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METHOD AND ERROR ESTIMATION OFDECISIONS IN

DETERMININGAND OF OBJECTSI N SPACE
METOAHN OLUHIHKU MNOXUBKHA PILIEHDb ITPU BUBHAUYEHHI OB’EKTIB B
MPOCTOPI
Myronenko O.V./Muponenko O.B.
Higher education teacher
ORCID: 0000-0002-3763-5478
Military Institute of telecommunication and informatization named after Heroes Krut;
Biiicokosutl ynisepcumem menexomyrixayitl i ingpopmamuzayii imeni I'epoie Kpym

Anomauin. B pobomi poszenanymo memoou OYiHKU NOXUOKU piuleHb 3aco0ié 0O0poOKu
HABI2AYIUHUX OAHUX, MAK 36aHHI 0OHOKPOKOB8I Memoou, Ha npukiadax ,memooa €inepa, memooa
Pynee-Kymma sxi mooicha 3acmocogygamut, 05 2100A1bHUX HABI2AYIIHUX CYNYMHUKOBUX CUCTNEM
(T'HCC) susznauenHs micyesHaxooxcenHs 00'€ekmis, aepoKOCMIUHUX CUCMEM BUCOKOI pOo30ilbHOL
30amHOCMi 011 OMPUMAHHA THDOpMayii npo 3emito, CMBOPeHHs 8UCOKONPOOYKMUBHUX 3Ac0o0i8
OMPUMAHHS NPOCMOPOBOT THGhOpMayii 8 pedcumi pearbHO20 Ydac).

Kniouogi cnosa: 00Hokpoxosi memoou 6e3 noositino2o nepepaxyuky, memoo €inepa, memoo
Pynee-Kymma

Beryn. Posrisinemo metoau, siki JO3BOJIAIOTH OIIHIOBATH MOXHOKH PillIeHb 0e3
3aCTOCYBaHHS MOJBIMHOTO mepepaxyHKy. Lle myxe BaKIMBO MpH 3aCTOCYBaHHI ITUX
METO/IB, KOJIM OOYHMCIIOIOTHCS 1 YTOUHIOIOTHCS KOOPJWHATH, AKI Oyiu rmepenadi 3
CYNyTHHKA, TaK $K 30UIbIIYE€TbCS TOYHICTh BHUMipIoBaHb. HaiOiabi npocTtum
OJTHOKPOKOBHM METOJIOM, SIKMM MOTpeOye MIHIMAJIbHUX 3aTpaT OOYMCIIOBAIBHUX
pecypciB, aje Jae 3MOry OOUYHCIIOBATH PE3yibTaT 13 MOPIBHSIHO HU3bKOI TOYHICTIO,
€ MeToJ1 Dunepa.

Meron Ditniepa, KpiM 3HA4HOI OXMOKHU 3pi3aHHS 4yacTo OyBae HECTIMKUM (Maii
JIOKaJIbHI TOMUJIKU MPU3BOATH 10 3HAYHOTO 301IbIIIEHHS II100aJIbHOY).

Ieit MmeTo MOXHA BJOCKOHAJIUTH Pi3HUMHU criocobamu. Haitbinbi BioMi ABa 3
HUX: BumpaieHudl meron Einepa i moaudikoBanuii meron Eiinepa (B miteparypi
3yCTpIYarOThCS 1HILI Ha3BU LIUX METO/IB, HAIPUKIaA, MoaudikoBanuii Mmeroa Eitnepa
1 yAOCKOHAJIEHUI METO/T JJaMaHHUX ).

Ile MeToau Ipyroro MopsaKy, iX MOXHOKa Ma€ TPETii CTEMiHb, IO JTOCIATA€ThCS
MOKPAIICHHSIM anpoKcUMaIlii moxiaHoi. [xest momnsirae y cripo0i 30epertu a0 OiHUTH
qJIeH apyroro nopsaky y dopmym Teinopa. 1lle Oinbin BUCOKa TOUHICTH MOXKE OyTH
JOCSATHYTa TPU OOYMCIICHHI BUINMUX IMOXITHUX 1 30€peKeHH1 OiIbINO0I KUIBKOCTI
yieHiB psiny Teitnopa. Takumu metonamu € metoau Pynre — Kyrra.

[Ipunuun, Ha skomy noOyaoBaHui MoaudikoBaHuil Merona FEilnepa, MoxHa

MOSICHUTH, KOPUCTYIOUHCH psiaoMm Teiopa 1 30epirailodd B HbOMY WIEH 3 .
. .. . . LF " * v . .

Anpokcumariis apyroi noxigaoi V(N / 3xilicHIOETbCS KiHIIEBOIO Pi3HHIIEIO

A Vg ) =% )

Ax I (1)
AHaJIOrIYHO OOYHMCIICHHIO JPYroi MOXI1AHOT B KIHIIEBO — PI3HUIIEBOMY BHIJISII
MOKHA OOYUCIIUTH OUTBIIT BUCOKI MOX1HI: 3HAYEHHSI N-i 32 3HAYEHHSAMH TOTIEePEIHBOT

V(X )=
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Meton Pynre — Kyrra mae wabip dopmyn s oOUMCICHHS KOOPAMHAT
BHYTPILIHIX TOYOK, SIKI MOTpiOHI g peanizauii miei igei. OCKIIbKU ICHYE psif
CHOCO0IB 3HAXOMKEHHS LIMX TOYOK, TO meroa Pynre —Kyrtra 00’eqHye mummii xiac
METO/IIB JUIsl PO3B’sI3aHHA AU(PEpeHLIaIbHUX PIBHSIHB NEPUIOTO MOPSIKY.

Haii6inpmr mpocTUM OJHOKPOKOBUM METOAOM, SKHM HOTpeOye MiHIMalIbHHUX
3aTpaT OOYMCIIOBAIILHUX PECypCiB, aje Ja€ 3MOTy OOYMCIIIOBATH peE3yJbTaT 13

MOPIBHSIHO HU3BKOIO TOYHICTIO, € MeTo1 Elinepa.

(x, +hy, +h )

0 . - "
Xy A n+l *

Pucynok 1- MoaudikoBannuii meroa €isiepa

HaiiGiab1m1 po3rmoBCIOIKEHNN KITACHYHUNA METOJT Y€TBEPTOTO MOPSIKY TOUHOCTI:

Meton Eiinepa 1 ioro monudikarii (puc.1) e Ha3uBarOTh MeTonaMu PyHre —
Kytra mepmoro 1 apyroro nopsinky. Meron Pynre — Kyrra mae 3HauHo Ouniblin
BHUCOKY TOYHICTb, IO JO3BOJISIE 30LIBIIMTH KPOK PO3B’S3aHHA. MOro MakCHMAajbHY
BEJIMUYMHY BHM3HAua€ IMpUITycTUMa moxuOka. Takuii BuUOIp dYacTo 3A1HCHIOETHCS
aBTOMATUYHO 1 BKJIIOYAETHCS SIK CKIIQJOBa YacTHHA B ajirOpuTM, MoOyJAOBaHUHN 3a
MerogoMm Pynra — Kyrra.

Bbyne-sky 3 GopMyn OJHOKPOKOBHMX METOMIB MOYKHA BHUKOPHUCTOBYBATH JIJIS
pO3B’s3aHHS cHCTeM AudepeHIlialbHUX PIBHSIHD 1 MU(EepeHIIaTbHUX PIBHSIHB BUIIUX
TTOPSIZIKIB.

Jist omucy CKJIQMHUX JUHAMIYHUX TPOIECIB BUKOPUCTOBYIOTH CHCTEMU
nudepeHIiadbHuX PpiBHSAHb. HaiOunbie pO3MOBCIOKEHHS OTPUMAIA CHCTEMH
nudepeHIliaIbHUuX PIBHSIHB EPIIOTO MOPSIKY:

(¥,'(x) = [0 pyaopn)
¥, (x) :fgfx*yl*...*yn}

¥, )=y ny,)
- : (2)
JUis OIHO3HAYHOIO PO3B’SI3KY III€1 CUCTEMU 33Jal0Th IOYaTKOB1 YMOBHU:
@)=y
)ra(@) =y

_ 1]
L}’n{ﬂ}—l”n (3)
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Hﬂ CHUCTEMA piBHHHB 3 HABCIACHHMH II0YAaTKOBHMHU YMOBaMHU HA3UBAECTHCA

3amadyero Komr st cuctemu n nudepeHIiianbHUX PiBHAHD MEPUIOro MOPSAKY. Y
BEKTOPHOMY BHTJISI/Il BOHA 3alUCY€ETHCA TaK:

7'(0) = f(5.5)
HOEN 4)
Y dopmynax OFHOKPOKOBUX METOMIB Il PO3B’sI3Ky Takoi 3amaui Ko
NOTpIOHO JHIIe mepetu a0 BekTopHOi (opmu. Hampuknan, dbopmynn merona

Pynre-Kytta 4-ro nopsinky po3B’si3ky 3agaui Ko 1y1s cucremu n qudepeHiianbHuxX
PIBHSIHB NIEPILIOTO MOPSIIKY MAIOTh BUTJIA;

SWorldJournal

1
Yilti )= yplxg 142 ??15: + 270" 23"ty |

(5)
e
??-fk = .’LI " fk {JCI'.._}’l{x;'}*...*}fﬂfxi'}}
;
i1 ?? 7
??ggc—h fﬁ:"rxs*'_ yilx) ¥ — 1 ----- J”n{x.;')+%~
.;'
h ??
??335 b fi (x; +_ Jplxg )t —== 2 oY lxi )t )
nay =he fiGot h*mx:} + ngl*---*yn{x:} +75¢) ©)
k=ln_ HOMED PiBHAHHI,
1=0.m _ yomep Bysna, 0 T 9.
®opmynu Pynre — KyTra 17151 bOTO BHITAAKY MAKOTh BHIJISI:
Vyn =V, k2, =2, +f, 7)
ne
e ky + 2k + 2k, + I, - I, + 21 +21 +1,
6 a 6
k, :h:D, ly=hg(x,.v,z, ).
[ h k [
A - 1 _ . s 1 = 1
k, _hl Zy+ = | I, —hgl Nty L+t |
[, h k [
-l - 2 _ oo h
ﬁz—h|tdn+ :| I, =hg |*u +~ v+ ) Z, + :J
/- Ili"3 ™
ky=hz,+=2

P2 | L=hglx +hv +k,z, +1,)

Panime Oyno Big3Ha4YeHO, IO MOMUJIKA 3pi3aHHS MPU BUKOPHUCTAHHI METOIY

Pynre — Kyrra n-ro mopsaky A =ch™' . OGuncnenns BEPXHIX TpaHUIlb IS
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Koe(diiieHTa ¢ saBiasie co000 CKIAAHY 3ajady, IMOB’S3aHy 3 HEOOXIAHICTIO OI[IHKH

psAy [ONaTKOBUX TmapaMmeTpiB. ICHye gexinpbka crmoco0iB sl OMEepaTUBHOTO

oOuncnenus c. Haii0inpmoro mnomupeHHss HAa0yB EeKCTPANOJALIMHUA — METO.

Pivapncona (e #oro Ha3uBarOTh METOAOM PyHre), Koy MOCTIAOBHO 3HaXOASTh
h

3HAYEHHS ), 3 KPOKOM /11 3 KPOKOM 2

BEJIMYMHU Ta BU3HAYAIOTH C 3 PIBHSIHHS:

, @ TICIA IIbOTO MPUPIBHIOIOTH OTPUMaHI

':i / ;\_I?’!"'].
k) gntl 2 .
Vel =1yt 4o :|

L 2) ©)

110 BIJIMIOB1/Ia€ TOYHOMY 3HAYCHHIO V),

BucHOBKH i 3aKJIIOYEHHS.

Mo>xHa BUAUIATH 3arajibHl PUCH OJJHOKPOKOBUX METO/IIB:

1. [llo6 oTpumatu iHbOpPMAIliI0 Yy HOBIM TOUYIll, MOTPIOHO MAaTH JaHi JIUIIE B
OJIHIM monepeaHii Toutli. 110 BmacTuBIiCTh Ha3UBAIOTH ‘‘CaMOCTAPTyBaHHSIM .

2. B ocHOBI BCiX OJHOKPOKOBUX METOIB JIEKUTh PO3KIAAaHHA (YHKIIT B P
Teitnopa, B sskoMy 30€epiraroThCsi WICHHU, IO MICTITh CTEMeHi 10 k BkiItouHo. [line
YUCIIO k HA3UBAETHCS MOPsAAKOM MeToay. [loxnbka Ha KpoIll Mae MOpsAI0K k+1.

3.Bci ODHOKPOKOBI METOAM HE BHMAralTh OOYHMCICHHS IMOXITHUX —
OOUUCITIOEThCS JUIe caMa (QYHKINS, ajge MOXYTh BHUMAaratucs ii 3HAUYEHHS B
JEKUTbKOX MPOMIKHUX TOYKAX.

Jlitreparypa

l. Amnam3 mnoxuOOK TO3UILIOHYBAaHHA Ha3eMHUX O00’€KTIB 3aco0amu
CymyTHHUKOBOi HaBiramii./ 3B’s30k HaykoBe BumanHs .JlepkaBHUN YHIBEpCHUTET
tenekoMyHikamiil.-Kuis,2019 No5 ctp. 3-7.

2. Cynyrtaukosa reozesis./ llymakoB @.T. — X.:, XHAMI

3. H.T.extapyk, B.M.Ueperuk, O.B.OxpiMerko .AHami3z 10oXuOOK
MO3UII10HYBaHHS Ha3eMHHX 00€KTIB 3aco0amu CYyIyTHUKOBOI1
Hapiramii.3Bs30k.HaykoBe Bumanns./lepkaBHUN yHIBEPCUTET TEJICKOMYHIKAIIIH.-
Kuis, 2019, Ne 5, ctp.3-7.

Abstract. The methodsof estimation of errors of solutions of navigational data processing tools
(so-called one-step methods, on the examples of Metoda Eiler, method a Runge-Kutta, which can be
used, for global navigational satellite systems (GSS) determination of the location of objects,
aerospace systems of high resolution to obtain information about the Earth, creation of high-
performance means of obtaining spatial information in real time.
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PSYCHOPHYSIOLOGICAL STATUS OF THE DRIVER AS A STOCHASTIC

FACTOR OF TRAFFIC
MCUXOPIZIOJOTTYHUM CTAH BOJIIS IK CTOXACTUYHUNA ®AKTOP
JAOPOXKHBOI'O PYXY
Burlakova G. Y./ Bypaakosa I'. 0.
c.L.s., as.prof. / K.m.u., 0oy.
ORCID: 0000-0003-1873-5518
Ganzheev D. 1. / I'anxkees 1. 1.
Postgraduate student / acnipanm
ORCID: 0000-0002-3438-0086
Pryazovskyi State Technical University, Mariupol, Universytets’ka 7, 87555
Tlpuazoscvruii OeporcasHuti mexHiyHULl yYHigepcumem,
Mapiynons, eyn. Yuieepcumemcoka 7, 87555

Abstract. The "human factor” remains one of the main stochastic factors affecting road
safety. To reduce adverse effects, as well as to take into account the individual physical,
psychological, behavioral and other characteristics of drivers in monitoring and operational
planning of transport processes, it is advisable to systematize psychophysiological conditions,
determine the preconditions that shape them and develop methods for further use of collected data.

Keywords: transport, automobile, influence, stochastic, driver, condition, mental, physical,
medicine.

Introduction.

Road traffic is a complex multi-level process, which, in addition to predicted
factors, is influenced by a number of stochastic factors. A significant role in the
stochastic influence is played by the peculiarities of the psychophysiological state of
drivers, which can cause dangerous situations, lead to traffic accidents, congestion,
etc. To combat such adverse effects, it is important to summarize individual
psychophysiological influences, establish links between them, and analyze ways to
prevent possible dangers.

Analysis of recent research and publications.

There are many works devoted to individual influences, but so far no clear
systematization has been developed, without which the provision of such data to
computational and planning systems seems impossible.

Driving requires from the driver complete concentration on the road, constant
monitoring of changes and prompt response to them. In this case, the human body
undergoes significant emotional, mental and physical stress, which can lead to
dangerous consequences. This situation can be exacerbated by chronic or acute
illness, stress or depression, and other external factors that affect the driver's health,
ability to make and implement decisions related to driving. [1, 2, 6]

Setting objectives.

Considering the traffic flow as a set of interconnected transport units moving
within the city's road network, it is easy to imagine how important the
psychophysiological state of drivers plays for safe and uninterrupted traffic. [7] Since
it is not possible to formalize it precisely in the form of a mathematical description, it
is advisable to consider this factor as stochastic, using probability theory to predict

ISSN 2663-5712 7 www.sworldjournal.com
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possible driver errors, as well as expert information to establish logical relationships
between them and other factors affecting Road traffic. [6, 7] To do this, you need to
find out what elements make up a person's psychophysiological state and what
exactly leads to changes in it.

Presenting main material.

Factors that shape the psychophysiological state of the driver can be divided into
two broad categories: previous and current. The first category includes chronic
human diseases and their exacerbations that occur before the start of movement,
pharmacological effects (including alcohol, tobacco, drugs, medicines), long-term
mental and emotional states. [2, 7, 11] These factors are prolonged in time, they can
and should be taken into account to assess the driver's ability to get behind the wheel
in a certain period of time. Current factors include those conditions that occur directly
during movement, such as fatigue, stressors, false sensations (visual, auditory and
other illusions). [1, 6, 10] Graphically, the elements of these categories and the
relationships between them are formalized in fig. 1.

/ Previous psychophysiological factors \ @r&nt psychophysiological fac&

Disease Fatigue

Congenital
malformations
Physical
exhaustion

Exacerbation of
chronic conditions

Chronic diseases
Injuries due to

=
S
=
i
=
=
%
o
=
8
=
=

Pharmacolegical
effects

False feelings

consumption
Drug use
Visual illusions

Taking medicines
Auditory illusions

Current
psycho-emotional
states

Long-term psycho-
emotional states

character
apathy

e
w =
= &
=]

= e
ﬁo
c::__mu
n'f-a-i

Features of
Depression and

Increased excit-

ability, aggression
Fear like

reaction to a stressor

Qﬁiction to a stressor

Fig. 1 - Classification of factors that shape the psychophysiological state
of the driver, and the relationship between them

Analyzing the above scheme, we can conclude that previous
psychophysiological factors are, in most cases, partially predictable and controlled,
and current factors are seen as completely unpredictable. That is, long-term changes
in the driver's condition can be taken into account by analyzing statistics and creating
mathematical approximations based on the collected information, while short-term
effects on the driver's psychophysiological condition can only be described using a
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known frequency factor. It is important to understand that such statistics are not
conducted due to the excessive complexity and subjectivity of this task. [3, 7]

Chronic conditions of drivers, exacerbations of chronic diseases, congenital and
acquired defects, as well as injuries due to trauma or natural aging of the body means
a set of physical factors that affect a person's ability to respond to external stimuli and
take action to ensure their own safety and the safety of others road users. An
important role is played by syndromes and diseases that directly or indirectly affect
human perception, the rate of fatigue. [7, 13] Equally dangerous are injuries in which
the driver is physically unable to perform certain actions, such as applying sufficient
force to the vehicle's controls. Such conditions must be carefully analyzed during the
medical examination for a driver's license, but there are numerous cases where a
person's health has deteriorated significantly in a short period of time. [10]

Human diseases are directly and inversely related to pharmacological effects on
the body. In the first case, the presence of the disease requires the driver to take
drugs, some of which may to a greater or lesser extent affect the central nervous
system, inhibiting the reaction and causing other changes in behavior. [1, 6] More
detailed information on this subject is given in fig. 2.

4 N\

Psycho- Drugs Antihyper- o o
tropic drugs | | Analgesics against tensive blockers spasmodics
- SARS drugs -

A P —
Anti- °

. o = = 4]
histamines E o 11 2] E o _ szl | oll2
\ J | £ s E||E|l= = 8 SE|Z| |2IIEIE|E

£ 5 S| E|l & e || & 2| E| |g22]2

( N S| B | EIE] 2 S IR RBEBIEERE
: = o [+ v = | = > =25

Drugs with s || “ S é 5 2 || ~ 2l=Z] |<[%|=|B

o o iy = =

pirenselin O =
\._ _/J . . R k. SN/ k. R N N L

Fig. 2 - Some groups of drugs which affect the speed and accuracy
of the driver's reaction

Sometimes the disease causes the intake of dangerous substances (alcohol, some
drugs) that suppress pain and other unpleasant sensations, but they also have a
destructive effect on the nervous system, distort behavioral reactions. More common
feedback in this system, ie the emergence of the disease as a natural reaction of the
body to the systematic intake of hazardous substances (alcoholism, drug addiction,
substance abuse, smoking, etc.). This can damage various organs and systems,
leading to both physical and psychological defects. [7]

As for the typical psycho-emotional state of the driver, it is formed by a number
of external factors, which are completely subjective. First of all, it is about the nature
and peculiarities of the worldview of a particular person, but they are joined by an
individual reaction to certain life situations, more or less logical causal relationships
of mental state with the interaction of the subject with others. [1, 8, 11]
Characteristic destructive phenomena are apathetic disorders, in particular
depression, chronic stress, post-traumatic stress disorder, etc. Prolonged panic

ISSN 2663-5712 9 www.sworldjournal.com
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attacks, feelings of fear or aggression (reactions such as "fight or flight") are also
quite common. Unlike apathetic disorders, they not only reduce concentration and
inhibit the driver's reaction, but also make his behavior unpredictable - a person in
this state can completely neglect both their own safety and the safety of other road
users. [11, 12] Of course, such conditions also have a two-way relationship with a
group of pharmacological effects. In some cases, they are either caused by or taken
by certain substances.

An important factor in understanding the possible behavior of the driver on the
road is his temperament. Thus, people with "strong" temperament types (sanguine,
choleric, phlegmatic) act in a controlled and predictable way, although not always
safe for others. Practice shows that sanguine and phlegmatic are the most responsible
drivers, while the reaction of cholerics to the pathogen can be inadequate and
dangerous for him and others. As for melancholics, in difficult road situations they
are prone to apathy and stupor, almost incapable of active action to prevent danger or
combat its consequences. [5, 9, 13] Of course, the above models of behavior are
isolated hypertrophied temperaments, which are very rare in real life. Therefore, to
predict the behavior of drivers by the statistical method, taking into account their
temperament, it is advisable to use the so-called " Eysenck’s Circle", shown in fig. 3.

The information collected from Eysenck’s psychological test allows us to
determine the approximate percentage of drivers' temperaments and use this data to
globally predict their behavior on the road. At the same time it becomes possible to
model the behavior of intra-temperamental subgroups. [1, 11]

Long-term psycho-emotional states of the driver play a key role in
understanding his short-term state of mind. Enhanced by stress before the start of
traffic or directly on the road, they can form an unexpected emotional reaction, cause
destructive actions or, conversely, a state of complete inactivity when activity can
save lives (stupor). [5, 9] The role of stressors can be played by an obvious problem,
such as an accident or inappropriate behavior of other road users, and factors that are
relevant only to this particular person, such as irrational fears, reminders of traumatic
events and more. Such an unpredictable reaction is one of the biggest threats in the
driver-car-road system. [2, 5, 6]

A common current factor that affects traffic safety is false feelings, ie those that
seem real to the driver but do not reflect reality. The most famous of these are visual
illusions - distorted perception of distances, sizes, shapes and colors of objects. In
conditions of rapid changes in the road situation and a large number of distractions
(noise, flashes of light), they occur even in completely healthy people. [1, 7] At the
same time, the driver often does not understand that he is dealing with an illusion -
his consciousness uses this image as the only true one and is guided by it for making
operational decisions. The consequences of such mistakes can be catastrophic. Less
common auditory illusions. They can be related to incorrect perception of sounds (for
example, normal engine operation may seem incorrect in certain circumstances),
perception of sounds when they do not exist, or, conversely, temporary
psychosomatic deafness to all or certain sounds. The last situation is especially
dangerous when the driver is not able to react in time to the sound signal or noise of
the approaching vehicle. [1, 2, §]

ISSN 2663-5712 10 www.sworldjournal.com
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Fig. 3 - Results of the Eysenck Personality Questionnaire

The connection between false sensations and the level of driver fatigue has been
proven - the longer a person stays behind the wheel, the less he can trust his own
senses. In addition, it is obvious that false feelings can be caused by exposure to
psychotropic substances. It is, first of all, about alcohol and drugs - the distortion of
feelings caused by them often leads to road accidents and other serious consequences.
[2, 6, 10] Fatigue is now considered one of the main problems that leads to errors in
driving. In the professional activity of drivers, the time spent behind the wheel is
strictly regulated, additional intervals for rest are introduced, intensive driving is
prohibited for several days in a row. [11, 12]

But it is important to understand that the degree of fatigue is a subjective
quantity that depends on gender, age, health and other individual characteristics.
Therefore, the task of fatigue control is largely the responsibility of the person - he
must analyze their own condition and take measures to avoid mistakes due to
excessive overload. [9, 12, 13]

A special phenomenon is the traffic crime, when actions that led to the death or
injury of people, damage to property and other dangerous consequences were
committed by the driver intentionally. Often such actions are masked by the offender
under the influence of psychophysiological factors. [4, 12] The task of separating the
real crime from accidental driver errors is the responsibility of law enforcement
agencies, but such actions should also be taken into account when predicting the
stochastic effects of individual condition of drivers on the transport process. [3, 4, 6]

Collecting analytical information and identifying approximations to calculate the
probability of stochastic effects of a psychophysiological nature is a complex multi-
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level process that requires additional research. Based on the above classification and
the establishment of direct and feedback links, it is possible to form a theoretical
basis for future study in this area.

Conclusions. The general psychophysiological state of the driver is a complex
system of his long- and short-term psycho-emotional states, chronic and acute
diseases, pharmacological influences, false sensations, fatigue and other factors that
are in constant interaction. This complicates the collection of information on the
psychophysiological states of road users, but does not make it impossible - with the
help of statistical arrays, inductive and deductive methods based on external
influences of other stochastic factors, you can not only form a general picture of
drivers, but also roughly model the behavior of most road users. Regulatory
restrictions, psychological and pharmacological examinations, information systems
and other means of external influence also make this system sufficiently controlled.
In their development, as well as in the development of planning and analytical
mechanisms, is the key to a "healthier" and safer movement.
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Abstract. The article deals with the traffic indicators at the investigated railway crossing
located at the intersection of Gagarina Street and Ukrainskaya Street in the city of Gomel
(Belarus). The analysis of the current position of the traffic management scheme, the operation of
the regulated facility, as well as the intensity of vehicles and the composition of the traffic flow was
carried out.

Keywords: railway crossing, traffic management schemes.

Introduction

The increasing concentration of road transport in cities, while maintaining the
overall volume of the street and road network, creates problems for the functioning of
traffic flows.

In many cases, railway crossings are bottlenecks, as they cannot cope with
increasing traffic flows that severely limit the capacity of roads or streets in populated
areas. The longest delays of vehicles and pedestrians occur at them, often resulting in
long queues, congestion, etc. Congestion at railway crossings and increased traffic
intensity through railway crossings leads to an increase in the number of road
accidents in their locations, as well as worsens the environmental situation [1-2].

When justifying a traffic management option for vehicles and pedestrians on a
particular section of the street and road network located in the railway crossing area,
it is of practical interest to develop a methodology to predict traffic conditions there.

A theoretical description of road traffic situations occurring at an intersection of
railways and roads at the same level using mathematical methods is not possible
without prior formalisation [3-4].

Statement of basic materials

When considering the indicators of traffic on the object under study, we should
highlight those that are the most important. These indicators include the analysis of
the existing position of the traffic management scheme, the operation of the regulated
object, as well as the intensity of traffic of vehicles and the composition of the traffic
flow. The road network to be audited was the unregulated intersection at the junction
of Ukrainskaya Street and Gagarin Street in Gomel city (Belarus), as well as the
railway crossing located at this intersection (Figure 1).
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Figure — 1 The intersection at the junction of Ukrainskaa Street and
Gagarin Street

The audit covered arrangement, condition, functionality of the railway crossing,
conditions of visibility and traffic at the crossing, as well as organization of road
traffic at the crossing.

The main road at the crossing changes its direction. According to TCP-45-3-03-
227-2010 it has the road category 3 and accordingly has one carriageway - 1-2 lanes
in each direction. The width of each lane is 3.5 m. Traffic flows prevail in the main
direction and mainly consist of passenger vehicles. The condition of the pavement
and pavements at the intersection is satisfactory. The street cannot be crossed by
pedestrian crossing, the condition of pedestrian fencing on pavements is satisfactory,
the roadway has small depressions in places, most depressions are patched, and the
curbstone is damaged in some places. There are also lampposts, power lines and
sewer manholes. Condition of technical means of traffic management is satisfactory,
namely: road signs - good condition; road markings - missing or partially obliterated;
traffic control devices work properly, no contamination; pedestrian barriers - in rare
cases damaged. Lateral visibility in the "vehicle to vehicle" conflict is unsatisfactory.
Objects reducing visibility are railway box, concrete fence which is almost not
transparent, lampposts and supports of technical traffic control equipment, pedestrian
fences. There is virtually no green space within the intersection; however, there are
many objects of gravity for pedestrians (Figure 2).

During the observation period, an extensive number of traffic violations by both
drivers and pedestrians were observed. The following violations by drivers were
identified during the audit. Major traffic flows mainly on the main road, and it is
difficult to join the queue of vehicles on the main road when the railway crossing is
closed on the side of the secondary road. This increases the waiting time for turning.
Consequently, vehicles on the secondary road start to break the rules. If the crossing
is closed, there is a long queue on the main road (Figure 3).
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Figure — 2 The scheme of the investigated section of the road network

Figure — 3 Long queues at the railway crossing

Vehicles at the end of the queue begin to overtake or outrun, trying to take the
leading position in the queue or to pass the railway crossing at the forbidden signal,
thereby creating emergency situations for other drivers. With this aggressive driving
style, they increase the accident rate and anger other drivers.

For the study data on traffic intensity and composition of traffic flow at the
approach to the railway crossing were collected. A single survey of the reduced
intensity of traffic arrival at the crossing was conducted for 20 minutes for each study
period equal to 1 hour. The study periods were the morning and evening rush hours
(7:00-10:00, 17:00-19:00) during the three-day observation period. Thus,
measurements were taken 6 times. Traffic intensity and composition of traffic flow at
the approach to the railway crossing is shown in Table 1.
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A mathematical model of the movement of vehicles and pedestrians at the
approach to the railway crossing Gagarina Street - Ukrainskaya Street can be
presented as a queuing system and a simulation model has been created.

Table 1 - Traffic intensity and composition at the approach to the railway
crossing Gagarina Street - Ukrainskaya Street

Traffic intensity and composition
M N>
Date Time
passenger cargo passenger cargo
transport transport transport transport
07:00-08:00 225 15 282 9
08:00-09:00 195 9 303 9
09:00-10:00 189 12 255 6
07.11.2021
16:00-17:00 603 9 540 15
17:00-18:00 669 15 588 39
18:00-19:00 594 12 519 12
07:00-08:00 189 9 240 3
08:00-09:00 207 12 288 6
09:00-10:00 198 12 312 9
08.11.2021
16:00-17:00 576 15 585 18
17:00-18:00 585 18 558 21
18:00-19:00 603 21 594 18
07:00-08:00 288 15 195 9
08:00-09:00 225 18 201 12
09:00-10:00 204 12 198 9
09.11.2021
16:00-17:00 534 27 405 12
17:00-18:00 561 33 423 12
18:00-19:00 612 24 582 15
Conclusions

Study of road and pedestrian traffic organisation and intensity across the railway
crossing Gagarina Street - Ukrainskaya Street is the basis for developing a simulation
model in GPSS World. The model simulation of vehicle and pedestrian traffic at the
railway crossing will make it possible to analyse its work - to determine the
downtime and queue length of vehicles and pedestrians in the railway crossing; to
substantiate the choice of options to improve traffic conditions at the railway crossing
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- the construction of additional traffic lanes, an overpass, traffic organization in
Gomel. The obtained results can be implemented in the work of the Gomel branch of
the Belarusian Railway.
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Annomayusn. Ilpu 000CHOBAHUU BAPUAHMA OP2AHUZAYUU OBUICEHUS. MPAHCNOPIHBIX
cpeocms u neuiexo008 Ha KOHKPEMHOM Y4acmKe YIUUHO-00PONCHOU cemi, PACNOTONCEHHOM 8 30He
JHCENEe3HOOOPONCHO20 — nepee30d,  NpaKmudecKulli — UHmMepec  Npeocmasisiem  paspabomxa
UMUMAYUOHHOU Moldenu. [{na  pa3pabomku UMUMAYUOHHOU MOOenu Obliu  paccMOmpeHbl
noxkazamenu  OOPONHCHO20 — OBUNCEHUSI HA  UCCAe0YeMOM  JHCELEe3HOOOPONCHOM  nepee3oe,
pacnonoxcenHom Ha nepecedenuu yauy I aeapuna u Yxkpaumnckoil 6 copode Iomene (pecnybnuka
Benapycw). Ilposeden ananuz cywecmeayrowjeco NONONCEHUSI CXeMbl OP2AHUZAYUU OOPOICHOO
ogudiceHus, paboma  pecyiupyemMoco  00beKkma, a Maxdxice UHMEHCUBHOCb — OBUNCEHUs
MPAHCNOPMHBIX CPEOCME U COCMA8 MPAHCHOPMHO20 NOMOKA.

Keywords: sceneznooopodchviil nepeeso, cxemvl 0p2aHU3aYUU O0OPOHCHO20 OBUIHCEHUS.
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Abstract. The paper considers the issues of tinting of car glass, the allowed degree of tinting
of glass, determines the percentage of drivers - violators of regulations and the causes of this
phenomenon. Proposals to reduce the number of violations by drivers of private vehicles are also
being considered.

Key words: tinting of car glass, road users, traffic safety, statistics of road accidents.

Introduction

Nowadays, more and more drivers are tinting the glass of their vehicle. This
makes the interior of the car protected from the outside world, somewhat blocks
ultraviolet and infrared radiation and makes the vehicle itself visually appealing. But
not all drivers follow the rules and regulations of tinting, and this often leads to
unpleasant situations: fines, problems with the police or even traffic accidents.

Objective of the research

The experience of leading countries and the study of the state of compliance of
drivers of vehicles with individual use of the requirements for standards for tinting
car glass is of interest to determine the factor influencing the state of accidents on the
roads of Ukraine.

Statement of the main material of the research

Car glass tinting is a change in the color and reflective properties of car
windows. Typically, tinting is used to obtain a sunscreen effect and to save fuel for
the operation of the air conditioner, as it consumes much less energy to maintain
comfortable conditions in the cabin [1].

Tinting glass also gives a presentable appearance of the car, emphasizes its
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beauty and individuality, makes it more attractive. Tinting also protects the driver and
passengers from too bright sun, hides from prying eyes the interior of the car,
prevents burnout of interior parts and reduces the heating of the cabin on a hot day

[2].

Let's try to understand what degree of darkening of car glass is considered
admissible according to the Ukrainian norms.

To begin with, let's turn to the Rules of the Road (SDA) of Ukraine [3]. The note
to sub-clause 31.4.7 reads as follows:

“Transparent colored films can be attached to the top of the windshield of cars
and buses. It is allowed to use tinted glass (except mirror), the light transmission of
which meets the requirements of GOST 5727-88 [4]. It is allowed to use curtains on
the side windows of buses.

According to this GOST, the light transmission of glass, which provides
visibility for the driver, must be at least:

- 75% - for windshield (this is the glass used for glazing the front section of

vehicles);

- 70% - for non-windscreen glass included in the driver's field of vision, which

determines the front visibility;

- Mirror film must not be applied to the rear window;

- on a windshield it is possible to glue a sun protection strip (to 14 cm);

- light transmission of other glass, which is not wind, is not normalized (Fig. 1)

[1;4; 6].

CTyniHb cBiITNONPONYCKaHHA cTeKon Mae GyTH He HIKYe:

nobogoro - 75% nepefHix - 70% 3afHix — He BCTaHORNEHNR
(moe ByTH OYOL-AKUM, KPIM Q2ePKansHoro)

Ycwonw sabopo-
HeHe [3epKanbHe
TOHyBaHHA. Lle Bu-
IHAUAETLCA IHCNEeK-
TOPOM Bi3yanbHo
(32 BigOUTTAM)

LWrpad

3a nopyweHHA
Mpaewn TOHYBaHHA
340-425 rpH.

Ha eepxuii yacTuiHi nobororo ckna moxe Gy 2axkpinneda npo3opa
COHL@3aXWCHA KONbOPOoRa NNIBKA WWPHHOW A0 14 cM.
CTyniHb CEIMONPONYCKaHHA He OrOBOPIOETLCA.

Mepegipka MOXNNEa NpK TemnepaTypi nositpa 204 5°C,
BONOrocTi 80% Ta TOBWMHI CKNa 10 2 €M

Fig. 1 - Permitted degree of light transmission
Source: [1]

There are several types of tinting films:

e metallized (with a thin coating of aluminum - does not burn out for a long
time, protects from the sun, but negatively affects the work of mobile
communications in the cabin);
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e color (creates the effect of staining the glass, it is important that the driver

does not distort the colors of the cabin);

e with the transition of color (glass seems multicolored, helps from glare,

retains visibility);

e removable film (you can remove and glue back yourself);

e athermal (always passes compliance checks, protects from the sun);

e carbon [7; 8].

What dangers does the driver of the car expose himself to in the case of
unregulated tinting of the glass? Many drivers, when ordering a tinting service, make
serious mistakes, because if you do not follow GOST, the following tinting:

1. Will impair visibility in the dark and in bad weather;

2. Complicate the inspection for drivers of neighboring cars in corners and
pedestrian crossings;

3. Coatings with a mirror effect, especially at night, can blind drivers [5].

With "double" toning, internal reflections are not excluded, when, for example,
in the left side window you can see the reflection of the car ahead of you on the right.

There are also purely technical problems associated with tinting. For example,
metallized film degrades mobile and GPS signals. Particular attention should also be
paid to light and rain sensors, which are installed at the top of the windshield. In
order for them to work correctly, they cannot be tinted [9].

Results and discussion

The authors conducted a study on the number of drivers of vehicles that operate
their vehicles with tinted glass that exceed regulatory parameters. The observations
took place in Zaporizhia on Soborny Avenue on weekdays from 10 a.m. to 11 a.m. in
the direction of the central part of the city. According to the results of observations,
26.45% of cars are operated in violation of paragraph 31.4.7 of the Traffic Code of
Ukraine.

Moreover, deep tinting of the windshield or windshield of cars dangerously
affects the visibility of the driver of potential obstacles to the movement of the
vehicle, such as pedestrians, cyclists, small vehicles, especially at dusk, cloudy
weather during the autumn - winter period.

Study of statistics of road accidents on the roads of Ukraine by time of day for
2019-2020 [10] shows an increase in the number of accidents compared to the
previous period, especially at dusk, when the visibility of vehicles, pedestrians and
other road users is deteriorating (Fig. 2). Analyzing the statistics on the time of
commission, we conclude that most accidents occur in the evening, during the
evening twilight, which accounts for the second "peak" of traffic intensity.

Undisciplined drivers are not deterred by the growing level of danger for road
users while driving a tinted car at dusk or gloomy weather, or the threat of fines.
They are not constrained by the fact that according to the Code of Ukraine on
Administrative Offenses, a fine of UAH 340 is provided for violation of the norms of
tinting of automobile glass (Article 121, part 1). Repeated during the year the
commission of any of the violations provided for in Part 1-3 of this article is
punishable by deprivation of the right to drive a vehicle for a period of 3 to 6 months
or administrative arrest for a period of 5 to 10 days (Article 121, Part 4 ) [11].
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Fig. 2 - Comparison of the number of incidents by time of day
Source: [10]

Checking the level of tinting of car glass is performed using a light
transmittance meter (taumera). However, according to sub-item “b” of item 2.4 of the
Traffic Regulations of Ukraine, police officers do not have the right to inspect the
technical condition of vehicles that are not subject to mandatory technical control in
accordance with the law (changes in the Traffic Regulations of January 23, 2019).
Resolution Ne 46 of the Cabinet of Ministers of Ukraine amended the Rules of the
Road, which do not allow traffic police officers to check the technical condition of
vehicles for individual use [12].

Interestingly, analyzing the experience of other countries, we observe the
mandatory implementation of current regulations regarding the tinting of car glass.
For example, in the United States, the requirements for tinting the glass of private
vehicles vary depending on the specific state (Fig. 3) [13]. The general requirements
are as follows: at least 70% light transmission (30% tint) for windshield and front
side windows, the rest of the glass can be tinted without restriction in the presence of
two side mirrors [14].

In the UK, 25% tinting is allowed for the windscreen (75% light transmission)
and 30% tinting for the front side (70% light transmission). The rear windows can be
tinted without restrictions [15]. Similar restrictions apply to drivers in Poland and
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Sweden.

In Australia, there are other permissible toning standards for cars: windshield
70% light transmission, side and rear - at least 35% [16].

For example, in France, tinting of the windshield is prohibited, except for a 10
cm strip at the top for sun protection. The front side windows, in accordance with the
requirements of UNECE Regulation Ne43 [17], must have a degree of light
transmission of at least 70%. Tinted rear windows are allowed, provided that the car
is equipped with 2 side mirrors [18].

Interesting experience of glass tinting in Central Asian countries, such as
Uzbekistan, Kyrgyzstan and Tajikistan. There, drivers pay annually for a permit to
tint the glass of their car in accordance with regulations. Moreover, the cost of the
permit for tinting is a significant amount [19; 20; 21]. And fines for excessive tinting
of car warehouses are the same as in other countries.
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Fig. 3 - Car glass tinting standards in the United States
Source: [13]

In Ukraine, unfortunately, the police currently do not have the opportunity to
check the level of light transmission of tinted car glass, which is not used for
commercial purposes.

In such limited working conditions of traffic police officers, it does not make
sense to point out the lack of a sufficient number of facilities for monitoring the
technical condition of vehicles, stationary or mobile traffic police posts equipped
with devices for monitoring the technical condition of cars. Because commercial
vehicles usually have tinted glass that meets current standards. As a rule, only
undisciplined drivers of private vehicles violate traffic rules.

Conclusions

As noted above, the inability of traffic police to check the technical condition of
private vehicles leads to a large number of offending drivers who ignore the
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requirements of paragraph 31.4.7 of the Traffic Code of Ukraine, which significantly
affects the state of accidents on roads and streets of settlements. It is established that
25% of drivers of private cars violate the requirements of the Traffic Rules. Such
actions of undisciplined drivers have a negative impact on the state of accidents on
the roads of Ukraine, especially at dusk and cloudy weather, autumn-winter period.

It 1s expected that the introduction in September 2022 of mandatory technical
control of personal transport, which has been discussed for many years, will control
the technical condition of vehicles, and especially - tinting of car windows. However,
there 1s a possibility for undisciplined drivers to use actions when removing the
tinting film before passing the technical inspection, and after passing the inspection
procedure to tint the oversized glass again and drive for the next 2 years before the
next inspection. To counteract such actions of drivers, it is proposed to introduce the
practice of mass inspection of technical condition of vehicles on the roads, which, as
mentioned above, is currently absent in Ukraine, and personal cars are not allowed to
check according to changes in traffic rules!

In order to increase the level of road safety and reduce the state of accidents on
the roads of Ukraine, without waiting for the introduction of mandatory technical
control of personal transport, it is proposed:

1. Amend sub-item “b” of item 2.4 regarding the right of police officers to
inspect the technical condition of all vehicles, not only those that are subject to
mandatory technical control in accordance with the law (changes in the traffic
regulations of January 23, 2019). To rectify a legal case where police officers do not
officially have the right to check the technical condition of private transport.

2. To propose to the leadership of the National Police of Ukraine to increase the
number of personnel of the Traffic Police for more intensive control of drivers
violating the requirements of the Traffic Code of Ukraine on the roads of the country.
Introduce the practice of mass inspection of technical condition of vehicles,
especially tinting of windshields and front side windows that affect road safety,
especially at dusk or in cloudy weather, autumn-winter period.
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Anomayia. Y pobomi po3zensioacmvca MoOen08aHHs NPOYeCi8 po3Cito8AHHI 030HY OUYUCHOIO
Cnopyool0 Ha MICbKUx mepumopisax. /[nis 0o0uHouHo20 0dxcependa 8UKUOI8 030HY 0YIU PO3PAX0BAHI
MAKCUMAIbHA PO3PAXYHKO8A KOHYEHMPAYis, KA nepeodaiacmscs 015 6UNAOKi6, KOau o4iKyemobcs
Hebe3neuHa WeUuoKicms 8impy 8 HUNCHbOMY wapi ammocgepu. 3HaueHHs MaKCUMANbHOT NPU3EMHOT
KOHYeHmpayii 030Hy MAams eKCmpemMalbHUull xapakxmep ma 3i 30L1bUWeHHAM WEUOKOCMI 8impy
sule 3HUICYIOMbCA, NPU YbOMY BIOCMAHI PO3Cil08aHHs 3pocmaroms 00 2 km i suwe. Ompumani
npoghini po3cilo8anHs 030HY 0AIOMb MONCIUGICMb ONMUMATLHO SUSHAYUMU DAYIOHATbHUL ma
EeKOHOMIYHO HAUBUCIOHIWUL KOMNIEKC 3aX00i8, Wo 3a0e3neuye HeoOXIOHY YUCmomy NoSimpsaHO20
bacetiny, 6cmano8uUmMu GUMIPIOBAHHI XAPAKMEPUCMUK BUKUOY, N0 KOHYEHMPAaYil.

Knrowuosi cnosa: mooeniosans, posnooin, 030H, MiCbKi mepumopii, ammocgepa.

Berym.

AmapaTd MOKpPOi OYHCTKM Tra3iB BHUKOPUCTOBYIOTHCSA JJSI OJAHOYACHOTO
PO3B'sI3aHHS IIJIOTO KOMIUIEKCY 3aBJIaHb: MUJIOBIOBICHHS; a0COPOITis; OXOIOMHKCHHS
ra3iB. KonzgeHcauis mapiB piiMHH, II0 MICTATHCA B rasax, NMpU iX OXOJOKEHHI
CIIpHUsI€ 3pOCTaHHIO €()EKTUBHOCTI MOKPHUX MHJIOBJIOBIIOBauiB [1-2]. Sk 3pouryrouy
pIIMHY B HUX HaW4acTille BHUKOPUCTOBYEThCS 3BHYaiiHa Boja abo Bojaa 13
JOMIIIKaMu Jyisi abcopOIlii. 3a3Buuai Jj1si €KOHOMII PIIUH 3aCTOCOBYIOTH 3aMKHYTY
cuctemy 3poieHHs. [Ipy MOKpoMy OUYMIIEHH] TEXHOJOTIYHUX Ta31B Y PIAUHI MOXKYThb
pozunHsTHCS ra3oBi koMoHeHTH (CO,, NO,, SO; Ta 1H.), 110 yTBOPIOIOTH KUCJIOTH .

ArmnapaTd MOKpPOTO OYHMILIEHHS MalOTh BUCOKY €(EKTHUBHICTH YJIOBIIOBAHHS Ta
JIEIEBIII, HIXK arnapaTd CyXOro OYMILIEHHS. BOHM MOXYTh BUKOPHCTOBYBATHUCS IS
OUMIICHHS ra3iB 3 yacTuHKamu 70 0,1 MkM (TypOyJIeHTHI ra30mpoMuBadi), a TaKOX
JUIA OJTHOYACHOTO OXOJIOJKEHHSI Ta 3BOJIOKEHHsI Ta3iB. OJHOYACHO 13 3aBUCIHMHU
JaCTUHKAMH MOYXHA BJIOBJIFOBATH MAPOIOI0OHI Ta ra30moAi0H1 KOMIOHEHTH [3].

AHAJIN3 MOCJTETHUX JOCTHKEHUIN U My0JIUKAMIA.

ABTOpamu [4] 3asBJI€HO KOPHCHA MOJEIb BITHOCUTHCS /IO €KOJOTIYHOI Oe3MeKn
ypOaHi30BaHUX TEPUTOPIH, a came, 10 MPHUCTPOIB MOKPOI OUMCTKH JUMOBHX Ta3iB
METO/ZIOM 1X KOHTaKTy 3 PIJIKMMHU KaIUIsIMU JIJIs Ta30- MacooOMiHY B CKpyOepi, B
AKOMY pIIMHA YIPUCKYEThCS B MPOTUTEYli razy 1 Moxe OyTM BHKOpUCTaHA JJIs
OUYMINICHHS 3a0pyIHEHOTO MOBITPS ypOaHI30BaHUX TEPUTOPIN, a came OuId MICHKUX
Marictpalie Bii MIJIOBUX 1 ra30MoII0OHUX MIKIJIMBUX JOMIIIOK.

OcHOBa 3ampOINOHOBAHOI OYHUCHOI CHOPYIM — L€ MOKpPHUM NHWJIOBJIOBIKOBAY
(ckpybOep), SKUH XapaKTEPU3YETbCS BHUCOKOI €(PEKTHBHICTIO OYHUILIECHHS BIJ
ApiOHOIMCIIEPCHOTO MHITy PO3MIPOM /10 2 MKM 1 MPAIIOE 3a MPUHITUTIOM OCA[KCHHSI
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YAaCTUHOK MUJIy Ha TOBEPXHIO Kparejb IiJ Ji€l0 CUI 1Heplii abo OpOyHIBCHKOTO
pyxy. Bin siBnsie co0010 BepTUKaIbHY HWJIIHAPUYHY KOJIOHY, B HIXKHIN YaCTHHI SIKUX
BBOJMTHCS 3alUJICHE MOBITPS, a 3BEpXy uepe3 (POpCyHKH MOJAIOTh PO3MOPOIIEHY
piauHy. OuuieHe MOBITPS BIABOIUTHCS 3 BEPXHbOI YACTHHHU amapary, a Bojaa 3
BJIOBJICHUM ITWJIOM Y BUIJISAJII IIJITaMy 30UpAEThCsl BHU3Y CKPyOepy.

BBeneHHss 030HYy B MPHUCYTHOCTI BOAM CIPHUSE IIBUIKOMY OKHCICHHIO
IIKIJIJTUBOT Ta30BO1 CKJIAJ0BOi 3a0pyJHEHOTO TOBITPs, BiJl HIDKYUX OKCHIIB [0
BUIIKX, 1[0 3HAYHO MIJIBUIIYE X PO3YUHHICTH y BO/II 1 MIABUIIYE CTYIIHb OUUIIICHHS
B1JI ra30Iog10HUX OKCHU/IIB.

Opnak 3a mapaMeTpaMu TOCTPOi TOKCHYHOCTI O30H BIJHOCHUTBCS 10 | Kiacy
HebOe3mneku, makcumaiibHa paszosa ['JIK o3oHy B atmocdepromy noBiTpi — 0,16 mr/m?,
cepenns nooosa I'JIK o3ony B atmocdepHomy moBiTpi — 0,03 Mr/m?, ToMy BUHUKae
HEOOXITHICTh MPOBEJAEHHS MOJEIIOBAHHSA MPOIECY PO3CIFOBAHHS 030HY Ha MPUJIETIIii
TepuTopii [5].

[Tpu mozxemroBaHHI TIPO(d1NIIB PO3CIIOBAaHHS 030HY BUKOPHUCTOBYBAJIH aJTOPUTM
["aycoBoi Mozeni, SKuii € HalO1IBIIT MOMMPEHUM y MOJICTTIOBaHH1 aHaJI3y MOBITPSHOT
JUcHepcii Ta 3aCHOBaHUN Ha MPUITYIICHHI, M0 3a0pyIHIOBaY OyJ]le MOIIUPIOBATHUCH
BIJIMTOBIHO JI0 HOPMAJIBHOTO CTATUCTHYHOTO po3noairy [6,7].

JUis  TOBrOCTPOKOBOTO  IPOTHO3YBaHHS  HaW4YacTille  3aCTOCOBYIOTHCS
pPO3paxyHKOB1 (aHAJIITUYHI, aNpOKCHUMAIIlHI) MOJENi, OTPUMaHI 3 YypaxyBaHHIM
pO3B'si3aHHSL PIBHAHBb TypOyneHTHOi audysii. Ile momemi «dakena», «sIIUKay,
3BUYailHO-pi3HOCHI. LI Mojem MoKIageHO OCHOBOW «METOAMKU PO3PAXYyHKY
KOHLIEHTpalld y arMoc(epHOMY NOBITPl MIKJIMBUX pPEYOBUH, SIKI y BHUKHIAX
MIIIPUEMCTBY» [8], IIMPOKO BUKOPHUCTOBYBAHOI JUJISl 1HXKEHEPHUX PO3PAXYHKIB 1
peanizoBaHOl y HH3LI NPOTPAMHUX KOMIUIEKCIB [JIsi PO3paxyHKIB 3a0pyaHEHHS
aTMOC(EPHOrO MOBITPA.

Meta poboTH - MOJENIOBaHHS MPOLECIB PO3CIIOBAHHS O30HY OYHUCHOIO
CHOPYOI0 Ha MICBKUX TEPUTOPISX.

OCHOBHI pe3yJbTaTH J0CTIIKEHb.

Po3paxyHku nmpoBoAMIIMCS BIATOBIAHO 0 HABEIEHOT KOHCTPYKIIIl YCTAHOBKHU U
n1a10paHOTO 1HXEHEPHO-TEXHIYHOTO 00JaJHAaHHSA OYMUCHOI criopyau. MoaelntoBaHHS
IPOBOJMIN HA MPUKIAAl PO3MOALTY, YMOBHMX BUKHJIB, O30HY 3 OYMCHOI CHOpYIU
0e3 ypaxyBaHHs (POHOBOTO 3a0pyaAHEHHS Ta TpaHcpopmallii pedYOBUHHU.

MaxkcuMaibHy TPH3EMHY pa30By KOHIEHTPAIIK DPEYOBHHH Cy, MI/M°, IpH
BUKHJI1 Ta30MOBITPSHOI CyMilll 3 OJMHOYHOTO TOYKOBOTO JIKEpesia 3 KPYIJIMM
TUPJIOM, NPU HEeOe3MeUH1l MBUAKOCTI BITPY 4y HA BIJICTAHI X, BiJ J)Kepesia BUKUITY
po3paxoByBaiu 3a ¢popmyJioro (1):

A-M-F-m-n-n

T H N (1)

ne A — koe(ilieHT, I10 3aJeXUTh Bif TeMnepaTypHm CTpaTH(InKaun atMocgepH, 1110
BU3HAYAE YMOBH T'OPU30HTAILHOIO 1 BEpPTUKAJIBHOIO PO3CIIOBAHHS PEUYOBHUHHU B
atMoc(epHOMy MOBITpi. 3HauUeHHS KoedilieHTa A MPUIMAaIOTh ITPU MaKCUMaJbHUX
3HaYEHHSIX KOHILEHTpallli peuOBUHU B aTMOC(HEPHOMY MOBITPI;

M - maca pedoBUHH, III0 BUKUIAETHCS B aTMOC(HEPHE MOBITPSA B OJUHUIIIO Yacy

C
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(MOTY>XKHICTh BUKHULTY), T/C;

F — 6e3po3mipHuii KoeQill€eHT, [0 BPaXOBY€E MIBUAKICTh OCIJaHHS PEYOBHHU B
aTMoc(hepHOMY MOBITPI;

m 1 n — 0e3po3MipHi Koe(illieHTH, 10 BPAXOBYIOTh YMOBHU BUKHUIY 3 TUpJa
JDKepeIa BUKHLY;

n- 6e3po3MipHHIl KOE]IIIEHT, 110 BPaXOBYE BIUIUB PEIbe]y MICIEBOCTI;

H — BucoTa mxepena BUKHIY, M;

V| — BUTpaTa Ta30I0BITPAHOIT CyMilll, 1[0 BU3HAYAEThCA 3a hopMyItomno (2), m/c;

AT - pisHuIsg MK TEMIEPaTypOI BUKHIAETHCSA Ta30NOBITPsAHOI cymimn 7T i
TeMIeparyporo armocdeproro nositps 7T, °C.

o D? (2)
= 4, . WO ,
ne D - miameTp rupiia JpKepelia BUKHUIY, M;

Wp - CepelHs IMBHAKICTh BHUXOAY Ta30MOBITPSHOI CYMIIIl 3 THpJia JpKepena
BUKUTY, M/C.

[Ipy mpoBeneHHI pO3paxyHKIB 3a0pyaHeHHs aTtMmochepu T MPU3EMHOT
KOHIICHTPAII€I0 IIKIVIMBOI PEYOBHHU PO3YMIETHCS KOHIIEHTpAlllsi PEYOBUHU Ha
BUCOTI 2 M BiJ] MOBEPXHI 3€MJIi. 3TAHO 3aIPONOHOBAHOI MOJENI OYHCHOI CIIOPYAH
BU3Havyaemo mapametrpu: A = 150; M = [ t/ron = 0,28 mr/c; n=1; H =3,5 m; D =
0,25m; V1 = 0,66 M*/c; wy = 13,5 m/c; AT =0,5°C.

3HavyeHHs Oe3po3MipHOro koedimieHTa F npy BiICYTHOCTI JAHUX MPO PO3MOALT
Ha BHMKHJII YACTHHOK aepo30JIiB 3a PO3MIpaMH BH3HAYAETHCS JJISI Ta30MoOJIIOHHUX 1
IPpIOHOAMCTIEPCHUX aePO30JIiB JAiaMeTpoM He Oibine 10MkM F = 1;

KoediieHTn m 1 n BU3HAYAIOTHCS B 3aJEXKHOCTI BiJ XapaKTepU3yIOUUX
BJIACTUBOCTEH JKEpelia BUKUY TTapaMETPIB Vy, V'y, f Ta fe:

(3)
v, = 0,65
VM -
V=13 )
vy = 1,25;
5
f=1000 - ——— . ©®)
H? AT
f=17410%
f. =800 - (v,)’ . (6)
f. = 1562,50;
m=0,075. (7)

Sxmo Temrepartypa rasiB, MO BiAXOAATH OJM3bKa A0 TEMIIepaTypy HAaBKOJHUIITHBOTO
MOBITPS, TO BUKUW BITHOCSATHCS /10 XOJOTHUX. XOJOAHI BUKUIM TIPH | > 100 (abo)
0<AT <0,5 ta v, 20,5 npu po3paxyHKy ¢, BAKOPUCTOBYEThCs popmya (8):
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A-M-F -n-
¢, = K, (8)
%
D 1

Jc

5

8-V, 7,1-Jw, -V,
Pospaxyemo, K= 0,047 - toni c,= 0,46 mr/m>.
Bincrane x, BiI Kepena BUKHIY, Ha SKOMY IpU3€MHA KOHIICHTpAIlis
ra3omoBITPSHOI CyMIllli TPHU HECHPHUATIMBUX METCOPOJOTIYHMX YMOBAaX JOCATAE
MaKCHMAaJIbHOTO 3HAUYCHHS Cy,, BU3HAYAEThCA 3a hopmyJioro (9):

X = d H, ©)

Besposmipruii koedimient d npu f = 100 a6o 0 < AT <0,5 3paxomutscs 3a
dbopmyoro (10):
d=11,4-v. ipn 0,5<v/ <2 (10)
d=11,4- 1,25 = 14,25; Tonui X, = 49,8 m
OTtpumani podini po3citoBaHHs 030HY (pHC.1) 3 IKUX BUIHO, 110 MAaKCUMaIbHA
npu3eMHa KOHIIEHTpAIlisl 030HY JocAraeThes Ha BiacTani 50 metpiB (B3a0Bxk oci OX)
Ta JOCATAIOTHCS HOPMATHBHI 3HaueHHs Ha BijcTaHsax moHaa 500 metpiB. ['pannuno
JOIMyCTUMI KOHLIeHTpauii B3A0BXK oci OY pocsaraioTecs 3 BipuBoM 25-30 MeTpiB.
MogentoBaHHSI MPOLIECIB PO3CIIOBaHHS O30HY OYHMCHOIO CIOPYAOI0 Ha MICHKUX
TEPUTOPIAX A€ MOMIIMBICTh ONTHUMAILHO BU3HAYUTH PalllOHAILHUI Ta €KOHOMIYHO
HaWBUTIAHIIINN KOMILJIEKC 3aXO0/I1B, 110 3a0e3nedye HeoOX1IHY YUCTOTY MOBITPSIHOTO
OaceliHy, BCTAHOBUTH BUMIPIOBAHHS XapaKTEPUCTUK BUKUIY, OS] KOHIIEHTPAIIii.

Hebe3neuna WIBHAKICTs BiTPY u, mpu f =100 a6o 0 <AT <0.5 3HaueHHs
obuncoeThes 3a hopmyioro (11):

Uy =v,upu 0,5<v, < 2 (11)
u, = 1,25, m/.
Jis JoKepena BUKUY (hikcoBaHOi BUCOTHU H pu

0<wv, <05 Ta—05<AT <0 moxe mnpuiiMaeTbest u,, = 0,5 m/c. 3a maHumu
[https://seiger.pp.ua/srednegodovaya-skorost-vetra-v-gorodax-mira/] cepenHbpopiuHa
IIBUJIKICTB BiTPY B KueBi nopiBHioe 3,5 m/c.

[Ipu mpoBeseHHI PO3paxyHKIB CJiJi BUKOPUCTOBYBATH 3HAYEHHS IIBHJIKOCTI
BITpY # B miamasoHi Big 0,5 M/c 10 u,p, 1€ U, - MakCUMaJbHa PO3PaxyHKOBA
IIBUKICTH BITPY, 3HAYEHHS SIKOT B JIaHIM MICIIEBOCTI B CEPEAHHOMY MEPEBUIILYE€THCS
B 5% Bumankis. BifcTans Bix mKepena BUKUAY Xy, HA SKOMY MPU MIBHIKOCTI BITPY
U 1 HECTIpUATIUBUAX METCOPOJIOTIYHNX yMOBAaX JIOCSATAETHCS MaKCHMallbHA TTPU3EMHA
KOHIEHTPALIS Cy .y 320pyIHIOIOUHNX PEYOBHH, BU3HAUAETHCS 3a popmyJioro (12):

Xunu = P " X, (12)
ae p - 6e3po3mipHuii KoeQilieHT, SKUil BU3HaYaeThes 3a popmynamu (13):
p=0,32-22 40,68 pnt — >1. (13)
M uM

p=158T10om Xx,,=78,48 m.
MakcuMalibHa TIpU3€MHA KOHIIEHTpAIllsl Ta30MOBITPSHOI CYMIIIl Cyy IIPH
HECHPUATIUBUX METEOPOJOTIYHUX YMOBaX 1 MIBUAKOCTI BITPY U, IO BIAPI3HAETHCS
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B1J1 HEOE3MEYHO1 IIIBUKOCTI BITPY Uy, BUZHAYAETHCA 3a (hopmyioro (14):
Cyvu =1 Cwy, (14)
1e » - 0e3po3MipHa BeIMYMHA, KA BU3HAYAEThCS 3a (hopmyiioro (15):
_ 3w mpr Yy > 1 (15)
2 (Y)Y, +2 b e
r=0,57, Toai Cyu = 0,26 me/m> .
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Pucynoxk 1. IIpogini po3ciroBaHHS 030HY
a) 3azanvhe ysaenents,; 6) y3006dic oci OX; 8) yz006dic oci OY.
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Pucynok 2. 3ajekHicTh MAKCMMAJIbHOI NIPU3€MHOI KOHLIEHTPALil 030HY Bi/
IIBUIAKOCTI BITpPY

3anexHICTh MAaKCUMAJIbHOT MPHU3EMHOI KOHLIEHTpAlii O30HY BiJ IIBUIKOCTI
BiTpY (puc.l) Mae ekcTpeMalbHUN XapakTep, 3HAYEHHS Cpm 31 30UIBIICHHAM
IIBUJIKOCTI BITPY BuIe 1,25 M/c 10 5 M/C 3HMXKYIOThCS BABIYl, TIPU I[bOMY BiJICTaHI
PO3CIFOBaHHS 3pOCTAIOTh 2 KM 1 BHUIIIE.

BucHoBkwM..

[IpoBeaeHO MOAENIOBAHHS IMPOLIECIB PO3CIIOBAHHS O30HY OYMCHOIO CIIOPYIOIO
Ha MICBKUX TepuTopisx. JlJIs OJAMHOYHOrO JKepena BHUKHUIIB O30HY Oyiu
pO3paxoBaHi MakCHUMajbHa PO3paxyHKOBAa KOHIICHTpAIlisl, sKa TMepeadadacTbCs s
BUIAJIKIB, KOJHM OYIKy€TbCcsl HeOe3leyHa MIBUIKICTh BITPY B HIDKHBOMY IIapi
atMocdepu. 3HAYeHHS MaKCUMaJIbHOI MPU3EMHOI KOHIICHTpAIlli O30HYy MaloTh
eKCTpEeMaJbHUN XapakTep Ta 31 30UIBIICHHSIM MIBUAKOCTI BITPY BHUIIE 3HIKYIOTHCS,
MIPH IIOMY BiJICTaHI PO3CIFOBaHHS 3pOCTAIOTh J0 2 KM 1 BHIIIE.

Otpumani npodisi po3CIIOBaHHS O030HY JIal0Th MOJKJIUBICTh OINTHMAJIBHO
BU3HAUNUTH PAaIllOHAJLHUM Ta €KOHOMIYHO HAWBUTIHIIIMN KOMILICKC 3aXOJiB, IO
3a0e3nedye HEOOX1JIHY YHMCTOTY MOBITPSHOTO OaceiiHy, BCTAHOBUTH BUMIPIOBAHHS
XapaKTEPUCTHK BUKHUY, TIOJII KOHIICHTPAITIH.
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Abstract. Modeling of the processes of ozone dispersion by a treatment plant in urban areas
was carried out. For a single source of ozone emissions, the maximum concentration was
calculated to be expected when dangerous wind speeds are expected in the lower atmosphere. The
values of the maximum surface ozone concentration are extreme and decrease with increasing wind
speed, while scattering distances increase to 2 km and more. The obtained profiles of ozone
dispersion allow optimally determining the most rational and economically most advantageous set
of measures that provide the necessary cleanliness of the air basin, establish the measurement of
emission characteristics, concentration fields.

Key words: modeling, distribution, ozone, urban areas, atmosphere.
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Annomayusa. Ilpeocmasnen eapuanm cucmemvl MOHUMOPUHSA MEXHUUECKO20 COCMOAHUS
npu cmpoumenbcmee 00vbeKma 8 MNIOMHOU 20pOOCKOl 3acmpolike. B pabome ucnonvzosamnwvi
coepeMeHHble Memoobl NPOEeKMUPOBAHUsl, peanuzyemvlie 8 NPOPAMMHbIX Komniekcax Autodesk
AutoCad u Revit, pacuemvl HANPANCEHHO-0ePOPMUPOBAHHO2O COCMOSAHUA U ONpeoeleHue
VCMOUYUBOCU BbINOIHEHbl MEeMOOOM KoHeyHblx d1emenmos 8 IIK Jlupa u Midas GTS NX. /s
HabOaoO0eHuss 3a  oeopmayuimu  NpeodioNHCeHO  UCNOAb308AMb ABMOMAMUZUPOBAHHYIO
2eodesuyeckyro cucmemy monumopurea «L{uxniony xomnanuu SolDATA Group. Onpedeneno
BIUAHUE HOB020 CIPOUMENLCIEA HA COCeOHUe 30anus U paspabomansvl peuieHus no obecnedenuio
UxX PYHKYUOHUPOBAHUAL.

Kntouesvie cnosa: monumopune mexHuuecko20 COCMOAHUA, Oeghopmayuu, ocpaddcoeHue
KOMI08AHA, 0Ca0Ka PyHOaMeHma, NI0MHAs 20POOCKAsL 3aCMPOUKA.

Beryniienue.

IIpu cTpouTenbcTBE B IUIOTHOM TOPOJCKOM 3aCTpOMKE TMOMHUMO OOIIUX
TpeOboBaHMl oOeclieyeHusT HAJEKHOCTH U  JOJTOBEYHOCTH HOBOTO  3JaHMS
HEOOXOAMMO TaK)K€ YUYMTHIBATH €r0 BIIMSHHE HA COCEAHHUE 3AaHUs. ABapUU MOTYT
MIPOUCXOJIUTh B CBSI3U C ONIMOKAMHU TIPU MPOCKTUPOBAHUM WM CTPOUTEIILCTBE W
MOTYT TOBJIeYb 332 cO00M rudens aoaei u puHancoBbie 3aTpathl [1]. Bo uzbexanue
BBITIIETICPEUNCIICHHBIX CUTYyaIlMil HEOOXOIMMO MCIIOJIb30BaTh COBPEMEHHbBIC HAYYHO-
000CHOBaHHBIE METOJIBI pacyeTa, MO3BOJIAIONINE MOJEITUPOBATh KOHCTPYKIIUU U
OCHOBBl MAaKCUMaJbHO NPUOTMKEHHBIMH K pEaJbHOM CHUTyallud ¥ BBITIOJHATH
MOHUTOPUHI  TEXHHUYECKOTO  COCTOSIHHMSI ~ KOHCTPYKIIMH,  00eCIeunBarOIIHiA
MOCTOSIHHBIA HaA30p 3a jAepopManusiMd U B Cllydae YpE3BBIYAMHONW CHUTyaIllNH
MIPUHATH COOTBETCTBYIOIIHNE PEIICHUS U BBIIIOTHUTH COOTBETCTBYIOLIME PELICHUS JITISI
MPEIOTBPAIICHUS aBAPUH.

MOHUTOPUHT — OJWH W3 HMHCTPYMEHTOB, IIO3BOJISIIOIIMNA CHHU3UTh PHUCK
BO3HUKHOBEHUS aBAPUUHBIX CUTyallM U 00ECIIEYMBAET CBOEBPEMEHHOE BHITIOJTHEHUE
MPOTUBOABAPUMHBIX U PEMOHTHBIX PadboT. CylIecTBYEeT MHOXECTBO OIpeeieHUui
CUCTEM MOHHUTOPHMHIAa B pa3JUYHBIX O00JACTAX HAYKU M TEXHUKHU, MPHUBEIAEM
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omnpejeneHue corinacHo JokyMmeHty fib [2]:  «MoHMTOpMHT — 3TO 4acTo
MOBTOPSIOUINECS] WIM HENPEpbIBHBIE JOJTOCPOYHbIE IUIAHOBBIE HAOMIOACHHS WU
U3MEpPEHUS] CTPOUTENBHBIX YCIOBUH wiu AeicTBuit». Takum oOpasom cozmaHue
CHUCTEMbl MOHUTOPHHIAa TEXHHUUYECKOTO COCTOSHHUS KOHCTPYKIMI BKIIOYaeT B cels
UH(POPMALIMOHHYIO MOJIeNb, NpUOOpHl Ui HATYpPHBIX HAONIOEHUHN, CUCTEMY
CpPaBHEHUSI pE3yJbTAaTOB C MAKCUMAJIbHBIMM 3HAYEHUAMH U COXPAHEHHE OTYETOB
aKTyaJIbHOM 3a/1a4ei.

Heas paborbl — pa3paborath HHPOPMALMOHHYIO MOJEIb  CHUCTEMBbI
MOHUTOPUHIAa TEXHUYECKOTO0 COCTOSIHUSI KOHCTPYKIMH TIpU CTPOUTEIILCTBE B
MJIOTHOM TOPOJICKOM 3aCTpOMKe, AJisi HEMPEPHIBHOTO HAOI0IeHU 32 AePOopMalusIMU
B HOBOM WU CYIIECTBYIOIIEM 3[aHUM C I[OMOIIbI0 COBPEMEHHBIX MNPUOOPOB H
YCTPOMCTB, YCTAHOBJICHHBIX Ha OOBEKTE.

OCHOBHOM TEKCT.

ABTOMAaTH3UPOBAHHBIE CHCTEMBl MOHUTOPUHIA COCTOSIHHUS COOPYXEHUH — 3TO
CJIOKHAs, IIOJIHOCTBIO AaBTOMAaTHW3MPOBAHHAsS, MHOIOYPOBHEBAas HEpapXuyecKas
CUCTEMa, COCTOsIIAsl U3 CIEAYIOIIUX YPOBHEHU: cOOp B peKUME PeallbHOTO BPEMEHU
MH(pOpPMaLUU C TE€OAE3UUYECKHX, T'€OTEXHUYECKUX M METPOJIOTUYECKUX IMPUOOPOB;
apxuBalusi M Ieperaya Ha IEHTPaJbHBIA CEpBEP pE3yJbTAaTOB, IMOJYYEHHBIX U3
KOHTPOJIbHO-U3MEPUTEIbHON ammaparypbl; HpopaboTKa IMOJyYEHHBIX PE3yJbTaTOB
U3MEpPEHUl M HX I[peacraBieHWe B TpaduUyeckoM M TaOIMYHOM  BHJE;
ABTOMATUYECKOE CPAaBHEHHME MOKa3aTejedl NAaTYMKOB C MPEAENIbHO JOMYCTUMBIMHU U
CUTHaJIM3AaIMsl 00 MX MNpeBbIIEHUU. MUPOBBIMH JIMJEpAaMU 10 CO3JAHUIO
annmapaTHOro M MPOrpaMMHOTO OOECIEeYeHUs: aBTOMATU3MPOBAHHBIX CHUCTEM
MOHUTOPUHIA, MOKHO cuuTaTh cieaywomue Openasl: Trimble, Leica Geosystems
AG, SolDATA Group u ap. Kaxnas u3 ykazaHHbIX KOMIIAaHMM MMEET CBOIO
pa3paboOTaHHYI0 W anmpoOMpPOBaHHYIO cucTeMy MoHHTOopuHTa. Koprmopammst Trimble
co3nana cucremy Trimble 4D Control [3]. ®upma Leica Geosystems AG coznmana
aBTOMAaTU3UPOBaHHYIO cucteMy MoHuTopuHra Leica GeoMoS [4]. Takxe ogHuM u3
pa3pabOTUYMKOB aBTOMATU3UPOBAHHBIX CHUCTEM MOHUTOpUHIa kommnaHus SolDATA
Group. Pa3pabGoruumkn M mnporpamMMmHCTBl 3TOH (PUPMBI CO3/4ajdM CBOK CUCTEMY
MOHMUTOpPUHIa, KoTopas Ha3bpiBaeTrcd Llukion u ee pacmupenue KenraBp. Cucrema
«luxnon» B pexuMe pPeabHOrO BPEMEHH HENPEPBHIBHO BBINOJIHAET T'€0/1€3MUECKHE
U3MEPEHMS] HA CIEUUAIbHBIX TI€OJE3NYECKUX 3HaKaxX (ONTUYECKUE MUHHUIPU3MBI),
YCTaHOBJICHHBIX Ha HAOMIOAAeMbIX KOHCTPYKIMSX OOBEKTa, MOCIIE YEro KOMILIEKC
MPOrPaMMHBIX CPEACTB 0OECIEYNBAET B aBTOMATUYECKOM PEKUMe cOOp, EPBUYUHBIHI
aHaiau3 M 0O0pabOTKy NAaHHBIX W3MEPEHHWHA W MepefaeT MX s BU3YyaJU3alHUH B
peXHUME peajbHOr0 BPEMEHH C MCIOJIb30BAaHHUEM MPOrPAaMMHOTO 0OeCIeYeHHs
Geoscope [5].

B paGote [6] Obu1 npeuiokeH anbTepHATUBHBIA BapUaHT aBTOMAaTU3UPOBAHHOMN
CUCTEMBl MOHMTOPHMHIa TEXHHUYECKOTO COCTOSIHMSI IpHUYala C HCIOJIb30BAHUEM
TEXHOJIOI'MH UH()OPMALIMOHHOTO MO/IEIMPOBAHUS.

JUia aHanu3a JaHHBIX HCHOJB3YIOTCS aJTOPUTMbI IIPOIPAMMHOTO CpPEJCTBA
pazpaborannbie besymiko J[.M. [6]. AHanu3 MOJyYEHHBIX JAHHBIX MPOUCXOJUT C
NOMOILBIO TUIATQOPMBI  BU3YaJbHOTO MporpammupoBanus «Dynamo», KoTopas
yCTaHaBJIMBAETCS BMeECTE€ C MporpamMmoi «Revity, ¢ MOMOIIBIO 3TOW MPOrpaMMbI
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OBUIM CO3JIaHBl AJITOPUTMBI (SCript), KOTOpble OYAYT BBINOJIHATH OIEpaldud II0
CO3/1aHHI0 TOKYMEHTOB «Microsoft Excel» B KOTOpBIX MPOUCXOAUT aBTOMAaTUYECKast
3aMuch KOOPJAUHAT KOHTPOJBHBIX (0a30BbIX) TOUEK co3aHHBIX B BUM-momenu s
MOHUTOPUHIAa TEXHUYECKOIO COCTOSHHA KOHCTPYKLHWH, CpPaBHEHHE KOOPAHMHAT
MOJIyYEHHBIX OT OOOpY/OBaHUS YCTAaHOBJIEHHOTO Ha KOHCTPYKLUMU C 0a30BBIMU
KoopauHataMu To4ek B BIHM-mozenu, B ciaydae IpeBBIICHHUS IPEIEIBHO
JOIyCTUMBIX 3HAUEHUU KOHTPOJBHBIX (0a30BbIX) TOUEK — CO37aHHE HOBBIX TOUEK C
HOBBIMHU KOOpJMHATaAMHU.

JUisi  BBIMOJHEHUS T€0JEe3MYECKOr0 MOHHUTOPUHIA YCTAaHOBJIEHA CHCTEMa
aBToMaTu4yeckoro Mouutopunra «l{ukiony. Cuctema BKIIIOUAET B ceOsl CIEAYIONINE
KOMITOHEHTHI:

- CcTaHIus aBToMaTuyeckoro MmoHutopunra «ukmon» (1 ex.);

- nedopmarmonnsie Mapku (14 e.)

- OIIOpPHBIE MYHKTHI (4 e1.)

- craniusa coopa ganubIX (1 ex.)

Pasmenienue nedopmManioHHBIX MApPOK:

1. Ilo 4 Mapku Ha KaXKIOM >KWIOM JIOME — C BHEIIHEW CTOPOHBI 3JaHUS Ha
dacazie B ypoBHE IIOKOJIS U KPOBJIH.

2. Ilo 3 Mapku Ha orpaxaaronieii KOHCTPYKIIMU U3 CBail.

Pa3MenieHye BBIXOIHBIX MAapoK: 6 MpHU3M Ha CYLIECTBYIOIINX 3aHUSAX BHE 30HbI
BJIMSIHUSL HOBOTO CTPOUTEIBCTBA.

Cranuus «lluknom» mnpenacraBiasieT coO0W HM3MEPUTENbHO-BBIYUCIUTEIbHBIN
KOMIUIEKC, BKJIIOYAIOIIUNA B c€0sl BBICOKOTOYHBIA POOOTHU3UPOBAHHBIN TaxeoMETp,
OJIOK ympaBieHHs] M KaHAJbl CBS3U. BHEHMIHMI BHUA 3JEKTPOHHOIO TaxeoMeTpa,
UCIIOJIb3yeMOoro Ha o0beKkTe, mpuBeaeH Ha Puc. 1.

Jns obecriedeHuss HM3MEPEHHUH TaxXxEOMETPOM Ha HaOI0aeMbIX 3AaHMSIX
YCTaHOBJIEHBI Ae(POpPMAIIIOHHBIE MAPKU B BUJIE OTPAXKATEIbHBIX MPU3M (CM. puc. 1).

Texunueckue xapakrepuctuku Taxeomerpa Leica TCA 1800:

- CpeAHeKBaJipaTUYHasi MOTPEIIHOCTh U3MEPEHUS TOPU30HTAIILHOTO yria +1;
- CpedHEeKBaJipaTUYHasi MOTrPEIIHOCTh U3MEPEHHSI HAKJIOHHOTO PAaCCTOSIHUS £1MM.

Jnst obecrnieyeHHs] W3MEPEHHI TaxeoOMETpOM Ha HaOIIOJAEMbIX 3aHUAX
YCTaHOBJIEHBI 1e()OPMALIMOHHBIE MAPKHU B BUJIE OTPAXKATENbHBIX MpU3M (CM. puc. 1).

JUist 3aKperuieHus CHUCTEMbl KOOpJIMHAT M OOECIHEYEeHMs] €IMHCTBA CHUCTEMBbI
oTcueTa, ObUIM YCTaHOBJIEHBI ONTOPHBIE MAPKU HA YCIOBHO HEMOBUKHBIX 3IaHUSIX.

Cranuust MoHuTopunra «LMknom» B HENpepbIBHOM PEXHUME MPOU3BOIUT
U3MepeHus Ha JiehopMalliOHHbIE MapKu (OTpakaTenbHble pu3Mbl). Habmonenus Ha
KKy MPU3MY MPOU3BOIATCA MOJHBIM IPHEMOM, NPU JIBYX IOJIOKEHUSX KpyTra
npubopa. [Ipu 3TOM U3MEPSIOTCS TOPU3OHTAIBHBIN YTOJl, BEPTUKAIBHBIA Yroi H
paccTositHUE OT TOYKH CTOSHHS TaxeomeTpa A0 Mpu3Mbl. JlaHHBIE HW3MEpPEHUN
MOCTYIAOT Ha TMOPTATUBHBIM KOMITBIOTEp, PACIOJIOKEHHBIM B KOpoOKe cOopa
JIAHHBIX, YCTAHOBJIIEHHOM Yy TaxeoMmeTpa. [lopTaTUBHBIN KOMIIBIOTEP MOJKIIOUEH K
JNEKTPONIMTAHUID U ceTu HMHTepHer. Bce paHHbIE W3MEpEHMI IEpENaroTCs
nocpeacTsoM MHTEpHET COeIMHEHU Ha cepBep, IS OCIeayoIeil 00pabOoTKH.

JledbopMallMOHHBIE MapKH pPaBHOMEPHO pACHpENETCHbl 10 HaOI0JaeMbIM
¢dacagam nomoB. Ha mpuBeneHHbIX HUXKE IpauKax OTpakeHa AUHAMHUKA Pa3BUTHUSA
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ne(OpMaIIMOHHBIX MPOLIECCOB B XapaKTEPHBIX TOUYKAX CTPOUTEIbHBIX KOHCTPYKIIHMA
(B MecTax yCTaHOBJICHHBIX MPU3M). 3HAUCHHE MMOJIOKEHUS AehOPMAIIMOHHBIX MapOK
II0 OCM Z COOTBETCTBYET OCeNaHusAM, a 10 ocsiM X, Y — TOPHU30HTAJIbHBIM
MIEPEMELICHHSIM.

Pucynok 1 - ApromarusupoBannbiii Taxeomerp Leica TCA 1800 n unnu
npuzma GMP 104
HUcmounuk: [4]

Pucynok 1 - Cxema ¢ pacnosnoxenuem crannuii AI'CM «lukiom»
Ha0J/110/1aeMbIX 3IaHUI
YcnoBHbIe 0003HAYEHUS:
- Crannus Huknon
- KOHTPOJIbHAsI TOUKA Ha CYIIECTBYIOIIUX JOMaxX
® - KOHTpPOJIbHAS TOYKA Ha MOMOPHON CTCHKE
® - wucxojHas TOUKa
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CucreMa KOOpIMHAT MPUHATA YCJIOBHOM, HANPABIEHUE OCEM COOTBETCTBYET
PaCMOJIOKEHUIO )KUIIOTO JI0Ma, YTO OTMEUEHO Ha Ka)XXJI0M U300paKeHHH.

3akiIl0ueHue ¥ BHIBO/BbI.

l. Onupascr Ha aHaIU3 UCTOPUM PA3BUTUS METOJOB M WHCTPYMEHTOB IS
MOHUTOPWHTA  HANPsDKEHHO  JeOPMHPOBAHHOTO  COCTOSIHHSI ~ CTPOMTEIIBHBIX
KOHCTPYKITUW OBUT OMpe/eeH MepeueHb WHCTPYMEHTOB NJIs PeaM3aIlii CHUCTEMBI
MOHUTOPUHTA.

3. Mcnonb3ys cOBpEMEHHbIE METOJIbI, CUCTEMBI U 000pyJ0BaHUE, pazpadboTaiu
CUCTEMY MOHHUTOPHHIA TEXHUYECKOTO COCTOSHHUS TMPU CTPOUTEIHCTBE OOBEKTa B
IUIOTHOM TOPOJICKOM 3aCTPOMKE HAa OCHOBE CHUCTEMbI aHAJIA3a IMOJIYYEHHBIX JTAHHBIX

[6].

Jluteparypa:

1. Ishchenko, Y., Slyusarenko, Y., Melashenko, Y., Yakovenko, M., & Benl.
(2020). I'eoTexHiuHMIT MOHITOPUHT B yMOBaX YIIUIbHEHOI MiChbKOT 3a0ymoBu. Hayka
Ta Oy iBHUITBO, 25(3), 13-25.

2. Monitoring and safety evaluation of existing concrete structures. State of art
report by Task Group 5.1. International Federation for Structural Concrete (fib).
2003. 300 p.

3. MonutopunroBsie cuctembl Trimble [Enextponnuii pecypc] — Pexum
JOCTyMy 110 pecypcey: http:// www.kmcgeo.com/Articles/MonitoringSystems.htm.

4. Leica GeoMoS [Enextponnuii pecypc] — Pexum goctymy 10 pecypcy:
http://www.gfkleica.ru/katalog/programmnoe obespechenie/po leica/leica geomos/

5. ABTOMAaTHU3MpPOBAHHBIA T€OJIE3UUYECKUI MOHHUTOPUHT JKUJIOTO JOMa U
noanopHoi creHku no KpacHo3sesnmHomy npocnekty, 14 B Kuese [EnekTponHuii
pecypcl]. — 2015. — Pexum JTOCTYITY 10 pecypcy:
http://www.soldata.com.ua/solfrey/iweb.nsf/pages/vtmtizvnij-gdzicnij-mnting-dfmcj-
tdn-n-ppkt-cvnzanm-14.2283EA2272F45SE7DC125795800350E83.

6. besymko /[. . Cuctema MOHUTOPUHIa TEXHUYECKOTO COCTOSIHUS MTPUYAJIaA C
WCIIOJIb30BAaHUEM  TEXHOJOTMH  HWH(POPMAIMOHHOTO  MojenupoBanus. Modern
engineering and innovative texxnosoruu. 2020. Issue 14. Part 2.P. 37-43.

Abstract. A variant of the system for monitoring the technical condition during the
construction of an object in a dense urban area is presented. The work uses modern design methods
implemented in the Autodesk AutoCad and Revit software systems, stress-strain state calculations
and stability determination are performed by the finite element method in the PC Lira and Midas
GTS NX. To monitor the deformations, it is proposed to use the automated geodetic monitoring
system "Cyclops" of the SolDATA Group company. The impact of new construction on neighboring
buildings was determined and solutions were developed to ensure their functioning.

Key words: technical condition monitoring, deformations, excavation fencing, foundation
settlement, dense urban development.
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IMPO CUCTEMMU TBIPHUX I'PYITI ABTOMATHUX HIICTAHOBOK
Sikora V.S. / Cikopa B.C.
c.ph.-math..sc., doc. / k.¢h.-m..H., Ooy.
ORCID: 0000-0002-5283-8759
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Yepnigeyvkuti HayionanvHul yHieepcumem imeni FOpisa @eodvrosuua, Yxpaina,
Yepnisyi, eyn. Yuisepcumemcwoka, 28, 58000

Anomauyia. Y cmammi 0ocnioxcyemvcsa numanHs nooyoosu cucmemu meipHux Oisi epynu
QinimHux aemomamuux NiOCMAHOBOK, 008e0eHO Meopemy Npo me, W0 KONCHA MIHIMAnbHA (3a
Kinbkicmio enemenmie) cucmema meipnux epynu S(n,r) ons 006inbH020 ¥ =2 micmumo pieHo

elleMenmie.
Kniouogi cnosa: cucmema meipHux, epyna agmomamHux ni0Cmano80K, CKiHUeHHI a8MOoMAamui
niOCMAaHOBKU, He368I0HI cucmemu MEIipHUX.

Beryn. Jlesiki mo4aTtkoBi BIJOMOCTI MPO TPYIH BCIX aBTOMATHUX MiJACTaHOBOK
HaJ 3a7aHUM ajigaBiTOM MOXKHA 3HAWUTH B poOoTax [1-4]. 3okpema, B [3] BCTaHOB-
JeHO, M0 IX MOXHa KOHCTPYIOBAaTH 3 CHUMETPUYHHUX TPYI, BHUKOPHUCTOBYIOUH
OTepallifo BiHIIEBOTO JOOYTKY, TOOTO MpU BUBYEHHI I'PyN aBTOMATHHUX IiJICTAHOBOK
MO>KHa 3aCTOCOBYBATH J100p€ PO3BUHEHY TEOPiIO BIHIEBUX TOOYTKIB.

OG’exTOM JTOCIHPKEHHS JIaHOI Tpalli, sika MPOJOBKY€E NOCIKEHHS pooiT [7, 9],
€ MNUTaHHS TMOOYJOBM CHUCTEMH TBIPHUX JJid Tpynd (QIHITHUX aBTOMATHUX
M1JICTAaHOBOK.

ITocranoBka 3axavi. /lonomixkHi TBepIKeHHA. Hexail 3a1aHo 1Ba aBTOMATH

4,=<0,X,Y,0,4 > 4,=<0,,X,,Y,,0,,4, >
Taki, 10 BXIAHUA andaBiT APYyroro 3 IUX aBTOMATIB 30IraeTbCsi 3 BHUXITHUM
angasiTom neporo (todto, mo X, =Y)). HaBenemo o3Ha4eHHs, JIEMU Ta TEOPEMHU 3

poOit [7,9], skl 3HAMOOIATHCS HAM JIJIST TOAABIITUX TOCITIIPKEHb.

Osnavenns 1 [2]. Cynepnosuuiero 4, -A, aBTomatiB 4 Ta A, Ha3uUBae€ThCA
apromar B=<(Q,X,,Y,,0,A>, mHOXHHa cTaHiB () SKOro 30iraeTbcs 3 100yTKOM
0, x(, MHOXUH cTaHIB aBTOMaTriB 4, Ta A,. Ilpu npomy 1 AOBUIBHOIO CTaHY
q=1(q,,9,) €0 Ta NOBUILHOTO BXIJHOrO CHUrHaly X € X, aBromara B 3Hau€HHA
GyHKIII Iepexo/IiB Ta BUXOIB aBTOMaTa B BU3HAYaIOTHCS 31 CIIBBITHOILIECHB:

5(q,X) = (éz(qzﬂil(qlﬂx))aé‘l (qlﬂx))a ﬂ.(q,X) - ﬂ’z(qpil(qz?x))' (1)

Jlema 1 [6]. Jobymox aemomamHuux 8i0obpadiceHb € a8MOMAmMHUM
sidoopadcenusm. Obeprnene 00 OIEKMUBHO20 ABMOMAMHO20 BIOOOPANCEHHS MAKONC
€ ABMOMAMHUM.

Takum 4YMHOM, BCi aBTOMAaTHI OI€KTHUBHI BigoOpakeHHs Haj andaBiToM X
YTBOPIOIOTH TPYIy, SKY HA3UBAKOTh  2PYNoi0 ABMOMAMHUX NIOCMAHOB0K HAJ
andasitom X 1mo3Hayatoth A(X). 3rigHO 3 BUIICHABEIEHUM, MAEMO
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A(X) >~ Aut T(X),
ne cumBosioM Aut 7'(X') mo3naueHo rpymny aBroMopdizmiB aepesa 7'(X).

Osnauenns 2 [5]. TleperBopenns f:X — X HasuBaeTbcs (iHiTapHHM,
AKIIO iCHy€e Take HAaTypadbHE UHCIO 71, IO JUIA JOBIIBHOTO cloBa @€ X H#Oro
obpa3 f(w) BiApI3HAETHCS BiA @ HE OUIBINE, HIXK TMEPIIUMUA M JIITSPAMH.

Jlema 2 [5]. Koowcne gpinimaprne nepemeopenHs € CKiHUeHHO a8MOoMamuum. Yci
QinimapHi nepemeopenus ymeoprwrwmo nioepyny 6 epyni K(X) ecix ckinueHHO
aABMoOMamHuux NIOCMano8oK, 5Ky nosuadaroms F(X).

(9] . * . .
Hexait X — migMHoxuHa X, SIKa CKJIAJAETHCS 31 CIIiB JOBXKUHH TOYHO 7.
3rigHo 3 gemoro 1.9 3 [8], ug miAMHOXKKHA € 1THBAPIaHTHOIO BITHOCHO MEPETBOPEHHS

A(X), ToO6TO MOKHaA pO3TIAHYTH Tpymy nepetBoperb (A(X), X)), Skmo J, —
SA7PO 1LOTO TIepeTBOpeHHs, To (pakTop-rpyna A (X)= A(X)/J, nie na X Touno.
AHaJIOT14HO, (paKTOP-TpyIu
K(X)=K(X)/J,nK(X), F7X)=F(X)/J, NF(X)
TaKOX Jil0Th ToYHO HA X ).
Jlema 3 [9]. [{na oosinvrnozo r € N maroms micye pienocmi
K7(X)=F"(X)=4"(X).

HNam, nna goBiibHOro » €N  MOXHAa BH3HAUUTU TPUPOJHY ITPOEKIIIIO
(emiMopdizm) o, AT(X) > A7 (X), Ta MPUPOTHUN MOHOMOP(}i13M
w, A”(X)—> A"(X). Tum caMuMm 3aJaHO [BAa CHEKTpM TIPyI: HpAMMii
(A" (X);w,),.n> Ta obepuenniit (A" (X);p.). . OTxke, MOKHA TOBOPUTH TIPO X

rpaHuyHi rpymnu (o3HaueHHs aus. [10]).
Jlema 4 [9]. Maiomwv micye maxi cniggioHoOUIeHHS:

(i) im(A” (X)) = F(X); (i) lim(A”(X),9,)~ AX).

Jema 5 [9]. /Ina oosinbnoco reN epyna (AV(X), X)), card(X)=n,
i30Mop@Ha (ax epyna nepemeopens) r-my GIHYEBOM) CMENneHt0 CUMEempUYHOi epynu
S(X). Ipyna (A(X),X"), card(X)=n, izomopgua (ax epyna nepemeopens)
sinyesomy cmenerio | S(X )(i) HEeCKIHYeHHOI NOCNI008HOCMI CUMEMPUYHUX 2PYN

i=1
cmenenss n 6 iiozo inmpansumueniti peanizayii. ITpyna (K(X), X ),card(X)=n,
i3omopghua (ax epyna nepemeopeHv) obOMmedceHoMy 8iHyesomy cmenenio (b)
L S(X)Y 6 tioeo inmpansumusnii peanizayii. Tpyna (F(X),X"),card(X)=n,
i=1
i3omopghna  (ax  epyna nepemeopewnv)  piHimapHoMy — 8iHYesomMy  O00OYMKY

(F)1 8(X)?,

i=1

Ha rpyni A(X) mpuponno BBoauTbcs MeTpuka (nuB. [4, 6]). A came, SKIIO
nepeTBopeHHs 13 A(X) 3amaroTbesl TAONMIIMU, TO BiJACTaHb MK HUMHU JIOPIBHIOE
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n*, ne n, (0<n<1) — @dikcoBane 4yucno, a k — JOBXKMHA CIIIILHOTO IOYATKY

tabnup. Tum camum rpyna A(X) MepeTBOPIOETHCS B METPUUHY TPYILY 1 € TOBHUM

METPUYHUM TPOCTOPOM.
Jlema 6 [9]. ITioepyna F(X) € 6ctoou winvroro 6 nioepyni A(X).

3rimmo 3 memoro 4, rpyma A" (X) isomopdHa BiHIlEBOMY HOOYTKY 7

cuMeTpuuHuX Tpyn crenens n (n=(X)): A7 (X)~5 185 1..1S, = S(n,r).

-
1

2 r—
1 .
n!) T Ipu oMYy i€ Ha

Otxe, A" (X) mae crenminp 7’ i mopamox (
MHOHHI CJIIB JOBXHHHU 7 TPAH3UTUBHO Ta IMIPUMITUBHO. J[JIs1 KOXKHOTO LUJIOTO k
(1<k<r) rpyma A (X) wmicTute miarpymy k-KOOpAMHATHUX TaOIHIb, TOOTO
TaOIMLb BUTIANY [€,...,8, 2, (X, %y,..00 X (), ;... €], KA 130MOpOHA n*! -My CTETEHIO
CHUMETPUYHOI Ipynu S .

PosrnsHemMo cmodaTky cuctemu TBipEHEX Trpymu AV (X), sKi CKIamaroThCs
JMIIEe 3 KOOpPAMHATHUX TaOmuub. g mporo B cuMmerpuuHiil rpym S, ¢ikcyemo
nesky cucremy TBipHUX I1={r,,7,,...,7 } 1 po3rigHEeMO TaONuUIll BUTTISITY

u, (X5, 70) = (g &Iy (X X)), Eens €], (2)
B SIKHX

_ =0,
7T, AKIO (X, X, ) =X,

3)

hk,l(xl""’xk—l): ) )
£ y PEIITi BUIMAJIKIB,

A€ & — ONUHUYHHUNA €IEMEHT Ipynu S,
[=1,2,...s, k=1,2,....r.

Teopema 1 [9]. Cucmema enemenmis, susnauenux gpopmynamu (2) ma (3), €
cucmemoro meipuux epynu S(n,r) npu 008iIbHOMY 6UOOpPI KOpmMedHCis f,?’l

, X =(x),,...,x0, ) — (ikcoBauuii KopTeEK,

(1<k<r—1, 1L1<s). [Ja cucmema 6yoe He36i0HO0 MOOi Ui MiNbKU MOOI, KOIU

cucmema I1 6yoe ne38ioHo10.
OckilbKu CUMETpUYHa rpyna S, TOpPOIXKYETbCA JBOMA IIJICTAHOBKAMU —

TaKuMHU, Hanpukiaa, oyayts napu (1,2), (1,2,...,n) a6o (1,2,...,n—-1), (1,2,...,n) —
To rpyna S(n,7), a omxe i A" (X), Mae He3BinHI cucTeMH TBipHUX BUIIALY (2), AKi

MICTATBH 27 NIACTAaHOBOK.

Haramaemo, mo koMmyTaTop eJeMeHTIB «,b Tpynu G BHU3HAYAETHCS SIK
(a,b)y=a-b-a”'-b™', a miarpyna, mopomkeHa BciMa KOMYTaTopaMH, Ha3MBAEThCS
komymanmom G 1 mosHadaetbess G'. Ockinbku rpyma G’ € HalMeEHIIOK 3a
BKJIIOUEHHSIM INArPYIOI0 Takoro, Imo ¢akrop-rpyna G /G’ — abenesa, TO IO
OCTaHHIO Ha3WBaIOTh  abenizayicro tpymu G [7, 8]. 30kpema, KOMyTaHTOM
CUMETPUYHOI Ipynu S, € 3HaKko3MiHHa rpyna A4 , toOto abemizauiero S, Oyze
[MKJIIYHA Tpyma Apyroro mopsaky. Jms Ttoro, mo0 omucatu abemizaimiio rpymnu
S(n,r),oxapakTepu3yeMo CHo4aTky KoMmyTanT miei rpymu. Hexait o=[[f(X,) —
I00yTOK BCiX 3HaY€Hb JIEAKOI KOOPAWHATHOI (PYHKIIiI, B3ATUX y MIEBHOMY TOPSIKY.
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[lincranoBka o € abo mapHOI, a00 HEMapHOIO 1 IS BIACTUBICTh HE 3aJICKHUTH BI
HOPAAKY MHOKHHKIB. I3 03HaueHHs onepatopa || Bummusae: (i) sxmo [[f (X, )€ 4,
TO 711 AOBUIBHOT Tabmuui u € S(n,r) Maemo [[f (X)) € 4 ;(i1) axmo [[f(X )€ 4, Ta
[lg(x.)e 4,0 [1f(x.)g(x.)e 4, ne A —3HaKO3MIHHA TpyIa MOPSAKY 7 .

Teopema 2 [9]. Komymanm ~ S'(n,r) micmume mi @ mineku mi
mabauyi(g,,g,(x,),....g.(x. )], ona  akux  euxkonyemvca  Chi6GIOHOWEHHA:
g €4, Tlg(x_)ed, (1<i<r).

OcHoBHuii pe3yabrat. [Ipy BUKOHaHHI YMOB JOBeJIeHUX y poboTax [7, 9] nem
1-6 Ta Teopem 1, 2, MOkHA JOBECTH HACTYITHI TBEPIXKCHHS.

Teopema 3. Koowcna minimanvHa (3a KinbKicmro eiemenmia) cucmema meipHux
epynu S(n,r) 01151 008iN6HO2O ¥ > 2 MICMUMb PIBHO ¥ elleMeHMI8.

JoBenenns. Hexait m(S(n,7)) — MIHIMAJIbHO MOJIHMBA KIJIBKICTh TBIPHHX
rpynu S(n,r). JoBenemo cnouarky, mo m(S(n,r))>r. Po3riasHemo abemizalito
G=S(n,r)/S'(n,r) rpynu S(n,r) i mokaxxemo, 110 BOHA € €JIEMEHTAPHOIO a0eIeBOIO
2-TPYIIOIO PaHry 7.

JiticHo, U1 KOoXKHOI Tabmui u =[g,,g,(X,),....Z,(X._,)] Mmaemo

u? = [gfagl(x)'gl(xfl)a'--agr(fr—l)'gr(fru—l)]'

Ockimbku gl e 4, Ta [g,(x._)g(x',)eA,, 10 u’eS'(n,r), T06TO 06pa3
Tabauii ¥ npu npupogHoMy romomopdismi S(n,r) — S(n,r)/ S'(n,r) € enemenTom
nopsiaky 2. 3Hauuth, G — eneMeHTapHa abeneBa.

Jlai, OCKIIbKM KOXKHY KOOpAMHATHY (yHKLIO f(X,) MOXHa pO3KJIacTH Ha
nobyrok f=g-h nBox ¢yHkuiii Takmx, mo [[g(Xx,)e4,, a h(x,) HaOyBae
HEOJMHUYHOTO 3HAYCHHS HE OUIbIIE HDK B OJHIM TOYIl, TO KOXXHY TaOJHUIIO
v=[f, (X)), f.(X.))] € S(n,r) MoxkHa po3KIacTH HA T00YTOK

v=[g,8,(x}),--,&, (X, D] [, 1, (x),.... 1, (X)),
MepHIMii MHOXKHHUK SKOTO HaNeKuTh S'(1,7), a KOOpAUHATAMHU APYroro € (pyHKIIii,
Akl HaOyBalOTh HEOJWHUYHOTO 3HAYCHHs HE OuIblle HIK B OAHIN Touwli. 3BiAcCH
BuIIMBae, mo abemszaumis  S(n,r)/S'(n,r) WOpomKyeThcs — oOpasamu  F
KOOPJMHATHUX Tabmuup BUrmwny [e,....&,n0(X,),¢,....&], ne h(x, ) HaOyBae

TUTBKH OJIHOTO HEOJWHUYHOTO 3HAYEHHS 1 € HEMapHOK IiJCTAaHOBKOK. Takum
YHHOM, paHT abeni3alii TOpiBHIOE 7, TOMY JOBUIbHA CUCTEMa TBIpHUX Tpynu S(n,7)

MICTUTh HE MEHIIIE HIK » eJeMeHTIB. Bkaxemo tenep cucremy TBipHUX S(7,r),s1Ka
CKIIQZIAETHCS PIBHO 3 7 €JeMeHTIB. J[is BUmagky » =2 COpaBIKyEThCS Teopema 2.5
[8]. ¥V Hiil BcTaHOBNEHO, MO S(7,2) MOPOIKYETHCS TAKUMHU JBOMA TAOJHIISIMU:
u=\[g,g,(x), v=[h,h(x)], nme: (i) sxkmo n— mwapHe, n>2,TOxi
g =01,2,.,n), h=(,2,.,n-1),

(1,2,...,n—=1)mpu x, =1, (1,2,..,n) mpu Xx,=n,

g (x)= ) . h(x,)= ) )
E B peHITl BUIIA1K1B, E B peHITl BUIIaAK1B,
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(ii) sxkmo n — wemapue, n>2,tomi g, =(1,2,...,n), h =(1,2), g,(x,)=(1,2),
(1,2) npm x, =1,
h(x)=4+(,2,..,n) npu x, =3,
£ B PEUITI BUNAJKIB;

(iii) axmo n=2,toni g, =(1,2), h=¢, g,(x)=¢,
(1,2) npm x, =1,
hz(x1>={ 1

& B PEIITI BUTIAJIKIB.

Hexait Tenmep » > 2. CkopucraeMocs iHaykiiiet no ». [Ipumyctumo, mo rpymna
S(n,r) NOPOIKYeETbCA r TAONMHLIAMU W, =| 79, £2(x), ]g(i)(xl,xz),..., fOx)]
(i=1,2,...,r) 1 noOynyemMo cucremy TBIpHUX Tpynu S(n,r+1), sKa CKIATAEThCS 3
r+1 tabmunp. g 1boro NpoaOBXKUMO KOXHY 3 Tabauupb W, 0O TabmuIi Ww,
JIOBXUHU r+1, nomucyioun (r+1)-y koopauHarty, ska gopiBHioe ¢ (1<i<r) i1
momamo Ao Iiei cucremu Ttabmuimo W, =[¢,...,&,h,,(X.)], me dyskuis 4 (X))
BU3HAYAETHCS TAK:

(j) KO n — MapHe, TO/l
(1,2,...,n-1), sxmo x. =(1,0,0,...,0),
h.,(x)=5 (1,2,..,n), akmo x, =(0,1,0,...,0),
& B PEIITI BUMA/IKIB,
(jj) KO n — HenmapHe, TOAl
(1,2), sxmox, =(1,0,0...,0),
h.(x)=<(1,2,..,n), saxwmo x,. =(0,1,0,...,0),
£ B PEIITI BUMAJIKIB.

OTxe, Mg TOBUTRHOTO 7 MOKHA mimiOpaTH Taki HaTypaidbHI 4ucna k,¢,100
=g @] Wy =lenaghE)L, 1 dymaii g li(%), 1=1.2,
Ha6yBaJm HEOAMHWYHOTO 3HaueHHs (piBaoro (1,2,...n—-1) 1 (1,2,...,n) abo,
BianoBigHo, (1,2) 1 (1,2,...,n)) Tiabku B oAHIM Touli. OCKUIbKM uepe3 TabJiuiii
w,(i=1,2,...,r) BupaxarTbCs BCl KOOPJIUHATHI Tabiaulli 3 cUcTeMH TBipHUX (4.2), a
W', 1 W, cami MaloTh MOTPiOHMIA BUTIIS, TO 3BiJCH BUILIMBAE, IO TAK M00YI0BaHA

cucreMa Wy, W,,...,W,,W_,, € CUCTeMOI0 TBipHUX rpynu S(n,r+1). Teopemy 3

JIOBEJICHO.
Teopema 3 nomyckae mNpUPONHE y3araJlbHEHHS HA BHUMAAOK JOBIILHUX
METAaCUMETPUYHUX TPYI CKIHUEHHOTO PaHTy. A came, Ma€ MICIIe TaKe TBEPKCHHSI.
Teopema 4. Koowcna minivanvua (3a KilbKicmio elemMenmia) cucmema meipHux
memacumempuunoi epynu  S(n,n,,...,n) (n.22 ona i=1,2,..,r) 008i16H020
CKIHYEHHO20 paHzy r =2 MICMUms PIBHO ¥ €leMeHmIs.
JoBeneHHns. Sk 1 mpu 10BEIEHHI TEOPEMH 3, MOKHA MTOKA3aTH, 1110
| S(ny,ny,...,n.) 1 S'(n,n,,...,n) [,
tooto m(S(n,n,,....,n.))=r. A ToMy JOCUTh NOOYAyBaTH CUCTEMY TBIPHUX IpYIH
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S(n;,n,,...,n ), sKa CKIaJa€eTbcs 3 7 eneMeHTIB. Taka noOyaoBa, sIK 1 P JT0BEAECHHI

MOTEPEAHbOI TEOPEMH, 3MIMCHIOETbCS 1HAYKTUBHO. [Ipu » =2 mnoTpiOHI cuctemu
TBIpHUX MOOyI0BaHO B Teopemi 2.5 [8]. Skmio * »>2, TO 00 CHCTEMU TBIpHUX
rpymu S(n;,n,,...,n_,), sKka CKIagaeTbcd 13 (r—1)-ro eixeMeHra, Ciiji A0JaTH IIE

OJHY TaONWII0 BUTIILY W, =[&,...,&,h (X, )], ne ¢ynkuis A (X._,) BU3HAYAETHCS
TaK:
') Ao n, — mapHe, TO
(1,2,..,n,-1), sgxmo X ,=(1,0,0,...,0),
h(x_)=4 (1,2,.,n), axmo X, ,=(0,1,0,..,0),
& B PEIITI BUMA/IKIB,
2') KO 71, — HETAPHE, TO
(1,2), saxmo X _,=(1,0,0,...,0),
h(x_)=1+(1,2,..,n), skmo x, 6 =(0,1,0,...,0),
& B PEIITI BUMAJIKIB.

VYci nepeBipku 3IMCHIOIOTHCS aHAJIOTIYHO, SIK 1 TIPH JTOBEACHHI TEOpEeMH 3 1 MU
ix onyckaemo. Teopemy 4 10BEAECHO.

BucHoBkmu. JlociipkeHO CUCTEMHU TBIPHHMX I'PyN aBTOMATHUX ITiJICTAHOBOK, SIK1
JI0Th HA MHOKHHI BCIX CJIIB HaJ JaHUM aji(haBiTOM ab0 Ha MHOXKHHI CIiB JOBXKUHH
r (reN) Hax uum andasitom. Pezynbratu, onepkani B poOOTi, MOYXKHA 3aCTOCYBAaTH
JUTS TIOMAJTBIIIOTO JTOCIIKEHHS TPYT, 1HAYKOBAHUX aBTOMAaTHUMH ITiJICTAHOBKAMH Ha
MHOJKHHI CJIIB JIOBKMHU 7, a TAaKOX HOBUX Cepil CHCTEM TBIPHHUX IPyIl aBTOMAaTHUX

MM1JICTAHOBOK.
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Anomauyia. OOnum 3 HAUBANCIUBIWUX YUHHUKIE cmaOinizayii € 2i0OpoouHamMivHull onip
BUMICHEHHIO PIOKO20 OUCNEPCIUHO20 cepedosuyd 3 NPOWAPKY MidC 4aCMUHKAMU, WO
30udKCcyromobcs.  Bpaxosyrouu 11020 He0OHOpPIOHICMb — (cemepoceHHicmb), 00CUmMb  CKIAOHO
CNPOCHO3Y8AMU 6NIUE 8 A3KICHUX 1aCmMUBOCmel HA MAaxKy 2i0OpOOUHAMIYHY XAPAKMEPUCUKY.
Henpsamoro xapaxmepucmukoro Kinemuunoi cmiukocmi memanizo8anoi (apbu 5K KoJI0iOHOT
cucmemu € it CXuIbHicmv 00 ceOuMeHmauyii.

Ha nouamxy nonimepusayii pioxa memanizosana cucmema nocmynoso nepemeoproemvpcs Ha
2eb I YACMKOBO GMpAYAE azpecamuy CMIUKicmb, aie 30epicae KiHemuuHy abo mumuacogy
ceoumenmayitny. Bnius cun na cedumenmayitiny cmituKicms CUCMEMU 3ANEHCUMD IO KLIbKOCMI
ma OucnepcHocmi 4acmuHOK Memane6o2o HanosHwogaua. Cedumenmayitina CMIUKICMb
Memanizo8anoi Ko10ioOHoI cucmemu no8 ’s13aHa ONoCepeoK08aHO 3 YMOBAMU Ol akmueayii maxoi
cucmemu 308HIUHIMU KOAUBAHHAMU. Tomy BUHUKAE akmyanbHa 3a0a4a aHAani3zy NPOSHO308AHOI
Nn0BediHKU MEeMANe8UX YaCMUHOK NPU aKyCMUu4Hill 06pooyi oucnepciiinozo cepedosuya.

Knwouosi cnoea: cedumenmayis, yibmpazeyKogi KOIUBAHHS, Memani308aHd KoloiOHA
cucmema, 2iOpoOUHAMIYHA CUA.

Introduction

It is known that at relatively long distances (30...50 microns) between the
composites of the dispersed phase, the convergence of particles occurs due to inertia
of them, gravitational forces [1]. When distance decreases, the molecular forces of
interaction are manifested. The movement of filler particles in the bidisperse system
(which is metallized colloidal) is determined mainly by the action of inertial forces
that occur at the beginning of curvature of the lines of flow of liquid flowing over the
nude of dispersed particles. According to modern research, at a distance of 10... 20
microns between them, sedimentation begins to interfere with the hydrodynamic take
on mode, caused by the withering resistance of the layers of liquid. However, at such
distances, particles can converge due to the action of hydrodynamic force, which
cannot provide direct contact between the components due to the increasing
resistance of the layers of the dispersed phase.

The purpose of the work

The presented scientific study aims to substantiate the mechanism of acoustic
cleaning of metal particles in colloidal systems of printing purposes.

Results of the conducted researches

When a fine electromagnetic filler is injected into the composition, the force of
magnetic interaction occurs, which, creating an electromagnetic barrier,contributes to
the uniform distribution of the magnetic filler in the composition volume.

Consequently, the total force acting on a dispersed particle that is approached in
the process of sedimentation to the printed surface is generally equal to:
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F=F+FntF,tF, (1)
where F; is the gravity of a small particle; F,,, — the force of intermolecular inter
action, F, - the force of hydrodynamic interaction, F. - the force of electromagnetic
interaction.

When forming the frame of the spatial grid of the filler, in the layers of which
the polymer matrix is placed, the processing of positions filled with polymer
compositions by the electromagnetic field allows increasing the aggregative and
sedimentation stability of the systems and getting protective polymer-compositional
coverings with a sufficiently uniform distribution of the filler.

In the process of sedimentation and filling (in the case of non poping pigments)
the flows of micro inequalities of the material with the applied printing ink, fine
particles, including metal ones, form coagulants, the area of contact of which with the
surface of the transition layer of the printed material exceeds the contact area of the
initial particles. Coagulant formed from small fractions of powder on the micro
inequalities of the surface of a sufficiently dense substrate, which provide adhesion
stability of the coating due to Van Der Waals interaction.

Printing coating in most cases is a paint film based on filled polymers, the
structure of which was due to the gradual transformation of liquid-shaped binding
into a solid composite compound [2]. The kinetics of this transformation is
determined by the range of physical and chemical parameters: suction rate and
evaporation of the solvent; gradient of its concentration in local surface zones of
printing materials; the presence of foreign inclusions in the form of micro droplets of
water and other impurities.

Activation of metallized colloidal solutions by ultrasonic vibrations in real
conditions and the rate of consolidation and deposition of particles suspended in a
liquid medium are affected by the intensity and time of ultrasonic exposure, as well
as the parameters of the processed technological volume. To achieve the maximum
possible intensity of the particle coagulation process during the sonication of the
metallized colloidal solution, it is necessary to optimize the intensity or time of
ultrasonic exposure.

Metallized colloidal solutions for printing purposes can be used as model
systems to identify patterns of influence the polymers on a hard surface. There is a
need for research aimed at identifying the optimal modes of ultrasonic influence
under the condition of achieving maximum stabilization and homogenization of
metallized colloid solutions by simultaneously grinding large plastic granules into
smaller ones and coagulating into a relatively equilibrium dispersed phase in the form
of plasticized ball-like particles.

The mechanism of acoustic coagulation is associated with the action on particles
of hydrodynamic forces - the forces of Bernoulli and the forces of Bierknes.
However, expressions for these forces are obtained for the case of hydrodynamic
action of particles in a homogeneous flow of ideal incommunicable liquid, at the
same time, as in the spread of sound waves, the flow of liquid is significantly
heterogeneous and non-stationary.

When studying the hydrodynamic interaction of particles in a liquid, different
problem statements are possible. This is due to the possible simplifications of the
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equations of the hydrodynamics, which are non lineable in terms of variable values.
[3]. There are many works in the literature devoted to the problem of particle
interaction in the flow of viscous insecurable liquid in Reynolds' small numbers.
Fluid motion equations are greatly simplified and become linear Stokes equations. At
high frequencies, non-stationary terms in motion equations become the main ones.

It is known, that the distribution of the pressure velocity around two particles of
one coaxial radius located in the stream of incurable liquid, the speed of which U at
infinity is a time-dependent linear coordinate function

Ui( )=U00; (t) + Ej () x; 2)

Moreover, the E;; tenor meets the conditions

Eij ZO, Eij ZEji
The analytical solution to the problem of interaction of two particles in an ideal
non-bearing liquid allows direct calculations of the forces of FA and F® acting on
spheres A and V from the liquid side [4]. Force is calculated as
Fi* = $(p& + p(Ui +ui) (Ujt uj) nj Ads,, 3)

where p-pressure ,u- perturbation of speed, p — fluid density. The integral is taken on
the S# surface of particle A, the external normal to which is the vector nA. P pressure
equals

p=-p 0¢/0t — p ( Ujtu;)/2 4)

The obtained expressions for the forces F* and F®, acting on particles A and B
in an ideal insensitive liquid, allow to determine the speed of movement of particles
acquired by them as a result of interaction with the flow of liquid with each other and
to investigate the dynamics of their movement. Using Newton's second law, we
obtain a system of differential equations. Due to the complexity of expressions for
forces acting on particles, the system of equations was solved quantitatively. The
graphs below show the results of calculations for the case when the density of
particles is less than the density of the liquid at the position oriented along and across
the flow rate of the running liquid (Fig.1).

The results of quantitative modeling show that it is possible both the
convergence of particles and their distance from each other. In addition, if the rate of
the infused flow of unsecured liquid is directed at an angle close to the straight,
relative to the line connecting the centers of spheres, then the particles converge
(Fig.2) under the action of the result of Bernoulli force. When positioning spheres
along the speed and they are removed from each other.

Consider now two particles that are located in a stream of ideal compressive
fluid : Eii = 0, Ei;=E;;

The distribution of velocity and pressure around particles is described by the
equations of insurable liquid. However, if the characteristic size of A current, on
which there is a change in the values in the liquid due to compressivity, satisfies the
condition 2>>r, where r is the distance between the particles, then near the particles
of the equation for speed and pressure can be written in the form of analogical for
incompressible liquid. The only difference lies in the condition E;=0. This is easily
taken into account by additional terms in the expression for potential.

ISSN 2663-5712 47 www.sworldjournal.com



g
425

SWorldJournal Issue 11 / Part 2 |
r

A

]2
Tl

1.05

1.025

— | » t

50 |100 150 200 250
0.975 [::::}
0.95

0.925

0.9
0.875
0.85

Fig.1. Results of calculations for the case of particle orientation along (1) and
across (2) of the stream

Using the expression for the potential of fluid velocity around two particles in an
ideal compressed liquid, we find expressions for the forces FA and F® acting on
spheres A and B on the fluid side and making up the differential equations of particle
movement. The equations are solved quantitatively. The results of calculations are
given below in the graphs for the case when the density of particles is less than the
density of the liquid and the vector connecting the centers of particles, oriented along
or across the speed Ofr the flow of liquid (Fig. 2).
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Fig.2. Calculation results for particle positionihg along (1)and across (2)
streams.
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Fluid compressivity significantly affects the movement of particles in the sound
wave. Unlike the case of the interaction of particles in the stream of incurable liquid,
the union of particles is possible in the case when they are one after another relative
to the direction of wave propagation (Fig.1). When particles are located across the
wave, they are removed from each other (Fig.2).

The results of quantitative modeling show that it is possible both the
convergence of particles and their distance from each other. In addition, if the flow
rate of the insidious liquid that runs is directed at an angle close to the straight,
relative to the line connecting the centers of spheres, then the particles converge
(Fig.4.2)under the action of the result of Bernoulli force [5] .When the spheres are
positioned along the speed, they are removed from each other.

The obtained results indicate that the mechanism of particle coagulation in the
sound wave is qualitatively different from what the Bernoulli force gives in the flow
of incurable liquid.

In real conditions, during sonication, the intensity and time of ultrasonication, as
well as the parameters of the processed technological volume, affect the rate of
consolidation and deposition of particles suspended in the liquid medium. To achieve
the maximum possible intensity of the particle coagulation process during the
sonication of the metallized colloidal solution, it is necessary to optimize the intensity
or time of ultrasonic exposure [6].

The energy of the ultrasonic wave absorbed in the defective zones of the crystal
lattice of shaving particles is consumed to relieve local stresses, unlock dislocations,
increase their mobility, which provides a more intensive course of cleaning of metal
pigments.

The obtained experimental results allowed to analyze the processes that occur in
metallized colloidal solutions under acoustic influence of varying intensity. To
implement the process of intensive coagulation in a small technological volume, 25%
of the power and time of influence of the order of 2 minutes is enough. With an
increase in exposure time, there is a slight deterioration in the coagulation process,
which indicates that at low power the process is more efficient, but a small volume
and a greater amount of radiation intensity in it lead to the gradual cavitational
destruction of the increased particles.

Conclutions

To implement the process of intensive coagulation in a small technological
volume, 25% of the power and time of influence of about 2 minutes is enough. With
an increase in exposure time, there is a slight deterioration in the coagulation process,
which indicates that at low power the process is more efficient, but a small volume
and a greater amount of radiation intensity in it lead to the gradual cavitational
destruction of the increased particles. The conducted studies confirmed the
effectiveness of the use of intensive sonication to accelerate the process of
homogenization of metallized colloidal solutions.
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Abstract. One of the most important factors in stabilization is the hydrodynamic resistance to
displace the liquid dispersion medium from the layer between the convergence particles. Given its
heterogeneity, it’s quite difficult to predict the effect of viscosity properties on such a hydrodynamic
characteristic. An indirect characteristic of the kinetic stability of metallized paint as a colloidal
system is its tendency to sedimentation.

At the beginning of polymerization, the liquid metallized system gradually turns into a gel and
partially loses aggregate stability, but retains kinetic or temporary sedimentation. The effect of
forces on the sedimentation stability of the system depends on the number and dispersion of metal
filler particles. The sedimentation stability of the metallized colloidal system is indirectly related to
the conditions for activating such a system by external oscillations. Therefore, there is an urgent
task of analyzing the predicted behavior of metal particles in the acoustic processing of the
dispersion medium.

Kay words: sedimentation, ultrasonic vibrations, metallized colloid on system, hydrodynamic
force.
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Anomauyia. Y cmammi pozensoaemvcsa peanizayis MidcOUCYUNIIHAPHOL THmezpayii uuyoi
MamemMamuxy ma meopemudHoi Mexauiku 6 cucmemi Suwjoi oceimu. 30ilCHIOEMbCA AHANE3
NPUKIAOHOI CKAA0080I meopii OugepenyiantbHux pieHAHb Ni0 YAC CKIAOAHHSA MOOENi MEeXAHIYHUX
npoyecie ma memooie po3e’A3Kie makux mooenel. Hasodsmvcs npuxiadu mamemamudnux
MoOenel HU3KU KiacuuHux 3adau mexaixu. OKkpema yéaea npu po38’s3aHHI Maxkux mooeineu
NPUOINAEMbCA  MeOPeMUYHUM ACNeKmam MamemMamuyHoi ocgimu sK @akmopy @opmysanus
dyHoamenmy MidicOUCYUNTTHAPHUX 368 SA3KIB.

Kniouosi cnosa: oughepenyianvHi pieHAHHA, MameMamuiui MOOeni MeXamiuHux npoyecis,
20pU3OHMANbHA OANKA, YEeNnHA JIHIA, GUMYUEHT KOIUBAHHSL.

Beryn

Peanizanis MbKIUCIMIUIIHAPHOI 1HTErpanii Bumoi marematuku ta TeopeTuyHol
MEXaHIKM € aKTyaJbHOIO MpPOOJEeMOI0 JJii CY4YacHOrO 3akjaay BHILIOI OCBITH
TexHIYHOro Hampsmky. Came Takud WIAXiA M Yac BUKIAJIAHHS HABYAIBHHUX
JUCLUIUTIH 3a0e3Medye B3aEMO3B’SI30K MK HHUMH SIK Ha PIBHI TEOPETUYHUX 3HAHb,
TaK 1 Ha PiBHI PI3HOMAaHITHUX BUIB MPAKTUYHOT A1STILHOCTI.

Y poGoti [l] 3a3Havasniocs, 00 «HAWBAXJIUBIIIUM AaCHEKTOM BUBYCHHS
nuepeHiaIbHOr0 YUCIIEeHHS € (OpMyBaHHA y 3/100yBauiB BUILOI OCBITU BMIHHS
pO3B’s3yBaTH 3ajladyi MPUKIATHOTO HAMOBHEHHS 3a JOTIOMOTOK MaTEeMaTHYHOTO
anaparty». HaBeneHi nmpuKkIIaay T03BOJUIM MMPOJAEMOHCTPYBATH YHTAIIbKIN ayauTopii
MDKJIUCIUIUTIHAPHI 3B’ s13kM MK Buroro matematukoro ta @i3ukoro 1 TeopeTHIHO0
MEXaHIKOIO.

ABTopka mi€i myOmikamii cTaBuja 3a METy JIEMOHCTpaliio MoOyaoBU
MaTeMaTUYHUX MOJIEEH NeIKUX MEXaHIYHUX MPOIECIB Ta BU3HAYEHHS X PO3B’S3KY.

Mix mOoCHiKEHHSIMH MaTeMaTHKIB Ta MEXaHIKIB He icHye 4iTkoi mexi. [Ipari
MEXaHIKIB HAJal0Th MOIITOBX JI0 PO3BUTKY MaTeMaTH4HOi Teopii. B To ke uvac, mis
MaTEMaTUKIB € BEJIMYE3HOI TOPJICTIO OTPUMATH pe3yJbTaTH, IO CTOCYIOTHCS
MexaHikd. Tomy Bimome BucioBieHHs1 Jleonapao na Binui: «Marematuka € pai
MaTE€MaTUYHUX HAyK» JJAKOHIYHO Ta YITKO PO3KPHUBAE IIHOWHY 3B 3Ky MK JBOMA
CKJIaIOBUMH (YyHIAMEHTAIBHOI OCBITH Cy4acHUX (haxiBIIiB.

OcCHOBHHUI TEKCT

[Iporiec MopentoBaHHS PI3HOMAHITHUX MEXaHIYHMX SIBHUII JIOBOJII YacTo
MPU3BOAUTL JI0 PO3B’SI3aHHS 3ajay, y SKUX HEBIJIOMOIWO € Jesika (QYHKITiS.
PosrnsHemMo piBHSIHHS, SIKI KPIM HE3aJICKHUX BEJIWUYMH 1 3JICKHUX BiJl HUX ITyKaHUX
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(YHKIIHA MICTATh TaKOX MOX1HI (qudepeHiiianm) Bl HeBIIOMUX (PYHKIIIH.

Bigomo, mo Taxi piBHﬂHH;{ Ha3UBaIOTHCS I[I/I(l)epeHHiaJ'ILHI/IMI/I a 3HaXOJKECHHSA
HEBIIOMOI (QYHKIIT — 1HTErpyBaHHSIM z[H(bepeHulaanoro piBHsiHHA. Po3poOka
METO/IIB 1HTeFPYBaHH}I z[H(pepeHulaanHx PIBHSIHb 1 JOCIHIJKEHHSI BIIACTUBOCTEU
iXHIX PO3B’SI3KIB € MPEAMETOM Teopii MudepeHIiaIbHUX PIBHSHb.

HaBenemo pgexinbka MpHUKIaNiB MaTeMaTMYHUX MOJIEJeH KIAaCHYHUX 3a]ad
MEXaHIKH.

Ilpuknao 1. Bu3HauuTu KpUBY NMPOTHMHY TOPU3OHTAIBHOI OANKH, OJAWH KiHElb
AKOI HarJlyxo 3akpilJIeHWH, a Ha IHIIMKA i€ 30cepemxkeHa cuia P (pucyHok 1)
(BacHOIO Baroro 0anku MOXHa 3HEXTYBATH, BUTHH OaKi MOKHA BBaYKATH HACTIIBKU

MaimM, mo y'> <<1).

Po3é’sa3anns. 3actocyeMo BIIOMHN 13 Kypcy OmOpy MarepiamiB (akT, sSKHii
MOJIATAaE B TOMY, LIO 3QJIEKHICTh MK KPMBHU3HOIO Ta 3rHHAIOYMM MOMEHTOM Ma€

BUI'JISAA.
' M(x)

- =
(1 4y )E El
e M (x)= P(l — x) — 3ruHal0Yuil MOMEHT B TIepepi3i X, OOUMCICHUI SIK pe3yabTaT 1ii

(1

30BHIIIHIX CHJI, pO3TaIlIOBaHUX CITpaBa Bij mepepisy,
E — Moxynb Ipy>KHOCTI,

[ — MOMEHT 1HepIIii TONePEYHOro epepizy.
A

A
A\ 4

A\ 4

T~

»
>

\ 4

A

Pucynok 1 — I'opusonrasbHa 6ajaka
Iincrasmsroun M(x) B piasuns (1) i Bpaxysasum, mwo 1+ y'> =1, omepsKumo

/r_i i
== ()

PiBusaHs (2) € nudepeHIiaibHUM PIBHSIHHS JIPYroro Mopsjaky, IO JOIMYyCKae
3HIKEHHS NOpSAAKY. [HTerpyemo ioro aBidi:

P
(x)=———(1-x)* +C,,
y'(x) 2EI( x) 1

P
y(x) = @(1 ~-x)’ +Cx + C,.

Jnis Bu3HaueHHs A0BUTbHUX cTamux Ci 1 C; 3aCTOCOBY€EMO MOYATKOBI YMOBH:
Dopux=0 y =0,
D)npux=0 y=0.
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I3 mepiioi ymoBH oaepxKumo
y'(0) =—P—12+ ¢, =0,
2EI
3BIJICH
P’
YU2EI
Tomi
P s P’
y(x) —E(l x)” + Ex +C,.
I3 apyroi ymoBu MmaeMo
y(o):P—ﬁ+C2 =0,
6EI
OTXKE,
PP
> 6EI
OcTaToyHO PIBHSAHHS KPUBOI MPOTUHY TOPU3OHTAIBHOT OAJIKM MAaTUME BUTIISIA
P , PI* PP
YOO = e T m T emr
abo
P 2 x’
y(x)= ST (lx 3 j :

Ilpuxnao 2 Bu3zHauuTu PIBHSHHS KPUBOi, B3JOBXK SKOI PO3MIIIYETHCS THYYKA
HEpO3TsDKHA HUTKA, IO 3aKpilJIeHa KIHISAMHU B JABOX TOYKax A(xo,Vo) 1 B(xi,y1) mia
JI€0 HaBaHTAXEHHSI, PO3IMOJALICHOr0 pIBHOMIpHO 3a ii AoBkuHOIO. [Ipudomy,
HAaBAHTAXKEHHS, 110 NMPUIIATAE HA OAUHUIIO JOBXKUHH, IOPIBHIOE g.

Po3zs’si3anns. Buningemo Ha kpuBiid eneMeHT ayru MN = dS (pucyHOK 2).

ﬁ y

H B(x
A(x T+dT

. Gds
T

3
>

PucyHok 2 — I'Hy4YKa HUTKA i/ Ti€10 HABAHTAKEHHS

Ha enement myru aitoTh Taki cuiau: B Touri M — HaTar 7', B Touli N — HaATAT
T+dT 1 cuna Baru ¢dS. 13 ymMOBU pIBHOBAaru, sika IoJisira€ B TOMY, IO CyMa

MPOEKIII CHJI Ha 0C1 KOOPJIMHAT IOPIBHIOE HYJIIO, BUILTUBAE:
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DX, =-T . +(T+dTl), =
Y, =T, +(T +dT), —qdS =0,

abo
—T.+T,+(dT),
-T,+T,+(dT), —qdS=0,
3BIIKU
dT), =0, (dT)y —qdS =0.

IToznaunmo 7y uepe3 H, a T, yepe3 V. Toal Bullle BKa3aHl PIBHSAHHS PIBHOBAru
3aMUCYIOTHCS Y BUTIISIL
dH =0, dV —qdS=0.
I3 piBuaHHA dH=0 BumuBae, mo H=const, TOOTO TOPU3OHTAIbHA CKJIa/J0Ba
HATATY HATKY € BEIMYMHA cTajna. [lo3Haummo depes o KyT, SKUil TOTUYHA 10 HUTKH B
toutli M cknaznae 3 Biccro Ox. Tofi 3 CHIIOBOro TpUKYTHHKA (PUCYHOK 2) Ma€EMO:

%ztga:y', V=y'H, dV=d(y'H)=Hy"dx.

Crany BenmmuuHy H BuHECeHO 3a 3HaK audeperiiany. Judepenmian nyru Mmae

BUI'JISAA.
dS =1+ (y")dx.

[incTaBnsitoun dV'1dS y npyre piBHSHHS pIBHOBAru, OJEpKUMO
Hy"dx = g1+ (y")*dx

y”=;§v1+(y32-

Opepxane piBHAHHSA € TU(depeHIiaIbHUM PIBHSIHHAM JAPYToro MOPsAKY, 110 He
MICTUTH HEB1IOMO1 (DYHKIIIT ).

abo

14

: : , dp .
[Toznaunmo ¢g/H=a 1 3aCTOCY€EMO MACTAHOBKY ) = p(x), )" = d_p PiBHsiHHS
X

3BEIUTHCSA J0 PIBHSAHHS MEPUIOTO MOPAIKY 3 BIIOKPEMIIOBAHUMU 3MIHHUMHU

BITHOCHO (QYHKIIIT p:
Z—p = a1+ p*.
X

[Ticst BiZOKpEMIIEHHS 3MIHHHUX OJIEP>KUMO
dp

Jiep?

[aTerpyemo onep:xane piBHSHHS:

=adx .

ln‘p+ 1+ p?

p+ [1+p ax+C1 (3)

I3 piBHOCTI (3) BU3HAYAEMO p:

=ax+C,,

3BIIKU
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(p+w/1+p2)-(p 1+ p? ) “x+c‘( w/1+p2),
1= eax+C1 (p /1+p )
D \/72 (ax+C1)

(p+ [1+p2 +(p /1+p ) (ax+C|) _e—(ax-i—C]),

p (ax+C1) —(ax+C1) ,
p= l(e(ax-kCl) _ e—(ax+C1) ): Sh(ax +C )
2 P
) d
OcCKUIBKH p :—y, TO
dx
d—yzsh(ax+ ). (4)
X

[aTerpyroun piBHsIHHS (4), 0AEPKUMO

y:lch(ax+C1)+C2,
a

y—-C, =lch(ax+C1).
a

Take piBHSHHS € PIBHSHHIM IEMTHOT JIiHIi.

Ilpuxnao 3. Bu3HauuTH 3aKOH NPSIMOJIHIHHOTO PYXy MaTepiaibHOI TOYKH
Macow m, sSKa TaJga€ B CEPEJOBHUII, OMNIp pPyXy B sAKOMy (cuiaa TepTs)
MPOMOPIIOHATIEHUN KBaApaTy MBHUAKOCTI. [lo4aTkoBi yMOBHM HACTyIHi: B MOMEHT
yacy =0 KoopArHaTa TOUYKHU JOPIBHIOE X, a IIBUIKICT Vo (PUCYHOK 3).

Po3zs’si3annsa. Ha matepiaabHy TOUKY J1FOTh TaKi CHJIU:

P - Bara marepianbHOI TOYKH, R - CHja OTOpY.

Pucynok 3 — Cuin, 10 Jil0Th Ha MaTepiaJIbHy TOUYKY

Byaemo BBakatu, 110 mpsMa, B3JOBXK SIKOT 3IHCHIOETLCS PYX TOUYKH, CITIBIAIA€
3 Biccro Ox, 1 HampaBUMO ii BEPTUKAJIBHO BHHU3. 3alMIIEMO OCHOBHE PIBHAHHSIM
NUHAMIKA TOYKU:
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mW =>F,,
hi(s ZFk — pIBHO/IIF0YA BCIX CHJI, 1110 J1OTh HA TOUKY, W — IMPUCKOPEHHS.

3a ymMoBOIO 3amaui R=kv?, P=mg, Toxi PiBHAHHA PyXy B IpOeKIii Ha Bick Ox
3aMUIIETHCS Y BUTIISAIL

dt’ dt
Ckopouyemo Ha m 1 0JIep>KUMO TUdepeHItiaabHe PIBHIHHS IPYTOro NOpsKy:
d’x k(dx’
T =8 1> (5 )
dt m\ dt
B SIKOMY BIICYTHS HEBiioMa (QYHKIIS X.
: dx d*x dp
3acTocyBaHHs MIACTAHOBKA — = p(t), —— =—— J03BOJISE 3HU3UTH TOPSIOK
dt dt dt
Tu(depeHIiaTbHOTO PIBHSIHHS:
dp k
=g~ _p )
dt
Binokpemitoemo 3MiHHI
d,
—p =dt ,
k>
g=——p

m

k

Jerpt
% kﬂ-ln ’Z:Hq. (6)
* Ne-plt

: : . : X
BianoBinHo A0 mo4aTkoBoi yMOBU MpH =0 MIBUIKICTh % = p(0)=v,, Tomy
t

Ja ok
L
c=L]m m

2\ k
¢ \/E_Voll;

THTErPY€EMO 1 OACPKUMO

1 piBHsIHHS (6) HaOyBa€ BUTIIS
Jz+p Jg +vpy ©
Lim UL L |m UL
2\ kg k 2\ kg k|
\/E _P\/7 \/g “Voq
m
dx

3a 10IOMOr010 €1EMEHTAPHUX IEPETBOPEHD BU3HAYUMO D = ?:
4
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k
\/§+V0\/7
8 \/E_Vo —
m
k
Jerpk
m
k
Je-pk
m
\/§+V0\/?
. \m
k
\/E_Vo —
m
k
\/§+p \/§+v0\/; 2;\/@
= . e '
g=py  Ng-vol
m
(\/gwo\/ﬂerm_[\@_vo\/ﬂerm
_dx _ |mg m m

“at ko —
(\/g+vo\/?Jet ke/m +(\/§—v0\/?]et kg/m
m m

[HTErpyt0UYm, OAEPKUMO 3arajabHUM pO3B’I30K

(\/g + v, \/Ejetm + (\/E -V, \/E}etm
m m

BukopucToBytour mo4aTkoBy yMOBY: x=xo npu =0, 3Haxoaumo C;:

x0:%-1n2 g+C,, C,=x, —%-mz\/g.

[\

B
o
~

3
5
+
S
s\»@

N | —
=I5
5
[l

SN

+C,.

m
t)y=—"-In
X0 =~

OcTaToyHO 3aMMCcyeEMO YaCTUHHUHN PO3B’ 30K qudepeHIiiaabHoro piBHIHHSA (5):

(\/Ew(,\/zje’v"g/’” +(\/§—v0\/E]e”kg/m + X, —%~ln2\/§,
m m

1 (etwlkg/m n e—t kg/m )+ v, il(etwlkg/m _ e—twlkg/m 1 + X,
\/ mg 2

m
t)=—"In|—
x(1) PR
chtkg/m +v, /i-shn/kg/m
mg

Ilpuxnao 4. Ha cepenuny npykHOi OaKH 3 3aKPITUICHUMH KIHI[IMA 3 BUCOTH
h=0,1m mnamae tarap. CraTuynuii mporuH Oanku Mg TsarapeM  O=1-107m.
BusHaunuTy piBHSHHS pyXy TArapa pa3oMm i3 0ajaKoro, BBaKAIOUH MPYKHY CHITY OaJIKH
IPOMOPLINHOK il MPOrMHY W HEXTyKud Barow Oaynku. Bick HampaBUTH BHH3 13

m
t)=—-In
x(?) .

+ X,

m
f)=—"-In
X0)=~
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MOJIOKEHHS] CTATUYHOI PIBHOBAru OAJIKH.

Po3é’s3anns. PosrnsHemo pyx Tsaraps Ha 6anui. Ha tsarap AitoTh AB1 cuiu:

P — Bara Tsraps, F'=cAf — npy>Ha cuia.

OO6upaeMo TMOYATOK KOOPJMHAT TaKUM 4YHWHOM, 1100 BiH CIIBIIaJaB 3
MOJIOKEHHSIM CTAaTUYHOI piBHOBaru tsraps, tomi F=c(0., + x). Ilpu x=0 P=
F=cd.p.

Toni nudepenitiagbHe PIBHSIHHS PyXy TATaps Mae BUTIIS:

2
m%zZFx =P-F=P-c(d,, +x)=—cx,
t
abo
d*x c
—_—=—X. 7
dt? m 0

Taxe piBHSHHS € TIHIKHUM OAHOPIAHUM IU(epEeHITIaIbHUM PIBHSHHSIM JAPYTOTO
NOPSAAKY 31 cTamuMH KoedimieHTamu. [l 3HAXOMKEHHS 3arajbHOro pO3B’S3KY
piBHSHHS (7) CKJIaJlaEMO XapaKTePUCTUYHE PIBHSHHSI

k=2,
m
KOPHI SIKOTO € KOMITJIEKCHO-CIIPSI’KEHUMU YHCIIaMHU

. ,C
kl’zzil' .
m

Toni 3aranbHuit po3B’A30K piBHAHHA (7) Ma€ BUTTISA:

lc e
x=C,cost,|[—+C,sint,|—,
m m

i:\/ L —\/ mg :\/5g = 9800 = 7042 .

m mé,,, mo,,,

cm

s 3naxomxeHHs cranux Ci, C; BUKOPUCTOBYEMO MOYATKOBI YMOBH:

1) mpu =0 %:vo =2gh=+2-98-0.1=1.4;

2) npu =0 x=x0= — dep=-1-107.

dx
@:—Cl\/zsint\/z+c2\/zcost\/z.
dt m m m m

3HaiigemMo E:
[3 mepmoi mouyarkoBoi ymoBu Mmaemo: x'(0)=1.4=C, 702, 3Bixkn
C,=~/2-107.
I3 gpyroi mouatkoBoi ymoBu BusHauaemo: x(0)=—1-107" = C,.
PiBHSIHHS pyXy TAraps pa3oM i3 6aTKOI0 Ma€ BUTIISA;
x=-1-10" cos(t70\/§)+ V21072 sin(t70\/§).

3acTocyemMo BiioMy 13 Kypcy TpUuroHoMmetpii popmyiy:
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acosa +bsina =+ a* + b sin(a + @),

e 1 =2
8P b
VY Hamomy BHIIAKY
\/ 2,12 _ 342 232 -2
@’ +b> =4(=1-107)% + (/2 -1072)% ~1.42-1072,
~1-107

AR
OTxe, 0OCTaTOYHO PIBHSHHSA PyXy TsArapa HaOyBa€ BUTJIS:
x(£) =1.42-107 sin(704/21 - 0.07).
Ilpuxknao 5. Tsarap Barowo 2.45 H miaBimieHuid 10 OPYXKUHH, KOE]IIIEHT

AKOpCTKOCTI sikoi craHoBuTh ¢=100 H/mM. Ha HbOro i€ BepTHUKaibHA CHIIA
F=1.8-sin 16¢. Bu3znauuty piBHIHHS BUMYIIIEHUX KOJIUBaHb TATapa.

i,

Y F

=-0.0707, ¢=-0.07,

e

Nl

A 4

Y

Pucynok 4 — Tsarap, nigBimeHnuii 10 npyxuHu

Po3zeé’azanns. Cxnagaemo mudepeHIiiaabHe pIBHSIHHS PyXy TATrapa:
d’x
m 2
dt
ne P — Bara Taraps, F) = c(d., +Xx) — ipykHa cuia, F' — BepTUKagbHa cuiia (PUCYHOK
4). Illpu x=0: P = F| = cd¢m, TOA nUPEpEHIliaIbHE PIBHSIHHS MICISI EPETBOPEHD
HaOyBa€ BUTIIA;

=P-F +F

d’x ¢ 1.8 .
—+—x=——sinléz,
dt m m
abo
2
d f+§x:1'8gsinl6t,
dt P
g _ 100-9.8 — 400; 1.8¢g _ 1.8-9.8 _79],
P 2.45 P 2.45
d*x )
—+400x="7.2sin16¢. (8)

dt
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PiBHsiHHSA (8) € MIHITHUM HEOIHOPITHUM JTU(EpPEHITIaIbHUM PIBHSIHHSAM JIPYTOro
HOPSAJKY 13 CIIELIATFHOIO MPABOI0 YACTUHOIO.

Kopui xapakrepucTuyHoro piBHsHHA k*+400=0 niHiiiHOr0 OJHOPIAHOIO
audepenuiagbHoro  piBHAHHA x"+400x=0, w0 BiamoBigae piBHSAHHIO (),
TOPIBHIOWOTH: k1 ,=%20i, k1=20i, kx=20i.

bynemo BM3HayaTH 4aCTHHHHWI PO3B’S30K HEOMAHOPIAHOTO AUGEpPEHIaTbHOTO
piBHsHHS (8) y BUTIISLIL

X=Acos16¢+Bsinl 6t.
3acTOCOBYIOUHU METO/I HEBU3HAUYEHUX KOe(iII€HTIB, [T1JICTABUMO
X=Acos16t+Bsinl 6t B piBusiHHA (8). s nporo 3Haiaemo X'1 X"
X'=-16A4sin16¢ +16Bcos16¢,
X"=-256Acosl6t —256Bsinl6t.
[Ticast micTaHOBKYM B AuQepeHIiaibHe piBHAHHSA (8) 01ep>KUMO:
—256Acosl6t —256Bsinl16¢ +400A4cos16f +400Bsinl16f =7.2sin16¢,
abo
144 Acosl6t +144Bsinl6f =7.2sin16¢. 9)

[IpupiBHsieMo KOoedillieHTH B JIiB1i Ta mpaBiil yacTuHax piBHAHHA (9) ipu cos16¢

1 sinl6z:

cos16t ‘ 1444=0
sinl6¢ 144B=7.2
Jlns1 3HaxoKeHHS 4 1 B 0Jep)KyeEMO CUCTEMY PIBHSIHb
1444 =0,
{ 144B=17.2.

I3 mepmoro piBHSHHS cucTeMU ofiepkyemMo, mo A=0, 13 npyroro — B=0.05.

ToMy piBHSIHHS BUMYIICHHUX KOJIMBaHb Mae BUTISA: X=0.05-sin16¢.

3BUYAHO, HABEJCHI MPUKIAAU € JIUIIEe HEBEJIUKUM IEePeIiKOM 13 BCHOTO
«apceHany» 3ajJada MEXaHIKH, [UJI1 PO3B’SI3Ky SKHX 3aCTOCOBYIOTH TEOPIIO
nudepeHialbHUX pIBHSAHB. AJie BOHM JI03BOJISIIOTH IPOJAEMOHCTPYBaTH OCHOBHI
MPUKIIAJIHI ACMeKTH, 1[0 HEOAMIHHO TMOB’S3YIOTh 3MICT MaTeéMaTH4YHOI OCBITH Ta
JUCIUIUIIH NpodeciifHOro CpsIMyBaHHS B Cy4YaCHOMY 3aKJjiaji BUIIOI OCBITH [2].

BucnHoBkwu.

[linOuBaroun MiACYMOK, MOKHAa 3pOOMTH BHCHOBOK MpPO T€, IO CKJIAIHICTh
MaTeMaTUYHUX MOJENIed MEXaHIKU TMOJSITae B CHHTE31 (PI3UYHUX, TECOMETPUIHUX Ta
IHIIMX XapaKTePUCTUK MeXaHIYHHUX IporeciB. lle mpu3BoauTh 10 HEOOX1THOCTI
3aCTOCOBYBaTH MaTEeMaTU4HY TEOPIIO B YCiil ii pi3HOMaHITHOCTI. B oHUX BUMaakax
JUISL 3HaXOKCHHS PO3B 3Ky MOJISN JOCTaTHRO 3aCTOCOBYBATH 1CHYIOUYl METOIHU a B
THIIMX — TOTPiIOHA pO3pOOKa HOBOTO MAaTEMATUYHOTO arapary.

Jluteparypa:

1. Apmara, O.0. Metoauunuii Mmaxig 10 Po3poOku MpoOJieMHOI JIeKIli Ha
temy: «{udepenmianbue yncnenus». / SWorldJournal. Issue Ne7, Part 4. — P. 28-36.

2. Ilpuknanna mexanika: HapdaybHUM 1ociOHuK / FO.A. Otpom, J[.O. Crynax,
C.B. ITo3nees. — Yepkacu: Allb, 2013. — 164 c.

ISSN 2663-5712 60 www.sworldjournal.com



SWorldJournal Issue 11 / Part 2 /\]::"'"j: V)

Abstract. The implementation of interdisciplinary integration of higher mathematics and
theoretical mechanics is an urgent problem of the modern technical university. It is this approach
in teaching academic disciplines that ensures the relationship between them both at the level of
theoretical knowledge and at the level of various types of practical activities.

The article deals with the implementation of interdisciplinary integration of higher
mathematics and theoretical mechanics in the system of higher education. An analysis of the
applied component of the theory of differential equations is carried out when compiling a model of
mechanical processes and methods for solving such models. Examples of mathematical models of
some classical problems in mechanics are given. When solving such models, special attention is
paid to the theoretical aspects of mathematical education as a factor in the formation of the
foundation of interdisciplinary relations.

Key words: differential equations, mathematical models of mechanical processes, horizontal
beam, chain line, forced vibrations.
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Anomayia. B pobomi po3enAHymo ycepeoHmeHHs Yy CMOXACMUYHUX OuepeHyianrbHux
pieHAHHAX Oe3 nicasA0ii nio Jiclo 308HIWHIX ikcosanux sunaokosux eeaudut. Ilomim ys mexwika
008e0eHb nepeneceHa HaA YCepeOHeHHs Ol CMOXACMUYHUX OughepeHyianbHO-YHKYIOHATbHUX
pieHsAHb NI i€l 308HIWHIX 30ypenb muny eunaokosux eeaudur (C/{OPBB).

Kniouesvte cnosa: cmoxacmuuni oughepenyianoHi piHsaHHS, 308HIUHI 30VPEHHS, KBAZLNIHIUHI
CMOXACMUYHi cucmemu 3 Maaium napamempom.

Beryn

VY GaraTh0X MaTeMaTHUYHUX MOJEISIX PEATbHUX TEXHIYHUX CHCTEM PiBHSIHHS
HAOJIMKEHHS HE € «KOPCTKUMY», TOOTO Malli 30ypeHHs mapaMeTpiB MOXKYTbh IPUBECTH
SK JI0 CUMIITOTUYHOI CTIMKOCTI, TaK 1 0 HECTIMKOCTI CTaHy PiBHOBAary.

JI1s1 X JOCHIIPKEHHS y JeTEpPMIHOBAaHOMY BHUIIAJIKY 100pe 3apeKOMEHTyBaB cede
MeToJl ycepenHeHHs1 boromoboBa-Mutponosbebkoro-Kpunosa-Camoitienka [1].
[eit MmeTox BUSIBUBCSA JIIEBUM 1 JJIsl aHAJII3Y BUNIAJKOBUX 30ypPEHb.

Bnepme Ha cnabky KOMIAKTHICTh MIp JUIsi PO3B’A3KIB CTOXACTHYHHUX
mudepenuianbHux piBHsAHb (CP) 3 manum napametpom 3BepHyB yBary L.I. I'ixman
[2]. HacTymmHUM BaroBUM BHECKOM y PO3BUTOK METOJY YCEpETHEHHS NJsl PiBHIHB 3
BUIMAJIKOBUMHU TapameTpamu € MoHorpadis P.3. Xacmuucekoro [11]. Tyt
pO3po0JIeHUI amapaT aHalli3y HOPMOBAaHUX BIJAXWUJICHb BIJ PO3B’S3KY PIBHSIHHS
YCEPETHEHOI0 PYXY.

Ha piBHSHHS 31 CKIHYEHOI) Ta HECKIHYCHOIO TICISAIEI0 3TajlaHi BUIIE
pe3yabTaTH po3noBclokeHi y MoHorpadii €.D. [{apkosa, B.K. fAcuncekoro [10].

B naniit po6oTi mpoBeneHO OmMUC Ta OOTPYHTYBAHHS alrOpUTMY MOOYIOBU
MTOBHICTIO CIIPOIIECHUX PIBHSHB JUIS KBa3UIIHIMHUX CTOXAaCTUYHHUX CHCTEM 3 MajuM

napamerpom € = 0,

1. Ycepennenns nos CIP 0e3 micasigii 3 BpaxXyBaHHAM 30BHILIHIX 30ypeHb
THILY BUNIA/IKOBUX BeJIMYMH

Haii6inpm 1xeamizoBanoio ¢gopmoro CJ/IP 3 manuMm mnapameTpoMm MiJ €0
30BHIIIHIX 30ypeHb THUIy BUINAJKOBHX BEIMYUH Ha 0a30BOMY HMOBIPHICHOMY
npoctopi (12, F, {F, t = 0}, P) e CAPBB Burmsiay
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dx(t,w) = e[p(w)a(t, x(t, w)dt + Y(w)b(t, x(t, w)dw(t, w)] (1.1)

3 IIOY4aTKOBOIO YMOBOIO
x(to, @) = xo(@), (1.2)

ne te€ R, x(t,w):[0,0)x2—RL e€(0,¢), w(tw)[0,0)xQ—-R -

CKaJIApHUI CTaHJApTHUI BiHepiBchkmii mpouec; @(w),P(w):Q — R - 3oBHimHI

He3aJIe)KH1 BUIAKOBI BEJIMUMUHU B W (T, @) 31 CKIHUEHUMHU APYTUMUA MOMEHTAMHU
E{p?(w)} = K, < o0; E{*(w)} = K, < oo. (1.3)

VY noganpioMy BUKIIAJ B IbOMY IyHKTI ciitye MoHorpadiswm [2], [10].
IIpunyctumo, mo
I) dynkuii a(t, x), b(t, x) BuMipHi 3a cyKymHicTIO 3MiHHEX [2], [10];

1) dyukmii a(t, x),b(t,x) 3a10BONBHAIOT, MOAU(DIKOBAHY TII00ANIbHY YMOBY

Jlinmmwrs BUTIIS LY
K*[la(t,x) —a(t,y)|* + [b(t,x) — b(t,y)|*] = LIx —y|?, (1.4)

ne K* = max {K;, K5} ;
1) dynkuii a(t, x), b(t, x) 3aJ0BONBHSAIOTH YMOBY PIBHOMIPHOT 0OMEXEHOCTI B

HYJ
K*[la(t,0))2 + |b(t, 0)|?] < d? < oo;

IV) HezanexHi ¢ (w) ta Y (w) Big w(t, @) 3a70BOIBHAIOTH YMOBY (1.3).

Cunpauit po3s’sizok C/APBB (1.1), (1.2) mo3nauumo x(t,s,x), ne x(s) = x -
o4YaTKoOBHi po3B’si30k x(t, w) (1.1), (1.2).

V) B aKoCTI moYaTKOBUX JAaHUX X (S, @) cliaye OpaTy BUIAIKOBI BEJIMUUHH, SIKI

BOJIOAIIOTH APYTUM MOMEHTOM
E{x*(0,w)} = K3 < oo, (1.6)

BUMIpHI BIIHOCHO G-anreOpu F Ta HezanexH1 Bi w(t, ).

VI) [pamoemo 3 F; - MiHIMaJIbHOIO G-anredOpor0, BIAHOCHO $KOi BHUMIpHI
npupoctu (t,w) — w(s,w),t > s = 0, Ha Biapisky [0,T] Ta ska mictute Fy ,
F; 2 F,.

3ayeascennn 1.1. Ilpouec x(t,s,x; w) y3romxeHuil 3 notokom {F;,t = 0} nus
BCiX Fj -BUMIpHUX X, @, P Ta t > s = 0 [10].

[Ipunyctumo, 1mo piBHOMIpHO 1o S = 0 Ta X 3 JOBUIBHOI Kyl (DIKCOBAaHOTO

paziyca iCHy€ 3 UMOBIPHICTIO OJUHUIIS TPAHULIS

>
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P {a}: Tlim %f;w o(w)a(t,x)dx = a(x, a}}} = 1. (1.7)

O3nauenns 1.1. Bunaakose nudepeniiiaibae piBHIHHS
dx(t,w) = p(w)a(x,w)dt (1.8)

HA3BEMO PIBHSIHHSM BHUITAIKOBOTO ycepeaneHoro pyxy (1.1), (1.2).

HacTtynHuii pe3yabpTar 3 BpaXyBaHHSM 30BHIIIHIX BUMAIKOBUX 30ypeHb MOXKHA
3HAWTHU y ApyTiil yacTuHi MOHOTpadii [2].

Teopema 1.1. Hexaii Ha HimMoBipHiCHOMY Oasmci (2, F,F.t = 0}, P) 3amaHo

CIPBB (1.1), (1.2), sixe 3agoBosibHsie ymoBaM [)-VI), Ta kpim 115010:
VII) ¢ynkuis a(t,x) aBidi HemepepBHO audepeHiiiioBaHa MO X, MPUUOMY
Apyra noxigHa 3aJ0BOJIbHsIE yMOBY JIIMIIUIA piIBHOMIPHO IO X, a came

d%a(tx) 3%a(ty)
dx? dy?

< Llx — yl; (1.9)

VIII) nnsa Gyas-sikoro po3B’sizky (1.8) x(t,w) mns Beix t € [0, T] BUKOHYETHCS

CIIBBIHOIIEHHS 3 UMOBIPHICTIO 1:

.lsiggw_;f; p(w)[a G,f(r, cu)) — a(x(t,w))]dt = 0, (1.10)
'15'123) f;qo(w} Aa G,f(r,m}) dr = f;g(r,cu)dr; (1.11)

lim [ y(w) b G,f(r,m}) pT G (1, m})dr — [*f ) f T w)dr; (1.12)

£—0
ne f(t,w) - HemepepBHi MO T MaTpU4H1 QYHKIIT 3 HMOBIpHICTIO 1.

Toni npu e—0 HOpMOBaHa Pi3HUILT
1 _ _
ne(t,w) = 7 [qo(cu}x G,U, x([])) — x(t, cu}] (1.13)

cnabo 30iraeTbcsi 3 HWMOBIPHICTIO 1 A0 PO3B’SI3Ky 1 JIHIMHOTO HEOJHOPITHOTO
CTOXaCTUYHOTO PiBHSHHS

dn(t, w) = (@) g(t, w)n(t, w)dt + P (@) f(t, w)dw(t,w), (1.14)
ne w(t, w) - crangapTHUI N-BUMIPHUM BUMAaIKOBUHN miporiec [5].

Teopema 1.2. Hexait BukonanHi ymoBu [-VII teopemu 1.1., a 3amicTh yMOBHU
VIII BukoHyeThes riobanbHa MoaudikoBana ymosa Jlimmmig II-III, icaye (1.8) 3
yMmoBH VI Ta, npu goctaTHbo Manux € > 0 Ta V £ = 0 mMae Miciie HEPIBHICTh

2
t _ t s 3 B
k2|, a(z,x))ds — [, a(x(s))ds| = ci(e, (X +a?), (1.15)
npudoMy i koxHoro t = 0 lim ¢; (g, t) = 0.
E—C0

Toni icuye Taka ¢ynkuis g;(s,T) , o npu AeIKoMy & > 0 Ta JOBUIBHUX
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€ € (0,&9), T > 0 BUKOHY€THCS HEPIBHICTD

E sup |x(t 0, x([]}) —x(st}| < g,(5,T)(|%(0)]% + a?), (1.16)
0= t_

HpUYOMY IpHU KOKHOMY T' > 0

lin%gl(g,}"} = 0. (1.17)
E—

Jlosedenna. Hamouarky, BUKOPUCTOBYIOUM MAapTHHIajJbHY BJIACTUBICTD
CTOXACTUYHOTO 1HTerpaa [5], 3anuiiemMo HepiBHICTh
2
E { sup |x(t,0,%(0)) — x(et)| }
O=7=t
. 2

< 2¢2{ sup le[a(s,f(Es}} — a(x(es))]ds

O=t=t
0

O=s=t1

+4e?K, f E{|b(s,x(s})|2}ds +2e?K L tf E sup 1x(s,0,%(0)) — %(es)| }
0 0

(1.18)
s po3B’sizky (1.1), (1.2) HecknagHo oTpumaTy o1iHKYy [10]

sup E{|x(s, 0, 2(0))|° = go(e, ) (IZ(0)|?) + a?), (1.19)

O=s=1
npuiomMy  Ijid Bcix T >0 npu JesskoMy ¢ > 0 BHKOHYETbCA TI'pPaHUYHE

CIIBBITHOIIIEHHS

lim g, (£,%) = C(T). (1.20)

=0

Tomy mnpu geskomy @ >0 1a VT >0 Ta p»ocratTHpbo ™majaomy &£ = 0

BUKOHY€ETHCSI HEPIBHICTh

2Ky [E(b(s, x())|Yds = QT (1£(0)2 + a?). (1.21)

3anummioch 3 BpaxyBaHHsAM oTpuMaHux (1.19)-(1.21) 3actrocyBatu no (1.18)
neMy ['ponyosia ta pesynbtat (1.15) BumiuBae 3 piBHOMIpHO 0OMeXeHa HEPIBHOCTI
(1.18), sixro nmokactu B (1.16) t = T /e. Teopema noBeneHa.

Teopema 1.3. (Sx nacnigok Teopemu 1.2). Hexaii
A) B ymoBax teopemu 1.2 a(t, x) = A(t)x, marpuus A(t) piBHOMIpHO 0OMeXKeHa

sup A(t) < cy; (1.22)
0=t=T

B) 3apoBonbHs€ ymoBi Jlinmus mo t
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K> ||A(t) — At = Ly [ty — t5l; (1.23)
C) Mae micrie rpaHU4HEe CITiBBITHOIIICHHS
lim sup || 7" Ky(A(de - B = o; (1.24)
T—oo £=0 T

D) nnsa Y (w)b(t, x) BUKOHYIOThCS yMOBH Teopemu 1.3 3 iimoBipHicTIO 1 3 @ = 0.

Tomi nmns koxkHoro T >0 Ta BCIX JOCTaTHRO Maux &£ > (0 BIKOHY€EBCS

HEpIBHICTh
2
E{ supr(t,[],f(U)) — %(et)] "} = g1 (e, T,|%(0) |2, Ky, Ks), (1.25)
O=t=—
PHYOMY
lin%gl(g, T,K{,K;) = 0. (1.26)
E—
Jloeeoenna. HepiBuicTh (1.16) BUIIIMBABE 13 CMIBBIAHOIICHHS
. t s\ i\ ds _
LE%&E?JKI Jo [(A (E) A)]e ds| 0. (1.27)

ITpu koxxHOMY (pikcoBaHomy T > 0 mJist 1OBUTBHOTO & > 0 MOKHA BUOpATH Take
uypcnao A= 0, mo marpuuHa (yHkuis exp (As) Oyae BiApi3HATUCA BiJi KyCKOBO-
cranoi pyukuii f(t) = exp (AkA) npu t € [kA, (k + 1)A),k = 0,1,2,... [10]

Toxi o4yeBHIHA HEPIBHICTD
t
J14C) =l -l - rllas = est,
0

a B CWJIy TOBUIBHOCTI § > 0 IOCTaTHBO MOKa3aTH, L0

lim sup || [1(4()-4)f()ds|| e -a (1.28)

e20 0=¢=T
pH JesIKOMy ¢; = 0.
Teepmxenns teopemu 1.3 Oyne noBeaeHo, sikmo npu ¢ikcoBanux T > 0 Ta

A= 0 Mae Micl€e CITIBBIIHOIIEHHS

T

[5]

im > | % (4 ()~ 4)as| -1l = o,
0

k=0
ne [+] - uina yactuHa yucia.

Jlami ciigye mOBECTH CIiBBIAHOIICHHS
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_ )4 _
” (DA g ( (3) —A) ds” = Ef[g_j) K, [A(r)— Aldt || =
T 1.29
< K A sup * 1’/£[A(r) — A]dr” -0 (1.29)
=0
npu € — 0 Ta koxxHOMY A> 0 32 ymoBoro (1.27).
Tomy oueBnaHO, 10 npu € — 0
[g] (k+1)A s+1/e
s _ € _
Z K (4(2) - A)ds|| < Tk sup||~ | [A(x) - Alds|| - o.
£ s=0 A.
k=0 || xA - s

3Bigku Bimpasy BurumBae (1.26) 3 BpaxyBanusm (1.27)-(1.30). Teopema
JI0BEJICHA.

2. Ycepennenns y C1®P 3 BpaxyBaHHAM 30BHIIIHIX 30ypeHb THILY
BUIA/IKOBUX BeJINYHH

Hexait Ha ¥moBipHicHOMY Oasuci (2, F,{F,t = 0},P) 3amano CIADP mnpu

BUIAQIKOBUX 30BHIITHIX 30ypPEHHIX
dx(t,w) = e|lo(w)a(t, x,)dt + P(w)b(t, x.)dw(t,w)] (2.1)

3a MMOYaTKOBOIO YMOBOIO
x(t+6)=pE)| ,_, npub € [-7;0]. (2.2)

Tyr x, = {x(t+6)} npu 6 € [-r;0]; a(-,),b(+,")- BUMIpHI BiTOOpaKEHHS

R, X D — R™, mo 3a0BUIBHSIOTH TJI00QNIBHY MoaudikoBaHy ymoBy Jlinmui (1.4)

3 IT) Ta ymoBy piBHOMIpHOI 0OMexaHocTi (1.5) 3 I1II).
Byaemo BUKOpHCTOBYBaTH PIBHOMIPHY METPUKY

lall = sup la(@)! 23)

[HITI TO3HAYEHHS CITIBIIAAIOTh 3 TO3HAYCHHSIMHU ITyHKTY 1.
Hust @ € D([—7; 0]) mo3raunmo Ha dyHKIio & = a(0).

X, = x(t)nns Bcix 6 € [—1;0].
[opsan 3 CAOPBB (2.1) po3risiHeMo piBHSIHHS
dy(t,w) = e[p(w)d(t,y(t, w)dt + P(w)b(t, y(t,w)dw(t, w)] (2.4)
3a MOYaTKOBUMH yMoBamu (2.2).
Tyr a(t,y(t)) = a(t,5.); b(t,y(®) =b(t,7); ¢(@),Y(®) - momapro
He3aJIe)KH1 BUMAIKOBI BEJIMUMHU Bl BIHEPEBCHKOTO mporecy w(t, w) Ha t € [0, ).

Hexaii Bukonytothcst ymoBu [-VII nmynTka 1 Ta icHye
lim =TT Kya(t x)dt = d(x). (2.5)
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[Topsin 3 CADPPBB (2.4) po3riasiHeMo piBHSHHS YCEPEIHEHOTO PyXY
d(t, e
B0 — ()i (t,w)) (2.6)
abo
dx(t) = K a(x (1)), 2.7)

ne Ky = sup|o(w)].
weln

[lepur HIK OIIHUTH HOPMOBAHY PI3HULIIO

1e(0) = =[x (£, 0.a) - x(t,0,a(®))] 2.8)

J0OBEJIEMO TOTIOMIXKHE TBEP/KECHHS.
Teopema 2.1. SIxmio BukoHytoTbcs ymoBH (1.4), (1.5) npunymens ILIIT myHTKY
1, To nnst Beix € € (0,8y), @ € D[—1;0], K;, K, > 0T1aT > 0 mist pi3HUI pO3B’SI3KiB

(1.1), (2.4) mae miclie HEPIBHICTh
E{supK"|x(t,0,a) — y(t,0,a(0)) |2} < g(e, T, K )e2(llall + B2), (2.9)
0=5=T

ne g(e, T,K™) 3a0BOJIbHSIE YMOBY

lim g(e,T/e,K™) = ¢(T) < oo. (2.10)
E—C0

Jloeedennsa. J11ia ckopoyeHHs 3anucy BBeAeMO no3HaueHHs [10]
al(t), akmo t € [—1r;0/;
ey~ {°W w0t [0
x(t,0,a), AKmo t > 0;

a(t), axmo t € [-1;0];

() = {y(t, 0,a(0)), axmo t > 0. (2.10)

CHP (2.4) cuigye po3yMmiTH, SIK CTOXAacTHYHE (DYHKI[IOHAJIbHE PIBHSHHS
INixmana-Ito, a came: s V t > 0 (Vt € [0,T])

y(t, @) = y(0) + [, p(w)a(s,y(s,w))ds + () [, (s, y(s, ))aw(s,®) (2.12)
MIpHU TTOYaTKOBI# yMOBI (2.2).
BukopuctoByroun Bifomy HepisHicth (a + b + )% < 3(a? + b? + ¢?) [10],

MapTUHTAJIbHY BJIACTUBICTh CTOXACTHUYHOTO 1HTerpany [5], ymoBy Jlimmung (1.4) Ta
YMOBY PIBHOMIpHOT 00MekeHHOCTI (1.5) MOXHaA OTpUMaTH HEPIBHICTH
E{ sup |y(t, )|2} < 3[IB(0)|? + 221(1 + 4K, B2 +

0=t=T
+2£2(L,f1{*)(r+4}f; E{sup |y(t,w)|*}ds. (2.13)
0=t=s
3acTocoBytoun jJemy ['ponyoiia, otpumaemo 3 (2.13) HacTynHy HEPIBHICTh
. T s
E{ sup [y(t,)|?} < g, (&=, K") (IB(O) |2 + a?), (2.14)
0=t=T
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ae ling)gl(g, T/e,K") = c;(T,K") < oo mnsi Bcix T = 0.
E—

Amnanoriuno (2.14) o6uncimumo sup |y(t + T, w)|? Ta, B3ABIIM MaTUMaTHYHE
—Tr=T=
r<t=T

criogiBanHs E{-}, orpumaemo
E(sup [y(t+1,0) =g, (7K ) (B@) +a®), (@215

r=t=T

ae l'mg)gz (e,T/e,K™) = c(T,K") < oo.
E—

O6’ennaBiy 181 HepiBHOCTI (2.14), (2.15), 3rigHo (2.13) oTrpumaemo
E{ sup y(t+1,0) —y(t )} =

—r=1=0
r<t=T

=3e2(r + ra? + 62 () (r + Drg. (e, T,K)(|0) % + a?) =

29, (&, T, K (IB(0)> + a?).

Jlai Mo>kHA TIPUCTYIUTH 70 JIOBEICHHS HEepiBHOCTI (2.9)
HeBaxxko, BUKOPUCTOBYIOYH BHUIIE HABEJEHY TEXHIKY, OTPUMATH ISl PO3B’SI3KY
x(t,w) piBHsHHA (2.1) HepiBHICTD TUMy (2.14).

(2.16)

A oTxe aiis BCiX OyJIeMO MaTu HEPiBHICTb
T

BLsup [y(t, @)~ x(6, )} = 3t | BllaCs, ) ~ als, 3))ds +

0=t=7
0

T

+12e2K}? f E{|b(s,ys) — b(s, ¥.)|*}ds =
0
<3eX(T+4)L/K'E{ sup |y(t+1,0)—y(t,w)|?}+2rK, E{ sup |y(s)|2} +
T e
t

T
+3€2(—K* + 4)K, f E{Osgp ly(t,w) — x(t, m}lz}ds.
=t=s
0

Jlami, 3acTOCOBYIOUM ISl BUIIE OTPUMAHOI HEPIBHOCTI, Jemy ['ponyosia
OTPUMAEMO HEPIBHICTH (2.9). Teopema 2.1 noBeaeHa.

Teopema 2.1 Ta pe3ynbratu MyHKTY 1 JaayTh HaCTyITHE TBEPIXKECHHS.

Teopema 2.2. Hexait BUKOHaH1 yMOBHU TeopeMu 2.1 Ta KpiM TOTO:
A) BimoOpaxenHs a(t,ff) naBiul HenepeBHO audepeHiiiioBane 3a dpemie 3a

APYTUM apryMEHTOM, MPUYOMY JIpyra MOXiJHa 3aJ0BOJbHIE YMOBY JIimmmmuis
PIBHOMIPHO 110 ¢
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2%a(t.By) _ 8%a(tB:)| _
3B; g2 1182 = Bl (2.17)

B) nna  ngoButbHOro po3B’s3ky  (2.6) mnpu  Becix t € [0,T] BHUKOHYEThCS

CIIBBIIHOIIICHHS
. 1 t T =— o —
lim EID K;[a (;,xr) —d(x(t))]=0;

E— 00

51_1’1301{1 f; va G,f(r)) dr = f;g(r)dr;
tim (K7 [D(E,Tb"C %) = [ FOFT (Ddr,
ne g(t) Tta f(t) - HemepeBHI MaTpuuHi ¢yHKIl, iHAEeKC T o3Hauae
TpaHCIIOHYBaHHA, d(t, x) = a(t, §)| B(0)=x"

Tomi mpu & — 0 HOpMOBaHa pi3HUIL ci1ab0 30ITAETBCS OO PO3B’SI3KY

HEOJHOPITHOIO CTOXACTUYHOTO PiBHIHHS
dn(t,w) = @(w)g(t)n(t, w) + Y(w)f(t)dw(t, w).

BucHoBkHmu.

B nyskrti 1 obrpyHTtoBano ycepennenHs st C/P 0e3 micasmii mig miero
30BHINIHIX BHUMAJAKOBUX BeJIMYMH. B myHKTI 2 cdopmysiboBaHI AOCTaTHI yMOBHU
ycepennenHsa st CJIDP 31 ckiHue€HHOI MICIAMIEI0 MMiJ €0 30BHIMIHIX 30ypeHb
TUITY BUQJIKOBHUX BEJIUYHH. Pe3yJIbTaTh HOCATh TCOPETUUHUIN XapaKTep.
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COMPARISON OF MACHINE LEARNING ALGORITHMS FOR

PREDICTING MORTALITY FROM COVID-19 VIRUS
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Anomauin. Y cmammi nposedeHo NOpieHAHHS eheKmusHoCmi Memooié MAUUHHO2O
HasuaHHs Ha npukiadi Odaunux nowupenus Covid-19. Poszenanymo wuacmynui aneopummu
MAWUHHO20 HaABYaHHA: JNo2icmuyna peepecis (Logistic Regression), memoo onopHux 6exmopis

(Support Vector Machine), eunaokosuii nic (Random Forest), memoo K-cepeonix (K-Means). J{ns

NOPIBHANHH MOOefell SUKOPUCIAHO aKypamuocmi nobyooganux modenei. Bci cmamucmuuni
odocnidicents y pobomi nposedeno mogor R Programming.

Kniouogi cnosa: memoou MawunHo20 HA84AHHSA, BUNAOKOBUIL JIiC, MEMOO ONOPHUX 8eKMOPIE,
Jocicmuyuna peepecis, memoo K-cepeonix.

Beryn

Kpuza B cepi oxopoHu 310poB’si HaOyJia BEITMYE3HOIO MaciiTady BHACIHIOK
citoBoi manaeMii Covid-19. Cutyaiiist B CBITI 3MYyIIIy€ JIFOJICTBO MOMIPKYBaTH HaJl
TUM, IO MOKHa 3poOWTH, 100 3pOOUTH JEOJAEH OUIBII MIATOTOBICHUMH Ta
3aXMINEHUMHU B1JI aHAJOTIYHUX CHUTYyallill B MaiOyTHboMy. IIpoTsirom 2 ocTtaHHIX
POKIB TaHJEMii OJIHIE0 3 OCHOBHHUX IIpoOJieM, 3 SIKOK CTHUKAIOTHCS MEIUYH1
MpAaliBHUKH, € NePIIUT MEIUYHUX PECYpCIB Ta iX eeKTUBHUIN po3noaul. Biamnosii
Ha 0arato TUTaHb MOXXHA OJEPKATH NUIIXOM 3aIyYCHHS METOJIB MAIIMHHOTO
HABYaHHS /10 MPOTHO3YBaHHS IMOBEIIHKM KpuBOi 1H(iKyBaHHs BipycoM Covid-19.
TakuM YMHOM CTajJ0 MOXKJIMBHM JIOIIOMOTTH JIIKapsiM Ta KEPIBHHUIITBY JEp)KaB Y
oprasizailii MpaBWJIbHOI CTparerii 00poThOU mpoTu nomupeHHs nangaemii Covid-19,
TOOTO CTAJI0 MOXKJIMBUM BPSITyBaTH OLIbINE JIFOJACHKUX KUTTIB. OCHOBHOIO METOIO
JTQHOTO JTOCIHKCHHS € IMTOPIBHAHHS METO/IIB MAaIIMHHOTO HAaBYaHHS 3 Ta 0€3 yUHTes
Ha TpuKIaal KoHKpeTHHX pgaHuX. Jlani mnpo mnomupenHs Covid-19 BuGpano
BUKJTFOYHO 13 I[IKaBOCTI JI0 TAHOTO HAIPSIMKY JOCII/DKeHb Y Halll yac.

1. Onuc BXiZHUX JaHUX

JlaHi, BUKOpHCTaH1 JjIs1 MOOYJAOBH METOJMIB MAIIMHHOTO HaBYaHHS y JaHIH
poboti, orpumano 3 matdhopmu Kaggle (https://www.kaggle.com/). Kaggle —
CUCTEMa oprasizaiii KOHKYpCiB 3 JOCHII)KEHHs JaHUX, & TAKOX COLlalbHa Mepexa
(daxiBiiB 3 0OpOOKM AaHUX Ta MAIIMHHOIO HABYAHHS, SKa HAJICXKHUTh KOproparuii
Google 3 Oepe3nst 2017 poxky. Jlani https://www.kaggle.com/tanmoyx/covid19-
patient-precondition-dataset?select=covid.csv sBIsOTE 000K 1HGOPMAIIID PO
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nali€HTa, 1CTOPi0 PI3HUX 3aXBOPIOBaHb Ta 3BMYKHU NallieHTa. ba3za gaHUX MICTUTH

iHpopMmartiro npo 563201 namienTa ta 23 arpudyTH (CTOBIILI) A KOXKHOTO 3 HUX. Y

naHoMy nociipkerHi Bukopuctano 20000 3anucis Ta 10 HacTynHUX aTpUOYTIB:
Taoauus 1 - lani

Sex Crartp naricara 0 — 9os0BIK, 1 — KIHKa
Died [Tomep/He moMep marieHT 0—-NO, 1-YES
Pneumonia [TueBMOHIA 0—-—NO, 1-YES

Age Bik

Diabetes JliaGet 0-NO,1-YES
Asthma AcTtMa 0—-NO, 1-YES
hypertension I'ineproHis 0—-NO,1-YES

other disease [T 3aXBOPIOBAHHS 0—-NO, 1-YES
cardiovascular | CepueBo-cyaunni 3axsoproBaddsa | 0 — NO, 1 — YES
Tobacco Kypiaas 0 —NO,1-YES

2. Ilonepennst 00podKka 1aHUX

JIisi TIpOBENIEHHS CTAaTHUCTHYHOTO aHamizy Ta moOyaoBu ML wmomenmedt st
MOYaTKy HE0OX1HO MPOBECTH MOMEpPeIHI0 00poOKy nanux. ToOTO Maiike BCl 3MiHHI
€ 6iHapHuMuU. HeoOxigHO X BiAMOBIAHO MepeKoAyBaTH, A¢ 0 — o3HAYa€ BiJICYTHICTh
3aXBOPIOBAHHS a00 3BUYKHU, a | — MO3HAYa€ HASBHICTh 3aXBOPIOBaHHA a00 MIKIIITHBOT
3BUYKkH. KpiM TOro jaHi MICTATH 0araTo MpOIMyIIEHUX 3HA4Y€Hb, SIKi MO3Ha4YeHO «97,
98, 99, 9999-99-99». VYci 1i 3HaYeHHS NMOTPIOHO BUIAIMTH, TaK SIK BOHH MOXYTb
3HAYHO CIIOTBOPHUTH PE3yJIbTATH aHATI3Y.

3. Kpurepii nopiBHsinHs aaropurmis ML

VY nmaniif poOOTI J71s1 MOPIBHSHHS MOOY/I0BAHUX MOJIEICH MAITMHHOTO HaBYAHHS
BUKOPUCTAHO Accuracy a00 TOYHICTh MOJEIl MAIIMHHOTO HaBYaHHS — II€
BUMIPIOBAHHS, SIKE BHUKOPUCTOBYETHCS JUISI BU3HAUCHHS, sIKa MOJENb HaiKparie
BHU3HAYAE 3B’SI3KM Ta 3aKOHOMIPHOCTI MDK 3MIHHUMHU B HAOOpi JaHMX HA OCHOBI
BXITHUX a00 HaBUaJIbHUX JaHUX (TpeHyBaJlbHUX). UuM Kpalie MoJenb MOXKe
y3araJlbHUTH «HEBUJIMMID» JIaHi, TAM Kpallll MPOTrHO3H Ta 17ei BOHA MOXKE JaTH, 1110, Yy
CBOIO Uepry, MpUHece OUIBIITY IIHHICTb.

4. Onuc pe3yabrartiB

JIist moyatKy Bci 3MiHHI, OKpiM Age, npuBeneMo 10 ¢aktopHoro tumy. Ilicas
BUJIAJICHHSI MPOIYIIEHUX 3HauYeHb Ta BUOOpy 20000 marfieHTIB IJig aHali3y Ma€eMo
OCHOBHUM TOKa3HUK — 12,5% mnaifieHTiB, Kl MOTPANWIM 10 JIKapHi, HE BUKUIU
nicist 3axBoproBanHs Covid-19.

4.1. Pe3ynomamu moodeni nocicmuynoi peepecii (LR)

[Toxinumo mani Ha HaBuYaIbHY (60%) Ta TectoBy (40%) BUOIpKH Ta MOOYAY€EMO
JIOTICTUYHY PErpeciiiHy MOJIeb CIIOYaTKy ISl TpeHyBajabHOI BUOIpKH. OTXKeE, 3T1THO
3 pe3yJbTaTaMu MOJIEN JIOTICTUYHOI perpecii Mo)KHa 3p0OUTH HACTYITHI BUCHOBKHU:

e HaiiOunb1nii MO3UTUBHUM BIUIMB HA CMEPTH MAIIEHTA MAlOTh HAsSBHICTh
niabeTy, THEeBMOHII Ta Bik marfieHTa. YuM OLTBIINM € BiK TaIli€eHTa — TUM
O1IIBIIIO0 € HMOBIPHICTH cMepTi martienTa Big Covid-19.

e [lamieHTH )XiHKM MarOTh MEHIITY HMOBIpHICTh cMepTHOCTI B Covid-19. Ctath
naIfieHTa, HasBHICTH A1a0eTy, MHEBMOHIT Ta BIK MAIliEHTa € HAWO1IbII
3HAYyHIMMU OKa3HUKaMHU, SIK1 BIUIMBAIOTh Ha 3MiHHY died.
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e HasBHICTb rinepToHii Ta IHIIUX 3aXBOPIOBAHb € MEHII 3HAUYIIMMH 3MIHHUMHU
3a nonepeaHi. ToOTo 111 MOKa3HUKK MAaIOTh MEHILUI BIUIMB HAa HMOBIPHICTh
CMEPTHOCTI Malll€HTA.

e [[ixaBMM BUCHOBKOM € III€ 1 TOM (haKT, 1110 aCTMa y TalllEHTa Ta HOTro KypiHHSA
HE MaroTh BIUIMBY Ha 3MiHHY died. ToOTO KypIil MOXKYTh OyTH CIOKIHTHUMU, 1151
IIK1/IJTMBa 3BUYKA HE Hapa)kae ix Ha OUIbITY HEOE3MeKy.

e 3acrocyBaBiy MoOy0BaHy MOJIEINb JIOTICTUYHOT perpecii 10 TeCTOBOI
BHUOIpKH, 6aunmo, mo AIC mokas3Huk 3MeHIuBCs Maibke Ha 2000, 1o €
MOKa3HUKOM aJICKBATHOCTI MOJIEIII.

3a pomomororo QyHkIi predict cporHo3yeMo WMOBIPHICTh JIETATbHOCTI JIS
narieHTa xiHkua 80 pokiB 3 yciMa HasIBHUMU 3aXBOPIOBAHHIMU:

predict(lTogmodel, data.frame(sex = "1", diabetes = "1", tobacco = "1",
pneumonia = "1", age = c(80), asthma = "1", other_disease = "1", hypertension =
"1", cardiovascular = "1"), type = "response')

1

0.6538167

OTxe, IMOBIPHICTh CMEPTI TaKOi MaIlieHTKH — 65%. A WMOBIPHICTb JIETATHHOCTI
s 80 pivyHOi marieHTKH Oe3 koaHoro 3axBoptoBaHHA — 9%. s 30 piunoi
MalieHTKA 0€3 KOTHOT0 3aXBOPIOBAHHS — HMMOBIPHICTH JIETAIBHOCTI CTaHOBUTH 0,9%.

TakuM 4YMHOM, OTPUMAaBIIM JaHy JIOTICTUYHY MOJIE€Nb MOKHA MPOTHO3YBAaTH
nepebir 3axBOPIOBaHHSA JJIi TAIlIEHTIB PI3HUX BIKOBUX TPyl 3 PI3HUMHU
3aXBOPIOBAHHAMHU. TakKMM YMHOM MOHA BCTAHOBHUTH, /10 SIKHX HACITIIKIB MOXeE
npu3sectu Bipyc Covid-19, sikimio He mpuilMaTu 3axo0/iB BaKIMHAIli Ta 130JIALI1
HaceneHHs. Takui AOCTIAHUIIBKUM MiAX1A SKpa3 1 J03BOJIAE 3arjsiHyTH Harepes,
3HAIOUM BIJCOTOK HACEJIEHHS 3 PI3HUMHU CYINyTHIMH 3aXBOPIOBaHHSIMH, Ta
BCTAaHOBUTHU HEBIIBOPOTHI HACIIIIKH 3aBYACHO.

Tounicte abo akypaTHiCTb MOOYJIOBaHOiI MOeNl CcTaHOBUTH 89,68%. TobOTo
nucriepceis 3anexHoi 3MinHoi died Ha 89,68% mosCHIOETHCS HE3aIC)KHUMU 3MIHHIMU.
Takuii pe3ynbTaT aKypaTHOCTI MOJIEJ HA TIPAKTHUII € TOCUTh BUCOKHUM.

4.2. Pe3ynivmamu memooy onopuux eexkmopie (SVM)

AHAJIOTIYHO /10 MOJIEN JOTICTUYHOI perpecii, anrOpuT™M MAIIMHHOTO HAaBYAHHS
SVM e xnacudikatopom [1]. ToOTo Hamie 3aBgaHHA TMoOJArae B TOMY, HI100
noOyioBaHa MOJIEb KiIach(iKallii MaKCUMaJbHO TOYHO Kilacu(iKyBaia BXIJIHI JAaHi.
3aBAsSKM MOJEINI JIOTICTUYHOI perpecii MU yKe 3pOoOMJIM BHUCHOBKHM MPO TE, ILIO
HaliHe0e3MeuHIIIMMY MOKa3HUKaMu JiJis naiieHTa 3 BipycoMm Covid-19 € HasBHICTD
MTHEBMOHIi, J1a0eTy Ta MOBaXHMUIM BiK mnaimieHTa. OTxe, HE MNOTPIOHO JOBro
nmikyBatucs Baoma Big Covid-19, Tak sk JTOBeIEHHS 3aXBOPIOBAaHHS JI0 PO3BUTKY
MTHEBMOHIi 30UIbIITIye WMOBIPHICT JieTanbHOCTI y 9,7 pa3ziB. HasaBHicTh n1abety y
naiieHTa 30UIbIye KMOBIPHICTD JIeTalbHOCT1 y 1,6 pa3iB, a HagBHICTH acTMU — Y 0,75
pasiB.

[lepexonumo 1o HaByanHs Moxaeni SVM. CkopucraeMocss METOIOM
trainControl(). Ile#t MeTronq J03BOJMTH  KOHTPOJIOBAaTH BCl  OOYHUCIICHHS.
Knacudikarop moginue tectoBy BHOipky Ha 2 rpymu — 0 ta 1 3a 3minHOO died.
Tob6to 0 — marieHT 3 MEBHUMHU 3aXBOPIOBAHHSMU HE TIOMpe, | — TaIlieHT MoMpe.
Tounicts mobynoBanoi moneni SVM cranoButh 88.9%.
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4.3. Pe3yivmamu eunaoxoeozo iicy (Random Forest)

Anroputm RF — e anroputm ML 3 yunrtenem nns knacudikaiii ta perpecii. Sk
BHUJIHO 3 HAa3BW, I aJIrOPUTM BUIMAIKOBUM UYHHOM CTBOPIOE JIC 13 KUIBKOMa
nepeBamu (Decision Trees, DT). Ananoriuno, y knacudikaropi RF, uum Oinbiue
JepeB y Jicl, TUM OUIbIIa TOUHICTh pe3yibTatTiB [2]. [Ipoctumu cnoBamu, RF Oynye
kinpka DT (Tak 3BaHMii JIC) 1 CKJIEIOE iX pa3oM, 00 OTpUMATH OUIBLI TOYHHHA
nporuo3s. Jlic, skuii BiH Oynye, siBisie cO00r0 HAOIp JepeB PIllICHb.

Kpoc-Banminamisi abo mnepexpecHa MepeBIipKa BUKOPUCTOBYETHCS JUISL OIIIHKH
e(eKTUBHOCTI MOJENI 3a JONOMOTOK HaBuUalbHMX JaHux. [lounHaemo 3
BUIAJIKOBOTO TOJAUTY JaHUMX HaBYaHHS Ha 5 YacTUH OJHAKOBOIO pO3MIpY, SKi
HazuBaroThes «folds». lami Moxens HaB4yaeTbcs Ha 4/5 naHux 1 mepeBIpSAETbCA i
TOYHICTh Ha 1/5 pganux, siki Oyio nponyiieHo. [oTiM 1eil nmpouec MOBTOPIOETHCS 3
KOXKHUM PO3JIJIEHHSIM JaHUX. 3PEIITO0, BIJICOTOK TOYHOCTI ISl ITSTH PI3HUX
PO3UTIB JTAHUX YCEPETHIOEThCS, 100 OTPUMATH CEpPEAHI0 TOYHICTh. bibmioTeka
Caret sxpa3 1 BUKOHy€ onmucaHuil anroput™M. Caret aBTOMaTUYHO BUOMPAE 3HAUCHHS
rinepmapaMerpa «mtry», sike € HalOUIbII TOYHUM TIPH TepexpecHii mepesipii. Ha
BUXOJ1 3 mtry = 2 cepelHs TOYHICTh cTaHOBUTH 0,8921117, abo npubauzno 89.2%.
[e natiBuie 3HaueHHs, Tomy Caret BUOHpae 11e 3HaUYCHHS.

4.4. Pezynomamu memooy k-cepeonix (k-means)

AnropuTM KiacTepu3allii k-means HaCTYTTHUM:

1. 3aBaHTaXuTH JaHI Ta ONpaloBaTH iX (IPUBECTH JI0 BIANOBIAHOTO THITY,
BUJIUIUTH MPOITYIIECHI 3HAYCHHS).

2. O6upaemo 20000 manux s gociipkeHHs Ta ctoBmi 2 1 4 (died, age) mis
MIPOBEJICHHSI KJIacTepu3allii JaHUX cMepTHOCTI 1o Biky Bij Covid-19.

3. Bu3Hayaemo KUIBKICTh KJIACTEPIB 32 IONIOMOT0I0 METOAY JIKTH.

Bu3Ha4vyeHHA KiNbKOCTi KnacTepis

Cyma kBagpatie
4e+08 6e+06 Be+06
1 ! !

2e+06
!

O“““o—;o
‘—0———o~—o—o—70io_o—o—~o

Oe+00
1

T T T T T T T
2 4 6 8 10 12 14

KinkKicTe knacTepis

Pucynok 1 - BuzdHayeHHs1 KIJILKOCTI KJIacTepis

JIyisi BU3HAYEHHSI KUTBKOCTI KJIACTEPIB BHUKOPHCTAHO METOJ JikTa. HeoOximHa
KUTIBKICTh KJIACTEPIB JIOPIBHIOE 3, TaK K MPH IIbOMY 3HAYCHHI BiI0yBAETHCSI 3HAUHHIMA
[IEPETUH KPUBOL.
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4. JlituMo BXiJHI 1aH1 Ha 3 KJacTepu:
PesynbTtart knactepusadii K-Means Ha 3 knactepu

120 o
100
80
S 60 A
40 - g A
20 3 g
o - i
[ [ [ | [ [
00 02 04 06 08 10

died
Pucynok 2 - Pe3yabTaTt KjIacrepusamii

[leHTpH KIacTepiB € HACTYITHUMU:

died age
1 0.05322156 40.696462
2 0.01042287 6.808219
3 0.26476578 63.948614

Merton k-cepeanix kiactepusye aaHi 3 TouHicTio 87,6%. Lleit BicoTok € Miporo
3aranbHOi gucnepcii B HaOopi nanux. HactynmHa TtaOmuist moka3ye OTpUMaHi
aKypaTHOCTI KOXKHOI 3 TOOyJOoBaHMUX MoOjenei. TakuM YWHOM, MOKHA 3pOOHTH
BHUCHOBOK, IO Halkpaimie s pO3MISHYTUX y poOOTI JaHHX Mpalioe MOJEINb
BUITAJIKOBOTO JIICY, TOYHICTh SIKOTO CTAaHOBUTH 89,2%.

Tabuanus 2 — Pe3yJbTaTi aJropuTMiB

Model Model Accuracy
Logistic Regression 0.8912824
Support Vector Machine 0.8885
Random Forest 0,8921117
K-Means 0.876

BuchoBku.

MeToau MAalIMHHOTO HABYaHHS CTPIMKO PO3BUBAIOTHCA — MIOAHS KpaiHu 3
HAWOUIbII PO3BUHEHUMHM €KOHOMIKaMH CBITY BKJIAJalOTh 0arato pecypciB y
BIIPOBA/KEHHS KOMIT IOTEPHUX «MI3KIB» Y KUTTEISIBHICTh TIOAUHU. TakuM 4nHOM
CIIeIiajicTaM CTaJId BIJIOMI JOCI HEBIJIOMI B3a€MO3aJIE)KHOCTI B JaHMX. Baknuso,
3aCTOCOBYBAaTH LI 3HAHHS JUIA PO3BUTKY MEIMLUHHU. AJpPKE, MEIUYHA Taly3b 3a
octanHi 30 pokiB, Ha ’Xajb, He HaOyja TAaKOro CTPIMKOTO PO3BUTKY, SIK TEXHIUHUN
porpec.

VY nmaniéi cTarTi MPOBEAEHO MOPIBHSAHHSA €()EKTUBHOCTI METO/IB MAaIIMHHOTO
HaBYaHHA Ha npukiaal ganux nowupeHHs Covid-19. PosrasHyTo HacTymHi
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QITOPUTMU MAIIMHHOTO HaB4YaHHs: JorictuyHa perpecis (Logistic Regression),
MeToa omopHUX BekTopiB (Support Vector Machine), Bunagkosumii mic (Random
Forest), meton -cepennix (K-Means). Jlyis mOpiBHSHHA MOZENEd BHUKOPUCTAHO

aKypaTHOCTI TOOYI0BaHUX MOJeNeil.

Jliteparypa:

[1] Anandhanathan, Praveen & Gopalan, Priyanka. (2021). Comparison of
Machine Learning algorithm for COVID-19 Death Risk Prediction. 10.21203/rs.3.rs-
196077/v1.

[2] Edureka courses https://www.edureka.co/blog/random-forest-classifier/
[EnexTpoHHUI pecypc]

Abstract. The article compares the effectiveness of Machine Learning Algorithms on the
example of Covid-19 distribution data. The following Machine Learning algorithms are considered:
Logistic Regression, Support Vector Machine, Random Forest, K-Means. The accuracy of the
constructed models was used to compare the Algorithms. All statistical studies were conducted in
the R Programming language.

Keywords: Machine Learning, Random Forest, Support Vector Machine, Logistic Regression,
K-means.
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Anomauin. Y cmammi po3ensioaromocs NUMAHHA w000 He2amugHO20 BNIU8Y HA 300pP08 s
JIOOUHU CMAHy Npupoonoeo cepedosuwa. llokazano Ak 3anexcumsv 300p08°s  HACENEHHS
8i0N0BIOHO20 pecioHy Bi0 eK0N02IUH020 cmaHy 008KiA. [Iposedeno ananiz eKono2iuHUX YUHHUKIG
ma ix 63a€EMO038’A30K i3 PO3BUMKOM CYYACHUX X60pob. Ilpoananizoéano 0il0 NpupooHo2o
HABKOIUWHBO20 Cepedosuya Ha OKpeMi epYnU 3aX80pI8aHb, AKI I3 HUM N08 A3aHi. 3anponoHoeano
3acobu npoQinakmuku w000 NONepeodI’CeHHs X60po0, AKI BUHUKAIOMb BHACTIOOK He2amueHo20
BNIIUBY HABKOJIUULHLOSO CepedosUyd, NOIPULEHHS 1l020 eKOJIO2IUHO20 CIAHY.

Kniouosi cnosa: 006xinis, 300p08°s, AHMPONOSEHHI YUHHUKU, HPUPOOHEe cepedosuiye,
X80poou, 3a0pyOHeHHs NOGIMps.

Beryn. Ha cran mrogunu, Ha 11 340pOB’ s BIUIMBAE MpUpoHe cepeaonuiie. CTaH
3JI0POB’Sl HACETIEHHS € MMOKA3HUKOM COIIaJIbHO — €KOHOMIYHOTO PO3BUTKY HE TUTHKH
perioHy, a ¥ yciei kpaiHu, HEBII €EMHOIO CKJIAJIOBOIO PIBHS Ta SKOCTI JKUTTS JIIOJEH.
bpynna Boma Ta 3a0pynHEHE MOBITPs, HEAKICHA 1Ka Ta JyKe BHUCOKa abo Iyxke
HU3bKa TeMIEpaTypa MOXYTh 3aBAAaTH IIKOAY 3J0POB’I0. 3JI0pOB’A JIFOJWHH
BU3HAYAETHCSI HACTIIbKU BAXJIMBUM, IO LISl XapaKTEPUCTUKA NEPLIOK BXOAUTH O
1HAEKCY JIOJCHKOTO PO3BUTKY, SIKUH BU3HAHWN YHIBEPCAJbHUM IMOKA3HUKOM pPIBHS
COLIIAJIBHOT'O PO3BUTKY KpaiHM.

XXI cTonITTSI XapakTepu3y€eThCsl 3pOCTaHHAM 11 aHTPOIOIN€HHUX YMHHMKIB Ha
moauny. [IpoxoasTe riaodalibHi 3MIHU Y KUTTS CYCIUIBCTBA BHACTIOK IMOSIBU HOBUX
TEXHOJIOT1M, YNpPOBA/XKEHHS Y BHUPOOHUIITBO HAWHOBINIUX JOCSATHEHb HAyKH 1
TEeXHIKH, SKI CHOPHUSIIOTh BJIOCKOHAJICHHIO TEXHOJOTIM Ta 3pPOCTaHHIO BHPOOHMIITBA,
O1JIbLII TOBHOMY 3a/I0BOJIEHHIO MTOTPEO Jto1eH, 3011bleHHI0 KoMpopTy. Pazom 3 M,
BUHUKAIOTh PU3UKHU JJISl 3710POB’Sl HACEJIEHHS, a 1€ — 3a0pyJHEHHsI MOBITPS, BOJIU Ta
IPYHTY, 3HUILEHHS JIICIB, MOSBa HOBUX XIMIYHHUX CIIOJIYK, 1110 HETaTUBHO BILUIUBAIOThH
Ha 3JI0pOB’S JIOAEH, 3MEHIIYIOYH TPUBATICTh iX JKUTTA, [0 CTaBUTH MiJ 3arpo3y
ICHYBaHHS JIIOJJMHU SIK 010JI0T1YHOTO BUY.

Merta cTaTTi nmoJyiira€ B aHaJli31 HEraTUBHOTO BIUIMBY €KOJIOTIYHUX YMHHUKIB Ha
OCHOBHI TIOKa3HUKHU 3/J0pOB’Sl HAceJeHHS Ta 3aco0iB iX YCYHEHHs 1 MiHiMIi3allii,
HUIIXOM TPO(]UIAKTUKHY 1 HOPMYBaHHS €KOJIOTTYHOI CBIJJOMOCTI.

OcHoBHMiI TekcT. BoimHcbka 005acTh cepell perioHiB YKpaiHU BBaXKA€ThCS
OJIHIEIO 13 HAMOUIBIII €KOJIOTTYHO YUCTOIO, MIPOTE €KOJIOTIYHA CUTyallld B 00yacTi 3
KOXXHUM POKOM YCKJIQJHIOETHCSA, HE CYMICHA 31 3J0POBUM XUTTAM. B obnacti
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PO3BUHYTI TipHUYOA00yBHa, MAIIMHOOY/iBHa, JICOBa Ta JEpeBOOOpOOHa ramysi
npoMucioBocTi. [IpamoloTe TakoX MIAMPHUEMCTBA XapyoBOi Ta MepepoOHOi
MPOMUCIIOBOCTI, Oy/lIBEIbHUX MatrepialiiB. Y pe3yibTaTi BUPOOHUYOI AISUIBHOCTI, 3
HEJOCKOHAIMMU €HEPro Ta pPEecypco3aTpaTHUMU TEXHOJOTISIMU, MPOMUCIIOBI
HiANPUEMCTBA, OCOONMBO Ti, SKI PO3TAIIOBaHI MOOJIU3Y >KUTJIOBUX pAailOHIB, €
3a0pyaHIOBaYaMH JOBKLUIA. SIK MpaBMIIO, 1€ MOTY>KHI JKepesa BUKUIIB IIKIITUBUX
pedoBuH B atmMocdepy. [llopiuno B atmochepHe moBiTpst 06acti morparuisie 5,3 Tuc.
TOHH TOKCHMYHMX XIMIYHMX croiayk. B 11-x wmicrax, ne mnpoxuBae Mmaibke 30%
HaceJeHHs o0JacTi, piBeHb 3a0pyJHEHHS MOBITPS 3HAYHO MEPEBUILYE TPaHUYHI
nomyctumi konuentpauii (I'’1K).

HaiiGinpi BUpoOHMYI MOTYKHOCT1 30cepemkeri B mictax Jlyneky, Kosen,
HoBOBOJIMHCHKY, MIANPUEMCTBA SAKUX CKUJalOTh y Bojgodmu 0,472 wmuH M3
3a0pyJIHEHUX CTIYHUX BOJ. 3a OCTaHHI POKHM B MICBKUX CTIYHMX BoJiax B 3,2 pas3u
3pociia KiIbKICTh CBUHINIO, Y 2,8 pa3u — mijal, B 2,1 — Hikento, B 1,5 — IUHKY.

AHaJi3 BIUIMBY €KOJOTIYHUX YMHHUKIB HAa HABKOJUIIHE NMPUPOJHE CEPEIOBHILEC
CBIJJUUTH PO T€, IO XapaKTep MaciiTadiB iioro 3a0pyIHEHHS B 00J1aCTi € BUCOKHUM, a
€KOJIOT1YHY CUTYAIlll0 MOYKHA OXapaKTepU3yBaTH SIK KPU30BY, IKa PO3TOPTAETHCS MpU
E€KOHOMIYHIN HECTaOlTbHOCTI, 3arOCTPEHHI COIllaIbHUX Ta MOJITUYHUX TPoOsIeMm,
IHTEHCUBHOTO 3a0pyJHEHHS CEpellOBUIA ICHYBaHHSA JIIOJIMHA HETAaTUBHUMH
YMHHUKaMH. 3 OIJISily HAa HaBEACHE, aKTYaJbHICTh B3a€EMO3B’SI3KY €KOJIOTTYHOTO
CTaHy JOBKIULJIS Ta CTaHy 3/10POB’ Sl HACEJIEHHS PET10HY 3POCTAE.

Exonoriunuii cTaH mpupoHOTO CepeoBHIna, cepel (hakTopiB, 0 BU3HAYAIOTH
piBEHb 3aXBOpIOBAaHOCTI, 3aiiMae maibke 20%. o 70-80% xBopoO mnoB’s3aHi 13
BIUTMBOM KOMIUIEKCY €KOJIOTIYHUX Ta NpodeciiHO—BUpOOHHYHNX (PaKTOpiB, SKi
MOETHYIOTHCSI 31  CTPECOBUMH, HEPBOBO-TICUXIUHUMH  TIEPEBAHTAKEHHIMH,
BPaXOBYIOUH CYYacHY €KOJIOTIYHY HAMPY>KEHICTb.

3aleXHICTh 3aXBOPIOBAHOCTI JIFOAWHU BiJ BIUIMBY JOBKULIS, B SKOMY BOHAa
3HAXOJUTHCS, 3YMOBIOIOTH (PAKTOPH MPUPOTHOTO CEPEIOBHUINA Ta COIAJIbHI
bakTopH, 110 MOETHYIOTHCA 13 010JIOTITYHUMHU, Y T.4. 1 criagkoBuMH [3, c. 156].

3a OCTaHHI POKM AHTPOIOI€HHE HAaBaHTAKEHHS HAa IPUPOJHE CEPENOBUIIE €
HeOe3neyHuM JiJisi 3710poB’s. EKoJIOriYHUN CTaH MOro OIIHIOETHCSA 3a KOMILIEKCOM
MOKa3HUKIB, 30KpeMa, 3a CTPYKTYpOI 3aXBOPIOBAHOCTI JTOPOCIOT0 1 JUTSYOTO
HACEJICHHS, CMEPTHICTIO, YacTOTOI0 BpOJKEHUX Baj, TEHETHMUYHUX MOPYIICHb,
NOpYyUIEHb IMyHHOI CHCTEMH, KOHLEHTpPAILIE0 TOKCUYHUX PpEYOBUH Yy pI3HUX
O10JIOTIYHMX CEPEeNOBHUINAX JIIOAMHU TOMIO. BCTaHOBUTH 3aJ€XKHICTh CTaHY
HABKOJIMIIIHBOTO CEPEIOBHUINA 1 3/T0OPOB’sI HACEIIEHHS MOXKHA 3a 1HJIEKCOM 3/I0pOB’S,
00 € KUIbKICHUM NOKa3HMKOM CcTaHy 310poB’s [1, c. 42]. 3a yMOBM NOBHOIO
Omaromosydysi JOBKLUIA, 1HAEKC 370poB’S CTaHOBUTH 65-70%. ApantuBHi
MOKJIUBOCTI OpraHi3My JIOJUHH € I1HTETPAJIbHUM TIOKa3HUKOM 370pOB’s. Y
3arajJbHOMY OpraHi3M JIIOAMHH JIOCUTh J0Ope MPUCTOCOBAaHUM /O 3MiH
HABKOJIMITHBOTO CEPEIOBHUIIA 1 II€ € OCHOBHOIO 03HAKOIO T0OPOTO 3/I0POB'S.

€pporneiicekuii  eHTp BOO3 3 HaBKOJWIIHBOTO CEpPEOBUINA 1 370pOB’SA
HACEJICHHs JIJIs OIIIHKH 3B’SI3Ky MK HUMH PEKOMEH]Iy€ OCHOBHI TPYIIH 1HIUKATOPIB,
a came: cTaH 3J0pOB’s (CMEPTHICTb, 3aXBOPIOBAHICTh, IOIIMPEHICTH XBOPOO);
Gbi3uuHe cepeioBUIle (3a0e3MeUeHHS KUTIIOM, SIKICTh TUTHOT BOJIM Ta aTMOC(EPHOTO
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MOBITPsA, pajiallis, IIyM), YMOBH IIpalll; 3aXHCT 3J0pOB’s (3a0e3medyeHHs SKOCTI
MPOAYKTIB XapuyBaHHs); CIIy>kOM OXOpOHH 310poB’s [5, c. 206].
AHani3yloud HEraTMBHUI BIUIMB aHTPOINOTEHHUX YWHHHUKIB Ha OCHOBHI
MMOKa3HUKHU 3/I0POB’ Sl HACEJICHHS, MO>KHA BUIUIUTUA HACTYITHI HAITPSIMKH:
— Ha COMAaTHYHOMY pIBHI — TOTIPIIEHHS CTaHy 3J0pOB’S B pe3yJbTaTi
HECHPUATINBOI €KOJIOTIYHOI CUTYyaIlli;

— Ha TICUXIYHOMY PiBHI — TMOTIPIICHHS] CTaHy 3/I0POB’S BHACIIIOK CTPECOBHUX
CUTYalliil, 3yMOBIICHUX TEXHOI€HHUMHU aBapisiMU Ta Katactpopamu;

— Ha COIIaJIbHOMY PiBHI — HEBIJIMOBIAHICTIO MK 0OCSATOM 1 SIKICTIO JOCTYITHUX
MEJUYHUX MOCIYT 1 peaJbHUM CTAaHOM 3JJ0POB’Sl HACEJICHHS.

Ha cran 310poB’s HaceleHHs Ta TPUBAIICTh JKUTTS Ma€ BIUIMB EKOJIOTIYHA
cutyanis. Ekornoriuni  mpoOnemu  BonuHcbkOi  00jacTi  CHOpigHEHI 13
3arajJbHOIEPKABHUMHU IpoOjeMaMu YKpaiHu, aje W MarTh CBOIO YITKO BHPAXKEHY
BIIMIHHICTb.

Yactuna Bonuncekoi o6nacti — lanpkuii Hamionanbauil napk, 30Ha pexpeariii
JUTST BITUM3HSHUX Ta 3apyODKHUX TYPHCTIB, a TaKOX 3HA4YHA TEPUTOPIS BOJHO—
OOJIOTHHX yT1/Ib MI>KHAPOTHOTO 3HAUYCHHSI.

Tpanckopoonune 3abpyonenns 600. BHacCIIIOK TPOXOKEHHS TEPUTOPIEIO
obnacti ['omoBHOro €BpOMENCHKOTO BOJOMALTY, O00JACTh OTPUMYE YACTKOBE
3a0pynnenHns 13 JIbBiBcbkoi (p.p. 3aximauii byr ta Ctup) i1 PiBHencwkoi (p. Ctup)
obnacteil. Y pesynbrari 3a0pyAHeHHs p. 3axiaHuil byr, sika Mae TpaHCKOPAOHHE
3HAYCHHS, MOXYTh BHHHKHYTH MDKHApPOAHI MPOOJIEMH TakK, SK CYIPOBOJKYETHCS
TEXHOJIOTIYHUMH 1 PYKOTBOPHUMH aBapisiMu U 3a0pyAHEHHSM IMOBEPXHEBUX BOA 1
IPYHTY, BHACliIOK TPAaH3UTY HAPTOMPOAYKTIB TPyOONpOBOAaMH, IO MPOXOAATH IO
TEepUTOpIi 00JIACTI.

Tpanckopoonune 3aopyonenus ammocgepu. Sx TpUKOPAOHHA 00JIACTS,
Bonune mnpuitmae Ha cebe TpaHCKOpAOHHUI mepeHoc 13 3axomy 1 Cxomy
3a0pyIHIOIOYUX PEYOBUH 1 TMOXIJHUX BIJI HUX — «KHUCIHX OMAaJiB», HAMPYKCHHUM
TPaH3UT aBTOTPAHCHOPTY Ta JOJATKOBE 3a0PYIHEHHS MOBITPSI.

3a ocTaHHI POKHM HAMITWJIACh TEHACHIIS 13 301IbIIICHHS BUKHU/IIB 3a0pYTHIOIOUNX
pedoBUH B atMocdepHe mnoBiTpsa. OCHOBHUMHU 3a0pyJHIOBAaYaMH IOBITPs Oyiu
MIIIPUEMCTBA CUIBCBKOTO, JIICOBOTO Ta PUOHOTO TOCMOJApCTBa, MIANPUEMCTBA
nepepoOHoi, J00YBHOI IIPOMHUCIOBOCTI Ta pPO3pPOOJICHHS Kap’epiB, a TaKOXK
HiANPUEMCTBA-TIOCTAUYaIbHUKN Ta3y, EJNEKTPOCHEeprii, Mapu Ta KOHIAEHCOBAHOTO
noBiTpa. Ha Hux mpumnanae monan 74% 3aranbHo obOnacHMX BukuaiB. HaitOinbima
JacTKa BUKHAIB (Bl 3arajbHOTO 00CATY) TIpUNajajia Ha MIATPUEMCTBA
KisepmiBcekoro (6,9%), Jlokaumncekoro (11,4%), Manesunpkoro (12,0%) Ta
Bonogumup—Bonuncekoro (12,8%) paiioHis.

3a0pynHeHHsT aTMOC(EpHOTO TMOBITPsI BIUIMBAE HA 30POB’S JIOJIMHUA PI3HUMHU
[IUISIXaM# — BiJ] IPSMOi HETAalWHOI 3arpo3u J0 MOBUILHOTO MOCTYIIOBOTO PYWHYBaHHS
CHUCTEM IKUTTe3a0e3neueHHs opranizmy. llocrtiiiHi aTtMocdepHi 3a0pyIHEHHS
HECIIPUSATINBO BIUIMBAIOTh HA 3arajibHy 3aXBOPIOBAHICTH HACEJICHHS, Y CTPYKTYpi
KO BCE MOMITHIIIUMHU CTAIOTh XBOPOOH, IO TOB'I3aH1 13 3a0pyAHEHHSIM JOBKIJIJIS.
Bucoka mnommpenicth xBopoO y Jlympkomy, JlroOommbcbkomy, Kamiap —
Kamupcokomy, PatHiBcbkoMy Ta ['opoxiBcbkoMy paiioHax, HaWHWXK4Ya — Y
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Bonoaumup — BoimmacbkoMy, CTapoBHKIBCBKOMY Ta TypiiCBKOMY.

MacoBe 3acTocyBaHHS MiHEpaJbHUX JOOpUB 1 XIMIYHHUX 3aCO0IB 3aXHUCTy
POCIIMH TIPU3BENO 10 TOSIBU OTPYTOXIMIKaTiB B arMmocdepl, IpyHTax 1 MPUPOTHUX
Bojax. Ha Ttepuropii oOmacti 30epiraerbcs moHan 520 TOHH 3a00pOHEHHX Ta
HETIPUJIATHUX NMECTUIMIIB, SIKI BITHOCITHCS 10 HEOS3NEYHUX BIAXOIB PI3HUX KIIAciB
HeOe3MeKu.

[IpocTexxyeThCsi TEHAEHINA 13 30UTBIIEHHS OOCSTIB CKHIAHHS Y BOJONMHU
o0JjacTi HOPMATHUBHO OYHUIICHWX 3BOPOTHHX BOJ, I[0 HETAaTUBHO BIUIMBAIOTH Ha
SAKICHUM CKJIaJl BOAM, OCOOJMBO Yy KOHTPOJIbHMX cTBOpax pidok Ctupy, Typii,
[Tytunieku, [pyanika, JIyru ta I'nunoi Jlumnmu.

KinpkicTp 3a0pyAHIOIOYMX PEUOBHUH Y BIAKPUTHUX Bojoimax y 2021 pori, y
nopiBHsHHI 13 2020 pokoM, 301IbIIMIIACKE 110 HITpUTAX y 2—3pa3u, 1o cyiabdarax —2—
5 pasu, aMOHiII0 COJILOBOMY — 2—3 pa3u, MarHiwo — 2,5-3 pasu.

I3 1500 mnpoanamizoBanux mnpod TpyHTIB [BaHIUiBChKOTO, [ OpPOXiBCHKOTO,
Bonomumup — BonMHCHKOTO palioHIB Ha HASBHICTh BaXKKHX METAJIB BUSBICHO
nepeBuieHds I'JIK mo miai y 167 npo6ax, mo crtanoButh 11,2% Bifg yciei KiIbKOCTI
poo.

310pOB’sl HACEJNCHHS MOKHA OIIHUTH TaKUMH TTOKa3HUKAMH, SIK CEpEeaHs
TPUBAJIICTh KUTTS MPU HAPOJKEHHI a00 MICIsS JOCATHEHHS MEBHOTO BIKY, 3arajbHa
CMEpPTHICTh Ta CMEPTHICTh MAITEH [0 OJHOTO POKY JKUTTS, 3aXBOPIOBAHICTH 1
(yHKIIIOHATBHI BIIXWJICHHS, MOIIMPEHICTh XBOpoO. Jlo mpukmamy, 3a JaHUMHU
['0710BHOTO yIpaBIIiHHS CTATUCTUKH B 00JIaCTI YHCETBHICTh HASBHOTO HACETICHHS, 32
orinkoro, Ha 1 ciung 2021p. cranoBwia 1027,4 Ttuc. oci6. Y 2020p. KiIBKICTh
XKuTeliB 3MeHImmIach Ha 4024 ocodu. OOCsT MPUPOTHOTO CKOPOUYEHHS, Y TTIOPIBHIHHI
3 2019p., 30inpmmBca Ha 984 ocobu. KinbkicTh skuBOHapomkeHux y 2020p.
cranoBwia 10448 oci6, momepnux — 14344 ocobu [4, ¢.87]. Cepen OCHOBHUX NMPUIUH
CMEpTI HACEJICHHS TEpIIe MICIe ITOCIIM XBOPOOHM CHCTEMH KpOBOOOITY, Ipyre -
HOBOYTBOPEHHS, TPETE — XBOpOOU opraHiB auxands. Ha mi xBopoou npunano 86,4%
3arajbHOT KIJTBKOCTI TTOMEPIIUX.

3a ocTaHHI T’STh POKIB 3HAYHO 3pOCia YacTKa HEIYT HEPBOBOI Ta €HIOKPUHHOI
cucteM 1 HOBoyTBOpeHb. [lo BIJI — indexii /CHI/l na Bonuni Haliripma cutyaritis
cepen 3axXiIHUX PETiOHIB KpaiHW, MPUYOMY II€I0 HEIYTOI0 BCE YACTIIIE XBOPIIOThH
mroau BikoM 25—49 pokiB (68% yciX TaKHX XBOPHX).

3a0pyaHeHe MOBITPS 3HAYHO 3HUXKYE IMYHITET, BIUIMBAE HA OpraHU JIUXaHHS,
CIIPUYMHSE CEPIIEBO—CY/IMHHI, OHKOJIOTIYHI Ta 1HIINI 3aXBOPIOBAaHHS, IOB’s3aHi 13
F€HETUYHUMH 3MIHaMH, MAaTOJIOTIE€I0 BAariTHOCTI 1 JeeKTamMu pO3BUTKY. 3arajibHa
KUIBKICTh TaKWX 3aXBOPIOBaHb BIPOJIOBXK OCTAHHIX POKIB 30UIbIIMJIACS Y JCKUIbKa
pasiB [1; 2; 5].

CeplieBO—CYJIMHHI ~ 3aXBOPIOBaHHS, Ha CBOTOJHINIHIA JI€Hb, OJHA 13
HaWBAXKJIUBIIMINX MEIUKO—OI0JOTIYHUX Ta COILIAJBHUX MpoOJeM SK B IIJIOMY B
nepkaBi, Tak 1 y BonumHChki ob6nacti. ToMy 3HMKEHHS CMEPTHOCTI HACEJICHHS
BomuHCchK0i 00acTi camMe BiJ XBOPOO CHCTEMH KpPOBOOOITY, BUacHE 1 JOCTYITHE
HaJaHHS Kapaio XIpypriyHOi JOMOMOTH XBOPHUM 13  CEpIEBO—CYIUHHUMH
3aXBOPIOBAHHSAMU JUIsI HAIIOi 00JAacTi € OJHUM 3 HAWMPUOPITETHININX 3aBIaHbh Ha
HAWOIMK4l POKH.
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Baromum (hakTopom HEraTUBHOTO BIUIMBY HAa HABKOJIMIIIHE CEPEIOBUILIE PETIOHY
€ paniaiiiine 3a0pyaHeHHs. BHACHiIOK IIbOTO JUIsl PETIOHY XapaKTEPHUM € BHCOKHMN
piBEHb 3aXBOPIOBAHHOCTI OpraHiB JHUXaHHsS, TPaBIEHHS, KPOBOOOIry, HEPBOBOI
CUCTEMH Ta OpTaHiB YYyTTS TOMIO. [aKMM YWUHOM 370pOB'S JIIOAEH BigoOpaxkae
TUHAMIYHY PIBHOBAry MK OPTaHi3MOM Ta CEPEIOBHUIIEM iX ICHYBaHHS 1 Ma€ TEBHY
010JI0TiYHY CTIHKICTH, SiIKa 3a0e3medye MOoro CTaOUIbHICTh MPH 3MiHI MapameTpiB
YUHHUKIB JOBKULISA. Y 3B’SI3Ky 3 LIUM BUCOKHH PIBEHb 37I0POB'Sl HACEJCHHS CTa€
BOXKJIMBUM KPUTEPIEM IS OIIHKM SKOCTI JOBKULIA. [locTiiiHE moTipiieHHS
HABKOJIMITHBOTO MPUPOJAHOTO CEPEOBUIIA Y KIHIIEBOMY PO3PaxXyHKY MOXKE MPUBECTH
0 3HWKEHHS 3aXHCHHUX BIACTUBOCTEH OpraHi3My JIOJMHA 1 BIH II€pecTaHe
OMHUpATUCA PI3HUM 3axBOproBaHHAM. CBIJIOMICTh JIOJUHU Mae OyTH CKEpOBaHA Ha
30€epeKeHHST JOBKULISA 1 CBOro 3/10poB’s,. JIroguHa Moke OyTH 370pOBOIO JIMIIE B
310pOBOMY JOBKiLT. HeoOXiIHO OCHOBH1 3yCHJUISI CHPSMYBAaTH Ha MPOQIIAKTHKY
3aXBOpIOBaHb. Ha choromnHi po3poOJICHO CHUCTEMy 3axOMdiB, SKi CIpsSMOBaHI Ha
BUSIBJICHHS XBOPOOOTBOPHUX yMOB, 3amoOiraHHs pPO3BUTKY 3aXxBOPIOBaHb Ta
3MIITHEHHS 3/I0POB 4.

BucHoBku i npono3uitii.

CydacHa colioekoioriuia Kpusa, ik B YKpaiHi, Tak 1 Ha BonuHi, oB’s3aHa 13
BIUTMBOM KOMIUIEKCY €KOJOTIYHUX Ta MpodeciitHO—BUPOOHNYNX (HaKTOPiB, IO
CYNPOBOKYETHCS TOTIPIIEHHSM SIKOCTI JKUTTSA 1, BIIMOBITHO IO I[HOTO, 3HKEHHSIM
310pOB’sl HacedeHHa. Ha cboroani icHye O0araTo eKOJIOTIYHUX YMHHHUKIB, 10
CHPUYUHSIOTH MOTIPIIEHHS 3/I0POB’sl, 3arpOXKy0Yu TeHO(OHTY Hallii.

Came ToMy €KOJIOTIYHA OCBITa, B YMOBAaX ChOTOJICHHS, PO3TJISIAETHCS SIK OJUH 13
MOTY>XKHUX 3aC001B, III0 MOXKE 3a0€3MeUUTH 3MiHY MMOBEAIHKH JIIOJIEH Ta iX CTaBJICHHS
710 HABKOJIMIIIHHOTO CEPEJIOBUINA 13 PYHHIBHOTO Ta CIIOXKHBAIILKOTO Ha J0ailyinBe Ta
BIJIHOBJTIOBAJIbHE, L0 Y PE3YyJIbTATI MOKPAIIUTH 1X 310POB’Sl.
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Abstract. The article considers the issues of negative impact on the human health of the
environment. It demonstrates how health of the population of the certain region depends on the
ecological state of the environment. Environmental factors are analysed and their interconnection
with the development of current diseases are examined. The action of the natural environment on
certain groups of diseases associated with it are analyzed. The means of prevention for the
prophylaxis of diseases that are arising from the negative impact of the environment and
deterioration of its ecological state are proposed.

Key words: environment, human health, anthropogenic factors, natural environment,
diseases, air pollution.
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USE OF ELECTRONIC EDUCATIONAL RESOURCES IN STUDYING

DISCIPLINES OF BIOLOGICAL PROFILE
HNCITOJIb30OBAHHUE 3JIEKTPOHHO-OBPA3OBATEJIBHBIX PECYPCOB IIPU
N3YYEHUU JUCHUIIVIMH BUOJOTUYECKOTI'O TPO®UJIA
Shchikno S.A. / IIluxuo C.A.
State Educational Establishment "Secondary School No. 23 of Grodno”,
Grodno, Boldina 12B, 65029
Tocyoapcmeennoe yupeocoenue oopazosanus « Cpeonss wixonra Ne23 2.1 poonoy,
I'poono, yn.bonouna 12B, 65029
Khaiminova LK. / Xaiimunosa U.K.
Educational Institution "Yanka Kupala State University of Grodno", Grodno, Ozheshko 22, 230019
Yupeoicoenue obpazosanus «I poonenckuii I'ocyoapcmeennulil yHugepcumem
umenu Anxu Kynanory, I'poono, yn.Oxcewro 22, 230019

Annomauyun. B pabome paccmampusaemcs npobiema OOCMYNHOCMU U OPUSUHATHOCHU
nooauu yuebHo2o mamepuana no npeomemy «buonozusy. dnekmponuwiil 00pazoeamenbHblii pecypc
ABNAEMC  COCMABHBIM — JJIEMEHMOM  JJIEKMPOHHO20 — Y4eOHO-MeMmOOUUecKk020 KOMNIEKcd No
QUCYUNIUHAM OUONIO2UYECKO20 Npouas Ol BbICOKOMOMUBUPOBAHHBIX YUAWUXCA CMAPUIUX
Knaccos. Pecypc cocmoum u3 610K08: meopemuyeckull (INEKMpPOHHOe YyebHOoe nocoodue),
npakmuyeckuti (mecmosvie 3a0anus pazHoeo yPOGHs CIOHCHOCMU U 3a0adl).

Knrwouesvie cnoea: snekmpoHHo-00pazosamenvHulii pecypc, Ouonrocuyeckue OUCYUNTUHDI,
oucmanyuoHHoe obyyenue

Beryniienue

OpHOolf W3 OCHOBHBIX 3a7ad TNEpe] CHCTeMON 00pa30BaHHWsA, Y4YUTENEM, B
YaCTHOCTH, SIBJISICTCSI TOBBIIICHUE KadecTBa, JOCTYIMHOCTH W OPUTHHAIBHOCTH
M3y4aeMoOro MmarTepuana, B COOTBETCTBHH C OO0pa30BaTE€IbHBIMU 3allpOCaMU |
CTaHJapTaMH.

NudopmarimoHHbie TEXHOJIOTHH B CUCTEME 00pa30BaHMS C KaXIbIM T'OJOM BCE
aKTUBHEE BBOJSTCS M MCIOJB3YIOTCS B PA3IMYHBIX YUPEKICHUIX 00pa30BaHUS, YTO
SIBJISIETCSI OCHOBHBIM JIOKA3aTEIHCTBOM Pa3BUTHs WH(OPMAITMOHHO-00pa30BaTEIbHOMN
chepbl B yUeOHBIX 3aBEJICHUSIX.

Ha cerogusmumii neHbr — mpeoOpa3oBaHue Marepuaia B 0ojiee JOCTYMIHYIO,
MHTEPECHYIO0 s ydamuxcs (opMy — akTyaibHas mpobOiiemMa s Mejarora.
BBICTYIAIOT 3JIEKTPOHHBIE Y4eOHO-METOAUYECKUE Pa3pabOTKH.

WHTepakTHUBHBIC OHJIAWH y4eOHbIE Pa3paOOTKH UMEIOT PsA MPEUMYIIECTB IO
CPaBHEHHUIO C TICYaTHBIMHU MaTepHalaMi, & UMEHHO: BO3MOYKHOCTb ITOMCKa OCHOBHBIX
TEPMHUHOB WJIM Ha3BaHUI IJ1aB, pETyIMPOBKa pa3mepa mpudra, peanusaus QyHKIUH
«KOTIUPOBATH» U «BCTABUTHY, IPABO CIYIIATh ayAHO MEPEBOIBI, YTO IKOHOMHUT BpeMs
ydalxcs Ha MOMCK KOHKPETHOW MH(OPMAIIMK B COTHU U COTHU CTPAHMII IIEYATHOTO
Marepuana [l]. DJeKTpoHHBIE METOMAWYECKHE IMOCOOUS TakKKe IMPETOCTaBIISIOT
yYaIUMCsl BHUKTOPWUHBI WM TPAKTUYECKHE BOMPOCH, OCHOBAHHBIE HA TJIABaX,
KOTOpbIE OHHM TOJBKO YTO TMPOYHUTAIMA, YTO TOBBIMIAET 3aWHTEPECOBAHHOCTH H
MPOSIBIICHUE aKTUBHOCTH TPH M3YYCHWHM TOW WM WHOW TEMBI, a TaKXKE TO3BOJISIET
B3STh Ha ce0sl OTBETCTBEHHOCTH 32 COOCTBEHHOE 00ydeHue [2].
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Heob6xoaumMo OTMETHUTh, 4YTO MCHOJB30BAHUE JIIEKTPOHHBIX PECypCcoOB B
o0pa3oBaTeNbHOM TMPOIECCE 3HAYUTENBHO BIMSET Ha (OpPMBI M METOIbI
MpEACTABICHUs] y4eOHOTO Marepuaia, XapakTep B3aUMOACHCTBUS  MEXKIY
YVYAIIUMHCS W TIeIaroroM, COOTBETCTBEHHO, HA METOIUKY IMPOBEIACHUS 3aHSATHUH B
LEJIOM.

OcBoeHHe ydyallUMHUCS MaTepuala C MNPUMEHEHHEM pecypca CIOCOOCTBYyET
LIEJIOCTHOMY, CHUCTEMHOMY U Oosee 3(P¢PEeKTHBHOMY BOCHPUATHIO HH(POpPMAIUH,
BOBJICUEHHIO OOYYaIOIIMXCSl BO BCE JTallbl MPOIlecca, BHICTPAUBAHUIO COOCTBEHHBIX
00pa3oBaTENbHbIX TPACKTOPHUM, BO3MOXKHOCTH OCYUIECTBICHHUS CAMOKOHTPOJS H
KPUTHUYECKON CaMOOLIEHKH.

OcHOBHas YyacTh

DneKTpOHHO-00pa3oBaTelibHble  pecypchl  «XpaHeHHEe U peau3alus
HacleACTBeHHOM  uHopMarmu» U «YrieBoabl. Metaboau3m  yIiieBOJIOB»
IPEJCTaBISIOT COOOM  OTHENbHBIE JJICKTPOHHBbIE Y4YEOHHMKH, COCTOSIIIME U3
Pa3ITUYHBIX OJIOKOB.

Pecypc «Xpanenue u peanmsaiusi HacJIeACTBEHHON MH(OpMAIUN» COCTOUT W3
Tpex OJIOKOB: 00yUarOUNil, HHTEPAKTUBHBIA U KOHTPOJIUPYIOIIHUHA.

OOyuaromuii TPEACTaBICH TEOPETHUYECKUM MaTepuajioM B YAOOHOW Jyis
ydamuxcs Gopme — TaOIHIIbl, CXEMBI, JHArPaMMBI.

WNurtepaktuBabii  Omok  (pasmensl «IlIpoBepnr cedsi», «KpoccBopap») — He
MO/IPa3yMEBalOT BBICTABJICHHE OTMETKH, TMpeAHA3HAYeHBbl Ui  3aKPETUICHUS
TEOPETUIECKOTO MaTepuala, BBISBICHUS Hanbosee MpoOJIEeMHOT0 BOMPOCa C IENbIO
YCOBEPIIIEHCTBOBAHUS 3HAHUI.

MeH10

OT OTKPBITUA AHK 40 ®OPMUPOBAHUA
FEHOMUKK

TEOPETMUYECKM A BNOK

TECTbI OTKPLITOrO TUMA

TECTbI 3AKPLITOFO TUIMA

3ALAHNS HA COGTBETCTBME

KPOCCBOPAS

MOATOTOBKA K UT OneKTPOHHBI pecypc B oBpasoBaTeflbHOM Mpolecce MpeacTasnseT co6ol  BCMoMOraTeNbHbIl  KOMMOHEHT  Ans
npenoaasartens v y4eGHbIi Matepuan Ans yyaiierocs.
B kauecTBe TIePCIEeKTHBHOIO KOMIIOHEHTa y‘]eﬁHO-]ﬂeTDJ][quKOrO obecmeueHNsa 06pazo}3arem=[{oro npomnecca B YUpPEXKICHHAX

00pa30BaHIA BEICTYIAIOT YIEKTPOHHBIE yueGHO-MeTOIIYeCKIIe pa3paboTKIL
Heo0X0IHMO OTMETHTB, UTO HCIOIb30BaHIe IeKTPOHHEIX PeCypcoB B 00pa30BaTeIbHOM IpOoIlecce 3HAUHTEIBHO BIHAST Ha (OPMEI I

BU/bI U OYHKLWN AHK

METOIBI IIPeICTaBICHILA yII€6H01'0 Marepnaia, Xapakrep B3alMO/IeiiCTBIL MEXIY YYallIMHCA H IIeQaroroM, COOTBETCTBEHHO, HA METOMHKY
TIPOBEOEHIA 3QHATHII B TIeIOM.

OcBoeHHe YyUallmMIC] Marepnanza ¢ IpHMEHEHHEeM pecypca cr[ocoﬁcn;ye‘[ LIETOCTHOMY, CHCTEMHOMY II domee 3(1)(1)€KT][BHOMY
BOCIPHATIIO llH[b()p)laHl[]l. BOBJICUSCHHIO oﬁyqamu.lnxc;{ BO BC€ J3Talbl IIpoIecca, BBICTPAHBAHIEO COOCTBEHHBIX oﬁpazoBa‘[ens}]mx
Ipaekropnﬁ. BO3MOKHOCTH OCYIIECTBICHIII CAMOKOHTPOIA H Kp][Tll‘leCKDﬁ CaMOOILICHKI.

Paccmatpusaemas B AaHHOII paboTe Tema SIBMSIETCA [OBOMbHO CIOXHOW AN MOHWMaHWA yvawwumucs. Kpome Toro
MTOr0BbIA TECT [aHHas TeMa He AOCTaTOMHO OCBELLEHa B LUKOMbHbLIX y4eGHUKaX, 4TO CTaBWT 3afady nepes npenoaasaTenieM o CosfaHum

SMEKTPOHHOTO yyeBHMKa A5 NOATOTOBKM YHALUMXCS K ONMMIKaaam no 61ororu v LeHTpanmn3oBaHHOMY TECTUPOBAHMIO.

CTPOEHVE 1 YMAKOBKA HK

BUAbI U OYHKLW PHK

Pucynox1- O0muii Bua coaep:xkaHusi pa3padoTKu
Aemopckas pazpabomxa

KonTtponupyrommii  OJ0OK  IpPEICTaBIEH  PAa3sHOYPOBHEBBIMHU  TECTOBBIMHU
3alaHASIMU OTKPBITOTO U 3aKPBITOrO THUIA, 3aJaHUSMH Ha COOTBETCTBHE, 3aa4aMH,
JUIsL KOTOpBIX Cpa3y IMPEACTABIECH alroput™M pemeHus (pasgen «Kmounm k
BBIIIOJIHEHHIO» ). Takke BKIIFOYEHBI 3aaHMs ISl HOJATOTOBKH K LIEHTPAJIU30BAHHOMY
tectupoBanuio (pasgen «LT»). [anublif OJ0K mojpa3dymeBaeT pacyeT MpoLeHTa
BBITIOJIHEHHUS 38JaHUH, BBICTABICHUE OTMETKH.
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Pucynok 2 — O01mmii BUI HEKOTOPBIX 0JIOKOB pecypca
Asmopckas pazpabomka

DrexTpoHHOE yueOHOoe nmocodue «YrineBoasl. MeTadosn3M yriieBoAOB» CO3/1aHO
¢ moMo1bto nporpammsel TurboSite 1.7.1. JlanHas mporpaMMa CIyHUT JIJIsl CO3/1aHuUs
CaliTOB W DJICKTPOHHBIX YUYEOHHUKOB, MPH ATOM pa3paboTuMK HEe 0053aH 001adaTh
HaBBIKAMHM MPOrPAaMMHMPOBAHUA. DJIEKTPOHHBIN YYEOHHK, CO3JAaHHBIA C IMOMOIIBIO
npuioxkenuss  TurboSite, o6Omamaer oOpaTHOH CBSI3IO U BO3MOYKHOCTBIO
KOMMEHTHpPOBaTh. Takoe 3JIEeKTPOHHOE TOCOOMEe MOXKET OTOOpakaTbcs B TaKUX
MOMCKOBBIX CHCTEMax Kak sIHIEKC, google, rambler, 4yTo pacmmpsieT ayauTOPUIO
noTpeouTens. DJIEKTpOHHasi pa3paboTka COCTOUT W3 ABYX OJIOKOB (0Oyyaromui u
KOHTpoJmpyromwuii). O6yuaromuii 670K cocTouT 13 2 iaB. B rimase 1 npeacraBieHa
Kiaccuukanus yrieBoJoB 1 ux Gpyukmuu. B rmase 2 paccMoTpeH 0OMeH yTieBOIOB.

‘ . yT.HeBOHH.OﬁMeH }T.HEBOZOB. ‘SHEKDOHNDE JEG K02 MOCOSLE &, TTepevess CTpasmy Taga 2 Ofyer VIIEBOZI0B

MPEQUCTIOEHE

2.1 [leperapHBaHHe H ECACKIEAHNE YTICB0I0E

Tmazezne YITIEBONAME IHITH FRNRIOTCA MELTEOI05E, KPAXMAT HHOT/IA TTHKOTEH

(TMOTOMHCARAPETE), CAKED03A H JKTOS3 [,mcaxa ), @ TaERE zpp\'mna :3
TIOR3 D Kpamyan, conepmammt o-(14)- & o-(1.6
Uy MTPEAUCTIOBHE CEATH, TEPeBap 1 (epMERTANE P 0 TPEETA ')mem:uﬂ ¢ f14)

TTHEQIHTEBNH (NEITOT0%E) CRESAM (EPMERTAMH TeT0RER: He MEPERAPHEANICE
O-TTHKOSENASH FEIFKOICK OCHOSEEDM TENOM (EPMEHTOE, EOTOPHE NEDERADHEAIT

VIEE0ME B RETYXOTEC-KEmeTEOM Tpakte (KKT).

Bagmefimn: yOTOEHEM PRSHTEA COBEMEREOTO OOASOBAHEA ABIRETCH
TOTPESHOCTE COIEYMA B EBICOROM K29ECTES YCMYT 5 0Bpasosaremsaol edepe. Janama
00pa30BEHEA SATHUEEICE B NONIOTOBKE CHEUHATHCIOR BbICONOH KEaTH(HKAIE:
KOTOPHE BIAIERT COSPEMGHHEIME HEQODMAIHORHHME TEXEONOTHAME, MERT
npHo0peraT EOEHE SHAENA M NPHMEEATS HX Ha Tpaimime. B ofpasosarenmon
TpoNeEcce RTYATBEEIN SMEMEHTOM YefHO-METOTHUECKOrO 00ECTETeEEA ABTAETCE

TlepesapHEARHE YTTEEOI0R PACCMOTREN CREMATHIED (pucyHok 2.}

¢ portosaAnonocts

‘JIGKTPORHET YHe0H0-METO THYecke KoMmTexe Temamms (3YMET). —
Cepeessofi mpoSmenolf 3 0fpasBatensEod cfjepe ABIeTCH YBGMHWRHHE
KOIFTECTEA HSYUBEMOTO MATSDHATA B OFPAHHWEHHE O0beM3 TaC0 10 V9eOHRn(
nnaa. [IpiniegeRge KOMIBRTEPEHX CPEICTE 0D IeRET ARIAEICH OTHHM ES OYTe

DEPMENTLI PACLUENAERKE
oAMAIAZ L oAl

FrTE FIMHOTEH

( HENVIOK )

DEMERER 310 TPOGTEMEL

PaccuatpeEaenss B JaEEOM SMEKTPORHOM DocodiE TeNa «Vrnesomst Ofues
VTTEB0108) FBTRETCA [IOBOTRHD CIOKEQH [TR MORHMERHY THANIMMHCR, EOME TOr0
JAHEAR TEM3 HENMOCTATOVHO OCBMERA B MKOMBHEIX yueSkmiax. Té yayumesms
VCBORHHA MATEPHATZ B SEKTPORHOR PaspaioTie NDHESTERN ABTOPCKEE CXEMH! TR
RATTATHOCTH, BONPOCH JTH CAMOKORTPOTR, 4 TAKE® TIPHTATARTCH OTOK FORTPOTE

SHaEsi £ BHIE TECTORHTN SATARHH PASTETHOTD YPOSHA, OTKPAITOTO K SAKPEITOTD THT.
‘3nexTpORHOe YuE(HE0E MocoGHe COCTORT B3 BYX Iab. B raase | mpencrasnera
KIACCHOMEAER VTM:EOTOE H BX {vEmEE. B rmase 1 paccuorper ofiem

VTNEEOAR NEPEBAPHBAKITCA B
OEPMEHTL TIVECHHXCNORX MHILEBOTO HOMKA
OTCYTCTBYIOT IO JEACTBAEM qAMANASI
CNIOHEL

- (verafiomsms) yraeB0m08. e
PucyHnoxk 3 IIpumepsI 3j1IeMeHTOB pa3paﬁoT1m «YraeBoabl. MeTadoam3m
YIJIEBO/IOB)

Aemopckasa pazpabomka
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[Ipu co3maHuM BIEKTPOHHOIO YyuyeOHUKA aBTOP MPUAEPKUBAICS IPABUI
COKpAIIEHHOTO0 0003HAaYeHHsT OHOJIOTMYECKHM BAXKHBIX MOJIEKYJI B PYCCKOU
tpanckpunuuu (HA, KoA, AT® u 1.1.). Bce cokpaliieHus: pa3MeIlieHbl B «II€peUHe
YCIIOBHBIX 00O3HaueHui». Jlyig yiydiieHus: YCBOCHHsI MarepHuajia B 3JIEKTPOHHOM
pa3paboTKe MPHUBEACHBI aBTOPCKHE CXEMbI U HArjsiAHOCTH, MHOTOYHCIICHHBIC
peakiuuu OMOXMMHUYECKHX MPOIECCOB, TaOIMIIbI, BOMPOCHI JJISi CAMOKOHTPOJIS, a
TaK)Ke MpuiiaraeTcsl 0JIOK KOHTPOJIS 3HAHHWM B BHUJIE TECTOBBIX 3aJlaHUN PA3IMYHOTO
YPOBHSI (OTKPBITOTO U 3aKPBITOTO TUIIA).

DNEeKTPOHHBIA pecypc AaeT BO3ZMOXHOCTb YUUTEIO Cpa3y OLEHUTh YYEHUKA —
BBICTABUTh €My OTMETKY B COOTBETCTBUU C HOPMAMH M TpPAaBWIAMH. YUalIUics B
XO/JI€ BBIIOJIHEHUS 3aIaHU BUJUT CBOM YPOBEHb MOATOTOBKH, aIEKBATHO OLICHUBAET
poOesbl B CBOMX 3HAHUSX, YTO 0CO00 BayKHO MPHU MOATOTOBKE K onumnuaaam u L{T.
Pecypc naer BO3MOXXHOCTh HUCIpPaBUTbCA — OoJiee MOAPOOHO O3HAKOMHTHCS C
TEOPETUUYECKIUM MaTepHaJioM, €Ille pa3 IPOBEPUTH ceOsl B MHTEPAKTUBHOM pas3fielie u
MPUCTYNUTh K KOHTPOJIUPYIOIIEMY OJIOKY.

B koHIIe n3yueHHUsI TEOPETUUECKUX TaHHBIX, POXOKICHHUS TECTOB OTKPBITOrO U
3aKpBITOrO THUMA, yyamuxcs xaeT «MToroBoil Tect», B KOTOPOM MPEICTABIICHbI
3aJlaHusl IO BCEMY KypCy «XpaHEHUE U peann3alvs HacleCTBEHHON HH(popMaIumy,
KOTOPBIN TAK)KE MOAPA3yMEBAET OLICHOYHBIN PE3YJIbTAT.

JlaHHbIE pa3paboTKu MTOMHUMO BHEKJIACCHOM paboThI c
BBICOKOMOTUBUPOBAHHBIMU YYaIIUMHUCSI MOTYT HCIOJIb30BaThCA MEAaroroM IMpu
OpraHu3allid ypoKa, Ha Bcex ero 3rtamax. lIpu 3ToM OHM 130T BO3MOXXHOCTH
peanuzoBaTh IU(depeHIUPOBAHBIM TOAXOJ K YydYalllUMCS U CIHOCOOCTBOBATH
dhopMUpOBaHUIO TIPEAMETHBIX KOMIeTeHIM. B sTom ciydae ucnosbzoBanne DOP
3aBUCUT KOHKPETHO OT 0Opa30BaTebHOW 3a/layd, MOCTABJICHHOW IEJaroroM Ha
ONpEJEICHHOM 3Talle ypoKa.

Ha srane oObsicHEHHS HOBOrO MaTepHalia ydaliuecs MOTYT BOCIOJIb30BaThCS
paznenom “Teopetnueckuit 610Kk”. [locie n3yueHus Teopur OHU MOTYT OOPaTUTHCS
Kk pazaeny “IIpoBepb cebOss” u pemuth pazHooOpasbie 3amaHus (0€30TMETOUHBIC),
CIOCOOCTBYIOIIME YCBOCHHUIO MaTepHalia.

Ha »Tane mnpoBepku [AOMaIIHEro 3aJaHdsd ydYalldMCS CO CpPEIHUM H
YAOBIIETBOPUTEIBHBIM YPOBHEM YCBOCHHUS 3HAHUN MOKHO MPEJIOKHUTH BBITOJTHEHHE
Pa3HOYPOBHEBBIX TECTOB OTKPBITOTO M 3aKPBHITOrO TUMA. JJig ydamiuxcsi BEICOKOTO
YPOBHS — OMPOOOBAThH CeOsI B PEIICHUN T€HETUYECUKX 3a]1a4.

O0P naer BO3MOKHOCTh BBICTaBJIEHUS OTMETKU Cpa3y IOCIE BBIOJIHEHHUS
3aJIaHAl, IPU ITOM y YYalllerocsi €CTh BO3MOYKHOCTh CAMOCTOSITENIbHOW KOPPEKIIMH:
BBITIMCATh CBOM OIIMOKH, TOMPOOOBATH MX OOBSICHHUT.

Ha »Tame 3akpermsieHHMss HOBOIO MaTrepuaja MOXKHO OOpaTUThCS K pasfery
“HTOoroBblii TECT”, KOTOPBIN Tak e OyJI€T OLIEHEH B COOTBETCBUHU C HOPMAaMHU.

JUiss  BBICOKOMOTHBUPOBAHHBIX  YYalIUXCS MPUCYTCTBYIOT —00s3aTelbHbIE
TBOPYECKUM 3a/IaHHEM (COCTAaBUTh HYKJICOTHUIHYIO MOCIEI0BATEIbHOCTD: TMepBas
nenouka JIHK — Bropas nenouka JIHK — uPHK; u 1.11.).

He BaxHO Kkakoil BuA paOOThl HUCHOJIB3YIOT ydYalluecss — 0053aTelbHO
HEeoOXo/lMMa KOppEKIIMOHHasi paboTa, 0e3 3Toro myHkTa HeBOo3MOXHO 100%
YCBOEHUE MaTepHala.
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3aKkJI04YeHnue U BLIBOJbI

[TockonmbKy  3IEKTPOHHO-00pPA30BATENBHBIN  PECypc JaeT BO3MOXKHOCTh
BBICTABJICHUSI OTMETKH Cpa3y IIOCJI€ BBITIOJIHCHHS 3aJaHuii, 3TO obecrednBac
BBICOKYIO OOBEKTMBHOCTh TIPH MPOBEPKE MOJIYYEHHBIX PE3yJIbTaTOB, IMOJHOCTHIO
UCKIIIOYEH (aKT CyOBEKTHBHOTO OIEHWBAHMS U CAMOE BAXXHOE — YKOHOMHUS BPEMECHH
Ha ypOKe.

[Ipenyaraempie yueOHO — 0Opa3oBaTeIbHBIC AJICKTPOHHBIE Pa3pabOTKH MOTYT
HCITOJIB30BATHCS YYANTUMHUCS XUMHUKO-OHMOJIOTHYECKUX KJIACCOB, TAKXKE MOTYT OBIThH
WCITOJIB30BaHbI IS TIOJTOTOBKM K OJIMMITHAJaM 10 XUMHHM W Ouosioruu. Ilose3Ha
JaHHAs TeMa W JUIsl CTYJAEHTOB (haKyJbTeTa OMOJOTHH M SKOJOTHH. DIICKTPOHHBIH
y4eOHO — METOJIUYECKUNA KOMIUICKC CIOCOOCH MOMOYb yYalldMCS B Pa3bsICHEHUH,
OCMBICJICHUH U 3aIIOMUHAHUN OOJIBIIIOTO KOJIMYECTBA MaTepraa.

Asmopbl 8bipasicaom UCKPEeHHIO NPUSHAMEbHOCMb
Kanouoamy 6uoi02udeckKux Hayk,

ooyenmy Pezsankurny Buxmopy Hnvuuy
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BLOOD TYPE AND RHESUS FACTOR AS MARKERS OF

SUSCEPTIBILITY TO SOME PATHOLOGIES IN IVANO-FRANKIVSK
I'PYIIA KPOBI TA PE3YC ®AKTOP, SIK MAPKEPU CXUJIBHOCTI 1O JAESAKHUX
IATOJIOT'THA CEPEJ HACEJEHHSI m. IBAHO-®PAHKIBCHK

Simchuk A.P. / Cimuyk A.IlL.

d.b.s., prof. / 0.6.H., npog.

ORCID: 0000-0002-1762-144X

Shumiatska L.V. / Ilym‘saubka 1.B.

Vasyl Stefanyk Precarpathian National University,

Shevchenko Str., 57 Ivano-Frankivsk, 76018

Ilpuxkapnamcovkuti HayuOHATLHBIL YHUBEpcumem imeni Bacuns Cmeganuxa,

Lleguenka, 57, lsano-Dpankiecok 76018

Anomauia. /locrioxcysanu mapkipyiouuti egpexm epyn kposi ABO i Rh npu namonocisix i 6
HOpMI V 4008IKI8 [ JHCiHOK V 8iyi 8i0 8 0o 81 pokis, wo nposcusarome Ha mepumopii m. leano-
@Dpanxiscok. Mapkipytouuil eghekm epyn Kposi y JHCiHOK OY10 BUSABIEHO BIOHOCHO 00 20l08HUX D06
i namonoeiti 30py. Busenenwi maxoxc mapxepwi eracmusocmi epyn Kpo8i V JHCIHOK GIOHOCHO
namono2iu WiiyHKOB8O-KUUWKOB020 MPAKMY.

Knirouogi cnosa: epynu kposi ABO, pe3yc-chaxmop, namonoezis, eenemuuni mapkepu

Beryn.

[Tomyk 1 aHami3 acomiamiid pi3HUX T'EHETHYHHX MapKepiB 13 3aXBOPIOBAHHAMH
)K€ aKTyaslbHI Ta MEPCHEKTUBHI, OCKUIBKH 1€ 1a€ MOXKJIUBICTh CYJIUTH MPO y4acTh
CIaJKOBUX (DaKTOPIB Y PO3BUTKY TOTO YHW IHIIOrO 3axBoproBaHHA [1, 2]. BogHouac
Takl JOCHIJDKEHHS JIO3BOJISIIOTH BHUSIBUTH CE€peJl HAceJeHHS Tpymnu oci0 13
(dheHOTUTIaMU ITiIBUIIIEHOTO PU3UKY JI0 OKPEMHUX 3aXBOPIOBaHb, a 1€ A€ MOKIUBICTh
po3po0KH cuctemu nMpodBiIOOPY Ta BUSHAUCHHS 3aXO01B MTPO(PIITAKTUKH.

['pynoBa KpoBi JI0AWHU, cepel IHIUX (PAKTOPiB, TAKOXK MOXke OyTH (akTopom
PU3UKY PO3BUTKY Y JIIOJUHH PI3HUX 3aXBOPIOBAHb, Y TOMY YHCH, TAKUX K 1HPAPKT
MiOKap/ja Ta imeMiuyHui 1HCybT [1, 3], maronorii opraniB quxanns [4] Ta iH. [HTEpec
70 TpO0JIEMU TOPOIUB MacCy JIOCIHIKEHb Y IaHOMY HaIpPsIMKY.

Ane, OTpUMaHI pe3yJNbTaTH € YacTO JOCTaTHbO cynepewinBuMu. Lle mopoauio
JESKUM CKETCHUC MI0JI0 MPOTHOCTUYHOI IIIHHOCTI TEeHETUYHUX MapKepPiB CXUIbHOCTEH
no natojorii. [Ipote, y noaiOHuX AOCTIIHKEHHX, 3a3BUYal, HE BPaXOBYEThHCS BIUIMB
YUHHUKIB JOBKULIIS.

deHoTUI 1HAWBIAYyyMa, IO BKJIKOYAE Ccepel I1HIIOrO 1 MOro maToJiorii,
dbopMyeTbCs TiJ BIUIMBOM T€HETHMUHUX Ta CEPEIOBUIIHUX KOMIIOHEHTIB. OTxe, y
PI3HUX YMOBaxX CEpEJOBHINA OJIHI M T1 caMi T'€HETHYHI MapKepu MOXKYTh MaTH Pi3HI
MPOTHOCTUYHI MOXJIMBOCTI. OfHaK, 1€ HE MPHUMEHIIYE MOXIMBOCTI MIAXOAYy, aie
noTpedye BpaxyBaHHS CHEIU(IYHOCTI Ta HAKOIMMYCHHS BEJIMKOI Mach eMITIPUIHUX
JaHuX. Y 3B'SI3Ky 3 LUM JaHa poOOTa MPHUCBSYEHA IOCHIIHKEHHIO MapKyKOUYuX
MOXJIUBOCTEH TPym KpOBI IIOAO JESIKWUX TATOJIOTi cepex HaceneHHs [BaHo-
®dpaHKiBCHKA.

Martepiaaun Tta meroau. 30ip Marepiasly MPOBOIWIM LUISIXOM AHKETYBaHHS.
IIpoananizoBano 142 aHkeTH MeNIKaHIlB M. IBaHO-DpaHKIBChK. 3 HUX OYJIO ONTUTAHO
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72 xinku Ta 70 4onoBikiB. Bik onuTyBaHux cTaHOBUB Bij 8 710 81 poky. OnuTyBaHHS
MPOBOIUIIOCH B CiM’siX. KibKicTh cimelt ctaHoBuia 45. 3B'I3KM MK T€HETUIHUMHU
Mapkepamu (Tpyna kposi B cuctemi ABO Ta pesyc ¢dakTop) Ta HasSBHICTIO TI€i 4H
1HITIO1 TIATOJIOTI] BHUSBJISUTM Ta OIIHIOBAJIN 3 BHKOPHUCTAHHSIM Koe]ilieHTa acorriartii
[Tipcona 13 BuKopucTaHHSAM MoxiauBocted mporpamu LibreOffice Calc. Bubipku
YOJIOBIKIB Ta JKIHOK aHalli3yBajd OKpeMo. BpaxoByBamu Taki XapaKT€pPUCTUKH
3JI0POB'sl Ta ATOJIOTI{, SIK: 31p, CXUIIBHICTD JI0 ACTPECiii, METCOUYTINBICTh, TOJIOBHHM
Ol1b, pecmipaToOpHi 3aXBOPIOBAHHS, ajeprii, 3aXBOPIOBAHHS CEPLIEBO-CYAMHHOI
CUCTEeMH Ta IUTYHKOBO-KHIIIKOBOTO TPaKTy, a TaKOX BIJHOLICHHS J0 aJKOTOJIO,
TIOTIOHOTIAJIIHHS Ta yIOJ00aHb y XapuyBaHHI.

Pe3yabTaTi Ta 00rOBOpPEHHS.

B pe3ynbpTaTi mnpoBeneHMX PO3pPaxyHKIB OYyJM BCTAHOBJIEHI 3B S3KH MIXK
FEHETUYHUMHM MapKepaMHu Tpyn KpoBl 1 pesyc-(pakTopy 3 HasBHICTIO IEBHOI
natoJiorii. Haxanb HOCTOBIpHI pe3ynbTath Oyiu OTpUMaH1 TUIBKH Al BUOOPKU
*UHOK. [IpuumHoo 1oro moxke Oytu abo HejocTaTHi 00’e€M BHOIpKM Ta HHU3KI
MOKA3HUKH CHJIM 3B’A3KY JaHUX (PaKTOPIB y YOJOBIKIB. TakoX He BCl MATOJOTi, YU
MOBEJIHKOBI yMOM00aHHS BHSBUIM 3B’S30K 3 MapKepaMu 1[0 BHBYAINACA Y
nocmpkeHHl. Tak, rpymu KpoBl JOCTOBIPHO AacCOIIOIOTHCS 3 TOJIOBHHMH OOJISIMHU
TIIBKK Y KMHOK. BoHM HaiOinbm yacTi y kuHOK 3 Il rpymoro kposi (puc. 1A). 3
MPOBECHUX JOCTIKEHb TAKOX BCTAHOBJIICHUH 3B’S30K TPyl KpPOBI 3 IUIYHKOBO-
kuikoBUMH xBopoOamu. JKinku 3 III rpyroro kpoBi OiIbIe CXUJIBHI 10 MATOJIOTIH
KHMIIIKOBE-IITYHKOBOT'O TpakTy (puc. 1B).

0,7

1
0,6 0,9
0,8
05 0,7
0,4 0,6
0,5
0.3 0.4
0,2 0,3
0,2

o1 ' ' 0.1 - .
0o - 0

0(I) A(ID) B(II) AB(IV) 0(l) B(IIT) IV)
HeyacTi ronoBHi 6oni M YacTi ronosHi 6oni HeMae HEMaE Ne
A B

Puc. 1. llommpeHicTh roJiIOBHOTO 00110 (A) Ta KHIIKOBO-ILJTYHKOBHX
xBopo0 (B) cepen :kiHok M. IBaHO-PpaHKIBCHK 3 Pi3HUMH I'PyIIaMH KPOBI.
HasiBHicTh YacTHX ros1oBHuUX 00Jiei (A) acouiiioBana 3 Il rpynoro kposi:

R =0,26; x>=4,73; df = 1; P < 0,05. III rpyna KpoBi aconjiiioBana 3 KHIIKOBO-
nuIyHKoBuMH xBopodamu (B): R =0,31; x> =6,73; df =1; P < 0,01.

Pe3yc-dakTop Takox MNposBisie MEBHI Mapkyroul edextu. Tak, Hampukiai,
KOPOTKO30PICTh Ta JAJIEKO30PICTh OUIbII MpUTaMaHHA JJIsl KIHOK 3 IMO3UTUBHHUM
pe3yc-pakTopom Ha BIIMIHY BiJ] *KIHOK 3 HEraTUBHUM pe3yc-hakTopoM (puc. 2).
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Puc. 2. 3’5130k pe3yc-(pakTopy 3 30pOBHMHM NMATOJIOTISIMH Y KIHOK M. IBaHo-
®pankiBcbk. HeratuBHuii pesyc pakrop acouiiioBaHo 3 HOPMAJIbHUM 30pPOM
R =0,26; x> =4,74; df = 1; P < 0,05.

Jani 3B'SI3Ky TpyH KpOBlI 3 TUMHM UM 1HIIMMH MATOJIOTIIMU JIFOJIMHU, OTPUMAaHI1
PI3HUMHU JOCHIAHMKAMH, € 4acTO CylepewIMBUMHU. Tak, 3a pe3ysbTaTaMu OJHUX
JOCTIDKEHb 3 XPOHIYHOK OOCTPYKTUBHOIO XBOPOOOIO JIET€Hb MOB'sI3aHa TpyIia KPOBl
A(Il), a 3a nanumu iHmMX — B(III) 1, BomHOuac, Biacauku rpynu kposi 0(I) men 3a
IHIIWX CXWIBHI J0 i€l XBopoOwu [4, 5].

AHaJNOTIYHUM YUHOM, CYNEPEWIMBUMH BHUSABWIMCSA [aHI W00 3B'SI3KYy Ipyn
KpOBI1 3 IATOJIOTISIMU CEPLEBO-CYAMHHOI CUCTEMU: 3a JaHUMM OJHUX aBTOpiB [3] B
30H1 PU3MKY 3HaXOJAThCs BiacHukH rpynu KpoBi A(Il), a 3a manumu 1HIIMX [6] —
Hocii rpymnu kposi B( III).

[Ipun anamizi MoAIOHMX JAHUX MOXKE CKIACTHCS BpPaXXEHHS MNP0 HU3BKY
e(eKTUBHICTh Ta HEJOIUIBHICTh BHKOPUCTOBYBaHOTO miaxoxy. OmHak, ciia
3a3HAYMTH, U0 JIOCIIKEHHSI MPOBOAMIUCS B PI3HUX MOMYJALIAX JTIOAUHH, 1 MPH
IbOMY aBTOPHM HE MOAUBUIA JOCTIPKYBaHI BHOIpKM Ha CTaTli (32 BUHATKOM
nraxrapiB). Kpim Toro, opraniyti naTosorii, ik 1 Oy1b-sKi 1HII (EHOTUIIYHI 03HAKU
OpraHi3My, € pe3yJIbTaTOM B3a€MO/Ii1 TCHOTUITY 1 HABKOJIUIITHBOT'O CEPEIOBUIIIA.

Takum yuHOM, JaHi OPO MapKyooul epeKTH TUX YW IHIIUX TeHIB HOCATH
JOK&JIbHUN XapakTep 1 B MeXaX KOXKHOI TEpUTOpPii BUMAraroTh IOIIMOJIEHOTO
BUBYEHHS PI3HUX BHYTPIIIHHOMOMYJISALINHUX YyrpynoBaHb. ba3u moaiOHUX JOKaIbHO
MpUB'SI3aHUX  JIaHUX, Oe3yMOBHO, OyayTh MJyXK€ KOPHCHI JUIi IPOTHO31B
3aXBOPIOBAHOCTI HACEJICHHS.

BuchoBku.

3aranpHUM aHami3 AeSKUX (EHOTHINIYHUX O3HAK Ta TEHETUYHHUX MapKepiB
J03BOJIUB BCTAHOBUTH iXHIM CTaTUCTUYHO 3HAYMMHUHA 3B’S30K 3 [EBHUMHU
MaTOJIOTIIMU cepell KIHOK M. IBaHO-®pankiBchk. ['070BHI 001 HAWOUIBLI YacTi y
x1HOK 3 II rpynoro kpoBi, a xiHki 3 11l rpymnoro kpoBi Oiibllle CXUIbHI A0 MaTONOT1H
KHIIKOBE-IIITYHKOBOTO TpakTy. HeratuBHuii pe3yc (Gaxtop acoriiioBaHuil y *KIHOK 3
HOpMaJIbHUM 30poM. JlaHi mpo mapkepyroudi epeKTH TeHETUYHUX MapKepiB, SK
MpaBUJIO, HOCATH JIOKAJBbHUM XapakTep 1 B MeXax I1HIIOI MNOMyJsalli MOXYTb
BIJIPI3HATHUCS 1] BIUIMBOM IHIIMX 30BHIMIHIX (hakTopiB. ToOTO BOHM MOTPEOYIOTH
MOTJIMOJIEHOT0 BUBYEHHS MO BIJHOLICHHIO PI3HUX BHYTPIIIHBOMOMYJISIIIHUX
(bakTopiB.
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Abstract. The marking effect of ABO and Rh blood types were investigated at pathologies and
in a norm among the men and women in age from 8 to 81 years, resident in territory of Ivano-
Frankivsk city. The marking effect for blood types in women were found in regard to head pains
and eye pathologies. Besides, the blood types were found to mark gastro-enteric pathologies in
women.
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FORMATION OF YIELD AND QUALITY OF POTATO TUBERS

DEPENDING ON THE WEIGHT OF PLANTING TUBERS
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«Incmumym 60xcinonuymea im. I1.1. Ilpokonosuuay

Anomauia: B oaniti cmammi npedcmasiena inpopmayis npos enius Macu nocaokosux 0y1vo
HA YPOJUCAUHICIb Ma 6MICI Kpoxmaato 6 0860x copmax I'ypman ma Kuseuns, siki € pationoganumu
0151 Hawoi obnacmi. AHaniz MemeoposoSiuHUX YMO8 8 POKU NPOBeOeHHs 00Cai0i8 NOKA3Aas8, Wo 6Ci
mpu eecemayiiHux nepioou cnpusmiusi Oisi supowsyeants kapmoni. Yepernesi i cepnuesi onaou
PoOIsMb MeHWUL 6NAUS HA YPodcail yux copmis. Temnepamypa € 0OHUM 3 OCHOBHUX (aKmopis, ujo
JAIMIMYIOmMsb  8POACAUHOCIE  KAPMONJL, 0COOAUBO NPU KPAUHIX BIOXUNEHHAX 8I0 0azamopiuHux
cepedHix 6 OiK 3HudCeHHs. Y 6ci poxu 00CniodceHHs cepedHbo00008i memnepamypu npomsaeom
secemayii kapmonii 0yau O1U3bKi 00 HOpmu abo dewyo suwor 3a Hopmy. Hamu ecmanosneno, wo
npu niosuweHHi macu nocaokosoi 6ynwou 3 30 oo 120 2 eposcaiinicms Kapmonii 3pocmana y
copmy I'ypman 3 26,3 m/ea oo 35,3 m/ea, a y copmy Kuseuns 3 27,3 m/ea 0o 40,1 m/ea. ['ypman oas
Hao0basKy 6 NOpieHAHHI 3 Macoi nocadkogoi oyrvou 50- 80 ¢ - 3,8 m / ea abo 12,1 %, a copm
Knseuns 5,6 m/ 2a abo 16,2 %.

Knrwowuogi cnosa: copm, 6ynvou, Kapmonaisi, ypo*CaHicms, 6MICH KPOXMATIO.

Beryn. Haitbunpmr  €(heKTUBHUM  [IISAXOM MIABUINEHHS MPOAYKTUBHOCTI
KapTOIUTI € BIPOBAPKCHHSM B IMPAKTUKY CLILCHKOTOCTIOAAPCHKOTO BHUPOOHHMIITBA
HOBUX BHCOKOBPOXKaMHHMX COpTIB, OIOJOTiYHI OCOOJMBOCTI  SKUX  Olblie
BIIMOBIZIAIOTh ~ MICIIEBUM  T'PYHTOBO-KJIIMAaTUUYHMX yMoOB. IloTeHimian copTiB
peanizyeTbcs Yepe3 HAaCIHHEBUN MaTepiall 1 TEXHOJIO0T1i 00poOiTKy [1].

Coptu KapToIUl, B HE3aJEXKHOCTI BIJI TPYNU CTUIJIOCTI, MPEeIsIBISAIOTH
HEOJHAKOBI BUMOTH JI0 YMOB OOpOOITKY 1 MO - pI3HOMY pearyroTh Ha MPUHOMH
arpoTexHiku. MexaHidyHe TiepeHeceHHS e(PEKTUBHHUX TEXHOJIOTIM 1 HOBUX COpTIB,
NpUAATHUX [IJI1 OJHMX YMOB, B IHINI YMOBHM TPYHTIB 1 KIIMaTy, PIIKO Ja€
MMO3UTUBHUM pe3ysbTat [2-4].
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Merta Haiioi po6oTH noJjisraia B yA0CKOHAJICHHI €JIEMEHTIB COPTOBOT TEXHOJIOT11
BUPOIIYBaHHs KapTOIUIl Ha MPUKIAIl HAaHOUIbII NepcrneKTUBHOro copry ['ypman ta
Kasruns nis JlicocrenoBoi 30uu [TonTaBchkoi o6acTi.

B ymoBax oOnacTi Bmeplie BUBYEHI €Ki arpOTEXHIYHI MPUMOMHU COPTOBOI
TEXHOJOrll pallOHOBAaHMX COPTIB, MIO JO3BOJISIIOTH peali3yBaTd O10JOTTYHUIA
MOTEHLI1aJl COPTY Ta OTPUMYBATH CTaO1IbHI 1 BUCOKI Bposkai [5].

BB  po3mipiB  MMOCaaKOBOTO Matepialy Ha YpoKall KapTOIUli 1CTOTHO
3aJIeKUTh Bl yYMOB OOpOOITKY: Ha pOJIOYMX [UISHKAX Mpu Oe3nepediiHoMYy
MOCTayaHHI POCIIMH BOJOI0, YPOKail 3pocTae 31 30UIbIICHHSIM KPYITHOCTI HACIHHEBUX
OyJnb0 [6-8].

OCHOBHHUI1 TEKCT.

[Ipy mpoBeeHHI TEXHOJOTIYHUX JAOCHIPKEHb MPO BIUIUB MAacH IOCAJAKOBO1
Oynb0M Ha BpPOXKAWHICTH 1 CTPYKTYpHI MOKAa3HUKH palOHOBaHUX cOpTiB ['ypmaH 1
Kusiruns, HaMu BCTAHOBIIEHO, IO BpOXkKalHICTH copTiB Kaptormi B 2019 pormi
3pocTana B Mipy 301IbIIIEHHS Macu 1mocajakoBoro 0ynsou 3 30 1o 120 rpamiB y copTy
I'ypman 3 23,9 1o 34,6 1/ra, ay copty Kuasiruns 3 29,1 no 40,5 1/ra.

VY 2020 poui BpokaiHICTh KapTomil Oyna 3HayHO Buie, Hik B 2019 porr.
Crnocrepiranacs Taka X TEHICHIIS 30UTBIIICHHS! BPOKaWHOCTI TIPH 301JIbIIIEHH] Macu
nocaakoBux Oyns0. ['ypman 3011bI1yBaB BpOoXKaHICTh 10 39,2 T/Ta B MOPIBHSHHI 3
Macoro nmocaakoBoi 0ynsou 30 rpamis, a copt Kusruns no 42,5 1/ra. Hemonik omamiB
B JIMIHI 1 BEJIMKA KUJIBKICTh iX B CEPIHI, 3HAYHO 3HU3UJIO Bpokail Oynb0 KapTorul B
2021 pomi. Tak, B 2020 poii omaaiB BUMAJIO 3HAYHO OUIbIIE CEPeAHLOOAraTOPIYHOT
HOPMH, JI€ 1 CIOCTEPITa€EThCS HANOUIbIII BUCOKHI YPOKai.

Bucokoro BOJIOTICTIO B MEPIIMNA MEPIoJl PO3BUTKY KapTorum Biapi3HsaBcs 2021
pIK, @ B TpPETbOMY I€pioAl onaiiB Bunajio Ha 11,2 MM MeHIe cepeJHh0OAraTopiuHol
HOPMH, 1110 CTBOPHJIO CTIPUSATINBI YMOBH JJIs1 30MpaHHS.

Temneparypa € OgHMM 3 OCHOBHHMX (DaKTOPIB, L0 JIMITYIOTh BpPOXKaHHOCTI
KapTOIIl, OCOOJIMBO MpU KpalHIX BIIXWJIEHHAX BiJ OaraTopiuHUX cepeiHiXx B OiK
3HUKEHHS [9].

VY BCl pOKM JOCHIIPKEHHS CEPeIHbOJO000BI TEeMIEpaTypH MPOTIrOM BereTaili
KapToIUIi OyJin OJIU3BKI 10 HOpMH a00 JIEII0 BUIIOIO 32 HOPMY.

HapecHi 3amMoOpo3Kku 3aKiHUyBaJMCs B JPYrikd Jekadi dYepBHS 1 BOCEHH
BiJI3HAYAJIMCS Ha MMOYaTKY BepecHs [4].

Takum yuHOM, HaMHM BCTaHOBJIEHO, IO MPH MIABUINEHHI MacH MOCaIKOBOI
Ooyns06u 3 30 1o 120 r BpokaifHICTh KapTOILIi 3pocTana y copty ['ypman 3 26,3 T/ra
1o 35,3 1/ra, a'y copty Kusruns 3 27,3 1/ra no 40,1 1/ra (tabm. 1).

['ypman naB HanOaBKy B MOPIBHIHHI 3 Macoro mocaakoBoi 0ynsou 50- 80 r - 3,8
T/T1a a6o 12,1%, a copt Kusruns 5,6 T/ ra abo 16,2%.

Kinbkicts creben 3poctae y I'ypmana B 3 pasu a0 245 tucsy, y Kusruni B 2,1
pasu a0 184 Tucsuy mTyk Ha rekrap. Maca Oynb0 3 OJHOrO Kylla y BEITUKHX
nocajgkoBux Oynp0 MakcumanbHa 1 gocsrae 0,95 kr y I'ypmana 1 1,04 kr y coprty
Kusirunsa. Maca ToBapHOi OyiabOM 3aJIMIIAETHCS MPUUHATHOKO MpU OyIb-KiA Maci
MOCaIKOBOI OyIHOM.

AHaJ3youd OTPUMAaH1 JaHl, CJiJi 3a3HAYUTH, 1[0 BMICT CyXOi PEUYOBUHHU B
Oynb0ax y copty I'ypman npu Maci nocajakoBoi Oyiasou 80 r Oyno 20,8-22,6 %, B
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cepenuboMy 21,4. YV kapromni copty Kusruns BianmoimHo 19,9-23,0 %, B
cepeaabomMy 21%.

Tadoauus 1 - Bnume Mmacu nocaakoBoi 0yJib04 Ha YPOKANHICTH KAPTOILII, T/Ta

Bapuant 2019 p. 2020 p. 2021 p. cepeaHe
I'ypman 30T 23,9 32,1 22,8 26,2
I'ypman 50 r 29,7 39,2 23,2 30,7
['ypman 80 r 30,2 37,5 26,9 31,5

I'ypman 120 r 34,6 39,2 32,1 35,3
Kasaruasa30 r 29,1 332 19,6 27,3
Kasaruns 50 r 35,2 35,7 27,8 32,9
Kusaruns 80 r 31,6 37,5 34,6 34,5
Kasaruns 120 T 40,5 42.5 374 40,1
Hip 005 1,8 2,3 1,3

Haiimeniie BMICT cyxo0i peuoBUHH 3a3HaueHO y Oynb0 Benukoi (pakuii y copTy
I'ypman - 18,7 % 1y copty Kusiruns- 19,7 %, npu maci nocaikoBoi Oynbsou 30 T.

[Topsan 3 Cyxor peuoOBHHOIO, OCOOIMBE 3HAUYECHHS HAJA€THCSA BMICTY KPOXMAJIO
B OynpOax kapromm [6]. BMicT Kpoxmasto 3aieXHUTh BiJl YMOB BHUPOILYBaHHS,
COpPTOBHUX 0c00JIMBOCTEN 1 MOKe 3MiHIOBaTuUCs Bij 10 10 20 % (Tadmn. 2).

Tabauus 2 - BiuimB Macu nocagkoBoi 0yJ1b0M HA BMICT KPOXMAJIK, %

Bapiantu 2019 p. 2020 p. 2021 p. cepenHe
I'ypman 30 T 13,8 14,0 13,6 13,8
I'ypman 50 r 13,2 15,2 12,5 13,6
I'ypman 80 15,0 16,8 15,1 15,6
I'ypman 120 r 13,1 14,0 11,5 12,8
Kasarunsa 30 T 13,5 14,0 14,5 14,0
Kasarunsa 50 ¢ 14,5 15,6 14,4 14,8
Kasarunsa 80 ¢ 14,6 17,2 14,1 15,3

Kasruns 120 T 13,5 16,6 13,1 14,4
HIP 005 0,83 0,76 0,74

JlocmipKeHHsT MoKa3aiy, 10 JOCHTIPKYBaHI MacH MOCAJIKOBOiI OyJab0M 3HAYHO
BIJIMBAIOTh HA HAKOTIMYEHHSI KPOXMAJIIO B OyJib0ax KapTOILII.

31 30UIBIICHHSIM MacH MOCAJIKOBOT OyJIhO0M HAKOMMYEHHS KPOXMAJIIO B yposkai
3pocTaja, aji¢ B OUIBIIOCTI BUIIAJKIB KPOXMAIHUCTICTh KapToruii 3 Macoro 120 r Oyio
HIDKYE, HIXK 3 IOCaIKOBOIO 0Yys1b0010 80 T.

[le MO>XKHA MOSCHUTUA TUM, IO OUIBII MOTY>KHI KYIII CUJIBHIIIE KOHKYPYBaH 1
3aTiHIOBAJIM OJIMH OJHOTO.
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VY copty I'ypmaH HaliMEHIIIMI BMICT KPOXMAaJTFO BCTAHOBJICHO Y BEJIUKUX OYJIBO -
12,8 %, a y copry Kusruns y npibuiii ¢ppakuii 0yns6 — 14 %. Ane mMakcumanbHUN
BMICT kpoxmaio y I'ypman (16,8 %), a y Kusaruni (17,2 %) cnocrepiraerscst npu
Maci nocajkoBoi Oyns6u 80 rpamis.

BucnoBku.

1. BrpoBajkeHHST OCHOBHHUX arpoTE€XHIYHHUX MPUHOMIB COPTOBOI TEXHOJOTII
JUTSL COPTIB JJ03BOJISIE OTPUMYBATH CTaOLTBHI BpoXkai Oyib0 10 45 1/Ta.

2. MakcuManbHa BpoKaitHICTh copTiB KapTormui ['ypman 1 KHsruns nocsiraerbes
MIJBUIICHHSIM MacH mocajakoBoi Oyns0ou 3 30 mo 120 r. HanbaBka Bpokaro mpu
nocaaui BenukuMu Oynb0amu (120 r) coptiB ['ypman cranoButs 3,8 1/ra a6o 12,1 %,
a o copty Kusiruns - 5,6 1/ra a6o 16,2 %.

3. JInsg mocanku Ha TPOJOBOJIbYl LI cOpTiB Kapromm ['ypman 1 Kusruns
PEKOMEHIyEMO BUKOPHUCTOBYBATH CEpeHIO HaciHHEBY (pakirito (50-80 r).
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Abstract. This article presents information on the influence of the mass of planting tubers on
the yield and starch content in two varieties of Gourmet and Princess, which are zoned for our
region. Analysis of meteorological conditions during the years of experiments showed that all three
growing seasons are favorable for growing potatoes. June and August precipitation have less
impact on the yield of these varieties. Temperature is one of the main factors limiting potato yields,
especially with extreme deviations from the long-term average downward. In all years of the study,
the average daily temperatures during the potato growing season were close to normal or slightly
above normal. We found that when increasing the weight of planting tubers from 30 to 120 g,
potato yield increased in the Gourmet variety from 26.3 t / ha to 35.3 t / ha, and in the variety
Knyaginya from 27.3 t / ha to 40.1 t / ha. Gourmet gave an increase in comparison with the weight
of planting tubers 50-80 g - 3.8 t / ha or 12.1%, and the variety Knyaginya 5.6 t / ha or 16.2%.

Key words: variety, tuber size, potatoes, yield, starch content.
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YIELD AND QUALITY INDICATORS OF WINTER WHEAT GRAINS

DEPENDING ON DOSES OF FERTILIZERS APPLIED
YPOKAHHICTH TA IOKA3HUKH SIKOCTI 3EPHA IIIEHUII O3UMOI1 3AJIEKHO
BIJ1 103 BHECEHUX 1OGPUB
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Hayionanvnuii ynisepcumem biopecypcie i npupoookopucmysanus Yxkpainu,
M. Kuis, eyn. I'epoie o6oponu, 17,0304 1

Anomayia. J{ocnioxcenHamu HA TYYHO-YOPHOZEMHOMY KAPOOHAMHOMY IPYHMI 6CMAHOBILEHO,
wo mpusane 3aCMOCY8AHHS MIHEPANbHUX 000pus Ha @OoHi nicisadii opeaHiuHux, 3abe3neuye
npupicm ypooskcaio 3epHa patioHosanoz2o copmy Apoi nuwenuyi Muponiécoka sapa ua 1,73 m/ea.
Ypoorcaiinicme i axicme 3epna apoi nwenuyi nioBUWYIOMbCA NPU BHECEHHI NOJYMOPHOI HOPMU
MIHepanbHux 000pus Ha Goui niciadii opeaHivHux, 3 6iONOGIOHO BUCOKUMU NOKAZHUKAMU SIKOCMI :
300py Oinky- 0,64 m/zaa ma 360py «cupoi» knetuxoeunu-1,36 m/ea.

Kniouosi cnosa: nwenuys, ypooicavinicms, 006pusa, 003a, OIIOK, «CUpay» KIeuKo8uHd, COpm,
IPYHM, CI603MIHA.

Cepen CUTbCHKOTOCMONAPCHKUX KYJBTYp MIICHUIIO O3UMY, SK MPOAOBOIbUY
KyJbTYpy YKpaiHH, BaKKO nepeoliHuTi. BoHa 3aiiMae OUIbII SIK TOJIOBUHY MTOCIBHUX
TJIONI 3€PHOBUX KYJBTYp Ta MPOBITHE MICIIE 3a BaJIOBUM 300poM 3epHa. B ocranHi
poku YKpaiHa BBIMIUIA 10 JECATKA OCHOBHUX KpaiH BUPOOHHUKIB 1 CTajla OJHUM 3
NPOBIIHUX CBITOBHMX e€KcropTepiB mmieHuui [1-2]. IpyHTOBO-KIiMaTUYHI yMOBH
Jlicocrenmy mnpaBOOEpPEKHOTO HANUCHIPUATIUBINI ISl CTAIMX YpOXKAiB MIICHUI
03UMOi Ta BHPOOHHMIITBA BHCOKOSIKICHOTO 3epHa. B CBOIO Yepry MIICHHUIA O3UMa €
OJIHUM 3 HalKpaumMx TMOMEepPEeJHUKIB JJIsl LYKPOBOTO Oypsika Ta 3epHOO000BHUX
KYJBTYD.

[Timennist o3uMa € 3epHOBOIO KYJIBTYpOIO, sIKa Ha OCHOBI CTaaMX BPOXKaiB Ta
BaJIOBUX 300piB BHCOKOSKICHOTO 3€pHa 3abe3leuye Hal[lOHAJbHY MPOJOBOJIbYY
0e3reKy B IPYHTOBO-KJIIMaThuyHUX ymoBax Jlicocremy mpaBoOepeXHOTO, Tak 1 B
VYkpaini 3aramom. Tomy po3poOka e(EeKTUBHHUX €KOJIOrOOE3NMEeUHUX 3aXO/IIB
MIJBUILEHHS YPOKAHOCTI Ta CYTTEBOTO MOJIMIIEHHS SIKOCTI 3€pHA MIIIEHUIl 03UMO1
€ BaXJIMBHUM JICP)KaBHUM 3aBJIaHHSM, SK JIJI1 HAYKOBIIIB, Tak 1 1 cremiamictiB AIIK.

B Oaratpox miTepaTypHHX JDKepelax 3a IMOKa3HWKOM YpPOXXaWHOCTI 3epHa
MIIIEHUIl OIIHIOETHCS CTYMIHb €KOHOMIYHOTO PO3BUTKY Kpainu [3-4]. BinmosimHo
YPOXKaWHICTh 3€pHA CIIBCHKOTOCIIOJAPCHKUX XJIOHUX KYJBTYp 3arajoM € OJHa 3
HaWBAXKJIMBIMIKX (PYHKIIOHAIBHUX XAPAKTEPUCTUK B OLIHII YWHHUKIB BILUIUBY, 3a
SKUMH TPOBOJATHCS AOCHIIKEHHS. EQEKTUBHICTH X BCTAHOBIIOETHCS B OCHOBHOMY
4yepe3 JUCIEepPCIHUN CTaTUCTUYHMI aHal3 y BIAMOBIAHOCTI 0 METOJUK MOJBOBOTO
nociiay. Y OUIBIIOCTI BUMNAJKIB, HA PIBHI 3HAYYIIOCTI NMOXUOKU 5%, B OKpEeMHUX
Bunaakax — 1% 3unauymiocti [4-5].
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OG’exToM JmocHimkeHHs Oyia o3uMa IMIIEeHHIS copTy  MupoHiBcbka 61,
MOTEePEHUKOM SIKOi € KOoHromuHa. Jlocmia Mae TphOXKpaTHY MOBTOPHICTh. [lnomia
o6uikoBoi aiastHku 100 M2, nociBHOI 175 M2.

Cramionapuuii nocnig mMae 12 BapianTiB. PoOounMu BapiaHTamMu B 3€pHO-
OypsIKOBii CIBO3MiH1 OyJIM HACTYTIHI:

Kounrpoas
[Ticisiaisg raoro -
dhoH

doH + Pg()

doH + Pgngo
®oH + NgoPsoKso
®oH +
N75P120K120
NsoPsoKso

OTxe, MUTaHHS MPO BIUIMB YMOB BHUPOIIYBaHHs, O10JOTIYHUX OCOOIMBOCTEH
COPTIB, BIUIMBY PI3HHUX JI03 MiHEpaJbHUX Ta OpPraHIYHUX JOOPHB, Ha BpOXKail 3epHa
03UMOI MIICHUIIl Ma€ TEOPETHUYHE Ta MPAKTUYHE 3HAUCHHSI.

B pesyaprari gocmikeHb Ha  JYYHO-YOPHO3EMHOMY TpyOONMMIIyBato -
JETKOCYTJIMHKOBOMY I'PYHTI BCTaHOBJIEHO, 110 TPHUBAJIE 3aCTOCYBaHHS MIHEPAJIbHUX
noOpuB Ha (OHI MICHSAAIl THOIO, CHOpUA€ MIABUIICHHIO BPOXKAl0 3€pHAa O3UMOi
nmeHul copty Muponisebka 61 na 11,4-26,3 w/ra (tabn.l), mpu ypoxkai Ha
KOHTpPOJI1 BiJiNoBiAHO 32,7 1/ra.

Tabauus 1 - Bniius 100puB Ha BPOsKaliHICTh 3epHA 03MMOI MIIEHUILI, 1I/Ta

. . BpoxaliHicTs, [TpupicT 10 KOHTPOIIO
Bapiant nocmuny wra wra o,
be3 1o6puB (KOHTPOJIB) 32,7 - 100
ITicasimist 30 1/ra rHOtO ((hOH) 4,1 11,4 34,8
®don+Pg 45,5 12,8 39.1
CDOH+P80K80 46,2 13,5 41 ,3
CDOH+N8()P8()K80 54,9 22,2 67,8
CDOH"‘NH()PU()KU() 59,0 26,3 80,4
N3goPs0Kso 46,1 13,4 40,9

O3uMa MIIeHUIIS Ma€ YITKO BUPAKEH1 3aKOHOMIPHOCTI B HArPOMAJIPKEHH1 BMICTY
OuIKy 1 KJIeWKoBMHU. MiHepanbHi J0oOpuBa BHeceH! Ha (HOHI micisiaii OpraHiyHUX
T1IBUIILYBaJIM BMICT OUIKY B 03uMii miimeHurl Ha 2,4-3,5% 1 knetikoBuau Ha 1,1-7,1%
npu BMicTi iX Ha koHTpom 9,2% 1 20,1%, B sapit mmenuni O6inky Ha 1,2-2,4% 1
kierikoBuHU Ha 1,7-4,3% mipu BMICTI Ha KOHTPOJIi BianoBiaHo 14,8% 1 31,9% (Tabm.
2).
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Tabauus 2 - BruiuB TPUBAJIOro 3aCTOCYBAHHSA JJOOPUB HA SIKICTH 3epHA 03UMOIL
NINeHuIi
36ip Gimca 36ipu«cnp0'1'»
' . Bitok . «Cupa» KJICHKOBHHA
BapianT nocmny o, ’ MPUPICT J0 | KIEHKOBHHA, IIPUPICT 10
1/Ta | KOHTPOJIIO, % 1/ra | KOHTPOJIO,
1/ra /ra
bes nobpus
9,2 3,0 - 20,1 6,6 -
(KOHTPOJIB)
Mienspia 30w/ra |4y ¢ | 5y 2,1 21,2 9.3 2,7
rHo10 ((poH)
®on+Pg 119 | 54 2,4 21,5 9,8 3,2
®don+PgoKsg 12,1 | 5,6 2,6 21,1 9,7 3,1
®oH+NgoPs0Kso 124 | 6,8 3,8 25,6 14,0 7,4
CDOH"‘NH()PU()KU() 12,7 7,5 4,5 27,2 16,0 9,4
NsoPsoKszo 12,1 | 5,6 2,6 24,1 11,1 4,5
HIPys, % 0,64 1,25
BucHoBku

1. Buecenns MiHepanbHUX J100pUB Ha (HOHI MICIAAIT OpPraHIYHUX IT1IBUILLYBAJIO
ypokail 3epHa 03UMOi MIIeHUI 10 26,3 1/ra, mpu ypoxkai Ha KoHTpom 2,71/ra.
HaiiBumni Bpokai 3epHa O3MMOiI 1 MIIEHUII OTPUMAJIU MPU BHECEHHI MOJIYTOPHOI
HOPMH MIHEpaJIbHUX JOOpUB Ha (HOHI MICISIAIT OpraHiyHuX, BiaAmoBigHo 59,0 1/ra.

2. O3uMa MIICHUIS] MA€ YITKO BHPAXEHl 3aKOHOMIPHOCTI B HArpoMaJiKeHH1
BMICTYy OUIKy 1 KJIEeHKOBHMHHM. MiHepaibHl a00puBa BHECEHI Ha (OHI MiCIsAli
OpraHiYHUX MiJBUIILYBaJIX BMICT OUIKY B O3UMIi miueHul Ha 2,4-3,5% 1 kKJIeHKOBUHU
Ha 1,1-7,1% npu BmicTi ix Ha KoHTpOdi 9,2% 1 20,1%.
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Abstract. Studies on meadow-chernozem carbonate soil have shown that long-term use of
mineral fertilizers against the background of organic aftereffects provides an increase in grain
yield of regionalized spring wheat variety Myronivska Yara by 1.73 t / ha. Yield and grain quality of
spring wheat increase with the introduction of one and a half rates of mineral fertilizers against the
background of organic aftereffects, with correspondingly high quality indicators: collection of

protein 0.64 t / ha and collection of "raw" gluten 1.36 t / ha.
Key words: wheat, yield, fertilizers, dose, protein, "raw" gluten, variety, soil, crop rotation.

Crarrs Bianpasiena: 19.01.22 p.
Kynpsisuiibka A.M.©
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RESEARCH OF CHANGES IN BIOCHEMICAL PARAMETERS DURING

STORAGE IN APPLES
JOCIIZKEHHA 3MIHU BIOXIMIYHUX ITOKA3HUKIB B ABJIYKAX ITPHU
3BEPII'AHHI

Komoni €. 1./Komonyi E.
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Ferenc Rakoczi Il Transcarpathian Hungarian College of Higher Education,
Kossuth square,6. 90202 BeregszaszTranscarpathia, Ukraine

Anomauyia. Y oOaniti podoomi HasedeHO pe3yarbmamu OOCAIOHNCEHHS 3MIHU OIOXIMIYHUX
NOKA3HUKIG 8 pe3ucmeHmuux (imynnux): « @nopinay, «Paiikay, «Pebennay, «Peanoa», « Dpioom»ma
Hepe3UCmeHmuux (HeimyHHux, 3euyaunux): «londen Jleniwecy, «/conazondy, «Hemniony,
«Atioapeoy, «/[aconazopedy» copmis A01YK npu 30epicanHi.

Pezynomamu noxazyroms, wjo pesucmenmui copmu Maay SUWUL MICM 8iIbHOI (MUMpPOBaHoi)
KUCTIOMU, HIJC HEIMYHHI COpmuU, K npu 30upanHi, max i 8 Kinyi mepminy 30epicaiHs 3a GUHAMKOM
HeiMYHHO20 copmy «/[oconazonoy. Y pesucmenmuux copmie emicm KUCIOMU HA MOMEHM 30UpaHHs
cmanosus 6i0 0,54 0o 0,68 2/100 2, mooi ax y neimynnux copmis 8in cmanosus (,32-0,67 2/100 .

Mo xinya mepminy 36epicanns pesucmenmui copmu empamunu 23-29,5% ceoei kucromu
nopiensanti 3 38,5-51,4% empamoro kuciomu iMyHHUX COPMIB.

Hatimenwuti cmynins 3nusicenns emicmy eimaminy C (25%) 3aghikcosano y pezucmenmnozo
copmy «Pebenna», mooi sk ceped 3euuaiinux copmisa: y « @nopinuy 31% ma 34-34% y «Pavixu» ma
«Peanoay. Havieuwuii cmynins 3nudcenns eimaminy C (38,8%) nio uac 36epicanns cnocmepizanu y
copmy «DPpioom». 3 36UHAUHUX COPMIE HAUKPAWUM BUABUBCS «[IHCOHA20N0»: 00 KiHYs 30epieanHs
6in empamus 30,7% emicmy eimaminy C, a Hauipwum y YbOMy GIOHOUIEHHI BUABUBCA COPM
«Yemniony (46%).

Knrouosi cnosa: pezucmenmui copmu 01yK, 30epicants a01yK, OI0OXIMIUHI NOKAZHUKU.

Berym.

bioximiuHMi CK1aa PI3HUX COPTIB sIOJIYK Ta HOro BU3HAYANIbHI (PaKTOPU JaBHO
BHBYAIOTHCS BITYU3HSHUMU Ta 3apyO1’KHUMU AOCTITHUKAMHU
[1,2,3,4,5,11,12,15,17,18].

Aptopamu [3, 14] Oyno TOMIYE€HO, IO BAXKIUBOIO XapaKTEPUCTHKOI Ta
MOKa3HUKOM SIKOCTI COPTY € BMICT OpraHiuHHUX KHUCIOT B s0mykax. KinbkicTb
OpraHiuYHUX KHUCIIOT y sIOMyKaxX 3alieXHUThb BiJl COpPTY, ii 3HAYEHHsS HEBHCOKE, aje
pa3oM 13 KUIBKICTIO 3arajbHOTO LYKPY BIJIrpa€e BUPIMIAIBbHY poyib Y (OpMYyBaHHI
cMaky copty. Tepmin 30epiraHHsi COpTIB SOIYK TaKOX B MEPILY YEPTY € TEHETUYHOIO
O3HAKOIO 1 3aJI€KUTh BiJ] KUIBKOCTI Ta MPOMNOPLIi XIMIYHUX 1HTPEIIEHTIB B sI0IyKax.
Haiibinpi1  1HTEHCUBHE pO3KJIaJAaHHS MPOSBIAIOTH KHUCJIOTH, IO MPUBOJUTH JI0
3HIDKEHHS SKOCTi. YnM mBHAIIE BiAOYBAETHCS PO3KIAAaHHA KUCIOTH, THM MEHIITHMA
TepMiH 30epiranHs s0ayk [3, 14].

OnnuMm 13 HaWBaXIUBIMKX pkepen BiTaminy C € s0iiyka 3UMOBHUX COPTIB,
OCKIJTbKM BOHU MOXYTb 30epiratucsi mpotsirom 5—10 wmicsauiB. Bmict ackop6iHOBOT
kucyoTu (Bitamid C) € MPUPOIHUM aHTUOKCHUIAHTOM, 1 TAKOK 3MEHIIYETHCS T Yac
30epiranus soayk [1, 3].
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Mertoro nochikeHHs OyI0 BUSBICHHS BMICTY 1 IMHAMIKH TUTPOBAHUX KUCIIOT
Ta BiTaMiny C B pI3HHX cOpTax sS0JIyK B TEpMiH 30epiraHHs.

MarepiaJj i MeTOAN AOCTIKEHHS.

CopToBi 0cOOIMBOCTI IUIOAIB SAOTYK JAOCTIKYBAIUCh B yMOBaxX 3akapnaTTs y
3akapnaTchkoMy yropcbkomy iHCTUTYTI iM. Depeniia Paxorri I1.

Jnis gochikeHHsT O10XIMIYHHMX TOKa3HUKIB HaMu Oyino oOpano 10 copTiB
a0MyHb: 5 pe3ucTeHTHUX (IMyHHUX, CTIHKHX 10 XBOpOoO) 1 5 HEPE3UCTEHTHHUX
(HEeIMyHHMX, 3BUYAHUX) COPTIB.

PesucrentHi coptu :«Dnopinay, «Paitkay, «Pebemnay, «Peannay, «Dpigomy.

Hepesuctentni coptu: «lommen J[lemmec», «Jlxonaronay, «Yemmiony,
«Anpapen», «Jxonaropen». Koxna 3 si01yHb CTOITh Ha mifgmieni M9 1 moBHOro
IJIOJOHOIIEHHS Aocsria 3-4 pOKU TOMY.

SAbnyka 30upanu y  XapakTepHUM UL COPTY  Yac  J03piBaHHSA
[6,13].0nTHManbHU yac 300py, TOOTO CTYIIHb CTUTJIOCTI SIOJYK JJIsi TPUBAJIOTO
30epiraHHs, BH3HAYaIM 3a JOMOMOTOI HOA-KpOXMaibHUM TecToM [9]. S6myka
30epiram npu +3C° B xonmoaunsauky [10].

Jns Ol0XIMIYHMX TECTIB Ha BMICT THTPOBaHMX KHUCIOT Ta Bitaminy C
BUIIAQJKOBUM UYMHOM BiJIOpanu mo 5-5 mTyk siOIyK 3 KOXKHOTO COpTY, SIKI HICIIA
OYUIIIEHHS TOMOT€HI3yBaJli, TOTYBAJIM HEOOXI1THI EKCTPAKTH Ta PO3UMHHU.

MacoBy 4acTKy THUTPOBaHHMX KUCJIOT BH3HAYaJIM Yy NEpepaxyHKy Ha SOIydHY
kuciory. [ns BumiproBaHHs BMICTy BiTamiHy C y 1UIoJax BHKOPHUCTOBYBAJU
nogomerpuunuit meron [7,10,12,16]. IlokazHuku BMICTy KucIoTH Ta Bitaminy C
BUMIPIOBAJIUCH MICHs 300py BpOXkKako Ta JOJATKOBO LIE 5 pa3iB Mij yac 30epiranHs.

Pe3ynbraty, OTpUMaHi MiJ1 Yac JOCTIIPKEHHS PE3UCTEHTHHUX 1 HEPE3UCTEHTHUX
COPTIB 5101yH1, 0OrOBOPIOEMO TIapasesibHO, MOPIBHIOKYH 1X MiXk COOOI0.

Pe3yabTaTu 10CaiTKeHHS.

JloCTiIPKEHHSIMU  BCTQHOBJIGHO COPTOBI BIAMIHHOCTI Yy JMHAMIKM  BMICTY
TUTPOBAHUX KUCIOT (puc.l).

3HIKCHHS KUCIOTHOCTI HAWIIBUIIIE BIJOYBAJIOCS y HEPE3UCTEHTHUX COPTIB
a0nyk «/[xonaropen» 1 «Yemmion». Takox 11l cOpTH MOKA3aIM HAWBUIIMKA CTYMiHb
3HIDKEHHSI KUCJIOTHOCTI CEepell HEpPE3UCTeHTHUX copTiB: «Jlxonaropem» (53%) i
«Yemmion» (51,4%). Hampukiaii AOCTIIPKEHHS MU TaKOX BUMIPSJIA 3HAYHE
3HIDKEHHSI KUCTOTHOCTI B copTi «lonmen [Hemimec» (47%). «Alpapen» mnokasas
3HUKEHHS KHUCJIOTHOCTI Ha 38,5%, a «J/lxonaronm» Ha 25,4% 3a TOW ke mepioj
30epiranus (puc.2).

Cepen pe3UCTEHTHUX COPTIB sI0JyHI MIBUAKICTh 3HM)KEHHSI KHCIOTHOCTI COPTY
«Paiikay Oyia Maii’ke Takoro Xk, SIK 1 Y HEpE3UCTEHTHOIO COPTY «JI>KoHaroyimy.

VY pesuctentHux coptiB «®Dnopinay, «Pebemnay, «Peanma» ta «Dpimom»
OBy KHCJIOTHY JErpajalilo CIOCTEpirajd B IMEpUIiil MOJOBHHI 30epiranHs. Y
JpyTid 1MOJOBHUHI 30epiraHHs MPOIEC CIOBLILHUBCS, 1 B Oepe3Hi Mu 3adikcyBaiu y
pe3UCTEHTHUX COPTiB 23-29,5% BTpaTU KUCIOTH, MOpiBHAHO 3 38,5-51,4% BTpaToro
y HEpE3UCTEHTHUX COPTIB (puc.2).

JuHamiky 3meHIIeHHs: BMICTY BiTaminy C B si0/ykax MO>KHa BIJICTEXKYBaTH Ha
PUCYHKY 3.

ISSN 2663-5712 103 www.sworldjournal.com



TS
o
SWorldJournal Issue 11 / Part 2 Q‘;@

0,7

BMICT TUTPOBAHUX KUCNOT /1007
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HMOB. NMUCT. revn. Cly. nwT. BEEP.
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—@—YemnioH —+— PeaHpa — bpigom FonpgeH Jeniwec —&—[}koHarong,

Puc.1 Innamika BMiCTY THTPOBAHMX KHCJIOT IiJ Yyac 30epiranus

AOCJTIIKYBAHUX COPTIB s10JIYK (aBTOPChKa po3polKa).
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Puc.2 CryniHb 3HMKEHHS BMICTY KHCJIOTH 32 nepioj 30epiranus s0ayK
(aBTOpPCHKA PO3pPO0KA).

Bcranosineno, 1o miciust 300py Bpoxkaro 3HaueHHs! BMicTy BiTamiHy C B si0yKax
cranoBuyio 3,5-5,8 mr/100 r. HaiiBumumii BmicT BiTamiHy C BUSIBUIIM y PE3UCTEHTHOTO
copty «Paiika» (5,8 mr / 100 ). [Tonibue 3nauenns (5,6 mr / 100 1) Oys0 BUMIpsIHO
st copty «Pebennmay 1 Jemo Hik4l, aje Maike OJHAKOBI 3HAYEHHS IS 1HIUX
TPHOX PE3UCTEHTHUX cOPTiB: «Dnopunay (4,5 mr / 100 r), «Peanna» (4,4 mr / 100 1),
«Dpigom» (4,9 mr / 100 r). 3 HEpe3UCTEeHTHUX cOPTiB HaiiOubIIe BiTaminy C (4,7 mr
/ 100 r) B7MiCTHB copT «Alaapen», a «xonaropen» naimenuie (3,5 mr/ 100 r).

ISSN 2663-5712 104 www.sworldjournal.com



P “a
SWorldJournal Issue 11 /Part 2 6!-3-

2

=y

w

BwmicT BiTaminy C mr/100r

1,5 +

’

1 I 1 I 1 I 1 I 1 I 1

MOB. JIACT. rpyAa. ciy. JIHOT. Bep.
=@ Paiika == M nopiHa = Pebenna PeaHga = O pigom
i YemnioH —@— Alpapen =@ [;KOHaropes =@ 0on0eH [enilec =@= :xoHaronma

Puc.3 Iunamika Bmicty Bitaminy C mijx yac 30epiranas X0CJHiIKyBaHUX COPTiB
s10J1yK (ABTOPChKA po3poldKa).

Takox BCTaHOBJICHO, IO 3HIDKEHHS BMICTy BiTaminy C B s0mykax i dYac
30epiranHs BiAOyBaJoCs MOBUIBbHIIIE, HIK BMICT THTPOBaHHX KHCJIOT. CTymiHb
3MEHIIEHHs BMICTy BiTaMiHy C B s10JTyKax MMOKa3aHO Ha PUCYHKY 4.
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Puc.4 Cryninb 3umkeHHss BMicty BiTaminy C 3a nepiox 30epiranus s0Jayk
(aBTOPCHKA PO3pPO0KA).

Halimenmuii ctymninb 3HMKeHHsI BMicTy BiTaminy C (25%) BigmiueHa y copty
«Pebenna», Ha 31% y copry «®nopina» Ta Ha 34-34% y copty «Paiika» Ta
«Peanna».
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HaiiBumumii piBens posnaay Bitaminy C (38,8%) cmocrtepiraBcs mij dyac
30epiranns y coptry «®pigom». 3 HEpE3UCTEHTHUX COPTIB HAWKPALIUM BHUSBUBCS
copT «Jl>xonaronm»: BiH BTpatuB 10 KiHI 30epiranHs 30,7% Bmicty Bitaminy C, a
HaAWTIpIINM BUSBUBCS — copT «Uemmion» (46%).

Bucnosku.

Pi3Hi coptu sa0dyka mig 4Yac [H03piBaHHS HAKOMUYYIOTh Pi3HY KUIBKICTh
OpraHiuHOi KUCJIOTH Ta BiTaMiny C.

[Tin yac 30epiraHHsl KUIbKICTb TUTPOBAHUX OPraHIYHUX KHUCIOT 1 BiTamiHy C
MOCTIMHO 3MEHIIYEThCS, MIBUJAKICTh 3MEHIICHHS TaKOX 3aJeKHUTh B COPTY, IO
CBIJTYUTH NPO Pi3HY NPUJIATHICTD JUIs 30€piraHHs COPTIB SOIYK.

Pi3ke 3HMKEHHS KHUCJIOTHOCTI, IO CBIYUTh TPO CTaH CTapIHHS SONYK,
B110YyJIOCS B PI3HMIA Yac JJi KOKHOTO COPTY SIOJTyK.

Bwmict Bitaminy C 3HMXKYETBCS M1 Yac XOJOJUIBHOrO 30€piraHHs MOBLIBHIIIE,
HIXK BMICT TUTPOBaHUX KHUCJIOT.

bioxiMiuHI TOKa3HUKU BCIX PE3UCTEHTHUX COPTIB s0IyHI Oynu momiOHuMu abo
B 0aratbOxX BUNAJKaX BUIIMMH, HK Y HEPE3UCTEHTHUX COPTIB MicIs 300py BPOKaIO
Ta 30epiraHHs B XOJOIUIBHUKY.

TpuBane 30epiranHs sOJyK Yy 3BUYAWHUX XOJOAWJIBHUX KaMmMepax HE €
€KOHOMIYHMM, OCKUIbKH CIIOCTEPIraeTbCsl 3HAYHE 3HIDKEHHS SAKOCTI. Y TaKuX
KaMmepax OUIBIIICTh COPTIB sS0MyK O3 BEIMKUX BTpaT MOXKHa 30epiratu Jiuiie 0
IpyAHS-CIYHS.

OOuparoud CcOpT, CIiJI BpaxOBYyBaTU HE JHUIIE MHOro NPOJYKTUBHICTH Ta
TEXHOJIOTIYHICTh, ajleé W Te, K COPT MOXKe 30epiraTu XapakTepHl Il HBOTO
010XIMIYHUI CKJIaJ B IEBHUX YMOBax 30epiraHHsl.
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Abstract. The aim of the study was to identify the content and dynamics of titrated acids and
vitamin C in different varieties of apples during storage

This work presents the results of a research of changes in biochemical parameters in resistant
(immune): "Florina", "Rayka", "Rebella", "Reanda", "Freedom" and non-resistant (non-immune,
conventional): "Golden Delicious", "Jonagold", "Champion", "ldared", "Jonagored" apple
varieties during storage. The researched apple varieties are of great economic importance in
Transcarpathia.

The results show that resistant apple varieties had a higher content of free acid than non-
resistant varieties, at harvest and at the end of the storage, except for the non-resistant variety
"Jonagold". In resistant varieties, the acid content at the time of harvest was from 0.54 to 0.68 g /
100 g, while in non-resistant varieties it was 0.32-0.67 g / 100 g. By the end of storage, resistant
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varieties have lost 23-29.5%, non-resistant varieties have lost 38.5-51.4% of their acid. This may
indicate better storage of resistant apple varieties.

The lowest degree of reduction of vitamin C content (25%) we observed in the resistant
variety "Rebella". Of the non-resistant varieties, "Florina" (31%), "Reanda"(34%) and “Rayka”
(34%) showed the lowest values. The highest degree of reduction of vitamin C (38.8%) during
storage we observed in the variety "Freedom". Of the non-resistant varieties, “Jonagold” was the
best: by the end of storage, it had lost 30.7% of its vitamin C content, and the worst was Champion
(46%).

After reaching the maximum quality, the content values of the stored fruits decreased, their
quality has deteriorated.

These changes are related to the genetic characteristics of the variety, the conditions and
length of storage.

Key words: resistant apple varieties, during storage, biochemical parameters.
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INFLUENCE OF SEED INJURY TYPES ON THEIR RESPIRATION

INTENSITY DURING STORAGE
BJIUAHUE TUIIOB TPABM CEMSH HA UHTEHCUBHOCTbD UX IBIXAHUS B
MNPOLUECCE XPAHEHUSA
Grinenko L. I. / I'punenxo JI. H.
st. / cmyoenm
Novytska N. V./ Hosunkas H. B.
d.a.s., as. prof. / 0. c¢-x. H., Ooy.
ORCID: 0000-0002-7645-4151
National University of Life and Environmental Sciences of Ukraine,
Kyiv, str. Heroes Oborony, 15, 03027
HayuoHassHblll yHUBEpcumem 6uopecypcos u npupodono1b308aHuUsl YKpauHbl,
Kues, ya. I'epoes O6oponvbt 15, 03027
Martynov A. N./ MaptsinoB A. H.
res. / Hay4. COmpyoOHuK
Ukrainian Institute for Plant Variety Examination,
Kyiv, str. General Rodimtsev, 15, 02000
YKkpauHckuli uHcmumym skcnepmu3bl COpmMo8 pacmeHull,
Kues, yn. I'enepana Pooumyesa, 15, 02000

Annomayusn. Illpusedenvl pezyibmamvl U3VHEHUS UHMEHCUBHOCMU ObIXAHUS YeIblX U
MPABMUPOBAHHBIX — CeMsIH  COU,  KYKVpY3bl U  RuleHuyvl meépoou. Ycmanoeieno, umo
HeNno8pedtCcOEHHbIE CeMEHA COU C BbICOKUM COOEPICAHUEM IHCUPO8 ObIUAm UHMEHCUBHee, YeM
Kpaxmanocooepacawue 31aKosvie. Y mpasmupo8aHHbIX CeMsH 31AKO8bIX KYIbmyp Haubobulell
UHMEHCUBHOCMBIO ObIXAHUSL 001A0AIOM CEMEHA C MUKPONOBPEHCOCHUIMU 3apoobiiid, ¥ 60008bIx —
¢ MUKpo- u makpompaemamu cemsioone. Ilocne 24 mecsyes Xpanenusi UHMEHCUBHOCTb ObIXAHUSL
CeMAH YBeIUYUBALACH 8 HECKOILKO PA3, 8 0COOEHHOCU Y NOBPENCOEHHBIX CEMSIH.

Kniouesvie cnosa: cemena, mpasmuposanue, Ovixanue, UHMEHCUBHOCMb, NPOPAUSUBAHUE,
Xparenue.

Beryniienue.

@U3HONOTUYECKN 3pEJble CEMEHAa IOCTEIIEHHO TEPSIOT BJIAry, CTAHOBATCS
BO3IYyIIHO-CYXMM, M B  TakOM COCTOSIHUM  MOTYT  JOJIO  COXPAaHSTh
KU3HECIIOCOOHOCTh. BHemrHe ceMeHa KaxyTcsi O€3KH3HEHHbIM, HO OHH IIO-
IIPEKHEMY OCTAIOTCSl JKMBBIM OpPraHU3MOM, KOTOPBIM pearupyer Ha JIEeWCTBHE
(haKTOpOB OKpYyKaloIIeh Cpeabl, XOTd W C MEHbIel sHeprueh [3]. B cemenax B
nepuoj, TMOKOSI MPOUCXOAUT OOMEH BEIIEeCTB, W JKU3HEHHbIE (YHKUIUU HE
MPEKPAIIAOTCs, @ TOJBKO CBOJATCS K KpailHeMy MUHUMYMY. THTEHCHBHOCTHh OOMeHa
3aBUCUT OT BHYTPEHHETO COCTOSIHUSI CEMSIH, OT BUAOBBIX U COPTOBBIX OCOOEHHOCTEH,
OT yCJIOBHUM BHeIIHeW cpeabl. OAHUM U3 HauboJee U3yUYEeHHbIX MPOSBIEHUN 0OMeHa
BEUIECTB B CEMEHAX M HauOoJiee SIPKO BBIPAKEHHBIM HMX CBOMCTBOM SIBIIAETCA
npixanve. OHO HaWiydimiuM oOpa3oM XapaKTepU3yeT UX COCTOSHUE, CYLIHOCTh U
YPOBEHBb (PU3UOJOTUUECKUX MPOIIECCOB, MPOTEKAIOIINX B ceMeHax [1].

JIpIxaHue MOXHO OIpPEAEIUTh KaK MPOLECC, KOTOPBbIA MPOTEKaeT B KaXIOH
KUBOM KIJIETKE, M BEJET K BBICBOOOXKICHHMIO 3HEpPTuUu. B mporiecce HOpMaIbHOTO
JbIXaHUsI BBICBOOOXICHUE SHEPTUU CBSA3aHO C MOIVIOIIEHUEM KHCIOpOJa, PACX0I0M
OpraHMYECKOTO BEIIECTBA W BBIICICHUEM YIVIEKMCIIOrO ra3a u BoAbl. /[[pIxaHue
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CEMSIH — BHYTPEHHUH MPOLECC, HO €ro XapakTep U HHTEHCUBHOCTb 3aBUCIT OT
OKpY>XaloluxX ycioBUHM. JlpIXaHWe HU3MEHSETCS B 3aBUCUMOCTH OT BHYTPEHHETO
COCTOSIHUSI KJIETOK CEMEHH, OT aHATOMHH CEMSH M OT ()aKTOPOB BHEIIHEU CPEIbl —
BJI&KHOCTH, TEMIIEPATYPHI BO3/lyXa, HAJIUYHSI MUKPOOPTaHU3MOB H T.]I.

Ha npouecc apixanusi ceMsiH OKa3bIBAalOT BIMSHUE PA3HOTO POJia HapYIICHHS
AHATOMHYECKOTO U (DM3HOJOTUYECKOTO XapaKTepa, KOTOPhIE MPOUCXOSAT HE TOJIBKO
BO BpEMs XpaHEHHsI, HO U TIPU BBIPAIIMBAHUU U OCOOCHHO — yOOpKe ceMsiH. Braxxubie
U TOBPEXJAEHHBIE CEMEHa JbIIaT HWHTEHCHBHEE, UYTO MOXET BBI3BaTh
CaMOCOTpEeBaHUE CEMEHHBIX Macc. (CamMocOorpeBaHME BBI3BIBACTCS HE TOJBKO
WHTEHCUBHBIM JIbIXaHUEM CEMEHa, HO M Pa3BUTHEM MUKPOOPTaHU3MOB, BBIACIISIONINX
Oosbiioe KoM4ecTBO Teria. [laryOHOCTh JIEMCTBUS CaMOCOTpEBaHHME Ha CEMeHa
00ycCIIOBJIEHAa HE TOJILKO BBICOKOW TeMIepaTypor, HO U TOKCUYHBIMHU BbIJICICHUSIMHU
MAaTOT€HHOM MHUKPOQIIOPBI, KOTOPhIE PE3KO CHUXKAIOT BCXOXKeCTh ceMsiH [2, 4]. C
YYETOM TMPOLECCOB JAbIXaHHWS CEMSH OpPraHU3YIOT TMPAaBWIBHOE WX XPaHEHHE,
YCTaHABJIMBAIOT HOPMbI PEAbHBIX MOTEPh NpHU XxpaHeHuu. [loaTomMy uccrenoBanus,
CBSI3aHHBIE C JIbIXaHUEM CEMsIH, UMEIOT HE TOJHKO TEOPETUYECKOE, HO U OOJIBIIOoEe
MPAKTHYECKOE 3HAUYCHHUE.

B mpaktuke wucciaenoBaHU HWHTEHCUBHOCTH [IbIXaHUS OMNPEAECISIOT IO
KOJIMYECTBY BBIJIEJIEHHOTO YIJIEKUCIIOTO ra3a WIM MOTJIOIIEHHOTO KHCJIOpOoJa B MII
WIN MT, KOTOPOE BBIJEISETCS B JAHHBIX yciaoBuUsAX HaBeckou ceMsH (100 wmm 1000 r
CEMsIH Ha a0COJIFOTHO CYyXYyIO0 Maccy) B TeUeHHH 24 4acoB.

YciaoBuA 1 MeTObI HCCIETOBAHMS.

JlaGopaTtopHble UCCIEAOBAHUS MO M3YYEHUIO MHTEHCUBHOCTHU JBIXaHUS CEMSIH
MOJIEBBIX KYJBTYp MPOBOAWIM B OHOXMUMHYECKOW HAyYHO-HCCIIEIOBATEIHCKON
nabopatopun  «AHAIUTHUYECKUE WCCIEIOBaHUS B PACTEHUEBOJCTBE» Kadeapbl
pacTeHHEBOICTBA HammonansHoro YHHUBEPCUTETA OouopecypcoB 151
IPUPOJIONIONIB30BAHUS  YKpauHbl. B  HCCleIOBaHUAX HWCIOJIB30BaIU IENbIE U
TPaBMHUPOBAHHbIE CEMEHA COU COPT AHHYIIKA, MIIEHULbI TBEpHON copT M3onbpaa u
Kykypy3sl THOpua Cmenguc (PAO 250), BwipamieHHble Ha MOJSIX Kadeapsl
pacteHneBoACcTBa B omnbITHOM xo3diictBe HYbull VYkpaunsl «ArpoHomMuueckas
ONbITHAasl CTaHUUsA». VHTEHCHBHOCTH JbIXaHUS CEMSH ONPENCISUIA C IMOMOUIBIO
pecniupatopHoro npubopa M. M. ToiMaueBa ¥ TUTPOBaHHOTO pacTBOpa OapuTa
Ba(OH),, koTopplii MOTJIOMIAET YTJIACKUCIBIA Ta3, BhIACIAeMbId cemMeHamu. OmbIT
npoBoauiu npu temneparype 20-22 °C. BblunClIeHUs UHTEHCUBHOCTHU JIBIXaHUS 110
KOJIMYECTBY MOTJIOIIEHHOTIO KUCIOpOAa €IUHUIEeH OMOMacChl 3a €IMHUILY BPEMEHH
MPOBOJUIMN IO opMyJsiaM, IPUBEACHHBIM B MPAKTUKYME MO (PU3MOJIOTHHU PACTEHUMA
[5].

Pe3yabTaThl HCCIEI0BAHUNA U UX 00CY KICHMS.

OnblTaMM  yCTAHOBJIEHO, YTO CEMEHA pa3IMYHbIX KyJbTYp NpPH OJHOU
BJIQXKHOCTU W  OJMHAKOBBIX OKPYXKAIOIIUX YyCJIOBUSX JbIIAT C  pa3HOU
WHTEHCUBHOCTBHIO. B 4acTHOCTH, camMOW BBICOKOW JHEPrUE€H [IbIXaHUsS B TPYMIIEC
HEMOBPESXKIEHHBIX 00JIa/Iajii CeMEHa C BBICOKUM COJECP’KaHUEM XUPOB, B YACTHOCTH
CEMEHAa COM, CpPEIU KpaxXMaJIOCOAEpPKAIMX 3JIaKOBBIX CEMEHAa KYKYpPY3bl JbIIIATH
MHTEHCUBHEE, YEM MILICHUIIBI.
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OnbiTaMy  yCTAHOBJIEHO, YTO TPAaBMHUPOBAHHBIE CEMEHA TIOJIEBBIX KYJBTYP
TBIIMIAT 3HAYUTEIHPHO WHTEHCHUBHEE, YeM Iieiibie (Tabir.). Y 06000BBIX KymbTyp (COs)
P TTOBPEXKICHUA CEMEHHOM 000JIOYKU KUCIOPOJI MOyYaeT TOCTYI K BHYTPEHHEMY
COJICPKAHUIO CEMSTH M PA3BHBACTCS YCUJICHHBINA JBIXaTENbHBIN mporiecc. OcoOeHHO
AKTUBU3UPYETCS JIBIXaHUE TMPHU JOCTYIE KUCIOPOJA K CEMSIONSM B PE3YJbTAaTe UX
noBpexkaeHus. Cienyer OTMETUTh, YTO HA UHTEHCHUBHOCTh JIBIXaHUS CEMSIH BIIHSIET
KaK MECTO BO3HUKHOBEHHUS TPAaBM, TaK U CTEIEHb MOBpexkaeHUs. CeMeHa ¢ MUKPO- U
MaKpoTpaBMaMU CeMSJIONed XapaKTepU30BaIOCh HaWOOJbIIEH WHTEHCUBHOCTBIO
ObIxaHus. B 4YacTHOCTH, HEMOBPEXIEHHBIE CEMEHa cou norjomand 1,9 wma
kuciopoaa Ha 100 r cyxoro BemniecTBa B CyTKH; C TPABMUPOBAHHBIMHU 000JOYKaAMH —
B mnpenenax 2,4-2,6 mun kuciopoga Ha 100 r cyxoro BemectBa B CYTKH; C
MOBPEXKICHHBIMH CEMSIAOJISIMU — 4-8 MJI KHUCJIOPOJa COOTBETCTBEHHO.

Tabanua — BiaussHue TPABMUPOBAHUSA CeMSAH HA HHTEHCUBHOCTD JIbIXaHUSA
(norjomenne O® B mu1 Ha 100 r cyxXoro Bemecrsa)

B nauane ITocne 24 mecsien
XpaHEeHUS XpaHEeHUS
o o o o
s § § g 5 < § § g 2
Turbl TpaBMUPOBAHUS § § AR:E: q; § AEE:
CEeMSIH 3 ol g 2 3 ZE| 8 2
c | 23|55 ¢ =3 3
= H 5| © o v H 5| ¢ o
5 o T | B 9 5 o & | B ©
o | 88|58 o |§E B8
S E| " S E| "
Cos
Henospexaéaubie cemena (KoHTposb)| 1,9 342 | 142,77 | 2,2 51,4 | 406,3
MakpoTpaBMbl CEMEHHON 000JIOUKH 2.4 41,2 | 1753 | 2,8 57,9 | 447.,5
MaxkpoTpaBMBbI CEMSI0JIEH 4,0 514 [ 403,6 | 5.6 73,2 | 658.,8
MUKPOTpaBMbI CEMEHHOM 000JIOUKH 2,6 442 | 195,6 | 3,7 61,3 | 469,3
MuKpOTpaBMBbI CeMS0JIEN 7,9 64,8 | 476,5| 8,8 90,5 | 674,1
Kykypy3sa
HenoBpexaéauble cemeHa (KoHTposb)| 1,1 13,6 [ 103,5| 2,0 38,6 | 325.5
BHyTpeHHUE TPEHIMHBI 2,3 17,5 | 122,5| 2.5 45,1 | 366,8
MaxkpoTpaBMBbl SHI0CIIEpMaA 2,8 294 12472 | 5,0 60,4 | 5779
MuKpOTpaBMBI SHIOCIIEpMA 2,5 19,8 [ 160,1 | 3.6 48,5 | 388,5
MuKpOTpaBMBI 3apO/IbIIa 5,6 35,1 {2959 | 7.3 77,9 | 593,3
[Tmenuna TBépaas
Henospexaéaubie cemena (KoHTpoJib)| 0,6 144 | 64,3 1,3 242 | 206,1
MuKpOTpaBMBbI SHAOCTIEPMA 1.4 18,3 | 83,3 1,9 26,0 | 223,2
MaxkpoTpaBMBbl SHI0CIIEpMaA 1,6 20,2 | 90,9 2,9 304 | 282,7
MuKpOTpaBMBI 3apO/IblIIa 1,9 20,7 | 108,0 | 4,7 40,1 | 362,9
MaxkpoTpaBMBbI 3apO/iblla 3,6 25,9 | 126,7| 5,9 46,8 | 416,0
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VY KyKypy3bl U NIIEHUIBI TBEPION, UCXO U3 AAHHBIX TAOJMIIbI, HAUOOJbIIEH
WHTEHCUBHOCTBIO JIBIXaHHWS oOOJajaii CceMeHa C MHUKPO- WU MaKpOTPaBMaMH
3aponpimia. ['a3o00MeH Takux cemsH Obu1 B 5-7 pa3 Oonblie, dYem 'y
HETOBPEKJIEHHBIX. MHUKPOTPABMBI 3HJOCIEPMA Y CEMSIH KYKYpy3bl YBEIUYUBAIU
WHTEHCHUBHOCTD JIbIXaHus Oosiee ueM B 1,5 pa3a, mouTu Takoe ke yBeTUYeHUE JaBaju
Y BHYTPEHHUE TPEIINHBI, XOTS Ka3aJ10Ch Obl, YTO OHU HE JIOJDKHBI U3MEHSTh MPOIIECC
JIBIXaHUs, TTOCKOJIEKY 000JI0YKH CEMSH OCTABAIKCH IeTbIMHU. OHAKO B 3TOM Cllydae
BHYTPEHHHME TPEIIMHBI CO3JAI0T JIyYIlIMEe YCIOBUS [JIi KOHTaKTa KHUCIOpoJa C
MMOBEPXHOCTH dHI0CTIEpMA.

Cnyctst CyTKM TMOCJie Haudajia MpopalivuBaHus AbIXaHUS MPOXOIUT BO MHOTO
JIECATKOB pa3 MHTCHCUBHEE, YeM B MOKOSIIUXCS CEMEHax. DTO TOBOPUT O TOM, UTO
MpoIeCC JbIXaHusi OypHO NPOTEKaeT C Hadaja JACJCHUS U POCTa KJIETOK CEMSH.
IIpopacTaromuye HENOBPEKAEHHBIE CEMEHA COM morjomann 142,7 M kuciopoaa Ha
100 r cyxoro BelecTBa B CyTKH, TOBpeXAEHHBIE — OT 175,3 1o 476,5 Ma kucinopojaa
Ha 100 r cyxoro BemectBa B CYTKM B 3aBUCUMOCTH OT CTEIIEHHM W MECTa
BO3HUKHOBEHHUs TpaBM. llenbpie ceMeHa KyKypy3bl HpH MPOPACTAaHUU MOTJIOIIAIN
103,5 mu kucnopoja, moBpexaEHHbIe — OT 122,5 1o 295,9 Ma kucinopoaa; MieHUIbI:
uenele — 64,3 mu Kucinopoja, noBpexaéHuble — oT 83,3 1o 126,7 M kuciopoaa Ha
100 r cyxoro BemiecTBa B CyTKH B 3aBUCUMOCTH OT CTEIEHU U MECTA BO3HUKHOBEHUS
TpaBM.

[Ipu nauTeNnbHOM XpaHEHUH 1IEJIbIX, U B OCOOCHHOCTH TPAaBMUPOBAHHBIX, CEMSH
VHTEHCUBHOCTh WX JIBIXaHUSI YBEJIMYMBACTCSA B 2-2,5 pa3za m gocruraia: 674,1 mu
kucaopoaa Ha 100 r cyxoro BemecTBa B CYTKHA y ceMsiH cou, 593,3 Mt u 416,0 mn
kucnopoaa Ha 100 r cyxoro BemecTBa B CYTKHM Y CE€MsSH KyKypy3bl W IILIEHHUILBI
TBEPION.

3akiIl0ueHue ¥ BbIBOJBI.

VY CTaHOBIIEHO, YTO HEMOBPEXKAEHHBIE CEMEHA COM C BBICOKHM COJIEPKAHUEM
KUPOB  JbIIAT HMHTEHCHUBHEE, YEM KpaxMaJlOCOAEpIKalllu€  3JIaKOBblE. Y
TPAaBMUPOBAHHBIX CEMSIH 3J1aKOBBIX KyJbTYp HauOOJbIIEH WHTEHCUBHOCTBHIO
IbIXaHUs O0JaJal0T CEeMEHAa C MUKPOIMOBPEXKICHUSIMHU 3apojpblia, y 0000BBIX — C
MHUKpPO- U MakpoTpaBMaMu cemsiioseil. Cienyer uMeTh B BUJLY, YTO HHTEHCUBHOCTD
IBIXaHUS CEeMsSH SBIISIETCA CYMMAapHBIM [IOKa3aTesleM TMpolecca JbIXaHusd W
NEeSATEIBHOCTH MHUKPOOPTAaHU3MOB, HACEJSIOUX CEeMEHax Macchl. IHTEHCHUBHOCTH
IbIXaHUSI TpPU XPaHEHUHM YBEIWYUBAECTCS B OCHOBHOM BCJEACTBHUE TOrO, YTO Ha
CTapbhIX CEMEHAX Pa3BUBACTCS OOJIBIIIOE KOJWYECTBO IIECEHU M JPYTHX MATOTCHHBIX
MuKpoopranu3moB. [locne 24 mecdiieB XxpaHEHUsS MHTEHCUBHOCTBH JIbIXaHUSI CEMSH
YBEITUYNBAIACh B HECKOJIBKO pa3, B 0COOCHHOCTH Y TIOBPEKIEHHBIX CEMSIH.
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Abstract. In article shown the results of the study of respiration rate whole and damaged
soybean seeds, corn and durum wheat. It was found that the undamaged soybean seeds with high
oil content breathe harder than starchy cereals. At damaged cereals seeds highest intensity of
respiration have seeds with micro damages embryo, legumes — with a micro and macro damages
cotyledons. After 24 months of storage, the respiration rate of seeds was increased in several times,
especially in the damaged seeds.

Key words: seeds, damaging, breathing rate, germination, storage.
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Abstract. The results of research on the influence of technology elements on the formation of
forage productivity of mixed crops of legumes and cereals are presented. It was found that for the
cultivation of mixed crops of spring triticale and field peas, it is advisable to grow them in a ratio of
60:40 % with the application of fertilizers in the rate of N3oP45Kys, which allows to obtain feed with
the highest feed unit digestible protein — 171 g.

Key words: spring triticale, field peas, protein, feed nutrients.

Introduction.

Providing the population with high-quality food in sufficient quantities is the most
important task of the agro-industrial complex. The solution of this problem
significantly depends on the development of the livestock industry, the efficiency of
which depends on the availability of a sufficient amount of complete feed - in the
structure of costs for the production of livestock products, they occupy 50-60% [3].

One of the ways to solve this problem is to grow legumes and cereal mixtures of
annual crops for green fodder on arable land. Such mixtures have many advantages
over single-species crops. First of all - increased nutritional value of feed due to the
high content of digestible protein in legume plants. Therefore, increasing the
production of quality feed from legumes and cereal mixtures of annual forage crops
allows you to balance concentrated feed for protein and essential amino acids [1, 3].
In addition, the creation of mixed crops increases the productivity of photosynthesis
and more efficient use of soil fertility, which, moreover, is enriched with biological
nitrogen due to its fixation by tuberous bacteria of legumes from the atmosphere [2].
The increase in the productivity of legume-cereal grass mixtures is largely due to the
reasonable selection of species and varieties of legumes and cereals, taking into
account their genetic features of growth and development [5].

The purpose of the research is to identify the peculiarities of green mass yield

ISSN 2663-5712 114 www.sworldjournal.com



N

A i

SWorldJournal Issue 11 /Part 2 (N
S

formation by mixed crops of spring triticale with field peas depending on the sowing
norms of grass mixture components and norms of mineral fertilizers application.

Materials and methods of research. Field experiments were conducted during
2020-2021 in the fields of PAE "Shevchenkivske", which is located in the Kyievo-
Sviatoshynskyi district of Kyiv region on sod-podzolic soil.

In these experiments, varieties of annual crops were studied: triticale spring
variety Bulat Kharkiv (originator — Plant Production Institute nd. a. V. Ya. Yuryev of
NAAS of Ukraine), field peas Nadiya Podillya (originator — Institute of Feed
Research & Agriculture of Podillya NAAS of Ukraine).

The experiment was carried out according to the scheme: Factor A — seeding
rates, % (1. Spring triticale, 100; 2. Field peas, 100; 3. Spring triticale, 50 + field
peas, 50; 4. Spring triticale, 60 + field peas, 40 5. Spring triticale, 70 + field peas,
30); Factor B — norms of mineral fertilizers, kg /ha, a.s.: 1. Without fertilizers
(control); 2. N3p; 3. Ngo; 4. N3oP4sKus. Predecessor — corn for silage.

The sowing rate of peas and spring triticale for sowing in net crop, respectively,
2.0 and 5.0 million / ha of germination seeds. Cultures in mixed crops were sown in
the usual row method in one row.

Research results and their discussion.

In order to obtain feeds balanced in terms of protein and carbohydrates, as well
as to improve nitrogen nutrition of crops and preserve soil fertility, many scientists
suggest growing mixed agrophytocenoses from legumes and cereals, including with
different ratios of components [1, 2].

In addition, the issue of studying the characteristics of annual legumes and
cereals to agroecological conditions of their cultivation, identifying the basic patterns
of formation of feed agrophytocenoses, development of effective ways to manage
their productivity based on reasonable selection of species in grass mixtures, rates
and doses of fertilizers [1,3].

According to the results of our research, it was found that the collection of feed
units from single-species crops of spring triticale on the unfertilized variant was 4.25
t / ha, while for N30 and N60, respectively, 4.91 and 4.93 t / ha, and the largest
collection of feed units was obtained by applying complete mineral fertilizers in the
norm N30P45K45 — 551t/ha (tabl)

Under the conditions of sowing of spring triticale and field peas in the mixture,
the largest collection of feed units — in the range of 4.00-4.52 t / ha was obtained for
sowing of these components with seeding rates of 60:40 %. The maximum yield of
feed units per hectare — 4.52 t / ha was obtained by applying only nitrogen fertilizers
at a dose of No.

Under the conditions of sowing of spring triticale and field peas with norms of
50% of sowing norms of these crops in single-species crops, the collection of feed
units was 3.80-4.26 t / ha. The most productive at this sowing rate were mixed crops
of legumes and cereals with the application of nitrogen fertilizers at a dose of N3 —
4.27 t/ ha. Under sowing conditions with a seeding rate of 70:30 %, the collection of
feed units was 3.44-4.35 t / ha, including in the absence of fertilizer — 3.44 t / ha, with
the application of only nitrogen fertilizers — 4.21-4.35 t/ ha, for the application of
complete mineral fertilizer in the norm N3oP45K4s —4.20 t / ha.
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Feed productivity of mixed crops of spring triticale and field peas, depending on
technological factors of cultivation, on average for 2020-2021.

Species . Provision of feed
.. . Collection of o
composition and - Collection of . unit with
. Fertilizer rate s digestible .
seeding rate of feed units, t/ ha ) digestible
protein, t/ ha .
components,%o protein, g
No fertilizers 4,25 0,38 90
. .. N3o 491 0,46 95
Spring triticale, 100 Neo 4.93 0.51 104
N30P45K4s 5,51 0,57 104
No fertilizers 3,68 0,55 153
. N3o 3,98 0,70 176
Field peas, 100 Neo 4.3 0.76 130
N30P45K4s 4,20 0,80 191
No fertilizers 3,80 0,48 127
Spring triticale, 50 | N3o 4,27 0,66 155
+ field peas, 50 Neo 4,26 0,67 158
N3oP45Kas 424 0,69 169
No fertilizers 4,00 0,49 124
Spring triticale, 60 | N3o 4,47 0,69 155
+ field peas, 40 Neo 4,52 0,70 156
N3oP45Kas 4,49 0,76 171
Sprine triticale. 70 No fertilizers 3,44 0,43 125
ﬁﬁ egl doe G0 [N 4,21 0,61 145
peas, Neo 435 0,67 155

The yield of crude protein, as well as feed units, significantly depended on the
level of fertilizer and seeding rates of components. During sowing of spring triticale
in a single-species crop, the yield of digestible protein was 0.38-0.57 t / ha. The
minimum values for this indicator — at the level of 0.38 t / ha, were observed in the
absolute control, the maximum — 0.57 t / ha for the application of complete mineral
fertilizers in the norm N3oP4sKys.

Under the conditions of sowing spring triticale and field peas in mixed crops, the
collection of digestible protein varied in the range of 0.48-0.68 t/ ha. Interestingly,
under sowing conditions on an unfertilized background, a lower yield of digestible
protein was observed in the variants where field peas were sown with the lowest
seeding rate — 30%, and spring triticale with the highest — 70%. Under the conditions
of sowing of cereals and legumes with sowing rates, respectively, 50:50 and 60:40%
protein yield was almost at the same level — 0.48-0.49 t / ha.

The nutritional value of plant biomass of mixtures of spring triticale with field
peas is determined by the provision of the feed unit with digestible protein. Increasing
the application of mineral fertilizers leads to an increase in the harvest of digestible
protein and improve the supply of feed. The highest efficiency of nitrogen fertilizers
was observed in single-species sowing of field peas, where the collection of digestible
protein was 0.70-0.80 t / ha with a content in one feed unit of 176-191 g.

Provision of one feed unit of feed obtained from single-species crops of spring
triticale in unfertilized areas was 90 g, for application of nitrogen fertilizers — 95-104
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g, for application of complete mineral fertilizer in the norm N3oP4sK4s — 104 g. The
supply of the feed unit of its green mass with digestible protein only approached the
level of the zootechnical norm, however, did not correspond to it.

We found that sowing spring triticale in a mixture with field peas in unfertilized
areas, the collection of digestible protein, compared to single-species crops of cereals
increased by 12.7-28.1%, so increased the supply of fodder unit digestible protein —
up to 125-171 g.

Under the conditions of sowing cereal and legume components with half sowing
rates, the feed unit's digestible protein supply, even in the unfertilized version,
corresponded to the zootechnical norm and amounted to 127 g. With the application of
complete mineral fertilizer the supply of feed unit was 169 g. With the sowing of field
peas in the norm of 30% and the application of N3oP4sKus the supply of feed unit with
digestible protein was 165 g. Under the conditions of cultivation on the same
agricultural background, but sowing the legume component in the norm of 40%, the
values of this indicator were the highest and amounted to 171 g. In addition, it was
found that when sowing cereals and legumes with norms, respectively, 50:50 and
60:40 % application of different doses of nitrogen fertilizers did not have a significant
impact on the supply of the feed unit with digestible protein. Thus, the best provision of
the feed unit with digestible protein — at the level of 171 g, was observed in the variant
where triticale and field peas were sown with seeding rates of 60:40% and complete
mineral fertilizer was applied in the norm of N3P4sKas.

Conclusions.

Under the conditions of growing mixed crops of spring triticale and field peas, it
is advisable to grow them in a ratio of 60:40% against the background of
N30P45K45, which allows to obtain feed with the highest supply of feed unit
digestible protein — 171 g.

Bibliography:

1. Ksitko I'.Il., 'etman H.S. O1minka KOpMOBOT MPOTYKTUBHOCTI CyMiIIei
OJIHOPIYHHX KYJIBTYp IIPH KOHBEEPHOMY BUPOOHUIITBI 3€JICHUX KOPMIB. TaspiticbKuii
Haykosuti sicnuk. XepcoH. 2009. Bum. 52. C.115-119.

2. Onidoposuy B.O. bo60B0-311aK0B1 TPaBOCYMIIITKA — OCHOBa BUPOOHHIITBA
SAKICHUX BUCOKOOUIKOBUX KOPMIB Ha CXUJIOBUX 3eMJIsiX. Kopmu i
kopmosupooruymeo. 2012. Bum. 61. C. 118-122.

3. Ilerpuuenko B.®., Ksitko I'.I1., 'etman H.4. Arpo6iosnoriuni mijaxoau 10
iHTeHcudIKaIlli MOJLOBOI0 KOPMOBUPOOHUIITBA B YKpaiHi. Kopmu i
kopmosupooruymeo. 2008. Bum.60. C.56-61.

4. ITpeirynoB B.A. OgHosieTHUE TpaBbl B 3€JIEHOM KOHBEHEPE.
Kopmonpouseoocmeo. 2014. Ne3. C.12-14.

5. Yepnenpka C.I'. lunamika HapOCTaHHS BUCOTH POCIUH TPUTHUKAJIEC Ta BUKU
Apoi pU CYMICHOMY BUPOILYBaHH1. [lepedeipne ma cipcbke 3em1epoocmaeo i
meapunHuymeo. JIbBiB, 2017. Bun. 56.Yacr. I1. C. 100-107.

© Svystunova I., Pravedniyi V., Kos N.,
Poltoretskyi S., Hudoliy L., Lashuk S., Hudz N.

ISSN 2663-5712 117 www.sworldjournal.com



SWorldJournal Issue 11 / Part 2 /\]::;"j \)

https://www.sworldjournal.com/index.php/swj/article/view/swjl1-02-085

DOI: 10.30888/2663-5712.2022-11-02-085

UDC 635.35:641.1

NUTRITIONAL AND BIOLOGICAL VALUE OF CAULIFLOWER
Voitsekhivskyi V.,
Ph.D., associate professor
Maister A.,
Student,
Matyviienko A.,
Ph.D., associate professor,
National university of life and environmental sciences of Ukraine, Kiev
Slobodyanik G.,
Ph.D., associate professor,
Uman national university of horticulture, Uman, Ukraine
Muliarchuk O.,
Ph.D., associate professor,
Higher educational institution «Podillia State Universityy, Ukraine
Balitska L.,
Researcher,
Ukrainian institute for plant varieties examination, Kiev
Konakh V.,
PhD., assistant professor,
Bogomolets National Medical University, Kiev
Horbatiuk S.,
PhD., assistant professor,
Vinnitsa national medical university named after. M.1. Pirogov

Annotation. The results of the analysis of valuable nutrients of cauliflower are presented.
Significant influence of hybrid features on the formation of individual valuable nutrients is
revealed. The most valuable hybrids are selected according to the studied indicators.
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Introduction.

Cauliflower (Brassica oleracea var. botrytis) belongs to the family Brassicaceae
and it is used in most cuisines of the world. This variety of cabbage is one of the most
common vegetable crops in the world, which is grown on an area of over 400 thousand
hectares. World production exceeds 25.8 million tons. The main producers of this
vegetable are China and India (73%) of world production, and only 0.4-1.3 million
tons — the United States, Mexico and European countries. There is a growing demand
for fresh and processed products in China, Europe and the United States [1,2,4,5].

Currently, among cabbage vegetables, it ranks second after white cabbage in
vegetable growing in Ukraine. Its wide distribution is due to high taste and dietary
qualities, variety of assortment by maturity groups, as well as color (from snow
white, cream to yellow and even purple). This culture can be effectively grown in all
regions of Ukraine [1, 2].

In terms of nutrient content, taste and absorption exceeds all types of cabbage.
The edible part is quite low in sugars, but there is easily digestible protein, tender
fiber and a number of vitamins. Of the minerals in cauliflower, potassium
predominates, in much smaller quantities phosphorus, calcium, sodium, magnesium,
as well as iron and sulfur (table). The other part consists of biologically active
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substances, in particular vitamins [2, 7].

The content of some biologically active substances in cauliflower
Content of valuable nutrients in 100 g of raw mass

Vitamins Minerals

Ascorbic acid — 48.2 mg Calcium — 22 mg
Thiamine — 0.05 mg Iron — 0.42 mg
Riboflavin — 0.06 mg Magnesium — 15 mg
Niacin — 0.51 mg Phosphorus — 44 mg
Choline —44.3 mg Potassium — 299 mg
Pantothenic acid — 0.67 mg Sodium — 30 mg
Pyridoxine — 0.18 mg Zinc — 0.27 mg
Folate — 57 mcg Copper — 0.039 mg
Lutein + Zeaxanthin — 1 mcg Manganese — 0.155 mg
Alpha-tocopherol — 0.08 mg Selenium — 0.6 mcg
Phylloquinone — 15.5 mcg Fluorine — 1 mcg

Fatty acids Amino acids

Alanine — 116 mg
Aspartic acid — 177 mg
Arginine — 86 mg
Valine — 125 mg
Histidine — 56 mg
Glycine — 71 mg
Glutamic acid — 257 mg
Isoleucine — 71 mg
Leucine — 106 mg
Lysine — 217 mg
Methionine — 20 mg
Proline — 71 mg

Serine — 86 mg
Tyrosine — 51 mg
Threonine — 76 mg
Tryptophan — 20 mg
Phenylalanine — 65 mg
Cystine — 20 mg

Saturated — 130 mg

Capric — 18 mg
Pentadecanoic — 2 mg
Palmitic — 93 mg
Heptadecanoic — 1 mg
Stearic — 9 mg

Arachinic — 3 mg

Behenic — 2 mg

Lignoceric — 2 mg
Monounsaturated — 34 mg
Myristoleic — 2 mg
Palmitoleic (omega-7) 3 mg
Oleic (omega-9) — 27 mg
Nervonic (omega-9) — 2 mg
Polyunsaturated — 31 mg
Linoleic (omega-6) — 16 mg
Alpha-linolenic (omega-3) — 15 mg

It exceeds all types of cabbage in terms of nutrients, taste and digestibility. The
edible part 1s quite low in sugars, but there is easily digestible protein, tender fiber
and a number of vitamins. As for the minerals in cauliflower, potassium
predominates here, in much smaller quantities phosphorus, calcium, sodium,
magnesium, as well as iron and sulfur (table). The other part consists of biologically
active substances, in particular vitamins [2, 7].

By eating this vegetable, we get a great wealth of valuable nutrients that help
lower cholesterol in our body and a very useful value — they are strong antioxidants
[2,7]. Cauliflower contains sulforaphane, which has a number of healing properties
and 1s a promising chemoprophylactic agent not only against various cancers such as
breast, prostate, colon, skin, lungs, stomach and bladder, but also in cardiovascular
disease and diabetes [4, 8]. Vegetables are used for soups, salads in fried and stewed
form, as well as in canned form [2, 3].
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The aim of our research was to conduct a comparative evaluation of different
cauliflower hybrids for nutritional and biological value.

Research materials and methods.

The research was conducted at the department of storage, processing and
standardization of plant products named after professor B.V.Lesik NULES of
Ukraine, the UIPVE, department of vegetable growing UNUH, department of
horticulture and viticulture PSU and data from specialized farms of Ukraine. The
main most common hybrids of Dutch selection were taken for analysis. The most
valuable samples were determined by ranking the studied indicators with the
assignment of conditional points. Tests of samples were performed according to
generally accepted methods [6, 5, 9].

Results and their discussion.

The content of individual components of the biochemical composition is quite
variable in the studied crops. It should be noted that the chemical composition of
vegetables depends on soil and climatic conditions, variety, physiological condition,
efficiency of post-harvest processing, conditions and duration of storage and
transportation. The products were harvested at a technical level of ripeness and met
current standards (SSTU 3280-95 Fresh cauliflower. Specifications; UNECE SSTU
FFV-11:2007 Cauliflower. Guidelines for supply and quality control). The
vegetables were fresh, clean, in optimal turgor condition, which provides high
marketability and suitability for transportation and temporary storage.

Dry matter (DM) partially affects the mechanical structure, strength and
suitability for processing. The formation of this indicator depends on a set of factors.
The average value of DM for the studied hybrids is 8.2%, and the maximum
deviation of this indicator is 4.2% (Figure). Hybrids Barcelona F;, Skywalker F; and
Freedom F; (over 9%) had a high ability to form this indicator.

Cauliflower should be classified as low-calorie foods because of the small
amount of sugar. The average content of sugars in total according to the studied
samples is 2.2%. The lowest sugar content was observed in the hydrides Montano F;,
Syria F;, Palace F, and Fargo F, (below 2%). These hybrids should be recommended
for dietary nutrition for diabetics.

Dietary fiber is a necessary component of the human diet. According to
resistance to bacterial fermentation, they are divided into those that are subject to
partial and complete fermentation, and those that are not fermented. The first group
includes pectin, gums, mucus, the second — cellulose and hemicellulose, the third —
lignin. Vegetables are the main source of the first group of dietary fiber. These
compounds normalize the functioning of the intestine, promoting the development of
beneficial microflora and slowing down the absorption of fast carbohydrates. These
substances are natural fibers which are an excellent substrate for the beneficial
microflora that forms the immune status. According to various authors, the deficiency
of these compounds in the diet of modern urban youth is over 65-70% [8].

The average fiber content is only 0.9%, and the maximum deviation is 0.4%.
Therefore, it can be argued that the features of the hybrid play a significant role in the
formation of this indicator. The highest values of fiber were observed in hybrids
Barsak F,, Barcelona F;, Skywalker F; and Freedom F; (over 1%).
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An indicator that characterizes the biological value is the content of ascorbic
acid. The value of this indicator varies greatly. The average content of hybrids is —
64.7 mg/ 100 g of raw mass of the edible part. Hybrids of Barsak F,, Candide
Sharm F;, Lateman F,, Skywalker F,, Palace F; and Freedom F, have a higher
average value of this indicator.

— —

Content, %
O—=NW A UNAAINOO—

Content, mg/100
0
S

Hybrid

Figure. The content of essential nutrients in cauliflower

Applying the rating, we found the most valuable samples of the studied
indicators (in descending order): Freedom F;, Skywalker F,, Barsak F;, Candide
Sharm F;, Lateman F;, Ameizin F,, Fremont F,, Palace F;, Montano F;, Goodman F;,
Syria F;, Fargo F,.

Conclusions.

Cauliflower is a valuable dietary raw material. Due to the complex of valuable
nutrients and low calories, it is recommended to use in order to maintain high resistance
of the body to harmful factors. Comprehensive evaluation of the studied hybrids allowed
to identify the most valuable specimens, such as Freedom F;, Skywalker F,, Barsak F,
Candide Sharm F,; and Lateman F;. It is expedient to use the received data at planning of
cultivation of competitive production. In further research, it is advisable to expand the
list of varieties and the list of studied indicators and certainly take into account the
stability of the studied indicators from a number of facts.

ISSN 2663-5712 121 www.sworldjournal.com



~ =
SWorldJournal [ssue 11 /Part 2 { N

Bibliography:

1. KyroBenko B.b., Mixanina I.I'., 'outap B.T. CyuacHni TexHosorii
BHUPOIIYBaHHS 0BOYEBUX KyJbTyp: HaBy. noc. K.: HIT KOMIIPIHT, 2013. 300 c.

2. lMonmpsitos I'.1., Ckanernpka JI.®., Boinexischkuii B.1. ToBapo3HaBCTBO
npoaykii pocnuauunTBa. K.: Apicreit. 2005. 256 c.

3. [Togmpsitos I'.1., BoiinexiBerkuii B.1., Kimian M. ta in. TexHomorii
30epiraHHs, mepepoOKHu Ta CTaHIaPTU3ALlIsI CLIBCHKOTOCIIOAAPChKOT mpoaykiii: Hay.
noc. K.: IIT KomnpinTt, 2017. 660 c.

4. Cuu 3.1., Cuu .M. T"apmoHis oBoueBoi kpacu Ta kopucti. K: Apicreit, 2005.
192 c.

5. Cuu 3.11., bo6ocs I.M. CoproBuBuenns oBoueBux KynbTyp. K.: Himan-JIT/,
2012. 578 c.

6. Ckanenpka JI.®., [Tognpsitos I'.1., 3aBanceka O.B. Metoau HaykoBHX
JOCIIKEHB 31 30epiraHHs Ta MepepoOKU MPOIYKIlli pOCIMHHUIITBA: HaBY. 1ocio. K.:
HIT Kommpunr, 2014. 416 c.

7. Batabyala K., Mandala B., Sarkara D., etc. Comprehensive assessment of nutrient
management technologies for cauliflower production under subtropical conditions.
European Journal of Agronomy, 2016, 79, 1-13.

8. Chang C.-H., Wang J.-L., Wu L.-C., etc. Diabetes, glycemic control, and risk of
infection morbidity and mortality: A Cohort Study. Open forum infectious diseases. 2019.
6(10). art.358.

9. Frans J., Tornly J.H.M. Mathematical models in agriculture. M.: Agropromizdat,
1987. 400 p.

© Voitsekhivskyi V., Maister A., Matviienko A., Slobodyanik G.,
Muliarchuk O., Balitska L., Konakh V., Horbatiuk S.

ISSN 2663-5712 122 www.sworldjournal.com


https://www.scopus.com/authid/detail.uri?authorId=57202305536&amp;eid=2-s2.0-85073523735
https://www.scopus.com/authid/detail.uri?authorId=8161057200&amp;eid=2-s2.0-85073523735
https://www.scopus.com/authid/detail.uri?authorId=49061505900&amp;eid=2-s2.0-85073523735

o 4TS
SWorldJournal Issue 11 / Part 2 \rigp\

COOEPXKAHUE/CONTENTS

Development of transport and transportation systems

https://www.sworldjournal.com/index.php/swj/article/view/swjl1-02-056

METHOD AND ERROR ESTIMATION OFDECISIONS IN

DETERMININGAND OF OBJECTSI N SPACE
Myronenko O.V.

https://www.sworldjournal.com/index.php/swj/article/view/swjl1-02-074

PSYCHOPHYSIOLOGICAL STATUS OF THE DRIVER AS A

STOCHASTIC FACTOR OF TRAFFIC
Burlakova G. Y., Ganzheev D. 1.

https://www.sworldjournal.com/index.php/swj/article/view/swijl1-02-082

ORGANISATION OF VEHICULAR AND PEDESTRIAN TRAFFIC

THROUGH THE RAILWAY CROSSING
Kravchenya I.N., Dauhulevich V. A.

https://www.sworldjournal.com/index.php/swj/article/view/swjl1-02-090

TINTING OF CAR GLASS: ANALYSIS OF THE CURRENT
SITUATION IN UKRAINE AND THE EXPERIENCE OF

OTHER COUNTRIES
Tarasenko O.V., Kharchenko T.V., Lebid H.O., Matviienko A.A., Leskova T.O.

Architecture and construction

https://www.sworldjournal.com/index.php/swj/article/view/swijl 1-02-028

MODELING OF THE PROCESSES OF OZONE DISPERSION

BY PURIFICATION FACILITY
Tatarchenko Halyna

https://www.sworldjournal.com/index.php/swj/article/view/swijl1-02-061

MONITORING SYSTEM FOR BUILDING DEFORMATION

DURING CONSTRUCTION IN URBAN DEVELOPMENT
Bezushko D., Oleinik V., Korluga A.

Physics and mathematics

https://www.sworldjournal.com/index.php/swj/article/view/swjl1-02-006

ON SYSTEMS OF GENERATORS OF AUTOMATON

PERMUTATION GROUPS
Sikora V.S.

https://www.sworldjournal.com/index.php/swj/article/view/swjl1-02-012

ACTIVATION OF METALLIZED COLLOIDAL SOLUTIONS
Morozov A.S.

ISSN 2663-5712 123 www.sworldjournal.com



SWorldJournal Issue 11 / Part 2 /"‘]::"“j \)

https://www.sworldjournal.com/index.php/swj/article/view/swijl1-02-013

APPLIED COMPONENT OF THE THEORY OF DIFFERENTIAL

EQUATIONS IN PROBLEMS OF MECHANICS
Arshava E.A.

https://www.sworldjournal.com/index.php/swj/article/view/swijl 1-02-021

ASYMPTOTICS OF SOLUTIONS OF DIFFUSION STOCHASTIC
DIFFERENTIAL-FUNCTIONAL SYSTEMS WITH A SMALL
PARAMETER UNDER THE ACTION OF EXTERNAL RANDOM

VARIABLES
Yasinsky V.K., Doroshenko L. V.

https://www.sworldjournal.com/index.php/swj/article/view/swijl 1-02-045

COMPARISON OF MACHINE LEARNING ALGORITHMS FOR

PREDICTING MORTALITY FROM COVID-19 VIRUS
Doroshenko 1.V., Knihnitska T.V., Deretorska T.1.

Biology and ecology

https://www.sworldjournal.com/index.php/swj/article/view/swijl 1-02-015

ECOLOGICAL STATE OF THE VOLYN REGION ENVIRONMENT

AND ITS IMPACT ON HUMAN HEALTH
Myskovets 1.Ya., Molchak Ya.O.

https://www.sworldjournal.com/index.php/swj/article/view/swjl1-02-026

USE OF ELECTRONIC EDUCATIONAL RESOURCES IN STUDYING

DISCIPLINES OF BIOLOGICAL PROFILE
Shchikno S.A., Khaiminova I.K.

https://www.sworldjournal.com/index.php/swj/article/view/swijl 1-02-065

BLOOD TYPE AND RHESUS FACTOR AS MARKERS OF

SUSCEPTIBILITY TO SOME PATHOLOGIES IN IVANO-FRANKIVSK
Simchuk A.P., Shumiatska 1.V.

Agriculture, forestry, fishery and water management

https://www.sworldjournal.com/index.php/swj/article/view/swijl 1-02-003

FORMATION OF YIELD AND QUALITY OF POTATO TUBERS

DEPENDING ON THE WEIGHT OF PLANTING TUBERS
Shakalii S. M., Bagan A. V., Senchuk T.Yu.

https://www.sworldjournal.com/index.php/swj/article/view/swijl 1-02-035

YIELD AND QUALITY INDICATORS OF WINTER WHEAT

GRAINS DEPENDING ON DOSES OF FERTILIZERS APPLIED
Kudriawytzka A.N., [lIkpomuoa H. M

ISSN 2663-5712 124 www.sworldjournal.com



SWorldJournal Issue 11 / Part 2 /"‘]::"“j \)

https://www.sworldjournal.com/index.php/swj/article/view/swjl1-02-036

RESEARCH OF CHANGES IN BIOCHEMICAL PARAMETERS

DURING STORAGE IN APPLES
Komoni €. .

https://www.sworldjournal.com/index.php/swj/article/view/swijl 1-02-043

INFLUENCE OF SEED INJURY TYPES ON THEIR RESPIRATION

INTENSITY DURING STORAGE
Grinenko L. I., Novytska N. V., Martynov A. N.

https://www.sworldjournal.com/index.php/swj/article/view/swjl1-02-084

PRODUCTIVITY OF ANNUAL BEAN-CEREAL GRASS MIXTURES

DEPENDING ON TECHNOLOGICAL FEATURES OF GROWING
Svystunova 1., Pravedniyi V., Kos N., Poltoretskyi S.,
Hudoliy L., Lashuk S., Hudz N.

https://www.sworldjournal.com/index.php/swj/article/view/swijl 1-02-085

NUTRITIONAL AND BIOLOGICAL VALUE OF CAULIFLOWER
Voitsekhivskyi V., Maister A., Matviienko A., Slobodyanik G.,
Muliarchuk O., Balitska L., Konakh V., Horbatiuk S.

ISSN 2663-5712 125 www.sworldjournal.com



SWorldJournal Issue 11 / Part 2 /\]}é‘s

Scientific publication

International periodic scientific journal

ScientificWorldJournal

Issue Nell
Part 2
January 2022
In Bulgarian, Ukrainian, Russian and English
Indexed in
INDEXCOPERNICUS

high impact factor (ICV: 82.07)

Academy of Economics named after D.A. Tsenov
Bulgaria jointly with SWorld

Signed: January 30, 2022

e-mail: editor@sworldjournal.com
site: www.sworldjournal.com

www.sworldjournal.com

Articles published in the author's edition

SSM 2663-5712
772663 571203 H“““ “‘ ‘H“

ISSN 2663-5712 126 www.sworldjournal.com


mailto:editor@sworldjournal.com
http://www.sworldjournal.com/
http://www.sworldjournal.com/

www.sworldjournal.com





