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IIpocpeccuenvie memoovt DevOps, ucnonv3yemule npu Co30aHUU NPOSPAMMHBIX NPOOYKMOS, NPOHUKA-
10M 8 pazHble 0OIaACmU, BKIIOYAs 00pazoeanue. B cmamve onucanbl 603MOACHOCHU NPUMEHEHUSL HO20 NOOXO-
0a 01 YIyuuerus npoyecca Co30aHusi U NOOOEPICKU INIeKMPOHHLIX 00PA308AMENLHbIX Pecypcos U 6eo-
CEPBUCOB, UCNOTL3YIOWUXCSL 8 00PA306aMETbHOM NPOYecce, YKA3bl8Aemcsi KOHKPEMHbIUL CIMeK MexXHOIO0SUL, UH-
CMPYMEHMO8, KOmopble MO2ym Oblmb UCNONIb308aHblL NpU co30anuu coocmeerno2o 0P, npueedenvl npumepbi
KOH@U2YPAYUOHHBIX (PatLios 015t ABMOMAMU3AYUL NPOYECCA PA3EEPMbIEAHUSL.

Merononorus DevOps (akpoHuM, oOpa3oBaHHBIN K3 vacted cioB «developmenty» u «operationsy)
HperoaraeT peaju3aluio Pa3IMYHbIX MPAKTHK, MOAXOIO0B, NMPUMEHEHHE CIELUAIU3UPOBAaHHBIX UHCTPY-
MEHTOB, HaIIPaBJICHHBIX Ha COKPAILICHNE PEJIM3HOTO IIUKJIa IPOrPAaMMHOTO MPOIYKTA, @ TAKKE 0COO0N MHKe-
HEpHOW KyJbTYypbl BHYTPH KOMaH/bl, pazpabatbiBatomieil mpoaykT. DevOps, kak u HekoTopsle apyrue IT-
TPEH[IbI, TIOCTENIEHHO BHEAPSETCS B JpYyrue oONacTh NEITENbHOCTH, B TOM YHCIEe M B 00pPa30BaTEIBHHYIO.
JlaHHas METOAOJIOTUS HANPSAMYIO BIUSIET KaK Ha 00JacTbh Pa3pabOTKM 3JIEKTPOHHBIX 00Opa30BaTeIbHBIX pe-
CYpCOB, TaK U, Ha 00JIee BEICOKOM YPOBHE a0CTPAKILIUU, MOKET BUJJOU3MEHATD KU3HEHHBIA LUK IPOEKTUPO-
BaHUS U pealn3alliy HEOCPEeICTBEHHO 00pa3oBaTelbHOro KOHTeHTa. PaccMoTpum noapobHee, KakuM obpa-
30M npakTuku DevOps BO3MOXHO MNpuUMEHATh Hpu paszpabotke DOP u oOpa3oBarenbHbBIX BeO-
MIPUITOKEHUH.

B Hacrosmiee BpeMs 111 BceX y4acTHHKOB 00pa30BaTeNbHOIO IPOIEcca OUEBUIHO MOJI0KUTETBHOE
BIIMSIHAE PUMEHEHUs! SJIEKTPOHHBIX 00pa30BaTelIbHBIX PECypcoB Ha mporiecc o0ydenus. B [1] ormeuaercs,
YTO MpEJCTaBIeHUE y4yeOHOro mMarepuasia B 3JIEKTPOHHOM BHJE CPEIACTBAMH COBPEMEHHBIX AJIEKTPOHHBIX
TEXHOJIOTUH AT BO3MOKHOCTh OPHEHTUPOBAThCS HA MICUXOJIOTMYECKHE OCOOEHHOCTH KaXJ0ro 00ydJaromero-
csl.

M. B. MaxmytoBa, E. 1. Cennuena, O. A. AKMMOBa BBIACISAIOT TPU 3Tara pa3pabOTKH AJIEKTPOH-
HOT0 00pa30BaTEIbLHOrO pecypca: KOHIenus, peanu3anus 1 BHeapenue JOP B yueOHbIil nponecc [2].
Peanu3anus nepBoro M TPEThEro ATANOB 3aBUCHUT, IPEXK/IE BCET0, OT 00pa3oBaTeIbHbIX 3a/1a4 U JUIAKTH-
YECKUX NMPUHIUIOB pa3paboTku. BTopoii sTan 3HaUNTENbHO 3aBUCUT OT IPUMEHSIEMbIX TEXHOJIOT .

OnHUM M3 BUJIOB 3JIEKTPOHHBIX O0pa30oBaTEIbHBIX PECYPCOB SBISETCS BeO-caiiT. DTO OIUH U3
croco0oB pa3mernieHus: yueOnor mHpopmarmu B cetu MutepHer. CyiecTByeT OONBIIOE KOJIMYECTBO
TEXHOJIOTUIl U METOJ0JI0rui pa3paboTKu BebO-caiiToB. Hampumep, coBpeMeHHBIM MHCTPYMEHTOM pa3pa-
OO0TKHM 3JIEKTPOHHBIX 00pa30BaTENbHBIX PECYPCOB SABIISETCS T€HEPATOP CTATUYECKUX CalTOB [3].

DneKkTpoHHbIe 00pa30BaTENIbHBIE PECYPCHl CO3JAIOTCS ¢ MPUMEHEHHEM COBPEMEHHBIX TEXHOJIO-
r'uil, 4acTo TpeOyromuX OT pa3paboTyrKa 3HAHUS IPOrpaMMHUpPOBaHus. B CBsI3u ¢ 3TUM aKTyaJlbHBIM $5B-
JsieTcsl IPUMEHEHNE B 00pa30BaHUN COBPEMEHHBIX NMPAKTHK pa3pabOTKH MPOrpaMMHBIX POITYKTOB.

BHenpeHnne coBpeMEHHBIX MPAKTUK U METOJOJIOTUI MO3BOJISIET YIPOCTUTH pa3pabOTKy pecypca.
OpnHolt u3 Takux NpakTuk sAsisiercs DevOps.

DevOps — 310, B mepByt0 O4epenb, MPAKTHKH W MHCTPYMEHTHI, HAIIPABICHHBIC Ha IMOBBIIICHUE
3¢ (eKTUBHOCTH U 0OecrieueHre BO3MOKHOCTH BBIITyCKa MPOAYKTA B JII000H MOMEHT. DTO oOecreunBaeT-
sl 3a CUET MHTErpally U aBTOMATHU3alMH TOBTOPSIOLINXCS ONepaluil.

s nmpumenenust DevOps TpeOyroTcst onpeenéHHble KOMIIOHEHTHI, CPeld KOTOPhIX MOXXKHO BBI-
JENIUTh CIIEAYIOLUE: CHUCTeMa yIpaBlieHusl BepcusMu (version control system), cucrema HENpepbIBHOM
UHTErpaluy 1 HerpepsiBHOTO pa3BépThiBanus (CI/CD), cuctema KOHTeHHEpHU3alnu.

DevOps MOKeT MpUMEHSITHCS IPU pa3pabOTKe AMEKTPOHHBIX 00pa30BaTENbHBIX PECYPCOB, yuel-
HBIX TIPUJIOKEHUM.



CucrteMa KOHTPOJI BEpPCHil SIBISETCS OCHOBHBIM KOMIOHEHTOM DevOps. DTo mnporpammHoe
o0ecrieyeHue, NpeaHa3HauYeHHOEe sl paboThI ¢ U3MeHstomeics nHpopmanueil. Crucrema mo3BOJISIET Xpa-
HUTH Pa3HbIC BEPCHH OJTHOTO JOKYMEHTA.

Camoii pacpocTpaHéHHON CHCTEMON KOHTpouis Bepcuil siBisieTcs Git. Cpenn cepBUCOB C peasu-
sanmeii Git MoxxHo BeIaenuTh GitHub, GitLab, GitFlic.

[Tpu pa3paboTke IEKTPOHHBIX 00pPa30BaTEIbHBIX PECYpPCOB, BHIITOJHEHHBIX B BHJI€ CTATHYECKUX
caiiToB, MOMUMO MpakTHK DevOps 1ienecoo0pa3Ho MpuMeHsITh oaxobl Jamstack.

Jamstack npencrasisier co60i METOOIOTHIO, MOAXOA K pa3paboTke BeO-caiiToB. OH MO3BOJISET
OBICTPO CO3/1aBaTh U OOCITY)KMBaTh CTaTHUECKUE BeO-caiiThl. CBOMCTBAMU MOAX0/A SIBIISICTCS MPEIBAPH-
TelbHass COOpKa CTpaHMI[ M WX XpaHCHHWE B CeTH aocTaBku cozaep:kumoro CDN — content delivery
network. TunuunabiM puMepoM cepBuca, npenocrasistoniero CDN, ssisercst Cloudflare. KiroueBbim
KOMITOHEHTOM Jamstack siBJsieTcst TeHepaTop CTaTHYECKUX CANTOB.

CymecTBYIOT pa3Hble MOAXOJBI K CO3JaHUI0 BeO-CATOB C TOYKH 3PEHUS MPUMEHEHHUSI CUCTEMBI
KOHTpOJIsA Bepcuid. BaxkHbIM siBiisieTcs BiOOp moaenu BeTBiaeHus: Git Flow, GitHub Flow, GitLab Flow.

Git Flow peanu3yeT OCHOBHBIE IPUHIIUIIBI pa3pabOTKH MPOJYKTOB B CUCTEME KOHTPOJISI BEPCUHA €
y4€TOM penu3HbIX NUKIOB (cM. Puc. 1). [IpumeHeHne HaHHOW MOJENN TO3BOJISET BBIMYCKATh CTAOMIIb-
HBIE BepcuH pecypca. K HemocTtatkaM MOXXHO OTHECTH CIOKHOCTH CXEMBI pa0OTHI, a TAK)KE HAIMYHE 3a-
JICPKKH ITyOJIMKAIIMA TOTOBOM BEPCHH.

main O
hotfix

release

develop

feature O O

Puc. 1. Mooenw Git Flow

GitHub Flow peanusyer ocHOBHBbIE MPHUHIMIBI pa3paboTku 0e3 yuéra penu3HbIX HUKIOB. [lpu
NPUMEHEHUH TaHHOM MOJIeNTM TOTOBas BEPCHsI MPOJYKTa IMyOJIUKyeTcs: cpasy. Mojens sBisiercs Ooree
poCToil U Mpo3padyHoil [uia pa3padboTunka. HeqoctatkoM Mozenu siBIsieTCs TO, 4TO OHA TpedyeT BhICO-
KOH CTeNeHN aBTOMATH3aIUHU TPOIIECCOB TECTUPOBAHUS U IyOJINKAILINH.

GitLab Flow o0benunsieT npenmyiiecTBa pacCMOTpeHHbIX Mozeneit. Ona cxoxa ¢ GitHub Flow u
IIPY TOM II03BOJISIET KOHTPOJIUPOBATH BHITYCKH MPOIYKTa, Kak pu npumenenuu Git Flow.

Bbosiee moapoOHO AaHHBIE MOJENIN PAaCCMOTPEHBI B cTaThe [4].

[IpumeHeHne pacCMOTPEHHBIX MOJENEH MOXKET ObITh M30BITOYHBIM NPHU Pa3pabOTKe HEOONbIINX
pecypcoB, HO UMeeT OO0JIbIIOe 3HAaYeHUE, €CIIU pecypc pa3padaThIiBaeTCs COBMECTHO C OO0yYaroIIMMUCS
WIN APYTHEMH TIPETOIaBaTeIIIMH.

Baxxnoii cocrasmsromieit DevOps siBisiercst cucrema CI/CD — HernpepbIBHOM MHTETpaliiy U HENpephbIB-
HOTo pa3BEpThIBaHMSA. [Ipu 9TOM MCXOIHBIN KOl XpaHUTCSI B CUCTEMe KOHTpoIs Bepcuid. Ecim ncmonbsyercst
Git, To pa3zpaboTKa MOKET MPOU3BOAUTHCS B COOTBETCTBUM C OJHOM U3 PACCMOTPEHHBIX MOJIENel BETBIICHHSI.

Paznmuunbie onepaimu, Takue Kak cOOpka (IJIs1 CTaTHYECKOTO CaifTa), TECTUPOBAHUE, MTyOJIMKAIS pPe-
Cypca, 4acTO BBINOJHAIOTCS B PYYHOM pexuMe. ABTOMATH3AIMS TOBTOPSIOIIMXCS OIEpalfii MO3BOJISET
YMEHBIIUTH BpeMsi, HEOOXOMMOE /TS BHECEHHS N3MEHEHHHA.

ITpu npumenennn CI/CD npou3BOASTCS aBTOMAaTHU3MPOBAHHbIE COOPKH, CAWT WU MPHIOKEHHE
OOHOBIISIETCS KOPOTKUMH HUTEPAITUSAMH, ITyOIHKAIHMS TPOU3BOJUTCS B aBTOMAaTHYeCKOM pexume. Ctanuu
BBITTOJIHSIOTCS T1OCJIE 3aTPY3KH U3MEHEHH B PEMTO3UTOPUI CHCTEMBI KOHTPOJISL BEPCUH.

Cy1iecTByeT HECKOJIBKO OCHOBHBIX CIIOCOOOB pa3MelleHus CalTOB:

- UCIIOJIb30BaHUe CepBUCOB OecraTHOro xoctunra (Hampumep GitHub Pages, Bitbucket Pages,
GitLab Pages);

- UCTOJIb30BAaHUE YCIYT MPOBAWEPOB IJIATHOrO XOCTHHTa (Hanpumep, Anaexc.O6mako, Amazon
Web Services, Google Cloud, Microsoft Azure u ap.);

- pa3MmeleHue caifta Ha COOCTBEHHOM CepBEpe WM BUPTYaJIbHOW MalliHe (HapuMep, UCTIONb3Ys
takue TexHonoruu kak Docker, Kubernetes u ap.).



N3 ykazaHHBIX BBIIIE CIIOCOOOB MOKHO BBIJIETUTH BTOPOM CIIOCO0, B HETO OT/ACIBHON KaTeropuei
MOYKHO BKJIFOUUTbH TaK Ha3bIBaeMble shared-XOCTHHIH (KOT/a Ha OTHOM (PM3MUECKOM CcepBepe pacroiara-
€TCsl HeCKOJIbKO caiToB). [Ipu BeIOOpE TpeThero crocoba, yKazaHHOTO BBIIIE, COOCTBEHHBIN CEPBEP MO-
XKeT ObITh BHUPTYAIbHBIM WM peajbHbIM. B 3TOM ciiyyae oObIYHO ynmomuHaroT abOpeBuarypsl VPS u
VDS.

[Iponecc myOnukanuu caifTa u 1eATENbHOCTh, KOTOpAsi AOJDKHA ObITh BBHIIIOJIHEHA B paMKaX 3TOTO
mpolecca, BO MHOTOM 3aBUCHT OT BBIOPaHHOTO crioco0a.

OnHako, HEOOXOAUMO 3aMETUTD, YTO OOBEIUHSIOMNM (PAaKTOPOM BHE 3aBUCHMOCTH OT Criocoda pas-
MellleHHs1 OyIEeT UCIIOb30BaHUE MEXaHU3Ma, IPU KOTOPOM COOpKa MPOU3BOAUTCS aBTOMAaTUYECKU C HCIIONb-
3oBaHreM TexHosorun GitHub Actions wiu ananoros (Hampumep, GitLab CI/CD), koTopas mpeaocTaBisieT
BO3MOYKHOCTb 3aITyCKaTh CKPHIITHI, TECTHI U 33/1a4H, TIOMOTAIOIIHE OAICP)KUBATH KAYECTBO KO/IA M YCKOPSITh
BBIITYCK HOBBIX Bepcuil puiokeHnid. C momoripro GitHub Actions MOXHO JIeTKO MacITabupoBaTh MPOIIECe
pa3pabOTKH U YIIPABIATh PAOOUMMU MPOLIECCAMH /IS PA3IMYHBIX TIATGOPM U OKPYKESHUH.

OcHOBHBIE TIPUHIIMUITBI COOPKU U MyOJIMKAIIMKA CTaTUUECKUX CAalTOB Y Pa3IMYHbIX CEPBHUCOB (HAIIPU-
mep, Takux kak GitLab CI/CD u GitHub Actions) cxoxu, omuineM 3Tu npuHIUNBI Ha npumepe GitHub
Actions.

Jist myOnmuKanuu TpeOyeTcsl BHIIOIHHUTD CIICAYIONINE [Iaru:

1. Coznanue penosutopus Ha GitHub, eciiu oH oTcyTCTBYET

2. 3arpy3ka Tyna Habopa UCXOTHBIX (DANIOB It COOPKH (ISl KaXKI0T0 reHepaTopa CTaTHICCKIX
carToB HAOOp ATUX (PailIOB MOXKET OBITH Pa3HBIM).

3. Coznanue (aiina padoduero mporecca (workflow) B pemosuropun. daiin pabodero mporecca
conepkuT uHCTpyKiuu A GitHub Actions, KoTopble OnpenenstoT, Kakue 3a/1a4u JI0JKHBI BHITTOTHSATHCS
Y TIPY KaKUX yCJIOBHSIX.

4. Hacrpoiika ¢aiina pabouero mpoiecca. B daiine pabouero mporecca yka3bIBalOTCS KOMaH/IbI,
KOTOPBIE JTOJKHBI BBIITOJHATHCS TIPH ONPEICIIEHHBIX COOBITHX, TAKMX KaK OTIpPaBKa N3MEHEHHIA B pEro-
3UTOPHIA, CO3aHKE 3alpoca Ha ornepanuio pull-request unu co3nanue HOBOTO Tera.

5. KoMmumsinus ¥ ymakoBKa CTaTUYECKOTO caiTa. JTOT 3Tam OOBIYHO BKIIIOYAET COOpPKY KOAa,
MUHU(DUKALNIO U KOHKaTeHAIMIO (ailyioB, a TakKe CO3/IaHHe apXUBa WM MaKeTa.

6. TectupoBanue caiita. Ha 3ToM 3Tane BBITOTHSIIOTCS aBTOMAaTUYECKHE TECTHI ISl IPOBEPKH pa-
60TOCIIOCOOHOCTH CcaifiTa M KayecTBa KOJa.

7. Pa3BeprhiBanue caiita. [locne ycnenHo cOOpKHM M TECTUPOBAHUSA CAaUT MOXKET ObITh pa3Bep-
HYT Ha cepBepe win B obnaunoil cpene. GitHub Actions mpenocraBiseT MHTErpanuio ¢ pa3iMyHbIMU
cepsucamu, TakuMu kak Netlify, Vercel u AWS Amplify, ans ynpouienust nporecca pa3BepTbIBaHUS.

8. MonuTopuHr u noruposanue. GitHub Actions Taxke mpemocTaBisieT BO3MOKHOCTH 715l MOHUTO-
pHIHTa U JIOTHPOBAHUSI BBITTOJHEHUS pA00YHX TIPOIIECCOB, YTO ITO3BOJISIET OTCIICKUBATH COCTOSIHIE COOPOK.

Dranbl, HAYUHASI C 5 10 7 BBIMOIHIIOTCS OOBIYHO BHYTPH OAHOTO 33/1aHHs, B U30JIMPOBAHHOMU Cpe-
JIe WA «KOHTEUHEPEY.

Cam 1o cebe pabounii mponece i workflow MOXKeT COCTOSATh U3 OJJHOTO MM HECKOJBKUX «pa-
60T» nnu «3ananuit» (“jobs” B repmunonorun GitHub Actions), BeIIIOJIHEHHE KOTOPBIX MOKET OBITH 3a-
TUTAHUPOBAHO co37aTesieM (aiiyia Kak MmociaeI0BaTeNbHO, TaK U MapajliebHO I 3a/laHui, He 3aBUCSIINX
JpyT OT Ipyra (Hanpumep, MUHHpUKausa html u komnunsanus css).

Kaxnoe 3ananue, B CBOIO o4epe/ib, MOKET OBbITh pa30HMTO Ha ele 0ojee HeOObIINE COCTABISAIO-
1I1e, Ha3bIBaeMble «aru» («steps» B TEPMUHOJIOTUU CEpPBUCA), KOTOPbIE PEaM3yIOTCsS B U30JIMPOBaH-
HOM npocTpaHcTBe. OnucaHHbIN Bbllle pabounii mpoliecc npeacTaBieH Ha cxeme (cM. Puc. 2).
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Puc. 2. Cxema ycmpoiicmea pabouezo npoyecca 6 cpede Github Actions



Becwr mpormecc omuckiBaercs BHyTpu (aitna Y AML-¢aiina, KOTOPBI COCTOUT W3 HECKOJIbKHX
CEeKIIM, KakJasi U3 KOTOPBIX OMHCHIBAET ONpEACICHHBIN ATan pabodero mnpoueca wiv 3ajaady, cam (aiin
TaKXe JIOJDKEH HAaXOJUTCS B PEHO3UTOPUHU C COJCPKHMMBIM pa3BepTbiBaeMoro caita. Kaxknas 3amada
IperoiaraeT HaIMYHe Kakoro-mubo Imporecca, KOTOPbIi OyIeT BBIMOTHATHCS, COOBITUS, TIPU KOTOPOM
9TO MPOUCXOAMT U ONHUCAHMA 337a4M, KOTOPbIE BKIIOYAIOTCA B 3TOT npouecc. MMs nporecca 3agaercs ¢
NOMOIIBI0 aTpubyTa “name” W yepe3 ABOETOYME HJET caMO Ha3BaHue. ATpHOYT “on” ompenenseT mpu
KaKkoM COOBITHM 3ajjaua 3amyckaercs. Eciau Heo6xonumo cpabaThiBaTh B HECKOJIBKUX CUTYalUsX, TO OHU
yKa3bIBAIOTCS Yepe3 3alsATyI0 BHYTPU KBAJAPATHBIX CKOOOK (Hampumep, npu ykazanuu “[push, fork]” co-
OBbITHE 3aITyCKAETCs NP KaK0M push-oOHOBIEHUH WM IPU CO3JIaHUM OTBETBIICHUS PEO3UTOPUS).

Heo6x0a1M0 OTMETUTB, YTO NPH UCHOJIB30BAHUU JIIOOOI0 TeHepaTopa CTaTUYECKUX CAlTOB, BbI-
MOJTHEHUE ATAINOB PabOoYero mporecca, MpeanojaracT peajn3anuio OJHUX U TeX )K€ JTAaloB: OpraHu3a-
IIUIO CPEJibl BBINIOJIHEHUS, HEIIOCPEACTBEHHO peau3aliio cOOpKU 1 MyOIMKaLKIO Ha cepBepe.

Opranu3anys cpebl BHIIOTHEHUS BKIIOYAET B ce0s1 KOMMUPOBAHHUE MPEABAPUTEIHHO 3arPyKEHHbIX
B PEMO3UTOPUI UCXOIHBIX (DailIoB caliTa B Cpely BBITOJHEHMSI U MHCTAJULALUIO B 3TON cpeJie BHINOJIHE-
HUS CaMOT'0 TeHepaTopa CTaTUYecKux cailToB. Kak ObUIO yKa3aHO BBIIIE, Cpea BHIIOIHEHUS — H30IHPO-
BaHa, IO3TOMY BO3MO’KHO UCIIOJIb30BATh PA3JIMUHbIE IPOrPAMMBI-T€HEPATOPBI.

Oran peaymm3armu coopku B GitHub Actions aHasormueH ToMy Kak 3TO MPOUCXOAMT TPH BBITION-
HEHMHU Ha JIOKAJIbHOM KOMIIBIOTEPE.

Ortan nmy0auKanuy Ha cepBepe win pa3BepTeiBanuu (deployment), 00braHO, TpeOyeT ykazaHus ma-
paMeTpoB Ul NOJKIIOUEHHs K cepBepy (YCTAaHOBKY KJIIOUEH Ha cepBep Ui YAAJICHHOTO MOJIKIOYEHUs)
Y KOIMPOBAHUS COOPaHHBIX U TOTOBBIX K OTIpaBKe (pailyioB caiiTa Ha cepBep.

Paznenenue sTanoB Ha OT/ENbHbIE 3a/laHUs] HE UMEET MPAKTUYECKOIO 3HAUYEHUs, IOCKOJIbKY 3TO
HE TOJILKO MPUBOAUT K HEHY)KHOMY MOBTOPHOMY KOIMPOBAHUIO, HO U YBEJIMYMBAET BpeMsi cOOpKU. BrI-
00p re’eparopa He SIBJISETCS KPUTUYHBIM JUIsI OpraHU3aluy Imporecca cOOpKH, OH 3aBUCHUT OT IPEIIo-
YTeHUH U NoTpeOHOCTeN nosb3oBarens. i CpaBHUTEIBLHO HEOOJIBIINX CAUTOB, K KOTOPBHIM MOXHO OT-
HecTd, Hanpumep DOP 1o oHOH AMCHUIUIMHE, TPOU3BOAUTEIBHOCTh [€HEPATOpa, BEPOSITHO, HE OyAeT
SBIISITHCS 3HAYMMBIM (DaKTOPOM M HE OKAXKET JACHCTBHUS Ha BpeMs Ipoliecca COOPKU M pa3BepTHIBAHMUS, B
CHJIy TOTO, YTO 3Tall OpraHU3alMK CPebl UCIOJHEHUs 3aHMMaeT 3HAYMTENbHO OOJblle BPEMEHHU, YEM
caMm BpeMs paboTBl caMOro TreHeparopa craTuueckux (aiiioB. HeoOXxonmmo 3aMeTHTh, OJTHAKO, YTO CY-
IIECTBYIOT paboThl, IEMOHCTPHUPYIOIIHUE, YTO KPUTEPUH «KOIMUYECTBO (HailloB Ha caiiTe» UMEET MOJIOKHU-
TEJBLHYIO KOPPEISIIUIO CO CKOPOCThIO cOOpku [5]. Bpemsi cOOpku CalTOB, COCTOSIIUX M3 HECKOIBKHUX
CTpaHMIL, JJ1s1 OOJIBIIMHCTBA COBPEMEHHBIX TEHEPATOPOB BHE 3aBUCUMOCTH OT KOJMYECTBA ITAOB COOPKH
OyzeT He3HAUUTEIFHBIM 110 CPAaBHEHHIO CO BPEMEHEM, 3aTpaueHHBIM Ha TIOJIrOTOBKY CPEJIbI.

ITponeccrr HenpepbiBHOTO pa3BepThiBaHus (CI) n HenpepriBHOI noctaBku (CD) B pamkax MeTo-
nonorun DevOps i cpaBHATEIBHOTO HEOOJBIIIOTO CTATHIECKOTO CaldTa, B KOTOPOM OTCYTCTBYET HE0O0-
XOJJUMOCTb TECTUPOBAHUS, ABJISIOTCS aHATOTUYHBIMHU U1 OOJBIIMHCTBA T€HEPAaTOPOB.

[puBenem npuMep peaan3alyy mporecca COOPKH M pa3MENIeHHs CTATHYECKOTO caiiTa Ha XOCTUHTE, B
BHUJIE CXeMbl U KOHKpeTHoro YAML-daitna s reneparopa MkDocs ¢ ucnons3oBanuem cepsuca GitHub
Actions. Kak ObU10 yrnoMsHyTO BBIIE, JJIsI JPYTUX T'€HEPaTopoB CTAaTHUECKHX caiToB (Hampumep, Hugo,
Pelican, Nikola), srot npumep OyzaeT aHanoruuHbM. Cxema cOOpKH MpecTaBiIeHa Ha PUCYHKE 3 HIKe.

Checkout
(3arpyaka (hainoe U3 peno3uTopua)

MogroToeka cpegs

YeTaHosxa Python
BbINONHEHWA

YcraHoska reHeparopa MkDocs

Chopka Ctopka caitta

MoaroToExa K passEpThIEaHHD
(noDaeneHwe SSH-kMwya)

PazsépuisaHne

KonupoeaHwe caiTa Ha cepeep

Puc. 3. Cxema opeanuzayuu agmomamusuposanHol cOOpKu cmamuyeckozo catma c ucnonavsosanuem MkDocs



PaccmoTpum peanuzanuio mpuBEICHHON BBIIIE CXEMbl OPraHU3alMA aBTOMAaTU3UPOBAHHOU COOP-
k1 (cM. Puc. 4). IIpouecc crapryer npu BBINOJIHEHUH oriepanui «pushy B pernosutopuu ¢ dainamu caii-
ta. EquHcTBeHHas 3amava “job” ykaszanHas B (aiine ¢ HazBanueMm “Build and Deploy” BeimosHsieTcs B
W30JIMPOBAHHON cpefie ¢ onepannoHHou cucreme Ubuntu mocnenueit opunmansao nocrynHoi B GitHub
Actions Bepcun (3TO yKa3bIBaeTcs B arpubyTe “runs-on: ubuntu-latest”). B KoHIle CKpHUIITa BBIIOIHIETCS
KOIMPOBaHUE cOOpaHHBIX (hailyIOB BHYTPh KaTajora site/ yaaaéHHOTo cepBepa Ha XOCTHHTA.

name: Build and Deploy

on:
push:

jobs:
build:
name: Build and Deploy
runs-on: ubuntu-latest
steps:
- name: Checkout
uses: actions/checkout@v2

- name: Python Setup
uses: actions/setup-pythonfva
with:
python-version: 3.11.1

- name: MkDocs Setup
run: pip install mkdocs

- name: Build
run: mkdocs build

- name: Install SSH key
run:
install -m 6@8 -D /dev/null ~/.ssh/id_rsa
echo "${{ secrets.PRIVATE_SSH_KEY }}" > ~/.ssh/id_rsa
echo "${{ secrets.KNOWN_HOSTS }}" » ~/.ssh/knoun_hosts

- name: Deploy
run: rsync --archive --stats site/ ${{ secrets.REMOTE_DEST }}

Puc. 4. YAML-¢haiin ¢ peanuzayueti workflow coopxu u nybauxayuu caiima

3anaua «Build and Deploy», B cBOt0 ouepe/ib, COAEpKUT 6 MOCIe0BATEIbHO BBITOIHAEMBIX 11IArOB:

e ormepanus BBITPY3KH BCEro COJEPKUMOIO PEMO3UTOpUS B HU30JIMPOBAHHOE OKpPYKEHHE
(Checkout);

® MHCTALIAIMA HHTepHpeTaTopa si3bika Python (Python Setup) Bepcun 3.11.1;

® MHCTALIALMS IeHepaTopa CTaTHUECKUX CaTOB (KAaK yKa3bIBAJIOCh BBIIIE, HA JAHHOM LIare Mo-
KET yCTaHaBIuBaThes Apyroi reneparop) (MkDocs Setup) ¢ ucnonp3oBaHHeM KoMaHAbI pip install
(cranmapT A1 YCTaHOBKHM IMAKETOB B AKocucteMe Python);

e cOOpKa CTaTHYECKOro caiiTa U3 UCXOIHBIX (hailioB (0OBIYHO, MCXOJHBIMU (haiimaMu sBIAIOTCA
TeKcToBbIE (haiiibl ¢ pazmeTrkoid markdown) (Build);

e KomupoBaHHe (QailoB ¢ HacTpoiikamu ssh ans ynaneHHoro nojxmoueHus Kk cepsepy (Install
SSH key);

® HEMOCPEICTBEHHO pa3BEepThIBAHME cailTa M3 Karaiora /site, B KOTOpOM HaXOAHUTCs Mpeodpa3o-
BaHHBIX TE€HEPATOPOM KOHTEHT, Ha XOCTUHT yhaieHHoro cepsepa (Deploy).

Crnenyer OTMETUTh, YTO /0 BBIIIOJHEHUS ONEpalM pa3BEPThIBaHMS, BBINOIHIIOMIETOCS C IIOMO-
b0 JaH-HOTO CKPUIITa, HEOOXOAMMO CO3JaTh U HACTPOUTH YIAJIEHHBIN cepBep: COOCTBEHHBIN WM Ha
MOITHOCTSIX XOCTHUHT-TIpOBaiijiepa. DTarn HacTpoiika BkitoyaeT ycraHoBKyY [1O ¢ BeG-cepBepoM U reHepa-
1uio ssh-kiroya root-mosib30Batess s 1ocTyna 0e3 mapoJisi Ha CO3/IaHHbIN cepBep.

VYKkazaHHbIE B CKPHUIITE C TIOMOIIbIO IBOMHBIX (PUIYpHBIX CKOOOK 3HAYEHHUsI MEPEMEHHBIX (HApH-
mep, “secrets. PRIVATE SSH KEY”, Ha3biBaeMble TakkKe «II€PEMEHHBIMH OKPYXKEHUS») 3aJaloTcs B
HACTPOMKAxX PErno3UTOPUS M MOTYT OBITh M3MEHEHBI B Jr000e BpeMs. Xopolas MpakTHKa He (GUKCHPO-
BaTh B CKpUITE COOPKU 3TU MapaMeTphl BHO, MOCKOJIBKY 3TO MOKET CHMXKaTh YPOBEHb O€30MacHOCTH U
B UTOT€ — MPUBECTH K cOOSM NpHU BBIOJHEHUH COOpKU. BpyuHyro 3TH mapaMeTpbl TakKe He BBOJSTCS,
MOCKOJIbKY OCHOBHasI UJiesl — aBTOMaTu3alus Beero npoiecca. Heo6xoaumo oOpatuth BHUMaHUE Ha Tie-
pemenHyto okpyxeHuss REMOTE DEST, B koTopoil JOMKEH COAEpKATHCS MOJIHBIN MTyTh Ul OTIIPaBKU
¢aitnos Ha XOCTHHT B dbopmare
«uMs_Tionb3oBatens@aoMentHoe ums unu [P _aapec cepBepa/myTh K_JAMPEKTOPHH» (Hampumep,



“root@78.155.216.235/app”). HacTe agpeca «I1yTh K_JTUPEKTOPHUMY» JOJKHA OBITh yKa3aHa B HACTPOHKax
BeO-cepBepa Kak KOPHEBOM KaTaJor JJIsl MoKcka (paifioB, KOTOphIe OH OYAET «OTIaBaTh» MOJIb30BATEINIO B
Opaysepe. KonupoBaHue peam30BaHO ¢ MOMOILBIO YTUIIMTHI ISyNC ¢ KJIIOYaMH, TO3BOJISIOUIMMHU OTIIPaB-
JSITh Ha yJAJICHHBIH CepBEp TOJBKO T€ (hailyibl, KOTOPHIX HA CEpBEPE HET WM KOTOPbIE U3MEHHIIUCH I10
CPaBHEHMIO C YK€ TaM CYLIECTBYIOIUMH.

[Tporpammusbie cucremsl 1t opranuzanun DevOps, Takue kak GitHub Actions u GitLab CI/CD,
HO3BOJIFOT OTCJIKUBATH IPOLIECC BBINOIHEHUS] COOPOK MporpamMmHoro odecriedeHusi. OHM aBTOMAaTH3UPYIOT
nporiecc cOOPKH, TECTUPOBAHMUS U Pa3BEPTHIBAHMS TPHIOKEHHUH, MPEIOCTaBI OAPOOHYI0 MH(OPMAIIHIO O
KaKJIOM 3Tare KoHBelepa pa3paboTKU U MO3BOJIIIOT ITPU HEOOXOAUMOCTH IIOBTOPUTH BECH IPOLIECC 3aHOBO.

IIpu pa3paboTke BeO-IIPUIIOKEHUH L1€1ecO00pa3HO NMPUMEHATh TEXHOJIOI'MU KOHTEHHEepU3aluy,
KOTOpBIE TAK)KE paccMaTpuBaloTcd B paMmkax NpakTUK DevOps. OHU MO3BOJSIIOT paclpoCTpaHsATh IpU-
JIOXKEHHUsS B BUJIE TIAKETa, BBIIOJIHEHHE KOTOPOIO HE 3aBUCUT OT CpeZbl ONEpallMOHHON cucteMsl. Pacipo-
CTpaHEHHBIM peIIeHUeM JIJIsl KOHTeHHEepU3allii 1 aBTOMATU3alluK pa3BEPThIBaHMS siBisieTcst Docker. Ak-
TyaJbHOCTb €I'0 UCIIOJIb30BAaHUS OOBACHAETCS IPEXkKAE BCEro: YIPOIIEHUEM IMPOLEecca pa3BepThIBAHUS U
YMEHBIIEHUEM BEPOATHOCTH OMIMOOK ITOTO MpoLEecca, YIyUIICHHEM U30JSIUH (MHKAICYISINN) TPUIIO-
KEHHs BMECTE C €ro 3aBHCHUMOCTSIMH, UYTO B pe3yJbTaTe MO3BOJSET FOBOPUTH 00 yiaydllleHuu Oecnepe-
00IHOH pabOTHI MPUIIOKEHUH 1 UX O0JIee POCTOM MEPEHOCUMOCTH Ha APYTHE TIAT(HOPMBI.

ITpu ucnonpzoBanuu npaktTuk DevOps mpu opraHu3anuu AesTeIbHOCTH PEKOMEHIYEeTCsl UCIOIb-
30BaTh TMOKHE METOJOJIOTUN YIPABJIEHUS POrpaMMHBIMU IpoeKkTaMu. OJTHUMU U3 CaMbIX YHHUBEpCAllb-
HBIX METOJI0JIOTUU Ipu pa3paboTke u noxaaepxke DOP aBropsl cumrtaroT Mertoponorun Kanban nim
SCRUM. Crnenyet 3aMeTUTh, UTO MPHU HCIOIb30BAaHUM CIIELUATIbHO aAaTUPOBAHHOMN JJIsi OpraHU3aliU
oOpa3oBatenpHOro nporecca «Bepcun» Metogoiorut SCRUM — EduScrum, ympomiaercs npouecc pas-
pabotku DOP B 11e510M, NpU KETaHUU MPENOoIaBaTeNisl B 3TOT MPOLECC MOT'YT BOBJIEKATbCSI U CTY/IEHTHI
(HampuMep, B paMKax MPAKTUKH WK HAITMCAHUHM KYPCOBBIX IIPOEKTOB).

OueBHIHO, YTO B OJIMIKAHMIIYIO NEPCIEKTUBY, Ipolecc pa3paboTku U oOHoBieHuss DOP moxer
OBITh YCKOPEH 3a CYET MCIIOJIb30BaHUS MHCTPYMEHTOB MalMHHOro oOyueHust (ML) kak ans reHepainuu
NPaKTUYECKHX 3a/IaHUH, TECTOBBIX BOIIPOCOB, 3JIEMEHTOB JiM3aiiHa (HarpuMep, Tpap K, BU3yaIn3aluii).

BaxkHbIM BONPOCOM SIBJISIETCS TOTOBHOCTD MpernojaBareiell K UCIOIb30BaHUIO pacCMaTpUBACMBbIX
TexHoJoruil. C 01HOI CTOPOHBI, MPUMEHEHUE CPECTB aBTOMAaTU3ALMH TI03BOJISIET pabOTaTh ¢ caiTaMu U
NPUIOKEHUSMH MPENoAaBaTeNsIM, HE UMEIOLIUM OIbITa paboThl ¢ JaHHOM TexHonorueil. C apyroit cro-
POHBI, MPUMEHEHNE COBPEMEHHBIX MPAKTUK pa3pabOTKH, KaK U MPUMEHEHUE HHPOPMAIIMOHHBIX TEXHOJIO-
r'vil B 00pa3oBaTeIbHON 1eATENbHOCTH B 1IEJIOM, TPeOYeT OT MpenoaBaresst OTACIbHBIX HaBBIKOB U KOM-
HNEeTeHIUH, TPU 3TOM JJOCTaTOYHO CIeHU(PUIECKHUX.

AKTyaJIbHBIM SIBISIETCSI BOIIPOC MOATOTOBKHU IpENoAaBaTeNell K HCIOJIB30BAHUIO COBPEMEHHBIX
TEXHOJIOTHH ISl pa3pabOTKU JIEKTPOHHBIX 00pa3zoBarenbHbIX pecypcoB. Hanpumep, C. C. bakyneBckas
npejylaraeT NporpaMMy MOBBIIEHUS KBaTU(UKALMKU JUIsl TOATOTOBKU MEJAarorn4eckux pabOTHUKOB K
ucrosb30oBanuto Texnonoruit HTMLS [6].

[IpuMeHeHne pacCMOTPEHHBIX MOJXO0/I0B SABISETCA 1eIeCO00Pa3HbIM, €CIIU IPUMEHSETCS TeHepa-
TOpP CTaTHYECKUX CAWTOB, PECYpC UMEET OOJIbION 00bEM, pa3padaThIBa€TCS COBMECTHO C 00y4YarOIIUMU-
Csl MM IPYTUMHU TIPETIOAaBaTeNIIMU B CUCTEME KOHTPOJISl BEPCHU, I MyOJUKAI[MK BBIMOIHAETCS 00JIb-
110€ KOJINYECTBO PYTUHHBIX OIEpaliyii, KOTOpble BO3MOKHO aBTOMAaTU3HPOBATh.

ABTOpPBI CUMTAIOT 11€JIeCO00pa3HON MOATOTOBKY IpernoiaBaTeneil K pa3padoTKe IEKTPOHHBIX 00-
pa30BaTENbHBIX PECYPCOB U BEO-TIPUIIOKEHHH ¢ MpUMeHeHrneM npakThk DevOps.

DevOps — 310 coBpeMeHHBIH MOIX0 AJIs MOBBIIIEHUS 3((HEKTUBHOCTH MPOIIECCOB Pa3pabOTKH U
9KCIITyaTalluy MPOrpaMMHOTO 0OecTieueH s, KOTOPhIH MOXET MPUMEHSATHCS NpU pa3paboTKe AIEKTPOH-
HBIX 00pa3oBaTeIbHBIX PECYPCOB U BeO-TIpuioxkeHu. [IpuMeHeHne JaHHOTO MOAX0/1a CIIOCOOCTBYET MO-
BBITIICHUIO 3D (PEKTUBHOCTH Pa3pabOTKH M COMPOBOXKICHUS 00Pa30BaTEIHHBIX PECYPCOB.
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DevOps software methods used in the creation of software products are being implemented in var-
ious fields, including education. The article describes the possibilities of using this approach to improve
the process of creating and supporting electronic educational resources and web services used in the ed-
ucational process, shows a specific stack of technologies and tools that can be used when creating your
own educational resource, provides examples of configuration files for deployment process automation.



