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MOJAEJIb OLUEHKWU BJINAHUA YEJTOBEKA

HA YCTOMYMBOCTb CMELUAJNIBHOIO NMPOrPAMMHOIO
OBECMNEYEHNA ABTOMATN3NPOBAHHbIX CNCTEM
NMO>XAPOB3PbIBOBE3OIMNACHOCTHA

MpoaHanu3poBaHa posib YenoBeka (MporpaMMm1cTa) B nMpouecce aKCnnyaTaumm 1 cuHTesa cneuu-
anbHOro MpPorpamMmHoro obecneyeHus aBTOMaTM3UPOBaHHbIX CUCTEM MOXKapoB3pPbIBOOE30MacHOCTH
(CMO ACIMBB). PaccMoTpeHa Mofesb OLEHKN BINAHMA YenoBeka (MporpaMMmcTa) Ha yCTonYMBOCTb
CNO ACIMBE HedTenepepabaTbiBaloLWMX NMPON3BOACTB Ha NpUMepPe eANHUYHON NPOrPaMMHOM CUCTe-
Mbl (EMC). Moka3aHo, YTo BNvsHMe nporpaMmmumcta Ha ENC ACMBB 3agaetcsi BEKTOPOM nepeydmncrieHms
BHELUHeW, KOHLEenTyallbHOM 1 BHYTPEHHeN CXeM AaHHbIX 1 PopMasi30BaHO MyTem BbiBoda 0OLLeN
dyHKUMKM BAMsSHKA YenoBeka Ha CIMO ACTIBB Yepe3 Tpyao3atpaTel Ha peanu3aumio. CaenaH BbIBOA,
4TO BNNSIHWE YenoBeKka Ha yctomymnsocTb CMO ACMBE He 3aBUCUT OT KONMYECTBA UCMOMb3yeMblX efu-
HWYHBIX MPOrPaMMHbIX CUCTEM.

KntoueBble cnoBa: creuyanbHoe nNporpaMmHoe obecrneyeHve; aBTOMaTM3NPOBaHHas cucTema no-
>KapoB3pbIBOOE30NAaCHOCTU; edMHNYHAs NMporpaMMHas cuctema; HedrenepepabatbiBatoLe npep-

NpUATUS; 0OBEKTHO-0PUEHTUPOBAHHOE NPOrPaMMUPOBAHME.
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BBepeHune

Hedrerasosrit KoMIuIeKe HIpaeT KITFOUEBYIO POITH B 9KO-
Homuke Poccutickoit denepannn. Ero Bkiaa B 9KOHO-
MuKy ctpabl B 2017 1. coctaBui okoio 20 % BajgoBoro
BHYTpPEHHETOo NponykTa, S0 % 10X010B (heaepanbHOro
Oromkera, 67 % odbema skcropra. B To ke Bpems mo-
JKapbl U B3PBIBBI OBIIIH M OCTAIOTCS OJJHOI U3 Hanbonee
OIaCHBIX YIpo3 Npu padote HedTenepepadaTbBAIOIINX
npeanpustuii (HIIT). s nx mpenoTeparieHus, cBoe-
BPCMEHHOTO OOHAPYKCHUS U JTOKAIN3AIIH UCTIONb3Y-
I0TCs pa3iuyHbie crocoObl. Hanbonee s dhekrnBHBIM
CpPEIICTBOM OCTACTCSI MPUMEHEHHE aBTOMATH3NPOBAHHBIX
cucteM roxkaposspeiBodesomnacHoctu (ACIIBB) [1, 2].
WX cocTaBHOI YacThlo, paboTa KOTOPOH HANOOIBIIUM
obpaszom BnmsieT Ha ycnemHocTh paborst ACIIBB B
1eJioM, sIBiisieTcst porpammuoe obecrieuenue (110).
BHyTpH 1aHHOTO 00BEKTa 0CO00 BBIACISETCS CIICIIUAITH-
Hoe [10 (CI1O), noj KOTOpbIM NPUHATO IOHUMATh ITPO-
rpaMMBbI, pa3BOpauYNBaEMbIC HA AaBTOMATH3HPOBAHHBIX

pabounx mectax (APM) oneparopoB ACIIBB. CI1O BbI-
MOJTHACT YacTh QPyHKIUH oneparopoB ACIIBbB B aBTo-
MATHU3UPOBAaHHOM DPEXHME M O0ECIEUMBAET IITATHOE
(yHKIMOHMPOBAHNE €€ OCHOBHEIX moacucTeM. [loato-
MY OT TOT'0, HACKOJIBKO HaJIe)KHOI 1 yCTOWYMBOMN OyaeT
paboTa CHenuansbHOTO MPOTPAMMHOTO 00ECIICUCHHS
BHyTpu ACIIBB, 3aBHCHT HAaIG)KHOCT M YCTOMYHBOCTH
ACTIBB HIIII B nienom.

Lenpro HacToOsIIEH paOOTHI SBJISIETCS OIICHKA BITUS-
HUSI 9eJI0BeKa (IPOTrpaMMHICTa) Ha yCTOWIMBOCTH CIIe-
IIIAJIFHOTO ITPOTPAMMHOTO 00€CIICUeHHST aBTOMATH3H-
POBaHHBIX CHCTEM T0XkKapoB3pbiBoOe3omacHocTH HITIT.
s mOCTIDKeHNs ATOH ey OBUIH MTOCTABJICHBI U pe-
LIEHBI CJITYIOLIME 3a/1a4u: aHaJIN3 POJIM YesloBeka (IIpo-
rpaMMUCTa) B IPOLIECCEe CUHTE3a U KCIUTyaTalll1 CIie-
[aJpHOTO MporpammHoro odecrniedenust ACITIBB HIIIT;
pa3paboTka MOIENH OICHKHM BIHSHHUS YeIOBEKa Ha
yeroitanBocTh CI1O ACIIBB HedrenepepadaTpiBaronmx
IIPOU3BOACTB.

© Tononvckuii H. I, Kpiouxos A. B., Muxaunos K. A., Heyen Tyan Anv, 2018
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TeopequeCKme OCHOBbI

[Tpu cunTese nporpamm CI1O B aBTOMaTH3NpPOBAH-
HOM cucreme ynpaBieHHs TEXHOIOTMUECKUMHU IIPOoLiec-
camu (ACYTII), cocTaBHOM YaCTHIO KOTOPOU SIBIISIETCSI
ACIIBB [1, 2], HeoOxomuMo 3a1eicTBOBaTh OOJIBIIOE
YHUCJIO TEXHUYECKUX CIIELUAINCTOB B 00JIACTH pa3pa-
6otku CIIO. Kpome Toro, B CHily MOCTOSHHBIX U3Me-
HEHU B IpaBUiIax U MOPSAKE SKCILTyaTalli TOTO UITH
unoro obopynosanus HIIII B CIIO ciexyeT nepuoau-
YEeCKU BHOCUTb U3MEHEHUS. 3a4acTyI0 /Ul OTACIbHBIX
gacteit CI10 ACIIBB (BBuy MacmTaOHOCTH JAHHOTO
poeKTa) HeoOX0JMMO TIPOBOJUTH CHHTE3 Ha WH(OP-
MAIMOHHBIX TEXHOJIOTUSAX, MPUHIUIBI padOTHl KOTO-
PBIX OTIIMYAFOTCSI OT MPUHIIMTIOB ICHCTBUS yiKe pado-
taromero CITIO [3-5]. DTo npuUBOAUT K HaApPYIICHHUIO
ycroitunBocT padotsl CI1O kak Ha oTaenbHBIX APM,
tak 1 B ACIIBbB B nenom. Takne nposiBIeHUS CBSI3aHbBI
IpeKIIe BCETO ¢ YeloBeUYeCKnM (akTopoM. Brmsane
YyeJIOBEKa Ha IPOLIECCHl CUHTE3a U MOAEPHU3ALUM He-
00XOIMMO TIPaBHIIFHO OLEHHUTH, IO3TOMY CIIEAYET I0-
CTPOUTH MOJIENIb OLIEHKH BiIMsIHUA denoBeka Ha CIIO
ACIIBb.

s noctpoenust mozesu Oyziem cuutarh, uto CI10
ACIIBB cocTouT U3 MHOKECTBA OIMHAKOBBIX 110 CTPYK-
Type IIEMEHTOB — SIUHUYHBIX IPOTPAMMHBIX CHCTEM
(ETIC). Kakast 13 HUX BBIMOIHSET POJIb MPOrPAMMHOM
obomoukn Ha APM omneparopa ACIIBb. Paccmorpum
MOCTpOeHNE CcKoMOn Monenu aist ogHoi EITC.

CornacHo [6] Mozienh peanu3aiuy IporpaMM C To-
MOIIIBIO SI3BIKA BEICOKOTO YPOBHS MOXKET OBITH CBEJICHA
K CXeMe, ITPeJICTaBIeHHOM Ha pucyHke. CxeMa BKJIoya-
eT 1Ba 6110Ka, csi3annsbie ¢ EI1C, peanu3yromeid hyHK-
U 00pabOTKU TaHHBIX KOHKPETHOU NPeAMETHOH 00-
nactu. I[lepBblil OJIOK OTHOCUTCS K MOJENH JaHHBIX

Monenb TaHHBIX
MpeIMeTHO# obmacTn

Subject domain
data model

MPEIMETHOM 00JIaCTH, BTOPO — K TIporpamMmam odpa-
OOTKH JaHHBIX.

Mojenb TaHHBIX MPEJAMETHOM 00IacTH BKIIFOUAET
B ceOsl TPH IPEIICTABICHNUS: BHEIIHEE, KOHIIENTYaTbHOE
W BHYTpPEHHEE, a MOJIeJIb ITPOrpaMM (TOUHEe CKa3aTh
nporpammel CITO ACIIBB, Ttak kak 0 Mojaemnsx mpo-
rpaMM TOBOPHUTH HE MPUHSITO) COACPKHUT OTPaKCHUE
TpeOoBaHMIi CLIEIINATMCTOB (CM. PUCYHOK): olleparopa,
3aKa34ymKa (TEXHHYIECKOTO MUCATENs, TPOSKTHPOBIIH-
Ka), KOAUPOBINMKA (IIPOTPaMMHUCTA), TECTUPOBIIHKA,
CICHANNCTA B 00J1acTH OE30MaCHOCTH JAHHBIX U TIPO-
rpamm. [ToMnmo HUX, B JTaHHOM OJIOKE MOTYT OBITH CO-
Opanbl TpeOoBaHUs K (QYHKIHSIM APYTUX pOJieH ydacT-
HukoB mnpouecca cuareza CIIO ACIIBbB B cootBerct-
BUU C IIPEAJIaraeMoil HIHe MOJIENbIO TEXHOJIOTHYECKOI
3pernoctu opranuzanuii [7] wim Capability Maturity
Model (CMM) [8, 9].

OO0111ee YKCII0 poJieii yYaCTHUKOB IPOIIecca CHHTE3a
CITO B CMM [7-9] 00b1uHO O0sb11e. OTHAKO B HAIIIEM
CITydae YUCIIO POJIeH YIaCTHUKOB 3HAYCHUS HE UMEET,
TaK Kak B pacCMaTPHBAEMbIX B CTaThe MOJCISIX OymeT
MEHSTBCS JIUIIb PAa3MEPHOCTH COOTBETCTBYIOIITIX MHO-
JKECTB.

Monens mpounecca cunteza CIIO ACIIBbB B tep-
MHUHAX PEIIHOHHON anreOphl IJIsl MPUBEICHHOTO Ha
PUCYHKE OTOOpaXCHHSI MOXET OBITh MaTeMaTHYeCKH
MPEJCTaBIICHA B BUJIE CYNIEPIIO3UIIMH IBYX MHOYKECTB.
B ux cocTaB JOMKHBI BXOIHWTH OMPEACISIONINE X
MPEJCTABICHUS, KaXkKI0€ U3 KOTOPBIX SBISIETCS CIIOXK-
HBIM MHO’KECTBOM, COCTOSIIIUM U3 HECKOIBKHX yPOB-
Hel uepapxuu. PaccmarpuBast mociaeaoBaTebHO Kaxk-
IYIO U3 JIBYX TPYII MPEICTABICHUMN, BXOISIINX B MO-
nens cuaTteza CIIO ACIIBB, moxHO momTy4YuTh ABE
rpynbl O1u3KuX 1o popme popmyit asist GyHKLKN BIU-

Mopens nporpamm
00paboTKH JaHHBIX

Data processing
software model

Bremmnsis BuyTpennss

External Internal

KonnenryanpHas

Omneparop
(HOCHTEIb MHPOPMALIH
0 MPEAMETHOH 00J1acTH)

Operator (carrier
of information about

TectupoBimk
Software tester

Crenuanuct

Conceptual

the subject domain) 1o 6€301MacHOCTH
HHPOPMAIHU
Information security
3axazumk specialist

(TEeXHUYECKUH MUcaTeIb

U IPOEKTUPOBIIIHKK)

Komuposmimk
Coder

Customer (technical
writer and designer)

Cxema 0ToOpaXkeHHs IPEAMETHOH 00JIaCTH Ha €IMHNYHON MPOTPaMMHON CHCTEME

Diagram of displaying the subject domain on single program system
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STHUS 9eNoBeka. Pa3HUIa MeX 1y HUMH OyZIeT TONBKO B
YHICIIC HCIIONB3YEMBIX B MOJIEISIX TpeacTaBneHuid. [1o-
ATOMY PAacCCMOTPHUM TOJIBKO MPEICTABICHUSI U (HOPMY-
JIBI B MOJIENU TaHHBIX TPEAMETHOH 001acTi. @OpMyITbl
MOJIETIH IPOrPaMM MOTYT OBITh BBIBEACHBI aHAIOTHY-
HBIM 00pa3oMm.

Jist Momenu mpeaMeTHON 00IacTH yKa3aHHBIC Ha
PUCYHKE IMPEJICTABICHUS SBIAIOTCA CTPYKTYPUPOBAH-
HBIMU MHOKecTBaMH. OHU COJepIKaT BIOKEHHBIE OIHU-
caHus 00BEKTOB PEJAMETHOM 00JIACTH Ha A3bIKE KOHK-
peTHOW TpeAMETHON 00JacTH W ONpeaeNeHUs HUX
CBs3el MeXAy co0o0il U ¢ OKpykaroImuM Mupom. Pac-
CMOTPHUM BBIPKEHUE 3TOTO B3aMMOJACHCTBUS B (Hop-
MyJax:

Ve = {Rog s Reg™ 13 M
Viyp = {Rys' ™", Rey” ™ 2)
VKOHLl = {R:(;)HH’ R;OHH }> (3)
1€ Voo Vanyrps Vionn — MPEACTABICHHS, COOTBETCT-

BYIOIIHNE MEPEUYHNCICHHBIM Ha PUCYHKE THUTIAM MO-
JIeeH JaHHBIX;

RE™, REY™, RZ™ — MHOXKECTBO OOBEKTOB B
IPEICTABICHHSIX;
R, REP™ R™ — MHOXKECTBO CBs3ed B

HPEJCTaBICHHAX.
B 10 xe Bpems Kax[oe U3 MHOKECTB Rz MR,
(Rog s R, RE™) B dopmynax (1)—(3) mosxer

OBITH IPEACTABICHO (hOPMYITAMU:
R06 = {013 027 LRES) On}) (4)

RCB: {(0119 0129 Tl)) (0219 0229 TZ)) LREEY (Onla 0}127 ]-;1)}) (5)

rne O, O,, ..., 0,, 0,1, O, (i=1,2, ..., n) — 00beK-
ThI R g
1), T,, ..., T,,— Tumsl cBs3ei (OTHOLIEHUS ) MEXKIY

obowsextamu O, O,,.

CorracHO HIIEOJOTHH OOBEKTHO-OPHEHTHPOBAH-
Horo niporpammupoBanwsi [ 10, 11] ykazanssie B (4) 00b-
eKTHI COZEPIKaT MHOXKECTBA CBOWCTB, METOIOB U CO-
ObIThii. Kaxxmoe n3 HUX MOKET B CBOIO OYepeAb MPe-
CTaBISITh COOOH Kak OOBEKT, TAK U EPEBO OOBEKTOB.
Ha 6a3e muoxectB (1)—(3) HEOOXOAMMO OMpPENETUTH
OJIHY WJTH HECKOJIBKO (DYHKIIMH, HCCIIE0BaHHE KOTOPBIX
JIaCT MHCTPYMEHT JUIsl OIIpEe/IeNIEHHs] KOJINYECTBEHHOM
OLICHKU BIIMSIHUS UeJIoBeka Ha mpouecc cuntesa CI10.

C 3T0i1 11eN1b10, KCXO/Is M3 TOTO YTO JIIs TOTYYSHHSI
3aKOHYCHHOM MOJENH MpeIMETHON 00JacTh HEeoOXo-
AMMa CYNEPHO3ULHS HPEACTABICHUI Viyyew, Viyyrps
Vomp PACCMOTPUM IIOCNIENOBATENILHOE OTOOpaKEeHHE
ux Jpyr Ha fpyra. Takoll Honxo/ 1acT HaM CIIEAYIOLLY O

rpyniy Gopmyir:

Vionn = Jrona (Vewew); (6)
VBHyTp :_f};HyTp ( VKOHLI) 5 (7)
Vouyrp :fBHyTp (from (Vasem)), 3

TI€ from Sonyrp — QYHKUMN Npe0OpasoBaHus BHELI-
HEll MOIeNu B KOHICTITYaTbHYIO M KOHICTITYalIhb-
HOI MOZIETH BO BHYTPECHHIOIO.

Takum oOpazom, cynepriozuiiust MHOKeCTB (1)—(3)

C y4eTOM MPUBEICHHBIX BBIIIE PACCYKIECHUH, ONMCaH-

HBIX B (6)—(8), OyneT BBIVISAETh KaK MpeAcTaBlIcHUE

W, (obuiee mpencTaBaeHne MOJENH IAHHBIX):

W;L :fBHyTp (ﬁcouu (VBHem))- (9)

B nomyuenHnoii cynepnosuuuu V., — aprymeHt
npencrapienus . B (9) nomyuen apryment 1uis GyHK-
MU BIUSHKA W, C TOMOIIBIO KOTOPOI'O CTENEHD BIIHS-
HUs Z; MOXET OBITh PACCYMTAHA KaK

Zy =W, (10)

e f, — QyHKIHsA, ONPEENIoNnas 3aBUCHMOCTb CTe-
HEHH BIUAHUA Z, OT GyHKUUU BausHus W,
OyHKINA-0000IICHUE C YIETOM CKa3aHHOTO MOYKET

OBITH OmpezecHa 00 KaK BEKTOP IEPEUHCICHUEM

CJICAYIOIINX CXEM JaHHBIX:

_ BHEII BHEII BHEII KOHIT KOHIT
Zy ={ZP 2 Y, 2O 2L an
KOHI[ BHYT| BHYT BH
ZM ’Zl YP’ZZYP"“’ZL YTP}’

m6o kak marpuia (cMm. Huke hopmyny (12)).

Bmmsiane uenoseka Ha cunare3 B EIIC ACIIBbB tpex
MojieTiel TaHHbIX 3a/1aHo B (11) BekTopom mepeuwnciie-
HHUsS: BHEIIHEH, KOHIENTYaJIbHOM U BHYTPEHHEH CXEM
JaHHBIX. TaK Kak KOJIMYECTBO KOMIIOHEHT, peaiu3y-
€MBIX Ha KaXKJOM U3 ATANOB allpHOPH, Pa3IUdHO, 00-
m1ast GyHKIMS BIUSTHUS MOJKET OBITh Peain30BaHa c mo-
MOIIBIO CYMMBI (CBEPTKH), OMPEACTSAIONIeH MOIHYIO
crernieHb BiusiHuS B (11).

[Tpu mepexone ot EIIC x CIIO, cocrosimiedd u3 k
EIIC, Ha ocHoBe (11) MokeT OBbITH TIOJTy4YeHA MaTpHUIla
CJIEYIOLIEro BUJA!

Z(l) BHEII Z(l) KOHI[ Z(l) BHYTpP Z(l) BHYTp

1 s 4 R seeen 4
ZI(Z) BHeLlI’ o ZI(Z) KOHLI’ e 21(2) BuyTp, o Z]EZ) BHYTpP (12)
Zl(k) BHCIII’ s Zl(k) KOHH’ s Zl(k) BHyTp’ e sz) BHYTp

OO6mas QyHKIus ZIEIkc) (UC — undopmanmoHHbIe
cucrtembl) Bnusinus yenoseka Ha CI1IO ACIIBbB (uepes
TpyIo3aTrparbl Ha peau3aIuio), cocrosmiei u3 k EI1C,
OTIpeNeNsieTCs CyMMHIPOBAaHHEM BCEX TPYIO3aTpar B MaT-

putie (12) cBepTKOil TaHHON MaTPHIIBL:

N M L
ZI(;C) _ Z ZiBHeIH + z ZiKOHH + Z ZiBHyTp. (13)
i=1 i=1 i=1

CHuxenue BnusiHUS cornacHo (13) moxeT goctu-
rarbCs 3a CYET COKpAIICHHS KOJMYECTBA JIEMEHTOB
Marpusl (N, M, L) unm yMeHbIIeHUs KO3PPHUIHEHTOB
TPYLOEMKOCTH B Kax 101 u3 cTpok. Hexoropsle 3Haue-
HUS 2JIEMEHTOB MaTpHiibl (12) MOryT oOpariarscsi B HOIb
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B CIIyJae, €CJIN IIEMEHT, KOTOPOMY OHH JIOJKHBI COOT-
BETCTBOBATH, YK€ Pa3paboTaH U MOKET HCIIOJIb30BaTh-
cs1 6€3 JIOTOJTHUTEIIBHBIX “YCHITHNA ™.

B [12] mpuBeneHs CX0HBIE MATEMATUYECKHE TIO-
crpoenust. OHH CBSI3aHbI C METOIAMU CHCTEMHOT'O aHAITH-
3a (mpoektrpoBanusi) [ 13, 14] v orleHKH 3P PEKTUBHOCTH
UH(OPMAIIMOHHBIX CHCTEM CETH CBSI3U C PaJUAIbHO-
KOJIBLIEBOM CTPYKTYPOU, KOTOpas IO CyTH HAIIOMUHAET
ctpykrypy CITO ACIIBB. Tem He MeHee OHU MOTYT OBbITh
WCIIOJIb30BAHBI JUIsSl TOCTPOCHHSI 0000IEHHOTO MOKa-
3areins d¢dexruBHoctu BausHus Ha CIIO (c. 31 [12])
JIIITH YaCTUYIHO. JTO CBS3aHO C TEM, YTO caM Mo cebe
nponecc curreda CI10 [15-20] cymiecTBeHHO OTIHYa-
€TCsI OT MPOIIECCa CO3MAHMSI CHCTEMEBI ITepeIad HHPOp-
MaIlHH.

ITomumo dhopmyin (12) u (13), 11st OLEHKH BIUSHHUS
MOKHO HCIIOJIB30BAaTh U JPYTHE METOMIBI, HATIPHMED IT0-
CTPOCHHUE HATrPY>KEHHOTO rpada U MOUCK IIyTH B HEM
METO/IaMH1 TeHETHUECKUX alropuTMOB [21-24]. B atom
ciydae B rpade HeoOxonumo OyeT HaTH OnTHMallb-
HBIH TyTh C ITOMOIIBIO MCIIOIB3YEMBIX BEKTOPOB II0O-
UCKa (XPOMOCOM), pa3Mep KOTOPBIX HE (PUKCHPOBAH.

3akJoyeHue

Taxum 06pazom, IOCTPOCHHUE MaTeMaTUYeCKOI MO-
JIeM OLIEHKH BJIMSHHS YeJlOBEKa Ha YCTOMYMBOCTH
CHEIHUAIBHOTO MPOTPaMMHOTO 00ecIieueHusi aBToMa-
THU3UPOBAHHBIX CHUCTEM MOXKApOB3PBIBOOE30MACHOCTH
[1, 2, 4, 19], ocHOBaHHOI Ha OTOOpPaKEHUU MPEICTAB-
JICHWI TaHHBIX, TIO3BOJISIET MOXYYUTh POPMYITY KOJIH-
YECTBEHHOHN OLIEHKH (DYHKIMH BIUSHUS YeJIOBEKa Ha
CIIO npu ero cunrese. [Ipy TOM KOTMYECTBO €AMHUY-
HBIX NporpaMMHbIX cucteM B ACIIBB s nosmyuen-
HBIX (OPMYII 3HAUCHUS He UMeeT. M3 HUX, B YaCTHOCTH,
CJIEJYET, UTO PELIEHNE BOIPOCA O CHUKEHUM BIUSHUS
yenoBeka Ha ycroiunBocts CI10O ACIIBb nexur B rmioc-
KOCTH YBEJIMYEHHUS KOJIMYECTBA MHOTOKPATHO HCIIOJIb-
3yEMBIX JIIEMEHTOB — 0a30BbIX JIEMEHTOB IIPOTPAMM
st cunte3a EIIC. CHukeHue BIUSHUS JTOCTUTAeTCs
TaK)Xe B TOM CJIydae, €CJIM TaKue JIEMEHTbI CO3/1al0TCS
otaenbHo oT cuHTe3a EINC Ha KOHKpeTHOM HHCTPYMEH-
TaJbHOM cpeJicTBe. BinsiHue uenoBeka Ha yCTOHYMBOCTD
B [IOCJIETHEM ClTyuyae pu cuHTe3e HoBbIX Bepcuil CI1O
ACITIBb st HOBBIX WH(OPMAIIMOHHBIX TEXHOJIOTUH
OyJeT 3HaYUTEIbHO HIKE.
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ABSTRACT

Introduction. The oil and gas industry plays a key role in the Russian economy. In this regard, it is
necessary to ensure the safety of facilities in this industry, in particular the fire safety of oil refineries.
Computer-aided fire-explosion safety systems play an important role in protecting objects and
detecting fires on them. At the same time, a key element in these systems is special software and the
success of the computer-aided fire-explosion safety system depends on it. Since the software is
developed and operated by a person, there is a scientific and technical problem, which is expressed in
determining the function of human influence on the special software of computer-aided fire-explosion
safety systems.

The work purpose is to assess the impact of human (programmer) on the stability of special
software for computer-aided fire-explosion safety systems of oil refineries.

Methods. The article presents a model of human impact assessment on the stability of special
software for computer-aided fire-explosion safety systems. The model is based on the methods of
system analysis and object-oriented programming.

Results. A mathematical model of human impact assessment on the stability of special software
for computer-aided fire-explosion safety systems is developed. This model allows us to obtain a for-
mula for quantitative evaluation of the function of human influence on special software in its synthesis.

Discussion. The article shows that the reduction of human (programmer) influence on the stability
of special software of computer-aided fire and explosion safety systems lies in the plane of increasing
the number of reusable elements — the basic elements of programs for the synthesis of single software
systems. The reduction of influence is also achieved if such elements are created separately from
the synthesis of single software systems on a particular tool.

Conclusions. The results obtained by the authors can be used to assess the impact of human
(programmer) on the stability of special software for computer-aided fire-explosion safety systems of
oil refineries. In the synthesis of single software systems it is necessary to repeatedly use the basic
elements of the programs. At the same time, the human impact on the stability in the synthesis of new
versions of special software for computer-aided fire-explosion safety systems will be significantly
lower.

Keywords: special software, computer-aided fire-explosion safety systems, single software system,
oil refineries, object oriented programming.

REFERENCES

1. Topolskiy N. G. Osnovy avtomatizirovannykh sistem pozharovzryvobezopasnosti obyektov [Basics of
computer-aided fire and explosion safety systems]. Moscow, Fire Safety Institute of the Ministry of In-
ternal Affairs of Russia Publ., 1997. 164 p. (in Russian).

2. Abrosimov A. A., Topolskiy N. G., Fedorov A. V. Avtomatizirovannyye sistemy pozharovzryvobezo-
pasnosti neftepererabatyvayushchikh proizvodstv [Computer-aided fire and explosion safety systems
of petroleum refineries]. Moscow, State Fire Academy of the Ministry of Internal Affairs of Russia
Publ., 1999. 239 p. (in Russian).

3. Kruchkov A. V. Summarizing the experience of synthesis special software for different programming
languages. Tekhnologii tekhnosfernoy bezopasnosti | Technology of Technosphere Safety, 2015, is-
sue 3(61), pp. 252-263 (in Russian). Available at: http://agps-2006.narod.ru/ttb/2015-3 /41-03-15.ttb.pdf
(Accessed 3 June 2018).

4. Kruchkov A. V. Recommendations for use of synthesis methods of special software of large automated
control systems of enterprise. Tekhnologii tekhnosfernoy bezopasnosti / Technology of Technosphere
Safety, 2015, issue 5(63), pp. 259-264 (in Russian). Available at: http://agps-2006.narod.ru/ttb/
2015-5/19-05-15.ttb.pdf (Accessed 3 June 2018).

5. Kruchkov A. V. Universal application synthesis methodology of special software for large automated
enterprise control system. Tekhnologii tekhnosfernoy bezopasnosti | Technology of Technosphere Sa-
fety, 2015, issue 3(61), pp. 264-268 (in Russian). Available at: http://agps-2006.narod.ru/ttb/2015-3/
40-03-15.ttb.pdf (Accessed 3 June 2018).

6. Dijkstra E. W., Beaulieu L., Hoare C. A. R., Dahl O.-J. Programming languages. London, 1968 (Russ.
ed.: Dijkstra E. W., Beaulieu L., Hoare C. A. R., Dahl O.-J. Yazyki programmirovaniya. Moscow, Mir
Publ., 1972. 410 p.).

m MOXXAPOB3PbIBOBE3OMACHOCTb / FIRE AND EXPLOSION SAFETY 2018 TOM 27 Ne 7-8



MATEMATUYECKOE MOAEAWPOBAHWE, YNCAEHHBIE METOAbI U KOMINIAEKCbI TPOTPAMM -

7. ISO/IEC TR 15504:1998. Information Technology — Software Process Assessments. Parts 1-9. Geneva,
International Organization for Standardization, 1998 (Russ. ed. ISO/IEC TR 15504-CMM. Otsenka i
attestatsiya zrelosti protsessov sozdaniya i soprovozhdeniya programmnykh sredstv i informatsion-
nykh system. Moscow, Kniga i biznes Publ., 2001. 348 p.).

8. Paulk M. C., Curtis B., Chrissis M. B., Weber C. V. Capability maturity model for software, Version 1.1.
Pittsburgh, Pennsylvania, Software Engineering Institute, 1993. 83 p. DOI: 10.21236/ada263403.

9. O’Regan G. Capability maturity model integration. In: Introduction to Software Process Improve-
ment. Undergraduate Topics in Computer Science. London, Springer, 2011, pp. 43-65. DOI:
10.1007/978-0-85729-172-1 3.

10. Blaschek G. Object-oriented programming. Berlin, Heidelberg, Springer-Verlag, 1994. 335 p. DOL:
10.1007/978-3-642-78077-6.

11. Sherrell L. Object-oriented (OO) programming. In: Runehov A. L. C., Oviedo L. (eds). Encyclopedia
of Sciences and Religions. Dordrecht, Springer, 2013, pp. 1544-1548. DOI: 10.1007/978-1-4020-
8265-8 200283.

12. Umrikhin Yu. D. Optimizatsiya slozhnykh informatsionnykh system [ Optimization of complex informa-
tion systems]. Moscow, Minradioprom SSSR Publ., 1983. 125 p. (in Russian).

13. Klimenko I. S. Teoriya sistem i sistemnyy analiz [Systems theory and system analysis]. Moscow, Rus-
sian New University Publ., 2014. 264 p. (in Russian).

14. Shikhanovich Yu. A. Vvedeniye v sovremennuyu matematiku. Nachalnyye ponyatiya [Introduction to
modern mathematics. Initial concepts]. Moscow, Nauka Publ., 1965. 376 p. (in Russian).

15. McConnell S. Professional software development: shorter schedules, higher quality products, more
successful projects, enhanced careers. Addison-Wesley, 2004. 243 p. (Russ. ed.: McConnell S. Profes-
sionalnaya razrabotka programmnogo obespecheniya: sokrashcheniye srokov, povysheniye kachestva
produkta, bolshe udachnykh proyektov, rasshireniye vozmozhnostey uspeshnoy karyery. Saint Peters-
burg, Simvol&Plyus Publ., 2006. 240 p.).

16. Vendrov A. M. Proyektirovaniye programmnogo obespecheniya ekonomicheskikh informatsionnykh
sistem [The software design of economic information systems]. Moscow, Finansy i statistika Publ.,
2006. 545 p. (in Russian).

17. Bass L., Clements P., Kazman R. Software architecture in practice. 3 Edition. Addison-Wesley Pro-
fessional, 2013. 640 p.

18. RozanskiN., Woods E. Software systems architecture: working with stakeholders using viewpoints and
perspectives. 2™ Edition. Addison-Wesley, 2012. 678 p.

19. Kruchkov A. V. Assessment of laboriousness universalization methods of synthesis of the special soft-
ware by COMOCOMO estimation methods. Tekhnologii tekhnosfernoy bezopasnosti | Technology of
Technosphere Safety, 2015, issue 4(62), pp. 282-286 (in Russian). Available at: http://agps-2006.na-
rod.ru/ttb/2015-4/43-04-15.tb.pdf (Accessed 3 June 2018).

20. AlmeidaJ. B., Frade M. J., Pinto J. S., Melo de Sousa S. Rigorous Software Development. An introduc-
tion to program verification. London, Springer-Verlag, 2011.263 p. DOI: 10.1007/978-0-85729-018-2.

21. Crookshanks E. Practical software development techniques. Berkeley, Apress, 2014. 189 p. DOI:
10.1007/978-1-4842-0728-4.

22. Liu B. Theory and practice of uncertain programming. Heidelberg, Physica-Verlag, 2002. 388 p. DOI:
10.1007/978-3-7908-1781-2 (Russ. ed.: Liu B. Teoriya i praktika neopredelennogo programmirova-
niya. Moscow, Binom Publ., 2005. 416 p.).

23. Gudin S., Khabibulin R., Shikhalev D. Searching the optimal combination of fire risks reducing measures
at oil and gas processing facilities with the use of genetic algorithm. In: Proceedings of the 9" Interna-
tional Conference on Agents and Artificial Intelligence (Porto, Portugal, February 24-26,2017),2017,
vol. 2, pp. 489-496. DOTI: 10.5220/0006188904890496.

24. Kramer O. Genetic algorithms. In: Genetic Algorithm Essentials. Studies in Computational Intelli-
gence. Cham, Springer, 2017, vol 679, pp. 11-19. DOI: 10.1007/978-3-319-52156-5 2.

For citation: Topolskiy N. G., Kryuchkov A. V., Mikhaylov K. A., Nguyen Tuan Anh. Model for
assessing the human influence on the sustainability of the special software of the computer-aided
fire-explosion safety systems. Pozharovzryvobezopasnost | Fire and Explosion Safety, 2018, vol. 27,
no. 7-8, pp. 53-59 (in Russian). DOI: 10.18322/PVB.2018.27.07-08.53-59.

MOXXAPOB3PbIBOBE3OMACHOCTb / FIRE AND EXPLOSION SAFETY 2018 TOM 27 Ne 7-8 m



