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Kyb6a T.B. Po3poOka mnepecyBHHX KOMIUIEKCIB 3a00py 1 OYMIIEHHS BOJIU JIs
3a0€3MeUeHHs JII0Jed MHUTHOK BOJOK B YMOBAax BIJICYTHOCTI LEHTPaTi30BaHOTO
BojJionocTayanHs. — KpamidikaliiiiHa HayKoBa Ipalisi Ha IpaBax PyKOIMHCY.

Hucepranist Ha 3700yTTS HAYKOBOTO CTymeHsi JokTtopa (inocodii 3a
cnemianbHicTIO 192 «byniBHunTBO Ta nuBUIbHA 1HXeHepis» (19 — Apxitektypa Ta
OyniBHUIITBO) — KWiBChKUI HAIllOHAJIBLHUM YHIBEPCUTET OYJIIBHUIITBA 1 apXITEKTYpH,
MinictepcTBO OCBITH 1 Hayku YKpainu, Kuis, 2026.

HucepramiitHa poboTa TpHCBAYEHA PpoO3poOIl Ta  HAYKOBO-TEXHIYHOMY
OOTpyHTYBaHHIO TIEPECYBHUX KOMIUIEKCIB 3a00py 1 OUMIICHHS BOJU JjIsl 3a0€3MeUYEHHS
HACEJICHHSI MUTHOIO BOJIOI0 B YMOBAX BIJICYTHOCTI IIEHTPAI130BaHOTO BOJIONIOCTAYaHHSI.

Y po0oTi mepecyBHUN KOMIUIEKC PO3IJIIHYTO HE JUIIE K OKPEMY YCTaHOBKY
OUHUIIICHHS BOAM, a SK C€IEMEHT JCIEHTPAIi30BaHOI CHCTEMH KPH30BOTO
BOZ03a0€3MeUYeHHs, M0 TMOEJHYE JDKEPENO BOJW, TEXHOJOTIYHY TMIATOTOBKY,
HAKOIMWYEHHS, TPAHCTIOPTYBAHHS Ta pO3/layy OYMIIEHOI BOJAM CIIOKHMBAYAM.

Y mepmioMy po3auTi MpoaHAN30BaHO CydYacHI MAXOAM 10 3a0e3TMeUeHHs
HACEJICHHS MUTHOIO BOJIOI0 B YMOBAaX BIJICYTHOCTI IIEHTPAII30BAaHOTO BOJIOTIOCTAYaHHS,
MDKHApPOJIHI Ta HAIlOHAJIbHI BUMOTH JI0 MIHIMAJIBHOTO BOJ103a0€3MEUEHHS HACEJICHHS B
HAJ3BUYAHUAX CUTYAIlISX, & TAKOXK CBITOBY MPAKTHUKY 3aCTOCYBaHHS JICTICHTPATI30BaHIX
1 MOOUIbHMX CHCTEM OYMIICHHS BOJM. Y3arajJbHEHO KIacu(iKaIlilo IepecyBHUX
KOMIUIEKCIB 3a00py 1 OYHMIIEHHS BOJAM Ta BU3HAYEHO BUMOTH JO iX aBTOHOMHOCTI,
TPaHCIOPTAOENBHOCTI, PEMOHTONPUIIATHOCTI, TEXHOJOTIYHOI Oararobap’€pHOCTI,
HIBUIKOTO PO3TOPTAHHS 1 HOJIBOBOTO KOHTPOJIIO SIKOCT1 BOJIU.

Y npyromy po3miji BUKOHAHO aHA3 MOXJIMBUX JDKEPEN 1 TUMIB 3a0pyIHCHHS
BOJM B YMOBaX Ha/J3BUYAHUX CUTYyaIliil Ta BoeHHHX Mid. ChopmoBaHO pU3UK-TIPODLITH
JoKepesia BOJIU, IKH BUKOPUCTAHO SIK OCHOBY JIJIsI BUOOPY peXuUMy poOOTH MEpEeCyBHOTO
KoMILiekcy. Po3pobiieHo 6araropexxiMHy TEXHOJIOTTYHY CXEMY MEPECYBHOTO KOMILIIEKCY
3a00py 1 OUMILEHHS BOAM, IO TMOEJHYE MOMEPEHE MEXaHIYHE OYHUIICHHS, PEareHTHY
0o0poOKy, HamipHy GUIBTpaIiio, CcoOpOIiiiHe OYMINCHHS, 3HE3apaKCHHS Ta, 3a

HEOOX1THOCTI, MEeMOpaHHUI OJOK 3BOPOTHOTO OCMOCY. 3alpONOHOBAHO AJITOPUTM



BHOOPY pEeXUMY POOOTH KOMIUICKCY 3aJIe)KHO Bl SIKOCTI BHUXIJIHOI BOJIW Ta PU3HUK-
npoduIt0 JKepena, M0 J03BoJig€ 3a0€3MeUnTH aJanTalil0 TEXHOJOTTYHOI CXEMH J0
pPI3HMX YMOB €KCIUTyaTallli KOMIUIEKCY 0€3 JIOyKOMIUIEKTYBaHHSA JIOJAATKOBUM
TEXHOJIOTIYHUM OOJIaHAHHSIM. 3a pe3yibTaTaMM MOJIbOBOI ampoOailii TeXHOJIOTTYHUX
CXeM Ha BOJI PI3HOTO THUIY BUKOHAHO OIIHIOBAHHS JIOKAJIBHOI Ta KyMYJISTUBHOI
e(EeKTUBHOCTI OYMILIEHHS HAa OKPEMHX TEXHOJOTIYHUX cTaaisx. Po3pobneHo cramiiiny
PO3PaxXyHKOBO-CTATUCTHYHY  MOJENIb  €(PEKTUBHOCTI  TEXHOJIOTIYHMX  Oap’epiB
MepecCyBHOTO KOMIUIEKCY Ta i mporpamMHy peanizaifito. Mojenb 1ae€ 3MOTy OIIIHIOBATH
e(eKTHBHICTh OKPEMUX CTaJIi OYMINECHHS, MPOTHO3YBATH SKICTh BOJIM IMICIsI 00pOOKH,
BUKOHYBAaTH KaJiOpyBaHHS 3a EKCIEPUMEHTAJbHUMU JaHUMH Ta BH3HAYaTH MEXI
rapaHTOBAaHO! POOOTH YCTaHOBKH.

VY TperboMy po3nui OOTPYHTOBAHO KOHCTPYKTHUBHE PIIICHHS JOCIIAHOTO 3pa3ka
MEePEeCyBHOIO KOMIUIEKCY Ha 0a3l mnpuuena-gyproHa. BusHaueHo omnTuMalbHi
TUTIOPO3MIPH Ta KOMIMOHYBaHHsS oOnagHaHHS. OOIPYHTOBAaHO MOXIIHMBICTE POOOTH
KOMIUJIEKCY BIIPOJIOBXK POKY, 30KpeMa 3a paxyHOK pO3MIIICHHS OOJaJHaHHS B
yTereHoMy  (QyproHi 13  3aCTOCYBaHHSIM  aBTOHOMHOTO  €JIEKTPOXKWBIICHHS.
OOrpyHTOBaHO TPOAYKTHUBHICTb Ta pexXuUM poOOTH Komiuiekey. IligTBepmkeHo
NPUIATHICTh TPUAHATOI KOMIIOHOBKH JUISl IIIBUAKOTO PO3rOpPTaHHS, POOOTH 3 PI3HUMHU
JpKepesaaMu BOJM, 110/1a4l OYMILEHOI BOJM Y BOJAOBO3M a00 0€3M0CepeIHhOTr0 PO3JIHBY B
Tapy CIOXUBaYiB.

Y uyerBepTOMYy pO3M1TI1I PO3p0OJICHO TeoiH(opMaliiiHy MOACHb IUIaHyBaHHS
3aCTOCYBaHHSI TEPECYBHUX KOMIUIEKCIB Yy CKJIaal JACIEHTPaTi30BaHOI CHUCTEMH
Boj03a0e3neueHHs HaceneHHs. ChopMyIb0BaHO 3a/1a4ul BUBHAUEHHS JOCTYITHUX JIKEPEIT
BOJIY, PO3MIILIEHHS TyHKTIB po3/adi, BUOOPY 3ac001B MiATOTOBKH BOJH Ta JOTICTUYHOTO
TIaHyBaHHS 11 MiABO3Y. 3ampoONOHOBAHO CTPYKTYPY BUXITHUX JaHHUX JJISI MOJENI, IO
BKJIIOYA€ TPOCTOPOBI JaHi, 1H(OpPMAII0 TMPO KUTIOBY 3a0yJO0BYy, YHCEIBHICTH
HaceJeHHs, MOTEHIIMHI MMyHKTH po3Jadyi, JpKepeaa BOAW, TPAHCIOPTHI MapUIpyTH Ta
HasIBHI €JIEMEHTH PE3epBHOrO BOj03a0e3neueHHs. Po3po0iaeHo anropuTM BU3HAYEHHS
30H 00OCIYroBYBaHHS IyHKTIB PO3/ayl BOAM Ta PO3paxyHKY 10O0BO1 MOTPEOU HACEIEHHS

y muTHi Bomi. ['eoindopmariiitna Mozenb 3abe3nedye Tepexin BiJ MPOCTOPOBOTO



pO3MOMUTY HACENeHHS [0 I1HXKEHEPHUX IIOKAa3HUKIB: J1000BOI TOTpeOu y BOA,
HABAHTAXKEHHA HA IYHKTH pO37ayi, HEOOXIJHOi KUIBKOCTI NEPECYBHHX KOMILIEKCIB,
HAKOMMUYyBaJIbHUX EMHOCTEH, BOJIOBO3IB 1 TpaHCTIOPTHUX periciB. ClieHapHy ampooartito
Mo7IeNl BUKOHAHO Ha MPHUKJIAJIl MICT PI3HOT0 MacITady, 110 MiATBEPIUIIO MOXKIIUBICTD 1i
ajganTamii 0 PI3HUX HOPOCTOPOBHMX YMOB Ta  PI3HUX HOPM  MIHIMaJbHOTO
B0/10320€311€YEHHS] HACEICHHS.

VY m’saromMy po3nuii BAKOHAHO €KOHOMIYHY OIIIHKY 3aCTOCYBAaHHS MEPECYBHOTO
KOMILJIEKCY Ta aHalli3 YyTJIMBOCTI (PIHAHCOBUX MOKa3HUKIB. BpaxoBaHO BHTpaTu Ha
CJIEKTPOCHEPTII0, peareHTH, BUTPATHI MaTepianu, OOCIyroByBaHHSA, IE€PCOHAI,
MeMOpaHH1 €JEeMEHTH, XIMIYHE MHUTTSA Ta 1HII CKJIAJOBl €KCIUIyaTalliHUX BHUTpAT.
[ToxazaHo, 110 OIIHIOBAHHS JOLIIBHOCTI 3aCTOCYBAaHHS MEPECYBHOTO KOMILJIEKCY Mae
BpaxOBYBAaTH HE JIUIIIE COOIBAPTICTh OJMHUII OUHUIIICHOT BOAH, a M 3/TaTHICTh KOMILICKCY
3a0€3MeUnTH SKICTh BOAW, ABTOHOMHICTH, 3MCHIICHHS JIOTICTUYHOI 3ajJIeKHOCTI Ta
MIJIBUIICHHS CTIMKOCTI CHCTEM JXKHUTTE€3a0€31eYCHHS B YMOBaX KPU3H.

HaykoBa HOBU3HA ojiepKaHUX PE3YJbTATIB MOJSTa€ B OOIPYHTYBaHHI HAayKOBO-
TEXHIYHOrO MiIXOAYy A0 BHUOOpPY TEXHOJOTIYHOI cXeMH 3a00py 1 OYMILEHHS BOIU 3
ypaxyBaHHSM pHU3UK-TIPO]iII0 pKEpena; po3pooieHHl 6araTodap’€pHOT TEXHOJIOTTIHOT
CXEMH NEPECYBHOTO KOMIUIEKCY, IPUAATHOIL JIJIsi poOOTH y 3BHYANHOMY pexuMI Ta 3a
YMOB IT1JIBUILIEHOT0 3a0pyHEHHS BUX1IHOI BOJIM; YIOCKOHAJEHH] MIIX01y 1O KEpyBaHHs
poOOTOI0 KOMILJIEKCY B MOJBOBHX YMOBAaX 4Yepe3 CHCTEMY KOHTPOJIBHHMX TOYOK 1
TEXHOJIOTIYHUX TapaMeTpiB; PO3POOJEHHI CTaAIMHOI PO3PaXyHKOBO-CTATUCTUYHOT
Mojeni e(EeKTUBHOCTI TEXHOJOTiYHUX Oap’epiB; GdopmyBaHHI TeoiHPpOpMaIIHHOT
MOJIeJIl TIJIaHYBaHHS 3aCTOCYBaHHS NEPECYBHUX KOMILJIEKCIB Y HACEICHUX MMyHKTaX.

[IpakTHuHe 3HaYEHHS OJIEP’)KaHUX PE3yNIbTATIB MOJSITae y CTBOPEHHI Ta anmpooarrii
MEePECYBHOTO KOMILIEKCY 3a00py 1 OYHMIIEHHS BOJIM MPOAYKTHBHICTIO 2 M3/TO[,
MPU3HAYEHOTO ISl 3a0€3MEeUeHHs HACEJICHHsS MUTHOI BOJOK HOPMATHBHOI SKOCTI B
yMOBax TMpUIMHEHHS a00 OOMEXEHHsS UEHTPai30BaHOIO  BOJONOCTAYaHHS.
3anponoHOBaH1 TEXHOJIOT14HI, KOHCTPYKTHBHI Ta OpraHi3aliiHi pillleHHs MOXYTh OyTH
BUKOPUCTaHI OpraHaMH MICLEBOIO CaMOBPSAyBaHHS, MIANPUEMCTBAMHU MUTHOTO

BOJIOTIOCTAYaHHS, CIY»XKOaMHU ITUBUILHOTO 3aXWCTy, TyMaHITApHUMHU OpraHi3amisiMu Ta



oreparopaMM  KPUTHYHOI  1H(QPACTpyKTypud  Juid  IUIAHYBaHHS  PE3EPBHOIO
BO03a0€3MeYeHHs, MIJTOTOBKM CLEHApiiB pearyBaHHsS Ta BU3HAYEHHS MNOTpeOH y
NEPECYBHUX BOJOOYUCHUX KOMIUIEKCAX.

OtpumaHi pe3ynbTaTH HAYKOBOI POOOTH BIPOBAHKEHO B PO3POOKY MPOEKTHO-
KoHCTpykTOpchkoi gokyMmeHTalii TOB «luctutyr KomynansHoi [HdpacTpykTypu» Ha
«Kommuiekc BopoouMcHMI mnepecyBHUI». IIpakTuuHy peamizalilo BUKOHAHO Ha
BUpoOHMUMX NOTYKHOCTAX TOB «HaykoBo-Bupoonuue o0’ eqnanas «k EKOCO®DT» Ta
TOB «ucturyr KomyHanbHoi [HpacTpykTypu». Y Mexax MeMOpaHAyMy IIpo
cmiBmpamio  MDK ~ MikHapogHuM — komitetoM — YepBoHoro  Xpecra  Ta
KIT «3eneHonobChKiil MICBKHM BOJOKaHA» 3JIMCHEHO BUPOOHMUY EKCILIyaTallito
NepPEeCYBHUX KOMIUIEKCIB 3a00py Ta OUUIIEHHS BOJM.

KurouoBi cioBa: BomHiI 00'€KTH, MHUTHA BOJA, BOJONOCTAYaHHS B YMOBax
BOEHHOT'O CTaHy, TEXHOJIOTiS OYMINCHHS, (UIBTpyBaHHS, €()EKTUBHICTH OYHIIEHHS,
SAKICTb BOJIM, BOJOOYMCHA YCTAHOBKA, 3arajibHE 3aji30, TEXHOT€HHI PU3UKH, BOEHHI
3arpo3m, MaTeMaThu4Ha MOJIelb, reoiHdopMaIliiiHe MOIeTIOBaHHS, €KOJIOTIuHa Oe3meKa,

JIELIEHTPaJ130BaH1 CUCTEMHU.



ANNOTATION

Kuba T. Development of Mobile Water Intake and Treatment Complexes for
Providing Drinking Water to Populations in the Absence of Centralized Water Supply. —
Qualifying scientific work as a manuscript.

Dissertation for the degree of Doctor of Philosophy in specialty192 “Building and
Civil Engineering” (19 — Architecture and Construction). — Kyiv National University of
Construction and Architecture of the Ministry of Education and Science of Ukraine, Kyiv,
2026.

The dissertation is devoted to the development and scientific and technical
substantiation of mobile water intake and treatment complexes intended to provide the
population with drinking water in the absence of centralized water supply.

In the dissertation, the mobile complex is considered not only as a separate water
treatment unit, but also as an element of a decentralized emergency water supply system
that combines the water source, water treatment, storage, transportation, and distribution
of treated water to consumers.

The first chapter analyzes modern approaches to providing the population with
drinking water in the absence of centralized water supply, international and national
requirements for minimum water supply to the population in emergency situations, as
well as international practice in the application of decentralized and mobile water
treatment systems. The classification of mobile water intake and treatment complexes is
generalized, and the requirements for their autonomy, transportability, maintainability,
technological multi-barrier design, rapid deployment, and field water quality control are
defined.

The second chapter analyzes possible water sources and types of water
contamination under emergency conditions and military actions. A source risk profile is
formed and used as a basis for selecting the operating mode of the mobile complex. A
multi-mode technological scheme of the mobile water intake and treatment complex is
developed, combining preliminary mechanical treatment, reagent treatment, pressure
filtration, adsorption treatment, disinfection and, if necessary, a reverse osmosis

membrane unit. An algorithm for selecting the operating mode of the complex depending



on raw water quality and the source risk profile is proposed. This makes it possible to
adapt the technological scheme to different operating conditions without equipping the
complex with additional technological equipment.

Based on the results of field testing of technological schemes on different types of
water, local and cumulative treatment efficiency at individual technological stages was
evaluated. A stage-wise calculation-and-statistical model of the efficiency of the
technological barriers of the mobile complex and its software implementation were
developed. The model makes it possible to evaluate the efficiency of individual treatment
stages, predict water quality after treatment, perform calibration based on experimental
data, and determine the limits of guaranteed operation of the unit.

The third chapter substantiates the structural design of the prototype mobile
complex based on a trailer-van. The optimal dimensions and equipment layout are
determined. The possibility of year-round operation of the complex is substantiated, in
particular by placing the equipment in an insulated van body with the use of an
autonomous power supply. The capacity and operating mode of the complex are justified.
The suitability of the adopted layout for rapid deployment, operation with different water
sources, supply of treated water to water tankers, or direct dispensing into consumers’
containers is confirmed.

The fourth chapter develops a geographic information system model for planning
the application of mobile complexes within a decentralized water supply system for the
population. The tasks of identifying available water sources, locating water distribution
points, selecting water treatment means, and planning the logistics of water delivery are
formulated. The structure of input data for the model is proposed, including spatial data,
information on residential development, population size, potential water distribution
points, water sources, transport routes, and existing elements of backup water supply.

An algorithm for determining the service zones of water distribution points and
calculating the daily drinking water demand of the population is developed. The
geographic information system model ensures the transition from the spatial distribution
of the population to engineering indicators: daily water demand, load on distribution

points, the required number of mobile complexes, storage tanks, water tankers, and



transport trips. Scenario testing of the methodology was carried out using cities of
different scales as examples, which confirmed the possibility of its adaptation to different
spatial conditions and different minimum water supply standards for the population.

The fifth chapter presents an economic assessment of the application of the mobile
complex and a sensitivity analysis of financial indicators. The costs of electricity,
reagents, consumables, maintenance, personnel, membrane elements, chemical cleaning,
and other components of operating costs are taken into account. It is shown that the
feasibility assessment of applying the mobile complex should take into account not only
the unit cost of treated water, but also the ability of the complex to ensure water quality,
autonomy, reduced logistical dependence, and increased resilience of life-support
systems under crisis conditions.

The scientific novelty of the obtained results lies in the substantiation of a scientific
and technical approach to selecting a technological scheme for water intake and treatment
with regard to the source risk profile; the development of a multi-barrier technological
scheme of a mobile complex suitable for operation under normal conditions and under
conditions of increased raw water contamination; the improvement of the approach to
controlling the operation of the complex in field conditions through a system of control
points and technological parameters; the development of a stage-wise calculation-
and-statistical model of the efficiency of technological barriers; and the formation
of a geoinformation model for planning the deployment of mobile complexes in
settlements.

The practical significance of the obtained results lies in the creation and testing of
a mobile water intake and treatment complex with a capacity of 2 m?*h, intended to
provide the population with drinking water of regulatory quality under conditions of
suspended or limited centralized water supply. The proposed technological, structural,
and organizational solutions can be used by local self-government bodies, drinking
water supply enterprises, civil protection services, humanitarian organizations, and
critical infrastructure operators for planning backup water supply, preparing response

scenarios, and determining the need for mobile water treatment complexes.



The obtained scientific results were implemented in the development of design and
engineering documentation by LLC “Institute of Municipal Infrastructure” for the
“Mobile Water Treatment Complex”. Practical implementation was carried out at the
production facilities of LLC “Scientific and Production Association ‘ECOSOFT’” and
LLC “Institute of Municipal Infrastructure”. Within the framework of the memorandum
of cooperation between the International Committee of the Red Cross and the Municipal
Enterprise “Zelenodolsk City Water Utility”, operational use of the mobile water intake
and treatment complexes was carried out.

Keywords: water bodies; drinking water; water supply under martial law;
treatment technology; filtration; treatment efficiency; water quality; water treatment unit;
total iron; technogenic risks; military threats; mathematical model; geoinformation

modelling; environmental safety; decentralized systems.
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