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CHAPTER «BIOLOGICAL SCIENCES»

PHARMACOLOGICAL STUDY OF OINTMENT
BASED ON ZINGIBER OFFICINALE EXTRACT

DPAPMAKOJIOTTYHE JOCJIIKEHHSA MA3I
HA OCHOBI EKCTPAKTY ZINGIBER OFFICINALE

Lidiia Eberle!
Alona Kobernik?

DOI: https://doi.org/10.30525/978-9934-26-077-3-20

Abstract. Nonsteroidal anti-inflammatory drugs such as ibuprofen and
diclofenac sodium are widely known drugs for the treatment of inflammatory
reactions. Prolonged use of drugs inevitably leads to the development of
adverse reactions and reduced immunity of patients. Since the reduction of
the «drug load» is an urgent task in this situation, an alternative direction to
solve itis the use of natural therapeutic factors, the rehabilitation capabilities
of which in these conditions are very appropriate and effective. There is a
whole arsenal of medicinal plants in the world, they contain a complex of
biologically active substances and are not inferior in therapeutic properties to
synthetic agents. Among such medicinal plants is Zingiber officinale, which
for the past 10 years is actively grown in Ukraine in the city of Kherson.
The study shows the relevance of making a mild drug based on a thick
extract of the rhizome of Zingiber officinale. 1t is proved that the extract
belongs to low-toxic compounds, which allows its use in the composition
of drugs for transdermal administration. An ointment was made on the basis
of a thick ginger extract with a content of biologically active substances
of 0.025%. The content was standardized according to the content of the
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sum of polyphenolic compounds. Inflammation was induced by subplantar
injection to the plantar fasciitis (aponeurosis) of the hind limb of rats using
30 uL AITC solution (100 pug/limb) in 1,2-propyleneglycol. The dynamics
of changes of inflammatory process was evaluated before addition of the
inflammation inducer and after 1, 2, 3, 4, 6 and 24 hours of its injection for
measuring the volume and the thickness of affected limb. Ointment based
on ginger extract has a high level of anti-inflammatory properties, which is
shown on the basis of the positive dynamics of changes in the morphological
parameters of the affected limbs of animals. Prophylactic application of
the phytopreparation two days before the start of the experiment helped
to block the development of inflammation in comparison with the control
group and the reference drug — ibuprofen ointment. The soft dosage form
created and studied by us based on the thick extract of Zingiber officinale
is an effective anti-inflammatory agent that can not only treat inflammation,
but also block its development under previous prophylactic applications.

1. Beryn

3amasieHHs € IEHTPAIBHOIO MPOOIEMO0 0araTboxX 3aXBOPIOBAHB Pi3HOT
eriosorii Ta narorenesy [1]. Lle aunamiunuii npouec, SKUii pO3BUBAETHCA Y
BiJINIOB1/Ib HA BIUIMB MOLIKO/IKYIOUOTO (haKTOPY Ta OOYMOBJICHUI peakii€ero
KJITHH 1 TKAHUH, SIKa BU3HAYAETHCS 3araJIbHOI0 PEaKTUBHICTIO OpraHi3My,
III0 PETYNIOETHCS HEPBOBO-TYMOPAIBHIMHU MEXaHI3MaMHU.

3anajapbHUIA MPOLIEC BUCTYIIAE K 3aXUCHUN MeXaHi3M, 0e3 SKOT0 HEMOXK-
JIMBE BiJHOBJICHHS MONIKO/KEHOI TKAHUHMU 1 3aXHCT OpraHi3My Bijf dysKo-
pinHoi remerruHOI iHGopMarii [2]. Po3BuToK 3amansHoi peaxiii, mounHa-
FOYH Bijl TIEPBUHHOTO YIIKOJDKCHHS 1 3aKIHUYKOYM PO3TOPTaHHSAM IMOBHOI
KapTHHU 3allaJbHOT BIJOBIJ, CYNPOBOKYETHCS CEHCUTH3AIIEI HOIIM-
IENTHBHOT CUCTEMH, SIKa B CBOIO YEPry pealli3yeThCsl Y BHIVISI OOJLOBHX
BiTuyTTiB [3].

EdexTuBHMIT KOHTPOIH OOJIO 3aIIaTBHOTO TeHE3Y BIIHOCUTHCS 10 TIepe-
JIKY MEPUIOYSPTOBHUX 1 HAMOUIBII BaXKITUBHUX 3aBIaHb MEIMYHOI MPAKTHKH
[4]. Onnak, ans ycmimiHOTO JIiKyBaHHsSI O0JIF0 HEOOX1THO YiTKO PO3YyMITH
MEXaHi3M HOro pO3BUTKY SIK CKJIAJHOTO, 0araro()akTOPHOIO CHCTEMHOTO
mpolecy, OB’ 3aHOT0, B MEpITy 4epry, i3 MexaHizmoMm 3amnanenHs [5]. Le
a0COIIOTHO HEOOX1HO ISt CTBOPECHHS CUCTEMH PAIliOHAIBHOI Ta e(heKTHB-
HOI aHAJITETHYHOI i MPOTH3aMMaIbHOI Teparii, 1e KOKCH eJIEMEHT I1aTore-
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He3y MOBHHEH PO3TIISAIATUCS, SIK TIEPCIICKTUBHA «MIIICHBY 115 (hapMaKoIo-
TIYHOTO BTPYYaHHS.

ChOTOJIHI B MEITUITMHI IS JIIKYBaHHS 3alaJIeHHs] Ta OO0 BUKOPHCTO-
BYIOTh BEIUKHHA apceHasl JIKapChKHUX TIPETapaTiB TEePEeBaXKHO 3 TPYIH
HECTEPOTIMHUX MPOTH3ANAIBLHUX 3ac00IB 1 ITFOKOKOPTHKOCTEPOiiB [6; 7].
Onnak, Hapsmy 3 papMaKoJIOTIYHIMH BIACTHBOCTSIMU i BACOKHM CTYTICHEM
KIIIHIYHOT €()eKTUBHOCTI, BC1 BOHM BUKJIMKAIOTh PsiJl HeOaKaHUX MOOIYHUX
peaxuiii [8]. ¥V 3B’s3Ky 3 IIUM, B OCTaHHI POKH, CIIOKMBayi BiJIal0Th Mepe-
Bary mpernaparaMm Ha OCHOBI JIIKapChKUX POCIUH, L0 MOB’A3aHO 3 PAIOM
nepesar Ta NPUXMIBHICTIO HACENICHHS 10 6araToBIKOBOTO JTOCBiTy BUKOPH-
cranHs itonpenaparis [9; 10].

Jlo TOTeHHIWHUX JKepes JIKapChKUX 3aco0iB, B3SITUX 3 HApOTHOI
MEIMIIMHU, MOKHA BIJIHECTH 1 KOpeHeBHINEe iIMOUpy (Zingeber officinale,
Roscoe), sike, 3T1IHO JITepaTypHUX JaHUX, BiJIOME B YChOMY CBITI CBOTMH
MIPOTH3ANATIFHAMHE, 3HEOOTIOIOYNMH, TOHI3YIOUUMH Ta JKapO3HIDKYIOUUMH
BractuBocTsaMu [11].

OjiHaK, Ha CHOTOJHIIIHIN JIeHb HE ICHYE M’SIKOi JTIKApChKOi (hOpMH Ha
OCHOBI eKkcTpakty Zingeber officinale ykpaiHCBKOTO BHPOOHHUIITBA, sKa
BOJIOZIIa O MPOTU3AMaIbHUMHE Ta aHAITETHYHHMH BIACTUBOCTSIMU.

3 o1ty Ha OOMEKEHHI aCOPTUMEHT BITUU3HSHUX MPENapariB 3 MPOTH-
3aMajIbHOIO JIi€10, 8 TAKOXK YHUCJIEHH] BiIOMOCTI 3 JIITEpaTypH PO BIACTHBO-
CTi 610JIOT1YHO AKTUBHUX PEUOBHH KOPEHEBUINA IMOUPY, OLIIBHUM 1 aKTy-
AIBHUM € PO3pOo0Ka JIiIKapchbKUX (POPM Ha OCHOBI POCIIMHHOI CHUPOBHHH.

Mertoto pobotu Oyina po3poOka Jikapcbkoi GopMU Ha OCHOBI EKCTPAKTY
iMOMpy 3 MPOTH3aNaJbHOI0 AKTHUBHICTIO MIISIXOM EKCIEPHMEHTAIBHOTO
BCTAHOBIJICHHS ONTHMANBHOI 3aJeXHOCTI «J]03a-eekr» 3a H0momMororo
KOMIUIEKCHOTO JTOCIIJDKEHHS, — BCTAHOBIICHHS (hapMaKOJIOTI9HOI aKTHB-
HOCTI — Ha MOJEJi aJii30TiOIOHAT-1HAYKOBAaHOTO 3alajJeHHs Ta MOHI-
TOPUHI TEMATOJIOTIYHHUX MMOKA3HUKIB B MEpU(PEPUUHIA KPOBI HIypiB, SKi
MAlOTh JiarHOCTUYHE 3HAUCHHS TNl Yac IOCIIDKCHHS IPOTH3ANAIbHOI
AKTUBHOCTI.

2. Ximiunuii ckaajg Zingiber officinale
ImOup nikapcbkuit — (Zingiber officinale Roscoe), — GararopiuHa TpaB’si-
HHUCTa POCIMHA 3 TPOIIIYHOTO ciMeiicTBa iMOipHUX (Zingibiraceae L.), knacy
onHononeHuX (Lilliopsida).
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['omOBHNME KOMITOHEHTaMH XiMIYHOTO CKIJIaay KOPSHEBHINA IMOHPY, SIKi
3a0e3MeuyroTh OaraTorpaHHuii CrekTp (apMaKoJIOTIYHUX BIACTUBOCTEH,
BBaXKarOThCs eipHi Maciia Ta GeHONbHI CIIOIYKH — TIHT€POJIH Ta MIOTa0JIH.

XiMIYHUE CKJIa] Maclia y»e CKJIaHUHA Ta MICTUTh Outbie 150 cronyk,
OUTBIIICTD 3 IKUX BIIHOCUTBCS 10 Kiacy TepreHoinis [12; 13; 14].

HaiiBa)xTUBIIIMMH CKJIaJJOBUMH Maclla € CECKBITEPIICHOBI BYIJICBOIM,
nofi6Hi Oicabonenam. Jlo ix yucna BigHocaTscs uuHridepex (30 %), 6era- i
ramabicabonenu (B cymi 13 %), Gera-ceckBidemnanapet (9 %) i anbda-kyp-
KyMiH (8 %). Jlsst MOSIBU JTMMOHHUX HOT 3aIaxy, BayK/IMBa HasBHICTh 000X
reoMeTpuuHux i3oMmepiB murpans (1,4%), a Takox nurponenona (2%),
ioro anerary (0,4 %) Ta IHIIUX TEPIICHOBUX CITUPTIB.

Ha croromninmgiif yac BizioMo, 110 B KOPEHEBHUIII IMOHPY MICTSTHCS 6-
8- ta 10-riareposiy, mpoTe JAesiki aBTOPH BBAXKAKOTH [7], 10 3 MPaKTUYHOT
TOYKH 30py 13 TIHIEPOJIB 3 PI3HOK JIOBKWHOK JIAHIFOTa HAHOIIBII Baxk-
JIUBUM € O-TIHTepoJ, KM Ma€ aHTHOKCHJIAHTHI, IPOTH3aIaibHi, Ooe3a-
CTIOKIMITNBI BIACTUBOCTI, & TAKOK BUKOPUCTOBYETHCS JIJISl 3MEHIIICHHS 200
M030aBJICHHS BiJ MOOIYHUX ePEKTIB XiMioTepalii.

B kopeHeBuINi IMOHMpPY, MICTATHCS TakKi PEUYOBUHM, SK: KBEPUCTHH
(mo 1,29 mr/r cyxoi Macu JucTs), kemdepor — 0,068 Mr/r cyxoi Macu kope-
HEBHII, KarexiH Ta emikarexid — g0 0,19 1 0,56 mr/r cyxoi macu numcts
BiJIOBiJTHO, pyTHH — Onu3bko 0,2 Mr/r B jucti i 0,4 MI/r B KOpEeHEBUILI,
HapiHreHiH — 6mau3bko 0,04 mr/r nucts ta 0,02 Mr/T cyxoi Macl KOpEHEeBHIII,
KypKyMiH, SIKMH BiJIOBIa€ 3a ®OBTUIl Kouip kopeHeBumma. Kpim edipanx
Macesl Ta (PEHONBHUX CIIONYK, BHSIBICHO BEIUYE3HY KUIBKICTh 1 1HIIMX
KOPHCHHX PEYOBHH, TAKUX SIK: OLIKH, KHUPH, BYIJIEBOJH, KIITKOBHHA, KPO-
XMallb, BITAMIHU Ta MiHEpaJbHI KOMITIOHEHTH [15; 16; 17].

B po6ori Xapunnapoi [.A. «DiToxiMiuHe BUBUCHHSI KOPEHEBUINA IMOUPY
anTEeYHOTO 1 pO3pO0Ka CyXOro eKCTpaKkTy Ha Horo ocHOBI» [ 18] mpoBeneHo
aHaJi3 KOMIIOHCHTHOTO CKJIaIy KOPCHEBHUIN iIMOWpPY PI3HUMH METOIAMH i
iIeHTH(DIKOBAHO O-TiHrepoJi, AyOWJIbHI PEYOBUHH (TaJOBY, XJIOPOTCHOBY
i KaBOBY KHCJIOTH), (pIIaBOHOINM (JIFOTEOINIH-7-DTIKO3HI, (EepyIoBy KHC-
70Ty Ta rinepo3ua). Takoxx Oynu BUSBJICHI OpraHiyHI KHCIOTH (IIaBJeBa,
OypmTHHOBa, sONydYHA), Moyicaxapuand (MalbTo3a, JIaKTo3a, TIIIOKO3a 1
KCHJIO3a) 1 TepIeHOBI CHONYKH (repaHion, OOpHijamerar, o-MiHeH, Oera-
MiHEeH, IUTpab 1 1uHeon). KinbKiCHO BH3Ha4YeHa CyMa OpPraHIYHHX KHC-
JIOT B IIEpepaxyHKy Ha sI0IydHy KHCIOTY (MeTooM ankaiimerpii) — 0,75 %,



Chapter «Biological sciences»

cyMma MojlicaXxapu/iiB B MepepaxyHKy Ha Tioko3y (Merogom CDOM micns
peakmii 3 MKPHHOBOIO KUCIOTOI0) — 17,68 %, myOuiabHI pedoBHHU (METO-
JOM TiepMaHranaToMeTpii) — 1,96 %, cyma (eHOTBHHX CIIOIYK B mepepa-
XyHKY Ha O-riHrepon (Meromom mpsmoi COM) — 2.3%, BmicT edipHHX
oniii — 2,039 %.

3. TOKCHKOJIOTiYHA XapaKTepUCTUKA
ryCTOr0 eKcTpaKTy Zingiber officinale

[pyHTYIOUMCH HAa pE3yJbTaTax MPOBEAEHOr0 (iTO-XIMIYHOrO aHaiizy
1 BpaxoByIOUHM JITEpaTypHi AaHi MPO KOMIJIEKC OiONOTiYHO aKTMBHUX
PCUOBHH, IO BXOIATH 0 CKJIQAy KOpeHeBHIna iMOupy [17], BaxIuBUM €
BHBYCHHSI OC3IMEKH 3aCTOCYBAHHS WOTO T'yCTOTO EKCTPaKTy 3 METOI PO3-
poOku nikapcbkux Gopm. Tomy, HEOOXiTHUM OYII0 TOCIiKSHHS O€3IIeYHO-
CTi 3aCTOCYBaHHS T'yCTOTO EKCTPAKTY IIUIIXOM BH3HAUCHHS TOCTPOI TOKCHI-
HOI il in vivo.

JlocnmipkeHHST TOKCHYHOCTI eKCTpakty Zingiber officinale mipoBo-
qud Ha 80 370pOBHX CTAaTeBO3PUIMX OUTMX Imypax JiiHii Bictap, Baroro
180-220 1, sikux Oys10 po3aiieHo Ha 8 rpym o 10 TBapuH y KoxHii. Ekcrie-
PUMEHTAJIbHI TBAPUHHU YTPUMYBAIKCS B YMOBAX BUIBHOTO AOCTYILY A0 iXKi
Ta BOJM IPpH 12-roMuHHOMY CBITIIOBOMY pekuMmi. EkcriepuMeHTH Ha TBapu-
HaX MPOBOJUIIN BIAMOBIAHO 10 HALlIOHATBHUX «3arajlbHUX €TUYHUX MTPUH-
L[UITIB EKCIIEPUMEHTIB Ha TBapuHax» (Ykpaina, 2001), siki y3roaKyioThCs 3
MOJIOKCHHAMH «E€BPONEHCHKOT KOHBEHIIIT 3 3aXUCTy XPEeOCTHUX TBAPHH, 1110
BHUKOPHUCTOBYIOTBCSI B CKCHEPHUMEHTAIBHUX Ta 1HIIMX JOCTIIHUX ITUJISX»
(CtpacOypr, ®paniis, 1986) [18].

JocmimpKkeHHS TOCTPOi TOKCHIHOCTI €KCTPAKTY MIPOBOAVIIN TIPH OTHOPaA-
30BOMY HallIKipHOMY HOro HaHeceHHi B jgo3ax 30, 90, 150, 210, 270, 330,
390, 450 mr/kr Macu Tina. J{jst 1bOTO Y IIypiB BUCTPHUTAIN HA NPABOMY
oori 6mu3pko 10% TuToni MOBEpPXHI Tija, MIC/Is YOro OJHOPA30BO HAHO-
CIJTH CKJISTHOFO MAIMYKOI0 TOHKUM IIAPOM T'YCTHH €KCTPAKT Ta PIBHOMIPHO
PO3MOALISIIN IO BCii MOBEPXHI.

ToKCHYHICTh TIPU MOBTOPHOMY BBEIEHHI JOCHIDKYBaJId BIIPOAOBK
14 110 B aHaANOTiYHUX J03ax. BBeneHHs eKcTpakTy MPOBOAMIN OAMH Pa3
Ha 100y (Bpanui). [ligpocimy B o0nacTi HaHECEHHs MpemnapariB IIEPCTh
BUASUIH KOXHI 7 HIB. CIIOCTEpEeKeHHs 3a 3arajlbHUM CTaHOM 1 MOBEJIiH-
KOIO TBAapHH IIPOBOAMIIN MPOTATOM JIBOX THIKHIB, BPAXOBYBAIN 30BHIIIHIH
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BUIJISA TBAPUH, OCOOJIMBOCTI MMOBEIIHKY, IHTEHCHBHICTD 1 XapakTep PyXiB,
CTaH BOJIOCSTHOTO TMIOKPHBY 1 CJIM30BUX 00O0JIOHOK.

Jis  0oOpoOKM OTpUMaHMX pe3yJbTaTiB Ta BHU3HAUCHHS CEpeIHBbOL
neranprHoi mo3u (JIMs,) Ta Toxemunoi mii (T/l,,) BHKOPHCTOBYBAJIM METOX
Cnipmena-Kepoepa.

3rifHO PEe3yJbTATIB JOCTIKEHHS BiJ3HAUEHO, IO OyIb-SKUX 3MIH B
3arajJbHOMY CTaHi TBApPHH, OCOOJIHMBOCTSAX iX MOBEMIHKH, TOHYCI CKEJeT-
HUX M’5131B, CIIOKMBAHHI KOpMY 1 BOAM, Alypesi 1 AedeKanisix He BUSBICHO.
BwxuBaHHA TBapHH B A0CHiTHUX rpynax ckiano 100%. Beenenus noci-
JOKYBAHOTO €KCTPAKTy B 71031 450 MI/KT Macu Tijla He IPU3BEIIO 10 3arubeni
YKOJTHOT TBAPUHHU MPOTSITOM JABOX THXKHIB, TOOTO T'yCTHI €KCTPAKT 3a KIIaCH-
¢ikariero TokcmuHocTi O.B. CredanoBa BiTHOCUTHCS 710 4 KIIacy CIIONYK —
MaJIOTOKCHYHI CIIONTyKH (Tabdm. 1).

3a JaHUMU JOCIIKESHHS TOCTPOT TOKCUYIHOCTI BCTAHOBJICHO, 1110 A0 CIi-
JUKYBaHUH €KCTpaKT Zingiber officinale He TpOSBIsiE 03HAK TOKCUYIHOCTI,
MPOTe HE MEHII BAXKIMBHM € JIOCII/DKCHHS Ta BCTAHOBICHHS MOXIJIUBOI
HEOEe3MEeKH UIS 3I0pOB’S MPOIOHTOBAHUX BBEICHD CKCTPAKTY, SIKE 3[aTHE
MIPUBECTH JIO PO3BUTKY 1HTOKCHKAIIT BHACIIIOK HAKOIIMYCHHS B OPTaHi3Mi,
METa0ONIYHNAX 3MiH, TOPYIICHHS TOMEOCTA3Y.

Tabmuus 1
TFoctpa ToxenunicTs (JI5,) ekcrpakry Zingiber officinale
3a YMOB TPaHCAepMAJIbHOTO BBEIeHHS

ToxkcH4HA JI 15, MI/KT MacH Tina
XapakTepucTuka [ 30 90 150 210 270 330 390 450
Bwxkuno 10 10 10 10 10 10 10 10
3arunyno 0 0 0 0 0 0 0 0

AHaI3y0UM OTpUMaHHI AaHHI (Tab. 2), CITiJT BIAMITUTH, 1110 TIPU OTHO-
KpaTHOMY, IIOJICHHOMY BBEJICHHI €KCTPAaKTy iMOMpY BIPOIOBXK 14 1i0 B
OUTBIIIOCTI TPy TBAPHH HE BiJ3HAYAIOCH CYTTEBUX 3MiH. YCi IIypH MaJld
OXalHUN BUNIS, OyJIM aKTUBHI, MaJIk PIBHY OJIMCKYydy IIEPCTh, MIKIpYy 0e3
CIIJIB po3uicyBaHHs, Oe3 5I3B 1 OONMHCIHHSI, 3a0apBICHHS CIIM30BHX — 0€3
MATONOTTYHUX 3MiH. JUISHKM IIKIpW Ticis HAHECEHHS EKCTPAKTiB Malln
Omigo-poXKeBU Kouip. 3a BUHATKOM, JIMILE TPYIN TBApPHH, SIKUM BBOIWIIN
BeJMKi 00’ emu ekcTpakTis (Big 390 1o 450 mr/kr) (Tadm. 2).
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Tabmurg 2
Toxcnuna ais (T,,)) excrpakry Zingiber officinale
32 YMOB OJHOKPATHOI0 TPAHC/IEPMAJIBLHOIO0 BBeeHHS

T/l5,, MI/KT Macu Tina
30 | 90 | 150 | 210 | 270 | 330 | 390 | 450
BincyTHicTh MOGIYHUX BIUTUBIB 10 10 10 10 10 10 5 3

TokcH4Ha XapaKTepUCTHKA

[Monpazuroroua aist (moyepBoHiHHs) | 0 0 0 0 0 0 5 7

TpaHcnepMalibHe BBEIICHHS eKCTpakty Zingiber officinale B no3i 390 ta
450 MT/KT CHIpHSIIO Y ACSKUX TBAPUH JOCIIIHUX TPYII IPOSIBY aJIepriyHOl peak-
i1 (TOYePBOHIHHSI Ta TOPA3HEHHS IIKIPSHOTO MOKPHBY), 1110 B MOAATBIIIOMY
MIPY aIuTIKAIll eKCTPaKTy BHUKIHKAIO y TBapuH OONbOBI BiMIyTTS. Takum
YUHOM, 32 pe3ylbTaTaMd IPOBEICHUX IOCTIPKEHb BCTAHOBJICHO, IO TPH
MOBTOPHUX BBEJICHHSX eKkcTpakTy iMoupy T/l, =420 Mr/kr Macu Tina TBapHH.

4. MeToauKka NPUroTYBaHHS M’IKOI JIiKapchKoi (hopmu
HA OCHOBI I'yCTOI0 €KCTPAKTy iMOUpY

VY mporieci po3poOKu CKJIay 1 TEXHOJOTil Ma3i Ha OCHOBI1 EKCTPAKTy
iMOUpy, BeJMKe 3HAYCHHS MaB BHOiIp onTUMaibHOI OCHOBH. Cepen BUMOT
JI0 Ma3eBOI OCHOBHU — 3[aTHICTh BUBIIBHSITH aKTHMBHI KOMITOHEHTH 1 MaTH
HEeOoOXiJIHI CTPYKTYpPHO-MEXaHi4Hi BnacTuBocTi [19; 20].

[IpoanaizyBaBImM JiTeparypHi Jukepena Ta BUBYMBIINKM BMIicT BAP B
KOpPEHEBUIII 1IMOWpY, JJIi BHTOTOBJICHHS CKCIIEPHUMEHTAJIBHOT Ma3si Oyia
oOpaHa OCHOBa, sika ckiananacs 3 nomietmnenniikono (ITET) — 1500,
nomieruneHokeuny ([IEO) — 400 Ta 1,2 — mpONiICHITIIKOIIO MPH CITiBBif-
HoirenHi kommoneHTis: ITEI'-1500 : [IEO-400 : 1,2-I1I, six 4 : 2 : 3.

Juisi CKpUHIHTOBUX JTOCIIKEHb AHTUEKCYIATHBHUX Ta aHAITCTHYHHIX
BJIACTUBOCTEH OylI0 CTBOPEHO psAJ Ma3ei 3 pi3HOI KoHLeHTpauiero BAP
rycroro ekctpakry imoupy (0,0125; 0,025; 0,05 %) B mepepaxyHKy Ha CyMy
MOTi(pEeHOTBHUX CIIOMYK.

5. BuBYeHHs IPOTH3aNaJIbHOI AKTUBHOCTI Ma3i
HA OCHOBI I'yCTOr0 eKCTpaKTy iMOupy
Ha MoJeJi ajiri3oTionianaT-iHAYKOBaHOTO 3anajleHHS
VY Gararbox 00JacTsAX MEAMIUHY, OioJorii Ta hapmakosorii GpyHIaMeH-
TaJBHOIO MTPOOJIEMOIO € BUBUCHHS MEXaHI3MIB BIUIMBY JIIKApPCHKHUX 3aC001B
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Ha 6iosoriuHi 00’ €kTH. 30KpeMa, aKTyaJIbHUM 1€ TUTAHHS € TIPH CTBOPEHHI
HOBHUX TpENapariB, ¢ 0COOIHMBOI yBaru 3acilyTOBY€ aHAali3 3B’sI3Ky J03a-
e(deKT, Bil pe3ysbTaTiB SKOTO 3aJekKaTh 0COOIUBOCTI MPAKTUYHOTO 3aCTO-
cyBaHHs. CHEKTp MPOSBIB TEPArieBTUYHOT aKTHBHOCTI OUIBIIOCTI Mperna-
patiB 0OyMOBJIEHHH SIKICHUM CKJIaJOM aKTMBHUX CIIOIYK, IIPOTE, BUPAXKe-
HICTh e(DeKTy 3aJeKUTh BiJl KUIBKICHHX XapaKTEPUCTHK JIIFOYOTO arcHTY
y JikapcbkoMy 3aco0i. Tomy, rOJIOBHUM €TamnoM y JOCHTIKEHHI MpOTH3a-
MAJBHOT aKTUBHOCTI Ma3i HA OCHOBI €KCTPaKTy IMOUpY OyJI0 BCTAHOBJICHHS
3aNIeKHOCTI «103a-ePeKT».

Binkputts npencraBaukiB poauan TRP perentopiB Haano psj HOBUX
MOTEHLIMHUX TeparneBTUYHUX MillleHeH JuId JIIKyBaHHS TOCTpPOro OO0
3aMajgbHOTO TeHe3y. 3MaTHICTh BriiMBaTu Ha TRP-kananu mae MOXIMBicTh
MOJICJTIOBATH 3aIlaICHHs Ta BUBYATH aKTUBHICTh HOBHX MPOTU3AIIaIbHUX Ta
3HEOOITIOIOUHX TPEnapaTiB.

Amimizotionianar € aronictroM TRPA 1-kaHamiB, sIKHif aKTHBY€ X TIepH-
(dbepuyHi perenTopy 3a paxXyHOK 3B’SI3yBaHHS 3 TPbOMa 3aTUIIKAMH IHCTe-
iHy Ta nisuHy B N-KIHIIEBIM 30HI pelenTopa, THM CaMHM BHKJIMKAIOYH
BiTUyTTA TOCTPOTO OO0 Ta PO3BUTOK 3alIAJIbHOTO MPOLIECY Y EKCIIEPUMEH-
TanebHUX TBapuH [19; 20; 21; 22].

OTxe, A7 JOCTIIKEHHS MPOTH3anaibHOI aKTUBHOCTI Ma3i Ha OCHOBI
TYCTOTO eKCTpaKTy Zingiber officinale 6yno BUKOPUCTAHO MOJIEINI allili30-
TiOIllaHAT-1H{yKOBAHOTO 3aIlaJIeHHSI.

Cxema JrociipkeHHst Oyiia CIUTaHOBaHA TaKMM YHHOM, 110 JICSIKUM Tpy-
aM arutikarii BIAmoBiJHUX Ma3el MoYayiv 341 CHIOBATH 10 BEICHHS 3aaJlb-
HOTO areHTy Ta MPOJIOBXKYBAIH TEPAIiio Micis IHAYKI] 3ananeHHs. [Apyrii
YaCTHHI IPyN JAOCTIIHUX TBAPUH MOYMHATIM HAHOCUTH BIJIOBIHI Ma3i Ha
MicIle ypaxkeHHs JIuIe micns i1’ exuii ¢ororeny. Ha ckpuHiHroBoMy erarmi
BHU3HAYCHHS 3QJICXKHOCTI «103a-e(eKT» OyJI0 BUKOPUCTAHO 3 3pa3Ku Masi,
SIK1 MICTHJIM TYCTHH €KCTpaKT KopeHeBHIla iMOupy B KoHueHTpauii 0,0125,
0,025, Ta 0,05 % B mepepaxyHKy Ha CyMy NOMi()EHONBHUX CIIOIYK.

JocnimkeHHs: MPOBOIMIA Ha 3A0POBUX CTAaTEBO3PUIMX OUIMX IIypax
niHii Bicrap, macoro 180-220 r. [lnst ekcriepumeHTy Oyrto Biniopano 90 TBa-
PHH, SIKi OIITSUTUCH HA 9 TPYIL:

TBapunu 1-i rpynu Oynu KOHTPOJIEM PO3BUTKY IATOJIOTii (HE miamaBa-
JIUCh JIIKYBaHHIO Micys BBeACHHS (hiororeny). TBapuH 2-1 TPy JTIKyBaIH
0,05 % wma33ro, 3-1 rpymu — 0,025% 1 4-i rpynu — 0,0125% uepe3 oany
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TONIMHY TTicIis BBeJIeHHS (tororeny. TBapuH 5, 6, 7-1 rpymu sikyBanu 0,05 %;
0,025% 10,0125 % ma3simu BiAMOBIAHO, 3 TOJATKOBOKO IMOTIEPEIHBOFO arlli-
Kalli€x0 Masi 3a JiBa JIHI JIO BBEJCHHS 1HIYKTOPA 3aMaJICHHS 1 TPOIOBKEH-
HSIM JIIKyBaHHsI MICJIs PO3BUTKY 3amajeHHs. TBapuHam 8 Ta 9 Tpynu HaHO-
CHIH pedepeHT-IIpenapar, 3a 2 JHi 10 eKCIIepUMEHTy (8 rpyma) Ta micis
BBeIeHHS (utororeny (9 rpyma). Sk pedepeHT-npenapar BUKOPHCTOBYBAIIH
Hourit — kpem (i0ynpodesr 5 %).

3arnaneHHs BUKIMKAIU HUIIXOM cyOIuIanTapHOro BBeieHHs 30 MKJI po3-
gy AITL (100 Mxr/kiHuiBky) y 1,2-mpomisieHrmikosi mij riaHTapHun
aroHEeBPO3 33AHBOI KiHI[IBKH IIyPiB.

JuHaMiKy 3MiHM 3allaIbHOTO MPOIIECY OIiHIOBaIM yepes 1, 2, 3, 4, 6 ta
24 TOIWHM Micis BBEICHHS (DIIOTOTCHHOTO areHTa IJISIXOM BUMIPIOBaHHS
MOP(HOJIOTIYHUX MMOKa3HUKIB — 00’€My ypa)KeHOT KIHIIIBKH Ta TOBIIMHU.
M’sika nikapchka (opma J0AaTKOBO HAHOCWIIACh Ha YPayKeHY KiHIIIBKY
TICIISE KOYKHOTO 3aMipy ii 00’ eMy.

OtpumaHi pe3yabraTs OyJId CTAaTUCTHYHO 0OPOOJIeH], a TAaKOXK JIIs BCIX
rpym OyJu po3paxoBaHi MOKa3HUKH MPUPOCTY 00’ €MY Ta aHTUEKCYIaTHBHA
aKTHBHICTb, 5IKa, 110 CYTi, SBJsIE COOOI0 SKICHUH IMOKAa3HUK TallbMyBaHHS
PO3BUTKY 3allaJIiCHHs B JOCITHUX TPYyaX B MOPIBHSIHHI 3 KOHTPOJIBHOIO.

Ilpupicm 06’emy (I10) kinyiexku po3paxogysanu 3a gpopmynoro:

170:(01_1)*100

O — BennurHa 00’ €My JIaIH MICIIS BBEJCHHS 1HIYKTOPA 3aIlajICHHS;

1 — BenmmunHa 00’ €My JTan¥ 10 BBEICHHS 1HAYKTOpA 3araieHHs.

Anmuekcyoamueny akmugnicms (AA) po3paxosysanu 3a ¢popmynoro:

o-1 0-1
o 1w

A4 =100- *100

O — BenM4MHa 00’ €My JIAIH TMiCIIs BBEACHHS 1HIYKTOpa 3allaleHHs;

1 — Benn4nHa 00’ €My JIalK J10 BBEJCHHS 1HJIYKTOpA 3aIaeHHS.

0 — JI0CTiTHA TpyIa;

K — KOHTPOJIbHA TpyTIa.

3Ha4YCHHST TOBIIMHH YPa)XCHOT KIHI[IBKA BHPQKAIH Y BIJACOTKAaxX Bil-
HOCHO BHXIJTHUX JIaHUX.

3a pe3ynbraTaMu IPOBEIEHOT0 JOCIIJUKSHHS II0Ka3aHo, 110 B KOHTPOJIb-
Hill rpyni TBapuH cyOmiantapHe BBeaeHHs AITL[ Buknukano 3amanbHy
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peaxiiito, sika Jocsarajia CBOro IMiKy Ha 3 TOAMHY Iicis BBeACHHs (oro-
TEHHOTO areHTy i 30epirajacs Ha JOCUTh BUCOKOMY PiBHI BIIPOJOBX BChOTO
JOCIipKeHHS (24 TOUH).

HartomicTh, y AOCHIHUX TPy TBapWH, SKi MiJJaBaUCS JIKyBalb-
HUM TpoIeaypaM 3 HAaHECCHHSM Mased 3 iMOMpOM, CTYIiHb 3amaibHOi
peaxiii movyaB IMOCTYIIOBO 3HIW)KYBATHCS BXKE HA TIEPIILY Ta IPYry TOIUHY,
i 10 KIiHI TepMiHY JIIKyBaHHS BiH IMPaKTUYHO OyB BinCyTHi# (Tabm. 3,
Tabmn. 4 ta puc. ).

Tabmuug 3
Ipupict 06’emy, y % 10 BUXiZHUX 3HAYEHD
32 yMOB NOIepeAHbOI anutikauii 10 BBeleHHA ¢uiororeny

e Konuen- Yac cnocrepe:kenHs (rox)

“ | Tpauis

iy masi, B % 1 2 3 4 6 24

1. |Koutpons |44,9+0,4 | 52,243,7 | 57,9+4,3 | 39,143,7 | 28,9+2,5 | 7,2540,6

2. 10,05 34,3+2,9 | 38,7+3,4% | 40,4+3,2% | 34,6+2,9 | 26+1,8 [19,2+1,3*
0,025 33,3+2,8 | 27,242,4% | 21,1+1,8% | 18,1£1,3* | 9,1+0,7* | 3,0+0,2

4.10,0125 43,8+3,2 | 42,5+3,7 | 47,9+4,2 | 35,6+3,8 | 32,8+2,7 | 12,3+1,4

5. f;?;” 42,7439 | 35,343, 1% | 25,042,3% | 20,6+1,7* | 14,7+0,8* | 5,8+0,4

IMpuMiTKa: CTAaTUCTUYHO 3HAYyIIa Pi3HULS Y MOPIBHSIHHI 3 KOHTPOJIBHOIO TPYTIO0 —
*(p <0,05).

30Kkpema, y X0l eKCIIEpUMEHTY BCTAHOBIICHO, 110 HAMOUTBIITHI aHTHEK-
cynaTuBHHN €(DEKT MPOTATOM TePIIOl TOMUHH JTOCII/PKEHHS BiA3HAYABCS Y
rpynax TBapWH, SKUM IPOQIIAKTHIHO (32 2 JHI JJO eKCIIEPUMEHTY) HaHO-
cuma 0,025 ta 0,05 % wmazi. ToMy, MOYKJINBO TIPUITYCTHTH, IO TTOTIEPEIHI
aruTiKaiii Ma3el 3 eKCTpakToM IMOMpY Ha KIHIIBKY TBapUH CHPUSIN OJI0-
KYBaHHIO PO3BUTKY 3allaJIeHHs, BUKJIMKAHOTO 1H’ €KINI€0 ajili30TioiaHara
(tabmn. 4, puc. 1).

Ha nepury ronuny pocnimxenns 0,025 ta 0,5 % wma3si, 3a ymoB npodi-
JAKTUYHOTO HAHECEHHSI, MaJIl CXOXKUH MPOTH3AMAIBHUA e(heKT, MPUTHITY-
I04H TIpUpicT 00’ emy B cepenaboMy Ha 10 % Ta 3HIKYIOYH TOKa3HUKH TOB-
IIMHY Ypa)kKeHUX KiHIIBOK Ha 15 % y MOPIBHAHHI 3 KOHTPOJIBHOIO TPYTIOL0,
ta Ha 8 1 12% y mopiBHIHHI 3 pedepeHc-npenapaToM, BiInoBigHo (puc. 1).
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Tabnuns 4
AHTHEKCYIaTHBHA aKTUBHICTb B % /10 KOHTPO.TIO
3a YMOB NomnepeIHbol anjikaiii 10 BBeeHHsl uiororeny

Ne | KonnenTpauis Yac cnocrepe:keHHs (rox)

rp| wma3i, B % 1 | 2 3 | 4 | 6 | 24
AHTHEKCYJaTUBHA aKTUBHICTb B % JI0 KOHTPOJTIO

2.10,05 23,7+1,6 | 44,8+3,5 | 52,7+4.,6 | 36,9+2,9 | 10,2+1,1 -

3.10,025 25,842,4 | 47,743,3 | 63,4+4,9 | 53,5+4,7 | 68,6+5,4 | 58,2+5,5

4.10,0125 2,43+0,3 | 18,6+1,3 | 17,3+1,5 | 8,9+0,7 - -

5. | Hoarit kpem 9,6+0,6 |21,4+1,2 | 56,8+4,5 | 47,4439 | 49,3+4,3 | 18,8+1,4

[TpumiTka: CTaTUCTUYHO 3HAYYILA PI3HULS Y MTOPIBHSIHHI 3 KOHTPOJILHOO TPYIION0 —
* (p < 0,05).

INomansure nikyBanHs 0,025 % Ma3310 JOCTOBIPHO 3HMXKYBAJIO BUPaXKe-
HICTb 3allaJICHHA 3 TIOBEPHEHHSM JI0 MIOYaTKOBUX MapaMeTpiB Ha 6 TOAUHY

3a yMoB npodiTakRTHIHOIO JIiKYBAHHA Nic1f BeJeHHA
JiKYBaHHA daororeny

Toeugpma ypaxerol KiHIisk:, 5 %0
A0 BHXITHIX JAHHX
Toeugpma ypaxerol KiHIisk:, 5 %0
A0 BHXITHIX JAHHX
=
=S

=)
=1

0 1 2 3 4 6 24

Yac, rog Yac, rog
=g= K orTpoms =t=N©azs 0.025% =t Nazp 0,025% =l 0HTpOIE
= TTOATIT KpeM Maszs 0,05 % = TToIriT KpeM =@=Mass 0,0125%
=#—Maszs 00125 % =t=NMazp 0,05%

Puc. 1. [IpoTruzanajnbHa aKTHBHICTH Ma3eil Ha OCHOBI rycToro
eKCTPAKTY iMOupY (TOBIIMHA yPa:KeHUX KiHIIBOK IYPiB,
y % no inTakTHnx, (M = m, n=10)
[MpumiTka: * — p < 0,05 (MOPIBHIHO 3 KOHTPOJIBHOIO IPYIIOIO).



12

Lidiia Eberle, Alona Kobernik

JoCITi/pKeHHs, Ha BiaMiHHY Big 0,05 % masi, sika BIpomoBXK 2 Ta 3 TOMUHH
SKCIIEPUMEHTY CIpHsiyia 30UIBIICHHIO OCEpeNKy 3amalicHHs (00’eMy Ha
40 %, TopmuHu Ha 30 %) BIIHOCHO BUXITHUX 3HAYCHb.

JlocmipkeHHs mokas3ano, mo MpogiTaKTHYHE HAHECEHHs IMperapary
MOPIBHSHHS 32 JIBa IHIi J0 IT0YaTKy EKCIICPHMEHTY HE BIUIMBAJIO HA IPH-
THIYCHHS 3amalieHHs], Ha BiAMIHY BiJ JOCTI/PKYBaHUX Ma3eld Ha OCHOBI
EKCTPAKTy, a MPOTU3AMaIbHY Jil0 pedepeHc-npenapar mposBIsIB Oe3moce-
PENHBO MICHs PO3BUTKY 3anaieHHs (puc. 1).

Crin Bin3Haunty, mo amrikanisg 0,0125 % masi 3a yMoB npodinakTuy-
HOTO HAHECEHHS CIpHsia MPOTH3AMaIbHOMY €(EeKTy BIPOJOBK MEPIIMX
TOJIMH CeKCIIEPUMEHTY Ta BXX€ Ha 3 TOAUHY MOCIIKCHHS MPUTHIYYBaIN
00’eM 1 TOBIIUHY OCEpe/Ky 3amalieHHs B cepenaboMy Ha 13% ta 15%,
MOPIBHSHO 3 KOHTpoJsieM. [IpoTe, He3Bakaloun Ha aHTUEKCYIaTHBHI BIIACTH-
BocTi 0,0125 % mas3i Ha OCHOBI EKCTPAKTy iMOHMpPY, TaHa KOHLICHTPAIlis Masi
MoCTymanach TeparneBTH4Hid epextuBHOCTI 0,025 % Maszi Ta eTaToHHOMY
nperapary nopiBHsHHs (Tabn. 3, Tabm. 4 Ta puc. 1).

JlixyBanns 0,0125 % ma33t0 micis iH’ €K1l (pIororeHy He BIUIMBAJIO Ha
CTYIIHB 3alaJbHOT Peakilii, Tak SK MPHUPICT 00’e€My 1 TOBIIMHHU KiHIIIBOK
11ypiB 30UIBIIYBAJINUCH, CATHYBIIM CBOTO MiKy Ha 3-10 FOAMHY €KCIIepH-
MEHTY. BIpOIOBK MONANBIIMX CHOCTEPEIKEHb CYTTEBUX MPOTU3AMAIbHUX
BJIACTUBOCTEW HE BiA3HAYAIIOCH, a JIisl Ma3i Oyiia eKBiBaJIeHTHA TapaMeTpaMm
TBapuH y KOHTPOJBHIN Tpymi (Tabdm. 5, 6, puc. 1).

JlikyBaneHi mponenypu 3 Bukopuctanusam 0,025 ta 0,05% wmaseii Ha
OCHOBI eKkcTpakTy iMOupy micis in’ekii AITI] mokaszamu, mo Bxe nepiri
aruTiKaIlii ToCIi/PKyBaHUX Ma3el CIPUSITH IPUTHIYCHHIO 3aMalibHOT peaKilii
Ta HIIIFOBAJIA TSH/ICHIIIFO JI0 TIOCTYIIOBOTO 3MCHIITYBaHHS HAOPSKY ypaKe-
HUX KIHI[IBOK.

3riJHO TPOBENECHUX JOCII/DKCHb [MOKAa3aHo, 110 HaWKpalla JMHaMiKa
3MIHH ITOKa3HUKIB OCEPEAKY 3allaJeHHs, 32 YMOB JIIKyBaHHS ITICJISI BBE-
neHHs uiororeHy, Oyina mpuUTaMaHHA B TPYIIi, JUIS JTIKYBaHHS SKOi BHUKO-
pucroByBanu 0,025 % wma3b. IIporuzanansna akruBHicTs 0,025 % ma3i Ha
3 ToMHYy EKCIEPUMEHTY CKiaaana 56,8 % Ta JOCTOBIpHO HE Bipi3HsIIACH
BiJl aKTUBHOCTI Ipernapary MOPIiBHSHHSI, a MPH MOAJIIIIOMY 3aCTOCYBaHHI
HAaBiTh IepeBepIyBana 3a eexkTuBHicTIO JJonTiT KpeM.

AHai3 pe3yibTariB, OTPUMAHKUX IPH BUBUCHHI POTH3aNaIbHOI aKTHB-
nocti 0,05 % Ma3i Ha MoIeNl aJllTi30TIONIaHaTHOTO 3aajJeHHs IT0Ka3aB, M0
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IIpupicrt 06’emy, y % 10 BUXiAHUX 3HAYEHb
3a yMOB amJiikamii ma3i yepe3 1 rog nicas in’ekuii guiororeny

Tabnuns 5

Ne Km.men- ) Yac crnioctepeskeHHs (roax)
rp | TPAWR MLy 2 3 4 6 24
B %
IIpupict 06’emy, y % 10 BUXiJHUX 3HaUYCHb

1. | Konrpons 44,9+4,6 | 52,2+4,2 | 57,9+£5,1 | 39,1£2,8 | 28,9+ 2,3 | 7,2+0,6
2.10,05 40,6+3,9 | 42,2+4,5 |35,9+3,3* | 25+2,1* | 15,6%1,1* | 3,3£0,4
3.10,025 39,14£3,1 |26,7£2,2* | 25+1,6* | 14=£1,2* |10,9+1,0* | 1,5+0,7
4.10,0125 39,1434 | 40,644,2 | 42+3,5 | 31,8+2,5 | 26,1+1,6 | 4,3£3,7
5. | Honrit kpem | 39,7+3,3 | 35,3+2,8% | 25+1,6% |20,6+1,8* | 14,7+1,3* | 5,8+0,4

[MpumiTka: * — cTaTHCTHYHO 3HAYYIIA PI3HUIT y HOPIBHSIHHI 3 KOHTPOJIBHOIO IPYHOI0
(p <0,05).

JOCTIKyBaHa KOHIIEHTpAIlis Ma3i Majla BUPaKCHY aHTHEKCYIAaTUBHY JIiI0,
sIKa Ha TPETIO TOAMHY CIIOCTEPEIKCHHS CTaHOBMIIA 38 % Ta Maja TeHACHIII0

710 301IBIIICHHS IPOTSITOM HACTYITHUX TOAWH JIKYBaHHS.
[lizcymoByr0UM BHIIEBUKIIAACHE, MOXKHA JIWTH BUCHOBKY, ITI0 3a TUHA-

MIKOI0 3MiH Mopdooriqaux nokaszHukiB 0,025 % Ma3b Ha OCHOBI EKCTPAKTY
IMOHpPY e(DeKTHBHO MPHUTHIYYyBaIa PO3BUTOK 3aMaJIBHOTO MPOIIECY, 1HIYKO-
BaHOTO cyOranTapHumM BBeneHHsM AITLI.

Tabnuis 6
AHTHEKCYIATHBHA AKTUBHICTH, B %0 10 KOHTPOJIIO

3a yMOB anJiikauii Ma3i yepe3 1 roja micis in’exuii guiororeny

No Konnen- Yac cnocrepe:kenHs (rox)

| Tpaunig masi,
rp B % 1 2 3 4 6 24

AHTHEKCYJaTHBHA aKTUBHICT B % J10 KOHTPOJIIO

2.10,05 9,6+£1,2 | 19,1+£1,4 | 38+2,3 |42,1£3,5| 46+4,2 | 52,745,1
3.10,025 13+£1,4 | 43,1£2,9 | 56,844,7 | 64,1+£5,3 | 62,3£5,1 | 78,4+6,5
4.10,0125 12,9+¢1,4 | 22,2421 | 27,51,6 | 18,5£1,2 | 10+0,8 | 40+3,8
5. | Honrit xkpem | 11,6+0,2 | 21,4+2,8 | 56,8+3.,4 | 47,444,5 | 49,3+3,7 | 52,8+4.9

IMpumitka: * — CTaTHCTHYHO 3HAYYIIA PI3HUIL Yy HOPIBHIHHI 3 KOHTPOJIBHOIO IPYIIOI0
(p <0,05).
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PazoMm 3 THM, Oyi0 37iICHEHO MOHITOPUHT JHHAMIKH 3MiHH T€MaTOJIO-
T'YHUX MOKA3HUKIB B IEpUPEPUIHI KPOBI Iy PIB, SIKI MAIOTh JIIarHOCTUYHE
3HAYCHHS IT1]1 9ac JIOCIHKSHHS IIPOTHU3aNaIbHOT aKTHBHOCTI.

Oco0OyMBe A1arHOCTHYHE 3HAYCHHS TIPW OIIHI 3aMaJIbHOTO MPOIECY
BIJIBOJTUTHCS JICHKOIIMTAM Ta BiJICOTKOBOMY CITIBBIJHOIICHHIO PI3HUX TX
¢dopmMm, 1o 3abesleuye MOXKIHMBICTh MOHITOPHUHTY Iepediry 3axBOpro-
BaHHS Ta 3A1HCHEHHS KOHTPOJILOBAHOTO JIiKyBaHHs [23; 24; 25]. lunamiky
3MIHU T€MaToJIOTI1YHUX MOKA3HUKIB KPOBI LIYpiB peecTpyBaiu yepes 6 Ta
24 TOIWHM MicTs BBEICHHS 3allalIbHOTO areHTy y MOPIBHAHHI 3 BUXIAHUMHU
MOKa3HUKAMHU.

Ha mouarky eKCIiepuMEeHTY y BCIX HIIIOCHITHAX TPyTax TBAPUH 3arajb-
HHI BMICT JIEHKOIINTIB, K 1 X BIICOTKOBE CITIBBIIHOIIEHHS 3HAXOIUIOCH B
Meskax (i3i0JI0TIIHOT HOPMH.

CyOruraHTapHe BBEJICHHS B 3aJIHIO KiHIIIBKY TBapHH 3allaJIbHOTO areHTY
MaJIo CYTTEBE B1IOOpasKeHHsI Ha MMOKa3HUKaX «0170i KpoBi». Ha 6-Ty romuHy
excniepumenty npu AITI-iHaykoBaHOMY 3alajieHHI CIIOCTEPIraioch 3HH-
JKCHHSI 3arajibHOl KiJIbKOCTI JICHKOIMTIB (JICHKOTICHIS)) Y OUIBIIOCTI Ipym
TBapUH IO BiJHONICHHIO 10 BUXiTHUX 3HAYCHb.

Crnig BIAMITUTH, 110 HaWMEHINI NPOSBH 3alajbHOro Mpouecy, SKi
CYNPOBO/KYBAIIUCh HE3HAYHUMHU 3MIHAMH KiJIbKICHOTO BMICTY JICHKOIIUTIB
peecTpyBaIMCh B rpynax TBapHH, jae npoBoauiau teparito 0,025 % mas3io
3 eKCTpakToM iMOMpY (B cepenHboMy Ha 159%) Ta pedepeHc-ipenaparom
(Ha 14 %), Tomi SIK y KOHTPONBHIH Ipymi 3HIKCHHS BMICTY JICHKOIMTIB
cknanano 25 % (radm. 7).

SIK BiOMO, BMICT JIEHKOITUTIB B KPOBI IPH 3amaneHHi BigoOpaskae CIIiB-
BIJTHOIIICHHS M1 €MIrpaIli€ro X 3 KpOBlI y OCEpeIOK 3amaJieHHs 1 HaJXo-
JUKEHHSIM 3 KICTKOBOTO MO3KY B KpOB. BupaskeHa TeHIICHITis 10 3MEHIIICHHS
3araJibHO1 KUIBKOCTI JICHMKOIIMTIB B KPOBI Ha O-Ty TOJWHY CBIMYUTH PO
MIepeBaYKaHHs eMirparii JeWKOIUTIB B OCEPEIOK 3alaliCHHS HaJl HaIXo-
JUKEHHSM 1X 3 KICTKOBOTO MO3Ky. B pesynmbrari B el mepiof crocrepira-
€THCS TPAH3UCTOPHA JICHKOTIeHI.

Uepes 24 roguHu B yCiX MiJIOCTIHUX TPyIax TBAPHH BiJ3HAYAIOCh
IIJIBUIIIEHHS 3araJibHOi KUTBKOCTI JIGUKOIMTIB (JIEHKOIMTO3), iX BMICT
JIOCTOBIPHO MEPEBUIIYBaB MMOYATKOBI MOKa3HUKH. [laHe sBUIIE OB’ s3aHE
3 IHTEHCHBHICTIO eMirpallii JICHKOINTIB 3 KICTKOBOTO MO3KY B KPOB BHACIIi-
JIOK aKTHBAIlii KPOBOTBOPEHHSI.
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Tabnurs 7

Kinbkicauii BmicT Jseiikouutis (10°/71) B KpoBi mypiB Ha 6 roauHy
micas inayKuii koporkoTpuBaaux 3anajeb (M £ m) (n=10)

I'pynu Buxinni 3HaueHHst Yepes 6 rog Yepes 24 roa
KouTpoib 7,3+0,8 5,5+0,4%* 12,4+0,7*
IpodinakTryni ammikamii Masi 3 MOZATIBIINM JTiKyBaHHIM
micyst iH’exuii ¢uiororeny
Mass 0,0125 % 9,1+0,8 7,4+0,6 15+1,7
Mass 0,025 % 7,8+0,8 7,1+0,6 8,8+0,7
Mass 0,05 % 8,5+0,8 5,4+0,6* 19+1,5
JlonriT kpem 8,3+0,8* 6,1+0,6* 9,4+0,4
JlikyBaHHSI Ma3310 Mic/s BBeIeHHS (IOroreny
Mass 0,0125% 7,7+0,8 6,2+0,6 18,5+1,2
Massb 0,025 % 8,5+0,8 7,4+0,6 8,3+0,2
Mass 0,05 % 9,3+0,8 8,6+0,6 21+1,6
Jlonrit kpem 8,6+0,8 7,7+0,6 9,4+0,6

IMprmiTka: * — CTAaTHCTIMHO 3HAYYIIA PI3HUL Y TTOPIBHSHHI 3 BUXiTHIMHA JaHuMH (p < 0,05).

3TiIHO pe3yabTaTiB JOCIiIKEHHs, TTOKa3aHO, 10 MaKCUMAJIbHE ITi/[BH-
IICHHS KOHIEHTpaIlii «0ijoi KpoBi» BimzHa4anoch npu amtikamii 0,05 %
Mas3i, sIKe CITIBMaAalo 3 Moka3HuKaMu KoHTpouto. JlikyBanus 0,05 % maz3io
ICIIsT BBEJICHHS aJIiIi30TiONIaHATy CTUMYITFOBAJIO TIIBHINCHHS 3arajibHOi
KUTBKOCTI JIGHKOIUTIB B cepeqaboMy Ha 91 % (Ttadm. 7).

B xpogi tBapuH, sxux jikyBanmn 0,025 % maz3io 3 eKCTpakToM iMOHpY
Ta pedepeHc-IpenapaToM MPoCTeKyBallach OTHA 1 Ta K 3aKOHOMIPHICTh — B
paHHi TepMiHK (Ha 6 TOAMHY) KUTBKICHHH BMICT JICUKOLIUTIB B KPOBI JCIIO
3HI)KYBABCs, Ta 4epe3 24 TONUHH CIIOCTEPIraioch He3HAUHE MiIBUIICHHS Y
MOPIBHSHHI 3 IHIIUMHU IpyaMu TBapuH. Tak, 3arajibHa KilbKiCTh TOKa3HH-
KiB «017101 KpoBi» uepe3 1 100y 3a ymoB npodinaxruunoi ammikarnii 0,025 %
Masi B cepeiHboMY 301bIryBanuchk Ha 16 %, 110 cBiAUUTh Npo eQeKTHBHE
nikyBanHs 3amaneHas 0,025 % Ma33io y TOpIBHSAHHI 3 NPUPOTHUM TIepe-
6irom mporecy B KOHTPOJBHINA TPyIi Ta iHIIMMH KOHIIEHTpAIisIMA Ma3el
(tabm. 7).

[Ipu mopiBHsITBHIH iHTEpTIpeTAallii POPMEHUX SIEMEHTIB JICHKOITUTAPHOT
(hopMyIH KpOBi, TIOKa3aHO, 110 CIIILHUMH O3HaKaMH Ha 6 TOJUHY eKCIIepHr-
MEHTY, OyJIO JIOCTOBIpHE 3HIKEHHSI KUTBKOCTI HEUTPODITbHUX JICHKOIIUTIB
Y BCIX IpyIiax TBapHH ITOPIBHIHO 3 BUX1THUMHU TOKa3HUKAMH.
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Ha 6 roguny ekciepuMeHTy y BCiX Tpymax TBapWH BiI3HaYaIach BHPa-
JKCHa TEHJICHIIIS 10 3HMWKCHHS KUIBKOCTI TIAJIOYKOSICPHUX Ta CErMEHTO-
SIEPHUX HEUTpo(iLTiB B mepudepuuHiii KpoBi MIypiB, mo 30iraerbes i3
3arajbHOI0 KUTBKICTIO JICUKOIUTIB 1, MaOyTh, TIOB’A3aHO 3 iX eMIrpalli€io B
OCepeoK 3ananeHHs (puc. 2, puc. 3).

UYepes 24 roauHU y MiAIOCTITHUX TBAPHH Bi3HAYANACH TCHICHINS 10
30UIBIICHHS] BMICTY TaJIOYKOSACPHUX HEUTPOQIIIB B MOPIBHIHHI 3 iHTaK-
THUMU TBapUHAMHU, 10 30irajgock 3 pO3BUTKOM JICHKOLUTO3Y, 00yMOBIIE-
HUM aKTHBAI[I€}0 KPOBOTBOPCHHSI.

Haii6inbmuii piBeHb NaTOUKOSACPHUX HEUTPOdiNiB, HA 24 TOAUHY, BiA-
3Ha4aBCs B KOHTPOJIBHUX TPyIax TBapHH (B cepeaHbOMY B 2 pasu, p <0,05),
a HaliMeHmMH B rpymax, skux JikyBauu 0,025% wma3zsio Ta pedepenc-
Ipenaparom.

Crig Big3HauuTH, 110 pu MozemoBanHi AITI] 3ananenns, npodinak-
Tl arorikanii 0,025 % Masi copusii He3HAYHOMY 3HIDKEHHIO I1ajI0d-
KOSIZICPHUX HEHUTPO(UIIB HA 6-y TOAWHY Ta MOMIPHOMY 30UTBIICHHIO Ha

3.5 4

Bumict manoukoagepanx nemrpodiais B %

Buxingi qangi Yepes 6 rox Uepes 24 rox

®KonTtpons MMasp 0,0125% = Ma3p 0,025 % ®Mase 0,05 %  ® JJonrit xpeM

Puc. 2. lunamika 3MiHM BMicTy najoukosiiepHux Heiitpodinis (%)
B nepu¢epuyHii KpoBi mypis
(3a yMOB NIpo(iTaKTHYHOTr0 HaHeCeHHs Ma3eil)
TIprmviTka: * — CTAaTHCTUYHO 3HAYYIIA PI3HUI Y TIOPIBHSHHI 3 BEXiaHIMH gaHAMH (p < 0,05).
—————— — Mexi (i3i0J0Ti4HOT HOPMHU.
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24-y TOJIUHY, 10 CBIYUTH MIPO YCHIIIHY eTIMIHAIII0 (JIOTOTeHY Ta IPHUITH-
HEHHSI 3aIajbHOTO MPOIIECy Ha paHHIX eTarax (puc. 2).

AHaJIOTIYHAa TEHJICHIISI JIO0 3HWKCHHS Ha O-Ty TOIMHY IOCIIKCHHS
BiJI3HAYAJIaCh 1 JJIsi CETMEHTOSIIEPHUX HEUTPOQLITIB, SKI MITpyBajk B cepe-
JIOBHIIIC 3aIajeHHsT BHACIIIIOK JIiT albTepyodoro (akropa.

Uepes 24 ropyHu Micyis BBEACHHS MPO3aNaibHUX areHTIB Y BCIX MOCHTI/I-
HUX Tpylax TBAPHH BiJ3HAYajach BIMHOCHA HEUTPODLNis 3i 30LIBIICHHSIM
BIZICOTKOBOTO BMICTYy CETMEHTOSACPHUX HEHTPO(iTiB Ha TIi 3arajabHOro
neiikoruTo3y (puc. 3). Ilpote B BCiX rpymnax TBapHH 30UIBIICHHS KiTbKOCTI
HelTpodiniB Oylio HE3HAUHE Ta 3HAXOAMIOCH B MeXax (Di310JI0TYHOT HOPMH.

3MiH B KUIBKOCTI €03MHO(DITIB Ta MOHOIMTIB mpu MoaemoBanHi AITL]
3aMajeHHs BIPOAOBXK 24 TOAWH MPaKTHYHO HE BiJ3Hadanocs. Haromicth
CIIOCTEPIrayoch, He3HAYHE 3MEHIIIEHHSI KITBKOCT1 JIIM(OIHTIB, SIKE Bapito-
BaJio B Mexax Bix 5 0 10 %, npote, He3Ba)Kal0uH HA HE3HAYHI KOJTMBAHHS,
BMICT JIaHOTO IMOKa3HUKA 3HAXOIUBCS B MeXax (i3ioyoriyHoi Hopmu. Taki
HE3HauHI 3MiHM B KUIBKOCTI JIM(OIMTIB Ha PaHHIX CTaisX 3alajcHHS
CBITYaTh PO MITPaLilo KIITHH A0 TiM(OyTBOPIOIOUYUX OPraHiB, CHTHAI3Y-
FOUH MPO HEOOXITHICTh aKTUBAIlil IMyHHOT BIAMOBII HAa (JIOTOreHHE BTPY-

30 4
25
20
15

10

BMicT cermenTosiepHux HeiiTpodiiis B %

Buxinsi gaHHi Uepes 6 rox Uepes 24 rox

® Kontpons ™ Mass 0,01259% = Masp 0,025 % ®™Masp 0,05% = JTonrit kpem

Puc. 3. lunamika 3MiHH BMicTy cerMeHTOsiIepHUX HelTpo(iniB (%)
B nepudepuyHiii KPoBi HIypiB
(32 yMoB NpoQiJIaAKTHYHOI0 HAHECEHHS Ma3eil)
IpumiTtka: * — CTAaTUCTHYHO 3HAYYIIA PI3HHLI Y TOPIBHSHHI 3 BUXigHuMH AaHuMH (p < 0,05).
—————— — MexXi (i3ionoriyHoi HopMH.
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YaHHA. 3HWKEHHS BMICTY JIIM(OIUTIB B OUTBIIOCTI BHITAIKIB 3aJICKUTH BiJl
IHTEHCHBHOCTI 3aMajbHOTO MPOIECY.

6. BucHoBkH

MeToioM in Vivo BCTaHOBIIEHO, 10 32 MapaMeTpaMu roCTPoi TOKCHYHO-
CTI TYCTHH eKCTpakT Zingiber officinale nipy HaMIKIpHIN arumikamii nrypam
BiTHOCHUTBCS 110 [V KITacy croiayk — MaJlOTOKCHYHI CIIOTYKH.

3a pesysbTaraMu MPOBEICHUX JIOCITIPKEHb TTOKa3aHO, 10 Ha MOJIEI aJli-
Ji3oTioliaHaT-iHykoBaHoro 3amaieHus 0,025 % ma3b Ha OCHOBI T'yCTOTO
eKCTpakTy Zingiber officinale mposBisia HalOIIBII BUpaXKeHy MPOTH3a-
MaJbHY aKTUBHICTB, sIKa HE MMOCTYIIANACh 32 aKTHBHICTIO Mperapary mopis-
HsaHHS (HonriT kpem). BecranoBneHo, 1110 3 IiABUIEHHSIM KOHIIEHTpAIIiT BiJl
0,0125% no 0,025 % mpoTu3amaibHa aKTUBHICT JIOCHIHKYBAaHUX 3pa3KiB
MPOTPECUBHO 3pOCTalia, OAHAK MOAANbIIE 301IBIICHHS BMICTYy EKCTPAKTY B
3paskax gociimkyBanoi masi (o 0,05 %) He mpU3BOIUIIO 1O ITiIBUIICHHS
MPOTU3AaIbHOI aKTHBHOCTI, 8, HATOMICTh, AiF04i KOMIIOHEHTH Ma3i BUCTY-
MAJIH K MTPO3anaibHi areHTH, 30UTBIITYI0YH OCePEIOK 3anaieHHs.

ExcrniepumeHTanbHI JaHHI CBiAYaTh, 0 Bukopuctanusa 0,025 % masi 3
EKCTPAKTOM IMOUPY CIIpHsi€ 3HIKEHHIO 3araibHOT KIIBKOCTI JICHKOIUTIB Ta
BiJTHOBIIFOE BiJICOTKOBE CITIBBIIHONICHHS TTOKa3HUKIB JICHKOTpaMH, Ha BiJI-
MiHY BiJl pe3y/bTaTiB KOHTPOJIbHOI IPYNHU Ta TPYII, SKi OTPUMYBAJH JiKy-
BaHHS Ma3sIMH 3 1HIIIOK KOHIICHTPAITIEIO IFOYNX PEYOBHH.

Hoseneno, mo mnpodiraktiuyuni ammikamii 0,025% wMa3i Ha momeni
AITILI-3ananeHust cnpusuiy OIOKYBAaHHIO PO3BUTKY 3alajeHHs Micys iH’ €K-
mii (uIorOoreHy, TOMy MOXKHA CTBEpJKYBaTH, IO MPHUHAHMHI OIHUM i3
MEXaHi3MiB MPOTU3AMaIbHOI aKTUBHOCTI BAP B ckiazii rycToro eKcTpaxry
IMOMpY € caMe aHTaroHi3Mm 1o BijHOmEeHH!O 10 TRPA1 penienitopis.

TakuM YMHOM, MPOBENEHI CKCIIEPUMEHTANIBHI JOCIIIKCHHS JTOBOASATH
JIOIIJIBHICTD 3aCTOCYBaHHs Ma3l 3 eKCTpakToM Zingiber officinale B xoM-
TUTEKCHIN Tepalrlii 3amaibHuX Ta O0JILOBUX 3aXBOPIOBAHb.
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Abstract. Copepoda are the most important zooplanktonic group
constituting the primary food for fish larvae and some fishes. Copepoda
have the longest life cycles among the Black Sea mesozooplankton,
so their biomass and percentage of total zooplankton biomass is greatly
reduced by eutrophication. The percentage of Copepoda from the total
biomass of zooplankton is a reliable indicator of the ecological status of
the water bodies. For the Black Sea marine waters the indicator of “good”
ecological status (GES) is the average annual biomass of Copepoda, which
exceeds 45% of the total biomass of zooplankton. Changes of total biomass
of zooplankton, biomass of Copepoda, the abundance and biomass of
dominant species — Oithona davisae Ferrari F. D. & Orsi, 1984, Acartia
(Acartiura) clausi Giesbrecht, 1889 and 4. (Acanthacartia) tonsa Dana,
1849 in the Danube and Odesa marine regions from 1970 to 2019 were
analysed. Also the ecological quality class in the Nort-Western part of Black
sea by Copepoda indicators from 2004 to 2017 were established according
to Water Framework Directive US. The total zooplankton biomass had been
decreasing in Ukrainian waters and % of Copepoda from total zooplankton
biomass was increasing. These tendencies shown a positive change in the
forage base of commercial planktophagous fishes and ecological class status
of the investigated aquatories. The abundance and biomass of O. davisae,
A. clausi and A. tonsa were decreased from 2016 to 2019. The highest
values of their metrics were in 2016 and the lowest rates observed in 2019.
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O. davisae, A. clausi and A. tonsa were the main components of copepods
number and biomass. The 4Acartia species formed higher part of Copepoda
biomass than O. davisae. The ecological state was “good” (GES) only in
Danube-Dnieper coastal waters and Danube delta in 2004-2017 where
Copepoda formed more than 45 % of total zooplankton biomass. In waters
of Northwester Black Sea bays, shallow and deepwater shelfs the ecological
state was “Bad” (notGES), the part of Copepoda was lower than 45 %.

1. Introduction

The Black Sea ecosystem have been in a dynamic state over the past
several decades as a whole and its individual water area. For various reasons
the development of some species decreases or increases, others disappear,
new ones are introduced for the ecosystem [15, p. 80].

Zooplankton is the most important component of the food chain in seas
and oceans. Copepods are the most important mesozooplanktonic group
constituting the primary food supply of fish larvae and some fishes that
having high economic value [1, p. 685; 4, p. 224].

From time to time Mediterranean species of copepods have been
recorded in the Black Sea plankton near the Bosporus area. However, few
organisms can survive in the conditions of the Black Sea to the low salinity
and large variations in temperature. The ecological conditions of the Black
Sea have changed substantially in the last 50 years and the introduction of
new species has led to changes in the ecosystem [9, p. 28; 14, p. 120].

In particular the introduction of Mnemiopsis leidyi A. Agassiz, 1865 in
the 1980s led to a decrease in zooplankton density and change copepod
diversity due to the heavy predation impact of this ctenophore. Some
copepods species, such as Oithona nana Giesbrecht, 1893, Paracartia
latisetosa (Krichagin, 1873), and Acartia (Acartiura) margalefi Alcaraz,
1976, completely disappeared from the Black Sea ecosystem during
this destructive period. After the large-scale collapse of the Black Sea
ecosystem, the devastating effects of M. leidyi were attenuated following the
introduction of Beroe ovata Bruguiére, 1789, which is a voracious predator
of M. leidyi. Subsequently, the species lost from the Black Sea ecosystem
have been replaced by other species that share a similar ecological niche.
Therefore, the absence of O. nana together with the decrease of M. leidyi
provided the opportunity for Oithona davisae Ferrari F. D. & Orsi, 1984
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to successfully invade the Black Sea. Individuals of this species not only
could survive in Black Sea conditions, but also had established populations
[2, p. 1008].

Some specimens of a cyclopoid copepod new to the Black Sea were
found in Sevastopol Bay in December 2001. The zooplankton species
O. davisae is indigenous to coastal areas of Japan and the China Seas.
However it had successfully invaded in many other coastal marine regions
such as San Francisco Bay, the Mediterranean Sea, the North Sea and
the Black Sea. It had transported in ballast water tanks. The species was
identified as Oithona brevicornis Giesbrecht, 1891. Recently, the species
was re-identified as O. davisae [3, p. 258].

O. davisae is a pelagic cyclopoid copepod. The naupliar and copepodite
stages are separated into six stages each. O. davisae has a wider potential
salinity tolerance due to the estuarine lifestyle, due to which it has a
higher body density, exhibits greater motor activity and the rate of oxygen
consumption, the value of which is comparable to the theoretically expected
respiration rate of calanoid copepods [3, p. 259].

For the period 2005-2013 In the Odesa sea region and the Danube
region, the zooplankton structure was replenished with new Black Sea alien
species — O. davisae. An outbreak of development of O. davisae was noted
in September 2012, when it completely replaced the native form of Oithona
minuta T. Scott, 1894. Its population was 35459 specimens and biomass
were 85.53 mg/m?[5, p. 61].

In the Odesa marine region in 2013 and 2014 were also identified
159 specimens of O. davisae (biomass — 4 mg/m?). With an increase in
the abundance of the O. davisae was observed a further decrease in the
abundance of Oithona similis (Claus C., 1866), that was not recorded in
samples from 2013) [5, p. 62].

In the last ten years, the alien species of cyclops O. davisae has appeared
in the North-Western part of the Black Sea. In the North-Western part of the
Black Sea, O. davisae had been observed since 2011. Its was completely
naturalized in North-Western part of the Black Sea and belongs to the
dominant taxa not only among Copepoda, but also of all zooplankton.
It should be noted that this omnivore species belongs to the feed for fish
zooplankton, therefore, its mass development may had a positive effect on
fish-planktophages [14, p. 120].



Chapter «Biological sciences»

Three species of the genus Acartia were reported from the Black Sea:
Acartia clausi Giesbrecht, 1889, Acartia latisetosa (Krichagin, 1873),
Acartia italica Steuer, 1910. A. clausi small form for the Black Sea
was described by Potemkina in 1940. Nowadays it has been reported as
A. margalefi. Acartia tonsa Dana, 1848 is an abundant neritic species
common in coastal waters of the Western Atlantic, Indian and Pacific
Oceans. The populations of 4. fonsa can reach great. However, in both
Mediterranean and the Black seas A. tonsa was discovered relatively
recently. For the Black Sea A. tonsa was reported as late as in 1994. The
copepod was found in plankton samples collected in September 1990
near Karadag, in the south-eastern part of Crimea. Later, relatively high
abundance of 4. tonsa was recorded in the southern part of the Black Sea
and in Sevastopol Bay [6, p. 231; 12, p. 106].

A. tonsa is identified by adults. In August 2005, an outbreak of its
development was observed in the Odesa Bay. The ratio of 4. clausi and
A. tonsa were 1: 137 [5, p. 61].

An increase in the abundance of an alients speacies and an expansion of
its habitat leads to a change in the structure of native communities and the
characteristics of their functioning. This is especially important due to the
fact that the new invaders are a representative of mesozooplankton, which
are the central component of marine ecosystems and provides a connection
between primary production and consumers of the 1st and 2nd orders. Many
fish depend on zooplankton as a food source at different stages of their life
cycle. Moreover, if the survival of fish eggs and prelarvae mainly depends
on abiotic factors and the influence of predators, then at all subsequent
stages of development — on the provision of food, the main component
of which is zooplankton. Therefore, quantitative and qualitative changes
in zooplankton are a leading indicator of what will happen to fish stocks.
Numerous studies have shown that the nauplii and copepodite stages of
Oithona spp. and other small copepods are the most important food source
for fish larvae and other planktivorous predators [3, p. 263].

Populations of O. davisae initially became established in coastal
waters but later were detected in the off-shore waters of Black Sea. These
findings demonstrate that the distribution of O. davisae, which is an
epipelagic-neritic species, gradually expanded in the Black Sea year by
year, as population abundance also increased. The non-indigenous species
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settling in the coastal zone have to adapt to wide variability in salinity and
temperature. The majority of holoplanktonic copepods are assumed to be
osmoconformer. With their experimental study, Svetlichny and Hubareva
demonstrated that the salinity tolerance of O. davisae was between 3 and
40 %o. [3, p. 259]. They also stated that the osmoregulatory abilities of
O. davisae might facilitate their successful adaptation to the brackish Black
Sea [3, p. 262]. O. davisae is found at temperatures between 8.9 and 28.2°C.
Its high tolerance to varying environmental conditions allows O. davisae
to survive and reproduce in the Black Sea [9, p. 33]. The feeding strategy
of O. davisae contributes to its widespread distribution in the ecosystem.
O. davisae is microflegellat feeder [11, p. 418].

Copepoda have the longest life cycles among Black Sea zooplankton, so
their biomass and percentage of total zooplankton biomass is greatly reduced
by eutrophication. It is well known that in anthropogenic eutrophication of
any type of aquatic ecosystems, short-cycle organisms play a leading role
in the formation of zooplankton biomass. Thus, the percentage of Copepoda
from the total biomass of zooplankton is a reliable indicator of the ecological
status of the water area [8, p. 226].

Acording to the European Water Framework Directive (WFD; 2000/60/EC)
[10, p. 84] waters quality may be divided into two classes: “good environ-
mental quality (GES)” and “poor environmental quality (NotGES)”, which,
on afive-point scale, are GES — “high and good water quality” and NotGES —
“medium, poor and bad water quality” respectively [1, p. 28; 8, p. 225].

For the Black Sea marine waters, the indicator of “good” ecological
status (GES) is the average annual biomass of Copepoda, which exceeds
45% of the total biomass of zooplankton [8, p. 226].

The aim of the work is to reveal the long-change in the abundance and
biomass of main components of Copepoda — O. davisae and A. clausi in the
Danube and Odesa regions of the Black Sea and to determine the quality of
these aquatorias by copepods indicators.

2. Materials and methods
To analysis the long-term dynamics of the abundance and biomass of
main components of Copepoda — O. davisae, A. clausi and A. tonsa in the
Danube and Odesa marine regions and to establish the ecological quality
class in Nort-Western part of the Black sea had been analised a databases
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of the Institute of Marine Biology of the National Academy of Sciences of
Ukraine and the data collected in the framework of the international project
“Emblas-plus” (Improving environmental monitoring of the Black Sea —
selected events) during the ukrainian-georgian expeditions “National pilot
monitoring studies” (NPMS) and “Joint Black Sea survey” (JBSS) during
2016, 2017 and 2019.

Maps of the stations of monitoring and collection of zooplankton
samples by the Institute of Marine Biology of the National Academy of
Sciences of Ukraine are presented in Figures 1 and 2.
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Figure 1. Map of zooplankton sampling stations during
long-term monitoring of the Odesa marine region

In the period from 2016 to 2019 collected samples had contained the
copepods O. davisae, A. clausi and A. tonsa. In 2016 O. davisae had been
observed in 23 samples, in 2017 — in 22 samples, in 2018 — in 12 and in
the 2019 in 17 samples of zooplankton. 4. clausi and A. tonsa were found
in 2016 in 25 samples, in 2017 — in 22, in 2018 — in 12, and in 2019 —
in 21 samples of zooplankton.

In all expedition zooplankton samples were taken using a standard Juday
plankton net with the mouth area of 0.1 m? and mesh size 150 p. Samples
were fixed with buffered formaldehyde solution (4% final concentration).
The samples were processed under binocular microscope. Abundance and
biomass of Copepoda were determined according the standard methodology
for studies in the Black Sea [7, p. 5].
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Figure 2. Map of zooplankton sampling stations during
long-term monitoring of the Danube region

To determine the dynamics of Copepoda and the total biomass of
zooplankton in the investigations aquatories had been analyzed the
historical databases of the Institute of Marine Biology of the National
Academy of Sciences of Ukraine from 1970 to 2019. Also were taken a
samples of zooplankton during monitoring of state of zooplankton and its
forage base in Ukrainian marine and transitional waters in framework of
project “Emblas-plus” in 2016-2019.

Determination of threshold values between “good” ecological status
(GES) and “poor” ecological status (NotGES) in the national waters of
Ukraine was carried out in the following areas of the Black Sea: Danube-
Dniester region (C3), Danube avandelta (T1), Northwester Black Sea bays
(C9), shallow shelf (Sh4) and deepwater shelf (Sh6) (Figure 3).

For marine waters of the Black Sea, the indicator of “good” ecological
status (GES) is the average annual biomass of Copepoda, which exceeds
45% of the total biomass of zooplankton.

To determine the ecological status class of marine and coastal waters
of Nort-Westetn part of the Black sea for each study area was found the
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Figure 3. Black Sea monitoring subregions in 2007-2019 [8, p. 222]

maximum, minimum and average value of Copepoda biomass from the
total biomass of zooplankton from 2004 to 2017.

3. Results of investigation. Dynamics of the total biomass
of zooplankton in the Odesa and Danube regions
of the Black sea in 1980-2019

O. davisae, A. clausi and A. tonsa are the main components of forage
zooplankton. They biomass makes up a significant proportion of the total
biomass of Copepoda. As a result of the analysis of average annual values
can saw that the total biomass of zooplankton had decreased considerably
in the last years. The largest biomass in the Odesa region was observed in
the period from 1970 to 1980 (Figure 4).

Over the next decade, that metric successfully had decreased. In the
1990s, zooplankton biomass had increased, but declined in next years again.
In the next decade was the same tend to decreasing. The largest biomass
of zooplankton was observed in the Danube region in the 1980s, but
significantly had decreased in the 1990s. In 2000s biomass was increased a
noticeable. But in the last 10 years the situation is the same as in the Odesa
region — the biomass of total zooplankton was fallen.
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Figure 4. Long-term changes of total biomass of zooplankton:
a —in the Odesa region; b — in the Danube region; Axis X — periods,
Axis Y — total biomass of zooplankton, mg/m?3

During the work were investigated the long-term changes in the biomass
and abundance of total Copepoda. Were determined the average annual
values from 1970 to 2019 in the Danube region and the Odesa region
(Figure 5).

During the results of long-term monitoring the Copepoda biomass in the
Odesa bay was at the same level and practically did not change from 1970 to
2000. But in the 2000s was a slight change to decreasing of this indicator. And
from 2011 to the present the biomass of copepods significantly had increased.

In the Danube region, the dynamics of copepod biomass was different.
From 1970 to 1990, this metric was low and the same over the 20 years.
But since 1991 the biomass had increased twice, then since the 2000s it had
decreased again. And since from 2011 had been notice a tendency to its
increasing. Biomass of Copepoda in next years was the highest among all
the years of the investigation.

It is well seen that total zooplankton biomass had decreased in Ukrainian
waters and % of Copepoda from total zooplankton biomass was increasing.
These tendencies shown a positive change in the forage base of commercial
planktophagous fishes and ecological class status of the investigated
aquatories.
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Figure 5. Long-term changes percentage of Copepoda
of total zooplankton biomass: a — in the Odesa region;
b — in the Danube region; Axis X — periods,

Axis Y — Copepoda of total zooplankton biomass, %

4. Dynamics of the total biomass of zooplankton and Copepoda
in the Danube avandelta in 2007-2017

Also was carried out the analysis of changes in the total biomass and
biomass of Copepoda in the Danube avandelta and in its coastal zone.
In Danube avandelta in the period 2007-2017 were significant annual
fluctuations of the abudance and biomass of zooplankton with a general
tendency to decrease (Figure 6).

The figure shown that the highest indicator of total zooplankton biomass
had observed in 2007 (4921 mg/m?). It was higher than from all next years,
when its indicator did not exceed 1000 mg/m3. After 2007, the highest
indicator of zooplankton biomass had observed in 2012-2013 and 2015,
and in 20162019 the biomass decreased again.

It is important to note that after 2009 there was a significant
restructuring of the structure of the zooplankton group, the dominant
taxa had changed and was appeared the new species O. davisae.
If in 2004-2008 the basis of zooplankton biomass was formed by the
Noctiluca scintillans (Macartney) Kofoid & Swezy, 1921, but since 2010
the leading role in the formation of biomass has shifted to copepods,
primarily species of the genus Acartia and the alient O. davisae.
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Figure 6. long-term changes in zooplankton biomass in the Danube
avandelta. Axis X — periods, Axis Y — zooplankton biomass, mg/m?3
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Figure 7. long-term changes of biomass of Copepoda
in the Danube avandelta. Axis X — periods,
Axis Y — Copepoda of total zooplankton biomass, %



Chapter «Biological sciences»

These changes can be regarded as an improvement in the forage base of
planktophagous fish.

In Danube avandelta the biomass of Copepoda was increased, reaching
maximum indicator in 2013 and 2015, and then decreased again simulta-
neously with the decrease in the total biomass of zooplankton (Figure 7).

The biomass of Copepoda in recent years had increased in the Danube
avandelta, and this indicates an improvement in the quality of the aquatic
environment.

5. Dynamics of the biomass of the O. davisae, A. clausi and A. tonsa
in the Odesa and Danube regions of the Black sea in 2016-2019
Based on the results of long-term monitoring was observed a change

in the abundance and biomass of the aliens O. davisae, A. clausi and
A. tonsa over the last four years in Danube regions. Indicators of abundance
of O. davisae are presented in Figure 8.
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Figure 8. Abundance of O. davisae in 2016-2019 in Danube region.
Axis X — periods, Axis Y — abundance of O. davisae, ind./m?

In 2016 the average annual indicators of O. davisae abundance was
4479.9 ind./m’. In 2017 this indicator slightly decreased to 3807.6 and
practically did not change in 2018 (3790.5). In 2019 the abundance of this
copepod significantly increased up to 607.4 ind./m>.

It was a similar picture with the biomass of this alien. The highest
biomass was in 2016, which had amounted to 26.879 mg/m?, and a tendency
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to decrease was noticeabled in next years. The biomass of O. davisae in
2017 and 2018 slightly had decreased, and were the same mostly. In 2019
was a noticeable decrease of this average annual indicator to 3.645 mg/m?
(Figure 9).
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Figure 9. Standard biomass of O. davisae, mg/m?
in 2016-2019 in Danube region.
Axis X — periods, Axis Y — biomass of O. davisae, mg/m?

When had been analyzing changes of 4. clausi and 4. tonsa abundance
in the Danube region was observed a similar situation with O. davisae

(Figure 10).
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Figure 10. Abundance of 4. clausi and A. tonsa in 2016-2019
in Danube region. Axis X — periods, Axis Y — abundance, ind./m3
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According to the average annual indicators, the largest abundance of
A. clausi and A. tonsa in the Danube region were observed in 2016
(5656.22 ind./m?®), which slightly decreased in 2017 to 4044.25 ind./m’.
The next year this metric had decreased significantly to 548.96 ind./m>.
But in 2019 was noticed a slightly increasing of abundance of this species
up to 755.16 ind./m?.

The biomass of A. clausi and A. tonsa in the Danube region significantly
had changed in recent years (Figure 11).
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Figure 11. Standard biomass of A. clausi and A. tonsa, mg/m®
in 20162019 in Danube region.
Axis X — periods, Axis Y — biomass, mg/m?

During this period the highest biomass 4. clausi and A. tonsa were
observed in 2016 which was 74.51 mg/m’®. In 2017 was a slight decrease
to 64.89 mg/m’. The next year this indicator had decreased even more
and amounted to 9.03 mg/m?. In 2019 the biomass of this species did not
increase (7.67 mg/m?).

As we can see in the last years the abundance and biomass of
O. davisae, A. clausi and A. tonsa had decreased. In 2016-2019 these
species were the main components of the copepodas crustaceans. Thus,
during the investigation had been monitored the dynamics of the biomass of
total zooplankton, biomass of Copepoda, biomass of O. davisae, A. clausi
and A. tonsa (Figure 12). Also had observed the changing of part of these
species from the total biomass of Copepoda in Danube region (Figure 13).
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Figure 12. The dynamics of the biomass
of total zooplankton, Copepoda, O. davisae, A. clausi and A. tonsa
in Danube region in 2016-2019; Axis X — periods,
Axis Y — Copepoda of total zooplankton biomass, %
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In 2016 the part of O. davisae of the % of Copepoda of the total biomass
was more than half — 29.21%. In subsequent years was a slight decreased
of O. davisae from copepods. In 2017 this metric was 20.5% but already in
2018 % O. davisae from the Copepoda begins to increase and had amounted
to 21.4%, and in 2019 — 23.46%.

In 2016 the percentage of A. clausi and A. tonsa from Copepoda biomass
were the largest — 80.96 %. The next year this metric was 58.16%. In 2018
the part of A. clausi and A. tonsa from Copepoda were decreased to 8.49%.
But in 2019 it had increased to its previous indicators significantly which
amounted to 49.4%.

Thus O. davisae, A. clausi and A. tonsa were the main components of
copepods where the part of A. clausi and 4. tonsa from copepods was much
higher than part of O. davisae. Because these species had acclimatized
to the new environment after it was first recorded and gradually both the
frequency and its abundance among the Black Sea zooplankton have been
increased.

6. Ecological state of the investigated aquatories
by Copepodas indicators

According to the monitoring data of the North-Western part of the Black
Sea (from 2004 to 2019), the water quality class have been determined in
such regions: Danube-Dnieper coastal waters, Danube avandelta, north-
western Black Sea bays, shallow and deepwater shelfs. For these regions
was calculated the average annual indicators of the biomass of Copepoda
(maximum, minimum and average (Table 1).

Table 1
The value of Copepoda biomass from the total biomass
of zooplankton (%) of North-Western part of the Black Sea

. Biomass of Copepoda, %

N Subregion Maximum Minimznll) Average
1 | Danube-Dnieper coastal waters (C3) 169.91 4.97 48.93
2 Danube avandelta (T1) 98.43 0.45 45.70
3 | North-western Black Sea bays (C9) 88.55 8.74 36.85
4 Shallow shelf (Sh4) 60.12 0 14.93
5 Deepwater shelf (Sh6) 56.2 0 15.48
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It is known that the indicator of good quality will if the % of Copepoda
of the total zooplankton biomass, it is more than 45%. According to the
results of the long-term monitoring in North-Western part of the Black Sea
the ecological state had been different (Figure 14).
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Figure 14. The ecological state of North-Western part of the Black Sea
by Copepoda of the total zooplankton biomass (%) in 2004-2019.
Axis X — periods, Axis Y — Copepoda of the total zooplankton
biomass (%), ] - GES, [JJj — not GES

In the period from 2004 to 2017 the ecological state was “good”
(GES) only in such equatorials as Danube-Dnieper coastal waters and
Danube avandelta where presentence of Copepoda was higher than 45 %.
In waters of north-western Black Sea bays, shallow and deepwater shelfs
was determined the “not good” ecological state (notGES) as the part of
Copepoda was lower than 45 %.

7. Conclusions
When it is impact of anthropogenic eutrophication of any type of aquatic
ecosystems the short-cycle organisms and they biomass playing a main role
in indicating of water quality. Copepods have short life cycles and they
biomass and the part of forage biomass of zooplankton greatly changes due
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to the eutrophic factor. Therefore the Copepoda is considered the indicator
of the ecological status of waters bodies.

As a result of the analysis of average annual values the total biomass
of zooplankton had decreased considerably in the last years in Odesa
and Danube regions. And the largest biomass was observed in the period
from 1970 to 1980. In Danube region after 2007 the highest indicator
of zooplankton biomass was observed in 2012-2013 and 2015, and in
2016-2019 the biomass had decreased again.

The Copepoda biomass in the Odesa bay was at the same level and
practically did not changed from 1970 to 2000. But in the 2000s was a
slight changed to decreasing of this indicator. And from 2011 to the present
the biomass of copepods had increased significantly. In the Danube region
the dynamics of copepod biomass was different. In Danube avandelta the
biomass of Copepoda was increased reaching maximum indicator in 2013
and 2015 and then had decreased again simultaneously with the decreasing
in the total biomass of zooplankton.

Biomass of Copepoda in next years was the highest among all the
years of the investigation. The total zooplankton biomass and are clearly
decreasing in Ukrainian waters and % of Copepoda from total zooplankton
biomass was increasing. These tendencies shown a positive change in the
forage base of commercial planktophagous fishes and ecological class
status of the investigated aquatories.

From 2016 to 2019 had been tendency to decreasing of the abundance
and biomass of species O. davisae, A. clause and A. tonsa. The higher their
indicators were in 2016 and the lowest rates had observed in 2019. This is
due to a decreasing in the abundance and biomass of Copepoda.

The parts of the O. davisae, A. clausi and A. tonsa of the % of Copepoda
of the total biomass was higher in 2016 (29.21% and 80.96 %) and next
years this metrics decreased. In 2019 this indicates had composed 23.46%
and 49.4% (O. davisae and A. clausi and A. tonsa respectively). The part
of A. clausi and A. tonsa from copepods were much higher than part of
O. davisae.

In 2004-2017 by the average annual values of biomass of Copepoda (%)
good water quality (GES) had noted in the Danube-Dnieper coastal waters
and Danube avandelta. The north-western Black Sea bays, deepwater shelf
and shallow shelf subregions had shown a poor ecological status (NotGES).
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JUSTIFICATION AND DEVELOPMENT
OF MICROPROCESSOR MICROCLIMATE CONTROL
SYSTEM IN THE GREENHOUSE

OBIPYHTYBAHHS TA PO3POBKA MIKPOIIPOIIECOPHOI
CUCTEMU KEPYBAHHSA MIKPOKJIIMATOM B TEIIJINII

Svitlana Gaydukevich'
Nadia Semenova?
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Abstract. Plants are biological objects that react to any changes in the
environment and all the microclimatic parameters of the greenhouse are
closely related to each other and directly affect the growth and development
of plants of a particular culture, therefore, these parameters must be strictly
controlled, located in limits. In the automation of technological processes
automatic regulation plays an important role. It maintains unchanged over
time any important value that characterizes a particular technological
process, or changes these values according to a certain law. Only
microprocessor systems, which are part of measuring devices, allow you
to accumulate the results of observations, process them according to a
certain program. By programming the logic of operation, microprocessor
devices increase performance of the equipment. It is especially important
to use measuring and information technologies based on the use of
microprocessors and sensors in creating an optimal microclimate, i.e.,
to achieve the appropriate standard parameters indoors areas because
along with increasing prices on fuel and energy resources the quality
requirements for microclimate support are increasing, too. The primary
tasks of automation are tracking and managing microclimatic parameters
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that directly or indirectly affect plant growth and production. Therefore,
it became necessary to develop an effective and inexpensive system
management for microclimate parameters for small greenhouses, which
would be available to a wide range of consumers. As a result of the analysis
of modern equipment for control and management of humidity, temperature
and other climatic parameters, a microclimate control automatic system for
a greenhouse was manufactured, which was developed and implemented on
the hardware-computing platform Arduino in the development environment
language Processing/Wiring. The performance characteristics of the
developed and implemented device show that it has great potential. Namely,
the fact that it performs constant monitoring of all indicators simultaneously
due to sensors that transmit information to the control device, which is then
fed to the processing unit, after which signals are issued to the corresponding
actuators. In addition, the device has functional capabilities that allow you
to choose a control method depending on the type of plant and the phase
of growth, that is, the system can work according to a strictly specified
program, or according to the time that is set depending on the day in the
month, hours in the day. Integration of all functions in one system creates
new control possibilities, the result of which is the increase in efficiency
of optimization of quality of regulation of a microclimate at the expense
of logical control that gives to the device additional advantages. That is,
the risk of errors is reduced in contrast to the manual control of several
independent systems. But it is important that the developed device replaces
several separate devices.

1. Beryn

[TosiBa MikpompoIIeCOpiB MOCTYKMJIa CTBOPEHHIO HOBOTO CyYacHOTO
nepiony y cdepi aBromaru3sailii BUPOOHHUYUX IMPOIECIB. ABTOMATH3aIls
BUPOOHMIITBA — 1€ OJUH 13 HANPsAMIB HAYKOBO-TEXHIYHOTO MPOrpecy, o
PO3BHBAETHCS Y BIAMOBITHOCTI 3 YaCOM Ta BUMOTaMH MIONO €(EKTUBHOTO
KepyBaHHs 00’ekTaMu. | Ha ChOrofHI JIyXe BaKKO cOOl YSBUTH raiy3b
HAPOJHOTO TOCIIONAPCTBA YK IIPOMUCIIOBOCTI B SIKiil HE BUKOPUCTOBYETHCSI
MIKpOKOHTPOJIEp YM E€JIEKTPOHHO-OOYMCITIOBAIbHA TEXHiKa, a 0COOJIHBO
1Ie CTOCYEThCS MPUMIILIEHb 3aKPUTOTO IPYHTY. Tak, sIK POCIHUHU SBIAIOTH
c00010 0i0JIOTIYHI 00’ €KTH, IO PearyrTh Ha JIt001 3MiHU HABKOJIHMIITHHOTO
CepeIoBUIIA 1 YC1 MIKPOKIIMATHYHI TapaMeTpy TEIUTUIll TiCHO OB’ s3aHi
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MiX cO00r0 Ta 0e3mocepeHhO BIUIMBAIOTH HA PICT Ta PO3BUTOK POCIHH
MIEBHOI KyJBTYPH, TOMY IIi TTapaMETPH MOBHHHI CYBOPO KOHTPOJIIOBATHUCS,
3HAXOIUTHCS B OOMEXEHUX 30HaX. Ilpm aBTOMAaTH3aIll TEXHOJOTIYHHMX
MIPOIIECIB BAXKIIUBY POJIb BiJlirpae aBTOMATHYHE PETYIFIOBAHHS, SIKS I ITPH-
MY€ HE3MIHHOIO IIPOTSITOM Yacy OyIb-sKy Ba)KJIUBY BEINUHHY, KA XapaKTe-
pHU3y€e TOW YM IHIIMKA TEXHOJOTIYHUHN Tporiec, a00 3MIHIOE 1[I BETMYHHH T10
BU3HAYCHOMY 3aKOHY. | TUTBKU MiKpOIIPOIIECOPHI CUCTEMH, IO BXOMASATH 110
CKJIaJly BUMIPIOBaJIbHUX MPHIIAIIB, TO3BOJISIOTh HAKOITUYYBATH PE3YIIbTaTH
CIOCTEPEKEHb, 00POOIITH IX 3a MEBHOIO MPOrPaMoIo.

ToMy OCHOBHOIO 3aJaue€r0 € BHSIBICHHS 1 3amoOiraHHs HETraTUBHUX
HACJIIKIB BHYTPIIIHIX 1 30BHIIIHIX 3arpo3 3a paxyHOK IOCTIHHOi rOTOB-
HOCTI CHCTEeMH KepyBaHHS [1], 1e MiKpompoIecopHi mpucTpoi 30uparoTh
BIZMOBiAHY i1H(OPMAIliI0, TTEPETBOPIOIOTH ii Ta MEperaloTh BHUKOHABUYMM
MeXaHi3MaMm, YIpaBJsIFOTh Mporiecamu. [Iporpamyrodn Joriky poOboTH Mik-
POTIPOIIECOPHI MPUCTPOI 30UTBIIYIOTh €(PEKTUBHICTH POOOTH 00JIaTHAHHS.
I Taki cucremu HaiOLIbII 3aTpeOyBaHi B YIIPABIiHHI TIPOIleCaMH BUMIPIO-
BaHHS, JUI OTPUMAHHS ITiICYMKOBHX PE3yJbTaTiB Ta 30epiraHHsi OTpHMa-
HUX JaHUX. MIKpOIpPOLECOPHI CHCTEMHU HAHYacTillle BUKOPHCTOBYIOTHCS
JUISL OTPUMAHHS CTAaTUCTUYHUX (IMOBIPHICHUX) XapaKTEPUCTHUK.

OnHUM 3 OCHOBHHX IIEPEBAr MiKPOIIPOIIECOPHUX CUCTEM BHMIipPIOBAHHS
€ OaraToyHKIIOHABHICTh, SIKa TOJSATa€ B MOXJIMBOCTI 3aMiHH LIJIOTO
BUMIPIOBAJILHOTO KOMIUIEKCY OAHUM Oarato(pyHKI[IOHATBHUM IPUCTPOEM,
mo HaOyBae Benuki (pyHKIIT 3aBASKM J0AaBaHHIO ONMOKy mporpam. Kimb-
KICTh JIOJAHUX IPOTPaM BU3HAYAETHCS 3aCTOCOBYBAaHMM OJOKOM YIIpaB-
JHHS 1 MOXKIIMBOCTSIMH TIOCTIHHOTO 3anam’sitoByrodoro npuctpoto (I1311).
[Ipu 11bOMY iCTOTHO PO3MIMPIOIOTHCS MOXKIMBOCTI NepUPEPIMHUX TPH-
CTPOIB Ta BHPINIYETHCS THUTAHHS B3a€MO3B’S3KY TMOKA3HHKIB HaIIHHOCTI
CHUCTEMH Ta €KOHOMIUHOT €(heKTUBHOCTI.

HoBiTHI BUMIpIOBaJIbHI Ta iH(POPMAIIIHHI TEXHOJIOT1l Ha OCHOBI BUKOPH-
CTaHHSI MIKPOIIPOIIECOPIB Ta JIaTYMKIB MAIOTh IIHPOKE BIIPOBAIHKEHHS B Pi3-
HUX TaTy3sX IPOMHCIOBOCTI B TOMY YHCII 1 B TEIUTUIISIX, TAK SIK IS aBTOMA-
TUYHOTO KOHTPOJIIO TIAPaMETPIB TEXHOJIOTIYHHUX MPOLIECIB 3aCTOCOBYIOTH HE
TUTBKH 3BEPXTOYHY MEXaHIKY, TPUCTPOTL eJICKTPOTEXHIKH Ta SICKTPOHIKH, aJie
1 JoCsITHEHHs psay HayK. OcoOnMBO BaXKJIMBE 1X 3aCTOCYBAHHS Y CTBOPCHHI
ONTUMAJIBHOTO MIKPOKIIIMaTy, TOOTO ISt JIOCSITHEHHS! BiJIOBIIHUX HOPMO-
BaHUX MApaMeTPiB B IPUMINICHHIX 3aKPUTOTO IPYHTY, TOMY IIIO B pe3yJbTaTi
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TTiIBAIIICHHS IIiH HA TAIMBHO-SHEPIeTHYHI PeCypcH Bce OiTbINE IiIBHUIILY-
FOThCSI BAMOTH JIO SIKOCTI MIITPUMKH MIKPOKIIIMATY, 32 paXyHOK ITiIBUILICHHS
eHeproe)eKTUBHOCTI eHePro30epeIKeHHS, a I1e B CBOIO Yepr'y HaKJIa1ae BUCOKI
BUMOTH JI0 TEXHIYHOTO BIOCKOHAJICHHS alapaTHOTO 3a0e3IeUeHHs CUCTEM
KEpYBaHHS, IIO 3 BEJIUKOIO TOYHICTIO BPAXOBYIOTh BIDIMBH 30BHIIIHIX i BHY-
TpIMIHIX 30ypEeHb, IO € JOCUTH CKIIATHOIO 3a/1a4ei0. AJie He BCi TOCIIOapcTBa
MAaroTh CIPOMOKHICTh BKJIJIATH KOILITH B Cy4acHi aBTOMAaTHU4HI CUCTEMH [2],
TOMY IUTaHHS PO3pOOKH €(EKTUBHUX 1 HE JOPOTMX CHCTEM aBTOMATH3allii
JUISL TETIMLb 3AJTUIIAETHCS HeBUPIleHUM [3]. OCHOBHOIO 3a1a4€et0 ABISIETHCS
JIOCITIKEHHST TEXHOJIOTIUHHUX IPOIECiB TEIUTUII Ta PO3poOKa 1 peamizarist
SIKICHOT 1 HE TOpPOToi aBTOMaTHYHOI CHCTEMHU KEPYBAHHSI MiKPOKJIIMATHYHUMH
napaMeTpamMu ISl CTBOPEHHS ONTUMAILHAX YMOB PO3BUTKY POCIIMH Ha 0as3i
0araTopyHKIIIOHATEHOTO MiKPOTIPOIIECOPHOTO TIPUCTPOFO, IO JTO3BOJISE TIPO-
BOJIUTH HEOOXi/IHI HAJIAIMITYBAHHS TTapaMETPIiB Ta JIOCIIHKYBATH MEpeXiaHi
MIPOIIECH 3 KOMIT IOTEPHUM KEPyBaHHSM BiJI 30BHIIIHIX CUCTEM.

2. AHaJti3 npuMilieHb 3aKPUTOTO IPYHTY

Po3BuTOK pOCIUH BUMarae MEeBHHX yMOB, TaKHX sIK TeMIeparypa i
BOJIOTICTh HABKOJIMIIHBOTO CEPEJOBUIIA, PIBEHb OCBITIEHHS, BHECEHHS
JKUBUIIBHUX PEYOBUH. A IpH iX HEAOTPUMaHHI Bi10yBaeThCsl HeeeKTUBHE
BUTpaYaHHs PECYPCiB, IO B CBOIO Yepry MPU3BOAUTH 0 3HMKEHHS MPO-
JTYKTHBHOCTI Ta ypOXKaHHOCTI.

VY BiAMOBIAHOCTI 3 HOPMATHBAMH TEXHOJIOTTYHOTO MPOCKTYBAHHS Cib-
CBKOTO TOCHOAAPCTBA CHCTEMH 1HKCHEPHOTO 3a0€3MeUeHHs MiKpOKIIiMaTy
MIPY BUPOIILyBaHHI OBOYECBHX KYJIBTYp MOBHHHI M ATPUMYBATH TEMIIEPATYPy
BHYTPINIHBOTO MOBITPs Bif 15...18 (BHOU1) 110 26...30°C (BIOcHB), BIIHOCHY
BOJIOTiCTB MOBITPs Bix 60 10 90%, TemrepaTypy I'pyHTY B 3aJISKHOCTI Bif
KyJIbTypH 1 mepioay ii Beretarii Bix 15 10 24°C, Ta HOpPMOBaHY OCBITIIE-
HICTh, TaK K MPH HEIOCTATHIN OCBITJCHOCTI YMOBUIBHIOETHCS PICT POC-
JIUH 1 HaBITh MOX€ MPHU3BECTH JI0 iX 3aruoeni. A /i TOro, o0 MmiaTpuMy-
BaTH 3aJaHi mapaMeTpu MIKpOKJIiMary, B TEIUIMLAX HEOOX1JHO BUTpayaTu
BEJIMKY KUIBKICTh TemoBOi eHeprii. Tak sK B 3aJIe)KHOCTI BiJl pailoHy
po3TaimryBaHHs JUis o0irpiBaHHs 1 ra Temumup MOTPiOHO BiANOBITHO Bij
10 mo 30 '/l TennoTu 3a ronuHy, a J0Js TETIOBOI eHeprii B codiBapTo-
CTl TEMJIMYHUX OBOYIB CTaHOBUTH Big 30 mo 70% [4], 0 mpUBOIUTH 10
MOUTYKY HOBUX IIISIXiB MiJBHIICHHS ¢(EeKTUBHOCTI [5].
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OnuH 13 Takux LUISXIB — L€ [IOBHA aBTOMATHU3allis TEXHOJIOTTYHHUX
nporeciB Terumi. OTke, MEepIIoueproBUMH 3a/1adaMi aBTOMaTH3aIli €:
YIPaBIiHHS CUCTEMOFO OTIAJICHHSI TOBITPs 200 I'PYHTY JUTSI 3aXUCTY POCITHH
BiJl 3aMOPO3KiB, YIPABIIHHS CUCTEMOI BEHTHJIALI, OJMBOM POCIHH Ta
3a0e3IeueHHs TOCTaTHBOIO OCBITIIEHICTIO. ToMY, TepII Hi’K BHOpATH CXeMy
VIPaBIIHHS 1 YCTaTKyBaHHS U aBTOMATH3AaIlii TeIUTHIb, HEOOXITHO CIO-
YaTKy BU3HAYUTH XapPAKTCPUCTUKU 00 €KTIB YIIPABITiHHS.

OnasieHHs TeIUIMLb MOXKe OyTH: I'PYHTOBE; MOBITPsIHE; IPYHTOBO-IIOBI-
TPSIHUM.

Cucremu onajeHHs MOBITPS 1 IPYHTY MOXYTh BHKOHYBATHCS: 3 €JIEK-
TPOOOIrpiBOM HArpiBalbHUM JPOTOM; 3 IIUPKYIISIIIEI0 TEIUIOTO MOBITPS 1O
TpyOONIPOBOAAX; MOKYTh BUKOPHUCTOBYBATHCS Pi3HI THIIH EJIEKTPOOOIrpi-
BaJILHUX TPHUCTPOIB, BOJSHE OMAIICHHS Ta OMATIOBAIBHI MPUIIAAH, IO TIpa-
IIOIOTh Ha Ta30M0I0OHOMY a00 PiIKOMY NaiuBi. ABTOMAaTH3yBaTH POOOTY
BCIX HarpiBaJIbHUX MPHUJIAIIB B TEIUTHIAX HE 3aBXK/IH € MOXKIIUBICTH, X04ua 0
3 MIpKYBaHb TEXHIKH O€3IMEKH.

Ta He MEHII Ba)KITHBOIO 3/1a4CI0 B TEIUIUIIIX € BEHTIUIIOBAHHS. BeHTH-
JISIIIIS, SIKa CKIIAAa€ThCs 3 IPUILTHBHUX 1 BUTSDKHUAX BEHTHWIIATOPIB, CTA01ITI-
3y€e mapaMeTpH MIKpOKJIiMaTy Ta HOpMalli3ye HOro 1o ByIJIEKHCIOMY Tasi.
BUTSDKHHN BEHTHUIIATOP CTBOPIOE CUCTEMY PELUPKYILIIT MOBITPS 1 MOHU-
’Kye BosoricTs [2]. ToOTO 1 KOKHOTO BUAY POCIMH HEOOXiAHO MiATpHU-
MYBaTH BiANIOBIHY BOJIOTICTb, TOMY IO NPH HNEPEBUIICHHI TEMIEpaTypH
1 3HMKEHHI BOJIOTOCT] HMXKUYEe HOPMYIOUHX 3HAUCHb PICT POCIHMH MPU3YITH-
HSIETHCS, a TIEPEBUIICHHS HOPM 000X MOKA3HHUKIB MPU3BOIAMUTH A0 3aXBO-
proBaHHS pocnuH. ToMy mpu BHOOpPI CXEMH aBTOMATHKH TOTPiOHO IepIr
3a BCE BUPINIMTH MUTAHHS PO METOAM BEHTHJIFOBAHHS, & TAKOX IMOTPIOHO
MIPaBWIIFHO OPTaHi3yBaTH yIPABIIHHS IIOJTUBOM POCIIHH.

3. Po3po0Oka KoHCTPYKIIii yCTAHOBKH

ABTOMarM3allis TEIUIMIb Tependadae BiJICTEHKEHHS Ta YIPaBIiHHS
MIKpOKJIIMAaTUHYHUMH TTapaMeTpamMH, sIKi MpsiMo a0o M0O14HO BIUIMBAIOTh Ha
PICT POCIHH, a TAKOXK BUPOOHUITBO MPOTYKIIii.

Tomy BUHUKIA HEOOXiIHICTH PO3POOICHHS e(EKTUBHOI Ta HEAOPOTol
CHCTEMH KepyBaHHS MapaMeTpaMH MIiKpoKIimMary (puc. 1, B) I HEBEIH-
KHX TCIUIHIb, sIKa Oyia O JOCTYNMHOIO IS IIMPOKOTO KOJIa CHOXKHBAIB.
B pesynbrari anamizy cy4acHOro oOaHaHHS JIJIsl KOHTPOJIO Ta KepyBaHHS
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BOJIOTICHUMH, TEMIIEPATypPHUMH Ta IHIIMMH KIIMAaTHIHAMHE TapaMeTpaMu
OyJI0 BHUTOTOBJICHO AaBTOMATWYHY CHCTEMY KEpyBaHHS MiKpOKIIMAaTOM
terwii (puc. 1, B).

a)

Puc. 1. 3aranbHuii BUIIsA po3p00J1eHOro i BUTOTOBJIEHOTO MPHCTPOIO:
a) NPUCTPil ABTOMATUYHOI0 KePYBAHHS MIKPOKJIIMaTy 3 MAKeTOM
Teluui; 0) BUIVIAJ MAKETHOI IVIATH 3 NPUNASHUMY IPUCTPOSIMU;

B) 3araJibHUi BUIISL PO3P00JICHOI i BUTOTOBJICHOI YCTAHOBKH
aBTOMATHYHOTO KePyBaHHSI

s aBromaTnyHa cucTeMa KepyBaHHS PO3poOJeHa Ta peasi3oBaHa Ha
arnapaTrHO-004HCITIOBaNBHIN TuTaTdopmi Arduino B cepeoBHUII pO3pOOKH
Ha MoBi Processing/Wiring. L1s mrardopma 3acToCOBY€ETHCS A1 CTBOPEHHS
€JICKTPOHHUX TMPHUCTPOIB 3 MOXJIMBICTIO TPUHOMY CHTHAIIB BiJ Pi3HHUX
nU(pPOBUX 1 aHATIOTOBUX JIATYUKIB, SKI MOXKYTh OYTH MIKJIIOYEHI 0 Hel
JUTSL YIIPABIIIHHS PI3HUMH MPUCTPOSIMU. Arduino Moe BUKOPUCTOBYBATHCS
SIK JUIL CTBOPCHHS IHTEPAKTUBHUX 00’€KTiB aBTOMATHKH, TaK 1 ITiJKITIOYa-
THCS IO TPOTPAMHOTO 3a0e3leUeHHsT Ha KOMIT'IOTepl Yepe3 CTaHTapTHI
JpoTOBi 1 Oe3npoToBi iHTepheticu, Hampukiaa: Adobe Flash, Processing,
Max/MSP, Pure Data, SuperCollider.

Ha cporonHimHiil 1eHb po3poOHUKAMU BUTOTOBIICHO JTye Oarato pi3Ho-
MaHITHHX 1ardopm Ha 0a3i Arduino. Ane ajs 3anpornoHOBaHOI PO3POOKH
aBTOMAaTHUYHOI CHUCTEMHU KepyBaHHs Oyno BUOPaHO MOBHO(YHKI[IOHAIBHHUN
npuctpiit Arduino Nano Ha 6a3i mikpokoHTponepa ATmega328, mo anar-
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TOBAaHWH JUIsl BAKOPUCTAHHS 3 MakeTHOo Tuiatoro. [Ipuctpiit Arduino Nano
3MOHTOBaHHMI Ha MaKeTHIH Iu1aTi, 1o Oyjia 3aMOBJIEHA Ta BUTOTOBJICHA Ha
3aponi JLCPCB 3a BiacHUM IIpOEKTOM, K OyB po3poOiieHu# y opmari
Gerber (puc. 2), marictpoM bepekaHCBKOTO arpoTeXHIYHOTO 1HCTHUTYTY
JlecpkiBuM SlpociaBoM. MakeTHa Iiata BUKOPUCTOBYETHCS TSI IIPOCTOTO
3’enHanHsA MK Arduino Nano Ta iHIIHMU PUCTposiMU. BoHa € iieanbHUM
JIOTIOBHEHHSIM 110 KoHTpojepa ATmega328 i cymicHa 3 mpuctpoem Arduino
Nano. To6To, KpiM CTaHIAPTHUX BUBOAIB KOHTpOJIEpA € KUJIbKA IPyN KOH-
TaKTiB JIOAATKOBOTO MPHU3HAYECHHS — LIMHU XUBJIeHHS 3,3 B 1 3aranpHuii,
inTepdeiic 12C (4 rpymu) i nocainosuuil intepdeiic UART. Bcei inTep-
(elicHi po3’e€MU JIOTIOBHEHI KOHTAKTaMU JKUBJICHHSI.

Puc. 2. 3araabuuii BUIIsiA po3po0JieHol IJIaTH

Mikpocxema FTDI FT232RL 3a06e3neuye 38’130k npuiimMada 3 USB-miop-
TOM KOMII'FOTEpa, 1 TIPH TIAKIIOYEHHI JIO MePCOHAIBEHOTO KOMIT FoTepa J103-
Bouisie Arduino Bu3Havatucs sk Bipryanbauii COM-nopt (npaiisepa FTDI
BKJTIOUCHI B TIAKET MPOrpaMHOro 3abe3mneueHHs Arduino).

Po3pobneHa i BUTOTOBJIEHA CHCTEMa AaBTOMATHYHOIO KEpyBaHHS Ha
wiardopmi Arduino m03BONSE KepyBaTHW BCiMa MpOIECaMU, MO Haidy-
I0ThCS B TerUMLi. /i bOro BUKOPUCTOBYIOThCSA HAIiBIIPOBITHUKOBI, 200
TBEPIOTIIbHI pelie, U0 MPU3HaueHi Ui KepyBaHHS BUKOHABYUMHU MEXaHi3-
MaMH: HarpiBaJIbHUMU MPUCTPOSMH, JIaMITAMH POIKAPIOBAHHS a00 HAIiBII-
POBIIHUKOBUMHU JIAMIIAMH, BEHTWISIIIHHOIO CUCTEMOIO, CHCTEMOIO TIOJIUBY
Ta IHIIUMH CJICKTPHYHUMH HPUCTPOSIMH 3 AKTHBHUM (PE3HCTUBHHM)
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HaBaHTKCHHSAM (IIPU JOTPUMAaHHI OCOOIMBHX YMOB i /Ul HaBaHTAKCHHS
THAYKTUBHOT'O XapakTepy) 1 poO0v0r0 HanpyTror KuBIeHHS Bij 24 1o 380B
3MIHHOTO CTPYMY.

HaiiBa)xmuBIiImuM opraHom, 3a JOTIOMOTOIO STKOTO BUKOHYETHCSI HACTPO-
FOBaHHS IPUCTPOIO 1 KEpyBaHHsI IIpoliecaMu € enkonep (puc. 5). Enkomep —
1Ie PUCTPIN I IEPETBOPEHHS KYTOBUX MOJIOKEHD a00 JIHIMHUX MepeMi-
1ieHb B LM(poBUI cUrHAJI, TOOTO €HKOJEep — Lie IaTYUK KyTa a0o JIiHIHHOTO
MepeMilleHHs, SKi BIMOBIHO € KPYTUIIbHI a00 JIiHIHHI.

VY 3BHYalfHOTO 1HKPEMEHTAJILHOTO CHKOZIEPa, KUl OyB BUKOPUCTAHUIA,
el cur"an siBisie coOOI0 ABa KBAJApaTHI CUTHAMU (TIPH PiBHOMiIpHOMY
obepranHi), 3cyHyTHX 10 (a3i Ha 90 rpanxyciB. Enkonepa mae 20 dikcoBa-
HUX MO3MII HA OIMH 00OPOT BaITy.

Jutst TOTO 100 3HATH TOYHUN Yac BUKOPUCTAHO MOJYJIb PEAIbHOTO Yacy
Real Time Clock (RTC), sixuii rpyHTYy€eThCsl Ha Mikpocxemi DS3231, Becepe-
JIMHY SIKOT BCTAHOBJICHUH KBapIIOBUI PE30HATOP 1 IATUHK TEMIIEPATypH, 110
KOMITCHCY€E 3MIHH TEMITEPATYPH, BIIPaXOBY€ TOUHUH Yac 1 MOXke Horo 30epi-
raTH HaBITh MIPU BIAKIIOUCHHI OCHOBHOTO JKUBIICHHS, TaK SIK MA€ PE3CpBHE
xuBJIeHHS — Oarapeiiky CR2032, sika Moyke mpaIfoBaTH JCKiJIbKa POKIB.

st ynpaBtiHHs [BUTYHAMHE ITOCTIHHOTO CTPYMY BUKOPHUCTaHO MOIYIb
L298N Motor Driver, sikuii MOXe KOHTPOJIFOBATH IIBUIKICTH 1 HAIIPSIM 00ep-
TaHHsI IBOX JIBUTYHIB MOCTII{HOTO CTPyMY, a TaK CaMO YIPaBJIATH Oimossp-
HUM KpokoBUM ABuryHoM tuiry NEMA 17. Ieii Mofyiib cKIaa€eTbes 3 ABOX
H-mocris (H-Bridge), ogun amnst Buxony A, apyruii 1uis Buxony B. H-mict
IIMPOKO BUKOPUCTOBYETHCS B €ICKTPOHIIT 1 CIY>KUTH AJISI 3MiHH 00€pPTaHHS
nsuryHoM. Cxema H-mocTta MiCTHTB 9OTHPH TpaH3UCTOpa (KIMIOYa) 3 JIBHU-
TYHOM B IIEHTpi, yTBOproroun H-moniOHy komMmnoHoBKY. [IpuHiun podotn
nyxe mpoctuii. [Ipu omHOYacCHOMY 3aKpHBaHHI TBOX OKPEMHUX TPAH3UCTO-
PIB 3MIHIOETBCS MOJIAPHICTD HANIPYTH, [0 MPUKJIaIeHa JI0 JIBUTYHA, 1€ J103-
BOJISIE€ 3MIHIOBATH MOTO HampsiM obepTanHs. JpaiiBep MiATpUMY€E HACTYIHI
pexxumu podortu: «Buepeny, «Hazamy, «aneMyBaHHD) 1 «3yIHHKaY.

4. Po3po0Oka e1eKTpHYHOI cXeMU KepyBaHHS
OcCo0IMBICTIO CYy4acHOT TEIUIHII, K 00’ €KTa KepyBaHHS, € BeJMKa 1HEp-
LiHHICTh, 3HAYHUI BIUTUB 30BHIIHIX 30ypeHb 1 HECTAOLIBHICTh KOHTPOJIBO-
BaHMX 1 peryipoBaHuX napamerpis [6]. Tomy mepir HiX po3poOHUTH eleK-
TPUYHY CXEMy CIIOYaTKy CKJIAIM (YHKIIOHAIBHO-TEXHOJOTIUHY CXeMy
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(puc. 3), sixa BimoOpaskae TEXHIYHI PIIICHHS aBTOMATH3aIlii KOHKPETHUX TEX-
HOJIOTTYHMX TiporieciB. Ha (yHKITIOHATEHO-TEXHOIOTIYHIN CXeMi 3a JIOTTOMO-
TOI0 YMOBHUX ITO3HAYCHB ITOKA3ANHN TIPUCTPOi KEPYBAHHS, IIPIIIAAHN 1 3ac00H
aBTOMATH3aIl] 1 3B 3KM MK HWMH, SIKI BU3HAYAKOTh B IJIOMY MPHHIUITA
MOOYIOBH CUCTEMH aBTOMATHYHOTO KOHTPOIIO 1 KepYBaHHS 00’ €KTOM.

KepyBaHHS MIKpOKJIIMATOM TEILTUII BUKOHYETHCSI HACTYITHUM YHHOM:

— peryJroBaHHS PEXKHUMIB 00IrpiBY TEIUTUIN 3/IHCHIOETHCS HA TiACTaBl
BUMIpIOBaJIbHOI iH(OpMalii 1010 MOTOYHOI TeMIIEpaTypH MOBITPs B 30H1
BupoutyBants (UE);

— KepyBaHHS 3BOJIOKCHHSIM MOBITPS 3/11HCHIOETHCS HA MiICTaBl BUMIPIO-
BanbHOI iH(opMarii Bix qarunka temmneparypu it Bosorocti (UE) mositps B
30H1 BUPOIIYBaHHS KYJIBTYD;

— PETYJIIOBaHHS PEKUMIB TPOBITPIOBAHHS TETUIUII 31MCHIOETHCS Ha
MiJICTaBl BUMIPIOBAJIbHOI 1H(OpPMAIIii BiJI JaT4MKa TEMIEpaTypu ¥ BOJO-
rocti (UE) moBiTps B 30HI BUPOIIYBaHHSI KYJIBTYP;

— JI03YBaHHS BYTJICKHCIIOTO a3y, [0 HAAXOIUTh J0 30HH BUPOIIYBaHHS
KYJBTYp 3MIHCHIOETHCS Ha IMiJICTaBl BUMIPIOBAIBHOT iH(GOpMAIIT BijT AaT4H-
kiB Temmeparypu (UE) mositps;

— KEpyBaHHA pEeKMMaMHM POOOTH JDKEpesl IITyYHOrO OCBITJICHHS Ta
JIOOCBIYYBaHHS 3[1HCHIOETHCS HA TicTaBi TaiiMepa abo ehekTUBHOT OCBIT-
neHocti 30Hu BupolnyBanHs (QE);

— 3pOIIEHHSI IPYHTY 3[1HCHIOEThCS Ha MiJCTaBl BUMIPIOBANbHOI 1H(pOP-
Mmanii Big qarauka Bosorocti (ME) rpyHTy;

— 00ITpiB IPYHTY BHUKOHYETHCS B 3aJIKHOCTI HalaHOi iH(opmariii Bij
naranka tremneparypu (TE) rpyHTy.

B 3anexxHoCTi Bijl QyHKIIIOHAIBHOTO TIPU3HAYCHHSI KOYKHA 13 BUIIICHABE-
JICHUX ITJICUCTEM Ma€ JIBa a00 TPU PEKUMHU poOOTH. JIBa peXKUMH MarOTh
TJICHCTEMH JIOTIKH POOOTH, SIKi TOOYTOBaHI Ha MPUHITUITT BMUKAHHS/BUMH-
KaHHS, @ caMe: 3BOJIOXKCHHS TTOBITPSI, ITOJIHB, IITYYHE JOOCBITYBaHHS, ITi/-
KOPMKa BYTJICKHCITFM Ta30M.

Hanpuknan, mizcucreMa NpOBITPIOBaHHS 30HU BUPOILYBaHHS KEpye
BEHTWIATOPAMHU Ta (pamyraMu BEHTWIALII, sIKi, B CBOIO 4YEpPry, MOXKYTb
MpAIOBATH B PI3HUX peXHMMax IHTEHCHBHOCTI, a came: «Bigkputu ¢pa-
myru Ha 90° Ta BBIMKHYTH BEHTHJISTOPH Ha TOBHY MOTYXHICTB», «Bif-
Kputu ppamyru Ha 45° Ta BBIMKHYTH BEHTWISATOPH HA TTOJOBHUHY MOTYX-
HOCTI», «3aKpUTH (ppaMyTH Ta BUMKHYTH BEHTHIIATOPI.
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PerymoBaHHS HACOCOM CHCTEMU TIOJIMBY 3[IHCHIOETHCS 32 JOIIOMOTOI0
naruuka Bosiorocti ME. BBIMKHEHHS 1 BAMKHEHHS IPYHTOBUX HAarpiBHUX
€JIEMEHTIB 3/IIHCHIOETHCS 3a JIOIIOMOTOI0 JaT4ynka Temreparypu TE, skuii
PO3MIIIEHHIH Oe3MocepeIHhO B IPYHTI HA HATPIBHINA CUCTEMI, @ BBIMKHCHHS
1 BUMKHCHHSI TIOBITPSIHMX HArpiBHUX €JIEMEHTIB 3A1MCHIOETHCS 3a JTIOTIOMO-
TOI0 KOMOIHOBAHOTO NATYHKa, SIKHH BHUMIPIOE TEMIIEpPaTypy U BOJOTICTH
noitps UE. PexxuMm poOOTH perymoeTbesi 3a JOMOMOTOK IMEpEeMHUKava
(enkomepa). Po60oTa BEeHTHIIATOPA KOHTPOIIOETHCS 32 JIOTIOMOTOI0 IaTYHKa,
SKUI BUMIPIOE TEMIIEPATypy 1 BOJIOTICTh B TETLUIHIIL.

[Mpunnunosa enextpuyHa cxema (puc. 4) po3poOnseTscs Ha 0a3i cxem
aBTOMATHU3aIlil, I¢ BU3HAYAETHCS TMOBHUN CKJIAJ] CICKTPUYHUX CJICMCHTIB
Ta 3B’s3KIB MK HHMH, a TaKOX JIA€ JCTAIbHE YSIBICHHS PO HMPUHIIUAIIH
poOOTH CXeMH.

Jlst po3poOiieHoi cxeMu BHOPaHO HACTYITHI KOMITOHCHTH:

Komo6inoBanmii garuyuxk DHT21/AM2301 BUKOPHUCTOBYETHCS st
BHUMIPIOBaHHS TeMIIepaTypy 1 BOJOTOCTI MOBITps. Hampyra >kupjieHHS —
3,3...5,5 B; niamazon temmneparyp — -40...+80°C; aiamna3oH BOJOTOCTI —
0...10%; tun inTepdeiicy — mudpoBuii.

Tepmonarunk DS18B20 BUKOPHCTOBYETHCS AJIsl BAMIPIOBAHHS TeMIIepa-
TYpHU IPYHTY, Ma€ BOIOHCIIPOHUKHUI KOPITYC, IU(POBHI 3 IPOrPAMOBAHOO
TOYHICTIO Bzt 9 10 12-bit, 0OMiHIOETBCS JaHUMH 110 1-Wire MInHi 1 Tpy LEOMY
MOXKe OyTH SIK €IMHUM IIPUCTPOEM Ha JIiHIi TaK 1 MPaIloBaTH B IPYIIi, TaK K
Mae yHiKalbHuI 64-01THHIA IOCITIIOBHUIA KO, IKUH J03BOJISIE, CIILIKYBaTHCS
3 Oesmivuyro marumkiBs DS18B20, BcTanoBneHnx Ha onHii mmHi. Hampyra
xwuBneHHs — 3,0...5,5 B; miamaszon remneparyp — Big -55 1o +125 °C.

Hdatuuk Bosorocti rpynty FC-28 nudposuii, mae i1Ba inHTepdeiicu s
T IKJTFOYCHHST JKUBJICHHS 1 11T €THAHHS 70 MIKPOKOHTpOJIepa, Ha BUXOII
Bujae 1 a6o 0 B 3aJI)KHOCTI BiJI TOTO, HACKIJIBKH BOJIOTHIA IpyHT. Koy rpyHT
CYXHH, ortip Oyzie BeIHKHH, IPU IOMY CTPYM 3MEHIIUTHCS. [Ipu Bomoromy
IPYHTI HaBIIAKH OITip 3MEHIIYETHCS, a CTPyM 30LbInyeThes. Hampyra sxus-
seHss — 3,3...5 B. XKusiieHHs naTurka Moxke 3iaiiicHroBarucs Bij Arduino
KOHTpoJIepa, ad0 BiJl IHIIOTO KEPYIOUYOro MIKPOMPOIIECOPHOTO MPUCTPOIO,
a00 30BHIIIHBOTO JKepelia KUBJICHHS (OJI0Ky KUBJICHHS, OaTapei).

Moayns naTumka cBiTjia 3 moporoBuM kommaparopom. [lopir cmpa-
[OBYBaHHS KOMITapaTropa peryjoeThCcsi 3MIHHUM pe3uctopoMm. Hampyra
xuBjieHHs — 3...5 B, ctpym — 0,5...3 MA.
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Pesie Songle SRD-05VDC-SL-C onHokaHalbHE, Ma€ BHCOKY SIKICTb.
Hanpyra xusiienns — 5 B. B naniii cxemi BuOpaHo 6 mr. pese s Kepy-
BaHHS [TOMIIOIO JJIsl CHCTEMH TOJNUBY TPYHTY, TIOMITOIO JUISI CHCTEMH TyMa-
HOYTBOPCHHS, CHCTEMOIO INTYYHOTO OCBITJICHHS, CHCTEMOIO JIOOCBIUY-
BaHHS ((iToIaMIK); CUCTEMOIO BEHTWIIIOBAHHS (BCHTUJISITOPH), JTIHIHHUM
aKTyaTopo TSI 3aKPUBAHHS 1 BIIKPUBAaHHS (hpaMyTH.

TeepaoriibHe peie SSR-40DA-H — ne cyvacHuil HamiBIPOBIIHUKO-
BUU TPUCTPIH, SAKUNA MpU3HAYCHUH A1 OE3KOHTAKTHOI KOMyTalii CHJIO-
BHUX JIAHIIOT1B, BAKOHABYMX MEXaH13MiB. TBEpIOTIJIbHE pesie BUKOPUCTAHO
qutst HarpiBanbHuX eneMeHTiB (TEH). Moxe e BUKOPUCTOBYBaTUCS IS
OCBITIIOBAJBHUX IPUIAJIB, MATOMOTYKHUX CJICKTPOABUTYHIB Ta IHIINX
IPUCTPOiB 3 pobouoro Hampyroio 10 480 B 3MiHHOTO CTpyMy i MOXYTb
KepyBaTHCS TTOCTiHHOIO Harpyroto Bix 3 1o 32 B. Pene He mpusHadene s
KOMYTallii IHAYKTHBHOTO HABAHTA)KCHHSI.

LCD ekpan mae 20 cuMBOIiB 4 psijike 3 KepyBaHHsM 110 mmHi [2C (TWI,
IIC), 1o y»ke 3pydHO MPH HECTa4l BUIbHUX BUHOCKIB Ha Arduino.

Jlamnu AD16DS LED BUKOPHCTOBYIOTHCS JUTS 1HIUKAIIT CTaHy KaHa-
niB (puc. 1, B): 1 — mommna juiss CHCTEMH TIOJIUBY TPYHTY; 2 — TOMIa JJis
CHUCTEMHU TYMAaHOYTBOPEHHS; 3 — CUCTeMa OCBITIIEHHS; 4 — cucTeMa JI00CBi-
yyBaHH# ((iTomamnu); 5 — cucTeMa BEHTUIIIOBAaHHs; 6 — cucTeMa o0irpiBy;
7 — niHIMHUH aKTyaTop Ul 3aKpUBAHHS 1 BIIKPUBAaHHA (ppaMyru 3 KiHIle-
BHMH BUMHKAYaMHU JJ1s OOMEKEHHS PyXy 1 3 pOOOTOI0 1O TaiiM-ayTy.

5. Pe3yabTaTH gociigxenn

Jocmimkenas npoBoguincs B nadoparopii «EmexTporexHomorii» Ha
MaKeT1 TETUIUII JIe peTyIOBaHH MTapaMeTpiB MIKPOKIIIMATY IIe TOHEIaBHA
BUKOHYBAJIOCSI 32 JIOTIOMOTOIO TPAaIUIIIHHUX peeiHO-KOHTAKTHUX IpH-
crpoiB i IIJ]-perynsaropis. Tak sk I1IJ] — perynstopu BOJOMIFOTH TpHBA-
JUMH TICPEXiTHUMH TPOIIECaMH, SKICTh SIKUX TMPH BEIHMKIH 1HEpHiHHOCTI
KaHally PETryIIOBAaHHSA i CHJIPHHX 3MIHAaX HaBKOJHIIIHBOTO CEpPEIOBHINA
HETaTHBHO BIUIMBA€ HAa POOOTY PETYNSATOPIB, O MPUBOIUTH HE TIJIBKU 110
BEJIMUE3HNUX BUTPAT, aJle i He 3a/10BOJIbHSE HAMIIPOCTIIi BUMOTH arpoTeX-
Hiku. ToMy BUHMKaJIa HeJIeTKa 3a/1aua MOJEpHi3allii 3a paxyHOK po3poOKH,
JIOCTIJIKEHHS Ta BIPOBAKEHHSI CYJaCHUX METO/IB 1 3aC001B MOHITOPUHTY
Ta KepPyBaHHS TEXHOJIOTIYHUMH TIpoIiecaMu Terutumi. PimenHs gaHoi Hay-
KOBO-TEXHIYHOI 3aj[a4il JIO3BOJIMJIIM PO3POOUTH HAyKOBUH IMiJXiJ MIOA0
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OOIpyHTYBaHHSI arpOTEXHIYHHUX 3aXOMiB 13 TMOKpAIleHHS MiKpOKIiMaTHy-
HUX TOKa3HUKIB Terui [7].

Ha mizcTaBi pe3ysbTariB MpOBEICHOTO aHANI3y aKTyallbHUX periiaMeH-
TOBAaHMX BHMOT IIOJO TEXHOJIOTiil BHPOIIYBaHHS OBOYECBHX KYIBTYp Ha
3axXUINCHUX IpyHTax [3; 8], Ta pe3yabTaTiB MONEPEAHIX JTOCHTIHKCHb Hay-
KOBIIIB OyB PO3pPOOJICHHIA 1 BUTOTOBIICHUH MPUCTPI aBTOMATHYHOTO Kepy-
BaHHS MIKPOKJIIMAaTOM TETUTHUII.

Tak sik MIKpOKJIIMAT TEIUTUI XapaKTepU3yEeThCsl HECTAOIBHICTIO Mapa-
MeTpiB [9], To Ha eTami NPOEKTYBaHHS CUCTEMH JOCUTh CKJIAJHO BUOPATH
enuHuil  kputepit kepyBanHs [10]. Tomy po3pobneHa aBTOMaTHYHA
CHCTEMa KOHTPOJIIO Ta KepYBaHHS TEXHOJIOTIYHUX MapaMeTpiB 3ade3nedye
HeTepepBHUN 30ip, 00poOKy Ta BimoOpaskeHHs iH(opMarii mpo GyHKIio-
HYBaHHS TETIIHII.

Bcst pobota cuctemu 6a3yeThes Ha rokasax aararkis, RTC momysist 1 kepy-
BaHHSI BUKOHYETBCS 32 II'SIThMa MapaMeTpaMIL: TeMIEPaTypoio IPYHTY; BOJIO-
TICTIO TPYHTY; TEMITEPATyPOFO TIOBITPSI; BOJIOTICTEO MOBITPSI; OCBITIIFOBAHICTIO.

B pe3synprari 4oro HaciHHS TOMATiB OOPOOJISIIH BUCOKOKO HANpPYToHo i
BUCIBaJIM B JaHidl Terumumi. Ha mpoTs3i BU3HAYCHOTO Yacy MPOBOIUITUCS
CITIOCTEPEKEHHSI 32 PO3BUTKOM POCIIHH, SIKi MPOPOCTAIN B KIIMaTHYHOMY
CEpeIOBHUIIL], 1110 CTBOPIOBANOCS PO3POOICHO0 aBTOMAaTUYHO CHCTEMOIO.

B pe3synbrari crocrepesxeHb O0yino MpoaHani3o0BaHO 0COOIUBOCTI TEXHO-
JIOTIYHHX IMPOIECIB MPH JBOX PI3HUX CUCTEMaX KEPyBaHHS: CUCTEMH, sIKa
po3pobiieHa Ha Mikpormporecopi i cuctemu Ha [T /I-perymsitopax.

Hanpots13i mpoBeeHHS A0 CITiIKEHb pPO3po0iieHa 1 pealli3oBaHa CUCTeMa
(puc. 5) 3abe3neuyBana O6e3nepediliHy poOOTy TEILTUII Ta 3 3aIaHOK TOU-
HICTIO 1 9iTKICTIO KepyBajia TEXHOJIOTTUHUMH MIPOIIECaMH 110 3a0€3IeYeHHI0
ONITIMAJIEHOTO MIKPOKIIMATy, [0 IPHUBOAWIO 1O IIBHIIIOTO IIPOPO-
CTaHHS HACIHHS 1 KPalloro PO3BUTKY POCIHH, TaK SIK CyBOPE TOTPHUMaHHS
OCHOBHHX ITapaMeTpPiB MIKPOKJIIMaTy — IIe 3all0pyKa BUCOKOI BPOXKaHHOCTI
1 CTIMKOCTI POCIIHH 710 3axBoproBaHHs [11].

XapakTepUCTUKH POOOTH PO3POOICHOTO 1 Peani3oBaHOIO IPHCTPOIO
MOKa3aJy, 10 B HbOTO € BEJIMKUH MOTEHIiaJ. A caMe Te, IO BiH BHKO-
HY€ NOCTiMHUI KOHTPOJIb 3a BCiMa MOKAa3HUKAMU OJJHOUACHO 33 PaxXyHOK
JIaTUUKIB, SIKI IEPeAaoTh iH(opMallito Ha Kepylouunil IpUCTPii, KA MOTIM
nmocTynae Ha 670K 00pOOKH, TTICIIsl YOTO BUIAIOTHCS] CUTHAM HA BiJIMOBIIHI
BHUKOHaBYI MexaHi3MU. KpiM Toro, mpuctpiii Bosozie€ (QpyHKIIOHATIHHUMHU
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Puc. 5. CtpykTypHa cxemMa KepyBaHHSI MiKpPOKJIiMaTOM Teruinui

MOXKITHBOCTSIMH, IO JO3BOJISIE BHOMPATH METOJ KEPYBaHHS B 3aJI€KHOCTI
BiJl BUJY POCIIHUH 1 (ha3u pocTy, TOOTO crucTeMa MOXKe MPaLioBaTH M0 CTPOro
3a/iaHiii mporpami, abo 3a 4acoM, SIKHH BCTAHOBITIOETHCS B 3AJIIKHOCTI BiJT
JTHS B MiCsIIli, TOAMHU B JHI. [HTerpamis Bcix ¢yHKLIT B OJHIH ccTeMi CTBO-
PIOE HOBI MOKJIMBOCTI KEpyBaHHS, Pe3yJbTaTOM HYOTO SBISETHCS IiIBH-
IIeHHS e()eKTUBHOCTI ONTUMI3allii SKOCTI PETYIIOBAaHHSA MIKpOKIIMary 3a
PaxyHOK JIOTIYHOTO KEpyBaHHsI, 110 HAJa€ MPUCTPOIO JIOAATKOBI IEepeBary.
ToOTO 3MEHIIyeThCS PU3WK BHHUKHEHHS TOMMJIOK Ha BIIMIHY pPyYHOTO
KepyBaHHS ICKITbKOMa HE3aJCKHHUMU CHCTEMaMH. Ta HEMaJOBaKHUM
€ Te, MO pO3pOOICHUH MPUCTPiil 3aMiHIOE JIEKiTbKa OKPEMHUX NpPHUIIaJIiB,
HaMpUKIa, 2 peryjssToOpy TeMIIepaTrypy MOBITPs, I IMITaIlii THS 1 HOUI,
PETYISATOP BOJIOTOCTI MOBITPSI, PETYISTOP TEMIEPATyPH IPYHTY, PETYIIATOP
BOJIOTOCTI IPYHTY, 2 peJie Jacy, eIeKTPOMArHiTHUI IyCKad OCBITIIIOBAIBLHOT
YCTaHOBKH, €NIEKTPOMArHITHUN MyCKay BEHTUJISILIMHOT YCTAaHOBKHU Ta 1H.

Ha BigmiHy Big po3poOiieHOi aBTOMAaTW4HOI CHUCTEMH, YCTAaHOBKAa Ha
ITI]] perynsaTopax Mae HACTYIIHI HEJOMIKH:

— BIJICYTHS MOXJIUBICTb BiICTEKYBaHHS 1 KOHTPOJIO 3a BCiMa Mapame-
TpaMHu OHOYACHO;

— TEXHOJIOTi4YHI BUMOTH 3a0€3MeUyIOThCS i3 CYyTTEBHUMHU BiIXUICHHIMU
BiJl 33J]aHUX 3HAYCHb, IO 3HIKYE MIBHJKICTh NMPOPOCTAHHS HACIHHS Ta
SIKICTB TTPOILYKIIIT;
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— BIACYTHS MOXXJIHBICTB
TUTAaBHOTO peTyIOBaHHS
MIKpOKJIIMAaTHYHUX  TIapa-
METpIB, 10 MPHU3BOJUTH 10
OUTBIIIOr0  BHUKOPUCTAHHS
eJIeKTpoeHeprii (puc. 6);

— 3HAYHI CHEPreTUYHI Ta
TEIUIOBI BTPATH, IO 3HUKY-
I0Th CO01BAPTICTH MPOTYKIIiT
(puc. 7);

— BENMKa KUTbKICTh €IeK-
TpOOOIaJHAHHSI, TI0 TIPU3BO-
JIMTH JI0 3MCHILICHHS HMOBIp-
HOCTI O€3BiZIMOBHOI POOOTH 1
BIJIIOBITHO J10O MEHILIOT HAili-
HOCTI IPY eKCILUTyaTallii;

— BCI TPHUCTPOI BeNH-
KorabapuTHi, M0 3aiimae
6araro micrs.
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Puc. 6. O6irpis npumileHHs
3aKPHUTOr0 IPYHTY 3 iMiTaniecio

HA i Houi
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6)

Puc. 7. Butpartn ejiekTpoeHeprii Ha 0CBiTJIEeHHS
npu GyHKIiOHYBaHHI Temnui 3a 100y
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HaAHHS PUMINIEHB 3aKPUTOTO IPYHTY 3a0e31euye 3HIKESHHS Ha MOPSIIOK iX
BapTOCTI B TIOPIBHSIHHI 13 CHCTEMaMH Ha €JIEMEHTaxX MaJloro i cepeTHbOro
crynieHs inTerpamii [12], sKki pearizyroTh aHamoriyHi GyHKIli. OxHOYaCHO
MoKpaniye QyHKIIOHAIbHI MOXJIMBOCTI OOJIaIHAHHS, CUCTEM YIIPABIIHHS,
3HAYHO MIJBHIY€ETHCS HAMIWHICTh iX POOOTH, IO B KIHIIEBOMY PE3yJIbTaTi
MO3UTHBHO B1I00OPaXKa€ThCS HA SIKOCTI MPOAYKIIIi.

BpaxoByroun ckmagHicTh npouecy onTumizauii Mikpokiimary [13] Ha
6a3i nakety posmpenHss MATLAB & Simulink Fuzzy Logic Toolbox npo-
BEJICHO MOJICITIOBAHHS HEUITKOTO KePYBaHHS TEXHOJIOTIYHUMHE MPOIIECaMU
B TEIUIHUII.

B pesynerati po3poOku mifcucTeMH 00IrpiBy MOBITPS 30HHU BHPOIILY-
BaHHS OTPUMAHO PE3YJbTaTH MOJCIIOBAHHS, sIKi HABSCHO Ha pHC. 8.

SIk BUIHO 3 aHA3Y Pe3yJbTaTiB MOJEIIOBAHHS, SIKi HABEICHO Ha pHC. §,
PO3pOOJICHNIT aBTOMATHYHHI PETYJIATOP MPUBOAMTH MPOIEC OOIrpiBy 10
PEKOMEH/IOBAHOTO CTaHYy, UITXOM HOTO aJlanTailii 10 HeoOXiIHOT TemIiepa-
TypH B PUMIIIEHHI 3aKPUTOTO TPYHTY.

L e R ECII TS CR STSSEREPTIRH NESURNTS P (s ........... T AU p e e e S hirenisairyin]

i 1 1 I i i 1
500 550 600 &S0 Fo0 750 800 350 500 850 1000

Puc. 8. PesysabTaTn Moge/iloBaHHsI po3p0o0/1eHOr0 MPUCTPOI0
aBTOMATHMYHOI0 KepyBaHHA MificucTemMor0 o0irpiBy (1 — Buxignmii
CUTHAJI KepyBaHHsI; 2 — BUXiIHMI CHTHAJI CEHCOPY TeMIlepaTypHu)
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AHaJi3 pe3ynbTaTiB MOJICIIOBAaHHS, KM HaBeJIeHO Ha puc. 9, moka-
3aB 1110 PO3POOJICHA IMiICHCTEMH KePYBaHHSI 3BOJIOXKCHHS MTOBITPS TETUTHIT
MIPUBOIMTE PiBEHB BOJOTH 0 PEIIaMEHTOBAHOTO 3HAYEHHS, IUISIXOM HOT0
aJIanTarii 10 TeMIepaTypy i BOJIOTOCTI 30HH BUPOIYBaHHS.

B pesynbsrari po3po0KH MiICHCTEMU BSHTUIIALIT MPUMIIIICHHS 3aKPUTOTO
IPYHTY OTPUMAaHO pe3yIbTaTH MOJCIIOBAHHI, sIKi HaBeIeHO Ha puc. 10.

a0
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Puc. 9. PesynbTaTn Moe/Il0BaHHS pO3P00JI€HOTr0 MPUCTPOIO
ABTOMATHYHOTO KePYBaHHS MiICHCTEMOIO 3B0OJIOKEHHS
(1 — BuXigHUI cUTHAJI KepyBaHHsI; 2 — BUXiIHUI CUTHAJI CEHCOPY
Temmneparypu; 3 — BUXiZHMI CUTHAJ BOJIOTOCTI)

Sk BUJIHO 3 aHAIi3y pPe3yJIbTaTiB MOJICIIOBAHHS, SIKi HABEJCHO Ha PUC.
10, po3pobrneHa miacucTeMa KepyBaHHs BEHTHILIIIEI0 30HU BUPOITYBaHHS
TEIUTHII aJanTye MBUAKICTH MOAa4i YUCTOTO MOBITPS IO PErIAMEHTOBA-
HOTO 3HAYEHHs

Po3pobnena aBToMaTuyHa CUCTEMU KEpyBaHHsI Mepeadadae BiACTEKY-
BaHHS 1 YIPaBIiHHS KJIIMaTUYHUMU NTapaMeTpaMu, 110 PEryioe PicT i po3-
BUTOK pociuH. lle 103BOMMTH HOCATTH 3HAYHOI FHYYKOCTI B YHpaBIiHHI
MIKpOKJIIMATOM TeTuTulli [ 14], 1110 mpUBOIUTH JI0 3HMKEHHSI BTPAT €IEKTPO-
eHeprii (puc. 12).
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Puc. 10. Pe3yabraTu Mo1e/TIOBAaHHS PO3PO00JIEHOT0 MPUCTPOIO
aBTOMATHYHOI0 KePYBaHHS MiICHCTeMOIO 00irpiBy, 3B0J10KEHHS
Ta ocBiTiieHHs (1 — BUXiAHMIT CUTHAJI CEHCOPY TeMIlepaTypH;
2 — BUXiAHUI CHTHAJI CeHCOPY iIHTEHCUBHOCTI OCBITJICHHS;
3 — BUXiZHMII CHTHAJI KepyBaHHs MiICHCTEMOI0 BBIMKHCHHS
HarpiBa4a/o0irpiBy, 4 — BUXiIHUI1 CHTHAJI CEHCOPY BOJIOTOCTi MOBITPs)

B
22 = Oxomomxenss

= Harpie
215 ¢ {

21

» B

0 200 T, cex

Puc. 11. Pe3yabraTn nopiBHAHHS HATPiBY
Ta 0XO0JIO/IZKEeHHA BiAIHOCHO Yyacy



Chapter «Engineering sciences»

5.000 I Etiron

4,000
3,000 -
2,000 -

1,000 -

Harpie Oxonog#eHHA

Puc. 12. Pe3yabTaTu A0C/IiIKEHHS] BUTPAT eJIeKTpoeHeprii
MPOTSITOM 24 TOUH

Po3pobnena cucrtema aBTOMAaTHYHOTO KEPYBaHHS MOXKE MOHITOPHTH
MIKpPOKITIMATHYHI TTapaMeTpu HE TINBKM 3a JOMOMOTOI0 JATYHKIB, ane i
MpaioBaTy 3a yacoM. [IpuB’si3ka 10 peaibHOro 4acy (puc. 13) mpaitoe
HACTYITHUM YHHOM: JTisi Oy/ie BiOyBaTHCs 3 00paHUM MIEPiOIOM BiJI TIOYATKY
TOJIMHU, TOOTO SIKIIO oOpaHuil 15 xBuimuHHMN, TO 1is Oyae B 0, 15, 30 1
45 XBWJIMH KOXXHOI roguHu. SIKIMOo oOpaHuWil mepion Ouble TOTUHH (BiX
JIBOX 1 OLJIBIIIE) TO MOYKHA BUOPATH TOJIUHY CTApPTY, BT SIKOT ITijie BiuTiK. Bei
nepioan KparHi 24 Tof., TOMy poOOTa MOYMHAETHCS B OMHIN 1 TiH K TOJAMHI
KOJKHOTO JTHSI.

Hanpuknan: nepion 8 roaun, mouarkoBa roguna 0. [lito Oymge BHKO-
HaHO B 0, 8 1 16 TOAUH KOXKHOTO JH. SIKIIO MOCTaBUTH MOYATKOBY TOIUHY
(CTAPT) 3 3 rogunu, To 1ist Oyae BukoHana B 3, 111 19 ronuH KOXKHOTO JHS.
[Ipu ckugaHHI KUBIEHHS HACTYITHA Jlist Oy/ie 31HCHIOBATUCS HAHOIMKINM
yacoMm «OyaunbHuKay. Hactapnstu dac motpiOHo Tak, mod POBOTA He
nepesunryBana nepioxy 3YIITMHKU.

Week (Day) — nmpoctuii Taiimep Ha OJIHY Jit0 3 TIPHUB’S3KOI0 JI0 peajib-
HOTrO yacy, Mae HamamtyBaHHs On (dac B dopmari I'T: XX: CC) — yac,
3 sixoro jist aktuBHa 1 Off (wac B dopmari I'T: XX: CC) — yac, 3 skoro
Jist He akTUBHA. Takox € 7 «ocepenKiB» — JHIB TwkHS Days, 3 MoHeIIKa
o Hexaumo. [Ipu mepe3aBaHTaKEHHI il MOBEPTAETHCSA B MOTPIOHE MOJIO-
JKEHHS 3T1IHO 3 TOTOYHKMM 4yacoM. Hampukian: TaiiMep HalalnToOBaHWNA Ha
6 1 20 rogun (Start 1 Stop). BinnoBiiHO NOTOYHOTO KaHAILy Ta MapaMmerpy
Direction aist 6yzne aktuBHa 3 6 10 20 ronuHy, i HeakTHBHA 3 20 O 6 TOTUHY
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paHKy HacTynHoro nHs. [Ipu panToBoMy niepe3aBaHTa)keHHI CUCTEMa BHKO-
HYE JIIT0 TaK, K BOHA [TIOBUHHA OyTH Ha IIbOMY BiJpi3Ky yacy. ToOTo 3 MUHY-
JIOTO TIPHUKIIAY, SIKIIO B IPOMIKOK MiX 6 1 20 rogmHaMu BiOyIeThCs par-
TOBE MEpPEe3aBaHTAKEHHS, MPU 3aIlyCKy CHCTEMa aKTHUBYE JiI0 MO KaHAIYy.
HactporoBaru notpidHo Tak, mo6 On 6ys mennre Off.

6. ExoHomiuHa e()eKTUBHICTH BUKOPUCTAHHSA

[Ipu nopiBHSAHHI ABOX YW JEKIJIBKOX BapiaHTIB BHU3HAYAIOTHCS Karli-
TajbHI BKJIAJCHHS 1 MOTOYHI eKCIUTyartariifHi Butparu. Ti BapiaHTH, B
SIKUX MMOKa3HUKHU € HAMOUTBIIUMU, BOHH SIBJISIOTHCS MEHIII €KOHOMIYHUMH.
3HIKEHHS TOTOYHUX BUTPAT MOXKHA JOCSTHYTH, SIK IPABUIIO, 33 PaXyHOK
O1ITBII TPOTPECUBHOT, asie i OLIbII TOPOTOT TEXHIKH.

3BelleH1 BUTpaTH JIAIOTh BiJINIOBI/Ib HA MIMUTAHHS, 10 B JAHUX KOHKPET-
HUX yMOBaX BUTIJHIIIE: MPUAHITHA OIIBII JOPOTHUH BapiaHT, aje 3 MEH-
[IMMH TTOTOYHHMHU BUTPATaMHM IIPOTSITOM POKY 200 BUOpATH BapiaHT OijIbIll
JICIIEBUH, ajie 3 OUTBITUMHY MIOPIYHUMH BHTpPATaMHU.

[IpoBenemo mMoOpiBHSIHHA €(DEKTUBHOCTI CHCTEM PEryJIHOBaHHS MIiKpO-
KIIIMaTy TEIUIMI TP PETyIIOBaHHI PO3POOJICHUM Ta peayi30BaHUM IpH-
CTPOEM CUCTEMH aBTOMAaTUYHOTO KepyBaHHs, cuctemu Ha [11]] perynstopax
3 KOHTAKTHO-pEJICHHUM O00JIaJIHAaHHSAM 1 YCTaHOBKH, sIKA PEKOMEHAYEThCS
¢ipmoto iLogix.

BusnauaeMo piuHi aMOpTH3aLiliHI BiIpaxyBaHHS MO TPHOX BapiaHTax

3, =K- a, ,2PH
100

ne K —3arajgbpHa cyMa KaliTaJbHUX BUTPAT (6a30BOT0 BapiaHTy, HOBOTO
BapiaHTy, yCTAHOBKU PEKOMEH10BaHOI hipmoro iLogix), TpH.; [/, — IpoLeHT
BUTpAT Ha aMOpTHU3aMiiHi Bixpaxysanus, /7,=15%.

BuzHauaemo BUTpaTH Ha CIIOXKUBAHY €JICKTPOCHEPTIIO TT0 KOYKHOMY BapiaHTi

3,=—"%-T, Ky, K,-C,,epn
n

ne P, — HOMiHaJIbHA MOTYXKHICTh BIAMOBIZHO /I 6a30BOTO i HOBOTO
Bapianty, KBt; T,, — ebexruHuii pona yacy podoru, ronunu; Ky, — koe-
(bilieHT BBIMKHEHHSI (BUKOPUCTAHHS 3a yacoM); K, — Koe(illieHT 3aBaH-
Ta)XeHHs! (BUKOPUCTAHHA 32 MOTYXHicTI0); C) — BapTiCTh €JIEKTPOEHEPTii,
C,=1,68 rpu/ kBt'rox.
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Koedimient xopucuoi il mis 6a30Boro BapiaHTy Oyae AOpPiBHIOBATH
82,88 %, st po3po0IeHOTO 1 peKOMEH0BAHOTO BapiaHTiB — 90,25 %. Koe-
(IiEHT BUKOPUCTAHHS 32 YacoM IpuitMeMo piBHUM 0,8 JiJ1s BCIX BapiaHTIB,
a xoe(ilieHT BUKOPUCTAHHS 32 MOTYKHICTIO 110 0a30BOMY BapiaHTy JIOPiB-
Hioe 0,62, a s HOBUX BapiaHTiB — 0,97.

Busnauaemo eexktuBHUI GoHT Yacy IS BCiX BapiaHTIB

T,,=/x K24, ronun
ne /Jlk — KaneHmapHi JHI poOotu oOmamHaHHS, /[x=360-366 nHIB;
24 — rogmHU noOH, K, — KOe(]ILi€HT, KU 3aleKUTH BiJ dacy poOOTH
obnmagHanHs B poui, K =90+95%.
Busnayaemo BipaxyBaHHS Ha iHII BUTPATU
3, =K -ﬂ,sz
100
ne I1, — mpoueHT BigpaxyBaHb Ha iHII BUTpaTu, 11,=1%.
Busnauaemo 3araiibHi eKcITyaTaliiHi BUTpaTH
3, =3,+3,+3,

Taomuns 1
BuTparu Ha eJIeKTPOYCTATKYBAHHS Ta eKCILIyaTaliiiHi BUTpaTu
6a3oBoro Bapianty Ha II1/I peryasitopax, po3po0/ieHoi cucteMu
ABTOMATHYHOI'0 KEPYBAaHHA i YCTAHOBKH, 110 PEKOMEHAYEThCS
¢pipmoro iLogix
bazoBuii | HoBuii | PexkomengoBanmii
BapianT | BapianT | dipmoro iLogix

HaiimenyBanusi BUTpaT

fgizgl‘;{';a popTICT BeROrO 2420 | 1340 8932
Peseps, rpa 726 67 446,6
TpaHCIIOpTHI BUTpATH, I'PH 97,2 53,6 107,184
3araipHa cyma KariTanbHuxX Butpar K, rpH. | 32432 1460,6 9485,78
3arajpHi eKcIuTyaTaliiHi BUTpaTH
AmMopTu3aliisi, rpH 486,48 219,09 1422,87
E:;Ii)ggilh eTneKTpoeHeprn 3a 3UMOBHIT 569,25 517.5 517.5
Butparu Ha enexrpoeHepriio, rpH 956,34 869.,4 869,4
1 BuTpaTH, rpH 32,43 14,61 94,86
PasoMm — ekcrutyaTaniiiHi BUTpaTH, TPH 467291 25223 11831,51
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3 tabnumui | BUIHO, IIO 3arajibHi €KCIUTyaTalliiiHi BUTPAaTH HaiMEHII]
JUTSL pO3pOOJICHOT Ta BUTOTOBJICHOT MIKPOIIPOIIECOPHOT aBTOMATHYHOI CHC-
TEMHU KepyBaHHS MIKPOKIIIMATOM TEIUTHIII Ha 0a3i MOBHO(YHKITIOHATBHOTO
npuctporo Arduino.

7. BUCHOBKH

AHai3 BUpOOHMYMX MPOLIECIB MO3BOJIUB PO3POOUTH adropuT™M (PyHK-
LIOHYBaHHs MPOrPaMyIOYUX KOHTPOJIEPIB, SIKI MAIOTh MOXKIJIUBICTb OiJIbIL
e(heKTUBHO BUTpAYaTh €HEPropecypcu Ha CTBOPEHHS MIKPOKIIMAaTHUYHHUX
PEXHUMIB y CHIOPYJax 3aKPUTOTO TPYHTY, [0 MO3BOIMIIO 3HU3UTH BUKOPH-
cTaHHA TeroBoi eHeprii Ha 10,4 %, a TUM caMUM 3HU3UTH CHEPTOBUTPATH.

Ha cyuacHiif MOBI mporpaMmyBaHHs PO3pOOJIEHO MPOrpaMy JUIsl JIOTid-
HUX KOHTPOJICPIB 3 METOI0 aBTOMATHYHOTO KepyBaHHS pOOOTOK €IEKTPO-
oOJIaJJHAHHS TEIUIMI Ta BU3HAYCHHS MIKPOKIIMATHUYHHMX IMapaMeTpiB B
JFO01# TOYI MPUMINIEHHS, IO MPU3BENO JIO TOYHOCTI POOOTH CUCTEMH.

Po3pobnena aBroMaTHyHa CHCTEMa B YMOBAX PEATLHOTO Yacy JT03BOJISIE
CTBOPIOBATH eHeproeekTHBHY 0a3y aBToMaTu3allii poOOTH eNeKTPooOIaI-
HaHHS 11 QYHKIIOHYBaHHS B TEIUIMYHOMY TOCIIOAPCTBI.

BuxopucTtanHsa MiKponpolecopa y ckiiaai aBTOMaTHYHOI CHCTEMH Kepy-
BaHHS MOKpailye (GyHKLIIOHATbHI MOXKIUBOCTI 00JIaJHAHHS, CUCTEM YIIPaB-
JIiHHS, 3HAYHO MiIBUIIY€ HATIHHICTD X poOOTH, 110 B KIHIIEBOMY pe3yiib-
TaTi MO3UTHBHO BiI0OpaXKa€ThCSI HA SIKOCTI MPOIYKIIIi.
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Abstract. The article highlights research, dedicated to the study of
the peculiarities of justification of the projects in the emerging space
debris market in the age of New Space. It has been proved that human-
induced debris in orbital space has reached catastrophic proportions,
which requires making immediate changes for sustainable development
of space activity. The research objective resides in the development of
theoretical and methodological foundations, scientific and methodological
approaches, and a practical toolkit for justifying projects in the emerging
space debris market. The methodological platform of the research included
the Stakeholder concept as an eco-system of interrelated groups. One built
the BCG matrix of growth of the “Access to outer space” sector of the
global market of space products and services. Also, there were distinguished
four groups of space services for this segment using two factors — “the
share of the types of space services” and “the relative share of the service
market.” During the research, the authors developed a matrix for analysis
of the project stakeholders in the emerging space debris market. It has been
identified that there are three groups of stakeholders by the factors’ levels
“Influence — Interest”: partners — alpha-stakeholders (a-stakeholders),
consultants and support — beta-stakeholders (-stakeholders). A situational
model for the choice of a negotiating strategy for the development of
projects in the space debris management market has been developed based
on the methodological approach of “decision tree” to determine a rational
negotiating strategy for reduction of destructive behaviour and avoidance of
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organizational conflicts among residential stakeholders. It was proposed to
determine the general efficiency of the projects in the emerging space debris
market based on the methodology by M. Farrell: as production of technical
effectiveness and allocative (distributional) efficiency. All components of
general efficiency were analyzed by the authors who also provided analytical
calculation formulae: technical, economic, social, and ecological. A method
of determining expenditures for a project on emerging space debris on the
assumption of an alternative cost of projects and determining the stage of
the project’s life cycle has been proposed. Making decisions on the project
development requires structural analysis of expenditures of operating
activity by the life cycle stages. To do that, the operating activity costs should
be structures in the following way: preproduction costs; production costs;
off-production costs; postproduction costs. The following main parameters
used for making managerial decisions during project development were
considered: profitability, the cost of deferred decisions, and deviation from
costs. It was discovered that project development is carried out in the risk
and uncertainty conditions. The authors formed a system for assessing risks,
related to financing of the projects on recycling of space debris, which
grounds on risks classification (technical, financial, procedural), which
enabled the possibility to develop risk management strategies. The risk
groups were analyzed following the requirements of stakeholders.

1. Introduction

In the age of New Space, humanity faces a global problem related to
the limitations of space orbital area. The sustainable development of space
activities will be possible only when space users implement technologies
and practices suitable to avoid the accumulation of objects in the orbit [6].
Man-induced debris in orbital space has reached catastrophic proportions.
As 0f 2020, about 85% of space objects belong to the class of non-controlled
satellites [10].

As aresult, one observes the appearance of the Clean Space concept in the
global economic space [1]. In response to the above-given requirements, the
Clean Space initiative will be built upon three building blocks: EcoDesign —
designing to address environmental impacts; CleanSat — designing to reduce
the production of space debris; eDeorbit — removing a large piece of space
debris from orbit, such as the Envisat satellite [1].
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Within the framework of this concept, more innovative projects are
being developed to build a system of a combined method for the removal
of space objects from the circumplanetary orbits [2; 5; 14; 15]. This brings
up to date the scientific search in the area of project management of space
projects: determination of efficiency, risks, barriers, etc.

The research objective resides in the development of theoretical and
methodological foundations, scientific and methodological approaches,
and a practical toolkit for justifying projects in the emerging space debris
market.

2. Survey methodology

The theoretical and methodological foundation of the research included
modern theories, concepts, and hypotheses. The study included the use
of such general scientific and specific methods that ensure the reliability
of the obtained results and findings: dialectic, gnoseological, and logical,
in particular, the terminology analysis — to study the conceptual and
categorical apparatus and clarify the basis for making managerial decisions;
induction, deduction, scientific abstraction, and generalization — to justify
economic categories and definitions; monographic and comparative — to
systematize scientific approaches to concretizing the theoretical foundations
of expanding the methodological basis of management; structural analysis —
to determine expenditures by lifecycle stages; techniques of the abstract and
logical method — to develop theoretical and methodological generalizations
and formulate conclusions upon the research results.

One also used the stakeholder concept tools (Stakeholder concept) as
an ecosystem of interconnected groups, the interests of which should be
considered and satisfied, the project management system should ensure the
creation of value for its stakeholders as well.

3. Findings
In the New Space epoch, the global market of space products and services
is expanding. This is primarily due to an increase in the range of space
services at an expense of entry into the market of commercial organizations.
One distinguishes five sectors of commercial space activity in the XXI [2]:
access to cosmic space; remote sensing and scanning; access to satellite
data and analytics; space stations; and spacecraft beyond Earth’s orbit.
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According to the data of Bryce Space and Technology, external
investments in launching new space firms increased by $ 500 million per
year over the period from 2001 to 2008, and by $ 2.5 billion per year for the
period from 2015 to 2016 [9].

The most developing sector of commercial space activity is access to
outer space, which performs provision of the following basic services: orbital
launches of satellites and ISS cargo; transportation to the Moon; crewed
LEO, lunar transport, and tourism; crewed LEO transportation; suborbital
launches, human spaceflight; cargo and crewed LEO transportation; space
tourism & rapid commercial flight; reusable launch vehicles, colonization;
suborbital launches of small payloads; launch vehicles and engines.

Figure 1 shows the BCG matrix of growth of the “Access to outer space”
sector of the global space products and services market.

To carry out analysis of growth of the market segment, one forms four
groups: 1st group — 90%—120%; 2nd group — 50%—89%; 3rd group —
10%—-49%; 4th group — 1%—-9%. The first group is characterized by an
increase in two factors — the “share of the type of space services” and the
“relative share of the service market”: orbital launches of satellites and
ISS cargo.

The second group is characterized by an increase in the “share of the type
of space services” factor and a decrease in the “relative share of the service
market” factor: transportation of the crew to low Earth orbit (LEO); Crewed
LEO transportation; Space tourism; rapid commercial flight. The third group
is characterized by a decrease in the “share of the type of space services”
factor and an increase in the “relative share of the service market” factor:
Transportation to the Moon; Suborbital launches, human spaceflight; Cargo
and crewed LEO transportation; Reusable launch vehicles, colonization;
Suborbital launches of small payloads. The fourth group is characterized
by an increase in the “share of the type of space services” factor and the
“relative share of the service market” factor: Crewed LEO, lunar transport,
and tourism.

The orbital launching of satellites and cargo to the ISS is primarily due
to an increase in the adjacent market — the telecommunications market.
According to Deloite forecasts, in 2021, the global market of intelligent
peripheral devices will grow to 12 billion US dollars with an average annual
growth rate (CAGR) of about 35% [4].
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When it comes to the service “space tourism,” it should be noted that
tourism related to low Earth orbit (LEO), according to Figure 1, belongs to
Group 2, while lunar tourism is in Group 4. Thus, according to a report by
the Boston Consulting Group, by 2025, an increase in the market share of
space tourism services (the share of luxury travel) will lead to an increase
in the profits of this service by $ 1.8 trillion [8].

In the XXI century of the emerging space debris market, there is the
influence of the corresponding stakeholder groups (interested parties). To
the primary circle of external stakeholders on the international market, one
can include: space agencies, meteorological, defence agencies, commercial
satellite operators, insurance companies (responsible for covering losses
from space debris), etc.

The identification of the project’s interested parties and understanding
their relative influence on the project is an important task. Failing to do
this may significantly increase the project’s implementation time, and, as a
result — increase expenditures for its implementation.

The primary objectives of the interested stakeholder group’s analysis:

— determination of principles of management system construction with
consideration of group interests;

— determination of border values of the confidence coefficients for
determination of the trust level to management system construction with
consideration of group interests;

— determination of efficiency assessment criteria based on social
behaviour models and choice of characteristics of agents interaction with
consideration of the principle of the maximum expected usefulness;

— development of an efficiency assessment methodology considering the
system of indicators from the point of view of its and related group interests
by areas of economic feasibility;

— justification of theoretical foundations on possibilities expansion
for the formation of the integrated communications with the provision of
expediency, relevance, and objectiveness;

—improvement of methods for diagnosing conflicts of the group interests;

— development of a system of measures on counteraction to decrease in
the destructive interaction of economic groups using the frames.

Analysis of the interested parties should be carried out at each stage of
the development and implementation of the project implementation plan.
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In the preparatory phase, the purpose of the analysis is to pre-identify the
key interests of stakeholders. The main objective of the interested parties
management resides in the identification of their expectations, meeting their
needs, and removal of obstacles that lead to a conflict of interests.

Engagement of stakeholders is a specific type of activity dealing with
creation of opportunities for holding a dialogue between a company and
one or several of its stakeholders for provision of the information basis
for the company’s decisions. The close circle of stakeholders (primary
stakeholders) includes: personnel, owners, clients, and business partners.

The far circle (secondary stakeholders) manifests itself as an indirect
influence: a state, competitors, investors, local communities (media,
public organizations, etc.). Both circles represent an interdependent
system, a web, which supports implementation or, vice versa, does
not enable the possibility to take the necessary measures to implement
innovative projects. The creation of the stakeholder definition platform
is carried out in systemic engineering. An understanding of who is a
stakeholder with regard to decisions that are made should be established
beforehand.

One carried out an analysis of the stakeholders of the project on the
construction of a system of a combined method for the withdrawal of
space objects from the near-Earth orbits. One constructed a matrix upon
the factors “Influence-Interest” (Figure 2): influence (x-axis) is the degree
of stakeholders’ influence on the project; interest (y-axis) resides for the
project objectives that are common and desirable for interested parties.

According to the results of the analysis, three groups of stakeholders
were identified by the levels of factors “Influence-Interest”: group 1 (“high-
high”) — Governments/Space Agencies, Traditional Space Industry;
group 2 (“low-high”) — Aviation industry, Insurance and legal companies;
group 3 (“high-low”) — Manufacturers/Operators, Telecommunications,
Service providers. Stakeholders of the first group (partners) actively
influence and are to the maximum fixed in the development of the emerging
space debris market. The partners are the main stakeholders of the project
who should be involved in making decisions on the project as much as
possible. It is necessary to increase the interest of the group in the project and
fully satisfy its needs. It is recommended to use the principle of partnership
in communication during negotiations on a project with this group.
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The stakeholders of the second group (consultants) are the stakeholders
of secondary importance. It is recommended to engage it as consultants and
for agreement of only important strategic decisions on the project.

The stakeholders of the third group (support) are the stakeholders
of secondary importance. This group should be familiarized with all
key decisions on the project, despite the fact that it does not take direct
participation in making decisions on the project. Hereby, it is recommended
to engage this group in the discussion of the possible problems and gain
additional support from it when making important decisions.

The first group of stakeholders is called the alpha-stakeholders
(a-stakeholders) of the project, the second and the third group — beta-
stakeholders (B-stakeholders).

The organizational support of the project includes management of the
organizations’ capacities of supplying and buying products and services
through support, initialization, and project management. This support
ensures resources and infrastructure needed to facilitate projects and
guarantees implementation of the organizational objectives and existing
agreements.

Depending on the project’s life cycle stage, one observes changes in the
structure of the beta-stakeholders, for example: at the stage of “Logistics
and Maintenance” — supporting services, instructors, and participants of the
supply chains.

It is possible to distinguish four sectors of the implementation of the
innovative projects, within which the stakeholders operate: technical,
portfolio management, quality management of marketing promotion, and
risk management.

In particular, when managing risks, one observes formalization of
the process: it contains a description of risk categories, stakeholders’
perspectives and description (possible using the reference) of technical and
managerial tasks, assumptions, and restrictions. It is important to build and
maintain a risks profile, each record of which should contain the importance
of the risk. Importance is determined by the risk criteria provided by the
stakeholders.

The essence of the corresponding risk profile should be reported
periodically to the stakeholders depending on their needs, since the risk
profile may change if a particular risk state is updated.
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One considers it important to note that the personnel of the enterprise
is a key factor in levelling procedural risks (direct impact), and indirect
impact — technical (quality of work of specialists in the area of engineering
and employees) and financial (competence of financial analysts of
the enterprise and senior management). It is the main close circle of
stakeholders of each business entity. That is why it is necessary to build a
human resources strategy for staftf development.

It is determined that the main causes of conflict include the difference
between the interests of project managers and team members; ambiguous
definition of the communication type in the management organizational
structure; the imbalance of responsibilities, powers, and duties in the
project; violation of rules of team formation and functioning and authority
delegation in the project. Conflict management includes the impact of
resolving the cause of a dispute, modification of participants’ behaviour,
and maintenance of a controlled level of the dispute.

An analysis of the style and strategy of the negotiations and the
development of different possible development scenarios established
practical recommendations for the project manager on holding negotiations
between the interested parties. The recommendation resides in the use
of different tools: oppression, regulation, conflict resolution, the use of
the capabilities of the panel of arbitrators (consultations, mediation, and
arbitration procedures).

It is time to have a closer look at the strategies of holding negotiation
of the main project stakeholders (partners) based on the developed matrix
“partnership-activity” to increase negotiations’ efficiency: avoidance,
passive friendship, complete and partial concessions, compromises,
passive conflicts, tough ethical competition, and constructive
cooperation.

Following the proposed negotiating strategy based on the methodological
approach of “decision tree,” one developed, a situational model for the
choice of rational strategies of holding negotiations, including the solution
of conflicts between the interested parties, which take place based on the
“decision tree” approach (Figure 3). This will enable the possibility to
determine a rational strategy for holding negotiations for the reduction of
destructive behaviour and avoidance of organizational conflicts from the
project’s interested parties.
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Block1 Block2 Block3 Block4 Block5

Figure 3. The situational model of choice of a strategy
for holding negotiations during the development of the projects
on the emerging space debris market

Notes: Block 1 — Is the topic of negotiations significant for the stakeholders? Block
2 — Is the topic of negotiations significant? Block 3 — Are they important for the further
relationship with stakeholders? Block 4 — is maintaining relationship important for
stakeholders? Block 5 — Is there a balance of powers between stakeholders?

A “decision tree” is built based on the obtained data. Its structure
includes the nodes which stand for key events (decision points) and
branches (implementation of these decisions) that connect the nodes. As a
result of “decision tree” construction, one calculates the probability of each
negotiation scenario in the project.

When developing projects, the business entity faces the need to choose
from among the available limited alternative resources: money, labour,
material, etc. Making decisions on project development is carried out by the
company’s management, which increases the subjectivity of this decision
for many reasons, including mentality, professional experience, judgments,
etc. To reduce the subjectivity of calculation of profit growth thanks to
the project development, it is necessary to refer to methods for assessing
projects from the area of social diagnostics.
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When assessing the effects while choosing from several alternative
projects, it is necessary to consider not only the economic effect
(as achievement of the highest results by the enterprise at the slightest cost of
living and speech labour or reduction of the total cost per unit of production)
but also social and environmental effects. Hereby, it is necessary to assess
these effects from the point of origin: international and external.

There are several scientific schools on the determination of efficiency in
the scientific area under the study [11-13]. Thus, for large-scale projects of
state importance, including space and rocket systems, space systems, etc.,
depending on the field of application of the obtained results, there may be
the following types of useful effects: direct economic or commercial effect;
indirect economic effect; technological effect; effect in the national security
and defence; social effect; environmental effect; foreign policy effect [17].

Yoshida H., & Araki M. consider the overall effectiveness of projects in
the emerging space debris market as a combination of three components:
social, political, and economic [16]. Hereby, it is noted that it is the social
component that has a priority influence on overall efficiency. Maclay T.,
& McKnight D. Put an emphasis that the main effect of the projects and
programs in the emerging space debris market resides in the environmental
effect [7]. This should influence the issuance of licenses to commercial
companies on recovery of space debris — protection of the national security
of the country from environmental risks associated with man-induced
disasters in the orbit. Ellery A., Kreisel J., & Sommer B. determine the
effectiveness of programs on the emerging space debris market from the
point of view of forming an effective infrastructure in the orbit [3]. They
note that the further development of robotics will increase the overall effect,
especially a technical one.

Thus, it is necessary to determine the effectiveness estimates of the
proposed innovative technical solutions on the principles of the theory of the
relationship between productivity and efficiency (M. Farrell’s technique).
Production productivity, as well as efficiency, is determined by the ratio
of the final product (English “output”) to the incoming factor (English
“input”).

The analytical formula of general effectiveness (GE) has the following
form:

GE=TEx AE; 0<GE<1. (1)
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According to M. Farrell’s methodology, efficiency is the ratio of the
actual productivity of the enterprise to the maximum possible productivity.
M. Farrell considers the general effectiveness (GE) as production of technical
efficiency (TE) and allocative (distributive) efficiency (AE). Allocative
efficiency appears when the business entity faces the choice of selecting
resources for production at these prices with minimal costs and determines
how close are the solutions with the minimal costs and technically efficient
solution.

Technical efficiency of the diversion system is increased by reducing
the diversion time, the mass of the system, the energy consumption
for its inclusion and deployment, under reduction of the complexity of
manufacturing and assembly, the cost of the system, while the reliability
indicator should increase [20].

Technical effectiveness can be determined through the system’s project
efficiency criterion of the combined method of the space objects removal
from the near-Earth orbits:

TE =TE(T,M,W,S,R) —> max . )

where TE — project efficiency criterion; 7 — relative time of removal;

M —mass ratio of the object; 7 —the amount of energy consumption; S —
producibility of the system; R — reliability of the system.

The producibility of the system is a conditional indicator, showing the
structural complexity of the manufacture of elements and the system for
space objects removal from the near-Earth orbits. As a rule, it is determined
by the method of expert assessments.

The reliability of the system is a generalized indicator, the possibility to
remove space objects from the near-Earth orbits, the probability of failure-
free operation, and performance of the objective function, is determined by
the method of expert assessments.

Thus, the allocative (distributive) efficiency (AE) of projects in the
emerging space debris market can consist of three effects: economic, social,
and ecological.

Thus, the internal environmental effect is a decrease in the sum of
environmental payments, a reduction in environmental losses of the
enterprises, social —an increase in the level of motivation of staff, a decrease
in payments for industrial injuries, etc.
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It is beyond argument that restrictions in the financial resources allocated
to the development of projects in the emerging space debris market, under
the task of maximizing the economic effect, it is advisable to select projects
based on a mathematical model:

LCC, < B,
Ef +E’ +CoD, > LCC,, (3)
at: LCC, — min,

Ef,E’,CoD, — max,

where LCC, — expenses of “life cycle” of the i-th nproject on energy-
saving, monetary units; B, — budget on implementation of the projects
in the #-th year, monetary units; E — ecological effect, related to the
implementation of the i-th project, monetary units; £ — social effect, related
to the implementation of the i-th project, monetary units; CoD, — the cost
of the deferred decisions, related to the implementation of the i-th project,
monetary units.

It is necessary to disclose the peculiar features of the time calculation
indicator for the return on investment of the projects in the emerging space
debris market — the “life cycle” cost (of the project) (LCC).

Inclusion of all expenses and savings that are spent during the “life
cycle” is an opportunity to assess projects’ profitability. This approach — the
“life cycle” cost (LCC) of the project — can be adopted by the management
of the enterprise as the antithesis of the necessary project procedures
under the absence of functional responsibilities with the rapid innovative
development of technology for minimizing the total costs.

LCC - is a time-consuming calculation, but all efforts are justified by a
survival strategy. The “life cycle” costs (LCC) help to estimate the net profit
during project development with consideration of all basic costs and savings,
discounted to the relevant value of money. Thus, the additional questions
(calculation of the discounted value, discount factors and rates, LCC) require
a detailed analysis. One developed the following formula of the “life cycle”
cost (of the project) (LCC), considering the peculiarities of the project:

LCC=In-S+M+R, 4)

where LCC — “life cycle” cost (of the project); In — initial investments in
the project; S — salvage value of the equipment as active for the end date of
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the target depreciation period of this asset; M — money expenses during the
project (program); R — running costs needed for equipment removal.

The cost of deferred decisions (CoD) enables the possibility to determine
alternative scenarios “with a project — without a project.” Hereby, one
provided the corrected formula for calculations CoD, considering the
peculiarities of the project:

CoD=—(Le + Lb) + In, (5)

where CoD —the cost of deferred decisions; Le — economic consequences

of the change in technology; Lb — saving costs during the project (program);
In — initial investments in the project.

Procedures and methods of investment attractiveness analysis are aimed
at identifying alternatives and comparing project implementation options by
the performance criterion. Making of a managerial decision on the choice
of projects on the emerging space debris market grounds on the assumption
of the alternative cost of the projects — it is proposed to determine complex
economic efficiency and their comparison:

N
> (W, —W,)xc,+E® +E’ +CoD+AP™

rep

E, =" ; (6)
“ LCC+P,,+D,

cred

where E,, — economic effect from the project’s introduction, monetary
units; W,, W, — the volume of the annual consumption of the n-th energy
resource respectively before and after project implementation; ¢, — the cost
of a unit of the n-th energy resource, monetary units; AP?"™ — change in
the cost of planned ongoing repairs, preventive maintenance and service,
monetary units; P, , — the payment on interest on a loan, monetary units;
D,, — costs related to the idle time of production facilities, caused by the
project implementation, monetary units.

Making decisions on project development requires holding of a structural
analysis of operating expenses by stages of the product life cycle. To do
that, operating expenses are structured as follows [19]: pre-production
(development of product formation, manufacturing of technological tooling,
development of the product for processability, commissioning, purchase of
necessary equipment); production costs (direct costs of products, indirect costs
of production); non-production costs (administrative and commercial sales
costs) post-production costs (disposal of debris and process equipment). Based
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on the results of this analysis, information is generated on the comparability of
expenses recognized at the production stage of the life cycle of the assortment
part and other operating expenses recognized at the equity, non-production and
post-production stages of the life cycle of the assortment part.

The search of reserves for operating costs reduction can be carried out
based on the identification of sources of competitive advantage in the value
creation chain of the product. To identify sources of competitive advantage,
it is necessary to analyze nine interrelated types of activity, which in strategic
management form a value creation chain: five main (incoming logistics,
production, outgoing logistics, marketing and sales, after-sales service)
and four auxiliary (infrastructure of the enterprise, personnel management,
technological development, material and technical support). The strategic
analysis of operating costs in the value chain is carried out using a comparative
analysis of the value chain with direct competitors and in the field of operation.

Hereby, the methodological platform of the formation of planning and
forecasting of project expenditures, especially strategic ones, should be
based on the concept of cost alternatives.

Hereby, one observes the formation of the phenomenon of “decoupling
of influence” — it is relevant when using resources that can pose a threat
to human health and the state of the ecosystem or when technological
solutions have a significant potential for reduction of threats to humans and
the environment. It does not always appear due to reduced use of resources
or costs in the production process. The achievement of the decoupling effect
often requires a change of the technological processes, which requires
considerable investments [18]. First of all, it is urgent in projects and
programs in the emerging space debris market.

When developing projects and programs on the emerging space debris
market, one observes the appearance of the risks in front of the business
entity, which can be conditionally divided into three groups: technical,
financial, and procedural.

Qualitative risk assessment is the process of identifying and
determination of the risks that require fast response. Such risk assessment
determines the degree of importance of the risk and chooses the way for
the response. The information accessibility, accompanying them, helps to
set priorities for different risk categories. Qualitative risk assessment is the
assessment of conditions for risk appearance and determination of their
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impact on the object using standard methods and means. The main task of
qualitative assessment is the determination of the possible types of risks,
as well as factors, affecting the risks level during the implementation of a
certain type of activity. At this stage, it is important to identify all possible
circumstances and provide a detailed description of all possible risks.

Table 1 presents the risk groups for the development of projects and
programs in the emerging space debris market and strategies for their
mitigation.

Technical risks can be managed through analysis of variables (level
assessment) and introduction of the corresponding strategies for this risk
reduction but under the condition of attraction of internal resources and/or
external support.

Almost in all cases (for example, direct buying), there is the highest
level of risk for the consumer under the lowest total expenditures.

The general strategy of reducing technical risks includes quality
conduction of investment audit, primarily, an investment-grade audit (IGA),
which considers the development risks (assessment of the management
correspondence level, professional skills and ability of personnel to provide
quality operation and maintenance (O & M)).

The financial risk factors are of priority significance in assessing the
most cost-effective financing regimes. The risks, related to the regimes of
financing, are always large and diverse. To reduce financial risk factors, there
is a development of an investment strategy with consideration of investment
audit recommendations, the corresponding verification and control.

The procedural risks are connected with the level of personnel
qualification at all hierarchical levels: managers (when making managerial
decisions), professionals (when choosing theoretical and methodological
approaches to the formation of measures and provision of quality practical
recommendations on their implementation, high-quality advisory work at
all stages of the life cycle), specialists (formation of a quality information
base, implementation), and workers (during production/installation).

The maximum risk appears at the stage of forecasting the dynamics of
expenses on the development of projects and comparing savings efficiency.
For the economic entities, the net financial advantages of the project are an
indicator of the presence of hidden costs but do not consider the result of the
service the provision and guaranteed savings.
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Table 1

The risk groups for developing project measures
and strategies of their mitigation

Risk groups

Risk group elements

Mitigation strategies

Technical risks
(TR)

TR1: equipment operation
efficiency, durability,
guarantees

specifications quality, the procedure
of choosing a service company,
contract conditions

TR2: technical experience

education of available personnel, hire
of a qualified external consultant

TR3: investments audit
quality, accuracy level

technical skills and assessment of
an auditor, measures on improving
quality of audit conduction

TR4: production/installation

qualification of a salesperson or sub-
supplier

TRS: operation and
maintenance (O&M)

Improvement of the personnel
qualification, in particular, its
education

TR6: sustainability of
savings

O&M quality, administrative
management

TR7: verification of savings
(approach, instruments)

need for a change in measurement,
guarantee or the desired accuracy

TRS: information support

application of modern information
technologies

Financial risks
(FR)

FR1: project savings are not
realized

use of external consultancy services

FR2: fixed payments

monthly fluctuations of savings

FR3: cost of the deferred
decisions

choice of the other way of
implementation

FR4: post-contract savings

engineering support, O&M quality

FR5: no tax exemptions

choice of another investment strategy

Procedural
risks (PR)

PR1: poor equipment
selection procedures

quality internal or external
consultancy experience

PR2: enterprise management-
related issues

quality preparation of a contract

PR3: choice of a project in a
critical situation

careful preparation of a contract

PR4: quality of operation and
maintenance; staff education

development of workforce
development strategy

General risk

(R)

R=TRxFRxPR,
under P#0=TR #0,FR =0, PR # 0.
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4. Conclusions

It was offered to use the “decision tree” method, which enables the
possibility to determine the most appropriate tactics before and during
the negotiations process, as well as avoid organizational conflicts during
projects development depending on the stage of their lifecycle. This made
it possible to determine the following strategies for holding negotiations
between the project’s interested parties: avoidance, passive friendliness,
complete or partial concessions, compromise, passive confrontation, tough
and ethical competition, and constructive cooperation. A situational model
based on an expanded matrix of negotiation strategies has been built to
determine ways of choosing the most advantageous strategy for holding
negotiations.

One presented a mathematical model of the project selection when
setting the task of the economic effect maximization, which considers
both economic components (costs of the project’s “lifecycle,” the projects’
budget, the cost of deferred decisions), and social and environmental effects.

It was found that the development of the projects is carried out under
the conditions of risk and uncertainty. One formed a system for assessing
the risks, related to projects financing, which grounds on risks classification
(technical, financial, and procedural). It has been proven that these risks
lead to an increase in the expenditures not only in the money equivalent but
also to the appearance of other losses, including: the specific time ranges
of loss of the economic benefits, labour force employment ratio, political
conditions, etc.

The following directions can be considered the perspectives for further
research in the area of efficiency of the projects on the emerging space
debris market: development of scientific instrumentarium for analysis,
quantitative assessment and forecasting of the development of self-
organization and agents adaptation processes; development of a diagram of
the group interests influence based on the principle of maximum expected
usefulness; development of a model of agents’ social behaviour on the
principles of sociality and the degree of the elements diversity.

The paper is performed within the framework of the scientific and research
projects: S/b topic 4-310-15 “The study of the construction principles of the
transport space systems in the condition of the near-Earth space environment
pollution prevention,” State Registration Number 01150002402,
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MESU (2015-2016); S/b topic 4-329-17 “Operation patterns of the
combined orbit cleaning means considering the dynamics of the near-Earth
space,” State Registration Number 01170001211, MESU (2017-2019);
S/b topic 4-648-20 “Theoretical and experimental justification of autofage
systems for space objects diverting from low near-Earth orbits,” State
Registration Number 0120U102254, MESU (2020-2022).
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METHODS OF CALCULATING THE PROBABLE
NUMBER OF FIRE TO BE ELIMINATED
BY THE GAS PROTECTION SERVICE
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Abstract. The main types of operational actions of fire and rescue units
during firefighting and emergency response are presented. An analysis of fires
that have occurred during the last five years, which have been extinguished
by units of the State Emergency Service of Ukraine with the participation of
units of the gas and smoke protection service. After analyzing the statistics
of the number of fires and emergencies in the city (district) over the years,
a mathematical model of the dynamics of the number of fires and other
emergencies. The forecast of the expected number of their occurrence is
determined and the volume of work of the gas and smoke protection service
for the next year is estimated, as well as the sufficiency of forces and means is
determined. The most effective way to identify the main trend in the number
of emergencies is analytical alignment using a mathematical expression that
most accurately describes the nature of the empirical distribution of their
number over the analyzed period and with which you can make predictions.
To do this, the necessary mathematical distribution law is selected in the
scientific search. To determine the speed and intensity of the number of
fires and other emergencies over time, the following indicators were used:
absolute growth, growth rate. The calculation of these indicators is based
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on comparing the levels of a number of dynamics. Under the level of a
series of dynamics is taken each individual numerical value of the indicator,
which characterizes the magnitude of the phenomenon, its size and location
in chronological order. Based on the described indicators, a method of
calculating the probable number of fires in the current year, which will
be eliminated by the gas and smoke protection service, is proposed. An
example of calculation is given: its main components are described, which
should be taken into account during the calculation. The process of change
and development of the occurrence and spread of fires by constructing time
or time series is studied. Recommendations for building a mathematical
model of the dynamics of the number of fires and other emergencies are
given, the forecast of the expected number of their occurrence is determined,
the volume of work of fire and rescue units for the next year is estimated.

1. Beryn

3riJHO 13 CTATUCTUYHUMU JIAHUMH, Y TIOPIBHSHHI 3 aHAIOTTYHHM TIepio-
JIOM MHHYJIOTO POKY, KUTBKICTh TTOyKeX 30impmmmiack Ha 23,1 %. KinpkicTb
3aruOIMX BHACIIZOK MOXKEX 3MeHImIach Ha 1,2 %, KiTbKiCTh TpaBMOBa-
HHUX Ha nokexkax 30umpmmiaack Ha 0,9 %. KinpkicTe miTeH 1 MiMIITKIB 10
18 pokiB, sIKi 3aTMHYJIM BHACIIJIOK TOXEXK, 30inbimnack Ha 14,9 %, xinb-
KicTh niTel 1 miunTKiB 0 18 poKiB, TpaBMOBaHUX Ha MOXKEXKaX 301IbIIN-
nack Ha 2,7 %.

Ha 00’exTax coIiaJbHO-KYIBTYPHOTO, TPOMAJICBKOTO Ta aAMiHICTpa-
THBHOTO MIPU3HAYEHHS KITBKICTh 3arHONMMX 30UTbImiIach y 2,9 pasu.

MarepianbHi BTpaTd BiJl MOxkex 30Utbnmmiuch Ha 32,2% (mpsmi
30uTKH 30UTBIIMIIACE Ha 3,9 %, mobiuHi — Ha 42,4 %), KiIbKICTh 3HUIIIE-
HUX 1 TONIKO/DKEHUX OyIUHKIB (criopyn) 30impmmiack Ha 2,9 %, KITBKICTh
3HUIIEHHX 1 MOIIKOPKCHUX TPAHCIIOPTHHX 3aco0iB (TexHikw) — Ha 2,9 %,
KUTBKIiCTh 3arMOJINX CBIMCHKUX TBApWH — Y 2,2 pasu, KiJbKICTh 3HUIIEHOTO
xJ1i0a Ha KopeHi (ra) Ta y Bajkax — Ha 44,5 %, KUTbKICTh 3HUIICHOTO 3epHa
3menmmIack Ha 40,0 %, KIIbKICT 3arHOINX CBIMCHKUX NMTaxiB —Ha 61,5 %,
KUTBKiCTh 3HUILEHUX KOpMiB — Ha 40,0 %.

Voponosxk 2020 poky Ha Micli MOXexi BUsABIEHO 1667 3aruOmux
JIIonen, 3 Hux 49 mitei.

VYHacniziok noxkex 3aruHyno 1660 mroneit, B ToMy 4uchi 54 AUTHHH,
1 372 nropuHA OTPUMAIIO TPABMH, Y TOMY 4ucii 113 miTei.
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MarepiansHi BTpat Big moxkex ckmaian 10 mupx 75 muH 259 tuc. rpH
(3 HEX TpsiMi 30UTKH CTAHOBJIATH 2 MIIpA 82 MITH 664 THC. TPH, a MOOIYHI —
7 mMipa 992 miH 595 THC. TPH).

onHst B YkpaiHi, B CEpeHbOMY, BHHUKAJIO 275 MOXKeK, MaTepiaibHi
BTpatH Bij skux ckiaanaiau 30 mutH 165 tuc. rpH. KoskHOro JIHS BHACII-
JIOK ITOYKEX THHYJO 5 1 OTpUMYBaJIO TpaBMU 4 JIOIMHU, BOTHEM 3HHIIYBa-
J0ch 200 MOMIKOKYBANIOCh 72 OymiBii (copyan) Ta 13 OMUHHIE TEXHIKH.
[psimi 30uTKM Bijx OJIHIET TOXKEXKI cTaHOBWIM 22,7 THC. TpH. [1].

JocnipkeHHS MPOoOIeMU MPOTUIOXKEKHOTO 3aXHCTy OyIUHKIB 3a X
MOBEPXOBICTIO BKa3ylOTh, II0 LIOPIYHO ONM3bKO 75% TOXKEkK BUHMKA-
I0Th Y MaJIOTIOBEPXOBUX OyanHKax (3aBBumIKH H < 9 M, gk mpaBwuio, 10
3-X IOBEpXiB BKIIOUHO); IIIe Maibke 5 % Noxkex mpuriagae Ha 6ararornosep-
XOBi OyIMHKH MTOBEPXOBICTIO 4+5 TTOBEPXiB; KUTbKICTh 3arHOMNX YHACITIIOK
MOXKEXK, 110 BUHUKAIH B 1+3 — MOBepXoBUX OyMiBIAX IIOPOKY CTAaHOBUTH
6mm3pK0 85 %, y 4+5 — moBepxoBuX OymiBISIX — OMm3bK0 7 %.

HesBakaroun Ha 3MEHIICHHS KUTBKOCTI Okex Ha 5,4% y 2020 porri
nopiBHsHO 3 2019 pokoM, ympoJOBXK OCTaHHIX IT’STH POKIB iX KUJIbKICTh
3aJIMIIA€ThCS 3HAYHOIO Ta CTAHOBUTH Y CEPEIHBOMY ONHU3BKO 77 THCSY
MOXKEX Ha pik. TakokK CIOCTepiraeThCcsl cTaja TEHICHLIS 10 3pOCTaHHS
30UTKIB BiJ TOXKEXK. 3apeecTpOBAaHO 30UIBIICHHS 3aruOiIMX YHACIiI0K
MoXeX y OymiBISIX 1 CIOpyAax >KUTIOBOTO mpu3HaueHHs (+8,9 %), npu-
4OMy, Yy KUTIOBUX OyauHKax (+7,8%). AHanoriunuii craH ckiaBcs 1 3
TPaBMYBaHHSIM JIIOZICH y MOXKEKAX.

AKTyaJIbHICTh HANPSIMKY JOCII/KCHHS TOBOPUTH PO HEIOCTATHIH
piBeHb JIOCIHI/DKEHHS JTUHAMIKM BUHHKHCHHS TOXEXK Ta HAA3BUYAMHUX
CUTYyalIliid B MicTax (paiioHax) Mo poKax; He BU3HAYAETHCS MPOTHO3 OUiKY-
BaHOTO YHUCIIA IX BHHUKHEHHS Ta 00CsAT pOOOTH JTaHKaMH Ta30ANMO3aXHCHOT
CITY’)KOM Ha HaWOMVKYMK PiK, & TAKOXK JIOCTATHICTH CHJI 1 3ac001B, K1 CJIiJ
3aJIy9aTH.

MeToro poOoTH € po3po0Ka METOIUKH PO3PAXyHKY IMOBIPHOT KIIBKOCTI
MOXKEX, sIK1 OyIyTh JIKBIJJOBYBATUCH JJAHKAMHU T'a30IMMO3aXUCHOI CITYKOH.

JlocsirHeHHs MOCTaBIeHOI METH MOTpeOy€e BUPIILIEHHS HACTYITHUX 3aB/IaHb:

1. TeopeTu4aHO OOIPYHTYBAaTU METOUKY PO3PAXyHKY IMOBIPHOT KUTBKOCTI
MIOXEK, SIKi OyAyTh JIIKBIJOBYBATHCh JTAHKAMH I'a30/JUMO3aXUCHOI CITy»KOU;

2. IlpoBecTH po3paxyHOK iIMOBIPHOT KiJIBKOCTI TIOXKEXK, SIKi OYy/1yTh JIIKBi-
JIOBYBATUCH JTAHKAMH T'a30IMMO3aXUCHOT ciryx0m y 2021 porii.
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2. AHaJi3 JiTepaTypHUX JaHUX Ta MOCTAHOBKA NMPodieMu

JIst raciHHS TOKEX Ta JIKBifamil HaI3BUYAHHUX CUTYyaIliil BeXyThCs
Pi3HI onepaTUBHI Ail B yMOBaX CKJIaJJHOI OOCTaHOBKH, BAEHb 1 BHOYI, IPH
BHCOKHX 1 HU3BKHX TEMIIEpaTypax, B 3aJIUMJICHOMY 1 OTPYEHOMY Cepesio-
BHIIIi, HA BUCOTAX 1 B MiJ{BaJIaX, B yMOBaxX BUOYXiB, 00BajiB, 3eMJIETPYCiB Ta
IHIIMX CTUXIMHUX JHX [2].

OmnepatuBHi Aii KnacH}iKylOTbCsA 3a XapaKTepoM 1 MPU3HAUYCHHSIM.
[MpuHnMnoBa cxema kiacudikallii ornepaTHBHUX Jii Ha MPUKIIAAiI OJHOTO
MiAPO3 Ty HaBeAeHa Ha puc. 1.

Buisn Ta 3a0e3neueHHs
HpSIMyBaHHS Ha Ge3neKu JToIsIM
HOXEKY
0 ; OnepartuBHe o ) TpununenHs
1ArOTOBY1 PO3TOpTaHHS CHOBHI1 r‘opiHH;{
3ropTaHHs CUI Po3Binka
Ta 3ac00iB HOMKEXKi
3abe3neuyroui
Poskpurrs Ta 3axucr VupasninHs IHi
po3OupaHHs KOHCTPYKIIiH Bif ra3oBUMHU 3a0e3neuyBaibHi
KOHCTPYKIIiH 0oOBaJICHHS HOTOKaMHU aif

3 pHCyHKa BHJHO, IIO II0Zlaya BOTHETaCHUX DPEYOBMH € HE TIJIbKU
OCHOBHHM, aJI¢ 1 3araJIbHUM BUJIOM ONEPAaTUBHUX Jii MiApOo3aAiiiB. Y ToH ke
qac Oesrneka JiroAeH 1 TBapuH (MOPATYHOK, €BaKyallis ado 3aXHUCT iX pi3sHUMHU
3aco0amm), X04a 1 HUISKUTH JI0 OCHOBHOTO BUY ONEPATHBHUX JiH MiApo3Ii-
JIB, aJie € OKPEMHM, OCKIJIbKH BUKOHYETBCS HE Ha BCiX MOXexax [3].

BinmMiHHOIO 0COOHMBICTIO 3aralibHUX ONEPATHBHUX i MiAPO3ALTY € Te,
10 BOHH BUKOHYIOTBCS B CYBOPIil IMOCIIIOBHOCTI, @ TOMY BIJIHOCSTBCSI 10
MOCITIIOBHUX MPOIIECIB.
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Oxpemi omepaTuBHI il MAPO3IiTy BHKOHYIOTBCS, SIK IIPaBHIIO,
MapasnebHo 3 JeIKNMH 3arallbHUMHU, TAKHMH, SIK OTIEpaTHBHE PO3TOPTaHHS
Ta [10/1a4a BOTHETaCHUX PEUOBHH.

PsaTyBanus Poskpurrs ta
mozieit I~ | posOupanHs
KOHCTPYKIIiH
3ropraHHs cui
- - Oneparusne | | l'[pnm/'meHHﬂ T2 3ac06iB
poO3ropTaHHs TOpiHHS Ta MOBEpHEHHs
10 YaCTHHH
3axuct Taom
KOHCTpYKIWi [ | 3abe3medyrouu
BiJl BOTHIO it

Puc. 2. ITocainoBHicTL BUKOHAHHSA Aiid OTHAM MOKEKHO-
PATYBAJBHUM MiApo3aiioM (MOCIiI0BHO-NIapaJieIbHUIl Mpoliec)

OnepaTuBHi JIii TAPO3ILTIB 3aBK AN 0OMEXKEHI B IPOCTOpi 1 yaci. Bonn
3IIACHIOIOTHCS HA TIOPIBHSIHO HEBEIUKIA TEPUTOPIT 1 OLIBII-MEHII IBU/I-
KOTLJTMHHO.

TpuBaicTh OnepaTUBHUX A1 MiAPO3IiNTiB BUBHAYAETHCS YacOM, HEO0O-
X1JIHUM 7711 BUKOHAHHS ONEPATUBHOTO 3aBJIaHHs Ha MOXKEXI, 1 3aJIe)KUTh
BiJ] yMOB ONEPaTUBHOI 0OCTAHOBKH, KiJIbKOCTI, OIIEPAaTUBHOCTI Ta 00€37aT-
HOCTI miJipo3/iniB. BoHa mMOYMHAETBCSA 3 MOMEHTY BWi3/ly MiJIpO3/iIiB Ha
MTOXKEXKY 1 3aKIHUY€ETHCS MOMEHTOM MTOCTAHOBKH iX B ONEPaTUBHUM po3pa-
XYHOK ITiCJIsI BUKOHAHHS IIOCTAaBJICHUX 3aBIaHb Ha MOXKeXi [4].

3MicT 1 0COOJMBOCTI OMEpPaTHBHUX i MiAPO3MITIB BH3HAYAKOTHCS
OIEePATUBHO-TAKTUYHOK OOCTAaHOBKOIO Ha TMOXKEXKI 1 B IJIOMYy MAalOTh
3araJibHU xapakrep. THUM He MEHIII, 3aJIeKHO BiJl KIJIBKOCTI IMiIPO3IiITiB,
SIKI TIPHOYIHM Ha TIOKEXKY, IX ONEPaTHBHI Iil XapaKTePH3YIOThCS JACSKAMU
KUTBKICHAMY ITOKa3HUKaMH, 10 Pi3HATHCS MK coboro. [IpakTiaHo, a oco-
ONMBO B MOYATKOBIl CTajil raciHHS MOXKEX1, OUTBIIICTE 1 HABITH BC1 BUIU
OIEpaTUBHUX il MOXXYTh BUKOHYBATHUCS OJHOYACHO, B KOMILJIEKCI.

AKTUBHICTh ONEPTHBHHUX [ii TONATE y CBOEYCHOMY BHKOPHUCTaHHI
BUTITHUX YMOB OOCTAHOBKH TIOXKEXKi 1 CBOIX MOXIIMBOCTEH («3yMHHUTI)
BOTOHb, TIOKH BiH HE NEPEKUHYBCS Ha CyCiiHi Oy/iBii, HE MOIIMPHUBCS HA
1HII TPUMIIICHHS), Y HINIaTHBI KOXKHOTO TOKS)KHHUKA 1 KoMaHaupa (iHi-
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[iaTUBHI PINICHHS 1 i1 Ha IOXKEeXI MOBHHHI BiJIMOBINATH 3arajbHOMY
3agymy KI'TI, HauampHIKA ONIEpaTHBHOL TITHHHMIII).

AKTHBHO ¥ YCITIIIHO BECTH OINEPATUBHI il MOXKYTh MiAPO3ALIH, 100pe
HABUCHI Ta IMiJITOTOBJICHI, IICUXOJIOTIYHO CTIHKI SIKI 3HAIOTh KOHCTPYKTHUBHI
0coONMMBOCTI Oy/iBeNb 1 CHOPYH, MPOTHIIOKEKHE BOJOMOCTAYaHHS Ha
JUISTHITI TIOXKEXK1, OCHAIIEH] 3ac00aMHM 3B 3Ky Ta MPOTHIUMHOIO 3aXUCTY
[5; 6; 7]. BaxxnuBa ckiajoBa 4yacTUHa OOPOTHOM 3a MiJBUIICHHS AKTHUB-
HOCTI OTICpaTUBHHMX JIili — HABYaHHS 0COOOBOTO CKJIaly YiTKOMY BUKOHAHHIO
ONEPaTUBHOTO PO3TOPTAHHS, IIBUIAKOMY BHUXOIY CTBOJBLIUKIB HA MO3ULIT
0e3nocepelHbOr0 BUKOHAHHS 3aBIaHb, BUKOPHCTAHHS JUISL JOCATHEHHS
MOBEPXIB 1 SKHANIIBUIIIOTO BBEICHHS CTBOJIIB B OCEPEIOK MOXKEXKI PYTHUX
1 aBTOAIpaOUH, MiAHOMHHKIB, IOEHAHHS POOOTH CTBOJIBIIMKIB 31 CBOE€YAC-
HUM PO3KPHUTTAM 1 po30MpaHHsAM KOHCTpyKIii [8; 9; 10; 11].

3rigHO 3 aHaNi30M JiKBiAOBaHUX moxkex migposainamu JICHC y
20162020 pp. 3a yuactio sanok [JI3C, BumHO, 1m0 Yac poOOTH OHIET
nanku ['J13C B cepenaboMy CTaHOBUTH 22 XB. a00 62 %, a 1BoMa Ta OiJiblie
nankamu ['JI3C 36 xB a60 38 % (tabm. 1) [1; 12; 13].

Tabmur 1
Amnadni3 gikBinoBanux noxe:x migposainamu JJCHC Ykpainu
3a 5 pokiB 3a yuacTio gaHok [/13C

JlikBinoBaHo nose:x 3a ydacrio jaHok I'JI3C
) Ki:]'ll)KiCB qac yac podoTu
. JiKBiTOBaHUX
P | e, | mesaro | 00 | O e | 1a Sunuane
BChOTO JANKOIO | ankoro, | mankamm. | ankamm,
XB. XB.
2016 65635 9961 6479 145280 3482 145237
2017 78174 10803 6797 149731 4006 147561
2018 78174 10803 6797 149731 4006 147561
2019 82986 11523 8102 195478 3421 143015
2020 78357 10751 7837 177190 2916 118516

3. TeopeTuuyHe OOIPYHTYBAHHA METOAMKH PO3PAXYHKY
OpHe 3 OCHOBHHUX 3aBIaHb CTATUCTHUKH TOJIATAE B JOCIIKEHHI TPO-
1ecy 3MiHHU 1 PO3BUTKY JOCIIDKYBaHUX SIBHII 32 JIOMIOMOTOI MOOYI0BH
JUHAMIYHUX 200 YaCOBHX PSIIB.
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[IpoanasizyBaBIIM CTATUCTUYHI JaHI KiJIbKOCTI TIOXKEXK Ta HaJ3BHYAM-
HUX CHTYaIlild B MiCTi (paifoHi) M0 pokax, MOKHA IOOYIyBaTH MaTeMaTHIHY
MOJIeJTb JMHAMIKH YHcia Mokex Ta iHmux HC, BU3HAUNTH MTPOTHO3 OYiKY-
BaHOTO YHCJIa TX BUHUKHEHHS, 4, OTXKE, i OIIIHUTH 00CsAT poOOTH rapHi30HY
Ha HAWONMX4YUI piK, BUSHAYMTH JOCTATHICTH CHJI 1 3aco0iB. HaitOimbi
e(eKTUBHUM CITIOCOOOM BHUSBICHHS OCHOBHOI TEHICHIIIi PO3BUTKY YHCIIA
HC € ananiTuuHe BUPIBHIOBAHHA 3a JOIIOMOTOK) MAaTEMaTHYHOTO BHpPA3y,
10 HAMOUIBII TOYHO OIHUCYE XapaKTep eMMIPUYHOTO PO3MOAUTY IX KiJib-
KOCTI 3a aHaJ130BaHUH MEPioj 1 3a JIOTIOMOTOIO SIKOTO MOYKHA BUKOHYBATH
MPOTHO3yBaHHs. J[ist 11bOoro HeoOXiTHO MiMiOpaTH HEOOXiTHII MaTeMaTH-
HUH 3aKOH PO3TOJILITY.

Jlyis BH3HAYCHHS MIBUJIKOCTI Ta IHTEHCHBHOCTI PO3BUTKY KUIBKOCTI
noxex Ta iHmUX HC 3a meBHWIA Yac po3paxOBYIOTHCS HACTYIIHI ITOKa3-
HUKH: a0COIIOTHUI MIPUPICT, TEMIT 3POCTAHHS, TEMIT IPUPOCTY.

Po3paxyHOK LIMX MOKa3HUKIB IPYHTYETHCS Ha MOPIBHSIHHI MIX COOOIO
PiBHIB psily AMHAMIKH.

[Tix piBHEM Py AMHAMIKH PO3YMIETHCSI KOXKHE OKPEME YHCEIbHE 3Ha-
YCHHS MMOKA3HUKA, SKUH XapaKTepu3ye BEJIMYHHY SBHUINA, HOTO pO3Mip i
pO3TalIyBaHHS B XPOHOJIOTTYHIN TTOCIIIOBHOCTI.

SIKII0 KOXKHUH piBEHbB PsiIy MOPIBHIOETHCS 3 MOTIEPEIHIM, TO BU3HAYCHI
MMOKA3HUKN HA3WBAIOTH JIAHIIOTOBUMH; SIKIIO yCi PIBHI MOPIBHIOIOTHCS 3
piBHEM, KM BUCTYIIA€E K MOCTiHA 0a3a MOPIBHAHHS — 0a3MCHUMH.

AOGCOMOTHHH MPUpICT (3MEHIIEHHS ) — L€ PI3HULI PIBHIB JMHAMIYHOTO PAIY:

— JIQHIIIOTOBI
m=x-7,, (L.1)

— Oa3ucHi

m,=Y,-¥,, (12)
ne I1, — abCoMIOTHUH IPUPICT;

Y. — mopiBHIOBaHUI! PiBEHb;

Y,,Y_, — 0a3ucHmii piBeHb.

AOCONFOTHUH TIPUPICT 32 OJUHUIIO Yacy BUMIPIOE aOCONFOTHY INBH/I-
KicTh 3pocTaHHs. OQHAK OUTBII ITOBHY XapaKTEPHCTHKY IIPOIECY POCTY
MOYKHA OTPUMATH TUIBKH TOMI1, KOJIU a0CONIOTHI BETMYHHHU TOTIOBHIOIOTHCSI
BEJINYMHAMH BiJTHOCHUMH, SIKUMHU € TEMIIH 3POCTAHHS i TEMITH MPUPOCTY.
Bonu xapakTepu3yroTh BiIHOCHY HIBUIKICTh 3MiHU PiBHS, TOOTO IHTEHCHB-
HICTh MPOIIECY 3POCTAHHSI.
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Temm 3pocTaHHs pO3PaXOBYETHCS K BiTHOIICHHS PiBHIB PsIY, BU3HAYA-
€ThCsI KoeirieHToM ab0 BiJICOTKOM:

— JIQHIYOTOBI
Y
k =—, 1.3
Y (1.3)
— 0a3ucHi
k, = ﬁ . (1.4)
Y

Temn npupoCTy XapaKTepu3ye BiTHOCHY BEITHUUHY IPUPOCTY 1 TOKA3YE,
Ha CKUIBKH BiACOTKIB piBeHb Y, OinbIuunii (MeHIINIT) 3a 6a3UCHUI PiBEHb:

T =2 100% = (k, - 1)100% (1.5)
Y,

Sk 1 aOCOMOTHUI MPHUPICT, TEMIT TPUPOCTY MOXKE OyTH TTO3UTHBHUM Ta
HETaTUBHUM, 110 CBIYUTH MPO 301IBIICHHS 200 3MCHIIICHHS PiBHSI.

SIKII0 piBSHB SIBHIIA HA €TAITi HOTO PO3BUTKY, [0 BUBYAETHCS, TOCTIHHO
3pocTae ab0 IMOCTIHHO 3HMIKYETHCS, TO OCHOBHA TCHICHIISI € SIBHOIO i
YiTKOIO.

JUisi KinbKiCHOI XapaKTEpUCTUKU 3aralbHUX PpE3yNbTaTiB il 4iTKO
BHUPAXXEHOI OCHOBHOI TCHJCHIIiI, MO)KHA BHUKOPHUCTOBYBAaTH a0COTIOTHHM
MIPHUPICT, TEMIT 3pOCTAHHS 1 IPUPOCTY 32 YBECh €TaIl PO3BUTKY SIBHUIIA.

SIKIIO JTAHIIOTOBI TTOKa3HWKH JAWHAMIKH, 3alHIIAI0OYNCh YBECh Yac
MMO3UTHBHUMH YW HETATHBHUMH, PI3KO KOJMBAKOTHCS BiJl POKY JIO POKY, 00
MOCTIMHO 3MIHIOIOTH CBiM 3HAK, PO3PaXyHOK iX BEIIMYMHU 3a PaHIIIC HaBe-
JICHAMH (POPMYIIaMH MOXKE JaTH HEBIPHY YSIBY PO CEPEIHIO LIBHIKICTH
3MIHM PiBHS, BIJIMOBIAHOI 3arajibHOT TeHACHIII1. ToMy, B WX BUTIAKAX, CJIi]
MOPIBHIOBATH HE PivHIi, 8 OUIBII TUIIOBI 1 TPUBAJI CEpeTHBOPIUHI piBHI. J{ns
[HOTO 3BUYAHO MPOBOMAATH 301JbIIEHHS IHTEPBANIB, 0 SKUX BiTHOCATH
PiBHI iHTEPBAJIBHOTO PsILy ANHAMIKH. 301TBIICHHS IHTCPBAJIIB CKIAJa€THCS
B MEpexolli BiJl JOOOBHX J0O THKHEBUX, a00 JEKAJIHUX, BT JIEKATHHUX JO
MICSYHHX, BIJI MICSIUHUX JIO KBAPTAIBHUX UM PIYHUX, BiJI pIYHHX JI0 Oararo-
piuHKX. Po3paxyHOK MOKa3HHUKIB aHATI3y JUHAMIKU B IIUX BUMAJKAX CIiJ
MPOBOAUTH MOAN(DIKOBAaHUMH (POpMyTaMH.

Haii6inpiu eeKTUBHUM 3aCO00M BHSIBICHHS OCHOBHOI TEHJEHIIT poO3-
BUTKY € aHAJITUYHE BUPIBHIOBaHHA. [Ipu IboMy piBHI psAay AMHAMIKH
BUSIBIIIIOTBCA Y BUIVIAAL QyHKIIT yacy y = f(f). Bubip ¢yHkuii 3ailicHro-
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€THCSI Ha OCHOBI aHAJI3y XapakTepy 3aKOHOMIPHOCTEH AMHAMIKH KiTBKOCTI
Ha/I3BUYAHHUX CHTYAIlii Ta MOXKEX.

S0 XapakTep JUHAMIKH T ITBEPKY € IPUITYIIICHHS PO T€, 10 PIBCHb
SIBUIA 3pOCTA€ 3 OUIBII YA MEHII MOCTIHHOK IIBHJKICTIO, TOOTO 3 Bij-
HOCHO MOCTIfHUMH aOCOTIOTHUMH OAWHHISIMU MIPUPOCTY, TO MaTeMaTHU-
HUM BHMpa3oM Takoi TeHAEHUIl Oyae mpsMa JiHisd. AHaTITHYHE PiBHAHHSA
PSIMOT Ma€ BUIISI: ~

~ Yi=a,+at, (1.6)
ne Y. — Bu3HavCHi piBHi;

t —d4ac, ToOTO OPSIKOBUI HOMEp IHTEPBay Y4 MOMEHTY 4Yacy;

a,, @, — TapaMeTpH MPAMOi.

Po3paxyHOK mapamMeTpiB CTBOPIOETHCS 3a TOTIOMOTOI0 METOAY HalilMEeH-
[IMX KBaJPAaTiB, PH bOMY HEJIHINHI (PYHKIIIT TPUBOAATHCS JI0 JIIHIHHOTO
BUDIIY, & B HAIIOMY BUIIAJKy 3HAYCHHS ITapaMETPIiB MPsIMOI PO3PaxoBYy-
FOThCS 32 (POPMYIIAMHU:

>y
_i

a, : b (17)
n
Z ili
a = (1.8)

£
i=1

[IporHo3 pO3BUTKY SIBUINA 3IACHIOETHCS IUIIXOM IiJICTAHOBKU B
OTPUMaHE MaTeMaTH4YHE PIBHSHHS TEHCHIIi BIJMOBITHUX MOPSIKOBUX
HOMEPiB HAHOIMKIMX POKIB t.

Jie Y — eMItipuyHi piBHI Py TUHAMIKH;

7 — YUCJIO PIBHIB;

t —4ac, TOOTO MOPSAKOBUI HOMEpP 1HTEpBay 200 MOMEHTY Yacy.

4. llpukJjaaa po3paxyHky
Po3paxyHOK mapaMeTpiB 3HAYHO CIIPOILYETHCS, SIKIIO 33 IOYATOK Bif-
JIKy Yacy NPHUAHITH IEHTPAIBHHUN iHTepBas (200 MOMEHT Yacy) aHali30-
BaHOTo eramy. ToMy 10 B HallOMy BUIAJKy KUIbKICTh PIBHIB y PALY LIO
BUPIBHIOETHCS MTAPHE, OTKE 3HAYCHHS t YCTAHOBIIOEMO, B Hamomy BUnaKy
JIAHITIOTOBI MOKA3HUKM JHHAMIKM Pi3KO KOIHBAIOTHCS Bifl POKY JI0 POKY i
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MOCTIHHO 3MIHIOIOTH CBilf 3HAK; PO3PAaXyHOK IX BETMUNHN 32 PaHiIlIC HaBeIe-
HUMH (HOpMyJIaMH JIa€ HEBIPHY YsBY PO CEPEIHIO MIBUIKICTh 3MIHH PiBHS,
BIJIMIOBIJIHOT 3aralibHOT TeH IeHIIIi. ToMy B JaHOMY BUITIKy HAHOUTBII ehek-
THBHUM 3aCO00M BUSIBJICHHS OCHOBHOI TEHJICHIIIT PO3BUTKY € aHATITHYHE
BUPIBHIOBaHHS. 151 11bOr0 BUKOpHCTOBYEMO (opmyiu 1.7 — 1.8.

n

27,

5 9961+10803+10803+11523+10751 53841
" n 5 -
B Hamomy Bumajaky KUIbKICTb PIBHIB Y BUPIBHIOBAJIbHOMY Dsilii Ma€e
HETapHe 3HaYeHHS, TOMY ITOPSAKOBI HoMepH iHTepBay (Tabmuus 2) OynyTsb
MaTy HACTYIHUIl BUTIAL;

=10768,2 (BuUK.),

Tabmura 2
IMopsaakoBi HoMepH iHTepBaIy
Poxu 2016 2017 2018 2019 2020
T -2 -1 0 1 2
zYit’ 9961x(-2)+10803x (-1)+10803x0+11523x1+10751x2
a=""—-= =230 (BuK.).

Z”:t; (=2 +(=1)* +0* +1* +2°
i=1
BuxopuctoBytoun dopmyny 1.6 Ta oTpuMaHi JaHi, PiBHSHHS BUXITHOT
MpsIMOi Oy/ie MaTh BUIIIS:
Y. =a,+az=10768,2+2301.
[nsxoM MMiJICTAHOBKH B II€ PIBHSHHS BIIMOBIIHUX 3HAYEHb 3HAMIEMO
BHPIBHSHI piBHI ..
Yaois =10768,2 +230x (=2) = 10308,2 (BHK.);
Yoo =10768,2 +230x (—1) =10538,2 (BUK.);
?2013 =10768,2+230x0=10768,2 (BUK.);
Yoo =10768,2+230x1=10998,2 (BHK.);
Yoo =10768,2+230x2 =11228,2 (BHK.).
BpaxoBytoun, 1mo Kpok iHTepBajy MOpPiBHIOE 1, MOPSAKOBUH HOMEP
iHTepBaiy, 1o mporHodyerbes (2021 pik), Oyae mopiHioBatH 3. ToOTO
KIJIBKICTh BHKJIMKIB B HACTYIIHOMY POIIi Oy/ie TOpiBHIOBATH:
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Yoo =10768,2+230x3 =11458,2 (BUK.).
3BOAMMO MOKA3HUKH TUHAMIYHOTO PSAY PO3MOILUTY YHCIA BUKIHUKIB i
MMOKa3HUKHU BUPIBHSHOTO Py B TaOIHIItO 3.

Tabnunsg 3

IMoka3HUKH TMHAMIYHOTO PSIAY PO3MOALTY YUC/Ia BUKIUKIB
i MOKa3HUKYU BUPIiBHIHOIO PATY

Kinbictr, Busznauennii BupiBusinmii
Poxn | BukamkiB . Yt t P
Y iHTepBan ¢ psan Y,
2016 9961 -2 -19922 4 10308,2
2017 10803 -1 -10803 1 10538.,2
2018 10803 0 0 0 10768,2
2019 11523 1 11523 1 10998,2
2020 10751 2 21502 4 112282
> 53841 0 2300 10 53841
12000
11500
m
2 11000 //>(\'/
‘% 10500 S —’—KiJ'Ib.KiCTb BU30BIB, Yi
a '7' —=—BypiBHAHWI psg, Yt
<'_3 10000
x
.E 9500
* 9000 — — :
1 2 3 4 5 6 7 8
poku

Puc. 3. liarpama po3nogijly KiJIbKOCTi pa3 raciHHs moxe:x
aankamu I'/I3C no pokam B Ykpaini

5. O6roBopenHsi pe3yJbTaTiB 10CiIKEeHHS
VY mocnimkeHHi IepIM KPOKOM UTSI BUPIIIEHHS TI0OCTABICHOI METH IIPOBO-
JIMBCST QHAJTI3 CTATUCTHYHHX JaHUX KUTBKOCTI MOMKEXK Ta HAI3BHYANHIX CHUTY-
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artiif B MicTi (paiioHi) 1Mo pokax 3a 5 pokiB; TOOyIOBAHO MaTeMaTHIHy MOJIEIb
JIMHAMIKY YMCIa TIOXKEXK Ta IHIMX HAaI3BUYAWHUX CHTYalliil. BiusHaueHo mpo-
THO3 OYiKyBaHOTO YHCIIa X BUHMKHEHHS Ta OI[IHEHO 00CSAT POOOTH JIAaHKAMU
ra30IMMO3aXHCHOI CITY’KOM Ha HaHOMIDKIMH pIK, 8 TAKOXK BH3HAYCHO TOCTAT-
HICTb cHJI 1 3ac06iB. HalOu1hI1 €peKTHBHIM CIIOCOOOM BHSBICHHS OCHOBHOI
TEHJICHIIIi PO3BUTKY YHCIIa HAJ3BHYAHHNX CHTYaIllll CTaJ0 aHAIITHYHE BUPIB-
HIOBaHHSI 3a JIOTIOMOTOI0 MaTeMaTUYHOTO BHPa3y, IO HAWOUIBII TOYHO JaB
3MOT'y OITUCATH XapaKTep EMITIPUYHOTO PO3MOJILTY X KUTHKOCTI 32 aHAITI30BaHHI
nepiof i 3a AOMOMOTOKO IKOTO HaM BAAJIOCS CIIPOrHO3YBAaTH IMOBIPHY KUIBKICTh
MIOKEK, BUKOPHCTABIIM MaTeMaTUYHHI 3aKOH pO3Mmomimy. [t BI3HAUCHHS
IIBHUJIKOCTI Ta IHTEHCUBHOCTI PO3BUTKY KUTBKOCTI MOXKEXK Ta IHIIUX HA/I3BH-
YaifHIX CUTYyalii 3a EeBHUIT Yac BUKOPUCTAHO HACTYIHI OKA3HHUKH: aOCOIIOT-
HHH TPHPICT, TEMIT 3pOCTAHHs, TEMIT IPHPOCTY. PO3paxyHOK X ITOKA3HUKIB
IPYHTYBaBCsl HA MOPIBHAHHI MDK COOOIO PiBHIB psimy auHaMiku. [lix piBHeM
PSIIy AMHAMIKH B3STO KOYKHE OKpEME UMICETIbHE 3HAYCHHS ITOKA3HUKA, SIKUH
XapaKTepu3ye BEJINYUHY SIBHINA, HOTO PO3MIp 1 PO3TAIIyBaHHS B XPOHOJOTIU-
Hil TocItioBHOCTI. Ha OCHOBI OIMCaHWX TOKAa3HUKIB 3allpOMIOHOBAHO METO-
JIMKY PO3PAXYHKY IMOBIPHOI KUTBKOCTI MOMKEX Y TIOTOYHOMY POLI, SIKi OymyTb
JIKBIJIOBYBaTHCh JIAHKAMH T'a30[IMMO3aXHCHOT CITyOu. BilnoBiHO 10 Hanmmx
po3paxyHkiB 1 nanux ngiarpamu B 2021 poui cmig ovikyBatu 11458 moxex B
VkpaiHi, sKi Oy/TyTb JIIKBIIOBYBATHUCh JIAHKAMHU Ta30/JAMO3aXHUCHOT CITyKOH.

6. BucHOBKH i IepceKTHBY NOAAJbLIINX PO3BiI0K

1. Y HayKOBOMY IIOIITYKY, IPOAHAaJIi3yBaBIIN CTATHCTHYHI TaHi KUTBKOCTI
MOXKEXK Ta HAJA3BUYAHHUX CUTYyaIliil B MICTi (paiioHi) Mo pokax, Hamu Oyiio
MoOyZOBaHO MaTeMaTHYHy MOJENb TUHAMIKH YHCIIA TIOKEK Ta 1HIITNX HaJ-
3BHYAHHUX CHTyalliid. 3aCTOCYBaBIIM 3aKOH pO3MOALTY, Oylno BHU3HAYEHO
MIPOTHO3 OYIKyBAHOTO YHWCJIa iX BUHUKHEHHS Ta OIIIHEHO 00cCsT poOoTH
JIAHKaMH Ta30[MMO3aXHCHOI CITy)KOM Ha HAWOIIKYUIA PiK, @ TAKOXK BH3HA-
YEeHO JIOCTATHICTh CHJI 1 3aC00iB. Y JOCIiKEHHI HaWOUIbII eeKTUBHUM
Croco0OM BHSIBICHHS OCHOBHOI TSHICHIIT PO3BUTKY YMCIIA HAA3BUYAHUX
cuTyallii OyJio aHaliTHYHE BUPIBHIOBAHHS 32 JIOTIOMOTOI0 MaTeMaTHYHOTO
BUpAa3y, MO MOCIPHSIO HAHOLIBII TOYHO OMKCATH XapaKTep eMITipHIHOTO
po3Moiy IX KITBKOCTI 32 aHAII30BaHHIA MePioj 1 3a IOTIOMOTOFO SIKOTO BJia-
JIOCSI BUKOHATH MTPOTHO3YBaHHS. 3 [1€10 METOIO MOCTYIIOBO OYII0 MiiOpaHo
HEOoOXiTHUH MaTeMaTHYHHUH 3aKOH po3mofiiny. /Iy BU3HAYECHHS IIBUIIKO-
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CTi Ta IHTCHCHBHOCTI PO3BHUTKY KiJIBKOCTI MOXKEXK Ta 1HIINX HAA3BHYAHHUX
CHTYyaIli} 3a IEBHUI Yac y CTATTi BUKOPUCTAHO HACTYITHI MOKA3HUKH: a0CO-
JIFOTHHI TPUPICT, TEMIT 3pOCTaHHS, TEMIT IPUPOCTY. PO3paxyHOK IIUX MOKa3-
HUKIB IPYHTYBaBCs Ha MOPIBHSIHHI MK cO00I0 PiBHIB psity auHamiku. [1ix
piBHEM DSy TWHAMIKH B3ATO KOKHE OKpEME YHCEeIbHE 3HAYCeHHS IMOKa3-
HUKA, SIKWI XapaKTepu3ye BEIIMYMHY SBUINA, HOTO PO3Mip 1 po3TamlyBaHHs
B XPOHOJIOT14YHil mociinoBHOCTI. Ha 0CHOBI OMUCaHMX MOKa3HUKIB 3ampo-
MTOHOBAHO METOIUKY PO3PAXYHKY IMOBIPHOT KITBKOCTI MOKEXK Y MOTOYHOMY
potii, siKi OyayTh JIKBiIOBYBaTUCH JIJAHKAMH Ta30/IMMO3aXUCHOI CITYKOH.

2. HaBeneHo npukiam po3paxyHKy: OMCAHO OCHOBHI HOTO CKJIaI0BI, SIKi
CJIiJT BpaXOBYBATH IiJl 4ac po3paxyHKy. JlociipkeHo npouec 3MiHH 1 po3-
BUTKY BUHUKHEHHS 1 PO3IIOBCIOMKEHHSI TTOXKEK 32 JIOTIOMOTOI0 MOOYIOBH
JUHAMIYHUX a00 JacoBHX psiniB. HajgaHo pekoMmeHaarii moao mnooyaoBu
MareMaTUYHOI MOZAENI IMHAMIKM Yuciia HOXKEX Ta IHIUX HAA3BUYAHHUX
CUTYaIlii{, BU3HAYEHO TIPOTHO3 OYIKYBaHOTO YUCIIA X BHHUKHEHHS, OI[IHCHO
00CST POOOTH MOKEIKHO-PIATYBATLHUX MIAPO3MITIB HA HAHOIMKIHUIL PiK.
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BREEDING OF DROUGHT-RESISTANT SOYBEAN
VARIETIES UNDER CLIMATE CHANGE
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Abstract. Thus, the primary task of breeding is to create varieties
that combine high yield with drought resistance. It is important to have a
sufficiently high level of adaptability of the variety to the conditions of the
growing region, where the variety remains the main reserve for resource
conservation and intensification of agricultural production in Ukraine.
Generally accepted methods are used, namely scientific, special, laboratory,
mathematical and statistical. In conditions of insufficient moisture, the use
of early maturing and very early maturing varieties is relevant. Indicators of
soybean yield in all oblasts of Ukraine are provided. According to the results
of the analysis of 17-year meteorological observations, it was found that the
climatic characteristics of Poltava oblast became more arid. The dynamics
of indicators of the soybean gross yield in Poltava oblast (2002-2018) is
analyzed against the background of the amount of precipitation during the
growing season (4—8 months). In the research laboratory of Breeding, Seed
Production and Varietal Soybean Agrotechnics of Poltava State Agrarian
University, it was created Almaz, Antratsyt, Adamos, Aleksandryt,
Akvamaryn, Avantiuryn soybean varieties, which were listed the State
Register of Plant Varieties Suitable for Spreading in Ukraine. Indicators of
agricultural suitability of these varieties and their advantages are presented.
Varieties of Poltava breeding are distinguished by drought resistance,
resistance to diseases and pests, non-lodging, when the seeds mature, the
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beans do not crack. These varieties are guaranteed predecessors for winter
crops in the Steppe and Forest-Steppe of Ukraine.

1. Introduction

Since the 13th century, soybean has been a traditional crop in East and
South Asia, where it was not only a legume, but also an effective substitute
for dairy and meat products. Despite this, it began to acquire great worldwide
popularity only in the second half of the 20th century. Thus, over the past
50 years, the world production of soybean has been constantly growing.
First of all, this was facilitated by the creation of new, more productive
varieties and the improvement of production and processing technology.
The decrease in losses during the soybean harvesting also took place for
the increase in the indicators of the average world yield. Another reason
was the development of infrastructure, which led to the revitalization of
world trade, and this enabled manufacturers to sell finished products to new
markets. The United States, Brazil, Argentina are the invariable leaders,
which in 2016/17 harvested a record 286 million tons of soybean, which is
82% of world production. Also, the leading manufacturers include China,
India, and Paraguay.

Soybean is a highly profitable crop. Significant growth of sown areas
and gross soybean yield testifies to its extremely important role in the
agricultural complex. Steady trends towards an increase in the volume of
soybean and its production, constant demand for crops from agricultural
producers, changing climatic conditions in the direction of warming,
significant success of breeding in creating early varieties help to increase
its relevance and guaranteed production of this crop in different climatic
zones of Ukraine. The interest of domestic farmers in growing soybean is
explained by the good opportunities for its marketing to the EU countries,
Egypt, and Turkey.

The mainareas of soybean crops in Ukraine (2008—-2015) are concentrated
in the “soybean belt” (Kyiv, Khmelnytskyi, Vinnytsia, Poltava, Cherkasy,
Kirovohrad, Zhytomyr, Sumy, Kherson oblasts). In recent years, soybean
yield in Ukraine has ranged from 1.7 to 2.4 t/ha (2012-2020). Record
soybean yields reach 5-8 t/ha. In 2018, 4.46 million tons of soybeans
were harvested in Ukraine, which is 14.4% more than in 2017. The largest
soybean areas in 2018 were recorded in Poltava, Khmelnytskyi, Kyiv and
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Sumy oblasts. Thus, Khmelnytskyi oblast harvested 511.7 thousand tons,
Poltava — 409.4 thousand tons, Zhytomyr — 372.6 thousand tons, Kherson —
361.9 thousand tons, Kyiv — 348.5 thousand tons.

The average soybean yield in 2018 was as follows: Kherson (3.3 t/ha),
Zaporizhzhia (3.2 t/ha), Ivano-Frankivsk (3.2 t/ha), Ternopil (3.03 t/ha),
Khmelnytskyi oblasts (2.99 t/ha).

The variety remains the main reserve of resource conservation and
intensification of agro-industrial production in Ukraine [1; 2]. The
efficiency of growing a crop increases significantly if it is included in the
State Register of Plant Varieties Suitable for Spreading in Ukraine of high-
yielding drought-resistant soybean varieties, adapted against a complex of
unfavorable factors.

Thus, the primary task of breeding is to create varieties that combine
high yields with relatively high resistance to adverse soil and climatic
conditions and have a sufficiently high level of adaptability of the variety to
the conditions of the growing region.

The negative effect of unfavorable abiotic environmental factors can be
leveled out as a result of expanding the diversity of varieties and increasing
their adaptive potential. The purpose of creating high-yielding varieties is
to achieve the optimal ratio of the main elements of the crop structure, the
maximum weakening of the factors that negatively affect their formation [3].

2. The value of the variety and its adaptability

It is known that the main components of seed productivity are the number
of productive nodes, the number of beans in the node, beans and seeds of
the plant, which are associated with plant height, branching, foliage, stem
thickness, size of beans and leaves, length of internodes and inflorescence
tassel, percentage of abortion of beans and seeds, etc. Recently, there
have been some changes in the modern breeding process: the created
Ukrainian soybean varieties have a unique appearance [4]. At the optimum
standing density, they are erect, weakly branched, have a thickened stem,
characteristic trifoliate leaves, large seeds, high attachment of the beans of
the lower tier, high quality of seeds.

Adaptive potential is characterized by the ability of plants to survive
and reproduce the functioning of genetic systems of ontogenetic and
phylogenetic adaptations. Designing adaptive biosystems under conditions
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of ecological stability is a guaranteed basis for a significant increase in
productivity and environmental sustainability [5]. The best varieties in
terms of adaptive and productive potential for the Forest-Steppe of Ukraine
among medium-ripe varieties are Artemida and Ahat.

The contribution of plant breeding to climate protection and adaptability
to climate change is quite significant [6]. Soybean varieties with a deep root
system (over 1.5 m), cold-resistant ones for a fairly early sowing period,
are created, which makes it possible to form a seed yield before summer
droughts.

The researchers argue that modern breeding methods and approaches to
creating high-yielding varieties should be revised in the context of climate
change. However, to determine the genetic basis for increasing yield and
improving its stress resistance against climatic factors, separate studies are
needed.

Thus, most foreign new varieties with high yields suffer enough from
climate change in the conditions of our country.

Numerous literature data suggest that the high yield of soybean seeds
may be due to different combinations of elements of the crop structure [7].
It is known that, despite the presence of close relationships between yield
and its individual elements, the use of the latter as a breeding criterion in the
design of plants is ineffective. The development of mathematically sound
models of modern soybean varieties helps to optimize the parameters of
selected genotypes [8].

The “number of nodes” marker has greater stability than “productivity”
or “plant height”. Low variability is also characteristic of “1000 seed
weight”; however, this feature is practically unrelated to yield and cannot
be used in productivity breeding. The number of seeds per plant is most
closely related to productivity (r = 0.6-0.9), so it is possible to use this
trait for individual breeding. There is a close covariance of productivity and
number of seeds of the plant, which indicates a high dependence of the trait
on the environment. This connection is more ecological than genetic one.

Scientists-breeders established the presence of many significant
relationships between yield and its individual elements, but their use as
breeding criteria in the process of creating a variety is ineffective. For
certain soil and climatic conditions of cultivation it is necessary to take into
account real ecological and economic factors. The modeling of a variety
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in the breeding process aims to scientifically substantiate the set of traits
that a variety should have. One of the main directions of creating a model
of a variety is the use of statistical substantiation of the size of individual
morphological features of the plant [9].

Assessment of the adaptive potential and reliability of genetic protection of
the crop is of particular importance. It is necessary to develop the parameters
of the model of key indicators for varieties of a particular ecotype.

Determining correlations makes it possible to establish ways to increase
the productivity of the variety, its plasticity and stability. It is shown that
in early-maturing soybean varieties, among all components, the greatest
contribution to productivity is provided by the indicator of the number of
nodes of the main stem. The “number of nodes —yield” correlation coefficient
is 0.45-0.55, including the influence of the growing season — 0.46. Even in
regions where soybean has been bred for decades, there is a possibility of
further increasing the potential and yield of soybean. Thus, there was an
attempt to create a reasonable model of precocious variety at the Institute
of Arable Farming of the National Academy of Agrarian Sciences. Under
modern conditions, the breeding process can be accelerated at the first stage,
namely: on the basis of markers. It is advisable to create such varieties
that will form a consistently high yield due to sufficient adaptation to soil
and climatic conditions of the region. Modern approaches to the creation
of high-yielding varieties need constant improvement and adjustment,
especially in the context of global warming and new requirements for them.

3. The main results of soybean breeding
for drought resistance under climate change

The publications of a number of foreign and Ukrainian authors cover
the issues of the influence of natural and climatic conditions and the latest
varieties on the yield of soybean culture and economic efficiency of its
cultivation [10].

In Ukraine, soybean crops until 2014 were concentrated in the Forest-
Steppe zone (66%), in the Steppe — 19%, in Polissia — 15% (Figure 1a).
During the period from 2016 to 2020, there was an increase in sown areas
in Polissia and a decrease by half in the Steppe (Figure 1b).

In the Forest-Steppe there is an increase in crop yield. Rapid growth of
gross yield was observed in Khmelnytskyi, Chernivtsi, Vinnytsia, Sumy,
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Figure 1. The structure of soybean acreage in Ukraine:
a—in 2009-2014, b — in 2015-2020

Zhytomyr oblasts. Reduction of sown areas under soybeans in the oblasts
of Ukraine, compared to 2017, was observed in Luhansk by 59.1%, in
Dnipropetrovsk — by 47.7%, in Mykolaiv — by 43.2%, in Kharkiv — by
36.5%, in Odesa — by 29%, in Kirovohrad — by 27.3%.

The main reason for this phenomenon is the amendment to the Law
of Ukraine No. 2245-VIII of 21 December 2017, according to which,
from 1 September 2018 to 31 December 2021, the budget VAT refund
for soybean exports will be abolished. This had a severe effect on the
reduction of sown areas, and most importantly — on the share reduction of
the varieties of traditional breeding. As a result, the demand for varieties
of national breeding decreased, which negatively affected the efficiency of
the national seed system. Soybean production in Ukraine is quite unstable
(Figure 2a). Its yield for the period of 1992-2020 ranged from 1.7-2.4 t/ha.
Among national breeding institutions, only 4 of them have a high rating
(2017-2018): «Soievyy Vik» Breeding and Seed Company, National
Scientific Center Institute of Arable Farming of the NAAS, Plant Breeding
and Genetics Institute — the National Centre for Seed Breeding and Cultivar
Studying of the National Academy of Agrarian Sciences, and Poltava State
Agrarian Academy of the Ministry of Education and Science of Ukraine.

In 2020, the following harvests were obtained in the oblasts of Ukraine
(Figure 3). Their variation was influenced by weather conditions [11; 12].
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Figure 3. Soybean yield indicators
by oblasts in the climatic zones of Ukraine, 2020
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Over the past 17 years, the climate of Poltava oblast has become drier.
This requires breeders to create varieties that are better adapted to arid
growing conditions, have important economic characteristics and properties
and form a high yield.

Figure 4 shows the dynamics of soybean production in Poltava oblast
(2000-2018) and the amount of precipitation during the growing season
(April-August).

The equation of the linear trend of the gross soybean yield and the value
of the reliability of the approximation is as follows —y = 25,857x — 51738
with R?2= 0,8213; precipitation, respectively y = —1,6348x + 3569,3 with
R?=0,0121. During the years with a dry growing season there is a decrease
in gross yield. The dynamics of soybean yield in Poltava oblast (2002—-2018)
and the hydrothermal coefficient of Selianinov (hereinafter reffered to as
HTC) for the growing season (April-August) are presented in Figure 5.

The equation of the linear trend of the HTC and the value of the
reliability of the approximation is as follows —y = -0,0078x + 1,2118 with
R?=0,0279; and yield, respectively y = 0,0539x + 1,162 with R*= 0,4485.
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Figure 4. Dynamics of soybean seed production indicators
in Poltava oblast and precipitation for the growing season
(April-August), 2002-2018 (according to the State Statistics Service
and Poltava Meteorological Center)



Chapter «Agricultural sciences»

3 1,8
1,6 <
25 14 g
& 2 12 &
R 1 wv
; o
% 1,5 0.8 § .
-1 06 22
04 o 2
0,5 02 fn
0 0 £
N0 VY X RN DS —~ AN T O ® 5
S 8 28 333 83 = =2 = =24 o =2 = = 3
oS O O o o o O oS o O o ©°o o o o O
A8 888808 aaaaaaaaaaaaaaa &)
years of research E
| mm Yield (t/ha) ——=HTC during the growing season, 4-8 monts |

Figure 5. Dynamics of soybean yield indicators in Poltava oblast
and the HTC for the growing season (April-August), 2002-2018

There is an increase in yield against the background of the HTC declining.

In extreme weather conditions (excessive rainfall during ripening or
their absence, drought, epiphytosis of diseases), the decisive role belongs to
adapted modern varieties.

As a result of many years of soybean breeding work at Krasnohrad
Research Station of the Institute of Grain Management of UAAS
(1991-2000) and the Research Field of Poltava State Agrarian Academy
(2001-2018), the authors of the article created a number of high-yielding,
precocious and environmentally adaptable soybean varieties. Breeding
work was carried out in very contrasting soil and climatic conditions.
Source and hybrid material, soybean varieties were carefully studied on
dark gray podzolic (pH 5.3-5.5) soils and chernozems (pH 6.2—7.0) in arid
conditions of the Steppe and Forest-Steppe of Ukraine.

In Poltava oblast in recent years there have been frequent droughts
during the growing season (Figure 6). Thus, in 2017, the minimum amount
of precipitation during the growing season (April-August) for the entire
period of research (121.1 mm with a long-term average of 268 mm) was
noted.

In Figure 6 it can be seen that of the 16 analyzed in 10 years, the
amount of precipitation during the growing season was lower than the
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Figure 6. Dynamics of precipitation during the growing season
(April-August) against the background of the long-term average
in Poltava oblast, 2002-2017

long-term average. The improvement of soybean varieties is currently
taking place against the background of climate change and requires an
objective assessment of new varieties, which is carried out during the State
Qualification Examination. Since 1995, Ukraine has become a member of
the UPOV (International Union for the Protection of New Varieties of
Plants) and officially provided breeders with legal protection for varieties
that are subject to intellectual property: the Law of Ukraine On Protection
of Plant Varieties and the Resolution of the Cabinet of Ministers On the
Register of Plant Varieties of Ukraine. Since 1991, soybean varieties have
been regularly registered in the State Register of Plant Varieties.

In conditions of insufficient moisture during the growing season, it
is important to use very early and early maturing varieties. Poltava State
Agrarian University is the only institution of higher education that conducts
breeding work with a unique crop — soybean. The breeders of the laboratory
of'breeding, seed production and varietal agricultural technology of soybean
created a number of varieties with high adaptability and stability, which had
high indicators of economic suitability (Table 1).
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Table 1
Soybean varieties which are included in the State Register
of Plant Varieties Suitable for Spreading in Ukraine, 1998-2015

) Growing Duration. of ] Seed content, %
Variety area® the growing | Yield, t/ha protein fat
season, days

Ametyst SF 100-105 2.7-2.8 38-40 19-22
Ahat SF 135-150 2.7-3.2 39-41 22-23
Artemida S 120-125 2227 38-39 19-20
Almaz F 100-105 2.6-3.0 37-39 24-26
Vinni SF 112-127 24-2.8 38-39 19-20
Vezha S 104-120 2.4-2.7 39-40 19-20
Antratsyt S 95-105 3.0-4.0 37-39 24-26
Aleksandryt SFP 95-100 2.7-3.3 37-39 19-22
Adamos FP 95-100 3.2-35 38-40 22-25
Avantiuryn F 98-100 3.0-3.2 38-39 21-22
Akvamaryn FP 98-100 3.0-3.2 42-43 21-22

Notes: *climatic zone: S — Steppe, F — Forest-Steppe, P — Polissia

Thus, during the period of 2001-2010, Almaz and Antratsyt varieties
were created. During 2008—2013 — Aleksandryt and Adamos varieties, and
during 2010-2015 — Avantiuryn and Akvamaryn varieties.

The soybean varieties created by us, which are registered in
Ukraine and recommended for distribution, have a vegetation period of
85-120 days): — early maturing: Ametyst, Almaz, Antratsyt, Aleksandryt,
Adamos, Avantiuryn, Akvamaryn; — medium early maturing: Ahat,
Artemida, Vinni, Vezha.

Early maturing varieties are of the highest value: Almaz, Antratsyt,
Adamos, Aleksandryt, Akvamaryn, Avantiuryn. According to the state
variety testing, Ametyst, Antratsyt, Adamos varieties are recommended
for the Steppe; for the Forest-Steppe — Ametyst, Almaz, Avantiuryn,
Akvamaryn.

We provide morpho-biological characteristics of the soybean varieties
created by us.

Ametyst soybean variety. The height of the plant is 60—70 c¢m; the height
of the attachment of the lower bean is 12—14 cm. The weight of 1000 seeds
is 160-200 g. The duration of the vegetation period is 100—105 days. It is a
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variety of grain type of use, early maturing. In the conditions of the Steppe
and Forest-Steppe of Ukraine, seed yield is 2.0-2.78 t/ha. The protein
content in the grain is 37.6-39.6%, the fat content is 19.0-22.0%.

It has high drought resistance. The variety is resistant to bacterial
and viral diseases, suitable for mechanized harvesting. In production and
research crops of Poltava M.I. Vavilov State Agricultural Experimental
Station and Ustymivka Experimental Station for Plant Production of the
NAAS, Ametyst variety provided a yield of 2.7 t/ha.

Ahat soybean variety. The variety has been included in the State
Register of Plant Varieties Suitable for Spreading in Ukraine since 2000.
The approbation group is sordida. The plant height is 60—70 cm. The
weight of 1000 seeds is 197-218 g. The duration of the vegetation period
is 135-150 days. Yield in the Forest-Steppe of Ukraine is 2.3-2.7 t/ha. The
protein content in grain is 39.5-41.4%, fat — 22.1-23.0%. It is a variety of
grain type of use, late maturing, capable of forming a favorable optical-
biological structure of the leaf apparatus, highly productive, resistant to
major diseases. It is recommended for growing in the southern Forest-
Steppe and Steppe of Ukraine. The new high-yielding Ahat soybean variety,
on average, formed 2.98 t/ha in 2006-2007. If the main requirements for
growing the variety are met, it is possible to obtain soybean grain yield on
non-irrigated lands at the level of 2.3-3.2 t/ha.

Artemida soybean variety. The approbation group is abenaria. The plant
height is 78-90 cm; the height of attachment of the lower bean is 12—14 cm.
The weight of 1000 seeds is 154—175 g. The duration of the vegetation
period is 120-125 days. Grain yield in the Forest-Steppe of Ukraine is
2.2-2.7 t/ha, in the Northern Steppe — 2.2-2.7 t/ha. The variety is medium
maturing, grain-type of use, relatively sensitive to moisture deficiency
during the formation of generative organs, resistant to major diseases and
pests, technological and suitable for mechanized harvesting. The protein
content in seeds is 38.2-39.2%, fat — 18.8-20.4%. It is recommended for
the Forest-Steppe and Steppe of Ukraine. In the conditions of the Left-Bank
Forest-Steppe of Ukraine it is resistant to acid soils (pH 5.3-5.5).

Almaz soybean variety. The approbation group is abenaria. The plant
height is 60—70 cm; the height of the lower bean is 12—14 cm. The weight of
1000 seeds is 190-220 g. The growing season is 100—105 days. According
to the results of the State examination, the grain yield in Polissia is 2.6 t/ha,
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in the Forest-Steppe — 2.6 t/ha. It has a high content of crude protein in seeds
37-39% and especially fat — 24-26%. The variety has a high resistance to
lodging and cracking of beans; it is resistant to major diseases and pests.
It is recommended for growing in the Forest-Steppe and Steppe zone of
Ukraine. The study of economically valuable traits in areas of ecological
varietal testing showed the following results (Table 2).

Table 2
The results of the study of economically valuable traits
of Almaz variety in the areas of ecological variety testing (2005-2007)

Variety ha period, of 1000 of the lower | protein fat
days seeds, g bean. cm
9
Forest-Steppe (2005-2007)
Almaz 2.7 112 186.1 15.3 358 23.6
Almaz 1.23 110 180.4 10.8 32.0 23.9
Almaz 1.78 105 166,3 10.0 352 22.6
Steppe (2005-2007)
Almaz 2.69 109 178.6 11.0 30.0 25.5
Almaz 2.39 106 165.0 12.3 37.1 23.8
Almaz 2.81 107 170.3 12.2 359 23.7

Antratsyt soybean variety. It has been listed in the State Register of Plant
Varieties Suitable for Spreading in Ukraine since 2012. The approbation
group is nigrooculata (Mikh.). It is a variety of grain type of use. The height
is 80—100 cm. The weight of 1000 seeds is 180-200 g. The protein content
in the grain is 37-39%; the fat content is 24-26%. The variety is early
maturing. The stable growing season is 95-105 days. Potential grain yield
in the Steppe and Forest-Steppe of Ukraine is 3.0—4.0 t/ha. The resistance
against lodging and cracking of beans for a long stay is high. The variety
is resistant to bacterial and viral diseases, weakly damaged by pests; it is a
guaranteed predecessor to winter wheat.

The study of economically valuable traits in areas of ecological varietal
testing showed the following results (Table 3).

The yield of Antratsyt variety during the years of study in Polissia varied
from 1.75 to 1.96 t/ha, the deviation from the standard was 0.9-1.1 t/ha. For
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Table 3
The results of the study of economically valuable traits
of Antratsyt variety in areas of ecological varietal testing (2009-2011)

. . o
) Vegetation | Weight of Height of | Grain quality, %
. Yield, . attachment
Variety period, 1000 seeds, .
t/ha of the lower | protein fat
days g
bean, cm
Polissia (2009-2011)
Antratsyt 1.75 126.0 186.8 9.0 36.8 21.0
Antratsyt 1.96 123.0 162.2 8.9 39.2 22.6
Antratsyt 1.76 127.0 207.8 13.5 41.0 20.5
Forest-Steppe (2009-2011)
Antratsyt 1.99 107.7 161.9 9.9 37.5 23.4
Antratsyt 1.98 103.3 174.6 10.2 39.1 22.3
Antratsyt 3.04 112.0 197.4 10.0 35.1 24.2
Steppe (2009-2011)
Antratsyt 1.67 104.8 148.4 10.9 37.7 24.7
Antratsyt 2.16 110.5 158.7 9.0 40.7 22.4
Antratsyt 2.18 105.0 169.9 9.2 35.7 25.8

the Forest-Steppe — 1.98 to 3.04 t/ha, the deviation from the standard was
0.35-0.17 t/ha. For the Steppe, respectively, 1.67-2.18 t/ha and 0.29-0.26 t/ha.

Vinni soybean variety. It was listed in the State Register of Plant
Varieties Suitable for Spreading in Ukraine in 2010. The approbation group
is sordida.

The variety is of determinant type of growth; the plant height is
80-95 cm. The height of attachment of the lower bean is 13—17 cm. The
weight of 1000 seeds is 135.8 g. The duration of the vegetation period is
112—127 days; the average yield in the conditions of the Forest-Steppe of
Ukraine is 8 t/ha. The content of crude protein in the seeds is 38.53%, fat —
20.04%. The variety is medium maturing, resistant to major fungal and viral
diseases. It is a grain-type variety. It is recommended for growing in the
Forest-Steppe and Steppe zones.

Vezha soybean variety. It was listed in the State Register of Plant
Varieties Suitable for Spreading in Ukraine in 2010. The approbation
group is oculata (Mikh.). 1t is a variety of determinant type of growth;
the plant height is 85-100 cm. The height of attachment of the lower bean
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is 14-19 cm. The weight of 1000 seeds is 185-195 g. The duration of the
vegetation period is 104—120 days, the average yield in the Forest-Steppe
of Ukraine is 2.4-2.7 t/ha.

The content of crude protein in grain is 39.3%, fat — 19.6%. The variety
is medium-early maturing, resistant to major fungal and viral diseases. It is
a grain-type variety. It is recommended for growing in the Forest-Steppe
and Polissia areas.

Adamos soybean variety. It was listed in the State Register of Plant
Varieties Suitable for Spreading in Ukraine in 2013. The approbation group
is agr. oculata (Mikh.). The type of growth is intermediate, from semi-
determinant to indeterminate, with a height of 91-110 cm. The height
of attachment of the lower bean is 14-16 cm. The root system is well
developed. The weight of 1000 seeds is 190-200 g. The protein content in
the seeds is 38—40%, and the fat content is 22—-25%.

The variety is early maturing. It is an absolutely reliable predecessor for
winter crops. The duration of the period from emergence to flowering is from
35 to 40 days. The stable vegetation period is 95—100 days. Potential grain
yield in the Steppe and Forest-Steppe conditions of Ukraine is 3.2-3.5 t/ha.
It is a grain-type variety.

The resistance against lodging and cracking of beans for a long stay is
high. In the case of harvesting seeds in hot weather, it is possible to grind
the grain with a combine (recommended harvesting is in the morning).
The variety is resistant to bacterial and viral diseases, pests are poorly
damaged. The variety responds well to seed inoculation with biological
products. It is characterized by increased adaptability to adverse growing
conditions, including growing on acidic soils (pH 4.5-5.5).

The study of economically valuable traits in areas of ecological varietal
testing showed the following results (Table 4).

Aleksandryt soybean variety. It was listed in the State Register of
Plant Varieties Suitable for Spreading in Ukraine in 2013. The approbation
group is agr. oculata (Mikh.). The type of growth is intermediate, semi-
determinant. The plant height is 71-90 cm. The height of the attachment of
the lower bean is 13—15 cm. The weight of 1000 seeds is 170-190 g. The
protein content in the grain is 37-39%; the fat content is 19—22%. The variety
is early maturing. It is a reliable predecessor for winter crops. It successfully
combines high productivity and seed quality with a short growing season.
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Table 4

The results of the study of economically valuable characteristics
of Adamos variety in areas of ecological variety testing (2010-2012)

v Vegetation | Weight of Height of | Grain quality, %
Variety ield, period, 1000 seeds, attachment .
t/ha days g of the lower | protein fat
bean, cm

Polissia (2010-2012)
Adamos 2.10 133.0 177.3 10.9 37.5 223
Adamos 1.90 129.0 192.7 12.5 39.8 19.8
Adamos 1.90 120.5 166.5 12.6 38.6 20.9

Forest-Steppe (2010-2012)

Adamos 1.87 111.3 168.8 15.0 39.7 21.7
Adamos 3.10 118.3 187.2 10.7 36.6 22.6
Adamos 2.05 103.6 156.4 9.6 38.5 22.2

Steppe (2010-2012)
Adamos 2.09 112.8 171.5 9.2 42.5 20.1
Adamos 2.40 106.0 174.4 11.2 38.3 28.8
Adamos 147 103.6 150.1 7.2 37.8 21.0

It has a stable growing season of 95—100 days. Potential grain yield in the
Steppe and Forest-steppe conditions of Ukraine is 2.7-3.3 t/ha.

A feature of the variety is its high drought resistance and resistance to
sudden temperature fluctuations during the day. It is a grain-type variety. The
resistance to lodging and cracking of beans is high. The variety is resistant
to bacterial and viral diseases; it is slightly damaged by pests. It responds
positively to fertilizer application and pre-sowing inoculation of seeds with
biological products. It is characterized by increased adaptability to adverse
growing conditions, including growing on acidic soils (pH 4.5-5.5).
It is recommended for growing in the Steppe and Forest-Steppe of Ukraine.

The study of economically valuable traits in areas of ecological varietal
testing showed the following results (Table 5).

Avantiuryn soybean variety. It was listed in the State Register of Plant
Varieties Suitable for Spreading in Ukraine in 2015. The approbation group
is agr. Oculata (Mikh.). The type of growth is intermediate. The plant is
71-90 c¢m high. The height of the lower bean attachment is 12—15 cm. The
weight of 1000 seeds is 170-190 g. The content of protein in seeds is 38%,
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Table 5
The results of the study of economically valuable traits of Aleksandryt
variety in areas of ecological variety testing (2010-2012)

. . o
) Vegetation | Weight of Height of | Grain quality, %
. Yield, . attachment
Variety period, 1000 seeds, .
t/ha of the lower | protein fat
days g
bean, cm
Polissia (2010-2012)
Aleksandryt | 2.06 131.8 163.4 7.9 39.2 20.5
Aleksandryt | 2.10 128.3 185.0 11.8 37.0 19.4
Aleksandryt 1.67 120.0 167.8 10.8 34.7 22.0
Forest-Steppe (2010-2012)
Aleksandryt | 1.80 106.8 142.7 11.4 40.5 19.7
Aleksandryt | 3.02 113.3 156.5 12.6 35.1 20.7
Aleksandryt 1.96 104.4 153.4 12.1 36.7 21.9
Steppe (2010-2012)
Aleksandryt | 2.07 110.5 160.2 9.7 41.7 19.1
Aleksandryt | 2.42 106.4 158.8 10.3 34.9 21.7
Aleksandryt 1.46 102.0 148.5 10.6 38.6 19.7

fat is 22%. The maturing period is very early. It is a guaranteed predecessor
for winter crops. It has a stable growing season of about 100 days. Potential
grain yield in Ukraine is 3.0-3.2 t/ha. The variety is resistant to bacterial and
viral diseases; it is slightly damaged by pests. The resistance to lodging and
cracking of beans is high. The variety responds well to fertilization and pre-
sowing inoculation of seeds with biological products. It is recommended
for growing in the Steppe and Forest-Steppe of Ukraine. In the conditions
of the LLC KHOROL-AGRO farm (Poltava oblast) in production crops, it
forms 3.0-3.5 t/ha of seeds.

The study of economically valuable traits in areas of ecological varietal
testing showed the following results (Table 6).

Akvamaryn soybean variety. It was listed in the State Register of Plant
Varieties Suitable for Spreading in Ukraine in 2015. The approbation group is
agr: Oculata (Mikh.). The type of growth is intermediate. The plant is 71-90 cm
high. The attachment height of the lower bean is 15 cm. The weight of 1000 seeds
is 170-180 g. The protein content is 43%, fat — 22%. There is a guaranteed
predecessor for winter crops. It has a stable growing season of about 100 days.
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Table 6
The results of the study of economically valuable traits of Avantiuryn
variety in the areas of ecological variety testing (2013-2014)

. . PR
] Vegetation | Weight of Height of | Grain quality, %
. Yield, . attachment
Variety period, 1000 seeds, .
t/ha of the lower | protein fat
days g
bean, cm
Polissia (2013-2014)
Avantiuryn | 1.61 123.5 166.5 11.3 38.6 20.7
Avantiuryn | 2.35 120.0 186.7 11.1 38.0 20.5
Forest-Steppe (2013-2014)
Avantiuryn | 2.18 108.1 171.2 11.3 39.5 19.9
Avantiuryn | 2.33 115.7 167.3 9.8 37.0 22.0
Steppe (2013-2014)
Avantiuryn | 1.71 90.8 168.9 6.3 38.5 21.2
Avantiuryn | 1.62 108.0 157.5 8.0 38.1 233

Potential grain yield in the Steppe and Forest-Steppe conditions of Ukraine is
3.0-3.2 t/ha. It is a grain-type variety. The resistance to lodging and cracking of
beans is high. The variety is resistant to bacterial and viral diseases; it is slightly

Table 7
The results of the study of economically valuable traits of Akvamaryn
variety in the areas of ecological variety testing (2013-2014)

. . Height of
Variety, | Yield, Veget.atlon Weight of attacghment Grain quality, %
standart t/ha period, 1000 seeds, of the lower
days g bean, cm "
protein | fat
Polissia (2013-2014)
Akvamaryn | 1.76 135.0 157.5 11.2 40.9 20.2
Akvamaryn | 2.34 123.3 148.2 12.4 40.0 20.0
Forest-Steppe (2013-2014)
Akvamaryn | 2.23 112.9 166.8 12.0 41.5 19.8
Akvamaryn | 2.37 115.1 162.2 12.0 38.4 22.1
Steppe (2013-2014)
Akvamaryn | 1.63 97.3 146.7 10.0 40.5 20.8
Akvamaryn | 1.65 108.3 148.8 7.3 39.7 21.7
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damaged by pests. The variety responds well to fertilization and pre-sowing
inoculation of seeds with biological products. It is characterized by increased
adaptive ability to unfavorable growing conditions, including for growing on
acidic soils (pH 4.5-5.5). It is recommended for growing in the Steppe and
Forest-Steppe of Ukraine.

The study of economically valuable traits in areas of ecological varietal
testing showed the following results (Table 7).

4. Conclusions

The variety remains the main reserve of resource conservation and
intensification of agro-industrial production in Ukraine. The efficiency
of growing a crop increases significantly if it is included in the State
Register of Plant Varieties Suitable for Spreading in Ukraine of high-
yielding drought-resistant soybean varieties, adapted against a complex
of unfavorable factors. The primary task of breeding is to create varieties
that combine high yields with relatively high resistance to adverse soil
and climatic conditions and have a sufficiently high level of adaptability
of the variety to the conditions of the growing region.

Breeding of drought-resistant soybean varieties should be carried out
in the region where frequent droughts occur during the growing season.
In Poltava oblast, these phenomena against the background of climate
change are observed more and more often. Poltava breeding center annually
conducts ecological variety testing of created soybean varieties. Thus, the
highest value are early maturing varieties — Almaz, Antratsyt, Adamos,
Aleksandryt, Akvamaryn, Avantiuryn, which are recommended for
cultivation in the Steppe (Ametyst, Antratsyt, Adamos) and Forest-Steppe
(Ametyst, Almaz, Avantiuryn, Akvamaryn) of Ukraine.
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USE OF INDICATORS OF BIOCHEMICAL COMPOSITION
OF SEEDS FOR BREEDING FOR HETEROSIS WINTER
OILSEED RAPE BASED CYTOPLASMIC MALE STERILITY

BUKOPUCTAHHS NOKA3HHUKIB BIOXIMIYHOI'O
CKJAY HACIHHA NTPU CEJIEKIII HA TETEPO3UC
PIMTAKY O3UMOI'O HA OCHOBI HUTOIJIA3ZMATHYHOI
YOJIOBIYOI CTEPHJIBHOCTI

Sergey Vyshnevsky!
DOI: https://doi.org/10.30525/978-9934-26-077-3-26

Abstract. The paper presents the results of research (2014—2017) on the
creation of source material for the selection of hybrids of winter oilseed rape
on the basis of cytoplasmic male sterility. The source material was varieties,
hybrids, lines of individual selection of the Institute of Feed Research and
Agriculture of Podillya NAAS, collection samples of domestic and foreign
selection. We used 44 genotypes of winter oilseed rape in 201416 as parents
for pollination with a form with cytoplasmic male sterility. Material for
breeding was taken taking into account many years of processing according
to seed productivity, indicators of biochemical composition, winter
resistance, oleaginousness, length of growing season, lesion of pathogens
of disease and damage to pests. To accelerate the selection process for the
creation of competitive domestic varieties and hybrids of winter oilseed
rape, studies were conducted on the biochemical parameters of seeds of
F, hybrids obtained on the basis of cytoplasmic male sterility. By indicators
of the content of erucic acid, glucosinolates from 25 combinations of 2016,
seven combinations are allocated, in which the biochemical composition of
the seeds correspond to such requirements; Oil — erucic acid is absent, or
its traces are contained, and the content of glucosinolates does not exceed
25 umol/g. In 2017, in studies on the manifestation of heterosis and the
creation of highly heterosis hybrids using CMS on their basis, 19 new
hybrids and 7 best ones of 2016 were used. In terms of oil quality and
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yield in 2017 with 26 numbers have highlighted 15, 7 of them are of 2016.
According to the results of a two-year trial, we have the following results:
2016, the total average crop capacity of the 7 best hybrids was 7.41 t/ha,
which was 2.59 t/ha higher than the standard; 2017, these combinations
showed a total average crop capacity of 6.58 t/ha, which was 1.8 t/ha higher
than the standard. The manifestation of heterosis in winter oilseed rape
hybrids on average for two years was observed at 46%. The expediency of
selection work is determined, to create the source material of commercial
hybrids of winter oilseed rape, which includes early detection, even at the
stage of first-generation hybrids, promising two-zero lines of restorers
and fixers of cytoplasmic male sterility. The study gives the chance in the
further exclusion from the selection program of works on improvement of
biochemical indicators of the received initial material.

1. Beryn

Ouist pinaKy BUCOKOKaJIOpiliHA, Ma€ BEJIMKY EHEPreTH4Hy Bimaay. [Tpu
3rOpsiHHI I'pama pinakoBoi oiii BUAUIAEThCS 9.5 THC. Kalopiid, y TOW Yac,
SIK TP 3TOPSTHHI II€T KUTBKOCTI O1JIKa — 5.5 THC, ByIIICBOIB 4 — THC, cala —
9.5 Tuc, BepuIKOBOro macia — 7.8 THC. Kanopid. BHCOKOOIIKOBUNA IIPOT
BUKOPHUCTOBYETbCA JJIs1 TONIBI1 TBapuH. SIKiCTh ONii BU3HAYAETHCA BiACYT-
HICTIO B Hilf He0aaHOTO KOMIIOHEHTA — €PyKOBOT KUCIIOTU Ta CIiBBiHO-
IIEHHSIM OCHOBHUX JKUPHUX KHCJIOT, SIKi 1 BU3HAYAIOTh Xap4OBi UM TEXHIUHI
BJIACTUBOCTI OJIi.

Pinak — Haj3BUYaiHO IiHHA KOPMOBa KynbTypa. [1pu #ioro mepepooiii 3
kokHEX 100 Kr HAaCiHHSA OepKyI0Th 10 41 Kr omii Ta 57 kr Makyxu. ['ekrap
i€l KyneTypu (nipu BpoxaitHocTi 30 1/ra) 3abesneuye puxin 1.0-1.3 1 omii
i 1.6-1.8 T mpory, sxkuil MicTUTE Onu3pko 40% moOpe 30amaHcoBaHOTO 3a
aMIHOKHCIIOTHUM cKJIagoM Outka. ¥ 100 Kr pinmakoBOTo MIPOTY MICTHTHCS
B cepeiHboMy 90 KOPMOBHUX OJMHUILL, KOC(IIIEHT MEPETPABHOCTI OpraHiy-
HUX pedoBUH csirae 71 %, B TOH 9ac sIK COHAIIHUKOBOTO — 56%. PimakoBuii
HIPOT MEepeBaXKa€ COHSLIHUKOBUIL 1 328 BMICTOM HE3aMIHHUX aMiHOKUCIOT:
nizuny — Ha 33%, uuctuny —y 2.1 pasmu.

Panime BUKOpUCTaHHS PIMaKoOBOi ONii B XapdyBaHHI JIIOAUHY Ta pima-
KOBO1 MakyXu (IIPOTY) B TOJIBIII CUTBCHKOTOCTIOAAPCHKUX TBAPUH YCKIIA/-
HIOBAJIOCS HASIBHICTIO B HACiHHI piMaKy HIKiAJIMBHX PEUOBHUH — €PYyKOBOI
KHCJIOTH Ta TIIOKO3MHOJIATIB, XapaKTePHUX IS OUIBIIOCTI AMKUX (hopM
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POCIIWH 3 pOAMHU XpecTonBiTHX. OCTaHHI € HeOAKAHOIO IIIKIUTHBOIO PEdo-
BHHOIO, sIKa 00ME)Ky€ BUKOPUCTAHHS IIPOTY JJIsl TOiBII TBapuH [1; 2; 3].

Ha nanwnii wac monan 90% ruionn MOCIBiB pillaKy Ha HACIHHS 3aHHATO
COpTaMH ONIHHOTO HampsMy BHUKOPHUCTAaHHS (IBOHYJIBOBOTO  abo
,»00”—THuMy), y SIKAHX B OJIii epyKkoBa KHCJIOTa BIJICYTHS, a00 MICTAThCS 11
CJIiJTH, @ BMICT TIIFOKO3WHOJIATIB HE MEPEBHIIYE 25 MKMOJIB/T. PemTa mociBiB
MIpUIIaJa€ Ha COPTH TEXHIYHOTO HANpsAMY BUKOPUCTAHHS (ILIFOC-HYJIb a0
,»T07-THITy), y IKMX BMICT €pyKOBOI KUCJIOTH TifABUIICHMI 110 45%, a Tito-
KO3WHOJATIB, HABIMaKK 3HIKEHUH 10 25 MKMOJIB/T.

CenexuiitHuii IpoLec 3 OAHOYACHOTO MiABUIICHHS HACIHHEBOI MPOIYK-
THBHOCTI Ta MOKPAIICHHS 010XIMi4HO IKOCTI TEHOTHITIB Ma€ MPOUTH OB
JIOBTUH Ta BaXXKWH IIIJISIX, HIJK CEJEKIIisl TUTbKHU Ha I IBUTIICHY BPOXKAHHICTb.

TakuM YHMHOM MOKpAICHHS 010XIMIYHOTO CKIJI Ty OJIii pillaky 03UMOTro,
30KpeMa 3HIDKCHHS B Hilf BMICTYy €pyKOBOi KHCIIOTH, MOXKJIUBE Ha JAaHUH
Yyac MOKH [0 TIIbKH CEACKIINHUM HUIIX0M [4].

Jist ipoBeieHHsI OJAITBINOT €(PEeKTHBHOT CEeNEKIIHHOT poOOTH 3 TIOKpa-
IICHHS 010XIMIYHOTO CKJIaJly Ta CIIBBIIHOIICHHS OCHOBHHUX YKHPHHUX KHC-
JIOT PIllaKy O3WUMOTO BaXKIIMBO IIMPOKO BUKOPHUCTOBYBATH IIOIIEPEIHBO
BHBUEHUH BUXIJHUI Marepiaj TeHETUYHOI KOIEKIIii, SKU MICTUTh 3HAYHY
PI3HOMaHITHICTh 010XIMIYHMX MOKAa3HUKIB Ta O3HAK.

Ananiz ocmannix oocniodicens i nyonikayiti. Pinak 03UMHIl BUPOILYEThCS
JUIs OTPHMAHHSI JIBOX OCHOBHHX IPOJTYKTIB — OJTii 1 IpoTy. Pinax 3 moka3HUKaMu
40-45% onii € oHNM 3 HIHHKX 1 HANBAKIIMBIIINX OMIHHUX KyIBTYyp [5; 6; 7).

THUITOBUM TIPUKIIAIOM T€TEPO3UCY CePEJl POCIUH € PIillaK SKHid B TUKOMY
CTaHi He BUSBJICHO, alie 33 TOXOKEHHIM BiH € MPUPOAHUNA aMdiTurioin.
Moro riGpuaHe TOXOMKEHHS € pPe3yabTaT CIOHTAHHOTO CXPEIIyBaHHS
Kamyctu Ta cypinuni. Kamycra Brassica olearacea (2n—18, reaom CC) x
cypinuus Brassica campestris (2n—20 renom AA) — pinak Brassica napus 3
reHetnuHoro Gopmynoro AACC (2n-38) [8; 9; 10; 11; 12].

[IpakTHyHEe BUKOPHUCTAHHS TeTEPO3UCY Y BEIHKIN KUTBKOCTI KYJIBTYp Ha
MiJIbIIOHaX TeKTapiB M0 BCbOMY CBITY € MOKa3HUKOM ycmimHocTi. CTymiHb
reTepo3ucy B pinaky OyB IpoaHali30BaHUN B psAl AOCHiIKeHb. s ridpu-
JIiB 03UMOTO pinaky cepeaniit mposis rereposucy 50%, B mexax Big 20 1o
80%. € moBiIOMIICHHS NPO MPOSIB TETEPO3UCY Y 03uMoro pinaky 120% ams
Bporkaro HaciHHA [ 13]. PiBeHB reTepo3ncy, 0 BUSBICHHUH TPU A0 CHIPKCHH]
MOXe BHIPaBIaTH po3poOKy xoMepiitaux F, ridpuais [2; 14; 15; 16].
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Buxopuctanns (I{UC) B rereposucHiii cenekinii MaroTh mpodiiemy 3 6io-
XIMIYHUMH [TOKa3HUKAMK HACIHHSI, JUIS I[LOTO TIOTPIOHO MPOBOJMTH CEIICK-
[IHHY TIpoTrpaMy 3 TIOKpaleHHs 010XiMIYHUX MOoKa3HUKIB [17; 18].

B manuit yac nmporpec npu CTBOPEHHI HOBUX T1OPHIIB pillaKy 03MMOTO
0a3yeThCsl HA BUBCIICHHI 1 BIIPOBA/PKECHHI TeTEPO3UCHHX T10pHIIB, 1Ie 00y-
MOBJICHO PSIZIOM CYTTEBUX OI0JOTTYHUX 1 TEXHOJOTIYHUX MepeBar riopuIin
nepen COPTaMU-MOMYISIIIMA — MOXKIIMBO CTaJ0 32 BUKOPUCTAHHS €(EKTy
LUTOIUIA3MaTHYHOT 40s10B1u0i crepuibHOCcTi ([[TUC).

ITpu cTBOpeHHI riOpuAiB pinaKy 03UMOTO B 3araJbHOMY BHKOPHCTOBY-
€ThCs 3 TUIHU IMUTOIMJIA3MATUYHOI Y0JI0BiuOi cTepuibHOCTI Ogura, Napus,
Polima [18].

Mema pobomu. CTBOPEHHS BUX1THOTO MaTepiary JJsl CeNeKIii riopuain
pimaky 03UMOTO Ha OCHOBI IIUTOIIIA3MATHIHOI YOJIOBIUOi CTEPHIBHOCTI.

2. Marepiaiu Ta MeTOAU AOCTiIZKEHHSI

BuxigHuM MarepiaioM CIyryBajd COPTH, TiOpHIH, JiHIT 1HAMBIIY-
anpHOTO 0O0pY [HCTUTYTY KOPMIB Ta CLIBCHKOTO TocmomapcTsa [lomims
HAAH, xonekiiifHi 3pa3kd BITYM3HSHOI Ta 3apyOixHOI cenekiii. bymo
BUKOPHUCTAHO 44 reHOTHIIB pillaKy 03UMOT0, KU MU BUKOPHUCTOBYBAJIH Y
2014—16 pokax B sIKOCTi OaThKiB JJIs1 3aMIICHHA 13 (POPMOIO 3 LIUTOILIa3Ma-
TUYHOIO YOJIOBIYOI0 CTEPHIIBHICTIO.

Marepian st cxpellyBaHHS JOOMpaBCS 3 ypaxyBaHHsIM OaraTropidHOro
OIPAIIFOBAHHS B TIONEPEIHI POKH, 3a HACIHHEBOIO MPOAYKTUBHICTIO, TOKA3HHUKIB
010XIMIYHOTO CKJIaiTy, 3UMOCTIMKICTIO, OJNIMHICTIO, TOBKHHOK BEreTalliitHOro
TIePioy, YPKSHHSIM 30yTHUKAMK XBOPOOH 1 MOIIKO/PKEHHSIM IIIKiTHUKaMH.

JlocmipKkeHHsI POBOIMITHCS B CEJICKITIHHINA CIBO3MIHI, IPYHTH 3a arpo-
HOMIYHOIO XapaKTePUCTUKOI TEPEeBa)KHO Cipi OIiJ30JIeH], IIap IPYHTY
0-30 cm, rymycy 2.0%, rigpomizoBaHoro azory 9.6 mr/100 rp, pyxomoro
dochopy 13.0 mr/100 rp, obminHoro kamiro 11.5 mr/100 rp, rigpodi-
THYHA KUCIOTHICTH Hr 3.5 Mk.ekB./100 rp rpyHTY, CyMa BBIOpaHHX OCHOB
13 mx.exB./100 rp, pH — 5.5.

3a arpoKIiMaTHYHUMHU MOKa3HUKaMH TEPUTOPIS TOCHTITHUX MOTiB [HCTH-
TYTY KOpMiB Ta ciibebkoro rocrnogapersa [logimns HAAH BinHOCUTBCS 10
30HM 3 MOMIPHO-KOHTUHEHTaJbHUM KiliMaroM. HaiiOnmxya mMeTeocTaHIis
po3ramoBaHa B M. BiHHuIg. MeTeoponoriydi MicsiuHi JaHi TMOKa3HUKH
CepeTHhOMICSIYHOI TEMITEPATYPH Ta KiJIBKOCTI OIaIiB MoKa3aHi B Tadmuii 1.
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Ta6mmis 1
CepeanbopiuHa Temneparypa noBiTpsi Ta cyma arMocgepHUX onaaiB
B POKH IPOBeJeHHS T0CTizKeHb

Micsiui

POt [Vin[ix [ x [xi[xu] 1 [ u [m v ] v [ vi[v

CymMma omafiB, MM

2014-2015pp. | 47 | 32 | 30 | 43 | 20 | 32 | 19 | 42 | 37 | 34 | 36 | 15

20152016 pp. | 4 35|46 | 54 | 14 | 35 | 50 | 19 | 30 | 54 | 52 | 43

20162017 pp. | 31 3 163 |52 |36|28 (3963|4028 |20 |50
Cp.0ar. 68.0 146.0(38.0/42.0|44.0|40.0|38.0|35.0{49.0|63.0|87.0|92.0
Cyma temneparyp, °C

Hepion |VII|IX | X [ XI |XII| I | II |[II|IV |V |VI|VI
2014-2015pp. | 20.0 | 14.5| 7.1 | 1.4 |-2.1|-1.1 |-1.3| 4.0 | 85 [153|19.3|21.2
2015-2016pp. | 21.2|17.0 7.1 | 42 | 1.7 |-52| 2.2 | 40 [11.814.2|19.4|20.8
20162017 pp. | 199|159 5.8 | 1.1 |-2.1|-5.8|-3.1| 5.7 [ 9.2 [13.9|19.1|19.9
Cp.0ar. 1771134 7.7 |19 |-25|-58|-43|0.2 | 80 |14.1|17.1|18.3

[Tin gac Bererarii mpoBeIeHi (PEHONOTIUHI CIIOCTEPEIKEHHS 32 POCTOM
1 PO3BUTKOM DPOCJIMH, BiJIMiYeHI TOBHI CXOAH, (a3u yTBOPEHHS JUCTKIB,
pO3eTKH, OyTOHI3allil, cTeOIyBaHHs, YTBOPEHHS CYIBITh, ITOYATKY 1 KIHIIS
LBITIHHA.

VYpoxaii 00TIKOBYBaBCSI METOJOM CYIIJIBHOTO OOMOJIOTY, BMICT OJii B
HACiHHI BU3HAUaBCs Ha KOMIT I0TepHOMY aHauizaropi i merogom C. B. Pym-
KOBCBKOTO, IJIFOKO3WHOJIATH METOJIOM IIallepoBOIO IIFOKOTECTa, epyKoBa
KHCJIOTa — METOAOM NMOMYTHIHHA Harpitoro o 70°C po3unHy B eTaHONi
(1:80) omii (0,1 M) pu pizkomy ii oxonomkenHi (+21°C).

3. Pe3ynbratu AocaizkeHHs Ta iX 00roBOpeHHs!

32015 poky poboTa 1o TeTepO3UCHIN CENIEKITT MPOBOMIIACS 3 BUKOPHUC-
TaHHSIM (POPMH O3MMOTO PIIaKy 3 YOJIOBIYOIO IIUTOIIA3MATHYHOK CTEPHITh-
HicTrO. ['iOpuan pinaky 03MMOTO OTPHUMaHi Ha I OCHOBI 3HAYHO TICPEBH-
IIYIOTh COPTH PIMaKy 3a YPOXKAHHICTIO, Ta AKICHUM TTOKa3HUKAM IPOTYKITI.

[posiB Tetepo3ucy Moxe OyTH MPaKTUYHO MEPCIICKTHBHUM JIUIIE B TOMY
BUIIAJIKY SIKIIIO BiH 32 BPO)KAHHICTIO iCTOTHO IIEPEBHIILY€ HE JIUIIE OAThKIBCHKUI
KOMIIOHEHT (/7, — rinoTeTHyHuit reTepo3uc) aje i copT CTaHIapT, IO € MOKa3HU-
KOM KOHKYPCHOTO retepo3ucy (H, ) ki BUpaXxoBYyIOTHCS 3 (POPMYTIaMu.

KoH.
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DopMysH BU3HAYCHHS CTYIICHS TE€TEPO3HUCY.
H, = -C):C-100
H=(F,-P):P-100

ne F', — 3HaYeHHsI O3HAKH Yy Ti0puaa;

C — 3Ha4eHHS 03HAKU Y COPTY CTaHAapT;

P — 3HaveHHs 03HAKH y OATBKIBCHKOT (hOpMH

CTyIiHb MPOSIBY TETEPO3UCY 32 03HAKOIO YPOXKAHHICTh HACIHHS Y TiOpH-
niB nieprroro mokoutinHs 2016 p. Ha ocHoBi (L[UC) y nmopiBHsHI 13 cTaHmap-
TOM, 1 0aTBKIBCHKOIO (hOPMOIO TIPECTABIICHI B TAOHII 2.

CrymniHp TpOsIBY TeTEepo3UCy 3a O3HAKOIO ypokail HaciHus B 2017 p.
riopunie F| na ocnosi (I{UC) y nopiBHsAHI i3 CTaHIapTOM, i OaTbKiBCHKOIO
(dbopmoto TipeicTaBIeHI B TaOMHIN 3.

T'onmoBHUM KpUTEpieEM OIIHKM TiOPHIIB MEPIIOTO MOKOJIIHHS B HAIIOMY
Jocaini OyB MOKa3HUK Ol0XIMIYHOTO CKJIQAy HACiHHSA, 100 MPUCKOPUTH
CeJIeKIiifHy poOOTy i BUKITIOYUTH HEOOXiAHICTh NMPOBOMKECHHS MPOrpaMU
3 MOKpAIIeHHsI 010XiMIYHOro CKiagy. 3a MOKa3sHUKAMH BMICTy €pyKOBOi
KHCJIOTH, TJIFOKO3MHONATIB 3 25 komOiHanii 2016 pori BUALTUINCS KOM-
OiHawii, B SKMX MOKAa3HUKM O10XIMIYHOTO CKJIaJy HACiHHS BiIMOBigan
TaKUM BUMOTaM — OJIii épyKoBa KUCJIOTa BiICYyTHS, a00 MICTATHCS 11 CIIiH,
a BMICT IJIIOKO3MHOIATIB HE mepesuirye 25 Mxmons/T: 3Q(I[UC) x &
(HIILL 9800 x Jlipamker), 11 Q(IUC) x & [{306ip Apr 1, 12Q(LUC) x &
(Boran x Livins), 13Q(ITUC) x & (Livins x bapoc), 14Q(ITUC) x & To6ip
Anrapis, 182(LIUC) x J(Jlipamker % Jlibes), 22 (LIUC) x & (Boran X
Livins). Pe3ynbTaT siKiCHUX TTOKa3HUKIB OJI11 TIOPH/IIB MEPIIOTO MOKOIIHHS
2016 poxy mipecTaBIcHI B TaOHII 4.

B 2017 pomi y JOCHi/PKEHHSIX 3 TPOSIBY TE€TEPO3UCY Ta CTBOPCHHI Ha
iX OCHOBI BHCOKO TeTepO3HCHUX TiopuaiB 3 BukopuctanusM (L[UC) Oynm
BHUKOpPHUCTaHI 19 HOBUX TOPHIIB 1 7 KpaIlIuX MUHYIOPIYHUX.

3a SKICHUMH TIOKa3HUKaMH OJIii 1 ypOXaWHICTIO BUIUIMIHCA TaKi
nomepu: 26 Q(IIUC) x J(Caitou x 30rtaman), 29 Q(IIUC) x J(Dopre x
Yopuuii Benerens), 30 Q(I{UC) xJ (Jlipamker x Jlap nanis), 34 Q(I[UC) x
J[(Miana x Ceitou) x (b x Miana)], 38 Q(IMUC) x J[(YopHuii BeneTeHpb %
Topusont) x ante], 39 Q(IUC) x & (Henscon x Topusonrt), 41 Q(IUC)
x J[(Topusont x JI184) x Jlap nanis], 42 Q(IUC) x J(Amnant x Topu-
30mT), 3 Q(LUC) x J(HIILL 9800 x Jlipamker), 11 Q(IUC) x & To6ip Apt
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Tabmurg 2
Cryninb rerepo3ucy 3a 03Hako10 ypoxaiinicts y riopuais (F,) (2016 p.)
liopuani komoiHanii Tereposue

HKoM Ht
1. Q(IUC) / & Awnrapis 46 47
2. Q(IUC) / & (Boran / Jlipamxker) 60 2
3. Q(UUC) / & (HIILL 9800 / Jlipamxker) 56 42
4. Q(IIUC) / & Yoprwuii BeneTeHb -44 -44
5. Q(UUC) / & (Jlibes / Jlipamker) -54 -60
6. Q(IUC) / & (Ho6ip Yopuuii Benerens / OTaman) -26 -28
7. Q(UC) / & (dante / Jlap Jlanis) 16 0
8. Q(IIUC) / & (Jlipamwxer / Livins) -36 -35
9. Q(IUC) / & (Jlipamxer / JliGes) 16 -26
10. Q(LYC) / & (HIILL 9800 / Boran) 52 -13
11. QIUC) / & Dobip Apr 1 2 9
12. Q(UC) / & (Boran / Livins) 52
13. Q(IUC) / & (Livins / Bapoc) 62 8
14. Q(IUC) / 3 obip AuTapis 48 36
15. Q(IUC) / 3 o6ip YopHuil BeneTeHs 53 28
16. Q(IUC) / & (Map Jlanis / Aniratop) 81 100
17. Q(IUC) / & Tinanic 64 104
18. Q(LIUC) / & (Jlipamxer / JIibes) 68 4
19. Q(IUC) / & Nobip FopusonT 8 -32
20. Q(IUC) / & (JTipamer / Cpitou) -65 -71
21. Q(IUC) / & Hobip (Jlipamxker / JTiGes) 6 3
22. Q(IUC) / & (Boran / Livins) 89 47
23. Q(IUC) / & (JTiGes / Critou) -65 -71
24, Q(IUC) / & (Yopnuii Benerens / Oraman) -77 -85
25. Q(IUC) /3 (Arnmant / Anirarop) -38 -46

IMpumitka: H,,,, — KOHKypCHHI reTepo3uc, [, — TMOTeTHIHNH TreTepo3uc
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Tabmuug 3
Cryninb rerepo3ucy riopuais (F,) (2017 p.)
l'iopuani komoGinamii Tereposue
H,, H,

26. (IHYC) / (Ceitou / OTaman) 3 5
27. (TUC) / (Hap nauis / Livins) 31 0.8
28. (LUC) / (Popre / Bapoc) -5 8
29. (HYC) / (Dopte / YopHwuii BeTeTEHBD) 7 36
30. (IT4YC) / (Jlipamxet / Jap naHiB) 9 2
331. (HYC) / (Bikinr/Amirarop) 22 3
32. (IYC) / (dap naniB / YopHUii BEICTCHB) -12 11
33. (IYC) / (JIibest / Livins) -21 -3
34, (IYC) / [diana / Ceitou) / b / [liana] 9
35. (I4YC) / (Binep /Amnirarop) -24
36.({YC) / [(JTidest / Citou) / (TopuzonT / 1184)] 23 21
37. (IT4C) / (Bikiur/Aniratop/Bic6i) 46 31
38. (IT4C) / [(Yopuwuii Benerens / [opusont) / Jante] 43 28
39. (LYC) / (Hemscon / ['opu3oHT) 41 33
40. (ITYC) / (ITP45103 / TopuzouT) 7 18
41. (ITUC) / [(Topwuzont / 1184) / Nap nauis] 19 11
42. (H4YC) / (Arnant / T'opuzont) 35 57
43. (TYC) / (Doprte / CriTOW) -11 33
44, (LUC) / [(Arnant / Anirarop) / [TP45/101] 2 10
3. (ITYC) / (HIILL 9800 / JTipamxer) 41 59
11. (ITUC) / APTI 0.8 4
12. (T4UC) / (Botan / Livins) 28 19
13. (IIYC) (Livins / bapoc) 42 10
14. (T4C) / MoGip AnTapis 41 18
18. (ITUC) / (Jlipamxer / JTibest) 48 9
22. (IT4C) / (Boran / Livins) 63 36

Ko

IMpumitka: H,,, — KOHKYpCHHI reTepo3uc, H, — TIOTeTHIHNI TeTepo3Hc
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Tabnuns 4
YpoxaiinicTh Ta sikicHi Hoka3HMKH oJ1il ridopuais ozumoro pinaky (F,)

Ha OCHOBI M TOIIA3MATHYHOI 40J10BiU0i cTepuiabHocTi (2016 p.)

= =

2| & |8 | S| ¢

=|lg& |2 | 5| &

E|EgE|5E| 8| &

Hazga E|EEF| 5| E| §

S |28 EC 8| S

% =] = ) =

2152 2|2

> = 2 2| oz

S 2 = e

%) : E

St YopHuii BesieTeHb 482 — — 10.25] 4.8
1. Q(IUC) x & Anrapis 7.02| 225 [220(19 (9.6
2. Q(IUC) x & (Boran x Jlipamker) 7711 0.18 |2.89 | 2.1 |48
3. Q(IUC) x & (HIILL 9800 x Jlipamxer) 7.52| 224 270 0.1 | 4.2
4. Q(IUC) x & Yopuuii BeleTeHb 270 -2.15 [-2.12] 1.6 | 1.2
5. Q(IUC) x & (JliGes x Jlipamxer) 2.22| -3.35 |-2.60] 3.1 |12.0
6. Q(1TUC) x & (Mo6ip Yophuii Benetenb X Ortaman) | 3.57 | -1.41 [-1.25|17.1| 3.4
7. Q(IUC) x & (dante x Jlap Jlauis) 5.59 0 077119 |72
8. Q(ITUC) x & (Jlipamxker x Livins) 3.10| -1.68 |-1.72| 1.3 | 2.4
9. Q(IUC) x & (Jlipamxer x JliGes) 5.61| -2.00 [ 0.79 | 2.6 | 2.4
10. Q(1IUC) x & (HIIL] 9800 x Boran) 731 -1.11 | 249 | 4.6 | 48
11. Q(IIUC) x & Mobip Apr 1 492 042 | 0.1 | 0.0 | 4.8
12. Q(IYC) x &' (Boran x Livins) 7.33] 0.62 | 251 (0.1 9.6
13. QUIIC) x & (Livins x Bapoc) 7.81| 058 299 (0.1 |24
14. Q(IIYC) x 3 J106ip Anrapin 712 190 | 230 04 | 4.8
159IUC) x & 1o6ip YopHuii BeneTeHb 739 1.61 | 25715 ]09.6
16. Q( IIUC) x & (Hap Jlanis x Amiratop) 872 437 |390| 4.0 |24
17. Q(1IIUC) x & Tinanic 791 4.04 [3.09]20]96
18. Q(IMYC) x & (Jipamser x Jides) 8.10| 0.30 | 3.28 | 0.0 [12.0
19. Q(1TUC) x & Jlobip TopusonT 520 -2.42 | 038 ] 6.0 [12.0
20. Q(IUC) x & (JTipagxer x CiTou) 1.70| -4.20 |-3.12| 0.5 [12.0
21. Q(IUC) x & Jlobip (Jlipamxker x JIiGes) 510 0.15 |[0.28 | 2.0 [12.0
22. Q(IIYC) x & (Boran x Livins) 9.10| 2.90 | 4281 0.0 |24
23. Q(IUC) x & (JIibes x CaiTou) 1.70] -4.15 |-3.12] 1.5 0.0
24. Q(IUC) x & (Yopuwuii Benerenb X Oraman) | 1.10| -6.00 |[-3.72| 4.0 | 12.0
25. Q(ITUC)x & (Armnant % Anirarop) 3.00| -2.55 [-1.82] 1.5 [12.0
HIPO5 0.10 2.78 |5.14
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Tabmuusg 5
YpoxkaiinicTh Ta sikicHi nokasHuKH oJii riopuais o3umoro pinaky (F,)
HA OCHOBI M TOIIA3MATUYHOI 40J10BiU0i cTepuiabHocTi (2017 p.)

| B | z|%].

HE AL
2|E€=s| EQ| 5 |55
2 |Ees| ES| E |EE
Hasga E|Egf|l 28| % |E¢
’E 22a B a '3 e g
£ |82 5| g |&¢

2|=% |EE| g |3

) = gl & |-

8 2 =
St YopHuil BeneTeHb 478 — — 1 00|24
26. (HYC) / (CBiTou / OTaman) 4.94| 0.24 | 0.16 | 0.1 | 2.4
27. (IT4C) / (Hap nanis / Livins) 6.26] 0.05 | 148 | 4.1 ] 9.6
28. (IT4C) / (Doprte / Bapoc) 4.55| 032 [-023]4.0 | 48
29. (IYC) / (Popte / HopHuii BesieTeHb) 511 1.34 | 0.33 | 0.1 |12.0
30. (HYC) / (Jlipagsxker / Jap naHiB) 523 0.12 | 045 | 0.4 | 4.8
31. (IT4C) / (Bikiur/Amirarop) 5.83] 0.18 | 1.05 | 2.1 | 4.8
32. (HYC) / (dap naniB / YopHUii BEICTECHB) 4.22| 042 |-056] 3.6 | 4.8
33. (IT4C) / (JTiGest / Livins) 3.77] -0.11 | -1.01 | 3.5 | 4.8
34. (MUYC) / [(Aiana / Ceitou) / b / liana] 521] 0.18 | 043 | 0.0 | 2.4
35. (IT4C) / (Biunep /Anirarop) 3.63] 030 |-1.15]13.0] 2.4
36.(I14C) / [(JTibes / Caitou) / (Topuzont / 1184)] 5.87] 1.01 | 1.09 | 6.6 | 9.6
37. (HUC) / (Bikinr/Amnirarop/Bicbi) 697] 1.64 | 2.19 | 3.3 | 4.8
38. (ITYC) / [(Yopuuii Benerens / Topusont) / lante] | 6.85| 1.51 | 2.07 | 0.0 | 9.6
39. (IYC) / (Heancon / Topu3oHT) 6.76 | 1.66 | 1.98 | 0.1 | 0.6
40. (ITYC) / (ITP45103 / Topu3oHT) 511] 0.78 1033 | 1.9 | 9.6
41. (HYC) / [(TopusonTt / 1184) / lap nanis] 5.67| 0.56 | 0.89 | 0.2 | 12.0
42. (HYC) / (Atnant / T'opu3oHT) 6.43| 234 | 1.65 | 0.0 | 0.0
43. (ITYC) / (Popte / CaiToH) 424] 1.05 [-054] 25| 48
44. (ITYC) / [(Atnaut / Anirarop) / ITP451101] 4.87| 043 | 0.09 | 6.9 |12.0
3. (IYC) / (HIILI 9800 / JTipamxer) 6.73| 2.49 | 1.95 | 0.4 |12.0
11. (ITUC) / APT1 4.82| 0.17 | 0.04 | 0.0 | 4.8
12. (HYC) / (Botau / Livins) 6.11| 0.99 | 1.33 | 04 | 9.6
13. (ITYC) (Livins / Bapoc) 6.80| 0.60 | 2.02 | 0.2 | 4.8
14. (HYC) / 1o6ip AnTapis 6.74| 1.03 | 1.96 | 0.4 | 2.4
18. (ITYC) / (JTipamxker / JliGest) 7.06| 0.56 | 2.28 | 0.4 | 2.4
22. (HYC) / (Boran / Livins) 7.78| 2.06 | 3.00 | 0.0 | 0.0
HIPO5 0.09 2.2514.96
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1, 12 Q(IUC) x J(Boran x Livins), 13 Q(UC) x J(Livins x Bapoc),
14 QIIUC) x I Mo6ip Anrapis, 18 QUUC) x J(Jlipamxer % Jlibes),
22 Q(IIUC) x J(Botan x Livins). Pe3ynsTaru npeacTapieHi B TabIuIi 5.

3a pesynbTaTaMH IBOPIYHOTO BUIPOOYBAHHS MH MAEMO TaKi pe3yib-
tati: — 2016 pik 3aranpHa cepeaHs ypokalHICTh 7 Kpamux TiOpumiiB
cknana 7.41 1/ra, mo Ha 2.59 1/ra nepeBummio ctanaapt; — 2017 poui mi
koMOiHaIi Mmokasanu 3arajibHy CEepelHI0 YpoKalhHIicTh 6.58 T/ra, mo Ha
1.80 1/ra Bumme cranmapty. IIposB rereposucy y ribpuaiB pinmaky 03uMoro B
CepenHpOMY 3a JIBa POKU criocTepiracst HapiBHI 46%. OCHOBHOIO BiIMiH-
HOIO ocoOmuBicTO TiOpuaiB F, € mposB edekTy rerepo3ucy 3a OKpeMUMH
KUTBKICHAMY Ta SIKICHIMHU O3HaKaMH, II0 3yMOBIIOETHCS T€TEPO3UTOTHUM
CTaHOM OpraHizMy. YHCJIeHHI JOCHiIKeHHs MOKa3ajiy IepeBary riopuain
F, Hax copTamu, TOMy CbOTOAHI CTBOPEHHS T€TEPO3UCHUX T1OpUAIB € mpio-
PHUTETHHUM JUTs PillaKy O3MMOTO.

4. BucHoBkH

JlomiIbHO TIPOBOAMTH J00Ip 32 TOKAa3HUKAMH O10XIMIYHOTO CKJIATY
HACIHHSI TIOYMHAIOYHN 3 TIOPHIIB MEPIIOTO MOKOJIIHHS, 10 Ja€ MOXKJIHBICTh
B I10/1aJIbILIOMY BUKJIIOUEHHI 13 CeJIeKIIHOT MporpaMu pooiT 3 MOKpaIleHHs
010XIMIYHHMX MOKA3HUKIB OJIEPIKAHOTO BUX1THOTO MaTepiaiy.

Opnepxani riopuan pinaky 03MMOro Ha OCHOBI IUTOIIA3MAaTHYHOT 4OJIO-
BiUOi CTEPHIILHOCTI MaJii TIPOSIB TETEPO3UCY JI0 COPTY CTAaHAAPTy B Jiiara-
30Hi1 63-89%, 110 € IEPCTIIEKTUBHUM ITOKa3HUKOM B CEJEKIIii Ha TeTePO3HC.
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Abstract. The purpose of the paper is to determine the impact of the
species of energy crops on biomass yields and the possibility of their
involvement in the reclamation of contaminated areas. This is especially
important from the point of view of the rational use of land for energy crops
cultivation. Methodology. The research object is the processes of growth
and development of plants, the peculiarities of the yield formation of energy
crops biomass depending on the species traits and growing conditions. The
research subject is the following energy crops: Big Bluestem, Indiangrass
and Columbus Grass as well as the plant biometric indicators, biomass
yield and energy efficiency of biomass production of energy crops
(2016-2020). The results of research showed the variability of biometric
parameters of energy crops. Over the research years, the dry biomass yield
of Indiangrass was 8.9 t/ha in the first year, 10.1 t/ha in the second year
and 14.9 t/ha in the third year, Big Bluestem — varied within 4.4-9.3 t/ha.
Columbus Grass dry biomass increased from 11.4 t/ha (1% year) to 14.9 t/ha
(2™ year) to 18.0 t/ha (3™ year). The developed model for the creation of
artificial phytocenoses will allow land reclamation using energy crops
based on agroecological monitoring and justification when growing energy
crops. Perennial cultivation of Columbus Grass and Indiangrass provided
the highest coefficient of energy efficiency (at a level or more than 3.0),
which is typical for average efficiency of biomass production. Therefore,
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Indiangrass and Columbus Grass are recommended to be grown in order
to reclaim marginal lands and obtain sustainable plant raw materials.
Big Bluestem is recommended to be grown only as a companion crop of
stand of grass. Furthermore, energy crops must be cultivated on the basis
of ecological and adaptive technology elements, taking into account the
defined territorial conditions. For the conditions of Ukraine, this complex
will make it possible to reduce the negative impact on the environment
as well as to obtain the stable yields of various biomass for its further
processing and energy conversion.

1. Introduction

In the period of a rapid reduction of the world reserves of non-renewable
energy resources, mankind faced the problem of finding alternative energy
sources to satisfy their own needs and the existence of civilization as a whole.
Along with food security, every country strives for energy independence.
Ukraine is no exception; its priority at this stage of development is to find ways
to attract new sources to the fuel and energy complex (FEC) of the country.

In addition, the environmental impact of anthropogenic activities is
increasing and irreversible climate changes are taking place on a planetary
scale. This, in turn, contributes to an increase in the trend of the average
daily air temperature and deterioration of the water regime of soils. Frequent
droughts followed by heavy rains are often observed [1; 2].

Soil and climatic conditions of almost all regions in Ukraine are favorable
for growing perennial energy plants. This is especially true for plants of the
C4 group, which are able to intensively accumulate solar energy during
their growing season. Besides, energy crops are cultivated using a simplified
cultivation technology on marginal lands. Marginal lands are unproductive
lands, not farmland. Energy crops do not require significant application
of fertilizers and pesticides. They prevent soil erosion due to the dense
phytocenosis and strong root system and have phytoremediation properties.
These traits of energy crops contribute to the preservation and improvement
of agro-ecosystems [3—5]. This enables to claim about the reasonability of
growing energy crops on lands taken out of crop rotation. There are from
3 to 5 million hectares of such lands according to statistics in Ukraine [6].

Switchgrass, Miscanthus, Big Bluestem, Indiangrass and Columbus
Grass are the best energy crops for soil reclamation. These plants are
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introduced cereals, have good adaptive properties under the conditions of
Ukraine [7; 8]. They are able to form a significant biomass during a long-
term growing cycle [9; 10]. Therefore, the scientific substantiation of energy
crops cultivation on marginal lands in order to improve the environment is
becoming highly important.

2. Emergence of preconditions
for the research and problem statement

Today, there are various researches on the study of energy crops in Ukraine.
They cover a wide range of issues: environmental, biofuel, breeding and
seed production. Seed material of energy crops is being studied taking into
account the conditions of its cultivation [11]. The agrobiological peculiarities
of yield formation, quality of switchgrass seed [12] and biomass potential of
energy crops are also being investigated [ 13]. The ways of using energy crops
biomass for biofuel production are being justified as well as the innovative
ways of energy transformation are being developed [14; 15].

Along with rapid development of alternative energy sources in the
world, Ukraine remains a country that only partially meets its own needs.
Our country has little supply of traditional energy resources and has to
import about 65% of energy [16; 17].

Features of natural landscapes and peculiarities of marginal lands
reclamation should be studied in order to create artificial phytocenoses.
This involves further selection of promising plant species and their use as
the components for phytomelioration. There is an urgent need to purify the
soil from various types of contamination [18].

Thus, the experiments of Ukrainian scientists [19] showed that plants of
the Poaceae family, which grow in natural phytocenoses on contaminated
soils, have the potential to be used for soil purification. An innovative way
of soil purification with the help of switchgrass in mutual cultivation with
lupine is proposed in order to solve the problem of soil pollution [20].

The agrotechnological components of the phytocenosis must be improved
to create highly productive energy crops plantations. This involves the use
of energy crops with legumes as the components for phytomelioration [21].

The use of degraded or contaminated land partially solved the problem of
using farmland to obtain vegetable raw materials for energy purposes. The
fast-growing plant species provide the maximum effect of phytoremediation
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on contaminated lands. A variety of energy crops contributes to the
production of biofuels and the cleaning of contaminated areas. Restoration
of functional and ecosystem properties of contaminated lands will return
them to the agricultural use. In the future, energy crops will be able to solve
both energy and environmental problems [22].

It was determined [23; 24] that under the conditions of heavy metal
contamination of the territory of TPP (thermal power plants) ash dumps,
a small group of species belonging to the families Poaceae, Asteraceae
and Apiaceae had the leading positions in the groups. Plants from these
families are highly resistant to heavy metals. A mixture of Columbus grass
(Sorghum almum parodi) + sainfoin showed one of the best indicators in the
phytocenosis restoration.

The list of energy crops suitable for phytocenosis restoration is determined.
They are switchgrass, miscanthus giganteus, sorghum crops, etc. [25].

Mutual cultivation of miscanthus giganteus and lupine (12.2 t/ha)
produced the highest dry biomass yield according to the research conducted
in the Forest-Steppe. This was significantly higher (by 2.9 t/ha) compared
to single-species crops and by 2.4 t/ha more than cultivation with clover and
by 3.5 t/ha more than variants with alfalfa [26].

Researches of A. J. Ashworth, at all. [27] established a positive dynamics
of increasing the sustainability of feed and bio raw materials production on
mutual crops. The dynamics of soil organic matter increase was determined
when switchgrass was cultivated with red clover (Trifolium pratense L.),
hairy vetch (Vicia villosa L.), perennial clover (Trifolium repens L.),
arrowleaf clover (Trifolium vesiculosum L.) and other legumes.

So, the research on environmental issues is of high importance. This is
especially important from the point of view of the rational use of land for
energy crops cultivation.

3. Research aim and tasks
The aim of the research is to determine the impact of the species of
energy crops on biomass yields and the possibility of their involvement in
the reclamation of contaminated areas.
The research tasks are the following:
1. To determine the variability of biometric indicators of energy crops
depending on growing conditions.
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2. To justify the ways of increasing the yield of energy crops biomass.

3. To develop a scheme for the creation of artificial phytocenoses and
land reclamation using energy crops.

The final stage of the research program included determination of energy
efficiency of energy crops, as well as development of a reclamation model.

The research object is the processes of growth and development of
plants, the peculiarities of the yield formation of energy crops biomass
depending on the species traits and growing conditions.

The research subject is the following energy crops: Big Bluestem,
Indiangrass and Columbus Grass as well as the plant biometric indicators
and biomass yield.

During the experiment, we used general scientific methods and special
methods, including: laboratory — to determine the variability of quantitative
indicators of plants (biometric indicators); field — to determine the interaction
between research subject and object; weight — determination of biomass yield
and modeling. Mathematical and statistical analysis of the obtained research
results was also used in order to objectively assess the obtained data.

Field experiments were established in accordance with the requirements
of the research methodology in agronomy [28].

In our research, we carried out observations, accounting and analysis
in accordance with generally accepted and special scientific methods and
recommendations for production [29-31].

Yields of the so-called “raw” (green mass) and “dry” plant biomass were
determined after the end of the growing season. Biomass was harvested
manually from each experimental plot [32; 33].

The research results were analyzed according to statistical and
mathematical methods by the analysis of variance using the computer
program “Statistica-6.0" [34; 35].

Energy evaluation of the effectiveness of energy crops cultivation was
performed according to the author’s methodology [36].

4. Description of rare energy crops
We studied the following energy crops: Indiangrass, Big Bluestem and
Columbus Grass (black).
Indiangrass (Sorghastrum nutans (L.) Nash) [37] is a native perennial
grass that is used to prevent erosion, to landscape territories and provide
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food and shelter for wildlife. |
Indiangrass is a warm-season cereal
in the tallgrass prairie ecosystem i
of North America. The natural
habitat of plants is open fields and
meadows. Plant height is 1.8-3.2 m;
the minimum depth of root
penetration is 60-70 cm (Figure 1).

Indiangrass plants are adapted
to soils with deep moisture, ranging
from heavy loamy and loamy sands
with a pH range of 4.8 to 8.0.
It has a medium resistance to salinity
and drought, adapted to periodic
burning, and survives, sprouting
from underground rhizomes
(rhizome). Yield of Indiangrass biomass reaches up to 12-15 t/ha.

The seeding rate of Indiangrass for natural conditions is 4-5 kg/ha; in a
mixture of 10-50% is about 350,000 seeds per 1 kg. The number of years
of cultivation on the plot is up to 15; the number of years to the maximum
biomass yield from 1 ha is three years. This plant can become invasive in
some regions or habitats and can displace desired vegetation if not managed
properly [38].

Big Bluestem ( Andropogon gerardii Vitman) is a perennial grass that is
used for erosion control. It grows in sand and gravel quarries, in mountain
quarries and on roadsides. Big Bluestem is used as a raw material for the
production of biofuels and can be used as quality forage for livestock.
The grass improves biodiversity [39].

Big Bluestem is one of the most common species in the tallgrass
prairie ecosystem of North America. The natural habitat of Big Bluestem
phytocenoses is open fields and meadows. Plant height is 1.8-2.5 m;
the minimum depth of root penetration is 50 cm [40], Figure 2

Big Bluestem is tolerant to a wide range of soil conditions and moisture
levels; it has high drought resistance and moderate salt tolerance. Seeding
rate for natural conditions is 4.5-6 kg/ha; in a mixture of 10-50% is
288,000 seeds per 1 kg. Biomass yield is 10-12 t/ha. The number of years of

Figure 1. Indiangrass
(Sorghastrum nutans (L.) Nash)
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Figure 2. Big Bluestem

(Big Bluestem, Andropogon

gerardii Vitman)

Figure 3. Columbus Grass
(Columbus Grass,
Sorghum almum Parodi)
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cultivation on the plot is 12-14; the
number of years to the maximum
biomass yield from 1 ha is three
years [42].

Big Bluestem for biofuels
should be harvested in autumn to
minimize the loss of dry biomass,
as it tends to lodge during winter.
Some studies showed that Big
Bluestem biomass has lower ash
content than other specialized

.~ energy crops [43].

Columbus  Grass  (Sorghum

" almum Parodi) is a frost resistant

crop that provides high biomass
and seed yields and has a proven
cultivation technology [44]. Plant
height is 2.8-3.5 m; minimum depth
of root penetration is 70-80 cm;
high drought resistance; moderate
salt tolerance [45], Figure 3.
Seeding rate of sorghum for
natural conditions is 8.5-10 kg/ha;
in a mixture has not been studied.
Biomass yield is 18-20 t/ha. The
number of years of cultivation on
the plot is up to 7; the number of

| years to the maximum biomass

yield from 1 ha is two years [46].
Organogenesis stages of energy

g crops of the Poaceae family. 1t is

established that the studied energy
crops are perennial plants that go
through all stages of growth and
development in more than one
calendar year. The phenological



Chapter «Agricultural sciences»

phases of growth and development of such crops are similar: germination,
tillering of plants, stem elongation, panicle formation, flowering, formation
and maturation of seeds, the end of the growing season [47]. The growing
season of energy crops are divided into 3 main stages, the duration of each
is different and has its own characteristics. “The first stage, also called the
stage of vegetative growth” is a period from germination to the beginning
of the formation of generative organs on the stem (panicles, caryopsis).
“The second stage, called the reproductive one” lasts from the time the
panicles appear at the top of the stem until flowering. “The third stage,
which is called “grain filling” lasts from plants flowering to the completion
of dry matter accumulation in the caryopsis [48].

Energy crops (Sorghastrum nutans, Indiangrass and Columbus Grass)
belong to the C4 group. These are typical warm-season, heat- and drought-
resistant plants. The seeds germinate at a temperature of 10-12°C.
The minimum and critical soil temperature for seedlings is at or below 0 °C.
The maximum temperature for the vegetation of these crops is 30-35 °C;
they even can withstand heat up to 40 °C [49; 50].

5. Formation of biometric indicators of energy crops
Over the research years (2016-2020), significant variability of plant
biometric indicators was established for energy crops cultivation on
marginal soils. This characteristic was manifested in indicators of height
and density of stems (Tables 1-2, Figures 1-2).

Table 1
Plant height of energy crops (cm), 2016-2020
Year of vegetation (factor B)
Energy crop
(factor A) ! 11 11 Average
(2016-2018) | (2017-2019) | (2018-2020)
Indiangrass 111.5 163.4 155.7 143.5
Big Bluestem 37.3 72.5 91.1 67.0
Columbus Grass 115.9 207.4 237.9 187.1
Year average 88.2 147.8 161.6 132.5
LSD 05 (factor A) 24.5 17.3 20.1 18.8
LSD 05 (factor B) - - - 25.7
LSDOS (factor A and B) - - - 16.4
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Height of Indiangrass plants varied from 111.5 cm (in the first year of
vegetation) to 155.7 cm (in the third year of vegetation). In the second year
of crop life, height of the stems reached to 163.4 cm on average. As a result,
the average height of plants over three years was 143.5 cm.

Energy crop Big Bluestem showed slightly lower indicators of stem
height. The trend of increasing height of Big Bluestem plants reached
indicators from 37.3 c¢cm in the first year to 91.1 cm in the third year of
vegetation. The annual increase in linear growth of plants ranged from
18.6 to 35.3 cm.

Columbus Grass plants showed a significant increase in plant height —
by 30.5 — 91.5 cm. Over the years of research, height of stems varied from
115.9 to0 237.9 cm.

The density of stems of energy crops varied from 0.5 to 2.2 million pcs/ha
(Table 2).

Table 2
The density of stems of energy crops (million pes/ha), 2016-2020
Year of vegetation (factor B)
Energy crop (factor A) 1 | 111 Average
(2016-2018) | (2017-2019) | (2018-2020)

Indiangrass 0.9 1.4 2.2 1.5
Big Bluestem 0.5 0.7 0.8 0.7
Columbus Grass 1.4 2.0 2.2 1.9
Year average 0.9 1.4 1.7 1.3
LSD 05 (factor A) 0.2 0.3 0.3 0.2
LSD 05 (factor B) - - - 0.3
LSD 05 (factor A and B) - - - 0.2

The density of stems of Indiangrass plants ranged from 0.9 (in the first year
of vegetation) to 2.2 million pcs/ha (in the third year). In the second year of the
crops life, the stem density averaged 1.4 million pcs/ha. As a result, the average
plant density for three years was 1.5 million pcs/ha. There is a tendency of
annual growth of stem density by 0.5-0.8 million plants per 1 hectare.

Big Bluestem showed significantly lower indicators of stem density. The
increase of Big Bluestem plant density during the growing season was from
0.5 in the first year to 0.8 million pcs/ha in the third growing year, and
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0.7 million pcs/ha was in the second growing season. The annual increase
in the number of plants ranged from 0.1 to 0.2 million pcs/ha.

For the Columbus Grass phytocenosis, a significant overcrowding of
crops was established — from 1.4 to 2.2 million pcs/ha with the annual
increase of this indicator from 0.2 to 0.6 million pcs/ha.

On average over the research years, height of Indiangrass (187.1 cm)
and Columbus Grass (143.5 cm) plants was the largest, Big Bluestem plants
were the lowest (67.0 cm). According to the indicator of stem density, we
received the following results: 1.9; 1.5 and 0.7 million pcs/ha, respectively
by crops (Figure 4).

So, Indiangrass and Columbus Grass were distinguished according to
the quantitative indicators of plants (stem height and density).
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150 12 230 2
1 200 s
100 0,8 150 ’
06 1
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Figure 4. Height and stem density of energy crops over
the research years and on average, 2016-2020
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6. Yield of energy crops biomass
Species characteristics, along with quantitative indicators of energy
crops affected yield of biomass obtained from the field (Table 3).

Table 3
Yield of raw biomass of energy crops (t/ha), 2016-2020
Year of vegetation (factor B)
Energy crop (factor A) I 1| I Average
(2016-2018) | (2017-2019) | (2018-2020)

Indiangrass 10.1 12.1 16.2 12.8
Big Bluestem 53 9.4 10.7 8.5
Columbus Grass 13.2 19.4 26.0 19.5
Year average 9.5 13.6 17.6 13.6
LSD 05 (factor A) 1.7 2.5 6.5 5.1
LSD 05 (factor B) - - - 4.2
LSD 05 (factor A and B) - - - 2..

Over the research years, an increase in the trend of “raw” (green)
biomass of Indiangrass from 10.1 to 16.2 t/ha, on average to 12.8 t/ha was
observed. The annual biomass growth reached from 2.0 to 4.1 t/ha.

Big Bluestem produced low yields of both green and dry biomass. Over
the research years, an increase in the trend of “raw” (green) biomass from
3.3 to 10.7 t/ha was noted. The annual biomass growth reached from 1.3 to
4.1 t/ha.

Over the research years, the yields of Columbus Grass green mass
increased from 9.5 to 17.6 t/ha. The annual stable growth of green biomass
in the second vegetation year was 4.1 t/ha compared to the first year, and
in the third vegetation year at a level of 4.0 t/ha in comparison to the
second year. Taking into account the moisture content in the aboveground
vegetative phytomass, the dry matter content and biomass yield of energy
crops were determined (Table 4).

Over the research years, the dry biomass yield of Indiangrass was 8.9 t/ha
in the first year, 10.1 t/ha in the second year and 14.9 t/ha in the third year,
11.3 t/ha was on average over the years.

The yield of Big Bluestem dry biomass in the first year was 4.4 t/ha,
8.3 t/ha was in the second year and 9.3 t/ha was in the third year, 7.3 t/ha
was on average over the years.
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Table 4
Yield of dry biomass of energy crops (t’ha), 2016-2020

Year of vegetation (factor B)
Energy crop
(factor A) 1 11 11 Average
(2016-2018) | (2017-2019) | (2018-2020)
Indiangrass 8.9 10.1 14.9 11.3
Big Bluestem 4.4 8.3 9.3 7.3
Columbus Grass 11.4 14.9 18.0 14.8
Year average 8.2 11.1 14.1 11.1
LSDOS (factor A) 2.1 1.3 3.5 2.4
LSDOS (factor B) - - - 2.1
LSDO5 (factor A and B) - - - 1.8

Over the research years, the yield of Columbus Grass dry biomass
increased from 11.4 t/ha (1% year) to 14.9 t/ha (2" year) to 18.0 t/ha
(3"year). This indicator averaged 14.8 t/ha over the years.

Columbus Grass produced the highest biomass yields, this indicator
of Indiangrass was slightly lower, and Big Bluestem produced the lowest
yields (Figure 5).

So, Columbus Grass produced the highest yield of both raw and dry
biomass and Big Bluestem produced the lowest one during their long-
term cultivation. Indiangrass had an intermediate (medium) value of this
indicator.

7. Model of artificial phytocenoses of energy crops

We have modeled the component structure of energy plantation of
energy crops to involve herbaceous energy crops in the phytocenosis.

The scheme for creating artificial phytocenoses and land reclamation
using energy crops should be as follows (Figure 6).

The structure of sown areas provides for the placement of several strips
of companion crops of energy plants (legumes are placed in row-spacing)
on marginal lands. A field-protective belt with energy crops is laid along the
perimeter of the field (Columbus Grass and Big Bluestem in combination).
This achieves a semi-blown construction of the phytocenosis — the middle
layer is occupied by Columbus Grass and the lower one is occupied by Big
Bluestem. In this case, the maximum effect is achieved: the water regime of
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Figure 5. Yield of raw and dry biomass of energy crops,
over the research years and on average, 20162020
Note: Y1 —yield of raw biomass, t/ha; Y2 — yield of dry biomass, t’/ha

the field is improved (due to the retention of snow in winter), and air flows
do not blow the top layer of soil out of the field.

The application of this scheme will result in reasonable development
of agricultural techniques for biological reclamation of disturbed lands
(ecological and adaptive elements of cultivation technology). These
elements of agricultural technology include: various tillage practices,
landscaping, preparation of seeds and planting material. The agronomic
justification of energy crops sowing according to the developed scheme is
important as well. Proper calculation of the seeding rates of seed or planting
material will ensure the planned density of stems. Finally, after crops care,
biomass is harvested.
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Figure 6. The scheme for creating artificial phytocenoses
and land reclamation using energy crops

Therefore, to create artificial phytocenoses of energy crops, it is
necessary:

—to study thoroughly the features of the plot for recultivation: landscape,
agrochemical parameters of the soil, natural vegetation, etc.

—to select plants taking into account their compatibility in grass mixtures
on the basis of laboratory and vegetation experiments,

— to place energy crops on the plot in strips together with legumes
according to the developed model of phytocenoses,

—to place woody and herbaceous crops along the perimeter of the energy
plantation. They will protect the main crops from the wind.

Thus, study and selection of energy plants for the creation of artificial
phytocenoses with subsequent cultivation on reclaimed lands must be
carried out on the basis of agri-environmental monitoring and justification.
Furthermore, energy crops must be cultivated on the basis of ecological and
adaptive technology elements, taking into account the defined territorial
conditions. For the conditions of Ukraine, this complex will make it
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possible to reduce the negative impact on the environment as well as to
obtain the stable yields of various biomass for its further processing and
energy conversion.

8. Energy assessment of energy crops cultivation

We used the appropriate methodology in order to perform energy
assessment of the efficiency of energy crops cultivation. The methodology
included the following indicators: B — biomass yield, t/ha; B, — output of
solid biofuel, t/ha; E , — energy output, GJ/ha; Etot — total energy resource
expenditures per 1 ha of crops, GJ/ha; EIT — energy intensity of production
technology, Gl/t; C_, — energy efficiency coefficient [65]. The energy intensity
of energy crops biomass at a level of 16.5 MJ/kg was taken into account.

Energy efficiency of biomass production of studied energy crops is
given in table 5.

Table 5
Energy efficiency of biomass production of energy crops, 2016-2020
Crop Year Yield, Indicators
t/ha By E,, E EIT Ce.
1 8.9 9.8 161.5 56.9 5.8 2.8
Indiangrass 2 10.1 11.1 183.3 57.7 5.2 3.2
3 14.9 16.4 270.4 62.4 3.8 4.3
. 1 4.4 4.8 79.9 62.6 12.9 1.3
Big 2 8.3 9.1 1506 | 59.5 6.5 25
Bluestem
3 9.3 10.2 168.8 66.8 6.5 2.5
1 11.4 12.5 206.9 67.9 5.4 3.0
columbus |7 149 | 164 | 2704 | 607 | 3 45
3 18.0 19.8 326.7 68.5 3.5 4.8
*Note: B, — output of solid biofuel, t/ha; E_,— energy output, GJ/ha; E, — total energy

resource expenditures per 1 ha of crops, GJ/ha; EIT — energy intensity of production
technology, Gl/t; C,, — energy efficiency coefficient.

The accumulation of total energy in products in an amount equal to or
exceeding a level of total energy costs for production is a criterion of energy
efficiency of biomass production. The threshold value of energy efficiency
is achieved when the coefficient of energy efficiency is equal to or exceeds
1.0, which is an increase (Figure 7).
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Figure 7. Coefficient of energy efficiency of growing energy crops:
Indiangrass (a), Big Bluestem (b), Columbus Grass (c), 2016-2020

It is established that the coefficient of energy efficiency of biomass
production of energy crops varied from 1.3 to 4.8 over the years of research.
Accordingly, the increase for Kee was from 0.3 to 3.8. The coefficient of
Indiangrass exceeded 3.0 from the second year, Columbus Grass coefficient
from the first year, which is typical for the average efficiency of biomass
production. Kee of Big Bluestem did not exceed 2.5 over the research years.

Taking into account the results of energy efficiency, we can recommend
Indiangrass and Columbus Grass to be used for soil reclamation. Cultivation
of these types of energy crops will enable farms to steadily obtain plant
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biomass and produce biofuel. It also provides an opportunity to earn
extra income, as a result — payrise and improvement of workers welfare.
In addition, this implies a gradual reduction of energy dependence of
territorial communities.

By increasing the energy efficiency of energy crops biomass (Indiangrass
and Columbus Grass), the average level of energy efficiency of biomass
production is achieved. That is, their cultivation on marginal lands, taking
into account the developed model, will reduce energy consumption, will
enable to stabilize ecology and obtain the stable yields of plant biomass for
its further processing and energy conversion.

9. Conclusions

1. In terms of plant height, Columbus Grass (187.1 cm) and Indiangrass
(143.5 cm) were distinguished among all the studied energy crops, Big
Bluestem had the lowest value (67.0 cm) according to this indicator.

2. Indiangrass (1.5 million units/ha) and Columbus Grass (1.9 million
units/ha) provided the highest indicator of density of stems over the research
years. The lowest indicator (0.7 million units/ha) was determined in Big
Bluestem crop.

3. Over the research years, an increase in the trend of “raw” (green)
biomass of Indiangrass from 10.1 to 16.2 t/ha was noted and “dry” biomass
from 8.9 to 14.9 t/ha was determined. This trend of perennial sorghum
was from 13.2 to 26.0 t/ha and from 11.4 to 18.0 t/ha, respectively. The
variation of these indicators of Big Bluestem was the lowest: the yield of
“raw” (green) biomass was from 5.3 to 10.7 t/ha, “dry” biomass — from
4.4 10 9.3 t/ha.

4. The developed model for the creation of artificial phytocenoses
will allow land reclamation using energy crops based on agroecological
monitoring and justification.

5. Cultivation of Columbus Grass and Indiangrass provided the highest
coefficient of energy efficiency (at a level or more than 3.0), which is typical
for average efficiency of biomass production.

Indiangrass and Columbus Grass are recommended to be grown in
order to reclaim marginal lands and obtain sustainable plant raw materials.
Big Bluestem is recommended to be grown only as a companion crop of
stand of grass. The cultivation of energy crops on marginal lands must be
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carried out on the basis of ecological and adaptive technology elements,
taking into account the defined territorial conditions. The proposed model
for the creation of artificial phytocenoses will enable to stabilize ecology
and simultaneously obtain the stable yields of plant biomass for its further
processing and energy conversion.
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Abstract. The object of research is the territory of the city of Lviv
(Ukraine). Lviv (geographical coordinates: 49N50, 24E00) is the largest
city in Western Ukraine, with a population of over 720,000 inhabitants.
The city is located in the western part of the Volyn-Podilska Upland,
on the line of the Main European Ridge of the Baltic and Black Sea
basins. Subject of research is relief parameters (maximum, average
and minimum heights, vertical dismemberment and steepness of the
surface) and land use characteristics (building intensity, phytocenotic
cover). The purpose of research is to study the features of the territory
of Lviv from the standpoint of influence on the hydrological regime and
erosion processes. Methodology. Peculiarities of the territory of Lviv
were studied by processing topographic maps using aerial photography
materials and route surveys. Morphometric analysis of the relief was
performed on topographic maps of scale 1: 10000 by dividing the map
into elementary squares with an area of 0.25 km?. The research covers
an area of 100.25 km? (401 elementary squares). Within the elementary
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squares, the maximum, average and minimum heights of the territory,
the depth of local erosion bases, the average surface steepness, the
intensity and nature of construction, and the features of vegetation were
determined. Results. The territory of Lviv is characterized by a variety
of relief conditions and related nature of surface use. On the basis
of morphometric maps of maximum and minimum heights, vertical
dismemberment and steepness of the surface, we can distinguish the
flat peripheral part of the city and the middle band of elevations. The
asymmetry of the territory of Lviv in relation to the watershed causes
various potential dangers of erosion processes and related unproductive
moisture losses. The intensity of construction increases from the
periphery to the center, with the exception of modern multi-storey
buildings of the Sykhiv massif and industrial areas in the western part
of the city. Low specific weight of waterproof coatings is characterized
by the eastern and northern parts of the city with a complex relief.
The largest amount of greenery is concentrated in the eastern part of
the city (Vysokyi Zamok Park, Shevchenkivskyi grove, Pohulyanka
Forest Park, Lychakiv), where surfaces with maximum relative heights
predominate. The great variety of the underlying surface on the territory
of Lviv causes different conditions for the formation of surface runoff
and associated unproductive moisture consumption. The high potential
danger of erosion processes is primarily noted by the structural-
denudation level of Roztochia, which is characterized by the highest
values of surface steepness. Complex relief conditions, intensive
anthropogenic impact determine the need for anti-erosion organization
of the city and measures aimed at optimizing hydrological processes.
Scientific novelty. One of the criteria that characterizes the degree of
landscape transformation within the city is the intensity of construction,
which is determined by the proportion of watertight areas in the
overall balance of the territory. Peculiarities of spatial arrangement of
elementary plots with different intensity of construction in combination
with relief parameters and land use scheme are determined. Practical
significance. Knowing the parameters of the terrain and the peculiarities
of land use, it is possible to determine the potential intensity of erosion
processes in the territory of Lviv, to assess the level of anthropogenic
changes in the hydrological regime.
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1. Beryn

XapakTepHi O3HaKM MICBKUX JIAHIMIA(PTIB BU3HAYAKOTHCS CICIH-
¢ikor0 X BUKOPUCTAHHS 1 BHUCOKOIO JI0JICI0O TEXHOTEHHUX EJIEMEHTIB
[23, c. 7]. 3okpema, 11e cTOCyeThCS Kpyroodiry Boju B npupoi. Crenu-
¢biyHi TigpoJoriyHi yMOBH MicT (ciiaOka BOJONPOHHUKHICTH MOBEPXOHD,
BHUCOKAa MHUTOMa Bara ac(aabTOBUX 1 OCTOHHUX MOKPHUTTIB) CIPHUSIOTH
301IBIICHHIO IHTEHCUBHOCTI MPUPOAHOTO CTOKY 3 iX TepHTOpiii [2, c. 9].
Hamumok BoJoru Bke HE MOXKE BUTBHO CTIKATH MPHUPOJHUMH pycCllaMu
Ha TOBEPXHI 3emili. 3aMicTh I[LOTO OMAJM IMOMNAJalTh Ha Jaxu OyIHuH-
KiB, ac(anbToBaHi i OCTOHHI MOKPUTTS, 3MUBAIOYHN 3 HUX 3a0pyIHEHHS,
CTBOPEHI JTONNHOI0. [[OBEepXHEBI CTOKH 3 TEPUTOPIi MICT 1 MPOMHUCIOBHX
MITPUEMCTB MOTPIOHO PO3MISAIATH SK TOIMUPEHE JHKEPEIo 3a0pyIHEHHS
BOTHUX 00’€KTiB, IO MPEICTABIsIE HeOS3MMEKy sl 3M0POB’ Sl HACEICHHS i
MOTipIIy€e YMOBU BOJIOKOPUCTYBaHHs [15, ¢. 12].

Y MiCBKHX yMOBaXx JIpeHaKHA Meperka 3aMmiHroe piku [8, ¢. 107]. Bukiu-
KaHe 1M MiJCUJICHHS CTOKY MOpYIIye piBHOBary B mpuponai. Pesymnbraru
CIIOCTEPEKEHb 3a 3ITMBOBUM CTOKOM Ha TEPUTOPIAX MICTa MOKA3yIOTh, 110
MaKCHMaJlbHI BUTPATH NpU ypOaHi3alii HEBETUKUX BOA0O300PIB MOXYTb
3pocTarty B JecaTku pasiB [11, c. 25]. OCHOBHOIO IPUYNHO. TAKOTO Pi3KOTO
301IBIIEHHS] MAKCUMAIBHUX BUTPAT € YIIUIBHEHHS IPYHTY Ha TEPUTOPIsLX
MIPOMUCIIOBHX 00 €KTIiB i BHYTPIIIHHOKBAPTAILHOI 3a0yOBH Ta CTBOPCHHS
BOJIOHCTIPOHUKHUX JUISHOK, TaKUX SIK ac(ayibToBi i OSTOHHI TOKPUTTS,
Jaxu OyIUHKIB 1 1H., Ha SIKUX KOC(DIlI€EHT CTOKY MOXE JIOXOJIUTH 10 BEJH-
guH 0.90-0.95 [9, c. 10].

[lin wyac 3MB Ta CHIBHHMX JONIIB MITyYHI pycia Ha TEPUTOPIi MicT
IIBHIKO IEPEHOBHIOIOTHCS, BHACHIZOK YOTO BiIOYBA€ThCS 3aTOTUICHHS
BOJI0300PiB, HAHOCHUTHCS IIKoAa OynuHKam Ta cnopyaam [10, c. 333]. Bin-
OyBaeThcs epo3is IPYHTIB 1 EepeBiIKIaieHHS] HAHOCIB, TOPYILIYIOTHCS MPO-
L[ECH NMPHUPOAHOTO CAMOOUUINEHHS BOJ Y 3B 3Ky 13 3MiHAMU YMOB aepauii
[13, c. 487). BcranosieHo, mo npu BumnaaaHHi gomiB 80 % 3araibHOTO
MOCTYIUICHHS 3a0pYIHEHB B PIKH CKJIaJa€ CKUJ 13 3arajJbHOCIIaBHOT KaHa-
mizanii. CepesHs KOHIEHTpAIlisl 3BaXKEHUX YaCTHHOK NP 3JIMBax KOJIUBA-
etbest Big 100 mr/im 1o 600 Mr/i1, Tocsiratody B OKPEMHUX BHIAJAKAX BEJTUYUH
1700 mr/n [12, c. 239]. Epo3iiiHi mporecu Ha TepUTOpii MicTa 3yMOBITIO-
F0Th HEOOX1THICTh 301IBIIICHHS YACTOTH TPUOUPAHHS 1 IMOJIIIIICHHS SKOCTI
OYHIICHHS BYJIHIb, OCKUIBKH IIPH 3BHYAHHUX 3ITHBAaX 3MHBAETHCS OIM3BKO
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80 % 3abpymHens [24, c. 19]. JocnimkeHHSIMA BCTAHOBIJICHO, 110 MIOPiYHI
BIKJIa[M MUY B CEPEOHBOMY CKianaroTh 1 M Ha 5-30 mor. km Gopmropy.
VY BOZOCTIYHHX KOJOMM35AX MHIOPIYHO HAKOMMYYETHCSA Onm3bko 1 M Ha
2.5 nor. kM 6opropy [20, c. 14], siKi MICTATh TIECTHIIUIM, TIOKCHHH, BaXKKi
METaJH 1 HAQTOMPOIYKTH.

Brtue micTa Ha TiIpOJIOTIYHI MPOLECH BU3HAYAETHCS TAKOX THM, IO
y BoJoroo0i3i Ha ypOaHi3oBaHiM TepUTOpii HOIATKOBO OepyTh yd4acThb
BEJIMKI Macu BOJH, SKi 4acTO MEPEeKHIAIOTHCS 13-32 MEXK MICLIEBOTO BOJO-
300py [5, ¢. 79]. LlIBuakuit picT BOAOCIOKMUBAHHS y MIiCTaX, 3yMOBJICHUN
HE TIJIBKH PO3BUTKOM IMPOMHCIOBOCTI, ane i HEyXWJIbHUM 3POCTaHHSAM
YUCENBHOCTI MICHKOTO HACENICHHsI Ta IMOJIIIICHHSAM HOTO CaHITapHO-IO-
OyTOBUX YMOB, JI0 IIUX IIp YacCTO CYIPOBOKYETHCS TAKUM XKE IIBUIKHM
HApOCTaHHSIM MacH BUPOOHMYMX 1 TOOYTOBUX BiIXOMIB, IO 3a0pyAHIOIOTH
BCI KOMITOHEHTH TMPHUPOTHOTO cepeoBHia: arMochepy, BoJaHI 00’ €KTH,
rpyntH [25, c. 635].

Juts Gimbiiocti Mict YKpalHH HaMITHBCS TOCTpHUA Ae(IlMT pe3epBiB
TEPUTOPIAIEHOTO PO3BUTKY. PO3BHTOK MICT 3axiJIHOTO perioHy BiaOyBa-
€TBCS, TOJIOBHUM YHHOM, 32 PaxXyHOK OCBOEHHS MEpU(PEpiHUX BITBHUX
MAJIOLIHHUX 3EMellb, TEPUTOPIs SKUX IMOTpedye MPOBEACHHS CKIIATHUX
3ax0/1iB, HAIIPABJICHUX HA IHKEHEPHY MiJArOTOBKY 1 6maroyctpiii. Lle B cBoro
Yyepry MNpU3BOJAUTH 10 MOAAIBIIOT Jerpaalii 610reoleHOTUYHOTO TOKPHUBY,
3pOCTaHHs IHTEHCUBHOCTI 3a0ymoBu [3, c. 171], mopylieHHs! eKOIOTi4HOT
piBHOBaru. ToMy BaJIUBHM (DakTOpOM B onTHMi3amii 010reoneHOTHIHOTO
MTOKPUBY BEIIMKHUX MICT € O3CJICHEHHsI, & TOYHIIIe — CTBOPEHHS CHUCTEMHU
3eJICHUX HACa/KCHb, sika B YKpaiHi oieprkalia Ha3By «KOMIUICKCHA 3eJICHa
30Ha MmicTtay [4, ¢. 127].

[Mutanus Tixposorii MicT Ta ypOaHi30BaHUX TEPUTOPIA B LIJIOMY €
BHUHSTKOBO CKJIAJJHUMH, TOMY IO 3MiHH, SIKi BHOCSTHCS B TiIPOJIOTIYHUN
LUK, HE € OJJHO3HAYHUMH 1 3AJIC)KATh SIK BiJ IPUPOTHUX YMOB, THITY 3a0y-
JIOBH 1 pO3MipiB 3a0yI0BaHKX JIIJSTHOK, TaK 1 BiJ IIIJIOTO PSITY MPOSIBIB JIFOI-
cbKoOi AistmbHOCTI. HOBI mijgXxoau y BUpilIeHHI TpobieM onTuMizaii rixpo-
JIOTTYHUX MPOLECIB IMPOKO BUKOPUCTOBYIOThCA Y BenukoOpuranii, CILIA,
Kanani, Cxanaunasgii, fAnonii, ABctpanii [16, ¢. 571; 19, c. 268; 21, c. 305].
Bonu nonsraroTe y panioHanbHOMY PO3MIILICHHI 3a0yl0BH, BIAIITYBAaHHI
BOJIOIPOHUKHHX MMOPUCTUX HOKPHUTH JIOPIT, PETyIIOBAHHI 37TMBOBOTO CTOKY.
Y CIIA po3po0iieHi BiIOBiTHE 3aKOHOJABCTBO Ta MPABOB1 aKTH, SKi CTO-
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CYIOTBCSl OXOPOHH TPYHTIB Ta OOPOTHOM 3 €pO3i€l0 B MICBKHX YMOBaxX Ha
BCIX aJMIHICTPaTHBHUX PIBHIX, Ta CUCTEMa CTATHEHb 3a 1X TOPYIICHHS
[17, c. 553]. ¥V kpainax CxigHoi €Bponu, B TOMY YuCIi B YKpaiHi, mpo0-
JIEMH MICBKOI T1IPOJIOTIT CTOSATH Jy»ke roctpo [18, c. 5].

VYpOaHizoBaHi TepUTOPIi MOBHHHI MiATPUMYBATHUCS HA TICBHOMY PiBHI
ekoJsioriuHoi piBHOBary [14, c. 12; 22, c. 144]. Bce e Bka3ye Ha HEOOXij-
HICTh NIETaJIBbHOTO BHBYCHHSI IIPUPOIHOTO CEPEIOBUINA, SIKE MAE MPOBOIU-
THUCSI TAPANICITBHO 3 TUIAHYBAHHSAM MICT 1 IPOCKTYBaHHIM iHPPACTPYKTYPH.
Bkazana npoOniemMa € Haa3BHYaiHO aKTyaJbHOI Juisi JIbBOBa, Jie CKiaaHI
YMOBHU penibedy CIPHUSIOTH MiJTOIUICHHIO HOTO TEPUTOPIi Micis CHIIBHUX
37IMB, 1[0 HEOAHOPA30BO MPU3BOAMIO 70 TPAHCIIOPTHOTO KOJIAINCY Ta Pyii-
HyBaHHSA OyAMHKIB. MeTa TOCTIKEHb — aHaji3 0cOOIMBOCTEH TepuTOpii
JIpBOBa 3 MO3MLIH IX BIUTUBY HA TiAPOIOTIYHNI PEKUM Ta PO3BUTOK €pO3i-
WHUX TIPOIICCIB.

2. O0’€KTH i METOAM A0CTiIKEeHb

00’ exT nOCTiKEHD — TepUTOPis MicTa JIbBoBa. [IpenmeT nociiKeHb —
MOKa3HUKY penbedy (MakcHMaibHa, CEpeIHs 1 MiHIMaIbHa BICOTH, BEPTH-
KaJIbHE PO3WICHYBaHHS 1 KPyTH3HA IOBEPXHI) Ta XapaKTEPUCTUKA 3EMIICKO-
puctyBaHHA (IHTEHCUBHICTb 3a0y/10BH, (DiTOLEHOTUYHUH MTOKPHB).

JIpBiB — HaliOnbLIE MicTO 3axinHOT YKpaiHH, YNCETbHICTh HACEICHHS
SIKOTO CTAHOBUTH MoHA 720 ThC. ®UTeNniB. MicTO po3TalioBaHe y 3axij-
Hili dacTtuHi BonuHo-IloainbCchkoi BHCOYMHHM, Y JIICOCTEMOBIH 00MacTi
Po3touus i Ominns Ha niHii [ooBHOTO €Bpomneiichkoro Bogoairy bai-
Tilicekoro i YopHOMOpCchKOro OaceifHiB, MOONIN3y BHUTOKIB HEBETHUKHX
pix 6Gaceiinis Bicmu i JImictpa [1, c. 57]. Moro reorpadiusi koopauHaTH:
49N50, 24E00.

Oco06imBocTi Teputopii JIbBOBa BUBYAIH IIIJISIXOM OINPAIFOBAHHS TOTIO-
rpadigHUX KapT i3 BUKOPUCTAHHSIM MaTepiaiiB aepopOoTO3HOMKH Ta MapIii-
pyTHHX oOcTexeHb. MophoMeTpuuHi aHaii3 penbedy MPOBOIMIN 3a
tornokapramu macurady 1:10000 nuisixom moxiay KapTd Ha eJeMeHTapHi
kBajparu riomieio 0.25 km? [6, ¢. 29]. JIocmiKeHHSIMH OXOIUICHA TUIOLIA
100.25 km? (401 kBagpar). Y Mexax eneMEHTAPHHUX KBaJpaTiB BHU3HAYAIH
MaKCHMaJlbHi, CepeHi i MiHIMaIbHI BUCOTH TEPUTOPIi, NINONHY MiCIIEBUX
6a3uciB eposii, cepeHIO KpyTHU3HA MTOBEPXHi, iIHTEHCHBHICTH 1 Xapakrtep
3a0y0BH, 0COOIUBOCTI POCIMHHOTO ITOKPHBY.
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3. Pe3yabraTu gocaiTzkeHb

Tepuropis JIbBoBa XapakTepu3yeThCs PIOM 0coOIMBOCTEH. JIBBIB — I1e
nepir 3a Bce Micto-poprens. Po3dymosa micra Omuspko 1250 p. oGymoB-
JIeHa B TIEpUIy Yepry BifiCbKOBO-CTpAaTEriuHUMHM MOTpedaMu JUisi 000pOHH
TaJIMIBKUX BOJIOJIHB BiJl TaTapchkux HaOIriB [7, ¢. 29]. IlpupoaHi ymoBu
Ta yucieHHi QopTtudikarmii cnpusinu yrBepakeHHI0 JIbBOBa K OJHOTO i3
HalHamiMHIINX (OPIOCTIB Ha 3aXOAl APEBHbOPYCHKUX 3eMelb. leorpa-
(hiune nonoxxeHHs JIbBOBa Mae 11e i Ty 0COONUBICTB, IO YEpe3 HOTO TepH-
TOpIit0 MPOCTATAETHCSI [0MOBHUN €BPONEHCHKUI BOMOMALN, SIKUHM TOMINSE
piku banTiiicekoro i YopHoMopchkoro OaceiiHiB. ['eorpadiune monokeHHs
tepurtopii JIbBoBa y cmy3i ['010BHOTO €BpOIEHCHKOTO BOJOAUTY BU3HAYAE
pAa iCTOTHUX pHC (iziorpadii MicTa: BIICYTHICTh BETUKUX PIYOK Ta 3HAYHY
MTHSTICTH TIOBEPXHI HAJT pIBHEM MOPSL.

3.1. MopdomeTpuuHuii anaxi3 peabedy

VY Mexax KOHKPETHOI TepUTOpii HasBHICTh BUCOYMH, CXHJIIB Ta MOHH-
JKEHb BHOCHUTH MOMITHI 3MIHU B KIJIbKICHUN TIEPEPO3NOALT (PaKTOpiB cepe-
JIOBUILA, XapaKTEpHUX A AAHOI MICIEBOCTi. 30KpeMa, I CTOCYEThCS
nepediry rigponorivHux nporuecis. [1ix BIUIMBOM penbedy 4acTHHA OMajliB
MIEPETBOPIOETHCS Y MIOBEPXHEBHIA CTIK, KM 3yMOBIIIOE PO3BUTOK €pO3iii-
HUX TPOIICCIB Ta OibIIIe 3BOJIOKCHHS HIKHIX YACTHH CXWJIIB y TIOPiBHIHHI
3 BEpXHIMH.

Mopdomerpruunuii aHami3 penbedy HATCKHUTH 10 HAWOLIBII OIpaIihoBa-
HUX TCOPETHYHO i MPAKTHYHO MPUHOMIB aHAJII3y KapT, SIKUH MHUPOKO 3aCTO-
COBYIOTh SIK OJIMH 3 HAWJOCTYIHINIMX 1 PEe3yJbTAaTHBHUX CHOCOOIB OIIHKU
penbedy B KamepaibHUX yMoBax [0, ¢. 28]. Lleit MeTon 1ae 3MOry He TiJbKH
KUTBKICHO OIIIHUTH MOKA3HHUKU penbedy, a i sSKiCHO Kiacu(ikyBaTH TEpH-
Topito, 1 MOp(oJOTiYHy perioHali3allio, a y MOEJHAHHI 3 T€OJIOTIYHUMU
JAHUMU CIIPUSE BU3HAUYEHHIO MTPOCTOPOBO-AMHAMIUYHUX TOKa3HHUKIB IeoJo-
TYHKUX Ta IHKEHEPHO-TEOIOTIYHNX MPOLIECiB, 30KpeMa Ha TEPUTOPIi MICT.

3.1.1. MakcumaJbHi, MiHIMaJIbHI i cepeaHi Bucotn
SIK TTOKa3yI0Th Halli TOCIiIKCHHS, HASBHICTD ITIBUIICHD HA TEPUTOPIi
JIbBOBa Mae 3HAYHWI BIUIMB Ha PO3BHTOK €pO3iWHUX MpolieciB. Bumana-
FOUYM Ha TTOBEPXHIO MiIBHINECHD 1 CXWIIIB, Maca BOJAM aTMOC(HEPHUX OIaJliB
XapaKTePU3y€EThCSl BUCOKOKO MOTCHITIATBHOK SHEPTri€lo, sKa i BILTUBOM
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KOHKpETHHX (OpM pentbedy Mae 31aTHICTh TIEPETBOPIOBATHCS Y KIHETUYHY
EHEprito pyXy BOJH.

MakcumalibHI BUCOTH pelbedy MicTa KOJIHMBAIOTHCS B Mexkax Bij 240 1o
410 M, 3a IUIOIICIO MEPEBAXAKOTh MOBEPXHI 3 MAaKCUMAJILHUMH BHCOTaAMH
310-360 m. [TpocTopoBe po3TariryBaHHs ACHYIAIIHHUX 1 pO3IHHUX MOBEPXOHb
JIAfOTh 3MOT'Y BUIUIATH JIBA OCHOBHI HAIIPSIMKH B Opi€HTAIIii ()OpM perbedy:
MIBHIYHO-3aXITHU — TIBJACHHO-CXITHHM, 3axigHo-cximHuit (puc. 1).
Hepmmii 3 Hux (C-9 — 1-25) penpeseHTye cepearHHa cMyra IiJBUILIECHb,
1110 Ha MiBHOYI JJOCJIXKYBaHOTO paifoHy cTaHOBUTH 330-380 M, Ha miBAHI —
350-390 M. 3axigHO-CXi{HUI HANPSIM MPEACTABIAIOTH KyabMiHawii Jiucorip-
CBKOTO ITacMa B MiBACHHIHN YacTuHi cMyru miaBuieHs (360-400 M), BucTynu
MiBHIYHOI YacTUHM 1bOT0 K macMa (310-340 M), moBepxHs MasexiBChbKoi
rpsiam (270-300 M), Pacastachkoi rpsam (320-330 M), [TonTBHHCHKA KOTIIO-
BuHa (240-300 ™), Binoropcrka i PacHsiHchka komtoBuHH (300-320 m).

Al 3 4 4 4 3 3

B 3 3 4 4 4 4 4 4 2 2111

cl 33 3 3 3 4 43 21 110000

D 333 344 4333111100000 0

E | 33556521 1000000UO0GO0TO00
F 333466 5311111110000
Gl 3333455411 242221000
H 3 3 33 33 333 236875643 211
1| 3 3 33 33 3 222135666 4 4 3 3
T 4 4 4 3 3 3 3 3 3 3 33 3 2234555444
K[ 33 33 43 3 44 4433365 4235555444
L] 3 4 4 4 4 44 444 4443 4 4223354665555
M[ 3 3 4 4 4 44 44444 444 444455566665
N 4 4 4 4 4 4 4 4 4 4 4 4 44 4454565606665
ol ! "4 4 4 4 4 4 4 44554 4556666 65
P 4 4 444 445555555566 66 6
Qf 4 455 555555556677
R 4 4 4555 55 4455666 5

s | 444545 45555666
T 5554555556 66
U [ 5554535535556
v 55 4 5 55

W[ 555 50

> 4 6 s W 12 14 16 18 2 2 % %
Puc. 1. MakcumaJibHi BUcoTu TepuTopii M. JIbBoBa, m:
0<260;1—-261-280; 2 —281-300; 3 —301-320; 4 — 321-340;
5-341-360; 6 — 361-380; 7 — 381-400; 8 —> 400
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CraTHCTUKH UIsL PsIly PO3IMOJIITY MaKCHMaJIbHUX BHUCOT HACTYITHI:
cepenns apupmerrnaHa M=325.1+1.6 M, cepeTHE KBaApaTUIHE BIIXUICHHS
0=32.49+1.15 M, xoedimienT Bapiarii V=9.9+0.4%, noka3HUKH KOCOCTI
A=-0.700+0.122 i kpytocti E=0.200+0.245, Tounocti gociimxy P=0.50%.
Pan posmomidy MakCUMaJIbHUX BHCOT AampPOKCUMYETHCS y3arallbHEHUM
HOpPMaJBbHUM po3noaioM. CIiBIIaiHHSI YacTOT EMITIPHYHOTO PSAY 3 TEO-
PETUYHUMH YacTOTAaMH 3aJOBUIbHE, 110 MIATBEPAXKY€E TAKOXK 1 BEJIUYMHA
Kkputepito y3romkeHHocTi Kommoroposa (K(A)=1.057), 3HaueHHs sKOTO
MeHIe, Hixk 1.36 mpu piBHIi iiMoBipHOCTI p=0.95.

Ha ocHOBi aHai3y eMIipu4HOro psiAy PO3MNOALTY MAaKCUMAIBHUX BUCOT
MOXHA 3pOOUTH MPUITYIIICHHS PO HEOTHOPITHICTh BUOIPKOBOT CYKYITHOCTI.
MaxcumansHi Bucotr 240-270 M XapakTepHi TUIBKH IS MiBHIYHO-3aXi/-
Hoi yactunu JIbBOBa (piBeHb qHA [1ONTBHHCHKOI KOTIIOBHHH, Ypi3aHOTO B
KpeHIoB1 BiikIaan). 3Ha4Ha epo3iiiHa cuiia CUCTEMH PIvoK i cTpyMKiB bai-
TIHCHKOTO OacelHy cTajia OJJHMM 13 ICTOTHUX YHHHUKIB, KW BIUTHHYB Ha
(hopmyBaHHST MOP(OJIOTIYHUX PUC [BOTO palioHy. HalOUIbIIy aKTHBHICTh
nposiBiia [lonTea, sika 3a IOMOMOTOIO PETPEeCHUBHOI €po3il mpopBasiach
Kpi3b rojioBHUH Basl Po3Touus Ha il KopTrymoBa ropa — Bucokuit 3amok
Ta CBOIMHU MOTIYKamMu po3MuBae cxuiu JIbBiBChKOT komioBuHu [4, ¢. §89].
YHacHiI0K JisSTHHS JDKEPEJIbHUX MOTOKIB [1oNTBY HA KpUXKi 1 M’sIKi Mare-
PUHCHKI TOPOAM YTBOPHIIUCH OararourcesIbHi sipu Ta 0K, PO3BUTOK SIKUX
y OUIBIIOCTI BUMAJAKIB MPU3YIHHEHUH 3aX0AaMH 03€JICHEHHs Ta OyliBHU-
LITBOM 1H)KEHEPHHUX CIIOPYII.

JIbBIBCHKE TIIIATO XaPAKTEPU3YETHCS MOJIOTOF CX1T9aCTICTIO Bijl 130PUTMH
360 mo 330 M, HiDKYE Bif sIKOi 10 piBHS BiTOropchKoi KOTJIOBUHH — IIOBEPXHS
CkamnoBo-11upenpkoi piBauan (320-330 m). 1. M. Cipenko [6, c. 30] Buzi-
nsie HacTynHi piBHi: 390-410 M — piBeHb KynbMiHaIi Pozroadss; 360-380 M —
CTPYKTYpHO-JICHYaliiHuii piBeHb Po3rouus; 330-350 m — piBenb JIbBiB-
cekoro Ttiaro; 320-330 M — piBenb CxuunoBo-lluperpkoi piBHUHM;
270-300 M — piBeHb MasexiBcbkoi rpsiin; 240-270 M — piBeHb jHa [TonTBUH-
CBhKOT KOTJIOBMHHU. Bifpor miaro Ha Teputopii M. JIbBOBa BKIIIOUa€e JIEKiIbKa
epO31MHUX OCTaHIIIB, AKiI XapaKTEePU3YIOThCSI BUCOKOIO MOTEHLIHHO0 Hebe3-
nekoro iHTeHcugikanii eposiitHux nporeciB (puc. 1). Cepen HHX JBOMa
SICKpaBO BUPKEHUMH CTPYKTYPHHMH TepacaMH BUAUISETHCS ropa Bucokuii
3amok (H-19). Ha cxin Bij Hei posrammoBaHa roctpoBepiivHHa [lickoBa ropa,
a Tpoxu jgani — BoBua ropa, 3a SKOI0 Ha CXiJ] MPOCTATAETHCS IIIOCKOBEPXA
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ninsaka Jlucoi ropu. [locepeanni JIEBIBCHKOI YIOTOBUHH BHCOYHTH TUIOCKO-
Bepxwuii eposiitauii ocranens [utanens (K-16), y miBHIYHO-3ax1/1HIH YacTHHI
Micta — KoprymoBa ropa (F-12).

3HaueHHs CepeIHIX BHCOT peiibedy JIbBOBa JiexkaTh B Mexax Bijx 240 1o
380 M, OlibIIa YaCTHHA TEPUTOPIT MiCTa XapaKTEPH3Y€ETHCS CEPSTHIMU BHCO-
tamu 310-340 M. SIk 1 Ha momepeHiA KapTi MAKCUMAJIbHUX BHCOT, BUPA3HO
YUTAIOTHCS HANpPSIMU TIBHIYHO-3aX1IHUH — TMIBACHHO-CXIJTHUA Ta 3axij-
Ho-cxinHuil. [TonTBUHCBKA HONMHA IUTMTH CEpEeAMHHE MAacMO MiIBUILIEHb Ha
JBa Omoky, ki oOMmexeHi i3oputmamu 320-340 m. KynbMiHariiiHi BHCOTH
Binoropcekoi, [TonTBUHCHKOT KOTIOBHH Ta JIBBIBCHKOTO ILIaTO BiIMOBiAa-
I0Th YCEPEAHCHUM TOKa3HUKaM, IO CBIIYUTH MPO iX PIBHUHHUHN Xapakrep.
[cToTHa BiAMIHHICTP MaKCHMMAQJIILHUX Ta CEPEAHIX BUCOT Po3TO4aHCHKOTO
racMa TOSICHIOEThCS 3HAYHOI PO3YJICHOBAHICTIO ITi€1 TEpUTOpIi, sika CTBO-
PIOE TIepEeIlyMOBH JIJIsl BAHUKHEHHSI Ta IHTCHCU(IKAIIIT epo3iiHIUX MTPOIIECiB.

CTaTHCTHYHI TOKA3HUKH JJIS PSITY PO3MOALTY CEpEeIHIX BUCOT HACTYITHI:
M=315.3£1.5 ™, 0=29.80+1.05 ™, V=9.5£0.3%, A=-0.757+0.122,
E=-0.023+0.245, P=0.47%. Iloka3HHKH acHMETpii Ta EKCIeCy XapaKTe-
PHU3YIOTBCSL BITHOCHO HEBUCOKMMH 3HAYCHHSIMH, IO ITO3BOJIIE BUKOPHU-
craru sk mozenb posnonin ['pama-lllapnee. [TopiBHSHHS eMIipUYHHX
Ta TEOPETHMYHHMX YacTOT CBITYUTH MPO A0OpY BiANOBIAHICTH MPUHHATOL
Moz psy po3noAity. Benmnuuna kpurepito y3romxeHnocti Konmoroposa
K(A)=1.193 meHma nepmoro KpuTHYHOTO piBHSA 1.36.

HasBHICTB CTOKY AOIIOBO1 1 TAJI01 BO/IH 13 3HAUHOI TEPUTOPii y TOHMKCHHS
penbedy mepeTBOpPIOE Il AUISHKY B MOTEHIIIIHY apeHy pO3BHTKY Cy4acHOL
eposii. Ilin BmmmBoM Me3openbedy TepUTOpii BiIOYBAETHCS MEPEPO3MOILT
Mac BOIM Ta YTBOPEHHS KOHIICHTPOBAHUX BOIHUX ITOTOKIB, SIKi XapaKTepH-
3YIOThCS BUCOKOIO PYHHIBHOO 3/1aTHICTIO. [IJ1s1 TepuTopii JIbBOBA HAMO1IbII
XapaKTepHUMH € 3HAYeHHs MiHiMambHUX BHCOT Bix 300 mo 340 m (65.1 %).
Psin po3noniny MiHIMaJIBHUX BHCOT XapaKTEPU3YETHCS TAKHIMHU CTATHCTHY-
HuMH TokasHukamu: M=305.1£1.5 M, 6=30.81£1.09 M, V=10.1£0.4%,
A=-0.534+0.122, E=-0.582+ +0.245, P=0.50%. OOuucneHHs TEOpETUY-
HUX 4acTOT NPOBOAMIIOCA 3a JonoMororo kpuBoi I pama-Iapnse (Tumy A).
Benuuuna xputepito Konmoroposa K(1)=1.505<1.63.

Ha xapti MiHIMaJIbHUX BHCOT (PHC. 2) YITKO MPOCIiAKOBYETHCS 3aTOKO-
Bull xapakrep [1onTBUHCHKOI JOJIMHY, SIKA XapaKTEPU3Y€ThCSI HAMMEHIIIUMU
3HAQUCHHSAMH MiHIMaJIbHUX BHCOT. 32 KapTOIO MOXXKHA BCTAHOBHUTHU 1 IPH-
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ONM3HE MOJIOKEHHS BOJIOILTY, KM B MexaX Teputopii JIbBoBa Bijn3Haua-
€ThCS CIIAOKOI0 BUPA3HICTIO. BiH MPOXOAHUTh Y HAHOUTBIII BUCOKAX TOYKAX
MIX CYCIIHIMH 3HHKECHHSIMH OJJHAKOBOTO panTy: D-10 — I-11 (JIeBanniBka)
— O-12 (paiion Byt Kysipmapkiscbkoi) — P-16 (Byn. Crpuiicbka — [1ap-
cenkiBka) — T-21 (Byn. Kpupopizbka). Acumetpist Teputopii M. JIbBoBa
BIJIHOCHO BOJIOJILTY 3yMOBJIIOE Pi3HY MOTEHIIIHY HeOe3IeKy PO3BUTKY €pO-
31MHUX MPOIIECIB Ta MOB’SI3aHUX 3 HUMHU HEIPOAYKTHBHUX BTPAT IPYHTOBOI
Bosioru. Huxuuii piBeHb MiBHIYHO-CXiJHOT YACTUHU TEPUTOPIi MicTa Mosic-
HIOETHCSI BUCOKOIO €pPO3i1MHOI0 CHIIOI0 TOTOKIB 1 CTpyMKiB Oaceliny p.Ilon-
TBU. MiX BEeTMUMHAMHI MAKCUMAJIBHUX Ta MiHIMAJIbHUAX BUCOT iCHY€E TICHUI
KopensiiHuii 38’ 130K (r=0.98), sikuii onucyeThes PiBHSIHHAM IPSIMOT:

H, . =49.70+0.787*H,_,;

H,,,,=240...380 m; xoediuient nerepminanii R? = 0.966; nomuiika piBHIHHS
m, = 0.3 m, ne H,,,, — MakcumanbHa Bucora, m; H,,, — MiHiMabHa BUCOTA.

min

A 33 3 110

B 333 3 111110000

C 33 3 3 3 3 1111000000

D 233 33432 211000000000

E ) 333331110000 0000000
F 23333331 0000600000O0O0O0
G 33333 4211111000000 0
o 3333333311112 02120000
I 3732333 2221112323 2210
T 3333 333333221112 2331323.:2
K 3333 3333 433333 3322223133321
L33 3 4444444 443321111233 443122
M 3 3 3 4 4 4 4 4 4444333 4333333457373
N 4 4 4 4 4 4 4 4 4 4 4 333 33 22 443 44342
0 433 33 44 43 444 43 4555432
P 33 4 4 4 44 4445445555665
Q 344 4555444555565
R 33 3 4 4 45 4 44 4 4455 4
s 44 4 4 4 a4 4 42 a4 55 4
T i 4 4 4 4 4 455 55 6 4
U 544 4 4 45 4555
v 5 4 4 4 4 5

w 5 4 4 4

2

4 6 8 10 12 14 16 18 20 22 24 2%
Puc. 2. MinimaabHi BucoTn Tepurtopii m. JIbBoBa, m:
0<260;1—-261-280; 2 —281-300; 3 —301-320; 4 — 321-340;
5-341-360; 6 — 361-380
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3.1.2. BepTukaabHe po3ujieHyBaHHs TepuTopii JIbBoBa

[Toka3HUK BEPTHKAIHHOTO PO3WICHYBAHHS TEPUTOPIi Jae MOXKIHBICTH
CYIUTH TpPO MOTEHUIAHY IHTEHCUBHICTh €pO31HHUX MpOLECiB, epo3iiiHy
CTIHKICTh MaTepPUHCHKUX TOPiJ, 103BOJISE OLIHIOBATH CTYMiHb €pO3iiHOI
HeOe3MeKH TOro 4M iHIIOro pailoHy micta. Sk mokasyroTh Hamli JOCHia-
JKEHHSI, BEJIMYMHU TTOKa3HUKA BEPTUKAIBHOTO PO3WICHYBAHHS IS NIISTHOK
wiontero 0.25 km? KoNMnuBaThes B Mexkax Bix 0 10 150 M, 3a muroniero mnepe-
Ba)XKAIOTh MOBEPXHI 3 MICIEBUMH Oa3ucaMH epo3ii, 0 He MEePEeBUIIYIOTh
45 M (89.0%). 3naueHHS MoKa3HMKA Oinbine 90 M XapaKTepH3yEThCSI HU3b-
KOKO MMOBIPHICTIO, BIIXWISFOYHCH BiJl CEPEIHBOTO OUIBINE, HIXK Ha BEJH-
9uHY 56, 1 B pO3paxyHKaX CTaTHCTHK HE Opajmcs 10 yBarw.

Psan posmominy TOKa3HWKa BEPTUKANBGHOTO PO3WICHYBAHHS TCPHTO-
pii M. JIpBOBa XapakTepHu3yeThCs TAKUMU CTAaTHCTHYHHMH ITOKa3HUKAMH

M=17.5¢0.9 M, 0=17.5840.62 M, V=100.4£6.2%, A=1.11540.123,
E=0.41140.246, P=5.0%. EmnipuuHuii psa po3noiily anpoOKCHUMYEThCS
kpuBoto JloHcona tuny SL. [TopiBHAHHS €MIIPUYHHX Ta TEOPETHYHHX
4acTOT CBiAYUTH MPO 100pY BIAMOBIAHICTH MPHUHHATOI Moaeni. Bennunna
KPHUTEPil0 y3romkeHHocTi Kommoroposa XapakTepH3YyeTbCs 3HAYCHHIM
K(1)=0.750, sixe MeHIIIC IEPIIOT0 KPUTHIHOTO PiBHSL.

Ha mincraBsi KapTu BEpTHKAIBHOTO PO3WICHYBaHHS Teputopii JIpBOBa
(puc. 3) MOXXHA BUIUTUTH PIBHUHHY NepU(EpiiiHy 4aCTHHY MiCTa 3 IEPCBH-
mieHHsM 0-30 M Ta cepeinHHY cMyTy TiaBuieHb (40-150 m).

[TonTBuHCEKA Ta Bimoropckka KOTIIOBHHU XapaKTEpU3YIOThCS HaAWMEH-
IIMMH 3HAYEHHSIMH BiHOCHUX BHcOT (0-10 M), 1m0 CBIAYUTH NMpO IXHIH
HU3UHHUH, cIa0KO PO3WICHOBAHUH XapakTep. MaKCHMalbHI aMIUTITYIH
CIoCTepirarThesl B MicIsix eposiitnux octanmiB (H-19 — ropa Bucokuii
3amok; H-20 — Ilickosa ropa; E-13 — KoprymoBa ropa; K-16 — ropa Llura-
JleNib) Ta B MiBHIYHO-3axiaHii vacTuni Jlucoripcekoi BucounHu (H-22,
[-21 — [lleBueHkiBcbKkHii Taii). JIbBIBChKE MJIaTO MOPIBHSAHO CIAOKO po3uiie-
HoBaHe (dH=0-30 M), BpaxoBy04M 3HAYHY MOTYXKHICTb JIECOBOTO MOKPHBY.
Haiibinpin po3dseHOBaHUMH € JUISHKA 13 MaKCHUMaJIbHUMH BHCOTaMHU
H=360-410 M — cTpykTypHO-AcHynawiiHuii piBens Po3rowus. Lli minsHKm
TepuTopii JIbBOBA XapakTepH3yIOTHCS HAMBHIIOIO MOTCHIIHHOI Hebe3me-
KoK iHTeHcH(iKanii epo3iitHux mporeciB. CepeHi 3HAYCHHS TOKa3HUKA
BEPTUKAIHHOTO PO3WICHYBAHHS TEPUTOPIi JJIS HOTO PiBHS KOJHBAIOTHCS
B Mexkax Bi 30 jo 150 M, 3HAYHO MEPEBHIYIOYH CEPEITHIO apUPMETHIHY



Chapter «Agricultural sciences»

A 111 6 5 4

B 01 11 5SS 563 422 2

c 000 0 11 5321221100

D 101111 23321111¢0600000

E ' 123 46721 11011000000
F 01 1256441111111 1100
G 111123761146 3342101
o 01 0000103 231010106 105 5 4 2 3
I 00000 01 0111036486 443 6
T 1111060011113 3 212344435 23
K 11 1000010011116 4 61354432335
Ll11100000100021463 342353543 435%6
M| 1 0000060010001 2224413353543 35%6
N 000001 11011333 2143245445436
0 00111 1102111133123 36566
P 00001 1110101100121 0 3
Q - 21110001 1 0011 21 4
R 1121111211 2121723

S 1111020212222 4
T 000121100214
U 01112201111
v 01 1 ) 111

W 00 1 2

> 4 6 5 10 12 u 16 18 2 U 2%
Puc. 3. BeprukajabHe po3ujieHyBaHHs TepuTopii M. JIbBoBa, M:
0<5;1-6-15;2—-16-25; 3 — 26-35; 4 — 36-45; 5 — 46-55; 6 — 56-65;
7 —66-75; 8 —76-85; 9 — 86-95; 6 —> 95

BenuuuHy. KoediuieHT xopensuii Mi>k BeTMYMHAMHA MAaKCHUMaJIbHUX BHUCOT
Ta IMOKAa3HUKOM BEPTHKAJIBHOTO PO3YICHYBaHHS TEPUTOPil CTaHOBUTH
r=0.38+0.04, xopemnsuiiine BigHomeHHs 1=0.63+0.03.

3.1.3. Cepennsi KpyTu3Ha noBepxHi M. JIbBoBa

XapaxkTep Ta IHTCHCHUBHICTh €PO3iHHNX MPOIIECiB 3HAYHOIO MipOI0 3ajie-
KaTh BiJl KPyTU3HU CXWTy. UnM KpYTIMNi CXWJI, THM OiIbIlIa IIBHIKICTH
BOJIHOTO TIOTOKY 1 HOro KiHeTHYHa eHepris. Ha piBHUX miIsSHKaX mporec
CTIKaHHS OTAiB 3 IOBEPXHI MOXKe OyTH B3araiii BiJICyTHIM, Y 3B 3Ky 3 UM
HACTyTa€e 3a00J109yBaHHS, TIOTIPIICHHS YMOB aeparlii IpyHTY.

CepenHst KpyTH3HA IOBEPXHI MicTa JUTst IUITHOK rutotiero 0.25 km? xapak-
Tepu3yerbes BennmunHamu 0-16°. 3a mIomiero nmepeBakaroTh MOBEPXHI 13
KpyTusHoro 0-2°, Ha 101110 AKUX npunajgae 69.6 % TepuTopii MicTa B Mexkax
KOMITaKTHOI XKUTIIOBOI 3a0ynoBu. bauzeko 91 % momi xapakTepu3yeThes
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CepeHBOI0 KPYTHU3HOIO MTOBEPXHI, M0 HE MepeBuInye 5°. JIIsHKA 13 Kpy-
TH3HOI MoHa) 10° mpejcTaBieHi KyibMiHallissMu JIncoripchbKoro macma B
CepeMHHINA CMY31 MTiJIBUINEHB MicTa (puc. 4).

Psin po3nonity BeTHYHHN CepeIHbOT KPYTU3HH MTOBEPXHI IS TIEPEBaXK-
Hoi gacTuHU MicTa (99 % turomti, 0=0-10°) XxapakTepH3yeThCsl HACTYITHUMHE
CTaTUCTHYHHUMH IToKasHuKamMu: M=2.1£0.1°, 6=1.99+0.07°, V=95.4+5.7 %,
A=1.201%0.123, E=0.765+0.246, P=4.79 %. Emnipuunuii psa po3noainy
anpoKCUMY€ETbesl posnofinom Jxoncona tuny SL. CrhiBnagiHHA 4acToT
EMIIIPUYHOTO PSAY 3 TEOPETHUYHUMH YacTOTaMU 33J0BiJbHE, BEJIMYHMHA
kpurepito Konmoroposa cxianae K(1)=0.832.

IIpocTopoBe po3TanryBaHHS AUISTHOK 3 PI3HUMH BEIMYMHAMH CEPEA-
HBOI KPYTH3HM MOBEPXHI MiIKPECIIOE Ti K 0COONMBOCTI penbedy MicTa,
mo ¥ momepeaHi MOpGOMETpHYHI KapTH. BHCOKOIO CepeIHbOI0 KPYTH3-
HOKO XapaKTepH3YIThCs macMo Po3touust 1 miBHIUHI cxuimm JIucoripehkoi
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Puc. 4. Cepennst kpyTusHa nosepxsi M. JIbBoBa, rpaayc :
0<0.5;1-0.6-1.0; 2 — 1.1-2.0; 3 — 2.1-4.0; 4 — 4.1-6.0; 5 — 6.1-8.0;
6 —8.1-10.0; 7 - 10.1-12.0; 8 —> 12.0
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BHCOYMHH, HHM3bKOIO — moBepxHi [loarBuHCHKOI i Bimoropcekoi koTio-
BuHU. KoedimieHT kopensmii Mk BEIMYMHAMU MaKCUMallbHUX BHCOT 1
MTOKa3HUKOM CEpeIHhOI KPYTH3HH MoBepxHi ckiamae r=0.39+0.04, xope-
nsiiine BigHomenHs M=0.62+0.03. BpaxoBywoun TimoTesy, Mo CTIiHKimm
MOPOJN YTBOPIOIOTH KPYTIIli CXHJIM, MOYKHA MOSICHUTH PsIIl 0COOIMBOCTEH
pensedy Teputopii JIbBoBa. OCKUIBKA AITSIHKH 13 MAaKCUMAaJIbHUME BHCO-
TaMHM XapaKTEPU3YHOTbCS BUCOKUMM CEPEIHIMU 3HAYEHHSIMM KpPYTU3HU
MOBEpXHi, penbed micTa GpopMmyBaBcs Mif BIUIMBOM JITONOTI K (hakTopy
penbeoTBOpeHHs. SIKIO CTPYKTYpHO-ACHyAaliiiHuii piBeHb Pozrouus
YTBOPCHUH JIITOTAMHIEBUMH BalHSIKaMHU a00 MII[AHUKaMU TOPTOHY, Bif-
HOCHO CTIMKMMU /10 pyHHYBaHHS, TO piBeHb aHA [I0ITBHHCHKOT KOTJIOBUHH
ypi3aeTscs B Kpeiaosi Biakmanu [6, c. 30]. JliTHHA DKepenbHHUX MOTOKIB
[TonTBN 3yMOBHIIO YTBOpEHHS OaraTounCeNbHUX SIpiB. | X04a iX pO3BHUTOK y
OUTBIIOCTI BUITAJIKIB TPU3YITMHECHUH, HeOe3MeKa MposiBy epo3iitHUX mpolie-
CiB BHACIIIZIOK @aHTPOTIOT€HHOTO BILUTUBY 3aJTUIIAECTHCS PEATHHOIO.

3.2. InTencuBHicTh 320y10Bu Teputopii JIbBoBa

VY mporeci ypOaHizaIii cTBOPIOETHCSI HOBE aHTPOIIOT€HHE CEPEIOBHIIIE,
SIKe TIPU3BOJUTH JI0 3MiH YMOB ()OPMYBaHHS BOJHOTO OajlaHCy TEPHUTOPIH.
llITyune nepepuBaHHS CTOKYy B Mexax OaceiHiB, SIKe CHOCTEPIraeThbesi B
MICTi, BUKJIMKA€ MOPYIIEHHS PIBHOBArM KOXKHOTO 13 TUIMIB JIaHAMAQTIB,
ocna0NieHHsT BEPTHKAJIBHUX B3a€MO3B’SI3KiB, IO B INEPIIy Yepry MpPOsB-
TISEThCA B eHeprii eposiiiHux mpomneciB [3, ¢. 232]. OxHuM i3 KpUTEPiiB,
SKAN XapaKTepu3ye CTyMiHb JaHAMAPTHUX NEPETBOPCHb B MEkKax MicTa,
€ TMIOKa3HUK IHTCHCUBHOCTI 3a0y/IOBH, SIKHI BU3HAYAETHCS TUTOMOIO Baror
BOJIOHETIPOHUKHUX JUISHOK B 3arajlbHOMY OajlaHci TepUTOPii.

IHTeHCHBHICTB 3a0y/10BH TepuTopii MicTa JIbBOBa B MekaX JUISTHOK TUIO-
mrero 0.25 km? Bapiroe Big 1 10 98%. 3a 1uroliero mepeBakaroTh JITHKH
i3 inTeHcuBHIcTIO 3a0ymoBu 50-80% (61.8% Ttepuropii). CTaTuCTUKH ISt
psIy pO3MOIiTY MOKa3HWKa IHTEHCHBHOCTI 3a0ymoBu Teputopii M. JIbBOBa
HacTymHi: M=56.9+1.1 %, 6=22.77+0.80 %, V=40.0+1.6 %, A=-0.561+0.122,
E=-0.396+0.245, P=2.00%. 3rinHo okpemux mxepen [4, c. 203], nutoma
Bara 3aMOIIEHHUX 1 3a0y10BaHUX TepuTOpiil y JIbBOBI ckiaae Onu3bko 60 %.
Emmipuununii psa po3noaily HOKa3HUKa IHTEHCUBHOCTI 3a0yI0BH TEPUTOPIi
Micta JIpBOBa ampPOKCHMYETHCS y3araJbHCHHM HOPMAJIbHUM PO3MOIIIOM.
Bemmuuna kpurepito y3romxenocti Kommoroposa ckmamae K(A)=0.789.
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BHCOKOIO TTUTOMOIO Baror BOJIOHEITPOHUKHUX IOBEPXOHB (OJIU3BKO
95%) Big3HAYAETHCS ICTOPHMYHMN IEHTP MicTa, TCPUTOPii MPOMHCIOBUX
MIIPUEMCTB, 3alli3HUYHOTO BOK3ally (pHC. 5), HHU3BKOK — Ca0BO-TO-
ponHi ninsaku (2-10%) i ManonoBepxosa 3a0ymoBa (25-35%). Iarencus-
HICTh 3a0y/I0BH 301LIBIIYETHCS B mepudepii 10 NEHTPY, BUHATOK CKIIaaae
cydacHa OararoroBepxoBa 3a0ymnoBa CHXiBCBKOTO MAacHBY Ta IMPOMHCIIOBI
TepuTopii B 3axiAHiN yacTuHi MicTa. HU3bKOI0 MUTOMOIO Baroro BOJAOHENPO-
HUKHUX TIOKPUTTIB XapaKTePU3YEThCA CXiJHA 1 MIBHIYHA YAaCTUHU TEPUTO-
pii micta (MaifopiBka, [010CcK0), SIKi BiA3HAYAIOTHCA CKIAJHUM PElIbe(OM.
KoedinienT xopemnsimii Mix BeIMYHMHAMH CEPEAHBOI KPYTH3HM MOBEPXHI i
IHTEHCUBHOCTI 3a0ynoBu ckiagae r=-0.37+0.04, kopensiiiiiHe BiJHOIICHHS
1n=0.43+0.04.

BrnuB iHTEHCHMBHOCTI 3a0y/10BH Ha T1IpOJIOTIYHI IPOIIECH € CKIIAIHUM 1
HaI3BUYaliHO OaratorpaHHuM. 30iJbIICHHS CTOKY Ha JUISTHKAX 3 BUCOKOIO
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Puc. 5. InTeHcuBHicTh 320y10BU TepuTopii M. JIbBoBa, %:
0<0.5;1-6-15; 2 — 16-25; 3 — 26-35; 4 — 36-45; 5 — 46-55;

6 —56-65; 7 — 66-75; 8 — 76-85; 9 — 86-95; 10 > 95
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MTUTOMOIO BAarol0 BOZOHEIIPOHUKHUX MOKPHUTTIB (ICTOPHYHMI IIEHTpP MicTa,
TEPUTOPIsl MPOMUCIOBHUX MIJAIPUEMCTB) 3YMOBIIFOE 3MCHIICHHS TPOCOYY-
BaHHS BOJM, TIOTIPIICHHS PEXUMY BOJOTr03a0e3MEYCHOCTI IPYHTY, 3MCH-
MICHHS TIPOYyKTHBHOCTI POCIMHHOTO MOKPUBY Ta HOTO (DiTOMETIOpaTHBHOT
eextuBHOCTI [3, ¢. 232]. 3 iHIIOT CTOPOHH, YpOaHi3allis MOXKE PU3BOIUTH
JI0 3MCHIIICHHST KPYTH3HH [TOBEPXOHb BOI0300pIiB, TOOTO MOXKYTH CTBOPIO-
BAaTUCS YMOBH, SIKi CIIPUSIFOTH 3MEHIIICHHIO HEITPOIYKTUBHHUX BTPAT BOJIOTH.

VY ckIagHHUX yMOBaxX peibedy 3aMOLICHHS TEPUTOPIi, IITy4HE MepepH-
BaHHS CTOKY 1 HOTO Bi/IBeICHHS B KaHAaJi3aliliHI KOJIEKTOpU CTBOPIOE HEOO-
XiJHI TEPeTyMOBH JUIsl MPU3YMUHEHHS epo3iifHMX MpoLEeciB, 30KpeMa MpH
HEBHCOKil IHTGHCUBHOCTI onafiB. OJHAK Mepepo3noAii onaaiB y OiIbIIoCcTi
BUIAJIKIB CIIPUsiE YTBOPEHHIO KOHIIGHTPOBAHUX BOJJHUX TTOTOKIB, SIKi BOJIOJi-
I0Th BUCOKOIO KiHETHUHOIO eHeprieto (Bynuni M. Kpusonoca, [[x. Barmmar-
TOHA, JInJakiBChKa Ta iH.). Y MpoIieci HAXOKEHHSI TIPOIYKTIB €po3ii IPyHTY
MTOBEPXHEBUMH CTOKAMH CIIOCTEPITAETHCS 3aMYIICHHS BYJIHIIb, SKE 3yMOBITIOE
HEeOoOXiTHICTh X wactimmoro npubupanHs (Bynuil [opogonpka, b. Xwmerb-
HUIIBKOTO, BiToBchkoro, Bomoaumupa Bemumkoro, Ilupoka Ta iH.). Bucoka
IHTEHCHBHICTH 3a0y/T0OBH TepUTOPil M. JIbBOBa y OLIBIIOCTI BUTIAIKIB 3yMOB-
JIFO€ Pi3Ke MOTIPIICHHS PeXNUMY 3BOJIOKEHHS IPYHTY, a y CKJIaJJHUX YMOBaX
penbedy — inTeHcHpiKaliio epo3iiHUX MPOIECiB.

3.3. Micbka «iicucticTb» TepuTopii JIbBoBa

[Iponec ypOanizamii CympoBOIKY€TbCS PYHHYBAaHHAM TIPHPOTHOTO
(ITOIICHOTUYHOTO TOKPHBY, 3aMiHOIO BHCOKOI JEPEBHOI POCIMHHOCTI
HU3BKOKO TPaB’sIHOI (KYJIBTYPHOIO, CETeTaNBHOI, PYIEPalbHOK) 3 HEBH-
cokuM (iTomeniopaTuBHUM ePekToM [3, ¢. 273]. V Tol ke yac MexaHi3m
TIPOJIOTIYHOTO BIUIMBY POCIMHHOTO IOKPHBY Ha IOBEPXHEBHH CTIK Ta
raJIbMyBaHHs €pO3IHHUX TPOIIECIB CBLIYUTH MPO Te, IO Iek BILTUB Oyrie
THUM OUTBIINIA, YUM OUTBIIE JACPEB 1 YarapHHUKIB PO3TANIOBAHO HA OJMHHILI
TLJIOIIII, UMM MOTY KHIIIA JTICOBa MiJICTUIIKA 1 UMM CTapIIUi BiK HACa PKCHHS.

MicbKuil «JTic» — L€ TEepUTOpPis MicTa, 3aiHATa 3eJeHUMH HacaKeH-
HSIMH, JIe OCHOBHUI MacCHB JICPEB 3aiiMae B CEPEAHLOMY HE MEHIIIE 5.5 M%/ra
[3,c.276]. «Jlicuctictb» TepuTtopii JIbBoBa KonmBaeThes B Mexax Big 0.08 mo
98 %, 3a TIIOIIEIO MEePEeBaXKAIOTh MOBEPXHI 3 «JIICHCTICTIO» MeHuie 15 %.
CraTtucTuKy Ui Py PO3MOAUTY BEIWYHUH MICBKOT «JTiICHCTOCTI» TEPHUTO-
pii JIpBoBa HactymHi: M=21.2+1.2%, 6=23.37+£0.83 %, V=110.3+£7.2%,
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A=1.430+0.122, E=1.356+0.245. KoedimieHT Bapiallii XapakTepu3yeThCs
QHOMaJIbHO BUCOKHUM 3HaueHHsAM (>105%), ToMy njs MiBUIIEHHS TOY-
HOCTI JIOCJIJDKEHB TEPCIICKTUBHUM € BUKOPHUCTAHHS MarepialiB aepodo-
TO3HOMKH ObIIOro Macmrtaly. Psa po3mofiny BEMYHMH <JTICHCTOCTIM
TepuTopii JIbBOBa alpoOKCUMY€ThCs raMa-po3noinoM. CIiBIagiHHS YaCTOT
EMITIPIYHOTO PAY 3 TEOPETUUYHHUMH YaCTOTAMHM 33/I0BLTBHE, IO TiITBEP-
JUKye Takoxk 1 BeauunHa kputepito Konmoroposa K(A)=0.924, 3HaueHHs
SIKOTO MeHIIe, Hik 1.36 Jutst Iepioro KpUTHYHOTO piBHA. Po3momin Benu-
YHH MOKa3HUKA OMM3bKUNA TAKOXK A0 JIOTHOPMAJILHOTO.

[IpocTopoBe po3TanryBaHHS AUISHOK 3 PI3HUMH BEJTHUYUHAMH <JTICHCTO-
CTI» XapaKTepU3yeThCs BHUCOKOI HEOoAHOpiAHicTio (puc. 6). Haiibinbiua
KIJIBKICTB 3€JIeHI 30CepeKeHa B CXinHiil yacTuHi MicTa (mapk Bucoxwii
3amok, IlleBueHkiBchbkmii raif, miconapk [lorymsaka, Jlngakis), me mepe-
BaXAOTh TOBEPXHI 3 MaKCHUMaJbHUMH BiJIHOCHUMH BHcOTaMu. Huzb-
KAMH TTOKa3HUKaMH MICBKOi «JTICHCTOCTI» XapaKTepU3YyIOTECS CIabopo3-
YWICHOBAHI AUISTHKH NMOBEPXOHb [lonTBHHCBHKOI 1 bimoropcekoi KOTioBHH
ta JIpBiBchKOTO TUIATO. KoedimieHT kopensiii MiXk NMOKa3HHKAMU BEPTH-
KaJIbHOTO PO3WICHYBAHHS TEPUTOPIi Ta MICHKOi «JIICHCTOCTI» CTaHOBHUTH
r=0.55%0.03. binburicts pekpeaniiHuX TEPUTOPIH B MeKax KOMIUICKCHOT
3eJIeH01 30HU MicTa JIbBOBa XapaKTepU3yIOThCs CKIaJHUM TUIIOM penbedy,
B YMOBaX SIKOTO HACAJKCHHS BiJIITPaOTh BaXIJIMBY T'1IPOJIOTIUHY 1 IPOTHE-
Ppo3iiiHy poib.

Hu3bK0r0 MATOMOFO BAaroko 3eJICHUX HacapKeHb (2-7 %) BiA3HAYAIOTHCS
ICTOPUYHHUI [IEHTP MicTa Ta MPOMHUCIOBI TEPUTOPIi, BUCOKOIO — TApKH,
Ca/I0BO-TOPOHI JIISTHKH, MajlonoBepxoBa 3abynosa. CyudacHa Oaratoro-
BepxoBa 3a0y0Ba (CuxiBchbKkHid MacHB, ByJ1. TormobHa, pailton CTpHIECHKOTO
ABTOBOK3aJy Ta iH.) TAKOXK Ma€ HEBEIIUKY IIJIOIY 3€JICHUX HacakeHb. Koe-
GIIERT KOPETSAIT MiXK MMOKa3HUKAMH THTGHCUBHOCTI 3a0y0BH Ta MiCHKOT
wricucrocTi» ckinanae r=-0.74+0.02. Takuii CUIBHUN KOPESAIAHUN 3B’ 51-
30K Mi)K BKa3aHUMH [TOKa3HUKaMH MTOSICHIOETHCSI THM, 1[0 B YMOBaX BHCOKO{
IHTEHCUBHOCTI 3a0y/I0BH, sIKa CYIIPOBOKYEThCA MOTYKHUM peKpeariitHumM
HABaHTAKCHHSM, HEOOXiJHI 3HAYHO OUTBIIN KOIITH Ha CTBOPEHHS Haca-
JOKEHD 1 JIOTJIST 32 HAMHL.

VY miineHO 3a0y/10BaHUX paioHax MicTa (icTopuyHMI IEHTp, 3a0ygoBa
18-19 CT.) 03eNIeHEHHS YaCcTO € HEMOXKIIMBUM y 3B’S3KY 13 crienupiYHUMA
YMOBaMHU MIKPOKJIIMaTy, OCBITJICHOCTI Ta OpakoM BUIBHHMX ITOBEPXOHb.
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Puc. 6. Micbka «iicuctictb» Teputopii M. JIbBoBa, %:
0<0.5;1-6-15; 2 — 16-25; 3 — 26-35; 4 — 36-45; 5 — 46-55;
6 — 56-65; 7 — 66-75; 8 — 76-85; 9 — 86-95; 10 > 95

3pocTaHHsl IHTEHCUBHOCTI 3a0y[OBH Ha AIJSTHKaX MajoroBepXxoBoi 3aly-
JoBu (kuTiIoBi paifonu l'omocko, MaifopiBku Ta iH.), pPO3TallIOBaHOI B
CKJIaJIHUX YMOBaxX penbedy, 3yMOBIIIOE€ HEOOXiIHICTh TPOBEICHHS 3aX0/IiB,
HaNpaBJICHUX Ha MPOTHUEPO3iHY OpraHi3allito Ta OIaroycTpiid TepuTopii.
[Mapornoriunwuii Ta MPOTHEPO3IHHNH BILTHB HACAJKEHB 3aJIC)KUTH YacTO HE
TLTBKH BiJl iX pO3TaIlyBaHHS B CHCTEMI MICBKOT 3a0y/10BH, ajie i BijI X CTPYK-
TYpH, 30KpeMa 3IMKHYTOCTi. SIK 3 pekpealiiiHol TOYKH 30py, TaK 1 3 MO3ULIN
BIUIUBY HA TifPOJIOTiYHI MPOIeCH HAMOUIBIIO I[IHHICTIO BiJ3HAYAOTHCS
HaCa/HKEHHS CePEAHbOT TOBHOTH, KOHCTPYKIIIS IKHX CIIPHSIE PO3BUTKOBI JIPy-
TOPSZIHAX CHHY31i. BenmmunHy 3IMKHYTOCTI JepeBHHX HacapkeHb JIbBOBa
BU3HAYAIIN Yepe3 BiIHOIICHHS IIOIIi KPOH JIO TUIOITI BOJOIIPOHUKHHX MOBEP-
XOHB. Psi posnoniny BeTHYIHHY 3IMKHYTOCTI HACAPKCHB XapaKTEePU3YETHCSI
TaKUMHM CTATUCTUYHUMM TOKa3HuKamu: M=37.5+1.3%, 6=26.92+0,95%,
V=71.843.6%, A=0.573+0.112, E=-0.895+0.245, P =3.59 %. Psn po3noxiny
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MOKa3HUKA apPOKCUMYEThCsI OeTa-po3noaijioM. CHiBIaiHHS 4acTOT eMITi-
PHYHOTO PSITY 3 TECOPSTUIHIMH YaCTOTAMU 33]J0BLIbHE, BETUYIHA KPUTEPIFO
Kommoroposa cranosuth K(V)=1.42<1.62 (p? = 0.99). Posmoxmin nokasHuka
3IMKHYTOCTI HACAPKCHB ONU3BKHUI TaKOXK JI0 JIOTHOPMAILHOTO, IO MiATBEpP-
JOKY€THCS] BUOIPKOBUMH 3HAYCHHSIMH MOMEHTIB.

VY cTpyKTypi (ITONCHOTHYHOTO MOKPUBY MicTa HAHOUIBIIIOK MTUTOMOIO
YUYaCTIO XapaKTEePU3YIOThCS TUISTHKH 13 HU3bKUMH MMOKa3HUKaMH 3IMKHYTO-
cti HacamkeHs (0-30 %), Ha momio sKuX npunanae onuspko 60 % TepuTopii
MicTa. 3HauHy IUIOLIY 3aifMae HU3bKAa POCIMHHICTB: MPATOLIEHO3U (Opra-
HI30BaHi ra30HM 1 PI3HOTPABHI TAJISIBUHH), arpOIICHO3U (OBOYEBI, KBITHH-
KOBI) 1 pyzepoueHosu (Oyp’sHOB1 yrpylnoBaHH:), SIKi HEJOCTATHHOIO MipOIO
3a0e3medyroTh e(EeKTUBHICTh TiAPOJOTiYHOTO BIUIMBY. Bucoka pocmma-
HICTB, sIKa MPEACTABICHA TOJOBHUM YHHOM CHJIBBAIICHO3aMH, 30CEPEIKY-
€TBCS B OCHOBHOMY B MAapKOBHX Ta iHIIMX MAacHBaX, i TINbKM HE3HauHa ii
KUTBKICTB TPAIUIIETHCS B palloHaxX cydacHOi 0aratornoBepxoBoi 3a0yI0BH.

4. BucHoBkHM

Tepuropist JIbBOBa XapaKTepU3yeThCs PI3HOMAHITHICTIO YMOB pelbedy
Ta TOB’SI3aHUMH 13 HAMH XapaKTepOM BHUKOPHCTaHHsS TMoBepxHi. Ha ocHOBI
MOP(GOMETPHYHHUX KapT BHCOT, BEPTUKAJIBHOTO PO3WICHYBAHHS Ta KPYTH3HH
TIOBEPXHI MOKHA BUJIUIATH PIBHUHHY NepUQepiiiHy 4acTHHY MicTa Ta cepe-
JUHHY CMYTY MiIBUILIEHb. ACUMETpist TepuTopii M. JIbBOBa BiJTHOCHO BOJOILTY
3yMOBJIIO€ Pi3HY INOTEHIIHY HEOEe3MeKy PO3BHUTKY EpO3iMHMX MPOIECiB Ta
TIOB’SI3aHUX 3 HUMH HETIPOIYKTUBHUX BTPAT BOJIOTH. [HTCHCHBHICTE 3a0yI0BH
30UIBIIYEThCS Bifl mepudepii 10 NEHTPY, BUHITOK CKIIAJae cydacHa Oararo-
noBepxoBa 3a0ynoBa CHXIBCHKOTO MacHBY Ta ITPOMHCIIOBI TEPUTOPIT B 3aXij-
Hilf yacTuHI MicTa. HU3pKOI0 MTUTOMOIO Baror BOJOHENPOHUKHUX MOKPUTTIB
XapaKTePHU3YEThCS CXiJHA 1 MIBHIYHA YaCTHHH TEPHUTOPIT MicTa 13 CKIIJIHUM
penbedom. HaiiOibIma KibKiCTh 3€JIeH1 30cepe/PKeHa B CXiHIH YacTHHI MicTa
(mapx Bucoxkwuii 3amok, 11leBueHKiBCBKHI raif, liconapk [lorymsuHka, JIndaxis),
JIC TIEPEBAKAIOTH IIOBEPXHI 3 MAKCHMATbHUMH BiTHOCHUMH BUCOTaMH.

AHaJi3 MarepialiiB JOCTIKEHb CBIIYUTH NPO HEJIOCTATHIO S(PEKTHB-
HICTb pocCIUHHOCTI JIbBOBa B ONTHMI3allii TiIPOIOTIYHOTO PEKUMY Ta
MIOTICPE/KEHH] PO3BUTKY €po3iffHMX mpoueciB. Bucoka mingpHICTH 3a0y-
JIOBH, TEe(DIIUT BIIKPUTHX MPOCTOPIB OOYMOBIIOIOTH HEOOXITHICTh CTPYK-
TypHOI IepeOy/I0BH iCHYIOUMX 3€IE€HUX HACAJUKEHb: a) 301IbIICHHS TUTO-
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MOT Bard IUIOII 3 JIEPEBHOKO Ta YarapHUKOBOIO POCIUHHICTIO; 0) OCBOEHHS
Mao(yHKIIOHAILHUX TEPUTOPiH; B) BUKOPHCTAHHS AEPEBHUX MOPIJ 3
BHCOKHUM 1HJIEKCOM JIMCTOBOI MOBEPXHI; T') IHTCHCHBHHUU arpoOTeXHIYHHN
JIOTJIST; 1) YCKIIQAHEHHS CTPYKTYPH ICHYIOUMX 3€JICHUX HACca/PKEHb Ta iH.

Benuka pi3HOMaHITHICTh MiJICTHIAIOUOI TIOBEPXHI Ha TEpUTOpIi
M. JIpBOBa 3yMOBITIOE pi3HI yMOBH (pOPMYBaHHS ITOBEPXHEBOTO CTOKY Ta
MOB’SI3aHMUX 3 HUM HEMPOAYKTHBHUX BHUTPAT BOJIOTH. BHCOKOIO MOTEHIIH-
HOIO HEOEe3MeKOI PO3BUTKY €pO3iHHUX MPOLECIB BiA3HAYAETHCS HAcaMIIe-
pen CTPYKTYpHO-ICHYIAIIMHANA piBeHb Po3Towusi, JUIsl SKOTO XapaKTepHi
HAMOLIBII 3HAYCHHS KPYTU3HH NoBepxHi. CKIaaHi yMOBHU penbedy, iHTEH-
CUBHHMM aHTPONOT€HHUI BIUIMB 3yMOBIIIOIOTH HEOOXiJHICTh MPOTUEPO3iii-
HOT oprasi3ariii TepuTopii MicTa Ta 3aX0/[iB, HAIIPABJICHUX HA ONTUMI3aIli0
TiIPOJIOTIYHUX TIPOIIECIB.
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Abstract. Sunflower is the most common crop in Ukraine. In terms of
sunflower seed growing, our country is among the top three world leaders.
The aim of the article is to study the possibility of increasing the productivity
and improving the seed characteristics of sunflower seeds, the influence of
growth regulators on the morphological characteristics of the studied lines,
experimental hybrids, varieties and the possibility of improving traditional
cultivation technologies. In the process of performing scientific work,
introductory, special and general scientific research methods were used.
The scientific novelty of the research is aimed at improving and enhancing
the productive characteristics and economically useful traits of sunflower
lines and hybrids, as well as assessing the feasibility of using growth
regulators Fulvital Plus, Ecostim and Quadrostim on these genotypes and
their individual reactions. Weather conditions in the period 2018-2020 were
unstable and depended on the year. There was a significant impact of PGR on
the formation of productivity (increase in the range of 0.7-38.1 % compared
to control). The greatest positive impact was achieved on lines Skh808A
and Skh1002A. These lines are characterized by high drought resistance and
adaptability to adverse conditions in general and major diseases. High rates
of PGR impact on experimental hybrids can be justified by the presence
of heterosis, which in turn increases the number of dominant alleles in the
plant, which help plants better adapt to environmental conditions. PGR had
almost no effect on the studied sunflower cultivars, except for the Lakomka
cultivar (productivity varied in the range of 82.4-50.9 g, compared to the
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control of 75.9 g). The slight effect of PGR on sunflower varieties may
explain their inconsistency in the onset of developed phases, the period of
onset of a certain phase in the population can vary from a few days to a
week. The use of PGR Quadrostim was effective on experimental hybrids,
except for the linear-varietal hybrid Skh808AxShchelkunchyk, the oil
content varied within the control over the years of research 50.8 % (control
20.7%). The influence of the studied PGRs on the oil content in the seeds
of self-pollinating sunflower lines was specific and varied depending on the
genotype of the line and PGR. The practical value of the work is determined
by the importance of its end results, both for seed production, breeding
practice and for production. The influence of the studied PGRs had an
individual nature of influence and varied depending on the genotype of the
line, growth regulator and weather conditions surrounding the plants at the
time of treatment and subsequent vegetation.

1. Introduction

Today, with the help of scientific advances in the world, a significant
number of synthetic and natural plant growth regulators have been created.
This group of drugs is able to reduce the negative impact of the environment,
strengthen the immunity of plants after treatment and allows them to realize
their potential productivity.

In order to provide the sown areas of sunflower with high-quality sowing
material in sufficient quantities, it is necessary to develop and improve the
generally accepted seed production technologies. The main problem is the
low performance of lines — components of hybrids. Self-pollinating lines
have a pronounced manifestation of incucht depression, so they are often
very vulnerable in terms of adaptive properties of plants to sudden and
stressful changes in the environment.

The success of heterosis selection of sunflower depends on the
availability of source material with a certain set of qualities and its donor
properties. Creation of varieties with certain qualities is possible on the
basis of knowledge of the laws of inheritance of valuable economic traits
in the first hybrid generation. It is important to choose the right parental
components for the heterosis combination.

A promising direction to increase the productivity of self-pollinating
lines is the use of plant growth regulators (hereinafter — PGR). Among
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the main features of PGR is their ability to increase yields, adaptability of
plants to adverse weather conditions, pests and regulate plant development.
With the rapid increase in the number of PGRs in the State Register of
Pesticides and Agrochemicals, their effect on different types of genotypes
and their functionality under uncontrolled weather conditions remains
poorly understood.

2. Analysis of recent research and publications

In Ukraine, the production of sunflower seeds is one of the main
directions of agricultural development to ensure food and economic security
of the country. Oil sunflower created at the beginning of the XX century by
Ukrainian breeders [1, p. 379; 2, p. 139] today, according to USAD, ranks
fourth in the structure of oil production in the world (palm 34 %, soybean
29%, rapeseed 15 %, sunflower 9 %, other oils 13 %).

Analysis of the data shows that the production of oilseeds in Ukraine
over the past two decades has increased by more than four [3, p. 183]. Thus,
in 2020 the sown area of sunflower in Ukraine was — 6383.3 thousand/
ha (584.7 thousand/ha — Kharkiv region), compared to 2018, the total
area was — 6058.2 thousand/ha (513.5 thousand/ha — Kharkiv region), for
comparison with 2010, the sown area of sunflower increased 1.4 times
(4417.5 thousand/ha) [4]. The sown area of sunflower in the European Union
in 2020 was 4.5 million/ha. The top five in terms of sown areas are Romania —
1.2 million/ha, Bulgaria — 810 thousand/ha, France — 775 thousand/ha,
Spain — 651 thousand/ha and Hungary 617 thousand/ha [5, p. 14; 6].

The lines that were involved in the research are included in the State
Register of plant varieties suitable for distribution in Ukraine and are the
parent components of modern hybrids grown in Ukraine [7, p. 237]. Thus,
as the cultivation of traditional varieties of oil sunflower in Ukraine is
not profitable, the research involved varieties of confectionery direction
with different maturity [1, p. 417]. Today the confectionery direction
of sunflower use is actively developing in Ukraine, sown areas under
varieties of confectionery type of sunflower are about 5 % of the total area
[8, p- 236; 9, p. 285].

One of the most cost-effective is the use of PGR. To date, a number
of synthetic growth regulators have been created, which contain the active
substance, which is represented by substances of humic origin (fulvic acids,
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humates), bacterial (extracts from ginseng roots, sea buckthorn, etc.) and
PGR, which are based on minerals. (eg succinic acid) [10; 11, p. 33].

The effectiveness of plant growth regulators has been proven by many
practical studies, which show a tendency to increase yields, seed quality,
resistance of sunflower plants to pests and improve plant adaptability to
environmental conditions [12, p. 173; 13, p. 127; 14, p. 138].

However, the problem of PGR application is their dependence on
environmental weather conditions, such as soil and air humidity, air and soil
temperature on the day of treatment and for a week after it. Depending on
these factors, the impact of PGR may be significantly reduced or not occur
at all if the plants are under stress [15; 16, p. 114; 17, p. 216].

Growth regulators are all substances that affect the activity of essential
phytohormones contained in the plant. Such substances include all
antihibberellins such as, for example, chloromequat chloride, trinexapat
ethyl, triazoles and ethephon, the mechanism of action of which is the
release of ethylene into the intercellular space. Etefon and trinexpak ethyl
are substances widely used in intensive plant cultivation and as protection
of plants from lodging (Bragg et al. 1984) [18, p. 260; 19, p. 818].

The effectiveness of the use of drugs containing succinic acid (Treptolem)
or the products of life of fungi-micromycetes (Radostim) on seed crops
of sunflower was confirmed in studies by the Institute of Plant Breeding
V. Ya. Yurieva NAAS of Ukraine [20, p. 24]. According to the results of
their research, it was found that the use of these drugs during seed treatment
increases the field germination of seeds up to 17 %, and sowing qualities
increase by an average of 2 %. Evidence of the influence of phytohormones
of auxin and cytokinin nature.

The use of preparations containing humic substances such as fulvic acids
and potassium lignohumate can increase the plant’s absorption of trace
elements from the soil [21, p. 63], to improve the quality and productivity
of seeds [22, p. 1559]. Current data suggest that the biostimulating effect
of humic substances is characterized by both structural and physiological
changes in roots and shoots associated with the absorption, assimilation and
distribution of nutrients (indicators of nutrient efficiency).

Today, the world uses growth regulators of synthetic and natural origin.
The natural ones include the use of different strains of fungi, extracts from
leaves or other vegetative organs of the plant, different types of bacteria,
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and others. The use of strains of Trichoderma spp. in studies [23, p. 85]
on lettuce plants (Latuca sativa L.) increased the dry weight of the plant to
26%, it was also noted that some strains of Trichoderma spp. slowed the
germination and development of seeds. Treatment of plants with bacterial
preparations based on rhizobacterial strains (PGR), actively promotes the
development of vegetative mass of the plant and generally improves its
productive characteristics [24, p. 5]. Bernard et al., (1997) [25, p. 354] cite
the principles of genetic manipulation of bacteria that promote plant growth
to enhance the biocontrol of phytopathogens.

The influence of growth regulators of humic origin (Vermimag and
Vermiodis) effectively affects the yield of sunflower in the Forest-Steppe
conducted by V. M. Sendetsky, O. S. Gorash [26, p. 53; 27, p. 11],
L. A. Pokoptseva [28, p. 127] investigated the use of plant growth regulators
for pre-sowing treatment of sunflower seeds of Armada hybrid, found that
the inlay of sunflower seeds with products of biotechnological cultivation
of epiphytic fungi (Emistim C) stimulates germination, which indicates an
increase in field germination by 1.5-4.8%. according to control. The use
of PGR contributes to the thickening of the stems of sunflower plants by
7-18 %, increasing productivity from the basket to 20 %.

According to the results of research Y. I. Tkalich [29, p. 124] found that
improving the nutritional conditions of sunflower by using for inoculation
bacterial drugs Diazofit, KL-9, Diazofit+Phosphointerrin and growth
regulator Vimpel in the phase of 3-4 pairs of leaves provides an increase in
the main indicators of photosynthetic activity and yield of sunflower.

3. Research methodology

Inthe period 2018-2020 in the research field of the Department of Genetics,
Breeding and Seed Growing of Kharkiv National Agrarian University named
after V. V. Dokuchaev conducted a study to increase seed productivity of
parental lines, experimental hybrids and varieties of sunflower by using
growth regulators Fulvital Plus, Ecostim and Quadrostim. The studied drugs
were used by spraying during the growing season during the development of
2-5 true leaves and retreatment in the phase of star formation.

Fulvital (preparative form (p. f.) — powder) 150 g/ha, water-soluble
preparation, which includes: salts of fulvic acids, trace elements, organically
bound sulfur of natural origin in easily digestible form for plants.
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Ecostim (p.f. — aqueous suspension solution) 25 ml/ha, the active
substance is an aqueous-alcoholic solution of metabolites of the symbiotic
endophyte fungus strain Panax Ginseng M. isolated from ginseng roots.

Quadrostim (p.f. — aqueous suspension solution) 300 ml/ha, which
includes four groups of compounds of organic origin: polyethylene oxide
(400 and 1500), arachidonic, succinic acid and potassium lignohumate.

For the study used 11 self-pollinated lines of sunflower selection of
the Institute of Plant Breeding V. Ya. Yurieva and KhNAU named after
V. V. Dokuchaev. The inoculum is represented by sterile analogues —
Skh808A, Skh808A/Kh1002B, Skh1010A, Skh1012A, Skh1002A
with pollen sterility fixers — Kh1010B, Kh1012B, and pollen
fertility restorers lines — Kh06135V, Kh06134V, Kh785V. Varieties
of confectionery type: Shchelkunchik, Lakomka, Lyuks, Dons'kyy
Krupnoplidnyy and oil type variety Myr. Experimental hybrids are
based on the above-mentioned self-pollinating lines. Five experimental
hybrids with the largest number of seeds were selected from
combination crosses — Skh1002AxKh1012B, Skh1012AxKh06135V,
Skh808AxKh1002BxKh06135V; Skh808AxKh1002VxKh785V and
Skh808AxShchelkunchik.

The placement of variants in the experiment is systematic, the repetition
is fourfold, according to the method of field experiment [30, p. 16], plot area
16.8 m?, sowing scheme 70x25 cm, predecessor of winter wheat. All lines
and experimental hybrids were treated with PGR in the development phase of
2-5 true leaves and subsequent processing was performed in the “star” phase.
The treatment was performed in the morning, when the air temperature fluctuates
within +8... +20°C. During this period, the plants are covered with morning dew.

During the growing season, phenological observations of the duration
of phenological phases and plant measurements were performed.
Morphological features were assessed 1-2 weeks before maturity. In the
nursery tests were measured 10 plants on the site on the following indicators:
total height, diameter of the basket, the total number of leaves. Under
laboratory conditions, the weight of 1000 seeds, husk, plant productivity
were determined as the average of the combined threshing of baskets of
10 plants on the site. After field and laboratory evaluations, analysis of
the obtained results, the best varieties, hybrids, which were determined by
valuable economic indicators, were evaluated for oil content. Statistical
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processing was performed according to the standard method of using
Microsoft Office Excel 2010 and Gnumerik [31, p. 59].

4. Agro-climatic conditions of the study

In general, soil and climatic conditions of the zone of the left-bank
Forest-Steppe of Ukraine are favorable for sunflower cultivation. Weather
conditions during the study were formed as follows.

In 2018, there were conditions characterized by a lack of precipitation
throughout the growing season and air temperatures above the average
long-term temperature.

May 2018 was characterized by the lowest precipitation rates (15.9 mm)
for all years of research with a long-term average (43.7 mm). The air
temperature was 20.8 °C, which is 4.6 °C higher than the long-term average.
In June, the highest amount of precipitation (43.5 mm) fell during the
growing season in the current year, with an average long-term average of
65.7 mm. The air temperature was 21.6 °C, with a normal long-term norm
of 19.9°C. July was characterized by an increase in temperature by 1.8 °C
compared to the average long-term, and torrential rains during which
28.7 mm of precipitation fell, which is less than half of the average long-
term norm (65.5 mm) (Figure 1).

The temperature in August was high (24.6°C), compared to the long-
term average of 20.5°C. Also, this month there was a severe drought with
no precipitation (0 mm), with a normal long-term average of 51 mm.
September was hot, the air temperature exceeded the average long-term
indicators by 6.5°C, and the amount of precipitation was excessively low
(10.7 mm), with the average long-term norm of 45.4 mm.

In 2019, favorable weather conditions developed in May, characterized
by a sufficient amount of precipitation (43.4 mm), with an average long-
term average of 43.7 mm. The average temperature (18.4 °C) of air exceeded
the average long-term temperature by 2.2 °C. In June, only 23.1% of the
precipitation fell, which is 50.5 mm less than the long-term average. The
average daily air temperature (24.8 °C) was the highest recorded in general
for the years of research and exceeded the long-term average by 4.9 °C. July
was characterized by average daily temperatures typical for this month,
which exceeded the long-term average by only 0.2 °C. Precipitation was
59.2% compared to long-term averages (65.5 mm) (Figure 2).
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Figure 1. Dynamics of air temperature during
the growing season of sunflower, 2018-2020
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Figure 2. Dynamics of precipitation during
the vegetation period of sunflower, 2018-2020
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August, as in the previous year of research, was extremely dry (0 mm)
with no precipitation and average daily temperatures higher by 1.6 °C than
the average long-term data. Temperatures in September exceeded the long-
term average by 2.1 °C, and precipitation (10.3 mm) is 22.7 % of the norm
of long-term average for this month.

August was characterized by stable temperature regimes (20.7°C),
which did not differ from the average long-term data (20.5°C), and an
insignificant amount of precipitation (5.8 mm), which is only 11.4 % of the
norm (51 mm). In September, a record warm average daily air temperature
(22.3°C) was exceeded, which exceeded the norm by 7.1 °C (average long-
term 15.2°C), and complete absence of precipitation (0 mm) at the norm of
long-term average 45.4 mm.

In 2020, there were conditions for sufficient moisture in the first months
of sunflower development. May was characterized by an abnormally high
amount of precipitation (108.3 mm), which exceeded the long-term average
by almost 2.5 times (147.8%). The average daily temperature in this month
was lower by 2.7 °C than the long-term average (16.2°C). In June, there was
a fall of 54.2 mm of precipitation, which was 82.5% of the norm (65.7 mm).
The air temperature was 2.0 °C (19.9 °C) higher than the average long-term
indicators. The amount of precipitation (26.7 mm) and the average daily
temperature indicators (22.4°C) in July are close to the indicators of the same
period in 2018 (according to the long-term averages of 65.5 mm and 21.2°C).

5. Influence of PGR on productive characteristics
of sunflower genotypes

According to the data obtained from field research in the period 2018-2020,
growth regulators had an individual character of action on the studied genotypes
of sunflower. Thus, the influence of PGR depended on the genotype of the
line and its origin, soil and climatic conditions at the time of PGR treatment
and during the growing season, adaptability of the studied lines, experimental
hybrids and varieties to adverse conditions and active substance PGR.

Growth encompasses the processes during which a plant forms its
body, increasing its weight and body size. Like all other agricultural plants,
sunflower grows and gives high yields only under favorable environmental
conditions. Temperature, moisture, air and light are especially important for
growth. Each plant grows normally at the optimum temperature.
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The introduction of plant growth regulators in agricultural practice is
impossible without a deep and comprehensive study of their effect on the
processes of metabolism, growth and development of the plant. This effect
depends not only on the type of drug, but also on its dose, processing time,
varietal characteristics of the culture and other factors. Yield is an integrated
indicator, which reflects both the general conditions for all variants of the
experiment, and the specific impact of individual agronomic measures. The
data obtained are also necessary to understand the mechanisms of action of
growth regulators.

In general, PGR Fulvital Plus, Ecostim and Quadrostim had a positive
effect on plant productivity and 1000 seed weight of all sterile sunflower
lines, except for the Skh1010A line, in which the productivity was lower
when treated with Quadrostim 16.2 g, compared with 17.0 g control and
a simple sterile hybrid Skh808AxKh1002V 48.8 g, compared with the
control of 53.5 g on average over the years of research. Significant positive
effect of PGR Ecostim and Quadrostim was observed in the line Skh808A
with a productivity index of 65.6-66.4 g, which is 13.5-14.9% higher than
the control of 57.7 g, weight of 1000 seeds 66.5-66.7 g (control 58.3 g).
The high level of dependence of the PGR influence on indicators and the
dependence of the formation of one indicator on another in this line is
confirmed by correlation-regression analysis r = 0.98-1 (R2 = 0.96-1).

There was a significant effect of PGR Ecostim and Quadrostim on the
mass of 1000 seeds in the line Skh1010A in the range of 59.4-60.1 g (control
51.8 g) depending on the PGR used.

It should be noted positive increases in the studied indicators depending
on the drug in the line Skh1002A (productivity 19.7-21.4 g), which is
27.1-38.1 % higher than the control of 15.5 g. The weight of 1000 seeds
varied within 40, 0-47.1 g (control 37.8 g).

In general, PGRs influenced the formation of productivity and increased
it in the range of 0.7-38.1 % compared to the control and depending on the
PGR and the line. It should be noted that the greatest positive impact was
achieved on the lines Skh808 A and Skh1002A. These lines are characterized
by high drought resistance and adaptability to adverse conditions in general
and major diseases (Figure 3).

The effect of PGR on sunflower fertile lines was dependent on the genotype
of the studied line. Thus, a significant effect on the basis of performance from
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Figure 3. Influence of PGR on seed productivity
from the basket of self-pollinating sunflower lines, 2018-2020

the basket was observed in the line Kh785V under the action of PGR Fulvital
Plus 34.8 g (control 30.0 g), which is 15.8 % more than in the control and in
the line Kh1012V when using Quadrostim 23.5 (control 18.9 g), which is an
increase of 24.7 %, respectively. It should be noted the genetic dependence
on the influence of PGR Quadrostim line Kh1010A and its sterile analogue
Skh1010A. Productivity from the basket decreased by 2.1-4.6% before the
control in both cases, but at the same time the weight 1000 increased by
1.5-16 %, which is confirmed by the analysis of variance.

The studied PGR, depending on the genotype, had a positive effect on
the trait weight of 1000 seeds. Thus, a significant increase over the years
of research was observed in the line Kh06135V in the treatment of Fulvital
Plus 53.1 g (control 46.1 g), in the line Kh785V in the treatment of Ecostim
and Quadrostim in the range of 51.9-52.4 g compared to the control 45, 8 g.
In the Kh1012V line, the increase in the mass of 1000 seeds by 16.0-30.3 %
occurred for all PGRs in comparison with the control (Figure 4).

Among the studied experimental hybrids, the use of PGR Fulvital Plus
proved to be effective. On the basis of productivity from the basket, the
increase was in the range of 4.3-17.4%, respectively, according to the
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Figure 4. Influence of PGR on the mass of 1000 seeds
of self-pollinating sunflower lines, 2018-2020

control and depending on the hybrid. The weight of 1000 seeds increased
by 0.3-17% before control depending on the hybrid, and the nature of the
seeds from 1.3% to 4.3 %.

Among the experimental sunflower hybrids studied, the
effect of PGR Fulvital Plus and Ecostim on the trilinear hybrids
Skh808A*xKh1002BxKh06135V and Skh808AxKh1002BxKh785V was
noticeable. The increase in productivity occurred in the range 0f 9.3-19.6 %,
the weight of 1000 seeds from 0.3 to 14 % depending on the PGR and the
hybrid, respectively.

In a simple interlinear hybrid Skh1002AxKh1012V, the weight of
1000 seeds increased under the action of Fulvital Plus to 57.8 g and Ecostim
to 57.3 g (control 49.4 g). The average productivity over the years increased
and was in the range of 38.6-39.5 g per basket. The effect of PGR Ecostim
in the hybrid Skh1012AxKh06135V had a negative effect on the weight of
1000 seeds, which led to a decrease in its weight by an average of 18.2%
compared to the control.

In the study of PGR on the sortoline hybrid Skh808 AxShchelkunchik,
only the use of Fulvital Plus was quite appropriate, as the improvement
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was on all grounds: productivity 73.5 g (control 63.5 g) and weight of
1000 seeds 95.0 g (control 82.4 g).

High rates of PGR impact on experimental hybrids can be justified by the
presence of heterosis, which in turn increases the number of dominant alleles
in the plant, which help plants better adapt to environmental conditions. As
with the sterile and fertile lines described above, the effect of PGR has the best
effect on the genotypes that are most adapted to environmental conditions.

PGR had almost no effect on the studied sunflower cultivars, except
for the Lakomka cultivar, whose productivity varied between 82.4-50.9 g
(control 75.9 g). The weight of 1000 seeds was 106.3-108.1 when treated
with Ecostim and Quadrostim (control 101.9 g). In the Lyuks variety there
was a decrease in productivity to 7.8 % and the weight of 1000 seeds to
7.4 % compared with the control on average over the years of research. The
slight effect of PGR on sunflower varieties may explain their inconsistency
in the onset of developed phases, the period of onset of a certain phase
in the population can vary from a few days to a week. Given the fact that
the period from mid-July to early September in the Forest-Steppe zone of
Kharkiv region there is no or minimal rainfall in combination with high
temperatures (Figure 5, 6).

6. The effect of PGR on the oil content in sunflower seeds

Seed oil is a trait that is controlled not only by the genotype of the plant,
but also by environmental factors, such as rainfall, the sum of average
temperatures, humidity during the growing season [32].

The use of PGR is one of the environmentally safe opportunities to
increase the city of oil in sunflower seeds for the needs of the population.
Thus, the use of PGR Fulvital Plus, Ecostim and Quadrostim depending on
the genotype that was studied changed the percentage of oil in the seeds.

Effective was the use of PPR Fulvital Plus on the previously used
experimental hybrids for the sleepyhead. According to the genotype, there
is an increase in the size of the broth in the range of the lowest indicator
in the line-varietal hybrid Skh808AxShchelkunchik (0.6%), up to the
highest in the triline control in the hybrid Skh808AxKh06135V up to
3 in hybrids Skh1002AxKh1012B, Skh808Ax Kh1002BxKh785V and
Skh1012AxKh06135YV, the adjustment in place of the other pid gave PGR
varied between 1.1-2.6 %.
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Figure 5. Influence of PGR on seed productivity from a basket
of experimental hybrids and sunflower varieties, 2018-2020
(H_1. Skh808AxKh1002BxKh06135V; H 2. Skh1002AxKh1012B; H_3.
Skh808AxKh1002B xKh785V; H 4. Skh1012AxKh06135V;
H_5. Skh808AxShchelkunchik; V_1. Shchelkunchik; V_2. Lakomka; V_3. Lyuks,
V_4. Dons'kyy Krupnoplidnyy; V_4. Dons'kyy Krupnoplidnyy; V_5. Myr.)
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Figure 6. Influence of PGR on the mass of 1000 seeds
of experimental hybrids and varieties of sunflower, 2018-2020
(H_1. Skh808AxKh1002BxKh06135V; H_2. Skh1002AxKh1012B; H_3.
Skh808AxKh1002BxKh785V; H_4. Skh1012AxKh06135V;
H_5. Skh808AxShchelkunchyk; V1. Shchelkunchyk; V_2. Lakomka;
V_3. Lyuks, V_4. Dons'kyy Krupnoplidnyy; V_5. Myr.)
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PGRs natural podrodzhennyam Ecostim significant effect on the
indicator instead of olii not mav. For the victories of a simple intermediate
hybrid Skh1002AxKh1012V, there are a lot of changes in the world in the
average for rock by 2.3 %.

The application was effective on experimental hybrids PGR Kvadrostim
for a vignette of the line-varietal hybrid Skh808AxShchelkunchik, instead
of the number of variations in the rock control boundaries up to 50.8 %
(control 20.7%). In the case of pre-juvenile experimental hybrids, an
increase in the amount in the population in between 0.7—-1.4 % is attributable
to the genotype and as before the control. In the sterile analogue of the
simple midget hybrid Skh808AxKh1002B, the increase in a large number
of people in the world with the addition of PGR Kvadrostim in the average
for rock became 1.7 %.

PGR studies had a significantly smaller effect on sunflower varieties
than on the previously described experimental sunflower hybrids. Since
the studied varieties of sunflower are a confectionery direction of use, the
increase in the percentage of oil in the seeds is not very desirable.

In the Shchelkunchik variety, when the PGR is consumed, it has been
replaced by the oil in the population in the middle for the rock change by
42.4-42.9%, which is less than the control indicator by 1.2-1.6%. In the
variety Lyuks for rocky, on the strength of the PGR, it was seen that it
increased in comparison with the average in today’s market by 1.1-1.6%.
The varieties Lakomka, Donskiy Krupnoplidnyy and Myr, an indicator
instead of the oil in the world, are fallow in the variety and PGR. In
particular, there was a significant increase in oil content by 2.4% in the
variety Donskiy Krupnoplidnyy pid infused PGR Ecostim 42.8 % (control
40.3%) (Table 1).

Injection of pre-existing PGR on the substitute of self-recording lines to
sleepyheads is specific and varied in fallowness according to the genotype
of line and PGR. It should be noted that, at the lines Skh808A, Kh06135V,
Kh06134V, Kh785V and Kh1010B with the stagnation of PGR Fulvital
Plus in the middle for rock changes instead of olii in today.

The amount of olii in the population varied in the borderlands by 0.4-1.2 %
less than before the control. The most effective inflow for the indicator of an
increase in the amount of oil in the world at the line of closing the sterility
of the file Kh1012B with the processing of PGR Quadrostim is 39.9 %, but
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Table 1
Influence of PGR on the oil content in the seeds of experimental
hybrids and varieties of sunflower, the average for 2018-2019, %

Name | Kontrol | Fulvital Plyusl Ekostim | Kvadrostim
Experimental hybrids
Significant at P < 0.05 39,9 43,0 40,3 41,0
Skh1002AxKh1012B 45,7 48,3 48,0 46,9
Skh808AxKh1002BxKh785V 47,0 48,1 47,8 48,4
Skh1012AxKh06135V 41,8 43,6 41,6 42,6
Skh808AxShchelkunchik 50,7 51,3 48,8 50,8
Sterile analogue of interlinear hybrid
Skh808AxKh1002B 48,9 48,3 47,1 50,6
Varieties
Shchelkunchik 44,0 42,4 42,9 42,4
Lakomka 45,7 46,6 45,7 45,1
Lyuks 43,8 45,4 45,0 44,9
Donskiy Krupnoplidnyy 40,3 40,0 42,8 39,6
Myr 45,4 44.4 46,0 45,3
Significant at P < 0.05

4.2% more than in the control (35.7%). The growth of an increase in the
amount of oil in the population was seen in the lines Skh1010A, Kh1012B
and Skh1002A in the inter-areas of 1.5-2.8 %, according to the control
when the PGR Ecostym was stagnant. In the case of a pre-determined line
of admission in lieu of the disease caused by the presence of humic PGR
Fulvital Plus in the boundaries of 35.4-36.3 %, which is 0.6-2.6 % higher
than the control (Table 2).

Among the pre-juvenile genotypes of self-filler lines, it means the sterile
line Skh1010A and the line of closing the sterility file Kh1012B. In case of
stagnation of pre-sluggish PGR, there is a change in the number of people in
the world. Seemingly, the accumulation of oil in our life is directly related
to the photosynthetic potential of the roslin for the accumulation of products
for photosynthesis (assimilation), which is the basis for the establishment
of lipids. The positive dynamics of the PGR consumption on these lines
can characterize the greater adaptive capacity and adjustment in the case of
PGR stagnation.
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Table 2
Influence of PGR on the oil content in the seeds
of self-pollinating sunflower lines, the average for 2018-2019, %

Name Kontrol Fulvital Plyus Ekostim Kvadrostim
Skh808A 51,3 50,2 51,0 51,4
Kh06135V 39,0 37,8 38,5 39,9
Kh06134V 43,6 43,2 43,9 43,9
Kh785V 43,2 42,0 433 43,0
Kh1010B 34,0 33,1 33,6 33,7
Skh1010A 34,1 354 36,8 35,7
Kh1012B 35,7 36,3 37,2 39,9
Skh1012A 40,9 42,4 41,1 40,6
KhNAU1133V 40,4 41,2 39,8 41,5
Skh1002A 33,8 36,3 36,5 32,6
Significant at P < 0.05

7. Conclusions

In the researched article the theoretical generalization and the
practical decision of questions concerning the characteristic of lines,
varieties and hybrids of sunflower which consist in definition of laws of
formation of productivity of plants under the influence of various PGR
are resulted.

As aresult of the research, different effects of PGR on lines, hybrids and
varieties were established. It is noted that the lines Skh808A and Skh1002A
have a greater potential to increase the structural indicators of the crop
under the influence of PGR. One of the factors is their high adaptability
to the environment. The average productivity increase from the basket
under the influence of PGR was 5.1 g in the line Skh1002A, and in the
line Skh808A by 7.1 g. The weight of 1000 seeds increased from 0.3 % to
24.7% depending on the PGR. The nature of the seeds varied and ranged
from 3.7% to 17.3 % depending on the drug and line.

The effect of PGR on fertile sunflower lines was smaller compared to
sterile lines. An increase in productivity was observed in lines Kh785V by
15.8% and in Kh1012V by 27.7 %, respectively control. The main effect
of PGR on these studied lines was observed in the increase in the mass of
1000 seeds. Thus, this indicator was in the line Kh1012V — 44.4 g, which is
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30.3 % more than the control and in the line Kh06135V —53.1 g, an increase
of 15.3 % to the control.

The use of PGR was quite effective in experimental hybrids. The
increase in hybrid productivity was in the range of 0.3-19.6 %, the weight
of 1000 seeds in the range of 3.4-16.7 %.

Among the quantitative features, the best performance indicators
of PGR Fulvital Plus, Ecostim and Quadrostim on the line Skh808A
were noted. Thus, the diameter of the basket increased and varied within
17.8-18.0 cm (control 17.2 cm). In the Skh1002A line, the diameter of
the basket averaged 14.1-15.3 c¢cm over the years of research (control
13.8 c¢cm). Along with the increase in basket diameter, there was an
increase in plant height in the range of 152-156 c¢cm (control 150 cm)
depending on the PGR.

In the fertile line Kh785V, an increase in the diameter of the basket
was observed during PGR processing in the range of 14.1-15.3 cm
(control 13.8 cm). Plant height increased according to PGR in the range of
152-156 c¢cm (control 150 cm).

Among the studied experimental hybrids, the effectiveness of PGR varied
depending on the genotype of the plant. Thus, the best effect was observed
in the linear varietal hybrid Skh808AxShchelkunchik, the diameter of the
basket was 19.9-19.4 cm (control 17.2 cm), the height index varied between
180-188 cm depending on the PGR (control 179 cm).

The practical value of the work is determined by the importance of its
final results, both for seed production, breeding practice and for production.
The influence of the studied PGRs had an individual nature of influence and
varied depending on the genotype of the line, growth regulator and weather
conditions surrounding the plants at the time of treatment and subsequent
vegetation.

During the research it was noted that PGR Fulvital Plus and Quadrostim
had the greatest effect on the improvement of seed mass in the studied
genotypes with an increase in the mass of 1000 seeds and the nature of the
seeds. Fulvic acids contained in PGR Fulvital Plus increase the adaptive
capacity of plants to adverse environmental conditions.

Plant growth regulators Ecostim and Quadrostim have proven to be
effective in research as an effective way to increase the nature and weight of
1000 seeds of seed lines and experimental sunflower hybrids.
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Abstract. In the paper, we investigate the main causes and consequences
of de-industrialization manufacturing and identify important factors
influencing the structural transformation of the industrial sector through
the prism of global technological challenges. Important challenges
identified include environmental challenges of the threatening impact of
climate change, digitalization in all spheres of public life, the technological
leadership of developed countries in context field of Industry 4.0, changes in
the geopolitical landscape and trade conflicts between countries; migration
and population aging; changes in competencies and retraining of employees
to acquire digital skills; cybersecurity and volatility threats; quarantine
amid the COVID-19 pandemic. The current structural imbalances of
Ukrainian industrial development are considered and the current state and
dynamics of structural changes in the Ukrainian economy in technological,
reproduction, sectoral and foreign economic dimensions are analyzed.
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Crisis trends in the Ukrainian industry developed long before the start of
the COVID-19 pandemic: comparing the structure of Ukrainian industry
by type of economic activity, a decrease in the share of the manufacturing
industry, a loss of production potential for a number of high-tech industries
(automotive industry, instrument making, shipbuilding) and a decrease in
added value in manufacturing industry with Ukraine’s establishment as an
independent state in which profound political, social and economic reforms
have begun to take place. The analysis made it possible to determine further
opportunities for industrial development, taking into account harmonization
with European trends in digital and green transformations in industry.
Based on the research results, complex directions for solving structural
imbalances in industry at interrelated levels are proposed: state, regional
and local levels. Overcoming the consequences of Ukrainian manufacturing
deindustrialization in the context of European integration is dependent
on developing and implementing relevant policy of manufacturing
modernization and principles of the «circular economy»; integration
into strategic value chains; creating conditions for training personnel
with digital competencies; development of an innovative infrastructure —
scientific, industrial, technological parks, innovation clusters and business-
incubators. This will lead to the development and introduction of domestic
innovation in production, which in turn should inspire further progress in
the innovation structural transformation in Ukrainian economy and help to
enhance national competitiveness and achieve sustained economic growth.

1. Beryn

VKpaiHa craja Ha NUISIX PUHKOBUX NEPETBOPEHB SIK CAMOCTilHA Jaep-
KaBa TPHIIATH POKIB TOMY, 1, TPOUIIIOBIIN CKJIATHUHA MIISAX Ma€ OCHOBHI
MaKpOCKOHOMIUHI TIOKa3HUKH HIDKYe piBHA 90 pOKy, KOJIH po3rodaia
pedopmu. BinOynack MacoBaHa JeiHaycTpianizallis KpaiHH, 0 € OJHUM
3 BH3HAYAIBHUX TPEHIIB HU3XITHOTO pyXy Kpainu. Ti BemuuesHi mpoMuc-
JIOB1 MOTY>KHOCT, sIKi OyJIM paHille — BTpayeHi, 1ie MiATBEPIKYETHCS BTpa-
TOIO TOBHOTO LIMKJIY BUPOOHMIITBA aBTOMOO1IIB, JIITAKiB, TEIJIOBO31B TOLIO.
MarepianbHO-TeXHiYHa 06a3a OUIBIIOCTI MiJMPUEMCTB — 3HOIICHA: PiBEHb
BIITBOPEHHS OCHOBHHX 3aC00IB 3HAYHOI YACTKU MiJNPUEMCTB CTAHOBUTH
noHaj 50%, a B TaKKX raly3sx siK JepeBooOpoOHa cTaHOBUTH Oinbiie 80%.
MonepHi3aris nepepoOHOi MPOMHCIOBOCTI 32 OCTaHHI POKH 311HCHIOETHCS



Chapter «Economic sciences»

B OCHOBHOMY Ha 0a3i iMIOPTOBAHOTO TEXHOJIOTIYHOTO OOJaJHAHHS, IO
CTBOPIOE JIOIATKOBI PU3HKHU IIOAO MOCHICHHS 3aJEKHOCTI MPOMHUCIOBOTO
PO3BUTKY BiJl iIHO3EMHHIX KOMITaHIH.

BomHouac, CBIT onmMHUBCS Tepen HOBUMH TIOOANEHUMH BUKIHKAMH,
cepen SKHX BU3HAYaJIbHE MICIE ITOCINAIOTH CKOJOTIYHI BHKJIMKH 3arpo3-
JIMBOTO BIUTMBY 3MIHH KJIIMaTy; IU(POBI3allis B yCix chepax CyCHiIbHOTO
KUTTS; HAOYTTs KpaiHaMU TeXHOJIOTYHOTro JiaepcTsa [Hayctpii 4.0; 3MiHK
TeONOJITUYHMX IIEHTPIB BIUIMBY Ta TOPriBesIbHI MPOTUCTOSHHS MIXK Kpai-
HaMU; MIrpailis Ta CTapiHHA HacelleHHs; 3MiHa KOMIETEHIIH Ta MepeKBa-
nidikanis poOITHUKIB 1 HAOYTTS HU(POBUX HABUUOK; 3arpo3u Kibepoes-
MCKU 1 CHEpro3aleKHOCTI; KapaHTHHHI OOMEXCHHS B yMOBaxX MaHIeMii
COVID-19. CsitoBuii inxycTpiadbHUI CEKTOP HUHI 3a3HAE KOPIHHUX TPaH-
copMaIiifHuX 3MiH, aJaNnTyIOuYNCh 0 HOBIX YMOB iCHYyBaHHS.

Bce 11e mpu3BOANTE 10 TIOCHIICHOTO 3alUTy OOTPYHTYBAaHHS KOHIICTITY-
ANBHUX 3aca/l 010 TpaHc(HOopMAaIlil IPOMHUCITIOBOCTI YKpaTHH SK YYacCHUKA
CBITOTOCTIOZAPCHKUX BIJTHOCHH, Bijl MPOMHUCIIOBOTO PO3BUTKY SKOI 3aJie-
YKUTh MOYXITUBOCTI TOAAJBIION0 €KOHOMIYHOTO BiIHOBJIEHHS Ta 3abe3Iie-
4eHHs 100po0yTy HaceneHHs. OTxe, aKTyallbHICTh MOCTIIKEHb MHUTaHb,
OB’ I3aHMX 3 TOAOJIAHHAM JIeIHAYCTpiaji3alii IpOMUCIOBOCTI YKpaiHu Ta
i1 aganTaiii 10 Cy4acHUX BUKJIIUKIB B KOHTEKCT1 €BPOIHTETpallii He BUKJIH-
Ka€e CyMHiBIB.

Jlo Toro x €BpONEHCHKUII BEKTOp IHTErparii, IO MiATBEPAKYETHCS
HU3KOI0 YXBAJICHUX MDKHApOIHMUX YTOA Ta JOKYMCHTIB, BUMAarae 3MiHH
YMOB BeJIeHHS Oi3Hecy B YKpaiHi. YXBajieHHs Yroau mpo acoriamiro 3 €C
Ta TIO/ajbllla TAPMOHI3AIS HAIIOHAIBHOTO 3aKOHOJABCTBAa 3000B’s3y€
VYkpaiHy BUKOHYBAaTH CYKYITHICTh CIIJIBHHX IpaB 1 3000B’s3aHb, 000B’513-
KOBHX JI0O BUKOHAHHS B yCiX Kpainax — wieHax €C. Tak, y 2019 pori Oyia
yXBaJieHa aMOilliifHa nporpamMa — €BpPONEHCHKUN 3€JICHUH KypC, METOI
SIKOT € 3a0e3MeueHHs CTIHKOCTI ekoHOMikM €C IIISIXOM MEPEX0y JI0 KiliMa-
TUYHO-HEUTPANbHOI, TUPKYIIpHOT ekoHoMiku 10 2050 poky. ¥ 2020 pori
VYkpaina npuenHanace 10 €Bporneiicbkoro 3eneHoro Kypey, Takox oTpu-
Majla CTaryc mapTHepa 3 posinpeHuMu moxiauBoctsiMu HATO i posmno-
yaBcsl Alajior OO0 OHOBJIEHHs Yroau mpo acomianiio 3 €C. o Toro x
BIIPOBA/KEHHS €BPONEHCHKUX CTAHAAPTIB IPOMHUCIIOBOTO 1 POIOBOIBYOTO
BUPOOHHIITBA (0COOIMBO OB’ s13aHMX 3 o0csiramu BUKHIB CO,) € onHie0 3
TOJIOBHUX 3acaJl PO3BUTKY YKpPaTHCHKOT €KOHOMIKH, 30Kpema 3 €C BeyThCs
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MIEPETOBOPH MIONO YKIIAJACHHS YTOIU PO OIIHKY BiJIOBIJHOCTI Ta MpH-
HWHATHICTE TipoMuciIoBUX ToBapiB (Yroga ACAA B YacTHHI Tak 3BaHOTO
IPOMHCIIOBOTO OE3Bi3y»).

2. Orsiz JitepaTypu 3 OKpecaeHol MpodJieMaTuKu
Ta BUIUJIEHHS] HEPO3KPUTHX YACTHH

Icnye Benuka KiIbKICTh €KOHOMIYHMX IyONiKaliidi Nmpo eKOHOMIYHi,
COLiaJIbHI Ta TEXHOJIOTTYHI 3MiHH, AKi 3yMOBIIOIOTh PO3BUTOK MTPOMHCIIO-
BOCTI. Y 3B’43Ky 3 IIUM OCOOJMBY yBary CiiJ IPUIUIUTH JOCIIKEHHIM
YKpaiHCBhKHX Ta 3apyOikHUX BueHUX. [lilicHo, neski excrieptu (E. Peitnept
[1], Dx. Crirnin [2], . Poapik [3], K. @piman [4], K. [Tepec [5] Ta inmi)
3asIBHJIU, 110 TIOJI0JIAHHS TEXHOJIOTIYHOTO PO3PUBY MiX KpaiHaMu, 10 PO3-
BUBAIOTHCS, Ta KpaiHAMM 3 TEPEXiTHOI0 EKOHOMIKOIO Ta iHIIUMH € aKTy-
ATBHUM TTUTAHHAM, 1 TaKWi, IO MEPEIIKOKAE TIIOOATFHOMY PO3BHTKY.
VY 11bOMY BiJTHOIIIEHHI OCOOIMBE MiCIle MTOCIJA0Th Mpalli YKpaiHChKUX BYe-
Hux: B. et [6], B.I1. Bumnescbkoro, B.1. JIsmenka, KO.M. Xapasinisiii,
LIO. Minopuuera, A.A. Maaux [7], FO.1. [Tunmunenxo [8], FO.B. Kinazep-
cbKoro [9] Ta iHIIMX, B SIKUX MPEACTaBICHI OCHOBHI OpieHTHpU pedop-
MYBaHHSI BITYM3HSIHOT €KOHOMIKM Ha OCHOBI NPOBIIHOIO 1HHOBALIHOTO
po3BUTKY npomucioBocti. Tak, FO. [IununeHko BU3HAYa€ TEXHOJOTIUHY
CHUCTEMY SIK BiTHOCHO aBTOHOMHHMI €JeMEHT I'POMaJICbKOCTIi, 3aCHOBaHUMN
Ha CUCTEMHOMY IiJXO0Ji 10 aHaJi3y COLiaIbHO-eKOHOMIUHHX MPOIECiB [§].
Sk 3a3nauaB 0. Kinazepcpkuid, mpo epeKTUBHICTH CTPYKTYPHUX peopm
y IPOMHCIIOBOCTI MOYKHA TOBOPHUTH JIUIIIE TOJI, KOJIH JIepPiKaBa CTBOPIOE IS
Oro epeKTHBHI IHCTHTYTH [9]. BojHOYAC 1t HAIIOT KpaiHy, Sika HaMara-
€ThCsI 3a0€3IMEUNTH CTiKE EKOHOMIYHE 3pOCTaHHS Ta JJOOPOOyT HaceICHHS
B CKJIAJJHAX YMOBAaX BOEHHOTO KOH(IIIKTY, HaJ3BUYaHO Ba’KINBO BH3HA-
YUTH HACTIJIKK JISIHAyCTpiani3alil MpOMHUCIOBOCTI I BIUTMBOM II00AJTb-
HUX BHKIIUKIB, 8 TAKOXK OOIPYHTYBAaTH HANPSMKHU «O3JOPOBICHHSD) YKpaiH-
CBKOI IPOMHUCIIOBOCTI B yMOBAaX MOCHJICHHS €BPO iHTETPAIITHOTO BEKTOPY.

3. MeTomoJIOriYHMi mixxin
Mertozmosnorist JOCIiAKEHHSI BUBE/ICHA 3 OCHOBHUX 3araJbHOHAyKOBHX
Ta CIEIiaIbHUX METO/IB Mi3HAHHS NPUPOJN SKOHOMIUHMX SBHII i CTPYK-
TypHUX 3MiH, a came: METO/Ay CHCTEMHOTO aHaiidy NpU BUBYCHHI TaKOi
CKJIaJIHOI CHCTEMH SIK IMPOMHCIIOBICTh — CKOOPIMHOBAHOI, OaraTopiBHEBOI
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CTPYKTYPH, IO aKyMYJIO€ Pe3yiabTaTd BHPOOHWYOI MisUTBHOCTI CyCIib-
CTBa 32 JIOTIOMOTOI0 KOHKPETHUX KOMIIOHCHTIB; CTPYKTYPHOTO aHAI3y IS
JOCIIDKEHHST CTPYKTYPHHUX 3MiH K PE3yJbTaTy 3MiHU TPOTOPIIN JTisIb-
HICHO-BUIOBOT CTPYKTYPH MPOMHUCIIOBOCTI; CTaTUCTHYHI METOIU — ISt
BHSIBJICHHSI OCHOBHHMX 3aKOHOMIPHOCTEH JICIHTyCTpiai3allii pOMHUCIOBOTO
PO3BHUTKY B YKpaiHi; pCHTHHIOBUI METOI Ta KOMIIAPATUBHUHN aHANI3 — JIIsI
BHU3HAYEHHS MICISI IPOMUCIOBOCTI YKpaiHU cepell 1HIIUX KpaiH; Jiajiek-
TUYHOTO METOAY — IPH BUCBITJICHHI crieliiuHuX (HopMm mposiBy NpoTUPIY
PO3BUTKY CTPYKTYPU €KOHOMIKHU; METOJ PETPOCHEKTUBHOIO aHaJli3y y Mpo-
LeCi JOCTIKEHHS TeOpiil CTPYKTypHHUX TPaHC(hOPMAIii eKOHOMIYHOT cHC-
TEMH, a TaKO)X METOJU IHAYKIII 1 JeTyKIil — Ipyu OOTpyHTYBaHHI KOHIIET-
TyaJbHUX 3acaj 010 (pOpMyBaHHS Ii€BUX IHCTPYMEHTIB JUIS TTOJONAHHS
neiHaycTpianizamii B yKpaiHCBbKiH mpoMuciIoBocTi. OCHOBHUM METOIOM,
10 BUKOPUCTOBYETHCS Y JIOCIIKEHH], € CTPYKTYPHO-(QYHKI[IOHATBHHN Ta
MOPIBHSJIBHUNA aHAJI3 — U1 BUBYCHHS (DAKTHYHOTO Marepiaily, o Xapak-
TEPU3y€E CydaCHHWM CTaH, MPAKTHKH CTPYKTYPHOI TpaHcdopmarlii Moaeni
C€KOHOMIYHOTO PO3BHUTKY.

4. TeopeTn4Hi MiIX0/1¥ 10 BU3HAYEHHS MPUYHH
Ta HACJTIAKIB neinaycTpiamizamii

Ha cporoaHimHiil 1IeHb B €KOHOMIYHIH Haylli aKTUBHO OOTOBOPIOIOTHCS
pi3HI MO HAa BH3HAYCHHS CTPYKTYPHO-TATy3e€BUX TpaHchopmariii B
MIPOMHUCIIOBOCTI, III0 OOYMOBITIOIOTH JICIHyCTpiaiizalito. Po3rsiatoun Teo-
peTHYHI pO3pOOKH BITUM3HSIHUX Ta 3apyODKHHX BUCHHUX CIIiJI BHOKPEMHTH
Pi3HI TAX0M 10 BU3HAYCHHS IPUYMH Ta HACITIJKIB JeiHaycTpiamizanii. Ha
nymKy P.O. 3abombkoi, epiior Ta OCHOBHO MTPUYHHOO JICTHIyCTpiaji3a-
1T € 3pOCTaHHs IOXOY Ha AyITy HaceneHHs. Koy B kpaiHi criocTepiraeTbest
3pOCTaHHS PiBHS JOXOAY, TO IIe TIPU3BOINTH IO 3MEHIIICHHS YACTKH IPOMHC-
noBoro BupoOHUNTBa y BBII, BogHOYac crnocTepiraeThest 30UIBIICHHS 3HA-
gyeHHs cdepu mocayr [10]. OCHOBHUM (haKTOPOM MIBHIKOTO EKOHOMITHOTO
3pOCTaHHsA 3 4YaciB MeplIoi NPOMHUCIOBOI peBOOLii Oy10 BHPOOHHIITBO.
Kpainu, koHKypyroun Mixk co000, Hamaraaucs Ha3JOrHaTu OUIbII PO3BH-
HEHi, JUI1 Y0ro MPHKIAJaid 3Ha4HI 3yCHJUIS Ul HapOILEHHS MOTEHIaly
PO3BUTKY CBOIX MPOMUCIIOBUX raiy3eil. [lepion micns apyroi cBiTOBOI BifiHU
MMO3HAYMBCS JIBOMA XBHJISIMH IIBUJIKOTO €KOHOMIYHOTO 3pOCTaHHSs, 00yMOB-
JICHUMH OYPXIIMBHM PO3BUTKOM ITPOMHUCIIOBOTO BUPOOHUIITBA.
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e onHi€0 MPUYMHOK JACIHAYCTpiami3amii BBaKAKOTh «TOJUIAHIACHKY
XBOPOOY», M0 0COOJIMBO aKTyaJbHO JUISI CKOHOMIYHOTO PO3BUTKY KpaiH,
0 PO3BHBAIOTHCA. Ha MyMKy KOJNIEKTHBY BUYEHHX |HCTHTYTY EKOHOMIKH
npomuciioBocti HAH Ykpainu, BiICYTHICTh MPOTPECUBHUX CTPYKTYPHHX
3pyIICHh B CKOHOMINI YKpaiHH MPakTHYHO BIPOIOBK YCHOTO IEPiOLy
HE3aJIC)KHOCTI, KOHCEPBYBAaHHS BIJIICTAIOTO THITY BUPOOHUYOI CTPYKTYpH,
XapaKTepHOro sl OIMHUX KpaiH, MPH3BEIH J0 SKOHOMIYHOTO 3aHEmasy,
XPOHIYHOI «TOJUIaHACHKOI XBOPOOW», ACIHAYyCTpiai3alii Ta «IHBECTHLIM-
Horo ronony [7, c. 189—190]. Ha nymky 3apyOixnux BueHux Jlx. Xopemi,
C. [IpoyT, M. Tonrc, C.X. A, «roiiaHickka XBOpoOay» — sIBUILE, SIKE 4aCTO
3rajly€Thes B JITEPATYPI K «IPOKISATTS PECypCiBy», BIepe Oyia BUKOPH-
CTaHa ISl OITUCY TOJUIAH/CHKOTO EKOHOMIYHOTO JTOCBI Ty, KON BUPOOHIYHH
CEKTOp 3a3HaB iCTOTHOTO MAiHHS BHACIIJIOK OypXJIMBOTO PO3BUTKY CEK-
TOpY NpUpoaHOTo Ta3y [7, c. 189—190]. 31 3pocTaHHAM EKCIIOPTY Ta3y Kypc
Tomnannii momopoxyar jo nonapa CIHIA Ta miamTOBXHYB pIicT 3apo0iT-
HOT TUTATH MIBUJIIE, HIK MPHUPICT MPOIYKTHBHOCTI B HEra30BUX CEKTOpax
eKOHOMIKH. TakuM YUHOM, KOHKYPEHTOCIPOMOKHICTh [ommanmii B iHIIMX
BHJIaX €KCIIOPTY, 0COOIMBO B 0OPOOHIH MPOMHCIOBOCTI, 3HU3UIIACS, TOMI SIK
il MOMKT Ha BITYU3HSIHI HETOBAPHI TOBAPH 3pOCTAB, IO CHPUINHIIIO i1HGIIS-
L0 Ta 3MEHIIWJIO NpuToK iHBectuuiii [11]. Bognouac, M. [1anma BBaxae,
10 MPUCKOPEHA JIeiHAYCTpiaii3allis Ma€ MiCIe He JIUIIe Y BUIaJIKy BUHUK-
HeHHsl [ommanachKkol XBOpoOH, ajie il 3a yMOB JJOCSITHEHHS KPaiHO BHCO-
KHX PIBHIB CKCTIOPTY (DIHAHCOBUX 1 TYPUCTHYHUX MOCIYT Ta 4epe3 3MiHy
MOJITUKHU PETyIIOBAHHS, 0COOIMBO B cepi TOPriBii, oMy crpusie GiHaH-
coBa Jibepamizalis y kpaiHax 3 cepenHim piBHeM goxony [10, c. 190].

Cepen HITUX MPUYMH JSiHIyCTpiatizamii BUAUISIOTh TAKOXK HACTYIIHI:
301JIBbIICHHSI IMITOPTY MPOMHUCIIOBUX TOBApPiB; MIPUCKOPEHE 3POCTAHHS MPO-
JYKTHBHOCTI Tpaii y MPOMHCIOBOCTI, MOPIBHAHO 3 IHIIMMHU Taly3sIMH
C€KOHOMIKH; MIXKTady3eBHIA ayTCOPCHUHT (Mirparlis JisUTbHOCTI, 1[0 paHilie
BUKOHYBAJIACS Y MPOMHUCIIOBOCTI, y cepy HOCIYT).

JocnimkeHHs poni MKHApOAHOT TOPriBili B MpoLeci AeiHaycTpiaiza-
1ii, 30KkpeMa 30UIbIIEHHS IMIIOPTY MPOMHUCIOBHX TOBapiB B KpaiHy BiJ0-
Opaxeno y mpausx /. Kydepa ta B. Minbepr (2003), C. Caerep (1997),
E. Byn (1995) ta P. Poyropu Ta P. PamacBomi (1997). Tak, BoHn BBaxka-
I0Th, IO 3aBJSKHA MMOCWJICHHIO TOPTOBEIBFHUX ONepaliii mpoMHCIOBUMHU
TOBapaMH MiXK PO3BHHYTHMH KpaHaMH Ta EKOHOMIKaMH, 10 PO3BUBAOTHCS
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BiZIOYBAETHCSI CKOPOUEHHSI YACTKU IMPOMHCIIOBOCTI y 3arajibHIN 3alHATOCTI
HaCeJIEHHS pO3BUHYTUX KpaiH Ha 20-30% [12; 13; 14].

HacmikoM mporiecy aeinmycTpiaiizaiiii € 3poCTaHHs MPOTIO3HIIiT ITOCITYT,
SIKi TIPOTIOHYIOTHCSI BUPOOHUYMMH KOMIIAHISIMA Ta SIBISIFOTHCS BHTPATaMH
JUTS BAPOOHUIITBA KIHIIEBUX BJACHUX TOBAPIiB a00 SIKi OCTAYat0ThCs Pa3oM i3
TakuMH ToBapamMu. CHEKTp TaKUX MOCIYT TyXKe ITHPOKHIA, TTOUHMHAIOYH 3 TTiC-
JSIMPOJAYKHUX Ta TPAHCIIOPTHUX ITOCIYT 1 3aKiHIYIOUH HAYKOBUMH, iH(pOpMa-
uiiiHuMu ado mpodeciiHuMU mocayraMmu. Pesynbrati JesiKuX J0CIiIKEeHb
BKa3ylOTh Ha Te, 110 BUTPATH Ha MOCIYTH CTaHOBIATH 37% BapTOCTi €KC-
MOPTY BUPOOHHUIITBA, BOIHOYAC TIPH JIOJABAHHI MMOCIYT, 1110 MOCTA4at0ThCsl B
MeKax camol KOMIaHii, 115 yacTka 3pocrtae 110 53% [15].

BusHauansHUM HAIPSIMOM CTPYKTYPHHUX 3MiH € CTPYKTYPHA MOJICPHi3a-
1lisl TEXHOJIOT1YHO1, Tay3eBO1 Ta BiITBOPIOBAILHOI CTPYKTYpPH HAIllOHAb-
HOT €KOHOMIKHM Ha KOPHUCTh BUPOOHHMIITBA TPOMYKIII 3 BUCOKHM BMiCTOM
JIOZIAaHOT BapTOCTI 1 TEXHOJIOTIYHOI epepoOku. ToOTO BiIOyBa€eThCS 311aM
CTapoi CTPYKTYPH 1 YTBOPEHHsI HOBOI, 3 HOBUMH (DYHKI[ISIMH, TIEpexiJ Ha
HOBHH PiBCHb PO3BUTKY.

Ille ogHUM Ba)KIMBUM YHHHHAKOM, IO BU3HAYAE CTPYKTYPHI 3pyIICHHS
B MPOMHCIIOBOCTI € BIPOBADKCHHS MPHUHIHIIB HUPKYISIPHOI EKOHOMIKH,
IO MPHU3BOIUTH 0 KapAMHAIBHUX 3MiH, 30KpeMa y Talxy3sxX Ta Ha PUHKY
mpati. Lle 00ymoBiIeHO 3pocTaounM AUcOaTaHCOM MiXK HABUYKAMU MOJIOJ
Ta noTpedamMu pPoOOTONABIIIB, OCKITBKY IIUPKYJISIpHA €KOHOMIKa TpaHchop-
Mye icHyroui Oi3Hec-mozaeni i poOoYi MICIl MIBHIIC, HIX MpalliBHUKA
MOXYTbh aIalTyBaTHC.

5. Ctan Ta 0c00,1MBOCTi IPOMHCIOBOTO PO3BUTKY B YKpaiHi

Jutst Toro, mo0 BU3HAYNTH OCHOBHI MPUYWHH, 10 TIPU3BEIU JIO HUHIII-
HBOI Jlerpajallii eKOHOMIYHOI cUTyarii B YKpaiHi, CJijJ 3BEpHYTH yBary
Ha ICTOPHYHI MEepelyMOBU CTAHOBJICHHS PUHKOBHX BIIHOCHUH B YKpaiHi
30 pokiB ToMy 1 1o ToMy. KiTFo4oBHMU TIPUYMHAMYU €KOHOMIYHUX MPOOIEM
YIPOJOBXK ICHYBaHHSA He3ajeKHOi YKpaiHM Ta MONEPEeAHbOro IMepiony €
Kpu30Bi siBUIIA 3 iHTepBajoM 5-10 pokiB, Aki Oe3mocepeHbO BILUIMHYIN
Ha PO3BUTOK MPOMHUCIOBOCTI (puc. 1). Mo)kHA BUIIIIMTH Taki KPU30BI Mepi-
OJI: CTAaHOBJICHHS YKpaiHW sK He3anexHoi nepxkasu (1991-1993 pp.),
O3HaKaMH SIKOi Oyiu J1ibepari3alis 1iH 3a BiZICYTHOCTI KOHKYPEHIlii Ta 30e-
PESKCHHST KOMaHTHO-aMIHICTPaTUBHUX (PyHKIIN neprkaBu, TirmepiHIIsIis
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(maiixe 2000%, 0 MOXKHA TIOPIBHSITH 3 TOKa3HUKamu bpasuii ta Konro),
IpoOIIOBa eMmicist, OaHKPYTCTBO Ta JIIKBIJAIlis ITiIPUEMCTB, 3HCIIIHCHHS
JICTIO3HTIB HACEJICHHS, PO3PUB CKOHOMIYHUX 3B’S3KIB 3 MIANPHEMCTBAMH
konumHboro CPCP. 3 1998 p. Bin0OyBaeThest (hiHaHCOBA KpU3a, CIPHYUHEHA
HEOOTPYHTOBAaHOIO OOPTOBOIO IMOJITHKOIO JEp)KaBH depe3 meQiluT aep-
’)KaBHOTO OrojpKeTy; cTpykrypHa kpuza 2003-2004 pp., sika oxomwuia mpo-
JIOBOJIBYUI PUHOK, (DIHAHCOBY, KPEOUTHY Ta €HEPreTUYHY CHUCTEMH TOLIO;
¢inancosa kpuza 2008 poky, cippuuHeHa 0opraMu Ta IHIIMMU 30008’ 13aH-
HSAMU, TOTIOHUMU 10 TipoOsieM 1998 poky.

HactynHuM eranm moB’s3aHMi 3 aKTUBI3AIli€l0 TMPOIECIB €BPOIHTE-
rpamii, 30KpeMa yXBaJCHHS YToaum MHpo acomialilo MK YKpaiHoo Ta
€porneticekum CorozoMm Big 21.03.2014 p. (momiTH4Ha 4acTHUHA) Ta Bil
27.06.2014 p. (ekoHOMiIUHA 4YacTHWHA), a TaKOX MNPUUHATTS YKpaiHOIO

« JliGepanizaris 1iH 3a BiICyTHOCTi KOHKYPEHIIii; \
* 30epeKeHHS] KOMaH/IHO-aIMIHICTpaTUBHUX (DYHKIIHM JepKaBu;
* I'inepindmsmis (Maibxe 2000%, mo MoXHA MOPIBHATH 3 IOKa3sHUKaMH bpasumii Ta
Konro);
« I'pomroBa emicisi, 0aHKPYTCTBO 1 JIIKBiZAIlisl i ITPHEMCTB, 3HEL[IHEHHS BKJIAJiB
1991- HACEJICHHS,
1993ppf « Po3puB rocrionapchkux 3B’s13KiB 3 mianpueMctamu konumnasoro CPCP; ¢inancoa
kpu3a 1998 p., BUKInKaHa HeOOIPYHTOBAHOK OOPrOBOIO MOJNITHKO IEPKaBH,
3YMOBJICHOIO JIC(DILIUTOM JICP)KAaBHOTO OFOIXKETY. /

<

N
» CTpyKTypHa KpH3a, [0 OXOIIHJIA PUHOK IIPOJOBONECTBA, (hiHAHCOBO-KPEIUTHY Ta
2003- €HepPreTHYHY CHCTEMH TOIIO

2004 ppJ

» dinancoBa KpH3a IPHINHOIO K0T cTaly O6OpProBi Ta iHIIi 3000B’sI3aHHS, aHATIOTYHI

2008- npobnemam 1998 p.
2009 pp -

« BiiicekoBa arpecis Pocii Ta anekcis Kpumy
2014 p.

» Koponakpusa

2020 p.

Puc. 1. CTpyKTYypHIi Kpu3u B eKOHOMILi YKpainu
32 4YacH He3aJIesKHOCTI
Lorcepeno: cknadeno 3a oanumu [16, c. 70-72, 146—-153]
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3000B‘s13aHb IO/I0 BIPOBaDKeHHS 17 miobanpHux Llinei cramoro pos-
Butky OOH Ha niepion 10 2030 p. 3okpema, Yrozaa npo acoriaiiito YKpaiHu
3 €C nependayae 30;mKeHHs MK YKpaiHoto Ta €C Ha OCHOBI CITUTBHUX
MIHHOCTEH, IOCHUJICHHS CITIBPOOITHHUIITBA y cepl FoCTHUIlil, cBOOOIM 1 Oe3-
TIEKH, 3a0e3IIeUeHHS MIPaB JIIOMUHH Ta OCHOBOIIOJIOKHUX cBoOo. [Timkpec-
JIFOETHCSI, IO MOJAIBINI BITHOCHHU MiX YKpaiHoro Ta €C 0a3yBaTUMYThCS
Ha MPHHIMIAX BUTBHOI PUHKOBOI CKOHOMIKH, BEPXOBCHCTBA IpaBa, e(eK-
TUBHOMY ypsiAyBaHHi Toi0. BogHouac 11e 00yMOBMIIO arpecuBHi 1ii 3 00Ky
KpaiHU-cyciJa, a MepioJ Bi3HAYMUBCS POCIHCBKOI0 BiMICBKOBOIO arpeciero
Ta aHekciro Kpumy B 2014 poui. 3a nanumu MiHicTepcTBa 3aKOpAOHHUX
crpaB YKpaiHu, y pe3yibTari 30poiiHoi arpecii Pocii mpotu Ykpainu 3aru-
HyH Omu3bko 9940 ocib, 6musbko 23455 Oyino mopaHeHo, OJM3bKO 1 MIIH.
584 tuc. memkanmiBs Kpumy Ta Jlonbacy Oymu 3MyIneHi MOKMHYTH CBOi
JIOMIBKH SIK BHYTPINIHBO repemimieHi ocoou. Exonomika JlonOacy moBHi-
CTIO 3pyHHOBaHA. YCTaTKyBaHHS 0araTbOX KOJHCH ITOTY>KHUX YKPATHCHKHX
3aBOJIIB BUBE3eHO Ha Teputopito PD. Curyallis 3 3aTOIJICHUMHU TipHUYO
BHAOOYBHUMH IIAXTAMH 3aIPOXKYE TOTYKHOIO EKOJIOTITHOIO KaTacTpodoro.
CTaHOM Ha CHOTOIIHI OKYIIOBAaHUMH 3QJIAIIAIOTHCS: ABTOHOMHA PecryOimika
Kpum (26 081 km?), m. CeBactononb (864 km?), yactuHa JloHelbKOI Ta
Jlyrancekoi obmnacreit (16799 km?) — Bcboro 43744 xkm?, mo cknanae 7,2%
tepuropii Ykpainu [17]. Bci nuTaHHS HEMOXJIMBO BHPIIIMTH 0€3 ydacTi
MDKHApOJHMX OpraHizauiif Ta IiNecHpsMOBaHOI MOJITUKHU, HalliIeHOI Ha
JIKB1JIAIi10 BIHCHKOBOTO KOH(IIIKTY.

Hactynnoro ynmapy mo exoHoMimi YkpaiHi 3aBaasia HaHJeMis KOpOHa-
Bipycy. CrprurHEHa KOPOHABIpyCHOIO iH(EKIII€I0 TOCTpa pecriparopHa
xBopoba COVID-2019 Ta oOMexyBaJIbHI KapaHTHHHI 3aXOH IIIOJI0 3aI10-
OiraHHs ii TOMIMPEHHIO 00YMOBHIIM HETaTHUBHI TCHICHITIT HE TIJIbKH B YKpa-
THCBKIM €KOHOMIIII, & i B YChOMY CBITI. 3a CJIOBAaMH T'€HEpaJIbHOTO CeKpe-
tapst OECP, «30uTKM BiJi maHJaeMii KOPOHABIPYCY MEPEBUIIMINA 30UTKU
BiJl m1obanbHO1 (hiHaHcOBOT kKpu3u 2008 poky Ta Bij TepakTiB 11 BepecHs
2001 poky» [18].

B I-my miBpiyui 2020 p. yHACT1 10K KAPAHTUHHUX 00OMEXEHb (MPUITHHEHHS
TPAHCIIOPTHOTO CHOJYYEHHS, 3aKPUTTS JEp>KaBHUX KOPJOHIB, 3a00pOHU
BEJICHHsI OKPEMHX BHUJIB Oi3HECY, TOIIO) CHOCTEPIraloThCsl O3HAKU MTOYATKY
periecii eKOHOMIKH: CKOPOUCHHSI TTOITUTY Ha TOBApH, OOCSTIB IMPOMHUCIOBOTO
BUPOOHHUIITBA, MOPYLICHHS MPOAYKTOBHX BHPOOHHYHMX Ta TOPIOBEIHHHX
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JIAHITIOTIB, 3HAYHE IPOCIJAHHS 30BHIITHLOCKOHOMIYHOI aKTUBHOCTI (CKO-
POUYCHHS IPOMHCIIOBOTO EKCTIOPTY Ha 16,6% MOPIBHIHO 3 MUHYJINM POKOM, a
iMropty Ha 26,2%), 3HIKEHHS 00CATIB iHBECTHILIH (pHC. 2).
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Puc. 2. lunamika o0csiriB BUPOOHUIITBA, EKCIIOPTY Ta iMIIOPTY
MPOMUCJIOBUX TOBapiB B Ykpaini 3a 2019-2020 poku,
% 10 BiNOBiIHOT0 KBapTAaJy MONEPEIHHOI0 POKY

Jowcepeno: cknadeno 3a oanumu [epaccmamy. URL: www.ukrstat.gov.ua [19]

VYKpaiHChKi BUPOOHHUKH OITMHIIIUCH Y CKIaJHUX yMoBax: y 2019 p. maio
Micle najaiHHsA 00CATiB MPOMUCIOBOrO BUPOOHUIITBA, IPUUOMY B JIMCTO-
naai 2019 p. #ioro oOcsru 3un3unmcs Ha 1,1% nopiBasuo 3 2018 p. 1 Ha
1,4 % nopiBHsHO 3 TpeTiMm kBaptaiom 2019 p. (puc. 3).

KpwuzoBi TeneHnii y npoMuciaoBocTi YkpaiHu po3BUBANIUCS 33JJ0BTO 10
novatky nangeMii COVID-19: mopiBHIOIOYM CTPYKTYpYy HPOMHCIOBOCTI
VYkpainu y 2010 ta 2019 pp. 3a BuAaMu eKOHOMIUHOI AisUTBHOCTI, MOXHA
BiJI3HAUUTH 3MEHIICHHS YacTKW OOpOOHOT mpomucioBocti 3 67,4% no
64,4%, Ta 3HWKEHHS JOIaHOI BApTOCTi B MPOMHCIOBOCTI 3 26% y 2010 p.
10 23% y 2018 p. (puc. 4 ta puc. 5).

Y cBolO depry, mepepoOHY MPOMHCIOBICTh IepeBakHO (64,4% vy
2019 p.) dopmyrOTh: BUPOOHHWIITBO MPOMYKTIB XapdyBaHHS, HAIOiB Ta
TIOTIOHOBHX BHPOOiB (33,2% Bix 3araibHOI KUTBKOCTI IIepepoOHOi IIpOMHC-
noBocTti y 2019 p.); MetanypriiiHe BUpOOHHULITBO Ta BUPOOHULITBO FTOTOBUX
MeTasieBUX BUPOOiB (24,7%); BUpOOHUITBO XIMIKaTiB Ta XIMIYHHX IMPO-
nykTiB (4,5%) ta mammHoOynyBanus (11,8%). Ha croroani B nepepoOHiii
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Puc. 3. 3mina peanbuoro BBII
% 110 BiIMOBITHOTO Mepioay MoneperHbLOro poxy, %o

Hoicepeno: cknadeno 3a oanumu JJepoccmamy. URL: www.ukrstat.gov.ua [19]

IIPOMUCIIOBOCTI IIepeBayka€ BUPOOHUIITBO 3 HU3BKUM PiBHEM TEXHOJIOT1Y-
HOI TepepoOKH: BUPOOHMIITBO ACPEBUHH Ta BUPoOiB 3 Hel (5,3%), BUpOO-
HUITBO KOKCYy Ta HadTOonmpoxyKTiB (4,5%), apmarieBTH4HA MPOIYKIis Ta
¢dapmaneBTruHi mpenaparu (2,3%). bimpime Toro, cinin 3BepHYTH yBary Ha
TPUBATY TEHJICHIIIIO 3HWKCHHS YaCTKH BUPOOHMIITBA MAIIMHOOYTYBaHHS:
3 13,8% y 2010 poui mo 10,3% y 2019 pori.

8 /loGyBHa NPOMHC/IOBICTE

OIlepepobra npoMHCIOBICTE

& [NocTauanns exeKkTpoeneprii, rasy,
NapH Ta KOHTHIIAOBAHOTO MOBITPA

m Bononocrayasa; KaHamizamis,
MOBOJKEHHA 3 BiIX01aMH

2010 2019

Puc. 4. CtpykTypa npoMHcJI0BOCTi
3a BUJIaMH eKOHOMi4YHOI aisiibHOcTi y 2010 Ta 2019 pokax, %

JDicepeno: pospaxosaro 3a danumu Tabnuyi Bumpamu-Bunyck-Ilpubymox
Jeporcemamy Vipainu. URL: www.ukrstat.gov.ua [20]
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Koperki mipu 130781111 TPU3BENH O 3aKPUTTS KOPAOHIB, aKTUBi3aIlii
PEIIOPUHTY; MOPYIIEHh MEPEXK MOCTABOK TOBAPIB MPOMIKHOT IMepepoOKH;
MIEPEKPUTTS IMOTOKIB TPYIOBOI MIrpallii; 3aKpiluIeHHs] HAlllOHAIBHUX TMPio-
PHUTETIB MO0 3a0€3CUCHHS HACEICHHS 3ac00aMy 1HIUBIyaIbHOTO 3aXH-
CTY, Xap4OBUMH IPOAYKTAMHU Ta MPEIMETaMH IIEPIIOi HeOOX1THOCTI; TIepe-
OpI€EHTAIliS TOBAPHUX MOTOKIB HA 33JI0BOJICHHSI MOTPEO BHYTPIIIHIX PHUHKIB
Ta 3pOCTaHHS 3aIuTy Oi3HECY 0 NePKaBHOI JOTIOMOTH.

Mangemis COVID-19 Ge3mnpelieIcHTHO BIUIMHYJIA HA MIXKHAPOIHY TOP-
TIBITIO, @ 3aX0/HM, CIIPSIMOBAH1 Ha MPUOOPKAHHS MOIIMPEHHS XBOPOOH, BKpai
HETaTWBHO TMO3HAYMIIUCS Ha CBITOBiM ekoHoMmimi. KimrouoBuM oOMexyBajb-
HUM (DaKTOPOM JUISl TOPTiBNI JIMIIAETHCS OOMEKEHHS Ha CKCIIOPT TOBApiB.
B VYkpaini, monpu >KopcTKuii KapaHTHH i cTia/l eKOHOMIKH, BAAIOCS yTPUMATH
eKCIIOPT, BiAOYTOCH 3BY)KCHHS TOPTiBENBHOTO Oamancy. 3a opiliiHo0 cTa-
tuctukoro COT, 80 kpain 3anpoBainiiv 0OMEKSHHS Ha €KCTIOPT B pe3yJIbTaTi
nanyemii COVID-19. binbmiicTs 13 HUX OyJI0 OMHCAHO SIK THMYACOBI 3aX0/IN
JUTS TIOIOJIAaHHST KPUTHYHOI HECTavi Ha HallioHapHOMY piBHi. II{okBapTasb-
HUI1 3pi3 JUHAMIKH ITPOMHUCIIOBOTO SKCIIOPTY MOKA3YE, 110 HAHOUTBIINHN cria)t
BifOyBCs 3a pe3ynbraramu Ipyroro keapraixy 2020 poKy BHACTIOK MEPIIOTO
noknayny (3 18 6epesns 2020 poky 1o 25 tpaBus 2020 poky): maitxke 17% 1o
3HAUEHHs MPOMHUCIIOBOTO eKcropty y 2 kBaptaii 2019 poky, 30kpema Ha 40%
B JITKill MpoMHCIOBOCTI Ta 053bk0 20% B Xap4oBiid.

30KpeMa, 3a OCHOBHHMHU BUAAMH IPOMHCIOBOI JAiSTBHOCTI BinOymucs
3MiHH:

— Ha (apManeBTHIHOMY pHHKY y 2019 poui BigOynmocs 3pocTaHHS Ha
18,0% mnopiBusHO 3 2012 poKOM B yMOBax JA€BalbBallii IPUBHIi, 3pOCTAHHS
BapTOCTi IMIIOPTHOI CHPOBHHHU Ta 3HWKCHHS KYIIBEJIBHOI CIIPOMOMXKHOCTI
HaCEJICHHS;

— Ha pHUHKY JepeBOOOPOOHMX BHUPOOIB HECTIMKE 3pOCTaHHS Yy
2016-2017 pp., ane gocartu piBHA BUpoOHMITBA y 2012 p. He BIamocs
(79,4%). Cepen migBUAIB JiSUTBHOCTI CHOCTEPIra€Thes auUcOaNIaHC: Jico-
MWIbHE Ta IUIaHyBaJbHE BUPOOHUIITBO 3pOCTA€ IIBUALIE — B CEPEIHBOMY
Ha 4,3% wopiuHo, a BUPOOHULTBO 31 3HAYHOIO MEPEPOOKOI0 — BUIOTOB-
JIeHHsI BUPOOiB 3 JiepeBa, MpoOku Ta iH. — 1,7% Ha pik. Lleit puHOK € oqHIM
3 HAHOLIbII NEPCHEKTHUBHUX, aje JJIs BITYM3HAHOTO BUPOOHHUIITBA BU3HA-
YaeThCS 30BHILIHIA MOMUT, KU chopMyBaB 3HAYHE EKCIIOPTHO-OPI€HTO-
BaHe BUPOOHUITBO (86,4% y 2019 pori). YV Toif e yac pO3BUTOK IILOTO
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PHHKY XapaKTepPHU3y€eThCS 3HAYHOIO IMIIOPTHOIO 3aJICKHICTIO BUPOOHHIITBA
BiJl TIOCTaYaHHsI CHPOBUHHM (IEJTFOJI03U, MAKYJIATypH ) Ta KOMIUICKTYOUHX;

— Ha puHky MebmiB (po3nin 31 NACE), ne micns Brpartu maibke 20%
nponaxiB y 2014-2015 pokax BHPOOHHKH TEPEOPIEHTYBAIUCh HA HOBI
PHHKH, a 3aBISKH 3POCTAHHIO BHYTPIIIHBOTO IOMHTY MICPEBUIIIIIN PiBSHbD
BupoOHunTBa y 2019 pori nopisasHo 3 2012 pokxom Ha 3,0 % L{poMy Takox
CIpPHUSAB TOCTYMOBUI oOcAT mpojaxiB B IHTepHeTi Ta chiBnpaus ykpaiH-
CHKHX BUPOOHHKIB 3 1HO3EMHHUMH.

Ifo crocyeThes iHIMMX Tady3eil MPOMHUCIOBOCTI, TO 3a pe3yabTaTaMu
OCTaHHIX POKIB CIIOCTEpIraeThCsl 30LTBLICHHS TUX BUIIB NPOMHCIOBOI
JUSUTBHOCTI, SIKI HIATPUMYIOTBCS iIHBECTHUIIISIMHU, 30BHIIIHIM Ta BHYTPINIHIM
CIO’KUBYUM ITOTIUTOM, a TAKOXK 3a0€3MeUyIOTHCS CUITLCHKUM T'OCIIOapCTBOM
Ta BUA0O0YBHOIO CUPOBUHOIO JIIIs IepepoOKH (puc. 6).

BonHouac, ykpaiHChka MPOMHCIOBICTE Ma€ CTPYKTYpHI IPOOIEMH Y
chepi 30BHIITHLOCKOHOMIYHUX BIJIHOCHH, SIKi JOCSATIIM KPUTHYHOTO PiBHS,
30KpeMa TepeBakaHHs eKCIIOPTY MPOMIKHUX ToBapiB (44,7% y 2019 pori).
YacTka eKcropTy MPOMHCIOBHX TOBApiB 10 3arajibHOTO CKCIIOPTY TOBAPIB
smentmnacs 3 90,2% no 71,7% (mabixke Ha 20 BiJICOTKIB).

BupoGuuLTBO ME6IiB, iHIIOT MPOLYKILiT, PEMOHT i MOHTAK. .. 94,8

——— 73,1

MarmHoOyyBaHHS, KPiM PEMOHTY Ta MOHTay MAlIHH i...

- I 711
MertanypriiiHe BUpOOHHIITBO, BUPOOHHIITBO F'OTOBHX. . .

. o I 106,2
BupoOHHIITBO ryMOBHX i IIACTMACOBUX BUPOOIB, IHILIOT. . . 06,

. . I
BupoOHHIITBO OCHOBHUX (hpapMALEBTHYHUX MPOAYKTIB i... 118,0

. S .. I 77,9
BupoOHHITBO XiMiYHIX PEUOBHH i XiMiyHOT mpoayKuii

. I 79,4
BurorosiieHHst BUPOOIB 3 1ePEBUHHU, BUPOOHHLTBO Iariepy.. .

. I
TekcTHIbHE BUPOOHUIITBO, BAUPOOHHUIITBO OAATY, WIKIPH,. .. 94,7

. . I 101,0
BHpOGHHUITBO Xap4OBHX MPOJIYKTiB, HAMIOTB Ta TIOTIOHOBUX. . .

: |
TIpomuciioicts 84,3

Puc. 6. Temnu 3pocTaHHsi BUPOOHMITBA MepPepoOHOI MPOMHCIOBOCTI
2012-2019, 2012 =100%

Jicepeno: pospaxosano 3a danumu Jlepocasnoi caycou cmamucmuxu Ykpainu.
URL: www.ukrstat.gov.ua/operativ/imenu/menu_u/prom.htm [19]
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Hespakatoum Ha 3arpo3nivMBi TEHJCHINI, pE3yJbTaTH yKPaiHCHKOI
30BHINIHBOT TOPTiBJII MPOMHCIOBUMH TOBapaMHU BHSIBHIINCH KPAIIHMH,
aHDK OYIKyBalld pIK TOMY, Ha IIOYAaTKy IaHJAEMii: 3a pe3yJbTaraMu
2020 poKy eKCIIopT IPOMHUCIOBUX TOBapiB CKOPOTHUBCS Ha 2,1% MOPIBHIHO
3 MUHYJIUM POKOM, a TIaJiHHS IMIIOPTY IPOMUCIIOBUX TOBapiB cKiaio 12%
(puc. 7 Ta puc. 8).

IcHYIOTB 3arpo3/KBi TEHACHIIIT 3pOCTAHHS EKCIIOPTY YKPATHCHKOT CHPO-
BUHU — noHAJ 70% Bij 3arajabHOTO 00CATY MPOMHUCIOBOTO €KCIOPTY (TIpo-
JYKIIisl 3 HU3bKOKO JIOAAHOI0 BapTicTio, y TomMy umciai 30,7% — mpomykitis
Metanyprii; 12% — mpoaykiis 3 AepeBUHH, LETOI03U Ta Marepy TOIIO)
Ta 3pOCTaHHS IMIOPTY BUCOKOTEXHOJOTTYHOI MpoAyKiii (Maike TpeTHHa
301IbIIMIIA IMIIOPT MPOAYKINT MAITMHOOYAyBaHHsI), 110 BKa3y€ Ha BijcTa-
BaHHS TEXHOJIOTTYHOTO PiBHSI BUPOOHHUIITBA BiJl CBITOBUX MTOKa3HUKIB.

BupoOHHUIITBO BITUN3HSHOT MPOMHCIIOBOT KIHIIEBOT MPOIYKIIT Ta HAITiB-
(habpuKariB CyTTEBO 3aJICKUTHh BiJ IMIIOPTY CHPOBHHH, MarepiajiiB Ta
HaniBpaOpuKariB. 3arajoM MO MPOMHCIOBOCTI YacTKa IMIOPTHOI CHPO-

9000 Pizni npomuciosi

TOBapH
8000

7000 ” 1431,5 O MainHo6y1yBaHHs

1306,3

6000

= Hepnoporouinui
MeTalH
Ta BUPOOH 3 HUX

5000

4000
= Jlerka

MPOMHCIIOBICT
3000

2000 = JlepeBooOpobHa

MPOMHCIIOBICTE

1000

= IMonimepHi
Marepiaim,
MIACTMACH Ta
BHPOOH 3 KAMEHIO,
riney, uemeHty

0
1 xB. 2 KB. 3 kB. 4 xB. 1xB. 2 xB. 3 kB. 4 xB. 1 xB. 2 KB. 3 kB. 4 kB,

2018 2018 2018 2018 2019 2019 2019 2019 2020 2020 2020 2020

Puc. 7. lunamika ekcnopTy NpOMHCJIOBHX TOBapiB B YKpaiHi
3a 2018-2020 poku (1OKBapTAILHU 3Pi3), MJIH /101

JDicepeno: cknadeno 3a danumu Jlepocemamy URL: www.ukrstat.gov.ua [19]
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9000
Pisni npomuciiosi
8000 . . ) 1514 TOBapU
1362,8 1402,3

7000 1347,9 w OMauruHoGy1yBaHHS

1456,4

6000
= Hezloporoltinni MeTanu

5000 Ta BUPOOH 3 HUX

4000 B Jlerka MpOMHCIIOBICTE

3000
B JlepeBooGpobHa

2000 TIPOMHUCIIOBICTH

= TonimMepni Matepianm,
njacTMacu ta BHPO6H 3
KaMeHIo, Tircy,
1IEMEHTY

1000

0
1 k8. 2 KkB. 3 kB. 4 kB. 1 k8. 2 KB, 3 kB. 4 kB. 1 k8. 2 KkB. 3 kB. 4 kB.
2018 2018 2018 2018 2019 2019 2019 2019 2020 2020 2020 2020

Puc. 8. /lunamika iMnopry npoMucJIoBUX TOBapiB B YKpaiHi
3a 2018-2020 poku (10KBapTaAbHMIi 3pi3), MJIH 101

Jicepeno: cknaoeno 3a oanumu Hepoiccmamy [19]

BUHH, KOMIUICKTYIOUMX Ta HEMaTepiaJbHUX IOCIYT y Hpolueci BUPOOHU-
IITBa BITYM3HSHHUX ToBapiB y 2017 p. cranoBuma 29,4%. [lpu mpomy s
OimpIIOCTI Tamy3el mepepoOHOI MPOMHUCIOBOCTI BoHA mepesuirye 30%,
HATOMIiCTh y NOOYBHIH 1 YacTka 3Ha4HO HWxk4a — 21,1%. Hailibinpmmii
BMICT iIMITOPTY Ma€ BUPOOHHUIITBO KOKCY Ta KOKCONMPOAYKTiB (73,4%), Tymo-
BUX 1 IUTAaCTMAcoOBUX BHPOOIB (62,9%) Ta MpOAYKIlisT MaITUHOOYIyBaHHS
(46,5%). HaiimeH1II 3a/1€:KHUMH BiJl IMIOPTOBAaHUX CUPOBHHHU, KOMIUICKTY-
I0YMX Ta HEMaTepialbHUX MOCIYT € MeTalypriiine BUpoOHUNITBO (25,0%),
BUPOOHUIITBO XapuOBUX MPOAYKTIB (22,0%) Ta BUpOOHUITBO iHIIOT HEME-
TaneBoi MiHepanbHOI mpoxykuii (20,6%) IIpudomy HaiiOinbine iMIOPT Y
2020 porii mopiBHSHO 3 2019 pOKOM CKOPOTHBCS 32 TAKUM TOBAPHUMH TPY-
namu sK: «MinepanbHi mpoxykty (37%), «kipsiHa cupoBHHA Ta BHPOOH
3 Hel» (14,21%), «Henoporouinni metanu Ta Bupodu 3 HuX» (14,33%),
«MamuaoOymyBanus» (9,8%), 110 TOKa3aHo Ha pHC. 8.

Juist mpoMucioBocTi YKpaiHH XapaKTepHA JOCHTh BHCOKA 3aJICKHICTh
BiJl IMIOPTY NPOMMCIOBHX TOBAapiB, 30KpeMa, IOPIBHIHO 3 JeprkaBa-
Mu-wieHaMu €C, TONiOHNME 32 KITIOYOBHMH CTPYKTYPHUMH TTapaMeTpaMu
MIPOMUCIIOBOTO CEKTOpA: II€ MPOAYKIIis XiMidHOi mpomucioBocti (177,4% B
2020 porri); momiMepHi MaTepiaay, IIACTMAcH Ta BUPOOU 3 KAMEHIO, TiICy,
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nemenry (74,4%); mkipsiHa cupoBuHa Ta BupoOu 3 Hei (130,9%); TekcTib
Ta Bupobu 3 Texctuio (390,1%); mammuoOynyBanus (298%). [Ipakruuno
y KOXHOMY 3 €JIEMCHTIB HPUCYTHIH IMIOPT TaKkuX TOBapiB, BHPOOHU-
IITBO SIKHX MOIJIO O OyTH opraHi3oBaHe B YKpaiHi (HCKPUTHYHUH IMITOPT).
Matouu 6arati Tpaauiii y BAPOOHUIITBI ITUX TOBAPiB, KBaIi(hikOBaHI KaapH
Ta HeOOX1THI BUPOOHMYI MMOTY)KHOCTI YKpaiHa MOXKe JIOCSTTH JIOCTATHLOTO
piBHSI caM03a0e3MeueHHs Ta 3BUIBHUTHCS BiH IMIIOPTHOI 3aJI€KHOCTI.

OjHI€E 3 TOJIOBHUX MPHYMH TEXHIKO-TEXHOJOTIYHOI BIACTAIOCTI
BITYM3HSIHOI IPOMHUCIIOBOCTI € YIOBIJIbHEHHS Ta HEBIIOPSAAKOBaHICTb iHBEC-
THIIAHUX Ta IHHOBAIIMHUX TIPOIIECIB.

VYkpaiHchka mepepoOHa MPOMUCIOBICTh (DYHKIIOHYE Y CKIaTHHX CSKO-
HOMIYHHMX YMOBaX, CIPUYMHEHUX CUCTEMHHMH MPOOJIEMaMH rary3i: 3Ha4-
HUM 3HOIIICHHSIM OCHOBHOTO KaIliTally, BIICYyTHICTIO (DiHAHCOBHX pecypciB
JUISL HOTO OHOBJICHHSI, 3aJISKHICTIO BiJ] iMIIOPTHOI cpoBUHHU. I10piBHSHO 3
2010 poxom, y 2019 poti KiJTbKICTh MiIPUEMCTB, 10 3aiMaOThCS iIHHOBA-
LII{HOIO TISUTBHICTIO Y IPOMHUCIIOBOCTI, 3MEHIINIACH 10 15,2%.

J1o HaliOLIBIT iHHOBAIIIHUX BUPOOHNYMX TaTy3el Hastexars (2019): BupoO-
HHULITBO OCHOBHHX (hapMalleBTMYHUX TMPOMYKTIB Ta (hapMalleBTHYHUX Mperia-
pariB (53,8% Bin 3aranpHOI KUTBKOCTI IPOMFICIIOBHX ITiIIIPHEMCTB), BHPOOHH-
IITBO KOMII TOTEPIB, EIEKTPOHHUX Ta ONTUYHUX BUPOOIB (34%), BUPOOHUIITBO
ABTOTPAHCIIOPTHUX 3ac00iB, TIPUYEIIIB Ta HarliB(haOpHKaTiB — MPHYEIX Ta 1HIII
tpancnopti 3acodu (30,2%), BUPOOHMITBO eekTpoodnagHanus (25,2%),
BHPOOHMITBO XIMIKaTiB Ta XIMIYHUX MPOAYKTIB (25%), BUPOOHHUIITBO MAIIH
Ta obmagHaHHs (22,6%), MeTanypriitae BupoOHHIITBO (18,9%). OmHak y 00cs3i
peanizoBaHOT IPOIYKIIii epepoOHoi mpomucioBocti e 1,2% € iHHOBaIii-
HOIO. A YacTKa BUTpAT Ha IHHOBAIIHHY JISTbHICTh MAITHHOOY/TIBHHX T'aTy3€it 10
o0csry peaiti3oBaHol pomyKiii HesHauHa — 1,9% [21, ¢. 72].

Ha cphoromHi yacTka TpaJuIiiiHUX Taixy3el IPOMHUCIOBOCTI B CTPYKTYPi
npomucioBocTi kpaiH €C craHoBUTh He MeHIIe 88%. OIHAK PO3BUTOK
BHCOKOTEXHOJIOTIUHUX Tally3eil € BU3HAYAJIBHUM SIK JUIS HaIllOHAJBHUX
€KOHOMIK B IIIJIOMY, TaK 1 ISl OKPEMHX, IEPEBAKHO IPOMUCIIOBUX PET1OHIB.
O4eBHTHO, IO B KOHTEKCTI YeTBEPTOI IPOMHUCIIOBOT PEBOIIOIIT CITiJT 30Ce-
PEIUTHCH HA IHHOBALIHHOMY CKOHOMIYHOMY 3POCTaHHI, IO BHSBISIETHCS
y 301IBIICHH] TEMIIIB 3pOCTAHHS MaKPOCKOHOMIUHHX ITOKa3HHUKIB MOPSIA 13
MOKPAIICHHSM PO3IMOALTY PE3yNbTaTiB TaKOTO 3POCTAHHS, y PO3MIUPEHHI
PIBHOCTI MOXIIMBOCTEH AJIS BCIX WICHIB CYCIIIBCTBA.
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V cBiTi BigOyBalOThCsl IHTEHCHBHI MTPOIECH CTPYKTYPHUX IIEPETBOPEHB
E€KOHOMIKH, SIKi CYIIPOBOIKYFOTBCS 3pOCTAHHSM HEPIBHOMIPHOCTI PO3BUTKY
Ta 3araJbHOT HeBU3HAYCHOCTI. JiIst psiy KpaiH, sIKi IparHyTh BIIOPATUCS 3
TOCTPHUMH BHYTPIIIHIMH MTPOOJIEMaMH, ITOIOJIATH ICHYIOUI Ceprio3HI Trucha-
JIAHCH B CTPYKTYPi EKOHOMIKH 200 BiJITIOBICTH HA 30BHIIIHI BUKIMKH, BaX-
THBO C(hOPMYITIOBATH MOIITHKY CTPYKTYPHHX MEPETBOPEHB. Y MUX yMOBaX
BiZIOYBA€THCS AKTUBHHUI MOIIYK HOBUX PIlICHb CTPYKTYPHOI MOJITHUKH, IO
PO3YMIETBCS K MPOMUCIIOBA TMOJIITUKA B HIMPOKOMY PO3YMiHHI (IpOMUC-
JI0Ba MOJiTHKA), TOOTO Aii ypsiay, COpSMOBaHI Ha MOJIMIIEHHS IiTOBOTO
cepenoBuia abo CTPYKTYPHU €KOHOMIYHOI AisNTBHOCTI B rairy3sX abo TeXHO-
JOTiuHHX cdepH, sKi 3ade3medaTs Kpalli NepPCHeKTUBHU ISl EKOHOMIYHOTO
3pOCTaHHS Ta CTBOPEHHS CYCHIIBHUX OJIar MPOTH >KOAHOTO BTPYUYaHHS JACp-
KaBH.

6. OcHOBHI HANIPSIMU MOX0JAHHSA JeinaycTpaJizamii

[IpoBeneHuit aHami3 03BOJISIE BA3HAYUTH TOAAJIBIINT MOXKIUBOCTI TIPO-
MUCIIOBOTO PO3BHTKY:

— MepeopieHTallisl Ha CHOXHWBAHHS MPOAYKIi MiCIIEBUX BHUPOOHHUKIB
BHACIIIOK OOMEXKYBaJIbHUX Ta KOHTPOJIIOIOYHX 3aXOIIB, IIOCHJICHHS KOH-
KypCHIIii Ha EKCIIOPTHUX PUHKAX;

— 3pOCTaHHs MOMUTY Ha MPOIYKIIiI0 Xap4oBOi MPOMHUCIOBOCTI Ta KpH-
TUYHO BaXKJIMBA POJIb MPOAYKIIi (hapManeBTUIHOI MPOMHUCIOBOCTI (MeaH-
KaMEHTH) ¥ CyMDKHHUX rajy3ei, 10 BHTOTOBISIOTH 3acO0M iHAWBIAyasIb-
HOTO 3aXHCTY (MacKH, PyKaBUUKH, CaHiTai3epn);

— MPOJOBKEHHS JIOKAJTi3allii IAHITFOT1B JIOaHOT BapTOCTI y MEXax Halli-
OHAITLHUX EKOHOMIK JUIS MiHIMi3aIlii 3aJIe)KHOCTI BiJl 30BHIIIHIX TAPTHEPIB.
Ie migkpecitoe HEOOXITHICTh PO3IIMPCHHS JIOBKWHU JIAHIIOTIB JTOMAHOT
BapTOCTI BCEPEAMHI YKpaiHU Ta BKJIFOYCHHS JI0 HUX SIKOMOTa OiJIbIlIe Mic-
[EBHX ITOCTAYaTbHUKIB;

— IMOCHJICHHS 3HAYCHHS! IHHOBAIIIHOTO OHOBIICHHSI BHPOOHUYUX TIPOLIE-
CIB IILSIXOM BIIPOBaKeHH [HaycTpii 4.0 Uit 3pocTaHHS KOHKYPEHTOCIIPO-
MOXKHOCTI IIPOMHCIIOBUX ITiIIPUEMCTB. B yMOBax KapaHTHHHUX 3aXO[liB Ta
TPAHCIIOPTHUX OOMEKEHb ITiJ] Yac MaHAeMii KUTTE3AaTHICTh BUPOOHHIITB
BUSIBUJIACS TIPSIMO NPOMOPLINHOIO PIBHIO aBTOMATH3alil Ta nudposizanii
BUPOOHHMYHUX Ta yMpaBIiHChKUX mporeciB. [lepexin Tpan3akuiid y mudpo-
BUH TIPOCTIp MPUCKOPSHUMH TEMIIaMH MPOIOBKYBATUMEThCS 1 HaJlai;
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— EKOJIOTiUHI CTaHJApTH CTaHYTh ONHUM 3 KIIOYOBHX IHCTPYMCHTIB
3aXUCTy PO3BUHEHUX KpaiH Bijl IMITOPTY TIPOMHUCIIOBOT MIPOAYKITii, CTBOPIO-
FOUM 3HA4YHI Oap’epu JUId YKpalHCBKHX eKcropTepiB. Tak, 3aluTaHOBaHHUN
€C y crpareriunomy nokymenti The European Green Deal mepexin o
BYIVICLICBO-HEHTpaIbHOI eKoHOMIKH 110 2050 p. mepembadyae BIPOBaKEHHS
MHUTa Ha IMOOPT MPOAYKIIii, BUPOOICHOI 3 BUCOKHMMHU BHKHIAMU BYTJICIIIO
JUIA 3aXMCTy BHYTPILIHIX BUPOOHUKIB Ta 3aro0iraHHs BUBEIEHHIO €KOJIO-
ri4HO «OpYIHUX» BUPOOHUITB 332 KOPIOH.

7. Y3arajibHeHHsI pe3yJIbTaTiB J0C/Ii/IZKeHHS

Bepyun 10 yBaru J0CBiJi PO3BHHEHUX KpaiH CBITY IIOAO 3MIHCHEHHS
CTPYKTYPHHUX MEPETBOPEHb, MOXKHA 3a3HAYUTH, 110 OUTBIIICTh MPOBIIHUX
KpaiH 3a JOIOMOTOI0 CBO€i CTPYKTYpPHO! MONITHKH HPArHyTh CTBOPUTH
YMOBH UIS TIPOMHCIIOBOTO 3POCTAHHS Ta KOHKYPEHTOCIIPOMOXKHOCTI €KO-
HoMiku. Hampukiaza, KpaiHu, 10 pO3BHBAIOTHCS, HAMATAIOTHCS TTOOTATH
MACTKY CEPEIHBOTO JOXO/Y, & TAKOXK 3MIHCHUTH TEXHOJIOTTYHY PEBOJIOIIIIO.
VYei BuIe3a3HavuCHI IEPEPBH B PO3BUTKY BHMAraiy CKOOPAHHOBAHOTO Jep-
YKaBHOTO PETYJTIOBAHHSI, CIIPSIMOBAHOTO HA MIATPUMKY BITUH3HSHOTO IIPO-
MUCJIOBOTO BUpOOHUUTBA y (hOpMyBaHHI Ta peaiizauii NPUHLHUIIB MOJi-
TUKHU «HOBOI 1HAYCTpianizalii» B YKpaiHi.

[Ipomucnosa nomnituka €C KOHKPETHO CIPSIMOBaHa Ha: MPUCKOPEHHS
ajanTamii MPOMHUCIOBOCTI J0 CTPYKTYPHUX 3MiH; CTBOPEHHS CEpeo-
BUIIIA, CIPUATIUBOTO JIJIS 1HII[IaTUBY Ta PO3BUTKY minnpueMcts €C, oco-
ONMBO MaJIMX Ta CEPENHIX; CTBOPCHHS CEPEOBHINA, CIPHUSTINBOTO JIJIS
criBOpari MK HiATPHEMCTBAMHY; CIPHUSIHHS KPamOMy BHKOPHUCTAHHIO
MIPOMHUCJIOBOTO TOTEHITiay TOJITHKMA 1HHOBAIM, TOCIIKCHh Ta TeX-
HOJIOTIYHOTO PO3BHUTKY. CIiAyIOud MepeIoBUM IpPaKTHKAM PO3BHHEHUX
KpaiH, YkpaiHa moBWHHa c()OpMyBaTH aKTUBHY MPOMHCIIOBY IOJITHKY
IUTST 3a0€3MCUCHHSI IEPCIIEKTUB CKOHOMIYHOTO 3POCTAHHS Ta ITOMOJIAHHS
HAKOITUYEHUX CTPYKTYPHHUX MPOOJeM Ta AMCOAIAaHCIB y PO3BHTKY HpO-
MUCIIOBOCTI, CIIPHYMHCHUX HEIOBHOTOIO Ta HEMOCIIIOBHICTIO pedopm,
MOMIUOJICHUX CBITOBUMH KpU3aMH, OJITUYHUMU Ta BiCbKOBE MIPOTUCTO-
siHHSA 3 Pociiicbkoro @enepariero. HeraTuBHuil BIIUB 30BHIIIHIX (haKTO-
piB Oyll0 4aCTKOBO MOM’SKIIEHO MicCIis MiMUCaHHS YTOIU MPO acolliallilo
3 €C mIsXoM MOCTYNOBOI ajanTallii HallioHAJTBbHOTO 3aKOHOJIaBCTBA BiJi-
MOBIJTHO JIO TIEPEJIOBOTO MIKHAPOJHOTO JOCBiY, OJIMIICHHS JIIJIOBOTO
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KJIiMaTy Ta ACpeTysiil miAMPHEMHUIIBKOI TiSTTBHOCTI, PO3BUTKY JepXKaB-
HO-TIPUBATHOTO ITaPTHEPCTBA.

IcTopryHa CKOHIICHTPOBAHICTh BITYM3HSIHOI IPOMHUCIIOBOCTI B OKpe-
MHX PErioHaX B YMOBax HEJIOCTAaTHhOT PO3BHHEHOCTI EKOHOMIKH 3yMOBITIOE
3HAYHy PI3HHMINIO B PIBHI PO3BUTKY PETIOHIB y Maciutabax kpainu. lle, B
CBOIO 4epry, MiJICHIIOE HECITPUATIIMBI COIIabHI SBHUINA, B IIJIOMY MOCTa-
OI0€ €KOHOMIYHY CTIMKICTh KpaiHW. 3aBIaHHS PEriOHaJbHOTO PO3BUTKY
MPOMUCIIOBOCTI PO3INIAAETECSA Y JCKUIBKOX AaCHEeKTax: CTHMYIIOBAHHS
IHHOBaLIHHUX MEPETBOPEHD B perioHax YKpaiHU HUISIXOM JuQepeHiiiioBa-
HUX 3aXOJIiB JIEPKABHOTO CTUMYJIFOIOUOTO BIUIMBY Ha HUX. PazoMm i3 Tum,
y4acTh MiJHOPUEMCTB y PETiOHANBHIM Ta MDKpETiOHANbHIM BHUPOOHHIN
KOOTIepaIlil MaTUME CHHEPTeTHIHUH e(DeKT /ISl YIACHHUKIB TaKUX JIAHITIOXK-
KiB 3aBISKU TOCHICHHIO Y1 (pOpMyBaHHIO IHTETpOBaHUX Oi3HECIB, CTIPSIMO-
BaHUX Ha OTPUMaHH POJIYKTIB IIHUOIIOT IEPEepOOKH, CITIITLHOMY BUKOPHC-
TaHHIO iHQpacTPYKTypHHUX 00’ €KTIB TOMIO. Takwii mporec morpedyBaTume
OuIBIIIe POOOYOT CHITM 1 THM CAaMHM TEX MO3UTHBHO BILTMBATUME Ha COIIi-
aJIbHY CHTYAIIilO0, SIK B OKPEMHX PErioHax, Tak i B JeprKaBi 3arajiom.

Binrak perioHaJbHUH PO3BHUTOK MPOMHUCIOBOCTI CIPUYMHUTH 3011b-
IICHHS] IPOMHUCIIOBOTO BHPOOHMIITBA Ta MOMHUTY MO BCiH KpaiHi, a OT¥Ke
CHPUSTHME CTAJIOMy CKOHOMIYHOMY 3pPOCTaHHIO, IO CTUMYIIOBAaTUME
CTBOPEHHS POOOYUX MICIIb, 3pOCTAHHS JI0XO/IiB Ta CKOPOUYEHHS 30BHILITHBOT
Mmirpauii po6o4oi cunn.

YMoBH JieTieHTpatizailii MOCUIIIOI0Th 3HaY€HHS 3aCTOCYBaHHS KJlacTep-
HOTO PO3BUTKY B PETiOHAIBFHOMY YIPAaBIiHHI — I1¢ ¢(PEKTUBHUN MEXaHi3M
PO3BUTKY MEPEKi KOHKYPEHTOCIIPOMOXXHHX IMOCTaYaJIbHUKIB 1 CEPBICHUX
MIPUEMCTB, SIKI CTUMYJITIOIOTH TT1IBUIIICHHS TPOyKTHBHOCTI mparti, Gop-
MyBaHHSI HOBHX KOMIIaHIH 1 CTBOPEHHSI HOBUX POOOYHX MICIlh, CIIPUSIOTH
3pOCTaHHIO IHHOBAIIHHOTO MOTEHIIIATY TePUTOPIM.

OcCo0HBICTh KJIACTEPHOTO IIIXOAY MOJATa€ B KOMIDICKCHOCTI Ta
CHUCTEMHOCTI ITOCTaHOBKH 3aBIaHb PO3BUTKY TOUOK 3POCTAHHS PETiOHY,
SIKMH € KJIACTEPH, 1 TOCUIICHHS CHHEPTeTUYHUX €(DEKTiB BiJl BAKOPUCTAHHS
PI3HUX IHCTPYMEHTIB MIATPUMKH JIJIsl PO3BUTKY YYaCHHKIB Kiactepa. Huni
KJIACTEPHUIA Mi/IXiJ BUCYBAEThCA HA MEPEHIN TUIaH y psay MOAeei pos-
BUTKY Teputopiii B €C.

CTBOpIOBaTH 1HHOBAIIIMHI TEXHOJIOTIi, HEOOXIHI JUTS TMOMOJAHHS TeX-
HOJIOTIYHOTO PO3PHBY, MOXKYTh SIK OKpeMi KOMIIaHii, TaK i rajay3esi 00’ en-
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HaHHS KOMITaHii abo kiacrepu. Aule, 3 OISy Ha Te, 110 iHHOBAIliifHI TeX-
HOJIOTIT € TJOCUTh BUTPATHUMHU SIK 33 4aCOM, TaK 1 10 pecypcax, TO B IIbOMY
BHIIAJIKY, KJIACTEp Ma€ MepeBary nepe OKpeMUM TpaBIeM PHHKY, TOMY IO
pa3oM BUPINIYBATH MATAHHS 1 MIBUJIIE 1 JCIICBIIIE.

8. BucHoBkH

BpaxoByroun BHIIEBHUKIIAJICHE, MOXXHA BHUJUIUTH HOBI TEXHOJOTIUHI
TEHJICHIIIT /IS TPOMUCIIOBOTO PO3BUTKY YKpaiHU:

— 3pOCTaHHS BUMOT CIIOKMBauiB JI0 SKOCTI MPOAYKILIi 3 TOYKU 30py
CYKYITHOCTi BIACTUBOCTEH, MAIOTh NEPEBAXKHO 1HUBITyalbHUM XapakTep;

— HOBHH PiBEHb aBTOMATH3AI] CUCTEM NPOMHCIOBOTO BUPOOHUIITBA;

— 3pOCTaHHS THYYKOCTI CTPATETiYHUX PillIeHb NP BUOOPI TEPCTICKTHB-
HUX TEXHOJOTIH Ta iX pecypcHOMy 3a0e3MedeHHi 3 ypaxyBaHHSM KOMII-
JIEKCY HOBITHIX Matepiais;

— poO3po0Ka Ta pO3IMMUpPEHHS (YHKIIOHATBHUX MoxiuBocTed SMART-
TEXHOJIOTIH Cy4acHOTO BUPOOHUIITBA HA OCHOBI HOBITHIX Marepialis;

— 3aKpIIMJICHHS HA(POBUX TEXHOJIOT1H Y JTAHIIFOXKKY CTBOPEHHS BAPTOCTI
TOBApYy;

— MOCHJICHHSI KOHKYPEHTOCIPOMOXKHOCTI BUPOOiIeHol B YkpaiHi mpo-
MUCJIOBOI TPOAYKII ILISXOM BIPOBAKCHHsI MPHHIUIIB IIUPKYIIPHOT
€KOHOMIKH, pecypco— Ta eHeproe()eKTUBHUX TEXHOJIOTIH;

— BIIPOBAKEHHS B YKpaiHi CHCTEMH TOPTiBIIi KBOTAMH Ha BUKUINU Tap-
HHMKOBHX Ta3iB;

— BiIMiHA IMITOPTHHUX MHT Ta KBOT Ha CHPOBHHY Ta MaTepiajd, IO HE
BHPOOISAIOTECS B YKpaiHi.

MOXIUBICTh aanTtaiii 0 ro0aJbHUX BUKJIMKIB JIJIS TIPOMHUCIIOBOCTI
MIPOSIBJISIETHCSI KOMIUIEKCHO Y B3a€MOJIIT CYCITIJIBHUX CKIIQJIOBUX Ta BTLIIO-
€ThCS Ha PIBHI JIepXKaBU K KJIFOUOBOTO areHTa 3MiH y KpaiHi, aKTHBHOCTI
IPOMAJICHKOCTI Ta Oe3M0cepeIHbOI AISUTbHOCTI BUPOOHHKIB.

OTske, CBITOBI TEHJICHIIIT Ta aHAJI3 JIONIOMAralTh HaM 3alpoIOHYBaTH
TaKi pilieHHs Ui NOAONaHHS AeiHAycTpiaii3alii B yKpaiHChKiM mpomuc-
JIOBOCTI:

—po3po0Oka Ta yxBaneHHs HarionanbsHo1 cTparerii IngycTpii 4.0 B Ykpa-
{Hi Ta 1 KOHCONiJalis 3 IHIIMMHU CTpaTeriyHUMU JokymeHTamu (Hario-
HAJBHOIO CTpaTEriero eKoHOMiYHOTO po3BUTKY 2030, EkcriopTHOIO cTpate-
TI€I0 TOLIO);
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— CTBOPCHHS CIICIiajli30BaHOTO OpraHy, BiJIMOBiATBHOTO 3a IOIIH-
peHHst TexHoorii [HaycTpii 4.0 y MPOMHCIOBOCTI Ha KIITAIT €BPOIEH-
CBKHX 3pa3KiB (ATEHTCTBO 3 MUTaHb IHHOBAIIIN);

— cuHxpoHi3zalis 3 noaitTukorw €C y chepi cepTudikariii Ta cTaHIAPTH-
3aIil;

— IMIUTEMEHTAIliS 3 eKOJIOTTYHUME HopMaTtuBamu €C 10710 CKOPOUCHHS
Bukuais CO,, 11e HO3BOJIUTH 301IBIINTH KOHKYPEHTOCIIPOMOXKHICTD YKpaiH-
CHKOI TIPOMHMCIIOBOT MPOAYKIIii Ha MI00AIBHOTO PHHKY Ta PHHKY Kpain €C;

— BIPOBA/PKEHHS IHCTPYMEHTIB CTUMYITFOBaHHS MOJIEpHI3allil POMHUCIIO-
BOCTI (JIep)KaBHE rapaHTyBaHHS 1HBECTHIIIH, JIOKATI3allisl, IPUBATH3AIIis);

— CHpPHSHHS PO3BUTKY IHHOBALIHHHX EKOCHUCTEM SIK IUIaT(POPM IS
KOJTaboparlii MpOMHUCIIOBIIIB 1 HAYKOBIIIB 3 METOIO 3MCHIIICHHS PO3PHUBY MiXK
HayKOBHMH PO3POOKAMU 1 BIIPOBAHKEHHSIM IX Y BUPOOHHIITBO;

— 30ibIIeHHS 00CSTiB BUTPAT HA HAyKy 1 OCBITY JI0 THX IapaMeTpiB, sKi
BiJIMOBIJIAIOTH MOTPEOaM CYy4acHOT BUHCOKOTEXHOIOTTYHOT EKOHOMIKH;

— YAOCKOHAJICHHS MeXaHi3My (hiHaHCYBaHHS HAyKOBO-TEXHIUHO] if iHHO-
BaIiHOI JTISTTBHOCTI IIJISIXOM ONTHMAJbHOTO BUKOPUCTAHHS JICPIKAaBHUX 1
HEJICpKABHUX KOUITIB IIPU CTBOPEHHI HOBITHIX TEXHOJOTiH, MaTepiaibHe
CTUMYITIOBaHHSI TBOPYOi Tpalli HAyKOBUX CIIBPOOITHUKIB HAa PiBHI PO3BH-
HCHHX JICPIKaB;

— pamioHambHE BHUKOPHUCTAHHS HAyKOBOTO TIOTEHINially, CTBOPCHHS
CYYacHUX YMOB JUISl BeIeHHS e(DeKTHBHOT HayKOBOI JIisUTBHOCTI;

— PO3BHTOK MEPEKEBHUX CTPYKTYp; po3BUTOK MiHi Ta SMART ¢habpux;

— (opMyBaHHs HOBHX IHCTHTYIIil PO3BHUTKY, 1[0 IPOCYBAIOTH IITYIHHUH
IHTEJIeKT, afuTHBHI TexHoiorii, Intepuer peueit, BIG DATA, BupoOHuuy
po0OTH3aIIII0; TOTTOBHEHHS OCHOBHUX IHCTPYMEHTIB iHCTPYMEHTaMHU BEH-
qypHOTO (piHAHCYBaHHS;

— po3po0Ka i BIPOBAHKEHHS OCBITHIX Iporpam 3 GopMyBaHHS IUPPO-
BUX HaBHYOK, a CaM€ PO3BUTOK JIEP>KAaBHHUX, OCBITHIX Ta HAyKOBUX yCTa-
HOB, IO 3a0€3MeYyIOTh IMiBUIICHHS KBaTI(DIKAIHHOTO PiBHS MIEPCOHAIY,
PO3IIMPEHHS TPOSKTHUX 1HHOBAIIIH.

Ilomonmanns ameinmycTpiamizamii y IpOMHCIOBOMY CEKTOpi YKpaiHu
MaTUMe MYJNBTHILTIKATHBHUHA e(DeKT Ha BCIO CKOHOMIKY. 30KpeMa Iie eKO-
HOMIiYHI(TiJBUIIICHHS BAJIOBOT MPHOYTKOBOCTI MEpepOOHHX ITiIPHEMCTB,
3pOCTaHHSI KOHKYPEHTOCIPOMO)KHOCTI Ta MOXKJIHMBOCTEH BHXOLY Ha 30B-
HIIIHI PUHKH, 3pOCTaHHS €KCIIOPTY MPOIYKIii 3 OUIBII BUCOKOIO YACTKOIO
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JIOZIaHOT BapTOCTi, BUINA AMHAMIKa 30UTBIICHHS MOJATKOBUX HAJIXO/KCHb
JUTSL BCiX PIBHIB OFOJKETHOT CHCTEMH, BUCOKA 1HBECTHIIII{HA aKTHBHICTB) Ta
comiajbHi ehekTH (3pocTaHHs T0OPOOYTY HACEICHHS IIISIXOM 301IbIIICHHS
MMOKA3HUKIB YHCENBHOCTI 3aHHITUX Ta CEPENHBOI 3apIUIaTH, 3a0€3IICUCHHS
HaCEJICHHS SIKICHUMH TOBapaMH 1 OCIyTaMH).

TakuM YWHOM, OOTPYHTOBaHO, WIO MOAONAHHS ACiHAyCTpiaizamii
YKpaiHChKOi MPOMHCIOBOCTI B YMOBAaX CYYaCHUX BHKIIMKIB 3alIe)KHUTh
BiJl: PO3pOOJIEHHS Ta BIPOBAKCHHS MPOrpaM MOJIepHi3allii MpOMHCIIO-
BOCTI; 1HTerpaii y cTpaTeriyHi JAHIFOTH JOAaHOT BapTOCTI (IUPKYJISApHI
TOIIIO); CTBOPEHHS YMOB JUIS IIATOTOBKH IEPCOHATY 3 MHU(POBHMHU KOM-
METCHINSIMUA; PO3BUTKY 1HHOBAIIMHOI 1H(GPACTPYKTYpH (IHHOBAIIHHUX
KJIaCTEPiB), 10 CIPUATUME PO3POOJICHHIO Ta BIIPOBAIKEHHIO BITYUZHAHUX
1HHOBaL[IHHUX PO3POOOK Yy BUPOOHHIITBO, IO B CBOIO YEPry MOXKE CTATH
3aMopyKO0 €KOHOMIYHOTO 3pOCTaHHs Ta 3MIITHEHHS KOHKYPEHTOCITPOMOXK-
HUX MO3UIIH YKpaiHu.
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FORMATION OF THE CONTROL SYSTEM

AT THE ENTERPRISES OF HOTEL

AND RESTAURANT BUSINESS: THEORETICAL
AND METHODOLOGICAL ASPECT

®OPMYBAHHSA CUCTEMHU KOHTPOJIIHI'Y
HA NI AITPUEMCTBAX 'OTEJBHO-PECTOPAHHOI'O
BI3BHECY: TEOPETUKO-METOJJOJIOITYHUM ACITEKT
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Abstract. Modern market conditions dictate the new rules of operation
for enterprises and require improvement of the enterprise management
process. That is why it is important to organize a controlling system at
the enterprise to optimize and improve the efficiency of microeconomics
management in the hotel and restaurant business. Awareness of the
relevance led to the definition of the subject of research, which are scientific
and applied principles and approaches, methods and tools of the controlling
system in the hotel and restaurant business. The purpose of the paper is
a comprehensive analysis and systematic generalization of theoretical
and methodological aspects of the formation of the controlling system
in the hotel and restaurant business. To solve certain tasks, a system of
general scientific and special methods was used: historical and logical,
comparative, logical generalization, analysis and synthesis, graphic, etc.
A comprehensive approach to analysing and summarizing the definitions
of the category of «controlling» allows to interpret controlling in the
hotel and restaurant business; that is, controlling as a management system
of one or more processes of the enterprise, is aimed at achieving and
maintaining strategic goals and includes information support, evaluation,
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coordination, optimization and control of the activities of all functional
and management units for the implementation of the strategic plan. In
addition, the classification of types of controlling in terms of different
approaches, which expands and deepens the study of the economic essence
and content of the scientific category. The main prerequisite for achieving
effective functioning of the hospitality industry is a successfully organized
process of controlling the company, which includes taking into account
the external and internal environment, which are constantly changing
under the influence of uncontrolled factors and create new conditions for
the enterprise; taking into account the peculiarities of business processes
in the hotel and restaurant business, which will allow the most effective
management activities at the enterprise, taking into account all the
individual nuances of the enterprise; providing management with relevant
information that allows you to respond in a timely manner to unexpected
changes in the enterprise; regulating the results of activities that optimize
the management decision-making process, by analysing the potential
impact of deviations on the probability of achieving the goal. Based on
the analysis and generalization of information, a structural model of the
controlling system in the hotel and restaurant business was designed and
substantiated, which comprehensively takes into account the peculiarities
of the enterprise, without which the hotel and restaurant complex as a
single integrated mechanism is impossible. The methodological tools of
the controlling system are substantiated, a comprehensive combination of
which will systematically cover the key activities of enterprises in the hotel
and restaurant business and, as a consequence, provide a stable long-term
competitive advantage in the changing and unstable business environment.

1. Beryn

CydacHi YMOBHM PUHKY JUKTYIOTh BCC HOBI MpaBHJa (yHKI[IOHYBaHHS
JUTS I IIPHEMCTB Ta BUMAaraloTh yIOCKOHAJICHHS MPOLIECY YIPaBIiHHSI ITi/I-
npueMcTBoM. CaMe TOMY Bce OublIe MiNPUEMCTB YKpaiHU BIPOBAIKYE
Ha MIANPUEMCTBI CUCTEMY KOHTPOJIHTY Ui e(peKTUBHOI MisIIBHOCTI Mij-
npueMcTBa. HUHI KOHTPOMIHT PO3YMIEThCS SIK JELIO OiblIe, HIK IPOCTO
B3a€MOJIisl BUIIOTO KepiBHUITBA. {151 €(pEeKTUBHOIO YHpaBIiHHS MiJIpH-
€MCTBOM KOHTPOJIHI PO3YMIEThCA SIK CHCTEMa, 10 3a0e3nedye HaJaaHHs
SIKICHO1, HaJIHHOI Ta cBO€YacHOi iH(popMarllii BHIOMY KEPIBHHUIITBY IS
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MPUAHSTTS YIPABIIHCHKUX pillleHb. Lle, y cBOIo uepry, mpu3BOAUTH 10 Iij-
BHIIICHHS POJIi Ta 3HAUYIIOCTI KOHTPOJIHTY 5K CKIIAJ0BOI YaCTHHH YIIPaB-
JIHHS M ITPAEMCTBOM.

OCKIJIbKY 30BHIIIIHE Ta BHYTPILTHE CEPETOBUIIIE ITiIMTPUEMCTBA € HECTA-
OlTBHUMHU, TIEpIII 3a Bce y 3B’s13Ky 3 nanaemiero COVID-19, 3’sBrstoThest
BCE HOBI BUMOTH JIO YIIPaBITiHHS HiAPUEMCTBAMY FOTEIBHO-PECTOPAHHOTO
Oi3Hecy. Y pe3ynbrari, MiIPUEMCTBA IIYKAIOTh BCE HOBIMI Ta JOCKOHAI
CHCTEMH YIIPABIIHHS U 3a0€3MCUCHHS THYYKOCTI B CYYacHHX peaisix
(yHKITIOHYBaHHS MiIPUEMCTBA. SIK HACTIIOK I[bOTO — HEOOX1AHICTH BIPO-
Ba/KCHHSI MEXaHI3MiB KOOpAMHALIT Ta KOHTPOJIO HA MiAMpPUEMCTBI. 3aB-
JSIKH SIKICHOMY 1H(popMaIliifHOMy 3a0€3MeueHHIO 311HCHIOEThCS €(PCKTUBHE
yIpaBIiHHA HignpueMcTBOM. CaMe TOMY aKTyaJdbHUM € OpraHi3allisl CHc-
TEMH KOHTPOJIIHTY Ha ITiAMPUEMCTBI [Tl ONITHUMI3allii Ta MiIBUIICHHS e(hek-
THBHOCTI yIPaBJIiHHS MiKPOSKOHOMIKH B TOTEIILHO-PECTOPAHHOMY Oi3HECH.

YCBiTOMITEHHSI aKTYaJIbHOCTI 3yMOBHJIO BU3HAUCHHSI MPEAMETY JIOCIi-
JKCHHS, SIKHM BHCTYIAlOTh HAYKOBO-TIPUKJIAJIHI 3aCa/IH 1 IMiJIXOIH, METOIN
Ta IHCTPYMEHTH CUCTEMHU KOHTPOJIIHTY B FOTEIbHO-PECTOPAHHOMY Oi3HECH.

MeTo10 1aHOTO JOCITIHKEHHS € KOMIDIGKCHUI aHaji3 Ta CHCTEMHE y3a-
TallbHEHHSI TEOPSTUYHUX 1 METOJOJIOTIYHUX ACIEKTIB (POPMYyBaHHS CHUC-
TEMH KOHTPOIIHTY y rajry3i FoTeIbHO-PECTOPAHHOrO Oi3HECY.

JlocsiTHEHHT MeTH NOTpeOyBano BUPILICHHS pPsIy HAyKOBO-AOCIiA-
HUIIBKUX 3aBJaHb, 30KpeMa I0/10:

— KOHKPETH3YBaHHs CYTHICHHX [apaMeTpiB TPAKTyBaHHS MOHATTS
«KOHTPOJIHIY;

— BUJIUICHHS TiIXOMIB 710 KIAacH(iKyBaHHS BH/IB KOHTPOIIHTY;

— MPOCKTYBAaHHS Ta OOTPYHTYBaHHSI CTPYKTYPHOI Monem (YyHKIIOHY-
BaHHS CHCTEMH KOHTPOJIIHTY B 3aKJIaIaX TOTEIIbHO-PECTOPAHHOTO Oi3HeCY;

— BUOKPEMJICHHS] OCHOBHUX 3aBJIaHb CHCTEMH KOHTPOJIHTY Ha ITiJIIpH-
€MCTBAxX rOTEIBHO-PECTOPAHHOTO Oi3HECY;

— OOI'pYHTYBaHHS METOIOJIOTIYHOTO ITHCTPYMEHTAPII0 CUCTEMU KOHTPO-
JIIHTY B FOTEJIbHO-PECTOpaHHOMY Oi3HECH.

MertomonoriuHy OCHOBY TOCTIIKSHHSI CKaJla HU3bKa 3arajlbHOHAYKOBHX
Ta CHELiaJIbHUX METOAIB, 30KpEMa: iCMOPUKO-T102IUH020 Memo0y — BUKO-
PHCTAHO MPU JOCIiKEHHI €KOHOMIUHOI CYTHOCTI, HAYKOBO-NPUKIATHUX
MiJIXO/1B, €BOJIONIT BiAMOBIIHOTO HANpsAMYy E€KOHOMIYHOI JYMKH Ta aHa-
JITUYIHOTO, NOPIi6HANbHO20 — TIPU JOCTIHKCHHI TEepeIyMOB (OpPMYyBaHHS
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METOJOJIOTIYHOTO 1HCTPYMEHTAPII0 CHCTEMH KOHTPOJIHTY B TOTEIFHO-pEC-
TOpaHHOMY Oi3Hecl, 102iuH020 y3aeanbHeHHs — TIpu (OpMYyBaHHI BHCHOBKIB
Ta aHaJI3yBaHHI Pe3yJIbTaTIB JOCTIDKSHHS, aHatizy i cukmesy — pu 300pi,
00po01Ii Ta y3arajbHEHHI TEOPETHKO-METOJI0JIOTIUHUX MaTepiaiB, epagiu-
Hutl — TIpu (pOpMyBaHHI CXeM Ta aHATITHIHUX y3arajbHEHb TOLIO.

2. TeopernyHi acnekTH GOpPMyBaHHS CUCTEMH KOHTPOJIIHTY
HA MiINPUEMCTBAX rOTEJILHO-PECTOPAHHOIO Oi3Hecy

He3Bakatoun Ha IUPOKY MOMYJSPU3ALiI0 KOHTPOJIIHIOBOI AisUIBHOCTI
SIK KOMIUICKCHOTO TIPOIECY B LITOMY Ta 0€3M0CepeHbO 1 YaCTOr0 BUXKHU-
BaHHS CaMOT0 TIOHSTTS KKOHTPOJIIHI» B CyJYaCHUX YMOBAX BEJICHHS Oi3HECY,
SK B YKpaiHi, Tak 1 y CBiTI HeMa€ OJJHO3HAYHO CPOPMOBAHOTO 1 BU3HAYECHOTO
€IMHOTO TPAKTYBAaHHS HAyKOBOI KaTeropii «KOHTpOmiHT». [locmipKeHHIo
[LOTO HANPSIMY TPUCBSYCHI POOOTH STy BITYU3HSHUX 1 3apyOKHUX Hay-
KoBIIiB, 30kpeMa O. AHaHbKiHOI, A. bopucosa, A. Baiicmana, B. I'epacu-
MeHko, A. [aie, H. Jlaninoukinoi, E. Maiiepa, P. Manna, M. Ilymkapa,
X. @®onbmyrTa, J. Xana, U. XopHrpeHa.

€IMHOTO TBEPHKEHHS CTOCOBHO CTHMOJOTIi HMOHSTTS «KOHTPOJIHI»
HUHI HEMae€, SIK 1 0OJJHO3HAYHOTO BU3HAYCHHS MOTO CyTHOCTI. OIHI HAyKOBITI
3aIeBHSIOTh, 110 «KOHTPOJITHIY MOXOIUTH BiJl JIATHHCBKHX CIIB «contray i
«rotulusy, 1110 BiANOBIAIOTH aHIMIHCBKOMY «counter-roullour» i mepexia-
JIA€ThCS K «3YCTPIYHA POJIbY. IHIII TPAKTYIOTh, 1110 «to control» — 11e KopiHb
CIIOBA, 10 B CBOIO YEPry 03HAYAE KKOHTPOIIOBATIY a00 «YHPABIISATI».

Pociiicekuii BueHUI ekoHOMIikHM B. IBamkeBWdY BU3HAYae, 10 3a KOP-
JIOHOM KOHTPOJIIHT € OJHUM 3 HAHOBIIINX HANPSAMKIB TEOpil 1 MPaKTHKH
00Ky, KOHTPOJIFO 1 aHami3y TroCHoJapChKOi JMisTIbHOCTI IMiIIPUEMCTBA
[1, p. 34-48]. 3apa3 € 6baraTo TiyMaueHb CJIOBA KKOHTPOJIIHIY, K1 € HEOTHO-
3HAYHUMHU Ta OMUCYIOTh TUTBKM BHYTPIIIHIN 3MICT I[bOTO TIOHSATTS, HAIIPH-
KJIQJI: «YIPABIIHCHKHI 00K, «BHYTPIIIHBOTOCIIONAPCHKHIIA 00K

Crin 3ayBakKHTH, IO CYYacHi TPAKTYBaHHS MOHSATTS KOHTPONIHT pi3-
HUMHU HAyKOBISIMU 30CEPEIXKYIOTbCS Ha PI3HOBEKTOPHUX (alle HE AiaMme-
TPaJbHO MPOTHJIEKHUX) CIPSIMYBAHHSX BIANOBIZHO 70 HANpsIMKY HOro
3aCTOCYBaHHS, SIK OJHOTO i3 METOJIB MiJBHUIIECHHS €(EeKTUBHOCTI yIpaB-
JIHHS B TOMY 4HM iHIIOMY aclekTi. BiqnoBiaHo y mporieci aHasi3y BizoMux
BU3HAYCHb KOHTPOJIIHTY HMPOCTEKYETHCS TAK 3BAHE «HAPOIIYBAHHS 3Ha-
YEHHS 1 3MICTY I[bOTO MTOHATTS.
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3okpema, HimMenbki BueHi P. ManH ta E. Maliep po3risgaroTe KOHTPO-
JIHT B aCIEKTi YNpaBliHHSI MPUOYTKOM 1 BIIIMOBIIHO TPAKTYIOTh HOTO SIK
CUCTEMY DETYIIIOBaHHS, SKa JO3BOJISIE (DipMi OTPUMATH MaKCHMAaJIbHHUN Y
BH3HAYCHUH MTPOMIKOK Yacy Ta 3a iCHyFOUUX yMOB NpuOyToK. [Ipu mpomy
BYCHI 3a3HAYAIOTh, 1[0 came 4epe3 e(h)eKTHBHE KePYBAHHS ITOXOJaMU ITif-
MPUEMCTBO CTEXKHTh 3a THM, 1100 HIYOTO HE 3arpOXKyBajio eKOHOMIII TijI-
MIPUEMCTBA, & BIAMOBIIHO 3a0e3nedye MOXKIIMBICTh BYACHO BXKHBATU 3aXO0-
JUB JUIsl YHUKHEHHs HeOe3mek [2, p. 304].

3apy0Oixxna npodecopka H. JlaHinoukiHa TpakTye KOHTPOJIHT 3HAYHO
mypIie, BU3HAYAIOUM, IO 1€ (YHKIIOHAJHHO YOCOOJeHa EKOHOMiYHa
poboTa Ha MIANMPHEMCTBI, sika Oe3MOCepeHbO OB’ A3aHa 13 peanizalicro
(hiHaHCOBO-EKOHOMIYHOI KOMEHTYIOUOI (BYHKIIi B MEHEKMEHTI ISl TIPH-
HHSTTS ONEPaTHBHUX Ta CTPATETIUHUX YMPABIIHCHKHUX pilleHb. 1 0I0BHY
1iJ1h KOHTPOJIIHT HAYKOBEIh BOAYa€ B Opi€HTAII] YIIPaBIIHCHKOTO MPOIECY
Ha JIOCSATHEHHI BCIX I[iJICH, SIK1 CTOSATH Tepel MiAprueMcTBOM [3, p. 279].

Jemo cxoxe TpakTyBaHHS KOHTPOJIHTY MOXKHAa 3HAWTH B TIpaIlsax
A. BaiicMana. BueHuii 3a3Havae, 110 «KOHTPOJIHT SIK KOHIICIIIiS YIpaB-
JIHHS OXOIUTIOE CTPATETiYHE TNIAHYBAHHS, 8 TAKOXK B LIJIOMY IIPOPOOICHHS
TOTO, 110 HEOOX1JIHO 3pOOUTH Ha MiIPUEMCTBI» [4, p. 343].

JocuTh 4YacTo HAyKOBY KAaTErOpil0 «KOHTPOJIHI» OTOTOXKHIOIOTH 13
MOHATTAM KOHTPOJIIO SIK OfiHi€I0 i3 (yHKIiM MeHemkmeHTy. IIpote ciin
3ayBaKUTH, I10 KOHTPOJIb CKEpOBaHM Ha (hikcalilo Ta OLIHKY (DaKTiB,
a KOHTPOJIHI — Ha MaiOyTHe. Pa3oM 3 THM KOHTPOIIHT 3MiHCHIOE TIEBHI
KOHTPOJIbHI (DYHKIIII, @ caMe TonepenHii KOHTPOIb, ITIOTOYHNUH KOHTPOJIb,
3aKJIIOYHUN KOHTPOJIb.

Came 3 aKkIGHTOM Ta HAroJOIICHHSM Ha KOHTPONBHHUX (YHKIIISIX
BHCBITJIFOE CYTHICTh KOHTPOIIIHTY B CBOIX HayKOBHX NpallsiX 3apyOiKHHUN
HaykoBellb A. boprcoB. BueHuii 3amneBHsie, 0 KOHTPOIIHT — 1€ CHCTEMa
MOCTIMHOT OLIHKK YCIX CTOPIH MisJIbHOCTI MiANMPHEMCTBA, HOTO IMiIPO3-
JITIB, KePIBHUKIB, CIIBPOOITHUKIB 3 TOYKH 30pPY CBOEYACHOTO 1 SIKICHOTO
BHUKOHAHHS 3aBJIaHb CTPATETIYHOTO IUIAHY, BUSBICHHS BiIXWICHD 1 BKHTTSI
HEBIJIKJIAJTHUX, CHEPTIHHUX 3aX0/(iB, 00 HaMiveHi i Oyl JOCATHYTI 3a
Oynb-sIKMX 3MiH TOCIIOAAPCHKOI cuTyarii [5, p. 860].

B cBoemy nocmimpkeHHI BITYM3HSHUN BueHHH B. I'epacumeHko cTBep-
JOKYE, 1110 KOHTPOJIIHT — [IEHTPaJIbHA MiJICCTeMa CUCTEMHU YIIPABIiHHS ITijI-
MIPHEMCTBOM 200 OKPEMHUM TIPOIIECOM, SKa ITOB’SI3Y€, KOOPAUHYE, Y3TOIKYE,
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CIPSIMOBY€E, KOHTPOJIIOE MiSTTBHICTD YCiX (PyHKIIIOHATBHUX yNPaBIiHCHKUX
YMOB, 37iHcHIOE iH(pOpMaIiiiHe 3a0e3MeUeHHs MPUHHSITTS yIPaBIiHCEKIX
pillieHb, 1 YMOBOIO iICHYBaHHS SIKOT € BiJIMOBIIHUI 00pa3 MUCIICHHS KEPiB-
HHUIITBA HiIIPUEMCTBOM a00 MPOIeCOM, KU C(HOKYyCOBaHUIT HA ONTUMAITb-
HOMY BUKOPHCTaHHI YCIX BHJIB PECYpCiB 1 Ha TPUBAJIOMY PO3BHTKY TiJI-
nmpuemcTBa [6, p. 285-289].

OTxe, BUXOSIUM 3 BUINE3a3HAYCHOTO Ta YHI(IKYIOUH 1 KOHCOJITYHOUYH
BU3HAYCHHI TPAKTYBaHHs, MO)KHA BU3HAYHTH, 1[0 KOHTPOIIIHT — I[[€ CHCTEMa
YIpaBIiHHA OJHUM a00 JEKIJThbKOMAa MPOIeCaMy IiANPHEMCTBA, IO CIIPsI-
MOBaHa Ha JOCATHEHHs Ta 30€peXeHHs CTpaTeriyHoi Wil 1 BKIIOYaE B
cebe 3xiiicHeHHs iH(opMaIliifHOTO 3a0e3rneueHH s, OIiHKY, KOOPAHMHAIIIIO,
Y3TOJKCHHS, ONTHUMI3AIliI0 Ta KOHTPOJb ASUTBHOCTI YCIX (PYHKI[IOHAb-
HO-YIIPaBIiHCHKUX OJMHHMIb 32 BUKOHAHHSM CTPATETIYHOIO IJIaHY.

BinmoBiHO TpeaMeTOM KOHTPONIHTY € MIKpPOCKOHOMIYHI MpOIEecH i
SIBUIA HA TIANPUEMCTBI Ta MAKPOSKOHOMIYHI TIPOIIECH B KpaiHi, SKi BILIH-
BalOTh Ha €KOHOMIKY MiAnpueMcTBa. KOHTPOJIHT, SK CHCTEMa, TMOBHHEH
OyTH 3anpOBaJUKEHUI 3 METOIO OPIEHTYBAHHS YIPABIiHCHKOTO IIPOLIECY Ha
BHUKOHAHHS IIJICH Ta 3a7a4 MiANMPHEMCTBA. 3arajioM CHCTeMa KOHTPOJIIHTY
MpeCTaBIsie cOOOK0 €IMHUIA 3B’S30K KOMITOHEHTIB IUIAHYBAHHS, KOHTp-
OITI0, TIEPEBIPKU Ta OOMIKYy 331 e(EeKTHBHOTO BUKOPUCTAHHS PECypcCiB,
30LIBIICHHSI TPUOYTKY i TOKPALICHHS SKOCTI MEHEIKMECHTY.

Crin 3ayBakKHTH IO POJIb Ta 3HAYCHHS KOHTPOJIHTY TEBHUM YHHOM
BH3HAYa€ MiIX0au 10 kKiacudikanii iioro BumaiB (puc. 1), mo aae 3mory
BUOKPEMUTH BHJM KOHTPOJIHTY 1 JIO3BOJISIE KCPIBHMUITBY ITiIPHEMCTBA
npuiiMaTi e(DEeKTHBHI Ta CBOEYACHI YIPAaBIIHCHKI pillleHHS. Takok BUeHi
BiZIMIYAIOTh, 10 IIOJ1J1 KOHTPOMIHTY 32 IKHMOChH OJJHUM KPUTEPieM HE J1a€
MTOBHOT KAPTHHU HOTO CTPYKTYPH 1 3MICTY SIK BHJTy €KOHOMIYHOI JTISTTBHOCTI
3arajiom, a JJisl yCIIIIHOTO BIPOBAPKCHHS i€ CKITAHOT, alie, TyKe KOPUC-
HOT Juis 6arathoX MiANPUEMCTB THPOPMAIIHHOI CUCTEMH 1 e(hEeKTUBHOTO
BUKOPHUCTAaHHA 11 MOXIMBOCTEH HeoOXiHe OaueHHs BUAIB KOHTPOIIHTY
gepe3 MpU3My KOMIUIEKCHOT Horo kimacugikarmii» [7, p. 223].

VY GiMBIIOCTI TOCIIIKEHB, IO POBOISATH BUCHI CTOCOBHO Kiacupikarrii
KOHTPOJIHTY, BUIUIAIOTH TIIBKH OJTHY O3HAKY 3a KOO ITPOBOANTHCS MO —
yacoBa Opi€HTaIlisl, TOOTO BHOKPEMJIIOIOThH OTEpaIlifHUN Ta CTpaTeriYHui
KOHTpOMIHT. Tak, OCHOBHA MeTa CTpPAaTeriyHOro KOHTPOJIHTY — 3abesre-
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Buau KOHTPOMIHTY

—» 1T JisTBHOCTI KOHTPOIHT CTPYKTYP
KoHTpomiHr pe3ynsTatie

> IIpeamer AiiMBHOCTI MapKeTHHTOBHif KOHTPOIIHT
Koutpominr pecypcie
KOHTpOIHT 3aMOBIeHb
Koutpominr inHOBamii
KoHTpomiur nmepcoHany i T.1.

—»  YacoBa opicHTaIiA OnepaTHBHHH
Crparerigunii
—»  Codepa giampHOCTL DixaHCOBHIT

Bupo6uug0-diHaHcOBHH
Komnnexcuu#

Kputepii oxonneHHA @YHKIIOHATEHHIT
o0’eKTa KoMmnekcHHH

—»{ PiBeHb opMyBaHHA | Lentpamizopanuii
JlelleHTpaTiz0BaHHH

L—»{ METOIHKH IPOBEAEHHA | AKTyalbHHIH
AKYMYJIATHBHHH

Puc. 1. Knacudikanisa KOHTpOJIHIoBo1 AislNIbHOCTI 32 il BUAaMu
Jorcepeno: cpopmosano na ocnosi [8, p. 139—145]

YCHHS BIDKUBAHOCTI MIiANPHEMCTBA, MPOBEJACHHS aHTHKPHU30BOI MOITHKA
Ta MiATPUMKa MMOTEHI[IAILHOTO YCIiXy. BiamoBiqHO, METOK ONepaTHBHOTO
KOHTPOJIHTY € 3a0e3IeueHHsT TPUOYTKOBOCTI 1 JIIKBITHOCTI MiAIPUEMCTBA.

Y3aralpHIOWOYH Pi3HI MiIX0AH 10 Kiacu(ikallii mpegacTasieHi Ha puc. |
CIIiJT 3ayBKUTH 110 HAYKOBIIl TaKOXX BWIUISIOTH TaKi O3HAKH Kiacuika-
i stk e (1) isTbHOCTI MiIMPUEMCTBA, TIPEAMET Ta cepa AisUTbHOCTI,
KpuTepii oxoreHHs 00’ eKTa Ta 3a piBHEM (OpPMYBaHHSL.

OjHI€I0 13 HAHOBIIIMX Ta HAMPEIEBaHTHINIUX MIX0/IB J0 Kiacudika-
1ii KOHTPOJIHTY € BiJMOBIAHICTH METOIUII MPOBEIEHHS KOHTPOJIIHTOBUX
nporienyp. Takuid maxoai JO3BOJISIOTH BHOKPEMHTH JBa BUJIM KOHTPO-
JIHTY — aKTyaJIbHUN Ta aKyMyJISTHBHUM. llepminii 3iiiCHIOETECS pa3oM 3
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BUKOPUCTAHHSAM HaWHOBIIIUX METOJiB KOHTPOJIHIOBOT JiSUTBHOCTI, a Apy-
THid — 13 BXKUBaHHSM B)K€ BUKOPHUCTOBYBAHHX 1 alpoOOBaHWX Ha MPAKTHUII
METONIB.

3aBIsSKH MONITY KOHTPOJIHTY 3a JIAHOK KiIacH(DiKaIli€ero, MOCHIUThCS
e(DEeKTUBHICTh MIANMPUEMCTBA, IIJISIXOM PO3MIUPEHHS (DYHKIIIOHAIBHOT TijI-
TPUMKH YIPABIIHHS MTiATPHEMCTBOM.

BripoBamkeHHsT KOHTPOJIIHIOBOI AisUTBHOCTI HA IMiIPUEMCTBAX FOTEIb-
HO-PECTOpaHHOro Oi3HECY Ha ChOTOAHI € 0COONMBO akTyaldbHUM. st
3a0e3MeueHHs IePCIeKTUBHOTO PO3BUTKY KOHTPOJIHTY B TOTEIHHO-PECTO-
paHHOTO Oi3HECY, a caMe Ui 3pOCTaHHS MMOTOKIB 1HBECTHIIIH Ta CIPUSHHS
30UIBIICHHIO 3aXiAHUX TEXHOJIOTiM yHpaBliHHS, MOBUHHO OYyTH CTiiike
3pOCTaHHS €KOHOMIYHOTO CTAaHOBHUINA B KpaiHi [9, p. 42—46].

IToTpeba BIpoBaKEHHS Ta 3aCTOCYBAHHS KOHTPOJIIHTY HA MiAMPUEM-
CTBaX 0COOJIMBO 3yMOBJICHA JUISI TUX IMPUEMCTB, 1110 3HAXO/ISATHCS B CTaH1
(iHaHCOBOT KpH3H, TOOTO MPH 3arpo3i HETUIATOCIIPOMOXKHOCTI Ta OaHKPYT-
ctBa. Came uepes 1i¢ KOHTPOJIHT B OCHOBHOMY PO3IVIAJAIOTH SIK €IIEMEHT
AQHTHUKPH30BOTO YIIPABIIHHS HiAPUEMCTBOM.

[MokMKaHHS KOHTPOIIHTY BUSBIIETHCS B 3a0€3IEUCHHI BYACHOTO Ta
e()eKTHBHOTO HANPSAMY YIPABIIHCHKOTO PIIICHHS HA JOCATHEHHS IIiICH,
SIKi MIATPUEMCTBO TUIAHYE JOCSATTH.

BinmnoBinHO, 0CHOBHUMU HANpsIMaMH JiSUTBHOCT1 KOHTPOJIIHTY € (pHC. 2)
[10, p. 280]:

1) KoopIuHaIlist YIPaBIiHCHKOT AisNTHOCTI 3 METOIO JOCATHEHHS LIiJIeH
T IPUEMCTBA,;

2) indopmariiiina Ta KOHCYIbTaIlii{HA TIATPUMKA TPUHHATTS yIPaBIiH-
CBKHUX PIllICHb;

3) cTBOpEHHs 1HPOPMAIIHHOT CUCTEMH YIIPABIIHHS I ITPUEMCTBOM;

4) 3abe3rneueHHs PallioHAIBHOCTI YIIPABIIHCHKOTO TPOIIECY.

OfHMUM 13 TIPUBOJIIB BIPOBA/KCHHS CUCTEMH KOHTPOJIHTY Ha MiANPH-
€MCTBax cTaja moTpeda CHUCTEMHOI iHTerpallii pi3HOMAaHITHHX AacCIeKTIiB
ynpasiiHHA Oi3Hec-npouecaMu. KOHTpOJIIHT BUCTYNA€ K OJHA 13 CIIELH-
¢biuHux (yHKUINA yIpaBIiHHS, B OCHOBI SIKOT TOKJIAJeHO e(peKTUBHE Kepy-
BaHHS ITiJIIPUEMCTBOM Ta 3a0€3MEYCHHS HOTO KHUTTS B KOHKYPESHTHUX YMO-
Bax. Tak, MeTa KOHTPONIHTY BUSBISETHCA B €(DEKTUBHOMY MiATPHMAHHI
(YHKITIOHYBaHHS IIATNPUEMCTBA 32 PAXyHOK CBOEYACHUX Ta MPABUIBHUX
YIPaBIIHCHKUX PIlICHb TPUHHATHX BUIMM KePiBHUIITBOM.
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{ Hanpams miameHOCTI KOHTPOMHETY }
4 ] N ¢ j ] ]
Creopenns mdopmamiizod Koopaunaria yrpasmHcbkol
CHCTEMH VIIPaEIiHHA JATBHOCTL 3 METOK JOCATHEHHA
M1IIPHEMCTEOM nineH mAnpHEMCTEA
AN v
h.
I ™
Indopmarifina Ta ( . .
o . JabesneucHHA PAIOHATEHOCTL
KOHCYIBTAIHA MITPHMEA o
- ) VIIPABHCEKOLO IIPOLECY
OpPHAHATTA VIIPABTHCEKHX

Puc. 2. HanpsaAMKH KOHTPOJIIHIOBOT 1islJILHOCTI

IDicepeno: cgpopmosaro na ocuosi [10, p. 280]

HactynmHuMH nipuanHamu (puc. 3) [10, p. 280]:

TIpraanE HeoGXigHOCTI

BIIPOBAKEHHA KOHTPOIIHTY

CepeIoBHIIA

HECHPHATIHEOI Ta HecTaOiIsHOI CHIyaMii 30BHIHEOTO

-

YIpaBIiHHEA

YCEIaIHEeHHAM CHCTEM YIIp aBIiHHA IIIPHEMCTEOM, Ak
> moTpeGyIOTE MeXaHi3My KOOpIHHAI B

~

TIp oreci

inpopmanifiaaii 6yM TpH HemocTaTHIH KiTBKOCTI
OCTOEipHOI iHGopMaril

Puc. 3. [Ipuyunn HeoOXiTHOCTI BIPOBaIKeHHS KOHTPOJIIHTY

Jorcepeno: cpopmosano na ocnosi [10, p. 280]

VY cydacHUX yMOBax BeJleHHsI Oi3HeCy B IUJIOMY Ta PO3BUTKY chepu
TOCTUHHOCTI 30KpeMa HeOOXiHICTh BIIPOBAPKEHHS CUCTEMH KOHTPOJIIHTY
Ha TIANPHEMCTBAX TOTEIBHO-PECTOPAHHOTO Oi3HECY MOXKHA TOSICHUTH

B VkpaiHi po30ymnoBa CUCTEMH KOHTPOJIHTY TUTbKM HaOupae oOepTiB
Ta CIPUYMHEHA MOCTYNOBOIO 3MIHOIO Opi€HTalii MEHEIKMEHTY Ha HOBI
MiAXOAM 10 YIPABIiHHS MiANPUEMCTBOM. sl TOTENbHO-PECTOPAHHOTO
0i3Hecy Lie € BATOMUM KPOKOM, TOMY 1110 BIPOBAJ)KCHHS T4 BUKOPUCTAHHS
e(eKTUBHUX IHCTPYMEHTIB YNPABIIHHS JA€ MOXIUBICTH MPUCTOCYBATHCS
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JI0 HETIOCTIMHUX yMOB 30BHIIIHBOTO CEPEIOBHUINA Ta 3a0€3MECUNTH TEBHY
CTaOUTBHICTD y JSUTBHOCTI MiJIPUEMCTBA B CTPATET14HIN TIEPCIICKTHBI.

OCHOBHHM 3aBJIaHHSIM CHCTEMH KOHTPOIIIHTY Ha MiAMPHUEMCTBI € pery-
JIIOBAHHS BUTPAT Ta PE3YJbTATIB JiSUIBHOCTI, KEPYBAaHHS HEOUiKYBAaHHUMH
3MiHaMH, JOTIOMOTa IIPH BHUSBJICHHI 3arpo3 Ta iX YCYHCHHS. 3aBISKH CHC-
TEMI KOHTPOJIHTY, KEPIBHHUIITBO OTPUMYyE HEOOXiAHY iH(OpMaIlio, Ha
OCHOBI fIKO1 3JIIICHIOETHCS YIIPABIIHHS M1AIPUEMCTBOM.

TakoX KOHTPOJIHT y mpoueci (yHKUIOHYBaHHS MiANPUEMCTBO BHKO-
Hye 0e3/i4 3aBIaHb, TakKi SIK: BIICTEKEHHsI HABKOJIHUIIHHOTO CEPEIOBUIIA;
JOCSTHEHHSI METU MiJIPUEMCTBA, MUIIXOM BCTAHOBIICHHS KOHKPETHUX
Iinelt Ta KOOpAMHALI] yIpaBIiHCHKOI AisUTBHOCTI; 3a0e3neueHHs iHpopMa-
III{HOT CHCTEMH HPOTITOM MPUHHSATTS YIPABIiHCHKUX PILICHB; ONTHMIi3a-
IIis IPOIIECy YIPaBIIiHHS.

ITpote came MpUHAHSTTS yNPAaBIIHCHKUX PIIIEHb HE BXOTUTD /10 3aBIaHb
KOHTPOJIIHTY. Moro mismbHIiCTE 0OMEXeHa JIMINE MiArOTOBKOIO JIO pH-
WHATTS TaKHUX PIlICHb, @ TAKOXK PO3POOKOIO Ta OOTPYHTYBAHHIM allbTePHA-
THBHHUX BapiaHTIB.

BripoBakeHHS Ta 3aCTOCYBaHHS CHCTEMH KOHTPOJNIHTY Ha MiATIPH-
€MCTBaX TOTEIBHO-PECTOPAHHOTO Oi3HECY YKpalHH CIIyTyBaTUME IOKpa-
LICHHIO SIKOCTI MEHEJKMEHTY, 1110, B CBOIO Yepry, 3a0e3MneunuTh cTadinbHUN
PO3BUTOK Cepr TOCTUHHOCTI.

OnHUM i3 KIIIOYOBUX 3aBJaHb KOHTPOJIHTY, SIK METOLY 3a0e3MeUeHHS
e(DeKTUBHOCTI YIPABIIHCHKUX TIPOIECIB y 3aKIajax TOTEeIbHO-PEeCcTo-
paHHoro Oi3HecCy, € BpaxyBaHHS 0CcOOMMBOCTeH (DYHKIIIOHYBAaHHS Trairysi
B CHCTeMi HAaIliOHATBbHOI CKOHOMIKM YKpaiHW, BH3HAUCHHS KOHIICHTY-
aJbHUX HAIPSIMKIB, 3aCaj Ta MEPCIeKTUB ii (QyHKIIIOHYBaHHS, OOTPYHTY-
BaHHS HEOOX1THOCTI BIPOBA/KCHHS e(heKTUBHUX Oi3HEC-MOJIENeH Y TIpak-
THUKY KOHKPETHOTO MIiINPHEMCTBA Ta aIaNTyBaHHS IX IO OCOOIMBOCTEH
HOro AiSUTBHOCTI 3 METOIO MiJBUIICHHS OCHOBHHUX (30KpeMa (hiHAaHCOBHUX)
pe3ynpTariB. BiAMOBIAHO HA MiANPUEMCTBI MOBHHEH OyTH 3a0e3eucHHiA
e(heKTHBHUI KOMIUIEKC KOHTPOIIHTOBHX 3aXOJiB Yy BCIX HANpsIMKax HOro
JSUIBHOCTI, 10 3arajioM (OpMYIOTh CHUCTEMY KOHTPOJIHTOBOI isUIbHO-
CTi 3aKJIaly TOTEIbHO-PECTOPAHHOTO Oi3Hecy. 3Ba)Karoul Ha OCOOIMBOCTI
MpOTiKaHHA Oi3HEC-NIPOIECiB HA MiANPUEMCTBAX TOTENBHO-PECTOPAHHOTO
0i3HeCy Ta BPaxOBYIOUM CTPYKTYPY 1 3MICT iX TOCHOAAPCHKOI AisTBHOCTI,
BUHHKA€ HEOOXIIHICTh NMPOEKTYBaHHS CTPYKTYpHOI MOJelNi (PyHKIIOHY-
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BaHHS CHCTEMH KOHTPOJIHTY y 3aKJIaIlaX TOTEIbHO-PECTOPAHHOTO Oi3HECY,
siKa, B CBOIO 4Yepry, MOBUHHA MaTH KOMIUICKCHHH XapakTep, OXOILIFOBATH
KIFOYOBI HanpsMKH (YHKIIOHYBaHHs MiANMPHEMCTBA Ta 3arajioM Maru

LITICHY 1 €JIMHY CTPYKTYPY (pHcC. 4).

CHCcTeMa KOHTPOIHLY B
TOTEIEHO-PECTOPAHHOMY
KOMILTEKCL

. .

ITigcucrema 1 ITigcucrema 2
(PecTopaH) (T'oTens)

MikpocHCTeMH \ / MikpocHCTEMH
*  Coyxbda

L eCTOopaH
. gap P * dirascoBHIT Bioain Opomrorarst
. e  rOpHIEIHME BLIILT . C;Tym“a
- . OOCIVIOBYBaHHA
KyXHA ®  Bigdin MapkeTHHTY c
. . . p . HOMEPIBE
¢ BIAQUI KATpIB _ e  Coyx6a mnpmiomy i
e imxeHepHa cayxba POIMIlIEHHA
® Oyxragrepiix e Coyxba
OOCIYTOEYEaHHA Ha
moBEpXAax

Puc. 4. CtpykrypHa Moje/b pyHKIIOHYBAHHS CHCTEMH KOHTPOJIIHIY
B 3aKJIa[1aX IoTeJIbHO-PEeCTOPAHHOro OizHecy

Jicepeno: cpopmosano asmopamu

AHaInizyroun 0coOIMBOCTI MPECTaBICHOI Ha PHC. 4 CTPYKTYpHOI Moz
(yHKIIOHYBaHHS CHCTEMH KOHTPOJIHTY B 3aKJIa/laX TOTEILHO-PECTOPAHHOTO
0i3Hecy, BUJIHO, III0 BOHA 0a3y€eThCs HA IBOX OKPEMHX KUTaX (ITiICHCTEMAaXx ) —
migcucrema 1 (pecropan) i mijacuctema 2 (TOTEIb), sIKi, B CBOKO Yepry, IPyH-
TYIOThCS Ha BIJIOBIIHUX MiKpocucTeMax. [1in MikpocucTremMamMyu MaemMo Ha
yBa3i CiyxO0H, sIKi BXOIATH JIO CKIIQJy BHKIIFOYHO PECTOpaHy abo TOTEIIro.
KoMIDTekCcHICTh Ta 0COOIHBICTE IPEACTABICHOI MO TIOJISITae Y TOMY, IO,
OKpIM BpaxyBaHHS 0a30BUX CIIYkO0 (MIKPOCHCTEM) Y PO3Pi3i JBOX KITFOUOBHX
I1ICUCTEM, BOHA aKLIEHTY€ yBary Ha iX HEpO3PUBHOCTI 13 L€ OIHIEIO MiICUC-
TEMOI0, sIKa BKJIIOYAE B ceOe CIUIbHI aIMiHICTPaTUBHO-YIIPABIIHCHKI CITy:KOU
1 6e3 Kol (PyHKIIIOHYBaHHS TOTEIBHO-PECTOPAHHOTO KOMIUICKCY SIK €IMHOTO
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IIUTICHOTO 1 3JIaTO/PKEHOT0 MEXaHI3MY € MPOCTO HEMOXKIIMBHM. Taka MoJielb
(yHKITIOHYBaHHS CHCTEMH KOHTPOJIIHTY Yy 3aKjaJgaX TroTeIbHO-PEeCTOpaH-
HOTO Oi3HEeCy JT03BOJISIE MAKCHMAIBHO €(DEKTUBHO SIK BIPOBAIUTH BIIEpIIE,
TaK 1 YIOCKOHAJIUTH 1CHYIOUY CUCTEMY KOHTPOJIIHTY Ha BCIX CTPYKTYPHO-Op-
raHI3allifHUX PIBHIX MIAMPUEMCTBA Ta YCIINIHO 3a0€3MCUUTH yIPaBIiHHS
30BHIIITHIMHU Ta BHYTPIIIHIMH PH3HKAMH.

KoHTpomiHr Mae BakJIMBe 3HAYECHHS B YNPaBIIHCHKIA AISNTBHOCTI Mif-
MIPUEMCTBOM. 3a JONOMOTOI0 HOTO PIBEHb YNPAaBIiHHA Ha MiANPHEMCTBI
MOKPAIYETHCS T SKICHO HOBUH CTYIiHb. TaK0 KOHTPOIIHT SIBIISIE COOOIO
MEBHUI MeXaHi3M, SIKMH CaMOpErylO€ThCs, Ta JOMOMAara€ BCTaHOBHUTH
KOHTAKT B YIPABIIHCBKIH AiSITBHOCTI.

11[06 BU3HAYNUTH Miclle KOHTPOIIHTY B CUCTEMIi YIIPaBIiHHS HiAMPUEM-
CTBOM IOTPiOHO Tam’sTaTH, MO Oynb-sIKa CHCTEMa YIIPaBIiHHS CKJaja-
€ThCSI 3 TMOJIITUKU MIJIPUEMCTBA Ha JIOBrOTpHBaJlie MaiOyTHE, KOHTPOIIO
pOOOTH TIAPO3MITIB, BUPIMICHHS IMOJCHHUX 3aBiAaHb. OTXe, MOKHA y3a-
TaJIbHUTH, 10 MPHU3HAYCHHSM KOHTPOIIHTY € iH(opMalliiiHa 3abe3rmeue-
HICTH MIANIPUEMCTBA Ta 3a0C3MCUCHHS YIOCKOHAJICHHS CHCTEMH ITIepeaadi
iH(OpMaIIfHUAX MOTOKIB MK yCiMa CITy>KOaMHU Ha IiIPHEMCTBI.

Jns Toro, 11106 pe3yabTaTi KOHTPOMIHTY Oynu e(peKTUBHUMU Ta PE3yJib-
TAaTUBHUMHU HEOOX1JIHO 3/T1MCHIOBATH WOTO Y YOTUPH eTarnu (puc. 5).

4{ Etan 1. Bu6ip MeToaie aHanizy indopmamii ]

[ Etan 2. 36ip indopmManii 115 Np OBeleHHT aHATIZy ]

Etan 3. ITopieHAHEA QaKTHIHHX pe3yIBIaTiE 3

HOPMATHBHHMH IIOKa3HHEAMH

é Etan 4. PexoMeHnanii moa0 BHGopy

L_| a7bTepHATHBHHX HATIP AMIE p O2EHTKY TP HEMCTBA

Ta O4iKyBaHHX P e3y7bTATIE iX ETIp OBa LKeHHA

- /
Puc. 5. MogeJn 31iiicHeHHSI KOHTPOJIIHIOBOI JislJIbHOCTI HA MiANPUEMCTBI

Jicepeno: cpopmosano na ocnosi [11, p. 73—78]
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[lepmuii eran MicTUTh B c001 BHOIp MeTOMIB aHaNi3y iH(popMarrii (Bizy-
aizarisi, kjacudikailis, CerMeHTaIlis, IPOTHO3YBaHHS, aHAJ13 3aJICKHOCTI,
aHaJli3 BIIMIHHOCTEH, To110). Ha npyromy erari BinOyBaeThcst 30ip oTpio-
HOT iH(opMaIii Juisi MPOBEACHHS OOpaHOTO aHali3y Ha TONEPEIHHOMY
etami. TpeTiii eran 3IIHCHIOETBCS 3a IOTIOMOTOKO MOPIBHSAHHS (DaKTHIHHX
pEe3yIbTaTiB 3 HOPMATUBHUMH MTOKAa3HUKaMH. Tako)kK BHKOHYETHCS aHAII3
MOTEHIIIHOTO BIUIMBY BIJIXUJICHb HA MIMOBIPHICTh IOCSATHEHHS METH JTislTb-
HOCTI mignpueMcTBa abo oprasizauii, MPUYUH BiAXUIIEHb, PO3POOICHHS
aNbTepHATUBHUX YIIPABIIHCHKUX pillleHb. Ha ueTBepTOoMy erarti 0OpobieHa
iH(pOpMalis MOBHHHA BEpTaTUCS A0 (YHKI[IOHAIBHUX MiACUCTEM y (OopMi
PEeKOMEH A} 1100 BUOOPY aIbTEPHATUBHIX HANPSIMIB PO3BUTKY MiANIPHU-
€MCTBA Ta OUIKyBaHUX PE3YIbTaTIB iX BIpoBakeHHs [11, p. 73-78]. Otxe,
POJb KOHTPOIIIHTY B yNPaBIiHHI CyYacHUM ITiIPHEMCTBOM a00 opraHiza-
miero HaOyBa€e BEIMKOTO 3HAUCHHs. B yMOBaxX HecTabUIbHOTO 30BHIIIHBOTO
Ta BHYTPIITHHOTO CEPEJOBHUINA HEOOXITHO 3a0e3MeuuTH S(PCKTHBHE Ta
pe3yibTaTiBHE (YHKIIOHYBAaHHS JiSIBHOCTI MIIMPHEMCTBA. 32 JOMOMO-
TOI0 HAJaro/LKEHOI CHCTEMH KOHTPONIHTY MOXKHA JOCSTTH ITOKPAIICHHS
SIKOCT1 YIPaBJIiHHS, CTaOlIBHOTO PO3BHUTKY IMiIMPUEMCTBA, a TAKOX ITif-
BULICHHIO HOr0 KOHKYpPEHTOCHPOMOXKHOCTI. Tako)k KOHTPOJIIHT JI03BOJISE
L1JTICHO MOMISAHYTH HA CUCTEMY YNpaBIIiHHS, 10 JJa€ MOXJIMBICTh 3a0e311e-
YHUTHU CTPATETIUuHHUIA PO3BUTOK MiJPHEMCTBA.

3. MeTtonoJioriunmii incrpymenrapiii popMyBaHHs CHCTEMH
KOHTPOJIIHI'Y HA MiANPUEMCTBAX B roTeJIbHO-pecTOPaHHOMY Oi3Heci

HameBHo, Mano He KOXKHE BITUM3HSHE MiANIPUEMCTBO CTHKAETHCS 3
poOJIEMOI0 BIPOBAKCHHS Ta peaji3allii BIacHol cTparerii yepes Te, 1o
Ha PI3HUX PIBHAX YIpaBIiHHA pi3HI QyHKII Ta okpemi miyi. Came ToMy
HEOOXIJJHO 3a0e3MeYnTH KOOpAWHAI 1H(GOPMAIIHHUX IMiJICUHCTEM CHC-
TEMH yIPaBIiHHS MMiIIPUEMCTBOM 3apajiv MiJIBUIIICHHS JI€BOCTI Ta e(hek-
TUBHOCTI YIPaBIiHHS O[O0 HAIAHHS albTEPHATUBHUX PIMICHB JJIS TOCST-
HEHHS [IJIeH M IMPUEMCTBA.

VY npotieci BIIPOBaIXKEHHS Ta 3aCTOCYBAaHHs KOHTPOJIIHTY Ha MiIPUEM-
CTB1 BapTO aKI[CHTYBAaTH yBary Ha IHCTPYMEHTaX Ta METOAAX KOHTPOJIIHTY.
Ha nymky 3apy6ixkHoi mpodecopku T. IllemrykoBoi METOAM KOHTPOJIHTY
3HAXOAATh CBOE BHPAKCHHS B CYKYIHOCTI KOHKPETHHUX 1HCTPYMEHTIB, IIIO
JI03BOJISIIOTH IPAKTUYIHO Peajli3yBaT METy KOHTpouiHTy [12, p. 176].
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Cxoxe nosicHeHHsI HaBoAUTh B. KoBapoB, TpakTyioun MeTox SIK criocio
JIOCSITHEHHSI METH KOHTPOJIIHTY, IO CKIAJIAEThCS 3 CYKYITHOCTI TIPUHOMIB
TEOPETHYHOTO 1 MPAKTHUYHOTO Mi3HAHHS 00’ €KTY KOHTPOJIIHTY. 3 TOUKH 30PY
B. KoBanboBa, METOIM KOHTPOITIHTY BHPA)KAIOTHCS SIK CYKYITHICTh KOHKPET-
HUX 1HCTPYMEHTIB, IO JTO3BOJISIFOTH HA MPAKTHII peasli3yBaTd METY KOH-
Tpominry [13, p. 560].

OTKe, METOIM KOHTPOJIIHTY — 1€ CYKYIHICTb Jlii, OpraHi3oBaHuX [Is
JIOCSITHEHHSI TIEBHOT METU. A 1HCTPYMEHTHU KOHTPOJIHTY — 1I€ CYKYIHICTb
NI, OpraHi3oBaHMX Ui JIOCSTHEHHS KOHKPETHOTo 3aBaaHHs. Kaxyuu
iHaKIIe, MeTOJ] Habararo MIMPILIE Ta TOBHIIIE TOHATTS, HIK IHCTPYMEHTH.
[HCTpYMEHT peaii3oBye sIKeCh OJIHE KOHKPETHE 3aBJaHHS, HATOMICTh SIK
METO/J] JOCATAE METH 3 PaxXyHOK BEJIMKO{ KITBKOCTI IHCTPYMEHTIB. [HIIMMH
CIIOBaMH Ka)Ky4H, METOIN — II¢ “II0” pOOHTH, a IHCTPYMEHTH — Iie “SK”
poburtu [14, p. 96-107].

[Tiz i1HCTPYMEHTOM KOHTPOJIIHTY PO3YMIIOTh KOHKPETHY CYKYITHICTb
3HaHb, 0QOPMIICHY, K MPABUJIO, Y METOJMKY BUPIIICHHS TOTO YU 1HIIOTO
3apnaHHd. Ha QyMKy AesKHX aBTOpIB, CKIaJ IHCTPYMEHTIB MOXE OyTH
3MIHEHUM 3aJIE)KHO BiJl BH3HAYCHOTO MiJIPUEMCTBA (BUPOOHUYOTO,
CTPaxoBOI0, KPEIUTHOr0) Ta HOro po3MipiB Ta CTPYKTYpHU YHpaBIiHHS
[15, p. 592]. 3a TpakTyBaHHSIM IHIIUX TOJIT MOXE 3JIIMCHIOBATUCS HA
3araJbHOCKOHOMIYHi, 3arajlbHOMETOMO0JIOTIUHI (CIOCTEepPEeXKEHH, TOpPiB-
HSIHHS, TPYIyBaHHS, aHalli3, TCHJSHIIHHUI aHai3, CHHTE3, CUCTeMAaTHu-
3aIlisi, MPOrHo3yBaHHs) Ta cnenudivyni [16, p. 332-334]. 3anexHo BiX
¢yHKIIOHATBHOI cepr IX 3aCTOCyBaHHSA, IHCTPYMEHTH KOHTPOJIHTY
MOXXHAa 3aCTOCOBYBAaTH B 30BHIIIHBOMY CEPEIOBHIIN, MapKETHHTY Ta
30yTi, 3a0e3MeUeHHI pecypcaMu, BUPOOHUIITBI, JIOTICTHIN, 1HBECTHIIISIX,
IHHOBAIIMHIN JISUTPHOCTI Ta IHIMMX cdepax iUTBHOCTI MiAMPUEMCTBA
[17, p. 225-228].

Jloktop exkoHomiuHux Hayk C. danbko BHOKpPEMIIIOE 0a30Bi 1HCTpY-
MEHTH KOHTpomiHry. Ha fioro mymMKy 1e — oOiK, IUIaHyBaHHS 1 OIODKETY-
BaHHS, aHAJIi3 BIIXUJICHb, CHCTEMa ITOKAa3HUKIB, 3BITHICTh Ta IHBECTHIIIIHI
pospaxyHnku [18, p. 272].

3BUYaifHO, IO el CMHMCOK IHCTPYMEHTIB HE € TMOBHUM, TaK SK BiH
MOCTIIIHO JIOTIOBHIOETHhCA Ta 3017blIyeThes. Bueni B cdepi ekoHOMIKH
MyOiKYIOTh HAyKOBY JITEpaTypy, A€ pPO3DIAAAIOTh KIACHYHI YU CYTO
cydJacHi, a00 BUKIIIOYHO Haile(eKTUBHIII IHCTPYMEHTH KOHTPOJIIHTY.
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3abe3neueHHs e(eKTUBHOTO (DYHKIIIOHYBAHHS IiIIPUEMCTBA, BiICTiA-
KOBYBaHHS Ha3HAYCHHX IIJICH POCTY Ta 3700yBaHHS MOCTIMHUX CTIMKHX
TepeBar Ha TPUBAJIMH Mepiojl J03BOJISE peali3yBaTh CTPATETIYHUN KOHTPO-
JiHT. J[o OCHOBHMX HANpsMIiB aHAIIi3y, [0 MA€ CTPATEriyHUN KOHTPOJIHT
HaJIe)KaTh: aHaJIi3, CIPSIMOBAHHI Ha 30BHIITHE Ta BHYTPIIIHE CEPEIOBUIILE,
Ha KOHKYPEHIIi10, KJIF0Y0BI (DaKTOPH YCIiXy, CTpaTerivHi IJIAHU Ta IiIKOH-
TPOJIbHI IOKA3HUKH POOOTH, (PaKTOPH, SIKUMH 301LTBIIYETHCS PiIBEHb BUTPAT
HAa MIANPUEMCTBAX. 3aBASKH LIbOMY CTPATET1YHUI KOHTPOJIHT Ma€ Opi€HTa-
1i}0 HA TPUBAILY TIEPCIICKTUBY.

CrpareriuHuii KOHTPOJIIHT Ma€ BIACHI IHCTPYMEHTH, IKUMHU BiH 3a0e3-
MIeYye OLIHIOBAHHS €()EKTUBHOCTI AiI040i CTpaTerii MiAPHUEMCTBA, BU3HA-
YeHHS CWJIBHUX Ta CJIA0KUX 3HAaKiB 30BHINTHHOTO Ta BHYTPIIIHBOTO CEpe-
JIOBHUINA JJIsI peastizarlii KOpUTyBaHHS YMHHUX CTpAaTerid MiAlpHeEMCTBA.
Benuka KiTbKicTh BUCHUX HAMAaraJmcsi OOTpyHTYBaTH BHOIp IHCTPYMEHTIB
KOHTPOJIHTY B JISUTBHOCTI IMiANpUEMCTBA. Tak BiTUM3HsSHA Npodecopka
B. IBaHOBa BBaXKae, IO CTPATETIYHHIA KOHTPOJIHT HIOM SK KOHCYJIBTaHT
JUTS. KEPIBHHUIITBA TIPU PO3pOOIIl CTpaTerii, BCTAHOBJICHHI I[IJICH 1 3aB/aHb,
TOMY IIPOIIOHY€ JO TOJOBHHUX IHCTPYMCHTIB BIJIHECTH Taki: OCHUMApPKIHT,
SWOT-anani3, aHaji3 noreHuiany, nopTderbHuil aHasi3, BapTiCHUHA aHai3,
IHBECTHIIIMHUN aHai3, po3po0Ka clieHapiiB, anaii3 pusukis [19, p. 136].

A Ha gyMKy pociiicbkoro BueHoro 0. Anickina [20, p. 280] BxuBaHHS
IHCTPYMEHTIB CTPATEriyHOrO KOHTPOJIIHTY HEOOXiAHE IS BUSIBICHHS Ta
MOJIMIICHHST MaOyTHIX MOMKJIMBOCTEH Ta PU3HKIB MiANPHEMCTBA, TOOTO
JUISL TIOIIYKY, 301IbIICHHS Ta 30epeKeHHs MoTeHmiany ycmixy. Came Tomy
JI0 CKJIQAY 1HCTPYMEHTApil0 KOHTPOJIHTY BiH BiIHOCHTH Taki: MOPTQETh-
HUH aHai3, aHaIi3 MOTEHITIaTy, aHaJli3 KPUBOI JIOCBIY, aHAII3 CHIIBHUX 1
CJTA0KUX CTOPIH IMiIPUEMCTBA, aHAI3 CTPATETIYHUX PO3PHUBIB, PO3pOOKa
CIICHApIIB Ta iH.

Cepell BEJTUKOI KUTBKOCTI THCTPYMEHTIB JIOLIJIBHO BH/IUIUTH OCHOBHI,
SIKI BUKOPHCTOBYIOTBCS B Cy4acHHX yMmMoBax (puc. 6). Jns crparerigHoro
KOHTpOTiHTY — 11e OeHumMapkinr, SWOT-anani3z, PEST-anani3, anami3 KOHKY-
peHTHUX niepesar 3a [Toprepom, noprdenbHuii anainis, Balanced Scorecard
(«30anmancoBaHa cUCTeMa IMOKa3HUKIBY ), aHAJI13 BUBYCHHS MTOTEHITiaITy, aHa-
JTi3 CTpaTEeriYHUX BiAXHUIICHb.

KommnekcHe 3acTOocyBaHHS JAHOTO IHCTPYMEHTAapil0 B CTpaTeTidHiil
JSUTBHOCTI MIATIPUEMCTBA TACTh 3MOTY ITOKPAIIUTH PiBEHb YIPABIiHCHKUX
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4[ THCTp yMeHTapiH CTpaTeriTHOro KOHIP OMIHTY ]7

a[ Bemramapxinr ]
—.[ SWOT-amazis ]
J
|

TMoptdensHAH aHamiz }7

[ Balanced Scorecard }7
[ AHaniz BHEYeHHA NOTEHIiaTy J.f

4[ PEST -aanis

AHami3 KOHKYDeHTHHX
nepegar 3allopTepom

AHaTiz cTpaTerivHHX BiIXHIeHE J.f

Puc. 6. IncTpymeHnTapiii cTpaTeriayHoro KOHTPOJIiHTY

Licepeno: cghopmosano agmopom

pilICHb, 3aBISIKH YOMY, HaBIiTh Y MEPioJ HEBU3HAYCHOCTI HABKOIUIITHBOTO
CepeIOBHIIA, MIAMPHEMCTBA 3MOXKYTh 320€3IICUUTH JOBrOTPUBAIIE Ta CPEK-
THUBHE (YHKLIOHYBaHHS.

Ha BigMiHy BiA CTpaTeriYHOrO KOHTPOJIHTY pe3ylIbTaT (yHKLIO-
HYBaHHSl OIEPAaTHBHOIO KOHTPOJIHTY CHIPSMOBAaHMH Ha 3a0e3redeHHs
pe3yNbTaTuBHOI peanizamii WOro mijel, IJISAXOM CTBOPEHHS e(EeKTHUBHOI
cuctemu ympasiniHHs. Lle m03Bonsie TOOUTHCS MOKpAILICHHS ONTHUMIi3allii
CHIBBiIHOIICHHS «BUTPATH-IPUOYTOK». 32 TOIIOMOTOI0 IHCTPYMEHTIB, SIKi
BHUKOPHCTOBYE ONCPATUBHHUN KOHTPOJIHI, MOXXHA OTPHMATH iH(pOpMAIIifo,
10 CHOBICTUTH MPO HEOOXIMHICTh caMO KOOpPJMHAII B MeXaX, sSKi BCTa-
HOBITIOIOTBCS JTISTTBHICTIO OTNIEpPAIlifHOTO piBHSA. 3aBISIKH 1HCTPYMEHTAPItO
OTIEPaTUBHOTO KOHTPOJIHTY, MOXJIMBO YCYHYTH (DakTW4HI mpoOiieMu, sKi
BHHHUKAIOTh Y MOCTAa4aHHi, BAPOOHHUIITBI Ta peatizallii.

OCHOBHI IHCTPYMEHTH OIIEPATHBHOTO KOHTPONIHTY YK€ BIIPi3HS-
IOTBCS BiJ CKIIaAy Ta Jiala3oHy IHCTPYMEHTIB CTPaTeridYHOrO KOHTPO-
minry. C. Lipoxia BBaXkae, 110 iIHCTpyMEHTapiil ONepaTUBHOTO KOHTPOIIHTY
BKIItOUa€ B cebe: Oro/pKeTYBaHHS, pETryII0BaHHs, MOJIEIIIOBAHHS, IIIHOYTBO-
PEHHSI, «IUPEKT-KOCT» (CyM TOKPHUTTA), aHai3 TOYKH 0e330MTKOBOCTI,
aHaJIi3 pe3yabTaTiB MO BIAXMUICHHSIX, ()OPMYBAaHHS MOTOUHHX ITiAKOHTPOIIb-
HHX TOKA3HMKIB, BU3HAYECHHS B3a€MO3B’S3KIB 1 B3a€MO3aJICKHOCTEH MIXK
MOKa3HUKaMH: 00CsAT BUPOOHUIITBA, BUTpaTH, TpuOyTOK [21, p. 69]. IIpore
1O. AHickiH po3risiiae, iIHCTPYMEHTH ONIEPATHBHOTO KOHTPOJIIHTY SIK 3aciO,
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3a paxyHOK SIKOTO 3IiHCHIOETECS OOMIK, aHaJi3, TUIAHYBaHHS 1 YIPaBIIiHHS
pe3yibTaraMy JisUTBHOCTI IMiIIPUEMCTBA, KOHTPOJIb, BUSBICHHS Ta yCY-
HEHHS ITOTOYHUX MpoOJIeM, a TAaKOXK yIOCKOHAJICHHS MOTHBAIIl KOJICKTHBY
JUTS TIOKPAIEHHS Pe3yJIbTaTiB ASUILHOCTI MiprueMCTBa. BueHHi BiJlHO-
CHTB JI0 OCHOBHUX IHCTPYMEHTIB OIIEPAaTUBHOTO KOHTPOIIHTY Taki: ABC-a-
HaJIi3, yIpaBJIiHHS 3aacaMy MaTepialiiB, aHaji3 00’ eMy 3aMOBJICHb, aHAJII3
BEJIMYMH y TOULll 0€330UTKOBOCTI, METOJ] PO3PaxXyHKy CyM MOKPUTTS, aHa-
J1i3 BY3bKUX MICIlb, aHAJII3 BIIXUIICHbD.

3 omiAay Ha Te, IO ONEePATUBHUI KOHTPOJIIHT HAJAIITOBaHUH Ha 3a0e3-
MCUCHHSI CKOHOMIYHO{ €()eKTUBHOCTI Ta PEHTAOEIBHOCTI IMiJIPHEMCTBA
P. lonmuHchka [22, p. 472], 3aneBHsi€, M0 ONEpaTUBHUI KOHTPOIIHT 3a0e3-
Tedye BiJNOBITHICTB JiH IO/I0 3arajibHOT METH 1 BITHOCHTB JIO IHCTPYMEH-
TiB OMIEPATHBHOTO KOHTPOJIHTY YHPABIiHCHKHNA OOMIK i cHCcTeMy OIOmKeT-
HOTO yTPaBJIiHHS.

BpaxoByrouu TeHJICHIIIT y HABKOJIMIITHBOMY CEPEIOBHII, OTIEPATHBHHH
koHTpOiHT, Ha ayMKy O. Jlemouwani [8, p. 139-145], noBuHEeH MiCTHUTH:
aHaJli3 BIXWJICHb (DAKTHYHHUX PE3yJIBTAaTiB BiJl IUIAHOBUX, MapKWHAIBHUN
anami3 (Metox cyMm mokputts), ABC-anaini3, ynpaBiiHHS 3allacaMu, aHa-
1113 00’ €My 3aMOBJICHb, aHAJTI3 TOUYKH 0€330UTKOBOCTI, BU3HAUCHHSI IOLIib-
HOCTI BTUJIGHHS TPOEKTIB 1HBECTHLIHHOTO XapakTepy, (yHKIIOHATIbHO-Bap-
TiCHUH aHai3.

BinmoBigHO 70 ONepaTHBHOrO KOHTPOMIHTY (pHUC. 7), HaWAOIIbHIIIE
BijjHeCTH Map)kuHaibHUi aHamni3 (CVP-ananiz), ABC-anani3, aHaii3 3HU-
KOK, aHaJIi3 00’ €My 3aMOBJICHB, aHAJ3 TOUKH 0€330UTKOBOCTI, YIPaBIiHHS
3anacamu, (pyHKI[IOHATBHO-BAPTICHUN aHAIII3. aHaNi3 BiAXWICHb (haKkTH4-
HUX PE3yJIbTATIB BiJ] IJIAHOBUX, OFO/PKETYBaHHSI T4 KOMIUIAEHC-KOHTPOJIb.

[HCTpYyMEHTH OTepaTHBHOTO KOHTPOIIHTY JAI0Th 3MOTY KOOPIHUHYBAaTH
1H(pOpMAIIiFO BCEPEAMHI IMiITPUEMCTBA, 3aBITKH YOMY 3a0€31eIy€EThCS CBO-
€UacHE pearyBaHHs (BUIIEPEIPKAIOYOTO XapaKTepy) Ta YCYHCHHS poOIieM y
cdepax mocrauaHHsi, BUPOOHUIITBA Ta peati3amii, OCKITBKH 3aCTOCYBaHHS
OINEepaTUBHUX IHCTPYMEHTIB KOHTPOJIIHTY 30pPiIEHTOBAHO Ha 3a0e3MeueHHs
MpuOYyTKOBOCTI Ta JIIKBIAHOCTI MiIPUEMCTBA.

3 omsAay Ha Te, 10, MOPSA 13 BUAUICHHSIM CTPATETi4HOTO Ta orepa-
THUBHOTO KOHTPOJIIHTY, BCE OLNBIIOI aKTyaJIbHOCTI HaOyBae Kiacugikarlis
KOHTPOJIHTY Ha aKTyaJbHUI Ta aKyMyJSTUBHHIA, CITiJl 3ayBaXXUTH, IO JJIs
aKTyaJIbHOTO KOHTPOJIIHTY OiJIbIII XapaKTEpHi IHCTPYMEHTH CTPATETidHOTO
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4[ THCTp yMeHTapif 0ep ATHEHOTO KOHTPOIHTY ]7

4{ Brom:xeTyBaHHA

I
4.[ ABC-aHani3 ] [
4,[ AHais 3HIKOK ] { @ YHKITIOHATEHO-BAP TiCHHT }—
)
1

‘VIparniHHA 3a1acaMH },

AHaTi3 ToIKH Ge330HTKOBOCTI ].,

—»[ AHamis 00'eMy 3aMOBIeHE
AHani3 BinXHIeHs QaKTHIHHX
Pe3yIbTATIE Bill IMaHOBHX

4{ KoMmnaeHc-KOHTPOTE
Map HHHATEHHH aHATi3
(CVP-anamiz)

Puc. 7. IncTpymMeHnTapiii onepaTuBHOro0 KOHTPOJIHTY

Lowcepeno: cghopmosaro asmopom

KOHTPOJIHTY, HE BUKJIIOYAIOUU IPU IIbOMY MOXIHMBICTH 3aCTOCYBaHHS
IHCTPYMEHTIB ONEPAaTUBHOTO KOHTPOJIIHTY. BiAMOBITHO /Il aKyMyNsSTHB-
HOTO KOHTPOJIHTY XapaKTEpHIIINM € Opi€HTYBaHHS Ha iHCTpyMEHTapii
OTIEPAaTHBHOTO KOHTPOJIIHTY.

4. BucHoBkHM

Y3arajpHIOIOUN BUKJIACHE BHIIE, CIiM 3a3HAYUTH, IO BIPOBAKCHHSI
KOHTPOJIHTY SIK €JIeMEHTY aHTHKPHU30BOTO YIPAaBIiHHSA Ha MiJIpPUEMCTBA
TOTEIBbHO-PECTOPAHHOTO Oi3HECY Ta afanTUBHE TpaHC(HOPMYBaHHS HOTO y
€IMHY IUTICHY CUCTEMY € HaJA3BUYalHO aKTyaJbHHUM Ta HEOOXiTHUM CIO-
co0OM MiBUINEHHA €()EeKTUBHOCTI MiSIBHOCTI MiATIPUEMCTBA, 30KpeMa B
TOTeIbHO-pecToOpaHHOMy Oi3Heci. KoMIulekCHUI Minxia 10 aHami3yBaHHS
Ta y3araJbHCHHS BH3HAUCHb KaTETOPii KOHTPONIHT» J03BOJISIE TPAKTyBATH
KOHTPOJIHT B TOTEIBHO-PECTOPAHHOTO Oi3HECY, 110 KOHTPOJIIHT SIK CHCTEMY
VIPaBIiHHS OAHUM a00 ICKITBKOMA MPOIECaMH MiIIPHEMCTBA, IO CIps-
MOBaHa Ha JOCSITHEHHS Ta 30€peXeHHs CTpaTeTivHOl 1111 1 BKITIoUae B cebe
3aificHeHHs iH(opMaiiiHoro 3a0e3neueHHsl, OLiHIOBaHHS, KOOPAMHAILIIIO,
Y3TOMKECHHS, ONTHUMI3allil0 Ta KOHTPOJb AISIBHOCTI yCiX (DyHKIIOHATb-
HO-YNPaBIIHCHKUX OJIMHUIIb 38 BUKOHAHHSM CTPATEriuHOTO TUIAHY.
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3nilficHeHni y paMKax JOCHIIPKCHHS ITOMAUT KOHTPOJIHTY 32 Kiacui-
KaI[ifHUMH O3HAaKaMH JO3BOJHTEH POIMIMPHUTH (PYyHKIIOHATBHY HIATPUMKY
YTPaBIiHHS MiIPHEMCTBOM IS MIACWICHHS Ta MiJBUIIEHHS Horo edex-
TUBHOCTI. TakoX CITijl BI/I3HAYMTH, 110 KOMITJICKCHA KIIacH(iKallisi KOHTPO-
JIHTY JIa€ 3MOTY CIIOBHA PO3IVISIHYTH Ta MOOAYUTH MOTO €KOHOMIYHY CYT-
HICTb, IO Ja€ 3MOTY JJIsl YCITIIITHOTO BIIPOBAPKEHHSI Ta BUKOPUCTAHHS IIi€i
CKJIAJIHOT CHCTEMH Ha MiAPUEMCTBI, 110 € Iy*e e(PeKTHBHUM ISl 6araThox
MATPUEMCTB YKpaiHH.

Jnst epeKTHBHOI KOHTPOIIHIOBOI isSUTBHOCTI HA TIIIIPUEMCTBAX TOCTHH-
HOCTI, HEOOXIJIHE CTBOPEHHS KOMILIEKCHOI CHCTEMH KOHTPOIIIHTY, 0 3a0e3-
MIEYUTH TIATPUMKY BHYTPIIIHBOTO OaraHcy mimmprueMctsa. CIpoeKToBaHa Ta
O0TpyHTOBaHA CTPYKTypHa MOZIENb (DYHKIIOHYBAaHHSI CUCTEMH KOHTPOJIHTY B
3aKJ1a/1aX TOTeITbHO-PECTOPAHHOIO Oi3HECY BPaXOBYE OCOOIMMBOCTI (DYHKITIOHY-
BaHHS raly3i B CUCTEMi HalliOHAJILHOT eKOHOMIKM YKpaiHU Ta MpOTiKaHHs 013-
HEC-TIPOIIECIB Ha MiANPUEMCTBAX TOTEILHO-PECTOPAHHOTO Oi3HECY B IIIJIOMY,
II0 JT03BOJISIE OXOMUTH KITIOUOBI HATIPSIMKH (DYHKITIOHYBAaHHSI ITiIIIPHEMCTBA.

3BaXkarouM Ha TE, IO KOHTPOJIHT nepedyBae Ha MEPETHHI KITIOYOBHX
¢yHKIiA (00JiKy, TUTAHYBaHHS, KOHTPOJIIO 1 PEryIIOBaHHS, 1H(pOpMaIlii-
HO-aHAJITUYHOTO 3a0€3MeUeHHS Ta CIELiaIbHUX (DYHKIISIX), BIH BUCTYIIA€E
MEXaHI3MOM CaMOPETYITFOBaHHS Ha IMiIPUEMCTBI, 3a0€3eUyI0UYH 3BOPOT-
Hili 3B’S30K B MEKaX MEHEHKMEHTY IiANPHEMCTBA.

3a pesympraTaMy aHAJI3yBaHHS Ta y3araJbHEHHS METOIOJIOTIYHOTO
IHCTpYMEHTapiil CHCTEeMH KOHTPONIHTY C(OPMYIHOBAaHO Ta OOIPYHTO-
BaHO KOMIUICKCHUI HaOip METOiB MPUHIMIIB Ta 3aBIAaHb CHCTEMH KOH-
TPOJIIHTY Ha I IIPHEMCTBI TOTENFHO-pecTopaHHoro OizHecy. KomrniekcHe
MO€HAHHS BU3HAUCHUX METOJOJIOTIYHUX 1HCTPYMEHTIB KOHTPOJIHTY /103-
BOJIUTh CUCTEMHO OXOITUTH KITFOUOBI HANPSMKH JiSUTBHOCTI TIANPHEMCTB
chepu roTeIbHO-PECTOPAHHOTO OI3HECY 1 SIK HACTIIOK 3a0€3MeUUTH CTIHKY
JIOBrOTPHBATY KOHKYPEHTHY TI€peBary MiANpPHEMCTBA HA PUHKY B yMOBax
MIHJIMBOTO Ta HECTIMKOTO Oi3HEC-CEePEIOBHIIIA.
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ACCOUNTING OUTSOURCING: CURRENT STATE
AND PROBLEMS OF PRACTICAL IMPLEMENTATION
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CTAH TA IPOBJEMHU NPAKTUYHOI'O BITIPOBA /I’ KEHHSA
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Abstract. The purpose of the article is to determine the theoretical
and organizational principles of application of accounting outsourcing by
business entities. Methodology. Methods of analysis and synthesis were
used to determine the characteristics and features of the organization of
accounting outsourcing. The generalization of the existing experience of
application of accounting outsourcing is carried out by a monographic
method. On the basis of economic analysis and comparison, trends in
the development of accounting outsourcing are identified. Methodology.
The development of outsourcing is explained by its ability to increase
the competitiveness of products, to promote the introduction of the latest
advances in scientific and technological progress, to optimize costs. The
application of knowledge and experience of specialists specializing in
solving certain issues allows to focus the resources of companies on the
development of strengths and promising areas and not to spend extra effort
and money on the development of new non-core activities. The generalization
of statistics on the current state of outsourcing in Ukraine shows that its
effective application is hampered by the lack of free financial resources
to invest in new management technologies, lack of awareness of business
entities about the experience of outsourcing and the market of outsourcing
services, lack of legal mechanisms. Generalization of functionally-oriented,
cooperative, managerial, instrumental, integrated, situational, complex
approaches gives grounds for outsourcing to understand the management
tool, which allows to concentrate the resources of the business entity on the
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main activity, provides profit growth and increase competitiveness through
contractual transfer, non-core functions of specialists or companies that
specialize in their implementation and perform more efficiently than the
entity. Among the advantages of outsourcing there are reducing the cost
of accounting, improving service quality, accountability, confidentiality,
tax optimization, reducing the likelihood of fraud by employees, ensuring
impartiality and objectivity of accounting, access to additional resources in
the field of finance, accounting and tax calculations. However, outsourcing
has certain disadvantages, namely the risk of information leakage, possible
lack of efficiency, formal performance of duties, liquidation of the
outsourcing company, loss of control over own resources and part of the
case may be lost, additional time to agree on the terms of the contract.
Minimize the disadvantages of outsourcing allows careful and reasonable
choice of outsourcing company, which should take into account: data privacy
guarantee, staff qualifications, cost of services, reputation, popularity,
experience of the outsourcer in the market, flexibility in organizing services,
application of the latest technical solutions, outsourcing it has standards of
interaction and internal procedures.

1. Beryn

CyuacHi yMOBH TOCIOAAPIOBAHHS CIIOHYKAIOTh KEPIBHUIITBO KOMIaHil
3 METOI0 YCHIIIHOI MiJIPHEMHHUIBKOI AiSIBHOCTI 1 MiABUIICHHS PiBHS KOH-
KypCHTOCIIPOMOKHOCTI IITyKaTH Ta 3aCTOCOBYBATH HOB1 (DOPMHU yIpaBIiHHS
0i3HECOM, OZTHIEIO 3 IKUX € AyTCOPCHHT.

AyTCOPCHHT — IHCTPYMEHT ONTHMIi3allii BUTPAT, 110 JO3BOJISIE KOMIIa-
HisSIM 30CEPEMTH yBary Ha OCHOBHUX Oi3Hec-mporiecax i eeKTHBHO BUPI-
ITyBaTH CTPATETiYHI 3aBJaHHS.

[Inpoke BIPOBAKEHHSI Ay TCOPCUHTY OyXTaJTepChKOro OOMIKY B Cydac-
HUX yMOBaxX OOYMOBIIIO€ aKTyaJbHICTh JOCITIDKCHHS TCOPETHYHHX 1 MPaK-
TUYHHX 3aCaJ] MEXaHi3My HOTo 3aCTOCYBaHHS Cy0’ €KTaMH TOCIIONAPIOBAHHSL.

MerToro JOCHiKEHHS € BU3HAYEHHS TEOPETUYHUX 1 OpraHizauliiHuX
3acaj] 3aCTOCYBaHHsS ayTCOPCHUHTY OyXraiaTepcbKoro oOIiKy cyO’eKTaMu
TOCIIO/IapIOBaHHS.

JlocsrHeHHs 3a3HaYEHOT METH Niepedadae BUPIICHHS HACTYTTHHUX 3aB/aHb!

— y3araJbHCHHSI HayKOBHX MiJIXOMIB 10 TPAKTYBaHHS MOHSTTS «ayTCOp-
CHHT» 1 BUSIBIICHHSI XapaKTCPHHUX PUC ayTCOPCHHTY OyXTalITepChKOTO OOMIKY;
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— BU3HAUCHHS IIepeBar Ta HEAOJIKIB 3aIPOBAKCHHS ayCTOPCHHTY OyX-
raJITepChKOTO OOJIIKY;

— OI[iHKA CYYacHOTO CTaHy Ta BUSABICHHS MPOOJIEM BIIPOBAKEHHS ayT-
COPCHHTY OyXTalITepChKOTO O0JIiKY B YKpaiHi.

[IpenmMeToM MOCIHIKEHHST € TCOPETUYHI, METOJNYHI Ta OpraHi3aliiHi
3acaii 3aCTOCYBaHHS ayTCOPCHHTY OyXTaJTepCchKOrO OOMIKYy Cy0’€KTiB
rOCIHoJapIOBaHHs.

Y nporeci JOCTIPKEHHS YOCKOHAJICHO MOHSTIHHO-TEPMIHOJIOTTUHUN
amapar Teopii OyXraJaTepchbKoro 00Ky HUIIXOM YTOUHEHHS TIOHSTTS «ayT-
COPCUHT OyXTaJTepchKOro OO0MiKy»; BU3HAYEHO TCHJCHIIIT PO3BUTKY ayT-
COPCHHTY OyXrajirepchkoro oOmiky B YKpaiHi; BCTaHOBIEHO XapakTepHi
O3HAKH, MMepeBard Ta HEJOJIKU 3alpOBAJKCHHS ayCTOPCHUHTY OyXranTep-
CBKOTO OOJIIKY.

2. Po3BUTOK ayTCOPCHHIY OyXrajTepchbKoro ookiy B Ykpaini
3arnopykoro eeKTHBHOT TisSUTBHOCTI MIIPUEMCTBA € HalliiHA CHCTeMa
OyxranTepchbkoro ooOiiky. ToMy muTaHHS opraHizailii o0JiKy OyIb-sSKOro
Cy0’€KTa TOCIIOAAPIOBAHHS € HOTO TEePIIOYSPTOBUM 3aBIaHHSIM.

OcTaHHIM 4acoM 3pOCTa€ yacTka cyO’€KTiB rOCHOAApIOBaHHS, B MEPLIY
4epry, TaKuX, 10 HAJICIKATh JI0 MAJIOTO Ta CEPEHBOT0 Oi3HECY, SIKi BBAXKAIOThH
HECKOHOMIYHHUM Ta HEpaIliOHATbHHM CTBOPIOBATU BJIACHY OyXTalTEPCHKY
ciryk0y, OCKIIbKH 00csT 00/1iKOBOI pOOOTH Ha HMX, 3a3BUYal, HE3HAUHHIA.
Taki cy0’€KTH TOCHOJAPIOBAHHS 3a7Ty4aroTh A0 BEJACHHS OyXTraJTepChKOTO
00ITiKy crierianizoBaHi ayTUTOPChKI Ta ayTCOPCHHTOBI KOMITaHii.

TepMiH «ayTcOpCcHHT» («outsourcingy») MOXOAMTh BiJl aHTJIIHCHKUX CIIIB
«outside resource using» i 03HaUa€ «BUKOPUCTAHHS 30BHILITHIX PECYPCIBY.
Y MDKHapOAHIA TPAKTHINl BiH O3HA4Ya€ IOCIIJIOBHICTh OpraHi3allidHuX
pIlICHB, CYTHICTh SKHX TIOJIATAE y Tepesiadi MeBHUX, paHille caMOCTIHHO
peai3oBaHuX MiIMPUEMCTBOM (DYHKIIIH a00 BUIIB AISUTBHOCTI 1HIIIOMY ITi/I-
MIPUEMCTBY.

Cborojsi, 3aBASIKM ayTCOPCHUHTY, 3a0€311e4eHO BUCOKI TEMITH €KOHOMi4-
Horo po3BuTky B fnownii, CLIUA, Himeuunni, @panuii ta iH. 3a jaHuMu
xypHany Fortune minimym 90% cy4acHHUX HiAMPUEMCTB X04a O I OTHOTO
0i3HeC-IPOIECY BUKOPHCTOBYIOTH AyTCOPCHHL.

OmnuryBaHHs KepiBHUKIB 1700 aMepUKaHCHKUX KOMIIaHiN, IPOBEICHE y
2018 pori Bill.com ta CPA.com cBiguuTh:
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— 80 % omuTaHMX BBaXKAIOTh, III0 ayTCOPCHUHT J03BOJISIE 30CEPEIUTUCH
Ha OCHOBHOMY Oi3Hecl,

— 68 % — 1110, 3aBISIKM ayTCOPCUHTY, OyXranTepchbKuii 00K cTae edex-
THBHILINAM,

— 50 % CTBEpIKYIOT, 1110 3HUKYETHCS BIpOTIAHICT IIOMHJIOK y 3BITHOCTI,

— 28 % 3acBimUmMiIM, MO TOPagd ayTCOPCHHTOBUX KOMITAHIH CIIPHSIH
MiABUIIECHHIO MPUOYTKY,

— 31 % omMTaHUX ayTCOPWHT IONOMIr MPUHHATH Ba)KIHBi Oi3HEC-pi-
ICHHSL.

VkpaiHa 3a JaHUMH aMEpPHKAHCHKOI KOHCAITHHIOBOI KOMITaHii
«A.T. Kearney» y 2019 poui 3a cBOIM ayTCOPCHHIOBUM IOTEHLIATIOM
saiiHsia 20 micue B TOII-25 tmobaneHoro peiitunry «Global Services
Location Index», miaHABIINCH HA YOTHPH MO3UIIIT TOPiBHSIHO 3 2018 pokoMm.
Ile Oynmo 3yMoOBIEHO 301TBIICHHSM BUTPAT Ha iHPPACTPYyKTypy Ta IOKa3-
HUKIB JIIJIOBOTO CEPEIOBHIIA, IO KOMITEHCYBAJIO HIKUYMIA 3a cepeiHii Oa
U POBOTO PE30HAHCY Ta YETBEPTE 34 BEITMUMHOIO 3HIKCHHS PIBHS KBaJi-
¢ikarii romend [1].

V peititunry Best of The Global Outsourcing 100, sikuii ckiagae MixkHa-
ponna acomiartis IAOP, y 2018 poui npeacraieni 17 kommnasiii 3 opicamu
B YkpaiHi [2].

[Ipu 1pboMy 3a piBHEM TOMYJISPHOCTI B YKpaiHi ayTCOPCHHT Oyxraj-
Tepcbkoro oONiKy 3aiiMae mIocTe Micue michs ayrcopcuHry IT-mocmyr
(40,5 %), morictuku (35,1 %), pecypcHoro 3a0e3neyeHHs BUPOOHUYHX
nporecis (27 %), MapkeTHHroBux mociyr (21,6 %), pekpyrmenty (18,9 %)
(pucynoxk 1) [3].

Hai0impimmMu 3 ayTCOPCHHTOBUX KOMITaHIA B YKpaiHi € MIKHApOIHI
kommaHii «Emst&Youngy», «Pricewaterhouse Coopers», «Deloitte»,
«KPMG», «McKinsey», siki 3aiiMatots 75% puHKy. Cepen perTi KOMITaHii
3a naHuMu penakilii SBR, BU3HaYeHHMMH Ha IMiICTaB1 TAKUX IMOKA3HUKIB SIK
KUTBKICTh KITIEHTIB, IMOCIYT, CIIIBPOOITHUKIB, CITIBBIIHOMICHHS I[IHA-SKICTh
MOCIyT, 00ir, piBeHb 00cimyroByBanHs, 10 TOII-5 Bxomsate «EBSy, «Jmu-
TpieBa Ta [lapTHepm», «Finance Solutions Groupy, «Nota Group», «BDO»,
HACTYIHI T’SITh TMO3MIIN 3aiiMaroTh KoMmaHii: «Jlebet i kpenut», «Elma
Consulting», «Global Consulting», I'K «OJI. Korcaxtuary, ['K «Cosax [4].

[upoxke BpoBaKEHHSI ayTCOPCHHTY B Cy4acHU OizHEC 00yMOBIICHO
HACTYITHUMHU 00CTaBUHAMHU:
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2,70%

OIT-nocmyru

B jjoricTuka

Opecypcue 3abe3nedeH s BUPOOHUINX MPOLECIB
O MapKeTHHIOBI TTOCIyTH

B pekpyTMEHT

O GyxranTepchbki HOCIyrn

B po3paxyHOK 3apo0iTHOT IUIaTH
Oo6pobdka i cucremarn3zanis iHbpopmarii
B ayTCOPCHHT MEJNYHUX [PEACTABHUKIB
B o06mik KajpiB i KagpoBuii cynmposizn
DanminicTparuBHi QyHKIIT

40,50%

13,50% 4

18,90%

Puc. 1. ITonyasipHicTs BUAIB ayTCOPCUHTY B YKpaiHi

JDicepeno pospobaero agmopamu 3a danumu [3]

1. BimpnricTh cydyacHHX KOMIIaHIH pO3yMIi€ BaXKJIMBICTh BIUTMBY Ha 3a0€3-
MEYCHHSI KOHKYPEHTOCIIPOMOXHOCTI MPOMYKIIii BIPOBAJKCHHS HOBITHIX
JOCSATHEHb HAyKOBO-TEXHIYHOTO MIPOrpecy i MparHe iX 3aCTOCYBaTH Y CBOTH
IISIBHOCTI.

2. CyuacHi Hayka, TEXHIKa, TEXHOJIOTIi € HACTLJIbKU PO3TalyKeHUMH,
10 OXOMHTH iX B MOBHOMY 00Cs31 Ta MaTu AOCKOHAJi 3HAHHA 1 JOCBiJ B
ycix moTpiOHUX cdepax HEe MiJ CHITy >KOAHIN KOMMaHii, sIKOI0 O BEIHKOIO
BOHa He Oyia. 3armopykor ycHiXy y MalOyTHbOMY Ma€ CTaTh KOPHCTY-
BaHHS MOCIyraMu ()axiBIliB, sSKi HAJIAFOTh HEOOXIIHI MOCIYTH KOMITaHIsSIM
Ha yMOBax ayTCOPCHHTY. B TakoMy pa3i KoMIaHist MOXe 30CEPEAUTH BIACHI
pecypcu Ha PO3BUTKY CBOIX CHJIBHHX CTOPIH I NEPCIIEKTHBHUX HAIIPSIMIB
Ta HEe BUTPAYaTH TOJATKOBI 3yCHJUISA i KOLITH Ha OCBOEHHS HOBUX HEOC-
HOBHHX BHJIIB JiSUIBHOCTI.

3. 3acrocyBaHHsS ayTCOPCHHTY J03BOJISI€ ONTUMI3yBaTh BUTpPATH Ha
BHPOOHHUITBO IMPOAYKLIi, CIIpHUs€e 3HIKCHHIO i co0iBapTOCTi, i, B CBOIO
4epry, [iHU Ha Hei, a TOMY BIJIITOBiIa€ iHTEpecaM CIIOKHUBaUiB, sIKi OTPUMY-
FOTh TIPOJIYKT HAMKPAIIOi SKOCTI 32 JIOCTYITHOO I[IHOO.

AHaI3yI0un CyJYacHUH CTaH ayTCOPCUHTY B YKpaiHi BapTO BiA3HAYUTH,
10 BiH MOCTIHHO pO3BUBAEThCS Ta HaOUpae 0oeptiB. [Ipote, 3abe3meucHHs
e(eKTUBHOTO HOT0 3aCTOCYBaHHS BUMArae IMOJANBIINX JOCIIIKCHb YMOB
(GYHKI[IOHYBaHHS, ONTHMAJBHUX MOJENIEH ayTCOPCHUHTY, METOIIB 3HH-
JKEHHS PIBHsI PU3UKY ayTCOPCHHIOBUX MOCIYT TOIIO.

253



254

Olena Koba

3. CyTHicTh ayTCOPCUHTY OyXTaJITePChKOro 00JIiKy

Bu3HaYCHHIO CYTHOCTI IOHSTTS «ayTCOPCHHIY MPUCBSUCHI Ipari AiiBa-
3sHa 3.C., Bpasapa XK., Byprenxo 1., [linyx O., 3aropognsoro A., 3opiii O.,
Kanemxsna C., Kopanenko T., Jlsixopuu I, Marsis 1., Mikano O., Moprana P.,
XetiByna Jlx., Ocagyoro O., [Taptun I, [Tommoiika A., Cemanrok B., Cka-
kyH JI., ®pinmana T., UmyT A. Ta iHmux. IIpoBeaeHi KOCTIAXKECHHS 103-
BOJIMJIA HAyKOBIISIM 3alpPOIIOHYBATH TPAKTYBaHHS MOHSTTA «ayTCOPCHUHT»
(Tabmuns 1), siki, HA HAITy JTyMKY, MOKHa 00’ €/THATH y JACKiJIbKa i XOMiB:
(YHKITIOHATFHO-OPiI€HTOBAHMM, KOOTIEPALIHNHN, YIIPaBIiHCHKUH, 1HCTPY-
MEHTAIIbHUH, IHTETPOBAHUH, CUTYAIIHHNHN, KOMITJICKCHUH.

Tabmuus 1
IMixxomu 10 TPaKTyBaHHS MOHATTS «AYTCOPCHHI»
B HAYKOBIii JiTeparypi

HpizBuuue, ims,

Mo-0aTbKOBI ABTOpCBKe TIyMayeHHSI HOHATTSH «ayTCOPCUHI»
HAYKOBIISA
1 2

AyTCOpCHHT — Iie TIepeiaBaHHsI IEBHUX JTOIOMDKHHUX (YHKIIIH

AtiBazsn 3.C. [5] o . L .y .
TpeTiit 0cobi, siKa crieniagi3y€eTbes B IEBHIM ramysi

AyTCOpPCHHT — 116 00YMOBJICHE JIOTOBOPOM BUKOPHCTAHHS MaTepi-
AIBHUX 3ac00iB, MaiiHa Ta 3HAHb TPETHOT 0COOH 3 FrAPaHTOBAHUM

Bpasap XK.-JI., | piBHEM SKOCTi, THYYKOCTi Ta IHHOCTI BApTICHAX KPUTEPIiB 1 OIHOK
MopraH P. JUTS HAZIAHHSE TIOCIIYT, SIKi paHillle Ha/laBaIMCs 3a PaXyHOK BHYTPILLI-
[6] HHX CHJI KOMIIaHi{, 3 MOYKJIBHM IIEPEXOJJOM HasBHOTO IIEPCOHAITY

JI0 IOCTavaJIbHUKA MOCIYT Ta/a00 TpaHc(hOopMalliero/OHOBICHHIM
poLIECiB a00 TEXHOJIOTH, 10 M ATPUMYIOTh Oi3HEeC

AyTCOpPCHHT — I1e 00yMOBJICHE JIOTOBOPOM BUKOPHCTAHHS MaTepi-
AIIBHIX 3aC001B, MaliHa Ta 3HAHb TPETHOI OCOOM 3 TAPAHTOBAHUM
Bypaenko .M., | piBHEM SIKOCTI, THYYKOCTI Ta LIHHOCTI BApTICHUX KPUTEPIIB 1 OLIiHOK
SIpommna A.T1. | it HaTaHHS TTOCITYT, SIKi PaHillle HaJIaBAIIKCS 3a PAXyHOK BHYTILII-

[7] HIX CHJT KOMITaHii, i3 MOYKJIMBUM TIEPEXOI0M HasBHOTO TIEPCOHAITY
J10 TTOCTa4asIbHIKA MOCITYT Ta/ab0 TpaHC(OpMAaLlier0/OHOBICHHIM
TPOIIECiB a00 TEXHOJOTH, 1110 MiATPUMYIOTh Oi3HEC

[1ixg ayrcopcuHTOM OyieMO po3yMiTH Mepeaady Ha JOTOBIpHHUX
Jastiox TB., YMOBaX BHYTPILIHIX HENPODIIbHUX QYHKIIii l'l'iI[l'IpI/IeM.CTBa
TMeromska FO.L (cnoxuBaua ayTCOPCHHIOBHX TIOCIIYT), @ B PsiJIi BUIIAJIKIB
(8] TAKOX aKTHBIB CTOPOHHIM BUKOHABILIM (achopcepaM), o
CIIeLialTi3yIOThCs B IIEBHIN cepi Ta BOIOAIIOTH 3HAYHUMHU
3HAHHSIMH, JOCBIJIOM, TEXHIYHIM OCHAICHHSIM.
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(ITpomopxenHns Tabmuii 1)

2

Hinyx O.B. [9]

AyTCOPCHHT — IHCTPYMEHT YIIPaBIIiHHSI ITiIIPHEMCTBOM, CIIPSIMOBa-
HUH Ha MiIBUIIEHHS ¢()eKTUBHOCTI Ta KOHKYPEHTOCIPOMOXKHOCT1
TUSUTBHOCTI, SIKHiT epe0adae YKIIaJaHHs KOHTPAKTy MK 3aMOBHH-
KoM (TIIIPUEMCTBOM) 1 TIOCTAYAITLHUKOM (ayTCOPCEPOM) 3 METOFO
BUKOHAHHSI OCTaHHIM SIK OCHOBHHX, TaK 1 JOIOMDKHUX Oi3Hec-(DyHK-
11i#1 1 Gi3Hec-TporeciB 3aMOBHHKA 32 TIEBHY IUIATY, 10 3yMOBIIIOE
peopraHi3aIlito Ta ONTUMI3AIO T IIPHEMHHUIIBKOT JiSUTTBHOCTL
3aMOBHHKA Ta THUMYACOBE 3TyYCHHS BiIIOBITHOTO IEPCOHATTY.

AyTCOPCHHT — 1€ TIepe/laBaHHs YaCTHHU (QYHKIIIH 3
00CITyTOBYBaHHS isUTEHOCTI HiIIIPHEMCTBA CTOPOHHIM

3aroponniii A.I', |miapsIHUKAaM YU MOCTa4yaNbHUKAM 32 YMOBH rapaHTyBaHHS
[Maptun I".O. HHUMH BiJINOBIJIHOTO PiBHSI SIKOCTI Ta €DEKTUBHOCTI 1X BUKOHAHHS
[10] Ha OCHOBI TpaHc]opMarii 91 OHOBJIEHHS Oi3HEC-TIPOILECiB i
TEXHOJIOTI/ Ta 3 MOXKJIMBICTIO IIEPEXOAY YACTHHU TIEPCOHAITY
i IIPHEMCTBA JI0 TIOCTadalbHUKa (ayTcopcepa)
AyTCOpCHHT — IIJIECTIPIMOBaHE BUOKPEMIICHHS IEBHUX
3opiit O.M., Oi3Hec-mpoLeciB Ta iX peanizalis IHIIMMU OpraHi3alisIMH, SKi
KosanenkoT.B. |MmaroTh BiAMOBiAHUI TOCBIi/, 3HAHHS, 32CO0U Ta BUKOHYIOTh

(11]

CBOT 000B’SI3KHM B KOHKPETHIH cdepi Kpale, Hi>k opraHizaris-
3aMOBHUK, 1 Ha JOTOBIpHii OCHOB1

Kanenmksu C.O.
[12]

AyTCOPCHHT — IIe BiIMOBa BiJl BIACHOTO Oi3HEC-TpoIecy
IIPOTSITOM 0OYMOBIICHOTO B IOTOBOPI TEPMiHY Ta IPUAOAHHS
MOCIYT 13 peaizamii Iboro 6i3Hec-MpoLEeCy B 1HIIOT KOMIaHii

Marsiii 1.€.
[13]

AyTCOpCHHT sIBIIsIE CO00I0 CITIOCiO epeKTHBHOTO
(byHKIIOHYBaHHS MIIIPUEMCTBA 38 PaXyHOK 30CEPEIDKEHHS
NiSTBHOCTI HAa TOJIOBHOMY HAmlpsMi.

Muxkamno O.1.
[14]

AyTCOPCHHT — 1I¢ IHCTPYMCHT HOCUIICHHS
KOHKYPEHTOCIIPOMOKHOCTI ITiIMPHEMCTBA 32 PAXyHOK
KOHIEHTPALIii Ha KIFOYOBUX, BUXOISIH 3 PUHKOBHX YMOB, JUISI
nianpremMcTBa QyHKLIsNX Ta/abo Oi3Hec-mpouecax

[epetareko A.1O.
[15]

AyTCOpCHHT — Iiepeiada TPaIuiiiHO HeKITI0UOBHX (DYHKIIIH opraHi-
3arii (TakuX, HAPUKIIAJ, K OyXranTepchbKuii o0iik abo pexiaMHa
JUSUTBHICTB) 30BHIIIHIM BUKOHABIIIM — ayTCopcepam, CyOmiIpsiTHY-
KaM, BUCOKOKBAITI(DIKOBAHKMM CIIEIIiANTiCTaM CTOPOHHBOT (DipMu.

TlonuBana JILA.
[16]

AyYTCOPCHHT — HAIPSIM CY4aCHOTO PO3BUTKY Ta yIPABIiHHS

I ANPUEMCTBA, KU CIIPSIMOBAHHUIT Ha ITi IBUIIICHHS
KOHKYPEHTOCIPOMOYKHOCTI JISITHHOCTI, 110 Tiependadae yKIaIaHHs
KOHTPAKTY MK 3aMOBHHKOM i TOCTA4YAIbHUKOM i3 METOIO
BUKOHAHHSI OCTAHHIM SIK OCHOBHHX, TaK 1 ApyropsiiHUX Oi3Hec-
(yHKIIIH 3aMOBHHKA 32 TIEBHY IUIATY 1 3yMOBJICHUI KOHKPETHUMHA
CHTYallisIMH YIIPaBJIiHHS B YMOBAaX HEBHU3HAYCHOCTI TA PU3HKY.
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(3akinuenns Tabmumi 1)

1 2

AyTcopcuHT — Iepesiaua OpraHizali€ero Ha MiJICTaBi JOroBopy
MeBHUX Oi3Hec-mporeciB abo BUpoOHNYNX (PyHKIIH Ha
[Mormutioiiko A.M. | 06ciayroByBaHHs iHIINH KOMITaHil, [0 CHIEiali3y€eThCs Y
[17] i ramysi. [HmMu cioBamy, 1ie crioci6 BeieHHs Oi3Hecy,
[IPU SIKOMY BUKOHAHHS POOIT MO AESIKAM BHIAM HisTTBHOCTI
[ePEIAETHCSI CTOPOHHIM KOMITaHISIM.
Dpizvan TJL. AyTCOpCHHT — 1€ OIUH i3 ICCSTH HaI‘/‘Iﬁi.J'II)H_I BaroMHx .(baKTOpiB,
[18] 10 BU3HAYAIOTH XapaKTeP PO3BUTKY CBITOBOI CKOHOMIKH Ha
Cy4acHOMY eTari
AyTcopcuHT — I1e IepeAaBaHHs BHYTPIIIHBOTO MiApo3airy abo
XeiiByn x.b. | migpo3ainiB miAMPUEMCTB 1 BCIX OB’ SI3aHMX 13 HUM aKTHBIB
[19] B OpraHi3allito NocTavyaJbHUKa MOCIYT, 110 MPOIIOHYE HA/IaTH
MIEBHY ITOCIIYTY MPOTSTOM IIEBHOTO Yacy 3a JOMOBJIEHOIO I[IHOO

AyYTCOPCHHT — pOoLIeC MepeHeCeHHs/Iepeaadi BHY TPILIHIX
¢yHkuii abo Gi3Hec-mpoueciB CTOPOHHFOMY BUKOHABIICBI,
abo mporiec MpuAOaHHS PecypeiB 1 HOCIYT, sIKi 3a0€31eYyI0Th
(hyHKIIOHYBaHHS OCHOBHOI JTisUTEHOCTI, y 30BHILIHIX

UmyT A.B., KOHTpAareHTiB; a00 CydacHa METOIOJIOTis/CTpaTeris
Ocamumii O.J]. | opranizamii 6i3Hecy, B OCHOBY SIKOi ITOKJIaJeHE PilIeHHS
[20] LIOZI0 PECTPYKTypH3alii 6i3HeCc-MOIeIi KOMIIaHii 3 METOI0

3a0e3reyeHHs KOHKYPEHTHHUX MepeBar 3a paxyHOK ITiBHUILICHHS
€KOHOMIYHOT e(DeKTUBHOCTI JISUTBHOCTI, yTPUMAHHS KIIIOUOBUX
KOMIIETEHIIIH, IepeTBOPEHHs Oi3HEC-MO/IeIi, CTBOPEHHS
CTpaTeriuHMX aJIbSHCIB Ta Oi3HEC-MEepen

IDicepeno: yzaeanvrueno asmopamu 3a [5-20]

[MpuxwibHUKK (QYHKIIIOHAIBHO-OPIEHTOBAHOTO Tijxony (AWBassH 3.,
XeiiByn k., Kanenmksn C., [lepersiteko A., [Tommoiiko O., JlaBumiox T.,
Jleronpka 0., 3aropoaniit A.I, Ilaptun ') po3misinarTh ayTCOPCHHT SIK
mpoliec nepeadi BUKOHAHHS MEBHUX (PYHKIIIH KOMIIaHIT HA30BHI 3 METOIO
3MCHIIICHHS BUTPAT.

Tomac @pigMaH — aBTOP KOOIIEPALIIHHOTO IMiIXOY 10 TPAKTyBAHHS OHSTTS
ayTCOPCHUHTY, BBa)KA€ ayTCOPCUHI OJJHAM 3 HAOLIbLI BAroMUX (haKTopiB, sKi
BU3HAYAIOTh XapaKTep PO3BUTKY €KOHOMIKHU CBITY Ha Cy4acHOMY €TaIli.

HayxoBui, siKki HiATpuUMyIOTh ympasiiHcbkid minxin (Bpasap 2K.-JL.,
Mopran P., bypaenxo .M., SIpormmna A I1., Marsiii 1.€.), Xxo4 i BBaxaroTh
ayTCOPCHHT MPOIIECOM Iepe/iadi 6i3HeC-IIPoIeCciB HAa30BHi, ajie HAroJoITy-
I0Th Ha HOTO POJIi SIK MOJIITi YIIPABIIiHHS KOMITaHI€FO.
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[acrpymentanpamid minxin (Mukamno O., Jixyx O.) mpencrapiusie ayt-
COPCHHT SIK IHCTPYMEHT JIOCSITHEHHSI KOHKYPEHTHHX IIePEeBar, siKi MoB’ si3aHi
HE JIUIIE 31 3HWKEHHSAM co01BapTOCTI MPOJYKIIii, a, HacaMIepe, 3 HeoOXiJ1-
HICTIO 30CEPE/IUTH YBary Ha OCHOBHIH JIsTIBHOCTI — siipi Oi3HECY.

Umyt A.B., Ocamuuii O./l. Ha mifcTaBi aHANI3y HABEICHUX HAYKOBUX
MIJXOAIB MPOMOHYIOTh IHTEIPOBAHUE MIAXIJ MO0 PO3YMIHHS «ayTCOp-
CHHTY» sIK IIPOIIECy «IIepPeHECeHHs/iepenadyi BHyTPIIIHIX QYHKIIT a00 0i3-
HeC-TIPoLIeCiB CTOPOHHHOMY BUKOHABIIEB1, 00 Mpoliecy NpuadaHHs pecyp-
CiB 1 MOCIIYT, sIKi 3a0€3MeUyI0Th (DyHKIIOHYBaHHS OCHOBHOI JiSUIBHOCTI, Y
30BHIIIHIX KOHTPAreHTiB; a00 CydacHOi MeTopoorii/cTparerii opranisanii
0i3Hecy, B OCHOBY sIKOi MOKJIJICHE PIllICHHs 100 peCTpyKTypu3amii 0i3-
HeCc-MOJIeTli KOMITaHii 3 MeTOr 3a0e3ledeHHs] KOHKYPSHTHUX TepeBar 3a
PaxyHOK ITiIBUIIEHHS €KOHOMIYHO{ e()eKTHBHOCTI AisNTBHOCTI, YTPUMAHHS
KITFOYOBUX KOMITCTEHIIIi, TEPETBOPEHHS O13HEC-MOJIEI, CTBOPEHHS CTpaTe-
TIYHUX aJIbsIHCIB Ta O13HEC-MEPEXk».

[Tonmueana JI.A., 3BepTae yBary Ha Te, 10 iCHYe 0e31iu (akTopiB, K Yy
camiii opraHisallii, TaKk 1 y 30BHIIIHLOMY CEPEIOBHIII, HE ICHYE €TUHOTO
«KpaIoro» METONy YIPaBIIHHSI, MION0 KOHKPETHOI CHTyallii, Haiiedek-
TUBHIIIUM € TOW, 110 HAHOUIBII TTOBHO BiamoBinae ii cyti. LleHTpansaum
MOMEHTOM CHUTYaLiiHOTO MiJIXOy, SKUH BOHA IMPOIOHYE 3aCTOCOBYBATH, €
CUTYallis — KOHKPETHUH CKiag 0OCTaBUH, SKi 3HAYHO BIUTMBAIOTH HA ITiJI-
MPUEMCTBO B AaHUIl MOMEHT. CuTyauifHUH MiJgXiJ HAMAraeTbcsl po3B’s-
3aTH KOHKPETHI MPUHOMHU Ta KOHIEMIi 3 KOHKPETHUMH CHUTYaIlisIMH, 1100
JOCSTTH IUIeH MiJNPUEMCTBA, a TaKOX Ti, 110, CKOpIIIe 3a BCE, MOXKYTh
BIUTMHYTH Ha 11 ycmix. CHTYyaIliiHuiA miIxin — e BaXJIMBUK KPOK JI0 BJIO-
CKOHAQJICHHSI OpraHi3aimii Ta yNpaBliHHS B yMOBaX HEBH3HAYCHOCTI Ta
PHU3HUKY, BiH JIOJa€ THYYKOCTI Ta JMHAMI3MY B YIIPABIIHHI ITiIIPUEMCTBOM,
THM CaMHM JIOTIOMAaraoun HOMy PO3BHUBAaTHUCH.

Hopeunum € 3ayBaxxerss 3opiit O, KoBanenko T., siki CTBEpIKYIOTB,
IO HaBEICHI MiIXOAW HE YHEMOXKIHBIIOIOTH, & BUTITHO TOIIOBHIOIOTH
oauH onHoro. Ha iXHIO AyMKY, «ayTCOPCHHI CTaHOBHUTH ILiJeCHpsAMO-
BaHE BUOKPEMJICHHS MIEBHUX Oi3HEC-MPOLECiB Ta X peanizallio IHIIUMU
OpraHizamissM, SKi MalTh BIAMOBIAHUI JOCBiJ, 3HAHHS, 3acO0U Ta
BHKOHYIOTH CBOi 00OB’SI3KM B KOHKPETHi cdepi kpalie, HIXK oprasiza-
is-3aMOBHHUK, 1 Ha JIOTOBIPHIH OCHOBi». ABTOPH BBa)KalOTh, 110 BHKO-
PUCTaHHS ayTCOPCIHTY 3BOJUTHCS J0 30CEPEIKEHHS BCIX PeCypcCiB Mmijl-
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MPUEMCTBA HAa OCHOBHOMY BHJI JiSIBHOCTI 1 mepeaadi iHMmuX QyHKIIH
HaJ(IHHOMY TIapTHEPY.

BpaxoByroun Bce BHIIE CKazaHE, MPOIOHYEMO BIIACHE TIyMadeHHS
MOHSTTSL AyTCOPCHHTY: ayTCOPCHHT — IHCTPYMEHT YIPABIiHHS, SKHH 103~
BOJISIE 30CEPEIHUTH PeCypCH Cy0’ €KTa roCIoIapiOBaHHS Ha OCHOBHIH HisUTh-
HOCTI, 3a0e31euye 3pocTaHHs IPUOYTKY Ta IMiABUIIEHH KOHKYPEHTOCIIPO-
MOYKHOCTI 32 paxyHOK Iepe/iadi Ha JOTOBIPHIM OCHOBI IEBHUX HEOCHOBHHX
GdyHKIIT haxiBIgM a00 KOMIIAHISIM, 1110 CHEIiali3yI0ThCs Ha TX BUKOHAHHI 1
3I1MCHIOIOTH €(EKTUBHIIE, HDK JaHUH Cy0’€KT TOCTIOapIOBAHHS.

AHaji3yloud HaBelleHe BHM3HAYEHHS, MOXKHA BHJUIMTH TaKi OCHOBHI
pHCcH ayTCOpPCUHTY (pUCYHOK 2). SIk CBim4aTh JaHi PUCYHKY 1, TOJIOBHOIO
03HAKOIO ayTCOPCUHTY € TapaHTil BiAMOBIJAIBHOCTI Ta TPHBAJIOTO CIIiBPO-
OiTHHNTBA 3 00Ky BUKOHABI. KpiM TOTO, ay TCOPCHHT ITiABHIIYE€ KOHKYPEH-
TOCTIPOMOKHICTh KOMIIaHIH, SIKi HOr0 BUKOPUCTOBYIOTb, 1110, Y CBOIO Yepry,
JTO3BOJISIE TTIOKPAIIHUTH SIKICTh OOCITYTOBYBaHHS CIIOKHBAYiB.

AyTCOpPCHHT OyXTraJTepChbKOro OONIIKY € OKPEMHM BHJIIOM ayTCOPCHHTY
0i3HEeC-TPOLIECIB, OJJHUM 13 CIOCOOIB OOTIKOBOTO 3a0€3MeUeHHs isTbHOCTI

AyTcopcuHr

3abe3redye IiJBUIICHHS crpusie 301IbIIEHHIO

KOHKYPEHTOCIPOMOMXHOCTI

npudyTKy KOMIMaHii

JTO3BOJISIE ONITUMI3YBaTH 30CepeKy€e pecypcr KOMITaHil

BHUTpATH KOMIIaHil

Ha BUKOHAHHI OCHOBHUX (YHKIIN

nepeae BUKOHAHHS HEOCHOBHUX
(yHKIIH OCBiTUCHUM (axiBIsIM

crpusie eheKTHBHOMY YIPaBIIiHHIO
ISUTBHICTIO KOMIIAHIT

XapaKTepU3YETHCS TAPAHTOBAHOIO

JIOTOBOPOM BiJIIOBIAIBHICTIO 32

sIKICHE 1 pallioHaTbHe BUKOHAHHS
(yHKIIiH 3 60Ky BUKOHABIIIB

3[1MCHIOETHCS Ha JOTOBIPHIl OCHOBI

nepetoavyae JOBrOTPHUBAII
BIJIHOCHHH 3aMOBHHKA i BHKOHABIIS

Puc. 2. XapakrepHi pucu ayrcopcuHry

Jlicepeno: pospodneno aemopamu
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mignpuemcta. Bin nepenbavae BuHeceHHs (DyHKINH, TIOB’I3aHNUX 3 OpraHi-
3alli€ro, 3MIHCHEHHSIM OyXTralTepchKoro oOIiKy 1 CKiIagaHHSIM (hiHAHCOBO,
CTAaTHCTUYHOI, ITOJATKOBOI 3BITHOCTI 3a MEXI KOMIIaHii, mepeaady iX s
BHUKOHaHHS ayTcopcepy. Ha BiMiHy Bix OyXranTepchbKHX TOCIYT, 10 Haja-
FOTBCSl BHYTPIIIHIMIA BUKOHABISIMH, ayTCOPCHHT OyXTalTepChKOro OOMIKY €
(hopMOIO B3aEMOJIIT, TPH K1 30BHILITHS KOMITaHisl BKITFOUAETHCS B po0Oodi 0i3-
HEC-TIPOIIeCH KOMIIaHii-3aMOBHHKA SIK [UTICHUN (PYHKITIOHATHLHIH TT1IPO3/ILT,
3aJMIIAI0YHCH TP LOMY OPraHi3aliiHO 1 IOPUANYHO CaMOCTIHHNM [4].
AYTCOPCHHT OyXTalTepChKOro oOMiKy — Iie MOCIyra, 10 A€ MOXKIIH-
BICTh MiJNPHEMCTBAM AOPYYUTH BUKOHAHHS CKJIAQJHHUX 3aBAAHb OLIBII
KOMIICTEHTHUM KOMIIQHisSIM, 3[aTHUM JOMOMOITH B MUTAHHSIX BEICHHS
OyXTalTepChKOro Ta MOAATKOBOTO OOJIKY, OIIIHUTH MOXJIMBOCTI TIOCH-
JICHHSI KOHKYpPEHTOCIPOMOXKHOCTI TianpueMcTBa. Taki 3aBIaHHS SKICHO
BHUKOHYIOTh KOHCAJITHHIOBI Ta ayJMTOPChKI KOMIIaHi1, CIIiBPOOITHUKH SIKHX
MTOCTIMHO MIIBHIYIOTH KBaJi(hiKaIlit0 HE JIUIIE y HAPSIMKY 00Ky, a i eKo-
HOMIYHOTO aHai3y Ta (IHAHCOBOTO MEHEeKMeHTY. [le mo3Bomsie hokycy-
BaTH yBary He JIMIIC Ha JOCTOBIPHOMY BifoOpakeHHI (hakTiB rocromap-
CBHKOI JISUTLHOCTI, a i Ha MOIIYKY pe3epBiB MiABUIICHHS ii €()eKTHBHOCTI.

4. llepeBaru Ta HeJ0JiKH ayTCOPCUHTY OyXTaJITEPCHKOro 001Ky

Jis MOCSATHEHHS MO3WTHBHHUX PE3YyNbTaTiB Ta 3a0e3MeueHHs] MaKCH-
MaJIBHOI €()EKTUBHOCTI ayTCOPCHHT OyXralTepChbKOTO OOMIKy MTOBHHECH
0a3yBaTHcs 32 HACTYITHUX IPUHLIUTIAX:

1. B3aeMOBHTiAHICTD CTOPIH CIiBIpAIi.

2. [IpozopicTs.

3. 30epeKeHHS Ta 3aXUCT KOMEPIIHHOT TAEMHHIII.

4. 'aydKicTh HaTaHHS MTOCIYT.

5. EekTHBHICTB Ta pe3yIbTaTUBHICTb.

6. CHCTEeMHICTb.

TuTbKY X ZOTPUMaHHS JO3BOJISIE 3aMOBHUKY B TIOBHOMY 00CSI31 OTpUMaTH
TiepeBary Bijl 3aCTOCYBaHHS ayTCOPCUHTY, Cepesl sIKUX CIIil BumimTH [21; 22]:

— 3MEHILIEHHS BUTPAaT HAa YTPUMaHHS OyxranTepchkoi cimyxOu. Jlns
o0JaiHaHHS HaBITh OJHOrO poOouOoro Micls OyxraaTepa MOTpiOHI Medmi,
OpITEXHiKa, IpOorpaMHe 3a0e3MeUCHHS 1 KaHIIEeTAPChKEe TPUITaJIS;

— MiJBUILEHHS SKOCTI MOCIYT. B KOMmaHisAX, siKi CIeIiali3yloThCsl Ha
HaJaHHI MOCIyT 3 OyXraarepchKoro oOIiKy, BCi Oi3Hec-mpolecu Biampa-
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[ILOBAaHI, M0 JI03BOJIIE HAOAraTo MIBUJIIE BUPINIYBATH SIK CKJIaJHI, TaK i
pytuHHI muTaHHA. llpH BOMY ayTCOpCcepoM MPOIIOHYETHCS OFHOYACHA
pobora JieKiapbKoX (axiBIliB, IKi € HOTO MTATHUMH MPAILliBHUKAMU: FOPUC-
TiB, (paxiBIiB 3 ONMOJATKyBaHHS, TPYJIOBOTO 3aKOHOAABCTBA. 3a POOOTOIO
crierianicTa, 1o 3abe3mneyuye 00K TisTIbHOCTI KOMITAHIi-KJTi€HTA, 3A1HCHIO-
€ThCsI KOHTPOJIb, 11 MepeBipsie HAYaIbHUK BiJIUTY OyXraJTepchbKoro oOmiKy
Ta BHYTPIIIHIA ayTuTOp. AyTCOpCEp BOJIOIIE MAKETAMHU CYYaCHUX FOPHIUY-
HUX 1 OOJIIKOBUX MPOrpam, M0 J03BOJISIE HOMY ONEPATUBHO pearyBaTH Ha
3MiHY 3aKOHOJIaBCTBA, 1€ TAKOXK MOKPAIIY€E SIKICTh HaJAaHUX HUM IOCIYT,
rapaHTye MPaBUIbHE Ta CBOEYACHE CKJIAJaHHs 3BITHOCTI,

— BigmoBimanbHicTh. [Ipy mepenaui BeneHHS OyXraaTepchbKoro OOIiKy
3aMOBHHUK 3aXHUINCHUN MMOJOKEHHSIMHU TOTOBOPY, 3TiIHO 3 SKHM CaMe ayT-
copcep BIAIOBIIA€E 3a HACHIJIKU MPH HAJAHHI MOCIYT 3 OyXTralTepChKOro
00Ky y pa3i BAHUKHEHHS TOMUJIOK, TPOPAXYHKIB, BTPAT 1 IICYBaHHS JIOKY-
MEHTAIlil, HCHABMHICHOTO MTOPYIICHHS 3aKOHO/IaBCTBA;

— KOoH(DIiIeHIIIHICTh. AyTcopcep Ta HOro KIIEHT € Oi3Hec-TapTHEpaMH,
ix iHTepecH 30iraroThCs, TOMy BOHH YKIJIQJAIOTh YTOLYy IPO 30epeKECHHS
B TaeMHHMIII iH(OpMaIlil, OTPUMAHOI IPHU BUKOHAHHI JIOTOBOPY JJISl YHUK-
HCHHSI BTPAT 1 MOTEPeKeHHS HAHSCEHHsI KON IHTepecaM KITi€HTa;

— onTUMi3alisg noaatkis. CreniaiizoBaHa OyXxrajTepcbka KOMIIaHis y3a-
TaJIbHIOE JIOCBi/I COTE€Hb CBOIX KIEHTIB 3 Haillpi3HOMaHITHIIUX chep 0i3-
Hecy. OTpuMaHi BijJ ayTcopcepa MOCIyTH 3 00Ky 3aMOBHUK MOXE BKJIIO-
YUTHU J0 CKJIaJy BUTPAT i, BIJAMOBIHO, 10 MOJATKOBOTO Kpeauty 3 [1/1B;

— 3HIDKEHHS HMOBIPHOCTI MaxiHaIliil 3 00Ky HaliMaHOTO TIEPCOHANTY M-
MIPUEMCTBA, aJDKE ayTCopcep HE Mae PeallbHOro JIOCTYIY 0 I'pOINeH, 4n
THIIMX MaTepiajbHUX aKTHBIB, @ TAKOXK 3J]aTHUH OLIHUTH €(PEKTHBHICTh iX
BUTPAT HNOPIBHSHO 3 YCEPETHCHUMH [TOKa3HUKAMH Ha PUHKY;

— 3a0e3MeueHHsT HeyNepe/PKeHOCTI Ta 00’ eKTUBHOCTI oOiKy. B ayT-
COPCHHTOBHX KOMIIaHIsIX MPALIOITH JHUIIEe BUCOKO KBaTi(hiKOBaHI CIIelli-
aJIiCTH, K1 MOCTIMHO CKJIaJaloTh arecTallii Ha 3HaHHS OyXrajaTepChKHX
mporpaM, 3MiH y 3aKOHOJABCTBi, HABUYOK POOOTH 3 KOMII'IOTEPOM Ta
nporpaMHUM 3abe3neueHHsM Ta iHu. HaBuaHHs, miAroToBKa KajapiB Ta
MOJIAJIBIIIE aTECTYBaHHS MPOBOIUTHCS 32 PaXyHOK ayTCOPCHHOBOL (hipmu,
a He KJII€HTA;

— JOCTYM 70 AOJATKOBUX pecypciB y cdepi (piHaHCiB, OyXTranTepchKoro
00JTiKy Ta MOJATKOBUX PO3PaxXyHKiB;
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— 30CEepEINKCHHS YBar HA OCHOBHOMY BH/II JAisUTbHOCTI, IHBECTHUII HHUHA
KaITiTaJl MOJKHA TIEPEPO3NOIIIMTH y CTPATETIYHO OUTBIIT BaYKIIUBY JIJIS TTiJI-
MIPUEMCTBA JTiSUTHHICTb.

ONiHIOIUN TepeBard ayTCOPCHHTY OyXralaTepchbKoro OOIiKY, BapTo
BpaxoOBYBAaTH, [0 BiH Ma€ 1 MIEBHI HEMOJIKHU, CEpel IKUX MOXKHA BUIITHTH:

— MOXJIMBA BIJICYTHICTh oOmeparuBHOCTI. [lpu mepemadi CTOpOHHIH
oprasizarii BCbOro UKy OyXTaJTepChbKOro JOKyMEHTOOOIrY iCHYE PU3UK
BTpPAaTH ONEPATUBHOCTI TAHUX;

— PU3HK BUTOKY iH(opMaIlii;

— (opMarbHe BUKOHAHHS OOOB’s3KiB. 3BITH, fIKi CKJIaJa€ ayTCOp-
cep, € GopMaTbHUM BHKOHAaHHSIM 3000B’si3aHb IMEpe]l BiAMOBIIHUMHU
OpraHaMu;

— mikBiganis ¢gipmu-ayrcopcepa. B pasi mpunuHenHs poboTtH ¢ipMoio
HEOOXIJJTHO MPOTATOM HEBEIUKOTO IPOMIXKY 4Yacy 3HAWTH HOBOTO IOCTa-
YJaTbHUKA ayTCOPCHHIOBUX IMOCITYT, Ta SIK MOKHA CKODIIIe HAJTATOTUTH 3
HUM TpoIIeC CIIBIpAIll UM TIOYaTH BECTH 00JIIK CAMOCTIHHO;

— KOHTPOJIb HAJI BIACHUMH PECYpCaMH Ta YaCTHHOIO CIIPaB MOXe OyTH
BTPauCHO;

— JI0JIaTKOB1 BUTpATH 4acy Ha y3rOJKEHHs yMOB Jorosopy [21; 22].

Jlst MiHIMI3aMil HaBEICHUX HEJOMIKIB HEOOX1HO JTy’KE BUBAKEHO ITiJI-
XOJIUTH JI0 OpraHi3ailii nepexoly Ha ayTCOPCHHL.

5. BucHoBKH

AHai3 CTaHOBJICHHS Ta PO3BUTKY ayTCOPCHHT OyXTalTEPCHKOTO OOTIKY
B YKpaiHi i CBITi CBiIYHTH, IO BiH IOCTIHHO PO3BHMBAETHCS Ta HaOMpae
00eptiB. OJHAK BUKOPUCTAHHIO ayTCOPCHUHTY B YKpaiHI TeperiKo/pKae:
BIJICYTHICTh BIIbHHX ()IHAHCOBHX PECYPCIB JUIsl IHBECTYBaHHS, HEJIOCTATHS
MOIH(GOPMOBAHICTh CY0’ €KTIB TOCIIOAAPIOBAHHS TIPO JIOCBIJT BIPOBAKCHHS
ayTCOPCHHTY; BIJICYTHICTb 3aKOHOAABUMX MEXaHI3MiB PEry/lTIOBaHHS MapT-
HEPCHKNX B3a€MOBIIHOCHH TIPH ay TCOPCHHTY.

V3araqbHEHHs ICHYIOUMX HAyKOBHX ITIIXOJIB O BU3HAUECHHS ITOHATTS
«ayTCOPCUHI», JIO3BOJISIE CTBEPKYBATH, IO IiJi ayTCOPCHHIOM CJIiJ|
PO3YMITH IHCTPYMEHT YNPAaBIiHHS, SIKUH JI03BOJISIE 30CEPEANUTH PECYypCH
cy0’€eKTa rocrojaploBaHHs Ha OCHOBHIMH JisNTBHOCTI, 3a0€31euye 3pOCTaHHs
npuOyTKy Ta MiBUINECHHS KOHKYPEHTOCIIPOMOXKHOCTI 32 paXyHOK Iepeaadi
Ha JIOTOBIpHif OCHOBI MEBHUX HEOCHOBHUX (DYHKIIT (axiBIsIM a00 KoMIla-
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HisIM, IO CIIEIIaTi3yIOThCsl Ha X BUKOHAHHI 1 3MIHCHIOTH e(heKTUBHIIIIE,
HIXK JJaHWA Cy0’ €KT TOCIIOIAPIOBAHHS.

AyYTCOPCHHT XapaKTepH3YETHCS THM, IO 3a0€31euye ITiABUIIECHHS KOH-
KYPEHTOCIIPOMOXKHOCTI, I03BOJISIE ONITUMI3yBaTH BUTPATH KOMIIAHIT, CIIpHSIE
301JIbIICHHIO TPUOYTKY 1 €PECKTUBHOMY YITPABIIHHIO JISUTBHICTIO KOMITaHii,
30cepeKye i pecypcu Ha BUKOHAHHI OCHOBHHX (yHKIIH. Cepen mepeBar
AyTCOPCHHT BAPTO BUIUINTH: 3HIKEHHSI BUTPAT HAa yTPUMaHHs OyXranTepii,
IIJIBUIIICHHS SIKOCTI MOCIYT, BIAMOBIIadbHICTh 32 PE3y/IbTaT, KOH(D1IeHITiN-
HICTh, ONTHMI3AlliI0 MOAATKIB, 3HWKEHHSI HMOBIpHOCTI MaxiHalliii 3 OOKy
HaMaHOTO MEPCOHANTY MiANPHEMCTBA, 3a0€3MEUEHHS HEYepeKEHOCTI Ta
00’ €KTUBHOCTI 00IIKY, JOCTYI 10 JOJATKOBUX pecypciB y cdepi ¢iHaHCiB,
OyXraJTepchKoro o0IiKy Ta MOJaTKOBUX po3paxyHKiB. [Ipu mpomy ayTcop-
CHHT Ma€ HEIOJIKH, Cepel IKUX: PH3UK BUTOKY iH(OpMAIlil, MOXINBA Bif-
CYTHICTh ONIEPATHBHOCTI, (hopMaJlbHE BHUKOHAHHS OOOB’S3KiB, JIIKBiJaIlis
¢ipmu-ayTcopcepa, BTpara KOHTPOIIO HaJl BITACHIMHU PECYpCaMHy Ta YacTH-
HOIO CIIpaB MOKe OyTH BTpaueHO, TOAATKOBI BUTPATH Yacy Ha Y3TOHKECHHS
YMOB JIOTOBODY.

Ha BuOip ayrcopcepa miANpHEMCTBOM BIUIMBAIOTh HACTYITHI (PaKTOPH:
rapaHTisi 30epeKeHHs] KOH(DIICHIIIHOCTI JaHuX, KBamiikaIis nepcoHany
Ta BapTIiCTh MOCIYT ayTcopcepa, CTax poOOTH ayTcopcepa Ha PUHKY, THYY-
KIiCTh NIPU OpraHi3auii Ha/JaHHS MOCIYT, 3aCTOCYBAaHHS HOBITHIX TEXHIYHUX
pillieHb ayTcopcepoM, HOTo MOMySIpHICTh, MEPENTiK MOCIYT, 110 MPOIOHY-
€TBCS AyTCOPCEPOM, HAsIBHICTh Y HHOTO CTAHAAPTIB B3a€MOJIiT Ta BHYTPIllI-
HIX TIpoLeyp, peIyTallis ayrcopcepa.
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Abstract. The purpose of agricultural enterprises is to improve the quality
of domestic products, their competitiveness, food security, development of
genetics and breeding, reproduction of land fertility, digitalization, which
is impossible without economic transformation, management decisions,
the introduction of technological processes for the long-term development
of agriculture. The agro-industrial complex plays an important role in the
development of the economy as a whole and performs a social function,
ensures food security of regions and employment of people living in rural
areas, so the quality of life depends on the formation of economic development
of agriculture. Methodology. A scientific approach to solving problems
allows to model possible situations and avoid negative consequences due
to incorrect strategic policy of the organization. Construction of a matrix
of strategic qualitative analysis based on methodological approaches to
assessing the characteristics, properties of enterprise development strategy
and implementation of economic development strategies for agricultural
enterprises based on the use of analysis, which provides priority identification
of strengths and weaknesses, potential opportunities and threats, languages
that can be used to formulate the strategy of agricultural enterprises, is an
important step in building a strategy. Results. In a competitive market, it is
impossible to succeed by providing low-quality services or offering low-
quality goods. Before developing business management processes, it is
necessary to develop a functional strategy. Strategic analysis, which gives
a realistic assessment of their own resources and capabilities in relation to
the state and needs of the environment for agricultural enterprises and helps
to make a rational choice of strategies from a variety of options. Practical
implications. Strategies at any level usually do not have the resources or
ability to use resources in a way that provides full confidence in success.
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Therefore, during the qualitative strategic analysis, in our case, we have
determined that the miscalculations in the opening of the land market (no
restrictions for buyers, price formation, protection mechanisms against
speculative resale of land), war, political and economic crisis in Ukraine,
miscalculations in the regulation of the industry, deterioration of land
quality, loss of land value due to the development of alternative production,
further decline in margins, degradation of the sector, loss of yield potential
due to soil degradation resulting from intensive production, raiding, high
cash turnover, fraudulent schemes, counterfeiting products, pressure from
law enforcement agencies are threats to building an effective strategy for
agricultural enterprises, it is necessary to take into account the strengths and
weaknesses of agricultural enterprises and on the basis of opportunities to
achieve economic growth.

1. Introduction

The agro-industrial complex has changed over the years, and our country
has become the center of food security in the world, a global supplier
of cereals and oilseeds, organic products and poultry and eggs. Export
positions of corn, wheat and barley to the markets of Africa, India and
China are changing. We have the opportunity to obtain our own cheap raw
materials for flour production and to become the main supplier of certain
types of fresh vegetables and other crops in the EU.

Ukraine has become a major partner for countries in the Middle East
and North Africa that have the money but the opportunity to grow their own
quality food. Ukraine’s role in supplying food to Sub-Equatorial Africa has
grown significantly. Ukraine supplies environmentally friendly products to
Europe. New forms of cooperation and collaboration are a clear example
of business models, where ecosystems, joint programs, procurement and
delivery systems, new jobs, irrigation strategy is implemented, which
promotes the development of fruit and vegetable crops. Technologies
and innovations change business processes in agro-industrial complex,
production management is carried out by means of virtual service.

2. Land reform as a direction of strategy construction
Land reform is an important strategic stage in the process of historical
transformation. Our country owns a quarter of the world’s chernozem,
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the country has about 42 million hectares of agricultural land, annually
cultivated 32 million hectares. Thanks to modernization, increasing the
yield taking into account the fertility of agricultural land, Ukraine has
great opportunities and is one of the three largest exporters of grain and
is a world leader in such industries as soybeans and sunflower oil. Exports
of domestic products are spreading to many countries around the world:
China, Egypt, India, Turkey and the EU. Ukraine intends to promote food
security in countries such as Qatar, Saudi Arabia and the UAE. Ukraine
is one of the three largest exporters of organic products to the EU and
an important step is to enter the Asian and US markets. The strategy of
agro-industrial complex development includes the production of organic
products, financing of agribusiness, communication with the National
Bank of Ukraine to obtain loans at a favorable interest rate, production of
seeds and fertilizers [1]. Therefore, assistance to small and medium-sized
farms is one of the strategic directions for agricultural development. The
state must provide guarantees for the modernization of infrastructure and
transportation of crops to world markets (Table 1).

The state supports such areas as: livestock, compensation for the
purchase of agricultural machinery, financing of farms, agricultural
insurance, drought control, irrigation development, the rate of organic
products, potatoes, horticulture, viticulture and hop growing (Table 2).

The state should not have reduced the amount of state support for agriculture.
The consequences of insufficient financial support are already a critical situation
in the livestock sector in Ukraine. So the list of programs is clear. Reimbursement
of the cost of purchasing livestock and crop materials is support in the
development of these areas, subsidies for new construction and reconstruction,
the purchase of lines of commodity processing and processing [2].

Support for biodiversity and biological safety requires 180 million
hryvnias per year and will preserve the gene pool of local and endangered
breeds, ensure genetic diversity and traceability of animal movements and
epizootic welfare in Ukraine (Figure 1).

Changing the structure of livestock production will increase the share
of agricultural enterprises, provide resources to ensure the welfare of cattle,
increase high-yielding cows, ensure domestic consumption, support the
export potential of the dairy industry. The required amount of funds per
year is UAH 1,770 million.
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Table 1

Financing of agro-industrial complex by the state in 2021

Direction of
financing

The amount of
funding

Funding criteria

Financial support
for measures in

the agro-industrial
complex by reducing
the cost of loans

UAH 1.2 billion
(in 2020 - UAH
1.05 billion)

— determine a transparent procedure for selecting
applicants for support;

— clarify the use of credit funds;

— it is possible to receive compensation for
short- and medium-term loans to replenish
working capital (agricultural producers who
have suffered from weather conditions and
whose loans have been restructured by banks
will be able to receive partial compensation for
interest on loans);

— medium- and long-term loans raised for

the purchase of fixed assets of agricultural
production, the implementation of costs
associated with the construction and
reconstruction of agricultural production
facilities, as well as the processing of
agricultural products;

— determine the deadlines for submission of
applications by entities for compensation

and registers of compensation payments to
borrowers, which are submitted to the Ministry
of Economy by authorized banks (annually until
November 1).

State support for

the development of
animal husbandry
and processing of
agricultural products

UAH 1,150.0
billion (UAH
1,039.1 billion in
2020).

— Support for farmers (subsidies for keeping
cows) — UAH 100 million (in 2020 — UAH
35.14 million);

— Reimbursement of the cost of purchased
breeding animals and embryos amounted to UAH
350 million (in 2020 — UAH 300 million);

— Special budget subsidy for existing bee
colonies — UAH 327.07 million (in 2020 - UAH
239.8 million);

Partial compensation

UAH 1 billion

320 new items of machinery and equipment
have been added to the list, of which there are

ggﬂ%&;ﬁﬁ ?rfachinery fr?iﬁiljngizié()m) now 14,892 from 200 man_ufacturers. The list of
manufacturing plants also increased by 9.
— purchase of planting material — up to 80%;
— construction of wallpaper and installation of
. . drip irrigation systems — up to 50%;
l;;??ﬁglgésgﬁ) ];)(;;tent UAH 450 million |~ n];w c%nstruct}i/on and rec?onstruction of
of viticulture, (in 2020 — UAH refrigerators, processing plaglts and product
horticulture and hop |290 million) freezing facilities — up to 50%;

growing

— purchase of technological lines for commodity
processing and product processing — up to 50%;
— purchase of machinery, mechanisms and
equipment (including foreign) — up to 30%.
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Table 2
The general structure of state support programs for 2021
Number
Volume of | of jobs per
Program state aid, UAH .ljll)lsn;l;:; t(()efi
UAH million | 1 million of J
state aid

Partial compensation of the cost of
agricultural machinery of domestic 1000 1 1000
production
Financial support for measures in the
agro-industrial complex by reducing 1200 8 9600
the cost of loans for 2021
F }qanmal support for hoﬁlculture, 450 20 9000
viticulture and hop growing
Subsidy per unit of arable land 60 20 1200
Subsidy for keeping cows 100 40 4000
Partial reimbursement of costs for

. . . 15 6 90
advisory services provided
Surcharge in favor of insured persons
— members / chairman of SFG SSC 2 >0 1250
Reimbursement of purchased breeding
animals, bees, semen and embryos up 350 1,5 525
to 50% of the cost
Speglal budget subsidy if there is a bee 240 15 3600
family
Reimbursement of livestock facilities
(up to 50% of the cost) 350 2 700
Reimbursement of the value of objects 60 1 60
financed by bank loans
Special budget subsidy for keeping

50 1,5 75

goats, goats, ewes, ewes
Special budgF:t subsidy for the growth 100 15 150
of self-breeding cows
State support for agricultural insurance 240 - -
Support for organic production 100 10 1000
State support for the development of 60 9 540
potato growing
State support for irrigation 100 - -
TOTAL 4500 12,4 32790
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Farms

v

v

Financial support of the state

Result

— Financial support of
agricultural service
cooperatives through partial
compensation of the cost of

— The amount of support for

1 cooperative is not more than
UAH 3 million. With state
support, cooperatives will be

domestic machinery and
equipment purchased for own
and on credit;

able to purchase machinery and
equipment and build facilities
for processing and storing
agricultural products;

— Partial reimbursement of ) )
— Direct support will encourage

the establishment of qualified
agricultural advisory services

costs related to the provision of
agricultural advisory services.

and provide professional advice
on agricultural activities.

Figure 1. State support of farms

Regarding the production of value added products, it should be noted
that such production will increase the share of the organized sector by
15%, by 10% of sheep and goats annually, provide fattening of sheep and
goats to high weight conditions, provide resources to ensure traceability in
beekeeping, will support the export potential of honey and lamb (Table 3).

3. Development of economic strategy for agro-industrial complex

The budget subsidy per unit of arable land to newly established farms will
increase the amount of support from the state, taking into account the increase
in the cost of logistics and inflation and will support the young head of the
farm (up to 35 years), which will enable rural youth to realize their benefits.
in this direction and will help stop migration from rural areas. If the state
budget provides funds in the amount of UAH 120 million over 3 years, the
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(End of Table 3)

Improving
the quality of
livestock

Increasing
production

resource
+100 livestock

Available
complexes:

investment

improvement of
production and

technical base of the

industry, increase
of production

and provision
of domestic

consumption,
creation of new
productions and
additional jobs

Detailing of
support tools

Reduction of

the VAT rate

on agricultural

products, abolition
of customs

duties and VAT
on innovative
technological
equipment,

of agricultural

introduction
insurance

Support tools

Economic

measures

the issue

The share of

feed in the cost

structure ranges

from 49% to 73%
depending on the

industry

Problems of | Characteristics of

the industry

Significant

impact of the
cost of feed

on the cost of
production

Ne

4

need for financial resources
of 2,000 newly established
farms will be met. A special
budget subsidy for keeping
dairy cows will support
livestock through such a
subsidy and will help increase
the number of dairy cows and
improve the quality of milk
produced [3]. Regarding
financial support on a
repayable basis: interest-free
loans, expanding the range of
recipients will help upgrade
the material and technical
base and development of
farms, implement business
initiatives and projects to
build value chains. The
development of organic
production  will  enable
about 300 farms to benefit
from state financial support,
partially offset the costs
of farms associated with
the certification of organic
production, reduce the cost
of purchasing permitted
plant protection products and
fertilizers (Table 4).

The agro-industrial
complex has an investment
priority, in 2020 there was
an investment decline, this is
due to insufficiently justified
changes in macroeconomic
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Table 4

Development of economic strategy for agro-industrial complex

Strategic direction

Characteristic

Ensuring effective regulation
for long-term sustainable
development of the
agricultural sector.

Ensuring the implementation of effective state policy,
reforming the State Geocadastre, development of the
land market and decentralization of land relations, or
promoting long-term sustainable development of the

agricultural sector and rural areas.

Development of irrigation and
drainage systems to increase
crop yields.

The priority is to create preconditions for investment
in the irrigation and drainage system, in the
regulation of legislation in the field. This will
increase the yield of Ukrainian agricultural lands and
incomes of agricultural producers.

Stimulating the implementation
of Agtech to improve
productivity and optimize the
costs of agricultural producers.

Encouraging the use of high technology will
significantly increase productivity in the sector
and reduce costs for businesses, increasing their
competitiveness.

Increasing the production of
high-margin crops to increase
value added in the agricultural
sector.

High-margin crops account for only 11% of the total
crop structure in Ukraine, which is much lower than
in the EU. The key task is to change the Ukrainian
crop mix with an increase in the share of vegetables,
fruits and berries, which will have a positive

impact on the value added created in the Ukrainian
agricultural sector.

Expansion of elevator
capacities to reduce losses of
agricultural products.

The total capacity of granaries in Ukraine does
not meet the existing demand, as well as unevenly
distributed throughout the country. The state’s
focus should be on expanding the capacity to store
agricultural products, which will reduce product
losses and increase production.

Stimulating the processing
of agricultural products to
increase the added value.

Providing up-to-date information on the prospects
and opportunities for product processing and
compensation of costs associated with the creation of
processing facilities will reveal the export potential
of Ukrainian producers and will have a positive
impact on the country’s economy.

Providing a skilled workforce
that meets the needs of the
agricultural sector.

A necessary step is the development of self-
employment and the improvement of the well-being
of the rural population. In addition, the development
of dual education in the agricultural sector will have
a positive impact on the level of skills of workers in
the industry.
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(End of Table 4)

Strategic direction Characteristic

Underdeveloped transport infrastructure, lack of
timely capacity upgrades, economically unjustified
tariffs and insufficient capital investment in freight
transport create unfavorable conditions for the
agricultural sector. Optimization of UZ tariffs and
AMCU fees, improvement of corporate governance,
as well as expansion and provision of financing

of capital investment plans will improve the
competitiveness of Ukrainian producers.

An important task is to ensure access of all
agricultural producers to markets, including by
intensifying cooperation between producers and the
development of clusters.

Alignment of Ukrainian legislation with EU trade
directives and regulations will open access to
European markets for Ukrainian producers and will
have an overall positive impact on the country’s
economy in the context of removing trade barriers
and, consequently, increasing exports.

Improving transport and
infrastructure to increase the
competitiveness of Ukrainian
producers.

Providing access to markets
for small and medium
agricultural producers.

Harmonization of Ukrainian
legislation with the EU to
expand access of Ukrainian
enterprises to the European
market.

management of agri-food sectors of the economy, unfavorable climatic
conditions in agriculture, the COVID-19 pandemic, the refusal of
agribusiness to implement investment projects. due to their expectations
for the purchase of agricultural land, reducing the amount of state financial
support for agricultural producers, deteriorating conditions of small business,
increasing risks of investment and preservation of capital. Therefore, the
development of the agricultural sector is a priority today: the opening and
liberalization of the land market, improving reclamation infrastructure and
improving the quality and safety of food [4].

The most important step in developing an effective quality management
strategy is strategic analysis, which provides a realistic assessment of their
own resources and capabilities in relation to the state and needs of the
external environment. Based on this analysis, there is a rational choice of
strategies from a possible set of options. One of the tools of regular strategic
management is a matrix of qualitative strategic analysis, which we propose
to build using methodological approaches to building a matrix of SWOT-
analysis (strengths — strengths, weaknesses — weaknesses, opportunities —
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opportunities, threats — threats). The analysis methodology based on the
use of the matrix of qualitative strategic analysis involves the priority
identification of strengths and weaknesses, potential opportunities and
threats and further establishment of relationships between them that can be
used to formulate the strategy of the organization.

At the initial stage of the analysis, a list of strengths (and weaknesses),
as well as threats and opportunities of the organization, taking into account
the current situation.

In the general case, the information to be obtained during the
qualitative strategic analysis in our case can be presented in the form of
a matrix (table 5).

The harvest insurance program provided by law is an important
component of financial security for agricultural enterprises. The state crop
insurance program is periodic and is adjusted based on risk assessments.
Harvest insurance allows farms to control production and operational
processes due to bad weather conditions and other negative factors.
Beginner farmers are a fundamental factor in the growth of the agricultural
market, so young professionals need to be encouraged, supported and
developed financially sustainable operations to promote new generations of
farmers. Rural prosperity is achieved by providing safe working conditions
for domestic agricultural enterprises and improving the implementation of
state support programs. Internal evaluation of the effectiveness of achieving
strategies provides effective financing and creates protection for agricultural
enterprises, provides jobs [6].

Quality locally or regionally produced products focus on improving
access to organic food, spreading to traditional and non-traditional retail
options where producers have access to market information, making the
right management decisions by developing systems and portals, developing
quality standards and promoting world trade. .

The strategy of plant protection begins with the detection of pests
and diseases with high risks, constant monitoring of their occurrence.
Therefore, when importing agricultural products, it is necessary to
carefully check the spread of the disease, which can lead to significant
costs for domestic producers and consumers. Detection of such negative
factors or emergency situation requires a rapid response from the state
and requires the development of threats, surveillance, monitoring
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tools —to identify, diagnose through a network of laboratories with highly
qualified government personnel [7]. The measure of the effectiveness of
the strategy for the protection of livestock and crop production is the
assessment of new threats, problems and opportunities, the creation of
working groups for further research and modification of practical skills,
scheduled meetings with management to obtain feedback and initiatives
to develop strategies: creating a system of competitive agriculture to
identify marketing trends.

4. Conclusions

The development of the agro-industrial complex is influenced by the
negative consequences of coronavirus infection, which reduces the export
of agricultural products. It should be noted that the development of agro-
industrial complex is related to the quality of life of the rural population
and requires the improvement of transport, engineering and social
infrastructure. The developed structure of the agro-industrial complex is
important for the welfare of the economy as a whole. Reliable food is
provided by agricultural holdings and farms, support the growth of jobs in
rural areas, the competitiveness of agriculture. Highly productive animals
and plants will increase the efficiency of the agro-industrial complex on
a practical level, provide high positions in the growth of the agricultural
market: ensure effective financial security, support for viable agriculture,
production and support of jobs and economic growth. Understanding
customer needs is essential for quality service. Assessing the experience
of farms and their interaction with customers will provide a better
understanding of consumer expectations, identify projects that have the
greatest impact on customers and develop performance indicators. The
analysis of such indicators will allow to determine investment priorities,
to improve clients’ access to risk management programs through highly
qualified employees.

A competitive agricultural system is not possible without increasing
agricultural opportunities, supporting economic growth and creating new
markets. Departments and services of the agro-industrial complex provide
sectoral services to help agriculture, food producers and enterprises that
create and improve the agricultural system. Evaluation, design, planning
of food producers is associated with improving the efficiency of permanent

271



Kateryna Malinoshevska

Juren|) Aepoj) pue sdnoi3 9)NQLIUOD I} SAUOZ
1o3IeW plIom | [eyuduredapiojur 0%0ST-0€ | OneBWI Ul pajedo] st =
oy) uo uonisod | snowea ‘Qurenyn jo —PpHom Y jo| ourenyn Jo A10JL119) g
Y31y s,oureny) —|  [10UNO)) SIOJSIAU] SOLIUNOD [[& | AU} JO JSOwW) e[ — w
‘uononpouid 1oy ‘[1ounoo 310dx?) -10qe] deay) — | Suowe urdrew ‘sqny sonsi3o| o
. spduans | 5
ur sar3ojout]o9) JUSWIUISAOS oy} | uonengal Jo yoe] — | 1soy3iy oy —| Jolew Jo uoroosidul <.
PI0OM PAJUBAPE JO ur poyudsardar st ‘ormynonide 9uol oy e odoing jo m
([Tews pue WNIPAW | SUOYLIIOSSE ANsnput Arpowriod 9[eds | puef deay) — |  I9ju90 9y Ul UOTBIO] 2
‘o31ey) s1oAerd e woly S)SILqqoJ S -031%[ 10J [BOpI SI ‘o3parmouy [eoryder3oasd =
Aq asn oAnoy —| ySnoay ssoursng — odeospuey oy — | pue ammn) — J[qeroAe —
‘qny orue3Io [eqo[3
® 0jul ouren|N jo
‘(Jewss | uonewIOJSURIL — Ansnpur
— 9%,0F ‘wnIpaw — ‘syonpoad d(} JeULIO]
%0t ‘ssouisnquide | [eimnoLde Jo qny 1N 0} AN[IqQy — *(*039 ‘uaoIyd
931e — 94,07 Surey uononpoid pue | oY) pue suoneziuedio | Ajanonpoxd oregio ‘Kouoy
Joozis £q) «0f| sonsi3o] uelseIny | [eIOURULY [BUOHBUINUI pue| omesIo ‘9saoyd 1803
-0%-07» 1opow o Jo aurenyn woij poddng —|  Ananonpoid | ‘wrey opew-ueiureny)
2y} JO uoneWIO] — ul uonear) — ‘(S10z11I9y 9SBAIOU] — | JBAW [B[BY] ‘USUI| “XBY
£Anunoo | ‘oureny Ul sjonpoig MOU ‘SOIFO[OUD9) | £10309S A} Ul ‘dwoy 39) syonpoad 103ed1pu]
oy ur s3uruIed [eIn oLy ut MU ‘[BLIOJEW | SJUQUI)SOAUL MOU YA S)dTeU
o3ueyoxo ugra1oy opei], a3ueyoxy Sunued mou) | Sunoemy — Mmou Suuuy —
“oouanbasuod & JO 11u)) BOS QUIBLY() UI SIAJUD LR ‘sores
se ‘pue sp0dxd yoeg aus Jo 29 pazieroads | aimnoude Jo|  pug[ uo WNLIOJeIOW
Jo yymoIn — JuouIySI|qeIsy — Jo uonear) — | uonezm3iqg — oy Sumyry —
:(Juowssasse) :(Juowssasse) :(Juowssosse) :(Juowssasse) :(Juowssosse)
sonunyioddo sonmumoddo sonmunyoddo sonmunoddo sonrunzoddo
JUQWIUOIIAUF
sisA[eue dAnejenb d13918.138 Jo XL
§ dqeL

278



IC sciences»

Chapter «Econom

“(uotIq G1-01 HVN

01 dn Jo sasso[ 03 ‘(s3s9103U1
P9 YOIy ‘SIdZI1I9j | (213 noLSe Jo S10309S 1oy £qqog
Jo uoneordde | uresoo ur sarjodouowr | Areonijod o3
pajjonuooun pue JO 90udSIoWd dY) | SUOIUN dpen
sarorjod o3e[m 10§ suonipuodaxd | urjred oAnoe
‘QuIeIy() | PoIOPISUOD-[[I 0] NP ) $9JBAID) JaNjIERW ue 93e) J0u
ur 9oed oxye) Jou | s1aK {7 UI papeidop o ur s1okerd oFre | op sassoulsng “(9%L-S moqe — 1red
Soop ures 10y QABY| SWAZOUIAYD | QUIOS JO doURUIWO( — [fewis pue | [[ews e st uononpoid
Suroud urewr oy, —|  uemreny) Jo %0z |  ‘(A391enS O1uI0U099 wnpaw) [eIN)[NOLISE [10] | SOPIS JBIA\
{S101UQD jnoqe) Ajfenb | [[BI0A0 S, A1UNOD oY} | JOdIRW AU} JO Ul 9njeA poppe
axy pazijeroads WAZOuIdYO JO Joed se) A391ens | uoneziuesio Y3y yym syonpoad
Jo yoeT — UONeBIOLIA( — | USWAO[OAID 103095 —|  -J[9S B —|  [eImnoLISe JO AIeys
‘suoigor oy ur ‘Apsnpur|  wid3-3uoy Jo yoe —| Aanonpoid o) Surssaoord
[ouuosiad payijenb | oy jo woddns d3e)s £10J03s U} JO MO — JO [9A9] mOT —
Jo a3epoys — Jo wstueyoow | urpungiopun ‘(sueof ‘(sureyo | {(Juounsoaur Junoeie
‘sosridioud poumo | juoredsuen-uoN — JAIsuadxa) 103008 ssauisnq [[e 10} SUONIPUOD KoY
-0J)S JUAdLJoul ‘uone[sIgo| dy) 10y Suroueuy Jo | ur) AOUAIOLA [ Y} JO QUO SB) JaJew
Jo areys 9818 —| QAN JO YovT — $92IN0S JO o] — MOT—| PuUB[ 2] B JO YOBT —
“(pliom duy ul
JUIUOD Snuwny JsAYSIY 5
A} YIIM SWIZOUIdYD a
dIe spug[ [eIn[noLge W
ueluIeIy)) S[I0S — o)
“AWou099 Amhoawm% Lﬁzmz syiBuons m
‘(suonsod oy ur sodxo SNOLIBA WOIJ oFewep w
jonpoud jo roqunu Jo oreys Y3y — JO YSuI [ewuIw w
B

© Ul SIOpB9[ pllom
) JO JUO ST

£(*030 “soLysIuI
J& SO0

Im 2ImynoLise
JO 301pu0d A} 0}

279



280

Kateryna Malinoshevska

food market facilities and stakeholders. These facilities include wholesale
markets, farmers’ markets, government markets and food centers, all of
which are important parts of the national food distribution network and
provide important agricultural opportunities for producers.

Government programs aim to support domestic producers, local
and regional food systems, innovative methodologies and marketing
strategies, including expanded access to fruits and vegetables, transport,
food security and sustainability. It is necessary to expand new markets
for agricultural products because the demand for agricultural products is
growing, so the programs have tools to meet the current and future needs
of consumers and producers. The creation and expansion of markets is
impossible without training, creating a service project, evaluating the
activities of agricultural enterprises and improving the efficiency of
food systems and the food market. Developing and maintaining markets
for domestic producers is a very important step, using innovative
methods to gather information, the state should modernize and
restructure agricultural services programs that meet customer needs and
take advantage of opportunities to achieve greater efficiency through
simplified processes in the agricultural market. Market transparency
and free access to food develop market opportunities, forming
communication links between consumers and agricultural enterprises.
Through industry specifications, domestic agricultural producers have
the opportunity to create and improve the quality of production, trying
to comply with quality standards, market analysis and product integrity.
Research, food security, market access for agro-industrial products,
improving the efficiency of distribution systems are important areas for
stakeholders and the food supply chain as a whole.

The expansion of international marketing and export of products is of
crucial importance for domestic agro-industrial enterprises. Promotion of
agricultural products on world markets through promotional activities,
development of international standards, compliance with trade agreements
that will promote cooperation with developing countries and developed
countries. Long-term international relations are the basis for building future
markets and will contribute to the further development of the country’s
agro-industrial complex. By removing barriers to agricultural exports and
building the potential to increase export demand.
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Abstract. In the current economic conditions and increased competition,
the ability of an entity to attract investments, i.e., its investment attractiveness,
becomes important. It largely depends on the stability of the external and
internal environment, the efficiency of economic activity, the priority of
tasks, etc. The needs of modern society are growing rapidly; therefore, it is
necessary to carry out the economic development of the country at the same
time. Assessing the development of the investment market is the basis for a
comprehensive approach to the analysis of the investment attractiveness of
economic entities. The investment market is the area of investment objects
in all its forms, taking into account the conditions of investment activity at
certain stages of economic development of an enterprise, the economy, the
region, and the country as a whole. The article considers the main indicators
that characterize the economic development of Ukraine. The subject of the
study is the main indicators that characterize the investment attractiveness
of the country. The purpose of the study is to analyze the dynamics of the
level of investment attractiveness of Ukraine during 2010-2020 in the
context of the COVID-19 pandemic. The research is based on scientific
methods, among which it is expedient to distinguish: analysis and synthesis,
comparison, idealization and abstraction, as well as systematization and
generalization — when formulating conclusions as a result of the study. As a
result, the dynamics of the gross domestic product, the index of investment
attractiveness are analyzed. The change in the number of business entities
in Ukraine over the past decade has shown a negative trend. It is found
out that the structural sector in Ukraine is wholesale and retail trade.
The dynamics of the volume of retail trade turnover of Ukraine during
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20102020 and the index of the physical volume of retail trade turnover of
Ukraine are determined. The method of assessing the level of investment
attractiveness of the country is considered. The importance of the ability
to create new competitive advantages and keep the existing ones under the
influence of various factors has been proved. Ukraine’s ranking positions
in comparison with other countries of the world in terms of gross domestic
product, index of business conditions, index of economic freedom, index
of global competitiveness, world competitiveness and world digital
competitiveness are also determined. The investment environment during
2020 was negatively assessed by entrepreneurs and investors. It turned out
that 78% of surveyed company executives consider the current investment
climate unfavorable, only 12% consider Ukraine a profitable market for
new investors. At the same time, among the negative factors influencing
the investment climate, there was chosen a weak judiciary, high levels
of corruption and the shadow economy. As a result of the analysis of the
dynamics of these indicators, negative trends were revealed due to the
aggravation of economic crises, hostilities in the east, the annexation of
the Autonomous Republic of Crimea, destabilization of social and political
life, COVID-19 pandemic. There is a deterioration of rating places on these
indicators, which requires the immediate development of new regulations,
the choice of a new strategy for attracting investment, as well as the effective
use of levers of influence on the country’s economy.

1. Introduction

In the conditions of deepening transformational processes of development
and formation of market relations in the system of world economy all
branches of the economy of Ukraine undergo significant transformations
and reorientation.

Under the influence of internal and external factors, the market
environment is changing. Despite great resource potential, Ukraine fails to
gain leadership positions compared to economically developed countries.
Therefore, it is advisable to study the current state of Ukraine’s economy,
analyze the dynamics of key indicators, assess the place in the world
economy and find possible ways to improve the situation.

The concept of «investment attractiveness» is widely used in science.
Ithas its own specifics depending on the object that carries this characteristic.
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In order to determine the position of Ukraine in the world economy, it is
advisable to study its investment attractiveness at different levels, as well as
to compare it with other countries.

The relevance of the study of the investment attractiveness of Ukraine
is due to the growth of economic processes, the effects of economic crises,
and the global pandemic COVID-19 determine the need to manage its level
to expand markets and spheres of influence to attract foreign investment.
The high level of investment attractiveness of the country is the key to its
stable economic development.

The purpose of the study is to analyze the dynamics of the level
of investment attractiveness of Ukraine during 2010-2020 during the
COVID-19 pandemic.

The research is based on scientific methods, among which it is
expedient to distinguish: analysis and synthesis, comparison, idealization
and abstraction, as well as systematization and generalization — when
formulating conclusions as a result of the study.

The following domestic and foreign scientists were engaged in problems
on this issue and its research at different levels: Bandurin F., Berestovy K.,
Blank I., Bocharov V., Haidutsky F., Hutkevych S., Ivanov Yu., Kopul O.,
Korenyuk P., Mazaraki A., Nosova O., Pidlisetsky H., Epstein D. and many
others.

Despite thorough research of theoretical and methodological principles,
the effective use of rating indicators of economic development of countries
in the management system remains logically incomplete.

2. Economic development of Ukraine in 2010-2020

In modern business conditions and the intensification of competition,
the ability of an entity to attract investment, ie its investment attractiveness,
becomes important. It largely depends on the stability of the external and internal
environment, the efficiency of economic activity, the priority of tasks and so on.
The needs of modern society are growing rapidly; therefore, it is necessary to
carry out the economic development of the country at the same time.

Statistics show that Ukraine does not occupy the best position in the
world economy. In this regard, it is advisable to analyze the dynamics of
the country’s development during 2010-2020, consider the main trends and
identify possible causes of this problem.
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It is advisable to start with a study of trends in the gross domestic product
of Ukraine.

Figure 1 presents the dynamics of change in the volume of the gross
domestic product of Ukraine for 2010-2020 as a percentage of the
corresponding quarter of the previous year. Data for 2010 are presented
in constant prices of 2007, and for 2011-2020 — in constant prices of
2010 without taking into account the temporarily occupied territory of the
Autonomous Republic of Crimea, the city of Sevastopol and part of the
anti-terrorist operation zone.

2010 2011 2012 2013 2016 2017 2018 2019

% & A NV o v 2 o =
\

—
o

—
)

Figure 1. Dynamics of change in the volume
of the Gross Domestic Product of Ukraine during 2010-2020,
as a percentage, at constant prices of 2010 and 2016
Source: developed on the basis of data from the State Statistics Service of Ukraine [1]

The next stage of the study is the analysis of the dynamics of income
and expenditure of the population of Ukraine during 2010-2020. Detailed
dynamics of incomes and expenditures of the population of Ukraine during
2007-2016 confirms the positive trend of proportional growth of indicators,
which shows their stability and balance. However, we can not ignore the
inflationary processes in Ukraine, the crisis and the insufficient growth rate
of these indicators in the current economic environment, due to which, the
rate of change in income is quite low.
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It is also advisable to study the dynamics of the number of economic
entities in Ukraine during 2010-2019 to determine which sector of the
economy is structural in order to further influence it and adjust Ukraine’s
position in the world economy (Figure 2).

2183928

1974318 1941701
1932161 1865530 1205144 1839672

1701620 1722070
1600127

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Figure 2. Dynamics of change in the number
of business entities of Ukraine during 2010-2019
Source: developed on the basis of data from the State Statistics Service of Ukraine [1]

The presented information indicates a decrease in the number of
business entities in Ukraine during the study period. The largest number
was recorded in 2010 and amounted to 2183928 subjects. Since 2014, there
has been a gradual decrease in the number of business entities and only
since 2018 the situation has improved. Such dynamics is due to the crisis of
the economy and the increase in the number of bankrupt enterprises. Based
on statistics, it is found out that bankruptcy is one of the biggest problems
of the domestic economy.

We have determined that the structural sector of the domestic economy
is retail and wholesale. At the present stage of development in the total
number of economic entities of Ukraine, this sector accounts for the largest
share.

According to the State Statistics Service of Ukraine [1], in 2019 the
number of business entities was 1941,701 units. The share of retail and
wholesale enterprises is 46.9% (834159 units). Despite the constant
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reduction in the number of economic entities in Ukraine, the number of
enterprises engaged in wholesale and retail trade is increasing every year.
This indicates the transformation processes in the domestic economy and
the realization of the market environment.

We propose to pay more attention to the activities of trade enterprises.
Consider the statistics on the dynamics of retail trade, which includes the
retail turnover of enterprises (legal entities) engaged in retail trade, and
estimated data on sales of goods in the markets and individual entrepreneurs
(Figure 3).
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Figure 3. Dynamics of retail trade turnover in Ukraine
during 2010-2020, UAH million
Source: developed on the basis of data from the State Statistics Service of Ukraine [1]

It would seem that all is well, the retail trade turnover is growing every
year (except for a sharp decline in 2017 to 815344.3 million UAH, from
1175319.2 million UAH in 2016).

However, the dynamics of the index of the physical volume of retail
trade turnover indicates a negative trend (Figure 4).

According to the analysis of data on the structure of retail trade turnover
of retail trade enterprises in 2010-2020, it is expedient to distinguish food
and non-food products from among product groups. Among them, the share
of non-food products is higher throughout the analyzed period (Figure 5).
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Figure 4. Dynamics of the index of physical volume
of retail trade turnover of Ukraine to the corresponding period
of the previous year during 2010-2020, as a percentage
Source: developed on the basis of data from the State Statistics Service of Ukraine [1]
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Figure 5. Share of commodity groups of retail trade turnover
of retail trade enterprises in 2010-2020, as a percentage
Source: developed on the basis of data from the State Statistics Service of Ukraine [1]
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Thus, in the course of the research, we found that the largest share in the
structure of the total number of business entities of Ukraine is occupied by
trade enterprises. Therefore, it is expedient to direct reforms to it in order to
achieve the maximum effect reflected in the indicators of the characteristics
of Ukraine’s position in the world economy.

The analysis of statistical information in general shows transformational
shifts, however, in the conditions of the pandemic the positive dynamics
either has an insignificant level, or is absent at all.

3. Basics of the formation of investment attractiveness of the country
Assessment of investment market development is the basis for a
comprehensive approach to the analysis of investment attractiveness of
economic entities. The investment market is the area of investment objects
in all its forms, taking into account the conditions of investment activity at
certain stages of economic development of the enterprise, the economy, the
region and the country as a whole (Figure 6).

’ Investment attractiveness of Ukraine 5

’ Investment attractiveness of economic sectors

’ Investment attractiveness of the region

’ Investment attractiveness of an enterprise

Figure 6. Hierarchical levels of investment attractiveness

There are different approaches and methods for assessing investment
attractiveness, but all of them can be divided into three main groups [2, p. 60]:

1. Statistical approach. It is based on the analysis of statistical data on the
inflow of investments into the country’s economy. This approach is based
on the assumption that high statistics are the basis for the high investment
attractiveness of the economy. The disadvantage of this approach is the
inability to take into account all the factors that investors pay attention to.
At the same time, this approach is formalized and based on specific socio-
economic indicators.

2. Method of expert assessments. Using this method, the expert provides
his own assessment of the significance of indicators, ie selects the most
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important, after which the analysis of these indicators in the dynamics
is carried out and conclusions about the investment attractiveness of the
region are drawn. This approach is very often reflected in foreign investment
practice and assessment of investment attractiveness. The main advantage
of'the expert approach is the ability to adapt to the needs of specific investors
indicators and factors that are studied, as well as the ability to conduct an
in-depth analysis of the attractiveness of certain sectors of the economy.
At the same time, the significant shortcomings of the application of the
method of expert evaluations include the subjectivity of the evaluation and
the dependence of the conclusions on the positions of an expert.

3. Rating approach. When assessing the investment attractiveness of the
national economy, we can distinguish two types of this approach — rating-
analytical and rating approaches based on surveys. The most widely used
is the rating-analytical approach, which consists of the analysis of existing
indicators of investment attractiveness, their grouping and the formation of
an integrated indicator. This approach is easy to use and easy to interpret the
results of the study and is effective for analyzing investment attractiveness
at the macro level. A significant disadvantage is the difficult choice of the
correct method of calculating the indicators that will be taken into account
during the analysis. The rating approach based on surveys is based on a
survey of experts in the region, as a result of which an overall rating is
formed. This approach is often used by the world’s leading consulting and
analytical agencies.

Today, there is still no single methodology for assessing the investment
attractiveness of the country’s economy, which would be based on the
assessment of economic, social, political, regulatory and other factors of
influence. Therefore, to assess the investment attractiveness one needs to
use several methods in combination [2, p. 62].

To assess the investment attractiveness of industries, 1. Blank proposed
an integrated indicator calculated by summing the products of the rank
value of each synthetic indicator on its significance (as a percentage) in
making investment decisions [3, p. 86]. The Central Institute of Economics
and Mathematics (CEMI) has developed a method for assessing the
investment attractiveness of the industry, which is based on indicators of
return on assets used, industry development, its importance for the needs of
the economy [4, p. 128—-129].
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To assess the investment attractiveness of the region, the World Bank
proposes to use four main indicators: the size of the gross regional product
and fixed assets per capita, the characteristics of natural and human resources.
The high investment attractiveness of the region allows attracting large
investments for its development and guarantees profits for investors. The
investment attractiveness of the region can be determined by: favorable
geographical location of the region, the availability of the necessary natural
resources, cheap and skilled labor, developed infrastructure, market [5, p. 12].

S. Hutkevych proposed to use five groups of indicators to assess the
investment attractiveness of the regions: 1) assessment of the economic
development of the region; 2) assessment of the level of investment
infrastructure development; 3) assessments of the demographic
characteristics of the region; 4) assessment of the level of development of
market relations and infrastructure; 5) investment risk assessment [6, p. 44].

To assess the investment attractiveness of the regions, O. Stalinska
proposes to use the matrix method and the following indicators: population;
production growth; investment development; financial results; export;
payables; wage level; wage arrears [7, p. 68—69].

For each of these indicators, it is proposed to calculate specific, minimum,
maximum, normalized and reference values. By comparing these values of
indicators, the level of i