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AHHOTauums. B paboTe paccMaTpuBaoTCs METOAbI KOHCOMAALIMM HAYYHbIX CEPBUCOB LG POBOM Nnatdopmbl Ans
MHTErpawumm COBOKYMHOCTU HaY4YHbIX YCIYT U3 PasnnyHbIx 061acTein Hayku 418 TPOBEeAEHMS MEXONCUUMINHAPHBIX
nccnenoBaHunin, PelleHns ans co3gaHmsa KOHCONMAMPOBAHHbBIX CEPBMCOB MOMYT HANTU LIMPOKOE NMPUMEHEHne AN
MHOIOYPOBHEBOIr0, MHOrOMacLLTabHOro MoAENMPOBaHMs B 061acT MaTepuanoBeeHns, NpeaycMaTprBaloLLero
KOMMIEKCHOE MOAENNPOBaHNEe Ha HECKOJIbKMX YPOBHSAX nepapxun. B HacTosLLee BpemMsa aTa 3ajada peLuaeTcs
CO34aHNeM MHOIMOKOMIMOHEHTHbIX MePapXMY4eCKnX NPOrpaMMHbIX KOMIMIEKCOB Ha KOPOPaTUBHbIX BbIYUCIUTESb-
HblX cpeacTBax. C NosiBNEHNEM BbICOKOMPOM3BOANTENbHbIX 00/1a4HbIX BbIYMCIUTESNbHBLIX NAaTHOPM NOSIBUTCS
BO3MOXHOCTb NOJly4aTb YCAYr NO PELUEHMIO YaCTHbIX 3a4a4 MOLENMPOBaHMS B BUAE HAy4HbIX CEPBMCOB. 3a4a4u
KOMMJIEKCHOMO Mepapxm4eckoro MOAENNPOBaHNS B 3TOM Ciyyae OyayT peLuaTbCs KOHCOMANPOBAHHBIM CEPBMCOM
— cepBuCOM, obecneynBaloLLMM NociefoBaTelbHO—NapanienbHoe BbIMOIHEHNE KOMMOHEHTOB KOMMIEKCHOIO
MOJENVPOBAaHUS B BUAE CNELNANN3NPOBAHHbIX HAY4HbIX CepBMCOB. OnrcaHmne NpoLLECCOB BbINOJIHEHUS HAYHYHOIO
cepBuca OCHOBaHO Ha METOAMKE UCCNea0BaHUs 1 NpeacTaBnseT coboi nnaH nccnenoBaHns (TEXHONOMMYECKYIO
KapTy UccnenoBaHus), ONMChIBaOLWMiA HEOOX0ANMbIN 15 BbINOJIHEHUS CEPBUCA B3aMMOYBA3aHHbIN N0 BPEMEHM
Habop onepauuii n NnepeveHb PECYPCOB A1 VX BbINOSHEHMS. B COBPEMEHHbIX YCNOBUSIX PA3BUTUS MUKPOCEPBUCHOTO
noaxona K Co34aHunio BbIYUCINTENBHBIX CUCTEM, IBONIOLMN CEPBUC—OPUEHTUPOBAHHBLIX aPXUTEKTYP 1 AeLLEHTPaNN-
3aLmMn KOPMOPaTUBHbLIX MHTErPaLMOHHbIX LWMH NpobieMam apPekTUBHON MHTErpaLmm NnaTtGOpPMEHHbIX CEPBMCOB
yoensietcs ocoboe BHMMaHne. B paboTe npepnaraetcs AONOMHUTB CYLLECTBYIOLLEE ONUCaHME Hay4HOro cepBuca
BO3MOXHOCTbIO 3aKa3a CTOPOHHErO CEPBMCA HA OCHOBE MeXaHM3MOB rmbkoli (agile) nHterpaumm. STOT NOAXOA,
NO3BOJIUT HA COBPEMEHHOM 3Tarne pa3BnUTUA CEPBUCHbLIX aPXUTEKTYP NPeonoNeTb HeLOCTaTKN LEeHTPaIM30BaHHbIX
CWUCTEM TUMNA KOPNOPATUBHBIX MHTErPALIMOHHBIX LLWH 1 BOCMOJ1b30BATLCS NPEVMMYLLIECTBAMM 3M1aCTUYHOCTM 06Na4HbIX
BbI4NC/IEHNI Y MUKPOCEPBUCHOI0 NoaxoAa K Co3aAaHno NHOOPMaLNOHHO—BBIYUCIUTENbHBIX CUCTEM.

KnioueBble cnoBa: KOHCONMAMPOBAHHbIV CEPBUC; MHOrOMacLITabHOE MOIeNIMPOBaHe; MHOrOypOBHEBOE MOAE-
nMpoBaHve; undposas nnatdopma; 061auHbIe BbIMUCIEHNS; HAY4YHbI CEPBUC; MHTErpaLus CepBMCOB

MOJIB3YIOTCA Pa3JIMYHble IIPOrPAMMHbIE MHCTPYMEH-

Beenenne
TBI, 00ecrneynBalomiye 3(pPeKTUBHOE MOAEJINPOBaHLE

Komnenima MHOromacirTabHOro MOZEINPOBaHNA,
MHTETPUPYIOIIasa pa3HOy POBHEBBIE METOIbI MOJIEJIPO-
BaHNA IOBEJEHIA MaTEPLAJIOB, IIINPOKO MCIIOJIb3YETCH
B MaTepI/IaJIOBe,ZLeHI/H/I I TeXHOJIOT'MM HOBBIX MaTepI/Ia—
J0B [1]. HeobxoammMocTs KOMIIJIEKCHOTO MOZIEIVIPOBAHMA
Ha HECKOJIBKUX YPOBHAX epapxun TpebyeT co3panns
MHOTOKOMITOHEHTHBIX MepapXmUiecKuX IPOrpaMMHBIX
KOMILJIEKCOB JJIA PEeIleHNA 3aad MHOIMOMAaCIITaOHO-
0 KOMIIBIOTEPHOTO MOJEJNVPOBAHUA CTPYKTYPHBIX
CBOJCTB Pa3JIMYHbIX MaTepUaJIOB. B KoMILIeKcax mc-

CBOJICTB MaTepyaJioB Ha OIpesieIeHHOM ypOBHe. Bask-
HOM 3aJjadeil B 9TUX KOMILJIeKcaX ABJIAETCA pa3BUTHE
TEXHOJIOT I CBA3BIBAHNA IIPOTPAMMHBIX IHCTPYMEHTOB
U KOMILJIEKCHOJ MHTEepIIpeTalun pe3yabTaToB MoOJe-
aupoBanus [2]. OGHOBPEMEHHO C IPOIIECCOM CO3LaHUA
MepapxXmnuecKuX IPOrpaMMHEBIX KOMIIJIEKCOB MHOIOMAC-
IITaOHOTO MOZENIMPOBAHUA UIET PA3BUTIIE TEXHOJIOTUN
IM(PPOBBIX IIAT(OPM, TPEAJIATAIOIINX CEPBUCHL, B TOM
4ycyie B 00J1aCTY MaTeMaTUIeCKOr0 MOJeINPOBaHNA
CBOJICTB MaTepuaJoB.
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OnHyM 13 cr1ocob60B KOMIIJIEKCUPOBAHUA MHCTPY-
MEHTOB MHOTOMACIITaOHOTO MOZEJIMPOBAHNUA ABJIAET-
cA UCIOJb30BaHMe CBOMCTB IMQPPOBOI IIATHOPMEI
B cpene o0JavyHbIX BblumcaeHnit. IlmaTdopMeHHBIM
IIOAXOAO0M JAJIA MHTErpaluy COBOKYIITHOCTY HAYYHBIX
YCJIYT, HAIIPaBJIEHHBIX Ha KOMILJIEKCHOE pellleHle Ha-
YUHOJ 3a1a4M C UCIIOJIb30BAHVEM CEPUIL MHCTPYMEHTOB,
ABJIAETCA 00bEeAVHEHVIE HAYYHBIX CEPBIICOB B PaMKax
OIHOTO KOHCOJIVIIVMPOBAHHOTO CEPBICA.

B niestom, mpobiiemMaM MHTErpaImy pecypcos JJid
HayYHBIX MICCJIEJOBAHNI VI CEPBIICOB B paMKaX I1dpo-
BOJ IJTAT(POPMBI, B YACTHOCTH, ITIPECTABJIEHIIO IIPOLIeC-
COB HAYYHOTO MICCJIEIOBAHUA B ByJie 006J1aYHOT0 cepBuUCca
111pPOBOIL IATHOPMEI, HE yIesdeTcA JLOCTaTOUYHOTO
BHMMAaHMA. BOJIBIIIMHCTBO TPOBaZIEPOB IIPEJIaraioT
HeCBABAaHHBIE CPEJICTBA MOJEJIMPOBAHMUSA 10 TEXHO-
gornu SAAS (software—as—a—service) 1A perenns
OZIHOJ 3ajiauy MoJeanpoBaHnsA. B HacToamen pabore
IIpeAJIaraloTCA MeTOIb! ITPeICTaBJIeHNI A KOHCOIMIPO-
BaHHBIX CEPBUCOB B cpefie 00JIaYHbBIX BBIYMCJIEHMI Ha
OCHOBE TEOPEeTMUECKOl ¥ IPpaKTUYeCcKoll MpopaboTku
111PPOBOIL IIPOIIECCHON MOJENN IIPEeCTaBJIEHNA IPO-
11eCCOB MHOTOMACIITa0HOTO0 MOJeJIMPOBAHUA B BUJE
HayYHBIX CEPBUCOB IIMQPPOBOI I1aTdopmbl. B kadyecTBe
OCHOBHOTO MHCTPYMEHTA MHTErPaIuyl CEPBIUCOB MOZe-
JMPOBaHNA IIpenjaraetca rubkasa (agile) muTerpaum
CEpPBIUCOB [3], KOTOpa s I03BOJIAET B COBPEMEHHBIX yCJIO-
BUAX Pa3BUTUA CEPBUC—OPUEHTUPOBAHHON MOJEJN
B3aVIMOJIEJICTBYA IIPOrPAMMHBIX KOMIIOHEHTOB IIPE00-
JIETb HEJIOCTATKM KOPIIOPATVBHO IIVIHBI ITPEAITPUATIA
1 B IIOJTHOJ Mepe BOCIIOJIb30BaThCsA JOCTOMHCTBAMY 00~
JIAYHBIX BBIYNCJICHU [4].

KoHcoananpoBaHHBII HAYIHBI CEPBIC

Ilon HayuHBIM cepBuUCOM IMGMPOBOI NIaT(HOPMBbI
IIOHMMaeTCA COBOKYIIHOCTB IIPOI[ECCOB ¥ PECYPCOB
JLJIA BBIIIOJIHEHUA paboT HAYYHO—IICCJIIEI0BATEIbCKOTO
XapakTepa IIyTeM IIPpeOCTaBJIEHN A IOTPeOduTe 0 000-
PYZOBaHKA, PACXOIHBIX MaTEPHAJIOB, MH(POPMAIIVIOHHO—
KOMMYHMKAIVIOHHBIX ¥ 00ecreYnBaoINX PeCcypCoB,
NPOAYKTOB MHTEJJIEKTYaJIbHOV Hay4HOM AeATeJbHO-
CTM, YeJIOBEYECKMX PECYPCOB, Pe3yJIbTaTOM KOTOPbLIX
ABJIAETCA HAy4YHadA (1cciieoBaTelibCcKad) yeiyra [5).

Il onmmcaHMsA IIPOIEeCCOB, CBA3AHHBIX C BBINIOJ-
HEeHMeM Hay4YHOI'O CepBuCca, IIaT(opMoi IpegycMma-
TPUBaeTCA MHCTPYMEHT, 00ecrIeunBarouii hopMmpo-
BaHJE TeXHOJIOIMYECKOIi KapThI MICCJIeJOBAHNA C IIepe-
4YyCcJIeHVeM HeOOXOAVIMBIX JJIS BBIIIOJIHEHMS CEpPBICA
omepanmii, X AJIUTEJbHOCTH, II0CJIeN0BATEIbHOCTH
BBIIIOJIHEH) A U TIOTPebIIAeMBIX PECYPCOB, a TaKyKe MH-
dpopmarmonuble POPMBL A1 0(POPMJIIEHNA 3aABKY Ha
BBINIOJIHEHVE HAYYHOTO CEpBUCA M €ro 3akasa. B mpo-
CTeJIIeM CJIydae IIPOLeCC MCCIIeOBAHMA OMIChIBAETCSA
nuarpaMMmon I'anta (Mam ee aHaJIOrOM) ¢ yKa3aHUEM
rpaduKa BbIITOJHEHNA OIlepaliii 1 HeOOXOAVMbIX JJIA
VIX BBITIOJIHEHV A PEeCYPCOB — 000pyIOBaHMA, MaTepya-
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JIOB U TpyZo3aTpart. B HacToAllee BpeMA MHOYKECTBO
1MQPOBLIX MIaT(OPM dTUM U orpaHmumBaercda. On-
HaKO0, 0YeBIHO, YTO CJIO}KHOE VICCJIEJIOBAHE VCIIOJb-
3yeT pes3yabTaThbl paboThbl HECKOJIBKUX KOJIJIEKTIBOB
yccJiefoBaTeieli, KOToOpble MOYKHO O(DOPMUTE B BUIE
OTZEJIbHBIX HayYHBIX CEPBMCOB ¥ MHTETPMPOBATD X B
KOHCOJIIVPOBAaHHBIN cepBuC. 714 5TOro npeajaraercsa
[IPEyCMOTPETH B TEXHOJIOTUYECKON KapTe MCCIeN0-
BaHNA YKa3aHME CCHLJIOK Ha JMCIIOJIb3yeMble HAyYHBIE
CEPBICHL

C pas3BuTHeM apXUTEKTyp MHPOPMAIVIOHHBIX CU-
CTEeM OT MOHOJIMTHBIX CHCTEM JI0 MUKPOCEPBUCHBIX [6,
7] peuteHnAM AJ1A MHTErpanmy 00JIAYHBIX CEPBYUICOB U
mpobJieMaM OIVICaHMA KOHCOJMMAALNY CEPBUCOB B MH-
(popMAaIIVIOHHOII CUICTEME YIEeJIAETCA IIOBBIIIIEHHOE BHY-
MaHMe. B coBpeMeHHBIX yCJIOBUAX yCIIEX MOJIEINPOBa-
HISA (1 MCCJIeI0BaHIUsA B 11€JI0M) 3aBUCUT OT CIIOCOOHOCTM
MH(MOPMAIVIOHHO CMCTEMbI Ka4eCTBEHHO U 3aIaHHbI
Cpok 00pabaThIBaThb 00'bEMHBIE IIOTOKY MH(MOPMAIIN
SBOJIIOI[MOHNPYIOIEN CTPYKTYpbl. Mogesn n3BIeKaT
VHQOPMAaLNIO 13 MHOYKECTBA VICTOYHIKOB, MHTETPUPY
ee IJid He00XOqMMOlt TpeaMeTHOI 06paboTKY U IOy~
yeHNsA Tpebyemoro pesdysbraTa. Bmecre ¢ pa3BuTnem
MOJIEJIVI CEPBUC—OPUEHTUPOBAHHOM apXUTEKTYPhI [8]
Pas3BUBAIOTCA MHCTPYMEHTHI MHTErpanmuy nHpopMa-
LIMIOHHBIX CUCTeM. B Hacroslee BpeMa HabJoaerca
IIOCTEIIEHHBIII IIePeX0 OT KOHLIEIIMI [IeHTPaJII30BaH-
HOJ cepBUCHOI mnHbI peanpuatusda (ESB, Enterprise
Service Bus) [9] k korUenny rnbkoit naTerpanym [10].

OCHOBY KOHIIENITNY I'MOKOI MHTETpaIy COCTaBJIA-
eT geneHTpasusaiya ESB, ncronbp3oBaHMe cOBpeMeH-
HBIX MHCTPYMEHTOB MHTErPAaIMi CEPBUCOB HA OCHOBE
nporpaMMHEBIX nHTepdeiicoB (API), mpuMmeHAeMbIX B
MuKpocepBucHbIX apxuTerrypax (REST, gRPC u ap.)
[11]. Cpena nHTerpanuy mpu 3TOM CO3LAETCA B COOT-
BETCTBUM IIePEIOBLIMY KOHTEHEPHBIMY TEXHOJIOTMAMMA
BUPTYaJMU3aLUU U yIIPaBJIEHNA MHPPACTPYKTY POt 06-
JIaYHBIX BeIYyCJIeHNiI. OCHOBHBIMY CBOJICTBaMM I'MOKOI
VHTEerpanyun ABJIA0TCA:

— KOHTeJHepHas cpesa MHTerpauun — KasKIaasd
VHTEerpaIusg IPUJI0KEeHNI UCIIONb3yeT IPeUMYIIeCTBa
MHOT'OCJIOMIHOV apXUTEKTYPhI MUKPOCEPBIICOB, BBIIIOJI-
HsAEeTCA OTHeJIbHbIMI KOHTeHepaMI CO CBOeN cpeloil
BBIIIOJIHEH) A, HACTPOEHHON Ha 9Ty UHTETPaIIIo;

— elleHTPaJIM30BaHHAA MHTerpanusa — MHTerpa-
LIMIOHHBIE KOHTelHepbl (PYHKIVIOHUPYIOT HEe3aBUCUMO
JIPYT OT IPYTa, YTO IIOBBIIIAET HAJEXKHOCTD (DYHKIINO-
HIPOBaHUSA KOMILJIEKCHOI CYCTEMbI MHTETPaIiny;

MHOTOKOMIIOHEHTHAA MHTErpaIusa — KOHTeHep
MHTEerpanuu B3auMOIeICTBYeT C MHOKeCTBOM MUKPO-
CEPBUCOB, YTO IOBBIIIAET TMOKOCTD M MaclITabupye-
MOCTb MH(POPMAIVIOHHO CUICTEMBI.

Vlcnonbaysa cBoiicTBa ruOKoOit MHTErpaImuu, ob-
JlayHad 1uppoBad maaTdopMa OoJKHA 00ecredynThb
KOMILJIEKCHBIE CeTeBble (DOPMBbI OPraHM3aIM HAY THOA,
HAy4YHO—TEeXHIYECKOI ¥ MHHOBAI[VIOHHOM JeATeJbHO-
ctu. [Iudpposaa naardgopma, B JAHHOM CIIydae, 3TO CO-
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BOKYITHOCTb aBTOMAaTH3MPOBAHHBIX IIPOLIECCOB B3aVIMO-
ZIeiCTBYA YUaCTHMKOB Hay YHO—TEeXHIUECKOro IIporiecca
Ha OCHOBE JCII0JIb30BaHVIA HAY YHBIX CEPBICOB I METO-
JIOB MIX KOHCOJIMIAINN, 00eCIIeYyBAIOIIVIX [TOBBIIIIEHIE
5(p(peKTMBHOCTN HAYYHBIX MCCJENOBAaHUN 3a CUET
[IPYIMEHEeHNA IM(PPOBBIX TEXHOJIOI I, OIITVIMU3AIIN U
CTaHJapTHU3AIMY TaHHbIX IIPOIECCOB 1 00ecledeHnd
00111ero MH(POPMAIIMOHHOTO IPOCTPAHCTBA.

CucreMa KOHCOJIUAAIMI CEPBIICOB
B 1 posoii maargopme

ITo pesysbpraTaM aHaJsy3a IIPOLIECCOB MHOTOMAC-
1I1TabHOTO MOZEIVIPOBAHA MOYKHO IIPEAJIOKNUTD CIeLY-
IOIIYE0 METOAVIKY JIJI OpraHu3anyy paboT II0 CO3TaHMIO
KOHCOJIMIMPOBAHHOI'O HAYYHOTO CEPBICA.

IITaz 1. PaspaboTka 1ieseBOM (PYHKIMUM IJIA I10-
TpebuTesnd KOHCOMUAVPOBAHHOIO HAYYHOIO CEPBIUCA,
KOTOpas COLEPKUT OIIVICAHME TOro, 4To Tpedyercd oT
HayYHOTO CepBUCa C TOYKM 3PEHMsA ero rnorpeburess.
Ha sTom sTamne HeoOX0ommMmo:

— OIIpeZesNTh OCHOBHBIE LieJy ToTpebuTesta Moge-
JIVIPOBAHNA (M VICCJIEIOBAHNS B LI€JIOM);

— cnenuuUIMPOBaTh 3a4a4y, TpeOyoline pele-
HIH,

— chOPMYIMPOBATD IIPEIJIOMKEHNA 110 KOHCOMM A~
LY CYIIECTBYIOIINX 00JIaUHBIX CEPBICOB.

IIlae 2. PaspaboTka Mozeau opraHusauun pabor
JLJIA TIOJIy Y€HUA pe3yJIbTaTa, CTPYKTY Pbl HoTpebseHns
pecypcos 1 3aTpart. Mozess JoJsKHa COnepKaTh pelie-
HJI 110 MCITOJIb30BaHNIO OCHOBHBIX PECYPCOB — IIePCOo-
HaJIa, MICII0JIb3yEeMBbIX TEXHOJIOT I, 000py0BaHNA, NH-
(bOpMaIVIOHHBIX PECYpPCOB, KAHAJIOB B3aVIMOAEICTBIA
¢ mapTHepamMu 1 norpedurenamu u T.4. IloMmumo sToro
B MOJEJN JOJIKHBI ObITh IIPEJICTaBJIEeHbI PeIleHNd 10
KJIIOYEBBIM IIpOIleccaM OpraHM3aluy JMCCJIETOBAHNA,
HaIIpaBJIEHHbIE Ha TO, YTOOBI MOYKHO OBIJIO IIOCTOAHHO
B TpebyeMoM oObeMe ITpensaraThb HAy4HbI CepBUC B
COOTBETCTBUN C OIIPEJIeJIEHHON CUCTEMOI (DYHKIMO-
HaJIbHBIX IIOKa3aTeJiell, IpaBuIaMu ¥ HOpMaMu opra-
HIBaLIVN IIPOLIECCOB.

Ilaz 3. AraN3 pa3paboTaHHONM Moz VI (PYHKIMO-
HJPOBAHMA KOHCOJMIVMPOBAHHOI'O HAYYHOTO CEpBICA,
CpaBHEHIE C CYLIECTBYIOIEe)l MOJEJBIO IIPOBEIEHNA
nuccyenoBaunii. OG0CHOBaHME PEIIeHNA O TOM, YTO Ha-
y4HadA ycJIyra MOsKeT ObITh OKa3aHa B CYIIeCTBYIOIE]
OpraHM3alLMOHHON CTPYKTYPe I(PPOBOL IIJIaT(OPMEL,
smbo npopaboraHHaA aJbpTepHATNBA (POPMUPOBAHNA
HOBOJI CTPYKTYPBI B LIPPOBOI I1JIaT(OPMeE JJIA OKa3a-
HISA KOHCOJIVMAVPOBAHHOM HAYYHOM YCJIYyTH.

B sTux ycsnoBmax koMmmiekcHoi 00paboTkry 60Jb-
IMX IIOTOKOB MH(OPMaLMM B paMKax IUQPOBOIi
11aTOPMBbI 00JIAaYHBIX BBIYVCJIEHNI [IJIA CBASBIBAHUA
OJJHOTO MJIV HECKOJIBKMX CEPBIUCOB B OJMH KOHCOJMIV-
POBAHHBIN HAYYHBII CEPBUC BOSMOIKHBI IBa cIriocoba.

B nepBom ciryuae nporecc nogauy 3aBKY Ha OKa-
3aHMe KOHCOJIVVMPOBAHHOI YCJIYTY OCYII[ECTBJIAETCA
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OT MMEHN ee TIOTPeOMTeIA [T0 BCeM Hay YHBIM CEPBUCAM,
BXOZAIINM B COCTaB KOHCOJVAVPOBAHHOTO HAYYHOTO
cepBuca. ITorpedburesnb 3an0HAET (POPMBI 3aKa3a U
coryacyer IJaH MCCIeJOBAHMA C KasKIbIM 13 II0CTaB-
I[MKOB yCJIYT CAMOCTOATEJILHO.

Bropoit criocobd nmpenocTaBIeHNA KOHCOMMIUPO-
BAHHOT'O CEPBUCA IIpeyCcMaTpuBaeT pas3paboTry IJid
Hero 00001IeHHOT POPMBI 3aKas3a ¢ TeM, YTOOBI ITPOo-
11eCC COIVIACOBAHSA COCTABJISAIOIIMNX HAYYHBIX CEPBUCOB
BeJICA OT VIMEHM IIOCTaBIIMKA KOHCOJVAMPOBAHHOTO
CepBICa B paMKaX COIJIaCOBaHMNA IIJIaHA MICCIIeJOBAHMA
MEXKAY IoTpebuTesIEM U ITOCTABIMKOM KOHCOIUAVPO-
BAHHOTO CepBICA.

ITepBblii cr0co0 KOHCOMM ALY HAY YHBIX CEPBVICOB
He IIpeirioJiaraeT Cepbe3HbIX IBMEHEeHN I B aJITOPUTMaX
3aKa3a, OTCJIEIKVBAHNA IIPOIIECCOB OKA3aHUA YCIYT U
[IOJIy YeHIA PE3yJIbTATOB uccaenoBaunsd. OgHako, 3TOT
MeTon obecliedeHM s BBIITOJIHEHMA KOHCOJMMPOBAaH-
HOTO cepBuca TpebyeT oT nmorpebutessa objaamanma
KOMIIETEHIMAMMI JIJIA 3aKa3a BCEX HAYYHBIX CEPBIUCOB,
BXOZLAIMX B COCTAB KOHCOJMINPOBAHHOTO CEPBUCA U
CBSIBBIBAHNA VX PE3YJIBTATOB B €JIMHOE JICCIEeNOBaHIIE.
B aToM ciydae 1oCTaTOYHO IIPOCTO PEIIAIOTCA BOIIPO-
Cbl OpraHM3alny MCCJIeJOBAHUI U pacrnpeeeHnsd
OTBETCTBEHHOCTY MEXK]Y IIOCTaBI[MKAMU U [IOTPE-
OuTeseM ycJyT KOHCOMMAMPOBAHHOrO cepsuca. Onnu
notTpebuTesb KOHCONMAMPOBAHHOTO CEPBUCA MMEET
OpraHM3alMOHHbIE OTHOIIEHNSA CO BCEMU ITOCTABIIKA-
MM HayYHBIX CEPBUCOB, BXOAAIMX B COCTAB KOHCOJIV-
IVPOBAHHOT'O CEPBICA.

IIpu BTOpOM criocobe opraHM3auuy IPeJOCTaB-
JIEHISI KOHCOJIMAVPOBAHHOTO CEepBUCA HOTPedUTEND
cepBUCA B3aMMOMENCTBYET TOJbKO C IOCTaBI[MKOM
aroro cepsuca. C IocTaBIVIKAMY HAyYHBIX CEPBICOB,
BXOJAIIMNX B COCTaB KOHCOJIMAMPOBAHHOIO CEPBIUCA,
B3alMMOJEIICTBYeT IOCTABIINK KOHCOJIMANPOBAHHOTO
cepBIcCa, KOTOPbIL AOJKEH 00J1a1aTh KOMIIE TEHI[MAMYA,
HeOOXOIVIMBIMY JIJI 3aKa3a 3TUX HAYYIHBIX CEPBVICOB.
OTO MeTOJ OpraHM3alMy KOHCOJIMIVPOBAHHOIO HAay Y-
HOT'O CEpBUCA [IPEAIOJaraeT DOJIBIIYIO CTEleHb CBs-
3bIBAHNA KOHCOJIMAMPOBAHHOTO CEPBUCA C CEPBUCAM,
BXOJAIIVMM B €I'0 COCTaB B YaCT aHAJN3a PE3YJILTATOB
IIPeZ0CTaBJIEHNA 9TUX CEPBUCOB U (DOPMIPOBAHISA UIC-
XOZIHBIX JAHHBIX JIJIA X 3aKa3a.

Taxom 06pas3oM, KasKIbIl 113 CII0COO0B MHTErpaIun
HAy4YHBIX CEPBJCOB MMeeT CBOM JOCTOMHCTBA VM HEJO-
craTku. [1yia nmdpoBoit naaTgOpMbl HAYYHBIX JCCJIEe-
JIIOBaHMII 11eJ1eco00pas3HO MCIIOIb30BATh 00a criocoda.
Il 0601x MeTonoB (hOpMIPOBaHNA KOHCOIMIPOBAH-
HBIX YCJYT IupoBad miardopMa AoJKHA 06samaTh
aZleKBaTHBIMI MHCTPYMEHTaMM OIMCAHNUA KOHCOJIV-
IVPOBAHHOTO CEpBUCA U YIIPABJIEHUA IPOIIECCOM €T0
pesoCTaBJIeHNA.

TexHOJOrMYeCKaA KapTa HAYYHOT'O CEPBICA JOJIK-
Ha II03BOJIATDH BKJIIOYATDH B HEe Ollepaluy IIPeJJ0CTaB-
JIEHISI CTOPOHHEr0 Hay4YHOI'0 CepBHMca C YKa3aHUEM
MeTO/la KOHCOJUZAINK 1 aTpuOyTOB 3aKa3a CepBuUca



U TIOJTyYEeHUS ero pe3yJbTaToB, & TaKKe IIPOIEeCChI
JICIIOJIb30BAHMA DTUX Pe3yJIbTATOB NPV BBIIIOJIHEHUN
KOHCOJIVIIMPOBAHHOT'O CEPBICA.

C y4eToM IpUBEIEHHBIX PACCYKAEHNUI TP POBad
naaTdopmMa, KOHCOMNOMNPYIOIasa HayYHble CEPBUCHI,
JIOJI’KHA CO3/1aBaTbCA KaK MepapXysa MUKPOCEPBUCOB,
(PYHKIVOHMPYIOIINX B cpefie 06JIauHO MHTEerpalyioH-
HOJ 1JIaT(POPMBL ITO MIO3BOJIAET UCIIOJIb30BAThb IPEN-
MyIllecTBa 00JIaYHBIX BBIUMCJIEHNE, 00ecreunBas dJa-
CTUYHOCTb MHTETrPALVIOHHON H(MOPMAaIMIOHHOI cucTe-
MBI, BBICOKYIO CTEIIeHb aJallTUBHOCTY K MEHAIOIMCHA
yCJIOBUAM (PYHKIMOHMPOBAaHNA, AJI8 CHUMKEHNA CPOKOB
MOZeJIMPOBaHIA U IIOBLIIEHNA er0 3(P(PEKTUBHOCTI.

C y4eToM BBIIIEN3JIO}KEHHBIX ACIIEKTOB OIIpejie-
JIIM COCTaB IVI(PPOBON MJIAT(POPMBI MHOTOMACIITA0-
HOT'O MOJIeJIIPOBAHM KaK COBOKYIIHOCTY CJIEAYIOIINX
KOMIIOHEHTOB:

— cyucTeMa OIVICAHNA HAyYHOTO CEPBIICA,;

— cucreMa ITybuIMKanyy Hay YHOTO CEPBUCA;

— cucTeMa KJyaccumKala Hay YHbIX CEPBICOB;

— cycTeMa IIOJICKa HayJHOTO CEPBUCA;

— cucTeMa 3aKala HaydHOI'O CEePBICA;

— cucreMa IIJIAaHVPOBAHUA U yIeTa Pecypcos;

— cucTeMa ydeTa pe3yJbTaTOB UM 3KCIEPTHBIX
OIIEHOK;

— cycTeMa JIOCTYIIa II0JIb30BaTeJel;

— MHTEeTrpaIMOHHA [I0/ICVICTEMA.

Cucrema onmcaH)A HAYYHOTO CEpPBUCA ABJIAETCA
OCHOBOJ CUICTEMBI IIPEJOCTAaBJIEH)A HAYIHBIX CEPBU-
COB ¥ IIpeJHAa3HauYeHa A cnenydpuranyumn mabioHa
HayYHOTO CEPBIUCA, OIPeNeAIoleil cIenyolye ero
OCHOBHBIE XaPaKTePUCTHUKIL:

— NAeHTU(UKAIVIOHHbIE JaHHBIE;

— JaHHBIE IIOCTaBIINKA CEPBIICA;

— popMy 3aKasa CEepBUCA;

— TEXHOJIOTMYECKYIO KapTy (METOLVKY, OCHOBHbIE
IIPOIIECCHI) BBITIOJIHEHNA VICCJIEIOBAHNA C yKa3aHMEM
IoTpebJIAeMbIX PECYPCOB U MCIIOJNb30BAHUA APYTIUX
Hay4HBIX CEPBUCOB;

— IpoLenypbl 3aKa3a CepBUCa M COMJIACOBAHMSA
V3MEHeHN B TeXHOJIOTMYECKO KapTe (METOIMKE) MC-
CJIeIOBAHUSA.

Cucrema my0/MKaIy HAy YHOTO CEPBYICA B paMKaX
ropraJia oJyvaeT JOCTYII K PeeCTPy HayYHBIX CEPBU-
COB, JOCTYIIHBIX JIJIA 3aKa3a, 00ecreyBaeT CUCTEMaTVI-
3a1MI0 «OJIMBKMX» HAYYHBIX CEPBYICOB.

Cucrema kjaccudpuKanuy HayYHBIX CEPBICOB
npegHa3HadeHa JJIA IPYINMPOBKY Hay YHBIX CEPBIICOB
B COOTBETCTBUM C 3aJlaHHBIMM KpuUTepuaMu (00Js1acTb
JCCJIeIOBAHNMA, METOAVIKI VICCJIEIOBAHNA, IPUOOpHaA
0asa, TeppuTOpUaJIbHAA ¥ OPraHM3aMOHHAA ITPUHA I~
JIE3KHOCTB U T. /I.) C 1IeJIbI0 0OecIieueHna ObICTPOro peJje-
BAHTHOTO IIOVICKA M CUICTEMAaTN3AIM HAYYHBIX CEPBI-
coB. C yueToM IMHAMIYHOCTY HAYIHBIX JICCJIeIOBaHIII
cucTeMy KJaccu(UKaAIMY 11eslecoo0pas3Ho Cco34aBaTh
C UBMEHAEMBIM CIVICKOM KPUTEPMEB U AVMHAMUYECKU
repecTpanBaeMoii CCTEMOJ TPy IV POBKIL.
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CucreMa I0MCKa HAYYHOTO CEpBHMCA ITpeaHa3Ha-
YeHa JJIA HaXOKIEeHNUA «OJIMBKUX» HAYUYHBIX CEPBIUCOB
C JCIIOJIb30BAHMEM CHUCTEMBI KJlacCU(pUKalUy HAyd-
HBIX CEPBMCOB I JJaHHBIX CUCTEM OIMCAaHMA HaydIHOTO
cepBIuCa, yueTa Pe3yJsbTaToB U BKCIIEPTHBIX OIIeHOK. B
cucTeMe 11eJ1eco00pas3Ho CIPOEKTUPOBATDL OJIOKY II0-
JCKa «OJIMBKIX» CEPBICOB C /CIOJb30BaHNEM METOIOB
JICKYCCTBEHHOT'O MHTEJIJIEKTA C DJIEMEHTaMM caMoo0y-
YeHUS.

Cucrema 3aKasa Hay4YHOTO CEPBUCA IIpeJHa3HAUEe-
Ha JIJ1A 0(POPMJIEHI S JOTOBOPHBIX OTHOILIEHU Ha OKa-
3aHMe Hay4HOI yCJIyTU B XOJie BBIIIOJIHEHN I IIpoljecca
BBIOOpA U 3aKa3a HAYYHOI yCJIYTY BO B3aVIMOAEICTBUY
C crCTeMaMy ITyOJIMKAaIIY, TIOMCKA, OMCAHIA HAy YHOTO
cepBucCa, JIAHMPOBAHUA U yUeTa PecypCoB.

Cucrema IJIaHMPOBAHNA U yUeTa PECYPCOB IIpes-
Has3HAYeHa JIA BeIeHNA peecTpa Pecypcos (IIepcoHaa,
prOOpHOIT 0a3bl, PACXOAHBIX MaTEePUAJIOB) U UX CO-
CTOAHUSA, a TaKsyKe KaJeHJapdA 3arpy3KU U pe3epBUpo-
BaHMUs PECYPCOB.

Cucrema ydeTta pes3yJbTaTOB U DKCIEPTHBIX Olle-
HOK IIpefHa3HadeHa [1J1: HAKOILJIEH) A HAy YHbIX Pe3yJIb-
TATOB, IIOJIy4YaeMbIX II0Jb30BATEJAMY M1JIaT(OPMEL, a
TaKsKe 1J1 00'beKTMBHOTO pacyeTa X HayKOMeTpude-
CKMX IIOKa3aTeJell.

CucreMa JOCTyIIa IIOJIb30BaTEJeN TpeIHa3HaAUYeHA
IJIA ydeTa, UAeHTUPUKAIUY Y aBTOPU3alNM II0JIb30-
BaTeJIell.

VIuTerpanmonHtada nonacucTeMa pejHa3HadeHa JJ1sd
peannz3anny CKBO3HBIX OM3HEC—IIPOI[ECCOB B €IMHOM
MHQPOPMAIVIOHHOM IIPOCTPaHCTBe LMPPOBOI ILIaTdop-
MBI 11, B TOM 4MCJIe, JJIA o0ecreueHnA PyHKIVIOHMPOBa-
HYA KOHCOJIMAVPOBAHHBIX CEPBICOB.

ITocnenuasa nogcucrema ABJIAeTCA Ha3mcoM -
poit myaTdOopPMBbIL, CBA3BIBAIOIIUM BCE €€ CUCTEMEI, a
TaKsKe 00ecreynBaloyM (PyHKIMOHPOBaHME IIM(POo-
BOJ IPOLIECCHOI MOZieJiV ITpeCTaBJIeHNA pPALa IIpoLec-
COB HAYYHOTO MCCJIEIOBAHMA B BIJle 00JIaYHOTO CepBICa
WJIM KOMILJIEKCA CEPBICOB, MHTETPUPOBAHHOTO B KOH-
COJIMIIMPOBAHHBIN cepBuc. IIpenaraemMblii MeXaHU3M
KOMILJIEKCYPOBaHIA HAYYHBIX CEPBIICOB 00eCIIeunBaeT,
B YaCTHOCTH, TOTPeOHOCTY MHOTOMACIITaOHOTO MOJEeI-
POBaHIA B BBICOKOIIPOM3BOAUTEJBHONM BBIUMCINTEIb-
HOVi cpegne 1mudpoBoit nyardopmsel [12, 13]. JocTonH-
CTBOM IIOAXO0Za fBJIAETCA MCIOJIb30BaHYE KOHIEIIN
rUMOKOIT MHTerpanun, KOTopad IO3BOJAET B COBPEMEH-
HBIX YCJIOBMAX Pa3BUTUA CEPBUC—OPUEHTUPOBAHHON!
MOJieJIV B3aMMOJENICTBIA IIPOrPaMMHBIX KOMIIOHEHTOB
B IIOJIHOJ Mepe BOCIIOJIb30BaTbCA CBOMICTBAMM BJIaCTUY-
HOCTU 0OJIAYHBIX BBIYMCJIEHUIA.

3akJjoyenne

IIpenocraBieHne KOHCOMMAVPOBAHHOIO CEpPBIUCA,
IIpeqHA3HAUEHHOTO JJIA PelIeHNsA HAYYHON 3amadn,
TpebyeT KOMILJIEKCHOT'O II0AX0/a, KOTOPBII BKJIIOYAET:
omjcaHue aTOMapHBIX MMKPOCEPBICOB; MeTaJaHHBIE,
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OIVCBIBAIOIINE CIIOCOOBI IOJIYYE€HIA CEPBICOB 1 ITepe-
ladyl pe3yJIbTaTOB; CPEeLCTBA OPKECTPOBKY B3aJIMO-
ZIelicTBMUA cepBUCOB. IIpenioskeHHad apXUTEKTypa
1111 POBOI IIJIAT(POPMEI U €€ CUCTEMA VHTETPAIUN CEP-
BJICOB MOYKET OBbITH 0230B0JI OCHOBOJ JIJIsI CO3TaHMS KOH-
COJIMIVPOBAHHOTO cepBiuca. JVlcnosb30BaHMEe eVHOTO
peecTpa CepBUCOB, CPECTB YIIPaBJIEHNA MHTErpaleii
00paboTKM 1 BHYTPEHHEr0 0OMeHa TaHHBIMM II03BOJISA-
0T CO3JABaTh IEIIOYKY CEPBUCOB. TaKne HenoYK uin
CETM CEPBUCOB MOTI'YT IIPEOCTAaBJIATE MPUHIINIINAJIBLHO
HOBYIO yCJIYTy 110 00paboTKe JaHHBIX ¥ [I0JIY YeHNIO Ha-
YUHBIX Pe3yJIbTaTOB.

B yacrroCTH, B 06s1aCTY MATEMATIUECKOTO MHOTO-
MacIITabHOr0 MOJEJIVPOBAaHMS CBOJICTB MaTepuaJoB
[IpeJicTaBJIeHHAA TEXHOJIOIMA [I03BOJIAET IIPOBOJUTD
MHOTOY POBHEBBIE MIepapXUeCcKe PACUeThI C UCII0Ib30-
BaHIEM CIEIMAJIN3MPOBAHHBIX IIPOTPAMMHBIX MHCTPY-
MEHTOB Pa3JIMYHbIMY KOJIJIEKTYBAMM JICCJIe/IOBaTe el B
VHIUBUAYAJBHONM CpeJie UCIIOJTHEHUA IPOU3BOUTEb-
HBIX BUPTYAaJbHBIX BIYMCIUTEIbHBIX CPEJICTB.

Bubnuozpaguueckuit cnucox

1 Abrapan K.K. JlndopMalmoHHaa TeXHOJOTYA IOCTPOSHNA
MHOTOMACIITaOHBIX MOJeJIel B 3a/ja4ax BbIUMCIINTEIBHOTO MaTepua-
soBenenns. M.: Paguorexuuka, 2018. C. 9—15.

2. Abrapan K. K., Taspusos E. C., Mapacanos A. M. Vxdop-
MalVOHHA A MOAJePsKKa 3aad MHOTOMACIITa0HOrO MOZeIMPOBaHNA
KOMIIO3MILIMOHHBIX MaTepnuaJtoB // International Journal of Open
Information Technologies. 2017. V. 5, N 2. P. 24—28.

3. Kim Clark, Tony Curcio, Nick Glowacki Agile integration
architecture. IBM, 2018. 73 p. URL: https://www.ibm.com/
downloads/ cas/JTEOVLDY (nara obpamenus: 11.03.2020).

JI3BecTusa By3oB. MaTepnasibl ssieKTpoHHOI TexHMKN. 2019. T. 22, No 4

ISSN 1609-3577

4. Mell P, Grance T. NIST SP 800-145. The NIST Definition
of Cloud Computing. Recommendations of the National Institute
of Standards and Technology // Gaithersburg. 2011, 7 p. URL:
https://nvlpubs.nist.gov/nistpubs/Legacy/SP/nistspecialpublica-
tion800-145.pdf (mara obpamennsa: 11.03.2020)

5. anapunHbt A. A., T'opmrenns A. K., Bososuu K. J1., Ko-
muH K. K. Kougpames B. A, Crenanos I1. B. YuopaBiieHne Hay4HbI-
MM CepBMCAaMM KaK OCHOBA HAIVMOHAJIBHONM HM(POBOI MIaT(MOPMBI
«Hayxa u obpasoBaune» // Crparerndeckue npuopurersl. 2017.
Ne 2.C. 103—114.

6. Lewis J., Fowler M. Microservices. URL: https://martinfowl-
er.com/articles/microservices.html (gara obpamenns: 11.03.2020).

7. Sam Newman Building Microservices: Designing Fine—
Grained Systems // O’'Reilly Media, 2015. 262 p.

8. Kreger H., Brunssen V., Sawyer R., Arsanjani A., High R.
The IBM advantage for SOA reference architecture standards. In:
IBM developerWorks, 2012. 18 p. URL: https://www.ibm.com/devel-
operworks/webservices/library/ws-soa-ref-arch/ws-soa-ref-arch-
pdf.pdf (gara obpamenns: 1.03.2020).

9. Keen M. et al. Patterns: Implementing an SOA using an
Enterprise Service Bus // IBM Redbooks, 2004. 386 p. URL: ht-
tps://www.redbooks.ibm.com/redbooks/ pdfs/sg246346.pdf (mara
obparmenns: 11.03.2020).

10. Clark K.The fate of the ESB // IBM Developer, 2018. URL:
https://developer.ibm.com/articles/cl-lightweight—integration—1/
(mara obpamenns: 11.03.2020).

11. Clark K. Comparing web APIs with service—oriented ar-
chitecture and enterprise application integration // IBM Developer,
2015. URL: https://developer.ibm.com/technologies/web-develop-
ment/articles/comparing-web-apis-with-service-oriented-archi-
tecture-and-enterprise-application-integration/ (ngara obparenns:
11.03.2020).

12. Bososuu K. V1. HekoTopble cCTEMOTEXHIUYECKIIE BOIIPOCHI
TIpesloCTaBJIeHNA BBIUMCINTEIbHBIX PeCYPCOB AJIA HAY YHBIX JICCJIe-
JIOBaHMII B TOPIIHOI BBICOKOITPOM3BOANTENBHO 06s1a4HOIE cpenie //
Cucrewmsl 1 cpencrsa nHopmaTuru. 2018. T. 28, Ne 4. C. 97—108.

13. ©enepaJbHBLL MCCIIEI0BATENBLCKNI IEHTD VH(pOPMaTIKa
n ynpasiaenue PAH. IIKII «JIudopmarura». URL: http://ckp.freesc.
ru (mara obparennsa: 11.03.2020).

Paboma evinoarerna npu wacmuunoti noddeprcke PODIU (npoexmut
18-29-03091, 19-29-03051) c ucnoav3osaruem pecypcos 2udPUOH020 8bLCOKO-
NPoU3E00UMENbHO0 8bLUUCAUMEAbHOZ0 Komn.aeKkea Llewmpa KoaseKmuUsH020
noavzosanus «Mngpopmamura» @UL MY PAH.

Cmamova nocmynuaa 6 pedaxyuto 11 mapma 2020 e.

Tzvestiya vuzov. Materialy elektronnoi tekhniki = Materials of Electronics Engineering. 2019, vol. 22, no. 4, pp. 302—307.

DOI: 10.17073/1609-3577-2019-4-302-307

Scientific services Consolidation Methods

A. A. Zatsarinny!, V. A. Kondrashev!§, A. A. Sorokin2, S. A. Denisov*

1 Federal Research Centre «Information and Controly of the Russian Academy of Sciences,
44 Vavilov Str., Moscow 119333, Russia

2 Khabarovsk Federal research center of Far Eastern Branch Russian Academy of Sciences,
65 Kim Yu Chen Str., Khabarovsk 680000, Russia

Abstract. The article discusses methods of consolidating scientific services of a digital platform for integrating a set of
scientific services for various fields of science for conducting interdisciplinary research. Solutions for creating consolidated
services can be widely used for multilevel, multiscale modeling in the field of materials science, which provides complex
modeling at several levels of the hierarchy. Currently, this problem is being solved by creating multicomponent hierarchical
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software systems on corporate computing systems. With the advent of high-performance cloud computing platforms, it
will be possible to order services for solving particular modeling problems as a scientific service. In this case, the tasks of
complex hierarchical modeling will be solved by a consolidated service - a service providing sequential-parallel execution
of complex modeling components in the form of specialized scientific services. The description of the processes for the
provision of scientific services is based on the research methodology and is a research plan (the work process mapping),
which describes a set of operations related to time and includes a list of necessary resources for their implementation. In
modern conditions of the development of a microservice approach to the creation of computing systems and the evolution
of the Service Oriented Architecture and of the Enterprise Service Bus integration, special attention is paid to the problems
of efficient integration of platform services. The paper proposes to supplement the existing description of a scientific serv-
ice with the possibility of ordering a third-party service based on agile integration. This approach will allow at the present
stage of development of service architectures to overcome the shortcomings of centralized systems such as Enterprise
Service Bus and take advantage of the elasticity of cloud computing and a microservice approach to creating information
and computing systems.

Keywords: consolidated service, multiscale modeling, multilevel modeling, digital platform, cloud computing, scientific
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