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IIpoananizoBaHo rpyny NpPOrpaMHHMX IHCTPYMEHTIiB, 110 (YHKUIOHAJBLHO 30pPi€cHTOBAaHI Ha
aBTOMATH30BaHy pealjizanilo npoueciB koHdirypyBanus Tta ynpapiinusa B IT indpacrpykrypax.
IIpodine HaykoBoro gocjigkeHHs GoOKycCyeThbCs HA MeTOAUIL, sika y (paxXOBOMY cepelOBHUILI HA3HBAEThCS
“In¢pacrpykrypa sk koa” (IaC — Infrastructure as Cod) i € onHi€o 3 6a30BUX MeTOAMK, SIKi B CHCTe-
MHOMY TIO€IHAHHI peayi3oByIOTh METOI0J0TiI0 DevOps. 3a3HadyeHa MeTOH0JIOTisI AKTHBHO
BHKOPHCTOBYEThCSA B Mpolecax IMHAMIYHOTO (GopMyBaHHS, PO3rOPTAHHSA Ta CYNPOBOJKEHHSI KOPHO-
patuBnux IT indpacTpykryp B 6ararbox cy4yacHHUX YCHIIIHMX BHCOKOTEXHOJIOTIYHUX KOMHAHISIX AJIs
JNOCATHEHHS HAllKpalMX pe3yJbTaTiB BeleHHA Oi3Hecy, ii0ro e()eKTMBHOCTI, FAPAHTOBAHOI YCHIIIHOCTI
Ta 3axuuieHocti. B craTTi po3riasiHyTo aABa 6a30BUX MiaXoau 10 Mo0yAOBH NMPOrpaMHUX iHCTPYMEHTIB,
10 peantizyoTb MeToauky laC, liieTbcsi MPo Tak 3BaHi JeKJIapaTUBHMI Ta iMIepaTUBHUN iAX0AU.

IIpn uboMy OCHOBHA yBara 30cepel:Kyerbcsi Ha (pOpMyBaHHI MHOKUH (PAKTOPIB NepeBar Ta Hea0JIi-
KiB mpuTaMaHHUX nporpamMuuM iHcrpymentam Terraform, ARM, Ansiblera ClaudFormation. ®ikcamis
yBaru AOCJiIHMKIB Ha mepejidyeHUX BMINE YOTHPHOX NMPOrpaMHHX IHCTPYMEHTAX MOSACHIOEThCA iX JIiaM-
PYIOUUMM NO3ULISIMM B 10BOJIi PO3JIOTii JiHiiii MOKIMBUX AJILTEPHATUBHUX NMPOrPAMHUX NPOAYKTIB, SIKi
J03BOJISIIOTh KOMILIEKCHO peantisyBaTu MeToauky IaC B KOHTeKcTi MOBHOLIHHOrO Ta NOBHOQYHKIiO-
HAJIbHOTO CHCTEMHOI'0 BNIPOBA:KeHHsI MeTo10J10Tii DevOps B KOHKpeTHHX peaJizanisix kopnopatupaux IT
iHdpacTpyKTyp. Y3arajibHeHUH BUCHOBOK c()OPMOBAHMII aBTOPAMHU OPMIIHAJIBLHOI HAYKOBOI PO3BIAKH MO-
JISITA€ B TOMY, 10 HA JAHUI 4Yac He iCHY€ OJHOr0 4YiTKO BHOKPEMJIEHOTO cepell iHIIMX YHiBepcaJlbHOI0
NMPOrPaMHOI0 iIHCTPYMEHTY, sikuii OM B MOBHii Mipi 3210BOJILHUB Bech CHEKTp BUMOT Ta norped. Iloren-
NifHUMH KOPHCTYBA4YaMH IIPH LLOMY BHCTYHawTh cniibHoTH DevOps d¢axiBuiB Ta 3aMOBHHKIB —
BJIACHUKIB Ta MeHeIKepiB Cy4YacHUX JUHAMIYHUX BMCOKOTEXHOJIOTIYHMX Ta YCHIlIHUX KoMmaHii, ¢gipm Ta
0i3HeciB, AIKi onMMpalOThes B CBOIl isyIbHOCTI Ha cyyacHi iHdopManiiini cucTeMu Ta TexHoorii.

Kurouosi ciioBa: nporpamsi inctpymenTu, Meronogoria DevOps, meronuka [aC, apTromaTu3auis
¢yukuiii kondirypysanus, ynpapjinasa IT indppacTpykrypolo, qexkiaapaTuBHMi nmiaxia, iMmnepaTuBHuUii
miaxia.

IocTanoBka mpodaeMu
B yMoBax mIBHIKOTO PO3BUTKY TEXHOJIOTIH Ta 3pocTaHHs cknagHocTi IT indpacTpykTyp, oaHi€ero 3
KJIIOYOBHX BHMMOT Uil €(peKTUBHOTO (PYHKIIOHYBaHHS € aBTOMAaTH3allis MpoleciB KOH(DIrypyBaHHA Ta
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yrpasininHs. [Ipore, Ha cydacHOMY PUHKY ICHY€ BEJIMKa KiIBKICTh MPOTPAMHUX 1HCTPYMEHTIB, IpU3HAYe-
HUX JUIS IUX [iJIeH, 1 BUOip HaHOUIBII ONTHUMAIBHOTO Ta €PEKTUBHOTO IHCTPYMEHTY MOXKE OyTH BUKIUKOM
JUTSL OpraHi3arfii.

OjHi€I0 3 UEHTPATBHUX MPOOJIEM € HEOCTaTHS yBara JIo aHajli3y Ta NMOPiBHAHHS (QYHKIIOHATBHUX
MOYJIMBOCTEH Pi3HUX MPOrpaMHUX iHCTPYMEHTIB Ui aBTOMaru3ailii KoHdirypyBanus ta ynpasiiaas [T
iHppacTpykTyporo. HasBHICTh MIMPOKOTO CIIEKTPY 1HCTPYMEHTIB YCKIIQJIHIOE BUOIP ONTHMANBHOTO PilllcH-
Hsl, 8 HEJIOCTaTHsI OOTPYHTOBaHICTh BUOOPY MOXKE MPU3BECTH J0 HEBIJMOBITHOCTI moTpedaM opraHizarii,
NepeBUILICHHS OFOJKETy a00 3HIKEHHS €)EeKTUBHOCTI BUKOPUCTAHHS 1HPpACTPyKTYpH.

Takox BaXXITMBOIO MPOOJIEMOIO € HEOIHOPIIHICTh CTaHAAPTIB 1 MiAXOIIB 10 pO3pOOKH MPOrpaMHUX
iHCTpyMeHTiB st apromaru3aiii [T iHdpacTpyKTypH, 0 YCKIIaIHIOE IXHIO IHTETpaIlilo Ta BAKOPHUCTaHHS
y KOMIUIEKCI 3 1HITMMHU TEXHOJIOT1SIMH.

Tomy, nns 3abe3nedeHHs e)eKTHBHOTO Ta ONTHMAaIbHOTO BUKOPUCTAHHS MPOTPAMHUX IHCTPYMEHTIB
JUTs aBToMartu3anii GyHkiii kondirypysanss 1 ynpasmiaas B [T indpacTpykrypax, HEOOXiIHO POBECTH
aHaJIi3 JIOCTYITHUX IHCTPYMEHTIB, BU3HAYMTH IXHi MEepeBark Ta HEJONIKH, a TAKOXK BpaxyBaTH CIEIUPIKY
KOHKPETHOT oprasizaiiii Ta ii moTpeou.

AHaJi3 OCTaHHIX J0CTiTAKeHb Ta MyOdikamii

B ocranHi poku 3Ha4HO 3pOcCia yBara JI0 IHCTPYMEHTIB JJisi aBTOMaTH3amii QyHKIIH KOH)Irypy-
BaHHs Ta ynpasninas B IT inppactpykrypax. OCHOBHOIO METOIO IIMX iIHCTPYMEHTIB € CITPOILEHHS Ta OIl-
TUMi3alis npouecis ynpasiiaasa [T-pecypcamu, 1mo BKJIIOYa€ MOHITOPUHT, HalaIUTYBaHHS, PO3TOPTAHHSI
Ta BupimeHHs npodiaem y IT-cucremax.

V¥ 3a3HaueHiil ctaTTi [1] po3rasHyTI pO3NOBCIOMKEHI cKiIaaHouli y kepyBanHi IT-nmpoekramu, BKIIO-
Yaroy 4acTi 3MiHM Ta HEAOCTATHHO TOKYMEHTOBaHI BUMOTH, MPOOJIEMH KOMYHIKalii MK pi3sHUMH ydac-
HUKaMH NpoekTy, BB IT-iHdpacTpykTypu Ha Oe3neky Ta ynpaBiliHHS JaHUMH, YCKIaIHEHHS Y3roxKe-
HOi po6oTH pi3HOMaHITHUX [T-KOMIIOHEHTIB, a TAKOX BUKJIMKH, IOB’5I3aHi 13 COLIaTbHUM BiIOKpEMIICHHIM
yepes mepexia A0 pexkuMy BifnaneHoi poOoTH.

Hocnigauku [ 2] BUBYaIOTh BUMOTH, I[UTI Ta poOIeMu o0 miaHiB mudpoBoi Tpanchopmarliii Ta
noOyznoBu cydacHux IT-iHppacTpykTyp KoMmIaHiid, TakuxX SIK TiIEPKOHBEPTEHTHA, Ae3arperoBaHa rimep-
KOHBEpPreHTHa Ta KoMmOiHoBaHa. Lludposa Tpanchopmauis — me He mMpocTo MonaHE cinoBo. KepiBHHMKH
BUCOKOTO PiBHS 3A1MCHIOIOTH MOLIYK HIISAXiB, MO0 3p0o0UTH iH(pacTpyKTypy OiibLI THYYKOIO Ta TyTIIH-
BOIO, 30KpeMa po3polieHHs cTpaTerii uudposoi Tpanchopmaii IT-iHdpacTpykTypu HUIIXOM MOJEpHi3a-
uii. Moaepnizauis IT-iHppacTpykTypn MoXe BKJIIOYATH CTaHIApTHE amapatHe abo mporpamue 3a0esre-
YEeHHS TIEePKOHBEPreHTHOI 1HPPACTPYKTYpH SIK YaCTHHY IUIaHy JOKaJIbHUX, XMAPHUX, FIOpUAHUX OaraTo-
XMapHHUX a0o0 nepudepiiHux oOumcieHb. [HIIMM BapiaHTOM, Ha IyMKY JOCIIIHUKIB € Je3arperoBaHa
rinepkonBeprextlis, Takox HCI 2.0, moxiOHuit 1o cTaHAapTHOI TinepkoHBeprenmii. Takuit minxix — Haii-
HOBIIlIa MMapaJurMa B €BOIOLIi KOHBEPIeHTHOTO LIEHTPY ONpaloBaHHsA AaHuX, KomrnoHoBaHusa [T indpa-
CTPYKTYpPH.

VY crarti [3] posrmsnatoTbes ocobnmuBocTi iH(pacTpykTypu sk koxy (IaC) sk HOBoro 3acoOy
KepyBaHHs 1HQPACTPYKTYPOIO, aHATI3yIOTh . IHCTPYMEHTH Ta (PSHMBOPKH, SKi JTOIIOMAaraloTh yCTaHOBaM
BUKOPUCTOBYBATH ITI0 TMPAKTHKY. JIOCTIMHUKH BBaXKAIOTh aHAJIOTi€l0 iHPPACTPYKTYpH SK KOOy — HaOip
KpECJIeHb i OyaiBHUITBA OyAUHKY. [10110HO 10 TOTO, SIK KPeCISHHS BUKOPUCTOBYIOTHCS JIJIsl KEPIBHHUIIT-
Ba moOynoBoto ¢izudHoi cTpykrypH, [aC BUKOpUCTOBYEThCs 1ist (opMyBaHHs Ta ynpaeninas [T-indpa-
cTpykTyporo opranizamii. [loniGHO 70 TOTO, SIK KpEecIeHHs BU3HAYAIOTh MaTepiaid, PO3MipH Ta IiaH Oy-
JTUHKY, ciieHapii [AC BU3Ha4alo0Th pecypcH, KoHgirypanii ta 3anexsocti [T-inppactpykrypu. [lonioHo 1o
TOTO, SIK Oy/IiBETbHUK BUKOPUCTOBYE KpeclieHHs, 11100 noOyayBatu OyauHok, IT-¢axiBili BHKOPUCTOBYIOTh
IAC i HajlaHHS Ta KepyBaHHS PeCypcaMu MOCIiOBHIM i aBTOMAaTU30BaHUM CITOCOOOM.

V crarri [4] BUCYBaeThCs KOHIENIis KepyBaHHsI sKicTio [T-mocnyr y IT-inppacTpykrypi, sika IpyH-
Ty€eTbCcS Ha a0CcTparyBaHHI pealbHUX KOMIOHEHTIB [T-iHppacTpyKTypu Ta iX IepeTBOpEHHI Y JIOTiuHi
00’€KTH yIpaBITiHHSI.
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Y poGoTi [5] po3rismaeTbcsi BUKOPUCTAHHS METOJIB OaraTOKpUTepiaibHOI ONTUMI3alli JJIs CTBO-
peHHs1 cydacHoi Oi3Hec-Mofeni ynpasininas [T Ha mignpueMcTBi, 0COOIMBO B KOHTEKCTI MEPEXOAy A0 cep-
BICHO-OPi€HTOBAHOI iH(OpMaIIiifHOT eKoHOMIKHK. JlocaiaHuku [6] aHami3yrOTh NPOOIEMH YIOCKOHAICHHS
IT-iHdpacTpyKTypH, IO COPUSTHME 3POCTaHHIO e()EKTUBHOCTI NPOLICAYP YIPABIIHHS MiAMPUEMCTBOM Ta
po3poliieHHIo iHHOBaIiiHOT apxiTekTypu IT iHppacTpykTypH. JochniaHUKKA PO3KPHBAIOTH 3arajibHi IMiIX0-
o 1o (hopMyBaHHS cUCTeMHOI apxitektypw; IT-cepBiciB ais BHpilIEHHS 3ajad IMiINPUEMCTBA. 3arpo-
MIOHOBAHO JIOTiYHY Mojens [T-indpactpykrypu mianpuemctsa. Jocmigauku [7] Bi3HAYaIOTh, M0 3a0e3-
nedeHHs 1HQpacTPyKTypH BKIIOUYAE BCl HeoOXimHI kommoHeHTH aist [T B3arami 1 oxorumoe HeoOXiaHI Tex-
HivHi onepamii y IT-Bimmini, BKIIOYAlOYM 3aralbHOJOCTYITHI TEJIEKOMYHIKamiiHI Mepexi, [HTepHeT Ta
TEJICKOMYHIKAIIiHe 00JIaJiHaHHS, a TAKOXK TeXHIUHI 3aCO0M Ta MOCIIyTy (anapaTHe Ta MporpaMHe 3adesrie-
YeHHs1) I KOPUCTYBAUiB.

3rilHO 3 OCTaHHIMHU JOCHI/DKCHHSIMH, BHKOPHCTAHHS TAaKWX IHCTPYMEHTIB CIIPHSIE ITiJIBUIICHHIO
raydkocTti IT-iHdpacTpykTyp Ta iX 3MaTHOCTI IIBWAKO aganTyBaTHCS 10 3MiH y Oi3Hec-BuMorax. BoHu
TaKOX CHPUSIOTH Kpalliil inTerpamii pisaux [T-cucteM, 110 € KPUTHYHO BaXKIIMBUM JJIsi Cy4acHUX Oi3Hec-
MoJieNieit, sIKi BUMararoTh IIBUIKOI peaKilii Ha pUHKOBI 3MiHH. BpaxoByrouun BUIlIeBKa3aHe, MOXKHA 3pO0OH-
TH BHUCHOBOK, IO IHCTPYMEHTH JIJIsl aBTOMaTH3allii QyHKI# kKoH}irypyBanus Ta ynpasiiaas B [T indpa-
CTPYKTypax BiJlirpar0Th KIFOYOBY POJIb Y MiATPUMII cTabiIbHOCTI, O€3MeKN Ta alanTUBHOCTI cydacHux IT-
cructeM. BoHH € HeBiI'eMHOIO YacTHHOIO e(eKTHBHOTO yrpapiinHs I T-iHdpacTtpykTyporo Ta 3abe3nedeHHs ii
BIJIIOBITHOCTI JI0 Cy4acHHUX O13HEC-BUMOT.

@opMyJIIOBaHHS LiJIi cTATTI
MeTo10 J0CTiIKEeHHsI € aHali3 IepeBar Ta HeNOJiKiB BUKOpUCTaHHS Metoauku [aC ms aBTOMa-
tu3anii QyHKuii KoH}irypyBaHHs Ta ynpasiiHHs B kopnopatuBHux [T ingpactpykrypax.
1 moCSITHEHHS MOCTaBJIEHO1 METH HEeoOXinHO OyJI0 BUKOHATH HACTYIIHI 3aBJaHHS:
1) IlopiBHATH IeKIapaTUBHUKA Ta IMIEPAaTHBHUN MiOXOAW Ta HporpamHi iHcTpymeHTH Ansible,
Terraform, ARM, CloudFormation, siki BHKOpHUCTOBYIOThCS s peanizamii meroauku [aC.
2) BuzHaunutH Kputepii OLiHIOBaHHS €(QEKTHBHOCTI BUKOpUCTaHHS Meromuku laC mms mpornecis
aBTOMaTH3alii KOHQIrypyBaHHs Ta yrnpasiinas B [T indpactpykrypax.

Buxian ocHOBHOTO MaTepiairy
OOrpyHTYBaHHSI OTPHMAHHUX Pe3yJIbTATIB JOCTiIKeHHS

B cyyacHOMy BHCOKOTEXHOJIOTIYHOMY CBITi aKTyaJIbHICTh aBTOMaTH3alii mpoueciB ynpasiiaasa [T
1HGPACTPYKTYpOIO 3pocTae HaABUCOKUMHU TeMnamu. DaxiBii, 110 onikyoThcs Kopropatusaumu IT iHdpa-
CTPYKTYpaMH CTHUKAIOTHCS 3 PAAOM KOHLENTYaJbHUX BHKJIMKIB, TAKUX K BUCOKI TEMIIH PO3BHUTKY, MOCTil-
Hi 3MIiHM B IIapWHi 3POCTAIOYMX BUMOT Ta OOMEXEHICTh PECYpPCiB, a TAKOX MparHeHHS 30UIbLICHHS iX edek-
THBHOCTI. Y IIbOMY KOHTEKCTi BUKOPHUCTaHHS iHCTPYMEHTIB aBTOMaTH3allii, 10 NPHUKJIagy TaKUX MPOrPaAMHHX
nponaykTiB, sk Ansible, CloudFormation Ta Terraform, crae KpUTHYHO Ba>KIHBUM.

AKTyaJbHICTh TEMHU AOCIIIKCHHS BU3HAYAETHCSA CYYAaCHUMHM TEHACHILISIMU Ta BHKJIMKAMH B Taiysi
PO3pOOKH, TeCTyBaHHS, BIIPOBAKEHHS Ta MiATPUMKH MPOTPAMHOTO 3a0e3MeueHHsl, iKi BUMararoTh BUCO-
KOI IIBUJKOCTI, SIKOCTI, HaJIMHOCTI, OC3MeKH, MacIITaOOBAaHOCTI Ta THYYKOCTI MPOIECIB aBTOMATH3ALlil
koH(pirypyBanus ta ynpasiuinas IT iHQpacTpykTyporo. BaknuBicTh BUpILICHHS 3a3HAYCHUX BHIIE 3aB-
JaHb 00yYMOBITIOE HEOOXiTHICTh aHaJi3y Ta OIIHKH MepeBar, HeJOMiKiB, PH3HUKIB Ta BUKJIMKIB 3aCTOCYBAHHS
NpOTrpaMHUX IHCTPYMEHTIB B IIMX MpOIlecax, & TaKOXK PO3pOOKH pEeKOMEHMalill 1010 X onTumizalii Ta
M IBUIICHHS €()EKTUBHOCTI.

[HHOBAIIMHICTH JOCIIIKEHHS TIOJIATAE 1 B TOMY, 1110 B IPOLIECI HOrO BUKOHAHHs OYB IPOBEICHUI KOM-
TUICKCHUH TOPIBHSUIBHUN aHAIl3 TaKWX MporpaMHuX iHCTpyMmeHTiB sk Ansible, ARM, ClaudFormation Ta
Terraform ¢yHKIiOHAN SKKUX TIependadac aBTOMATU30BaHy peanizaliro QyHKIid KoHQIrypyBaHHS Ta yII-
paBminns [T iHQpacTpyKTyporo. ABTOpHY 3AIMCHUIM CIPOOY CHUCTEMHO IMOJATH PSJl HOBUX OPHUTIHAIBHHX
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Bi3iif BaKJIMBOI HAayKOBOi MpoOJIEeMH BIIOCKOHAJICHHS MPOIECIB aBTOMATH3allii YIPaBIiHHS KOPIIOPATHB-
aumu IT iHppacTpykTypamu.

OCHOBHMMH aCHEKTaMU LBOTO AOCHIIKEHHS € ¢(EeKTUBHICTb BUKOPHCTAaHHSA 1HCTPYMEHTIB aBTO-
MaTH3allii, MacITabOBaHICTh, HAMIMHICTh Ta 3[ATHICTh A0 ajamnTaiii 3 BpaXyBaHHSM IIBHJIKO3MiHHUX
BUMOT 10 KopropaTuBHuX [T cepenoBuin. ¥Y3araabHEHOIO METOIO MPOBEACHHS HAyKOBOT'O AOCIHIIKEHHS €
po3poOKka pekoMeHIalii Ta GopMyBaHHs KpalMx MPaKTUK B cepi aBToOMaTH3allii MpoIeciB BJOCKOHA-
nenns IT ingpacTpyKTyp, 10 NOKINKAHE CIPHUATH MiABHUILEHHIO IX e()eKTHUBHOCTI Ta HaIil{HOCTI.

O0’€eKTOM JOCIIIPKEHHS € TPOolieCH KOH(IrypyBaHHs Ta ynpapliHHS B KopropatuBHUX [T iH]pa-
CTPYKTYypax.

[Ipenmerom mocmimKeHHsI € METOAMKA, ska y (paxoBux komax imenyerbcs “THdpactpykrypa sk xox”
(IaC, Infrastructure as Code) i 1opas 4acriiiie BAKOPUCTOBYEThCS JIIsSI aBTOMATH3allii 3a3HAYECHHX ITPOLICCIB.

[aC — e npakTuka ynpasniHas Ta posropranss [T indpactpykrypu 3acobamu IporpaMHOro Koay,
Ha 3aMiHy PYYHHUX TIpOIECiB, a00 IHTEpPaKTUBHHUX IHCTpyMeHTIB. Peamizamiss meromuku laC mo3Bosse
BUKOPUCTOBYBAaTH OAHAKOBI MiAXOAM Ta iHCTPYMEHTH, AaHAJOTIUHI THM, IO BHUKOPUCTOBYIOTBCS JUIS
PO3pOOKH TpOrpamMHOro 3a0e3mneueHHs, (OpMyBaHHs, BHECCHHs 3MiH Ta peaiizaliii mpoIeayp 4eproBoro
BuAajeHHs 3actapinoi Bepcii IT ingpactpykrypu. HaBenemo naneko e noBHuit nepeiik 3aco6is (IaC) mis
ctBopeHHs 1 ynpasininas [T ingpactpykryporo: Terraform, AWS CloudFormation, Ansible, Chef, Puppet,
Azure Resource Manager (ARM) Templates, SaltStack, Nomad, Juju, Pulumi, Rancher.

IlopiBHAHHSA MiIX0AIB Ta TEXHOJIOTIH, 110 peadi3yloTh MeToguKy IaC

HaBenemo o3nayeHHs psity 0a30BHX MMOHATH Ta TEPMiHIB, SIKi BAKOPHCTOBYIOTBCS Y IaHIH CTaTTi.

Mertoponoris (rpeu. pefodoloylo — BYEHHS MPO METON) — CYKYNHICTh NPUHOMIB JOCIIIKEHHS,
1[0 3aCTOCOBYIOTHCS B HAyIli; BUCHHS PO METOIH Ii3HAHHS Ta MEpeTBOPeHHs ificrocti [8]. MeTox abo
MeTo 1a (Biz rpelr. uéAodog — “IUIsX Kpi3h”) — CHCTEMATH30BaHA CYKYIHICTh KPOKIB, SKi IOTPiOHO 3ilic-
HUTH, 00 BUKOHATH TEBHY 33Ja4y YH JIOCSTTH NIEBHOT METH; MOHATTS TOTOXHE aJTOPUTMY il i TEXHO-
noriuHoMy mponecy[9]. Meroauka — CyKymHICTh B3a€EMOIIOB’SI3aHUX CIOCOOIB 1 MPUHOMIB AOLINBHOTO i
e(eKTHBHOTO TpoBeJeHHs NeBHOT podoTu [10]. 3acid — Te, MO CITyKUTh 3HAPSAAAM Y sIKiii-HeOy b Aii,
cmpaBi abo crierianpHa Mis, M0 Ja€ MOXIIUBICTh 3MIHCHUTH MIO-HEOYIb, Mocsartéd doroch[§]. Crmocid —
TICBHA JIisl, TPHITOM ab0 cHCTeMa MPUIOMIB, KA Ja€ MOKIMBICTh 3pOOUTH, 3MIMCHUTH 110-HEOY b, TOCATTH
4orocs [8].

Lexnapamuenuii nioxio

HexnapatuBauii miaxia B peanizauii meroauku laC momsirae B ToMy, 110 NONEPEAHBO TPOBOAUTHCS
ormc O6axanoro crany [T iHppacTpykTypH, a He HOpMyBaHHS KOHKPETHUX KPOKIB JUIS HOTO JTOCATHEHHSI.
[Ipu 11bOMY BHKOPHCTOBYETHCSI BHCOKOPIBHEBAa MOBA, IO JTO3BOJISIE 3a/1aBaTH IapaMeTpy, OOMEKEHHs Ta
3aJIeKHOCTI MK pecypcamu. B mopanbmiomy 1ieit onmc — mnepemaerbes BiAmoBigHoMy iHcTpymeHTy laC,
SIKUM BU3Hauae HaOip Aiif, sIKi HaJeXUTh BHUKOHaTH, 00 mpuBectu IT iHpacTpykTypy no OaskaHoro
ctany. [Ipu boMy He CIIii KOHTPOJIIOBATH XiJl MPOIecy BUKOHAHHS, a JIUIIE HOTO Pe3yNbTart.

CyTTeBUMH TiepeBaraMi [CKJIapaTUBHOIO MiIXOAy € 30KpeMa Te, IO MpH HOro BHUKOPHUCTAHHI
(haxiBIsIM 3a3BHYAH JIETIIIE YUTATH Ta PO3YMITH KOJ, OCKUILKM BiH ()OKYCYETHCS Ha JisiX, SIKI HEOOX1IHO
BUKOHATH, a He CII0co0ax iX pealizallii; Jermie MmiATpUMyBaTH Ta 3MIHIOBAaTH KOJ, OCKIIbKH BiH HeE 3ale-
JKUTh BiJl TIOCJIIOBHOCTI MOTO BUKOHAHHS Ta HE MICTUTh JCTaJiCH peamisallil; jeriie 3a0e3neuuTH iaeM-
NOTEHTHICTh Ta KoHCUCTeHTHICTh IT iHdpacTpykTypn, ockinbku iHcTpyMeHT [aC camMOCTiHHO BHpPiBHIOE
(akTuuHMii Ta Oa)KaHUI CTaHW; JIETIIE IHTETPYBATH 3 IHIIMMH 1HCTPYMEHTAaMH Ta ITaTGOPMaMH, OCKLITBKH
KOJI € YHIBEPCAJIbHUM Ta a0CTPaKTHHUM.

3a3HaunMMO P HEAOMIKIB JIEKIAPAaTUBHOTO MiAXO0y, 30KpeMa: BiH BUMArae OiIbII BUCOKOTO PiBHS
abcrpakuii Ta 3HaHb MoBU [aC, ockinbku He BinoOpaxae peabHi MPOLECH Ta OMepaLii; € MEeHII e(eKTHB-
HUM IpY BUKOHAHHI 3aBJaHb, OB’ SI3aHUX 3 MAHIMYJIIOBAaHHAM CTPYKTYpPaMH JaHHUX Ta MPOAYKTHBHICTIO,
OCKIUJIBKM HE J03BOJISIE BUKOPUCTOBYBAaTH HU3bKOPIBHEBY OINTHMI3alil0 Ta HANAIITYyBaHHS; MOXKE HMPU3BO-
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IUTH 10 HEo4iKyBaHMX Ta HeOakaHux 3MiH IT iHpacTpykTypH, SKIIO KOJ MICTHTh IMOMHJIKH, a00 He
BPaxoOBY€ BCl MOXKJIMBI CLIeHApii pO3BUTKY MOii.

Imnepamueruil nioxio

IMnepaTuBHMi Tiaxig B peamizamii Metoawku [aC momsrae B TOoMy, IO TpH HOro peanizamii
OIMCYETHCS TOCIHIJOBHICTD KPOKIB, SIKI HaJICKUTh BUKOHATH AJsl TOCATHEHHs OakaHoro ctany IT indpa-
cTpyKTypH. lIpm 1IbOMy BHKOPHUCTOBYETbCS HHU3BKOpPiBHEBA MOBa, IO JO3BOJIAE 3aJaBaTH KOMAaHIH,
YMOBH, LMKJIM Ta 3MiHHI. B OAanbmoMy BUKOHYETBCS KOJ, 3 000B’SI3KOBUM KOHTPOJIEM IPOLIECY BHKO-
HaHHA Ta NEPEBIPKOIO pe3yIbTaTy.

Jlo mepeBar iMIIEpaTUBHOTO MiJXOAY BiAHOCAThH: HAsIBHICTH MOXJIMBOCTI TOYHILIE KOHTPOJIIOBATH
cran Ta noBeniHKy IT iHpacTpykTypH, OCKIIbKM BiH BimoOpakae peajbHI IMPOLECH Ta OIepalii; jermiie
PO3YMIHHSI NPOTPaMiCTaMHU-NIOYATKIBISIMU, OCKUIBKHM 32 KOHCTPYKLISIMH BiH CXOXXKHH Ha KOHCTPYKLIl
TpaZULiHUX MOB MPOrPaMyBaHHI; YHIBEPCAIBbHICTh MiAXOLY, OCKUIBKHM JI03BOJISIE BUKOPUCTOBYBATH (PYHKLIT
Ta MOXJIMBOCTI MOBH [aC; BHIIa eheKTUBHICT IPY BUKOHAHHI JACSIKUX THIIB 3aBJIaHb, BKIIOYAIOYH MaHIITy -
uii 31 CTPyKTypaMH JaHHX Ta ONTHMi3alii MPOAYKTHBHOCTI.

Henoniky iMmepaTuBHOTO MmigXooy: HE Tak JIETKO MacIITa0yeTbCS Ha BEIMKHUX MPOEKTAX, OCKITIBKH
BUMarae OibIl 00’ €MHOr0 KOy Ta JeTajeld peamizalii; CKIagHillle NPOBOAMTH HAJArOKyBaHHSI 4Yepes3
OlIBIly CXWJIBHICTH 10 MOMUJIOK Ta HECYMICHOCTEH; HE TapaHTY€ ieMIOTEHTHOCTI Ta KOHCHCTEHTHOCTI
iH(QPACTPYKTYpH, OCKUIBKM BiH 3aJIeKUTh BiJ MOPSAOKY BHUKOHAHHS 1HCTPYKLii Ta ¢aktuuHoro crany IT
iHQPaCTPYKTypH; MOXe OyTH HECYMICHHM 3 IHIIMMHK iHCTPYMEHTaMH Ta IUIATPOPMaMH, OCKUIBKH Mae
cneuudiky s mosu [aC.

IMnepaTusHuiA niaxin [LeknapartusHuii niaxin

SEE—

4

Puc. 1. CmpyxmypHe nodanns imnepamusno2o ma 0exiapamueno2o nioxooie 6 peanizayiax memoouku laC

Ha pucynky 300pakeHi iMmepaTuBHHN Ta JCKJIApaTHBHUN MiAXOIH O NMPOrpaMyBaHHS 4 KOHQ-
irypamii cucrem.

IMmepaTuBHMI TIXiJ XapaKkTepU3yeTbCS THM, IO MPOTPaMICT BKa3ye, SIKHM YHHOM JIOCSTHYTH
MEBHOTO Pe3ybTaTy KPOK 3a KpokoM. To0To, y iMIepaTHBHOMY MiAXO/Ii MPOTPaMicT 30CEPEKYEThCS Ha
OIKCI MOCTIIOBHOCTI KOMaH1 a00 IHCTPYKIIii, SKi MOTPiOHO BUKOHATH, MO0 OTPUMATH Oa)KaHUW pe3yiib-
taT. Hampuknaa, B Komi Moxe OyTH 3a3HaUu€HO KOXKEH KPOK JJIsi CTBOPEHHS 00’€KTY 4YM BUKOHAHHSI
orepariii.
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JlexapaTUBHUIA MMiIX1J1, HABIAKH, ONMUCYE Oa)KaHUH CTaH CUCTEMH YM Pe3yJibTaT, He BKa3ylOuHu fK
1Ie OTPIOHO 3poOUTH. 3aMICTh TOrO, 00 JETAIBHO OMMCYBATH MOCHIIOBHICTH Jil, MPOrpaMicT BKa3ye,
SIKMI CTaH Yd Pe3yJIbTaT BiH X0U€ OTPUMATH, 1 CHCTEMa CAMOCTIMHO BHUPIIIYE, SIK TOCSITHYTH I[LOTO PE3YJib-
taTy. Hanpukman, B nexnapaTHBHOMY MiJIXOAi MOXKHA OMHUCATH MOTPiOHMI KoHGirypauiiiauii daiin 6e3
3a3Ha4YCHHS KPOKiB JIJIsl HOTO CTBOPEHHS UM 3MiHH.

KittouoBa pi3HUIS MIXK IUMH MiIX0JaMH IOJISTa€ B TOMY, 110 IMIIEPATUBHHUN MiAXiJ CKJIAJIa€ThCs 3
MOCJIIIOBHOCTI KOHKPETHMX KOMAaHJ JJIS JOCATHEHHS METH, TOAI SK JCKJIapaTHUBHHM IMiJIXiJ CKOHIICHT-
POBaHHUI Ha OMKCI OaKAHOIO PE3yJNILTATy, HE BKA3yIOUM sIK caMe HOro JOCArTH. Y pe3ynbTaTi JeKiiapaTUBHUN
X1 3a3BUYail BBAXKAEThCS OUIBIN JACKJIAPATUBHUM, €JICTaHTHMM Ta MCHII 3aJICKHUM BiJl KOHKPETHHUX
peaitizarii.

[TpoBeneHo MOpIBHAHHSA JBOX 0a30BMX IMIAXOMIB JI0 BHpoBapkeHHs Mertomuku laC, a came jekia-
PaTHBHOTO Ta IMIIEPATUBHOTO, IO peanizytoThes iHcTpyMeHTaMu Ansible, Terraform, ARM, CloudFormation.

IIporpamui 3aco0u peasizauii meroauxu [aC — incrpymentu Terraform i ARM

Terraform — € ogauM 3 HalnmomyssipHimux iHCTpyMeHTIB [aC, mo peanizye metoauky laC 3
BHKOPHMCTaHHAM JcKiaapaTuBHOro migxony. Terraform BukopucroBye Biacny moBy HCL (HashiCorp
Configuration Language), sika 103BOJIsIE ONMCYBATH B OJHOMY KOJIi pECYpCH PIi3HHX MpPOBaiepiB, TAKUX
sk Azure, AWS, Google Cloud tompo. Terraform 36epirae Bimomocti npo cran IT iHppacTpykTypHn B
(haiii, 10 J03BOJISIE BU3HAYATH PI3HHUIIO MK (PaKTHYHHUM Ta OakaHUM CTaHAMU T4 BHOCHUTH HEOOXIIHI
3mind. B inctpymenti Terraform Takox HiATpUMYIOTBCS MOAYJi, 3MiHHI Ta (YHKLii, IO MOJIETLIyE
MIOBTOPHE BUKOPUCTAHHS Ta MapaMeTPU3aLIiIo KoY.

ARM (Azure Resource Manager) — iHCTpyMeHT, 0 peanizye meroauky laC, 3 BUKOPUCTaHHSIM iM-
nepatuBHoro migxoxy. ARM BukopuctoBye MoBy JSON (JavaScript Object Notation), 1o 103BossI€ OnKCy-
BaTH pecypcu Azure B TepMiHax madiaoniB. ARM BHUKOHYe MIabIOHM B 3a]aHOMY MOPSAKY, BUKIMKa0un API
Azure 11 CTBOpEHHS, 3MiHM a00 BuAaneHHs pecypciB. ARM Takox miaTpumye 3MiHHI, HapamMeTpH, QyHK-
i1 Ta 3aJIE)KHOCTI, 10 JO3BOJISIOTH HANAIITOBYBATH Ta YMOBHO BUKOHYBATH KOJI.

s nopiBasHHS iHCTpyMeHTiB Terraform i ARM BUKOpHCTaEMO HACTYIHI KpUTEpil: CyMICHICTH 3
pi3HMMH TIpoBaiinepaMu iHGPACTPYKTYp; JETKICTh y BUBUEHHI Ta BUKopuctaHHi MoBHu laC.; MOXIIUBICTD
KOHTPOJIIO Ta HAJIAIITOBYBAHHS IMPOIECY BUKOHAHHS KOAY; IIBHIKICTh Ta HAaJIIHHICTh BUKOHAHHS KOIY;
HOiATpUMKa MOIYJIBHOCTI Ta IOBTOPHOTO BHMKOPHUCTAaHHS KOXy; MIATPHMKA IPOLECIB  CHiBOpami Ta
BepciiiHOI imenTrdikamii Komry.

Bukopucranns B mpolieci aHaIi3y HaBeIeHUX KPUTEPIiB, JO3BOJHIO CPOPMYBATH HACTYITHI BUCHOBKH:

Terraform mae nepeBary Hag ARM y cymicHOCTI 3 MPOAYKTaMU Pi3HUX MpoBaiaepiB iHOPaCTPyK-
TYPH, OCKUIBbKH 3a0e3mneuye B3aeMofito Oinbi sk 3 200 mpoBaiinepamu, Toai ik ARM mpaiiioe TiTbKu 3
Azure; ARM wmae cyrteBy mepepary Han Terraform y nerkocti BUBYEHHS Ta BUKOpHcTaHHs MoBH laC,
ockinbku JSON € OinblI NOMUPEHOIO Ta CTaHAapTHOIO MOBOIO, aHbK HCL, a Takox Mae B CBOEMY CKiasi
OinbIlIe IHCTPYMEHTIB Ta oOmmpHinTy aokymeHTamito; ARM mae nmepesary Hax Terraform y mokiamuBoc-
TAX KOHTPOJIIO Ta HANAIITYyBaHHS MNpPOLECIB BUKOHAHHS KOZIY, OCKUIBKM IO03BOJISIE BHUKOPHCTOBYBATH
YMOBH, IIUKJIH, 3MiHHI Ta QYHKIII, Toxi sik Terraform BUKOHY€E KOJ B aBTOMAaTHYHOMY PEKUMI, BPaXOBYIO-
YH [IPY LbOMY 3QJICXKHOCTI MixK pecypcamu; Terraform mae nepeBary Hax ARM y mBuakocTi Ta HaaiiHOC-
TI BUKOHAHHS KOAY, OCKIJIBKH 30epirae BiZOMOCTI Hpo cTaH iHPpacTpykTypu B (aiii, 10 T03BOJIIE
BH3HAYATH Pi3HUINO MK (aKTHUYHUM Ta OaKaHUM CTaHAMH Ta BHOCUTH BUKJIFOYHO HEOOXiTHI 3MiHH, TOAI
sk ARM BHKOHY€ KOXXHOTO pa3y KOJ MOBHICTIO, IIO MOXXE TPHU3BOJUTH JO MOMHJIOK Ta 3aTPHMOK;
Terraform mae nepeBary Hag ARM y migTpumii MOIYJIBHOCTI Ta MOBTOPHOI'O BUKOPUCTAHHS KOXY, OC-
KUJTBKHU JI03BOJISIE BUKOPUCTOBYBATH MOJYJII, IO € HE3aJCKHUMHU OJIOKAMH KOJY, SIKi MOXYTh OyTH BHUKO-
pHCTaHi B pi3HUX NPO€EKTaX, Toli ik ARM BHKOpHCTOBYe maliIoHH, IO € iNiCHUMHU (aiaaMu KOOy, sAKi
MOXYTh BUKOPHUCTOBYBATHCH TiJIbKH B oflHOMY TipoekTi; Terraform mae nmepeBary Hag ARM y migrpumiti
CHIBITpAIli Ta MMiITPUMIIi TTOCIIJJOBHUX BEPCiii KOy, OCKUIBKU JTO3BOJISIE BUKOPUCTOBYBATH CUCTEMHU KOHT-
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poJtto Bepciid, Taki sk Git, 11 30epiraHHs, BiACTe)KEHHS Ta 00MiHy KOZoM, Todi sk ARM s peanizanii
3a3HaveHoi (QyHKUIi BUMarae BUKOPUCTAHHS CIelialbHUX cepBiciB Azure, Takux sik Azure DevOps [12].

terraform.state

terraform.tfvars HashiCorp

Terraform

terraform-provider.tf

lels Lo

terraform-insrances.tf

Puc. 2 Cxema ocnoenux komnonenmie Terraform

Po3poOka Ta TectyBaHHa KoHbirypaniiinux daitniB Terraform s ynpasainns IT
iHppacTpyKTYpOIO

[1ix yac po3poOku koHpirypauiiaux ¢aitni Terraform mis ynpasninas [T ingpacTpykTyporo Bax-
JIMBO BPaxOBYBAaTH KOXKEH 3 ACIEKTIB Ta PECypciB, M0 OyAyTh po3ropTaTtucs. Takox BaKIMBO TECTYBATH
i KoH]irypamii, mo0 mHepeKoHaTHCS, IO BOHM MPALIOIOTh Ha OYiKyBaHMX IuaTdopmax. Hasememo
MPUKIIAAU KOJY AJIsl CTBOPEHHS Ta TeCTYBaHHS KOH(irypauiiHux ¢aiinis B inctpymenti Terraform.

[puknan xoxy ans crBopenns IT indpactpykrypu y daiini main.tf:

# BusHaueHnHs npoBaiinepa AWS

provider "aws" {

region = "us-east-1"

}

# Creopenns EC2 iHcrancy

resource "aws_instance" "example" {
ami = "ami-0c55b159cbfafe1{0"
instance_type = "t2.micro"

}

VY HaBesieHOMY MpHKIIaAi CTBOproeThes incTaHe EC2 B AWS us-east-1.

[puknan xomy anst TecTyBaHHS KoH(irypariiiHoro ¢aiiny 3a momomororo Terraform i Terratest y
¢aiim main_test.go:
package test

import (
"testing"
"github.com/gruntwork-io/terratest/modules/terraform"
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"github.com/stretchr/testify/assert"

func TestTerraformEC2Creation(t *testing.T) {
terraformOptions := &terraform.Options {
TerraformDir: "../",
}
defer terraform.Destroy(t, terraformOptions)
terraform.InitAndApply(t, terraformOptions)
instancelD := terraform.Output(t, terraformOptions, "instance id")
assert. NotEmpty(t, instancelD)

}

VY HaBeZeHOMY MpHKJaAi BUKOPHCTOBYeThCs Oibmioreka Terratest mist HaMMCAaHHSA TECTIB 3 METOIO
nepesipky, un OyB ctBopeHuid iHctanc EC2 micns 3acrocyBanHs KoHQirypauiitnux ¢aiinis Terraform.
HaBeneni mnpuknanm Kooy CHOPHSIIOTH KpaumloMy PO3YyMIHHIO MPOLECIB PO3pOOJICHHS Ta TECTyBaHHS
KoHpirypauiiinux ¢aitniB Terraform nna ynpasninas [T ingpacTpykTyporo.

. nposanaepu
FAnpo Teppadopm RPC .
€«
: API
nocTayanbHUKK
(provisioners)
.................. HTTEw

BibnioTeka knieHTa

Puc. 3. Apximexmypa npocpamnozo incmpymenmy Terraform.

Hasenemo npukian mabiony ARM (Azure Resource Manager), sikuii MO>KHa BUKOPHCTOBYBATHU JIJIs
CTBOpPEHHS BipTyanbHOI MamiHU B Azure. Lleil maGioH cTBOpIO€ BipTyalbHy MaminHy 3 0a30BUMHU Ha-
JAITYBAaHHIMHU.

{
"$schema": "https://schema.management.azure.com/schemas/2019-04-
01/deploymentTemplate.json#",
"contentVersion": "1.0.0.0",
"parameters": {
"vmName": {
"type": "string",
"metadata": {
"description": "Im'st BipTyasnsHOi MamuHH."

}
5
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"vmSize": {
"type": "string",
"defaultValue": "Standard DS1 v2",
"allowedValues": [
"Standard DS1 v2",
"Standard DS2 v2",
"Standard DS3 v2",

"Standard DS4 v2"

I,
"metadata": {
"description": "Po3Mip BipTyanpHOi MamiHu."
H
}s

"adminUsername": {
"type": "string",
"metadata": {
"description": "Im'st agmiHicTpaTopa.”
H
¥s

"adminPassword": {
"type": "securestring",
"metadata": {
"description": "Ilapons agminicTparopa.”
H
H
|2
"resources': [
{
"type": "Microsoft.Compute/virtualMachines",
"apiVersion": "2020-12-01",
"name": "[parameters('vmName')]",
"location": "[resourceGroup().location]",
"dependsOn": [],
"properties": {
"hardwareProfile": {
"vmSize": "[parameters(‘'vmSize')]"
|2
"osProfile": {
"computerName": "[parameters(‘'vmName')]",
"adminUsername": "[parameters(‘adminUsername')]",
"adminPassword": "[parameters('adminPassword")]"
}s
"storageProfile": {
"imageReference": {
"publisher": "MicrosoftWindowsServer",
"offer": "WindowsServer",
"sku": "2019-Datacenter",
"version": "latest"

s
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"osDisk": {
"createOption": "Fromlmage"
}
}s

"networkProfile": {
"networkInterfaces": [
{
"id": "[resourceld('Microsoft.Network/networkInterfaces',
concat(parameters('vmName'), '-nic"))]"

b
]
b
b
b
]

n

outputs": {}

Incrpymentu AWS CloudFormation B peanizauisix metoauku IaC

AWS CloudFormation — 3aci6, 3 gomomoror sikoro MoxHa nogasatu IT iHQPacTpyKTypy SK KOI
(Infrastructure as Code — 1aC)[ 13, 15] Ta Hagae MOKIIMBICTh ABTOMATH30BAHOTO CTBOPSHHS Ta yIPABITiHHS
IT indpacTpykTyporo B xmapHoMmy cepenoBuini Amazon Web Services (AWS) (Po3pobuuku Amazon Web
Services. [lepmmii Bumyck — 25.02.2011) [11]. OcuoBroto Metoro AWS CloudFormation € 3a0e3neueHHs
e(eKTUBHOIO Ta MOBTOPIOBAHOIO CTBOPEHHs pecypciB AWS, nosBossitoun mpu npomy BusHauutu IT
iHGPACTPYKTYpy 5K KOX Ta YIPABIATH HEIO y BUTTISAL KOHPIrypauiiHux Qaiiiis.

Ba3zoBi nonsaTTsa Ta Tepminm incrpymentapiro AWS CloudFormation:

[lomamo o3HaueHHs psity 0a30BUX MOHATH Ta TEPMIiHIB, SIKi BAKOPUCTOBYIOTHCS B JOKYMEHTAIli Ha
inctpymentu AWS CloudFormation: ma6mnon CloudFormation JSON abo YAML daiin, sikuii MicTHTB
omnuc IT indpacTpykTypu Ta pecypcis, Aki moBuHHi OyTu cTBopeHi B cepenoBuili AWS. [llabnon Bu3Havyae
koH}irypauito Beiel IT iHQpacTpyKTypH y BUTTISIAI KOLY; PECYpCH — 1€ OCHOBHI KOHCTpYKTHBHI Osioku IT
iHGPaCTPYKTYpH, sSIKi OMUCYIOTHCS B madioHi. Pecypc moske OyTH, Hanpuknaz, eksemuisipoMm EC2, 6azo10
nmaaux RDS, a6o rpynoro Auto Scaling; cTek — e HaOip pecypciB, sIKi CTBOPIOIOTBCS Ta YIPABISIOTHCS K
enuHe nine. Pecypcu B cTeKy BU3HAYalOTh B3a€MO3B’I3KH Ta MOPSIOK X CTBOPEHHS; MapaMeTpH — I 3Ha-
YeHHS, SKi MOKHA BKa3aTH MPH 3aIyCKy CTEKY Il HACTPOIOBAaHHS 11a0yioHy. Lle B CBOIO 4epry J03BOJISIE
CTBOPIOBATH OINbII THYYKi Ta MapaMETPU30BaHI CTEKH; BIACTHUBOCTI — aTpuOyTH Ta HapaMmeTpH, SKi
BU3HAYAIOTh MTOBEIIHKY PeCypciB B 11a0IOHI. BiacTHBOCTI BU3HAUal0Th KOHQITypaLiiiHi mapaMeTpu pecyp-
CiB; cTaTyc CTeKy — iH(opMaLisi PO Te, YM CTEK YCHIIIHO CTBOPEHHH, UM BiOYyIacs MOMIWIKA B MPOLECi po3-
roprannsi. Ctatyc creky Moxe Oyt “CREATE _COMPLETE”, “ROLLBACK _IN_ PROGRESS”, Tomio; mak-
pocu — po3mupenns MoxiarBoctedi CloudFormation 3a 10momMorow BiacHHUX a00 BOYJIOBaHHUX MaKpOCIB.
Le mo3BoJIsIE aBTOMATUYHO BUKOHYBATH TEBHI JIii a00 3aMiHIOBaTH YaCTHHU IA0JI0HY; PErioH — KOHKPETHA
reorpadiuHa 00JacTh, B SKiii CTBOPIOIOTHCS Ta PO3ropTyioThes pecypcu. CloudFormation miarpumye po-
0oty B OaraThOx perioHax, nie 3abesmneuyeTbcs QyHKIioHyBaHHA AWS; NWHAMiYHI MMOCHIAHHS —  CIIie-
mianeHi QyHKIIT B 11a0JIOHI, SIKi TO3BOJISIFOTH OTPHMYBATH 3HAYECHHS TIiJl 4ac PO3TOPTAHHS, HANPUKIAM, 3
BUBEJICHHSI 1HIIIOTO PECYPCY YU BJIIACTHBOCTI CTEKY.

AWS CloudFormation Hagae po3mupeHuii HaOip (YHKIIOHATBHUX MOXKIUBOCTEH JJIsI aBTOMATH-
3aiii mporeciB crBopenHs Ta ynpasiiaas [T iHpacTpykTyporo B xMapHOMy cepenoBuili AWS, 103Boiisie
BuzHauate [T iHdpacTpykTypy y BUDIsiAi komy, BukopucroBytoun JSON abo YAML daitnu, mo iMeny-
10ThCs mabsoHaMu. Lle poOUTH mpoIec CTBOPSHHS Ta YIPABIIHHSA pecypcaMu OUIBII MPO30PUM 1 Kepo-
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BaHuM. 3aBasku AWS CloudFormation MokHa aBTOMaTH3yBaTH TPOIIEC CTBOpPEHHsSI Ta posropranHs IT
inppactpykrypu [17]. Lle peamizyeTrbcsi 3a JONOMOIOI0 3aBaHTaKEHHs MIa0JIOHY B KoHcolb AWS abo
Yyepe3 KOMaHIHUH PsNIOK, 110 3a0e3nedye KOHCUCTEHTHICTh Ta €(DeKTUBHICTS.

AWS CloudFormation no3possie jerko macmrtadyBatu IT iHpacTpykTypy “Bropy” ado “BHHM3” 3a
JIOTIOMOTO0 TIapaMeTpiB Ta MIa0JIOHIB, M0 3abe3nedye npucrocyBaHHs posMipiB [T indpactpykrypu 3
BpaxyBaHHSM MOJIJIMBUX 3MiH B HaBaHTa)kKeHHI. MOXIUBICT (popMyBaHHsI MOCIiIOBHOCTI Bepciii madiio-
HIB Ta CTEKiB JJO3BOJISIE KEPYBaTH PO3BUTKOM Ta Bepcisimu IT iHppacTpykTypH, 3a0€31MeUy0un MOXKIUBICTD
BiZIKaTiB 10 momiepeaHix Bepcii [18]. Peamizamisi BUKOpHCTaHHS MapaMeTpiB (3MIHHHUX), SIKi JTIO3BOJISIFOTh
3MiHIOBAaTH KOHQITypalliifHi 3HaueHHS MPU CTBOPEHHI a00 OHOBJIEHHI cTeky. Lle poOuTh mabmoHu Oinbin
THYYKHMH Ta 3a0e31edye MOXKJIMBICTh OBTOPHOTO iX BuKkopucTtanHs. B AWS CloudFormation peanizoBa-
Ha MOXIIMBICTh BIiJICTeXKEHHs TIOZif Ta MOHITOPUHTY CTaHy cTekiB 3acobamu AWS Management Console
Ta pSAJOM 1HIIUX THCTPYMEHTIB, BKIIFOUEHHX JI0 cKiagy AWS.

B iHCTpyMeHTI MigTpUMYIOTBhCS Pi3HI THIIM PECYpPCiB, BKJIIOYAIOUM OOYHCIIOBAJIBHI 3aCO0H, Mepe-
JKeBI cKiazoBi, 6a3u naHux Ta ceppicu AWS. AWS CloudFormation 103BoJisie po3roptaTii peCypcH B pi3-
HUX perioHax, HaJar4¥ MOXJIMBICTh CTBOpeHHs posmnoauieHoi IT iHdpacTpykTypu mias 3a0be3redeHHs
umpokoi npoctymHocTi. CloudFormation iHTerpyerbes 3 inmmmu cepBicamu AWS, Takumu sk AWS
Identity and Access Management (IAM), AWS Lambda, AWS CloudTrail, o cyTTeBO po3LMIUprOE HOTO
¢dyHKIioHanbHicTh [ 19, 20].

Cdepu Bukopucraniss AWS CloudFormation:

Be6-3actocynku. CtBopenHs ta ynpasiinas [T indpacTpykTyporo it Be6-3aCTOCYHKIB, BKIIIOUAI0-
yn cepBepH, 0a3zu ganux, CDN Tta inmi komnonentu. CloudFormation no3Bossie CTBOpIOBaTH pe3epBHi
Komii, MacmTadyBaTu pecypcu Ta oHoBmoBaTH 1T iHppacTpyKTypy miZ 4ac HACTYIHHX Pei3iB.

Amnaniz jaHuX: BU3Ha4YeHHS Ta posropranHsa [T iHpacTpyKTypu Ui ONpalfoBaHHS Ta aHaizy
BEJIMKUX 00CSTiB JaHUX, BAKOPHCTOBYIouM nociyrd Amazon EMR, Amazon Redshift i Amazon S3.

DevOps indpactpykrypa [14]. ABToMaTu3anis posropranas DevOps iHQpacTpyKTypH, BKIFOUAIOYN
cTBOpeHHs TecToBUX cepenosuul, CI/CD maiinnaiiniB, iHTerpamiro 3i 3aco0amMy TeCTyBaHHS Ta MOHITO-
puHry[15].

BaratopiBHeBa iHdpacTpykTypa. CTBOpPEHHS CKIQIHHUX OaraTOpiBHEBUX 3aCTOCYHKIB, IO BKIIIOYa-
I0Th MEpexi, 0a3u JaHuX, CepBepH Ta 1HIII pecypcH.

Indpacrpykrypa mist mikpocepsiciB. Buxopucranas AWS CloudFormation mns aBromarwmzarii
CTBOPEHHS Ta KepyBaHHS 1H(pacTpyKTyporo npu GOpMyBaHHI apXiTEKTYpU MIKpOCEpPBICiB, B SIKIH KOXEH
cepBic MOXke OyTH OAAHUI OKPEMHUM CTEKOM.

CucteMH MOHITOPUHILY Ta JoryBanHs. Posropranns ta Hanamrysadss [T iHppacTpyKTypH [Uisi cCHCTEM
MOHITOPHHTY Ta JIOTYBaHHSI, BAKOPHUCTOBYIOUH TakKi cepBicy, sik Amazon CloudWatch ta Amazon CloudTrail.

HemoHcTparttii Ta TectyBanHa. Bukxopucrtanas CloudFormation mms mBuakoro posropranas [T
1HQPACTPYKTYpH 3 METOIO MIPOBEACHHS JEMOHCTpPALil, HaBYAHHS a00 TECTYBaHHSI, 3 MOMJIUBICTIO IIBUIIKO-
TO BiITBOPEHHSI TUHAMIYHUX CIIEHApIiB.

BinHoBneHHs micis BiqMOB. 3a0e3MeUeHHs MOXKIIMBOCTI MBHAKOTO BimHOBNeHHs [T iHdpacTpyk-

TYpH MICJIS BiAMOBH a00 aBapii, 10 CKOPOUYE Yac BiIHOBJICHHS Ta Mi/IBUIIYE HAIIHHICTh CUCTEMH.
PoGora 3 apxitekTypHumu 1mnadnoHamu. Bukopucrtanns CloudFormation s BM3HaYeHHS Ta poO3-

ropransst [T iHdpacTpykTypu 3rimHO 3 apXiTekTypHuMmu mabnoHamu AWS, mo BKIIOYalOTH B cede
peKoMeHIaIlii Ta HalKpamli MPaKTHUKH.
Hagenemo npuknaza koay CloudFormation mist crBopennst EC2 Bipryanbaux mamua B AWS Cloud:
AWSTemplateFormatVersion: "2010-09-09"
Mappings:
RegionMap:
us-east-1:
AMI: "ami-0ff8a91507f77f867"
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us-west-1:
AMI: "ami-0bdb828fd58c52235"
us-west-2:
AMI: "ami-aOcfeed8"
eu-west-1:
AMI: "ami-047bb4163c506cd98"
sa-east-1:
AMI: "ami-07b14488da8ea02a0"
ap-southeast-1:
AMI: "ami-08569b978cc4dfal0"
ap-southeast-2:
AMI: "ami-09b42976632b27e¢9b"
ap-northeast-1:
AMI: "ami-06cd52961ce9f0d85"
Parameters:
EnvType:
Description: Environment type.
Default: test
Type: String
AllowedValues: [prod, dev, test]
ConstraintDescription: must specify prod, dev, or test.
Conditions:
CreateProdResources: !Equals [!Ref EnvType, prod]
CreateDevResources: !Equals [!Ref EnvType, "dev"]

Resources:
EC2Instance:
Type: "AWS::EC2::Instance"
Properties:
Imageld: 'FindInMap [RegionMap, !Ref "AWS::Region", AMI]
InstanceType: !If [CreateProdResources, cl.xlarge, !If [CreateDevResources, ml.large,
ml.small]]
MountPoint:
Type: "AWS::EC2::VolumeAttachment"
Condition: CreateProdResources
Properties:
Instanceld: 'Ref EC2Instance
Volumeld: 'Ref NewVolume
Device: /dev/sdh
NewVolume:
Type: "AWS::EC2::Volume"
Condition: CreateProdResources
Properties:
Size: 100
AvailabilityZone: !GetAtt EC2Instance.AvailabilityZone
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Puc. 4 Cxema 63aemo0ii mooynie AWS
3 npoepamuum incmpymenmom CloudFormation

Ha nanomy pucyHky 300paxeno B3aemoito AWS Cloudformation 3 inmmumu cepicamu AWS Taku-
Mu sk RDS (cnyx0a kepyBanHs persiniiiauMu 0a3amu nanux), APl Gateway (ciyx0a kepyBaHHsS 1HTEp-
¢eiicamu nporpamyBanHs noaatkiB), AWS DynamoDB (ciyx06a kepyBaHHs HepensliiHuMu Oazamu Ja-
Hux NoSQL), AWS EC2 (cepBic 004HCIIOBAIBHUX pecypciB y xMapHoMy cepenopuiti AWS), AWS SNS
(cepBic, sSIKUH T03BOJISIE CTBOPIOBATH Ta KEPyBAaTH TEMaMH IMOBiJIOMJICHb Ta PO3CHIIATH MOBiJOMIICHHS IO
pizHux tuniB orpumyadiB), AWS CodePipeline (cepric, sIKHii 103BOJISIE CTBOPIOBATH T4 aBTOMATH3YBaTH
NadIuIaiHy JJIs TI0CTa4aHHs MPOTrpaMHOro 3adesrnedeHHs B XxMapHoMy cepenoBuini AWS), AWS VPC
(cmyx0a, sika JTO3BOJIIE CTBOPIOBATH Ta HANAIITOBYBATH BJIACHI BIPTyaJibHI MEpEXi B XMapHOMY CEpello-
Buii Amazon Web Services), AWS S3 (XxmapHe CXOBHIIE TaHUX).

Kouxypenmni nepesazu AWS CloudFormation

['nmu6oka inrerpaitis 3 AWS. Ockinbku AWS CloudFormation € oxnum 3 cepriciB Amazon Web
Services, BiH TTHOOKO iHTErpoBaHuii 3 iHmMMHU cepBicaMmu AWS, mo 3abe3neuye iioro ehekTuBHEe QyHK-
IiOHyBaHHS B iHQpacTpykTypi AWS.

Macmra6oBanicte. [HcTpyment CloudFormation nerko macimrabyeTbes T poOOTH 31 CKIaTHUMHU
KOHQIrypalisiMi Ta BEJIUKUMH IPOEKTaMH, 3a0e3nedyroun eextuBHe yrpapiinisa [T iHppacTpykTyporo
Ha OyJb-KOMY PiBHI CKJIQHOCTI.

AxtuBHa cminpHOTa Ta pecypcu. AWS CloudFormation mae yncenpHy Ta akKTHBHY CIHIJIBHOTY KO-

pHUCTYBaJiB Ta OMMPAETHCS Ha BEJIUKY KUIBKICTh HaWPi3HOMAHITHIIIMX PECypciB, TaKUX SK IMAOJIOHH Ta
pealibHi CUTYaTHBHI NPUKIAAH, IO COPUSE iX MIBUIKOMY BUBYCHHIO Ta BIOCKOHAIECHHIO.

Konxypenmni neoonixu AWS CloudFormation

CxJiaiHicTh OCBO€HHS. 3amyck Ta ynpaBiiHHs iHcTpyMeHToM CloudFormation Mosxe BUSIBUTHCH

HAJCKJIaJHUM 3aBJaHHAM JJIs1 HOBAayKiB, OCOOJMBO IPU BUKOPHCTaHHI HUMH CKJIQJHUX Ta OOMIMPHHX
ma6ionis [17].

MOXIUBICTh 3aTPUMOK B OHOBJICHHSX. OHOBJICHHS Ta HOBI (DYHKIII MOXYTh BBOIUTHCS 3 ICBHUMH
3aTpUMKaMH B OPIBHAHHI 3 IHIIMMH iHCTpyMeHTaMu ynpasiinas [T indpactpykryporo.
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[Hmi iHCTpyMeHTH 3 JermuM BHBYEHHSM. KOHKYypeHTH MOXYTh NPOIOHYBATH 1HCTPYMEHTH, SKi
BBaXKAIOTHCS OUIBII MPUHHATHUMH AJIS1 BUBYCHHS Ta BUKOPHCTaHHS, 0COOJIMBO IJIi MEHIIHUX 33 YUCEIIb-
HICTIO KOMaHJ Ta IPH peajizawii MeHII CKIaJIHUX IPOEKTIB.

Bincyrhicts inTerpaii 3i croponHimu xmapamu. AWS CloudFormation He miaTpumye iHTerpamiro 3
IHIIMMH TOMYJIAPHUMHU XMapamu, TakuMu sk, Azure abo Google Cloud Platform, mo Mosxe BUSBIATHCH
CYTTEBUM HEAONIKOM Juisd QipM Ta KOMIaHil, SKi BUKOPUCTOBYIOTH JEKiJbKa MOCTaYaJbHHUKIB XMapHHX
pitesns [18].

3arajbHAa XapaKTEePUCTHKA MPOrPaMHOIO0 iHCTpyMeHTy Ansible

Ansible — iHCTpyMEHT, KUl BUKOPUCTOBYETbCS AJISl aBTOMAaTH3aLlii yIpaBiIiHHSA KOHQIrypawLi€eo Ta
opkectpyBaHHs iHpopmaniiiHux cucteMm (ABTop — Michael DeHaan. Po3po6nuku — Red Hat. Ilepmmii
Burryck — 20.02.2012 p.)[20].

Ansible namucanuii Moo Python i1 posmoBcromkyerscsi 3 BuKOpucTaHHSAM Jimensii GPLv3.
Ansible € kTacHYHUM NPOrPaMHHUM iHCTPYMEHTOM, 1[0 BUKOPUCTOBYETHCS 71l YIPaBIiHHSI KOHDIrypyBaH-
HsM (Configuration Management) 6a30BO0 BiIMiHHICTIO SIKOTO Bij iHImmX iHcTpyMmeHTiB laC € came Horo
cneur¢iyne QyHKIioHaTBHE Tpu3HadeHHs. [linkpecanmo, Ko ocHOBHUM npu3HayeHHs [aC iHcTpyMmeH-
TiB, Takux 5K Terraform, CloudFormation, € popmyBanns IT indpacTpykTypu i B Apyry 4epry peajizaris
¢ynkuii ynpasninas icHyrouoro IT iHdpacTpyKTyporo, To OCHOBHUM NMPHU3HAYCHHSIM iHCTpyMeHTy Ansible
€ YIpaBJIiHHS BXE iCHYIOUOIO iH(ppacTpykTyporo. Ciin Big3HAYUTH, IO TOBOJI YacTO JaHi IHCTPYMEHTH
BUKOPHUCTOBYIOThCS AJisi cTBOpeHHS 1 ynpasiinas [T iHppacTpykTyporo, a B OKpeMUX BHIaJKaX BHKOPHUC-
TOBYIOThCS B KOMOiHOBaHOMY Tiaxoji. Hanpukian, 3a monmomororo Ansible rerepytotbest CloudFornation
MaHidecTH, sIKi BAKOPUCTOBYIOTBCS JUIsSl CTBOPSHHST HEOOXIIHUX pecypciB, micis 4oro Ansible mpomoBxkye
OLTBII TOYHE HATAIITYBaHHS CTBOPEHHX pecypceis [21].

Ansible BukopuctoBye “Push” meron ynpaBimiHHS KOHQIrypalisiMy, iHIIMMH CIOBaMH JJIsSi BHKO-
puctanHs Ansible He MOTPIOHO BCTAHOBJIOBATH arcHTH Ha CEpBEpax, SKUMH MOTPIOHO KEpyBaTH, JI0C-
TaTHBHO BCTAHOBUTH 3’ €IHAHHS 3 HIUMH 3a JIOMTOMOT00 ipoTokoiry SSH [22].

Server 1

' Server 2
ANSIBLE (

Server 3

Inventory (nepenik cepsepis) Playbook (iHTcpykuii)

Puc. 5 Cxema suxopucmannsn incmpymenmis Ansible ona ynpaesninnsa kongizypayicio cepeepis
6 IT ingppacmpyxmypi Hasedemo pao xapakmepucmux incmpymenmy Ansible:

JexnaparuBae koHbpirypyBanus. Ansible Bukopucrosye Y AML-daiinu mi1st onucy 0akaHoro CTaHy
cucteMd. MoXXHa BU3HAUYUTH XMapHi pecypcH, Taki K BipTyajbHI MAIIMHHU, MEPEXi, 0a3u JaHuX Ta iHIIi, i
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3aJaTH iXHI TapaMeTpu B KoHQirypariiaux ¢aitnax. Lle pobuts mpomec koudirypysanus IT iHdpa-
CTPYKTYpH 3pO3yMiIUM Ta KepoBaHuM [23-25].

Monyni anst xmapHux miatgopm. Ansible MiCTUTE B CBOEMY CKJIai MOAYJI Ui pOOOTH 3 Pi3SHUMHU
xMapHUMH TaTgopmamu, Takumu sk AWS, Azure, Google Cloud, i 6ararema iHmumu. L{i Moaymi n1o3Bo-
JsI0Th B3aeMogisiTi 3 APl xmapamu, cTBoproBaTH, MaciuiTaOyBaTH, abo BUIANSATH PECYpCH, BUKOPHUCTO-
ByIouH 3acobu Ansible.

Iarerpauis 3 iHmMMH iHCTpyMeHTaMu. Ansible MoXe iHTETrpyBaTUCh 3 iHIIMMH iHCTPYMEHTaMH Ta
cepBicamu. Hanpuknaa, MokHa cymicHO BUKOpucToBYBaTH Ansible 3 Terraform ans susnadenns sumy 1T
iHGpacTpyKTypH i mpH upomy 3aaiatu Ansible s koH}IrypyBaHHs pecypciB, o Oy CTBOPEHI 3 OTIO-
moroto Terraform.

Junamivne ynpasiiaas ¢aiinamu Inventory. Ansible Moke BUKOPHUCTOBYBATH JMHAMIYHI iHBEHTOP1
¢aiinu, B AKX 30epira€ThCsi Mepellik pecypeiB, sKi 3HAXOIATHCS MiA YHIPABIIHHAM, A5l aBTOMATHYHOTO
BHU3HAYCHHS Y XMapi HassBHHUX pecypciB. e 03Havae, 1110 € MOXKIIUBICTh J10/1aBaTH a00 BUAAISATH PECYPCH B
xMapi i npu npomy Ansible aBToMaTn4HO Bpaxye Li 3MiHU IIPU HACTYNHOMY 3amycky. Lle € ocob6nuBo ko-
PUCHHMM, Y BHUIAJKaX KOJH IiJ yrnpaBiaiHHIM Ansible 3HaX0IAThCSA OAHOYACHO COTHI YW HABITh THCSYI
3aiTHUX PECypCiB, L0 CYTTEBO YCKIaTIHIIO O MpoLe ypH BHECEHHS 3MiH y inventory dainu.

3axuct KoHDiNeHIIIHHOCTI JanuX. Ansible mo3Bossie mudpyBaTn KOHDINCHIIAHI JaHi, TaKi sIK mMapo-
ni um ximrodi APL, 3 MeTolo rapaHTyBaHHsI O€3leKH B MpoliecaX aBTOMaTH3alii yrnpasiiHHs xMapHoto IT
iHPPACTPYKTYpOIO.

Buxopucranns Jinja ma6noniB. [HcTpyMeHT no3Bossie reHepyBatu Kubernetes manidectu Ta
CloudFormation ma6noHu 3 BUKOPHCTaHHSM YMOB, LIMKJIIB, MOKJIHUBICTIO BUKOPHUCTAHHS 3MiHHHUX, IO
3HAYHO IMiJIBUIIY€ THYYKICTh TPOIIECiB KOHQITYpyBaHHSI.

Buxopucranns konekuiit Ansible Galaxy. Ansible Galaxy — onnaiiH-pecypc Ta KOMaHIHUN IHCTPYMEHT
Juisl OOMiHY, TIOIIYKY Ta ieHTudiKalii ponei B Ansible, siki BAKOPUCTOBYIOTHCS IS CTPYKTYpHU3allil Ta OBTO-
PHOTO BUKOPHCTaHHS BXe c(OopMOBaHOI KOH(Irypauii Ta paHim BupimieHux 3agad. Ansible Galaxy nossosse
KOPHCTyBadaM 3HaXOIHUTH, CIIJIBHO BUKOPUCTOBYBATH Ta BHOCUTH 3MiHH B KOJIEKLIT posei Ansible.

3aranom Ansible sk 1 Terraform, na Bigminy Bix AWS CloudFormation, Hajae MOXKIUBICTh aOcTpa-
TYBaHHS BiJl KOHKPETHUX JeTaledl XMapHuX miaardopm, mo ao3Boisie edexktnBHO ynpasuartu 1T indpa-
CTPYKTYPOIO B Pi3HHX THUIAX XMap 3 BUKOPHCTAHHSM “YHIBEPCATBHOTO”’ MPOTrPaMHOI0 iIHCTPYMEHTY.

Hagenemo npukian Ansible kony ans ctBopenns EC2 Bipryansaux mamud B AWS Cloud:

- name: Launching EC2 instances
community.aws.ec2_instance:
#aws_access_key: "{{ec2 access key}}"
#aws_secret key: "{{ec2 secret key}}"
profile: "{{ aws_boto_profile }}"
key name: "{{ aws demo key }}"
security group: "{{ aws_security group }}"
instance type: "{{ item.value.instance type }}"
image id: "{{ aws ami id }}"
state: present
wait: yes
wait_timeout: 300
region: "{{ aws region }}"
tags:
Name: "{{ item.value.name }}"
detailed monitoring: no
vpce subnet id: "{{ vpc subnet list | random } }"
network:
assign_public_ip: yes
loop: "{{ lookup('dict', ec2 new _list, wantlist=True) }}”
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Ilepesazu npoepamnozo incmpymenmy Ansible

[epeniuumo nepeBaru, NpuTaMaHHi porpaMHoMy 3aco0y Ansible

[Ipocrora BUBUCHHS Ta BUKOPHCTaHHS. Ansible BiioMUit SIK TOBOJII IPOCTHIA IHCTPYMEHT, 110 JICTKO
miaaeThCs BUBUEHHIO. Moro KoH(irypyBaHHs BinOyBaeThcs 3a I0moMoroo cuutakcucy YAML, mo po-
OWTH FOTO JIETKO TOCTYITHUM TIPH MEPIIOMY 03HAHOMIICHH.

AreHr-necc apxiTektypa. Ansible mpaltoe 3a NPUHIMIIOM “‘areHT-jiecc”, 0 03HAYa€ BIJACYTHICTh
HEOOX1THOCTI BCTAHOBIIIOBATH areHTH Ha BigjajeHux cuctemax. Lle cmpornye mporeaypy HOro BUKO-
PUCTaHHS Ta MiATPUMKH.

Kpoc-mmnardopmuicts: Ansible miarpumye Kpoc-rutat¢opMHI OmepaliiifHi CUCTEMH, IO J03BOJISIE
YIPaBISATH iHYPACTPYKTYPOIO 3 BUKOPUCTAHHSIM CHUCTEM Pi3HUX THIIIB.

MacmraboBanicte. [HcTpymMeHT Ansible nerko mMacmTalOyeTbest Uist poOOTH 3 BENMKHMH 1 CKIIQJI-
HUMH 1HPPACTPYKTypaMu Ta MacHBOM HAMpPI3ZHOMAHITHIIINX TPUCTPOIB.

InTerpanis 3 iHIMMMH iHCTpyMeHTaMH. Ansible 100pe IHTErpyeThes 3 iHIIMMU IHCTPYMEHTaMH 1 CepBi-
camu, TakuMH sk Jenkins, Docker, Kubernetes ta in.

CrinbHoTa Ta pecypcu. Ansible Mae akTHBHY CHIJIBHOTY KOPHCTYBadiB, a TaKOX OOIIUpHY 0azy
3HaHb 1 pecypciB, Ka MICTUTh TOTOBI MOJIYJi Ta MIA0JIOHH.

Heoonixu, npumamannui Ansible

3arpuMku y peanbHOMY 4aci. Ansible mpaitoe uepes nmpotokon SSH Ta He Haja€ MOKIMBOCTEH IS
MOHITOPHHTY Ta YIPABIiHHSI B PEXKHUMI PEATHHOrO Yacy, MI0 MOXKE OYTH KPUTHYHHM HEIONIKOM JUIs
JIeSKHX CIIEHapiiB.

[[IBunKicTh BUKOHAHHsS. Y TIOPIBHSHHI 3 iHIIMMH iHCTpyMEHTaMH aBToMarw3allii, Ansible B nmeskux
CLIEHapisiX MoXe OyTH MEHII MPOAYKTUBHUM, OCOOJIMBO 1€ CTOCYEThCSI POOOTH Y BEIMKHUX iHPPACTPYKTypax.

OOMexeHHS ANl AWHaMivyHUX KoHGirypauid. [ns nmuHaMidHOro KOHQIrypyBaHHS, TaKOTO, SIK
TrOpPHU30HTAJIbHE MaclITa0yBaHHsA, Ansible MoXe BUMaraTy J01aTKOBUX HANAIITYBaHb.

BincytHicTs MexaHi3MiB BeneHHs icTopii 3MiH. Ansible He Hagae BOymOBaHOrO MexaHi3Mmy st 30epi-
TaHHS Ta BiICTEXEHH iCTOPii 3MiH KOHDIrypyBaHHS.

HenoctraTtHbo po3BHHEHI MOXXJIHMBOCTI MOHITOpHHTY. B Ansible meHme po3BuHEHi 3ac00M MOHI-
TOPHUHTY MOPIBHSHO 3 IEIKUMH KOHKYPYIOUMMH 1HCTPYMEHTAMH, 10 MOXKE OYTH KPUTHYHO Ba>KIMBUM JJIS
CLICHAPIiB 3 BEIMKOIO KiIBKICTIO CEPBEPIB.

BucHoBku

ChorosieHHs HayKOBO-BUPOOHHUOI ramy3i KOMIT'IOTHHTY XapaKTepH3YETbCS CTPIMKUMH iH(opMa-
LiITHO-TEXHOJIOT1YHUMH MIPOPUBAMH, OJHUM 3 SIKUX € MPOPHUB OB S3aHUN 3 PO3BUTKOM Ta MacIUITaOHUM
BTUIEHHSIM cucTeMHOI MeTozoiorii DevOps. 3a3HaueHa MeTOI0JIOTisI NPUPOAHIM YMHOM peallizye YOTUPU
€TaIu XUTTEBOTO LUKITY CKIaTHUX iHOpMaLifHUX CHCTEM, CaMe CUCTEMHOTO aHali3y, CHCTEMHOTO Mpo-
€KTYBaHHS, CHUCTEMHOI iHTerpamii Ta CUCTEMHOro aAMiHICTpyBaHHsA. Take CIpUHHSATTS Ta y3aralbHEHHS
00’ekTy Ta mpeamMeTy Metoponorii DevOps € HamiiHO BepH(iKOBaHUM BIPOIOBK BCHOTO IEpiofy pos3-
BUTKY Ta YMCEIbHUX BTUIEHb KOHIENTY “‘CKiIaaHa iH(popMmaliiiHa cuctema’”.

ABTOpH CTaTTi TpoaHanizyBanu ocobmuBocti Merofuku laC, sika € ONHIEI0 3 BAXIIMBUX Ta aK-
TyaJIbHUX B KOHTEKCTI BIpOBaKeHHs MeToaoorii DevOps B kopniopatuaux [T iHdpacTpykTypax. Po3-
[JISSHYTO OCOOJIMBOCTI JCKJIAPAaTHBHOI'O Ta IMIIEPATUBHOTO IMiIXOAIB B peaizamisx Metoauku laC.

VY poOoTi mpoBeACHO MOPIBHSIHHS YOTUPHOX IMOMYISAPHUX I1HCTPYMEHTIB, SIKi BUKOPHUCTOBYIOTHCS
it yrnpasninas [T inpactpykrypamu B xmapax: Ansible, Terraform, CloudFormation Ta ARM. Ilpoana-
Ji30BaHO 0COOJMBOCTI, mepeBard Ta Hepomiku Ansible, Terraform, CloudFormation Ta ARM, a Takox
cueHapii ix 3actocyBanHs. ChopMOBaHO Ta OOIPYHTOBAHO BHCHOBOK IIPO T€, IO KOXKEH 3 IHCTPYMECHTIB
Mae THI¥BiIyanbHy Hilly Ta cneimiky npyu BUKOpUCTaHHI. Ha paHuii yac He iCHye yHIBepCaJbHOTO 1HCTPY-
MEHTY, SIKUH 3a/I0BUILHSB OW TIOBHUIA criekTp moTped. OOupaTH iHCTPYMEHT PEKOMEHIYETHCS B 3aJICK-
HOCTI BiJI KOHKPETHUX MOTPeO, el Ta BUMor. ChopMOBaHO MHOXKHWHY KPHTEPIiB, SIKi BAKOPHUCTOBYIOTHCS
B Mpollecax TMPHUUHATTS BIIMOBITHUX pimieHb. MoBa 30Kkpema iJie po: MOJYJIBHICTh Ta YHIBEPCAIBHICTD;
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BuKopuctanHst AWS 4y Azure B SIKOCTI OCHOBHOT XMapHOI TIIaTGOPMH, THYUYKICTh Ta KOHTPOJb MPOIIECiB
aBTOMaTH30BaHOTO KOH(irypyBaHHs Ta ynpasininas B [T indpactpykrypax. [Tomanbmn mocmipkeHHs 30ce-
peIKyBaTHMYThCS Ha (opmaiizaiii mporeayp BHOOPY NMPOrpaMHHUX IHCTPYMEHTIB JUIsi aBTOMAaTHU3aIlii
¢yHKnid posroprands Ta ynpamiuinas IT iHdpactpykTypamu 3 Bukopuctanusam meronuku laC. [epen-
OauaeThsCs PO3pOOICHHST METO/IIB, SIKi 0a3yBaTUMYThCs Ha OHTONOTIYHOMY miaxoni no [aC ta anropurMax
MAaIIMHHOTO HABYaHHS.
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The work by the authors, using a systematic approach, analyzes a group of software tools that are
functionally oriented towards the automated implementation of configuration and management
processes in IT infrastructures. The research profile focuses on a methodology known in the
professional environment as “Infrastructure as Code” (IaC) and is one of the foundational
methodologies implemented in a systemic combination within the DevOps methodology. This methodology is
actively used in processes of dynamic formation, deployment, and maintenance of corporate IT
infrastructures in many modern successful high-tech companies to achieve the best business performance,
efficiency, guaranteed success, and security. The article discusses two basic approaches to building software
tools that implement the IaC methodology, namely the declarative and imperative approaches.

The main emphasis is placed on the formation of a set of advantages and disadvantages inherent
in software tools such as Terraform, ARM, Ansible, and CloudFormation. The focus of researchers on
these four software tools is explained by their leading positions in a fairly extensive lineup of possible
alternative software products that allow for a comprehensive implementation of the IaC methodology in
the context of full and functional systemic deployment of the DevOps methodology in specific
implementations of corporate IT infrastructures. The authors' generalized conclusion of original
scientific research is that there is currently no single clearly distinguished universal software tool among
others that fully satisfies the entire spectrum of requirements and needs. Potential users in this context
are communities of DevOps professionals and clients — owners and managers of modern dynamic high-
tech and successful companies, firms, and businesses that rely on modern information systems and
technologies.

Key words: software tools, DevOps methodology, IaC methodology, automation of configuration
functions, IT infrastructure management, declarative approach, imperative approach.



