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Anomauia. Po30in npucesueno 3acmocysanuio cneyugpikayii OpenAPl y posnooineniti
MIKPOCEPBICHO-OPIEHMOBAHI  cucmemi 011  00pOOKU — acmpoHoMiuHux Oanux. Memow €
asmomamu3zayis npoyecie 06PoOKU i3 GUKOPUCIMAHHAM MemOoOi8 IHMeNeKmyaibHO20 AHANi3) OAHUX
ma KDD. 3anpononoganuii nioxio niosuwye inmeponepabenbHicmo, Macumado8anicms i 3pyyHicme
cynposody cucmemu. Kapkac cucmemu peanizoeano na naamgopmi .NET Core mosoro C# 3
inmezpayiero Swagger. PiuienHs modice 3acmocogysamucs 0Jist 00poOKU acmpOHOMIYHUX 300paAdiceHb,
peanizayii konyenyii Virtual Observatory ma inmeepayii 3 CI/CD.

Knwuogi cnoea: ingopmayiiina cucmema, KiicHm-cepeepua apxXimekmypa, Mikpocep8icHo-
opienmosana apximekmypa, macuimabosanicmo, Swagger, OpenAPI, rest API, JSON, .net.

Beryn

AcTepoigHo-KoMeTHa HeOe3IeKa CTae BeJINYe3HOI0 MOTEHIIIHHOI0 MTPOOIEMOI0 Y
XXI cromitti [1], sika MOXe CHPUYMHHUTH I00aNbHI PYWHYBaHHS, 31TKHEHHS 3
reoCTAllIOHAPHUMHU HITYYHUMHU CYNMYTHUKAMH [2], KOCMIYHUM cMITTAM Toio. [1[o0
VHUKHYTH Takoi CHUTYyalli, JIOICTBO MOCTIMHO po3po0isie Ta BIOCKOHAIIOE
MaTeMaTH4Hi MeToau [3] Ta aJirOpUTMHU JIJIsi aCTPOHOMIYHOTO HAYKOBOTO HAMPSIMKY,
TaKoro SIK 00poOKa aCTPOHOMIYHHX 300pakeHb Ta KOMIT'FOTEpHHMH 31p [4], 1110 BKIIFOUa€e
BUpIBHIOBaHHS (OHY [5], BHpIBHIOBaHHS SCKPaBOCTI [6], acTpoMeTpu4HE
3MeHIIeHHS [7], poToMeTpruyHe 3MeHIIeHHs [8], BUSBIICHHS] pyXoMHX 00'€KTIB y cepii
KaJipiB 200 HaBITh BIAKPUTTS 00'ekTiB CoHstuHOI cuctemu (SSO) [9], Takux K KOMETH,
actepoinu [10], Mani mIaHeTH, raJaKTUKH, 31PKU TOIIIO.

VYci acTpOHOMIYHI HAyKOBI CHOCTEPEKEHHS CTBOPIOIOTHCS 32 JOIMOMOTOIO
npuiaaiB 13 3apspoBuM 3B's3koM (CCD) [11], siki BUKOPUCTOBYIOTHCSI SIK OCHOBHE
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obOnaHaHHS B Tejeckomnax abo Oymab-saKid 1HIINA ONTHYHINA CUCTEMI B 00CepBaTOPisX.
Taxi acTpOHOMIYHI HayKOB1 CITIOCTEPEKEHHS 30MPAIOThCSI POTATOM 3aJ]aHOTO TIepP1oay
CIIOCTEPEKEHHA AOCHIKYyBaHUX Manmux HeOecHux SSO [12], a Takok MTYyYHUX
cynyTHUKIB. [licis mpoBeneHHs cepii crnocTepeskeHb JocaiKyBaHuX SSO HE0OX1HO
IpOaHalli3yBaTH PE3yJAbTaTH CIOCTEPEXKEHb, SKI MOXYTh BKIIOYaTH BHU3HAYEHHS
nepiogy Ta Gopmu obepranb Takux gociimkyBaHux SSO. Lle o3Hadae, mo icHye
0araTo BEJIMKUX aCTPOHOMIYHMX JaHHX, 1 Ui iX 0OpoOKH MOTpiOHO 3aCTOCOBYBATH
pi3HI miAXoAu iHPOPMALIHUX TEXHOIOT1H.

AcTpoHOMiYHa HayKoBa iHGOpMAIlS TaKOX Moxe OyTm 3i10paHa 3 Ppi3HUX
ICTOpHUHUX KJIacTepiB, apXiBiB, BIpTyadbHUX oOcepBaropiid [13], xmap naHux,
aCTPOHOMIYHHMX aCTPOMETPUUHUX Ta (POTOMETPUYHHX KaTajoris [ 14], pi3HUX cepBepiB
Ta 1HIIUX CXOBHIIL.

Meta Ta 3aga4i T0CTIKeHHSA

CHiIbHOI0O METOI0 BCIX HAyKOBO-TEXHOJOTIYHUX aJTOPUTMIB Ta METOMIB €
aBTOMAaTH3allisl SKOMOTa OUIBIIOI KITBKOCTI ITPOIIECIB 0€3 OyIb-SIKUX JIOACHKUX diil. Y
3arajJbHUX BUIIAJIKAX 1€ MOXE OyTH 3p00JICHO 3a IOMOMOTO0 PI3HUX aCTPOHOMIYHUX
HayKOBUX 1H(MOpMaliMHUX cucTeM. Y [HMX 1HQOPMAUIMHUX CUCTEMax s
MPUIIBUAIICHHS Ta ONTHUMI3alli 0OpOOKH aCTPOHOMIYHUX JAHUX BUKOPHUCTOBYIOTHCS
P13HI 3aBJIaHHA IHTEJIEKTYaIbHOTO aHaMi3y AaHuX [15] Ta mouyKy 3HaHb y 0a3ax JaHUX
(KDD) [16].

VY BuUmaaky, SKIIO acTPOHOMIYHA HaykKoBa 1H(OpMaliiiHa cUCTEMa € JyXKe
CKJIaJIHOIO Ta CKJIAJIA€ThCS 3 PI3HUX MAaTeMaTUYHUX MOMAYIIB Ta 010110TE€K, BOHA CTa€
PO3MOITIEHOI0 1HPOPMAIIIHHOIO CHCTEMOI0, OpPIEHTOBAHOK HA MIKPOCEPBICH, IS
00pOOKHM aCTPOHOMIYHHX JaHUX.

MikpocepBicu, TakoX BiJIOMI SIK MIKpOCEpBICHA apxiTeKTypa, — I
apXITeKTYPHUN CTHIIb, SIKHM CTPYKTYpPY€ 3aCTOCYHOK SIK Halip ci1abo MOB'I3aHMX
CEPBICIB, KOXKEH 3 SKUX pealizye 0i3Hec-MOXIJIUBOCTI. MiKpocepBiCHa apXiTEeKTypa
3abe3reuye  Oe3lepepBHY JOCTAaBKy Ta PpO3TOPTaHHS  BEIMKHUX, CKJIATHUX
iHdopmariiitnux cucteM. BoHa TakoX 103BOJIsiE OpraHizallii poO3BHBATH CBId
TEXHOJIOTIYHUH CTEK, MacIITadyBaTu Ta OyTH OUIBII CTIHKOO 3 yacoM. MikpocepBicHa
apXiTEeKTypa BUCTYMA€ 3a MEPETBOPEHHS €IWHOI 1HPOpPMAIiitHOT CUCTEeMH Ha Habip
cnabo nos's3aHux cepriciB. L1 610ku Takoxk 3a0€3meuyoTh Oe3nepepBHy JOCTAaBKY Ta
pPO3rOpPTaHHS BEJIMKUX, MOHONITHUX 1HQOpPMAIIHHUX CHUCTEM 3 MIHIMAIbHOIO
MoTpeOOoI0 B IIEHTpaTi3allii.

31 3pocTaHHSM MOMYISPHOCTI MIKpOcepBiCHOT apxitektypu [17] 3pocrtae
CKJIQJIHICTh YIIPABIIHHS KIJIbKOMa B3a€MOTIOB'sI3aHUMHU cepBicaMu. J[okymeHTarrisi crae
BAXJIMBOIO HE JIMIIE JJIs 30BHINIHIX KOPHUCTYBadiB, ajieé W JJIs BHYTPIIIHIX
PO3pPOOHUKIB, IKUM MOTPIOHO po3ymiTu API, 1110 HagaroThCs KOKHUM cepBicoM. Came
TYT 1 BCTynae B rpy Swagger. Swagger, Terep BigoMuil gk cnenudikamis OpenAPI, —
1Ie TOTY)XHUIH 1HCTPYMEHT JIsl OIMHKCY, CTBOPEHHS, BHUKOPHUCTAHHS Ta Bizyai3arlii
RESTful Be6-cepaicis.
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Swagger cnopourye po3poOky Ta miaTpumky API, Hamatoum iHTEepdeiic,
HezanexxHud Big MoBu, s REST API [18]. 3a gomomororo Swagger BU MOXETe
CTBOPIOBATH KJIIE€HTCHKI 010TI0TEKH, CEpBEPHI 3arIylIKK Ta JokyMeHTarito API, 1o
CIIpHsI€ YITKIA KOMYHIKAIlli MK Balllol0 KOMaHJ1010 PO3pPOOHHUKIB Ta 3a ii Mexxamu. Lle
rapaHTye, U0 BCl MIKPOCEPBICH PO3MOBIISIIOTH OJTHIEI0 «MOBOIOY», KOJIHM MIETHCS MPO
kiHueBi Touku API, mapamerpu Ta Moaeni JaHUX.

Lle#t po3nin cnpsMOBaHMI Ha aHaji3 OCHOBHUX HamNpsSMKIB Ta OCOOIMBOCTEH
cnerudikarii OpenAPl mis po3pobku iHGOpPMAMIHUX CHCTEM, OPIEHTOBAaHUX Ha
MikpocepBicu. PeanpHI mNpuKIaau acTPOHOMIYHOI CHUCTEMH OOpOOKH JaHHX
pearizoBaHi 3a morioMororo ¢peimBopky .Net Core Ta MmoBH miporpamyBanHas C#, sika
iIcabHO  MAXOAWTH JJI PO3POOKH PO3MOMIIeHOT 1H(GOPMAIIMHOI CHCTEMH,
OpPIEHTOBAHOI Ha MIKPOCEPBICH.

VY po3aim 2 npeacTaBieHo KiJibka TEXHOJOTIH, MOB'I3aHUX 3 HAIIOI POOOTOIO
JUIsl BUpIIIEHHS 3aBaaHHs nokymeHTyBaHHS APL. YV poszmini 3 ngeranbHO ommcaHo
apXITEKTypy CHUCTEMH Ha OCHOBI CTUJIIO apXITEKTypH MIKPOCEPBICIB, MPEACTABICHO
iHTerpanito cnenudikamii Swagger OpenAPI B peanbHy peanizaiiito MikpocepBiciB. Y
[IbOMY PO3JILJII TAKOXK MPEICTaBIEHI 1HTErPOBaH1 MOEII JaHUX JJIs aCTPOHOMIYHOI
CUCTEMU 0OpOOKH JTAaHUX, a TAKOK MPOLTIOCTPOBAHO pe3yabTaTr BUkoHaHHs. L{eit po3ain
TaKOXK CIPSIMOBAaHWNA Ha OOTOBOPEHHS IIepeBar 3alpOTNIOHOBAHOTO BHUKOPHUCTAHHSI
cnenugikamii OpenAPI B po3noaisieHiil MiKpoCEpBICHO-OPIEHTOBaHIM 1HPOpMaLIHII
cUcTeMi i1 0OPOOKH aCTPOHOMIUHMX JITAHUX.

VY po3nuni 4 mpencTaBlieHO AMCKYCIMHY MaHeIbh 3 IMepeBaraMu Ta HEHOTIKAMU,
METO/IaMU Ta HEJIOJIIKaMU 3alpONOHOBAHUX KOMIIOHEHTIB PO3MOIEHOI MIKPOCEPBICHO-
OpIEHTOBAHOT IHPOPMALIIHOT CUCTEMH JIJIs1 OOPOOKHM AaCTPOHOMIYHUX JJAHUX Ta X aHAJIOTIB.

JlocmiiKeHHsT 3aBEPITYETHCS BUCHOBKOM, SIKHU 1JTIOCTPY€E OCHOBHI JOCSTHEHHS
TOCHIHKEHDb Ta HAMPSIMKHA MailOyTHBO1 pOOOTH, a TAKOXK MOXKIIMBOCTI JUISl JOJATKOBUX
JIOCJIIJIPKEHB Ta BIOCKOHAJICHb.

Ornsp giteparypu

Koxkxern SSO B mmudpoBomy kajzpi Mae TUIOBY GhopMy cBoro 300pakeHHs [19].
Jlns BUSIBICHHS/pO3MMi3HaBaHHS TaKUX 300pakeHb SSO Ta OIIHKH iX MO3UINNHUX Ta
PYXOBHX TapameTpiB [22] po3pobiieHi 3arajabHi MeToau 00poOku 300paxkens [20] Ta
MaruHHOTO 30py [21]. Taki MeToam 06a3yrOThCs HAa aHai31 JIUIIE TUX MIKCEIIB, SIKi
MOTEHLIWHO HaJleXaTh TOCIIIKyBaHOMY 00'exTy. Henonikamu Takux METOJIB € TyKe
HU3bKa TOYHICTh, KOJIU TUIIOBA (popMa 00'ekTa Mae 1HITYy popmy [23].

Metonu  OIIHKK  amepTypHOi  sickpaBocTi  [24] 300pakeHb  00'€KTiB
MpaIoBaTUMYTh JIMIIE 3 OJHUM 300pakeHHSIM KoxkHOTO SSO. byab-siki mMeTonu
y3rojikeHoi puabrpaitii [25, 26] Ta BUCOko4acTOTHOI (hibTpartii [27], Skl MPUCBIYEH1
MOKPAIICHHIO  SIKOCTI MOIIKOJKEHUX 300pakeHb, € JYyXE pPEeCypCOEMHHUMH.
HenonikamMu 1iux METOIB € BEJIMKA CKJIAAHICTh Ta HU3bKa TOUHICTH M1 Yac 0OpOOKHU
ACTPOHOMIYHUX JTAHUX, KOJIM 300pakeHHsI 00'€KTa Ma€ KiJbKa MiKiB BETMYNHHU.

Metoau BeiiBeT-ananizy [28] abo HaBiTH aHaJI3y YacoBUX psAiB [29] He Taki
e(eKTUBHI, OCKUTBKH MM HE MA€EMO BEJIMKOTO 00CATY BXITHUX JTaHUX JJIS aHAJi3Y.
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Tako HETOJMIKOM TaKMX aJIrOPUTMIB € CIIOTBOPEHHS 3arajibHOiI CTaTUCTHKU Ta
MOJKJIUBICTb OOPOOJISATH JIMIIIE YITKI BUMIPIOBaHHSA 0€3 Oy/Ib-SKUX BIIXUJICHB Y TUITOB1H
dhopmi 300pakeHHS.

Bynb-sx1 meToiu mmOOKOT0 HaBYaHHS Ta po3mizHaBaHHs 00pa3is [30, 31] rakoxk
BHMAararoTh BEJIMKOI KUIBKOCTI aCTPOHOMIYHMX JIaHUX JJisl HaB4aHHs. [IpoOnema Takux
METO/IB MOJIATAE B TOMY, 1[0 aCTPOHOMIYHE 300pakKeHHs Mae 6arato apTeakTiB, TOMY
B cepii Ka/IpiB BUABISAETHCS O0araro XMOHUX 00'€KTIB.

Y 11bOMY BUIAJIKY 7151 POOOTH 3 PECYpPCOEMHUMHU MaTeMaTUYHUMU aJITOPUTMAMH,
METOJIlaMHd Ta MOAYJISIMH, sIKi iX peani3yioTh, MOTpiOHA PO3MOIIICHA apXiTEKTypa
1H(pOpMaIliitHOT cCTeMH, OpIEHTOBaHA Ha MIKPOCEPBICH, AJIs1 0OpOOKH aCTPOHOMIYHHX
nanux. | cnerudikanii OpenAPI € xopomum miaxomaoM s TaKuX HiJIeH.

Ichye kinbka ansrepHaTHUB Swagger s peamsanii cnenudikamii OpenAPI,
KOKHa 3 SIKUX MPOMNOHYE YHIKaJIbHI (PyHKIII Ta mepeBaru, siki MOXKyTh OyTH OUIBII
MIIXOAANIMMUA  3QJIEKHO BIJI BallldX KOHKpPETHUX BHUMOL. OcCh Jeski IOMITHI
albTepHATUBH, 3ra/IaHl HIDKYE.

Postman — 1e yHiBepcaibHUN IHCTPYMEHT [JIsi PO3POOKH Ta TECTYBAHHS
API [32]. Postman 3a6e3neuye aBTOMaTH30BaHE TECTyBaHHSI, KOMaHIHY CIIBIIPAIIIO Ta
iHTerpaiito 3 pisHuMH iHCTpyMeHTamu CI/CD. Bin Takox Bkirodae Taki (QyHKITII, SIK
MaKeTH1 CepBEpH Ta iHTEepaKkTUBHA JokyMeHTalis API, 1o poOuTh H0T0 KOMILIEKCHUM
pILIEHHSM JUIsl YNPaBIiHHS >KUTT€BUM LUKIoM API. ABTop ommcye apxiTeKkrypy
MIKPOCEPBICIB SIK MAacCIITa0OBaHUI METOJ MPOEKTYBaHHS Ta BIPOBAIKEHHS OHJIANH-
NoJaTKiB. Uepe3 CBOIO MEpPEKEBYy MPHUPOAY, MIKPOCEPBICHI JI0JaTKH NOTPEOYIOTh
TECTYBaHHS B MEPEKEBOMY CEPEIOBUIIII.

ABTOMAaTH3aIlisg UX TECTIB Mepenadadae TeHEPYyBaHHS IITYYHOTO MEPEKEBOIO
Tpadiky, 3a3Budaii y gopmi HTTP-3anutiB 1o API, takux sk REST API. Lli Temu
JOCIIJDKYIOTBCSL 3 TOYKH 30PYy IPOEKTYBaHHSI Ta BIPOBA/DKEHHS TECTIB, a TaKOX
KIIFOYOBUX OCOOMMBOCTEH apXITEKTypH MIKPOCEPBICIB Ta aBTOMAaTH30BaHOTO
TECTyBaHHS 3arajioM. B OCHOBi 1€l jaucepranii AeTallbHO OMHCAHO TIPOIEC
MIPOCKTYBAaHHS Ta BIPOBAXKEHHS CHCTEMH aBTOMaTu3ailii TecTyBaHHs s Intel
Insight, a Takoxx margopmu aBTOMAaTHYHOTO 30€piraHHs 300pakeHb Ta OOPOOKHU
dboTorpamMmmeTpii, moOyI0BaHOT SIK CUCTEMA MIKPOCEPBICIB.

[Tnatdopma Stoplight mepeBepiirye 1HII Trangy3l B Tajly3l HPOEKTyBaHHS,
nokymeHTyBaHHsI Ta ynpaBimiHHs APl [33]. Bona mae 3pyunumii iHTepdeiic mis
ctBopeHHs crienudikamiid API 3a gonomororo OpenAPI a6o RAML, a Takox BKIt04ae
TaKl MOXKJIMBOCTI, K 1IHTEPAKTUBHA JOKyMEHTAlllsd, TeHepallisi Koay Ta 1HCTPYMEHTH
ynpasiiaas API. TlpumitHo, mo Stoplight BuasieThes CBOIMU CUIIBHUMU CTOPOHAMU
y Bi3yajbHOMY npoekTyBaHH1 API Ta iHTerparii 3 iHCTpyMeHTaM# po3pOOKH, TAKUMHU
sk GitHub Ta Jira. ¥V 3raganiii ctarTi aBTOp po3misaae mpoodiaemMy, 10 BUHUKAE IT1]T 9ac
CTBOpeHHs Ta miaTpuMku ctranaaptiB OpenAPI nns tecryBanus REST API.

CremiaJibHMIA 1HCTPYMEHT Mia Ha3Bow Respector OyB mpeacTaBieHHM SK
MePIINA METOJlT BUKOPUCTAHHS CTAaTUYHOTO Ta CMMBOJIYHOTO aHAMI3y MpOrpamM Jis
redepanii crenudikamii ais REST API 3 ixaporo BuxigHoro xoxy [34]. Hanmani
EKCIIEPUMEHTH TOKa3aH, 110 Respector yCHiniHO BUSBUB YUCIICHHI BIICYTHI METOIU
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KIHIIEBUX TOYOK, MMapaMeTpH, OOMEXKEHHS Ta BIAMOBIII, a TaKOXX BHSIBUB KiJIbKa
PO30DKHOCTEM MK crenudikaiisgMi, HaJaHUMH PO3pOOHMKaMH, Ta (haKTUIHUMU
peamizarismu APL. Bineiie Toro, Respector nepeBepiivB iHIII METOAM, K BUBOASATH
crietnndikariii 3 anoraiiii APl abo nuisixom Bukinky API.

31 3pOCTaHHIM MOMYJISPHOCTI 00'€KTHO-OPIEHTOBAHUX MOB Ta MOPTATUBHOCTI
Java API, po3poOka Ta BHUKOpPHUCTAaHHS NPOrPAMHUX KOMIIOHEHTIB, IO MOXKHA
MMOBTOPHO BWKOPUCTOBYBAaTH, CTalOTh Bce Oumbm mMoxiauBuMu [35]. EdexTuBHICTH
MMOBTOPHOTO BUKOPHUCTAHHS KOMIIOHCHTIB 3HAYHOIO MIPOIO 3aJICKHUTh BiJl HAIWHOCTI
IIUX KOMITOHEHTIB, IO JOCATAETHCS MIJISTXOM KOMITJIEKCHOTO TECTYBaHHSI.

Onnak y miTeparypi OpaKye MpaKTHYHUX IT1IXOMIB JJIs TeHEpaIlii BXITHUX JaHUX
Ta MEePeBiPKU BUXITHUX JAHUX JIJIS YACICHHUX HEOOX1THUX TECTOBUX BHUITAJIKiB. ABTOD
npeacTanise iHCcTpyMeHT "Roast" Ta moB's3aHi 3 HUM MeToau TecTyBaHHs Java API.

[IpakTuyHICTh Ta €(PEKTUBHICTD IUX METOJIB JEMOHCTPYIOThCS 32 JIOIMIOMOIOIO
JIBOX CKJIQJIHUX KOMIIOHEHTIB, 3 KUTbKICHUMH Pe3yibTaTaMu, HAJIAHUMHU JIsI TIEPEBIPKU
PI3HMX TT1JIXO/IIB.

VY koxHIN 3 1UX cTared omucaHl pi3HI CHIbHI CTOpPOHHU, Oydb TO CIIBIIpall,
1HTerpailisi, I1HTepaKTHBHA JIOKyMeHTalis 4u ympaBiiHHs APl 3anexno Bix
KOHKPETHHUX MOTPeO aCTPOHOMIYHOTO MPOEKTY 11010 OOPOOKH aCTPOHOMIYHUX JJAaHUX,
OHA 3 [MX aJbTepHATHB MOXe OyTH Kpallow, HDK Swagger, Uil peanizauii
cnenudikaniii OpenAPI.

OcHOBHA YacTHUHA

Posnoaisiena inpopmaniiiHa cucremMa, Opi€HTOBAaHA HA MIKpOCepBicH,
JJIS1 0OPOOKHM ACTPOHOMIYHHUX JAHUX

[IpoekryBanns cepicy HTTP API, noB's3aHoro 3 oOpoOKOO acTpOHOMIYHUX
JaHuX, TMepeAdayae CTBOPEHHA KIHLUEBHX TOYOK, $AKI JO3BOJIAIOTh KIIIEHTaM
B3aEMOJIISIT Ta OTPUMYBATH JIaH1 PO HEOECHI 00'€KTH, ACTPOHOMIYHI SIBUINA T 1HITY
BIJIMOBIJIHY 1H(GOPMAIIIFO.

Ha pgiarpami Hibk4e MpeCcTaBICHO BHUCOKOPIBHEBY apXiTEKTypy pO3poOIeHOi
cucteMu. BoHa ckiamaerbes 3 KUIBKOX apXITEKTYPHUX KOMIIOHEHTIB, BKIIOYAIOUU
KJIIEHTCHK1 TIporpamu, arperatopu API cepBepHOi yacTHHU Ta MIKpOCEpBICH IOMEHY.

MikpocepBicu 3a0e3MeuyroTh KiJlbKa KaHaTIB 3B'sI3KY, BKIIOUAI0UM aCUHXPOHHI
Ta CHHXPOHHI CIIOCOOH.

CunxpoHHUM KaHad 3B'sI3Ky peanizoBaHo muisixoM Hajganus HTTP APl jgns
3YUTYBaHHS MOJIEN1 AaHUX. byab-sika MOJeNb TaHUX BUKOHYETHCSI aCHHXPOHHO Yepes
IIMHY MOB1IOMJIEHD (Y IIbOMY BuUIaaKky RabbitMQ).

OCKUJIbKM OTpUMaHHS JaHuX BHKOHYeThcs depe3 HTTP-zanut, mu Gauumo
BaXxMBICTh 1HCTpymMeHTY OpenAPl Tta Swagger. Ilicnsi oHOBIEHHS JaHUX 4epes
Opokep MOBIJOMJIEHb ACHHXPOHHUM CIIOCOOOM, Swagger 103BOJIsi€ OTPUMATH JTOCTYII
1o HTTP REST API cuaxponnum criocobom, 3aiiicHiorouun npsimuii HT TP-Bukiuk 1o
MIKPOCEPBICY, SIKHH OTPUMYE TOCTYI O CXOBHUIIA JTAHUX Ta MepeBipsie 30epekeHy B
HbOMY 1H(OpMAaIIilO.
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PucyHok 1 imrocTpye HaBelneHy aiarpamy siK BUCOKOPIBHEBY apXiTEKTypy st
CHUCTEMH, MOB'S13aHO1 3 aCTPOHOMI€I0, 3 BUKOPUCTAHHIM MIKPOCEPBICIB.

Pucynok 1 — BucokopiBHeBa apXiTeKTypa AJIsi CHCTEMH, MOB'SI3aHO1 3 aCTPOHOMIEIO, 3
BUKOPHUCTaHHSM MIKPOCEPBICiB

Ocp neTaipHAU OIMC KOKHOTO KOMIIOHEHTA Ta IXHBOI B3a€MO/Iii.

1. KitieHTCBKI TpOrpamu:

— WebApp: Ttpamumiiiauii iHTepdelic BeO-mporpamu, SKUH B3aeMOJI€ 31
nutro3oM API;

— WebSPA: onHocropinkoBuii gonatok (SPA), sikuit 3a0esrnedye OuIbII
JTUHAMIYHUN KOPUCTYBAIIbKUM TOCBIJI, @ TAKOXK B3aeMoie 31 muto3oM API.

2. lllmro3u API/ BFF (Backend for Frontend):

— OcelotApiGw: e numo3 API, skuit oOpoOisie 3amuTH BiJl KIE€HTCHKHUX
Mporpam Ta HampasJisi€ iX J0 BIIMOBIIHUX MiKpocepBiciB. Bin Hamae Taki QyHKIIi1, sK
aBTeHTU(1KaIllsl, ABTOPU3aLlisl, arperailis 3aruTiB TOIIO;

— Aggregator: 1€l KOMIIOHEHT arperye JaHl 3 KIJIbKOX MIKPOCEPBICIB B OJHY
BI/IMOBI b, ONTUMI3YIOUU KIJIbKICTh BUKJIUKIB, HEOOX1THUX KJIIEHTCHKUM IIPOTrpaMam.

3. MikpocepBicu:

— Distance.API: 00po0Oisie onepaiiii, moB's3aH1 3 ACTPOHOMIYHUMH BIJICTaHAMH.
Bin BukopuctoBye MongoDB mis 30epiranHs naHuX, 3a0€3Meuyroud THYYKE Ta
MacuTaboBaHe 30epiraHHs JaHUX MPO BIACTaHI;

— Planets.API: xepye nanumu, MoB'si3aHUMU 3 IUIaHEeTaMU. BiH BUKOpHCTOBYE
Redis, cxoBuiie qaHux B mam'siTi, JIs MiABUIIEHHS MIBUAKOCTI JOCTYIY J0 JTaHUX Ta
KeITyBaHHS;

— Scattered.API: iimoBipHO, Mae crpaBy 3 pO3CiTHUMHU 00'€KTaMu B KOCMOCI,
TakKUMH sK actepoinu abo komeTu. Bin BukopucroBye PostgreSQL, mnoryxny
perndLiiny 0a3y IaHuX 3 BIAKPUTHM KOJIOM;

— Space.API: kepye 3arajJbHUMM JaHUMU, TOB'S3aHUMH 3 KOCMOCOM. BiH
cnupaerbes Ha SQL Server, HaAiiiHy pensiiiiny cucteMmy 0a3 qaHux Biag Microsoft.

4. RabbitMQ sax Opokep TOBIIOMJIEHb, SKUA BHUKOPUCTOBYETHCS IS
ACHHXPOHHOTO 3B'A3KYy Mk MikpocepBicaMu. BiH 3abe3neuye apXiTEeKTypy, KEpOBaHY
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MOJIISIMH, JIe CEPBICH MOXKYTh ITyOJIIKYBaTH IMO/11 Ta MAMUCYBATUCSI HA HUX 0€3 TICHOTO
3B'A3KY.

5. JlomaTkoB1 KOMIIOHEHTH:

a) WebStatus (HealthChecks): cepBic, sSkuif KOHTPOJIOE€ CTaH CHPaBHOCTI
pPI3HUX MIKPOCEPBICIB, 3a0e3Medyround iX onTuMaiabHy poOoTy. BiH Moxe HamaTu
iHpopMarrito mpo yac 6e3nepediitHoi podOTH Ta MPOTYKTUBHICTH CEPBICIB;

0) gRPC: BucoxonponykruBHuil (peitmBopk RPC 3 Bimkputum Komom, KA
MOXKHA BHMKOPHCTOBYBaTH MJis 3B'A3Ky MIX MIKpOCEpBICaMH, MPOIMOHYIOYH TakKi
nepeBaru, sIKk MOBHAa arHOCTUIIM3M, HU3bKa 3aTpUMKa Ta €(QEeKTHUBHA cepializallis
TaHHX;

B) Polly: 6i6mioreka criiikocti .NET Ta 00poOKkH TUMYacOBUX MOMHUJIOK, SIKA
JI03BOJIsI€ PO3pOOHMKAM BUpakaTH Taki MoiTUKH, K Retry, Circuit Breaker, Timeout,
Bulkhead Isolation Ta Fallback;

r) ELK Stack (Elasticsearch, Logstash, Kibana): naGip iHCTpyMeHTIB s
peecTpallii, MOUIyKy Ta Bi3zyasizailii JTaHHX:

— Elasticsearch: nomnrykoBa Ta aHaJIiTHYHA CUCTEMA;

— Logstash: xoHBeep 0OpoOKH JaHUX, IKUH OTPUMYE JIaH1 3 KUTBKOX JIXKEped,
MepeTBOPIOE iX, a MOTIM HaJICHUJIa€e 0 CXOBHIINA, Takoro sk Elasticsearch;

— Kibana: iHcTpymMeHT Bi3yaJi3ailii, 10 BAKOPUCTOBYETHCS JIJIS 10 CI>KEHHS
naHux, o 30epiratotbed B Elasticsearch, mo 3abe3neuye rpadiuHi npeacTaBieHHs Ta
MaHeJ 1 THCTPYMEHTIB.

6. IToTik naHux:

— B3aemogist 3 KJIi€EHTOM: KOpUCTyBayl B3aeMoioTh 3 WebApp ado WebSPA,
saxuid Hajgcuitae 3anutu 10 OcelotApiGw;

— Mapmipyrusania o3y API: nuiro3 APl nHampaBnse 11 3anmuTé 10
BiamoBigHOTO Mikpocepsicy (Distance.API, Planets. API, Scattered. API, Space.API);

— Arperamisi JaHMX: JUIS CKJIAJIHUX 3aIUTIB, 0 TOTPEOYIOTh JaHUX 3 KiJIbKOX
JUKEpeII, arperarop 30upae HeoOXiaHy 1HbOopMaIliio;

— Onepanii 3 0a3010 JaHUX: KOXKEH MIKPOCEPBIC B3aEMOJIIE 31 CBOEIO
BiAMOBITHOIO ©6a30r0 manux (MongoDB, Redis, PostgreSQL, SQL Server) nmus
BuKkoHaHHs onepaliii CRUD;

— ACHHXPOHHMI 3B'fI30K: MIKPOCEPBICHM B3a€EMOJIIOTH ACHHXPOHHO 4Yepe3
RabbitMQ, 110 103B0JIsIE CTBOPIOBATH MacIITaOOBaHy Ta po3'€THAHY apXITEKTYpY;

— MomniTopuHr cnpaBHocTi: cepBic WebStatus MOCTIHHO KOHTPOIIIOE
CIIPAaBHICTh yCiX CEPBICIB;

— KypHaJ Ta BizyaJuizanisi: )KypHaJld Ta METPUKH 30UparoThCs, 00POOISIOTHCA
Ta BI3yaJi3yloThCad 3a jgomnoMorotro crteky ELK, mio mnosermrye MOHITOPHHT Ta
HaJIarOJI>KECHHS.

[{s apxiTekTypa IEMOHCTPY€ HaIIWHUA Ta MacIITabOBaHWA MIAXIT [0
VIOPABIIIHHS CHCTEMOIO, TOB'SI3aHOI0 3 aCTPOHOMIEIO, 32 JOTIOMOTOI0 MIKPOCEPBICIB,
API Gateway, aCHHXpOHHOTO 3B'SI3Ky Ta KOMIUIEKCHUX MOJIMBOCTEH MOHITOPUHTY Ta
peecTpairii ctany. BoHa BUKOPHCTOBY€E CydacHi TEXHOJIOTT 1Jisi 3a0€31eueHHs BUCOKOT
MPOAYKTUBHOCTI, CTIHKOCTI Ta 3pY4HOCTI OOCIIyroByBaHHS. SIK MOXXHA 3a3HAYUTH 3
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HaBEJICHOI BHIIE JiarpaMu, Mikpocepsicu, mnpeacraBieHi HTTP-cepsicamu API,
HagaroTh AJokyMeHTalio OpenAPI, po3kpuBaiouu KiHIIEBI TOUKH Swagger.

Hanana cnenudikariiss OpenAPI omucye APl nns cepicy, moB's3aHoro 3
aCTPOHOMIE€IO, 3 KUJIbKOMa KIHIEBUMH TOYKAMHM JUIsl KEpyBaHHS Ta OTPUMAaHHS JaHUX
PO BIJICTaHl, IUIAHETH, PO3CISIHI JUCKH, KOCMOC Ta omopHi 3ipku [36]. Huxue
HaBEJICHO JICTATLHUN OTUC KOYKHOI YaCTUHU crierrdikartii.

Cnenudikaris HanaeTses 3 BukopuctanasiM OpenAPI Bepceii: 3.0.1. Crnenudixariis
pealti3oBaHa 3a JOTMIOMOTOI0 THCTPYMEHTY 3 BITKPUTHUM KOZIoM i1 Ha3Boro Swagger Ul 1
HIDKYE HaBEIEHO MPUKIIA N BUKOPUCTaHHS IIbOT0 1HCTpYMEHTYy APL.

[Mepmmit po3min crmenmdikarii (/api/Distance) moB'si3aHuii 3 BUMIPIOBaHHIM
acTpoHOMI4YHOI BiacTaHi. IcHyroui kiHneBi Touku HTTP npuiimators HTTP GET Ta
POST 3anutu 10 cepaicy, 110 JA03BOJISI€ BBOAUTH 3amuc MI0J0 Oynb-sKOi BiACTaHi, a
TaKOXK OTPUMYBATH BXKE 1CHYIOUY 1H(POpMAITIIO.

Crneuudikaniro OpenAPl MoxxHa 3HANTH HIDKYE.

GET: OTpumye CrIUCOK BiJICTaHEH.
Teru: Bincrans.
Binnosinai:
200: Ycmix noBeprae mMacuB 00'ekTiB Distance y dopmarax text/plain,
application/json a6o text/json.
POST: CtBoproe HOBUH 3aUC BiJICTaHi.
Teru: Bincrans.
Tino 3ammry: Ilpuiimae 06'ext Distance y ¢dopmarax application/json,
text/json abo application/*+json.
Bignosini:
200: Ycmix moBepTae cTBopeHuii 00'ekt Distance.

Cnemudikamiss Swagger (/api/Planets) mos'sizana 3 mianetramu y BceecBiTi,
HAJAl04YM KIHIEBI TOYKHM ISl JOCTYNYy 1O Bci€i 1H(OpMarlli, BKIOYAOYM Ha3BH,
MOPSIIOK Ta IUJIAHETapHY cuUcTeMy. ICHyroul KOHTpPaKTH JO3BOJIAIOTH OTPUMYBATU
ICHYIOUMIA CITMCOK TUTAHET Ta 3allMCyBaTH HOBUM 3aIKC PO TUIAHETY, SKUH HEII0AaBHO
OyB BIJIKDUTHIA.

Cneundikauiro OpenAPl MoxkHa 3HAUTH HIDKYE.

GET: Otpumye€ CIMCOK IJIAHET.
Teru: [lmaneru.
Bianosiai:
200: Ycmix moBepTae MacuB PSAIKIB, IO MPEJACTABISIOTh HA3BU TUIAHET Y
dopmarax text/plain, application/json a6o text/json.
POST: CTBOpIOE HOBHIA 3aIIKC MPO TUIAHETY.
Teru: IInanern.
Tino 3anury: Ipuitmae psook y dopmarax application/json, text/json abo
application/*+json.
Bignosini:
200: Yemix.
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Po3scisauit auck — 1ie BigmaneHa o6macte COHIYHOT CUCTEMH, KA IPOCTSITAETHCS
3a opOiTy HenryHna. BoHa HacesnieHa rpymnoro Majiux KpyuKaHUX T1J1, BIZIOMUX SIK 00'€KTH
po3scisHoro aucka (SDO). L1 00'ekTr MatoTh BUCOKOSTINTUYHI OpOITH, SIK1 BIAAATIAIOTH
ix Bim CoHIs B ixHbOMY adenii (Touri iXxHbO1 opOiTH, Hananeii Bijg CoHI) Ta
omxde 10 CoHIl B IXHROMY TTepureii (Toulll iXHboi opOiTH, HaiOmmk4ii 10 CoHI).
KitouoBi  XapakTepUCTUKH  PO3CISHOTO  JAHWCKa  BKIIOYAIOTH  OpOITaNIbHI
XapaKTePUCTUKH, TIOXOKSHHS, CKJIa/1, B1IOM1 00'€KTH.

[lepemiueni  xapakTepucTHKH  oxorwieHi  cmerudikamiero  OpenAPI
(/api/ScatteredDisk), HaBeneHOO HIKYE.

GET: Otpumye ciicok 00'€KTiB, MOB'SA3aHUX 3 IPOCTOPOM.
Teru: ITpo6in.
Bignosini:
200: VYcmix moBeprae MacuB pAnKiB y  (opmarax text/plain,
application/json abo text/json.
POST: CrBoproe HOBHUI 3alIC MPOCTOPY.
Tern: [Ipo6in.
Tino 3anury: Ilpuitmae psnok y dopmarax application/json, text/json ado
application/*+json.
Binnosinai:
200: Yemix
Pucynok 2 umoctpye e(EeKTHUBHICTb BUKOPUCTAHHS Swagger y KOHTEKCTI
00pOOKHM aCTPOHOMIYHHX JaHUX.

Pucynoxk 2 — Ilpuknan neperBopenns cneuundikarii OpenAPI JSON y 3pyunuit rpadiunmii
iHTepdelic KoprCcTyBaya 3a I0MOMOTOK0 IHCTPYMEHTY Swagger
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Ha 3o00pakeHHi Hmkue MM OauyuMoO TPHUKIIAJ] TEepeTBOPEHHS crerudikariii
OpenAPI JSON vy 3pyunuit rpadiunuii iHTepdelic KopucTyBaya 3a JOTIOMOIOIO
THCTpYMEHTY Swagger.

Mopeni gaHWX BHU3HAYAIOTh CTPYKTYPY BallMX CyTHOCTeH manux y C#. s
actpoHomiuHoro API mi Moxeni mpencTaBisitoTh HebecH1 00'€eKTH Ta iXH1I aTpuOyTH.
MeToro HacTymHOTO apXiTEKTypHOTO KOMIIOHEHTa € BH3HAUYEHHS MOJEN JOMEHY Ta
OCHOBHHUX aTpHOyTiB, HEOOX1THUX MiJl 4ac 0OpOOKH acTpoHOMIUHUX JaHuX. HacTymHi
Ba)KJIMB1 aTpuOyTH MOBUHHI OyTH BU3HAYEH1 BCEPEINHI ACTPOHOMIYHOT MOJIEI1 JJOMEHY
SSO [37]: maca, paxiyc, inerTudikarop (im'st) TOIIO.

Ex3eMmsipy ux Mojiesield BUKOPUCTOBYIOTBCS Y TIpOrpami JIJIsl IPEACTaBICHHS
Ta MaHIMYy/ITIOBaHHS JaHWMH, MOB'S3aHUMH 13 3ipkamMu. BizyanpHe mnpencTaBieHHs
Monene 0a3 JaHUX MIAKPECHIIOE  Pi3HI  CTPYKTYpH Ta  TEXHOJIOTil, IO
BUKOPUCTOBYIOTBCS JJIsl KOKHOTO MikpocepBicy. HacTynHa aiarpama neMoHCTpye il
Mozaem (puc. 3).

Pucynox 3 — Mopeni nanux Jyisi CHCTEMH, MOB'sI3aHO1 3 aCTPOHOMIEIO,
3 BUKOPHCTAaHHSIM MIKpOCEpPBICiB

Distance.API (MongoDB). Konekiiiss TOKyMEHTIB 3 PI3HUMHU TMOJSIMH JISI
naHuX npo BijgcTtadi. Ls konekiis 30epirarnMe iHGOpMaIiiro PO BIACTaH1 M1k PI3HUMH
ACTPOHOMIYHUMH 00'€KTaMHU.

KosxeH TOKyMEeHT mpencTaBIsaTUMeE TIEBHE BUMIPIOBAHHS BiJICTaHI1, BKIIOYAIOUH
JOKEpEJIO Ta MICIle TPU3HAYEHHSI BUMIPIOBaHHS, 3HAYEHHS BIJICTaHI Ta OIUHUIIIO
BUMIPIOBaHHS.

Monens Biactani JSON npencrarieHa NoSQL (10KyMEHTHO-OPIEHTOBAHOIO)
6azor0 nanux. Komjekiis 6a3u gaHux HaszuBaeThcsi Distances 1 BKJIIOYA€ HACTYITHHM
HaO1p MOoMiB.

{
"distanceld": "60c72b2f4fla4e3d5c8b4567",

"source": "Earth",
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"destination": "Mars",
"distance": 0.52,
"unit". HAUH

}

Planets.API (Redis). CTpykTypu JaHUX B ONIEpPATUBHIN maM'sITi 7151 30epiraHHs
naHux npo riaHet. Y Redis kojkHa miaHeTa 30epiraTuMeThest sIK Xelll, /e KoY — 11e
yHIKQJIbHUH 171eHTH(iKaTop TIaHeTH (Hanpukiaa, planet:1), a 3HaYeHHS — 11€ Xell, 1110
MICTUTH Pi3HI aTpUOyTH TUTAHETH, TaKi K Ha3Ba, Maca, pajlyc, opOoiTaJIbHUN Mepiof,
BIJICTaHb BiJ] COHIIS Ta CKJIAT aTMOCHhEPH.

Redis TyT BUKOpUCTOBY€EThCA I MIBUAKUX OMEpalliii YuTaHHS Ta 3arucy, 1o
KOPHUCHO JUISl YaCTO BUKOPUCTOBYBAHUX JIaHUX.

Monens JSON nnst maHer mpejacTtaBieHa 0a3zoro nanux NoSQL (cxowuie
KJIt0Y-3Ha4eHHs1). OCKUIBKM 1€ CXOBHILE KJIIOY-3HAUYEHHS, JaHl ciij 30epiratu B
OJTHOMY PSIAKY LIUISIXOM XelTyBaHHs a0o cepiam3auii B psagok JSON.

{

"name": "Earth",

"mass": 5.972¢24,

"radius": 6371,

"orbitalPeriod": 365.25,

"distanceFromSun": 1.00,

"atmosphere": ["Nitrogen", "Oxygen", "Argon", "Carbon Dioxide"]

}

Scattered.API (PostgreSQL). PensmiitHa TaOnuid 3 MOMSIMH JUIS JAHUX
po3cisHux o0'ektiB. Il Tabmuus 30epiraruMme naHi MPO PO3CISIHI aCTPOHOMIYHI
00'eKTH, TaKi sIK aCTEPOiI1 Ta KOMETH.

Koxken psmoxk mpencrasinsge o0'ekt 3 aTpulOyTamu, BKJIIOYAIOYU  HOTO
imeHTrdiKaTop, Ha3By, TUII, Macy, paalyc, opOITadbHUN TEepiod Ta JaTy BIIKPUTTS.
PostgreSQL oOpano 3a iioro BianoBigHicTh ACID Ta moTyXH1 MOXKJIMBOCTI 3alUTIB.

Po3cigni 00'ekT 30epiratoTbesl B pessiiiHii 0a3i qanux SQL 3 yHIKaJIbHUM
1I€HTU(IKATOPOM SIK TEPBUHHUM KIIIOYEM JUIsI KOXKHOTO PpO3CISIHOrO 00'ekTa Ta
CIIMCKOM TIOB'sI3aHUX aTpUOYTIB.

CREATE TABLE ScatteredObjects (
objectld UUID PRIMARY KEY,
name VARCHAR(255),
type VARCHAR(50),
mass FLOAT,
radius FLOAT,
orbitalPeriod FLOAT,

discoveryDate DATE

)
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Space.API (SQL Server). Pensiiiina Tabnuis 1j1s TaHUX KOCMIYHUX 00'€KTIB
3 BUYEPITHUMH TOJISIMU JIJIs IETajdbHOI 1H(pOopMaIIii.

s TaGmuis 306epiratuMe 3arajibHy iH(OpMAIlI0 MPO Pi3HI KOCMIYHI 00'€KTH,
TaKl K 31pKH, TAJIAKTUKH Ta TYMaHHOCTI.

KoxeH psmok mpencTaBise o00'€KT 3 arpuOyTamu, BKIIOYAIOUH HOTO
inenTudikarop, Ha3By, THII, Macy, pajlyc, BiCTaHb BiJ 3eMIIi Ta OIIHC.

SQL Server BUKOPHCTOBYETHCSI TYT 3aBASKU CBOIM KOPIMOPATHUBHUM (PYHKITISIM
Ta Ha/A1HIA MPOAYKTUBHOCTI.

Monens Space SQL Takox mpeacTaBieHa sk pessiiiaa Tadnuis 6a3u TaHuX 3
BIJIMOBIJTHUM OCHOBHHMM aTpHOYTOM Ta CIIHCKOM MPU3HAYEHUX aTPHUOYTIB.

CREATE TABLE SpaceEntities (
entityld UNIQUEIDENTIFIER PRIMARY KEY,
name NVARCHAR(255),
type NVARCHAR(50),
mass FLOAT,
radius FLOAT,
distanceFromEarth FLOAT,
description NVARCHAR(MAX)

)

L1 apxiTeKTypa BUKOPUCTOBY€E CUJIbHI CTOPOHM KOXHOI TEXHOJIOrIT 0a3 1aHuX,
3a0e3Mneuyour ONTUMAaIbHY MPOAYKTHBHICTh, MAacIITa00BaHICTh Ta THYYKICTH IS
0o0poOkM pi3HOMaHITHUX BUMOr g0 ganux B HTTP-cepsici, moB'szanomy 3
ACTPOHOMIEIO.

Kapkac  3ampomonoBanoi  cmemmdikamii  OpenAPl B posmnopineHiit
iHdopMaliiiHii  cucTeMi, OpIEHTOBaHIM HA  MIKpOcepBicH, HJsi  OOpOOKH
ACTPOHOMIYHMX JaHMX OyB MPOTECTOBAHMU B paMKax MPOrpaMHOro 3a0e3MeyeHHs
Lemur npoexty Collection Light Technology (CoLiTec) (https://colitec.space) [38].

KonkpeTHi moayni Ta cepBicH, NOB'Si3aHI 3 MaTeMarTMYHUMHU METOJIAMU Ta
aJIropuTMaMHU B porpaMHOMY 3a0e3neueHHi Lemur:

— aBTOMaTU4HE KaiOpyBaHHS Kaapy;

— KOCMETHUYHA KOPEKIIisl KaJIpy;

— (YHKIIIS BIICTE)KEHHS Ta CTEKyBaHHS;

— BUPIBHIOBaHHS SICKPaBOCTI;

— BUpiBHIOBaHHS (oHY [6];

— ¢iapTpallisi aCTPOHOMIYHUX 300paXkeHs [5, 27];

— BU3HAUEHHS KOHTYpPIB 00'€KTIB;

— posmi3zHaBanHs 300paxens [30, 317;

— ¢opMyBaHHA TUIIOBOT hopmu [19];

— BUSIBJICHHS PyXOMHX 00'€KTIB (3 Maii’Ke HYJIbOBHM, HOPMaJIbHUM, IIBUIKUM
BUIAUMUM pyxoMm) [39];

— MIOBHICTIO aBTOMAaTU30BaHUN POOYCTHUN METOJT aCTPOMETPUYHOI peayKIlii [7];
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— MOBHICTIO  aBTOMAaTW30BaHWW  pOOYyCTHHMI  MeTox  (DOTOMETPUYHOTO
BigHOBJICHHS [40];

— MIATPUMKa 6ararornoToKoBOi 00poOKH;

— mepeada aCTPOHOMIYHMX JIAaHUX 3 IPOMDKHHUM 30€piraHHsIM.

binem neranpHa iHopMalis mpo nporpamHe 3abe3nedeHHs Lemur mpoekTy
CoLiTec mpencraBnena B nux ctartsx [41, 42, 43] ta nocnimkeHusx [44, 45].

[Mpuknan nanux JSON, pearnizoBaHHX B paMKax PO3IMOAIIEHOT MiKPOCEPBICHO-
opieHTOBaHOi iH(OpMAIIHHOT cHCTEeMH ISl OOpOOKM aCTPOHOMIYHHMX JaHWX IS
nporpamHoro 3abe3neueHHs Lemur, € Binmosiamto Ha API, mo Hamae indopmariro mpo
BlICTaHb MK HEOECHUMH TIJIaMH, 3TraJaHUMU HIDKUE.

{

"origin": {
"name": "Earth",
"type": "Planet",
"coordinates": {

"X". 0 0

"y'": 0.0:

"ZH. 0 O
¥

}s

"destination": {
"name'": "Mars",
"type": "Planet",
"coordinates": {

"x": 1.5,
"y": 0.5,
"z": 0.2
b
b

"distance": {
"unit". "AU"
"value": 1.52
¥
"travel Time": {
"unit": "days",
"value": 300
¥
"path": [
{
"x": 0.5,
"y": 0.2,
"ZH. O 1
¥
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"x": 1.0,
"y": 0.4,
"z": 0.15
I3
1
"X": 1.5,
"y": 0.5,
"2": 0.2
j

]

"

metadata": {

"requestTime": "2026-05-18T12:34:56Z",
"responseTime": "2026-05-18T12:34:577",
"service": "Distance API"

}
}

[Ipencrasnena crpykrypa JSON MICTUTh TaKy HiHHY 1HPOpPMAITiIO:

— origin. [HpopMaIis Mpo MoYaTKOBY TOUKY PO3PaxyHKY BiJICTaHi, BKIIOYAIOUYH
Ha3BY, TUI (HAIPUKJIA, IUIaHETa, 31pKa) Ta KoopauHatu y 3D-mpocTopi;

— destination. [Hopmarris po KiHIEBY TOUKY PO3PaxyHKY BiJICTaHi, MOIIOHY
710 TOYKH ITOYATKy KOOPIUHAT;

— distance. Po3paxoBaHa BIACTaHb MIX TOYKOIO MOYATKy KOOPAMHAT Ta TOYKOKO
MPU3HAYEHHS, @ TAKOXK OJJMHULIS BUMIPIOBaHHS (HapUKJIIal, acTpoHOMIuH1 oguHuULl - AU);

— travelTime. OpieHTOBHUI Yac MOJOPOXKI JIJIsl IOJOJIAHHS BIJICTaHI, a TAKOX
OJIMHUIIS BUMIPIOBaHHS (HanpUKiIa, AH1);

— path. MacuB KoopAWHAT, 1110 IPEACTABIISAE MUISIX BiJ] TOYKU IMOYATKY /10 TOUKH
MPU3HAYCHHS,;

— metadata. /fonatkoBa indopmariist mpo 3anuT API, Bkiirouaroun yac 3anuTy Ta
BIJITIOBI/II, @ TAKOX HA3BY CEPBICY, SIKHUI HA/laB JIaHI.

s ctpykrypa JSON po3pobiieHa K KOMIUICKCHA Ta MOXKe OyTH pO3IIMpEeHa Ha
OCHOB1 KOHKPETHUX BUMOT Ta JIOJIAaTKOBUX aTpUOYTIB, IKI MOXKYTh OyTH peJIeBaHTHUMU
st API BificTaHi B apXiTeKTypi MiKpOCEPBICIB.

Pe3yabraTn gociigxeHb

OoroBopenHs

BnpoBamkennss Swagger B apxXIiTEKTypy MIKPOCEPBICIB HaJa€ YHUCICHHI
nepeBaru, 3Ha4Ho MOKpallytouu sk (a3u po3poOKu, Tak 1 pa3u miATPUMKHA CEPBICHO-
OpIEHTOBaHUX MporpaMm. Swagger, ik (perMBOPK 3 BIIKPUTUM KOJIOM, CIPOIILYE
MIPOEKTYBAaHHSI, CTBOPEHHSI, TOKyMeHTyBaHHs Ta Bukopuctanus RESTful Be6-cepgicis.
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Horo 31aTHiCTh TeHepyBaTH iHTEpPaKTHBHY J10KyMeHTalio API 3 anoTamiii koxy
rapanTye, 10 BCl 3alliKaBl€HI CTOPOHH MalOTh JOCTYI JO aKTyaJlbHOi Ta TOYHOI
iHpopmanii po API, copusitoun Kpaimiiii KOMyHIKaiii Ta cHiBOpari B KOMaHAaX
PO3POOHUKIB.

OnHi€l0 3 OCHOBHUX IepeBar BUKOPUCTAaHHSA Swagger € CTaHJapTU30BaHa
JOKyMEHTaIlis, Ky BiH Hajxae. L{g cranmapTusaiiist rapaHTye, 10 KOXKEH MIKPOCEPBIC
JTOTPUMYETHCS y3TOKEHOTO (hOpMaTy, CITPOIIYIOYH pO3yMiHHS Ta BUKOpUCTaHHS API
B pi3HHX cepBicax. Ll y3romkeHiCTb € KPUTUYHO BAXKJIMBOIO B apXITEKTypi
MIKpOCEpBICIB, J€ KUIbKa CEpBICIB TOBHHHI O€3MEPEIIKOJAHO B3aEMOMISTH, a
PO3pOOHMKAM MOXKE 3HAJJOOMTHCS OTHOYACHO TpalfoBaTu 3 pisauMu API.

[HTepakTHBHA TOKYMEHTAIlISl Swagger TaKoX J03BOJIsi€ PO3pOOHUKAM TeCTyBaTu
API 6e3nocepennpo 3 iHTEepdercy gokymeHTamii. Ll dyHKIiS crpolrye mporec
pO3pOOKM Ta HaJAaro/HPKeHHs, JO3BOJIAIOUM IIBHUJIIE BUKOHYBAaTH ITepailii Ta
e(heKTUBHIIIE BUMPABISATA HECIPABHOCTI. 3a0€3MeUyl0ud YITKUI Ta 1HTEPAKTUBHUMN
croci0 Bi3yamizailii Ta TecTyBaHHs KiHIeBUX Touok API, Swagger ckopouye KpuBy
HaBYaHHS JIJI1 HOBUX PO3POOHMKIB Ta IMIJBUIILYE MPOTYKTUBHICTD.

Kpim Toro, Swagger niaTpumye aBTOMaTUuHy TeHepallito Koay i KiaieHTiB API
PI3HHMHU MOBaMU MPOrpaMyBaHHs, 1110 IPUCKOPIOE PO3POOKY KITIEHTCHKUX IpOrpam Ta
cepsiciB. Lls aBromaru3anis MiHIMI3y€e IOMUJIKUA PYYHOTO KOJIyBaHHS Ta FapaHTye, 110
KJIIEHTCHKI peani3alii BiANOBiAal0Th crneuudikanisM API, mo mie Ounblue copuse
Y3rOPKEHOCTI Ta HaJIMHOCTI B yCiil CUCTEMI.

B exocucTemi MiKpOCEpBiCiB, 1€ CEPBICH YaCTO PO3POOIISIOTHCS, PO3TOPTAIOTHCS
Ta MaclITaOyIOThCS HE3AJIEKHO, MIATPUMKA aKTyallbHOI JOKyMEHTalli Moxke OyTH
CKJIaJIHOI0. Swagger BUPIIIYE 110 TPoOIeMy, IHTErpyrourch 0€3M0CepeIHbO 3 KOJIOBOIO
0a3010, rapanTyoouu, mo Oynb-ski 3MiHu B APl aBTOMaTtm4HO BimoOpaxaroTbCs B
nokymeHnraii. Lls iHTerpaiisi 0coOIMBO KOpHCHA I KOHBEEPIB Oe3mnepepBHOI
iHTerpanii ta 6e3nepepsHoro posropranHs (CI/CD), rapantyroun, mo 3minu API
JOKYMEHTYIOTHCS Ta TECTYIOThCS POTATOM YChOTO KUTTEBOTO IIUKITY PO3POOKH.

Buxopuctanuss Swagger TakoX TIOKpallye BHUAUMICTE Ta 3PYUHICTh
Bukopuctanus API. 3aBnsxu no6pe noxkymentoBanomy API BHyTpiimiHi Ta 30BHIIIHI
PO3POOHUKH MOXKYTh JIETKO JTOCIIPKYBaTH TOCTYIIHI KIHIIEBI TOYKH, PO3YMITH BUMOTH
70 BXIJTHUX Ta BHUXIJIHUX JIaHMX, a TaKoXX €(EKTUBHIIIE 1HTErpyBaTu cepBicu. Lls
MOXJIMBICTh BUSIBJICHHSI € BUPIIMIAIBHOIO JIJIi COPHUSHHSA 1HHOBAIliSIM Ta HaJaHHS
PO3pOOHUKAM MOKJIMBOCTI BUKOPUCTOBYBATH ICHYIOU1 CEPBICH JJIsi CTBOPEHHS HOBHUX
GyHKIIIH.

Kpim toro, miarpumka Swagger Bepciit API rapantye, 1110 3MiHM Ta OHOBJIEHHS
API moxHa kepyBaTu 0e3 MopyuieHHsI poOOTH ICHYIOUUX CHOKHUBayiB. L[ MOXIUBICT
€ BAOXJIMBOIO B apXITEKTypl MIKPOCEPBICIB, /¢ Pi3HI CEPBICHM Ta KIIEHTH MOXYTh
3anexaru BiA pi3HUX Bepciil onHoro i toro * APIL. YiTko AOKyMEHTYIOUM KiHLIEBI
TOYKH 3 BEpCIAMH, Swagger J0roMarae mijaTpruMyBaTy 3BOPOTHY CYMICHICTD Ta IJIaBHI
IIEPEXO/IH ITiJ] 9aC OHOBJICHb.

3aramoMm, BUKOPUCTaHHS Swagger B apXITEKTypi MIKPOCEPBICIB ONTUMIZYE
poboui mporiecu po3poOkH, Mokpairye sikicth APl Ta moxparnye cmiBmparo Mix
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KoMaHgaMu. Moro BuuepIHA JOKYMEHTALis, iHTepaKTUBHI (YHKIII Ta MOXIHBOCTI
aBTOMaTH3allii poOJISITh HOTO HE3aMIHHUM THCTPYMEHTOM JIJIs YIIPABIIIHHS CKJIaITHUMHU
€KOCHCTEMaMH CEPBICiB.

3abe3neuyour HaJleKHY JOKYMEHTAIlllo, JIETKICTh TECTYBaHHS Ta MOCIIJOBHE
BripoBakeHHa API, Swagger crnpuse HaaiiHOCTI, MacIITabOBaHOCTI Ta 3PYyYHOCTI
oOCITyroByBaHHSI IMpOrpaM Ha OCHOBI MikpocepBiciB. Ha 3aBepiienHs, iHTerparis
Swagger B apXiTEKTypy MIKPOCEPBICIB € CTpaTeTIYHUM PIIICHHSM, K& MOXKE 3HAYHO
MOKPAIUTH SIK JOCBiJ PO3pOOKH, Tak 1 oOmepaiiiHy e(QeKTUBHICTb CEPBICHO-
OpIEHTOBAHUX CHUCTEM.

Hamane JSON-mpencraBneHHs cucTeMd OOpPOOKHM acCTPOHOMIYHUX JaHHUX
JEMOHCTpYE €(QEeKTUBHUN Ta CTPYKTYpOBaHUN MIAXiA [0 HaJaHHS BaKIUBUX
ACTPOHOMIYHHMX JIaHUX B paMKax apXiTEKTypuU MIKPOCEPBICiB. [HKaICy/I00un aerati
JpKepesa Ta MPU3HAYSHHS, BKIIIOUAIOYM ixH1 koopauHatu Ta Tumnu, APl mpomonye
TOYHY Ta BUYEPIIHY 1H(HOpPMAIIi0 TPO HEOECHI Tija.

BxutroueHHs1 BUMIpIOBaHb BIJICTaH1 B acTpoHOMIYHUX oauHUIsX (AU) rapaHTtye,
[0 JIaHI € HAyKOBO PEJICBAaHTHUMHU Ta MPHUAATHUMHU JJiI BUKOPUCTAHHS B PI3HUX
aCTPOHOMIUHUX pO3paxyHKax Ta aHamizax. KpiM Toro, po3paxyHKOBUI 4ac MOAOPOXKI
MIDX HEOCCHUMH TLIaMU, BUPAKESHUN Y JHSIX, HAJIA€ IIHHY 1HPOPMAIIiIO JUIs TUIAHYBaHHS
FINOTETUYHUX KOCMIYHUX MICIA @00 pO3yMIHHS BIIHOCHUX BiJICTaHEN Yy KOCMOCI.

MacuB 1UIAXiB, KWW JETANbHO OMHCYE KOOPAMHATH BiJ JpKEpena J0 MICIs
MPU3HAYCHHS, JOJA€ LIE€ OJMH PIBEHb KOPUCHOCTI, MOTEHI[IHHO JOMOMAararouu y
Bi3yasli3allii Mmojopoxki KocMocoM. Ll ¢yHKIis 0cOOIMBO KOpUCHA ISl OCBITHIX
IHCTPYMEHTIB, CAMYJISILIM Ta BI3yaJbHUX MPEACTABICHD y IPOrpaMax, skl HOTPEOYIOTh
JETaNbHOI TPAEKTOPIi KOCMIYHUX TOJOPOXKEH.

MerasaHi, 1110 OXOIUTIOIOTH Yac 3aluTIB Ta BIJIMOBIICH, a TAaKOXK 1IeHTU(IKAIIIIO
CepBiCy, MiJABUIIYIOTh MPO30pIiCTh Ta BijcTexyBaHicTh API. Taki metamgani mMaroTh
BUpIIIATIbHE 3HAYCHHS ISl MOHITOPUHTY Ta HAJarOJ>KEHHS B PO3MOAUICHIN cUCcTeMI,
rapaHTyIOuH, [0 CEPBIC 3aTUIIAECTHCS HAIIMHUM Ta 3pYYHUM Y 00CITyTOBYBaHHI.

VY KOHTEKCTI apXiTeKTypu MiKpocepBiciB 111 cTpykrypa JSON umoctpye, sk
CEpBICH MOXYTh OyTH MOIYJRHUMHU Ta HE3AJIEKHO MACIITA0OOBAHMMH, IO CIPHUSE
KpaloMy BUKOPUCTAaHHIO PECYPCIB Ta CIIPOIICHHIO yNpaBliHHA. BUKOpuCTaHHS YiTKO
BU3HAUEHUX KIHIIEBUX TOYOK Ta YITKMX KOHTPAKTIB JaHuX poouth Distance API
HaJIHHUM KOMIIOHEHTOM, SIKUA MOXXE O€3MEepelIKOJHO IHTErpyBaTUCA 3 I1HIIUMH
MIKpOCEpBiCaMH, TaKUMH K Ti, 110 HPALIOIOTh 3 IUIAHETApHOI 1H(OopMaliiero ado
00'eKTaMU PO3CISTHOTO JKCKA.

[eit MomyIbHUH MiAX1]1 HE TUIBKH MIABUIIYE CTIMKICTh CHCTEMH, ajie i JO3BOJISIE
HE3aJIe’KHI OHOBJICHHSI Ta MacIITa0yBaHHS OKPEMUX CEPBICIB, MOKPAILYIOUH 3arajibHy
MPOAYKTUBHICT CUCTEMH Ta 3pYUYHICTh OOCIIyTOBYBaHHSI.

binbme Toro, posmmuproBaHicTh cTpykTypu JSON rapantye, mo API moxe
PO3BUBATHCSA Pa30M 31 3pOCTAIOYUMHU TOTpeOaMU CBOIX KOPHUCTYBauiB, BPAXOBYIOUH
HOBI TOYKHM JaHUX Ta (YHKIIi, HE MOPYUIYIOUM ICHYIOUY (QyHKLIOHANbHICTh. Ls
nepen0ausuBIiCTh Y AW3aiiHI MIATPUMYE TOBIOCTPOKOBY CTIMKICTh Ta aJanTHBHICTDH
cepaicy. Jleranbna iHdopmariis, mo HagaeTbes Distance API, Mmoxke ciyxutu pizHUM
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3aIliKaBJICHUM CTOPOHaM, Bij JOCJIHUKIB Ta BUKJIaIa4diB J0 €HTY31aCTiB KOCMOCY Ta
PO3POOHUKIB, IO POOUTH HOTO YHIBEPCATLHUM 1HCTPYMEHTOM Y TaTy31 aCTPOHOMII.

CTpykTypoBaHa MOJIEITb JAHUX JIOTIOMArae y CTBOpPEeHHI 3py9YHHX iIHTEp(EHCiB Ta
IHTYITHBHO 3pO3yMUIHX Bi3yasi3alliid, CIpUsSOYH OUTBIIIN 3 Iy4eHOCTI Ta PO3yMIHHIO
cepen KopucTyBadiB. JloTpuMyrodnch HalKpaImx IpakTukK y po3pooiti API, Takux sik
YiTK1 MpaBUjIa IMEHYBaHHS Ta Y3ro/pkKeHi popmaru nanux, Distance API Bcranosmioe
CTaHAapT AJs IHIIUX CEpBICIB B apXiTEKTypi MiKpocepBiciB. Taka y3romkeHiCTh
3a0e3rneuye HUTICHUN KOPUCTYBAIIbKUN JOCBIJl Ta CIPOIIY€E MPOIEC PO3POOKHA HOBHUX
GyHKIIIH Ta cepBicCiB.

BucHoBKH

Mu mnpeacraBuiu BukopuctanHs crenudikamii OpenAPl B posnoapineniit
MIKpPOCEPBICHO-Opi€HTOBaHIN 1HGOPMAIIIHHIN CUCTEMI [T 0OpOOKH aCTPOHOMIUHHX
nanux. CHUIBHOIO METOI0 BCIX HAYKOBO-TEXHOJIOT1YHUX aJITOPUTMIB 1 METOJIB €
aBTOMAaTH3alllsl MaKCHMaJIbHOI KUJIBKOCTI JOCTYIMHHUX MPOIECIB 0€3 Oyab-IKUX il
JOIUHHU.

VY 3arasibHUX BHUNAJAKax 1€ MOXe OyTHM BHUKOHAHO 3a JOINOMOTOI0 PI3HHUX
PO3MOAUIEHUX MIKPOCEPBICHO-OPIEHTOBAHUX 1H(OPMALIMHUX CHCTEM ISl 0OpOOKU
ACTPOHOMIYHMX JJAaHUX. Y IUX KOHBEEpax pi3HI 3aBAaHHS 1HTEJIEKTYaJIbHOTO aHATI3y
JaHUX Ta TOIIYKYy 3HaHb Y 0a3ax JaHUX BUKOPUCTOBYIOTHCS AJI MPUIIBUIIICHHS Ta
onTUMi3anli 0OpoOKH aCTPOHOMIYHUX JAHUX.

3anporoHoBaHe BuKopHucTaHHA crnenudikanii OpenAPl B posnoxaineHii
MIKPOCEPBICHO-OPIEHTOBaHIN 1H(GOPMAIIHHIA CUCTEMI JIJI1 0OpOOKH aCTPOHOMIYHHUX
JAHUX 3HAUYHO TIOKpAIly€ CYMICHICTh, MAacIITa0OBaHICTh Ta  3pPY4YHICTh
00CIIyroByBaHHS CUCTEMHU.

Po3pobnenuii ckener peaabHOTO MPUKIANY aCTPOHOMIYHOI CUCTEMU 00pOOKHU
JaHUX pealli30BaHo 3a 1onoMororo ¢peiimBopky .Net Core Ta MOBH MpOrpaMyBaHHs
C#. Peanizariss Swagger B MIKPOCEPBICHIM apXiTEKTypl Ma€ YMCICHHI IepeBaru,
3HAQYHO TOKpallyroun sK (a3u po3poOKku, Tak 1 (a3u MIATPUMKH CEPBICHO-
OpPIEHTOBAHMX 3aCTOCYHKIB.

Po3pobnenuii ckeneT Ta 3anponOHOBAaHUN MiAXid OyalyTh KOPUCHHMH IS
pPI3HUX MIKPOCEpPBICHO-OPIEHTOBAHUX 1H(POPMALIIHHUX CUCTEM [JJsi 0OpOoOKHU
ACTPOHOMIYHMX JTAHUX.

Moro MOXXHa BHKOPHUCTOBYBATH JUIS BCiX BHJiB OOPOOKHM acTPOHOMidHHX
300pakeHb, BAKOPUCTOBYIOUH P13HI MaTeMaTHU4Hi1 METOM Ta aITOPUTMH, pealli30BaH1
K 1HCTPYMEHT, MoIyJb abo cepsic. llle onHMM rapHUM MPUKIAIOM 3aCTOCYBaHHS
3ampoIOHOBAHOTO CKEJIeTa € peasizallis KOHIeNIIii BipTyalbHoi o6cepBaropii (BO).

CydacHi MDKHApOAHI AacCTPOHOMIYHI, acTpOMeTpuyHi Ta (HOTOMETPUUHI
KaTaJIOTH 3apa3 JOCTYMHI B XMapi, TOMy Oy/b-sKa B3a€EMOIS 3 TAKUMH JJAHUMH 3 HUX
BHUMarae iHTerparlii cepici 1ist 00poOku. MikpocepBiCHO-OpiEHTOBaHA apXiTEKTypa
TakoX Oyze Jayke KOPHMCHOK B CKJIAJIHUX 1H(QOpMaIIHUX cHUcTeMax sl 00poOKH
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aACTPOHOMIYHMX JaHUX 3 IHTETpali€ro MIPUHIIUIIIB 0e3nepepBHOi
iHTerpaii/oesnepepsHoi qoctaBku (CI/CD).

[TomaneIni qocmipkeHHs OyyTh IPOBEICHI 11010 TecTyBaHHs [46] Ta iHTerparii
3arpornoHoBaHoi crenudikaiii OpenAPl B po3nojiieHy MiKpoCepBICHO-OPIEHTOBAHY
iHdopMarliiiny cuctemy Jyisi OOpoOKH aCTPOHOMIYHHUX JIaHUX B paMKax IMPOTPaMHOTO
3abesneuenns Lemur npoekty Collection Light Technology (CoLiTec) [47].
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