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YOK 004.4 T. J1. CtonspeHko

Hocainxenns eposonii Python-¢ppeiiMBopKiB Ta iX BILIUBY HA
PO3BUTOK iH(POPMALIMHUX TEXHOJIOTIN

XapkKiecbkul HaujoHalbHUU eKOHOMIYHUU yHisepcumem imeHi CemeHa Ky3Heuysi

Y cTaTTi NpoaHanizoBaHO po3BUTOK ekocnucTemm Python-cpeliMBOpKIB Ta OLHEHO TXHIi BNAB
Ha pi3Hi HanpsMK iHopMaLinHUX TexHonorin. JocnigxeHo nepexig Big paHHix npoTtokonie CGl
[0 Cy4dacCHMX aCUHXPOHHKX apxiTekTyp Ha 6a3i ASGI, wo 3abe3nevyoTb BUCOKY NPOAYKTUBHICTb
y BUCOKOHaBaHTaXeHUx cuctemax. BusBneHo 3akOHOMIPHOCTI BNNMBY apXiTEKTYPHUX pilleHb
(MOHOMITHMX Ta MiIKpocepBiCHMX) Ha cTabinbHiCTb, MacwTaboBaHicTb Ta 6esneky
iHdbopmauiiHmx cucteM. Y dokyci — kaTeropii Be6-gppenmeopkis (Django, Flask, FastAPI Towo),
PpeNMBOPKIB AN MalUMHHOrO Ta rnubokoro HaB4vaHHA (TensorFlow, PyTorch), 3acobis
aBTomMaTm3auii TectyBaHHA (Selenium, Robot Framework) i DevOps-iHcTpymeHTiB (Ansible,
Fabric), a Takox iHCTpymeHTapin ans ctBopeHHs API Ta rpadiyHux iHTepdencie. JetanbHo
BMCBITIIEHO KIIOYOBI eTanu eBOonioLuii UMX (PenmMBOpPKIB, HanNpPsMy iXHbOrO 3aCTOCYBaHHS
(pospobka 13, Hayka Npo AaHi, XMapHi obyMcneHHs, aBTomaTmsadiq, kibepbesneka, cuctemHa
iHTerpauis) Ta npuknagu BnnmBy Ha IT-ranysb. 3rigHo 3 onuTyBaHHAMM cninbHOTU Python 3a
2024-2025 pp., nigepamn cepepn Beb-penmeopkie € FastAPI (38 %), Django (35 %) i Flask
(34 %), a cepen 6ibniotek ML — scikit-learn (68 %), PyTorch (66 %) Ta TensorFlow (49 %).
Hanpwuknag, Django (ctBopeHuin y 2003—-2005 pp.) cnpoekToBaHO ANsi LUBMAKOrO CTBOPEHHS
cknagHux 6asoopieHToBaHUx canTiB, a Flask (nepwwn penisa 2010 p.) ctaB HagnoNynApHUM
MikpodperimBopkoM (BukopuctoByeTbca y Pinterest, LinkedIn Towo). TensorFlow (2015) i
PyTorch (2016) 3abesaneuymnu LuaneHy eKcnaHcCilo 3acobiB WTY4YHOro iHTenekty. Y cdepi
aBTomartmsauii Selenium (Bigz 2004) i Robot Framework (Big 2005) crtanu pge-cakto
CTaHOapTamu TecTyBaHHA Beb- Ta cuctemHux iHTepdencie, a DevOps-iHCTpymeHTn Ansible
(2012) Ta Fabric cytTeBo cnpocTunm KoHirypyBaHHs cuctem i posroptaHHs 3. 3 iHworo 6oky,
Python-dpenmeopku onsa HaykoBux obumcneHs (naketn Pandas, NumPy, SciPy) n ML-3aBaaHb
Haganu KI4oBi IHCTPYMEHTW Hayku npo AaHi. 3aranom, BMBYEHO CydacHi TeHAeHUil Ta
nNpakTU4Hi Npuknaam 3acTtocyBaHHs Python-cpperimBopkie y IT, WO AEMOHCTPYIOTb TXHIO
BaXXNUBICTb Y NPUCKOPEHHI po3pobku Ta BnpoBamkeHHi iHHosauiin [1-6,10].

Kmroyoei cnoea: Python, dpenmsopku, esoniouia APl, WSGI, ASGI, wmikpocepsicHa
apxitektypa, Django, Flask, TensorFlow, PyTorch, Selenium, Robot Framework, Ansible,
Fabric, po3spobka nporpamHoOro 3abe3neyeHHs, Hayka NpO AaHi, XmapHi 064YMCNeHHs,
aBTOMaTM3auis, kibepbesneka.

Bctyn

Cy4vacHa epa uudpoBol TpaHchopmMmadii Bucysae besnpeueneHTHi BUMOru ao
iHXXeHepil nporpamHoro 3abesneyeHHs. LLBnakictb 06pobku gaHnX, 34aTHICTb CUCTEM
A0 FOPU3OHTaNbLHOrO MacwTabyBaHHS Ta MiHiMi3auis 3aTpUMOK Yy peanbHOMY 4aci
cTann KpUTUYHUMK pakTopamm ycnixy Ansa 6yab-sikoro TEXHOSOrYHOro NPoaykrty. Y
LUbOMY KOHTEKCTi MoBa nporpamyBaHHsA Python nponwna wnsx Big OOMNOMIKHOIO
IHCTPYMEHTY aBTOMaTu3aLil 4O LEeHTpanbHOro enemMeHTa CTeky po3podku HanbinbLu
CKNagHux iHopmauinHux cucteM. MNpoTe, NONpu BHYTPILWHIO eferaHTHICTb MOBMU, 1T
peanbHa MOTYXHICTb Y Beb-po3pobui Ta cUCTeMHIN iHTerpauii peanisyetbca 4epes
ekocnucTteMy operMBOpPKIB, SKi NPONLLIM TPUBaNNn Ta CKNagHUM LWNSX eBONHOLIT.

1. MNocTtaHoBKa npo6nemum

Mpobnema gocnimkeHHA nondrae y HeobXigHOCTI cuctemaTusauii 3HaHb NMpo
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€BOMOLIMHMA PO3BUTOK LINX IHCTPYMEHTIB, OCKiSNTbKM BUBIp doperimBOpKa CbOrofHi He €
nuwe NUTaHHAM 3pPYYHOCTI MporpamicTa, a cTpaTteriyHUM apXiTEKTYPHUM PiLleHHSAM,
LLIO BU3HAYaE XUTTE3ATHICTb CUCTEMM Ha PoKKU Bneped. LLBnaka amiHa napagurm —
BiA CUHXPOHHMX Brokytoumx 3anuTiB (WSGI) A0 aCUMHXPOHHUX HEBNOKYUNX CcUCTEM
(ASGI) — cTBOpMNa po3puB Yy PO3YMiHHI ONTMMarnbHUX MigXOAiB 4O MPOEKTYBaHHSA
CUCTEM Y TaKNX KPUTUYHUX JOMEHaX, K dpiHaHCOBa aHaniTMka, OXOpoHa 340pOB’'d Ta
Kibepbesneka.

Binbwe TOro, AuHamiyHicTb ekocuctemn Python Hece B cobi NpuxoBaHi pu3unKu:
weuaka esonouis APl yacto npusBoamTb 4O NpobBrem CyMICHOCTI, WO reHepye
3Ha4YHMA TexHiyHMn 6opr y [OOBroCTPOKOBIM MepcnekTusi. BigTak, KomnnekcHe
AOCHNIKEHHA eBosoLuil (opernMBOPKIB Ta IXHbOro BNNuBY Ha IT-ranysb € akTyansHUM
AK 3 TEOPETUYHOI TOYKM 30pY (PO3YMIHHA apXiTEKTYPHUX TPEHAIB), TaK i 3 MPaKTUYHOI
(onTrmizauis BUTpaT Ha po3pobKy Ta NiATPUMKY).

Python — ogHa 3 npoBigHMX MOB NporpaMmyBaHHs B IT (3a 4aHUMKU ONUTYBaHb,
6rM3bKO NMOMOBMHM PO3POGHMKIB BUKOPUCTOBYIOTL Python B po6oTi). [i nonynspHicTb
obymoBfeHa 3pO3yMifiuM CUMHTAKCUMCOM i MNOTYXHOK ekocuctemoro OibnioTek i
dpenMBOpKiB, SKa OXOMSIKE MPaAKTUYHO BCi cdepu CydyaCHUX iHopmMauinHMUX
TexHonorin. lNMpote y HaykoBux nyb6nikauisx Gpakye KOMMNIEeKCHoro ornagy ictopii
po3BuTKy Python-ppenmBopkiB Ta iXHbLOro BNNMBY Ha pi3Hi ranysi. Came TOMy
aKTyanbHUM € 3aBOaHHS cucTemaTm3adii Kno4oBMX eTaniB eBosoLil UUX iIHCTPYMEHTIB
Ta OLUiHKa IXHbOro BMSMBY Ha HayKOBI i NpakTKYHi 3agavi IT, 3okpema B po3pobui 13,
Hayui Npo AaHi, XMapHUX 0BYUCNEHHAX, aBTOMaTuK3aLil, Kibepbesneui Ta CUCTEMHIN
iHTerpauii [7,12].

2. AHani3 ocTaHHiX gocnimkeHb Ta nyonikauin

MutaHHa po3BuTKy Python Ta noro iHgpacTpykTypu po3arnsganucsa baratbma
AOCNigHMKaMU SIK B akageMidYHOMY cepeloBULL, TaK i B MeXaX BENMUKNUX TEXHOMOMYHUX
Kopnopauin. dyHaameHTaneHi gocnimkeHHa YxaHa Ta cniBaBTOPIB (POKYCYOTbCSA Ha
esontouii APl Ta npobnemax cymicHocTi, BusBnswouM, wo Python-dgpermBopku
3MIHIOITbLCA 3HAYHO IHTEHCUBHILLE, HiXX IXHi aHanorn B Java abo C#. Lle ctBopioe
YHIKanbHUM naHawagT, Ae rHydkicTb MOBU NOEOHYETHCA 3 BUCOKMM TEMMOM iHHO-
BaLii, ane BogHo4Yac BMMarae Bif po3po0OHMKIB NOCTIMHOIO MOHITOPUHIY 3MiH [22, 48].

Baxnueuin cermeHT pocnimkeHb MNPUCBAYEHUN MNOPIBHASIBHOMY aHarnisy
npoayktmeHocTi. Pobotn 2023-2025 pokiB HagawTb eMmipuyHi gokasn nepesar
FastAPl Hag TpaguuinHummn dpenmMmBopkamMn y cuUeHapisiX 3 BUCOKOK  LUINbHICTHO
3anutiB. BopgHouac, akagemivni nybnikauii wopo Django nigkpecnioTb 1Oro
He3aMiHHICTb Y CTBOPEHHI HaiHNX KOpnopaTUBHUX NnaTdopM 3aBadkuM BOygOBaHMUM
MexaHiamam 6e3nekn Ta KOMNIIEKCHOMY ynpasriHH 6a3amn gaHux [21, 23, 49].

B ykpalHCbKOMY HaykOBOMY MNpPOCTOpi NUTaHHA 3actocyBaHHs Python-
TEXHONOrN [OCNIMAKYITbCA Y KOHTEKCTI cneuianisoBaHux cuctem. Hanpuknag,
BUKOPUCTaHHSA MOBM Y reociHhopMaLinHux cuctemax Ang MyHiuunanbHOro ynpasniHHA
Ta MOOEenBaHHA  CillbCbKOrocnogapCbkux  NpoueciB  OEMOHCTPYE  BUCOKY
aganTMBHICTL (perMBOpPKIB A0 cneundivyHux ranysesux notpeb. JocnimkeHHs
Kibepbeanekn B YKpaiHi TakoX BKasytoTb Ha Python sk Ha KNOYOBWI iIHCTPYMEHT ANng
CTBOPEHHS [oAaTkKiB 3axucTy iHdopMauii Ta aHanizy mepexeBux 3arpoas. [pore,
nonpu HasgBHICTb OKpeMuX AOCHigKeHb, UiNiCHUN aHari3 eBonouii perMBOpPKIB SK
PYLiMHOT cunu po3suTKy I T-ranysi saanuwaetsca pparmeHTapHum [26, 27, 40, 46, 47].

HesBaxatoun Ha posnosctomkeHicTe Python, y HaykoBin nitepatypi
crnocTepiraeTbca gediunT ysaranbHeHux npaub npo Python-cpenmBopkn sk knactep
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IHCTPYMEHTIB. ICHYIOTb MapKeTUHroBi Ta iHOPMaUiMHI ornsaun, WO BUCBITNOKTb
NOMNynspHICTb OKPeMUX TEXHOMOori, ane BOHW He OXOMMKTb BECb CNEKTP
dpermBopkiB. Hanpuknag, octaHHi onuTyBaHHA cninbHoTK Python (JetBrains/Python
Software Foundation 2024—-2025) BkasytoTb Ha gomiHyBaHHs FastAPI (38 %), Django
(35 %) Ta Flask (34 %) y Be6-po3pobui, a cepen ML-dpperimopkiB — scikit-learn (68 %),
PyTorch (66 %) i TensorFlow (49 %). Y cdepi ETL-iHCTpyMeHTIB BiA3Ha4YeHO WwBnake
3poCTaHHA 3aBaHTaxeHb Apache Airflow i 3aranbHy pgomiHauito Python 'y
KOHCTpPYIOBaHHI AaTa-nannnanHiB. Takox BUABneHo, Wwo 77 % cneuianicTis 3 aHanisy
AaHUX BUKOPUCTOBYOTb 6ibnioteky Pandas. TeHAeHUil ocTaHHiX pokiB (3okpema,
30iMblUEHHA poni  LWTYYHOrO IiHTENeKTy B OMUTYBaHHAX) MiATBEPOXYHOTb, LWO
dpenmBopkn gns  ML/Al  cTaloTb UEHTpanbHUMWU  IHCTPYMEHTAMM  HayKOBUX
AocnigpkeHb. Y cTaTTi BpaxoBaHO BCi Wi nybnikauii Ta ctaTMCTUYHI aaHi, ogHak obpaHo
MEeTY HagaTtu rmMnMboKMI HayKOBUIA OrNsiA eBonNtoLil Ta poni came dpermBopkis Python
(He nuwe okpemux Bibniotek) B IT [10, 11].

MeToo pocnigKeHHs € BUABIIEHHS Ta CUCTeMaTu3alis Kro4yoBUX eTaniB
esontouii  Python-ppenmBopkiB Ta oOuUiHKa TXHLOrO BMAMBY HA PO3BUTOK Pi3HUX
HanpsMiB IHOPMaLUIMHUX TEexXHOMOorin, aHanisa nepexoay Bi4 CUHXPOHHUX O
ACUHXPOHHUX apXiTEKTyp Ta OUiHKa IXHbOro BMfMBY Ha Cy4acHi napagnrmm po3pobku
iH(bOPMaULINHUX TEXHOMOri, BKNKYaYM MIKpOCEpPBICY, LUTYYHUMA IHTENeKT Ta
BMCOKOHaBaHTaXeHi XMapHi cuctemu. 3agjadyamm JocnigpkeHHs €. 1) onucatu
XPOHOSOrYHI eTann po3BUTKY KIHOYOBMX KaTteropin dpernmsopkiB (Bed6, ML/DL,
aBTomaTu3auis, DevOps, API, GUI Towpo); 2) BUSBUTU CYTTEBI 3MiHM Yy IXHIN
NOMNynspHOCTI Ta apxiTekTypi; 3) OUiHWMTK, K NOsiBa Ta BOOCKOHANEHHS LuX
dperMBOPKIB BMAIMHYNN Ha MPaKTUKM po3pobku [13, Haykum npo AaHi, XMapHWUX
cepsiciB, aBTomaTtumaadii i 6e3neku; 4) HamiTUTU NEPCNEKTUBHI HANPAMK NoAanbLUnX
AoCnigXeHb Y KOHTEKCTi 3pocTaHHsa ekocuctemu Python.

3. QocnipxeHHAa eBontouii Python-cpenmBopkiB Ta iX BNMBY Ha pO3BUTOK
iHbopMaLiMHNX TeXHONOTrIN

3.1. NeHe3uc Ta nepuwi Kpoku: Bia CGl Ao nepwmnx dpenmBopKiB

EBontouis Beb-TexHonorin Ha 6a3i Python novanacsa 3 enoxu CGl (Common
Gateway Interface). ¥ cepeauni 1990-x pokiB Le OyB cTaHgapTHMIM crnoci® B3aemogail
Beb-cepBepa 3 BUKOHYBaHMMK ckpuntamu. MexaHiam poboTtn CGl nepegbayas 3anyck
HOBOro npouecy iHTepnpeTaTopa Python ansa koxHoro BxigHoro HTTP-3anuty. Lle
CTBOPIOBANo BenuyesHi HaknagHi BUTpaTM Ha PiBHI onepauinHol cucteMu. AKLLO
cuctema otpumysana 1000 sanuTiB 3a cekyHy, BOHa mana iHidianidysatun 1000
npouecis, WO npu3soauno go suyepnaHHsa pecypcieB RAM ta CPU 3a niyeHi muTi.

MaTtematnyHo edektuBHicte CGl MoOxHa BupasuMTM 4epes 3aTpUMKY

cuctemu Ttotal:
Ttotal=Tspawn+ Tlogict Tcleanup
ne Tspawn — y4ac Ha iHiuianisauito npouecy Python, skuii YacTo nepesullyBaB 4ac
BMKOHaHHA camoi noriku Tlogic.

Po3ymiHHs  uiei  HeedekTMBHOCTI  npu3Beno ago nossu  FastCGl
Ta mod_python ans Apache. Lli TexHonorii 4o3Bonsanu yTpMMmyBaTu Nnpouecu B nam'aTi
(persistence), Wwo 3Ha4yHO ckopodyBano Yac Bignosigi. Came B uen nepioq 3'ssBUBCSA
Zope (1999) — nepwmn «gnHo3aep» cepepq Python-gpernmBopkis. BiH 3anponoHyBas
KOHUenuito 06’ekTHOT nybnikauii, oe koxxeH URL Bignosigas 06’ekTy B iepapxivHin 6asi
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aaHunx ZODB. Zope 0OyB 3aHagToO CKMagHUM Ta MOHORMITHMM, ane BiH 3aknaB
yHOAaMEHT aAna pPO3yMiHHA Toro, wWo Beb-gogaTok noTpebye CTpyKTypOBaHOI
apxitektypu [17, 29, 30].

3.2. CtanpapTusauia yepe3s WSGI: Enoxa Django Ta Flask

CnpaBXHiMm NpopnBOM Yy PpO3BUTKY iHpOpMaLinHKX TexHonorin Ha Python ctano
BnpoBamkeHHs ctaHgapty WSGI (Web Server Gateway Interface) y 2003 poui (PEP
333). WSGI cTBOpUB YyHiBEpPCanbHUN «KOHTPaKT» MK BebG-cepBepoM (Hanpuknag,
Gunicorn abo uWSGI) Ta Beb-gperimBopkoMm. Lle possonuno po3pobHukam
3MiHtOBaTM cepBepu abo pperimBopknm 6e3 nepenncyBaHHA BCiEl NOriku gopartka
[1,2,24,25,33].

Ha ubomMy cbyHOaMEHTI BUHMKNKN ABa TUTaHW PO3poOKuU:

1. Django (2005): CtBOpeHui y pepgakuii raseTtn, BiH BTINUB inocodito
«batteries-included» (Bce BknioyeHo). Django aBTOMaTM3yBaB CTBOPEHHHA aaMiH-
naHenen, poboty 3 6asamm gaHux (ORM) Ta 6Gesneky. Lle possonuno 6isHecy
CTBOPIOBATU CKIaZHi CUCTEMUN Y PEKOPAHO KOPOTKI TEPMIHM.

2. Flask (2010): BMHUK siK XXapT Ha NepLuUe KBIiTHS, ane cTaB HannonynspHilnm
MikpodppennmeopkoM. Moro ginocodis — MiHiManiam. Flask He HaB’sidye CTPyKTypy,
A03BOSIAKYN PO3POBHUKY 0OMpaTM BRacHi iHCTpymMeHTU ans B[, aBTopusadii Ta
LWabsioHiB.

Tabnuuyga 1
[MOpiBHAHHA TPaAAMLIMHUX CUHXPOHHUX (OPENMBOPKIB
Kputepin nopiBHAHHA Django (WSGI) Flask (WSGI)
ApXxiTeKTypHUM nigxi Moonitmn, MoaynbHun, BinbHUI
P yp Axin CTPYKTYpOBaHUN ay ’
. y Husbkni (Yepes
PiBeHb abctpakuii B | Bucokun (B6ygosaHa ORM) SQLAlchemy)
BGynosaHa 6e3neka CSRF, SQLi, XSS 3axuct MoTpebye CTOPOHHIX
«3 KOpOOKN» nnaridis
MaclwTtaboBaHicTb Hobpa ans BETTAKNX ‘-]y,qosa Ans
MOHOSITIB MiKpOCepBICiB
HaBuaHHs MoTpebye TpuBanoro yacy Ryxe HBM;SECM nopir
KpuTepin nopiBHAHHS Django (WSGI) Flask (WSGI)

Lis enoxa xapaktepudyBanacsi CUHXPOHHUM BWKOHaHHAM koay. KoxeH 3anuT
3armaB oguH noTik (thread). Lle 6yno npunHATHO ons TpaguuinHux seb-caunTis, ane 3
nosisoto Web 2.0 Ta Real-time 3actocyHkiB (4atu, irpu, CTpimiHr) BuHukna notpeba B
ACUHXPOHHOCTI.

Beb-dpenmBopkn Python ®penmBopkn ana BebG-po3pobkm — ogHa 3
HancTapiwmnx i HambinbLmnx kaTeropin Python-iHCTpymeHTiB. Yxxe Ha noyaTtky 2000-x
3'asunucek Tornado (Facebook/2009), web2py (2007), Pyramid (2005), TurboGears
(2005) Towo. [MpoTte HamBnnueoBiwWKMM cTaB Django, po3pobneHnn y KoMaHgi
A. Holovaty i S. Willison. Django 6yno ctBopeHo BoceHu 2003 poKy, a nepLummn
nyéniyHun penia nig BSD-niueHsieto Bigdysca B nunHi 2005 poky. dpenmeopk
CMPOEKTOBAHO ANA CMNPOLLEHHS CTBOPEHHA CKnagHux, 6Ga3oopieHTOoBaHUX Beb6-
popatkiB: BiH 3abesneuye apxitektypy Model-Template-View, ORM, cuctemy
LWabrioHiB, MeEXaHi3M KellyBaHHA Ta iHTepHauioHanisauii. OcHoBHI npuHuunu Django —
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NOBTOPHE BUKOPUCTAHHSA KOMMOHEHTIB, MiHiMi3auia «bonnepnnent»-koay Ta wsBuaka
po3pobka (npuHuun DRY). Len nigxig 3po6us Django nonynsipHUM A5is1 CTBOPEHHSA
MaclTabHux BebcepBiciB: NOro BUKOPUCTOBYIOTbL Taki BigOMi NpoekTn, gk Instagram,
Mozilla, Disqus, Bitbucket Ta iHwWi, Wo cBigYMTL Npo 3HayHuK BnnMB Django Ha
po3pobky Be6-I13.

Apyrum 3a nonynsapHicTio € Flask — nerkum «mikpopenmBopK», CTBOPEHUI
A. Ronacher rpynoto Pocoo. lNepwun peni3 Flask Bigdysca 1 keiTHa 2010 poky. Y
Flask Hemae BnacHoi ORM um cuctemm WwabnoHis, ane BiH cnpoLlye po3pobky vyepes
NiATPUMKY po3LUMpPeHb. 3aBAsSKM NPOCTOTI Ta HEBennkomy 6aszosomy koay Flask Habys
LUMPOKOrO BUKOPUCTAHHA aAna cTBopeHHs APl Ta HeBenukux cepsiciB (KMoro
3aCTOCOBYIOTb Y Takux npoektax, sk Pinterest ta LinkedlIn). 3a octaHHi pokn Flask
3anuwaBca Ha Niky NonynsapHOCTI, LWOPOKY OTPUMYKOUM M ATb-LLICTb TUCAY 3ipOYOK Ha
GitHub i nocigatoun nignpytodi no3unuii B onuTyBaHHAX PO3POOHUKIB.

OcTtaHHiMM pokamun BigbyBaeTbCsl OyM aCMHXPOHHMX BebG-penMBOpPKIB.
3okpema, FastAPl (po3pobHuk S. Ramirez, nepwwun penia — rpyaeHb 2018)
NO3UNLIOHYETBCA SIK BUCOKOMPOAYKTUBHUN dopermBopK Ans nodbyaosu APl y Python
3.8+. BiH aBTOMatM4HO reHepye paokymeHnTauito (OpenAPl/Swagger) i wnpoko
BUKOPUCTOBYETLCS Y MIKPOCEPBICHUX Ta XMapHUX piweHHaX. OnutyBaHHA Python-
cnineHoTn 2025 poKy NokasyrTb 3Ha4YHe 3pocTaHHs nonynsapHocTi FastAPl —329 % y
2023 po 38% B ocCTaHHbOMY poui, WO pobuTb MOro HamnowupeHiwmnm Beb-
dpenMBOPKOM 3a OcCTaHHin pik. BogHoyac Django i Flask BTpatvnu 4acTtuHy
kopuctyBadis (35% Ta 34 % signosigHo). Lle niaTBepoxye TpeHg Ha LWBMAKI Ta
macwrtaboBaHi HTTP-cepsicn, 0cob6n1MBO B NpoekTax 3 HayKow Npo AaHi.

CboroaHi Be6-openMBOpPKN HaaarTb BEMUKUI HAbip roTOBUX KOMMOHEHTIB Ans
CTBOPEHHS caulTiB i cep.iciB. 3aBOskuM UMM iHCTPYMEHTaM NporpamiCTu MOXYTb
wBeualwe peanizoByBaTtu (PyHKUioOHanNbHICTL — Hanpuknag, Django «3 kopobku» nae
MoOynb  aamiHictpatopa, a Flask Ta FastAPl cnpowytoTb CTBOPEHHS
MapwpyTtnsoBaHux API. Takum 4ymHOM, po3BUTOK BeO-dperMBOpKiB BesnocepenHbo
NMPUCKOPIOE CTBOPEHHS HOBOro [13, 3HWXYE KiNbKiCTb MOMWUIIOK (CTaHOAPTM3YHuN
nigxig) Ta Cnpusie LWWMPOKOMY pPO3MNOBCIOMAKEHHIO iHTepHeT-cepsiciB  (puc. 1)
1,2,24,25,33].

Top Python Web Frameworks for Data Scientists

Django: Flask: FastAPI: Gradio:
The Full-Stack The Lightweight High-Performance Web Interfaces for
Powerhouse Microframework APIs Machine Learning
Streamlit: Tornado: Reflex:
Interactive Data Scalable Real-Time Pure Python

" Apps Apps Web Apps

Puc. 1. Top Python Web Fremeworks for Data Scientists
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3.3. AcuHxpoHHa peBontouif: ASGI Ta FastAPI

[MosiBa kNOYOBUX CIiB async Ta await Yy Python 3.5 o3HameHyBana nodaTok
HoBOI epu. CtaHgapt WSGI He mir niaTpumMyBaTn aCMHXPOHHICTb, OCKIfIbKM BIiH 3a
CBOEI0 CyTTIO € Bnokytoumm. Lle npusseno go pospobkn ASGI (Asynchronous Server
Gateway Interface). ASGI gossonsie 06pobnaT TUCAYI KOHKYPEHTHUX 3’€4HaHb Yepes
OAWH MNOTIK, BUKOopucToByoum nogiesun uukn (Event Loop). (]

Hawnackpasiwunm npeacraBHukom uiel xauni ctas FastAPI (2018). BiH He npocTto
[o4aB aCUHXPOHHICTb, a iHTerpyBaB cydacHi tvnn Python Ta Banigauito 4yepes
Pydantic. Bnnus FastAPI Ha IT-rany3b 6y muttesum: [3,21,34,35,36,37]

o ABTOMaTU4Ha gokymeHTauia: 3aBasikm OpenAPl po3poBHMKM OTPUMYHOTb
iHTepaKTMBHY AOKYMeHTaUito Swagger 6e3 goaaTKoBUX 3yCUTb.

o [lpoayKTMBHICTL: Y TecTax Ha NponyckHy 3gaTtHicTb FastAPI HabnuxkaeTbes
no Node.js Ta Go.

o Twunizauia: BukopucraHHsa Type Hints go3sonse BUABNATM NOMUNKX Ha eTani
HanMCaHHS KoAy, WO KPUTUYHO ANS BEMUKMUX KOMaHA,.

Tabnuuygsa 2
BeHumapkiHr npoayKTUBHOCTI hpenmBopkis (2025)
MeTpuka npoaAyKTUBHOCTI Django (DRF) Flask FastAPI (Uvicorn)
[MponyckHa 3gaTHICTb (reg/sec) ~1,551 ~2,194 ~4,783
Yac Bignosigi (latency, ms) 13.4 5.0 2.5
CnoxwusaHHs RAM Ha Bopkep ~40MB ~30MB ~20MB

Taki nokasHukm 3pobunu FastAPl pe-thakto craHgapTom ans po3pobku
MiKpocepBiciB Ta BMcOKoNpoaykTMBHMX APl y Benukux Koprnopauisix, TakmxX SsK
Microsoft, Uber Ta Netflix [3,21,34,35,36,37].

3.4. BnnuB Ha apxiTeKTypy MiKpocepBiciB Ta XMapHi TexHonorii

EBontouisa Python-cppenmeopkis 6e3nocepeaHb0 CTUMysoBana nepexig Big
BEJIMKNX MOHONITIB 4O MIKpOCEPBICHOI apXiTeKTypW. JIerkicte Takmx iHCTPYMEHTIB, K
Flask Tta FastAPIl, nossonsie cTBoptoBaTU Marsi, He3amnexHi cepsicu, SKi Nerko
YyNaKoBYOTbCS B Docker-koHTenHepu Ta po3ropTarTbCs B
Kubernetes.[19,38,39,40,41,42,]

OcHoBHi nepeBaru, siki Python HagaB mikpocepBsicam:

1. MHy4kicTb MacwTabyBaHHA: OKpeMi KPUTUYHI cepBicu (Hanpuknag, obpobka
nnaTexis) MoXHa MaclTabyBaTn He3anNeXHo Big peLTn CUCTEMMU.

2. ACMHXpPOHHa KOMYHiKaUisi: BUKOPUCTAHHA aCUHXPOHHWUX KIIEHTIB 403BOSISE
MiKpocepBicaM B3aemogiatTu 6e3 TpuBanoro OuikyBaHHsS BIigMNOBiAi, WO MigBULLYE
3arasnbHy BiAMOBOCTINKICTb CUCTEMU.

3. Ekocnctema xmapHuUX iHCTPYMeHTIB: [MoBHa CyMiCHICTb i3 nnaTtdopmamu
AWS, Google Cloud Ta Azure 3abe3nevye wenake snposamkeHHs Cl/CD nannnanHis.

B ykpaiHcbkomy cermeHTi IT-po3pobkm mikpocepsicn Ha Python € ctaHgapTom
ONs1 ayTCOPCUMHIOBMX  Ta  MPOAYKTOBMX  KOMMNAaHiIA.  YKpaiHCbKi  iHXeHepu
BMKOPUCTOBYIOTb Ui TexHonorii Ana CcTBOpeHHs Al-kepoBaHux Beb-gogaTkiB Ta
B6rnokyerH-nnatgopm.

3.5. Python y wtyyHomy iHTenekTi Ta Data Science
HemoxnumBo posrnagaTtn esoniouilo pperMBopkKiB y BigpuBi Big BMOYXOBOrO
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pocTy wTy4yHoro iHTenekty (Al). Python ctaB «moBot Homep oguH» ons Al He nuwe
yepes3 CBil CMHTaKCUC, a N 3aBAdkM OGe3WOoBHIM iHTerpauii Beb6-dpenmMBopKiB i3
Gibniotekamm mMalMHHOIO HaBYaHHs [4, 5, 16, 32, 43, 44, 45].

EBonitouis Tyt BigbyBanacs y HanpsiMKy CTBOPEHHS «MOCTUKIB» MiX MOAENI0
Ta KOpUCTyBavemMm:

e TensorFlow Ta PyTorch: ®peiiMBOpK/ O51s1 HABYAHHA HEMPOHHUX MEPEX.

« Scikit-learn: KnacnyHe MallnHHe HaBYaHHS.

o FastAPI / Flask: BukopuctoBytoTbCs SK cepBicHa 060MnoHKa ans iHepeHcy
(inference) mopenen. 3aBaskm acuHxpoHHoCTI FastAPl moxe obpobnsatu ©6e3nivy
3anuTiB Ha nepeabavyeHHs 0gHOYaACHO.

HocnigkeHHs BkasyoTb, Wo noHag 38% po3pobHukiB nepexoaatb Ha FastAPI
came 4epe3 Wnoro edekTuBHiCTb Yy Al-npoektax. binbwe ToOro, 3’asunucs
By3bKOcCneuianisoBaHi penmBopkun, Taki sk Gradio Ta Streamlit, aki [o3BonsTb
Aata-cavieHTMcTam cTBoptoBaTu Beb-iHTepdencn Ona CBOiX Mogenen 3a nidveHi
XBUNUHKM 6e3 3HaHHA JavaScript.

®dperMBOpPKN A1 MALLMHHOIO Ta rMMBOKOro HaB4YaHHSA

Cdbepa Haykm Npo OaHi i WTYYHOro iHTENEeKTy 3Ha4yHO Burpana Big NOsiBM
noTyxxHux ppenmeopkis ML/DL. PaHnHi 6i6niotekn (Theano, 2007; Caffe, 2013) nanun
cTapT, ane crnpaexHin npopuB nos’sa3aHun i3 TensorFlow i PyTorch. TensorFlow
(po3pobnieHnin komaHgor Google Brain) Bnepue sunywieHo y nuctonagi 2015 poky sik
BIAKPUTUN (PPEenMBOPK AN HaBYAHHA HEWPOHHUX Mepex. Yepes Kinbka poKiB
(BepeceHb 2019) 3'asunacs Bepcis TensorFlow 2.0 3 HoBum AP, o gogano npoctoTu
y nobygosi mogenen. PyTorch (po3pobnennin Facebook Al Research) Buiwos y
BepecHi 2016 poky i LWBMAOKO 3aBOKOBaB MOMNYNAPHICTb 3aBOSKM «MNANTOHIYHOMY»
iHTepdency i rHydkin cuctemi astorpagy. o 2025 poky obuasa dperimBOpKM
3anuwarTbCAa HaAWMOLMPEHILWNMMM IHCTPYMEeHTaMn MUMBOKOro HaB4YaHHSA. 30Kpema,
3rigHO 3 ONUTYBaHHAMMU, 66 % po3pobHukis ML BukopuctoBytoTb PyTorch, a 49 % —
TensorFlow. PyTorch aktneHo possmBaeTbes: Bepcia 2.0 (6epeseHb 2023) 3Ha4yHO
npuLBMALLMNA BUKOHAHHSA Koay [4, 5, 16].

Lli cdpenmBopkn 3MiHUAM nNpakTUKM Yy 6GaraTbOoX ranyssix: aBTOMaTU4HO
po3ni3HaBaHHsA 300paxeHb, 06pobka NpPUPOLHOI MOBU, MPOrHO3yBaHHSA Yy doiHAHCaX
ToWO. IX NoLMpeHHs npuaBserno 4o Toro, wo Python cTtae dakTuyHO cTaHgapToM Ans
ML/Al-pocnigxeHb. Kpim TensorFlow i PyTorch, oo ekocuctemu yBiAWNAM 3py4dHi
GibnioTekn Bucokoro piBHsa (Hanpuknag, Keras, y cknagi TensorFlow) Ta iHCTpyMeHTH
ana po6otn 3 gaHnmm (pandas, NumPy, SciPy). 3a paxyHOK UbOro Hayka npo AaHi
ctana [LOCTYMHIWOK: aHaniTMkn i AOCNIAHMKM MOXYTb LWIBWOKO NPOTOTUNYBATH
pilleHHs 6e3 cknagHMx MOB MPOorpamMyBaHHS.

3.6. lHCTpyMeHTU aBTOMaTU3ALiT Ta TeCTyBaHHA

Python-coperimBopkn Ans aBTomMaTtusauii gegani yacTiwe BMKOPUCTOBYHOTLCS
Ana  nigBuweHHs sakocti Ta 6e3nekn po3pobkn. OcobnmBo Le CTOCyeTbCs
aBTOMAaTU30BaHOrO TECTYBaHHSA iHTepdencie Ta pobounx npouecis. Selenium — ognH
i3 HamBigOMILLIMX IHCTPYMeEHTIB Ana Beb-TecTyBaHHA. IcTopis Selenium noyanach y
2004 poui (ThoughtWorks, J. Huggins) 3 iHcTpymeHTy JavaScriptTestRunner gns
TecTyBaHHs Beb-goaatkiB. 3 4acom Selenium nepeTBopmBCS Ha Habip GibnioTek, ki
[03BONSAOTb KepyBaTn Gpaysepamm 3 pisHUX MOB NporpaMmyBaHHsi, Bkrtoyatoum Python
(4epes binding’v). Selenium akTMyHO BCTaHOBMB CcTaHZapT aBToMaTtuyHoro Ul-
TeCTyBaHHS, afXe NigTpuMye BCi nonynsapHi 6pay3epu Ta Aae rHyyki MOXIMBOCTI NS
3anucy/BiATBOPEHHSA CLieHapilB.
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Robot Framework — we oauH 3HakoBUK (PPerMBOpPK Ana aBToOMaTu3auil
(keyword-driven testing), ctBopenun P. Klarck. Po6ota Hag HumM novanacb Yy
2004—-2005 pokax, a y 2008 poui BiH 6yB BUNyLWEHU AK BigKpuTUnM nNpoekT. Robot
Framework Hagae NpoCTy CUHTaAKCU4HY 0BOMOHKY (BUKOPUCTAHHSA KNKOYOBMKX CAiB) AN
HaNMCaHHA NpUMarnbHUX TECTIB PI3HOrO TUMy. Moro akTMBHO BMKOPUCTOBYIOTL SK Y
TecTyBaHHi nporpam (GUI, API), Tak i ana asTomaTu3auil CUCTEMHUX CLEeHapiiB.
3aBagkmn bGibniotekam Ha Python, Robot nerko pos3wmploeTbcsa i iHTerpyetbcs 3
iHcTpyMeHTamu DevOps.

KpiM TOro, iCHyloTb 4YUCNEeHHI OPerMBOpPKN ONA TeCTyBaHHA Kogy: pytest
(2004-2011) 3abesnedyye MOXMMBOCTI IOHIT- Ta iHTErpauinHOro TECTyBaHHA 3
MiHiManbHUM HanucaHHAM WabnoHHOro kody, a unittest € BOygoBaHMM mopynem
Python. lMoegHaHHa TecToBUX (ppenmsopkis i3 ClI/CD-cuctemamu (Jenkins, GitHub
Actions Towo) i DevOps-iHcTpymeHTamu (Selenium Grid) cyTTeBO nigBuLLYE pPiBEHb
aBTOMaTu3auii po3pobku. B uinomy, HasiBHICTb TakMx (PenMBOPKIB [03BONSAE
KomaHgamu 6Ginblle ¢OKyCcyBaTUCA Ha KOPEKTHOCTI Ta HapginHocTi 13, ockinbku
PYTUHHE TECTYBaHHS CTa€ NpoCTiwmum [6, 7].

3.7. DevOps- Ta iH(ppacTpyKTypHi hperMMBOpPKU

Poasutok npaktnk DevOps i Infrastructure as Code TicCHO NoB’A3aHUIN 3 NOSABOIO
creuianizoBaHux Python-iHcTpymeHTiB. OgHieto 3 HanbinbL BigomMux cuctem € Ansible
— nnaTtdopma asTomaTtumsauil KoHdirypauii i posroptaHHs. Ansible ctBopeHo Manknom
HeXaHowm i BnepLue sunyLeHo B ritotomy 2012 poky. 3rigHo 3 onucom Red Hat, Ansible
— ue CLl-ytunita ana astomaTtusadii IT, HanucaHa Ha Python: BoHa [o3sonsie
KOH(pirypyBatn cmucteMn, posroptatv nporpamu Ta OpKecTpyBaTu cknagHi poboui
npouecun. Kntoyosa ocobnumeicTb Ansible — BigCyTHICTb areHTiB: BiH NigKNOYaeTbCs Ao
cepBepiB Yepe3 SSH (3a 3amMOBYYBaHHAM) i BUKOHYE MOAYIi Ha BigdaneHnx xocTax.
Ansible 3006yB wupoke nowupeHHss B |T-iHppacTpykTypi, OCKiNbKM CchpoLlye
HanawTyBaHHA cepeaoBuL i ynpaBriHHSA MHOXUHHUMW cepBepamu.

[HWMM nonynsipHUM iHCTpYMeHTOM € Fabric — 6ibnioTeka ans BUCOKOPIBHEBOIO
BidOaneHoro BMKOHaHHA koMaHng SSH. dabpuka Hagae nporpamHumn iHTepdenc Ha
Python gna 3anycky shell-komaHa Ha BigganeHux xoctax i nepegadi 00’ekTiB Mixk
MawurHamun. FK 3asHavyeHo B odiuinHin gokymeHTauil, Fabric — ue «6ibnioTeka
BUCOKOro piBHa Python, npusHadeHa ans BukoHaHHA shell-komaHg BigganeHo yepes
SSH, nosepTatoun npu Lbomy 3pyyHi Python-o6’ektn». Fabric yacTto BUKOpUCTOBYIOTb
OS5 pO3ropTaHHA Ao4aTKiB, BUKOHAHHA CKPUMTIB agMiHICTpyBaHHS, 3anycKy npoueayp
Mirpauii Ta 6ekany.

Kpim umx, B Python-cninbHoTi € 1 iHwi DevOps-iHcTpymeHTn: SaltStack (2011)
— cucTema ynpasniHHS KOHdirypauieto, Tex Ha Python, a TakoXX HagalTbCA KNiEHTU
Boto3 ons pobotn 3 AWS, Google Cloud SDK Ha Python Towo. 3aranom, Python-
dperimBopkn B DevOps gatoTb FHy4YKiCTb B iHTerpauii i aBTomartmsadii. BoHn TicHO
NoB’A3aHi 3 npakTMKamMu XMapHoOIl iHPacCTPYKTypn (aBTOMATU4HI  CKpPUNTH,
KOHcpirypyBaHHsA koHTenHepis, CI/CD). HasiBHICTb Takmx ppenMBOpPKIB MPUCKOPHOE
uukn po3pobkn Ta posroptaHHsa [13, ampke possonse ob’egHaTn  npouecu
HanawTyBaHHS cepefoBuLla 3 npouecom 6esnocepeHboi po3pobku [8, 9, 15].

3.8. ®penmBopku ans crBopeHHs APl Ta MikpocepBicis

Ockinbkn mikpocepsicHa apxitektypa i RESTful-cepsicn ctann ctaHgapTom y
po3pobui, 3'aBUnMCh cneuianizoBaHi iHCTpymMeHTn anga ctBopeHHst API. 3 yxxe 3ragaHumx
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dperimBopkiB BapTo BiasHauntn FastAPI (2018), sakuin cnoyvatky 3agymaHi nig API i
Hagae BOygoBaHy Banigauito gaHux (3aBgsku Pydantic i migkaskam Ttunis Python).
Takox iCHytTb pilleHHs Ha 6a3i Django: Hanpuknag, Django REST Framework (2011)
— CTOpoHHA 6ibnioTeka ansa wewuakoi nodyaosu REST APl Ha ocHosi Django. Ons
GraphQL-cepsiciB po3pobneHo Taki npoektn, sk Graphene (2017). Xoya ana umx
PpeNMBOpPKIB HE 3aBXAM NOTPIOEH OKPeMU ONUC OKPEMOro, iX PO3BUTOK TiCHO
NoB’sA3aHUN i3 3aranbHOK eBostoUiel BeD-iHCTpyMeHTiB. 3okpema, FastAPI, 3aBgsku
CBOIM aCUHXPOHHIN NpupoAi Ta nepdopMaHcy, Ayxe LWBUAKO 3aBOKBaB NONYNAPHICTb
y NPOEKTaX 3 BUCOKMMM BMMOraMm o LWBMAOKOCTI Bignosigi [23, 49].

3.9. ®penmBopKu ans rpadivyHoro iHtepdency kopmuctysada (GUI)

Python Takox Mae noTyxHi dpenmBopkn ans crtBopeHHa GUI-gopatkis.
HawncTtapwwum € Tkinter — ctaHgapTHUM iHTepdenc o Gibniotekn Tcl/Tk, [OCTYNHUA Yy
cknagi Python 3 paHHix Bepcin. Ak 3a3HayeHO B OQiuiMHIN OOKYMeHTauil, nakeT
tkinter € «ctangaptHum iHTepdencom Python go GUI-iHcTpymeHTapito Tcl/Tk». 3a
ponomoroto  Tkinter MoxHa cTBOprOBaTM MNPOCTi BIKOHHI NporpaMy  Ha Pi3HUX
nnaTtgopmax, xo4a Noro MOXMBOCTi 0OMEXEHi Cy4aCHUMM BUMOraMu 40 OU3aHY.

Binbw cy4acHum kpocnnatgopmMHuMm dperimBopkom € Kivy, nepwmn penis
skoro sunwos 1 ntotoro 2011 poky OpieHTOBaHWUN Ha CTBOPEHHA MyIibTUTa4-4o4aTKiB
i nigTpumye 3anyck Ha Android, iOS, Linux, Windows i macOS. BiH Hagae BnacHun
Habip BigxeTiB i Bukopmnctosye OpenGL ES2 ansa pengepvHry rpadikn. 3assudaim Kivy
3aCTOCOBYIOTb B MOOINIbHUX NpoekTax abo iHTepakTUBHUX iHTepdencax. IHwumm
npuvknagamu GUI-cppenmsopkis € PyQt/PySide (Qt for Python, 3’asuecs 6nm3asko 2009
poky) Ta wxPython (Ha Qt/C++), 9ki [awTb MOXMUMBICTbL CTBOpPHOBATU
BGaratodyHKLUioOHanbHi HacTiNbHI nporpamun|[13].

3.10. BnnuB Ha pi3Hi rany3i iHpopmauinHNX TeXHONOTrIN

Pospobka [13. NosiBa (ppenmMBOpKiB CyTTEBO CKOpOTUSa Yac po3pobku [13.
CTpykTypoBaHi wabnoHn apxitektypu (Hanpuknag, MVC/MTV y Django) i roTosi
komnoHeHTn (ORM, cuctemn ayTeHTUiKauil, KelwyBaHHA) O3Ha4aKwTb, LWO
po3pobHMKaM OOBOAUTBHCHA MMUCATU MEHLUEe MOBTOPHOBAHOrO koay. 3rigHO 3 OnNUcoMm
Django, 1oro uinb — nonerwuT CTBOPEHHS «CKnagHux, 6asoopieHTOBaHMUX CaunTiBy,
pobnsuM akueHT Ha Nepepo3nofini kogy Ta BUCOKIM NPOAYKTUBHOCTI PO3PO6KM.
AHanorivyHo, FastAPI i Flask 3HMXylOTb NOPIr BXOAXEHHS!, CNPOLLYOYM CTapT NPOEKTY
3 HEBEJIMKOLO KiNbKICTIO dhannis.

Hayka npo pani ta ML. 3aBgsikm Takum cpenmeopkam, sk TensorFlow i
PyTorch, Python nepetsopuscs Ha 6a3oBy moBy ans DS/Al. OnuTyBaHHS nokasyoTb,
wo noHapg 80 % daxisuis y Data Science BukopuctoBytoTb Python i nos’a3aHi 3 HUM
IHCTpYMEeHTN. PpernMBOPKN MALUMHHOIO HaBYaHHA [O03BOMSAKTb JIerko posroptaTtu
ekcnepumeHTanbHi mogeni i pobuTtn ix macwtaboBaHnmm y BMpobHuUTBI. Hanpuknag,
KoMnaHil obpobnsawTb BenNuYesHi mMacmBu paHux | BukopuctoByTb ML ans
NPOrHO3yBaHHSA, a PPENMBOPKN 3abe3nedyroTb IHCTPYMEHTapin Ans napanesibHoro
HaByaHHA Ha GPU/TPU. Kpim Toro, 6ibniotekn tnuny Pandas (77 % BUKOPUCTaHHSA
cepen [paTa-CaMeHTUCTIB) CAPOCTUNM  MNIArOTOBKY | aHania pgaHux. CknagHi
ML-nporpamu, Wo paHiwe Oynu OOCTYMHi nuwe BY3bKOMY Kony daxiBuiB, Tenep
CTBOPIOKOTHLCA WBMAKO | AOCTYMHO 3aBaAAku Python-ekocucremi.

XmapHi obuncneHHs Ta posnogineHi cuctemu. Python-cpeiimBopkn akTMBHO
3aCTOCOBYKOTbLCA B XMapHuUX cepegosuwax. Hanpuknag, Ansible wwvpoko
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BUKOPUCTOBYETbLCA AN YpaBniHHA XMapHUMM iHcTaHcamu (AWS, Azure, GCP) yepes
MoAayni, wo 3BepTatoTbes Ao sianosigHux APl Apache Airflow (Python-npoekT) ctas
eTtanoHoM Aansa opkectpauii ETL-manmnnanHis y xmapi, Npo WO CBigYMTb WMOro
LWOMICAYHUN  MINbAOHHMIA  Tpadik 3aBaHTaxeHb. KoHTenHepusauia (Docker) i
opkecTtpauis (Kubernetes) Takox iHTerposaHi 3 Python (Hanp., 6ibnioteka docker-py),
wo pobutb Python-cperimBopkun HeBig’ eMHOO YacTuHoto cloud-native nigxoay. Yci ui
TEXHOOrii cnpowyTb MaclwTabyBaHHS i pO3ropTaHHA nporpam y xmapi, pobnaum
Python-cpernMBOpKKN LEeHTpanNbHMM KOMNOHEHTOM Yy po3pobui DevOps-npouecis.

ABTomMaTmM3auia Ta poboTunsauisa. Ppenmaopkm sik Selenium i Robot Framework
6e3nocepeHbO BNNBAKOTL HA aBTOMAaTU3aLito TECTYBaHHS, a iIHCTpyMeHTU sk Ansible
i Fabric — Ha aBTOMaTM3aLito po3ropTaHHs i ynpasniHHA. Lle 3HMXye nioacbkui paktop
Yy PYTUHHUX 3agadax, NiaBuLLyoumM WBUAKICTb pO3pobkM Ta HaginHicTb cuctem. Kpim
Toro, Python-6ibniotekn (Paramiko, Netmiko, Scapy Ta iH.) BMKOPUCTOBYOTbCA Y
Kibepbeanewui Ons CcKaHyBaHHS, aHanisy Mepexi, aBTOMaTU30BaAHOIO BUSIBNIEHHS
BpasnueocTen. Ak Big3Havae ESET, Python Bigomuin cBoiMu «winunbkamm» WBUOKOMO
CTBOPEHHS CKPUMTIB ANs CKaHyBaHHA MopTiB, aHanidy wkignueoro 13, ynpaBniHHA
MepeXeBUMU MPUCTPOAMM TOLO. MOXNMBICTE LWIBUMAKO NMcaTU Kpoc-nnaTdopMHi
CKpunTK i Benukun Habip 6es3kowToBHMX Bibniotek pobnate Python-dpenmBopku
e(dEeKTMBHUM iIHCTPYMEHTOM i B Kibepbe3neLi.

CuctemHa iHTerpauiqa. [ns iHTerpauii cknagHMx CUCTEM YaCcTo BUKOPUCTOBYIOTb
aCUHXPOHHI Ta po3nogaineHi dopenmeopku Python. Hanpuknaa, dperimBopk Celery (Bia
2009 poky) — cuctema 06pobKn aCUHXPOHHMX 3a4auy 3a 4OMOMOroK Yepr NoBiAOMMEHb
— [03BONSAE pO3noainATn HaBaHTaXXeHHA Mk cepBepamn. Celery 3aCToCOBYETLCS Y
TakMx MacwTabHux cuctemax, K Instagram, ona ogHOYacHOro onpautoBaHHS
MinNbMoHiB 3agay. BukopuctaHHs Celery i nogibHux iHcTpymeHTiB (RabbitMQ, Redis,
Kafka) nokasye, wo Python-ppenmBopkn akTmBHO iHTErpytoTbcss y backend-
apxiTekTypu, nigTpumMyroum OBMIH AaHUMKM MK MOAOynsaAMKM, YepryBaHHA MoAin Ta
MacLTaboBaHiCTb.

BHecok ykpaiHCbkMX pO3pOOBHMKIB Ta HaykoBUiB. YKpaiHa pobuTb 3Ha4HWM
BHECOK Y PO3BUTOK Ta 3acTtocyBaHHs Python-texHonorin. 3okpemMa, yKpaiHCbKi BYEHi
iHTerpytoTb Python i3 nepegoBuMn xmapHuUMmM cepaicamu Ans BUPILLEHHSA rnobanbHMX
3agau.

e Arpocektop: Y  TepHOMiNbCbKOMY  HauioOHanNbHOMYy  nefgaroridiHoOMy
yHiBEpCUTETI Ta IHWWX 3aknagax po3pobnsawTbCa Moaesni knactepusauil ans
CiNIbCbKOrocnogapchbkux NignpmMemMcTB, WO NpauoloTb Ha 6a3i Python-iHdpacTpykTypu.

o Ekonorisa Ta I'lC: BukopuctaHHs Python y noegHaHHi 3 Google Earth Engine
ANSA peanbHOro Yyacy MOHITOPUHTY CTaHy NociBiB Ta niciB.

o Meanuuna: 3actocyBaHHs Python gnsa aHani3y riranikcenbHMX 306paxeHb y
AiarHoCTuLi MenaHoMM.

Lli npuknagn 0eMOHCTPYIOTh, WO €BOSILisS (OpenMBOPKIB Mae NpPSMUA BNSIMB
Ha pearibHUN CEKTOP €KOHOMIKM YKpaiHu, NiaBuLLYyoUN eeKTUBHICTb YNpaBniHHA Ta
TOYHiCTb NporHoasie [10, 11, 12, 20, 26, 27, 28, 46, 47].

3.11. EBontouisa API Ta npobnemu nigtpumkmn (Maintenance)

BaxnmBum acnektom OOCniQKeHHs1 € aHani3 Toro, gk 3MiHWM B KoAi camMux
dperMBOpPKIiB BNMIMBAKOTbL Ha KiHUEBI NpoaykTu. 3rigHO 3 OOcCnimpkeHHsaM Yxana, y
Python-gperimBopKax cnocTepiraceTbCs BUCOKa YacTka AeCTPYKTUBHUX 3MiH (breaking
changes). 47.3% 3miH B APl noB'asaHi 3 BuaaneHHsM QyHKUiOHany, WO 4acTto
NpPU3BOANTL A0 «NaAiHHA» CUCTEM NiCNsi NPOCTOro OHOBMNEHHs 6ibnioTekw.
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Ha BigMiHy Big cTaTM4HUX MOB, € MOMUIKa BUSBMAAETLCA KOMMINATOPOM, Y
Python-npoeKTax L npo6neM|/| npodABNATLCA 4K AttributeError abo TypeError
BXXe y NpoAyKTUBHOMY cepeaoBuLi. [Insa BupileHHs uiei npobnemu 6ynu po3pobneHi
iHCTpyMeHTN Ha KwTtanTt PYCOMPAT, ski BUKOPUCTOBYIOTb CTaTUYHMIA aHania ans
BUSABMNEHHA NOTEHUINHMX KOHQMIKTIB CyMiCHOCTI. Lle nigkpecritoe 3pinicTb ekocuctemu:
Bifl XQOTUYHOIrO PO3BUTKY 40 CUCTEMHOIO YNpaBmiHHA XUTTEBMM Umkriom 13 [14, 18,
22, 31, 48]

4. BUCHOBOK

MpoBeaeHe OocCnigKeHHS OeMOHCTpye, wo Python-ppenmBopku BigirpatoTb
KPUTUYHY POfib Yy PO3BUTKY iHpOpMaLiHMX TexHonorin. Big nossu nepwmnx Beb6-
dpermBopkiB Ha noyaTtky 2000-x go cydacHux ML-6i6niotek i IHCTpymMeHTIB
aBTOMaTU3aUjii — CMiNbHOK PUCOD € CMPOLLEHHS i MPUCKOPEHHA PO3POOKM CKNagHMX
cucteM. Beb-ppenmeopkmn (Django, Flask, FastAPIl) 3pobunn CcTBOpeHHs iHTEpHET-
cepsiciB JOCTYNHUM i cTaHgapTusoBaHuM, ML-dpermBopkn (TensorFlow, PyTorch) —
nowupunn Al y pocnigpkeHHsax | npomucrnoBocTi, a DevOps/TecT-hpenmaopku
(Ansible, Selenium, Robot) — aBTomaTnayBanu pyTMHW i NOKpaLLnm SAKiCTb NPOAYKTIB.
EkoHOMIYHMIN Ta couianbHUM BNAMB NOMITHUIW: 3@ OCTaHHE gecatunitta Python ctas
OAHWM 3 rONOBHUX ApanBepiB iHHOBALIN Y NporpamMyBaHHi Ta 00YMCNEHHSX.

HocnigxeHHs esontouii Python-gppenmeopkis fo3Bonsie 3pobuUT BUCHOBOK NPO
dyHAaMeHTanbHy TpaHcdopMauilo MOBU 3 IHCTPYMEHTY cueHapilB Yy MOTYXHY
nnatgopmy ana nobygoBu KOpnopaTMBHUMX Ta HaykoBux cuctem. [lepexig Big
cHXpOHHUX (WSGI) oo acuHxpoHHux (ASGI) apxiTekTyp cTaB BignoBiga0 Ha BUKITUKK
cy4vacHol I T-ingycTpii, Wwo noTpedye BMCOKOT KOHKYPEHTHOCTI Ta HU3bKNX 3aTPMMOK.

Kro4yoBi BUCHOBKMU:

1. ApxiTekTypHa [fgudepeHuiadis: Ha puHKY BCTaAHOBMBCA nNaputeT Mix
MOHONITHMUMKN piweHHamMu (Django), wo 3abesnedvytoTb 6e3neky Ta LWBUAKICTb
pPO3pO0KM CTaHAAPTHUX CUCTEM, Ta aCUHXPOHHMMK MikpodpermBopkamu (FastAPI),
LLO € igeanbHUMK Anga Mikpocepsicis Ta Al.

2. NpoayKkTBHICTL: ACUMHXPOHHICTL Ao3sonuna Python nogonatu ictopuydHe
oBbMeXXeHHs1 NPOAYKTUBHOCTI, 3pOOMBLUM NOrO KOHKYPEHTHUM Y BUCOKOHaBaHTaXXEHNX
AOMEHax.

3. Ctanpgaptusauis: BnpoBagxeHHa WSGI Tta ASGI crtano KpUTU4YHMM
MOMEHTOM, LLIO 3a6e3ne4nB CyMICHICTb Ta CTUMYIOBAB PiCT ekocuctemu GibnioTek.

4. Bnnue Ha iHHoBaUil: Python-hpenmBopkM cTanuM ronoBHUM ApanBepom
aemMokpatusauil Al Ta MalWwWMHHOIO HaBYaHHS, LO3BOSIAKYM WBNOKO NepeTBoOpoBaTH
HayKoBi Mofeni Ha KOMepPUiiHI NPOLYKTN.

[MepcnekTnBn po3BUTKY BKNOYAKOTb NoAarblly iHTerpauito 3 TexHONnoriamu
Web 3.0, pos3sutok 6e3cepBepHux (serverless) apxitektyp Ha 6asi Python Ta
BNPOBAKEHHA [HCTPYMEHTIB Ha OCHOBI LUTYYHOrO IHTENEKTY Afs aBTOMaTU4HOro
HanNucaHHS Ta oNTUMI3auii kKogy caMmux PPEernMBOpPKIB. TaKOX OYiKYETLCS MOCUSEHHS
yBarn go 6esnekn APl Ta aBTOMaTM30BaHOro yrnpasmiHHA CyMiCHICTiO 6ibnioTek y
BENUKUX npoekTax. Y noganbwunx poboTax AOUINBHO BiACTEXYBaTU MOSIBY HOBUX
Python-gpermBOpKiB i TexHonoriyHMx TpeHaiB (Hanpuknag, possutok Al/ML, loT,
blockchain, kBaHTOBUX 6ibnioTek), a TakoX BMBYATM METOAMKU OLIHKU IXHBLOI
edeKTMBHOCTI Yy po3pobui. Baxnnemnm € TakoX aHania npobrnem cymiCHOCTI Bepcin
(nepexig Ha Python 3.x, niaTpnmka ctaporo koay) i 6e3nekoBmx pu3mkis, NOB’A3aHMX i3
3aranbHOK eKOCUCTEMOK NakyHKiB (K ypasnusocti PyPl). Takum 4mHOoMm, Python-
PPENMBOPKN 3anUIATUMYTbCS aKTMBHOK OONacTio OOCNIAXKEeHb, a IXHE MOCTINHEe
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BOOCKOHAmNeHHs CnpusatMMe pPo3BUTKY IHOPMALUIMHUX TEXHOMOrN Yy BCiX KITHOYOBUX
AOMeHax.
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Research on the Evolution of Python Frameworks and Their
Impact on the Development of Information Technology

This article analyzes the development of the Python framework ecosystem and
evaluates its impact on various fields of information technology. The study explores
the transition from early CGlI protocols to modern asynchronous architectures based
on ASGI, which ensure high performance in high-load systems. It identifies patterns
regarding the influence of architectural decisions (monolithic and microservices) on the
stability, scalability, and security of information systems. The focus is placed on
categories of web frameworks (Django, Flask, FastAPI, etc.), machine learning and
deep learning frameworks (TensorFlow, PyTorch), test automation tools (Selenium,
Robot Framework), DevOps tools (Ansible, Fabric), and toolsets for API development
and graphical user interfaces.

The article details the key evolutionary stages of these frameworks, their
application areas (software development, data science, cloud computing, automation,
cybersecurity, system integration), and examples of their impact on the IT industry.
According to Python community surveys for 2024—-2025, the leading web frameworks
are FastAPI (38%), Django (35%), and Flask (34%), while the top ML libraries are
scikit-learn (68%), PyTorch (66%), and TensorFlow (49%). For instance, Django
(created in 2003-2005) was designed for the rapid creation of complex, database-
driven websites, whereas Flask (first released in 2010) became an immensely popular
microframework used by companies like Pinterest and LinkedIn. TensorFlow (2015)
and PyTorch (2016) facilitated the rapid expansion of artificial intelligence tools. In the
field of automation, Selenium (since 2004) and Robot Framework (since 2005) became
de facto standards for web and system interface testing, while DevOps tools such as
Ansible (2012) and Fabric significantly simplified system configuration and software
deployment. Furthermore, Python frameworks for scientific computing (Pandas,
NumPy, SciPy) and ML tasks provided the core instruments for data science. Overall,
the study examines current trends and practical examples of Python framework
applications in IT, demonstrating their importance in accelerating development and
implementing innovations.

Key words: Python, frameworks, API evolution, WSGI, ASGI, microservices
architecture, Django, Flask, TensorFlow, PyTorch, Selenium, Robot Framework,
Ansible, Fabric, software development, data science, cloud computing, automation,
cybersecurity.
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