic development. Physically and conceptually
this network is regarded as a backbone part of the regional CISR management system.

Decision support systems are the basis of the information environment of distributed situational cen-
ters for regional security management. The central problem for this class of systems in the field of regional
security and critical infrastructure resilience management is coordination of the control actions preparation
and implementation at different decision-making levels in conditions of decentralized control and external
environment high dynamics as well as taking into account the influence of human factor.

Effectiveness of the regional critical infrastructure resilience management processes is based on the
decision-making information support quality and the results of monitoring, evaluation and comprehensive
analysis of a wide range of heterogeneous security indicators that allow assessing current status of critical
objects and situation in the region, as well as risks of its sustainable development destabilization. In the
context of digital economy it becomes more obvious that these integral indicators used in the decision-
making procedures and management information systems provide possibilities to critical infrastructure re-
silience level measurement and assessment, prediction and implementation of the adequate crisis-proof
measures directed to various negative consequences prevention on the basis of modern information tech-
nologies and computer modeling.

The most acute CISR problems are revealed at the regional level that leads to higher-level socio-
economic system destabilization (national, global, etc.). Therefore, an improvement of the existing organiza-
tional management system of regional CISR is considered as a significant and urgent problem having a strate-
gic importance for state policy of each region and country in general. However, it is up-to-date still far from
being effectively addressed. At present, this problem is especially relevant for the Arctic regions of Russia.

In our study we go towards the theory of CISR and give an overview of its state-of-the-art back-
ground and foundations. Moreover, we discuss conception of critical infrastructure resilience from the posi-
tion of system approach based on security foundations analysis and propose a complex methodology to re-
gional security and critical infrastructure resilience management and information support. Particularly, our
research is carried out by the example of critical infrastructure resilience of the Arctic region, which is in-
fluenced by a multitude of heterogeneous internal and external threats and hazards.

Research motivation and Problem statement

The specificity of regional CISR, as a subject of inquiry, is determined by the following features:
— the heterogeneity of emergency situations arising in various critical infrastructures of regional so-
cio-economic system;
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— the absence of information completeness characterizing the system (situation) status, its external
environment and interaction at the target time;

— the impossibility of full taking into account all the factors (threats) and clearly defining an action
plan for all probable scenarios of situation dynamically changes;

— the various nature, latent character, slow rising and delayed result adjournment of the threat and
danger impact on system functioning that provides a slack for operational and strategic managerial deci-
sion-making, in contrast to the safety management of critical objects under extreme emergency cases;.

— the existence of poorly formalized and difficult-to-automate initial stages of the crisis situation
evolution life cycle in the critical infrastructures of regional socio-economic system associated with the
emergence of potential threats and hazards;

— the presence of variety aspects influencing on managerial decision-making in the field of critical
infrastructure resilience control and regional security support (political, economic, social, organizational,
technical, regulatory and legal, etc.);

— the multi-aspectivity, interconnectivity and high uncertainty of processes taking place in the criti-
cal infrastructures of regional socio-economic system.

Low efficiency reasons of the regional CISR management in the Arctic region of Russia basically are:

— the absence of unified organizational management system of critical infrastructure resilience in
the region, including information infrastructure of regional security control;

— the interaction coordination complexity and, in some cases, impossibility of the organizationally
heterogeneous and geographically distributed security control actors at different decision-making levels;

— the decentralized nature of regional socio-economic system security management and critical in-
frastructure resilience control in the region;

— the diversity and isolated application of methods and tools for automation of regional security and
resilience support processes at various management levels;

— the fragmentary nature of interdepartmental information interaction organizational and technical
regulations under emergency situations and the absence of a unified regional security passport and critical
infrastructure resilience legal standards.

The main key disadvantages of the regional CISR management system in the Arctic region are, first-
ly, the lack of an integrated information infrastructure for regional security control. Secondly, the non-
coordination of decentralized decision-making at different security management levels. And, thirdly, the
rigid centralized security and resilience management scheme implementation in the regional critical infra-
structures under conditions of distribution and organizational heterogeneity of the control actors participat-
ing in the regional security support processes. Centralized security control is ineffective in real conditions
and does not provide the desired effects.

Regional specificities that are individual for each region add to the issues. Such specific features of
the Arctic region requiring regional security and critical infrastructure resilience management system en-
hancement and development are geographical location, relatively sparse population, low stability of ecolog-
ical system due to enhanced climate change effects and slower natural renewal processes, underdevelop-
ment of infrastructure, relative remoteness and distances federal and population centers, skilled personnel
shortage, demographic problems, specificity of economic development and territory exploration, multiple
objects redundancy of military-industrial complex. The great mixture of all these factors determines the re-
gional critical infrastructure vulnerability in terms of emergence of the various types of natural, anthropo-
genic and socio-economic crisis situations. The consequences neutralization of such type of situations re-
quires operational and effective managerial decision-making in exceedingly limited time. This necessitates
a shift to the network-centric control model [3] of regional CISR management.

The solution of this problem is for the most part hampered by the needs of large volumes of semanti-
cally and organizationally heterogeneous information integration, processing and analysis for activities in-
formation support of critical infrastructure resilience management entities, as well as interaction coordina-
tion between them at all regional security control levels. Therefore, a development of the comprehensive
methodology for critical infrastructure resilience management information support as well as an adaptation
of the state-of-the-art security theory foundations and risk-analysis models are needed to efficient problem-
solving specified above.
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Background and Related work

Any society is highly reliant on interconnected infrastructures providing essential services, so-called
vital societal functions [4]. The Arctic region environment with its remoteness and climate conditions illus-
trates the importance of building capacities and capabilities, across several elements, dimensions and do-
mains, to withstand and rapidly recovery from human-induced, technological and natural disasters, or their
combinations. That means that critical infrastructure that support vital societal functions in such environ-
ment need to be particularly resilient and secured.

The rapidly change in world policy and military situation, national economy and climate conditions
introduces new threats and vulnerabilities in regional socio-economic systems, power systems, transporta-
tion systems, communication systems, and other infrastructures. Local, regional and national communities
and authorities, and most notably infrastructure operators, require a realistic estimate of the security and re-
silience level of the available infrastructures, which should meet the expectation, needs and tolerances of
the end-user, being the society.

Hence, in order to assess CISR in the Arctic region, it is not appropriate to only account for the phys-
ical-cyber infrastructure itself. Information and data from several resilience domains need to be merged and
integrated, processed and analyzed, and there is a need to develop suitable models and methods for regional
CISR management and assessment.

According to the European Council Directive a critical infrastructure can be defined as [5]: ”an asset,
system or part thereof Member State which is essential for the maintenance of vital societal functions,
health, safety, security, economic or social well-being of people, and the disruption or destruction of which
would have a significant impact in a Member State as a result of the failure to maintain those functions”.
Several non-EU countries have adopted similar definitions with some variations [6], so this is the definition
used in the current study.

While there thus is some shared understanding what a critical infrastructure is, the definition of resil-
ience is a more contested one. Nevertheless, the United Nations provides a generic definition that is suitable
for our purpose, defining resilience as [7]: “The ability of a system, community or society exposed to haz-
ards to resist, absorb, accommodate, adapt to, transform and recover from the effects of a hazard in a timely
and efficient manner, including through the preservation and restoration of its essential basic structures and
functions through risk management”. In [8] we have developed formalized multiple-theoretical models of
basic concepts: system resilience, critical infrastructure and resilience control system using conceptual
modeling methodology. The proposed inside [8] conceptual model of regional critical infrastructure func-
tioning takes into account threat dynamics and provides its modeling, despite the fact that almost possible
threats are assigned in advance. For each type of threat a complex of protective measures is offered.

With the above definitions in mind, and considering the available data in the Arctic region of Russia,
the objective of our research is to further develop and tailor existing methods and information technologies
to analysis, evaluate and improve regional CISR in Russian Arctic by the example of Murmansk region.
Beside the growing scientific literature on CISR, to our knowledge there exists no serious and holistic anal-
ysis of the subject and related challenges applied to the Arctic regional context. Our study will fill in that
research and practical knowledge gap. Regional CISR management guidelines, based on interdisciplinary
approach and state-of-the-art research, are needed to maintain risk-sustainable development of the Arctic
region.

In order to do that and to narrow the scope to realistic dimensions, there has to be a clear idea on
which domains of security and resilience need to be included in closer scrutiny. In the Arctic regional CISR
context, we believe that three domains are especially important: technological resilience, organizational re-
silience and societal resilience.

The Arctic region is one of its type in the Russia, due to many of its specific characteristics compared
to other regions and northern territories. Yet, in terms of science and societies at large, it is not sui generis
from the point of view of social, natural, engineering or computer sciences, et. al., as is no other region. In
terms of how to manage regional CISR, the best way to approach the Arctic region challenges is to look at
the more generic scientific context and available knowledge first, then apply that knowledge to the Arctic
region. In so doing, we may find some clues and perhaps even solutions that have already been tested else-
where. Yet, while data acquisition and analysis on generic phenomena relating it to the area-related idio-
syncrasies from the Arctic region at the same time, one can contribute to the more generic picture of the
state-of-the-art with some new insights.
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In our case, it is the question about the strive towards a safe and resilient, i.e. risk-sustainable, socio-
economic development of the region through enhancing its CISR. The concept of resilience emerged into
the scientific literature within the ecosystem theory in the 1970s [9-10]. It received a minor attention during
the subsequent two or three decades. From early 2000s onwards, however, the concept was popularized in
many other fields, not least in disaster management and other fields related to safety and security. A socio-
economic system risk-sustainability (“resilient society”) became the new catchword, an umbrella concept
indeed, comparable to, and partially overlapping with, the earlier emphasis on sustainable development for
a comprehensive review of security and resilience literature [11].

While the above-mentioned UNDRR definition of resilience works rather well as a baseline, the con-
cept is much more multi-faceted, competed and in many ways rather vague. Indeed, we could call it as resil-
ience discourse, the exact boundaries of this discourse still being rather obscure and including several sub-
discourses and application areas. In scientific literature, e.g. [12], we may differentiate between several di-
mensions, so-called domains of resilience: community, social, societal, ecological, environmental, econom-
ic, functional, organisational, personal, psychological, cyber-physical, technological, etc. As known, vari-
ous attempts were made to manage regional CISR centrally, but this did not provide the desired effect, since
there are many diverse resilience domains listed above. All of these key dimensions had to be tied together.
In our opinion, an application of network-centric control approach is a convenient way to address this com-
plex problem, because it most adequately reflects to real nature of the socio-economic system resilience
management and takes into account the decentralized character of regional security support processes, both
in terms of functional structure and control actor composition.

Due to the penetration of the resilience concept into multiple disciplines, its theoretical basis remains
rather versatile, and even contradictory. For social scientists, it is mostly about adapting to the changes in
the society. This debate is characterized by those who, on the one hand, see the resilience discourse as part
of a neoliberal tendency, as transferring responsibilities of the public authorities to the civil society and citi-
zens, in the context of further privatization of welfare and other services. On the other hand, those who see
this development by contrary as emancipation of the citizen, adding to their self-adaptive capacities and
survival strategies. For spatial and urban planners [13], resilience is usually about “resilient design”, focus-
ing on preventive planning against disaster consequences, as well as community ownership and empower-
ment issues for the same goal. In the field of engineering, over the last 1015 years, “resilience engineer-
ing” has been proposed to deal with safety and security in socio-technical systems. The intention, as stated
in [14], is to “enable systems and organisation’s to continue to operate in the face of unforeseen large scale
demands, as well as to improve their everyday functioning”. In practice, this means to find ways to measure
the protective, adaptive and restoring capacities of systems, in order to enhance them [15, 16]. The main
problem is how to put these different theoretical and methodological subjects and concepts together. This
problem-solving consists in the framework of resilience dimensions (security domains) integration that is
helpful in the way of focusing on different but related actors, such as public authorities, civil society, infra-
structure owners and operators for the efficient network-centric management of regional security and resili-
ence.

Our analytical survey of the domestic scientific literature and experience showed that systemic basic
research on the regional CISR problems in Russia have not been previously carried out. This also applies to
the Arctic region and socio-economic and environmental safety management of its critical objects. Domes-
tic publications for the most part touch upon the issue of individual dimensions of the critical infrastructure
security and socio-economic system resilience with varying level of problem domain detailing based on
system approach principles, control theory, reliability theory, risk analysis and safety methodologies. Thus,
[17-19] analyze and discuss a wide range of problems and issues of the theory and practice of critical infra-
structure security violation risk management as well as certain resilience aspects of socio-economic system
critical objects in conditions of the uncertainty and incompleteness of source information for decision-
making. Appropriate models and methods are proposed for various relevant applications in the field of
comprehensive security of critical infrastructures. The recommendations for safeguarding of the critical in-
frastructure objects from the natural and anthropogenic emergency situations, as well as for taking into ac-
count the impact of human factor within the risk assessment and analysis of critical infrastructure function-
ing by the example of system research and development of the regional security and social resilience
management support, are given. The distinctive feature of domestic studies as compared with foreign re-
search is the point of view on resilience and security of the socio-economic systems and processes studied.
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Thus, foreign researchers are focused on the personal and civil society point of view in analysis of the criti-
cal infrastructure security problems, while Russian scientists often abide by state and national interests in
these issues.

A wide variety of methods is observed in the theoretical base of basic research on the CISR control
problems. Generally, the methodology for CISR research and analysis has overlaps in methods used within
the other scientific disciplines: reliability theory, risk management, security control, sustainable develop-
ment, crisis management, viability theory, stability theory, system safety, acceptable risk conception, etc.
These fields of research have made an essential effect on the fundamental formation and development of
the theory of critical infrastructure resilience. Thus, the position of critical infrastructure resilience theory
among the specified scientific concepts can be represented as a symbiosis result of the corresponding field
of knowledge. On the basis of mentioned scientific paradigms and control theory foundations we have de-
signed a generic conceptual model of the regional CISR management system, including control object, reg-
ulator, external environment, input and output resources, data flows, system state evaluator, etc. This con-
ceptual model is schematically shown on Figure 1. Figure 1 also illustrates the main steps of security and
resilience control algorithm and accounting of various factor impacts occurred in management process.
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Fig. 1. Conceptual model of regional CISR control system

In the general case, a choice of particular method for critical infrastructure resilience and security
analysis and control depends on the measuring of system resilience domain on which the each individual
researcher focuses his or her attention (e.g. community resilience, societal resilience, human resilience,
economic resilience, environmental resilience, technological resilience, organizational resilience, cyber re-
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silience, etc.). Within the bounds of the given measurements of critical infrastructure resilience separate
systems, processes and phenomena are studied that are most significant for specific problem-solving under
research. At the same time, in most cases coherence and associations of the studied type of system resili-
ence with other components of critical infrastructures are omitted from the consideration and analysis.

CISR conceptual domains

While the definitions differ and overlap, technological, organizational and societal domains are most
notably connected to our research subject and objectives. To keep these domains analytically separate is
justifiable as they are crucial in defining which actor is responsible for a certain type of resilience action.
Technological and organizational resilience domains are the most important ones from the perspective of
regional critical infrastructure operators. The societal domain cannot however be ignored as critical infra-
structure operators are obliged by government regulation, and in the event of a major disturbance, they are
in direct relation with emergency services and the clients. Finally, the critical infrastructure is supposed to
secure vital societal functions, first and foremost, to the regional socio-economic risk-sustainable develop-
ment and society at large. Therefore, technological, organizational and societal resilience domains are tight-
ly interconnected and provide joint risks and challenges for critical infrastructures of regional socio-
economic system declared above and taking into consideration under our discourse.

Let us take a closer look at these three interrelated resilience domains that cover most of the issues
related to CISR of the Arctic region, as well as their overlapping area of risks and challenges.

Societal resilience refers not only to public policy and services related to infrastructure or related vi-
tal societal functions, but also to the ability of social groups and the society at large to cope with external
stresses and disturbances as a result of contingencies. It is thus related to the needs and tolerances of the
community, which is dependent on the service provided by critical infrastructure. Having this information
the regional critical infrastructure operators could set their minimum required service levels required from
them. Closing the gap between public expectations and the actual service level provided, can be solved
through effective communication, illustrating the bi-directional link between a resilience assessment in
technological and organizational domains, on the one hand, and societal resilience, on the other hand.

There exist many efforts to define societal resilience (or social, sometimes community, although de-
fined in a various ways), and there can be found a lot of good practices of resilient communities. In any
case, the focus in societal resilience is on the problems of local communities when it faces crises, emergen-
cies or disasters, where critical infrastructure, or its service disruption, may or may not play a crucial role.
Yet, even if the source of a disaster is the disruption of critical infrastructure service, the question is not
usually on absorptive but adaptive capacities toward these critical infrastructure disturbances. Often societal
resilience research is connected to bio-socio-economic issues and social capital.

There is no one, agreed-upon metrics to evaluate societal security and resilience. Moreover, many of
the societal resilience approaches are very generic ones, and thus difficult to handle. While quite a few ef-
forts to develop societal resilience indicators and indices exist e.g. [20], they often only list socio-economic
or institutional-political indicators at a very general level. They typically present a set of indicators for
measuring baseline levels of community resilience. These can include a number of elements of society that
are supposed to measure security and resilience, such as: educational equity, age structure, transportation
access, communication capacity, language competency, special needs, health coverage, place attachment,
political engagement, social capital in terms of religion, social capital in terms of civic involvement and ad-
vocacy, innovation, cohesiveness and trust, societal relationships, contentment with life, conflicts, commu-
nication between stakeholder groups, power and political structures, engagement of young people, respons-
es to and opportunities for influencing change, learning and knowledge, knowledge utility and transfer
(learning from experience), participation in decision-making, engagement of community resources, stake-
holder agency, etc.

At best, in terms of concreteness, the scientific literature on societal security and resilience suggests
indicators that reflect the emergency management and self-assistance capacities of the community. Occa-
sionally, one can find efforts to consider the linkage between infrastructures and social systems [21], argu-
ing that there is a need to link physical systems and human communities in order to measure and enhance
societal security and resilience. From the perspective of regional CISR and related disturbances, it has how-
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ever been emphasized at least three essential criteria or guidelines that should be taken into account: know
the public stakeholders and their expectations; meet expectations; share disaster-related information [22].

Organizational resilience refers to the sectors, organizations and institutions that manage the regional
critical infrastructures, including processes of organizational capacity and capability, planning, training,
leadership, communication, etc. Organizational analysis is most often done qualitatively, but can in some
cases be transformed to quantitative or semi-quantitative scales.

In the field of organizational resilience, there is a growing body of scientific literature that literally
aims at developing indicators to measure an organizations resilience, e.g. [23], as well as a number of na-
tional and international standards ISO 28002:2011, ISO 28004:2014, etc. In fact, the first resilience stand-
ards are related to organizational resilience. Thus, the ISO 28002 standard for resilience in the supply chain
was approved in 2011, based on the U.S. ANSI/ASIS.SPC.1:2009 organizational resilience standard.

The focus of this literature is primarily on organizations that own and manage regional critical infra-
structure facilities. The purpose is to measure the ability of an organization to withstand disturbance of re-
gional critical infrastructure facilities and maintain or quickly regain function. In practice, this takes place
mostly in self-auditing manner, motivated by self-interested profit-seeking in terms of business continuity,
although also public good considerations might be taken into account, at least for the sake of possible repu-
tation costs.

To be safe and resilient, organizations must take into account such factors as strong and flexible
leadership, an awareness and understanding of their operating environment, their ability to adapt in re-
sponse to rapid change, etc. Yet, while at the first sight, this is a rather straightforward process, and as such
suitable for standardization, it becomes more complicated due to the fact that social and cultural differences
must be considered. Also such indices as innovativeness, creativity and improvisation skills of the organiza-
tion leadership are often put forward, which however are rather difficult to measure, except post factum.

Technological resilience (sometimes technical or engineering) refers mainly to the physical proper-
ties of the regional critical infrastructures, focusing on their ability to resist damage and their loss of func-
tion during an over-stress situation. Technological security and resilience looks the issue at stake from an
engineering point of view. While technological resilience includes elements of organizational resilience,
and these two domains in a way require each other in many cases, the main difference is that resilience is
achieved by technological rather than organizational solutions.

The main actors in the context of this domain of regional security and resilience are critical infra-
structure operators, that is, those very facilities that produce the critical services. The role of authorities
might be to regulate or control that the technical standards are followed. Furthermore, in most cases, the in-
house technological or engineering capacities and capabilities of a service producer are not enough, but one
has to rely on manufacturers or vendors for resilience-related technological solutions.

There is no officially approved definition of technological resilience in the context of regional critical
infrastructure security in terms of international standard. However, a certain level of consensus has been
emerging in the related scientific literature. From the standard definition of security, including resilience,
one can already derive the main elements of technological resilience. If a resilient infrastructure is a com-
ponent, system or facility that is able to withstand damage or disruption, but if affected, can be readily and
cost-effectively restored, then there are three key technological concepts in resilience that should be de-
manded from a resilient critical infrastructure: resistance, absorption-adaptation (minimizing the conse-
quences of disruption) and restoration capacity. Resistance could also be described with the term robustness
[24], which is the ability of a system to resist or withstand an extreme event of a given level and still main-
tain some degree of system function.

Every engineering solution is naturally one of its own kinds. Yet, already this rather minimalist defi-
nition provides us a rather straightforward understanding about what are the general attributes or elements
could be measured in respect to resilient infrastructure — especially from a technological perspective.

In modern literature on technological security and resilience, one can find more or less detailed ty-
pologies and indicators [25-27]. In fact, [28] provided already early on a typology of the resilience aspects
of an earthquake that could be applied to critical resilience as well. This typology included four levels: ro-
bustness, redundancy, resourcefulness and rapidity of recovery. This typology, in turn, has been repeated
with some variations in most definitions of resilience. For instance, the politically influential definition [29]
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includes four factors: robustness, which is the ability to keep a critical infrastructure operating or stay standing
in the face of disaster; resourcefulness, which means a skilful management of a disaster once it unfolds; rapid
recovery, which refers to the capacity to get things back to normal as quickly as possible after a disaster; and,
finally, learning, that is, the ability to absorb new lessons that can be drawn from a catastrophe [26].

Often when one approaches technological resilience it is illustrated by the so-called resilience trian-
gle [30], which expresses performance loss in function to time of recovery. Increased resilience means that
the triangle space will be reduced, and, hopefully moved to the right to enhance time for preparedness
measures. By definition, this triangle presupposes the phase before any disruption, that of a downward
curve and the upward curve, and last, post-disruption phase when the service level has been restored. In
some fields, such as urban planning, the idea of “rebuild it better” is applied, thus the starting performance
level becoming higher as it was before the incident. Thus, local communities may use a disaster as an oppor-
tunity to regenerate an area. In pure technological fashion, which however captures the essence of security and
resilience in many ways, Figure 2 illustrates this “resilience triangle” function as reproduced in [31].

Performance (Q)

A Incident

! _

Adaptation

A ————

Anticipation

Recovery

Response +
absorption

>

Time (t)
Fig. 2. Resilience triangle function: performance loss and recovery [31]

Regional CISR management technique

The question arises how we can evaluate regional CISR, and through that, enhance it. How to make
the Arctic region more secured and resilient, especially those elements that are related to vital societal func-
tions and socio-economic sphere of development, in order to “meet the basic needs of the population and
society” and those “services and supplies” that have to be maintained in order to meet needs [4].

To address this problem a systematization and development of the CISR network-centric management
system in the Arctic region is basically needed by preparing and implementing fundamental and practical
guidelines (namely, holistic methodology), which, on the one hand, draw on the generic CISR foundations
but, on the other hand, are tailorable to the specific regional conditions, taking into account the emergence of
dynamic changes and challenges that Arctic specificity and external environment are bringing.

To assess and improve regional CISR, a step-by-step guidelines, inspired by ISO 31000 risk man-
agement standard (ISO 31000:2018, ISO 31000:2009) and applied to CISR in more generic contexts ac-
cording to IEC/FDIS 31010:2019 standard, can be used and adopted to the Arctic regional environment. By
mapping CISR against the widely approved and applied risk management standard, and using the same
terminology and structure, has its advantage in that many organizations and institutions already are familiar
with it. The approach thus enhances the current risk management, prevention and preparedness practices by
adding the CISR component to it, and in so doing, enhances and systematizes especially the during-and-
after contingency management and overall resilience of the community, its vital functions, and societal and
infrastructure elements that these functions are dependent on. The main phases and elements of this kind of
approach are illustrated in Figure. 3.
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Fig. 3. Steps and components of regional CISR management technique

In the above illustration of the regional CISR management and assessment process, the following
definitions are used:

— regional CISR management is the name of all of the coordinated activities to defined the below
processes;

— regional CISR context refers to establishing the basic parameters for CISR assessment, taking into
account the regional specificity and especially creating a shared understanding about the risks that might
play out at the all levels of management;

— regional CISR analysis is the process to comprehend and to determine the level of regional securi-
ty and resilience;

— regional CISR evaluation is the process of comparing the results of the regional security analysis
with criteria or objectives to determine whether the level or resilience is acceptable and to identify areas for
improvement;

— regional CISR treatment is the process of developing plans for enhancing regional security and re-
silience, focusing on the absorptive, adaptive or restorative capacity of socio-economic systems.

Novel holistic methodology of CISR management support

Regional CISR management is multifunctional in its structure and generally includes such control
functions as targeting, strategic planning, operational management as well as control, accounting, monitor-
ing and coordination functions. Therefore, information and analytical support of CISR management is a
complex and multidimensional problem.

To address this issue we propose a methodology and model suite that provide workflow automation
and interaction consistency of the critical infrastructure resilience management actors and entities at all de-
cision-making levels (strategic, operational and tactical) at the expense of appropriate information support
and coordination of the regional security network-centric control based on application of autonomous soft-
ware agents and simulation tools. Our methodology is designed on the basis of methods integration for con-
ceptual, system-dynamic and multi-agent modeling of multi-level distributed systems [32].The methodolo-
gy and its principal components are schematically represented in Figure 4.
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Fig. 4. Holistic methodology of CISR analysis and management support

The methodology tool framework includes following developed models and methods [32]:

1) Modeling tools:

— An integrated conceptual model of the multi-agent information environment for regional CISR
which is a formal framework for automation and simulation of regional CISR management processes. For-
malized models of the regional security problem domain and the executive environment for information and
analytical support of critical infrastructure resilience control are combined within the model. For practical
applications the model is implemented as an unified OWL-ontology used in decision support system of re-
gional situational centers.

— An agent-based multi-level recurrent hierarchical model for risk-sustainable development man-
agement of regional socio-economic systems. The model is designed to network-centric control coordina-
tion of regional CISR. The model specificity consists in the use of functional-target technology and mathe-
matical apparatus of hierarchical multi-level system theory for the purpose of coordination procedures
implementation of local network-centric managerial decisions. The model combines coordination tech-
niques by unleashing interactions and agent coalition formation at various control levels.

— A set of simulation models for risk and failure prediction of the regional CISR based on the origi-
nal metrics derived by a number of groups convolution of the generally accepted reliability indices. The
model suite provides both derivation of the integral estimate of regional CISR, and assessment of its indi-
vidual components.

— A functional organization model of the intelligent agents having hybrid architecture with built-in
simulation apparatus. The simulation apparatus corresponds to a complete or simplified model of the agent
functioning environment recurrently evoked during the modeling process and provides a local forecast of
results of the agent potential activity. System-dynamic models are used as a framework of agent simulation
apparatus engineering and implementation.
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2) Methodical tools:

— A method for automated synthesis of the multi-agent model specifications of organizational struc-
tures for regional CISR management under emergency situations of various types. The method is based on a
joint analysis of the semantic description of solving control problems, information resources and agent ser-
vices. The method provides dynamic formation of agent coalitions and associated virtual resources that are
appropriate to the security management problems being solved.

— A method for a comprehensive assessment of the integral security and resilience indices of re-
gional socio-economic system critical infrastructures based on matrix formation and analysis of the CISR
metrics (indices) and providing an indicated assessment of regional security and critical infrastructure resil-
ience under various regional development scenarios on the basis of expert-simulation modeling.

— A method and tools for multi-agent virtualization of regional CISR management process provid-
ing purposeful behavior adaptive modeling of each security control actor as an autonomous pro-active agent
with its own interests and goals at all decision-making levels. The method is based on multi-agent and onto-
logical modeling toolkit enhancement by means of implementation the agent simulation apparatus and se-
mantic-driven integration of heterogeneous information resources and services.

— An agent-based technology for information monitoring of regional CISR threats and failures using
autonomous software agents and special sensors for data acquisition and processing.

— A multi-agent technology for dynamic synthesis and configuration of the virtual environment of
regional CISR based on the agent self-organization models and algorithms.

3) Software Tools:

— A peer-to-peer agent platform for distributed modeling of regional CISR management and soft-
ware agent functioning support of the heterogeneous security control actors. The platform is designed on
the basis of a service-oriented architecture.

— A software multi-agent system for information support of regional CISR management, which pro-
vides formation of virtual organizational structures for safety management in the region.

— A software trainer-simulator complex for modeling, forecasting and scenario analysis of the criti-
cal infrastructure functioning and development of regional socio-economic systems, which allows assessing
and studying the dynamics of regional security and resilience indices.

— A multi-subject-domain web-oriented information system Ru-Arctic, which implements a unified
access point to information environment (i.e. shared resources and services) of the regional CISR.

— Professional social network BarentsNet, which provides an automated search and selection of
CISR control actors and their joint virtual cooperation within the distributed information environment of the
region.

— A trainer-simulator tooling suite «Virtual Cognitive Center» intended for distributed expert-
simulation modeling of emergency situations development in the regional critical infrastructures and net-
work-centric control coordination of regional socio-economic system security and resilience. Technologi-
cally, this virtual management-simulator is implemented as a hybrid cloud service, e.g. SaaS (Software-as-
a-Service) or laaS (Infrastructure-as-a-Service).

The methodology provides wide and flexible possibilities to bundled software and modeling tools engi-
neering for multi-agent network-centric information environment implementation of the regional CISR man-
agement. This software and model suite can be used to a range of practical control problem-solving in the field
of CISR information support of the Arctic region as well as in other critical applications of regional socio-
economic system risk-management (economic, ecological, personnel, social, political, military, cyber, etc.).

Conclusion

Prevention and control of the regional CISR is a novel and prospective problem domain for research-
ers and developers in the field of risk analysis of complex systems. Our study shows that today it is a dy-
namic problem domain, which is characterized by the complication of existing and the emergence of new
control problems of regional and higher-level socio-economic systems. These problems are essentially re-
lated to the need of accident prevention and security ensuring in the all spheres of public relations that con-
dition on toughening of existing and forming of fundamentally new safety requirements and standards for
managing means and technologies of socio-economic system resilience. In our opinion the effectively solv-
ing of these problems first of all requires applying and development of network-centric framework to in-
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formation support system engineering for management of regional CISR, methods for decentralized control
coordination in multi-level distributed safety systems, managerial decision-making processes virtualization
technologies based on multi-agent approach, methodology for dynamic model conceptual synthesis of com-
plex systems, implementation mechanisms of intelligent cyber-physical systems, etc. The integration of
specified toolkit within the unified instrumental base will provide through-driven design of the sufficient
holistic methodological approach to engineering and implementation of information and analytical support
tools appropriated to regional CISR management problem-solving.

The proposed background and developed methodology to control, prevention and analysis of regional
CISR based on combination and partnering of conceptual, system-dynamic and multi-agent models and
methods for decision-making information support provide:

— identification, evaluation and diagnostic situational analysis of the internal and external threats
and vulnerability sources of the regional CISR;

— comprehensive risk assessment of regional CISR and prediction of its consequences;

— continuous monitoring and prevention of CISR indicators representing regional critical infrastruc-
ture functioning status to the timely threat-driven counteracting and consequence eliminating of its negative
impacts on socio-economic development of the region;

— situational awareness analysis and assessment under conditions of uncertainty to selection and co-
ordination of joint control actions under appearing emergency situations;

— synthesis of security management scenarios and formation of guidelines for decision-makers to
efficiency enhancement of regional critical infrastructure resilience control and implementation;

— flexible adjustment and automated configuration of knowledge-based decision support systems
for CISR management in the framework of regional situational center network.

Further research and developments in the problem domain discussed upon will provide wide oppor-
tunities to solve a whole range of specific fundamental and applied problems related to CISR on-line con-
trol, prevention, strategic planning and information support both at regional, national and higher levels.
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CIIOCOBHI U CPEACTBA ITPOTUBOAEVICTBUA
BECIITMAOTHBIM AETATEAbDHBIM AITIITAPATAM

A.I. Mel'nichuk, N. V. Goryacheyv, N. K. Yurkov

WAYS AND MEANS OF COUNTERING AN UNMANNED AERIAL VEHICLE

Annomayusa. becninoTHRIE U TUCTAHIIMOHHO MMUIOTHPY-
emble neratensHble anmapatsl (BIUJIA u JAITJIA cooTBet-
CTBEHHO) YK€ CETOJHS HAaIUTH IIMPOKOE NPHMEHEHHE B
pPa3NUYHBIX 00J7acTAX JKU3HEHESITEIHHOCTH HYeNIOBEKa.
BIUTA akTHBHO HCHONB3YIOTCS B CEIBCKOM XO3AHCTBE,
MOHHUTOPHHIE, JIOTUCTUKE, KOHTPOJIC 32 OMACHBIMH 00B-
extamu. Ho, Kak 4acTo OBIBaCT MpPU TEXHHUYCCKOM IIPO-
rpecce, epeaoBbie pa3paboTKu HAYMHAIOT AaKTHBHO TPH-
MEHAThCA B BOeHHEIX Ielix. M ceromus BIIJIA, B Tom
YHCIie Mallble, CTalld PeajbHON YIpo30d, HE TONBKO JUIS
BOCHHBIX, HO W I MHUPHBIX TpaxkaaH. Llempio maHHOM
paboTel sABISETCS OOOCHOBaHHE CHOCOOOB W CPENCTB
npoTtuBozeiicTBus yaapaeiM BITJIA, a Taxke omeHKa Imo-
pakaromieil BO3MOXKHOCTH OoempuIiaca ¢ BIOOpoM (op-
MBI, MacChl M MaTepHaja TOPAKAIOMUX DSJIEMEHTOB.
[Ipennoxxena n 060CHOBaHAa KOHLIEIINSA YHUBEPCAIEHOTO
Ooemnpunaca, crmocoOHOTO 00eCTeYnTh ONMepPaTUBHBIA OT-
BCT HA BO3AYIIHBIC YI'PO3bl TEXHUKU U JIMYHOMY COCTaBYy,
ucxogAmue ot 6eCHI/lJ'lOTHbIX JICTATCJIbHBIX allllapaToB.

Knroueevie cnoea: npoH, TMPOTUBOICHCTBHE, (PYHKIIHO-
HAJIBHOE TIOAaBIICHHUE, OCCIMIIOTHEIH, ammapart, 3JeKTPo-
MarHUTHOE OpPYIKHE.

Abstract. Unmanned and remotely piloted aerial vehicles
(UAVs and RPVs, respectively) have already found wide
application in various areas of human life. UAVs are ac-
tively used in agriculture, monitoring, logistics, control of
hazardous objects. But, as is often the case with techno-
logical progress, advanced developments are beginning to
be actively used for military purposes. And today UAVs,
including small ones, have become a real threat, not only
for the military, but also for civilians. The purpose of this
work is to substantiate the methods and means of counter-
ing strike UAVs, as well as to assess the destructive ca-
pabilities of the ammunition with the choice of the shape,
mass and material of the striking elements. The concept
of a universal ammunition capable of providing an opera-
tional response to air threats to equipment and personnel
emanating from unmanned aerial vehicles is proposed
and substantiated.

Keywords: drone, countermeasures, functional suppres-
sion, unmanned, apparatus, electromagnetic weapons.

B coBpemMeHHOM MHpe TPYAHO MPENCTAaBUTH BO3AYIIHOE MPOCTPAHCTBO 0€3 OECITMIOTHBIX JIETATEb-
Heix anmapaTtoB (BIIJIA). CrpemurtensHO pacTeT KOJMYECTBO CIIy4aeB HCIOJIB30BAHHS IPOHOB KakK IS
roCyapCTBEHHBIX IIeIel, TaK U JJIs YACTHOI'O UX UCIOJIb30BaHMS

Pacnipoctpanennoe mpumenenue BIIJIA oOycioBieHO MHMPOKAM KPYTOM 3aad, PEmaeMbIX HMH.

[TocTeneHHO POHBI HE TOJBKO BBITECHSAIOT MUJIOTHPYEMBIE JIETATENIbHBIE anmapaThl (KOTOPHIE UCIOJIB3Y-
FOTCSI /17151 TIOUCKA 04aroB IMoKapa, MPOBEPKH LEIOCTHOCTH TPyOOIpoOBOIOB, Uil OOHApYKEHHUs aBapuil, 3a-
TOpPOB Ha JIOPOTax M peKax W T.J.), HO M BIIOJHE MOTYT HalTH CBOE NIPUMEHEHHE B TE€X 00JIACTAX, KOTOpPEIE
HE BXOIIIN B c(hepy MHTEPECOB aBHAILIMU paHee (HalpuMep, JOCTaBKa MaJIbIX TPY30B MM B AaJIbHEHIIIEM —
aspotakcu) [1].

AxtuBHOE pasButhe pbiHKa BIIJIA HEOTpPHIBHO CBSI3aHO C BO3POCHIMMH HECYACTHBIMH CIYYasiMH,
MIPUYNHON KOTOPBIX ABIISETCS CTPEMUTENBHBIN POCT IKCIUTYaTHPYEMBIX APOHOB [2].

Cy1iecTByoIye pUCKH CTOJIKHOBEHHS C MAaCCaXUPCKUMHU JIETaTeNIbHBIMU allllapaTaMu BO3J€ a3po-
JPOMOB, CII€XKH 33 YaCTHOM H3HBIO, BO3MOKHBIX nazeHuid BITJIA Ha cinyuyaiiHBIX IPOXO0XKHX, aBapuil Te-
JIEKOMMYHHUKAITMOHHBIX U SHEPTreTHUECKUX JIMHAN BCIIEACTBHE BBIXOJA U3 CTPOS APOHOB KYITUPYIOTCS, KaK
NpaBWIIO, aJMUHUCTPATUBHBIMU OapbepaMu M HaKa3aHUsIMU B CiIydae HapylUIEHWH 3akoHojarenbcTa [3].
C pacmpocTpaHeHUEeM TEXHOJIOTHH JIPOHOB U MX BCEOOIIEH TOCTYIHOCTH MOSBIAETCS Yrpo3a UX MpUMeHe-
HUS KaK TEPPOPUCTUIECKUMHU OPTaHU3AIHUIMH C [ENBI0 Pa3BeIKA CEKPETHBIX, OXPAHAEMbIX OOBEKTOB C I10-
CIICIYIONTAMHI TUBEPCUSIMHU, KOHTpaOaHION OMacHBIX BEIIECTB, HAMMAIESHUSIMHA ¢ TToMonTsio BITJIA, ucmoib-
3yEeMBIX KaK TPaHCHOPT B3PBIBUATBHIX WJIM XHMHUYECKHX OTPABIIIONMIMX BEIIECTB, TaK M B XYJUTAHCKHUX
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nensix. B 2019 r. 8 O0beaunHeHHbIX Apabckux OMUpaTax MPOU30IUIO BO3rOpaHUe ABYX KPYITHBIX MECTO-
poxnenuid HepTH. [IpnunHON Bo3ropaHmii crajna aTaka OSCHIJIOTHBIX JIETaTENbHBIX anmaparoB. JoObrua
He(TH yMEHBIIWIACH B JIBA Pa3a, YTO MMEJO MOCIEACTBUS HE TOJBKO B HedTemepepabaThIBaroIeil Ipo-
MBIIIJICHHOCTH, HO U B 9KOHOMUKE PsiJia CTpaH.

B BBuny npeumymiects BIUJIA Hajg muiaoTpyeMbIMHU JieTaTeNlbHBIMU amnmapaTaMmu (Oojiee HU3Kast
CTOMMOCTb, OTCYTCTBHE JIETHOTO COCTaBa, BO3MOXXHOCTH IlE€pefaud MH(OpMaluu B PEKUME PEAIBHOIO
BPEMEHH, CO3/1aHUE Y3KOCTIEHUATN3UPOBAHHBIX MALIMH) BEACTCS X aKTHBHAs pa3paboTKa, a TaKkKe pa3BH-
THE U IPUHATUE HA BOOPYKEHNE apMHUSAMHU MHOCTPAaHHBIX TOCYAapCTB [4].

B cooTBeTcTBHU C MOSBUBLIMMUCS BBI30BAMH M yTrpo3amMH O€30IacCHOCTH pa3padaThIBalOTCs CPEICTBA
MIPOTUBOJIEHCTBHSI IpOHAM, KOTOPBIE B CBOIO OY€peIb UMEIOT KaK psjl MPEUMYIIECTB, TaK U CBOM HEJOCTaT-
ku. 1o 6omipmreii gactu TakTika 00pb0ObI ¢ BITJIA cBOAMTCS K 3aXBaTy, IOCTAHOBKE TIOMEX, YHUUTOKCHHIO
Y BBIBOJE U3 CTPOs [5].

3axsar BITJIA MokeT OBITh BHIIIOJTHEH HECKOJIBKUMH METOAAMHU:

1) 3axBaT ceTbI0. MeTO/ BOIUIONIEH B )KU3Hb PSI0OM HCITIOJIHEHUI:

— Ha3eMHOI'0 — BBICTPEJIOM CIIELHUAIbHBIMU CHapsaaMu. OTpULIIATENIbHBIN aCIEKT 3aKJII0YaeTCs B Ma-
JIOW JaJbHOCTH;

— Bo3ayIHOro — BeicTpenoM ¢ BITJIA-oxoTHHKa. MUHYC — OrpaHHYEHHOE KOJIMYECTBO BBICTPEJIOB U
ObICTpOE M3pacXoI0oBaHUE OOCTIPUIIACOB, ITOCIE YETro JOJHKHO MPOU3BOIUTHCS TMOIMOJTHEHUE Ha 0ase; pyd-
HOE YIIPaBJICHUE U IPULICITNBAHUE;

2) nmepexBat ynpasJjieHusi. K HOI0XXUTETbHBIM MOMEHTAM MOYKHO OTHECTH O€3011aCHOCTH U IOJTY-
YeHUe UcUepIbIBaloiell HHPOPMaLUN O IPOTUBHHUKE. K HEraTUBHBIM — TaKOW METOJ HE BHICOKOI(PHEKTH-
BEH C JIpOHAMH, 3alUIIEHHBIMU K IEPEXBaTy YIIpaBICHUS.

IIprHIMIIBEI yHUYTOXKEHHS U CIIOCOOBI BEIBOAA U3 CTPOS IPOHOB BECbMa OOLIMPHBIL:

1. Tlopaxenue BIIJIA orueBpIMH CpEACTBAMU C 3€MJIM WA BO3yXd. Y HUUTOXKEHUE MPOU3BOJIUTCS
CTPEIKOBBIM BOOpYKEHHEM. M3 MpenMyIiecTB MOKHO OTMETHTh YHMBEpPCAJIBbHOCTH NMpuHLHMNa. K Hemo-
CTaTKaM OTHOCSITCS BEJICHHE OTHS 110 MaJl03aMETHOM, MaHEBPEHHOH 1I€JIH, YTO COCTABIISIET HU3KYIO 3 deK-
TUBHOCTb.

2. Yuuuroxenue BIUJIA npyrum BIUJIA mmbo cnemmanbHBIM CHapsiaoM (apoOpro). OueBHIHBIM
MPEUMYIIECTBOM SIBIIIETCA MPOCTOTa peanu3anuu. Hemocratkamu JaHHOTO MeETona SIBISIOTCS oOyueHHe
orepaTopa-0XOTHHUKA Ha JAPOHA, CI0KHOCTH IOMaAaHus1, HEBO3MOXHOCTh IPUMEHEHHS NP OOJIBIINX CKOTI-
JICHUSIX JIFOJIEN.

3. YHHYTOXEHHE OTHEBBIMHU cpeacTBaMu apTminiepun jaubo [IBO. K Muaycam merona oTHOCATCS —
HEIeJeco00pa3HOCTh PAaCXOJOBaHUsl JOPOTOCTOSAIMX CPEACTB MOPaKECHHS Ui YHHUTOKEHUS HU3KOOIOA-
JKETHBIX POHOB.

4. YHuuTOXEHME anmnapaTa jazepoM. [IpenmyiecTBoM TaHHOTO METOJIa SIBIAETCS HE TOJIBKO (U3H-
YEeCKO€ YHHUTOXEHUE OECIMIOTHOTO amapara, HO ¥ IIOCTaHOBKA ITIOMEX B 00JIaCTH ONTHYECKOTO JHAaIla3o-
Ha, BBIBOJ M3 CTPOS ONTHUKO-3JIEKTPOHHOH yacTy anmaparta. M3bsHOM IaHHOTO METOJa MOXXHO NPHU3HATh
Bec 000pyIOBaHUsl, CIOKHOCTh KOHCTPYKLMH U IKCILTyaTalluH B MOJIEBBIX YCIOBUSIX.

5. JluxBupmanus apoHa mukpoBoiaHamu (CBY-mymiku). IlpeBocxoacTBo MeTona 3akirodaeTcs: B 00-
IITUPHOH 30HE TopakeHUs. HemocTaTok MeToma 3aKiIiovaeTcss B TOM, U4TO Takasl cucTeMa (Kak | jasep) o0-
nanaet OOJBIIMMH MaccorabapuUTHBIMU MOKa3aTesIMU, BCIEACTBUE YEro 0]l BO3ACHCTBHE MONANaloT U e
PpaanodIEKTPOHHBIE CUCTEMEI [6].

6. YHHUTOXXEHHE APOHOB XUIIHBIMHU NTUIIaMH. K CcyIecTBEHHBIM MHHYyCaM METOJ[a OTHOCSTCS pea-
JM3anys METO/a B CTAllMOHAPHOM BUE, TPYJHOCTH O0YUYCHHMS XMIIHBIX ITUL] U YXOX 32 HUMHU. B ycroBusx
COBPEMEHHOM BOMHBI, I/I€ pelIaroliee 3HaueHHE UIPAeT CKOPOCTh U MAaHEBP, TAKOE PEILCHUE BPSA JIM OKa-
xKercs 3P PeKTUBHBIM.

7. BosneiicTBue Ha OCSCIMIIOTHBIN JIeTATENIbHBIN ammapar BUpKaTopoM. CyTh METO/a 3aKJIFOYACTCS
B YCKOPEHHUH DJICKTPOHOB aHOTHOMW ceTKou. MormHocTh npudopa MoxkeT mocturath oT 400 kBt — 4 I'Br.
[TponomKUTENEHOCTh UMITYJIBCA COCTABIISIET HECKOJIBKO MUKPOCEKYH. Tak Kak B MPUHLMII ICHCTBUS BUP-
KaTopa 3aJI0’KE€H MPHUHLUI PE3OHAHCA, TO €ro JEHCTBHE B CHIIy PE30HAHCHOTO NMPUHIUIA HOCHT Y3KOIO-
socHbli (1-2 % OT LeHTpanbHOTrO 3HAUEHUS JUIMHBI BOJIHBI) M HAIllPaBJIEHHBIN XapakTep (€AMHHUIBI Tpaay-
coB). I'aGapuThl COCTABISIIOT MPHOMU3UTENHEHO 2 Ky0. CKPBITHOCTH aTakW JOCTUTAETCS TeM, 9TOo 0Oe3
CHEeUUAIBbHBIX NMPUOOPOB aTaKy HEBO3MOXKHO OOHAapYXWTh. B cilyuae Heynaun BO3MOXHO HOBTOPHTH I10-
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mBeITKY quBepcud. OCHOBHOM HEOCTATOK BUPKATOPOB — paboTa B Y3KOM JHAaIlla30HE YacTOT, OOJIbIINE 3a-
TpaThl HA HEOOXOJUMBbIM HCTOUHUK MOIIHOCTH.

8. IlomynpoBOAHHMKOBBIE T€HEPATOPBl HAHOCEKYHIHBIX HMMITYJIBCHBIX moMmex. IlpuHuun neictust
rereparopoB ocHoBaH Ha 3ddekre SOS (Semiconductor Opening Switch — NOTYIPOBOJHUKOBBINA pa3Mbl-
KaTellb) — HAHOCEKYHJHOM KOMMYTAIlUH CBEPXIUIOTHBIX TOKOB B CIIELIMAIBHBIX MOJTYIIPOBOJHUKOBBIX THOAX.
Cpenu npeuMylIecTB T'€HEPaTOPOB TAaHHOTO THUIIA IPENCTaBIICHbI CBEPXIINPOKOIOIOCHOCTh, MacCOradapuT-
HBIE pa3Mepbl, KpyroBasi uarpaMMa HallpaBICHHOCTH U OOJIbIIasi NPOJOIDKUTENBHOCTE M3iydenus [7]. Ocy-
mecTeiseTcs npoTtuBojeiictBue BIIJIA 31eKTpOMarHUTHBIM OpPY>KHUEM CO CBEPXKOPOTKHUM 3JIEKTPOMAarHuT-
HBIM UMITYJIbCOM M CO3/IaHHE 3JEKTPOMArHUTHOTO HMMITYJIbCa B3PHIBOMAarHUTHBIM T'eHepaTopoM. JlaHHBIHI
CIIOCO0 OCHOBBIBACTCS Ha BIMSHUHU 3JIEKTPOMArHUTHOTO HMITYJIbCA HA PAAMO3JIEKTPOHHYIO ammaparypy.
JIOCTOMHCTBOM METOAA MOKHO CUHTATh IMIMPOKHH CIIEKTp ACHCTBUS HA PaJHO3JIEKTPOHHYIO almaparypy,
BCJIEJCTBHE YEr0 HApYyIIAIOTCs KaHAJIBl CBA3HM M YNpPaBIICHHS, MIPOMCXOAUT cOOil B paboTe ynpasisiouien
anektponuku BIIJIA, BO3MOXHOCTh CO3/1aHMsI HEOONBUIMX DJIEKTPOHHO-UMITYJILCHBIX CHapsioB. Takxke,
B 3aBUCHMOCTH OT BO3JCHCTBYIOIIETO HMITYJIbCA, BO3MOXKHA HEJIETAILHOCTD OPYKUS — ICHCTBUE HA JKUBBIC
OpPraHM3MBI OTPAHUYMBAIOTCS HArpeBaHHEM OIPEIEICHHBIX OPTaHOB, U3MEHEHHEM IICUXOCOMATUKH YEIIO-
BEKa, OKa3aBLIErocs MoJ Bo3AcHCTBUEM. JleliCTBHE MMITYJIbCA PACIIPOCTPAHSETCS U HA BBIKIIOUEHHYIO all-
napatypy. JIroboii kabenb, aHTeHHA, TIPOBOA OYAET CIYKHUTh IPOBOJAHUKOM Pa3pyLIAIONIET0 CUTHANIA YKe
B CaMOM amnmapate, ycuiausas 3¢ dext nopaxaromero so3aeicTeus. [lake napy AecsATKOB BOJIbT, HaBEIEH-
HBIX Ha HOJYHIPOBOAHUKOBBIX yCTPOICTBAX, MOT'YT BbI3BaTh HEOOpAaTUMBbIE OTKa3bl. MI3bIHOM JaHHOTO MPO-
TUBOJICHCTBUS HYKHO Ha3BaTh OTHOCUTEIBHO MaJIyl0 MOIIHOCTh U paAnyc nopaxeHus [8].

9. Beictpen kpackodt mo ontudeckuMm mpubopam BIIJIA. K mo3WTHBHBIM MOMEHTaM OTHOCSITCS
yTpaTa OpUEHTUPOBKU OIEPATOPOM JPOHA, HEBO3MOXKHOCTh pa3BelKH, cOOpa uH(pOpMaLUU U NIpepbIBaHUE
BbINONHEHNA 3a1anus. K orpunatensHeiM — BITJIA BO3MOXHO BOCCTaHOBUTH U BBICTPEN KPACKOW HE BCETAA
TOYEH.

Hamnbonee mpeamodTuTenbHBIM W3 NPUBEACHHBIX CHOCOOOB MOYKHO CUHUTATh 3JEKTPOMArHUTHBIN
croco0 (CBEPXKOPOTKUH 3JIEKTPOMArHUTHBIH UMITyJibe). OH Haubonee 3hheKkTuBeH BCaenCcTBIEe KOHCTPYK-
TUBHBIX OCOOEHHOCTEH APOHOB (KOPILYC BBIIOJHEH, KaK MPaBHUJIO, U3 KOMIIO3UTA U IUIACTHKA Ul YMEHb-
LICHUS] MaccorabapuTHBIX MOKA3aTesiei) U ero JeWCTBUE PaclpoCTPaHsIeTCs] He Ha KOHKPETHYIO 11ejb, a Ha
OIpEETICHHYIO TUIOIAb.

Wnero ucronb30BaHus 3JEKTPOMArHUTHOTO OpPY’KUs BbIcKazan akageMuk Anupeit [murpuesuu Ca-
XapoB, MPEUIOKUBIINN CO3aTh CBEPXCUIIBHBIC UMITYJIbCHBIE MATHUTHBIC ITOJI TaK HA3BIBAEMBIMH «B3DBbI-
BOMAarHUTHBIMH reHepaTtopamm» [9].

B nHacrosiee BpemMs UX CIIPOEKTHPOBAHO M CO3/IJaHO HECKOJIBKO THUIIOB: CHHUPAIbHBIN, IUCKOBBIA H
T.4. VIX neiicTBre OCHOBAHO Ha CO3/IaHUHU MOIIHOTO 3JIEKTPOMArHUTHOTO MOJI B IPOCTPAHCTBE IyTEM pe3-
KOT'0 U3MEHEHHUSI IIJIOIAH, Yepe3 KOTOPYIO MPOTeKaeT MarHuTHas HHAykuusa. Kak mpasuio, 1y ObICTporo
M3MEHEHUS IJIONIaIN IPUMEHSIOT 3apsiibl B3phIBUATOrO BEIECTBA, PA3MEIIEHHOIO BOKPYT KaTyIIKH U BbI-
pabaTbIBaIOIIEro JIEKTPOMArHUTHBIA UMITYJIEC IyTEM paspsiia KoHaeHcaropa. [lo MHeHHIO GONBIIMHCTBA
BOCHHBIX YKCIIEPTOB, JIEKTPOMarHUTHOE Opykue Ha ocHoBe nanydareneii CILUIIT ODMU Oyxet sBisATHCS 01-
HUM W3 TJIaBHBIX BUJIOB OPYXHUs B 21 Beke. DIIEKTPOMAarHUTHOE OpYXH€e 001aaeT TaKUMHU [IPEUMyIIecTBa-
MH, KaK CKPBITHOCTb, 3()()eKTUBHOCTb, H30MPATEILHOCTD BO3/ACHCTBHS, TYMaHHOCTb.

Takum 00pa3oM, CyIIECTBYET MHOKECTBO CIIOCOOOB OOPHOBI C APOHAMH, HO KaXKABI KOHKPETHBIN
Croco0 UMeeT CBOM JIOCTOMHCTBA U HemocTaTkH. llenecooOpa3Ho 00beAMHUTD HECKOJILKO MyTEH penieHus
JAHHOW NMpOOJIeMbl, KOTOpBIE OBl JONOIHSIM APYT APYra, NEPEKPbIBasi BCE U3bSIHBI, KaK ITO CAEIAHO B pa-
oorax [16, 17]. Ucxonst u3 peanuii pa3BuTHs IPOHOB, MOKHO TPEIOIOKUTH, YTO CPEACTBA MPOTUBOIEH-
CTBHSA JIOJDKHBI 00JIaaTh CIocOOHOCTSIME OOphOBI Kak ¢ otaenbHbIME BIUJIA, Tak U neicTByOIUMH CO-
[JIACOBAHHO B IPyMIaX, HAIPUMEp, COUYETaHNE B3PHIBHOI'O MATHUTHOTO T€HEPATOpa, KPacku U rpaduToBOH
IIBIIM B OAHOM 3apsifie TM00 BUPKATOpa, B3PHIBHOI'O MAarHUTHOTO I'€HEPATOPa, TPAHATHI Il YHUUTOXEHUS
MIPOCTBIMU OTHEBBIMHU CPEACTBAMU.

Jiist oueHKH Mmopakaromieil BO3MOKHOCTH Ooempuraca 1eaecoo0pasHo pacCMOTPETh Ka)Ibld BUJ
MOPAXaKoIIEero (hakTopa OTAEIHHO.

OneHKy NOpaXaroLIMX BO3MOXKHOCTEH IpaHaThl MM MUHBI PALMOHAIBHO IIPOM3BECTU B 3aBUCHMO-
CTH OT €€ Tuna. B HacTosIee BpeMsi IPOMBIIUIEHHOCTBIO BBITYCKAIOTCS HECKOJIBKO BHAOB I'PaHAT: OCKO-
JIOYHOT'O THIA ¥ C TOTOBBIMU MOPAXKAIOLIUMHU JIEMEHTaMH.
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Jis ouenku BbIOOpa THIAa CHapsAa, Macchl M KOJIMYECTBA MOPAKAIOIMINX 3JIEMEHTOB HEOOXOIMMO
MIPOM3BECTH PACUEThI, MPUHUMASI HEKOTOPbIE MaTEMATHYECKUE JTOMYIICHNSI.

HeO6XOI[I/IMO NPpUHATH BO BHUMAaHUC TOT q)aKT, YTO TUII CHapsgaa AOJDKCH OIPEACIATLCA HE TOJILKO
CBOUM TOPaKAIOIIUM JACHCTBHEM IO LIEJH, HO U €r0 BO3MOXXHOCTHIO YHHBEPCAIBHOTO MPUMEHEHHS KaK 110
BO3/YIITHBIM, TaK U TI0 Ha3eMHBIM IIeNisiM. TakTrueckass 00cTaHOBKa 0051 JUKTYeT HEOOXOAMMOCTh B OTepa-
THBHOM OTBETE Ha BO3AYIIHBIE YTPO3bI TEXHUKH U JIMYHOTO COCTaBa, MICXOIAIINE B TOM YHUCIIE U OT APOHOB,
MOTMaaHue JTa)Ke OHOTO OCKOJKA I KOTOPBIX MOXET OBITh KPUTUYHO, HECYIIMX DPA3JIMYHBIE 3apSIbl
B3pBIBYATOTO BellecTBa. TakiuM BapHaHTOM YHUBEpCaIbHOTO Ooerpuriaca Mor Obl cTaTh 57-MM CHapsi, Mc-
XOJS U3 TOTO, YTO IOYTH BCsI JIETKasi OpOHETEXHUKA CO3AaeTCs U3 pacueTa yCToHuuBocTH K 30-MM aBTOMa-
TrdeckuM Tymkam. [lomoOHeri Ooempunac Taxxke npuMmeHsuics U B [IBO (mpumepoM MOXKHO CUHTATh
3CY-57-2) [10-13].

[Ipu B3pbIBe O0OpasyeTcs cepa MOpakeHHS C PAaBHOMEPHO PACIpEAETICHHBIMH OCKOIKAMH, YeM
0oJIbIlIe APOH, TEM 0OJIbIlIast BEPOSTHOCTh €0 MOPa3KUTh Ha yAaJieHUH OT B3pbIBa Ooenpumaca.

JIJis IpOCTOTHI PacyeTOB MPUMEM BBICOTY M IIMPUHY OCCIMIOTHOTO JICTATEIBHOTO anmapara 3a 0,5 m
(uem Gonbiie pasmep BIJIA, TeMm nerde mopasute €ro), TOr/a IIOMAaas BO3SMOXKHOTO MTOPAKEHHUS COCTABHUT
0,25 M2, gem OoITbIIIe anmapar, TeM BEPOSTHEE €ro MOPa3uTh U Ha 0oJiee YIaICHHBIX PaCCTOSHUX.

g pacdera moTpeOHOTO KOJMYECTBA OCKOJIKOB C BEPOSTHOCTHIO mopaxenus 100 % miomane mpo-
MEKyTKOB Pa3JIeTa OCKOJIKOB JIOJIKHA OBITh 2,5 M’:

0,25/ _
0.1° 2,5.

Tor;[a l'IOTpe6HOC KOJIMYECTBO OCKOJIKOB

2
N= 4mR .
2,5

Hawnbomee 2 heKTHBHBI OCKOIKH Maccoi 2—5 T. YUUTHIBAs 3TO,

2 2
yo 4nR’ _ 4-314:3
2,5 2,5

=45,216 = 45.

O1eHuM KOJIMYECTBO OCKOJIKOB, OOpa3yIOIIUXCS MOCJe B3pbIBAa (OCKOJIKM BECAT OT 2 10 5 T, IpHu
3TOM Macca Kopiyca Ooernpumnaca, 00pa3yowero 0CKoJIKY, 10JbKHA ObITh B peaenax 135 r):

R — pacueTHsII paanyc nopaxkeHus; S, — momaap npoexiyn nenu (bIUJIA — 0,25 kB.M.); M, — Macca xop-
Myca rpaHaThl, 00pa3yromas ocKoJIKH;, K; — KodppumeHT nopaxkeHus st BeposTHOCTH B 90 %; my— pac-
YyeTHas Macca OJIHOr0 ockoiika [14, 15].

CraHgapTHBI OCKOJIOYHBIA CHaps[ (MOPaXKArOIIUi OOJBIIMM YUCIOM OJHOTHITHBIX MOPayKArOIIUX
3JIEMEHTOB) 57 MM HMeeT Maccy 2,8 KI, yUUTBIBasi 3TOT (aKT:

1=

4.3,14-0,9-3

S.M, , 0,25-2800
2 =
4ntKm,
Takum o6pa3oM, paanyc CIUIOIIHOTO MOPa)KeHUsI OCKONOYHOU rpaHatoi ¢ 90 %-ii BO3MOXHOCTBIO
MOTIA/IaHMsI JISKUT Ha PACCTOSHUM LIENIH OT MOJpPbIBA CHApsiAa B 5 M.
Ji1s OLIeHKH MapaMeTpoB B3pbIBA CHAPSIA MIPUMEHSIOTCS CTAaHAAPTHBIC OCKOJIOUHBIEC LIMIMHAPBI VIS

OIIpEICJICHUS METATEJIbHBIX U APOOSIIIX CBOICTB.
[NMony4yaemass MakcuMaibHasi CKOPOCTh OCKOJIKAMH B ciydae chepHyecKoil CUMMETPUH HailieM u3

ypasHeHus 1loxkposckoro — I'apHu:
Sa
Vy=0,5¢0,D,| ——,
U romrr
I ——
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rae D — CKOpOCTh JeTOHALMHU 3apsiaa, M/c; @, — st 000s04kH 3agaHHoro apobnenus ¢, =0,90...0,95;
m

BB

M
s tpotuna D = 6950, macca 00osiouku cHapsaa — 2,8 Kr, Macca B3pbiBuaToro Beriecrsa — 0,153 kr

V,=0,5-0,93-6950 _ 302732 546 (o).
10—4-0,2732

Junst nanpHEHmmx pacdeToB nepeseneM B km/c: 540 m/c = 0,54 km/c.
OO01iee KOJIMYECTBO OCKOJIKOB, 00pa3yrOLIMXCs NPHU TOAPbIBE, BO3MOXKHO BBIYUCIHTH M3 (OPMYJIBI
B. A. Onuniosa

o= ; My — Macca; M — Macca Kopiryca cHapsizia, 00pasyrolas OCKOJIKH.

(0
Nys= KgaloD2 ,

BB

D — ckopocTh JieTOHAIUU 3apsaa, KM/C;, o = — k03 puLMeHT HaNOMHEHMSI; My, — Macca; M — macca

KOpIIyca CHapsza, oOpasyromas ockoiku; ¥ — oTHocuTenbHOE CyXKeHHe MaTepraia 000JI0UKH IPH B3phIBE
(s cramu C-60 cornacao 'OCT 1050-2013 paBen 35); dy — BHemIHWIA qruaMeTp 00OJOYKH MPH B3PHIBE,
aM; K — kodpPULUeHT, 3aBUCAIINN OT reoMeTprUecKor GopMbI 000710YKH (IPUHAT paBHEIM 80)

o
NO.S = KadODZ,

0,2732

N, =80- -57-6,950° = 1719.

s onleHKH TIpoOUTHS (MEXaHM3MOB B3aHMMOJCHCTBUS OCKOJIKOB C IperpajaMmu) Ield B TUana3oHe
ckopocreit 1o 2000 mM/c BocIonbp3yeMcsl TIEPEXOTHON CXeMOM, B KOTOPOH HCIIOIB3yeTCS KPUTEPUN yAEIThb-
HOTo uMIyJbca i = mvy/(S) > ixp, KPUTUUECKOE 3HAUEHHUE Y/EIbHOTO UMITYJIbCA JIMHEHHO 3aBUCUT OT TOJI-
LIMHBI IPErpasl

iKp = ihl’lnp.

Jlns mapel cTanb-aopanb (HauOoliee YacThli MPUMEHSICMbIH B aBHAIUM MaTepuall Ui CO3JaHHS
KpbLTa U (Dro3eysiKa)

h, v v 664, 0
w667 )
rae hy, — B MM; 71 — BT, Vo — B KM/C; Vyen — IIpeienbHast ckopocThb npoburus @ = 1,38.
Tabmuua 1
®opma Tena O}
[ap 1,31
Hunuaap
Lid=1 1,38
Lid=1 1,45
Tetpasmp 1,80
Oxrasmp 1,43
Ky6 1,50
[Tapannenunen
1x1x2 1,58
1x1x8 2,13
1x1x2 1,59
1x2x4 1,89
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[Mpu xomnakTHOW Qopme yaapHuka B Buiae munuHapa 1:1 (& = 1,38, tabn. 1) ais mapel «cTaib-
JIOpaJIby MOJy4YUM
h

-+ = 9,7\/’0,

N

OTKyJa
hy =9, 7V, m'5;

_ A

h,, =9,7-0,54m’"

Hwxe npusenena tabm. 2 TONMIKMHBI OPOOUTHS B MM B 3aBUCHMOCTH OT MacChl OCKOJIKa B TpaMMax
IIPU PaCYETHOW HAYaJIBHON CKOPOCTH.

Tabuma 2
Moer, T Ay, MM
3 7,56
5 8,96
8 10,48
16 13,2
32 16,63
64 20,95
128 26,40

I[Tpom3sezeM pacueT y6OIHOTO HHTEpBaNIa (PACCTOSHHUS OT MECTa B3DhIBA, HA KOTOPOM OCKOJIOK €IIie
COXpaHsAET CKOPOCTh, HEOOXOAUMYIO ISl IOPAKEHHS 11eTH — YOOHHYI0 CKOPOCT)
N7
m
Lo=1452 120
c

x yo

rae [, — yOoinpli mHTepBan, M; m — Macca Ockonka;, Cy — k0o uuueHT J1060BOr0 CONPOTHBIECHHUS

(nns ouenku npusAt 1,21); @ — napamerp Gpopmsl ockonka (npussaT 1,38); Vys — yOoiHas CKOPOCTh OCKOJI-
Ka, P TeX K€ JOMYIICHUSX:
h, ®
Ve =145—"

/3 2
m

rae h) — CTallbHOHM SKBUBAJCHT LIEJIU, MM, IPUHAT paBHbIM 2 MM; @ — mapameTp (popMbI OCKOJIKA (ITPUHAT
1,38); m—BT.

Tabnuia yOoiHONH CKOPOCTH M YOOHHOIO MHTEPBaa il OCKOJIKOB C Pa3JIMYHBIM BECOM IPEACTaB-
neHa Huxe (Tadm. 3).

TaOwuma 3
Mocr T Vi, M L5, M
3 277,483 36,214
5 234,038 53,917
8 200 74,879
16 158,819 116,298
32 126,055 174,19
64 100,05 254,392
128 79,41 364,336

Hcxons m3 BBIYMCICHUH 1enecooOpa3Ho BHIOpaTh (JOPMY OCKOJIKOB, HMEIOMIUX TE€OMETPHUYECKYIO
¢dbopMy napayuienenurena Becom 3—5 1. J[poOiieHrne OCKOJIKOB OJIMHAKOBOM MAacChl U JOPMBI MOXKET OBITh

136 RELIABILITY AND QUALITY OF COMPLEX SYSTEMS



BesomacHocTh B Upe3BbIYaiiHbIX CUTYAIMAX

o0ecrevyeHo MPOTOYKAMU CTEHOK IO BHIOPaHHBIM CEYCHHUSIM (IIPEATOJIOKUTEIBHO COTIACHO BHIOpaHHON
¢dopme). Jlng Gosee coBEPIIEHHOTO PETYIISPHOro ApoOIeHus IpeaiaraeTcsl BBIOpaTh clioco0 MPOTOYKH IM0-
BEPXHOCTEH C JIBYX CTOPOH (YacTo B CIIydae MPOTOYKH JIUIIb OJHOM MOBEPXHOCTH OCOKOJIKOOOpa3OBaHUE
MIPOMCXOANT HE IO TIPOTOYKAM).

10.
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OLIEHKA BO3MO>KHOCTHU IPUMEHEHUSA COAHEYHBIX DAEKTPOCTAHIIUI
AASI TEHEPAITUU DAEKTPO3HEPTUU HA TEPPUTOPUU ITEH3EHCKOMN OBAACTH

D. A. Elinov, O. V. Biryukova, M. V. Chernetsov, E. V. Lapshin, L. A. Tyurina

ASSESSMENT OF THE POSSIBILITIES OF USING SOLAR POWER PLANTS
TO GENERATE ELECTRICITY IN THE PENZA REGION

Annomayua. Axkmyansnocmo u yenu. boppba ¢ rimobanb-
HBIM MOTEIJICHHEM M OTPAHHUYEHHE TEXHOI'€HHOTO BO3-
JEWCTBHS Ha OKPY)KAIOIIYIO Cpey SIBISIOTCS OJHUMH U3
HaMBa)XHEHWIIMX 33/1a4, CTOSIINX ITEpel YeIOBEYECTBOM.
CornacHo porso3am, Temrneparypa Ha miasere k 2100 r.
MoxeT noAHsAThes Ha 4 °C. Cepbe3HOCTb MpoOIeMBl IOA-
TBEPKIACTCS PAIOM MEXKTYHAPOIHBIX TIOKYMEHTOB U CO-
TJIAIICHNH, CONEPKAIINX MEPHI IO OTPAaHIMUYCHUIO BBIOPO-
COB TMApPHUKOBBIX Ta30B. B wactHOCTH, B pamkax 21-i
MexayHapoaHOW KOH(EpPEHIHH II0 KIMMATy, IMPOIIe]-
meit B [lapmxke, OBUIO MPUHATO COTJIAIIICHHE, TOCTABUB-
iee 1IeIbi0 HE JOMYCTHUTh MOBBIIICHUS TEMIIEpPaTyphbl Ha
mradete Oosiee yeM Ha 2 °C. PemenueM, mo3BOJISIOMIMM
CHHM3UTHh BBIOpPOC MapHHUKOBBIX Ta30B B aTMocdepy, Mo-
JKET CTaTh MCIOJIb30BaHNE BO3OOHOBISIEMBIX HCTOYHHKOB
AJIEKTPOIHEPTUH, B YACTHOCTH COJHEYHBIX 3JIEKTPOCTaH-
. Mamepuanvl u memoou. B paboTe HCHONb30BaINCh
CTaTHCTHYECKHUE JaHHbIE 0 COJHEYHOW OOCTAaHOBKE B
[enzenckoii obmactu. [IpoBeneHO cpaBHEHHE C CyIie-
CTBYIOIINMH 00BEKTaAMU BO30OHOBIIIEMO YHEPTETHKH Ha
COJIHEYHBIX JJIEMEHTAX, PACIIOJIOKCHHBIMH B CXOXHX
YCIOBUSIX IO YpPOBHIO HMHconAuuH. lIpuBereHa oleHKa
9KOHOMHUYECKOH OOOCHOBAaHHOCTH HCIIOJIb30BAHHS DHEP-
THH COJIHLIA Ul T€HEpaLUH dJIEKTPOIHEPTHH Ha TEPpH-
topun IleH3zeHckoi obGsactu. J[aHBl peKOMEHIAIMU IO
TCXHUYCCKOMY HUCIOJIHECHUIO COJIHCYHBIX JJICKTPOCTAaH-
nuid Ha Tepputopun IleH3eHCKO# 00acTH, OomnpeneseHo
ONTHMAJIFHOE 3Ha4YeHHe Kod(dduimeHTa MOKPHITHS.
Pesynomamer. TlpennoxenHas MeTOIWKAa OIEHKH KOH-
CTPYKTHBHBIX MapaMeTPOB COJHEYHBIX 3JEKTPOCTAHINI
MOXET OBITh NpHMeHeHa mpu ctpoutensctBe COC mus
noBbIMEHUS 3(PPEeKTHBHOCTH. ANEKBATHOCTH HCIIONB3Y-
€MOIl METOJIUKH TMOATBEPKIACTCSI COOTBETCTBHEM IOIY-
YEHHBIX PE3YJIbTaTOB JAHHBIM MO JCHCTBYIOIIUM BETPO-
BbIM TypOMHaM. Bsigodvi. B pesynbraTe MpoBEICHHOTO
aHanM3a BBIABIEHO, uTO [leH3eHCKas 00gacTh OOMagacT
JOCTaTOYHBIM ITOTEHIINAJIOM JUISi CTPOUTENLCTBA COJTHEY-
HBIX 3JIEKTPOCTAHIU, HO MPU CYLIECTBYIOIINX IIEHaX Ha
JIEKTPOIHEPTHIO TpeOyeTcsl 3HAUNTENIbHOE YMEHBIICHHE
CTOMMOCTH CTPOUTEHCTBA AJIEKTPOCTAHIUH ISl TOCTH-
KEHHS YKOHOMHYECKON 3P PEKTHBHOCTH.

Abstract. Background. The fight against global warming,
and the restriction of technogenic impact on the environ-
ment are some of the most important tasks facing man-
kind. It is predicted that global temperatures could rise by
4 °C by 2100. The seriousness of the problem is con-
firmed by a number of international instruments and
agreements containing measures to limit greenhouse gas
emissions. In particular, in the framework of the 21 th In-
ternational Conference on Climate, held in Paris was
made an agreement, it aims to prevent the rise in tempera-
ture on the planet by more than 2 °C. Solutions to reduce
greenhouse gas emissions into the atmosphere, could be
the use of renewable energy sources, such as solar plants.
Matherials and methods. In paper used statistical data on
the solar situation in the Penza region. A comparison is
made with existing renewable energy facilities based on
solar cells located in similar conditions in terms of insola-
tion. An assessment of the economic feasibility of using
solar energy to generate electricity in the Penza region.
Recommendations on the technical performance of solar
power plants in the Penza region are given, the optimal
value of the coverage coefficient is determined. Results.
The proposed methodology for assessing the design pa-
rameters of solar power plants can be applied in the con-
struction of solar power plants to improve efficiency. The
adequacy of the methodology used is confirmed by the
correspondence of the obtained results to the data on ex-
isting wind turbines. Conclusions. The analysis revealed
that the Penza region has sufficient potential for the con-
struction of solar power plants, but at current electricity
prices, a significant reduction in the cost of building pow-
er plants is required to achieve econ.
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Knrouesvie cnosa: anvrepHaTuBHBIC UCTOUHUKY dHeprud, | Keywords: alternative energy sources, renewable energy,
BO300HOBIIsieMasi DHEPreTHKA, COJHEYHbIE AJIEKTpocTaH- | solar power plants, economic efficiency, optimization.
[[1H, 9KOHOMHUYECKast 3P PEKTHBHOCTh, OMTUMH3AIINSL.

AxTyaAbHOCTD

Bbopsba ¢ rodanbsHBIM OTETUICHHEM U OTPaHHYEHNE TEXHOTEHHOTO BO3ICHCTBIS Ha OKPY’KAIOIIYIO Cpe-
Iy SIBIISIFOTCSI ONHUMH W3 HauBaXHEHMIIMX 33/1ad, CTOSIIMX Ieper denoBedecTBoM. CoriacHo mporaosam [1],
temneparypa Ha tranete K 2100 r. moxxeT momHAThcs Ha 4 °C. Cepbhe3HOCTh MPOOIeMBI TOATBEPIKIAETCS
PAIOM MEXAYHAapOAHBIX JOKYMEHTOB M COTJIALICHUH, COAEP)KAIIMX MEphl M0 OrpaHUYEHUIO BHIOPOCOB
MapHUKOBBIX Ta30B. B wactHOCTH, B pamkax 21-ii MexmayHapoHO# KOH(pEPEHIINU 110 KJIMMATY, MPOIIeI-
mreii B [laprke, ObUIO MPUHATO COTJAILIEHNE, TIOCTABUBIIEE LENbI0 HE IOMYCTUTh HOBBILLIEHUS TEMIIEPaTy-
peI Ha TiaHete Oostee yem Ha 2 °C. [Ipu 37TOM OCHOBHBIM MyTEM JOCTH)KEHHUS 3TOW IETH SBISETCS CHIDKE-
HHUE BBIOPOCOB MApHHUKOBBIX T'a30B B aTMoc(epy cTpaHamu-noanucadraMu. Ha puc. 1 mpuBeaeHsl 00beMbl
BBIOPOCOB MMAPHUKOBBIX I'a30B 0 oTpaciisiM B Poccuiickoit denepauru corinacHo JaHHBIM OTYETOB [2].

B OTxoab!
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besonacnocTp B Ype3BbIMAMHBIX CUTYALIMAX

PCHIGHI/ICM, IIO3BOJIAIOIIMM CHHU3UTH BI)I6POC IapHUKOBBIX I'a30B B aTMocq)epy, MOXCET CTaTh UCIIOJIb-
30BaHUE BO30OHOBISEMBIX HCTOUYHUKOB DJICKTPOSHCPIUH. Ha puc. 3 IMMPUBEACHLBI ITOKA3aTCIIN BLI6pOCEl nap-
HHUKOBBLIX I'a30B IIPpU NPOU3BOACTBEC 3JICKTPOOHCPIUU HA PA3JIMYHBIX TUIIAX SHCKTPOCTaHLIPIﬁ [4]

1200
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C

Puc. 3. KonndecTBo MapHUKOBBIX Ta30B, BEIOPACHIBAEMBIX B OKPYKAIOIIYIO CPEAy IIPY MPOU3BOJCTBE IEKTPOIHEPTUH

r/KkBT*y

Bbi6bpoc NI npu npo-8e 3n.aHepruu

Takum 00pa3oM, pacCMOTPEHHE BO3MOXKHOCTH HMPUMEHEHHS AJICKTPOCTAHIMKI Ha BO300HOBIISIEMBIX
HUCTOYHUKAX DJIEKTPOIHEPTUHU MPEACTABIACTCA aKTyadbHOU 3a1auei.

Crpykrypa reHepanuu 3AeKTpuiecKoi sHepruu B IleHseHckoi o6aacTi

Ha Teppuropun llenseHckoii 001acTH pacmooKeHbI CIEAYIONINE dJISKTPOCTAHIH:

1) TOU-1, ycranoBneHHass MOIMIHOCTE 385 MBT;

2) TOII-2, ycraHoBieHHas MOIIHOCTH 16 MBT;

3) TOU-3, ycranoBneHHast MOIHOCTE 4 MBT.

IIpu >TOM MakcuMaibHOE MOTpebsIeHne AMeKTpudeckoil MomHocTH B 2015 T., COMIacHO NaHHBIM CH-
cTeMHOro ormeparopa [5], cocrasuiio 828,4 MBT. Beipabotka anektposneprun coctaBwia 2511,7 muH kBt - 4,
notpebnenue — 8075 miH kBT © 4.

Taxum 00pa3zoM, yCTaHOBIIEHHAsE MOIIHOCTL reHepaTtopoB B lleHzeHckol obnactu mokpeiBaet 49 %
MMMKOBOTO MOTpeOieHNs], a COOCTBEHHAs TeHepaIus MOKpPhIBaeT TOIbKO 31 % OT HyX1 dHepronoTpedIeHws.
CrenoBaTenbHO, PETHOH SIBIIAETCS SHEProJe(PULUUTHBIM M Pa3BUTHE COOCTBEHHOH T'€Hepaluy SBJSETCS aK-
TyallbHOMU 3anmadeir. Kpome Toro, Bcs TeHepanus OCYIECTBISIETCS Ha AIIEKTPOCTAHIMAX HAa HEBO30OHOBIIsIE-
MBIX UCTOYHHKAX DJIEKTPOIHEPTUH.

Anaans coaneuHbIx pecypcoB Ilen3eHckoi o6AacTn

Kapra pacnpenenenust nuaTeHCMBHOCTH coyiHeuHol paauanmu (MCP) mo tepputopun IleHzeHckoii
o0xactu npuBesieHa Ha puc. 4. Kapra cocTaBiieHa 10 JaHHBIM, B3SITHIM U3 aHAJIMTHYECKUX COOPHUKOB [6].
Taxoke ¢ caitita NASA [7] Obuti B3aTH nanHble 10 ypoBHIO MICP ms saBaps u utons (puc. 5). CpemHero-
JIOBBIC YPOBHH paguaIiuu COCTaBIsIOT 3,4 kBT - 1 - M*/nenb. Takum o0pa3oM, 4ToObI 00ECIICUNTh BBIPAOOT-
Ky anektposneprun COC Ha ypoBHE BBIPAOOTKU BCEMH 3JIEKTPOCTAaHIUAMU [IeH3eHCKOW 00JIaCTH, YYUTHI-
Bast d(Q()EKTHBHOCTH CONHEYHOro deMeHTa Ha yposHe 20 %, TpeGyercs miomans 10 kv’. YuuTsiBas To,
gt0 70 % 3emens 3emenbHOro GoHna [leH3eHCKOM 00MacTH COCTABISAIOT 3€MITH CETbCKOX03SICTBEHHOTO
Ha3HAYCHHUS, TO MCIIOIB30BaHUE YacTH ATUX 3eMenb moj COC npencTaBiaseTcs: IEPCIEKTUBHBIM.

Hawnnydmme ycioBus 1Mo ypoBHIO COJNHEYHOW pajfaliyd HaXOHATCS Ha IOTO-BOCTOKE OOJIACTH.
Jnst manpHEHmMX u3bIcKaHuil 6ynem OpaTh pacdeTHyro Touky 1(T1) ¢ xoopaunaTamu 52,5 c.mr., 46,0 B.1.
C caiita NASA [7] monyuens! nannbie mo cpeaneit UCP 3a 22 ronma nmo mecsitiaM. B kauectBe Touku (12),
C KOTOPOH MPOU3BOISATCS CpaBHEHHUE, BO3BMEM TOUKY ¢ KoopauHaTamu 52,4 c.a., 14,5 B.a. (Holixapnen-
Oepr, puc. 6), rae pacrnoyiokeHa ogHa u3 kpynaermmx COC mMupa, ¢ ycTaHOBIEHHON MOIIHOCThI0 145MBT.
ITonyueHHbIie TaHHBIE CBEICHEI B Ta0M. 1.

Safety in emergency situations 141



HAAEXXHOCTD 1 KAYECTBO CAOXHBIX CUCTEM
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Puc. 4. Cpennss 3a ros CyTOYHAsE HOPMa COTHEUHON paHaIiii
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NASA Surface meteorology and Solar Energy: Data Subset

January Monthly Averaged Insolation Incident On A Horizontal Surface (k“-"llfmlfday)

42 43 44 45 46 47
54 0.79 0.79 0.78 0.78 0.78 0.78
53 0.86 0.86 0.87 0.87 0.89 0.89
52 0.94 0.94 0.96 0.96 0.95 0.95

July Monthly Averaged Insolation Incident On A Horizontal Surface (k“’hfmlfda")

142 43 44 45 46 147
54 5.59 5.59 5.56 5.56 5.60 .60
33 .70 5.70 5.69 5.69 3.70 .70
52 5.83 5.83 5.88 5.88 592 5.92
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BesonacnocTp B Ype3BbIMAMHBIX CUTYALMAX

Taobmuua 1
JlaHHBIE TIO CpeTHEMECAYHON MHCOISALUU
Mecsiut HUCP T1 - 52,5 ¢.m1.,46,0 B.71. HNCP T2 -52,4 c.m.,14,5 B.11. OTHOCUTENBHBIA IPUPOCT
(ITen3.006:1.) (Hotixapnenbepr) ypoBHs UCP (It—Ip)/Ir, %

SAuBaps 0,95 0,80 18.8
Depasib 1,79 1,51 18.5
Maprt 3,11 2,46 26.4
Arnpens 4,34 3,73 16.4
Maii 5,79 4,83 19.9
WroHb 6,14 4,84 26.9
Uronb 5,92 4,82 22.8
Asryct 5,00 4,59 8.9
CenTs0pn 3,31 2,79 18.6
OKTs0pB 1,89 1,64 15.2
Hosibps 1,07 0,83 28.9
Jexabpp 0,73 0,60 21.7

Takum 00pa3oM, ypOBEHb MHCOJSIMKM Ha I0r0-BocTOKe [IeH3eHCKO# 001acTH MPEBHIIAET YPOBEHb
nHconsiuu B Hoiixapnenbepre B cpeaneM Ha 20 %. CrenoBareinbHO, MOKHO CIIENaTh BBIBOI, 4To [leH3en-
ckas o0yacTh 06J1a1aeT HEe0OXOAMMBIMH COTHEYHBIMU pecypcamu s moctpoiiku COC. s nanpHeimero
aHanmm3a TpeOyeTcsl IPOU3BECTH MCCIEN0BAaHIE TEXHUYECKOH cTOpoHBI noctpoeHuss COC Ha TeppUTOpHA
Ilen3eHckoli 001aCTH.

Texanueckue Bonpocel nocrpoenus CIC Ha reppuropun Ilensenckoit o6aacTn

IIpu peanuzauuu npoextoB COC BBIAEIAIOT CAEAYOWIKE Tanbl [8]:

— pa3paboTKa KOHIIEIIINY U ornpeaeneHue pacnonoxenus COC;

— IpeIBapUTEIbHOE TEXHUKO-OKOHOMHUECKOe 000CHOBaHHUE;

— TEXHHUKO-DKOHOMHYECKOE 000CHOBAHUE;

— TIOJyYeHHE pa3pellieHnH, onpe/eieHne (UHAHCHPOBAHUS U 3aKIF0UEeHIEe KOHTPAKTOB;

— IPOCKTUPOBAHKE, CTPOUTEIHCTBO U KOMMEPUECKas IKCILTyaTalusl.

Ha srtane pa3paboTky KOHUENIMH OMpPENeNsIioTcs MecTo pacronoxeHuss COC, THD U MOIIHOCTB
COC, oxumaeMblii 00beM U CEOECTOMMOCTD BBIPAOOTKHU 3JIEKTPOIHEPTHH, OIKUIAEMBIH JOXO/.

s TIOBBIIICHHUS BBIPAOOTKH AJIEKTPOIHEPTHH C COJIHEYHBIX MOXYyJIeH WX CIeQyeT pacIoliarathb
B IUIOCKOCTH NMEPICHINKYIAPHON Hanpasienuio Ha Comaile. s ocyiiecTBieHus ciexeHus 3a CoHIeM
WCTIONB3YIOTCS CHelHaIbHble CUCTEMBl HAaBOJKH COJIHEYHBIX TaHEJeW MO a3uMyTy W 1O YTy HaKIIOHA
K 3eMHOH moBepxHocTH. HO mpu 3TOM mosBisiercs mpodiieMa, 0OyCIOBICHHAs 3aTCHCHHEM MaHeeH Ipyr
JIPYTOM B pa3InYHOE BpeMs cyTok (puc. 7). B memsax ympomeHus oneHkr mpuMeM, uro nanenn COC OymyT
OpPUEHTHPOBAHBI B FO’)KHOM HAIPABJICHUH U YIIPABIATHCS OHU OYYT TOJBKO IO YIJIy HAKJIOHA. PerymupoBka
yIia HaKJIOHAa OyIleT OCYIIECTBIIATHCSA B TpeJeNiaX, 0O0yCIOBICHHBIX BbicOTON COJIHIIA HaJ TOPU3O0HTOM
B PA3JIMYHOE BpEMs Toj1a.

G

Puc. 7. BnusiHue yriia HakJoHa COJIHEYHOM IaHEIU Ha 3aTEHEHUE COCEIHETO Psiia NaHelel
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Bricota Conuila HaJ TOPU30HTOM 3aBUCHUT OT ckiioHeHHUs CoiHIAa B JaHHBIM MOMEHT BPEMEHH U OT
reorpauieckoi mupoTel Mecta Habmomenus. Ckiionenue COJIHIIA MOXKHO OIPEACIIUTH IO CIeAyIomei

dbopmye:

360
6=-23,44. —-(N+10) |, 1
cos(365 ( )j (1)

rae N — KOTU4YeCTBO JHEH, OTCYUTAHHBIX OT 1-ro sHBapsl.
Bricota ConHila HaJ TOPU30HTOM B CEBEPHOM IOIYIIAPUHA OTPEIEISACTCS IO BEIPAKEHHUIO

h=90-Lat+96, (2)

rie Lat — reorpadudeckas mupoTa.
CoryacHoO puc. 7 3HaUCHUE yIiia HAKIIOHA [ OyJIeT ONpeaensaThCs KakK

f=90-h. (3)
Jnna o6nactu 3areHenus (G) OyaeT onpeneNsaThes 10 BhIPAXKCHUIO
G=—L _x1 , (4)
cos(f)

rae L — yivHa conreuHol O0arapeu, K = 1/cos(f).
JlnuHa 3aTEHEHHOTO y4yacTKa COJIHEUHOW OaTapen B cocemneM psay (L1) Oyaer ompenensThes Mo
BBIPAKEHHIO:

L1=H -cos(f)=(G—D)cos(f)=L—Dcos(f). (5)

ITpu 3TOM eciu IpeoOpa3oBaTh BeIpakeHUE (5) U1l OTHOCUTENIBHBIX BEJIMYHH, TO MOTYYHM
D
K, :1—Zcos(f):1—GCR’1 cos(f), (6)

rae Ks — koapuunent 3arenenus (Ks = L1/L); GCR — ko3¢ dunuenT nokpeitus [9].
[Tpunss 3nauenue Ks = 0 u3 BopaxeHus (6), MOXXHO moyryduTh 3HadyeHue GCR aisl 3a1aHHOTO yIiia
HaKJIOHA!

GCR =cos(f). (7

Cne/:[yeT TAKXXC OTMETUTL, UTO IPHU PACIIOJIOKCHUN COJIHEYHOM 6aTapeH B IINIOCKOCTHU IMEPIICHAUKY-
HﬂpHOﬁ HAIIpaBJICHUIO Ha COJ'IHI_IG, WHTESHCHUBHOCThH COJIHCYHOU paauanuu 4epe3 MOBCPXHOCTb JJICMCHTA
HU3MCHUTCA 11O BBIPAXKCHUIO

1,=KI,, ®)

rae le — UCP na egununy miowaau snementa; /g — WCP Ha eauHMIly IUIOIIAAM HA YPOBHE 3€MJIU;
K = 1/cos(f).

[o BeIpaxkenusim 2, 3, 7, 8§ ObUIM MONMyYeHBI 3HAUECHUs Benu4uH /1, f, GCR, le o mecsiaM AJisl T€o-
rpa¢uueckoid Touku 7'1. Pe3ynbpTraThl BBIYMCICHUI CBEACHBI B Ta0J. 2

Tabnuna 2
M CkiioHeHue 0, Bricora Yrox HakIoHa UCP na snemenrte /e,
ecsIl GCR
rpaja CouHnia A, rpajg | maHenw f, rpaj kBT - u/M2 B 1icHB

SluBaph -21,30 16,20 73,80 0,28 341
deppasib —13,70 23,80 66,20 0,40 4,43
Mapt -2,92 34,58 55,42 0,57 5,48
Arnpenb 9,32 46,82 43,18 0,73 5,95
Mait 18,96 56,46 33,54 0,83 6,95
Uronb 23,29 60,79 29,21 0,87 7,03
Uronb 21,39 58,89 31,11 0,86 6,91
Asrycr 13,53 51,03 38,97 0,78 6,43
CeHTs10ph 2,32 39,82 50,18 0,64 5,17
OxTs0pB -9.,87 27,63 62,37 0,46 4,08
Hos6pp —19,08 18,42 71,58 0,32 3,39
Jexabpb -23,35 14,15 75,85 0,24 2,99
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BesonacnocTp B Ype3BbIMAMHBIX CUTYALMAX

U3 nony4eHHbIX pe3yNbTaToB BHIHO, YTO MPH Pa3OUBKE IOJISI CONHEYHBIX DJIEMEHTOB ISl 3UMHETO
BpEMEHH Ha Ka)XIbId METp MaHeN! TpedyeTcs 4 M pacCTOSHUS MEXKIY psAAaMu, a Uisl JIeTHEro BpeMeHH Oy-
JeT IOCTATOYHO MPUHATH Ha KaXAbld MeTp nmanenu 1,15 M mexay psaamu. Ilpu sToM cinexyer OTMETUTS,
9TO €CJIM MPUHSTH PACCTOSIHUE MEXKIY psAIaMH IO 3UMHEMY BPEMEHH, TO B JIETHHE MECAIBI OyieT HaOiro-
JaThCsl HeToOOp MOIIHOCTH 3a CYET HEMOJIHOTO MOKPHITUS TOJISi COTHEUHBIMH AJIEMEHTAMH, €CIIH )K€ TIPH-
HATH PACCTOSIHHE MEXIY PsiAaMH 10 JIETHEMY BPEMEHH, TO B 3UMHHUE MeCALbl OyIeT HaOM0aaThCsl CHUXKe-
HHE BBIPAa0aTHIBAEMOI MOIITHOCTH 32 CUET 3aTEHEHHsI COTHEUHBIX 3JIEMEHTOB Pa3HBIX PSIOB.

Junst pemieHus 3afadd ONTHMAJIBHOTO BHIOOpA PACCTOSHHS MEXKAY PSAAaMHU CONHEYHBIX 3JIEMEHTOB
npeaaraeTcs BBECTH BEIWYHMHBI MOTEPh OT HEJOHCIIONB30BaHUs y4yacTka (Los,) M TOTeph OT 3aTEHEHUs
(Loss). OueBuaHO, 4TO MOTEPU OT HENOMCIIONIB30BaHMS OyAyT HaOIIONAThCA NMPU COOJIOACHUM YCIIOBUS
G < D, a motepu OT 3aTeHeHHs1 OyayT HaOmoaaTscs npH ycinosun G > D. [Ipu 5TOM noTepu 3ateHeHus Oy-
IOyT 00yCIIOBJICHBI 3aTeHEHHEM HEKOTOPOTo ydacTka L1 comHeuHoi O6aTapen B coceqHEM psAy. Y UHThIBas
BBIILIECKa3aHHOE, MOXKHO 3aITUCATh BBIPAXEHUS 11 Los, U Los; B CIEAyIOIIEM BHIE:

Los,=(D~G)I, =(D~LK)I;

Los, =L1-KI, =(L—Dcos(/))KI, =(LK - D)I,. )

[Ipu 5TOM ecnu OCYIIECTBUTH JIENEHNE KaXKI0TO U3 BhIpakeHul (9) Ha BenuunHy D, TO OHU MPeod-
pa3yroTcs K CIeAyoneMy BUAY:
Los,=(1-K-GCR)I;

(10)
Los, =(K-GCR-1)I,.

B Beipakenusx (10) D B neBoi yacTH He 3allUCBIBAETCS, TaK KaK OHA HE BIHAET Ha JAIbHEHIINN
ananu3. OueBUIHO, YTO BeIpaskeHus (10) oOpaTHBI ApYT APYry U B cyMMe Bcerja OyayT AaBaTh HOMb. [o-
9TOMY AJIS JAJbHEHIIEro aHalin3a BMECTO KPUTEpHs MUHHMyMa CyMMBI NOTEpPh MpeularacTcs UCHOIb30-
BaTh CIAEAYIOIINNA KPUTEPHIL:

— min. 11

12
S= Z|L050,i
i=1

PesynbpraTel pacdeToB 3Ha4YeHHUS S B 3aBUCHUMOCTH OT 3HaueHHs Kod(p¢ummenta GCR mpuUBEICHBI
Ha puc. 8. 3HaueHus ko3pdunrenToB GCR B3STH U3 TabI. 2.

900.0

800.0 766.5

697.5
700.0 638.4
600.0 534.9
4713
A8 S 427.8 4131
400.0 | 339.4 38|17 | | 351.1 352.1 |

0.28 040 057 073 083 087 086 0.78 0.64 046 032 0.24

MoTtepu molwHocTH (S), KBT*u/m2 B rog,
= (] w
8 8 8
o o o

o
o

Kos¢pduumeHnt nokpeitua GCR

Puc. 8. Cymma notepb reHeprpyeMoil MOLITHOCTH B TOJI TIpH pa3anyHbIX koddduimenrax GCR

Kax BUAHO W3 MONYy4YEHHBIX JAaHHBIX, HAUMEHBIINE MOTEPH TeHEpalliy MOJYy4aroTcs MpU 3HAYCHUH
ko3 dunuenrta nokpeiTua GCR paBHoM 0,73. Takum 00pa3oM Ha Ka>kKAbI METP COTHEYHOM OaTapen HEoO-
XOAMMO 3aJI0XKUTh 1,37 M paccTOSHUS MEXAY PAdaMy WIN 3€MebHbIM y4acTOK, Ha KOTOpOM OymyT pas-
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MEIIAThCSA COJHEUHbIC OaTapew, MOJKEH ObITh OoJibllle MX cyMMapHo# miomnaau Ha 37 %. Ilpu sTom ¢
Ka)K0T0 KBaJpaTHOTO METpa B MOTEPH B rof cocTaBst 339,4 kBt - u.

Ha ocHOBaHMHM MOJYYEHHBIX AaHHBIX MOXXHO BBINOJHHUTH pacueT 00beMa IeHEPHPYEMOH 3JIEKTpPO-
SHEPTruH ¢ enuHUIB! Tomaan. CyMMapHBId 00BeM 3IEKTPOIHEPTHH, BEIPA0aThIBAEMBIN C OJHOM COHEY-
HOU 6aTapen, MOXKHO OTIPE/ICIUTE IO CIEAYIONIEMY BBIPKEHHIO:

12

P.-I.
W,=| D ~—“N,~Los |S,, (12)
1000

i=1

rae P, — MOIHOCTH 3JIEeMEHTa MPH CTAaHAAPTHBIX YCIOBHSIX; /N; — KOIMYECTBO AHEH B Mecsue; Los — 3Have-
HUE TOJOBBIX TIOTEPh B 3aBUCUMOCTH 0T GCR; S, — TUIOIIAIb JIEMEHTA.

Jiist pacueTa Bo3pMeM conHeuHyto 6aTapero CHN100-36M co crenyromumMe XapakTepUCTHKAMU:

—P,.=100 Br;

~8.=0,648 M*;

— croumocthb — 8000 py0.

[y BBIOpaHHOTO 3JIEeMEHTa BBIPa0OTKa 31eKTpodHepruu coctaBut 100,72 kBT - 4 B rox. Ilpu stom
MaKCHMaJbHasi MOIIHOCTb, BbIaBaeMas COJIHEUHOU Oarapeei, OyzaeT konebaThCs B mpenenax oT 298 mo
703 Br.

OneHka 9KOHOMHYECKOM 060cHOBaHHOCTH npuMenenust COC
AASI TeHePAIlHH IAeKTPOIHEPIruH Ha TeppuTopun Ilensenckoii o6aactu

B sxu3znenHoM nukie COC cymiecTByeT ABa TUIA 3aTPaT: KalHUTalbHbIE 3aTPaThl U ONEpaIlIOHHBIC
3arpatsl. CTpyKTypa KaluTalbHBIX 3aTpaT npuBeaeHa Ha puc. 9 [10].

6%

B Modules

Inverters

Cabling

Security

Grid

Frames

Project management

Puc. 9. Ctpykrypa kanuranbHbIx 3aTpat COC

OmneparroHHbIE 3aTPAThl COCTABISAIOT B cpenneM 2,200$/rox Ha MBT yCTaHOBICHHOM MOIITHOCTH.

[Tpu pacuere croumoctn Oyaem yuuTbiBath, uto COC MomHOcThIO | MBT Oyzmer moctpoeHa u3
3 000 mogyneir CHN100-36M.

Torna croumocts COC cocTaBUT

Cee = 8 - 3000/0,42 = 57,1 muH pyo.

I'omoBast BeIpaboTKa snekTposHeprun coctaBuT — 302,2 MBT - 4.

Taxum 00pa3om, rofoBast BEIPyYKa COCTaBUT:

— npu poaaxe 3aekTposneprun Ha OPOM cocrasut (1 py0./kBT - 1) — 302,2 ThIC. PYO.;

— [P MPOJAXKE NEKTPOIHEPTHU HETIOCPEICTBEHHO moTpeduTento (3,1 py0./kBT - 1) — 936,8 ThIc. pyo.
Cpoxk oxymaemoct COC cocTaBUT

T=57,1/(0,936 — 0,132) = 71 rox.
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[Ipu 3TOM CcpoK KHU3HEHHOTO LMK conHeuHbIX Oatapeit COC cocraBmser 25 ner. Jng cpaBHeHHS
MpUBEAEM CPOK oKynaemocTy nogooHoi COC B I'epmanuy.

T'ogoBast BEIpydKa MpH MPOJaKe SIEKTPOIHEPTHH HEMOCPEACTBEHHO ToTpeduTemo (17,5 py0./kBT - 1)
COCTaBHT 5,29 MiH pyo0.

Cpok oxynaemoctu COC cocTaBUT

T=57,1/(529 - 0,132) = 11 zer.

Taxum o6pazom, mocrpoerne COC B cpenHeii mosnoce Poccun Ha naHHBI MOMEHT SIBISIETCSI SKOHO-
MHYECKH He 000CHOBaHHEIM. Ho mpu 3TOM maHHBIe cTaHuu B coueTannu ¢ BOY [11] MoryT OBITH UCITIOJNB-
30BaHbl U1 JIEKTPOCHAOKCHUS yJaJICHHbBIX pallOHOB.

1. IleH3eHCKHI pervoH sSBISETCS MEPCIIEKTUBHBIM C TOYKH 3PEHHs BHEAPEHUS TEXHOJIOTHH TeHepa-
UK dnekTposreprun Ha COC, obnanas OONbLUIMM 3HAYEHUEM COJTHEYHOH pajinalvi, 4YeM HEKOTOpPbIE PerH-
oHbI EBporbl, B KOTOpBIX yxke nmoctpoensl COC.

2. Ha teppuropun [len3eHnckoir o0nactu HanboJee MEPCIEKTUBHBIM SIBIISICTCS I0r0-3a1aj peruoHa,
o61amarommii cpeaHeronoBsiM 3uadeHneM MPC — 3,36 kBT - u/M” B 1€Hb.

3. Ilpu cymIecTBYIONIMX 3HAYCHISIX CTOMMOCTH COoNTHEeUHBIX OaTtapeid, KIIJl comreunsix GaTapei, Ta-
pudoB Ha snekTposHepruto mocrpoenrne COC Ha Tepputopuu [leH3eHCKOM 00MacTu SBISETCS IKOHOMHUYE-
CKH HE 00OCHOBaHHBIM.
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OCOBEHHOCTHU TEXHUYECKOTI'O OBCAY>KUBAHUA
BO3AVIIIHBIX CYAOB CEMENCTBA AIRBUS A-320
IIPU ITOBPEXKAEHUH ITOCTOPOHHUMU ITPEAMETAMU

E. V. Rybak

MAINTENANCE FEATURES AIRCRAFT OF THE AIRBUS A320 FAMILY

Aunomayua. AkmyanoHocmo u yeau. AKTyalbHOCTb CTa-
TBH CBSI3aHA C PETyJISIPHBIMH CITy4JasiMHU ITOTIIAHHS TITHI]
B BO3AYyIIHBIE cynHa. Llemb ctaThy — mokasarh, CKOJIBKO
TpeOyeTcsl YeTIOBEUECKHIX, BPEMEHHBIX M SKOHOMHUYECKHUX
pecypcoB, 4TOOBI BHOBb BBECTH BO3AYIIHOE CYAHO B 3KC-
Iutyatanuio. Mamepuanst u memoost. PaccmarpuBaercs
MIPOLIECC TEXHUYECKOTO OOCITyKUBAHUS aBHALIMOHHOTO
JIBUTATENs IOCe CTOJKHOBEHMS BO3IYLIHOTO CyJIHAa C
nTuneit. Beck nporecc onuceiBaeTcsl B TP ATama, BKIIIO-
yas OIIMCaHUE IIpUMEpa, U CTPOro PErIaMEHTUPYETCS
MIPOM3BOANTENIEM  BO3IYHIHBIX  CyIOB  KOMITAaHMEH
AIRBUS. Bcs TexHonorus, Marepuaibl U CIELHAIbHOE
000py/10BaHUE yKa3aHbl B OCHOBHBIX JIOKyMeHTax «Pyko-
BOACTBO MO TEXHHYECKOMY oOcmyxuBanuto (Aircraft
Maintenance Manual)» u «PykoBoACTBO TIO pPEeMOHTY
KOHCTPYKIIMM BO3AyiiHOro cyaHa (Structural Repair
Manual)». Pezyrsmamul. Takike OMUCHIBAIOTCS TEXHOJO-
THHM NIpeAoTBpalnieHus nonaganuii ntun B BC, ucnons3y-
eMble B asponoprax Ha teppuropun PO. lIpencrasien
aHanmu3 ctatuctukd 3a 2018 u 2019 rr. IIpousBoaurcs
OIICHKA CTeMeHu yuiepOa. Bwieod. YcTpaHeHHE MOCIC-
cTBuil moBpexaeHus BC mocTopoHHMMH mHpeameraMu
SIBIISIETCS. TOJITOCPOYHBIM ¥ SKOHOMUYECKH HEBBITOJHBIM
IpoueccoM. AKTYaJlbHOCTh COTPYIHHYECTBA OPHHUTOJIO-
THYECKUX CITy’KO M a3pOIOPTOB CTOMUT HA IIEPBOM MECTE U
HaNpsIMyIO BIHSET Ha 0€30MaCHOCTb HOJIETOB.

Knrouegvie cnosa: texuudeckoe 0oOCTyXKMBaHUE, WHXKE-
HEPHO-TEXHUYECKUH MEePCOHAN, CTATHCTHUKA, aHAJIU3, BO3-
IQYLIHOE CYyAHO, ITHIIA, aBUAKOMITaHUS.

IF DAMAGED BY FOREIGN OBJECTS

Abstract. Background. The relevance of the article is as-
sociated with regular cases of birds getting into aircraft.
The purpose of the article is to show how much human,
time and economic resources are required to put the air-
craft back into operation. Materials and methods. The
process of maintenance of an aircraft engine after the col-
lision of an aircraft with a bird is considered. The entire
process is described in three steps, including a description
of the example, and is strictly regulated by the aircraft
manufacturer AIRBUS. All technology, materials and
special equipment are listed in the main documents "Air-
craft Maintenance Manual" and "Structural Repair Manu-
al". Results. It also describes the technologies for pre-
venting birds from entering the aircraft used at airports in
the Russian Federation. The analysis of statistics for 2018
and 2019 is considered. The degree of damage is as-
sessed. Conclusion. Elimination of the consequences of
damage to the aircraft by foreign objects is a long-term
and economically unprofitable process. The relevance of
cooperation between ornithological services and airports
is in the first place and directly affects flight safety.

Keywords: maintenance, engineering personnel, statistics,
analysis, aircraft, bird, airline.

CraTHCcTHKA HHIJHACHTOB H AOOPOBOABHBIX COOOIMeHIIT

CorniacHO JaHHBIM O(UIMATIBHON CTATUCTHKH PDejepallbHOTO areHTCTBa BO3JAYIIHOIO TPaHCIOpPTa
(puc. 1), 3a 2018 r. mpouzouuto 74 nHuMAEHTa U 946 cinydaeB JOOPOBOIBLHOIO COOOILEHHS O CTOIKHOBEHUN
Bo3aymHbIX cynoB (BC) ¢ nrumamu. Ha puc. 2 moka3ano, uto 3a 2019 . 3ToT moka3zatens coctasui 1306
ciry4aeB 100poBobHOTO cooOmeHus u 80 nHIuaeHTOB. )it 00beKTHBHOCTH JaHHBIX ctatucTtuka 2020 r.
He ObllIa YYTCHA, TaK KaK aBUacOOOIIICHUE B TIEPUO/ TTAHIEMHUH ObLJIO COKpalieHo [1, 2].

[Ipunsie BO BHUMaHNe OUIMANbHBIE AaHHbIEe PocaBuanyy, BUANM, YTO KOJUYECTBO WHITUICHTOB H
TIOOPOBOJIEHEIX COOOITICHHH pacTeT.

© Pwibak E. B, 2020
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Puc. 1. KoingecTBo coOOOLIEHUH O CiTydasx CTOJIKHOBEHHsI BO3LYIIHBIX Cy10B ¢ nTuiamu B 2018 r.
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Puc. 2. KonngecTBo cOOOLIEHUH O CiTydasx CTOJIKHOBEHHsI BO3LYLIHBIX Cy10B ¢ nTuiamu B 2019 r.

CrnenoBaresibHO, PacTeT Harpy3ka Ha WHXeHepHo-TexHudeckuid nepconan (MTII). Kaxnsiit cnyyaii
TpeOyeT 0co00# MPOBEPKH COCTOSHUS BO3IYIIHBIX CyIOB, MacmTaba W OIEHKH MOBPEXIECHUH, 00beMa pa-
00T, TpeOyeMoro Jjisi yCTPaHESHHUS MOCIEACTBHI CTOJIKHOBEHHUS. HEKOTOphIE MOBPEKACHHS HOCAT CHIIbHBIH
xapaKTepl, U B TaKUX ClIyyasx TpeOyeTcs 3ampoc Ha MOPsIOK AeHcTBUH y mpousBogutens BC xommanun
AIRBUS'.

' OziHa U3 KpyTHEHIINX aBHACTPOMTEIbHBIX KOMIIAHHI B MUpe, 00pa3oBaHHas B KOHIE 1960 — X ro10B myTem
CIIMAHUS HECKONBKHX €BPOMEHCKUX aBuampousBoauTenei. IIpousBOaUT maccakupckue, Tpy30Bbleé M BOEHHO-
TpaHCHOPTHbIE camoieTsl o Mapkoil AIRBUS.
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Yaie Bcero aBUakOMIaHUKM OOXOJATCS COOCTBEHHBIMH pecypcaMu. MHKEeHEpHO-TEXHUYESCKHUM mep-
COHAJI JIeNIaeT TIIATEIbHBI OCMOTP MOCIE KaXJOTo peiica, ClieAys CTPOroMy HOPSAKY W HEepevHo padoT,
MIpeITUCAaHHBIX aBUAKOMIIaHueH U npoussoautenem [3] (puc. 3).

Nobosoe cTekno

Kpbino CDro::ean 6%
23% Osuratens 9% HocoBasd yacTb
30% / 10%
-——
Onepenune
1%
\ ObTtekaTenb
QHTEHHbI
13%
Orum
1%

LWaccum
] 7%

. Tpu cnyyas nonagaxna NTuy 8 2 aBuratens
L B 11 % cny4yaeB cTONKHOBEHWE C HECKOMBKUMUW YacTamu BC

Puc. 3. AHanu3 TaHHBIX O CTOJIKHOBEHUSIX BO3AYIIHBIX CY/IOB C NITULIAMU (ce BHIbI coodmenui) B 2018 r.

Hcxons w3 cTaTUCTHKY, MPECTABICHHON BEIIIE, BUAUM, YTO HanOoJee MOJIBEPKEHHOM CTOJIKHOBE-
HHUIO ¢ iTunaMu 9acThio BC sBnsercs nurarens. [loaToMy manee OyaeT pa3oupaThest JOIMYCTUMBINA CTydai
cronkHoBeHus: BC ¢ nruneii [4].

Ipumep. Dxunax ¢ Bo3ayxa HUHPOPMHUPYET O TOM, YTO IPH 3aX0/i¢ Ha BIIETHO-MOCATOYHYIO TOIOCY
Ha BbIcoTe 10 200 M B aBurarens Ne 1 nonana ntuna. Komanaup ¢ Bo3ayxa nepeaeT B LEHTP YIPaBICHUA
[oJIETaMK aBUAKOMIaHuu 00 MHIMIACHTE, aajnee nHpopmupyercs UTII, ciayxba 6e30macHOCTH a’sporopra
U aBHAaKOMIIAaHWH, a TaKKe OPHHUTOJOrMYecKas ciyxxOa aspomopra. UTII 00s3an aelicTBOBaTH CTPOro co-
TJIACHO JOKYMEHTAIIUU MPOU3BOAMTENS, B IAHHOM cliydae 3T0 «PyKOBOJICTBO MO TEXHHYECKOMY OOCITYKH-
Banmio» (AMMY).

Kowmnanus AIRBUS pernamentupyer npouenypy nncnektupoauus BC B Tpu 3tana:

1) mpoBecTH TIIATENBHBIA NEPBUYHBIN BU3YAIbHBIM OCMOTpP BCEX MOBEPXHOCTEH BO3AYIIHOTO CYAHA,
C HICTIOJIb30BaHNEM CTPEMSIHOK JUTS HEJOCTYITHBIX MECT;

2) HEoOXOJMMO OYMCTHTH MECTa HENOCPEACTBEHHOTO KOHTaKTa ¢ moepxHocTsiMu BC oT ocraTkoB
OpPraHUYECKOW MacChl;

3) BBINOJHHUTH WHCTIEKIMIO OOHAPYKEHHBIX 30H CTOJIKHOBEHUSI.

Ha mepBoM aTare Mbl 0OHApY>KUJIH CIIEABI CTOIKHOBEHHUS C MITUIIEH HAa BXOIHOM HAITPABIISIONIEM all-
napare asurarens Ne 1. Jlanee pekoMeHayeTcs NOMYYUTh HOKIa OT 3kunaxa BC o Hanuuum nocTopoHHe-
ro 3amaxa B CHCTeMe KOHAWIIMOHUPOBAHUS, ITOBEICHUH JIBUTATENS TIOCIE CTOJIKHOBEHUS, PEaKIIMA HABHTa-
LMOHHOM M paInOCHCTEM, KOH(PHUTYPAIUIO IIACCH, KOHTPOJISI CHCTEMBI YIPABICHHS ITOJIETOM (TIPEIKPBUIKH,
3aKPBUIKH, 3JIEPOHBI, CIIONJICPHI) ¥ BBISICHUTD, B KaKOH (pa3e moyera Mpou30IIe HHIUASHT [5].

Takoke Bes HE(OpMAIHs 00 0TKa3ax mo (paszam nosera cobupaercs cuctemoii CFDIS?, 0To6pasuTh Ko-
TOPYIO MOKHO Ha 9KpaHe 60pToBoro kommsiorepa B Post Flight Report’(PFR). TTpoBecTy mpoBepKy Beex co-
OBITHI, COOOIIICHHBIX IKUIAXEM, U NaHHbIX Ha PFR a1 Hammyudiel onenky Macirada moBpeskIcHUH.

Ha Ttperpem 3Tane, ncxozs U3 3TUX KpUTEPUEB, IPUHUMAETCS PELIEHUE O JAJIbHEHIINX JECHCTBUSX,
npuMeHsieTcs npouenypa «Hepaspymaromero koHTposs» s ocmorpa BC. C momomrsio crierobopypoBa-
HUS ¥ DHJOCKOIA CIIEIHAINCTHI BBITIOTHIIOT TIIATENFHYI0 HHCIEKIUIO TPYAHOJAOCTYITHBIX MECT Ha HaJU-

! Aircraft Maintenance Manual — 0CHOBHO#1 JJOKYMEHT M PYKOBOJCTBO 110 TEXHHUYECKOMY OOCITYKHBAHHUIO Jie-
TaTEeNbHBIX aIapaToB U aBUAIIMOHHBIX ABUTaTenei kommnanuu AIRBUS.

2 CFDIS — Centralized Fault Display Interface System (Cucrema cGopa 0TKa30B B MONeTe).

3 Post Flight Report — oTuer 06 oTKa3ax, COAEPKUT HeHCIpaBHOCTH 1 1 2 Kacca no dasam moera u HHPOp-
MaIMIo JUId IIOUCKA U YCTPAHEHHs] HEUCTIPAaBHOCTEMH.
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YK€ CKPBITHIX MOBPEXIEHHUM, TAKUX KaK TPEIIMHBI, apanuHbl, BMATHHBI, OTCYTCTBHE KOMIIOHEHTOB, T€Yb
TOILJIMBA, MAaclla WIM THAPOKHUIKOCTH, a TaKKE€ OCTaTKOB OpraHMueckod Macchl. Ilpum oOHapyskeHHHU mo-
Bpesxienus npuratens WTIT opamaercs k «PykoBoicTBy mo peMoHTy Kouctpykumum BC» (SRM).
B naHHOM OKyMEHTE OIHCAaHBI BCE YTBEPKACHHBIC JIMMHUTHI IOBPEXXICHUN U IpoLeaypsl o pemoHTy BC,
a TaK)Ke MPeJICTABIICH MepeYeHb MaTEPUAIOB U HHCTPYMEHTOB, TPEOYEMBIX JJIsl YCTPAHEHUS TIOBPEKICHHM.
Ecnu nospexxaenust kpuTuuHbl, To BC cHUMaeTcs ¢ MosIeToB 10 yCTpaHEeHHsI HEMCIIPaBHOCTEH.

Ecnn BHyTpeHHHE M BHEIIHHE MOBPEKACHUSI OTCYTCTBYIOT, TO IIPUHUMAETCs perieHne o seoae BC
B JATBHEHIIYIO dKCILTyaTaruio [6].

TexHOAOTHH NPeAOTBpaleHus nonapanui ntun B BC

B asponoprax P® ncnonb3yroTcs 10CTaTOYHO TPUMUTUBHBIC TEXHOJIOTUH:
— 3epKaNbHBIA [map — 3TO IIap, MOKPHITHIA MAIEHFKHUMH KyCOYKaMH 3epKall, OJMKH KOTOPHIX OTITY-
ruBatot ntutl (puc. 4) [7].

Puc. 4. 3epkanbHslii map

- .Ha?)epHI:IC MUCTOJICTHI, IPCAHA3HAYCHHBIC JIS1 OTITYTMBAHUA IITUL B HOYHOC BPEMS CYTOK (pI/IC 5)

AVIAN DISSUADER ® >

Puc. 5. JIazepHble IHCTONETHI

— OtcTpen, BBDKUTaHUE TPABbI U BBIPYOKa JEPEBHEB HA TEPPUTOPUH a3POIIOPTa.
— «Yyueno», yCTaHOBJIEHHBIE B/I0JIb B3JIETHO-IIOCAJ0YHOH M0JIOCH], UMUTUPYIOT IIPUCYTCTBUE JTIOACH

(puc. 6) [8].

' SRM — Structural Repair Manual — PykoBOACTBO [0 PeMOHTY KOHCTpyKiun BC.
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Puc. 6. «Yyueno»

— Makets! xutHbIX TiTH (puc. 7) [9].

LecT Heobxogumo
YCTaHaBNWBATH MO
Hanpasnexuio eeTpa,
3T NpegoTEpaTUT
3aKpyuMBaHie
3MeR BOKpYT WecTa

Puc. 7. MakeT XUIIHO#M NTHIIBI

OTUM OIMCaHUEM XOYy ITOKa3aTh CKOJIBKO YEIOBEYECKHX, BPEMEHHBIX M SKOHOMUYECKHX PECYpCOB
B ciryyae cHiaTusA BC ¢ skcrutyartanuu 3aeiCcTByeTCs AJsl TOrO, YTOOBI YCTPAHUTh MOCIEICTBHS CTOJIKHO-
BEHUs C NTULAMHU. VIcXoasd U3 BBILIENPEACTaBIECHHON CTATUCTHKH, MOXHO IIOHATh, YTO TEX MEpP, KOTOphIE
MPUHUMAIOT OPHHUTOJIOTHYECKHE CITY>KOBI asporioproB PD, HemocTaTOYHO, TaKk KaK €XKEroJHO KOJIUYECTBO
ciy4yaeB pacteT. TexXHOJOruH, KOTOpble HCIOIb3YIOTCA CErOAHs, CTAHOBATCA HE aKTyaJbHBIMH, a 3TO
HaNpsMYIO BIMSET Ha 0€30MaCHOCTD HOJIETOB B LEJIOM.

Bubanorpaduueckuit CHUCOK

1. URL: https://favt.ru/dejatelnost-bezopasnost-poletov-stolknoveniya-ptici-stat/ (nata odpamenus: 08.12.2020).
2. URL: https://otpugivateli.ru/equipment/visual-equipment/185-otpugivatel-zerkalnyj-shar ~ (mata  oOpamieHus:
08.12.2020).

Safety in emergency situations 153



HAAEXHOCTD 1 KAYECTBO CAOXXHBIX CUCTEM Ne 4 (32),2020

*®

URL: https://otpugivateli.ru/equipment/laser-equipment/93-lazernyj-otpugivatel-ptits-dissuader (mara oOpamieHus:
08.12.2020).
URL: https://63.ru/text/world/2019/08/15/66199315/ (nata obpamienus : 08.12.2020).

. URL:  https://um-teh.ru/catalog/dom i sad/otpugivateli/otpugivateli ptits/dinamicheskiy-otpugivatel-ptits-kruk/

(mara obpanienus: 08.12.2020).

I'pabosckuii, B. M. Opauronorndeckas 3amura npeanpusitus / B. 1. I'pabosckuii, A. JI. MocemBuu / [Tumesast
mpombmuieHHOCTE. — 2010. — Ne 5. — URL: https://cyberleninka.ru/article/n/ornitologicheskaya-zaschita-
predpriyatiya (mata obpamenws: 08.12.2020).

Maytopa, A. B. O630p aKyCTHUECKUX CPEICTB A OTIyruBaHus ntull / A. B. Martopa, P. B. fAxosnes, I1. H. Yna-
HOB // Acta Biologica Sibirica. — 2016. — Ne 4. — URL: https://cyberleninka.ru/article/n/obzor-akusticheskih-
sredstv-dlya-otpugivaniya-ptits (mara oopamenus: 08.12.2020).

Unvuues, B. /[. Dxonorus u ynpasieHue noseneruem ntuy / B. JI. Uneuues. — Mocksa : 3Hanue, 1988. — 63 c.
360n06, b. M. Meronuyeckue peKOMEHJAlMU 110 TPUMEHEHUI0 aKyCTHYECKOro OTITyTMBAaHUS NTHL B PBIOOBOUE-
CKHX x03siicTBaX ActpaxaHckoit oonactu / b. M. 3BoHoB, I'. A. Kpusonocos. — Actpaxanb, 1979. — C. 24-30.

References

Available at: https://favt.ru/dejatelnost-bezopasnost-poletov-stolknoveniya-ptici-stat/ (accessed 08.12.2020).
Available at:  https://otpugivateli.ru/equipment/visual-equipment/185-otpugivatel-zerkalnyj-shar ~ (accessed
08.12.2020). [In Russian]

. Available at: https://otpugivateli.ru/equipment/laser-equipment/93-lazernyj-otpugivatel-ptits-dissuader (accessed

08.12.2020). [In Russian]

Available at: https://63.ru/text/world/2019/08/15/66199315/ (accessed 08.12.2020).

Available at: https://um-teh.ru/catalog/dom_i_sad/otpugivateli/otpugivateli_ptits/dinamicheskiy-otpugivatel-ptits-
kruk/ (accessed 08.12.2020). [In Russian]

Grabovskiy V. 1., Moseshvili A. L. Pishchevaya promyshlennost' [Food processing industry]. 2010, no. 5. Availa-
ble at: https://cyberleninka.ru/article/n/ornitologicheskaya-zaschita-predpriyatiya (accessed 08.12.2020). [In Rus-
sian]

Matsyura A. V., Yakovlev R. V. Ulanov P. N. Acta Biologica Sibirica. 2016, no. 4. Available at:
https://cyberleninka.ru/article/n/obzor-akusticheskih-sredstv-dlya-otpugivaniya-ptits (accessed 08.12.2020).
Il'ichev V. D. Ekologiya i upravienie povedeniem ptits [Ecology and management of bird behavior]. Moscow:
Znanie, 1988, 63 p. [In Russian]

Zvonov B. M., Krivonosov G. A. Metodicheskie rekomendatsii po primeneniyu akusticheskogo otpugivaniya ptits
v rybovodcheskikh khozyaystvakh Astrakhanskoy oblasti [Methodological recommendations for the use of acoustic
bird repelling in fish farms of the Astrakhan region]. Astrakhan, 1979, pp. 24-30. [In Russian]

Pr16ax Esrennii Bacuabesny Rybak Evgenii Vasilevich

aBHATEXHHUK, aircraft technician,

AO «Asuakommanus Poccusa» JSC «Rossiya-Airlines»

(Poccus, r. Canxr-Tletep6ypr, ya. [Tuaotos, 18/4) (18/4 Pilotov street, Saint Petersburg, Russia)

E-mail: Evgeniirybak1989@gmail.com

O6pasen HUTHPOBAHMSL:
Pribax, E. B. Oco6eHHOCTH TEeXHIYECKOIO OOCAYXKMBAaHHMS BOBAYWIHBIX CypAoB ceMeiicrea AIRBUS A-320

IIpU HOBpeXxAeHu: nocroponsumu npeameramu / E. B. Poibak // HapeXKHOCTb 1 Ka9eCTBO CAOXKHBIX cucTeM. — 2020. —
Ne 4 (32). —C.149-154. - D01 10.21685/2307-4205-2020-4-16.



YAK 629.7.083

E. B. Pni6ax

DOI110.21685/2307-4205-2020-4-17

TEXHUYECKOE ObCAY>KMBAHME AIRBUS A-320 FAMILY
ITOCAE CAOXXHBIX 3KCIIAYATAITUOHHBIX YCAOBUM

E.V. Rybak

MAINTENANCE OF THE AIRBUS A-320 FAMILY
AFTER DIFFICULT OPERATING CONDITIONS

Aunnomayua. AkmyanoHocms u yeau. AKTyalnbHOCTh pa-
0OTHI CBS3aHA C BOBMOXKHBIMHU II€PEPBIBAMH B KCILTyaTa-
MU aBHAIIOHHOW TEXHHWKH IO TOTOTHBIM YCIIOBHSIM.
N3-3a cTUXHH MOTYT OTMCHSATHCS Cpa3y BCE aBHAPCHCHI.
BBIHYKIICHHBIH TIPOCTONM ABHAIIMOHHOW TEXHUKH OTPHIIA-
TENTPHO CKa3bIBACTCS HA paboTe a3pomopToB. Llenb cTaThu —
MOKa3aTh, CKOJNIBKO TPeOyeTcs YeIOBEYSCKHX, BPEMEHHBIX
¥ SKOHOMHYECKHX PECYypPCOB, YTOOBI BHOBb BBECTH BO3YIII-
HOC CYAHO B 3KCIUTyatanuro. Mamepuanet u memoobl.
Metoguka ® TpoIecc TEXHUYECKOTO OOCTYKHBAHHUS
CTPOTO PETIIAMEHTHPYIOTCS IPOU3BOAUTENIEM BO3AYIIHBIX
cynoB xommanuerr AIRBUS. Best texHomorus, marepua-
JIBl U CHENHaTbHOEe 000pyAOBaHHE yKa3aHbl B OCHOBHBIX
JIOKyMeHTaxX «PyKOBOJACTBO MO0 TEXHUYECKOMY OOCITYXKH-
BaHuio (Aircraft Maintenance Manual)» u «PykoBoncTBo
M0 PEMOHTY KOHCTPYKIIMU BO3AYIIHOTO cyaHa (Structural
Repair Manual)». Pesyromamel. PaccmaTpuBaroTcs mpo-
[ECC U MOPAJOK TEXHHUYECKOTO OOCITY)KUBAHHS BO3MYIII-
HOTO CY/IHA B YCIIOBHAX IECYaHO-TIBUICBON Oypu. OnvicaHn
MTO3TAITHEI OCMOTP BCEX 3JICMEHTOB M CUCTEM CaMOJIETa,
a TaKkXe TPOM3BENICHBI OICHKA yIiepOa M HEoOXOIUMBIS
3aMeHBI KOMIIOHEHTOB. Bb1600. Y CTpaHEHHE TIOCIEICTBHI
MIECYaHO-TIBUIEBOI OypH SIBISETCS JOITOCPOYHBIM U IKO-
HOMHYECKH HEBBITOIHBIM IporieccoM. [Ipm sToM ocobo
Ba)KHOE 3HAYCHHE MPUOOPETAET MPOTHO3UPOBAHUE TAKHX
MTOTOJTHBIX KaTaKJIM3MOB, KaK IIECYaHO-TIbIIEBBIE OypH.

KiroueBble c10Ba: MHCIIEKLUS, 3arpsA3HEHHUE, UHKEHEp-
HO-TEXHUUYECKUI IepcoHall, aBUAKOMIIAHHUs, I€CUaHO-
meIIeBast Oypst, IKCILTyaTalusl.

Abstract. Background. The relevance of the work is asso-
ciated with possible interruptions in the operation of avia-
tion equipment due to weather conditions. Because of the
elements, all flights can be canceled at once. Forced
downtime of aviation technology adversely affects the
operation of airports. The purpose of the article is to
show how much human, time and economic resources are
required to re-enter the aircraft into operation. Materials
and methods. The procedure and maintenance process is
strictly regulated by the aircraft manufacturer AIRBUS.
All technology, materials, and special equipment are
listed in the main documents «Aircraft Maintenance
Manual» and «Aircraft structural Repair Manualy». Re-
sults. The article discusses the process and procedure for
aircraft maintenance in a sand and dust storm. A step-by-
step inspection of all elements and systems of the aircraft,
as well as damage assessment and necessary component
replacements are described. Conclusion. Eliminating the
effects of sand and dust storm pollution is a long-term
and economically unprofitable process. At the same time,
the prediction of such weather disasters as sand and dust
storms is of particular importance.

Keywords: inspection, pollution, engineering personnel,
airline, dust and sand storm, operation.

Hannas padora nocssiueHa nposepke Bo3aymHoro cyada (BC) mocne nonera B yclioBusAX IecHaHO-

nbUIeBOit Gypu' MM mocie 3arpsasHenns BC necuaHo-mbuieBoil cMechio, korna BC HaXoaunock Ha 3eMie.
[Momo6HbBIEC HMHCTICKIIMY CBA3aHBI C YPOBHEM COXPAHHOCTH CaMoJIeTa, HEOOXOIUMBI ISl KOMIIOHEHTOB U CH-
CTEeM, IS KOTOPBIX HE OBLIO IPEIyCMOTPEHO HUKAKOW KOHCEPBAIlUH (IIECOK U MBLIH MOTYT OBITH OOHApPY-
JKEHBI 32 JIFOYKAaMH, 3allUTHBIMU KPBIIIKAMH, 3ariylKaMy). YacTUIlbl ecKa/IbUTH UMEIOT Pa3lInuHbIe pas-
MEpbI, MOTYT HaHOCUTh MOBPEXKJCHUS JakokpacouHoro mokpbitus (JIKIT), oOmmMBKH, MPOHUKATH BO BCE
OTBEPCTUA U BbI3bIBATH 3PO3HI0, @ TAKIKE OCTAaBaThCA Ha BCEX OTKPLITHIX CMAa3aHHBIX IMOBEPXHOCTAX U BbI-
3bIBaTh 3arpsi3HEHNE BCeX (PUIBTPYIOMIMX IEMEHTOB.

© Pwmibax E. B, 2020

! ITecuano-npuieBast Gypst — 3T0 HEOOBIYHOE SIBICHHE, IPH KOTOPOM CHIIGHBIE BETPhI BBIOPACHIBAIOT B BO3IYX
00JIBIIIOE KOJIMYECTBO TeCKa/MbuTH. M ieT Ha OOJIbIINX TIOMAASX, CHIIbHO CHIYKAst BUIUMOCTb.
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ITopsimok nedcTBUi TPU MHCIIEKIUU:

1. Bce HeoOXomuMble MPOBEPKU SIBISIOTCS BU3YyaJTbHBIMH. ABHAaKOMIIAHUM MOTYT 0OpaTuThca K
OCMOTPY C MCIIOJIb30BaHUEM MPOLELYP «HEPa3pyIIAOIIEro KOHTPOJIS» C IIOMOILBIO SHAOCKOINA U CIe000-
PYIOBaHHUA.

2. Ilpu oOHapy>XeHHH TOBPEXACHHUsSI KOHCTPYKIMH caMolieTa aBHaKOMIIaHusi oOpamaercs: Kk «Pyko-
BOJICTBY IO peMOHTY KoHCTpykuuu BC» (SRM). B nanHOM NOKyMeHTe OmMCaHbl BCE YTBEPXKACHHbIE JIH-
MHUTHI IOBPEXKICHUN U ONUCAHBI IIpone ypsl o peMoHTy BC, a Taxoke npeacTaBiieH IepeyeHb MaTepHajioB
Y MTHCTPYMEHTOB, TpeOYEMBIX JJIs1 yCTpaHEHHs MOBpexaeHuH [1].

3. Ecau oOHapyskensl cnensl nopexxaenust JIKII, cnexyer Taxke odpatutsest Kk «PykoBoncTBy mo
pemonty koHcTpykuuu BC» (SRM). B Hem nponucans! npouenypsl pemonTa/3amutsl JIKIL.

4. Heobxoaumo uccnenoBath nmoBepxnoctd BC, cuctemsbl, koHcTpyknnu BC Ha nmpeamMeT 3arpsizHe-
HUSI, DPO3UH/UCTHPAHUS, BMSATHH, PACCIOCHUS WIN APYTHX MOBPEXKICHUH.

Ecnn 3arpsznenne BC mecuaHO-mbUIeBOH CMEChIO MPOMCXOAMIIO B MOJETE WM BO BpeMs B3Je-
Ta/TIOCaK!, HEOOXOAMMO y AKHITaXKa IMOIYyINTh HHPOPMAIIHI0 00 yCIOBUAX ToyeTa. Taxke Best nHpOpMa-
1ust 06 oTkazax mo (aszam monera codupaercs cucremoit CFDIU', 0ToGpasuTh KOTOPYIO MOXKHO Ha SKpaHe
Goprosoro kommbiotepa B Post Flight Report (PFR)* (puc. 1). Heo6x0auM0 MpoBECTH IPOBEPKY BCEX CO-
OBITHIA, COOOIICHHBIX dKUMNakeM 1 JaHHsIMEA Ha PFR [2].

i

Puc. 1. HLGHCCTELH BBO/JIa 1 YIIpaBJICHUS JaHHbIMU

Ecnu 3arpsisHeHHe IPOM30IILI0, KOrIa CaMOJIET HAXOAMJICSA Ha 3eMJIEe C YCTAaHOBJCHHBIMH 3ariIyIiiKa-
MH, 4€XJIaMHU/yCTPOUCTBAMH, MPOBOJUTH MPOBEPKY CHUCTEM HE TPeOyeTcs, eclii He 00HApy)KEHO 3a HUMHU
CJIEOB IIECKA/IIBIIN.

" CFDIS — CENTRALIZED FAULT DISPLAY INTERFACE SYSTEM (Cuctema cbopa OTKa30B B IOJICTE).
? Post Flight Report — oTder 06 0TKa3ax, COAEPKUT HencrpaBHOCTH 1 u 2 kiacca mo dasam monera u uHPOP-
MAIIHIO [T TOUCKA M YyCTPaHEHUsS] HEUCTIPABHOCTEH.
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3ar[pemeHo IMPOTUPATH NOBEPXHOCTL NIPU yAAJICHUN HeCKa/ IIbUIM, TaK KaK 3TO MOXXCT BBI3BATh UCTH-
paHUe WIK 3PO3UI0, & TAKIKE MCIIOJIE30BATh KUJAKOCTh, KOTOpAs MPH CMEIIMBAHUU C TIECKOM/TIBLUILI0 00pa-
30BBIBAET MACTY, KOTOPAst TAKXKe MOXKET CTaTh IPUIMHON 3pO3UH U ucTHpaHus [3].

Ecnu Ha moBepXHOCTH caMolieTa eCTh CJIOM CYXOTo IMecKa/mbuid, TpeOyeTcsl yIAIUTh ero MbUIeCOCOM
WM BO3AYIIHBIM KOMIIpeccopoM. [Ipu OTCyTCTBUM 000PYI0BaHHUS CACAYET MCIIOJIb30BaTh MICTKY ¢ MATKOM
IIETHHON WIIM XJIONMKOBYIO TKaHb 0e3 Bopca. [Ipm oOHapyXeHHH BIIAYKHOTO IE€CKa/TIBUTH — WUCIOJIh30BaTh
000pyZIOBaHKE ¢ HU3KHM JIABJICHUEM JUTS TI0OJa4d BOJIBI JUIS YAaJICHUs BIKHBIX 3arps3HEHUi, 3anpemeHo
HaIpPaBJIATh CTPYIO B HANPaBJICHUM JATUYMKOB. Takke 3alpelieHO UCIOIb30BaTh PACIbUINTEILHOE 000pYy-
JIOBaHUE C BHICOKHM JIaBJICHUEM.

Ilepen npornemypoit ynaieHus oOKIEUTh MOIUITHIICHOBOH IJICHKOW MTPUEMHUKN CTaTUYECKOTO JaB-
JIEHUs, KaK 3TO TIOKa3aHO Ha puc. 2.

MPUEMHUKI CTATUYECKOrO AABIEHHA
HE 3ACOPSIM W HE MOBPEM /AW OTBEPCTHS
30HA. OFPAHWEHHAREKPACHON NMHUER

OONKHA BbITE TNAOKOR W YACT

KOMAHAIMP KOPABNR  BTOPOW MAAOT

bty e Wik i D

Puc. 2. [IpreMHUK CTaTHYIECKOTO JaBIICHHS C HAHECEHHOM 3alIUTHON IIEHKOM

[IpyueMHUKHM TUHAMHYECKOTO JABJICHHS M JATUUKU «YTJa aTakuy, MaTUUKUA OOJIeICHEHUS, NTaTUNKH
TEeMIIepaTypbl HAPYKHOT'O BO3/1yXa IMOKA3aHbl HA PUC. 3.

Puc. 3. [IppeMHUK IMHAMHYECKOTO AABJICHUS U TATUYUK yIIa K ATaKm»

ITopsanox ocmotpa BC:

— BayTtpennss uHcnekuus. [IpomsBomurcs ocMoTp KaOMHBI, MAcCaXMPCKOTO CajloHa, TYyajeToB
U JTaTYMKOB J(bIMA, IPH HEOOXOAMMOCTH JATYMKH MEHSAIOTCA. OCMOTpP M OYMCTKA KHCIOPOIHBIX MAacOK
B KabuHe muiioToB (puc. 4) [4].
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Puc. 4. Kucnoponast macka B kabune BC

Takxe HEOOXO0AUMa MHCICKIUS TIEPETHEr0 TEXHUUYECKOI0 OTCEKa, YAaJICHUE 3arPsi3HEHUS C TOBEPX-
HOCTEH 00OpyJOBaHUs, OJOKOB M 30HBI CUCTEMbI BEHTWIALMU. [lasiee MPOU3BOMATCS OCMOTP M OYHMCTKA
IPY30BBIX OTCEKOB, B CIIy4ae BBIXOJIa H3 CTPOSI JATYMKOB JICTEKTOPA JIbIMA CIIEyeT UX 3aMEHHUTh.

— Wucneknust Qro3ensbka, Kpbuta U ctabunmu3aropa. [Ipou3BoauTcs ocMOTpP BETPOBOrO CTEKJIa, Iac-
CAXHUPCKUX WUTFOMUHATOPOB, TACCAKUPCKUX JIBEPEH M aBapUIUHBIX BhIX010B canoHa BC. MHCeKTHPYOTCS
oOmmBKa (hro3ershKa, KPbUIO, MPEAKPBUIKH, 3aKPBUIKH, 3JIEPOHBI, CIIOWIEPHI, Pa3psTIHUKU CTATHYECKOTO
JIABIICHHSI, PENTLCHl U MEXaHU3MBI BBITYCKa/yOOPKH MEXaHU3aI[UH, CEPBOIPUBO/IBI, CEPBOKOHTPOILIEPHI Me-
XaHU3aMA CUCTEMBI yIpaBJIEHHUS TOJNEeTOM (pHc. 5), TpyOONpOBOABI M'MIPOCHCTEMBI Ha HAIMYWE IMOBpE-
JKICHUN M 3arpsi3HeHui [S].

npegrpoinok 1

npegkpbInox 2

npeaxkpbliok 3

npeaxpolIoKr 4 - CNOWAepbl

NpegkpbinoK s

A

I

BHYTPEHHMIA
. 33KPLINOK

. BHELHWHA
3aKPBLOK

Pence sakpbinka 2

penbe 3aKpbiiKa 3

JnepoH
penbc 3aKkpblnka 4

Puc. 5. Mexanuzauust Kpbuia

— I/IHCHGKHI/IH HpI/IeMHI/IKOB CTATUYCCKOI'O U JTUMHAMHUYCCKOI'0O AaBJICHUA. OCMOTpeTL BCC HpI/IeMHI/IKI/I
Ha HaJIM4We TOBPEXKIICHUH, 3arpss3HeHul (3acopoB). [Ipu HEOOXO0IMMOCTH OYUCTHTS.

— WHcneknys OCHOBHBIX W HOCOBOM omop Iiaccu. Ecnu B mojeTe CTBOPKH OCHOBHBIX U HOCOBOM
OTIOp TIACCH OBUTH 3aKPBITHI BO BPEMsI ITECUaHO-ITBUIEBON OypH, TO B MHCIIEKIIMH HET HeoOXoquMocTu. Ecin
BC maxommmochs Ha 3eMjie ¢ BBIMYIICHHBIMH OTIOPaMH, TO CIEAYET OCMOTPETh BCE MOBEPXHOCTH INACCH,
YAAMUTh 3arpsi3HEHUS] C XPOMHPOBAHHOW OOJACTH aMOPTHU3aTOPOB M aKTIOATOPOB. BEHITIOIHHUTH MOIHYO

mponeaypy cMaszku (puc. 6) [6].
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KPEILTEHIEA

I PO TR
RO
TFOTROCA

THAPOINLTHH TP _g-t:‘-

TCHTEFEYHASA
MY EA

TIPYHHEA

JIFVXRREHHIK
EOEOROTD 1
TOOEOCA "H_ﬂ KIIATLATL JATIPARKH
BOKOEOT ATFIOM
TR
OO0 T
TAMOK
YEPAHHOID ; ?
MOVIOGKEHILA ELATIAH AETHBAIIN
PEIEFBHOID YTLIOTHEHHA
IO AMOPTITIATORA ey = BCIOMOTATETBHOE

COEJHHEHHE

AEMIEF HLTHL-
ARV IIREHHIKLD — 3 MAFHHPA

EYKCTIMOBOMHEIE
HAKCOHETHITKD

KIALLAR A YA
CITBEPCTIE DY JEOMERAT

Puc. 6. OcHOBHAas OIopa MIaccu M PacIioyioKEHIEe KOMIIOHEHTOB

— MHCcIieknusl MMIIOHOB M CHJIOBBIX YCTaHOBOK (puc. 7). OCMOTpEeTh BXOJHON HAMPAaBIISIOMIUN ammia-
paT U peBepc ABUraTesiell Ha HaJIWYKMe TMOBPEXIEHUH 1 3arps3HeHuil. OTKPBITh KalmoThl ABUTaTeNeil U BbI-
MIOJIHUTH OCMOTP BceX (QMIBTPYIOIMINX JIEMEHTOB U HHIAUKATOPOB 3acoperus. [lomydnts 0Opa3iel Macina u
OCMOTPEThH Ha HaJTM4We MMOCTOPOHHHUX IpruMeceil. Ecim camoreT Haxonnscs Ha 3emMile U Ha IBUTATENsX Obl-
JIM YCTaHOBJICHBI 3arIyIIKH, B MHCIIEKIIMK HET HEOOXOANMOCTH, €CJIM He 0OHAPYKEHO 32 HUMH CJIEJIOB Tec-
Ka/TIbUIH.

MANOH
<X —
e cay T
- [T

SadHAA TOYKa
KpenaeH1A ABHraTtens

nepegHAR TOUKa KpenneHyAa
asurarens

Puc. 7. IInnoH, nBUraTesb U TOUYKU KPEIUIEHUS ABUTATENS K IIMIIOHY

— MHCcneknus ruipaBiInyecKOi U TOIUTUBHOW CUCTEM. BBIMOIHUTH OCMOTP (PHIBTPYIOUINX 3JICMEH-
TOB M MHJIMKATOPOB 3aCOPEHUSI, TPH HEOOXOIUMOCTH 3aMEeHUTh. [Tony4uuTh 00pasel ®HUIKOCTH U yOeIuTh-
Csl B OTCYTCTBHH 3arpsi3HEHHSI.

BhITIOTHUB MHCTIEKIMIO, aBUAKOMITAHUS MPUHUMAET PEIICHUE O JaJbHEHIIeH SKCIUTyaTallid BO3-
nynrHoro cyana. [lomoOHas mpoueaypa ocMOTpa SBISIETCS JOCTATOUHO OOBEMHON W BOBJICKAET B MPOIECC
OorpITIve YeoBeUecKue U (PMHAHCOBBIE pecypchl. B pernonax rora Poccuu B 2020 T. 3TO sSIBICHUE BCTpEUa-
eTcsl IOBOJIBHO 4acTo. [109TOMY COTpYIHHYECTBO adpOMOPTOB M METEOPOIOTHYECKUX IICHTPOB SBISETCS
[IPUOPHUTETHBIM BOIIPOCOM, YTOOBI COKPATUTh PECYPCHBIE H3ICPIKKH.
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