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AHHOTANUA

B kpaTkoM cooOLIeHNH pacCMOTPEHBI KOHIIETITYAIbHBIE OCHOBEI MOJIYJIBHON OpraHU3alluid XUMHUECKUX U
(apMareBTHUECKNX MPOU3BOJICTB, OA3UPYIOLIHECS Ha IEKOMITO3UIIMH TEXHOJIOIMIECKOTo NpoIecca Ha YHUPHIH-
pOBaHHbIC (YHKIHOHAIBHBIE OJOKH CO CTaHIAPTU3UPOBAHHBIMH MEXaHWYECKUMHU M KOMMYHHKAIMOHHBIMH
uHTepdeticaMu. BeIomHeH cpaBHUTENBHBIN aHAIN3 MPEUMYIIECTB MOTYIEHOTO ITOAXO0/1a IO CPaBHEHHIO C TPa/Iu-
[IMOHHBIMU KPYITHOTOHH&)XHBIMH KOMIUIEKCaMH, (DYHKIMOHUPYIOIIMMU B YCIOBHSIX KECTKOM KOHKYPEHIMH U
BBICOKOH BOJIATHIIBHOCTHU cripoca. K 4uciTy OCHOBHBIX NMPEHMYIIECTB OTHECEHBI: TOPH30HTAIBHOE MacIITaOHpo-
BaHME MyTEM THPKUPOBAHMS MOIYJIEH, OlepaTHBHAs THOKOCTh ITEPEHAIAIKH JUIS BBITyCKa IIIMPOKOTO aCCOPTH-
MEHTa MPOLYKLHIH, COKpAILCHNE KaIUTAIBHbBIX 3aTpaT M CPOKOB cTpouTeibcTBa Ha 30-50% 3a cuér 3aBOACKOro
M3TOTOBJICHUSI TEXHOJIOTUYECKHX OJIOKOB, @ TAKKe ITOBBIIICHHE NPOMBIIUICHHOH OE30MaCHOCTH BCIIC/ICTBHE
YMEHBIICHHUS €AMHOBPEMEHHBIX PEaKTOPHBIX 00BEMOB M CHUKEHHSI PUCKOB BOSHHKHOBEHUSI aBAPUITHBIX CHTYAIHI.
I[TpoaHanu3upoBaHbl KITFOUEBBIE TEXHOJIOTMYECKHE M SKOHOMHYECKUE MPOOIEMBI BHEIPEHHS MOYJIBHBIX CHCTEM:
OrpaHUYCHHS MacIITabUPyEMOCTH MPOIIECCOB KPYMHOTOHHAKHON XUMUH, CJIOKHOCTH OIPEIENICHHUsI ONTUMATLHOM
KOH(HT'YpalluK MMPOU3BOACTBA, TPYTHOCTH MHTETPAIIMH TEXHOJIOTUYECKUX MOJIyJIel B €IMHYIO CUCTEMY aBTOMAT-
u3alun ¢ odecredeHreM OecTpensITCTBEHHON PEKOH(PUTYPALNH, a TaKkke HEOOXOAUMOCTh 3HAYNTENBHBIX TIEPBO-
HavyalbHBIX WHBECTUIIMI B Pa3pabOTKy CTaHAAPTU3UPOBAHHBIX PELICHHH W TMOKMX cucTeM ympasieHus. Ocoboe
BHUMaHHUE YJENEHO POJIM COBPEMEHHBIX JOCTIKEHHH B OOJIACTH MPOTOYHON XHMMHHM, HENPEpBIBHOTO CHHTE3a,
MPOLIECCHON aHAJIMTHKHY, IU(PPOBBIX IBOWHUKOB TEXHOJIOTHYECKHX ITPOLIECCOB, MPOMBIIIICHHOTO HHTEPHETA BEIleH
Y TEXHOJIOTMH MCKYCCTBEHHOTO WHTEIUICKTA, MPUMEHSIEMBIX B CHHTETUYECKUX Ja00paTOpHsX Il YCKOPEHHOTO
MIOMCKa HOBBIX JIGKAPCTBEHHBIX CpercTB. [1oKazaHO, YTO MOMYIIBbHBIC TEXHOJIOTHH SIBIISFOTCS KITIOUYEBBIM HallpaB-
JICHHEM MOJICPHU3ALMN XUMHYECKOH 1 (papMarieBTHYECKOH IPOMBIIUIEHHOCTH, OCOOSHHO aKTyaJIbHBIM JUISI MaJIO-
TOHH&)XHOTO CHHTE3a M IPOW3BOJCTBA AKTHBHBIX (DapMaleBTHYECKUX CYOCTaHIMH B YCIOBHSX JTHHAMHYHO
MEHSIOLIErocs phIHKa. JlanbHeliiiee pa3BUTHE HAIIPABICHMSI CBA3aHO C CO3/IaHUEM MOOMIIBHBIX U PACTIPEACIEHHBIX
NPOU3BOJICTB, OPUEHTUPOBAHHBIX HA JIOKAIBHBIC PHIHKU, Pa3paOOTKONW MEXIYHapOOHBIX CTaHIApTOB «plug &
produce» 1 BHEIPEHUEM CUCTEM MIPEAUKTUBHOTO YIIPABICHHSI.
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Abstract

This brief communication examines the conceptual foundations of the modular organization of chemical and
pharmaceutical industries, based on the decomposition of the technological process into standardized functional
blocks with unified mechanical and communication interfaces. A comparative analysis is carried out of the
advantages of the modular approach compared to traditional large-scale production complexes operating under
conditions of intense competition and high demand volatility. The key advantages include horizontal scalability
through module replication, operational flexibility for rapid changeover to produce a wide range of products,
reduction of capital costs and construction time by 30-50 % due to factory fabrication of technological blocks,
as well as improved industrial safety owing to reduced single-reactor volumes and lower risks of emergency
situations. The main technological and economic challenges of implementing modular systems are analyzed:
scalability limitations of high-tonnage chemical processes, difficulty in determining the optimal production
configuration, problems of integrating technological modules into a unified automation system while ensuring
seamless reconfiguration, as well as the need for significant initial investments in the development of
standardized solutions and flexible control systems. Particular attention is paid to the role of modern advances
in flow chemistry, continuous synthesis, process analytical technology, digital twins of technological processes,
the Industrial Internet of Things, and artificial intelligence technologies applied in synthetic laboratories for
accelerated drug discovery. It is shown that modular technologies represent a key direction for the
modernization of the chemical and pharmaceutical industries, being particularly relevant for fine chemical
synthesis and the production of active pharmaceutical ingredients in a dynamically changing market
environment. Further development of this direction is associated with the creation of mobile and distributed
production facilities oriented toward local markets, the development of international "plug & produce”
standards, and the implementation of predictive control systems.
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