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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 %,
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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).
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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].
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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, %
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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).

80
70

60
50
40
30
20
10
0 ] ]

2016 2017 2018 2019

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



Chapter «Biological sciences»

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.



Chapter «Engineering sciences»

BIIX) N—:-mr—@—._d——%vhuc——n-:.-w:Qmﬁv:.—%e ‘€ dud

oy o n‘mﬂ /o0y LTy M_.w/ Loy £oTy \méﬂ LAY /o5y _\n.nﬂ 7oy /oy ey 2oy ety suueafdon
LIV ATV ANTV .S B AT ACTV ATV EAVTIF ATV AT \CTTANTTANGY A REVACTY ATV REVANCTY) QL TERET
IN2IN BH
6 weumdy
| _ T _ |
Zl 6 143 s 9bveE |7 €L}
v €Lz L
an (@w) (aL) {(ao)
\\ A
‘UuweroLd - ||X A
‘BHHALILIB00 ULINEL - |X l \\ﬁ
‘dOLBLNLHEE WMHEMLLNAU - % Nz N\ v/ N/ N Nz
‘AauLoL BINSLOWD - ¥| \M
‘ALHAd) TR
BWSLOUD BHALBEOILIELIO - |IIA ¢ @ O md
‘A8ULIOU MWD1IWMD BUWOLU - ||/ =
'dOLBUMLHEE UMHXELWE - |A z
‘BHHadog1foHEWAL . O Fa 8
MINSLIND BLINOL - f T
‘BHHadogaLAOHEWAL BNSLOWD - A| a\\ ']
| ] /

‘dachndouexnodiaua - |||
‘eshwedd - ||
‘BNMUUaL - |

. 1x

51



52

Svitlana Gaydukevich, Nadia Semenova

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



Chapter «Engineering sciences»

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;



Chapter «Engineering sciences»

— 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
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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.

91



92

Oleksandr Cherkashyn, Sergii Shcherbak

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



Chapter «Agricultural sciences»

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)
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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

115



116

Liudmyla Biliavska, Yurii Biliavskyi

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




Chapter «Agricultural sciences»

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].

125



126

Sergey Vyshnevsky

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

129



130

Sergey Vyshnevsky

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 suitabl