O0Js1ikoBa KapTKa aucepTaii

I. 3arasbHi BimOMOCTI

Jep>kaBHUH 00J1iIKOBHH HOMeP: 0825U001685
Oco06J1uBi TO3HAYKH: BinKkpura

JaTa peecrtpamnii: 14-05-2025

Craryc: 3amaHoBana

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. FOpuenko OznekcaHap FOpifioBuy

2. Oleksandr Yurchenko

KBasmigikamis:

InenTudikarop ORCID ID: 0000-0002-3047-6654

Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIndp HayKoBOi crieniaIbHOCTI: 133

Ha3Ba HayKoBOIi cIeniaIbHOCTI: [any3eBe MamMHOGY yBaHHS

lanyss / ralesi 3HaHb. MexaHiyHa iHXKeHepisa

OCBiTHbo—HayKOBa nmporpama 3i CreniaJibHOCTI: 20744 rany3eBe MalIMHOGY 1yBaHHS

JaTa 3axHCTy: 15-05-2025

CrneniaJbHICTh 3a OCBITOIO: 133 l'ayy3eBe MamIMHOGYIyBaHHS

Micue po60oTH 34,00yBaya: CymMchKuil HALLiOHAIbHMIA ATPAPHUIA YHIBEPCUTET

Kopg 3a €IPIIOY: 04718013

i

Micue3HaxoaKeHHS: By 'epacuma Konznpatbesa, 6y, 160, Cymu, Cymcbkuii p-H., 40021, Ykpaina

dopma BaacHOCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH | HayKy YKpaiHu

Imentudikarop ROR: He zacrocoyerbcs

CeKTOop HayKH. YHiBePCUTETCHKUI



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

IIIudp cnenianizoBaHoi BYEHOI pagH (Pa30Boi CIeliaJai30BaHOI BYE€HOI pazu). PhD 8240
IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: CyMChKMIi €PKAaBHUIA YHIBEPCUTET

Kopg 3a €IPIIOY: 05408289

Micue3Haxoa>KeHHSI: By/1. XapkischbKa, 6y1. 116, Cymu, Cymcbkuii p-H., 40007, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHiBEPCUTETCHKUI

IV. BizomocTi ripo miznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BHKOHAHO JHCEPTaIlilo

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI 0COOM: CyMCBbKUII J€PKaBHUI YHIBEPCUTET

Kopg 3a €IPIIOY: 05408289

MicueSHaxo,q)KeHHﬂ: ByJI. XapKiBcbKa, 0y1. 116, Cymu, Cymcopkuii p-H., 40007, Ykpaina

dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKH YKpaiHu

InenTudikarop ROR:

CeKTOp HayKH: YHIBEPCUTETCHKUI

V. BimomocTi npo gucepraniio

MoBga auceprTaliii: Vkpaincoka

Koau TemaTHYHHUX PYOPHK: 55.57.99, 61.33, 68.85

Tema gucepranii:

1. TinpopnHaMika ¢akesly po3nuily Ha BUXOZi 3 KOP3MHU 06€pTOBOro BiOpaLiliHOTO IpaHyJIsITOpa MiHepaIbHUX
Io6pUB

2. Hydrodynamics of the spray plume at the basket outlet of a rotating vibrational granulator for mineral fertilizers

Pedepar:

1. Incepranifina po60Ta IPUCBIYEHA JOCIIKEHHIO (PaKesy pO3NUIly IJIaBy HA BUXOJi 3 KOP3UHU OOEPTOBOTO
Bi6paLifiHOTO rpaHyJsTOpa MiHEpalbHUX 10OPUB. BUPDOOGHULITBO OOGPUB peasi3yeThCs P BUKOPUCTAHHI
IPaHyJIATOPIB, CEPEJl PYXOMUX €JIEMEHTIB B IKOMY, € KOP3MHA 3 OTBOPAMM [IJIsl IIJ1aBy. BUKOpHUCTaHHS TaKOro
06J1aHaHHS A€ MO>KJIMBICTb OTPMMAaHHS MOHOJUCIIEPCHUX I'PaHyJl MiHepasibHUX J06pUB. TeopeTnyHa YacTUHA
pPO6OTH MiCTATh TEOPETUYHI JOCIIPKEHHS MO0 AiaMeTpy dakesy po3Nuily Ha BUXOi 3 KOP3UHU 06€PTOBOTO
BibpawiiiHOro rpaHyssiTopa. 30Kkpema, po3pobJieHa MeToguKa po3paxyHKy Jiamerpa daxesry rpaHyJl Ha BUXO[i 3
kop3unu OBT, 0 06epTaeThCs, IPY HAsIBHOCTI AEKiIbKOX NapasiesbHo npauoounx OBI'y ofHil rpanyssuiiHii

6amri. [JaHa METOAMKA € BOKJIMBOIO 3 TOYKHU 30PY po3TallyBaHH4 Kisibkox OBT B ogHil 6amrTi. Llum



XapaKTePU3Y€EThCSl HEIOMYILEHHS IePEXPELIeHHs (PaKeIiB rpaHyJl, IO NPUBOIUTD [0 MOTipLUIEHHS
MOHOJUCIIEPCHOTO CKJIANY IPaHyJISALiNHOTIO IPOAYKTY. Y XOMi TEOPETUYHUX AOCIIIPKEHb BUSHAYEHO 3QJIEXKHICTD
3MiHM THUCKY Y KiJIbLIeBOMY IIPOCTOPi MK HEPYyXOMUM NaTPyOKOM YBOZY ILJIaBy Ta BHYTPILIHbOIO IOBEPXHEIO
KOP3UHH, 10 00EPTAETHCS, Ta BUSHAUEHO, 1110 OCHOBHE IIiIBUILIIEHHS THUCKY BiJl 00€PTOBOrO PyXy KOP3UHU
BiIOyBa€eTbCs B 00J1aCTi pO3TAllOBaHil Ha 2 /3 pajiiyca KOP3UHU. A BHACIIIOK BU3HAUYE€HHS 3MiHM KOJIOBOI IIBUAKOCTI
IJIaBa y BiJIOBiZHOCTI 1O 3MiHU pajiiyca y BHYTPIlIHbOMY IIPOCTOPi KOP3UHU BCTAHOBJIEHO, 1O 32 IBUIKOCTI 110 0,2
00/XB pifilHa He 3a1il0e€TbCs B 06€pTOBUI pyX. [Ipy BUKOHaHHI €KCIIEPUMEHTAIBHOTO AOCJIiIKEHHS BUKOPUCTAHO
PsiI, METOZIB: CIIOCTEPEXXEHHS], BUMIPIOBAaHHS Ta 6€3M0CepeIHbO €KCIIEPUMEHT. [JaHMMU 3arajlbHOHAYKOBUMU
MEeTOJlaMU 3[1ifICHEHO 3HSTTS [TOKa3HUKIB po3Mipy Kpariesb (MM) Ta po3Mipy gakesy posnuiy (MM) Ha BUXOZ 3
KOP3UHM 00€PTOBOrO BibpaliliHOro rpaHyJIsITOpa MIJIIXOM BUKOPUCTAHHS METO/lY BUMipIOBaHHS 3a IIOCTIHOTO
06€epTaHHS KOP3UHM IPaHyJIsITOPA, 10 BiTHOCUTHCS 6€3M10CepeIHbO METOAY EKCIIEpUMEHTY. MeTogamu
CIIOCTEPEKEHHS Ta [TOPiBHSHHS 3a epe6iroM Npolecy rpaHyJl0BaHHS IIPYU 3MiHi MapaMeTpiB MBUIKOCTI 06€PTaHHS
Kop3uHU rpanysstopa (10-46 06/xB), yacTOTU 30yiHNKA MeXaHiYHUX KoauBaHb (340-500 I') Ta piBHS cTOBMA
pigunu (80-250 MM) peasi3oBaHO NIOETANIHMI €KCIIEPUMEHT. Y XOi BUKOHAHHS €KCIIEPUMEHTIB JOCIIiIPKyBaBCs
po3Mip ¢akesry po3Nnuiy Ha BUXO[Ii 3 KOP3MHU 00€PTOBOTO BiOpaLifflHOrO rPaHyJIITOpa MiHEPAJIbHUX TOOPUB.
JocmimKeHHs TPOBOAWIINCS 3i 3MIHOIO LIBUAKOCTI 06epTaHHS KOP3UHU 06€PTOBOrO BiOpaLilfHOTr0O rpaHyssTopa, a
TaKO>X 3MiHM PiBHSA CTOBIIA Pi'HU BCEPEAMHI HBOTO. TaKOX, Y XO[i €KCIIEPUMEHTIB BU3HAYEHO PO3Mip Kpaleb y
MIOTOLi CTPYMEHIB IJIaBY Ha BUXOi 3 Kop3uHu OBI'. PesynsraTamu I, II Ta Il ekcriepuMeHTIB, 110 MOJArany B
IOCJIiIPKEHHI po3Mipy (akesry po3nuiy Ha BUXoi 3 Kop3uHU OBI', BcTaHOBJIEHO 36ibLIeHHS (aKesy po3Nnuity Ajis
KOXKHOTO €KCIIEpUMEHTY OKPEMO 3TifiHO 3i 36i/blIeHHsIM PiBHS CTOBIA PiIMHY BCepeUHi IpaHyIsITOpa BiANOBIIHO
80, 150 ta 250 MM. B xozi eKxcrieprMeHTIB BCTAaHOBJIEHO 30i/blIeHHS (paKkesy po3Nuiy OKPEeMO 3i 3MiHOIO IBUIKOCTI
obepTaHHS KOP3UHHU 00€PTOBOTro BibpalifiHoro rpanystopa no crynessam 10, 20, 30, 40, 46 06 /xB. KoskHe
[TIOKPOKOBE 30iJIbII€HHSI IIBUAKOCTI 06epTaHHS KOP3UHU 3a piBHA cToBma pinuau 80 MM (I ekcriepyumeHTasbHe
IOCJIiI)KeHHSI) [10Ka3aso 36ibl1eHHs po3Mipy ¢akesny po3nuiy 3i 380 mo 425 mm. AHasioriyHuM yuHoM II Ta 111
eKCIIepMMEHTAaJIbHi JOCTiKEHHS, 10 BifTIOBiaiy 361/IbIIeHHIO PiBHS CTOBIA PifvHU BifmoBigHO 10 150 Ta 250 MM,
IIPeICTaBUIIM MIOKA3HUKU (aKkesry po3uiy, o 3HaXOOUINCS B MexKax 455 — 510 MM (a1 II ekcriepruMeHTasnbHOrO
mociimxkeHHs) Ta 530 — 570 mm (g1 111 excniepuMeHTaIbHOTO JOCHiIKeHHs). OTpUMaHi y X0[i MOJIeII0BaHHS
YUCJIOBi 3HAUEHHSI [171 TPAEKTOPIii pyXy KparneJsib BiioOpakaloTbCsl BiATIOBITHO 10 OCSIM SX Ta Sy SIK BiTIOBITHO
rOPU30HTAJIbHA BEPTUKAJIbHA CKJIAJI0Ba TPAEKTOPIil pyxy Kparui. [Ipy 3amaBaHHi HEOOXiIHOrO 3HAaY€HHS
BEPTUKAJILHOI CKJIAIOBOI TPAEKTOPIi pyXy KpareJsb € MOXJIMBICTh HA BU3HAYE€HOMY PiBHi I10 BepTUKaJi OTPUMAaHHS
3HA4YEHHS TPAEKTOPii pyXy 10 ropu30oHTaIi. Lle BpaxoBaHO IIPU CIiBCTABJIEHHI PE3YyJIbTATIB TECOPETUYHUX Ta
€KCIIEPMMEHTAJIBHUX JOCiIKeHb. OTPMMaHi pe3ysbTaTy (pakesy PO3NUily OJHOYACHO CIIiBCTABJIEHO 3
NIOKa3HMKAMU BUTPATH piguHU. [is1 | ekcriepuMeHTy Takuil MOKa3HUK cKiaB 18 m3 /roa, oy Il ekcnepumeHTty - 24
M3 /ron, oy Il - 29 M3 /ron. Takum 4MHOM, IIOKa3HUK po3Mipy (akesry po3nuiy, ClliBCTaBleHUH 3 [I0Ka3HUKOM
BUTpATH pigHU ckuagas 21,1; 19 ra 18,3. BusHaueHHs po3Mipy Kparesb 37iliICHEHO 3i 3MiHOIO YaCcTOTU 30yJHAKA
MeXaHIYHMX KOJIMBaHb Mo cryneHsm 340, 370, 400, 430, 470, 500 I'u. OTpuMaHi pe3ysibTaTu JOCiIKeHHS 1al0Th
MOYKJIMBICTb CTBEPIKEHHS 00 30iIbIIeHHS BifiCTaHi MK CTPYMEHSIMU IJIaBY 32 YMOBH 30ibIIeHHS (aKesy
PO3IMIy Ha BUXOZi 3 KOP3UHU 00€PTOBOro BibpaljiliHOro rpaHyssiTopa. 3a paxyHOK 36i/blIeHHS BiiCcTaHi MixX
IAHMMU CTPYMEHSIMU 3MEHIIYETbCS BipOTiIHICTB iX NepeciuenHs Mk co6010. Takox, 30iybHeHHS (paKkey po3nuiIy
Jla€ MOXJIMBICTb 301/1bIIE€HHS MPOIYKTUBHOCTI €KCIIEPUMEHTAJIbHOI YCTAHOBKHU 332 HE3MIHHOI KiJIbKOCTi OTBOPIB B
KOP3UHi 06epTOBOTr0 BiOpaliiiHOTO rpaHyJIsSITOpa.

2. The thesis is devoted to the study of the spray plume of the molten liquid at the basket outlet of a rotating
vibrational granulator for mineral fertilizers. Fertilizer production relies on granulators, among the moving
components of which is a perforated basket designed for the molten liquid. The use of such equipment enables the
production of monodisperse mineral fertilizer granules. The theoretical part of the study contains theoretical
studies on the diameter of the spray plume at the basket outlet of a rotating vibrational granulator. In particular, a
specialized method has been developed to calculate the diameter of the pellet plume at the basket outlet of a
rotating vibrational granulator (RVG), considering the scenario where multiple operating vibrational granulators



operate parallel within a single granulation tower. This method is essential for the proper arrangement of multiple
RVGs within a single tower. It prevents the intersection of the pellet plume, which would otherwise lead to a
degradation of the monodispersity of the granulated product. Theoretical research has established the relationship
between pressure variation in the annular space between the stationary inlet nozzle and the inner surface of the
rotating basket. It has been determined that the main pressure increase due to the basket rotational motion occurs
in the area located at 2 /3 of the radius of the basket. Additionally, an analysis of the change in the circumferential
velocity of the molten liquid in relation to the radius within the basket inner space has shown that at rotational
speeds up to 0.2 rpm, the liquid is not involved in rotational motion. The experimental study was performed using
a range of methods, including observation, measurement and direct experiment. These general scientific methods
were used to measure the droplet size (mm) and the spray plume (mm) at the basket outlet of a rotating vibrational
granulator. Measurements were taken while maintaining a constant basket rotation speed, which is directly related
to the experimental method. A step-by-step experiment was carried out through observation and comparative
analysis of the granulation process under varying parameters: basket rotation speed (10-46 rpm), the excitation
frequencies of the mechanical vibration (340-500 Hz) and the liquid column height (80-250 mm). During the
experiments, the size of the spray plume at the basket outlet of the rotating vibrational granulator for mineral
fertilizers was studied. The study was conducted by varying the rotation speed of the basket of the rotating
vibrational granulator and adjusting the liquid column height inside it. Also, during the experiments, the droplet
size within the flow of molten stream at the basket outlet was measured. The results of I, Il and III experiments,
which focused on measuring the spray plume size at the RVGs basket outlet, showed a consistent increase in the
spray plume as the liquid column height inside the granulator increased to 80 mm, 150 mm, and 250 mm,
respectively. The experiments also demonstrated that the spray plume expanded with increasing basket rotation
speed, tested at increments of 10, 20, 30, 40, 46 rpm. In the experiment I, with a liquid column height of 80 mm,
each stepwise increase in basket rotation speed resulted in the spray plume increase from 380 mm to 425 mm.
Similarly, in the II and III experiments, where the liquid column height was increased to 150 mm and 250 mm,
respectively, the spray plume size ranged from 455 mm to 510 mm (for the II experiment) and from 530 mm to 570
mm (for the III experiment). Numerical simulations of droplet trajectory movement provide corresponding values
along the Sx and Sy axes, representing the horizontal and vertical trajectory components, respectively. By setting
the required vertical droplet trajectory component, it is possible to determine the horizontal movement trajectory
at a given vertical level. This is taken into account when comparing theoretical and experimental results. The
obtained spray plume data were simultaneously compared with the liquid flow rate measurements. The flow rates
were 18 m3 /h for the I experiment, 24 m3 /h for the II experiment, and 29 m3 /h for the III experiment. Thus, the
ratio of the spray plume size to liquid flow rate was 21.1, 19, and 18.3 for the I, II and III experiments respectively
The droplet size was measured by varying the excitation frequency of mechanical vibration in increments of 340,
370, 400, 430, 470, 500 Hz. The obtained results allow us to state that an increase in spray plume size at the
granulator basket outlet leads to greater distance between individual molten streams. By increasing the distance
between these streams, the probability of their intersection with each other decreases.
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JoparkoBa inHdpopmamuist:



IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI 0COOHM: CyMChbKIIi J€PKaBHUI YHIBEPCUTET

Kopg 3a €IPIIOY: 05408289

MicueSHaXOA)KeHHH: ByJI. XapKiBCbKa, Oyx. 116, Cymu, Cymcekuii p-H., 40007, Ykpaina

dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHicTepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEpCUTETCHKUI

VIII. 3aKkJII04Hi BiZOMOCTi

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

TOJIOBH pajgu

BaacHe IlpizBuiie Im's ITo-6aTbKOBI

TOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasbHUIH 3a HiATOTOBKY

00JIiIKOBUX JOKYMEHTIB

Peectpartop

KepiBHuk Bigginy YKpIHTEI, mpo €

BiZINOBiZaJIbHUM 32 peeCcTpallilo HayKOBOi

OisSIIBHOCTI

[Tnanyk Jleonin IMUTPOBUY

[Tnanyk Jleonin IMUTPOBUY

Boiiko AuToH OJekcaHapoBuy

VKpIHTEI

Opuenko Tersna AHaTostiiBHa



