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MHUHUMM3ALIUA PUCKOB J1JI1 ABTOMATHU3UPOBAHHON
CUCTEMBI PACHPEJAEJEHHOM YHEPTETHUYECKOHN CETH
MOTPEBUTEJIEN

AHATM3UPYIOTCS M ONUCHIBAIOTCS CPECTBA ABTOMATH3AIMHI TECTHPOBAHKSI CITOKHBIX HHTCTI-
JEKTYaNbHBIX cHcTeM. [Ipemaraercs Meroauka onpeaecHs Hanoomee 3 exTnBHOro BapuaH-
Ta TECTHPOBAHMS ABTOMATH3HPOBAHHOW CHCTEMbI PACIPEICICHHON 3HEPTETHIECKOH CETH I0-
TpeOUTENneH 1 MPOU3BOAUTEINICH HNICKTPOIHEPT U, TIO3BOJLIFOMIAS B TAOOPATOPHBIX YCIOBHSIX IMY-
JTMPOBATH CIIOKHOE OKPY>KCHUE PEAaTIbHOTO MHPA TEICKOMMY HUKAIIHOHHBIX, KIIMEHT-CEPBEPHBIX
u Internet-B3auMOACHCTBUN U BBIIOTHATH BCECTOPOHHEE TECTUPOBAHUE PACTIPEACIICHHOM CHCTE-
MBI Hpe/:[naraeTc;I MCTOO MMOKPBITHA OIIHOOK CHCTCMEI C IOMOIINBIO MATCMATHICCKOTO MOACIH-
POBaHMS TPAHUL TPaH3aKIMH. KiroueBble ci0Ba — YMHBIE CETH, IPHHATHE PELICHUH, selenium,
chrome driver, HaAEKHOCTh, AaBTOMATH3HPOBAHHOEC TCCTHPOBAHUE, ABTOMATH3ALMS 3aIIPOCOB
BBITTOJTHCHIA 33724, Jenkins, TpaH3aKIws.

1. BBeaenue

Cdepa sHepreTrrn 00CCICUHBACT XKU3HECITCIPHOCTD M OC30MACHOCTh KaK BCEro OOIICCTBA
B LICJIOM, TaK W KaXIOr0 rOCYJAapcTBA B OTACIBHOCTH, MPH 3TOM TCXHOJIOTHYCCKOW OCHOBOU
KKJOH SHEPrOCHCTEMBI SIBIISIFOTCS SJICKTPHUCCKUE ceTH. [IpeoOpasoBaHUE 3ICKTPOIHEPreTH-
YCCKOro KOMIIJICKCA B UHTCIUICKTYAJIBHBIC CCTU ABJIACTCA PCIYIbTaTOM MHOTOJICTHECH HAY1IHO-
HCCIICA0BATEIBCKON ACATCIBHOCTH, HMCHHO MM CCTOTHS VACISICTCS 0C000C BHUMAHHC JHCPIe-
THUKOB.

B Hacrosmee BpeMsl MOABIIOTCS HOBBHIC TCXHOJOTHH MPOU3BOACTBA DICKTPOIHCPTHH — pPac-
TCT JOJSI PETCHCPATUBHOM 3JICKTPOIHEPTHH, Pa3pabaTeBAIOTCS HOBBIC YCTPOWCTBA, TAKHE KaK
SNCKTPOMOOHITH, Pa3BHBAIOTCS WHTCIICKTYAIBHBIC 3JICKTPOIHEPIETHUCCKUEC CHCTEMBI C aKTHB-
HO'a,Z[aHTHBHOﬁ CCTBIO, HOCTpOCHHOI\/'I Ha OCHOBC UCTIOJIb30BAHUA HOBBIX IIPUHITUIIOB U TCXHOJIOTHH
nepeaayn | npeoOpasoBaHUM ICKTPOdHEPrun. C MOSBICHUEM PETCHEPATHBHBIX HCTOYHHUKOB
OHCPIrHUH, TaKUX KaK SHCPIruda BCTpPa U BOABI, IPOU3BOACTBO JJICKTPOSHCPIUHU CTAHOBUTCA BCC
0oJee ACLCHTPATU30BAHHBIM U 0ONIEe 3aBHCAIINM OT IMOTOAHBIX YCIOBHH.

B cBsasu ¢ stuMm QIICKTPUUICCKUC CCTHU CTAHOBATCA BCC 60.]'[66 JUNHAMHYCCKHUMMH. BHC,Z[pCHI/IC
HOBBIX MCTOJAOB VIPABICHHUS PACMIPCICICHHUEM SHCPrUU B CETH TPEOYET MIHPOKOrQ CICKTPA
HUCMOJIBb30BaAHUA COOTBCTCTBYIOIIUX TECXHOJIOTHH. O,Z[HI/IM U3 MCTOAOB AUHAMUYICCKOI'O yIIpaBJic-
HUSI TTOTPEOICHUEM 3HCPTUH SIBISICTCS VIIPABJICHHUE CIPOCOM, 337a4a KOTOPOTO — aJanTarius
NMoTPeOICHUS SHEPTHH MOJIB30BATEIIMH K ¢¢ (PaKTHIECKOMY MPOU3BOJICTBY.

B xoHIEnumn «yMHOM SHEPrETHKNY OCHOBOIOIATAIOIIHM ¢CTh COBITACHHE BO BPEMCHHU IPO-
LICCCOB MMPOM3BOJACTBA M MOTPEOICHHUS SICKTPOIHCPTUH U PABCHCTBO 00bEMa BEIPAOOTAHHOH U
noTpeOIEHHON 3MCKTPOSHEPTHH B KaXKABIH MOMEHT BpeMeHH. KpoMe BHEAPECHHUS HOBBIX YCT-
POMCTB, OMHOMN M3 OCHOBHBIX 3224 SBJISCTCS Pa3paboTka HOBOU KOHLICIIIMH YIPABICHUS TAKUMHU
“YMHBIMH ™~ 3JCKTpUdecKuMu cetsmu. [losromy akTyanpHbl paspaboTka U MOAACPIKKA MPO-
IPaAMMHOr0 OOCCIICUCHHSI, KOTOPOS MO3BOJISCT MPOCTOC U THOKOS KOH(PHUTYPHUPOBAHUE, MOHUTO-
PHUHT U TCCTUPOBAHUC KAUCCTBaA pa,6OTbI BCCX KOMITOHCHTOB I/IHTCJ'IJ'IGKTyaJ'IbHOI\/'I CpCabl B YMHBIX
cersax Smart Grid.

2. KomnbrortepHasa cerb cuctem Smart Grid

3amaua «Smart Grid» cocTouT B TOM, YTOOBI CAENATh «UHTCIICKTYAIbHBIMIY T'CHEPALIMIO,
nepesady ¥ pPacrpeaciICHUE SICKTPOIHEPTUH, OOCCIICUHTh SICKTPHICCKUEC CCTH COBPEMCHHBIMHU
JUACHOCTHYCCKUMHU CPCACTBAMU, AITOPHUTMAMH, SJICKTPOHHBIMUA CHCTEMAMHU VIIPABJICHUS, TEX-
HHYCCKUMH YCTPOMCTBAMU THIIA OTPAHHYUTEICH TOKOB KOPOTKOTO 3aMBIKAHHS CBEPXITPOBOS-
[UX JTHHAN U MHOKECTBOM JIPYTMM HHHOBALWH, TOSIBUBLIMXCSI HA CCTOAHSIIHHIM ICHb B HAYKE U
TCXHHUKE. AKTYAIBHBIM SIBISICTCS OOBCIHHCHUE BOBMOKHOCTEH HH(DOPMAIIHOHHBIX TEXHOJIOTHHA,
y7KE MPUBBIYHBIX IS TIOJIB30BATEICH MHTEPHET, C CHITOBOM 3ICKTPOTEXHUKOH, YTO 3HAMUTCIBHO
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COKPATUT MOTEPH MPH MEpeaade dNCKTPUUSCKOM SHEPTHH OT TeHeparopa K morpedutento [4].
MHOI‘OKpaTHOC YBCINYCHUC HAAC)KHOCTHU 3HCpI‘OCHa6)KCHI/IH AAa€T BO3MOXKHOCTE OIITUMAJBHO
MepepacnpeacsTh YHEPTETHICCKUE PECYPChl H TEM CAMBIM YMEHBIIATh MHKOBBIC HATPY3KHU (BCE
3JCKTPOTCXHUYCCKUE CUCTEMBI MTPOCKTUPYIOTCS HMCHHO B PACUCTE HA MMUKOBBIC HATPY3KH). JTO
TIO3BOJIAICT HOTpC6I/ITCJ'IIO 6LITI> AKTUBHBIM HUI'POKOM Ha PBIHKC 3JICKTPOSHCPIUU. BC,Z[L cClan
paHbLIC NOTPEOUTENB Opant 3ICKTPHUYCCKYIO SHEPTHIO OT OJAHOTO MPOJABLA, TO TEIEPh OH HAXO-
JUTCS B VCIOBUAX PBIHKA: MOJKET BEIOUPATE CPSAH KOHKYPHPYIOLIUX MPOU3BOIUTEICH.

PaspaGorka cpeacts 3pdheKTHBHOrO B3aUMOJCHCTBHS YCIOBEKA ¢ KOMITBIOTCPOM CUHTACTCS
OAHUM U3 IPUOPUTCTHBIX HaHpaBJ'ICHI/II\/'I PasBUTUA UCKYCCTBCHHOT'O UHTCIIJICKTA U I/IH(I)OpMaTI/IKI/I B
LICTTOM.

Paspaborka uenopeko-MamInHHBIX UHTEP(PEHCOB 11 BEO-NPHIOKCHUH U JUHAMUYECKOE B3a-
HUMOJACHCTBHE MOIb30BATEIS ¢ UHTCIIICKTYATIbHON CHCTEMOH HMEET OTPOMHOEC 3HAUCHHE B CHC-
TCMax YIpPaBJICHUA, TaAK KaK OHU JOJIZKHBI OTCJIC)KUBATh U KOHTPOJIUPOBATE pCarupoOBaHUC (I)I/ISI/I-
YUCCKUX CHUCTCM Ha PA3IUYIHBIC YCIIOBUA Opr)KaIOH.[CI\/'I CpCabl B PCKUMC PCaIbHOI'O BPCMCHU.
Taxum 00pa3oM, KpaiHE BayKHO, YTOOBI ONIEPATOP CHCTEMBI YIPABICHUS MOT IPHHUMATE OTPOM-
HOC KOIIUYECTBO CTPYKTYPHPOBAHHOH HMHGpoOpManny O (H3HIECKOM COCTOSHHH CHCTEMBI, TPU
3TOM NPUHUMATh PELICHUS B KPATYAUIIUN IEPUOA BPEMEHH.

B uHTENICKTYanbHOH 3/ICKTPOIHECPIETHUYCCKON CHCTEME 3a,a9a BU3yaIu3anun padoThl BCEX
KOMITIOHCHTOB ABJIACTCS 60.]'[66 Ba)KHOI\/'I, qcM B Tpa,Z[I/ILII/IOHHOI\/'I QJICKTPOSHCPICTUKC, TAK Kak
KOHCYHBIC HOTpC6I/ITCJ'II/I AKTUBHO YYaCTBYIOT B pa60Te CUCTCMBI B PCXKUMC PCAJIbHOI'O BPCMCHUA
U MO3TOMY KpaiiHe BayKHO 00SCIEUUTh CTAOHIBHOCTD H KOPPEKTHOCTh PabOThl BCEX KOMITOHCH-
TOB SHEPTETHYCCKOTO KOMILICKCA.

3. Ananus cucrem 0OesomacHoctu Smart Grid

OaHUM M3 BaXKHBIX COCTABHBIX aCMEKTOB OS30MacHOCTH HH(GOPMAIIUHU B “YMHOM ceTr Smart
Grid gBnsieTcsl HAICKHOCTD CHCTEMBI, B YACTHOCTH - OTKA30YCTOHYHUBOCTh B KPUTHUYECCKUX U
YpEe3BBIYANHBIX CHUTYalAX. YTpo3a 0e30macHOCTH paboThl KOMIIOHEHTOB “‘VMHOM ceTd’ Smart
Grid MOXET BO3HHKATh HE TOITBKO B PE3YJIBTATE MPEAHAMCPCHHBIX aTaK Ha HH(POPMAIHOHHYO
CHCTEMY HITH HEIPABUIBHBIX ACHCTBHIN MOIb30BATENS, HO TAKKE U U3-32 MPEBBILICHUSI KPUTHICC-
KOH Harpy3kH Ha cuctemy. [ Haae:KHOTo B KaYeCTBEHHOTO ()YHKIMOHUPOBAHHS HHTCILICKTY-
aJbHOU CHCTEMBI HCOOXOJMMO UMETh JaHHBIC O PEACITBEHON HArpy3Ke (BEIPAKCHHOM, HAPHUMED,
B KOJMYCCTBE CHHXPOHHO IMOCTYIMAIOIINX B CHUCTEMY 3alpPOCOB IONB30BATENS), O XapakTepe
MOBCACHHSI CUCTEMBI B VCIOBHAX MEPErPy3KH M BO3MOXKHBIX MOCICACTBUAX B CIVIAC €€ OTKA3a
MIPH IIPEBBITIIEHUH AOTIYCTUMOW Harpy3Ku [3].

HHTennekTyansHee CHCTEMBI, HCTIONB3YIOMHE MATEMATHYCCKUE MOACTH W HPOrPaMMHbIC
aJTOPUTMEI TECTUPOBAHHS, MOTYT BBIIIOJTHATECH B MHHUMAIBHOU KOHQUTYPALMH TEXHUICCKUX
cpexacts. [IpuMeHEHHE B HHTEIIEKTYANBHEIX CHCTEMAX 3HAHUH 00 0OBEKTE YIIPABIICHUS B BHIC
(hOopMaTH30BAHHBIX OMHCAHHUHA €r0 CBOWCTB MO3BOMACT CO3AaBATh HH(POPMALIMOHHYIO H30BITOU-
HOCTb 71 3HAYUMBIX IICPEMCHHBIX PELIACMBIX 33124, KOTOpas COOCTBEHHO U UCTIONB3YETCS LIS
ABTOMATHU3UPOBAHHOTO TCCTUPOBAHUA [3], [6]. B 3TOM Ciiyuac mMOBHINCHUE OTKA30YCTOHYHBOCTH
MPOUCXOANT O3 YBEINUCHHUS KOTHYCCTBA JATINKOB IICPBHYHON HHPOPMALHH, T.€. HCKITIOYAKOTCS
MHOTHE POOIEMBI, IPUCYIIUE ANNAPATHOMY TECTHPOBAHHIO.

4. IlocraHoBKA 3aJad4H

Hurennexryanpras cerb Smart Grid obecrnieurBacT aKTUBHOE YIIPABICHHUE, KOHTPOIb U y4ac-
THE KaK IPOU3BOANTEICH, TAK U MOTPEOUTENCH 3NMEKTPHUCCKOH SHEPTHH.

Hns obecneyeHus Ka4eCTBEHHOH paboThl «YMHOH CETH» HEOOXOIMMO HATIOKCHHUE KOMMYHH-
KalIMOHHOU HH(PPaCTPYKTYPBI U COOTBETCTBYIOLIMX CEPBHCOB HA HEPTOCUCTEMY, MO CYTH, HE0O-
XOAMMO COCAMHUTH BCC KOMITOHCHTHI B CAMHYIO KOMMYHHKALMOHHVIO cucTemy B MHTepHETE,
TakuM 06pa3oM, 4ToObl KOMMYHHKALHS TPOUCXOIUTA B PEKHUME PEaTbHOTO BPEMEHH.

Hna Smart Grid ucrmonp3yeTcs MHOKECTBO PA3THYHBIX TEXHOJIOTHH, IPOTOKONIOB, HHTEPdEH-
COB M MHOT'JIA 3aIaTCHTOBaHHbIC TeXxHONOruH. LieHTpansHeiM dakTopoM paboTsl “‘yMHOMU ceTH B
PCATBHBIX YCIOBHSX SBIACTCS KAUYECTBCHHOC B3aUMOACHCTBHEC BCEX KOMIIOHCHTOB.

AXTyanbHBIM SIBJSICTCA pa3paloTKa HHCTPYMEHTATBHBIX CPEACTB, MO3BOJSIIOMHKX B 1abopa-
TOPHBIX VCIOBUAX 3MYIHPOBATE CIIOKHOE OKPYKCHHE PEATbHOTO MUPA KIIHCHT-CEPBEPHBIX, TETC-
KOMMYHUKALIMOHHEIX | Internet-B3anMOICHCTBHI U BBINOTHHTD BCECTOPOHHEE TECTHPOBAHHC
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pacnpeaeaeHHON CHCTEMBI. 3aJada TaKHX HHCTPYMEHTANBHBIX CPEICTB — OpraHM3auus 1ado-
PaTOPHOr'0 HCHBITATEIIBHOTO CTEHAA, KOTOPBIH OYIET 3MYJIHUPOBaTh OT ACCATKOB A0 THICAY
MOTB30BATEICH, MOCHUTAOIIUX U MOTYYAIOMIX HH(OPMALUIO, BOCIIPOU3BOAS TEM CAMBIM CIIOXK-
HOC B3aUMOJCHCTBUE MK Y KJIMEHTCKAM U CEPBEPHBIM MPHIOKECHUEM, Oa3aMu JaHHBIX, Internet-
CepBEpaMHU U APYTUMU CUCTEMAMHU.

5. ABTOM&THSHpOBaHHOC TECTUPOBAHHE CJIOKHBIX CHCTEM

OGnavHbIC TEXHOIOTUH — 3TO MOJAEIb MPEAOCTABICHUS IIOBCEMECTHOTO B YIOOHOTO CETEBOTO
JOCTyna K o0mmeMy myiy KOH(GHYPHPYEMbIX BBIYHCIUTEIBHBIX pecypcoB. Ha ceroassimHmin
MOMEHT MHOTUC OPraHU3aIMH BHEAPSIOT BUPTYAIU3ALHIO M O0JAYHBIC TCXHOIOTHU B CIIOYKHBIC
HHTCIUICKTYAIbHBIC CHCTEMBI TSl CHIOKCHHSL 3aTpaT U noBsiucHus 3¢ dexruBHocT. Bupryanu-
3anus U 00MavHbIe HHPPACTPYKTYPHI TAKIKE UCIOIB3YIOTCS A PACIIHPEHUS aBTOMATH3HPOBAH-
HOT'O TSCTHPOBAHUA 32 CUET COKPALICHUS HHBECTHLMN B (pr3nyeckoe 00opyAOBaHHUE, HEOOXOIH-
MOE ISl CO3AAHUS TECTOBOU cpeabl. BHeApEHUE STHX TEXHOMOTHH SABISICTCS KPOCC-Opay3epHEIM
U MOXKET OBITh HCIOJB30BAHO A Pa3IMYHBIX OMEPalMOHHBIX cucteM. Selenium WebDriver
HMECT MOTHYIO TEXHUUECKYIO MOAICPIKKY TSl TSCTUPOBAHUS PUIIOKCHHH B BUPTYAIBHOM CPee,
a KpoME TOr0 MPEACTABISACT BO3MOXKHOCTH BBITIOIHATH TECTHI MAPANIICTBHO, YTO CHIKAET
3aTpaThl ¥ NOBBIMIACT CKOPOCTh U MOOUIBHOCTh TECCTHPOBAHUS CIOKHOW paclpeaciICHHON CHC-
TEMBI.

6. Ilpenyaraemoe peleHue

K ocHoBHBIM 337auaM aBTOMATH3HPOBAHHOIO TCCTHPOBAHHUS OTHOCSTCS MOBBILIICHUS KPUTH-
YCCKOH HAAC)KHOCTH, BKIIOYAS CAMbIC CIa0bIC U YA3BHMBIC 3BCHbBS, YIPSKICHHUEC CHCTCMHBIX
PHUCKOB H yrpo3, ObICTPOE pearupoOBaHKUE HA MHIIUACHTHI H aBAPHH. BOT CMBIC/, KOTOPBIH 3aJI0KEH
B aBTOMATHU3UPOBAHHOE TCCTUPOBAHUE «YMHBIX ceTei» miu «Smart Grid». Selenium - HaaeKHBIH
(dpeliMBOPK aBTOMATH3ALIMU, CIOCOOHBIN padoTaTh ¢ AK00bIM Opay3epoM, TO3BONSIOIUEH pa3pa-
0aThIBATh TECTHI C OUCHBb CJIOXKHOW JIOTHKOW TMOBEACHUS M MPOBEpoK. Selenium Server moxker
MPUHUMATh KOMAH/BI ¢ VAAIEHHON MAITHHBI, TAC PA00TACT CLCHAPHI aBTOMATH3AIUH, U UCITO/I-
HATh UX B Opaysepe. Heckompko cepeepos Selenium MoryT oOpasoBhIBaTH pacnpeaciCHHYIO
ceTh, KOTOpas HaseiBactes Selenium Grid, uTo MO3BOJSIET JIEKO MacIITaOUPOBATh CTCH ABTO-
mMatuzanun. Selenium-Grid ucnone3yeTcs A YCKOPEHHsS BBITOTHEHUS TECTOBOTO IMPOXOJa C
MTOMOIIBI0 HECKOBKUX KOMITBIOTEPOB JJIsl BBITIOJIHCHUS TECTOB mapanieasHo. Hampumep, ecnu
HMMEETCS TECTOBBINM HAOOP, cocTosmit u3 100 TectoB, HO mpu 3ToMm Selenium-Grid pacrpeaencaa
HA YCTHIPEX PANIUIHBIX CEPBEPAX (BUPTYAIbHBIC MAIIWHBI WA OTACTbHBIC (DU3MUCCKUC MAIIH-
HBI), MPOXOKACHUE TECTOB OYAST MPOHU3BOAUTHCS B UCTHIPES Pa3a ObICTPES MO CPABHECHHUIO C TEM,
ecii OBl TECTHI 3aMYCKANHChH MOCIEAOBATEIFHO HA OTHOH MaIluHE.

st Gonbiux HAOOPOB TECTOB M KOMILICKCHBIX TECTOB, HMEIOIINX OOJIBIIAE 0OBEMBI JAHHBIX
JUTSL TIPOBEPKU, 3TO MOKET CTaTh 3HAYUTCIBHON SKOHOMHCH BpeMeHH. Beap Ui BBIMOTHCHUS
HEKOTOPBIX TECTOB MOXKET MOHAJAOOUTHCS HECKOIBKO HacOB.

Kpowme Toro, ObICTPOS BRIMOTHEHHE TECTOB MO3BOJISIET COKPATUTE BPEMSI ISl YCTPAHCHHS TOH
WJTH WHOM OIIMOKH, YTO OYCHb BAYKHO B TAKUX CITOKHBIX KOMILICKCHBIX CHCTeMax kak Smart Grid.

BwmecTe ¢ TeM, aBTOMATH3UPOBAHHBIC TECTHI TIO3BOJISMIOT MOIYYaTh HEMEIICHHYIO OOPATHYIO
CBSI3b.

OO0mmas cTpyKTypa HHTCIICKTYATbHONH 3NIEKTPOIHEPIETHICCKOH CHCTEMBI KpalHe Pa3HopOa-
HA IO IHPOKOH COBOKYITHOCTH TEXHUKO-TCXHOIOTMUICCKUX H HHBIX MAPAMETPOB U XapaAKTCPUCTHK,
YTO 3aMEUISICT IMPOLECC TUKBUAALINN CYIICCTBYIOIUX OIHOOK B padore U TpedyeT ynopsaoue-
HUS B pAMKaX CAMHOTO MOAX0/a, KOTOPBIN JOKEH OBITh HEISCO00Pa3HO ChOPMHUPOBAH HA HOBBIX
MPUHIUIIAX MOCTPOSHUS aBToMartmdeckux TecroB. Ha puc. 1 mpeacraBieHa mpeamaracmas
MOJCTb CHCTEMBL.

11 OOBEKTHBHOTO OLICHHUBAHHS CBOMCTBA 0TKA30yCTOMYHBOCTH HHTCILICKTYAIbHON CHCTEMBI
MBI IPEJIaracM HCIONb30BaTh CICAVIOIINUN MOKA3aTENb!

(P :Z fi (Ci) * (fmax * I\I)_1 . (1)

rae f, — umcno QyHKIMIA, KOPPEKTHO BHIMOTHAEMBIX HHTE/IEKTYATbHON CHCTEMOH B COCTOSIHHH
¢, (Hampumep, B CIydac OTKa3a paboThl KaKOro-nubo KOMIOHEHTAa MHTEICKTYalbHOH CHCTe-
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mer); £ —uucno GpyHKUKH, KOTOPBIC BEIIOMHSET MOTHOCTBIO HCTIPaBHas cucteMa; N — KOHIe-

CTBO BO3MOXKHBIX COCTOSHHH I/IHTCJ'IJ'IGKTyaJ'IbHOI\/'I CHCTCMBI.

3ampoc
BEMOIHASTCE HA Obnagnee
IE/Windows <> TEeXHOIOTHH
Selenium selenium
Tecr 3ampoc Mexanusm
ERIIOMHASTICE HA JAHCTAHOHOHHOTO
i Wi ) i YOpaBIeHHA =
Firefox/W mdczi} A yrpan) Kmient Ha
selenium e <> Jenkins
S o= Tonemsousae: Ha
Hub e
HCIONBIOEIHHEN
Firefox Windows
Mexannin
IHCTAHIMHOHHOTO Mocha
YOpaB.IeHHs <> framework
Seleninm
TomemousEre Ha
PenakTop Hubc
We b storm HIMONBIOEAHHEM Mexanmn
IE Windowsz JHCTAHOHOHHOTO

VIpaB.IeHHs
Seleninm

TMomsmousEme Ha

Hube

HIONIBEZOEAHHEM

Puc. 1. Mozens TeCTHPOBAHMS KAUECTBA PA0OTHI HHTEILICKTYAIBHOH SHEPTETHICCKON CHCTEMBbI

Onmoii u3 HOBEHITHUX Pa3paboTOK B 00NACTH TECTHPOBAHMS, KOTOPas COOTBETCBYET TpeboBa-
HUSIM MHTEIUICKTYaIbHOU cucrembl Smart Grid, sisiercst cepsuc ,,Sauce On Demand® (puc. 2).

Open Sauce Selenium

«5auce OnDemand»
Web 3ameHAeT NoKanbHbie Opay3epbl  No3BonAeT
Server WCMONB30BATH HOBbIE MHCTPYMEHTI, TaKMe Kak

BHIE0 TECTOB B PEXKHME PEaNbHOM0 BpEMEHH

+apyrue

bpaysepbl

Tlokanbhas m,uuep;ma

3K3EMIVIAOB 6pay3epos JKkzemnnApbl 6payzepos B obnake

noAroToBNeHHble AnA Selenium.

Mpenmywecrea «Saucen;

-Bonee BbICTpOE TRCTHPOBaHKE W pa3paboTa;

Tecr - JKOHOMMA PECYDCOB 33 CYET TMGKON MHPPACTPYKTYpLI;
- BO3MOKHOCT YMPOLLEHHA WCNONbIOBAHUA WHCTPYMEHTOB;

Puc. 2. Cepsuc ,,Sauce On Demand*

JaHHBIH MPOAYKT HOCTPOCH HA OCHOBE MPOAyKTa Selenium, HO B OTIMYHE OT HEro TpeOyer
MEHBLINX BPEMCHHBIX pecypcoB. Kpome Toro, faHHBIN CEPBHC BEIMOTHSICT HEMPEPHIBHOC CKAHH-
POBAHUE 3KPAHA B KAXKIOH TECTOBOM MAIIMHE U XPAHUT Bce BHACO B Amazon S3. D10 MO3BOIIET

BHIIIONHATH Selenium kpocc-Opay3epHbIe TECThI B 0b1aKe 63 HECOOXOAUMOCTH HACTPOHKH CPEIbl
TCCTUPOBAHUS.
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Amazon Simple Storage Service (Amazon S3) — oHnaliHOBas BeO-ciy:kba, mpeanaracMast
Amazon Web Services, mpeaocTaBisomas BOZMOKHOCT /ISl XPAHEHUS U HONYUYCHUS JTIIOOOr0
00BbéMa TAHHBIX, B JTFO00C BPEMS U3 TFO00M TOYKH CCTH, TAK HA3BIBACMBIN (DAMIOBBIM XOCTHHT.
Ha cerogusiinamii qeHp OBLIO 3aMYINCHHO B OOIIEM YKC/IC 3 MIJITHOHA TECTOB, BCE U3 HUX OBLIH
KOHBCPTHUPOBAHBI B BUACO.

B xauectBe ¢peiiMBopka TECTHPOBAHHUS MBI MpeAnaracM Hcrons3osats JavaScript Mocha,
KOTOPBIH SIBJISICTCS MHOTO(QYHKIHMOHATBHBIM (periMBopkoM JavaScript, mo3Bomser paborath
OTACTBHO C Y37TaMH H Opay3epaMy U BBIIOIHATH ACHHXPOHHOS TCCTHPOBAHHE MPOCTO U Kavec-
cTtBeHHO. Mocha-TecThl BBIMOMHAIOTCS MOCICAOBATEIBHO, YTO oOccreunBacT 00jee THOKYIO
BO3MO>KHOCTB BBITIOJTHCHHS TOYHOH OTUCTHOCTH.

ﬁ;é Cepeep Jenkins umeer Selenium

Grid v 3anaHme KoHUTypUpyeTea
B COOTBETCTBUM C BbINONHEHUEM

AnmurucTpaTop KoHdurypupyer o SElriin

3afaHme ana Jenkins

| Test(asel

3annanmupoBanHoe , Cepsep Jenkins Mpoaykr
Japane http://x.x.xx.:8083/main

BoizoB 3apanun
1na Jenkins

A

/

A\,

Yaen 1: Y3en 2:
Windows 7, IE8 Unix, FF

Puc. 3. Ipuaumm padotsl ¢ cepeepom Jenkins

Kpome Toro, Mbl ucmons3yeM cepsep HenpepbiBHOU uHTerpauun Jenking (puc. 3), koTopsiid
MO3BOJISICT MPOBEPHUTH, YTO KaKAas cOOpKa MPOEKTa mpomria yeremHo. Pesynaprarsl aHammza
CHUCTEMBI OTOOPaKEHBI Ha auarpame (puc. 4).

- ; A ecmu mpu cOOpPKE BO3HHKIN KaKHE-TO MPO-
TecroBubiii pann: myTEStﬂ‘Jtl OJIEMBI, TO OIMEPATOP HEMEIICHHO 00 3TOM y3Ha-

Bpemﬂ pearupoBaHus eT, - eMy OyJeT OTHPABICHO yBEAOMJICHHE (pHC.
5). U kpome TOro, mpu HCIOIB30BAHUU CEPBEPA
HEMPEPBIBHOU HHTETPALIUN HE HYKHBI CICITHATb-
ubi¢ pyunsie aeiicteus. Cepsep Cl cpasy mocie
U3MCHCHHUH caM BBIIIOJIHUT BCC TECTHI IMPOCKTA,
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= 2 .makc. | SAIYCTHT aHAIM3aTOPBI KOAA M COOCPET pasivy-
o ~3-mmu. | Hble MeTpuru. Kpome Toro, Jenkins mososser ocy-
1 1 HICCTBIIATh HATPY30UHOEC TECTUPOBAHUE C MOMO-

20 B0 HHTCTpAH TeXHONOrnn JMeter.
0 JMeter sBisieTcst AMYISTOPOM PabOTHI OOJTb-
IIOr0 KOJUYCCTBA MOIb30BATEICH (pHC. 6).
"pUI.LEHT ownboK JMeter maer BO3MOYKHOCTb T€HEPHPOBATH KO-
100 JUYECTBO Tomb3oBaTench (number of threads),
80 BpEMsI, 33 KOTOPOS HAYHYT pabOTy BCE MOJIb30Ba-
Temu (ramp-up-period), KOIMYECTBO LHKIOB A
Kaxxa0ro nojs3osareist (loop count).
3 50 Jnst xaxkaoro BHPTYAIbHOTO IMOJIB30BATEIS
40 JMeter mopoxkaaer HuTh. C MOMOILIBIO TOCICO-
30 BarempHOocT HTTP-3ampocoe 3amacres crcHa-
PHI TOBEACHMYS TTOIB30BATEIS ((IUIAH TECTHPOBA-
& Hus). Ha nanHOoM 3tane passutust HHGOPMAITHOH-
# # i = HBIX TCXHONOTHH OTCYTCTBYET BO3MOMKHOCTH CO-
72 Puc.4. Jlmarpamma ommbok B Jenkins
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30aBaTh CLICHAPUH NOBCACHHMS MOIB30BATCICH IPH MOMOIIH Opay3epa. Y IpaBICHHE 3alIpocaMu
OCYLICCTBILCTCSL C MOMOLIBIO MOAYICH, HA3BIBACMBIX KOHTPOILICPAMH, & AOCTYI K JAHHBIM
TECTUPOBAHMSA — TIPU TIOMOIIH cayinatench. Kaxkasiii ciaymarens cobupaet napopmamuo, OTHO-
CAINYIOCSA TOJBKO K OJHOM OIPEACICHHOHM TIpymIe BUPTYalbHbIX monb3osarencii. CoOpaHHYIO
nH(POPMALIMIO MOXKHO MPEICTABUTH B TEKCTOBOU (opme ¢ momowpio caymarens File Reporter
unm B BUAe rpaduka ¢ momowpio caymarens Graph Results. [Tpu 3Tom npon3eoanTcs U mepBud-
Has CTaTHCTHYCCKas o0paborka pesyiabratoB. MIHTEpBaNbl BPEMECHH MEKIAY 3ampocaMu 3a1a-
FOTCS C TIOMOIIBIO TAUMEPOB.

All | 4

s w Name | Kpaittnil ycnex Kpaiinaa Heyaaua KpaiiHaa NpoAoMKHTENBHOCTE

check that customer is online Heussectro HewssecTno HeussecTho E}

;1 '@ recent customer activity check HewnssecTro 13 geeit - 52 13 cexyna i)
” qas meter check Heussectro HeussecTho HeussecTro @
electricity meter check HeussecTHo HeussecTho HeussecTho E‘)

d % check the message for the customer 13 e - 52 HeussecTho 5 MutkyTol 27 CekyHg i)
Q By peakload testing HewssecTio 13 et - £1 53 cexyma 53]
.Q "% network analysis 7 ppei 19 vacos - £106 4 gna 21 vacos - £113 4 My Tl 20 cekyH i}
J demand response optimization testing 15 el - #4 HewssecTHo 17 cekyna 2‘)
customer segmentation tesu'ng 1mecay 3 gnn - 24 HeussecTho 30 MuHyT .Z.)

Wrorka: SML =
3\ RSS ana neyaa

DNerenon | | RSS ana scex [

x [} RSS ana nocnensix cGopok

Puc. 5. TlpuMep pearn3oBaHHOTO TECTA MTPOBEPKH OTIPABKU COOOIICHHH ITOI30BATEIISIM

OnHuM u3 goctouHCTB JMeter sBISETCS BOZMOXKHOCTE YVAAICHHOTO TCCTHPOBAHUS C HCIOMb-
30BaHHEM KJIMEHT-CEPBEPHOU apXHUTEKTYpHl Ha ocHoBe Mexanm3ma Java RMI. I'enepanms nHa-
TPY3KH B cOOp JAHHBIX OCYLICCTBIISIIOTCS HA OJHOM Y31€ CeTH, a 00paboTKa M BH3YaTH3aLUs
JAHHBIX — HA JPYTOM, YTO MHHHMH3HPYET BIUIHHEC NapaMeTPOB CPEABl MEpeIadn JaHHBIX Ha
pe3yabpTaThl u3MepeHni. KiueHT-cepeepHas apXuTeKTypa AaeT BOZMOYKHOCTh TIOCTPOCHHUS pac-
MIPEIECTICHHON CHUCTEMBI TECTUPOBAHHUS IIYTEM PAa3MEIICHNA HE3aBUCUMBIX TECTHPYIOIIHNX KOMITO-
HenToB JMeterEngines Ha y3rmax BEIMHCITHTENBHOU CETH H YIAICHHOTO YIPABICHUS HMU.

PureLoad Pabouue
MPOLECELI,
MCMONHAEMEIE TecTHpyeman
Lepaep HA Y2NaX CeTH CHETEMR
¥npaenawwas YIpABNEHHA
KOHCOME 330AHHAMH

PureLoad

.ili Z

HE‘ N\

Puc. 6. Kondurypanust padotsi cucremst Jmeter

Eme ogno gocrounctso JMeter, yopoinaroinee 00paboTKy Pe3ynbTaToB TCCTHPOBAHUS, — 3TO
BO3MOXKHOCTB MCIIOIb30BAHUS TECTOBBIX YTBEPXKIACHUH (assertion). Ee Hamuume mo3somsier aBTo-
MaTHYECKH IPOBEPATh COOTBETCTBHC OTBETOB CEPBEPA, MOMYUCHHBIX B XOAC TCCTUPOBAHMS,
OKUAaeMbIM BenrmduHaM. Hanpumep, ¢ moMOIIbIO TECTOBBIX VTBEPKACHHUH, 3aIMUCAHHBIX B (Op-
MC PCTYISPHBIX BBIPAXKCHUH, MOXKHO TPOBCPUTH HANMHUIWC ompeacicHHoro tekcrta B HTTP-
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otsere. Mcnome3oBanune Java He TOMbKO 0OecneunBacT NOAACPKKY OOMBIIOro YHCaa mIaThopMm
U 0o0Jeryact MOCTPOCHUE PACHPEACICHHBIX CHCTEM, HO TAKXKE CIMOCOOCTBYET PACIIMPICMOCTU
JAHHOH CHCTEMBI TCCTUPOBAHHS.

Pazsutuio JMeter criocoOCTBYET U MOCTYITHOCTh HCXOJHBIX TEKCTOB, 3TO MO3BOJISCT HAJC-
ATHCS HA MOBBIIICHAUE KAYCCTBA JAHHOTO HHCTPYMEHTApHUS B OVIyIIEM.

PesynpTar Tecra — MakCHMaJbHOE HHCIO MOJB30BATENICH, KOTOPHIC MOTYT OJHOBPEMECHHO
MOJYYUTh JOCTYN K BeO-Y37y, YHCIO 3ampocoB, 00pabaTHBACMBIX MPUIOKCHHEM, HITH BpPEMs
OTBETa cepBepa.

OCHOBBIBasICh HA MOJYYCHHOM PE3YNbTATE, BEO-MACTEP U CETCBOM aAMUHUCTPATOP (B pado-
TE CEpBEpa YUACTBYIOT M APYTHE KOMIIOHEHTHI CETH, MaPIIPYTU3aTOPbI, OpaHAMAaY3P, KIIIHPYIO-
IHH ¥ IPOKCH-cepBep, 0a3a JaHHBIX) CMOTYT 3apaHEe BBUSIBUTh Y3KHUE MECTA, BOSHUKAIOIINC H3-
3a HecOaNaHCHPOBAHHOW PaOOTHl KOMIIOHCHTOB, U HCIIPABUTD CUTYALHIO, IEPEN TEM KAaK BKIFO-
4YaTh CHCTEMY B PCabHYIO PaboTy.

Bo BpeMst TecTHpOBaHHSI UMHUTHPYETCSl OXHOBPEMEHHAS Pab0Ta HECKOIBKUX COTCH HITH ThI-
¢4 mocetutene. Jng Oonpiel NpaBaUBOCTH KAXKABIA U3 BUPTYAIBHEIX MMOIb30BATCICH MOMKET
«XOIUTHY TO CAHTy MO MHAWBUAVAIBHOMY CLICHAPHIO M MMCTh JTHYHBIC mapamerpsl. Tawke B
MPOLIECCE TECTUPOBAHHUS MOXKHO HIMHTHPOBATH KPATKOBPEMCHHBIC IIMKH HATPY3KH, KOTAA KOTHYC-
CTBO TMOCETHUTENICH CKAYKOOOPA3HO YBEIUUHMBACTCS, YTO OUCHb AKTYAJIbHO IS CAWTOB C HEPaB-
HOMEPHOU ayJUTOpHUEH.

Ha puc. 7 mpeacrasiieH mpuMep PEaTH30BAHHOIO TECTA MPOBEPKHA OTMPABKH COOOINCHHIMA
MoJb30BaTeIsIM. B TaHHOM TecTe MBI OOBSBISAEM MEPEMECHHYIO TONB30BATENS, 3aTEM B OTACTb-
HOU TMEPEMEHHOU OOBSBIIIEM TEKCT, KOTOPBIH XOTHM OTIPABUTH, MOCIE 3TOro 3ax0oquM B Web-
MPHIOKCHHE KaK OMPCACTCHHBIN MOMB30BATENb, 3aTEM MO CCHIJIKE MEPEXOAUM B AUATIOTOBOC
OKHO, OTIIPABJISIEM COOOIICHHE U MOCTIE 3TOTO MPOBEPSEM, UTO COODIICHUE OBLIO JOCTABICHO.

it (‘should be able to send dialog message’, function () {
var participant=users.StephenPowers,

textToSend = “Hello’, +participant.name + °! Current UNIX
time is’ + (new Date()).getTime();

helper loggedinAs(users Andrew Boyd):

browser.get (*/messapges/dialogs/id:” +participant _id toString());
sendDialogMessage(textToSend);
lastDialogMessage(*Hello").should be equal(textToSend);

13

Puc. 7. IIpumep TPOBEPKH OTIPABKU COOONICHHUH MOI30BATEILIM

helper loggedInAs(users AndrewBoyd);

browser get(*/messages/SendSms");
selectReceiven groupName);
tvpeMessage(textToSend);

sendMessage();

selectDialog(users Trishamiller name);
lastDialogMessage().should be equal(textT oSend);
selectDialog(users. WendieLarkin name);,
lastDialogMessage().should.be equal(textT oSend);
selectDialog(users WendieLarkin name);

lastDialogMessage().should. be equal(textT oSend);

Puc. 8. Uutaembli TecT
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Jis moncka HEOOXOAUMOrO 3IeMeHTa B Opayaepe mMbl ucnoaszyem XPath. Xpath — 310 s3pik
3anpocoB k 3naeMeHTaM xml win xhtml gokymenrta. Tawke kak SQL, xpath ssnsercs aexnapa-
THUBHBIM SI3BIKOM 3anpocoB. YTOOR HOMYYHUTh HHTEPECYIOIINE JAHHBIC, HCOOXOIUMO BCETO JINIIb
€O3JaTh 3ampoc, OMUCHIBAIOIINN 3TH AaHHbIC. Hanpumep, HaM HEOOXOIMMO HONTYIUTh 3JCMCHT
CCBLITKH:

<div>

<div id="div-id">nekoropsrii div</div>

<div>eme oaun div</div>

<a href="http://internetka.in.ua/”>

<img src="url” alt="kaptunka-ccpinka’ />

<[a>

</div>

J1s1 3TOro JOCTATOYHO HAITUCATh OAWH U3 MPECICTABICHHBIX HHUXKE 3aIPOCOB!

driver findElement(By.xpath(*//div]@id="div-id’}]/..//a”));

driver.findElement(By xpath(*“//div|@id="div-id’ |/following-sibling::a”));

Kpowme toro, ¢ momorpro XPath (1 DOM) M0OxkHO HAHTH 3JIEMEHT OTHOCUTEIIBHO PACIIONONKE-
HUS APYTHX 3JIEMEHTOB Ha 3To# ctpanuue. Hampumep, ecin He0OX0AMMO IPOBEPUTS, UTO AAHHAS
CCBLIKA HAXOJUTCS BO BTOPOM Maparpade TekcTa, BHYTPU ceKIuH <div>. ITo MOXKHO 3a1aTh PU
noMotn XPath. Ilpu mcnone3oBanun nokatopoe ID m name MOXHO MPOBEPUTH JHIIb (PakT
HATHYH 3JCMCHTA Ha CTpaHHUIEC BooOwe, 0€3 YKa3aHUs ONPEACICHHOTO MECTOMOTIOKCHHI.
Hampumep, ecnu ecte HEOOXOAUMOCTh MPOBEPHTE, UTO IIEMEHT OTOOPAKACTCS HABEPXY caliTa,
B cexkuuu <header>, To caeayer ucmonb3oBath Jokarop XPath. beuia paspaborana mMeToamka,
COTTIACHO KOTOPOH BHYTPEHHAS CTPYKTYpa BCeX (QYHKIMH HHKATICYTUPYETCS B OTACTBHBIN (ai,
TEM CaMBIM MBI VIPOINAEM CTPYKTYPY TECTOB M AenacM HX Oonee 4nUTabETbHBIMH. 3IECh
MOAPA3YMEBACTCS TO, YTO CTOPOHHHM YHTATENb, OONAJAIOIMIMNA HCKIIOYUTCIBHO KOHTEKCTOM
MPEAMETHONW 00NACTH, B KOTOPOW HAIMMUCAH TECT, YATAS TOIBKO TECT, HE BEIHYKACH OTBJICKATHCS
Ha BBUICHCHHE JACTanch B JPYrod KOHTEKCT, MOXKET WHTYHTHBHO JOTaJaThCs O CYTH TECTa U
BBITIOJTHAEMBIX UM YTBEPIKICHUAX U MpoBepKax (puc. 8).

7. IlokpbiTHe OMIMOOK CHCTEMBbI MyTEM TECTHPOBAHHS NEPEX0A0B

Mur npcajiaracM MCTOA NMOKPBITHUA OH.II/I6OK CHUCTCMBI € IIOMOIIIBPKO MATCMATHYCCKOIO MOAC-
JIMPOBAHUS TPaHMI TPAH3aKUuH [ 7, 8].

[Npennaraercs UCNONB30BaATh LICCTCPKY:

A=(0O,L1,,C.T) ,

rac I — KOHCYHOC MHOXKECTBO BXOJOB, KOTOPBIC MPEACTABIISIOT COOOH COOOLICHHS, MOMYICH-
HBIC CHCTCMOW OT OKpyXamouiel cpeapl; O — KOHCYHOC MHOKECTBO BBIXOHOB, KOTOPBIC
MPEACTABISIOT COOOH COOOIICHHS, MEPEIaBacMbie CHCTEMOH B OKPYKAIOUICK cpeny, L —
KOHECUHOE MHOKECTBO TMojoxeHui. [lofgoxkeHue npeactasiaser coOod “cTaryc” CHCTEMBI MOC/S

BBIIOJIHCHUS nepexona; l,e L~ HA4YaJIbHOE MONOXCHUE CHCTEMBI
TcL x(ITuO0)x¢(C)x P(C)xL — MHOXKECTBO TPAH3AKLIAM.
m,G,R

Tpanzakuus obGozHaueHHas, kak t © 1| — 1', COCTOMT M3 HAYANBHOTO TIOJOXKCHHSA | ,

BXOJALICIO WIH BBIXOSIIETO COOOIICHUS m , BpEMEHHOH rpaHuubl G, HOAMHOXKECTBA CUCTUH-
k0B R, koTopric cOpachiBarOTCS, KOTIa TPAH3aKIH BHIIONHCHA, U LIEIEBOro monoxeHus ' ( T.e.

uenb(t) =1'). Kaxasiit cuerank B R ncrmomsayercst aust 3anmcu, 9100 ONPEACITUTD, CKOIBKO
BPEMEHH NPOIIIO TIOCIE BBIMIOIHEHUS TPAH3AKIMU. TaKHUe CYETYMKA B OCHOBHOM NPUMEHSIOTCS
JUISL ONPEIENCHUS BPEMEHHBIX TPAHUII MEXKTY TPAH3AKIMAMH, B MOMEHT MX OOHYJICHHS, U OyIy-
IIUMH TPAH3AKIMAMH. ByIeM CYMTaTh, YTO TPAH3AKLMH BHITOJHAKOTCS MITHOBEHHO (T.€. OHHM HE
TpeOYIOT BPEMEHH IS BBIMOIHEHHT). KpoMe TOro, TpaH3aKIuu Ha BXOAAX OTPAHUYEHBI DJIEMEH-

TapHBIMU KOHBIOHKIUAMH B BuAE X opb ,rae x e C,ope {<, < => 2>} ,a b —HarypanbHOe

27
YKCJIO, B TO BPEMsI, KAK TPAH3AKIIMK HA BHIXOAAX OTPAHHYCHBI DICMCHTAPHBIMH KOHBIOHKIIUSMH B
Bugze xopb ,rae xe C,ope{<,=>2} u b - HarypambHBIC uHMCIa. AJIMHHHCTPATODY,
TCCTHPYIOLIEMY CHCTEMY, HCOOXOIMMO 3HATh TOYHOC BPEMs BBIXOAOB, TaK KAK OHH SIBIISIOTCS
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HEKOHTPOJIHPYEMBIMHU BentnmiauHaMu. B onpenenennn MHOkecTBa Tpan3akuuil ¢(C) u P(C) obo-
3HAYAKOT BPEMCHHBIC TPAHMLIBI H MOIIHOCTh MHOXKECTBA C, COOTBETCTBEHHO. MHOMXECTBO CHET-
YUKOB HCIIOIB3YETCSA A ONMPEACTICHHS BPEMEHHBIX OTPAaHUYCHHH MExIy OoJee YeM ABYMS
TpanzakimsaMu. Kpome Toro, Mbl npeamonaraem, uto kaxasii caetunk X € C mmeer orpanu-
ueHHyI0 obmacts [0,B Ju{ec} |, rae B, — Haubombliee LET0E YHMCIO, SABISAIOMEECS OrPaHu-
YCHUEM [0 BPEMEHHU I X . JTO O3HAYACT, YTO KAXKABIH CUCTYMK X SBILICTCS PEICBAHTHBIM
TOJBKO B PAMKAaX LIETON KOHCTaHTH B, n Bee 3Ha4YeHud X, Gonbine ueM B, mpeacrapasiores
KaK oo . lakuM 00pa3oM, OTCIOJA CICAYET BBIPAKCHHE:

Ve>0,B +e=wand Ve>0,c0+€=00 .
Jtg cuetumka x W ANA BPEMEHHOM TpaHHOBI (3 OMNpeeniercd Nmpoekius (3 Ha X,
obosnaueHHas kak Proj(G, x), mo ycnoeuio (X op b) yaaasroTcs BCE CUETIHMKH, KPOME X; €CIU

CUCTYHK HE BKIIOUCH B G, TO Proj(G, x) = true

Ha puc. 9 nokasan npuMep, ONMUCHIBAOLIIHI IOBEACHUE IIPOCTOW MYIbTUMEIUIHHON CHCTEMBL.
Cucrema moyyactT u300paskCHUE, 32 KOTOPBIM CICAYST 3BYKOBOS COODOIICHHE B TCUCHUC ABYX

€IMHMI] BPEMEHH, 3aTeM oHa mockiiaeT moarsepxacaue, ackAll, we Gomee wem wepes Tpu
CANHUILIBI BPCMCHU TTOCJIC MOJTYUICHUA I/I306pa>KCHI/IH H HC 60.]'[66 YUCM UCPC3 ABC CAUHULIBI BDCMCHU
MOCJIC TOrO, KaK MOJYYCHO 3BYKOBOS COOOIICHHE, 3aTeM COOOIICHHE COPACHIBACTCS U CHCTEMA
BO3BPALIACTCSI B HAYAIBHOC TOIOKCHHUE B PEXKUM OXKHIAHUS CICAYIOIICTO H300PAKCHUSL.

Zreset, true {xy}

lackAll, £ x<2 l
. ?image 0= x< 2,{x,y} — ?sound 0=x<2, {x} ~, &&0=Zy=3.0 A,
(,i“ _f“\ f’;}\ ) M
o \ 1/ = 2 il 7,

_— - —’ Mt

lerror, x=2, {xy}

Puc. 9. Tpanzakiuu npocTOH My IbTUMEIUIHON CHCTEMBI

m,G,R
Hauanproe nonoxenue cuctemel 1, . Tpanzakius 1 0 — |, Bemonmsercs, xoraa cuc-

TeMa MONYYACT COOOIICHUE ¢ M300pPaKCHNEM M 3HAYCHUE CUCTYMKA X MeHbiue, ueM 2. Koraa
TpaH3aKIMs BHINOJIHEHA, 3HAUEHUS CUETINKOB X M y npupasHusatorcs (. B qanHOM mpumepe

BPEMEHHBIE 00IACTH CUCTUHUKOB, COOTBETCTBEHHO, ([0,2]W {eo}) 1 ([0,3]w {eo}) . [Ipoekims
BpemenHOH rpanmipl (0 x< 2) Ha cuerunk x paBHA (0L X < 2), MOKA BBINOTHACTCS TPOSKIIHS
Ha CYCTYHK Y (T.C. CUCTYHMK Y HE BKIIOUCH BO BPEMCHHYIO rpanuny). OgHako mpoekuus
BpemeHHOH rpanunel ((0<x<2)& & (1<y<2)) nHa cuetunk X pasHa (0< x<2), BTO
BpeMs KaK MPOCKLUs Ha cueTuuk y paBHa (1< y<2)) (34¢cCh, 00a CUCTUMKA X U Y BKIKOUCHBI
BO BPEMCHHYIO I'PAHHLY).

8. BoiBoanl

BEICOKOE MOKPBITHE TECTAMH SIBIISICTCS. BAXKHBIM ITANOM 00CCIICUCHUsT pabOThl HHTEICKTY-
anpHOH cuctemer Smart Grid.

Be11 npeanosker METoq MUHUMH3ALIUH PUCKOB /ISl aBTOMATH3UPOBAHHON CHCTEMBI PACIIPEIc-
JICHHOW HEPTETHYCCKON CETH MOTPEOUTENCH C MOMOIIBIO ABTOMATH3HPOBAHHBIX TECTOB.

[MpenmoxeHn METON MOKPHITHS OIIHOOK CHCTEMbI C MOMOINBI) MATCMATHYCCKOTO MOACIHPO-
BaHMsI TPAHHLI, MPSIOTBPAIIAOIIN I OLIMOKH MPU BHITIOJHCHUH TPAH3AKLIHH.

Takum 00pa3om, MpeIoKCHHAS METOANKA OMPSACICHuUs Hanbo1ee 3P HEKTUBHOrO BapruaHTa
TCCTHPOBAHMSI ABTOMATH3UPOBAHHON CHCTEMBI PACTIPEACICHHON SHEPTETUUCCKON CETH MOTpeOu-

TENEH W MPOM3BOAUTEICH BICKTPOSHEPTHH MO3BONSICT 3MYIHPOBATh ydacTHe B padore ceTH
noTpedUTeNneH; MOXKET TPOBEPATh YCTOHUYHUBOCTh CETH K (DUBHYCCKOMY U KHOCPHETHUCCKOMY
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BMCIIATEIbCTBY 370YMBIIIICHHUKOB, TECTUPYET 00CCIICUCHUE CHHXPOHHON PaboThl HCTOYHUKOB
TCHEPALIMH U Y3II0B XPAHCHUS 3IICKTPOIHEPT UM, TOBBIIACT 3G PEKTUBHOCTD PAabOTHI SHEPTOCUCTE-
MBI B LIEJIOM.
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