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Annotation. The article presents the results of two experiments with winter barley conducted during 2015-2019yrs on Southern Chernozem
in the conditions of Steppe of Ukraine with a number of zoned varieties of this crop. The optimal sowing period, the best varieties, prepara-
tions for pre-sowing optimal sowing period, the best varieties, preparations for pre-sowing treatment of seeds and sowing of plants in the
main periods of vegetation were determined. It was established that when choosing a variety, sowing period and optimization of nutrition,

winter barley would be able to form a grain yield at the level of 5-7 t/ha.

Keywords: winter barley, varieties, growth-regulating preparations, sowing period, harvest.

Introduction. Ukraine is known in the world as one of the
most powerful grain producers and an active participant in
the export grain market. In our country it is formed the gross
yield of grain by winter crops primarily, which provide high-
er productivity compared to spring cereals. The greatest
production value in Ukraine belongs to soft wheat, rye, triti-
cale, hard wheat and barley. Each of these winter wedge
crops occupies a certain niche in the economy of farms, it
has its positives and disadvantages. Again, every year there
is a market demand for a certain amount of grain production,
of course their demand dictates the price policy for grown
grain, which in the context of crops can vary significantly
over the years. This is partly due to the state of strategic
planning of areas under crops, including winter crops, which
is especially evident in recent decades.

A brief overview of publications on the topic. The sta-
bility of the grain complex is an extremely important aspect
of management and it should provide for the selection of
crops, technology elements and their adaptation to the condi-
tions of a certain zone, including in adverse weather and
climatic factors [1].

A number of scientists and breeders who had conducted
studies with winter cereals, found that modern varieties with
high genetic yield potential for a different way to implement
it, as it depended on the year conditions, biological character-
istics of the crops, varieties, elements of the technology [2,3].
The productivity of winter plants significantly depends on
the conditions of overwintering. Thus, according to studies
with winter wheat, which is more resistant to low tempera-
tures compared to barley, in years with severe winters, the
yield of middle — winter varieties compared to hardy ones
decreases by 17.4-25%, and the yield of low-winter varieties
decreases by 53.0 and up to 89.7% [4].

It is known that from all winter grain crops barley is the
most sensitive to adverse conditions of overwintering, it
withstands frosts at the depth of tillering node in the range of
minus 11-13°C. This temperature is critical to the freezing of
this culture, through which winter barley is allocated small
areas. Given the high level of freezing of winter barley,
researchers advise most areas of winter grains in the condi-
tions of the left-bank Forest-Steppe of Ukraine to place to
wheat, rye and triticale, and winter barley would occupy only
3-5% of the area [5]. However, winter barley has a high
productivity potential and under favorable growing condi-
tions it is able to form high levels of grain yield compared to

the most common winter wheat. It is successfully cultivated
in many European countries, the USA and in the Western
regions of Ukraine [6].

In studies conducted in different regions of Ukraine, it
was justified the importance of selecting the sowing period,
as it was in close connection with the thermal regime, which
determined the success of growth and development of winter
barley plants during the autumn growing season — the first
stage of organogenesis. The provision of plants with mois-
ture also significantly depends on the sowing period, as the
accumulation of thermal energy in combination with a suffi-
cient amount of precipitation affects on the state of plant
seedlings, their development and the risks of their damage
and loss during the winter [7,8].

Purpose of research. Given all the outlined and changes
in climatic conditions which occur in the direction of mitiga-
tion and warming, as well as the ability of winter barley to
form a high level of grain yield in favorable years of cultiva-
tion, we decided to take this crop for research and improve
its basic agricultural techniques of cultivation, which would
significantly increase its productivity and reduce the risks of
freezing.

Materials and methods. The study was conducted dur-
ing 2015-2018yrs in three-factor experience in conditions
and terms of Velykooleksandrivskiy district, Kherson region
with varieties of winter barley Dostoiniy, Snigova Koroleva
and the Devyatiy Val of the study three dates of sowing with
the purpose of establishing frost hardiness and winter hardi-
ness of culture depending on the factors, as well as in two-
factor experience in 2016 — 2019yrs, held in the educational-
scientific-practical center of Mykolaiv NAU with four varie-
ties of winter barley Dostoiniy, Valkyrie, Oscar and Jason, it
was studied their reaction to optimization of nutrition on
resource-saving principles to increase yield and improve
grain quality. Full schemes of experiments are given in the
corresponding tables.

Soil surface - southern middle loam Chernozem. In both
experiments, for study it was taken the nutrition of winter
barley plants. This factor significantly affects the yield and
quality of grain, the accumulation of sugars in the tillering
nodes, on which the conditions of overwintering of the crop
depend.

The repetition in both experiments was fourfold. The
seeding rate was about 200 kg/ha at the rate of 4.5-5.0 mil-
lion pieces/ha.

©| V. V. Gamayunova, M. I. Fedorchuk, A. O. Kuvshinova, V. V Nagirniy 2019
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Results and their discussion. When growing winter bar-
ley varieties, we first of all determined the temperature re-
gime and soil moisture in the years of research, which dif-
fered, including depending on the sowing period (table. 1).

Table 1. Soil moisture and temperature at different sowing times of
winter barley (average over 2015-2017yrs)*

sowing period| Soil moisture, % HB | Air temperature, °C
0-20cm | 20-50 cm Actual  |Perennial
temperature| norm
1%t decade of| 80,0 79,6 175 141
October
2" decade of| 87,3 81,2 12,5 11,0
October
3 decade of| 78,3 80,0 11,0 9,7
October

*In another experiment sowing of barley was provided by zonal
recommendations1® decade of October

The data of Table 1 show that the moisture reserves in the
soil layers 0-20 cm and 20-50 cm on average, are the highest
as determined by sowing in the 2nd decade of October. The
temperature regime with the shift of sowing periods decreas-
es, but in the years of research it was higher compared to
long-term indicators for the same period. So, if according to
long-term observations, the average daily temperature in the
2nd decade of October was 11°C, then it was the same in
fact during the experiments on sowing of winter barley in the
3rd decade of October. This indicates some warming of the
climate, which has taken place in recent years in the southern
Steppe of Ukraine, and therefore for obtaining of full shoots
and normal hardening of winter barley plants, it is necessary
to determine the duration of warm days and the total amount
of positive temperatures until the end of the autumn vegeta-
tion and the entry of plants into winter.

Climatic conditions and the studied factors in the years of
cultivation affected on the yield levels of spring barley grain
(table. 2).

As defined by the research, regardless of the biological

Grain vield, t/ha
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characteristics of varieties and pre-treatment of seeds with
micronutrients, the low productivity of barley was obtained
in last sowing in the 3rd decade, and the highest productivity
of barley was obtained in second period of sowing 2nd dec-
ade of October.

Table 2. Winter barley grain yield depending on varietal character-
istics, micronutrients and sowing time (average over 2016-18yrs),
t/ha

Variety Treatment of Sowing time (factor C)
(factor A) seeds 1t decade | 2 decade | 3" decade
(factor B) | of October | of October | of October
Control (water 5,36 5.29 4,87
treatment)
Dostoini Mifosat 1 5,86 5,97 5,25
Y [Chelate-combi | 5,89 6,24 5,37
Mifosat 1 +
Chelate-combi 6,28 644 557
Control (water 568 6,03 510
treatment)
Devyatiy |Mifosat 1 6,14 6,30 5,60
Val Chelate-combi 6,40 6,59 5,96
Mifosat 1 +
Chelate-combi 6,63 6.84 6,25
Control (water
treatment) 5,62 5,98 5,09
Snigova  |Mifosat 1 6,00 6,24 5,47
Koroleva |Chelate-combi 6,25 6,50 5,74
Mifosat 1 +
Chelate-combi 6,59 6,70 6,12
HIPos (t/ha) over 2016-2018 yrs by factors: A — 0,18-0,19; B -
0,19-0,21; C - 0,18-0,19; ABC - 0,21-0,23

Of the studied varieties, a lower yield was formed by the
winter barley variety Dostoiniy. This is clearly illustrated in
Fig. 1, from which someone can see the advantage of the
Devyatiy Val variety and the value of processing winter
barley seeds before sowing with trace elements. The effec-
tiveness of this factor significantly depended on the sowing
period.

7 -
6 | T e
5 - i o
4 - 4 G
3 - e ] i
2 e s

T e e o]
1 - e | 5
0 e e gt

Worthy The ninth | The Snow Worthy The ninth | The Snow Worthy The ninth | The Snow
shaft Queen shaft Queen shaft Queen
| Sowing time | Il Sowing time | Il Sowing time |

Fig. 1. Influence of sowing period and pre-sowing seed treatment on grain yield of the investigated winter barley
varieties (average for 2016-2018), t/ha

Notes: E Control (seed treatment with water) E Microfertilizer seed treatment (average for all variants)

Thus, on average for the studied varieties and variants of
pre-sowing seed treatment, for sowing in the 1st decade of
October, the yield of winter barley grain increased from 5.17
t/ha (in the control when processing seeds with water) to
5.88 t/ha (when processing seeds with trace elements), or by
13.7% to the control. Sowing in the 2nd decade of October,
the following indicators were: 5.63; 6.30 t/ha and 11.9%, and
in the 3rd decade of October: 5.56; 5.79 t/ha and 4.1%, re-
spectively, or for the last period, the increase in grain yield
from this factor was the smallest for the duration of the au-
tumn vegetation of plants before their entry into winter.

Studies found that the higher yield was characterized in

2017yr, and the lowest one was in 2018yr. In all the years of
research, the stable yield was formed by the Snigova
Koroleva variety, which in comparison with the Devyatiy
Val and Dostoiniy was more plastic, this variety also re-
sponded well every year by increasing the yield on the pre-
sowing treatment of seeds with trace elements.

In the following experiment to determine the effectiveness
of foliar fertilizing of winter barley plants with growth-
regulating drugs in the main periods of vegetation, their
importance in increasing the grain yield of four varieties of
this crop was established (table. 3).
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Table 3. The grain yield of barley under the influence of growth-
regulating preparations, t’ha

Variety Variant of nutrition|201712018[2019] 2017- It was determined that the ability to form yields from

(factor A)  |(factor B) yr | yr | yr | 2019yrs lower one to higher one as without fertilizing with growth-

Dostoiniy ~ |Control (water|4,86|3,16(3,88| 3,97 regulating drugs, and for their use, on average for three
treatment) years, the studied varieties of winter barley were distributed
Azotophyte | 5,2613,88(452| 4,55 as follows: Dostoiniy, Jason, Oscar and Valkyrie. However,
Azotophyte I+1l 5,59|3,97|4,83| 4,80 according to the potential of productivity in the 2017 favora-
Micofrend | 521]3,79(427] 4,50 ble year, it was the Dostoiniy barley variety which differed,
Micofrend 1+l1 546(3,84|450| 4,60

the plants of which after the resumption of the spring vegeta-

Melanoris | 4891359/4,16] 4,21 tion per unit area were determined more, compared to other
gg:ﬁﬁi'ﬁ!@:fce. 4'?4 g’gi’ j’% j’gg varieties taken for study. In the following years, and espe-
Organic-balance 1405506 256 cially in the 2018 least fa\_/orable year it formed the unstable
1+ ’ ' ' low _ylelds that characterize the grade as a decent enough
Valkyrie  |Control  (water|4,64(3,22[4,96] 427 plastic one. . _ e .
treatment) From the preparations taken for foliar fertilizing of winter
Azotophyte | 493(4,49(587| 510 barley plants, Azotophyte and Organic balance were deter-
Azotophyte 1+11  [524|454]6,14] 531 mined more effectively, which allow to increase the grain
Micofrend I 4,89/4,03|564| 4,85 yield by double treatment of sowing by 0.82-1.04 t/ha and
Micofrend I+11 512|4,16|5,88| 5,05 0.59-1.36 t/ha in the context of varieties, respectively, com-
Melanoris | 4,78|3,54|528| 453 pared with treatment of plants with water.
Melanoris 1+11 491|386(559| 479 The effect of modern drugs which were taken for study,
Organic-balance | | - |475]599| 537 more significantly manifested by double treatment of sowing
Organic-balance | - |504|623| 563 plants, compared with one treatment in the phase of spring
I+1 tillering. It was established that a considerably large increase
Oscar tC:OTrO' X (water| 4,3113,9615,20| 4,49 of the crop enables the use of Azotophyte and Organic bal-
;\ii{ggﬂ;tel 481145416111 515 ance compared to I\/Iicofrend and Melgnoris. All of this can
Azotophyte 111 50312641625 531 be observed according to figure 2, vyhlch allows us to argue
Micofrend | 4:54 4:37 5:84 4:92 about the advantages of more effective drugs for foliar ferti-
Micofrend 1411 487452628 522 lizing winter barley plants and the number of nutritions.
Melanoris | 441]4,08[573] 4,74 Conclusions. For increasing the production of winter bar-
Melanoris 1+11 446|424|588 4,86 ley grain in the southern Steppe of Ukraine it should grow
Organic-balance | | - [4,71]6,17| 548 barley varieties such as Snigova Koroleva, Devyatiy Val,
Organic-balance - 1491(6,29| 5,60 Valkyrie and Oscar.
1+l Sowing should be carried out in the 2nd decade of Octo-
Jason Control  (water|4,09/3,36|4,31| 3,92 ber with a seeding rate of 4.5-5.0 million pieces/ha.
treatment) Before sowing of winter barley, its seeds should be treat-
Azotophyte | 4,3413,85/4,94] 438 ed with micronutrients Myfosat 1 with Chelate Combi,
Azotophyte I+Il |4,82|4,15/526] 4,74 which, depending on the sowing period and varietal charac-
Micofrend | 423/3,781484] 4,28 teristics, allows to increase productivity up to 14.5%.
mgz:oer?gl““ ?1"11; g’gg i’gé i’ég Dyrin_g the growing season ip early. s_pring tillering and
Melanoris 1411 4‘19 3'96 4’82 4’32 stc_Jollng it should conduct th_e foliar nutrition of barley plarjts
Organic-balance | = 4‘26 5’3 7 4’80 with modern growth-regulating drugs Azotphyte or Organlc—
Organic-balance " 4: 29 5: 9 4:99 balance rate of 200 g/ha at the norm of working solution of
1+l 200 I/ha, as it increases grain yield by 1.04 up to 1.36 t/ha,
HIP 05, tha by factor A|0,17[0,11[1,19 and in the single treatment (only in the first phase) it increas-
by factor B[0,14(0,16[0,17 es grain yield by 0.83 up to 0.99 t/ha.

by factors AB|0,19(0,21 (0,21

Grain vield. t/ha ‘ ]
7 ﬁi 6,07
1 ’
6 {43623 4,98 4,96 4,69 5,2 5,03
. 4,56 || 4,64 43 43 4,38 4,36 4
> T 3,83[]3, . ' 3139 4,09 3,99 4
4 - 3, 3,22 3,
3 4
2
1 4
2017 | 2018 | 2019 | 2017 | 2018 | 2019 | 2017 | 2018 | 2019 | 2017 | 2018 | 2019
Worthy L Valkyrie . Oscar L ~__Jason |
Fig. 2. The value of the regregulatory drugs in the yield increase of grain of winter barley varieties in the years of

researches (average on preparations), t/ha
Ccontrol (water treatment) B Treatment with drugs
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AHoTanis. 3a J0NMOMOT0I0 OPHUTIHAIBHOTO IPOTPAMHOTO 3a0€3IeUeHHS BISIBICHO TPY CKJIAJOBI B KiHETHII HAPOCTAHHS KPUBOT IHIYKIiT
¢uryopecreHIii JTUCTKIB 03uMoi mueHuii. OTprMaHi aMIUTTY/JHI Ta YacoBi XapaKTEPUCTHKH IIMX KOMIOHEHTIiB. [IpoBeneHo cmiBcTaB-
JICHHSI OTPUMaHHUX KOMITOHEHTIB 3 TPhOMa BiJOMUMH KOH(IrypawisiMi KOMILIEKCIB CBITI030HpanbHOi anTeHH Gotocuctemu 1. TTokasza-
HO, [0 3MiHH IIUX KOMIIOHEHTIB IIPU CTapiHHI Ta 3a Aii KOPOTKOYACHOTO NPOTPIBY BIAPI3HAIOTHCS y COPTIB Pi3HOI CTIMKOCTI.

Knrouoei cnosa: Triticum aestivum L., o3uma nuienuys, indyxyis gryopecyenyii xa1opoginy, KOMROHeHmu KiHemuKy HapOCMAHHA.

Beryn. ®otocucrema II (OCII) sBnsie coboro KitodoBHN
MaKpOMOJIEKYJISIDHUIT MeMOpaHHUI CYNEepKOIUIeKC, SKUH
3OIMCHIOE PO3IICIICHHST MOJEKYJT BOXM W BHAUICHHS
KHCHIO y mporieci ¢otocuHTe3y. Lleit kommueke 3aiimae
Ba)XJIMBE Micle B OpraHizamii yJIbTpacTpyKTypH XJIOpO-
IUIACTIB, 3aBISIKHU SKiH 37IHCHIOETHCS TIEPBUHHMHN ITPOIIEC
¢dorocuntesy [1]. Cyneprommuiekc ®CII € ocobmnuBo
YyTIMBHUM JI0 TaKUX (haKTOPiB 30BHIIIHBOTO CEPEIOBUINA
SIK MIBHINCHA TEMIIEpaTypa Ta HAJIHUIIKOBA IHCOJISIIIS
[2]. B ocTanHi poKH BCTaHOBJICHA CKJIaIHA OpraHizarlis
LLOT'O KOMIUIEKCY, 3aBISKH YOMY MOXYTh pealli3oByBa-
THCS MEXaHi3MH 3axucTy Bim crtpeciB [3]. AHTeHHUIA
komiuieke OCII mictuts Tpumepu Chl a/b Gunkis, siki mo-
pi3HOMY 3B’s3aHi 3 KOMIUIEKCOM pEaKIliifHUX IeHTpiB. B
IUTOLIMHI MEeMOpaH! T'paHAIBHUX THJIAKOIIiB OJHOYACHO
MPUCYTHI aHTeHHI KomIurekci tumiB C2S2, C2S2M i
C282M2, ne C — xOMIDIEKC peakIiitHux meHTpis, S i M -
tpumepu Chl a/b OinkiB pi3HHX THITIB B CBITIIO30HpaNBHIT
aaTenHi @OCII [4]. fAxmo BBaxkaTH, mo mi KoH(}Irypamii
BianoBigaroTh koMmiuiekcam DCII 3 pisHEM po3Mipom
aHTeHH, TO B KIHETHYHMX KPUBHX 1HAYKUII (yopecieH-
uii MpOBUHHI OyTH NPHCYTHIMM BIAMOBIJHI CKJIaJOBI.
Opep)kaHHs JaHUX PO I1X CIHIBBIIHOMICHHS MpPUHECE
HOBITHIO 1H(OpPMALIiI0 PO CTAaH aHTEHHW, TAKOX HAJIAcTh
MOXIJIMBICTh PO3POOKH OPUTIHAIBLHOTO MiIXOY JUIsl [IBU-
JIKOTO BWSBIICHHs opradizanii komrurekciB @CII B meM-
OpaHax XJIOpOIUIacTiB. XapakTep Ta TIMOWHA 3MiH Y CTaHi
AHTEHH, IHIYKOBAaHMX KOPOTKOYACHHM IIPOTPIBOM MO-
KYTh MIPUHECTH 1H()OPMAIIiI0 00 YYTIHBOCTI MEPBUH-
HOTO TIPOIIeCy 10 il cTpecy.

Metoro po0OOTH € BH3HAYCHHS CKIIAZOBHUX B KiHETHII
HApOCTaHHS KpUBOi IHAYKUIT (uiyopecueHmii JUCTKIB
03MMOT MIICHUIII Ta OJEpPXKaHHS iX aMIUTITYJJHAX Ta 4aco-
BUX xapakTepucTuk. [IpoBenenns inenTudikamii orpuma-
HUX KOMIIOHEHTIB Ta JOCIIKCHHS iX 3MIHH TPU CTapiHHI
Ta 3a Jii KOPOTKOYACHOTO MPOTPIBY Yy COPTIB O3MMOI
TIIEHNL] Pi3HOT CTIHKOCTI.

CknaioBi B KIHCTHIII HAapOCTaHHS KPHUBOI I1HIYKIIiT
¢uryopecuennii snmcTkiB  o3uMoi mmeHnni. OTtpuMani
aMIUTITYIHI Ta YacOBi XapaKTEPUCTUKU IINX KOMITOHEHTIB.
ITpoBeneHo cHiBCTAaBIEHHS OTPUMAaHUX KOMIIOHEHTIB 3
TpbOMa BIIOMUMH KOH(DIrypalisiMi KOMIUIEKCIB CBITJIO3-
oupanpHoi anTteHu portocucremu II. [Tokazano, 1m0 3MiHH
IIUX KOMIIOHEHTIB IIPH CTapiHHI Ta 3a Jiil KOPOTKOYAaCHOTO
MIPOTPiBY BiJPI3HAIOTHCS Y COPTIB Pi3HOI CTIHKOCTI.

Martepiaau Ta metoau. s nocmipkeHs BUKOPUCTaH]
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naBa copti ozumoi muenuni Opechka 267 Tta Ilepmuna
Jlicocreny. Lli copTn MalOTh HACTYIHI XapaKTEPHUCTHKU.
Opnecrka 267. CopT mpoimoB aep>kaBHE BAMIPOOYBaHHSA 1
3aHECEHHH 10 PEECTPy COPTIB POCIMH INPHAATHHUX IS
momupeHHs B Ykpaini 3 1997 poky. 30Ha palioHyBaHHS -
Cremn, Jlicocrenr. Copt cepemabopociuii. biomoriani
O3HAKH: MOPO3OCTIMKICTh BHUCOKa - 93% KHMBHX POCIHH
micias npomopoxyBanas nipu -20°C (y crapmapty Omechb-
ka 51 - 68%). HanexuTth 10 CepeJHbOCTHININX COPTIB.
XKapo-nocyxocriiikicts 8,5-9 6anis. I[lepauna Jlicocremy.
CopT npo#moB nep>kaBHEe BUITPOOYBaHHS 1 3aHECEHUIT /10
pEeECTpY COPTIB POCIMH NPUAATHUX AJIsl MOLIMPEHHS B
VYxpaini 3 2002 poxy. 3oHa paiionysanns [lomices i Jlico-
crenn Ykpainu. ['ocmomapceka i OiooridyHa XapaKTepuc-
TUKU. BucokoBpoxaiiamii 44,3-75,2 1/ra, cepeqHbOCTHT-
muii. Bereramiitauit mepiox 280-285 mniB. Mopo3o-, 3u-
MOCTIHKICTh cepenHs - 4 0amu. Kapo-TocyXocCTiiKicTh 5-
6 Gais.

Pocnuay 03uMOI MIIEHWIN BUPONIYBAINCH HA JOCIIA-
HUX AUsiHKax [HetuTyTy @izionorii pocnus i ['eHeTHku
HAH Vkpaiuu. I'pyHT - cipuil JIepHOBO-III30JIECTHIA.
Buecennst NPK - cranmapTHe 3a TEXHOJIOTIE€I0 BHPOIILY-
BaHHA. 3pi3aHi JIMCTKU MINEHUIl MPOTPIBaIM y TeMpsBi
npotsiroM 5 xB npu temmeparypax 30 i 45°C, micist yoro
NPOBOJIMIIM BUMIpPIOBaHHS THIYKLIT (uiyopecueHmii XJjo-
podiny y KOHTPOJIBHOMY Ta IPOTPITHX JINCTKAX 3a CTaH-
JApTHOI0 METOIUKOIO Ui TECTyBaHHSA (POTOXIMIUHOL
ATUBHOCTI 3a MapaMmeTpaMu iHAyKiiitHoi kpuBoi [5]. s
omiHkA cTa”y aHTeHH ®C2 KOHTPOJBHI Ta MPOTPITI TUCT-
ku iH}impTpyBamu y 0,01 M pozurmai DCMU mpotsrom 3
TOJIMH, Ta Ha IUX JHCTKaX BHMIPIOBAIM 1HIYKIIIO (iyo-
pecuenii xyiopodiny. OnepkaHi iHIYKIiHHI KPUBI PO3K-
Jajaid 3a CIHeliaJbHUM aJTOPUTMOM Ta PO3pOOJIEHOIO
TPOIIEAYPOIO MiATOTOBKH EKCIICPUMEHTATBHHUX TaHux [6].
[Ticnst BUMIpIOBaHHS IHIYKUIHHMX KPUBUX HPOBOJIMIIN
BH3HAYEHHS BMICTy XJIOPO(DITYy Yy HOCTIUKEHHUX JIUCTKaX
32 BUMIPIOBAaHHSM ONTHYHOI TYCTHHH Ha JIBOX JTOBXHHaX
XBWIIb Ha criekTpodoromerpi “Spekord 200” Analytikjena
(Himeuunna) 3a metonukoro Wellburn [7].

Bionoriyna ta aHamiTHYHA TTOBTOPIOBAHICTH JOCTIIIB —
TpUpa3oBa.

PesynbTaTn Ta 00roBopeHHsi. Po3KianeHHS iHIYK-
LifHIX KPUBUX 3IiHCHIOBAIIN 32 OPUTiHAIBHUM aJTOpPUT-
MOM, pO3pobJeHNM cIiBpoOiTHHKaMU [HCTHTYTY (i3ukn
HAHVxkpainn, sxuii OyB afanToBaHUI HaMHU 10 BUBYEH-
HSl KOMIIOHEHTHOTO CKJIaJly KIHETHMKHM HapOCTaHHS KPHBOT
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inaykuii - QayopecueHuii  xmopodiny. 3aBISKH IOMY
BAJIOCSI BUSIBUTH TP CKJIQJOBHX y KIHETHII 3pOCTaHHS
curHay (UIyopecleHii BiJi IOYaTKOBOTO PIBHS IO Mak-
CHUMAaJIBHOTO.

Po3knaneHHs1 KIHETHKH 3pocTaHHsl cUrHaiy ¢iyopec-
[eHMii 3a po3po0IeHO0 MPOIEAYPOIO JTO3BOIIIIO BHIBH-
TH TPH CKJIAJIOBHX, IO BiIMOBINAIOTH TPHOM ITyJIaM CBIT-
no36upanpHOTO KoMIiekcy B aHTeHi OCII. B Tabmmmi 1
MTOKa3aHi BiTHOCHI BEJIMYMHH BHECKY KOKHOTO KOMIIOHE-
HTa JI0 aMIUTITY/Ii CUTHAIY T4 BEJIMYMHU YaCOBOI KOHCTA-
HTH.

Ta6auns 1. BiqHOCHI BHECKH Ta 4acOBi KOHCTAHTH OKPEMHX
CKJIaJIOBUX Yy KIHETHKY 3pOCTaHHS CHTHaIy (IIyopecIeHIil
JIACTKIB Pi3HMX COPTIB muIeHuni y ¢a3ax KymenHs (1) Ta Mojo-
YHOT CTUIJIIOCTI (2).

Copr o B y Bwicr Chl |Chl

A.|t,c |A. |t,c |A.|t,c |mg/dm2 |a/b
% % %

Ilepnuna

Jlicocremy

1 70 (0,29 |25 (0,06 {4 |0,01 |4,71+0.40(3,52

2 620,44 |32 |0,09 [6 |0,006 [6,91+ 0.40)3,34

Opnecpka 267

1 7010.28 |22 0,06 |4 |0,009 |4,27+0.40|3,91

2 710,26 |21 |0,06 |7 ]0,007 [5,24+0.40)3,54

3 tabmumi 1 BUOHO, IO CIIBBITHOIIEHHS MK TphoMa
KOMITOHCHTAaMH aHTEHH 3MIHIOETHCS AJISI KOXKHOTO COPTY
B 3aJIe)KHOCTI Bi hazu po3BuTKy. HampsiMok 3MiH pizHHIA
Ui nBox coprtiB. [t Onecbkoi 267, - e He3HayHe 30i-
JIbIICHHS! KOMIIOHEHTY 0 Ta 3MEHIIIEHHSI KOMIIOHEHTY f3, a
quist [lepnuun Jlicocreny - 1e 3MEHIIEHHsT KOMIOHEHTY 0
Ta 30UIbLIEHHS] KOMIIOHEHTY [3. BennunHa 3MiHUM BigHOC-
HHUX BHECKIB BIJIPI3HSETHCS IS pi3HUX copTiB. Criocrepi-
Ta€ThCS 3MiHA YaCOBMX KOHCTAHT KOMIIOHEHTY o. Hamps-
MOK 3MiH pi3HHH. BenmunHa 11i€i KOHCTAaHTH 3MCHITY€Th-
cs i copty Oneceka 267 Ha 7%, a ans copty Ilepnuna
JlicocTery wacoBa KOHCTaHTa 301TBIIyETHCS B 1,5 pasa.

3 mitepaTypH BimoMo, 1o HaWOuTeIy Qpaximito B TH-
nakoinnux memOpanax Arabidopsis thaliana cknamarots
cynepkomiuiekcu PC2 y konodirypanii C2S2, 3HauHO
MeHIly KoMmriuiekcu koHdirypauii C2S2M u 30BciM He-
3HaYHYy - KOMIUIekcH Kou¢iryparii C2S2M2 [8]. Cmis-
BIJTHOIICHHS BEJIUYMH MyJiB IUX Komriuiekcis 1/0,2/0,13
(8/2/1). PospaxyHku 3a jgaHumu Tabnuni 1 criBBigHO-
IIeHb BHECKIB TPhOX aHTCHHUX KOMIIOHEHTIB o, P # y [uIs
TinakoiniB mueHuni (Tab. 2.) Omu3pKki IO HABEJCHHX Y
niteparypi. Ciuparouuch Ha I JaHi MOKHA IIPHUITYCTUTH,
10 KOMIIOHEHTH o, [} i Y MOXYTh OYTH CITiBCTaBJICHHI 3
xomrrekcamu C2S2, C2S2M i C2S2M2. Toxai MokHa
BBA)XaTH, IO NPH CTAPiHHI POCIMHH 3MIHIOETHCSI KOHCT-
PYKLisT MeMOpaH THJIAKOI/iB, MPUYOMY MO-Pi3HOMY JUIsi
PI3HHX COPTIB.

Ta6auns 2. CriBBiIHONIEHHS BHECKIB TPHOX aHTEHHUX KOMIIO-
HEHTIB o, [ i y JJ1s TUIIAKOI/IB MIIEHHUII PI3HUX COPTIB MIICHH-
1 y ¢asax kyuieHss (1) Ta MosouHoi cturiocri (2).

CoprH Cniesigaomenns | Bmicr Chl | Chi
a/Bly mg/dm? | a/b
TMepsuna Jicocremny

1 1/0,36/0,06(16/6/1) 4,71 3,52

2 1/0,52/0,10(10/5/1) 6,91 3,34

Opnecbka 267
1 1/0,30/0,06 ( 4,27 3,91
2 1/0,30/0/0,10 5,24 3,54
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JlonaTkoBuili aprymeHT Ha KOPHUCTbH 3alpOIOHOBaHid
iHTepIpeTalii KOMIIOHEHTIB IHAYKIIHHOI KPUBOI SIK THX,
IO HAIEKaTh TPHOM KOH(]IrypamisiM CyNepKOMIUICKCY
®C2, nae cmiBCTaBiIeHHS 3MIHUM BMICTY 3arajbpHOrO XJIO-
podiny Tta cmiBBimHOmenHs Chl a/b, mo BigOyBaeThCs
IIPU CTapiHHI POCNIHUH i3 CIiBBiIHOIICHHSAM KOMIIOHEHTIB
aHTCHU.

3 Tabmumi 2 BUOHO, MO OUTBII BHCOKOMY BMICTY XJIO-
podiny y crapmmx pocIMHAX BiINOBITarOTh MEHIII 3Ha-
gerHs Chl a/b. lle o3Hawae, mo 3pOCTaHHSA BMICTY XJIO-
podimy BimOyBaeThCS EpEBaKHO 32 paXyHOK 301TBIICHHS
Chl a/b cBiTno3buparouoi anrenu. [lpu nmpomy crocrepi-
Ta€ThCS 3POCTAaHHSA BIIHOCHOTO BHECKY [} KOMIIOHCHTY
KIHeTHYHOI KPHBOI, IO 32 MPHUIYIIEHHSIM O00yMOBICHHUI
C2S82M koHirypamiero anTeHHoro komrmiekcy DCII,
T00TO KOMIUIeKcoM Ounbin 36arauernm Chl a/b Oinkamu.
[IpuyoMy ciim BiAMITHTH, IO JUISA JIUCTKIB MIIEHUIN COp-
Ty Ognecbka 267 BinOyBaeTbcs 301IBIICHHS HE KOMIIOHEH-
Ty B sk 1 copry Ilepnuna Jlicoctemny, a KOMIIOHEHTY Y,
SIKUH Biamosinae koHpiryparmii C2S2M2. Ile o3Hauae, mo
xapakTep mepe0yI0BH MeMOpaH THIIAKOiNiB P CTapiHHI
MOJKe BiIOyBaTHCs y pi3Hiit crocio.

Ta6muust 3. 3MiHM KOMIIOHEHTHOTO CKJIaAy KIHETHYHOI KPUBOT
(iryopeceHii, 1o BUKINKAIOTHCS IIPOTPiBOM JIMCTKIB HIICHH-
1li (JINCTKH 3 pOCIUH Y (a3i MOJIOYHOI CTHTIIOCTI).

Copt o B Y
A% |tc|A%|tc|A%]|1cC
Ilepnuna micocremy
KOHTP. 62 (0,44 32 |0,09| 6 (0,006
nporpis 30 50 (0,60, 41 |0,11| 9 0,006
nporpis 45 68 [0,69| 32 |007] O 0
Opecebka 267 xoutp.| 71 |0,26| 21 (0,06 7 (0,007
mporpis 30 69 (0,33| 25 (0,08 5 0,007
mporpis 45 43 | 12| 47 [913| 9 0,007

[TporpiB AMCTKIB MIICHUI NMPH PI3HUX TeMIEpaTypax
TaKoX BHKJIMKae nepeOyJOBU oprasizaiii MmemOpaH. Xa-
pakTep 3MiH y CKJIaJi KOMIIOHEHTIB IHAYKI[IHOI KPUBOI
BiAMiHHMH y pisHux copriB. [ns Ilepaunu Jlicocremy
JIOJIs. KOMIIOHEHTY 0 3MeHInyeTbesi pu mporpisi 30°C i
30uIbIIy€eThCst Tpu nporpiBi npu 45°C. B KOMITOHEHT
HaBIAKU 30UIBIIYETHCS MPH MOMIpHIN TeMIeparypi mpo-
IpiBy Ta 3MEHIIYETHCS MPH BUCOKiH. ToOTO crocrepira-
€TBCSl TIEBHA A/JIMTHBHICTH 3MiH IIMX KOMIIOHEHTiB. [ls
Opecekoi 267 BigOyBaeThCs MAMIHHA KOMIIOHEHTY O,
KOMIIOHEHT 3 301TbITY€ThCA.

Onwucani 3MiHA y CKJIaJi KOMIIOHCHTIB I1HIYKIIHHOT
KpHBOi He 3yMOBJIeHI BapialisiMu BigHocHoro Bmicty Chl
a/b OINKIB, OCKINBKH 3a Yac MpOrpiBy, S5 XB, CKJIAJ MirMe-
HTIB HE 3MiHIOETbCS. TOMY, IMOBIpHO, ICHYIOTH iHaKIIi
npuyuuHA. 3 TaOmuLi 3 BUIHO, IO TPOTPIB NPU MOMIpHiit
TeMIlepaTypi MPU3BOJUTH IO 3MEHIICHHS 0. KOMIIOHEHTY
Ta 30UThIICHHS [ KOMIIOHEHTY st o0ox copTiB. [lpu
IIbOMY 4YacoBa KOHCTaHTa 3pOCTa€ sl 000X KOMITOHEH-
TiB. MOXIIUBO 1Ie BiIOYBA€THCS BHACHTIOK PO3PHUXIICHHS
MIaKyBaHHS aHTEHHHX KOMIUIEKCIB B MeMOpaHi. 301u1b-
LIEHHs] BHECKY KOMITOHEHTY o [uisi copty Ilepimna Jlico-
CTEMy NpH BHCOKOTEMIIEPaTypHOMY ITPOTpPiBi, MOKIIUBO,
BKazye Ha (QOPMYBAHHS BEJIMKHX arperatiB aHTCHHUX
kommuiekciB tumy C2S2 y BUIIAAi KBa3iKpHUCTAIIYHUX
yTBOpeHb. llpu LbOMY 3pOCTaHHs 4YacoBOi KOHCTaHTH
MOe OyTH 3yMOBIIeHE TOTPeOOI0 Yy 301IbIIeHH] Yacy s
Jeokamizailii 30yKeHHsI B MeXaX OiIbII BEJTMKOTO ar-
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peraty MOJIEKYJI CBITIO30Mpal0doro KOMIUIEKCY. B jite-  HHKOM BigMiHHOCTEH y peakuii ()OTOCHHTETHYHOTO ara-
parypi omucaHi SBHIAa CTBOPEHHS KBa3iKPHCTJIIYHUX  pary Ha JiIo [iIBUIIEHOT TeMIIepaTypH.

YTBOPEHb aHTEHHUX KOMIUIEKCIB, IO BifOYyBa€ThCs MpH BucnoBku. Briepuie BusiBieHI Tp KOMIOHEHTa B Ki-
BUPOIIYBaHHI POCIHMH OpH 3HIXKEHIH ocBiTienocti [9]. HeTWIl HapocTaHHS CUTHAMY IHAYKIIl (yopecueHiii
CyTTeBE 3MEHIIICHHS! KOMIIOHEHTY 0, III0 CIIOCTEpPIraeTbesi  xyopodiny. BeraHoBieHi iXHI 4acoBi Ta aMILTITYIHI Xa-
s Onecbkoi 267, MOKIIMBO, BKa3yIOTh Ha PO3Majl acoIli-  PaKTePUCTUKH. [IpOBENEHO CIIBCTABICHHS IMX KOMIIO-
ariif aHTeHHNX KoMIulekciB iy C2S2, mpu mpoMy, MO-  HEHTIB i3 BIJOMHUMH KOHQIrypamisMe CBITIIO30HPaIBHOT
KIINBO, YTBOPIOIOTHCS ACCOIIAaTH aHTEHHUMX KOMIUIEKCiB  aHTeHH ¢oTtocuctemu . ITokazano, mo mpu crapiHHi Ta
tumy C2S2M2. V BcskoMy pasi aHami3 3MiH CKJIaAy KOM-  3a Jil MiJBUIIEHOI TeMIIepaTypH, 3MiHHA BKJIAaIy OKPEMHUX
MMOHEHTIB IHAYKIIHHOI KPUBOI BHABIAE iXHI BIAMIHHOCTI  KOMIIOHEHTIB BiIPI3HSIOTECA Y COPTIB O3WMOi MIICHHII
U Pi3HHAX COPTIB MIICHMII, 0, ¥ CBOO UEPTy, € MOKa3-  Pi3HOI CTIHKOCTI.
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The effect of short-term heating on the state of photosystem Il in winter wheat varieties of different stability

V. V. Shevchenko, O. Yu. Bondarenko, O. Yu. Barabash

Abstract. The original software revealed three components in the kinetics of the growth curve of the fluorescence induction of winter

wheat leaves. The amplitude and time characteristics of these components were obtained. Comparison of the obtained components

with the three known configurations of the complexes of the photosynthesis antenna of the photosystem Il is made. It is shown that

the changes of these components during aging and during the action of short-term heating differ in varieties of different resistance.
Keywords: Triticum aestivum L., winter wheat, chlorophyll fluorescence induction, components of growth kinetics.
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AmHoTamnis. [laHa HayKOBO-ZoCHiTHA poOOTa HalpaBieHa HA BIOCKOHAJICHHS TEXHOJIOTI] MMBOBAPHOTO CONIOIY 3 O3UMOTO IBOPSITHO-
ro staMeHto copTy KasaHoBa ykpaiHCEKOro BHPOOHHMIITBA, HOCITIPKEHHs O10XIMIYHUX MEPETBOPEHb Y 3€pHI i BIUIMBOM KIIIMaTH4-
HHUX YMOB. Sk JociiaHuii 3pa3ok Oyno obpaHo copT o3umoro siumerio Kazaxnosa 2017, 2018 i 2019 poky Bposkaro, B SKOMYy BU3Ha4a-

nuch (Hi3uKo-XiMidHi Ta (i3i0I0riuHi MOKa3HUKY.

Knrwuoei cnosa: o3umuil aumine Kasanosa, no2o0Ho-KiiMamuyHux yMo8u, Mikpooionozis 3epHa, yporcalHicms, memMnepamypHul

peoscum, onaou.

Betyn. OcHOBHOIO CHPOBHHOIO Ul BUPOOHHIITBA NIMBA €
CBITJIMI MMBOBapHUM COJIOJ, KW, B OCHOBHOMY, BHPOO-
JISIFOTB 13 SIPUX COPTiB TMBOBAPHOTO STYMEHIO [5].

OcTaHHIM 4YacoM Ul BHPOOHHUIITBA MTHBOBapHOTO CO-
JIOy BUKOPHCTOBYIOTBCS, SIK 32 KOPJIOHOM TaK i B YKpai-
Hi, CHeLiaJbHO BHBEACHI COPTH IHMBOBAPHOTO O3MMOTO
SYMEHIO 3 BUCOKHMH SIKICHIMH XapaKkTepucTukamu [2,4].

Juis onepykaHHS SIKICHOTO ITMBa HEOOXiTHE 3€pPHO IIEB-
HOro OiOXIMIYHOTO CKJIaay, L0 3a0e3MeUyeEThCs MOE-
HaHHSM TPhOX YMHHHKIB: ITMBOBAPHUN COPT, BIANOBIIHI
I'PYHTOBO-KJIIMaTH4YHI YMOBH 1 TEXHOJIOTiSI BUPOILLYyBaHHS.

OTpuMyBaTH BUCOKOSIKICHUI MHUBOBapHHUN SUMiIHb MO-
JKHA JIMIIE B pa3i BUKOHAHHS HAayKOBO OOIPYHTOBaHOI
CHUCTEMH arpOTEeXHIYHUX 3aXOJiB, IO PO3POOJICHI IS
KOXKHOI 30HH 3 YpaxyBaHHAM ii IPYHTOBHX 1 KIIIMaTHIHUX
ymoB [1].

SIK BimOMO, YMOBM BHPOIIYBAaHHS 3E€PHOBHX KYIJBTYD
Ha TepuTopii YKpaiHH Pi3HATHCS 3aJICIKHO BiJ IMTOTOIHO-
KJIIMaTHYHUX 1 TPYHTOBUX YMOB, a TaKOX ITJIXOJIB JIO
TEXHOJIOTi1 BUPOIIYBaHHSA, HE MOXKe OYTH OJHOTO YiTKOTO
1abJIoHy 1 3arajibHUX PEKOMEH A,

Tak y 2018 poui KopoTkoyacHa HasBHICTb CHITOBOTO
ITOKPUBY B OCTaHHIO JIEKaay JIOTOTO — B Oepe3Hi crpusia
0CEPEIKOBOMY YPaKEHHIO IIOCIBIB O3UMOTO SYMEHI0 —
TU(YIH030M. BiJHOBIIEHHSI BECHSIHOT BereTalii MUHYJIOTO
poKky OyJIo HOCHTH Mi3HIM i po3moYanocs y pi3HHUX perio-
HaxX T0-pizHOMY (KiHemb Oepe3Hs — KBiTeHb). B ocHOBHO-
MY POCIIMHHU Bif4yBaJIl CTPEC BHACIHIZOK Pi3KOTO Hapoc-
TaHHS TEMIIEpPAaTypH IOBITPS Ta a30THOTO TI'OJOIYBaHHS,
yepe3 TeXHIYHY HEMOJKJIMBICTh NPOBECTH BYACHE ITiIKH-
BJICHHSI y OKpeMuX perionax [3].

Pi3ke BiTHOBJICHHS BereTallii 03UMUX KYJIBTYp B cepe-
napoMy Ha 10—14 mi6 misHimre Bix cepeanix OaraTopiy-
HUX CTPOKIB HE Jajo 3MOTU CJIIA0KMM HEPO3KYIEHUM
MOCiBaM O3MMHX PO3KYIIUTHCS, PE3YJIbTATOM HOrO CTana
MEHIIIA KiNbKICTh IPOTyKTHBHUX CTeOeI.

Jani cutyanis mie 61l YCKIIaAHNIIACH Yepe3 IIBUIKE
HaApOCTaHHs TEeMIIEPaTypH MOBITPS B KBiTHI, IO CIIPHYH-
HUJIO TIEPECYIIyBaHHS BEPXHBOI'O I'pyHTOBOro Imapy. Ha
(oHi pi3KMX MepenajiB AeHHUX 1 HIYHUX TeMIIeparyp, sKi
TIPU3BOJIMIIM /IO TIOSIBM KPaIleJIbHOT BOJIOTH Y BHUIJISIAI PO-
CH, TT0YaBCs IHTEHCUBHHMI PO3BUTOK 30yJHUKIB 3aXBOPIO-
BaHb, TaKMX sK cenropio3 (Septoria tritici), cituacra
(Pyrenophora teres) Ta Ttemuo-Oypa (Drechslera
sorokiniana) misMHUCTICTh JUCTS, OOJSAMIBKOBA IISIMHC-
Ticte (purxocnopios) (Rhynchosporium secalis), 6opori-

14

uucta poca (Erysiphe graminis).

VYpakeHHs1 30y/ITHUKaMHu 3a3Ha4YEHUX XBOPOO 3MEHILYE
AaCHMUIALIMHY MOBEPXHIO JHCTS, BHACIIZOK LBOTO BTpa-
Ya€eThCs TNPOAYKTUBHICTH (DOTOCHHTE3y Ta 3HIDKYETHCS
YacTKa HETTO-aCUMUIAMLIi, IO MPHU3BOANTH A0 HEXoOOpYy
yposkaro. Y OKpeMHX PErioHax BiICOTOK ypa)keHHs 30yn-
HUKOM OOpomHUCTOI pocu OyB y Mexax 20-50% ypaxe-
HUX pociauH. CTymiHb YpaKeHHs IIEPEeBa)KHO HE NEpEeBH-
uryBaB 8—12% 3aranbHoi JTMCTKOBOI TOBEPXHI.

Takox, MiIBUILEH] TEMIEpaTypH MOBITPs y TPETil Je-
KaJi TpaBHs Ta MeplIiil JeKkal YepBHs B OETHAHHI 3 pa-
HKOBUMH POCaMH TPU3BEJIH 10 CMajaxy B Pi3HUX perio-
HaX CemnTopiosy, mipeHopopo3y Ta Oypoi ipxi, OOPOIIHH-
ctoi pocu. CUcTeMaTH4HiI OMaad Pi3HOI IHTEHCHBHOCTI,
SIKI crocTepiragucs BOPOJOBXK 2—3 neKaj JUIHSA Y Pi3HUX
perioHax VYKpaiHH, NpU3BENN 10 3aTPUMKH 30MpaHHA
3epHOBHX KOJOCOBHUX KyJbTYp. Brcoka Bomoricts cympo-
BOJ/UKYBaJIaCh BHCOKMMH TEeMIICpaTypaMH y Mexax 24—
29°C, e Bce mpunano Ha (a3y HaJMBY — ITOBHOI CTHIJIO-
CTi 3epHa.

Omxe, y 2017 poui cepeaHsi ypoxaiHICTh CTaHOBHIIA
6,5 1/ra, y 2018 poui — 5,3 T/ra (cepenHs ypoxaitHiCTb B
paiioni — 2,4-2,5 1/ra).

Tak y 2019 poui nmorogHo-KJIiMaTHYHI YMOBH Y KpaiHu
OyJIM JIOBOJI CHPUSITIMBUMHM JJIsl BUPOILYBAHHSI O3UMHX
3epHOBHX KyIbTYp. Lle crocyeThest mepin 3a Bce 3MMOBOTO
Ta BECHSHO-JIITHHOTO MEPIOAiB, IS SKUX XapaKTepHUM €
TIOMIpHUH TeMIepaTypHUIl PeXKNUM Ta JOCTaTHS KiJIbKICTh
omazis. [IpoTe, B OKpeMi MPOMIXKKH BETETAIIIHOTO Tepi-
OIly, HEpIBHOMIPHHU pO3MOILUT KIIMAaTHYHUX (haKkTopiB
CTBOPIOE 1HOJII HECTIPUSTIMBI YMOBH ISl POCTY Ta PO3BH-
TKY POCIIHH, 110 B KiHIIEBOMY paxyHKY NO3HAYa€ThCsl Ha
BENMYKHI yposkaro [6].

3a BecHsHHMH Nepioja cepenHs TemIepaTypa HOBITPs
cknana 6mu3pko 10,9°C, mo Ha 2,5°C Buie cepenHboi
6araTopidyHOT HOPMHU.

CepemHst KibKiCTh omaiB cTaHOBUTH 109,2 MM mpu
cepenHiii OaraTopiunii Hopmi 116 MM, TOOTO Hemobip
aTMoc(epHOi BoJIOTH cKiaB O0sm3bko 6%. Lle HalimeHma
KUTBKICTh OMNAMIIB BIPOJOBX BECHSHOTO TEPIOTy, MMOYH-
Hatouu 3 2015 p.

3aranom, TOTOJHI YMOBHU IepuIoi AeKaau TpaBHS BH-
SIBUIICSI JOCTATHBO CIIPUSTIMBUMH JUISL POCTY 1 PO3BUTKY
POCIIHH 03UMHUX 3E6PHOBUX KYJIBTYP.

B neii yac y pociuH SUMEHIO O3MMOIO po3nodaiacs
(haza KOJOCIHHS POCTHH, 10 OYyJIO IS0 paHille cepeTHix
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OaraTopiyHMX CTPOKiB. B mepiry uyepry me crocyerbcs
PaHHBOCTUIJIMX COPTIB BITYM3HSHOI Ta 1HO3EMHOI CEJIeK-
mii.

Ha 3aBepuieHHs n1pyroi nexaay TpaBHS y POCIIHUH IIIIe-
HUI 03UMOI OLTBIIOCTI COPTIB HE3aJEKHO BiJl YMOB iX
BHpOIIYyBaHHA OyJO Big3HaueHO (a3y KOJNOCIHHA, y sd-
MEHIO 03UMOT0 criocTepiranacs (asza IBITIHHSA — IOYAaTOK
(¢opmyBaHHS 3epHiBKH. TOX, IMOTOTHI YMOBH BIPOJIOBK
I[bOTO KaJECHAAPHOTO TEPMiHY OYJIM CIPUSTIMBUMH IS
POCTY 1 PO3BUTKY POCIHH O3UMHUX 3€PHOBHX KYJIBTYD.

B ocraHHI mHI Oekaad y pociaMH OUTBIIOCTI COPTIB
MIIEHHI O3MMOI CHOCTEpirajocst 3aBeplieHHs (opMy-
BaHHS 3€PHIBKH, Y SIMMEHIO 03MMOT0 BiIMIUaBCs IOYATOK
MOJIOYHOI CTUTJIOCTI 3epHa.

[onepenHiit ananiz crany MOCIBIB CUIbCHKOTOCHOAAP-
CBKHMX KyJbTYp Ta IOTOJHHMX YMOB CBITYHUTH, IO HA Ja-
HUH 9ac CIOCTEpPIraeThes AesKe BUIEPEIPKEHHSI PO3BUTKY
POCIIMH 03MMHX 3€PHOBHX KYJIBTYD, SIKE BXKE CTaJlO 3BHY-
HUM SIBHIIIEM B OCTaHHI POKH, a TOMY (a3a ITOBHOI CTHT-
JIOCTI 3epHa 3 BENHMKOI HMOBipHICTIO Oynme BigmiueHa
paHime cepemHix 6aratopiyHuX cTpokiB. [Ipu nmpomy odi-
KyBaHa BPOXKalHICTh, HE 3Ba)KAIOUM HA TyCTOTY HPOIYK-
TUBHOTO CTEOJIOCTOI0, Oy/e 3ajeKaTH Bil HASBHOCTI JI0-
CTaTHBOI BOJIOI03a0€3MEUSHOCTI IPYHTY i 4ac HAJIUBY
3epHa.

Marepiaam i MeToaun. Yci opraHonenTuyHi Ta Qizuko-
XIMiYHI JOCJIJUKEHHS NPOBOJWINCH B HaBYAIIbHIA Ta Ha-
YKOBO-IOCHTIHIN sabopaTopii kadempu Oi0TEXHOIOTIT
npoxaykTiB OponinHs i BuHOpoOcTBa B HHIXT Hamiona-
JBHOTO YHIBEPCHUTETY XapuOBHX TEXHOJOTIH.

J1st IpoBeIeHHS OCHIDKEHHS BUKOPHCTOBYBAJIN COPT
o3uMmoro stumeHto Kazanosa 2017, 2018 1 2019 poky Bpo-
Kalo, SIKMH Bi3HAYAIOTHCS BHCOKOIO BPOXKAHHICTH Ta
CTIHKICTIO 10 XBOPOO, a TAKOX € JOCUTH MOIIUPCHUMH Ha
teputopii Ykpainu. Copt OyB OTpUMaHUIl NEpeBaXXHO 3
BinHHIBKOT 001ACTI.

B naHux 3paskax suMeHr0 Bu3Hadanu (izuuHi, ¢iszio-
JIOTIYHI 1 XIMIYHI MOKa3HUKH. J[OCTIIKEHHS TPOBOIUINCH
BigmosigHo 10 BUMOr JICTY 3769-98 «Suminb TexHiYHI
YMOBH.

Pe3yabTaTH Aocaixkens Ta ix 00roBopeHHs. AHai-
30BaHM SUMIHB BCiX POKIB OYB 370pOBHM, MaB HOpMa-
JMBHUH 3amax, BIACTUBHH 3710poBOMY 3epHY (6e3 3aTxiio-
0, COJIOZOBOTO, INTICHABOTO, CTOPOHHIX 3aIaXiB), CBITIIO-
XKOBTHH KOJIp, BIACTUBUH 3I0POBOMY 3€pHY IIbOTO Kila-
cy; He OyB 3apakeHuil wKigHuKamu. OTpUMaHi pe3yibTa-
TH TIpejIcTaBIeH] B Tabmuii 1.

Coptu anamizoBaHoro osumoro sumenro 2017/2018
POKIB MarOTh MiJBHIICHY BOJOricTh B Mexkax 11,3 - 12,0
%, 1€ € HACNIZIKOM He CHPUSITIMBUX KIIMaTHYHHX YMOB
JUIsl BUPOLIYBaHHSI O3MMHUX KYJBTYD y JaHHX IOCIBHHUX
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pOKax.

Sk BuaHO 3 TaOmuii | HaiOinblIe 3HAYCHHS HATYPHU
BH3HAYCHO B 3CpHI 03UMOro suMeHio copry KasaHoBa
2019 poxky (810,0 r/nm3), maci 1000 3epen (65,8r), ui mo-
Ka3HUKH € 3HAYHO BHUIIUMH B TOPIBHIHHI 3 POKAMH COP-
TaMH 10 i MOSICHIOE OUTBIINI BMICT KPOXMAJTIO 1 eKCTpaK-
THUBHOCTI B TaHOMY 3pa3Ky.

Ta6mauus 1. Brums k1iMaTHYHEX yMOB PI3HHUX POKIB Ha iX ¢i-
3MKO-XIMiUHI HOKa3HUKH

Coprt Iloka3auku Kazanosa Kazanosa|Ka3zanosa
2019 2018 2017
Komip CsiTio- Ceitno- |CsiTio-
JKOBTHH JKOBTHH |’KOBTHIA
Bouoricts, % 12,0 11,3 9,8
Hatypa, r/nm® 810,0 740,0 745,0
Maca 1000 3epen, T 65,8 63,0 64,0
MacoBa uactka Oinka, % V|- 10,0 10,4
MepepaxyHKy Ha aOCONIOTHO
CYXY PEYOBUHY
CwmitreBa gomimka, % 0,6 0,2 0,2
3epHoBa gomirika, % 1,2 0,2 0,2
KpynHicts,% 88,8 95,0 98,0
3naTHicTh 0 popocTanHs, % |96,0 93,0 92,0
JKurresnarHicts, % 96,0 93,0 92,0
ExcTpakTHBHICTB, %0 63,5 72,2 73,7
Ha cyxy peqoBuny 718 80,0 81,0
ITniBuacricTb, %
- Ha cyxy peuosuny [114 10,6 10,1
Bwmict kpoxmaiio, % 59,8 70,2 71,3
BopmouyTiusicTh BojouyTiuse 3epHO

Jly»e BHCOKHI BMICT OijIKa MPU3BOIUTH IO TPYIHOIIIB
y }impTparmii Ha THBOBapHOMY 3aBO/Ii, a TAKOX 110 TOTip-
mIeHHs sikocTi muBa. [Ipu poMy HaiOinbIoIa MacoBa 4ac-
TKa Oinka B copti Kazanosa 2017 poky - 10,4 %.

Haiikparny 3maTHiCTE 1O MpopocTaHHS MaB copT Kaza-
Hosa (96,0 %) 2019 poky Bpoxaro,

PesynbraTu NOCIHiIKEHBb SKOCTI 3€pHA 32 TEXHOJIOTIY-
HUMHU TOKa3HUKaMH MOKa3ajH, 10 SYMiHb O3UMHX COPTIB
SYMEHIO BCIX POKIB, sIKi JOCII/IXKyBaJIH, BIINOBIAa€E BCTa-
HOBJICHMM HOpPMaM SIKOCTI, aJie MOPIiBHSBLIM OCHOBHI IO-
Ka3HUKH 03MMOTO STYMEHIO Pi3HHX POKIB BpOXalo, 3a BMi-
CcTOM OUIKY Ta KpOXMalllo, €KCTPAKTHBHICTIO Ta 3/1aTHiC-
TIO IO TPOPOCTaHHS, HaikpamuMm OyB oOpaHUil copT
03MMOTO0 MUBOBapHOTO ssuMeHto Kazanosa 2019.

BucHoBku. AHami3yrouu JaHHI MOXHa 3pOOWUTH BH-
CHOBKH, III0 MOTO/IHI YMOBH BIUIMBAIOTh Ha SYMiHb B OC-
HOBHOMY, B ITepiof HOTO KYIIiHHS Ta JO3PiBaHHI.

TakuM YMHOM B pe3yNbTaTi NMPOBEICHHUX JOCIHIIKECHb
BUsiBIIeHO, 110 'y 2019 poui morogHo-KiIiMaTH4YHI YMOBU
VYkpainu Oy HaiOUIbII CHPHUATIUBUMHU JUIsSi BHPOIILY-
BaHHS 03UMHX 3€PHOBHX KYJIBTYD.
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Influence of climatic conditions on the main indicators of winter barley Casanova variety

V. N. Koshova, A. O. Kobernitska, I. G. Smazhko

Abstract. This research work is aimed at improving the technology of brewing malt from winter two-row barley varieties Casanova
Ukrainian production, the study of biochemical transformations in grain under the influence of climatic conditions. The winter barley
variety Casanova 2017, 2018 and 2019 of the crop was selected as the prototype, in which the physicochemical and physiological
parameters were determined.

Keywords: Casanova winter barley, weather and climatic conditions, grain microbiology, yield, temperature regime, precipitation.
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it mo3axkopeHeBoOi 00POOKHM TiApoJIiZaTaMy CIOJYK MPUPOTHOTO MOXOAKECHHSA
Ha (Qi3i0/I0rTYHI MOKA3HUKH Pi3HUX 32 )KAPO-MOCYXOCTIMKICTIO COPTIB 03UMOI
NIIEHUIi 32 BUCOKUX TeMIIePATypP BUPOLYBAHHS
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AHoTanis. BusueHo mito 0i0JOTIYHO aKTHBHMX PEYOBHH: TiJpOJI3aTiB MPOTEIHIB IIIICHNUI, pHOOHYKICTHOBOI KHCIOTH Ta XITHHY Ha
(i310710T1UHI TOKA3HUKH POCIUH MIIEHHII JBOX COPTIB pi3HOI skapo-nocyxocTiiikocTi. [okazano, mo 00poOka MPU3BOIUTE O MOKPa-
nieHHs (hi3107I0TIYHOrO CTaHy Ta MiIBHUIICHHS BPOXKAHHOCTI, B yMOBaX, KOJH aKTHUBHICTh (DOTOCHHTETHYHOTO amapaTy NpUrHiYeHa Mif-
BUILICHOIO TemrepaTtypoto. Haitbinbiua edekTHBHICTE 00pOOKH AOCATA€ThCS MPH BUKOPUCTAaHHI XiTo3aHy. [liABUILICHHS BMICTY XJIOpO-
¢iny, ¢pyHkIioHansHOT akTUBHOCTI Ta Macu 1000 3epeH € OUIBII CYTTEBHM y HECTIHKOTO COPTY, X04a 3AIUILAETHCS HIDKYUM 3a MOKa3-

HUKH OLTBIN CTIHKOTO cOpTy.

Knrouosi cnosa: Triticum aestivum L., ozuma nwenuys, 2ioponizam, egpexkmuenicmo 00pooKu, X10poin.

Beryn. Temnepatypa 0TOUyHOHYOTO CEpEOBUILA SBIISAETHCS
BOKJIMBUM (HaKTOPOM, IO BU3HAYAE BPOXKAIHICTH CUIbCH-
Korocrnojapchkux KynbTyp [1]. HaBiTh mijgBuiueHHs cepe-
JIHBOI Temrepatypu 3a ce3oH Beretauii Ha 1 °C npusBo-
JITH JI0 BTpaTu BpoxkaiiHocTi Ha 17 % [2]. Tomy. B ymoBax
II00aThHOTO TOTEILTIHHS KIIIMAaTy, OCOOJMBO aKTyalbHUM
SIBIIETHCS TIOIIYK NMPUPOJHUX, EKOJOTIYHO YHCTHX, PEYO-
BUH, SIKI He 3a0pyIHIOIOTh HaBKOJIMIIHE CEPENOBHILE Ta
3[0aTHI BUCTYIIUTH TIPOTEKTOPOM BHCOKOTEMIIEPATypHOTO
crpecy. Kanmunmaramm Ha IO poilb MOXYTh BHSBUTHCH
PECYOBHHH ITIPUPOTHOTO IMOXOJDKEHHS, SIKI BUKIMKAIOTH Y
pociuH HecelupiuHy 3aXUCHY PEaKIIio.

Panimie, HaMu OyJi0 MOKa3aHO MOKPAIICHHS CTaHy IIIIe-
HHULI pY 00poOILIi NOCIBIB XITO3aHOM, SIKHH € T1ApOJi3aToM
XiTuHy 3a ail rep6inumie [3]. Takox HamMu Oyio MOKa3aHO
MOCWICHHST Aii repOinuaiB Ha Oyp’sSHM HPH CYMICHOMY
3aCTOCYBaHHI repOinuaiB 3 xitozanoM [3, 4]. Ane gis uux
PEUYOBHH B SIKOCTI NPOTEKTOpa BHCOKMX TEMIIeparyp He
JIOCITIJKyBaach.

Tomy MeTor0 Hamoi podoTH OYJIO TOCTIHKEHHS Mii Ti-
JIPOIII3aTiB PI3HUX CIOJIYK IPHUPOJHOTO TTIOXOHKEHHS (€KO-
JIOTIYHHUX, HETOKCHYHHUX PEUOBHH), a caMe XiTO3aHy, Tif-
poJIi3aTy MPOTEiHIB MINCHMII Ta TiAPONI3aTy PHUOOHYKIEI-
HoBoi kucnotu (PHK) npixmkiB Ha ¢i3ionoriyHi HOKa3HU-
KU PI3HMX 32 JKapo-NIOCYXOCTIMKICTIO COPTIB 03UMOT MIiie-
HHUIII, 10 3POCTAH B YMOBaX IIiIBUILCHUX TEMIICPATyp.

Marepiamu i meronu. st JA0CHiIKEHb BHKOPHCTAHI
IBa coptH o3umoi mreHnti [Togomnsaka Ta [lepnwaa Jlico-
creny. Lli coprti MaroTh HacTynHi xapakTepuctuku. [lomo-
astHKa. CopT NpOHIIOB AepkaBHE BUNPOOYBaHHS 1 3aHece-
HHUH JI0 PEECTPY COPTIB POCIMH NMPUAATHUX JJISI TTOLIIUPEH-
H1 B YkpaiHi 3 2003 poky. 3oHa paiionyBaHHS - Crerl,
Jlicocren i Ilomices Ykpainu. CopT cepenubopanHiil. Be-
reraniitauid nepion 273-284 nmi. CTidKWA 10 MOJIATaHHS
7,5-8,6 Oamn. MoOpO30OCTIHKICTh TEPEBHINYE CEPEIHIO,
JKaAPO-TOCYXOCTiHKicTh 8,2-8,5 Oanu. Iepauna Jlicocremy.
CopT mpoHIIoB JiepkaBHE BHIIPOOYBAHHS 1 3aHECEHUH 110
peecTpy COPTIB POCIHMH MNPUAATHUX JUIS TOLIMPEHHS B
VYxpaini 3 2002 poxy. 3oHa pationyBanHs [lomices 1 Jlico-
cren Ykpainu. ['ocriogapcbka i 6iosoriyHa XxapakTepucTH-
ku. BucokoBpokaitauit 44,3-75,2 1/ra, cepeJHbOCTUIIINI.
Bererauniitnuii nepion 280-285 nHiB. Mopo3o-, 3UMOCTiii-
KiCTb cepenHs - 4 6anmu. XKapo-nocyxocTiikicTs 5-6 OaiB.

Pocnuan 031MMOT TINEHMII BHPOILYBAJIHCh HA JOCII[-

HUX AUTIHKax po3MipoM 1x3 M. I'pyHT - cipuii nepHOBO-
mimzonectuii. Buecenns NPK - cranmapTHe 3a TeXHOJOTI-
€10 BUpolyBaHHs. OOpoOKa pO3uMHOM XiTO3aHy, TiIpoJIi-
3aty npoteiniB menuni ta PHK apixmkiB npoBoannack
03aKOpeHeBo Ha (hasi IBiTiHAA. KOHIEHTpalis po3unHiB —
0,1 %. BumiproBaHHS BMICTy XJIOpodiy Ta iHAYKIii ¢iry-
opecIieHIlii XJI0podiTy TMPOBOMMIN 3a TPH TIDKHI ITNCIA
00poOKH.

XiTo3aH — moJi-(1,4)-2-amino-2-ne30kci-oera-D-
rimrokaH] (NeCAS 9012-76-4) — niniiiHuii nomicaxapum —
MOXiZIHa MPUPOHOTO GiomoJliMepy — XiTHHY, Ipyroi (mics
LIEIIFOJIO3U) 32 PO3MOBCIOMXKEHOCTI B NPUPOJI OpPTraHiqHOI
peyoBunu. PHK npixmxkis, il rigpomizati, a TakoX KOM-
MMOHEHTH HYKJICTHOBMX KHCJIOT Ta iX MOXIIHI IIUPOKO BHU-
KOPHCTOBYIOTBCSI Y BUPOOHHIITBI, IIEpIII 32 BCE, NPOAYKTIB
XapuoBOr0 Ta MEAWYHOro mpusHadeHHs [5-7]. Komruiekc-
HUH HyKJICOTHAHUH Nperapar, CTBOPEHHH IPyIIO0 aBTOPIB
B KOHIII 70-X poKiB, ofepxyroTh mpu 00pobmi PHK mpix-
JUKIB  pHOOHYKJICa3010 IMiANUTYHKOBOT 3aJ03M KPYIHOI
poraroi xya06u (KPX) [8-11]. Takum 4uHOM, TimposizaTu
PHOOHYKIIETHOBOI KHCJIOTH APIXKIDKIB HE € TOKCHYHHMH Ta
MOXYTh OyTH 3aCTOCOBaHI B POCIMHHHUIITBI.

KonnenTpariito xmopodinis a i b B ekcrpakrax Bu3Haua-
JIM 32 BUMIPIOBaHHSIM ONTHYHOI I'yCTHHH Ha JBOX JIOBXKH-
Hax XBWIb Ha crektpodporTometpi “Spekord 2007 Analyt-
ikjena (Himeuunna) 3a metomukoro Wellburn [12]. Bumi-
PIOBaHHS KPHUBHX IHAYKINI ¢uiyopecteHiii xiaopodity
mpoBoAwIM Ak omucaHo paimre [13]. Temmeparypy Ta
OCBITJIEHICTh BU3HAYAJIN IIOJIEHHO OIIiB/IHI.

Bionoriuna Ta aHaNiITHYHA IMOBTOPIOBAHICTH MOCIHIIIB —
TpHUpa3oBa.

Pe3yabTaTu Ta 00roBopeHHs. 3aBISKH mporecy (horo-
CHHTE3Y B POCIIHHI BiIOYBa€ThCS CHHTE3 I[YKPIB Ta IHIINX
CTIOJTYK, AKi Oe3mocepeHbO BIUTMBAIOTH HAa (POpPMyBaHHS
Bpokaro. IIBHIKICTh HAKOIHMYEHHS IUX PEYOBHH 3alie-
XKHUTh Bi (PYHKIIOHATEHOTO CTaHy (DOTOCHHTETHYHOTO
amaparty, SKHi CyTTEBO iHTIOY€ThCS MiJBHUINEHOIO TEMIIe-
paTypor0 HaBKOJMIIHBOIO CepefoBHIna. ToMy B SIKOCTI
(i31070TIYHNX TOKA3HUKIB POCIMHM Oylio 0OpaHO Taki
TIOKa3HUKU CTaHy ()OTOCHMHTETHYHOIO arapary sK BMICT
XJI0pOdiTy B JHUCTKAX, CHiBBiAHOWIECHHS X1opodiniB a/b Ta
TIOKa3HUKU (DYHKI[IOHAIBHOI aKTUBHOCTI, SIKi BU3HAYaIOTh-
Csl 3a IapaMeTpamMM IHAYKLIHHOi KpHBOi — MOTEHLIHHUNA
kBaHTOBHi BuUxig ¢Qorocunresy (Fv/Fm) Ta «index
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vitality», skuii npeacrasisie co00I0 CIiBBIAHOIICHHS MaK-
cUMalibHOI (ryopecueHil 10 iHTeHCHBHOCTI (iryopectie-
Huil B cramionapuiit ¢asi (Fm/Fst). BumiproBanus Temrie-
PaTypHOTO PEXUMY MOKA3ajio, IO CepeiHs TeMIepaTypa
3a Tepiof Bif 0OPOOKH POCIHMH IO MOMEHTY BH3HAYCHHS
¢yHKIioHANEHMX ToKasHuKiB (21 mens) cxmama 30,5 °C
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npu oceimieHocTi 49 000 Jlrokc ®AP (dborocuHTETHIHO
aKTHBHOI pajiamii), a 3 MOMEHTY 00poOKu 110 300py Bpo-
xaro (45 muis) - 31 °C npu oceitnenocri 49 000 Jlokc
@DAP. Taky TeMneparypy MOKHa BBaXKaTu 3aBUCOKOIO JUIs
kaiMarnuHux 30H Jlicocrenmy Ta Ilomices. PesymbraTtn
BUMIpIOBaHb HaBEICHI B TAOJHITI.

Taou1. PizionoriyHi MOKa3HUKH CTaHY POCIMH 03MMOI NIIICHHIT 32 TI03aKOpeHEeBO1 00pOOKH MIIEHHII 0i0TI0TIYHO AKTUBHUMHU PEYOBHHAMHU.

. Bwmict xnopodii . Maca 1000 Maca 1000
Bapiant Fv/Fm (Fm/Fst) MF/,I[I\IZZ b Xatopodin a/b 3epeH, T 3epeH, % [0 KOHTPOIIO
Tepmmna Jlicocrery,
KOHTPOITh 0,67 +0,02 | 2,66 +0,09 5,94 + 0.40 257+0,01 | 17,88+1.60 0
Tepmuna Jlicocrery,
XiTO3aH 0,72+0,01| 2,75+0,12 6,65 + 0.50 255+0,02 | 20,12+2.50 +13
Ilepnuna Jlicoctemy,
jyiisl 0,68+0,01| 2,63+0,12 6,47 £ 0.55 257+0,02 | 19,10+1.90 +7
Tepmuna Jlicocrery,
TPHKJT 0,70+0,02 | 2,81 +0,08 6,52 +0.50 2,60+0,01 | 19,21+1.60 +7
TlononsHka, kortpoas | 0,70 +0,02 | 2,60 + 0,10 6,50 +0.51 2,60+0,01 |24,67+1.20 0
Iononsuka, xirozad | 0,70+0,01| 2,57 +£0,13 6,85 + 0.50 260+0,01 | 27,67+1,50 +12
HOZ‘;’;’_‘IHK*" 0,70+0,01 | 259+008 | 650053 260001 | 26,00 1.40 +5
Tlononsuka, rpukn | 0,70+0,02 | 2,58 +£0,11 6,55 +£0.40 2,70+0,02 | 26,10+1.10 +5

I3 manwx, HaBeneHUX B TaONHIN, BUAHO, IO (POTOCHHTE-
TUYHMH anapaT KOHTPOJIBHUX POCIHHU 000X COPTIB 03UMO]
TIeHnIi nepedyBae B IPUTHIYCHOMY CTaHi i3-3a il BUCO-
Kol Temmneparypu. IIpo 1e roBopuTh 3Hau€HHs MOKA3HUKA
Fv/Fm. [lng mMeHm crifikoro g0 1ii BUCOKOT Temmepatypu
copty Ilepnuna Jlicocteny Bin cknamae 0,67, a s OuTbII
crifikoro, ITogonsHky, Horo 3uaueHHs cranosutsh — 0,70. 3
JITepaTypHUX JKepea A00pe BimoMo, MmO s JIH0OO0ro
BUJly POCJIHH, SIKI 3HAXOISTHCS B ONTHMAJIbHUX YMOBaXx,
3HAYCHHS IoKasHuka FV/FM 3amxmau cranosuts 0,82 [14].
3a mii 0OpoOku, y OLIBII CTIMKOTO COPTY el MOKa3HHUK
MPaKTHYHO HE 3MIHIOBAaBCA. Y MEHII CTIHKOTO COPTY, KU
nepeOyBaB y OUTBIN MPHUTHIYCHOMY CTaHi, CIIOCTEPIrajaoch
MMABUIIEHHA 3HAYEHHS IHOT0 IIOKa3HMKa. Halioinblie
ITiIBAIICHHS Bi0OyBaIoCh 32 0OPOOKH XiTO3aHOM Ta Tilpo-
Ji3aTOM PHOOHYKJICTHOBOT KHCIOTH IpiIkiB. [Toka3HUK
Fm/Fst mocuts cribHO BapiroBaB y 000X COPTIB, SIK B KOH-
TPOJIBHUX BapiaHTax, TaK i B BapiaHTax 0OpoOKu. 3HaYECHHS
L[bOTO MMOKa3HMKa MOIVIM 3MIHIOBAaTUCH SIK B CTOPOHY 30i-
JIBLICHHS TaK i B CTOPOHY 3MEHIICHHSI.

BwmicT xmopodiny y aHCTKax 03MMOI IMIIEHHII CYTTEBO
BiZIpi3HABCA B KOHTPOJBHUX BapiaHTaX. ¥ MEHII CTIHKOTo
JIo Ui migBueHux Temnepatyp copty Ilepanna Jlicocremy
BiH OyB Ha 9% HWK4Mi HDK y OUIbII CTIHKOTO COpTY —
Hononsaku. [lo3akopeHeBa 00poOKa POCIHH Tigpodi3ara-
MH PI3HHX CIOJyK TaKOX IPU3BOAWIA JIO MiJBUIICHHS
BMicTy xiopodiny B nuctkax. HaiiGinbiie minBumieHHs
CIOCTEPIrajoch y BapiaHTi OOpPOOKM XITO3AHOM MECHIII
cTilikoro copty i cknazaano 12 %, a y OiiblI cTilikoro cop-
Ty quiie 5 %. Haiimewrine - y BapianTi 00poOKH Tiapostiza-
TOM TIPOTEIHIB TIICHUII. Y MeHII cTiiikoro copty — 9 %, a
y OuTbII cTiiiKoTOo BMICT XJIOpo(iny 3a maHoi 0OpoOKH He
30inpInyBaBes. CriBBinHomeHHs: xyuopodiny a/b He 3wmi-
HIOBAJIOCH 32 BCIiX BapiaHTiB 00pOOKH, III0 O3HAYa€ BIICYT-
HICTh 3MIiHHU B CIIIBBIJHOIIEHHI HIrMEHT-OUIKOBUX KOMILIE-
KCIB.

[TinBumenHs }izioJorivyHOro cTaHy (pOTOCHHTETUIHOTO
amapaTy pOCIMH IIICHWLI NPU3BOIMIO N0 30UIBLICHHS
BPOKailHOCTI B yMOBax pOCTY IPH BUCOKHX TEMIIEpaTypax.
B Tabmuii HaBemeno 30umbmmeHHss macu 1000 3epeH 3a
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pi3HEX THMiB 00poOKK. Haiikpari pe3ynpTaTe OTprMaHi 3a
00pOOKH TiAPOTi3aTOM XIiTHHY. Y MEHII CTiHKOTO COpPTY
Mmaca 1000 3epen 36inpumnace Ha 13 %, xoua 1 3ammma-
JIaCh HIKYOIO HIXK B KOHTPOJII y OLIBII CTiKOTO copTy. Y
Oisb1 cTifikoro copty Maca 1000 3epeH 30inblIyBaiach Ha
12 %. O6poOka rigposizaTamu npoTeini numenuni Ta PHK
JPLKIKIB PU3BOIMIO TIPUOIM3HO JI0 OJHAKOBOTO 3017Tb-
mrexHst Mmacu 1000 3epeH, Ha 7 % y MEHII CTIHKOTO COPTY
Ta Ha 5 % y OUIBIII CTIHKOTO COPTY.

JlocmimKeHHs T03aKopeHeBOT 00pOOKH POCIHH TIICHH-
I, SKi 3pOCTaM MPHU BUCOKUX TeMIleparypax, Oi0JI0oTidHO
AKTHBHUMH PEYOBHHAMH BKa3YIOTh, IO HaiOiNbIIa edek-
THUBHICTh OOPOOKH JOCSTa€ThCS TIPH BUKOPUCTAHHI XiTO3a-
Hy. Taka 0OpoOka MpU3BOJMIA IO MOKPALICHHS CTaHy
(OTOCHHTETUYHOTO arapary, a TaKoX [0 IIiABHIICHHS
macu 1000 3epeH. CrTymiHb HO3UTHUBHOTO BIUIMBY Oyina
OLIBIIOK Y MEHIII CTiliKoro copty, Ilepnuna Jlicoctery, a
y Oimbin criiikoro, ITogonsHka, Menmow. OOpodka riapo-
mizatamu npoteidiB nmenuiii Ta PHK mpixkmkiB mamu
HE3HAYHHMI MO3UTHBHHUN BIUIMB SK Ha CTaH (DOTOCHHTETHY-
HOTO amapary, TaK i Ha BpOXKaWHICTB.

BucHoBkn. BuBueHO fif0 0i0NOTiYHO aKTHBHHX pPEUO-
BUH - TiIPOJI3aTiB MPOTEIHIB IMIICHHUIII, TiIpoi3aTy puoo-
HYKJICTHOBOI KHCJIOTH Ta TiApONi3aTy XITHHY Ha pi3HI 3a
JKapO-TIOCYXOCTIMKICTIO copTH o3uMoi mmeHuti. [Tokaza-
HO, 0 00poOKa B yMOBaxX BereTallii MpW ITiIBUIICHUX
TeMIeparypa, KoJii (JOTOCHHTETUYHHH arnapaT 3HaXOUTh-
Csl B NPHUTHIYEHOMY CTaHi, MPU3BOAWTH JIO MOKPAIICHHS
(bi310JIOTTYHOTO CTaHy Ta IiJBUIIECHHS BpoxaiiHocti. Haii-
OisbIa eheKTUBHICTD 0OPOOKH JOCATAETHCS TIPH BUKOPHUC-
TaHHI XiTo3aHy. [ligBHIIEHHS BMICTy Xmnopodiny, ¢yHKIi-
OHaJIbHOT akTHBHOCTI Ta Macu 1000 3epeH € OB CyTTE-
BUM Y HECTIMKOTO COpTY, XO4Ya 3AIMIIAETHCS HIKIUM 32
TIOKa3HUKHU OUIBII CTIHKOrO copTy. MiHIManbHUI MO3UTH-
BHHUI BIUIMB BiZIMIYa€ThCS MPU 3aCTOCYBAHHI TifpoJii3ary
npoTeiHiB nMmeHuni. BukopucranHs rifposisaty puOOHyK-
JIETHOBOT KHCJIOTH JIEMIO MMiIBUITyBaiIo (izioioriuHi moka-
3HUKH, aJle He MPU3BOAMIIO 10 3HAYHOTO IiJBHUIIEHHS Macu
1000 3epeH.
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The effect of foliar treatment of hydrolysates of compounds of natural origin on the physiological parameters of different varie-

ties of heat-drought winter wheat at high temperatures of cultivation

V. V. Trach, V. V. Shevchenko, O. Yu. Bondarenko, S. A. Grinyuk

Abstract. The effect of biologically active substances: hydrolysates of wheat proteins, ribonucleic acid and chitin on the physiological

parameters of wheat plants of two varieties of different heat-drought resistance was studied. It has been shown that treatment leads to an

improvement in the physiological state and an increase in yield, when the activity of the photosynthetic apparatus is inhibited and the

temperature is increased. The highest treatment efficiency is achieved by using chitosan. An increase in chlorophyll content, functional

activity and mass of 1000 grains is more significant in the unstable variety, although it remains lower than in the more stable variety.
Keywords: Triticum aestivum L., winter wheat, hydrolyzate, processing efficiency, chlorophyll.
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AHOTAaMifA. Y CTaTTi BUCBITIIEHO OCOOIMBOCTI BUOOPY 3aCO0IB BUKOHAHHS T'€0JIE3UYHHIX POOIT B 3aIE)KHOCTI BiJf 0OpaHOTO MeToja 3
BUKOPUCTAHHSIM €JIEMEHTIB HeUiTKo{ JIOTikH. BeraHoBIeHMIT B3a€MOBIIINB T€0e3NIHNX Ta OyAiBEIbHO-MOHTKHHX podiT. OTpuMa-
HO pe3yJbTaTH, 10 METOH 1 3aco0u reoIe3UUHIX poOiT Ta hakTopH, 110 BIUIMBAIOTH Ha 1X BUOIp, BU3HAYAIOTHCA 3 TOCBIAY CIOCTE-
pexeHb. Cy0’eKTUBHUM € BU3HAYECHHS CTYIEHIO IPHUHAIEKHOCTI Ta CTYNEHIO BaXKIUBOCTI (akTopiB. Iy migBHIIEHHS JOCTOBIpHOC-
Ti BUOOPY IMX BEITMYMH BUKOPHCTAHO EKCIIEPTHI BUCHOBKH (haxiBLiB y ramysi. Po3pobieHa MeTonuka BU3HAYEHHS TPUBAIOCTI Oyi-
BEJIBbHUX POOIT 3 MOHTAXXy ONAITyOKH KOJIOH 3 3aCTOCYBAaHHSM Pi3HUX 3aC00iB BUMIPIOBaHb.

Knrwuosi cnosa: ceooezuuni pobomu, sudip 3acodie GUMIPIOSAHHS, eKCNEPMHA CUCMEMA, HeUimKa J102IKA, 63AEMOBNIUS.

Beryn. [Ipu 3acTocyBaHHI Cy4acHHX TEXHOJOTIH BHKO-
HaHHA OyAiBeTHHHUX POOIT 0OOB’SI3KOBUM € 3aCTOCYBaHHS
i cydacHHX 3aco0iB BHMipIOBalbHOI TeXHIKH. B mpomeci
OymiBHHIITBA BHMIPIOBAIbHI Ta TEOME3WYHI POOOTH Je-
KaTh Ha KPUTUYHOMY LUIIXY, TOMY iX HEOOXiIHO iHTer-
pyBaTtH y OyZiBeJbHHWII mpolec i pO3risiiaTy sIK OJUH 3
(dakTopiB, 10 BIUIMBATHME HE TUIBKM Ha TOYHICTH Ta
SKICTh OyAiBENBbHUX POOIT, a i Ha TEPMiHH iX 3aBepIleH-
HSl.

Iy6aikanii 3a Temoro. EexTHBHICTS BUKOHAHHS BH-
MIPIOBAJIFHIX Ta T€OJC3NYHHAX POOIT TPaIUIiHHO PO3TIIs-
JTa€ThCA 3 TOYKHM 30py 3a0€3MEedYeHHS TOYHOCTI, a INpH
BHOOP1 TEXHOJIOTIi BUKOHAHHS OyIiBETHHUX pOOIT OCHOB-
HUM KpHUTEpieM BHOOpY € MaKCHMalbHa NMPOAYKTHBHICTH
pali Mpu MiHIManbHUX BUTpaTax [1, 2, 3, 4, 7]. Homins-
HO 110 (haKTOpiB, IO BILIMBAIOTH Ha BHOIp 3acO0iB BHMi-
PIOBaJIbHUX Ta re0A€3WYHUX POOIT, KPIM TOYHOCTI, J0a-
TH TakKi: BapTiCTh, PrOHOMIUHICTH 200 3PYYHICTH BHKO-
pHCTaHHS, KiIbKICTh HEOOXIJHOTO NEepCOoHANTy, BUTpATH
4yacy Ha BUMIpPIOBaHHS.

it BUOOpPY paIliOHATBHOTO METOIY BHMIPHOBAJIBHUX
pobiT MokHa 3actocyBatd Meron (¢(on Heiimana-
MoprenmrepHa [5], skuii 6a3yeTbcs Ha CTOXaCTHYHOMY
XapakTepi 3HaYCHb OINHOK, NI¢ IUIS MPUHHATTS DPIillICHHS
BPAaXOBYETHCS BIUIMB CYKYITHOCTI (DaKTOpiB, IO HOCSTH
IMOBiIpHICHHH, HEBH3HAYCHHUU XapakTep. SIKIIO0 BHKOHY-
€THCSl TIEBHA CHCTEMa aKcioM (BIHOIIECHHS HepeBar), TO
JUISl KOXKHOT 3 OCHOBHHMX QJIbTEPHATHB 3a/Ia€ThCSI YHCIIO,
IO XapaKTepU3ye YUCIIOBY OI[IHKY OTPUMaHHUX ajbTepHa-
tuB. Lle o3Havae, 1m0 icHye neBHA (QyHKIIS KOPUCHOCTI i
HaWKpaIIoIo € albTePHATHBA, JUIA SIKOT 3HaUeHHs QYHKIIT
KOPHCHOCTI HaitOiIb1IIe.

Hinb. Hocmiautn ocobamBocTi BUOOPY 3ac00iB BHKO-
HaHHS T€0JIe3NYHHX POOIT B 3aJIEKHOCTI BiJ] KOHCTPYKTH-
BHUX Ta OpraHi3auifHO-TEXHOJIOTTYHUX pIllIeHb 3 BUKO-
PHCTaHHSM €JIEMEHTIB HEUiTKOI JIOTIKH.

Martepiaim i meroamn. [IpoBenemMo aHami3 BKa3aHUM
METOJIOM BIUIMBY BHUMIpIOBAIFHUX POOIT Ha TPUBAJIICTH
OyNiBEJIbHO-MOHTa)KHHUX TPOILIECIB Ha MPUKIAJi reoae3n-
YHOTO 3a0e3MeueHHS MOHTAXHHUX pPOOIT yJamTyBaHHS
BEPTUKAJIBHUX KOJIOH MiJ 4Yac OyAiBHHIITBA MOHOJITHO-
KapkacHOTO OynuHKy. IloCHmiZIOBHICTH T€0AE3UIHOTO
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3a0e3nedeH s YIalTyBaHHS BEPTHKAJIbHUX 3aJ1i300€TOH-
HUX KOJOH Ha MOHTa)XKHOMY TOPH30HTI € TAaKOIO: BHHE-
CEHHS Ta 3aKpIIUICHHS OCHOBHUX OCCH Ha MOHTaXHOMY
TOPU30HTI; BHWHECEHHS CYMIIIEHUX OCEH IIOJIOKEHHS
OmNayOKH KOJIOH; KOHTPOJIb BEPTHKaJIbHOCTI ONailyOKH;
KOHTpPOJIb T€OMETPUYHUX MNapaMeTpiB ONalyOKH; BUKO-
HaBue 3HIMaHHS KOJIOH.

MerTo/11 BUKOHAHHS TaKUX T€0JIE3UYHUX POOIT MOXKYTh
OyTu pi3HMMH, BUKOHYBAaTHCh PI3HMMH NpHianamu. Me-
TOJM MArOTh Pi3HY TPYAOMICTKICTh Ta BapTICTh, Pi3HHH
BIUIMB Ha TPWBAJICTh BUKOHAHHS OYHiBENBHHX pOOIT, a
iHOZI 3aCTOCYBaHHA KOHKPETHOTO METOIY T'€OIE3MYHHX
po0iT Ha JaHOMY €Talli € HEMOXKJIMBUM 3a TEXHOJIOTIYHH-
MU, TEXHIYHIMH, EKOHOMIYHIMH a00 IHIIIMHU YMOBaMHU.

Pe3yabraTi i 00roBopenHsi. Po3risiHyTo BUKOHaHHS
poOiT 3a TprOMa BapiaHTaMH PI3HUMH TEOJIC3UIHUMHU
npuiIagamMu Ta o0MagHaHHsIM: | BapiaHT — TpaaUIliHHIMU
reoZC3MYHUMHU TpriIagamMu (TEOMOJIT, HIBEIp, pyJIeTKa,
JHilKa, peiika, KalbKyJsTop); 2 BapiaHT — Cy4aCHUMH
Te0/Ie3UYHIMH MpUIIaiaMu (TaxeoMeTp, IUTIBKOBI BiIOH-
Baui ab0 pexxuM «0Oe3 BiOuBayay, KOMII IOTEp, I'e0Ie3U-
Ha mporpama); 3 BapiaHT — peHKOr-piBHEM, IO MPHKPITI-
JIOETHCS HA TIWT OMATyOKH CTiH Ta KOJOH. Bubip BapiaH-
Ty 0a3yeThCs Ha aHANi3i MOKAa3HUKIB TOYHOCTI, 4acy Ta
BapTOCTi 3 YpaxyBaHHIM BIUIMBY TEXHOJIOTIYHUX, IPUPO-
JTHHX, METPOJIOTIYHUX, EKOHOMIYHUX, TEXHIYHHX (PaKTOPIB.

Busnaunmo ocHOBHI (hakTopu BIUIMBY Ha BHOIp Bapia-
HTIB BHKOHAHHS T€OJIe3MYHHUX pOOIT: TOYHICTH pOOIT,
Benuuuna CI1,, — CTYyIiHb MPUHAJIKHOCTI; BapTICTh MPH-
naniB — CIl,;, BUTpaTH yacy Ha BUKOHAHHS POOOTH, TpPY-
noMictkicte — CI1,; KIJIBKICTh T€OE3UCTIB Ta JOMOMIXK-
Horo niepconany — CIIr; 3py4HiCTP BUKOPHUCTAHHS, €pPro-
HOMIYHICTH 11,; MOXJIMBICTh BUKOHAHHS pOOIT B aB-
TOMaTn3oBaHoMy pexumi — CI1,.

[t Ko’KHOTO 3 BKa3aHMX (PaKTOpiB BH3HAYAETHCS iH-
TerpanbHe 3HAYCHHS Uy, Ug Uy, Uz, Ue, U, IO XapakTepH-
3y€ CyMapHHH CTYyIiHb IPHHAISKHOCTI (BIUTUBY) (hakTo-
Py Ha KOHKPETHHH METOJ BUKOHAHHS T€0A€3NYHUX POOIT.

CryniHb NPHUHANIEKHOCTI Il KOKHOTO (haKTopy BILIH-
BY BHM3HA4a€ 4MCIIO B Aiama3oHi Big 0 mo 1, ske xapakre-
pHU3y€e CTYHiHb iICTHHHOCTI I[LOTO METOAY (akTOpy BILIH-
By. Slkmio Meton He 3abe3meuye BUKOHAHHS pOOIT 3 HOp-

©| Y. Kroshka, Y. Fursov, O. Murasyova 2019


Quintus
Typewritten text
Y. Kroshka, Y. Fursov, O. Murasyova 2019


MaTHBHOIO TOYHICTIO ((haKTOPy BIUIMBY), TO CTYIiHb IIPH-
HAJICXKHOCTI JopiBHIOE (), a SIKIIO MeTox 3a0e3rnedye BU-
KOHaHHS poOiT 3 HagMipHOO TouHicTio — 1. [Tpu 3a6e3ne-
YEeHHI TOYHOCTI 3 HEBEJIMKHM 3aI1acoM CTYIIIHb NpUHAJIe-
YKHOCTI MO’KE€ BU3HAYATUCh BEJIMYMHOIO y niana3oHi 0+1.
SIKmo cTymiHp NpHHANEXKHOCTI popiBHIoE 0, TO 1el Me-
ToJ POOIT HE MOXHA 3aCTOCOBYBAaTH i MOro HEOOXiTHO
BIJIYYHTH 3 aHAN3y. SIKIIO TOYHICTH Ta BapTICTH pOOIT
Iy’Ke BaXKJIMBA 1 MOXKE XapaKTepH3yBaTHCh BEIUYMHOIO 1,
a, HapHUKIA, eProOHOMIYHICTH NMPHJIANIB — BEITUYNHOIO
3HaYHO MCHIIOK0. SIKIIO CTYHIHb BayXJIMBOCTI JTOPiBHIOE
0, To melt (akTOp BIUNIMBY HE Ma€ 3HAYCHHS U BHOOPY
MeToxy poOiT 1 Moke OyTH BHIIyYeHHH 3 po3risiny. Pe-
3yJIbTaTH BU3HAYEHHS CTYIEHIO PUHAIEKHOCTI (BILIUBY)
(axTopiB Ha BHOIp BapiaHTiB BHKOHAHHS T'€0JE3UYHHX
po0iT 3 MOHTaXY BEPTHKaJIbHUX 3aJli300€TOHHHX KOJIOH
MOHOJIITHO-KapKacHOro OyIMHKY HaBeseHi Ha puc. 1+5.

oceil Ha

09
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Brnecenna cymiwennx oceil onanySku

CryniHL NpUKanesHocT, u

cnr‘cnn‘cnq|cm‘cne§cna CI'ITICHI‘CI'N‘CI‘Ir|CI‘IE‘CI‘Ia Clls | Cu | €T | CMe | <M

ORTHIHHE TEOADAIT, Hisenip, Peiika BUCOK
pynetia

EneKTROHHMi TaxeameTn

Puc. 2. Cryninp BIuMBY (hakTOpiB MPU BUHECEHH] CYMIIIEHUX

oceif TI0JIOXKEHHsT ONaTyOKH KOJIOH

cTi KONOH

i
k-

0,542

—1—1

CTyniHb NpHHanexHocTi, u

§ S — — —

cnrln:na}cm\cnr Cnecna

CN7|/CMa|CNy|CMIr(CMle CMa €M CNis|CMy| CMr(Cle|CNay

o i Peii

% Teoacnir,
Hisenip, pynetka
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TapaMeTpiB OMaxyOKH KOJIOH
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BWKOHaBYE 3HIMaHHA KONOH

CryniHb NPUMHaNemHoCTi, U

CMr|CMe/CMy CMr/CMe(CNal

ClMr/CNia|{CNy| CMr{CNie/CNa
OnTHuHKii TeogoniT, Peiika-sucoK
Hisenip, pynetka

EnekTponmmii TaxeomeTp

Puc. 5. Ctynins BIuiBy (hakTopiB ITpY BUKOHABYOMY 3HIMaHHI
KOJIOH

Y IpoeKTHO-TEeXHOJOTidHI JOKyMeHTallii BUKOHAHHS
OyxaiBebHUX pOOIT BH3HAYAIOTHECSA OCHOBHI poboTH, e
moTpiOHe Teome3wdHe 3a0e3MeueHHs, BCTAHOBIIOIOTHCA
OCHOBHI TCOJIC3UYHI oOmepariii mus 3a0e3meucHHS IUX
po0ir, 3acobu i mpuiaIy.

SIKI0 MOKITHBI METOIM 1 3aCO0M T'€OJC3UIHHUX POOIT
Ta (paKTOPH, 110 BILUTUBAIOTH HA IICH BUOIpP, MOXHA JOCUThH
YiTKO BU3HAYHUTH 3 JOCBINY CIIOCTEPEKEHb, TO CTYIIHb
TIPUHAJIEKHOCTI Ta CTYMiHb BAXJIMBOCTI MOJKHA BU3HAUH-
TH TITBKA Cy0 €KTUBHO. [ MiABHINECHHS JOCTOBIPHOCTI
BHOOpY IIMX BEIMYMH BUKOPHCTAHO EKCIIEPTHI BUCHOBKH
¢axiBuiB y ramy3i. B pe3ynpraTi BH3HAYCHO BEIHIMHU
CTyIeHo npuHanexHocti CI7 s BCiX (akToOpiB BILIMBY
(¢, =1, cCcr,=05; Cr, =1; CI, = 0,5; CIl, = 0,3;
CIl, = 0,3). Bennuunu crynento BaxiauBocti CB, pe3yib-
TYIOUMH CTYHIHb NPHHAIEKHOCTI KOXKHOTO (hakTopy 3
ypaxyBaHHSM CTYIICHIO BIUTUBY, BU3Haunmo sik CITi* CB;,
ne CBi— cTymniHb BaXIUBOCTI (JaKTOpPy BIUIMBY. 3HAYCHHS
BIUIUBY JJIsi KOXKHOTO 3ac00y MOXJIMBO BH3HAYUTH SIK
BEIMYMHY NPHUBEICHUX CTYICHIB NPUHAJIEKHOCTI BCIX
(axtopiB s gaHOTO 3ac00y (Tabm. 1):

ZH:CHi =< CB; /n’ @
i1
ae |1— dakrop BIUTHBY; N — KiTBKICTh (h)aKTOPIB BILIHBY.

BcraHoBieHo, 110 HaWOUIBIN €PEKTUBHUM I T'€Ofe-
3WYHUX POOIT 3 BUHECEHHS Ta 3aKpIIUICHHS OCHOBHHX
Oceil, BHHECEHHSI CyMDXKHUX OCeH, KOHTPOJIIO TeOMeTpHY-
HUX MapaMeTpiB Ta BUKOHABYOTO 3HIMAHHS 3ai300€TOH-
HUX KOJIOH a00 BEPTHKAIBLHHUX CJIEMEHTIB € 3aCTOCYBaHHS
SJICKTPOHHOTO TaxeoMeTpa. A JUIsl KOHTPOIIO BEPTHUKAIIb-
HOCTI omnayiyOKu 3aii300€TOHHHUX KOJIOH ab0 BepTHKalb-
HUX €JIEMEHTIB € 3aCTOCYBaHHS PeiK1-BUCKa, SKUil IPUK-
PIIUISIETBCS IO LIUTIB ONATyOKH, i BCTAaHOBIICHHSI B BEp-
THKaJbHE IOJOKEHHS LIMTIB ONanyOKh BUKOHYETHCS
IH)KEHEPHO-TEXHIYHUM TEPCOHAJIOM 0e3 3aiyueHHs JaH-
KM TeofIe3UCTiB. BIUIMB Ta 3B‘5130K BUKOHAHHS re0Ae3n4-
HUX Ta OyHmiBEIBHHUX POOIT BIJICTEKYETHCS Uepe3 KalleH-
JapHe IIaHyBaHHS (puc. 6). JlJaHKa reoe3uCTiB MOCTIHHO
3HAXOJUTHCS Ha OyNiBEJIbHOMY MaWIaHYMKYy, iX BUTpaTh
TIpalli CTAHOBIIATH 14 JIFO[T.-THIB.

BukoHaHO KaneHAapHE IUIaHYBaHHS OyZiBEIbHO-
MOHT@XXHHX POOIT 3 BHKOPHCTaHHSIM [UISl T€OAE3WYHUX
pobit cydacHoro Taxeometpy (puc. 7). JlaHili reoe3ucTiB
HE TOTPiOHO TMOCTIHHO 3HAXOAWTUCH Ha OYAIBEIHLHOMY
MalIaH4MKy, iX BUTPATH Hpalli Ha spyci CTaHOBHTH 2,5
JIIO/.-THIB, BUTPATH Ha KaMepaJbHy 00poOKy pe3ysbTaTiB
CTAHOBJIATH 2,5 JIOJ.-AHIB, 3arajjoM 5 JIFOJI.-IHiB.

AHanoriyo st OyiBeIbHO-MOHTa)XHUX POOIT 3 3a-
CTOCYBaHHSIM peHKH-BHUCKa (pHUC. §), 10 NPUKPIIUTIOETHCS
JI0 IIMTA ONATyOKM 1 TAKUM YMHOM BCTaHOBJICHHS OmalTy-
Ok B BepTHKalbHE (TOPU3OHTAJIbHE) MOJIOKEHHS BHKO-
HYETbBCS Bijjpa3y 0e3 KOpUTyBaHHS ONaIyOKH Mij IHCTPY-
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Tabauus 1. Pesynsratu mifgpaxyHKy 3Ha4eHb ICTHHHOCTI ZI0 JOCII/DKEHD BIUIMBY BUMIPIOBAJIBHUX POOIT HAa TPUBAJIICTh TEXHOJIOT Y-
HUX IIPOIIECiB Ha eTamni Oy iBHUNTBA

S © > ) Vv 3 .
T'eopesuuni poboTn 3acobu i mpumagu E E E E S S > CIT; x CB, / n
i=1
CTymiHb BIUTUBY 1 0,5 1 0,5 0,3 0,3
BuHeceHHs Ta 3aKpiTUICHHS OHTHqHHHpT;J?:T(ﬁ:T’ HIBEIID, 1 08 0,8 0,5 0,4 0 0,428
OCH(:::ZI; Oig“;irfima_ EnleKTpOHHU# TaXeoMeTp 1 0,3 1 1 1 0,5 0,517
Y rop Peiika-BHCOK 0 0 0 0 0 0 0,000
BuHeceHHsT CyMillIeHIX OHTHqHHHpT;J?:T(ﬁ:T’ HIBEIIP, 1 0,7 0,7 0,5 0,4 0 0,403
ocen Hoiiﬁiﬁiionwy@ EnexTpoHHMIT TaxeoMeTp 1 0,3 1 0,9 1 0,5 0,508
Pelika-BUCOK 0 0 0 0 0 0 0,000
OnTU4HUH TEOJOMIT, HiBEIIp, 1 05 03 03 04 01 0308
Kontpons BepTHKaIbHOCTI pyJeTka ' ' ' ' ' '
OTaTyOKH EnexkrpoHHuii TaxeoMerp 1 0,2 0,5 0,8 1 0,5 0,408
Pelika-Brucok 1 0,3 1 1 1 1 0,542
OnTU4HUH TEOJOMIT, HiBEIIp, 1 03 03 05 04 01 0308
KonTtposs reomerpuanux pyJeTka ! ’ ! ' ! !
mapaMeTpiB onanyoku EnexrponHuii TaxeoMeTp 1 0,2 0,7 0,8 1 0,2 0,427
Pelika-Brucok 0,5 0,3 0,2 0,8 0,5 0,5 0,258
ONTUYHU TEOIOMIT, HIBEIIp, 1 03 03 05 04 0 0303
BukonaB4e 3HIMaHHS pyJleTka ’ ’ ' ' !
KOJIOH EnexrponHuii TaxeoMeTp 1 0,2 0,8 1 1 0,2 0,460
Peiika-Brucok 0,1 0,3 0,1 0,5 0,5 0 0,125
Va. Péxmh\ Hazpamue 3anau4 AnurensrHoc Hasamus 27 Maw "19 03 Wron '19 10 Mion '19
5 3anaun e pecypcos B/ N 's clulnfcleln]eflclulnfcleln[elc]uln]cle
OAHOFO ApyCY
1 2 ApmyBanna 4 puein 2 6puraam, maw s 2 6pnrann, maw
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sepranbin
3 _ :fr:yf;,m 2pnei 2 6puragw, Mmaw s 2 6puragm, maw
Eeplhkdle:HMX
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Puc. 6. Kanennapuuii rpadix OyaiBeTbHUX poOiT Ha MOHTaKHOMY TOPH30HTI

Jlanka Te0Je3UCTIB BUKOHYE TIJIBKH PO3MidyBajibHI
poboTH Tepe] MOYaTKOM MOHTAXY ONAIYyOKH Ta BHKO-
HaBue 3HIMaHHS rOTOBOI KOHCTPYKIIi MicCis AEMOHTaKy
omnaayOKu, He MOTPIOHO TMOCTIHHO 3HAXOJMTUCH Ha OYIIi-
BEJILHOMY MalIaH4uKy, IX BUTPATH Ipalli 3MEHILIATHCS Ha
1,5 moa.-roa. Ha TumnoBuit nosepx. s 24-moBepxoBoro
OyIMHKY Il 3MCHIICHHS CKJIafgae 36 TOIUH.

BucHOBOK:  3acTocyBaHHS ~ Cy4YacHMX  3aco0iB
BUMIPIOBAJIbH TEXHIKH MOPS]] 3 Cy4YaCHUMH TEXHOJIOTISIMHU
BHUKOHAHHS OYIiBeJb-

Taanarre AR inwTenmrocy s AlORE s Rariin pecypcos

Byaisenuwi poSon

134aneh W Nk

HHUX POOIT MPHU3BOJATH A0 CKOPOYCHHS TPUBAJIOCTI BUKO-
HaHHSA OyIiBeNbHUX poOIT O0e3 BTPATH SIKICHHX Ta Xapak-
TEPUCTHK TOYHOCTI. Po3po0iieHa MeToAMKa OL[IHKU BILIH-
BY BUMIpIOBAJBHUX Ta FCOAC3MYHHUX POOIT Ha OyAiBelbHI,
MOJKE€ 3aCTOCOBYBATHCH IUII BHOOPY METOIIB, 3aCO0IB Ta
CTPOKIB T€0JIC3UIHUX POOIT, i 9ac po3pOOKHU MPOEKTHO-
TEXHOJIOTIYHOI JIOKyMeHTauii QaxiBusgmMu OyIiBesbHOT
ramysi.
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The choice of rational methods of geodetic works taking into account their influence on construction works

Y. Kroshka, Y. Fursov, O. Murasyova

Abstract. The article describes the features of the choice of means of performing geodetic works, depending on the method chosen
using elements of fuzzy logic. The interaction of geodetic and construction works has been established. The results are obtained that
the methods and means of geodetic works and the factors that influence their selection are determined from the experience of obser-
vations. It is subjective to determine the degree of belonging and the importance of factors. A method for determining the duration of
construction works for the installation of columns formwork with the use of various measuring instruments is developed.

Keywords: geodetic works, choice of measuring instruments, expert system, fuzzy logic, mutual influence.
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Abstract. The article presents the results of influence of "Hep-A-Stress" and "Hepasan-VS" on the functional state of the liver in
laying hens in the conditions of scientific and production testing. The results showed that the use of these drugs in to recommended
doses (1 ml/L of water) has a positive effect on protein and lipid metabolism, cellular enzymes level, purine. These hepatoprotectors
stimulate hepatocyte regeneration and possess restorative properties for the liver.

Keywords: liver, laying hens, hepatoprotectors, blood serum, biochemical analysis.

Introduction. Studies of the last three decades in the field
of poultry have made it possible to understand the molec-
ular mechanisms of impaired liver function in the condi-
tions of stress in industrial production. Liver disorders
have been found to be associated with increased metabo-
lism in the organ during periods of active egg production
and, most of all, at peak egg productivity [3, 4].

Understanding the metabolic processes and causes of
liver dysfunction helps us to ensure bird health and get
productivity with the right quality.

Today the intensive development of poultry and live-
stock forces the use of new technologies and feeds of
excellent quality to achieve high productivity and rapid
growth [6, 12, 13]. Often, carbohydrate and fat-rich feed
is used to achieve the goals, providing the poultry with a
high level of energy. However, it does have negative
effects such as heart muscle hypertrophy and fatty liver
dystrophy.

Despite the fact that in veterinary practice approaches
to complex treatment, with the use of simultaneously
different regimens are well-established, the issues of
treatment and prevention of hepatosis of hens are still an
urgent problem [5].

Hepatoprotectors are the drugs designed to protect the
liver from adverse factors, as well as to improve its func-
tions, the ability to "protect” cells of the liver parenchyma
(hepatocytes) from damage. Describing the mechanism of
their action, it should be noted, that hepatoprotectors
don’t influence on the disease, but on its pathogenesis.
The pathogenesis of liver diseases is based on damage to
hepatocytes, which leads to impaired function, dystrophic
changes, inflammation, necrosis and fibrosis [8]. The
latter result in reduced a productivity, premature culling
of the poultry and, has a negative impact on the profitabil-
ity of production. That's why today the issue of liver
protection is urgent and the proper selection and use of an
effective hepatoprotector is an important element in com-
plex treatment and preventive measures in poultry.

The aim of this work was to determine and compare
the effectiveness of hepatoprotectors "Hep-A-Stress” and
"Hepasan-VS" in laying hens with hepatosis.

Material and methods. The researche was conducted

in Agro firm "Zagai" of Kamiyanka-Buzkyi district of
Lviv region. The objects of study were laying hens of the
breed "Lohmann Brown™ (n = 4500) at the age of 300
days. The hens were kept at the poultry farm in typical
rooms, equipped with 3-tier batteries with feeders, plant-
ing density 5 heads per cage. All laying hens were in the
same conditions of keeping and feeding. The poultry was
fed a complete compound feed (main diet (MD)) in ac-
cordance to the norms of productivity for laying hens of
this age.

Laying hens were divided into three groups, 1500
heads in each. The first group (the control) - received
main diet. The hens from the control group were fed with
the vitamin-mineral, amino acid and general-stimulating,
listed in the technological map the use of poultry. The
first experimental group hens were given oral hepatopro-
tector "Hep-A-Stress” at a dose of 1 ml per 1 liter of
drinking water for 10 days. The hens from second exper-
imental group — received main diet and hepatoprotector
"Hepasan-VS" at a dose of 1 ml per 1 liter of drinking
water for 10 days, using a dispenser. The scheme of re-
search is shown in table 1.

Table 1. Scheme of production-experimental studies to study

the effectiveness of hepatoprotectors "Hep-A-Stress” and
"Hepasan-VS" in keeping laying hens
The term of Age of
Animal groups| Scheme of study |hepatoprotectors| poultry
application (days)
Control The main diet did not give  |300-310 day
The main diet + 1
Experimental 1{ml/L of water «Hep- 10 days 300-310 day
A-Stress»
Experimental 2| The main diet + 1 10 days 300-310 day
ml/L of water
«Hepasan-VSy
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Most of the hepatoprotectors in the Ukrainine contain
carnitine, sorbitol and magnesium sulfate, but the number
of active substances (AS) varies from 1 to 5 [1]. The
content of active substances in "Hep-A-Stress" and
"Hepasan-VS", used in study is presented in fig. 1.
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Fig. 1. The ratio of the content of active substances in 1 ml of the drug «Hep-A-Stress» and «Hepasan-VSy, ml

Hep-A-Stress

m Carnitine hydrochloride

oni
m D, L methionine

Sorbitol

Choline chloride
200
m Magnesium sulfate
heptahydrate

The blood serum was used for tests. Biochemical anal-
ysis where performed in our study 30 hens of each group.
Sampling of blood from laying hens was performed three
times: before drug administration and in 10 and 30 days
after the beginning hepatotectors intake. Blood sampling
was performed in vivo from the subclavian vein, in com-
pliance with the rules of aseptic and antiseptic, using
Vacuette vacuum tubes (Greiner, Austria). The following
parameters were determined: content of total protein and
its fractions, urea concentration, uric acid, activity of
aspartate (AST) and alanine (ALT) aminotransferases,
cholesterol.

Determination of the biochemical parameters in the
blood serum of poultry was carried out in the laboratory
of clinical and biological research of the State Research
Institute of Veterinary Drugs and Feed Additives, using a
semi-automatic biochemical analyzer «HumaLyzer 3000»
using standardized Humanagnostic Germanium kit. The
content of total protein was determined using an IRF-22
refractometer. The proteins fractional composition in
blood serum was determined by cellulose acetate electro-
phoresis using a Scan Power 300 and Scanion Lira 400
microprobe electrophoresis apparatus, Hospitex Diagnos-
tics.

The research was conducted in accordance with the
provisions of the uropean Convention for the Protection

Hepasan -VS

m |_-carnitine hydrochloride
Sorbitol

Choline chloride

4

146 1

m Magnesium sulfate
heptahydrate
m Betaine hydrochloride

L-arginine

of Vertebrate Animals Used for Experimental and other
Scientific Purposes (Strasbourg, 1986), of the provisions
on the use of vertebrates for research and other scientific
purposes at the Lviv National University of Veterinary
Medicine and Biotechnology named after S.Z. Gzhytskyi,
of the Ukrainian Law no. 3447-4 "On the Protection of
Animals from Cruelty".

The results of biochemical studies are presented in ac-
cordance with the International System of Units recom-
mended for clinical laboratory practice and statistically
processed using Statistica 6.0 (Stat Soft, Tulsa, USA) and
Microsoft Exsel 2016 using the Student's t-test using a
statistical program.

Results and discussion. According to the results of
study the use of hepatoprotectors "Hep-A-Stress" and
"Hepasan-VS" in laying hens during the period of inten-
sive egg-laying stimulates metabolism and has a positive
effect on blood parameters.

Determination of total protein in blood serum indicates
the level of protein intake with nutrition and the intensity
of its synthesis in the liver. The liver account is responsi-
ble for the synthesis of 100 % albumin, 80 % blood glob-
ulins, fibrinogen, prothrombin, ferritin [2]. Table 2 shows
the results of study of the protein profile in the blood
serum of laying hens.

Table 2. The content of serum total protein (g/L) and it fraction (%) in laying hens. (M£+m, n=30)

= The term of | Biometric Parameters

E S| experiment | indicator | Total protein, [Albumin, % Globulins, %

c O

<5 g/L al a2 B Y

= before treatment| M+m 69,9+0,25 36,5+0,63 7,0+0,22 11,7+0,45 10,540,52 34,3+0,88
=] in 10 days M+m 71,8+0,68 34,0+0,63 7,6+0,25 12,8+0,32 11,0+0,31 34,7+0,59
8 in 30 days M+m 72,3+1,47 33,3+0,97 9,1+0,25 12,4+0,38 14,1+0,39 31,1+0,79
— before treatment| M+m 67,8+1,05 36,5+0,64 7,1+0,22 12,0+0,33 11,4+0,44 33,0+0,78
s in 10 days M+m | 63,8+0,75** °°| 37,2+0,58 *° 7,4+0,22 12,0+0,28 11,7+0,40 31,6+0,52
c

(<5}

E *kk *k*k

5 in30days | Mxm | 0780337 14172033 70019 | 107:022 | 127:034 | 279032
x

L

o~ before treatment| M+m 66,9+0,77 36,0+0,40 ° 7,1+0,31 10,2+0,33 10,1+0,49 36,5+0,80
‘_g in 10 days M+m 63,4+1,22% °° 37,1+0,34 6,6+0,24 11,8+0,37 12,0+0,41 32,5+0,46
[}

E *kk *k*k

] in30days | Mam | 0830367 1406023 754031 | 11,9¢033 | 12,5:044 | 27,5:0,34
x

LLl

Note: *- p<0,05; **- p<0,01; ***- p<0,001—- compared to the parameters of experimental group before treatment; °- p<0,05; * -
p p p p p p group p
p<0,01; °*° - p<0,001— compared to the parameters of control group.

Conducted studies of blood serum of the control group
showed an increase of the content of total protein up to
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2.7 % and 3.4 % (p<0.05; p=0.1), respectively, after 10
and 30 days of treatment and an increase of albumin con-



tent on 7.4 % and 9.6 % (p<0.05). Such changes indicate
impaired protein synthesis and further development of
dystrophic processes in the liver.

It was found that after 10 days after the start of treat-
ment in the first and second experimental group recorded
a slight decrease in total protein content up to 6.3 % and
55 % (p<0.01; p<0.05), respectively. The content of
albumin and globulin in the serum did not differ signifi-
cantly.

After 30 days of treatment, the content of total protein
in the first and in the second experimental groups de-
creased on 17.3 % and 14.8 % (p<0.001) compared to
parameters before treatment and was lower than that of
the control group, namely on 25.1 % and 24 % (p<0.001),
respectively. The serum albumin content in laying hens in
the experiment groups increased on 14.2 % and 12.7 %
(p<0.001), respectively, comparing with the level before
treatment due to a decrease in globulin fractions.

The serum activity of cellular enzymes — aminotrans-
ferases was determined, which reflect the functional state
of the liver. They are participating in the processes of
transamination, transfer amino groups from amino acids
to keto acids [9]. The content of AST and ALT in hepato-
cytes and the rate of their exit from cells during physio-
logical regeneration of the liver have strong influence on
the activity of these enzymes in the blood of hens, as well
as on the intensity and direction of amino acid transfor-
mations, which, in turn influences on the egg productions.
[11].

Aspartate aminotransferase is one of the enzymes be-
longing to the aminotransferase group. Table 3 shows that
AST activity in the control and two experimental groups
was high at the beginning of the experiment and averaged
200.3 £2.06; 214.3 £ 1.88; 211.3 £ 2.17 U/L, respective-
ly. In 10 days after treatment, this parameter had a pro-
nounced tendency to decrease, in the first experimental
group - on 6,1 % and in the second - on 4 % (p<0,05).
After 30 days of the experiment, the activity of AST in
both study groups continued to decrease (p<0.001) and
was 25.2 % and 21.0 % lower relatively to the initial
values. It should be noted that after the third blood sam-
pling, this indicator was 17.9 % and 15.6 % lower in the
first and second experimental groups relatively to the
control group.

Table 3. Activity of aminotransferases in serum blood in laying
hens (M+m, n=30)

Animal group Before Studies days
treatment in10days | in 30 days
AST, U/L
Control 200,3+2,06] 193,2+1,48 201,8+1,54
Experimental 1{214,3+1,88| 202,0+3,99 *° |171,24+0,98 ** *
Experimental 2|{211,3+£2,17| 203,1£3,02 * © |174,64+0,90 ** *°
ALT, U/L
Control 8,6+0,16 8,6+0,22 11,1+0,06
Experimental 1| 11,1+0,28 | 8,3+0,24 ** 7,4+0,14 **
Experimental 2| 10,6+0,32 | 9,7+0,13 **° | 8,9+0,18 ** *°

Note: *- p<0,05; **- p<0,001 — compared to the parameters
of experimental group before treatment; °- p<0,05; *° - p<0,001
— compared to the parameters of control group.

Before treatment, the ALT activity in the blood serum
of laying hens of all groups ranged from 8.6 + 0.16 to
11.1 £ 0.28 U/L. After feeding the hepatoprotectors, the
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activity of the enzyme in laying hens from experimental
groups had a pronounced tendency to decrease. This indi-
cator decreased in the first experimental group 10 days
after treatment on 34 % and after 30 days - on 50 %
(p<0.001) relatively to the value of the enzyme before
treatment. Changes of ALT activity in the blood serum of
the second experimental group were less pronounced (on
8.9 % (p<0.05) and on 18.7 % (p<0.001), respectively).

In 30 days after treatment the serum ALT of laying
hens in the first experimental group are (p<0.001) 50 %
lower, and in the second - 24.7 % lower compared to the
indicators of the control group.

It should be noted that after treatment, the activity of
alanine aminotransferase in serum decreased more signif-
icantly than the activity of aspartate aminotransferase.
This is due to the fact that ALT is excreted from the
membranes of hepatocytes and enters the blood, whereas
AST is contained in the mitochondria of hepatocytes, and
therefore the penetration of this enzyme into the blood is
complicated by the fact that in addition to the cell surface
membrane, this enzyme must also penetrate through the
mitochondrial membrane.

The cholesterol level is an important indicator of lipid
metabolism in which in the liver is actively involved [10,
15]. Before treatment, the serum cholesterol concentration
in control, first and second experimental groups was 2.5 +
0.12; 2.1 £ 0.02; 2.1 £ 0.06 mmol/L, respectively (Fig. 2).
10 days after treatment, the total cholesterol content was
0.1 and 0.2 times lower in the first and second experi-
mental groups compared to the control group. After the
use of hepatoprotectors (30 days), the cholesterol content
in laying hens of the first experimental group were (p
<0.001) 2.7 times lower compared to the start of the ex-
periment and 2.4 times lower compared to the control
group. So, hepatoprotectors had a positive effect on the
cholesterol concentration in laying hens of the experi-
mental groups. According to our opinion, lowering cho-
lesterol content is associated with a decrease in the activi-
ty of lipolysis and gluconeogenesis, as well as an im-
provement in bile excretion.

Fig. 2 Dynamic of serum total cholesterol
changes in laying hens (M+m, mmol/L)
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No less pronounced impact of therapeutic measures led
to a decrease in the intensification of purine metabolism.
The content of serum uric acid in control and experi-
mental groups of laying hens at the beginning of the stud-
ies was 430.5+19.62; 356.4+11.01; 339.4+15.90 umol/L,
respectively (Fig. 3). In the first experimental group uric
acid decreased on 4.1 % and 7.3 % (p=0, 1) after 10 and
30 days of treatment. In the second experiment group,
there was no such trend, however, 30 days after treatment,
this indicator decreased on 3.7 % compared to the begin-



ning of the experiment and on 12.6 % compared to the
control group.

Fig. 3 The content of serum uric acid in laying hens
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Obviously, such normalization of nucleotide exchange
is, first and foremost, related to the pharmacological
properties of the constituents of «Hep-A-Stress» and
«Hepasan-VSy. The decrease of serum uric acid level in
laying hens of experimental groups was probably caused
by a positive effect of methionine and carnitine hydro-
chloride on the functional state of hepatocytes, and sorbi-
tol — on the urinary function of the kidneys (enhances
diuresis) [7]. Therefore, these hepatoprotectors have a
preventive effect on the kidneys and lead to a more inten-
sive excretion of the final products of protein metabolism
in the form of uric acid.

Serum level of urea is an important diagnostic test for
the assessment of the status of renal excretory function
and kidney detoxification function [14]. At all stages of
the studies, this indicator in the control group and in the
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experimental groups had no significant difference and
was in the range of 1.7 + 0.02 - 2.1 + 0.04 mmol/L (Fig.
4). Positive changes should be noted in the first experi-
ment group, because, in 30 days after treatment, the urea
content increased on 5.3 % compared to the pre-treatment
parameters and on 11.1 % compared to the control group.

Fig. 4 The content of serum urea in laying hens
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Conclusions

1. The use of hepatoprotectors in laying hens with hepato-
sis has a positive effect on protein, lipid, purine metabo-
lism, cellular ensymes levels due stimulation of hepato-
cyte regeneration.
2. «Hep-A-Stress» is more effective than «Hepasan-VS»
in laying hens.

The prospect of further research is to study the impact
of this hepatoprotectors within circuits for the prevention
of liver diseases caused by metabolic disturbances.
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Abstract. An approach to evaluating the software tests quality using aggregated quality criteria is proposed. The subject of the study is the
formation of a software tests quality evaluation system, which can be used in the software development process. The article gives the full
classification of the testing types. The testing process was represented in several stages: testing requirements, test analysis, and the testing
process. Tests quality evaluation will improve the testing process, which purpose is to ensure the specified quality of the software being de-

veloped.
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Introduction. Today, few doubt the feasibility of conducting
the testing process of software products being developed.
The goal of any testing project is to ensure the quality of the
developing product. Quality is defined in 1ISO 9126 as the set
of its characteristics related to the ability to satisfy the ex-
pressed or implied needs of all stakeholders.

Evaluation of the software tests quality will provide an
opportunity to create such a complex of tests for various
purposes, which will allow to control the quality of the soft-
ware with the least expenses for testing.

Related publications. Software testing is a process to
identify errors and determine the correspondence between
real and expected behavior of software, which is performed
on the basis of a set of tests selected in a specific way. More
broadly, software testing is a software quality control tech-
nique that involves designing tests, performing tests, and
analyzing the results obtained [1].

There are quite a number of different features in the litera-
ture that can be used to classify tests and software testing.

The main task of software testing is to obtain information
about the readiness status of the declared functionality of the
developing system or to obtain information about its quality
(customer expectations). Software testing is performed by a
team of qualified specialists, but it is not possible to do eve-
rything automatically because many stages are performed by
experts.

The right approach to testing will allow you to supply the
customer with a quality product, but this requires a responsi-
ble approach to the organization of testing, design and devel-
opment of software tests.

The species diversity of tests (testing methods) is quite ex-
tensive. Tests can be classified according to various criteria.
The general classification of testing methods is shown in
Figure 1.

Static testing happens without running the code for execu-
tion. Within this testing approach, the following artifacts of
the software system are checked:
1) documents (requirements, test cases, application architec-
ture descriptions, database schematics, etc.);
2) graphical prototypes (eg, sketches of the user interface);
3) the code of the software application, which is often exe-
cuted by the programmers themselves within the framework
of code audit (the code of the application can also be
checked using testing technigues based on code structures);
4) parameters of the program execution environment;
5) prepared test data.

Validation of these documents prevents serious structural
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errors and defects of both the application itself and its tests.

Dynamic testing involves running the code to execute to
test its actual behavior. Can be run as the code of the whole
program as a whole (system testing), and the code of several
interrelated parts (integration testing), individual parts (unit
or component testing), and even separate sections of code [2].

The classification of the degree of automation is rather
superficial because of the individual features of testing by
various techniques, so all testing methods can be divided into
conventionally manual and automated, despite the fact that
an automated test may require manual configuration.

Manual is a test in which the test cases are performed by a
person manually without the use of automation tools. Alt-
hough this sounds very simple, the tester at some point or
another requires qualities such as patience, observation, crea-
tivity, the ability to perform non-standard experiments, as
well as the ability to see and understand what is happening
"inside the system", ie to see as external impacts on the ap-
plication are transformed into its internal processes. The re-
sults of such testing are often dependent on the concentration
of the tester and may be to some extent undetermined, that is,
have different results over a series of experiments under the
same conditions.

Automated testing is a set of techniques, approaches and
tools that exclude a person from performing some of the
tasks in the testing process. Test cases are partially or com-
pletely performed by a special tool, but the development of
test cases, preparation of data, evaluation of performance,
writing reports of defects and other work is performed by a
person [3].

Functional testing is a type of testing aimed at verifying
the correctness of the functionality of the application (the
correct implementation of functional requirements). Often,
functional testing is associated with black box testing, but
using the white box method, it is quite possible to verify the
correct implementation of the functionality.

Non-functional testing is a type of testing aimed at verify-
ing the fulfillment of non-functional software requirements
such as performance, reliability, security, portability and
usability [4].

Unit testing (module testing) is intended to test individual
small parts of a program, which can usually be investigated
in isolation from other similar parts. When performing this
testing, certain functions or methods of classes, the classes
themselves, the interaction of classes, small libraries, and
individual parts of the program can be checked. Often, this
type of testing is implemented using specialized technologies
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and testing automation tools that greatly simplify and accel-
erate the development of appropriate test cases.

Integration testing is intended to test the interaction be-
tween several parts of the application (each of which, in turn,
is tested separately during the unit testing phase). Unfortu-
nately, even if we work with very high quality individual
components, there are often problems at the junction of their
interaction.

System testing is intended to test the entire application as
a single unit, made up of the parts tested in the previous two
stages. It is possible to detect defects at the joints of compo-
nents and fully interact with the application from the end-
user perspective, using other types of testing [2].

Installation testing - testing that aims to identify defects
that affect the progress of the installation (installation) phase
of the application. In general, such testing tests many scenar-
ios and aspects of the installer in situations such as:

1) a new runtime in which the application was not previously
installed;

2) updating the existing version;

3) changing the current version to more;

4) reinstallation of the program in order to eliminate the
problems;

5) restarting the installation after an error, which made it
impossible to continue the installation;

6) uninstalling the program;

7) installation of a new application from the application fam-
ily;

8) automatic installation without user participation.

Regression testing - testing aimed at verifying the fact that
in the previously functional functionality there were no er-

Testing types
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rors caused by changes in the application or its operating
environment.

Acceptance testing - formalized testing aimed at validat-
ing an application from the end-user / customer's point of
view and deciding whether the customer accepts the work of
the contractor (project team). The following subspecies of
acceptance testing can be distinguished.

Production acceptance testing - the design team examines
the completeness and quality of the program implementation
in terms of its readiness for delivery to the customer.

Operational Acceptance Testing - Operational testing per-
formed in terms of installation performance, application re-
source consumption, compatibility with software and hard-
ware platforms, etc.

Final acceptance testing - testing of the application by end
users (customer representatives) in real-world conditions to
determine whether the application needs modifications or
can be commissioned in its current form.

Smoke testing is aimed at testing the most critical func-
tionality, the inability of which makes it impossible to use
the software system or part of it.

Smoke testing is performed after the release of a new ver-
sion of the PS to determine the overall quality level of the
application and decide on the (in) expediency of performing
more detailed testing. Since there are very few test cases at
the smoke testing level, and they are quite simple, but often
repeated, they are good candidates for automation. Due to
the high importance of test cases at this level, the threshold
of the metric of their passage is often set equal to 100% or
close to 100%.

Automation level

Level of detail

"White box" |

Unit-testing

Manual |

Dynamic
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Integration

Automated |
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Figure 1 - Classification of testing types

Alpha testing is performed inside the developer organiza-
tion with the potential partial involvement of end users. May
be a form of internal acceptance testing. Some sources state
that this testing should be conducted without the involve-
ment of the development team, but other sources do not
make such a requirement. The essence of this type is short:
the product can already be periodically displayed to external
users, but it is still quite "raw", so the basic testing is per-
formed by the developer organization.

Beta testing is performed outside the developer organiza-
tion with the active involvement of end users / customers.
Runs when a product can already be shown openly to exter-

nal users, it is already quite stable, but the problems can still
be, and their detection requires feedback from real users.

Gamma testing is the final stage of pre-product testing
aimed at correcting minor defects found in beta testing. As a
rule, it is also performed with the maximum involvement of
end users and customers. It can be a form of external ac-
ceptance testing [5].

The aim of the paper. The purpose of this work is to de-
velop models and information solutions, using which soft-
ware solutions can be created that will automate the proce-
dure for evaluating the quality of software tests. To do this,
you should also consider the testing procedure and build



models that reflect it. It is also superfluous to review the var-
ious types of testing that will help you choose the types that
are most appropriate to conduct a quality evaluation that may
affect the overall quality of the software.

Material and methods. In general, the testing process
can be represented in several stages: testing requirements,
test analysis, and, directly, the testing process.

The main stages are the test analysis and the process of di-
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rect testing (on the diagram - A2 and A3, respectively). In
practice, stage Al (requirements analysis) is not always car-
ried out, however, it is very important, because allows you to
find inaccuracies in the requirements. This, in turn, makes it
possible to avoid system errors in development and saves
time for subsequent testing. A schematic general model of
the testing process is presented in Figure 2.

Testing Testing
Requrements Test-analysis rules metrics
analysis approach
approach
Software requirements
" . f—
analysis )
Software A1 Analyzed
requirements 3 requirements
k.
Software L s Test-analysis
Test-cases
A2
Testing
Y results
E— S
] Testing
A3 ’
Release
software
Testing
BA QA J tools Developers

Figure 2 - General testing scheme

The testing process (A3) is illustrated in more detail by
the model shown in Figure 3. The testing process includes
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To assess the quality of tests, it is proposed to use aggre-
gated criteria, this approach was considered in [6].

Results and their discussion. Using the theoretical foun-
dations of this approach, software solutions (or an infor-
mation system) can be developed that will automate the pro-
cess of evaluating the quality of tests. For such an infor-
mation system, business rules were formulated that served as
the basis for creating a data model.

Business rules include the following key points:

1) as part of the project, it is possible to make many quali-
ty assessments of tests;

2) many employees who are not necessarily involved in
this project can take part in the assessment process;

3) each employee has duties according to the specialty,
different for each project in which he takes part;

4) a lot of employees with specific specialties can be in-
volved in a project, moreover, many employees with a com-
mon specialty can work on one project;
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Figure 3 - Detailing the testing process

.|; IDE
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5) evaluation criteria have a hierarchical relationship
among themselves in the framework of the evaluation sys-
tem;

6) each criterion must have at least two gradations;

7) gradations of aggregated criteria represent a set of gra-
dations of hierarchically subordinate criteria;

8) assessment is the specific value of the quality criterion
adopted as part of the examination;

9) the examination report contains many evaluations of
criteria hierarchically subordinate to each other.

The data model is shown in Figure 4.

For the server side developing, it is proposed to use the
Entity Framework Core, ASP.NET Core. The ASP.NET
Core platform is a technology that is designed for creation of
web applications of all kinds: from small websites to large
web portals and web services. With ASP.NET Core, you can
create cross-platform applications. Users have the ability to
run web applications not only on Windows, but also on



Linux and Mac OS. Entity Framework Core (EF Core) is an
object-oriented technology from Microsoft for accessing
data. EF Core allows you to work with databases, but repre-
sents a higher level of abstraction. Entity Framework Core
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supports many different database systems, i.e. through EF
Core, you can work with any DBMS if it has the right pro-
vider.

It seems appropriate to use the client-server architecture.

Project

-project_id

Report

0." Lreport_id
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-start_date
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-description

1

0.*

Participation

-employee_id
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-project_id
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-criterion_id

1 |specialty_id
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Figure 4 - Data Model
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Avrchitectural solutions are presented in Figure 5.
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Figure 5 - The proposed system architecture for a system for assessing the quality of software tests

For the client side developing, you can use React.JS and
Redux. Redux is one form of an application architecture
building on React. Redux is a container for application state
management. Redux is not directly tied to React.js and can
also be used with other js libraries and frameworks. Also, for
the client part creation, the JQuery framework can be used,
which is a set of JavaScript functions that focuses on the
interaction of JavaScript and HTML.

In this case, the development tools will be Microsoft Vis-
ual Studio, Visual Studio Code, SQL Server Management
Studio.

Conclusions. Developing an approach for software tests
quality evaluation can in the long term improve test results,
reduce the time and other resources spent on finding defects
in the software system and quickly eliminate the shortcom-
ings of the current testing approach. The obtained results
confirm the possibility to use the indicators that can be used

to evaluate the overall quality of software tests. These in-
clude test performance metrics, test coverage of software
capabilities and its software code, namely functions, as well
as metrics that make it feasible to use the tests themselves.
For these criteria, metrics were formed, the intervals of
which were defined as qualitative indicators, which were
used to create a hierarchical system of criteria that allows to
obtain an integral quality index. Tests quality evaluation will
improve the testing process, which purpose is to ensure the
specified quality of the software being developed. The test-
ing process was represented in several stages: testing re-
quirements, test analysis, and, directly, the testing process,
using the IDEFQO diagram and its decomposition. System
architecture of the future software solution was represented
in the article. These results can become the basis for the fur-
ther development of the software solutions for evaluating the
quality of the software tests.
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Anoranis. CTaTTio IPUCBIYEHO NOOYIOBI y3arajJbHEHOI ONTHUMI3aIliHHOT Mozeni 3a1adi PO3MIIIEHHS PecypciB Ul JTiKBifamii Haj-
3BHYAIHOI cuTyanii NpUpoaHOTro abo TEXHOTEHHOTO XapaKTepy 3 ypaxyBaHHIM 1 TskkocTi. [lepenbadaeTbcs HasBHICTD SIK CTaIlio-
HapHUX IIYHKTiB PO3MIIIEHHS pecypciB, Tak i MHOKMHH MOOUIBHHUX LIEHTPIB TOTIOMOTH. 3a MOCTAaHOBKOIO 33aJa4a, 10 pO3IIAJaeThCs,
MoXxe OyTH chOpMyIbOBaHa K 3aJa4a PO3MILICHHS TeOMETPHYHUX 00 €KTIB 31 3MIHHUMU METPUYHMMH XapakTepucThkamu. Hase-

JICHO aJTOPUTM PO3B’s3aHHS 33a7a4i pO3MILIEHHS PeCypCiB.

Kntouosi cnosa: nianyeanns, nikeioayis Ha036uyaiiHoi cumyayii, pecypco3bepexcents, NoKpummsl, 3MiHHI MempuyHi xapaxme-

PUCTUKU, PO3MILYEHHSL.

Beryn. Hanzsuuaiini cutyauii (HC) npuponHoro ta Tex-
HOTEHHOT'O XapakTepy — Li¢ CTaH MEeBHOI TepUTopii, 10
CKJIaBCSl B pe3yJibTaTi peaiizauii HECHPHUATIMBUX 00CTa-
BHH, aBapii, npupoaHoi abo TEXHOTEHHOi KaTtacTpodw,
BHACINIJIOK YOTO CIIOCTEPIraloThCS 3HAYHI MaTepiaibHi
30UTKH, YITKOKCHHS 3[JOPOB’S 1 HaBITh 3aTHOEIIB JTIOICH.
3a manumu Opranizanii O6’eqnannx Hamiit y cBiTi mpak-
THUYHO WIOTHKHSA BUHUKA€ HaJ3BHYAHA CUTYaIlisl IPUPO-
JTHOT'O Ta TEXHOTEHHOTO XapakTepy KaTtacTpodidyHOro Ma-
citaly, y JiKkBigamii sKkoi IpuUiMaroTh y4acTb MI>XKHApO/I-
Hi ciyx6u nopsaTyHky. JlikBinauis HC ta miHimizawis ii
HACJIJIKIB — 1€ omepalis, o MoTpedye 3HaUYHOT KIIbKOCTI
PI3HOMAaHITHHUX pECypCiB, OCHOBHUM 3 SKHX € 4ac JIKBIi-
Jianii, Ta HOCUTh SICKPaBO BU3HAUYEHHH COLaJbHUI e(eKT.
3agaya yCKJIQJHIOETBCS TAaKUM (DaKTOpaMH, SK 3arajioM
npocropoBa posnozinenicte HC, HeockoHamicTh TpaHc-
MOPTHOT 1H(PPACTPYKTYpH MOCTPAKIANIOI TEPUTOPIi, Tep-
MIHOBICTh JOCTABKH IIEBHUX BaHTAXXIB HEBIJKJIAIHOI HO-
IIOMOTH Ta oOjagHaHHs moxo Jnksigamii Hachiakis HC,
eKCIITyaTallist IKOTO MOXE YCKJIaJHIOBaTUCS TTOTOJHUMH
YMOBaMH.

e oauum ¢axkToM, Ha KU MOTPIOHO 3BaXkaTH, € 00-
MEXEHUH Yac MPUHAHSTTS YIPaBIiHCHKOTO PIlICHHS 00
posropranHs pecypciB mus Jiksiganii HC. Yac, maci-
Ta0,Ta Micue BuHHKHeHHs: HC — BeJIMYMHU HMOBIpHICHO-
ro XapakTepy, TOMY BKpail aKkTyajJbHUM € HasBHICTH Bij-
MOBITHUX 1HPOPMALIHHIX TEXHOJIOTIH, IO B PEXUMI pe-
IBHOTO Yacy JIO3BOJIIIOTH BU3HAYWTH ONTHMaJIbHHI
wraH gii. 1i mpoGieMu HaOyBarOTh CHOTOIHI OCOOIUBOTO
3HAUEHHS B YMOBax peOpMyBaHHS €KOHOMIKH YKpaiHH,
KOPCTKHX 00MEXEHb Ha HasBHI PECYPCH TEPUTOPIaIbHUX
migpo3ainiB JlepkaBHOi ciyx0M 3 HaA3BHUYAlHUX CHTya-
uiit (JICHC) Ykpainu, B 30Hy BiHOBiZaIbHOCTI KOKHOTO
3 HUX BXOJWTH MiATPHUMKA PETIAMEHTOBAHOTO PiBHA 0e€3-
NEKH y CKIHYCHIH MHOXHHI ) HACEJICHUX IIyHKTIB

o ={01,92.,..$1} B pasi puankuenns HC npupos-
HOTO Ta TEXHOTCHHOTO XapaKTepy Il HACENleHI IyHKTH
CTaHyTh LEHTpaMH (PEIUITIEHTAMU) HAJAaHHS JTOTIOMOTH,
MOCTaYaHHSI MEAMKAMEHTIB TOMIO. 3Ba)KalOYW Ha MPOCTO-

POBY PO3MOALICHICTh MHOXHHHU §0 , HEOOXiHO mnepeaba-

YUTH MOJJIUBICTh PO3TOPTaHHA THMYACOBHUX MOOLTBHUX
LEHTPIB JOMTOMOTH, IO MOXYTh BKITFOYAaTH MOJBOBI IITIH-
TaJTi, MaliCTepHi, CXOBHIIA TTAJIMBA TOIIO 3 METOI0 HalaH-
HS HEBIAKJIAAHOT MEPIIO] JOIIOMOTH Ta MPOBEACHHS PATY-
BaJIbHUX Iii.

Koportkuii orasn nmyoaikaniii. Etan crpareriunoro ta
OIMEPAaTUBHOIO IUIAHYBAHHS ONTUMAIILHOTO PO3MOALTY pe-
CYpPCIB II0/I0 JIKBimaIii HaJA3BHYAKHOT CUTYyaIli Ta MiHi-
Mi3arlii ii Hac/iIKiB BKJIIOYA€ TaKi B3a€MOITIOB’s3aHi 3a/1a-
Yi, IK BU3HAUEHHS TPAHCIIOPTHUX MApIIPYTiB JIOCTaBKH
BaHTaXIB y 30HY Ypa)XKEHHs, TaK 1 pO3MILICHHS ONTHMa-
mpHOT KinmbkocTi. MJILI, MakCHMalbHO HAONIKEHUX 0
3o HC. Lli 3amavi BUKIMKAIOTh HEaOWMSIKHUI iHTEpecC 10-
crmignukiB. B pobori [1] posrisimaetsess mpobiiemMa BH-
3HAYCHHS NOTPEOH y pecypcax MIOAO JIIKBiIAIiT HACIIKIB
HC y ypaxeniii 30Hi 1 U151 i1 po3B’s3aHHS 3alIPOIIOHOBAHO
nBodazHy onmTHMIi3alliifHy MOAETh LiJTOYHCENTEHOTO TPO-
rpamMyBaHHSI.

B po6ori [2] npoBeAeHO MOCTiIKeHHS 3a1a4i J0CTaB-
KM BaHTaxiB mono jiksiganii HC, sika BKjIrouac BH3HA-
YEHHsI TUIIB TPAHCIOPTHHUX 3aCO0IB 1 BIANOBIIHUX TpaH-
CHOPTHUX MapIIPyTiB B YMOBaxX 30BHIIIHBOTO CEPEIOBH-
ma HC, mo mBuUAKO 3MIHIOETBCSA, 0COOIHMBO y MepIIi ro-
IUHHA Ticns noxii. B meit mepion gacy BUHHKae HEOOXia-
HICTh y 3HAaYHIi HOMEHKJIATypi TOBapiB MepuIoi HeoOXi-
HOCTI, JIiKiB, MEIUYHOTO 0ONagHaHHsA. TOMYy JKOpPCTKI 4a-
COBI Ta iHIII 0OMEKEHHS BUBOIATH 33/1a4y JOCTABKU BaH-
TaXiB, IO PO3MIIAAAETHCS, 32 PAMKH KIACHYHOI TPAHCIIO-
pTHOT 3a1a4i. B poGorax [3, 4] mokasaHo, 1o 3a1a4a Joc-
TaBKU BaHTaxiB B ymoBax HC € NP-Baxxkoro, Oaratoxpu-
TepiaNbHOI0, 1 UL i1 PO3B’A3aHHS MPOTOHYETHCS HH3KA
€BPUCTHYHUX METOMIB, II0 OCHOBaHI Ha KOMOiHOBaHii
CcXeMi, sKa MICTHTh 3aCO0HM IMITALIHHOIO MOJEIIOBAHHS
Ta €BONIOLIHHI aJITOPUTMH.

Hana po0oTa MPOMOBXKYE IOCTIIHKCHHS B PO3BUTKY
OJTHOTO 3 MEPCHEKTHBHUX MiAXOJIB O MOJCTIOBAHHS Ta
PO3B’sI3aHHS 3a/1a4 ONTUMAJIBFHOTO PO3MOAUTY PecypciB, a
caMme SK ONTHMi3aliiHUX TeOMETPHYHHX 3a]1a9 MOKPUTTS
[5-6].
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B po6orTi [6] po3BUBa€EThCS MilIXiJ, B paMKax sIKOTO 3a-
Jlady HOKPUTTS NOTpeOM B pecypcax IijJ 4ac JIiKBimawii
HACJIJIKIB HaJA3BUYaWHOI CUTYyaLii IPUPOJHOTO Ta TEXHO-
TEHHOTO XapakTepy, L0 € MPOCTOPOBO-PO3NOAIICHOIO,
3BEZICHO JI0 33/1a4i PO3MIILEHHS! TEOMETPHUYHHX 00’ €KTIB 3
ypaxyBaHHIM CTaHy TPAaHCIOPTHHUX MEpex TepuTopii. 3a-
rajioM 3ajadi IMOKPUTTS € JEeTePMiHOBaHHUMH, B paMKax
i€l mapagurMy eK30TeHHI mapaMeTpH 3aAadi po3MilieH-
HS BH3HAYAIOTHCA TOYHO. TMM HE MEHIN, XapaKTEPHOIO
03HAKOI0 3ajadi IDIAHyBaHHS ONTHUMAIBHOTO PO3MOILTY
pecypciB 1Moo BUKOHAHHA Omepaltiil 3 JikBigamii Haci-
kiB HC € HeBU3HAYEHICTh THUIIB Ta 0OCAriB HEOOXITHUX
KPUTUYHHX pecypciB. [Ipuuomy 1si HeBU3HAYEHICTh TeHe-
PYETBCS SIK 3a37aJieTiab HEBIJOMUMH TapaMmeTpaMu (Mic-
LIEM pO3TalllyBaHHS, PIBHEM TSDKKOCTI, THIIOM) HaJ3BU-
YyalHOI cuTyalii, Tak 1 noronHuMu ymoamu mij yac HC,
PIBHEM OCHAILIEHHS Ta IIBUJAKICTIO pearyBaHHs TEPUTOPI-
ATBHUX PATYBAIBHUX IiIPO3ILTIB.

B 3amexxHOCTI Bix 1ux Ta iHmUX (paktopiB morpeda B
pecypcax Ui KOXKHOI 3 BU3HAUEHHX OIlepaliil 3 JiKBixa-
uii HacmiakiB HC Tex crae WMOBIpHICHUM a00 HEBH3Ha-
yeHnM (akropoM. B TepmiHax 3amad po3MilleHHA Taki
oreparii MOJICNIOIOThCS SIK TeOMETPUYHI 00’ €KTH 31 3MiH-
HUMH METPUYHUMH XapakTepucTukamu [6].

OnHak B IIMX Ta IHIIMX JOCTIDKEHHSX NPaKTHYHO HE
BpaxoBYeThCs piBeHb TspkkocTi HC, 1mio Ha mpakTHii Mo-
)K€ 3HAYHO BIUIMHYTH Ha pe3yJIbTYIOUy OLIHKY HeoOXin-
HUX pecypciB. ToMy okpeciieHe uTaHHs NoTpedye mnoja-
JBIIIOTO IPYHTOBHOT'O BUBYCHHS.

Meta — moOyzoBa ONTUMI3aMiHHOI MATEMAaTHIHOT MO-
JIelTi 1 MeTOy po3B’sI3aHHA 331a4i IUTAHYBAHHS PO3IOILTY
pecypciB 00 JNiKBimamii mpoctopoBo-posmnoxainenoi HC
Ta ii HACHIOKIB SAK 3amadi PO3MIIIECHHS T€OMETPUIHHX
00’€KTiB 31 3MIHHIMH METPHYHIMH XapaKTEPUCTUKAMHU B
3aj1aHiil 00JacTi pO3MILIEHHS 3 YPaxXyBaHHIM PIBHIO TSK-
kocti HC TexHoreHHOro abo NpupoJHOTO XapakTepy.

Pe3ysabTaTH Ta ix 06ropopeHHs. Jlns moOyaoBu Ma-
TEMAaTHYHOI MOJENI IUIaHYBaHHS pO3NOALLY pecypciB
0710 JIiKBigaii mpoctopoBo-posmnoaiienol HC sk 3agaui
PO3MIIIIEHHSI T€OMETPUYHHUX 00 €KTIB 31 3MIHHHUMHU MeET-
PUYHUME XapaKTePUCTUKAMHU HeOOXigHO (opmaiizyBaTi
iHpopmanito | =11 U I U I3 momo:

e |;: mapamerpis MoxmBoi HC;

e |: mapameTpiB ypaxxeHoi TepUTOPIT;

e |3. mapaMeTpiB TEpUTOPIaNPHHUX ITiIPO3ILNiB
JACHC VYkpainu.

OueBuHO, iHpopMarlis | € 3MimaHo, pi3HOPIAHOLO,
MeBHi ii KBAaHTH 0E3MOCEPEIHbO MPUIYCKAIOTh YHCEIbHE
MOJIaHHsI, TPOLeaypa OLIHKK IHIIMX KBaHTIB MOTpelye
3aCTOCYBaHHS arapary eKCHepTHUX OL[IHOK.

Po3risiHeMO BH3HAuYeHI CKIAJOBI TPOLECY MOJIEIO-
BaHHS OKPEMO.

[Mapamerpu moxxnuBoi HC — indopmartist tumy |1.

3Bakar04M Ha aHaji3, poBeJeHuH B [2], BUAIINMO Ta-
Ki mapametpu MoxurBoi HC:

1i={t, 31, 32, 33},

Je t — 4yac BuHuKkHeHHs HC, xopTex J1 BU3Ha4ae THUII
reorpagivHoi JoKamii: cTer, ripcbka MicleBicTb, mepeci-
YeHa MiCleBicTh i KoopauHatH V=(X,y) ueHtpy (micus
BunukueHHs) HC; 3, — e tun HC: {(ximiuHa, pamiariii-
Ha, OlosioriuHa, 3MilnaHa...), (MOBiHb, 3eMJIETPYC, JIiCOBa
noxexa)}; I3 — pieHb HC 3a TSOKKICTIO BTpaT.
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Tun reorpagivHoi JOKalii BIUIMBaE€ Ha OLIHKY Yacy
JIOCTAaBKM BaHTaXiB, OJHHMM 13 MiAXOIB 0 BHU3HAYECHHS
LIKaJIM OLIHIOBAHHS Ta PIBHSA Takoro BIUIMBY € (opmalri-
3aIisl Ha OCHOBI €KCIIEPTHHX OIIIHOK.

OxpeMe NHMTaHHS BUHHUKAE NIPU MOJICIIOBaHHI Mapame-
Tpy I3 — piBHio HC 3a TspKkicTIO BTpaT. B 3anexxHoCTI Bij
obpanoro Tumy nponenypu Qopmanizauii pierp Iz HC
3a TSOKKICTIO BTpPAT MOKe OyTH BHpaXXeHWH 5K (QyHKUis
yacy t mikBigauii HC: 33 =33 (t) abo sik ¢yHKLUis BUTpaT
Ha mikeiganito HC: 33 =3J3(S), me S — cymapHa rpoiiosa
oLliHKa BapTocTi pecypciB aus diksinawii HC Ta Hacminkis
HC, 33 € (0,1].

[Tpyn umpoMy BiAMITHMO, IO Ha €Talli CTPATErivyHOTO
IUTaHyBaHHS, KOJM MOBA He Mpo mapaMeTpu HMOBIpHOI,
rinorernaroi HC, € MOXIHBICTh IPOBOIUTH CTPYKTYPHY
i mapaMeTpuuHy ineHTHdiKanito QyHKil BuTpaT I3 (Ti-
HilfHa, KBaIpaTH9HA, JIOTiCTUYHA), aje i Jac onepaTHB-
Horo TutaHyBaHHS, Koy HC Bxe cTamach, Oinbpm mpu-
WHSATHUM € 3aCTOCYBaHHS CIIPOLIEHOI CXEMU MOJEIOBaH-
HS PIBHIO TSDKKOCTI BTPAT K KYCKOBO-JNiHIHHOI (DyHKIIIT,
o mojenroe piBai {«Hu3bkui»: I3 < 0,3, «cepenniin: <
T3 < 0,7, «Bucokuit» 0,7 < J3 <1}, HopMOBaHOT HANOLIb-
oM BigoMuM oOcsroM BTpaT Big HC BU3HaueHOTO THIY
y naHiit reorpadiuHiii JoKarii.

[MTapametpu ypaxeHoi Teputopii — iHpopmanis tumy |2
[6].

Teputopist S, MO € 00’€KTOM 3aXUCTY, MOMACTIOETHCS
3aMKHEHUM 0araTokyTHHKOM (puc 1), METpUuHI XapakTe-

PHCTHKH  SKOTO  3aJaHi  KOOpIAWHATAMH  BEPIIHH
Wﬁ = (Xﬁ , y‘;‘) , n=1,2,..., NS y saranbHiii cuctemi kKoop-
JIMHAT.

Bekrop W={(x{", Y1), (X5, y5)....(x{",y{)} 3anae
mapaMeTpH po3MIIIeHHsI MHOKHUHH §) HACEJICHUX ITyHKTIB
y 3arajpHil CHCTEMi KOOPIMHAT.

l'eoMeTpryHOIO MOAEITIO O0’€KTIB (i € OJHOHMEH-
HUI 3aMKHEHHH OIyKJIWH OaraTOKYTHUK i, BEPIIUHH
SIKOTO 3aJaHi y BIAcHiIi cucTemi koopauHatT. KoskeH
OYHKT y pa3i BunukHeHHss HC neBHOro TUIly reHepye 3a-
nutT (OTHOMMEHHHI KOPTEXK) i M0N0 00CAry HeoOXia-
HUX BaHTaXiB. BBaxaTHMeMO, 10 3HAYEHHS KOPTEXKIB
3aMUTIB i HE 3aJIeKaTh Bix Biacrani 1o ueHtpy HC.
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Puc. 1. O6nacTb Ta 06’ €KTH PO3MIIICHHS



3HadyeHHs xapakTepucTuk I; U I BiuBaroTs Ha mapa-
METPH YpakKeHOT 30HH, a TaKOXK POpMYIOTh OaraTodakTo-
pry notpeby (A(I3) ={Q;(J3),Q,(33)...,Q2;(I3)}
Yy BIONOBIOHHX pecypcax TEpUTOPIalbHUX MiAPO3ILTIB
JCHC VYxkpainu ans nixsiganii HC.

[Mapamerpu TeputopiansHux miaposainis JJCHC Ykpa-
iHU: — iHpopManis Tumy lo.

Po3mmpumo nonanss indopmanii tuiy |2 B mopiBHSH-
Hi 3 [10] HaCTymHUM YHHOM.

BusnaunMo, mo Tepuropianbhi migposnim JJCHC
VYkpaiHn MaroTh crarioHapHi 0a3u B MEBHHUX (MOXIIHBO,

HE BCiX) HacCeJeHHUX IYHKTaX §0 C ) TEpUTOPIi, IO po3-

rsgaeTbest. Ha puc. 1 Taki MyHKTH TO3HAYeHi BilTiHKa-
MH Ciporo KOJIBOpY, OLNbII iHTEHCHBHHI KOJIp O3HAayae
OinbIny moTyKHicTH /i Bimnosimsoro migposainy JJCHC

Vkpainu. IToTyxkHicTs 7 g JToKamii g&g 0=1,2,....G, €
BeKTOpHOI0 Bemmuunowo: /g ={f g1,/ gp s gy}

VY Bunanky, Koy cyMapHa HOTYXHIcTh (a0, SKIIO 1e
€ TPUHHATHUM, MOTYXHICTh HAa OJUHUIO IUIOIII ypake-
HOI TepuTopii) He BiamoBinae norpe6i 2 (y abcomoTHO-
My BHMipi a0 HOPMOBAaHOMY Ha OJWHHITIO TUIONIi), BH-
HUKa€ HEOOXimHICTh (hopMyBaHHS MOOUTEHUX IIEHTPIB
nonomoru (MIIJT).

Kimpkicte K MIJI, BekTOp KOOpPAWHAT PO3MIIICHHS
ML v= {vi, ..., Vk..., Vk} = {(X1, Y1), ..., Xk, YK),...
(Xk, Yk)) Ta motyxHicts N MIJJI € mykanumu napame-

TpaMu 3aj1a4i IUIaHyBaHHS PECypCiB.

BigHocHO TreomeTpii ypakeHOI 30HM BHU3HAYAILHUM
napamerpoM K-ro MIIJI € mpocTopoBuii po3moain mory-
KHOCTI Py, 110 BH3HAYa€THCS Yepe3 BiICTaHb O HaWBil-
JTANICHINIOT TOYKU TepUTOpii S, SIKy 3a PEraIaMeHTOM MOXK-
Ha BIIHECTH J0 30HHU BIUTUBY I1boro MII/I.

Pi(vk) € dyskuiero penbedy MicueBocTi, xapakrepuc-
TUK M1’ 3HUX NUIAXIB Ta HASBHUX TPAHCIOPTHHX 3aCO0IB
i 3MiHIOETBCS 3TiHO po3TarnyBarus K-ro MIJI.

[IpocropoBuit po3nonin Pk anpokcUMyroTh BOCHMU-
KyTHUKOM Cp, OpIEHTOBaHHMM 32 CTOPOHAMH CBITY.

3ayBaxkeHHs 1. baratoxytHuk Cm € reoMeTpuU4HHI
00’€KT y 3araJisHOMY BUIAJKY 13 3MIHHUMH METPUYHUMHU
XapaKTepUCTUKaMH Ta MPOCTOPOBOIO (opmoro. B 3amex-
HOCTI BiJ mapamMeTpiB po3mimeHHs neHTpy Cm Ha Tepu-
TOpii S, TOOTO B 3aJIEKHOCTI BiJl B3aEMHOTO pO3TallyBaH-
Hs1 Cnny Ta PEIUIIEHTIB JOIOMOTHY ) ; KOOPAWHATH BEPIIMH

(Xrgn,ygn), C=1,2,...,Nm, Gararoxkytauka Cm y BIACHii

CHUCTEMI KOOPJHMHAT 3MIHIOKOTHCSA. BiAmoBimHO, 3MiHIO-
€ThCS AaHATNITUIHUN oTHC 6araTtokyTHUKA Cp .

[MTapameTpu posmimenns: 06’ekra Cy 30iratorbes 3 ma-
paMeTpamu pO3MIIIEHHS Vim = (Xm, Ym) M-ro ML/,

Ha eramni omepaTuBHOTO IUTaHYBaHHS Iepen0adaeTbes
PO3B’s13aHHS HU3KH ONTHMI3allifHUX 33/1a4 CTOCOBHO PO3-
ropraaHs Mepexxi ML

3agaya 1. BusHaueHHS BIIIOBIAHOCTI pecypciB crari-
oHapHHX 0a3 Tepuropianbuux minposainie JCHC Ykpai-
HU 3alliTaM ypakeHUX 30H Ha BIAMOBiIHI pecypcu Ta mii
TEePUTOPiANIFHUX MiAPO3AiTiB y pasi BuHukHeHHS HC Tex-
HOTEHHOTO 200 MPUPOJHOTO XapaKTepy.

3amada 2. BusHaunTH mapaMeTpu ONTHUMAIBHOTO PO3-
MimeHHs MHOXkUHM MIIJ] BU3HadueHO! MOTYKHOCTI Ha
ypaxeHniii Tepuropii S, mo norepnae Bing HC npupoHoro
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ab0 TEeXHOTEHHOI'0 XapakTepy 3 ypaxXyBaHHSM TSKKOCTI
HC, mo cranace.

Po3B’s3anns 3anaui 1 6e3mocepeaHbo OB’ sI3aHe 13 BU-
3HAYEHHSIM OOCSTY HEIOCTaTHIX pecypciB, 3a SIKUMHU He-
o0xizHo 3Beprarucs no miaposainis JJCHC Ykpainu Bu-
IoTo PiBHA i€papxii.

3amada | mpumyckae TaKy IEKOMITO3HUINIO:

3amada 1.1 BuszHaueHHS BEKTOPY HE3aIOBOJIEHOI ITOT-

pebu O(J3) 2{611(33)1---,éij(sg)p--,ﬁu(sg)} Ta

pecypcis
hg ={hq.hgy,..., iy} cranionapuux Ga3. B pesyis-

BEKTODY HaJJIMIIKOBHUX

Tari po3B’si3aHHs 3ana4i 1 GopMyIOThCs JBI MiIMHOKUHN
00’exTiB: §0* ={goz,..., goTl}, notpeby SAKHX pecypcax
3a/10BOJICHO TIOBHICTIO, Ta (0 ={1,..., ¢, }, WO TOTpe-
Oytors nomomorn: I + 1, =1.

3agaua 1.2 3abesneueHus motpebu 52(33) BHYTpilll-

HIMH pe3epBaMH TEPUTOPII:

G I, J
> Cgij X gij — min, 1)
g1 i1 1
I, -
3a yMOB Xgij < Tgj

J
D Xgi <Qgi, J=1.2...0;1=1.2,.109=1,2,..G.
j=1

VY BHINAJAKY SIKIIO B PE3yJbTaTi po3B’s3aHHs 3amaui 1
BEKTOP

AT3) ={1(T3)...., Ezij (F3) ©215(33)}

Ma€  HEHYJbOBI MePeXoa1UMO
po3B’si3anHs 3agauyi 2.

MareMaTtruHa MOAENb 3a1adi 2 € TAKOK:

M M
min, >, 2 [0m Vi, Vo) + 0 (0,vim)],
veDcE™™ m=in=m+1
)

Je 06nacTh JONMYCTUMUX 3Ha4eHb D 3amaetbest ymo-
I M

Bow U p; < U Cp,, dyukuis ©py, (Vy,,V,) BusHa-
i=1 m=1

KOMITOHEHTH, o

Yae mIomry 001acTi B3aEMHOTO MepeKpUTTs 00’ €KTiB (Cm,

Cn), OyHKLis (sz),Sn (0,v,,) Busnauae roury obmacti B3a-

€MHOro nepekpurtss 00’ektiB Cm Ta cl(E¥S), m,n=
1,2,.,M, m=n.

Onrumizaniiina 3aga4a mokputts (2) GpopMysroeTbhes
SIK 3a7jada PO3MIMICHHS T€OMETPUYHUX 00’ €KTIB 31 3MiH-
HUMH METPUYHUMH XapaKTePUCTUKaMHU y MPOCTOPI mapa-
METpiB po3MilIeHHs 00’ ekTiB C BUTIIY:

M(v) — min ,
veD

nie obnacte D BU3HAYAETHCS OOMEKEHHSIMH:

30nu BIUHBY Cm MaIOTh BiAMIOBIIATH YMOBaM B32€EM-
Horo Henepetuny: ClCm M cICj= &; 4)
Koskuuii Hacenenuit nyHkT i, i=1,2,..., |2, Mmac Ha-

JIeXATH OAHIH i3 30H Cm! @i N CICn= gp3i; (5)

3oHa BBy Cm MOKE 9aCTKOBO HE HaJIe)KaTH 00JacTi

S:CmnEY S % (6)

®)
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Kpim Toro, HEOOXiJJHO 3BaXKaTH HA HASIBHICTH TaK 3Ba-
HUX 3a00pOHEHMX 30H pPO3MIIEHHS, TOOTO HAasBHICTH
00’€exTiB @i, 1=1,2,..., |1, A5t AKUX BUKOHYETHCS YMOBA:

@iNnclCn=3. (7

ANropuT™ po3B’sA3aHHS 3a/1a4i, OCHOBaHUH Ha cTpaTe-
rii HOCJiTOBHO-ITOOIMHOKOTO PO3MILIEHHS, 32 YMOBH PO-
30MTTS 00nacTi S PIBHOMIPHOIO CITKOIO 3 Nm KOMipKamu
{A*, AV} Tak, mo y Mekax KOXXKHOT KOMIpKH (SKIIO Vm €

X
{A7,
Cm € cTanmumu:

m _  MAX AY MoAX AY _
Xie =X (A7, A]), Yie (A7, A7), k=1.2,....0m,

1 110 JTO3BOJISIE TIPOBECTH MEBHY PEIYKINIO 3a1adi, siKa
€ TPUITHATHOIO Ha eTami ONepaTHBHOTO IJIAHyBaHHS,

MICTHTh TaKi €TaIlx:

1. 3aBmaHHSA TEPECTaBICHHSA HOMEPIB HACEICHUX
OyHKTIB: @i, i=1,2,...,12. YHOpsAAKYBaHHS OPOBOAUTHCS
32 TPUHIMIIOM «HAWOIMKYOTO CYCIIm», MOYHUHAIOYH 3,
HaTIPUKJIA[ i3 MiBISHHO-3aXiTHOTO MyHKTY.

2.  BwmsnadenHs Micnd posramryBanHs M-ro ML i3
30HO10 BILIUBY Ch.

e iTepamiiina 3am1a4a BUTILLY

y : .
A7 }) dopma Ta METpHUHI XapaKTEPUCTHKU 00’ €KTIiB

* vy = ; S P e
(Xmiym)—arg min - maX fm(Xm,ym,in,yji)
vmeS iel”,jenj
Jile MHOXKUHA |~ — MHOXXMHA IHACKCIB 00’€KTIB (0 IO
€ HE OXOIUICHUMH MICBHOIO 30HOIO BILTUBY.

®opmyBanHs MHOXKHMHH iHAekciB |™ 06’€exTiB (i, MO
€ OXOIUICHUMH M-10 30HOIO BILIHBY.

Kpurepiit octanoBy anroputmy € takum: U | =l
m

Bucnosku. IlpencrasieHo nogaiplinid po3BUTOK MO-
JICIIOBAHHS Ta PO3B’sA3aHHS 3a]adi MOKPHUTTS MOTPeOU B
pecypcax B MOCTPaXIAIHX HACCICHUX IMyHKTaX IiJl 4ac
JIKBiJAIii HACIIAKIB MPOCTOPOBO-PO3IMOIIICHOI Ha3BU-
YaifHOI CHUTYyallii MPUPOTHOTO Ta TEXHOT'CHHOTO XapaKTe-
py-

[TpoBeneno mapaMeTpu4Hy iZeHTH]IKAIiI0 MaTeMaTH-
YHOI MOJEJ OCHOBHOI 3aiadl JOCIIIKEHHS Ta ii JEKOM-
MO3MIi0, MOOYIOBAaHO eTamy PO3B’s3aHHA 3a7adi. Y 1o-
JATBIIOMY TiependadaeTsesl 3MIMCHUTH (opMaltizamito
MHOXHHH TIapaMeTpiB 3aladi i3 3aCTOCYBaHHSAM Teopii
HEYITKUX MHOYKHUH.
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Abstract. The paper is devoted to the constructing a generalized optimization model of the problem of resource allocation for elimi-
nation of natural or man-made emergency taking into account its gravity. Both fixed landing points and many mobile help centers are

envisaged. The problem under consideration can be formulated as a

problem of placing geometric objects with variable metric char-

acteristics. An algorithm for solving the resource allocation problem is given.
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35



Science and Education a New Dimension. Natural and Technical Sciences, VI1(26), Issue: 215, 2019 Dec.  www.seanewdim.com

MEDICAL SCIENCES

B3aumocBs3b 6I/IO(l)I/I3I/I‘leCKI/IX mapameTpoB pOTOBOﬁ AKNIAKOCTH

H. U. 3abon0oTHasn, B. B. IleryxoB, A. A. Komjie

JloHenkuii HallMOHAIBHBIA MEMIIMHCKUI YHUBEpCUTeET, JIuMaH, YkpanHa
Corresponding author. E.mail: myhelp200@gmail.com

Paper received 09.12.19; Accepted for publication 24.12.19.

https://doi.org/10.31174/SEND-NT2019-215V1126-09

AnnHotanus. Llens paGoTsl — BEIIBICHNE KOPPEIHIINK BETMYMH KOMIUIEKCHOTO JJIEKTPHYECKOTO COIPOTHBIICHHS (MMITE[aHca) POTOBOM
KUIKOCTU U KodduimenTa aucnepenu C BenmduHaMmu pH, 6ydepHoit eMKOCTH, CKOPOCTH CIIIOHOOT/IETICHHsI. Matepraisl 1 METO/IbI: 00b-
€KT MCCIIEIOBAHUS - POTOBAst KMAKOCTH 33 manyeHToB. beumn onpeneneHsl pH, Oy(epHas eMKOCTb, CKOPOCTh CIIFOHOOT/ENCHHS, MMIIEIaHC,
MHULEIUIIPHOCTh U MHHEPAIM3YIOIIAs CIOCOOHOCTD POTOBO# JKUIKOCTH 0 3HAUSHUAM KoddhHIMeHTa aucnepcut. Pes3ynbTaTsl: okasare-
m pH, 6ydepHoii eMKOCTH, CKOPOCTH CIIFOHOOT/ETEHHs COOTBETCTBOBAIM KapPUECPE3UCTEHTHOMY COCTOSIHHIO TBEPABIX TKaHeEl 3yOoB M
HaXOAWIVCH B TIPSIMOI KOPPEIISIIOHHO CBS3H € 3IEKTPOGHU3MISCKIMY MOKa3aTeIsIMI. 3HAYSHNS Ko dHIMeHTa JUCTIEPCHI NMIIEIaHCa
(31,12+6,24) Menu BRIpaKESHHYHO KPYTH3HY AUCTICPCHH, XapaKTEPHYO ISl BRICOKOH CTETICHH YKUIKOKPUCTAITHYCCKOMN (ha3bl CITFOHBL.
Kniouesvie cnosa: pomosas scuokocmo, 6uogusuyeckue napamempeol, KapuecpesucmeHmHoCcmy.

Bgenenue. PoroBas sxuakocts (P2K) — cioxxHast mo mpowc-
XOXKJICHHIO U COCTaBy OMOJIOTMYECKasi CPesa, y4acTBYIOIIast
B peajM3allid MHOXECTBa (DYHKIMH: UMMYHOJOTHYECKOM
Ha/30pe, NUIIEBAPUTENILHOM, MUHEPAIU3YIOLICH, OYUILAI0-
e, BaykHBIM KOMIIOHEHTOM MECTHOT'O T'OMEOCTa3a sABJIACT-
Cs1 KUCTIOTHO-OCHOBHOE PaBHOBECHE B IIOJIOCTH PTa, C KOTO-
PBIM TECHO CBSI3aHBI (DM3HMUYECKHE M OMOXMMUYECKUE CBOM-
crBa PXK [1]. OOBEKTHBHBIM IIOKa3aTelleM KHCIOTHO-
IIEJIOYHOTO paBHOBecus sBisiercst pH — rmaBHBIA ecte-
CTBCHHBIH PETYJSITOP TOMEOCTA3a MHUHEPAIBHBIX KOMITOHEH-
TOB 3MaJM ¥ JUHAMHYIECKOTO PAaBHOBECHS IPOLIECCOB 0OMe-
Ha B CHCTEMe «OMaib-ciiioHa» [2]. Tlpu moTepe ycToiumBo-
CTH CTPYKTYpbI (HU3KOE U BbIcOKoe 3HaueHue pH) dyHkiws
CITIOHBI W3 MUHEpaIM3YIOIIeH mpeBpaliaercst B AeMHUHEpa-
nusyrornyio [3]. Beicokast eMkocth Gydepa MO3BOISIET MH-
HUMU3HPOBATh HEraTUBHbIE IIOCIIES/ICTBHUS BO3ICHCTBUS KHC-
JIOT, 00pa30BaHHBIX B IIPOLIECCE PA3IOKEHUS CcaxapoB, HA
TBEpIble TKaHU 3y00B. KonmdecTBO BBIIEISIEMON CIIOHBI
TaKKe SBIACTCS YPE3BBIYAHHO BAXKHBIM IIOKA3aTesieM, OT
KOTOpPOTO 3aBHUCAT 3(P(EKTUBHOCTh 3AIIUTHOW M OYHIIAIO-
1Iei ee PyHKIMH, a TaKKe CKOPOCTh pEMHUHEPAIIH3ALINH, IPO-
TEKAOLIEeH C HCIOB30BaHHEM MHHEPAJbHBIX BelecTs [4].

OnexTpohr3nuecKre MPoLecchl B MOJIOCTH pTa MaJloHC-
CIIeIOBAHBI, HECMOTPSI HA TO, YTO SBISIOTCS, OYEBHJHO,
BO)KHBIM (HaKTOPOM, BJIMSIOLIMM Ha Pa3BUTHE MATOJIOTUH
TBEP/BIX TKaHel 3y00B [5]. 3BeCTHO, UTO MOHOE 3IEKTPHU-
YECKOe COMPOTHBIICHHE CHUCTEMBI Z (INEKTPUUCCKHI UMIIe-
JIAHC) C POCTOM YacTOTHI TOKa JOJDKHO yMEHBIIATHCS TEM
CHJIbHEE, YeM OOJbINe €€ AUCTICPCHOCTh U MHILEIUIIPHOCTh
[3,6]. KonmaecTBeHHO OXapakTepu30BaTh YaCTOTHYHO 3aBH-
CHMOCTb MOJIYJISl MMITEIaHCa MOXXHO C OMOIIBIO K03(du-
muenta aucriepcrd (Km). KadectBo 3yOHOI sManu B 00JIb-
LIMHCTBE CBOeM ompenensercss cBoiictamu PXK, a 3Hauwr,
IpU M3MEHEHHU XapaKTEPUCTHK CIIOHBI 3aKOHOMEPHBI U
M3MEHeHnsI B cocTostHud amain [7]. Tlostomy usydenmne
anexTpodusmueckux mapamerpos PXK, B coueranmu c apy-
THMH TIOKAa3aTeIsIMH, TIPEICTABISAET ONPeeTICHHBIA HHTEPEC
C TOYKH 3pEHHS JUATHOCTUKH CTOMATOJIOTMYECKOW ITaToJIo-
run [5] u koHTpOIs 3P HEKTUBHOCTH TPOBOAUMBIX MPOPH-
JIAKTUYECKUX MEPONPUATUI.

Iens. BIABICHUE KOPPEISLMU BEIMYUH KOMILIEKCHOTO
aneKTprueckoro comnpotusienus (nvmenanca) Z PXX n Kn
JNIEKTPUYECKOr0 MMIleiaHca C BenuunHamu pH, OydepHoii
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€MKOCTH, CKOPOCTH CITFOHOOT/ICTICHHS.

Marepuanbl 1 MeToAbI. B KIIMHIKO-JIA00paTOPHBIX HC-
CIICIOBAaHMSX Y9acTBOBAIO 33 KapHeCpe3UCTEHTHBIX CTOMa-
Toslornyeckux mnauuenta (17 MyxumH, 16 xeHmuH) 0e3
coMaTuyecKkoil maronoruu (cpeaHuid Bospact — 23,45+5,16
rofa). YpoBeHb PE3UCTCHTHOCTH OMPEICIUICS C YYeTOM
MHTCHCHUBHOCTH TIOpaKeHUst oTaeibHbIX 3y0oB (KITY),
rpymi 3y0oB U uxX moBepxHocteii [8]. OObekTOM HCcieno-
BaHUWsI CIyXKWia HecTumyimpoBanHas PJK, cOop kotopoit
ocymecTBisud B nieproa ¢ 10 mo 12 vacos. 3a 2 yaca 1o
Hayaya HMCCIIEIOBaHMs UCKITIOUAINCh YUCTKA 3y0OB, TpUEM
ALY, SKUAKOCTeH, Kypenue. lIpenmsaputensHo obcnemye-
MBI TIIATEIBHO MOJIOCKAT HOJIOCTh PTa JBAXKIBI JUCTUILIH-
poBanHOH Bojoii. PXK coOupanack B CTEpHIBHYIO IUIACTH-
KOBYIO MPOOUPKY € KpbIKoi. bruodusmyeckre napamerpsl
PX onpenensmicy myrem onenku pH, OydepHoit emkocTH,
CKOPOCTH CITIOHOOTAEJNICHUS, U3MepeHus Z, MULEIUIIPHOCTH
1 MUHEpaIU3YIOLIeH ee CIIOCOOHOCTH.

YacrorHas 3aBucuMocTh Z PIK cHEManace mo craHmapt-
HOo#l Metomuke B guamaszone 10 I'm - 10 MI'n. B xauecTtse
HCTOYHMKA TMEPEMEHHOTO CHTHAJIA HCIIOJNB30BAJICS I'eHepa-
top I'3-112. BbIXo#HOE HANpsDKEHUE CUTHANIA PAaBHSIOCH
800 MB. Dranonnoe conporusnerre R=300 Om. BoiprmeT-
pom B3-38B m3mMepsoch najieHHe HANPsDKEHUST Ha 3TaJloH-
HOM COTIPOTHBIICHUH MV U Ha »JieKkTpoax sueiiku E1 u B
¢ P2K mV,. Cxema m3mepenust Z npecTaBiieHa Ha puc. 1.

R

ol

E.]
E,L__]

¢ (=) %)

Puc. 1. Cxema n3MepeHus seKTprudeckoro nmieaadca (Z) PXK

OneHka MULEIUIIPHOCTH 1 MUHEPAIU3YIOLIEH CIIocoOHO-
cru P)X oueHuBami Ha OCHOBaHMM U3MEPEHUS KPYTU3HBI
aucriepcnn 1 Kt anexrpudeckoro umnenanca PXK mo dop-
myne: Ky = Zyy [Zy,. Tlpu 3Hauennsx Ky, nexammx B HHTEP-
pane K,=5-18 B mmamazone uyactor v = 10-10° I’y sxuKo-
Kpuctamumieckyto (aszy PXK cunmramm HeycToHumBOH, MU-
LEJUIIPHOCTh — HU3KOHM, MUHEPATN3aIUOHHYIO0 (QYHKIHIO —
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ocnabennoi. [Ipm BemmuuHax K, Jexxammx B WHTEpBaje
40-75 munepanm3anuonnyo ¢yHknuio PXK cuuramm Bbico-
KOW W ycToiunBo# [6]. Mi3MepeHusi mpoBoauiiM Henocpe-
cTBeHHO TIocie 3abopa PXK, onpenenenne ee pH ocymects-
JSIOCH TapasiieNnsHo npu nomorw pH metpa (AZ-8689) mo
cTaHAapTHON Metoauke. ONTHMAaNTbHOE 3HaYCHUE MoKa3aTe-
15t pH P2K, koTopoe npHuHSTO cUUTaTh 32 HOPMY, COCTABIISICT
6,5-7,4 [9].

Omnpenernsiiu eMkocTh Oydepa meromom Krasse: 1 mu
cmonbl emenmBai ¢ 3 mu 0,005 N pactBopom cosstHO#M
kucinotsl (pH~3,0), mody4eHHYI0 CMECh BBIAEP)KHBAIH B
TEYeHHEe 5 MHHYT, HOCJIE Yero MPOW3BOIMIN M3MEPEHHE C
nomMoupto pH merpa. IomyueHHble pe3yabTaThl OLIEHUBAIN
crenyromuM obpazom: pH>6 — Bbicokast eMkocTh Oydepa;
5<pH<6 — mHOopMmampHas emKocTb Oydepa; S<pH — Hu3Kas
emkocth Oydepa [4,9]. MpoxyktuBHyo mestenbHOCTs PXK
OTIPE/ICIISUTN C TIOMOIIBIO CHAJIOMETPHH — 10 0a30BOM CKO-
poctn canmBanmm. 3abop HectuMmyimpoBanHOH PXK ocy-
LIECTBISUIA B TPaJlyMpOBaHHBIE MPOOUPKH ITyTEM CIUIEBBI-
BaHUs. CKOpPOCTb CIIOHOBBIJEICHUSI PACCUMTHIBAIM B
MJI/MUH. 110 (hopMyJie: KOIM4YecTBO BbiaenaeHHoH PXK /Bpems
cbopa [10]. 3a HopMaTbHBIH YPOBEHb CKOPOCTH CITFOHOOTIIE-
JIeHWs TpPUHUMAJIM cKopocTh cekpeuu ot 0,29-0,41
mi/mud. [7] no 1,0 mi/mus. [4,9].

Bce nccnenoBanms MpoBOAMIIUCE TIOCIIE HHPOPMHUPOBAH-
HOT'O COTJIAacHs MAMEHTOB Ha Kadenpax ctomaTonorud Ne2
1 MEIHITMHCKOHN (pU3MKH 1 MH(POPMAIMOHHBIX TEXHOJIOTHH
Nel JloHenkoro HaI[MOHAJIHPHOTO MEAWIIMHCKOTO YHHBEPCH-
TeTa.

CraTUCTHYeCKUH aHAJIW3 OCYLIECTBISUIM C IIOMOIIBIO
KOMITbIOTEpHBIX mporpamm Statistica 10.0 u Microsoft Excel
2003. bbu1 npoBeeH KOpPEJsLHOHHBIA aHaIU3 Ha OCHOBE
OIpE/ICIICHUST TapaMeTpuyeckoro koddduuuenta bpase-
IMupcona (r). JOCTOBEPHOCTh TOJTYyYEHHBIX PE3YJIHTATOB
oueHMBaM 1o t-kputeputo CTHIOJEHTA, KOPPETALHOHHON
CBS3M MEXY TOKa3aTeIsIMU - 10 KpuTeputo CThIOIEHTa C
ucrosb3oBaHueM Z-tecra (Z-kpurepusi Ouiiepa). 3a KpuTu-
YEeCKHH YpOBCHb 3HAUYMMOCTH TIPH TIPOBEPKE CTAaTHCTHIC-
CKuX runote3 npuHumaics p < 0,05.

Pesyabrarsl 1 ux o0cy:xaeHue. YCpeaHEHHbIE NTOKa3a-
temu pH u OydepHoit emxoctn PXK ObUM 0JMHAKOBEIMU
(6,78+0,34 u 6,78+0,12) U COOTBETCTBOBAIN BBICOKOMY
ypoBHIO. CKOPOCTH CITIOHOOT/IENICHHUST 00CIIEIOBAaHHBIX ObLIa
Bblllle HOpMaibHOro ypoBHs - 1,83+0,31 mu/muH. Takum
00pa3oM, MOJTyYEeHHbIE Pe3yJIbTaThl COOTBETCTBOBAIIM KapH-
€CPE3MCTEHTHOMY COCTOSIHHIO TBEPJIbIX TKaHeH 3y00B Maly-
€HTOB, OTPENENICHHOMY BO BpeMs KIMHHYECKOTO 00CIe/o-
Banust [4,7,10]. INonyuennpie 3Ha4YeHusT Z 3NEKTPUYECKOTO
nmnenanca PXK nokazansl Ha puc. 2. Kpusas npencrasisier
co0oii maHHBIe Z, ycpeTHEHHBIC I Kakaor Toukn. OeHka
munewsipHoctd PXX u, ciemoBatenbHO, ee MUHEpaIH3yroO-
et criocobHocTH [3,6], CBHAETENhCTBYET O ToM, 4to K,
MIpeACTaBISIONINI co00# oTHOMmEeHne Z Ha yactote 10 't k
BenmmunHe Z, ompezernsieMoro Ha gactore 1000 I'm, Obin B
nuanazone 31,12+6,24 (puc.3.).

Benmuuuna Kn 3aBucur, B nepByr0 ouepeib, OT KOJIHYe-
CTBa W COCTOSIHUSI MUIEUT (YCTOWYMBOCTH, WX pa3Mepa).
[TonmHOE AMEKTPUYECKOe CONMPOTUBIIEHHE CUCTEMBI Z C POC-
TOM YacTOTHI TOKa JIOJDKHO YMEHBIIATECS TEM CHIIbHEE, YeM
6oJIbIIIE €€ AUCTIEPCHOCTh U MUIEIUIAPHOCTH [3,6]. U3mepe-
HMSl YaCTOTHOHM 3aBHCHMOCTH JJIEKTPHUYECKOTO HMIIE/IaHCa
PXX nozpossitor mo BenuuuHe K 0OIHO3HAUHO KoOJUYe-
CTBEHHO OLICHUTh HAJIMYME ¥ YCTOWIUBOCTD SKUIKOKPHCTAII-
JIYecKOi Me30(]a3bl CITIOHBI U, CIIEA0BATENbHO, €6 MUHEpa-
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JIU3YIOIIYTO CIOCOOHOCTH [3].
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Puc. 2. ITonHoe 3n1ekTprdecKoe conpoTuBieHre cucteMsl Z PIK

[Momyuennbie 3Ha4deHus K MMEIOT BBIpQKEHHYIO KpYy-
TH3HY [JHCIICPCUM, XapaKTEepPHYIO JUIsl BBICOKOW CTENEeHH
KUAKOKPUCTAUINYECKOH (Da3bl CIIOHBI, KOTOpas CBOW-
CTBEHHA KapUECPE3UCTEHTHBIM NarueHTam. [lokazarenn Z
HMEJTH BBICOKYIO INPSIMYIO0 KOPPEISILIMOHHYIO CBSI3b CO 3HA-
yeHusimu pH (r=0,88), 6ydeproit emxoctu (r =0,82), ckopo-
cru cimoHootaenenus (r=0,86), K (r=0,91).
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Puc. 3. Yacrornas 3aBucuMocTh kodpdummenrta aucrnepcenn (Kim)
aneKTpudeckoro conporusienus Z PXK.

Bennunna pH Haxonunach B CHIIBHOM MPsIMOM KOppens-
MK co cKopocThio cmoHooTaenenus (r=0,88), OydepHoii
emrocteio (r =0,99), Kn (r=0,82). IMokazarenu Oydeproit
€MKOCTH KOPPEJUPOBAIU CO CKOPOCTBIO CIIFOHOOTAEeHuUS (I
=0,86), Kn (r =0,87).

Ha puc. 4 noka3ana 3aBUCUMOCTb cpeqHUX BenuurH pH u
Z ot cxkopocTu cimoHootaeneHus. Ilpu pocre 3Hauenus pH
HaOmoaeTcsl 3epKajibHOE MajieHne umienanca Z. Taxkum
00pa3oM, ObLJIO MOATBEPXK/ICHO MPSIMOE U OIMOCPEIOBAHHOES
BIMSIHAE JMHAMUKN W3MEHEHHH TIOKa3aTesle CKOpOCTH
CITIOHOOT/ICTICHHS 1 KOHIIEHTPAI[MM BOAOPOIHBIX HOHOB Ha
obecriedeHre ONTHMAJbHBIX YCIOBUH (DYyHKIMOHUPOBAHHS
3y0OYeMOCTHON cucTeMbl marpeHToB [10] m W3BecTHBIE
JTAaHHBIE, 9TO EMKOCTh Oydepa HaxXOIWUTCs B NPSIMOH 3aBH-
CHMOCTH OT KOJIMYECTBA BBIICISIEMO# CITIOHBI [4].

7.4 9
7.2 /s
F 7
7 —
L 6 E e pH
=
6.8 52
fos] L Z. kO™ (=100 T'm)
= —
6.6 4 E
3 = —— JInneitnaa (pH)
6.4 ~
F2 ,
—— JIuneiinas (Z. kKOM
6.2 L (=100 T'r))
6 — 77— 0
1.01.11213141.51.61.7181.9
CKOPOCTE CIMIOHOOTICTeHH. MI/MHH

Puc. 4. 3aBucumocTtb cpennux BenrmuuH pH 1 Z oT ckopocTu citto-
HOOT/IENIEHUS



Tlomydennsie 3Hauenust Ko mumenu BBIpaXKEHHYIO Kpy-
TU3HY IUCTIEPCHH, XapaKTEPHYIO U BBICOKOH CTEICHH
KUAKOKPUCTAININYECKOH (ha3bl CIIFOHBI, XOTA W HAXOJHIINChH
B auamazoHe 31,1246,24, nexammx B HHTEPBAIC MEXITY
K,=5-18 u Kg=40-75, cooTBeTCTBYIOIEMY CpEeIHEMY YpPOB-
HIO YCTOWYMBOCTH W MHIEIUIIPHOCTH >KHJKOKPHCTaJLTIYE-
ckoit ¢azel PXK n ee MunepanuzaumonHoit ¢pyukiuu [6]. O
TIOBBIIEHUH YPOBHSI MHHEPAIM3AIIMOHHOM (DYHKLIMHN CITFOHBI
CBHZICTENILCTBYIOT BO3pAcTaHHE €e €MKOCTHBIX CBOWCTB W,
CIIEJIOBAaTEIbHO, BO3pPAaCTaHUE CTENEHW MULECIUISIPHOCTH,
obecnieunBaroIell MUHEPATH3aIHIO TBEPABIX TKaHEeH 3y00B.
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BoiBoabl. PXK kapuecpe3sucTeHTHBIX NMAIMEHTOB Xapak-
TEpeH ONpeIeICHHBIN YpOBEHb OMO(U3NIECKUX TOKa3aTe-
JIeH, ONpEeAeNsIoNMX €€ MHHEPAIU3YIOINIMKA TOTEHIHAI.
Boia BBIsSBICHA TIpsMas KOPPEIAIHOHHAS CBS3b MEXKIY
KOMIUTEKCHBIM  3JIEKTPHYECKIM COIPOTHBICHHEM (FIMIIe-
narcoM) Z PXK u K anekTpudeckoro UMIieianca C Bemidu-
Hamu pH, OydepHol eMKOCTH, CKOPOCTH CITFOHOOT/IEIICHHUSI.
OTH B3aMMOCBSI3M TPeOYIOT JAJBHEHILEro U3YUEeHHs C Lie-
JIBI0 TIPUMEHEHMs Ul KOHTPOJIs 3(P(EeKTHBHOCTH Npodu-
JIAKTHYECKUX MEPOTIPHUSITHH.
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Abstract. The purpose of the work is to identify the correlation of the complex electrical resistance (impedance) of the oral fluid and the

dispersion coefficient with the indices of pH, buffer capacity and salivation rate. Materials and methods: object of study is oral fluid of 33

patients. The pH, buffer capacity, salivation rate, impedance, micellarity and mineralizing ability of the oral fluid have been determined by

the indices of the dispersion coefficient. Results: pH, buffer capacity, salivary flow rates have corresponded to the caries-resistant state of

dental hard tissues and have been directly correlated with electrophysical indicators. The indices of the impedance dispersion coefficient

(31.12 £ 6.24) have had a pronounced dispersion slope, which is characteristic of a high degree of the liquid crystal phase of saliva.
Keywords: oral fluid, biophysical parameters, caries-resistance.
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Annortanusi. B pabote npezcrapieHs! pe3yIbTaThl HCCIEAOBAHMS AMHAMUKH U YIIPABIIEMOCTH OJTHOH CTEIIeHH ITOBIDKHOCTH IPOMBIILIEHHO-
ro pobora. B kagecTBe mpuMepa paccMOTpeH poOOT, KMHEMaTHIecKass CXeMa KOTOPOTO COJEpKHT TPH POTAIMOHHEIE Iaphl IISTOTO Kiacca.
Pobot pabotaer B cdepraeckoii cucreme koopauHar. Ha srare KmHeMaTHaecKoro aHaum3a ONpeielIeHbl KOOPIMHATEI 0CO00H TOUKH (IIOJIFOCa)
CXBaTa B CUCTEME KOOPAMHAT CBS3aHOM ¢ OCHOBAHMEM MaHMITYJISTOPa. JJMHAMUYECKUI aHATIN3 HO3BOJIMII COCTABHTh MaTeMaTHYECKYIO MOJICIb
IBIDKEHUA poOoTa Ha ocHOBe ypaBHeHui Jlarpamxka |l poga. OueHka ympaBisseMOCTH BBIIOJMHEHA UIs PACHIMPEHHOTO OOBEKTa yIpaBICHN,
COCTOSIIIIETO M3 MaHHUITYJIATOPa ¥ HCTIOJIHUTEIBHOTO YCTPOHCTBA MPpUBOAA. sl CUHTE3a CUCTEMBI YIIPaBJICHUS HCHIOJB3YETCsl CTPYKTYpHAs CXe-
Ma C OTpHIIATEIbHON 00paTHOM cBA3bI0. Mccnenyemast CTeneHb OABKHOCTH (2 MAHHUITYJIATOpA TOJIHOCTHIO yIpaBisieMast.
Kniouesvie cnosa: pobom, ounamuxa, cmenenb NOOSUNCHOCHIU, YIPAGTIAEMOCTb.

[pombIneH bl poOOT, KaK OOBEKT YIPaBICHHs, 3TO - MHO-
rOKaHaJIbHasI, MHOTOCBSI3HAs, CYIIECTBEHHO HEJMHEHHas Iu-
HamH4ecKas cucteMa. MccnenoBaHusIMU IMHAMUKK U yTIpaB-
nerust poboros 3aruManuck E.W. FOpesma, C.®@. Bypnaxos,
A.B. Timmodees, B.C. fctpebos, A.M. @unaToB u ApyTHE.

Jns obecriedeHHst KavyecTBa MPOTPAMMHBIX JABIDKCHHI
MaHHITYJIITOPa, YMEHBIICHHS OMMOOK ITO3UIMOHUPOBAHUSA U
obecrieyeHrs KaueCTBEHHOTO PETyJIMPOBAHUSA HPHMEHSIOT
CHCTEMBI YIIPABJICHHS C UCTIONB30BAHUEM OOpaTHBIX CBSI3EH.

CraOunuzanus MporpaMMHBIX JIBIKEHUIH MaHHITYJISITOPA,
NPEJCTABISIET CHHTE3 AJITOPUTMA YIPABJIEHUs JUlsi o0ecreye-
HUS  aCUMIIOTOTUYECKOM  YCTOMYMBOCTH  MPOrpaMMHOIO
nsmwkenns (i(t) mpu te(to, tf] mpu BeIMONHEHNK OTpaHUYCHMIT
Ha OBICTPOJIEHCTBIE, NEpPEPeryIMPOBaHNe, KOIeOaTeIbHOCTb,
CTereHb YCTOWYUBOCTH U T.J.

JluHamMyKka MaHWIYJISITOpA  ONMCBHIBACTCS  ypaBHEHHUEM
Jlarpamxa |l poma, KoTopoe yacTo npezacrasisercs B Buze [1-
3]

A*(0,8)d+B*(q,4,6) =3, ()
a muHamuKa npusoios [1-3]:
TO+T,0+ T8+ T,M, (0,6,8) = Ky U )

rae A*(Q,§) — matpuiia pasMepHOCTH NN, 3aBHCSINAs OT
KOH(HTypaIy Marumyssitopa; B*(q, &) — Bekrop-crosdery
pa3smepHOCcTH NX1;  — BEKTOp OOOOMICHHBIX KOOPAWUHAT
MaHwuIyasTopa;, q’ BEKTOpP OOOOIIEHHBIX CKOPOCTEH
MaHHIyJsiTopa; £ — BEKTOpP T€OMETPUYECKUX W MacCOBO-
WHEPIMOHHBIX IIapaMeTpOB MAaHMILYJISITOpa; O — BEKTOp-
cTonben pa3MepHOCTH Nx1 yCHIMHA U MOMEHTOB B MPHBOIAX
MaHHIyyJsiTopa; My — BeKTop-crojber pasMepHocTd Nx1
MOMEHTOB BHEIIHMX HAarpy30K Ha BBIXOJHBIX BaJlax
npusonoB; U — Bekrop-cronmben; pasmepHoctH Nxl
YIIPaBIISIONINX CUTHAJIOB.

Tlox monHOM yIpaBIsiEeMOCThIO JTMHAMHYECKOW CH-
CTeMbl MOHUMAIOT HAJIMYKME TAKOTO YIPABJISIONIEr0 CHUrHAIA,
KOTOPBI 32 OTPaHUIECHHBIA MPOMEXYTOK BPEMEHH CIIOCOOCH
IIepeBECTH BCE N MEPEMEHHBIX COCTOSHHUS PACIIMPEHHOTO
0o0BbeKTa yIpaBJIeHHs U3 3aJlaHHBIX HaYaIbHBIX COCTOSHHH B
TpeOyeMbie KoHeuHble cocTosiHus [4, 5)]. Tlprdem, s nonHoi
YIIPaBIAEMOCTH HEOOXOAWMO M JOCTATOYHO, YTOOBI pPaHr
MaTpHLb! yIPaBIIeMOCTH ObLI PaBeH HOPSIIKY AMHAMHUYECKON
cucremsl [4, 5]: rang Qy=n,
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rue Qyz[B AB A’B A"’IB] — MaTpulia YIpaBIsSeMOCTH

pasmMepHocTd NxN‘M; A — MaTpuia COOCTBEHHBIX 3HAYECHUI
pacIIMpeHHOT0 00BEKTa yIpaBieHHs1 pa3MepHOCTH NXN; B —
BEKTOP-CTOJIOCI] pa3MEPHOCTH NxM.

IIpoBenem wuccnenoBaHue IUHAMHUKH W YIIPaBISEMOCTU
OT/EJIBHOM CTENEHH MOJBIDKMMOCTH (2 MaHMITYJIATOpa,
KMHEeMaTH4ecKasi cXxeMa KOTOpOoro m3oOpakeHa Ha puc. 1.
BbimonHuM — MoJENIMpOBaHHE ~MPOTPAMMHBIX  JIBIDKCHHUH
MaHUITYJIITOpa MPOMBIIUIEHHOTO po00Ta, IpOoaHAIU3HPYeM
KaueCTBO PETYJIMPOBaHHS ONHON CTENEHBIO MOABIKHOCTH C
HCTIONIE30BaHIEM CHCTEMBI YIIPABICHUS C 0OPaTHOH CBSI3EIO.

AHanm3 TUHAMUKH W MOJCITMUPOBAHUE YIPABISIEMbIX JIBHU-
JKCHUH MaHMITYJIATOpa BEIMOJHAM C HCIOJE30BAHHEM YpaB-
HeHHu# Jlarpamxka Il pona. ns uccnenoBanus ynpasisieMo-
CTH OTIENBHON CTENEHH MOABIKUMOCTH (2 PAacCMOTPUM
YIPOIISHHYI0 MOJIENIb MaHHITYJISITOPA, MIPH 3TOM 3BeHBsI 3 - 6
00BEIMHNAM B OJTHO 3BEHO JUTMHOM |xp=1,6 M 1 Maccoit My,=30
kr. Ucxonusie gannsie: l0=0,7m; mg=115 kr; 1,=0,75 m; m;=55
kr; l=1m; my=50 xr; M=600 H-M. B kax10¥i KUHEMATUYECKOU
nape BBeJEM IpaBble CHCTEeMbI KoopauHat X;YiZ; KaK IMoxasa-
HO Ha puc 1.

Puc. 1. Kunemarrdeckast cxeMa U CHCTEMBbI KOOpAUHAT MaHUITYJIATOPpa

AHanm3 TUHAMHUKA MaHWIyIsiTopa. [ paccMaTprBaeMo-
ro mpuMepa Ha OCHOBaHUH [6] COCTABMM LIETIOYUKY MepeMeIrie-
Huii or 0 — To 3BeHa (OCHOBaHMS MaHHITYJIATOPA) 10 3 — ro
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3BEHA, OTHOCUTEILHO KOTOPOro 0CO0asi TOUKa HETIOIBHKHA: rne L=E-E; —dynkims Jlarpamxa;, Ex — xuHemaTmdeckas
0—Aka) o1 AGR) g9 A% o3

SHEPTHsl MaHHITYIITOPA, E ~En — TOTeHIManeHas SHEPrus
MaHHUIYIISTOPA.
Ecim mis mccnenoBanus BeIOpaHa KOOpAWHATA (2, TOT/A

CocTaBuM MatpHilbl peobpa3oBanus KOOpAUHAT JleHaBu-
ta-Xaprenbepra [3, 6, 7]:

1 0 0 0 3)6
) MPABBIC YaCTH YPABHEHUS HUMETh BHUI;
A= AGG) = 0 Cosgz(t) —Sings(t) 0,5l,,Cosqs(t) | p yp YAYT e
- %)= Singy(t)  Cosg(t)  0,5l,,Sing,(t) ) =*[K1(qz *qznp)*quz}‘M'
0 0 0 1 &
Cosq,() 0 Sing,(t) 0,51,Cosa, () rae @1 — KOOpAMHATA, KOTOpas HCCIeAyeTes, M — MOMEHT
0 1 0 0 CHJIBI, KOTOPBIH CO3aeT MPUBOJ JAHHOM CTEIEHH JABHKHAMO-
2 _ H _
A =A(1,92) _Sing,(®) 0 Cosq,(t) OSSing,() | cru, Ki, K2 — k03¢ uIIHeHTsI, KOTOphIE OMPEACIIIOTCS 0CO-
0 0 0 1 OCHHOCTSMH CHUCTEMBI, KOTOPas paccMaTpHBaCTCs (Kl Ki=1,
C;s ql(zt)) émql((tt)) 8 8 I{E =0,7), 02 »» = 2,09 pag — mporpaMMHOe 3HaYEHUE IEpeMe-
L oy |—Sing 050
A=Ak, @) = 0 0 1 1,+05l | LIEHUS 110 KOOPJUHATE qz‘;bf-rfp, JUIsL KOTOPO# MPOBOAUM HC-
0 0 0 1 CIICIOBAHKE.

IMocre MaTeMaTHIECKHX MPEOOpa30OBaHMil ONPEAETMM II0- Anst CTETeHH MOJBIOKHOCTH (i KHHEMATHIECKYHO SHEPTHIO

JosKeHHe TOUKH P MAHUMYIIATOpA B CHCTEME KOOPAMHAT, cBsi-  BPIMHCIHM 10 dopmyre: Bk, = 0,5m,q?, Tora
3aHHOM C OCHOBAHMEM. Eo=0; E,= 0,5m1q12; E,= 0,5m2q22; E
Cosql(t)-(O,SI Singg (t)Sing, (t) +0,51,Cosg, (t) )+05I ,C050;(t)Sing, (t)
o |- Sinql(t)~(0,5InpS|nq3( t)Sing, (t) + 0,51,Cosa, (t) )+0 51, Cosgs (t)Cosg, (t)

22
= O,5mnpqnp.

k np
Haiinem KuHEMaTH4eCKyIO SHEPIUI0 MaHMITYJISTOpa Kak

m CyMMY KHHEMAaTUUECKHX SHEPI Uil Ka)J0ro 3BeHa:

I'

0,51,,Sing, (t)Cosa, (t) + 0,51,Sing, (t) + I, + 0,51, n
’ 1 Ek:;Eki:Ek0+Ek1+Ek2+Eknp’
VYpasuenue Jlarpamxka Il pona 3anuem B Bune[3, 6, 7]: Toraa
d oL oL
e Ae Ax — Q| 1
dtog, oq
O, _EE, ©

dtag,  og, o,

42 <2 22 22 42 <2
E, =0,5mq; +0,5m,q; +0,5m, 45 = 0’5(”‘1% +md; +m,,d;s )
Jlns cTeneHn MOABMKHOCTH (i TIOTEHIHAIBHYIO SHEPTHIO HaiimeM nNOTeHIMANBbHYIO SHEPrHI0 MAHMIYJISITOpa Kak
BbrancimM 1o popmyne: E ;= 0,5m, gh , TOTJIa CYyMMYy HOTE€HIMAJIbHBIX SHEPTHH KaXJ0T0 3BeHa:

E =Y Eu=E+E, +E,,+E
i=1

1Inp?
I I l,-Cos
E o =Myg 50; En= mlg[l0 +Elj; Ep = ng[lO 422 > % j; Torza

| -Sin
Eup = m,,pg[lo +1,+1,Cosa, +’2%]

: [, -Sin
By = g{molzo“L ml(lo +|21J+ mz(lo +h +I2C203qzj+ mﬂp(% +1, +1,Cosq, +p2%ﬂ

@ynkuya Jlarpanxa npuMeT BUA:

) in
L:O,S(mlql2 +m,q? +m"pq§)—g{m0|§+ml(lo +|21)+m2[lo +1+ I, CZOSCIZ) (| +1, +1,Cosq, + ZOGH

oL d oL

CrnenoBatenbHO —— =2.0,5m,¢, = M,d,; —— =m,{, =504,;
oq, dt oq,
oL 8( m,g CZOSQZ - mnpglzcosqu
—= =0,5m,gl, - Sing, +m,,gl,Sing, = (0,5-50+30)-9,8-1- Sing, =539Sing,.
o, o,
VYpasuenue Jlarpamxka Il ponga i creneHu moaBUKHOCTH C y4yeToM paBoi 4acTu
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Pems ypasnenue (4), C Ha4YaIbHBIMH  YCJIOBUSMHU: JTAHHOU CTETIeHH MOABMKHOCTH OT BPEMEHHU.
I'padykm 3aBUCHMOCTH IIEPEMEICHUS, CKOPOCTH U yCKO-
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Mathcad nuBeznens Ha puc. 2 , 6, 6.
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CTH; O —yCHIMs U MOMEHTHI B NIPUBOJAX MaHUIMyisTopa; U —
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3amaua cHHTE3a aNTOPUTMAa YIPABICHHUS MAaHUITYIISI-
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TOPOM CBOAWTCA K 3a/1ade OMNpeneieHus Kod(pQHIIEHTOB
MaTpulbl P, yIOBIETBOPSIOLIMX YCIOBHUSM YCTOMYMBOCTU U
KauecTBa IIEPEXOJHBIX IPOIECCOB. YPaBHEHHE PETyISITOpa
HMeEET BUIT.
o= U-px,

rme U — BekTop-cTonmben pasMepHocTH Mx1 yIpaBIsEOIIHX
CHTHAJIOB, ) — MaTPHILI PETYJIATOPA Pa3MEepHOCTH MxN.

MatpruHas nepeatouHasi pyHKIHS pa3OMKHYTOH CHCTe-
MBI IMEET BUI;
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Panr matpuip! ynpasmsiemoctu rang Qy=4 paBeH HopsiaKy
JVHAMAYECKOW CHCTEMBI, T.€. BBIIOIHAIOTCS HEOOXOINMOe U
JOCTaTOYHOE YCJIOBUS A MOJIHOM YHpaBIsieMOCTU UCCHEHY-
€MOM CTEeTICHU MOJBUKHOCTHU (2 MAHUITYJISITOPA.

B pabore npezcraBiieHsl pe3ysibTaThl UCCIESA0BAHMUS JIHA-
MHUKH U YNPaBIIEMOCTH OJHOM CTENEHU MOABIKHOCTH IIPO-
MBIIUIEHHOTO poboTa. B KauecTBe mpumepa paccMOTpeH po-
00T, KHHEMATHYeCKasi CXeMa KOTOPOTO COJEPKHUT TPH POTa-



LIMOHHBIE Tapbl IATOro Kiacca. PoboT paboraer B chepuue-
CKOM1 cucteme KoopauHaT. Ha aTane kuHeMaTH4eckoro aHam-
3a OIIpe/IeNICHbl KOOPAMHATBEI 0CO00H TOUKH (II0JII0Ca) cXBarta
B CHCTEME KOOPAWHAT CBS3aHOM C OCHOBAaHMEM MaHMITYJISITO-
pa. luHamMuuecKuii aHaIM3 O3B0 COCTAaBUTh MaTeMaTHyie-
CKYIO MOJIeJIb JBH)KEHHUsS po0OTa Ha OCHOBE ypaBHeHHH Jla-
rpamka |l poma. OmeHka ympaBIsieMOCTH BBINONHEHA IS
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pacIIMpeHHOr0 O0BEeKTa YNPABJICHUs, COCTOSIIEr0 M3 MaHU-
MyJATOpa M MCHOJHUTEIBHOTO YCTpoMCTBa mnpuBoja. Jlis
CHHTE3a CHCTEMbl YIIPABICHUS HCIIOJIB3YETCsl CTPYKTYpHas
CXeMa C OTpHULATeNbHON 00paTHO# cBs3blo. Mccnemyemas
CTEIECHb NOJBIKHOCTHU (j2 MAHUITYJIITOPA MOJIHOCTBIO YIIPAB-
JsieMast.
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Analysis of dynamics and controllability of one degree of robot mobility

N. S. Ashchepkova, S. A. Ashchepkov

Annotation. The paper presents the results of a study of the dynamics and controllability of one degree of an industrial robot mobility. As an
example, a robot is considered, the kinematic scheme of which contains three fifth-class rotational pairs. The robot works in a spherical coordi-
nate system. At the stage of kinematic analysis, the coordinates of the singular point (pole) of the gripper in the coordinate system associated with
the base of the manipulator are determined. Dynamic analysis made it possible to compose a mathematical model of the movement of the robot
based on Lagrange equations of the second kind. Manageability assessment is performed for an extended control object, consisted of a manipula-
tor and actuator. For the synthesis of the control system, a block diagram with negative feedback is used. The investigated degree of mobility g2
of the manipulator is fully controllable.
Keywords: robot, dynamics, degree of mobility, controllability.
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Absract. This study contains material on the application of value-oriented project management methodology in artistic activities. The
analysis of scientific publications revealed that modern information technologies do not simultaneously take into account the value and
risks associated with stakeholders of the art project. The practical implementation of information technology of value-oriented art project
management is offered, which allows to maximize value and minimize the negative impact of risks that may arise during the implemen-
tation of art projects and have both positive and negative impact on them. It is established that the results of the practical implementation
of information technology will give the leader and his team members an effective tool for ensuring the value of each stakeholder of the

art project.

Keywords: value-oriented project management, art project, information technology, stakeholders, value, risks.

Introduction. Introduction of project approach in any
sphere of human activity gives a new impulse to its devel-
opment, this also applies to artistic activity. [1]. Implemen-
tation of any project has a specific mission and goals of the
customer in accordance with his position, which leads to
the creation of new value, characterized by uniqueness,
distinguishing features and innovations [2].

Review of publications on the topic. In previous stud-
ies, the author analyzed the application of the project ap-
proach to artistic activity, definitions of the term "art pro-
ject” are given, its peculiarities and uniqueness are revealed
[3]. In addition, art project stakeholders have been identi-
fied [4].

The purpose of this study is to conduct practical appli-
cation of information technology value-oriented art project

management.is to assess the impact of personnel risks and
conflicts in scientific projects using cognitive modeling.

Materials and methods. With a view to practical im-
plementation of the author developed models and methods
of value-oriented art project management, it is suggested to
consider an example of an art project [4, 5]. In the first
stage, we will analyze the environment of the art project,
including the identification of stakeholders, their values and
the risks associated with them.

Identification of stakeholders of an art project is to de-
fine and describe stakeholders who have both a positive
and a negative impact on the project implementation. [4, 5,
6]. The list of stakeholders of the art project is given in
Table 1.

Table 1. Description of art project’s stakeholders

No | Stakeholder (role) Performer Value fac- Art project’s risks
tors
1 2 3 4 5
1 Artproject manager Tenga O.P. E,S G force majeure, human, communication, financial,
customer/consumer, valuable
2 |Art project team Artists E, K, G, Pr creative, psychological, human, communication,
financial, customer/consumer, valuable
3 |Initiator, customer,  |Ministry of Culture of Ukraine S, Pr force majeure, communication, financial, custom-
owner, investor er/consumer, valuable
4 |Competitors of the  |Union of Artists of Ukraine S, Pr creative, psychological, communication
main project stake-
holders
5 |Authorities Cabinet of Ministers of Ukraine, S, P, VVh social, force majeure, communication
Verkhovna Rada of Ukraine, local author-
ities
6 |Public groups and Ministry of Information Policy of E, S, P, Vh social, force majeure, communication
organizations, popula-|Ukraine, National Art Museum of
tion Ukraine, population
7 |Contractors/Suppliers |Enterprises that provide material re-| E, S, P, VVh | force majeure, technical/material, communication,
sources for the implementation of the art financial
project will be determined by the results
of procurement procedures
8 |Consumers of final  [State, art critics, critics, population E, S, G, P, | psychological, social, human, communication, cus-
products Vh tomer/consumer, valuable

Results and discussion. The second stage is to analyze
stakeholders’ impact on the project, taking into account
their values and risks. To do this, we will rank the stake-
holders of the art project by such criteria as: area of authori-
ty/responsibility; area of direct influence and area of indi-
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rect influence [5, 6]. The results of this ranking will be
presented as Fig. 1. In the third stage, we will identify the
interests of each stakeholder with their values and risks in
relation to the project and its tools to influence the project.
The results are presented in the form of Table 2 [4, 6].
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The fourth stage is to determine the degree of support
and opposition to the stakeholders of the art project, taking
into account their values and risks. [4, 6]. To do this, we
will conduct a procedure for evaluating two parameters of
stakeholder importance (X/Y): the level of sup-

Sciences, VII(26), Issue: 215, 2019 Dec.  www.seanewdim.com

port/opposition by stakeholder of the art project (X) and the
level of stakeholder influence on the art project (). The
results of expert assessment of the levels of sup-
port/counteraction and impact will be given in the form of a
classic stakeholder map and presented as a fig. 2.

Area of indirect influence

Area of direct influence

Area of authori
[responsibility

ART
PRO-
JECT

6

Fig. 1. Areas of stakeholders’ influence on the art project

Table 2. Interests of art project’s stakeholders

implementation of the art project

No Stakeholder (role) Interests/motives Impact tools
1 2 3 4
1 | Art project manager Interested in successful and timely Ensuring quality and timely execution of the art project

2 |Art project team Interested in successful and timely Ensuring quality and timely execution of the art project
implementation of the art project
3 [Initiator, customer, owner, |Interested in getting and enjoying an  |Correct and clear wording of the idea of an art product, re-
investor art product quirements for it and setting a task for its creation, timely
allocation of funds
4 |Competitors of the main Interested in not receiving an art prod- |Making a negative impact on the creation of an art product

tions, population

project stakeholders uct
5 |Authorities Interested in getting an art product and |Creation of appropriate conditions by the State
replenishing the budget from its
presentation
6 |Public groups and organiza- |Interested in presenting an art product |Timely exhibit of the art product for review

Contractors/Suppliers
and services and earning a profit

Interested in supplying goods, works

Timely delivery of goods, works and services

Consumers of final products

reviewing it and enjoying it

Interested in getting an art product,

Timely purchase of tickets for review

Aurt project team (+5/5)

Initiator, customer,

Aurt project manager
(+5/5)

Consumers of final
products (+2/5)

Contractors/Suppliers
(+2/4)

ART PROJECT

owner, investor (-1/5)

|

e

>

N

Competitors
of the main art project’s
stakeholders (-2/3)

Authorities (-3/2)

I

Public groups and
organizations,
population (+1/3)

Fig. 2. A stakeholders’ map of the art project with support/response and impact assessment
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The fifth stage identifies problematic situations in the  to have a psychological portrait of each stakeholder indi-
project implementation process, taking into account stake-  vidually [7]. First of all, it is necessary to know that among
holder’s values and risks [4, 6]. Results of this stage are  the outward signs psychologically informative include:
given in the form of Table 3. language; facial expressions, gestures, pose, pantomime,

The sixth stage is psychological analysis of project’s  look; appearance; anatomical properties of the physical
stakeholders, taking into account stakeholder’s values and  image.
risks. At this stage, the project manager and his team need

Table 3. Identification of problematic situations of an art project related to the activity or inaction of stakeholders

Ne Stakeholder (role) Problem situations of an art project
2 3
1 | Art project manager Insufficient experience in performing art projects, inability to communicate with other
stakeholders, inability to provide a sufficient psychological climate in the team of the art
project
2 Artproject team Insufficient stress resistance, lack of communication skills, inability to comply with the

requirements of an art product
3 Initiator, customer, owner, inves- Inability to articulate the idea and requirements for an art product, lack of funds

tor

4 |Competitors of the main project | Lack of interest in the art product, creating obstacles in the process of art project’s imple-
stakeholders mentation

5 Authorities Lack of political will to make necessary decisions regarding the art product, unwillingness

to promote the art product’s introduction
6  Public groups and organizations, Lack of quality content to promote an art project and an art product

population
7 Contractors/Suppliers Poor quality, untimely delivery of goods, works, services
8  Consumers of final products Dissatisfaction with the art product, low demand for the art product

The seventh stage develops stakeholder’s engagement | | Ivsis f h stakehol ‘ )
strategies, taking into account stakeholder’s values and Table 4. Values analysis for eaACrtsFtSnzti?):Sero art project

risks. Stakeholders Vi
To ensure the value management of the art project [4, 5], E|S KIG|PIPrivh

) . Art project manager 1,4|1,5/2,0(0,6|1,2|0,7(1,2| 8,6
basgd on the_ data in Table 1, we will poll each stgkeholder At project team 0.513.5/0.9/0.2[1.6/4.8[12[12.7
on its value in the future art product and present its results Initiator. customer. owner
in the form of a Table 4. investor ’ '196/0,2/0,914,2/12,5/0,2/1,6/ 15,2

Table 4 shows how valuable each project stakeholder is Competitors of the main
iﬂ quantltatlve termS project Stakeholders Oll 014 310 115 613 412 112 1617
The next step is to assess stakeholder’s risks, we propose Authorities 3,5/6,3/0,6/0,8/1,2]0,1]4,8{17,3

their practical application in terms of risk assessment that Public groups and organi-
may arise from the activity or inaction of stakeholders of |zations, population

the art project. For this purpose, the project manager as-  |Contractors/Suppliers  10,8|2,4/6,3|35/4,8/1,2|0,2/19,2
sesses the likelihood of risks for each stakeholder and their ~ |Consumers of final prod- | o\ 119 515 00 1|0 4|35/ 18,2
possible impact on the art project, the results of which are Ut
presented in Table 5.

6,3/4,8/1,5/2,4|0,2|0,6(3,0/18,8

Table 5. Risk analysis of each art project’s stakeholder

Risks Ri
T
E £l s S 5
2 = - ' [
Stakeholders 21|z | E|g|&|S|ef 5
s 2|8/ 5|8|5|2| 8|88 2
S|lg|?|8|2|T|E|E|IC9 S
& 2 § S 5
'—
1 2 3| 456|789 101112
Art project manager 0,08 |0,48|0,20]0,02|0.12|0.35| 0,35 0.12 | 0,06| 0,20 | 1,98
At project team 0,02 [0,42/0,09] 0,06 0,04|0,48]0,48]0,20|0,06| 0,12 1,97
:2\'22;8: customer, owner, | 5> 19,721 0,09|0,02|0,20{0,24|0.30| 0,63 0,35| 0,63 | 3,20

Competitors of the main

. 0,01 |0,15|0,30(0,06|0,20|0,08 |0,06|0,10|0,03 (0,06 | 1,05
project stakeholders

Authorities 0,20 |0,30]0,06 | 0,04|0,02|0,08]0,20]0,28|0,02]0,09| 1,29
Public groups and organi- | o | 5 1| 015 0,03| 0,02| 0,06 | 0,06 | 0,10 | 0,02 | 0,08 | 0,70
zations, population

Contractors/Suppliers 0,02 10,16]0,63]0,15{0,72/0,30|0,42]0,30{0,30|0,20{ 3,20

Consumers of final prod-

ucts 0,72 |10,56|0,12|0,02|0,02|0,06|0,15|0,02 | 0,06 | 0,72 | 2,45
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Table 6. Determination of integrated value index of the i-th
stakeholder

Stakeholders Vi Ri VVi

Art project manager 8,60 | 1,98 6,62
Art project team 12,70 | 1,97 10,73
:cr;:tlator, customer, owner, inves- 1520 | 320 | 12,00
Competitors of the main project 16,70 | 1,05 | 15,65
stakeholders

Authorities 17,30 | 1,29 16,01
Public groups and organizations, 18.80 | 0,70 | 18,10
population

Contractors/Suppliers 19,20 | 3,20 | 16,00
Consumers of final products 18,20 | 245 | 15,75

Table 5 shows what risks each stakeholder of an art pro-
ject has in quantitative terms. Thus, assessing the risks
associated with the activity or inactivity of an art project
stakeholder gives information to the project manager not
only about the risks that the project management requires,
but also the consequences of their impact, which should be
considered when developing comprehensive risk manage-
ment measures for an art project.

The information technology of value-oriented art project
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management is to calculate an integrated value indicator of
the i-th stakeholder (VV;), which is based on the value and
risk calculations of each stakeholder. According to the data
obtained in Tables 4 and 5, it is possible to calculate an
integrated value index of each stakeholder of an art project,
the results of which are presented in the form of Table 6.

Table 6 shows that all stakeholders of the art project, ex-
cept the art project manager and his team, have a high level
of integrated value, that is VVi> 12, and, therefore, do not
require additional measures to develop strategies to in-
crease this level. Art project manager and his team received
an average level of the Integrated Value Index, that is 6 <
VV; < 12, therefore, strategies need to be developed to
increase this level. In this case, strategies for increasing the
level of the integrated value indicator include: financial
incentives, organization of advanced training in psycholo-
gy, business communication skills, cultural and aesthetic
development.

Conclusions. From the above it is clear that information
technology of value-oriented art project management pro-
vides an effective program product for quality and timely
planning of the art project, as well as providing control and
monitoring of its implementation.
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Abstract. This scientific paper presents the method and describes the algorithm of seasonal risk management in agro-industrial projects,
which was developed on the basis of the model of risk management in projects of the agro-industrial complex “4 SEASONS”. Application of
this tool kit will help project managers to manage more effectively the risks of agro-industrial projects and to increase the production of

agricultural products, both crop and animal husbandry.

Keywords: projects, risk management, method, risk management methods, agro-industrial projects.

Introduction. Climate change is a very significant factor of
many risks in agro-industrial projects. The seasonality of
agricultural production is closely connected with the climatic
zone of agriculture and weather conditions of the area. With
ever increasing frequency farmers are realizing that change
of varieties and crops to more drought resistant ones or
implementation of artificial watering of fields is an inevitable
strategy for the survival of agro-industrial projects. This
applies not only to crop growing but also to animal
husbandry. Some farmers have faced the difficulties in
providing of cattle with herbage because of drought in their
farming areas, so they choose to grow another animal species
such as poultry or pigs. Mastery of tools of seasonal risk
management will help project managers to prevent risk
situations or to reduce losses from them in agricultural

projects.
Review of publications on the topic. Nguyen N.,
Wegener M., Russell I., Cameron D., Coventry D. and

Cooper I. [1] have addressed the issues of identifying risk
sources in agriculture and stated that the most specific source
of risk was unstable weather.

Kobylyanska O. M. [2] had been studying the impact of
production risks on agricultural enterprises, Lytvynchuk I. L.
[3] had been studying the economic risk management of
corporate enterprises of agricultural sphere, Matviyenko H.
A. [4] had been studying the processes of insurance risk
management and developed recommendations as to the
improvement of their management in agricultural crop
growing, Nykolyuk O. M. [5] described aspects of business
risk management of hop producers.

Scientists [6, 7, 8,] proposed several classifications of
risks connected with farming in agro-industrial sphere.

Moreover, there are studies with more detailed research of
agricultural enterprise project management and management
of risks, which may appear in the process of implementation
of such projects. For example, Tymochko V. O. [9]
substantiated feasibility of introducing innovative production
technologies based on the cooperative use of technical means
and outlined the stages of creating of a conceptual model of
the project of a cluster integration of agricultural enterprises;
Flys I. M. [10] analysed contemporary social, industrial and
economic situation in the countryside, substantiated the
necessity of scientific and methodological support for the
implementation of innovative programs and projects in the
agro-industrial complex of the country, and also revealed the
main requirements for innovative projects in the programs of
sustainable village and rural areas development; Sydorchuk
O. V. [11] outlined the agro-meteorological components of
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the project environment, which is an unmanageable cause of
technological risk at different stages of crop cultivation
projects; Tryhuba A. M. [12] substantiated feasibility of risk
management in the integrated agricultural production
programs and identified the causes of risk in these programs
and also presented relationship between the components of
risk in them in an implicit way.

Danchenko O. B., Krol K. J, Denchyk O. R. [13] stated
that the financial success of projects is influenced by success
indexes of interaction with stakeholders, ability to build a
constructive dialogue, to find mutually beneficial solutions
and effectively implement them.

Krol K. J. [14] noted that success of the project depends
on mastery of project management, ability to tack between
the interests of stakeholders, which are often opposite.
Although, definition of “success” for each case, as well as
for each stakeholder, is their own. Moreover, the interests of
stakeholders may change during the project and, as a result,
the vision of success will change too. The issues of
stakeholders interests are raised by Freeman R. E. [15] and
Pedersen E. R. in their works [16]. Indeed, the most
important aspects for corporations that produce (grow) food
products are economic, social and environmental issues.

Agricultural project risk management also involves
management of possibilities of these projects. In the studies
[17,18] the authors propose to use such tool as Weirich
interactive matrix [19] in agricultural project management,
which will help to cope with the complexity of project
analysis caused by various strategic factors, to deal with
different combinations of relationships and which is quite
visual and easy to use.

In her study Danchenko O. B. [20] stressed the
importance and advantages of skilful project risk
management with application of the corresponding tool kit.

Feasibility of using the integrated risk management
method for agricultural projects is described in the study [21].

Significant dependence on the seasonality in agricultural
projects and necessity of development of tools to facilitate
the work of project managers the author describes in the
study [22].

The performed analysis of the scientific studies shows
that project approach to agricultural project management is
in its infancy. When conducting researches special attention
should be paid to the development of tools and methods of
agricultural project risk management, which relate to the
seasonality of these projects.

The aim of this study is development of tools for
seasonal risk management of agricultural projects.

©| O. Denchyk 2019
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Materials and methods. Although uncertainty and risk
are an integral part of the implementation of agro-industrial
projects worldwide, diversification strategies can help to
reduce risk losses.

The term diversification of agricultural products
production should mean redistribution of some farming
production resources such as land, machinery, capital, human
resources etc. into new activities to avoid negative effects of
such risks as climate variability, changeability of prices on
agricultural products and many other risks [23].

Diversification of crops by means of growing of several
cultivated crops significantly reduces the risks of complete
loss of agricultural production and magnitude of damage
caused by diseases and pests, which affect the crops,
unfavorable market and weather conditions. Selecting
several crops by means of crop rotation during several
seasons or by mixed system in the same season, it is
necessary to understand clearly, which risks may appear in
your farm area considering data of previously implemented
projects.

Organic diversification of crop production can be
livestock production. Such projects may be deemed as
synergistic/symbiotic. Application of the diversification
method increases the possibility of obtaining higher and
more stable farming incomes.

The main risk factors of agricultural business are the
following: strategic risks, seasonality of production;
dependence on weather and climate conditions; long period
of capital circulation; difficulties in change of the range of
products and technologies; hard limitations of the
technological process in time frames; dependence on
biological factors; high capital-output ratio.

Seasonality of production is tightly connected with
weather conditions, which are characteristic to the climatic
zone. Violation of terms and consistency, as well as the
quality of technological operations, inevitably increases the
risk of loss of production and income.

The author developed a model of identification for risks in
agricultural projects “4 SEASONS”, which became a basis
for development of seasonal risks management methods in
projects of agro-industrial complex.

The model of risk management in projects of the agro-
industrial complex “4 SEASONS” will be useful for project
managers as an instructive and convenient tool for
agricultural project risk management. It is recommended for
application in project planning and project implementation
phases for obtaining of a maximum advantage from project
capability and for development of strategies to counter
potential project threats and strengthening of project
weaknesses.

It is important to identify all possible risks in each agro-
industrial project and to record them according to the season
(spring, summer, autumn, winter) to the "4 SEASONS"
model, using data from previous years. There are the
following risk identification methods [20, 22]: “check-list”
method, 6W1H method, brainstorming technique, decision-
tree analysis, expert interviews, review, Delphi method. Of
course, each agricultural project, like any other project, is
unique and therefore the risks for each project will be
different.

After analysis and risk assessment, it is necessary to
prepare a plan of countermeasures against risks and to record
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them to the model. Opposite each risk there are
countermeasures to combat it [20].

The process of development of a risk response plan
includes avoidance, reduction, distribution and transfer with
the aim to maximize opportunities and to reduce threats.

When a risk event arises, the project manager and the
project team do not panic and waste no time in performing
the prepared countermeasures against risk.

Results and discussion. On the basis of the conducted
researches, the author proposes the seasonal risks
management method in the agro-industrial projects, which
includes the following stages (Fig. 1).

Start

|
}

1. Gathering information and
completing a project risk
management database

v

2. Project environment analysis

y

3. Description of project
risks for each season

v

3.1. Risk identification

v

3.2. Risk grouping by season

‘

3.3. Risk analysis
IA
*‘

3.4. Development and realization of strategies
for the seasonal risk management

v

3.5. Monitoring and controlling

Not
decreased?

4. Impact analysis of seasonal
risks

Decreased?

v

End

| |

Fig. 1. The seasonal risks management method in the agro-
industrial projects

1.  Gathering information and completing a project
risk management database. At this stage, the team of project
collects, analyses and processes information of seasonal risks
according to the results of previously completed projects (if

any).



2. Project environment analysis. This stage
presupposes the analysis of the project environment
including: revealing of seasonal risks.

3. Description of project risks for each season.

3.1. Risk identification. At this stage the project team
reveals all risks that may arise during project implementation.

3.2. Risk grouping by season. Risks that may arise
during project implementation are grouped according to
seasons of the year.

3.3. Risk analysis. This stage involves qualitative and
quantitative analysis of project risks.

3.4 Development and realization of strategies for the
seasonal risk management. At this stage the project team
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develops strategies to prevent and avoid the occurrence of
seasonal risks in the project.

3.5. Monitoring and controlling. The project team
performs permanent monitoring and control of seasonal risks
in order to respond to them in time.

4.  Impact analysis of seasonal risks. In case of
reduction, transfer to point 3, if not reduced, return to point
34

Thus, the author proposes an algorithm of implementation
the seasonal risks management method in the agro-industrial
complex project, which is based on grouping of risks by
seasons of the year and provides an opportunity to manage
them more effectively and more qualitatively.
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AHoTauisi. B po6oTi BU3Ha4YeH1 OCHOBHI ITOJIOKEHHS Ta MPUHIMIIA CUCTEMHOTO aHaNi3y, AKi MOXXYTb OyTH 3aCTOCOBaHI IpHU JOCIi-
JUKEHHI ITPOIIeciB, 0 NPOTIKAIOTh B CUCTEMI MOJIIMEpHa MeMOpaHa — BoJia Ta iX MOJETIOBaHHI. 3apoONOHOBAaHUHN MiJIXiJ MOXKE CTaTH
OCHOBOIO Ul BU3Ha4eHHs 1 (opmanizaiii 3aKOHOMIpHOCTEH, II0 XapaKTepU3yIoTh (YHKIIOHAJIbHI OCOOIMBOCTI IUX IPOIECIB, a
TAKOX I IX MOJICIIIOBAHHS HA PI3HUX CTPYKTYPHUX 1 YACOBHUX PIiBHSX.

Knrwuoei cnosa: pyrxyionanvHo-cmpyKmypHuil ananis, CUCmeMa «noIiMepHa MeMoOpana — 600a», MOOEIOBAHHS.

Berymn.

Koporkuii orsisa nmy6aikauiii 3 Temu. AHaji3 HayKOBOi
JiTepaTypy IOKa3aB, IO JOCHIIKEHHS Y HANpsAMKY BH-
BUYCHHS IIPOIECIB, SAKi MPOXOIATh Y CHCTEMI «IIOTIMEpHa
MeMOpaHa — BOJja», MPOBOJAMWINCH Y TAKHX HAIPsIMKaXx:

— OIOCEepEeIKOBAaHE BHBYEHHS 1 MOAETIOBAHHA IIPO-
IEeCiB y cHcTeMi «moiiMepHa MeMOpaHa — Boma» (i
motped Teopii MeMOpaHHHX MPOIIECiB), sIKE HE BPaXOBY€
CTPYKTYpHI 1 GYHKIIOHATIBHI OCOOIMBOCTI BOIM Ta 0a3y-
€Thcs Ha (PEHOMEHOJIOTIYHIX Teopiax [1,3], po3risnaroun
BONy K OE3CTPYKTYpHY pimuHy. BigcyTHICTH CTpOruMX
ySIBJICHB 1IPO CTPYKTYpY BOJM, IIPO OpraHi3allilo BOAW Ha
MOJIEKYJIIPHOMY PiBHI IPU3BEJIO JI0 TOTO, IO IIPH TAKOMY
miIXo/1i ryOuThCsl YHIKaNbHa iH(OpMAIis PO BIACTUBOC-
Ti BOJIM Ta MEXaHI3MH MPOIIECIB.

— JIOCTIKCHHS SIBHII[ Ta MPOIIECIB Y PiAMHAX, BOI,
pO3YMHAX EJIEKTPOIITIB, sKi 0a3yrOThCA IMEpEeBaXHO Ha
MOJIEKYJIsIpHiit Teopii. [4,5]

— CeKCIIEpUMEHTANbHI JOCHTIHKeHHS, IO iHIMIIOBaIH
CTBOPEHHS psily MOJENEeH PigKOro cepeloBHINa, SIKi JO-
3BOJIMJIM BCTAHOBUTH KOPHCHI CITiBBIIHOUICHHS MDK Xa-
PaKTEePUCTHKAMHU PiJHHU.

— JIOCIIDKEHHSI MOJIEKYJIIPHO-CTaTUCTUYHHUX BJIaC-
TUBOCTEH PiJIMH 1, B OKPEMOMY BUIIaJIKy, BOJU Y IPHIIO-
BepXHeBii 06macTi Ta iHmi. [6]

deHOMEHOIIOTIYHA TEeopis OIKCY€e CIIOCTEPEKYBaH1
SIBUII[A HA OCHOBI CIIBBIJHOIICHHS MIX MAaKpOCKOIIIYHO
BAMIPIOBaHAMHU BeJIMYMHAMU. B I[hbOMY BigHOMICHHI ii
METOJIM aHAJIOTIYHI METOJaM TePMOIMHAMIKHA 1 0a3yroTh-
cs Ha TEPMOJAWHAMIINI HEOOOPOTHHX TIporeciB. Ane de-
HOMEHOJIOT1YHI Teopii He T03BOJISIOTH JAETAIHHO BUBYMTH
MEXaHi3M IporneciB mnepeHocy. HaBmaku, BUKOpHCTaHHS
MOJIEKYJISIDHOI Teopil HaJae MOMJIMBICTH JOCIHIIKEHHS
MEXaHI3MiB I[HX IIPOIIECIB.

B MoJiekyJIsipHUX Teopisix SBHUIL NEPEHOCY POOHTHCS
cnpoOa BUBECTH 3aKOHH, 110 KEPYIOTh LUMH IIPOLIECaMHu,
Ha OCHOBI BJIACTUBOCTEH 1 MOJIEKYIISIPHOI CTPYKTYypH
JIAHOTO CEepPe/IOBHIIA 3 3aCTOCYBaHHAM KiHETHYHOI i CTa-
TUCTHYHOI Teopii pedyoBHH. B TiIpoarHaAMIYHUX Teopisx
SIBUILA TIEPEHOCY, B JISSIKOMY CEHCI, TPOSIBIISTIOTHCS Xapa-
KTEpHI pUCH K (EHOMEHOJIOTIYHHX, TaK 1 MOJIEKYJIIPHUX
TEOPiH.

®denomeHoOTIUHI Teopil, SIKI B Hall Yac MOYKHA BBa-
KaTH BXKe KIaCHYHMMH, 0Oy/I0BaHI HAa OCHOBI EKCIIEepH-
MEHTAJIBHUX JaHUX i, B MEXaX BU3HAYCHHX MOMMIOK,
JTAIOTh 3aJ0BUTBHI JUIS TPAKTUKM CIHIBBIIHOMIICHHI MiX
BIACTUBOCTAMH piguHA. OmHak (QyHAaMEHTaIbHHUN M-
XiJ 0 BUBYECHHSI CUCTEMH «IIOJIiMEpHa MeMOpaHa — BO-
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Ja» moTpedye OLTBII TOYHUX 1 JMETAaJbHUX BITOMOCTEH,
TOOTO HEOOXiJHO 3HAHHS MEXaHi3My IX MpPOTIKaHHS Ha
MOJIEKYJIIPHOMY piBHI. MoOJIeKyJIsipHa Teopist HpOLECIB y
piavHax HaOyBae Bce OUTHIIOTO 3HAYCHHS HE TIIBKHU IS
TEOPETHYHUX JOCIIKEeHb, aje 1 JJIsl MPAKTUYHHUX 3aCTO-
cyBaHb. BpaxoByroun, mo (eHOMEHOJOTIUHI i MOJEKYIIs-
PHI Teopii mpencTaBIAIOTh COO0I0 Pi3HI MIAXOIM, TO BOHU
JIOTIOBHIOIOTH OJHA OZIHY.

Meta. BusHaueHHs OCHOBHHUX YMOB i 0coOMMBOCTEi
3aCTOCYBaHHS (YHKIIOHAJIbHO-CTPYKTYPHOTO aHaii3y B
JIOCITI/DKEHHI Ta MOJICIOBaHHI MPOLIECIB, 1110 MTPOXOIATH B
cHCTeMI TosliMepHa MeMOpaHa — BoJa.

Martepiaim i Meronu. OCHOBHOIO 3a7ayero MOJEKY-
JISIPHOT Teopii MpOoLECiB MEPEHOCY Y CUCTEMax «IoJIiMep-
Ha MeMOpaHa — BOJa» € IHTEepIpeTalis pe3yJbTaTiB,
OTpUMaHUX B (DEHOMEHOJOTIYHUX Teopisx. O0’eqHaHHs
(heHOMEHOJIOTIYHOT Ta MOJEKYJSIPHOI Teopil IpH HOCIi-
JUKEHHI CHCTEMH MOXIUBe Ha 0a3i (QyHKIIOHAIBHO-
CTPYKTYPHOTO aHaJli3y, SIKHH BKIIOYAa€ TAKOX 3aCTOCY-
BaHHS 1€papXiYHOTO pPAaH)XyBaHHS Ta JEKOMIIO3MIIi Ha
IiICKCTEMH, a TaKOXXK MacIiTaOyBaHHS 32 4acOM 3 3aCTO-
cyBaHHsAM Teopemu TuxoHoBa [7].

CucteMHM# (yHKIIOHATBHO-CTPYKTYPHHUI aHali3 opi-
€HTOBaHMW Ha BceOiuHe JOCIIKEHHS TNpoleciB Ta ix
MEXaHi3MIB y CKJIaJHMX 00’€KTaXx Ta SBHIIAX B3ae-
MO3B’5I3Ky 3 BHYTPILIHIMH Ta 30BHIIIHIMA YMHHUKAMH Ta
MeXaHi3MaMH TPOIIECIB, 10 MPOXOJSITh Y CHCTEMI, a Ta-
KOX HaJa€ MOXJIMBICTH 00paTH HalKpalli BapiaHTH MpH
MOJICITFOBAaHHI Ta YTIPaBIiHHI CHCTEMOIO.

ITix cucremoro, 3 TOUKH 30py CHCTEMHOTO aHai3y, po-
3yMIIOTh MHOXHHY OO0’€KTiB (€JIeMEHTIB, IIiJCHCTEM)
pa3oM 3 BiTHONICHHSAMHU (3B’S3KaMH) MiX IIAMHU €JIEMEH-
TaMH Ta iXHIMH aTpuOyTamMu. OO0’ €KTH — e OKpeMi Jac-
THHU (TizicucremMu) a00 KOMIIOHEHTH CHCTEMH. ATpUOYTH
— BJIACTHUBOCTI IMX 00’€KTiB. BigHOIIEHHS (3B’ 513K1) — I1e
Taki BJIACTUBOCTI CHUCTEMH, IO ii 00’€IHYIOTh B €IHHE
1ine

CTpyKTypa CHCTEMH «IOJiMepHa MeMOpaHa — BOJa»
xapakTepu3ye cnocib ii BHyTpimHbBoi opranizaiii, 38’ 13K1
MK KOMHOHEHTaMH, 10 ii CKJIafatoTh, Ta MiCHCTEMaMu
017l HU3BKMX paHriB. BCTaHOBHUTH 1 TOCITITUTH CTPYK-
Typy Li€i cucreMn o3Ha4ae 3po3yMitH ii cyTHicTh. B
LIOMY MOJIATa€ 3HAUYCHHS CTPYKTYPHOT'O NPUHIHUITY, SKAH
TIOSICHIOE T€, SIK CIIOJIy4aroThCSl B €AWMHE IIJICHE YTBO-
PEHHSI KOMIIOHEHTH CHCTEMH «IIOJIiIMEpHa MeMOpaHa —
BO/Ia», SIK MOB’s13aHI BIACTUBOCTI i €IEMEHTIB 3 XapakTe-
poM iX CTpyKTypHOI oprasizamii. B Toii e gac, CTpyKkTy-
pHa YacTHHA aHAJI3y MOJIATae y 3’SICyBaHHI 3aKOHOMIPHO-
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cTell 3B’513Ky (DYHKIIOHAJBHUX BJIACTUBOCTEH CHCTEM 3
T'eHEe3MCOM 11 CTBOPEHHS Ta (YHKIIOHYBaHHS B 4aCOBOMY
nepioi. CTpYKTYpHI 3B’SI3KM BU3HAYAIOTHCSI KOMITOHEHT-
HO-PEYOBMHHHMM CKJIaJJOM Ta MOXYTb OyTH BimoOpaxeHi
¢GI3UYHMMU Ta XIMIYHUMH KUIBKICHUMH TOKa3HUKaMH.
Ane OIHHMX CTPYKTYpPHHX IOSCHEHb HEIOCTATHBO, OCKi-
JBKW BOHH XapaKTePU3YIOTh 00 €KT OINBII SIKICHO, CTaTH-
yHo. CKITaJiHa CTPYKTYpa CUCTEMH «IOJiMEepHa MeMOpaHa
— BOJay, TMPOSBICHHS cHenr(iku IMPOIECiB Ha Pi3HUX
PIBHAX pOONATH BHU3HAYAIBHUM (YHKIIOHATHHUN TPUH-
IIUTI, BiATIOBITHO IO SIKOTO aTpHOYTUBHHM aHANI3 PO3KPH-
Ba€ TaKi BJIIACTUBOCTI CHCTEMH, 0€3 SIKMX BOHA MPOCTO HE
icaye. lle 30mmKye MOHATTS arpuOyTy Ta CEeMaHTHKH
(cyTHOCTI) CHCTEMHM, HOSICHEHHS SKOTO HOCHUTb, TaKUM
YHHOM, aTPUOYTHBHO-CUCTEMHUH xapakrep [8,9].

PesyabTaTn Ta ix odroBopennsi. [Ipu posrimsni cuc-
TEMH «IOJIIMEpHa MeMOpaHa — BOJa» i3 3aCTOCYBaHHSIM
(YHKLIOHATIBHO-CTPYKTYPHOTO  NPUHIMILY IPOBEICHA
CTPYKTYpH3alig Ha MiICHCTEMH Ta iX (JopMyBaHHS BiIIIO-
BiHO 3 TponiecamMu ((PYHKIIIMA).

Jo monsTTsA QyHKIII crcTeMH «mojliMepHa MeMmOpaHa
— BOJa» MOXKHA BiTHECTH:

1) 37aTHICTH KOMIIOHEHTIB BIUTUBATH OJUH Ha OJTHOTO
i Ha CHCTEMY B LILJIOMY;

2) BimirpaBaTH NEBHY pOJIb K Y MiJICHCTEMAax, TaK i B
LUTICHOMY YTBOPEHHI CHCTEMH «II0JIiMepHa MeMOpaHa —
BOJIAY.

OyHKIiOHaNBHA CTPYKTYpa MOBHHHA 3aliMaTH MPOMi-
JKHE TIOJIOKECHHS MK MaTepiallbHOI CTPYKTyporo (Oymo-
BOIO) Ta CTPYKTYPOIO — 3aKOHOM, TOOTO CHCTEMOIO Bif-
HOIIeHb MDX eneMeHTamMu. DyHKIIOHAIBHA CTPYKTypa
BiTHOCHO CTiliKa 3a paXyHOK 3B’S3KiB MK elIEMCHTaMH.
OnHOYacHO 3 TUM BOHA PYXOMa, KOMIIOHEHTH, IO BXO-
ISTh 1O Hel, MOXYTh 3HAXOJHUTHCS B KOOPIMHATHUX,
CyOOpAMHAIIIHUX Ta KOPEIAIIHAX B3a€EMO3B’ sI3KaX.

BianoBigHo 10 (QyHKIIOHANBHOTO MPHUHIMITY T€HE3UC
Ta CTPYKTypa CHCTEMH «IIOJiMEpHa MeMOpaHa — BOJa»
PO3TIISIAI0TCSL CTOCOBHO iX mpu3HaueHHs ((yHKuIl) B
CUCTEMI JJIsl TOJAJIbIIOTO Mi3HAHHS.

Cucrema «moyiiMepHa MeMOpaHa — BOJa» pPO3IIIsLaa-
€TBCS K CTPYKTYpa, IO CKIAAAEThCSA 3 TPHOX MiJACHCTEM
BiJIIOBiJTHO JIO MPOIIECIB, SKi IPOXOAATH B HIl:

— mporecH B 06’ eMHiit Bomi, (S1) - cene-3uc;

— IIap BOAM, LIO XapaKTepU3ye MixK(a3Hy B3ae-
moito (S2);
— TIOBepXHs MeMOpaHH 1 porecH, XapakTepHi

s Hei (S3).

B nporeci (yHKIIOHATIBHO-CTPYKTYPHOTO aHaji3y BH-
3HAUEHO, SIK 3B’SI3KU CHCTEMH 3 CEPEOBHIIEM, ITapaMeT-
PH, 3aBISIKH SIKUM MOXKHA BIUIMBAaTH Ha cuctemy. B 3ara-
JHHOMY BUTAJKY 1€ THCK, TEMIIEPaTypa Ta KOHIEHTpalis.

Pimuna Bigpi3HAETHCS BiJI IHIIMX PEYOBHH — TEKYUiCTIO
(MakpoOBJIaCTUBICTB), SKa IPEJCTaBIIsIE COOOI0 3B’ SI3aHUM
CTaH MOJIEKYJI 1 cTaOlibHa NPU MEBHUX TeMIeparypax Ta
THCKaXx.

[NocTynanbHuit pyx MOJEKYJ y pivHI € HAHOIIbII Xa-
PaKTEepHOIO BIACTUBICTIO PiAKOTO CTaHy (SBHIIE IEPEHO-
cy). SIBuie mepeHocy y piinHax XapakTepu3ye KiHeTHIHI
BJIACTHUBOCTI PIIMHM Ta BU3HAYAETHCA XApPaKTEPOM MiX-
MOJIEKyJIsIpHOi B3aemomii i mpexacraBise cobor0 myxke
BOXJIMBUI aCHEeKT B JIOCHIDKEHHI CHUCTEMH «IOJiMepHa
MeMOpaHa — BoJa» 1 MOXe po3rsaaThcs K i1 QyHKILiS.
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Cucrema «mojiMepHa MeMOpaHa — BoJa» MpeACTaBie-
Ha y BHUIVISI y3araJbHeHoi ikoHorpadiynoi mozeni, mo-
Ka3aHoi Ha pUCYHKY 1.

[TpuponHa Boxa HE € XIMIYHO YUCTOIO BOJIOIO, a MpeJi-
CTaBJIsie cO00I0 BOJHHUN PO3YMH JESKUX PEUOBHH. SIBHIIE
MIEPEHOCY Ta MPOIECH, IO BiIOYBAIOTECS Y BOJHHX PO3-
YHHAX, TICHO MOB’s3aHi 3 OyJOBOIO OKpeMoi (MOHOMIp-
HO{) MOJEKYIH i 3 MOJEKYJIAPHOIO CTPYKTYypOIO yCiei
piakoi Boau, T006TO 3 OyIOBOIO BOAM K PiAMHH, IO CKIIa-
JA€THCS 3 OKpeMuX MoJeKyn . CTpyKTypa piikoi Bomu €
MPEeIMETOM MIMPOKHUX IOCHTIHKEeHB, ale ¥ Joci He omaep-
)KaHa JleTajJbHa Ta 3aJ0BUIbHA, Y3rO/PKeHa 3 EKCIIEPHMEH-
TOM, KapTUHA i€l CTPYKTYpH.

B mporneci eBostonii HepiBHOBR)XXHOI CHCTEMH MOXHa
BUIIJIWTH Bl OCHOBHI cTafii:

— IIBUJKY — KiHETHYHY, K4 BIJIOBIJa€ 3a BCTAHOB-
JICHHS KBa31piBHOBaXKHOTO PO3IIOJITY YaCTOK 32 KOOPJIH-
HaTaMH Ta MIBUIKOCTAMH;

— MOBIUIBHY — T1APOAMHAMIYHY, KA XapaKTePH3Y€EThCS
CEepeaHIMHU JIOKaJbHO PiBHOBaXKHHMH 3HAYCHHSIMH TyCTH-
HU €Heprii, iIMITyJIbCy, MacH.

X1
....................... I
| X2 |
| | :
: 1 1
[ i !
T 1 Y
—> | " F
— s1 | s2 $3 |
F1 S F2 ] =R

Puc. 1. Y3aranpHeHa ikoHOrpadidHa MOIETh CUCTEMH «IIO-
niMepHa MeMOpaHna - Boga» ne P — tuck; T — temmeparypa; C —
konrentpauis. F = f(F1,F2,F3), ne F1, F2, F3 — byukuii, mo
XapaKTepH3yIoTh MpoliecH y BinmoBiqHux cucremax S1, S2, S3.
Yi — mpsimi 3B’SI3KM MK MiZICUCTEMaMHU — €JIEMEHTaMH CHUCTEMH |
Xi — 3BOpOTHI 3B’s3KM y cucTeMi, Y — BHXiJ (pe3ysbTyroua
MPOLIECY HEPEHOCY).

Jis po3yMiHHS TIPOIIECIB, MO MPOXOAATH Y CHCTEMI
«ToniMepHa MeMOpaHa — BOJa», HEOOXITHO BpaxyBaTd
MEXaHI3MH IIOBEPXHEBHUX MPOIIECIB, sKi 0a3yrOThCsS Ha
BJIACTHBOCTSX BOJAM HA TpaHuii posainy ¢as (S2). Bigcy-
THICTh CTPOTHX YSBJIEHB IIPO CTPYKTYPY BOIH, PO Opra-
Hi3allil0 BOIU Ha MOJEKYJSIPHOMY piBHI, TOOTO IpoIleciB
B migcuctemi S1, MOke MPHU3BECTH JO TOTO, IO MpPHU
JIOCITI/DKEHH] BOJHUX PO3YMHIB MOXIIMBA BTpara iH(Op-
Manii mpo i BIACTHBOCTI, SIKI y TPaHMYHUX MIapax Mo-
KYTh 3HAYHO BiJpi3HATHCS Big 00’€MHHX, IO, B CBOIO
yepry, 6arato y 4oMy BH3Hauae MexXaHi3MH (TPUPOIY)
MpOTIiKaHHS TporeciB B miacuctemi S3. BiamoBigHO BU-
HHUKae HEOOXiJHICTh BPaxoBYBaTH clenU(iKy MiXMOJe-
KyJISIPHUX B3a€MOJIiH, sIKa JIEKHUTh B OCHOBI CEJIEKTHBHOTO
MeMOpPaHHOTO TPAHCIIOPTY, a 3BiJICH BHUILUIMBA€E HEOOXia-
HICTB JJOCJIIPKYBATH BJIACTHUBOCTI PIAMHM Yy TOTPaHUYHHUX
mapax, i, B OKpeMOMy BHUNAJKY, Oifisl TOBEPXHI TBEPIOTO
Tina.



OCHOBHI YMOBH (JI0 SIKHX BIAHOCSITBCS: JUHAMIYHICTb 1
HEPIBHOBAXHICTh CHUCTEMH; CKJIAIHICTh MPOIECIB, SKi
NPOTIKAIOTh y CHCTeMi, IO pO3IJISJA€ThCs; B3ae-
MO3B’5I30K Ta (DyHKI[IOHAJIbHA 3aJEKHICTh MK HHMH) Ta
0co0mBOCTI 3aCTOCYBaHHS (yHKLIOHATBHO-
CTPYKTYpPHOTO aHalli3y 10 BUBUYCHHS PO3IJIAAYBaHOI CHC-
TeMH (a. (YHKIIOHATIBHI OCOOIMBOCTI: 34aTHICTh KOMIIO-
HEHTIB CHCTEMH BIUIMBATH OJIVH Ha OIHOTO i HA CHCTEMY
B LIJIOMY; BiJlirpaBaTH MeBHY POJb SK Y MiACHCTEMaX, TakK
1 B cHCTeMi B LUIOMY; 6. CTPYKTypHAa OCOOJHBICTh Xapak-
TepHU3ye crocid BHYTPIIIHBOI OpTaHi3aIii CHCTeMH, CTPY-
KTYpHI 3B’SI3KM BHU3HAYalOTHCS KOMIIOHEHTHO-PEYOBHM
cxinanom). DyHKIIOHATBHUIT NMPUHIMTI Tependavae, Mo
TeHE3HC Ta CTPYKTypa CUCTEMH «IOJIiMepHa MeMOpaHa -
BOJIa» PO3MIIAAETHCS CTOCOBHO X NMPHU3HAYCHHS — (QYHK-
uii. Ille oxHiero ocobnuBicTIO MpH peanizamii pyHKIIoHa-
JIBHO-CTPYKTYPHOTO aHaJI3y ISl CHCTEMH € HEOOXiIHICTh
BHU3HAYATH UiTKY i€papXidHICTh MPOIECIB, IO MPOXOIAThH
Ha Makpo- (TiIpOoTUHAMIYHOMY) i MIKpO- (KIHETHIHOMY)
piBHSX.

IIpormecw, sKi MPOTIKAIOTh B CHCTEMI «ITOJIIMEPHA MEM-
Opana — Bozma» (IpoIlecH Tigparallii i0HIB, IPOILIECH TIe-
peHOCY, acorriailii, TOBEPXHEBi MPOIECH HA TPAHUII PO3-

Science and Education a New Dimension. Natural and Technical Sciences, VI1(26), Issue: 215, 2019 Dec.  www.seanewdim.com

niny ¢a3 Boma-MemMOpaHa TOILIO) CTPYKTYpOBaHi 3a QyHK-
LIOHAJBHOIO O3HAKOIO (TPOIleCaMy) Ha BiIOBIIHI TUHA-
MiYHI MiJCUCTEMH, SKHUMHU €: S1 — «mporecu y BOfi, sKa
MIPOXOJUTH IIATOTOBKY SIK MHTHa», S2 — «IpOLECH, L0
MIPOTIKAIOTh B IPUMEMOpaHHUX Iapax», S3 — «meMOpaHa
(cTpykTypHi, Pi3HKO-XiMidHi, TEXHOJIOTIYHI BIACTUBOCTI 1
mporecn)». PO3MISHYTI MOXJIMBI BIUTMBH Ha CHCTEMY
«toniMepHa MeMOpaHa - Boma» (tuck P, remmeparypa T,
kontentpaitis C).

BusHaueni 3BOpOTHI 3B’S3KM MK migcucTeMamu: 1)
BIUIMB Tigcuctemu S3 Ha miacuctemy S2 — X2; 2) cyMic-
HUH BIUIMB MificucTeMu S3 Ta mijcucTeMu S2 Ha MiJICHC-
temy S1 —X1.

BucnoBku. IIpoBeneHi AOCHIDKEHHS MOXYTb CTaTH
OCHOBOIO JUIsl BUSIBJIICHHSI KOHIIENTYaJbHUX 3acaj i ¢op-
MaJtizanii 3aKOHOMIPHOCTEH, 110 XapakTepHu3yroTh (QyHK-
LIOHAJBHI OCOOJIMBOCTI MPOIIECIB Y CUCTEMI «IOJIMEpHA
MeMOpaHa - BOJIay, a TAKOX HAJAIOTh MOXKJIMBICTh MPOBE-
CTH peAyKuito iHpopMalii CTOCOBHO JHHAMIKH BiITIOBiA-
HHX INIPOLIECIB, IO MPOXOAATE y CUCTEMi 1 MOXYTh CTaTH
0a3010 Ul MOZCIIOBAHHS MPOLECIB Ha PI3HUX CTPYKTYP-
HHX Ta YaCOBHX PiBHSIX.
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Functional-structural analysis in the "*polymeric membrane - water" system study

0. A Kotovenko, O. Yu. Miroshnychenko

Abstract. The paper defines the basic provisions and system analysis principles that can be applied in the study of the processes that
flow in the «polymeric membrane — water» system and their modeling. The proposed approach can be the basis for the definition and
formalization of the laws characterizing the functional features of these processes, as well as for their modeling at different structural

and temporal levels.

Keywords: functional-structural analysis, “polymeric membrane-water ” system, modeling.
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AnoTanist. Y po6oTi JocipKeHo pobieMy IyMaHITapHOTO PO3MIHYBaHHS Ta MOMKJIMBICTh BUKOPHUCTAHHS IIPUHIIAITY Aii, IO TOKJIAJeHO B
OCHOBY HEBHOYXOBOT'O iMITyJIbCHOTO CEHCMIYHOTO [KEpesa /TS 3HUILCHHST (3HEIIKODKEHHST) BHOYXOBHX IPHCTPOIB 3 KOHTAKTHUMH JaT4IH-
KaMH L(iJTi, 10 BCTAHOBJICHI Y BOmi. Sk HEBHOYXOBE IMITYJIbCHE CEHCMIYHE /DKEpesio 3aCTOCOBAHO JIOCIITHII 3pa30K eIeKTPOANHAMIYHOTO
IMITYJIBCHOT'O JDKepena ceieMidamx curaaiiB [J1/1-27, mo HagaHo TOBapHCTBOM 3 00OMeXeHOI0 BinoBitatpHicTIo “FOr-Hadrorasreosnoris’.
Ha ocHOBI aHai3y pe3ysbTarTiB MPOBEACHOTO KOMILIEKCHOIO HATYPHOTO EKCIIEPUMEHTY MepEeBipeHi TilOTe3! 010 MOXKIMBOCTI BUKOPHC-
TaHHS MPUCTPOIO TAHOTO THUITY JUTS 3HUILIECHHS (3HELIKODKEHHS) MPOTUACCAHTHUX MiH, 1[0 BCTAHOBIICHI y BOJI, IIUIIXOM BIUIUBY 30yIKe-

HHX YAQpHUX XBWJIb Ha TX KOHTaKTHI JATYUKH L.

Knrouosi cnosa: cymanimapre po3MiHy8aHHs, 3HUWEHHSL (SHEUWIKOOMCEHHST), OamyuK yini, eubyxoeutl npucmpiil, eubyxoHebe3neyHul
npeomem, Hesudyxoee IMINYIbCHe CeliCMiuHe 0NCepeno, YOAPHI X6Ut, NPOMUOECAHMHA MIHA.

Beryn. ExcriepumeHTanbHI DOCHIDKEHHS IOAO BIIPOBAJ-
JKEHHSI HOBITHIX TPUHLIMIIIB il B TaJly3i T'yMaHITapHOTO po3-
MIHYBaHHs MalOTh BHUpIlIaJbHE 3HAYCHHS I OOIPYHTY-
BaHHs JJOCTOBIPHOCTI PO3POOJICHUX CIIOCOOIB IMOIIIYKY, BHSIB-
JICHHS1, 3HUILIEHHS a00 3HEIIKO/KEHHS BUOYXOHEOe3MeUHIX
npeameris (BHIT).

JocBin BUKOHAHHS 3aBIaHb 3 PO3MIHYBAaHHS Yy BOEHHHX
KOH()JIIKTaX Cy4aCHOCTI Ta MHpPOTBOpYMX orepamisx [1-5]
TMI0Ka3aB, 10 TEMIM PO3BUTKY MIHHOI 30poi 3Ha4yHO Iepe-
BHIIYIOTh TEMIIM PO3BUTKY MPOTUMIHHUX 3aco0iB. Ilei
(hakT, BpaxoBYIOUM 3pOCTAIOUY IHTEHCHUBHICT 3aCTOCYBAHHS
MiH Ta caMopoOHMX BHOyXoBUX IpucTpoiB (CBII), y mpo-
BIIHMX KpaiHax CBITy JaBHO BXKE€ CHPHUIMAETHCS SIK 3araib-
HOCBITOBa Tpo0JieMa, BUPILICHHS SKOi MOTpedye KOMILIEKC-
Horo migxony [6]. ITpu 1iboMy, 0coOsIMBa yBara B Oneparisx
M0 PO3MIHYBAaHHIO TIPUALISETHCS SIKOCTI OYMIICHHS Miclie-
BocTi Big BHII, 110 BU3HAYAEThCS MKHAPOTHUMHE CTaHAAp-
Tamu 3 po3MiHyBanHs [ 7]. HalGiabI CKIIaIHIMHI BHSBHITHCSE
MPOLIECH PO3MiHYBaHHS BOJHHUX NEPEIIKO]] 1 aKBATOPii MOPS
BiJI IPOTH/ICCAHTHHX MiH.

OnHUM 13 TEPCTIEKTUBHUX HANPSMKIB PO3BHTKY HMPOTH-
MIHHHUX 3aCO0IB € BIPOBA/KCHHS HOBITHIX TMPUHIMIIB il y
TIpOIIeCH PO3MiHYBaHHS, JI0 SKUX BIJHOCHTHCS BHKOPUCTAH-
HSI €Heprii yllapHUX XBUJIb, IO PO3HOBCIOJDKYIOTECS Y BOAI
BHACIIJIOK IITYYHOTO BIUIMBY HEBHOYXOBOTO IMITYJICHOTO
ceticmiunoro mxepena (HICT).

Amnani3 myoaikauiii. [8-14] mokasas, 0 B HUX MiIHATO
Ta PO3MIISIHYTO YaCTKOBI HaykoBi 3amaui. Tak Bigomi npari
[8, 9] mpucBsIUeHI BUCBITIICHHIO pe3yIbTaTIB HAYKOBUX JIOC-
JIJPKEeHb, CIPSMOBAHMX Ha MOJIEJIFOBAHHS IPOILECIB Ta 00-
IPYHTYBaHHS BIMOT JI0 3aCO0IB montyKy Ta BusiBieHHs BHIT
pizanMu Metomamu. [Ipu mpomy, B [8] po3risimaeThess MOXK-
JIMBICTH Ta HaBE/ICHI 3aJIEXKHOCTI IOI0 BUSBJICHHS BEIMKHX
00’€KTIB Ta MEpeXiTHHUX MIapiB y IPyHTaX CEHCMOAKyCTHY-
HUM MeTozioM. BkazaHuil MeTos MOKM 110 HE 3HAWIIOB MO-
IIMPEHOTO BUKOPHUCTAaHHA Y TPaKTHLl po3MiHyBaHHs. Y [10-
14] naBeneHi pe3ynbTaTH €KCIEPUMEHTAIBHHUX Ta TEOPETH-
YHUX JOCIHIPKEHb CIOCO0IB 3HUILNEHHS (3HEIIKOKESHHS)
BUOYX0BHX NMPUCTPOiB (BII), 10 OCHOBHUX 3 SIKUX HAJIEXKAThH
BUOYXOBHH, MEXaHIYHUH, JTA3EPHUI TOIIIO.

IIpoBexennit aHami3 BiOMHX MOCTYIHHX JOCHIIKEHB i
myOJTiKaIliii JO3BOJMB JIWTH BHUCHOBKY, IO 3a/la4a MPOBE-
JICHHSI eKCHIEPUMEHTAIBHIX JIOCIIKEHb MOXKIMBOCTI BUKO-
puctanHs eHeprii HICJ], six 3aco0y 3HMIIEHHS (3HEIIKO-
JokeHHs) nporunaecantHux MiH (IIIM) y Bomi, He craBH-

J1ach, a OTXKE 1 HEe BUPIIITyBaIach.

Merta. Tomy, METOIO IaHOT CTATTI € BUCBITIICHHS OCHOB-
HUX PE3yJbTATIB MPOBEACHOTO HATYPHOTO CKCIEPUMEHTY
IIOJI0 JIOCTI/DKEHHST MOKITHBOCTI BukopucTtanas HIC]T st
3HHIIeHHS (3HemKopkennst) [1/IM y Bopi mij yac rymaHita-
PHOTO PO3MiHYBaHHSI.

Pe3ysbTaTh T2 iX 06roBOpeHHsi. B sikocTi po6oyoi rimo-
Te3u OyJi0 BHUKOPHUCTAHO TBEPMKCHHS IMIOJO0 MOXKIMBOCTI
BUKOPUCTAHHSI IOTYYHOTO HEBUOYXOBOTO IMITYJILCHOTO
Metony 30YKCHHS CEHCMIYHMM KOJNMBAaHb y IPyHTaxX Ta
YAApHUX XBWIb y BOMI U1 3HUIICHHA (3HEIIKOKCHHS)
[IAM, naTdukw wUT SKAX 3aCHOBaHI IIEPEBAXHO Ha
KOHTAKTHHX TPHUHIIHATIAX Mii.

Puc. 1. BuxopucraHHsS T 4Yac eKCIIEPUMEHTAIBHHUX JOCIHi-
JDKEHb €JeKTPOAMHAMIYHOTO IMITyJIbCHOTO JDKEpena celcmid-
Hux curranis [J]/1-27 na Boxi

\‘ -
Puc. 2. BapiaHTi BHKOpUCTaHHMX Mii 4Yac ESKCIEPHMEHTAIBHUX
JOCITDKEHb MakeTy JoHHOI [1/IM 31 IITHPOBHM IaTYUKOM IILTi
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Ax HICH mig wac excriepuMeHTy Ha Bofi (puc. 1) Oyio
3aCTOCOBaHE JOCIITHHUN 3pa30K €JCKTPOAMHAMIYHOTO iMITy-
JILCHOTO JpKepena cedcMmiunmx curHanmis IJJ1-27 [15], o
HamaHe ToBapHCTBOM 3 OOMEXKEHOIO BiINOBITAIBHICTIO
“FOr-madrorasreooris’”.

Omxe, B SIKOCTI O0’€KTY EKCHEPUMEHTAJIBHHUX MIOCIHi-
JDKEHb 00paHO CHOCi0 3HUINCHHS a00 3HemKkopxeHHs [1/IM
nwrixoM BukopuctanHs HIC/I, mo BUKIIMKae yaapHi XBIIL Y
Bozi. Ilpu npomy, 3amaua JOCIHDKEHb MOJISraja B TPOBe-
JICHHI HAaTYpHOTO E€KCIIEPHUMEHTY 3 METOI0 BU3HAUCHHS Xa-
PaKTEPUCTHK TMOIIUPEHHSI YJapHUX XBWIb y BOMI Ta iX
BIUMB Ha matauku 1imi [TJIM. Bapiant BukopucTaHHS iMi-
TamiHOTO 3ac00y IITHPOBOTO JATYHKY ITUTi MAaKeTy JOHHOI
I1IM HaBenmeHo Ha puc. 2.

[TnaHyBaHHA Ta MPOBEICHHS CKCIEPUMEHTATBHNX JOCIi-
IDKEHHSI 3IIHCHIOBAIOCHh HA OCHOBI iCHY04Y01 MeTOaMKH [16].
Jnist mpoBeieHHs AOCiIKeHs O0yi10 0OpaHO BapiaHT BCTaHO-
Bierns [1/IM y Boai BimHocHo HIC/] 3a TumoBoto cxemoro
(puc. 3), s 5101 00paHo (hakTopH Ta MOKa3HUK (Tad. 1).

HIC/T
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moBaHHag Miau tumy [T[IM-1M, a omke € HenocTaTHIM. J{is
3abe3medeHHs crparoBants [1]IM y Boai 3HaUeHHS MUTO-
Moro imiysey yaaproi xsuii Big aii HIC]] i3 BpaxyBaHHIM
MoTpeOH BiIaieHHs Ha Oe3mnedHy BijcTaHb (0mm3pko 10 M)
MOTPiOHO 3HAYHO 30UIBIINATH.

Ta6muns 1 — PiHi Ta iHTepBany BapiroBaHHS (HaKTOPIB, TO3HA-
YEHH TOKa3HUKa

Kono- Tarepsan PiBHi ¢axTopiB [No3Ha-
dakropu BaHC Bapiro- HCHHA
T03Ha- +1 0 —1 | nokas-
BaHHS
YEHHsI HHKa
L— BignaneHHs
MIHH BiJ{ IpH- X1 10 5 15 25
CTPOKO, M
h - rmOuna
BCTaHOBJICHHS X2 0,25 05 | 0,75 10 y
MIHH, M
Iz — MaKc. THUCK
MPUCTPOIO  HA| X3 10300 | 4600 | 14900 | 25200
BOJY, KTC

/
Zp

e

-
-

Puc. 3. Cxemu posramryBanss farauka it [1/IM BigHOCHO
HICA y Bogi.

[Toka3HUKOM, 3HAYEHHSI SIKOTO BH3HAYAIUCh Y XOJI €KC-
nepuMenTy (Tabn. 1), € y — nutomuii immysise (I, kre/cm?),
110 BU3HAYAETHCSI Yepe3 TUCK.

AHami3 ofiepXKaHHX PE3YNIbTATIB CKCICPUMECHTATBHUX
JIOCIiKeHb [17] mokaszas, MO B BUKOPHCTAHHS PO3TIITHYTO-
ro npuniwy nii HICH mis 3HUIMMEHHS (3HEUIKOIKECHHS)
I1IM 3 KOHTaKTHHMH JATYHKAMH LT y BOJI € IIUTKOM MO-
KITMBUM. TapupyBaHHS BUTOTOBJICHOTO TPHCTPOIO ISl BH-
MIpIOBaHHSI TUTOMOTO iMITyJibcy / (KIC), PO3MIIIIEHOTO yce-
peauni makery T1JIM (puc. 2), nokasaino, o 301IbIICHHIO
Horo 3HaueHHs Ha 0,5 Krc pH NPUKIaiaHHI 3yCHILIS B LICH-
Tpi IITHPS BiNOBiAN0 30UIbIICHHS 3HAUSHHST THCKY Ha |
MM PT. CT. IIKaJI1 MAaHOMETPY.

AmHai3 pe3ysbTaTiB A0CTIDKeHb (pUc. 4) MoKa3as, 1Mo Yy
BOJIi MiHIMaJIbHE 3HAYCHHS 3MIHM THUCKY Ha IITUPOBHUI 1at-
4yuK 1t 1,4 MM pT. cT. 3adikcoBaHe mpu poOoTi 3-X iHIYK-
topiB HICII ta 2 MM pT. cT. — ip poOOTi 4-X IHIYKTOpIB
HIC/I mpu moBepxHEeBOMY BifgajieHi 5 M BiI IEHTpYy BCTa-
HOBiIeHOro Makety I1/IM. MakcumanbHe 3HA4YeHHS 3MiHU
TUCKY Ha IITHpOBHH matdwk mim 23,8 mm prt. cr. (1=11,9
krc) 3adikcoBano mpu podoti 4-x iHmykTopie HIC/ mpu
MOBEPXHEBOMY BiffaieHi | M BiJ LEHTPY BCTaHOBJIICHOTO
makery [T1JIM. Take 3HaueHHst muTomMoro iMmynecy | Ha 30%
HWKYe HDK MiHIMAIGHO TIOTPiIOHE 3HAYEHHS 3yCHIUIS CIpa-

CuHTE3 OTPIIMaHNX CEPEIHIX 3HAUCHB Pe3yiIbTaTiB BUMI-
PIOBaHb IiJl Yac MPOBEACHHs SKCIIEPUMEHTY Ha BOAI Ta pe-
3yJIBTaTH X iHTEpIpeTallii HaBeICHO Ha pHC. 4.

|, kre
18
16
14
12
10
8 4
6
4

——a
-6

N

2

0+

L, ™

Puc. 4. 3anexxHicTh THCKY 3a()iKCOBAHOTO TOHOMETPOM BiJl JaIbHO-
CTi 3HaXOPKEHHS IPHUCTPOIO 30YKEHHS IMITYJIbCHUX CEHCMIYHHX
konuBanb B [1/IM: a — 3HaueHHsI TUCKY TpH Ail 1-To iHAyKTOpY; O
— 3HAYEHHS TUCKY TIPH i1 2-X 1HAYKTOPIB; B — 3HAYCHHS TUCKY TIPH
i 3-X iHIYKTOpIB; T — 3HAYEHHS THCKY TPH Aii 4-X 1HIYKTOPIB.

BucHOBKH #i mepcneKTUBH NMOJAJIBLIIMX J0C/IiKEeHb.
Y3arajapHIOIOYH BHIIEBUKIIAICHE, MOYKHA 3pOOUTH HACTYIIHI
BHCHOBOK. Pe3ynmbTaTé BHMIpIOBaHb 3HAYCHb THCKY IIPH-
CTPOEM 30YyDKEHHS IMITYyJbCHUX CEHCMIYHHX KOJIMBaHb
IJI/1-27 y BOAi MiATBEPAMIH TiMOTE3y MIOAO0 MOMKJIHMBICTH
3aCTOCYBaHHS MPUCTPOIB JAHOTO TUILY ISl 3HHIICHHS (3HE-
HIKO/DKEHHS) OKpeMuX TUMiB [1/IM npu 301IbIICHHI TOTY K-
HOCTI Y/IapHUX XBUJIb.

SIK HanPSIMOK TMOJATBIINX JTOCTIPKEHb € O0IPYHTYBaHHS
TAKTHKO-TEXHIYHUX BHMOT JO TMEPCIEKTUBHOIO 3aco0y
3HUIIECHHS (3HEMmKOMKeHH) [1J]IM 3 KOHTaKTHAMH IaTdu-
KaMH IITi, B OCHOBY TIPHHITHITY [Ii{ SIKOTO JICKUTH BUKOPHUC-
TaHHS CHepril 30yDKEHHX IMITYJIbCHUX yIAPHUX XBHIb Y
BO/I.
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graficheskaya

Experimental application studies non-explosive pulse seismic source during the humanitarian clearing of water obstacles and water

areas
V. Kotsiuruba, O. Holda, V. Oliynik, A. Kokoiko

Abstract. The paper investigates the problem of humanitarian demining and the possibility of using the principle of action, which is the basis
of non-explosive pulse seismic source for destruction (neutralization) of explosive devices with contact sensors of the target installed in wa-
ter. As a non-explosive pulse seismic source, a prototype of the electrodynamic pulse source of seismic signals IDD-27 was used, which was
provided by the limited liability company “South Oil and Gas Industry”. Based on the analysis of the results of a comprehensive field exper-
iment, the hypotheses regarding the possibility of using a device of this type to destroy (neutralize) anti-landing mines installed in water by

the influence of excited shock waves on their target sensors were tested.
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Abstract. This essay aims to elaborate the technology when it comes to banknote making for visually impaired members of the soci-
ety. The visually impaired are divided in three subgroups: color-blind, partially sighted and blind people. Their first needs are useful
denomination features rather than security features, as they help them in determining a banknote’s value. This study provides a his-
torical overview of banknote design features for the visually impaired. Furthermore, it looks into the methodology of banknote tests
for the color-blind, showing images of how the color-blind experience the euro banknotes. Two features are needed for every sub-
group of the visually impaired to establish the banknote’s value; one is not reliable. These two features are dedicated firstly to the
relevant user group, but will also be used by others, including people with normal vision.

Keywords: banknote design, visually impaired people, producing, money bill, money.

Introduction. The world has come a long way since
technology was incorporated in most of the activities that
human beings engage themselves. In this sense, it has
played a significant role in the sector of currency produc-
tion. While making different forms of currencies and
banknotes it is important to consider the fact that there are
people who have a visual impairment but they still need to
understand the different values of banknotes that exist.
So, for an individual who is visually impaired to be in a
position to understand distinct values of banknotes with-
out seeing them, then it is incumbent for the reserve banks
to incorporate technology in the process of developing
banknotes. It would almost appear to be impossible for a
visually impaired individual to be in a position to know
the value of a banknote without using their naked eyes.
This discussion will be focused on exploring different
types of technology deployed in making it easy for visual-
ly impaired individuals is in a position to recognize the
value of different banknotes.

The necessity to design and produce banknotes that are
suitable for the visually impaired comes mainly from the
fact that members of this particular group make a large
percentage of worldwide population; that banknotes suit-
able for visually impaired are suitable for all members of
the society; and that this is the right thing to do and their
basic human right. According to the figures managed by
the World Health Organization, 5 % of the world’s popu-
lation (253 million people) suffer from some type of visu-
al disability, of which 36 million are totally blind, howev-
er, and as a result of different inclusion initiatives imple-
mented in most countries of the world, have adapted envi-
ronments, procedures and regulations to facilitate the lives
of people suffering from disabilities of some kind and the
visually impaired are among the beneficiaries of these
legal, infrastructure adaptations and made conformation
and in progress to provide a friendlier world within its
limitations and to grant them the necessary protection for
their disabilities [Heij, H. de. 2009].

The people blind of birth, have a greater capacity of
tactile detection than the people with normal vision or
partial visual disability, according to a study of the Uni-
versity McMaster in Washington (the United States) pub-
lished in the magazine The Journal of Neuroscience
[Kyrychok, A. P. 2018a]. The brain records a vision,
sound or touch in a split second, the research group, led
by Daniel Goldreich, explored whether people with blind-
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ness would process the sense of touch more quickly. As
Goldreich explains, "our findings reveal that one of the
ways in which the brain adapts to the absence of vision is
to accelerate the sense of touch."” The ability to quickly
process non-visual information probably increases the
quality of life of the person. People with blindness who
rely on an extraordinary degree of non-visual senses"
[Wong, Gnanakumaran, & Goldreich, 2018].

In order for the banknotes to properly serve everyone
within the community, the printing process plays a signif-
icant role. Various technologies are used within different
countries so as to ensure that individuals who are visually
impaired also have the chance to know the value of a
banknote that they are using [Springer et al, 2015].
Through technology, reserved banks have over the years
continued to improve on the appearance and security of
these banknotes. There are security features that can be
reorganized by an individual even without having a clear
look on the note. The size and the texture of banknotes
have continued to improve as new technology continues
to be incorporated in the production process.

Main text of the article. Depending on the levels of
consultation from each country they influence the type of
technology that will be deployed in manufacturing bank-
notes that have features that are of assistance to individu-
als with visual impairment. The fact that there are coun-
tries that have banknotes with similar size then a different
type of technology has to be devised to address the prob-
lem [Kyrychok, A. P. 2018b]. This is a problem especial-
ly with the United States which has all its dollars bills in
the same size. In such a scenario, then it becomes incum-
bent for another type of technology that is more advanced
to be deployed in place. Thus, the country is usually more
interested in making devices that will make the process of
denominating banknotes easier for individuals with visual
impairment [Laming, D. R. J. 1986].

Different countries have come up with different forms
of technology which they use to help visually impaired
individuals to identify banknotes. According to the form
of technology available in a certain country, they are the
ones that determine the overall appearance of a banknote
to serve both the visually impaired and the normal indi-
viduals using these banknotes. The United States remains
to the only country in the world that prints all her bank-
notes with the same size. On the color issue, the only two
countries in the world that use different bills with the
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same color in the world are Switzerland and the United
States. This similarity in color and size makes it difficult
for visually impaired individuals to differentiate different
bills used in the country. It is in public domain that even
people with partial visual challenges find it difficult to
distinguish between $1 from a $10 bill especially those
that have to circulate for long. Such challenges have
called in for the need to have various technology invented
for the purposes of ensuring that these bills are easily rec-
ognized by visually impaired individuals.

One of the technology solutions that have come in
place is the iBill talking banknote identifier. This is a
form of technology that is deployed through a simple
gadget that has the ability to read the value of different
bills. These gadgets were commonly used by private
companies that had high technology of identifying bills
that came through their organization until currently, they
started producing these currency identifiers for public use.
It is a small gadget with a sensor that has the ability to
read, identify and announce the denomination of a bill
when inserted on the in it. To handle all these visually
impaired individual cases related to identifying various
bills, now the iBill Talking Banknote Identifiers are avail-
able for free in America only for American citizens who
can access them from the Treasury Department. This is
quite a good move by the American government in ad-
dressing the issue. The gadget is very comfortable to use
as it is small enough to fit in the pocket of an individual
using it. Provided the bill is not damaged or crumpled
then the bill has the ability to identify all types of bill cir-
culating within the U.S economy.

Apart from the iBill solution provided by the Treasury
Department, there are also some mobile phone applica-
tions that can be utilized by a visually impaired individual
to identify a bill. The mobile phone applications are not
many but the few available operate on both Android and
i0S platforms which rely on the phones’ cameras to read
the value of a bill. This technology makes it easy for eve-
ry individual with visual impairment to exploit his/her
phone to detect the value of a bill. With just pointing the
face of the bill whether rear or front side on the camera of
a phone then within a few seconds it will be identified and
then read to the individual. The reason behind these bank-
notes being recognized is that they have various author-
ized security features which are sensed when putting un-
der the gadget. The best thing with the device is that when
an individual who is visually impaired is given a banknote
that is not legit, it will not be recognized. Thus, from this
point, we can see that there are two types of advantages
that we get from working with the device.

Different countries have utilized technology through
tactile features being applied on the banknotes to help
blind individuals to functionally be able to denominate
banknotes. This technology began in Canada where it was
thought that through using the sense of touch it would be
easy to understand the type of note that an individual is
having [Samuel, 2010]. Through a series of texture fea-
ture design denomination on different bills, it has become
easy for visually impaired individuals to denominate vari-
ous banknotes. The bills that are being used in Canada are
designed in a way that they have a tactile code which has
texture difference from one bill to another [Samuel,
2010]. This is an implication that when an individual with
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different bills he/she can distinguish them by feeling the
texture on them. The technology that was used in devel-
oping these bills ensured that the type of material used
was in a position to accommodate different patterns on it
[Samuel, 2010]. In Zambia, there is a different type of
technology that is utilized for making it easy for different
visually impaired individuals to identify banknotes. Even
though the technology used here cannot be credited as
being sophisticated, it still serves well for the visually
impaired people of Zambia [Lederman & Hamilto, 2002].
As one of Zambia’s most important role is to ensure that
the notes produced are able to serve across every highly
valued individual with vision impairment.

The Bank of Zambia has since then taken the chance to
utilize technology in incorporating special marks on vari-
ous bills. These special marks are usually in the form of
slanting lines which are printed in raised ink. For every
denomination, there are a certain number of the special
lines which range from 2 lines in a K2 bill, 3 lines for a
k5 banknote, 4 lines for a k10 note, 5 lines for a k20 note
and lines for k1000 banknotes [Lederman & Hamilto,
2002]. These notes were released into circulation in the
year 2015 and they have proved to be of significance to
the population. The Bank of Zambia has continued to
work in collaboration with the Zambia National Federa-
tion of the Blind [ZANFOB] to devising new technology
that should be incorporated in reprinting banknotes [Le-
derman & Hamilto, 2002]. The technology being used in
Zambia is more concerned with improving the textual
features of all bills for the visually impaired. Since 2015
to 2017 the banknotes that were produced by the Zambian
Bank have a much-intensified intaglio which has made
their textures to vary.

In Australia, a different form of technology is in pro-
gress which is deploying improvements on the entire
structure of the banknotes. As it is with other Reserve
Banks, the role of Australian Reserve Bank is to ensure
that all banknotes are designed and produced in a manner
that meets all the requirements that will allow servicing
all areas of the community [RBA, 2012]. Since 1960,
Australia devised the paper decimal banknote series. This
technology ensured that all the banknotes produced were
in different sizes which increased in size chronologically
in relation to the value of the banknote. The banknotes
here have different lengths with large numerical figures
which make them easy to be identified. The current bank-
notes of $50 and $100 that is in use in Australia have a
length difference of 7mm between each [RBA, 2012]. The
color distinction is also another technology deployed in
this country to ensure that visually impaired persons are
able to differentiate different banknotes [RBA, 2012]. The
length difference is something that can be easily distin-
guished by a visually impaired individual in that the
banknote with the smallest length denominates a smaller
value while the one with the longest length stands for a
bigger value of a banknote.

Through technology, there are various differential fea-
tures that range from color, length, and size that makes it
easy for people with visual impairments to identify the
banknotes. The $5 banknote has lines running horizontal-
ly across the note which appear to be parallel [Currency
Features for Visually Impaired People 1995]. The numer-
ical figure representing the value of the banknote is also



large such that it can be noticed with just a slight look on
the note. The $10 banknote has lines crossing each other
forming a pattern that seems like a mesh which is differ-
ent from that of the $5 banknote [Butterly, A. 2016]. The
$20 banknote has lines running vertically along with the
banknote’s height which makes the pattern different from
the rest of the banknotes. In this case, the texture is the
technology exploited although this is not all as there is
still more project that has come up since then [BBC
Newsbeat]. It has also prevented counterfeiters from
changing the value of the banknotes as it is difficult for
them to have all these patterns fit on the banknotes that
they have developed [Kupuuok, A. I1., MenpHHYEHKO, A.
A. 2013]. The technology used here is very sensitive and
secretive in that counterfeiters cannot be able to copy and
destroy what is meant to help people with visual impair-
ment.

A banknote-measuring device is a gadget that was spe-
cifically developed to help in reading various banknotes.
Through technology, it offers aid to partially and fully
visually impaired individuals to identify banknotes. It is a
plastic device that is easy to operate and carry as it has a
standard size that can enable it to fit in a wallet. The de-
vice is operated through inserting a banknote into it and
folds it then touch on the brail which gives the actual
amount to the individual [Kyrychok, A. P. 2018a]. It has
braille on one side that helps those who are fully impaired
visually to have an exact deduction on what the value of
the banknote. It has played a significant role in visually
impaired persons as it is now easy to do shopping and
trade with different individuals (RBA, 2012). The chal-
lenge with these devices is that they are not readily avail-
able to all individuals considered as being visually im-
paired [Springer et al, 2015]. As much as technology is
being made to help out in the situation, it should also be
made available to all individuals within different coun-
tries under the same proportions. The technology seems to
be only available to those that have high visions within
different countries.

The New Zealand Bank is another reserve bank that
has decided to take upon improving the security and re-
semblance of their banknotes. For the development of
banknotes that are in the next series of technology is in-
corporated so as to ensure that they meet the required
standards functional requirements and aesthetic culture
[Kyrychok, A. P. 2018a]. The designs on these banknotes
have had several challenges since the increase in counter-
feit cases in the country. They have devised varied tactical
means that through touching the banknote visually im-
paired individuals to identify various bills. In this case,
counterfeit banknotes do not have a rough texture as it is
with an original one which gives the difference between
the two [Kyrychok, A. P. 2018a]. The material also used
to make counterfeit banknotes are from paper which is not
as durable as the cotton and polymer materials used to
make the original ones. There are also some other security
features in the fake bank materials that do not appear
within the banknotes.

There are different color schemes that are currently in
use to differentiate various banknotes. The color schemes
are made in a brighter manner that makes them easily
analyzed. The colors in the banknotes are developed un-
der a technology that makes them be in a position not to
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make it difficult for partially impaired individuals recog-
nize them [Matua, 2014]. The different colors are logical-
ly interchanged in a manner that each color shifts to the
next in a way that the difference between each banknote
can be in a sequential manner [Kyrychok, A. P. 2018b].
Green appears to be the secondary color for the largest
banknote which makes it easy to be recognized [Springer
et al, 2015]. In order to cater to the visually impaired in-
dividuals, it is important for the developers of these bank-
notes to be aware of all the challenges.

Color serves a significant role in denominating differ-
ent banknotes, for this reason, each banknote needs to be
provided with a specific predominant color. For instance,
the $100 could be assigned a blue color constantly each
time when produced. An individual with low vision can
utilize the color of a note bank rather than when there is
large numeric on the note. Technology has then devel-
oped specific colors which are usually associated with
specific banknotes [Lederman & Hamilto, 2002]. It has
led to different colors to represent a certain value this will
means that even without having a closer look at the bank-
note it will be easy to identify it.

There are two distinct common printing technologies
that are used to produce banknotes which are of signifi-
cance to the visually impaired individuals. Through intag-
lio printing and letterpress, it is easy for an individual to
just touch the banknote and read it in his/her mind even
without having a look [Lederman & Hamilto, 2002]. Dif-
ferent countries use varied colors while utilizing the litho-
graphic printing technology although green color appears
to one of the most common colors being utilized [Spring-
er et al, 2015]. It is advisable that for the visually im-
paired individuals to be served with banknotes which
have a monochrome color this is because the color may be
easy to identify.

The current banknote printing process incorporates the
use of two important techniques that ensures all the com-
munity members regardless of their disabilities they are
able to use the money easily. There is the engraving using
a cutting tool that removes some part of the banknote
hence making a rough surface etching is also another
method whereby a chemical substance is used to remove
some part of a metal plate that is in turn used to make
banknotes through the compression process [Kyrychok,
A. P. 2018b]. A lot of pressure is exerted on a metal plate
that has all the features required to be on a banknote
[Kyrychok, A. P. 2018b]. Ink is then applied on the sur-
face of the metal plate then transferred on the required
piece of paper that is supposed to be used as a banknote.
The color of the ink is left on the paper with high relief
which makes them highly reflective.

The material that is used to make these banknotes is al-
so a very significant part of the technology used to aid
visually impaired individuals in the denomination pro-
cess. The two major materials that are used to produce
most of the banknotes include polymer and cotton fiber.
These are then printed through offset, intaglio printing
and screen-printing [RBA, 2012]. Banknotes that are
made from polymer include a first step which involves
preparation of a substance base substrate of polymer
which tends to become opaque during the process of sheet
preparation [RBA, 2012]. The technology used in the
production makes the banknotes made of polymer become



resistant to different forms of damages and worn out. It is
clear that when the banknotes become weary, they are
difficult to identify as they tend to lose some features
which are important in their identification process.

Despite technology being used in the process of devel-
oping more improvised banknotes, there are a number of
challenges that are encountered in the process which
makes the entire banknote production process under
threat. The first challenge that is being faced across all
countries in the process of producing new banknotes is
counterfeiting [Kyrychok, A. P. 2018b]. Over the past few
years, the rate at which counterfeit banknotes are being
produced has increased which has made it difficult for
reserved banks to constantly produce banknotes in bulk
[Lederman & Hamilto, 2002]. Instead, it has made re-
served banks and other shareholders involved in the pro-
duction of money to focus a lot on improving the security
features of these banknotes rather than incorporating fea-
tures that would aid visually impaired individuals
[Springer et al, 2015]. It would be useless to increase on
the number of banknotes while they are being counterfeit-
ed which calls in the need to incorporate technology in
not only catering for the visually impaired individuals but
also security features need to be improved.

Another issue is ensuring that the money produced
does not affect the currency value of the country. This
comes as a result of money being overproduced in a coun-
try until they lose their values. Despite the fact that coun-
tries may be interested in making more money that are of
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assistance to the visually impaired community they
should also be controlling the flow of funds which is a
problem that may lead to a financial crisis within the
country (Samuel, 2010). For various reasons that are
seeming to be a threat to the banknote production process
technology should be much concentrated on creating de-
vices that detect the value of money rather than reproduc-
ing the current exiting currencies.

Conclusion. Conclusively, technology has played a
significant role in aiding visually impaired individuals to
operate swiftly with banknotes. Were it not for technolo-
gy, people with full visual impairment would be having a
difficult time in determining the value of a banknote
while conducting their financial endeavors. Through
technology, it has become easy for visually impaired in-
dividuals in different countries to exploit their tactile abil-
ities to detect the value of a banknote. It would also be
important for countries to be doing deep research and
consultation so as to decide which technology would be
best applied to helping visually impaired individuals
comprehend different banknote denominations. Human
beings should always be ready to help each other in situa-
tions such as the ones that fully blind and partially visual-
ly impaired individuals are undergoing while engaging in
financial related issues. Despite technology trying to help
out visually impaired individuals in handling banknotes,
reserved banks should not forget that there are always
challenges trying to counter their work which requires
them to be always prepared.
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Amnotanist. CTarTs pHCBsSUeHa MpoOIeMi AiDKiTai3alii HaBIaJIEHOTO IPOLECY B YCTAHOBAX OCBITH. Y SKOCTI NPHCTPOIB aBTOMAaTH3aIlii
TIPOBEICHHS 3aHSATh PO3TILIIAIOTHCS IHTEPaKTUBHI JOIIKH. Y CTAaTTi ONMCaHI Pi3HI apXiTEeKTypHI pillIeHHs iCHYIOUHX IHTEpaKTUBHHX JIOIIOK,
BUKOHY€TBCS aHAI3 iX mpuHIMITY podoTu. Ha 6a3i pe3ynbraris aHasizy Oysi0 BUSBIICHO, IO CYTTEBUM HEIONIKOM PO3ITITHYTUX KOMILJIEKCIB
€ 1X BUCOKa BapTiCTh. SIK HACTIZOK, MAEMO CIIOBLIBHEHHS TEMITy BOPOBAPKEHHS IHTEPAKTUBHHUX JOIIOK 0 HABYAIBHOTO MPOLECY B y400-
BHUX 3aKJIafax. Y CTarTi MPONOHYETHCS BIACHE PILICHHS L€l MpoOIeMH.

Knrouosi cnosa: inmepaxmuena oowika, kamepa, KOOpOuHamu, iHmepgelic, nepcnekmueéa, 3ac6iyeHHs, CMuIyC.

Beryn. Peanii po3BUTKY CydacHOro CBIiTy, NPOHHKHEHHS
(G POBUX TEXHOJOTIH B YCi cepH KHUTTS HE MOTIIH OOiTH
i Bty ocBity. LndpoBi ocBiTHI pecypcu cTaroTh 6a3010 IS
PO3BUTKY iH(opMaIiiHIX mOCIyT B cdepi ociTh. Biposa-
JUKEHHS IU(POBUX TEXHOJIOTIH CTOCYETHCS SIK 3MiHN CaMOTo
OCBITHBOTO TIPOIECY TaK i HOBOBBEICHH Ta MOZEpPHI3amil
OCHAILICHHS BY3iB. B mpoMy BHIanKy ciif 3ynUHHUTHCS Ha
TaKOMYy BHJ 0OJIaTHAHHS 5K IHTepPaKTHBHA Joika. Lle omuH
3 TOLIMPEHNX 3aco0iB Ui BINTBOpeHHs iH(opMmamii Ta no-
JHMIIEHHS T{ CIPUMHATTS, SIKMH yce YacTillle BUKOPUCTOBY-
€ThCsl y TOBCAKICHHOMY KHTTI. X MOHa Mo6aunTH B 0di-
cax 0araTtbOX KOMIIaHiii, 3a JJOIIOMOTOI0 HUX HABYAIOTHCS Y
CYYaCHHX IIKOJAX Ta BHUIIMX HABYAIBHHUX 3akimazax [1,
c.32].

Oruisig THIIB TA XapaKTepPUCTHK IHTEePAKTUBHHUX J10-
oK. [lepiry B CBITI iHTEpaKTHBHY JIOIIKY pO3pOOHIa KOM-
madisg «Smarty me y 1991 pori. [puctpiit no3BonmB BHBeC-
TH poOOTy 3 HAOYHUMH TOCIOHMKAMH HAa HOBHH pPiBEHB.
[MounHaroun 3 THX YaciB 1 J0 CHOTOZEHHS, IHTEPAKTHUBHI
JIOIIKK HEBITUHHO MOJIEPHI3YIOTBCSI Ta 3MIHIOIOTh TEXHOJIO-
rii B3aemoii 3 koprctyBadem. Tak, OyJo CTBOPEHO JNeKiibka
TUITIB IHTEPAKTUBHHUX JIOLIOK B 3aJI€KHOCTI BiJl BUKOPHCTa-
HHUX 0a30BHMX TEXHOJIOTIH: PE3NCTUBHA JOLIKA, eJIEKTpOMar-
HITHAa JIOIIKa, JIOIIKA «JIa3ep-CKaHep», 1H(padepBo-
Ha/yJIbTpa3ByKOBa JIOIIKA, EMHICHA JIOIIKA, JOMIKA 3 ONTHY-
Horo texHouoriero (DVIT — Digital Vision Touch).

Pe3ucTuBHa NOIIKa CKIAAEThCS 3 M KO MEMOpaHHOT
TIOBEPXHi, sIKa J1eOPMY€ETHCSl NPH JOTHKY 10 KOHTAaKTy 3
IUIACTUHOIO, IO HPOBOIUTH CTpyM. EkpaH sBiste coboro
GaraTomapoBy CTpyKTypy. JaTdmku, IO CIyryloTh It
PpO3Mi3HaBaHHs MO3MLIT IOTHKY, PO3TAILIOBAHO MK IIapamu
eKpaHy. SIKIIO BUSIBIIEHO KOHTAKT, KOOPJMHATH MICLIsl IOTH-
Ky BIANIPABIIIOTECS 710 KOMIT foTepa. [ KepyBaHHS JOII-
KOIO JIAHOTO THITY CIIeLialbHUX arapaTHUX 3aco0iB (CTHITYC,
BKa3iBHHMK) He mnotpibHo. OjHak, Taka JOlIKa MoTpedye
IIy’e 00epeKHOTO KOPUCTYBaHHS, TSI TOTO, 00 3armo0irtu
TOIIKOKEHHS JaTIHKiB [2, ¢.45].

EnextpomarniTHa nomka mae BOYZOBaHy CITKY, sika BH-
KOPHCTOBYE EJIEKTPUKY JUIl CTBOPEHHS MAarHiTHOTO MOJIS.
SIKImo cnerjabHUK CTHITYC, IO MICTUTh KaTyIIKy Ha KiHIU,
HATHCKAETHCS HA TIOBEPXHI JIOIIKH, €IEKTPUYHI CUTHAIH, SIKi
CTBOPIOIOTKCS CITKOIO, 3MIHIOIOTHCS TaK, IO MOXKHA 004HC-
JIUTH PO3TAlllyBaHHS CTHITyca. JIOIKK IAaHOTO THITY HE MifT-
PUMYIOTh CEHCOPHOro KepyBaHHs. HasBHICTH cTmiyca —
000B’s13K0Ba YMOBa JUTsl KOPHCTYBAHHS TAKOIO JIOIIKOO [2,
c.46].

Jlomky «azep-ckaHep» Moxe OyTh 3poOieHo 3 Oyb-
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SIKOTO MaTepiaiy. Pyx Ha JomIIi BUSBISETHCS 38 IOIOMOT OO
iH(padepBOHNX Ja3epHUX CKAaHEpiB B KOKHOMY KyTi. Jlis
B3aEMOJIii HEOOXiTHO BUKOPHUCTOBYBATH TUNBKH CHEIiabHI
MapKepH 3 BiIOMBHIMH XOMYTaMH, Y SIKHX 3aIICAHO MIH}P.
INporpamue 3abe3nedeHHs] MOKEe BU3HAYATH Pi3HI KOJIBOPH,
o0paHi KOpHCTyBa4eM, 0a3yrourch Ha MIHAQpI, 3aMHCAHOMY
Ha BIAOMBHOMY XOMYTi Mapkepa. Buxomsuam 3 1pOTO, IS
MIBUIIICHHS TOYHOCTI pOOOTH HEOOXiTHO TPUMATH MapKep
MEePICHANKYIISIPHO JI0 MOBEPXHi A01IKH [2, ¢.47].

IndpadepBoHa/yIbTpa3ByKOBa JIOIIKA SBJISE COOOIO Iia-
HKY, L0 KPIIUTBCS JI0 OJIHIET CTOPOHHU 3BMYAIHOI JIOIIKH.
Jns B3aemMonii BUKOPHUCTOBYETHCS CTHIIYC 1 KOMOiHaIlis
iH()payepBOHOTO CBITNIA Ta YJBTPA3BYKY JUIS BHSBIICHHS
po3TamryBaHHS CTHiayca Ha jommi. CTHIyc Mpaimioe Bif
ABTOHOMHHMX JDKEpEIl >KUBJICHHS, TOMY, NMOTPeOy€e peryisip-
HOT 3aMiHN/3aps/IKu aKyMyJsiTopiB [3, ¢.30].

€MHICHa [IOIIKa Ha BiMIHY Bi iHTEpPaKTHBHHX IOIIOK
IHIINX TUIIB MOXKE OJHOYACHO PO3Mi3HABAaTH KilbKa JIOTH-
KiB. TakuM YHMHOM, 3 TaKOI JOIIKOI0 MOXE OJIHOYACHO
B3aEMOJIIATH 0araro KOpPHUCTyBayiB, ab0 OJMH JBOMa pyKa-
mu. Haiibuibina nepeBara Takoi JOIIKH HOJISITAE B TOMY, 11O
BOHa JIO3BOJISE TMpAIOBaTH 0€3 BUKOPUCTAaHHS CTHIIycCa
(mapkepa). Hampyra mogaeThCst Ha KyTH CEHCOPHOTO €Kpa-
Hy, CTBOPIOIOYH OJTHOpiHE eeKTpuuHe noste. KoxxeH 1otk
BUKJIMKA€ TaJiHHA HANpPYr'd Ha KOHTAaKTaxX, PO3TalllOBaHMX
10 KyTaX CEHCOPHOI TaHeNi, Ta BiOYBAa€ThCS TeHeparis
curnaiy[4].

[Mpunnun podotu DVIiT-mommiky nonsrae B ONTHYHINA Te-
XHOJIOTIT (pikcarii KOOpIUHAT Mapkepa i3 BHKOPHCTAHHIM
midpoBux Kamep Ta iH(padepBoHOro cCBiTia. JleKinbka
Kamep BOYJJOBaHO y paMKH JIMCIUIes B CKJIaJi MOJYJIIO, IO
MICTUTH iH(pauepBOHi CBITJIO CBITIa Ha Mapkep (abo OyIib-
SKU{ 1HIIMH TpeAMET) MpPU JOTHKY IO MOBEPXHI JIOUIKK
nmiogn. CBITIO Bif CBITIOAIONIB HE MOXKIMBO MOOAYUTH HE
030pO€HMM OKOM, ajle Kamepa 3jaTHa (ikcyBaTH cliaOke
(ioneToBe CBITIHHS 32 YMOBHU MOTparUisHHs [4, ¢.435].

OkpiM 3a3HaYCHUX THUIIIB IHTEPAKTUBHUX JIOIIOK, Hapasi
CTalOTh TIOIYJSIPHAMU CEpel BHPOOHHKIB KOMOIHOBaHi
Ty, JlesiKi 3 HUX U1t aHaJli3y Ta IepEeTBOPEHHST KOOPAMHAT
JIOTUKY BHKOPHCTOBYIOTH TEXHOJIOTII IITYYHOTO IHTEINEKTY.
[puknagom Moxe ciayrysatu TexHounoriss HyPr Touch, sika
BHUKOPHCTOBY€ETHCSI B TIOTOYHOMY TOKOJIHHI 1HTEPAKTHBHHIX
JOIIoK KoMIanii Smart. Bona kom0Oinye y cobi pucu iHdpa-
4yepBOHOI TexHoJjIorii Ta DVIT.

3MiHM TaKOXX 3 YaCOM TOPKAIOTHCS ¥ apXiTEKTypH KOM-
mwiekciB. Temep He € 000B’S3KOBOIO HAsSBHICTH MPOEKTOpA.
Jeski KoMIIeKCH MaroTh BOyJIOBaHWM muciuiell. Take pi-
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IICHHS TiJBHIINYE SKICTh Ta SICKPABICTh 300pa)KCHHs, IiJi-
BUIIy€ MOKA3HUKU IOMIXOCTIMKOCTI, 3HA4YHO MOJIETLIIy€E
TPOLIE/TY Py MOHTa)XKY KOMIUIEKCY.

Cepen momyJsipHUX BUPOOHHKIB iHTEPAKTUBHHX JOIIOK
cmig BUmiMTA Taki kommawmii, ssk: Smart, Nec, Dell, View-
Sonic, Intech. HasiBai pintenss y Oyap-sIKuX I[[IHOBUX Kate-
ropisix: OromkerHi — Big 500 mon. CHIA 3 ypaxyBaHHIM
BapTOCTI MPOEKTOpa, Ta Oi3HEC-PIICHHS — MOXYTh KOIITY-
Batr 8000 mon. CHIA Ta Gimpmie (mpoekropa He moTpedy-
10Th). [10TOYHI TOKONIHHA KOMIUICKCIB JaHUX BHUPOOHUKIB
BUKOPHCTOBYIOTh iH(padepBOHY, €EMHICHY, €ICKTPOMATHIT-
ny, DVIT ta HyPr Touch — texHomnorii. Jlyist 38°s13Ky Mix
KOMILJIEKCOM Ta TEPCOHAJIBHUM KOMIT FOTEPOM 3 METOI0
00OMiHy TIOBiTOMJICHHAMH (Y JIESKUX BHIIaJKaX 1 300pakeH-
HSIM) BUKOPHCTOBYIOTBCS SIK JPOTOBI, TaK 1 OE3pOTOBI iHTe-
pdeiicu 3B’s13Ky.

BuKoHaBIIM TTOPIBHSHHS KUTBKOX MOJENEH iHTEPaKTHB-
HUX JOIIOK Pi3HUX BUPOOHHKIB, TUIIB Ta I[IHOBHX Jiara3o-
uiB (Nec 77, Intech M-76 Dual User, Dell C7520QT,
SMART Board MX065, ViewSonic IFP7550) crae 3po3y-
MUTHM, [0 HAMOUIBIINM HETOJKOM iHTEPAKTUBHUX JIOIIOK
€ TOBOJI BUCOKA iHA. Tak, He3BaXKalou Ha MIepeBary BUKO-
PHCTaHHS LMX TPHUCTPOIB B OCBITHHOMY IIpOIECi, udepes
BHUCOKY BapTICTh 3HAYHA KUIBKICTh HABUAJIBHUX 3aKJIAIB
CBhOTOJIHI 3MyIlIeHa OOMEXKYBaTUCh iX HEBEJIMKOIO KiIbKic-
TI0, 00 30BCIM HE MaTH.

Mera. Po3po0Oka anapaTHO-IPOrpaMHOTO KOMILIEKCY, IO
HaJlaBaTHMe MOYIIMBICTb IIEPETBOPEHHS 3BUYAHOT IOIIKH Y
OyIb-sIKiif HaBYANBHIN ayquTOpii B iHTCPAaKTHBHY 32 YMOB
HAsBHOCTI NEPCOHATBLHOTO KOMIT OTEpa, NMPOEKTOpa Ta BHU-
KOPHCTaHHS cMapT(OHy JeKTopa.

Kommieke, mo NpoekTyeThes, Mae pUcH iHPpadepBOHOL
ta DVIiT-nomku. 3 METOI0 3HMKEHHS BapTOCTI BUKOPUCTO-
BYBAaTHMETBCS JIMIIE OJWH ONOK 3 KaMEPOIO, PONb SIKOTO
BUKOHYBaTHUMe cMapT(QoH JiekTopa. Y SIKOCTi BUIIPOMIHIOBa-
Ya CBiTJIa OOHMPAETHCSI CTUIIYC 13 CBITJIOAIOZHOIO «CMYXK-
KOIO» Ha KiHII a0o, y BUMaJKy HOro BiJCYTHOCTI, 3BUYaii-
Huii JixTapuk. KomIuieke sBise co00r0 3B’s3Ky: MepcoHa-
npHui koM 'totep (ITIK) — cmaprdon, mo B3aeMoaitoTs 3a
JIOTIOMOTOK0  OOMiHY MOBIJJOMJICHHSIMH 3 BHUKOPUCTaHHSIM
6e3nporoBoro inTepdeiicy Bluetooth. IIporpamna yactiHa
KOMIUJIEKCY —TIPE/ACTaBlIe€Ha pPO3MOAUICHUM IPOrPaMHUM
3a0e3MeYeHHsM, 1110 CKJIa1a€ThCs 3 MOOUTBHOTO I0AATKY TS
Android — cmaptdony Ta Win32 — qomatky Uisi epcoHab-
Horo koM totepa 3 OC Windows [5].

[MporpamHe 3abe3neueHHss 3 OOKy I€PCOHAIBHOIO
KOMII FOTepa Ma€ BUKOHYBATH TaKi (yHKIII:

BCTAHOBJICHHSI Ta KOHTPOJIb CTaHY 3’ €JJHAHHS 31 cMapT-
(hoHOM;

BIJIIIPaBJICHHsT KOMaH 10 cMapThoHy;

NPUHOM JIaHUX 31 cMapT(hOHY;

aHai3 npuitHATOI iH(OPMAIIii;

PO3paxyHOK (DI3MYHHX MapaMeTpiB CHCTEMH JUIsl KOpe-
KIii epcreKTruBy;

00YMCIIEHHS! KOOPJIMHAT KypCopy;

(hopMyBaHHS Ta BUKOHAHHSI KOMaHJIM B3a€EMOJII 3 rpa-
(iuHNM iHTEpdEiicoM.

MoOiTpHMI T0ATOK, 1110 PO3POOIAETHCS I CMapT-
(hoHy TOBMHEH BUKOHYBATH HACTYTIHI (DYHKIII:
BCTaHOBJICHHSI Ta KOHTPOJIb CTaHy 3’€JHAHHS 3 [IEPCO-
HaJIbHAM KOMIT FOTEpOM;

aHaJi3 MpUHHATHX KOMaH]T;

aHAaJI3 KaJIpiB 3 KaMepH Ha HasIBHICTH 3aCBIYEHH i3
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3aJIOBUIBHIM PIBHEM SICKPABOCTI;

00YMCIIEHHs] KOOPJIMHAT LIEHTPY 3aCBIYEHHS Ha I0TOY-

HOMY KaJpi;

BinnpasneHHs koopauHar no [1K.
OCKUIBKH TIPOEKTOp Ta Kamepa cMapT(OHy po3TalioBaHO
T Pi3HAMHU KyTaMH BiTHOCHO TTOBEPXHi, Ha SIKy HPOCKTY-
€ThCA 300pakKEHHS BWHHKA€ HEOOXITHICT y MPOBEICHHI
TpoLIeypy KaiOpyBaHHs Ta Kopekiil nepcrektusu [6]. T1i
i Ipr3HaYeHi BCTAHOBUTH ONHO3HAYHY BiIITOBITHICTH MiXK
BUIMMHUMH KOOPAMHATAMH TOYKH 1 KOOpOMHATAMH L€l 5K
TOYKH B MPSMOKYTHIH CHCTEMi KOOpAWHAT po00U0i 00acTi,
Ha SIKY TIPOEKTYEThCS 300paskeHHsI pOOOYOro CTOJy KOMIT'FO-
tepa. KaniOpyBaHHs NOTpiOHO BUKOHYBAaTH MEPE TI0YaTKOM
PpOOOTH 3 IHTEPAKTHBHOIO JOIIKOO MICIISi KOYKHOTO BCTAHOB-
neHHs1 cmaptdoHy. B mporeci kaniOpysaHHs Oyne oTpuma-
HO KyT IOJISl 30py KaMepH Ta BHIMMI KOOPAWHATH IIECTH
OINOPHUX TOYOK - YOTHPU IO KyTaM, y MOJAJIBIIOMY TOYKH
AB,C,D, Ta n1Bi mo cepenuHi rOpU30HTANICH, ¥ TIOIATIBIIOMY
Touku K, M.

Jnst oOunCIeHHsT ICTHHHUX KOOPIMHAT JOBUIBHOI TOUKH
1o oci Y 11 00JIacTi, IO TMPOEKTYEThCS HEOOXITHO 3HANTH
KOOpAMHATH TOYKH 30DKHOCTI neperiektusH (Touka O) (puc.
1.1). KoopauHatu Toukn O 0OUHCIIOIOTECS Yepe3 BUPINIy-
BaHHsI cucTeMU piBHsAHB npsiMux AB 1 CD 3a koopauHaTamu

touok A, BiC, D:
_ M) _ (M) :
Y(4B) = (xb —xa) tya xb —xa) ¥

ye = yd) (yc - yd)

Y(DC) = (—= —(Z—) « xd.
(DO (xc—xd *x+yd xc — xd *xd
Buaiineni 3Hauenns x, Y(AB) = Y(DC) = y GynyTs Ko-
opmuHaramu Toukk O(x, y). s mogansiuoi poGoTH ycepe-

JIHIOIOTBCS koopauHaTe Touok A, D i B, C, a Takox K, M o
oci X.

Buauma 0B1acTs KamepH

Yz

-—4
|

D

Pucynoxk 1.1. - O0uncneHHs icTHHHOT KOOPIUHATA YZ JOBi-
JIGHOI TOYKHU Z,

Jnst oOuMCIeHHsT KOOPIMHATH JIOBUIBHOT TOYKK Z 110 OCi
X Tpeba po3rIISTHYTH CXeMY BCTAaHOBJIEHHS KaMEepH BiZTHOCHO
00IacTi, Mo MPOeKTYeThCs (BUA 3BepXy). Jliteporo O mo3Ha-
YEeHO MiCIle BCTaHOBIICHHs KamepH (puc. 1.2).

K

Xk

Pucynok 1.2. — IrocTparis 1o nporeaypu KaniOpyBaHHS 110
oci X



Ipssma MP1 - momyHa, Ha sIKiii 3HAXOAUTHCS 00JIACTB,
10 MPOEKTYEThCs (HApHKIaxA - cTiHa). Binpizok PP1- Bu-
JmMa obinacts, Toai Kyt POPL- kyT orisiy kamepu B ropu-
30HTaNIBHIN MTommmHi (110 oci X). Bigpizok AB - obnacts,
110 IPOeKTYeThCs; Tol KyT AOB - KyT, ITiJ SIKUM BHIHO IO
obmacte. KoopanHaTth xa, xb, Xk € KyToBHMHU 1 BU3HAYarOTh
BEJIMYMHH BiMIOBITHUX KYTiB BiTHOCHO JIIBOTO KPAaO BHIH-
Moi obacri (Bimpizok OP). HeBinommm 3aiummaeTsbest TUTBKU
3HadeHHS Kyta MOP, 3HaHIIOBIIN KU OTPIMYEMO KOOp-
JMHATY, 10 BU3HAYA€EMO.

Jnsa moBumkHOI TOUKM Z KOOpAWHaTa Xz 1O oci X Ha
IUTOIIMHI JIOPiBHIOE:

Xz = Kx * (tan(MOP + xz) — tan(MOP + xa))
Koegimiear Kx 0OOYHCIIOETBCS SIK CIIIBBIIHOIICHHS PpO3-
JIJIBHOT 3/1aTHOCTI MPOEKTOpa MO TOpu30oHTa I Ta AB y mik-
cesix. Y Ci TOYKH, OpJrHATa SKUX JTOPIBHIOE YZ, JeKaTb Ha
TpSIMiH, 10 IPoXoauTh Yepe3 Touky O i Touxy Z (puc. 1.1).
Omxe, w11 o0UuCIHEeHHS YZ IOCHTH OOYMCIHTH OPIUHATY
Touku nepetuHy npsmoi OZ i mpsimoi AD. PiBHSHHS mpsMoi
AD: X = xa. PiBastHEs nipsimoi OZ:

Y(02) = (M) *X +yz— (M) * XZ,
xX0-xz xX0-xz
Jnst oTpuMaHHs KIHIIEBOTO pe3yJIbTaTy HEoOXiIHO Bpa-
XyBaTH Koe(illieHT MaciutaOyBaHHS, SKW JOPIBHIOE BijI-
HOILICHHIO PO3JUILHOI 37IaTHOCTI TmpoekTopa 1o oci Y B
TKCEeNsIX 10 KITBKOCTI ITKceniB y Bimpizky AD.
Bzaemoposyminas mixk [1K ta cMapTdoHOM BiOyBa€eThCS
HA TJCTaBi BJIACHOTO IMPOTOKOIY OOMiHY IOBIIOMJICHb. Y
taagemi [IK-cmaptdon, 1K € kepyrounmM mpucTpoeM, a
cMaptdoH kepoBaHuM. ToMmy, cMapTGOH OTpUMY€e KOMaHIH
Bix 1K Ta, B 3a/Ie)KHOCTI Bifl 3HAYCHHS KOMAH[IH, BiJIIPaB-
Jisie HaOIp TAHUX Y BIATIOBIJIb.
Buxomsun 3 ocoOnmBocTel apXiTeKTypH KOMIUICKCY 1
MPOTOKOJly OOMIHY MOBIJOMJICHHSIMH, PO3POOJIEHO MeXa-
HI3M iMiTallii CCHCOPHOI MOBEPXHi. B OCHOBI TaHOrO MeXaHi-
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3MY JISKHTH aJroput™M (DOpMYBaHHS CHUTHAIy B3aeMOJii 3
rpadiuanm iHTepdericom OC Ha IIK. Pesynbrarom BuKO-
HaHHS aJITOPUTMY € CUTHAJI BUKOHAHHS TaKHX MiH, sIK: HATH-
CKaHHS JIiBOi a00 MpaBoi KJIaBilll MUIII, 3aTUCKAHHS Ha Jie-
SIKUH TIPOMDKOK 4acy JIiBoi KJIaBillli MHII (HaIpUKIaz, st
BUJIUTCHHS TEKCTY a00 MAaJTIOBaHHS y CIICIialbHOMY pelak-
Topi). Jnst pearmizartii axroputMy imiTamii CEHCOpHOI TIOBEp-
XHi (po3Mi3HABaHHS 3aCBIYEHHS) JOPESIHUM € BUKOPHUCTAHHS
kpocmiatdopmeHoi 6ibmiorekn OpenCV. Llg 6ibmioTeka €
0€3KOUITOBHUH PIMICHHSIM 3 BiIKPHUTAM KOJOM i BHCOKOIO
NPOMYKTHBHICTIO. i 3ac0o6M CyryloTh Ams peanisamii
KOMIT'FOTEPHOT'O 30pY Ta MiITPUMYIOTH Taki MOBH IpOrpa-
myBanHs, sik: C/C++, Python, Swift i Java, o ninkom Bia-
mToBye po3pobisiemuii komruiekc[6]. IIporpamue 3abe3rme-
yeHHs1 urst [1K cTBOpeHO 3 BUKOPHCTAHHSIM MOBH IPOTpa-
myBanHs1 C# Ta texnonorii WPF. J[ns po3poOku monatkis
1t emaptdony ( OC Android ) Halomy IApHINIMMHU € MOBH
nporpamyBanHs Taki, sik: Kotlin ta Java ame uepes Bimcyr-
HICTP MTIATPUMKHA Tepmol po3poOHHKamMH  OibITioTeKH
OpenCV, mepeBara BimmaHa Java.

PesysnbTaT. Po3poOnieHO amapaTHO-TIPOrpaMHHINA KOM-
IUIGKC THIy IHTEpaKTHBHA NOMIKA. ['OJIOBHOIO IepeBaroro
NPEJICTABICHOT KOHCTPYKIIi € BHKOPUCTAHHS IOIIMPEHUX
IT-mpuctpoiB, ski MOXXKHA 3HANTH Maibke y OyIb SIKOMY
HaBYAIILHOMY 3aKJIaJli, He BIAIOYKCh NPH 1IIbOMY 1O JOJaT-
KOBUX (DiHAHCOBUX BUTpAT, Ta MOEJHAHHA iX Y €IMHY CHC-
TEMy 3 METOK BIITBOpeHHs iH(opMmaiil Ta MiJBUILECHHS
edexTuBHOCTI 11 3acBOEHHSA. 32 (YHKIIOHAIBHUMH MOIIU-
BOCTSIMH KOMIUIEKC HE INOCTYNA€EThCS MPOMHUCIOBHM 3pas-
kaMm. BunpoOyBaHHS Ta eKcCIDTyaTallisi KOMIDIEKCY BinOyBa-
JIHCS B peaJbHOMY PEXHMI T Yac MPOBEACHHS JICKIIHIX
Ta MPAKTHYHUX 3aHSITh.

BucnoBku. Komruiekc Moxke GYTH PEKOMEHIOBAHO VIS
BUKOPUCTAHHS B HABYAJIBHOMY IIPOLECi, SK albTepPHATHBA
ICHYIOUHM DiIlICHHSIM.

JITEPATYPA

1. David Barber, Linda Cooper, Graham Meeson Learning and
Teaching with Interactive Whiteboards. Primary and Early Years
— UK: LearningMatters, 2007 — 101p.

2. Peter D. John, Steve Wheeler The Digital Classroom: Harnessing
Technology for the Future of Learning and Teaching — USA:
David Fulton Publishers, 2015 — 161p.

3. Chris Betcher, Mal Lee The Interactive Whiteboard Revolution:
Teaching with IWBs — AUS:ACER Press, 2009 — 154p.

4. Bruno Buchberger, Michael Affenzeller, Alois Ferscha, Michael
Haller, Tudor Jebelean, Erich Peter Klement, Peter Paule, Gustav
Pomberger, Wolfgang Schreiner, Robert Stubenrauch, Roland
Wagner, Gerhard Weil3, Wolfgang Windsteiger Hagenberg Re-

search — AU: Springer, 2009 — 488p.

5. lesuenko O.I'., BapmakoB A.C. IHTepakTrBHa CcHCTeMa st
ocsitaeoro mpouecy//Topical issues of the development of
modern science. Abstracts of the 3rd International scientific and
practical conference. Publishing House “ACCENT”. Sofia,
Bulgaria. 2019 — P. 99-103.

6. Marten Wadenbidck Homography - Based Positioning and Planar
Motion Recovery. — Sweden: Centre for Mathematical Sciences,
2017 —115p.

7. Daniel Lélis Baggio OpenCV 3.0 Computer Vision with Java —
UK: Packt Publishing Ltd, 2015 — 174p.

REFERENCES

5. 0. Shevchenko, A. Bardakov Interactive system for educational
process//Topical issues of the development of modern science.
Abstracts of the 3rd International scientific and practical confer-

Hardware-software complex «Interactive whiteboard»
O. Shevchenko, A. Bardakov
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Abstract. The article is devoted to the problem of digitization of the educational process in educational institutions. Interactive whiteboards
are considered as devices for automation. The article describes different architectural solutions of existing interactive boards, analyzes their
principle of operation. Based on results of the analysis, it was found that a significant disadvantage of considered complexes is their high
price. As a result, we have a slowdown in the pace of introducing interactive whiteboards into the educational process in educational institu-
tions. Own solution of this problem was proposed in this article.

Keywords: interactive whiteboard, camera, coordinates, interface, perspective, light, stylus.
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