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Section 1.
Information technologies in energy systems, including renewable sources.

OBIPYHTYBAHHS NAPAMETPIB TIOBITPAHOI'O 'EJIIOKOJIEKTOPA
3 BUKOPUCTAHHSM AITAPATHO-ITPOI'PAMHUX 3ACOBIB
boapuyk B., k. m. n., Kopooka C., k. m. n., Kpuzyne P., k. m. n., baouu M., k. m. n.
JIveiécbKuil HayioHANbLHULL AZPapHUll yHieepcumem

We developed a new design of an air solar collector for a solar dryer including
double glazing and a selective surface made of a thin metal substrate with inlet and
outlet openings on its bottom. We established that it is necessary to use a glass with a
heat-reflecting coating of a solid K-glass type with a radiation coefficient €=0.1...0.15
for a double-glazing substrate. This makes it possible to obtain the widest possible
spectrum of direct sunlight rays that irradiate a surface of an absorbing plate and
reduces a diffuse component of radiation, which ensures an increase in efficiency of a
solar collector.

[ToiTpstnuit remiokonektop (III'K) — me mpuctpiil, 1mo npusHauyeHU st
300py eHeprii BUNIpoMiHiOBaHHS COHIM y BUAMMOMY Ta 1H(PpPauepBOHOMY CIEKTpI 1
MEPETBOPEHHS KOTO B TETJIOBY €HEPTIIO.

Haiinpocrtimum € TII'K y Burisai kopoOku 3 TEMI0i130Jb0BAHUMH CTIHKAMU,
noABiHUM 3ackieHHsAM Tumy (K-glass) 1 cenekTMBHOIO OBEPXHEIO Ha 11 JHMIII (PHC.
1). 3a mOABIMHOTO 3aCKJIEHHS MIHIMI3YETHCS TOTIK KOHBEKTMBHHMX TEIUJIOBTPAT BiJl
MOTVIMHAIOYO1 TIOBEPXHI Yepe3 BEIMKUM KOE(QIIEHT TEIUIONEPEHOCY IoIepeK
TypOyJII30BAaHOTO TMOTOKY TOBITpsl. 3 METOI  30UTblleHHS  €(EeKTHUBHOCTI
TETJIOBIZIBOY BiJI HArpiToi MaHesi, MOBITPSHUN TOTIK MOTPIOHO TypOyJi3yBaTH
BUOOpPOM Mepepi3y MIUIMHU, MIBUAKOCTI MOTOKY. HaTOMICTh y UIIIUHI MiJ] CKISHUM
MOKPUTTAM CJIIJT TEepen0ayuTH BiJBEACHHS MEPErpiToro MoBITps 3 ii BEPXHBOI
yacTUHU. J[J11 1IbOTO JIOCTaTHBO 3POOUTH KUIbKAa BXIAHUX OTBOPIB HEBEIUKOTO
niameTrpa 0e3nocepenHbo MijJ MOKPIBETbHUM CKJIOM, @ BEpXHI BUXI1JIHI OTBOPU — OIS
MOTJIMHAIOYO1 TTaHEeM .

SKI0 OTBOpPH CHONYYHUTH 3 HUXKHBOIO IMIUIMHOIO, TO 3a PaxyHOK
MiICMOKTYBaHHSI CTBOPUThCA cnabka Tsara i e(QEeKTHBHOTO BEHTHUIIIOBAHHS
MPOCTOPY ] CKISHUM MOKPUTTAM. [Ipy 1IboMy BUHUKArOY1 3apOJIKM BEPTUKATHHUX
MOTOKIB OYIyTh YACTKOBO BIJCIKATUCS JOTHMYHUM JO CKJISTHOTO TIOKPHUTTS CIAOKUM
JaMiHapHUM TIOTOKOM CBIKOTO aTMOC(hEpHOTO MOBITpsA. TakuM 4YHHOM Bijmangae
HEOOXITHICTh TOABIMHHOTO 3aCKJICHHS, a HEBEJIMKE 3MEHIICHHS TeMIlepaTypu
BUXIJHOTO MOTOKY KOMIIEHCYETHCS 30UTBIIEHHSM TEIUIONPOAYKTUBHOCTI KOJIEKTOPA.
JIOBXXMHY KOJEKTOpa TaKOX BapTO OOMEXYBaTH 3HAYEHHSIM 1,5 M, 1HaKIIe JOKaJlbHI
Xa0TUYHI KOHBEKTHUBHI MIKPOIIOTOKH, 332 HAsSBHOCTI TATH 3JMBAIOTHCS Yy CYLIIbHHMA
CTIMKMM TOTIK B3/J0BX MPO30pPOr0 MOKPUTTS 3 HEMHHYYUM 3pOCTaHHSIM
KOHBEKTHUBHUX TerIoBTpar. I1iJ yac Manux MIBUIKOCTEW MOTOKY PEKUM PO3BUHYTOI
TypOYJIEHTHOCTI MIATPUMYEThCA BJOBXK KoJIeKTopa 3a ymoBu L/2[>10, ne L —


https://uk.wikipedia.org/wiki/%D0%86%D0%BD%D1%84%D1%80%D0%B0%D1%87%D0%B5%D1%80%D0%B2%D0%BE%D0%BD%D0%B5_%D0%B2%D0%B8%D0%BF%D1%80%D0%BE%D0%BC%D1%96%D0%BD%D1%8E%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F

nopkuHa KaHany L, a 2| — ioro nmoasiiiHa BucoTa [1]. i KojaeKkTopa A0BKUHOK 1 M
BHCOTa KaHATy 3 TypOyJIi30BaHUM MIOTOKOM HE TTOBUHHA TIEPEBUIIYBATH 5 CM.

Pucynok 1 — ETanu ckiagaHHsi €1€MEHTIB KOHCTPYKIIiT JOCIIITHOTO 3pa3ka
MOBITPSHOTO TETIOKOJIEKTOpa: @ — CKJIalaHHs KapKacy KOJEKTopa; 6 — ImepeBipka
reoMeTpii KOpITyCy KOJEKTOpa; 8 — 3aKpiIuieHHs1 abcopOepa; & — po3MileHHS
MOBITPSHUX KaHAIIB; 0 — BCTAHOBJIEHHS OJHOIIAPOBOIO CKJIa 3 TEIIOB1IOMBAIOYHM
MOKPUTTSAM TBepAoro tuiy K-glass; € — MoHTax Ta ImyCKOHaJIaroKeHHs JOCITiAHOTO
3pazka [II'K [1]

CTIHKH KOJIEKTOpa TEIUI0130/1b0BaH1 MIHOMJIACTOBUMU IUTUTAMU TOBIIUHOIO 6
cM 3  koedimientoM TerutonpoBigHocTi  A=0,040 Bt/M'K. TemnmoBtpatu Bin
MOTJIMHAIOYOT MOBEPXHI JI0 HABKOJUIIHHOTO CEPEOBUIINA MPOXOASITh Yepe3 CKIISIHE
MOKPUTTSI 1 TEIJI0130J1s11110. 3arajibHa TUIOIIA TEIUIOI30JIA1i1 BKIIOYAl0 CyMy IUIOIN]
CKJISHOTO TIOKPUTTA 1 aHuma Fq=1,5 M2, 6okoBux Fs=0,18 ™M? i TOPILIEBUX CTIHOK
000X MOBITpAHUX Kamep Fy=0,06 M? TEMIOBOTO KOHTAKTY 3 HATPITHM IIOBITPSM.

Takum 9uHOM, 3aNPOITIOHOBAHI 1HKCHEPHI PIllICHHS, Taf0Th 3MOTY OJCpKaTH
MaKCUMaJIbHO BEIMKHNA CIIEKTP TIOTOKY TMPSMHUX COHSYHUX TIPOMEHIB, SKi
OTPOMIHIOIOTh TIOBEPXHIO TMOTJIMHAILHOT IUIACTUHU Ta 3HU3HTH PO3CISHY CKJIaJI0BY
BUIPOMIHIOBaHHS, 110 € YaCTUHOIO PaiaIlifHOTO MOTOKY 1 3a0e3medye MiBUILECHHS

€(EeKTUBHOCTI COHSYHOTO KOJIEKTOPA.

Bioaiorpagiunmii cnucok
1. Korobka S., Babych M., Krygul R., Zdobytskyj A.Substantiation of parameters
and operational modes of air solar collector. Eastern-European Journal of
Enterprise Technologies. 2016. Ne 3/8(93). P. 16 — 29. doi.org/10.15587/1729-
4061.2018.132090



MATEMATHUYHA MOJEJIb JOBI'OI JIIHII EJJEKTPOIIEPEJAYI
JJIAA JOCJIIXKEHHS EJIEKTPOMATHITHUX ITPOLECIB
B ABAPIHHUX PEXKUMAX POBOTH
B. JIeeoniwok, xk.m.n.
JIveiecoKuil HayionanvHuil azpapuuil ynieepcumem, YKpaina

KarouoBi cioBa: HeycTaneHi eJNEKTpPOMArHiTHI MpoOLeCH, JOBra JiHis
CJIGKTpOHGpGI[aIIi, MATEMATUYIHC MOJCIIOBAHHA, KOPOTKE 3aMUKAHHAI.

Keywords: transient electromagnetic processes, long power line, mathematical
simulation, short circuit.

The mathematical model of a fragment of ultrahigh voltage electric network
which consists of a long power line with distributed parameters and equivalent three-
phase active-inductive load is developed in this paper. The parameter «output voltage»
(voltage at the end of the line) is introduced into the paper for further universal use of the
developed line model. On the basis of the developed mathematical model the program
code is written in algorithmic language Visual Fortran.

[Ipu npoeKTyBaHH1 €IEKTPUUHUX MEPEX HEOOXITHO BPaXOBYBaTH BUHUKHEHHS Y
HUX  aBapiiiHUX pEeXHUMIB, SKI  3a3BMYail  CYIPOBOIKYIOTbCA  CEpUO3ZHUMH
MOLIKO/DKEHHSIMH €JIEMEHTIB €JNEeKTpUYHUX Mepex. HalnommpeHimmMu aBapiiHUMU
PEKUMAMU € PEKUMHU KOPOTKUX 3aMUKaHb. 3a LIUX PEKUMIB B €IEMEHTaX €JIEKTPUYHHUX
MEpEX TMPOTIKAIOTh BEJIMKI CTPYMH KOPOTKOTO 3aMHUKaHHS, SKI CHPUYUHSIOTH
SJIEKTPOJMHAMIYHY Ta TEPMIYHY [Iii, a TAKOXK CYMPOBOIKYIOTHCS PI3KHM 3HUKCHHSIM
HaAmNpyTy B eNeKTpuuHii mepexi. ChOroJHI OJHUM 13 ONTHUMAJIBHHX Ta €()EKTUBHUX
croco0iB aHaJ3y HEYCTAJIEHUX aBapIiHUX PEKUMIB B €IEMEHTAX €JICKTPUIHUX MEPEK
€ 3aCTOCYBAaHHS arapara MaTeMaTHYHOTO MOJETIOBAHHSA, IO Ja€ 3MOTY YHHUKHYTU
3aCTOCYBaHHS KOIITOBHUX HATypHHUX €KCIICPUMEHTIB.

Metoo pobOTH € TOKpallaHHs METOJiB Ta 3aco0iB MaTeMaTUYHOTO
MOJICJIIOBAHHSI Ta aHali3y NEepexXiIHUX EJEKTPOMArHiTHUX TMPOLECIB Yy JIOBIUX
Tpu(a3HUX JIHIAX eJeKTpoIepeaay B aBapIiHUX PeKUMax POOOTH.

OmHuM 13 KIIOYOBUX €JIEMEHTIB EJIEKTPUYHUX MEpeX € JIOBI JIiHIi
enexkTponepenad. Bimomo, 1o mporecd, sKi MPOTIKAITh Yy LHMX JIHIAX MaroTh
XBWJIBOBUH XapakTep, TOMY iX OMNHC HEOOXIJHO 3IIMCHIOBATH 13 ypaxyBaHHSIM
PO3IOIIICHOCTI TapamMeTpiB Takux diHINA. I1le MokHa 3pOOMTH JBOSKO: HA OCHOBI
3aCTYITHUX KOJOBHX CXEM Ta Ha OCHOBI MOJHOBUX MiAXoAiB. L{imkoM o4eBMAHO, 110
3aCTOCYBAaHHS OCTAHHIX € JOUIUIbHIIIMM, OCKUIBKM BOHM TIPYHTYIOTHCS Ha OCHOBI
byHIAMEHTAIBHUX  3aKOHIB MPUKIAAHOI  (Pi3UKU. 3  TEOPETUYHUX  OCHOB
€JIEKTPOTEXHIKH, BIIOMO, IO MPOLECH Yy TaKUX JIIHISX OMHUCYIOTHCS PIBHSHHSIMU
JIOBTOi JIIHIT 3 YaCTUHHUMHU MOXIJHUMU. MM TpPOMOHYEMO Jii OMKCY 3raJlaHuX
HPOIIECIiB BUKOPUCTOBYBATH TejierpadHe piBHSIHHS Apyroro nopsaxky [1]
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Jlns po3B’si3yBaHHS piBHSAHHA (1) MM TIPOIMOHYEMO BHUKOPUCTATH KpanoBi
ymoBu Heiimana ta Ilyankape, 30kpeMa piBHSIHHS, SIKE MOKHAa OTPUMATH 3a APYTUM
3akoHOM Kipxroda mist eneKTpuuHuX KT 3 po3NOAITICHUMH MTapaMeTpaMu:
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ox 0 O @
Juckperusytoun piBHsHHS (1) Ta (2) 32 METOOM MPSAMEX, OTPUMAEMO:
dv - ] 1 dUJ .
<~ (LeCo) (AT(UH—ZUJ #Uj11) ~(LoGo +RoColvj ~RiGou; | 3t =y (3
di; 1
L1 (U —us DL RAi i =
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[TpoananizyBasim piBHsAHHS (3) Ta (4), 6auuMO, 10 JJIs 3HAXOPKEHHS HAPYTH Ha
octanHboMy (N-My) By31i, HEOOX1HO 3HATU HANPYTH BIPTYadbHOTO (BIKTMBHOTO BY3Jia
(Uns+1). HImsxoM MmoeaHAHHS 3aKOHIB TEOPETHYHOI ENCKTPOTEXHIKM Ta MaTEMAaTHYHHX
METO/11B HAMU OTPUMAHO BUpPa3 JyIsl 3HAXOHKEHHS HANPyTH (DIKTUBHOTO By3J1a

Upy1=Ung +2(Up—Uy) (5)
7ie Up — Hampyra B KiHIII JIiHii.
Bupa3s (5) € yHiBepcanbHUM, BiH He OyJie 3MIHIOBATUCS MPU 3MiHI KOHDIirypartii
CXEMHU 3’ €JJHAHHS JIiHIi 3 THIIIUMU €JIEMEHTaMH €JICKTPUYHOI MEPEexKi.

Bioaiorpagiunnii cnucok
1. Simonyi K. Theoretische elektrotechnik. Berlin: Veb deutscher verlag der
wissenschaften, 1956. 875 s.

OLIHKA EHEPIOBUMOT EJIEKTPOIHAYKIIAHOI'O
MOBITPSIHATPIBAYA 10O BIZIHOBJIIOBAHUX JI’KEPEJI EHEPTII
B.M. I'onoeko, npogh., 0-p. mexn. nayk, B.Il. Koxaneeuu, kano. mexu. Hayx,
M.O.Illuxaiinos, nayk. cniepoé., Jlemenmapvoe B.B., cm. suknaoau
Incmumym gionoenroeanoi enepzemuxu HAH Ykpainu
Hauionanvnuii mexniunuii ynisepcumem Ykpainu “KIII im. I2opa Cikopcbkozo
BIT HYBill Ykpainu «HixcuncoKkuil azpomexnivHuil iHcCmumymy

The work is devoted to the study of the possibility of operation of renewable
energy installations with industrial load. To calculate the parameters of the heater, a
program for the MatLab environment was developed for the electrodynamic
calculation of a cylindrical induction air heater by the method of integral equations,
which allows to make minimal simplifications in the problem statement. Production
inspection of a single-phase electric induction air heater was carried out in the
production premises of the company with a volume of 66 m3. The initial temperature
in the room at the level of the workplace (1.2 m) was 12 oC. It was necessary to
establish for what time the normative minimum value of temperature of 15 oC will
be reached.



Keywords: Renewable energy sources, electric induction heater, software.

Y mepiox 2015 - 2020 pp. cnoctepiraioch 3pOCTaHHS BapTOCTI TEIUIOBOI Ta
€JIEKTPUYHOI €HEPTii, 110 OTPUMYyBalIach 3 HEBIAHOBIIOBAHUX JDKEPEN, HA IPOTUBATY
31 3HIDKEHHSM BapTOCTI TEIUIOBOI Ta €IEKTPUYHOI €HEprii, 10 OTPUMYETHCA BiJ
€Heprii COHIYHO BUIPOMIHIOBAaHHS, BITPY, OloMannBa, yTUIi3allii IPOMHUCIOBUX Ta31B
CKHJTHOT 1 T€OTEPMAaTbHOI TEIIJIOTH.

Ha cborogHi  enekTpuyHe  OMAJICHHS  MPSIMOrOo  HarpiBaHHsS  BXkKe
KOHKYPEHTOCIIPOMOKHE Ha PHHKY YKpaiHu, a Oe3locepeiHe 3acTOCyBaHHSA
YCTaHOBOK BIJIHOBJIFOBAHOI €HEPIeTUKHU YCYyBa€ HEOOX1IHICTh BUKOHAHHS KOMILIEKCY
pOOIT 3 MoJiepHI3allli eJIeKTPOMEPEkK, CIPIMOBAHUX Ha 30UIBIIECHHS iX IPOITYCKHOI
CIPOMO’KHOCTI. 3a CTATUCTUYHHUMHU JIOCHIUKEHHSIMH DO3MOALI BUTpPAT E€HEprii,
HaIpuKiIaa, B moOyTi cTaHOBUTE: 70 — 75 % ¥ine Ha omaneHHs nmpumiiieHs, 15% — Ha
terioBi mporec, 5 — 10 % eneprii cmoxuBae moOyToBa TexHika, 1 me a0 5 %
€Heprii BUTPAYa€eThCS HA OCBITIICHHS.

Curyanid, mo ckjiajgacs Ha JaHOMY eTall €KOHOMIYHOTO PO3BUTKY KpaiHH,
BUMarae 3BEpHYTH YyBary Ha OUIbII IIMPOKE 3aCTOCYBAaHHSA CHUCTEM, WIO
320€3Me4yI0Th: MOKJIUBICTh PO3JApIOHEHHS OOJaAHAHHS 3a MOTYKHICTIO; MPOCTOTY
MIJBECHHS NEPBUHHOI €HEprii 0 MICU CHOKMBAHHS; THYYKICTh PEryIIOBAHHS
TEXHOJIOTIYHUMHU PEKUMaMU; CKOPOUYCHHS] BUPOOHMUYUX IUION[ Ta OOCIYrOBYIOYOTO
nepcoHany. JlanuMm BuUMoOram HaWOLIbIIE BIAMOBIIAIOTH €JIEKTPOTEIJIOBI CHCTEMH.
OCHOBHMM  HEIOJIKOM 1X BBaXalTh IOABIMHE IIEPETBOPEHHS  CHEPTii.
EnexTpoinaykiiiifHi TOBITpOHArpiBaydi BIAHOCATBCS JO HArpiBayiB HEMPSIMOTO
HarpiBaHHSI.

EdexT TemoyTBOpeHHs NMpu 1HAYKIIHHOMY HarpiBaHHI BUBHAYAETHCS 00'€MHOIO
T'YCTUHOIO TEIUJIOBOI MOTYXHOCTI CTPYMY Ta KIJIbKOCTI TEIUIOTH, IO BHIAUISIETHCS B
Marepiaii.

HarmpysxeHicTh MarHiTHOTO IOJIsl HA MOBEPXHI 3aBAHTAKEHHS OCEps 1HAYKTOpa
cknanae [1]:

Hoz = (Poz 10° / (pufFep)0°) 02,

ne Po; — muToMa moBepXxHeBa MOTYKHICTb;
p — MUTOMMUIA OTIip 3aBaHTAKEHHSA 1HIYKTOPA;
f — wacroTa mepexi,
Fep — mITOI1a TOBEPXHI 3aBaHTAXKEHHS 1HIYKTOpA.
st po3paxyHKy TapaMmeTpiB HarpiBada Oyia po3poOlieHa mporpama s
cepemoBuiia MatlLab 3  eneKkTpoAMHAMIYHOTO  PO3PAaXyHKY — MHATIHIPHYHOTO
THAYKIIIAHOTO MOBITPOHArpiBaya METOJAOM IHTETPAIBbHUX PIBHSHB [2], IKHI T03BOJISIE
pOOUTH MiHIMAJIBHI CIIPOIICHHS B MOCTAHOBII 3a/1a4i.
BupoOnuua mnepeBipka oHO(}A3HOTO €JIEKTPOIHIYKIIIHHOTO MOBITpOHArpiBaya
IIPOBOJMIIACH B BUPOOHMYIOMY IIpUMileHHI 06’ eMoM 66 M3, TlouaTkoBa Temmeparypa
B MpUMIIIEHHI Ha piBHI pobouoro micig (1,2 m) Oyna 12 °C. HeoOxigHo Oyiio



BCTAHOBUTH, 3a SIKMH 4ac Oyne JOCITHyT€ HOPMATHUBHO MiHIMaJIbHE 3HAY€HHS
temrepatypu 15 °C [3].

[locraBnena 3amaya Oyna gocsrHyTa mpoTsirom 3 roauH. [lpu upomy ciig
BpaxyBaTH, 110 BIJHOIIEHHS 4Yacy CHOXXUBAHHS €HEPrii Bl Mepexi N0 4acy may3u
(Bimmada TEIJIOTH 3a PaxXyHOK akyMyJsmii) ckmanaB 1:4, TOOTO Yac CIOKMBaHHS
ckiaB 45 xB., a KinbKicTh eHeprii — 1,5 kBt-roa. TlopiBHSHHS 3 pPO3paxyHKOBUM
3HAYEHHSM KUIBKOCTI €HEeprii Ha TEeIJIONOCTauyaHHs 3 BpaxyBaHHSAM BTpaT depes
OTOPOJDKEHHS J1ae TOoXMOKYy B Mexax S5 %. CepeaHe 3HadyeHHs KoedilieHTa
MOTYKHOCTI MiJ1 yac BUpOOHUYOT nepeBipku ctanoBuio 0,93.

Takum uwuHOM, nnsi 3a0e3MeueHHs BHUKOHAHHS BHUPOOHUYOI MPOTpamMu
CIEKTPOIHIYKIIMHAM TOBITPOHATPIBaYeM, OTPUMaHI METOAWYHI TOJIOKEHHS I0I0
BU3HAYEHHS HOr0 MOTY>XHOCTI 7O OyAb-SIKOTO TPaJWLIMHOTO YW HETPAJAULIMHOIO
TDKepeIia KUBJICHHS.

Bioaiorpagiynuii cnucok
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2. HemxoB B.C., emunoBuu B.B. Teopuss u pacdyeT yCTpOMCTB HHAYKIIMOHHOIO
HarpeBa. — JI.: DHeproaromusaar. Jlenunrp. Ota-aue. — 1988. — 280 c.
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LABORATORIUM DYDAKTYCZNO-BADAWCZE FOTOWOLTAIKI
W SGGW
J. Aleksiejuk?, V. Boyarchuk?, A. Chochowski!, S. Syrotyuk?
! Szkola Gléwna Gospodarstwa Wiejskiego w Warszawie
2 Lviv National Agrarian University

Streszczenie. Wymagania dotyczace ochrony klimatu i $rodowiska wymuszaja
rozw6] nowych technologii produkcji energii elektrycznej. Powszechne staje si¢
wykorzystanie OZE, w tym fotowoltaiki. To powoduje, Ze jest duze zapotrzebowanie
na fachowcow w tym kierunku: projektantow i monterow instalacji oraz serwisantow.
Nie tylko uczelnie techniczne, ale i rolnicze podejmuja si¢ ksztalcenia w tym
kierunku. Ponizej pokazano laboratorium fotowoltaiki w SGGW 1 opisano
realizowane tam badania i dydaktyke.

Wstep. W krajach Unii Europejskiej (UE) wykorzystanie odnawialnych zrodet
energii (OZE) jest obowigzkowe. Kazdy z krajow cztonkowskich ma narzucone
limity udzialu OZE w calkowitym bilansie produkowanej energii. Ich udziat w
catkowitej produkcji energii z roku na rok wzrasta, takze 1 z tego powodu, ze
technologie energii odnawialnej stale si¢ rozwijaja 1 ekonomicznie s3 coraz
korzystniejsze. Sposrod technologii OZE najwigksze znaczenie dla systemow
energetycznych ma energetyka wiatrowa. Z jednostkowej objetosci uzytych
materialow konstrukcyjnych uzyskuje si¢ najwigkszg moc. Produkowane na $wiecie
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wiatraki osiggaja moce 4-6 MW. Fotowoltaika (pV) jest drugg technologia
najbardziej rozpowszechniong. W ostatnim 10-leciu rozwingta si¢ znacznie,
doréownujgc produkcja energii elektrycznej farmom wiatrowym. W Polsce w
ubieglym roku udziat fotowoltaiki stanowit 4,62%, a energetyki wiatrowej 5% w
catkowitym bilansie produkcji energii elektrycznej. Te dwie technologie rdznicuje
jednak struktura wielko$ci. Instalacje pV najczesciej sa matej mocy, od kilku do
kilkunastu kW, ale jest ich znacznie wi¢cej niz farm wiatrowych, stad ilo$¢ uzasadnia
skale produkcji. Programy wsparcia tej technologii sg gléwnag przyczyna boomu
technologicznego. Wzrost cen energii elektrycznej, samozaspokojenie wilasnych
potrzeb 1 mozliwosci odsprzedazy do sieci wlasnych nadwyzek produkcyjnych,
dodatkowo zwigkszyly zainteresowanie fotowoltaikg. Zmotywowani finansowo
inwestorzy indywidualni stali si¢ wspotproducentami energii elektryczne; — tzw.
prosumentami. W Polsce mamy ich juz ponad 600 tysigcy. Dobrze wpisuja si¢ jako
element rozproszonej energetyki lokalnej.

Wszystko to powoduje, ze rynek potrzebuje specjalistow od fotowoltaiki:
projektantow, instalatorow 1 serwisantow. Konieczne jest ksztatcenie specjalistow na
r6znym poziomie. Dziatania w tym kierunku podejmujg zarowno uczelnie techniczne
(politechniki) jak i rolnicze — ich wydzialy mechaniczno-energetyczne. Istotne jest
jakie profile ksztatcenia realizowa¢ powinny oba typy uczelni. Wydaje sie, ze
politechniki w badaniach skupiajg si¢ na naukowych, teoretycznych zagadnieniach
fizyki zjawiska konwersji fotoelektrycznej, a wydzialy mechaniczno-energetyczne
uczelni rolniczych na praktyce, problemach eksploatacyjnych, diagnostyce instalacji.
Wspoéltpraca srodowisk akademickich 1 ich doswiadczenia badawcze powinny
owocowa¢ nowymi rozwigzaniami w kwestiach, o ktorych juz nalezy mowic:
zjawisku starzenia si¢ paneli pV, poprawie ich trwatosci, zwigkszeniu efektywnosci 1
technologiach recyklingu.

Laboratorium fotowoltaiki w SGGW. Na Wydziale Inzynierii Produkcji
SGGW w Warszawie prowadzone jest od ponad 10 lat ksztatcenie studentow na
kierunku technologie energii odnawialnej. Badania i dydaktyka z tego zakresu
realizowana jest w Katedrze Podstaw Inzynierii 1 Energetyki, mi¢dzy innymi w
omawianym laboratorium fotowoltaiki. Badania prowadzone pod katem wtasciwosci
dynamicznych paneli monokrystalicznych, polikrystalicznych i amorficznych,
modelowania ich dynamiki pracy (potrzeba przy projektowaniu systemow
hybrydowego zasilania energig) oraz zjawiska starzenia si¢, obnizajgcego wydajnosc.
Na rys. 1 przedstawiono stanowisko badawcze. Po lewej stronie zestaw 3 typow
paneli rozmieszczonych na obrotowej konstrukcji sledzacej ruch Stonca (rys. 1a). Po
prawej stronie komputerowy monitoring parametrOw pracy poszczegdlnych paneli
(napigcie, natezenie pradu) 1 wielko$ci meteorologicznych (rys. 1b).

W zakresie dydaktyki realizowane sa badania eksploatacyjne na stanowisku
(rys. 2). skfadajacym si¢ z dwoch oddzielnych instalacji pracujgcych na sie¢
elektroenergetyczng, kazda po 5 paneli (2 x 1,5 kWp tacznie 3 kWp). Studenci
projektujg wielko$¢ instalacji w odniesieniu do zapotrzebowania obiektu 1 uczg si¢
montazu, analizujg prace (oddawang moc do sieci) w zalezno$ci od warunkow

pogodowych.
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Rysunek 1 - Stanowisko badawcze réznych typoéw paneli pV: a) panele
fotowoltaiczne, b) monitorowanie systemu

= _— AT
Rysunek 2 - Instalacja pV: a) pracujgca na sie¢ elektroenergetycznag; b) projektowanie
1 montaz

POWERING THE HEAT PUMP FROM MICRO-SOURCES OF
ELECTRICITY - SIMULATION CALCULATION STAGE
Dariusz Czekalski, PhD, Krzysztof Korpysz, PhD, Michat Awtoniuk, PhD.
Warsaw University of Life Sciences, Institute of Mechanical Engineering

Abstract: renewable energy sources in households are usually heat pumps and
PV modules. These can be combined in systems that integrate electricity and heat
production on a microscale. A system consisting of a micro wind turbine, PV
modules and a battery bank for powering the heat pump was designed. The
construction of the system was preceded by simulation studies in many variants of the
size of microsources. The degree of autonomy of the heat pump power supply was
calculated. Full autonomy of power supply from the micro sources is possible, but it
would require large wattages and relevant energy storage.
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Introduction. A breakthrough is being made in microscale energy
management. This is the result of advances in the design of heating equipment and
electricity sources based on renewable energy sources (RES) and dedicated to small
buildings. One of the solutions for low-carbon energy economy is the integration of
local microsources of electricity with local heating devices in single-family houses.
The idea of building such hybrid systems has been known for several decades.
Research and development work focuses on achieving a high degree of coverage of
own needs, with the greatest possible self-consumption of the energy produced. The
actual self-consumption of produced electricity requires the use of batteries. It is no
coincidence that improving electricity storage is one of the priorities of EU research
and development programs.

The numerous studies on systems integrating electricity and heat production at
the microscale are diverse in nature. They concern, for example, the general
systematics of hybrid systems and the multiplicity of their structure [1], the
optimization of the size ratio of the cooperating component segments [2, 3], the
control strategy of the heating system operation with the priority of increasing the
self-consumption of energy produced by the PV module [4, 5]. Usually, the studies
are in the form of multivariate simulation analyses [6]. The technical characteristics
of individual system components are derived from catalogues or from experimental
studies. More extensive verification of simulation results in real buildings rarely
occurs.

Configuration of the microsource electricity system for powering the heat
pump. The system that is the subject of the simulation study is currently under
construction in the Kanczuga municipality (Podkarpackie voivodeship). It consists of
two electricity microsources. The first is a wind turbine with a maximum power of
approximately 3.2 kW. It has 5 blades and the horizontal axis of rotation is located at
a height of 10 m above ground level. The second source is a PV module array with a
maximum power of 13.5 KW. The purpose of the microsources is to power a ground
source heat pump with modulating performance up to a maximum of 12 kW. The
system is completed by a lithium-iron battery bank (Figure 1). The safety and
reliability of the power supply is ensured by cooperation with the electricity grid. It is
intended that the heat pump will supply heat to a building with a total area of 320 m2
, including 170 m2 of floor and wall heating. A buffer tank acts as a hydraulic
coupling. The main purpose of the energy flow management system is to ensure that
the microresources used to power the heat pump are utilised to the highest possible
level. Depending on the current demand for power for the heat pump, the production
of electricity by the microsources and the state of charge of the accumulators, energy
flows are distributed according to the algorithm shown in Figure 2.

Simulation calculations. Calculations were performed for a number of
combinations of PV, wind turbine and battery capacities. Meteorological data was
taken from Typical Meteorological Year for Rzeszow. It was assumed that the heat
pump ideally adjusts the heating power to the building's thermal needs. Synthetic
results in the form of the achieved degree of autonomy in powering the heat pump
from its own microsources are presented in Table 1
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Figure 1 - Diagram of the microsource electricity system powering the heat pump.
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Figure 2 - Diagram of the method of powering the heat pump using microsources of
electricity.

Conclusions. Full autonomy in powering the facility from microsources is
possible, but it would require large wattages and relevant energy storage. This cannot
be economically justified, unless the overproduction of electricity from April to
October is put to a rational use, e.g. powering facilities with seasonal demand or
connecting to electric car charging stations.
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Table 1. Autonomy in powering the heat pump from local microsources.

Autonomy Autonomy w/ Autonomy
L Power, w/o battery, % (unlimited
RES combination kWp battery, 60 150 | 300 | accumulatio
% Ah | Ah | An n), %
PV 40 m?2 6 238 | 251 | 26,7 | 289 41
. .
PV 20 m"+ Skywind | ¢, 362 | 377 | 393 | 414 62
3200
1 .
PV 40 m*+ Skywind | 4, 418 | 434 | 454 | 482 67
3200
2 .
PV.20m®+ Skywind | g, 465 | 481 | 498 | 522 73
6000
E .
PV 40 ”éozgky"‘””d 12 510 | 525 | 545 | 573 83

In the calculation, the uncertain element in terms of expected output is the
micro wind power plant. Each location is confronted with local terrain and
infrastructural obstacles, which may also arise after the construction of the plant. The
Skywind 3200 micro power plant in Lopuszka Mata is an example of this. The first
studies indicate significantly lower production than calculated.
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PERSPEKTYWY ROZWOJU SPREZARKOWYCH POMP CIEPLA W
ASPEKCIE WARUNKOW TECHNICZNYCH 2021
dr hab. inZ. Pawel Obstawski, pawel _obstawski@sggw.edu.pl
dr inZ. Tomasz Bakon, tomasz_bakon@sggw.edu.pl
Instytut InZynierii Mechanicznej
Szkota Glowna Gospodarstwa Wiejskiego w Warszawie

W dniu 13 sierpnia 2013 roku weszlo w zycie Rozporzadzenie Ministra
Transportu, Budownictwa i1 gospodarki Morskiej bedace nastepstwem dyrektyw
Parlamentu Europejskiego i Rady 2010/31/UE z dnia 19 maja 2010 r. w sprawie
charakterystyki energetyczne; budynkoéw. Niniejsze rozporzadzenie okresla
maksymalng warto§¢ wspotczynnika EP okreSlajagcego roczne obliczeniowe
zapotrzebowanie budynku na nieodnawialng energi¢ pierwotng niezbedng do
ogrzewania, wentylacji, chtodzenia, przygotowania cieplej wody uzytkowej oraz
oswietlenia zarowno budynku jedno jak 1 wielorodzinnego. Zgodnie z niniejszym
rozporzadzeniem warto$¢ wspotczynnika EP byta sukcesywnie zmniejszana, by od
dnia 01 stycznia 2021 przy braku chtodzenia osiggna¢ wartos¢ w przypadku budynku
jednorodzinnego na poziomie 70 kWh/m?rok, a w przypadku domu wielorodzinnego
na poziomie 65 kWh/m?rok. Warto$¢ wspotczynnika EP wyznaczana jest z
zalezno$ci 1 wigzacej warto$¢ wskaznika EK oznaczajacego ilo$¢ jednostkowej
energii koncowej zawartej w paliwie lub/i pomocniczej energii elektrycznej Eppom jak
jest niezbedna na wejsciu do systemu grzewczego o sprawnosci 1) celem wytworzenia
energii uzytkowej EU w ciggu roku w odniesieniu do jednostki powierzchni ze
wspolezynnikiem naktadu nieodnawialnej energii pierwotnej w; We niezbednej do
wytworzenia i dostarczenia energii koncowe;.

EP = EK -wi + Ep,,,, - Wq
(1)

Warto$ci wspoiczynnika w; oraz we precyzuje Rozporzadzenie Ministra
Infrastruktury i Rozwoju z dnia 27 lutego 2015 r. w sprawie metodologii
wyznaczania charakterystyki energetycznej budynku lub czesci budynku oraz
swiadectw charakterystyki energetycznej. Wedlug niniejszego rozporzadzenia
biomasa w tym pelet i suche drewno kawatkowe charakteryzuje si¢ wartoScig
wspotczynnika naktadu nieodnawialnej energii pierwotnej na wytworzenie 1
dostarczenie nosnika energii lub energii dla systemow technicznych wi = 0.2, wegiel,
gaz ziemny, gaz ciekly 1 olej opatowy posiadajg warto$¢ tego wspotczynnika na
poziomie w; =1.1, a w przypadku systemowej energii elektrycznej wartosé
wspotczynnika wi = 3.0. W praktyce oznacza to, ze oddanie do uzytku budynku jedno
czy wielorodzinnego, w ktérym zastosowano monowalentng instalacje centralnego
ogrzewania 1 przygotowania cieptej wody uzytkowej wyposazong w zrodlo ciepta
zasilone gazem sieciowym, olejem opatowym czy tez weglem jak rowniez
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sprezarkowg pompa ciepta, jest niemozliwe. W zastosowania w budynku takich
zrodet ciepla instalacje nalezy rozbudowaé o zrédta energii bazujace na nosnikach
odnawialnych takich jak energia promieniowania stonecznego (instalacja
fotowoltaiczna czy tez stoneczna instalacja grzewcza) tworzac tzw. hybrydowy
system zasilania. Jedynym rozwigzaniem umozliwiajacym eksploatacje¢ instalacje CO
i CWU jako monowalentng jest zastosowanie kotta 5 klasy zasilonego peletem.
Rozwigzanie to, pomimo stosowania zaawansowanych regulatoréw i1 algorytméw
regulacji jego pracg pocigga za sobg pewne niedogodno$¢ dla uzytkownika zwigzane
z koniecznos$cig obstugi tego urzadzenia m.in. czyszczeniem komory spalania i
ptomieniowek usuwaniem popiolu oraz dosypywaniem paliwa. Rozwigzaniem
alternatywnym dla kottow zasilanych peletem, niewymagajacym obstugi, moga by¢
sprezarkowe pompy ciepla. Jednakze zastosowanie sprezarkowych pomp ciepta
wigze si¢ obecnie z pewnymi ograniczeniami. Glownymi ograniczeniami jest wejscie
w zycie dyrektywy EU ograniczajacej stosowanie czynnikoéw chlodniczych z grupy
HFC oraz HCFC charakteryzujagcymi si¢ wysokimi warto§ciami wspolczynnikow
ODP 1 GWP. Oznacza to, ze powszechnie stosowane w sprezarkowych pompa ciepta
czynniki R410a, R407C, R134a beda musialy zosta¢ wycofane 1 zastgpione innymi
czynnikami. Problemem jest jednak znalezienie zamiennikéw dla stosowanych
obecnie czynnikow syntetycznych. Wydaje si¢, ze najlepszymi zamiennikami dla
czynnikow syntetycznych beda czynniki naturalne nalezace do grupy HC, migdzy
innymi R290 (propan), R600a (izobutan). Jednakze, czynniki naturalne s3
czynnikami  latwopalnymi, =z tego tez wzgledu konstrukcja  uktadu
termodynamicznego sprezarkowych pomp ciepta zasilanych czynnikami palnymi
wymaga modernizacji majacej na celu ograniczenie masy czynnika chtodniczego w
uktadzie. Rozwigzanie tego problemu stanowi obecnie powazne wyzwanie dla
inzynierow.

APPLICATION OF A COGENERATION UNIT FOR A MICRO-
INSTALLATION PRODUCING AGRICULTURAL BIOGAS FOR
INDIVIDUAL NEEDS OF A FARM
Grzegorz Walowski
Institute of Technology and Life Sciences, Poznan Branch, Department of
Renewable Energy Sources

Abstract: A pilot installation of agricultural biogas production was presented
on the example of a farm with 1100 Dan Bred porkers kept in a grate system. The
conducted experimental studies revealed that the current control and control system
of the cogeneration unit prevents the most effective mode of operation of the research
installation as a prosumer micro-installation in accordance with the Act on renewable
energy sources (RES) along with the "storage" of temporary surplus electricity in the
grid.

Keywords: agricultural biogas, control system, cogeneration, prosumer micro-
installation, electricity in the grid
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Introduction. There are many possibilities [1] to carry out anaerobic digestion
but the most important is to choose the mode of operation [2] of the fermentation
chamber.

The fermentation chambers are the "heart" of the biogas plans as they are
responsible for the proper fermentation process. The biogas plant can be equipped
with one or more fermenting chambers, which depends on the technological solutions
applied. The chambers may be either concrete or steel, provided with a heating
system, must be properly insulated to allow access to the interior in the event of
failure or maintenance or repair work. The chambers are most often built on the
surface of the ground, and are less often recessed. It is also possible to completely
recess the chambers in the ground, which allows for better thermal insulation, but
makes it difficult to access its interior or auxiliary equipment [3].

Reducing the negative environmental impact of intensive livestock production
requires additional installations and devices to be integrated into the production cycle
to enable the current sanitation of the resulting post-production residues. This process
should run in a stream way and be one of the links in the food production process.
For this purpose the Institute of Technology and Life Sciences in Poznan developed a
mono-substrate reactor for methane fermentation of slurry as an installation located
between the existing livestock building and the slurry tank.

Slurry is most often produced in farms that are able to manage digestate
residues on the used land. These farms, in addition to animals, suitably adapted
buildings and livestock facilities, are usually equipped with professionally
constructed and operated slurry storage tanks. The capacity of these tanks, according
to the applicable regulations, makes it possible to store slurry for a minimum period
of 4 months. After this period and in the agro-technical seasons of crop fertilization it
Is in the raw state (non-fermented) and disposed on the fields. Its composition
includes, among others, large quantities of germinable weed seeds, parasitic eggs and
pathogenic microorganisms. The integration into such a production cycle of an
installation enabling the directing of the entire liquid manure stream from the
underground channels of the barn or pig house to a reactor operating in the flow
mode, in which anaerobic digestion will take place, allows to obtain a biologically
pure fertilizer. In this way, in addition to obtaining energy such as electricity and
heat, it will be possible to use fertilizer of ecological and crop-forming value on the
fields. Such system will also meet the sustainability criteria of livestock farms
carrying out livestock production.

The design and construction of the monosubstrate model of a flow biogas
reactor was carried out on the basis of an invention [4]. This device has been
developed for use with livestock buildings of various sizes and capacities from 2.5 to
40 kKW. The system is a leak-proof tank filled with sections (elements) constituting a
spatial arrangement of irregular shapes and various volumes of free spaces.

Slurry circulates between the upper and lower reactor sections at a frequency
adapted to the current dry organic matter content. The fermentation process can take
place within 8 to 12 days. It is therefore a universal reactor in which parameters of
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the anaerobic digestion process can be adjusted to the methane forming value of a
specific liquid manure. The reactor filling sections have surfaces on which bacteria
responsible for anaerobic digestion of slurry are introduced.

Energy usefulness of biogas. In agriculture, there are also large reserves of
land resources that can be used for the targeted production of biomass for energy
purposes. By subjecting these materials to anaerobic fermentation, we can produce
biogas containing: CH,4 (52-80)%, CO, (14-48)%, H,S (0.08-5.5)%, H, (0-5)%, CO
(0-2.1)%, N, (0.6-7.5)%, O, (0.2-0.1)%. Methane is dangerous for the natural
environment. It has a 21-times higher impact on deepening the greenhouse effect in
relation to carbon dioxide. Methane is odorless, flammable and very harmful to the
atmosphere. It destroys the ozone layer twenty times as much as carbon dioxide.
However, it is no longer harmful to the environment, if burned in special systems.
When 1 m3 of methane is burned, about 1.6 kg of water is steamed. It is necessary to
use about 10 m3 of air to burn 1 m3 of methane. It is used as biofuel. Its calorific
value is (20-27) MJ/m3, however, values not exceeding 20 MJ/m?3 [5] should be used
for calculations of the biogas plant design and the selection of the cogeneration
system size. Biogas may also be used as engine fuels, whereas the digestion residue
may be used as natural or enriched fertilizer or after dehydration it can be incinerated
or co-incinerated.

The current control and control system for the cogeneration unit does not meet
the amended requirements of the Distribution Network Code (IRIESD) of the national
distribution network operators (DSOs):

- does not ensure automatic synchronization of the cogeneration unit with the
public grid, but only allows the unit to operate in an island mode on a separate
power grid of a biogas plant with variable rotational speed (i.e. with a variable
frequency of electricity produced) and has serious difficulties in synchronizing
with the public grid using the existing converter frequency;

- does not have automatic safeguards required by the TNC of national distribution
network operators (DSOs);

- does not ensure operation with the power factor required by the territorially
relevant distribution network operator (DSO);

- as a result, the current control and monitoring system of the cogeneration unit
prevents the most effective mode of operation of the research installation as a
prosumer micro-installation in accordance with the Act on renewable energy
sources (RES), along with the "storage" of temporary surplus electricity in the grid.

The internally inconsistent control system, consisting of many systems and
modules, requires constant supervision by the operator, and at the same time its
complicated operation nevertheless causes many errors and alarms. The high-pressure
biogas supply system for the cogeneration unit engine (typical for vehicles powered
by CNG compressed natural gas, and not for stationary devices) requires the
generator to be powered with high-pressure biogas, causing significant operational
difficulties. The installation of heat energy collection (generated by a cogeneration
unit) does not ensure the possibility of long-term operation of the cogeneration unit in
the summer season with no demand for thermal energy. Excessive consumption of
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electricity and heat generated for the installation's own needs unnecessarily reduces
its energy efficiency [6].

Summary. The current control and control system for the cogeneration unit
and its biogas supply system and the heat energy collection system significantly
reduce the energy efficiency of the research installation, at the same time indicating
the directions of optimization of the cogeneration unit before starting the
Implementation phase of a research micro biogas plant in an individual farm.
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PANELE FOTOWOLTAICZNE TYPU MONO, POLI I CIGS W UKLADZIE
STACJONARNYM I ICH SPRAWNOSC
Gieliecki J. dr inZ., Jakubowski T. dr hab. inZ., Brzychczyk B. dr inz., Kowalczyk Z.
dr hab. inz.
University of Agriculture in Krakow; Department of Agricultural and Food
Production Engineering

Summary. The article compares energy efficiency in obtaining energy of
photovoltaic panels [1, 2]: monocrystalline (MONO), polycrystalline (POLI) and
thin-film (CIGS). It contains an analysis based on the results of the measurements
carried out in 2015 - 2017 regarding the power generated by MONO, POLI and CIGS
panels. The obtained results were analyzed in terms of the technical and economic
aspects of the use of MONO, POLI and CIGS solar panels in a stationary system.

Keywords: photovoltaic panels, panel monocrystalline (MONO),
polycrystalline (POLI), panel thin-film (CIGS)

Introduction. W badaniach przeprowadzono analiz¢ techniczng i ekonomiczng
sitowni fotowoltaicznej w ukladzie stacjonarnym zlokalizowane; na terenie
Uniwersytetu Rolniczego w Krakowie. Sitownia fotowoltaiczna sktadajaca si¢ z
zespolow paneli typu MONO, POLI 1 CIGS [3 + 6] jest umiejscowiona na terenie
Wydziatu Inzynierii Produkcji 1 Energetyki. Dane pomiarowe zarejestrowane przez
KSP (Komputerowy System Pomiarowy [7]) w latach 2015 — 2017 umozliwity
analiz¢ warto$ci mocy wygenerowanej przez panele fotowoltaiczne typu MONO,
POLI 1 CIGS oraz porownanie uzyskanych wynikéw pod katem sprawnosci
generowania mocy [8].

Badania miaty roéwniez na celu okreslenie, ktoéry z zespotow paneli
fotowoltaicznych typu MONO, POLI i CIGS jest najbardziej korzystny pod
wzgledem ilosci generowanej energii eklektyczne;.
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80% 660 3 524537692474551739646626352642495386604405708310713246468608597615633340516 12214357
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Rysunek 1 - Przyktadowe poréwnanie wygenerowanej mocy w kolejnych dniach
miesigca dla trzech rodzajow paneli fotowoltaicznych — Czerwiec 2017
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Na podstawie zestawionych danych pomiarowych uzyskanych z KSP
(komputerowy system pomiarowy) wykazano, ze najwigksze wartosci mocy
wygenerowanej w przeciagu trzech ostatnich lat osiggnat panel fotowoltaiczny typu
polikrystalicznego. W sierpniu 2017 roku panel ten uzyskat sprawnos$¢ o wartosci
85,06 %.

W 2015 roku panele monokrystaliczne i1 polikrystaliczne osiggnely najwyzsza
sprawno$¢ w kwietniu, a panele CIGS — w sierpniu. Rok pdzniej wszystkie trzy
rodzaje uzyskaly najwicksze warto$ci sprawnosci w czerwcu, a W 2017 roku to
sierpien okazal si¢ najbardziej wydajnym miesigcem dla kazdego rodzaju paneli
fotowoltaicznych. Powodem osiggni¢cia wysokich wynikéw w miesigcach letnich,
jest fakt, ze wlasnie wtym okresie wystepowalo w Polsce najwicksze
nastonecznienie.

W wiegkszos$ci przypadkdw najnizsze wartoSci mocy wygenerowal panel
cienkowarstwowy CIGS.
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DESCRIPTION OF THE DYNAMICS OF WORK OF AMORPHOUS
PHOTOVOLTAIC PANELS USING PROCESS MODELS
Aleksiejuk-Gawron J., Warsaw University of Life Sciences
Shpak O., Syrotyuk S., Lviv National Agrarian University

Abstract: The work investigates the dynamic parameters of an amorphous
photovoltaic panel. The models were determined on the basis of actual
meteorological data from the photovoltaic research stand located at the Institute of
Mechanical Engineering at Warsaw University of Life Sciences. Models were
developed using System Identification Toolbox (Matlab&Simulink Software).
Presentation of the dynamic parameters was given by graphs of step responses and
frequency characteristics. The results show that more complex model analyzes with
the highest fit should be performed and the model structure changed.

Keywords: photovoltaic panel, system identification, dynamic parameters,
process model.

For research purposes in this work, photovoltaic panels were used. The test
stand is located at the Warsaw University of Life Sciences, at the Institute of
Mechanical Engineering. The institute has its own meteorological station.

The subject of the research was the amorphous photovoltaic module SCG62-
HV-L, produced by the German manufacturer Sulfurcell. The modules are IEC
certified. The unit power of the module is 62,5 Wp. The module was on the following
structure. To develop the model, the measurement of voltage [V] on the analyzed
module and the measurement of the irradiance [W/m?] were used. The Kipp & Zonen
CM3 model pyranometer was used to measure the irradiance. The analyzed model is
a single-input single-output (SISO) model. The structure of the model is shown in
Figure 1.

SISO model
Irradiance @~———¥ — Voltage

Figure 1 - Structure of the analyzed model

Based on the object identification in the Matlab & Simulink System
Identification Toolbox, process models were developed. After verifying the fit of the
models, the transfer function was obtained in the form:

G(s) = E _. vcrltlage
) P irradjance . .

Based on the obtained transfer function, the step and frequency characteristics
of the analyzed amorphous module were plotted. Taking into account the day of
11.11.2019, the operator transmittance of subsequent models of the amorphous
module has the form:
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0,04924

T 04397 s+ 1
0,256 - s + 0,0921

P = e s+1
0,04036 - 5 + 0,04923

Pl = e s +1

The step response of the model is inertial (Fig. 2). The gain factor (k) at P1 was
0,0492, and the equivalent time constant (Ts) 0,451 sec, for P1DZ k=0,0492 and
Ts=3,19 sec, for P1Z k=0,0492 and Ts=1,08 sec. When analyzing the frequency
characteristics, the cut-off frequency (wo) of the model at P1 was 2,2688 Hz, which
corresponds to the period of signal change (T) 0,441 sec, for P1DZ ®0=0,1167 and
T=8,569sec, for P1Z ®,=0,5795 and T=1,726 sec. These are definitely too low values
taking into account the nature of the work of the amorphous photovoltaic module.

Step Response
From: ul To: yl

P1DZ| |
P1Z

Amplitude

20 10 60 80 100 120

Time (seconds)

Figure 2 - The step characteristics of the models from 11.11.2019

This report presents one of several examples of tests that have been carried out.
The study shows that the models made mostly really have high fits. However, the
parameters of the models, i.e. gain factor, time constant, cut-off frequency, do not
best reflect the dynamics of the photovoltaic panel. Ultimately, it can be concluded
that more complex analyzes of the models with the highest fit should be performed
and the model structure should be changed, e.g. by adding another input or output
parameter.
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COCONUT SHELL - CHARACTERISTICS AND APPLICATIONS,
ESPECIALLY AS A SOURCE OF BIOENERGY IN MICROBIAL FUEL
CELL
Jadwiga Grzeszczak, Agnieszka Wroblewska,

West Pomeranian University of Technology in Szczecin, Faculty of Chemical
Technology and Engineering,

Department of Catalytic and Sorbent Materials Engineering
Anna Fajdek-Bieda, Jakub’s from Parady; Academy in Gorzow Wielkopolski,
Faculty of Technical, Department of Energy

Abstract. The article is a review that describes the properties and uses of
coconut shells, which are a very valuable waste material. Among the many uses of
this waste biomass, special attention has been paid to the use of carbonate obtained
from waste coconut shells to generate electricity using a microbial fuel cell (MFC).
The crabonisation of waste coconut shells was carried out in a muffle furnace at
600°C for 1 hour. Composites of carbon material obtained by carbonisation of waste
coconut shells with metals such as silicon, zinc and copper were formed. The
obtained coposites were used as anode material in a microbial fuel cell. The use of an
electrode material based on carbonate obtained from waste coconut shells allowed to
increase the efficiency of the microbial fuel cell.

Keywords: coconut shell, Microbial Fuel Cell, carbonisation

Coconut, otherwise known as coconut palm is a monocotyledonous plant
belonging to the Areca family (Arecaceae). This plant grows in Asian countries such
as Malaysia, Indonesia and the Philippines [1]. The coconut does not lose its ability
to germinate after travelling many thousands of kilometers. Therefore, the plant
spreads throughout the intertropical zone and it is considered a cultivated plant. Most
of the world's coconut oil crop comes from Ghana, a country in West Africa [2].
Coconut is a very valuable fruit. In India, the coconut palm is named "the tree that
provides all that is needed for life". In Malaysia, the plant is called “the tree of a
thousand uses”. The coconut palm is considered by the Pacific community as a
medicine for all diseases [3].

The coconut palm is 20-25 m tall, with feathery and stiff leaves measuring 3-6
m in size. The fruits of this plant form a pericarp. The coconut belongs to the drupes.
Its diameter is about 25 m and its weight is up to 8 kg. The outermost layer is a thin,
smooth and light brown fruit shell. The next layer is the fibrous central pericarp,
inside of which is the stone. The kernel without the outer parts of the fruit is the
actual coconut. The outermost part of the coconut is the husk, which is made up of a
seed endosperm called copra. The free space of the endosperm is filled with coconut
milk, which is a source of electrolytes [4].

The coconut contains 25-35% fat and about 4% complete protein. The
endosperm is suitable for consumption about 7 months after flowering, at which time
it is soft and tasty. After a few months, it hardens into copra, which consists of fat
(70%), sugars (14%) and protein (7%). From the copra, coconut shavings and
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coconut flour are obtained. Some of the copra yields a hot-pressed oil called coconut
butter [5].

Coconut shells are a very valuable waste material. They can be used in the
construction industry as aggregate for concrete [6]. Moreover, coconut shells are used
as adsorbents to remove heavy metals such as chromium, zinc and nickel from
wastewater [7]. Coconut shells are also used for the synthesis of silver nanoparticles
[8]. They have found applications in the plastics industry as reinforcers of
thermoplastics [9]. Among many applications of this waste biomass, special attention
has been paid to the use of carbonate obtained from waste coconut shells to generate
electricity using a microbial fuel cel (MFC). The crabonisation of waste coconut
shells was carried out in a muffle furnace at 600°C for 1 hour. Composites of carbon
material obtained by carbonisation of waste coconut shells with metals such as
silicon, zinc and copper were formed. The obtained composites were used as anode
material in a microbial fuel cell. The use of an electrode material based on carbonate
obtained from waste coconut shells allowed to increase the efficiency of the
microbial fuel cell [10].
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EKCIIEPUMEHTAJIBHI JOCJIII’)KEHHSA 3MIHU TEMIIEPATYPU
®OTOEJEKTPUUYHUX MOJYJIIB IIPU TEHEPAIII CEC
Mopo3 O.M., 0.m.n., Mipownuxk 0.0., 0.m.H.,

Ilasnoe A.0., mazicmp, Mivuun A.C., macicmp
Jepicagnuii 6iomexHon02iuHUIL YHIGEpCUmMem

Improving the reliability of the power system, which includes solar power
plants, requires hourly forecasting of generation for the day ahead. SPP generation
largely depends on the temperature of photovoltaic panels, which in turn depends on
the ambient temperature and solar radiation. The obtained experimental dependences
of the difference of surface temperatures of photovoltaic panels with respect to air
temperature allow to increase the accuracy of forecast hourly graphs of SPP
generation.

Keywords: solar power plant, hourly schedule of generation, temperature of
photovoltaic panels, average hourly air temperature

OcTtanHe JecsATUpIUYs Yy CBITI CIOCTEPITa€TbCcsl 3HAYHE 3POCTAHHSA
BUKOPUCTaHHS BITHOBIIOBAIBHUX pkepen eHeprii (B/E), mo € Bumororo yvacy mis
3MEHIIIEHHS BHKHUIIB BYTJICIIO 1 BIAMOBIIHO 3MCHIICHHS IIBUIKOCTI 3MIHU KJIIMAaTy
Ha taHeTi. OcnoBuumMu BJIE € consiuHa eHepris Ta €Hepris BITPY, SKI MaioTh
CTOXACTUYHHI XapaKTep BHACIIJIOK 4YOTO BHHHUKAE JIOOOBUU JHCOQIAHC MIiXK
TEHEPALE€0 Ta CIOXUBAHHAM €JIEKTpUYHOI eHeprii. JlJis yHUKHEHHs aucOajaHCy
€JIEKTPOEHEPTil B eHEProCUCTEMI HaI3BUYAMHO BaXKJIMBUMH € NMPOTHO3U T'eHepallii Bij
COHSTYHUX Ta BITPOBUX €JEKTPOCTAHIIIM.

Oco0nuBO BaXJMBUMHU € KOPOTKOCTPOKOBI MPOTHO3M TEHEpalli COHSYHUX
enexktpoctanii (CEC), sik nmpaBuiio, Ha 100y Hamepe 3 MOroIMHHOK0 JIeTalli3alll€lo,
o OOYMOBIIOETHCA  HEOOXIAHICTIO IJIAaHyBaHHS  POOOTH  €JIEKTPOCTaHILIIM
€HEepProcucTeMu Kpainu. BuMoru 1moao nporHo3yBaHHs TeHepallli y pi3HHX KpaiHax
MaroTh CBOi cTaHmapTH. Tak, HarioHanpbHUIN ctanmapT Kurtato GB / T 19964-2012
Bumarae Bijg CEC npornos renepariii Ha 100y Briepes 3 15 XBUIMHHOI AeTasi3aIli€ero.
BiamoBa Bix mpornosy a6o mommika monan 10...15% xapatorbes mrpadamu. B
Pociiicekiit ~ ®deneparii  BCTAaHOBJIEHI  JOMYCTUMI  BIAXWICHHA  (AKTUYHOTO
BHPOOHUIITBA Bijg moroguHHuX IuiaHoBux oOcariB jisi CEC B po3mipi 10% Bix
BCTAHOBJICHOT TOTY>KHOCTI TreHepyrodoro obmagHanHs [1]. 3akon Ykpainu «IIpo
PHHOK €JIEKTpOCHEepPTii» [2] BCTaHOBIIOE, 10 YaCTKa BiJIIIKOYBaHHS IapaHTOBAHOMY
nokytmio (I'TT) cy6’exktamu rocrogaproBaHHs, K1 BXOAATh 10 CKJIany OallaHCYHOYOi
rpymu  (I'TI) Ta 3IIMCHIOIOTH, MPOJAX EJIEKTPUYHOI €Heprii, BHUPOOIEHOI 3
aNbTEPHATUBHUX JKEped eHeprii Ha 00’€KTax eJeKTPOEHEPreTUKH, BCTAHOBJIEHA
MOTYXKHICTh AKuUX mnepeuinye 1 MBt, 3a "3enenum" Tapudom abo ayKIliOHHOIO
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I[IHO0, BapTOCTI BperyitoBanHs HeOanancy [Tl ctanoButh: 3 1 ciuns 2021 poky —
50%; 3 1 ciuas 2022 poxy — 100% y pa3i BiaxuiaeHHs (AaKTUYHUX MOTOJUHHHUX
0OCSATIB BIAMYCKY EJNEKTPUYHOI €Heprii BiJl MPOTHO3HOTO MOTOJWHHOTO Trpadika
BIJITYCKY €JIeKTPUYHOI eHeprii Ounbie Hixk Ha 5%.

Omnum 13 axTopiB, skuii mae cyTTeBuil BB Ha reHepanito CEC, e
TemnepaTypa (OoTOeIeKTpUYHUX nanene [3, 4].

ExcriepyuMeHTanbHl JOCHIPKEHHS BIUIUBY TeMIepaTtypu (OTOCIEKTPUIHUX
naHenel Ha ix renepauio npoBoawiauck Ha CEC mortyxsictio 2,01 MBT, sxa
posramoBaHa Ouis M. Mepeda XapkiBcbkoi o0iacti, reorpadidyHi KOOpAHMHATH
mwiomanku posmimenHss CEC 49.801991 m.m., 36.084553 c.n. Ha panii CEC
BCTAHOBJIEHI MOHOKpHCTaliuHl (oroenexktpuuni moxym RISEN RSM72-6-365M-
5BB notyxHuictio 365 Bt. ®otoenektpuuni moayni (PEM) MaroTh ikcoBaHmii KyT
Haxwity 27° 1 onTuManbHy opieHTanito 180° Ha miBaeHb. s MOHITOpUHTY poOOTU
CEC BukopucroByBasmack cucrtemMa SmartLogger 1000. Jlna BuUMIprOBaHHSA
MereonapameTpiB Ha Tepuropii CEC Oyna BCTaHOBJIEHa METEOCTaHLIA meteoscan
937PRO, BumiproBanHs Temneparypu DOEM  3ailicHIOBanoch  J1aTYUKOM
TEMIIepaTypy, MO0 OyB BCTAaHOBJICHMM Ha HIKHIM YacTHHI MOAYJSA, a TaKOX 3a
JOTIOMOTo0  TerioBizopa. IlokazanHs nmatuMka Temreparypu (ikcyBajioch 3a
nonomMororo cuctemu SmartLogger 1000.

['enepaniss ®EM 3anexuTs Bix iX Temneparypu, 1 nanened RISEN RSM72-
6-365M-5BB temnepatypuuii koediiieHT notyx)HocTi cknaaae -0,39%/°C [5], To6To
MiABUILEHHS TeMiiepaTypu Ha 1°C nmpu3BOAUTH 10 3MEHIIEHHs MOoTyHocTi Ha 0,39%
B1JI MaKCHUMaJIbHOT TIOTY>KHOCTI 1 11e ckianae 1,42 Br.

3a pe3ynbTaTamMu JOCIIKEHb BCTAHOBIICHO, 110 Temneparypa ®EM cyTreBo
3MIHIOETBCSI B 3aJICKHOCTI BiJl COHAYHOI paniauii. B paHKOBI roauHM Temmneparypa
@®EM BianoBigae TemmepaTypl TOBITpsi, a 3 MOYATKOM TeHepallii 3MIHIOETbCS 1
J0CATAaE MAKCUMYMy B TOJIMHU MaKCHMAaJIbHOTO MiAHOMY COHIIS HaJ TOPU30HTOM. Y
BeuipHi roauHu Ttemmneparypa DPEM nemo mnepeBuiye TeMmiepaTypy MOBITpS
BHACJIIJIOK HarpiBaHHs IOBEPXHI MOJYJIB TMiJ JI€0 COHSAYHUX NPOMEHIB. 3MiHA
temniepatypu @EM cniBnanae 31 3MiHOI0 akTUBHOI noTykHOCTI CEC.

3a pe3ynbTaTaMd JIOCHIJKCHh BCTAHOBJCHA 3aJICKHICTh IEPEBUIICHHS
CepeIHBOTOIMHHOI TeMIlepaTypH MaHeNell HaJa CepelHbOTOAMHHOIO TEMIIEPATypPOIO
noBiTps (puc. 1), 1m0 A03BOJIA€E BU3HAYMTH TEMIIEPATypy COHSYHHMX NaHeleill B
3anexHocTi Bix redepaiii CEC Tta TemrepaTypu oTodyrodoro cepenosuia. ['padiku
Oynu moOymoBaHi 3 BUKOpUCTaHHAM Tabmuis Microsoft Excel, amamiz rpadikis
MOKa3aB, 1110 111 3aJIe)KHOCT1 OMUCYIOTHCA JIHIWHUMU PIBHIHHIMU TIEPIIIOTO TOPSJIKY.

AmHani3 rpadikiB pi3HUIIl TEMIEpaTyp MOKa3ap, M0 OUIBII TOYHI 3aJIEKHOCTI
OynyTh oTpuMani nipu rpynyBaHH1 ganux 3 8.00 mo 13.00 (mpm migitomi coHIls) Ta
rpu toro 3axoi 3 14.00 mo 19.00. Tak 3 rpadikiB BumgHO, 110 3 8.00 10 13.00 niHiliHA
3JIeKHICT, onHakoBa, a 3 14.00 mo 19.00 po30iXHOCTI pI3HULIL TEeMMEpaTyp,
po3paxoBaHi 3a JIHIMHUMHU PIBHSAHHSMU B aiama3zoHi renepaiii Bix 500 mo 2000
kBt*ron ckiamgae ourst 10%.

28



=]
=]
]

y=00178x +37,221

.__'__c—-'*"'*__—-“#_- =
y =0,029x + 19,467

380013 —e—314 0019

y =0,0168x + 32,273

y =0,029x + 19,467

PizHuua Temn, “C
FizHuua Temn. “C

380013 —e—314 8019
1000 1500 2000 2500 0 500 1000 1500

: 0 FEHED Br*ro
FopgWHHa reHepauwia, kBr¥*rog loguHHa rerepauin, kBr=roa

a) 08.07.21 p. 6) 14.07.21 p.
Pucynok 1 — I'padiku pi3HuUIll TemIepaTyp NOBEPXHI COHIYHHUX MaHesel BITHOCHO
TEMIEpaTypy MOBITPs y SICHI JHI

OTpuMaHi 3aJIeKHOCTI JO3BOJISIIOTH MMIJIBUIIUTA TOYHICTH MPOTHO3YBAHHS
noroguHHoi reHepanii CEC nuisixom BpaxyBanHsi 3MiHu Temmneparypu OFEIl B
3aJIEKHOCTI B1J] TEMIIEPATYPH OTOUYIOUOTO CEPEIOBHUIIA Ta MPOTHO30BaHOI reHeparlii.
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PO3POBKA KOMIT'FOTEPHOI MATEMATUYHOI MOJEJII
HIBUJIKOCTI BITPOBOI'O ITIOTOKY B CEPEJOBHUIII LABVIEW
Cupomiok B., k.m.n., Cupommwk C., K.m.H.

JIveiécbKuil HayioHANLHUILL AZPaApHUIL yHIGepcUmem

The necessity is substantiated and the technique of development of the
mathematical model of speed of a wind stream which will allow to carry out
computer modeling of operating modes of wind electric installation is resulted. The
block diagram and the front panel of the developed computer model of wind speed
implemented in the LabVIEW software are given.

Keywords: mathematical model, wind turbine, wind speed, computer
simulation.

Bitpoenepretuka y 3araibHOMy 00CA31  BCTAQHOBJEHOI  IMOTY>KHOCTI
€HEpProyCTaHOBOK 3 BIJHOBIIIOBAaHUX JDKEpEN CTaHOBUTH moHan 743 I'Bt, mio
cTaHoBUTH 44,5 % [1]. BianoBigHO € BUCOKUIT iHTEpEC 0 iHKEHEPHUX TOIIYKYBaHb,
AK1 CTOCYIOThCSI IOOY/IOBH BITPOEIEKTPUYHHUX arperaTiB.

Jns po3paxyHKy TMapaMeTpiB BITPOCICKTPUYHUX YCTAHOBOK Ta OI[IHKHU
MOTEHI[IHHOTO PIBHS BUPOOHUUTBA €IEKTPOCHEPril KOPUCTYIOThCS MATEMaTHYHUMHU
MOJEIISIMH, SIKI TIOJIAt0ThCS Y BUIJISA1 KPUBHX MOBTOPIOBAHOCTI MIBUAKOCTI BITPY, SIKI
HaWyacTIIle OMUCYIOThCS JBOMAapaMeTpU4HOI (yHKIliE posnoaiutry BeiOymia [2].
Onnak, Ha ©0a31 CTaTUCTUYHOI OIIHKMA IIBUAKOCTI BITPOBOI'O IIOTOKY 3
BHUKOPHUCTAHHSM 3aKOHIB 1i PO3MOALTY HE MOXKHA 3IMCHIOBATH JTHUHAMIYHOI OIIIHKH
IIBUJKOCTI BITPOBOIO TIOTOKY, a BIAMOBIAHO W JIMHAMIKY BITPOCHEPTETUUHUX
YCTaHOBOK. ToMy BHHHKA€ HEOOXIAHICTh y TMOOYIOBI MaTeMaTH4HOI MOJei
JTUHAMIKH BITPOBOTO TIOTOKY.

B nmocmimkeHHSX 3 BHUKOPHUCTAHHSM MaTEMaTHUYHUX MOJENe 3HAdYeHHs
IIBUJKOCTI BITPY MOXHa a0o0 3acTocyBaTH CTajluMHu, abo 3K 3aJaBaTH IIEBHI
JMHaMIYH1 jiana3oHu ii 3MiHM. lle 703BOJIsiE MOJENOBaTH BITPOYCTAHOBKH B
CTaTUYHOMY Ta IMHAMIYHOMY PEKUMax poOOTH.

Hamu BuKOHaHO ajanTamito MaTematudyHoi moxeni [3], peamizoBany y
cepenoBuini Mathcad, 1o BukopucTaHHs B mporpamHomy komiuiekci LabVIEW 3
BUKOPUCTAHHAM BIpTyalbHUX mNpuiaaiB. DpoHTanbHAa MaHeNb Ta OJIOK-Tiarpamy
KOMIT'FOTEPHOI MOJIEJi BITPOBOIO MOTOKY, peanizoBaHol y cepemosuini LabVIEW
nogaHo Ha puc. 1 Ta 2.

Jlo naHoi Mojeni BKIFOYEHO CyOMOMyJb CUMYJIAIil BiTpoBoro notoky (Wind
Simulation (Sub VI).vi), cyOmomyni mOIAaTKOBUX JMHAMIYHHMX CKIIQJOBHX, SKi
BimoOpaxaroTh n000By (Hour Dynamic (Sub VI).vi) ta cezonny (Mount Dynamic
(Sub VI).vi) 3miny cepeHbOT IBUIKOCTI BITPOBOTO MOTOKY.

Po3poOnena, B mnporpamHomy cepemoBuini LabVIEW, komm'torepHa
MareMaTH4Ha MOJIeJb BITPOBOTO TOTOKY JO3BOJIAE€ 3AIACHUTH  IMITallliHE
MOJIEJIIOBaHHSl PEXHUMIB POOOTH BITPOENEKTPUYHOI YCTAaHOBKH, sIKa BHKOHAaHa Y
IbOMY X cepenoBuiill. OTxke, B AaHI MOJENI MOTOKY IIBUIKOCTI BITPY peaai3oBaHO
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PEXKUM CTaTUYHOTO Ha PI3HUX PIBHAX IMOTOKY IIBUIKOCTI BITPY, a TaKOX PEXKHUM

3MIHHOT'O MIBUAKICHOTO TIOTOKY.
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Pucynok 1 — @poHTanbHa naHen b KOMI'FOTEPHOI MOJIEN1 BITPOBOI'O IMOTOKY,
peaitizoBaHoi B iporpamMHomMy cepenouii LabVIEW

KpiMm TOro, BXiiHUi MOTIK BITPOBOTO MOTOKY B MPOIIECT MOJICTIOBAHHS MOXE
OyTH peanizoBaHMil Yy BUIJIANI po3poOieHol IMiTamiiHOi Momeni, abo X 13
3aCTOCYBaHHSAM peaTbHUX BXIJIHUX CUTHAIIB, OTPUMAHUX BiJ JlaBaya BITPY.
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Pucynox 2 — brok-aiarpamMa KOMITFOTEPHOI MOJIEITI BITPOBOTO TTOTOKY, Peali3oBaHOL
B miporpamMHomy cepenosuiii LabVIEW
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USE OF BIRD DROPPINGS AS A SOLID BIOFUEL
Komar A., engineer Dmytro Motornyi
Tavria State Agrotechnological University, Melitopol, Ukraine

The main waste of poultry farming is bird droppings, because every day it is
formed in gigantic quantities, which is the most significant environmental factor of
impact on the environment. Disposal and processing of manure is an acute problem
for poultry farms and complexes. The use of bird droppings as solid biofuel is an
urgent solution to this problem, as well as an energy-saving way of developing the
agro-industrial complex.

Keywords: poultry farming, bird droppings, disposal, waste products,
incineration, solid biofuel, energy saving.

Bird droppings are one of the main and numerous types of waste poultry
farming generated by keeping birds in households and industrial enterprises. Only
one poultry farm of average capacity (400 thousand laying hens or 6 million broiler
chickens) annually receives more than 40 thousand tons of manure into the storage.
Utilization of bird excrement has found application in industry and everyday life.
Mostly manure is used as an organic fertilizer, because in terms of its nutritional
qualities it is better than manure, and in terms of the speed of action it is not inferior
to mineral fertilizers [1]. However, do not forget that all this waste can be stored
without being used at all, serve as an environmental pollutant, so their disposal must
be carried out in a timely manner. Untimely and ineffective processing (disposal) of
poultry droppings leads to the accumulation of large volumes of organic waste
near poultry farms, and their storage sites are often unauthorized. Such
warehouses are turning not only into potentially dangerous sources of environmental
pollution, but also becoming a reservation from which the pathogens of infectious
diseases of the bird itself spread.

As an alternative to the generally accepted method of disposal of waste from
poultry farms, poultry droppings are also used as a source of heat and electrical
energy, and can be used as solid biofuel in buildings where boiler houses need to be
heated. With thoughtful processing from 1 ton of manure, you can get up to 1 Gcal of
heat, up to 3 tons of steam or 300-600 kW of electricity [2].

Dry manure is one of the alternative types of fuel that is difficult to burn in its
original form and is characterized by low calorific value — 2500 + 200 kcal / kg and
high moisture content — 35 + 5%.

Ash resulting from burning bird droppings, in turn, is an effective
mineral potash-phosphorus fertilizer, as well as a component for the production
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of gas-saturated concrete. Ash volumes from incineration can reach 15-20% of the
original material.

At present, issues related to energy saving conservation in Ukraine and
the world are very relevant, due to high prices for fossil fuels and their transportation
to their destination. Today, fuel pellets (pellets) and briquettes are produced in many
sectors of the national economy, mainly from waste of various raw materials suitable
for combustion. In our case, this is bird droppings (with cage keeping) or litter (with
floor keeping) with a moisture content of 12-15%, which are produced at
poultry enterprises.

Poultry litter compressed into briquettes is a solid ecological biofuel.
Briquettes pressed under pressure and at elevated temperatures are usually in
the form of a cylinder. Fuel briquettes are ideal for burning in furnaces, solid fuel
boilers and central heating boilers. The undoubted advantage of such briquettes
Is the constancy of temperature during combustion with a smoldering fire for a long
period of time (the heat transfer of briquettes from manure can reach 2600 kcal). The
profitability of such briquettes is also confirmed by the fact that the stove is laid two
to three times less often than with ordinary firewood. Briquettes burn with a
minimum amount of smoke, do not shoot or spark. They are easy to use, aesthetic,
and leave almost no dirt.

Fuel granules (pellets) are pressed cylindrical products with a diameter of 4-12
mm and a length of 10-50 mm. Fuel pellets are a safe and environmentally friendly
solid biofuel. Pellets have a high energy concentration with a minimum occupied
volume (three times less than the starting material) [3]. The pellets can also be
transported in automatic ovens and blown into storage and transport. This type of fuel
is characterized by low ash content during combustion. Poultry dung pellets have a
low cost compared to fuel oil, diesel and even electricity.

Resolve environmental issues related to the accumulation and storage of bird
droppings, eliminate a strong unpleasant odor, turn poultry waste into a raw material
source for further cogeneration of heat, in our opinion, most efficiently through the
combustion of poultry droppings with subsequent generation of thermal energy.

Thus, the introduction of technologies for the incineration of poultry manure
can significantly improve the economy of poultry enterprises with a
simultaneous improvement of the environmental situation in the territory of the
production of poultry for meat and egg production.

The use of bird droppings as a solid biofuel in poultry farms will allow:

—to increase the level of safety of life and health of citizens;

— to ensure the national, environmental safety of the technology of the
production process of poultry farms;

— improve the quality and competitiveness of poultry by-products;

— to rationally use the internal resources of enterprises;

— to promote the introduction of technology, knowledge and experience
accumulated in various sectors of the economy and ecology, which can be
successfully used our poultry farms.
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BIOT'A30-T'YMYCHI YCTAHOBKU: MAJII YU BEJIMKI
NMEPCHEKTUBU YKPATHU
LI.Boiumoeuu, k. m.n., HITY Ykpainu, O.A.Banwx, k.m.n., HITY Ykpainu

In Ukraine, more and more is being invested in the creation of digesters for
anaerobic processing of organic waste. Such digesters are built on large pig and
poultry farms. In NLTU of Ukraine since 1990 in laboratory of department TMVD
two small digesters work, their lacks and advantages are defined, technological
regims of work are checked.

Keywords: organic waste, anaerobe, biogas-gumus digesters

AmHaepoOHe (0e3 JAOCTONMY KHCHIO 3 TMOBITPSA) MepepoOJEHHSI OpPraHIvHUX
BIIXO/IIB ICHY€ B IPUPO/Ii 1 BiJoMe 3 JIaBHIX JaBeH. ChOroH1 HAKOIMMYCHUN JOCBIT
BUKOPUCTAHHS  1i€1 TEXHOJOTrii [yl  BHUPIMIEHHS MPOOJIEM  CilbCbKO20
20CNn00apcmea, eHepeemuKu, OXOpoHuU O08KINIA, COYIANbHUX MA NOTIMUYHUX .

B VkpaiHni, O6aratiii Ha BUKOIHI JiKepesa eHeprii (Byruuis, HadTy, ra3) ta
JCH, JTOBMMM Yac Mallo yBaru MOPUIUISIIM TaKOMY BHUKOPUCTAHHIO OpPraHIvyHOI
MOHOBJIIOBAHOT ~ CUPOBHHHU, sK I1ie Oymo B Kwrai, Iumii, a choromni i1 B
eBponeicbkux kpaiHax, CIHIA Ta iHImUX, AKI HAKONMUYWIW TIEBHUM JOCBIA
OyIIBHUIITBA Ta €KCIUTyaTallil TAKMX YCTAaHOBOK.

B ocranni pecaTumitrs “Kpura ckpecia’ 1y Hac modanu OyIyBaTH Takxli
YCTAaHOBKH, B OCHOBHOMY Ha BEIMKHUX TBapUHHHUIIBKUX 1 MTaxo- (epmax, ne €
npo0jemMu 3 TepepoOJICHHSIM (BUKOPUCTAHHSM) BEJMKOI KUIBKOCTI OpPraHIYHHX
BimxoniB. Ha 2017 pik ix yxe HapaxoByBaiu 19. Jlume 3a 2020 pik 3amparoBaiu
68 0lora3oBUX CTaHIlif, a cymMapHe BUPOOHMLTBO Oiorasy craHoBwio 230 MIH
KyOOMeTpiB, 3arajibHa €JeKTpUYHA MOTYXXHICTh iX ckiana Omu3pko 105 MBT.
JlinepoM Tyr MoOXHa Ha3zBaTh MUPOHIBCHKUNA  XJIIOOMPOAYKT 1  #oro
JlangmxuHcbkuii (BinHuibKa 061acTh) 6103aBOI.

VYcTaHOBKH 3 TaKOro nepepoOsIeHHs] NPUMHITO HAa3UBaTH 0i0ra30BHMM, ajie
3a JIaHMMU aHTJIIMUChKUX BUEHMX, Olora3 mae jumie 1/7 npuOyTKy BUKOPUCTAHHS
naHoi TexHoJsorii. Bece 3anexxuth Bij TOro, sIK paxyBaTH 1 110 BpaxOBYBaTH MpU
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BU3HAUYEHHI MpPUOYTKY. MM MNpOMOHYEMO BXXKHUBAaTH Ha3By 0iora3zo-rymycHi
YCTAHOBKH, OCKUIBKH TPO BaXJIHMBICTh CKIAIOBOI TYMYyCY B I TEXHOJIOTII 3a
JaHUMH JIeIKUX JDKEpEN, TOBOPUTbCA WI0 CyOcTpaTy Ticas mepepoOsieHHs
noTpiOHO auiie 2...9 T. Ha rexTap yriab 3amicTb 60...80 T. 3BU4afHOTO MEPETHOIO.
Taxi ycTaHOBKHM MOXKYTh MPALIOBATH K B CUIbCHKIN MICIIEBOCTI Ha arpapHUX, TaK 1
B MiCTaxX Ha MOOYTOBUX BIAX0/1aX, BIIX0aX IIYKPOBHUX Ta KOHCEPBHUX 3aBO/IIB.

3a HasiBHOI KIJIBKOCTI CHPOBUHH PEAKTOPH MOJUISIIOTh HAa: CIMEHHOTO THUITY
(family type), wMami, cepeani Ta Benuki. He 3amepeuyroun HEOOXiTHICTH
OyIIBHMIITBA PI3HUX 3a 00 €MOM pEaKTopa, XOUYEeMO 3BEpPHYTH yBary Ha polib
YCTAaHOBOK CiMeHHOro tumy. ICTOpUYHO Taki YCTAaHOBKHM MEPIIMMHU MOYald
OynyBaTH, iXHS KUIBKICTh 3HAYHO IEPEBUINY€ KUIBKICTh IHIIHUX, BOHU MOXYTb
nepepoOJIATH CHPOBUHY, SKa HE CKOHIICHTPOBAaHA B OJTHOMY MICIll 1 3a0e3meunuTn
HACEJICHHS, $K€ LUM 3aliMa€eThCs, MNPOJIYyKTaMH MnepepoOsieHHs (Oiorazom 1
010TyMyCcOM), 3MEHIITYIOUYHM IIKIJIMBE HABAHTAKCHHS HA MPUPOJHE CEPEIOBUIILIC.
B nopiBHSAHHI 3 ITHIIMMU 32 00’€MOM yCTaHOBKaMU BOHU MAaIOTh PsAJi HEJOJIKIB 1
nepeBar. BaxJMBO pO3KpUTHU [JisI HACEJIIEHHS 1 OI3HECY MOXJIMBOCTI TaKoi
TEXHOJIOTIi 1 3aJdyduTd iX A0 OYJIIBHUIITBA, €KCIUTyaTailii 1 camo3a0e3reyeHHs
npoJayKkTaMu nepepoOieHHs. Ha xanb, Ha cbOroiH1, O13HEC HE 3BEpHYB yBaru 0
BUpILIEHHS i€l npobiaeMu. Ko 0 B HaceIE€HOMY IyHKTI BCTAHOBUTH JIMILE JBI
TaKl yCTaHOBKH, TO OTpeda B HUX B YKpaiHi cknaia 0 011 50 trc. BoHn MOXyYTh
Oytu abo 3aBOACHKOTO BHUIOTOBJIEHHS, a00 BJIAaCHUMHU CcwiIaMH. MoxkHa
peanizoByBaTH JIMIIE MPOCKTH TAKUX YCTAHOBOK JJIi pOOOTH Ha PI3HMX 00’emax
Ti€l YK 1HIIOT CUPOBUHU, MPHU PI3HUX TEXHOJOTIUHUX pexumax. st nporo ciina
OunbIlle yBaru MPUILISATH MPOCBITHUIBKIM poOOTI, MOOYIOBI JAEMOHCTPAIIMHUX
JIIOYUX YCTAHOBOK 3 BHUKPHUCTAHHSIM Cy4aCHUX KOHCTPYKIIH 1 MarepiamiB Jjs ix
BUT'OTOBJICHHS, K1 MpaIfoBaju O B yMOBax YKpaiHu.

XapakTepHuM € nocig Kurtato, e iICHYIOTh JI€CSITKU MIJIBHOHIB 1 HIOPIYHO
OyIyOTh TUCAYl HOBUX TaAKUX YCTAaHOBOK, ICHYE ITHCTUTYT JUIsl HOLLIMPEHHS AOCBIAY
ix pobotu, a, B Tol xke yac, 10 2020 poky OyJi0o 3ariaHOBAHO OYIBHUIITBO
HalOIBIIOI y CBITI €JEKTpOCTaHLli 3 nepepolieHHs 1,8 MIH.T. BIAXOMAIB B PiK.
[ikaBo, 1m0 1eW 3aBOJ CTaHE EKCKYypCIMHUM IICHTPOM JUISi BUBUEHHS TPOIIECY
yTUIIi3alli OpraHiuHuX BIIXO/IB. | B IHIIMX KpaiHaxX iCHYIOTh 1 Oy1yI0ThCs TIO110H1
3aBOJM K JIJISl TIEPEPOOSIEHHS ClIBCHKOTOCTIOAAPCHKOI CUPOBUHH, TaK 1 TBEPIUX
moOyTOBUX BIAXOIB 1 KaHAJI3AIIHHUX CTOKIB.

Pinky dpakiiro mnepepoOieHoro  cyOCTpary BUKOPHCTOBYIOTH  JJIS
0e3mocepeIHbOr0 BHECEHHS B TPYHT, CyXy YacTUHY TPAaHYJIOIOTh JUIs yTHITI3amii 1
MOJaJIbIIOr0 BUKOPUCTAHHS.

bioras, B 3anmexHOCTI BiJ] HOTO KUIBKOCTI, BUKOPUCTOBYIOThH JUISI BIACHUX
noTpeOd Ta NI BUPOOHHUIITBA €JEKTPOCHEprii abo MepeTBOpEeHHs B OioMeTaH 3
MOIAJIBIIIUM TIPUETHAHHAM 10 CHCTEMHU IPUPOTHBOTO Ta30MOCTaYaHHS.

B ymoBax VYkpaiHM 0pu CHOTOAHIIIHMX EKOHOMIYHUX, EHEPreTUYHUX,
€KOJIOTTYHMX, MOJITUYHUX MpobieMax CIIiJl MPOJOBKYBAaTH MPOCBITHUIILKY POOOTY
3 PO3SCHEHHS MepeBar BUKOPUCTAHHS TaKMX TEXHOJIOTIH, 301IbIITYBAaTH KIJIBKICTh
nirounx  00°ekTiB. OcoOJMMBY yBary cCiifi OpUAUIMTH TOOYIOBI 1 €KCILTyaTarii
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YCTAHOBOK CIMEHHOIO THUITy SK B CUIBCBKHMX, TaK 1 B MPUMICBKUX 1 MICBKHX
HAceJIeHUX TYHKTaX, OCOOJMBO TaM, Ji¢ HEMa€ KaHam3alliiHUX CHUCTEM, a €
OpraHiuHi BiAXOAM. 3a OLIIHKAMHU PI3HHUX JDKEPEN MOTEHI[al 3aMiHA TIPUPOTHBOTO
rasy Giomeranom B Ykpaini cranosuth 20-40 mupa. M3 i e 3 MOHOBJIIOEMOTO 3
pPOKy B pik xkepera cupoBHHH. HeoOXigHO muie pO3yMHO Ta TOBCIOJHO
nepepoossaTH ii!!!
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3ACTOCYBAHHA LABVIEW AJid JOCITIXKEHHS
EHEPTETUYHUX MAPAMETPIB JIPOBAPKHA
P.b. lllepemema k.m.H., /IbiecbKuil HAUIOHAbLHUIL AZPAPHUILL YHIGEPCUMEN

Summary. To study the parameters of productivity and power consumption of
the hammer crusher, a hardware-software complex has been developed that allows
displaying and recording instantaneous values and changes in power consumption,
motor speed, and crusher performance and processing real-time measurement results.

Keywords: LabVIEW, crusher, power consumption, productivity.

Crena s TPOBEJCHHS  €KCIEPUMEHTAIbHUX  JOCHIKeHb (puc. 1)
CKJIQJAEThCSI 3 MOJIOTKOBOI Jpo0Oapku 1, sika MPUBOAUTHCA B PYyX 32 JOMOMOTOIO
€JEKTPOJBUTYHA 2, 00€pTH SKOr0 Ha PI3HUX peXKUMax pPoOOTH 3MIHIOIOTHCA
gacToTHUM TniepeTBoproBadyeM 3 Mapku WEG CFWO08. CnoxuBaHa TOTYKHICTh
BHU3HAYAETHCS] BUMIPIOBAHHSM CTPYMY 3a gornomororo naBada TA12-100 1 nanpyru Ha
OJIHIH 3 (a3 KUBJIEHHS €JIEKTPOJIBUTYHA 13 BUKOpUCTaHHSIM onrronapu PC817.
4157677 /78 7 Pucynok 1 — Cxema crenpa mis

/ IPOBEJICHHS €KCIIEpUMEHTAIbHUX

JOCTIKEHb: | —MOJIOTKOBa JpoOapka;

380V 2 — eNEKTPOJABUIYH; 3 — YacCTOTHUH

neperBoproBay; 4 — IIK; 5 — naBau

Harpyru; 6 — rmiara Arduino Uno;

/ — naBay cTpyMy; 8 — naBau oO€pTiB;
9 — TeH3omaBaul
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Jlis BU3HAa4YEHHS OOEPTIB €NEKTPOJBUTYHA BHUKOPHUCTAHO ONTHYHHA MOIYIIb
KY-033, mo gae 3mory ¢ikcyBaTu 4ac, 3a KUl IBUTYH BUKOHA€ OJJUH TIOBHUN 00€pT.
OcHoBauM ioro enemeHToM € ontomapa [CRT5000. MutteBe 3HaYeHHs
MPOTYKTUBHOCTI BU3HAYAIOTh YOTHUPH HAIIBMOCTOBI TEH30jaBadi, M0 3’€JIHAHI Y
MOCTOBY cxemy. [l pobOTH 3 IUMH TEH30/JaBauaMu 3ajisHa CIeliaii3oBaHa
Mmikpocxema HX711.

Jlst po3poOJICHHS TPOTPaMHOTO 3a0e3MeYeHHs] BHKOPHUCTAHA alTOPUTMIYHA
MoBa TpacdidyHoro mporpamyBaHHs y cepemoBuini LabVIEW ¢ipmu  National
Instruments [1, 2], a ;s KoMyTarllii CUTHAIIB BiJ IaBaviB 10 MpOrpamMu, CTBOPEHOI y
cepenopuini LabVIEW, BukopucTano enekTpoHHy miaTdopMy MPOTOTHITYBaHHS 3
BIIKpUTHM KozoM — Arduino, a came ruraty Arduino Uno R3 Ha 0a3i 8-6itHoro AVR
MikpokoHTposiepa ATmega328P. BBin/BuBij cUTHATIB MPOrPaMHOI YACTHUHH
BUMIPIOBAJILHOT'O KOMILIEKCY 3MIIHCHIOEThCA epe3 nmociinoauit mopt (UART).

Ha ¢poHTanpHill maHen BIpTyaldbHUX NpUIaaiB (puc. 2), 0o sBIs€ COOOI0
eKpaHHUN 1HTep(deiic, BCTAHOBIIOIOTHCS NPWIAAM BiAOOpakeHHs i1Hdopmarlii Ta

YIpaBJIiHHS OPOLECOM BUMIPIOBAHHS.

File Edit View Project Operate Tools Window Help
& @ (1 [Topt Application Font_+ | §v v S+ 49+ @‘E
Project crusher monitoring "

Serial port
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Pucynok 2 — [arepdeiic mporpamu

Jlanuii  mporpamHo-anapaTHUH  KOMIUIEKC — 3a0e3leuye  MakCUMalbHe
HaOJMKEHHS Horo poOOTH /10 BUPOOHHUYMX YMOB, a 3aCTOCYBaHHS IMPOTPAMHOTO
komruiekcy LabVIEW ¢ipmu  National Instruments mosBonmiao BigoOpasuTw,
3amucaTy Ta MPOAHA3yBaTH MUTTEB] 3HAYEHHS 3MIHU JIOCIIPKYBaHUX TTapaMeTpiB, a
TaKOX MaTeMaTH4yHO OOpoOWTH W TMpoaHami3yBaTH OTPUMAaHI pe3yJbTaTH B
peanpbHOMY MaciTadi Jacy.

Bioaiorpagiunmii cnucok
1. TpeBuc JIx. LabVIEW nmns Bcex. / mep. ¢ anri. H. A. Knymuna; nog pen.
B. B. lllapkoga, B. A. I'ypseBa. Mocksa: JIMK Ilpecc; [Ipu6op Kommiekt, 2005.
544 c.
2. lletiu JI. U., Touwmmunu J. A., Ilomnak b.II. LabVIEW nans HOBHYKOB U
crienmanuctoB. Mocksa: ['opsiuas nunus-Tenexkom, 2004. 384 c.
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EHEPTO®OPMYIOYE KEPYBAHHSA ABTOHOMHOIO
®OTOEJEKTPUYHOIO CUCTEMOIO 3 I'bPU/ITHUMHU
HATPOMAI’KYBAUYAMM EHEPI'Ii
Hyp L.3., 0.m.n., bineyvkuii 10.0., K.m.H.,
Hauionanvnuii ynieepcumem «J/Ivsiecoka nonimexnikay

AHoTamifa. Y poOOTi pO3INAJAIOThCS 1B aBTOHOMHI €JEKTPOTeHEepyroUl
CHUCTEMH 3 PI3HUMHU BapiaHTaMM T1OpUIHUX MIJCUCTEM HarpoOMaJKCHHS eHeprii, 1o
CKJIQIalOThC 3 aKyMYJITOpPHUX Oarapeil, CYNepKOHIESHCATOPHUX MOMAYJIIB Ta
YCTaHOBKH JUIsl TIOMITyBaHHS BOJU. lIpeicTaBieHO pe3yibTaTh CHHTE3Yy CHCTEM
06araTopyHKIIIOHATHPHOTO KEpyBaHHS IOCIIDKYBAaHUMH CHCTEMaMH 332 METOIOM
NAaCUBHOro KepyBaHHS. EQEKTUBHICTb CHHTE3y MIATBEPIKEHO pe3ybTaTaMu
KOMIT FOTEPHOTO CUMYJTIOBaHH: B cepenoBuii Matlab/Simulink.

KuarouoBi cjoBa: @QoroenekTpuyHa CcUCTEMa, HArpoMaKeHHs EHeprii,
aKyMyJsiTopHa OaTapes, CylepKOHACHCATOPHUN MOJTYJIb, TOMITYBaHHS BOJIH.

[IparHeHHsT €HEPreTUYHOI HE3AJIECKHOCTI 3yMOBIIIOE BUKOPUCTAHHS PI3HOTO
TUITy YCTaB TCHEPYBaHHS CHEPrii 3 BIJHOBIIOBAHUX JKEPEI, I pOOOTH SKUX B
ABTOHOMHOMY pE€XHM1 HEOOX1/IHI MPUCTPOI HAKONMUYEHHs eHeprii. CTBOPEHUN TaKUM
YUHOM E€JIEKTPOTCHEPYIOUNi KOMIUICKC TIOBMHEH BUKOHYBAaTH HU3KY 3aBiaHb, SKi
(GhOPMYIOTHCSI CUCTEMOIO €HEPreTUYHOTO0 MEHE/KMEHTY. BUKOHaHHS 1IUX 3aBAaHb Ta
3a0e3MeUYeHHs] HaJNeKHUX CTATHYHHUX 1 JUHAMIYHUX XapaKTEPUCTUK POOOTH IIHOTO
KOMIUIEKCY 3 OaraTbMa BXOJaMH 1 BHXOJaMM 3JIMCHIOE CHCTEeMa CIemiaabHa
KepyBaHHS. SIK MOKa3ylOTh pe3yJIbTaTh OCTAHHIX JIOCITIIPKEHb Y CBIT1, & TAKOX JOCBIJ
aBTOpIB 1i€i poOOTH, s TOOYJOBH MOMIOHMX CHUCTEM KEPYBAHHS JOIIHHO
3actocyBath nmacuBHe kepyBanHs (Passivity-Based Control — PBC) [1],
MIPEACTaBUBIIHN 00’ €KT KEPYBAHHS K TaMUTBTOHOBY CHCTEMY 3 KEPOBAHUMH MTOPTAMH
(Port-Controlled Hamiltonian System — PCH) [1]. 3aBasku po3poOjcHOMY METOIy
BBEJICHHS I0JaTKOBUX B3a€MO3B’s3KiB Ta Aemn¢yBanns (Interconnection & Damping
Assignment — IDA) nacuBHe, eHeprodopMyrode KepyBaHHS Ja€ MUPOKI MOKIUBOCTI
JUTSI HaJlalITYBaHb KEPYIOUMX BIUIMBIB, 3a0€3MEUyIOUH TPU I[bOMY ACHMIITOTHYHY
CTIAKICTh cucTeMu B nuioMy [2]. Ile 0coOJMBO KOPUCHO y CKIJIAJIHUX CHUCTEMax,
AKUMU € EHEpProyCTaHOBKM T'€HEpYyBaHHS €JEKTPOEHeprii BiJ COHLS 1 BITPY 3
riOpUIHUMU yCTAaHOBKAMU HAKOTIMYEHHS CHEpTii.

Y npaHiii  poOOTI pPO3MIAHYTO AaBTOHOMHY (DOTOENEKTPUUHY CHCTEMY
TCeHEpYBaHHs EJIGKTPUYHOI €Heprii 3 JBOMa BapiaHTaMH TiIOPUIHHX CHUCTEM
HarpoMajpKeHHsT eHeprii: 1) akymynaropHa Oartapes Ta CYNEpKOHIEHCATOPHUN
MOAYJb, 2) aKyMyJIITOpHA OaTapesl Ta cUCTeMa MOMMyBaHHS Bonu. s KOxkHOI 13
CUCTEM PO3pOOJIEHO MaTeMaTHYHI MOJEN iX poOOTH B AMHAMIYHUX PEXKHMaxX Ta
npeacTaBiieHo 111 Mmojeni y ¢popmi PCH cucremu:

X(t)=[I()=R(¥)]VH () +G(x) u(t),

e X — BEKTOp craHy cuctemu; J(X) — KOCOCHMETpPHYHA MATPHIIL, IO OIUCYE
B3a€MO3B’s3kM B cucreMi, R(X) — cuMeTrpumyHa WMaTpuId, WO BijoOpaxkae
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nemrdyBaHHs B cuctemi; H — ¢yHKIs nmoBHOI eHeprii cuctemu (I'aminbToHIaH);
G(X) — matpurist mopTiB; U(t) — BEKTOp KepyrOUYHX BILUIUBIB.

OCKIJIbKY CKJIQJHI CUCTEMHU MOBHHHI BUKOHYBAaTH HU3KY PI3HUX 3aBIaHb, s
KOXKHOI 13 JOCHIDKYBaHMX CHCTEM pPO3pOOJIECHO CHUCTEMH iX EHEepPreTUYHOIO
MEHE/PKMEHTY Ta BU3HAYCHO 3HAYCHHS €JIEMEHTIB BEKTOpa CTaHy B yCTalleHUX
peXHUMaXx, 10 1 € 3aBJaHHSAMH JJIs1 CHCTEMHU TaCUBHOTO KepyBaHHs. CyTHICTh CHHTE3Y
CHUCTEMHU KEpPYBaHHS IOJSTAE€ y BBEACHHI TAaKUX JOJATKOBHX B3EMO3B’S3KIB Ja Ta
nemndyBanb Ra, 32 SIKUX y TOYIll pIBHOBark Kepyrooul BIUTUBU 3a0e3Me4arh MIHIMYM
¢GyHKIis TOBHOT eHeprii cucteMu. [Ipy 1bOMY TakoXX 3aBXKIu 3a0e3MedyeThCs
ACHMIITOTUYHA CTINKICTh CKJIAJIHOI HENHINHOT cucTeMH. BilmoBigHO 10 mporeaypu
IDA, nist gocnipKyBaHUX CHCTEM OTPUMAHO BEKTOPHO-MATPU4YHI PIBHSHHSA, 3 SKUX
MOKHA 3HAXOJUTHU Pi3HI BapiaHTH CTPYKTYp dhopmyBauiB kepyrouux BIUHBIB (DKB)
3 PI3HUMHU KOMOIHAIISIMH JIOJATKOBO BBEJECHUX B3a€MO3B’SI3KiB Ta JAeMI(yBaHb, 110
7A€ MOXJIMBICTh c(OpMyBaTH Oa’kaHl NMEPETIKAHHS E€HEprii B CepelrHI 3aMKHEHOI
CUCTEMH, a OTK€ 1 3a0e3neuuTu OaxkaHl pe3ysbTaTh KepyBaHHsA. Ll cTpykTypu
MIPOCTO  3HAXOMAATHCS 3aBASKM PO3POOJIEHIM HaMH MporpaMmi po3B’s3Ky Y
CUMBOJIPHOMY BHIJISI OTPHUMAaHUX BEKTOPHO-MATPUYHUX pPIiBHSIHBL. [3 HH3KH
3Haiinennx MmoxiuBux OKB BigiOpaHo mnpocTi 000 peami3auii CTPYKTYpH.
[lopanbma omiHka agieBocti oTpuMmanux @PKB Ta iX napameTpuyHuil CUHTE3
MIPOBOIMJINCS TIUIIXOM TOPIBHSUTPHUX CHMYJISIIHHUX JOCITIHKEHb HAa CTBOPCHHX B
cepenoBuiii  Matlab/Simulink  koMm’iorepHuX ~— MOAENSX  JAOCTIIKYBaHHX
€JIEKTPOTEHEPYIOUUX CUCTEM.

Y  nmamiii  poboTi  (HOTOCHEKTPUYHI CHCTEMH 3a0e3NedeHl JIOKaJTbHUMH
MIJCUCTEMaMHU TIONIYKY TOYKHM MAKCHUMyMYy IMOTY>KHOCTI, SIKl MPAaIIOI0Th HE3aJeKHO
B/l cucteM eHeprodopmyrodoro kepyBaHHs. [Ipu mpoMy MOTY>KHICTH T€HEPOBAHOI
EJICKTPUYHOI €HEPTii pa30M 13 MOTYKHICTIO CIIOKHBAHHS €JIEKTPOCHEPTii BUCTYNAIOTh
aK 30ypeHHs. s KOXKHOT 13 JOCHIJIKYBaHUX CHUCTEM IMPEACTABICHO PE3YJbTaTH
cuntedy cucreM PBC y Burmsimi aexkinpkox anpTepHaTUBHUX CcTpykTyp DKB i3
PI3HMMHM KOMOIHAIIIMH JI0JaTKOBO BBEJCHMX B3a€MO3B’S3KIB Ta JeMII(pyBaHb, SKi
3a0e3MevuyroTh BUKOHAHHS MOCTABICHUX Y CTpaTerii KepyBaHHs 3aBaanb. Cepel HUX,
30KpeMa, € 3aBJaHHs MIATPUMAHHS HANpyr Ha IIWHI BUXITHOI MEpEeXl MOCTIMHOI
Halpyru Ta CYNEPKOHJEHCATOPHOMY MOJYJI Ha 3aJlaHuX PIBHSX, IUIABHICTh
MepexiJHUX  MPOIECIB  CTPyMy B  aKyMYyJSITOpHIM  Oarapei, OOMEXKEeHHS
MaKCHUMaJbHOTO CcTpyMy Tomo. IlpencraBieni pe3yiabTaTd KOMIT FOTEPHOTO
CUMYJIIOBaHHA POOOTH JOCHITKYBaHMX CHUCTEM 3 MiAIOpaHUMU TapaMeTpaMu
anprepHatuBHuX OKB. Buxonmsum i3 nmx pesynbTaTiB, MOXKHa BHOpaTH Taki
CTPYKTYpH, sIKi 3a0€3MeuyyroTh BUKOHAHHS TOCTABJICHUX 3aBJIaHb 13 JOIYCTUMOIO
CTaTUYHOIO TOYHICTIO Ta 3aJIOBUIBHOI0 JMHAMIKOIO, a TAaKOX XapaKTEPHU3YHOTHCS
MPUIHATHOIO CKIIQJHICTIO peai3alili — HeoOX1JHIM HaOOpPOM 3BOPOTHUX 3B’ SI3KIB.

Bioaiorpagiynuii cnucok
1. Ilyp 1.3. Eneprodopmyroue KepyBaHHS HEIIHIMHUMU €JIEKTOMEXaHIYHUMHU
CHUCTEMaMH 3 CHHXPOHHMMH MalllMHaMHM Ha TOCTIMHMX MarHitax: MoHorpadis /
[.3. Illyp, FO.O. bineupkuii. — JIsBiB: Bua-so Tapaca Copoku, 2018. — 172 c.
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THE USE OF ALTERNATIVE ENERGY SOURCES IN THE PLANNING OF
ECOTOURISM FACILITIES AS ONE OF THE TECHNOLOGICAL
METHODS OF ENVIRONMENTAL PROTECTION
N. Kachmar, Candidate of AgriSciences, A. Dydiv, Candidate of AgriSciences,
T. Datsko, Candidate of AgriSciences, M. Ivankiv, Candidate of AgriSciences
Lviv National Agrarian University, Ukraine

The article presents the results of research on environmental, energy and
economic efficiency of the use of alternative energy sources to provide heat to
buildings located on the territory of nature reserves.

Keyword: alternative energy sources, solar collectors, heat pump, nature reserve
facilities, environmental and economic efficiency.

Spending of time on the territory of the nature reserve fund gives the chance of
various kinds of rest: use of bicycle routes, ecological paths, the organized places of
recreation, etc. Therefore, in specially designated areas complexes are built for
vacationers. They provide them with a comfortable stay and the opportunity to get the
most out of the chosen type of recreation.

Electricity networks are most often used to provide buildings with electric
power on the territory of nature reserve facilities [1]. However, this has a significant
negative impact on the environment. Many of these facilities are located at a great
distance from the settlements, that increases the cost of electrification and
gasification. Such facilities require large investments in hot water and heat.
Therefore, alternative energy sources are suitable for such cases. The main advantage
of using solar panels and heat pump is their environmental friendliness and long
period of operation without major repairs.

It is established that for the installation of vertical probes it is enough to use
four branches 106 m long. For this combined system, it is necessary to install six
solar collectors, which will provide monthly heat production in the amount of 514.03
MJ [2].

Gas consumption for heating and hot water supply by gas boiler:

_Q.,
Qp.. Q

Q. — amount of thermal energy that can be produced by a gas boiler from
1 m3 of gas.

p = 186678-10°
o= 32,21.10°
Therefore, if a gas boiler was used to provide the facility with hot water and

heating, gas consumption would be 5796 m3,
40

=5796 m®.



Thus, the combined heat plant will produce 186678 MJ of heat, which will
require electricity in the amount of 6504 kWh.

The use of solar collectors and a heat pump to provide heat to the visitor center
will reduce the annual operating costs by 4.63 times compared to the costs required
for the operation of a system that would operate on the basis of a gas boiler.

The efficiency of the heat supply system with the use of renewable energy
sources is assessed according to economic, energy and environmental criteria. The
last criterion is often given through a generalized indicator — reduction of carbon
dioxide emissions into the atmosphere relative to traditional technologies [3, 4].

Our country is interested in the use of renewable energy sources by reducing
the cost of traditional energy sources, the overall reduction of greenhouse gas
emissions during combustion. The state receives direct income from the sale of
quotas for harmful emissions.

Conclusions. The use of a combined heat supply system will make it possible
to abandon the use of 7156.3 kg of conventional fuel and as a result will reduce
carbon dioxide emissions in the amount of 7871.9 kg.
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Section 2.
Information technologies in energy efficiency, resource and energy saving.

RESEARCH ON ENERGY CONSUMPTION IN THE INTERNET OF
THINGS MEASUREMENT SYSTEM
Awtoniuk M., Nowakowski T., Chlebowski J., .S"wigtochowski A.,
Warsaw University of Life Sciences, Institute of Mechanical Engineering
Bgk K, MCMS Warka Sp. z 0. 0.

Abstract: the aim of this article is to present a measurement system designed
to monitor the air temperature in an orchard as well as present the results of energy
consumption measurements of a single sensor. The system is made in Internet of
Things (loT) technology using long-range radio communication protocol LoRaWAN.
Data from distributed measurement sensors are processed on a network server and
displayed as a final application. The task of the system is to monitor the current
situation in the orchard and to notify the farmer of the need to initiate a protective
procedure. The system makes it easy to locate the areas in the orchard with the lowest
temperature. It is a key part of the orchard's frost protection system.

Keywords: internet of Things, LoORaWAN, sensors, energy consumption.

Introduction: the basic assumption of 10T technology is communication of

various objects (Things). The objects can be sensors, actuators, gateways, mobile
devices or servers. Servers, also those located in the cloud, may contain implemented
services of various types, e.g., a database or SCADA supervisory systems [1,2]. One
of the most widely used networks in 10T systems is LPWAN (Low Power Wide Area
Network). The main standards of LPWAN networks include: SigFox, NB-loT and
LoRaWAN [3-5]. It is estimated that by 2026 more than half of all LPWAN
networks will use the LoRaWAN standard [6].
The aim of this article is to present a measurement system designed to monitor the air
temperature in an orchard as well as present the results of energy consumption
measurements of a single sensor. The system is made in the Internet of Things
technology using the LoRaWAN standard.

Architecture of the loT-based measurement system. A schematic of the
system is shown in Figure 1. Several layers can be distinguished, responsible for:

e data acquisition,
e data transmission,
e (data processing.

Data acquisition is based on a grid of battery-powered temperature sensors. All
the sensors are the end nodes in our loT system. They transmit the data to the
gateway by means of LoRaWAN protocol every 10 minutes. The data from the
gateway is sent using the MQTT protocol to the cloud server. Finally, the data
reaches the application server, which is responsible for their aggregation in the
MySQL database.

42



Cloud server End application

@

Temperature sensors

Figure 1 - Scheme of the measurement system

Sensor energy consumption measurements. In terms of sensor energy
consumption, the key component is the LoRa communication module. The sensor
uses a LoRa radio communication module marked as E22-900M22S produced by
Ebyte. One of the most important configuration parameters in LoRa communication
Is the spreading factor SF. LoRa modulation has a total of 6 spreading factors from
SF7 to SF12. Spreading factors influence data rate, time on air, and battery life.
Typically, higher SF are used if the LoRa signal is weak, e.g. because of a significant
distance of the sensor from the gateway, or if there is a lot of interference in the area.
A higher SF value means a longer time on air, which results in higher power
consumption. Table 1 shows the results of the current consumption measurements in
dependence on SF. Measurements were made for a period of 10 seconds. This was
sufficient time to transmit a message to gateway regardless of the SF value.

Table 1. Impact of spreading factor SF on sensor’s current consumption.
spreading factor

SF7 | SF8 | SF9 | SF10 | SF11 | SF12

mean 153 | 1.69 | 211 | 3.17 | 5.28 | 8.78

[mA]

max 710 | 702 | 723 | 719 | 711 | 716

[mA]

current

Conclusions. The article describes the concept of using Internet of Things
technology as a system intended to monitor the air temperature. Such a system can be
successfully used as an element of the frost protection system in orchards.

The analysis of the influence of the spreading factor value on current
consumption showed that even with the least favourable variant from an energy point
of view, i.e. SF12, LoRa communication is very energy efficient. The hourly power
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consumption was 0.28 mAh. This guarantees sufficient battery life to monitor the
temperature in the orchard during the key period of potential frost occurrence.

Acknowledgements. The research was financed in the framework of the
project ,,Innovative frost protection technologies for fruit and horticultural crops” co-
financed from the European Union funds under Measure 16 — Cooperation of the
Rural Development Programme for 2014-2020.
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KONCEPCJA REWITALIZACJI WOD PRZYDENNYCH
Z ZASTOSOWANIEM NOWEGO TYPU AERATORA WODY
Dr hab. inZ. Ryszard Konieczny, prof. AJP
Akademia im. Jakuba 7 Paradyza w Gorzowie Wielkopolskim

Summary: The article presents the concepts of revitalization of the bottom
waters of rivers and natural and artificial water reservoirs with the use of a new type
of water aerator developed at the Jakub of Paradies University in Gorzow
Wielkopolski. The structure and the principle of automatic operation of a water
aerator in an open flowing water channel are explained.

Keywords: water energy, aerator, dissolved oxygen, water revitalization

Rewitalizacja wod naddennych rzek i zbiornikéw wodnych z zastosowaniem
aeratorow wody, bazujacych w dzialaniu na wykorzystaniu w nurcie rzeki energii
strumienia cieczy, jest utrudniona ze wzgledu na naturalne wahania lustra wody w
profilu pionowym i niewielkie predkosci poziomego strumienia cieczy w
poprzecznym przekroju koryta rzecznego. Majac na uwadze powyzsze oraz korzysci
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ekonomiczne wynikajace z darmowej energii kinetycznej cieczy w rzece, w
Akademii imienia Jakuba z Paradyza opracowano nowy typ aeratora wody (rys. 1).

Rysunek 1 - Aerator wody koncepcji Koniecznego [2021]

Aerator wody nowego typu zbudowany jest z ptyty tloczne; (1)
przytwierdzonej od gory trwale do plywaka regulacyjnego (2) z dwoma obcigznikami
(3) 1 do komory aeracji (4) z kré¢cem cylindrycznym (5) zespolonym z wezem
tlocznym (6) poprzez obejme Sciskowa (7), a od dotu zespolonej przegubem
walcowym (8) z dwoma elementami regulujgco-podtrzymujagcymi  (9)
unieruchomionymi trzpieniem (11) w ramie wsporczej (10) usadowionej w podiozu
koryta rzeki. Woda rzeczna napierajac na powierzchni¢ robocza ptyty tlocznej (1) po
pokonaniu oporéw przepltywu 1 sity grawitacji samoczynnie przemieszczana jest ku
goérze do komory aeracji (4), gdzie nastgpuje dotlenienie 1 grawitacyjny transport
wody do strefy aeracji poprzez krociec cylindryczny (5) 1 waz ttoczny (6).

Celem opracowania jest zaprezentowanie sposobu wyznaczenia minimalnej
poziomej predkosci przeptywu cieczy w korycie rzeki zapewniajacej samoczynne
dziatanie aeratora wody w procesie rewitalizacji wod przydennych.

Do okre$lenia minimalnej poziomej predkosci v m-s? przeptywu cieczy w
korycie rzeki, zapewniajacej samoczynne dzialania aeratora wody, przyjeto
wejsciowe dane obliczeniowe: dtugos¢ 1 =1m, szeroko$¢ b =0,4m, kat pochylenia
0=30° 1 geometryczng glebokos$¢ hs =0,25 m $rodka cigzkos$ci ptyty ttocznej aeratora
pod zwierciadlem wody. Zatozono, ze w korycie rzeki jest ustalony przeptyw cieczy
o gestosci p=998.,2 kg'm™. Pominicto starty przeptywu. Dla zanurzonej w wodzie
powierzchni A m? plyty tlocznej aeratora wody wyznaczono W ukladzie
wspoétrzednych x, y wzor na Srodek statyczny naporu cieczy:
IS

h.=h + m 1
C S hs A ( )
1 ustalono wzgledem (1) statyczne sktadowe naporu cieczy:
gdzie: N,=p-g-V N 3)
= bi ; — moment bezwtadnosci ptyty tlocznej aeratora |, m?
V — objeto$¢ wody na powierzchni A plyty ttocznej aeratora, m3
g — przyspieszenie ziemskie, m-s2
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Na podstawie (2), (3) z funkcji trygonometrycznych i prawa Pitagorasa wyznaczono

objetos¢ wody na powierzchni A ptyty tlocznej aeratora:

vt m? (4)

P9

W profilu gtgbokosci (4) sporzadzono wzor na napér hydrodynamiczny:

Fy=p-Q-v N (5)
gdzie: Q=Db-l-sina-v m3-s? (6)

Majac na uwadze (2), (5) ustalono wzgledem (4) warunek gwarantujacy w korycie
rzeki samoczynny transport cieczy do komory aeracji aeratora wody:

F, >N, (7)

Po przeksztalceniu zaleznosci (2), (5), (6), (7) do postaci:

ve — Nk m-s*? (8)
p-b-l-sina

wyznaczono minimalng pozioma predko$é¢ (v = 2,2 m-s™) przemieszczania si¢ cieczy
przez system aeratora wody w procesie rewitalizacji wod przydennych.

Bibliografia
1. Konieczny R., 2021. Korytowy segment dotleniajacy. Zgloszenie patentowe
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COVERAGE OF LOAD SCHEDULE PEAKS USING POWER STORAGE
SYSTEMS IN 0,4-10 KV ELECTRICAL DISTRIBUTION NETWORKS
Oleksandr Miroshnyk, d.t.s., Mykhailo Syvenko, master
State Biotechnological University

Annotation: the analysis of load non-uniformity in 0,4-10 kV distribution
electric networks in the power system of Ukraine is presented. One of the possible
directions of coverage of peak loads and in general alignment of the non-uniformity
graph is considered. It is shown that one of the possible effective ways to solve this
problem can be the use of storage of electricity produced at thermal power plants and
nuclear power plants at night for its accumulation with the help of innovative
technological batteries.

Keywords: load schedule, batteries, power supply system, drives.
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One of the features of our energy is the presence of significant unevenness of
the electric load schedule. According to the Ministry of Energy of Ukraine, the night
overcapacity in Ukraine is over 1,100 MW and tends to increase. One of the areas of
using excess capacity and smoothing the daily schedule of energy consumption is the
use of energy-intensive industrial enterprises and the accumulation of excess energy
at night. To this end, storage stations are used, as well as the production of thermal
energy with its subsequent use during the day. However, both of these types of
accumulation are characterized by large heat and hydraulic losses of up to 35% or
more. We need to look for new non-traditional methods of solving problems and
equalizing peak and semi-peak loads [3, 9, 10].

The effect of the possible alignment of the load schedule can and should be
received by each of the three participants in this process: administrative, power
system and consumers. In this regard, the equalization of the load schedule of the
power system cannot be an involuntary, random process, but requires targeted
measures with appropriate material and financial support.

PN* MWat

I ! ! I 1
0 2000 4000 6000 8000 8760 f.h

Figure 1 - Annual schedule of electrical loads process of smoothing the load schedule
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Figure 2 - lllustration of the when using PHEV

The efficiency of covering uneven power system load schedules is determined
primarily by the composition and characteristics of power units of power system
power plants. To cover uneven load schedules, power systems must be sufficiently
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maneuverable, ie it must be possible to quickly change the capacity of power plants.
The share of such power plants in Ukraine was small.

Given that it is very difficult to radically change the nature of electricity
consumption and there is an objective tendency to increase the unevenness of energy
consumption due to the prospect of increasing the share of utility load, it is necessary
to seek alternative solutions to cover the unevenness of electricity load schedules.

When considering a typical load distribution schedule, it is easy to see that the
additional capacity required, which provides maximum consumption for only a few
tens of hours a year, is quite significant. The introduced power P10% characterizes
the additional generation of electricity in the amount of 10% of the total available
power, which provides coverage of the peak part of the load schedule. Thus, the task
of leveling the load schedule is to cover the load schedule in the amount of P10%. In
fig. 2 illustrates the possibility of equalizing the load schedule using electric vehicles
and hybrid cars.

PHEV's dual-use technology is the connection of a machine to a Grid to
vehicle concept (G2V) and the return of electricity to the grid (Vehicle to grid
concept (V2G)). On the example it was established that for this purpose less than 100
thousand cars are enough.

Significant limitations on the implementation of this solution are that the
problem of batteries at negative temperatures is not solved. Thus, at present, the use
of cars with batteries is possible only in the southern regions with a suitable climate.

Based on the above, we can conclude that innovation and technological
innovations will have a positive effect from their mass introduction in Ukraine, as the
most modern energy storage systems, loss reduction, unloading of electrical networks
and transformers, which, in turn, will increase the service life of energy equipment,
improving the quality of electricity for consumers.
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MOJIEJIOBAHHS ITPOLIECY THCTAJISALII TEIIJIOBOI MEPEXKI
3 OITUMI3ALIEIO TAPAMETPIB KOMIIEHCAIIII
TEPMOHAINPYXEHOI'O CTAHY TEIIJIOOITPOBOAIB
A. llonyovko, k.m.nu. B. Illoayosko, k.m.n., M. Muxaniok, K.m.H.
JIvgiecoKuil HAUIOHATLHUIL AZPAPHUIL YHIGEPCUmMEm

Influence of temperature of editing and material of leading pipe of the
preliminary isolated hot-water system is set on the size of distance between non-
permanent scraies and rule-making in relation to determination of size of maximal
distance of placing of scraies on the hot-water system, that determination of their
necessary amount.

Keywords: hot-water system, scray, temperature of heating and editing,
temperature deformation tension.

3a MPUHIMIIOM KOMIEHCAIli TeMIepaTypHUX BHJIOBKEHb TEIUIOMPOBO/IIB
PO3PI3HAIOT, Taki MeToau  O€3KaHaJbHOTO MPOKJIAAaHHS  TPyOOMpPOBO/IIB:
Oe3KOMITEHCAIIMHIH, 13 paliaJbHOIO Ta 0ChOBOIO KoMIeHcariero [1], [2].

[lepmri 1gBa  MeETOAM  3aCTOCOBYIOTHCA 3 TOMEPEIHIM  MMiAIrPiBOM
TpyOOTIIPOBOIiB 200 0€3 HhOTO, TPETI — TUTLKK 0€3 MOoNepeHHOTO MiTITrPiBY.

3aBgaHHSM HAIIOTO JOCHTIDKEHHS € BCTAHOBJICHHS BIUIMBY TEMIIEPATypH
MOHTaXXyY 1 MaTepiajly MpPOBIAHOI TPyOH MONEPETHBO 130Jb0BAHOTO TEIJIONPOBOAY HA
BIICTAHb MIDK OJHOPA30BHUMHU KOMIIEHCATOpaMH 1 BHUPOOJICHHS PEKOMEHaIlii
MO0 BU3HAYCHHS MAaKCHUMAJIbHOI BIJICTaHI pPO3MIIIEHHS KOMIICHCATOpPIB Ha
TEIUIONPOBO/1, TOOTO BU3HAYEHHS 1X HEOOX1AHOT KJIBKOCTI.
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JlocnipKkeHHsT BIUIMBY TEMIIEpATypHd MOHTaXy 1 MaTepiaay MpOBIAHOI TpyOu
MOTEPEHBO  130IbOBAHOTO  TEIJIONPOBOJAY Ha BIACTaHb MDK OJHOPa30BUMU
KOMIIEHCATOpaMH TEMIEPATypPHOTO BHUIOBXKEHHS TEIIONPOBOAY BHUKOHAEMO IS
Oe3kaHaIbHOTO  OE3KOMIIEHCALlIMHOTO (3 ~ BHUKOPUCTAaHHSIM  OJHOPA30BHX
KOMIIEHCATOPIB) CIMOCO0Y MpOKJIaAaHHS TEeIuioBoi Mepexi. OCHOBHAa YMOBA, SKY
HEOOXITHO BHKOHATH TP MOHTaX1 OJHOPA30BOTO KOMIEHcatopa, — II¢
MOTEPEeHIM pO3TAT TPyOONPOBOLY Ha BEIMUMHY TEMIEPAaTypHOTO BUIOBKECHHS
TeronpoBoay  (kommeHcarii). [lomepenniii  po3TAr  TEMJIOMPOBOAY  MOKHA
3MIMUCHUTH MeXaHiuHO abo TepmiuyHO. OCKUIBKM MEXaHIYHUN PO3TAT IS
KOHCTPYKIIii TOMEpPEAHbO 130IbOBAHUX TPYOONPOBOAIB BHUKOHATH YK€ BaXKO
(xoua 11e ¥ poOUTHCS), Y MPAKTHUIll 3aCTOCOBYETHCS TaK 3BaHUN TEPMIUYHUN PO3TAT —
nonepeiHii miAirpiB TpyoonpoBoaiB. CyTh IbOTO METOJY IOJIATAa€ B TOMY, IO
TpyOOIIpOBiA Tepes HOro 3acUIlaHHSAM HAarpiBaeTbcs 0 CEPENHbOI TeMIepaTrypu
MIXK TEMIIEPATYPOI0 MOHTAXKY 1 MAKCUMAJIBHOIO TEMIIEPATYPOIO TEIJIOHOCIS.

beskoMIieHcallifHUIT METOJl MOJsIra€ B TOMY, LIO JOBI1 MpsAMI JUISHKH
TpyOOIPOBOIB MPOKIAAAIOTE O€3 3aCTOCYBaHHS KOMIIEHCYBAJIbHUX €JIEMEHTIB.

Jns yknageHHsT TpyOONpoOBOJIIB OE3KOMIICHCAIIMHUM METOJIOM HEOOX1THO
nepeadayuTH  3ax0AM, SAKI MaloTh CTaOUII3yBaTH HANpyXeHHS pO3TITY B
TpyOONpPOBOAI MICHS MIAITPIBY A0 TEMIEpaTypud MONEPEIHbOTO HArpiBy IMepen
Horo 3acumnaHHaM. ICHye Tpu OCHOBHI cnocoOH, mo0 3a0€3MeUUTH IO BUMOTY:
3aCTOCYBAaHHS OJIHOPA30BUX KOMIIEHCATOpPIB; OETOHYBaHHS (PI3UYHMX HEPYXOMHX
omop, KomM TpyOompoBim miepeOyBae B CTaHI BHJIOBXKCHHS, 3aCHIIAHHS
TPyOOIPOBOY TPYHTOM, KOJIU TPYOOIPOBIT IIepeOyBae B CTaHi BUJOBKEHHS.

Cnig  3ayBakuTd, 110 HaWKpalmMM € 3acCTOCYBaHHS  OJIHOPa30BUX
KOMIICHCATOPIB Ha TEIUIOBUX MEpekax, Kl MPaIlOI0Th 31 CTAJIO TEMIEPaTyporo.
OpnHopasoBi  kommeHcatopu OyBalOTh JBOX THINIB: 3BapHi ab0 3aTPiCKOBI.
OOOB’SI3KOBUM € 3aCTOCYBaHHS Ha KIHISIX PO3PAaXyHKOBOI JUISHKH (DI3SUYHHX
HepyxoMux omop. KpiM Toro, 3ayBakmMo, IO 3aCTOCYyBaHHS  3BapHUX
KOMIIEHCATOPIB MOXJIMBE TIIBKM 3 TMOMNEPEAHIM TMIAITPIBOM, a 3aCTOCYBaHHS
3aTPICKOBUX KOMIIEHCATOPIB MOMEPEHHOr0 MiAIrPIBY TPyOU HE BUMArae.

OnHOpa3oBi KOMIEHCATOPU CHPAIbOBYIOTh TIIBKM B OJHOMY HANpSMKY 1
TIJIBKM OJUH pa3. Y MOAANBIIOMY TiISHKA 3 TAKUMH KOMIIEHCATOpaMu Bene cebe sk
CyllsIbHa TpsiMa TpyOa 1 BCl 3MIHM TEMIIEpaTypu CHPUWMAIOTBCA TIIBKUA SIK
3MiHM HampyXeHHss B TpyOi. Ilpu pocrti Temmeparypu Buimie t, MPUCYTHI
HaIpYyKEHHsI CTUCKY, NIPU Ma/liHHI TEMIEpaTypHu HIDKYE t, — HAPYy>KEHHS PO3TATY.

[TpoekTyroun TEIJIOBY Mepexy 3 OJHOPAa30BUMU KOMIIEHCATOPAMH,
HEOOXITHO MPABWIBHO BU3HAYWUTU TEMIIEpaTypy MiAIrpiBy t, , a TakoXX MPaBUIBHO
migiopaty ¥ po3TamryBaTd  KoMmIeHcaTopu Ha Tpaci. OcHOBowO migbopy 1
po3TallyBaHHS ~KOMIIEHCATOPIB I[bOTO THUIy € JOTPUMAaHHA YMOBH, 1100
HANPYKCHHSI CTUCKY 1 HaNpy>KEHHS pPO3TATY HE TEPEBHIYBAIN OMYCTUMHUX TpU
MIIBUINCHH] 1 MaJiHHI TeMIepaTypu. 3acTOCyBaHHS CTapTOBUX KOMIIEHCATOPIB
J03BOJISIE  BUKOHATH PO3TAT TpyOONpOBOJY, 3allleMJIEHOTO B IpyHTi. Po3tsr
3MIIMCHIOETHCS 32 JOTIOMOT'O0 MOMEPEHHOT0 HArpiBy TPyOOIpPOBOAY.
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BucnoBku. B pesynbrari npoBeNeHMX AOCHIKEHb Ta  BIATOBIIHUX
pPO3paxyHKIB CIIIJ BIAMITATH, IO 30UIBIICHHS BIACTaHI MK OJHOPA30BUMH
KOMIICHCATOpPaMH TEMIIEPATyPHOTO BHJIOBXKEHHS TEIUIONMPOBOMY (3MEHIICHHS iX
KUTBKOCT1) MOJIMBE 32 TAKUX YMOB:

—  TIABUIIEHHS  TEMIEpPaTypd MOHTaXy  TEIUIOMEPekXi  (po3paxyHKH
MoKasajiy, M0 Mpu 3MiHI TemmepaTypu MoHTaxy 3 0°C mo +20°C makcumaibHa
BIJICTAHb MDK KOMIIEHCATOpaMH 30UIbmyeThest y 2,33 pasu, TOMy ¥ HeoOXimHa
KUIBKICTh KOMITEHCATOPIB 3MEHIITUTHLCSA );

— 3aCTOCYBaHHA cTajied 3 OUIBIIMMHU 3HAYEHHSIMU JOIMYCTUMHUX HaIpy>KEeHb
(po3paxyHku mokazanu, 1o 3amiHa ctam Cr.10 Ha neroBaHy, mpu MiABUIICHHI
JTOMYCTUMUX HampykeHb B 1,42 pasza 30UIbIlye MaKCUMaJbHY BIJICTaHb MiX
OJIHOPa30BMMHU KOMIIEHCaTopaMu B 5,1 pasza, 10 TakoX CYTTEBO 3MEHIIUTH iX
KUTBKICTh Ha TEIJIOIPOBO/II).
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360c.
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JOCJIIKEHHSA XAPAKTEPUCTHUK LED JIAMIIM «PHILIPS»
MNOTYKHICTIO 10 BAT
Mapkian I'owko, k.m.H., J/IbsiecbKuii HauioHaLHUIL azpapHuil yHieepcumem

PeasbH1 XapakTEpUCTUKH CBITJIOMIOAHUX JIAaMII HE 3aBXKIU BIJAMOBIAAIOTH
XapaKTepUCTHKaM, 3aJiekjaapoBanuM BupoOHukoM [1-3]. Tomy Hamu perymsipHO
MPOBOJATHCS TOCHIIKEHHS, HAsBHUX HAa HAILIOMY PUHKY, CBITJIOZIOJHUX JIAMII.

JlOCTIKYIOTBCS HACTYIIHI MOKA3HUKHU: 3aJIEKHICTh MOTYXHOCTI BiJl Hamlpyrw;
CBITJIOBIJ/1a4l BiJ HAIPYTH; OCBITIEHOCTI BiJ Hanpyru. J{ociiKeHHs: MPOBOAATHCS B
nianasoHi Big 140B (nmanpyra 3ananensst gamnu) no 240 B. B nanomy Bumnagky mu
AocaipKyemMo ciTiiomioany yamiry Mapku «Philipsy 10 Br. Pesynbratu mocmiakeHb
MpUBEEH] HA pUcyHKax 1-3.

MoTtyxHicTts, P, BT

140 150 160 170 180 190 200 210 220 230 240
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CeiT10BU noTik, Ik/W
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Pucynok 1 — 3anexHicTh MOTY>XHOCTI1 BiJl HAIIPYTH
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Pucynok 2 — CaiTjioBia4ya BiJl HalpyTH
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Pucynok 3 — OCBITJICHICTH Bijl HAPYTH

230 240
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[TapameTpu momaHi BUPOOHMKOM Ta PE3yJbTaTH AOCHIDKEHb IOPIBHIEMO B

Ttabmn. 1.

Tabmuns 1 — [opiBasHHS mapameTpis npu U-220.

[TotyxHicTh, BT

EneproedexruBHicts, LM/BT

Ocsitienicrs, Ik

3asBreHa 10 - 900
Otpumana nipu +14 17,05 82,75 1350
Otpumana mipu -4 17,05 77,18 1316

Ha puc. 4, nogano enexrpuuny cxemy [IPA cBitiisauka "Philips”.
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L1-F L

Pucynok 4 — Cxema ITPA ceituinbauka "Philips”: F1 — 3amo0ixkuuk; Br — miogaunii
mict; Cl, C2 — 3rnaxyBaibHi1 KouaeHcaTopu; L1, L2 — immynscHuit ¢insTp; R3, R6 —
xuneHHs [C1 npu 3anycky; C3 — GinbTp XuBIEHHS BiIacHUX MOTped; C4 —
OanactHui kouaeHcatop; RS, R7 — nins pospsinku C4; R1, R2 — »kuBieHHs BIaCHUX
notped IC1; D1, R4, R6 — no3Bosisie oTpuMyBaTH iH()OPMAIIIIO PO CTPYM SKHIA
nogaeThbest Ha gioan; R9 —3anmo0ikHuK

BucHoBKkH. AHaMI3ylOuM OTpUMaHl JaHl, MU MOXEMO KOHCTaHTyBaTH
HAcCTylHe: B poOOYOMY Jlama3oHl Hampyr MOTY>KHICTb CTaHOBUTH 17BT, mo Ha 70
BIIBOTKIB BulIE 3a jekiapoBany (10BT); mpu 3MiHI TemmepaTypu OCBITJICHICTb
KOJIUBA€ThCA B Mexkax 20 BIBOTKIB, 110 HA HAIIy JYMKY JOMYCTHUMO; B poOOUYOMY
Jliana3oHl OCBITJICHOCTI BiJl HANIPYTH CYTTEBO HE 3MiHIOEThCS. Lle € mobpe st 30py,
00 Mpu KOJIMBAHHI HAMPYTH OCBITICHICTh OyJne crabiibHOW. [[boMy B mepiry yepry
MO>KHA 3aBJIsIuyBaTH Xopoiii cxemi [TPA.
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OCOBJIMBOCTI MOAEJIFOBAHHS ITPOEKTIB
EHEPI'O3ABE3INEYEHHSA CIVIbCBKOTI'OCIIOJAAPCBKHUX
HIANPUEMCTB HA OCHOBI KOI'EHEPAIIIT
Muxaniok M.A. k.m.n., [llonyovko A.B. k.m.H.,
JIveiécbKuil HayioHaNbHULL AZPapHull yHigepcumem

PosrnsHyTo  BapiaHTH  MOJCIIOBAHHA  CTPYKTYPHHX  CXEM  TIPOCKTIB
ABTOHOMHOT'O  TEIUI03a0€3MEeUCHHS JKUTJIOBUX Ta BHUPOOHMYMX OO’ €KTIB 3
BUKOPUCTAHHSM TPAAMUIIHHUX, KOTEHEpallliHUX Ta TeoTepMaJbHUX CHCTEM.
3M1ICHEHO €HEepPreTUYHMM 1 €KOHOMIYHUM aHami3 epeKTUBHOCTI (YHKIIOHYBaHHS
cucTeM Teruto3zabe3neueHHs pizHoi kKoH@iryparii. IIpoBegeno aHami3 eeKTUBHOCTI
MpoeKkTy (GYHKIIOHYBAHHS pI3HUX THUIIB TEIJIOTCHEPYIOUUX CHUCTEM, 30Kpema
KOTeHepaIliitHoi Ta KOMOIHOBAHOI KOTe€HepaIliiHO-Te0TePMaIbHOI YCTAHOBOK, I'a30BO1
Ta €JEKTPUYHOI KOTEIEHb

KuarouoBi cjaoBa: Mopem, TPOEKTH, CHUCTEMH  TeIUI03a0e3MeUeHHS,
KOT€HEpAlliiiHI CHCTeMH, T€OTEepMallbHI CHUCTEMH, AaBTOHOMHE KOMILJIEKCHE
Ter103a0€e3IeueHHsI, CHEpPreTUYHa OIIHKA, EKOHOMIYHA OIIHKA.

BukopucranHs MeTO/IB Ta MOJIEJIeH JIHIMHOTO MJIaHyBAaHHS 11 Yac peai3arii
MIPOCKTIB €HEPro3ade3neueHHs CiIbChKOTOCIIONAPChKUX € OOMEKEHUM UYepe3 HU3KY
0COOJIMBOCTEH IUX MPOEKTIB. 30KpemMa, JiHIHE MIIaHyBaHHS HE BPaXOBYE MIHJIMBHUX
CKJIAJIOBUX MIPOEKTHOTO CEpeIOBHUIIIA, 110 pUTaMaHHO MIPOEKTaM
eHepro3ade3neueHHs CUTbChbKOTOCIOIaPChKUX Ha MiACTaBl KOreHepallii.

Haiibinpmr BiloMUMH METOJIaMH CKJIafaHHs ciTKoBoro rpadika € metom PERT
(Program Evaluation And Review Technique - meToa OIiHKM Ta Teperismay
npoekTiB) 1 CPM (Critical Path Method-meTton kputnunoro nuisixy). OOuaBa BOHH
po3pobreni B 50-x pokax. Merog PERT OyB ctBOopenuii B 1958 poui mij erigoro
VYnpasninns cnemiansaux npoektiB BMC CIIA (U.S. Navy Special Projects Office)
K IHCTPYMEHT JUIsl CKJIaJaHHs rpadika 1 KOHTPOJIO 32 XOJI0M poOIT mpu po3pooii
paker Polaris.

BukopucToByroun 3rajaHi BHINEG METOAM, JIETKO TPEICTABHTH TPOEKT B
rpadiuniii gopmi. Moro okpemi 3aBaHHS 3B'S3YIOTHCS MiXK COOOI TAKHM UYHHOM,
11100 OCHOBHA yBara 0yJia 30cepe/PKeHa Ha HAMBKITUBIIIMX /11 BUKOHAHHS TTPOCKTY
MOMeHTaX. TakuM YMHOM, OCHOBHE 3aBJIaHHSI YIIPABIIHHS 13 3aCTOCYBAHHSIM METOIY
KPUTUYHOTO NIISAXY TPH IJIAHYBaHHI Ta BUKOHAHHI MPOEKTIB MOJISTa€ HE TUIBKU B
TOMY, 1100 BU3HAYUTH NEBHY IMOCIIIOBHICTh, B SIKiii TOBUHHI BUKOHYBaTHCS T1 a0
1HII1 Tpynu poOiT. 3a JOMOMOTO0 I[HOTO METOAY MOKHA HAMITHTH JIAHITIOT pOOiT, Ha
BUKOHAHHS SKUX Oyne MOTpiOHO HAWOIBIIMIA Yac, 0 J03BOJHUTH BU3HAUWUTH, B
SKOMY MICITl peaji3ailii MPoeKTy HaHOUIbII BAXJIMBO 3pOOUTH BCE MOXIIHBE, OO HE
JOITYCTUTH 3aTPUMKH BUKOHAHHS ITPOCKTY.

OCHOBHMMHM METOJlaMHU  IUIaHYBaHHS TMOCHIJOBHOCTI T  TPOEKTY Y
BIJIMOBIAHOCTI IO HOTO CTPYKTYPHOTO IUIAHY € TUIaHyBaHHS HEOOXITHOI KIJBKOCTI
nepcoHaly MEBHOI crerianizaiii 1 TpUBaJIoCTI WOro ydacTi JJi peai3allii MpoeKTy.
[I{o6 crutanyBaTH TUMYACOBUM BIJPI30K KOXKHOI 1T Y TPOEKTI BUKOPUCTOBYIOTH TakKi

54



METOJU: YHOPSAAKYBaHHS CIUCKY 3 yciMa JisiMH, J€ BKa3yHOThbCS MONEpEenHi 1
HACTYIHI Jii; CTOBMYMKOBI miarpamu; aiarpama ['antra; PLANNET-giarpama;
TexHiKy MmepexeBoro rutanyBanHsi (Network Techniques); TexHiky mporecyaibHOI
CTpUIKH; TeXHIKY By3muka aii (Metra Potential Method - MPM), ta iH.

CTpykTypa TpOIYKTYy TPOEKTIB CHCTEM  EHEpro3ade3nedyeHHs  C.-T.
HiANPUEMCTB Tiepeadadae yYKpymHEHHM MOA1N MOro Ha KOMIIOHEHTH 3a TEBHUMHU
o3HakaMu. /0 Takux O3HAK HaleXkaTh: 1) MpU3HAUEHHS KOMIIOHEHTH; 2) 4eproBiCTh
B3a€MO/11i KOMIIOHEHTH 13 IPOEKTHUM CEPETOBULIEM TOILIO.

1111 1211 1511

1121 1321
1112 1212 1312

Pucynok - Cxema B3a€MO03B’s13KiB 00’ €KTiB KOH(Iryparii CHCTEMH

HaBeneHi 03HaKuM € OCHOBOIO IUIAHYBAaHHS CTPYKTypu3allli MPOIYKTY MPOEKTY
eHepro3ade3neueHHs ClIbChKOTOCIIONAPCHKUX MIAMPUEMCTB Ha MM1JICTaBl KOT€Hepallii.
KoseH 13 KOMIOHEHTIB BMilae B co01 00’ ekTH KOHGIrypaiii i3 cBOiMH (Pi3UYHUMU
Ta (QyHKI[IOHAIbHUMH XapakTepuctukamu. O0’exkTu KOH(pirypariii BUOHUparoThes 3a
HACTYTHUMU O3HAKAMU:

1) 3aBOIOM BUTOTOBIIIOBAYEM;

2) NPOYKTUBHICTIO (TEMIOTBOPHOIO 3ATHICTIO);

3) TUTOMUMU BUTpaTaMH €HEprii;

4) pUHKOBOIO BapTICTIO;

5) HaIIMHICTIO TOLIO

[TpoAyKT IPOEKTIB CUCTEM €HEepro3ade3nedyeHHsl BKI0Ua€ KOMIIOHEHTH, SIK1 MICTATh
00’ekt  KOH(pirypamii. Mik HHUMH ICHYIOTh B3a€MO3B’S3KH. Bu3HaueHHS
€(EeKTUBHOCTI KOKHOTO 13 OKPEMHX KOMIIOHEHTIB Ta 00’€KTiB KOH(Iirypamii ciia
MPOBOJIUTA CUCTEMHO.

BucHoBku. BukopucraHHs YHMHHOTO 1HCTPYMEHTapit0 JUisl TUIaHYBaHHS
MIPOCKTIB €HEePro3ade3neueHHsl CUIbChKOTOCIOAAPCHKUX TMIAMPUEMCTB Ha ITiJICTaBi
KOreHepailii € oOMexeHUM 4epe3 crenudiky X MPOEKTHOTO CEepeIOBHINA. 30KpeMa,
HE BpPAXOBYETHCS CE30HHICTh TOTPEOM y €Heprii sAK y po3pi3l OKPEeMoro
KaJICHJIApHOTO POKY, TaK 1y po3pi3l OKpeMoi JOOH.
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BJIACTUBOCTI PEI'YJISATOPIB IPOBOBOI'O MOPSAJIKY TA CHOCIB IX
PEAJII3AIIIT
A.1O. Mapywak, 0.m.n., npogh., HY Jlveiecvka nonimexnika
b.JI. Konuak, 0.m.n., oouy. HY Jlveiecvka nonimexHixka

The article is devoted to solving important scientific and applied problem - the
analysis and synthesis of electromechanical systems, which include integral-
differential links fractional order to improve their stability, by developing algorithms
functioning fractional controllers and their hardware implementation. For EMS-based
transformation Oustaloupa developed software for their analysis and synthesis by
using Laplace operators of fractional order, which compared with a package
NINTEGER ensures the same accuracy, but realized not only within the MATLAB /
Simulink but in the software environment MATLAB, ie structure PF approximating
obtained by this conversion and its settings are displayed in memory of MATLAB,
making it easy to browse, research and verification.

The software that allows you to implement the use of method swarm of
particles self-tuning EMS through their identification, approximation fractional
models and synthesis controller fractional order for the desired quality of the
transition process, which prompted to specify the points of transition functions
desired fractional form or characteristic points of the transition function desired
fractional form.

Construction of electromechanical systems with using of fractional order
controllers significantly enhances compared to the classic controllers.

The algorithm adjustment PID controller by comparing EMC transient
response with the desired method for using particle swarm because of this, the
algorithm can be used in the mode self-tuning BAC and its identification under
uncertainty parameter control object;

Designed PI*D* controller is implemented as an option in the programmable
logic controller MFC710 IF frequency converter, which allows you to control the
electric coordinates (rotation speed) or technological parameters (temperature,
pressure, etc.) with the possibility of using it in the same mode debugging.

Test frequency converter option of MFC 710 PI*D* - fractional order control
system controls the speed by using stand Twerd proved its effectiveness in terms of
expanding regulatory capacity of the controller in comparison with classical PID
controller.

Keywords: transfer function, fractional order, PI*D* controller.
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3 MeTOI0 MOIIYKY parlioHaIBLHOTO BapiaHTy MOJeNel s peanizaiii nuppoBux
IHTErpyBaJbHOTO 1 JMU(PEPEHINIOBAIILHOTO PETYJSITOPIB APOOOBOTO MOPSAKY, OyiI0
TaKOXX MPOBEACHO IOCTIKEHHS iX JAMHAMIYHUX BJIACTUBOCTEH 3a BUKOPHCTAHHSA
npencraBieHb: Pimana, Pimana-JliyBumns 1 ['pronBanbaa-JleTHikOoBa, a TakKoxX
OTPUMAaHHs OI[IHOK TOYHOCTI CHIBIAJaHHs iX mepexifHuX (YHKIIN 3 MepexiTHuMU
(GYHKIISIMHA, OTPUMaHUMHU 32 BUKOPHUCTaHHS MepeTBopeHHs Jlaraca [1,2].

Amnani3 BupasziB Pimana, Pimana-Jliysisuisa ta ['pronBanbaa-JleTHikoBa mokasye,
110, Ha BIAMIHY BiJ (OpMYJ YHUCIOBOTO AU(MEPEHINIOBAHHS IIJIOTO MOPSIKY, JJIS
TpOOOBUX TMOPSIKIB CIIOCTEPIraeThCcsl TaK 3BaHUN e(PEeKT «mam’sAT» MoNepeaHix
3Ha4YeHb QyHKIII. J{ag po3paxyHKy IMOTOYHOTO 3HaueHHs (YHKIII HEOO0X1gHO
nam’aTaTv 3HadeHHs (YHKIIT y BCl IMOMepeHI MOMEHTH 4acy. THM caMHM TeXHIYHA
peanizaliis peryiasTopiB JpoOOBOTO MOPSAKY Ha OCHOBI aJrOPUTMIB BIAMOBITHO O
TaKUX MOJIEJIEH, € MPOOIEeMATHYHOIO JUIsl TPUBAJIMX PEKUMI POOOTH.

BpaxoByroun Te, 10 peanizaiis peryJaTopiB IMIJOTO MOPSAKY mo0pe
po3po0JieHa SIK B AHAJIOrOBOMY, TaK 1 B IU(PPOBOMY BUKOHAHHI, TO MHpoOJeMy
TEXHIYHOI peanizalii peryiasiTopiB ApoOOBOro MOPSAAKY MOKHA BUPILIIUTH, SKILIO
3M1MICHUTH €KBIBAJICHTHY 3aMiHy (ampokcumaliioo) ix nepeaaBaibHy QyHkuito (I1D)
Ha [1® mimoro mopsAKy, BUXOASYN 3 YMOBH 3a0€3MEUYCHHS OJTHAKOBUX YaCTOTHUX
xapakTepucTuk (meperBopenns Oycranoyna [3]). Ilicis anpokxcumarii I1d Oys
PO3pOOJICHUI aIrTOPUTM TEXHIYHOT peaizallii ApoOOBOTo PerysTopa.

BuxopucroBytoun 3Haitieny exkBiBajgeHTHY [1D y Bursmi

W(S) —k (S — a)ll)(s — Ct);) . '(S — a);Nﬂ) ’
’ (S - a)l)(s - a)z) .. -(S - w2N+1)
3acTocyeMo Teopemy mpo poskiaaanus g0 W(S) [5,6]. Tomi :
W(s)=A 1 + A, 1 +..+ A

S—s, sS—s, S—s,

ne Sq,5,...5,- KOpeHl XapaKTEpUCTUYHOTO PIBHAHHSA eKBiBaleHTHOI [1D.

Koedimientu A ,...A 3HaX0AATHCS 3TiTHO 3 TEOPEMOIO MPO PO3KIANAHHSL.

Takum yuHOM, IHTETpaJIbHA 1 AU(EPEHIIaIbHA JaHKU JPOOOBOTO MOPSAKY, K
CKJIaJIOB1 IPOOOBOTO PETYJIATOPA, MOKYTh OYTH MPEJICTABICHI CTPYKTYPHOIO CXEMOIO
3 mapaneiabHuM 3’ eaHaHHAM JaHok [4]. Ix TI® e cknanosumu Bupasy W(S). ¥V Takomy
BUJISA1 BUpa3 exkBiBajeHTHOI [ID MoxHa peanizyBaTH B MPOrPaMHUX CEPEIOBUIIAX
C, C#, C++ abo B Acem0iepi. Ha ocHOBI momnepeHbo po3po0IeHoi 1 BiIJIaroKeHO1
nporpamu B cepenoBuiiit MATLAB perynstop npoOoBOro mopsaKy peaidizoBaHo 3a
BUKOpUcTaHHA MOBH norpamyBanHs C 1 Arduino Mega 2560 ta Arduino DUE.
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BUKOPUCTAHHS BE3MPOBIIHUX EJJEKTPOTEXHOJIOI'TH
YIIPABJIIHHA EJEKTPUYHUMU ITPUJITAJAMU
JI.C. Koaodiituyk, kanouoam neoazo2iuHux Hayx, 3aeioysay Kageopu
«Enekmpomexnonozin ma ekcniayamauii enepzooonaonannua» BII HYBill
Ykpainu «bepexcancokuil acpomexHiuHuil iHCIMUNYym

Y HuUHIIHBOMY UU(POBOMY CYCHIIBCTBI 3MIHIOIOTHCS YMOBH JiSTIBHOCTI
MaiOyTHHOrO (haxiBLsl €1EKTPOTEXHIYHOro mpodinto. ChoroaHi BUPpOOHHYl YMOBU
MOTPEOYIOTh MPOEKTYBAHHS MOJIEN1 JisNIBHOCTI MaHOyTHHOTO (paxiBIld 13 3 Ty4YEHHSIM
Cy4YacCHHUX €JIeKTPOTEXHOJIOTIH.

AKTyallbHOCTI HaOuparoTh O0E3MPOBIJIHI CUCTEMHU aBTOMaTtu3ailii. Taki cucteMu
BHUTOTOBJISIIOTH MpoBiaHi komnanii: ELKO EP, Sonoff, Gira, Witrum, Jung, Zamel Ta
1HIII.

VY poboTti 3ynuHuMOCh Ha cucTtemi OesnpoBigHoro ympasiinHs INELS RF
Control wyecwkoi ¢ipmu ELKO EP, ska BUKOPHUCTOBYETHCA TMpHU TPOBENICHHI
PEKOHCTPYKITT TPUMIIIIEHHS 200 TIPU PO3IIUPEHH] EIEKTPOCUCTEMHU, O€3 BTpYyUaHHS B
ICHYIOYy eTeKTpOINpoBOAKY. Jlo mepeBar Takoi CHCTeMH YMPaBIiHHS Mepel IMUHHUM
PILIEHHSIM HAJIEXKUTh BIJICYTHICTh 3aJ€XKHOCTI BiJ MICUS YCTaHOBKH amaparypH, SKi
MOKHa PO3MICTUTH (MPUKIIEITH) Oyab-Ae [2], @ TAKOXK € MOXIHUBICTH MOCTYIOBOTO
100aBJIEHHA OKPEMHUX €JIEMEHTIB (PO3LIMPEHHS).

be3npoBigHuii 3B'I30K 37¢OUIBIION0 BUKOHYETHCS IO mpoTokonax Wi-Fi,
Bluetooth. ¥V namomy BuUMaaKy KOMYHIKaIlisi MK €JIE€MEHTaMH 3I1HMCHIOEThCS 3a
JIOTIOMOTOI0 O€3IMPOBITHOIO 3’€AHAHHA Ha dacToTax 868-916 Mri 3a mpoTOKOJIOM
RFIO. Takwii mpoTOKON MpPU3HAYCHUA HE TUIBKK MJIsS TIepenadl MpOCTUX KOMAaH]
(BKJI/BHIKIT) ajie ¥ mpuiiMaHHS, IEpeJaBaHHs Ta PEryJIIOBaHHS.

OxpiMm 15070 Ha 3aMOBHUKIB RF-MOmyniB He MOMUPIOIOTHCS JTIIEH31HHA
IUIaTHSA, @ HaJAIUTYBaHHS KOMYHIKalli MK eJeMeHTaMH He mnoTpedye IHtepHer-
3’€THAHHS 1 HE BIOYBAETHCS 3aCMIUyBaHHS MTPOCTOPY HE aPECOBAHUMH KOMaH/aMH.

3o0kpema, mepenadavar BUKOPUCTAHHS OE3MPOBITHUX EIIEMEHTIB KEpyBaHHS
CICKTpUYHMMH  mpuiagamMu  «PosymHoro  OyamHKy». 32 JOTIOMOTOIO
JIeMOHCTpalliifHoro crenay OesnposigHoi cuctemu ELKO EP (puc. 1) moxna
3M1MCHIOBATH MOJietoBaHHs RF-IpHUCTpOiB «po3yMHOTO Oy AMHKY.

58



Takuit  3acid  103BOJIAE  MOJEIIOBATH  JWCTAHIIMHE  yOpaBIiHHA 1
HAJTAIITYBaHHS: Kamio3l — Oe3npoBiguuii ememeHT RFJA-12B, numipyBanHs
ocBiTIIeHHs — Oe3npoBinnuit eneMeHT RFDA-71B Ta inime.

MynsTUQYHKLMOHANbHBIR { oot
11 perynALAN OXBELIERHOCTH

KomwiyThpyioLit WCORHMTent

@EHCOopHAANAHEN b ; JTo————————
y.npaBaEHINS!

CeHcopHbIi 3,5" aucnneit

LleHTpanu3oBaHHOE ynpasnexue
BCEeMW S1eMEHTaMn CUcTembl

anyan n3auna COCTOAHNA
3nemeHTOB (aneKTponoTpebuTeneit)

pocTOi MOHTaX

YacroTa 868.1 My

PucyHok - 3araabHuid BUTJISAA JEMOHCTPALIMTHOTO CTEHy O€3MPOBITHOI CUCTEMH
ELKO EP

Takum yuHOM, 17151 BIITBOPEHHSI BUPOOHUYOTO TIpoIiecy 3700yTTsI HOBUX 3HaHb
MaOyTHIM axiBleM 3 EJNEeKTPUYHOI 1HXKEHEpli, BAKIUBUM € MOJECIIOBAaHHS 3a
JIOTIOMOTOI0 Cy4YacHUX OE3MpOBITHUX CHUCTEM KepyBaHHA. BBakaemo 3a moIliIbHE
3acTocoByBaHHsS Oe3mpoBigHoi cuctemun ELKO EP mpu BukmamanHi HaBYalbHOI
TUCIUTUTIHY «EJIeKTpUYH1 armapatu» 3 MeTOr0 (OpMyBaHHS MIPOTrpaMHUX PE3yJIbTATIB
HaBuaHHs [TP06 [1].

Bioaiorpagiynmnii cnucok
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ABTOMATU3ALIA IPOI'PAMOBAHOI'O JIABOPATOPHOI'O
OBJIAZJTHAHHS TA PO3POBJIEHHS BIPTYAJIBHOI'O TPUJIAZAY AJISA
BUMIPIOBAHHS IMITAHCY HA BA3I TPA®IYHOI INIAT®OPMHU
LABVIEW
1.-M.B. Miouk, k.m.n., Hayionanvnuii ynieepcumem «J/Ibgiecoka nonimexnika)
O.B. Jluca, k.m.H., 0ouenm, JlveigcoKuii HAUIOHATLHUIL AZPAPHUIL YHIGEPCUMEm

For imitative control of vegetable juice quality indicators, a virtual measuring
instrument developed and implemented on the basis of the LabVIEW hardware and
software platform and the compatible NI USB 6009 unit has been proposed and
implemented. promptly control the quality of vegetables from which the test juice is
obtained, in production conditions at low cost.

Keywords: imitation, virtual device, graphic platform LabVIEW.

LabVIEW - e cepenoBuiie po3poOku i miardopma Jisi BAKOHAHHS IIPOTrpam,
cTBOpeHHMX Ha rpadiuniii mMoBi mporpamyBanHs «G» ¢ipmu National Instruments
(CILIA). BoHr BUKOPUCTOBYIOTBCSI Y CHCTeMax 30MpaHHS W ONMpAIIOBaHHS JaHUX, a
TaKXKe JUIsl YOPaBIiHHA TEXHIYHMMH OO0 €KTaMU W TEXHOJOTIYHUMH IIPOIeCaMu,
TOOTO 1J1€aJbHO NPUAATHI JJIsi BUKOPHCTAHHS Y HOBOCTBOPIOBAHUX IMIJICUCTEMAX
KiOep-PI3MYHUX  CUCTEM, 3B’S3aHUX 3 3aco0aMu  BUMIPIOBaHHSA.  3aBIsIKU
IHTEPaKTUBHOCTI Ta MOMJIMBOCTI BUKOPUCTAaHHS ONTHMI30BaHUX JIOCTYITHHUX
OararoyHKIIOHATFHUX NPUCTPOIB BBeAeHHs-BuBeneHHs — tumy NI USB-6009,
LabVIEW MakcumaibHO CHpOIIY€e pO3pOOKY Ta CTBOPEHHS YHIKAIBHHUX BIPTyadbHUX
3aco0iB  BuMiptoBaHHS (3a HasBHocTi [IK 3 ycTaHOBIeHMM MpPOrpaMHUM
3a0€e3MeUeHHsIM ), 1HAKIIIE 32 HASBHOCTI anapaTHo-miporpamHuoi matdgopmu LabVIEW.

IIpu 3amyuenni NI USB-6009, smatnoro mnpamtoBatu Bix mmHH [IK 1
3a0e3MeynTH HajiiiHe 3'€IHAHHA 3 CEHCOpaMH 3 JOTIOMOTOK) TBHUHTOBHUX KIJIEM,
peani3yeTbcsi HeOOX1JHUI BIPTyaJIbHUI 3aCi0 BUMIPIOBAHHS aAMITTaHCY, HEOOX1THUN
JUISl BA3HAUEHHS BMICTY HIKIJIMBUX JOMIIIOK Y OBOUEBOMY colli. BipTyanbHuii 3acio
BUMIPIOBAHHSA, PO3POOJICHHIA Ha OCHOBI amapaTHO-NPOrpaMHOi  MIaTHOPMHU
LabVIEW Ta cymicHoro 3 Hewo Osoky NI USB 6009. Ile nae 3mory 3aificHIOBaTH
EKCIIpec-aHali3 COKYy Ha BMICT MIHEpaJbHUX PpEYOBUH 34 EJIEKTPUYHUMU
rapaMeTpaMu, BHACIIIOK YOI0 MOKHA ONEPAaTUBHO KOHTPOJIFOBATH SIKICTh OBOYIB, 3
AKX OTPUMYIOTh IOCIIKYBaHUM CiK, y BHUPOOHMYMX YMOBax INpU HE3HAYHUX
BUTpAaTax.

CTBOpEHHS BIPTYyaJIbHOTO MPUWJIAAY JUIsl KOHTPOJIIO BMICTY BaKKHX METaliB B
OBOYEBOMY colli 0a3yeThes Ha miatdopmi LabVIEW i3 3anyuennsm 6moky NI USB
6009 [2]. Ocranniit npueanyetbes a0 I1K 3a nonomororo intepdeticy full-speed USB
1 Mae 8 KaHaJIB BBEJICHHS aHAJIIOTOBHUX cUTHAMIB (A1) 1y1s TeHepyBaHHs Ta 30UpaHHs
BUMIPIOBaHUX JaHuX; 12 kaHaniB uudposoro BBenaeHHs/BuBeAeHHs (DIO) ta 32-
PO3PSAIHUNA JTIYWIBHUK, @ TaKOXX 2 KaHaJdu reHeparii aHamoropux curHaii (AO),
3aBJSIKU SIKUM BUKOHYETHCS (DYHKIIIS IKEepesia TECTOBOTO CUTHAITY.

I'padiuna mrardpopma LabVIEW kepye NI USB 6009 3a normomororo NI-DAQ
(National Instruments - data acquisition) 3amaui. Y mporeci BUMIPIOBaHHS
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https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D1%81%D0%B1%D0%BE%D1%80%D0%B0_%D0%B4%D0%B0%D0%BD%D0%BD%D1%8B%D1%85

BUKOPHUCTOBYEThCS pPO3po0JieHe y poOoTi rpadiuHe mnporpamMHe 3a0e3MeyeHHs:
porpaMa TECTOBOTO CHUTHAIY Ta MPOTrpamMH ONMpPAaIIOBaHHS pe3y/IbTaTiB BUMIPIOBAHb.

Jlis BUMIpIOBaHHA 1 PO3pPaxyHKy IMITaHCY MOPKBH IOTPiOHO TeHEpyBaTH
TECTOBUM CHUTHAJ — 3MIHHY Hampyry amiuntyaoro 10-20 mB. [[ns miporo HEoOXigHO
BUKOHATH HACTymHI KpOKH: ['eHepyBaHHS TECTOBOTO CHTHaldy (CHHYcCOina);
3unTyBaHHS KOMIUIEKCHMX 3HAa4€Hb IMITAHCY. Y Nporpami BHKOPUCTAHO OKpeMi
enementd NI-DAQ 3amaui 3 mukiaom While Loop with Stop Button. [Ins uboro
cTtBopeHo kanain renepariii Create Channel (mouatok renepariii Start, rexepariis
nanpyru Write, ounmenns 3apaanns Clear Task), a Takoxx Walit, 1o perysiroe nepion
CHUHYCOI/IH.

34nuTyBaHHS Ta OMPAIIOBAHHS KOMIUIEKCHUX CKJIQJOBHUX IMITaHCY 3/A1MCHEHO 3-
Ma criocobamu [1]:

o 3a nonomoroto piBHsAHHA Elinepa;
o 3a MOZyJieM Ta aKTUBHOIO CKJIaJJOBOIO IMiTaHCy (/s oTpuMaHHs 3HaYEHHs

MoAayJisi iMiTaHcy BukopuctaHo Amplitude & Level measurement — RMS

(root mean square), a JJi1 OTPMMAaHHS aKTUBHOI CKJIaJI0BOI iMiTaHcy - Filter i

mean). [Ipu 11boMy, peakTUBHY CKJIAJ0BY IMITaHCY OOUYHUCIIEHO aareOpaidHo:

® 32 IONIOMOTOIO IIBUJKOTO MepeTBOpeHHs Dyp’e.

Po3po6iieHo cTpyKTypy, sKa J103BOJIsIE IEPEMUKATH Ha MOTPIOHMM BHJ
BUMIPIOBaHHSA, Ha OCHOBI 3a(iIKCOBAHMX MHTTEBUX 3HAYEHb HANPYIH Ta CTPYyMY
KOHJIYKTOMETPUYHOI ~KOMIpKH, TOOTO Ha BumiptoBanHsix CK3  wHanpyru,
BuMipioBaHHAxXx CK3 cTpyMy, BUMIpIOBaHHSX MOJYJIO, BUMIPIOBAHHSAX aKTHBHOI Ta
PEAKTUBHOI CKJIAI0BUX.

Bipryansauit npunan y cknani: 11K 3 nporpamuum 3a6e3neuennsm LabVIEW,
omoky NI USB 6009 Ta KOHIYKTOMETPUYHOI KOMIPKHM 3 COKOM BXHUTO JIs
BU3HAYCHHS BMICTY BaXXKHMX MeTajiB y upoMmy comi Lle mamo 3Mory mpoBoautu
EKCIIpec-aHali3 COKy Ha BMICT MIHEPAJbHUX PEYOBUH 32 CJICKTPUUYHHUMU
napamerpamu. Tum camum, y BUpOOHUYMX YMOBaX MpU HE3HAUHUX BUTPATaX MOXKHA
OTEPAaTUBHO KOHTPOJIOBATH SIKICTh OBOYIB, 3 IKUX OTPUMYIOTh JIOCIIIP)KyBaHUH CIK.

Bioaiorpagiunmii cnucok

1. bob6amo FO.A. ta iH. OcHOBU Teopii enekTpoHHUX Kut: Iligpyunuk (apyre
BUJIaHHS: jAoornpanboBaHe 1 jponoBHeHe) / FO.S. bobamno, b.A. Maunmgiu, IL.T.
Craxis, JI.II. Ilucapenko, FO.I. Axumenko; 3a pen. npod. FO.I. SIxumenka. —
KuiB: BugaBuuntBo HarioHaabHOTO TEXHIYHOTO YHIBEPCUTETY YKpaiHU
“KuiBchkuil nomiTexHiunuii incturyt’, 2011. — 332 c..

2. Hans-Peter Halvorsen Data Acquisition in LabVIEW N-3918 Porsgrunn, Norway
Telemark University College
https://www.academia.edu/25303149/Data_Acquisition_in_LabVIEW
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AHAJII3 BUSHAUYEHHS SIKOCTI EJJEKTPOEHEPTII
3A JOIIOMOI'OIO IHCTPYMEHTY BEUBJIET
B. O. Koaomieyw, acnipanm, 0.0. Mipownuk, 0.m.n., O.M. Mopo3, 0.m.H.,
A.L Cepeoa, k.m.n., B.I'. Ilaziii, cm. euxnaoau
Jlepotcasnuii 6iomexHo102iYHULL YHIGEpCUmMem

The main tasks of energy audit are: identification of sources of irrational
energy consumption and energy losses; determination of energy efficiency indicators;
development of an energy saving program. The most effective way to determine the
direction and depth of reduction of energy consumption is to collect statistics on
electricity consumption is the Wavelet analysis. This approach allows you to compile
and analyze the structure of consumers by their main types, which is necessary to
identify the composition of the energy receiver, the impact of which will reduce the
overall energy consumption of the object.

Keywords: Wavelet MATLAB harmonics model filter.

B ocraHH1 JecATUIITTS 1A aHATI3Y 1 ONMUCY AMHAMIKUA CKJIAJHUX HENTIHIAHUX
IpOIECiB B €JCKTPOSHEPTETHIIl BCE  YACTIIIE 3HAXOAUTh  3aCTOCYBAHHS
MaTeMaTUYHUi anapat BeliBier nepeTBopeHHs. BeliBieTn 3acTOCOBYIOTBHCS B IKOCTI
lepapXi4HOro 0aszucy s aHadizy 30ypeHb B MIMPOKHUX Jiala3zoHax 4acTOT B yMOBax
HECTAl[lOHAPHUX  JIOCHIUKYBAaHHUX IpoleciB. BelBieT - mepeTBOpeHHs Ha
CHOTOJHIIIHE CHOTOJICHHS € OJHI€I0 3 HAWUMEPCHEKTUBHIIMIUX TEXHOJOTIA aHali3y
JaHUX, aJKe Ied IHCTPYMEHT J[A03BOJs€ €()EKTUBHO OTPUMATH XapaKTePUCTUKU
YacTOT, CUTHAJIB.

Mertoro aHanizy € CyKYMHOCTI €(pEeKTHUBHUX B3a€EMOIIOB'SI3aHUX METOIIB Ta
iH(dOopMaIIHOT TEXHOJOT1i KOMIUIEKCHOTO OIlIHIOBaHHS TapameTpiB Beiipier -
MEPETBOPEHHS HECTALIIOHAPHUX CUTHAJIB.

Ha cporoanimmHiii 1eHb BIIOMO, JBI OCHOBHI TpYNH CIOTBOPEHb SKOCTI
€JIEKTPUYHOI E€Heprii: cTamioHapHl (KBa3icTallioHApHi) 1 CIOTBOPEHHS  SIKi
3MIHIOIOThCS B yacl. [[o mepmioi rpynu BIAHOCATHCS: TAPMOHIKM 1 IHTEPTapMOHIKH.
Jlo nmpyroi rpynu Hanexarh MEPeXiJHi MPOIECH HamNpyTH, 3HMKEHHS-ITiIBUIICHHS
Halpyru B MEpexi, NepepuBaHHs HANpPYrd Ta 1HII BUCOKOYACTOTHI CIIOTBOPEHHS.
Jl7iss BU3HAYCHHS MOKA3HUKIB SKOCTI €JIEKTPUYHOI eHeprii BUKOPUCTOBYIOTh METOIU
oOpoku 1HGOPMAIIMHUX CUTHAIIB, OJHUM 3 HAWUMOMIUPEHINIUM €, METO]
CEpEeIHbOKBAAPATUYHUX 3HAYCHh HA OCHOBI allpOKCUMAIlli KPUBOi BXIJHOTO CUTHAITY
CHeliaIbHOI0 (PYHKII€I0, sika 3a0e3leuye 3aJ0BUIbHY alpOKCHUMAII0 aMILUTITYIU
OCHOBHOi YaCTUHHU €JIGKTPUYHOI Mepexi. JlaHuii MeToj BUKOPUCTOBYIOTH JIst
BU3HAUEHHS CEpPEAHbOKBAIPATUUHOTO 3HAUEHHS HANpyTru, aje MpH IbOMY HE
PO3PI3HAIOTHCS TAPMOHIKM Ta KOMIIOHEHTH LIyMY.

3 mo3uuid aHajizy AOBUIBHMX CHUTHAJIB 1 (PYHKIiH B 4acTOTHOiI oOiacTi i
TOYHOTO BIJIHOBJICHHSI TICJsS TI€PETBOPEHb MOJKHA BIA3HAUYUTH PSJi HEIOMIKIB
po3kianaHHs curHamB B psaaun  Dyp'e, [kl mpuBEeIM A0 TOSBU BIKOHHOTO
neperBopeHHs @Dyp'e 1 CTUMYIIOBAIM PO3BUTOK BEHBJIETHOTO IMEPETBOPEHHS.
OCHOBHI 3 HUX:
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O6MexeHa 1HOOPMATUBHICTh aHAI3y HECTAI[lOHAPHUX CHUTHAJIB 1 MPAKTUIHO
MMOBHA BIJICYTHICTh MOXKJIMBOCTEH aHAMI3y iX 0COOIMBOCTEH (CHHTYIISIPHOCTEH), TOMY
0 B YacTOTHOI 0O1acTi BiAOYBAETHCS «pO3Ma3zyBaHHs» OCOOIMBOCTEH CHUTHAIIB
(po3puBIB, CXOAMHOK, MIKIB 1 T.I.) IO BCbOMY YaCTOTHOMY JI1ala3oHy CIEKTpa.

["apmoniiini 6a3ucH1 GyHKIIT pO3KIaJaHHs HE 3/1aTHI B IPUHIIUII BiToOpakaTu
Nepernagy CUTHAIIB 3 HECKIHYCHHOI KPYTHU3HOIO TUIY MPSMOKYTHHUX IMITYJIbCIB, TOMY
0 [ [bOro MOTPiOHO HECKIHYEHHO BeNMKAa KUIBKICTh WieHIB paxy. [lpu
oOMeKeHH1 yncia WieHIB psaay Pyp'e B OKOJIUISLX CTPUOKIB 1 pO3PHUBIB BITHOBIEHOIO
CUTHAJy BUHUKAIOTh oclIALii (sBuie ['160ca).

[TeperBopennss @Dyp'e BimoOpaxkae TJI00adbHI BIAOMOCTI MPO YaCTOTH
JOCIIIKYBAaHOTO CUTHAJY 1 HE J1a€ ySIBJICHHS PO JIOKaIbHI BJACTUBOCTI CUTHAITY TpU
IIBUJKUX TUMYACOBUX 3MIHM MOr0 CHEKTPAJIbHOIO CKJIaay. Tak, Harpukiaj,
neperBopeHHss Dyp'e HE po3pi3HSAE CUTHAT 3 CYMOKO JIBOX CHHYCOiJ (CTalllOHapHHM
CUTHAJI), BiJ CUTHaJIy 3 JIBOMa IOCIJIJOBHO HAaCTYIIHUMHU CHUHYCOiJaMU 3 THMH XK
yacToTaMH (HECTAI[lOHAPHUWA CHUTHAJ), TOMY IO CHEKTpaJibHI KOe(pilieHTH
OOUHCIIOIOTHCSL  IHTETPAIlEl0 MO  BCbOMY IHTEpPBAJly 3aBJIaHHS  CHUTHAIY.
IleperBopennss @yp'e B MOPUHIMUIII HE Ma€ MOXJIMBOCTI aHai3yBaTH 4YacTOTHI
XapaKTEPUCTUKU CUTHAITY B JIOBUIbHI MOMEHTH Yacy.

BeiiBner-anani3 npornoHye ais 0OpoOKH TaHUX IIMPOKUN HAaOIp IHCTPYMEHTIB,
SK1 JIOTMIOMAararTh PO3JAUINTH BUXIJTHUM CUTHAJI Ha CKJIAIOBI 1 MOOAYUTH HOro
CTPYKTYpy Ha pi3HUX MacmTabax. BeiBiaeT-QiabTpu M03BOJSIOTH HE TIIBKH
OopoTHCs 3 HIymMaMmu, aje 1 BHJIy4YaTd HEOOXIHI KOMIOHEHTU curHaiy. OCKiIbKU
BeiiBineTn Mar0Th HEMOraHy 4aCTOTHO-YAaCOBY aJalTalli€l0, BOHU MOXYTh CIIYKUTH
3pYYHHM 1HCTPYMEHTOM JUI JIOCTI/PKEHHS YaCTOTHHUX XapaKTEPUCTHK CHUTHAIY.
BianoBigHo A0 YacTOTHOTO IMiAXOAy, YacToTHa oOjacTh BeliBieriB Moxe OyTH
po30uTa Ha JBI CKJIAJOBl - HU3BKOYACTOTHY 1 BUCOKOYACTOTHY. YacToTa iX po3iiTy
JOPIBHIOE MOJIOBUHI YaCTOTH JUCKpETU3allli curuany. g ix po3aiieHHs 10CTaTHBO
BUKOPUCTOBYBAaTM JBa (UIBTPH 3 OJHAKOBOIO TPAHUYHOK  YacTOTOK -
HU3bKOYACTOTHUM 1 BHCOKOYACTOTHUM CHUTHaJI. MOXHa OTpUMaTH Ha BUXOJI JiBa
pi3HI rpadiku, 3 Pi3HOI0 aMIUTITYAOK 1 OJJHAKOBOIO BEIMYMHOIO B Yaci. TUM caMHUM
J1a€ 3MOTY TOJABUTH LIYMH, 30UIBIIMTH TOYHICTH BUMIPIOBAHHS 1 3MEHILIUTH PIBEHb
MMOMWJIOK B JOCIIIKEHHI.

Haii0ipil mepcrneKTUBHUM aHaJi30M Ha ChOTOJHINIHIA JeHb € BeiBier-
aHami3. BiH mae MOXIUBICTH PO3TIIAATH CUTHAN y IIAPOKOMY Jiama3oHl BIKHA 1
3MIHHOTO PO3Mipy, TP BEJIMKUX 1HTEpBAJIaX OTPUMAEMO OUIBII TOYHY 1H(MOpPMAIIiI0
PO HHU3BKY YacTOTy, a MpH OUIbII KOPOTKHX IHTEpBaJaX Ja€ OUIbII TOYHY
iH(dOpMaIlit0 MPO BUCOKOYACTOTHUHN CHEKTp. Takoxk MO3BOJISS€E BUSBUTH JaHi, SIKI
ITHOPYIOTbH 1HIIIl METOJM aHATI3y CUTHAIIIB, 30KpEMa TOUYKH PO3PHUBY Ta HENIHINHOCTI,
IO € TUIIOBUM JUIsl CUTHAJy Hampyru. 3acTOCyBaHHs BelBier-nepeTBOpeHHsS Jae€
MOKJIUBICTh OYMCTUTH CHUTHAN BiJ IIyMy, IO Ja€ 3MOTYy OTPUMATH OUIbII TOYHI
pe3yibTaTH MpU NPOBEJEHHI aHami3y. BeilBieT-aHani3 Mae MOXIMBICTh CTBOPIOBATH
CUCTEMY MOHITOPUHTY MapaMeTpiB SKOCTI €JIEKTPUYHOI €HEPrii, IIIIXOM KOHTPOIIO
Koe(iIieHTIB AeTani3allii Ha BCiX PIBHSX.
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BeiiBner aHaii3 31aTHUM BUSBUTH TaKl OCOOJIMBOCTI JIAHUX, 5Kl HE OEpyTh 1HIII
METO/IM aHaNi3y CUTHAIIIB: TOYKU PO3PUBY, Pi3Ki HEIIHIMHOCTI B BUIIUX TapMOHIKaX 1
camomnioo6a. BiactuBocTi BeliBiieToB BeiiBieT ( «KOpOTKa XBHIIS», «CIUIECK») - TI€
XBWJIbOBa (popMa cHUTHAITY €(PEeKTHBHO OOMEKEHOI0 TPUBAJOCTI, SKa Ma€ CEpPEaHE
3HaueHHs HyJb. [lopiBHSIEMO BEWBIET 3 CHHYCOiJaldbHOI XBWJICIO, SIKA € OCHOBOIO
ananizy @yp'e. CuHycoinu He MarOTh OOMEXEHOIO TPUBAJIOCTI - BOHH TPUBAIOTH Bij
MIHYC JI0 TUTIOC HECKIHYEHHOCTI. | fe cuHycoinu riajaki i nepenOadyBaHi, BEHBICTH
parHyTh OyTH HEPIBHUMU 1 ACUMETPUIHUMU.
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INVESTIGATION OF SWITCHING OVERVOLTAGE INAY /YN
TRANSFORMER WITH A SYMMIZING DEVICE
I. Protosovitsky, PhD, D. Protosovitsky
Belarusian State Agrarian Technical University

3HayuTEeIbHAS YaCTh CUJIOBBIX TPAaHC(HOPMATOPOB, YCTAHOBICHHBIX B CEITbCKUX
cetax 0,4-10 kB, HaxoauTcs moj BO3IEHCTBHEM OOJIBIIOT0 KOJIMYECTBA HETATUBHBIX
(bakTOpOB OT BHYTPHUCETEBBIX [0 OKPYXKAWOIIEH Cpelbl, KOTOpPblE HETaTUBHO
CKa3bIBAIOTCS HA CPOKAX IKCILTyaTallH.

3HaYUTEIBHBIN yIIepO CUIIOBBIM TpaHC(opMaTopaM U MOJKIIOYEHHBIM K HUM
MOTPEOUTENISIM HAHOCAT TIEpPEHANpPsKEHUsI, OOYCJIOBJICHHBIE KOMMYTAIIMOHHBIMU
MIepEHANPSIKCHUSMHA, BO3HHUKAIOIMIMMU B CETAX MM aTMOCHEPHBIMH SBIICHHSIMHU.
Jlocturatomye BBIBOJOB TpaHCPOPMATOPOB  MEPEHAMPSHKEHUST MOTYT — OBITh
OTpaHUYCHBl OOJBIIMM KOJMYECTBOM YCTPOMCTB 3aIlWThl, HAXOMSIIUMHUCS BHE
Tpanchopmaropa. [opa3no ciokHee OpraHuM3oBaTh YCTPOWCTBO 3alIUTHI  OT
MepeHanpPsHKCHUM, BO3HUKAIONIMX BHYTPH TpaHcpopMaropa MpHU PaCIpEeTICHUH
AJIEKTPOMATHUTHOM BOJIHBI BJOJb OOMOTKH, TPH OTOM HAMPSHKEHUS MEXKITY
OT/JCJIbHBIMM BUTKAaMU OOMOTOK MOTYT 3HAUYUTEJIbHO TMPEBBICUTH HAIPSIKEHUS
ycTaHOBUBIIErocss pexuma. [Ipoboil wu3omamuu  BieuyeT 3a COOOH  BBIXOJ
TpaHcopmaTopa U3 CTPOST U HAPYLICHHE HOPMAIbHBIX YCIOBUM DSKCILTyaTalldu
JTaHHOW ycTaHOBKH. [Ipu 3TOM mpolecchl, MPOUCXOadIIne B TpaHChopMaTope Mpu
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HEPEHANPSDKEHUSAX, SIBJSIIOTCSA CIy4YailHBIMH M B IIOJHOM OOBEME HE MOAJAIOTCS
MaTeMaTUYECKOMY aHAJIH3Y.

CornacHo [l] mpuyMHAMH OTKa30B CHJIOBBIX TPaHCHOPMATOPOB SIBISIOTCS:
rpo3oBbie nepeHanpskeHuss — 20,8%, BHYTpEHHHE NEPEHANPSIKEHUS, KOPOTKHE
3aMbIKaHus B ceTax — 34,4%, neperpy3ku — 7%, CHM)KEHHE YPOBHS HM3OJISILIUU B
npouecce skcrmryatauud — 12%. OueBUaHO, YTO JAaHHBIE MpoOJeMbl Hambosee
XapakTepHbl ISl TpaHC(HOPMATOPOB UIMTEIHHO HAXOMALIUXCA B IKCIUTyaTaIUH.
[ToaToMy BaXXHO HE TOJBKO OOECHEYNUTh HAACKHYIO 3allUTy H30JISILHUU
TpaHcQOpPMATOPOB, HO U OOECHEUNUTh YCIIOBUS I COXPAHEHHS H30JIALMEH CBOMX
AJIEKTPUYECKUX XAPAKTEPUCTUK HA OTHOCUTEIBHO BHICOKOM YPOBHE B TEUEHHUE BCETO
pacyeTHOro Cpoka CIyXObl, YUUTHIBAsl MPU 3TOM BO3JEHCTBUS MEPEHANPSIKEHUN U
JAPYTUX HETaTUBHBIX (PaKTOPOB.

B 0onbmom konauuecTBe MyONMKanuil MOIPOOHO PAacCMOTPEHBI MPOLECCHI,
MPOUCXOASIINE B OOMOTKAaxX TpaHchopmaTopa BO BpeMs NEPEXOAHBIX MPOLECCOB U
onpeneneHsl (PakTOpbl OKa3bIBAIOIIME HAWOOJIbLIEE BIMSHUE: CXEMa COEIUHEHUS
0oOMOTOK TpaHchopMaTopa, pPEeXUM 3a3eMJICHUST HEWTpalH, KOJWYecTBO (a3, Ha
KOTOpbIE IPUXOAUTCS BOJIHA NTEPEHANPSKEHM S, KOHCTPYKIIMA 00MOTOK| 1,2].

[Ipu 3TOM HE paccMmaTpuBaeTCsl BONPOC BIMSHUS CUMMETPUPYIOLIEH 0OMOTKH
B TpaHchopmaropax Mapku TMI'Cy (monyuyuBlIel HIMPOKOE PACHPOCTPAHEHHE B
cetax 0,4-10 kB B PecnyOnuke benapyck) Ha mapameTpsl MepeHANpsDKEHUS B
oOMoTkax Hu3koro Hampspkenus (oOmorkax HH) [3]. IlosTomy 1enbio aHHOTO
WCCJIENOBAHMS SIBISUIOCH M3YYEHHE JAHHOTO BONPOCAa C LEJIbI0 ONpPENENICHUs
MPEINOYTUTENBHON CXEMbl COEIMHEHUs] OOMOTOK TpaHchopMaropa € HU3KOU
CTOPOHBI Ui MHUHMMH3alWN BO3ACHCTBUS KOMMYTALIMOHHBIX MEPEHAINPSIKEHUN Ha
M30JIAIHIO TpaHC(HOpMaTOPOB.

B skcmepumeHTax ucnoiib3oBaHa (u3MuecKas MoOAeNb  Tpex(da3HOro
tpancdopmaropa 0,4/0,24 kB wmomHocTeio 0,63 kBA., 0o0MOTKa BBICOKOIO
HaIpsOKEHUS COEUMHEHAa B «3Be3Ay», (a3Hbie OOMOTKM HU3KOrO HaIpsSKEHUs
COEIMHEHBI B «3BE3]ly C HYJIEM» C BO3MOXKHOCTBIO KOMMYTAIIMM CUMMETPUPYIOILIEH
oOMoTKkH. Perucrpamuss amIuIMTyJl HMITYJIbCOB IEPEHANPSKEHUN BBINOJHAIACH
ananu3atopoM kadectBa syekTposHeprun FLUKE 435 ognoBpeMeHHoO aiist Tpex Qa3
u  HedTpanu. (OCOOEHHOCTBIO JAHHOTO OSKCIEPUMEHTa SIBISIETCS OTCYTCTBUE
METaJUIMYECKOro KopIyca TpaHcopMaTopa MW, COOTBETCTBEHHO, 3HAYUTEIHHOE
CHIDKEHUE BIMSHUS €MKOCTH OOMOTOK Ha 3a3€MJICHHBIE 3JIEMEHTHI.

BnusHue cumMerpupyonieii oOMOTKM Ha MapaMeTpbl KOMMYTAIIMOHHBIX
MEPEHANPSHDKEHUM HM3y4alloCh B PEXHUME XOJOCTOIO XOJa WM INpU KOMMYTalUU
Harpy3Ku pa3HoOil CTEIEHH HECUMMETPUYHOCTH.

[Tomy4yeHHbIE U3 OCUMIUIOIPAMM JIaHHBIE CUCTEMATU3UPOBAHBI U COTJIACOBAHBI
110 BUTKaM Jy1s Beex (ha3z oomotku HH tpanchopmaTopos.

[Ipu cratuctuyeckoil  0OpaOOTKE  JAHHBIX  JJIs  OLCHKU  BIMSHUS
CUMMETPUPYIOLIEH OOMOTKH Ha MapaMeTphl NEPEHAIIPSHKEHNS B KAUECTBE OCHOBHBIX
KPUTEPUEB UCIIOJIB30BAJIOCh CPABHEHHUE CPEIHUX 3HAUEHUHN U TUCIIEPCUH.

ComnocraBieHus aMIUIATY [T UMITYJIbCOB HepeHaIpsHKEHNs T1s1
TpaHcQOpPMATOPOB MPU KOMMYTALMM CHUMMETPUYHOM HAarpy3Ku M BBIKJIIOYEHHH B
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pekKUME XOJOCTOr0 XO0Jia IMOKa3aldh, YTO MNpPHU BBIKIIOYEHHH TpaHcpopmaTopa B
pEeXHUME XOJOCTOTO XO0Ja CUMMETpHUpYIoasi 0OMOTKAa HE OKa3bIBA€T BIHUSHHUS Ha
napameTpbl KOMMYTalMOHHBIX EPEHANPSKEHUN.

B ciiyyae KOMMyTauuyu CUMMETPUYHOMN Harpy3Ku, Kak Mpu €€ BKIIOYEHUH, TaK
U OTKJIIOYEHHUHU, B TpaHC(HOpMATOpe ¢ CUMMETPHUPYIOIIe 0OMOTKOW Halmromaercs
CHW)KEHUE AaMIUIUTYJ HWMIIYJbCOB MEPEHANpPsDKEHU Ha BXOJHBIX 3aKHMaxX
TpaHcpopmMaTopa OTHOCHTEIHHO 3eMJIM M 0oJiee pPaBHOMEPHOE pacmpeesicHue
HanpspKeHUs 1o (a3HbIM OOMOTKAM HU3KOTO HAIPsKEHUS, YTO CHUXKAET HETaTUBHOE
BJIMSIHUE KOMMYTAIMOHHBIX TIEPEHANPSDKEHUH KAk Ha MPOAOJbHYIO, TaKk W Ha
MONEePEYHYIO U30JSIMU. Tak CHUKEHUE aMIUIUTY/]T UMITYJIbCOB NIEPEHANPSKEHUM 1151
JaHHOTO TpaHchopMaTopa B X0JI€ IKCIEpUMEHTa cocTaBuia 28% mpu MOAKIIOYSHUH
Harpy3ku, u 14% npu oTkiaroyeHuu. JlaHHBIE NPEHMYLIECTBA B OCHOBHOM
OOyCJIOBJIEHBI JIOTIOJIHUTEIbHBIM BXOJHBIM COIPOTUBICHUEM CHUMMETPUPYIOLIEH
00MOTKHU TpaHc(opMaTopa 1o OTHOLIEHUU K TpaHchopMmaTopy 0e3 HeE.

bbuin mpoBeAeHBbl COMOCTABICHUS AMIUTUTYJ WMITYJIbCOB IEpEHANpPsHKEeHUI
IIpyM KOMMYyTaluu TpaHcdopmaTopa ¢ CUMMETpUpYIOIIeil oOMOTKOM U Oe3 He€ Ha
Harpy3ky c 25% HeCUMMMETPUYHON Harpy3Kou U B HEMOJIHO()AZHOM pEKUME.

W3 1mony4yeHHBIX aMIUIATYJ WMITYJbCOB MEPEHANPSIKEHUA MO BCEU JUIMHE
(ha3HBIX OOMOTOK MOXHO OTMETHUTH CIEAYIOLIME MPUHIIMITHATBLHBIE OCOOCHHOCTH:

1. B Tpancpopmarope ©0€3 CHMMETpUpPYIOUIEH OOMOTKM MAaKCHMajbHas
aMIUIATY1a UMITYJIbCOB NIEPEHANPSHKEHUHN B (Da3HBIX OOMOTKAX 3aBUCHUT OT BEJIMYMHBI
HECUMMETPUU HArpy3kd, B OTJIMYHE OT TPaHC(HOPMATOPOB C CHUMMETPUPYIOIIUM
YCTPOMCTBOM B KOTOPBIX 3Ta 3aBUCUMOCTh IPAKTHYECKH OTCYTCTByeT. B
UCOBITYEMOM  TpaHc(hopMaTope B  XOJA€ OKCIHEPUMEHTAa Pa3HOCTb  MEXKIY
aMIUIUTYy1aM{ UMITyJIbCa IEPEHANPSKEHUS ¢ CUMMETpUpYIoIel 0OMOTKOM U1 6e3 Heé
Ha BXOAHBIX 3aKMMax OOMOTKHM HH3KOTO HaIpsDKEHUS B 3aBUCHMOCTH OT CTENEHU
HECUMMETpUU cocTaBuiia oT 25% 1o 36%.

2. [lpu OTCYTCTBHMM CHUMMETPHUPYIOIIEH OOMOTKH aMIUTMTYABl HMITYJIbCOB
MepeHanpsHLKeHU UMEIOT TPUOJIM3UTENIbHO OJMHAKOBBIE 3HAUEHHMS BO Bcex (haszax
Tpancpopmaropa, B TpaHcPopMaTope ¢ CUMMETPUPYIOMICH OOMOTKON aMILIUTYIbI
MMITYJIbCOB MEPEHAIPSKEHUN MTPOMOPIIMOHATIbHBI HAarpy3Ke (a3bl.

3. Ans tpanchopmartopa ¢ CUMMETPHUPYIOLIEH OOMOTKON XapakTepHO Oosee
PaBHOMEpPHOE paclpe/ielieHhe HampspKeHUs 10 BCe JaauHe OOMOTKM IpH
IIPOXO0’KJIEHUH MTEPEXOHOrO MPOLECCA, BBI3BAHHOIO KOMMYTallMEN HAarpy3KHu.

4.3HayeHuss aMIUIUTYJ  HMMIYJbCOB  IEPEHANPSDKEHUH B HEWTpanu
TpaHchopmaTopa 0e3 CHMMETPUPYIOIICH 0OMOTKH MPU KOMMYTAIMH B 3aBUCUMOCTH
OT CTEIEHN HECUMEMETPUYHOCTH BBILIE B CpelHEM B 1,7 pasa.

U3 DKCIIEPUMEHTAIBHBIX VCCIIEIOBAHU CIICLIYET, 4YTO B
cenbcKoxo3siicTBeHHbIX ceTax 0,4-10 kB, ¢ sipko BbIpaK€HHOW HECUMMETPUUYHOMN
Harpy3koi, —HamOojiee MPEANOYTUTENIbHA YCTaHOBKa TpaHC(OpPMATOpOB €
CUMMeETpUpYIoled OOMOTKOM, KOTOpas oOecredynBaeT  KayeCTBO, HKOHOMMUIO
AIEKTPUYECKOM SHEpPruM, a TakkKe OOeCleynuBaeT Jy4ylIMe 3SKCIUTyaTallhOHHBIE
XapaKTEPUCTUKHU C TOYKU 3PEHUS BO3ACUCTBUS NTEpEHANPSKEHHM.
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OKCIEpUMEHTAIbHBIE ~ HMCCIIEIOBAaHWS  BBIIBWIM  3HAYUTENBHOE  BIIUSHUE
CUMMETpUpPYIOIIEH  OOMOTKM  Ha  IapamMeTpbl  [EpeHAnpsDKEHW B
Tpanchopmarope.

[Ipumenenue TpaHcPOPMATOPOB C CHUMMETPHUPYIOLIEH OOMOTKOW IO3BOJISIET
CYILIECTBEHHO CHU3HUTh AMIUTUTYJbl TEepeHanpsbkeHUd B (ha3HBIX OOMOTKax u
HelTpanu TpaHchopMaropa, a TakkKe YIY4YIIUTh YCIOBUS paboThl U
AKCIUTyaTaluu TpaHchopMaTopa.

[IpuBeneHHBIE OSKCIEPUMEHTAIBHBIE JIAHHBIE ITOKA3bIBAKOT IMPEUMYLIECTBO
OPUMEHEHUs  TpaHC(HOPMATOPOB C  CHUMMETpUpYyIOLIEH  OOMOTKOH B
cesbCcKox03sicTBeHHBbIX ceTsX 0,4-10 kB ¢ xapakrepHOl 1s1 HUIX HECUMMETpUEN
Harpys3ox.
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Section 3.
Information technologies in agro-industrial complex.

PROSPECTS OF IMPLEMENTATION OF THE SMART FARM CONCEPT
ON LIVESTOCK FARMS
B. Boltyansky, c.t.s., S. Dereza, s. teacher
Dmytro Motornyi Tavria state agrotechnological university, Melitopol, Ukraine

Modern livestock farms need the introduction of new technologies that can
optimize and improve animal husbandry systems, protect the environment, improve
product quality.

Replacing human labor with automation is a growing trend in many industries,
and animal husbandry is no exception. Most technological processes in animal
husbandry are extremely labor-intensive, most of them consist of repetitive and
standardized tasks. This, in turn, is an ideal place for the application of robotics and
automation.

Keywords: animal husbandry, cattle, smart farm, robotic milking system,
multifunctional manipulator

In connection with the widespread introduction of robotics and automation in
animal husbandry, scientific substantiation, development and implementation of new
innovative technologies of production, automation of animal husbandry processes,
study of the efficiency of their use are relevant.

Today, the concept of making innovative automated decisions in animal
husbandry is called Smart Farm - "smart farm". In essence, this is the desire to
accelerate the transition from conventional processes to managing the overall
profitability of the farm by using new decision-making tools and automation
technologies to improve the quality of products and profits, as well as the
competitiveness of livestock products [1].

The Smart Farm concept is based on innovative technologies for maximum
automation and robotization of all technological processes that provide the farm with
the necessary tools, as well as leverage to make the necessary decisions to manage
the herd and increase productivity and profitability, improve product quality [2].

The concept also provides for the integration of advanced technologies into
existing agricultural practices in order to improve production efficiency and quality
of livestock products. In addition, they improve the quality of life of agricultural
workers by reducing hard work and grueling operations.

Virtually every process of livestock production can benefit from technological
progress - from keeping to maintaining the health of farm animals and obtaining
products.

The Smart Farm concept is an integrated complex of effective production
management, which includes the following main components of the interconnected
technological cycle of livestock production: effective herd management, improving
animal housing conditions, optimized animal feeding, automation and robotization of
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major processes, improving product quality, care and preservation of animal health,
environmentally friendly production, system of integration of production processes
taking into account the peculiarities of production, etc [3].

In dairy farming, a clear example and one of the basic concepts of Smart Farm
Is a system of voluntary milking using robotic boxes and milking parlors, which
covers the principles of building a technologically balanced farm and meets the
environmental requirements of safe production. The main working element of the
robotic milking system is a multifunctional manipulator, designed on the principle of
the human hand, which provides the milking process, despite the different shape and
location of the udder.

One robot can serve an average of up to 70 cows. It allows you to effectively
control many other technological factors in both large and small farms. This approach
allows complete control of animal productivity and detection and treatment of
mastitis in the early stages.

The advent of milking robots in dairy farming has made a technical and
technological breakthrough in the industry, ensured its entry to a fundamentally new,
modern level, changed the links in the biotechnological system of milking. their use
has made significantly different not only the approach to milking cows, but also the
actual technology of milk production on the farm, where the focus is now not the
farmer but the animal with its physiological and ethological needs.

Summarizing the above, we can conclude that the concept of Smart Farm is
promising for livestock in Ukraine, as it frees farmers from hard work, cares about
the physiology of animals, improves control and management of production, ensures
high quality products.

Therefore, for its widespread implementation it is necessary to attract state
support for the creation of new farms with innovative technologies, construction and
reconstruction of existing premises, breeding work to create highly productive
breeds, training highly qualified personnel to service innovative systems, research
work to find new innovative solutions.
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PROBLEMS OF IMPLEMENTATION OF DIGITAL TECHNOLOGIES IN
ANIMAL HUSBANDRY
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It is determined that the future of animal husbandry is seen in the development
of intelligent digital production management systems, harmonization of interaction of
all elements and connections in a complex biotechnical system man - machine -
animal and identified problems of implementation of digital technologies in animal
husbandry.

Keywords: animal husbandry, intelligent digital systems, efficiency,
implementation problems.

Digitization in dairy farming, pig farming and poultry farming is an inevitable
impact of new technologies on all spheres of human life. First of all, the technologies
of "Industry 4.0" (the fourth industrial revolution) will be most used in large farms, as
they require significant billion-dollar investments, which are affordable only to large
integrated structures. The future of animal husbandry is seen in the development of
intelligent digital production management systems, harmonization of the interaction
of all elements and connections in a complex biotechnical system man - machine -
animal. Based on the machine-centric model that is developing in the industry, the
role of the "machine" factor, more fully and accurately serving animals, should be
strengthened. In the future, farms will be autonomous robotic enterprises, where
people will be freed from the routine of manual labor, the need to get up at five in the
morning and go to milk cows, remove manure and perform other routine and
unattractive operations [1]. Man must engage in intellectual work, adjust the control
algorithms of production processes, obtain information about the condition of
animals, their location at any time, know about the problems that occur in the main
functional subsystems: milking, feeding, microclimate, etc.

The efficiency of digitalization of animal husbandry is, first of all, the creation
of advanced digital enterprises in animal husbandry (smart dairy farm, pig farm, etc.)
on the basis of intelligent automated and robotic biomachine systems of the new
generation. According to scientists, the use of these technologies everywhere will
reduce the level of import dependence of the industry by 35-40%, increase the quality
and quantity of products by 25-30%, increase labor productivity in the main
subsectors of animal husbandry by 1.5-2 times, and will contribute maintaining the
health and productive longevity of animals. In turn, centralized and local intelligent
systems for the management of these biomachine complexes and subsystems in
animal husbandry (microclimate, milking, feeding, waste disposal, animal husbandry,
etc.) will harmonize the interaction of biological, technological and machine
facilities, effective management, reduction of production costs by 35-40% and
increase in animal productivity by 15-20% [2,3].
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Digital solutions for animal husbandry are information systems and technical
means that allow you to properly allocate resources and keep accurate control of all
production processes on the farm. These are, first of all, topical solutions that provide
automation of the main production processes, allowing to monitor and control
production indicators: hopes for the head, milking parameters, reproduction of the
herd and health, eating food. All this makes it possible to quickly make management
decisions. The dairy industry is one of the first among other livestock sectors to use
intelligent production management systems, including radio frequency identification
systems, computer control systems for milking, feeding, microclimate, manure
removal, milking robots and others. decision. These companies use mainly imported
milking equipment, equipped with digital systems for collecting and processing
information about individual milkings of animals, the health of the udder of cows,
sexual hunting and other zooveterinary characteristics. Also, farms often have
automated standardized group feeding of animals based on self-propelled feed
mixers, in some cases using robotic systems for distributing and pushing feed on the
feed table, integrated into the overall farm management system.

Despite the obvious advantages of digital technology, there are certain factors
that slow down or even make it impossible to master. Digitization equipment is often
imported, and high exchange rates make the construction and modernization of
production too expensive a pleasure. Digital technologies are accompanied by
complex mechanisms and expensive implementation. But it is not only the financial
side of the issue that is hampering mass implementation, because at first only some
processes can be digitized, which are becoming more and more accessible every year.
There is an acute shortage of IT specialists for agriculture, and they will be
indispensable for global digitalization at every enterprise. But still with the new
generation, which receives the necessary knowledge and skills in the field of digital
technology in school. The main problem is really not the cost of decisions, difficulties
in obtaining loans or lack of subsidies for such products, but the human factor. New
products for digital animal husbandry require appropriate training of the company's
specialists. Unfortunately, at the moment there is a big gap between manufacturers
(technology suppliers) and education (science). To solve this problem, it is necessary
to pay special attention to the training of young professionals in higher education
institutions, to hold lectures on the products of modern companies, new
developments, to mount classrooms with the latest equipment.
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THE NEED TO APPLY INFORMATION TECHNOLOGY IN THE AIC
0. Boltianskyi, c.t.s., 0. Kolodii, c.t.s., 0. Kovalyov, assistant
Dmytro Motornyi Tavria state agrotechnological university, Melitopol, Ukraine

The advantages of informatization and the introduction of innovations in
agriculture are substantiated, barriers are identified that prevent the timely and large-
scale implementation of information technologies in agricultural enterprises.

Keywords: information technologies, agriculture, agro-industrial complex.

In modern conditions, one of the main tasks of the priority development of the
agro-industrial complex of the country and regions to address food issues and the
need to increase competitiveness is the intensification of agro-industrial production.
Automation, comprehensive mechanization and the development of information
technologies, which allow each unit of used resources to obtain a larger quantity and
variety of high-quality food products, is the most effective way of developing the
agro-industrial complex [1].

In the developed countries of the world, the development of intensive and
efficient agricultural production is ensured today both by introducing new
technological production processes and by improving the information technology
base in managing these processes. As a rule, modern information technologies are the
main factor in the efficiency of agricultural production. Computer programs are the
basic elements of new information technologies. These programs display in the form
of mathematical models and information processing methods advanced modern
methods of agricultural production, as well as the knowledge of leading specialists
and scientists in the relevant fields of agriculture. Such economic indicators as profit,
the level of profitability of production make it possible to assess the effectiveness of a
single agricultural sector in a market economy.

The ultimate goal of introducing new information technologies lies in the
maximum enthusiasm for these indicators. The general level of informatization of
agro-industrial complex enterprises in modern conditions seems to be insufficient,
which is explained by the following reasons:

- low efficiency of economic entities in conditions of insufficient and state
influence on the processes of formation of the material and technical base and the
organizational and economic situation of systemic informatization;

- lack of a developed infrastructure for informatization of the domestic agro-
industrial complex;
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- low interest of business entities in the development of informatization
systems and the use of its products due to insufficient stimulation of the products of
information technology systems [2,3].

For sustainable development of agriculture, developed concepts of
organizational and economic potential and the global implementation of
informatization information resources and knowledge for effective economic
management. This will make it possible to implement economic laws operating in
specific conditions and to establish processes of expanded reproduction of goods in
all sectors of the agro-industrial complex (Fig. 1).

Equipment with new technologies in
the field of crop and livestock

nroduction
T
Saving financial Implementation of Increasing the efficiency
resources of the 1€ information technologiesin [ and competitiveness of
budget the agro-industrial complex farms
v

Equipping the agro-industrial complex
with modern equipment and
production automation

Figure 1 - Advantages of the introduction of information technology in the agro-
industrial complex

One of the main advantages of the introduction of modern technology in
agriculture is the rejection of the printed form describing technological and
production processes in favor of computer programs that simplify the work. Changes
in the sectors of the agro-industrial complex will enhance the innovative development
of agriculture, will make it possible to qualitatively re-equip production with modern
equipment, and increase the productivity and quality of work performed.

Increasing the economic efficiency of the economic sector to the level of
competitiveness in the world market is impossible without improving all areas of the
agricultural economy, as well as introducing innovative technologies and production
automation into its structures. Agriculture will receive targeted expansion and
development, subject to the creation of new links of the digital economy, with an
increase in the productivity of agricultural enterprises to provide food to the
population in the required amount, which will lead to the stability of the country's
food security and the inevitable recovery of the economy as a whole.
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Ways to improve the results of units, reduce material and time costs for the
organization of control over the work, collection, processing and analysis of data on
the progress of technological processes.

Keywords: agricultural machinery, innovative technologies, precision farming,
telemetry systems.

It is known that incorrect technical and technological adjustment of agricultural
machinery can lead to significant underutilization of its capabilities. The efficiency of
agricultural machinery also depends on the human factor: the productivity of different
machine operators in the same conditions can differ by 40 percent. Telemetry systems
are able to improve the results of units, reduce material and time costs for the
organization of control over the work, collection, processing and analysis of data on
the progress of technological processes. Today, they are offered by a number of
manufacturers of tractors and mobile agricultural machinery.

The main task of the Telematics system is to increase the productivity of the
entire fleet. This goal is achieved by optimizing the process based on the analysis of
working time, making adjustments to the settings, collection, accounting and
documentation of data, increase the operational reliability of machines, improve
service planning. With the help of GPS satellites the location of equipment is
determined, and by mobile communication at regular intervals to a single server is
transmitted more than 200 parameters of GPS coordinates, time and nature of work,
technical indicators. Testing of the system on combine harvesters in Germany and the
UK has shown that it can reduce the harvest period by three days, increase machine
productivity by 10 percent, working time - by 7 percent, and reduce costs by at least
0.5 percent. The effectiveness of the development is also manifested in the possibility
of remote diagnostics, early detection of components and components that require
urgent service [1].

The Telematics system has a number of useful functions (Fig. 1). The first is a
daily analysis of working time, which provides data on how and when the machine
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worked. This reveals sources of additional costs, such as forced downtime and
weaknesses in logistics. As part of this option, you can use the special indicator on
the map to view the lanes of the units. Another function of the telemetry system is
performance optimization, which allows you to compare the efficiency of up to three
machines in real time and make the necessary changes. This allows you to optimally
configure even the equipment that is operated by inexperienced mechanics, which
will help improve their skills and motivate them to independently perform settings
that depend on the specific situation [2,3].

Depending on the scope of tasks, the system is offered in one of three options:
Basic, Advanced and Professional. The first is included in the basic equipment of
many manufactured machines and includes the main functions: site navigation,
information for field logistics and service support. -

&

Figure 1 — Scheme of operation of the telemetry system Telematics:
1 - reception of location data via satellite; 2 - data transfer and machine settings over
the mobile network to the server; 3 - data call by the farmer or remote diagnostics by
the dealer

In this embodiment, there is a determination of the location and trajectory of
the equipment, operating condition and current level of diesel fuel. It is possible to
additionally install the functions of automatic documentation and export of data. The
following complete set includes all ways of supervision and optimization of current
processes, gives access to important working parameters: a trajectory of movement,
productivity and productivity. This option provides the ability to view data for the
last 72 hours, as well as the installation of automatic documentation. For large
agricultural enterprises the most effective will be a professional complete set of the
telemetry system which opens access to all data of the car. This option includes the
ability to analyze to optimize the operation of individual units and the fleet as a
whole, as well as advanced options for specific tasks. All archival data can be used.
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PROBLEMS OF IMPLEMENTATION OF INFORMATION
TECHNOLOGIES IN FEED MANAGEMENT
B. Boltianskyi, c.t.s., L. Boltianska, c.e.s., S. Dereza, s. teacher,
Dmytro Motornyi Tavria state agrotechnological university, Melitopol, Ukraine

The most relevant measures for the use of energy-saving technologies to
increase the efficiency of feed production are given. The problems of introduction of
information technologies in management of fodder production are analyzed and the
ways of their elimination are offered. Recommendations for coordinating the process
of implementation of modern information technologies in feed production and
agricultural activities in general are given.

Keywords: energy saving, fodder production, management, information
technologies.

The modern system of fodder production is able to solve many problems of
agriculture in Ukraine. It provides fodder for livestock, efficient crop rotations and
increased yields of grain and other crops for crop production, and restoration of
ecosystems and soil fertility for land use.

Feed production plays an extremely important role in the development of the
livestock industry. The efficiency of livestock farms is largely determined by the
supply of animal feed. Thus, in Ukraine, the cost of feed per unit of livestock
production is 1.5-2 times higher than the average level of developed countries [1].

Therefore, special attention should be paid to creating a strong feed base
through the introduction of energy-saving and modern information technologies.

Energy saving in feed production is a large complex task, the implementation
of which is possible in the following areas: improvement and implementation of
energy saving and information technologies; increasing the efficiency of feed
production; use of renewable energy sources; optimization of equipment operation
modes; implementation of organizational and economic measures for energy saving
in feed production.
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The most important areas of energy conservation in feed production are:
reducing energy costs for the implementation of processes of production and use of
feed; preservation of nutrients in feed; efficient use of feed energy for the production
of livestock products [2,3].

The level of information technology used in the management of feed
production can be judged to some extent by the amount, variety, completeness and
content of information provided, analytical review, evaluation of investments,
innovations and more.

Review of the information space allows us to conclude that there is no single
information technology in feed production. The information available for study is
fragmentary, which does not allow for a comprehensive analysis and have a complete
picture of the processes taking place in the industry, to make decisions within a
systematic approach.

According to research, the sites of agricultural research organizations,
Ukrainian government agencies and educational institutions are poorly informed and
provide virtually no online services. Even with useful information, it is poorly
structured, does not have a user-friendly navigation system, there is no possibility to
exchange it between sites, and so on. At the same time, most scientific publications
on agricultural topics have a very low citation index.

This suggests that information technology is at a low technological level,
information on this topic is not fully systematized and used by a narrow circle of
people.

The situation is even worse with distance learning of managers and specialists
of agricultural enterprises on issues of feed production, provision of information and
consulting services, transfer of scientific and technical information and innovations.

In fodder production, computer programs have a narrow specialization and at
the level of the agricultural enterprise, information technologies include several
software modules, the connection of which is impossible or requires the involvement
of high-level programmers for a fee. Only some enterprises can afford to purchase
software for the formation of a management system for agricultural production.

One of the ways out of this situation is to create and generate interest in large
information companies that can offer universal technologies that allow access to a
variety of corporate information, databases and other sources of information. This
will allow the country's agro-industrial complex to adapt to new operating conditions
in a short time, ensure food security of the country, increase the competitiveness of
agricultural products in domestic and foreign markets.

In our opinion, the Ministry of Economy, Trade and Agriculture of Ukraine
should coordinate the process of introduction of modern information technologies in
fodder production and agricultural activity in general by organizing a single
information Internet space for agribusiness entities.
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JOCJIIITAKEHHSA OCHOBHUX JIATHOCTUYHUX TAPAMETPIB
EJIEKTPOHHOI CUCTEMUY YIIPABJIIHHS TIOCIBHUMHU
KOMIIVIEKCAMUA ®IPMHU HORSCH
O.M. Cykau k.m.n., IO.1. I'abpieny cm. euxa., B.B. Illeguyk K.m.H.

JIveiecoKuili HAUIOHATLHUIL AZPAPHULL YHIGepCUmem

Abstract. Proposed a method of diagnostics of electronic control systems,
which are equipped with modern sowing complexes. During the research, the
characteristics and parameters of the sensor output signals for different operating
modes were established. According of change oscillograms of information signals,
the normative diagnostic parameters of the seeder sensors are set, which in the future
will provide faster and more efficient diagnostics. Optical sensors have been found to
use the UART data transmission protocol. One of the contacts of the seeding control
sensor connector is the receiver (RX) and the other is the transmitter (TX) of the
digital signal, which allows you to place a large number of sensors on one data line.

Keywords: sowing complex, electronic control system of the seeder, training
stand, diagnostics, control sensor.

[TociBHI KOMIUIEKCH BiJ3HAYAIOTHCS BUCOKHMMH CTaHAApTaMU TEXHOJIOTTYHOL
e(CKTHUBHOCTI, MPOAYKTUBHOCTI Ta sikocTi BurotoBieHHs [1]. OpnHouache
3a0€3IMEeUCHHs BEJIMKOI KUIBKOCTI arpOTEXHOJIOTTYHUX BUMOT Belle JO0 HEOOX1THOCTI
3aCTOCYBaHHS CKJIATHUX TE€XHOJIOTTYHO-KOHCTPYKTUBHHUX CUCTEM, 1[0 BUMAarae 3HaHb
MPUHITUIIB X (PYHKIIIOHYBaHHS, HAJAMITYBaHHS W TEXHIYHOrO 0OCIyroByBaHHS |1,
3].

BuB4eHHS mporpaMHOrO MEHIO, BCTAHOBJICHHS 3aJaHOI HOPMHU BUCIBY,
KaiOpyBaHHSI CEHCOPIB Ta BHKOHABYMX MEXaHI3MIB OLIbIN JOIIHPHO MPOBOJUTH 3
BUKOPUCTAHHSAM HAaBYAJIBHOTO OOJQJHAHHS, IO TOBHICTIO BIITBOPIOE POOOTY
€JIEKTPOHHOT CHUCTEMHU YIIPaBIiHHA. 3 1I€I0 METOK OyJio 3alpoeKTOBaHO Ta
BUTOTOBJICHO HaBYAJIbHUI cTeH] (puc. 1) i BUBYCHHS Oyn0BU [2], HamamTyBaHHS
1 11arHOCTUKU €JIEKTPOHHOI CUCTEMHU YIIPABJISIHHS CIBAJIKOIO.

78


http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/komlach-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/hulevskyj-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/zabolotko-2-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/udovychenko-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/kardashov-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/korobka-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/rohovskyj-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/borak-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/nosan-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/palijchuk-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/savchenko-1-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/palijchuk-1-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/savchenko-2-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/palijchuk-2-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/minenko-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/savchenko-3-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/podashevskaja-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/lakosina-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/klyk-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/mikulina-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/tacenko-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/batjuk-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/barabash-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/kolha-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/sapozhnykov-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/lubko-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/zhyla-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/podashevskaja-1-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/hrabar-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/atamanova-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/myhalchuk-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/sapalov-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/daleka-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/tatarchuk-2020.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/melnykov.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/zhuravel.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/bublyk.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/zhuravel1.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/ivanova.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/kocherhin.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/boltjanska1.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/averchev.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/boltjanska2.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/komar.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/boltjanskyj-o..pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/juryn.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/sapunov.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/bondar.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/zavolokin.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/latosha.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/bublyk1.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/ivanova1.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/boltjanska3.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/volkov.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/halayim.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/komar1.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/romanenko.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/ljashenko.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/danjuk.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/burceva.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/konovyj.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/fedorenko.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/sushko.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/nosan.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/ryzhenko.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/popov.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/fedorenko1.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/panina.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/laba.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/panina1.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/polyetayev.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/boltjanska4.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/pastushenko.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/hera.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/ihnatenko.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/protosovyckyj.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/zelenkevych.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/mamontov.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/boltjanskyj-o.2.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/zavolokin1.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/zelenkevych1.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/zelenkevych2.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/chajka.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/yelcov.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/skorb.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/zavolokin2.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/zhuravel2.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/vodjanyckyj.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/sapozhnykov.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/boltjanskyj.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/mozhovyj.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/trystan.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/skljar-o.1.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/lubko.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/muzychenko.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/halko1.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/komar2.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/skljar2.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/seraja.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/kuzmyna2.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/atamanova.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/kuzmyna1.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/chepurnyj.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/kuzmyna.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/kjurchev.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/krutov.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/todorov.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/dymchenko.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/dereza.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/savijskyj.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/hrycayenko.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/komlach.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/skljar1.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/ratnikov.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/uskenov.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/dubodel.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/korko.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/skljar-o..pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/sili.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/vjunyk1.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/bratishko.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/didur.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/boltjanska6.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/halko.pdf
http://www.tsatu.edu.ua/tstt/wp-content/uploads/sites/6/shcherbyna.pdf

Pucynok 1 - HaBuaneHuii cTenn:

1 — moHTaxxHa pama; 2 — OJI0K
KUBJICHHS; 3 — MOHTXHUN KOMIUIEKT
ISOBUS; 4 - po6ounii komm’totep E -

Manager Midi 3.0; 5 - cymicHwmii 3
ISOBUS Tepminan; 6 — MoyJib
KOHTPOJIIO BUCIBY; 7 - MOHTaXKHHI
komriekT DrillManager ISOBUS; 8 —

HarHiTad moBiTps; 9 — pagap

mBUaKoCTI; 10 — enexTpornpuBoa
KOTYLIKH o3aTtopa; 11 — kopmyc
Jo3aTopa 12 — ceHcop KOHTPOIIIO
BUCIBY
Buwmiptoroun ocumnorpamu, mudposum ociuiorpagpom Hantek 1008B na 3
KOHTaKT1 p0o3’ €My 3a PI3HUX YMOB poOOTH: HEMAE OTOKY HACIHHA (pHC. 2 @), HACIHHS
MOCTYTIA€ JIMIIIE Yepe3 Mepiinii ceHcop (puc. 2 6), HACIHHS MOCTYIA€ 4epe3 APYTHid
ceHcop (puc. 2 8), OTPUMAHO HACTYIIHI PE3yJIbTATH.

Lo ]l ]]]

= 3 e 2000 | 4 W 327 e F) oz ovoms | & @ 327V
¥ : : . ¥

|||||||||||||

~~~~~~~~~~~~~~~

8
Pucynox 2 - ®opma iHpOpMaIiifHOTO CUTHATY Ha KOHTAKTi 3 p0O3’€MYy ONITHUYHUX
CEHCOPIB KOHTPOJIIO BUCIBY 32 YMOB: HEMA€ MIOTOKY HACIHHSA (a); HaCIHHS
MOCTYyIIA€ Yepe3 MepIinii ceHcop (6); HACIHHS IMOCTYIIAE uepe3 APYruii ceHCop (6)

AHani3yroun OTpUMaHi OCIIMJIOTpaMH MO>KHA CTBEPIKYBATH, IO B CEHCOpax
Bukopuctano UART mnporokon mepenadi gaHux. B pgaHomy BHUIaJKy KOHTakT 2
PO3’€My CEHCOpa KOHTPOJIIO BUCIBY € mpuitmadeM (RX), a koHTakT 3 € mepenaBaueM
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(TX) uudposoro curnany [3]. BUkopucTaHHsS TaKoro IMPOTOKOJY IMepeaadi AaHuX
JI03BOJISIE PO3TAlTyBaTH BEJIMKY KUTBKICTh CEHCOPIB HAa OJHIHM JiHIT Iepenayl JaHUuX Ta
MO>KHa BHSIBJISITH 13 SIKOTO CEHCOpPa HaIXOAUTh 1H(GOPMAIIHHUI CUTHAT i TPOBOAUTU
J1arHOCTHKY TMpare3gaTHOCTI KOKHOTO CEHCOPA BUCIBY.
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NEW ADAPTED INFORMATION TECHNOLOGIES
IN AGRICULTURE
A. Dydiv, PhD in Agricultural Sciences, N. Kachmar, PhD in Agricultural
Sciences, T. Datsko, PhD in Agricultural Sciences, M. Ivankiv, PhD in
Agricultural Sciences
Lviv National Agrarian University, Ukraine

The article considers the novelties of digitalization in the agro-industrial
complex and modern trends in information technology. Examples of
implementation of successful startups and their possibilities of application in
agricultural service and production are given.

Keywords: information technologies, startup, agriculture, innovations,
efficiency, adaptability.

In recent years, the introduction of information technology in agriculture has
led to the adjustment of crop processing methods and field management.
Technology has radically changed the concept of agriculture, making it more
profitable, efficient, safe and simple. In 2020, the Digital Council's Digital Advisory
Body was launched under the auspices of the FAO. At the competition of startups,
teams from around the world presented their developments and solutions in the field
of digitalization of agriculture. As a result, 8 winning teams in digital innovation
were selected. Startups were grouped into five thematic groups: Productivity and
sustainable agriculture (Agrosmart i SAIL); Food losses and waste (Food for Life);
Urban agriculture (Citiponics); Services and knowledge exchange (Agromart, Hello
Tractor, iGrow); Agroecology (technologies of use of saline lands of sea ebbs) [1].

Agrosmart. It is a Brazilian startup. It is introduced a digital platform that
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collects data, processes it and provides practical ideas, making data available across
the food supply chain for a more resilient climate change and sustainable agriculture

[4].

SAIL. The startup is dedicated to an innovative early warning system for
drought and flood forecasting using weather forecast data and geospatial modeling.

Food for Life. The developed startup combines blockchain (tracking or chain)
technologies, the Internet of Things and artificial intelligence to address the
fundamental problems of food and food waste loss in the food supply chain.

Citiponics. Very interesting development for the near future for ever-growing
Ukrainian cities. Citiponics has in fact introduced its innovative solution for urban
agriculture, where the roofs of residential buildings have been turned into "vertical
farms" (it has nothing to do with cattle, it is about growing hydroponic greenery). The
solution for vertical farming allows you to efficiently grow pesticide-free products with
zero waste with minimal energy and water consumption. The innovation provides
compact multi-tiered racks for growing crops.

Agua Organic System (Agqua-Organic System-AQS) is a key feature of the
technology of vertical towers for growing vegetables and greens in the city. AOS is
specifically designed to maximize productivity and completely eliminates the use of
pesticides to preserve the nutritional value of vegetables and create their natural
Immunity against foreign diseases. Positive aspects of this development: space
saving; without pesticides; without waste; energy conservation; water does not
attract mosquitoes; the AOS system is customizable in size.

Agromart. The team from Uzbekistan offers a startup that bridges gaps in
farmers' knowledge by providing advice on digitizing farming practices, providing
access to suppliers as well as the market.

Hello Tractor. Startup from Nigeria. Simply put - a tractor for rent and
technical tips. Solves the problem of shortage of agricultural equipment and at the
same time collects data on farms with its own equipment. They provide tractor
owners with technology that allows them to better manage their equipment, and
offer farmers an application to request services from our connected tractor fleet.

iIGrow. Developed a startup in Indonesia that solves the problem of lending
through a link between farmers, buyers and lenders to create a real supply chain for
farms. All proceeds from the sale of agricultural products will be distributed
according to the agreement in each financial project between those who finance and
between farmers.

Seawater Solutions. This startup from the group "Agroecology"” turns
degraded and saline lands into healthy ecosystems of salt marshes, where food is
grown in sea water. With sea levels rising and the coast invading the arable land,
Seawater Solutions technology can be used in many regions of the world where the
coast's ecology is disrupted.

AgroSMART. Another innovative project that has come to life is the
development of Polish logisticians and programmers. The startup represents a
professional system of telemetry and logistics [3].

FieldBI. Ukrainian programmers have developed their own FieldBlI
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information system, which allows them to keep effective records of agricultural
land, analyze their own land bank, identify inconsistencies and risks, as well as
monitor the state of affairs of competitors [2].

Conclusions. Knowledge of agronomy, information technology, engineering
and ecology is necessary for agriculture to continue to develop successfully. Only
such a set of knowledge and synergies is capable of innovation in agricultural
production. The proposed solutions are able to solve a number of problems of
technological, informational and environmental nature in agriculture of the world,
which are identified in the framework of the Sustainable Development Goals.
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TRANSITION TO SUSTAINABLE AGRICULTURE THROUGH
TECHNOLOGY DIVERSIFICATION
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Ways to improve the results of units, reduce material and time costs for the
organization of control over the work, collection, processing and analysis of data on
the progress of technological processes.

Keywords: agriculture, information and communication technologies, fertilizer
application, farm monitoring, productivity increase.

Today, digitalization has covered all aspects of society. This process takes
place in different regions and industries in different ways. Digitization itself is aimed
at overcoming disparities, both in territorial and sectoral sections, at erasing the
"differences between urban and rural”, between rich and poor regions. Currently,
agriculture is not one of the most innovative areas, but modern technologies are
manifesting themselves in this area. With the advent of big data analytics, sensors
connected to the Internet, the development of artificial intelligence, the growing
proliferation of robotics (including unmanned agricultural machinery and drones) in
the last decade, the conditions for a new production system in the agricultural sector
based on decision automation [1]. The transition of agricultural enterprises to e-
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agriculture can ensure the use of modern digital technologies, such as: computers,
servers, websites that allow the transmission and receipt of information on the
agricultural sector and markets for agricultural products, raw materials, etc; various
mobile devices that help to quickly find information, contain tips, access to banking,
sales information; satellites allow to receive operative weather data, global
positioning of GPS, remote sensing; telephones and communications are an
interactive voice response system; telecommunications allow for the transfer and
exchange of experience, advisory services, communications, community building and
cooperation; sensor networks [2,3].

Today, there are technologies that allow the analysis of data from various
sensors to monitor the physiological state of animals, count the amount of feed and
adjust its composition. There are solutions for seedling control, fertilizer
consumption, soil moisture, harvest condition and much more. The introduction of
such technologies provides increased yields, milk yields and reduced costs. The
application of precise application of fertilizers together with sowing gives an
economic effect of up to 30%, and systems of differentiated application of plant
protection products save millions of hryvnias.

Smart farming is a concept of farming using the latest information and
communication technologies. Smart farming, according to Swiss scientists, reduces
the impact of agriculture on the environment. Minimized or accurate application of
fertilizers and pesticides will reduce the release of harmful substances into the
environment and greenhouse gas emissions. With modern information and
communication technologies, it is possible to monitor the farm almost constantly with
a network of sensors. Similarly, the theoretical and practical framework for
integrating information on the state of plants, animals and soils with resource needs,
such as water, fertilizers, PPE, is quite achievable even on a global scale

Smart farming increases the profitability of farms. Reducing resource costs will
save the farmer money and time, and increasing the reliability of spatial data will
reduce risks. As accurately as possible for a specific place, weather forecasts, plant
protection measures, maps of the probability of pest spread and adverse natural
phenomena, based on a dense network of climatic observations will allow to develop
optimal cultivation technology. Spatially specific information creates new
opportunities in insurance and business throughout the value chain - from suppliers of
technology and material resources to farmers, processors and traders, both in
developed and developing countries. If all the data needed by agriculture are recorded
by automatic sensors, the time for decision-making on the application of resources
and for management control is reduced.

Smart farming has a high chance of consumer approval. Optimization of
management will help to improve the quality of products, spread the practice of
growing antioxidant-enriched products, actively influence the consumer quality of
fruit by changing the density of planting, and milk - by adjusting the individual diet
of cows. These are not just healthy products - they can be sold at higher prices, thus
contributing to the efficient use of land. And the ability to track - on which farm, on
which enterprise the product is produced and in what conditions - increases the
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transparency of the production process and their subsequent passage in a chain "from
field to table". This opens up opportunities for new, more direct interaction between
farmers and consumers. The use of information and communication technologies is a
harmonious way out of closed technologies, which were characterized by strong
polarization and market segmentation. This is the path to sustainable agriculture
through the diversification of technologies, crops and livestock, through a network
that unites all participants in agriculture. There is no single approach in policy that
would implement this vision, promote and support the correct use of information
technology. The idea is to identify the main mechanisms that constrain or threaten the
sustainable development of technology, and to determine the most appropriate steps
in developed and separately in developing countries.
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AUTOMATION OF DRYING OF SUNFLOWER SEEDS
D. Zhuravel, d.t.s.
Dmytro Motornyi Tavria state agrotechnological university, Melitopol, Ukraine

Nowadays, humanity is experiencing a scientific and technological revolution,
the material basis of which is electronic computing. On the basis of this technique
there is a new type of technology - information. These include processes where the
"source material" and "product"” is information. It is clear that the information that is
processed is associated with certain material carriers, therefore, these processes also
include the processing of matter and energy processing. But the latter is not essential
for information technology. The main role here is played by information, not its
carrier. Both production and information technologies do not arise spontaneously, but
as a result of the technologicalization of a social process, ie purposeful active human
influence on a particular area of production and its transformation on the basis of
machinery. Abandonment of manual control and use of automation of the drying
process with the help of microprocessor software controllers will reduce heat and
electricity consumption by 10... 20%.

Keywords: automatic control, drying process, drying chamber, actuator,
primary transducers, moisture control.
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We offer a closed automatic control system [1]. The block diagram of a small
drying chamber with microcontroller control is shown in Fig. 1.

Based on the block diagram, an electrical schematic diagram of the control of a
small drying chamber was developed and is designed to control the moisture of the
drying agent and maintain a constant (constant) temperature in the drying chamber.
The device is made on an 8-bit Atmega 8 microcontroller from Atmel. As a
temperature sensor used sensor DS18B20 company Dallas Semiconductor, which in
this scheme measures the temperature with a resolution of 0.5 ° C.
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Figure 1 - Block diagram of a small drying chamber with microcontroller control
1 - drying chamber; 2 - controller; 3 - executive mechanism of ejection air; 4 - fan; 5
- heater; 6, 7 - primary converterstemperature and humidity; 8 - actuator air intake

The role of moisture sensors is performed by HIH-4000 by Honeywell, which
have a linear dependence of the output voltage on moisture, and which are connected
to the inputs of the analog-to-digital converter of the microcontroller. In the device
automatic buttons provide a possibility of manual change of value of temperature
which in the course of work has to be kept constant in the drying chamber. The value
of the set temperature, in the setting mode, is displayed by the indicator, in the
normal mode of operation the indicator shows the current temperature in the drying
chamber, taking into account its deviation from the setpoint value. Maintenance of
temperature constancy in the drying chamber, in process of work of a heating
element, is provided by change of frequency of rotation of the fan which engine is
operated by means of pulse-width modulation [2, 3].

The device works like this. When the heater is switched on when the
temperature in the drying chamber is less than the setpoint, the PWM signal ensures
that the fan operates at its lowest speed, with the exhaust and air intake valves closed.
As the temperature increases and it reaches the setpoint value, the fan speed increases
S0 as to ensure that the temperature is constant (equal to the setpoint value). When the
fan speed has reached the limit and the temperature in the drying chamber has
exceeded the allowable value, the heater is turned off, which is turned on again when

85



the temperature in the chamber is below the allowable threshold, and the fan runs at
low speed.

Moisture control in a closed circuit is carried out by two moisture sensors, one
located in the middle of the chamber, and the other - outside.

Moisture sensor signals are fed to the inputs of the analog-to-digital converter
of the microcontroller, when the humidity of the drying agent is exceeded by 10%
(this excess can be changed by automatic buttons above the ambient humidity, the
signal is given to the actuators of air discharge and air intake. when the air humidity
in the middle of the chamber becomes less than the humidity of the outside air and
reaches 10... 16%, the drying unit is switched off and this will indicate that the
product is dried and the drying cycle is complete.

Thus, the proposed system of plant control makes it possible to use waste heat,
which reduces energy consumption by 20 %, confirms the rationality of its use;
improve product quality and reduce drying time.
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ANALYSIS OF MODERN INFORMATION SOLUTIONS FOR
AUTOMATION OF LIVESTOCK ENTERPRISES
0. Dereza, c.t.s., S. Dereza, s. teacher
Dmytro Motornyi Tavria state agrotechnological university, Melitopol,
Ukraine

At the present stage of development of automation technologies, absolutely
everything is exposed, because equipping agricultural enterprises with computer
technology increases productivity and ultimately reduces production costs. The same
applies to the livestock industry, where in recent years there has been a significant
breakthrough in the implementation of information solutions.

Keywords: animal husbandry, informatization of agriculture, information
systems of automation of livestock enterprises.

With the development of all branches of agriculture, the importance of
automation and mechanization of animal husbandry increases: this is facilitated by
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further technical progress, the appearance of new equipment on farms. After all, in
the end, automation reduces the cost of production and improves its quality. The
introduction of information solutions for automation is all the more effective because
equipment, for example, for dairy farms, operates on stationary electricity and a
relatively small area. Information solutions help to maintain a larger number of cattle,
increase labor productivity, and introduce progressive methods of keeping and
fattening livestock. Modern automation can do a lot: to recognize each cow "by
sight”, to determine the productivity of milking, to calculate a personal ration for the
animal, and so on. Each link in the livestock management scheme must be combined
Into a common system, and this is the main requirement for information solutions in
agriculture. Electronic computers have been used for a long time in the agro-
industrial complex [1]. But recent years have brought a rapid development in their
information processing and mobility capabilities. This allows even more widespread
use of equipment and software products in every livestock farm in the country. But
not all those who are representatives of this industry know enough about the
advantages, opportunities, and efficiency of animal husbandry automation. Therefore,
it is worth talking about information automation solutions used in our country. Since
the late 90s of the 20th centuries, the gradual stabilization of the situation in the
agricultural sector has increased the demand for effective software products [2]. They
were designed to ensure the success of production, minimize loss of money and
ensure a high level of product quality. Soon, the market was occupied by suppliers
and manufacturers of foreign software products for the agro-industrial complex,
which have long and successfully carried out such work in Europe. The most popular
foreign foreign products include:

- information solutions from "S.A. E Afikim". This Israeli company presents a
modular milk production management system. The software product provides the
farmer with information about the quality of milk, the health of the herd, and in real
time;

- information solutions from Westfalia Landtechnik. The German company
offers high technologies in the dairy industry: automation of milk milking and
cooling technologies, animal feeding and herd management. Solutions are also
available for small ruminants (goats and sheep);

- information solutions from "S.A. E Afikim". This Israeli company presents a
modular milk production management system. The software product provides the
farmer with information about the quality of milk, herd health, and in real time;

- information and information solutions from "Fullwood". One of the divisions
of this British company specializes, among other things, in software for the dairy
industry;

- information solutions from "DeLaval”. This Swedish company, part of the
TetraLaval Group, is one of the leading manufacturers of equipment and software
solutions for the technological processes of dairy farms;

- information solutions from "Winpas". The Polish company offers a program
for calculating the ration and preparing feed recipes for livestock and pigs. The
program has a large bank of recipes.
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solutions from Westfalia Landtechnik. The German company offers high
technologies in the dairy industry: automation of milk milking and cooling
technologies, animal feeding and herd management. Solutions are also available for
small ruminants (goats and sheep);

As an example, consider the information solutions for herd management of the
Israeli company "S.A. E Afikim", which provide a significant operational volume of
information on a dairy farm. A feature of this system is that at first in the "on-lain"
mode, the average data for all indicators for the last 10 days for each cow is
calculated. For the analysis, the deviation of the indicator of the current day in
relation to the average data is used [3]. Due to this, an accurate interpretation of data
on milk production, health, live weight, physiological state, etc. is achieved.

First of all, this is data:

- about cows - movement of livestock from group to group, daily and annual
milk production, date of expected start and calving, early detection of mastitis by
determining the electrical conductivity of milk, physical activity to identify cows in
heat and determine the time of insemination (with an accuracy of 97%), the origin of
the animal and much more, and all these indicators are forever stored in the computer
database;

- about the working personnel - the efficiency of work and the correctness of
operations during the milking process;

- about equipment - the efficiency of milking and equipment washing
processes, fixing malfunctions in the operation of dairy equipment;

- about the milking parlor - the efficiency of the milking parlor.

Based on the information received, the system summarizes and analyzes the
data and generates a large package of the most common reports. In addition, the
program includes the function of constructing any other reports from the data, both
on the productivity of animals and on the physiological state and compliance with the
processes of milking, feeding and keeping cows.

But foreign companies most often offer very expensive and vendor-specific
solutions that are incompatible with each other. And a common situation was when
several programs were running at the same time in large industries, the information
was duplicated, it had to be synchronized manually, as a result, errors multiplied. In
addition, it turned out that these information solutions are not always able to adapt to
the conditions of farming in Ukraine. For example, they did not have the opportunity
to work with large livestock. Moreover, they did not offer a successful solution to
solving breeding problems.

But, at the same time, the practice of farming in many foreign countries in
recent years has proved that it is possible to increase the efficiency of animal
husbandry, including by using the latest achievements of technology and science,
especially on the basis of information technologies. And in the Ukrainian agriculture
information solutions are widely used (but far from everywhere) for the automation
of livestock enterprises. These are software products for calculating feed and raw
materials, breeding tasks, management and accounting at an agricultural enterprise,
and accounting. Moreover, both foreign and domestic information products are
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presented on the market, which have both advantages and disadvantages. They are
actively used by domestic farmers, but for a more successful development of the
industry, it is necessary to train staff everywhere to work with such programs and set
up their integration with each other.
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Cost-effective technical service reduces the need for spare parts and repair
materials, increases the service life of agricultural machinery. Digital technologies
are increasingly taking place in the development of agriculture. The development of
technical service based on digital technologies involves the creation and
improvement of information-analytical, information-consulting and information-
marketing services. The main purpose of digitalization of technical service is to
obtain quality service with maximum loss reduction.

Keywords: digital technologies, technical service, electronic service
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Improving the efficiency of agricultural machinery (tractors, combines, cars,
agricultural machinery and livestock equipment) is possible through the use during
operation and technical service of digital technologies and electronic means.

Analyzing the results of service enterprises in the region the priority condition
for assessing the quality of functioning of agricultural machinery [1] in modern
conditions is the use of electronic means and information technology. These
technologies are the most important components and necessary factors of high-
quality carrying out of technological processes of maintenance and repair of units,
systems, and and all car as a whole.

The level of digitalization in domestic agriculture needs to be increased, but in
practice the indicators of providing agriculture with IT technologies are extremely
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low. Only a few farmers use these technologies in their activities. These are
technologies such as dosing of plant protection products based on agrochemical
studies of soil, accounting for productivity and fuel consumption, the use of
automatic milking machines and milking robots, compiling a diet of animals based on
their physiological data.

With regard to technical service, it is necessary to use modern equipment with
electrically and hydraulically operated units, electronic databases with software,
automate testing on stationary stands, which eliminates the influence of subjective
factors (human) on the assessment of the quality of the elements being tested [2].

Some digital technologies are already used today in technical service:
accounting of work performed, movement of spare parts [3]; recording and
accounting of operating time to optimize the calendar terms of installation of
machines for maintenance and repair; control of technical condition of machines, etc.

In recent years, more and more industries are covered by the introduction of
the latest advances in IT technology. In production processes, more and more
software is used that allows you to manage technological processes in agriculture.
Digital technologies allow more rational formation of the size of the repair and
maintenance base of technical service.

Maintenance and repair are becoming more complex, so for high-quality
performance it is necessary to have regular access to information. In order to
effectively use and manage the technical condition of agricultural machinery,
electronic service information is used.

This information should be available to engineers and mechanics in technical
service enterprises using IT technology, because the high speed of updating service
data requires regular communication with manufacturers. Qualification of technical
and service personnel of service enterprises must be of the appropriate level.

In the technical service of agricultural machinery using digital technologies, it
Is possible:

- to control the current state of machinery and its parameters, location, in
addition, this information can be sent to the operator, service or company;

- mobile service: prompt notification of faults, the nearest location of the
service company, online troubleshooting assistance,

- remote testing of units and systems of equipment via the Internet via online
communication with a representative of the manufacturer using tests on stands in
specialized workshops;

- use of the built-in Internet allowing to collect information on a condition of
the car without participation of the operator;

- adjustment and remote control of security systems, climate control and other
devices of comfort. With the help of digital technologies, it is possible to implement a
planned and preventive strategy for the organization of technical service.
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ANALYSIS OF TECHNOLOGIES OF RESTORATION OF DETAILSLIKE
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The paper presents the results of the study of wear of parts of agricultural
machinery. The results of the analysis of various technologies of restoration of details
like "shaft", their advantages and disadvantages are given. The most promising ways
of recovery are highlighted.

Keywords: restoration, detail, technology, method, resourcesaving.

Agriculture is a strategically important sector of the economy that ensures the
country's food security. Improving the efficiency of agricultural production is
impossible without restructuring the technical service of the industry on a new
technological basis.

Due to the current situation, it is necessary to develop effective methods of
restoring worn parts, which will improve the quality of remanufactured parts.

Approximately 45% of machine parts arriving for repair can be used without
restoration, 50% of parts can be reused after restoration, and only 5...9% of parts are
written off. Moreover, the cost of restoring worn-out parts in most cases does not
exceed 40% of the price of such new ones. Thus, the organization of the restoration
of worn-out parts saves material resources.

The geometric dimensions of the shafts of domestic tractors, their types and the
degree of wear are given in the works of E. L. Volovik. The lengths of such parts
rarely exceed 600 mm, the diameters range from 20-70 mm. The wear of various
structurally similar groups of machine parts ranges from 0.01 to 10 mm.

The largest number of parts (about 83%) has wear up to 0.3 mm per side. Of
these, 52% of parts have wear up to 0,1 mm, from 0,1 to 0,2 - 12%, from 0,2 to 0,3 -
10%, further up to 0,4 mm - 1%, up to 0,5 - 5% and up to 0,6 - 3%. The wear of the
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surfaces of parts of various groups is roughly: cylindrical surfaces 52% (of which
40% wear on the outer cylindrical surface, 60% - on the inner one); conical and
spherical 3%; slotted - 3%; threads 10%; flat surfaces 1% [1].

The performance indicators of the quality of remanufactured parts can be
improved by improving the known technological recovery processes, as well as the
development of new technological processes.

Among the well-known and widespread technological processes for the
restoration of cylindrical parts are the following: induction, vibration-arc surfacing,
thermal, detonation and plasma spraying, surfacing under a flux layer, restoration by
diffusion welding, with the use of polymer materials, surfacing with a wide electrode
strip, electrospark build-up, restoration by the method of metal redistribution by the
electromechanical method, etc. Along with the undoubted advantages, the listed
methods also have significant disadvantages limiting their use in repair production
Most of the listed restoration methods do not allow to form a metal coating of small
(less than 1 mm) thickness. Wear of 80% of cylindrical surfaces does not exceed
0,25...0,3 mm. The prime cost of restoration by these methods is high, and the
required quality of restoration of parts is not provided. Electric arc and galvanic
methods of restoration in most cases are not effective from an economic point of
view [1,2].

The most advanced in terms of efficiency and economy for the restoration of
cylindrical parts of cars, tractors, agricultural machines are reasonably considered
electric contact methods involving welding filler materials in various forms.
Electrical contact methods are based on heating the base and filler metals by thermal
energy released in contact during the passage of electric current pulses in
combination with the force action of a roller tool.

Compared with methods based on heating and melting the filler and base
metals by the energy of an electric arc electrical contact methods have a number of
advantages and benefits. The advantages of electrocontact restoration methods
include: the ability to weld various types of filler materials (steel tapes, wires and
nets, metal powders, their various combinations); hardening of the applied metal
coating on the surface of the part directly during welding; small allowances for the
subsequent machining of the deposited metal (3-4 times less in comparison with arc
methods); low heating of the part itself and the absence of burnout of alloying
elements; more favorable working conditions [3]. Therefore, these technological
processes are of interest to repairers.
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METHOD OF STUDYING SPECTRAL-LUMINESCENCE PROPERTIES OF
LINSEED OIL
S. Myagkota, R. Shevchuk, O. Sukach, Lviv National Agrarian University
A. Pushak, T. Malyi, A. Voloshinovskii, M. Fulmes, Ivan Franko National
University of Lviv

Abstract. One has researched spectral and luminescence characteristics of
linseed oils of different prehistory. One has recorded a lot of information of
fluorophores of oil (tocopherols, polyunsaturated fatty acids, vitamins, pigments)
about their native state depending on the effect of various destructive factors (long
shelf life of oil (three years), irradiation by sunlight for 50 hours and contact with
temperatures (60°C >t >46°C).

Keyword: luminescence characteristics, spectra, flex oil, polyunsaturated fatty
acids.

Linseed oil occupies a special place among all vegetable oils. In addition to the
mentioned nutritional value, it is characterized by therapeutic properties based on the
optimal ratio of polyunsaturated fatty acids, namely: linolenic (®-3), linoleic (®-6)
and monounsaturated oleic (®-9) [1, 2].

One has recorded photoluminescence spectra and photoluminescence
excitation spectra of oils with diverse backgrounds using setting, shown in Figure 1.
Concerning spectra registration, one has allocated the required area of exciting light
from the radiating continuum of a deuterium lamp using a monochromator MDR-12.
One has carried out measurements in a right-angle set up using quartz cuvettes (10
mm x 10 mm x 45 mm) filled with the oil samples without prior preparation. One has
done the registration of the light photoluminescence spectra in the mode of single
photons counting using the monochromator MDR-2 and a photo-electronic multiplier
FEP-100. One has converted the photomultiplier signal to a digital code using a
channel converter and processed using a personal computer. One has presented the
results of the measurements graphically and numerically.

To record the photoluminescence excitation spectra of the mentioned oils, in
the same geometric configuration, one needs the required area of exciting light from
the radiating continuum of a deuterium lamp using a monochromator MDR-2. Taking
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Into account the case with the case of photoluminescence spectra registration, one has
recorded the photo signal using the photo-electronic multiplier FEP-100. One has
converted the signal from the photomultiplier using the channel converter and
processed using a personal computer.

The excitation spectra in this case are well-structured bands in the area of 295,
310 and 320 nm. The spectral and luminescence characteristics of the luminescence
bands with Anax = 390 and 415 nm and their well-separated structure of the excitation
spectra in the area 260, 295, 310 and 320 nm coincide well with the spectral and
luminescence characteristics of polyunsaturated fatty acids: linolenic (®-3), linoleum
(»-6) and arachidonic [2, 3].

The luminescence intensity of the very polyunsaturated fatty acids decreases
(especially in the case of aged oil) in comparison to the intensity of the luminescence
bands of polyunsaturated fatty acids. On the other hand, the intensity of the
luminescence bands in the areas 350 and 370 nm — rises. Such an increase in the
intensity of these bands indicates a rise in the amount of oxides of oil which occur
due to the mentioned destructive factors (prolonged storage time of oil, solar
radiation or contact with high temperatures). The energy position of luminescence
bands with Amax = 350 and 370 nm indicates their affiliation to products of
decomposition or oxidation of phenols and tocopherols of oil.
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Figure 1 - A flowchart of an installation for determining the spectral-luminescence
characteristics of linseed oil

Luminescence band with Amax = 390 nm, which is associated with the
luminescence of polyunsaturated fatty acids (linoleic, linolenic, and arachidonic). As
a result of such an overlap, in the luminescence excitation spectrum with Amax = 370
nm, except for a weakly structured band in the area 265-285 nm, we can notice the
band with Amax = 300, 320 and 330 nm. These bands belong to the spectrum of the
excitation of the luminescence band of the mentioned polyunsaturated fatty acids
with Amax = 390 and 415 nm.
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OVERVIEW OF SECONDARY RAW MATERIAL PROCESSING
TECHNOLOGIES
S. Grigorenko, ass.
Dmytro Motornyi Tavria state agrotechnological university, Melitopol, Ukraine

The paper provides an overview and a brief description of the main methods of
processing bird droppings. The need for air purification from hydrogen sulfide and
ammonia, which are harmful to human health and the environment, is determined

Keywords: bird droppings processing method drying

Fresh manure is a source of unpleasant odors, emissions of poisonous gases
(ammonia, hydrogen sulfide), it can contain a significant amount of weed seeds,
helminth eggs, it is a favorable environment for the development of pathogenic
microorganisms. In case of untimely processing such manure becomes a source of
environmental pollution (atmosphere, reservoirs, soils, groundwater). It is also not
recommended to use fresh manure as a fertilizer without processing in one way or
another. This article provides an overview and a brief description of the main
methods of processing bird droppings [1].

Ammonia and hydrogen sulfide are toxic substances that are usually either not
present in the air or contained in small concentrations. Both gases are produced in
industries and pose a great health hazard. Most often, the release of ammonia and
hydrogen sulfide occurs in chemical plants, sewage pumping stations, livestock,
farms, in the manufacture of fertilizers, petroleum products, etc. These gases have a
similar mechanism of action on the body. First of all, they have a negative effect on
the mucous membranes and respiratory organs. At high concentrations of ammonia
and hydrogen sulfide in the air makes breathing difficult, begins a strong cough,
tearing. The circulatory system and the central nervous system are affected. Oxygen
starvation appears. In severe cases, it can be fatal [2,3]. That is why it is very
Important to clean the air of hydrogen sulfide and ammonia, which are harmful to
human health and the environment.There are five best available technologies for the
disposal of this material: drying; decay; obtaining liquid fertilizer; biogas production;
obtaining alcohol.
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During the drying process, moisture is removed from the excrement in various
ways at least to the level at which the bacteria completely cease their activity.

Primary dehydration is performed using a (separator), which reduces the
moisture content to 50-70%. Then the material is either converted into granules, and
then dried using a drum dryer, or immediately fed into a drum dryer, which reduces
the humidity to 15-30%. Due to the high temperature during processing, pathogenic
bacteria and worms in any form die. Due to drying, manure loses moisture, but
retains the most important components, ie organic and inorganic substances. In dry
conditions, this product can be stored indefinitely, because its only enemies are
moisture-dependent microorganisms, which in such conditions can not do their job.
Therefore, it is very important to immediately pack the dry material in an airtight
container made of polyethylene or other polymers, and the air in the package must
also contain a minimum of moisture. In order to make a fertilizer from the dry mass,
you should pour it into an acid-resistant container and fill with water. Despite the fact
that all the bacteria have died before, they are in the air, and their number is enough
to start the process of decay, and in such conditions, they quickly multiply to the
desired level.

This product can be made in the form of a shapeless mass or pressed into
products of any shape - from small granules to large plates. After filling with water,
the shapeless mass decomposes a little faster than pressed tiles or granules, but with a
sufficient amount of liquid, the decomposition process will in any case begin in 1-3
days.

To improve the quality of humus, dry vegetable waste is added to the dry or
deoxidized material. The process of decay of this material is no different from the
decay of fresh manure, because it is produced by the same microorganisms that feed
on complex organic compounds. To make solid fuel, fresh manure is mixed with any
dry or new vegetable waste cut into small pieces. Vegetable fibers will increase the
strength of the finished product to break, as well as increase the calorific value. If the
fuel is made for sale, it must be immediately packed in polyethylene, which will
protect it from atmospheric humidity. Making such fuel for own use, it is possible to
do without packing in polyethylene, however then it needs to be stored in the room
protected from precipitations and well ventilated.
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THOOPMAIIMHA MOJIEJIb ITIPOTHO3YBAHHS BTPAT TIPOJYKTY Y
BUPOBHUYUX IMTPOEKTAX POCJIMHHUIITBA
P.I. Ilaowka, k.m.H., B.O. Tumouko, x.m.n., I.M. J/Iyo, A.B. Tamomup, k.m.H.
JIveiécbKuil HayioHANLHUILL AZPaApHUIL yHIGepcUmem

Abstract. The proposed information model for forecasting product losses in
crop production projects allows to determine the product product losses due to late
work, which allows to identify critical works in the project that cause the greatest
product losses and accordingly identify resources, the lack of which causes these
losses and justify appropriate management decisions. their avoidance.

Keywords: information model, prognostication, crop production projects,
product loss.

BaxxnuBoro yMOBOIO €()EKTHBHOIO YIPABIIHHS MPOEKTAMHU € BUPILICHHS 3a/1a4
111010 €(peKTUBHOTO YNPABIIHHS peCypcaMu, 3MICTOM Ta 4yacoM. [[Jis1 BUpilIeHHS 1TUX
VOPaBIIHCBKUX 3a/lad  3aCTOCOBYETHCSI METOAM CITKOBOTO 1 KaJIEHJApPHOTO
IJIaHyBaHHS.

BpaxoByroun HasiBHy MHOXKMHY aJbTE€PHATHUBHUX BapiaHTIB BUKOHAHHS POOIT
Ta 3aly4eHHs OKPEMHUX BHUIIB PECYpCiB g peani3alii BHPOOHHYMUX HPOEKTIB
pociuaHunTBa (BIIP), a TakoXk 1CHyrOUYl 4acoBl OOMEXEHHS Ha KaJICHIapHI TEPMIHU
BUKOHAHHS  poOIT, BHUHHMKAa€  HEOOXIAHICTH  PO3POOKH  CIEliali30BaHUX
iHpopMamitHUX MOJENEeH i1 aBTOMAaTH30BAaHOT'O CITKOBOIO Ta KaJCHIAPHOTO
IJIAHYBaHHS 3a3HAUYEHUX MPOEKTIB.

Oxpemi BIIP BUKOHYIOTBCS Ha OKpEeMOMY TIOJII YW TPyl IMOJIB, TOMY
3YMOBITIOE€ HEOOXIJHICTh MPOBOAWTH OCHOBHI POOOTHM 3a3HAYCHHMX TIPOEKTIB Ha
OKpEMHUX 3EeMEJbHUX JUISHKaxX Jidiie mociaigoBHO. CaMe 1e YHEMOXKIMBIIIOE
napasieJibHe BUKOHaHHS P13HUX BUAIB POOIT.

®opMyBaHHs KaleHAapHoro rpagika podit y BIIP BuKOHyeTbCs BOpPOAOBK
nBox eramiB. Ha mnepmomy eram 3A1HCHIOETbCAS po3poOKa MOJENIl TEXHOJOTIi
(bopMyBaHHS IPOAYKTY MPOEKTY

Mopens  TexHonorii  (OpMyBaHHS ~ TPOAYKTY  MPOEKTY  BigoOpaxae
BIIOPSAKOBAHY 32 YaCOM Ta 3MICTOM MHOKMHY poOiT BIIP Ta BekTOpU IUPEKTUBHHUX
KaJICHJIApPHUX TEPMIHIB iX BUKOHAHHS.

Ha pgpyromy erami [uisi KOXHOI pPOOOTHM 3IIHCHIOETHCA MiAOIp TaKoOro
TEXHIYHOTO OCHAIIEHHS (CLTHCHKOTOCIIOAAPCHKOT MAITMHU) 13 MHOXUHU JOCTYITHUX
JUTSI IPOEKTY, siKa 0 3a0e3meunia BUKOHAHHS 33J]aHOTO BHULy POOOTH 3 JOTPUMAHHSIM
MHOXUHH BIJMOBITHUX arpOTEXHIYHUX BHMOT.

3 orsimy Ha T€, U0 HAa OKPEMHUX 3E€MEIbHHX IJISHKAaX OJHOYACHO MOXKE
BUKOHYBAaTHUCs JIMILIE OAHA poOOTa, TO AJIA KOKHOI OKpeMoi poOOTH HEOOXITHO
BU3HAUUTHU Yac ii movyaTky Ta 3aBepiueHHs. s nepmoi podotu y BIIP koopaunata
BEKTOpa i1 moyatky OyJie JOPIBHIOBATH ii TUPEKTUBHOMY KaJICHIApHOMY 4acy, TOOTO:

Tsl = [Tsl]- (1)
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Jns Bcix HactynmHuX i-X poOit y BIIP koopauHati BEKTOpPIB iX IOYATKy
BHU3HAUAIOTHCA 13 BpaXyBaHHSIM JUPEKTUBHOTO KAJIEHIAPHOTO Yacy iX MOYaTKy Ta 3a
YMOBH 3aBEpILEHHS BUKOHAHHS HA TOJII OTIEPEAHbOI POOOTH.

Koopaunara Bektopa 3aBepuieHHs poO6oTu y BIIP Bu3HauaeThCsi J01aBaHHIM
710 KOOPAMHATH ii MOYaTKy TPUBAJIOCTI BUKOHAHHS pOOOTH:

T, =T, +1.. (2)

[Tig yac BUKOHAHHS 3aJaHUX OOCSTIB POOIT BHACHITOK OOMEXKEHHS KUIBKOCTI
TEXHIYHUX PECypCiB MHOXXMHAMH HAasBHUX CUIbCHKOTOCIIOJAPChKUX MAIIUH Ta
EHepreTMYHUX 3aco0iB MOXXYTh BHUHUKATH TOPYLICHHS JUPEKTUBHUX TEPMIiHIB
pooOOTH.

Axmo yac 3aBepuieHHs okpeMoi pobotu y BIIP nepeBuinye ii AMpeKTUBHUN
KaJICHJAApHUI Yac 3aBEpIICHHS, TO II€ 3yMOBIIOE€ BWHUKHEHHS BTPAT MPOIYKTY
MIPOEKTY.

Konu obuasa 3axonu HE NPU3BOJATH 10 YHUKHEHHS TPHUBAIICTh BUKOHAHHS
poOOTH MOHAJT AMPEKTUBHI TEPMIHH, TOJI BU3HAYAIOTHCS BTpaTtu npoaykry BIIP Bix
HECBOEYACHOT'O0 BUKOHAHHS JaHO1 poOOTH

Z,=05-U,, -Q, -1, % , 3)
Qui =Q —Wdi ) ([Tei] - Tsi) : (4)

e Umax— MakcumalibHa YpOKaWHICTh CLIbCHKOTOCHOAAPCHKOI KYJIbTYPH
(XapakTepucTuka TPOJYKTY MPOEKTY), 1/ra; Qui— 0OCAT HECBOEYACHO BUKOHAHUX
pobir, ra (1, M%); ty— TpuBamicTH BUKOHAaHHA POOOTH IOHAJ AMPEKTUBHI TEPMiHH,
IHIB; Ki— KoediIlieHT BTpaTH YpOXKar CLIbChKOTOCIOAAPCHKOI KYJIbTYPH BHACIIIOK
3aTpuUMKH poboTu Ha oaHy A00y; Wgi— 1000Ba MNPOAYKTHUBHICTE TEXHIYHOTO
OCHAIIEHHS MMPYU BUKOHAHHI1 1aHO1 poOOTH, ra/100y.

Bracnigok 3alHSITOCTI OKpeMHX MpeaMeTiB mpari (MojiB, pocCiuH) abo
TEXHIYHOTO PECypCy Ha BHUKOHAHHI MOMNEPEIHbOI pOOOTH Yac MOYATKY HACTYMHOI
poOOTH MOKE MEPEBUIILYBATH BCTAHOBJICHUH JJIs HEl SIK TUPEKTUBHUHN TEPMiH, TAKOK
CIpUYMHSIE BUHUKHEHHS BTpAT MPOAYKTY BiJl HECBOEYACHOTO MOYATKy BHUKOHAHHS
poboTH.

HactynmHum KpOKOM IpOTHO3yBaHHsA BTpaT nponykry y BIIP € BuzHaueHHs
IUI1 KOXKHOI poOOTH 3arajlbHUX BTpPAT NPOAYKTY IPOEKTY uYepe3 HECBOE€YacHE iX
BUKOHAHHS. A Ha MiJCcTaBl MOOYAOBH KaJICHIapHOTO IJIaHy BUKOHAaHHS poOiT y BITP
BHU3HAUAIOTHCA OYIKyBaHl BTPATH MPOIYKTY HJs BCiX pOOIT MPOEKTY , a TaKOX
CyMapH1 OYIKyBaHi1 BTPAaTU NPOAYKTY MPOEKTY.

AHai3 okpeMux poOiIT Ja€ MOXKJIUBICTh BU3HAUUTH KpuTnuHi podoT BIIP, sxi
CHPUYMHSIOTh HAWOUIbIII BTpaTH NPOAYKTY 1 BIJMOBIIHO BHU3HAYUTH PECYpPCH,
HEcTaua SKUX 3yMOBJIOE I1i BTpaTth. [[JIsi MPOEKTHOTO MEHEeMKepa SKH YIpaBisie
BIIP ui naHi € OCHOBOIO ISl MPUMHATTS PIIIEHb CTOCOBHO 3a0€3MEYEHHS MPOEKTY
JOCTaTHBOIO KUIBKICTIO PECYpPCIB HUISIXOM KOOINEpYBaHHSA, HaiiMy, I0JIaTKOBOIO
npuaOaHHs JaHOro abo JACKUIBKOX BHJIIB PECypciB. SKINO 1€ HE MOXIHMBO, €
nigcTaBoro 1y 3MiHu Macitady BIIP B cropony 3MeHieHHs. OCKIJIbKU 3MEHIIEHHS
macmtaby BIIP mpusBene m0 3MEHIIEHHS 3aBaHTaXEHHS HAasgBHHX PeECypCiB 1
BIJIMOBIAHO 10 MiHIMIi3allii BTpaT NPOIYKTY 3a3HAYEHOT'O MIPOEKTY.
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BE3IIJIOTHI JIITAJIBHI AITAPATHU JJIs1 BUPILHEHHSA 3ATAY
TOYHOI'O BEMJIEPOBCTBA
C.1. Jleeéko, cm. euknaoau kagheopu cinvcokozocnooapcovkoi mexuiku JIHAY
O.M. Kpynuu, x.m.n., 3a8. kagheopu cinrvcokozocnooapcokoi mexuiku JIHAY
C.A. Kocmeeuu, 3am. 2en. oupekmopa 3AT «Aeaiuitini mexnonocii i Komnjiekcu)
(Pb)
C.A. Aumowyk, K.m.H., 3a6. 6i00iny /IHY «Incmumym mawunooyoyeanna HAH
binopyci»
10.A. J/Ieonogeuw, k.m.n., 2en. oupexkmop 3AT «Asaiyiitni mexnonozii i
komnaexcu» (Pb)
C.b. Kocmiwokesuu, K.¢p.-m.H., npogioHuil haxieeusv Llenmp aepoxocmiunoi oceimu
binopycvkozo oepocasnozo ynieepcumemy

The main elements of precision farming technology are considered. On the
example of an agricultural enterprise, promising areas use of unmanned aerial
vehicles for remote monitoring of agricultural lands were tested. It is shown that the
use of unmanned aerial vehicles can increase yields by 7-25%, reduce the use of
diesel fuel by 20-30%, reduce the use of fertilizers by 40%, reduce crop losses by
70% due to disease.

Keywords: precision farming, aviation monitoring, unmanned aerial complex

[nest Tounoro 3eMiepoOCTBa MOJSTAE B YIPABIIHHI MPOIYKTUBHICTIO MOCIBIB 3
ypaxyBaHHSM JIOKaJbHUX OCOOJUBOCTEH (CTPOKATOCTI TPYHTOBOTO POJFOUOCTI)
BCEPEIMHI KOXKHOTO TTOJIS.

Toune 3eMIIepoOCTBO e 1HHOBAIIHHUN METOJ yIpaBITIHHS
CLITBCBKOTOCIIOIAPCHKUMU YT1IASIMHU, SIKMA JTO3BOJISIE BUPIITYBaTH 3aBJaHHS Biapasy
32 YOTMPMAa HaMpPSIMKaMU: arpOHOMIsI; TEXHIYHE 3a0€3MeUeHHS; €KOJIOT1s; EKOHOMIKA.

TexHoJIOoris TOYHOTO 3eMJIEpOOCTBA BKJIIOUAE B ceOe€:

1. CTBOpeHHsS  C€IEKTPOHHUX  KapT TOJIB 3  BHUKOPHUCTAHHAM
OaraTocneKTpaibHUX 3HIMKIB 3 0e3mijoTHUX aBiamiiiHux komiuwiekciB (BAK) 3
oAabIIoK 00poOKot0 3a Joromororo reoinopmariiiinux cucrem (I'IC).

2. ArpoxiMiuHe 0OCTEKEHHS TMOJIIB 1 CKJIaJaHHs ITPYHTOBUX KapT.

3. ABTOMATH3AIlIIO TIPOIIECIB BOIIHHS TEXHIKH MIPU MPOBEAEHHI TEXHOJIOTTYHUX
orepariiif, BKJIIOYaOUd BUOIp 1 HaANAMITyBaHHA OOJaAHAHHS [JIS MapajeibHOTO
(TOYHOTO) BOJIIHHS T10 TIOJIIO.

4. BiacTexxeHHS 3MIHM CTaHy TIIOJIB 1 TIOCIBIB MPOTITOM BEreTaIliiHOTO
nepioy Ha pi3HUX JUISHKaX 3a monomororo BAK.

5. dudepeniiiioBane BHECEHHS TOOPUB Ta OTPYTOXIMIKATIB.

6. BHecenHst 100puB 1 3ac001B 3aXHCTy POCIMH 3a JAOMOMOTOI0 Oe3MiJIOTHOT
aBiarrii.

7. ABTOMaTUYHUN MOHITOPHHI BPOKAWHOCTI 1 CKJIQJaHHS KapT BPOXKaWHOCTI
MOJTIB 3a JIOMTIOMOTOI0 3epHO30UpabHUX KoMOaiiHiB 1/ a6o BAK.

8. Haxonmuenns 1 30epiranus ganux 3a gonomororo I'IC.

9. ABTOMaTH3AIlIIO MIATPUMKHI IPUHHATTS PILIEHb 1 KOHTPOJIb iX BUKOHAHHS.
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ABIlalifHUN MOHITOPUHT CLICHKOTOCIIOAAPCHKUX YT1/b.

[TinmpuemcTBO «ABiamiitHi TexHoyorii 1 kommuiekcw» (PB) 3milicHmio
aBlallifHUN MOHITOPUHT CUIBCHKOTOCHONAPCHKUX YTib OJHOTO 3 TOCIOAApCTB.
Mertoro gocnimkenp Oyna BiAIpaliOBaHHsS MEPCIEKTHUBHI HANPSMKA BUKOPHCTAHHS
0€3MUIOTHUX TEXHOJOTIN A7l AUCTAHIIHHOTO MOHITOPUHTY CLIbCHKOTOCTIOAAPCHKHIX
yTi/lb, B TOMY YHCII:

» CTBOpEHHS €IEKTPOHHUX KapT MOJIiB;

* [HBeHTapu3aIlis ClIbrOCIyT1/1b;

* O1iHIOBaHHS 00CSATIB POOIT 1 KOHTPOJIIOBAHHS 1X BUKOHAHHS;

* Begenns onepaTuBHOIO MOHITOPUHTY CTaHY IOCIBIB;

* Buznauenns igaexcy NDVI;

* OLIIHKa CXO0KOCTI CLIIbChKOTOCIIOIAPCHKUX KYJIbTYD;

* [IporHo3yBaHHs Bp0>KallHOCTI1 CLIILCBKOTOCIIOJIAPCHKUX KYJIbTYD;

* [IepeBipka sIKOCT1 MPOCAITHUX;

* BegeHHs €KOJIOTTYHOIO MOHITOPUHTY CLIBIOCITYT1/Ib.

ABIlaliiHUN MOHITOPUHI 3JIMCHIOBaBCS 3 BHKOpuUcTaHHAM BAK niTakoBoro
tuny «A-10V» BracHoi po3poOku. Kommiekc A-10V Mae BHCOKI TeXHIYHI
XapaKTEepUCTHKU: Kpercepcbka MBUAKICTH 80-100 kM / TO1; JadbHICTH MOJIBOTY IO
90 kM; yac MoaLOTY 4 TOAVHU; IILOBE HABAHTAXKEHHS /10 2 KI. B sSKOCTI HITBOBUX
HABAaHTA)XCHb BHUKOPUCTOBYETHCS: BiJleOKaMepa BHCOKOI PO3IIIBHOI 3JaTHOCTI,
¢doToanapar, TEII0BI30p a00 MYJIBTUCHIEKTPAILHOTO KamMepa.

Buxopucranns TexHosorii auctaHiiiHoro Monitopunry 3 BAK mosBomsie
30UIBIIMTH BpOXKaWHICTh Ha 7-25%, Ha 20-30% 3menmuTy Bukopuctanus [IMM, Ha
40% 3HU3WTH 3acToCyBaHHS 100pwB, Ha 70% 3MEHIIUTH BTpPaTH BpOXKaK dYepe3
XBOPOOH.
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DIGITIZATION OF INDUSTRIAL PROCESSES
Aleksandra Radomska-Zalas

Technology Department, The Jacob of Paradyz University in Gorzow
Wielkopolski, Teatralna 25, 66-400 Gorzow Wielkopolski, Poland

The idea of Industry 4.0 (Industry 4.0 - where both terms in the document will
be often used interchangeably) is a concept popular in 2011, which describes the
broadly understood integration of modern information and communication
technologies in the area of industrial production, including energy production. It is
quite often put on a par with the notion of digitization and in today's rapidly changing
technological environment it poses a significant challenge for many companies. The
complexity of this process on many organizational levels causes many problems for
most companies. The article presents the main tasks that need to be implemented in
order to digitize energy processes

Introduction. From year to year, due to the rapid technological development,
competitiveness in many markets grows at a very fast pace. Investments of the
manufacturing sector in new technologies that support digitization are growing
exponentially year by year, hence the lack or neglect of the development of digital
transformation processes may mean a significant reduction in competitive advantage.
This will be especially noticeable for small and medium-sized enterprises, which are
obviously exposed to very high competition these days. The lack of transparency and
transparency regarding the benefits of the digitization process is one of the main
causes of neglect in this field [1].

Correct assessment of the company's current position in terms of technological
development and digitization towards Industry. 4.0 is one of the key elements in
assessing and planning future actions towards Industry 4.0. The evaluation of the
company in terms of technological development determines its technological maturity
in the Industry 4.0 process, which gives a picture of the current situation and is the
starting point for creating a complete digital strategy and a plan for further activities
that should be implemented in the company as part of the digital transformation
towards Industry 4.0 [2] [3].

Factors required for digitization. Information technology is a key element of
the digital transformation towards Industry 4.0 and its proper selection in the case of
implementation is of key importance.

While the previous great changes in the environment of production enterprises
mainly related to three basic elements [4] [5]:

— Continuous process of increasing the degree of automation

— Broadly understood adoption of principles and rules such as Lean
manufacturing, six sigma

— Full integration of advanced IT systems (ERP, MES, PLM, SCADA etc.)

to Industry 4.0 already covers 11 main areas:

1. Robotization - Production robots and software robots

2. Big data

3. Augmented reality
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4. Additive manufacturing

5. Advanced Manufacturing execution systems MES

6. Cybersecurity

7. Industrial Internet of Things

8. Horizontal and vertical system integration

9. Artificial intelligence

10. Blockchain

11. Cloud computing

On the one hand, there are three elements that represent the recent past (for
some it is still the present), and on the other, eleven, which are still not really fully
discovered for IT departments of many companies. Connections are an additional
element that distinguishes digital transformation. The classic model was based on a
layered structured structure with a limited number of connections. The new model
created by the above-mentioned areas is theoretically an infinite number of
connections with an almost unlimited number of potential applications.

Summary. The transition from the present to the future is a process of
transformation. In the case of such advanced technologies, this process requires time
and high investment and cost outlays. It also requires a change in the approach to IT,
starting from the education process, through the strategic perception of IT in the
enterprise, ending with the reorganization of IT departments so that they are able to
create, develop and support the implementation process of these technologies. This is
the genesis of Industry 4.0, in which the slowly changing manufacturing industry
began to mix with the rapidly growing branch of industrial IT, creating the
foundations for the current backbone of the digital revolution. Information
technology behind digital transformation completely changes the approach to IT.
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CATALYTIC PROCESS OPTIMIZATION BY ORTHOGONAL ARRAY
METHOD
A. Fajdek-Bieda, PhD, A. Perec, Ph.D., A. Radomska-Zalas, Ph.D,
AJP University in Gorzow Wikp., Faculty of Technology

Abstract. The paper presents the optimization of the epoxidation of crotyl
alcohol on the Ti-MWW catalyst at atmospheric pressure, based on the Taguchi
orthogonal array method. Shown are the influence of the most important process
parameters, such a temperature, molar ratio of crotyl alcohol to H,0O,, methanol
concentration, Ti-MWW catalyst concentration and reaction time. The response
functions characterizing epoxidation process were selectivity of transformation to
2,3-epoxybutan-1-ol with respect to reacted crotyl alcohol — S; sei0/ca, CONVersion of
crotyl alcohol Cca, yield of 2,3-epoxybutan-1-ol W;3eg10. The empirical verification
of this process was also performed by comparing both output parameters predicted
and achieved in the tests.

Keywords: optimization, crotyl alcohol, catalyst concentration, temperature,
molar ratio

Introduction. Zeolites have gained particular importance due to their
physicochemical properties and a large specific surface area, while creating the
ability to control the adsorptive properties by adapting to the hydrophobicity or
hydrophilicity of the materials. The use of zeolites as catalysts allows the processes to
be run under mild conditions and with high selectivity, with fewer by-products. The
biggest achievement of recent years in the field of oxidation of organic compounds
was undoubtedly the discovery of the excellent properties of the system: titanium
silicates - hydrogen peroxide. This system is used, inter alia, in epoxidation reactions
of unsaturated compounds, where the reaction proceeds with high conversion and
selectivity, with complete elimination of by-products. Hydrogen peroxide as a source
of active oxygen displaces other, less-effective oxidants and gains more and more
recognition as an ecological oxidant. As a result of its conversion as a by-product,
only water is obtained [1, 2].

Experiments and discussion. Among the innovative methods of optimization
of various advanced engineering processes [3] most popular are mathematical and
statistical methods, the orthogonal array method deserves particular attention. This
approach was called a Taguchi method from the name of the author [4]. This
approach is interesting especially in the determining the optimum influence of
process parameters on its effectiveness because can the reducing number of research
required to attain results, thereby lessening the cost and the time needed to carry them
out. The Taguchi signal/noise (S/N) ratio lets the rating of the relevance of the
influence of diverse on the tested process. Fig. 3 shows the influence of process
parameters on the selectivity of 23EB10. The curves of the temperatures, the molar
ratio CA/H,0O, do not show a significant effect on the selectivity values of 23EB10.
The concentration of methanol has a influence on the selectivity values, whereas
considering the economics of the process, the cost of solvent consumption and its
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recovery. The concentration of the catalyst and the reaction time are influenced. It is
preferable to carry out the process at low Ti-MWW catalyst concentration, then the
selectivity to the main product is about 12.5 mol% (Tab.1).

Tab 1. The predicted and lab obtained conversion factors

Temp. | Molar ratio CA/H:0; Methanol concentr. Catalyst concentr. Time

[C] - [% mass] [wt%] [min]
CA conversion

23 | 2.3 | 26.2 | 7 232

Predicted | 99.18 % mol
Empirically obtained | 98,54 % mol

Selectivity of 23EB10
23 | 0.9 | 68.7 | 7 232
Predicted | 39.83 % mol
Empirically obtained | 43,76 % mol
Yield of 23EB10
23 | 2.3 | 68.7 | 7 232

Predicted | 61.05 % mol
Empirically obtained | 76,32 % mol

[ — Temp | _Molar ratio Solvent concetration | Catalyst concentration Time

o L1 ]
wel D\LATNT
.

39.45 !

39.70

Mean of SN ratios

39.40

23 48 0.9 23 262 687 3 4 97 232

Signal-to-noise: Larger is better

Figure 1 - S/N ratio of selectivity for tested parameters

Summary. The using of the Taguchi method permits the determination of the
results of process parameters which meaningfully affect the test process while
enables the user to omit those factors which have a negligible influence on the
effects. It can very simplify the testing process reducing the time to get reliable
outcomes and lowered the expense of the tests because it reduces the number of tests
requisite. One of the restrictions of this method is the necessity of planning only for
discrete values of control parameters. The further problem is the response of the
analyzed processes, especially non -linear functions of their parameters, proposed in
the Taguchi approach. The method can be especially helpful in the design of the
experiment., with insufficient information on the process parameters.
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3ACTOCYBAHHS TEOPII ®YHKIIOHAJIBHOI CTIMKOCTI AJIs1
THOOPMAIIMHWX TEXHOJIOT T KEPYBAHHS I'PYIIOIO
BE3INIJIOTHUX JITAJIbBHUX AIIAPATIB

LB. Ilynexo, k.m.n., 0oyenm, /lepycagnuii ynieepcumem «Kumomupcoka

nOJIIMexHIKa»
B. O. Yymaxeeuu k.m.H., 0oouenm, Hayionanvnuii ynieepcumem «/Ivgiecoka
noJjiimexHika
B.B. IImawnuk K.m.H., 0oyenm, /IbgiecbKuit HauioHabHU aZPapHuil
YHigepcumem
A.E€. Micin, oouenm, Hauionanona akaoemia cyxonymnux giiicok im. I'emomana
II. Cacainioaunozo

The use of a group of unmanned aerial vehicles with elements of the royal
control theory is promising in modern agriculture. It is necessary to provide
information on the mutual position of unmanned aerial vehicles in space and in a
group, performance of on-board equipment, detection of deviations in normal
functioning. It is also necessary to redistribute resources in the middle of the system
of rum of unmanned aerial vehicles as needed. Analysis of epy information on
requirements for managing a group of unmanned aerial vehicles and the general
provisions of the functional stability theory can be used for this purpose.

Keywords: functional stability, unmanned aerial vehicles, swarm control
theory, serviceability control, restorability.

B cyyacHOMy CiIBCBKOMY TOCIIOAAPCTBI BCEe OLIbINE 3aCTOCYBaHHS 3HAXOMSThH
oesminotHi mitanbHl anapatu (BIIJIA). Boru crnigkyrooTh 3a JD03piBaHHSAM BpOXKalo,
OOTMPUCKYIOTh TIOCIBH CHEIllaIbHUMHU pPIAMHAMH Ta PEUYOBHHAMHU, OXOPOHSIOTH
TEPUTOPII0 BiJI HECAHKI[IOHOBAHOI'O NPOHMKHEHHS ToIo. OcTaHHI JOCIHIKCHHS
BKa3ylOTh Ha OuIbIly edekTuBHICTh 3actocyBaHHs rpynu BIIJIA. CytHicTe Takoi
TEXHOJIOT1i MOJIATrae B PO3MOJAIJICHH] PI3HOMAHITHUX 3aJa4 MK anaparamu B TpyIii.
Jlns edextuBHOro kepyBanHs BIIJIA B rpymi Ha J0MOMOTY MPUXOJUTH TEOPIS
poiioBoro kepyBaHHs. [lpoiiec kepyBaHHS TpyMHoOI amapariB MiANOPSIAKOBYEThCS
3arajbHId METIi, 3aJIeKUTh BiJi YMOB HABKOJHUIIHBOTO CEPENOBUINA Ta MOBEAIHKU
amapartiB B rpymi oo (puc. 1).
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B3aemogis amapariB B rpymi po3risinyra B poborax [1-3]. Omgnak B I1ux
JOCTIKEHHSI HE BKa3yeThCs, SIK pearyBaTd Ha 3MiHU B CEpEIUHI TPYINHU, BUKIMKAHI
30BHINIHIMHM TIEPENIKOJaMU Ta BigMOBaMH camMux amapariB. Came Il THUTaHHS
po3risigae Teopis PyHKIIIOHAIBHOI CTIHKOCTI B poOoTax mpodecopiB Mamikosa O.A.,
bapabama O.B., Kpauenka [0.B., Kopobunncekoro M.B. [4—8] Tomo. CyTHICTB
JaHOi Teopii mojsrae B yrpuMaHHi 00’ekTa abo rpynu 00’€KTIB B MeXax 3aJaHOTO
MOJISI CTaHIB, KOHTPOJIIO HOTO Mpare3aTHOCTI Ta BiIHOBIIOBAHOCTI.

TakuM dYMHOM i1 CTBOPEHHS (PYHKIIOHAJBHO CTIHKOI 1HGOpMaIIMHOT
TEXHOJIOT1i KEepyBaHHS TPyMNor0 OE3MUIOTHUX JITAIBHUX amapaTiB HEOOXiAHO: MaTH
JTOCTOBIpHY i1H(MOopMario mpo mosioxkeHHss BIIJIA B mpocTopi Ta rpymi, cTaH HOro
OopToBOi amaparypu, 3a0€3MEUYUTH BHSBJICHHSA BIAXWICHbP B HOPMAJIbHOMY
(GyHKIIIOHYBaHHI Ta, Y pa3i HoTpedH, NEepepo3NOAUIUTA PECYPCH B CEPEANHI CUCTEMHU
poto BITJIA.

[IpoBeneH1 AOCTIKEHHS JO3BOJIWIM C(HOPMYIIOBATH YMOBH JJII CTBOPEHHS
(YHKIIOHAJIBHO CTIMKMX 1H(MOPMALIIITHUX TEXHOJIOT1 KepyBaHHs rpynoro BITJIA.

['pynosa meta Py - -~ I'pyna BILUIA V
v b) L U Py ('f)
------------------- Comn > 5
ay S P )
BITTA v N

Cucrema 00poOku Ta
30epiranss iHdopmaii
(6a3oBa cTanmin)

30BHIIHI E(t) j E* (I) \]\l

£.(0) BILUIMBH

Cepenosuine
¢dbyHKUiOHYBaHHSA, [

Pucynok 1 - Y3aranpHeHa cxema iHpopMaiiiiHOT CUCTEMH YIIPaBIIIHHS TPYIIO0
BITJIA
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HOJIIMIIEHHSA CUCTEMMU TEIIVIOITIOCTAYAHHA 3A 1OITIOMOI'OIO
YIOCKOHAJIEHHSA OIMTAJTIOBAJIBHOI'O ITPUCTPOIO
B. b. I'ynescokuit k.m.n., 10.0. Ilocmon, k. m.n., M. I. Cmpyuace, k.m.n
TaepiiicoKuil 0epircasHull azpomexHoa02ivHull yuieepcumem imeni /Imumpa
Momopnozo

Summary: the work is devoted to solving problems in the heat and power
industry. Heat supply is a large branch of the national economy. A heat supply
system is a collection of hydraulically connected pipelines, installations and devices
for the production, transmission, distribution and use of thermal energy. The main
problems in the heat and power industry for many years have been high losses in the
production and transportation of heat, low energy efficiency, reliability and
inefficiency of heat supply. The proposed heating device allows you to simplify the
design, reduce energy costs, and improve operational reliability.

Keywords: heat supply, heating device, heat carrier, energy saving

3aranpbHOBIIOMO, IO 3POCTAHHS BHPOOHWIITBA 1 CIOXWBAaHHA EHEpPTii
HEPO3PHUBHO TMOB'sI3aHE 3 MPOTPECOM CYCHUIBCTBA, SIKE MPOTATOM YCI€T CBOET iCTOPIT, a
O0COOJIMBO y CyYacHMX YMOBAaxX, IMOCTIHHO Beae OOpoThOy 3a 30UIBIIEHHS CBOTO
eHepreTuyHoro OararctBa [1]. TemsomocTadyaHHs € KPyHMHOIO Tajy33i0 HApOJIHOTO
rocriogapctBa. OCHOBHUMH TpoOJeMaMu B TEIJIOCHEPreTHYHOI Taly3l MPOTATOM
0aratb0X POKIB 3aJIMILIAIOTHCS BUCOKI BTPAaTH MPU BUPOOHUUTBI 1 TPAHCHOPTYBAHHI
TeIJla,  HU3bKa  €HEeproedeKTUBHICTh,  HAAIMHICTD 1  HEEKOHOMIYHICTh
TEIJIONOCTayaHHsl. BupillleHHs [bhOro MHUTAHHS B TEIJIOCHEPIeTUYHOI Traiysi
IPOTITOM TPUBAJIOTO Yacy 3HAXOJUTHCS B IIEHTP1 yBaru (haxiBIliB, K OyiBEJIBHOTO,
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TaKk 1 TemIoeHepreTuyHoro mnpodumo. OnHak iX MAXOAU A0  IMiJIBHUINCHHS
eHeproe(peKTUBHOCTI 1HKEHEPHUX CUCTEM ICTOTHO BIIPI3HAIOTHCA [2,3].

[IpuitHATTS pilmeHHS Ha KOPUCTh ONTHMAJBHOI TEXHOJIOTiI 0a3yeThcs Ha
BJIOCKOHAJICHHI TPHUCTPOIO, B SKOMY NUISIXOM BBEACHHS B CHCTEMY HOBHUX
KOHCTPYKTHUBHUX eleMeHTIB. OCHOBHE 3aBAaHHS PEKOHCTPYKIIIT - €HEPro30epekeHHS
Ta €HeproeeKTUBHICTH MPHU CIIOKUBAHHI TETUIOBO1 €HEPTii, BIOCKOHAJICHHS 1 3aMiHa
oOJyaHaHHS.

OnanroBalbHUNW MPUCTPIN, IO MPOMOHYETHCS MICTUTH paaiaTop OMaJCHHS,
IpSAMUM TPYOOIIPOBIT 1M0/1a4l TEIJIOHOCISI Ha OMAJICHHS, 3BOPOTHHUM TpyOoIpoBia. Sk
TEIJIOHOCIA I TEIJIONOCTauYaHHS MICT BUKOPHCTOBYIOTH Tapsiuy BOJYy, a JUId
TEIJIONOCTaYaHHsl MPOMUCIIOBUX MIJNPUEMCTB — BOJSHY mapy. TeroHOCId BiA
JDKepenl TeIula TPaHCIOPTYIOTh MO TerionpoBoaaMm llpu mboMy MK OpsiMUM
TpyOOIIPOBOJIOM TMOfa4i TEIJIOHOCIS Ha OMaJieHHS 1 3BOPOTHUM TPYOOIPOBOIOM
BCTAHOBJIEHI 3HUr3aronojiOHi pedpa, Kl YTBOPIOIOTh BEHTWJIALINMHI KaHanu. CyTb
MIPOIIOHOBAHOTO OTATIOBAIFHOTO TPHUCTPOIO TOSCHIOETHCS KpecineHHsMm (puc.l), me
MIPEJICTABIICHO CXEMaTUYHE 300paKeHHs Horo [4].

Pucynox 1 - OnantoBasibHHI IPUCTPiit

OnanroBalbHUNM NPUCTPI  MICTUTH  pajiaTop oOnajeHHs 1, mnpaMwuii
TpyOONIpOBi 2 TMOAadi TEIUIOHOCIS HA OMAJCHHS, 3BOPOTHUM TPYOOIpOBiA S5, MK
OpsMUM  TPyOONpOBOAOM 2 TMOJayl TEIUIOHOCISI HAa ONaJeHHS 1 3BOPOTHUM
TpyOONpPOBOJOM 5 BCTaHOBJEHI 3UIr3aronoAiOHi pedpa 3, sKi  yTBOPIOIOTh
BEHTWIAIIMHI KaHanu 4. IlpuHuunm Aii NpONOHOBAHOTO MPHUCTPOIO TMOJATAE Y
HacTynHoMmy. TerioBa eHeprisi 3 KoTja (HE TMOKa3aHO) MOAAEThCS TEIJIOHOCIEM Y
pamiatop omajeHHs | depe3 mpsAMuil TpyOOMNpoBia 2 Ha OMaJeHHS, 1€ MK HUM Ta
3BOPOTHUM TPyOOTPOBOIOM 5, 3aBOSKH MPUPOJHUM TMpoIecaM KOHBEKIli Yy
BEHTWIALIMHUX KaHaiax 4, c@opMoBaHUX 3urzaronogiOHumMu pedpamu 3,
YTBOPIOETHCS PyX MOBITPsI Y BEPTUKAIBHOMY HAIPSIMKY, 10 00YMOBIIEHO Pi3HHUIICIO
IIUTHPHOCTI TEIJIOTO 1 MPOXOJIOAHOTO MOBITPA. L{e mokpaiye epexkTuBHICTh mepenadi
TerIoBoi eHeprii. Jlami UK MOBTOPIOEThCS. BimgMoBa Bijl BEHTUIISATOpPA ITiJIBUIILYE
HAJIWHICTh TIPU €KCIUTyaTallii 1 JIKBiAy€e MOTpedy y BUTPATI €JIECKTPUIHOI €HEepTii Ha
HOro MpHuBif.
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WAYS OF TECHNICAL SUPPORT OF HYDROGEN ENERGY
Y.O. Postol, M.I. Struchaiev, V.B. Hulevskyi
Tavriya State Agrotechnological University named after Dmitry Motorny

Summary: the article is devoted to solving an important problem in the energy
sector as the transition of the world economy to zero carbon dioxide emissions and
the possibility of storing energy in the form of hydrogen. We have proposed a device
for the production of hydrogen, containing a working chamber, in which the anodes
and cathodes are located, and the ferrite rings are installed on the outside from its
opposite sides. We also offered cylinder for a low pressure hydrogen.

Keywords: zero carbon dioxide emissions, energy storage in the form of
hydrogen, energy saving.

Hydrogen energy makes it possible to avoid dependence on traditional energy
sources, which is relevant for Ukraine. Hydrogen is the most promising and
environmentally friendly fuel for the energy of the future [1]. The heat of combustion
of hydrogen exceeds 100 MJ / kg and is one of the highest [2].

Improving the hydrogen production device by introducing new structural
elements into the system, which will simplify the design, reduce energy consumption.

The closest analogue of the proposed model is a known cell, which contains a
working chamber in which sets of anodes and cathodes, a fitting for water supply, a
power source, a fitting in the lid of the chamber for hydrogen gas, a fitting on the side
wall of the chamber for oxygen.

However, the known hydrogen production device has high energy consumption
and complex design of movable electrodes - in the form of identical fragments of
three-dimensional geometric shapes, in the form of segments of spheres or truncated
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cones with different numbers of faces and dielectric springs or washers of elastic
dielectrics.

The problem is solved by the fact that in the electrolytic device for producing
hydrogen, containing a working chamber in which sets of anodes and cathodes, a
fitting for water supply, a power source, a fitting in the lid of the chamber for
hydrogen gas removal, a fitting on the side wall of the oxygen gas chamber , ferrite
rings are installed outside the ends of the working chamber, through which a high-
frequency electrode with grounding [3,4] is passed.

We also obtained a patent for a low pressure hydrogen cylinder [5]. The low
pressure cylinder for hydrogen contains the cylindrical case, a technological branch
pipe, filler. The cylindrical body is equipped with a glass coating, and the filler made
of intermetallic powder. The use of a low pressure cylinder for hydrogen through the
equipment of a cylindrical body with a glass coating and the manufacture of a filler
from intermetallic powder can eliminate excess hydrogen pressure, reduce the
requirements for strength and tightness of the cylinder. Because the accumulation of
hydrogen is not due to the compression of hydrogen, but in a solid material, for
example, during sorption on the surface of dispersed nanomaterials, ie intermetallic
powder.

The use of an electrolytic device for hydrogen production, due to the
installation of ferrite rings outside the ends of the working chamber, through which a
high-frequency electrode with grounding, simplifies the design, reduces energy
consumption. The proposed utility model can be used in power plants using
hydrogen.
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Section 4.
Project management.

APXITEKTYPA THOOPMAIIIMHOI CACTEMH ONNEPATHBHOI'O
IJIAHYBAHHS 3ATOTIBJII MOJIOKA HA TEPUTOPII TPOMAJI
A.M. Tpuzyoa, 0.m.H., npogpecop, /Iveiecokuii HauioHanbHUIL azpapHuil
YHigeepcumem
H.A. Koeanw, ao’ronkm, JIveiecokuil 0eprcasnuil ynieepcumem oe3nexu
HCUMMEIATbHOCMI

The proposed architecture of the information system for operational planning
of milk collection in the communities provides for the creation of five interconnected
subsystems that are connected to the database. This information system is a software
application. It provides support for management decisions during the operational
planning of milk collection in the communities.

Keywords: modeling, information system, planning, collection, milk,
community.

3anpornoHoBaHa apxiTekTypa 1H(GOpPMAaIIMHOI CHUCTEMH  OINEPaTUBHOIO
IJIAHYBaHHS 3aroTiBJI MoJioka Ha Teputopii rpomas (OII3M) nepeadbadae cTBOpeHHS
IT’SITH B3a€MOIIOB’ I3aHMX MIACHUCTEM, SIKI OB’ s13aH1 13 023010 ganux [1; 2]. 3a3HaucHa
iHpopmariiina cucrema OIIBM  sBrisge co0ol0 TPOrpaMHHUM  TOMATOK, SKHMA
3a0e3nedye MIATPUMKY TPUUHSATTS YNOpaBIiHCbKUX pimeHs mig yac OII3M.
OyHKIIOHANBHI ~ MOXIUBOCTI  1H(opmariiHoi cucremu OIIBM  peanizoBani
CYKYITHICTIO TPOrpaMHUX HOJAaTKiB, po3pobieHux 3a momomororo CMS Kentico
Xperiance Ta moBu mporpamyBanHs Python. Jlani, oOpoOka SIKHMX 3IiHCHIOETHCS
BIIMOBITHOIO  1H(OpMAIIIITHOIO CHUCTEMO, 30epiraroThesi y 0asi  JaHUX IiJ
ynpasniaasm CKB/] Microsoft SQL Server.

Indopmartiitna cuctema OII3M ckianaeTbcs 13 B3aEMOINOB’ I3aHUX M1ACUCTEM

(puc. 1):
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Pucynok 1 - 3aransna apxitekrypa inpopmariitnoi cuctemu OII3M

1. Iliocucmema 66edenns oanux ma ix nonepeonboeo onpayrosanus. Jlana

nijcucTemMa 30Mpae AaHl Mpo MPOTrHO30BaHI OOCATH 3aroTiBJl MOJIOKa Ha TEPUTOPIi
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rpoMajy, CTaH KJIIMAaTHYHUX Ta BUPOOHMYMUX YMOB, JOCTYIIHI aBTOTPAHCIOPTHI
3aco0M Ta 1X XapaKTepUCTHKH, a TAKOXK MOXJIMBI CIIeHapii TPAaHCTIOPTYBAaHHS MOJIOKa
Ta pexumu Horo 3aroTiBii. Jlami 30epiratotbes B SQL  Tabmuusx Ta
BUKOPHUCTOBYIOTHCS B 1HIIIMX MOIYJISIX CHCTEMH.

2. lliocucmema npocHo3y8aHHs NOKA3HUKIE GUKOPUCMAHHS pecypcié nio
yac 3aeomieni MolIoOKka Ha mepumopii epomaou. JlaHa TiACHCTEMa aHali3ye Ta
00poOsisie OUTBIIICTh BXITHUX JAaHUX JJII OTPUMAHHS MHOXXHHH TPOTHO30BAHHX
(YHKIIIOHATBHUX TIOKa3HMKIB, $KI OTPUMYIOTh Yy PE3yJbTaTi OOIpyHTYBaHHS
MapHIpyTiB 3BE3E€HHsS MOJIOKa BiJI TOCMHOJAPCTB HOro BHPOOHUKIB O IIEXIB
nepepoOKu, a TakoX Ta (opMyBaHHS 3BITHOCTI JJIi OTPUMAHHS HapsIiB Ha
BUKOHAHHS POOIT.

3. Iliocucmema ananizy nokasnuxie 3acomieni monoxa. Y 3a3HayeHIN
M1JICUCTEM] BUKOHYETHCS aHaJ3 MOJIaHUX OKPEMUMHU KOPUCTyBayaMu (BUPOOHUKAMU
MOJIOKA) JaHUX WIOJ0 OOCSTIB 3aroTiBil MoJioka. [Ipu 1boMy 3I1HCHIOETHCA
MepeBIpKa Ha KOPEKTHICTh JAHUX Ta HAsABHICTh NPOIYCKIB. 3a iX BIACYTHOCTI 13
BUKOPHCTAHHSM TEXHOJIOTIM MAaITMHHOTO HAaBYAHHS 3IHCHIOETHCS MPOTHO3YBAHHS
00CAriB 3aroTiBJll MOJIOKa Y TOTOYHO J100y. OTprMaHi pe3yJibTaTH JIeKaTh B OCHOBI
OOTpyHTYBaHHSI MaplIpyTIB 3B€3E€HHSI MOJIOKA BiJ] TOCIOAAPCTB HOTO0 BUPOOHUKIB 10
1[eX1B MepepoOKku Ta (OpMyBaHHS 3BITHOCTI JJisl OTPUMAaHHSI HapsAJIB HA BUKOHAHHS
pOOIT.

4, lliocucmema  gizyanizayii Oanux 3abe3neuye dYepe3 po3poOieHUM
iHTepdeic KOPUCTYBadiB Ta aaMIHICTPATOPIB OTPUMAHHS JOCTYIY JI0 OKPEMHUX
naHuX 1HGOPMAIIIHOI CHCTEeMH Ta OOIPYHTOBAHUX YMPABIIHCHKUX pillleHb. 30Kpema,
KOpPHUCTyBadl (BUPOOHMKH MOJIOKA) MAlOTh JOCTYH JI0 Bi3yali30BaHUX JAHUX IOJO
o0cAriB MOCTa4yaHHsI HUMHU MOJIOKA y TIEpepOOHMI 1IeX 3a 3aJaHui Mepiojl, a TaKoXK
HOTO BapTICTh BIAMOBIAHO A0 YKiameHux yrog. OKpiM TOro, BOHH MOXYTh
MPOCTE)KUTH HACTYIHE TUTAHOBE BiBAHTAXEHHS y HUX MoJjoka. [Ipu 1ipomMy BOHHU
MarTh JOCTYN 10 JaHMX II0J0 4Yacy BiJBaHTAXKEHHS MOJIOKAa Ta MOro oocsry.
Bonnouac, agMidicTpaTop (MPOEKTHUN MEHEIKEp IeXy MepepoOKH MOJOKa) Mae
JOCTYN J0 JAHUX YCIX KOPUCTYBayiB, a TaK0X C(POPMOBAHUX ONEPATUBHUX IIJIaHIB
3aroTiBJIl MOJIOKA Ha TEPUTOPIi rpoMau AJisl OKpeMOi JOOU Ta HapsIiB HA BUKOHAHHS
pOOIT.

5. lliocucmema 36epicanusn oanux. llpencraBieHna 0aza gaHUX HA OCHOBI
ska 30epirae B co0l JaHl yCiX KOPUCTYyBadiB MO0 OOCSTIB BiABAHTaKEHOTO HUMH
MOJIOKa Ta HWOTO BapTOCTi, a TaKOk C(HOPMOBAHMX OINEPATUBHUX IIJIAHIB 3aroTiBII
MOJIOKA Ha TEPUTOPIi rpOMav It OKpEeMOi JOOU Ta Haps/1iB HA BUKOHAHHS POOIT.

3anpornoHoBaHa iHGOpMaIliiiHa CUCTEMa € TPOTPAMHUM JOJATKOM, SKHH
3abe3nedye MATPUMKY PUAHATTS YIPABIIHCHKUX pimieHb mix yac OI13M.

Bioaiorpagiynmnii cnucok
1. €snanoB M. B., BacunsuoBa H. B., [landropora I. FO. Mogeni 1 meToau cuHTe3y
OMUCY palllOHAJIbHOI apXITeKTypH 1HGOPMAIIHHOI CUCTeMH. BicHUK HAYK0B8020
yHigepcumemy «Jlvsiecoka nonimexuixay». Cepis «lHdopmaliifHl cucreMu Ta
Mmepexi». 2015. 829. C. 135-152.
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2. Tryhuba A. Argumentation of the parameters of the system of purveyance of milk
collected from the private farm-steads within a single administratinve district.
Econtechmod: an international quarterly journal on economics in technology, new
technologies and modelling processes. 2014. 4 (3). P. 23-27.

THTEJEKTYAJIbHA IHOOPMAIIMHA CUCTEMA ®OPMYBAHHSI
MMOPT®EJIIB NIPOEKTIB ABTOTPAHCIHHOPTHUX HIAITPUEMCTB
A.M. Tpuzyoa, 0.m.n., npogecop, /Ivsiecvkuit HayionanvHuIl azpapHuil
YHigepcumem
I.B. Konoucmwk, JIveiecvokuil 0eprcasnuii ynieepcumem oe3nexu
HCUMMEDIATLHOCL
A.B. Tamomup, k.m.n., A.B. lllonyovko, k.m.n., oouenm, O.B. boapuyk, k.m.n.

JIveiecbKuil HAUIOHATLHUIL AZPAPHULL YHIGEPCUMEm

An intelligent information system for forming of hybrid projects portfolios of
motor transport enterprises is proposed. It is based on an improved model of project
portfolio optimization using Markovic's theory. The development is intended for use
by project managers during the initiation and planning of portfolios of hybrid projects
of motor transport companies.

Keywords: intelligent information system, portfolio of hybrid projects,
formation process, motor transport enterprises.

Jl1st eeKTUBHOTO BUKOPUCTAHHS MPOEKTHOTO MIAXOAY V PI3HUX MPUKIATHUX
rajly3siX CIHiJl Ppo3poOJIATA YHPABIIHCHKUM 1HCTPYMEHTapiil, SKUW BpPaxoOBYE
crietudiyH1 0COOJIUBOCTI MPOSKTHOTO CEPEIOBUILIA Ta BAKOHAHHS MTPOCKTHUX i [1].
['Opuani npoextn aBToTpaHcnopTHux mianpueMcts (I'TIAIL), siki BUHUKAIOTH MiA
yac iX onepariiHoi AisUIbHOCTI, 3aJIMIIAI0THCA 1103a yBarow BueHux. [Ipu upomy ciij
3ayBa)KUTH, 1O ICHYIOTh CBOi OCOOJIMBOCTI YIIPaBIIHHS MOPTQPEISIMHU TAKUX MTPOEKTIB
Ha OCHOBI MMPOEKTHOTO M1IX0Y.

Hamu 3anponoHOBaHO 1HTENEKTyallbHy 1H(GOpMAIiiiHy cucTeMy (OpMyBaHHS
noptdenis [TIAII. Bona 06a3yeTrbcsi Ha YJIOCKOHAJICHIM MOAEN ONTHUMI3AIlil
noptdeni ['TIAIl 13 BukopuctanHsM Ha Teopii Mapkosina [2], mo 3abesmneuye
BpaxyBaHHS OCOOJIMBOCTEW iX peami3alilii Ta MIHJIMBOTO MPOEKTHOTO CEpPEeOBUIIIA.
30kpemMa, 3amporoOHOBaHA MOJENb Tependadae 3M1MCHIOBATH BUOIP €(PEKTUBHOTO
noptdens ['TIAIT i3 BpaxyBaHHSIM BUMOT CTEHKXOJIIEPIB JO PU3UKY Ta OTPUMAHOI
IIHHOCTI (HaJaHMX TPAHCIOPTHUX TMOCIYr Ta MPUOYTKY), a TaKOoXK OOcCATy
BUTPAYCHUX PECYpCiB Ta OODKETy MpoekTiB. Bubip parioHasbHOrO mOpTdEs
I'TIAIT 3m1iicHIOETBCS 32 KPUTEPIEM «IIHHICTh-pU3UK». [Ipu iboMy nepegdadaeThes,
0 SK IIHHICTh, Tak 1 pusuku okpemux [TIAII, mo BXoasaTe n0 moptdens ais
3aJ1aHOTO MPOEKTHOT'O CEPEOBUIIA € MIHJIMBUMH 1 iX MOXHa OMUCATH BIJIMOBITHUMU
TEOPETUYHHUMHU 3aKOHAMU PO3MOILIIIB.
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3anpornoHoBaHa 1HTEJIEKTyallbHa 1HoOpMalliiiHa cucteMa (QopMyBaHHS
nopt¢eniB ['TIAII 3abe3neuye Bu3HaueHHs MeXi €()eKTUBHOCTI MOPTQEs riOpuIHIX
MPOEKTIB aBTOTPAHCIIOPTHUX MIANPUEMCTB Yy 33JaHOMY MPOCKTHOMY CEpEIOBHIII
(puc. 1). BignoBimHo no Teopii MapkoBila, ONTUMI30BaHUN MOPT(HETs MPOECKTIB
OLIHIOETHCS 32 BKJIAJICHUMH 1HBECTHUIIISIMU 13 BUKOPUCTAHHSIM KPUTEPIIO «IIHHICTbH-
PU3HK»:

BigmoBigHo 10 kiacuyHoi Teopii Mapkosina, noprdens [TIAIT moxnHa
HpPEACTaBUTH HU3KOIO CKIIAIOBUX, SIKi XapaKTepPU3yIOTh HOTO 0COOIMBOCTI:

PP=(P, L, o,). 1)

ne P — MHOXWHA 1-X TIOpUJIHMX TPOEKTIB aBTOTPAHCIOPTHHUX IMIAMPUEMCTB, SKI
BXOMITH JIO CKiany moprdens; [/, — WiHHICT MOPTQens TiOPUIHUX HPOEKTIB

aBTOTPAHCIIOPTHHUX INIIPHEMCTB; O, — JUCIEPCIsl WIHHOCTI mopTderns riopuaHux

MIPOEKTIB aBTOTPAHCIIOPTHUX IMIAMPUEMCTB.

# Onmumizauia nopréenic riGpuanine nposxTie AT - o X

Movatkosi gani Tenaenuiisminn Kosapiauia PesynsTah onmumizauii PesynsTaTn pospaxyriie

Pesynsrarn ontimizami noprdems ribpunsnx npoextis ATIT

---------- MiHIMATEHHI PH3HK ==-==s==s=  =se=sesss= N[AKCHMATEHHH KOCDIIIEHT [1IAPIIA =nmssmemes =msmesmses CEPEIHIH MOPTDEIE =mmmmsmnsn
Pr3nk = 21.35% Pu3HK =21.35% PH3uk = 21.83%
Linnicts = 47.63% Lianicts = 47.63% Uinnicts = 38.43%
UacTka, % UacTka, % YacTka, %
Ipoexr_1 40.830000 IIpoexr_1 40.830000 IIpoekt_1 10.0
TIpoekr_2 5.371499 TIpoexT_2 5.371499 TIpoekT_2 10.0
Ipoekr_3 11.023177 IIpoekr_3 11.023177 IIpoekT_3 10.0
Ipoekt_4 11.267973 IIpoekr_4 11.267973 IIpoekT_4 10.0
TIpoext_5 0.461574 TIpoexT_5 0.461574 TIpoekT_5 10.0
TIpoekT 6 2.668348 TIpoexT 6 2.668348 TIpoekT_6 10.0
TIpoexr 7 11.302273 Tpoexr 7 11.302273 Tpoexr 7  10.0
Tpoekr_§8 11.477732 Tpoext_8 11.477732 TIpoekT_8 10.0
IIpoekr_9 3.939145 IIpoekT 9 3.939145 IIpoekT_9 10.0
IIpoekt_10 1.658279 IIpoekr_10 1.658279 IIpoexT_10 10.0

MiHiMaTbHHH DHIHK ~ CthopmyBaT HopTdheTs

PesynsTaTi OpHYE2HHA OMTUMENLHOrD NOPTEN riGpMaH I npoeiTie AT

UeproBicTe BKIIOYEHHS MBpUAHUX NPoOeKTiB y noprchens ATT
40

Yacrka, %
5 g

3

. .. .-- —

Mpoexr_1 Mpoexr_8 Mpoexr_7 Mpoexr_4 Mpoekr_3 Mpoekt_2 Mpoexr_9 Mpoext_6poext_10Mpoekt_5

Pucynok 1 - BikHo iHTenekTyanbHo1 iHGopMaIliitHo1 cucteMu (opMyBaHHS
noptdeniB riOpUIHUX MTPOEKTIB aBTOTPAHCTIOPTHUX MMiITPUEMCTB

EdextuBauM BBaxkaetrhcs Takuii mopTdens ['TIAIL, skuii 3a0e3mneuye yMOBY
OTPUMAHHSI MaKCHMAaNbHOI MPOrHO30BaHOi WiHHICTE moprdens P(L,,)—>max 3a

OJIHAKOBHUX CEpEeJIHIX BIIXUJIEHb LIHHOCTI IHIIKX chopmoBaHuX noptdenis. Buigomy
noptdens ['TIAIT BBaxkaroTh €(heKTUBHUM, SIKIIO CIOCTEPITa€ThCS BUCOKE KITbKICHE
3HAYCHHS IIHHOCTI 32 33JaHO01 BUTOM Ta JIOMyCTUMOTO 3HAYCHHS PU3UKY.

3anponoHOBaHa IHTENEKTyajdbHa 1HGoOpMaliitHa cuctema (popmyBaHHS
noptdeniB I'TIAIT mpusnaueHa ajsi BUKOPUCTAHHS MPOSKTHUMH MEHEIDKEpPaMH ITijT
yac iHiImiamii Ta IUIaHyBaHHS BIAMOBIIHUX MOpTderniB. Bukopucrtanus 3azHadeHOl
CUCTEMU JaCTh MOKJIUBICTh IMIBUIIUTH SKICTh IPUHHATTS YIPABIIHCHKUX PIIICHb Ta
edextuBHicTh BuKOHaHHs [ TIATI.
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BUKOPUCTAHHS IHOOPMAIIHHUX TEXHOJIOI'TA AJIs1 OIIHEHHS
TEXHOJIOI'TYHOI'O PU3UKY ITPOEKTIB 3bUPAHHS BPOXKAIO
II.M. JIyo, k.m.u., B.I1. Kocapuun, K.¢h.-m.H.

JIvgiecoKuil HAUIOHAIbHUIL AZPAPHUIL YHIGEpCUmem
B.C. Cniuak, k.m.H.

Bonooumup-Boauncekuil azpomexHiuHUIl KOJ1€0X ¢
O.M. bpuk, B.B. baaza, P.M. byyak
Cmpuiicokuit koneoxc IHAY

Abstract. The peculiarities of technological risk formation in crop harvesting
projects emphasis are placed. The role of information technologies and methods of
statistical simulation in the study of the impact of the project environment on the
timeliness of works in projects is determined. The results of computer experiments
are presented.

Keywords: project environment, IT, simulation, technological risk, project
management, efficiency.

[TpoekTn 30upaHHs BPOIKAI0 CLIIBCBKOTOCTIOIAPCHKUX KYJIbTYP
XapaKTePU3YIOThCS €I WMOBIPHICHUX CKJIAIOBUX MPOEKTHOTO cepenoBuina. Jlo nmux
CKJIQJIOBUX BIHOCSATHCS arpoMETEOPOJIOTIYHI YMOBH, TEPMIHHM JOCTUTAHHS BPOXKAIO,
BIUTUB TEXHOJIOTIYHOI Y3TO/DKEHOCTI TPAHCIOPTHO-CKIAACHKOI 1HOPACTPYKTYypH
Tomo. IX cykymHa B3aeMoIis IPU3BOAUTS 0 BUHUKHEHHS TEXHOJIOTIYHOTO PU3HKY Ta
BTpaT y MPOEKTaX. YTPaBIIHHSI MPOEKTaMH 13 TaKUMU OCOOJMBOCTSIMH TOTpeOye
3aCTOCYBaHHS 1H(POpPMAIIMHUX TEXHOJIOTIH Ta, 30KpeMa, METOIB IMITaIliifHOTO
MOJIEJIIOBaHHS JJii BCTAHOBJIEHHS MMOBIPHICHUX 3aKOHOMIpHOCTEW (OpMyBaHHS ix
€(EeKTUBHOCTI, a BIATaK PO3POOJICHHS MPAKTUYHUX PEKOMEHJAIM 1010 YIPaBIIHHS
IUMU TIPOEKTAMH.

3araapHOBIIOMO, IO TEXHOJOTIYHI Tpolecd 30UpaHHS BPOXKAIO KYJIBTYpH
0e3nocepelHbO BIUIMBAIOTh Ha KIHIIEBY e€(EKTUBHICTH BUPOOHHUIITBA. HesikicHe
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YOPABIIHHS TAKUMU MPOEKTAMU MOXKE MPUBECTU JO HECBOEYACHOTO BHUKOHAHHS
po0it, abo X 3ami3HeHHs. B peanbHUX BUPOOHMUYMX yMOBAX II€ MPU3BOJNTH JI0 BTPAT
BpPOXKAIO KYJbTYypH. 30KpeMa, JUIsl 03UMOTO pIllaKy HECBOE€YacHE 30MpPaHHS BPOKAIO
MOKE MPUBECTH O PO3TPICKYBAaHHS CTPYUYKIB Ta CAMOOCHIIAHHS HACIHHS B JIOBOJI
3Ha4YHUX oOcsrax — 70 60%.

Bukonanus po6it (00mpuckyBaHHS CTEOJIOCTOI0 Ta KOMOAWHOBOTO 30MpaHHs
HACIHHS) y IPOEKTax 30MpaHHs BPOXKAIO piNaKy BiIOyBa€eThCs B OOMEXKEHUX "4acOBUX
pamkax" 3yMOBJIEHHMX O10JOTIYHMMM TpPOLECAMU JIOCTHUTAHHS BPOXKAI0 POCIMHHU Ta
NOTOJIHUMHM YMOBaMH. TakuM 4YWHOM, BUPIIICHHS 3aBJaHHA IIOJO0 CBOEYACHOTO
30MpaHHsS BpOXalw 13 MIHIMAJIBHUMH TEXHOJOTIYHHMU BTpaTaMH IOTpeOye
y3rOJKEHHSI TapaMeTpiB TEXHIYHOTO OCHAIEHHSA BIAMOBIIHUX TEXHOJIOTTUHUX
CUCTEM 13 TepMiHAMH BHKOHAHHs, oOOcsiraMu poOIT Ta  HEKEPOBAHUMH
arpoMeTeOpOJIOTIYHUMH YMOBAaMHU BIJMOBIIHOTO KaJeHAApHOTo mepioay. g 110ro
noTpioHO BukopucToByBaTH IT Ta po3poOsTH creniaii3oBaHl IMITAIiiiHI MOAEI,
KOTpl JaBaTUMyTh 3MOry BpaxyBaTH OCOOJMBOCTI BHKOHAaHHA POOIT y HpPOEKTax
30MpaHHs BPOXKAIO.

Jl1s BpaxyBaHHS IIMX OCOOJMBOCTEH MPOEKTIB 30MpaHHS BPOXKaAIO PO3POOICHO
CTaTUCTUYHY IMITAIlIiHY MOJEINb, 110 BiIOOpaka€ BIUIMB MPOEKTHOTO CEPEIOBUINA
Ha CBOEYACHICTh POOIT y BIAMOBIIHUX MPOEKTaX. [eosoris apXiTeKTypu MOAENI
noJisiraja B ToMmy, 00 00’€KTHBHO BiOOPAa3UTH CE30HHI YMOBHU (DYHKLIOHYBaHHS
TEXHIYHOTO OCHAIEHHS JBOX TEXHOJOTIYHUX MIJICUCTEM — OONPUCKYBaHHS
CTEOJIOCTOIO CKJICIOBaYaMH Ta KOMOaHOBOTrO 30upanHs HaciHHs. Lle BimoOpakeHHs
TaKOX MOBUHHE BPAXOBYBATH CYKYITHUI BIUIMB MIPEAMETHO-010JIOTTYHUX IPOIIECIB Ta
arpoMEeTeopOJIOTIYHMX YMOB Ha YacoBl OOMEXEHHS 1m0A0 (YHKIIOHYBaHHS
TEXHIYHOTO OCHAIIICHHS, @ TAKOK Ha BUKOHAHHS POOIT (TEXHOJOTIYHUX OMeparliil) 3a
pi3HOrO yacy (r:,) iX Mmoyarxy.

Bukopucranas  po3po0ieHOi  CTaTUCTUYHOI  IMITAIlidHOI  MOJEml  JJId
B1JIOOpa)KEHHS BIUIMBY IPOEKTHOTO CEPEJOBHINA Ha Mepedir podIiT y MpoeKTax
(TEXHOJOTTYHUX MPOIIECiB 30MPaHHs BPOXKAI0 O3UMOTO PIiNaKy) /1ajo 3MOTY BUKOHATU
KOMIT' FOT€pPHI €KCTIIEPUMEHTH. IMiTalliifHe MOJIeTIOBaHHS BHUKOHYBAJIW JJIS 3aJIaHOTO
TEXHIYHOTO OCHAIIeHHS (BUCOKOKIIpEHCHUN ob0mpuckyBad Mekocan Tecnoma
Laser 4240-30 Tta xombaiin CLAAS Mega 360), mo ¢yHKIiOHyE B
arpoMeTeopoIOrYHUX yMoBax SBopiBChKOro paiioHy JIbBIBChbKOI 00J1aCTI.

B pe3ynbTari KOMIT FOTEpHUX €KCIIEPUMEHTIB BCTAHOBJICHO, 1110 BEJIMKI 00CSTH
CE30HHOTO 3aBaHTaxeHHs (Sy) KOMOaiHIB MPU3BOIATH 0 3aIli3HEHHS 13 30UpaHHAM
BpOXKal0 O3UMOro pimaky. Y MbOMY pa3i 3pOCTaE TEXHOJOTIYHHUN PU3HK Ta
BUHUKAIOTh He310paHux 1ol (S,) KyJbTypH (Tadt.).

BuxopucranHs iHQOpMaAIIMHUX TEXHOJIOTIM Ta pO3pPOOJEHUX METOMIB M
MojieNiel ISl BpaXxyBaHHS BIUIMBY MPEIMETHO-010J0TIYHOI, arpoMeTeoposIOrivHOi,
TEXHIYHOI, TEXHOJOTIYHOI Ta YNPABIIHCHKOI CKJIQJIOBUX Yy TMPOEKTaX 30UpaHHS
BPOXAI0 CLIBCHKOTOCIIONAPCHKUX KYJIbTYpP Ha MOKAa3HUKH €(PEKTUBHOCTI A€ 3MOTY
OI[IHIOBATH PU3HK ITUX MPOEKTIB, a BIATAK PO3POOJISTH PEKOMEH Iallli 111010 PO3BUTKY
NPOTUPU3UKOBUX M.
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Tabnui. PiBHSAHHS Ta KOpEJsLiMHI BIJIHOLIEHHS 3aKOHOMIPHOCTEH 3MiHU
OLIIHOK MAaTEMaTHYHOTO CIOAIBaHHs 00CSTIB HE310paHUX IIJIO] O3UMOT0 PIMaKy

Yac Kopensiit
MOYaTKy PiBHAHHS 3aJIE)KHOCTI HE BIIHO-
pooir IICHHS
Top $207 =_95-10°-S% + 1,21-10°-5° — 4,2-103-5,2 + 0.5657-Sr — 26.178 0,992
72075 | 5207 = 871095 + 1,2:10°-5° — 4,2:103-5,% + 0.5657-S; — 26.178 0,991
7208 | 5208 = 81095 + 1,2105:53 —4,2:103:52 + 0.5657-S; — 26.178 0,992
7208 | 9085 =_8.109.54 + 1,2:10°%-5° — 4,2:10%-5;? + 0.5657-S; — 26.178 0,992
7209 | 5209 = 1951054 + 2,14-10°-5° - 6,6-10%-5;? + 0.8173-S; — 35.428 | 0,993
0% | g0 = 21.10%.5* + 2,16-10°-5,° - 5,7-10°-5,2 + 0.5939-S; — 21.896 0,992
10 | g0 = 2310854 +1,9710%:5° - 3,810%-5 + 0.2604-S; — 4.5541 0,991

THOOPMAIIMHO-AHAJITHYHUM CYIIPOBIJI TPOIIECIB
YIIPABJIIHHSA ITPOEKTAMM 13 3BACTOCYBAHHSAM METOAIB
IMITAIOIHHOI'O MOJEJIIOBAHHS
II.M. JIyo, k.m.n., C.A. bepezoeeuvkuii, k.m.n., P.I. Ilaowka, K.m.H.
JIveiecoKuil HAUIOHATLHUIL AZPAPHUIL YHIGEPCUmMem
P.B. Qyouk, k.m.H.

Hauionanvnuii ynieepcumem "JIveiecoxa Ilonimexnixa'’

Abstract. The peculiarities of the project environment influence on the
implementation of winter rape harvesting projects are given. The emphasis is placed
on the information and analytical systems development for projects management
support. The computer experiments were presented to assess the impact of the project
start time on harvested and loss of crop yields.

Keywords: information-analytical systems, project environment, risk,
simulation, project management, efficiency.

3aBiaHHs 13 YIPABIIHHA NPOEKTaMHU PO3BUTKY arpoNpOMHCIOBOTO KOMILIEKCY
(AIIK) VYkpainu € mepCcneKTUBHUMH 3 PI3HUX MPUYUH — TapaHTyBaHHS Xap4yOBOi
Oe3nexku  Jep)KaBM,  HAMOBHEHHS  OIO/UKETy,  3aJ0BOJICHHS  MOMHUTY  Ha
CLTBCHKOTOCTIONIAPCHKY MPOAYKIIIO 30BHIMIHIX PUHKIB TOIO. BogHOYac, ynpaBiiHHS
[IUMU TIPOEKTaMU XapaKTePU3YEThCSI PU3HKOM Yepe3 BILTUB MPOSKTHOTO CEPEeIOBHINA
y Ounemiocti ramy3edt AIIK. Ile BmimMBae Ha HEBHM3HAYEHICTh MiJ Yac peaiizarlii
MpPOEKTIB Ta (GOpMye BHMOTM JI0 CTBOPEHHS M 3acCTOCyBaHHs 1H(MOpMaIiiiHO-
aHATITUYHUX CUCTEM CYNPOBOAY YIPABIIHCHKUX PIILICHb.

3aranbHOBIIOMO, IO CBOEYACHICTH POOIT y MPOEKTax 30MpaHHS BPOKAIO
CUIbCHKOTOCIIOAAPCHKUX KYJIbTYP IO3HAYAETHCS HA 00cATraX OTPUMAHOI MPOIYKIii Ta
BIUTMBa€ Ha iX eQeKTUBHICTH 3arayioM. Jlyis 3a0e3medeHHs I1i€l CBOE€YACHOCTI
NOTPIOHO JOTPUMYBATHUCS PIZHOCTPOKOBUX IUIaHIB MIOJAO BHUKOHAHHS pOOIT 1,
30KpeMa, ONepyBaTH 3HAYHOIO KIJIBKICTIO pecypciB Ta iHpopmarii. OnHak, depes
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HEraTUBHUN MPOSIB  arpoOMETEOPOJIOTIYHOI CKJIAJA0BOi MPOEKTHOTO CepeAOBHINA
poOOTH MOXYTh BIATEPMIHOBYBATHCS IO MPU3BOJUTUME IO TEXHOJOTIYHUX BTpAT.
Jns BpaxyBaHHS 1ux ocoOiuBocted mpoekTiB AIIK HeoOximHo po3pobistu Ta
3aCTOCOBYBaTH 1HGOPMAIIHO-aHATITUYHI CUCTEMH JJIS OIIIHCHHS PU3HKY, 110 1aCTh
3Mory cdopmyBaTH peKoMeHmamii 13 MiJABHINCHHS €()EeKTUBHOCTI YIMpaBIiHHSA
3raJlaHMMH MTPOEKTAMHU.

OTxe, CTBOpEHHS 1H()OpMAIlIITHO-aHATITHYHUX CUCTEM AJI CYMPOBOIY PIllIEHB
13 yOpaBiIiHHA IPOEKTaMHM 30UpaHHs BpPOXKaK KyJIbTYyp HEOOX1JHO 31HCHIOBATH B
KOHTEKCT1 BIIOOpa)KeHHsI Ta IMPOTHO3YBAaHHS YacOBUX OOMEXKEHb Ha BUKOHAHHS
poOIT y 1ux npoekTax. [[poro MoxkHa JOCSITHYTH 3aBISKH PO3POOII CTATUCTUYHUX
IMITAIIHHUX MOJICJICH SIKI CKEpOBaH1 Ha BIATBOPEHHS MPEIMETHO-010JIOTTUHHUX SBHII
Ta nporeciB (puc. 1): 1) HaKOMUYEHHS POCIMHOI0 e(DEKTUBHUX TEMIIEpaTyp MOBITPS;
2) TEMIIIB MIJCUXaHHS CTPYUYKIB Ta JOCTUTAHHS HACIHHS O3MMOTO PIMaKy; 3) BIUIUBY
arpoMeTeopOoIOrTYHUX YMOB Ha (PI3UYHMM cTaH arpo@oHy NoJIiB (MpeaMeTa mpaili) Ta
MO>KJIUBOCTI pOOOTH TEXHIYHOTO OCHAILIEHHS TOLIO.
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Pucynok 1 - BinoOpaxeHHsl BIUIUBY IPUPOIHOI CKJIaJ0BOI TPOEKTHOTO Cepe0BUIIIA
Ha (oHA yacy ajs poOIT y MPOEKTax 30MpaHHs BPOXKAaK0 03UMOI0 pilaKy: a)
KaJICHJapHa 3MiHA CTaHy BpO’Karo; 0) MpUpPOAHO J103BOJICHUH (OH/I Yacy Ha

BUKOHAHHS pOOIT; t°, t°°, t* | t* — BiAMOBIIHO, TPUBAIICTh MOTOXKUX T HEMTOTOXKUX

mn?! "Ho ! tom?
tOC
ng !

MPOMIXKKIB; t;’ — BIATIOBIIHO, TPUBAJIICTH IPUPOJHO JO3BOJIEHOTO (POHY Hyacy

Ha BUKOHAHHS POOIT

CTBOpEHHS TaKOi CTATUCTUYHOI IMITAI[IfHOT MOJIENIl 1aJl0 HaM 3MOTY BUKOHATH
KOMIT' FOT€PHI €KCIIEPUMEHTH II10JI0 OI[IHEHHSI CBOEYACHOCTI POOIT y MPOEKTax s
PI3HHMX TEPMIHIB iX BUKOHAHHS.

3acTOoCyBaHHS METOMIB MaTeMaTHYHOI CTA-THCTHKH JIJI  OIpaIlfoBaH-Hs
pe3yiabTaTiB MOJCIIO-BAaHHS a0 3MOTYy BCTa-HOBUTH OIIIHKM MaTeMa-THYHOTO
CIOJIBaHHS HACTYIHHX IOKAa3HUKIB: 1) BajgoBOro oOCAry 3i0pa-HOTO BpOXKaI0; 2)
BaJIOBOT'O 0OCATY BTPA4€HOTO BPOXkaro; 3) MUTOMI 0OCSATH 310paHOT0 BPOKAIO.

30Kkpema, OTpuMaHi pe3yJbTaTu (pHc. 2) Me-peKOHYITh Y TOMY, 110 MOYaTOK
poOIT y MPOEKT-Tax 30MpaHHS BPOXKAK O3MMOTO pimaky 3 Mo-MeHTy mnosiBu 70%
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CyXHX CTPYYKIB (€o7) Ha TOJI MiJBUIILYE BIPOTIAHICTH OLIBIIUX OOCATIB 310paHOro
BpOXKal0 Ta MEHHIMX #oro BTpar. lle roBoputh mpo Te, MO pPoOOTH Yy MpPOEKTax
BUKOHYBaTUMYTbHCSl Y3TO/KEHO 13 JOCTUTAHHSIM Bpokaro. Tofl, MpocCTii JOCTUTIIOTO
BpO’Kaio Ha Mol Oye MiHIMATbHUM.
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PucyHok 2 - 3aieXHICTh OI[IHOK MAaTEMAaTUYHOTO CIO/IIBAaHHS 0OCSTIB 310paHOTO
Ta BTPAYEHOr'0 BPOXKAaro BiJI IJIOLII O3UMOTI0 PilaKy 3a Pi3HUX IUIAHOBHX TEPMIHIB

I0YaTKy poOIT y npoekTax: 1 — 710 2 — 70%; 3 — 7005 4 — 72, 5 — 708 6 — 7,27

7 — rfo7

op

Takum ymHOM, 1H(DOpPMAIIHHO-AaHATITUYHUN CYMHPOBIJT MPOIECIB YIIPABIIHHS
MPOEKTaMH, a TAaKOX Y3TO/DKCHHS poOIT ("4acy Ta 3MICTy MPOEKTIB), pecypciB Ta
YIOPaBIIHCHKUX PIIICHD 13 3aKOHOMIPHOCTSIMU BIUIMBY MPOEKTHOTO CEPEIOBUINA JIA€
3MOTYy 3HAaXOJUTH Take iX "CIIBBITHOMICHHS" 3a SKUX MPOSB TEXHOJOTIYHOTO PUHUKY
Oy/ie HEe3HAYHUM Ta JOCATATUMEThCS MAKCUMYM €(EeKTHBHOCTI MPOEKTIB.

MOJIEJIOBAHHS APXITEKTYPU CUCTEMMU IIVIAHYBAHHS
ATPAPHUX NIANTPUEMCTB
A.M. Keneznak, k.e.n., B.B. IImawnuk, x.m.H.
JIv6iecoKuil HAYIOHATLHUILL AZPAPHUTL YHIGEPCUmMem

Agriculture, with used of planning information systems, sets the grounds for
the sustainable agriculture and making effective management decisions in the future.
Is offered description of architecture of the system of planning system for agricultural
enterprises. The analysis of types of architecture is conducted and the process of
forming requirements for software in agriculture.
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EdexTtuBHe ynpaBiiHHS arpapHUM MIANPUEMCTBOM, ONTHMI3allis 1CHYIOUHX
Oi3Hec-TIpolleciB Ta pPO3poOKa MOJEeNei, CHpSIMOBAaHMX HA MJABUIICHHS SKOCTI
IUTAHYBaHHSI Ta MPUUHATTS YIPaBIIHCHKUX pIIIeHb, JOCUTh 4acTo 0Oa3yeTbcs Ha
BUKOPUCTaHHI ~ Cy4acHMX  1H(QOpMAIIfHMX  TEXHOJOTiH Ta  MHPOTPaMHOrO
3a0e3MeyeHHs], BUXOIIYH 3 OKPECICHOI MPeIMETHOI 00JIacTi.

ABTOMAaTH30BaHE YIPABIIHHS arpapHOI0 KOMIMaHi€ 0a3yeTbcs Ha BpaxyBaHHI
IIJIOTO KOMILJIEKCY PI3HOMAHITHUX TMPOIECIB, MOB’S3aHUX 1 B3aEMOJIIOUHUX MK
c00010, 1110 BpaxOBYIOTh 0araro3agavHiCTh 1 raiay3eBy

cnenugiky. Onuc Ta BUPIMICHHS 3a7a4 ONepalifHoro piBHs aBTOMaTHU30BAHOIO
CHUCTEMOIO arpapHoro miAnpueMcTBa (00JIK BUPOOHUYUX MPOIIECIB POCIMHHUIITBA,
TBapUHHUIITBA, OPEHIN 3eMJI1, JTOTIOMDKHHX BUPOOHHUIITB TOIIO) € TUIATHOPMOFO JIS

MTOCTAHOBKH Ta BUPIMIECHHS 3aBJaHb, TTOB’I3aHUX 3 TUIAHYBAHHIM y CLITBCHKOMY
rocnojapcti. Croau MOXKHaA BIJJHECTH IUIaHYBaHHSI CIBO3MIHM, BHECEHHS 3acO0iB
3aXMCTY POCIMH Ha OCHOBI MPOTrHO3HUX MOKA3HUKIB TEMIIEPATYPHUX PEKUMIB,

OIO/DKETYBAaHHS Ta CKJIAJaHHs rpadikiB HAIXOJKEHHS TIPOLIOBUX KOIITIB.
BupimmTu 1i Ta iHImN 3a7a4di MOKHA JIMIIE HAa OCHOBI €(EKTHUBHO 3MOJEIHOBAHOT
apXITEKTypH 1H(OPMAIITHOI CUCTEMH arpapHOro MmiNpUeEMCTBA.

TpaauuiiftHO apXiTeKTypa MPOrpaMHOro 3a0e3NeYeHHs] MOBUHHA OyTH CTiWKa
70 MOXJIMBHX 3MIH Ta BJIOCKOHAJEHb 3 BpaxyBaHHSIM BUMOT Ta OCOOJMBOCTEU
BUKOPUCTAaHHSA, (DYHKIIIOHAJIBHOCTI, OCOOJMBOCTI peamizaiii B 3a3HAYCHIN
MpeAMETHIN  00J1acTi, NPOAYKTUBHOCTI, THYYKOCTI, MOJIHMBOCTI TOBTOPHOTO
3actocyBaHHsa Kony [1]. Arpapumii Oi3HEC Ha MPAKTHIIl BCE YACTIIIE 3aCTOCOBYE
IHHOBAIlIHI ~ TEXHOJIOT14YHI  pimieHHsa, (opmyroun cnenudiyHi  BUMOT  J0
aBTOMATHU3aIlll OKPEMHUX HAMPSAMKIB JISUILHOCTI arpapHUX KommaHii. BrpoBamkeHHs
IHHOBalIMHUX  MIAXOJIB Y  BUPOOHMYMX  MpOIEcax  PO3LIMPIOE  MEPEeNiK
(yHKILIOHATBHUX Ta HEPYHKIIOHATBHUX BUMOT JIO MPOAYKTUBHOCTI Ta €)EKTUBHOCTI
MPOTPAMHOT0 3a0€3MEYECHHS.

EdexTrBHE BUKOpHUCTaHHS 3€MJl Ta I1HIIUX PECYPCIB € MEepIIOYEeProBOIO
Oi3HeC-LIJUTI0  arpapHoro mianpueMcTBa. ToMmy 3acTtocyBaHHS 1H(QOpPMaLIiHOT
CUCTEMH OO0JIIKYy TOCMOAAPCHKUX Olepaliil B arpapHii cepi B pexkuMl «peaibHOTO
qacy» copusiTuMe  €(EeKTUBHOCTI  MOHITOPUHTY  BHUKOPHCTaHHS  yCIX
CUIbCHKOTOCTIOAAPCHKUX PECYpCiB, OIIHKM BIUIMBY 3MIH KJIIMary Ta TIOTO/H,
TEeMIIepaTypH 1 BOJIOTOCTI, CTAaHy POCIWH Ta BUKOHAHUX POOIT TOIIO.

OckiJIbKY 3a3Ha4€Ha 0COOIUBICTH 1HPOPMAIIIITHOT CHCTEMH MOXKE TIepe10adaTu
OTpAaIIOBAaHHS JaHUX, SKI 30UpaTUMyThCS Ta HAIXOJUTUMYTh BIJT CEHCOPHUX
JATYUKIB HA TOJAX [2], 1l BUMOTH MarOTh OyTH Y3TOJKEHI Ta BpPaxoOBaHI B SIKOCTI
KOMIIOHEHT (mijgcucreM) cucTeMd. Ha cporogHi jJaHi BH3HauUeHI OaraTtbma
HayKOBI[IMA KJIFOYOBUM €JIEMEHTOM Yy CUIbCHKOMY TOCMOAApCTBl [3], IO B CBOIO
Yepry BIUIMBA€ Ha MPOCKTYBaHHS Ta 30UIbIICHHS (PYHKIIIOHAJIBHOCTI IMIJICUCTEM,
BUXOJISUM 3 JIKEPEJI, YIPABIIHHA, aHAJ13y Ta BUKOPUCTAHHS IIUX JIAaHUX.

[IporHo3yBaHHsA TMOSBM HOBUX CHCTEMHHMX BIIACTUBOCTEH, MOB’S3aHUX 3
nepenayero JaHuX Ta PO3BUTKY TEXHIYHOI MEpEeXl, € OJHUM 3 3aBlIaHb PO3POOKHU
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MOJIeNIi  apXiTeKTypu NPOTPaMHOro 3a0e3MEe4eHHs Ta 3HWKEHHS BUHHKHEHHS
NOTEHUIWHUX mpoOneM. MojenoBaHHs apXiTeKTypH CHUCTEMH IIJIaHyBaHHS
arpapHOro IiANMPUEMCTBA Ha OCHOBI MOXIIMBHX CIIeHapiiB a00 Moaudikalii iCHy04Ooi
iHpOopMalliiHOT cucTeMu, epeAdayaTiMe BUKOHAHHS HACTYITHUX KPOKIB:

1. OrmiHka TIOTOYHOTO CTaHy Ta BHU3HA4YEHHS HAOOpy CIleHapiiB 13
BpaxyBaHHSAM TpaHc]opmarlii 6i3HEC-TPOIIECIB arpapHOTO MiANPUEMCTBA Y KOPOTKO
Ta CePETHHOCTPOKOBIN MIEPCTICKTUBI.

2. BusHaueHHs ~ apXiTeKTypH  MPOTPAMHOTO  3a0e3MeueHHs,  SIKe
BUKOPHCTOBYETHCS arpapHUM ITiIMTPUEMCTBOM Ha TAaHUH MOMEHT.
3. OuiHka BIAMOBIIHOCTI apXiTEKTYpH TMPOrpaMHOro 3abe3MeueHHs Y

BIJIMOBIAHOCTI 10 MOXKJIMBHX CIICHAPIiB, 3[aTHOCTI BHOCUTH 3MiHH, 1100 clieHapiit

MIT BUKOHYBATHUCA.

4, Busnauennss HeoOXigHMX 3MIH B  apXiTEKTypi  MPOrpamMHOro
3a0e3ne4eHHs TUIaHyBaHHS arpapHOro MiMPUEMCTBA (BHECEHHS HOBHUX

KOMIIOHEHTIB, TMEperyis ICHYIOUMX B3a€EMO3B’SI3KIB TOIIO) Ta JIKBIJIALISL
MPOOJIEMHUX MOMEHTIB 1 «BY3bKHX) MICIIb.

S. OuiHKa 3MO/I€NIbOBAHOI APXITEKTYpU MPOTrPaMHOTO 3a0€3MeUEHHS

IJIaHYBaHHS arpapHOTO MiAMPUEMCTBA.

Po3poOka epexkTuBHOI Ta AKICHOI apXITEKTypH MPOrpaMHOro 3a0e3NedeHHs 3
BpaxyBaHHSAM YCIX MOXJIMBHX CIIEHApiiB, Yy TOMY YHCJIi OIpAIfOBaHHSI JaHUX B
peXKUMI  «peaNbHOr0 4Yacy», JacThb 3MOry MpuiAMaTd eQeKTUBHI YIPaBIIHCHKI
pIIIEHHS B CIIILCHKOMY TOCIIOAAPCTBI.
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MOJAEJII TA METOAU PO3PAXYHKY CHJIOBOT'O I'TIPABJIIYHOI'O
MNPUBOAY MOBIJIBHUX MALIIUH
M. Muxaniok K.m.H., JIb6i6cbKuili HAYIOHATLHUIL AZPAPHULL YHIGEpCUmMem

BukmageHo anamiz mnpobieM  MiABUIICHHS  €(EKTUBHOCTI  CHUIIOBOTO
TiIPaBIIYHOTO TPUBOAY JOPOKHBO-OYAIBENbHUX, CUIBCHKOTOCIIOAAPCHKUX — Ta
M1AOMHO-TPAHCIIOPTHUX MAIIMH, SKI MPAIOIOTh Y BAXKKUX YMOBH iX €KCILTyaTallii.
[IpoBenennii aHaji3 BIUIMBY Ta30BOi KaBiTallli 3 TOBEpPXHI pPoO0YOi piavHM.
3anponoHOBaHO MEPCHEKTUBHI MOJENl Ta METOAM BJOCKOHAJEHHS ICHYIOYHX 1
CTBOPEHHSI HOBHMX 3pa3KiB CHUJIOBOTO TiJIpaBJIIYHOTO IMPHUBOAY CHUCTEM, YCTAHOBOK,
MaIluH 1 00JIaHaHHS.

Kaw4oBi caoBa: Mojeni, MeToaM, CHIOBHH TiAPaBIIYHMN  TPHUBI,
MaHIMyJISAIIAHI 1 MEXaTPOHHI CHCTEMH, TPAHCIOPT, JOPOKHBbO-OYyHiBENbHI,
CUIBCHKOTOCTIOAAPCHKI 1 MIAHOMHO-TPAHCIIOPTHI MAILIMH, CHCTEMU aBTOMATHU30BaHOTO
npoektyBaHHs (CAIIP).

AKTyanbHicTb nmpobjaemu: OnHa 3 TOJOBHUX MPOOJIEM PO3BUTKY CYyYaCHHX
MOOUIBHMX, TPAHCHOPTHUX MAalIMH 1 YCTaTKyBaHHA JJs MAIIUHOOYJIBHOI
IIPOMHMCIIOBOCTI Ta CUIBCHKOTO TOCHOJAPCTBA IMOJSATA€ Y BIPOBAIKEHHI HOBITHIX
METOMIB 1X TMPOEKTYBaHHS, BHUKOPHCTAHHS TEPCIICKTUBHUX TEXHOJOTIH Y
BUPOOHMIITBI, B €HEPro- 1 pecypco3depexeHH1, ePeKTUBHOCTI 1 HAIHHOCTI poOOTH B
BOXKKMX YMOBax ix ekcruryatarii [3]. B mepiry yepry 1ie BiIHOCUTBCS 10 CHUIIOBOTO
T1APaBIIYHOTO TIPUBOY, KU IUPOKO 3aCTOCOBYETHCS HAa Cy4acHUX MOOUTBHUX 1
TPAHCIIOPTHUX MAaIlIMHAX Ta OOJaJHAaHHI, & TAKOX B IX MAaHIMYJSAIIAHUX CHCTEMax
[1]. BropoBamkeHHS HOBITHIX METOJIB MPOEKTYBAHHS CHJIOBOTO TiJIpaBIIYHOIO
MPUBOIY, @ TAKOX TMEPCIEKTUBHUX TEXHOJOTIH BUPOOHHUIITBA B CYyYaCHHUX yMOBax
O3HAYa€ IUPOKE BUKOPUCTAHHS CHCTEM HOTO aBTOMATH30BAHOTO IPOCKTYyBaHHS
(CAIIP) [2]. Lle, 30kpemMa, BIAHOCUTHCA 1 /10 €JIEMEHTIB 1 arperariB CHUJIOBOTO
TiAPaBIIYHOTO  MPUBOAY, SKUM  3aCTOCOBYETHCS B MAHINYJSIIAHUX 1
pOOOTOTEXHIYHUX CHCTEMaX MPaKTUYHO MOBCIOAHO [4].

Cran po3poOku Ta BTijeHHsi: J[0 TpPOEKTyBaHHS €JIEMEHTIB 1 arperaris
CUJIOBOTIO T1APABIIYHOTO IPUBOAY MIPE'SIBISIIOTHCA HACTYITHI BUMOTH:

- PIBHSHHSI MOBHHHI BOJIOJITH YHI()IKOBAaHOIO CTPYKTYpOIO, IO 3a0e3mneuye ix
e(eKTUBHE BUKOPUCTAHHS JIJI1 PO3PaXyHKIB PI3HUX €JIEMEHTIB MTHEBMO-T1IPaBIiYHIX
CUCTEM Ha BCIX peKrUMax ix poOoTH;

- MareMaTW4Hi Mojemi, 1o Oylu omucaHi IMMU PIBHSHHSMH, TTOBUHHI
BUKJTFOYATH HEOOXITHICTh JOJATKOBUX EKCHEPUMEHTAIBHHUX POOIT ISl yTOYHEHHS
XapaKTEPUCTHK JOCIIHPKYBaHHUX MPOIIECIB;

- METOJY YHCEJIPHOTO pIIICHHS PIBHSAHb MOBHHHI BIAMOBIAaTH iX crenudilri,
BOJIO/IITH JOCTaTHHOI TOYHICTIO, IIBUAKOAIEIO 1 MPOCTOTOMO [5].

Po3poOka edexTuBHUX GI3UYHUX Ta MaTeMaTHYHUX MOJEIEeH 1 METO/IIB
YUCEJILHOTO PO3PAXyHKY CKJIQJHUX JUHAMIYHUX MPOIIECIB, 110 B1IOYBAIOTHCS i Yac
pPOOOTH T1IpaBIIYHUX MAIIUH Ta arperatiB pOOOTOTEXHIYHUX YCTAHOBOK € CYy4acCHOIO
aKkTyaiabHOIO mpobsemoro npu crBopeHHi CAIIP cuiioBoro rigpaBiiyHOro NpuBOLY.
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JunamiuHi TporiecH, sSKi BiIOYyBarOTbCS B TIAPaBIIYHUX CHUCTEMaX pI3HUX
pPOOOTOTEXHIYHUX YCTAaHOBOK, & TaKOX T1IPONPHUBOJIB MAIINH, XapaKTepU3YIOThCA
OCOOJIMBOCTSIMU PYXy Ta30pIAMHHUX CEPEAOBUIN 3 KOHTAKTHUMHU pO3PUBAMH B
KaHajax TiAPaBIiYHUX MaricTpajei, eJeMEHTIB 1 arperariB 3a3HadeHux cuctem. Lle
BUMara€ MEeBHUX MiJIXOIB /10 TEOPETHUYHUX Ta EKCINEPUMEHTAIbHHUX TOCIIIHKEHb
3a3HaueHuX mpoieciB. [1i1 KOHTAKTHUMHU PO3PUBAMU TYT PO3YMIIOThH TaKi MOBEPXHI B
piavHM, Yepe3 sKi BIACYTHIM MOTIK MacH PEYOBHHHU 1 Ha SKUX Ma€ MICLE PO3pPHUB
OCHOBHHUX IapaMETPIB PIAKOTO CEPEIOBMINA: IIUIBHOCTI, TEMIIEpAaTypH, B'S3KOCTI,
KOHIICHTpAIIil IKOT0-He0y1b PEYOBUHH, PO3UMHEHOTO B PiuHI 1 T.II. [4] .
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Pucynok 1- O6’emMHuU# T11ponprUBO/I 3 130Jb0BAHOIO BiJl 30BHIIIHBOIO CEPEAOBUILA
POOOYOIO PITUHOIO 1 Ta30M
1-perynpoBaHMiA TiAPOHACOC; 2 — TIAPOIWITIHAP; 3 — 3aXrUcHA MaHXkeTa; 4, 5, 6 —
riApokanany; 7 — MigKadyodui Hacoc; 8 — peaykTop; 9 — 6ak 3 ra3oMm.

Jlo nmochimKyBaHUX SIBUI MOYKHA BIOHECTH, HANPHUKIAL, PyXy PIAKHAX
CEPENIOBUII] 3 PyXOMOIO TPAHUIICIO MOy IBOX CEPENOBUII, 30KpEMa - PIJIUHU 1 Tazy
(mapa), piguHH 1 TBepAoro Tija. Taki sBHUILA MalOTh MICHE IPU PyCl Tra30piAMHHUX
CEpEeJIOBUIL B T1IPaBIIYHUX KaHAIAX 3 PyXOMUMH HNOPIIHSIMH 1 IHIIUMH PyXOMHUMHU
€JIEMEHTaMHU, IIiJl 4ac CHOPOKHEHHS a00 3amoOBHEHHI POOOYOI0 PIAMHOIO KaHaJIB
TIApaBIIYHUX MaricTpajei, a TaKoX MPU PYyCl PIIKUX CEPEOBUI B T1APABIIYHUX
KaHaJIax €JIEMEHTIB 1 arperaTiB (HacOCiB) TiApaBIIYHUX CUCTEM. BOHU BHUHUKAIOTH
P CHAPSITHOMY PEXUMI PYXY.

BucHoBok: Ha nymxy aBropa BapTo 3MOJIEIIOBATH CXEMY CHIIOBOTO
rigponpuBoay (3 APOCEIbHUM pEryJIlOBaHHSIM) y SIKOTO 3aMiCThb JpoOcCens 3
MepeTUBHUM (3aM001’KHUM) KJIAalaHOM BCTAaHOBJIIOBATH JI0JIATKOBY HEPETYJILOBAHY
00’eMHy 000poTHY TigpomamuHy (OI'M) (TigpoMoTOp — TiAPOHACOC), CUJIOBUM Baj
AKO1 3'€IHY€ETHCS 3 BAJIOM SIKOI0-HEOY/Ib CIIOXKMBaYa MEXaHIYHOI €Heprii, HapUKIIaa
3 BaJIOM TreHepaTopa elleKTpu4Hoi eHeprii. [Ipm 1mbOoMy MOXHa NepeTBOPIOBATU
3HaYHy YacCTHUHY KOPHCHOI €Heprii MOTOKy po00Y0i piIAMHM TiAPONPUBOAY, IO
0€3MOBOPOTHO BTpaydaeThCs (MPU 3BUYANHOMY JPOCENIBHOMY pEryJIOBaHHI),
JOJATKOBY KOPHUCHY €JEKTPUYHY €Heprifo, s[Ky MOXKHAa aKyMyJIoBaTH 1
BUKOPUCTOBYBaTH B OOpTOBI Mepexi MalllMHW, HANpUKIan JUIsl IiABUIIECHHS
MNOTYKHOCTI LBOTO K MpuBoay abo s #oro crabumizamii. [iaponBurys,
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BCTAHOBJICHUH Ha MICIE PEryJbOBAHOTO TiAPaBIidYHOrO Apocens, Oy/e BUKOHYBAaTH
Horo ¢yHKINI, SKIO PEryjiloBaTH HAaBAaHTAXCHHA HAa MOro BUXIAHOMY Baily, IIO
3’€IHAHUM 3 BaJIOM TeHepaTtopa. OyHKINT perynsaropa TUCKY Ha BXO1 Y TAPOJIBUTYH,
BCTQHOBJICHOTO Ha MiClle JpoOcessi, BUKOHYBaTHME PETYJATOp CIIOXHBAHOI
EIEKTPUYHOI eHeprii. 30UTbITyI0ur a00 3MEHIITYI0YH TaKUM CIIOCOOOM THUCK MOJKHA
pETyJIOBaTH CTYMiHb BIIKPUBAHHS MEPEIMBHOTO KJalaHa, TUM CaMUM PETYIIOIYH
BUTpATy PIIMHU Y HaTHITAJIbHIN MaricTpari.
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Section 5.
Information technologies of economic and ecological assessment of projects and
systems in energy and agro-industrial complex.

OILIIHKA EHEPTETUYHOI TA EKOHOMIYHOI EOEKTUBHOCTI
I'EJIOCYIIAPKHA
B. boapuyk, k. m. n., P. Kpuzyns, k. m. n., C. Kopooka, k. m. n., M. baouu, k. m. H.
JIv6iecoKuil HAYIOHATLHUIL AZPAPHUIL YHIGEPCUmMem

We analyzed the results of experimental studies of the fruit and berry raw
materials drying process with the aim of developing energy efficient technology for
producing dry products. There are proposed using of renewable energy sources
instead of traditional sources for the processing technology of fruit and berry raw
materials.

[emiocymapka — 1€ PI3HOBUJA  CLIBCBKOTOCIOAAPCHKOrOo  0OJIaHAHHS,
MpU3HAYEHUN MJI1 CYIIHHSA CLIbCHKOTOCIOAAPCHKOI MPOAYKINi, IO JJI03BOJISE
3HU3UTU BUKOPHUCTAHHS TPAAULIMHUX JKEpenax €Heprii B TEXHOJOTi CyHIHHS
(HampuKJIa, TIEPETBOPEHHSI EJIEKTPUYHOI €Heprii B TEIUIOBY), 3a PaXyHOK
B1JIHOBITIOBAJIBHUX JKEPEJ €HEPrii 30KpeMa, COHSIYHOL EHeprii.

Hamu po3pobiieHa renmiocymapka 3 KOHCTPYKTUBHUMH IMapaMeTpamMu: Iuionia
IOBITPSAHOTO KOIEKTOpa — 1,5 M2 Maca TemIoBoro akymynsropa — 50 Kr.; 00’em
cymmibHOi Kamepu — 0,43 M3, KyT Haxuily MOBITPSHOTO KOJIEKTOpA IO TOPU30HTY
50°; muToMy mOTY>KHIicTh BeHTHiATopa — 0,125 BT.

['emiocymiapka 3a OIMH IMKJ CYIIIHHS BUKOPUCTOBYBaJIa €HEPril0 COHSYHOTO
BUIIPOMiHIOBaHHs B Mexax Big 200 no 700 Br/m?, meperBopuBLIM ii B TEILIOBY
enepriro 131242 xJIx/M?, Ky normuHyB TemnoHocii 8974,3 kJ[x/M?, a 4acTHHY
TEIIOBUH aKyMYJISITOP 3 TBEPAUM TEIUIOAKYMYIIIOI0UYUM Matepianom 3287,2 kJx/m.

AHamni3 CTPYKTypd PO3NOJAUTY COHSYHOIO €HEeprii IMoKas3aB, 10 Ouibllia
MOJIOBUHA €HEprii Hae Ha MIAIrpiB TEIJIOHOCIS, TPETS YacTUHA aKyMYJIOEThCS B
termioBoMy akymyJisitopi (TA) (puc. 1).
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Pucynoxk 1 — CtpykTypa po3Moisly COHSIUHOI eHeprii B rejiocymapiii: 1 - HarpiB
TEIJIOHOCIA; 2 - HarpiB TEIJIOBOTO aKyMYyJIsiTopa; 3 - HarpiB GPyKTiB; 4 - BTPATH B
HABKOJIMILIHE CepefoBUIIA; 5 - HarpiB pewieT; 6 - Eneprernunuit KKJI remiocymapku
B AeHHwmii yac 6e3 TA; 7 - Eneprernunuiit KK/ remiocymapku B nennuit yac 3 TA; 8 -
Eneprernunuit KK/I remiocymapku B Hiuamii yac 3 TA; 9 - Enepreruunnii KK/I
refaiocymapku B HiuHu# dac 6e3 TA.
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Kpurepiem o0oOIrpyHTYBaHHS KOHCTPYKTHUBHO-TEXHOJOTIYHUX MapaMeTpiB

TEeXHIYHUX 3aC001B BUOPAHO MIHIMYM IPSIMUX €KCIUTyaTallliHUX BUTpaAT, TpH. [1]:
11, =B,+B,,+B,, +B,, —min (1)

ne B4 - BUTpaTH Ha pEHOBAIlIO TeNOCyIIapKu; Bro - BUTpaTH Ha TEXHIYHE

0OCIIyrOByBaHHsSI 1 PEMOHT TeJioCylIapku; Bjz; - BUTpaTH Ha 3apoO0ITHY ILIaTy

00CITyTOBYIOUOTO TIEpCOHANY; Bry - BUTpaTH 3a BHKOPUCTAHY EJICKTPOCHEPTil0 Ha

IIPUBI1JI BEHTUJIATOPA 1 pOOOTY KOHTPOJIHHO-BUMIPIOBAIBHUX MPUJIAJIIB.

Ha mijcraBi po3paxyHKiB MOOY10BaH1 3aJieKHOCTI MPSAMUX €KCIUTyaTalliiiHuX
BUTpAT Ha MpPOLEC CYIIHHA 1 HEOOXI1JHOI IUIOINII MOBITPSHOTO KOJEKTOpa BiJl Macu
CYLIWJIBHOTO MaTepiaiy (puc. 2).

3HIDKEHHS MPSIMHUX EKCIUTyaTallliHUX BUTPAT B TeNiocyIIapili BinOyBaeTbcs,
IIPH 3aMI0OBHEHI PEIIET CYIIMIIBHUM MaTepiajioM Macoro 5,5 Kr 1 ckinaaae 146 rpH.

3 30iIbIIICHHSAM 3allOBHEHHS pEIIET BHTPATH 3HUXKYIOTHCSA, a IUIOIIA
MOBITPSIHOTO KOJIEKTOPa MPOTMOPIIIIHHO 3pOCTaE.
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Maca cyUIHIEHOT0 MaTepiany, KT

1 - [IpsiMi eKcIUTyaTawiiini 3aTpath, Tp/KT; 2 - Ilioa NOBITPSAHOTO KOIEKTOpa, M?

PucyHnok 2 — 3asie’kHICTh NPSAMUX €KCILTyaTalliiHUX BUTPAT HA IPOLIEC CYIIIHHS
(GpyYKTIB 1 HEOOXI1THOT MIIONI MOBITPSIHOTO KOJIEKTOPA B1J] MaCH CYIIUIBHOTO
Matepiany

OTxe, NpU BUKOPHUCTAHHI IeJl0CYIIApKU €KOHOMIS TEIUIOBOI €HEprii cKianae
13124,2 x/Ix/M%, a npsMi eKCIUTyaTaliiiHi BUTPaTH CKJIANalOTh 146 rpH., mpu
3aIMOBHEH1 PelIeT CYIIMIBHIM MaTepiajioM Macoro 5,5 KT 3a JITHBO - OCIHHIN TIepioJy
CymriHHsA (PYKTIB, IO JO3BOJISE 3HU3UTH BHKOPHCTAHHS TPAAUIIMHHX HKEpeliax
eHeprii B TEXHOJOTii CylrHHs (HampuKiIaa, MEePETBOPECHHS EJICKTPUYHOI €HEprii B
TEIJIOBY), 32 PAaXyHOK BIJHOBIIOBIBHUX JDKEPEN EHEprii 30Kpema, COHSYHOI
€HEeprii.

Bioaiorpagiynmnii cnucok
1. Kopob6ka C.B. Ouinka €eKOHOMIYHOI €()EKTUBHOCTI TeiiocylIapKu 3 TEMJIOBUM
aKyMyJIITOpOM 1 BHKOpUCTaHHSIM coHsuHOi eHeprii / C.B. KopoOka // BicHuK.
XHANLY: Ilpo6nemu Ta MEpCHEKTHBH PO3BUTKY MIANPHUEMHUIITBA. — XapKiB:
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AHAJII3 EKOHOMIYHOI EOEKTUBHOCTI MOJIEPHI3AIII
TPAHC®OPMATOPHUX MIJCTAHIIIA B YMOBAX YKPATHU
O. A. Caguenko, K.m.H., 00yeHm Kageopu enepzonocmMauants ma eHepeemuyHo20
MeHneoxucmenmy /leprcagnozo 6iomexnonoziuno2o ynieepcumenty
0. 0. Mipowinuk, 0.m.H., 3a6i0yeau Kagheopu enepzonocmaiuants ma
eHepzemuuno20 meneodycmenmy /lepicagnozo 6iomexnono2iuno2o yHigepcumenty
0. M. Mopo3, 0.m.n., npoghecop kagheopu enepeonocmauanis ma eHepeemuiHo20
Meneodxcmenmy Jlepicasnozo 0iomexHon02i4H020 YHisepcumenty
C. A. Ilonaouenko, cm. gukiaoau Kagheopu enepzonocmavyanna ma
eHepzemuuHo20 meneodxcmenmy /leprcasnozo 6iomexHo102iuH020 yHigepcumemy

Abstract. The analysis of the feasibility of modernization of transformer
substations in the conditions of Ukraine is carried out. It is shown that the need for
such modernization is associated primarily with a high level of technological energy
losses in the power transformers of the electrical networks of Ukraine. For typical
situations, an analysis of the economic efficiency of replacing power transformers is
carried out. It is proposed to develop a method for determining the economic effect
and the feasibility of replacing them for old transformers of various types and
capacities with a service life of more than 25 years. To increase the economic
efficiency of replacing transformers, it is proposed to reuse the aluminum and copper
wire of the windings of old transformers.

Keywords: electrical network, transformer substation, power transformer,
energy losses, economic efficiency.

IMocranoBka mnpodJemu. JloLUIBHICTE MOJAEpHI3alli TpaHCHOPMATOPHUX
MIJCTAHIIA B YMOBaX YKpaiHM MOB'si3aHa Nepll 3a BCE 3 BUCOKUM pPIBHEM
TEXHOJIOTIYHUX BTpaT €HEeprii B CHUJIOBUX TpaHcPopMaropax. 3amiHa CHUIIOBUX
TpaHc(hOPMATOPIB 3aCTAPIIUX THUIIIB B EJIECKTPUYHUX Mepekax YKpaiHW Ha HOBI, 3i
3MEHILIEHUMH TEXHOJIOTTYHUMH BTpaTaMH €JIEKTPOEHEPTii, € aKTyaJIbHUM 3aBIaHHSIM.
3pocTaHHS 1IiH Ha €JIEKTPOCHEPTIO 111e OUTbIIe BUCBITIUB 1110 Mpodaemy. O4eBUIHO,
[0 Taka 3aMiHa T[OBMHHA BHUKOHYBAaTHUCS HAa OCHOBI PETENBHOIO TEXHIKO-
€KOHOMIYHOTO aHali3y 3 YpaxyBaHHSIM KamiTali30BaHUX BTpaT EJICKTPOCHEPTii B
TpaHchopMaTopi 3a BeCh TEPMIH HOTO CITyKOH.

AHani3 ocTaHHiX JocjimxkeHb Ta myOjikaniii. Brpatu nHepobodoro xomy
(HX) 1 xopotkoro 3amukanas (K3) TpancdopmaTopiB BHOCATH 3HAUHMIA BKJIaJ B
CyMapHi TEXHOJIOTIYHI BTpaTH €HEPrii B €JEKTPUUYHUX Mepexax YKpaiHu. 3 orjsimay
Ha 3pOCTaHHs BTpaT HEpoOOYOro XoAy TpaHc(opmaTopiB, MOB'SI3aHUN 31 CTAPIHHAM
CTalli ocepis, MOXHa CTBEP/KYyBaTH, IO JAaHWW BHJ BTPAT MPUHOCHUTH IIKOIY B
KUJIbKa pa3iB OUIbIINN, HIXK HaBaHTa)XyBaJIbHI BTPATH, CKJIa/al04d OCHOBHY YaCTHUHY
KamiTali30BaHUX BTpaT B TpaHchopmaropax. CydacHi TpaHchopmaTopyu MaroTh B
1,25-1,75 pa3u meHmn BTpaTH HEpoOOYOro XOiy, HXK y TpancopmaropiB 1973-76
POKIB BUITyCKY, 3HaYHE YMCIIO SKUX 3HAXOAUTHCS B eKCILTyaramii [1, 2].

Meta pociaimkenb. Po3poOka pexkoMeHmarii CTOCOBHO 3aMiHH CHIJIOBUX
TpaHcpopmaTopiB TpaHCHOPMATOPHHUX MIICTAHIIIN B yMOBaxX Y KpaiHu.
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OcHoBHI MaTepiajnm aociai:KeHHsl. B enekTpuyHuUX Mepexax YKpaiHU B
JaHWM Yac 3HAXOAATHCA JECATKU THCSY TpaHC(HOPMATOpiB, TEPMIH CIYXKOH SKHX
nepeBumiuB 25 pokiB. Tak, nHanpukmaa, B AK «XapkiBoOneHepro» Takux
TpanchopmatopiB 85% Bix 3aranpHOi iX KUTbKOCTi. He MeHIma KUIBKICTh TaKUX
TpaHc(hOpPMaTOPiB 3HAXOAWTHCS HAa BUPOOHHUIITBI, B CLIHLCHKOMY TOCTOJApPCTBI, B
CaJIBHUYMX KOOTIepaTHBax i T.1.

Po3paxyHOK €KOHOMIYHOI e(eKTHBHOCTI Ipu 3amiHi TpaHchopmaTopa TM-
1000/10 kB 1964 poky BUTOTOBJICHHS Cy4YaCHUM MACJISTHUM TpaHCHOPMATOPOM THITY
TMI'-1000/10kB 3 nominieHuMH XapakKTepUCTUKaMU MOKa3ye, 10 pidyHa €KOHOMIs B
IPOIIOBOMY BHpa)XXeHHI ckiajae Omu3bko 180,5 TUC. TpH., TEPMiIH OKYITHOCTI
1HBeCTHIlIH 0€3 ypaxyBaHHS OTpPUMaHMX KOINTIB BIJ yTWIi3alli CTaporo
tpanchopmaropa ckiaae Tox = 0,94 poky, a ix peHrabenbHicTh R = 106 %, 110
CYTTEBO IMEPEBUILYE MPUMHATY B €IEKTPOCHEPTeTULl BIAMOBIIHO 10 [3] HOpMY
npulyTky £ = 10 %.

TakuM 4YMHOM, peHTAOENbHICTh I1HBECTHINIH B 3aMiHy TpaHchopmaTopa
MEPEBUILYE HOPMY MPUOYTKY, IO FOBOPUTH MPO €KOHOMIUHY JOLIIBHICTH JAHOTO
3axomy.

BucnoBku. MojepHi3zauist TpaHCOPMAaTOPHUX MIACTAHIIN B yMOBaxX YKpaiHu
MOBUHHA TependayaTu Mepiil 3a BCEe 3aMiHy CHUJIOBUX TpaHC(HOpMATOPIB 3acTapiinx
tumiB. [IponoHyeTbcst po3poOUTH METOJI BU3HAYEHHS EKOHOMIYHOIO e(eKTy Ta
JIOIJIBHOCTI 3aMiHU TPaHC(HOPMATOPIB PIZHUX THUIIIB Ta MOTY>KHOCTEH 3 TEPMIHOM
cykOu mmoHanx 25 pokiB. I MiABHINEHHS €KOHOMIYHOI €(eKTHBHOCTI 3aMiHH
TpaHc(hOpMaTOpiB MPOMOHYETHCS TMOBTOPHO BUKOPHUCTOBYBATH AQIIIOMIHIEBUM Ta
MIJTHUHM TIPOBi OOMOTOK CTapux TpaHc(hopmMaTopiB.
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PO3BUTOK BIOEHEPTETUKU AK CKJIA/IOBA 3ABE3IIEYEHHSA
CTAJIOCTI EHEPTETUYHOI BE3IIEKH
I'. Cupomiok, k.e.n., K. lnkoscovka, K.e.H.
JIveiécbKuil HayioHaNbHULL aZpapHull yHieepcumem

Abstract. The article considers the development of bioenergy as a strategic
reference point for the country's energy independence and guaranteeing energy
security. The place of bioenergy in the “green" energy transition of Ukraine has been
determined. The peculiarities of the use of bioenergy for energy security in Ukraine
and the threat to energy security are pointed out. Prospects for the development of
bioenergy in Ukraine are revealed.

Keywords: bioenergy, energy security, sustainable development, energy
independence.

CraOlnbHe, HajJiliHEe, €KOHOMIYHO €(EeKTUBHE Ta €KOJOTIYHO NpPUIHSITHE
3a0€3MEUYECHHS] E€HEPreTUYHUMHU pecypcaMu €KOHOMIKM YKpaiHW € TapaHTIero ii
eHepreTMyHoi Oe3MeKu Ta cTajmoro po3BUTKY. EHepretmyna Oesmeka — 11€
CIIPOMOXKHICTh TEXHIYHO HaJ1iHUM, €KOHOMIYHO e(PEKTUBHUM Ta
€KOJIOTIYHO TMPUHHATHUM CIIOCOOOM  3a/JI0BOJIBHSATH TMOTPEOM CyCHiJIbCTBAa B
eHepropecypcax, 3abesneuyBartu crajie (yHKI[IOHYBaHHS HAI[IOHAILHOT €KOHOMIKH B
HOPMAJIbHUX 1 KPU30BUX YMOBAaX, 3aXHINATU CYBEPEHITET AepKaBu y (HopMyBaHHI Ta
3IIACHEHHI TIOJITUKH 3aXUCTy HalllOHAIbHUX 1HTEpeciB[1, C. 41].

Y Crparerii HamioHanbHOi Oe3nekn YKpaiHM BKa3aHO Ha 3arpos3u
EHepreTuyHii  Oesmeni  YKpaiHH: CHOTBOPEHHS PUHKOBUX MEXaHI3MIB B
E€HEePreTUYHOMY CEKTOP1; HEJIOCTaTHIM piBeHb auBepcudikaliii pKepen MocTavyaHHs
€HEProHOCIIB Ta TEXHOJIOTIH; KpUMIHAII3aIlisl Ta KOPYMIIOBAaHICTh €HEPreTUYHOI
chepu; HECITPOMOIKHA MOJIITUKA EHEProePEeKTUBHOCTI Ta eHepro3ade3nedyeHHs [3].

Eneprernuna Oe3neka € CKIIaJHOI KaTeropi€ro, BiJl SKOi 3aJ€KUTh HAJEKHE
(YHKIIIOHYBaHHS 1 PpO3BUTOK KpaiHu. BoHa Bkiouae Taki CKIagoBi: 1)
eHepro3ade3neyeHHs (€KOHOMIYHA CKJIaJ0Ba); 2) ekoyoriyHa MNPUHHATHICTD
(exosoriuHa ckiaaoBa); 3) coliajibHa CTaOUIBHICTh; 4) €HEepPreTUYHa HE3aJIeKHICTh
(OJIITUKO-€KOHOMIYHA CKJIa/I0Ba).

VY 3a0e3neueHH] eHeproHe3aIeKHOCT] Ta TApaHTyBaHHI €HEPreTUYHOI Oe3NeKn
0co0JIMBa POJIb BIABOAUTHCS O10CHEPIETHIN, SKa HUHI 3aliMa€e MicIle Jrjiepa CBITOBOT
B1JIHOBJTIOBaHOI €HEPTETUKH, BIAITPAIOUX 3HAYHY POJIb Y 3aMIIICHH] BUKOITHHX IaJIUB
Ta CKOPOUYCHHI BHKHUJIB MAPHUKOBUX Ta3iB. 3a octaHHi 20 POKiB y CBITI MOCTa4YaHHS
MEePBUHHO1 eHeprii 3 6iomMacu Ta OiomanuB 30UTHIIMIOCS y TPH pa3ul 1 CTAHOBUTH
oms3pko 10% 3arampHOrO MoctauanHs nepBuHHOI eHeprii (3IIIIE), mo cranoBuTH
70% 3IIIIE 3 BJIE.

BignoBigHo no eHepretudHoi ctpaterii 1o 2035 p. mependadyeHo IMOETaIHe
3pOCTaHHS TIIOCTaHHS TIEPBMHHOI eHeprii B VYKpaiHi y po3pi3l Taly3eu
BITHOBJIIOBAJIbHOT E€HEpreTUKU. Tak, 3riiH0 3 TMPOTHO30M, CyMapHa 4YacTka
BIJIHOBJIFOBAHOI €HEPIeTUKH Y 3arajJbHOMY IMOCTa4YaHHI MEPBUHHOI eHeprii B YKpaiHi
y 2035 p. cranoButuMme 25% [2].
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VY cBiTi 10 2050 p. GioeHepreTuill BiJBOAUTHCS: Yy KIHIIEBOMY CIIOKMBaHHI
eHeprii — 25-40%; y 3arampHOoMy BupoOHMUTBI eHeprii 3 BJAE — 30-40%; y
KIHIIEBOMY CITO’KMBaHHI BiJHOBIIOBaHOI enekTpoeHeprii — 10-12%; y kiHumeBoMy
CTHIOKMBaHH1 BIJTHOBIIIOBAHOI TemioBoi eHeprii — 30-65%; y KiHIIEBOMY CIIOKHMBaHHI
BIJTHOBJIIOBaHOI eHeprii Ha TpancnopTi — 30-40%.

Y kpainax €C mnpuiiHaro 3eleHy Yrogy, ska Ma€ Ha METI JIOCSTHEHHS
kiiMatuaHoi HelTpanbHocTi €C 10 2050 p. B Ykpaini noku 1mo TUTBKH po3Mmodanocs
o0roBopeHHs 3eJeHOro Kypcy, Ha SKOMY BOHa MIATBEpAUAa CBOE MpParHEHHs
PO3BUBATH «3€JIEHY» EKOHOMIKY.

[IporHo3yroun  Miciie  OIOGHEPTeTHKHM B OUYIKYBAaHOMY  «3EJICHOMY)
€HEPreTUYHOMY Mepexo/il YKpaiHu, MOXKHA BUAUIMTH JIEKUIbKa BaXKJIMBUX YNHHUKIB,
Kl OOYMOBIIIOIOTH  HEOOXITHICTh po3poOKH  JIOpOKHBOI  KapTH  PO3BUTKY
OloeHepreTUKU YKpaiHu: cTpaTerisi YKpaiHu cTaBUTh MeTy gocartu y 2035 p. 11 mun
T.H.€. 3 Olomacu, OiomanuBa Ta BiaxoxaiB y 3IIIIE; 3rigHo ITapu3bpkoi KiIIMaTHYHOT
yroau YKpaiHa B3sjia 3000B’s13aHHS 1110JI0 CKOPOUYEHHS BUKHUIIB MAPHUKOBUX Ta3iB Ha
65% no 2030 p. mopiBHsHO 3 1990 p.; HAIlOHAJTBLHOIO E€KOHOMIYHOIO CTpPATETIEI0
BU3HAYEHO 3000B’s3aHHS YKpaiHM IIOAO JOCSATHEHHS KIIIMATHYHOI HEUTPaJbHOCTI
no 2060 p. YV nexapOoHi3alii €KOHOMIKM KpaiHM Ol0€HepreTuka BiJirpaBaTUMe
HaJ[3BUYaliHO BAXKJIMBY PoJib (Tad. 1).

Tabnuug 1. IIporao3 po3BUTKY 010€HEPTETUKHU

Bcranosinena | Croxu- ami 3mimennsa | CkopoueH IuBecTwIl,
. aMiIIeHHS
. MTOTYXHICTh BaHHSA HPHPOHOTO OCH3UHY Ta i MJIPJI €BPO
Pik Olomanus rasy IHU3€ENILHOI0 | BHUKHIIB
MBtr MBTen MJIH T DI 1’\43 najabHOrO, CO%, MITH MiH. | Makc.
H.€. MJIH T T/piK
2020 | 8206 202 3,77 4,34 0,17 8,90 1,52 2,52
2025 | 12276 | 844 5,83 6,35 0,25 14,31 3,73 6,06
2030 | 19087 | 1846 8,57 9,11 0,39 21,35 7,07 | 11,44
2035 | 30237 | 2804 12,01 12,62 0,50 30,37 10,78 | 17,43
2040 | 39338 | 3609 15,13 15,77 0,67 38,66 14,15 | 22,85
2045 | 45351 | 4299 17,64 17,98 0,96 45,79 16,94 | 27,38
2050 | 49655 | 5230 20,28 19,92 1,23 54,40 19,70 | 31,81

xepeno: 3a nannmu BAY

OTxe, B yMOBax Ha3piBaHHS EHEPreTUYHOI KpPHW3W THUTAHHS PO3BUTKY
O10€HEepPTreTHKH, € TOCUTh BYACHUM, IHHOBAIlIMHUM Ta CTPATET1YHUM OPIEHTUPOM JJIS
JIOCSITHEHHSI €HEepPreTHuYHOo1 Oe3mneku YKpaiHu.

Bioaiorpagiynmnii cnucok
1. Enepretmuyna Oe3neka VYKpaiHU: METOHOJIOTISI CHUCTEMHOrO aHaiizy Ta
cTpaTeriyHoro IuiaHyBaHHs : aHajiiT. jpor. / Cyxomonst O.M., XapazimBiii
FO.M., Bo6po I.I'., CmenkoBcbkuii A.YO., Ps6ues I'.JI., 3aBroponust C.I1. / 3a
3ar. pea. O.M. Cyxononi. Kuis : HICJI, 2020. 178 c.
2. Enepretnuna  cTpateris  Ykpaium Ha  mepion g0 2035  poky
«be3neka, eHeproe(peKTUBHICTb, KOHKYPEHTOCIPOMOXKHICTB
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Big 18 cepmus 2017 p. Ne 605-p. URL.: https://zakon.rada.gov.ua/laws/show/605-
2017-%D1%80#Text (nata 3BepHeHH:: 26.08.2021).

3. Crpareris HAI[lOHAJTBHOT Oe3nexu VYkpainu: URL:
https://www.president.gov.ua/documents/3922020-35037  (mara  3BEepHCHHS:
22.08.2021).

IMPOBJIEMU TA NEPCHEKTUBH YTUJIIBAIIL TBEPJIUX INOBYTOBHUX
BIJIXOJIB B YKPAIHI TA BIJIOPYCI
M.I'. I'unv, 000 «Tanvyszunvckan 31eKmMpoCmMpPoOuUmeIbHas KOMRAHU)
C.b. Kocmiokesuu, K.¢h.-m.n., benopycckuii zocyoapcmeennulii
YHusepcumem
H.E€. Ilanac, K.6.1. JIvgiecbKuil HayioHAbLHUIL AZPAPHUIL YHIGEPCUMEN
C.B. Cupomiok, k.m.H. JIbgiecoKuil HAUIOHANbLHUI AZPAPHUILL YHIGEPCUMEm

[IpoOnema yTuiizaiii TBEpAUX MOOYTOBUX BIAXOl € MPOOJIEMOIO, sIKa HE Mae
reorpapyHUX YU TEPUTOPIAIBHUX O0COOIMBOCTEHN, OCKIIILKH OOYTOBA Ta BUPOOHMYA
TISUTbHICTh HEMHHYYE MOB’s3aHa 3 iX yTBOPEHHsIM. [IpoOiieMH 3HEHIKOMKEHHS
yTumizauii TBepaux noodyrosux BinxoniB (TBII) cknaani 1 6araTomianoBi. OgHuM 3
HalOUIbII MOMYJSIPHUX HUISIXIB NMOBOJKeHHA 3 TIIB € BupaneHHs ix Ha 3Banuina
(momironu), WO 3aiiMaroTh Benuue3Hi Teputopii. Bumanenns TIIB Ha 3Banwuima
MalTh TJIMOOKI ICTOPUYHI KOpEHl, Take pIIIeHHS MpoOJeMU CIPUUMAETHCS SIK
BUMYIIICHE, THUMYacoBEe pIIICHHS TpoOJeMH, MO0 B MPHUHIMUII CyNEepeurTh
€KOJIOTTYHHMM 1 pecypcHUM BuMoOTaMm. OCKUIBKH 3BaJIMINA BCE Jalll BLIANISIOTHCS Bi
BEIIMKNX HACEJICHUX MYHKTIB, a 1iomia BuBe3eHHs1 TIIB He mMoxe 301bIlyBaTucs 10
0€3MEeXKHOCTI, TO MpobJieMa yTWii3alii BIAXOJIB Ha AIIOYUX TMOJITOHAX aKTyajbHa
s OUTBIIOCTI KpaiH, 30KpeMa MOCTPaJsHCHKOTO mpoctopy. Ha manmii yac sk B
VYkpaini Tak 1 y pecrmyOunini binopycii 3HauHa KIJIbKICTh BIIXOJIIB YTHIII3YIOThCS HA
nomiroHax. IlosiroHu, 110 BHKOPUCTOBYIOTHCS JUIsl yTWII3allll BIAXOAIB Ha
TEPUTOPIAX BEIIMKHUX, CEPEIHIX Ta MaJUX MICT K B YKpaiHi Tak 1 binopycii paHo uu
Mi3HO OyJyTh 3aKpHTi, a MiCIleBa BJiaJla CTUKHETHCS 3 MPOOJIEMOI HEOOXITHOCTI
CTBOPEHHS HOBHMX MOJIITOHIB Y1 MOJIEPHI3ALII€10 ICHYIOUYHX.

Ha nanuit wac na teputopii binopycii yrBoproerbcst 10 4 muH. ToH TIIB,
BIJICOTOK TIepepOoOKU CTaHOBUTH HE Oumbiie 15, Tomi sik y €Bponelickkomy Corosi
takuii mokasHuk csirae 50-80%. bauzbko 3,5 maH. Ton TIIB mopiuno cknamxyroThes
Ha TIOJIITOHAX, a CTAaTUCTUYHI JaHl CBiAYATh MPO Te, IO Ha TepuTopii PecmyOmiku
HarpoMaauiocs nmonan 100 MiH. TOH He yTWiIi30BaHuX BiaxoAiB. bimssko 40 % - me
I[IHHAa BTOPUHHA CHPOBUHA, a 6J113bK0 60 % MarOTh OpTaHivuHE MOXOHKCHHS.

[Mono VYkpainu, TO mokazHUKW Onu3bki 1m0 manux bimopycii. Ha tepuropii
HIOPIYHO YTBOPIOIOTHCS 10 11 MiH. TOHH cMitTd Juiie 2,7 % cnamtorotbes, 3,09 %
nepepooIIAoTh, a 94,4 % 3axopoHIOIOTH Ha ToniroHax. CMITTS BUBO3STh Ha S5 THUCSY
JIETaJIbHUX TIOJITOHIB, 1€ 27 THUCSY CMITTEBUX 3BAJIMI CTUXIMHO 3’SIBISIOTHCS Ha
TEpUTOPii yCiX 00JaCTeH.
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[[lomo TexHoMOTIM yTHII3AIlT BIAXO/IB, TO B €BPONEHCHKUX KpaiHaX OJTHUM 3
HaWOIBIT 3aTpeOyBaHUX € CIATIOBAHHIM, TaKUM IUIIXOM IMEPEpPOOISIOTh OIM3BKO
20-25% o6csary Michkux BimxomiB, B SAmoHii — Omm3eko 65% , B CIIIA — 61m3bK0
15%. ¥ CIIA cwmiTTecnamtoBaHHS PO3TIAAIOTh SK OJMH 3 OCHOBHHUX CIIOCOOIB
IIPOJIOBXKEHHS TSPMIHY CTy>kKOm 3Baym. TexHouorii mpsmoro cnamoBanHs T1IB He €
TaKUMHU OE€3MEeYHUMH, OCKUIBKM TOB’S3aHI 3 TOKCHYHUMHU BUKHIAMU B JOBKIJIJIA,
TOMY OLIBIICTh KpaiH MepexosaTh Ha BUKOPUCTaHHA KOMILIEKCHOT nepepoOku TTIB.
Came cmiTTenepepoOHI 3aBOJM BBAXKAIOTHCA MEPCHEKTUBHUMHU 3 OTJSy Ha
€KOJIOT14UHY 0e3MeKy Ta EKOHOMIYHY JIOIIIBHICTb.

[llomo bimopycii, To cMiTTenepepoOHI 3aBoAM IpaloTh B bpecri,
bapanoBuuax, MorunboBi, HoBomononsky, I'pomHo Ta € Omuzpko 100
CMITTECOPTYBaJbHUX KOMIUIEKciB. Ha Ttepuropii YkpaiHu € cMmiTTecnanaroBalbHI
3aBonu: y Kuesi, uinpi, Xapkosi,PiBHOMYy Ta okynoBaHomy CeBacTomodii, mpoTe
MpaItoe JIMIIE CTOIUYHMM 3aBoj «EHepris». HoBl cMiTTenepepoOHi 3aBOAM MOBUHHI
3’autucss y Kuesi, XmenbHunbkomy, JIbBoBi, Cymax. EneMeHTH cyyacHUX
TEXHOJIOT1H TJIaHYIOTHCS 3alpPOBAIUTH MPU peatizailii MPOeKTy CMITTENEPEPOOHOTO
3aBoay y M. JIbBIB, BpaxyBaTH HaillOUIbII NEPCIEKTUBHI Ta PEATICTHYHI JJIsl PETIOHY.

[Ipore mnortyxHocteil moao butopycii un YkpaiHM HEZOCTaTHBO, MIOOH
cripaBUTHCS 31 3HauHUMHU 00 emamu TIIB, a sikicTh mepepoOKU BIAXO/IIB JaJIeKa Bij
CBITOBUX CTAaHJAPTIB, OCKUIBKU BIJICOPTOBYEThCS HE Ounpmie 15 — 20% BTOpUHHUX
pecypciB, 10 MepepoOstoThes (MeTall, CKIo, Iactuk, RDF manuBo), a pemra -
noHaa 80% TIIB HagxoasTh Ha Ti K «IOJITOHHU BIJIXOJIIB», MPAKTUYHO HE 3HUKYIOTh
€KOJIOT1YHE HAaBAaHTAKCHHS B PET10HAX.

[Mogo cywacHux TtexHojorid yrtuiizamnii TBII, To BaxkimBO 3ampoBaauTu
MIPOMUCJIOBY TIepepoOKy BIIXOMIB, sika O BpaxoByBajla BUMOTH II0JIO €KOJIOT1YHOT
Oe3IeKn, pecypco30epekeHHsT Ta EKOHOMIYHOI JOIIIBHOCTI, Ta Oyia KapauHaJIbHUM
nuisixoM BupiiieHHs npobsemu TTIB. Jlo Takux TeXHOJOT1H, 110 € ePEKTUBHUMHU IS
nepepooku TIIB BigHOCSTS:

> TepMiuHy 00pOOKY (B OCHOBHOMY CIIaJIFOBaHHS),

> OloTepMiuHEe aepoOHE KOMIIOCTYBaHHS (3 OTPUMaHHAM O10MaInBa);

> aHaepoOHy depMeHTallito (3 OTpUMaHHAM Oioraszy);

> COpPTYBaHHS (3 BWJIYYEHHSM THUX YM IHIIUX I[IHHUX KOMIIOHEHTIB JJis

BTOPMHHOTO  BHUKOPUCTaHHS  BHUJAJICHHAM  IIKIJUIMBUX  KOMITOHEHTIB,

BUJIJICHHSM OKpeMux ¢pakxiiiif), M0 € HaWOLIbII NPUIATHUM TEXHIYHO,

€KOJIOTIYHO 1 EKOHOMIYHO JIJIsl IEPEPOOKH TUM YH 1HIIIUM METOIIOM.

3aJIe)KHO BiJ CKJIQAy CMITTS Ta WOTO XapaKTEPUCTUK TICPCIICKTUBHUM €
3aCTOCYBaHHS JEKUIBKOX TEXHOJIOTIH TMepepoOKH 3 BUKOPUCTAHHSM  OOJaHaHHS
Tsaub1BUHBCHKOT enekTpoOyaiBenbHOi KommnaHii Kutaiicbkoi enekTpoOyaiBenbHOT
rpynoBoi koprnopartii (TEPC) [2] 1 kuTaiicekoi nepkaBHoi koproparitii (TBEA) [3],
HaIpuKiaz, 0e3noayM'siHOT ra3udikailii 3 OTpUMaHHSIM CUHTE3-Ta3y.

3anponoHOBaHl TEXHOJOTIi MalTh CBOi MepeBaru Ta HEAOJIKUA, MpOTe
JO3BOJIATh 3JIMCHUTH TIOBHMM IIUKJ TEpepoOKH 1 yTWii3aiii BIAXOMIB, IO €
NEePCIEeKTUBHUM Ta HEOOXIAHUM [JIsi OLIBIIOCTI TEPUTOPIN, HACENEHMX ITYHKTIB
VYkpainu Ta binopycii.
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3ACTOCYBAHHS ITPOEKTHOI'O MEHE/IKMEHTY TA METO/IIB
IMITAIIIMHOI'O MOJIEJTIOBAHHS JJIS1 YIIPABJIHHS ITPOEKTAMHU
3BUPAHHSA BPOXAIO
II.M. JIyo, k.m.n., X.1. Mo3ynw, mazicmp, A.B. /Ipooywmap, macicmpanm
JvgiecoKuil HAUIOHAILHUILL AZPAPHUIL YHIGEpCUmem
P.A. Oneinioa, 6uxnaoau
Bonooumup-Boauncekuii azpomexHiuHUIl K0J1€0x4c¢

Abstract. The components of the value formation of crop harvesting projects
are revealed. The influence of probabilistic components of the project environment
on the risk formation of these projects is determined. The grounds for the simulation
methods usage to assess the technological risk in projects are given. The role of
computer experiments for the recommendations formation for negative impact
reducing of the project environment is identified.

Keywords: project management, environment, risk, information technology,
simulation, project value.

B cdepi arpapHoro BupoOHUIITBA ICHYE PsAJl PU3UKIB, SIKI 3yMOBJICH] BILUTUBOM
HECTIPUSTIMBUX TMOTOJHMX YMOB. IX TIpOSB MO3HAYae€Thcs HaA  3aralbHOMY
BUPOOHMIITBI — TeMIaX (POPMYBaHHS BPOXKAIO POCIHH, IPUPOCTOM CBIMCHKUX TBAPHUH
TomO. B pe3ynpTaTi HEraTUBHOTO MPOSBY IIMX PU3UKIB 3MEHIIYETHCS €(PEKTUBHICTH
peamizamii mpoekTiB arpomnpomucioBoro komiuiekcy (AIIK) Ta BuHHKaOTh HE
MOHOBMIOBaHI BTpatu mnpoxaykmii. Tomy ympasmiaas npoekramu AIIK Tta ix
peanmizauis noTpeOye BpaxyBaHHA MEPEAYMOB BHHHKHEHHS PHU3MKY PI3HOTO
MOXO/KEHHS, B TOMY YHCJIi — IPOSKTHOTO CEPEIOBUIIIA.

[IpoekTHE cepenoBuille BioOpakae 30BHIIIHI BIUIMBH, SIKI MMO3HAYAIOThCS Ha
mporecax ymOpaBiIiHHA MPOEKTaMU, a TakoX eQeKTUBHOCTI ix peamizamii. s
arpapHoi rairy3i XapakTepHUM € BIUIMB MPUPOIHOI CKIIAJI0BOI (arpOMeTe0pOIOT HHUX
yMOB, (OpMyBaHHSI BPOXKAal0 POCIHH, CE30HHHHA MPHUPICT Mach CBINCHKUX TBapHH
TOILIO) HEMEPEepPBHICTh Ta MIHJIMBICTh SKOi MPU3BOAUTH A0 PU3UKY €(PEKTHUBHOCTI
MPOEKTIB, a TaKOX BUHUKHEHHS BTpPAT y BHPOOHWIITBI MpomaykKiii. BimmosimHo 10
[bOTO, MPOEKTU 30MpaHHs BpPOXKAI HEOOXIAHO peani3oBYBaTH Yy BIAMOBIAHOCTI 13
MpoIleCaMH  YMPABIIHHA TPOEKTaMH Ta 13 BpaxyBaHHSM BIUIMBY TPOEKTHOTO

cepenoBHILa (TEMITIB JOCTUTAHHS BPOJKalo, /il arpOMETEOPOJIOTIYHUX YMOB), 3MICTY
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(oOcsriB po6iT) Ta KOH(iIrypaiii (TeXHIYHOTO 3a0e3ledeHHs, BUKOHABIIIB POOIT)
MIPOEKTIB.

Po3BUTOK METOAIB Ta MOJCIICH YIPaBIiHHS MPOSKTaMU 30MpaHHs BPOXKAK0, 110
JAl0Th 3MOTY BpaxoOBYBaTH OCOOJHMBOCTI BIUIMBY MPOEKTHOTO cepemoBuma (i3
WMOBIPHICHUMH CKJIQJIOBUMH) Ha TOKAa3HWKM IMIHHOCTI iX BUKOHAaHHS TOTpedye
3aCTOCYBaHHS BIANOBIOHOI ©0a3W JaHMX Ta 3HAHb, METOMIB CTATHCTHYHOIO
IMiTamifHOTO MOJeoBaHHs, 1HGopmamiitHux TtexHonoriii (IT) Ta y3araapHeHHS
pe3yJIbTaTiB KOMIT IOTEPHUX €KCIIepuMEHTIB (puc.). Toal BHUHHMKAaE MOXKIIMBICTh
OOTPYHTOBYBATH YIPABIIHCHKI PIIICHHS 1100 MiJBUIICHHS €(PEKTUBHOCTI MPOIIECIB
YOPABIIHHS MPOEKTAMH, PO3BUTKY KOHIICHI[IN Y3TrO/UKEHHS CKJIAJOBHX IPOCKTIB
PO3BUTKY arpapHOTro BUPOOHUIITBA Ta iX I[IHHOCTI 3arajioM.

OO0’ €KTUBHOIO MPUYMHOIO TAKOI CTOXACTUYHOCTI TAKOXK € BIUIMB HEMOTOXHUX
MPOMIXKKIB, III0 MPHU3BOJUTH JO 3POCTAHHS TPHUBAJIOCTI BIJIMOBIIHUX POOIT Y
MPOEKTaX Ta PHU3UKY IX CBOEYACHOCTI. BUHUKHEHHS HEMOTOXUX MPOMIXKKIB
3YMOBIIIO€ TIOTPe0y 3MIIIEHHS Yacy 3alyCKy HMPOEKTIB 30MpaHHs BpOXkKaro y OUIbII
paHHI TEpPMIHM Ha CyMapHy TPHUBAJIICTh HEMNOT0XXHX NPOMDKKIB. BiamoBigHO 10
L[bOT'0, peaJibHa TPUBAIICTh POOIT y MPOEKTax 30MpaHHs BPOKa0 MPAMOIPONOPLIHHO
3pocTaTUMe, 10 BigoOpaxkae 00’€KTHUBHY MOTpeOy pO3BUTKY METOJIB Ta MOJENEH 13
YIPaBIIHHS 3MICTOM Ta YaCOM Y IIUX MPOEKTaX.

I CnocTtepexeHHa | I IT Ta | I O6rpyHTyBaHHSA
: Ta GopMyBaHHSA 1 YNPaBAiHCbKNX
|

Nniledk

AANnARARIALLIA

36ubaHHA

Pucynok - CkiiagoBi (opMyBaHHS LIIHHOCTI MPOEKTIB 30MPAHHS BPOXKAIO

Ha mijcraBi 1aHUX PO CBOE€YACHICTH POOIT y MPOEKTAX MPOBOJUTHCS BapTiCHA
OIliHKA BUTpPAT ypOXKalo Yepe3 3aBYacHE Y HEOCBOEHE iX BUKOHAHHS. JIJIs OIliHEHHS
(IporHo3yBaHHs) [UX BUTPAT KOUITIB CJiJ] 3HATU 00CATH BTPAT BPOXKAIO KYJIbTYpPH, iX
PUHKOBY BapTiCTh, MaTepiaJIbHO-TEXHIUHI 3aTPaTH, & TAKOXK 3aTpaTH yacy Ha poOOTH
y mux npoekrtax. Cii 3a3HaYUTH, 10 BapTICHE OLIHEHHS BUTPAT BUKOHYETHCA 3a
BIZIOMUMH METOIUKAMHU.

Jlst Toro mo6 KUIBKICHO OIIHUTH CBOEYACHICTH POOIT y 3raJlaHuX MPOEKTax
BUKOHYETHCS  MOJICTIOBAHHS TMPOSIBY arpOMETEOPOJIOTIYHOI Ta  MPEIMETHO-
010JI0T1YHOT CKJIQIOBUX MPOEKTHOTO CEPEIOBHUINA, a TAKOXK iX BIUIMBY HA BUKOHAHHS
poliT y 1mmux mnpoekTax. Uepe3 HasgBHICTh 0araThOX CKJIAJOBUX 1MOBIPHICHOTO
XapakTepy iMiTaliifHa MOJIEbh MPOEKTIB 30MPaHHS BPOXKAI0 MAa€ OyTH CTaTUCTUYHO-
iMiTaIliiiHOI0, sika O BiATBOprOBaja 0ocoOJMMBOCTI iX B3aemonii. Tomi, GaratopaszoBe
(iTepariiine) BIATBOpPEHHsI POOIT y MPOEKTaX Ja€ 3MOTYy BIOOpa3WTU W BpaxyBaTH
IMOBIPHICHI CKJIa/I0OB1 Ta BUBHAYUTU OLIHKU CTATUCTUYHUX XaPAKTEPUCTUK TOJTOBHHUX
MOKa3HUKIB IIHHOCT1 IIPOEKTIB.
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JIns pO3BUTKY METOJIB Ta PO3POOJICHHS HOBUX MOJIeNield 13 yIpaBIIIHHS
IIPOCKTaMH 30MpaHHS BpPOXKAK CUIBCBKOTOCHOMAPCHKUX  KYJIBTYP HEOOXiTHO
3aCTOCOBYBaTH BiAMOBiMHI 0a3uM JaHWUX Ta 3HAaHb, METOAW CTAaTUCTHYHOTO
iMiTariiinoro MmojemoBanHsg, [T, BHKOHyBaTH KOMII'IOTEPHI EKCIEPUMEHTH Ta
y3arajpbHIOBATH iX pe3yJbTaTh. Takuii MiAXiJ Ja€e 3MOTy OOIPYHTOBYBATH PIIlICHHS 13
VIOpaBIIHHS TPOEKTaMH Ta IMiJBHUINCHHA iX €(EKTHBHOCTI, a TaKoX (OpMyBaTH
mporpamu PO3BUTKY TEXHOJIOTTYHUX CUCTEM 30upaHHs BPOJKAIO
CLITBCHKOTOCTIOAAPCHKHUX KYJBTYDP.

THE AUTOMATED SYSTEM FOR NON-DESTRUCTIVE TESTING OF
DEFECTS IN ELECTRICALLY CONDUCTIVE OBJECTS OF AGRO-
INDUSTRIAL COMPLEX.

Vyacheslav Chaplyha, Sc.D., Lviv National Agrarian University, Department of
information systems and technologies,

Volodymyr Chaplyha, Banking University, Institute of banking technologies and
business

Abstract. The article proposed to use the eddy-current transducer with a
rotating multifrequency magnetic excitation field and digital three-dimensional
processing of recorded signals in a robotic system for non-destructive quality control
of parts and assemblies made of electrically conductive materials. This makes it
possible to increase the reliability of detecting defects and the information content of
assessing their parameters due to the volumetric localization of the rotating magnetic
field of excitation in the object, followed by the use of pattern recognition algorithms.

Keywords: robotic system, non-destructive quality control, eddy-current
transducer.

Digital transformations in all sectors of the agro-industrial complex are causing
the intensification of the use of robotic technological objects of production processes.
This increases the requirements for their reliability, maximizing uptime, which
requires real-time non-destructive testing (NDT) of the state of elements and
components at all stages of their life cycle.

In existing NDT systems, the eddy current method is widely used and probes
with a rotating magnetic field are used [1-4]. To increase the information content and
reliability of the NDT, is proposed to localize the exciting magnetic field in the
azimuthal plane.

In this case, an azimuthal inhomogeneity of the magnetic field is formed,
which rotates in space and scans the controlled surface of the technological object
unit. Inhomogeneity and localization of the field is achieved by selecting the phases
of the n harmonics of the quadrature multifrequency field of excitation, which are
superimposed in space and rotate synchronously.

According to the technique proposed by us in [5], the control reliability is
increased due to the localization of the rotating magnetic field of excitation. This is
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achieved by exciting n harmonics with 2n quadrature generators in n field windings,
which consist of 4n sections. In this method of multifrequency sensing of the material
of a technological object, an azimuthal inhomogeneity of a rotating electromagnetic
field is formed with a narrow direction and a bell-shaped amplitude distribution in the
scanning plane. In this case, a rigid binding of the angular position of the maximum
of the azimuthal inhomogeneity field to the time axis is realized.

Multifrequency allows to determine the depth of defects, and the binding to the
time axis of the angular position of the maximum of the rotating field of the
azimuthal inhomogeneity makes it possible to determine the angular coordinates,
length and orientation in space of the defect with uniform movement of the probe
along a given trajectory in the plane. This significantly increases the reliability and
information content of non-destructive testing. “The informative signal recorded by
the probe is cyclical. Therefore, it is proposed to use the in-phase summation of the
informative signal and its averaging over N periods. This will increase the signal-to-
noise ratio of the resulting signal by a factor of VN.

But there are also systematic errors that decrease in multipolar measurements,
when the direction of the magnetic induction of the excitation field of the probe
changes twice per period, which creates a multipolar information field in the
measuring coil of the probe.

When registering the information field and subsequent digital processing of the
signal, a result will be obtained with increased reliability and information content of
the NDT of the nodes of technological objects of the agro-industrial complex made of
electrically conductive materials.

The automated system is a robotic unit for moving the probe over the object
under study, as well as an eddy current channel with a high-speed interface for
connecting to desktop and laptop PCs with specialized software.

The proposed system is designed to increase the information content, accuracy,
reliability, speed, cost-effectiveness of diagnostics and control of defects in electrical
units of technological objects of the agro-industrial complex.
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