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Pedepar:

1. Inceprauiiina po60Ta IpUCBSIY€HA BUPIlIEHHIO aKTyaJIbHOTO 3aBJIaHHSI B rajly3i aBToMarusalii - po3pobeHHs
CHACTEMU aJANITUBHOTO KEPYBaHHS JO3yBaHHSIM PO34MHiB Y (PapMalleBTUYHOMY BUPOOHUITBI AJ1s1 MiJIBUILLEHHS
MIBUAKOZI] Ta TPOAYKTUBHOCTI TEXHOJIOTIYHYX JIiHi/l HA OCHOBI BaroOBOro METOAY AO3yBaHHS 32 3MiHHUX
TEXHOJIOTIYHUX YMOB. Y CydacHOMY papMaleBTUYHOMY BUPOOHULITBI OJIHY T€XHOJIOTIUHY JIiHil0 3aCTOCOBYIOTb IJIs1
IO3yBaHHS PO3UMHIB 3 PI3HUMMU BJIACTUBOCTIMU (TYCTAHOIO, BSI3KiCTIO) Y Pi3Hi BUJIM Tapy, o GopMye 3MiHHI YMOBU
Io3yBaHHs. OHOYACHO HAQI3BMYaHO BUCOKUMU € BUMOTH JIO TOYHOCTI JO3YBaHHS, OCKIJIbKY NO30BaHi PO3YMHU Y
[10/1AJILIIOMY € OCHOBOIO [IJ1s BUTOTOBJIEHHS JIIKaPChKUX CyMilteil. 3abe3reuyeHHs] Ha3BaHUX BUMOT MOJKJIMBE 32
YMOBH 3aCTOCYBaH$ aJalITUBHOI CUCTEMU KEPYBAaHHS, SIKA JJa€ MOKJIMBICTh 3HAXOIUTU ONTUMAJIbHI ITapaMeTpu

II0O3YBaHHS 1151 KOXKHOI OKpeMOi NapTii mpoAyKlii, a 0TKe 3abe3nevye MakCUMabHy €(EKTUBHICTh TEXHOJIOTIYHOI



niHil [o3yBaHHA. V pucepTalii mpefcTaBieHo aHaji3 iCHyI0UnX METOIiB 103yBaHHS Ta TEXHOJIOTTYHOTO 06JIaiHAHHS,
gKe 3[1MCHIOE I03yBaHHS BiATIOBIAHO 10 peasi3oBaHOTO METOy. BUKOHAHO aHali3 TEXHOJIOTIYHUX JIiHil
HATIOBHEHHS TapHM $K 00'€KTa KePyBaHHS Ta BU3HAYE€HO OCHOBHI KepyloYi BeJIMYMHYU. Bu3HayeHo nepesaru tTa
HEeJIOJIKM KOKHOTO 3 METO/IiB J03yBaHHs. BuineHo HU3Ky 3a/1a4, BUPIlIE€HHS SKUX AACTb MOXKJIMBICTb IOKPALIUTU
IVHAMIiuHi XapaKTepPUCTUKY JIiHill J03yBaHHS, sIKi CKOHCTPYOBaHi 32 METO/IOM BaroBOro HallOBHEHHS Ta PO3POOUTHU
CUCTEMY aIalITUBHOTO KEPYBaHHS MTPOLIECOM JI03YBaHHS PO34MHIB. Y IPYyromMy po3fii po3po61eHO MaTEMAaTUYHY
MOJeJIb IPOLIECY [103yBaHHS PO34MHIB y (yiakoH. [IpoaHanizoBaHo Mpouec A03yBaHHS iHQPY3iHUX PO3YMHIB y
TEXHOJIOTi4HiN yctaHoBLi WDM 8002 Ta Ta BUIiIEHO TPY KIIIOYOBi €Tany JO3yBaHHS: [IepeAA03yBaHHs, IIBUIKE
HATIOBHEHHSI Ta TOYHE HAaNlIOBHEHHS. PO3p06J1€HO eKCiepUMEHTa/IbHY YCTaHOBKY IO BiITBOPIOE TifIpaBJlidHy CXEMY
IIO3yBaHHS PO34YMHY y TEXHOJIOTIYHIN JIiHii BaroBoro HarosHeHHs cepii WDM8002, a TakoXX peasi3oBaHO CUCTEMY
KepyBaHHS €KCIIePUMEHTaJIbHOIO0 YCTaHOBKOIO Ha OCHOBI KOHTpoJiepa Siemens CPU 1215C DC/DC /DC, BignaneHoi
craHuii BBony /BuBony ET-200SP, IM 155-6 PN HF 3 BaroBum moaysnem SIWAREX WP321. Po3po6yieHo anroputMmu
POOOTH 117151 KOHTPOJIepa €KCIIepYMEHTAJIbHOI YCTAHOBKY Ta BilTBOPEHO [IiI0UMii ajirOPUTM O3YBAaHHS B YCTAHOBL
WDMS8002. 3a pesynbTaTaMy €KCIIEPUMEHTAJIBHUX JOCIIIIKEHD [IEPEBIPEHO Ta MiLTBEPIKEHO aIE€KBATHICTD
PO3p06JIeHOI MaTeMaTUYHOI MOZesi. Y TpeTbOMY PO3ZiJi IpeCcTaBlIeHO PO3pO0sIeHi aITOpUTMU KEPYBAHHS
IIPOLIECOM J103yBaHHS iHQY3iIHUX PO34MHIB. YIOCKOHAJIEHO aJITOPUTM JI03yBAHHS HA OCHOBI CTYIiHYaTOi (PyHKIii
LIJIIXOM BBEJIEHHS IOJJATKOBOT'O €Tally «HAIiBTOYHOIO HAIIOBHEHHS». AJITOPUTM BIIPOBAPKEHO B IIPOrpamy
KOHTpOJIEPa €KCIIEPUMEHTAIbHOI YCTAHOBKY Ta BUKOHAHO €KCIIEPUMEHTAJIbHI JOCTiI)KeHHs. PO3po61eHO HOBUM
aJITOPUTM KEPYBaHHS IPOLECOM [103yBaHHS iH(Y3iHUX PO3UMHIB i3 3aCTOCYBaHHSIM (YHKLii 103yBaHHS Ha OCHOBI
cuMmeTpuyHoi QyHKLUii ['ayca. BukoHaHO ekclieprMeHTasIbHi JOCiIKeHHSI HOBOTO aJIFTOPUTMY [I03yBaHHS, 32
pe3yJbTaTaMu SIKUX MiATBEPAKEHO 3HaYHe 3MEHIIEHHS Yacy J03yBaHH: IPU 3a0€31eYeHHi NOMyCTUMOi IOXMOKU
HaIMoBHEHHS (J1akoHa. PO3p06JI€eHO YIOCKOHAJIEHHS HOBOTO AJITOPUTMY KEPYBaHHS MTPOLLECOM LO3YBaHHS
iH(y3ifHUX PO3YMHIB i3 3aCTOCYBaHHIM acUMETPUYHOI PyHKLII 103yBaHHS HA OCHOBI piBHSIHHSA ['ayca. 3a
pe3yJIbTaTaMU €KCIIEPUMEHTAJIbHUX JOCTIiIKEHD MiATBEPIYKEHO BUILY €(DEKTUBHICTb LIbOTO aJITOPUTMY Y
IIOPiBHSIHHI 3 IONIEPEeAHbO AOCTIIPKEHUMU. 32 pPe3yIbTaTaMU €KCIIEPUMEHTAIbHUX JOCiIKEHb PO3POOIEHUX
QJITOPUTMIB KEPYBAHHS [IPOLIECOM [O3YBAHHS BU3HAYEHO CEPEHIN YaC NO3YyBaHHS [JIsI KOXKHOTO i3 aJITOPUTMIB
IIO3yBaHHS Ta [IPOBEJIEHO PO3PaXyHOK IIPOLYKTUBHOCTI JIiHii BaroBoro HaroBHeHHs. BCTaHOBJIEHO, 110 36i/1blIeHHS
NpoAyKTUBHOCTI J1iHii WDM 8002 3a yMOBYU BIIPOBAI)KEHHS AJITOPUTMY KEPYBAHHA i3 3aCTOCYBAaHHSIM aCUMETPUYHOI
(¢yHKUii 103yBaHHS Ha OCHOBI piBHSAHHS 'ayca cTaHOBUTH 384,7 Qpy1akoHiB, ab6o 17,7%. BBesieHO iHTerpasbHUN
[IOKa3HUK SIKOCTI ITPOLeCy NO3yBaHHS Ta 3aCTOCOBAHO MOTO0 [1J1s OL[iHIOBAaHHS SIKOCTi PO3PO6JIEHNX aJITOPUTMIB.
[TigTBEpIKEHO, 110 MiHiMaJIbHE 3HAaU€HHSI IHTErpajbHOrO0 KPUTEPISIKOCTI 3abe3redye alfOpUTM KepyBaHHS i3
3aCTOCYBAaHHSIM aCMMETPUYHOI (PYHKIIiI [03yBaHHS Ha OCHOBI piBHSIHHS ['ayca. Y 4eTBepTOMY PO3iji pO3IJIsIHyTO
OCHOBHI IIPYHIUIIN PO3PO6JIEHHS aJaITUBHUX CUCTEM KEPYBaHHS [TPOLIECOM 03yBaHHSI, 30KpPEMa CUCTEM Ha
OCHOBI Cy4aCHHUX CEHCOPIB Ta aJITOPUTMIB KepyBaHHS. Po3p0671€HO afjanTUBHUI aJlTOPUTM HaJalITyBaHHS
IlapaMeTpiB KEPYI0YOoro aJIrOPUTMY Ha OCHOBI CTYIiHYATOI PyHKIii 103yBaHHS. PO3p0o06seHNIT aITOPUTM [I03BOJISIE
3[1i/ICHIOBAaTY aBTOMATUYHE HAJIAIITYBAHHS [1IADAMETPIB KEPYIOUOT0 AJIFTOPUTMY HA OCHOBI P€3yJIbTaTiB NONEPEIHIX
LMKJIiB J03yBaHHS. PO3po6eHO afanTUBHUI aJITOPUTM HaIAMITYBAaHHS IIapAMETPIiB KEPYIOYOTO alTOPUTMY
(perynsitopa) Ha OCHOBI CUMETPUYHOI Ta aCUMETPUYHOI PYHKIIii, po3p0o06JIeHUX i3 3aCTOCYBaHHSIM PiBHSIHHS ['ayca.
AnanTUBHUI aITOPATM aBTOMAaTMYHO KOPUTye MAaKCHMAaJIbHUM CTYMiHb BiIKPUTTS KjlanaHa, Koe)illieHT BilXuIeHH]
Ta MaTeMaTHUYHe CNoAiBaHHA. PO3po6seHni alroputm 3abesmnedye 3alaHy TOYHICTb i MiHIMasIbHY TPUBaJiCThb
IIPOLIECY AO3YBaHHS, 10 € KDUTUYHO BKJIMBUM JJIs1 JOCSTHEHHS ONTUMAJIBHUX [1ADAMETPIB Y CYy4aCHOMY
(dapmaleBTUYHOMY BUPOOHUIITBI.

2. The dissertation is devoted to addressing a relevant challenge in the field of automation — the development of
an adaptive control system for dosing solutions in pharmaceutical production, aimed at increasing the speed and
productivity of technological lines based based on the weight dosing method under variable technological
conditions. In modern pharmaceutical production, a single technological line is often used for dosing solutions
with varying properties into different types of containers, creating variable dosing conditions. At the same time,
extremely high accuracy requirements are imposed on the dosing process, as the dispensed solutions serve as the



basis for the preparation of medicinal mixtures. Meeting these requirements is possible through the
implementation of an adaptive control system, which allows for determining the optimal dosing parameters for
each specific production batch, thereby ensuring maximum efficiency of the dosing line. The dissertation presents
an analysis of existing dosing methods and the technological equipment used to implement them. The study
includes an examination of container filling lines as control objects and identifies the key control variables. The
advantages and disadvantages of each dosing method are outlined. A set of specific tasks was defined, the solution
of which will improve the dynamic performance of dosing lines based on the weight dosing method and enable the
development of an adaptive control system for the solution dosing process. In the second chapter, a mathematical
model of the solution dosing process into vials was developed. The dosing process of infusion solutions in the
WDM 8002 technological unit was analyzed, and three key stages were identified: pre-dosing, fast filling, and fine
filling. An experimental setup was designed to replicate the hydraulic scheme of solution dosing used in the
gravimetric filling line of the WDM8002 series. A control system for the experimental setup was implemented
using a Siemens CPU 1215C DC/DC/DC controller, a remote [ /O station ET-200SP with an IM 155-6 PN HF
interface, and the SIWAREX WP321 weighing module. Control algorithms for the experimental unit were
developed, and the operational dosing algorithm used in the WDM8002 unit was reproduced. Based on
experimental results, the adequacy of the developed mathematical model was verified and confirmed. The third
chapter presents the developed control algorithms for the dosing process of infusion solutions. The step-based
dosing algorithm was improved by introducing an additional stage—semi-precise filling—which enhanced the
flexibility of transition between the fast and fine dosing phases. This updated algorithm was implemented in the
controller program of the experimental setup. A new control algorithm based on a symmetric Gaussian dosing
function was developed for the dosing process of infusion solutions. Experimental validation of this algorithm
confirmed a significant reduction in dosing time while maintaining the required filling accuracy. Further
advancement led to the development of an asymmetric Gaussian-based dosing algorithm, which allows dynamic
adjustment of the dosing profile during the process. This approach enables better adaptability to process
conditions, resulting in both reduced dosing duration and improved accuracy. Experimental results demonstrated
that this algorithm outperforms previously tested strategies. Based on the experimental studies, the average
dosing time was determined for each algorithm, and the filling line productivity was calculated accordingly. It was
established that implementing the asymmetric Gaussian-based control algorithm on the WDM 8002 line yields a
productivity increase of 384.7 vials per hour, equivalent to 17.7%. An integral quality criterion for the dosing
process was introduced and applied to evaluate the performance of the developed algorithms. The analysis
confirmed that the asymmetric Gaussian-based algorithm provides the lowest value of the integral quality index,
indicating the highest overall efficiency among the proposed methods. The fourth chapter focuses on the key
principles for developing adaptive control systems for the dosing process, particularly those based on modern
sensor and control algorithms. An adaptive algorithm was developed for tuning the parameters of the control
strategy based on a stepwise dosing function. Adaptive tuning algorithms were developed for control strategies
based on both symmetric and asymmetric Gaussian functions. These algorithms automatically adjust the maximum
valve opening level, deviation coefficient, and mathematical expectation of the function, allowing the dosing
system to dynamically adapt to changing process conditions. The proposed adaptive algorithms ensure the
required dosing accuracy while minimizing the process duration, which is critically important for achieving
optimal performance in modern pharmaceutical manufacturing environments.
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VIII. 3ak1104Hi BiZOMOCTI
Biacue IlpisBume IM'st [To-6aTbKOBI Jlosuncpkuit AHzpiit OpecToByuy

TOJIOBH pajgu

BaacHe IlpizBume Im's I10-6aTbKOBI JlosuHcpKu# AHZIpiZ OpecToBiY

TOJIOBYIOYOTO Ha 3acCiiaHHi

BigmoBizasibHUH 32 MiATOTOBKY Kysneniosa Mapra fIpocnasisHa

00JIIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZAIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

IisiIbHOCTI




