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MoTtanno A. I., kaHanaaT TEXHIYHUX HayK,

AOUeHT Kadbeopy NpUpPoaHNYO-HaYKOBOI MiArOTOBKM
XepCoHCLKOI Aep>kaBHOT MOPCLKOT akagemii
ORCID: 0000-0002-6775-5788

HNOBYJAOBA BA3UCY BIIIIPAMIJIU 3 IBOMA PYXOMHMM BY3JIAMH

Hana poboma npucesvena UUeHHIO MONCIUBOCHIEN THMEPHONAYIT MEMOOOM CKIHUEHHUX elleMeHmi8 QyHKYil mpbox
HEe3A1eIHCHUX IMIHHUX 8 001acmi, aKka mae opmy oinipamion. OCHOBHOI 3a0ayero 0aH020 OOCTIONCEHHS € NOKPAUJEHHS ANPOKCU-
MayiiHux AKocmel peuimxu mempaeopanrbHO-0KMAaeopatbHoi CMpPYKMYypuU 3a PAXyHOK 8KIKUEHHS 00 Hei KOMIPOK y hopmi bini-
DPaMio 3 080MA PYXOMUM BY3NAMU.

Y emammi 6inipamioa pozenadacmovca AK CKiHUeHHUL eneMenn, YMEOPeHUll UIAXOM 8UO08XHCEHHA/CIMUCHEHHS 060X Ni6-
ocell okmaedpa. [100i0HI ninitiHi deopmayil BUHUKAIOMb Y eLeMEHMaX, SKI 3HAX00SMbCA 8 RPUSPAHULHOMY WapPi PO3PAXYHKOBOT
obnacmi, Konu 0esKi 8y3nu 00800UMbCS BUHOCUMU HA 2PAHUYIO 0OIACI.

B pobomi ceomempuynum ma memooom KoHoeHcayii nobydosano 0sa noaiHomianvhi 6asucu binipamiou 3 cimoma
ma wicmoema eyziamu inmepnoaayii. JJociioxceno ceomempuyni ma iHmepnoiAyiuHi akocmi OasucHux Qyuxyit 6Oini-
pamiou 3 dgoma pyxomumu gynamu. Ilo6yoosani dasucu maroms, 6i0n06i0HO, 06a Ma MpU HeGUHAYEHI napamempu,
Wo 003601A10Mb HAdAsamu 6A3UCHUM QYHKYIAM Oinipamiou 0oyinbHux 6 mMemoodi CKiHUeHHUX eleMeHmi8 81aCMUB0C-
meti. Y 0aniii pobomi Kpumepiem AKOCMi IHMePROIAYIT B6ANCAEMbCS GETUYUHA CIOY MAMPUYL JHcopcmKocmi Oinipamiou.
Busnaueno xoeghiyicnmu ninitinoi oegpopmayii 0sox nigoceil okmaeopa, npu AKUX ciio Mampuyi scopcmrkocmi Oinipamiou
€ MIHIMANOHUM.

Y emammi npoananizoearno mexci npunycmumux aiHiliHux 0eghopmayiti nigocetl oxmaeopa, AKi nepemeopioiomy 1o2o Ha
Oinipamioy 3 08omMa pyxomumu 6y3namu. 3a 0CHO8y 00pAHO NOKA3HUK acumempii Skewness, axutl guxopucmosyoms 6 ANSYS.
Ompumano oyinku napamempie 8UO0BXHCEHHS/CMUCHEHHS nigocell OKMaeopad, AKI 2apaHmyiomy UCOKy ma OOCHAmHIO Moy-
HOCMI CKIHYEHHO-E1eMeHMHUX po3paxym<i6 ApYU BUKOPUCMAHHKT OINipamio 3 06oMa pyxoMumu 8y3iamu. Buseneni sanexcnocmi
Koegiyienmig ninitinoi deghopmayii nigoceii okmaedpa 8ionosioaroms YMOGI MiHIMATbHOC cridy mampuyi scopcmrocmi Oini-
Damiou, wo ceiouums nPo NOUMUGHULL NPOSHO3 THMEPNOTAYIUHUX AKOCel pewimKy 3 Komipkamu y gopmi 6inipamio 3 deoma
DYXOMUM 8V31AMU.

Ilepcnexmugor nodanviuux 00CIioxHceHb € noby008a Gopmyn UUCenbHO2O IHMe2PY8AHHA HA OAHOMY 0A2aAmMOSPAHHUKY
3 MEmOI0 6KN0UEHHS 11020 00 AN2OPUMMY MEMoOa CKIHUEHHUX e1eMeHmig npu po36 a3aHHi NPUKIAOHUX 3a0ay MameMamuyHoi
Qizuku.

KitrouoBi ciioBa: ckinuennuil enemenm, okmaedp, dinipamioa, eyanu inmepnoaayii, 6asuc, 6azucti QyHKyii, Memoo Kou-
OeHcayii, Mampuys HCopCmKoChii.

Motailo A. P. Construction of bipyramid basis with two movable nodes

This paper is devoted to the study of the possibilities of interpolation by the method of finite elements of functions of
three independent variables in the region, which has the shape of a bipyramid. The main task of this study is to improve the
approximation qualities of the lattice of the tetrahedral-octahedral structure by including cells in the form of bipyramids with
two movable nodes.

In this article, a bipyramid is considered as a finite element formed by elongation/compression of two semi-axes of
an octahedron. Similar linear deformations occur in elements located in the boundary layer of the calculated region, when
some nodes have to be removed to the boundary of the region. In cases where only one octahedron node is carried to the
boundary of the region, a bipyramid is also formed. In this case, the node that was transferred to the border of the region
is considered movable.

In the author s previous works, the bases of the bipyramid with seven and six interpolation nodes were built. The approx-
imation qualities of the constructed bases are investigated theoretically. A positive forecast of their use in finite element calcula-
tions is obtained. The results were verified by the problem of thermal conductivity for timber.

In the work by geometric and condensation method, two polynomial bases of the bipyramid with seven and six interpo-
lation nodes are constructed. The geometric and interpolation qualities of the basic functions of a bipyramid with two movable
nodes are investigated. The constructed bases have, respectively, two and three indefinite parameters that make it possible to
give the basic functions of the bipyramid properties expedient in the finite element method. In this paper, the interpolation quality

© A. I1. Moraiiao, 2023
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criterion is the trace of the bipyramid stiffness matrix. The coefficients of linear deformation of two semi-axes of the octahedron
at which the trace of the bipyramid stiffness matrix is minimal are determined.

The limits of permissible linear deformations of the semi-axes of the octahedron, which turn it into a bipyramid with two
movable nodes, are analyzed in the article. The basis is the asymmetry index of Skewness, which is used in ANSYS. Estimations
of elongation/compression parameters of octahedron semi-axes are obtained, which guarantee high and sufficient accuracy
of finite-element calculations when using bipyramids with two movable nodes. The revealed dependences of the coefficients of
linear deformation of the semi-axes of the octahedron correspond to the condition of minimality of the trace of the bipyramid
stiffness matrix, which indicates a positive forecast of the interpolation qualities of the lattice with cells in the form of bipyramids
with two movable nodes.

The prospect of further research is the construction of numerical integration formulas on this polyhedron in order to
include it in the algorithm of the finite element method in solving applied problems of mathematical physics.

Key words: finite element, octahedron, bipyramid, interpolation nodes, basis, basis functions, condensation method, stiff-
ness matrix.

IocTranoBka npodiemu. [Ipu po3B’si3aHHI TPaHUYHMX 33]]ad MaTEMaTUYHOT (Di3UKH IIUPOKO BUKOPUCTOBY-
FOTh CUCTEMH CKiHUeHHO-eneMeHTHoro aHamizy ANSYS, ABAQUS, NASTRAN, PATRAN, JITPA Tomio. He 3Baxa-
I0YM Ha BCl mepeBard Metoay ckinueHHux ejaeMmeHTiB (MCE), BiH € 3aHaaTo rpomi3akum, ocodnuso B 3D-nmpocTopi,
Ta MOTpeOy€e BEIMKUX 00’ €MIB IaM’ATi KOMIT FOTEPHOT TEXHIKH.

OnanM i3 croco6iB ontumizanii anmroputmy MCE € 3acTocyBaHHS aqbTepHAaTUBHHUX PELIITOK MPH AUCKpe-
TH3aIliT PO3paxyHKOBOT 00nacTi. 30kpemMa, B TPHBHMIPHOMY MPOCTOPI MPU pO3B’sI3aHHI TPAaHUYHHX 33134 eTINTHY-
HOTO THITy €(peKTHBHUMH BHSIBILIIOTHCS PEIIITKH TETPaeAPaTbHO-OKTaeIpaIbHOI CTPYKTYPH, SIKi HE TPENCTaBICHI
B KOMEPIIHHUX MaKeTax MPOrpaMHOro 3ade3rnedeHHs, 1o peanizyiors MCE.

OTxe, icHye 3ama4a qociipkeHHs ckindenHoro enemenTa (CE) y dopwmi okraenpa Ta iforo yzaraabHEHHS —
6imipamiau.

AHaJi3 ocTtaHHiX gocaifkenb i myOaikaniii. B po6orax [1-3] moOynoBaHo pi3Hi Habopu 6a3uUCHUX
(¢yHKLIM oKTaedpa 3 WIiCTbMa Ta ciMoMa By3jiaMmu iHTepmnoisauii. ABtopamu [1] mpeacTaBieHO pe3ynbTaTu
3aCTOCYBAaHH PEIIITOK TeTpacaApaIbHO-OKTaeAPAIBbHOI CTPYKTYPH IIPH po3B’s13aHHi npukiagaux 3anad MCE.
OCHOBHOIO TEPEBArol0 3aCTOCYBAHHs OKTAaeApiB y BKas3aHiil poOOTI BBaXKAETHCS MIBHAKICTH OTPUMYBAHHX
PO3B’SI3KiB OPIBHAHO 3 pe3yJIbTaTaMK CKIHUCHHO-EJIEMEHTHUX PO3PaxyHKiB P AUCKPETU3AIlii 00J1acTi TeTpa-
eAPABHOIO PEIITKOK. Y po0oTi [2] e(eKTHBHICTh BUKOPUCTAHHS OKTaeapa MiATBEPIKCHO MPH AUCKPETH3AITIT
MCE piBasHHs 3D-ieanbHOr0 MOTOKY HECTHCIHMBOI PiTWHU. B SKOCTI maT4-TecTy 00paHo obnacTh y GpopMi
rexcaejipa 3 BIUCaHUM y HBOTO OKTaeapoM. ABTOpOM [3] MareMaTHyHO OOTPYHTOBAHO ITepeBaru 3acTOCyBaHHS
CE y dbopwmi okTaenpa Ta iioro y3arajabHeHHS — OimipaMiay, B aHcaMmOJIi 3 TeTpaeapaMu, OPIBHSHO 3 0a30BUMU
ejeMeHTaMu (pOpMU: TeKcaeaIpaMu Ta TeTpaeapaMu, — npu po3B’sa3anHi MCE rpaHu4HUX 3a1a4 MaTeMaTHYHO1
¢i3uKu 1714 piBHIHG exinTuuHoro tumy. Ilpu nsomy CE y dhopmi 6inmipaMian MoxyTs OyTH BUKOPUCTAaHI B IPHU-
IPaHUYHOMY IApi po3paxyHKOBOI 001acTi, KoM ofuH a0 OiibIlle By3JiB JOBOAUTHCS BUHOCUTH HA IPAHUIII0
obmnacri.

B po6ori [4] mobynoBaHo nBa 6azucu OimipaMiy 3 OAHUM PYXOMHUM BY3JIOM, SKi MIiCTATH BIAMOBIAHO JBa
Ta OIWH MapaMeTpH, IO IO3BOJIIIOTH HaJgaBaTu 0a3ucHUM QYHKLisIM monaTkoBux moninbHux B MCE inTep-
MOJIALIHHUX BIacTUBOCTeH. Ha OCHOBI aHami3y anmpoKCHMaIiiHUX SKOCTeH 0a3ucHUX (QyHKIIH [S] BU3ZHAYCHO
YMOBHM BHKOPUCTaHHS OimipamiJ B CKIHYCHHO-EJIEMEHTHUX po3paxyHKaX. KpuTepieM OIIHKHU SIKOCTi alpOKCH-
MaIlii 00paHo MiHIMalILHUMN CJI1JT MATPHIII )KOPCTKOCTI Oimipamian. TeopeTHIHI BUCHOBKH NIEPEBIPEHO Ha 3aJ1adi
TEIJIONPOBITHOCTI s Opyca. [Ipu oMy 3almUIIA€ThCSl HEBUPINMIEHUM MHUTAHHS MPO CKIHYCHHO-CIEMEHTHY
ampoKCUMaNio (yHKIIH B 00macTi KOMIpOK, SIKi YTBOPHIINCH B pe3yibTaTi AEKITBKOX JiHIHHUX nedopMariit
okTaenpa. Tomy akTyaJdpHOIO € 3ajada MOOyIOBH cHcTeMHu Oa3ucHUX (QyHKIiH OimipaMinu 3 1BOMa Ta TphrOMa
PYXOMHUMH BYy3JIaMHU.

Merta crarTi: noOygyBatu 6a3ucu 6imipaMiy 3 ABOMa PyXOMHMH By3JIaMH, JOCHIJUTH iX allpoOKCUMaliiHi
BJIACTUBOCTI B 3aJIE)KHOCTI BiJl 3HaYeHb MapaMeTpiB BUIOBKEHHS/CTHCHEHHS MiBOCEH IaHOro OararorpaHHHKa,
a TaKOXX BH3HAYUTH YMOBHU BHKOpHcTaHHS AaHOrO CE B SKOCTI KOMIPKH PEINITOK TeTpaeapaabHO-OKTaeAPaIbHOT
CTPYKTYpH.

Buknan ocHoBHoOro martepiany. Posrisnaerbes Oimipamina 3 ciMoMa By3JIaMH 1HTEPIOJALIT, SKi po3-
TalloBaHi B ii BepmMHAX Ta Touli HepeTuHy aiaroHanei (puc.l). Beaxaersca, mo Touku K,,K,,K,,K,
€ piBHOBimfaneHUMH BiJ K, Ha BiAcTaHb a(aeR), a Bigpisku K K, ta K K; MOXyTh OyTH NOBLIBHOI
JOBKUHH:

K, K,=p-a=b,K,K,=qg-a=c, (D)

ne p,q>0Ta p,geR.
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Puc. 1. bimipamina six CKiHUEHHHU eTeMEeHT

Jorcepeno: nobyooeano asmopom ons koepiyicumie p=1,2, g=1,7

3acTOCOBYIOUM T€OMETPUYHI METOAU MOOYN0BU (DYHKIIM CKIHYEHHO-EJIEMEHTHOro 0a3ucy, sAKi acoLiiioBaHO
3 BEpIIMHAMH OillipaMiid, IETKO OTPUMATH:

1
NS, ;= gx(x +a);

NS, = T a); NS, =
ety VTN =

»(y =), )

NS = z(z+a); NSs = z(z—c).

_c(a+c) ala+c

DyHKIIIFO, 1110 Bi/IMOBITa€ IICHTPAILHOMY BY3JIy, MOYKHA 3HAWTH 3 PIBHOCTI:

NS, :1—26:NS,. :
i=1

ne i =1;6.

Toni, BpaxoBytouu (1), (2), cripaBeyINBOIO € PIBHICTH:

NS, =1-

(e +a(y* +a(l=p)y)+ p(2* +a(1-q)z)). 3)

[licns TOTOXXHUX TEPETBOPEHBb BUpa3 0a3uCHOI (PyHKLIi, SKa acouiiioBaHa i3 LIEHTPAILHUM BY3JIOM, MOXHA
MOAATH y BUNISAL

NS, = PEDUEPD) (4)
4pq

s (y+;(a—p)j ) (24 3(a-0)]
2. 2ratpg) o (prg)itpg) o (p+@)ltpg)
4pq 4q 4p

2

ne F=1-

[ToBepxHi piBHs O6a3zucHOi QyHKIiT NS, B IbOMY BUNAJKY € €NINCOINIaMU 31 3MillIEHNMH B IonuHi Oyz 1eH-
TpaMH, SIKIIO NT0YaTOK CHCTEMHU KOOPIMHAT I0B’A3yBaTH i3 By3iioM K, (puc. 2).
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Puc. 2. TToepxHi piBus dynkuii NS, (x,y,z)=C

IDicepeno: nobyoosarno asmopom oas a=1, p=1,2, q=1,7, C=0, C=0,7, C=1,2

[oGynyBaru 6a3uc Gimipaminy 3 MiCThMa By3JIaMH IHTEPIONALIT MOYKHA, SKIIO 3aCTOCYBAaTH OMEPAIlilO0 BHY-
TPINIHBOT KOHJIEH AT 3MICT LOTO TIEPETBOPEHHS TOJIATAE B PO3MOALII BHECKY IIEHTPAILHOI 0a3MCHOT QYHKIIIT 110
30BHINIHIX By3Jax Oiripamiau, To0To:

NC, = NS, +a.-NS,,i={1,3},
NC, = NS, +B,-NS,, NC, = NS, +B, - NS,, Q)
NC,; = NS, +vy,-NS,, NC, = NS, +7v, -NS,,
e 2a+B, +B,+v,+v,=L50<a<0,5.

3aI0BOJIBHSIOYH YMOBaM MTOBHOTH 0a3ucy [6], HEOOXiIHO T0JIaTH CITiBBIIHOIIEHHS BaroBUX KOC(IIi€HTIB:

1-2a 1-2a
; = ; :—; = . 6
Pt B, =B, g+1 Y2 =97 (6)

B =

Ockinbku BaroBuil koedimieHT o 3MiHIOETBCSA B iHTepBami 0 <o <0,5, oOMexxeHHS I iHIINX BaroBUX
KOE(IIIEHTIB MAOTh BUTJISIII:

1 1
0<p,<—;0<p, <0<y, <—0<y, <L
p+l1 p+l1 qg+1

g+1
OTtxe, 6a3ucHi QyHKIIIT KOHACHCOBAHOTO 0a3ucy BU3HAYarOThCA 3a opmynami (5), (6).
OueBuaHO, 110 MOOYI0BaHI (yHKIII] {NQ }i: | CKIHYCHHO-CJIEMEHTHOTO 0asucy Oimipamiam € GpyHKUiIMH Koe-

(bilieHTIB BUIOBKEHHS/CTHCHEHHSI OimipamMian p,q . BUHUKae MUTaHHS: TIPU SKUX 3HAYCHHSIX BKa3aHUX KOCQIIlieH-
TiB 0a3ucHI (QyHKIIT Oimipamian MaTuMyTh HaliKpaiii (B IEBHOMY CEHCI) anpoKCHMaIliiiHi BmacTuBocTi. Kpurepiem
SKOCTI anpOKCUMAIlii MOYKHa 00paTH MiHIMaJIbHHUN CJIiJ] MaTPHUIli )KOPCTKOCTI/TETLIONPOBIHOCTI Oimipamiay.

3a dhopmyoro:
6 oNC. Y (aNC Y (oNC Y
T = S+ S+ - |dv,
e ZIII [ ox j o ( & j

ne V — o00’em Oimipamian, —
MOYKHA OTpUMAaTH (PYHKIIIIO CJIITy MATPHII )KOPCTKOCTI K (DYHKIIFO OHIET He3aJIeKHOT 3MIHHOT o :

Trace = a (AOL2 +BOL+C), @)

30p°¢" (1+p)(1+9)
A=104(p'q" + p'q* + P )+ 112(pq* + p'a?) +
+120(p*q* +p'q’ + p°q’ ) +8(p'q+ pg* + P’ + pg’ )+
+40(p4 +p’+q +qz)—16(p3q+pq3)+48(q3 +p3),

e
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B=-72p'¢" ~44(p'q" + p'q’)=96(p*q" + p'q* ) +48p°¢" -
~124(p°¢" + p’q’ )+ 4(p'a+ pg' + P'q+ pq’ ) - (®)
—16(p4 +p*+q +qz)—120pzq2 +4O(p3q+pq3),

C=23p'q" -i—26(p3q4 +p4q3)-|-66(p3q2 +p2q3)+39(p2q4 +p4q2)+
+28p’°¢ +4(p4q+pq4 +p2q+pq2)+4(p4 +p +q" +q2)+55p2q2.

3a HeoOXiTHOIO YMOBOIO ICHYBaHHS E€KCTpeMyMy (YHKII OfHI€] 3MiHHOI (d (T race) / da :O) 3HAUCHHS
o =—B/(2A), ne xoediuientu 4 i B BusHauaThcs Gopmysamu (8). THiui Barosi koedilli€HTH JIETKO BU3HAYUTH 3
dbopmynamu (6).

JocmikeHHss Ha ekcTpeMyM (YHKINT CITiy MaTpHIl >KOPCTKOCTI/TeruionpoBiaHocTi (7) st Oimipamiau
TOKa3yI0Th, 1110 MiHIMyM f0csraeThest B Toulli (p;q) = (0,744;0,744), i cranoButs npubnmsHo 2,475 (puc. 3).

AHanizytoun otpuMaHi (yHKmii Oaszucy Oimipaminm, ska Mae JBa
PYXOMI BY3ITH, CITiJ] 3ayBaXKHTH, [0 JaHHI OaraTorpaHHUK HE € TPaBHILHIM
1 MOXKEe pO3IISIATHCK SIK OKTAaep, SIKMH JTiHIHHO Ae)OpMOBaHUI B HALIPSIM-
Kax JBOX ioro miBocel. OTke, HOr0 BUKOPUCTAHHS B CKIHYEHHO-EJIEMEHT-
HUX pO3paxyHKax Mae€ IeBHI oOMexkeHHS. CKOpPHCTaBIINCH PEKOMEHAIli-
sIMHU, K1 3anpornoHoBaHi B ANSYS, MoxHa 3HaWTH NMOKAa3HUK acUMETpil
Skewness, sIKHI1 po3paxoByeThes 13 MipKyBaHb 0OpaHHs 3a etanoH CE npa-
BIJIBHOI reomeTpudHoi Gopmu [7, 8], TOOTO OKTaeap B JAHOMY BHITAIKY.
[Ipu npoMy BimxuieHHs B Mexax +£0,1 ta £0,25 Big 00’eMy MpaBUIBHOTO
TEOMETPUIHOTO TiJIa BBaYKAIOTHCA IOy CTUMHUMH, BIAMTOBITHO, IPX BUCOKUX
Ta HEBUCOKUX BUMOT'aX JI0 TOYHOCTI OTPUMYBaHHX PO3B’S3KiB.

TakuM YHHOM, Ha TIPaKTHUIl CJIil BUKOPHUCTOBYBATH Oimipamiau
3 Koe(illieHTaMH BHJIOBKCHHS/CTUCHEHHS, SKi 3a/I0BOJBHSIOTH YMOBI
0,8< ( p+ l)q <1,2 TpU BHCOKUX BHMOTax JO TOYHOCTI OTPHUMYBaHHX
poss’s3kiB i 0,5<(p+1)g<1,5 — npu HEBUCOKMX BUMOTaX IO TOYHOCTI
OTPUMYBAHHX PO3B’S3KIB. . . Puc. 3. I'padik MiHIMaIBHOTO CITiy

BucHoBKH 3 MOCAILKEHHS | MepCneKTHBH MOAAILIINX PO3BITOK MaTpHILi KOPCTKOCTI
y ubomy Hanpsami. B po6oTi noGynoBano aBa 6aszucu Gimipamiau 3 1BoMa
PYXOMUMH BY3JIaMH, sIKi MOXKYTh OyTH 3aCTOCOBaHI B CKIHUCHHO-CIIEMEHT-
HUX PO3paxyHKax IpH IUCKPETU3allil 00JacTi pEIIiTKOI TeTpacapaib-
HO-OKTaenpaibHoi cTpykTrypH. [loOymoBani 6asucy 3 mIicTbMa Ta CIMOMa By3JIaMH IHTEPIOJLIi MICTATEH BiAIO-
BIJTHO TPH Ta JiBa HEBU3HAUECHI MapaMeTpPH, SKi JIO3BOJISAIOTH HaJaBaTH 0a3uCHUM (QYHKINISIM JOJATKOBUX JOIUTBHUX
B MCE BnacTtuBocreil.

B pesynbrari HOCTIKEHHS apOKCUMAIIMHAX BIACTHBOCTEH MOOYJOBaHUX 0a3WCiB BU3HAYCHO KPUTHYHI
3HAYCHHS TIapaMeTpiB BUJOBKCHHS/CTUCHEHHS IiBOCeW Oimipamian, TpW SKUX CIiJ MaTpHIll >KOPCTKOCTI Ha
nanomy CE € MmiHiManpHUM. 3HAHICHO OIIHKH JUIsl MapaMeTpiB BUIOBKEHHS/CTUCHEHHS MiBOCEH OimipaMiny Ha
OCHOBI PEKOMEHAIli} 1010 MOKa3HUKIB acuMeTpii Skewness, ki BUKOpUCTOBYI0TH B ANSY'S mpu 3actocyBanHi
CE HenpaBuIbHOI reOMeTpUYHOI (hOpPMH, 110 FAPAHTY€ TOYHICTh OTPUMYBAHHUX PO3B’SI3KiB CKIHUCHHO-EIEMEHTHHUX
PO3paxyHKiB.

BpaxoBytoun no3utuBHUil nporHo3 intepnomsauiiaux sxkocreir CE y dopmi Oimipamiau 3 1BOMa pyXoMuM
BY3JIaMH, IIEPCIIEKTUBOIO MOJANBIINX TOCIIIKEHB € MoOynoBa (OopMyJI YUCENFHOTO IHTErPYBaHHS Ha TAHOMY Oara-
TOTPaHHUKY 3 METOIO BKJIIOUEHHS Horo 1o anroputmy MCE mpu po3B’s3aHHI MPUKIATHUX 3a1ad.

JDicepeno: nobyoosano asmopom 3a ¢op-
mynamu (7), (8)
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MATEMATHUYHE MOJEJIOBAHHSA AEPOINHAMIKHA TA IMHAMIKHA PYXY
TPAHCHHOPTHUX AITAPATIB TUITY MAGLEYV 3 BUKOPUCTAHHAM
METOJY JAUCKPETHUX OCOBJABOCTEMN

Ilepexio cycninbcmea Ha AKICHO HOBULL MEXHIUHULL PIBEHD €, YEHMPATLHOIO TAHKOIO Cb0200eHHs. Bucoxi memnu naykogo-mex-
HiYHO20 po3sumKy i 2nobanizayii exonomiku 6 XXI cm. écmynac y npomupiuys 3 HeGUCOKUMU MEeMRAMU PO3GUIMKY [ MOMCIUBOCTAMU
MOOepHI3ayii icHylouux mpancnopmuux cucmem. HeoOXioni eghexmushi sKicHi mexHiyHi piliens 3 KapOUHATLHOZ0 SIKICHO20 NiO8U-
UjeHHs WeUOKoCcmell ma nponyckHoi 30amHochi mpanchopmuux cucmem. HeoOXiOHOI0 8UMO2010 € 3HUICEHHS eHePemMUYHUX 3amPam
ma nioguwenns besnexu. OKpiM yb02o QOPMYIOmbCs JHCOPCMKI eKonoeiuni gumoay. ExoHomiunoeo spocmanns Ykpainu mooicymo
CHpUAMY RPOPUBHT TNEXHOTOLTUHI DIULeHHS 6 2a/1Y3i MPAHCTIOPTHUX CUCEM.. BNpoeaoiceH s HOBUX TEXHONORI HA HOBUX (Di3UYHUX
HPUHYURAX MOdiCe CIPUSIMU AKICHOMY CIPUOKY eKOHOMIYHO20 po36UmKY Kpainu. Po3pobka ma enposadicenHs maxux HO8UX mexmo-
noeiti, sk Maglev ma Hyperloop e HeobxioHoto ymo6010 HaAyKoso-mexHoNoiuHo20 po3sumxy cycnitecmea. Ipome cmeopents maxoeo
BUCOKOWIBUOKICHO20 MPAHCNOPIY 3 3ACMOCYBAHHS BKA3AHUX MEXHONO02IH BUMALAE BUPTWEHHS Y020 PAOY HAYKOBUX NPOOTEM.

B cmammi posensinymo 36 ’a3any 3a0auy MoOeno8aH s aepoOUHAMIKY Ma OUHAMIKY PYXY WEUOKICHUX HAZEMHUX MPAH-
cnopmuux anapamis. /s eghexmugHo2o GUKOPUCIIAHHS AePOOUHAMIUHUX eeKmie NPONOHYEMbCA 0ONAOHAMYU MPAHCHOPMHUIL
anapam Kpuiom, 3a805Ku KoMy 6y0ymb po36anmasicysamucs maznimonesimayitini npucmpoi. Lle dozgonums Oinviu smenuumu
eHepeo3ampamy Ha NiOMpUMKY MPAHCROPMHO20 anapama Hao wiiaxogoio cmpykmypoio. OKpim ybo2o HAsAGHICMb Hecyuux
NOBEPXOHb MOJICHA BUKOPUCIOBYBAMUY Oisl CRpUAHHA cmaoinizayii pyxy. Modentoganns aepoounamiyHux npoyecie npogeoero
WLTAXOM BUKOPUCTIAHHA CUHYIAPHUX THMeSPANbHUX PiBHAHY. [IIS Yb0o2o Hecyyy cucmemy mpaHcnopmHo20 anapama npeocmas-
JIeHO HAOOPOM NPUEOHAHUX MA LILHUX OUCKPEMHUX 8uxopie. 3acmocysanna mooeni ideanbHoi piouHu 015 PO3PAXYHKY Hecy-
Yoi' cucmemu MAzHIMONesimy4020 MPAHCNOPMHO20 ANapama 00360€ CPOPMYTIO8amU AepoOUHAMIYHY 3a0ady K 3a0ayy
Heiimana oaa pignanus Jlannaca. Tpancnopmuuil 3acio mMae cknaony 2eomempuuny opmy, momy npu Mooeno8anti tio2o oomi-
KawHsl nepedbayeHo Kinbka no8epxotb cxo0y Hecmayionaprozo ciiody. [lis po3paxyky napamempie cmiiikocmi pyxy po3e a3ano
cucmemy OupepenyianbHux pigHsAHb OUHAMIKY PYXY MPAHCNOPIMHO20 anapama nobau3y WiAX080i CIpYKMypu.

Pe3ynomamu MoOeno8anHs ROKA3AAU, WO BUKOPUCIAHHS eKPAHHO20 egheKmy, wo PopmMyembes nio enausom oau3bKocmi
WIAIX0801 CIMPYKMYPU CHPUSLE PO3BAHMANCEHHS MACHIMONeGiMmayitinux npucmpois. bausvkicms 3emni cmeopioe Hebe3nexy 3imk-
HEeHHSl MPAHCROPMHO20 ANapama 3 WIsX080l0 CIMPYKMYpolo npu empami ounamiynoi cmitixocmi. Hasenicme necyuux nosep-
XOHb MPAHCHOPMHO20 ANAPama CHpUSLE NOKPAWEeHHIO NAPaMempie CIMIKOCHII.

Kiro40Bi c110Ba: aepoounamixa mpanchopmuux anapamis, 4uciosi Memoou, Memoo OUCKPEmHUX UXOPI8, MameMamuyHe
MOOCTI06AHHS, THMe2PANbHI CUHEYIADHI DIBHAHHS, OUHAMIKA PYX).

Sokhatsky A. V. Mathematical modeling of aerodynamics and dynamics of Maglev-type vehicles using the method
of discrete featuresr

The transition of society to a qualitatively new technical level is a central part of today s world. The high pace of scientific
and technological development and economic globalization in the 21st century contradicts the slow pace of development and
the possibilities of modernizing existing transport systems. Effective, high-quality technical solutions are needed to dramatically
improve the speed and capacity of transport systems. Reducing energy costs and improving safety are also essential. In addition,
stringent environmental requirements are being formed. Breakthrough technological solutions in the field of transportation sys-
tems can contribute to Ukraines economic growth. The introduction of new technologies based on new physical principles can
contribute to a qualitative leap in the country s economic development. The development and implementation of new technolo-
gies such as Maglev and Hyperloop is a prerequisite for the scientific and technological development of society. However, the
creation of such high-speed transportation using these technologies requires solving a number of scientific problems.

The paper considers the coupled problem of modeling the aerodynamics and motion dynamics of high-speed ground
transportation vehicles. For the efficient use of aerodynamic effects, it is proposed to equip the vehicle with a wing, which will
unload the magnetolevitation devices. This will reduce the energy consumption for maintaining the vehicle over the road struc-
ture. In addition, the presence of bearing surfaces can be used to help stabilize the movement. The aerodynamic processes were
modeled using singular integral equations. For this purpose, the vehicle's bearing system is represented by a set of attached and
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free discrete vortices. The use of an ideal fluid model to calculate the bearing system of a magnetically levitating vehicle allows
us to formulate the aerodynamic problem as a Neumann problem for the Laplace equation. The vehicle has a complex geometric
shape, so when modeling its flow, several surfaces of the unsteady wake are provided. To calculate the parameters of motion
stability, a system of differential equations is solved for the dynamics of the vehicle motion near the road structure.

The simulation results showed that the use of the screen effect formed under the influence of the proximity of the road structure
helps to unload magnetolevitation devices. The proximity of the ground creates a danger of a vehicle collision with the road structure
with a loss of dynamic stability. The presence of bearing surfaces of the vehicle helps to improve stability parameters.

Key words: vehicle aerodynamics, numerical methods, discrete vortex method, mathematical modeling, integral singular
equations, motion dynamics.

[ocranoBka mpodiaemu. [lepexin cycriiscTBa HA HOBHI TEXHIYHHI PIBEHB € , IIEHTPATHHOIO JTAHKOK CHOTO-
neHHs. [IpucKopeHHsT TeMIIIB HayKOBO-TEXHIYHOTO PO3BUTKY 1 mioOanizamii ekoHoMikn B XXI cT. BCTymae y npoTu-
pivdsi 3 HEBUCOKUMH TEMIIAMH PO3BUTKY 1 MOMKIIMBOCTSME MOJIEpHI3aIlii iCHYFOUMX TPAaHCIIOPTHUX crucTeM. HeoOxinHi
e(eKTHBHI SKICHI TEXHIYHI PIlIEHHS 3 KapJHHAIEHOTO SIKICHOTO TTiIBUINIEHHS NIBHKOCTEH Ta MPOITYCKHOT 31aTHOCTI
TPAHCIOPTHHX crucTeM. HeoOXiqHOI0 BIMOTOIO € 3HIKEHHS €HEPreTHYHHX 3aTpaT Ta MiABHIIEHHS Oe3rneku. OKpiM
OO (POPMYIOTBCS JKOPCTKI €KOJIOTiYHI BUMOTH. [|Jii €eKOHOMIYHOTO 3pOCTaHHS YKpaiHu 0a30BUM € iHHOBAIlIfHO-
TEXHOJIOTIYHUH PO3BUTOK. L[bOMY MOXKYTh CIIPUSITH IPOPUBHI TEXHOJIOTIUHI PillICHHS B FalTy3i TPAaHCIIOPTHUX CUCTEM..
BrpoBajxeHHs HOBUX TEXHONOTIH Ha HOBUX (hi3HUHUX MPHUHIMIIAX MOXKE CIPHUATH SIKICHOMY CTPUOKY €KOHOMIUHOTO
po3BUTKY KpaiHu. Po3poOka Ta BIpoBaKeHHS TaKMX HOBUX TEXHOJIOTIH, sk Maglev ta Hyperloop € k HeoOxinHOO
YMOBOIO HayKOBO-TEXHOJIOTIUHOIO PO3BUTKY CYCHLIbCTBA. [IpoTe CTBOPEHHS TaKOro BUCOKOUIBUAKICHOTO TPAHCHIOPTY
3 3aCTOCYBaHHS BKAa3aHUX TEXHOJIOTiH BUMAara€e BUPIMICHHS LLIOTO PSITY HAYKOBUX IPOOIEM.

AKTyaJIbHICTh TOCTiIKeHb. BBaXkaeThCs, MO MiIBIC MEPCIIEKTHBHAX MATHITOJIEBITYIOUNX TPAHCIIOPTHUX
3ac00iB Oyje 6a3yBaTHcs Ha Jii €JIEKTPOAMHAMIYHOT JICBITAIT 3 BAKOPUCTAHHSIM HAAMPOBITHUX MarHiTiB [1-8].

OpHi€l0 3 HUX € 3a0€3MeYCHHS ONTUMAIBHAX TUHAMIYHUX XapaKTEPUCTHK Ta BiIOBITHUX MapTePiB CTIHKO-
CTi Ta KepoBaHOCTi. HasBHICTh OJIM3BKO PO3MIIICHOT IIJISXOBOT CTPYKTYPH HAKJIaJIa€ TIEBHI BUMOTH Ha TapaMeTpu
CTIMKOCTI Ta KEPOBAHOCTI TAKOTO TPAHCIIOPTHOTO 3ac00y. OKpiM IIbOTO 301IBIICHHS MIBUIKOCTEH PyXy HE TOBUHHO
3HIKYBATH O€3MEKy Ta IIKIIJIMBO BILTUBATH HAa HABKOJIMIIIHE CepeloBHILE. BBaXkaeThes, IO MiJIBIC MEPCTIIEKTUBHUX
MAarHiTOJCBITYIOUNX TPAHCIIOPTHUX 3ac00iB Oyae OazyBaTucs Ha Aii eNEKTPOAMHAMIYHOI JIEBiTaIlil 3 BUKOPHCTaH-
HSM HaJImpoBigHUX MarHiTis [1; 3].

TpaauuiitHo, MiABIC MarHiTONEBITYIOUNX TPAHCTIOPTHAX 3aco0iB O6a3yeTbes Ha il eneKTpozmHaMquo'i JeBi-
Talii, B OCHOBY SKOi HOKJIaJ€HO TIPUHITHIT eJ‘IeKTpOMaFHlTHOI inepuii Jlenna. Bucoki mBUAKOCTI pyxy CTIPUAIOTH
(OpMyBaHHIO 3HAYHMX AEPOAMHAMIUHMX CHI TA MOMEHTIB. IX MO3UTHBHE BHKOPHCTAHHS 6yJ:[e CHPUATH MiHIMaJb-
HUM €HEPreTHYHUM BHUTpaTaM. BHKOpPHCTaHHS HECY4YHX IMOBEPXOHb IS (pOpMyBaHHS IMigiiiMaNbHOI CHIIM HO3BO-
JIUTHh PO3BaHTAXKYBATH MATHITOJIECBITYIOUI MPHCTPOi. OKPIM IILOTO aepOIWHAMIYHI TOBEPXHI MOKHA BUKOPUCTORBY-
BaTHU JUIA 3a0e3Iede s He0OX1JHOI CTIMKOCTI.

Bupimienss HaykoBUX Mpo0iieM, 0 BUHUKAIOTH PU CTBOPEHHI CyYacHUX BHCOIIBHIKICHUX TPAHCHOPTHHUX
3ac00iB BHMarae 3aCTOCYBaHHS MaTeMaTHYHOTO amapary. YucenbHE pO3B’S3yBaHHS OU(EpEHIiaTbHUX Ta 1HTE-
rpo-au¢epeHniaIbHuX PIBHAHB JO3BOJSE 3HANTH NUIIXM ONTHMI3allii 1X TeXHIYHUX MapaMeTpiB. OAHIEI0 3 Bax-
JIMBHX 3a/1a4 € 3a0e3MeueHHs ONTHMAIbHUX AUHAMIYHUX XapaKTepUCTHK. BBaxkaeTbes, 110 MiJBIC MEPCIICKTUBHUX
MAarHiTOJIEBITYIOUMX TPAHCIIOPTHHUX 3ac00iB Oyaie 6a3yBaTucs Ha J1ii e1eKTpOAMHAMIYHO1 JIeBiTallii 3 BAKOPUCTaHHIM
HaAMpoBinHUX MarHiTiB [1; 4-8]. HasBHiICT O1M3bKO PO3MILIEHOI IIJISXOBOT CTPYKTYPH HAKJIala€ MEeBHI BUMOTH
Ha TapaMeTpH CTIMKOCTi Ta KEPOBAHOCTI TAaKOrO TPAHCIOPTHOTO 3ac00y. OOMEXKYIOTCS BETHYHHU BiIXUICHHS
mapaMeTpiB pyXy, TAKHX SIK KYyTH TaHTa)Xy, KpeHY Ta KOB3aHHsI, BiICTaHb O MILIXOBOi CTPYKTYPH Ta iHIII. AHai3
ICHYIOUHX ITyOJTiKaIlil 3 TPAaHCIIOPTY, [0 OCHOBYETHCS HA TEXHONOTisIX Maglev moka3sye, 1o mpu JOCIiKeHH] HOTo
IUMHAMIYHIX XapaKTePHCTHK B OCHOBHOMY BPaxOBYIOTH HABaHTa)KCHHS BiJl MarHITOJNEBITYIOUUX IIPHCTPOIB.

Meta crarTi. TpanumiiiHo 3aja4i aepoaMHAMIKH Ta JUHAMIKH PyXY PO3B’s3YIOTHCS OKPEMO OJHA BiJl OHOI.
Bupimenns x cyMicHOI 3a1a4di aepoaMHaMiK{ Ta IUHAMIKN PyXy € HaA3BHYAHHO Ba)KJIMBOIO NPOOIEMOIO CHOTO-
nenHs. ToMy BuHHKae orpeda B po3po0ii eheKTHBHUX METOIUK PO3B’SI3yBaHHS Takoi CyMiCHOI 3a/1adi Ta TOCKO-
HAJIOTO TOCIIIKCHHS TUHAMIKH PyXy MarHiToJIeBiTyI0OUUX TPAHCIIOPTHUX 3aC00iB HA HAANPOBIAHUX MarHiTax

MeTtoa po3B’si3yBaHHsl cyMicHOI 3aja4i [iMHaMikM Ta aepoauHamiku. CHucTeMa PIBHSHB JJIsI pO3B’sI3y-
BaHHS 3B’53aHOI 3a/1a4i aepOJMHAMIKY Ta TUHAMIKU PYXy TPAHCIIOPTHOTO arapara MaTUMe BUTIIS:

m ﬂ+(7)><l7c :Fc; (1)
dt
:Z\7[; 2
r c )
ar
Q0 55 (3)
ot 6& o€, 7
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dé

— =/ (19,7, 8.0.0); )

Ry = Roe (Vor. 90,7, 8,00, 1) 5 )

F = F(p.kp. V. h0,By. 9,9, 8,7, 9,.8., P, ) (©6)
M, = M(p.k,p.V oy, 8,v,6.0,7.9,0,3,.B, ) ; (7)
O< D5 < D5 P B < ®)

ne F,, M,— BeKTop cuil Ta MOMEHTIB; K, — MOMEHT KiIBKOCTi pyXy; R, — BEKTOp MArHiTHUX CHII; p — THCK;
k — mapameTp, 110 XapaKkTepu3ye TypOyJICHTHHI CTaH aTMOC(EpH; p — TYCTHHA HOBITPs; V., — MIBHAKICTH IEHTpa

Mac TPaHCIIOPTHOTO amapara; i — BiACTaHb 10 MIAX0BOT cTpykTypH; F,, F*’ — BeKTOp KOHBEKTMBHHX Ta AU(Y-

m?> = m

3IHHMX OTOKIB; S, — JDKCPENbHUN WieH; S

xXyz

— JOKEpeNbHUI 4JieH, 110 BU3HAYAETHhCA TUIIOM CHCTEMH KOOPAHM-
HAaT; ¢={y,8,\|1}; ¢:{§/,9,\|'/}; o, B, v, 9 v, q, B, Y, 9,y — KyTH araku, KOB3aHHS, KPEHY, TaHTaKa, PUCKAHHS
Ta iX MOXiJgHi 3a yacom; Q = {p, pu, pv, pw, E,, pf/} — BEKTOp T'YCTHHM IOTOKY; P, — TAra CHJIOBUX yCTaHOBOK;
0 — [Iis opraHiB KepyBaHHs TPAHCIIOPTHOTrO 3acoly; & =& (t, Xp5 Xys X; ), m=1,2,3; c—ueHTp Mac.

BpaxoByioun MOXJIMBOCTI HasiBHOI OOUYHMCIIOBAJIBHOT TEXHIKM MPUHMEMO psif CIIPOINEHb 0 CUCTEMH PiB-
HsHb (1-8). 151 MofenntoBaHHS AMHAMIKH PYXY MarHiTONEBITYIOUOTO TPAHCIIOPTHOTO 3aCO0Y BUKOPUCTAHO CHCTEMY
qudepeHianbHuX piBHAHb (1, 2).

3aMUKaHHS CUCTEMH PIBHSAHb PyXYy TPAHCIIOPTHOTO 3aco0y (4) 3amuiieMo y BUIVISAI HACTYITHUX KiHEMaTH4-
HUX CITiBBiTHOIICHb

dy .

— = ®,COSY—m_siny),

dt cosS( y ST O Y)

d3d .

— =®, Siny+ ®_CcosYy, 9
o - Oy siny+ o, cosy ©)
dy .

— =0, —1g3 o, cosy—w_siny),

i (o, cosy—o,siny)

Jly1s BU3HAUEHHS BiICTaHI 10 NUITXOBOI CTPYKTYPU HEOOX1THO IHTETPYBaTH HACTYITHE PIBHIHHS
dh . .
— =V_sin3+V cosScosy—V_ cosIsiny. (10)
dr " ! :

BenuuuHy neBiTalliiHUX €NEKTPOMArHiTHUX CHJI, 1[0 BHHHUKAIOTH MPH PyCi TPAHCIOPTHOrO 3acoly Haj
CYU1IBbHUM CTPYMOIIPOBIIHUM ITOJIOTHOM BU3HAYUMO 3a BUpa3oM [3]

2\
F<F 1_[1+V—2) , (1)

()

ne F|, — puKTHBHA MiJIiOMHA CHJIa, IO i€ Ha COICHOIN; N, — Koe(illi€HT, SIKUi BU3HAYAETHCS TEOMETPIEI0 COJICHOT/IA;
VY BigmoBigHOCTI 3 poboToro [3] cuty F|; Ta mapaMeTp ® BU3HAYaeEMO 3a (opMyJiaMu

u,N’i2 (a+b)
27 h
2

1,00 ’

b

E:
w=

ne N — guciio oOMOTOK COJICHOINa; i, — CTPYM B COJICHOINI; a, b — po3Mipu coseHoina y3aomk oceid OX, OY;
h — BiIcTaHb MK MarHiTOM TPaHCIIOPTHOTO 3aCO0Yy Ta CYIIJIBHUM CTPYMOIIPOBITHUM ITOJIOTHOM.
KoedimieHT # BU3HAYAETHCSA EMITIPUYHUM MIUIIXOM, ajie B po0OTi [2] 3amponoHoBaHa anpoKcuMalliiHa ¢op-

()
a

MyJa

2
ne K =0,42+0.6%—0,0775[%j .
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UucenbHe po3B’sI3yBaHHS CUCTEMH Au(epeHnianbHuX piBHAHb (1-2) nmposeneno metonom Eifnepa.

[ BU3HAueHHs aepoIWHAMIUYHMX HABaHTaXXEHb HEOOXiJHO PO3B’A3aTH 30BHILIHIO 3anady Heiimana nmst
piBHstHHS Jlamnaca. st bOTO MpPEACTaBIsSEMO TPAHCHOPTHUM 3aci0, 110 PyXaeThCsl B CyLIIbHOMY CEPEJOBUILI
y BUIVISA1L HECY4Oi MOBEPXHI G, 3 SIKOi CXOAUTH HECTALlIOHAPHUIMA CIIiJI G,.110 KPUBIii L.

Hexaii Hecyda MoBepXHS G; TPAHCIOPTHOIO 3aCO0Y 3HAXOAUTHCS B HECTALIOHAPHOMY ITOJ1 HIBUIKOCTEN

U, (V,t)=gradu,(V 1),

ae U, (V,t) — TapMOHiuHa (YHKIISA O YyCbOMY MPOCTOpi y OyAb KUl MOMEHT uacy. [IoBepxHs G, € MOBEpXHEI0
PO3pHUBY JOTUYHUX MIBUJIKOCTEH 1 Ha Hill MOBMHHI BUKOHYBATUCS YMOBa

P (M,t)—p (M,1)=0, V (M,t)=V (M), Meo,,

Jie p, V' — THCK Ta MBUJIKICTH 3 OJIHIET Ta 1HIIOI CTOPOHH ITOBEPXHI G, .

Tak sk cepeIoBUILE € CYHUTEHAM TO B KOXXHHN HACTYITHHN MOMEHT 4Yacy T B OyAb skii Todmi M(s) kpuBoi L
CXOIUTH YACTWHKA PiJFHHU HA SIKi € pO3PUBH JOTHYHUX IIBUIKOCTEH 1 sika 3aiimae monoxkeHHs M(s,t.t). [Ippaomy 1
JaCTUHKA PIMHU PYXa€ThCs 31 MBUIKICTIO IOTOKY B JaHii Touni M(s,t.t). TakuM 4MHOM HECTalliOHAPHUH CIif G,
B MOMEHT Yacy t IpeICTaBisie COO0I0 TOBEPXHIO TOUOK M(S,T.t), IO pyXa€eThCs 3 IBUAKICTIO V/ (M (s, T, t)) . 3 mporo
CIITy€, IO JUTS 3HAXOJPKEHHS IMMOBEPXHI G, HEOOXIHO pO3B’I3aTH HACTYIIHY CHCTEMY Au(epeHIiaabHIX PiBHIHb

%ZV(M(S,T,I)), sel0,/], te[0,], t=7. (12)

$,T,t

IIpu npoMy NOBHHHI BUKOHYBaTHUCS I10YaTKOBI YMOBI/IV(S,‘C,I)ZI’M( ) Ile o3Hauae, M0 B NOYATKOBUM

MOMEHT 4acy T=t Touka M(s,.t) 3 Toukoro M(s) kpuBoi L. [loBepxHs 6, Ma€e po3pHB JOTUYHUX IIBUIKOCTEH 1 Ha Hil
BUKOHYETHCSI yMOBa HEPO3PUBHOCTI HOPMAJIBHOT JI0 G, IIBUAKOCTI MOTOKY. B TakoMy BUIIaIKy HOBEPXHIO G, MOXKHA
MOJICTIIOBATH MOTEHIIJIOM IOBIIHOIO HIapy.

Po3B’s130K 3a1a4i po3IIyKy€eThesl B BUIVIA/I OTEHIIAIa MO/BIIHOTO MIapy, 10 OIMCY€ETHCS iHTErpo-audepeH-
iaJbHUM PIBHSIHHIM

1 0 & 0 [ 1 | 1

4n oy, T 5 Oy \ g, )\ T,

f(M,,1)= q,(My,t)ds, ,,, M, e, (13)

Taka sx 10JIe MIBUAKOCTEH .{V(M0 )}, M, € G, Mae TaKi X BIACTHBOCTI SK II0JIe IIBUIKOCTEH iHIyKOBaHE

BHUXOPOBHUM ILIaPOM .{?(MO )},MO €0, TO MaTeMaTH4YHE MOJEIIOBAaHHA aepOIMHAMIKHM TPaHCIOPTHOTO 3aco0y

0a3yeThcs Ha MPENCTABICH] MMOBEPXHI TPAHCIIOPTHOTO 3ac00y G, BUXOPOBHM IApOM. 3 IMOBEPXHI G, CXOJUTh HEC-
TaIllOHAPHUHN CIIJI-TIOBEPXHS — ©,. BU3HAYCHHS acpoaMHaMiIYHUX HaBaHTaKCHb IMOOyIOBaHA Ha OCHOBI METOXY
JUCKPETHUX BUXOPIB [2; 3], 3 BUKOPUCTAHHSAM IPUETHAHUX TA BITBHUX BUXOPOBUX PaMOK, IO CXOMSITH 3 KPOMOK
HeCy4ux MoBepxoHsb (puc. 1) interpanom Komi-Jlarpamnxa.

(14)
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Cucrema JiHIHHEX anreOpaiyHUX PiBHAHB BiIHOCHO HEBIIOMHUX IUPKYJSLINA IPHEJHAHUX BUXOPOBUX PAMOK
3alUCy€EThCA

2(N+n) M+m N 3 2N P - 3 2n P ; .
DL DT W 433 N T +U, sin(a) =0, (15)
p=1 v=l I1=1 p=1 r=1 =1 p=1 r=1

ne T'=T, /V,b, — 6e3po3mipHa UPKyJIsiLlist BUx0opoBoi pamku; [, TV

wr vr?

Fffr' ~0e3po3MipHI TUPKYIALIT BUIBHUX

Wik

vr?

, o - e . it
BUXOPOBHX PAMOK - KOHTPOJIbHIN TOYII1 k-1 IIa”"el, w'

s w:fr — IIBHJKOCTI 1HAYKOBaHI BUXOPOBOIO PAMKOIO,
IO CKJIAJIA€THCS 3 BUXOPOBHX BiJPi3KiB OMMHUYHOI IHTEHCHBHOCTI; 0L — MICLIEBHH KYyT aTakH k-To mepepisy Hecydol
noBepxHi; U, — MBUAKICTh HE30YPEHOTO TIOTOKY.

J1st MoziemtoBaHHS HAsIBHOCTI IIUISIXOBOI CTPYKTYPH BBOAMIIACH I3€PKABLHO BifloOpakeHa BUXOpPOBa cuctema [3].

Po3p’s13yroun onepaty cucteMy piBHsHb (15), BU3Ha9aeMO BenmMUMHY LUMPKYILii I', BUXOPOBUX pamoK.
[y BU3HaYEeHHS aepOAMHAMIYHUX HaBaHTaXeHb BUKOpUCcTaeMo iHTerpain Komri-Jlarpanxka (14). [Totim 3HaxXoaumo.
Koe(ilieHTH MiAHOMHOT CUIM Ta MOMEHTY TaHT'aXy HECy4HX IIOBEPXOHb TpaHCIIOPTHOro 3aco0y. Ha TpancniopTHHiA
3aci0, OKpiM acpoAMHAMIYHHX Ta TpaBiTAlliiHUX HABaHTAXXCHB IIOTH 1 MarHiTHI cwtn. s 1X BH3HaueHHs Oyna
PO3po0bIeHa METOMKA 3 BUKOPUCTAHHIM 3aJIC)KHOCTEH BUKIaAeHUX B po0OTi [3], Apobarito BHKOPHCTAaHOT METO-
JIMKH TIPOBEZICHO B poOoTi [3].

YuciaoBe MOJENIOBAHHS Ta Pe3yabTaTH PO3paxyHKiB. [l MareMaTHdHOTO MOIETIOBAHHS THHAMIKU
Ta aepOJUHAMIKH TPAHCIIOPTHOTO 3aco0y Ha HAIIPOBIIHUX MarHiTax O0yjao oOpaHO HOro acpoJMHAMIYHY CXEMY
[oKa3aHy Ha puc. 2.

%‘
31020
e
\
S
]
9020

Puc. 2. AepoauHaMiyHa cXeMa KPHJICBOTO TPAHCIIOPTHOTO 3aC00Y 3 BUKOPUCTAHHSIM CJICKTPOMArHITHOT JIeBiTamii

3anada po3B’A3yBajach IUIIXOM YHUCEIBHUX po3paxyHKiB Ha IIEOM 3a HaCTymHUM aIropUTMOM

. 3a7aHHs TeOMETPUYHUX, MACOBUX MapaMeTpiB TPAHCIIOPTHOTO anapara

. 3aJJaHHA [TOYaTKOBUX YMOB, PO3PaxyHOK MOMEHTIB iHEpLIii.

. Po3B’s13yBanHHs 0alaHCOBOYHOTO PiBHSHHS, BU3HAYCHHS Ta ONTHMIi3allisi HCOOXiTHUX BXiJTHUX ITapaMeTpiB.
. MareMarndHe MOJEITIOBaHHS aepOIUHAMIKH TPAHCIOPTHOTO 3aC00y METOIOM TUCKPETHUX BUXOPIB.

. Bu3HaueHHs aepoaMHAMIYHHAX Ta MarHiTOJEBITYFOUMX CHJI TA MOMEHTIB.

. YncenbHe po3B’sa3yBaHHA AH(epeHIIaTbHUX PIBHAHb JHHAMIKA PYyXY.

. Bu3HaveHHs MON0KEHHSI TPAHCIIOPTHOTO 3ac00y B IMTPOCTOPI.

. OmiHKa BeIMYMHY NMPHUPOIIEHHS KyTa TaHTraxXy A Ta BifcTaHi 10 MUIIXOBOI cTpyKTypH Ah sk ¢yHKmii 3a

01N N A W —

JacoM.
9. Slxmo AB—0 Ta Ah—0 To po3paxyHKH 3aKiHIyIOTbCS. B IPOTHBHOMY BHIIAAKY UK PO3PAXYHKIB ITOBTO-
PIOETHCS IOYUHAIOYH 3 II. 3.
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BBakanock 110 TpaHCIIOPTHUHN 3aci0 pyXaeThes MOOIM3Y HMUISTXOBOIO CTPYKTYPH 3 MBHIKicTIO V=150 Mm/c,
o Bianosinae uncay M=0,416 Ha BigcTaHi g0 mUIsIXoBoi cTpykTypu h=0,2 M. Maca anapaty cxiagae 30 000 xr,
MOYATKOBA IIBUJIKICTh pyXy — Vy=0 M/c;BeinunHa KyTa araku amapary — 0 rpaji; ryctuna mositps — 1,24 kr/m?;
romia kpuna — 65,05 m?; noxuna anapary — 31,02 M; cymapaa maca kpiomoayiis — 1000 kr.

[IpoBonuiiocs MozaeIIOBaHHA PyXy TPaHCHOPTHOTo 3aco0y Ha HAANPOBIIHUX MarHiTax B MO3JOBXHIH I10-
muHi. BBaxkanmocs, o0 KyTH PUCKaHHS Ta KPEHY 3aJIMINAIOTHCSA HE3MiHHUMHU. UHCENbHI TOCHIIKSHHS TUHAMIKA
MO3I0BKHBOTO PYXy Ta aepOAMHAMIKH TPAHCIIOPTHOTO 3aco0y Ha HANNMPOBIMTHMX MAarHiTaX MPOBONMIUCS SIK 0e3
TOPU30HTAIFHOTO ONIEPEHHS TaK i3 TOPH30HTAILHAM OIEPEHHAM. Po3paxyHKH 1moKa3aiy, Mo BiACyTHICTb TOPH30H-
TAJEHOTO OTIEPEHHS MPUBOAMIA 10 3POCTAHHS aMIUTITYAH KOJWBaHb TPAHCIIOPTHOTO 3acO0Y, SIK 1O KyTi TaHTaXy
TaK 1 110 BHCOTI HaJ MIISIXOBOIO CTPYKTyporo. HasiBHICTh TOPM30HTAIIFHOTO ONEpEHHs cTaliii3yBaa MOJI0KEHHS
TpPaHCHOPTHOTO 3aco0y B mpocTopi. Ha puc. 3—4 npexacTtapieHi pe3yasTaTi po3paxyHKy 3MiHH BiCTaHi O IIISIXO-
BOi cTpyKTypH h (M) Ta KyTa TaHTaxy teta (Ipaayc) TPAaHCIOPTHOTO 3aC00y 3 TOPU3OHTAIEHIM OIIEPEHHSIM.

IIpoBezieHi YMCIIOBI TOCTiKEHHS TOKA3aIIH, IO IS JOCATHEHHS ONTUMAaJIbHUX JUHAMIYHUX XapaKTEePUCTHK
OKpIM BiAMOBIAHUX MapaMeTpiB CTaTHYHOI CTIKKOCTI TPAHCIIOPTHOTO 3ac00y HEOOX1IHO 3a0€3MEeUHUTH 1 TOCTATHIO
JIUHAMIYHY CTIHKICTb.

3a pe3yabpraraMy YUCEIbHUX JOCHTIHKEHb BCTAHOBIICHO, IO JUISl JaHOi KOMITOHOBKH TPaHCIIOPTHOTO 3ac00y.
KOJIMBAaHHS TI0 BHCOTI Ta KyTi TaHTaXy 3aTyXaloTh 3a dac Oimst 20-25 c. Lle qocsATHYTO NUISIXOM BBEICHHS TOPH-
30HTAJILHOTO OTIEPEHHS B 3aJIHIN YaCTHUHI TPAHCIOPTHOTO 3aco0y Ta ONTUMAlbHUM BHOOPOM HOTO MapaMeTpiB.
Be3 ropu3oHTanbHOTO OTIEpEHHS TPAHCIIOPTHUM 3aCi0 € HeCTIHKHM.
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Puc. 3. 3miHa BenW4IWHMU BiACTaHI Bil TPaHCIOPTHOTO 3ac00y 1O IOBEPXHI IUIAXOBOI CTPYKTYPH IiCIs il 30ypeHHS
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Puc. 4. 3mina KyTa TaHra)Ky TpaHCHOPTHOTO 3aco0y micist Aii 30ypeHHs

BucnoBku. [IpoBeneHe unciioBe MOAETIOBAHHS ITOKA3aio, M0 TOCTIKYBAaHUH MarHiTONEBITYIOUHH TpaH-
CIIOPTHHUH 3aci0 Ha HAJIPOBIHUX MarHiTax moTpedye JOMATKOBOI CHCTeMH cTabimizanii. [y Mboro B KOHCTPYK-
it amaparty OyJio BBEIEHO XBOCTOBHUI TOpM3OHTaNbHMIA cTabimizarop. Lle mo3Bonumiio 3abe3meynT HWOoro JuHA-
MIYHY CTilKiCTh. B mojanbIii mepcrnekTuBi He0OXiTHO PO3MISIHYTH TUHAMIKY PYXy 3 YpaxyBaHHSM OOKOBHX CHII
Ta MOMCHTIB.
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OCOBJIMBOCTI PO3POBKU WEB-3ACTOCYHKIB
JIJIA CACTEMH JUCTAHIIMHOT O HABUAHHS 3 JOIMTOMOTI'OIO BIBJIIOTEKU REACT

B pobomi posensidaiombcst ocobnusocmi po3podku cucmemu OUCHAHYIUHO20 HAGYAHHS OIS CHYOeHMIB 3aK1aie 8UOi
0C8Imu 3 GUKOPUCAHHAM MO8 npoepamyeanns TypeScript ma 6ibniomexu React. B cmammi noxazano, wjo 00micto i3 Hatibinbu
eheKmusHUX MEXHONO2Il HABYAHHS 8 CYYACHUX YMOBAX GUCHIYNAIOMb THMEPAKIMUGHT MEXHON02I HAGYAHHS MA PI3HOMAHIMHI
cucmemu QUCMAaHYiliHO20 HaguaHHA. TIpoananizosano HAUbinbw 8i0OMI ICHYIOUI cucmeMu OUCAHYINHO20 HABYAHHS, A caMe:.
Moodle Blackboard Google Classroom Canvas. Buoxkpemneno ixni ghyHKYiOHATbHI MONCIUBOCT A MONCAUBOCTI Ot pObOMU
sur1a0auig i cmyoenmie. Buokpemieno Hedoniku ma nepegazu KOxCcHoi i3 cucmem. s 080100iHHA CHy0eHmamil CneyianbHoCmi
«Komn tomepni Haykuy» HeoOXiOHUMU HABUUKAMU | KOMNEMEHMHOCMAMY 0N MAubymHboi npogecilinoi 0ianbHOCmi 8UOKpeM-
JIeHO Ne0a202TUHI YMOBU iX HAGYAHHS I3 BUKOPUCTNAHHSM CUCTEMU OUCIAHYIIIHO20 HABYAHHS, d came. HeOOXIOHICIb NOCOHANHS
MPAouYitiHo20 CMUI SUKIAOAHHA OUCYUNTIH 13 THGOpMaYiiHUMU MA THHOBAYIUHUMU MEXHONOZIAMU HABYAHHS, W0 3a0e3ne-
YUMo CUCIEMHICIb Ma DYHKYIOHATLHICIG OMPUMAHUX 3HAHb, YMIHb | HABUYOK; 86€0eHHA 1ADOPAMOPHUX (POPM NPaAKMUY-
HUX 3aHAMb Ma THOOPMAYITIHUX MEXHONO02ill HA OCHOGI NpuKIaoOHUx npozpam. Ilokazaro, wo po3pobka cucmemu Oucmanyii-
HO20 HABYAHHS € OOHUM i3 NPAKMUKO-OPIENMOBAHUX 3A80AHb. 3a Pe3YIbMamamiy, aHai3y CUCIeEM AHANO2IUHO20 RPUSHAYEHHS,
NPOBEOeH020 8 HAWOMY 00CTIONHCEHHI, OYTI0 0OPAHO O PO3POOKU eleMeHmi cucmemi OUCMAHYIHO20 HABYAHHSA. Cepsic 0s
po3pobku inmepeiicie ma npomomunyeanns Figma; moey npoepamyeanns TypeScript; Css-npenpoyecop Sass, 6ibniomexu:
React, Redux, Redux-Saga, Zod; cucmema xonmponio eepciamu Git.

IIpoexm peanizosanuti Ha Mosi npoepamysants TypeScript 3 suxopucmanuam dioriomexu React. [lodyoosano UML dia-
2pamy npeyedenmis po3poonenoi cucmemy OUCMAHYIHO20 HABYAHHS, WO MiCmMUmb npeyedenmu O eKmopie: asmopu308anuil
KOpUCHTYBAY HeagmopU308aHuli KOPUCHysay, KOPUCMY8ad, eukaaday ma aominicmpamop. Ilpeyedenmu nacmynmi: agmopusa-
Yist, nepe2iso GLACHUX KypPCi, nepe2iisao HCYPHALY 3 OYIHKAMU, nepeansio 6IACHUX (atinie, nepeensio HAIAWMyeants npoQiuo,
nepe2isio nepenixy Kypcis, Aki 6UK1a0ac, nepeaisio Kypcy, nepeiao mem, nepezisio Mamepianie, nepeiso Harauimy8ants Kypcy,
nepe2iiio KOpUcnysayis.

[poananizosano nepesazu ma ocobrugocmi gukopucmanna 6ioniomexu React 0ns cmeopenHs cucmemy OUCAHYIUHO20
HABUaHHs. 13 00noM020t0 euxopucmanus bioniomexu React 6y10 po3podneHo cucmemy OUCMAHYINIHO2O HABUAHHS, 8IONOBIOHO
00 Odiazpamu npeyedenmis, a came: Cmopinku euxiadava ma Cmopinka cmyoenma i3 6i0nosiOHUMU (YHKYIAMU WA MONCTU-
B0CMAMU.

KitrouoBi ciioBa: cucmema ducmanyiiino2o naguanus, web-sacmocynox, jsx, React, 06 exmna mooens dokymenma (DOM).

© O. II. KomoBa, O. O. YUepnenko, T. B. Hinikiuna, I. I. Komap, 2023
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Koshova O. P, Chernenko O. O., Chilikina T. V., Komar I. 1. Peculiarities of web applications developing for the
distance learning system using the React library

The paper considers the features of the development of a distance learning system for students of higher education
establishment using the TypeScript programming language and the React library. It has been proved that the remote form of
education best corresponds to the peculiarities of the training of students majoring in “Computer Science”. The most famous
existing distance learning systems were analyzed, namely: Moodle Blackboard Google Classroom Canvas. Their functionality
and opportunities for the work of teachers and students are highlighted. Disadvantages and advantages of each system are con-
sidered. In order for students of the “Computer Science” specialty to acquire the necessary skills and competences for future
professional activities, the pedagogical conditions for their training using the distance learning system are singled out, namely:
the need to combine the traditional style of teaching disciplines with information and innovative learning technologies, which
will ensure systematicity and functionality acquired knowledge, skills and abilities, introduction of laboratory forms of practical
classes and information technologies based on applied programs. It is shown that the development of a distance learning system
is one of the practice-oriented tasks. According to the results of the analysis of systems of a similar purpose, carried out in our
research, we chose for the development of elements of the distance learning system: service for the development of interfaces
and prototyping Figma, TypeScript programming language; CSS preprocessor Sass; libraries: React, Redux, Redux-Saga, Zod,
Git version control system.

The project is implemented in the TypeScript programming language using the React library. A UML diagram of prece-
dents of the developed distance learning system was built, containing precedents for actors: authorized user, unauthorized user,
user, teacher and administrator. Precedents are as follows: login, view own courses, view gradebook, view own files, view profile
settings, view list of courses taught, view course, view topics, view materials, view course settings, view users.

The advantages and features of using the React library to create a distance learning system are analyzed. Using the React
library, a distance learning system was developed, according to the precedent diagram, namely: Teacher Pages and Student
Pages with corresponding functions and capabilities.

Key words: distance learning system, web application, jsx, React, document object model (DOM).

IMocTanoBka npo6iaemu. OHier0 13 HAHOIIBII e)EKTUBHUX TEXHOJOTIH HaBYaHHS B CYYacCHHUX YMOBax
BHCTYTAIOTh IHTEPAKTHBHI TEXHOJIOTI] HABYAHHS TA PI3HOMAHITHI CHCTEMH AMCTaHLIHHOTO HaBYaHHA. [Ipu npoMmy,
HE3aIlepeyHuM € 1 ToH (pakT, 0 B Cy4acHUX YMOBax AMCTAaHLINHHA GopMa HaBYaHHS HAWOUIBII BiIHOBiTae 0CO0-
JIUBOCTSIM IIi/ITOTOBKM CTYAEHTIB creniadbHOCTI «KoMIT 10TepHi Hayku». AJKe OUIBIIICT BUITYCKHHKIB, a 4acTo
1 CTyIEHTIB 11i€i crenianbHOCTI OOMPAIOTh B CyYacCHUX yMOBAax BimmaneHuit ¢opmar podotu. KpiMm Toro, cTyaeHTH
JIaHO1 CTIeLiaTbHOCTI MAIOTh IIMPOKI MOXKIIMBOCTI JIJIs1 BUOOPY poOOTH B MIXKHAPOJHHUX KOMIIaHisAX Ta Y Pi3HUX Kpa-
fHax. [Ipu oMy cucTeMa JAMCTAHIIMHOTO HABYaHHS € OLIBII CAaMOCTIHHOIO Ta 1HIUBIyai30BaHOIO, 0, B CBOIO
4epry, MPUBYAE CTYACHTIB YK€ 3 MEpIINX POKiB HABYAHHS B 3aKIaJaX BHIIOI OCBITH JO MOCTIHHOTO PO3BHTKY,
1, SIK HACTIJIOK, IO PO3IIUPEHHS Kap’ EPHUX MOXKIIUBOCTEH y MaiOyTHROMY [1].

He MeHIII BaXXITUBHM € 1 T€, 10 TUCTAHIIHHE HAaBYAHHS BUMArae BiJl CTYICHTIB JOKJIAIaTH OUTbIINe 3yCHITb IS
BJIACHOTO HABYAHHS, aJie, B TOW JKe Yac 3HaYHO ¢(EKTHBHIIIE Ta KOM(POPTHIIIE 3 OISy Ha BUTPATH 4Yacy, KOIITIB
13py4YHOCTEH, HiXK iHIT (POPMH Ta TEXHOJIOTI HABYaHHA. AJDKE JUCTaHIITHe HABYaHHS IOCTYITHE YCIM CIIO)KHBavYaM
OCBITHIX TOCJYT B 3py4YHHI Yac, 110 € BAXKIHUBOIO CKIIAIOBOIO BIpTyalIbHOI comiami3aliii 0coOuCToCTi.

Bopanouac Bci cHCTEMH TMCTAHIIHOTO HAaBYaHHS MAfOTh BiAIOBITATH IEBHUM BHMOTaM, 1100 3a10BOJILHUTH
BCi MOTpedU CHOXKMBAYiB OCBITHIX mocayr. Came ToMy, Oy/no B34TO 32 METy PO3POOUTH CydacHYy CUCTEMY JHUCTaH-
LiIHHOTO HaBYaHHA 13 MOXKJIMBOIO HACTYMHOIO iMIIeMeHTali€o y [lonTaBcbkoMy YHIBEpCUTETI €KOHOMIKH 1 TOP-
rismi (ITYET). Ha BiaMiHy BiJ KJacHYHHX ()OPM OTPUMAaHHS OCBITH JUCTaHIIiHE HABYaHHS 31HCHIOETHCS 3 BUKO-
PHUCTaHHSAM BCIX HOBITHBOI TEXHIYHHX JOCATHEHb B cpepi TeleKOMYHIKalliHHUX TEXHOJOTriH 1 Mepexi IHTepHeT.
Cuin 3a3naunt, oo B [IYET 3anpoBamkeHo cucTeMy IHCTaHIIHHOTO HaBYaHHs Oumbine 13 pokiB TOMY i MaeMo
y ,E[OCTyrIi JUTS CTYIEHTIB YCiX cremianbHoCcTel Outbie Hixk 2000 AucTaHIIfHUX KypciB. PazoM 3 THM, CbOTOIHIII-
HIil CBIT Bce OijIbIlie IEPEXOTUTH 10 ITUPPOBOTO (bopMaTy, TOMY Ba)KJIUBO pO3poONsaTH eeKTHBHI Ta npocn web-
3aCTOCYHKH. Kpim Toro, cydacHa cucreMa TUCTaHIIIHHOTO HABYaHHS [TOBHHHA HAIaBaTH OiIBII IIMPOKI MOXKIIUBO-
CTi BUKJIaJia4aM Ta CTyACHTaM /ISl pOOOTH B iHTEpAKTHBHOMY OHJIAHH CEPEeTOBHIILI.

[TpoanamnizyBaBIIK iCHYrOUi IPOTpaMHi MPONYKTH, HE OYJI0 3HAHJICHO TAaKUX, 110 MOBHICTIO 33JI0BOJBHSIOTH
MOCTaBJICHI BUMOTH. TOMy akTyaJlbHOIO € PO3poOKa MpOrpaMHOro 3a0e3ledeHHs 3 BUKOPUCTaHHSAM web-3acTo-
cyHKy. Lle 103BoJIsie BUKOPUCTOBYBATH IIPOIYKT SIK HE3aJEKHO, TaK 1 B iHTerpanii 3 iHIIMMHU porpaMHUM 3a0e31e-
YeHHAM M CUCTeMaMH JUCTAaHLIHHOTO HaBYaHHs. J[is pearnizallii cHcTeMU TUCTaHLIHHOTO HaBYaHHA OyJ0 00paHo
MOBY nporpamyBanHs TypeScript Ta HalimonynsapHimy 6i6moTeKy At po3podku web-goaatkiB React.

Amnajni3 ocTaHHiX gocaimxkeHb i myGaikamii. Bimomo, 1m0 Ha chOToHI ICHY€E MOCTATHS KUTBKICTh CUCTEM
JMCTaHIIHHOTO HABYAHHS, H TaJi MU PO3TITHEMO TIPO JEesIKi 3 HUX.

1. Moodle — ie MomybHE 00’ €KTHO-OPi€EHTOBAaHE JHHAMIUHE HABYAIBHE CEPEIOBUIIE, SKE HA3MBAIOThH TAKOXK
CUCTEeMO0 yrpaBiiHHA HaBdaHHAM (LMS), cucremoro ympapninas kypcamu (CMS), BipTyallbHUM HaBYATBHUM
cepenosunieM (VLE) abo nmpocto muiatgopMoro Juisi HaBUaHHS, SKa HaJae BUKJIaladyaM, yIHsIM Ta aJIMiHICTpaTopamM
PO3BUHYTHI1 HaOIp THCTPYMEHTIB JIJIsl KOMIT FOTEPU30BAHOTO HABUAHHS, B TOMY YHCII TUCTAHIIIHHOTO.

Tunosa ¢ynkuionandsHicTs Moodle Bkitouae: 31aua 3aBaaHb; AUCKYCiiHI (Gopymu; 3aBaHTaXeHHs (ailiis;
OIIIHIOBaHHS; OOMiH MOBIIOMIICHHIMHM; KaJleHIap TOii1; HOBUHM Ta aHOHCH TOIii; OHJIAliH TeCTyBaHHSI.
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OcHOBHI MOXJIHBOCTI cuctemu Moodle.

Jist CTYAeHTIB: JOCTYI O HaBYANBHUX MaTepiaiiB (TEKCTH JIKIiH, 3aBIaHHS 10 NIPaKTUIHUX/Ta00paTOPHUX
Ta CaMOCTIMHUX POOIT; JONATKOBI MaTepianu (KHUTH, JOBIAHUKH, IOCIOHUKH, METOJUYHI pO3pOOKH) Ta 3aCO01B 11
CIUIKYBaHHS 1 TeCTyBaHHS «24 Ha 7»; 3aco0u g rpynoBoi podotu (Biki, ¢hopymMm, yat, ceminap, BebiHap); MOX-
JMUBICTh TEPEVIITY PE3yAbTaTiB MPOXOKEHHS AUCTAHIIIIHOTO KypCy CTYIECHTOM; MOXIIMBICTD MEPENIIi Pe3yiib-
TaTiB MPOXOPKEHHSI TECTY; MOXKJIMBICTh CIUIKYBaHHS 3 BHKJIJa4eM depe3 OCOOUCTI MOBIAOMIICHHS, (OpYyM, Yar;
MOYKJIMBICTh 3aBaHTXKCHHS (haillliB 3 BHKOHAHUMH 3aBJaHHSIMH; MOKITUBICTh BUKOPUCTAHHS HAaraJyBaHb PO MOJIT
Y Kypci.

JLyi BUKIIa1aqiB: BUKOPUCTAHHS iIHCTPYMEHTIB JIJIs1 pO3POOKH aBTOPCHKUX TUCTAHIIMHUX KYPCiB; pO3MIIIEHHS
HaBYaJbHUX MaTepiajliB (TEKCTIB JICKIIiH, 3aBIaHb JI0 MPAKTUIHHUX/Ta00PATOPHHUX Ta CAMOCTIHHHUX pOOIT, JT0IaTKO-
BUX MarepialiB (KHHUT, JIOBiJHHUKIB, TOCIOHUKIB, METOAMYHUX po3poOoK) y popmarax .doc, .odt, .html, .pdf, a Takox
BiJI€0, ay/lio 1 Ipe3eHTaliiiHNX MaTepialliB y pi3HUX popMaTax Ta yepes HOJaTKOBI IUIATiHU; JOaBaHHS PI3HOMAHIT-
HUX €JIEMEHTIB KypcCy; MPOBEJCHHS MIBUIKOT MoAu(Dikalii HaBuaJIbHUX MaTepiaiiB; aBTOMaTU4HOrO (popMyBaHHs
TECTIB; aBTOMAaTH3allil MpoLecy MepeBipKky 3HaHb, 3BITIB MO0 MPOXOMKEHHS CTYASHTaMU KypcCy Ta 3BiTiB ILOJ0
MIPOXOPKEHHSI CTYIEHTaMH TECTIB; A0aBaHHs PI3HOMAHITHUX IUIATiHIB JI0 KypCy A03BOJIA€ BUKIaa4yy BUKOPUCTO-
BYBaTH Pi3HOMAaHITHI CTOPOHHI MPOrpaMHi 3aC00H JIJIsl TUCTAHIIHHOTO HaBYaHHA [2].

2. Blackboard — miargopma elekTpoHHOTO HaBYaHHS, IPU3HAUCHA I YIPABIiHHS BipTyadbHUM HaBYAIIb-
HUM CEpEIOBUINEM 1 HaJJaHHS TUIaTPOPMH I KypCiB IUCTAHIIIHHOTO HABUYAHHS.

Cucrema Blackboard mo3Bosisie aBToMaTu3yBaTH HACTYITHI OCHOBHI 0OJACTi MisITBHOCTI BY3y B OCBITHBOMY
MIPOIIECi: MiArOTOBKA OCBITHIX MaTepiaiiB; JUCTAHIIiHE HABYAHHS; CITIIbHA HAYKOBO-JIOCIIHA JisIIbHICTD; 00K
1 KOHTPOJIb IEPCOHATIBHUX KPUTEPIiB OCBITHROTO MPOIIECY; BEACHH HOPMAaTHBHO-A0BIAKOBOT iH(OpMAIlii; criibHA
poOoTa BiJlaJIeHUX YWICHIB OCBITHIX MPOEKTIB.

Jlo mepeBar cuCTeMHU MOXHA BITHECTU: MOXIIUBICTE pOOOTH B €AMHIII CHCTEMI Ha Pi3HUX MOBaxX; MOXIIUBICTh
MaciuTaOyBaHHA CUCTEMH; L110A000Ba TEXHIYHA Ta METOAMYHA MiITPUMKa KOPUCTYBadiB; HAasBHICTb rapaHTii
SIKOCTI pillieHb; HASBHICTh BIPOBAKEHb CUCTEMH B IpoekTax 3 0inbi Hixk 100000 kopucTyBauiB; MIBHIKA aBTOMA-
THU30BaHa MiArOTOBKA 3BITiB; BUKOPUCTAHHS €MHOI IIEHTPAII30BaHOT 0a3M JIaHWX; IHTErpallis 3 €IMHUM KaTajJoroM
KopucTyBaviB [3].

3. Google Classroom — 6e3K0IITOBHUI BeO-cepBic, cTBopeHuin Google s HaBYAIbHHUX 3aKJIAJIB 3 METOIO
CTPOINEHHS CTBOPEHHS, MOMHUPEHHs 1 kiacudikamii 3aBmnanb Oe3namepoBuM nuisxoM. OCHOBHa MeTa CepBicy —
MIPUCKOPUTH TPOIIeC TIONIMPEHHS (aiiliB Mix IeJaroraMu Ta 3100yBa4aMu 0CBiTH. Mo)ke BUKOPUCTOBYBATHCS BUH-
TEJISIMH Ta YYHSIMH Yy IIKOJaX, a00 y 3aKjaziax BUIOi OCBITH BHKJIaadaMy Ta CTyICHTAMH.

Ha mardopmi MoXkHa: CTBOPUTH CBill KJlac/Kypc; OpraHi3yBaTH 3alliC YYHIB HA KypcC; DUTHTUCS 3 YYHIMU
HEOOX1THUM HaBYAIbHUM MaTepiajioM; 3allpOTIIOHYBAaTH 3aBAAHH JJIs yUHIB; OLIHIOBATH 3aBAAHHS YUHIB i CTEKUTH
3a IXHIM NIPOTPECcOM; OPTraHi3yBaTH CIIKyBaHHS YUHIB.

Oco61MBOCTI CUCTEMU: BUKOPUCTOBYIOThCS Tinbku iHcTpyMeHTH Google (Google uck, Google /lokymenTny,
Google ®opmu i T.1.); B y4aCHHKIB OCBITHROTO Tiporiecy Ha Google Jluck cTBoproeTbes 3aranbHa manka «Kiacy;
nanka «Kiac» noctymHa sk st OKpeMOro y4Hs (CTyIeHTa), TakK i Uil Kiacy (TPYIH) B LJIOMY.

[epeBaru cucremMu: MOXKJIHBICT MyOTiKYBaTH TEOPETHYHHUI MaTepiall, 3aBIAHHS, BUCTABILATH OI[IHKH B XKYp-
HaJi, KaJleHaap Ta iH.; OpraHi3allis CHiIbHOT poOOTH; OE3KOIMITOBHICTD; MATPUMKA YKPaiHChKOI MOBH; CEpBiCOM
MOYKHA KOPHCTYBATHCS SIK HA TIEPCOHAILHOMY KOMIT IOTEpi, TaK 1 Ha cMapT(oHi Ta IUIaHIIeTi 32 JIOTTOMOT00 MOO1ITh-
HOTO J1071aTKy [4].

4. Canvas — 1e Oe3KomTOBHA IuIaT(opma JJIsi CTBOPEHHS MOBHO(YHKIIOHAJBHUX MACOBHX BiIKPHTHX
OHJalH-KypciB. Kypcu nerko iHTerpyBatH y 3MillaHe HaB4aHHS a00 BUKOPUCTOBYBATH SIK CAMOCTIHHMIA OCBITHIN
nponaykrt. s muardopMa Hagae BUTBHMN XOCTHHT Ta 3pY4HI iHCTPYMEHTH AJISI PO3pOOKH YPOKIB Ta KypcCiB, BOHA
0E3KOIITOBHA SIK JUIS BUUTEIIB, TaK 1 UIsl CTY/IEHTIB.

Ha mnardopmi Canvas MO)KHa: CTBOPIOBATH CTOPIHKM 3 TEKCTOM Ta 300pa)KeHHAMU; CKJIaJaTH TECTH 3 Pi3-
HUMH HAAIITYBAHHAMH: J1ABATH 3aBJaHHS i3 BcranosieHHsaM deadline; momaBatu JIOKYMCHTH Ta ¢aiinu; BUCTaB-
JISITH OI[IHKH BUKJIA/Iady Ta MOXIIUBICTh POOUTH B3a€MOOIIHIOBAHHS YUHSAMH; THBHTHCS aHaJ'IlTI/IKy 33 KypCOM Ta 3a
OKPEMHMHU CTYACHTAMH; IPOBOAUTH KOH(EPEHIIii Ta MPAIIOBaTH CIUIBHO 13 CTYICHTAMH HaJ Pi3HOMAHITHUMH TIPO-
ekramu [5].

MeTta cTaTTi — IPOEKTYBaHHS Ta pO3poOKa Web-3aCTOCYHKY JUTsl CHCTEMH TMCTAHIIIMHOTO HABYaHHS 13 BUKO-
puctanssaM 6i0miorekn React.

3a pe3ynbTaTaMy aHaNi3y CHCTEM aHAJIOTiYHOTO NpHU3HAYCHHs Oylo 00paHO Ui po3pOOKU €JIEMEHTIB CHC-
TEMH JWCTAHIIITHOTO HAaBYaHHSA cepBic Ui po3poOku iHTepdeiiciB Ta mpoToTuiryBaHHs Figma [6]; MoBy mporpa-
myBaHHs TypeScript; Css-mipenpouecop Sass; 6i0miotexkn: React, Redux, Redux-Saga, Zod; cucrema xoHTpOIIO
Bepcisamu Git.

B naniii cTarTi po3mIAHYTO 0COOIMBOCTI pO3pOOKH Web-3aCTOCYHKY 13 BUKOPUCTaHH:M 0i0mioreku React [7-9].

BukJjan ocHoBHoro marepiany. (s onucy poOOTH cHUCTEMH TUCTaHLIKHHOTO HaBYaHHA Oya0 mOOyJOBaHO
niarpamy IlpenenentiB (puc. 1). PosrissHeMo ocHOBHI 1 mpeneaeHTy. [IpeneaeHt — me Bce Te, [0 MOXKe pOOUTH
cucrema, abo 10 MOYKHA POOHTH 3 HEIO.
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Puc. 1. [liarpama npeneieATiB

MNPENEJAEHT: ABTOPU3AIILA.

Exrop: HeaBropu3oBaHuii kopucTyBay.

[epemymona: KoprctyBad He aBTOpH30BaHHUI B CHCTEMI.
[Micnsymosa: Kopuctysau aBTOPU30BaHUI B CHCTEMI.
Cuenapii:

1. KopucrtyBad BBOIUTH CBiii email Ta maposib.

2. KopuctyBau HaTHCKa€ KHOTIKY « YBIHTI.

3. KopucryBa4 aBTOpH30BaHHMN.

MPENEAEHT: ITEPETJISA A BIACHUX KYPCIB.
Exrop: ABTOpH30BaHMI KOPUCTYBaY.

ITepenymoBa: KopuctyBay aBTOpr30BaHUH y cHCTEM.
[TicnsymoBa: KoprcTyBad nepenisiHyB KypCH.
CueHapik:

1. KopucryBau nepexoquts A0 Bkiaaaku «Kypewmy.

2. Ha ekpaHi 3’ SIBJIIE€THCS CITUCOK KYPCIB.

3. Kopuctysau nepenisiHyB Kypc.

Po3mmpenHs: 31aTtu mpakTHYHY POOOTY.

MNPENEAEHT: ITEPETIIA ] XKYPHAJILY 3 OLIIHKAMMN.
ExTop: ABTOpU30BaHUIl KOPUCTYBau.

[epemymona: KopuctyBad aBTOPH30BaHUHN Y CUCTEMI.
[Ticnssymosa: Kopuctysau nepersiHyB ¢Boi OLIHKH 3 BiIMOBITHOTO KypCy.
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Cuenapii:

1. KopucTtyBad nepexouTh 10 BKIaIKH «KypHal OIiHOKY.
2. Bubupae kypc.

3. OTpuMye OLIIHKHU 3a Pe3yabTaTOM BHOOPY KypCYy.

[IPELIEJEHT: TTIEPEIJIS] BIACHUX GAJIIB.

ExTop: ABTOpM30BaHMI KOPUCTYBaY.

ITepenymoBa: KopuctyBay aBTOpr30BaHUH y cHCTEM.
[TicnstymoBa: KopuctyBau neperisiHyB BIacHI 3aBaHTaXKCHI (aiiim.
Cuenapii:

1. KopucTyBad nepexoauTh 10 BKIaaku «Moi (armmy.

2. Ha expaHi 3’4BJsI€ThCS CIIMCOK 3 3aBaHTAXXEHUMU (painaMu.
3. KopucrtyBad neperisiHyB BiIacHi (aiiiu.

Postmpenns: Jlonatu, BUuganmuTH (Gai.

NPELEJEHT: IIEPETJIA] HAJTALIUTYBAHHSA ITPODUIIO.
Exrop: Kopucrysau.

[epenymoBa: KoprucTyBad aBTOPH30BaHUIA y CUCTEMI.
[TicnsymoBa: KoprcTyBad nepenisiHyB HaJIAIITyBaHHS TPOQ1ITtO.
CueHapik:

1. KopucryBau nepexoautsb A0 BkIanku «HamamtyBaHHS».

2. KopucTtyBau nepenisiHyB HaJIAIITYBaHHS TPOdiro.
Posmmpenns: Penarysaru aaHi.

NPELEAEHT: IIEPETJIA/ ITEPEJIIKY KYPCIB, AKI BUKJIAIAE.
Ekrop: Buknanay.

ITepenymoBa: Buknagad aBTOpU30BaHUI B CUCTEMI.
[TicnsymoBa: Bukianad nepenisiHyB Mepeliik KypeiB, sIKi BUKIIAJIAE.
Cuenapii:

1. Buknanad nepexofuTsb A0 BKIaaku «Kypcuy».

2. Ha expaHi 3’ IBIS€ThCS CIIUCOK KYpPCiB.

3. Buknanad neperisHyB KypCu.

Posmupenns: lonatu, pegaryBarti, BUIAIUTH Kypc.
NPELEJEHT: IIEPETJIA KYPCY.

Exrtop: Buknanau.

[lepenymoBa: Bukiamgad aBTOpU30BaHUIA B CUCTEMI.
[TicastymoBa: Bukiamad nepenisiHyB iHQOpMAITIIO TIpo Kypc.
Cuenapiit:

1. Buxisiagau nepexoquts Ha CTOpiHKY «Kypcey.

2. Ha expani 3’sBnseThCs iH(pOpMAIis Ipo Kypc.

3. Bukinaznau nepenisHyB Kypc.

NPELEJEHT: IIEPETJIA TEM.

Ekrop: Buknanay.

[MepenymoBa: Bukinamgad aBTOpU30BaHHI B CUCTEMI.
[TicnsymoBa: Bukianad nepenissHyB TEMHU Kypcy.

Cuenapiid:

1. Buxsiagau nepexoquth Ha CTOpiHKy «Kypcey.

2. Ha ekpaHi 3’ SIBISIOTHCS TEMHU KYpPCY.

3. Bukinaznad nepenisiHyB TeMU Kypcy.

Posmupenns: lonatu, pegaryBati, BUIAIUTH TEMY.
NPELEJEHT: IIEPETJIA] MATEPIAJIIB.

Exrop: Buknanau.

[epenymoBa: Bukiamgad aBTOpU30BaHHIA B CHCTEMI.
[icistymoBa: Bukitagau neperistHyB MaTepiaid Kypey.
Cuenapii:

1. Buknanau nepexoauTs Ha CTOPiHKY «Kypcey.

2. Buknamad Bubupae temy.

3. Ha expaHi 3’ sSBISIIOTBCS MaTepialii Kypcy.

4. Buknagad neperisiHyB MaTepiaiiu.

Posumpenns: Jlogatu, penaryBary, BUAAIATH MaTepial.
IMPELEJAEHT: IIEPEITIA] HAJTAIITYBAHHA KYPCY.
Ekrop: Buknagau

ITepenymoBa: Buknagay aBTOpU30BaHUI B CUCTEMI.
[TicnsymoBa: Buknagad neperisiHyB HalalTyBaHHS Kypcy.
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Cuenapii:

1. Buknanad nepexoauTh Ha CTOPiHKY «Kypoy.

2. Ha ekpaHi 3’sIBISAIOTHCS KOPUCTYBadi Kypcy Ta MepesiK 3AaHuX pooiT.

3. Bukiaiau neperisiHyB HaJNAIITYBaHHS KypCy.

Posmmpenns: Jlonatu, pegaryBaru, BUAATUTH KOPUCTYBadiB Kypcy. BUCTaBUTH OIIIHKY 3a MPAKTUYHY POOOTY.

IMMPELEJEHT: IIEPEIJIA] KOPCTYBAUIB.

ExTop: AnminicTparop.

IlepenymoBa: AaMiHICTpaTop aBTOPU3OBAHUN B CHCTEMI.

[TicnsymoBa: AMiHICTpaTOp NEPEIIHYB CIHCOK KOPHCTYBAUiB.

Cuenapiid:

1. AaMiHiCTpaTop MEepexXoauTh 10 BKIaAKu «KopuctyBadiy.

2. AaMiHicTparop MeperisiHyB CIIMCOK KOPUCTYBAYiB.

Posmmpenns: lonatu, peqaryBati, BUJAINTH KOPUCTYBayiB.

3BakalouM Ha BCE BHIIE BHUKIJIAJCHE, PO3MISIHEMO caMe OCOOMMBOCTI PO3POOKH CHUCTEMH AHUCTAHIIMHOTO
HaBYaHHS 13 BUKOpUCTaHHIM 0ibmioTexu React.

React — e mexinaparuiBHa, epeKTUBHA 1 THYUYKa JavaScript-6i0mioTeka, mpu3HaYCHa ISl CTBOPEHHS iHTEpeii-
CIB KOPHCTYBaya, sSKa JO3BOJISIE PO3POOIATH Web-3aCTOCYHKH 3 BUCOKOIO MPOTYKTUBHICTIO Ta MacIITa0OBAHICTIO.

Croromni React € HaiimonyssipHiIoro y cBiti 610mioTekoro JavaScript, i HOMyJIApHICTb ITHOTO IHCTPYMEHTY TOCTIHHO
3pocrae. L5 TexHOIoris O3BOIISE KOPUCTYBaYaM B3a€MOISTH 3 iHTepdericoM Oe3 Tiepe3aBaHTaKeHHS CTOPIHKH.

Koxna web-cropinka € «aepeBoy 3 ritkamu HTML i CSS — 11e Ha3uBaeThest 00’ €KTHOIO MOJICIUTIO TOKYMEHTA
(DOM). L5 TexHOMOTIS JO3BOJISE HAKIIAAATH HA 00’ €KTHY MOJICINb JIOKYMEHTA JIMIIE OKPEMi €JIEMEHTH, 3 SKHMHU
MPAIIOE KOPUCTYBAY, a PelITa eIeMEHTIB 3aIHIIAI0ThCA HE3MIHHUMH. Bynb-sSKnil 13 UX eJIeMEHTIB MO)KHa OHO-
BUTH, HE TIepe3aBaHTAKYIOUH BCIO CTOPIHKY.

OnuH i3 cnoco0iB BUKOpUCTaHHs React € CTBOPEHHS! OJJHOCTOPIHKOBHX IPOrpaM Ha OCHOBI TexHoiorii SPA
(Single Page Application). [neHTHYHI eleMeHTH 3aJHIIAlOThCS Ha Micii, 1 Juiie okpemi React JS xkommoHeHTH
MIATATYIOTHCS i 9ac BUKOHAHHS Jiif KopucTyBada. Lle 3HaYHO MiABHINYE TPOXYKTHBHICTD IPOTPaAMH Ta POOHUTH
iHTepdeiic 6utpm uyTuBuM [10; 11].

OCHOBHI 0COOTHBOCTI PO3POOKH Web-101aTKiB 3a JOMOMOTO0 0i0Ti0oTeKH React BKITIOUalOTh HACTYIIHE:

1) Po36uTTs web-onaTky Ha KOMIIOHEHTH, 11O CIIPOIILY€ PO3pOOKY Ta MITPUMKY Koy. KokeH KOMITOHEHT MOYKE MaTH
BJIACHHH CTaH Ta JIOTIKY, IO JIO3BOJISE PO3POOHHUKAM TIPAIFOBATH 3 OKPEMIMH YaCTHHAMH JIONATKy Oe3 BIDTMBY HA 1HIIIL.

2) Bukopucranus BipryansHoro DOM st eekTHBHOTO OHOBJICHHS cTOpiHKU. KoskeH pa3, KoJu cTaH KOM-
MIOHEHTA 3MIiHIOEThCS, React cTBoproe HOBHil BipTyansHuit DOM, mopiBHIOE HOTO 3 ITONIEPEAHIM CTAHOM Ta OHOB-
JIIO€ TiTbKKU HEOOXiJTHI eIEMEHTH Ha CTOPIHIII, 1110 J03BOJISE 3MEHIIUTH KUIBbKICTh onepariiii 3 DOM Ta 30i1pmuTe
MIPOAYKTUBHICTH AONATKY.

3) JSX — posmupenns JavaScript, 1110 103BoIsI€ pO3pOOHHUKAM ONUCYBATH iHTepdeiic KopucTyBada y BUITIAIL
HTML-noni0Horo xoxy 0e3 HeoOXiAHOCTI BUKOpucTanHs MeTonis DOM APIL

4) Iporpama nerko MacmTadyeThes. MoKHA IOYMHATH TOOYOBY 3 MaJIoro, a IMOTIM JIONABaTH Ta BiIOYJOBYBATH
€JICMEHTH, HE 3a4ilTatouy iHIII YaCTHHH IporpamMu. React gae 3Mory CTBOPIOBATH apXITEKTYPy OyIIb-KOi CKIaAHOCTI.

5) lllupoke KoJIO PO3POOHUKIB, IO IO3BOJSIE MIBUAKO BHPIITYBAaTH MPOOIEMH Ta OTPHUMYBATH IIiITPUMKY.
Kpim Toro, React Mae nokimagHy JOKyMEHTAIII0 Ta MATPUMKY 3 00Ky Facebook, 1o cripusie IIBUAKOMY BHBYCHHIO
Ta BUKOpHCTaHHIO Oi0miorexu [13-16].

3a monomororo 0ibmioTekn React Oyimo po3poOiaeHo cucTeMy MUCTAaHIIHHOTO HABYAHHS, BIATOBIAHO 1O Jia-
rpaMu MpeETe/IeHTIB, a caMme:

I. Cropinku BuKiIamaya.

1) Ha ronoBHii CTOPIHIII € MOXKIIUBICTb NIEPEMNIAHYTH CTATUCTUKY (JHIB HA CAlTi, KINBbKICTh KypCiB, KITbKICTh
NepeBipeHNX pooiT, KUIBKICTh 30aHUX pOOIT), PO3KIIaJ Ha ChOTOIHI, 3yCTpiyi Ta MOTOYHI KypcH (puc. 2).

2) Ha cropinni 3 KypcaMu € MOXJIMBICTh NEPENNIIHYTH TaONHUIIO 3 Kypcamu (Ha3Ba, Ipyma, ClelialbHiCTh,
JlaTa CTBOPEHHs, 1aTa OHOBJICHH:), Ta KHomKa «Jlonatu kypce» (puc. 3).

3) Ha cropiHIli 3 KypcoM € MOXKJIMBICTD NEPETVIsAY IANKU Kypcy (Ha3Ba, BUKJIaaad, KibKICTh JISKIIIH, MpakK-
THYHHUX, OTIKC Kypcy, KHOTKa «Po3nouaru 3ycTpiu» Ta « HanmaimryBaHH» ), MEHIO KypcCy (JIEKITT, TpakTH4H1) (puc. 4).

4) B HamamTyBaHHAX KypCy € MOXIIMBICTb: CTBOPEHHS, pelaryBaHHs, BUIAJICHHS TEM Ta MaTepiaiiB; J1o1a-
BaHHS Ta BUJAJICHHS CTY/ICHTIB; pefaryBaHHs Kypcy (puc. 5-7).

5) Ha cropiHIii 3 KypcoM € MOXIIMBICTh Tiepensany 3nanux poOit crynentiB (IL.Ib. crynenra, nara 3madi,
OIliHKa, CTaTyc poboTH) (puc. 8).

II. CTopiHku cTyneHTa.

1) Ha ronoBHi# CTOPiHIII € MOXKIIUBICTh MEPETVITHYTH CTATUCTHUKY (JIHIB Ha CaifTi, KUIbKICTb KypCiB, 3aBepILe-
HUX MPAKTUYHHX, 3aBEPIICHUX KypCiB), PO3KIAJ] Ha ChOTO/IHI, aKTUBHI 3yCTpii Ta MOTOYHI KypcH (puc. 9).

2) Ha cropinii 3 KypcoM npu BUOOpPi MPaKTUYHOI pOOOTH, MOXKHA MEPENNITHYTH 1H()OPMAIIiIO PO CTaTyC OLi-
HIOBaHHS pOOOTH Ta OILIHKY, TAKOXK € MOXKITHBICTB 3/1aTH MPAKTUYHY POOOTY, HATHCHYBIIIN KHOIKY «3IaTH PoOOTY»
(puc. 10).
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B purfucy

Puc. 10. ITepermisin mpakTH4HOT pOOOTH

OTxe, po3MISIHYBIIIN 0COOIMBOCTI PO3pPOOKM Web-3aCTOCYHKIB, 3a IonoMororo JavaScript-6i6mioreku React,
MOXKHa CTBEPIDKYBATH, IO 3 TOIMIOMOTOI0 JaHOi 0i0mioTekn po3poOka web-3acTOCYHKY € BHCOKONPOXYKTUBHOIO
Ta MacITaboBaHOIO.

BucHoOBKM 3 10CTi/IZKeHHS | NePCNEKTHBY MOAAJIbIIMX PO3BIOK y IbOMY HanpsiMi. B po6oTi po3misiHyTO
MPOSKTYBaHHS Ta peali3allito web-3acTOCYHKY JUISI CHCTEMH JTUCTAHIIIHHOTO HaBYaHHS 3a JOTIOMOTOr0 0101i0TeKH
React. Ha nanmii yac web-3acTocyHOK mepeOyBae Ha 3aBepIIaIbHOMY €Talli TeCTyBaHHSA. B MepCHeKTHBi MU1aHy-
€ThCS OIUC PE3YJBTATIB BIPOBAKEHHS PO3POOJICHOT CUCTEMH JUCTAHIIIHHOTO HABYaHHS, peaji3allisi cepBepHOi
YaCTHHHU 1 BUKOPHCTAHHS CEepBicCy I po3poOKu iHTepdeiiciB Ta mpoToTumyBaHHs Figma.

CnucoKk BUKOPUCTAHUX JIKEPE:

1. Komosa O. OcobnuBocTi popMyBaHHS iHPOpPMAIiHHO-aHATITHIHOT KOMIIETEHTHOCTI CTY/JCHTIB 3aKJIaJliB
BHIIIOi OCBITH IPU BUBUCHHI NpUpOIHUYO-HaykoBuX auciuiuiid. Cymu : CymJlV imeni A.C. Makapenko, 2019.
Ne 2 (14). C. 132-140. Index Copernicus Value (ICV) for 2018 ICV 2018=64.79

2. Moodle. URL: https://moodle.org/?lang=uk

3. Blackboard Learning System. URL: https://uk.wikipedia.org/wiki/ Blackboard Learning System.

4. Bukopucrtanns cepsicy Google Classroom y HaBuansHoMy npoueci. URL: shorturl.at/gvWXZ.

5. Hanugaiiko O., Bakynenko A. HaBuanbna mnargopma CANVAS: MoxknuBocTi Ta ocodnuBocti. Ocgimono-
eiynuti ouckype. Ne 35 (4). 2021. C. 154-172. DOL: https://doi.org/10.28925/2312-5829.2021.410

6. Illo Take Figma: ¢ynkuii, inctpymentu ta nepeBaru. URL: https://wezom.academy/ua/chto-takoe-figma-
funktsii-instrumenty-ipreimuschestva/.

7. TypeScript. URL: https://uk.wikipedia.org/wiki/TypeScript.

8. React. URL: https://uk.wikipedia.org/wiki/React.

9. Redux. URL: https://uk.wikipedia.org/wiki/Redux.

10. Redux-Saga. URL: https://redux-saga.js.org/.

11. Po3poOka nonatkiB Ha REACT. URL: https://kitapp.pro/uk/rozrobka-dodatkiv-na-react/

12. Kopecky Jacek, Paul Fremantle, Rich Boakes. A history and future of Web APIs. IT-Information
Technology. Ne 3. 2014. P. 90-97.

13. Biilthoff Frederik, Maria Maleshkova. RESTful or RESTless—current state of today’s top web APIs.
In The Semantic Web: ESWC 2014 Satellite Events: ESWC 2014 Satellite Events, Anissaras, Crete, Greece.
May 25-29. 2014. Revised Selected Papers 11. P. 64-74.

30 ISSN 2521-6643 Cucremu ta TexHonorii, Ne 1 (65), 2023



14. Fielding Roy Thomas. Architectural styles and the design of network-based software architectures.
University of California, Irvine, 2000.

15. Neumann Andy, Nuno Laranjeiro, Jorge Bernardino. An analysis of public REST web service APIs. I[EEE
Transactions on Services Computing 14. Ne 4, 2018, P. 957-970.

16. Chen Yixiong, Yang Yang, Zhanyao Lei, Mingyuan Xia, Zhengwei Qi. Bootstrapping automated testing
for RESTful web services. Fundamental Approaches to Software Engineering: 24th International Conference,
FASE 2021, Held as Part of the European Joint Conferences on Theory and Practice of Software, ETAPS 2021,
Luxembourg City, Luxembourg, March 27 — April 1, 2021, Proceedings 24. pp. 46—66. Springer International
Publishing, 2021.

References:

1. Koshova, O., O. (2019). Osoblyvosti formuvannia informatsiino-analitychnoi kompetentnosti studentiv
zakladiv vyshchoi osvity pry vyvchenni pryrodnycho-naukovykh dystsyplin [Peculiarities of the formation of
informational and analytical competence of students of higher education institutions when studying natural and
scientific disciplines]. Sumy: Sumy State University named after A.S. Makarenko. 2 (14), pp. 132-140. Index
Copernicus Value (ICV) for 2018 ICV 2018 = 64.79. [in Ukrainian].

2. Moodle. URL: https://moodle.org/?lang=uk. [in English].

3. Blackboard Learning System. sait. URL: https://uk.wikipedia.org/wiki/Blackboard Learning System
[in Ukrainian].

4. Vykorystannia servisu Google Classroom u navchalnomu protsesi [Using the Google Classroom service in
the educational process]. URL: shorturl.at/gvWXZ. [in Ukrainian].

5. Nalyvaiko, O., Vakulenko, A. (2021). Navchalna platforma CANVAS: mozhlyvosti ta osoblyvosti [CAN-
VAS training platform: features and features]. Osvitolohichnyi dyskurs [Educational discourse], 35(4), 154-172.
https://doi.org/10.28925/2312-5829.2021.410

6. Shcho take Figma: funktsii, instrumenty ta perevahy [What is Figma: Features, Tools and Benefits]. URL:
https://wezom.academy/ua/chto-takoe-figma-funktsii-instrumenty-ipreimuschestva/ [in Ukrainian].

7. TypeScript. URL: https://uk.wikipedia.org/wiki/TypeScript [in Ukrainian].

8. React. URL: https://uk.wikipedia.org/wiki/React [in Ukrainian].

9. Redux. URL: https://uk.wikipedia.org/wiki/Redux [in Ukrainian].

10. Redux-Saga. URL: https://redux-saga.js.org/ [in Ukrainian].

11. Rozrobka dodatkiv na REACT [Development of applications on REACT]. URL: https://kitapp.pro/uk/
rozrobka-dodatkiv-na-react/ [in Ukrainian].

12. Kopecky, Jacek, Paul Fremantle, and Rich Boakes (2014). A history and future of Web APIs. IT-Information
Technology. No. 3. P. 90-97 [in English].

13. Biilthoff, Frederik, and Maria Maleshkova (2014). RESTful or RESTless—current state of today’s top web
APIs. In The Semantic Web: ESWC 2014 Satellite Events: ESWC 2014 Satellite Events, Anissaras, Crete, Greece,
May 25-29, Revised Selected Papers 11, P. 64—74 [in English].

14. Fielding, Roy Thomas (2000). Architectural styles and the design of network-based software architectures.
University of California, Irvine [in English].

15. Neumann, Andy, Nuno Laranjeiro, and Jorge Bernardino (2018). An analysis of public REST web service
APIs. IEEE Transactions on Services Computing 14, No. 4, P. 957-970 [in English].

16. Chen, Yixiong, Yang Yang, Zhanyao Lei, Mingyuan Xia, and Zhengwei Qi (2021). Bootstrapping
automated testing for RESTful web services. Fundamental Approaches to Software Engineering: 24th International
Conference, FASE 2021, Held as Part of the European Joint Conferences on Theory and Practice of Software,
ETAPS 2021, Luxembourg City, Luxembourg, March 27 — April 1, Proceedings 24, pp. 46—66. Springer International
Publishing [in English].

ISSN 2521-6643 Cucremu Ta texaouorii, Ne 1 (65), 2023 31



I'. B. Kyminuenko, A. O. [Taany, B. O. XXyp06a, C. B. Cokonos

VYIK 681.5
DOI https://doi.org/10.32782/2521-6643-2023.1-65.4

KyniHuyeHko I. B., kaHangaT TeXHIYHUX HayK, OOLEHT,
OOUEHT Kadbegpu KOMMN' I0TEPU30BaHMX CUCTEM YNpPaBIiHHSA
CyMCbKOro gep>xaBHOro YHiBEPCUTETY

ORCID: 0000-0002-8501-5636

Manunuy A. O., acucteHT

Kadpeapn KOMM'IOTEPM30OBAHMX CUCTEM YNPaBiHHS
CyMCbKOro gep>xaBHOro YHiBEPCUTETY

ORCID: 0000-0003-2511-5763

XKyp6a B. O., kangmaaT disnmko-mateMaTuyHNX HayK, OOLEHT,
OOUEHT Kadbeopu KOMM' I0TePU30BaHMX CUCTEM YNpPaBIiHHSA
CyMCbKOro gep>kaBHOro YHiBEPCUTETY

ORCID: 0000-0003-4475-9898

CokonoB C. B., kaHgugaTt isuko-mateMaTuyHnX Hayk,

OOUEHT, AOLEHT Kadheapu KOMM'loTEPU30BAHUX CUCTEM YNpaBniHHA
CyMCbKOro gep>kaBHOro YHiBEPCUTETY

ORCID: 0000-0001-8707-4616

SCADA-CUCTEMA YTHIIBAIIIMHOI YCTAHOBKH HAJUITMIIKOBOTO TUCKY TA3Y

1o mipi 3pocmarnns nomyscHoOCmell YCMaHo8oK YMurizayii HAOTUWK08020 MUCKYy, Ki Oy0yiomvca Ha 6a3i demandep-ce-
Hepamopnozo azpezamy ([I'A), nidsuujyemocs ysaea 0o 36inbuienHs epekmusHocmi yux YCManosok. 3Mina napamempie
NOMOKY, WO HAOX00UmMb 00 YCMAHOSKU YMUnizayii, 00yMoenioe Heodxionicms cmabinizayii napamempis elexmpoenepeii, o
2EHEPYEMBCA Y MEPeXHCY CHONCUBAHHA. Y 3HauHill Mipi 30ypeHHA pedxcumie obepmanna mypoinu, wjo 6xooums 0o ckaaoy [I'A4,
108 A3aHI i3 3MIHOI0 Y YACI apamempig eNeKmpuiHO20 HABAHMANCEHH.

OcKinbKu KpoKu no YOOCKOHALEHHIO CUCHEM KePYBAHHSL YCIMAHOBKAMU MALOT eHep2emuKy IpU CYUacHUX meMnax pos-
BUIMKY MIKDORPOYECOPHOI MEXHIKU CHAHOBTAMbCS 6ce OLibl NONYIAPHUMU, MO PO3POOKA THCIMPYMEHMAPIlo HANAUINYBAHb
6a2amoKoHMypHUX pe2ynsmopie NOGUHHA 8IONOBIOAMY BUMO2AM PUHKY.

Posenanyma cmpyxkmypa oeopisnesoi SCADA-cucmemu, wo 3abesneuye cmabinizayito napamempis gynkyionysanus JI'A4
8 YMOBAX 3MIHU HABAHMANiCEHb Ma 30ypeHb nomoky 2a3y. Onepamopcvka cmanyis 3abe3neyye MOHImopune npoyecy, a o100k pezy-
JII0BAHHSL — 36 30K 3 NONLOBUM PIGHEM MA 2eHepayilo Kepylouux eniusie 01 opatisepa Kpokogozo 08u2yHd. Bionogiono 0o xepyio-
YUX CUSHATIB KDOKOBULL 08USYH GIONPALbOBYE NOTONCEHHS 3ACY8KU MPYOORPOBOOY 243y, SIKe BUSHAYAE MUCK A BUMPAMU NOMOKY.

HMI-inmepgheiic oae 3moey 6idobpasicamu cman npayror4o20 oonaonauus yemanosku, a SCADA-cucmema — gikcysamu
Oani 018 HacmynHoi 0bpoOKY Ma HANAWIMYBaHb KOHMYPIE Kepyeanns. Buxopucmanns mexnonoeii OPC cepsepa npu no6y0ogi
SCADA-cucmemu dae 3mo2y HAna200Umu 83aEMO0i0 pe3yabimamis Modentosants 00 exma xepysanus y cepedosuusi MATLAB
ma cepedosuwja npoepamyeanus PLC S7-300 gripmu SIMATIC.

IIpaxmuuna snauumicms 00CTi0NHCeHb RONAAE Y POSUUDEHHT MOJICTUBOCHEN HANAUMYBAHb JOKATLHUX Pe2yTamopis, o
630€MO0iI0Mb 6 CUCmeMi KePYBAHHS YCMAHOBKOI0 YMUNI3aYii HAOTUUKOB020 MUCKY.

[lepcnexmusa suxopucmannss SCADA-cucmemu nonseac y no6yooei mepesicu ymunizayitiHux ycmarno8ox, o nioguyums
eghexmueHicmb BUKOPUCTAHHS eHep2ii HAOTUUIKOBO20 TUCKY.

Kitrouosi cnoBa: enepeoszdepescenns, HMI-100uno mawunnuil inmepgeiic, cxema agmomamusayii, mypoina, 10KatbHull
Dpe2yramop.

Kulinchenko H. V., Panych A. O., Zhurba V. 0., Sokolov S. V. Scada system of disposal plantgas excess pressure

As the capacity of excess pressure utilization units, which are built on the basis of the expander-generator unit (EGA),
increases, attention is being paid to increasing the efficiency of these units. A change in the parameters of the flow coming to
the recycling plant necessitates the stabilization of the parameters of the electricity generated in the consumption network. To a
large extent, disturbances in the rotation modes of the turbine, which is part of the EGA, are associated with the change in time
of the electrical load parameters.

Since the steps to improve the control systems of low-energy installations at the current pace of development of micropro-
cessor technology are becoming more and more popular, the development of tools for setting multi-loop regulators must meet
market requirements.
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The structure of the two-level SCADA system, which ensures the stabilization of the parameters of the DGA operation
under the conditions of load changes and gas flow disturbances, is considered.

The operator station provides process monitoring, and the control unit provides communication with the field level and
generation of control influences for the stepper motor driver. According to the control signals, the stepper motor works out the
position of the valve of the gas pipeline, which determines the pressure and flow rates.

The HMI interface allows you to display the state of the plant s operating equipment, and the SCADA system captures data
for subsequent processing and control circuit adjustments. The use of OPC server technology in the construction of a SCADA
system makes it possible to establish the interaction of the results of modeling the control object in the MATLAB environment and
the PLC §7-300 programming environment of the SIMATIC company.

The practical significance of the research lies in the expansion of the possibilities of setting local regulators that interact
in the control system of the excess pressure disposal plant.

The prospect of using the SCADA system is to build a network of utilization facilities that will increase the efficiency of
using overpressure energy

Key words: energy saving, HMI — human-machine interface, automation scheme, turbine, local regulator.

Beryn. BukoprcTanHs 1eTaHep-reHepaTopHIX arperaris ([II'A) Ha KOMITPECOPHHX CTaHLIAX c(hOpMyBaOCs
Y TePCICKTHBHUI HATPAMOK 301IBIIEHHS] EKOHOMIYHOT €(DEKTHBHOCTI MPOIIECIB, B SKHX yTHn13y€TLC${ HAaJUTHIIIKO-
BUH THCK. B pe3ynLTaT1 BHKOPHCTAHHS SHepril IbOTo THCKY, CIICKTPHIHUI FCHEPATOP, 1O 3amistanit y cxemi AT'A,
MIEPETBOPIOE MEXaHIYHY EHEPTilo B enexrpuuny. ITo M1p1 3POCTAHHS MOTYKHOCTEH yCTaHOBOK i ABHUIIYETHCS yBara
10 €(PEKTUBHOCTI YCTAaHOBOK ymm:sauu Ta IapaMeTpiB SIKOCTi 3reHepOBaHO1 eneKTpoeHeprn [1]. HaBits y BUIaz-
Kax, KOJIM 3T€HEPOBaHa EHEPTis He BUAAETHCS B MEPEXKY, @ BHKOPHUCTOBYETHCS Ha BIACHI HOTPEOH ra30po3NOALTBINX
cranmiit (I'PC), cTaGiIbHICTD €NEKTPHUYHHX MapaMeTpiB € akTyaiabHOI0. HeoOXigHicTh cTabimizamii eIeKTpIIHIX
napaMeTpiB MOB’A3aHa 3 TUM, 110 TApaMeTPH TIOTOKY, 0 HAAXOMUTh 110 JAI'A, 3MiHIOFOTBCA y Yaci. 3 iHIIoro 60Ky,
CJIEKTPUYHE HAaBAaHTAKEHHSA MEPEKHU CIIOKUBAHHS TEX HE € CTaJIHM.

OCKiIbKU BIIPOBAKEHHSI €HEPro30epiralounx TEXHONOTiH CTAaHOBUTHCS CTIMKOIO TEHJCHIUEI0 PO3BUTKY
€HEepreTUKH, TO 3allUT Ha BIOCKOHAJIECHHS 3aC00iB KepyBaHHS €HEPreTHUYHUMH MPOLECaMH TeX HE BTpayae CBOET
AKTyaJbHOCTI.

AHani3youn (akTOpH, SKi BH3HAYAIOTh MOXKJIMBOCTI NMPAKTHYHOTO BIPOBAHKEHHS 3aCO0IB aBTOMATH3AIlil
kepyBaHHs JI['A, MOXKHa KOHCTaTyBaTH, IO YCIIIIHICTh peani3alii po3poOJeHHX METONIB KepyBaHHS y 3HAYHIH
Mipi 3aJICKUThH BiJl IHCTPYMEHTApPil0 HalaTyBaHb. HeoOXiIHICTh BiJICITIIKOBYBaHHS B3a€MOIIOB’ SI3aHUX Tapame-
TPIB IpOIIeCy yTHITI3aIlii, 30KpeMa cTaHy 00JIaIHAaHHS eKCIIEPUMEHTAIBHOT YCTAaHOBKH yTHITI3aIliT [2], 00yMOBIIIOE
ctBopeHHs SCADA-cucTemMu 1i€l yCTaHOBKH. J{OMUTBHICTD 3alipOBa/DKCHHS TaKOi CHCTEMH IPYHTYETBCS Ha Tep-
criektuBax BukopuctanHsi SCADA-cucTeM y IpOMHCIOBUX MaciTadax, 0COOIMBO P JUCTaHLIHHOMY KepyBaHHI
mepexero ['PC.

IMomanbiri AOCTIIKEHHS MPEACTABISIOTHCS Y PO3po0Ili METONMK HaJaIlTyBaHb PErYIATOPIB MPOIIECiB ycTa-
HOBOK MaJioi eHepreTuku Ha 6a3i SCADA-cucrem.

AHaJIi3 OCTaHHiX zloc.ﬂizmcem) i myOGaikauiii. HpH po3nisai BapiaHTiB n06y,u031/1 SCADA- -CHCTEMHU Ha 1iep-
TEeMOIO KepyBaHH:. SIKIIo mi 3aBHaHHs chOpMOBaHi Ha plBHl JIOKATEHUX KOHTYPIB KepyBaHHﬂ, TO CTPYKTYypa Mae
kiacnaHui BuraA. [Ipu mpoMy A7l BUpIIEHHs 3aBIaHb IIEPBHHHOTO 300py Ta 00pOOKM JaHWX, a TAKOK BHPOO-
JICHHSI KEPYIOUUX BIUTMBIB HA TEXHOJIOTIYHE OOJIaIHAHHS, JOCTATHBO YHI(DIKOBAaHHX MTPOrPaMHO-TEXHIYHUX 3aCO0iB.

[Tpote, pu HEOOXiTHOCTI MiABHIICHHS €()EeKTHBHOCTI pOOOTH YCTAHOBKH yTHIII3aIlil TUCKY Ta3y MPOIOHY-
€THCS] KOMIUIEKCHUH MiIXix X0 oprasizariii poOOTH ycTaHOBKH [3], B siKilf 00 eaHyrOThCS (PyHKIIT peryaroBaHHSI
TUCKY JUKEpesa eHepril Ta BUTpar rasy. [Hmum ¢paxTopoM migBHIICHHS e(heKTHBHOCTI YCTAHOBKH yTHIII3AII] € Ipo-
[ec MiAirpiBy rasy, mo HaaxoauTh 10 aetanaepa [4] AT'A. HeoOxigHicTh Horo miairpiBy moB’s3aHa i3 CyTTEBUM
3HIKEHHSIM TEMIIEPaTypU Ha BUXOJI IETaHAEPa, IKa BIUIMBAE HA YMOBH MOAAIBIION0 BUKOPUCTAHHS a00 TPaHCIOP-
TYBaHHJ Tazy.

Brim, ronoBHuit koHTyp KepyBaHHs HI'A OyayeTbes 3 omisy Ha 3aBJaHHA 3a0€3ME€UYEeHHs SIKOCTI FreHepoBa-
HOi enekTpoeHeprii. Tomy ais peanizarii 3arajJbHOI CUCTEMHU KepYBaHHS YCTaHOBKOIO HEOOXiTHO BPaxOBYyBaTH HE
TIJIBKU B3a€MO3B’SI30K TifcucTeM [3,4], ane ¥ quHaMiuHy peakiito 00’ekty kepyBanHs (OK) Ha kepyrodi BIUTHBH
MPOrpaMHO-TEXHIYHUX 3ac00iB [5].

TakuM YMHOM KOMITJICKCHUH MiXia J0 aBToMaru3aitii JIIA mpu3BoAMTE 10 YCKIAHEHHS CTPYKTYPU CUCTEMH
KepyBaHHsI, ToOyyBaTH Ky Ha 06a3i omHoro I1JIK mpob6iaemariano. JlomatkoBuM (pakTopoM YCKIIaJHEHHS CUCTEMH
kepyBaHHs [II'A € HCOOXiTHICTF MOHITOPHHTY Ta Bi3yami3allii mapaMeTpiB YCTAHOBKH.

Crernudivnicts OK, skum € [AT'A, 00yMOBIIO€ CKIAIHOIII NPU HOTO TOCHIPKEHHSIX B YMOBax peasibHOL
ekcInTyaranii. ToMy Ha mepmmx eramax JOCHIJPKEHb CTBOPIOBAHOI CHCTEMHU BBAXKA€ThCS JOIUIBHUM CTBOPEHHS
eKCTIEpUMEHTAJIbHOI YCTaHOBKM YTWIi3alii Ha/UIMIIKOBOrO THCKY [2]. BukopucTaHHs 1i€i eKCiepUMEHTaIbHOI
YCTaHOBKHU J1a€ 3MOTY IMITYBaTH 3MiHY PEKUMIB HaBaHTa)KEHHS 3 PI3HUMH THIIaMU peryasTopiB. OnTumizamis
HAJIAIITYBaHb ITAPAMETPIB CUCTEMH KepYBaHHS 3IIHCHIOETHCS B PE3yJIBTATI aHAI3Y TPSHIIIB, 0 OTPUMYIOTHCS ITij-
CHCTEMOIO Bi3yai3allil eKCIIepUMEHTIB.
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[Touryk KOMIIpOMiCiB HaJalITyBaHb JOKAIBHHX PETYIATOPIB 3MIHCHIOEThCA Ha 0a3i pe3ynbTaTiB MOAENIO-
BaHHS [6]. TumM He MEHII, MUTAaHHS B3a€MOJIl MPOTrPaMHO-TEXHIYHUX 3aCO0IB CUCTEMHU KEpyBaHHSA Ta pe3ynbTa-
TiB MOJIEJIFOBAHHS Ha IaHOMY €Talli JOCTiIKEeHb 3aJIMIIAl0THCS BIAKPUTUMH. ToMy, O 13 3aBIaHHIM PO3pOOKH
SCADA-cuctemu ycTaHOBKH Ha 0a3i (opMajIbHHUX MPOLENyp, CTAaBUThCA 3aBIaHHS BIPOBAKEHHS pPe3yJIbTaTiB
MOJICJTFOBAHHS Y TEXHIUHI 3aCO0H JIiF0401 YCTAaHOBKH.

V3araneHioroun 3apaaHHs it crBopeHHst SCADA-cHcTeM BiTHOBIIIOBAHOI €HEPreTHKH, B POOOTI [7] 3ampo-
MMOHOBAHO 1HCTPYMEHT MOJICIIOBAHHS, SKHH JIETKO MifKIo4aeThest 10 peanbHoi SCADA. IlepeBaroro 3amporio-
HOBAHOTO CUMYIIATOPA € MOXJIMBICTh HABYAHHS OIIEPATOPIB €IEKTPOCTAHIIINH, OCKUTLKUA KepYBaHHS CHUMYJISITOPOM
MOIOHO JTisSIM Ha peaslbHOT YCTAHOBIII.

Hocmimpxenns no peanizanii SCADA-cuctemu Ui KepyBaHHS TOTYXXKHICTIO CHCTEMH HAIlOBHEHHS [8] cripsi-
MOBaHI Ha peai3allilo armapaTHuX KOMIIOHEHTIB CHCTEMH Ta iHTep(eiic 3B 13Ky MiX TOJIOBHOIO CTaHIIIE0 Ta OJo-
KaMH KepyBaHHS AaHuMH. OCHOBHMM 3aBAaHHSM 3amnpornoHoBaHoi SCADA-cucteMu € 3a0€3Me4eHHI0 CyMiCHOCTI
migcucteM 0a3 NaHUX.

Haii6inpmy 3anikaBneHicTh Bukiimkae SCADA-cucrema, 110 BUKOPHUCTOBYETHCS ISl KEpyBaHHS €Hepre-
TUYHUMU BiTpOBI/IMI/I yCTaHOBKaMH [9]. s 3anikaBieHicTh MOB’si3aHa 3 MOAIOHICTIO MPOLIECIB, 10 BiZ[6yBaI-OTLC${
y AT'A ta BlTporeHepaT0p1 Iporte, 5K CTBEPIKYIOTh aBTOPH, Cepefl mpobieM, sKi HeoOXiTHO MOAOJNIATH, € Pi3-
HUISL JaHUX BiXl TypOiHU 10 Typ61HH a TaKOXX 3MiHa aHWUX Bil yMOB eKcrmyaTaun 3axomy, M0 IPOTIOHYIOTHCS
o po3BuTKy SCADA-cucTeM BITPOBOI €HEPTeTUKH, € BUKOPUCTAHHS TEXHOJIOTIH MITydHOTO iHTeNekTy. 111 Tex-
nomorii (NN, Fuzzy, ANFIS, GA) cipusitoTh BUPINICHHIO 3aBJlaHb ONTHMAJIBLHUX HAJIAIITYBaHb, IPOTHO3YyBAHHS
MTOTY>KHOCTI, OIIHKY €()eKTUBHOCTI, IIPOTHO3YBaHHs HECIPaBHOCTI TypOiHN. BUKOpHUCTAaHHS METOMIB KOHCOIiIa-
uii qanux go3possie SCADA-cucTemi 31iHCHIOBaTH MOHITOPUHT CTaHy BITPOBOI YCTaHOBKH.

Po3yMi}0q1/1 10 Ha BUOOPI MPOrpaMHOTo NMpoxykTy po3podka SCADA-cucremu me He 3aKinyeTLc;1 po-
€KTHi Ta TOCIiJHHULIBKI MPOLEYPH CTBOPEHHS CHCTEMH CTPSIMOBYIOTHCS Ha MiHIMi3allil0 3yCHJIb KiHIIEBUX KOpPHC-
TyBadiB. BTiM, Ha JaHOMY eTami OCIiP)KeHb CTaBUTHCS 3aBIaHHS HO6yI[0BI/I SCADA-cuctemu, 1o 3abesnedye
aBTOMaTHU3allilo poOiT 1o 300py Ta 00pOOLl eKCIIEPUMEHTAIBHUX AaHUX, sIKI HEOOX1HI AJIS 3arajlbHOI CTPYKTYypHU
peryasTopis mpoueciB y AT’A.

Mera i 3aBaaHHs aocaiTzKeHHs1. MeToro poOOTH € MiZBHINEHHS e(eKTUBHOCTI KepyBaHHsS pobororo JITA
3a paXyHOK BHKOpUCTaHHS MeToIiB po30ymoBu SCADA-cuctem. Takuit miaxin oOyMOBICHHN Pi3HOKO JHHAMIKOIO
MPOIIECIB, IO BiIOYBAIOTHCSA B YCTAHOBKAX YTHIII3AIlil HAJUTHITKOBOTO TUCKY ITOTOKY Ta3y, MO HAJIXOAHUTh JI0 MPH-
CTpOIB HOTO PO3MOLITY.

3a3HaueHa MeTa nepeadadae BUPIMICHHS HACTYIHUX 3aBAaHb:

— (dopmanizyBaTu 3aBIaHHS BiJJOOpaXKEHHS MapaMeTpPiB MPOIIECIB, 110 3a0e3MEUYIOTh yTUITI3aIlii0 HaTUIIKO-
BOTO THCKY;

— BUKOHATH CTPYyKTypHO-HapaMmeTpudnuii cunte3 SCADA-cucTeMu KepyBaHHs yCTAHOBKOO YTHITI3aIi] HaJI-
JIMIIKOBOTO TUCKY MOTOKY Ta3y;

— OLIHHUTU JOUUIBHICTE BHOOpPY pI3HHX BapiaHTiB peanidauii nporpamMmHo—TexHiuHUX 3ac00iB SCADA-
CHCTEMU;

— peanizyBarn SCADA-cucTeMy eKCIIepUMEHTATBHOI YCTAHOBKH YTUITI3ALli{ HA/ITUIIIKOBOTO THCKY TTIOTOKY Ta3y.

Marepianu gociimkenb. BupimeHHs 3aBIaHb KepyBaHHS pEKUMaMHU TeHepalii eleKTpUIHOi eHeprii
YCTAHOBKH yTHIII3allii 3aJIKUTh BiJ] TOCATHEHHs OallaHCIB MiXK ITapaMeTpaMH MOTOKY, Ta apaMeTpiB CIOXKH-
BaHHsI 3TeHepoBaHoi eHeprii. HeoOXiIHICTh MOHITOPHHTY MapaMeTpiB OalaHCyBaHHS IMpollecy TeHepaiii o0y-
MOBJICHO HasiBHICTIO 30ypeHb, ikl MalOTh BUIMAIKOBUH xapakTep. OCKIIBKY 3arajibHa MOJIe]Ib CHCTEMH Ha JIaHUN
yac 1ie He po3podiena, To SCADA-cucTemMa yCTaHOBKH YTHITI3aIlil TUCKY MPEACTABISETHCSA CYKYITHICTIO OKpe-
MUX TIOB’sI3aHUX KaHaJiB KepyBaHHS.

TonoBuuMm 3aBaanHHsAM SCADA-cucteMu, 1m0 po3MIsAIa€eThes, € 3a0e3MedueHHs] 3aBlaHb aBTOMaTH3alil
eKCIIEpUMEHTY, 30KpeMa OIlliHKa MOXXJIMBOCTEH pealizalii peryisropa mpolecy Ta HajlallTyBaHHS HOro mapa-
METpIiB.

Ha puc. 1 300pakena (yHKIIOHANEHA CXEMa aBTOMATH3aIlil EKCIIEPUMEHTAIBPHOI YCTaHOBKH YTHIIi3amii
THUCKY.

PerymoBanHs 00epTiB TypOiHM JeTaH/epa 3MIHCHIOETECSA B PE3yJIbTaTi 3MIHM THCKY ITOTOKY IIISXOM 3MiHH
TTOJIOXKCHHS 3aCyBKH. AJITOPUTMH KepyBaHHS THCKOM, IO pealli3oBaHi Ha MporpaMHo-TexHIYHUX 3acobax ITJIK,
JIO3BOJISIFOTH MiHIMI3yBaTH BILIMB 3MiHHU ITApaMETPiB MOTOKY, 1110 HAJAXOAUTH 110 AeTanzepa [2]. B Toii ke dac crabi-
Ji3alis mapaMmeTpiB reHepOBaHOI EIEKTPUIHOI eHepril 3MIHCHIOETHCS TI0 30BHIITHLOMY KOHTYPY PETyJIIOBaHHS CHC-
temu. Came AJIs1 TOCTIKEHHS IbOTO KOHTYPY BHKOPHCTOBYeThes iHCTpyMmeHTapiii SCADA-cuctemn ycTaHOBKH
yTUIi3aLii THCKY.

Peanizanist (yHKIiOHANIBHUX 3aBAaHb KEPYBaHHS YCTAHOBKOIO IPYHTY€ETHCS Ha TEXHIYHMX 3aco0ax aBTOMa-
TU3alii Ta nporpamHomy 3abesnedenHi SCADA. JIBopiBHEBa apXiTeKTypa CUCTEMH HMIATPUMYETbCS iHTEpdeiicom
MIX OIEPaTOPCHKUM MicLieM Ta OJ0KOM KepyBaHHA JaHUMHU. [HIIIOI0 0COONMBICTIO CTPYKTYPH, L0 PO3IIISAAETHCS,
€ 3B’5130K 3 «HYIIOBHMY» piBHEeM, ToOTO reneparis 1IIIM curnamiB ans kepyBaHHsI KpokoBuM AuTyHOM (K/I), mmo
3MIHIOE TIOJIOKEHHS 3aCyBKH.
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Puc. 1. dynkiioHanpHa cxema aBToMaru3ailii yCTaHOBKH yTHITI3alli{ HAJUIUIIKOBOTO TUCKY

Cepenosute po3podku ITJIK dipmu Siemens Gpopmyerbes nmporpamaum 3adesneueHHsM SIMATIC STEP 7.
BignoBigao mo po3pobieHnx kepyrounx nporpam it [TJIK S7-300, 30ificHIOETBCS MOHITOPHHT PEXUMIB yCTa-
HOBKH Ta PETYIIOETHCS MBUIKICTH 0OCPTaHHS TypOiHU B PEXKHMI PEATBHOTO Yacy.

Ha puc. 2 moxazana xoH¢iryparis gactuaa SCADA-cuctemu, 1mo 3ade3rnedye perynoBaHHS IIBHAKOCTI
obepTaHHsI TypOiHU.

PLC S7-300

MASTER
STATION

MOTOR DRIVER

MOTOR
CONTROL
SP MOTOR +

Puc. 2. Kondirypanis SCADA-cucTemMu ycTaHOBKH yTHII3aIIi1
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I3 kondiryparii SCADA-cuctemu BUHO, BOHA CKJIaa€THCS 3 TPHOX OJIOKIB:

omneparopchka craHis (Master station), ITJIK Ta G50k kepyBaHHSI THCKOM depe3 MONOXKEHHs 3acyBku. Ore-
paropceka ctanuig 3B’s3aHa 3 [1JIK yepes xabenp RS-232. PLC S7-300 BUKOPUCTOBYETbCS K OJNOK KEepyBaHHS
Ta 3B’s3Ky 13 SCADA. Uepes kaHall 3B 3Ky JaHi BijJ OJIOKY perynsaropa Haaxo[saTh y IpaiiBep KpOKOBOTO ABUTYHA
(SP Motor), 3MiHIOIOUH TTOJIOKEHHS 3aCYBKH.

KoHupirypyBaHHs cHCTEM 3B’ SI3KY MIXK PI3HIMH TEXHOJIOTIYHUMH MOIYIISIMH 3I1HCHIOETHCS 3 BAKOPHUCTAHHIM
nonatky Windows SIMATIC iMAP. 1le nporpaMHe 3a0e3NeueHHsIM € IHCTPYMEHTOM TIpaiYHOrO MPOCKTYBaHHS
cucTeM 3B’s3Ky B cucTemMax aBTomarusaiii. SIMATIC iMAP moxe Garatopa3zoBo BUKOPHCTOBYBATH CBOi iHTEp-
(eficu U1 KOXKHOTO TEXHOJIOTTYHOTO MOIYJIS.

I[Tin’eqHanHs qpaliBepiB BBOMLY-BUBOMY J0 CUCTEMH 31MCHIOETHCS BiIIOBITHO JIO CTAHAAPTY OOMiHY TaHUMH
OLE, mo dopmye texnomnoriss OPC-ceppepa. 3aBasku tomy, mo OPC-cepBepu MaloTh OJHAKOBUM, BU3HAYCHUN
crangaproM OPC Habip nmporpamMHux iHTep¢eiciB, 3 HUMH MOXYTh IIPAIfOBaTH Oy/Ib-sIKi IPOrpaMHi KIIEHTH, SIKi
TaKOX MiATPUMYIOTH IieH iHTepdeiic.

B pesynbrari oTpuMaHHs Takoro yHiBepcalbHOTro apaiiBepa ¢izuunoro odmaananHsi, OPC-cepBep cTaHo-
BUTKCS JuKepenoM naHux uist OPC-KiIieHTiB y BHYTPILIHBOMY (OopMaTi JaHUX cucTeMu. Toai 0OMiH JaHMMH BU3HA-
qaeTbes iHTepdeticom Mixk OPC-kiieatom Ta OPC-cepBepamu.

Bigmoeinao, Bukopuctanus nmporpamuoro nakety OPC Toolbox (MATLAB/ Simulink) gae 3mMory iMIieMeH-
TYBaTH Pe3yJbTaTH JAOCIIIKEHb MOJICHI perylsTopa, mo po3pobnena y maketi MATLAB/ Simulink [2], 3 TexHi4-
HUMH 3acobamu aBroMmaru3arii OK.

I3 mepmoveproBoro 3aBmaHHs 1I0n0 1MOOymnoBH MHemocxemMu OK BUIUIMBaE, 1o mopsj i3 oprasizari€ro
3B’S13Ky MiX OJIOKaMH CHCTEMH, HEOOX1THO 3MIMCHUTH HACTYIIHI KPOKH:

— c(hopMyBaTH CTaTHUHI 300pa’KeHHS TUCTIETUYCPCHKOTO KePYBaHHS;

— OTpHUMAaTH JUHAMi4Hi 00 €KTH AJISI KOXKHOTO BiKHA Ha OCHOBI HaO0py 010IOTEYHUX €IEMEHTIB;

— 3amnporpaMmyBaTH aJIrOPUTMHU BiJOOpa)KeHHS, KepyBaHHsS Ta JOKYMEHTYBaHHS B MOIYJSIX MPOEKTYyBaHHS
eKpaHHUX popM.

BukoHaHHS IIUX KPOKIB Ja€ 3MOTY OTPHMATHU JIOAWHO-MammHHUK iHTepdeiic (HMI) yrumizaniitaoi ycra-
HOBKH Ha 0a3i JI['A, sikuii moka3aHo Ha puc. 3.

I Feamm reoysome n KDMTPECOP WPEAN Harprnis 1iees

el ozl amaleml whelamel wmauml

Puc. 3. HMI SCADA-cucTemu

KpiMm kiracudHux GyHKIIN 10 MOHITOPUHTY Ta peectpattii crany OK, 3anmpononoBana SCADA-cuctema 31iid-
CHIOE 3alKC 3HAYEHb MapaMeTpiB, MO HAJIXOAATH BiJl JaBadiB, JUIs HACTYIMHOI OOpOOKH OTpUMaHHMX Pe3yJbTaTiB
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BuMiproBaHb. Lls1 00poOka MPOBOAUTHCS 3 BUKOPUCTAHHSIM CIENiaJbHOTO NPOrPaMHOTO 3a0€3MEUYEeHHS, B TOMY
ymchi i cepenosuma MATLAB.

BukopuCTOBYIOUM MAacHUBU 3HAY€Hb MapaMeTpiB, OTpUMaHUX 3 pomnoMororw omucaHoi SCADA-cucremu,
Bi3yaJli30BaHO MepeXiHi XapaKTEPUCTUKHU «Iepepi3 3aCyBKU/IIBUAKICTh 00epTaHH:», sIKi 300paXkeHi Ha puc. 4.

1200
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I et
500
600
400

200
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0
0 1000 2000 3000 4000 5000 6000 7000 S000 9000

Puc. 4. TlepexiaHi XapaKTepUCTHKHN «IEepepi3 3acyBKH/IIBHIKICTE 00EpTaHHSD
1-25%, 2 — 50%, 3 — 75%, 4 — 100% piBHS BIIKPHUTTS 3aCyBKH

3MiHa XapakTepy MepexiJHUX XapaKTEePUCTHUK eKCIepuMeHTanbHOoi ycTtaHoBkH JI['A (puc. 4) Biamosi-
Jla€ pesynapTaTaM MareMaTndHoro MoaemoBanas OK [6], mo miaATBepIKy€e ageKBaTHICTh paHille po3pobiieHo
MOJEI.

It npukoman Bukopuctanas SCADA-cucTeMH eKCIIEpUMEHTANILHOT YCTaHOBKH UTIOCTPYETHCS BUKOPHUC-
TAaHHAM pPE3yJbTaTiB BUMPOOYBaHHS PETyIsATOpa cHCTeMH KepyBaHHs obepramu JII'A. Ilicist BuOGOpy CTpykTypH
peryasitopa yctanoBku JII'A 3 gonmomororo SCADA-cucTeMH 3A1CHIOIOTECS HANTAIITYBaHHS MapamMeTpiB 1bOTO
perynaTopa BIATIOBIIHO A0 KpUTEPis MiHIMAIBHUX MEpeperyaoBans [2]. Pe3yasTar peryaroBaHHs MIBUIKOCTI 1IHO-
CTPY€ETHCS ocumIorpamamu (puc. 5), siki OTpEMaHi Ha MOHITOPI IPOLIECY MPH 3MiHI HABAaHTAXKEHb.
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Puc. 5. 3mian mBHIKOCTI 00epTaHHS TypOiHH IIPY 3MiHI HaBaHTAXKEHb TYpOiHU

HageneHi pe3ynbTaTé MiATBEPHKYIOTH MOIIIBHICTh BUKOPUCTaHHS 3arnpornonoBaHoi SCADA-cucremMu mis
KEepyBaHHSI €KCIIEPUMEHTAIBHOIO ycTaHOBKOIO JITA.

BucHoBku. BiamosigHo 10 MocTaBiieHOT METH, sIKa repeadoavae miaBUIeHH e()eKTHBHOCTI KepyBaHHS poOo-
toro JI['A, 3anporionoBana peanizanis SCADA-cucremu yTuiizaniiHoi ycraHoBKY Ha 6a3i JITA.

AKTyalTbHICTh JOCIIPKEHb 3yMOBIIEHA TIEPCIIEKTHBOIO BIPOBAIXKEHHS JUCTAHIIIMHOTO KepyBaHHS yCTaHOBKAMHU
yrunizanii HajumikoBoro Ticky Ha I'PC ta I'PI1, ne 3a7istHi TeXHOJIOTIUHI orepallii ApOCeTOBaHHS MOTOKIB rasy.
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OTXe, MO’KHA KOHCTaTyBaTH, [0 3alPOTIOHOBAHUM 1HCTPYMEHTapil 10 CHHTE3Y PEeryasTOpiB Ma€ MepCreK-
TUBY 3aCTOCYBaHHS B peajbHUX YCTAHOBKAX Majoi eHEPTeTHKH, AKi MalOTh IEKUJIbKa KOHTYPIB KEPYBaHHS.

IIpu dhopmyBaHHI Mepek U €HEPreTUUHUX YCTaHOBOK HEOOX1THO 3aCTOCYBATH BiAMOBIHI TEXHOJOT] MITYyY-
HOTO 1HTENEKTY, L0 JO3BOIUIIO O MoJablIe MiABUILEHH e(EeKTUBHOCTI €HEPreTUYHUX YCTaHOBOK.
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NPOEKTYBAHHSA TA PO3POBKA WEB-CEPBICY
JIA TEHEPYBAHHS TA PO3CHUJIKHU PDF-JOKYMEHTIB

B pobomi posensdacmbcs NPOEKMY6aHHs Ma po3pobka web- -cepeicy ona agmomamuynoi eenepayii, poscuaku Ha email
ma nepegipku PDF-cepmucbixamis abo inwux PDF- ()OKyMeHmle SAKULL MOJICe NPaylo8amu He3aielcHo abo 6 inmezpayii
3 IHWUMU npopamuumu npooykmamu. 3adaua eenepayii PDF-0okymenmy peanizyemucs 3 donomoeoio 6ioniomexu ilext, wo
00360715€ cmeoprosamu Gaiinu pishumu cnocobamu. B yvomy npoexmi PDF-patinu eenepyromucs na ocrnosi HTML-wabnonis,
10 00360JI5I€ KPOCMO CHMBOPIOBAMY OOKYMEHMU PI3HOT PO3MIMKY Ma Pi3Ho20 0ghopmuenHs. J{is pO3CUIKY eNeKMPOHHUX TUCHIIE
suxopucmogyemocst SMPT-cepeep 6i0 GMail. Cmeopenns nucmis 30iticnioemscs 3 0onomozoio Oibniomexu JavaMailSender.
Hna nepesipxu PDF-cepmucpixamy na cnpasdicnicme € 06i mogcnugocmi. Modicha nepeiimy no nocunantio, ke pomiujene Ha
cepmugpikami. Y eunaoky, axuo ingpopmayis npo maxuii OOKymeHm € 8 6asi 0anux, 6yoe euBOOUMUC HA36A 3aX00Y ma M5
yuacnuka. Axwo ingopmayii 6 6asi danux nemac, mo Oyoe usedena ingopmayis npo ye. Inwuii cnoci6 — 68edeHHs KOOy
3 QoKyMeHmy 8 cneyianvhe noie Ha web-cmopinyi. IIpoepamuuti npodykm po3pobrenuti y euensioi web-cepsicy, wo peanizye
nioxio REST. IIpoexm peani3osanuii Ha MO NPOSPAMYSaAHHA Java 3 6UKOPUCIAHHAM cimeticmea (pelimeopkie Spring: Spring
Boot, Spring Data JPA, Spring Web, Spring Security. Illpockm peanizye namepn npoexmysannsn Controller-Service-Repository
i ckradaemucsl i3 6i0nosionux pisnis. Ha pisni entity onucani cymnocmi 3 6asu 0anux y euensioi 0o ‘exmis. Toomo 01 KodcHOT 13
mabauyb 6 6asi OaHUX cMBoperuUll K1ac, nois aKoeo eionosioaroms ampubymam maonuyi. Ha pisni penosumopito onucyromscs
3anumu 0o 6asu danux 3 gukopucmanuam inmepeeticy JpaRepository. Jloeika pobomu web-cepgicy peanizosana na piHi cep-
gicis. [l BUKOHAHHS KOJICHOT I3 3a0a4 HANUCAHUY OKpeMuUll K1ac-cepgic abo KilbKa Kacis, AKWo 3a0aya eenuka i ii 00yinbHo
po3oumu Ha niozadayi. REST-xonmponepu gionogioaioms 3a 306HiwiHitl inmepeelic. s kodcHoi i3 0itl, AKi Modice 30TliCHUMU
Kopucmyeay ado iHwuil 3acmocyHox, 6yoe cmeopena oxkpema aopeca oocmyny (endpoint). OcrosHi Oii: cmeopeHHs 3ax00y,
OMPUMAHHA CHUCKY 3aX00i8, 8UOANTEHHA 3aX00i6, 000asanHa iHGPOpMaYii NPo YYACHUKA 3aX00Y, OMPUMAHHA CRUCKY YUACHUKIS,
2enepayia cepmuchikamie, po3cuika cepmugikamis, agmenmughikayia KOpUcmyeauis, nepesipka HasA6HOCMI cepmugpikama no
VHiKaabHOMY K00Y. Web-cepsic mae npocmuii inmepeeiic kopucmysaua y euensioi web-cmopinku, Ha SKill MOJCHA nepesipumu
cepmuqhixam Ha cnpagdicHicmyv. s pobomu aominicmpamopie cmeopenuil kabinem 3a 00nomoz2oio bioniomexu Swagger.

Knrouosi cnoa: eenepayis pdf, web-cepsgic, java, smpt, spring.

Oleksiichuk Yu. E, Olkhovska O. V., Olkhovsky D. M., Orlova D. 1. Design and development of a web service for
generating and sending PDF documents

The design and development of a web service for automatic generation, email distribution and verification of PDF cer-
tificates or other PDF documents are considered in the work. This web service can work independently or in integration with
other software products. The task of generating a PDF document is implemented using the iText library, which allows you to
create files in various ways. In this project, PDF files are generated based on HTML templates, which allows you to easily create
documents with different markup and different design. GMail’s SMPT server is used to send e-mails. Letters are created using
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the JavaMailSender library. There are two ways to verify the authenticity of a PDF certificate. You can follow the link on the cer-
tificate. If information about such a document is available in the database, the name of the event and the name of the participant
will be displayed. If there is no information in the database, information about this will be displayed. Another way is to enter
the code from the document into a special field on the web page. The software product is developed in the form of a web service
that implements the REST approach. The project is implemented in the Java programming language using the Spring family of
frameworks: Spring Boot, Spring Data JPA, Spring Web, Spring Security. The project implements the Controller-Service-Repos-
itory design pattern and consists of the corresponding levels. At the entity level, entities from the database are described in the
form of objects. That is, a class is created for each of the tables in the database, the fields of which correspond to the attributes
of the table. At the repository level, requests to the database using the JpaRepository interface are described. The logic of the
web service is implemented at the service level. A separate service class or several classes are written to perform each of the
tasks, if the task is large and it is advisable to divide it into subtasks. REST controllers are responsible for the external interface.
A separate access address (endpoint) will be created for each of the actions that the user or other application can perform. Main
actions: creating an event, receiving a list of events, deleting events, adding information about an event participant, receiving
a list of participants, generating certificates, sending certificates, authenticating users, checking the presence of a certificate
by a unique code. The web service has a simple user interface in the form of a web page where you can check the certificate for
authenticity. For the work of administrators, a cabinet was created using the Swagger library.
Key words: pdf generation, web service, java, smpt, spring.

IMocTanoBka npodjeMu. ABToMaTu3allisl Pi3HOMAHITHUX MPOIECIB, 30KpeMa, B OCBITi, 103BOJSE CYTTEBO
MIJBUIIATH TPOIYKTUBHICTh Tpalli, M030aBUTH HEOOXiJHICTh BUKOHYBaTH PYTHHHY poOoTy. B IlonTaBchkomy
YHIBEpCUTETI €KOHOMIKH 1 TOPTiBJIi CTBOPEHE Ta IHTETPOBAHE B CUCTEMY Pi3HOMaHITHE MpOrpaMHe 3a0e3neueHHs,
0 BHPINIYE psJ 337a4, M0 CTOCYIOThCS NUCTAHIIIMHOTO HABYAHHS, CKJIaJaHHs PO3KJaly, PO3MOAITY Ta OONIKY
HaBaHTAKEHHS BUKJIaJaviB, INIaHYBaHHS HAaBYAJILHOTO MPOIECY Tolo. BomHovyac 3anumaroTecs 3a1adi, siKi TaKoxX
MOYKHa aBTOMaTH3yBaTd. Harpukiray, 3apa3 MoCTiHO MPOBOIUTHCS OaraTo pisHUX 3aXO/iB: KOH(EpeHIil, TpeHIH-
I'iB, CEMiHapiB, KypCiB, 3a pe3yJabTaTaMU SIKUX YYaCHHKAM MOXYTh BUAABATUCS cepTUdikaTh (ab0 iHIII JOKYMEHTH)
B PDF-dopmari. SIk1io y4acHUKIB 3aX01y JOCUTh 0araro, TO py4He TeHepyBaHHS CEPTHU(IKATIB I KOXKHOTO MOXKE
3aifHsTH Oarato yacy. HacTynHoo 3aadero € po3cuiika IIUX cepTH]IKaTiB Mo email, aBTromaru3anis sSkoi Oyze exo-
HOMHTH Yac opraHizatopamM. Takox BaXIHBOIO € mpobiiema 3axucty PDF-nokymeHTiB Bif miapo6ok. BpaxoByroun
Cy4acHi MOXJIMBOCTI rpaidHux pemaxropiB Ta pemaktopiB PDF-mokyMeHTIB, 3p0OUTH KOMIIO Ta BiIpeaaryBaTé
(haiin He 3aiimMae Oararo yacy. Tomy HeoOXiqHO 3a0€3MEeUUTH MOKITUBICTD NepeBipku cTBopeHnx PDF-nokymeHTiB.

[IpoananisyBaBIIN NporpaMHi IPOAYKTH, L0 iICHYIOTh, HE OylI0 3HAHJEHO TaKUX, 00 MOBHICTIO 33JJ0BOJb-
HSUTH BCi BUMOTH. TOMy aKkTyalbHOIO € po3po0Ka IporpaMHoro 3a0e3nedeH s, A1 pO3B’I3aHHS ONMMCAHUX 3a1ad.

Juns 6inpIoi yHiBEpCalbHOCTI I peatizamii mporpaMHoro 3a0e3nedeHHs] BUOpaHMH MiIXiJ CTBOPEHHS
web-cepgicy. Lle 103BoJsIE BHKOPUCTOBYBATH MPOMYKT K HE3AIEKHO, TaK 1 B IHTErpalii 3 iHIIMM MporpaMHUM
3a0e3Me4eHHsIM, BUKOPHCTOBYIOUHN NPHUKIAAHUN mporpamuuii intepdeiic (API).

AHaJi3 ocTaHHIX AocTiMKeHb i myomikaniit. TeHIEHITIS 0CTAHHBOTO ACCSITHIITTSA B pO3poO0Ili TPOTPaAMHHX
npoxykTis 3 API monsirae y noctynoBomy nepexoni Bix rexnomnorid SOAP (Simple Object Access Protocol) Ta RPC
(Remote Procedure Call) no Texnonorii REST (Representational State Transfer) [1-3].

REST-miaxin 1o apXiTeKTypHu MEpexXeBUX IPOTOKOIIIB, SIKi HAAAIOTh JOCTYI 10 iH(popManifHUX pecypcis, 0
OyB onmcanuii Poem ®inninrom B muceprariii B 2000 pomi [4]. Peamizauist Web-cepsicie REST Bignosigae 4oTh-
phOM 0a30BUM IPUHIIUIIAM TPOCKTYBAHHS:

 sBHe Bukopuctanus HTTP-meTonis;

* He30epeKeHHS CTaHy;

+ Haganas URI, aHanorigHUX CTPYKTYpi KaTalOTIB;

» mepenada nanux B XML, JavaScript Object Notation (JSON) a6o B 060x opmarax [4-5].

Po3po6uuku MoxxyTh cTBOproBati API 3 BUKOpHCTaHHAM KiTBKOX apXiTekTyp. API-iHTepdeiicu, ski BiamoBi-
naroth apxitekrypHomy ctumo REST, nasuBatotscs REST API. Be6-ciryx0wu, mo peanizyrors apxitekrypy REST,
Ha3uBarThCs BeO-cmyxbamu RESTful. Sk npasuno, repmia RESTful API BigHocuThes 10 mepexeBux RESTful
API. Ognak REST API ta RESTful API € B3aemo3aMiHHUMH TepMiHAMHU.

REST web-cepBicu € MOMyJISIpHOIO TEXHOJIOTIE€I0 PO3POOKH Pi3HOMAHITHUX HMPOTPAMHHX MPOIYKTIB [5—6].
OcHOBHa TIepeBara TaKkoro I X0y — MOXIIUBICTB JIETKOI iHTerpamii B iHIIT 3aCTOCYHKH.

Web-cepBicu aKTHBHO BUKOPHCTOBYIOTHCSI B PO3MOAIIEHUX CHCTeMax, 0 0a3yloThcsd Ha MIKpOCEpBICHIM
apXITEeKTypi, 110 € JyKe TOMYJIAPHUMH 3apa3 [7].

3anmaua crBopeHHs PDF-1okyMeHTiB akTyanbHa 1 Ui iHIIMX yHiBepcuTeTiB. Tak B [8] po3misgaeTbes pos-
poOka MikpocepBicy st ctBopeHHs PDF-ngoxymenTiB. Jlinst po6oTH MiKpocepBicy BUKOPHCTaHO HACTYITHUH ajro-
PHUTM: CIIOYATKy OTPUMYETHCSA 3allUT Ta BUOMPAETHCS BIANOBIAHI JaHi 3 6a3u naHuXx. I1oTiM 00pobiIstoThCs OTpUMaHi
JlaHi Ta BAKOPUCTOBY€EThCS mabioH i ctBopeHHs HTML-nokymenty. Jlani BiIKpUBaETbCs OTPUMAaHU JTOKYMEHT
y BikHi Opay3epa Ta 3 BUKOPUCTaHHAM (yHKLIOHATy Opay3epa 3aiicHIOEThes Horo koHBepTatis B PDF. Leit mikpo-
CEepBIC € HEBIJI'EMHOIO YAaCTHHOI CHCTEMH YIPaBIiHHA Oi3Hec-poliecaMu yHiBepcuTeTy. BiH JOMOBHIOE HasBHI
MIKpOCEpBiCH, TaKi K BIIIUT KaIpiB, PO3KIIa]] HABUYAIBHUX 3aHSATh Ta SICKTPOHHA 3ATIKOBA KHHUKKA, BIATIOBIIHO JI0
BHMOT CHUCTEMH.
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MeTta. MeTa nonsirae y Ipo€eKTyBaHHi Ta po3po01ii web-cepBicy Ha MOBI IporpaMyBaHHs Java 3a JT0TIOMOTOI0
¢peitmBopky Spring. OcHOBHI (yHKIIIT web-cepBicy mepesiueHi HIK4e.

1. I'enepanis PDF-noxymentiB. CepBic Mae mpaitoBatu 3 BukopuctanusaMm TexHonorii REST APL. To6to go
HBOT'O MOXHa OyZie 3BepTaTHCs 3 HIIIOIO IPOrpaMHOro 3a0e3MeueHHs a00 BUKOPUCTOBYBATH SIK OKPEMUI 3aCTOCYHOK.

2. ABTOMaTHYHA PO3CHIIKA SICKTPOHHUX JIUCTIB i3 BKIAJCHUMH 3TCHEPOBAaHUMH cepTHdikaTaMu. [1Jis boro
BHUKOpHCTOBYBatuMeThCst cTopoHHIH SMTP-cepgic. Po6oTa 3 Bizkputum nporpamanM intepdeticom (API) Oyme
3aiMCHIOBATHCS 3 JOIIOMOroro 6i0niorexu JavaMailSender.

3. Ilepesipka ceprudikaty: Ha cepTudikaTi Oyae yHIKaIbHUIH KOJ, SKHid TOTPiOHO BBECTH HA CaifTi, Ta rimep-
nocuinanHs. Skmo cepTudikar crpapkHid, TO OyJie BUBOIUTHCS iH(POpMAIlis MPO yYacHUKa 3axody. SIKIo Kox
HETIPaBWIIBHMH, TO iH(OpMaris, mo Takoro koxay HeMae. Lle 1o3BonnTh yHUKATH MapoO0OK cepTHdikaTiB.

Bukian ocHoBHoro marepiady. J{ns po3pooku Web-cepsicy ans podoru 3 PDF-mokymenTamu BuOpaHa
MoBa nporpamyBasHs Java. Ji1st 611b11 epeKTHBHOT pO3pOOKH BUKOPUCTOBYETHCS CIMENCTBO (PpeHMBOpPKIB Spring,
a came Spring Boot, Spring Data JPA, Spring Web, Spring Security. BukopuctanHs X TEXHOJIOTiH 103BOJISIE CYT-
TEBO CKOPOTUTH Yac PO3POOKHU Ta MiJBUILUTH HaAiliHICTh CTBOPEHOTO IPOIPAMHOTO MIPOIYKTY.

s renepauii pdf-caiinis icHye psin 6i0mioTek.

a) 6ibmioreka Adobe PDF. Ls 6i6mioreka Hagae API takumu moBamu mporpamyBanHs, ik C++, NET ta Java.
MokHa pemaryBaTH, epenissaTi, pO3IPYKOBYBaTH Ta BUTATyBaTH TeKCT i3 PDF-(atinis;

0) nporiecop dpopmaryBaHHs 00’ ekTiB — Dopmarep IpyKy 3 BIIKPUTHM BHXIJIHAM KOJOM, KEpOBaHHU 00’ €K-
tamu GopmatyBaHHs XSL Ta He3anexHUM (HOpMaTOM BUBOJY;

B) PDF Box — Apache PDFBox. Ile 6i6mioTeka Java 3 BIZKPUTHM BUXITHUM KOJIOM, IIJTPUMYE PO3POOKY
Ta neperBopeHHs nokyMeHTiB PDF. BukopucroByroun 1ro 6ibmioTeky Mo)kHA po3poOisité Java-miporpamu, siKi
CTBOPIOIOTH, KOHBEPTYIOTh Ta 00poONIstoTh 1oKymMeHTH PDF;

r) 3BiTH Jasper. Lle iHCTpyMeHT 3BiTiB Java, sikuii renepye 3Bitu y popmari PDF, sxittouatoun Microsoft Excel,
RTF, ODT, 3nauenHs uepe3 koMmy Ta ¢aitnn XML;

n) iText — ne 6i6mioTexa Java, 3a TOMIOMOTOI0 K0T MOYKHA PO3POOJISATH MPOrpamMH, sIKi CTBOPIOIOTh, KOHBEPTY-
10Th 1 00poOIsAt0oTH fokymenTH PDF [9—10].

ITicis aHami3y BCiX mepepar Ta HeoMiKiB 0i10mioTek, BuOpana iText. [o1oBHUMU MepeBaramu Iii€l 6i0T10TeKH
€ JeTajdbHa TOKYMEHTAIlis, BeJHKa KIJIbKICTh PUKIIAIiB, pi3Hi BapiaHTH reHepamii PDF-n1okyMeHTIB, MOXKIIHBICTh
reHepaiii Ha ocHoBi HTML-1ma6ioHiB.

Web-cepgic BukopuctoBye 6azy mannx MySQL ans nHamiiiHoro 30epekeHHs HeoOXimHux naHux. Cami
PDF-nokymenTH He OyayTh 30epiratucs B 0a3i TaHUX, ajie BCs HeoOXiqHa s X reHepariii indopmarrist Oyme 30epe-
xeHa. Lle 103BOINTE CYyTTEBO CKOPOTUTH KiNBKICTh ITaM SITi, 0 BUKOPUCTOBY€EThCA. [Ipy oTpedi HOBHMIA JOKYMEHT
Moxe OyM TIOBTOPHO 3reHEPOBAHMH 1 BiIpaBIeHUI Ha eIeKTpoHHY nomty. OCHOBHI Tabnuii 6a3u nanux (puc. 1)
oIpcaHi Jai.

1. Event — TyT Oyne 30epiratucs iHdopMaris Ipo 3aX0a, y4aCHUKaM SIKUX OyAyTh T€HepyBaTUCS Ta PO3-
cunarucs PDF-ceptudikaru. B arpulyTtax Tabnuui 30epiraerbes iHpopmaliis mpo Ha3By Ta IaTy 3aX0.Y, a TAKOXK
JaHi, 1o OyayTh BUKOPHUCTaHi Npu reHepauii cepTudikary: 3aroloBOK, KUIbKICTh TOAMH, Ta JOBUIBHUMA TEKCT,
SIKUi 3a0axcae opranizarop 3axony. Jus rekcty nependadeHo 2 mois, ToMy iHPOpPMAaIis MOXKe MICTUTHCS B IBOX
PI3HHX MICIISIX TOKYMEHTY, aje He 000B’SI3KOBO BUKOPHCTOBYBATH BCi MOJIS, YACTUHY 13 HUX MOYKHA 3QJIAIIATH
nopokHiMHU. Takox B il TaOGIUII MiCTHTBCS 1H(GOpPMAaIis PO MIabIOH, HA OCHOBI SKOTO OyJe TeHepyBaTHCS
PDF-ngokxymeHT.

2. Certificate — B miif Tabmumi Oyzme 30epiratics iHpopMaris Ipo yJyacHUKIB 3axoniB. OCHOBHI aTpuOyTH:
full name — moBHe iM’5;

* email — elekTpOHHA ajpeca;

+ personal info — iHma iHndopmarist po ydacHHUKa, HAPHKIIAA, Miclie poboTH, ocaaa TOoIIo;

 date — nara octaHHbBOI ycHilrHOI reHeparii Ta HagcunanHs PDF-nokymenTy. BUKOpUCTOBY€EThCS AJ1s1 yHUK-
HEHHS TIOMIJIKOBHX ITOBTOPHUX PO3CHUIIOK;

* has_link — iHdopmaris mpo Te, Yu MoTpiOHO, HA TOKYMEHTI MOKa3yBaTH MOCWIAHHS Ta KO JJIS IEPEBipKH
HAa CIIPaBXHICTh. SIKII0 3HaYEHHS true, TO YHIKaJbHUH Kox OyAe 3reHepoBaHU 1 mocwinaHHs Oyne BimoOpaxaTwcs
Ha JIOKyMeHTI, sikmo false, To Hi;

¢ link — mocuaHHs 171 IepeBipku crpaBkHoCcTi PDF-10KyMeHTa, BAKOPUCTOBYETHCS TS 3aXUCTY B ITij-
poOOK y TOMY BUTAJIKY, KOJIM 3Ha4eHHs arpuOyTy has_link mopiBHIoE true.

3. Users — B miii Tabnumi Oyae 30epiratucs iHpopMmaris mpo KOpHUCTYBadiB cepBicy, sika HeoOXiaHa ISl aBTCH-
tudikanii. OCHOBHI aTpuOyTH:

* email — agpeca enekTPOHHOI HMOIUITH KOPHUCTYBada, sKa TakoX Oy/le BUKOPHUCTOBYBATHCA SIK JIOTiH NPH
aBTeHTHU(IKAIIT;

* password — maposb KOpHCTyBaua, sIKUi 30epiraeTbcs € BUNNIAL Tell-KOAy OTPUMAHOrO 3 JOIOMOT 0K (DyHK-
uii BCrypt [11];

* status — cTaTyc KOpUCTyBada, MO0 MO)Ke OyTH aKTUBHHM a00 HeaKTHBHUM. HeakTHBHHWI KOpUCTyBad He
MOXKE 3IHCHIOBATH KOJIHMX JIH B CHCTEMI;
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* role — ponb KopucTyBaua B cuctemi. Ha manuit yac MoxxnuBi 3 podi: cynep-aaIMiHiCTpaTop, aIMiHiCTpaTop
Ta 3BUYalHUM KOPUCTYBad, B MallOyTHHOMY 3a MOTPEOU KUIBKICTh pojel Moxe OyTH posmupeHa. Pons BuzHauae
MOXJIMBOCTI Ta 0OMEXXEHHS KOPUCTYBaya B CUCTEMI.

4. Code — Tyt OynyTh 30epirarucs yHikaibHi iieHTU(iKaTOpu 1uia cepTudikatiB. OCHOBHUM aTprOyTOM TYT
€ uid — yHIKaTBbHHUN TEKCTOBHUH 11eHTU(IKATOP, IO BUKOPUCTOBYETHCS s iepeBipku PDF-mokyMeHTy Ha cripaBx-
HIiCTb. 1151 TaOMII JIOTIYHO HE 3B’ sI3aHa 3 IHITUMH 1 BAKOPHUCTOBYETHCS JIUIIIE s 30epiraHHs KX 11eHTH(DIKATOPIB.

5. Tabnums user to_event € JOMOMIXKHOKO TaOJHUIICIO JUIS peaiisalii 3B’sA3Ky «0araro 10 0arathbox» Mix
TaOJIULISIMU USETs Ta event.

_| certificate v ] users v
id BIGINT id BIGINT
date DATE email VARCHAR(255)
email VARCHAR(255) password VARCHAR(255)
full_name VARCHAR(255) role VARCHAR(255)
i——|-«’: has_link BIT(1) status VARCHAR (255)
| link VARCHAR(255) version BIGINT
" | event v | personal_info VARCHAR(255) >
id BIGINT I version BIGINT :i:
add_text VARCHAR(255) | > event_id BIGINT |
I -
__ 1
date DATE w1 > |
event_name VARCHAR(255) 1
A
hours INT
_| user_to_event ¥
main_text VARCHAR(255) .
= @ user_id BIGINT
template VARCHAR(255) F—— —t .
@ event_id BIGINT
title VARCHAR(255) <
wversion BIGINT

"] code v
id BIGINT
uid WARCHAR([255)
version BIGINT

Puc. 1. ER-nmiarpama 6a3u manux

CTpyKTypHO KOJl Web-cepBicy Mae OararomapoBy opraHisalito, KoxeH piBeHb (layer) sikoi BiAMOBiAa€ 3a MeB-
HUH QyHKITIOHAJ. 3aCTOCYHOK pealtizye narepH npoektyBanHs Controller-Service-Repository [12-13].

Ha piBHi entity (model) omucyroTbess CyTHOCTI 3 0a3W JaHWX Yy BUDIAAI 00’ekTiB. ToOTO ISl KOXKHOI i3
Tabnuis 06a3u JaHUX, OKpIM user to event, OyJe CTBOPEHHUI KJ1ac, MO SIKOTO BiIIOBiIAIOTH aTpuOyTaM TaOJIHIIi.
e motpibHO Ans 00’€KTHO-pENsAifHOTO BimoOpaxeHHs nanux. Hampukian, xon kimacy User, mo Bigmosigae
TaOUIIl users:

@Entity

@Table(name = "users")
@Getter
@NoArgsConstructor

@EqualsAndHashCode(of = "id")
@FieldDefaults(level = PRIVATE)
public class User {
@Id
@Generated Value(strategy = GenerationType.AUTO, generator = "native")
@GenericGenerator(name = "native", strategy = "native")
@Column(updatable = false)
Long id;
(@Version
@Column(updatable = true)
Long version;
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String email;
String password;
@Enumerated(EnumType.STRING)
UserStatus status;
@Enumerated(EnumType.STRING)
UserRole role;
@ManyToMany
@JoinTable(
name = "user_to_event",
joinColumns = @JoinColumn(name = "user_id"),
inverseJoinColumns = @JoinColumn(name = "event _id"))
List<Event> events;
public User(String email, String password) {
this.email = email;
this.password = password;
}

}

Jis  3MEHIIeHHS KUTBKOCTI KOJIy BHKOPHCTOBYIOThCSl —aHoTarii OiOmioreknm lombok (@Getter,
@NoArgsConstructor, @EqualsAndHashCode, @FieldDefaults). 11i aHoTa1ii CTBOPIOIOTH reTepH s BCIiX IMOIIB,
KOHCTPYKTOp 0e3 mapaMeTpiB, nmepeBusHadaroTh Metonn equals() Ta hashCode() Ta poOisaTh BCi MO NPUBATHUMHE
BinnoBinHO. [IpU3Ha4YeHHs 1HIIUX aHOTAITiH:

 anotanii @Entity Ta (@Table 3B’3y10Th KJ1ac 13 BiANOBiAHOIO TabnuIeto B 0a3i JaHUX;

+ anoranii @Id, @GeneratedValue Ta @GenericGenerator Ipu3Ha4YeHi A1 CTBOPEHHS IEPBUHHOTO KITFOUa
B Ta0JMIIi, aBTOMAaTHYHOI TeHepallii Horo 3HaueHHsI Ta IPUB’sI3yBaHHi 10 BiAMOBIIHOTO MO KJIACy;

* adotauig @Column 103BOJIsIE BCTAHOBUTH BJIACTUBOCTI [T aTpulOyTy B 0a3i JaHUX;

+ anoranii @ManyToMany Ta @JoinTable cTBOPrOIOTE 3B’130K THITY «0arato 0 6ararbox» 3 iHIIOK TabIH-
ner 0a3y JaHux.

Ha piBHI peno3uTtopito peani3yroThCs 3amuTH 10 0a3n naHux. OCKUTBKH B MPOEKTI BUKOPUCTOBYETHCS (pe-
“MBopk Spring Data JPA, To 6a3oBuii (hyHKIIOHA /U POOOTH 3 0a3aMu MaHHUX (30€peKCHHS, OTPHUMAHHS BCiX
3aIMCIB 13 TaONUIl, OTPUMAHHS 3aIUCy 110 id TOIIO) peari3oBaHUi aBTOMATUYHO. J[JIst IIbOTO JUTSt KOYKHOT CYTHOCTI
CTBOPIOETHCSA 1HTEpeiic, 0 YCIaIKOBY€ y3aranbHeHul iHTepdeiic JpaRepository. [yis iHIUX 3amuTiB MOTPiOHO
CTBOPIOBATH aOCTPAKTHI METOIM, PEeajbHi 3amuTH OyIyTh T€éHepyBaTUCs aBTOMAaTH4HO (peiiMBopKoM Spring Data
JPA, BUKOPHCTOBYIOUU Ha3By METOLY.

[Ipuknan peno3uropito:

public interface CertificateRepository extends JpaRepository<Certificate, Long> {

List <Certificate> findAlIByEvent(Event event);

}

B nanomy Bumnagky Meroz Oyzie IIOBEpTaTH BCi 3aIKCH B 0a3i JaHUX, ITOB’s3aHi i3 KOHKPETHUM 3aXOI0OM.

Jlorika po6oTu web-cepBicy peali3oBaHa Ha piBHI cepBiciB (services). JIJis BUKOHAHHS KOXHOT 13 3a1a4
HaIlMCaHUH OKpeMuil cepBic abo KiJIbka CEepBICiB, SAKIIO JOMUIBHO PO30WTH 3adady Ha mim3agadi. OCHOBHI
3amaui: reHepaiis PDF-nokymenty, HagcunanHs email, po6ota 3 Tabmunsamu 6a3u NaHUX, aBTCHTU(DIKAIis
KOPHCTYBa4iB TOIIO.

KonTposepu BiAmoBimaroTs 3a 30BHINIHIN iHTepdeiic. s KoxxHOT i3 1ilf, sSKi MOXe 3AIHCHUTH KOPHCTYBayd
a0o 1HIIKH 3aCTOCYHOK, CTBOPEHA OKpeMa ajpeca goctymy (endpoint). OCHOBHI [Iii: CTBOPEHHS MOJii, OTPUMAHHS
CIIMCKY TIOMil, BUJANICHHs MOil, MofAaBaHHs iH(OpMAIll PO YyJIaCHHKA 3aXOMy, OTPHUMAaHHS CIUCKY YYacHUKIB,
reHepauis ceprudikariB, po3cuiika ceprudikaTiB, aBTeHTH]IKALisI KOPUCTYBauiB, NepeBipKka HasABHOCTI cepTHdi-
KaTa M0 YHIKAIEHOMY KOIy.

Web-cepBic Mae mpoctuii iHTepdeiic koprcTyBada y BUIISIAI web-cTopinku. Jiast po6oTu amMiHicTpaTopiB
CTBOpPEHHH KaOiHeT 3a jqormoMororo 0iomiorekn Swagger [13]. g 6i0mioTeka BuOpaHa TOMY, IO JJIsi CTBOPCHHS
MPOCTOTrO KabiHETy JOCTATHBO JIHIIE I IKIFOUUTH ii IO IPOEKTY Ta HAIMCATH KiJIbKa pAAKIB Koay. He3paxkaroun Ha
mpocToTy iHTepdeiicy, Swagger 103BOJIsIE BUKOHYBATH aJIMiHICTpaTOpy BCi HEOOX1IHI Iil.

Tt noctymy o Swagger KOpUCTyBa4 Mae TIPOUTH aBTeHTH(DiKaIlil0. EIeKTpoHHA afipeca BHKOPUCTOBYETHCS
SIK JIOTIH.

Cucrema He nependavae caMOCTiiHY peecTpailiro KopuctyBaya. Jluine KopucTyBad 3 MpaBaMu aJIMiHICTpa-
TOpa MOXE 3apeecTpyBaTh HOBOTO KOpUCTyBada. [l bOro BiH Mae BBeCTH email HOBOro xopuctyBada. HoBomy
KOpUCTYBauy Ha Iieil email npwuiine indopmalis npo yCHilIHy peecTpalito Ta napoib. Ilicias 1mporo KopucTyBad
MOXKe MMPOUTH aBTEHTU(DIKALiIO Ta 3MIHUTH apOJIb Ha HOBUH.

3BHYAHUI KOPUCTYBad MOXKE CTBOPIOBATH 3aXOIM, NOAABATH YYACHHUKIB IIUX 3aXOJiB, MepensiaaTu iHdop-
MAIIifO IIPO YYACHHKIB Ta 3aXOAH, PO3CHiIaTh cepTudikatu. KoprcryBad Mae TOCTYII JIHIIE A0 3aXO0AIB, IO BiH CTBO-
pHB, Ta O THX, IIpaBa poOOTH 3 IKUMHU HAJaB aIMiHICTPATOD.
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AnMiHiCTpaTop, KpiM IpaB 3BHYAHOTO KOPHUCTYyBada, MOXKE PEECTPYBAaTH KOPUCTYBadiB, OIOKyBaTu ix
Ta HaJlaBaTl KOPHCTyBa4yaM JOCTYII 10 3aXO/iB. AJAMIiHICTPAaTOp Ma€e TOCTYI JI0 BCIX 3aXO/iB.

Cynep-aamiHicTparop, Ha JoAady J0 MpaB aAMiHiCTpaTopa, MOXKe 3MIHIOBATH POJIb YYaCHUKIB: 3BUYAHHOTO
KOpHCTYyBaya 3pO00UTH aIMIHICTPATOPOM 1 HABMAKH.

s renepanii Ta po3cwiku PDF-mokyMeHTiB KOPHCTYBaY MOBUHEH 3pOOUTH HACTYITHI [il.

1. CTBOpUTH HOBHI 3aXiJ.

2. Jlomatu iH(opMalIlifo PO YYaCHHUKIB IbOTO 3axoay. [TependaueHa MOKITHBICTh IMIOPTY AHKX 13 (aiiiis.

3. Bignpasutu siuct 3 PDF-nokymeHTOM. MOXHA BIANPABIIATH K OJHOMY KOHKPETHOMY YYaCHUKY TaK 1 BCIM
yYaCHUKaM JESIKOTO 3aXO0Iy.

Takox TOJAaTKOBO € MOXIIHBICTh 3aBaHTaKUTH PDF-nokymeHT uepe3 Swagger.

Jns posropraHHs cepBicy HeoOXximuui Oyap-saxuif Linux-cepBep 31 BcTaHoBiIeHHMH mporpamamu JDK17
ta Maven. Spring Boot Bkmodae B ceGe BOymoBaHUH KOHTeiHep cepsieTiB Tomcat. OkpeMo HEOOXiTHO MaTu
noctyn 10 MySql 6a3u naHux.

MoknuBo Takox ctBoputd Docker-o0pa3 Ta 3amyckaru web-cepsic B sk koHTeliHep B Docker [15].

Takox NpoekT Moxke OyTH Aeno MoAU(IKOBAaHUN 1 BUKOPUCTOBYBATHUCS SK OJIMH 13 MIKPOCEPBICIB y cHcTeMI.

BuCHOBKHM 3 X0CTi)KEeHHSI i IePCIEKTUBH NMOJAJBIINX PO3BiIOK y bOMY Hanpsimi. B po0oti po3ris-
HYTO MPOEKTYBaHHS Ta MporpaMHa peanizaiiro web- cepBicy qutst rerepaiii PDF-ceprudikaris. Web-cepgic 103-
BOJISIE aBTOMATUYHO TCHEPYBAaTH, PO3CHJIATH Ta IEPEBIpATH cepTH(blKaTH I[lana30H 3aCTOCYBaHHS MOXKE 6yz[H
OCHTh IIHPOKAM, HAIIPUKITAL, 00CITyroBYBaHHS KOH(EpEHIIiH, ceMlHaplB IUCTAaHIIHHUX KypCiB, 1HIIMX 3aXOIiB.
Ha nanmit vac web-cepsic nepebyBae Ha 3aBEPIIATHEHOMY eTali TeCTyBaHHS Ta po3poOku. B momanbmiomy Mox-
JIUBOCTI Web-cepBicy MOXXYTh OyTH IMOKpAIICHI 32 PaxXyHOK CTBOPEHHS KaOiHEeTy KOPHCTYBa4a 3 BUKOPUCTAHHAM
MOXIIMBOCTEH cydacHuX JavaScript-0i0miorek Ta ppeiiMBOpKIB, sIKUil Oye OLTBII 3pyYHUM HIXK Swagger.

OcHoBHi niepeBaru Web-cepgicy:

1. MoxJIHBIiCTh POOOTH K OKPEMOTO Web-3aCTOCYHKY.

2. MOXJHUBICTb iHTETpauii 3 IHIMMH TPOTPAaMHUMU NPOAYKTaMu, BUkopucToBytoun REST APIL

3. IlpocToTa y po3ropTaHHi Ta BUKOPUCTAHHI.
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AHAJII3 CTPATETTA E@EKTUBHOI'O TIPOCYBAHHS INSTAGRAM-MATA3ZAHY
JJIA YCIIIIIHOTI'O BI3BHECY

Poseumox coyianbHux media ma enekmpoHHOI Komepyii npugie 0o H06oi epu y nioxodi KOMRAHili 00 Mapkemuney i npo-
0axcie, a MAKOHC BUKOPUCIAHHIO HOBIMHIX KOMN 10MEPHUX MeXHON02il 01 0ocAcHenHs Qinancogozo npubymky. Instagram,
AK 00HA 3 HAUNONYIAPHIWUX NAAM@POPM COYIaNbHUX Media, MAKONC CMA8 eheKmusHUM THCmMpyMeHmom 0as Oisnecy 04
OXONNeHHs. NOMEHYIUHUX KAIEHMIG | NPOCYBAHHA CBOIX npodykmig abo nociye. Poboma cnpamoeana Ha 0ocniodcents guxo-
pucmanns Instagram-mazazuna K eqeKkmugnHo2o iHCmpyMeHma 07 YChiuHo2o 8edennst Oisnecy. Y cmammi posensinymo
enaug pexnamu 6 Instagram-maeasuni na 6UKOpUCMAHHs coyianvhux media ma enexmponnoi Komepyii. Iliomeepooiceno, ujo
ananiz oanux 3 Instagram-maeaszuny eaxciuguil st B0OCKOHANIEHHA CIMpameziti MapkemuHey ma npooaxcie. Y 0ocuioxcenni
ONUCAHO Pi3HI 8UOIG eghekmugHo20 sukopucmanua Instagram-cmopinku 011 6Gi3HeCy, Maxux AK 30LIbUWeHH npooaxcis, (op-
MYBaHHA OpeHOy, 3ayUeHHs HOBUX KIIEHMIB, NIOBUWeHHA T0ATbHOC ICHYIOUUX Ma 8UKOPUCMAHHSA THcaumig 3 Instagram-ma-
2a3UHY 0713 NOKPAWEHHS CIMpameziti MapKemunzy ma npooaxcie. ¥ cmammi maxkosic Ha2onoulyEmoCsl Ha 6AHCIUBOCTT AHATIZY
oanux Instagram-maeazunie 015t NOKpaujeHHs: cmpamezii MapkemuHey ma npooagicis. JlociiodcenHs 0eMOHCmpPYeE, wo 0is
YCRIXy 6 coyianbrux media, 6i3HeC-61ACHUKAM He0OXIOHO PemenbHO AHANIZY8amu ma B00CKOHATIOBAMU CE0T PEKIAMHI KAMNAH],
a MaKoxuc BUKOPUCMOBYBamu Has6HI incmpymenmu, maxi ak Facebook Ads Manager, 013 docsieHenHs MAKCUMAanbHo2o pe3yiv-
mamy. Cnigbeciou 3 KepigHUYmMeomM MazasuHy noKasamu, wo euxopucmanna Instagram cmopinku 6y10 egpexmugHum 01 3a1y-
YEHHSL HOBUX KIIEHMI6 | NOKPAUJeHHS BNI3HABAHOCHI OPeHOy Maea3uny. AHANI3 HAAGHUX 00CTiOMNCeHy | nyOniKayii niomeepous
nomenyian Instagram ona 6iznecy, a maxKodic 8aNCAUGICIMb GUKOPUCIAHHS THPOPMAYii 018 600CKOHANEHHS cmpamezili Mapke-
muH2y ma npooasxcig. 3pobieHo 8UCHOB0K, Wo Instagram-mazasun € 8axciugum 3acoo0m Ons 30LIbUEHHS NPOOAXCi8 8 eneK-
MPOKHIL KoMePYIi, HANPAM 0OCTIONHCEHHs € AKMYATbHUM OsL BI3HECY, d BUKOPUCIAKHSA | pO36UHenHs came Instagram-mazazuny
€ nomeHYianom 07ist 30LIbUeHHS. NPOOANCIB, 3ATYYEHHS HOBUX KIIEHMIB Ma NOKPAWeHHs. 6NIZHABAHOCIE OPeHO).

KimrowoBi crioBa: Instagram-maea3sun, eneKmporna KoMepyisl, MapKemuHz, pekiama, coyianbHi meoid.

Lavryk V. R., Tiahunova M. Yu. Analysis of effective promotion strategies for an Instagram store for successful business

The development of social media and e-commerce has ushered in a new era in companies’ approach to marketing and
sales, as well as their utilization of cutting-edge computer technologies for achieving financial gain. Instagram, as one of the
most popular social media platforms, has also become an effective tool for businesses to reach potential customers and pro-
mote their products or services. This study focuses on the use of the Instagram shop as an effective tool for successful business
management. The article discusses the impact of advertising in the Instagram shop on the use of social media and e-commerce.
1t is confirmed that analyzing data from the Instagram shop is important for improving marketing and sales strategies. The study
describes various effective ways to use an Instagram page for business, such as increasing sales, building a brand, attracting
new customers, increasing loyalty of existing ones, and using insights from the Instagram shop to improve marketing and sales
strategies. The article also emphasizes the importance of analyzing Instagram shop data to improve marketing and sales strat-
egies. The research demonstrates that for success in social media, business owners need to carefully analyze and improve their
advertising campaigns and use available tools such as Facebook Ads Manager to achieve the maximum result. Interviews with
the store management revealed that using an Instagram page was effective in attracting new customers and improving brand
awareness for the store. Analysis of existing research and publications confirmed the potential of Instagram for businesses, as
well as the importance of using information to refine marketing and sales strategies. It is concluded that the Instagram shop is an
important tool for increasing sales in e-commerce, and the direction of research is relevant for business, and the use and devel-
opment of the Instagram shop is a potential for increasing sales, attracting new customers, and improving brand recognition.

Key words: Instagram shop, e-commerce, marketing, advertising, social media.
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IocTraHoBKka npo06JyeMu. PO3BUTOK COLiaIbHUX MEia Ta eJIeKTPOHHOT KOMepLii IepeTBOPHUB MiJXiJ KoMIIa-
Hill 10 MapKETUHTY Ta MPOJaXKiB Ha HOBUH piBeHb. ONHI€I0 3 HAMOUIBII TOMYISPHUX IJIAT(GOPM COLIaTBHUX Mejlia
€ Instagram, sikuii craB e(heKTUBHUM iHCTPYMEHTOM JUIs Oi3HECY y 3aly4eHHI MOTEHIIHHUX KITIIEHTIB Ta IPOCYBaHH1
CBOIX IpoayKTiB abo mociuyr [1]. 3 mosBoto Instagram-cTopiHKKM KOMITAHISIM CTaJIO LIe JIETIIe JeMOHCTPYBATH CBOI
MPOIYKTH Ta IMPOJABATH iX Oe3mocepenHbo crioxkmBadaM [2]. ToMy JyKe CyTTEBUM CTallO AOCHTIIKCHHS, YU JIHCHO
BiIOyBa€ThCS 30LTBIICHHS MPUOYTKIB 3 BUKOPUCTAHHAM Instagram-cTOpiHKY, Y 3a/isiHI BUTPATH Yacy Ta TPOIICH
Ha PO3BHHEHHS € OMHOTO EIEKTPOHHOTO Pecypca € MapHUMH.

AHaJii3 ocTaHHIX H0caiTKeHb i myomikamiii. Aramni3 myOmnikaniii [3-8] mpoBeneHuit 3a 0OcTaHHI POKH JIOBIB,
10 MTOTHT Ha 3allydeHHs Instagram-cTOpiHOK 710 cepu Npoaky TOBapiB 3HAYHO BHPIC y MOPIBHSIHHI 3 TIOTIEpe/-
HiMH pokamu. Lle moB’s3aHO 5K 3 30LIBIICHHSIM KUTBKOCTI KOPHUCTYBaYiB COMiaJbHUX MeEia, TaK 1 3 PO3BUTKOM
KOMIT FOTePHUX TEXHOJOTiH, TAaKUX K MAIIMHHE HABYAHHS 1 IITYYHHH IHTENEKT, CIIPSIMOBAHUX HA MiIBHUIICHHS
e(heKTUBHOCTI peKJIaMH Ta 3aTy4eHHs NOTeHIIHNX nokyniiB. HoBi ¢yHKIil, Taki gk Instagram-marasus, poOnaTh
MOXJIMBUMH TIOKYNKH Oe3MocepeaHbo 3 TAaTGopMu COLIaNbHUX Mefia, M0 CHIpHUsE MiJBUILIEHHIO KOHBEpCii
Ta 301IbIIEHHIO TPoIaXiB AJs 6i3Hecy. OfHAK, 3aIy4eHHs KIIi€HTiB uepe3 Instagram-cTopiHku BUMarae Biz GizHecy
BIOCKOHAJICHHS CBOIX CTPATETiil MApPKETHHIY Ta MPOAAXKIB, & TAKOXK PETEIBHOTO aHANI3y JaHUX, [I0 BAXKIUBO LIS
JIOCSTHEHHS YCIIXY B €JCKTPOHHINA KOMEPIIii.

Mera crarti. MeToro JaHOTO JOCHIKEHHS Oylio JOCTHIIUTH chepr e(PEKTHBHOTO BUKOPHCTAHHS
Instagram-Mara3uHy sIK IHCTPYMEHTY YCIIITHOTO BelleHHs Oi3Hecy Ha 6a3i po3poOJeHOr0 KOHIUTEPChKOTO Mara-
3WHY Ta TPOaHai3yBaTH MOTEHINiaN Instagram-cTOpiHKY [T 30UTBIICHHS NPOJIaXKiB, (JOpMyBaHHS OpeHIy, 3aiTy-
YeHHS HOBHX KITI€HTIB, a TAKOXK TTOKPAIICHHS CTPATeTiii MApKETUHTY Ta MPOJIaXKiB.

Buxnax 0ocHOBHOIro Martepianay. Y JOCHIPKCHHI BUKOPUCTOBYBABCS MiAX1Jl 3MIIIaHUX METO/IB, TIOETHYIOUH
KiUJTbKiCHI Ta sikicHi naHi. KibKicHI 1aHi BKIIFOYAIW aHaTi3 JaHUX MPOJaKiB KOHAUTEPCHKOTO Mara3uHy J0 Ta Micis
BIIPOBAKEHHS Instagram-cTOpiHKH, a TAaKOX NPOBEJCHHS OIMHUTYBAaHb KIII€HTIB Mara3suHy. SIKiCHI JaHi BKJIIOYANU
aHaini3 iHopmanii 3 Instagram-cTopiHkH, POBEIEHHS 1HTEPB'I0 3 KEPIBHULITBOM Mara3uHy Ta aHaji3 iCHYHYOi
JTepaTypu Ha IO TEMY.

Mg nocnimxenns O6ysi10 o6paHo 2 cTparerii:

— po3BUTKY Instagram-marasuny 6e3 pexiamu;

— PO3BUTKY Instagram-mara3sufy 3 BUKOPHCTAHHSIM Pi3HOTO THITY PEKIIAMH.

ITpu crapti pexitamuoi kamnanii y Facebook Ta B Instagram HeoOXiTHO BHU3HAYUTH METY, Ky BOHA Ma€
JOCSTTH. 3aJIeKHO BiJl IOCTABJICHOT METH, MOXKHA PO3DIIAATH MOXJIMBICTh MPOCYBaHHS MyOiKaIii st g0CsT-
HEHHS OJTHUX ITIJIeH, TOJI SIK JIJISl TOCSATHEHHS 1HIHX ITiJIel He0OXiTHO CTBOPUTHU PEKIIamy.

IcHye kinpKka BuAiB peknamu B Instagram, 30Kpema, psiMa pexiama 3a JOIoMOororo KHONKY «IIpocyBatny mig
Oyab-KHM TIOCTOM Ta peKjaMa yepe3 ocoouctuil pexmamuuii kadinet y Facebook Ads Manager [9].

Knonka «IIpocyBaru» B Instagram mo3Boisie KOpHUCTyBauaM CTBOPIOBATH IPOCTI peKIaMHi kKammaHii 0e3
HEeoOXiJHOCTI BUKOPUCTAHHS OKPEMHUX 1HCTPYMEHTIB pekjamu. BoHa 103Bossie 00paT MOCT, AKUi MOTPiOHO Tpo-
CYHYTH, BKa3aTH OIOJDKET, ayIUTOPII0 Ta TPUBAJIICTh KaMIaHii.

VY Toii ke 4ac, pexraMHi kamnaHii yepe3 Facebook Ads Manager mo3BOJISIIOT OUTBII TOYHO HANAIITYBATH
napaMeTpH PEKJIaMU, TaKi SK IMOBEIIHKOBI O3HAKHU aylIUTOPil, IeMorpadidHi XapaKTepUCTHKH, IHTEPECH, TOJAaTKOBI
MapKepH Ta METPUKH KoHBepcii. KpiM Toro, MoJkHa CTBOpIOBaTH OUTBIN CKJIAJHI KaMIIaHii, Ki BKIIOYAIOTh Pi3Hi
(hopmaru pekiamu, B TOMY YHCITI Kapyceli, KIHIIeBl CTOPIHKH, BijIeo Ta iHIIII.

JlocmipkeHHsT TPOBOMMIIOCS BIPOMOBXK 3 MicsmiB. Crioyatky OyJio TMPOBEICHO AOCTIKCHHS PO3BHTKY
Instagram-marasuy 0e3 pekjiaMH Ta 3a JOTIOMOTOI) BHKOPHCTaHHs pekiamu yepe3 cropiHky Facebook, a came
ocobucroro kabinety Ads Manager, e MOXHa CIIOCTEpiraTé Bci 3MiHM HAJIAIITyBaHb ITOCTIB.

3a pe3ynbTaTaMu MPOBEACHOTO aHai3y naHux 3 Facebook Ads Manager 3 pexiamoro Ta 6e3, OyJ0 OTpUMaHO
JlaHi, IpeACTaBieH] y Tabnuipix 1 Ta 2, iKi JeMOHCTPYIOTh IIONUT CTOPiHKH Ta TOBAPiB MarasuHy 0e3 BUKOPUCTaHHS
pEeKJIaMH Ta 3 BUKOPUCTAHHSM BiIOBIIHO.

Tabmurs 1 Tabmaurs 2
CraTucTuka Mara3uHy CraTrncTuka Mara3uHy 3 BUKOPUCTAHHS PeKJIaMHu
0e3 BUKOPHCTAHHA PeKJIaMH y Facebook Ads Manager
Micsaui KoBTeHb Jlucronan I'pynensn Micsaui KoBTeHnn Jlucronan I'pynenn
ITokaszu 1207 1576 1932 Tlokaszu 2578 2805 3521
Hii 189 205 354 Jii 360 470 905
[oxymku 101 108 150 [Moxymiku 375 429 536

VY pesynbTari onpalioBaHHs JaHUX JOCITIKCHHS, OyJa CTBOpPEHa JiHiHA Jiarpama Ha pUCyHKax 1 Ta 2, ne
MIPOJIEMOHCTPOBAHO 3AJIEXKHICTh KUTBKOCTI BiJIBIAyBaHb CTOPIHKM KOPHCTYBauyaMH Bi HAasSBHOCTI a00 BiICYyTHOCTI
BUKOPHUCTaHHS PEKJIaMH 3a TIepioJl 3 MicsIIi.
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be3 BMKOpPUCTaHHA peknamm
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oBTeHb Jlnctonag, pyaeHb
Mokasu Lii MoKynKkn

Puc. 1. Pe3ynbrar nepiogy 6e3 BHKOPHCTaHHIM PEKIaMHU

Ha rpagiky (pucyHok 1) BimoOpaskeHO, IO 3a Mepiox TPhOX MICAIIB KUTBKICTh MOKA3iB (JIiHISA KparKkaMu)
3pocina 3 1207 no 1932, 1m0 € mo3uTUBHEM pe3yibTaroM. [IpoTte, citiJl 3a3HaUYNTH, MO KUTbKICTh MK (JTiHIS MTPHX)
KOpPHUCTYBaviB 3 mpodizeM (J1aiiku, KOMeHTapi, MiAIMHCKH) € Y JIeKUTbKa pa3iB MCHIIOK B MOPIBHSIHHI 3 KUIBKICTIO
nepersaiB. OkpiM Toro, Ha Tpadiky 3a3HAYAEThCA, MO KUTBKICTh MOKYMOK (JTiHIS JOBIHH INTPUX), 3MIHCHEHUX
yepes npodiib Mara3uHy, TaKOXK € HE3HAYHOKO — CEPeIHs KIJIbKICTh MOKYIOK 33 MICSIb AOCTIIKCHHS CTAHOBHUTH
100. OnHak, MOXXHA BiJ3HAYUTH 3pOCTaHHS KUIBKOCTI MOKYTIOK y TPY/IHI, 1[0 TIOB’sI3aHe 31 301IbIIEHHAM MTONUTY Ha
OpHTiHAJIBHI NOAAPYHKH y 3B’SI3KY 31 CBSITKOBUM IIE€PiOJIOM.

3 BUKOPUCTAHHAM pEKN1aMU
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oBTeHb Jluctonap, lpyaeHb

Mokasu Aii MoKynKkn

Puc. 2. Pe3ynbrar nepioay 3 BAKOPUCTaHHIM PEKIaMHU

I'padik Ha PUCYHKY 2 TIOKa3ye, IO MICJI1 BUKOPUCTAHHS PEKJIaMK KUTBKICTh IMOKa3iB (JIiHIs KparkaMH) 3pociia
32578 1o 3521, 110 CBiTYMTH PO OLIBITY 3aliKaBJICHICTh KOPUCTYBaYiB 10 MPoaykTy. KpiM Toro, rpadik Takox moka-
3y€ 3pOCTaHHS KUTBKOCTI T KOPUCTYBadiB Ha Mpodii, Mo Moke OyTH MOB’S3aHO 3 ¢(PEKTHBHICTIO BUKOPUCTAHHS
pekiiaMH. BaxIIMBUM KpUTEPIEM YCIIiXy € KUTbKICTh MOKYIIOK (JTiHisl JOBTHH IITPHX ), SIKa TAaKoXK 3pociia 3 375 1o 536
y TPY/IHI, IO TAKOK MOXKE OyTH TIOB’sI3aHO 31 30UIBIICHHSAM ITOMUTY Ha MPOAYKT Y 3B°SI3KY 31 CBITKOBUM IIEPiOIOM.

OTxe, MOXHa 3pOOHUTH BIUCHOBOK, III0 X04a KiJIBKICTh MEeperIsAiB B Mpodisli MarasuHy 3poCTae, CIIiJl IpUi-
JISITH yBary 3ajIy4eHHIO KOPHCTYBadiB O aKTUBHOCTI Ha CTOPIHIN Ta 301NbIICHHIO KUIBKOCTI IMOKYTIOK, II0 MOXeE
301IBIIUTH €(EKTUBHICTE BUKOPUCTAHHS MPOQIII0 Mara3uHy B COLiaibHil MEpexi, a BUKOPUCTAHHS PEeKJIaMU Ha
po¢iii NPOAYKTY MOXKE MO3UTUBHO BILTUHYTH Ha 3alliKaBJIE€HICTh KOPUCTYBaUiB Ta KUIbKICTh OKYIIOK.

[Hauti Oyno npoBeieHO TOCIiIPKEHHsI Ha OCHOBI JIBOX PEKJIaMHHMX KaMMaHii, siki Oyau 3amylleHi Ha CTOPiHII
KOHIHUTEPCHKOTO Mara3uHy B Instagram depes kHonky «IIpocynyTn» Ta gepe3 Facebook Ads Manager. [{ns 3a6e3-
MIEYCHHS 00’ €KTUBHOCTI JJOCIIHKEHHS OYII0 B3STO J[Ba MOCTH 3 OAHAKOBUM HAITOBHEHHSM ((DOTO Ta TEKCT IO MOCTY)
Ta OIHAKOBUMHU xemTeramu. s pexnamuoi kammadii B Instagram 6yiro BUKOPHCTaHO HACTYITHI TapaMeTpH:

Jlokarisi: MicTo 3amopixoKs.

AyIuTOpisl: YOJIOBIKH, YKIHKH.

Bromxker: 68.
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Tpusamicts: 3 aHi.

OxoruteHHs ayautopii: ~ 16 000—-17 000.

Jns pexnamuoi kammadii y Facebook Ads Manager HeoOXiiHO NMpoaHami3yBaTu LiNbOBY ayAUTOPIIO, sSKa
CTBOPIOE OCHOBHUIA MOIUT HA MOCIYTH Ta BHSIBHTH iX OCHOBHI XapaKTEPHCTHKH. TakuM YUHOM, OYJIO BHIIICHO
YOTHPH HOPTPETH UTLOBOI ayauTopii. [lapameTpu Oyim B3sTI Taki K caMi, 5K 1 B Instagram aie 011601 yTOYHIOKOUI.

[Tepmuit mopTpeT — MOJIOAI JiBUaTa:

— BiK Bijx 18 10 25 pokiB;

— He3aMIXHI, JiTeH HeEMacE,

— )KUBYTh Ta HABYAIOTHCS B 3aMTOPINIKI;

— miapoOISrOTh 00 MOBHOIIHHO MPAIIOKOTH;

— iHTepecHu: KyJliHapisi, CONO/KI IeCEPTH, CBITKYBaHHS Pi3HOOIUYHHX CBSIT;

— IIiJTi: XO4€ 3/IMBYyBAaTH OPUTIHAJIBHICTIO, XOUE 3armaM’ ITaTUCS MOJapyHKOM, X0ue IPUEMHO BPa3UTHU MOIPYTY/
Matip/6alycro/cecTpy.

Hpyruii mopTper — XJIomii:

— BiK Big 23 mo 30 ner;

— Y CTOCYHKaXx, aje Heoqpy KeHi;

— niTelt HeMmae;

— KHUBYTh B 3aIOPiKKI;

— TAIIOIOTh;

— iHTepecH: KOXaHHS, TOTAPYHKH;

— IIiJTi: XOue 3AMBYBATH CBOIO IPYTy MOJIOBHHKY, XOU€ IMOJAPYBaTH MOCH COJIOKE, 3BAYKAIOYH HA BIOTOOAHHS
JBUMHM, HE XO4e BTpadaTH 0araro yacy Ha MOIIYK MOJAPYHKY.

Tperiit mopTpeT — XKiHKHU:

— BiKk Bizx 25 10 35 pokiB;

— 3aMiXKHi, MalOTh JITCH;

— )KHBYTH B 3alOPIKKI;

— IOMOTOCITOZapKa Ha 3a0e3IeUeHHI Y0I0BIKa/MOJIOIa MaTyCS;

— IHTepecH : IiTH, IPOBOIKEHHS TUTAYNX THIB HAPOKEHHS;

— IIJTi: X0Ue 36KOHOMHTH Yac Ha MPUTOTYBaHHI1 JeCepTy, X04e MPUI0aTH MOCh COJIOJKE aJie BOMHOYAC KOPUCHE
JUTSL OITEH.

YeTBepTHii MOPTPET — JOPOCIIi YOJIOBIKH:

— BiKk Bix 30 10 45 pokiB;

— OZIpy’KE€Hi, MaloTh JITEH;

— ’MBYTh B 3aMOPIKKI;

— TPAIIOIOTh;

— IHTepecH: BUXOBAHHS JIITEH, TOTOMOTa IO TOCIIOAAPCTRY APYIKUHI;

— IiIi: X04e 3pOOUTH APYKUHI OPUTIHATBFHHUN ITOIAPYHOK, X04€e 3AUBYBATH TOHBKY/CECTpy/MaTip.

OTtpumaHi JaHi 3 kabiHeTy Instagram ta 3 ka6iHety Facebook HaouHO BimoOpakeHi y Tabmuii 3 Ta Tadnui 4
BIITOBIIHO.

Tabmuis 3 Tabnwus 4
Jani 3 kaOinery Instagram Jani 3 ka0inery Facebook

Instagram 1 nenb |2 nensb | 3 nens | Beboro Facebook 1 nenb | 2 nensb | 3 nenb | Beboro
Hisix ve Binpearysamm | 5209 | 5456 | 5444 | 16109 Hisik ve BigpearyBamm | 5103 | 5317 | 5398 | 15818
Peaxmis Ha mocrt 36 31 42 109 Peaxisg Ha moct 187 200 173 560
[Migmucka Ha cTopiHKy | 2 1 1 4 [Tignucka Ha cTopiHKy | 22 14 6 42
ITokxymka 0 0 1 1 ITokymka 2 1 2 5
Bcroro 16223 Bcroro 16425

Ha puc. 3—6 BinoOpaskeHO pe3ypTaTy MOPiBHIHHA peakilii KOPUCTYBAIbHULILKOI ayAUTOPil 3 BUKOPUCTAHHIM
pexiamu B Instagram ta 3 BukopuctanHsaMm Facebook Ads Manager 3a nepii 3 nHi, ki € 6i1b11 iHQOpMaTHBHUMHU.

3a pe3ynmpraTaMu aHami3y mepmioro rpadika (pucCyHOK 3), BCTAHOBIJIEHO, IO KiIBKICTh MEPENIAIB PEKIaMU
B Instagram ta Facebook € 3HauHO0. AHaJli3 BiICOTKOBOT YaCTKU KOPUCTYBaUiB, sIKi HisIK HE BiipearyBajiu Ha 00H-
J(Ba OTOJIOIICHHSI, ITOKa3ye 3araibHy KUTbKicTh 16 109 mis Instagram ta 15 818 s Facebook. OTxe, MoxHa 3po-
OWTH BHCHOBOK IIPO T€, IO CIIPSIMOBaHA Ha IUILOBY ay[MTOPIiI0 peKiaMa MpuBepTae Oiibllie yBard, HixK 3arajibHa
pexiama, pescranieHa yepe3 Facebook.

3a pesynbTaraMu aHaji3y Apyroro rpadika (pucyHoOK 4) BCTaHOBIICHO, IO OUIBIIMIA iHTEpeC KOPHCTYBadiB
B3aEMOIIATH 3 Mpo(disieM Mara3uHy, a came 3aJIUIICHHS] KOMCHTapiB IiJl MyOIiKalli€to, BoA00aKH, OB IOMICHHS
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B JIIPEKT, IPOSIBIIIETHCS uepe3 oronomeHHs Ha Facebook. BinHomenns peakuiii Ha nmocT cknagae: 109 kopuctysa-
4iB B Instagram npotu 560 B Facebook.

Hisk He Bigpearysanm
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Puc. 3. Jliarpama nopiBHSIHHS BiICYTHOCTI pearyBaHHs KOPHCTYBadiB Ha PEKIIAMHE OTOJIOLICHHS

Peakuia Ha nocT
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Puc. 4. Jliarpama nopiBHSHHS peakxiiii KOPUCTYyBadiB Ha PEKIIaMHE OTOJIOIIEHHS

Mignncka Ha CTOPIHKY
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Puc. 5. Jliarpama nopiBHSHHS KUTBKOCTI MiANMCHUKIB Ha CTOPIHKY
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Ha ocHoBi aHanizy TpeThoro rpagika (pUCyHOK 5) Oya0 BCTAHOBJICHO, IO KUIBKICTh MiJMUCHUKIB, SIKi IPO-
SIBUJIM 3AI[IKABJICHICTh y CTOPIHIII MarasuHy Ta XOUyTh CIiJKyBaTU 3a OHOBJICHHSMH ACOPTUMEHTY, 3HAYHO BHIIA
y pekiiaMHOMY orosomeHHi Ha Facebook — 42 mianucHuKY, MOpiBHAHO 3 Juiie 4 mianucHUKaMy B Instagram.

[MoKynKa
2,5
2
1,5
1
0,5
0
[eHb 1 [eHb 2 [eHb 3
Instagram Facebook

Puc. 6. /liarpama nopiBHSHHS KUIBKOCTI 3pO0JI€HUX 3aMOBJIEHb Y Mara3rHi BIIPOJIOBX PEKIaMHOT KaMIaHii

Ha migcraBi anamizy deTBepToro rpadika (puCyHOK 6) OyJa0 BCTAHOBJICHO, IO KUTBKICTh MOKYIOK ITiJ] Yac
JIAaHOT PEeKJIaMHOi KaMIlaHil Oyja HEBEJHMKOI, MPOoTe OyJIM OTpUMaHi JesKi pe3yiabTaTH. 3a pe3yjibTaTaMy aHa-
i3y BUSBJICHO, 10 mpoxaxi y Facebook, siki Oynmu 37iicHEH] 3a OIOMOTOO PEeKJIaMHOI KaMIaHii, OiibIi, HiXK
B Instagram — Facebook: 5, Instagram: 1. Ile miaTBepmKye TOMIIBHICTS BUKOPUCTAHHS OLTBIT IITHOOKOTO HAIAIITY-
BaHHS PEKJIaMH.

BuCHOBKH 3 10C/IiIZKeHHS | MepCeKTUBH NMOJANBIINX PO3BIIOK Y IboMy HanpsiMi. TakuM YUHOM, JOCTi-
JDKEHHS TOBEJO €(heKTUBHICTh BUKOPUCTAHHA Instagram-Mara3uHiB sSIK iHCTpYMEHTA JJIsl IOCATHEHHSI YCIIiXy B 6i3Hecl.
JocmipkeHHs miaTBEpDKYE, 0 Mara3uHu Instagram € e()eKTUBHIM CII0COOOM 301IBLICHHS MPOJAXKiB B €IEKTPOHHIH
KOMEpIIi1, MiIBUILEHHS BIII3HABAaHOCT1 OpeH/Iy Ta 3aJIy4eHHs] HOBHUX KJIi€HTiB. KpiM Toro, AOCHiIKEHHS aHai3y€e poilb
pekiiaMu B Mara3uHax Instagram, MaifOyTHI IEpCIEKTHBH Ta MOMIIUBI IIOKpAIeHHs Maras3uHiB Instagram st 6i3Hecy.
3 MpOBEIEHOTO MOCHTIIKEHHS YiTKO BUIHO, IO Mara3uHu B Instagram MoKyTh HaJaTH 3HA4YHI MepeBard KOMIIAHIsIM,
SIK1 IParHyTh PO3IIUPUTH CBOIO MPUCYTHICTH B [HTEpHETI Ta 30UIBIIMTH MOTSHITIAT TPOIAXKIB.

Pexnama € HEOOXiHOIO CKIIAIOBOIO YCHIITHOTO OI3HECY, 1 e MATBEPIKYEThCS PE3yIbTaTaMU JOCIKCHHS
BIUIMBY PEKJIaMH Ha Mara3uH Instagram. SIKIo roBOpruMo Ipo HEBEJIMKUIT MarasuH, TO BiH Ma€ NOTpedy y pexiIami
IUTst 301IBIIICHHS BITI3HABAHOCTI CBOTO OpeHay Ta 301IbIIeHHS NPHOYTKY IUITXOM 301IBIICHHS IPOAAXKIB.

OnHuM 3 KIIIOY0BUX (PakTOpiB € podeciiiHe HaJamTyBaHHs peKJIaMHOT KaMIaHii yepe3 0COOUCTHiA KaOiHeT
Facebook Ads Manager, sikuif 103BOJIsI€ HAJAIITYBAaTH TapreTOBaHy PeKIaMy JUIs TIEBHOI ayAUTOPii 3 BpaXyBaHHIM
ix iHTepeciB Ta uijei. Takum YMHOM, MOKHA 3a0e3MeUnTH OLTbII e(DeKTUBHY PEeKJIaMHY KaMIlaHito, 1[0 MaKCUMI3ye
LIaHCH Ha JOCSITHEHHS 0a)kaHOTO pe3yJbTaTy.

AHaJi3 NOTEHLIMHOT ayAUTOpPii TAKOXK € BaXXJIMBUM KPOKOM Iepe]l 3allyCKOM peKIaMHOI KammaHii. Baxxnuso
3pO3YMITH, SIKa ayTUTOPisS Ma€ IHTEPECH Ta 1L, IO BiAMOBIIAI0Th MOMKIIMBOCTSM Ta OCOOTHMBOCTSAM Mara3uHy, 1100
3aJy9HTH iX 70 Mporecy MOKynku. HaBiTe, KOO IesKi peKiIaMHi KaMIIaHil He IPHHECIN 0a)kKaHOTO Pe3yJbTary,
Ba)KJIMBO aHAJI3yBaTH iX, 00 3HAWTH MPUYHHH, IO HE JOMOMOIIH TOCATTH MeTH. Lle T03BONHUTH BIOCKOHATUTH
MaiOyTHI peKJIaMHi KaMIIaHii Ta SK pO3BHBATH Mara3uH B LIJIOMY.

Bynp-sikuii 6i3HeEC, 1110 TparHe JOCATTH YCIIiXy B COIIaJbHUX MeJia, TOBUHEH NOAUINBO aHaIi3yBaTH Pe3yiib-
TaTH CBOIX PEKJIAMHUX KaMIIaHii Ta BIOCKOHAJIOBATUCh Ha OCHOBI OTpUMaHMX JaHuX. JlOCHIKeHHS MoKa3alo,
o pexiiamHa kamnadis y Facebook Oyna 6inmbin eeKTHBHOIO I HANIOTO Mara3uHy, HiX Ta, mo Oyiia po3Mi-
mena B Instagram. [Iporte, 11e He 03Hauae, MO pekyiama B Instagram He pUHECEe KOJHHUX Pe3ybTaTiB, aJpke KOXKHA
coliaJibHa MEpeXka Mae CBOIO BIACHY ayIUTOPIIO 3 pI3HUMHU iHTEepecaMH Ta IMOBEIIHKOIO.

TakuMm 4MHOM, BaXKITUBO MaM’sITATH, 10 KOXKHA PEKIaMHa KaMIIaHis MOBUHHA OyTH HANAIITOBAaHA iHIMBITY-
QIIBHO 3 YpaxyBaHHIM OCOONMBOCTEW ayIUTOPii Ta METH KaMnaHii. J{JIsl IIbOro peKOMEHTY€ThCSI BUKOPHCTOBYBATH
ocobuctuit xkabiner Facebook Ads Manager, sSIKuif JO3BOJS€ HAJNAIITYBaTH TapreTOBaHy PEKJaMy Ta IPOBOIHUTHU
aHaJIi3 pe3yJbTaTiB KaMIlaHii. AHalli3 pe3yJabTaTiB JOITOMOXKE BUSBHUTH C1a0Ki MicI peKJIaMHOI KaMIlaHii Ta BJO-
CKOHAJIUTH 11 JUTsl TOCATHEHHS MAaKCUMAJIbHOT €()eKTHBHOCTI.

OTXe, JOCTIDKEHHS JEMOHCTPYE, IO JUIS YCIIXy B COIIadbHUX Melia, Oi3Hec-BIacHUKaM HEOOXiIHO
pEeTEeNBHO aHANI3yBaTH Ta BJOCKOHAIIOBATH CBOI peKJIaMHI KaMIIaHii, a TaKO)XK BUKOPHUCTOBYBAaTH HAsBHI 1HCTpY-
MeHTH, Taki sk Facebook Ads Manager, a1t JOCATHEHHSI MAKCHMAJIBHOTO PE3YJIBTATY.
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PesynbraTu omuTyBaHHS MOKAa3ajd, IO KIII€HTH BBAXKAIOTh CTOPIHKY Mara3uHy B Instagram npocTuM y BUKO-
PHCTaHHI Ta HaBirarii, a TaKOX BHCOKO OLIHHJIH Bi3yaJibHE IpeACTaBICHHS NMpoaykTiB. Cratucruka 3 Instagram
CTOPIHKH HajJana LiHHY 1H(QOpMAIio PO BIOA0OAHHS Ta MOBEAIHKY KIIEHTIB, Aka Oylla BUKOPUCTAHA Ui MMOKpa-
LIEHHS CTpaTerii MapKeTUHTY Ta MpojJaxkiB Mara3uny. I1is yac cniBOecis 3 KepiBHULTBOM Mara3uHy BUSBUIOCA, L0
BHUKOPHCTAHHS CTOPIHKH Instagram Oyi0 yCHIITHUM Ui IPUBAaOICHHS HOBUX KIIIEHTIB 1 iIBUIIEHHS BITi3HABAHO-
cTi OpeHay Marasuny. JIOCTiPKEHHS OCTaHHIX MOCII/DKEHb 1 MyOmiKamid miATBepanuIo moTeHmian Instagram ais
0i3HECy 1 MIAKPECIHIO BaXIIMBICTh BUKOPUCTAHHS OTPUMAHOI iH(popMaIii Ui po3poOKU CTpaTeriii MapKeTHHTY
Ta TPOJAXKIB.
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JIJEKCHUYHA 3I'OPTKA ITPU AHAJII3I CXOXKOCTI TEKCTIB ITPOI'PAM

Cmamms npucesiuena supiuieHHio npoonemu 3axucmy aemopcbKozo npasa Ha mexcmu Komn'tomepuux npozpam. Xoua
HA 3aKOHOO0ABUOMY Pi6HI UXIOHI Ma 00'€KMHI KOOU KOMN TOMEPHUX NPOSPAM BUSHAHT MAKUMU, W0 NIOIALAI0OMY 3AXUCHTY MA HA
AIKI PO3NOBCIOONHCYEMBCA ABMOPCHbKE NPABO, NPAKMUUHA peani3ayis ybo2o He € dockonanoio. Ilpuyuna, nonseac y momy, wo
ICMOPUYHO CNOYaAmKy HOCMALd NPOOIeMA 3aXUCTY A6MOPCMBA HA JIMEePAMypPHI MeKCmu, d NOMIM yell nioXio nowupuscs it Ha
mexcmu Komn'tomeprux npoepam. Ilpu ybomy npoepamui Koou po3eisadaiomucs auie K pisHOBUO TMepamypHux mekcmis,
MoMy 0N AHANI3Y IX CXOICOCMI NPONOHYIOMbCA Wi JHC MEMOOUKY, AKI 3ACMOCOBYIOMbCA 00 TimepamypHux mexkcmis. Bonu e
8DAX08YI0Mb 0COONUBOCIT MEKCMIE KOMN TOMEPHUX NPOPAM, HACAMNEPeO 2PAMAMUYHI NPABULA NOOYO08U NPOSPAMHUX KOOIS.
Ha 6iominy 6i0 epamamuxu 1imepamyprux mexcmie, CUHMAKCUC MO NPO2PAMYBAHHS NOOYO0BAHUT HA OiNbUL HCOPCIMKUX NPAGU-
nax, AKi Maioms Qopmanizosanuii 8u2nL0 ma ORUCYIOmMbCA 3a 00noMo2oi0 memamos. Tomy 6yob Axuti onepamop uu iHcmpykyisa
Mac y ceoemy cknaodi cmanu 6upasu, SAKi npu KOMRIISAYIT Komn'1omepHoi npospamu po32nioaiomvpCs K CManoapmui mokenu
nesHOI MOBU NPOPAMY8aHHS. IX HA36U MA PO3MAULYBAHHSL He MOJICYMb OYmu O0BITbHUMU, A MOMY GOHU BUSHAYAIONb AK OU NeK-
CcudHUll Kaprac npozpamu. Ane nio uac cmeopents nPocpamHo2o Kooy 1020 amop MAe MONCTUBICHIb GLILHO BUKOPUCHIOBYBAMUL
B1ACHT HA36U 0718 NEGHUX CKIAO0BUX KOMN'TOMEPHOI npo2pamu — HA38 3MIHHUX, MIMOK, po3pobaenux ynkyit mowo. Lli nazeu
BIOHOCAMBCS 00 KOPUCTNYBAYLKUX MOKEHI8 Ma Npu KOMRIIAYIT He po32nsi0arnmbca AK Cmanu cKaiadosi Komaro. Bonu moxcymo
Oymu ne2ko 3amineni y 8uxioHomy Kooi 0e3 6Y0b SKUX 3MiH Y NOCTIO0BHOCHE CMAHOAPMHUX MOKeHig. Take «KIOHY8aAHHSLY Npo-
2PAMHO20 KOOY 3 DOKY He00OPOYeCHUX KOPUCTYBAUIE YACO 3ATUULAEMbCS HEROMINHUM, OO0 NPOZPAMHI 3aC00U O 3HAXOOIICEHHS
CXOOICOCHIE IEKCINIG OaI0Mb 3HAYHO 3AHUICEHULE Pe3YTIbIMAM, OCKLIbKU He PO3DI3HAIOMb CINAHOAPMHI M KOPUCIYBAYbKI MOKeHU
¥y mexcmax, axi nopisuioromsc. Toil dce HegipHutl NiOXI0 00 MeKCHie KoM TOMEPHUX HPOSPAM MOdNCe MAKONC HAOAMU 3a8UUEHY
OYIHKY npu NOpieHAKHI uepe3 mi Jic Hedonixu. Lle 00600umbcs Ha NPUKIAOAX, KT HA6eOeHi y Cammi.

Y cmammi 3anpononoganuti nioxio npu AKomMy y mekcmax KoMn'iomepHux npospam cmanoapmmi moxeHu 8i0okpemio-
10MbCAL 610 KOPUCTIYBAYLKUX, GHACTIOOK Y020 OCIAHHI MAIOMb 3HAYHO MEHWUL 6NIUE HA Pe3VIbMAM NEPEeGIPKIU CX0HCOCTI meK-
cmis. Lle nepemeopenns, sike HA36aHe IEKCUUHOIO 320PMK0I0, NPOOEMOHCIPOBAHO HA NPUKIAOL OCHOBHUX KOHCIPYKYill MOBU
npocpamysanns C ma gppacmenmy npoepamno2o kody. Lleii nioxio modice 6ymu nowsupenuti Ha inwi Mo8U NPoZPamy8aHHs..

Kitio4oBi croBa: agmopcbie npago, cxoxcicmes npocpamHo2o Kooy, 1eKCUdHA 320pmKd, MOKeH.

Pavlov V. G. Lexical convolution in analyzing the similarity of program texts

The article is devoted to solving the problem of copyright protection on texts of computer programs. Although at the leg-
islative level, the source and object codes of computer programs are recognized as subject to protection and to copyright, the
practical implementation of this is not perfect. The reason is that, historically, the problem of protecting authorship of literary
texts arose first, and then this approach spread to the texts of computer programs. In this case, program codes are considered
only as a kind of literary texts, therefore, for the analysis of their similarity, the same techniques are proposed that apply to lit-
erary texts. They do not take into account the peculiarities of the texts of computer programs, especially the grammatical rules
for constructing program codes. Unlike the grammar of literary texts, the syntax of programming languages is built on stricter
rules, which have a formalized form and are described using metalanguages. Therefore, any operator or instruction has in its
composition the constant expressions, which, when compiling a computer program, are considered as standard tokens of a par-
ticular programming language. Their names and locations cannot be arbitrary, and therefore they define, as it were, the lexical
skeleton of the program. But when creating program code, its author has the opportunity to freely use proper names for certain
components of a computer program — variable names, labels, developed functions, etc. These names refer to user tokens and are
not considered as permanent command components when compiled. They can be easily exchanged in the source code without any
change in the sequence of standard tokens. Such “cloning” of program code by dishonest users often remains invisible, because
software tools for finding the similarity of texts give a significantly underestimated result, since they do not distinguish between
standard and user tokens in the texts being compared. The same wrong approach to the texts of computer programs can also
provide an overestimation when compared due to the same disadvantages. This is proved by the examples given in the article.

The article proposes an approach in which standard tokens are separated from user tokens in the texts of computer pro-
grams, As a result, the latter have much less influence on the result of checking the similarity of texts. This transformation, which
is called lexical convolution, is demonstrated on the instance of the basic constructions of the C programming language and a
fragment of the software code. At the same time, it is possible to expand on the other program languages.

Key words: copyright, similarity of program code, lexical convolution, token.
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IocTranoBka npodaemu. BripoBamxeHHs iHQOpMaLiTHUX TEXHOIOTIH Maiixe y Bci c(hepu JIOACHKOT AisiIb-
HOCTI TOTpedye po3poOKH BeNMYE3HOI KiITBKOCTI KOMI'IOTEPHHUX Mporpam. Y OUIBIIOCTI KpaiH CBITY po3poOka
Ta BUKOPUCTAHHS KOMIT'FOTEPHUX MPOrpaM 3aKOHOAABYE PETYINIOETHCS aBTOPCHKUM MPABOM, MOPYIIEHHS SKOTO Bifl-
HOCHUTBCS IO HAaHOUIBII TSKKUX 3JI0YMHIB Ta CyBOpPO KapaeThcsi. CBITOBa MPAaKTHKa TAKOTO MiAXOMY BTUIIOETHCS
y 3aKOHOJIABCTBI YKpaiHH, Ji¢ BH3HAYAETHCS, II0 OXOPOHA aBTOPCHKOTO MpaBa «IIOUIMPIOETHCS HAa KOMIT IOTEpPHI
MPOrpamMH, BUPaKEH1 y BUXITHOMY a00 00’ €KTHOMY KOJiaX, SIKIIO BOHU € opuriHaisHUMEY [1, cTarTs 20]. 3 mporo
BUIUTMBAE, 10 00'€KTaMH 3aXICTy aBTOPCHKOTO TIpaBa € sIK CHPIIEBi IPOrpaMHu, HAIIHCaHi Ha MOBI IPOTpaMyBaHHS,
TaK i IX CKOMITUTbOBaHI BapiaHTH. TaKUM YHHOM ITOCTA€E MTUTAHHS JOBEACHHS (DaKTy MOPYIISHHS aBTOPCHKOTO MTpaBa
Ha TEKCTH KOMIT'TOTEPHUX MPOTpaM IUITXOM BHSIBIECHHS iX CXOXKOCTI.

AHani3 ocTaHHix xocaigkens i my6aikaniii. Ha croromni icHye mocuTh 0araro METOIMK MEPEBIPKH TEK-
CTOBHX JOKYMEHTIB, SIKi 0Ope BifoMi Ta 3HAIuIM BTUICHHS y 0araTbox aJropuTMax Ta MPOTrpaMHHUX HPOIYK-
tax. Hanpuknaz, y omusinax [2—5], HagaHui OomUC TaKUX BiIOMHUX MPOTrpaMHMX NMPOAYKTiB, sk Unicheck, Strike-
Plagiarism, Plagiarisma, Edu-Birde, Advego Plagiatus, Content-watch, Copyscape, Copywritely, Etxt Antiplagiat,
Like-Exactus, Quetext, Plag, Plagiarism Detector Ta iH. AJie yci BOHH IPONIOHYIOThCA JUIA MOPIBHSAHHS JiTEpaTyp-
HUX TEKCTOBUX JOKYMEHTIB, a HisIK /Ul TEKCTiB KOMIT'FOTEPHUX IIPOTpaM.

Bonu rpyHTYIOTBCSl 200 Ha IOITYKY BXODKEHHS OHOTO psAKY v iHmmil (anmroputM boitepa — Mypa y pisHuX
Momudikamisx [6, c. 762—772], anroputm KayTta — Moppica — [Iparra [7, c. 323-350] Ta iH.), a00 Ha 3acTOCYBaHHi
OJIOKIB TEKCTy Yy BUDISAII «mMUHDIIBY» (shingles), mo Oymo 3ampornoHoBaHo A. bpoaepom y 1997 pomi [8, c. 28].
VYei i MeToM TEMOHCTPYIOTh JOCHTh BUCOKY €()EKTHBHICTh Ta IMUPOKO 3aCTOCOBYIOTHCS Ha MPAKTHIII, aJic BOHH
PO3TISAAI0TH TEKCT KOMITFOTEPHOT IPOTpaMu K 3BUUYANHMIA JTiTepaTypHUi TeKCT. Takuil miaxin, Ha yKajb, CKIaBCs
icTOpu4HO, 00 JiTEepaTypHi TBOPH 3'IBUIIUCS B SIKOCTi 00'€KTY aBTOPCHKOTO ITPaBa 3HAYHO PaHiIIe HiXK KOMIT'IOTEpHi
NpOTpaMu, TOMY Ha HUX aBTOMaTHYHO OyJIM MOIIUPEH] Ti %K METO/U JOBEIESHHS CXOXKOCTI, 10 ¥ /10 3BHYAHUX TEK-
CTiB. AJle, sIK I0BeIeHO aBTOpOM [9], wiii miaxia He Moxe OyTH 3aCTOCOBaHUI O€3MOCePeIHhO A0 TEKCTIB KOMIT'FO-
TEPHHUX MPOTrpaM, OCKUTBKMA CHHTAKCUYHI MTPpaBUiIa X MOOYI0BU CYTTEBO BiAPI3HAIOTHCS BiJi CHHTAKCUYHHX MPaBUII
JiTeparypHuX TeKcTiB. [IpyunHa 11bOro y BIAMIHHOCTSX MPaBWI, 32 SIKUMH OyIyIOTbCS TPAMaTHKH KOMII'TOTEPHUX
MOB IIPOTrpaMyBaHHs BUCOKOTO PiBHS, Ta IpaMaTHKaMHU JIiTepaTypHUX MOB. ToMy SIKIIIO IO TEKCTIB KOMII'IOTEPHUX
MIPOTpaM 3aCTOCOBYIOTHCS Ti K METOIUKH BHSBICHHS CXOXKOCTI, IO 1 JIJIsI 3BUYalfHUX TEKCTiB, TO BOHU JAIOTh CITO-
TBOPCHI Pe3yNbTaTH, OCKUIBKH HE BPAXOBYIOTh CIEIU(IKH MOOYIOBH iX CHHTAKCHUCY.

MeTor0 cTaTTi € 3aCTOCYBaHHS CHHTAKCHYHHX OCOOIHMBOCTEH MOB TIpOTpaMyBaHHS Ha MPUKIai
MoBH C Ta po3IISLL iX BUKOPHCTAHHS y BU3HAYECHHI CXOXKOCTI TEKCTIB mporpam. JIJisi JOCSATHEHHS 03HAYE€HOI METH
BHPILIYIOTHCS HACTYIHI 3aBIAHHS:

- aHaJIi3 0COOIMBOCTEH CHHTAKCHCY MOB IIPOTpPaMyBaHHS;

- BIATBOPEHHS IIMX OCOOIMBOCTEH Y BUIVISI JIGKCUYHOT 3TOPTKH.

Bukian ocHOBHOro Martepiajy AocaiIxeHHsl. 3rajgjaeMo, sKa IOCIiOBHICTE BUBYEHHS Oyab-sIKOI MOBU
CILJIKYBaHHS:

abeTKa MOBH, SIK TIEBHA CYKYIIHICTb 3HAKiB, 10 BAKOPUCTOBYIOTbCS Y JaHil MOBI;

CIIOBHUK MOBH, SIK MHOJKHHA TIO€THAHD IMX 3HAKIB y TICBHI TPYIIH — CJIOBA;

MpaBUJIA TIOEJHAHHSI CITIiB y PeUeHHs Ta (pa3u — CHHTAKCHC MOBH.

Y MOB nporpaMyBaHHs MEpIIi JBa €Tari CX0Xi, a TPETii BIAPI3ZHAETHCS THM, IO OMUC MMPABUII BiI0YBAETHCS
3a JIOTIOMOTOK) METaMOBH, SIKa CXO)kKa Ha MOBY ()OPMYJ Ta BH3HA4Ya€ CyBOPY IMOCIHITOBHICTh CKJIAJIOBUX Yy BHpa3i
KOMaHJIu. MeTraMoBa Ui ONHCYy MOB TporpaMyBaHHs Oyina 3amporoHoBaHa J[. bexycom Tta I1. Haypom ta micns
JEKIUTBKOX YI0CKOHAJICHb 3HAWIIIIA CBOE BTUICHHS y cTaHAapTi [10], sSikuif € yHIBEpcaIbHUM Ta 3aCTOCOBYETHCS IIPH
OIUCY I'paMaTHK OUIBIIOCTI MOB IporpaMmyBaHHS. Lli MOBHM BIHOCSTHCS 0 TaK 3BaHUX (POPMAIBHUX MOB, Uepe3
Te, 10 Oy/Ab SIKE BIAXWJICHHS BiJl MPaBUJ IPaMaTUKH BBRKAETHCSI CHHTAKCUYHOIO TTOMUJIKOIO Ta MiAJIATa€ BUIIPAB-
JIeHH!I0. ToMY KUIBKICTb CIIOTY4€Hb, SIKi 3aCTOCOBYIOThCS Y TEKCTAaX KOMII'FOTEPHUX MPOTpaM, 3aBXK/IU € 0OMEKEHOI0
MHOXHHOIO, sIKa MOBUHHA OyTH PO3Mi3HAaHA MPU KOMIUISALIT [IUX MPOTPaM.

UYepes 1ie MEBHI CIOJYYEHHS MOXYTh 0araropa3zoBo 3yCTpidaTHCs K Yy MeKaX TeKCTy OAHI€l KOMITIOTepPHOT
MIPOTPaMHU, TaK i y TEKCTax Pi3HUX KOMITFOTEPHHUX IporpaM. SIKII0 BBaKaTH MOBTOPEHHS [IUX CHONTYyYeHb O3HAKAMU
CXOXOCTI TEKCTIB, TO IIe Oy/ie HEBIpHO, 00 I1i MOBTOPEHHS 0OYMOBJICHI OCOOIUBOCTAMHU OOYJOBH TEKCTIB KOMIT'FO-
TEpHUX IPOrpaM 3a IIEBHUMH AITOPUTMAaMH, sIKi pealli3yloThCs 3a JOMOMOTOO TIEBHUX KOMaHA TaHOT MOBH. ToMmy,
SIKIIO 111 KOMaHIH OyITyIOThCS BUKJIFOYHO 31 CTAJIMX KOHCTPYKIIIT KOMIT'TOTEpPHOI MOBH, TO BOHH, TPUPOIHO, OYIyTh
MaTH OIHAKOBMi TEKCTOBHIi 3MiCT, 00 BIIXHIICHHS BiJl TOCIIIJOBHOCTI ITUX KOHCTPYKIIi1 32 paBUJIaMH TPaMaTHKH
HEMOKJIUBO, 00 OyneTe po3nIsiaaTics IK CHHTaKCHYHA TOMIUJIKA.

Ile — mepia roysioBHA BiAMIHHICTH TEKCTiB KOMII'IOTEPHHUX IIPOTPaM BiJ 3BHYANHMX JITEpPaTypHHUX TEKCTIB,
y SIKUX KUIBKICTh BapiaHTiB CIOITYUYEHb CIIiB y PEUCHHSIX MOXe Oyau Habarato OUIBIIOI0, TOMY IX TOBTOPEHHS y TEK-
CTax, sIKi MOPIBHIOIOTHCS, MOXKHA BBAXKAaTH O3HAKOIO CXOXKOCTi. OCKUIBKHM MPOTpaMH MOPIBHSHHS TEKCTIB HE Bpa-
XOBYIOTh LI}0 OCOOJMBICTh TEKCTIB KOMI'IOTEPHUX MPOrpaM, BOHU OyIyTh BBAXKATH «CXOXKICTIO» KOXKHY OIHAKOBY
MOCTIIOBHICTH 200 KOMaH/IY, sIKa MiCTUTBCSl Y TEKCTaX, IO MOPIBHIOKOTHCS. Uepes e oliHKa CX0KOCTI TEKCTIB, sSKa
y OUTBIIOCTI METOMUK Oa3yeThCs Ha MiAPaxXyHKy BiJICOTKAa ()parMEHTIB TEKCTIB, IO CITIBIIAJIH, IO BiTHOIICHHIO 110
YCBOTO TEKCTY, Oyze 3aBHILIEHOIO.
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HaBenemo mnpukiang HOPIBHAHHS JABOX (parMeHTIiB TEKCTIB KOMI'IOTEPHUX MpOTpaM, HAaNUCaHUX Ha
MoBi C. Lleii BHOiIp MOSICHIOETHCS THM, 110 JaHa MOBA IIPOrpaMyBaHHs € 0a30BO0 Al 6araThoX iHIIUX MOB IIPOTpa-
MYBaHHsI Ta MICTUTh 0araTo CXOXKUX KOMAaH]I.
10
Hexaii Tpeba oburciiTr cymy S = Z — . Y 000X (hparMeHTax JUsl 1IbOTO BUKOPHCTOBY€ETBCS LUK, y SIKOMY 3MiHHA
i=1 1
i mocninoBHO 3MiHOeTheA Bifg 1 10 10. Ane y mepuiomy dhparMeHTi uisi IbOro NoOYI0BaHHH LIUKII 3 IEPETyMOBOIO:
i=1;
s=0;
while (i<=10)

s=s+1/(i%i);
i=i+1;
/
A 'y npyromy (parmenTi 0OpaxyBaHHsI BUKOHYETbCS Y ITUKIII JIe yMOBa TIiCIIs:
i=1;
s=0;
do

s=s+1/(i*i);
i=itl;

/

while (i<=10);

3 TOUKH 30py MOPIBHSAHHS TEKCTIB, SK KOMI'IOTEPHUX Mporpam, oouBa (PparMeHTH HE MAlOTh CXOXKOCTI, 00
MAaIOTh Pi3Hi KOHCMPYKUIT Ta BAKOPUCTOBYIOTH Pi3Hi 3 CUHMAKCUYHOIW NOOYO068010 YUKAU. ATiE SKIIIO TIOPiBHIO-
BaTH 1X SIK 3BHYAHI JIITEpaTypHi TEKCTH, TO BOHU MAIOTh 00HAKOGI PAOKU:

i=1;

s=0;

s=s+1/(i*i);
i=itl;

/

while (i<=10);

Tomy mporpamHi 3aco6H, sIKi OPIBHIOIOTH i (PParMEHTH, K 3BUYAaHUN TEKCT, HATAIOTh pe3ynbTaT Bix 46%
110 86% cxoxkocTi [9], 110 HE BiAMOBIAA€E MIHCHOCTI.

3 iHmoro 00Ky y BCiX MOBax IpOrpaMyBaHHS HMPHUCYTHI CKJIaJ0Bi KOHCTPYKLIH KOMaHI, SKi HE € cTa-
aumH. L{i ckIag0B1 MO3HAYAIOTh 3MiHHI, MITKH, (QyHKIIT, IKi CTBOPHB aBTOP MPOIPAMHOTO KOAY Ta IKUM HaJaB
Ha3BU 3a BJIACHUM PO3CYIOM. I paMaTHka MOB MpOTpaMyBaHHs JHILIE HAJa€ MEBHI OOMEKEHHS, ajie B LIJIOMY
i Ha3BH € Pe3yJIbTaTOM CYTO BJIACHOI (paHTa3ii aBTOpa mporpamu. SIKIIO 3MiHUTH JIMIIE HA3BU 3MIHHUX, ajie
He 3MIHIOBATH >KOJHOI KOMaHJM Ta iX MOCIiJOBHOCTI, TO Iporpama 1o CTpyKTypi Ta 10 CUHTaKCU4HiNA mo0y-
JIOB1 3QJIMIOTUTHCS TOH K€ camo, aje 3 TOYKH 30py IMOPIBHSHHS CHMBOIIIB TEKCTY, BOHA Oy/e MaTH BiIMiHHOCTI,
sIKI 3a(iKCYIOTh MPOTpaMHi 3aco0H, SKI pO3MIANAIOTh TEKCT, K JIITEpaTypHHH, TOOTO B IIbOMY pa3i Maemo
3aHUIKEHY OIIIHKY CXOXOCTI.

B sikocTi pukiaaa HaBeneMo (QYHKINO 0OpaxyBaHHs CTYIICHI YHCIIA:

power(base, n)

int base, n;

{

int i, p;

p=1

for (i=1;1<=n; +H)

p=p * base;

return p;

}

VY npoMy (parMeHTi MPOrpaMHOTo KOAY 3aCTOCOBYIOTHCS Ha3BU caMoi (DYHKIIT Ta 3MIHHUX: power, base, n,
i, p. SIKmIo iX 3MIHWUTH Ha IHIII, TO II¢ HE BIUTMHE Hi Ha MOCIIOBHOCTI KOMaH/I, Hi Ha CTPYKTYypy KOAYy, TOOTO BiH
3aJIMIIATECS HE3MIHHUM, TOOTO Ma€ TIOBHY CXOXICTh 3 TOYKU 30py MPOrPaMHOTrO KOay. AJie NMpH MOPIiBHSIHHS 32
JIOTIOMOTOI0 PI3HUX MPOTPaMHMX 3aC001B MOPIBHIHHS JITEPAaTyPHUX TEKCTIB I[LOTO ()parMeHTy 3 iHIIHM, JI€ YChOTO
JIAIIIE 3MiHEHI Ha3BH 3MIHHHUX, a CaMe:

stupen(number, k)

int number, k;
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{

intj,s;

s=1;

for j=1;j <=k; +4))

s =s * number;

return s;

}

OTpPHUMaHI OIIHKH CX0XOCTI Habarato meHiie 100%:

0% — Copyleaks (https://app.copyleaks.com/text-compare);

50.72% — Anytexteditor (https://anytexteditor.com/text-compare);

87% — Smodin (https://smodin.io/uk/;

TOOTO 3HOBY pe3yJbTaT HOPIBHAHHS Oyne HegipHuil.

Takum uMHOM, Jpyra roJoBHa BiIMiHHICTh TEKCTiB KOMITFOTEPHHUX MPOrpaM BiJl 3BUYAMHUX JiTepaTypHUX TEK-
CTIB Yy TOMY, L0 3aMiHa Ha3B 3MiHHUX Ta (DYHKIIH HE € CyTTEBOIO IS MOPIBHSIHHS CXOXKOCTI TEKCTiB KOMITFOTEPHUX
Iporpam, ane y ToM e 4ac BBXKAEThCS JOCTATHBOIO A1 BUSIBIICHHS BiIMIHHOCTEH y pasi, SIKIO TEKCTU MOPIBHIOKThCS
SIK 3BUYAiHI JiTeparypHi. SIKIIo He BpaxOByBaTH II0 OCOONMBICTH TEKCTIB KOMITFOTEPHUX MPOIPaM, TO OI[IHKA CXOXKOCTI
y pasi 3aCTOCYBaHHS MO BITHOIICHHIO JIO HAX THX K€ METOIB, IO 1 JUIS JTIITEPATypHUX TEKCTIB Oy/ie 3aHUKEHOIO.
3a3HauNMoO, II0 Yepe3 CHHTAKCHYHI 0COOIMBOCTI MOB MPOTPaMyBaHH, )KOIHUHN MIPOTPaMHIHA TPOAYKT IS
MTOPIBHSHHS JIITEPATYPHHUX TEKCTIB HA CXOXKICTh HE HAJa€ MPaBauBoi iH(QOpMaIlil Mpu MOPIBHIHHI TEKCTIB KOMIT'FO-
TEPHUX MPOTpaM, a TOMY IIPOTPaMH MOPIBHSHHS TEKCTIB HE MiAXOAATh ISl IPOTPaMHUX KOJIIB.

VY pobori [9] 3a3HaueHO, 1[0 HAacaMIlepea MPUYHMHA IIHOTO y TOMY, IO Yy IIMX IPOrpaMHUX 3aco0ax yBech
TEKCT NPH NOPIBHAHHI PO3MISIA€THCS OAHOPIAHUM, Y TOH Yac, SIK IpH MOPiBHIHHI TEKCTiB KOMITIOTEPHHUX ITPOTPaM
MIOBHUHHI PO3PI3HIATUCS CTAaHJAPTHI Ta KOPUCTYBAIbKi TOKEHH. IlepIiri MOXYTh 3yCTpidaTHCs Y TEKCTaxX KOMII'TOTEp-
HUX IIporpaM 0araropa3oBo, TOMY TiJIbKH IX HasBHICTh HE MOXe OyTH O3HAKOIO CXOXKOCTi. IIpH 11boMy mociifoB-
HICTh Ta B3a€MHE PO3TAlIyBaHHs CTaHAAPTHUX TOKEHIB MOXKE BUCTYIIATH, SIK Taka o3HaKa. CX0XKiCTh KOPHCTYBAIlb-
KHX TOKEHiIB, HABIAKU, MOXe OyTU CyTTEBOK) O3HAKOIO CXOXKOCTI TEKCTIB KOMIT'IOTEpHUX mporpaM. ToMmy crodaTky
y TEKCTi CHPIEBOI KOMITFOTEPHOI IMPOrpaMy MOBUHHI OyTH 3HAWICHI Ta MO3HAYeHI TOKCHU MEPIIOro Ta APYroro
THUITY, TOOTO BUKOHAHA JIEKCUYHA 3rOPTKA.

Po3risiHeMo oOyI0BY ITi€T 3rOPTKU HA IPHUKIIAML JesikuX kKoHCTpyKIii mosu C [11, ¢. 35-92].

3minHi. s Toro, mo06 npu moOy0B1 3rOPTKU YHUKHYTH «IIPUB’A3KM» 10 KOPUCTYBAILKUX TOKCHIB BBEIEMO
JUTS HUX TIO3HAYEHHS BEJIMKOIO JIiTeporo “V”, 3a sikoro Oyie ith udpa, sika Oy/ie mo3HayaTy THIT 3MIHHOT, a came:

1 —3miHHa po3mipom 1 Gaift;

2 — 3MiHHa po3MipoM 2 GaiiTy;

4 — 3MiHHa po3MipoM 4 Oaiitu;

8 — 3MiHHa po3MipoM 8§ OailTiB.

KoncranTu. Y rpamatu4Hoi 3ropTii Oyae mo3Hadatucs Beaukoro Jirtepoto “K”, mudpa 3a sxoro Oyne nosHa-
YaTH TUI KOHCTAHTH:

1 — miya 9Kcno;

2 —gucio 3 qpoOOBOIO YaCTHHOIO;

3 — CUMBOIIbHA KOHCTAHTa;

4 — cTpOKOBa KOHCTAHTA;

5 — KOHCTaHTa IepepaxyBaHHsI.

Jexnapanisi 3MiHHux. Ilo3Hagae TUN 3MIHHUX Teper iX BUKOpHCTaHHAM y mporpami [11, c¢. 36-37]. Ilpu
JeKyapariii BUKOPUCTOBYIOTbCS HACTYIHI CTaHmapTHi TokeHH: char, double, float, int, short, long, signed,
unsigned, const 3a SIKMMU 32 CHHTaKCUYHUMH NPABUIAMH HyTh Ha3BU 3MiHHHUX (KOPHCTYBAllbKi TOKEHH). 3aBep-
myeThest Oyab-sKa onepaiist y MoBi C CTaHIApPTHUM TOKEHOM «3». 3a MiJICyMKaMH 3TOPTaHHS OTPUMAEMO:

Tabmuns 1
Jlekcu4uHe 3ropTaHHs ONEPATOPIB JAeKJIAPYBaAHHS 3MiHHUX

OpuriHanBHIHA orepaTop

JlexcnyHa 3ropTKa orneparopa

int alpha, beta, gamma,; int V1, V1, V1,
char lambda; char V1;
float delta = 1.0e-5; float V4 = K2;

int teta = length+3;

int V1 = V1+K1,;

const char row [ ] = “example”;

const char V1 []=K4;

Apudmernuni Ta noriuni oneparopu (0inapui Ta ynapsi), omeparopu BitHomenns, xy:;kxu [11,c. 41-42].
VY HaBe#eHHX BHIIE MPHKIANAX ACKiIapalii 3MiHHUX B)K€ BHKOPHCTOBYBAJIUCS NEsKi apH(pMETHUHI OIepaTopu
Ta IyXKH. YCI Il TOKCH! € CTAHAAPTHIMH, TOMY y BUpa3aX 3aJIHIIAI0THCS HE3MiHHIMU.
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InkpemenTHi Ta nexpeMeHTHi oneparopu [11 c. 46]. Sk npedikcHi, Ta if MOCT(HIKCHI BapiaHTH LUX OIle-
paropiB BIAHOCATHCS JO MHOXKHHHU CTaHAAPTHUX TOKEHIB, TOMY 3ajMIIAIOTHCS HE3MIHHUMH, OJHAK OCKUIbKH
BOHM JOMAIOTHCS J0 3MIHHOI, fIka Ma€ Lije 3HaueHHs, TO BOHA € KOPHCTYBAallbKMM TOKEHOM. Tomy, Hampukiaja
BHUpa3u ++n Ta k-- micis BUKOHAHHS JIEKCUYHOTO 3rOPTaHHS OydyTh BiAMOBiAHO mepeTBopeHi y ++V1 ta V1--,
SIKIIO 3MiHHI N Ta K — omHOOAaiTHI.

Konctpykuis IF-ELSE [11, c. 55]. Mae cuHTakcuuHy noOy10BYy BUTIISAY:

if (Bupa3s)

IHCTPYKILiA,
else
IHCTPYKILis,

Tokenn if Ta else BimHOCATHCS 10 CTaHAAPTHHX, a Y CKIAl BHpasy Ta iHCTPYKIIH MPHUCYTHI SIK CTaHAAPTHI,
TaK i KOPUCTYBAIbKi TOKEHH.

Koncrpyknia ELSE-IF [11, c. 57]. Mae Burisn;

if (Bupa3)

iHCprKuis{l
else if (Bupas)
IHCTPYKILis,
else if (Bupasz)
IHCTpYKIIis,

else
_ IHCTpyKIis,
Ii cuHTaKCHYHMI BUITISL CXOXKUHN 3 TIONIEPEAHBO Ta € ii pO3BUTKOM, TOMY JICKCHYHA 3TOpTKa OyIyeThCsl aHa-
JIOT1YHO TIOTIEPETHIMH.
MMepemuxay [11, c. 58]. CuHTaKCUYHUHN BUIIISIL HACTYTTHUN:
switch (Bupas) {
case KoHCTaHTa abo BUpa3: IHCTPYKLii
case KoHCcTaHTa abo BUpa3: IHCTPYKLIi

default: incTpyKmIii

}

VY 1miii KOHCTPYKIIIi MPUCYTHI cTaHIapTHI TokeHU switch, case, default, {, }. KoncranTa € kopucTyBambkium
TOKEHOM, a Y CKJIaJ[i BUpa3iB Ta IHCTPYKIIii MOXKYTh OyTH MPUCYTHI TOKEHN 000X THUIIIB.

Huxaun WHILE 1a FOR [11, c. 60]. MaroTh BiJNOBIHI CHHTAKCHYH1 KOHCTPYKIIIi:

while (Bupa3s)

IHCTPYKILis

Ta

for .(Bnpa31; BHPa3,; BHpas,)

IHCTPYKIList

V 1Mx KOHCTPYKLIAX MPHUCYTHI cTaHnapTHi Tokenu while ta for. ¥V cknaai BupasiB Ta iHCTPYKLiA MOXYTh
OyTH MPHUCYTHI, K CTAHAAPTHI, TaK i KOPUCTYBALbKI TOKCHH.

Huxa DO-WHILE [11, c. 63]. Mae cx0)Ky KOHCTPYKIIIIO 3 TIOTIEPEIHIM:

do

THCTPYKITis

while (Bupa3);

VY cknani npucyTHi crannaptai TokeHn do Ta for, a y ckimani iHCTpyKmii Ta BUpa3y TOKEHH 000X THIIIB.

3a3HauNMoO, 10 BC1 KOHCTPYKIIiT IIUKJIIB, @ TAKOXK MIEPEMHKada MOXKYTh OyTH JOMOBHEHI onepatopamu break
Ta continue [11, c. 64 — 65], sKi € CTAHAAPTHUMHU TOKCHAMH. TaKoX y BHIIAAKY, KOJIU Y CKJIaAi KOHCTPYKILiH 3 yMo-
BaMH a00 IUKJIIB 3aMiCTh OJHI€] IHCTPYKILii BUKOPHCTOBYIOThCS JIEKiNbKa, BOHU OOMEXYIOTHCS ONEPATOPHUMU
JOyXKKaMH {...}, AKi TAKOXK € CTAHJAPTHUMHU TOKEHAMH.

Mitku. MiTK IO3Ha4al0Th IIEBHI MICIIsl y IPOrpami Ta MaroTh Ha3BY, CXOXKY Ha HAa3BM 3MiHHHX, 3a KOO Hie
nBokparka [11, ¢. 66]. Ha3a MiTKH BITHOCUTBCS 10 KOPHCTYBAIIBKUX TOKEHIB, TOMY BBEIEMO U HUX [TO3HAYCHHS
BEJHKOIO JiTepoto L. /IBOKparka 3aaummThCs He3MIHHOI0, 00 BOHA — CTAaHOAPTHUH TOKeH. [ mepecyBaHHS 10
MIEBHOT MITKH BUKOPHCTOBYETHCS KOMaH/Ia g0to 3a KOO BKa3yeThCsl Ha3Ba MITKH. KoMaH/a BiTHOCHTECS IO CTaH-
JAPTHUX TOKEHIB, & MiTKa — JI0 KOPUCTYBAIbKHUX.

PosmistHyTi omeparopu Ta KOHCTPYKIII CKJIANAIOTh JUIIE MiIAMHOXHHY YCiX MOXJIMBUX CIIOJY4YCHb
y MoBi C, ajie nbOoro IiJKOM JOCTaTHBO, MO0 MPOJEMOHCTPYBAaTH HAa MPUKJIIAI TIPOIeC MOOYIOBH JEKCUYHOT
3TOPTKH.

Hexait Maemo HacTynHuit pparmeHT nporpamu Ha MoBi C, y skoi paxyeThcst unciao duboHaudi 3a HOMe-
pom N:
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int Fun(int N) {

intA=1;
intB=1;
int C=0;
if (N <=2)

return 1;
else

for (int J = 3; J <=N; J++)

C=A+B;
A=B;
B=A;
¥
¥
return A;

}

VY upoMy pparMenTi npucyTHi i 3minHi A, D, C, N, J Ta Ha3Ba ¢yHkii Fun Yci BOoHM HanexaTh 10 KOPUCTY-
BallbKUX TOKEHiB, a came V1. Takox MpUCYTHI KOHCTAHTH Yy BUINISAI IIJTMX YHCET — KOPUCTyBaIbki TokeHH K1.
Pemra — crannaptHi TokeHr MOBH C. JIGKCHYHA 3rOpTKa IIbOTO PParMEHTY Ma€ BUTIISAL;

int VI(int V1) {

int V1 =KI1;
int V1 =KI1;
int VI =Kl,;
if (V1 <=K1)

return K1;
else

for (int V1 =K1; VI <= V1; VI++)

V1=V1+VI;
V1=VI,;
V1=VI;
}
}
return V1;

}

3a3HauNMO, IO L0 3rOPTKY MOXKHA HAJaTH Y BUIVIAI PSIKA, OCKUTEKH Y JaHOMY pasi 30epiracThest OCIioB-
HICTh T4 BiTHOCHE pO3TalllyBaHHS TOKCHIB.

int VI(int V1) {int VI =K1; int V1 = K1; int V1 = K1; if (V1 <= K1) return KI; else {for (int VI = KI;
VI<=VL, VI++) (VI=VI+VL,VI=V1;VI =VI; }} returnV1;}

VY TakoMy BUINISAL BiH OLTBII KOMIAKTHUH IS PO3IIISAY, X04a SIK TEKCT BiH aOCOIIOTHO TOTOXHHH. Tomy,
SAKIIO IPYTHHA TEKCT, CXOXKICTh 3 IKUM TIEPEBIPSAETHCS, TAKOXK Oy/ie MPUBEIECHHUH 10 CBOET JIGKCHYHOT 3rOPTKH, TO iX
MOPIBHSHHS 3BOAUTHCS 10 TPUBIANBHOI 3a/1aui, a caMe MOLTYKy BXOKEHHS OIHOro (hparMeHTy y inHmmuil. Tobto,
SIKIIO Oy/le BUKOPHUCTaHA caMe Taka MOCIiI0BHICTh ONIEPaTOpiB MOBH IIPOrpaMyBaHHs, TO CXOXICTh Oyzie 3HaiieHa,
HaBITh SKIIO HA3BU 3MIHHHUX OyAyTh IHIIUMH. 3BUYANHO, 1JI MPUKIaly BUOpAaHUA KOPOTKUH (pparmMeHT Koay, Ae
JMIIE AeMOHCTPYIOTHCS MPUHIMIN JIEKCUYHOI 3rOpTKH. SIKII0 parMeHT Oyae JOBIIUM, TO aJlTOPUTM MOPIBHIHHS
Oyzie ORI CKIIQJHUM, ajie [ie Oyae PO3IISHYTO OKpPEMO y MaHOyTHhOMY JTOCITIKEHHI.

BucHoBkH. AHaI3 TAXO/IB JI0 OIIHIOBAHHS CXOXKOCTI TEKCTIB KOMIT'TOTEPHUX MPOTPaM Ta pe3yibTaTh eKC-
MIEPUMEHTAIBHIX TOCTIKEHb MAfOTh MiICTaBU IS HACTYIHUX BUCHOBKIB!

Yei nporpaMHi 3acO0H 711 aHATI3y CXOKOCTI TEKCTIB IEMOHCTPYIOTH CIIOTBOPSHHH PE3y/IbTaT, OCKIIBKH TPH-
3HAYeHI JUIS MMOPIBHSHHS JIITEPaTypHUX TEKCTIB Ta HE BPAXOBYIOTh CHHTAKCHYHUX OCOOIMBOCTEH TEKCTIB KOMIT'FO-
TEPHHUX MPOTpam.

3anponoHoBaHa METOAMKA OTPUMAaHHS JIGKCUYHOI 3rOPTKH TEKCTIB KOMIT'FOTEPHHUX MPOTPaM, 3 K01 MITyYHO
MpUOUPAIOTECS] KOPUCTYBAIbKI TOKCHH, aJie 3aIHUIIAI0ThCS CTAaHJAPTHI TOKCHU.

IIponemoncTpoBaHo (GopMyBaHHSA JEKCHYHOI 3TOPTKH Ha MPHUKIAJi OCHOBHUX KOHCTPYKLiH MOBH Iporpa-
myBanHA C Ta ¢pparmMeHTy nporpamMuoro koxy. Llei minxin moxe OyTH MOLMIMPEHUH Ha 1HIII MOBU IPOTpaMyBaHHS.
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HIBEJIOBAHHSA EJEKTPOMATHITHOI BPA3JIUBOCTI IH®OPMAIIIL
3 OBMEXEHHUM JOCTYIIOM

Y cmammi npedcmaeneno 0ensio docuioxcenn, NPUCCAUEHUX YXBATLEHHIO PiuteHb 3 NO3UYill pusuk-ingopmayiinoi besnexu
cyKynrocmi 06 ’ckmis kpumuynoi ingppacmpyxkmypu. Ha oanuii uac, wo xapaxmepusyemvca HeMuHy4icmio HaCMynayux 2aps-
yux a3 ingopmayitinux eitin, acnexmu be3nexu nPoAGIAMbCA 8 YCix chepax coyiymy: 8i0 HOOYMosuUX 00 HAYKO8O-BUPOOHUYLLX,
0e 0OMIHYIOUO10 RPULIHAMO 86aJCAMU DE3NEKY epIICcasi, CyCnilbCmed, MOOUHU. Y MaKoMy KOHMeKCMi 3HAYUMICIb OYIHIOBAHHS
cmany 6e3nexu 6y0b-AKUX CYHACHUX 00 €KMIB, Nepu 3a 6ce KPUMUUHO BANCIUBUX 00 'cKmi6 3 ix iHgopmayiinumu ingpacmpyx-
mypamu, 3a0e3nedeHHsamM NOSHOMYU Ma 00CMOGIPHOCI HpopmMayii y 3a0isHUX KOMN 10MePHUX MePeXNCax 3 3acobamu 004ucIo-
BATLHOI MEXHIKU, 3a62COU aKMyanbHa i HeoOXiOHa, 3azpo3u iHopmayiiiHum pecypcam HeoOXIOHO po3enadamu sk ROMEHYIIHO
MOJNCTUBI BUNAOKU AHMPONO2EHHO20, MEXHOLEHHO20 A00 NPUPOOHO20 (CIMUXIIHO20) XAPAKMEPY, Wo MONCYMb CPUYUHUMY
Hebadcanuii 6nue Ha ingopmayitino-menexomynikayitiny cucmemy. Ilpogedeno ananiz nomenyitinux ddicepen e1eKmpomacHin-
Hoi 8pasnugocmi ingopmayii, 00podII0BaHoI 3aco0bamu 0O4UCTIO8ATHOT MexHIKL. [lemani3oeano nomeHyitiHi 8apiaHmu UmMoKy
inghopmayii 3a paxyHox He6aNCAHUX eNeKMPOMAZHIMHUX GNIUBIE (GUNPOMIHIOBAHb | HABEOEHb) MUNY NAPA3UNHUX e1eKMPOMA2-
HIMHUX 6UNPOMIHIOBAHL MA HABeOeHb. Po32naHymo nepcneKmueHi 3axXucti 3axo0u wjooo Hieel08aHHs MAKUX 6NIUGIE Y U0l
CMBOPEHHsL pedicumy be3exo6ocmi ma 000amKo8020 eKpAHY8anHs, AKi 3a0e3neuyiomy MIHIMI3ayilo He2amusHUX HACTIOKI8 Ha
odocmosipricmu, yinichicmy i KoH@ioeHyitinicmy iHghopmayii, 06podI08anol 3acobamu 00UUCTIOBATLHOT MeXHIKY. 3anponoHo-
BAHO MEXHON02II0 OYIHKY NAPAZUMHUX BUNPOMIHIOBAHD 34 MEJICAMU KOHMPOIbOBAHOI 30H1 00 €KMA 3ac06aMU 0OUUCTIOBATBHOT
MeXHIKU AK 015 6UNAOKy MOOITbHOI (3a donomozoto Oponis) ii peanizayii, max i O CMAYiOHAPHUX 6APIAHMIE BUKOPUCHIAHHSL
KOHMPOTbHO-8UMIDIOBATLHOI anapamypu 3 aemoMamuyHol0 iHOUKAYIEIO0 CUSHATY MPUSO2U HPO NepesuujerHs 0onyCImumMo20
DiGHSL UIMOKY NAPA3UMHUX eeKMPOMACHIMHUX URPOMIHIOBAHb. Y YaACMUHI, Wo COCYEMbCs BUMOKY iHgopmayii mexnivnumu
Kananiamu 06 ekma ingopmamuszayii, MONCHA 3HAUHO HIBEIOBAMU eeKMPOMACHIMHKI 8DAZTUBOC CIYIHCO060T iHGopmayii, wo
BUHUKAIOMY NIO uac pobomu 3acobie 0OYUCTIOBATbHOT MEXHIKUY, Peani3yiouu 6I0N08IOHI 3ax00u RPOMuUdii odo HedoCmamHb020
eKpanyBanHsa, NOOIUHUX eNeKMPOMACHIMHUX BUNPOMIHIOBAHb MA HABEOEeHb, MA HECAHKYIOHOBAHO20 BUKOPUCIANHA ) 3aC00ax
00UUCTIOBANLHOT MEXHIKU BUCOKOYACTOMHO20 ONPOMIHEHHS.

KiuttouoBi cnoBa: pusux, 00’exm kpumuuHoi iHppacmpykmypu, pusux-inopmayiina Oe3nexa,0poH, e1eKmpoMaeHimHa
8PA3IUBICD.

Tarasenko Yu. S. Mitigating the electromagnetic vulnerability of restricted information

The article presents a review of research on decision-making from the perspective of risk-information security of a set
of critical infrastructure facilities. At present, characterized by the inevitability of the coming hot phases of information wars,
security aspects manifest themselves in all spheres of society: from domestic to scientific and industrial, where the security of
the state, society and the individual is considered dominant. In this context, the importance of assessing the security of any
modern facilities, primarily critical facilities with their information infrastructures, ensuring the completeness and reliability
of the information in the involved computer networks with computer facilities, is always relevant and necessary, Threats to
information resources should be seen as potentially possible cases of man-made, man-made or natural (natural) nature, which
may cause undesirable effects on the information and telecommunications industry. The analysis of potential sources of electro-
magnetic vulnerability of information, processed by computer facilities, is performed. Potential variants of information leakage
due to undesirable electromagnetic influence (radiation and pickups) of parasitic electromagnetic emission and pickups type
are detailed. Perspective protective actions on leveling such influences in the form of creation of a mode of anechoic stability
and additional shielding which provide minimization of negative consequences on reliability, integrity and confidentiality of the
information, processed by means of computer techniques are considered. The technology of a parasitic radiation assessment
outside the controlled area of the object by computer aids is offered both for mobile (by means of drones) its realization and
for stationary variants of control and measuring apparatus usage with automatic indication of alarm signal about exceeding of
acceptable level of a parasitic electromagnetic radiation leakage. In the part relating to information leakage through technical
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channels of the object of informatization, it is possible to considerably level the electromagnetic vulnerability of service infor-
mation, occurring during operation of computer facilities, by implementing appropriate countermeasures against insufficient
shielding, incidental electromagnetic radiation and induction, and unauthorized use in computer facilities of high-frequency
irradiation.

Key words: risk, critical infrastructure facility, risk and information security, drone, electromagnetic vulnerability.

Beryn i moctanoBka mpo6semu. Ha nanuii yac, mo xapakrepu3y€eThCss HEMUHYUICTIO HACTYIAIOYHX Tapsi-
gyux (a3 iHpopMalifHIX BilfH, aCIIEKTH Oe3MeKH MPOSBISIOTHCS B yCiX cepax coliyMmy: Bi MOOyTOBUX A0 HAy-
KOBO-BHPOOHHYHUX, JI¢ JOMIHYIOUOIO NPUIHITO BBa)XKaTH OE3MEKy ACP)KaBHU, CYCIIIbCTBA, JIOAUHHU. Y TaKOMY
KOHTEKCT1 3HAUUMICTh OI[IHIOBAaHHS CTaHy Oe3Neku Oy[b-sIKUX CydacHHX 00’€KTiB, MEpPII 3a BCE KPUTUIHO BaXK-
nuBux (KBO) 3 ix inpopmauiitnumu inppactpykrypamu (II), 3a6e3nedeHHsIM TOBHOTH Ta JOCTOBIPHOCTI iH(OP-
Malii y 3alisiHUX KOMII IOTEpHUX Mepexkax 3 3acobamu oOunciioBanbHOI TexHiku (30T), 3aBkAu akTyallbHa
1 HeoOXiHa, 110 BarOMO IMiATBEPAKY€ETHCS MPUAHATTIM 3akoHy Ykpainu [1]. [Ipudomy «BigHECeHHS 00’ €KTIB 10
KPUTHYHOI iHPPACTPYKTYpH 3MIHCHIOETHCS 38 CYKYITHICTIO KPUTEPIiB, 10 BU3HAYAIOTH 1X COIIAJIbHY, MOTITHYHY,
€KOHOMIYHY, €KOJIOT1YHY 3HAUYIIICTh JJIs 3a0e3MedeHHs] 00OPOHH KpaiHu, OE3IeKH TPOMaJIsH, CYCIIBCTBA, Jep-
JKaBU 1 MPaBOTOPAIKY, 30KpeMa JUIsl peallizallii KUTTEBO BaXIIMBUX (PYHKIIH Ta HAaJlaHHS XUTTEBO BAKIHMBUX
MTOCIIYT, CBITYaTh PO ICHYBAaHHS 3arpo3 I HUX, MOXIJIMBICTh BAHUKHEHHS KPH30BUX CUTYAIlill Uepe3 HeCaHKIIi-
OHOBaHE BTPYYaHHS B X (pyHKIIOHYBaHHS, IPUIUHEHHS (yHKI[IOHYBaHHS, JTIOACHKUH (aKTOp YU NPHUPOAHI JINXA,
TPUBAJICTh POOIT /I YCYHEHHS TaKWX HACIHiIKIB 0 MOBHOTO BiTHOBIIEHHS IITAaTHOTO pexkumy» [1, cT. §, m. 2].
Tomy, 3arpo3u iHhopMaIiiHUM pecypcaM HEOOXiTHO pO3ITISAATH SIK MOTSHIIITHO MOXKITMBI BUTIAJKH aHTPOTIOT€H-
HOTO0, TEXHOTEHHOT0 a00 MPUPOJHOTO (CTUXIHHOTO) XapakTepy, [0 MOXKYTh CIPUYNHUTH HEOAKAHHUN BILTUB Ha
iH(popManiliHo-TenekoMyHikauiiny cuctemy (ITC), a Takox Ha iHpopMartito, sika 30epiraerbes B Hill [2]. Bunuk-
HEHHsI 3arpo3u, TOOTO BiJHAXOKECHHS JDKEpPEIa aKTyalli3amii MEBHUX MOMAIN Y 3aTpO3H, XapaKTePU3Y€ETHCS TAKHM
€IIEMEHTOM, K BPa3JIUBICTh. Bpa3muBicTh 3a3BUYail pO3yMi€ThCS K cIaOKUii MOMEHT iHPOPMAIiITHOH cHcTeMu
(IC), Ha oCcHOBI K0T MOXIIMBA YCITIIITHA peatizallis 3arpo3u. 31 cBOro OOKY, 3arpo3a — Iie MOTSHIIIHHO MOXITNBa
OIS, Jisl, IBUIIE YK TPOIEC SIKI MOXYTh 3aBIaTH IIKOIU CHCTeMHOMY pecypcy [3]. Came 3a HasslBHOCHOCTI
Bpa3IIMBOCTI, K TIEBHOT XapaKTEPUCTHKH CUCTEMH, BiJJOyBAEThCS aKTUBI3aIlis 0a30BUX (HAWOIIBII MTONTHPEHUX )
3arpo3 Oesmeni iHGopmMarii: ToCTymHOCTI (PO3KPUTTS IHYOPMALIHHUX pecypciB Ta HECAHKIIIOHOBAHOTO JOCTYITY
JI0 HUX); IUTICHOCTi (YMHCHHH aHTPOIIOTCHHHUI BIUIMB); KOH(iAEHIIITHOCTI (BUKpaaeHHs, yTpara iHdopMmarii
Ta 3aco0iB ii 0OpoOKH).

3arpo3u JOCTYIHOCTI 1 HidicHOCTI iH(popManii oB’sA3aHi 3 HEIPABOMIPHUM BIUTMBOM Ha Hei y BUIISAAL (hak-
TOpiB (SIBUI, Ailf 200 MPOIECY), PE3YIBTATOM SIKUX MOXKYTh OyTH HECAaHKI[IOHOBaHE 3HHUIIEHHS, MOAU(IKaIIis (cIo-
TBOpEeHHs abo miaMmiHa) abo OMoKyBaHHS JOCTymy 10 iHopmarii. 3arpo3u koH¢igeHniiHOCTI iHpopMalii peati-
3YIOTHCS 32 JOTIOMOTO0 BUTOKY iH(opMamii y BUINISAAI HEKOHTPOIEOBAHOTO TOMIMPEHHS IMi3aXUCHOT iHpOopMaIIii,
y pe3yJabTaTi 90ro MOXIIMBUM € HECAHKIIIOHOBAHUH O Hel AOCTYI i 1i po3roJomIeHHs! 3al[iKaBICHAM Cy0’ €KTaMm,
y TOMY YHCII JepKaBaM, IHO3EMHUM PO3BIIKaM, FOPHIUIHUM 1 Qi3uaHuUM ocobam. Peaizariis Takux 3arpo3 3abes-
MEYy€ETHCS TEXHIYHUMHU (armapaTHUMHU ) 3ac00aMu BUSBIICHHS, TpUHAOMY (TIepexBary ), pericTpallii Ta 00poOKH iH(pop-
MaTHBHUX CHUTHAJIIB 1 € HAHOIIBIII BIMIHHOIO pUCOO Oy/b-s1K01 TexHiuHOT po3Binku (TP) 06’ekriB iHhopmaru3arii
(OD). ITixm Ol mpuitHATO PO3YMITH CYKYIHICTh iH(pOpMaIiitHUX pecypciB, 3aco0iB i cucteM 0OpoOKHU iHpOpMaIIii
y BIINOBITHOCTI 70 33JaHOi iH(pOpMaiiHOI TEXHOJIOTI, BKIIOUAIOYH OyHiBJIi, CHOPYAH, IPUMILICHHS 1 TeXHI4HI
3aco0H, y SIKHX 1Ii 3ac00M Ta cucTeMu BcTaHOBNIEH. IIpu nboMy 00’ exTH iHpOpMaTu3aliii, Ha IKux o0poOka iHGpop-
Mallii 31iiCHIOEThCS 3 BUKOPUCTAHHAM 3ac00iB oduucmoBanbHoi TexHiku (30T), HasuBatoTs 00’ ektamu 30T.

AHaJji3 ocTaHHiX gocaikens i myoaikamiii. B 2003 poky 0yno 03BydeHo «ApXiTeKTypy Oe3meKu IJIsl cuc-
TEM, IO 3a0E3MEeUyIOTh 3B’S30K MK KiHIIEBUMH MPHCTPOSIMU», (HaKTHIHO BIepIiie OyJ0 BH3HAYCHO METOIOIIO-
rifo opranizamii iHQopMaIiitHOT Oe3MeKN TEICKOMYHIKAIHUX cucTeM [4]. 31 CTBOPEHHS LU(PPOBUX MEPEK iHTE-
IpajbHOTO 0OCITYrOBYBaHHS 1 TEXHOJIOTIT acCHHXpOHHOTO MeTony mnepenadi (ATM — Asynchronous Transfer Mode)
rmoyaJIacsi peajizallis TPaHCIIOPTHOTO MEXaHI3MYy JIJIs Tiepeaadi ycix BuaiB iHdopmairii 3 QoS (Quality of Service).
Ix mpencraBnenns y eauroMy mudposoMy (GOpMaTi 3 BUIIEHHSIM MOTPIOHEX PecypciB Mepeski, sKi TapaHTYIOTh
QoS mepen moyatkoM repenadi iHpopmailii KopucTyBada, € 000B’I3KOBUMH KOMITOHEHTaMu TexHoJjorii [P/MPLS
(Internet Protokol / Multiprotocol Label Switching — MynsTHIIpOTOKONIBHA KOMYyTallis 3a mitkamu) i ATM. Jlana
apxiTekTypa 0e3MeKH 3 TapaHTOBAHOIO SKICTIO oOciyroByBaHHA QoS mepenbadyBajia po3MOAITICHHS YCiX pecyp-
CiB TEJIEKOMYHIKaIIHHUX CHCTeM (KaHAJH 3B’S3KY, IPOrpaMHO-aNapaTHi KOMIIJIEKCH, JOAATKHY 1 T.J.) Ha HE3aJICKHI
Moyl 3axucty iHdopmanii. Ilpu 11bOMy KOXXEH MOIY/Ib MOBHHEH 3aJ{0BOJIBHATH 33JCKIApOBAHUM IMapaMeTpaM
iH(popMaLiifHOT Oe3MeKu.

Haxanb, Oynp-sika, HaBITH TIMOTETUYHO HAIHAAINHA, CHCTeMa 3axHCTy iHQopwmarii Bii HABMUCHHX a00
BHMAIKOBUX BIUIMBIB MPHUPOJHOTO a00 IITYYHOTO MOXOKCHHS HE 3/1aTHA MOBHICTIO 3a0€3MEUNTH PeXUM Oe3red-
HOTO (DYHKIIIOHYBaHHSI K Cy0’ €KTiB TeHepyBaHHs iHPOpMAITii, Tak 1 11 MATPpUMYY0i iIHPpacTpykTypu. OUeBHIHO,
0 JIOUIJIBHO TOTMEPE/PKYBATH, HIXK OTPUMYBATH HACHTIIKU 1H(OPMAIIHHOTO MPOTHOOPCTBA B Cepi NOCITHEHHS
OJTHOCTOPOHHIX IepeBar 3J0BMHUCHHKOM IIPY OTpHUMaHHi, 300pi, 00poOIli Ta BUKOPUCTaHHI iHpopMaIlii oOMexe-
HOTrO Joctyiy. Tomy, cepen OUTBIIOTO Pi3HOMAHITTS JIEMACKYHOUYHX O3HAK BPa3lUBOCTI iH(opMarlii, Hacammepesn
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JIOIUIBHO PO3MISAATH MOXKIMBOCTI HiBETIOBAHHS p13HOMaHlTHI/IX CIEKTPUYHUX 1 eJ'IeKTpOMaFHlTHI/IX BUTOKIB, SIKi
MO’KHA BBAKATH OCOOIMBO LIKiIJTMBUMU. [X peaizallis MoxkIiBa Ha Oy/Ib-KOMY ITiMPUEMCTBI, 110 BHKOPHCTOBYE
KOMII FOTEpH, CEpPBICHI CTiiiku, Mepexi. [Ipy 11bOMy OCHOBHMMHU MPHUYUHAMYU BHHUKHCHHS €JICKTPUYHHUX KaHAIIIB
BUTOKY iH(opMallii € HaBeieHHs iH()OPMATUBHUX CUTHAJIIB, 1] SKUMHU PO3YMIIOTh CTPYMH 1 HAIIPYTH B CTPYMOIPO-
BiJHUX €JIEMEHTaX, II0 BUKJIMKAIOTH iH(OPMATHBHI Ta He iH(opMaTHBHI MOOIYHI (Iapa3uTHI) eNCKTPOMArHITHI
urnipominioBanus (ITEMI), 1o npu3BoaSTh 10 TOJATKOBHX €MHICHUX 1 IHAYKIIN. MApa3UTHUX €JICKTPOMATHITHUX
BHITPOMiHIOBaHb Ta HaBeneHb ([IEMIH).

Pe3yabraTn qociaimkenns. Sk nmpapmio, 6a30BUM JKEpEoM iH(GOPMAIITHOTO CHTHAITY € 3aCO0M 00YHCITIO-
BaJIbHOI TEXHIKH, SKHM BJIACTHBa MMOOIYHA TeHepallis Napa3uTHUX €JICKTPUYHUX 1 €IIEKTPOMArHiTHUX BUIIPOMIHIO-
BaHb 1 HaBeneHb y BUrnsiai IIEMI ta ITEMIH. BuxopucroBytoun mi cymyTHi ¢i3udHi sBHIa, MoxxHA 3acobamu TP
BIUTy4YaTH Oynb-sIKy iH(OpMAIiro 0OMeXeHOro 10cTymy, ska o0pobmoeTrses 30T, Jlanuii mpouec NpuitHATO HA3H-
BaTy BUTOKOM iH(opmariii. s Taxoi iHpopmariii HaitOiIbI1 3HAYUMUMH (aKTyalbHUMM) € HACTYIHI ()OPMU BUTO-
kiB: 1) posronomenHs iHpopMallii, TOOTO nepeaaqa Hocis iHopMmalii cTopoHHIH 0cobi (HaBMuUCHE) a00 00poOKa
iHpopmauii Ha 30T y nmpucyTHOCTI CTOPOHHBOI 0coOM (HEeHaBMUCHE); 2) HecaHkuioHoBaHui noctyn (HCH) mo
iH(popMalii, HATPUKIIAA HMUITXOM: PO3KPHUTTS CHUCTEMHOTO 6J101<y 30T i BHITyqCHHS HDD JWCKY JUist KOITIOBaHHS
(pizmunmit); ckumy BcTaHOBIEHHX MapamerpiB BIOS ta 3MiHOIO np10p1/1TeTy MOCTITOBHOCTI 3aBaHTa)KCHHS HOCIS
3 HACTYIHHM 3aBaHTKCHHSIM aIBTEPHATHBHOI ONEpamiiHOI CHCTEMH 1 KOIiIOBAaHHSM IIiKaBOi 1H(1)0pMau11 Ha
flash-HakonmuyBau (nporpaMHo amaparHui); BupoBamkeHHs B 30T mkigmueux nporpam i 3aidcHenns HCJ
1o iHdopmMariii abo ii KomiroBaHHS (HpOFpaMHI/II/I), 3) BHKDAICHHS HOCITB iH(popMallii; 4) pO3MOBCIOIKESHHS (BI/ITIK)
1Hq)opMau11 M0 TEXHIYHUM KaHallaM HpI/IMII_HeHI: a0o 00’ekTiB (OymiBeb, cropya, TEXHIYHUX 3aCc00iB), B SKUX IIi
3aco0H 1 crucTeMu OOYMCITIOBANILHOI TEXHIKM BCTaHOBIIEHI. [Ipy 1IbOMY MiJi TEXHIYHUM KaHaJIOM BUTOKY iH(opMma-
il (TKBI) po3ymiroTe CyKyIHICTE 00’€KTy pO3BiJIKH, TexHiuHOTO 3aco0y po3Binku (T3P), 3a momomororo sxoro
no0yBaeThes iH(pOpMAIList PO IeH 00 €KT, 1 (HI3UIHOrO cepeoBUINa, Y SIKiil PO3NOBCIOKY€EThCs iH(pOpMaLiiHIHA
curnai. Ilo cyrti, migx TKBI po3ymitots cniocid orpumanns 3 gonomoroo T3P pospimyBanbHOi iH(pOpMAILii mpo
00’ext. [Ipuuomy miz po3BigyBaibHOIO iHPOPMAIIIEIO 3a3BUYall pO3YMIIOTh JaHi Y CYKYIHICTh JaHUX PO 00’ €KTU
PO3BIIKK HE3aJEKHO Bill POpMY iX IPEACTABICHHS.

VY 3aJeKHOCTI BiJ MPUPOAN BUHUKHEHHS iH(QOPMATHBHOTO CHUTHAIY TEXHIYHI KaHAJIH BHTOKY iH(opmarii
MOYKHA PO3JIUTMTH Ha HATypasbHi Ta CIeliaIbHO CTBOPIOBAHI.

HarypaipHi KaHaT BUTOKY 1H(pOpMAIlii CTBOPIOIOTHCS: 1) 32 paXyHOK MOOIYHHUX €JIEKTPOMArHITHUX BHITPO-
MIHIOBaHb, III0 BUHUKAIOTH Ipu 00poo1i iHpopmartii 30T (110 i MpUAHATO HA3MBATH EIEKTPOMArHITHUMH KaHAJIaMH
BUTOKY iH(popmarii — EMKBI). OcHoBHIMHN npuunHaMy iX BUHUKHEHHS €: — MOOiIYHI €JIeKTPOMArHiTHI BUIIPO-
MIHIOBAaHHS, 10 BUHUKAIOTh BHACIIIOK MPOTiKaHHS iH(OPMAaTUBHUX CHUTHAIIIB IO €JIEMEHTaM TEXHIUYHHUX 3ac00iB
1 cucTeM, sKi 6e3nocepenHbo 00pobIIoI0Th iH(opMariiro ooMexernoro goctymy (TCOI); — momynsis iHpopmaTus-
HUM CUTHAJIOM MOOIYHMX €JIeKTPOMAarHiTHUX BHIPOMiIHIOBaHb BUCOKOYAcTOTHUX TeHepaTtopiB TCOI; — momyss-
1is iHpOPMATUBHUM CHUTHAJIOM Mapa3sUTHOTO eleKkTpoMarHiTHoro BunpomineHHs: TCOI (Hampukniaz, sike BUHUKAE
BHACIIJIOK caMO30y/KEHHS ITiICHIII0BadiB HU3bKOI YacTOTH); 2) BHACIIJOK HaBEJeHb 1HPOPMATUBHUX CHUTHAIIB
y JiHIAX eleKTpoxuBiIeHHS i 3a3emieHHs 30T, 3’e¢IHyBaIbHUX JIIHISX JTOMOMIKHUX TEXHIYHHAX 3aCO0IB I CHCTEM
(ITCC) i cTOpoHHIX MPOBITHUKAX Yy BUDIAAI METAIIYHHX TPyO CHUCTEM OMaJieHHs, BOMOMOCTAYaHHs, OyIb-sIKHX
METAJOKOHCTPYKIIIH 1 T.JI., O 1 NPUHHATO HA3WBATH €ICKTPUIHUMH KaHalaMHu BUTOKY iHpopmanii (EKBI).

Jlo crieniajJbHO CTBOPIOBAaHUM KaHAIaM BUTOKY iH(pOpMaIlii BITHOCATH KaHAJIH, peati30BaHi MUISXOM BITPO-
BajpkeHHS B 30T eNeKTpOHHUX 3aKJIaJHUX MIPUCTPOIB MepeXoruieHHs iHGopMaIii abo MIITXOM BUCOKOYACTOTHOTO
ONPOMiHEHHS 3aC00iB 0OUHCITFOBAILHOT TEXHIKH.

3 mo3umiit kibepOesnexu [T-iHGpacTpyKTypu NpuHHITO aHATi3yBaTH iH(pOpManiiiHy Oe3NneKy 3 BUKOpHUC-
TaHHSM JIBOX CIIOCO0iB: ayauTy cucTeMu abo IPOBEICHHS TECTiB Ha MIPOHUKHEHHS (penetration test, pentest)
[5,6]. Lli TecTn Ha IPOHUKHEHHs a00 MEHTECTU Peani3yloThb METOJ OI[iHKM Oe3NeKH KOMII'IOTEpPHUX CHCTEM
abo Mepex 3acobamMy MOJICNIIOBAHHS aTaky 3JI0BMUCHHKA. 3 MO3ULIN KibepOe3nekn 00’ €KTiB KpUTHYHOI iH(pa-
ctpykrypu (OKI) HiBemOBaHHS TakuX 3arpo3 3a CBOEIO CYTHICTIO MAalOTh OaraTorpanHy chepy IisibHOCTI,
BKJIIOYAIOUM M 0araTONIMKWN apceHan TEXHIYHUX 3ac00iB po3Bijok. OCHOBHA iX BiJAMIHHICTH BiJ JIerajJbHOI
PO3BiJKH, sika 100yBae iH(GOpPMAIFO PH Pi3HOMAHITHHX OQIMIHHUX 3B’S3KaX 1 KOHTaKTax i3 3aco0iB Maco-
BOi iH(opMaIlii, TOB’si3aHa 3 BHKOPUCTOBYBAHOKO CIIEIaNlapaTyporo i criocobamMu BeJeHHS PO3BIIKU. 3a3BUYai
k TCP BigHOCATH TaKi BUJIW PO3BIJOK: PaJIOCICKTPOHHI, TiPOAKyCTHYHI, aKyCTHUYHI, ONTHUKO-CJIEKTPOHHI,
Bi3yaJIbHO-OINITHYHI, XIMi4Hi, paaialiiHi, ceicMivHi, MATHITOMETPUYHI, KOMIT I0TepHI, (poTorpadiuHi Ta iX pi3-
HOBUAM. 30KpeMa, paaioenekTpoHHa po3Bigka (PEP) mo3Bomsie oTpuMyBaTu iH(pOpMAIio MIIIXOM IpUioMy
Ta aHaji3y elekTpoMarHiTHoro sunpoMinerss (EMB) panioaiana3ony, CTBOPIOBAaHOTO Pi3HOMAHITHUMH paji-
OEJIEKTPOHHUMH 3aCO0aMU.

Besnepeuno Bci ni TCP HampasneHi Takox 1 Ha 00’ €kTH iHpOpMaIiitHoi Oe3neku, 1o 00’ eqHYI0Th iHpOopMa-
LilH1 pecypcH, KaHanu iHQopMaliifHOro 0OMiHy Ta TeJIeKOMYHIKalil, MexaHi3MH 3a0e3neueHHs (PyHKIIOHYBaHHS
TENEKOMYHIKALITHUX CUCTEM 1 MEpPEX Ta IHIII eleMeHTH iHpopManiiiHoi iHdpacTpykrypu [7].

Jlns nporuaii 3arposam iHdopMmaniitaiin Oesmeni (IB), 3HmxkeHHs pusukiB Ib, pe3ynbrarnBHOI 00pPOOKHU
iHuaeHTIiB 1B 1 edexTHBHOI 6OPOTHOM 3 MeTomamMu OyIIb-SIKUX PO3BIIOK HEOOXITHO 3a0e3MeuyBaTH, i MPOTITOM
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TPHUBAJIOTO Yacy, 30epiratu mrarHui piBeHs 1b y BUrmsazi ctabinbHOrO cTaHy 3axXHIIEHOCTI iH(opmanii y BiAMoBia-
HOCTI 3 MO3UIIISIMU 3aKOHOJIaBUO]1 peatizallii CyKymHOCTI 11 BTaCTUBOCTEHN: TOCTYIMHOCTI, I[iJIICHOCTI, TOCTOBIPHOCTI,
KOH(QIIEHIIHOCTI, aBTEHTUYHOCTI 1 T.JI.

Indpopmarusui [IEMI, sk HeOaxaHi e1eKTPOMarHiTHI BUIIPOMiHIOBaHHS, IPU3BOIATH JO BUTOKY 1H(OpMaIii,
mo oopobseThest. Heinpopmarusai [IEMI n03BONSIOTE ofep kaTh JHIIE YSIBICHHS Mpo peskuM pobdoru 30T, ane
HE PO3KPHUBAIOTh XapakTep iHpopmallii, 00poomoBanoi Ha mix 30T. Tomy 3 momisaay 3axucTy iHpopMallii HeOe3neKy
CTBOPIOIOTH Jintie iHpopmaruBHi [TEMI, 110 mpeacTapisie € BUCOKOYACTOTHY HECYUY, MOAYJILOBaHY 1H(POPMAIIIE0
00po0IIOBaHOI 3aco0aMK OOUHCITIOBAIEHOT TeXHIKH. BOHM BUHHKAIOTH 33 PI3HUX peXrMax oOpoOKH iH(popmarrii
3aco0aMu OOYUCITIOBAIbHOT TEXHIKU. 30KpeMa, ITpH: BUBEACHHI iH(popMaIlii Ha MOHITODP; BBEJICHHS JJAaHHX 13 KJIaBi-
arypu; 3alucy/4uTanHi iHdopmarlii Ha/3 HaKONMYyBaviB; Tiepe/iadi JaHUX B KaHaJM 3B’S3Ky Ta Ha JIPYKOBaHi MpH-
cTpoi Tommo. 3ajuexHo Bif pekumy poOotH i turmy 30T BHHHKAIOTH CBOI O3HAKH, II0 JAEMACKYIOTh, BKIIOYAIOUH
1 XapaKTepHi aMILTITY{HO-4acTOTHI ocobnuBocti [IEMI, yactoTHUil Aiama3oH SKHX MOXKE CTAHOBHUTH BiJl COTEHb [ 11
1o pecstkis [T, Ipu 1150My HaBKOJIHUIIHIHM IPOCTIp, B MEXKaX SIKOTO MOXJINBHUH MEPEXOMICHHS TOOIYHUX EJIEKTPO-
MarHiTHUX BUIIPOMIHIOBaHb 1 MOJaiblle BiTHOBICHHA 1H(QOpPMAIIii, 10 MICTUThCA B HUX, 3aJIE)KUTh BiJl iIHTEHCHB-
Hocti [IEMI 1 uytnuBocti npuitmansHoi anaparypu TCP.

Binnocno ITEMIH HeoOxilHO akIEHTyBaTH yBary Ha TOMY, LIIO BOHHM IPOSBISIIOTHCS SIK PE3YyNbTar eJeK-
TPOMAarHITHOTO HaBemeHHs iHpopMaruBHHX curHauiB Bin 30T, mo BUKIMKaHI MOOIYHUMH €JIEKTPOMATHITHUMU
BHITPOMIHIOBAaHHSMH Y BHIVISJII 1HAYKOBaHHUX CTPYMIB 1 Hampyr B CTPYMOIPOBIIHUX €JIEMEHTaX 3 €MKICHUMH
Ta IHAYKTUBHUMH 3B’sI3KaMH. Taki eJIEKTPOMAarHiTHI HaBEJICHHS MOXKYTh IPH3BOAMTH J0 BUTOKY iH(OpMAIIii 1o
CTPYMOTIPOBITHUM KOMYHIKaIlisiM, 1[0 MaIOTh BUXiJ] 32 MEXi Oe31me4Ho1 (KOHTPOJIbOBaHO1) 30HHU. [Ipu 1IbOMY BHSIB-
JICHHS iH(i)opMaTHBHI/Ix CUTHAJIB 3 IH)KCHEPHUX KOMyHiKauiﬁ TCP IIEMIH 3anexuTh BiX BiAcTaHi MiX HKEPEIOM
BHHpOMlHIOBaHHSI THITY €/ICKTPOKHBICHHS, sxocTi 3a3emieHas 30T, XapaKTEPUCTHK aHTCHH, IO npuitmae (30H-
IIy€), piBHS CyHyTHlX MACUBHUX IIIYMiB 1 aKTUBHUX MEPEIIKO, a TAKOX 1 iHIUX (HaKkTOpiB.

3anexHo Bif ¢izuuHux npuunH BuHUKHeHHS I[IEMI ta IIEMIH 3a paxyHok 30T BUKOPHUCTOBYIOTH pi3Hi
MeToau (MPUHIMIHK) IX peanizawii abo HiBemoBaHHS. Jl0 aKTUBHUX CIIOCOO1B TAKOTO BIUTUBY (HAIIPHUKIIAL, IEPEXO-
wieHHs) iHdopmariii, mo oopodisseTsest 30T, BinHOCATh TeXHIUHI KaHanu BUTOKY iHpopmauii (TKBI) 3 Bucokouac-
totHEM onpoMiHeHHsM 30T Ta BcranoBieHH:IM y 30T criemianbHAX 3aKIaJHUX IPUCTPOIB.

VY mepuiomy BHIAIKY, HAIPUKIAM, I iX HiBemoBaHHs, HA 30T BIDIMBAIOTH HOTY>KHHM BHCOKOYaCTOTHHM
CUTHAJIOM, 0a)kaHO pealli3oBaHOMY B PEXKHUMI CBIITyBaHHS, 3aBISKH YOMY IEPEKPHUBAETHCS (aKTUBHO 3allyMITIO-
€ThCS) BTOpUHHE BUtipoMiHtoBaHHs y BUNIiAl [IEMI Ta [IEMIH, anpiopi npoMomyiipoBaHi iHQOpMaTHBHAM CHTHA-
oM. TakuM 9UHOM, TIOPYITYETHCS MOKITUBUI HECaHKIIIOHOBAHUH BiOip iHpopMaIlii.

VY npyromy BHIaIKy JAJs IepexoruieHHs iHdopmariii, mo o00poodnserbes 30T, BCTAaHOBIIOIOTH y HUX CIICIli-
aJbHI 3aCTaBHI MPHUCTPOI, M0 3a0e3neuytoTh abo BUTIK iH(opMarlii, abo OnoxyBaHHS, a00 MOPYIIEHHS I[iJIiICHO-
cTi inpopmarii. Knacugikaniro Takux 3aKiIaJHUX NPUCTPOIB MOXHA IMPOBOIUTH 3a OaraTbMa O3HAKaMH, Y TOMY
YHCi: — 32 ctocoOoM nepenadi iHpopmariii (o pazgio abo ONTHYHOMY KaHAITy, IO MEPEXki eNEeKTPOKUBICHHS, BUKO-
puctanns nudpoBux HakonuvyBauiB Tuiy flash-mam’sTi 1 T.1.); — 3a 3acobom nepenadi indopmaii (tuny [Y-nopry
abo mpuctpois Tuny Wi-Fi, Bluetooth, WiIMAX i T.1.); — 3a MicIleM yCTaHOBKH (y KOPIYCi CHCTEMHOTO OJIOKY,
abo MoOHiTOpa, ab0 KiaBiaTypH, abo MPUHTEpa TOIO); — 32 BUJIOM MEPEXOILTIOBaHOI iH(pOpMaIlii (3 KiIaBiaTypH,
3 MIPHHTEPA, 3 BiIc0300paKCHHS MOHITOpA, BUKOPUCTOBYIOUH amapaTHi keinorrepu — keylogger hardware, kana-
JIaMH 3B’ 3Ky TIPH 3aIHCy Ha KOPCTKHiA auck koM rorepa (HDD) abo 30BHINIHI HakonmuyBadi Ty flash-mam’siti,
CD, DVD, USB, anaparHi keiinorepu 3 niepenaducto iHpopMarii 3 pajiokaHany); — 3a THIIOM JpKepesia >KUBJICHHS,
crioco0aMy HaKOITMYCHHS Ta KOJYyBaHH, 32 BHJIOM BHKOHAHHS Ta COCOOOM YIPaBIIiHHS IIepeiaBadeM.

3akyagHi IPUCTPOI CKIATAIOTHCS 3 CJNIEKTPOHMX OJIOKIB IepexoIrieHHs/mepenadi indopmartii (abo Momymns
3amucy iHpopMmanii), paAMoTeXHIYHOTO OJI0KY AMCTAHIIHOTO YIPaBIIiHHSA 1 SIEKTPUIHOTO OJI0KY KHUBIEeHHS. Ode-
BHJTHO, II0 BUSIBJICHHS TaKUX OJIOKIB Ta 3aXMCT BiJI iX HIKiAJIMBUX BIUIMBIB MOTPEOYIOTh CEPHO3HUX, 1 HE JIUIIE TEeX-
HIYHUX 3ac00iB iH(oOpMarliitHoi Oe3neku. J[o HalTEePCIeKTUBHIMIMX 3aXUCHHUX 3aXOJ(iB II10/I0 HiBEJIFOBAHHS TaKHX
BILIMBIB CJIi/1 BBA)KaTH METOIM 3 BUKOPUCTaHHAM 0€3€X0BOCTI, €eKpaHYBaHH: Ta TEXHOJIOT10 HENHIIHOT pajioioka-
1ii, B OCHOBI SIKOi BUKOPUCTOBYIOTh HEJIIHiIHI BIACTUBOCTI HaIliBIIPOBIJHUKIB, HasABHI y CKJIaJi Oyb-sKUX pajioe-
JIEKTPOHHMX 3aKJIa0K [8].

VY mepmomy BUIaIKy pexXUM 0€3eXOBOCTI peai3yloTh, HAPUKIIAI, 3a JornoMororo 6e3exoBux kamep (BEK),
sIKi, KpIM TOTO, 371aTHI KOHCTPYKTHBHO 3a0e3IeuyBaTH OyJb-SIKHi 3aJaHuii piBeHb eKpaHyBaHHA [8; 9]. B ocHOBI
CTBOPCHHS PEXXHUMY 0€3€XOBOCTI JIC)KHUTh NMPHHIIUI TOTIHHAHHS eneKTpOMarHiTHoro CUTHAIY BiJl OyIb-SKOT Tepe-
IIKOH Ha IUIAXY PO3MOBCIOIUKCHHS aKyCTHIHO abo eneKTpOMarHlTHm xBui. [1ig nepenko10r0 NpuiHATO posy-
MITH OyIb-SIKY HCO)Z[HOpl}Z[HlCTL napaMeTpiB cepesioBHINa, B AKIM TIOIHMPIOEThCS XBUIIA. JIist eJ'IeKTPOMaFHlTHI/IX
XBWJIb — 1€ Oy/b-sIKa 3MiHa JieeKTPUYHOI Ta/ab0 MarHiTHOT KOMIUIEKCHUX MPOHUKHOCTEH Cepe/IoBHIIa, sKa oli-
HIOETHCS SIK HEOHOPiAHICT. OCHOBHUMHU (hakTopamH, 1110 BU3Ha4aroTh sikicTh BEK, € ix po3mipu i popma, a Takox
SIKICTh 3aCTOCOBAHOTO PaJioNoOrIMHAI0Y0ro Marepiany. O4eBHAHO, 10 UMM MEHIIE 3HaYeHHs Mapa3uTHUX PO3Ci-
SIHUX TIOJIiB, TeM MeHIui koediuienT 6e3exoBocTi (KBE) it Tum kpama sxicts BEK. IIpu nipomy pobouuii 06’em
BEK, sik obmacte mpoctopy BEK 3 ampiopi 3agarum KBE, (sikuii mpuiHATO TaKoK HA3UBATH 0E3€XOBOIO 30HOIO),
Bapto BukopucroByBath i1 30T. B TakoMy BumaKy 3a0e3nedyeThCs JOOATKOBA eKpaHyBaHHS JKepell Hapa3uTHUX
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CJIEKTPOMArHiTHUX BUNpoOMiHeHb U HaBeneHb Bix 30T y Burmsaai notenuiitno moxausux [1EMI ta ITEMIH, mo
HE BUXOMAAThH 32 KOPJOHU KOHTPOJIBOBAHOI 30HU 00’€KkTy iH(popmaru3zamii. Kpim Toro peanizyeTbcs MOXIUBICTH
OLIIHKH PiBHS TOCTOBIPHOCTI KOHTPOJIbHUX (€KCIEPTHUX) BUMIPIOBAaHb Yepe3 arlocTepiopHe iX MiATBepAKEHHS a00
ONTPOTECTYBaHHSI, TaK HEOOXITHUX IpHU aHai31 mwrtarHoi npane3aaTHocTi 30T. Xova 3anuIkoBui BUOIp pillIeHHs
0 BHKOPHCTAHHIO 3a/IisTHOT KOHTPOJIBHO-BUMIPIOBAILHOI alapaTypy Moxe OyTH OIIHEHHH TUTBKH MICIISA ii eKcIe-
PUMEHTAIBLHOI arpobarrii.

3 MosIBOIO OJIMKHBOT, 8 B TIOAABIIIOMY H HETIHIHHOT pajionokalii 3’ IBUJIacs MOXKITUBICTh BUPIIIYBaTH, KPiM
PamiOIOKAIIITHAX, IIUTAN PSJ] IHIIUX MPUKIATHUX 33134, HATPUKIIA, 33724 JIarTHOCTHYHOTO i 1e(EeKTOCKOIIITHOTO
XapakTepy, KpUMIHATICTHKH Ta 00poThOm 3 TepopusmomM [10-12, c¢.16]. 3 omisay Ha 1ie BUSBICHHS MPUXOBAHUX
3akagHux npuctpoiB B 30T, K 00 €KTIB IITYYHOTO HMOXOMKEHHS, SIKi IepeOyBalOTh B yMOBAX B3a€MOJii 3 KOH-
TPOJIbHA—BUMIPIOBAJIFHOIO PaioanapaTyporo siki BHKOPHUCTOBYIOTh €()EKTH HENNIHIITHOTO PO3CiIOBaHHS €IEKTpOMar-
HiTHUX XBWIb (EMX), BUIIPOMiHIOBAaHHX PaJioJIOKAIIfHOT CTaHIEr0 ONMKHIA B3a€MOJiI, TaKOX HE € mpodiiema-
TuuHUM. Ilpu 11bOMy y SIKOCTI MOOLIBHOTO TEXHIYHOTO 3ac00y, 10 peanisye BUBUeHHS 3a BuTokoM [IEMIH B ITC
3a MeX1 KOPJIOHY KOHTPOJILOBAaHOI 30HM 00’ €KTa JOCIiIKEHHSA, JOLITbHO BUKOPUCTOBYBATH JIPOHH 3 BiAIOBiTHOIO
KOHTPOJIbHO-BUMIpIOBajIbHOIO anaparyporo (KBA), mo 3a0e3neuye pexkuMu BUABIICHHS, BUMIPIOBaHHSI, pO3IMi3Ha-
BaHH# 1 10380y TKBI.

Sk mpaBwIt0, Yy MpUXOBaHHI poOOTH Oe3MiIOTHHX JiTansHuX anapaTiB (BJIA, apoHiB a00 Oe3MiJIOTHUX aBia-
niaux cuctem — BITJIC) 3amikaBieHi yci CTOPOHH, 0COOIHMBO B Iepioj1 IXHLOT KoHPpoHTallii. ToMy ApOHH, 3aJIeKHO
BiJl MO3UIIIH KOH(IIKTYIOUHUX CTOPiH, MPUIHATO JAUTATH Ha BOPOXi Ta cBOi. [IprHuoMy 3a BiZICYTHOCTI KOHKPETHOT
HOpPMAaTHUBHO-TIPaBOBOi ocHOBH Ha piBHI ISO, He3Baxaroun Ha cepito cTanmapriB Ha kmtant ISO 21384 Ta ISO
23629 mono BJIA, He icHye uiTkoi Kinacudikaiii qpoHiB. [Ipore oueBUAHO, MO IyKe e()EKTUBHUM, ITiJ] YaC BHKO-
HaHHS 3aBJaHb 3a0e3MeueHHs Oe3eKH MiJBiIOMYNX 00’ €KTiB (i HE TINBKU BiJ BOPOXXOTO MOHITOPHHTY), € BUKOPH-
CTaHHA JPOHIB, 3JJaTHUX PEali30BYBaTH SIK BiJICOCIIOCTEPEKEHHS 3 ypaXyBaHHAM KOMI HOTepHOTO 30py [13], Tak
i susBiienHs [IEMIH Big 30T. B 060x Bumaakax BUKOPUCTAHHS pajiofiana3ony, K 1 paHille, € akryaabHe. Takum
YUHOM, ()aKTUUHO METOU PaAi0JIOKallil BUSABICHHS, 103BOJTY, BAMIPIOBAaHHS Ta PO3Mi3HABAHHA CTal0Th OCHOBHUMHU
MIPU CTBOPEHHI CUCTEM KOHTPOJIIO Ta YIPABIiHHS AOCTYILY, IEpLI 3a BCe, A0 00’ €KTIB KPUTUUHOT 1HPPACTPYKTYpH
[14], no sxux caix BigHOCcuTH 1 30T.

3a3Buyail y IpoHaX BUKOPUCTOBYIOTh Pi3HI PiBHI aBTOHOMHOCTI: BiJl KEPOBaHHUX JAMCTAHIIIHHO 10 aBTOMa-
THYHOTO PiBHs. Y BHITQJKy JUCTAHIIHHO MIJIOTOBAHOTO JPOHA YCHINIHICTh BUKOHAHHS TOJHOTHOTO 3aBIaHHS
0arato B 4OMy BH3HAUaTUMEThLCS BIACTUBOCTSAMHU 1H(OpMaIiiHO-BUMIPIOBaIbHOT CUCTEMH JIPOHIB, KA Mae
BOJIOAITH SIK €JIEMEHTaMH IHTENEKTY, TaK 1 BiJMOBIJHOI CHCTEMOIO 3aXHCTy BiJi HECAHKI[IOHOBaHUX JO Hei
BTOPTHEHB 3 METOIO MOPYIICHHS MITAaTHOI Mpare3aaTHoCTi IpoHy. Taki APOHM BEPTOIITHOTO TUILY Y HAHHIDKIIX
emeaoHax (TOOTO IPUTUCKAIOUUCH A0 3€MJI1) MOTYT BXOAMTH y 30HU Jii OJMIMXKHBOI, a TaKOX 1 HeNiHiiHOT paaio-
jokanii. Y Takux peaabHHX yMoBax BiamoBigHa KBA 3 BU3HaueHHSIM Mapa3uTHUX BUIPOMiIHIOBAHb 33 MEXaMU
KOHTPOIbOBaHOI 30HU 00’ ekta 30T peanusye BUMipioBaHHs Y 30BHiIIHbOMY edipi BuTokiB [IEMIH c Bucoxoro
JIOCTOBIPHICTIO 1 HAJIWHICTIO.

[Ipu nubOMy BUKOPUCTOBYIOYH ONTHMAIBHY (ITBTPALIif0, HAIPUKIIA, KOPEILIIHHIM IpUiMadeM, TpaHIIHAN
MPUCTPIH AKOTO HAJAMMTOBAHUH BIAMOBIAHO 10 KpuTepiro Helimana-ITipcona abo 3a KpUTEPieEM i/IeaTbHOTO CIIOCTe-
piraua, MoXKHa HaBiTh 3a0€3EUNTH ABTOMATHYHY 1HIHKAIIIFO (B aHAJIOTOBIH, B IU(PPOBUii, B 3ByKOBHI 200 y Bi3yallb-
Hill popMi) CHTHAITY TPUBOTH PO MIEPEBHIICHHS JIOITYCTUMOTO PiBHS BUTOKY. O4eBHIHO, IO PiBEHB JOCTOBIPHOCTI
TPUBOTH JOIIEHO BUCTABIIATH (BUOHPATH) 32 arpiopi 3aJIaHOI0 BEIIMIMHOK HMOBIPHOCTI MPABUILHOTO BUSBICHHS
abo iMoBipHOCTI XMOHOT TpuBOTH. Brbip OCTaHHIX PErTaMEHTYIOTh HE TIJIBKH B MPOILECi METPOJIOTIYHOTO Kajib-
pyBauHs uyTnuBocTi KBA, a # ii moTeHIiitHOT po3ainpHOI 3MaTHOCTI 32 BTOPUHHHUM EJICKTPOMAarHiTHUM IIEpEBU-
MIPOMIHIOBaHHSAM Y BUIVILI KaJaiOpoBaHUX IIiyieil Ha KIITanT cepu, KyTOBUX BiOMBadiB, METAIEBUX IIOBEPXOHb
pizHOT reoMeTpii 1 T.1. OTke, MAKIIOYAI0YH METOH PaJioNOKaIiitHOT PO3ALUIBHOT 3AaTHOCTI, 3’ IBISIETHCS MOXKIIU-
BiCTh pO3Mi3HABaHH JDKepesia MapasuTHOTO BUTOKY, BUKOPUCTOBYIOUM apCeHall anpioOpHUX 3HaueHb e(peKTUBHUX
MMOBEPXOHb PO3CitOBaHHS 00’ €KTa iH(opMaTH3allil. SKII0 KOHTPOIBOBaHI 30HH 00’ €KTiB Ib MarOTh BUIIIS 3aKPUTUX
MPHUMIIIEHb, TO 0aXKaHO BC1 BUSABJICHI ITiJT Yac IMyCKO-HAJIAro/PKyBAIbHUX POOIT TakK 3BaHI «OMMCKYYi TOUKM» HiBe-
JIIOBATH NUIAXOM BUKOPUCTAHHS PaioNONTHHAIOYNX MaTepiaiiB [8; 9].

BucHoBku. [IpoBeneHo aHami3 MOTEHIIIHHUX JKEPEN €IEKTPOMArHiTHOI BpasiMBOCTI iHpopmaiii, o6po-
OmroBaHOI 3aco0amMu OOUMCITIOBANILHOI TEXHIKHU. JleTani3oBaHO MOTEHIIiHI BapiaHTH BUTOKY iH(oOpMaIlii 3a paxy-
HOK He0a)kaHUX eJIEKTPOMATHITHUX BIUIMBIB (BUIIPOMIHIOBAHb 1 HABEJCHB) THITY IMapa3UTHUX EJICKTPOMATHITHUX
BHUITPOMiHIOBaHb T4 HABEJCHb.

Po3msHYTO NEepCHEKTUBHI 3aXHUCHI 3aX0/H 1010 HiBEIIOBAHHS TAaKUX BIUIMBIB y BUINISAI CTBOPEHHS PEXKUMY
0€3eX0BOCTI Ta JJOAATKOBOTO €KpaHyBaHHS, sKi 3a0e3MeUyl0Th MiHIMi3allil0 HEraTUBHUX HACTIAKIB Ha JIOCTOBIp-
HICTb, LUTICHICTD 1 KOH(iAeHIIHHICT iH(pOopMalii, 00pobIIOBaHOT 3ac00aMK 0OUHUCTIOBAIEHOT TEXHIKH.

3arponoHOBaHO TEXHOJOTIIO OL[IHKY Mapa3uTHUX BUIIPOMIHIOBAaHb 38 MEKaMHU KOHTPOJIbOBAHO1 30HU 00’ €KTa
3acob6aMu OOYMCITIOBAIbHOT TEXHIKHM AK JUIS BUMAAKY MOOUIBHOI (3a IOMOMOIOI0 APOHIB) 11 peanizauii, Tak 1 ays
CTalliOHAPHUX KOHTPOJIHHO-BUMIPIOBAIFHOI alapaTypy 3 aBTOMATHYHOO 1HIMKAIIEI0 CUTHAY TPHUBOTH IO Iiepe-
BUIIECHHS JOIYCTHMOTO PiBHS BUTOKY Hapa3sUTHUX €IEKTPOMATHITHUX BHIIPOMiHIOBAHb.
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TakyuM YMHOM, y YaCTHHI, [0 CTOCYETHCS BUTOKY iH(opMallii o TEXHIYHUX KaHalax 00’ ekTa iH(popMaTH3a-
1ii, MOXXHA 3HAYHO HIBEIIOBATH EJIEKTPOMArHiTHI BPAa3JIMBOCTI CIIy>k00BOi iH(popMaii, 110 BUHUKAIOTH IPU POOOTI
3ac00iB 0OYHUCITIOBAJILHOT TEXHIKH, pEalli3ylouu BiJIOBiIHI (HaBeIeH1 BUIIIE) 3aX0A1 MIPOTHUIIT I0JI0 HEAOCTATHBOTO
€KpaHyBaHHS, MOOIUYHUX €JIEKTPOMArHiTHUX BUIIPOMIHIOBaHb, BOPOXKOTO BIUIUBY MOTYKHUM BUCOKOUACTOTHUM CUT-
HAJIOM Ta eJISKTPOMAarHITHUX HaBEIEHb.
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PU3UK-OPIECHTOBAHI ITPOLECHU 3ABE3IIEYEHHS BE3IIEKHN
OB’EKTIB KPUTUYHOI IHOPACTPYKTYPHU

Y emammi npedcmaenero 02ns0 docriodicers, NPUCBSUEHIX YXEATEHHIO PilieHb 3 NO3UYiL pUsUK-IHGOpMayitiHoT be3nexu cyKyn-
Hocmi 00 'ekmie Kpumuunoi inghpacmpykmypu. B ymosax niosuwyenoi iHmeHCUSHOCHE pecioHanbHO-2any3e6ux IHQOPMAYIIHUX BIliH,
IXHbO2O HEYXUTbHO20 PO3UIUPEHHS T 6ITUBY, HACAMNEPed HA 3HAUYWI chepu cyuacHo2o coyiymy, dedani ocmpiuie HAOY8ae meHOeHyis
HEeCYMIHHO20 NPOMUOOPCMea HOBIMHIX iHGopMmayitiHuX MmexHonoitl, AKi 00X00AmMb 0 KibepunueyHcmea, KioepnouuHHoCmi ma Kioep-
mepopusmy 3 BUKOPUCTAHHAM THOPMAYItHOL 30pOi, AKI CNPAMOBAHI HA 310M Oe3neKu ICHYIoYUX 00 €Kmi6 KpumuuHoi ingpacmpyx-
mypu. Cenc ingopmayiiinoi besnexu nonseac 8 HeMONCIUBOCT HAHECEHHS WKOOU WMAMHOMY (QYHKYIOHY8AHHIO MA G1ACIUBOCMEl
yux 06 exmig abo ix cmpykmyprum ckradosum. Ilobyoosana cmpykmypHo-TiHeGICIMUYHA cXeMu RIOMPUMKY YXBATEHHSA PilieHb 3 NO3U-
Yl pUsUK-iHGOpMayiiHOT Oe3neku CyKynHoCcmi 00 €kmie KpumuuHoi ingpacmpykmypu. Ak oyiHOuHULL ROSUMUBHUIL NPUKIAO OOKA3060
BUKNAOCHO KOHKPemHUtl Memoo peanizayii Qizuunol besnexu CykynHocni 00 'exmie Kpumuunoi inghpacmpyxkmypu. Buxonano ananis
Memo0on02iuHOi nOOYA0BU CPYKIYPHO-TIH2BICIUUHOL cCXeMuU 8UOOpY 3aC00i8 3aXUchty CyKYRHOCHI 00 €Kmig KpumuuHoi inghpacmpyx-
mypu 3 no3uyii suudicenns pusuxy. [loxazano, wo 60Ha Mae yHiBepCanbHy CHpYKIypy ma GakmuyHo modice 6ymu GUKOPUCAana 8 6y0b-
AKIll OpeaHiz08aHiil cghepi OIATLHOCIE COYTYMY HE3ANENHCHO BI0 8UQY 2aTy3i, POMIDI6 OpeaHi3ayii, BUOLIEHUX MAMEPIATbHUX 30C00i6
ma iHmeneKmyanbHo20 PiGHs WMANHO20 NEPCOHALY, 8ION0BIOaTbHO20 3a Oary cepy besnexu ma 3axucny. OOIPYHMOBAHO YaCMUHA
CIMPYKIMYPHO-TIHGICIMUYHOT CXeMU 3 NO3UYIL PUCK- OPIEHMOBAHUX NPOYecis 3abe3neyerts be3neku 00 €kmie KpumuuHol ingpacmpyx-
mypu, 6 SIKOT 8i000padiceHi: OpeaHizayitini ma (isuyHi 3acobu 3aXUCHY 30207IbHO20 3ACMOCYBAHHS; CReyuQIuHi 3acobu 3axucmy iHpop-
MAYitiHOT cucmeMmu,; 3aco0u 3axucmy 6i0n06ioHo 0o npobiem (8id ympam KoHQIOeHYIUHOCMI, YiniCHOCI, OOCHYNHOCI, COCMEPeNC-
HOCMI; aBMEeHMUYHOCI Ma HAOIIHOCME) MA 3a2PO3 Y Medcax 3abe3neuenHs ix Oe3nexu.

Ha npuxnadi eusgnents HecankyioHo8aHUX NOGIMPAHUX AMAK 3MOGMUCHUKIS, AKI BUKOPUCINOBYIONb OPOHU, NPOOEMOHCIPO-
BAHO OOYINbHICMb | MONCTUBICIb BUABTEHHS NOMEHYIIHOT AMAKU NOPYUHUKOM ADO0 3M0BMUCHUKOM, SKI 3ACIOCOBYIOMb OPOHU, BUKO-
PpuUcmosyouy padio@izuuni cucmemi K 3acoou UMIPIOBAHHSA HABKOTUUWHLORO CEPedosuya y 8unsiol CXeMomexHiuHoi peanizayii
KOPENAYIUHUX PAOIONOKAYIIHUX NPUCTPOi8 OIUNCHVOL 63AEMOOIT, SIKI BUKOPUCOBYIONb ULYMONOOIOHUI be3nepepeHuUtl HA08UCOKO-
YACMOMHULL 30HOVBATILHULL CUCHA 3 AMATINYOHOI0 MoOyasyiero. TIpu ybomy nokasaHo, wo ONMUMATbHICMb 6UOOPY 30HOYEAb-
HO20 CUSHATY, 3 00H020 DOKY, 3aNexCUnb 6i0 Pe3ybmamy anpiopHo20 AHANI3Y CUCHATLHOT (hyHKYIT KOHKpemHOi 30H0Y8abHOT NAUKY
ma BionogioHoeo il 06 €MHO20 MiNa He8U3HAYEHOC, a 3 THUI020 DOKY, — 3abe3neyye NPUXOBAHICMb CaMO20 NPOYeCy GUAGTEHH
OPOHIB 3 BUCOKOIO PO3OLTLHOI 30AMHICI0 DE3N0CePeOHbO 30 0BOMA NAPAMEMPAMYU — U020 OATLHICINIO MA WEUOKICTIIO.

KirowoBi croBa: pusuk, 00 ’exm kpumuunoi iHhppacmpykmypu, cmpykmypHo-1iHe8icmuuHa cxema, benexa, padionoka-
yitiHi npucmpoi OnuxcHbol 63a€MOOii.

Tarasenko Yu. S., Savchenko Iu. V. Risk-based processes for ensuring the security of critical infrastructure facilities

The article presents a review of research on decision-making from the perspective of risk-information security of a set
of critical infrastructure facilities. In the context of increased intensity of regional and sectoral information wars, their steady
expansion and impact, primarily on significant areas of modern society, the trend of unscrupulous confrontation of the latest
information technologies, which reach cyber espionage, cybercrime and cyberterrorism with the use of information weapons
aimed at breaking the security of existing critical infrastructure facilities, is becoming increasingly acute. The meaning of infor-
mation security is the impossibility of harming the normal functioning and properties of these objects or their structural com-
ponents. The article builds a structural and linguistic scheme for supporting decision-making from the standpoint of risk-infor-
mation security of a set of critical infrastructure facilities. As an evaluative positive example, a specific method of implementing
the physical security of a set of critical infrastructure facilities is evidently presented. The author analyses the methodological
construction of the structural and linguistic scheme for selecting means of protection of a set of critical infrastructure facilities
from the perspective of risk reduction. It is shown that it has a universal structure and can actually be used in any organised
sphere of society, regardless of the type of industry, size of the organisation, allocated material resources and intellectual level
of the staff responsible for this area of security and protection. The author substantiates a part of the structural and linguistic
scheme from the standpoint of risk-oriented processes of ensuring the security of critical infrastructure facilities, which reflects:
organisational and physical means of protection of general application, specific means of protection of an information system;
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means of protection in accordance with the problems (against loss of confidentiality, integrity, availability, observability, authen-
ticity and reliability) and threats within the framework of ensuring their security.

Using the example of detecting unauthorised aerial attacks by intruders using drones, the article demonstrates the feasibility and
possibility of detecting a potential attack by an intruder or intruder using drones using radio physical systems as environmental measure-
ment tools in the form of a circuitry implementation of correlation radar devices of close interaction using a noise-like continuous ultra-high
frequency sensing signal with amplitude modulation. It is shown that the optimal choice of the sensing signal, on the one hand, depends on
the result of an a priori analysis of the signal function of a particular sensing bundle and its corresponding uncertainty volume, and on the
other hand, ensures the concealment of the process of detecting high-resolution drones directly by two parameters — its range and speed.

Key words: risk, critical infrastructure facility, structural and linguistic scheme, security, short-range radar devices.

Beryn i mocranoBka mpo6Jjemu. B yMoBax miZBHILEHOI IHTEHCUBHOCTI perioHaJIbHO-Taly3eBUX iH(pOp-
MAaIifHUX BilH, IXHHOTO HEYXHIILHOTO PO3IIUPEHHS 1 BIUIMBY, HacaMIlepea Ha 3HAYyIll cepu CydacHOTO COIli-
yMy, Aefani roctpimie HaOyBae TEHACHI[SI HECYMJIIHHOTO NMPOTHOOPCTBA HOBITHIX 1H(OPMAIIIIHUX TEXHOJOTIH,
SIKI TOXOIATh J0 KiOEpIIIHUIyHCTBA, KiOSP3JIIOYMHHOCTI Ta KiOepTepopu3My 3 BUKOPHCTAaHHIM iH(pOpMaiiHOT
30poi, sIKi cIpsMOBaHi Ha 3JI0M Oe3neku icHyrounx 00’ekTiB kputuuHOi iH(pacTpykrypu (OKI). Cenc iHdop-
MaIiiiHOi OE3MeKH TOJsIrae B HEMOKIUBOCTI HAHECEHHS INKOJAW INTATHOMY (YHKIIOHYBAaHHIO Ta BIIACTH-
BoCcTel 1ux 00’€kTiB abo ix CTPYKTYPHHM CKJIa/IOBHM [1]. Ha AepXKaBHOMY (1 He TiTBKM) piBHi BUMYIIIEH]
CTBOPIOBATH CHCTEMH K16ep6e3nel<n I.IlJ'ICCHpHMOBaHl Iil SKUX TOB’s13aHi 3 Kibep3axucTom, — cyKynchTIo «opra-
Hi3aI[ifHUX, TPABOBUX, IHKEHEPHO-TEXHIYHUX 3aXOMIB, a TAKOXK 3aXOAIB KPUNTOTPA(IIHOIO Ta TEXHIYHOTO 3aXH-
CTy iH(opMalii, CIpIMOBaHNX Ha 3amo0IiraHHsA KiOepiHIMICHTaM, BUSBICHHS Ta 3aXHCT BiJ KiOeparak, JIKBiaa-
Iifo TX HACIiAKIB, BIAHOBICHHS CTAJIOCTI 1 HAAIHHOCTI (PYHKIIIOHYBAaHHS KOMYHIKALliHHUX, TEXHOJIOTTUHUX CHCTEM)
[2, CtarTa 1, . 7.]. ®akTHYHO peai3y€eThCsl OMIHOYHUH MPOIIEC AK 33 3MICTOM (Y PI3HUX TaTy3sX KUTTEAISUTEHOCTI
COIliyMy), TaK i 3a MPU3HAUCHHAM (HANPUKIA, Y BUINSAII PO3pPOOIECHHS MPOEKTIB, TEXHOIOTIH, MPOAYKIii TOIIO)
3 MO3HIIIi 3a0e3NeUeHHS 1ICHTU(IKAIIT pU3HKY, aHAJTI3y PU3KUKY Ta MOPIBHSIBHOT HOro (pU3WKY) OLIHKH [3. 1. 6.4].

Y 3B’513Ky 3 BUKJIaJICHUM IIOCTABJICHO 3aBIAHHS METOIOJIOT YHOT HOOYAOBH CTPYKTYPHO-JIIHTBICTHYHOI CXeMHU
(CJIC) miaTpuMKH yXBaJeHHS PIllleHb 3 MO3HULINH PH3HK-IHPOPMAIIHHOI OE3MEKH CyKYIHOCTI 00’ €KTIB KPUTHIHOT
inppactpykrypu (COKI). Sk oniHOYHM HO3UTHBHUI IPUKIIAL TOKA30BO BUKJIACHO KOHKPETHHI METO peaizartii
¢iznanoi 6e3mexu COKI.

AHani3 ocTaHHiX gocaikenb i mydaikauniii. 3rigno 3 [4,5], cuctemu 3axucty Ta 6e3nexku OKI 3apxmu ¢pyHK-
LIOHYIOTh Y IapHHI HMOBIPHICHUX TOIIH, IO MiITAI0THCS TIPUHIMITY HEBU3HAYCHOCTI MO0 PU3KKY [6, . 3.7.9—11]:
BIUTUBY HEBU3HAYCHOCTI €(EKTHBHOCTI, PE3yIBTaTUBHOCTI, NMPOIECY BUMIipIoBaHHSA Ta iHImMHMX. OTxe, Oyab-sKuid
BIUTUB 3 TIO3MLIT 3HIDKCHHS PU3UKY [7, 1M03. 3.7]) BIMAarae 4iTKOTrO YSIBICHHS MO MPEAMET AOCIIDKSHHS Ta chepy
Horo moaeIIoro 3acTocyBaHHs. MakTHIHO TaKui pH3HK-opieHTOBaHMUi BB (POB) — e mporiec nukTiYHNX BUMI-
PIOBaHb 3 yTOUHEHHS 3aKJIIOUHOI OLIIHKY BIUIMBY KOHKPETHOI peati3alii pu3uKy Ha 00’ ekT Horo (pu3HKy) BIuuBy. [Ipu
IIOMY, B yMOBaXx ITi/IBUIIICHUX 3000B’s3aHb JI0 HAMIHHOCTI 1 Oe31neku 3aco0iB BuMiptoBaHHs (3B), B yMoBax HeBHU3Ha-
YEHOCTI BUMIpIOBaHb [8], BUMOIY 3a0e3meueHHs MeTponorquo'i JIOCTOBIPHOCTI BUMipIOBaHb, TAKOXK € aKTyaJIbHUMHU
B Tary3i OyIb-SKUX 3ac00iB BI/IMlpIOBaHHSI [9]. ¥V nmcyMKy OTPUMYEMO, 11O Takui 6araTonp0(meHmd TIPOLIEC BILUIH-
BiB HEOOXI/IHO PO3IIISIATH 3 MO3HLIiH HEBM3HAYCHOCTEH 1 MIHIMBOCTI SIK CAMHUX PE3YIBTATIB, TAK 1 IXHIX IMOBIPHOCTEHA,
JIe TIOHSATTS IIOTPIITHOCTI Pe3yNIBTaTy BUMIPIOBAHE» 3000B’I3aHE KOPETIOBATH 3 MTOHATTSAM iCTHHHOTO 3HAYCHHSI, YOTO
MPUHIUIIOBO HEMOXIIMBO AOCATTH.

PesysnbraTH gociimkeHHsl. BukianeHe Buine gae€ 3MOTYy BHKOPHCTOBYBAaTH «PH3HK-OPIEHTOBAHE MUCICHHSDY
(POM) [10, 1. 0.3.3], 110, MiATPUMYIOYM KOHIIEMILIIIO YIPABIiHHS PU3UKaMH, 31aTHe 3a0e3MeuyBaTy IIaHyBaHHS 1 BIIPO-
BaJDKEHHS Oy/Tb-5IKOi JTSTBHOCTI 3 YIPABIIHHS Ta KOHTPOJIIO PH3HKIB, IO BIUTMBAIOTH HA IITaTHY mpare3narHicts OKI
3 o3uLi1 pu3MK-iHhopManiiiHoi 6e3nexu. [Tpu oMy, 3a5IeKHO Bil BHYTPIIIHIX 1 30BHIIIHIX YUHHUKIB PU3UKY Ta BiAMO-
BIJIHO JIO TIOCTABJICHUX IIUJICH CITiJi OOMPAaTH SIK BIAMIOBITHY MONITHKY MEHEIDKMEHTY PU3HUKY, TaK 1 KOHKPETHI IPUHIIUIIH,
HeoOXiHi 1151 e(heKTUBHOTO BIPOBAKEHHS 1Or0 MEHEDKMEHTY 3 TIO3HLIT PU3HK-OPIEHTOBAaHKX MPOLIECiB 3a0e3MmeyeHHs
o6esmexn OKL

Came 3 nux mo3umii TIaHyBAHHS TA BIPOBA/KCHHS 3ax0JliB 1 METO/IB, L0 BUKOPHCTOBYIOTBCS [l yIIpaB-
JHHA Ta KOHTPOJIIO CynyTHlX PHBHKIB, SKi BIUIMBAIOTh HA JOCSATHEHHS 3alUIaHOBaHMX miiel Oesmeku [10], 3ampo-
MIOHOBAHO 10 peam3am1 mificucTeMa TMiATPUMKH MPUHHATTS PillieHb 3 MO3UIIN pU3UK-1HPOpMaliiiHOi Oe3mneku
cykynHocTi 06’ekTiB kputuaHoi iHPpacTpyktypu (COKI) y mexxax ISO/IEC TR 13335-4:2000, IDT. CtpykTypHO
noriuny cxemy (CJIC) 3a3nauenoi [lincucremu HaBeneHO Ha puc. 1 y pamkax 3aranbHoi CxemMu MeToaoIorii mody-
JIOBH PO3IIMPEHOi cucteMu 3axucty Ta 6esnexku OKI [4; 5], xe ii (miacucTeMu) mpaie3naTHicTh 3a0e3neuyeTbes 3a
paxyHok «Paniodiznaanx Ta/abo Kibep(i3sHuHUX CHUCTEM», BUKOPUCTOBYIOUH «CHCTEMY YHPABIIHHS Ta 3B’ A3KYy».
3 IXHBOIO JOTIOMOT0I0, CITUpaiodich Ha P3M, MokHA peai3oByBaTé 0€310CEepeTHIO OLIHKY BHOOPY SIK 32 METOJAMU
3a0e3MeueHHs BIacHOT OE3MEKH, TaK i 3a ctocoO0aMu iXHBOTO 3/1IICHEHHS, TePeAyCiM CTOCOBHO KOH(DIICHITIIHOCTI,
IITICHOCTI, TIOBHOTH Ta JOCTYITHOCTI BUKOPHCTOBYBaHOI (ofepikyBaHoi) iH(popmarii. [Ipuaomy meromonoriro ii
oOyIOBY BUKOHAHO BiJMOBITHO M0 3aKOHOAABCTBA KPAiHHU IION0 MEHEIKMEHTY PU3HUKY, III0 BUKOPUCTOBYE 3BO-
POTHI 3B’SI3KH IIi Yac peaji3amii KOpUTyBaJbHAX BIUTMBIB, aJIeKBaTHUX BHIIE 03ByYeHHUM acrekram. Came 3 mux
no3utliit anamizy 6esneku COKI B Tabi. 1 HaBeeHO BIOPAIKOBaHi aHi 1010 BUOOPY anpiopHUX 3aC00iB 3aXHUCTY
B Mexxax ISO/IEC TR 13335-4:2000, IDT, BkiIr0ouHO 3 O€3MEKOI0 CYNMYyTHIX iH(QOPMAIIHHAX TEXHOIOTIH.
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VY 3a3HaueHii TabauLi BioOpakeHO: opraHizaliiHi Ta (i3udHi 3acO0M 3aXHUCTy 3arajlbHOTO 3aCTOCYBAaHHS;
cnenudivHi 3acobu 3axucty iHQOpMaIifHOT cCcTeMH; 3acO0M 3aXHMCTY BIAMOBIAHO 10 mpobiieM (Bix BTpar KoH(Di-
JEHLIHHOCTI; iIICHOCTI; JOCTYIHOCTI; CIIOCTEPEKHOCTI; aBTEHTUYHOCTI Ta HAAIHHOCTI) 1 3arpo3 y Mexax 3abe3Ie-
yerHa 6e3nexu OKI. [Ipudyomy, B KOHTEKCTI 3arajibHOTO OpraHi3aliifHoro ynpasiiHHS 3a3HAYMMO, 10 KOHIEMLisIM
Oe3rexu (iHpOpMaIiHHOT, BAPOOHUYOT, TEXHOIOTIYHOI TOIO aXK IO 3aXHCTY IPUBATHOTO JKUTTS) IpUTAMaHHA TCH-
JICHIIIS IOCKOHAJIOCTI, a OTXe Oe3lepepBHUN MPOIEC 3aXHUCTy Ta OE3MEKU B yCiX cdepax >KUTTEMISIBHOCTI COIli-
YMY 3aBXIH CyNPOBOIKYBaTHME MOJIEPHI3aiHI TCHIEHINT Ha MI>KHAPOTHOMY 1 BITUM3HSIHOMY 3aKOHOJABUYOMY
PiBHI CTOCOBHO YJIOCKOHAJICHHS CTaHAAPTIB 100 TXHBOT Oe3nexu. OTxe, miaBuiieHHs piBHs 3axucty COKI, ori-
HIOBaHHS BTpaT Oe3MeKu (3TiHO 3 TIMOTEeTUYHUMHU KiOSpiHIUICHTaMH, 10 MalOTh IMOBIPHICHUH XapakTep), — I1e
JUHAMIYHUEA MPOIEC 3aly4YeHHs pecypciB (METOMIB, CIOCOOIB Ta ajJrOPUTMIB) MYJIBTHCEPBICHOI MEPEKi 3B s3KY
(xpunrorpagivHuX, KaHAIBHHUX Ta 1HIHKX) 3 11 (inbTpytounmu (y BUITISII, HATPUKIIA, aBTO- Ta B3a€EMO-KOPEIIIIiH-
HUX OJIOKIB) IPUCTPOSIMHU, PEaTi30BaHUMHU il KOHKPETHI BUMOTH (3aBJIaHHs) KOPUCTYBadiB. 3BificH, — BUOIp PiBHIB
CIPalbOBYBAHHS KiHIIEBUX MOPOroBUX OJOKIB HOCUTHME OararonpogiibHUM XapakTep i 3ajaexxaTuMe BiJ 3a/eKna-
POBaHUX IMOBIPHOCTE MPAaBUIILHOTO BUBIECHHS a00 MPOMyCKy Kibepartak 4u Kibep3arpos.

Ta0mums 1
[o3na- 3mMicT BHOOPY 32c00iB 3aXHCTY, 3 MO3ULII pucK-iH(popMamiiiHol 6e3mexn
YeHHH y mexkax ISO/IEC TR 13335-4:2000, IDT
1 2

1. Oprani3aniiini Ta ¢isnyHi 3aco0M 3aXHCTy 3araJIbHOTO 32CTOCYBAHHSI:
1.1 KepyBanns iHpopMariitHoio 6e31exoro Ta MoJiTHKa O0e3neKn

1.2 |IlepeBipsiHHS y3roKeHOCTI Oe3neKH

1.3 PearyBanHs Ha OpyIICHHAS

1.4 [lepconan Ta nuTaHHs eKCILTyaTamii

1.5 |IlmamyBaHHSA HeTepepBHOCTI Oi3HECY

1.6 | ®iznyna Ge3neka

2. Cnenndivni 3aco0u 3axucry inopmaniiinoi cucremu:

2.1 Inentudikaimis ta aprentudikamis (I&A)

2.2 KoHTpo:110BaHHS JIOTIYHOTO JOCTYIY Ta ayIuT

2.3 3axucT BiJ] 3JIOBMHCHOTO KOy

24 KepyBaHHs Mepexero

2.5 Kpunirorpadis

3. 3aco06u 3axucTy BiInmoBiaHO 10 MpodJiem (yTpar KOH(IAEHIIHHOCTI; HUIICHOCTI; JOCTYITHOCTI;

CIIOCTEPEKHOCTI; aBTEHTUYHOCTI Ta HA/IIHHOCTI) Ta 3arpo3 y Mexax 3adesnedenns oesnexkn OKI
3.1 3aco6u koH(inenuiiHoCTI 3 MO3MILii:

. igcmyxoByBaHHS
. EnexrpomarsitHe BUpOMiHEHHS
. 3II0BMHCHHI KO
. [lpuxoByBaHHS 1IEHTUYHOCTI KOPHCTYBa4a
. HenpaBunbHe HarpaBieHHs!/TiepeHanpaBlIeHHs OB IOMIICHb
. 3001 mporpamMHOTO 3a0e3MCUCHHS
. Kpanixku
. HecankmiionoBaHui#t 1OCTyN 10 KOMII FOTEPIB, JaHUX, CITYKO Ta IIporpam
. HecankiionoBanuii 1ocTyn /10 HOCIiB TaHUX
3.2 3aco6M KOHTPOJIIO HJIICHOCTI 3 MO3MILii:
3.2.1. TlcyBaHHs HOCITB JaHUX
3.2.2. TTomMunku 00CIyroByBaHHs
3.2.3. 310BMHCHHI KOJI
3.2.4. TIpuxoByBaHHS IIEHTUYHOCTI KOPUCTyBaya
3.2.5. HenpaBunbHe HalpaBICHHs/IepeHANPaBICHHAS OB IOMJICHb
3.2.6. HecpocToBHiCTH
3.2.7. 3601 mporpamMHOro 3a0e3neueHHs
3.2..8 3001 nocrayaHHs (>KUBJICHHS1, KOHAUI[IOHYBaHHS ITOBITPSI)
3.2.9. TexHi4YHI TOIIKOMIKEHHS
3.2.10. ITomuniku nepenaBaHHs
3.2.11. HecaHKIioOHOBaHUH TOCTYII IO KOMIT FOTEPiB, TaHUX, CIYXkKO0 Ta mporpam
3.2.12. BukoprcTaHHA HECAaHKI[IOHOBAaHUX MPOTPaM Ta JaHUX
3.2.13. HecaHkiioHOBaHuUit JOCTYI JI0 HOCITB JJAHUX
3.2.14. IloMuIKu KOpUCTyBada

e el e e
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3akinueHHs Tadnumi 1

1 2
3.3. 3aco0u 3aXUCTy HOCTYNHOCTI 3 MO3UILIHA MpoTHii:
3.3.1. PyitniBHUIT Hamaxg
3.3.2. [IcyBaHHS HOCIIB TaHUX
3.3.3. 3001 KOMyHiKaifHOTO O0JIaTHAHHS Ta CIYXKO
3.3.4. 3uumieHi BoraemM Ta (a00) Bogoro Borous, Bona
3.3.5. Tlomunku 00CyroByBaHHs
3.3.6. 310BMHCHHI KOJI
3.3.7. IlpuxoByBaHHS 0COOMCTOCTI KOPHCTYBa4a
3.3.8. HenpaBuibHe HampaBICHHs/ICpEeHANPABICHHAS TOBiTOMJICHb
3.3.9. 3n0BXHMBaHHS pecypcamu
3.3.10. Cruxiitni muxa
3.3.11. 3601 nporpamHoro 3abe3neueHHs
3.3.12. 3001 nocrauanHs (KMBJIEHHS, KOHJUILIOHYBaHHS HOBITPS)
3.3.13. TexHi4HI TOMKOMKEHHSI
3.3.14. Kpagixku
3.3.15. IlepeBaHTakeHHS KaHAJIB
3.3.16. ITomumnku nepegaBaHHsA
3.3.17. HecaHk1ioHOBaHMH JOCTYI O KOMIT IOTEPIB, JaHUX, CIIY>KO Ta mporpam
3.3.18. BukopucraHHs HECAHKI[IOHOBaHUX NPOrpaM Ta JaHUX
3.3.19. HecaHKIiOHOBaHMIA JOCTYII IO HOCITB TaHMX
3.3.20. IToMuIK1 KOpUCTYBa4Ya

3.4 3aco0u 3axucTy 3 MO3MILIi:

3.4.1. CiocTepexHicTbh
3.4.2. ABTEHTHYHICTD
3.4.3. HanitiHicTh

OTxe, YCHIITHO peaizoBaHi pU3UK-OpieHTOBaHI mporecu 3ade3nedeHHs 6e3neku COKI (abo 11 mozeni) 3a
YMOBH aJICKBAaTHOI OIIHKK aNpiOpHUX BIUIMBIB (HAIPUKJIIAJ, Y BUDISAI IIEBHOT MOJIENI ITOPYITHHKA, B AKil BioOpa-
JKAIOThCS MOTO MPAKTHYHI Ta TEOPETHYHI MOKITMBOCTI, alpiopHi 3HAHHS, Yac 1 Miclle Jii Ta 1HII XapaKTePUCTHKH )
€ BYKJINBOIO CKJI4JJOBOIO YCITIIITHOTO ITPOBEICHHS SK MOJTITUKN PU3UK-MECHEIKMEHTY, TaK 1 CYITyTHHOTO 3HIKCHHS
PHU3WK HEBU3HAYCHOCTI B MPOIIECI aHAII3y PU3UKIB Ta BU3HAYECHHS BUMOT JI0 CKJIaly Ta XapaKTEPUCTUK HEOOXiMHOT
IHTErpaJIbHOI CHCTEeMH 3axucTy. [IpoTe, HaBiTh B yMOBax OaraTopiBHEBOI CHCTEMH MEPEIIKOI, KOAHA ITi3HaBaIbHA
MOJIETIb HE MOXKE OTHOYACHO BUKOHYBATH HEOOXiIHO 0€311i4 3aBAaHb 3aXHUCHOTO HampsMKy. Came IbOMY JOIIIEHO
OLIIHIOBATH €(EKTUBHICTh Oe3MeKu B KOHKpEeTHOMY (0OpaHOMy) acmekTi ii peamizamii. 30kpeMa, 10 OCTaHHBOTO
yacy He NPUAIIAIOCS JOCTaTHHO CEPHO3HOI YBardm KOHTPOJIO 3a MOMOJIAaHHSM MOBITPSHUX PYOEeXiB 3aXHUCTY 10
MiJpUBY KOHKPETHOI 3aXMCHOT (OXOpOHIOBaHO1) 000JIOHKH 00’ €kTa. ToMy, SIK IPUKJIa 3 BUSBICHHIM HECAHKI[IOHO-
BaHMX MOBITPSIHUX aTaK 3JI0BMUCHUKIB, sSIKi BAKOPHCTOBYIOTH IPOHH, HI)KUE MMPOIEMOHCTPYEMO MOXKIIHBICTh 3a0€3-
nedeHHs mratHoro piBHs 3axuety OKI miisixom peanizalii KopensmiiHuX pagionokaiftaux npuctpois [11, ¢c. 403].
OcTaHHI JOIIBHO OTOTOXKHIOBATH (BIAHECTH) 110 PaIio(i3UIHUX CUCTEM ONMKHBOT B3aEMOJIIT SIK 3aCO01B BUMIPIO-
BaHHS a00 HABKOJMIITHLOTO CEPEIOBUINA, 00 TEXHOJIOTTYHUX MPOIIECIB.

[Tpu nboMy 3aBIaHHS 3arajbHOI Ta MApAMETPUIHOT IIeHTU(IKAIT pO3ITi3HaBaHHS MOTSHIIIMHUX aTak 3a JIoTo-
MOTOIO JTOCITI/PKEHHSI TIMOTETHYHOI CUTHAJILHOT aHAJIOTOBOT JTii 3Be/IEeMO JI0 KOPEJSAIIHOTO aHai3y 30H1yBaIbHUX
Ta BiIOMTHX CUTHAJIB BiJl IPOHIB, SIKi BTOPIIUCH y HOBITpsHY o0macte KBO, 1m0 0XOpoHSEThCS.

BpaxoBytoun, 110 HalfKpaImoro po3aiIeHHs TOCATaloTh 33 MAKCHMAJIbHOI BiIMIHHOCTI CUT'HAJIB 3a Mapame-
TPOM PO3JLIEHHs, HECKIIaJHO JOBECTH 3B’SI30K MK MOTEHUIHHOI PO3AUIFHOIO 3[IaTHICTIO Ta aBTOKOPEIISLIHHOI0
¢yHKIi€0 curHaty. s 1boro HeoOXiAHO 3aCTOCYBATH YMOBY, BIIIOBIAHO 10 SIKOI C€peAHi KBaapaT BiIXUIECHb
JIBOX CUTHAJIB, 3CYHYTHX 3a IapaMeTpoM po3aiieHHs Ha AL, MOBMHEH OyTH IPaHUYHOIO BEJIMYMHOIO IS BCiX A&
B IHTEpPBaJi CIIOCTEPEIKEHD, KpiM A&, ONM3BKHUX 0 HYJIS, Ie CHTHAJIU ONHU3bKI OIMH JI0 OJIHOTO, TOOTO

[U(&)-U(e-28)] d&=max, (1)

ne & — mapameTrp po3aiieHHd (HapHUKIa, Ui PO3AUIEHH 3a JAIBHICTIO E=1, AE=Af).
OueBuHO, 110 1 BUKOHaHHS (1) moTpiOHO onepaTu MiHIMYM BHpazy

U (8)-U(&-AE)dE = min, )

110 SBJISIE COOO0 aHAJIOT aBTOKOPEIALINHOT (PyHKIIIT BX1THOTO CUTHAITY.
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Po3nineHa 3maTHiCTs Oyme Kpalla y TOro CHUTHAITY, SIKHH 3a 33JaHOTO 3CyBy A& Mae HalBYX4Iy aBTOKOPEIS-
HiiiHy ¢yHKIi0, TOOTO HaiiMeHIe 3HadeHHS Ha piBHI 0,5. OTxe, OLIHUTH HOTEHIIHY PO3AUIBHY 3[aTHICTh 3a
KOOpAMHATaMM a00 HMIBUJKOCTAMHU MOXKHA IIIIXOM OOYMCIICHHS aBTOKOpeNAliitHoi ¢yHKIi curHany Ha piBHi 0,5,
MPUIOMY TSI KyTOBUX KOOPIUHAT CUTHAI Ma€ CKIIAIHUIA IPOCTOPOBO-4acoBuil xapakrep [11].

Takum yrHOM, 3 BHpa3y (2) 6a4uMo, O PO3IIICHHS KPallle Y THX CUTHAJIAX, aBTOKOPEIALIiHA (QYHKIIIS SIKIX
HaiByx4a. [Ipu oMy crisibHe po3aiieHHS (TOOTO PO3AUICHHS OJHOYACHO 3a JAJIBHICTIO 1 MIBUAKICTIO) IIJIKOM
3aJISKUTH BiJI XapaKTepy 00paHOTO THITY 30HAYBaJIbHOTO curHay. OTKe, 3 MO3MLIN pUCK-iH(pOpMAaIIiitHOT Oe3mekn
y Mexax ¢iznyaoi Oesnekn (Tadm. 1 1. 1.6) moriibHe BUKOPUCTAHHS B3aeMHO-Kopelsiitaux npuctpois (BKII).
ToOTO, IIsl BHIAJKy aHAJIOroBOro curHainy Ha Buxomi BKII BupoONseThCs CHUTHAN, aeKBAaTHUN KOpEISIMiHHINA
(yHKIi. A OCKUIBKH BUCOKOYACTOTHE 3alIOBHEHHS PaJIiOCHTHAITY, HAIIPUKIIA]] Y PallioNIOKaIlii, 3BUYaifHO HE 3aCTO-
COBYIOTB JUISl OfIEpKaHHs iH(opMaltii, a miiaTs ananisy o0BiaHy curnany K (T,Aw), To 06’em, 30cepekeHui
i TOBEPXHEIO, € MOCTIHHUMN 1 HE 3aJIeKUTh Bifl BUIY 30HAYBAJIFHOTO CUTHAITY. MaTteMaTHIHUM (OPMYITIOBAaHHIM
IIbOTO MOJIOXKEHHS Oy/ie PiBHSAHHS

[ [ &2 (5,80) ded(Aw) =27, 3)
a60, ockinbku Am = 2TAf
[ [ K¢ (v.A0) dud(A7) =1. )

CuiBBigHomieHHs (3) Ta (4) Ha3UBaIOTh IPUHIIMIIOM HEBU3HAYEHOCTI, IKMI BCTAHOBIIIOE, 1[0 HE3AJICKHO Bif
TUIy CUTHaIy 00’€M, IO Ma€e Ha3By Tila HeBu3HaueHocTi (TH), 3anumaeTscs He3MiHHUM. AJle IUIAXOM Tia0opy
BUJy CUTHAITy MOYKHA yC€ 3K TaKH MEPEePO3MOAUTITH 00’ €M TaK, MO0 JOCSATTH HEOOXiTHOTO PO3NLICHHS B OyIb-sKil
YaCTHHI INTOIUHH (T,A®). TaKuM YHHOM, pO3IIISAAI0YH PO3MUICHHS 32 TATBHICTIO a00 MIBHIKICTIO, 8 TAKOXK CITUIHHE
PO3IIJICHHS 3a [IMMH MapaMeTpaMH, HeOOX1THO BU3HAYATH HOPMOBaHY aBTOKOPENAMIHHY (QYHKIIIO 32 yacoM (yBa-
xarouu Ao = 0) abo 3a gactororo (At = 0) abo 3MilIaHy aBTOKOPEIAIIHY (PYHKIIIF0 BX1THOTO CUTHATY i OOYHCITIO-
BaTH 11 MpUHY Ha piBHi 0,5. 3acTOCOBYIOUYH ()OPMYITH, 1110 BU3HAYAIOTH JATBHICTH IIUJI1 Yepe3 4aCOBY 3aTPUMKY CHT-
HaJTy, 8 MBUAKICTH Yepe3 JOMUIEPIBChKIA YaCTOTHUI 3CYB, HECKIIAIHO OLIHUTH MOTCHIIIHY PO3IUTBbHY 31aTHICTh
3a TAIBHICTIO, MIBUJKICTIO, @ TAKOXK CIUIBHE PO3IUICHHS 3aJISKHO BiJl XapakTepy 0OpaHOTO THUIY 30HIyBaJIbHOTO
curnaiy. [Ipu upomy CJIC no3Body, po3mi3HaBaHHs 1 3a0e3MedeHHs MPUHANIEKHOCTI JI0 Pi3HUX KJIACiB KiOepiHIMH-
JICHTIB TaKOX JIOLIJILHO peaji30ByBaTH 3a JOTIOMOTOI0 KOPESIIHHIX CXeMOTEXHIYHUX pilieHb. bibi Toro, yci mi
CTPYKTYPHO-JIOT14HI CXEMH OTPUMaHHA, JOCTaBKH, 30epiranHs i 0e3mocepeHbOro 3aXUCTy 3aAisiHOT iHpopmarii
MaloTh OyTH YKOMIUIEKTOBAHI BIAMOBIAHMMHU (PYHKIIOHAJHHUMHU MiJCUCTEMaMH MIATPUMKHU MPUAHATTS PillEHb,
IO HOCSITH XapaKTep alpiopHOTo MOPOTY CIPAbOBYBaHHS, TOOTO MIiHIMAJIBHO JOITYCTHMOTO PiBHS, ICPEBUILICHHS
SIKOTO BUMAarae MpHUHATTS YCiX 3a3/ajerijb nepenodadeHnx 3aco0iB 3aXHCTY, KITbKICHHH 1 IKICHUX XapaKTep KX
3aJIe)KHUTh BiJl MOXKIIMBOCTEH peai3allii rinoTeTHYHUX KiOepiHIMHIeHTIB. ToMy, 3 MeToro 3a0e3nedeHHs (i3uIHOTO
3axucty KBO Bij MOOUTBHUX, HAPUKIIA] Y BUNIIAI IPOHIB, 3aCO01B PO3BIAKH, JOIIIBHO B JAHOMY BUIIAJIKy BHSIB-
JICHHS BOPOXKO1 aTaKH 3A1MCHIOBATH IIIIXOM ITOTIEPEAHBOTO ONITUMAJIBHOTO BUOOPY 30HAYIOUOTO CHTHAILY 3 HACTYII-
HOIO HOTO aBTOKOPEISIIIHHOK 00poOKOI0 MpuitHsTOro curHaiy (3a momomoror BKY), anamizyroun ix (CUTHamIB)
00’emHe Tino HeBu3zHaueHocTi (TH).

JIOCTOBIpHICTh CKAa3aHOTO MPOAEMOHCTPYEMO aHAJli30M Pe3yNIbTaTiB KOMIT FOTEPHOTO MOJIEIIOBAHHS (IUB.
puc. 2, 3, 4) o6’emuoro TH curnamy, HanmpukiaJ, y BUIVILAI MakeTy 3 N KOTepEHTHHX iMITy/IbCiB raycoBoi (opMu
(KII'®) ogHaxkoBOi aMILTITYIM, MOIYJb 3MilIaHOT aBTOKOpesiiiHoi pyHkii sxoi [11, c. 375] €:

sin[O,SAcoTi(N—\pN

! _ ) 5272 _Ao®
K\ (1, Aw) = Nsin(0.5807T) exp( 0,5y°1 )exp( 8}'2] ®)

ne  t'=p-TEt; p=0,+1,42,. ,+N;

T, — nocTiiiHui NEPioj] HAIXOKEHHS €IEMEHTAPHUX CUTHAJIIB;

Y — KoedillieHT, 00epHEHO MPOMOPIIIHHUI TPUBATIOCTI IMITYJIBCY, BiipaxoBaHiil Ha piBHI 0,5 Bi MakCUMyMY,
10 JIOPIBHIOE 3HAYEHHIO €(DEKTUBHOI INMPUHH CIEKTPY Af. 1 XapaKTepu3ye MIBHAKICTb 3MiHM 00BiaHOT M(f).

[IpruomMy BiAMOBIIHA PO3MiIbHA 3MATHICTh 32 JANBHICTIO Ta MIBUIKICTIO, IKY BU3HAYAIOTh 33 HAHOIIBIIUMU
po3Mipamu mepepizy HEeHTPATbHOTO MMiKa, CKIIaIae

5(D)H0T = 09 66'C'Ti; (6)

S(VP)HOTZE'C/(O)NZ‘):O,SX/NZ. (7)
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Puc. 2. Bin TH curnany y surnsay makera KII'® i ogHakoBOT aMILTITYIH,
Ie:
a) TH mauku (N = 5) immynscis 3 T, = 0,4 mxc, AT =107 c;
0) 3a Ao = const, [t,| > |t,| : | = K (0, Aw); 2= K (-1, Aw); 3 = K (1, Av);
B) 3at=const: 1 = K (1, 0);
r) K(t,Am)=0,53a1 =04 MKc, AT=10"c.
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Puc. 3. Bix TH curnany y Bursay nakera 3 N KOTepeHTHHX IMITyIbCiB TayccoBoi (opmu i OTHAKOBOI aMILTITY IH,
ae:
a) TH mauku (N = 5) immynscis 3 T,= 0,4 mxc, AT=3 - 107 ¢;
0) 3a Ao =const: 1 = K (0, Aw);
B) 3at=const: 1 = K (1,0);
r K(t,Aw)=0,53a1, =04 mMkc, AT=10"c.
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Puc. 4. Bix TH curnany y Burmsay makera 3 N KOT@pEeHTHUX IMITYIIBCIB rayccoBoi hopMH i OAHAKOBOT aMILTITYAH,
ae:
a) TH mauku (N = 5) immynecis 3 1i = 1,2 mxc, AT=3- 103 ¢;
0) 3aAw=const: 1 = K (0, Aw);
B) 3at=const: | = K (1,-Aw)); 2> K (1,0); 3= K (1, Ao);
r) K(1,Aw)=0,53a1 =1,2mkc, AT=107c;

OnHak HasBHICTh JEKUIBKOX MIKIB (YHKIIT K\ 3BYXKY€E Jiarma3oH OJHO3HAYHOTO BUMIPIOBaHHS JallbHO-
CTi Ta WBUAKOCTI, sikKMi cknanae Benmmauny 0,5¢7, ta ne/wT, Bianosiano. Kpim Toro, sx 6a4umo (auB. puc. 2-4)
[11, c. 389-392], mia pisHMX MavoK iMITynbCiB Ha mommHi (T°,Aw) 06’emne TH (K| ) Mae BUIIAI NOCITIIOBHO-
CTi MIKiB, BUCOTH SIKUX 3MCHIIYIOTHCSI B MPOIICCI BilIaIEeHHs BijJ moyatky koopawHat. [Ipu mboMy KOKEH elirc
HEBU3HAUCHOCT] TTOOAWHOKOTO CUTHAJLY PO3IMAAAEThCS Ha PAJ SIIICIB, TOBXKHUHA SKUX 3MEHIICHA 3a BiCCIO 4YacTOT
npubnusno B NT/t, pasis. KpiM Toro, QpyHKIis Mae nepioquyuHy CTPYKTYpy 3a 000Ma (3a FOJMHOI0 — JalbHICTIO
Ta YaCTOTOIO — MIBUJIKICTIO) HAMTPSIMKAMHU.

ITepioanyHicTh 32 YacoM BKa3y€ Ha HEOAHO3HAYHICTh BIIIKY AaJbHOCTI, 110 BUHMKA€ B TAKUX BUMAJAKAX,
KO JanbHicTh Ui AT (y OIMHHLAX Yacy) MepeBHILy€ epio]] MOBTOPIOBAHOCTI IMITYJIbCIB.

Tomy B pa3i BHOOpPY OO0 CUTHATY, SKid 30HIY€E, HOTO MEpio] 3BUYAHHO OepyTh HACTUIBKH BEITUKHH, 1100
VHHUKHYTH HEOIHO3HAYHOCTI 32 MaKCUMaJbHOI AaipHOCTI. [lepiogndHicTh (HEOMHO3HAYHICTE) 32 YaCTOTOI TAKOX
J00pi BiJloMa B CUCTEMaX 13 CEJEKINE PyXoMHUX Ifiyiei. L[ HeoHO3HAYHICTh MOB’I3aHa 3 TaK 3BaHUMHU «CIITTHMUY
MIBUIKOCTSAMHU IIiJIeH. SIKIO mepio MOBTOPEHHS Ta HeCyva 4acToTa oOpaHi Tak, 0 B MeXax IependadeHoro Jia-
Ma30HY JAIBHICTh Ta MIBUAKICTh HEOJHO3HAUHICTh HE MPOSBISETHCS, TO TOUYHICTh 1 PO3/UILHY 3/1aTHICTh BU3HAUYAE
TUTLKH HEHTpaNbHUi MK QyHKii K (T,Am).

OdeBHIHO, IO TUIOIIA I[LOTO TTiKa 3HAYHO MEHINA, HiXK JUIS MMOOJAWHOKOTO iMITYJIbCY, TOMY KOT€pPEHTHA TavyKa
Mae neBHi nepeBaru. OJHaK, 3aCTOCYBABIIN MAYKy 3aMiCTh MIOOJMHOKOTO iIMITYJIbCY, TAKOXK HE YHUKAEMO 3arajbHOi
HEBU3HAUEHOCTI BUMIPIOBAHHS, a JIUIIE IePEPO3NOAIIAEMO i1, OCKUTBKU ofleprKanu 0e371i4 HeOMHO3HAYHUX BiJTIKiB,
KOXEH 13 AKX BUKOHYETHCS 3 O1IBII BUCOKOIO TOUHICTIO.

OTxe, ONTUMANBHICTh BUOOPY 30HIYBaJbHOTO CUTHANY, 3 OJHOrO OOKY, TOLUIBFHO 3a0e3MeuyBaTH LUIIXOM
peaitizanii anpiopHOTo aHaNli3y CHTHaIbHOI (YHKIIT KOHKPETHOI 30HIyBaJbHOI AYKH Ta BIAMIOBITHOTO 1if 00’ €M-
HOTO TiJa HEBU3HAYCHOCTI. 3 1HIIOTO OOKY, 32 aHAJOTi€I0 3 NIYMONOAIOHNM CHUTHAJIOM, BUKOPHCTAHHS CKIIQJHUX
(BIIHOCHO TTOOTMHOKOTO IMITYIIECY) CUTHANIB JJa€ 3MOTY ITOKPAIyBaTH MPUXOBAHICTh CaMOTO MPOIIECY BHUABICHHS
(Y maHOMyY BHITaJKy JPOHIB) 3 BUCOKOKO CYIYTHHOIO PO3AUILHOIO 3IATHICTIO OE3MOCepeIHhO 3a JIBOMA Iapame-
TpaMu — HOro (IpoHa) JOKaIHHO AANBHICTIO Ta IMIBHIKICTIO.

BucHoBkH. BikoHaHo aHasi3 MeTOOMOTi9HOT MOOYIOBH CTPYKTYPHO-TIHI'BICTHIHOT CXeMH BUOOPY 3ac00iB
3aXHCTy CyKYIHOCTi 00’ €KTiB KPUTHYHOI iH(PaCTPyKTypH 3 MO3MLIi 3HIKCHHS pU3uKy. [loka3zaHo, 110 BOHA Mae
yHIBEpCaJIbHy CTPYKTYpYy Ta (PaKTHUYHO MOXe OyTH BHKOpPHCTaHa B Oyab-siKiif opraHizoBaHiil cdepi OisuIbHOCTI
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COLIiyMy He3aJIeKHO BiJl BUy Tally3i, pO3MipiB OpraHizailii, BUAIIEHUX MaTepiaibHUX 3ac00iB Ta iHTEIEKTyallb-
HOTO PiBHS LITaTHOTO MIEPCOHAIY, BiIOBIAaILHOTO 32 AaHy cdepy Oe3MmeKu Ta 3aXHuCTy.

OOrpyHTOBaHO JI0/IaHa YACTUHA CTPYKTYPHO-JIIHTBICTUYHOT CXeMH 3 IO3HIIiH PUCK- OPIEHTOBAHUX MPOLIECIB 3a0e3me-
yenHs 6e3rexu OKI, B sixoi BinoOpakeHi: opraHizauiiHi Ta GpizuyHi 3ac00H 3aXUCTY 3aralbHOIO 3aCTOCYBaHHS; crie(iuHi
3aco0M 3aXUCTy iH(POPMAIIIHOT CHCTEMU; 3aCO0H 3aXKCTY BIATIOBIIHO JI0 MPo0OiieM (BT yTpar KOHMIICHIIIHHOCTI; MUTICHO-
CTi; TOCTYITHOCTI; CIIOCTEPEIKHOCTI; aBTCHTHYHOCTI Ta HA/IIFHOCTI) Ta 3arpo3 y Meax 3a0e3MeueHHs iX Oe3MeKH.

Ha npukitaji BUSBICHHS HECAHKI[IOHOBAHUX MOBITPSHUX aTakK 3JIOBMHCHHUKIB, SIKi BHKOPHCTOBYIOTH JIPOHH,
MTPOJIEMOHCTPOBAHO JIOIUILHICTh 1 MOXKJIMBICTD BHSBIICHHS MOTEHITIIHOT aTaKu MOPYITHHKOM a00 3JI0BMHACHHKOM,
SIK1 3aCTOCOBYIOTh JPOHH, BHKOPUCTOBYIOUH PaTioi3HIHI CUCTEMU SIK 3aCO0M BUMIPIOBaHHS HABKOJUIIHLOTO Cepe-
JIOBHIIA Y BUIJISINII CXEMOTEXHIYHOT pealtizallii KOpelsiiHuX paiofoKalliiHIX MPHUCTPOIB ONMKHBOT B3a€MOIT,
SIKi BUKOPHCTOBYIOTh LITyMONIOAIOHNMIT Oe3nepepBHUH HAaABUCOKOYACTOTHUI 30HAyBaJIbHUN CUTHAT 3 aMILTITYTHOIO
MOAYJISIII€I0 Y BUDNISAAL MAauKH 3 N KOTepeHTHHX IMITyNbCiB TaycoBoi ¢opMu. [Ipu iboMy MoKa3aHoO, [0 ONTHMANb-
HICTh BUOOPY 30HIYBAJILHOTO CUTHAJY, 3 OIHOTO OOKY, 3aJIeKUTh BiJl pe3yabTaTy almpioOpHOrO aHaji3y CUTHaJIbHOI
(hyHKLUI{ KOHKPETHOT 30HIyBaJIbHOI MAYKX Ta BiAMOBIAHOTrO ilf 00’ €MHOTO Tilla HEBU3HAYEHOCTI, a 3 IHIIOTrO OOKY, —
3a0e3Meyuye NPUXOBaHICTh CAaMOT0 MPOLECY BUBIEHHS (Y LbOMY pa3i IpOHIB) 3 BUCOKOIO PO3AUIBLHOIO 3/1aTHICTIO
0e3rmocepeTHbo 3a JBOMA TapaMeTpaMu — HOTO ABHICTIO Ta MIBHIKICTIO.
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AHAJII3 CITOCOBIB KPIIIVIEHHS ITPU IEPEBE3EHHI O3BPO€HHH,
BINCHKOBOI TEXHIKH 3AJNI3HAYHAM TPAHCIIOPTOM

Memotw pobomu € nposedenus amanizy opeauizayii 6OesnepepsHocmi nepegeseHd 6ilicbkosux uacmut 30poui-
Hux Cun Yxpainu. Hapasi easiciugum € numanus 20mogHOCHI 30ilCHIO8amu nepemiujeHHs 8iticbkogux yacmun (niopo3oinis)
8 KOPOMKI CIPOKU, He ROpYULyIouu ix yinicHocmi, i3 3a0e3neyerHam MONCIUBOCI panmogo2o nepexody 00 6UKOHAHHS 3A80AHL
30 NPUSHAUEHHAM, WO € Hegid EMHOI0 CKIA00B80I0 BilicbKogux onepayitl (botiogux dit) [1-3].

Buceimaeno npobnemui numannsa nio 4ac HABAHMANCEHHS BIlICLKOBUX eULeIOHI8 MA MPAHCNOPIIE 8 CYYACHUX YMOBAX.
Bu3snaueni xomniexchi 3axo0u, CHpaMo8ani Ha ONMUMI3AYiI0 Yaco8UX NOKA3HUKIE Ma GUMPAM YACY HA 8AHMANCHO-PO3BAHMA-
acyeanvHi onepayii. Ha niocmaei npoeedenoeo ananisy 3po0neHo 8UCHOBKU NPO HeOOXIOHICHb CIMEOPEHHS Mda 8U20MOGILeHHS.
KOMNLEKMI8 YHIBepCanbHux 6a2amoobepmosux KpinieHb Ha KOJCHY MEXHIKY.

Yenix euxonanus giticbkosux nepegesens 3anedcumy @ neputy yepey 8i0 opeaizayii micHoi 63a€Mo0ii Midc opeanamu
BIlICbKOBORO YNPABTIHHA MA OP2AHAMY YAPAGTIHHSA HA 6UOAX MPAHCHOPMY, 8I0 CBOEUACHOT Ma SKICHOT Ni020MO6KU GIlICbKOBOT
yacmunu 00 nepesesens. Bzaemooia 3 opeanamu ynpasninua Ha 6U0AxX MpaHchnopmy 30MICHIOEMbCA 3 NUMAHb 3a0e3neyenHs
ma pezyniosanHs GiliCbKOBUX Nepese3eHb, Y3200JCeHHs MEXHIUHUX MONCTUBOCMel Ma 30iUCHEHHS KOHMPONIO Ni020mosKu 00
BUKOHAHHS nepeseseb [4—6].

Hayxosa nosusna noisieae ¢ nocmanosyi 3a0aui no nid2omosyi 8ilicbko8oi mexwiku 00 nepegesenHs 00 uxo0y nio-
PO30iNi8 ewelony Ha CMAHYII HABAHMANCEHHA. A MAKONHC OOHOUACHO 3 NIO20MOBKOI MEXHIKU 6100Y8ACMbCA 3A20Mi6Ns Kpi-
NUABLHUX Mamepianie i npucmocyéans. Exinajxci 6iticbkogoi mexuixu @ nioeomosyi 00 nepeseseHHs NPOBOOsAmMy MpPeHY8aAHHS.
3ai30y MEXHIKOW HA PyXoMull CK1ad ma KpinieHHwo ii 3 eudbpanum cnocobom kpinienns 32iono Ilpasun. Ynpasninua gilicoxo-
BUX CNOTYHEHb HA 3ANIZHUYAX CRITLHO 3 KEPiBHUYMBOM 3ani3HUYb 30iCHIOIOMb CBOCUACHe 3abe3neyenHs nepege3ets PyXomMum
CKIa0oM, besnepepeHe YNPAGIIHHA GilICbKOBUMU NEPEBE3EHHAMU, BICUBAIONb 30X00I6 3 NPUCKOPEHO20 NPOCYBAHHS eUleNOHI8
ma mpascnopmie 8 30Hi 8I0N0GIOAILHOCH, KOHMPOTb eKOHOMIT 0I00HCEMHUX KOWMIE Ni0 Yac BUKOHAHHS HABAHMANCYBATHO—
DO36AHMANCYBANLHUX ONEPAYill.

3 momenmy 6i0daui Haxazy no GilICLKOGILL HACMUHI HA NEPese3eHHs. NI020MOBKA 00 NePese3eHHs POBOOUNTLCS NI KepigHULMEOM
HAUATbHUKIE ewlenonis. L] ni02omoska cKIadacmuvest 3 Hi020MmosKU 0c0006020 CKIA0Y, HIO20MOBKY MEXHIKY, MALIHA | BAHMANCIB.

KitrouoBi ciioBa: giticbkoguil euenoH, siticbKosi nepege3enHs, 6aHMANCHO-PO3BAHMANCYBATbHe Micye, GiliCbKO6I nepege-
3enHs, mpancnopmHi 3acobu, YBK, winopu, n1anyio206i posmsaxcu.

Bekh P. V., Gudimov V. V., Maksimenkov Ye. A. Analysis of fastening methods during the transportation of weapons
and military equipment by rail transport

The purpose of the work is to conduct an analysis of the organization of continuity transportation of military units of
the Armed Forces of Ukraine. Currently, the issue of readiness to move military units (units) in a short period of time, without
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violating their integrity, with the provision of the possibility of a sudden transition to the performance of assigned tasks, which
is an integral component of military operations (combat operations), is important. Problematic issues during the loading of
military echelons and transports in modern conditions are highlighted. Comprehensive measures aimed at optimizing the
time spent on loading and unloading operations have been determined. On the basis of the conducted analysis, conclusions
were made about the need to create and manufacture sets of universal multi-turn fasteners for each technique. The success
of military transportation depends primarily on the organization of close cooperation between the military management bod-
ies and the management bodies on the types of transport, on the timely and high-quality preparation of the military unit for
transportation. Interaction with the management bodies on the types of transport is carried out on the issues of ensuring and
regulating military transports, coordination of technical capabilities and control of preparations for carrying out transports.
Scientific novelty. It consists in setting the task of preparing military equipment for transportation to the exit of echelon units
to the loading station. Also, simultaneously with the preparation of the equipment, the procurement of fastening materials and
devices takes place.

Key words: military echelon, military transportation, loading and unloading place, military transportation, vehicles,
spurs, chain tensioners.

Berym. Hopsu:[ox pOSMiI.L[eHHSI 1 3aKpirIeHHs 030po€eHHs 1 BificbkoBoi TexHikH (gani — OBT) na 33.]'[i3HI/I'—IHOMy
pyxomomy ckiai (marpopmu, MiBBaroHU, TpaHCHOpTepI/I) (masmi — BaroHW) AN TIEPEBE3CHHS B CKJIaJl BICBKOBHX
CIIEIIOHIB, a TaKOX TpaHCHOpTlB 1O MPAMYIOTH IiT OXOPOHOIO BifICHKOBHX BapT BCTaHOBMIOETHCS [7; 8]. Takoxk
BU3HAYAIOTHCS MaTepiaiy i HpPICTpOl SAKi BHKOPHCTOBYIOThCS JUIST PO3MIIIEeHHS i 3a1<p1HneHH;1 TEXHIK{ Ha (B) BaroHax.
Texwnika, sika IEPEBO3UTHCS B CKJIal BICHKOBUX TPAHCIOPTIB 0e3 CympoBOIy BilICEKOBHX BAPT, CIIOCi0 pO3MIIICHHS
1 3aKpITIICHHS SKO1 Hepez[6aquo TexHiyHIMH YMOBaMH HABAHTAXKCHHS 1 KpiIUTEHHS BaHTaXIB (mami — TY) TIepeBo-
3UTHCS Ha 3arajIbHUX MiJIcTaBax y BiAMOBiMHOCTI 3 BUMoramu TY. TexHika, sika IepeBO3UTHCS B CKIIal BiICHKOBHX
TPaHCIIOPTiB 0e3 CYNMpOBOAY BIHCHKOBHX BapT, CHOCIO pO3MIIICHHS i 3aKpiIUIeHHs AKoi He mepexdadeHo TY, mepe-
BO3UTHCS 3T1THO OTO/PKEHOT 3aTI3HUIICIO 3aTBEPIKEHOI BAaHTAXKOBIAIIPABHUKOM TEXHIUHOI JOKyMEHTAaIlil (KpecieHb
1 pO3paxyHKiB PO3MIIIEHHS 1 KPIMIEHHS BAHTAXXIB Ha pPyXOMOMY CKJIaJli), BAKOHAHIMH y BiANOBiAHOCTI 710 BUMor TY
Ta [8; 9].

g nepeBe3eHHs TEXHIKM Yy CKJIaJli BiICbKOBHUX €ILEIOHIB Ta TPAHCIOPTIB 3aJ1i3HUL HA/Ia€ CIIpaBHi Ta Mpu-
JIaTHI JJIs IEPEBE3CHHS TAHOTO BAHTAXY, OUHMIIICHI BiJl 3aJIMIIKIB Opymy W cMiTTs BaroHH. [IpuaaTHiCTh BaroHIB Jis
MIEPEBE3CHHS B TEXHIYHOMY BiHOIICHH] BH3HAYAE 3aJT13HALIS.

[TpunaTHICTH BaroHIB JJIs MEPEBE3CHHS BaHTaXXy B KOMEPIIMHOMY BiJIHONICHHI BU3HAYa€ BiAMPaBHHUK BaH-
Taxy, SKIO0 HABAHTAXXCHHS 3MIHCHIOETBCS HOTO CWIIaMH, a00 3alli3HHMIIS, SKIIO HABAHTAXCHHS 3MIHCHIOETHCS
cwiamu 3anizHuii. [Inardopmu, ki MOMAIOTHCS IMiJl HABAHTAXCHHS TEXHIKH, KA 3aKPITUTIOETHCS 32 JIOTIOMOTOI0
6araTopazoBHX IIPUCTPOIB THITy METAJICBUX IIIIOP, YIIOPHUX METAJICBHUX OAIlIMaKiB, YHIBEPCATIBHUX 0araTopa3oBUX
kpimieHs (YBK), moBuHHI MaTH HACTWI MOy i3 IIUIBHO MiJIrHAHUX LIJMX JOMIOK, YKPIIUIEHUX MO BChOMY IEpH-
METpY CTaJeBUM KyTOM.

AHaJi3 ocTaHHiX gociaigxedb i myGaikauiii. [IpoGnemMHi nuTaHHs opranizalii npolecy BUKOHAHHS Biid-
CBKOBHUX IlepeBe3eHb, posrisiaanuch B [2; 3; 10]. [loxibHi 3aaadi, AKi CTOCYIOTbCS aHANI3y KPIIJIEHHS 030pOEHHS,
BilICHKOBOI TEXHIKH TIPH MEPEBE3CHHI 3aTI3HUYHUM TPAaHCIIOPTOM, HE PO3TIISIAHCE.

OcHoBHUIT MaTepia gocaimkenns. /1yis nepesesenns OBT B ckiaji BiiChKOBHX €IICIIOHIB, 8 TAKOX TPaH-
CIIOPTIB, IIO MPSIMYIOTH ITiJ] OXOPOHOIO BiICHKOBHUX BapT BCTAHOBIIOETHCS MOPSIIOK BUKIAIACHUI B [7; 8.

TexHiKa, sKa IepeBO3UTHLCS B CKIIa/Ii BIHCHBKOBUX TPAHCIIOPTIB 0€3 CYIPOBOY BiiCHKOBHX BapT, IEPEBO3UTHCS
Ha 3arajbHUX Miacrasax 3rigHo 3 sumoramu TVY.

TexHika, siKa MEPEBO3UTHCS B CKIIaJli BINCHKOBUX TPAHCIIOPTIB O3 CYMPOBOY BiCHKOBHX BapT, CIOCIO po3-
MIIICHHS Ta KPIIJICHHS K01 He nependaveni TY, nepeBo3uThbes BiANOBiIHO 10 [6; 8].

[Tix yac mepeBe3eHHs TEXHIKM B MIXKHAPOIHOMY CIOITYyY€HHI HEOOXiIHO TOTPUMYBATUCS BUMOT 3aKOHOIAB-
CTBa TUX JiepKaB, 3aTI3HUILIMH AKHX Oyne 3A1iCHIOBAaTHCS MTEPEBE3CHHS.

3ani3HUYHUN PyXOMUH CKIa.

[ mepeBe3eHHs TEXHIKHU Y CKIIaJ1 BiliChKOBHX €IIENIOHIB Ta BIHCHKOBUX TPAHCIOPTIB 3aJi3HUI HAJa€ TeX-
HIYHO CIpaBHi, IPUIATHI U IEPEBE3CHHS MTAHOTO BAHTAXY, OYMIICHI BiJ 3AJIUIIKIB paHIIIEC [IEPEBE3CHOTO BaH-
Taxy, 3aC001B KPIIJICHHS, CMITTS Ta OpyIy BaroHu.

[TpunaTHICTh BaroHiB Jis NEpEeBE3CHHS KOHKPETHUX BIMCHKOBHX BaHTaXIB (y KOMEPIIIHOMY BiJHOIICHHI)
BH3HAYa€ BIJNPABHUK, SKIIO 3aBAHTAKCHHS 3IIHCHIOETBCS HOTO 3aco0amMu, ab0 3alli3HUI, SKIIO 3aBAaHTAKCHHS
3IIACHIOETHCS 3aco0amu 3alli3HUI. [IpuIaTHICTh BaroHiB y TEXHIYHOMY BiJTHOIICHHI BU3HAYAE 3aJ1i3HHUIIS.

HnaT(bopMI/I K1 TIOTAl0THCS 1111 HABaHTAKEHHS TEXHIKHU, TOBUHHI MaTH MOKPUTTSI i IJIOTH 13 MIUTHHO ITiJirHa-
HUX IUIAX JOIIOK, 3MIITHEHHUX 110 BCHOMY MEPUMETPY CTATCBUM KYTHHKOM.

Z[Jm p03M1meHH$1 i SaKpll'IJICHHH TEXHIKH 3aCTOCOBYIOTH I[pOTOBl PO3TAKKH (YB’s13KH, OOB’SI3KM, CTSDKKH),
JIepeB’siHi yIOpHi i OOKOB1 OPYCKH, MiAKIaIKH, TPOKIAAKH, pO3MipHi OpyCKH, CTIMKH, KapKacH, KaceTH, MipaMiu, JIoxKe-
MEHTH, TYpPHIKETH, CKOOH, IIBSIXH, a TaKOXk 3aco0u OararopaszoBoro kpimieHHs (YBK, mrmnopu, 1aHIoroBi po3TsHKKH).

Po3tsikku (00B’SI3KH, CTSXKKH, YBSI3KHU ) TSI 3aKPIIUICHHS TEXHIKH MOXKYTh OYTH OIHOPa30BOrO (IPOTOBi) a00
0araropa3oBoro (JaHIFOTOB1) BUKOPHCTAHHS.
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BiamoBizanbHICTB 3a SKICTh 1 HaAIHICTh 3ac00iB KPITJIEHHS Hece BiIPaBHUK.

Po3TsKKH 3aKpIIITIOI0TH HA MAIIMHAX 33 OYKCHPHI raku abo MeTIi, MOCTH, paMH Ta iHIII JeTalli, siki 3a0e31e-
YYIOTh MIIHICTh 3aKPIIUICHHS 1 HE MOXYTh OyTH YIIKO/DKEHI PO3TSKKAMU.

J1s1 BUTOTOBIIEHHS PO3TSKOK, OOB’SI30K, CTSDKOK, YB’SI30K BUKOPHCTOBYEThCS CTAJIEBUI APIT, TEPMIYHO 00OpO-
OreHuit (BinnmaneHui), KpymIoro nepepisy, JiaMeTpoM He MeHIIe 4 MM, 0e3 TPIIIKH, 3aKpydyBaHb Ta IHIIAX AeheK-
TiB 200 KBaIPaTHOTO Mepepi3y, BUTOTOBICHHUH BiIMOBIIHO 0 YAHHHX Jep)KaBHUX CTAHIAPTIB YKpaiHu.

Maca Ta JOBXHHA JIPOTY B CTAaHJAPTHOMY M 3MEHIIEHOMY MOTKax (OyxTax) HaBeaeHi B Tabuuii 1.

Tabmuns 1
Bara ta noB:kuHa apoTy B MOTKaXx (0yxTax)

Hiamerp Maca CrangapTauii MoToK (0yxTa) 3MeHeHnii MOTOK (OyxTa)
APOTY, MM 1000 nor. M, Kr JOBKMHA, M Maca, Kr JOBKUHA, M maca, KT
4 99 202 20 101 10
5 154 162 25 78 12
6 222 113 25 54 12

Jepen’saHi netani kpituieHHs (YHOpHI 1 00KOB1 OpyCKH, BKIIAIUIII, ITiAKJIAAKH, IPOKIAIKH, PO3MipHiI OpyCKH,
CTIMKM) BHUTOTOBISIIOTH TINBKU 13 sSKiCHOI JepeBHHU. 3a0OpPOHSETHCS BUKOPUCTOBYBATH OCHKY, BIIbXY, JHUILY
W CyXOCTiiiHYy IEpEeBUHY.

VY peransx KpimieHHs 3 TBepAuX nopia (ay0, rpad ToIio) 1uid UBAXiB MPOCBEPITIOIOTHCS OTBOPH.

YnopHi 6pycku (HamiBKpYDIISKH, YeTBEPTHHH ITOJTiH, OOPI3KH IITIAJ Ta iHIIE) BUKOPHCTOBYIOThCS JUIS IIepe-
MIKO/DKAaHHA epeMinieHHs BI'M 1 komicHEX MaInH B3IOBXK IUIAT(OPM MPEACTABICH] Ha PUCYHKY 1.

e 1

Puc. 1. Iepen’sHi ynopHi 6pycku

Po3mipu OpyckiB BCTaHOBIIOIOTH 3aJieskHO Bij Macu BI'M abo niametpy Kosieca Ta HaBeZeHi B TaOmuIsx 2 i 3.

Tabmnwus 2
Po3mipu GpyckiB y 3ajiexHoCTi Bi 1iaMmeTpy KoJieca
Poswipu 6pycka, Hiametp kosneca, MM
(ne memme) v | METOE | 500-799 800-1099 | 1100-1399 | 1400-599 |1600 Ta Giabire
Bucora 40 50 75 100 135 150
Iupuna 100 100 120 160 200 220
Tabmuns 3

Po3mipu 6pyckiB y 3anexunocti Bix Baru BI'M

Po3mipu Opycka, MM (He Maca BI'M, T
MEHIIIE) 1o 12,0 12,1-18,0 oinpiie Hix 18,0
Bucora 10 150 180
Mupuna 150 180 200

Jis 3akpinuieHHs KOJICHUX MAIIKMH JOITyCKA€ThCs 3aCTOCYBaHHS YIOPHUX OPYCKiB MPSMOKYTHOTO NIEPETHHY,
CKJIQJICHMX 13 JBOX YACTHH I10 BUCOTI 1 CKPIIUIEHUX MiXK c00010 1Bsixamu. KUTbKICTh BSXIB, IO 3’ €IHYIOTh HIKHIO
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4acTUHY OpycKa 3 MiJIJIOTOI0 BaroHa, a BEPXHIO — 3 HIDKHBOIO YACTHHOIO OpycCKa, MOBMHHA OyTH HE MEHIIE HiX
BH3HAYECHA PO3PaXyHKOM AJIS KpIIUICHHS OpyCKa 70 MiJJIOTH BaroHa.

BokoBi OpyckH BUKOPUCTOBYIOThCS AJIS IEPEIIKOAXKAHHS IONepedHoMy nepemimerHio BI'M Ha mnardopmi
(Ta mpu AeSIKUX crocoOax 3aKpilIeHHs KOJICHUX MAILIKH), KOJIM O0PTH I1aThopM He MOXKYTh OyTH 3aKpUTI, @ TAKOXK
y pa3i po3TairyBaHHs iX HaJl aBTO3YETIaMH BaroHiB, SIKi BXOISITh 10 CKJIaIy 34YeIy.

Bokosi 6pycku s 3akpiruienHs BI'M noBuHHI Mati po3mipu He MeHie Hixk 100x100x2000 M.

JIJIs KONICHUX MAaIllMH Ha OJMHOYHUX BaroHax 3 giamMerpoMm koitic 10 1200 MM BKJIFOYHO po3Mipu OpYyCKiB
MOBHHHI OyTH He MeHme Hik 75%x100x500 MM, nipu Oibimomy fiametpi — He MeHmie Hik 150x200x700 mm. s
KOJIICHMX MAIllMH Ha 34erax po3Mipu OOKOBHX OpYCKiB 3 miameTpoM Kodic g0 1200 MM BKIIFOUHO — HE MEHIIE HiXK
75x100x500 Mm, ipu Oinpmiomy miamerpi — He MeHme Hix 150x200x1000 mm.

Tunogi ynopHi i 60xoBi OpyckH epemKOIKAIOTh TTO3A0BKHBOMY 1 MTONIEPEIHOMY MEPEMIIICHHIO KOIICHUX
MAaIllMH Ha IUaT(opMax Ta BUKOPUCTOBYIOTHCS 0araTropa3zoBO, BUTOTOBIISIIOTHCS BiAIIPAaBHHKOM IPEACTAaBICHI Ha
PHUCYHKY 2.

. 1:20-1310

a 0 6
Puc. 2. Tumnosi gepeB’siHi yIopHi Ta O0KOBI OpyCKH: a — YHOpHHIA Opycok; O, B — O0KOBI Opycku

J103BONISIE€THCSI BUTOTOBJICHHS TUIIOBUX OpYCKIB i3 MarepiaiiB, HAJaHUX 3QJII3HUICIO IS 3aKPIIUICHHS TEX-
HIKHU BIICHKOBHUX CIIEIIOHIB, Y THIIOBUX OpPYCKax IUIS IBSIXIiB MPOCBEPIIOIOTE OTBOPH.

ITigxmamku, TpOKITaIKy ¥ po3mipHi OpPYCKH 3aCTOCOBYIOTH JUIS PO30CEPEDKEHHS HaBaHTaXeHb, 3al001raHHs
VIIKOKEHHS TEXHIKH TOIIIO.

JIoBXMHA TIOTIEPEYHHX ITiIKJIaI0K IIOBUHHA JOPIBHIOBATH IIMPHHI BarOHIB, a MPOKJIAJAKH — IMUPUHI BAHTAXKY.
Jlo3BOJNISIETHCS BHXiJ KiHIIIB IPOKJIAIOK 32 HaBaHTaKeHH BaHTax 10 200 MM 3a YMOBH 3a0e3TICUCHHS Ta0apuTy
HABaHTAKCHHS.

Bucota migxmaaok i mpokJIaloK MOBUHHA OyTH HE MEHIIe 25 MM, a PO3MipHUX OpycKiB — 50 MM.

Jlist 3aKpiruIeHHs TEXHIKY BUKOPUCTOBYIOTh IIBAXH (CKOOH), pO3MIpH SIKUX HaBeAEHI y TabmuIix 4-5.

Tabnuns 4
Po3mipu uBsixiB 1is1 KpinsieHHst
JiameTp cTepxHs uBsaxa, MM | JloB:kuna ussaxa, mm | Maca 1000 uBaxiB, kr | KiabkicTs upsaxis B 1kr, mr.
5 150 23,2 43
6 200 43,9 22-23
8 250 98,6 10

Tabmms 5
Po3mipu cko0 151 KpiluIeHHs

Po3mipu ck00, MM

. Maca 100 cko0, Kr
AiaMeTp CTPUIKHS JOBKHHA CKOOH JIOB:KHHA pora
8 250-300 70-80 150-160
10 250-300 70-80 210-250
12 250-300 70-80 300-360

Jlnst KpirieHHs po3TsHKOK (00B’SI30K) Y BArOHAX BUKOPUCTOBYIOTH: OOKOBI 1 TOPIIEBI CTIHKOBI CKOOM; OMOPHI KpO-
HINTEIHN Ha KiHIEeBil Oaiili pamu; MiUIOroBi B A3yBajIbHI IPHUCTPOI (32 HasiBHOCTI). HaBeneno Ha prucynkax 3 ta 4.
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Mertanepuii
) e 1
Hepes HHH HACTHT HacTHT MAIOTH XpebToBa
Cepenns MAI0rH
CeKIiA

Kpaiina cexuin  IIkBopHeBa
©0oKoBoro 6opTy Oanka

Topuesnit
oopt Bokoaa

CTIHKOBa cKoba

Kinnesa Bokosa banka

Oamka pamu I
P Kimnosuit 3anip
Kinbue yB’asyansse

. T4 KPIIUICHHA
lagox KpimieHHA B.’z‘ nx‘lr)oro 6o
3 1
Topuesa Kponmreiin dopty 2 Py
CTiHKOBa cKoDa OTOpHHI

Puc. 3. KpinieHHs1 po3TskoK

nepLumn crnocié

’I

Puc. 4. Ciocobu BCTaHOBIIEHHS APOTSHUX PO3TSHKOK

Apyrun cnoci6

4

TpeTin cnoci6

CKpy4yBaHHS pPO3TSHKKH Ma€ OyTH PIBHOMIPHHM I10 BCiH 11 JOBXKUHI.

[IpucTocyBaHHS U1 CKPYYIyBaHHS Ma€ BCTAHOBIIOBATUCS IOCEPENNHI MK YB’S3yBaJbHUMH IPUCTPOSIMU
BaroHa i BaHTaxy (yB’s3yBaJILHUM IPUCTPOEM BaroHa i MepernHoM Ha BaHTaXi, MICIISIMH TICPETHHY Ha BAaHTaXi).

JlommycKaeThes P TOBKUHI pO3TSHKKU (00B’SI3KK) OuIbIe HiX 1,5 M CKpydyBartH 11 B 2 MICIISX, HE JOIyCKa-
FOUYH PO3KPYUYYBaHHS CKPYYCHOI PaHiIle JIITSTHKH.

OOB’3KM HEOOX1THO CKPYYyBaTH HE MEHIIIE HiXK Y 2 MICIISIX — Ha MIPOTHJIS)KHUX TLIKaX.

VY po3TsKKax, SKi MarOTh MIEPETHMHU TUIOK HA BaHTaX1, HEOOX1THO TOJATKOBO CKPY4YyBaTH JUITHKH MiX Tiepe-
TUHAMH JOBXUHOO Oinbie Hixk 300 mum (puc. 5).

ITig gac po3paxyHKy B pO3TsSKKax (00B’A3Kax, CTIKKAX, YB A3KaX) UUCIO HUTOK JAPOTY, poOouunii nepeTuH
1 OMyCTUME HABAaHTA)KEHHS BU3HAYAIOThcA 0€3 ypaxyBaHHs PELITH KiHIB 3ammapyBaHHs (puc. 6). Uucio HUTOK
B PO3TSKKAX, 00B’SI3KaX, CTAKKAX MA€E OyTH MapHUM.
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=300 3ona BIHAYCHHA
KUTBKOCTI HHTOK

- A

] 3 U )

Puc. 5. [lopsimok CKpydyBaHHS PO3TSIKOK Puc. 6. BusHaueHHS KiTBKOCTI HUTOK
3a HasBHOCTI TIEPETHHY B PO3TSIKII

He nomyckaeThcst BUTOTOBIISATH PO3TSKKHU (0OB’S3KH, YB’SI3KH, CTSDKKH) YMCIIOM HUTOK Oijblle HiX 8 mpu
JiaMeTpi APOTY BiJg 6 MM.

He nomyckaetbest TopkaHHS MidK cO0010 PO3TIKOK (0OB’A30K) MMiJT Yac 3aKPIIUICHHS TEXHIKH, sIKa MA€ MOMKIIU-
BICTh IIPY>KHUX KOJIMBaHb LI0/I0 BarOHA, HANPUKJIAA, 00PEeCcCOpeHoro.

Ha BI'M po3TsKKHU TO3BOJSETHCS 3aKPIILTIOBATH 32 TYCEHHUII B 0OXBaT.

Ha komicHEX MalIMHax, BCTAHOBICHHUX HAJl aBTO3YEIIaMHU BaroHIB, sIKi BXOITH J0 CKIAIy 39eIry, PO3TSIKKA
3aKpIILTIOIOTH 3a 3a/Hi a00 3a 3a1Hi i cepeqHi MOCTH.

Po3TsDKKH HE TOBHHHI TOPKATHCS TYMOBHUX IIFH KOJIIC MAIIMH, TOCTPHX METAJICBHX JIeTalleil BATOHIB, TEXHIKA
¥ ogHa OmHOI.

Po3TsDKKH 3 HATSDKHUMH MPHUCTPOSMHU HE TTOBHHHI TOPKATHCS 3aKPUTOrO OOpTY Iutardopmu. SKmo mporo
YHHUKHYTH HEMOXXJIMBO, TO OOPT MOBHHEH OyTH OMYIICHHUH.

Po3TsKKM BCTAHOBITIOIOTH TAKWM YHHOM, 100 OJJTHOYACHO KYTH MiXK PO3TSDKKOIO 1 TT/ITIOTOK0 BaroHa, MiX Ipo-
€KIIIEI0 PO3TSDKKHU Ha ITiJUIOTY BaroHa i MO3I0BXKHBOIO BICCIO BaroHa He MepeBUIIyBanu 45° (puc. 7). SKiio Taki KyTu
3a0€3MeYUTH HEMOXKIIUBO, TO TO3BOJISETHCS iX 301bIICHHS 3 000B’SI3KOBUM 30UIBIICHHSIM NEPETUHY PO3TIHKOK.

Puc. 7. Po3mimeHHs po3TSHKKH M Yac KPITUIeHHS TeXHIKA

[ToBTOpHE BUKOPUCTAHHS IPOTY B PO3TKKAX HE JIOMYCKAETHCS.

Kommnextu yHiBepcanapHux 6araroobeproBux kpimieHs (YBK-1T" ta YBK-2I') BUKOpHUCTOBYIOTECS AT pO3-
MiIIeHHs Ta KPIIUICHHS Ha 3ali3HUYHUX Iargopmax Beix tTumiB BI'M (puc. 8).

KpimneHHs1 ABISAIOTE COO0I0 MeTaleBy ONOPHY IUIMTY 3 NMPUBAPEHHMH BEPTHUKAJIBHUMH INTHPIMH, SKI i
JI€I0 BarW MaIllMHH BXOIAITH Y JOIIKU mimord ruiardopmu. Ha mmuti € rpedidb i3 XBOCTOBHKOM, IIO BTPHMYE
MAIIIUHY BiJl IIO3I0BXKHIX 1 MOMEPEYHHUX MTEPEMIIICHb.
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1 — rpebiHb; 3 — XBOCTOBUWK;
2 — onopHa nnuTa; 4 — wtupi

Puc. 8. YuiBepcanbhi 6aratroodeprosi kpiruteHHst (YBK-1T, YBK-2I") anst kpinuieHHs! BIHChKOBHX I'YCEHUYHUX MaIIUH
3anexxHo Bix Baru BI'M 3acTOCOBYIOTH 11Ba THNHM KpiIJIeHb, OCHOBHI XapaKTEPUCTUKH SKHUX HaBeICHI
B Tabnuii 6.

Tabmnuus 6
Xapakrepuctuku YMK-1T, YMK-2T"

Po3mipu onopHoi minTu A Po3mipu cTpukHiB Maca KOMILIeKTY
Maca KiunbkicTn
Tun YBK (10B:KMHA X HIMPUHA X . (noBxKHUHA X (4oTHpPBLOX
BI'M, Tonn » CTPUKHIB, IUT. N .
TOBUIMHA), MM X iameTp), MM ynopiB), Kr
YBK-IT' 7-25 280 x 200 x 8 6 26 x 14 25
YBK-2I' | 25,1-42,0 280 x 240 x 10 10 26 x 14 31

Kommnextn yHiBepcanpaux 0aratoobeproBux kpimieHb (YBK-1K ta YBK-2K) BUKOPHCTOBYIOTBCS AT pO3-
MIIICHHS Ta KPIIJICHHS Ha 3aJli3HMYHHX IIaT(GopMax ycix THIIB KOJTICHUX MAIIIHH.

5 <

Puc. 9. Kommuiekt yHiBepcanpaux 6araroodeproBux kpimiess (YBK-1K, YBK-2K)
JUTA KPITUTEHHSI BINCHKOBUX KOJIICHUX MAIIWH

Kommniextn yHiBepcanpHux 6araroobeproBux kpimieHs (YBK-1KM ta YBK-2KM) BUKOPHCTOBYIOTBCS IS
PO3MIIIIEHHS Ta KPIIUICHHS HA 3aIi3HUYHUX IUIaT(opMax HECTIPaBHOI TEXHIKH (HECIIpaBHi ralbMiBHI MIPUCTPOT).

Mertanesi mmopu 3acTOCOBYIOTh JJIsl 3aKpIIUICHHS Ha 3ali3HHYHHUX IUTaTdopMax BiAmoBigHux Tumie BI'M
(puc. 10).

Puc. 10. MeraneBa mmnopa ajst KpirjIeHHs BINCBKOBUX I'YCEHUYHHMX MAIlUH:
1 — runTa; 2 — rpebeHi mnuTH; 3 — cTilika; 4 — oOMexxyBay; 5 — dikcarop; 6 — IIILTIHT; 7 — OTBIp A1 0OOMexyBada
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[Inopa sB1s1€ cOO00 METAJIEBY ONOPHY IJIUTY 3 BEPTUKATHHUMH IOJIUISIMU Y BUIISAL TPeOEHiB, SIKi i i€r0
MAacH MAIIMHU BXOJATh y JOIIKU MiJUIOTH MIaTHOPMHU.

Jnst 3°eqHAHHS i3 TPaKOM I'yCEHHIlI Ha IUTUTI € JBl BEPTUKANbHI CTIHKHU 3 (pikcaTopamu (HOBOPOTHUMH NPH-
TUCKHUMU NPAMOPLISIMU).

OCHOBHI XapaKTEpUCTUKH IITIOP HaBeACHI B TaOHIIi 7.

Tabmnuws 7
XapakTepUCTHKY LINOP
Ton mmop Po3mipu onopHoi minTH Bucora rpedns Maca KOMILIEKTY
(10B:KMHA X MPUHA X TOBUIMHA), MM (cTpuaxHSI), MM (40TUPBLOX IMOP), KT
11-137 585 x 140 x 12 30 48,0
111-434 545 x 150 x 16 28 57,4
1-216 605 x 140 x 25 30 84,0
11-575 370 x 120 x 9 23 26,8
11-915 250 x 100 x 5 30 8,0
111-350 375 x 130 x 12 25 31,0
11-70 590 x 146 x 14 28 48,0
1I-65J1 530 x 170 x 14 28 60,0
111-303 500 x 140 x 12 30 38,8
11I-78 380 x 110 x 10 30 25,0

J1n1s1 KpirIeHHs KOJTiCHOT TEXHIKK Ha PyXOMOMY CKJIa/Ii 3aJ1i3HUYHOTO TPAHCIIOPTY BUKOPUCTOBYETHCS 3 CIIOCOOH:

1. 3akpimieHHs1 KOJiCHUX MALIUH NEePIIUM CIOCO00M

3aKpirieHHs] KOJIICHUX MAIIWH HEePIIUM CITIOCOOOM BUKOHYETHCS KOMIUIEKTAMH YHIBepCaIbHUX Oararoodep-
toBux KpimwieHs (YBK-1K, 2K 6e3 nanutoroBux po3rsxok; YBK-1KM, 2KM 3 naH1ioroBUMu po3TsHKKaMu).

3akpimieHHs komicHux MamuH komioiekramu YBK-1K, 2K.

MaliivHu 3 Macor OKpEeMHX OIWHHIG A0 15 T 3akpimmorTs ogHuM koMiuiekrom YBK-1K, 3 macoro 15,1 —
26 T — oganm xomimiekToM YBK-2K, a 3 macoro 26,1 — 40 T — goma komruiektamu Y BK-2K.

JIBOBICHI MallMHM 3aKPIILTIOIOTh YOTHPMa TO3JI0BKHIMH YIIOPaMH, SKi BCTAHOBJIIOIOTH Oilisl KOJIC Tepen-
HBOTO ¥ 3aJIHLOTO MOCTIB (TIOTIepeny 1 M03ay KOoiic) 1 YOTHpMa MOTIePEYHUMH, YCTAaHOBJICHUMH ITiJT KOJKHE KOJISCO
3 BHYTPINTHBOI (30BHINIHBOT) cTOpOHU (pHc. 11).

Puc. 11. 3akpimnieHHs KOJICHUX MallIMH MEPIIUM CIIOCOO0M

[Tix yac 3axpiruieHHs YOTUPUBICHOI MaIIUHU ABOMa koMmIulekTamMu Y MK-2K 1mo310BxHI yiopu BCTaHOBIIO-
I0Th OIS KOJiC MEpIIOro # TPEThOro MOCTIB B OAMH OiK, APYroro # 4eTBepToro — y mpoTmwiexkHui. [lomepeuni
YIOpPHY BCTaHOBIIOIOTH ITiJ] KOXKHE KoJieco (puc. 12).
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Puc. 12. Po3ranryBaHHS ONIEPEYHUX YTIOPiB IPH HEPIIOMY CIIOCO01

ITix gac 3akpinuieHHs] YOTUPHUBICHUX MalIMH OJHUM KoMIutekToM Y MK-2KM 1o3710BXH1 yIOpH BCTaHOBITIO-
F0Th 017151 KOJTiC KpaitHiX MOCTIB (Tonepeny i mo3ajy Koulic), a MonepeyHi — ImiJl Ti K caMi KoJjieca TiJIbKU 3 BHYTpill-
HBOTO OOKY Ta YOTHUpPMa JIAHIFOTOBUMH PO3TSDKKAMU, SIKi BUKJIFOYAIOTh NMEPEKUaHHs MAIlMHU B IIPOLEC] TepeBe-
3€HHSI 1 IPU BUKOHAHHI BAaHTA)XXHO-PO3BAHTAXYBAJIBHUX omeparlliil (puc 13).

Puc. 13. KpiruieHHs 4OTUPUBICHOTO aBTOMOOLIIS 32 IOITOMOT0r0 OJJHOT0 KoMIutekTy Y MK-2KM:
1 — MO310BXHIH yrop; 2 — monepeyHuii ynop

V pasi po3raniyBaHHs HaJl aBTO3YeIaMH BaroHiB, SKi BXOIATH JIO CKJIAy 34ely HbOrO i 3aJIHHOTO MOCTIB.

IToniepeuni ymopu BCTaHOBIIOKOTH IMiJ] KOJieca 3aJHBOTO W MEPETHHOr0 MOCTIB i3 30BHINIHIX (BHYTPINIHIX)
CTODIH.

SIkmo 3a KOHCTPYKTHBHHUMH OCOOJHMBOCTSIMH MAIIMHU OOKOBI OOpTH IIaTdopM Imicis HaBaHTaKEHHS He
MOXYTb OyTH 3aKpHUTi, TO TIOTIEPEYHI YIIOPU BCTAHOBIIIOIOTH ITiJ] KOYKHE KOJIECO MAIIIWHHU.

3a3HaucHa BUMOTA MOIIUPIOETHCS M MiJ 4ac mepeBe3eHHs TeXHIKM Ha miatdopmax 6e3 0opTiB.

Ilig xoneca mepeAHBOTO MOCTa YHNOPH BCTAaHOBIIOIOTH Ha BifcTaHi 20—30 MM Bijg OOKOBOI MOBEPXHI LIMH
(puc. 14).
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Puc. 14. KpimieHHs HaJl aBTO3YETIOM IIIaTGOpM

2. 3akpinjieHHsl KOJiCHUX MALIMH 32 APYTUM CIIOCOO0M

3aKpilyIeHHsT KOJICHUX MAIllMH Baro 110 24 T IpyruM crocoO0M BUKOHYIOTh YOTHpPMa IPOTOBUMHU (TaOelb-
HUMH) PO3TSKKAMH, a Baroto BiJ 24,1 no 40 T — BicbMOMa PO3TSKKAMH.

3ane)KHO BiJ Bard MamivH Ta X KOHCTPYKTHBHUX OCOOJNMBOCTEH Kojeca 3aKpilUIFOTh Y0TUpMa abo BiCh-
MOMa JIePeB’SIHUMH YIOPHUMHE OpyCKaMH, sIKi YKJIaIal0Th JOBIOK CTOPOHOIO MOMEPeK MmIaThopMH i IIUTBHO Iij-
TaHsIOTh MiJ KoJieca.

Koreca nBOBICHUX MalIWH 3aKPilLTIOIOTH 13 30BHIMIHIX (BHYTPILIHIX) CTOPIH YOTHPMa YIIOPHAMH OpYCKaMH.

VY TpHUBICHUX MalIMH KoJieca MEPEeIHBOr0 MOCTa 3aKpIILTIOIOTH OpycKaMH MO OOHIBI CTOPOHH, a Kojeca
CEPeJIHBOTO W 3aJHBOTO MOCTIB — 13 30BHINIHIX cTOpiH. Koneca MBOBICHHX MPHYENiB 3aKPIILTIOIOTH 13 30BHIIITHIX
(BHYTpIIIHIX) CTOPIH, & OMHOBICHUX — IO 0OMBI CTOpOoHHM (puc. 15).

Y 4OTHPHUBICHUX MAIIMH YIIOPHUMHU OpYCKaMH 3aKpIILTIOIOThH KoJieca BCiX MOCTiB (puc. 16).

[Tig yac po3milieHHs MalllMH HaJl aBTO3YETIAMH BaroHiB, SIKi BXOJSTh JI0 CKIIaly 34eITy TUIaT(OpPM Y TBOBICHUX
MAIIVH I IKITUHIOTh YIIOPHUMH OpyCKaMu 10 O0HJIBI CTOPOHH KoJIeca 33 JHhOTO MOCTa, B TPUBICHHX — 13 30BHIIII-
HiX CTOpiH KoJ€ca CepeHbOrO i 3aJHHOT0 MOCTIB.

[TapanenbHO KoJecaM MepeAHbOTO MOCTA 13 30BHIIIHIX (BHYTPIIIHIX) CTOpiH Ha BigcTaHi 20—30 MM Big 60Ko-
BOI IOBEPXHI IIIH BCTAHOBJIIOIOTH MO3JJ0BXKHI HANPSIMHI OpyCKH, KOXKHUH 3 SIKMX MPUOUBAIOTH MIPH Ba3i MAIIMHU JI0
12 T yoTHpMa BSIXaMH JiaMeTpoM 6 MM i JoBxkHHOI0 200 MM, TTpH O1TBIIIIH Ba3i — IIICTbMA IBSIXaMH.

I1ix yac po3milleHHs MaIllMH HaJl aBTO3YEIIaMH BaroHiB, SKi BXOJIATH A0 CKJIaay 34eIy IUIaThopM Y TBOBICHHX
MAIIIHMH I IKJIUHIOTh YIIOPHAUMU OpyCKaMH 10 O0HJIBI CTOPOHM KojIeca 33 JHhOTO MOCTa, B TPUBICHHUX — 13 30BHIIII-
HIX CTOpPIH KOJieca CepeIHbOrO 1 3aIHHOTO MOCTIB.

[TapanensHO KoJlecaM MepeIHLOTO MOCTA 13 30BHIIIHIX (BHYTPIIIHIX) CTOpiH Ha BigcTaHi 20—30 MM Bijx 60Ko-
BOT IMOBEPXHI IIIMH BCTAHOBIIOIOTH MIO3/I0BXKHI HAPSAMHIOPYCKH, KOXKHUH 3 SKMX MPUOUBAIOTH MPH Ba3i MAIIMHU JI0
12 T yoTpMa BsIXaMH JiaMeTpoM 6 MM 1 ToBxkHHOK 200 MM, IpH GBI Ba3i — MIiCThMA [BAXaMH.
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Puc. 15. 3akpimieHHsT KOJTICHAX MAaIlIdH APYTHM CIIOCOOOM

Puc. 16. 3akpinieHHs YOTHPUBICHUX MAIIHH APYTHM CIIOCOO0OM

Puc. 17. Kpinnernas Hazx aBTO39enoM IIaT(opM IPyTUM CIIOCOO0OM

ISSN 2521-6643

Cucremu ta TexHonorii, Ne 1 (65), 2023

87



3. 3akpinJieHHsI KOJiCHMX MAlllMH 32 TPeTiM cnoco6om
TpeTiMm crmocoOOM 3aKpiTUICHHS KOJICHUX MAallVH € BCTAHOBJICHHS TUTIOBUX YITOPHUX OpPYCKiB, 110 TMEpemHiX
Ta 3aJIHIX KOJIC i3 30BHINIHBOI UM BHYTPILTHBOI CTOpOHH (puc. 18).

Puc. 18. 3akpiruieHHst KONICHUX MaIIMH TPETIM CIOCOOOM

KoxxHuii ynopauii 6pycok mpruOUBarOTh LIICTbMa, a KOKHUN OOKOBUN — YOTHPMA IBIXaMU A1aMETPOM 6 MM,
noBxuHOI0 200 MM.

KoJricHi MaluHU Baroro OKpeMUX OAMHUI 10 5,5 T MiJKIMHIOIOTH YOTHPMa YHOPHUMHE OpyCKaMH, a Macok0
5,6—12 T — BicbMoMa Opyckamu. KoxkHy MammHy He3aleKHO Bif ii MacH KPIIUIATh YOTHPMa OOKOBHMH OpyCKaMH.

Puc. 19. KpinnenHs HaJt aBTO34ENOM ILIAaTGOPM TPETIM CIIOCOOOM
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ITin yac HaBaHTa)XXCHHs HaJ aBTO3YelaMH BaroHiB, fKi BXOASTH JO CKIaay 34emy miardopM 3aaHi Kojeca
MAaIlIlH Macol0 OKpEeMHUX OJMHHUIG 5,6 T Ta OlIbIIe, a TAKOX Kojleca CepeqHbOro Ta 3aJHHOIO MOCTIB TPHUBICHUX
MAIIKH TiAKIWHIOIOTh MOJIBOEHOIO KUIBKICTIO TUTIOBUX YIOPHUX OPYCKiB.

g KpituleHHS! TYCEHOYHOI TEXHIKM Ha PyXOMOMY CKJIaJi 3ali3HUYHOTO TPAHCIOPTY BUKOPUCTOBYETHCS
3 criocobu:

1. 3akpinieHHs] T'YCEHUYHUX MAIIMH NMEePIIUM CIOco00M

[epmum crmocoOoM 3aKpilieHHS Ha 3aTi3HHYHUX Tuiatgopmax BI'M BUKOHYIOTh KOMIUIEKTaMHU YHIBEpCallb-
HUX OararoobeptoBux kpitieHsb (YBK-1T" ta YBK-2I).

KoMIuteKT ckialaeTbest 3 YOTUPHOX YIOPIB, SKi BCTAHOBIIOIOTH 3 BHYTPIIIHLOI CTOPOHHU TIiJ TYCSHHMIII B Mic-
LSIX CIIUPAHHSA Ha HUX JIPYTUX Ta MEPEeIOCTAHHIX OMOPHUX KOTKIB. YIOPH MEPEIIKOPKAIOTh MO3IOBKHIM Ta MoIe-
PCYHMM IIepPEMIIIEeHHSIM TEXHIKH.

JIBa ynopu BCTaHOBIIOIOTH ITiJl O/IHI€IO 1 IBa i/ APYTOIO TYCEHHIICIO.

Opunuito BI'M mepen 3akpiluleHHSM BCTAQHOBIIOIOTH CUMETPUYHO IO3JO0BXKHIN oci miardopmu, Ha ii
MOYaTKy.

Ilepen rycenutsimu, 3 iX BHYTPILIHbOI CTOPOHH, Y MICI, 1€ epeadayaeTbcs 3HAXOMKEHHS TepeI0CTaHHIX
OIOPHHX KOTKIB, YCTaHOBIIOIOTH IEPIIY Iapy KPiIuieHb, TI0 OMHOMY B KOXHIiH Tycenui (puc. 20 a, 0, B, T, 1, €).

~ He dinpime 0.5 M

@ 88

T A

He oinpme 0,5 M

He merme l'i M

Puc. 20. Iopsinox KpirtuieHHs Ha T1aT$OpMi BiiCEKOBOI I'yCEHHYHOT MaIlIMHMU 3a Jonomoroo YMK-2T:
a — MOJIOXKCHHS MaIlIMHY Ta BU3HAYEHHs MiCIs BCTAHOBJICHHS IIEPILOI TapH YIOPiB; O — PO3MILIEHHS yIIOpy i
TYCEHWYHUMH CTPIUYKaMH 3 TOPIIEBUMH I[IBKAMH; B — PO3MILIIEHHS YIIOPY i/l TYCEHHLEIO 0€3 TOPLEBHX LiBOK;
I' — [TOJIO’KEHHS MAIIMHY Ta BU3HAYEHHS MiCIsl BCTAHOBIICHHS JIpYyTol napu ynopis: 1 — ynop nepiuoi napu;
I' — PO3MIILIEHHS YIIOPY ITii TYCEHHUIIEIO Y MiCIli CIpaHHs Ha Hel Ipyroro (1epeoCTaHHbOro) OMIOPHOTO KOTKa;
Il — PO3MIIIIEHHSI YIIOPY ITiJ] TYCEHUIICIO MiX TOYKAMH CIIPAHHS OIMIOPHUX KOTKIB; € — MiHIMAJIEHO JIOITYCTUMI BiJICTaHi
MDK YIIOpaMH IepIoi Ta qpyroi napu

KpimnneHHsT BCTAaHOBIIOIOTH TaKUM YHHOM, II00 iX TpeOeHi 3HAXOIMIIHCS TOMDK IPYHTO3a4ellaMHt, a XBOCTO-
BHKH 3aXOJIMJIM B TOPIIEBI IIBKH (3a 1X HAsIBHOCTI) TPaKiB I'yCCHHMIIb.

MammHy IpocyBaloTh BIIEpe] Ta 3yIHHSIOTH epell MiCIeM, [Ie epen0adacThes 3SHAXOMKECHHS JPYTHX OIIop-
HUX KOTKiB. YCTaHOBIIOIOTH APYTY Mapy KPiIIeHb 3 JOTPHUMAHHAM BIMOT BCTaHOBJICHHS MIEPIIIO] apH.

IIpocyBaroTe MammHy 1o miardopmi aaji BOepen, MOKH KPITUIEHHS HEe OMMHATHCS B MICISX CIIUPAHHSA Ha
TYCEHHUIII IPyTUX Ta Mepe0CTaHHIX OMOPHUX KOTKIB.

JlonmyckaeThCsl po3MilleHHsI KpiIUIeHb MiJ TYCEHUISIMU Oe3M0cepeIHbO B MiClli CIIHPAaHHS HAa HUX JPYTUX
Ta Mepe0CTaHHIX KOTKIB , 200 Ha BijicraHi 0,5 M BiJi TOUOK CIIMpaHHs KOTKIB , aJie He MeHIIe 1,7 M OJIMH BiJI OHOTO.

VY mpoiieci BCTaHOBJIEHHS KPIlUIEHb, MiCIsI KOXKHOI 3yTHHKY MAIIUHH, TBUTYH BUMUKAIOTh, & MAIIIHY 3arajb-
MOBYIOTb.

Jo pobotu 3 obmagHaHHAM (KPIIUIEHHSIM) JOITYCKAIOTHCS TITBKH 0COOH, sIKi BUBYMIN el [lopsmok Ta mpa-
BIIa OE3MeKH.

BukopurcTaHHS KpIiIJIeHb 3 TIONIKOJKEHOK KOHCTPYKITIERO (TToJlaMaHi MTHPI, TI0JI0OMKa TpeOeHs, IopyIIeHHS
LIJTICHOCTI 3BApHUX IIBIB TOIIO) HE IOMYCKAETHCS.

[Mopsimok 3akpimnenns BI'M 3a momomororo YBK Moxxe OyTr Takwid, K y BUNAIKY i3 3aKpiIUICHHIM iX MeTa-
JIEBUMH IITIOPAMHU.
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2. 3akpinaennss BI'M 3a gpyrum cnocoom

3riziHo 3 ApyruM criocodoM kpiruieHHs BI'M Ha 3ami3HHYHUX m1aT@opMax BUKOHYETHCS KOMIUIEKTaMH MeTa-
JICBHX IIITIOP.

KOMIIIEKT CKIIaTa€ThCs 3 YOTUPHOX IIIIOP, SIKi BCTAHOBJIFOKOTHCS i/l TYCEHHMITI B MIiCIIIX 3HAXO/DKCHHS Ha HUX
JPYTHX Ta NEPEIOCTaHHIX OMOPHUX KOTKIB. [IImopu mepenkomkarTh NOB3IOBKHIM Ta MONEPEYHUM MEPEMIIleH-
HSIM TEXHIKH.

JIBi mmopu BCTAaHOBIIOIOTH I OJHIEIO 1 BI MiJ] JPYTOIO T'yCEHUIIEIO.

Hopsnok 3akpimnenns BI'M mmopamu

[epen HaBaHTaXXEHHSIM HEOOXITHO MEPEBIPUTH IPABHIBHICTH PO3MIILECHHS CTIHOK Ha IITIOPaX, HAIIHHICTB 1X
KPITUICHHS Ha OTIOPHIM TUTHTI, a TAKOXK HAsSBHICTh 0OMeKyBaua, (hikcaTopa Ta IXHiX IIIUTIHTIB.

[Tanemp-oOMexxyBad y MIITOPi TOBHHEH OYTH BCTABJICHUH B OTBip TOPH30HTAIBHOT YaCTHHY TIJIMTH, HAHOIVIK-
Ui 10 OOKOBOTO Kparo MIaTGOpMH Ta 3allIIIHTOBAaHUN. BilcTaHb BiJl KyTHUKA, SKHHA CKPIIUTIOE JOIIKH TTiIJIOTH
miatopMu, 10 OOMeXyBava MoBHHHA OyTH He Oinbiie 40 MM.

Y BI'M, sika cToiTh Ha muaT)opMi B MOJOKEHHI ISl IEPEBE3CHHS, IOMIYalOTh TPAKH I'yCEHHIIb, 10 PO3Mi-
LIeHi i JpyTUMU Ta IepeA0CTaHHIMH OTIOPHUMHU KOTKaMu (puc. 21, a).

[Ticng woro BI'M npocyBaroTs Briepes (Ha3an), y iBKM a00 OTBOPH TPaKiB BCTAHOBIIIOIOTH MEPIY Hapy IIIop
(puc. 21, 6).

BI'M mpocyBatoTh Ha3a (BIEepen) i TAKAM CaMHUM YWHOM BCTaHOBIIOIOTH APYTY mapy mimop (puc. 21, B).

[orim noepTarots BI'M y movaTkoBe MOIOKEHHS, IPU IIHOMY IIMOPH OIHHSIOTHCS i TpaKaMH I'yCEHHIb
Yy MICIIX CHOHPaHHSA Ha HUX APYTHX Ta MEpeIOCTaHHIX ONMOPHUX KOTKIiB. 3a morpebu BI'M mpocyBaroTs ymepen
(Ha3zam) 1o THX Tip, TOKK IpeOeHi IIop He YBIHAYTh B JOMIKH MijIorH miatdopmu (puc. 21, 1).

N-A-’-‘-.-l-r

%"“‘A"'*'P

Puc. 21. Iopsaox kpiruieHHs Ha 1aT$opMi BiICHKOBOI TyCEHHYHOT MAIlIMHM 32 JJOIOMOTOIO IIOP:
a — BU3HAYCHHS MICIIb BCTAHOBJICHHSI IITIOP; O — BCTAHOBJICHHSI IIEPIIIO] MTapH LINOpP; B — BCTAHOBJIECHHS APYToi mapu
IIIIOp; T' — MAaIlIMHA, BCTAHOBJICHA B MOJIOXKECHHS JUIS TIEPEBE3CHHS.
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3. 3akpiniaennsa BI'M 3a tperim cniocodom
Tpetim criocobom BI'M 3akpiIutioloTh 32 JOIOMOTOI0 YOTUPHOX PO3TSIKOK 13 IPOTY AiaMeTpoM 6 MM i 4OTH-
PpBROX yHnopHHX OpyckiB (puc. 22).

Puc. 22. KpiruteHHs BificbKOBOI I'yCEHUYHOT MaIlIMHK 32 JJOMIOMOT'OI0 PO3TSKOK 1 yIIOPHHUX OPYCKiB:
1 — ynopHuii 6pycok; 2 — po3TsiKKa

BpycKu BCTaHOBIIOIOTD MILIBHO JI0 T'YCEHHIIb JOBIOI CTOPOHOIO BIOIEPEK IIaTGOpMH Ta IPUOMUBAIOTE 0
IIJUTOTH 1BSIXaMU JiaMeTpoM 6 MM. KiJTbKiCTh HUTOK Y PO3TSIKIN Ta KiJIbKICTh IBSIXIiB 11 BCTAHOBJICHHS YIIOPHUX
OpyCKiB BU3HAYAIOTh 3a TaOIHUIIEIO 8.

Tabmmig 8
Burpartu marepianis pisa kpimienns BI'M
Bara Hllf:;;mcz" BuTpara IpoTy Ha MaNIHHY 3 ypaxyBaHHaM | KitbkicTs cko6 |  Ycboro ckod
MAIIIMHH, Apoty YB’si3kH O0pTiB m1argopm HA YNOPHU HA MAIIMHY™,
B PO3TSIAKIII,
TOHH Opycok, ImT. IIT.
LT, KT 1or. M
Jo 15 4 10,0 45 3k 12%*
15,1-25 6 14,5 65 4 16
25,1-50 8 19,0 85 4 16

* KimbkicTb ckob 6e3 ypaxyBaHHS JOAATKOBOTO KPIIUICHHS Bifl OMIEPETHOTO IePeMilIeHHS.
** KinpkicTh cko0 6e3 ypaxyBaHHS JOAATKOBOTO 3aKPIIJICHHS BiJl IIOTIEPEYHOTO IEPEMIIICHHS.
** 3aMicTh ABOX CKOO JO3BOJISIETHCS 3aCTOCOBYBATH BiCiM LIBSXIB iaMeTpoM 6 MM Ta TOBXUHOI 200 MM.

BI'M Baroto 110 25 T mig yac mepeBe3eHHs Ha IIaTdopMax i3 BIIKPUTUMH HO3TOBKHIMH OOpTaMu T0IaTKOBO
3aKPIIUTIOIOTH Bijl MOMIEPEYHOro 3MiIeHHs 60koBUMH Opyckamu po3mipom 100 x 100 x 2000 mm.

BoxkoBi Opycku yKIaaaioTh y30BXK KOXKHOI I'YCEHHII 3 11 BHYTPILIHBOT CTOPOHU Ta PUOMUBAIOTH KOXKHUH Opy-
COK BiCbMOMa IIBSIXaMU JiaMeTpoM 6 MM Ta JoBxkuHO0 200 MM. 3a30p MiX I'yCEHHUISIMU Ta OOKOBUMH OpycKaMu
noBuHeH O0ytu 10-15 mwm (puc. 23).

e

1015 wa il

'5@'—1;7_‘_-3:-_.

Puc. 23. KpimyeHHs BiiCPKOBOi TYCEHHYHOI MAIIIHH Bif] TOTIEPEYHOTO MepeMileHHs OiqHIMHU OpycKamu
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ITepeBipky MpaBUIBHOCTI PO3MIILIEHHS, 3aKPITUICHHS I MACKYBaHHSI TEXHIKH ITiJl YaC HABaHTA)KEHHS BiCHKO-
BOTO €IIENIOHY MMPOBOJUTh HAYANBHUK EHICTIOHY, a MiJ Yac HaBaHTa)KEHHs BiHCHKOBOTO TPAHCIOPTY — BiANPaBHUK
BiliCHKOBOT'O TPAaHCHOPTY (Z1aJi — BIAMPABHUK), IKI HECYTh BiAMOBIJAIbHICTH 32 PO3MILIEHHS, 3aKPIIJICHHS i MacKy-
BaHHS TEXHIKH, Y TOMY YHCIIi 32 KUIBKICTh, PO3MIpH 1 IKICTh MaTepialiiB Ta 3ac00iB KPiIlJIeHH:], SIKi BUKOPHCTOBYBa-
JIUCS TTiJT Yac 3aKpilJICHHs TEXHIKH.

BucnoBku. TakuMm grHOM, HenepenOaueHe 301TbIICHAS YaCOBUX BUTPAT CaMe Ha Oreparlii 3 HaBaHTa)KeHH/
BuBaHTakeHHs: OBT cyTTeBO BIUIMBA€E Ha SKICTh MPOIECIB BUKOHAHHS BICHKOBHUX orepailii (0oiioBux niit). Tomy,
BpPaxXOBYIOUH BHIIE HaBEJICHI JIaHi Ta 3 METOIO OUTBIII SKICHOTO BUKOKOHAHHS BIMCHKOBHX orepaiiid (00ioBuX Jii),
BHHHUKA€E HarajbHA MOTpeda B BUTOTOBJICHHI KOMITJICKTIB YHIBEpCAIbHUX 0araTroo0epTOBUX KPITUICHb Ha KOXKHY TEX-
HiKy, @ TAaKO)K CTBOPEHHS 3allaciB MarepiaiiB i 3aC00iB KPIiIUICHHS AJISI PO3MIIIEHHS Ta 3aKpiIUIEHHS TEXHIKH Ha
BIAKPUTOMY PyXOMOMY CKJIaJi.
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HNEPCHEKTUBHU PO3BUTKY MYJIbTUMOJAJBHUX TEXHOJIOTTI
IMACAKUPCBKHUX IIEPEBE3EHDb HA PETTOHAJIBHOMY PIBHI
B ACHHEKTI 3EJIEHOI» TOTICTUKHA

Y cmammi nazonoweno, wjo eaxciusum Gaxmopom po3sumxy Ceimosoi eKoHOMIKU € pi6eHb HAOAHHA MPAHCHOPMHUX
nOCIY2, WO CNOHYKAE 00 POIGUMKY MPAHCHOPMHOL IHPACMPYKMYPU Ma NOCMIIHO20 NIO8UWEHHSL eqheKMUBHOCII | ONMUMATL-
Hocmi ii Qynkyionyeanna. [lpedcmasneno OuHaMIKy nepeseseHb nacaxcupie 6 Yxpaini y pempocnekmusi, wo noxkasana cym-
meee 11020 3HudNCeHHs. TaKodic UHAUEHO, NUMOMA 8a2a 8U0I8 MPAHCTIOPHTY 8 KOHMEKCMI NACAXCUPCLKUX Hepese3eHb 3a OCMAHHI
30 poxis 3a3nana smin. Hagedeno nanpamku ma nioxoou wooo 6Npo8adNCeHHs eNeMeHmie «3eleHoiy ao2icmuxu. 3anponoHo-
8aHO KOMOTHAYIT 8UAI8 MPAHCNOPMY ONA BNPOBAONCEHHA 68 CIPYKIYPY NACANCUPONEPEBE3eHb HA PEiOHANLHOMY DigHi 6 YKpaini
8 ACneKmi «3eneHoiy 102iCmuKY, a came NOEOHAHHA OOPONCHLO20 HAZEMHO20 eeKMPOMPAHCIOPIY Ma 6HYMPIUWHbOI asiayii,
00PONCHLORO HA3EMHO20 eNeKMPOMPAHCHOPHTY MA PIuKOB020 MPAHCNOPMY. 3anponoHO8aHO NepcnekmusHi KomMoinayii euoig
MPancnopmy O7A BNPOBAONCEHHA 8 CIPYKNYPY HACAHCUPONEPese3eHsb Ha Pe2ioHaNbHOMY pigHi 8 Ykpaini 6 acnexmi «3eieHoi»
J02ICIUKY, a came NOEOHAHHA 3ANI3HUYHO20 mpancnopmy ma B00HEBOMY NANUGI MA HA3EMHUIL CIIEKMPOMPAHCHOPHI, PitK06020
mpancnopmy ma B00HEBOMY NANUGI MA HA3EMHULL eeKMPOMPAHCHOPM, GHYMPIUHLOI agiayii ma 600HesoOMy Nanusi ma Hazem-
HuU €IIeKMPOMPAHCROpIM. Y 0ocnioocenni eusnaueno nepedymosu Ppo36UMKy Myﬂbmumodaﬂbuux MEXHONO2It NACAHCUPCOKUX
nepegesenb HA PeLiOHANbHOMY DiGHi Ha mepeHax Ykpainu 6 achexmi «3e1eHoiy» no2icmuku. s 6nposaoddCceHHs My1bmumo-
OGbHUX MEXHON02IU NACANCUPCHKUX NEPe6e3eHb HA PeioHaIbHOMY PI6HI He0OXiOHO Hacamneped 6UKOHAmMU P NepemsopeHs.
To-nepute, HeoOXIOHO BUZHAYUMU MONCTUBOCTI 8IONOBIOHO20 Pe2iOHY, De NIAHYEMbCS RPOBAONCEHHS MYTIMUMOOALLHUX MeX-
HONORIH, w000 pecypcrozo 3abesneuenns. 11o-Opyze, mpeba susHaUUMUCA WOOO NEPCHEKMUBHUX A AKMYATbHUX NACAHCUD-
cokux mapuipymisg. [lo-mpeme, cnio 3abe3nevumu po3eumox 8ionogioHoi mpancnopmuoi ingpacmpyxmypu.

Kittouosi croBa: agmomparncnopm, mooanvHe nepeseseHtsl, 6NIU6 Ha O06KLLIA, «3€1eHay 102ICIUKa.

Boiko S. M., Kotov O. B. Prospects for the development of multimodal technologies of passenger transportation at the
regional level in the aspect of “green” logistics

The article emphasizes that an important factor in the development of the world economy is the level of the provision of
transport services, which encourages the development of transport infrastructure and the constant improvement of the efficiency
and optimality of its functioning. The dynamics of passenger transportation in Ukraine is presented in retrospect, which showed a
significant decrease. It is also determined that the specific weight of the types of transport in the context of passenger transportation
has undergone changes over the past 30 years. Directions and approaches to the implementation of elements of “green” logistics are
given. Combinations of types of transport are proposed for introduction into the structure of passenger transportation at the regional
level in Ukraine in the aspect of “green” logistics, namely the combination of road ground electric transport and domestic aviation,
road ground electric transport and river transport. Prospective combinations of types of transport are proposed for introduction into
the structure of passenger transportation at the regional level in Ukraine in the aspect of ““green” logistics, namely the combination of
railway transport and hydrogen fuel and ground electric transport, river transport and hydrogen fuel and ground electric transport,
domestic aviation and hydrogen fuel and ground electric transport In the study, the prerequisites for the development of multimodal
technologies of passenger transportation at the regional level on the territory of Ukraine in the aspect of “green” logistics are deter-
mined. In order to introduce multimodal passenger transport technologies at the regional level, a number of transformations must
first be carried out. First of all, it is necessary to determine the capabilities of the relevant region, where the implementation of multi-
modal technologies is planned, in terms of resource provision. Secondly, it is necessary to decide on promising and current passenger
routes. Thirdly, the development of the appropriate transport infrastructure should be ensured.

Key words: cars, modal transportation, impact on the environment, “green’ logistics.

IMocTanoBka npodaemu. BaxxinBum GpakTopoM po3BUTKY CBITOBOT €KOHOMIKH € PiBeHb HaJJaHHA TPAHCIIOPT-

HUX MOCIIYT, IO CIIOHYKA€E IO PO3BUTKY TPAHCIIOPTHOI IHPPACTPYKTYPH Ta MOCTIHHOTO MiABHIICHHS ¢()EeKTHBHOCTI
1 ONITUMAITLHOCTI i (DYHKIIOHYBaHHSI IUITXOM BIIPOBAKEHHS CydacHHUX TexHoori [1, ¢. 114-118].
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3okpema, cydacHi iH(opMaIliiiHi TEXHOIOTIT B KOHTEKCTI TPAHCIIOPTHOI raly3i Ta 3arajoM B CEKTOPI €KOHOMIKU
CIIPUSIIOTH MiJIBUIIEHHIO €()EKTUBHOCTI TPAHCIIOPTHUX MPOIIECiB, HacaMIepes] Jal0Th MOMIIMBICTD IIBHIKOTO JIOCTYILY
10 iH(opMallii o0 cy0’eKTiB Ta 00 €KTIB TOCTABKHU Ta CIIPUSIIOTH Y MPUIHATTI palliOHATIBHUX Ta ONTUMAIBHUX PillIeHb.

Ha i po3BuTKy iH(opMaliiiHUX TEXHOJIOTIH Ta 1HTEeNeKTyali3alii IpoleciB yIpaBiIiHHS, y CBITI CHOCTe-
piraeTbest TEHICHINS A0 TI00ANi3alii pHHKY TOBApiB Ta IMOCIHYT, IO CTAJO IOMITOBXOM O PO3BHTKY CyYacHHUX
TEXHOJIOT1H TPaHCHIOPTYBaHHS NponyKil. [lommpeHHs Ha CHOTOIHINTHIN IeHh HA0ylIa TEXHOJOTIS MYJIBTUMOAAb-
HUX TIEPEBE3CHB, M0 XapaKTEPU3YETHCS K BHYTPINTHHOACP)KaBHIMHU Ta MI>XXHAPOTHIMH TIEPEBE3CHHIMH BaHTAXKY
3MIIlIaHAM TPAHCIIOPTOM, TaK 1 IIEPEBE3EHHAM BaHTAXY JIO ITYHKTY IPU3HAUEHHS TBOMa a00 Oiibllle BHIaMU TpaH-
CTIIOPTY Ha TiJcTaBi enuHOTO Horoopy [1, c. 114—-118].

V 3B’s13Ky 3 pO3BUTKOM CBITOBOT'O PUHKY MYJIBTUMOAAILHUX I1EPEBE3CHb, AKTyaTbHIMH CTAIOTh TUTAHHS PO3-
BUTKY iHTEJIEKTyasli3allii NpiopUTETHIX HAMPSMKIB TPAHCIIOPTHOI raity3i, po30ynoBH €(eKTUBHUX MYIBTUMOAIb-
HUX TPAHCIIOPTHUX CUCTEM Ta 3MII[HEHHS TPAH3UTHOTO MOTEHIIIay TPAaHCIOPTHOT ratysi.

CBiTOBa TEH/ICHITIS MIOAO PO3BUTKY «3€JIEHOD» JIOTICTHUKH, SIK KOHIISIIIIi eKOJIOTTYHO PalliOHAIbHOTO IPOEKTYBAHHS
Ta eKCIUTyarTallii JIONICTUYHUX CUCTEM, € CKJIaJIOBOIO METOIOJIOTIi CTaJIOr0 PO3BUTKY €KOHOMIKH KpaiHU Ta i perioHiB.

TakuM YHHOM, aKTyaJbHHM IIOCTAa€ MUTAHHS BIPOBAIKCHHS MYJIBTUMONANBHUX TPAHCHOPTHUX CUCTEM
B aCIIEKTI «3€JIEHOD) JIOTICTHKH.

Amnauni3 ocTanHix gociigxkens i myomikaniii. TpancmopTHa rany3s KpaiHH € CKIIaI0BO0 KOMITJIEKCY €KOHO-
MIKH 1 HEOOX1THIM YHHHUKOM 3a0€3MeUEeHHS CTAJIOTO PO3BUTKY. AKTYalIbHICTh PO3BUTKY TPAHCIIOPTHOT raimy3i o0y-
MOBITIOETHCS TAKOXK HOTO OCOOTMBUM 3HAYCHHSM MO0 3a0e3MeUCHHS OE3IeKH Ta eKOHOMIYHOTO PO3BUTKY KpaiHH,
0COOITMBO B YMOBAx ChOToMIeHHs [2, c. 13-29,].

VY crarti [3, ¢. 271-280, 7, c. 634-638] 37aiiicHEHO KOMIUICKCHHIA aHalli3 CTaHy BaHTAXKHUX TEPEBE3CHb,
y TOMY YHUCIIi KOHTCHHEPHHX.

VY crarri [5, ¢. 254-277] onucano 0a30Bi 3acaau MO0 NEPETBOPEHb TPAHCIIOPTHOI raly3i B OfHY 3 0a30BUX
rajry3eil eKOHOMIKH, 110 CIIPUATHME 301IbIIEHHIO PiBHS HAJIXOKeHb 0 Jlep>kaBHOTO OrO/pKeTy YKpaiHu, IMifBH-
LIEHHA PIBEHb KUTTS HACEJICHHS, a TaKoX 3a0e3MedyBaTuMe HalliOHaJIbHY Oe3IeKy JIep:KaBu.

3apyOiKHUI JOCBII MIATBEPIKYE Te, MO y chepi TPAHCIIOPTY OJHUM i3 OCHOBHHX YMHHUKIB IMiIBHIICHHS
PIBHS €KOHOMIYHOTO PO3BHUTKY € PO3BUTOK MYJIBTHMOJAIBHUX MEpeBe3eHb [6, ¢. 86—93]. BapTo BUIIINTH TaKOX
HaykoBi nipaini Steadie Seifi M., Dellaert N. P., Nuijten W., Van Woensel T., & Raoufi R. Ta iH. gocmigHukis, mo
IMiJIKPECITIOI0TH BArOMY POJIb MYJTBFTUMOIANIBHUX TIepeBe3eHsb [8, ¢. 1-15].

Mix TUM, Y TOCTIDKEHHSIX HEe BUPIIIEHO 3aB/IaHb I0JI0 PETIOHATBHOTO PO3BUTKY MACAKUPCHKUX TIEPEBE3CHb.

MeTa cTaTTi: MpoaHaTi3yBaTH Ta BU3HAYNTH MIEPEIYMOBH PO3BUTKY MYJIBTUMOAAILHUX TEXHOJIOT1H Ha peri-
OHAJIbHOMY PiBHI B aCIIEKTi «3€JI€HOT» JIOTiCTUKU.

Bukian ocHoBHoro marepiany. Ha chorofHi KapThHa CIIOKMBaHHS €HEPTEeTHUYHHX PECYpCiB 3arajom,
Ta TPAHCIIOPTHOIO Tajy33l0 B TOMY YHCIi Ma€ TEHACHIiIO 10 3MeHmeHHs (puc. 1). Mix TuM, y MOpiBHSHHI i3
3araJbHUAM O0CSIrOM 3MEHILIEHHS €HEProCMOXKUBAHHS, Y TPaHCIIOPTHIHN rajiy3i 1i NpoLecH NPOXOAATh HOBIIBHO.
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Puc. 1. 3araneHe kiHnese eHeprocnoxuBanus 3a 2007-2020 pokwu (THC. T H. €.)
LDicepeno: nobyoosarno asmopamu 3 UKOPUCMAHHAM Oanux [4]
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Mix TUM, aHaJIi3 BUKHIB 1IOKCUAY BYIJIEIIO B aTMOCc(epHe MOBITPs NEPEeCyBHUMH JDKEPENaMH, Y TOMY YUCIi
3 ypaxyBaHHSIM TPaHCIIOPTY, IOKa3aB, 0 15 pokiB AMHaMiKa BUKH/IIB KOJIHUBajIacs HABKOJIO OJJHHUX 1 THX CAMUX 3Ha-
YeHb 1 Ha pasi, OKH 1110 He CIIOCTEPIraeThecsl TeHICHIIIT O CyTTEBOTO HOT0 3HMKEHHS (puc. 2).
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Puc. 2. Bukumu fiokcuty ByIJICIo B atMocepHe OBITPs EPSCYBHUMU DKEPENIAaMU 3 YPaxyBaHHIM TPAHCIIOPTY (MJIH T)
JDicepeno: nobyoosarno asmopamu 3 UKOPUCMAHHAM Oanux [4]

TaxuMm umHOM, B YKpaiHi oTpeda mepexomy 10 BUKOPHUCTAHHS aJlbTEpHATUBHUX BHIIB IAJMBA B TPAHCIOPT-
Hill Tary3i 00yMOBJIEHa CKOJIOTIYHUMH Ta €KOHOMIYHUMHU (haktopamu. EdekT 3a0pyaHeHHS TOBITPS JOCHTH TIOMITHI
B MiCTax 3 aKTMBHO PO3BHHEHOIO IIPOMHCIIOBOIO aIJIOMEPALII€I0 Ta IYCTOHACEICHUX palOHaX BEIMKUX MicTi Ykpainu [4].

Y CBITOBI IPAKTUIIi, B TPAHCTIOPTHIM ramy3i 0coOnuBa yBara NpUIAULIETHCS BUKOPHCTAHHIO BOHIO 1 MATMBHUX
€JICMEHTIB Ha aBTOMOOUIFHOMY TPaHCIOPTi. Mixk TUM, Ha TepUTOPii YKpaiHU € psi MapIIpyTiB 3HAYHOI MPOTSHKHOCTI,
Jie aBToOyCcH Ha BOIHI MOIIM O KOHKYpyBaTH 3 TpaauuidHuMu. CiiJ 3a3HA4UTH, IO iHPPACTPYKTypa BUPOOHUIITBA
1 po3MOIily BOAHIO OTpeOye 3HAUHUX KaIliTaJlOBKIIa/IeHb, 3BayKat0ul Ha (DakT PU3UKOBOCTI iHBECTYBaHHA 0€3 JOBIoO-
CTPOKOBOI BHIMIMOI MIEPCIICKTUBH IOMUTY HA BOACHB. TOMY, ypsITH MPOBITHUX KpaiH CBITY 3a0€3MeUyIOTh HE TLTBKU
IHBECTHUIIIIHY MIATPUMKY, ajie i 3a0e3MeuyroTh BceOiuHy 3aKOHONABYY MiITPUMKY JIaHOTO MPOEKTY.

Crij 3a3HaYMTH, 110 B KOPOTKOCTPOKOBIH MEPCIIEKTHBI BOICHL MOXKHA Oy/ie BUPOOISATH MICIEBO, I 3a0e3-
MICYCHHST HEBEIWKHX 3allpaBHUX CTaHINH, ISl aBTOMAPKiB, 0 MATHMYThH BIAacHy 0a3y IS 3alpaBKH, IO TAKOX
MOXYTb OyTH BIIKPUTUMHU JUTsl TPOMAaJICHKOCTI.

Mix THM, aHaNI3 3aTaJBHOTO IMACAKUPONOTOKY B YKpaiHi 3a octanHi 30 pOKiB MOKa3aB CyTT€BE HOTO 3HHU-
*keHHsl. Ha 1ie#l mpoliec BIMBaIy IPOTIroM JIOCIIIXKYBaHOTO TIepioy yacy 0arato GpakTopiB, cepesl MOXKHA BiI3Ha-
YUTH TaKi sK geMorpadiyHa cutyaig Ta nagaemis (puc. 3). SKIIo po3misiaTH CUTYallil0 Ha ChOTOHIIIHIN JIeHb,
TO BOHA Mae crieuQivHMiA XapakTep B YMOBaX BOEHHOTO yacy. Mixk TUM, Ha Mepiof] MiCISBOEHHOTO BiAHOBJICHHS
3arajbHHA MACaKUPOMOTIK Ma€ 30UTBIIUTHUCS.
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Puc. 3. 3aranpHuii macaxuporoTiK (MIJIH Iac. KM)
JDicepeno: nobyoosarno asmopamu 3 UKOPUCMAHHAM Oanux [4]
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Jetanizyroun MUTOMY Bary TPaHCIOPTY, CNiJ 3ayBaXKUTH, IO CepeJl IHIMIMX HANWOUTBIIOT MOMYISPHOCTI
Ta MOLIMPEHOCTI Ha TepeHax YKpaiHu MaloTh 3a1i3HUYHUI Ta NOPOXKHIN Ha3eMHUH TPAHCHOPT.

Crix 3ayBaxkuTH, 110 32 octanHi 30 pokiB 3a0yna 3MiH MUTOMa Bara Ha3eMHOTO TPaHCIOPTY B KOHTEKCTI
MacaXUPChKUX IepeBe3eHb (puc. 4). Mixk TUM, MUTOMA Bara 3aj1i3HUYHOTO TPAHCTIOPTY B KOHTEKCTI MAaCaKUPChKUX
MepeBe3eHb TEXK 3a3Hama 3MiH (puc. 5). Ha mo Oynu cBoi ekOHOMIYHI Ta COIiabHI MPUIAHH.
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Puc. 4. [Tutoma Bara 70pOXHBKOTO HA3eMHOTO TpaHcopTy (%)

IDicepeno: nobyoosano asmopamu 3 UKOPUCMAHHAM Oanux [4]
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Lbrcepeno: nobyoosano asmopamu 3 6UKOPUCMAHHAM OaHux [4]

3Bu4aitHO, B YKpaiHi B CTPYKTYpi TPAHCIIOPTHOI raysi Iie € MOPCHKHUIT Ta piYKOBHIA TPAHCIIOPT, aje, 32 OCTaHH1
POKH, IIUPOKOTO TOIIMPEHHSI Ta PO3BUTKY Ha PET10HANBHOMY Ta 3aTaJIbHOJICP)KaBHOMY PiBHSX BiH He MaB [4].

Mix THM, IEBHE Miclie B CTPYKTYpi TPaHCIIOPTHOI raiy3i YkpaiHu 3aiiMae BHyTpIIlIHS aBiallis, TMTOMa Bara
SIKO1, X04a 1 He CyTT€EBO, aJie 301IbIryBaacs Ha nmpots3i ocranHix 30 pokis (puc. 6).

Pesynbrari mpoBeseHOro aHalizy MOKa3yloTh, 1o 3a octaHHi 30 pokiB B YkpaiHi BinOyBcs Iepepo3Iozin
MUTOMOI Bard pi3HUX BHIIB TpaHCHoOpTy. [loTyXHHM BaxkeJIeM y IIbOMY IpOIleci Oyina i € eKOHOMIYHa CKIIAJI0BA.
ToOTo, BUIM TPAHCIIOPTY, AK BiIOBIIHI C)epr EKOHOMIYHOT JISUTBHOCTI PO3BUBAIOTHCS 32 CIIPUATIUBUX YMOB.

3 moMiX 1HIIOTO, THPPACTPYKTYpa 3aTI3HUYHOTO TPAHCIIOPTY HE 3aBKIU 3a0e31euye sSKicHe 00CITyTOByBaHHS
MacakupoIoToKiB. Taki sk MpoOJIeMH BUHUKAIOTH 1 B HA3€MHOMY TPaHCIIOPTI.

Ki11040B0}10 1/1€€F0 1110/10 MTOIATBIIIOT0 PO3BUTKY TPAHCIIOPTHOI Taly3i perioHiB KpaiHH € BIPOBAKEHHS MYJTb-
TUMOJAIBHUX TEXHOJOTIH. Takuii miaxix Moke OyTH aKTyaJ bHUM SIK 32 BUKOPHCTAHHS 1CHYIOUHX TPAHCIIOPTHUX
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3ac00iB, TaK i Ha MEPCIEKTUBHI TEXHOJOrII MacaxupornepeBe3eHHs. 3apoloHOBaHUI MiaXia MoeaHye inel pos-
BUTKY TPAHCHOPTHHUX TEXHOJOTIN Ha pEriOHaNbHOMY PiBHI Ta Cy4acHOI KOHIIEMIIil PO3BUTKY HACENEHHUX ITyHKTIB
Smart city [6, c. 86-93].
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Jicepeno: nobyoosano asmopamu 3 UKOPUCMAHHAM OaHux [4]

BripoBakeHHSI MyJTBTUMOIATBHUX TEXHOJIOT1H Ha perioHaTbHOMY PiBHI Ma€ Ha METi 3MEHIIICHHS 9acy Iepe-
BE3CHHS MACAKUPIB MiXK HACEICHUMH ITyHKTaMH, TiABHIEHHS Oe3MeKH Ta KoM(OPTY acaKUpOIepeBe3eHb, TOTo-
JDKCHHS rpadikiB pyxXy MacakupChbKOTO TPAHCHOPTY Pi3HUX BUAIB, JeKapOOHi3allis TPAHCIOPTHOI raiysi, 10 Mae
MIPU3BECTH JI0 301JbIIEHHS OOCSTIB Ta PETYIAPHOCTI NepeBe3eHb, 3MEHILIEHH! HETAaTUBHOTO BIUIMBY TPAHCIOPTY
Ha HABKOJIMILHE CepeIOBUILE, 3MEHIIIEHHS! BapTOCTi Ta COOIBapTOCTI MepeBe3eHb, PO3BUTOK TPAHCIIOPTHOI iH(pa-
CTPYKTYpPH PETioHy, MiABUILEHHS COLiaJIbHOI NPUBAOIMBOCTI Ta MOKPALIEHHS HOr0 €eKOHOMIYHOT CKJIaZ0BO].

Mix THM, CITiZ 3a3HAUUTH 1 TOW (DAKT, MO0 BaKIMBHM 3aBIaHHAM 3aJIUINAETHCS JEeKapOOHi3allisl 0araTbox
raimy3ell eKOHOMIKH, Y TOMY YHCIIi TPAaHCIOPTHOI rairy3i. Ha BupireHHs 1b0ro 3aBIaHHs MOKIMKAHUH HOBHH Cydac-
HUH HaIpPSIM TPAHCIIOPTHUX TEXHOJIOTIH — «3€JICHAY JIOTICTHKA.

Cepen HampsIMKiB BIIPOBADKCHHS HANPSAMKY «3€JIEHOD» JIOTICTUKU CIIiJ] BUIUIATH BIPOBAKCHHS EIIEK-
TPOTPAHCIIOPTY Ta BOAHEBI TexHoorii. Lli 3a3HaYeHi HAMPSAMKNA MarOTh CBOIO crenu(iKy MpoBapKeHHS. AJle, He
3BaYKal04X Ha 0COOJIMBOCTI BIIPOBAKEHHS, IOCTYIIOBO BiIOyBAa€ThCS BIIPOBAHKECHHS €JICMEHTIB «3€JIEHOI» JIoTiC-
TUKH y KpaiHax CBITY.

[Ipobnemaruka «3eJ1€HO1» JOTICTUKH IMOJIATae TepIl 3a BCce y po30yn0Bi BiAMOBIAHOT TpaHCIIOPTHOI iH(pa-
CTPYKTYpH, 1110 Ma€ Ha MeTi 3ally4yeHHs (DiHAaHCOBUX, TEXHOJIOTTYHUX, IOJTITUYHHUX Ta HAYKOBUX PECYPCIB.

AKTyaJIbHIMU KOMOIHAI[ISIMU BHJIB TPAaHCIIOPTY IJIsl BIPOBAHKECHHS B CTPYKTYPY MacaKHPOIEPEBE3CHb HA
perioHaNEHOMY PiBHI B YKpaiHi B aCMEKTi «3€JICHOD) JIOTICTUKH € MMOEIHAHHS TOPOKHBOTO HA3eMHOTO ENICKTPOTPaH-
CIIOPTY Ta BHYTPIIIHKOI aBiaii, TOPO)KHEOTO HA3EMHOTO eJIEKTPOTPAHCIIOPTY Ta PIYKOBOTO TPAHCIIOPTY.

Ha choromHinmHii JeHb y CBITI € BEJINKA KIJIBKICTh CyJaCHHX MEPCIIEKTUBHUX PO3POOOK TPAHCIIOPTHHX 3aCO-
01B pi3HUX BUIIB Ta NpUHIUITIB Jii. Ceper HIMX CITiJT BUIAUTUTH eJIEKTPOKAPH, a caMe TaKCi 3 aBTOMIIOTOM Ha 6a3i
MITYYHOTO THTENEKTY, OE3MiJIOTHI MOBITPSHI TaKCi, OE3MUIOTHI MIBUIKICHI TIOTSTH.

Ha noran aBTopiB 3BaXKAI0UM Ha CydJacHi po3poOKH y ramysi TpaHCHIOPTHHX TEXHOJOTIH, NePCTIeKTHBHUMHU
KOMOiHAIISIMHA BHJIIB TPAHCIIOPTY JJISl BOIPOBAKCHHS B CTPYKTYpY MacaXUpOIEePEBE3eHb Ha peFIOHaJH:HOMy piBHI
B YKpaiHi B aCHEKTi «3€JICHOT» JIOTICTUKH € TIOETHAHHS 3aJII3HUYHOTO TPAHCTIOPTY Ta BOAHEBOMY HaJUBi Ta Ha3eM-
HUH eJIeKTPOTPAHCIOPT, PIYKOBOTO TPAHCIOPTY Ta BOAHEBOMY MAJIMBI Ta HA3eMHUH €IEKTPOTPAaHCIIOPT, BHYTPIll-
HBOI aBiallii Ta BOAHEBOMY IaJIMBi Ta HA3EMHHI EIEKTPOTPAHCIIOPT.

BuCHOBKHM 3 1aHOI0 AOC/IiKeHH i MepcneKTHBH NMOJAJBIINX PO3BilOK Yy 1aHOMY Hanpsimi. BusHa-
YeHO MEPEIYMOBH PO3BHUTKY MYIBTHMOJAIBHUX TEXHOJOTIH MACAXUPCHKHUX IEPEBE3CHb Ha PETiOHAIEHOMY
PiBHI Ha TepeHaX YKpaiHH B aCIEKTi «3€JCHOI» JOTICTHKH. /IS BIPOBaIKEHHS MYIFTUMOIAIEHUX TEXHOJIO-
Tl macaXUpPChKUX MepeBe3eHb Ha PErioHAIBHOMY PiBHI HEOOXIHO HacamIlepe]] BUKOHATH PSII MEPETBOPCHbD.
[To-niepiie, HeOOXiAHO BU3HAYUTH MOXIJIMBOCTI BIIIOBIIHOTO PETiOHY, A€ TUIAHYETHCS BIPOBAIKCHHSI MYJIbTH-
MOJAIBHHUX TEXHOJOTiH, MOoA0 pecypcHoro 3abesnedeHHs. [lo-apyre, Tpeba BUZHAUNTHUCS IOJO0 MEPCIIEKTHUB-
HUX Ta aKTyaJbHUX MaCAKUPCHKUX MapipyTiB. [lo-Tpete, ciix 3a0e3meduT pO3BUTOK BiAMIOBIAHOT TPAHCTIOPT-

HOi iHppaCTPyKTypH.
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A METHOD FOR ASSESSING ENERGY EFFICIENCY OF LIGHT-DUTY VEHICLES TAKING
INTO ACCOUNT CHANGES IN THEIR DESIGN PARAMETERS

The present stage of development of the world market of vehicles, in particular, light-duty vehicles (LDVs) is marked by an
increasing variety of types and designs. Therefore, while validating or renewing fleet vehicle of an enterprise, carriers are faced with
the choice of cars setting conditions they can assess using existing fragmentary and cost-effective approaches. However, the latter
ones do not meet the concepts of saving energy and resources. Therefore, the task of choosing an efficient car is complex requiring
a science-based formation of demands and their satisfaction. Existing approaches to the selection and validation of LDV are sim-
plified and imperfect in terms of transport technology. They do not take into account a) resource and technical properties of LDVs
as a means of transport; b) main design and technical characteristics of LDVs, c) parameters of its operation (running surface,
traffic density, length of the driving cycle, etc.). This article considers a method for assessing energy efficiency of light-duty vehi-
cles, which is based on the scheme of the vehicle operation as a dynamic tool. To develop this method, the provisions of the energy
and resource efficiency theory of a car have been used, namely the calculation schemes of transport operations based on models of
reference prototypes and test operations. These models are able to ensure the reasonable use of the vehicle fleet with design novelty
under the given operating conditions. In order to analyse changes in the parameters of new vehicles and improve the parameters of
transport technology, a universal design of a light-duty vehicle of a generic type has been developed and considered. This structural
pattern covers all options of the vehicle’s design basis. New options for the vehicle design are created by changing the number of
design modules and their parameters. The method proposed for consideration ensures the technical and technological properties of
light-duty vehicles in accordance with the concept of energy and resource conservation in the transport system. The paper develops
methods for comprehensive improvement of transport energy efficiency and formation of requirements for transportation projects of
LDVs taking into account technical and technological factors within their life cycle.

Key words: light-duty vehicles, design parameters, energy and resource.

TI'anvona I. L, Ilivux M. I, Tyces O. B., lllanenxo €. M., Caynak JI. B. Memoo ouinku enepzoepexmugnocmi
asmomooinie manoi 6aHmMaxiconiooMHoCmi 3 ypaxyeaHHAM 3MIHU X KOHCIMPYKMUGHUX NAPAMempie

Eman cyuacrozo po3gumxy ceimogozo punky asmomparnchopmuux 3acobie (AT3) 3oxkpema agmomobini manoi eanma-
arconiotionnocmi (AMB) xapaxmepusyemvbcsi 3pOCmaiouum pisHOMAHIMMSIM 3anPOROHOBAHUX 8UAI8 MA PI3HOBUOIE KOHCTPYKYIIL.
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s 00TpYyHMYBaHHS OHOBLEHHS NAPKY PYXOMO20 CKAA0Y NIONPUEMCINBA NEPei3HUKU SHAXOOMbCA heped 8UOOPOM agmomobinie,
BUCYBAIOYU 00 HUX BUMORU, AKI BOHU 30AMHI OYIHUMU 34 OONOMO20I0 ICHYIOUUX NPOMUBUMPAMHUX NI0X00i8, W0 He 6I0N06i-
oaromyb icHylouill Konyenyii 30epedxcents enepeii ma pecypcis. Bei idomi ichyioui nioxoou eubopy ma oorpyumysanus AMB
€ CNPOWeHUMY Ma HeOOCKOHATUMU 3 MOYKYU 30pY CYUACHUX MPAHCNOPMHUX MeXHON0zitl. Bonu He 8paxosyomb pecypcHo-mex-
Hiuni enacmusocmi AMB sk 3acoby nepesesents, OCHOBHI KOHCMpPYKMusHo-mexuiuni xapakmepucmuxu AMB, napamempu
tio2o excnayamayii. B 0aniii cmammi po3ensioaemvcs Memoo oyiHKu eHepeemuyHoi ehekmueHocmi asmomooinie Manoi éanma-
ACONIOUOMHOCII, AKUL 3ACHOBAHO HA CXeMI (YHKYIOHY8AHHA a8MOMO0INA K OUHAMIYHO20 3aco0y npayi. /I po3pobKu dano2o
Memooy 6y10 BUKOPUCIANO NONOJICENHS eIl eHepeopecypcHOi e(pekmUHOCII agmomoobiiia, a came UKOPUCMAHHS PO3PAXYH-
KOBUX cXeM MPAHCHOPMHUX ONepayitl, Wo 3ACHO8aHI Ha MOONAX emAalOHHUX NPOmomunia i mecmosux onepayisx. Lfi mooens
Maromy 3moey 3abesneuumu 00IPYHMosane BUKOPUCTIAHHS PYXOMO20 CKAAOY 3 KOHCIPYKIMUGHOIO HOBU3HOIO 8 3A0AHUX YMOBAX
excniyamayii. i Moocnugocmi ananizy 3minu napamempie HOBUX A8MOMPAHCHOPMHUX 3Ac00i8 ma YOOCKOHANEHHS Napa-
Mempié MpaHCHOPMHUX MeXHo02il, Oyna po3pobrena ma po3eiaHyma yHiBepCanbHa CMpYKmypa agmomooins mManoi eanma-
JICONIOTIOMHOCIT Y3A2aNbHIOI0H020 Muny. L cmpyxmypHa cxema 0Xonuioe 6¢i 8apianmu KOHCMPYKMugHo20 6asucy agmomooins.
Hosi sapianmu KOHCMPYKYIi a6mompanchopmuozo 3acody Qopmyomscs 3a 00NOMO20k0 3MIHU KIbKOCHI KOHCHPYKMUBHUX
Mmooynie ma ix napamempis. Memoo, wo npononyemucsi 00 po3ensndy 3abe3nedye mexuiko-mexHoN0IUHI AKOCMI agmomooinie
manoi sanmangiconiotiomMHocmi y 810n0sioHocmi 0o Konyenyii 36epedicents enepeii i pecypcie 6 mpaHcnopmuitl cucmemi.
KitrouoBi ciioBa: agnmomobini manoi 6aHmasiconiotioMHOCi, KOHCIMPYKMUBHI NApamempu, eHepeis ma pecypci.

Introduction. Light-duty vehicles (LDV) are increasingly being used by carriers to deliver small-batch
cargos. This is especially true for urban transport with heavy traffic of vehicles. It is characterised by energy-
and resource-intensive modes, which leads to intensive wear of vehicle parts and assemblies. However, when
choosing a new fleet or updating the existing one, carrier customers need to substantiate and evaluate the proposals
presented on the vehicle market that would meet the concept of energy and resource conservation. The existing
methods for selecting a fleet are very simplified and not perfect in terms of transport technology [1]. These methods
do not take into account a) the resource and technical properties of the vehicle as a means of transport; b) basic
design and technical specifications; ¢) parameters of its operation (rolling surfaces, traffic intensity, route length,
vehicle load, etc.). Therefore, there is a need in developing and using a new method that will be based on a system
of consumer-oriented and coordinated design and transport innovations of a light-duty vehicle [2].

Besides, when choosing a fleet, it is necessary to pay attention to meeting the needs of cargo delivery
customers in the provision of road transport services, namely, ensuring continuous operation at a sufficiently high
level and with the appropriate quality.

When creating a new fleet, the expenses on design innovations are borne by the buying carrier. The carrier,
in their turn, is interested in the long-term improvement of the economic and technical competitiveness of their
services, which will be in line with the concept of energy and resource conservation. The fleet competitiveness
is determined by a set of its properties that characterise the degree of meeting the needs to the level of consumer
and work utility of the vehicle compared to the best analogues of this size [3].

The most important strategic goal of the carrier is to develop the energy-saving technology in road transport
systems. This goal can be achieved by using a set of models to manage the energy and resource efficiency of a generic
vehicle. This complex is based on the prerequisites necessary to model the of use of vehicle resources in future
operating conditions, as well as the principles of resource conservation. Using the models of the target function
of energy and resource efficiency, as well as efficiency models of vehicles with variable parameters and methods
of theoretical synthesis of the structure of a generic type of motor vehicle, a composite model for future transport
conditions is formed based on the principles of resource-saving technology. Such a model makes it possible to
substantiate the fleet technical parameters with technical novelty under conditions of future operating parameters [4].

The main part. The efficiency of a light-duty vehicle in the method under consideration is assessed using
the provisions of the theory of energy and resource efficiency of the vehicle [5]. This theory allows assessing
the vehicle as a carrier of transport technical resources, which has eight properties. Its main properties important for
performing transport operations and ensuring adaptive and discrete functioning are a complex machine, a dangerous
traffic control object, a vehicle, a potential maintenance object, tools for technological machine effects (machine
procedures), and a design and technological basis for resource transformation processes. Therefore, when solving
the given tasks, mathematical models of justification of the motor vehicle are used based on the energy scheme
of resource transformation in transportation into a transport product as a dynamic tool in movement.

When determining the energy and resource efficiency of LDVs, it is necessary to take into account the factors
of the intensity of transient processes (acceleration). This, in its turn, leads to an increased energy consumption,
increased wear of units and tyres, and deterioration of environmental performance due to unstable operation
of the power train. In addition, during intense transient processes, the stability of the bonds between the wheels
and the road is disturbed, which directly affects road safety and increases energy losses in the places where the wheels
come into contact with the road surface.

It should also be noted that the main feature of vehicles designed for further sale and use is a change in their
design parameters relative to the previous models. This fact is not taken into account in the subsequent vehicle
operation. In view of this, a method for assessing energy efficiency of light-duty vehicles with regard to changes in
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their design parameters has been developed and proposed. The method uses the developed scheme of the parametric
structural design of a light-duty vehicle of a generic type (Fig. 1) [5].
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Fig. 1. Scheme of the LDV parametric structural design as a technical means of transport production:
U,, U,, U, U, — control; Q, — fuel flow; G, — cargo batch mass; W, — physical product of transport;

EIIIIA — energy-converting device of LDV; BHITA — load-carrying device of LDV; I'TIA — braking device of LDV;
PIIA — steering device of LDV; KM — structural modules; KM 1.1 — energy source (engine); KM 1.2 — energy
transformation (gearbox, final drive); KM 1. 3 — energy distribution (inter-wheel differentials, inter-axle differentials,
and power take-offs); KM 1.4 — wheel traction module (a pair of drive wheels); KM 2.1 — body;

KM 2.2 — frame (skeleton); KM 2.3 — suspension; KM 2.4 — chassis modules; KM 3. 1 — brake pedal and brake actuator;
KM 3.2 — brake mechanism; KM 3.3 — brake wheels (axles); KM 4.1 — steering wheel and steering mechanism;
KM 4.2 — steering actuator (steering trapezoid and steering rods); KM 4.3 — steering wheels (front)

According to this scheme, the vehicle moving with a load is based on converting the internal energy
of the engine into a momentum impulse, namely, the carriers of technological resources of transport (in the
form of an equipped car) combined with physical (road properties) and mode (movement time) resources
create production resources that are converted into energy consumption for moving the vehicle’s operating
mass. Then energy consumption is converted into a physical product (controlled momentum impulses
of the vehicle’s operating mass). Part of these impulses is cargo transportation AW. The higher the overall
level of energy consumption, the longer the route travelled by the vehicle. The greater the intensity of energy
consumption, the higher the vehicle speed and the less the amount of transport resource consumed (the travel
time factor).

E()« - PmAt - quanAt - AW (1)

where ¢ is the vehicle’s carrying capacity; v,, is the coefficient of using the vehicle’s carrying capacity; P, is
the vehicle’s traction force; At is the vehicle’s travel time; V is the vehicle’s average speed.

The processes ensuring the vehicle’s movement and the conversion of the engine’s internal energy are
provided by two main devices of the vehicle structure: ECD and LCD. The former converts the chemical energy
of the fuel into the kinetic energy of the load, and the latter transfers the load mass to the rolling surface through
the wheels. In other words, the generalisation of the vehicle design is achieved by a modular description of its
energy-converting and load-carrying devices. The energy conversion and load transportation achieved in the given
vehicle design option is ensured by a targeted choice of the structure and parameters of its functional modules.
The flexibility of the vehicle’s technical parameters within the description of elements of the vehicle size range is
based on the representation of the vehicle design as a certain set of parametric structural characteristics. The choice
of the characteristics and parameters of these devices should ensure energy efficiency maximisation of the vehicle
design [4]. In this case, ECD is the engine and elements of the energy transmission to the wheel-traction module,
and the load-carrying device (LCD) is the LDV body.

The scheme of the LDV design base includes four devices: ECD, LCD, BD, and SD. The first two devices
consist of four structural modules (SMs). The third and fourth devices include three SMs each.
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Assessment and analysis of the technical and economic performance of the fleet should be carried out based
on the strategy of improving the energy efficiency indicator accepted as the main indicator of the vehicle consumer
property within the concept of saving energy and resources in the transportation process [5]. This indicator is
the ratio of transport energy efficiency of the given vehicle in the test operation p to transport energy efficiency
of the reference vehicle in the reference operation p,,:

K
I7 :L #_)max’ (2)

‘ pem Ke(nﬁ +ycm)

where K, is the speed coefficient (the ratio of the average speed of the vehicle in the test cycle to the speed
of the reference vehicle); vy,, is the static load capacity utilisation factor; K, is the energy mileage coefficient (the
ratio of the fuel consumption of the vehicle in the cycle to the fuel consumption of the reference vehicle moving
at a constant reference speed); 1, is the curb weight coefficient of the vehicle.

Maximisation of P, indicator ensures an increase in the level of the energy-saving transport technology in
accordance with the concept of energy and resource conservation. This indicator must be considered in conjunction
with the fuel efficiency indicator P,,, which is the ratio of the fuel consumption of the vehicle in test operation p, to
the fuel consumption of the reference vehicle in the reference operation p,,,,:

7, =P 5 min 3)

eq
pnem

To improve the traction and speed properties of vehicles, manufacturers implement a strategy to maximise
engine power N,,. However, there are no methods for assessing the impact of changes in this feature on
the efficiency of light-duty vehicles in small-batch transportation. In their turn, leading auto manufacturers offer
engines with different maximum power values for individual orders. It should be noted that these properties are
purely promotional, as there is no method to analyse the impact of N, on the performance indicators of LDVs
and small-batch transportation.

Having analysed the graphs of the impact of the change in »,,,, on the indicators of its energy efficiency P,
(Fig. 2), it is clear that the curve has a decreasing almost linear nature, and with an increase in the power value, this
indicator decreases. This shows that an increase in this feature would be inappropriate, especially since this also has
a negative impact on the fuel efficiency indicator P,,.

The mathematical models of the considered indicators have been adapted for modelling and parametric
analysis of various factors on the indicator of the transport energy efficiency of LDVs with variable technical
and operational characteristics for the requirements of different consumer carriers.

Ile, TTeq
0,33

LY
0,31 >

] 110 130 150
Nmax

Fig. 2. Graphs of the dependence of the energy efficiency indicators P, and P,, of Mercedes-Benz Viano
on the maximum engine power N,,,. (kW)

ISSN 2521-6643 Cucremu Ta TexHoorii, Ne 1 (65), 2023 103



Conclusions. It has been established that by creating a system of consumer-oriented and coordinated design
and transport innovations of the light-duty vehicle, it is possible to improve the technical and technological properties
of the LDVs and the provided road transport services.

The article develops a scheme of the parametric structural design of the LDV, which allows its assessment
as a technical means of transport manufacturing, and optimisation of the vehicle parameters to ensure efficient
resource-saving provision of road transport services.

The proposed method allows evaluation and selection of the parameters of LDVs that will correspond to
the development of the transport system in accordance with the concept of energy and resource conservation.

The results obtained can be used to justify and update the fleet at transport enterprises that serve customers on
a regular basis with pre-known routes with specifically defined parameters.
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MNOBYI0OBA EKOHOMIKO-MATEMATUYHOI MOJEJI KIJIBKOCTI O®OPMJEHUX
MUTHHUX JOKYMEHTIB HA OCHOBI HOITEPEJHIX CTATUCTUYHUX JAHUX

Cyuacna depocasHa nonimuxa Ykpainu y cgepi Mumuoi cnpasu cnpamosana Ha po3eUumox HAyioHaIbHOI eKOHOMIKU
ma Ha il inmezpayiro 00 c8imoeoi eKOHOMIKU. 3 Memoio 3a6e3neyeHHs HaYIOHATLHUX IHMepecie YKpainu nocmitino nposooumscs
MOHIMOPUHE Ma pe2yriosanHa 308HiuHb0i mopeieni. Kadinemom Minicmpig Yxpainu 3ameepoxceno nepenik 00KyMeHmis, Heoo-
XiOHUX 07151 30iCHEH S MUMHO20 KOHMPONIO MA MUNHO20 O(OPMIEHHS MOBAPIE | MPAHCNOPMHUX 3AC00i8, WO Nepemiuyyiomscsl
yepe3z Mumnutl Kopoor Yxkpainu. [epocagna mumna ciyxcoa Ykpainu nocmiiino 30upae, 36epieae, 00pobise, ananisye, 3axuiyac
ma nowupIoe OQIYiliHy cCmamucmuyHy iHpOpMayiio npo mosapu, SKi nepemiuyiomvcs uepes Mummuli Kopoon Yxpainu.

B oaniii pobomi Ha 0CHOGI CMAMUCIUYHUX OQHUX HPO OQOPMIEH] MUMHI OOKYMeHmu HOOYOOBAHO EKOHOMIKO-MAMEMAMUYHY
MOO€Tb KITbKOCHT OQhOPMIEHUX MUNHUX OOKYMEHINIG 13 3ACMOCYBAHHSIM MeM00i8 KOPeTAYilIHO-pespecilino2o ananizy 3acobamu maonuy-
Hoeo npoyecopy Microsoft Excel. Mooemosanns € eadicaugum iHcmpymenmom y cghepi MUmHoI cnpasu, Akuti 00noMazac 6UOKpemMum,
V3azanbHUMY Mma RPOaHAni3yeamu cymmesi Ol 306HiWHb0I mopeiani xapaxmepucmuku. Ocodnusoeo 3HauenHs MOOeN08aHHs HAOY8ac
ona leporcasHoi Mumnoi cyscou Yxpainu, 0cKinbKu 0ae 3M02y BUHAmu 306HIUHI0 MOPRIBTII0 0e3 NPOBEOeHHS eKCNEPUMEHIIE HAO Hel.
Basicnugoro nepedymogoio SIKICHO20 aHaizy ma NPOSHO3YBAHHSL € KOPEKNHA NOCIMAHOBKA 3A0aYi, NPABUTbHE 3ACIOCYBAHHS MATNEMAMUY-
HO20 anapanty, OOMpUMAaKHs, MemoOuKu HPOBEOEHHs. CIAMUCIUYHUX 00CTiOdNCeHb. B pobomi nposedeHo 00CTiONiCeHH 00CIOGIPHOCI
OMPUMAHUX Pe3YTbMAMI6 ma 008edeH0 00COsIpHICIb no6y00saroi ghyHkyii peepecii. Odepoicana pespeciiina Mooemb 0 MONHCTUBICHTb
BUKOHYBAMU TPOSHO3YEAHHS 00CA2y oopmaenux mumuux 0oxymenmig Ha 2023 pix. Pesyromamu danoeo docriodcenus idigparonv
6a20MY NPUKIAOHY POTb NPU NIAHYBAHHT 00CA2i6 308HIUIHBOT Ma 6HYMPIiUHbLOT mopeiani mosapamu 8 Ykpaini na 2023 pix.

KittouoBi croBa: mumui OoKymenmu, MameMamuyna MoOenb, KOPeIAYilHO-peepecitinuil ananis, pieeHb 3HAYYWOCMi,
00CMOBIPHICIb ANPOKCUMAY.

Lebid V. V., Meish Yu. A., Maiborodina N. V., Gerasymenko V. P. Construction of an economic and mathematical model
of the number of formed customs documents based on previous statistical data

The modern state policy of Ukraine in the field of customs affairs is aimed at developing the national economy and integrating
it into the world economy. In order to ensure the national interests of Ukraine, foreign trade is constantly monitored and regulated.
The Cabinet of Ministers of Ukraine approved the list of documents required for customs control and customs clearance of goods and
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vehicles moving across the customs border of Ukraine. The State Customs Service of Ukraine constantly collects, stores, processes,
analyzes, protects, and distributes official statistical information about goods that move across the customs border of Ukraine. In
this paper, an economic-mathematical model of the number of issued customs documents was built on the basis of statistical data on
issued customs documents using the methods of correlation-regression analysis using the Microsoft Excel spreadsheet. Modeling is
an important tool in customs affairs, which helps to identify, summarize and analyze the characteristics important for foreign trade.
Modeling is particularly important for the State Customs Service of Ukraine, as it makes it possible to study foreign trade without
conducting experiments. An important prerequisite for qualitative analysis and forecasting is the correct statement of the problem,
the correct application of the mathematical apparatus, and compliance with statistical research methodology. The paper investigated
the reliability of the obtained results and proved the reliability of the constructed regression function. The resulting regression model
makes it possible to forecast the volume of issued customs documents for 2023. The results of this study play an important applied role
in planning the volume of foreign and domestic trade in goods in Ukraine for 2023.

Key words: customs documents, mathematical model, correlation-regression analysis, significance level, approximation
reliability.

IHocTtanoBka npodaemu. 3ais 3a0e3MeUeHHs Ta 3aXUCTy HAI[IOHAIBHUX IHTEpECiB B YKpaiHi BIPOBAIKY-
IOTBCSl PI3HOMAHITHI MHUTHI 1HCTPYMEHTH, OJHHMM i3 SKHX BHCTYNAalOTh MHUTHI IUIaTE€Xi, 5IKI BUKOPHUCTOBYIOTHCS
3 METOI) MHUTHOIO PEryJIOBaHHA 30BHILIHbOEKOHOMIYHOI HisuIbHOCTI Kpainu [1]. MuTHI miarexi BUCTYHAroTh
B SIKOCTI OJTHOTO i3 JDKEpeN HAlOBHEHHS JIEP)KAaBHOTO OOIKETy YKpaiHu. 3a TaKMX yMOB, MUTHHIIS BiIirpa€e poJb
HE JIMIIE Y SIKOCTi (PiCKabHOTO OpraHy, a i y SKOCTi €eKOHOMiIYHO-(iCKalIbHOro, TOOTO BIUIMBA€E HAa HATIOBHEHHS JA€P-
)aBHOTO Orokety Kpainu. Llelt ¢pakrop BUMarae mocTiifHOTO OIIHIOBAHHS, POTHO3YBAHHS Ta KOpEryBaHHs (QyHK-
LIOHYIOUOT CUCTEMH MUTHO-TapH(PHOTO perymtoBanHs. Takuil miaxig 103BOJISE BUSBIATH BIULIMB MUTHO-TapU(pHOTO
PETYIIOBaHHS Ha PO3BUTOK MOJAIBIINX 30BHINTHHOCKOHOMIYHUX BiJTHOCHH.

AmHajni3 ocTaHHiX JociimxKens i myomikaniii. Bimomi BueHi-ekonomictu B. Annpymenko, A. Kpucosaruii,
C. Bypanos, O. ['pe6enbnuk, 0. IBanos, B. Haymenko, I1. [Tamko Ta inmmi [ 1-4] 3aiiManucs 10CTiPKEHHSIMHE Ta BJIO-
CKOHAJICHHSIMH CUCTEMH OTOAaTKYBaHHS 30BHIIIHbOEKOHOMIYHOT JisuIbHOCTI Ykpainu. OfHaK, Ha CbOTOAHI HEJ0-
CTaTHHO BHBYCHUM Ta JOCIIHKEHUM 3aJIHIIA€THCS MIPOTHO3YBAaHHSI ITOJATKIB BiJ] CIDIATH MUTHHX IDIATEXKiB (MHUTO,
MUTHHI 30ip, MOIATOK Ha J0JaHy BapTiCTh), LI0 HAAXOAATH A0 ACPKaBHOTO OromKeTy YKpaiHu. Y 3BiTi MPO BHKO-
HaHHS [[1any poOOTH MUTHHUIL y PO3pi3i 3a0e3MeUeHHs IHIUKAaTHBHUX TTOKA3HUKIB JOXOMIB Ta 3M1HCHEHHS MOHI-
TOPUHTY HAJXO/PKCHb IUIATEXIB 0 OIOIKETY 3a3HAYA€ThCA, III0 MOHITOPUHT HAIXOMXKEHb IJIATEXKIB 10 OIOMKETY
3IACHIOETHCS TIUITXOM IIOJICHHOTO, IIIOTHXHEBOTO Ta MOMICIYHOTO iHQOPMYBaHHS yIPaBIiHHS aJIMiHICTPYBaHHS
MUTHUX IUIaTEXiB Ta MUTHO-TApU(HOIO pPEryiIroBaHHs IION0 MPOTHO30BAHHX HAAXOMKEHb B PO3pi3i CyO’€KTiB
TOCIIOJIAPIOBAHHS Ta OYIKYBaHHX CYM HaJIXo/keHb. OTiKe MPOTHO3YBaHHS KUTBKOCTI OYiKyBaHHX 0(OpMIICHb MUT-
HUX JJOKYMEHTIB Ha CHOTOJIHI € aKTyaJIbHOIO.

Meta crarTi. MeToro 1aHoi po6oTH € Mo0yIoBa EKOHOMIKO-MaTeMaTHYHOT MOJIEI ISl IPOTHO3YBaHHS MOXK-
JIUBHUX 0OCSTiB 0(pOPMIICHHS Pi3HOMAHITHUX MHTHUX JJOKyMEHTIB 3 BUKOPUCTAHHSIM METOAIB KOpeJsIiiiHO-perpe-
CITHOTO aHaJi3y CTAaTUCTHYHHUX JaHUX, 110 € B HASIBHOCTI 32 TMOTIEPEAHIH TIepio.

Buxknajx ocHOBHOro Marepiany. 3a iHpopMmarii€ro, o ONPUITIOAHIOEThCS JlepKMUTCITYyxk0010, BIPOAOBK
OCTaHHIX POKIB MUTHI (pOPMaIBHOCTI 3a3HAJIM 3HAYHOTO CIIPOIICHHS Ta MPUCKOPEHHS [5]. 3a3HaYaeThCs, 10 MUT-
HUMH OpTraHaMu 3[iHCHIOETBCS AiSIBHICTh y HANpPSIMKY 3MEHIIEHHS KiJIbKOCTI MHTHHUX OINISAIIB TOBapiB, 0(hOpM-
JCHUX i3 3aCTOCYBaHHSIM MHUTHOI NeKiaparii Ha ONaHKy €IMHOTO aJMIHICTPAaTHBHOTO NOKyMEHTAa, BIPOBAIKCHE
€JIEKTPOHHE JIeKJIapyBaHHs, peani3oBaHO (DYHKIIOHYBaHHS «EIWHOTO BiKHa», IIO JO3BOJISIE TIEPEBO3UTH TOBAp 3i
3HAYHOIO EKOHOMI€I0 Yacy Ta pecypciB. MUTHA CTaTHCTHKA BEICTHCS 3aBISKH HASBHOCTI O(OPMIIEHHX MHTHHUX
JeKJIapaliiif Ta iHIIMX MUTHHUX JOKYMEHTIB (SK IpuKIai: yHidixoBaHa MuTHa kBuTaHuis M/I-1 — magani YMK;
omsoBUE po3nuc M 15 Ta MuTHa Aeknapamis M-16 1 iHiii), B SKMX MICTUTBCS IeTalbHA iH(POPMAIIis IIOI0 Iepe-
MiIIlyBaHHX Yepe3 MUTHHI KOPIOH YKpaiHU TOBapiB, iJeH MepeMilieHHs Ta BiTOMOCTEH I KOHTPOJIIO HapaxoBa-
HUX MUTHHX TUIATeXIB [6].

OCHOBHUMH TiAXoJaMu N0 Kiacudikaiii MeTONiB MPOTHO3yBaHHS IMOAATKOBUX HAIXOIKEHBb N0 Nep-
YKaBHOTO OFOIDKETY Ta KOHTPOJIIO HApaxXyBaHHS MHTHHUX IIIATEXKIB € METOJM MaKpOCKOHOMIYHHX HMOKAa3HHKIB,
MaKpOCKOHOMIYHHMH IHTETPOBAHUN METOA Ta METOJA MIKTally3eBOro 0amaHcy; modymnoBa eKOHOMIKO-MaTeMaTH-
HUX MOJIeNIell MPOTHO3YBaHHS Ha OCHOBI KOPEISIiHHO-perpecuBHOrO aHamizy. Lli Metogm Ta Momeni mepenoda-
YaroTh JOCIIHKEHHS 1 BUBUCHHS 3aKOHOMIPHOCTEH PO3BUTKY EKOHOMIUHHUX MPOIECiB B 30BHINTHHOECKOHOMIUHIN
IiSUTBHOCTI Kpainu [7].

IHII1i MUTHI JOKyMEHTH, MOXKYTb OyTH 3aCTOCOBaHI y Pi3HUX BHIIAKAX ITPY BUKOHAHHI MUTHHUX (DOPMAILHOCTEH,
sik ipuian YMK moxke OyT 3acTOCOBaHA y TPhOX BUNAAKAX: 1) P MPUHAHATTI TOBAPiB HA 30€piraHHs MHTHUM Opra-
HOM BiZIIOBITHO JI0 3aKOHOJABCTBA; 2) MPHU CIIPABIIHHI MHTHHUM OPTaHOM 3 (hi3yHMX 0Ci0 Ta MmigIpHeEMCTB IDIATEKIB,
SIKILIO 3aKOHOJABCTBOM He Tepen0aueHo CKIIaJaHHsI BAHTaXKHOI MUTHOI JIEKJIapallii Ha epeMilllyBaHi yepe3 MUTHUH Kop-
JoH YKpainu ToBapy; 3) IpH CIIPaBISHHI MHTHUM OPraHOM 3 (Di3HMYHHUX OCi0 TPOIIOBOI 3aCTaBH y BUIAAKAX, yCTAHOB-
JIEHUX 3aKOHOZIABCTBOM). | 3a pe3ynbTaTaMu aHalli3y CTaTUCTUYHMX MTOKA3HHUKIB 3AIHCHIOETHCS MTiATOTOBKA ITPOTIO3ULIIHA
3 YOOCKOHAJIEHHST (DOPMATHO-JIOTIYHOTO KOHTPOIIO EIEKTPOHHUX KOIH MUTHHX AEKJIApaIiiid Ta iHIHX MUATHHUX JOKY-
MEHTIB. 30KpeMa, 3aIPOBaIKEHO KOHTPOITH 32 O(OPMIICHHSIM OKPEMIX TOBAPIiB Y MUTHHH PEKUM €KCIIOPT/IMIIOPT TIiCIs
THMYaCcOBOTO BBE3CHHS/BHBE3CHHS, TONATKOBHII KOHTPOJB 32 MPABIIIBHICTIO 3ariOBHEHHS Tpadu «/lonaTkoBa OXMHUIIS
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BUMIpY» IPU MUTHOMY O(OPMIICHHI KOMIUIEKTHHX 00’€KTiB, KOHTPOJIb 32 MPaBWIBHICTIO 3allOBHEHHS Ipadu «/lomat-
KOBA OJJHHUIIS BUMIpY» IIpU MUTHOMY oopMiteHHi ToBapis 44 rpymu 3rigao 3 YKT3E/L.

s Toro, 1100 BUKOHATH yCMilTHE TPOTrHO3YBaHHs MIO0 KiJIKOCTI 0()OPMIIEHUX 1HIITMX MUTHUX TOKYMEHTIB
Ta 00paTH MOJIeNb, 3a AKOK0 31HCHIOBATUMETHCS MIPOrHO3YBaHHS, 3aCTOCYEMO METOIHU KOPENIALiHHO-PETPECUBHOTO
anamizy. [Ipu oOpaHHI Takoro migxomy B poOOTi BpaxOBaHO CIIEIialibHI KpuTepii skocti Moneni [8—9]. s mepe-
BIpKH JIOCTOBIPHOCTI OOYJ0BaHOTI MaTEeMaTHYHOT MOJIEII MePEeBIPEHO 3HAYYINICTh OTPUMAHKX pe3yibTaris [10].

JIJ1s OIIIHK Y SIKOCT1 pIBHSHHS MOJIENi 3acTocoBaHO 3acoou MS Excel, 3 J0oOMOT00 IKOTO MOXKHA aBTOMATHYHO
po3paxyBaru KoedimieHT anpokcnmarii (zerepminarii) R2. Koedimient anpokcumartii R*mokasye piBeHb 3a1€3KHO-
CTi MIXK JAOCHIIDKYBaHUMHU BEIMYMHAMH, 3aJI€KHICTh THM CHJIBHIIIA, YAM 3Ha4eHHs Koedirienta R* ommkge mo 1.
Jlis1 IpUHAHATTS MOJEITi BBAXKAETRCS, 110 Koe(ilieHT anpokcnmaitii R* Mae 6ytu Ginbire 50%. Mozens BBaKaeThCs
JIOCTaTHBO aJIEKBATHOIO, SIKIIO KoedirieHT anpokcumarii Bumie 80%. Y pasi piBHocTi 1 koedimieHTa anpokcumartii
OoTprUMaeMo (DYHKIIIOHAIbHY 3aJIe)KHICTh 3MIHHHX.

st 3agadi, o po3mIsiiaeThest 00epeMo piBeHb 3HauymocTi o = 0,05 To6to 5%, B TakoMy pasi piBeHb JOBipH
BCiX OTPUMaHUX BUCHOBKIB J0opiBHIOBaTHME p = 1 — a0 = 0,95; T06TO Oyne HabysaTu iiMoBipHOCTI 95%.

IToGynyeMo mMozesb 0OPMIICHHX THIIMX MUTHUX JOKYMEHTIB, JaHi 3a MOIepeIHi pOKK MaeMo B Tabnwii 1.

Tabmums 1

OauHuns

Tloxa3Huk .
BUMIpY

2015 2016 2017 2018 2019 2020 2021 2022

OdopmiieHO
IHIIUX MUTHUX THC. IIT. 1361,1 1502,6 1667,5 1727,2 1620,4 846,0 903,7 4949
JIOKYMCHTIB

JI1s ToOymOBM €KOHOMIKO MaTeMaTHYHOI MOJISITi MTPOTHO3YBaHHS KUTBKOCTI O(OPMIICHIX MUTHHX JOKyMEH-
TiB 3acTocyeMo 3acoou MicrosoftExcel.

Ha 0oCHOBI BIZIOMHX CTaTUCTHYHHX JAHHX TPO 00cATH 0(QOPMIICHHX 1HIIUX MUTHHX JOKYMeHTIB 3 2015 poky
o 2022 pik:

1) BUBHAUUMO THII 3aJIS)KHOCTI MiXK IaHUMH;

2) moOyayeMo MaTeMaTH4Hy MOJIEINb;

3) 3a moOyI0BaHOIO MOJIEIUTI0 BUKOHAEMO MPOTHO3YBAHHS, 10 BKJIIOYAE:

a) IPOTrHO3 00csATiB 0hOPMIICHHS 1HIIMX MUTHUX JJOKyMeHTiB Ha 2023 pik;

0) oOuuCIIeHHS JOBIpUOTO 1HTEPBAy AJS MPOrHO30BAHOIO 1HIWBIAYAIbHOTO 3HAYEHHS O()OPMIICHUX 1HIIUX
MUTHHUX JOKYMCHTIB.

1. Inst Toro, mo0 BH3HAYHUTH THIT 3aJISKHOCTI MK JaHUMHU BEIIMYHHAMH IOOYIyEMO KOpEILLiiiHe moie
TO4OK (puc. ).

Jereaapani, wr,

2000
y = 7,5808x" - 155,2x% + 727,69x + 720,29

1500 R” = 0,8921

1600 A
1400
1200

1000

200

o 014 2015 1016 2017 LT E s oo 2021 1022 Puosin

Puc. 1
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3a pO3MILIEHHSIM TOYOK Ha KOPEIAIIHHOMY MOMi IPUITyCTUMO, IO 00CAT 0(OPMIECHHX 1HIIMX MUTHUX JOKY-
MEHTIB Mae HemiHiliHy dopmy (puc. 2).

2. 3acobamu TabnuuHoro npouecopy MicrosoftExcel 3aiiicHioemo BubOip moneni. 3ynuHUMO CBili BHOIp Ha
KyOiuHiil QyHKIII.

Jexaspani, wrr.
2000

y=7,5808x"- 155,2x% + 727,69x + 720,29
R* =0,8921

1500

1400

1200

1000

200

GO0

400

100

@ 4 1015 1016 T 1018 019 200 1011 2012 Powm

Puc. 2

OTXe, Ha OCHOBI JTaHUX TPO 00CAT OPOPMIICHHX IHIMMX MHTHUX JAOKyMEHTIB 3 2015 poky mo 2022 pik
MH OIEPKAJIH eMIIIPHYHY MOJIEIb!

3=7,5808x" —155,2x> +727,69x + 720,29 (1)
a00 TeOpEeTUYHY MOJICIIb:
v =7,5808x> —155,2x% +727,69x + 720,29 +u, (2)

JI€ U — BUIAJKOBA CKJIA0Ba.

3) Jlns maHoi Mozeti JOCTOBIpHICTD anpokcuMariii (koedimieHt nerepminartii) R2 = 0,8921.

Ockinbku Koedimient aerepminamnii 0,8 < R* <1 — kybiuHa MOENb HOCTaTHRO TOYHO BiAOBIa€ MIHCHUM
3HAYCHHSM 00CSTy OpOPMIICHHX HITUX MUTHHX JIOKYMEHTIB.

To6T0 mobynoBaHa Monenb Ha 89,21% BiANOBIAE BXITHUM CTATUCTHYHUM JAHHUM.

OGuuciuMo iHaexc kopensmii R 3a gopmymnoro R =~R” :
R=,/0,8921=0,94.

Ockinbky BeMUUMHA R’ i R HaONMMKAIOTHCS 10 OJMHMUIL, TO JUIsl TOOYIOBAHOI MOJENI 1€ CBIAYHUTH mpo il
JIOCTOBIPHICTb.

OOuncaMMO eMIipHYHI 3HAYEHHS y, , MiACTABUBIIYU B Monenb (1) .
OO64KCIMMO 3aIUIIKY MoAeni #, 3a GOpMyIOr0
U=y =Y
BiZTHOCHI MOXMOKN 3anumKiB Mozeni O, 3a GopmMynoro

5, =2£.100%,
v,
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CepeIHE 3HAUYEHHsI BITHOCHOT MOXMOKH 3aJIMIIKIB & 3a (GOpPMYIIOL0

8:126,..

n o

S, =

i
i=1

5= (-11,27%) = -1,41% .

O | —
O | —

Ockinpku 6 =—1,41% 3Hauno MeHie 10%, To MOACIIE MOYKHA BBAXKATH TOCTaTHHO TOYHOIO.

3. @) 00YMCIMMO TOYKOBHMI MPOTHO3 Y, 00CATY OQOPMICHHX IHIIMX MHTHHX JAOKYMCHTIB Ul 33JaHOr0
3HAYEHHA X,, 3@ 0OYI0BaHOIO EMITIpHYHOI0 MoaesIio (11), BuKOpHCTaBIIM (POPMYITY ISt TOYKOBOTO MPOTHO3Y:

v, =7,5808x], —155,2x2 +727,69x,, +720,29 .
3HaueHHs )A/n , 00CAry OQOPMIICHHX IHIIMX MUTHHX JOKYMEHTIB Ha 2023 pik 32 0ZeP)KaHOK MOACIUIIO:
¥,, =224,7 (tuc. wr).

OTxe, 3 iiMOBipHiCTIO 95% MOXHA CTBEpAXKYBaTH, 110 00cAT 0GOPMIICHUX IHIIUX MHTHHUX JOKYMEHTIB Ha
2023 pix: y,, =224,7 (Tuc. wr.).

0) 00uMCIMMO JOBipYHMii IHTEpBaIl I iHAMBIAyalbHOTO 3HAYEHHS Y, 00CATY 0()OPMICHUX iHIIMX MUTHUX
JIOKYMEHTIB 32 (hOpMYIIOI0

Y € (}n,, -Ay,; ﬁnp + Aynp),

3 BUKOPUCTAHHSIM (HOpMYIH 0
Aynp:tTaGn'c“‘ 1+_+—

S w7

i=1
Tabnuune 3HaueHHs! po3noniny CThroneHTa:
toon = t(0,025;7) =2,84.

~2
O04ncIMMOo He3MIIIeHy OLIHKY AUCIEPCii 3aIHIIKIB G, 3a (OPMYIOI0

~2 1 n )
Ou :_'Zui 5
n-2 3

~2

Cu =L-158265,9 =22609,41.
9-2

OO0YKMCITUMO CepeTHE KBAAPATUIHE BiIXUICHHS 3aJUIIKIB G, 3a GOPMYJIO0
~ [~2
Ou =N\NOu>
o =+/22609,41 =150,36.

OTxe, MOXHUOKA 1HIUBITyaIbHOTO 3HAYCHHS Vo

_ 2
Ay =2,84-150,36- 1+1+M=389,35.
” 9 60

JoBipuuii iHTEpBA JUIs iHAMBIyalbHOTO 3HAYEHHS ), 0)OPMIECHNX IHIINX MUTHHX JIOKYMEHTIB!

Y, € (224,7-389,35; 224,7 +389,35);

¥, € (—164,65; 614,05) .

Otxe, 3 HIMOBIPHICTIO 95% MOKHA CTBEPIUKYBATH, IO NPOTHO30BAHE TEOPETUYHE (MIMCHE) 3HAYEHHS Y,
06csry 0pOPMIICHNX IHIIMX MUTHAX TOKyMEHTIB Ha 2023 pik NOTpanuTh B iHTEpBal y,, € (—164,65; 614,05) .
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BuCHOBKH 3 OCJTiAKeHHSI i MepcneKTHBH NMOJAJBIION0 PO3BUTKY Y oMY HampsiMi. B maniit poGoTi
3 BUKOPHCTAaHHAM METOJIB PErpecifHOro aHaji3y CTaTUCTUYHUX AAHUX MOOYTOBAHO MOIENH 00CITY 0(hOpPMIEHUX
MHUTHHUX TOKYMEHTIB 3acob0aMu Tabnmanoro mpouecopy Microsoft Excel. [IpoBenennii B poOoTi Kopensiiitanii aHa-
7113 1 TOBEAEHO AOCTOBIpHICTH MOOYyNoBaHOi (yHKIIiI perpecii. Bei copMynboBaHi BUCHOBKH B 1aHil poOOTi BUKO-
HYIOTBCSI 3 HMOBIpHICTIO 95%.

ITobynoBana nocToBipHa QyHKIS perpecii Jae MOXKIMBICTh BUKOHYBAaTH MPOTHO3YBaHHS 00cATy odopmite-
HUX MUTHHX JOKYMeHTIB Ha 2023 pik. 3riIHO oiep:KaHUX B poOOTI pe3ysbTariB 00CcAT 0POPMICHIUX MUTHUX JIOKY-
MeHTiB Ha 2023 pik cTaHoBUTH Y, =224,7 (Tuc. wt.). JloBipunii iHTEpBa /I IPOrHO30BAHOTO iHAMBIYaJIBHOIO
3HAYCHHs OQOPMIICHUX MUTHHX HOKYMEHTIB: y, € (—164,65; 614,05) .

PesynbraTy 1aHOTO TOCIIHKEHHS BIAIrPalOTh BAroMy MPHUKJIAIHY POJIb NIPU TUIAHYBaHHI 0OCSTIB 30BHIIIHBOT
Ta BHYTPIIIHLOT TOPTiBJi TOBapamu B Ykpaini Ha 2023 pik.
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ONTUMI3ALIA TPAHCIIOPTHO-TEXHOJOTTYHOI CXEMU NEPEBE3EHHS
CUIBIOCHIPOAYKIII B OCOBJIUBUX YMOBAX YKPATHH

Cmamms npucesuena yOOCKOHANEHHIO MPAHCNOPHIHO-MEXHONO2TYHOT cXeMU Nepege3eH s CibeOCHIPOOYKYIl 8 YMOBaX
B0EHHO020 cmany. Busnaveno onmumanshuii mapwpym 013 nepesesenns. Pospaxosani noxasnuxu cobigapmocmi nepeeeseHus
CiIbeoCnnPoOyKyii.

Yxpaina € 00num 3 Haubinbuwiux BUPOOHUKIE 3ePHOBUX KYIbIYP, Ceped AKUX 20N08He Micye nociode nueHuys, a makodxc
npoco, copeo, KYKypyo3d, HCUmo, 08ec, AUMiHb i puc, AKi BUKOPUCIOBYIOMbCA 8 XAPUOBill NPOMUCIO80CHI, MEAPUHHUYMEB]
ma 6 cekmopi 8ioxo0ie meapunHuymsd. B ymoeax sitinu 0ane numanus Cmano 4u HeHAueadlNCIusiuuM yepes 3a2po3y deiyumy
3anacie 3epna y OinbWOCmi Kpain, SKi KOJCHO20 POKY 3AKYIIAMU 11020 Y HAUWIOI depircasu

Axmyansricme donHoi cmammi 00yMo8eHa MUM, WO 8 YMOBAX BiliHU Nepee3eHHs 3ePHA A8MOMODITbHUM MPAHCHOD-
MOM BUXO0SIMb HA NEPULY RO3UYIIO0 HA PUHKY BAHMAJICHUX NEPese3eHb 3a 00CA20M HA PiGHI i3 3aNI3HUUHUM, addice ye €OuHi auou
mpanchopmy, AKi Maioms 3mMo2y QyHKyioHysamu 8 nepioo Gilinu 8 Ykpaiui. Anvmepnamueui uou mpancnopmy empamuiu
MONCIUBICIb Npayioeamut 8 NoGHIl Mipi abo e g3azani nedocnynui [3]. Agianpocmip nosuicmio 3akpumutl, OLbWA YACMUHA
NOPMIE 3HAXOOAMbCS 6 MUMUACOBIH OKYRayil abo He MAronb 3Mo2U NPAYI08amu 8 OGHIN MIpi, 60 ix inppacmpyKmypa 4acmkoso
3pytinogana. Omaice, ABMOMOOINbHI nepese3eHHs CMailoms OOHUM 3 2006HUX WILAXIG eKCHOPMY 3ePHOBUX KYIbIIYD.

Memoro danoi cmammi € onmumizayis wiaxie niogUeHHs eqheKMUeHOCHI YRPAGIIHHA NPOYECOM Nepese3eH st 6aHMA-
JIcie ma opeanizayis 00CmasKy 6anmaxicy (Ha NPUKIAOi 3ePHOBUX KYTIbMyp) 8 YMOBAX BOCHHO20 CIAHY.

Busnaueno 3a kpumepiem MiHiMI3ayii' 3a2anbHUX MPAHCROPMHUX SUMPAM U ONMUMATbHULL NIAH Nepeee3eHb NueHuyi 6i0
NOCMAYAnbHUKIE 00 nionpuemMcms ma nopmy. 3 s06aHo, AKA YACMUHA 3A20TbHUX MPAHCHOPMHUX 6UMPAm NPUNAOAE HA Nepuiull
eman nepesesetb (8i0 NOCMAYANLHUKIE 00 PO3NOOLTLYUX HYHKINIG), a KA HA Opyeull (3 pO3nOOLbYUX NYHKMIE 00 KIHYeEUX NYHKNIE).

B pesymvmami 3acmocyeanns inmepuem-pecypcie « Tpuninaay i “DeGruz” 36edeni 0ani npo eapmicme nepese3eHo2o
BAHMAICY 610 NOCMAUATLHUKIE 00 NPOMINCHUX HYHKMIG | 610 NPOMINCHUX HYHKMIE 00 CHONCUBAYIS.
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3a pe3ynomamamu 6y10 OMPUMAHO ONMUMIZ308AHUI NIAH NEPEBE3EHHS, NPOBEOEHO NOPIBHANHA BUMPAM HA NepPese3eHHs
00 i nicis onmumizayii, Bapmicmp AK020 CYMMEBO 3MEHWULACS Y NOPIGHAHHI 3 NOnepeOHim, a came Ha 9%, wo 6 nepioo eiliHu
€ BA20OMUM PE3YTLMAMOM.

Kiro4oBi croBa: 6oenuii cman, onmumizayis nepegeseis, Ciibe0CnpoOyKyis, 6aeamoemania mpaHcnopula 3a0ayd, 8ap-
micmy nepege3enHs.

Lesnikova I. Yu., Khalipova N. V., Kuzmenko A. L, Zhyr S. 1., Shapovalov A. V. Optimization of the transport and
technological scheme of transportation of agricultural products in the special conditions of Ukraine

The article is devoted to improvement of transport and technological scheme of transportation of agricultural products
under martial law. The optimal route for transportation has been determined. Calculated indicators of the cost of transportation
of agricultural products.

Ukraine is one of the largest producers of grain crops, among which the main place is occupied by wheat, as well as millet,
sorghum, corn, rye, oats, barley and rice, which are used in the food industry, livestock and livestock waste. During the war, this
issue became perhaps the most important because of the threat of a shortage of grain stocks in most countries that purchased it
from our country every year

The relevance of the bottom article is due to the fact that in the conditions of war, grain transportation by road takes the
first position in the freight market in terms of volume on a par with rail, because these are the only modes of transport that can
function during the war in Ukraine. Alternative modes of transport have lost the ability to work fully or are not available at all.
Airspace is completely closed, most of the ports are under temporary occupation or are unable to work fully because their infra-
structure is partially destroyed. Consequently, road transportation is becoming one of the main ways of exporting grain crops.

The article is aimed at optimizing ways to improve the efficiency of management of the process of cargo transportation
and organization of cargo delivery (on the example of grain crops) under martial law.

The criterion of minimization of total transport costs and the optimal plan of transportation of wheat from suppliers to
enterprises and port are determined. It is found out which part of the total transport costs falls on the first stage of transportation
(from suppliers to distribution points), and which on the second (from distribution points to final points).

As a result of the use of Internet resources “Trypillya” and “DeGruz” summary data on the cost of transported cargo from
suppliers to intermediate points and from intermediate points to consumers.

According to the results, an optimized transportation plan was obtained, a comparison of transportation costs before and
after optimization was made, the cost of which significantly decreased compared to the previous one, namely by 9%, which is a
significant result during the war.

Key words: martial law, optimization of transportation, agricultural products, multistage transporin problem, cost of
transportation.

IMocTanoBka mpo6jeMu. YkpaiHa € OAHUM 3 HaWOUTBIIMX BUPOOHUKIB 3€PHOBHX KYJIBTYpP, CEepell SKHUX
TOJIOBHE MICIE MMOCiAa€e MIIEHUIIA, a TAKOX MPOCO, COPro, KyKypyas3a, ’KHUTO, OBEC, SSUMiHb 1 PUC, KI BUKOPUCTO-
BYIOTBCSI B XapUOBiii POMHUCIIOBOCTI, TBAPUHHHIITBI Ta B CEKTOPI BIIXO/AIB TBAPHHHUIITBA. B yMoBax BiiiHM naHHE
MUTAHHS CTaJ0 YH HEHAMBAKIHMBIIIUM uepe3 3arposy JediluTy 3amaciB 3epHa y OIBIIOCTI KpaiH, sIKi KOXKHOTO
POKY 3aKyIUISUIA MOTO y HAIlIOl Jep KaBU.

Ha »xaJb 3epHOBa ray3b YKpaiHH 3a3aHaiia CepHO3HHUX BTPaT. 3a JaHHUMHU MIiHICTepCTBa arpapHoi MO THKH
Ta MPOJIOBOJILCTBA YKpalHU CyMapHUil BaJOBUH 30ip 3epHOBHX, 36pHOOOOOBHX Ta OMIHHUX KyabTyp ¥ 2022 pori Ha
piBHI 65 MnH T [1]. SIxuro mpoBecTr MOpiBHAHHEA 3 MUpHUM 2021 pokoM, koiu Oyito 3i6pano 106,6 MITH T, TO MOXKHA
3poOHUTH BUCHOBOK, 110 YkpaHa BTparmia 40% Bix MuHynopigHOTO 06csary. DaxiBui HOSCHIOIOTH MOTIPIIEHHS IPO-
THO3Y, HacamIepe/, 3MEHIICHHAM Maibke Ha 1 MiH ra twiomn (1o 18 MIiH ra), 3 SIKUX MOXIMBO 310paTH BpoXkKaii,
Ta 00’ €KTUBHUMH TEPELIKOAaMu 715 300py BpOXKaro yepe3 3aMiHOBaHi MoJisl, OKYMAllilo Ta 3HUILIEHHS MOCIBIB .

Haii6inpiie notepnatoTh rocnoaapcTBa MukoiaiBcbkoi, XepcoHChkoi, 3anopi3pkoi, XapkiBcekoi, Onecbkol
ta YepHiriBcpKkoi obnacteil. binpla yactuHa nux perioHis nepedysaia abo mepedyBae JI0 IHOT0 Yacy y THMYACOBil
OKyTalii, IX IMOJIsl 3a3HAIOTh BTpAT depe3 oOCTpLIH, 3aMIHYBaHHS Ta HMOCTIHHUI pyX BOPOXKOi TEXHIKH, CAME TOMY
JIOCTAaTHBO CKJIAJTHO OIIHUTH MAacCIITaOu 30UTKIB JJIs 3¢PHOBOT raimy3i[2]

AHaJi3 ocTaHHIX JocaimKeHb i myGJikaniii. [TuTaHHAM pPO3pOOKHU paIliOHATBHUX CXEM JIOCTaBKH CIICIIH-
(hIYHMX BaHTaXIB TPUCBATHIN CBOi poboTu Oararo Buenux. Cepen Hux: Bonmapes C.1., Mapynuu B.C., IlImop-
ryH JL.I., Mupomnnyenko JI.B., Benemoxun O.B., I'yaxoB B.O., [lepebuitnic B.1., Anosunpka A.B., Kacnop-
gyk O.C., I[Taciuauk O.M., Oxora B.O., [1aruyk B.O., Kozina K.I'. Ta iHmi.

Came TOMy BeNHKa KiJIbKICTh HAYKOBIIIB Ta CHELIaNICTIB 31 chepH JIOTICTUKHU MPaLIOOTh 311 HopMatizarii
HUISXiB €KCIIOPTY JAHHOI IPOAYKIIT aBTOMOOITBHUM TpaHCHOpTOM [3—4].

AKTyaJIbHICTb JAHHOI CTaTTi 00yMOBJICHA TUM, LII0 B YMOBAX BillHU IIEpeBE3CHHS 3epHa aBTOMOO1TbHUM TPaH-
CIIOPTOM BHXOJISITH Ha IEPIIY MMO3UIII0 HA PUHKY BaHTAXKHUX IIEPEBE3CHBb 32 0OCATOM Ha PIBHI i3 3aTi3HHYHHM,
aJKke e €MHI BUAW TPAHCIOPTY, SKi MAIOTh 3MOTy (DYHKI[IOHYBaTH B TEpiof BiHHU B YKpaiHi. ANbTepHATUBHI
BHIY TPAHCIIOPTY BTPATHJIM MOXJIMBICTh MPAIFOBATH B MOBHIM Mipi ab0 > B3arami HemoCTymHi [S]. ABiampocTip
MTOBHICTIO 3aKPUTHI, OLITBIIIA YACTHHA TIOPTIB 3HAXOAATHCS B TAMYACOBIH OKyTaIlii 200 He MarOTh 3MOTH IIPAIIOBATH
B TIOBHIM Mipi, 00 iX iH}ppacupykTypa 4acTOKOBO 3pylHOBaHa. OTXe, aBTOMOOUTbHI MEPEBE3CHHS CTAIOTh OJJHUM
3 TOJIOBHUX IIUIAXIB €KCTIIOPTY 3€pPHOBUX KYNBTYP.
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Meta crarTi. MeToro JaHOT CTaTTi € ONTUMI3allisl NUISAXIB MiABUINCHHS ¢(PeKTUBHOCTI YIPABIIHHS IPOLIECOM
MIEPEBE3CHHS BAHTAXIB Ta OpraHi3allis JOCTAaBKH BaHTAXy (Ha MPUKIAJl 36pPHOBHX KyJBTYP) B YMOBaX BOEHHOTO
CTaHy.

s focATHEHHST METH HEOOX1IHO BUPIIIMTH TaKi 3a/1a4i:

— MpPOaHaNi3yBaTH OCHOBHI OCOOIMBOCTI BAHTAXKHUX IEPEBE3EHb B YMOBAaX BOEHHOTO CTaHY;

— MPOBECTH aHaJ3 MaTeMaTUYHOT MOJIENI IePEBE3CHHS BAaHTAXKY;

— PO3pOOUTH MapLIPyT NEPEBE3CHHA BAaHTAXKY;

— po3paxyBaTu coOiBapTICTh MEPEBE3CHHS BAaHTAXKY.

Buxnax ocHoBHoro marepiaiy. [TotpibHo 3a KpI/ITepleM MiHiMi3amii 3araJbHUX TPAHCIOPTHUX BUTpAT
BH3HAYUTH ONTUMAaIbHUHN IDIaH IEepeBe3eHb MIICHUIII Bill TOCTaYaIbHUKIB 10 MiAMPUEMCTB Ta MOPTY. 3’ SICYBATH,
sIKa YACTHHA 3arabHAUX TPAHCTIOPTHUX BHTPAT HPHUIAJae HA MEPIIMii CTAIl MIePEBE3CHb (Biz mocTavaIBHUKIB 1O
PO3MOIITEINX ITYHKTIB), & SIKa Ha APYTHH (3 pO3IMOIUIEINX ITyHKTIB 10 KiHIIEBUX ITyHKTIB).

3a ocHOBY Oy110 00paHO ABOCTAITHY TPAHCIIOPTHY 3aj1ady TICPEBE3CHHS 3¢PHA. CnoanKy HIIeHHI Oyzie mepe-
BO3HTHCS 3 HEBEJIMKHX TOCIIOAAPCTB Ha /1B €JIEBATOPH, a IOTIM Ha Hl)Z[HpI/ICMCTBa SIK1 I[LOTO MOTPEOYIOTH, Ta TOPTH.

Sk Bke OyJ0 3a3Ha4€HO BUILE BaHTaX OyJe MpsIMyBaTH 3a ACKUIBKOMA iCHYIOUMMH MapuipyTamu. st yroc-
KOHAJICHHS JAHHOTO MEPeBE3eHHs Oy/ie BUKOPUCTAHO JBOETANHY TPAHCIIOPTHY 3ajady, KOJIU IepPEBE3EHHS MPOIYK-
1ii 3A1iCHIOETHCS y JIBa €TalM: CIOYaTKy BiJ MOCTa4aJbHUKA HA MPOMIKHUNA MYyHKT, Jali — 3 IIbOTO IPOMIKHOTO
MyHKTY 10 CokKBaua (puc. 1), Ta GaratoeTanHi — KOJIM Ha NUISAXY BiJ MOCTadallbHUKA A0 CIIOKMBada MPOMIKHHUX
MYHKTIB € JeKibKa (puc. 2).

Ieprmit Jpyrwuit
eTar nepeBe3eHb eTaIl IIepeBe3eHb

ITpomixkHUI
ITocTauansHUK p »] CrnoxuBay
MYHKT

Puc. 1. Pyx nponykuii y ABoeTanHii TpaHCIIOPTHIHN 3a1adi

Ieprumit Hpyrnii Tperiit
eTarl IepeBe3eHb eTarl [epeBe3eHb eTarl lepeBe3eHb
ITepmuit Hpyruit
ITocTavyanpHuK npoMikHuit [T | mpoMikHUii > | Cnoxusau
ITyHKT ITyHKT

Puc. 2. Pyx nponykiii y 6araroetamnHiii TpaHCIIOPTHIN 3a1a4i

BBakaroTbCsl BiIOMUMH 3aracy MPOLYyKIil y MOCTaqyaIbHUKIB, IPOMYCKHI CIIPOMOXHOCTI MPOMIKHUX ITyHK-
TiB, IOTPEOH CIIOKHMBAUiB, a TAKOXK MPOIYCKHI CIPOMOKHOCTI KOXKHOTO i3 MapmipyTiB. 3a IUX YMOB MOTPiOHO
BH3HAYUTH HAWECKOHOMIYHIIINH IJIaH MepeBe3eHb MPOAYKIT Bijl TOCTAYaIbHUKIB J0 CIIOKHBAYiB.

Tpeba BUPIIINTH 33729y PO yAOCKOHAICHHS TPAHCIIOPTHO-TEXHOJIOTIYHOT CXEMU TIEPEBE3CHHS CIIIbIOCIITPO-
IYKIi{ B yMOBaxX BOEHHOTO CTaHy TphoX moctadasbHukiB C,, C, 1 C; yepe3 J1Ba po3NOAUIEINX IYHKTH (€JICBATOPH )
P, i P, mo 4oTuprox 3aMOBHHKIB A,, A,, A; Ta A,. 3anac 3epHa y NOCTa4aJbHHUKIB JIOPiBHIOE, BianosiaHo, 1500,
1800 i 3600 ToH. Yepes posnoinpuuii myHKT P, MoxxHa niepeBe3Tu He Oinbie 3600 T 3epHa, yepe3 myHKT P, —
oinbie 4500 1. [ToTpeOu 3aMOBHUKIB CKIIaJarOTh BiamoBiaHo, 900, 1500, 2100 i 2400 ToH. 3i cXOBHII IO pO3IMO-
JUTBIMX ITyHKTIB MIIEHHUIS [IEPEBO3UTHCS 25-TOHHUMHE 36pHOBO3aMH, a 3 PO3MOIUIBYHMX IIYHKTIB 10 3aMOBHHKIB —
18-ToHHUMU

[TocTayanpHuKamMu 3epHa OyayThb BHCTYNaTH arpapHi miampueMcTBa 3amopizbkoi Ta JHIIPOMETpOBCHKOT
oOacTeid, ki HailOiIbIIe TOTPeOYIOTh BUBE3EHHS 3€PHOBOI MPOAYKIIi Y NEepioJl BOEHHOTO CTaHy, 100 30epertu
CBOIO IIPOAYKIIIIO BiJl BOPOKUX aTaK:

1. TOB «3ops» M. 3eneHonobChK, KprBopisbKkoro p-Hy, JIHIMPONETPOBCHKOT 00J1aCTi;

2. TOB «Csitanok» M. Maprasenb, Hikononbcokro p-Hy, JJHIIporneTpoBchkoi 001acTi;

3. TOB «Pomarmka» M. OpixiB, [TonoriBcsKkoro p-Hy, 3armopi3bKkoi 00acTi.

[TpoMixkHI ITyHKTH — 1€ €JIEBATOPH, JI0 AKX Oy/ie eBaKyHOBaHO 36pHOBY MPOAYKIIii arpOTiAMIPHEMCTB 3 METOIO
30epiraHHs Ta MOAAJBIIOTO MEPEBE3EHHs 0 MiNPUEMCT Ta MOPTIB, BIICTAHb BiJI MOCTAYaILHUKIB JIO SKHX HaBe-
JeHo y Taom. 1:
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1. Enesatop “Kedorr Agro Group” cmT. Bummnese, I’ sTuxarcpkoro p-Hy, {HinponeTpoBchkoi 001acTi;
2. baniscrkuii eneBarop c. [laptuzanceke, J{HIIPOCHKOTO p-HY, JHIMTPONeTpoBCHKOI 06acTi.

Tabmuns 1
Bincranb Bix moctauyajJbHUKIB 10 MPOMIKHUX MyHKTIB, KM
TlocTayaabHUKH Mpowixni nynKru
EneBarop Kadorr Agro Group BaJiBcbKkuii eieBaTop
1. TOB «3ops» 130 204
2. TOB «CBiTaHOK» 160 155
3. TOB «Pomarxka 230 195

JeranbHa cxema MaplLIpyTiB, sika Oyna moOyaoBaHa 3a JOIOMOIow iHTepHeT-pecypcy Google Maps 300pa-
*eHo Ha puc. 3 [6]. [lana cxema OyayBasacs 3a KpUTEPisAMH MiHIMaJIBHOTO Yacy Ta HalMEHIIO1 BiICTaHi, AKi € yMOB-
HUMH, aJKe HEMOXKIIHBO CIIPOTHO3YBaTH TPUBAIICTH IIEPEBE3CHH, 00 MPHUCYTHI HACTYIIHI (haKTOPH:

* OJOKIIOCTH Ta YEpTH Ha HUX;

* KOMCHJIAaHTCHbKa TOJIMHA, TPHBAJICTH SKOT 3aJIC)KHUTH BiJl PETiOHY;

* CTaH JOPIr Ta MOXJIMBICTh MPOT3Ty 110 HAM BiAIIOBITHHM TPAHCOIIPTOM.

Ha cxeMi 4OpHHM KOJBOPOM 300paxXeHO JIiHIT MapIIPyTY, SKi € HAHOUTBIT ONTUMATBHAMHU 32 KIJIOMETPaKEM,
a YePBOHUM — IIUISIXH, 0 MAFOTh HAHOIIbIy BiICTaHb.

{ Bamiecekui eJIEeBaTop
(c. ITapTHIaHCHKE) n aB/1onpd)
HIOI'I po Tepl

o
. Eneratop KADORR AGRO Group
| (c. Bnmnege)
t o [TATMXETKM
L A R

CHHenbHHKOBE
o

o
5T BopH
A Pir
AylHe
130 km
=
A e &
nocTonds g
: Hikonons g i
> TOB "30[)!1" T TOB "Ceitamor" | TOB "Pomamia"
(M. 3e/leHOTOIBCER) | (. Mapranens) CEEIELE (m. Opixig)
. OHInpopyaHe

IhChKe

— JIiHIS MapUIpyTy, SKUH € HAHOLIBII ONTHMAIEHIM;

— JiHIS MapmIpyTy 3 HaHOLIBIIOO BiJICTAaHHIO.

Puc. 3. TlonepenHs cxema MapupyTiB IEPEBE3EHHS 36pPHOBOI MPOAYKIIIT

CrnoxxuBauyaMy BUCTYTAIOTh MiANIPUEMCTBA, SIKi HOTPeOYyIOTh CUPOBHHY Ul BUPOOHHUIITBA OOPOILIHA Ta TOPT,
3B1JIKU 3/1HCHIOIOTh €KCIIOPT 36pHOBUX KYJIBTYp 10 MIXKHAPOJHOMY 3€pHOBOMY KOpUaopy [8].

Tabmuns 2
Bincrauns Bin baaiBcbkoro exeBaropa 10 CoKUBa4viB, KM
CnoxuBaui
IIpoMizkHuii MyHKT TOB TOB TOB JII
«Ininpomann» | «XMeJbHUNBK-MJIMHY» | «Binanubkuii KXII» «Opecbkuii mopT»
BaniBcrkuii exeBatop 30 727 590 690

MoxnuBa cxeMa MapmpyTy Bij baniBchkkoro eneBaropa J0 CIIOKWBadYiB HaBeJCHA Ha puc. 4, ane ¢iHaibHA
cxema OyJie BU3HAYCHA JIUIIIE TiCIIT PO3PaxyHKiB.
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Puc. 4. Cxema mapuipyTy Bia bagiBcbKOTo eneBaropa 0 CIIOKHBaviB

Tabnuus 3
Bigcrans Bin EneBatop Kadorr Agro Group 10 cnoxuBaviB, KM
Cnoxusaui
[pomizkuuii myHKT TOB TOB TOB Al
«Ininpomunn» | «XMeabHUIbK-MIUH» | «Binnnubkuii KXII» «Opecbkuii mopT»
EneBarop
Kadorr Agro Group 102 625 480 590

Ha puc. 5 306pakeno MmoxunBy cxemy MapripyTy Bix EneBarop Kadorr Agro Group 1o cioxxusadiB. OiHaneHy

CXeMy MOXHA Oyzie TOOAYUTH JIUIIE MMiCIs PO3PaXyHKIB.

o 625 K TOB "Binaunupkuit KXII" ‘-lepgacn 2
< \l\o ' 500,90
TOB : K > Kpemenuyk
"X.\Ie.}'lbl-n'lvubl\' YKpaiHa Eaesarop KADORR
-MJIHH AGRO Group

sy TOB
\ ot (B " Muinpovaun"
3 e 3a nog DKOKA

\ v
\, MonpoBa {
. i

\
Acu 1\
o) J
lasi 1\' . Vi

\ JAII "Oaecpxuii mopt"

| ”
Baxey \ i a0

Puc. 5. Cxema mapmpyty Bix EneBarop Kadorr Agro Group 1o cioxnBadiB

[To3HauMMO KiNBKICTh MOCTAYaIbHUKIB uYepe3 7, a 00CAT HasBHOI y KOXHOTO 3 HUX MPOAYKIi uepe3

a; (i=1,m). KiuIbKiCTh CHOXMBAYiB MO3HAYMMO YE€PE3 71, IOMMUT KOKHOTO croxkupada — depes b; (j =1, n). Ilpu-
ITyCKAETHCS, M0 TEPEBE3CHHS MPOAYKIIII Bill MOCTaYabHUKIB O CIOKUBAYIB 3MIHCHIOBATUMYThCS y JIBa CTaIIH.
Crioyatky MpOAYKILis BiJl MOCTAaYaIbHUKIB HAIXOJUTAME Ha MPOMIDKHI ITYHKTH, a BXKE 3 IPOMDKHUX IyHKTIB — 70

CHIokHBaviB (puc. 6).

KinmpkicTh MPOMIKHUX IYHKTIB TIO3HAYUMO Yepe3 p, a MPOIYCKHY CIIPOMOXKHICTh OKPEMOTO £-I'0 IIPOMIKHOTO

MyHKTY — 9epe3 ¢, (k = I,_p ).
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BI/ITpaTI/I Ha TIepeBe3eHHS OIIMHUIII ITPOAYKLIi Bif i-T0O MOCTAYaJIbHUKA Ha k- MPOMIXHUI ITyHKT MO3HAYUMO
gepes sy (i =Lm;k=1,p p)a » & BUTPATH HA MEPCBE3CHHS OIMHHMII MPOXYKLIl 3 k-TO IPOMIKHOTO IYHKTY JO j-TO

CrokMBaya — uepes f;; (k =1,p p;j=1 n) [IpomyckHi CIPOMOKHOCTI KOXKHOTO 3 MapUIPYyTiB BBAXKATHMEMO HEO00-
MEXEHUMU.

[TocrauanbHUKH Tpomiici CrioxxuBadi
MYHKTH
1 1
1
2 2
2
3 3

Puc. 6. TpancropTHa Mepexa JBOXETAIMHOI TPAHCIIOPTHOI 3a1adi
(m=3,n=3,p=2)

[ToTpibHO 3HaiiTH 00CATH X; MepeBe3eHb MPOAYKIi BiJ MOCTAYaIbHHUKIB HA MPOMDXHI IMyHKTH (i=1,m;

k=1, p) Ta o0caru y, nepeBe3eHb MPOAYKIi 3 MPOMIKHUX IyHKTiB 10 crnoxuBadiB (k =1, p; j=1,n), mob
3arajibHi BUTPATU z Ha 3/1HCHEHHS yCiX MepeBe3eHb Oynu O MiHIMaJIIbHIMU.

3a HaBeJICHUX YMOB 1 MO3HAYECHb EKOHOMIKO—MAaTeMaTU4YHa MOJIEIIb ABOXETAMHOI TPAHCIIOPTHOI 3a]1a4i HaOu-
pae BUIIIAAY:

m_p

p n
z= ZZsikxik + ZZt,g.y,g. — min, )

i=1 k=1 k=1 j=1

szk = ':17 ) (2)
Zyki:bj’ J=1n, (3)

DX =2y <. k=Lp, )

220, i=Lm, k=1p, ©)

v, 20, k=1p, j=Ln. (6)

[inpoBa QyHKIis 3a1a4i (1) — BUMOra momryky HaiOiIblll eKOHOMIYHOTO TUTaHY ITepeBe3eHb MPOAYKITii. [Hm
YMOBH 331341 03HAYar0Th, BIJIIOBIHO, IO:

(2) — obcsr mpoxyKILii, 110 BUBO3UTUMETHCS BiJl KOXHOTO IOCTaYaIbHIKA, HE TIOBUHECH MEPEBHUIIyBaTH HasIB-
HOTO Yy HBOTO 3aracy;

(3) — oOcsr mpoayKILii, 0 3aBO3UTUMETHCS KOXKHOMY CIIOXKHBaUy, Ma€ BiJNOBLAATH HOTO NOMUTY;

(4) — Bcst IpoyKIIis, 10 3aBO3UTUMETHCS Ha KOXKHUH npOMimHnl‘/i MYHKT BiJl MOCTa4aJbHUKIB, Ma€ OyTH MOTIM
HaJiCIaHOIO 0 CTIOKUBAYiB, [purioMy cimin BPAXOBYBaTH MPOMYCKHI CIPOMOXKHOCTI KOYKHOTO MTPOMI’KHOTO ITYHKTY.

‘YMoBaMH iCHYBaHHS pO3B sm(y 3aj1adi € TaKi:

1) 3aranpHMIA 3amac MPOAYKIII y BCIX MOCTaYalbHHUKIB TO3BOJISIE 330OBOJIBHUTH CYKYITHUH MOMUT YCiX CHO-
JKMBaUiB:

2az2b, )
i=1 j=1
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2) IPOIYCKHI CIIPOMOXKHOCT] YCiX MPOMIPKHUX ITyHKTIB JOCTATHI JJIS1 OIPAIIOBAHHS CYKyITHOTO ITIOTOKY IIpO-
JOyKLil y TpaHCHOPTHiil Mepexi:

n )4
S <3, ®
j=1 k=1

JI)1s NOBHOIIIHHOTO BUKOpHCTaHHS YMOB (1)—(8) HeoOXiHO aJieKBaTHO BU3HAYUTH Tapu(IiKaIlilo BUTPAT Ha
MIEPEBE3CHHS 3ePHOBOT MPOAYKIIii.

ITepeBe3eHHs 3epHOBOT MPOAYKINIT JACMIO BiPi3HAETHCSA B MEPEBE3CHHS IHIIMX BaHTaXIB, aJpKe 1€ OLTBII
CKJIAJIHUI Ta 3aTpaTHUA MPoIec, 0COOINBO Yy NEepioJl BOEHHOTO CTaHy. JIJisk TOBHOTH KapTHHU TaKOK HEOOIXITHO
pO3paxyBaTH BapTiCTh IEPEBE3CHHS OHI€T TOHHN POAYKIIi.

Oco061MBO CKJIagHa CUTYallisl Ha THX TEPUTOPIAX, Ae BigOyBamucs: 00HOBI i, moku poboTa HE BiJHOBIIO-
eTbes. [lo-nepire, momkomkeHi TpaHcopTHi nuaxty. [lo-apyre, e BeaeTsest podoTa 3 po3MiHyBaHHS TEPUTOPIH.
Tomy Boaii MOGOIOIOTHCS TyAU I3AUTH.

Panime paaiyc nepeBeseHb 3epHa aBTOTPAHCIIOPTOM ckitagaB mpubmausno 400 kM. Bee, 110 6inblie, — ycminHo
NEepeBO3UIOCH 3ai3HULIECIO. 3apa3 pajiiyc TPaHCIOPTYBaHHs CKIajga€e A0 1 TUC. KM.

[Momo 1inM, TO HA HEl BITMBAIOTH 6arato (akTopis:

* 3pOCTaHHs KUIOMETPaXxy Mpoi3ay, OCKUIbKH iH(pacTpyKTypa B 0ararboX MiCILSAX IMONIKOMKEHA 1 TpaH-
cnopty Tpeda 00’ DKIKATH 1 TIISTHKY;

* KOJIMBAHHS BapTOCTI JTU3EIBHOTO MAJIMBa, Ta JIMITH HAIMBY Ha OIMH TPAHCIIOPTHHH 3aci0;

* TIEPEBI3HUKH 3aKJIaal0Th y TapH(] PU3UKKM BOEHHOTO Yacy, IO TATHE 3a COOOI0 3HAUHE ITiIBUIIICHHS BAPTOCTI.

TakoX miHA 3aJEXKHUTH BiJl KOYKHOTO OKPEMOTO HampsMKy. Ha Hei BINIMBaroTh TEpPMIHOBICTH, 00°€M, KU
HOTPiOHO JOCTaBHUTH, Ta IiHA Ha Au3enbHe nanuBo[9]. Tomy amst GUIBII TOYHOTO Ta APTYMEHTOBAHOTO PO3PAXYHKY
BapTOCTi EPEBE3CHHS O/[Hi€1 TOHHU BaTHaXXy 0ys10 00paHo iHTepHET-pecype « Tpuniuist», Ha sIkoMy MOXKHA 3HAlTH
BapTICTh MEPEBE3CHHS 3a KOHKPETHUM MapIIpyTOM Yy peanbHOMY daci. 3a/uld afeKBaTHOrO Tapu(iKyBaHHS OylIo
MIPUIHATE PIIIEHHSI OOUpPaTH CEPEIHIO BAPTICTh CEpe BiANOBIIHUX NEPEBI3HUKIB (pHC. 7).

PO3PAXYHOK BIACTAHI TA BAPTOCTI NEPEBE3EHHA 3EPHA

T T T i

IEHGRINLELE, THINPORETRORCLES 880, ARDE. W BRWEeES, DHINPOOETROBILER 0N, [TATHRETE.. W
MapEpyT  Senrechotaced - Rl

Mgerann DO kW
Sa mgepo TN &1

LIIHH MoTICTHYHHY KoMITaHLH

Feaaniasas (111 Temegan Lt rpwy JassEneana
n gy gt R — T —
?‘ IL TaThams SMENNTIES 253 T © HIOC
e = CEyTE FoMmAN | BANTEAEY (] B ex) CIEOETAH IR 28 ppmur ¢ BRI
§ Arpemtr-tepain Y 4 rpaut & M
b T Ropinin TlARain AR T S paare & B

Puc. 7. Ilpuknan po3paxyHKy BapTOCTi 3a 1oroMororo pecypey « Tpumisuis» [9]

Tako>k OCHOBHUM €KOHOMIYHUM MOKAa3HUKOM MIEPEBE3CHHS € COO1BaAPTICTB.

[ mpaBWIIBHOTO Ta OETaJbHOTO PO3pPaxXyHKy Oylo BHKOpPHCTaHO iHTepHeT-pecypc “DeGruz”, Ha skomy
3alPOMOHOBAHO CIICIIAIbHAHN KaJIbKYJISITOP JUIS MiABHINEHOT TOYHOCTI Ta afaekBarHocTi oninkw [10]. Byio codpmo-
BaHO YiTKy MOJIEJIb COOIBAPTOCTI JIJIsl CTAHIAPTHOTO aBTOINIIIPUEMCTBA, sIKe Oy/Ie 3aliMaTuCs MepeBe3CHHSIM 3E€PHO-
BHX KyIbTyp (TalII. 6).
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Tabmnurs 6

B pesymberari 3acTocyBaHHS IHTEpHET-PECypCiB

XapakTepucTHKa «Tpunius» 1 “DeGruz” 3BemeHi AaHi Mpo BapTicTh
aBTOMiANPUEMCTBA MEPEBE3EHOT0 BAHTAXY BiJ] MOCTaYaJIbHUKIB 10 TPOMIXK-
3aranbHi BUXiAHI gaHi HHX ITyHKTiB BHECEHO B Ta0J. 7 1 BiJ] IPOMIKHUX ITyHKTIiB
KifbKiCTb MAIINH y TapKy 15 JIO CIIOXKMBA4iB — B Ta0II. §.
Kinpkicth pobounx 116 Ha MicsIb 22
- — ; Tabmuus 7
[TpoO6ir oiHIET MAIIIMHU B MiCSIlb, KM 10 000 .
B 100 101 33 BapricTh nepeBe3eHHs BAHTAKY
MTpaTa nanmea, Ji Bi/l MOCTa4YaJIbHUKIB /10 IPOMIKHUX MYHKTIiB, TPH/T
Bapricte nanusa, rpa/a 54 A
- Ipomixkui myHKTH
3aranpHi BUTpATH (Ha BECh aBTOMAPK
3apobiTHa nuiata Oyxranrepy, FpH/Mic 10 000 Hocravanbuuku | Eneparop Kadorr | Banisebkuit
3apo0iTHa 1IaTa Joricra, rpH/Mic 13 000 Agro Group e1esarop
Butparu Ha yTpuMyBaHHS Ta eKCIuTyaralito 1 aBro 1. TOB «3ops» 770 1199
3apo0biTHa r1aTa BOMIEBI, IPH/MIC 15 000 2. TOB «CsitaHok» 1010 957
Binpsmkenns Bosiesi 3a 1 106y, rpH 400 3. TOB «Pomaiukay 1345 1067
Tabmusg 8
BapricTh nepeBe3eHHsI BAaHTAXKY Bill MPOMi’KHMX MMYHKTIB 10 CIOKMBaYiB, TPH/T
CnoxuBayi
IpomiskHuii MyHKT TOB TOB TOB AT
«IHinpomaun» | «XMeabHUIbK-MINH» | «Binnuubkuii KXID» «Opecbkuii nopT»
Enesarop
Kadorr Agro Group 611 3454 2758 3330
BaniBcrkuii exeBatop 166 4042 3321 3918

3a HaBe/ICHUX YMOB €KOHOMIKO-MaTeMaTHYHA MOJIEIb IBOCTAITHOI 3a]a4i BUIVISAIA€ HACTYITHUM YHHOM:

f=770x,, +1199x,, +1010x,, +957x,, +1345x,, +1067x,, + 611y, +3454y,, +

2758y, +3330y,, +166y,, +4042y,, +3321y,, +3918y,, — min

X, +x, =1500
X, +x,, =1800
X3, + x5, =3600

Vit Y =900
Yo + ¥y, =1500
Vi3 + ¥, =2100
Via + ¥y =2400
x; >0, y, >0,

X, +x, +x;, =3600
Xy + X, + X3, =4500
Vit Vip + Vi3 + 0y =3600
Va1 + Yo+ Vo3 + Yoy = 4500

i=13 j=12 k=14

HacrynHi po3paxyHku Oyzne mpoBeIeHO 3a TOTIOMOTOr0 TabnuuHoro npouecopa Microsoft Excel. Ckpin-
IIOT 3 €KpaHy MiATOTOBKU JAaHWUX OO PO3PaxyHKy Ta pe3ylbTaTH BHPINICHHs 3aJadi ONTHMIi3alii HaBEICHO

Ha puc. 8—10.

OnTuManbHOMY IUIaHY TIEpEBE3CHb BIJNOBINAIOTh MiHIMAaJbHI 3arajibHi TPAHCIIOPTHI BUTPATH y PO3MIpi
27 370 500 rpuBeHb, y TOMY YKCIII Ha TIEPIIOMY €TaIl MepeBe3eHb (BiJ MOCTAYaIbHUKIB 10 PO3MOAUIBIHX MTyHK-
TiB) — 6 897 600 rpuBeHb, a Ha IPYTOMY €Talli (3 pO3MOAUIFIHNX IyHKTIB 10 crioxkuBadiB) — 20 472 900 rpuBeHb.

118

ISSN 2521-6643

Cucremu ta TexHonorii, Ne 1 (65), 2023



A B £ D E F G H 1 1

1 Onrmimizaris noaHy nepeEeseHs MMeHNLH
2
3 | Hoctauansrmem 3amac Poznopineumit nyuer |[Iponycrsa cnpoMossicTs Cnosmeaui | [lotpeba
4 C1 1500 Pl 3600 Al 900
5 C2 1800 P2 4500 A2 1500
6 C3 3600 Pazom: 8100 A3 2100
7 Pazom: 6900 Ad 2400
8 Pazom: 6900
9 Broinmi massi
10| Bwrpan Ha nepeeesenna 1T nmenm Burpary Ha nepegezeHHA 1T nmeHMLl
u ITocTagansHMEN Posnonin: i myrce Posmopineuiii MyHET Crioxusasi
Pl P2 . Al A2 A3 A4
13 C1 770 1199 Pl 611 3454 2758 3330
14 C2 1010 957 P2 166 4042 3321 3918
15 C3 1345 1067

Puc. 8. Pesynsratn miaAroToBKH pod0YOro apKyIry

] [ (=] r J o " i i i ! - N o » a

Hiopani ma nepenesenm mnewen |

[ Pomoamwsd mma ]
MocTrsamasn | T s

- | ® P |

ST |

|

|

i¥

Puc. 9. [IponoBxeHHS MiATOTOBKA POOOYOTO apKyIry

A B C D E F G H 1 ] K

25 Po3nofinbYii nyHKT Po3noainbymii Cnommeadi

MNocrayanbHUEKN
26 P1 P2 Becboro: MYHKT Al A2 A3 Ad Bcooro:
27 Cl 1500 0 1500 P1 0 1500 0 2100 3600
28 c2 1300 0 1800 P2 900 0 2100 300 3300
29 C3 300 3300 3600 Beworo: 900 1500 2100 2400
30 Bcboro: 3600 3300
31
32 BuTpaT Ha Nnepese3eHHA IpH
33 Ha nepwomy etani 6897600
34 Ha gpyromy etani 20472900
35 3aranbHi 27370500
36
37 Qbcar nepepeseHe nmeHnLy, 251 Qbcar nepegezens nmeHnLy, 18 1T
38 MocTaammar Posmonine=uit myHET Crnioxaeadi
39 Pl P2 bropinesnt vy Al Al A3 A4
40 Cl1 60 0 P1 0 84 0 117
41 C2 72 0 P2 50 0 117 17
42 C3 12 132
43

Puc. 10. Pesynbrarti po3paxyHKiB 3 ONTHMI3alii IUIaHy [IepeBe3eHHS

BHCHOBKH 3 J1aHOr0 JOCII/UKEHHSI Ta MEPCHEKTHBH MOAAJBINMX PO3BIIOK Yy JaHOMY HANPSMKY.
3a pesynbraramu OyJ10 OTPUMAHO ONTHMI30BaHHH TUIaH EPEBE3SHHS, BAPTICTh SIKOTO CYTTEBO 3MEHIIINIIACS Y TTOPiB-
HSTHHI 3 TIONEepeIHiM, a came Ha 9%, 110 B mepiof] BilfHH € BaroMuM pe3yasraroM. [1opiBHSHHS BUTpaT Ha IepeBe-
3€HHJ JI0 1 IMicis ONTHMI3allii mpoBeaeHo y Tadi. 9. I'padiuno qane mopiBHAHHS 300paxkeHo Ha puc. 11.
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Tabmuig 9
IopiBHSIHHA BUTPAT HA NMepeBe3eHHs 10 i micjsi onTumizauii
Burparn I'pn
HA NepeBe3eHHs Jlo onrumizamii Iicas onTumizamii
Ha nepmomy etari 7791 300 6 897 600
Ha apyromy erami 21 807 900 20472 900
3aranbHi 29 599 200 27 370 500

30 000 000

25 000 000

20 000 000

15 000 000

10 000 000

5000 000

Ha nepwomy  Ha apyromy etani 3aranbHi
etani

® I'pH Jo onTvmizauii M I'pH MNicna ontumisauii

Puc. 11. [TopiBHAHHS BUTPAT HA IEPEBE3CHHSI [0 1 MICIS ONTHMI3AIlii

Ipu po3paxyHkax OyJ0 ONTHMI30BaHO He JIMIIE BUTPATH Ha MEPEBE3EHHs, a i 00CAT IepeBe3eHHs MIICHHII
3a MapuIpyTaMmu. Pe3ynbTaTti po3paxyHKiB 00CATiB epeBe3eHHs Ha MEpIIOMy eTami po3TamoBani y Taom. 10. I'pa-
¢iuHO MapuIpyT 300paxkeHo Ha puc. 12.

Tabmaumg 10
OO0csAru nepeBe3eHHs NILIEHULI HA NePLIOMY eTAami
O0csr nepeBe3eHHs MIIEHU, T
Po3nogijibunii MyHKT
IMocTavaabHUKH - =
Eaesarop Kadorr Agro Group bajiBcbKkuii eieBaTop
1. TOB «3ops» 1500 0
2. TOB «CsiTaHok» 1800 0
3. TOB «Pomarikay 300 3300
P 2 BN LT | e
=1 : okt
Womrw Kam Recero ~e ﬂllubog
Oem.-.q-u Deprmeos =
Marw
o s Cortsnamaipe FONOGH
(41 |
1 3emmes
Lapoas -]
Bacwete
[ Uy
Wyoama *‘\ ‘YMOBHI 1MO3HAYEHHS:
) } = [ o — TOB «3ops»
B raetnd ve
KpnsnA Pir Matwinna

e o — TOB «CBiTaHoK»

Kacnevrsern

Temmanes @0

QIOKA

q — TOB «Pomarika»

paes “sancon

— Enesarop
° o] Kadorr Agro Group
Pey T - Hixononk Baugrapscemaa Opiem .
Mag wecssn 2 G — baniBcbkuii eneBarop
SUEEE OO e My Mens Liassrntbh

Puc. 12. MapuipyTi nepioro erary nepeBe3eHHs MIISHHI
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Pesynbratu po3paxyHKiB 00CSTiB IIepeBE3CHHS Ha IpyroMy eTali po3ramosaHi y Tabmn. 11 i Ha puc. 13—14.

Tabmuig 11
OO0csru nepese3eHHs NMIIEHULI HA IPyroMy erami
OOcsT nepeBe3eHb MIICHHMII, T
CrnoxuBaui
Po3nogisibuuii myHKT TOB TOB TOB I
«Aninpomiaun» | «XmMeabHHIBK-MJIMH» | «Binnunbkuii KXII» | «Opecbkuii nopm
Enesaro
P 0 1500 0 2100
Kadorr Agro Group
baniBchkuii enesarop 900 0 2100 300
Yepkacw 4 T
Cmina L A KPa-i-::HC
o
KpemeHuyk
yKPaIHa i : : er?LI.IH_i'
[ epaomancsk-
- - Kpuswii Pir 3afonion!
. MOwhoykpaikesk iy ano BI)K)K. YMOBHI MO3HAYEHHS:
- : {: C HoBnA Byr Nokpos ' o .
.. T e i | oMa raHeub — BaniBcekuii ereBaTo
onp,oaa L ) GosHecetcex o Hikonona i P
it BawTaHka :
.0 FIIE o EHE roaal A
th Vl‘b -p p o — TOB «/IHinpoMIIH»
thy Mukonais b, - TOB
; - o : ivon «Binnunpkuit KXIT»
Een-c,qepm QT”PaCHUH T Kaxopka Menng:l-n 1
. Bender - TII’&SDCﬂ | ]

HJ.\'KHE : Xepcnu HoBa KaanKa

\% f\fi‘v

Puc. 13. MapuipyTu niepeBe3eHHs MIICHHUI Bia baaiBChbKOTo eneBaTopa 0 CIIOKHBAYiB

— JAIT «Onecbkuii mopT»

Aens; L4ep‘»)<acu
Cmina
o
Kpggwguwyx
YKpalHa s \ I’opoiuJHi
. : % MnagHi™ s
oainbehKU eKCaHApin -

‘Morunis-MoAinbCokui 'AHC

FiepBOMaCEK - e
A S 3 - Kpusun Pir
o ngl‘;:“' IOXHOYKpaiHCEK i
BoTowaHi ‘ : 1 " HoBWni byr
| H ¢ Mokpos
Botosani M . BosHeceHcbk ST
OHAOBa ‘ o ; Hikonont
: ; BawTaHKa : = YMOBHI O3HAYCHHS:
A OpruB % B 5 ol ’
?cn = <y lorhei ‘/\L : — EneBarop
agly, - KuwinHis - :
& A “Chi mau ¥ i Kadorr Agro Group
m:i B e , Mm(gnala
e 8 B A\ ; EeHAepM :P,pacn?,, L ; G Kaxoska — JIIT «OpechKuii mopT»
s ® acnyn & Bender iraspo 5 =
g::;z . Vaslui 1OXHe i xep°°“ Hopa KaxoeKa _TOB
o , : a
L ) ‘{I} M A o 4 «XMENbHULBK-MJIUH»

Puc. 14. Mapmpytu nepesesenss neHuni Bix EneBaropa KAG no crioxuBadis
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Taxox OyI10 MPOBEICHO PO3PaXyHOK co0iBapTOCTi 1 KM MpoOiry BaHTaKiBKH I CTAHJAPTHOTO aBTOMIIPH-
€MCTBA, sIKe 0 TEOPETUUHO MOIIIO OyTH 3allyueHe JI0 MePeBE3CHHs. 3a pe3yibTaTaMU PO3paxyHKiB OyJI0 BU3HAUEHO,
10 co0iBapTicTh 1 KM mpoOiry /i BaHTaxiBKH ckiagae 23,34 rpH. [l mopiBHAHHSA OyJ0 pO3paxoBaHO BUTPAPTH
Ha niepeBe3eHHs 25 T Ta 18 T mmenwui Ha 1 kM y tadim. 12 Ta Tabn. 13 BixmoBigHO.

Tabmumsa 12
Burtparu Ha nepeBe3eHHs 25 T mmeHuni Ha 1 km
Butparu Ha nepeBe3eHHs 25 T mmeHuli Ha 1km, rpH
S £ — Po3nogisibumii myHKT
Eaesarop Kadorr Agro Group BaniBcbkuii eeBarop
1. TOB «3ops» 149 147
2. TOB «CBiTaHOK» 158 155
3. TOB «Pomamikay 147 137
Tab6mums 13
Burtparu Ha nepeBe3enns 18 T mmenuni Ha 1 km
Butparu Ha nepeBe3enHs 18 T mmennui Ha 1km, rpH
CrnoxuBayi
Po3nogisibuunii myHKT TOB TOB TOB an
«Ininpomumnny» | «XmeabHUUbK-MIUH» | «Binnnubkuii KXID» | «Onecbkuii mopm»
Enesaro
Kadorr igro Group 367 86 85 87
BaxniBcekuii eneBarop 30 117 125 120

3 HaBeJIeHUX Pe3yNbTaTiB MO)KHA 3pOOUTH BUCHOBOK, 1110 Y MIEPi0Jl BOEHHOTO CTaHy peajibHi BUTPATH Ha mepe-
BE3€HHA 0COOJMBO 3 MPU(POHTOBUX PAlOHIB CYTTEBO BIAPI3HAIOTHCS Bijl TEOPETUYHHX.
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OCOBJIMBOCTI CYHACHOT' O TPAHCITIOPTHO-EKCIHIEJUTOPCBKOTI'O BIBHECY

Cmamms npucesuena 00CIi0ANCeHHIO 0COOIUBOCMEN MPAHCNOPIHO-eKCnedumopcokoeo bisnecy 8 Ykpaini. Jlocrioxceno,
W0 OISILHICMb CYUACHUX MPAHCHOPMHO-KCREOUMOPCLKUX NIONPUEMCING CHPAMOBAHA HA KOMIIEKCHE 00CTY208Y8AHHS KIIEH-
mig 3a015 iHMe2posan020 3a006801eHHA IXHIX NOMPeD (3MeHUIeHHS PUUKY 8MPaATU A00 NOUWKOONCEHHS BAHMACY, MIHIMIzayil
inancosux ma yacosux gumpam GiONpasHUKA Ha MPAHCHOPMYBAHHS BAHMAICY).

Busnauero, wjo ocmanHivu poxamu po3gumox mpancnopmHo-ekcneoumopcskozo bisnecy 6i00y8ascsl 8 yMosax ceimoeoi 2no-
banizayii 6upoOHUYMEa ma po3nooLy; OPMYSAHHs OP2AHIZAYIUHUX MA HOPMAMUBHO-IPABOBUX 3aCcd0 OIIbHOCTI eKCNeOumopie,
inmezpayii 8udie MPaHCROPMy ma Po3GUMKY IHMEPMOOTLHUX MA MYTbIMUMOOMTLHUX MEXHONO2I MPAHCHOPIYBAHHS, (PopMY8aHHs
CYHACHOT KOHYenyii CKIA0CbKo20 00CIY208Y8aHHS, THMe2payii MAmepianbHux NOMOKI6 8 CUCIeMi MIJDICHAPOOHO20 PYXy Moeapis.
06zpyHm06aH0 o opearizayis JisnbHOCMI IMPAHCHIOPMHIX excnedumopie 30IICHIOEMbCA AK ) 6I0N0BIOHOCI 00 HOPMAMUBHO-NPA-
B08UX AKMiG, MAK | 8 MedHCAX CAMOPeyNiBHUX OpeaHizayitl, ki 06 €OHyIomb npo&];ecwnwzze MPAHCHOPMHO-N02ICIMUYHO20 Di3Hec),
po3podnsiomp cmam)apmu HOpMU Ma npasuia p060mu excneoumopis, gidcmoroioms ix inmepecu. Buseneno, wo nassnicms wiupoxoi
mMa PO36UHEHOT MEPelCi eKCHeOUMOPCLKUX KOMNAHKILL € HegIO0 EMHOIO YACHUHOIO IHPACIPYKNYPU MPAHCROPIMHUX CUCHIEM.

Oxpemy yeazy npudineno sussieno npoonem i ocobnugocmeli OISILHOCMI MPAHCHOPHIHO-EKCHEOUMOPCLKUX KOMRAHIIL
8 YM08ax nogHomacuimabHoi pociticvkoi azpecii. ¥ yeii uac ykpaincokuil mpancnopmuo-eKCneoumopcokuil Oisnec 3iuimos-
XHYBCA 3 YUCTEHHUMU He2AMUBHUMY (aKmopamu, 30Kpema npunuHerHs agiacnoiyuents, ONoKyeanHs nopmis, yepeu Ha Kop-
OOHI, PYUHY8aHHA BIMUUIHAHOI MPAHCHOPMHOT IHpacmpykmypu ma HecomosHicmy inghpacmpykmypu xkpain Cxionoi €eponu
00 Hogux (hopmamis pobomu 3 Ykpainoio.

Huni 6 Ykpaini 6i00ysaromucs npoyec, sIKi CHpUusoms 6I0HOGIEHHIO MPAHCHOPMHOL iH(pacmpykmypu, NOKPAujeHHIO
opeanizayii mpancnopmHo-eKCcneOunopCyKoi ma 102icmusnol OIsIbHOCHI, PO3POOTAIOMbCA HOBI I0LICIUYHI WIIAXU MA 6IOHOBTIO-
1OMbCs cmapi 0718 MPAHCHOPMYBAHHS BAHMAACIE 8 MIdICHAPOOHOMY CHOLYUEHHI, PO3BUBAEMbCS NPUKOPOOHHA IHppacmpykmypa.

Kiro4oBi crnoBa: excneoumop, mpancnopmno-eKCheoumopcokui OisHec, 8AHMAICHI Nepee3eHHs, Mpan3um, mpauc-
NOPMHA IHGPACMPYKIMYPA, MUMHI HYHKMU NPORYCKY.

Razumova K. M., Novalska N. L., Klymenko V. V. Features of modern transport forwarding business

The article is devoted to the study of the peculiarities of the transport and forwarding business. It has been investigated
that the activities of modern transport and forwarding companies are aimed at comprehensive customer service for the inte-
grated satisfaction of their needs (veducing the risk of loss or damage to the cargo, minimizing the senders financial and time
costs for transporting the cargo).

It was determined that in recent years the development of the transport and forwarding business took place in the conditions
of globalization of production and distribution; formation of organizational and legal frameworks for the activities of freight for-
warders; integration of transport modes and development of intermodal and multimodal transportation technologies, formation
of a modern concept of warehouse service, integration of material flows in the system of international movement of goods. It was
substantiated that the organization of the activities of transport forwarders is carried out both in accordance with regulatory and
legal acts, and within the framework of self-regulatory organizations that unite professionals of the transport and logistics business,
develop standards, norms and rules for the work of forwarders, and defend their interests. It was found that the presence of a wide
and developed network of forwarding companies is an integral part of the infrastructure of transport systems.

Particular attention is paid to the identification of problems and peculiarities of the activities of transport and forward-
ing companies in the conditions of full-scale russian aggression. At that time, the Ukrainian transport and forwarding business
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faced numerous negative factors, including the suspension of air traffic, blocking of sea and river ports, queues at the border, the
destruction of the domestic transport infrastructure and the unpreparedness of the infrastructure of Eastern European countries
for new formats of work with Ukraine. Currently, processes are taking place in Ukraine that contribute to the restoration of
the transport infrastructure, the improvement of the organization of transport forwarding and logistics activities, new logistics
routes are being developed and old ones are being restored for the transportation of goods in international traffic, and the border
infrastructure is developing.

Key words: freight forwarder, freight forwarding business, cargo transportation, transit, transport infrastructure, customs
checkpoints.

IHocTanoBka npodiaemu. HuHi TpaHCIIOPTHO-EKCIIEAUTOPCHKIIA O13HEC BUCTYIIA€ HEBi €MHOIO YaCTUHOIO YCIX
(a3 cycHiIbHOrO BUPOOHHUIITBA, OCKLIBEKY 320€3MeUye B3a€MOJII0 BCIX YIACHUKIB IIEPEBI3HOTO MPOIIECY: BAHTAKOBIIAC-
HUKIB, BAaHTQ)XOBIJMPABHHUKIB, BAHTAXOOACP)KYBadiB, TEPEBI3HUKIB Ta ONEPATOPIB TPAHCIOPTHOI iHPPACTPYKTYpH.
[TocrieHHs KOHKYpEHIIii Ha PUHKY Ta ITiIBUILICHHS BUMOT KITIEHTIB 3MYIITYIOTh SKCIICTUTOPIB iIHTErpyBaTHcs B iHGOP-
MAIliiHO-JIOTICTHYHE YIPABIIiHHS Ta 30UIbIITYBaTH CBOIO POJIb B JIOTICTHYHUX OlleparlisxX. Pociiichko-yKkpaiHChKa BiliHa
BHECIIA CBOI KOPEKTUBH Y JISUTbHICTh TPAHCIIOPTHO-EKCIIEAUTOPCHKIX KOMITaHI|, sKi 3MyIIIeHi Oyiii niepeOyaoByBaTH
JIOTICTHYHI IIUISIXH, ITyKaTH HOBI JpKepesia BaHTaKHOI 0a3H, 3MiHIOBaTH YMOBH ITIpaIli TS CBOIX CHIBPOOITHHKIB, 3a0€3-
MCYUTH CXOPOHHICTh TPAHCIIOPTHUX 3aC00IB, IIyKAaTH MOXJIMBOCTI JUISl PO3BUTKY JIOTICTUKHM Ha KOPJOHI 3 KpaiHaMu
€Bporneiicekoro Coro3y (0coO0IHBO, IO CTOCYETHCA BOXHOTO Ta MOBITPSHOTO BHUIIB TPAHCIIOPTY).

AHaJi3 ocTaHHiX JocaiTxeHb i myOaikauiii. [lutanHs opraHizaumii Ta y10CKOHaJICHHS TPaHCIOPTHO-EKCIIe-
JUTOPCHKOTO Oi3HECY BUKIMKAIOThH IeBHUI HayKoBuil iHTepec. 3okpema, ['aBpuiiko T.O. ta Cadonosa T.I. mocmimky-
BaJIM HANPSIMHU ITiIBHUIICHHS SKOCTI TPaHCIIOPTHO-EKCIIEAUTOPCHKHX MOCIYT Ta 3a0e3MeueHHs €(PeKTUBHOCTI isLIb-
HOCTI TPaHCIIOPTHO- -CKCIICTUTOPCHKOT komraHii [1]. Hpaul Cramnik B.I". mpucBstueHi JOCIIIKEHHIO YMOB, pO3p00IIi
METOIWYHUX OCHOB 1 MPaKTHYHUX PEKOMEHIAIII{ MO0 ITiABHUIICHHS ecbeKTHBHOCTl ISUTBHOCTI TPaHCIIOPTHO-EKCIIC-
IUTOPCHKMX KOMITaHil Ha 3acafax yAOCKOHAIECHHS CHCTEMH YIIPABIIHHS SKICTIO [2], a TAKOXK TEHACHIIISIM PO3BUTKY
MIXXHAPOIHOTO TPAaHCIIOPTHO-eKcienuTopehkoro OizHecy [3]. B myOmikamisx L{pous O.I1. Ta Ilnekan Y.M. Bu3Ha-
YEeHO TMEPCIEKTHBH BiI0OYJIOBA TPAHCIIOPTHOT CUCTEMU 33U PO3BUTKY TPAHCIIOPTHO-EKCIIETUTOPCHKOI MisITBHOCTI
B YkpaiHi [4].

MeTor0 cTaTTi € BU3HAYCHHS! OCHOBHUX YMOB PO3BUTKY TPaHCIIOPTHO-EKCIIEAUTOPCHKOTO Oi3HeCy; 00IpyH-
TYBaHHS POJi caMoperymBHHx opraH13aum Ha PUHKY TPAaHCIOPTHO-CKCIIETUTOPCHKUX MOCIYT; BUSBICHHS HPO-
611eM 1 0COOMMBOCTEH MiSUTBHOCTI €KCIIETUTOPCHKIX KOMITaHI B yMOBaxX MOBHOMACIITA0HOI pOCiChKOT arpecii.

Bukiaan ocHoBHOro marepiamy. OCTaHHIMH pPOKaMH PO3BHTOK TPAHCHOPTHO-EKCIETUTOPCHKOTO Oi3HECY
Bi10yBaBCs B yMOBaXx:

1) cBiTOBOT MI0GaMi3alii BAPOOHHIITBA Ta PO3MOILTY;

2) ¢hopMyBaHHS OpraHi3allifHIX Ta HOPMAaTHBHO-TIPABOBHX 3aca AiSUTHOCTI eKcrenuTopiB (puc. 1);

3) iHTerpanii BUIiB TPAHCIIOPTY Ta PO3BUTKY HOBUX TEXHOJIOT1H TPaHCIIOPTYBaHHS (1IHTEPMOIATBHUX / MYJTb-
TAMOIATHHUX);

4) dbopMyBaHHS Cy4acHOI KOHIIEIIIi] CKIIaCHKOTO 00CTyTOByBaHHS;

5) iHTerparii MarepiaJbHHUX MOTOKIB B CHCTEMI MI>KHAPOIHOTO PyXy TOBapiB.

Husinsanit Kogexc Ykpainu

Tocnonapckkiii Konexe Ykpainu

-| Konekcu Ykpainu |- MuTHui KoJieke YKpaiHu

[ToBiTpstHnii KofeKe YKpaiHu

Konekc ToproeenbHOro MoperuiaBcTsa Ykpainu

eKCNeIUTOPChKOI NisIbHOCTI

«[Ipo TpaHCIIOPTHO-EKCIETUTOPCHKY MiSITBHICTHY

«IIpo TpancopT»

«[Ipo aBTOMOOUTEHIIA TPAHCTIOPT)»

«[1po 3ani3HNYHUH TpaHCTIOPT»

30iliCHEHHSI TPAHCIIOPTHO-

H  3akonn Vipainn H

HopmaTuBHo-npaBoBa 6a3a

«ITpo 30BHIMIHFOCKOHOMIYHY JisUTbHICTE

-| Binomui gokymeHTH |

«[Ipo TpaH3uUT BaHTAXIiB»

|
W NN SENPNN SENpNN SN S s SN SR S Smp—m m—p—"

«[Ipo BHyTpIiIIHIN{ BOTHUI TPAHCIIOPT

-

«I1po MyIbTHMOZANBHI IEPEBE3EHHS»

Puc. 1. HopmarusHO-1ipaBoBa 6a3a 3/1iliCHEHHsI TPAaHCIIOPTHO-EKCIIEAUTOPCHKOT IISUIBHOCTI
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HaykoBo-TexHiuHa peBotoLlis Apyroi mojJoBHMHU XX CTONITTS B TPAHCIOPTHIM ramy3i MposBUIacs uepe3
PO3BUTOK KOHTEHHEpH3allii, TpeHIepHOi CHCTEMH TPAHCIIOPTYBaHHS, MYJIbTUMOJIAIBHUX Ta IHTEPMOJAIbHUX TIepe-
Be3€Hb, 30UIBIICHHS BAHTAXOM1AHOMHOCTI BOJHOTO BUIY TPaHCHOPTY (TaHKepHUU 1 OankepHuid (ioT), creuiai-
30BaHUX BUJIB TPAHCIIOPTHUX 3aCO01B, TEPMIHAIBHUX TEXHOJIOTIH, EJIEKTPOHHUX Ta TEIECKOMIUHUX KOMYHIKaIIiii,
exoorii [3, c. 298].

OpraHnizaiisi AisUTbHOCTI TPAHCIIOPTHUX EKCIISTUTOPIB 3MIHCHIOETHCS SIK Y BIAMOBIIHOCTI 0 HOPMATHBHO-
MPaBOBUX aKTiB, TaK 1 B MEXKax caMOPETYJIBHUX OpraHi3allii, ski 00’ €THyI0Th MpodecioHa B TPaHCIIOPTHO-JIOTIC-
TUYHOTO 013HECY, pO3pOOIISIFOTh CTAaHIAPTH, HOPMH Ta MPaBHiIa pOOOTH SKCIICAUTOPIB, BIJICTOIOIOTH iX IHTEPECH.

3okpema, y 1991 pomi Oyno cTBopeHO Acorialiiro MiXKHAPOIHUX aBTOMOOUIBHHX IEPEBI3HUKIB YKpaiHH
(AcMALII VYxpainn), 10 3aBJaHb SKOi BIIHOCUTBCS CIIPHSIHHA B 3[IICHEHHI IEPEBE3CHb BAHTAXKIB aBTOMOOITBHUM
TPAHCIOPTOM y MIXHApOTHOMY CIONy4eHHi. B moTouHomy pori Oyiio mpoBeneHo perioHaabHiI 300pH yYacHUKIB
AcMAII Ykpainu, mif 9ac sKuX 00roBOPIOBANUCS MPOOJIEMH Y B3a€MOBITHOCHHAX MDK IE€PEBI3HUKAMM Ta TPaH-
CIIOPTHO-EKCIIENIUTOPCHKIUMHU OpTraHi3allisiM1, a caMe He OTPUMAaHHS BUHArOPOAH eKCIIeIUTOPAMH 3a HaJ[aHi MOCIyTH
3 MDKHAPOJHUX MIEPEBE3CHb BAHTAXIB.

YV 1992 poui ABaHAALUATH TPAHCIOPTHO-EKCIEAUTOPCHKUX MiAIPUEMCTB KOTUIIHBOTO « COI0330BHILITPAHCY »
3aCHYBaJIU TIEPINy raly3eBy CYCHUIBHY OpraHi3amito — ACOIamilo TPaHCIIOPTHO-EKCIIEAUTOPCHKUX Ta JIOTICTHY-
HUX OpraHizamii YKpaiHu « YKP30BHIIITPAHC, MICisl SKOT IoJIsATraja y BAKOPUCTaHHI Ta BIOCKOHAJICHHI CTAaHIaPTIiB
TPaHCIIOPTHO-EKCIICAUTOPCHKOI AisibHOCTI. Ha mouatky 90-x pp. Acoriariisi ctaBuiia co0i 3a METy 3aXHCT iHTepe-
CiB 00’€THAaHUX EKCIIEIUTOPCHKII KOMIaHIH Ha TPAHCIIOPTHO-EKCIIETUTOPCHKOMY PHHKY, BHPIIICHHS aKTyaJIbHIX
MUTaHb M0A0 GopMyBaHHs Tapu(]iB Ha TPaH3UTHI BAHTAXK] EKCIIETUTOPCHKUMH KOMITAHISIMH.

Cepen 1isieii acorianii BAOKPEMITIOIOTh:

* CIIPOLICHHS MPOILETYpP TOPTiBIIi;

* MiJTOTOBKAa KOMIIETEHTHOTO NEPCOHATY; BUKOPUCTaHHI TOKyMEHTIB Ta ¢popMm FIATA;

* ChiBpOOITHUITBO 3 HALIOHAILHUMH Ta MIXKHAPOTHUMH OpPTaHi3allisiMU.

3 1994 poky 37iiicCHIOE CBOIO AisUIBHICTH AcoLialisi MDKHApOOHUX eKcrneAuTopiB Ykpainu (AMEY), sxa
3aCHOBaHa 3a iHIiaTuBoIo Oubine 100 TPaHCIIOPTHO-SKCIIEAUTOPCHKUX OpraHi3alliif Ta Ma€e 3a MeTy 3IIHCHIOBATH
KOOPAMHAIIIO 3yCHITb eKCIICTUTOPIB YKpaTHU sl BUPIMICHHS Mpo0ieM iX nmpogeciitHol qisTbHOCTI.

CBITOBHI ITOCBIA CBiYHTH, IO HASBHICTH IMUPOKOI Ta PO3BUHEHOT MEpEXi EKCIEAUTOPCHKUX KOMIIAHIH
€ HEBII’€MHOIO0 YaCTHHOKO a00 eJIEMEHTOM 1HPPaCcCTpyKTypH TpaHcrmopTHux cucteM. Hampuknan, B CIIA 3ape-
ectpoBaHo moHax 10 Tuc. ekcnemuTopchkux ¢ipm, y ®@paniii — monan 1 tuc., B omHoMy Juire ['amMmOypr3pkomy
TpaHcHopTHOMY By3mi Himewuwnnn ix monazn 500.

Indopmarito mpo HaHO1IBIII MOPCHKI Ta aBiamiiHi TPAHCIIOPTHO-EKCIIEANTOPCHKI KOMITaHii, BiZIoMi B CBiTO-
BoMy Oi3Heci, HaBeleHO B Tabnuili 1.

Tabmumsg 1
Haii6inbmi Mopcebki Ta aBianiiiHi ekciequTopu cBiToBOTO 0i3HeCy [5]

Mopcbki AsBianiini

Kpaina
eKCIEIMTOPH | eKCIeANTOPH

Kommnanist 3acHoBana B Himeuuwnni. [1ITa0-kBaptupa B micti [llennenera (11IBeiina-

Kuehne+Nagel Inc. pis). Mae nonan 1395 simminens B 109 kpainax
DHL Supply Chain Tonosuwmit ogic B borni, Himeyanna. BuOymoBye naHIIOKOK TOCTABOK 1 3A1HCHIOE
& Global Forwarding m00abHe eKCIeTUPyBaHHS
Panalpina Inc. Benukuii Mi>kHapoJHUH XOJAMHT 31 mTad-kBapTHpoto B baseni, [1IBelinapis

ImobGanpHa JOTiCTHYHA Ta TPAHCIIOPTHO-EKCIIEUITITHA KOMITaHis 31 MTa0-KBapTH-
poto y Ciermi, CHIA
[ITab-xBapTHpa KommaHii po3ramioBaHa B [lroro, Ha 3axingHii okomwmmi [lapmka,

Expeditors International

SDV/Bollore Group . .
Opanris. Komnanis kepye mobansHOI0 Mepexero 3 600 areHTcTB
Sinotrans N . .
.. T'onouwmii odic B [1exini, Kurait
Limited
DB Schenker .
. Himeuunna
Logistics
SImoHChKa TpaHCIIOPTHO-eKCIeANIiHa KoMnaHis. Lle mouipHs KoMIaHis SIOHCHKO-
Kintetsu World Express ro xonauaTy Kintetsu Group Holdings. Hagae mocmyrn aBianiiftHOro Ta MOpCHKOTO
eKCIleInPyBaHHs, MUTHOTO OPOKEepCTBa Ta YNPABIiHHS CKIAICHKIMH 3aacaMH.
Pantos Logistics Ceymn, IliBnenna Kopest
Hellmann
Worldwide Himernpka kommaHist 3 ronoBHEM o¢icom y OCHaOpIoKy
Logistics
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B Vkpaini Ha gaHuii yac NMPOMOHYIOTH CBOi MOCIYTM YMCIEHHI TPAHCHOPTHO-EKCIETUTOPCHKI KOMIIaHii.
3okpema, BoceHu 2022 p. AT «Ykp3anizHuULD) 3aIlIaHyBajla iHAWBIAyaJIbHO BU3HAUATH MIEPETiK HOCIYT 3 €KCIEIH-
pPYBaHHS BaHTaXIiB B 3aJICXKHOCTI BiI CBOIX MOXKIIMBOCTEH Ha KOHKPETHHUX CTAHISAX Ta MOTped KIIiE€HTIB [6].

CyuacHi TpaHCIIOPTHO-EKCIIEAUTOPCHKI MIMTPUEMCTBA CIIPSMOBAHI B OpraHizanii cBoei 613HeC-TisSIIBHOCTI 10
KOMILICKCHOTO OOCITyTroByBaHHsI KII€HTIB 33Ul iHTETPOBAHOTO 3aIOBOJICHHS IXHIX MOTpeO, 30KpeMa 3MEHIICHHS
pHU3HKY BTpaTH ab0 MOIIKOKECHHS BAaHTAXKy, MiHIMIi3amii ()iHAHCOBUX Ta YaCOBHX BHTpAT BiANpPaBHHKA Ha TPaHC-
MOPTYBaHHs BAaHTAXY.

PoGora ekcienuropa He 0OMEXKY€ETHCSI JIHIIE MiAMMCAHHAM IOTOBOPY-3asiBKH. EXCIIemuTOp IOBUHEH 3aBKAN
BOJIOJITH 1H(QOPMAITIEI0 MION0 MICIIE3HAXOMKEHHS BaHTaXy Ta TPAHCIOPTHOTO 3aco0y (BiJCTEKEHHS TPaHCIIOP-
TOro 3aco0y B J0PO3i) 33Ul CBOEYACHOTO BUPIMIECHHS MOXIUBUX MpoOsieM. [IeBHOIO MipOI0 €KCIIEAUTOP MOXKE
BUCTYIIAaTH B POJIi TIOCEPETHUKA MIXK BAHTAXKOBJIACHUKOM Ta MOCTadyaJbHUKAMHU TOCTYT (TPaHCHIOPTYBAHHS, MHUT-
HOTO OYMIIICHHS BAaHTAXY, KOHCOJITAIlii HA TPAH3UTHUX CKJIaAax, 0OPMIICHHS CYIyTHIX TOKyMEHTIB Too). Opra-
HI30BYIOUH MEPEBE3EHHs BAHTAXKY, EKCIIEAUTOP SIK Cy0’€KT rOCTIOIapIOBaHHS MOXKE YKJIaJaTH BiJl CBOTO iMEHi abo
BiJl iIMEHi KJIi€EHTa JIOTOBOPU Ha MEPEeBE3eHHA 3 TPeTiMU ocobamw, 3a0e3redyBaTd BiANpPaBICHHS Ta OTPUMAaHHS
BaHTaXy, HaJaBaTH JOJATKOBI MOCIYT'H, BU3HAUYEH1 JOrOBOPOM TPAaHCIOPTHOTO e€KCHeIupyBaHHA (A1F0YM HaA Mif-
CTaBi JOTOBOPY-AOPYUYCHHS ab0 areHTCHKOTO JOTOBOPY), BINIOBIAATH Mepel KIIEHTOM 3a HOPYLICHHS JIOTOBOPY.
B TakoMy BHManmKy yKIQIa€THCS TOTOBIP MOCEPEAHUIIBKOTO THILY.

BomHouYac TpaHCHIOPTHUH eKCIIETUTOP MOXKe OyTH 1 Oe3MmocepeIHiM BUKOHABIIEM YChOTO KOMITJICKCY TOCIYT
3 eKCIIeIMPYBaHHs BaHTaXIB (BIJIOBITHO J0 TEXHOJIOTIH pOOOTH MaTh CKJIa v, Pi3HI BUIH TPAHCIIOPTHUX 3aC00iB,
BHPOOHMYI IPUMIIIICHHS, KOHTEHHEPH TOIO). Y TaKOMY BUTIAJIKY 0(pOPMITFOETHCS IPSIMUN JOTOBIP, 3TiHO 3 SKHM
EKCTICTUTOP BCi 200 MEBHI MOCITYTH HAJIA€ CAMOCTIHHO, 8 TAKOXK BiH IIOBUHEH MaTh HEOOXiHI JO3BUIBHI TJOKYMEHTH
(HampuKIIa, JTIIEH3110 Ha BAHTAXHI IEPEBE3CHHS).

ExcrienuTopu 3a JOPyUCHHSM KIII€HTIB!

* 3a0e3Meuy0Th ONTHMAaJIbHE TPAHCIIOPTHE 0OCITyTOBYBaHHS;

* (paxTyroTh Cy[Ha Ta iHILI TPAHCIOPTHI 3aCO0M JIJIs1 CBOEUYACHOTO BiANPaBIECHHs BaHTaXIB;

* 3IIMCHIOIOTh POOOTH 3 MPUAMAaHHSI, HAKOITUYCHHS, MOAPIOHEHHS, COPTYBAaHHS, CKIaIyBaHHs, 30epiraHHs
Ta IMePEeBE3CHHS BAaHTAXIB;

* OpraHi30BYIOTH OXOPOHY BaHTAXKIB ITiJ] 4ac iX MepeBE3CHH, ICPEBAIKU Ta 30epiraHHs;;

* HaJaIOTh 3asBKW Ta BiJNPaBICHHS BaHTAXIB Ta HapsAW Ha iX BiJIBAaHTaXKEHHS YCIM YYacCHUKaM TpaH-
CIIOPTHO-EKCIIETUTOPCHKOT [iSUTBHOCTI;

* 3TIHCHIOIOTH CTPaxyBaHHS BaHTaXXy Ta CBOET BIAMOBIIAILHOCTI 3TiJHO 3aKOHO/IABCTBA Ta JIOTOBOPY TpaH-
CIIOPTHOTO EKCTICTUPYBAHHS;

* 3IiCHIOIOTH MIATOTOBKY Ta JOJATKOBE 0ONaHAHHS TPAHCIIOPTHUX 3aCO0IB Ta BAHTaXKIB;

* TPOBOAATH (HiHAHCOBI PO3PAXYHKH 3 YCiMa YYaCHUKAM TPAHCIIOPTHO-EKCIEIUTOPCHKOI AisIbHOCTI;

*  0(hOpMIIIOIOTH TOBAPHO-TPAHCIIOPTHY JAOKYMEHTAIIIF0 Ta OPraHi30BYyIOTh POOOTH BiAMOBIAHO O MUTHUX,
KapaHTHHHHX Ta CAHITAPHUX BHMOT;

* HAJAIOTh JIOTIOMIXHI Ta CYITyTHI MMOCIYTH 3TiJHO JOTOBOPY TPAHCIOPTHOTO EKCIIEMUPYBaHHS (CIUIaTa MUTA
Ta 300piB, 30epiraHHs BaHTaXXy B ITYHKTI MIPU3HAYCHHS 10 HOTO OTPUMAaHHS, BUKOHAHHS MUTHUX (pOpMaTbHOCTEN
Ta OTPUMaHHS HEOOXIJHHUX TOKYMEHTIB I 3MIMCHEHHS MIXXHAPOIHUX ITEPEBE3CHb, TIEPEBIpKa KUTBLKOCTI 1 CTaHy
BaHTaXYy TOIIO).

B crpykTypi TpaHCIIOPTHO-EKCIIEAUTOPCHKOTO OOCITYyrOBYBaHHS MOXXHA BHOKPEMHTH TPH B3a€MO3aJIC)KHI
CKJIQJIOBi: TpPAaHCIIOPTHE 0OCITYTOBYBaHHS, EKCIIEMUITiiTHE 00CITyrOBYBaHHSI, IOCEPEIHUIIBKE 0OCTYTOBYBaHHS.

[MocuneHHst KOHKYpEHIIil Ha PUHKY TPAHCIIOPTHUX, TPAHCTIOPTHO-EKCIIETUTOPCHKHUX Ta TPAHCIIOPTHO-JIOTIC-
TUYHUX MOCIYT, MiJBUIICHHS BUMOT KII€HTIB IIOAO SKOCTI HAaJaHHS MOCIYT, 3MYIIYIOTh €KCIIEIUTOPIB HE 00Me-
XKYBaTUCS JMIIEe HaJaHHSAM TPaJULiHHUX MOCIYT, a U iHTerpyBaTHca B iH(OpMaliifHO-IOTiCTUYHE yNpaBIiHHS
Ta 301JIbLIYBaTH CBOIO POJIb B JIOTICTUYHUX ONEpallisiX.

B nepion noBHOMacITaOHOTO POCIHCHKOTO BTOPIrHEHHS YKPaiHChKUI TPaHCIIOPTHO-EKCIIEAUTOPCHKU Oi3HEC
31MITOBXHYBCS 3 YACICHHIMH HETaTUBHIMU (paKTOpaMu, 30KpeMa OJIOKYBaHHS ITOPTIB, YePTH HAa KOPAOHI, HETOTOB-
HICTh 1HGpACTPYKTYpH KpaiH CXigHoi €Bporu 10 HOBUX (opMaTiB poOOTH 3 YKpaiHOt, NehilUT KOHTCHHEPHOTO
o0JiaJiHaHHs, 3a00pTrOBaHICTh KIIEHTIB. Uepe3 BOEHHY arpecito CKOPOTHIIACS YHUCEIBbHICTh TPAHCIIOPTHO-CKCIICIH-
TOPCHKUX KOMITaHI{ B YKpaiHi, 3yITHHAIOCS MOPCHKE (32 BUHATKOM B JICIKMX YaCOBUX MPOMIXKKAX (PYHKI[IOHYBaHHS
«3€pHOBOTO KOPHJOPY») Ta aBiaCIOJIY4YCHHs, 3HAYHO IMOIIKO/KEHA TPAHCIIOPTHA 1H(PPACTPYKTypa Ta CKOPOUCHO
o0csirn BUpoOHHUIITBa. TpaHCopT — oniHa 3 cep HalliOHATBLHOTO TOCMOAAPCTBA, SKiM 3aBJIaHa HaWOUIbIIa MpsMa
ko (35,7 mupa A0i.), 1 A7 BiIHOBJIGHHS SIKOT HE0OX1/1Ha HalO1IbIIa cyMa KowuTiB — 92,1 mupa goin. (puc. 2).

Ti mignpueMcTBa, SIKi 3MOIVIM AAANTYBATHCS JI0 3MiH YMOB I'OCIIO/IapIOBAaHHS TAKOXK BHECIIH KOPEKTHBHU B Opra-
Hi3allilo CBOET Oi3HEC-AISITBHOCTI. TpaHCIOPTHO-EKCIIEAUTOPChKA Ta JIOTICTUYHA JiSUTbHICTh B YKpaiHi epebymyBa-
Jacs, MiJIalITyBajiacs Ta 301MCHIOETHCS Yepe3 MOPTH Ta aeporopTH B KpaiHax €Bpornu.

Hanpuknaa, mixkaaponsa kommnasis pogom 3 Ykpainu UNI-LAMAN GROUP nepeoGnagnana ta po3mupuia
cBoi apromapku B Oneci, Kumunei Ta BapiiiaBi ocKiIbKH BiJICYTHICTH MOPCHKHX TIEPEBE3CHb Ta aBiaCHONyYCHHS
Oe3rmocepeqHbO B YKpaiHi CYTTEBO 30UTBINIIO YaCTKY aBTOIEPEBE3CHb. A TaKOXK 3 YpaxyBaHHSM TOTO, IO JEsIKi
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YKpaiHCBbKI TOBApOBUPOOHUKU CKOPOTHIHM oOcsiru BupoOHuirea npoaykiii, UNI-LAMAN GROUP po3sunyna
CepBiCc JOCTAaBKH HEBEIMKUX 00’€MIB Ta BiIKpHJa JOJATKOBHW CKIaJ JUIsl KOHcoMifamii BaHTaxiB y [lombmi ass
noctaBkd iX B Ykpainy. Kommanis € unenom AMEY, FIATA (MixnapoaHoi ¢eneparii eKcrieAUTOPCHKUX acoliia-
uiit), WCA (BcecpitHporo BantaxxHoro AjibsHcy).
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Puc. 2. 3aBmana mxona Ta HoTpeOu BiTHOBICHHS YKpaiHu [7]

Ha manmii yac B YkpaiHi Ta KpaiHax €Bp0n1/1 BiZIOYBarOTHCS TIPOLIECH, SIKi CIIPUSIIOTH BiITHOBICHHIO TpaH-
CTIOPTHOT iHpPACTPYKTYpH, TOKPALICHHIO opraH13au11 TPAHCTIOPTHO-EKCTICAUTOPCHKOL Ta JIOTiCTUYHOI JisUTEHOCTI,
MDKHApPOJHHX IepeBe3eHb TOIO. YKpaiHa YCITIIIHO Mpounia BiaOip ;uig ydacTi B minoTHoMy nipoekti EU4Digital,
KW 1ependavyae MpHeIHAHHS JIO €JJMHOT CUCTEMH CJICKTPOHHOT TOBapHO-TpaHcmopTHOi HakianHoi €C (e-CMR).
[pamroBaru 3 enekrponHor0 popmoro TTH B pexumi peaibHOTO Yacy 3MOXKYTh BCl OCHOBHI YYaCHUKH BaHTaXOIIe-
peBe3eHHs (BIANpPaBHUK, IEPEBi3HUK, OTpUMyBad). HoBuil cepBic JO3BOMUTH MOKPAIUTH YMOBH BEACHHS Oi3HECY
HIISIXOM: CKOPOYEHHS 00CSTy ManepoBOro JOKyMEHT000iry, npuckopenHs obiry TTH, onepatuBHoro 3ailficHeHHs
B3a€MOPO3PaxXyHKiB 3a HaJlaHi MOCITYTH, JIIKBiAALi KOPYNIIHHUX PU3UKIB.

3 kinng 2022 poxy 3miHCHIOIOTH (BiepHI KOHTEHHEpHI mepeBe3eHHss Mk noproM Koncranna (Pymywis) —
Peni (Ykpaina), 3 6epesnst 2023 poky konTeiiHepHUHA digep T-Moon BITYH3HSIHOTO olleparopa, 3IiHCHU CBIH peiic
B mopT I3main. KonTeitHepn TpaHCHIOPTYIOTH B PEXKIMI TPAHCIIAIICHTA, SIKUI He Tependadae o(pOpMIICHHS TPaH3UT-
HUX MUTHHX TOKyMEHTiB B opty KoHcranma.

Jlo ocHOBHUX TIpo0JIeM PIUYKOBHX mepeBe3eHb B 2022 p. citij BiIHECTH HEOOXiTHICTh MOOYI0BH HOBHX JIOTIC-
TUYHUX MapHpyTiB. Bukopucranus noproBux TepMinaniB Himeaunnn, Hinepnannis, kpain bantii 3gopourysann
JIOCTaBKY BaHTaXy 3 po3paxyHKy Ha | T. [lepeBara Bimmasanacs [lombmii Ta miBageHHUM nopTaM (Hampukias, Kon-
cTaHna, byprac). BiTun3HsaHI TpaHCIOPTHO-EKCIEAUTOPCHKI KOMITaHii 3iIITOBXHYINCS 3 JIOTICTUYHUMHU TIEpEero-
HaMH, a caMe BiICYTHICTb MiCIS Ha CKJIalaX MePeTapKH BaHTAXy Ta BICOKE HABAHTAXKCHHS B IIOPTaX.

CrpouieHo TpaH3|T 3ai3HUX BaHTaXXomepeBe3eHb Mixk MoJIZIoBOIO Ta YKpaiHOIO uepe3 JiKBiJalliio oneparii
MOZBIHHOTO Ta MOTPIHHOTO KOHTPOJIO HA MUTHUX IMYHKTaX MPOITYCKY (IIyHKTOM NpU3HAYeHHI Moxe Oyt YkpaiHa,
MongoBa, PymyHist). 3a3HadeHe JO3BOIUTH: IMPUCKOPUTH Yac JOCTABKH BaHTaXiB B 200 3 TIOPTOBOTO KOMILIECKCY
Ibxypmoxynemty Ha piuni JlyHait (MongoBa) abo PymyHilo0; 3MEHIIMTH KiHIIEBY BapTiCTh SKCIIOPTOBAHOTO YH
IMIIOPTOBAHOTO TOBAPY Yepe3 CKOPOUCHHS pO3Mipy TPaHCHOPTHOI CKIIAIOBOI B MOBHIH cobiBapTocTi ToBapiB. 11Ins-
XOM TIepeHAIpaBICHHS BAHTAXY 3 CETMEHTY aBTOMOOIJIeTIepeBe3eHh Ha CETMEHT 3aTI3HHYHHUX TepeBe3eHb BiJOY-
netbes 3MiHa Supply Chain, pe3ynsraToM sIKOTO CTaHe 3MEHIIICHHST HaBaHTa)XEeHHS Ha aBTONUIAXH MOJITOBH.

Jlo ocHOBHEX mpo0ieM B iHPPACTPYKTypi 3ai3HUYHOTO TPAHCIOPTY, SKi BIUTMHY/JIN Ha OpraHi3amilo TpaH-
CIOPTHO-eKcnenuTopebkoro npouecy B 2022 — I kxB. 2023 p. cranu:

* HU3bKA IPOITyCKHA CIIPOMOXKHICTh MIPUKOPJIOHHUX IEPEXO/IiB NEPEBAXKHO Yepe3 pi3HYy HIMPHHY 3aJli3HUY-
Hoi kouii B YkpaiHi Ta €Bpori;

* HEIOCTaTHIl 00CAT MePEeBAaHTAXYBAIBHUX MOTYKHOCTEI HA MUTHOMY KOPIIOHI;

* 0OMEXCHHSI BATOHHOTO MAPKY Y €BPOIECHCHKUX NEPEBI3HUKIB;

* TyONIOBaHHS MUTHHX MPOLEAYP IIiJT Yac MPOXOHKEHHS MUTHOTO KOHTPOITIO.

B VkpaiHi BinOyBaeThcsi TOOY0Ba HOBHUX JIOTICTHYHMX IIIISXIB Ta BIXHOBICHHS CTApHX IS TPAHCIIOPTY-
BaHHS BaHTaXIB B MIXKHAPOJAHOMY CIIOJY4YeHHIi. BiTHOBIIEHO pyX MOTATIB Ha JBOX IUIBHHUIAX Ha KOpaoHi 3 [Toib-
mero, BigpeMoHTOBaHO 70 KM Koumiid, oHOBJIeHO 10 MOCTIB, PEKOHCTPYHOBAHO Ta €IEKTPU(IKOBAHO IITHHHUII
Kosens — [30B — [lepxKkopoH. TakuM YMHOM CTBOPIOIOTHCS YMOBH JIJISL PO3BUTKY JIOTiCTUKU Ha KopioHi 3 €C.
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YKp3aJIi3HUII 3aIPOIIOHYBajIa YIaCHHUKAM PUHKY BaHTaKHHUX [IEPEBE3CHb B ME)XaX HOBOI CEpBICHOI MOCTyTH
3 KOHTEHHEPHUX IEPEBE3CHb CTaTH «OIEPaTOPOM iHTEPMOAATIBHOIO MOi3/1a» LUIIXOM BUKYIy YAaCTHHHU OOCSTiB
MEepeBe3eHb B CKIa/i IEBHOTO iHTEPMOAAIBHOIO MOTra. TakMM YMHOM ONEpaTop MaTHUME MOXJIMBICTh IHTETpyBa-
THUCS J0 €BPONEUCHKOT CUCTEMU KOHTEHHEPHUX MO13/1iB, IPOrHO3YBAaTU BAPTICTh Ta 4acC AOCTABKH.

Bigkpurrs ingycrpianeHoro mapky NOVO B M. HoBoBomuachk (Yipaina) Ha kopaosi 3 [lombmiero minaBummTs
IHBECTHITIHY NprBaOIMBICTh perioHiB (HoBa Tpaca Kosenb — JKoBkBa, Henaeko Bia JIbBOBa, 3a1i3HUYHE CITOTYUCHH).
[omepenHKO BU3HAYEHO, 1110 JI0 HOTO CKIIaIy YBIHIYTh BUPOOHMYI Ta TIepepoOHi MiIPHEMCTBA, JIOTICTHYHI KOMITaHii.

3 ypaxyBaHHSM 3pOCTalOYOT0 IMOTOKY MACaKUPIB Ta BAHTAXKIB PO30YIOBYETHCS MPUKOPIOHHA THPPACTPYK-
Typa. Bikputo HOBUIA MI>KHApOIHUI aBTOMOOUTEHUH IMyHKT porycKy «KpacHoinbcbk — Bukoa e Cycy Ha ykpa-
{HO-pyMyHCBKOMY KopaoHi. [IyHKT nporycky «IlopyOHe — Cuper» Ha qaHuil yac HalOIIBII 3aBAaHTAKCHUH, Yyepes
HBOTO TIPONATAE AOPOTa B €BPONEHCHKI MOPTH 1 JUISI BAHTAXKHOTO TPAHCIIOPTY HE MA€ iHIIMX BapiaHTIB MPOi3dy
3 Ykpainu B PymyHiro. [Tonepeanbo npoisn B IIIT «KpacHoinkcrk — BukoBa e Cyc» M03BOJCHO M JIETKOBUX
aBTOMOO1UIIB Ta MOPOXKHIX BaHTaXXIBOK, a JlaJli BAHTAXXHOTO MOHAA 3,5 T.

B ninomy 3a miacymkamu 2022 poky 3MiHMIAcs CTPYKTypa BaHTaKHUX IEPEBE3EHb 32 BUAAMH TPAHCIOPTY.
ABTOMOOUTBHUI TPaHCIIOPT 3a0e3MEeUNB BBE3CHHS HAa TEPUTOPIi0 Ykpainu maike 10,67 MIH T IMIIOPTHUX TOBa-
piB (35% 3aramsHOTO IMHIOpPTY). Jpyre Micie mocigae 3aIi3HUYHUA TPAHCIIOPT 32 00CATOM 3aBE3E€HOTO B KpaiHy
iMopty — 9,89 mute T (33% 3arampHOTO IMITOPTY). B TpancmopTyBaHHI BaHTaXiB Ha €KCIIOPT 3HAYHO IIEPEBaKAE
MOpPCBKHI TpaHcmopT 53,86 MitH T a60 54% 3aranbpHOTO excropty (puc. 3).
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Puc. 3. Ctpykrypa 00cATy IMIIOPTY Ta €KCHOPTY MPOXYKIIii BuaamMu Tpancnopty B 2022 pori [8].

B HuHIIIHIX yMOBaX BXIUBUME (DakTOpamMH HOpMaJTi3allii TPaHCIIOPTHUX MIPOIECIB CTAIH:

* yKIamaHHS Yroau MiX YKpaiHoio Ta €BporneiicbkuM C0o1030M NP0 BaHTAXKHI IEPEBE3CHHS aBTOMOOITEHIM
TpaHcrmopToM Ha cTpok 10 30.06.2023 poky, sika nepeadadae THMYACOBE TOJIETIICHHS aBTOMOOITFHUX BaHTaXKHUX
nepeBe3eHb, HaJaHHs JIOIATKOBUX ITPaB HA TPAH3UT, CHPOLICHHS BU3HAHHS BOJIMCHKUX JJOKYMEHTIB;

* PO3BUTOK IPUKOPAOHHOI IHYPACTPYKTYPH, 30KpEMa IUIIXOM BiAKPUTTS HOBUX 200 PEKOHCTPYKIIii iCHYO-
YHMX aBTOMOOIIBHUX Ta 3aJi3HUYHUX MYHKTIB MPOIYCKY HA MUTHOMY KOPJHI YKpaiHH;

* HapoOIIyBaHHS 0OCSTIB BaHTA)XXONEPEBAIKH y MopTrax JlyHalChKOT0 HOPTOBOTO KJIAcTepy.

BucHoBkH 3 J0CTiTKeHHS i MePCIEKTHBH MOAAIbIINX PO3BiIoK y mboMy HampsiMi. CywacHi TpaH-
CIIOPTHO-EKCIIEIUTOPCHKI MIANPUEMCTBA CITPSIMOBaHI Ha KOMIUIEKCHE 0OCIYTOBYBaHHS KIIEHTIB 3aJ1 IHTEIpOBa-
HOTO 3aJIOBOJICHHS 1XHIX TOTpeO, 30KpeMa 3MEHIICHHS PU3UKY BTpaTd abd0 MONIKOMKEHHS BaHTaXy, MiHIMi3aIlii
(hiHAHCOBHUX Ta YaCOBHMX BUTPAT BiJIIPaBHUKA Ha TPAHCIIOPTYBAHHS BaHTaXY.

Ha opranizamniro 0i3Hec-TisIIbHOCTI TPAHCIIOPTHUX EKCIICAUTOPIB BILUIMBAIOTh YHCIICHHI (haKTOPH 30BHIII-
HBOTO CEpeIOBUINa, 30KpeMa HOpPMaTHBHO-TIpaBoBa 0aza Ta (YHKIIOHYBaHHS CaMOPETYJIIBHHX OpraHi3allii.
[upoka Ta po3BHHEHA MepeXa EKCIEAUTOPCHKUX KOMIIAHIM € BaXKJIMBOIO YACTHHOIO 1H(PAaCTPyKTypH CBITOBOI
Ta HAIL[IOHAJIBHOI TPAHCIIOPTHUX CHCTEM.

B niepion noBHOMacIITaOHOT POCiHCHKOT arpecii BinOyrcs 3MiHU 100 YMOB 3/IIHCHEHHS TPaHCIOPTHO-EKC-
MeUTOPCHKOro Oi3Hecy B YKpaiHi: NPHUITMHEHO aBiacIlONy4YeHHs, 3a0JIOKOBAHO MOPTH, MOIIKOJDKEHO BiTUU3HIHY
TpaHCHIOPTHY iH(pacTpyKTypy. CIOCTepiracThCsi HErOTOBHICTD iHPPACTPYKTYpH KpaiH CXigHol €Bponu 10 HOBUX
¢dopmariB podotu 3 YkpaiHoro.
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Ha nepcrnextuBy moTpeOyroTh BUPIMICHHS MUTAHHS MO0 BiAHOBICHHS 1HGPACTPYKTYPH PIUKOBHUX Ta MOp-
CBKHX MOPTiB, MOAANBIIONO PO3BUTKY NPHKOPAOHHOI 1H(PACTPYKTYPH, TEXHIKO-EKOHOMIUHOTO OOIPYHTYBAHHS
OyAiBHMIITBA MOTY>KHUX TPAHCIIOPTHUX TEPMiHATIB Ta TPAHCHOPTHO-JIOTICTUYHUX LIEHTPIB, IHTEHCU(IKAIl MyIb-
TUMOJIAJIbHOI Ta IHTEPMOJAIIBHOT TEXHONOT1H TPAaHCIOPTYBaHHS.
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SYNTHESIS OF A DEVICE FOR REMOTE CONTROL
OF A VIDEO CAMERA USING THE LANC PROTOCOL

The expediency of using video camera remote control devices when using auxiliary video equipment is proven by
the ever-increasing level of complexity and improvement of modern video shooting technologies. Companies produc-
ing systems for remote control of video equipment offer control systems with wireless radio interfaces for high-budget
projects. But the price of such an interface can exceed the cost of a high-budget professional video camera. In most
cases, management interfaces differ from manufacturer to manufacturer and are implemented based on leading wired
management protocols. The use of these protocols is largely due to the need to implement very high-speed information
transmission and its strict synchronization with the frame pulse generator of the video camera, which in turn provides
control of entire groups of objects with high speed and fairly accurate synchronization in time, as well as wired infor-
mation transmission lines are more secure and reliable. The object of research in the work is the widespread LANC
protocol (CONTROL-L), which is used by two-way data exchange systems and is necessary for the remote control of
video cameras. The paper proposes a device based on this protocol that allows remote control of the camera (data
exchange takes place via cable). For this, an overview of existing video camera control devices was conducted. The
analysis of the LANC protocol was carried out, and its working principle was considered. The protocol allows you
to use 14 steps of changing the zoom speed (7 speeds in the direction of increasing the image and 7 speeds in the
direction of reducing the image), so for an almost smooth gradual increase or decrease in the speed of the zoom; it
is advisable to use not discrete buttons, but an analog variable resistor-joystick. The proposed electric circuit of the
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video camera remote control device is based on the Microchip microcontroller — PIC16F&84. Modern microcontrollers
have low consumption currents, so it becomes possible to use the power supply line of external devices built into the
LANC connector to power the remote control controller, which allows you to connect a load with a current of up to
100 mA. The operation of the device was checked during the simulation. The correct operation of the algorithm for
converting the resistance of the “joystick” resistor of the zoom into the command code has been confirmed. The given
oscillograms are obtained from the device layout. The obtained results confirm the protocol’s theory and the device's
correct functioning.
Key words: LANC protocol, CONTROL-L protocol, video camera, remote control, auxiliary video equipment.

Cemenos A. 0., Cmanvuenko 0. B., Boiiyexoscvka 0. 0., Xnvooa A. A., Kpucmoghopos A. B. Cunmes npucmporo
Oucmanyitinozo Kepysanna gioeoxkamepoio 3 npomoxonom LANC

Hoyinvricme ukopucmanus npucmpois OUCMAaHYiliHO20 Kepy8aHHs Gi0eoKamepamu Hpu 3aCMOCY8aHHI 0ONOMIdC-
HO020 8i0€e0001a0HAHHA 0068e0eHd NOCMILIHO 3POCAIOYUM PI6HeM CKAAOHOCHE MA NOTINUEHHAM CYUACHUX MEXHON02I 8i0e0
stiomxu. Dipmu-6upoOHUKYU cucmem OUCIAHYIUHO20 KepyBaHHs 8i0e000NAOHAHHAM NPONOHYIOMb 018 BUCOKOOIONCEMHUX
npoexmie cucmemu kepysanus 3 b6e3opomosumu padioinmepgeticamu. Ane maxuti inmepeetic no yini mModgice nepesuyysamu
sapmicmbp 8ucoko6100xcemnoi npogecitinoi gioeokamepu. B Ginbuiocmi 6unaokie inmepghelicu KepyeanHs ioOpizHAIOMbCSL
Y PI3HUX (DIpM-8UPOOHUKIE Ma Peani3yIonbCs HA OCHOBI NPOBIOHUX NPOMOKOIIE Kepy8aHHs 3 OPOMOSUM 38 SI3KoM. Buxopu-
CMAHHA YUX NPOMOKONI8 OLIbUION MIPOI0 00YMO6TIeHO HeOOXIOHICHIO peanizayii dyiice 6ucoKoi weudKodii nepedaui ingopma-
yii ma iv scopcmroi cunXpoHizayii 3 2enepamopom Kadposux iMnyIbCie 8ideokamepu, wo 6 a0k uepey, 3a6e3neuye KepyeanHs
Yinumu epynamu 06’ ’ekmis 3 8UCOK0I0 WBUOKOIE Ma d0CUMb MOYHOI0 CUHXPOHI3AYIEID Y uaci, makodxc Opomosi ninii nepe-
oaeanns ingpopmayii € Oinvw 3a8adozaxumerumy ma Hadiunumu. Q6 ’exmom 0ocriodcenHs y pobomi € po3noecioddiceHul
npomoxon LANC (CONTROL-L), akuii 6uxopucmosyemucs Cucmemamy 0860CmMopoHHb020 00MiHy 0anumu i HeoOXionuil sl
oucmanyilinoeo Kepysamus gideokamepamu. B pobomi 3anpononosano npucmpiti AKiti IpyHMyemMsCsa HA OAHOMY NPOMOKONI
i 00360715€ Kepyeamu Kamepor Ha sidcmani (00Min danumu 6idbysacmvcs no kaben). [ yvo2o Oyno nposedeno 02iio0
iCHYIouUX npucmpoig kepyeanus gioeoxamepamu. Ilposedeno ananiz npomoxony LANC, posenanymuil i02o npuryun pooomu.
IIpomoxon 0o3gonsie suxopucmosygamu 14 kpoxie sminu weuoxocmi mpancgpoxamopa (7 weuoxocmeii 6 cmopony 30inb-
wienHs 300pasicenna ma 7 wWeuoKocmeti 6 CMOpOHY 3MeHWeHHA 300padicents), momy 0ia Mmaiidice nIABHO20 NOCHIYHOBO20
301IbUWEHHS YU 3MEHUEHHS WBUOKOCII MPAHCHOKAmopa doyiibHO BUKOPUCOBYBAMU He OUCKPENIHI KHONKY, d AHAL0206UIL
SMIHHUTL pe3ucmop- “0xcolicmuk”. 3anpononosana erekmpuyHa cxema npucmpor0 OUCMAHYIHO20 KepysanHs sideoKame-
poio Ha 6asi mikpokowmponepa Qipmu Microchip — PIC16F84. Cyuachi MikpokoHmMposepu Mawmy Maii cmpymu CROJMCU-
BAHHA, MOMY CIMAE MONCTUBUM BUKOPUCAMY OISl JHCUBTIEHHS KOHMPOLepa OUCMAHYilHO20 Kepy8anHs, 80y008any 6 po3’im
LANC ninito scueneHHs 306HIWHIX NPpUCMpois, aKka 0036014€ ni0 eOHamu Hagaumaxcenus 3i cmpymom 0o 100 mA. Pobomy
npucmpoio nepegipeno npu modeniosanui. 11iomeepodiceno npasgunvHicms pobomu aneopumma nepemeopents onopy pesu-
cmopa “Oxcoticmuxa” mpancgokamopa 6 ko0 Komanou. Hagedeni ocyunoepamu ompumani 3 maxemy npucmpoio. Ompumani
pe3yavmamu niomeepodxcyioms meopito pobomu npomoKoy i Kopekmuicmy QyHKYIOHYBAHHS RPUCTIPOIO.

Knrouosi cinosa: npomoxon LANC, npomokxon CONTROL-L, gideokamepa, oucmanyiiine KepysanHs, OOROMIdICHe 8ideo-
001a0HaHHS.

Formulation of the problem. Modern video production is characterized by a high level of competition.
Special small operator cranes, carts, and Steadycam systems have become an important part of the range of tools
used by modern teleoperators of medium and small television studios. Also, in reportage shooting, such auxiliary
camera equipment as all kinds of tripods, poles, monopods, etc., are widely used [1]. It becomes obvious that when
using larger auxiliary camera equipment, the contact of the videographer with the control bodies of the video camera
becomes difficult or, in many cases, completely impossible.

In order to solve the problems of remote interactive information exchange and control commands between
a person and video recording equipment, video equipment manufacturers have developed appropriate information
interfaces. These control interfaces can not only accept commands from the videographer but also transmit data back
from the video device to the person. These data, as arule, contain a lot of useful information, namely information about
the state of the video camera (turning on, recording, etc.), the time code of the recording, the state of the controllers
and their setting parameters, self-diagnostic signals (state of the batteries, contamination of the LPM, etc. .p.)
and much more.

The initial price range of professional video recording equipment includes three leading manufacturers
of video cameras, which are in particular demand in Ukraine and many countries worldwide — Panasonic, Sony,
and Canon. Manufacturers Sony and Canon use a unified three-wire interface called CONTROL-L, also known as
LANC, for the remote control of their camcorders.

Therefore, developing and researching a device for remote control of video cameras that uses this widespread
interface is an urgent technical task, the solution of which is given in this article.

Analysis of recent research and publications. Systems and means of remote control of stationary and television
video cameras are actively being developed and improved; they are gradually moving away from the leading means
of control and beginning using Bluetooth and WiF1i, infrared remote controls, and control using web services [2].
Camera control systems using vision are being developed [3] for remote observation of meteors [4]. Today, a large
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number of companies are engaged in the production of various tools for remote camera control [5]. They are mainly
divided into those that work using the LANC protocol, CCU remotes, and PTZ cameras [6].

The interface for remote control and synchronization of video equipment LANC is currently the most
widespread interface of this type because it is supported by the two most massive manufacturers of quality
equipment, these are Sony and Canon, whose video equipment is very widespread and popular in most countries
of the world. Secondly, it allows you to implement almost all functions necessary for portable remote control
and data exchange with video equipment at a professional level. Developments based on it are successfully
implemented [7].

LANC controllers of different manufacturing companies with different technical and operational characteristics,
different design complexity, and a fairly large fluctuation in the price range — from a few tens of dollars to a thousand
or more. Even quite simple controllers with a set of the most necessary functions do not fall below $100 in price.
Given the openness of the protocol, there is an opportunity to develop a fairly functional low-cost LANC video
camera remote control device with a small price.

The purpose of the article: synthesis of a device for remote control of a video camera that uses the protocol
LANC on a widespread elemental base with simple management. To achieve the goal, the following tasks must
be solved: 1) understand the features of the LANC protocol; 2) take into account the peculiarities of the protocol
and synthesize a schematic diagram; 3) get the results of the protocol from the designed device.

Presenting main material. The LANC (Local Application Control Bus System) protocol is used to create
systems of wired two-way data exchange between the remote control object and the controller.

Controllers for video camera remote control systems using the LANC protocol are usually designed
and manufactured based on serial or specially developed microcontrollers [8]. These microcontrollers scan
the position of the controls and accordingly form, according to the LANC protocol specification, a serial code
containing commands to control the functions of the video camera. The generated code is rigidly synchronized
from the generator of frame sync pulses; that is, the remote controller is constantly in “slave” mode to the device
it controls. The controlled device constantly “interrogates” the control panel with the frequency of frame pulses.
This is the main difference in the operation of this protocol and makes it possible to organize the two-way exchange
of information over one wire in synchronous mode [8].

The LANC remote control device is connected to the video camera itself using a flexible three-wire (for
the option of powering the remote controller from the video camera) or two-wire (for the option of powering
the remote controller from an independent voltage source) cable, at the end of which there is a plug of the “mini”
standard -jack” with a diameter of 2.5 mm.

LANC serial bidirectional communication protocol for communication between two devices. Data exchange
is organized according to a one-wire circuit with an open collector. An example of controlling such a bus is shown
in Figure 1 [9].

RF-coaxial DEZSM
a1 ;i 1z
25 mm D 4 G
steren jack o Bl 17
BS170 18
DGS

Fig. 1. An example of an open-collector circuit for controlling a LANC data link [9]

A camcorder or stationary video camera to which a remote control device is connected can receive commands
and send back information about the status of the device.

The camcorder provides a large amount of feedback: time code, data codes, counter code, remaining time
code, warning signal codes, and control feedback codes.

The essence of the protocol construction is that the “master device” (camcorder or stationary video camera)
generates a message frame by creating 8 start bits, each of which is followed by 8 information bits (1 byte) and a long
stop bit. After that, everything starts over [10]. The general appearance of a LANC protocol message is shown in
Figure 2. The duration of one bit is 104 ps. The distance between two start bits can vary from 1200 ps to 1400 ps
depending on the model and type of video camera.

The distance between two information messages is 20 ms for the PAL/625 television system and 16.6 ms
for the NTSC/525 television system. These time intervals are consistent with the time intervals of the RS232 data
transfer protocol with a speed of 9600 Baud [11].
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Due to the fact that the LANC data bus is built according to the open-collector circuit, the normal state
of the bus is a high logic level (5 V), and when a data bit is transmitted, this bus is “pulled” to “ground”. As
mentioned above, this bus is compatible with the RS232 protocol according to the timing diagrams, but if it is
necessary to connect the video camera to a personal computer directly, the signal must be inverted before it is used
(otherwise, the byte with the value 00 will be perceived as FF).

EfkiAAHD T8 CaMERA ETATLH MEABAGET FROM Eaial B
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Fig. 2. General view of the timing diagram of the LANC protocol message [11]

The formation of the protocol is carried out as follows. With each frame pulse of the internal synchro
generator, the video camera forms eight consecutive byte data packets on the corresponding contact of the LANC
connector. The purpose of these bytes is as follows: the first two are intended for the video camera command
manager (controller); the next two to control the tuner; the last four — for transmitting information about the status
of the video camera or VCR, counter data, time code and some other service bits. That is, the first four bytes are
used to transmit information from the control controller to the video camera, and the last four are for feedback
(transmission of data from the video camera to the control controller).

In order to send a command from the controller to the video camera, it is necessary to wait until the start bit
of the first byte in the message frame appears on the line [12]. After that, it is necessary (observing all necessary
time intervals) to add your necessary signal within this byte to the LANC line (we are dealing with an open collector
and an inverted signal — “pull-up” only to “0” to form the command bit).

The serial data line has a normal high state (+5 V), and the start bit has an active low state (0 V). Data bits
are transmitted inverted, i.e., “1” -> 0 V; “0” -> 5 V. The stop bit has a high (+5 V) state. The video camera sends
a set of 8 bytes once, synchronously, with each field of the video signal (50 times per second for the PAL system).
Apart from the start and stop bits, no other information is transferred between the 8-byte packets, but there is a large
time gap between each 8-byte packet. In order to know exactly with which byte the packet begins, it is necessary to
observe the duration of this long time interval for its detection.

When forming a data packet from 8§ bytes, the video camera does not fill the first four bytes with information,
always leaving them free (leaves the line open for the +5V control device) and instead simultaneously reads data from
the first four bytes on its side. Generating, shaping, and filling the first four bytes is the task of the remote control device.
When forming the next and last four bytes, the video camera fills them with bits intended for sending to the control
device. Therefore, the task of the remote control device is to switch to the information-receiving mode after sending
the fourth byte, although this is not mandatory and depends on the functional features of the remote control device [12].

The remote control device (controller) that wants to send a command to the video device must wait for
the start bit of the first byte from it and then start the transmission mechanism of the correct 8-bit data code, which
is synchronized with the video device at the required transmission rate.

The interference protection system of the LANC protocol requires from the control device that the command
code transmitted to the video device is duplicated in at least four fields in a row. Otherwise, the command will not
be received and executed by the command decoder [13].
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The length of the connecting cable (from the camcorder to the remote control device) can easily be exceeded 10 m,
and when using additional intermediate repeater amplifiers (repeaters), it may exceed distances of 100 m and more.

Taking into account the above functionality of the remote control device, the following functions will be
implemented:

1. Entering control commands from the keyboard (zoom — 14 commands, record, backlight) a total
of 16 commands;

2. Entering zoom control commands using a resistor-joystick (smooth change of zoom speed) 7 speeds for
zooming in and 7 speeds for zooming out;

3. Formation and transmission of control commands to the video camera according to the LANC protocol,
reception of the “recording” mode status command from the video camera;

4. Display the “recording” mode on the LED indicator power supply on the LED indicator.

The command generation and transmission functions can be easily changed by replacing the command
code constants in the program [14]. That is, if some command is unnecessary, it can be easily replaced with
the necessary one.

This command formation principle is very flexible and can be applied when adapting the remote control
device to different video camera models because not all LANC video cameras use the same control command codes.

A keyboard with non-locking buttons (matrix 4x4) and a joystick-type command input device based on
a variable resistor with a normal middle position of the slider will be used as controls.

A special need often arises in using different zoom speeds and their smooth change. The commands that will
be generated by the “joystick” (instead of discrete buttons) of the zoom in the microcontroller program will also
be duplicated on the keyboard in case it is necessary to get direct access to the fixed speed of the zoom. The status
of the “recording” mode will be displayed in the indicator block, the code of which will be received from the video
camera via the return channel of the LANC line. The basic electrical diagram of the device is shown in Figure 3.

A microcontroller manufactured by Microchip Technology PIC16F84-04 will be used to build the device.
This microcomputer has 1 kb of program memory, 36 bytes of RAM (which is quite enough), quite high speed, two
input/output ports (one for the keyboard matrix 4x4, and the second port for connecting the LANC line, measuring
the resistance of the variable resistor “joystick” of the zoom and connecting the “recording” indicator) [15]. Low
power consumption will allow the device to be powered directly from the video camera through the LANC connector
without using an external or built-in power source [16].

Microcontrollers of this series have a built-in reset circuit on a timer with a fixed time interval for turning on
the clock generator. This time is approximately 70 ps. But with a slower rise of the supply voltage, it is recommended
to use an external delay circuit, and the resistor R2 is connected to the microcontroller’s supply circuit with the left
terminal. In addition, a forced manual reset of the processor will be introduced in case of a non-stationary situation.
The reset will be carried out by closing the button SA1, installed in parallel with the capacitor C3. To limit the current
at input 4, the manufacturer of this microcontroller recommends installing a 100-300 Ohm resistor in series with
the input.

The clock generator will be made according to an external circuit with quartz frequency stabilization. This is
necessary for strict binding to the time intervals of the LANC protocol formation algorithm.

S42
o p
al '] ] RO
x Dot . >
LANC DA SAt 1 47 ) g "
LAN 2 , ad z woy | e} N\ . . g
g . N —~ R =
Ees 18 A . . . . et R " | ¥ —
p 1 ', R
g ) L - L .2 s i34
2
RA + .
4 L L y R12
— ] 3 !
| zo1 {
= o 6
| 15 -
- 15 = 1 A b
ce | cs 8 SA3 S411 A
N el | /s 7 /
9 ¢ . ¢ +
| e b - - . . - .
10 L. SAd SAr $412 SA
Ld e ¢ - e~ - - 7 -
* 0 " i . * * - *
s - -
12 R SAS A 413 | &
R s s - - . e -~
TR ~ —e - — 7 —
oy — s "
L J SA A S4re SA18
N\ s ikl
\,;f:‘ w1 - ‘e -
X/
] MRe 185 (31
L
) G —

Fig. 3. Basic electrical diagram
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We choose a quartz resonator at a frequency of 4 MHz, and all procedures for forming time intervals in
the microcontroller firmware program will be tied to this frequency. Additional capacities C4 and CS5, necessary for
the stable start-up of the generator, are recommended by the manufacturer [17].

Port B of the microcontroller is used to scan the keyboard. The four lower bits of the port (RB0-RB3) are used
as inputs, and the four higher bits (RB4-RB7) are alternately supplied with a low logic level.

To set high levels at inputs RB0-RB3 in the mode where the button is not pressed, “pull-up” resistors R13-R15
and R18 are used, which are connected to the +5V power supply line. The ratings of these resistances are chosen
in the range of hundreds of kilohms based on considerations of high resistance in the input mode (for field-effect
transistors, this is megohms) and the limitation of the maximum current through the output lines (RB4-RB7).
We choose the standard values of these resistors of 100 kQ.

Resistors R5-R7 and R9 protect Port B outputs RB4-RB7 from simultaneous button presses and reduce
the current flowing through the pressed buttons and port outputs to a safe level. We choose 10 kQ.

To connect the “record” indicator, the output of RA1 port A is used and configured to output. The load
capacity of the microcontroller ports of this series allows you to disconnect LED indicator devices without using
additional drivers.

The principle of operation of the variable resistor “joystick” zoom control circuit is based on the principle
of measuring the constant time of the charging circuit of the capacitors R16, R19, and C6. The charge time of the capacitor
C6 is directly proportional to the position of the knob of the variable resistor R16. The input of the circuit is connected
to the output of port A — RA2, configured as an output, and the output of the circuit is connected to the output
of port A — RA3, configured as an input. Initially, capacitor C6 is discharged. In the measurement cycle, a high level
is applied to the RA2 output, and the time is calculated, after which the voltage on the capacitor C6 reaches the level
of logical “1”. This time will be proportional to the resistance of resistors R16, R19. After the voltage on C6 reaches
level “1” (approximately 1.3 V), the value of the measured time is stored in the corresponding register of the microcontroller,
after which the high level at the output of RA2 changes to low and the capacitor is quickly discharged through the circuit
R17,VDI. The discharge time constant of capacitor C6 is chosen much less than the average charge time, so the capacitor
has time to fully discharge before the next measurement cycle.

Let’s take the resistance of the variable resistor “joystick” of zoom control R16-10kQ. We set the maximum
voltage on capacitor C6, which will be perceived by the input of port A as the level of logic “1”— 1.3 V. The resistance
of resistor R19 is based on the condition of the maximum permissible current through the output of the port,
and the minimum resistance of variable resistor R16 (about 0 Ohm) is equal to 200 Ohm. Taking into account that
the capacitor C6 will be completely discharged at the beginning of the measurement cycle, the current value at this
time will be maximum.

The LANC line is an open-collector line, so a “pull-up” resistor must be used to produce a normal operating
voltage level in the line. Output is arranged through port line A RA4. Depending on the performed actions, this
line works for input or output. The “pull-up” resistor to the logic level “1” — R4 is chosen to be about 10 kQ. The
resistance of resistor R12 is calculated from the condition of protection of the output of port A of the microcontroller
against short circuits in transmission modes [18].

The program consists of three main modules:

1. The main part, the function of which is the synchronization and formation of the data exchange protocol
over the LANC line, reading the bytes of the video camera status and transmitting the control commands of the video
camera;

2. Subroutine for scanning the keyboard matrix, forming or preventing the repetition of command transmission,
the anti-chatter function of the keyboard buttons, measuring the resistance of the zoom “joystick” resistor;

3. The subroutine of the command decoder, the task of which includes processing the received code
of the pressed button, assigning it a command code, and forwarding this command to the formation and transmission
module using the LANC protocol.

For computer modeling, let’s choose a part of the program that is responsible for measuring the resistance
of the variable resistor “joystick” of the zoom and turns it into a four-bit code [19]. The resulting code is fed into
the four lower bits of port B.

The resistance measurement routines work as follows. A high level is applied to the output of port A,
bit 2, to which the input of the measuring RC circuit is connected. The charging of the capacitor C1 through
the resistor R1 begins. After that, the measurement time constant is recorded in the counter. The value of the constant
is then decremented by one and checked to see if the constant has reached zero. If the time constant is exhausted,
the measurement ends, then the current value of the time counter is stored and output to port B. If the time constant
is not equal to zero, the value of bit 3 of port A (capacitor voltage) is read. If the voltage on the capacitor has not
reached a high logic level, the time counter is once again reduced by one unit, and the measurement cycle is repeated.

Modeling is carried out in the Proteus 7.2 program. We will connect a measuring RC circuit to port A, a virtually
programmed microcontroller, and a digital indicator of a four-bit code to port B. We also connect a two-channel
oscilloscope to the measuring RC circuit, channel A to the output of the circuit (in parallel with capacitor C1 —
input 3 of port A), and channel B to the input of the circuit (input 2 of port A).
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Resistor R1 simulates the variable resistor “joystick” of the zoom; the simulation will be carried out at two
of its values: the minimum resistance value, average resistance value, the maximum resistance value.

The results of measurements at the minimum resistance value of the resistor R1 are shown in Figure 4, a.
We see that at the minimum resistance value of the resistor (0.2kQ2), the number of commands transmitted to
the decoder is equal to OFh. This value in the command decoder corresponds to the zoom zoom maximum approach
speed command. We see that at the average value of the resistance of the resistor (5.2 kQ), the number transmitted to
the command decoder is equal to 08h (Figure 4, b). This value in the command decoder corresponds to the absence
of any action.

Computer modeling confirms the correct operation of the algorithm for converting the resistance ofthe “joystick™
zoom resistor into the command code. In the middle position of the joystick, a code of no action (08h) is generated.

As the “joystick” handle is deflected in the direction of decreasing resistance, codes from 09h to OFh will
be formed in turn, which will be interpreted by the decoder as an increase in the speed of the zoom zoom. When
the “joystick” knob is moved in the direction of increasing resistance, codes from 07h to 00h will be formed in turn,
which will be interpreted by the decoder as an increase in the speed of the zoom zoom.

T YTES H

(a) (b)
Fig. 4. Simulation at: the minimum value of the resistance of the resistor R1 (a), the average value of the resistance
of the resistor R1 (b)

On the device layout, oscillograms were obtained (Figure 5), confirming the above theory regarding
the operation of the LANC protocol and the correct operation of the device.

Stop boot

lik AW
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Fig. 5. General view of the timing diagram of the LANC protocol

Figure 5 clearly shows 8 bytes of information, start and stop bits, pulse duration, and total transmission
time. In Figure 6, a timing diagram of one message frame is shown when the “Start Recording” command is
transmitted (the command is only transmitted), and the distinction between the selection of a group of commands,
the command itself, and the status byte from the camera is visible. Figure 6b shows the timing diagram of one frame
of the message after sending the “Start Recording” command (the command has already been sent, and a response
from the camera has been received).
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Fig. 6. Oscillogram of transmission of the “Start Recording” command (a),
after transmission of the “Start Recording” command (b)

Conclusions from this study and prospects for further research in this direction. A video camera remote
control device was synthesized based on the LANC protocol. Control commands are entered using a keyboard or
“joystick”. The operation of the device was checked by simulation and on the model. The further development
of research in this direction consists of the transition to radio frequency options for controlling the camera, which
will expand the distance and the number of possible locations.
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JAUBEPCUDIKALIIA JIAJNBHOCTI TOTEJBHO-PECTOPAHHOI'O HNIAITPUEMCTBA
AK CIIOCIBb NIIBUIHIEHHA KOHKYPEHTHO3JIATHOCTI

Y cmammi poszensnymi numanns cmpameeii ousepcugpixayii ax cmpamezii 3p0CMAanHs, AKa Hamenep WUpoKo 6UKo-
DPUCMOBYEMBCA Y Chepi mUMUAC08020 po3miujenns ma xapyyeannua. ILJo6 ompumamu yiricny xapmuuy egexmugHocmi
ousepcuikayii nionpuemcmaa, HeoOXiOHO pemenvHO NPOAHANIZy8amu 6ci niocucmemuy RIONPUEMCMBA, AKI 3A3HANU BRIUEY
npoexmy ousepcugixayii disnvHocmi, a came. QIHAHCOBY, eKOHOMIURY, BUPOOHUYY, MEXHON02IURY, iH(OopMayiuny, i Kpim
mo20, HeOOXIOHO 8pAxX08ysamu 6NAUE HA 306HIUHE cepedosuuje NIONPUEMCMEd, 0COOIUBO PUHKU, HA AKUX 60HO HPAYIOE,
i 10sbHicmb cnoocusauis. Tooe oyinka egpekmusnocmi ousepcuixayii disavHocmi nionpuemcmea modxice Oymu peanizo-
8aHA ULLe 34 HAAGHOCMI Y 8I0N0BIOATBHO20 KePIBHUKA YUl CILYHCOU NIONPUEMCIMEa NesHOi cucmemu nokaznuxie. OCHo8HUMU
2pynamu ROKA3HUKIG €: (DiHAHCOBO-EKOHOMIYHI, SUPOOHUUO-MEXHONO0IYHI, pUuHKOGI. Y cykynnocmi 6ci euujesasnaueni
NOKA3HUKU 0aiomb KOMNJIEKCHY OYIHKY egekmugHocmi dugepcugixayii 0ianvHocmi nionpuemcmea y cepi mumyacosoeo
posmiwjenns ma xapuygauus. Hasgnicmo eounoi ghopmanizosanoi cucmemu nokaznukie Mosce noie2uitimu npoyec aHanisy
eghexkmusnocmi npoexmy enposaddicenns ousepcupikayii oisnbrocmi na nionpuemcmsi. Kpim moeo, ys cucmema noxkasHu-
Ki8 NOBUHHA 8PAX0BYEAMUCS 6 eKOHOMIYKII CIYHCOI NIONPUEMCINGA MA BUKOPUCTOBYBATMUCS 8 CUCTEMI YNPAGIIHHS eKOHO-
mikoro. 106 eusnauumu, yu diticno dusepcughixayis eunpasoana, NiONPUEMYAM HeOOXIOHO UIMKO SUZHAYUMU ATOPUMM
0itl. 3anpononosanuii areopumm CKIA0AEMbCA 3 5 KPOKi8, KOHCeH KPOK GUSHAUAE HeOOXIOHY KinbKicmb Oitl, 00CIAamHix 0
301lICHeHHs KOJCHO20 HACMYNHO20 KPOKY 8 Npoyeci enposadicenus cmpamesii ousepcuixayii Ha nionpuemcmsi. Taxum
YUHOM, Nepul HIdC NPUUHAMU piueHHs: npo oueepcuikayilo 2omenio, niOnpueMeyb NOBUHEH NPOAHANIZYBAMU CUMYAYII0
Wooo JHcummesdamuocmi iCHyiou02o Oiznecy i 3pobumu eubip y momy Hanpsamy, wo € Haubiibu ehexmueHuM 3 Memorn
HAOYMMsL KOHKYPEHMHUX nepedae Ha PUHKY.

KntouoBi ciioBa: dusepcughiayis, 2omenvHo-pecmopanui nionpuemMcmea, egexmueHicms ousepcugikayii, cucmema
NOKA3ZHUKIB, AN20PUMM OYIHKU 8NPOBAVIICEHHS OUBepCUpiKayii.

Lykholat O. A., Vyshnikina O. V., Apalkova D. K. Diversification of the activity of the hotel and restaurant enterprise
as a way of increasing competitiveness

The article emphasizes that the diversification strategy as a growth strategy is widely used in the field of temporary
accommodation and catering. In order to obtain a complete picture of the effectiveness of the diversification of the enterprise, it
is necessary to carefully analyze all subsystems of the enterprise that were affected by the project of diversification of activities,
namely financial, economic, production, technological, informational, and in addition, it is necessary to take into account the
impact on the external environment of the enterprise, especially markets, on which it works, and consumer loyalty. Therefore,
the evaluation of the effectiveness of the diversification of the enterprise’s activities can be implemented only if the responsible
manager or department of the enterprise has a certain system of indexes. The main groups of indexes are financial and eco-
nomic, production and technological, market. Taken together, all the above indexes provide a comprehensive assessment of the
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effectiveness of diversification of the company s activities in the field of temporary accommodation and catering. The presence
of a single formalized system of indexes can facilitate the process of analyzing the effectiveness of the project of implementing
diversification of activities at the enterprise. In addition, this system of indexes should be taken into account in the economic
service of the enterprise and used in the economic management system. To determine whether diversification is really justified,
entrepreneurs need to clearly define the algorithm of actions. The proposed algorithm consists of five steps, each step determines
the required number of actions, sufficient to implement each subsequent step in the process of implementing the diversification
strategy at the enterprise. Thus, before making a decision to diversify the hotel, the owner must analyze the current situation from
the point of view of the viability of the existing business. The most effective will be the choice of that direction, which, on the one
hand, is more familiar and quite effective for the entrepreneur, and on the other hand, will allow to bring the enterprise to a new
qualitative level with the lowest costs in order to acquire competitive advantages in the market.

Key words: diversification, hotel and restaurant enterprises, diversification effectiveness, system of indexes, algorithm for
diversification implementation evaluating.

MocTranoBka npodaemu. Chepa THMUACOBOTO PO3MIIICHHS Ta Xap4yyBaHHS € BUCOKOKOHKYPEHTHOIO c(e-
POI0, TOMY MiANPUEMCTBA Ili€] Tamy3i eKOHOMIKH 3MYyIIEHI MpUilMaTH CTpAaTeriuHi PillIeHHS 00 PO3LINPEHHS
Ta AuBepcudikanii puHKy. JuBepcudikarist 1iiNbHOCTI HIAMPUEMCTBA € AY>KE CKIAJHUM 1 BCEOXOIUTIOIOUUM CTpa-
TEriYHUM PILLIEHHSM, sIKE Ma€ OLIHIOBAaTHCA Ta KOHTPOJIIOBATHCS KEPiBHULITBOM MianpueMcTsa. Kpim Toro, peanisa-
isl cTparerii AuBepcudikanii BUMarae BEIMKUX pecypciB ((hiHAHCOBUX, MATEpPiaIbHUX, JIOICHKHX ), €PEKTUBHICTh
SIKMX BaYKJIMBO OI[IHFOBATH Ta KOHTPOJIOBATH.

Cdepa THMYACOBOTO PO3MIIIECHHS Ta OpraHi3alii XapuyBaHHs 00’ €IHY€ HU3KYy PHHKIB, OCHOBHIMH 3 SIKHX
€ pecTOpaHHUH Ta rotesibHu 0i3Hec. [TianmpueMcTBa, sIKi ChOTOIHI PAITIOIOTh Ha IIUX PUHKAX, CTHKAKOTHCS 3 TAKUMU
Mpo0OJieMaMHy: BOEHHHI CTaH, EKOHOMIYHA Ta MOJITHYHA KpHu3a B YKpaiHi, JUHAMIKa HOBUX PUHKOBHX TCHJICHITIH,
SIKi TOTPeOYIOTh MOCTIITHOTO OHOBJICHHS MEPENTiKy ITOCIYT Ta MOXKIIMBOCTEH JJIS KINI€HTIB, 100 3aTydaTy BiIBimy-
BadiB Ta (opMyBaTH MocTiiiHy 6a3y. ToMy B cydacHHX yMOBaxX BeIeHHS Oi3HeCy KepiBHHKaM 9acTO JOBOXUTHCS
MIpUAMAaTH CTpaTeriyHi pillleHHs MO0 peatizanii cTparerii AuBepcudikanii Ha MiATPUEMCTBI.

AHani3 ocTaHHIX gociifzkeHb i myGJaikaniii. Bupimensio mpoGiieM y IpOMHUCIOBOCTI TOCTUHHOCTI NpH-
CBSIUEHO Oararo IOCIHikeHb. 3HAUHUI BHECOK Y JTOCIHIPKEHHI MUTaHHS TUBepcudiKallii 3po0uiIn Taki aBTOpH, K
[epecanpko I. O., Kopinbko M. ., Tkauyk B. 1., Mouepnuii C. B., Ilnak A. /1., CkopoboraroB M. M., Kyue-
py6oB O. L. Z[onx(aHCLKI/IP“I L. 3., Jlozrok B. M., Kircioc ®. HyKneﬂ C. ®.,Yen C. M., Kan X. K. Ta inmi.

B Toii wac, ciin 3a3HaYNTH, moy CYYacHOI JiTepaTypi HUHI HEMa€ € JMHOTO 3arajJbHONPHIHATOTO BH3HAYCHHS
KaTeropii «szepCH(blxaml» y 3B’SI3KY 3 IIMIM, € HEOOXiHICTh YTOUHEHHS MOHATIHHOTO armapaty. Koxxen aBrop Haro-
JIONIY€E Ha Pi3HUX MTO3UIIISX.

Y ACTY 3294-95 naBeneHo, mo quBepcudikariis — 1e CTpaTeris MapKeTHHTY, CIIPIMOBaHA Ha PO3IIUPEHHS chep
TiSUTBHOCTI OpraHizamii Ha prHKaxX 30yTy HOBOI IPOIYKIIii UM MOCIYT, HE MOEJHAHNX 3 OCHOBHUM BHPOOHUITBOM [1].
Y poboTax MpoBiJHNX HAYKOBIIIB 3a3HAYCHO, 1110 JUBEpcHiKallis — 1Ie OAHOYACHUI PO3BUTOK JNEKUIBKOX a00 Oararbox
HE B3a€MOIIOB’SI3aHUX TEXHOJOTIUYHNX BB BUPOOHUIITBA a00 0OCIyrOBYBAaHHS, PO3LIMPEHHS aCOPTUMEHTY BUPOOHU-
1TBa ab0 MOCIYT; CTpaTerii, sika nepeadadae BXiA MiAIPUEMCTBA 10 HOBUX I HBOTO cep OizHecy. JuBepcudikartis
PO3IISLIAETHCSI SIK CHCTEMHHH 1 KOMITIEKCHHUI PO3BUTOK HA OCHOBI IHHOBAIIIHHUX 1HBECTUIIIMHUX TTIXOIIB 3 OpraHizaiiii-
HHUMH, €KOHOMIYHIMH, ITPABOBUMH, (PiHAHCOBUMH Ta COLiaJbHIMU 3MiHAMU. 32 1HIIUMHU PO3poOKaMu TUBEpCH(IKAITis
MIPE/ICTABIICHA SIK PO3IIMPEHHS CEepH TOCTIONAPCHKOI MISUTLHOCTI, OB s3aHe 3 MPOHUKHEHHSIM KOMIIaHIl B iHII HOBI
rajTy3i BApOOHHUIITBA, YACTO TEXHIYHO HE IMOB’sI3aHe 3 Ii€F0 OCHOBHOIO c(heporo BUpoOHMIITRA [2; 3].

Cepen 3apyOiKHHX aBTODIB, SKi BUBYAJIM NMUTaHHSA auBepcudikamii, MmoxxHa puniutu Kitcioca @., sxwuii
MOKa3aB, 10 JUBepCUQIKaIlis € iIHCTPYMEHTOM (POpPMYBaHHS KOHKYPEHTHHX TIepeBar roTeJIbHOTO i ITPUEMCTBA [4].

V 3B’513Ky 3 [IMM BUHUKA€E HEOOXITHICT OIIHKK €()eKTUBHOCTI TUBEPCUQIKAIIT TSUTEHOCTI i IPHEMCTBA, & TOMY
MEHeDKepaM, sIKi 3aiMAalOThCsI YIPaBIiHHAM TaKUM IIPOSKTOM, BYKJIMBO MaTH CHCTEMY MOKa3HHUKIB JUIs OLIHKH €KOHO-
MIYHOTO Ta coliabHOrO eeKTy mporeciB nuBepcudikaiii. ToMy memoro nipencTaBieHoi poOOTH CTano BU3HAUYCHHS
CHCTEMH ITOKA3HUKIB Ta PO3pOOKa aNrOpUTMY Aiil A7t OI[IHKU €(heKTUBHOCTI JUBEpCH(DiKallil M IPUEMCTBA.

Buxnajn ocHoBHOro matepiasy. Jlusepcudikanis — e IIMPOKe MAPKETHHIOBE MOHATTS, MEXaHI3M, CIIPSIMO-
BaHUI Ha PO3LIMPEHHS ACOPTUMEHTY 3allPOIIOHOBAHUX TOBAPIB Ta MOCTYI, UM CTBOPIOIOUU MOXKIIMBICTH BUXOAY
HA HOBI CETMEHTH PUHKY A7 MOBHOTO 33[JOBOJEHHS CHOXMBYOTO nonuty. Ha oCHOBI LIbOTO 3aKiaj MparHe 3HU-
3UTH PU3UKH, OTPUMATH CTaOIbHUN MPUOYTOK, 3MILIHUTH CBOE (DIHAHCOBE CTAHOBHIILIE, OTKE, BUPIIIATHLHO POJLTIO
BITPOBaKEHHS JuBepcudikaiii € Te, 10 BOHA 3JaTHa BUPININTH IPOOIeMY ITiJBHICHHS KOHKYPEHTOCIPOMOKHO-
CTi Ta e()eKTUBHOCTI (DYHKIIOHYBAaHHSI TOTEIHLHOTO I ITPHEMCTBA.

JIJ1s oabImoro TOCHIHKEHHS TUBEPCU(IKAIlis PO3IISAAETHCS K CIIOCIO PO3IIMPEHHS aCOPTUMEHTY IPO-
MTOHOBAHUX TIOCIIYT, IO CIIPHUSE MiABUIIEHHIO €()eKTHBHOCTI AISUTBHOCTI Ta KOHKYPEHTOCIIPOMOKHOCTI TOTEIBHOTO
nianpuemctsa. [IpoBeneHnit aHami3 cBITOBOTO AOCBiAY y cdepi roTenbHOI iHAYCTpii OKa3as, M0 AUBepcUdikamis
HaMOIBII MIPOTYKTUBHA, KOJIU TOCSTAE€THCSI CHHEPTIYHUH e(eKT, 10 BUPaXAEThCS B 00’ € THAHHI B3a€MOIOTIOBHIO-
F0YUX OAUHHUIIb, 110 MPUHOCATH NPUOYTOK Ta YHPABIIHCHKI MOXKIIMBOCTI, IPH IIbOMY HEOOXiTHUI peTenbHui BinOip
HOCITYT, CETMEHTY PUHKY [5]. [pyHTYI0YHCH Ha MIXKHAPOIHOMY JIOCBI/Ii, MOYKHA BUUIUTH MEPEITIK OCHOBHUX JUBED-
cU(IKOBaHUX MOCIYT, 3aTHUX CTBOPUTHU €(EKT CUHEPTI3MY B IHAYCTPii TOCTHHHOCTI:
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— MiAIPUEMCTBA XapuyBaHHS (pecTopaHu, 6apn);

— cnopt (¢iTHec, Oaceiin);

— 1HOyCTpis KpacH (canoHu kpacu, SPA);

— Typu3M (IIpoAax aBia Ta 3ali3HUYHUX KBUTKIB);

— KYJBTYpHE JO3BULIA (EKCKYpCii, TEeMAaTHYHI BUCTABKH Ta 3aXOIIH);

— po3npiOHa TOpriBis (CyBeHIpHA KPaMHHUIIS, IOBETIPHUIN Marasux);

— moOyToBe 00CITyroByBaHHs (XIMYHCTKA, PEMOHT OZSITY/ B3yTTsI);

— Tpancnopt (TpaHcdep, Takci, MPoKar);

— po3sBaru (OOYIIHT, OUTBAPI, IEHT TUTSYUX PO3BAar).

IcHye woTnpm pi3Hi cTparerii quBepcudikariii, 3aCTOCOBaHi 0 pECTOPaHHOTO Oi3HeCY:

1. Crparerisi IpOHUKHEHHS Ha PUHOK — HaiiMEHIII PU3UKOBaHa «3AJIMILIATHCS HE3MIHHUMY: BUKOPUCTOBYBATH
TON CaMUM PUHOK 3 THM CaMHUM PECTOPaHOM, 301IbIIyBaTH H0r0;

2. Crpareris po3BUTKY PHHKY: 3aBOFOBAaTH HOBHUI1 PUHOK 3 TUM CAMHUM THIIOM PECTOpaHy;

3. Crparerisi po3BUTKY MPOAYKTY: BIIKPUTH IHIIHMN THUI PECTOPAHY HA TOMY CAMOMY PHHKY;

4. Crpareris 4ncTol AUBepcr(iKamii — HAHBUIIMN PU3KK: BIIKPUTH 1HIIHN THII PECTOPaHy Ha HOBOMY PHHKY [6].

E(l)eKTHBHiCTL cTparerii z[HBepcncpiKauﬁ' MOYKHA BH3HAYHTH SIK CITIBBIJIHOIIECHHS BHTPAYCHHUX 1HBECTHIIIHN
(pecypcua) 1 OTpUMaHUX PE3YJIBTATIB (eq)eKTy) o6 OTpHUMATH I.IlJ'IlCHy KapTUHY e(beKTI/IBHocn nuBepcuikarii
MiATpHEMCTBA, HEOOXiTHO peTenbHo MIPOaHaNI3yBaTH BCl IMiICHCTEMH i IIPHEMCTBA, SIKi 3a3HAJIH BILIUBY TMPOCKTY
JuBepcudikamii JisUTbHOCTI, a came: (bmaHCOBy, E€KOHOMIYHY, BI/Ip06HI/I‘-Iy, TEXHOJIOTIYHY, 1HpOpMaIliiHY, 1 KpiM
TOTO, HEOOXiJTHO BpaxOBYBaTH BIUIMB HA 30BHIIIHE CEPEFOBHIIE IMiAIPHEMCTBA, OCOOINBO PUHKH, HA SIKMX BOHO
TMIPAIIIOE, 1 TOSIIBHICT CTIIOKHBAUiB.

Ha ocHoB1 aHauizy HayKOBHX JOCIHIPKEHb 3aIIPOIIOHOBAHO CHCTEMY MOKA3HUKIB JUIS OI[IHKH AUBEpCU(iKOBa-
HOCTI MiJIPUEMCTB c(hepu THMYACOBOTO PO3MIIIEHHS Ta XapuyBaHHs (puc 1).

N
®iHaHCOBO- Bupobuanyo- Punok
CKOHOMIYHHH TEXHOJIOTTYHUH
J
s s
OKyNHICTb IHBECTHUIIN DoHJI0Bi1a4a mociyr PUHKOBA 9acTKa
y nuBepcudikaniro Gararonpoginbroro Mi/IPHEMCTBA B
p N MmMANPpUEMCTBA pe3yﬂLTaTi
TepMiH OKYITHOCTI iHBECTHILIH > < nuBepcudikanii
L y AuBependikaniio ) MarepianomicTkicTs P 2
P N HoCIIyT (?araTonpo@inworo 3pocTanns
3011bIICHHST 000POTHHIX L MATPHEMCTBA ) KUTBKOCTI
KOUITIiB, IHBECTOBAHUX Y p ~ CIIOKUBAYiB
MPOEKT auBepcuikariii THmexc mpomyKTUBHOCTI
N J Tpali K pe3ybTaT
( JonaTkoBe 3alyueHHs ) 9 musepenikauii ) Ingexe
000pOTHHX KOWITIB ITpU Ve ~ 3aJ0BOIICHOCTL
nuBepcndikarii IHexc oHOBNIEHHS L CHOKUBATIB
S J KalliTaJIbHUX aKTUBIB y
4 N\ pe3yabTari auBepcuikanii
IH/IEKC BUKOPHMCTAHHS N\ J Tunexe
BJIACHOTO KaIliTajy B e N | 3@A0BOJCHHA
pesysTari uBependikawii HOKa3HMK_BnpOBaz[>1<eHHg oTped PUHKY
\_ ) TEXHOJIOTIH B pe3yibTari B IIOCITyTax
~ JuBepcudikanii BUPOOHUIITBA
THIEKC BUKOPUCTAHHS h /
MO3UYKOBOTO KarliTany B o .
pe3ynbraTi quBepcudikaii prHOMIC_TKICTL KO)KH“OI
OIMHHII BUPOOHUYOT
~ L MOCIIYTH B pe3yJbTarTi
t Co0iBapTiCTh TPOIYKIT nuBepcudikanii
MTOCTIYT B PE3yJIbTarTi \_ J
nuBepcudikartii

Puc. 1. Cucrema moka3HUKIB JUIS OLIHKA €(PEKTUBHOCTI TUBEpCU(iKatii miAmprHeEMCTBA
Ckraoeno 3a [4-7]
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106 BM3HAUMTH, 4M JiiCHO nuBepcuiKallis BUMpPABAaHa, MiAIPUEMISIM HEOOXiTHO YiTKO BU3HAUUTH JiH.
AJTOPUTM CKIIQIA€THCS 3 5 KPOKIB, KOXKEH KPOK BHU3HAua€ HEOOXigHY KUIBKICTh Ail, JOCTATHIX IS 3MiHCHEHHS
KOYKHOTO HACTYITHOTO KPOKY B IPOLECT BOPOBAIKEHHS cTparerii nuBepcudikalii Ha mignpueMcTBi (puc. 2).

o 1 Kpok 3bip imdopmanii mpo cran dizpecy
|
v
2 kpok: Ouninka curyamii
Yu notpibHi
3Minu?
3 kpok: Dnenrndikanin curyanii
| | . I
Komtn €, Iuinn [emyrounit HeolxianicTs
noTpiteH F0BHIMHBOTO KA IMIHH
HOBA ineq CepeIoBHIA 36uTroBHE aGo reorpadiunol
npasyTOR Ml
. HITIT
HeIOCTATHLI
Posmsapenns Mojsdikania IMIHCHHS CrropeHHg
cihepn MpoIyKTY/ BHJIB IOCTYT HOROTO
JHUIBHOCTI TOCTYT IPOIYETY!
noCIyr
4 Kpok: Bubip nanpamy nneepcndiranii
R E Kpurepn subopy mpependisami | .
: CTBODEHHA MOBIHBHX HAIPAMIE AuBepediganii
v v
5 kpok: Yxpaaenus pimensas npo Jaeepcndikanio QisasHocTi 3aKaagy
|
Yu € MOXIHMBOCTI?
Pozpodka 3axonis mogo peanizami crparerii gusependianii
Puc. 2. AnropuT™ NpUHHATTS pilIeHHS 0RO JUBepcudikanii 3aKiiamy
Cknaoeno 3a [8]

Kpok 1: HeoOximHo 3i0patH Bcro iH(opMarliro mpo crad 6i3Hecy. To6To mpoaHamizyBatn (iHAHCOBHH CTaH.
[ToBHOTA 1 OCTOBIPHICTH 310paHOi iHPOPMAIIIT € 3aAMOPYKOIO MPABMIILHOTO IPUAHATTS PIIIEHHS PO AUBEpCHPiKa-
IO TiSUIBHOCTI.

Kpox 2: Ha ocHOBI 0oTprMaHMX JaHHUX MEPLIOTO €TaIry BapTo IIPOBECTH OLIHKY CHUTYyarlii 6i3Hecy. Llg ominka
TiJIKaXke, Y9 BapTO TIOYMHATH JUBEPCU(IKAIlIO TisTTbHOCTI. SKIIO Tak, TO 32 JaHWUMU, BUSBICHUMH Ha eTarli 300py
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iHpopMamii po craH Oi3Hecy, MiANpHeMenb 3MOXe 1AeHTH(]IKYBaTH CUTYALII0 3 OJJHUM i3 BapiaHTiB MaiOyTHHOTO
po3BUTKY. Takok He BapTo 3a0yBaru Mpo BHOAOOAHHS Ta MOOaKaHHs BIACHUKIB (aKuioHepiB). SIKIIO OCHOBHY
YAaCTHHY aKI[IOHEPiB yce BIAIITOBYE B iXHbOMY MiJIPUEMCTBI Ta >KOAHI 3MiHU iM HEe MOTPiOHI, BIANOBIAHO, 11€H-
Tudikamis IXHbOI CUTyallli He Ma€ CEHCY, 1 alTOPUTM YNPOBAHKEHHS TUBepcUdiKalii JiSUIbHOCTI HA HBOMY eTarli
3aKIHIYEThCS.

Kpok 3: Ha iipoMy eTari criiBBiJTHOCHTRCS CTaH Oi3HECY 3 MOXIIMBOCTIMH. J[JIst 11bOr0 HEOOX1THO BiTIOBICTH
Ha Taki 3anuTanHs: «Koyim HeoOXiqHe yXBaJleHHS PillleHHS 11010 auBepcudikamnii misimbHOCTI? 1 CKIUTBKH TpOIIeH
KOMaH 1a TOTOBa BKJIACTH B PO3BHTOK HOBOTO 0i3HECY/TOCIYT/TPOYKIIii?"

Kpok 4: Ha npomy eTarti Ba)KJIMBO BU3HAYUTH KPHUTEPIi, 32 SKUMHU BiOyBaTUMEThCSl BUOIp HANPAMKY JTHBEP-
cudikarii. Lle MoxxyTs OyTH sIK piopuTeTH B 00csirax (hiHAaHCOBHX BKJIAJCHB, TAK 1 YaCOBUH iHTEpBaI Ha 000POT-
HICTh BKJIQJICHUX 1HBECTHIIIH Ha 0OcIyroByBaHHs rotento. L{i kputepii BUOOPY MOXKYTh iICHYBaTH SIK OKPEMO, TaK
1 B cykynHocTi. Ha ocHOBI kputepiiB BUOOpy MifnpHeMenb CKIagae MOXINBI HaIpsSMKU AUBepcUdikanii cBoel
USIBHOCTI.

Hampuxian, sSskijo npiopuTeTHUM KPUTEPIEM € Maliuii 0OcsT (PiHaHCOBUX BKJIAJIEHb Y CYKYITHOCTI 31 IIBU-
KOK0 OKYITHICTIO, BOAHOYAC Yac Ha OOCIYrOBYBaHHS IIbOTO HANPSAMY AiSIIBHOCTI HE BAXKJIMBHIA, 3BIICH BUHH-
Ka€e CTpaTeris pO3IIUPEHHS acCOPTHMEHTY TOBapy/mociyr. BoHa BiamoBizae ManuM (piHAHCOBHM BKJIAJICHHSIM,
OCKUTBKY HasiBHE OOJIQHAHHS Ta MEPCOHAN Ja€ 3MOTY 3afHATHCS BUITyCKOM HOBOTO aCOPTHMEHTY.

Kpok 5: OcraHHIM eTarnoM y BIPOBaPKEHHI CTpaTerii JUBepCU(iKaIlii € eTal yXBaJeHHS PIIICHHS PO JTUBEp-
cudikaIito Ta po3poOIIeHHS 3aX0/IiB MO0 peai3allii cTparerii.

BucHoBku. [TinOuBaroun minacyMku, HEOOX1THO 3ayBaXKUTH JIBa BAXKITUBUX aCTICKTH.

1. Ilepmr HiX TPUAHATH PIMICHHS NMPO TUBEPCH(IKAIIO TOTENIO, MiAIPHEMENb OBHHEH MpOaHai3yBaTH
CUTYAIIIf0, IO CKJIAJacs 3 TOYKHU 30pY KUTTE3NATHOCTI ICHYIOUOTO Oi3HECY.

2. Haii6insm eextuBHUM Oyze BUOIp TOrO HANPSAMY, SIKHi, 3 OAHOTO OOKY, € JUIS MiIpUEMILS O1TbII-MEHII
3HaOMUM 1 IOCUTH €(PEeKTUBHUM, a 3 IHIIOTO, JO3BOJIUTH BUBECTH MiAMPUEMCTBO Ha HOBHH AKICHUN PiBEHb 3 Haii-
MEHIITMMY BUTPAaTaAMH 3 METOIO TIPUI0aHHS KOHKYPEHTHHX IepeBar Ha PUHKY.

OTxe, nuBepcudikallis — IyT0BHIA CIIOCiO IS PO3MIUPEHHSI i AMTPUEMCTBA, 0 MOXKE TOMTOMOI'TH ITiIBHIITATH
mrancu Oi3Hecy Ha yemix. OmHak Uit nuBepcudikarii 0izHecy, 30KpeMa roTelbHO-PEeCTOPaHHOI CIIpaBU, HEOOX1THO
MIPUIHATH BHIUHA PIBEHb PU3HKY Ta 3MEHIIUTH CBOT KOPOTKOCTPOKOBI MpUOyTKH. OTHAK B OOMIiH Ha IIe TOTEHITIHI
BHHATOPOJN BapTi PU3HKY.
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CHOPTUBHE XAPUYYBAHHSA MOJIOAUX CIIOPTCMEHIB B AHAJIOTTYHUX 3ACOBAX
PO3SMIIIEHHA TOTEJBHOI'O TOCIOJAPCTBA YKPATHH

Y cmammi poszensanymo nimuni mabopu ma 6a3u 8iONOYUHKY, WO € NONYIAPHUMY MICYAMU 0118 NPOBEOEHHS MPEHYBAHb 0TI
MONOOUX CHOPMCMEHIB. Alle AKIO He DOMPUMYBAMUCH NEGHUX NPABUT W00 CHOPMUBHORO0 XAPYYBAHHA, MOJCHA 3INCYBAMU 6CIO
pobomy, Ky 60U 3podunu npomseom poxy. Cnopmughe Xapuyeanus Kki04ae 8 cebe NpasuibHull 6aranc OLIKie, JHcupie ma ye-
71880016, a4 MAKONC GIMAMIHIE Ma MIHEPANi8.

Jimu ma nionimxu, sKi 3aiMaOmMsca CROPMoM 6 1imHil nepioo, 3a36uuaii nepedysarms Ha MPEeHYBAHHSX MA 3MALAHHAX
oogue, Hidic y 38unatinomy pexcumi. Tomy easicnugo 3abesneuumu im Hanexche CHOpmugHe Xapuy8anHs Ons NIOMPUMKU eHepe-
MUYHUX NOMPed opeanizmy ma 3abe3neyerts HeoOXIOHUX GiMAMiHIg ma MiHepanis.

Tepwi 3a 6ce, cnio 36epuymu ysazy Ha payion ma OMpUMyBamuUch NPAsUIbHO20 CRIBGIOHOWEHHS OLIKIB, Jcupie ma gye-
n1e800i6. binku nompioui ona niompumku m 5130801 macu ma 6i0HOG/eHHS MKAHUK nicis mperyeans. Kupi oaroms enepeiio
ma 8nauBaAONb Ha 20pMOHANbHUL bananc. Byeneeoou € 2onognum odcepenom enepeii 01a opeawizmy. Badxciuso sxkaouamu 00
DPAyioHy npoOyKmu, wo MiCmsamy pisHOMAHIMHI OLnku (puby, m’saco, Aiiys, coro, mogy, epeyxy, 60006i), sHcupHi kucromu (pudy,
ONUBKOBY MA JIAHY 010, HACIHHA Ma 20pixu) ma 8yanesoou (08oui, Gppykmu, Kawi).

3eaoicarouu Ha me, wjo dimu ma nionimxuy nepedy8aioms y cmaodii akmugHoO20 3pOCANHS Ma PO3GUMKY, BANCTUBO 3abe3neuumi
00CMAMmHIO KUbKICHb eHepeii Ma NOJMCUBHUX PEUOBUH, HeOOXIOHUX 0TSl pOCHY ma PO36UmKy opearizvy. Hawi 0docnioocents nokasa,
Wo sumpamu exepeii oimeti ma NIOTIMKI6 MONCYMb 3HAUHO GIOPIZHAMUCS 6 3ANEHCHOCII IO GIKY, cmami, édei ma pieHs QizuuHoT
axmugHocmi. Tomy 6axciugo epaxogysamu yi 0coOIUBOCHE NPy Po3pooyi IHOUBIOYATLHUX PAYIOHIE OIS KOJCHO20 CHOPHICMEHA.

Payion cnopmcemena nogunen micmumu 00CMAamuio KinbKicmo OLIKI8, AKi € 0CHO8010 011 OYOIGHUYMBA MA PEMOHNLY
M ’A30601 mranuny. Pexomendosana xinbkicmo Oinka 011 Oimetl ma nionimxie cmarnosums 6i0 1,0 0o 1,5 epamie na Kinoepam
Macy ming Ha OeHv, 3a1excHo 6i0 pisHa (izuunoi akmuenocmi. Hatikpawji docepena 6inka — m’saco, puba, MOI0OUHI NPOOYKMU,
UYL ma cosl.

Kittouosi cnoBa: ananoziuni 3acodu posmiujenns, 6asu 6i0NOYUHKY, NiMHI Madbopu, MoNoOi CROPMCMeHU, NPABUTIbHe Xap-
YYBAHHS, CHOPMUBHE XAPYYEAHHS.

Pohrebniak A. V., Yazina V. A., Sabirov O. V., Markov 1. Yu. Sports nutrition of young athletes in similar facilities
of hotel accommodation in Ukraine

The article discusses summer camps and recreation centers, which are popular places for training for young athletes. But
if you don t follow certain rules about sports nutrition, you can ruin all the work they 've done during the year. Sports nutrition
includes the right balance of proteins, fats and carbohydrates, as well as vitamins and minerals.

Children and teenagers who play sports in the summer usually stay longer in training and competitions than usual.
Therefore, it is important to provide them with proper sports nutrition to support the energy needs of the body and provide the
necessary vitamins and minerals.

First of all, you should pay attention to the diet and observe the correct ratio of proteins, fats and carbohydrates. Pro-
teins are needed to maintain muscle mass and restore tissues after training. Fats provide energy and affect hormonal balance.
Carbohydrates are the main source of energy for the body. It is important to include in the diet foods containing a variety of
proteins (fish, meat, eggs, soy, tofu, buckwheat, legumes), fatty acids (fish, olive and flax oil, seeds and nuts) and carbohydrates
(vegetables, fruits, cereals).
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Proper nutrition is a fashionable trend in people’s lives, which allows you to eat delicious food and at the same time be
healthy, and keep your body in shape. But you need to change your lifestyle gradually so as not to harm.

Proper nutrition is, first of all, a diet for maintaining and strengthening health, improving well-being and mood, portions
sufficient to satisfy hunger and a variety of delicious ingredients! That is, we are not talking about any diets and raw vegetables.
1t goes without saying that carbonated drinks, chips, fried, smoked and many sweets do not fit into the canons of proper nutrition,
it’s just that such products should be consumed in moderation and as rarely as possible.

The fashion for PP did not arise spontaneously. People who have understood what proper nutrition is, have proven the
enormous benefit of a balanced system of saturating the body with nutrients by personal example.

The philosophy of proper nutrition is embedded in the famous saying of the “father of medicine” Hippocrates that a per-
son is the essence of what he eats. Many perceive it as something abstract from reality. But proper nutrition is the shortest way
to physical and mental health, improving the quality of life.

Key words: similar means of accommodation, recreation centers, summer camps, young athletes, proper nutrition, sports
nutrition.

IMocTranoBka mpodiaemu. [IpaBuibHe XapuyBaHHS ChOTONIHI € CBITOBUM TPEHJOM, ajie HE BCI pPO3YMilOTh
SIK IPaBUIILHO TPAKTyBaTH LI MOHTTS Ta 3aCTOCOBYBATH 3HAHHS Ha MPAKTULI. 3a OCTaHHI POKH OYyJI0 MPOBEAEHO
0araro IOCHiPKEHb 100 BIUIMBY XapyyBaHHS Ha CIIOPTHBHI JOCSITHEHHS. 3TiJHO 3 pe3y/bTaTaMy OZHOTO 3 TaAKHX
JOCIIKEHb, OIyOIiKoBaHOTO B XypHai “International Journal of Sport Nutrition and Exercise Metabolism”, mpa-
BIJIbHE CIIOPTHBHE XapuyBaHHS MOXKE MIIBUIINTH ¢QeKTUBHICTH TpeHyBaHb Ha 20—30 % Ta cripusATH MBUALIIOMY
BIJIHOBJICHHIO IIiCJII HAaBaHTaXeHb [6].

Kpim Toro, 3riiHO 3 HOCITIKEHHSAMH, IPOBEICHUMH AMEPUKAHCHKOIO aACOIIAIIEI0 TIETOOTIB, MPABHIbLHUHA
pamioH U CIOPTCMEHIB ITOBUHEH CKIIaaaTucs 3 55-65 % Byrmeoxis, 10-35 % 6inkiB ta 20-35 % >xupis. Takox
PEKOMEHTy€ThCSl 3a0e3TeuyBaTH TOCTATHIO KIJIBKICTh PIMHM JUIA 3armo0iraHHs JeTigpaTalii Ta miaTpuMKa HOp-
MaJIbHOT poOOTH opraHizmy [5].

AHani3 octaHHIX Aocaigxens i myOuaikaniii. [IpoGremMaMu BITUM3HSIHUX MOJIOAUX CIOPTCMEHIB Ta 3ampo-
BaJDKEHHSIM 37I0POBOTO XapuyBaHHS 3aiiManiucs Taki BiTUM3HSAHI BueHi, sik bepeszoBcwkuii B.A., Toprok ILI. [5],
l'akman A.B. [5], @.B. My3uxka, [1aznuyk O.O. [6], cepen iHo3eMHuX MoxHa BiamiTutu — Gabel K.A., Taylor R.H,
Truswell A.S. Ta iHmi.

Buxnax ocHoBHOro marepiauy. 11106 3a0e3neynt MOJIOANX CIIOPTCMEHIB €(PEKTUBHIM CIIOPTUBHUM Xap-
qyBaHHSM ITiJ] 4yac nepeOyBaHHsA Ha Tabopax Ta 0a3aX BiAMIOYHHKY, TOTPIOHO JOTPUMYBATUCH HACTYITHHUX IIPABUIL:

[lepekycku — Iie BaKJIMBa YaCTHHA CIIOPTHBHOTO XapuyBaHHA. J[Jis miTed Ta miUTTKIB, sIKi 0arato TpeHy-
FOThCS, TIEPEKYCKH € HeoOX1IHi, o0 3a0e3NeUnTH T0JaTKOBY SHEPTito JUIsl TpeHyBaHb. Kpame Bubuparu GpykTH,
Cyxo(pyKTH, TPiHKH, HEBEIIUKY HOPIII0 TPeUKH abo pucy.

TonoBHa ’ka — moBrHHA OyTH 30a1aHCOBAHOIO, MICTUTH JIOCTaTHRO OUIKIB, ByITIEBOAIB Ta XHpiB. HeoOximHO
BKJIFOYATH JI0 MEHIO pHOY, M’5ICO, MOJIOUHI ITPOIYKTH, SIS, OBOUL Ta (PPYKTH.

IuTHa Boma — e HAWBaXIMBIIIMI €IeMEHT, AKUH HeoOXiAHO 3a0e3MeunTH I MOJOAMX CIIOPTCMEHIB.
IToTpi6HO BiABOAUTHU HANEXKHY yBary J10 TOTO, {00 MITH Ta MiAMITKU MUY JOCTATHIO KiIbKICTh BOAU, 0COOIHBO
MiJl 4ac TpeHyBaHb Ta3aHATh cHOpToM. IloTpiOHO HaraayBaTH IIiTAM MUTH BOAY PETYIAPHO 1 HE JIOMYCKAaTH
Jeriaparartii.

YHHUKalTe MBUAKUX BYIIEBOIIB — II€ TaKi MPOIYKTH, SIK IIOKOJAJ, yKEPKH, ITEYUBO, COJOMOMI Ta IHIII
BHPOOH 3 BHCOKUM BMICTOM IyKpy. BOHU ar0Th NIBHJIKY €HEPTit0, ajie 3HIKYIOTh PIBEHB I[YKPY B KPOBI, 1[0 MOXE
MIPU3BECTH JI0 BTOMH Ta 3HCBOJHEHHS.

Bitaminu Ta MiHepan — 11e BXKITUBI €IIEMEHTH IIJIsI 3a0e3MeUeHHsI 3J0POBOTO Tijia Ta e(h)EKTUBHOTO CIIOPTHB-
HOTO XapuyBaHHA. [[is 3a0e3neYeH s TOCTaTHROI KIIBKOCTI BiTaMiHIB Ta MiHEpaJliB y pallioHi JiTeH Ta MiIiTKIB
MOKHA BKJIFOUATH JI0 MCHIO CBIXI ()PYKTH Ta OBOYi, SITOIM, OPiXH Ta HACIHHS.

Yci npoayKTH TOBUHHI OyTH CBIKUMM Ta SIKICHUMH. TaKoXK BaXJIMBO JOTPUMYBATUCh MPABMIIBHOI TEXHOJIOTI]
IIPUTOTYBaHHS 11 Ta JOTPUMYBATUCh IIPABUII TiTi€HU MiJ] Yac IPUTOTYBaHHS Ta mopaui ki [3].

OTKe, CIIOPTUBHE XapuyBaHHS IJIsl MOJIOJAMX CIIOPTCMEHIB Ha JITHIX Tabopax Ta 0a3axX BiAMOYMHKY Mae
BeJIMKe 3HAUeHHs JUis 3a0e3MeueHHs e(peKTUBHUX TPEHYBaHb Ta 30epexeHHs 300poB’s. JloTpuMaHHs paBui Cop-
TUBHOTO Xap4yBaHHS Ta PETYISIPHE CIIOKHBAHHI CBDKHX Ta SKICHUX MPOAYKTIB JOTIOMOXKE JOCSATTH OLIBIIOTO
YCIIXy B CIIOPTi Ta 30€perTH 310pOB’ 1.

JocmimkeHHs MOKa3yloTh, M0 MPaBHIIFHE CIIOPTUBHE XapuyBaHHS MOXKE MOKPAIIUTH (i3UUHY BUTpPUBA-
JCTh, 3MEHITUTH PU3KK TPABM Ta MMPUCKOPUTH BiTHOBJICHHS MiCIIsl TPEHYBaHb. 30KpeMa, HaJlle)KHa KUTBKICTh OUTKIB
B palliOHiI MOXKE JIOTIOMOTTH 3MEHIIIMTH M’ S30BE PYHHYBaHHS Ta MPUCKOPUTH HOTO BiJHOBJICHHS. TakoX Ba)KIUBO
BKHMBATH JIOCTATHIO KUJIBKICTh BYTJICBOJIIB JUIA 30€pEKEHHS 3aacy IITIKOTEHY B M 533X, IO € TOJIOBHUM JKEPEIIOM
SHepril miJ] yac TpeHyBaHb.

ITpu Bu6OPI MPOAYKTIB, 10 MICTATH OLUIKH, BApTO 3BEPHYTH yBary Ha iX fKiCTh Ta HOKUBHY LiHHiCTh. Hampu-
KJIaJ, M’ICO MOXKe OyTH BUCOKOSIKICHUM JKEpeJIoM O1IKiB, ajie BayIMBO BUOUPATH HEXXUPHI COPTH Ta 0OMEXKYBaTH
BXHMBAaHHS 4ePBOHOIO M’sca. Takok MOXKHa BKIIFOYATH O PaLliOHy POCIWHHI kepena OIKiB, Taki AK cos, Tody
Ta 6000BI, 110 MICTATH OaraTo KOPUCHUX PEUOBUH.
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HagiTh npu npaBUIEHOMY palioHi MOXKe BUHHKHYTH HEOOXiTHICTh y JOJATKOBUX BiTaMiHax Ta MiHepaJax.
Hanpuknan, 6inbImicTh CIOPTCMEHIB MOTPeOYIOTh TOJATKOBUX /103 BiTaMiHy D, 1o nomomarae 3a0€3MmeunTH KicT-
KOBY MILIHICTb Ta PETyNOBaTu iMyHHY cucteMy [1]. Takox Ba)JIMBO BXHMBaTH JOCTATHIO KUIBKICTH 3alliza JUis
3a0e3Me4eHHs] HOPMAaJIbHOIO KPOBOTBOPEHHS Ta 3MEHIIECHHS PU3UKY aHEMIi.

YHUKaHHS IEpCHACUYCHHS TI€TH IYKPaMH Ta HACHYCHUMH KUPHIMU KHCIOTaMH TAaKOXK BaXKITHUBE IS 30epe-
JKEHHS 37I0POB’s Ta MATPUMKH (PizuaHoi Gpopmu. J1oaaTKOBI IYKpU MOXKYTh CIIPUSTH HA0OPY Bard Ta MOTIPIICHHIO
DIIKEMIYHOTO KOHTPOITIO, IO MOXKE MPU3BECTH JI0 TPOOIIEM 31 3I0POB’SIM.

KpiM mpaBmiIBHOTO XapdyBaHHS, BOKINBO TaKOK TOTPUMYBATHCS PO3YMHOI mieTd B mijoMmy. lle o3Hadgae,
10 MOTPIOHO TUTAHYBATH PAIiOH TaK, 100 BiH 3a0e3MeuyBaB JOCTATHIO KiJIbKICTh €HEPTii Ta MOKUBHUX PEYOBHH,
a TaKOX JOIIOMAraB I ITPUMYBaTH 37J0POBHI BarOBHH Jliarma3oH. Takox BapTo 3BEpTaTH yBary Ha Te, KOJH icTH, a0u
3a0e3MeunTH JOCTATHIN Yac It mepeTpaBieHHS Ki epes] TPeHyBaHHSIM.

3aranbpHi peKOMEHJAIl] 00 MPaBHIBHOTO XapuyBaHHA CHOPTCMEHIB MOXHA JOIMOBHHUTHU KOHKPETHUMH
MopajiaMu 1070 BHOOPY MPOAYKTIB Ta PalliOHy B 3aJ€KHOCTI BiJ BHAY CHOPTY Ta WOTO TPUBAIOCTI Ta iHTEH-
CHBHOCTI. TakoX BaXXJIMBO 3BEPTATH yBary Ha iHAWBIAyalbHI HOTPEOU KOKHOTO CIIOPTCMEHA Ta MiJIAIlITOBYBaTH
pAaLioH MiJ HUX.

[omo KOHKPETHHUX KUTBKICHUX TIOKa3HHUKIB, MOJKHA HABECTH MIPUKJIA]] palioHy s (yTOoIicTa, SKHUH MPOBO-
IUThH IHTEHCUBHE TPeHYBaHHS MPOTAToM 90 XBUIKH. 3TiAHO 3 PEKOMEHIAIISIMA, TAKUH CIIOPTCMEH ITOBHHEH OTPH-
MyBaTu 0u3bko 7-10 rpamiB BYINIEBOIB Ha KUIOTpaM Bard TiIa mepe TpeHyBaHHAM Ta me 30—60 rpamis Byrie-
BOJIIB HA TOJMHY TPEHYBaHHSA. TaKoX BaKJIMBO 3a0€3MEUUTH JIOCTATHIO KUIBKICTh OUIKIB JUTS MiATPUMKH M’S31B
Ta )KUPIB 111 3a0e3MeueHHs eHeprii.

OTxe, HAyKOBI AOCIIIKEHHS Ta peKOMEHAAI] TOKa3yI0Th, 10 IPaBUJIbHE CIIOPTUBHE XapuyBaHHS Ma€ 3HaU-
HUI BIUIMB Ha PE3yJIBTaTUBHICTh TPEHYBAHb Ta IOCATHEHH MAKCUMaJIbHUX CIIOPTUBHUX pe3yJIbTaTiB. PaimioH noBu-
HEH 3a0e3MedyBaTH JOCTAaTHIO KUIBKICTh BYIJIEBOAIB, OIJIKiB Ta KMPIB, @ TAKOXK JOCTATHIO KiJIbKICTh PIAMHU IS
3a0e3MeueHHs] HOpManbHOro (DYHKIIOHYBaHHS opraHizmy. Tomy BaxJIMBO, 11100 Oprasi3aiii CIOPTUBHOTO Xapyy-
BaHHS B JIITHIX Tabopax Ta 0a3ax BIAMOUYMHKY Oy 30pi€HTOBaHI Ha HAYKOB1 peKOMEHAIIi1 Ta MiIX0au 10 3abe3Ie-
YCHHS CIIOPTCMEHIB BUCOKOSIKICHIMU MPOIYKTaMH XapUyBaHHI.

JI1s KiTbKICHUX MOKa3HUKIB MOXKHA BKa3aTH, [0 B OJHOMY 3 JIOCHIKEHb OYJ10 3’COBaHO, 10 I 3a0e3re-
YCHHS HaJIS)KHOTO CIIOPTHBHOTO XapudyBaHHS AUTHHA YacTO MOTPiOHO BUTpadatH Bix 10 10 20 % OinbIne KOMITIB,
HDK J7Is1 3BUYaifHoTO pariony. OfHaK, 3 ypaxyBaHHSIM Ba)KIMBOCTI NPAaBHIBHOTO XapuyBaHHS JJIS HOCSTHEHHS
CIIOPTUBHUX PE3YJIBTATIB Ta 3I0POB’ s CIOPTCMEHIB, TaKi BUTPATH MOXYTh OyTH BUIIPABJIaHI.

Takok MOKHA 3a3HAYHTH, 10 6AraTo MPOBITHUX CIIOPTHBHUX OpraHi3amiil BXKE 3BEpTAIOTh YBary Ha BasKIIH-
BiCTh HAJISKHOTO CIIOPTHBHOTO XapuyBaHHS Ta MPOIOHYIOTH CIEIliabHI IporpaMu st 3a0e3MeUeHHs CIOpTCMe-
HiB BUCOKOSIKICHUMH NPOAYKTaMu xapdyBaHHA. Hanpuxnan, OmiMmiiicekuit komiteT CIIA mae nporpamy “Food
and Nutrition Services”, Kka HaJja€ CIIOPTCMEHAM HaJIeKHY 1H(POpMAILlilo PO CIIOPTUBHE XapuyBaHH: Ta 3a0e3meuye
X BHCOKOSIKICHUMH TIPOAYKTaMHU XapuyBaHH:.

OTxe, HaJIe)KHE CIIOPTUBHE XapuyBaHHA € BaXKJIMBOIO CKJIAJIOBOIO JOCSITHEHHS MAaKCHUMAJIbHUX CIOPTUBHUX
pe3yIbpTaTiB Ta 3a0e3MeUeHHs 3A0POBOTO CTaHy criopTcMeHiB. HaykoBi MociikeHHs Ta peKOMEHIallii TOKa3yIOTh,
0 PaIlioH TOBHHEH MICTUTH JOCTATHIO KUJIbKICTh BYIJIEBOJIIB, OIJIKIB Ta HPIB, & TAKOXK PIIUHH [T 3a0€3MCUCHHS
HAJIe)KHOTO TiJIpaTyBaHHsS OpraHizMy. Takox BaKJIMBO BPaxOBYBaTH 1HIUBIAyaIbHI MOTPEOH KOXKHOTO CITOPTCMEHA
B 3aJICKHOCTI BiJl BUILY CITOPTY, BiKy Ta iHIIHX (akTopis. Lle Moxe JOMOMOTTH TOCSATHYTH HAWKPAIIUX Pe3yJIbTaTiB
Ta MATPUMATH 3I0POB’S CIOPTCMEHIB.

Ha mpaxruiii, ciopTHBHE Xap4yBaHHS B JITHIX Tabopax Ta 0a3ax BiINOYMHKY MO)Ke OyTH CKIaJHUM 3aBJaH-
HSM uepe3 0OMekeHI MOKIMBOCTI 3a0€3MeUeHHS HAJISKHOT SIKOCTI MPOLYKTIB XapuyBaHHS Ta HEAOCTATHIO KBaJIi-
¢ikaniro nepconany. OngHaK, BUKOPHUCTAHHS HAyKOBHX PEKOMEHALlIH Ta crenialbHUX Iporpam A 3a0e3nedeHHs
CIIOPTCMEHIB BUCOKOSKICHUMHU IPOAYKTAMU XapuyBaHHs MOX€ JOIOMOITH MOAOJATH LI TIEPELIKOIH.

Hanpuxinan, B 0oAHOMY 3 1OCIiIXKEHb OyJI0 BCTAHOBJIEHO, 1110 BIPOBAKEHHS IPOrpaMu 3a0€3MEUEHHS CIIOPTC-
MEH1B BUCOKOSIKICHUMHU MPOIYKTaAMH XapuyBaHHA B JITHbOMY Ta0OPi JO3BOIMIIO 301IBIINTH CIIOKUBAHHS (PPYKTIB
Ta OBOYIB cepel MiTel Ta 3MEHIIUTH CIIOKUBAHHS TpaHC-KUPiB. Takok Oyino BHABICHO, IO IITH, SKi OTPUMYBAIA
HaJIe)KHE CITIOPTUBHE XapdyBaHHS, MANU Kpamry (Giznday GopMy Ta ITOKa3HUKH 3T0POB’sl, HIX Ti, SIKi HE MaJli TaKol
MOXKITHBOCTI.

OTxe, HayKOBi JOCIIHKEHHS Ta MPAKTUIHUH TOCBIJI MOKA3yIOTh, 10 HAJISKHE CIIOPTUBHE XapIyBAHHS € BaXK-
JIMBOIO CKJIAI0OBOIO JOCSTHEHHS HAHKPAIINX CIIOPTUBHUX PE3YJIBTATiB Ta 3a0€3MeUeHHs 3J0POBOTO CTaHy CIOPTC-
MeHiB. [HAnBiAyanpHI TOTpedU KOKHOTO CIIOPTCMEHA BapTO BPaxOBYBAaTH IIPU PO3poOIIi palmioHiB, a TAKOK BHKO-
PHUCTOBYBaTH HayKOBi pEKOMEHJAIIT [Tl 3a0e3MeUeHHs] HAICKHOI SKOCTI MPOAYKTIB Ta KBai(iKaIlilo MepCOHAITY.
Tako)x BaXJIMBO BUUTHCA Y CBOIX MOMMJIKaX Ta BAOCKOHAJIOBATH IPOTPaMH CIIOPTUBHOTO Xap4uyBaHHS HA OCHOBI
PE3YIbTaTiB CIOCTEPEIKEHD Ta JOCHTIKEHb.

Kpim Toro, ciopTuBHE XapuyBaHHSI HE IOBUHHO OyTH OOMe)KeHe JIUILE Ha Mepiod TpeHyBaHb abo 3MaraHb.
BoHO MOBHHHE CTaTH YaCTHHOIO 30POBOTO CIIOCO0Y KHUTTS Ta PO3BUTKY Yy JITEeH Ta MiJUTITKIB. 3a0X04yBaHHS CIIO-
JKMBaHHsI 3JI0POBHX IPOAYKTIB XapuIyBaHHS Ta HABYAHHS OCHOBAM MPABHIFHOTO XapayBaHHSI MOXKYTH JOITOMOITH
MiATOTYBATH MOJIO/IE TIOKOJIHHS 10 300POBOTO Ta AKTUBHOTO KHUTTSL.

ISSN 2521-6643 Cucremu Ta texaouorii, Ne 1 (65), 2023 149



TakuM YWHOM, CIOPTUBHE XapUuyBaHHS € BaXIIMBOKO CKJIAJJOBOIO YCIIXY B CIIOPTi. BUKOpHCTaHHS HAyKOBUX
PEKOMEH/IaIlii Ta mporpam 3a0e3MeYeHHs HANEXKHOI IKOCTI IPOIYKTIB XapuyBaHHSI MOXYTh JOIIOMOI'TH JOCATHYTH
KpallKX pe3yJbTaTiB Ta 3a0e3MeUUTH 310pOB’ sl CIIOPTCMEHIB. BaXkiTMBO Tako BpaxoBYBaTH 1HAWBIAyalbHi IOTpedH
KO)KHOTO CITOPTCMEHA Ta HABYATH JITEH Ta MiTITKIB 3M0POBOMY CIIOCOOY JKUTTS Uepe3 NPaBIIbHE XapayBaHHS.

[IpoGnemoro B opraHizalii ClIOPTHBHOTO Xap9IyBaHHS AiTel Ta MiITITKIB Ha 3MaraHHsIX Ta Y JITHIX Tabopax
MOXe OyTH HeTOCTaTHE 3a0e3IMeueHHsI SKOCTI MPOMYKTIB Ta BIAMOBIAHOT XapuyoBOi I[IHHOCTI B pallioHax, a TaKoX
HEIOCTATHS KBaJi(ikallis mepcoHay, o 3ade3neuye xapayBaHHs. e Moke mprUBeCTH 10 MOTipIICHHS (i3UIHOTO
CTaHy Ta CIIOPTHBHOT MPOJAYKTUBHOCTI JITSH Ta IMiUTITKIB, & TAKOK MOYKE TIOTIPIITUTH TXHE 3JI0POB’S B LIIJIOMY.

Mertoauka BUpimeHHs i€l mpo0ieMu MoJsrae B IOTPUMaHHI BCTAHOBJICHUX HAYKOBUX PEKOMEH Il Ta Mpo-
rpam 3a0e3nedeHHs SIKOCTI MPOAYKTIB XapuyBaHHA. TakoX Ba)XKJIMBO 3aydaTd KBamiikoBaHHMX (haxiBIB 3 Xap-
YyBaHHS Ta HABYaTH MEPCOHAJ NPAaBUILHOMY NPHUTOTYBAHHIO Ta Mojadi panioHis. HamexHa yBara moBuUHHA OyTH
IpUAICHA 1HAUBITyaIbHUM ITOTpedaM CIIOPTCMEHIB Ta IX pe’KHMMaM TPeHyBaHb Ta 3MaraHb. KpiM TOro, Ba)IJIHBO
MIPOBOAUTH CIIOCTEPEKEHHS Ta TOCIIIXKEHHS 3 METOI0 BIOCKOHAJICHHS IPOrpaM CIOPTUBHOTO XapuyBaHHs Ta BUSIB-
JIEHHsI HEeJOMIKIB.

s 3a6e3neder s 30pOBOTO CIIOCO0Y KHUTTS Ta PO3BUTKY y JiTEH Ta MiIIITKIB, BAPTO MPOBOAUTH iH(pOpMa-
[ilfHI KaMIIaHii Ta HaBYANBHI IPOTPaMU 3 OCHOB 3JJ0POBOTO XapuIyBaHHS Ta MPABIIBLHOTO CIIOCO0Y KHUTTA. Takoxk
MOYKHa PEKOMEH/IYBaTH CIIO)KHBaHHS 3I0POBHX MPOIYKTIB XapyyBaHHS, 110 MICTATh HEOOXiTHY KITBKICTH O1JIKIB,
BYIJICBOJIIB T4 )KHPIB, & TAKOK BITAMIHIB Ta MiHEPAJIiB.

OTxe, BUpINICHHS MPOOJeMH B OpraHi3ailii CHOPTHBHOTO XapuyBaHHS JiTed Ta MiJUTITKIB HAa 3MaraHHsIX
Ta y JiTHIX Tabopax IMmoJsArae B KOMIUIEKCHOMY ITiJIXOIi, IO BKITtOYa€ B ceOe 3a0e3MeYeHHs SKOCTI MIPOAYKTIB, Mpa-
BIJIBHHUH palliOH Ta HaBYaHHSA IepcoHaIy. Kpim Toro, BapTo IpOBOIUTH AOCIIIKEHHS Ta CIIOCTEPEKEHHS 3 METOIO
BJIOCKOHAJICHHS IPOTPaM Ta BUSBJICHHS HEJOMIKIB.

Jist tocSATHEeHHS i€l MeTH MO>KHA BUKOPUCTOBYBATH Pi3HI METOIUKH, TaKi sK:

Po3po6xka mporpam 3a0e3neyeHHs SKOCTI IIPOAYKTIB XapayBaHHs Ta parioHiB. s bOro MOXKHA BUKOPUCTO-
BYBaTH HayKOBi pEKOMEH/IAIlIl Ta CTAHAAPTH 3a0€e3MEUCHHS SKOCTI IPOAYKTIB XapIyBaHH.

[IpoBeneHHs1 HaBYaHHA Ta MiJBUIIEHHS KBaJidikalil mepcoHally 3 XapuyBaHHs Ta IPUTOTYBaHHS PaLliOHIB.

CriocTepeskeHHs 3a (I3UYHAM CTAHOM Ta CIIOPTUBHOKO MPOIYKTUBHICTIO TITSH Ta MiUTITKIB JJ1 BUSBICHHS
HEJIOJIIKIB Ta KOPEKIIil paIfioHiB.

Po3po0ka iHaMBITyambHUX PAIliOHIB JIJIS CIIOPTCMEHIB 3 YpaxyBaHHSIM iXHIX peXHMIB TPEHYBaHb Ta 3MaraHab.

[TpoBenenHs iHpoOpMaLIMHUX KaMIlaHil Ta HABYAJILHUX MPOrPaM 3 OCHOB 3JI0POBOTO XapuyyBaHHS Ta TIpa-
BIJIBHOTO CIIOCOOY JKUTTS.

3acTOCyBaHHS LIMX METOJIHK JOIIOMOXE ITIOKPAIIUTH SIKICTh CIIOPTHUBHOTO XapayBaHHS JiTEH Ta Mi/UIITKIB Ha 3Ma-
TaHHAX Ta y JITHIX Tabopax, a TakoXX MiABUIMTH IXHIO (Pi3UUHY BHUTPUBANICTH Ta CHOPTUBHY IPOXYKTUBHICTB. Kpim
TOTO, I1¢ CIIPUATUME 30POBOMY CIIOCOOY MKUTTS Ta MOMYJSIpU3aLIil 370pOBOT0 XapuyBaHHS Cepen JiTeH Ta MiUIiTKIB.

[Ipobnema HemOCTaTHROT SIKOCTI XapuyBaHHs y CIIOPTUBHUX TabOpax Ta 3MaraHHs;X € aKTyaJlbHOI0, OCKIIBKA
BOHA MOK€ HETaTUBHO BIUIMBATH Ha (hi3WYHUI CTaH Ta CIIOPTHBHY MIPOAYKTUBHICTD AiTel Ta miaiTkiB. HegocratHs
KUTBKICTh €Heprii Ta HeOOXiTHUX TOKUBHUX PEUYOBHH MOYKE MIPU3BECTH JI0 3arallbHOI BTOMH, 3HIDKEHHS €(hEeKTHB-
HOCTI TPEHYBaHb Ta HaBiTh 10 TPaBM.

J1s BUpITIIEHHS i€l MPoOJieMu TOTPiOHO 3aCTOCOBYBATH KOMILUIEKCHUH MIIX1J1, IO BKITFOYAE B ceOe po3poOKy
Mporpam 3a0e3nedeH s IKOCTI MMPOAYKTIB XapuyBaHHs Ta PaIliOHIB, TPOBEJICHHS HABUAHHS Ta 1 ABUICHHS KBaTi(i-
Kallii mepcoHalry 3 XapuyBaHHS Ta MPUTOTYBAHHS PAIliOHIB, CIIOCTEPEKCHHS 32 (PI3UYHUM CTAHOM Ta CIIOPTHBHOIO
MIPOAYKTUBHICTIO ITEH Ta IiUTiTKiB, pO3POOKY 1HAMBIAyalbHUX PalioOHiB JJIS CHOPTCMEHIB Ta IPOBEACHHS iHOP-
ManifHUX KaMIaHiif 3 0CHOB 3/10pPOBOTO Xap4yBaHHs Ta MPABUIBHOTO CIIOCO0Y XKUTTS.

3a JaHMMH JOCHTIPKEHb, NMPOBEICHUX Yy CIOPTHBHUX Tabopax Ta 3MaraHHsX, BUSIBJIEHO, IO OiIbIle
70 % niTeii Ta MiJUTITKIB HE OTPUMYIOTh JOCTATHBOT KIJIBKOCTI €HEprii Ta HeOOX1AHUX MOKUBHUX PEUOBUH y CBOEMY
pautioni. ITpu upomy, merme 50 % 3 HUX MarOTh MOXJIMBICTh OTPUMYBATH 1HJIMBIIyaJIbHI pallioHH, 1110 BiJMOBiAa-
IOTh iXHIM peXHMaM TPEHYBaHb Ta 3MaraHb.

3a pe3ynpTataMy BOPOBAIKCHHS KOMIDIEKCHOT METOAMKY 3a0€3NeUEeHHS IKOCTI XapayBaHHs TiTed Ta IiIiT-
KiB y CHOPTUBHHX Tabopax Ta 3MaraHHsx, OyJI0 OTPHMaHO IMO3UTHUBHI PEe3yIbTaTH.

KinmpkicTe miTel Ta MiATITKIB, SKi OTPUMYBajM JOCTAaTHBRO €HEprii Ta HEOOXiTHHX ITOKUBHUX PEUOBHH
y CBO€EMY paitioHi, 3pocia Ha 30 %, a KUTbKICTh CIIOPTCMEHIB, SIKi OTPUMYBAIH iIHANBIMyallbHI PalioHH, BiIOBIAHI
IXHIM peXHMaM TPeHyBaHb Ta 3MaraHb, 30inpnmmiacs Ha 50 %. [Ipu 1poMy, CHOPTCMEHH 3a3HANN MEHIIE TPaBM,
a TxHs (pi3n9HA MIATOTOBKA Ta PE3yJIFTaTUBHICTD i/l 9ac 3MaraHb TOKPAIIHIIACH.

Mertoauka BUpILIEHHS TPOOJIEMH MOJIATA€E B TOMY, 1100 3a6e3nequaT1/1 SIKICTh TIPOAYKTIB XapuyBaHHsI Ta paili-
OHIB, BPaXxOBYIOUH MOTPEOU Ta PEKUM TPEHYBaHb KOKHOTO CIIOPTCMEHA, ntmuyBaTu KBamquauno HepCOoHAIy,
TNPOBOJMTH CIIOCTEPEIKCHH 32 (hi3UYHUM CTAHOM Ta CLIOPTHBHOIO NPOIYKTHBHICTIO JITEH Ta MiIIIITKIB, pO3pOOIsITH
IHAMBIAyabHI PALliIOHU Ta MPOBOMUTHU iH(OpMaNiiiHi KaMIaHii 3 OCHOB 3JJOPOBOTO XapuyBaHHS Ta MPAaBUIBHOIO
CroCcoO0y XKHUTTS.

OnHi€r0 3 TOJOBHHUX CKIATOBHX KOMIUIEKCHOT METOAWKH € 3a0e3MedeHHs SIKOCTI MPOOYKTIB Xap4yBaHHS
Ta pamioHiB. JIJsS IIbOro HEOOXITHO 3MIMCHIOBATH KOHTPOJb SKOCTI MPOAYKTIB, IO BHKOPHUCTOBYKOTHCS IPH
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MIPUTOTYBaHHI IXi, Ta BpaXoByBaTH 1X CHEPreTHUHY Ta Xap4yoBY IiHHICTh. KpiM Toro, HEOOX1AHO PO3pOOIATH pali-
OHU 3 ypaxXyBaHHSM PEXUMY TPEHYBaHb KOKHOTO CIIOPTCMEHA Ta BUKOPHCTOBYBATU iHJHMBIIyalbHI pallioHH, sKi
BI/IMOBIJIAIOTH TXHIM MOTpPe0aM Ta XapuOBUM 3BHUYKAM.

Jpyroro CKIaJIoBOI0 METOAWKHU € MiJABHIICHHS KBali(ikamii mepcoHanmy, SKUi 3aiMaeThCs MPUTOTYBAHHIM
Ta PO3MadYero DKi JiTsaM Ta mimriTkam. HeoOXiTHO MPOBOMUTH PETYISPHI HABYAHHS Ta TPEHIHTH 3 MPABHIBHOTO
MPUTOTYBaHHS TKi, 30epiraHHs MPOAYKTIB, KOHTPOJIO SKOCTi, PO3POOKH PAIliOHIB Ta OCOOIMBOCTEH XapuyBaHHS
CTIIOPTCMEHIB.

TpeTror0 CKITaIOBOI0 METOAMKH € CHOCTEPESKEHHS 32 (PI3SMYHMM CTaHOM Ta CIIOPTHBHOIO MPOLYKTHBHICTIO
JITeH Ta MiJUTITKIB, SKi 3aliMaroThest criopToM. HeoOXiTHO MPOBOJUTH PETyIIsipHI MEIUYHI ODJISIU Ta KOHCYIBTAII
3 JIKapsMH, sIKi CIEI[ialli3yIoThCSI Ha CIOPTUBHIM MEAWIINHI, 8 TAaKOXK MPOBOIUTH (Pi3WUHI TECTH Ta OIIHIOBATH
piBeHb (hi3UUHOI MIATOTOBKH Ta PE3yABTaTUBHICTH CIIOPTCMEHIB.

UeTBepTOIO CKIIAJOBOI0 METOAUKU € PO3pOoOKa 1HIAMBIMyalbHUX PalliOHIB Ta NMPOBEICHHS 1H(OpMAaIiiiHuX
KaMIIaHil 3 OCHOB 3/JOPOBOTO XapuyBaHHs Ta MPaBHIBLHOTO CIOCOOY JKUTTS. J|J KOXKHOTO CIIOpTCMEHa HEeoOXiTHO
pO3po0IATH 1HAMBIAYaIbHUN PalliOH, SIKWH BiAINOBiAae IXHIM moTpedaM Ta pexxumy TpeHyBaHb. KpiMm Toro, mpo-
BeIeHHsI iH(POPMAIIHHUX KaMIIaHii 3 OCHOB 3JI0POBOTO Xap4yyBaHHS Ta MPABUIIBHOTO CHOCOOY JKUTTS TOMTOMOXKE
MiJBUINUTH PiBEHb OCBITIIEHOCTI JITEH Ta MiUTITKIB MO0 BAXXIMBOCTI 3M0POBOTO CIOCO0Y XKHUTTS Ta XapuyBaHHS.

OTXe, KOMIICKCHA METOJIMKa CIIOPTUBHOTO XapdyBaHHS JITeH Ta MUTITKIB HA 300pax CIIOPTCMEHIB y JIiT-
HIiX Tabopax Ta 06a3ax BIAMOYMHKY J03BOJISE 3a0€3MeUNTH HEOOXIAHY KITBKICTh €HEPrii Ta MOXKUBHUX PEUOBHH LIS
ONTUMAIILHOTO PO3BUTKY Ta MIATPHUMKH (Pi3MYHOI aKTUBHOCTI, IMiJIBUIIATH PiBEHh MOTHBALlIi Ta MPOXYKTHUBHOCTI
CTIOPTCMEHIB, 3HU3UTH PH3KK TPABM Ta 3aXBOPIOBaHb, ITiIBUIIIUTH SKICTh Ta OE3MEKy Xap4ayBaHHS JIITSH Ta IMiTITKIB.

3 MEeTOI0 BHpILICHHS MPOOIeMH 3 HEPaBUIBHUM XapuayBaHHAM AiTeH Ta MmiUTITKIB HA 300pax CIIOPTCMEHIB
y JiTHIX Tabopax Ta 6a3ax BiAIOYMHKY HEOOXiJHO MPOBOIUTH KOMIUIEKCHY METOIMKY CIIOPTHBHOTO XapuyBaHHS,
10 CKIIQIA€THCSI 3 HACTYITHHUX CKJIAJIOBUX: aHAi3 OoTped AiTei Ta miUTiTKIB y MO)KMBHUX PEUOBHHAX; 3a0€3MCUCHHS
MPaBWIIBHOI OpraHi3amii IPUTroTYBaHHS Ta po31adi 1iKi; CiocTepeskeHHs 3a (i3MYHUM CTAHOM Ta CIIOPTHBHOIO TPO-
IQYKTHUBHICTIO CIIOPTCMEHIB; po3po0Ka iHANBITyaIbHHUX PalliOHIB Ta IPOBEACHHS 1H(QOpMAIITHUX KaMIIaHii 3 0CHOB
3JI0POBOTO XapuyBaHHS Ta MPABUIILHOTO COCOOY JKUTTSI.

3acToCyBaHHS TaKOl METOJWKH HE TUIBKU JTONOMOXKE BHUPIIIATH MPOOJIEMy 3 HETPaBHIBHUM Xap4yBaH-
HSM JiTEH Ta MiUTITKIB HA 300pax CIIOPTCMEHIB, ajle W MO3UTHUBHO BiTOOPa3HTHCSA HA iXHBOMY (hI3MYHOMY CTaHi
Ta PEe3yJABTATUBHOCTI B CIIOPTi. BpaxoBytoun 3HaueHHS IPaBUIHLHOTO XapuyBaHH JJIsl PO3BUTKY Ta MIATPHMKH 3110-
POB’S IiTEH Ta MIIUITKIB, BAXKJIMBO HAJaBaTH HaJe)KHY yBary oprasizalii CIOPTHBHOTO XapuyBaHHs Ha 300pax
CIIOPTCMEHIB Yy JIITHIX Tabopax Ta 0a3ax BiIIOYNHKY.

Tabmus 1
PexoMeHn10BaHi IeHHi HOPMU CNOKUBAHHS MOKMBHUX PEYOBHMH JJIs AiTel Ta MiTITKIB

IloxxuBHa peyoBuHa | Jlenna Hopma aJst aiteii (B Mr ad6o mxr) | JleHna Hopma 1Jisl miUIITKIB (B MI 200 MKT)
Binku 1 r Ha 1 Kr MacH Tina 0,8 r Ha 1 Kr Macu Tiia
Byrnesoau 130r 130-200 r

Kupnu He MeHnIe 20 % Bix KUIBKOCTI KaJopii He MeHnIe 20 % Bix KUIBKOCTI KaJopii
Bitamin A 400—-800 Mkr 600900 mkr

Bitramin C 4045 mr 70-75 mr

Biramin D 10 Mkr 15 Mkr

Kansiiit 700 Mr 1300 mr

3aiizo 7—10 mr 11-15 mr

orcepeno: pospobneno asmopom na ocHogi [2]

Tabnumst 1 Hagae peKOMEHIOBaHI JIEHHI HOPMH CIIOXWBAHHS MMOXXUBHHUX PEYOBUH ISl JIITEH Ta MiJTITKIB
PI3HHX BIKOBHX IpyIl. B Tabnmuii HaBeIeHi Taki HOXKUBHI PSYOBUHU, SIK OUTKH, )KUPH, ByIJICBOIY, BITAMIHHU T4 MiHe-
panu.

Jlis nmiteit BikoM Bix 4 10 8 pOKIB pEKOMEHIOBaHA KUIBKICTh OUIKIB CTAaHOBUTH 19 IpaM Ha JeHb, T JiTeH
BikoM Bix 9 10 13 pokiB — 34 rpaMu Ha JIeHb, a JUTS MiUTITKIB BikoM Bif 14 no 18 pokiB — 52 rpamu Ha neHb. [{omo
JKUPIB, TO JUIS JIITEH BIKOM BiJ 4 110 8 pOKiB peKOMEHI0BaHa KiJIbKICTh CTAHOBUTH 2535 % BiJ 3araibHOT KUIBKOCTI
KaJopii, 1uist gite Bikom Bix 9 10 13 pokiB — 25-35 % Bijx 3araibHOi KUTBKOCTI KAJOPii, a IS MITITKIB BIKOM BijI
14 no 18 pokiB — 25-35 % Bix 3araqbHOi KUTBKOCTI KaJIOPIH.

lomo ByrneBomiB, To s IiTeH BikoM Bifg 4 10 8 POKIB pEKOMEHIOBaHA KiNbKICTh CTaHOBHUTH 130 rpam
Ha JIeHb, Ans Aitedl BikoMm Big 9 g0 13 pokiB — 130 rpam Ha AeHb, a Ans MiANITKIB BikoM Bif 14 mo 18 pokiB —
130-210 rpam Ha A€Hb, B 3aJICKHOCTI BiZ piBHA (Pi3UYHOT aKTUBHOCTI.

V Tabnuii TakoK HaBEICHI PEKOMEHAIIl IOI0 JEHHOI HOPMU CIIOKUBAHHS BITAMIHIB Ta MIiHEpAiB JIJIs AiTEH
Ta mIiTkiB. Hanpukian, pekoMeHmoBaHa KUTbKICT BiTaMiny D juis miTelt BikoM Bif 4 10 8 pokiB ctanoBuTh 600 ME,
JuTs JTiTed BikoM Bif 9 1o 13 pokis — 600 ME, a mis miggiTkiB BikoM Bix 14 1o 18 pokis — 600800 ME Ha neHb.
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L{inboBOIO TPYHOIO JOCHIDKEHHS € MITH Ta MiUIITKH, SKi 3aiMaroThCsl CIOPTOM HAa 3MarajJbHOMY piBHI
Ta nepeOyBaroTh y JiTHIX Tabopax Ta 6a3ax BiAMOYMHKY. 151 3a0€31eueHHs ONTUMAIIBHOTO PO3BUTKY Ta MIATPUMKHU
(hi3MYHOT aKTUBHOCTI BaXKJIMBO MPABMIIBHO 30aJIaHCYBaTH PalliOH Xap4dyBaHH:, 3a0€3MEeYHBILN JOCTATHIH MpuiioM
MOYKUBHUX PEUOBUH Ta €HEprii.

3 MeTor PO3pOOKH PEeKOMEHAAIIN MO0 PAIliOHy XapuyBaHHS IS TITEH Ta MiJUTiTKIB, MPOBEJACHO aHAai3
PEKOMEHIOBaHUX JCHHUX HOPM CIIOXKHBaHHS IIOKUBHHUX PEUOBHH IS ITi€1 BIKOBOI TPYIIH, SIKHMiA OyJIO IPEICTAaBICHO
y Ta6nwui 1. Bysio BUusiBIIEHO, 110 ITH Ta MATITKA MOTPEOYIOTh OLTBIIOT KITbKOCTI TIOXXUBHUX PEYOBHH Ta €HEPril,
MTOPIBHSHO 3 JIOPOCITHUMH.

Takox Oyna TpoBe/ieHa OIliHKAa PEKOMEHJIOBaHUX PAIliOHIB Xap4yBaHHS JJIS CIIOPTCMEHIB PI3HUX BIKOBHX
Tpy, sika Oyna nmpeacrasieHa y Taomumi 2. Byiio BUSIBICHO, IO JUIS CIIOPTCMEHIB Pi3HUX BIKOBHX I'PYI BapilOIOTHCS
HE TIIBKH KUTBKICTh MMO)KUBHUX PEUOBHH Ta SHEPTii, aJie 1 CITiBBiTHOMICHHS Mi>k HUMH. Hanpuknaz, 1uist mitei Bikom
7-9 pOKiB peKOMEHJ0BaHO 301JIbIIIEHY KiJIbKICTh BYTJIEBOJIIB, TS MiJUTITKIB BikoM 13—18 pokiB — Oijbiie OiIKiB.

OTxe, 711 TPaBUIIBHOTO PO3BUTKY Ta MIATPUMKH (hi3UUHOI aKTUBHOCTI y AiTeH Ta MiJUIITKIB, SIKi 3aiMarOThCs
CIIOPTOM Ha 3MarajibHOMY piBHI Ta nepeOyBaroTh y JiTHIX Tabopax Ta 6a3axX BiAMOYMHKY, HEOOX1IHO BpaXxOByBaTu
BiKOBi 0COOJIHBI.

Tabnus 2
PexomengoBaHi pamionu ajisi CHOPTCMeHIB Pi3HUX BiKOBHUX Irpyn
BikoBa rpyna Eneprernuni norpedu (xaum) Binku (1) Kupu (r) Byraesoau (r)

6-10 poxkiB 1600-1800 45-65 25-40 190-250
11-14 pokiB 2000-2200 55-75 35-50 250-350
1518 pokiB 2400-3000 65-100 45-70 300-500
19-30 pokiB 2600-3200 65-100 50-80 350-600
31-50 pokiB 2400-3000 65-100 50-80 300-500
51-70 pokiB 2200-2800 55-90 45-70 250450

70+ pokiB 2000-2400 45-80 35-60 200400

Lorcepeno: pospobneno asmopom na ocHogi [2]

Tabmuis 2 Hajae peKOMEHAAIIIT 010 PAIiOHIB IS CIOPTCMEHIB Pi3HHUX BiKOBUX Ipyml. Hanpuknan, criopre-
MeHaM Y Billi BiJx 6 10 10 pokiB pekoMeHayeThes crioxkuBat Big 1600 mo 1800 kanopiit Ha neHb, O CKIAIAETHCS
3 4565 rpamiB 0OinkiB, 25—40 rpamis xxupis Ta 190-250 rpamis ByriieBomiB.

Jlis cnopreMeHiB y Biti Big 11 mo 14 pokiB pekoMenayetbes ciokuBaru Bif 2000 1o 2200 kanopiit Ha 1eHb,
IO CKIIamaeThes 3 55—75 rpamis OinkiB, 35-50 rpamis xupiB Ta 250-350 rpamiB ByTJIEBOIB.

Juis cniopteMmeHiB y Biwi Big 15 mo 18 pokiB pekoMeHayeTbes criokuBatu Bif 2400 10 3000 kanopiit Ha 1eHb,
o ckianaerses 3 65—-100 rpamis 61kiB, 4570 rpamis xupis Ta 300-500 rpamiB ByIJICBOIB.

B minomy, oprasizaiisi CHOPTUBHOTO XapuyBaHHA AiTEH Ta MiAJIITKIB HA 300pax CIIOPTCMEHIB € BAXIIUBOIO
CKJIaJIOBOIO YCIHIXY B iXHil CHOPTUBHIN Kap’epi. XapdyBaHHS OBUHHO OyTH HaJIC)KHUM 13 BpaXyBaHHSM BiKY, CTaTi
Ta IHIUBIAYaIbHUX MOTPEO KOXKHOTO CIIOpTCMeHa. PallioH! MOBUHHI MICTUTH TOCTATHIO KUIbKICTh OLJIKIB, BYIJIEBO-
B, ’KHPIB, BITAMIHIB Ta MiHEpaJiB, 00 3a0€3MEUUTH CHEPreTUIHI Ta (i310I0TIYHI TOTPeOU CIIOPTCMEHIB.

MeTtonuka oprasizaiii CHOPTUBHOIO Xap4yBaHHs Ha 300pax CIIOPTCMEHIB BKJIrOUae B cebe 30ip iHdopMmarrii
PO CIIOPTCMEHIB, iXHIX Xap4OBHX 3BHUOK Ta MOTPEOH, PO3PaXyHOK pAIliOHIB, MATOTOBKY Ta PO3MOALI TKi, KOH-
TPOJIb 32 BUKOPHCTAHHSM %Ki Ta KOPEKIIIO paiioHiB 3a HeoOXigHocTi. KpiM TOTo, CIIOPTUBHE XapuyBaHHS IOBUHHO
OyTH MO€HAHE 3 MPABUIIEHIM PEXUMOM JIHS Ta BiAIIOYHHKY.

Pexomenpartii 31 CHOPTHBHOTO XapuyBaHHS AiTEH Ta MiUTITKIB Ha 300pax CIOPTCMEHIB MOXKYTh OyTH BHKOPH-
CTaHi JUIs MiTOTOBKY PALliOHIB HA Pi3HUX eTanax TPeHyBaHb Ta 3Marab. /|71 JOCATHEHHS HalHKpaIluX pe3ynbTaTiB
y CIIOPTHBHUX JIOCSITHEHHSIX BaXITUBO HE JIMIIIC BUKOHAHHS BIIPAB Ta TPECHYBaHb, ajie i IpaBIIbHE XapuyBaHHs, SKe
3a0e3Mne4nTh HeOOXiAHY €HEepriio Ta BiTaMiHU AJIS 30POBOTO PO3BUTKY OPraHi3My Ta JOCATHEHHS MAaKCHMAaTbHUX
pesynbraris [4].

Hami pocnmigkeHHs MOKa3yloTh, II0 CIOPTUBHE XapuyBaHHs JiTel Ta MiJIITKIB Ha 300pax CIIOPTCMEHIB
B JIITHIX Tabopax Ta 0a3ax BIAMOYMHKY BUMarae ocoOMBOi yBaru. BpaxoByrouH BIiKOBI Ta iHIMBIIyalibHI 0COOIH-
BOCTI JITEeH Ta MLIITKIB, MA PEKOMEHIyEMO BUKOPHCTOBYBATH CIICI[IAIBHO PO3POOIICHI pallioHH, SKi BKIFOYAOTh
JIOCTATHIO KUJTbKICTh O1JIKiB, BYIJICBOIIB, dKHPIB Ta MIKPOHYTPIEHTIB, HEOOXIAHHUX ISl IiITPUMKH 3I0POB’S Ta OTITH-
MaJIbHOT (PI3UIHOT POPMH CIIOPTCMEHIB.

BucHOBKM 3 J1aHOr0 JOC/iAKeHHS i MepPCNeKTHBH MOAAJbIIMX PO3BIIOK y AaHOMY Hampsimi. Takum
YMHOM, HAaIlli TOCIIKCHHS [TOKa3aJIH, [0 IPAaBIIBHE CIIOPTHBHE XapuyBaHH € BaXXIIMBOIO CKJIaI0BOIO YCIIIIITHOTO
TpEHYBaHHS Ta JOCSATHEHHS CIIOPTUBHUX pe3yJbTaTiB. J{i€TH COpTCMEHIB IOBUHHI OyTH po3po0ieHi 3 ypaxyBaH-
HSIM Pi3HOMAHITHUX (PaKTOPIB, TAKUX SIK BiK, CTaTh, (hJi3UUHUH CTaH, BUJ] CHOPTY Ta HOTO TPUBANICTh, IHTEHCUBHICTh
TpEeHYBaHb Ta 3MaraHb. PEKOMEHIyEeThCS 3BEPHYTHUCS JI0 JOCBIUEHOTIO AieTosora abo TpeHepa Al po3poOKU iHIH-
BiJlyaJIbHOTO pallioHy.
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Tako)k BaXXJIBO BPAaXOBYBaTH BIUIMB 30BHIIIHIX (paKTOPiB, TAKUX SK TEMIIEpaTypa Ta BOIOTICTh MOBITPs, HA
noTpedU B Pi3HUX MOXKUBHUX pPEUOBHHAX. JIOTpUMAHHS pEeKOMEHIAIIH 1010 CIIOPTUBHOTO Xap4yBaHHS JIOTIOMOXKE
30eperTH 340pOB’° sl CIOPTCMEHIB, OKPAILIUTH IXHIO (Pi3UUHY HiATOTOBKY Ta 3a0€3MeUUTH JOCATHEHHS Halkpaiux
CIIOPTUBHUX PE3yNbTaTiB.

Otxe, CIOPTHBHE Xap4yBaHHS € He MEHII Ba)XKJIMBOIO CKJIaJJOBOIO TPEHYBAJILHOTO IPOLECY, HIK caMi TpeHy-
BaHHS, 1 HOTO MpaBHIIbHE 3aCTOCYBAHHSA MOXKE 3HAYHO ITiABUIIUTH e(DEeKTHBHICTh TPEHYBaHb Ta JOCATHEHHS CIIOp-
THBHUX PE3YIbTATIB.

[IpaBunbHE CIOPTHUBHE XapdyBaHHS € BaXIIMBOIO CKJIAJOBOIO YCIIIIHOTO TPEHYBaHHS Ta HOCSTHEHHS Mak-
CUMalIbHUX pPEe3yJbTaTiB y cropTi. BuOip mpomykTiB Ta pallioHy MOBHHHI OyTH 30pi€HTOBaHI Ha 3a0e3Ie4YeHHS
JOCTaTHBOI KUTBKOCTI €HEprii Ta MOXUBHUX PEUOBHH, a TAKOXK JOTPUMYBATHUCS 3aralbHUX MPHHIHIIB 310pPOBOTO
Xap4yBaHHS. BaXIMBo Takox 3BepTaTH yBary Ha iHIHUBITyanbHi HOTPeOH KOXKHOTO CIOPTCMEHA Ta IMiIIaIlITOBYBaTH
paIioH mijx HUX.
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YIIPABJIIHHSA CTAJIUM EKOHOMIYHUM PO3BUTKOM INIAITPUEMCTB
T'OTEJIbHO-PECTOPAHHOI C®EPU HA OCHOBI AHAJII3Y IOTOYHUX BUTPAT

Y cmammi posxkpusaromvcsa nioxodu 00 aHAizy NOMOYHUX 6UMPAN GUPOOHUYMSEA A OYIHKY X KITbKICHO2O GHAUSY HA
eghexmusHicmo onepayitinoi OisibHOCHI NIONPUEMCING 20METbHO-PECOPAHHOI cihepu, KT € 0CHOBOI0 071 NAAHYBAHHA MA YNpPas-
JIHHSL PeCypCHUMU NOMEHYIAnamy ma CMIKUM eKOHOMIYHUM PO3BUMKOM cy0 ekmig 2ocnodaprosants. OCHOBHOW Memoio yiel
cmammi € 6CMAaHO8IeHHsL 3aKOHOMIPHOCMEl KibKICHOT 63a€MO0IT NOKAZHUKIG pecypcoMicmKocmi ma egheKmueHocmi 6upooHu-
YMmea i BUSHAYEHHS CIYNeHs GNIUEY HOMOYHUX SUMPAM HA Pe3ybmam OisIbHOCMI 3074 3a0e3ne4eHHs. MONCIUBOCI YIpas-
JIHHS OQHUMU NPOYECAMU | CIATUM eKOHOMIYHUM PO3GUMKOM NIONPUEMCIG.

YV Oanomy OocniodcenHi winAXoM eKOHOMIKO-MAMeMAMuuHO20 MOOET068AHH NoOy008aHo Mooeli ehekmugHocmi
supobHuymea. Ha ocnosi ompumanux mamemamuynux pigHAHb NOACHEHA 3AKOHOMIDHOCMI KilbKiCHO2O 63AE€MOGHIUBY
(haxmopis eupobHUYMEA, BUSHAYEHO OYIHIOBATbHI KOeiyicHmU PO3BUMKY pe3epeie pecypCHUX Nomenyianie nionpuemcme
2omenvHo-pecmopantoi cepu. 3a 00nomozo10 00YUCTEHUX OYIHIOBANLHUX KOe(iyicHMi8 6CMAHOBIEHO CUTY ONOCepPedKo-
8aHOI ma npsamoi Oii KOHKpemHOo20 8Udy NOMOYHUX GUMPAM HA e(eKMUsHiCMb OnepayiuHoi JisbHOCMI ¢y €kma 2ocno-
0AapIOBAHHSL, YACMKYU BHECKY NeBHO20 (DAKMOPHO2O NApaMempy 8 CYMAPHULl 6NIUG 8CIX (DaKmopie, MONCIUBOCHE 3POCHAHHA
00X00y 3a PAXYHOK PO3GUMKY pecypcHux nomenyianis. Lllnaxom inmepnpemayii ompumanux 6 xo0i ananizy koegiyienmis
3ANPONOHOBAHO MAMEMAMUYHY POPMYTY 0N POPAXYHKY Pe3epsia eKOHOMIUHO020 PO3BUMKY 3aKAA0I6 PeCMOPAHHO20 20CHO-
oapcmea, AKi 003601AI0Mb 6CMAHOBUMU CMYNiHb 3pOCMAHHA NPUOYMKY 3a PAXYHOK 3MIHU 00CA2Y NegHO20 pecypcy (8udy
NOMOYHUX 8UMPAM) 3 YPAXYBAHHAM YACMKU 1020 BHECKY 6 iHme2posany Oito gakmopis. Pospobneni mooeni 1i koepiyicnmu
€ NiOTpYHMAM 0nA 30ilICHEHHA NPoYecy YAPABIIHHS CINATUM eKOHOMIYHUM PO3BUMKOM HIONPUEMCIE 20METbHO-PECTOPAHHOT
cehepu wnaxoM NAAHYSAHHS Pe3yTbMAamie onepayitinoi OisIbHOCMI, 810COMK060I 3MIHU NOKA3ZHUKIE e(eKmUeHOCmI ma eKoHo-
MIUH020 3pOCMANHA CY0 €KMi8 20CNO0APIOBAHHS.

Omoice, Ha 0CHOBI NOOYOOBAHUX 8 X0OT AHANIZY eKOHOMIKO-MAMEMAMUUHUX ModeTell eheKmUgHOCmi BUPOOHUYOT JisibHO-
cmi 3aK1a0i8 20MeNbHO-PECOPANHO20 20CHO0APCMEA PO3PAX0BAHT KoepiyieHmu eKOHOMIYH020 3POCMAHHSL | Pe3epPEHO20 PO3-
BUMKY, BU3HAYEHO OUpepenyitiosanuli ma inmezposanuii 61U NOMOYHUX GUMPAM HA 3A2aNbHUL Pe3yTbman, 3anponoHo8aHi
nioXo0u 0714 6UHAYEHHS HANPAMIB eKOHOMIYHO20 3DOCIAHHS A YNPAGNIHHA CIATUM POBUMKOM NIONPUEMCIG.

KittouoBi croBa: exoHoMiko-mamemamuiHi MOOeli, OYiHIO8ANbHI Koehiyichmu, aHani3, nNiONPUEMCME0, eqheKmueHicnb,
20METbHO-PECMOPAHHA chepa, NOMOYHI BUMPAMY, NOMEHYIAN Pecypcis, CIANULl eKOHOMIYHUL PO3BUMOK.

Yudina O. L, Stebliuk N. F., Mayko O. V., Zenina D. O. Management of sustainable economic development of hotel and
restaurant enterprises on the base of analysis of current costs

The article describes approaches to analyzing current production costs and assessing their quantitative impact of operat-
ing activities on the efficiency of hotel and restaurant enterprises, which are the basis for planning and managing the resource
potentials and sustainable economic development of business entities. The main aim of this article is to establish the trends of
quantitative relationship between the indicators of resource intensity and production efficiency and to determine the influence
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of current costs on the outcomes in order to ensure the possibility of managing these processes and sustainable economic devel-
opment of enterprises.

The models of production efficiency, using the means of economic-mathematical modeling, are built in this study. On
the basis of the obtained mathematical equations, the trends of the quantitative relationship between production factors are
explained, the estimated coefficients for the development of reserves of resource potentials of enterprises in the hotel and res-
taurant sphere are determined. Using the calculated estimation coefficients, the strength of the indirect and direct impact of a
particular type of current costs on the efficiency of the operating activities of an economic entity, the share of contribution of a
certain factor parameter into the total impact of all factors, the opportunities of income increasing through the development of
resource potentials are determined.

By interpreting the coefficients obtained as a result of the analysis, a mathematical formula for calculating reserves for
the economic development of restaurant business establishments has been proposed, it allows to determine the level of profit
growth due to changes in the amount of a certain resource (type of current costs), taking into account the share of its contribution
to the integrated action of factors. The developed models and coefficients are the basis for managing the sustainable economic
development of enterprises in the hotel and restaurant sector by planning the results of operating activities, percentage changes
in performance indicators and economic growth of business entities.

Thus, on the basis of the economic and mathematical models of efficiency of production activities of hotel and restaurant
enterprises the coefficients of economic growth and reserve development are calculated. The differentiated and integrated impact
of current costs on the overall result is determined, and approaches to determining the directions of economic growth and man-
agement of sustainable development of enterprises are proposed.

Key words: economic and mathematical models, estimation coefficients, analysis, enterprise, efficiency, hotel and restau-
rant industry, current costs, resource potential, sustainable economic development.

IMocTanoBka mpoOaemMu. Y HaI[lOHAJIBHIN MapagurMi CTajJoro po3BHTKY YKpaiHM KaTeropis «ympas-
JiHHS €KOHOMIYHHM PO3BUTKOM)» XapaKTepU3YEThCSA SK CHCTEMHE Y3TOKCHHS, 30aJIaHCOBaHICTh CKIIaTOBHX
€JIEMEHTIB 1 TIpoIec po3poOKK Ha 1[Il OCHOBI CTPATETIl CTAIOTO PO3BUTKY TOCIIOAPCHKUX YTBOPEHB. Y Me)kax
KOHIIETIIii JOCIIDKEHHS CyTHICTh ynpaBniHH;I CTaJMM PO3BHTKOM PO3IIANAETHCS SK MPOLIEC MoO1TI3aIii BHYT-
pILIHIX pe3epBiB pecypcHux MOTEHITiaTiB, pamoHamsaun Ta ONTHMI3allii CTPYKTypy BUPOOHUIITBA, sika O 3a0e3-
IeJyBana eKOHOMIYHE 3pOCTaHHS Ta PO3BUTOK HiANPHEMCTBA y MIHJIWBUX Ta HECTAOINBHUX YMOBaX 30BHIII-
HBOTO cepenoBua. OTxe, BUHUKAE Mpo0iieMa I0JJ0 BU3HAYECHHS 3aKOHOMIPHOCTEH Ta CTYIEeHs BIUIUBY BUTPAT
Ha €KOHOMIYHMH pe3ynbTaT AiIbHOCTI Cy0’ €KTiB TOCHOAAPIOBAHHS, BUSABICHHS PE3€pBIB HAIBHUX PECYpCiB
Ta MOXJIMBOCTEH iX peasizarii.

Amnajni3 ocTaHHiX gocaizkeHb i myOmikamiii. HaykoBi miaxomau 10 JTOCHTIKEHHS MPOLECy YIPaBIiHHS CTa-
JIUM PO3BHUTKOM ITiIPHUEMCTB BHCBITIIIOBAIUCS Yy MPAIsIX 0ararb0X BUCHUX, 10 KX Hanexars AHApymKiB b. M.
[1], BoopoBcbka O. [2], Bacunenko B. O. [3], Kupnu H. B. [4], Mensins M. 1O. [5], Tomsnorn JI. [6], Xapa-
simBim FO. M. [7] ta iHmii.

Y pob6orax b. M. Auapymikiea, H. b., Kupuua, JI. M. MenpHUK BiMid4a€eThcs, MO CTATUH €KOHOMIYHHHA
PO3BHUTOK 3a0e3Medy€eThes IMIITX0M MaKCHMi3allii CYKyITHOTO JOXOMy 33 paxyHOK 30epexeHHs CyKYITHOTO Karri-
Tally, parioHani3amii mpoIecy pecypcocrnoXuBaHHs i BIPOBaKEHHS HOBUX TexHouyorii [1, 4]. M. FO. Menginp
XapakTepu3ye Mpolec YIPaBIiHHSI CTAIUM PO3BUTKOM OpTaHi3amii sSIK ONTHUMI3alil0 BUTPAT Ta MaKCHMi3aIlio
pe3ynbTaTiB AiIBHOCTI Cy0 €KTiB rocnopapioBanHs [5]. FO. M. Xapa3imBinai BBaXkae, 110 NpoLEC YIpaBIiHHS
CTaJIUM PO3BUTKOM XapaKTePHU3yeThCs 1HTETpaIbHUM CTAHOM €KOHOMIYHOI CHCTEMH, SIKa BKIIIOYAE HU3KY MijI-
cucteM Ta 3abe3neuye iX (QYHKIIOHYBaHHsS Y BCTaHOBIEHOMY Hampsmky [6]. O. B. Bacunenko Binmiuae, 10
MPOLIEC YNPaBIiHHA CTAJIUM PO3BUTKOM OXOIUIIOE €KOHOMIYHY, COLiaJibHY 1 €KOJIOT1UHY CKJIaJ0Bl B3a€EMOBIiA-
HOCHH CYCHIJIbCTBA Ta MIJIPHEMCTB W 3MIHCHIOEThCA Ha Makpo- 1 MikpopiBHi [3]. JI. Tomsioi Bkasye Te, 1o
CTaJU{ PO3BUTOK COIIaIbHO-EKOHOMIYHHX CUCTEM MOEIHYE TaKi B3a€MOIOTIOBHIOIOYH MPOIECH, SIK EKOHOMITHE
3pOCTaHHs Ta pO3BHUTOK [7]. Pazom 3 muM, 3amumaioTscsl He PO3TITHYTHMH ITiTXOOU A0 BU3HAYCHHS TU(EpCH-
I{OBaHOTO BILUIMBY MMOTOYHHUX BUTPAT Ha PiBEHb MPHUOYTKOBOCTI MiAMPUEMCTB, BCTAHOBJICHHS 3aKOHOMIPHOCTEH
1 cTymeHs 3pocTaHHA €(PEeKTHBHOCTI HiSNTBHOCTI Cy0’€KTiB rOCIOfapioBaHHs 32 (YHKIIOHATHPHUMH O3HAKaMHU
Ta PO3BUTKY BUPOOHHUYOTO MOTEHITIaTYy.

MeTo10 cTATTi € BCTaHOBJICHHS 3aKOHOMIPHOCTEH KiNbKiCHOI B3a€MOJii NMOKa3sHHUKIB PECypCOMICTKOCTI
Ta e(DeKTUBHOCTI BUPOOHHUIITBA 1 BU3HAYCHHS CTYIEHS BIUIMBY IIOTOYHUX BUTPAT Ha Pe3yIIbTaT AiIbHOCTI 3a0e3me-
YCHHS MOXJIMBOCTI YIPABIiHHS JAHUMH IPOLIECAMH 1 CTAIMM €KOHOMIYHUM PO3BUTKOM MiAPUEMCTB.

BuxkJjiag ocHoBHOro marepiaJy. ociykeHHS CYyTHOCTI CTaJI0ro €eKOHOMIYHOTO PO3BUTKY 3aKjalliB FOTEIb-
HO-PECTOPaHHOTO TOCIONAPCTBA 33 JOIOMOTOI0 HAyKOBO-TCOPETUYHUX, aHANITHIHIX, €KOHOMIKO-MAaTeMaTHIHIX
Ta 1H. METOJIB JTO3BOJISIOTh MATEMaTHYHO OMHKCATH KUIbKICHY 3aJIS)KHICTh BUTPAT 1 PE3yJIbTaTiB (PYHKIIOHYBaHHS
M IPUEMCTB, 3aKOHOMipHOCTi ix BSaeM03B’5[3Ky, a TaKOX BH3HAYHMTH MIBUAKICTH (TEMITH) 3pOCTAaHHS IMOKA3HUKIB
e(EKTUBHOCTI Ta MOKJIMBOCTI BILUTUBY lHTCFPOBaHI/IX pecypc1B Ha €KOHOMIYHE 3POCTaHHS.

B3aemooOymoBneHicTs Oi3HEC- npouecu; 1 TOKAa3HUKIB OMNepamiiHoi AisUTBHOCTI, MaTeMaTHIHa 3aKOHOMip-
HICTh BIUIMBY IOTOYHUX BUTPAT Ha PiBEHb MPUOYTKY IiIIPUEMCTB TOTEIHLHO-PECTOPAHHOI Cepr OMUCYEThCS 32
JIOTIOMOTOF0 ITOOY0BAHOTO PIBHSHHS TAKOTO BUIVISIY:
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Yr =0,5013+0,9775*E, —0,01547* E,, +0,02786 * E,, (1)

ne Y- piBeHs onepariitHoro npubyTKy;

E\ — PeHTa0enbHICTh MaTepialbHUX BUTPAT ONepaliiHoi AisnbHOCTI, TpH/1 IpH;

E p; — peHTA0CNbHICTD BUTPAT HA OIUIATy Iparli, rpH/1 TpH;

Eoo — PEHTa0EIbHICTE BUTPAT HA aMOPTH3AIIiI0 (BUTPAT OCHOBHHUX BUPOOGHIUHX (QOH/IIB 3 ONEpaNiiHOl isTh-
HOCTI).

OrmiHKa TOCTOBIPHOCTI €KOHOMIKO-MaTeMaTUYHOI MOfei 3A1HCHIOEThCS IIISIXOM PO3paxyHKy ii AKiCHHX
napameTpiB: koedilienty aerepminanii R?, skuii nopisuioe 0,9, kpurepiis dimepa (mpu oMy F-criocTepexy-
BaHe fopiBHIOE 54,9; F-xputuune —4,76) 1 [lap6ina- Yorcona (d-cnoctepexyBaHe Mae 3HaueHHs — 0,9), Buripanie-
HOT BUOipKOBOT aucmepcii (S7) i BUIIPaBIeHOro CTAaHIAPTHOTO BinxuiaeHHs (S), Benuuuna sskux cranosuia — 0,00.
3HavueHH Koe]ilieHTa qeTepMiHallil CBIAUYUTE PO Te, o JaHa Monenb Ha 90% xapakrepusye GyHKIIOHATBHY
3aJICKHICTb JOCIIIKYBaHUX ITOKa3HUKIB, a F-CIIocTepeKyBaHe MiATBEPKY€E CTATUCTHYHY 3HAYUMICTh I[bOTO KO-
¢imieHTa, OCKUIBKN Ma€ 3HAYCHHS OiTbIIe, HiXK F-KpUTHYHE. biu3bka 10 Hy/s BEIMYMHA CTAaHAAPTHOT ITOMUIIKA
(8%, S) BuU3HAYa€ TOYHICTH HABEACHUX OIIHOK PiBHAHHS. CTaTHCTHUYHA HE3aJC)KHICTh BiAXHMICHH BCTAHOBIIIO-
€TBHCSI HA OCHOBI PO3MOJLTY KPUTUIHHUX TOYOK KpuTepito [lapOina-YorcoHa, 3a SKMM HIDKHE 3HAYCHHS Koedi-
mieHTa aprokopesnii (d,) nopiBaroe 0,61, BepxHe (dy) — 2,6. TakuM YUHOM, 3HAYCHHSA d—CHOCTepe)KyBaHOFO
3HAXOMUTBLCS Y TAKUX MEKAX! 0,61 <0,9 <2,6. OTxe, aBTOKOpETALIS BiICyTHS, po3po6neHa dhopmyna € SKiCHOIO
1 BU3HAUa€ KiNbKICHUN BIUIMB IOTOYHUX BUTPAT BUPOOHUIITBA (€JIEMEHTIB ONepaliifHUX BUTPAT) Ha MpUOyT-
KOBICTh MiANPHEMCTB TOTeIbHO-pecTopaHHoro 6izHecy JlHinmpomnerpoBchkoi obnacti. Kpim Toro, mpoeneHo
JOCIHIIKEHHSI B3a€EMOJIi MOKa3HUKIB €(PEKTUBHOCTI BUPOOHHUIITBA 3 ypaxyBaHHAM (akToOpy MPOIYyKTUBHOCTI
Tpalli 3a TOTIOMOTO0 HACTYITHOI MOJIEi:

Y12 =0,5095+0,07026 * E,, +0,06458* E,,, +0,0296* E,,,, —0,00326 *E )

ne Yoo PIBEHB OIepamiiHOrO MPHOYTKY;

Ey — peHTabeNbHICTh MaTepialbHUX BUTPAT OMepalifiHol JisabHOCT, TpH./1 TPH.;

E s — peHTabeNbHICTh BUTPAT HA OIUIATY Mpari, rpH./1 TpH.;

Eos — PEHTa0EIBHICTS BUTPAT HAa aMOPTH3AILi0 (BUTPAT OCHOBHUX BUPOOHMYHMX (DOHIIB 3 OTEpaLiiHOT JTislIb-
HOCTI).

E 1171 — IPOAYKTHBHICTH TIpalli.

AneKBaTHICTh TMOOYI0BAaHOI MOAENI MiATBEPIKYETHCS PO3PAXOBAHUMHM IapaMeTpaMM OLIHKH ii SIKOCTi,
AKi popieHiOOTH: R’ = 0,96; F,,,,, = 144; F,, = 4,53, to610 F,,,., > F,; & = 0,00; § = 0,00; 4,,,., = 0,72,
(0,61 < 0,72 < 2,6). OTxe, piBHSHHS (2), 110 B MaTeMaTHuHii (GopMi 3 gocToBipHICTIO 96% omucye 0coOIMBOCTI
B3aeMofii (hakTopiB BUPOOHMIITBA Ta iX BIUIMB Ha PE3YJIbTATUBHUI MOKAa3HUK €(EKTUBHOCTI AISIIBHOCTI Cy0’€KTIB
rOCIOJapIOBaHHS, MOXE 3aCTOCOBYBATHCS JUIA MOAAJBIIONO aHATi3Y.

TakuM 4MHOM, CTBOPEHI Y XOi aHAITI3y €KOHOMIKO-MaTeMaTH4Hi MOeNi €)eKTUBHOCTI ITOKa3HUKIB BHPOOHHU-
901 JisUIPHOCTI MiATIPUEMCTB TOTEIBHO-PECTOPAHHOL C(epH, CITYyKATh MIATPYHTIM UL BU3HAYCHHSI 3aKOHOMIPHOC-
Tel X KUTBKICHOTO B3a€EMOBIUIHBY, a TAKOX JIJISl PO3PaxXyHKY BIIMOBIIHUX OIIHIOBAIBHHUX KOe(DIilli€HTIB, IO HAIa-
FOTh 3MOT'Y aHAJTI3yBaTH Ta OILIHIOBATH PE3EPBU PO3BUTKY PECYPCHUX MOTEHITIAIIB, BCTAHOBIIOBATH CHITY i CTYIICHD
BILIHBY JIOCII/DKYBaHHUX (DaKkTOpiB (BUTpAT pecypciB) Ha MigBUIIECHHS e(EeKTUBHOCTI (DYHKIIIOHYBaHHS Ta PO3BUTOK
BHPOOHUYOTO TIOTSHINATY MiAMPHUEMCTB TOTEIBHO-PECTOPaHHOT chepu.

OriHIOBaNbHI MPUBATHI KOE(IMI€HTH €TaCTHYHOCTI KOXKHOTO (PaKTOPHOTO MapamMeTpy BUTPAT B €KOHOMIKO-
MaTeMaTHYHIH MOJIeNi XapaKTepu3yI0Th BiZICOTKOBY 3MiHY piBHS OnepariiiHoro npuOyTKy BHACTIOK 3MiHH 00CATY
KOHKPETHOTO BUY BUTPAT 1 PO3PAXOBYIOTECS 32 (hOPMYIIOIO:

E
H, =b=, 3
T 3)

ne Hy — xoedilieHTH enacTHYHOCTI i-ro (haKkTopy;
b;_xoediwieHT i-ro PaKTOPHOTO MapaMeTpy;

[i — CepeHA BeIMYMHA i-T0 (DaKTOPHOTO IMapameTpy;
Y, — cepenHs BeIWIHHA PiBHS MPUOYTKY.
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[ BU3HAUEHHS HASBHUX PE3€PBIB PO3BUTKY MOTEHITIATY OKPEMOTO BUY PECYPCY, 1110 BUTPAYA€ETHCS B MPO-
neci BUpOOHUIITBA MPOAYKILIi (MOCIYT), OOUMCITIOETHCS BiANOBIMHUI KoedimieHT (Ag;) HUISIXOM MHOXEHHS MpH-
BaTHOTO KoedillieHTa enacTuYHOCTi (Hy;) Ha piBeHb MMUTOMOI Barn OKpEeMoro rnapaMeTpa MOTOYHUX BUTpPAT Yy iXHii
3arajibHil CyKymHOCTI (TOOTO Ha CTyIeHb Jii (paKkTopy Ha pe3yJasTaT onepaliifiHoil AisIbHOCTI) (O4):

7\‘Ei = HEi * 651‘ > “4)

e Ay — KoedillieHT pe3epBiB pO3BUTKY NOTEHLIAY i-TO BULY PECYPCY;
H; — koedilieHTH eTacTHYHOCTI i-T0 (haKTopy;
Op; — MIMTOMA Bara OKpeMoro (pakTOpPHOTO MmapaMeTpy (BUAY IIOTOYHUX BUTPAT) B iX 3arajibHild CYKYITHOCTI.

[Tutoma Bara dakropy (d,;) MOKa3ye, Ha CKIJIbKU BiZICOTKIB BapiaOebHICTh Pe3yJIbTATUBHOT O3HAKU TOSICHIO-
€TBCS Bapiali€eio i-ro pakTOPHOTO mapamerpa (plBHH peHTa0eNBEHOCTI BUTPAT IIEBHOTO pecypey) €KOHOMiKO-Mare-
MaTHYHOI MOJIeTIi Ta OOYHMCITIOETHCS MIISIXOM JIUICHHSI TPUBATHOTO Koe(illieHTy neTepMiHaiiii i-ro gakropy (d;,) Ha
koedirient aerepminanii(R?) moGyIOBaHOTO PiBHIHHSL:

d..
_ Ei
6E1 - Rz > (5 )
1€ 05 — KOe(illi€HT YaCTKH BHECKY i-T0 (hakTOpy B iX arperoBany Iiio;
dy; — IpuBaTHUN KoedilieHT AeTepMinalii i-ro (akropy;
R’ — xoedinieHT gerepminaii JIiHIHHOT EKOHOMIKO-MaTeMaTHYHOI MOJIET.

CKIamoBUM €JIEMEHTOM IPHBATHOTO Koe(illieHTa AeTepMiHaIli (dg,) € napHHﬁ Koe(illieHT Kopemsmii Mix
PE3Y/ILTATHBHOIO Ta i-10 (aKTOPHOIO 03HAKOIO ( 7y, ), IO XapaKTEPHU3Ye MPAMY Jil0 i-r0 HE3aleKHOTO napamerpy
piBnsinms ( £ ) Ha 3a1eKHUI (pe3y/IbTaTUBHNIT) IOKa3HUK PUOYTKY (Hy;) 0€3 ypaxyBaHHs BILTHBY iHIIMX 3MiHHHX.

Po3paxoBaHi 3a JONOMOTOIO 3alTPOMTOHOBAHHUX KOS(DIIli€HTIB OIIHIOBAIBHI MMApaMeTPH B3aEMOBIUIHBY €KOHO-
MIYHHX TTOKa3HUKIB MOOYIOBaHOT €KOHOMiKO-MaTeMaTHaHoi Mozieni (1) HaBeneHi B Tabm. 1 [9].

Ta6mui 1
OuniHoBaIbHA XapaKTePHCTHKA pe3epBiB PO3BUTKY NOKA3HHUKIB e)eKTHBHOCTi BUPOOHUIITBA
HA MNPUEMCTBAX IoTeJbHO-pecTOpaHHol cepu JHinponeTpoBchkoi odaacTi

No E . . Iloka3HuKHU OLiHKYU BILIMBY (paKkTOpiB
- KOHOM”,HI HOK%,H“"KF_[ nfoue.m . HA pe3yJIbTaT AislJIbHOCTI Ta pe3epBH iX PO3BUTKY
3/m e(eKTUBHOCTI onepamniiiHoi TisabHOCTI
Fyg, dE; 6E; H E; ;"E;
1 |PiBeHb e(eKTHBHOCTI MaTepialbHUX BUTPAT 0,772 6,653 7,381 2,875 21,215
2 | PiBeHb e(eKTHBHOCTI BUTpAT HA OILIATY IpaIli —0,462 0,039 0,0437 -0,063 0,003
3 | PiBens edexruBHOCTI BUTpaT OB®D 0,351 0,197 0,2184 0,306 0,067
4 | PiBeHb npuOyTKY IiJIPHEMCTB Y_'l =1,06649

Jicepeno: pospobneno agmopom

JlocnipkeHHsT Ha TIICTaBl OMIHHOI XapaKTePUCTHKH PE3ePBiB PO3BUTKY MOKA3HHUKIB €()EKTHBHOCTI BHPOO-
HUITBA Ha MIAMPHEMCTBAX TOTEIbHO-pecTopaHHol chepu JHImponeTpoBchkoi 00MACTi BUSABWIM, IO HAKOUTBIIN
pe3epBU PO3BUTKY B 3a0e3MeUeHH] 3pOCTaHHS €(EKTHBHOCTI pOoOOTH MiANPHEMCTBA, 3aKIaAeH] y (akTopi peH-
TabeIbHOCTI MaTepialbHUX BUTPAT, PO IO CBITYNUTH NMPHBATHUH KoedilieHT AeTepMiHamii, 3 BEIHYUHOIO 6,65,
JPYTHUM, ajie 3HaYHO MEHIIUM 32 3Ha4eHHsIM aaHoro koedimienra (0,197), € mokasnuk edexkruBHoCcTi BuTpar OBO.
Kpim Toro, posanOBam KOe(II[iEHTH CTyNEHS BHECKY (PAKTOPY O, JO3BOIMIM BCTAHOBUTH, L0 PO3BUTOK (PAKTOPY
MarepialbHUX BUTPAT i 3POCTaHHs HOro edexrusHOCTI (IpH 3, = 7,381), MOXKE BHECTH ICTOTHUM BHECOK JO
3GiIBIICHHS IPHOYTKY MiAIPHEMCTB FOTE/IbHO-PECTOPAHHHX TIOCIYT.

3a iHIIUMY, BKa3aHUM B TaOnuIli 1 mapameTpamMH OLIHKKA MOIENTi €(EeKTHUBHOCTI BUPOOHHUIITBA, HAHOUIBIII
BHCOKI XapaKTEPUCTHKH TAKOXK MA€ TIOKa3HUK MaTepialbHIX BUTPAT. [psivmii IHIUBIAYaTBHAH 1 OTIOCEPEIKOBAHUIMA
BILTHB IbOT0 ()akTOpy Ha epeKTHBHICTH, BUPpOOHUIITBA cKkiamae: 0,772 1 6,653, ToOTO reg, =0,772; d =6,653.
JlpyruM 3a 3HAYCHHSAM MPSIMOTO MPUBATHOTO BILIUBY € Koeq)luleHT Q)aKTopy BHTPAT HA OTLIATY Tparti (rYE =0, 462 ),
SIKMH Ha BiAMIHY BiJl XapaKTEPUCTUKU CBOTO BIUTUBY B 3aralibHill CYKYITHOCTI (pakTopiB, Mae TO3MTHBHE 3HAUCHHSI.

[TiaTBepMKYyIOTh MEPIIOPSAAHICT, 3HAYCHHS B 3a0C3ICUCHHI PE3CpPBIB PO3BUTKY PECYpCHOTO MOTEHITiaI
Ta CTIHKOTO €KOHOMIYHOTO 3pOCTaHHS BHINE BKa3aHOTO (PaKTOpy KOe(iIlieHTH €KOHOMIYHOTO 3pOCTaHHS (H £, j,
1 pe3epBiB pO3BUTKY (A ), KI 10Ka3yIOTh, 1110 3DOCTAHHSI PIBHS NPUOYTKY MiANPHEMCTB B OLIBLLIH MIpi 3aJ1€XKUTh
BiZl 3MiHM PEeHTa0CNBHOCTI MaTepiaJbHUX BUTPAT, OCKIIBKH 301IBIIEHHS I[HOI0 EKOHOMIYHOTO MOKa3HUKa Ha 1%
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CIIpHsI€ 3pOCTaHHIO MPUOYTKOBOCTI Ha 2,88%, a 3 ypaXyBaHHSM CTYIEHS HOTO BHECKY B CyMapHHH BIUIMB (pakTo-
piB — Ha 21,22%. IlinBumenHs edpexTuBHOCTI BUKOpUcTaHHS OB® Ha 1%, 103BONNTH 301MBIIMTH NPUOYTOK HA
0,31% 1 0,01% (3 ypaxyBaHHSM YacTKH BKJIaay MOKAa3HUKA B IHTETpOBaHy [ito (akTopis) [8].

YV xoni TOCHiPKEHHS TPOBE/IeHa OIIHKA 3aJIEKHOCTI B3aEMOBIUIMBY CYKYNHUX (hakTopiB e(heKTHOCTI 3 ypa-
XyBaHHIM TOKa3HHUKA MMPOXYKTUBHOCTI Mparii. Moaesb Omucye XapakTep B3a€MO3B’SI3KiB Ta KUTbKICHE CITIBBIIHO-
IICHHS IMOKAa3HHUKIB e()eKTHBHOCTI BUTPAT U MiATBEPIKYE OCHOBHHUI TPEH PO3BUTKY IiIIPHUEMCTB TOTEIHHO-PEC-
TopaHHO1 cdepr JIHIMPONEeTPOBChKOI obnacTi. Llg Momens miaKpecitoe, Mo MiABUINESHHS MPOAYKTUBHOCTI Ipaili
Ta 30UIBIICHHS €(PEeKTUBHOCTI BUKOPUCTAHHS pecypciB mpari Ha 1% crpuse 3pocTaHHIO 00csTiB NpHOYTKYy Ha
0,533% 10,291%, BinmoBixHO, a MiIBUIICHHS ¢(PEKTUBHOCTI BUKOPUCTAHHS MarepianbHuX pecypciB i OB®D na 1%,
BILTMBAE Ha 30inbineHHs npubdyTkoBocTi Ha 0,506% Tta 0,487%, BinnosigHo (Tadi. 2) [9].

Tabmuns 2
OuiHoBajlbHA XapaKTePUCTUKA pe3epBiB PO3BUTKY MOKA3HUKIB e)eKTHBHOCTI
BHPOOHMITBA 3 ypaxyBaHHAM (aKkToOpy NPOAYKTHBHOCTI NMpaui HAa miAnmpueMcTBax
rorejibHO-pecTopaHHoi cepu [HinponeTpoBchKoi 0dJ1acTi

No EXOHOMISHI MOK A3HIKH MOTeT Hoxamm.m O].liHKIil BILIUBY (l)a]fTOpiB Ha pe3yJabTar
. e e . isUILHOCTI TA pe3epBH iX PO3BUTKY
3/m e(ekTHBHOCTI onmepaniiiHoi TislILHOCTI
Iyg, dg, O, Hy, A,

1 |PiBeHB epeKTHBHOCTI MaTepiabHUX BUTPAT 0,772 0,391 0,4067 0,207 0,084
2 | PiBeHb e()eKTHBHOCTI BUTpAT HA OILIATY MpAIli -0,462 0,1342 0,1397 0,263 0,037
3 | PiBens edexruBHOCTI BUTpaT OB®D 0,531 0,171 0,1778 0,325 0,058
4 | PiBeHb NPOMYKTUBHOCTI TIpaIli 0,67 0,3573 0,3722 0,272 0,101
5 | PiBeHb pUOYTKY MiAIPHEMCTB Y_‘l =1,06649

Locepeno: pospobneno agmopom

Kpim TOTO0, BCTaHOBIICHO, IO HAHOIIBININN IPSIMUKN 1 OTIOCEPEIKOBaHUI BIUIMB Ha 3pOCTaHHS €(DeKTHBHOCTI
Pe3yJIBTaTiB JisMbHOCTI TAKOX HA/IAIOTH IOKA3HUKH MaTepianbHuX BUTpAT ( 7y, =0,772; d; =0,391) i npomyxk-

TUBHOCTI miparti ( 7y, =0,67; d, ~=0,357). Bouu 5 MatoTh GiIbII BUCOKi 3HAYEHHS YACTKH BHECKY y CYKYIHHUI
BIUTUB (haKTOpiB (8 g, =0,407;8, = 0,372) 1 KoeiLi€HTIB, [0 XapaKTEPU3YIOTh PE3EPBU PO3BUTKY PECYPCHOTO
noreHmiany (A, =0,084%, =0,101). A orpuMaHe 3Ha4eHHs KOC(ILIEHTY EIACTHYHOCTI abO CKOHOMIYHOTO

3poctanHs H, , AeMOHCTpye HaWOINbIIMI piBEHb MiIBUIIEHHSA NPUOYTKY MIANPUEMCTB 332 PaxXyHOK YJIOCKOHa-
JICHHSI OCHOBHHX BHpO6HI/I‘{I/IX ¢doHmiB, ToOTO 3pocranHs edexkTrBHOCTI BuTpar OB® Ha 1%, CTBOpIOE YMOBH IS
30inbmenHs mpuOyTKy Ha 0,325%.

TakyM YHHOM, BCTAHOBJICHHS CTYIICHS KIJTbKICHOTO JU(EPEHITIHOBAHOTO Ta IHTErPOBAHOTO BIUTMBY TTOTOYHUX
BHUTpAT Ha 3pOCTaHHS €()EKTHBHOCTI BUPOOHHIITBA 3a JIOTIOMOTOI0 OOUUCIIEHUX KOe(Dilli€HTIB, JO3BOJISE TUIAHYBATH
00CSTH BUKOPHCTOBYBAHUX PECypCiB (CyMy EBHHUX BHU/IiB IOTOYHUX BUTPAT) 33711 TOCSTHEHHS 3aJJaHUX PE3yIIbTa-
TiB ONepaniifHOl TisUTBHOCTI, BIICOTKOBY 3MiHY MOKA3HHUKIB €()eKTMBHOCTI Ta EKOHOMIYHOTO 3POCTAaHHS Cy0’€KTiB
TOCIIOJIapIOBaHHS, a, OTKE, YNIPABIIATH CTAIUM PO3BUTKOM IiANPUEMCTB TOTEIBLHO-PECTOPAHHOT Cepu.

BucHoBkM 3 10C/IiIKeHH i NepCcneKTUBH NMOJAJIbIIUX PO3BIAOK Yy HbOMY Hanpsimi. OTprMaHHI AKiCHI
XapaKTePUCTHKH JOCIIIKYBaHUX IMPOLECIB 3a JOMOMOTOI0 3alIPONIOHOBAHUX €KOHOMIKO-MaTeMaTHYHUX MOjeJei
1 koe(ilieHTIB CBigUaTh MPO TE, IO BEIBMH BAXIUBHM (AKTOPOM B IpoOIeci BUPOOHHUIITBA i 06cnyFOByBaHH${
y cepi roTeTbHO-PECTOPAHHOTO Oi3HECY, SIKHI 3HATHOIO MipOIO BILTHBAE HA pesysibTaru (bYHKITIOHYBaHHS cy6 €KTIB
TOCTIONAPIOBAHH, € TIEPCOHAT (J'I}OZ[CLKI pecypcn) A 3POCTaHHs MPONYKTHBHOCTI Ipatli, 6e3rmocepeIHpo OB’ I3aH0
3 00CATOM CHOKHBAHHS MaTCplaJIBHI/IX pecypciB, IX SKIiCTIO Ta e(peKTHBchT}o BUKOpHCTaHHSA. OCKIJIBKH BHCOKA
SKIiCTh Ta €PEKTUBHICTH MPaIli Y TOTEIHLHO-PECTOPaHHIH chepi 3HATHOIO MipoIo 3a0e3MeTyETHCS HAsIBHICTIO PO3BH-
HEHOI MaTepialbHO-TEXHIYHOI 0a3H, cydacHUX 3aco0iB Ta MPEeAMETIB Mpalli, Mo i MiATBEPIAKYETHCS CTBOPEHUMHU
€KOHOMIKO-MaTeMaTUYHHMHU MOZEIISIMH, 10 OMUCYIOTh 3aKOHOMIPHICTh B3a€MO3B’SI3KY ITUX MPOIIECIB.

IIpoBenenuit aHasi3 MOTOYHUX BUTPAT BUPOOHHUUOI JiSUIBHOCTI MIANIPUEMCTB TOTEIBHO-PECTOPAHHOI chepu
[UIIXOM €KOHOMIKO-MaTeMaTHYHOTO MOJISTIOBAHHSA Ta PO3PaXyHKY Ha iX OCHOBI OIIIHIOBAJILHUX KOE(IIiEHTIB Ha A€
MOXKJIMBICTh YNPABIISATH PECYPCHUM MOTEHIIAIOM, 3HHKYBAaTH ITOTOYHI BUTPATH 1 3011b1IIyBaTH NMPUOYTOK 3aBASKH
HAMOLIBII PaIlioHATBHOTO Ta €(PEKTUBHOTO BUKOPUCTAHHS PECYPCIB, OTHKE, JO3BOISIE YIPABISATH CTAJIM CKOHOMIY-
HUM PO3BUTKOM CYO’€KTIiB TOCIIOAAPIOBAHHS HA HAYKOBOMY IIIIPYHTI. 3alpOITIOHOBAHI ITiIXOAU CTBOPIOIOTH YMOBH
JUTSL TIPOBEACHHSI MOMANBINNX JOCIHIIKCHb Y HaNpsIMKy (OpPMYBaHHS MOJETI CTAJIOTO EKOHOMIYHOTO PO3BUTKY
TOCTIONAPIOIOYNX OAWHUIIb, & TAKOXK CHCTEMH LUTHOBOTO YIIPABIIHHS MU IIPOIIECAMHU.
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STRUCTURAL IMPROVEMENT OF THE WHEEL DRIVE OF A MILITARY VEHICLE

The movement of the car is carried out due to the loading of the wheel driver by forces: gravitational force and tangential
force of traction, which sometimes leads to a delay in the movement of the rotation of the tire during its deformation, as well as
to the incomplete realization of the power created by the engine and which is transmitted to the wheel driver. The article exam-
ines the questions and presents elements of the theory of a military vehicle with a structural improvement of the wheel drive of a
military vehicle, as well as theorems on the change in kinetic energy of such a wheel drive.

The technological diagram of the developed and improved design of the wheel drive allows the process of transferring
the motion of the car to be carried out at the expense of the kinematically connected with it movable additional wheel, the trans-
formation of the energy supplied to the wheel drive into the controlled relative to the center of its hub and with the addition of
the traction force of the car with the transfer force, which is an auxiliary factor to the innovative technology of its movement.

The scientific and practical direction of the work consists in the fact that for the first time the technology is considered in
which the law of change of mechanical energy is applied during the rotation of the wheel drive on the road by using the wheel
drive with an additional wheel kinematically connected to it.

The research methodology was to establish a mathematical relationship between the speed of the cyclic movement of the additional
wheel, which is associated with the center of the car wheel hub, and this allows to increase the dynamic mobility of the car directly.

The result of the study is the development of elements of the theory of a military vehicle with a new design of a wheel drive with an
additional wheel kinematically connected to it, which allows to increase the dynamic mobility of the vehicle directly.

The value of the conducted research, the results of the conducted work will allow to make a contribution to the automotive industry.

The proposed model of a car with a new design of a wheel drive with an additional wheel kinematically associated with it
is suitable for use in order to effectively implement engine power and convert it into traction force on the wheel.

Key words: physical-mathematical model, force, wheel drive with an additional wheel kinematically associated with it,
wheel, gravitational and tangential force, moment of inertia, kinetic energy.

IHempos JI. M., Kiwanyc 1. B., Ilempux FO. M., Hikimuun B. A., lllenyxin C. B. Koncmpykuyiiine yoockoHanenus
KONICHO20 pywiia 8iliCbK08020 agmomodina

Pyx asmomobina 30iicHoembcs 3a608KU HABAHMANCEHHIO KOTICHO20 PYWis CUTAMU. 2PAGIMAYILIHOW CULOK Md 0OMmuY-
HOO CUL010 M2, U0 THOOT nPUBOOUNts 00 3AMPUMKU PYXY 00epPMAaHHs wiuHy npu i degopmayii, a maxodic He HOGHOW peanizayii
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NOMYICHOCTI, AKY CIBOPIOE OBULYH i KA Nepedacmvcs Ha KOricHUU pywii. B cmammi posensanymi numanHs ma npugeoenHi
enemMenmu meopii 8ilicbko8020 asmomodina 3 KOHCMPYKYIIHUM YOOCKOHATIEHHAM KOMICHO20 PYWlis 6IliCbK068020 agmomo0ins,
a maKodc meopemu npo 3IMiHy KIHeMUYHoi eHepeii maxKoeo KOAICHO20 Pyulis.

Texnonoziuna cxema po3pobienoi yOOCKOHANeHOT KOHCMPYKYIT KOLICHO20 pYulis 0036015€ npoyec nepeoavi pyxy
asmomobinio 30iicHI08amMU 30 PAXYHOK KIHEMAMUYHO-NO08 A3AHO020 3 HUM PYXIUB020 000AMK08020 KONecd, Nepemeopenis
enepeii niosedenoi 0o KonicHo20 pyulis 8 Kepo8aHuil BIOHOCHO 0CePeOKoM 11020 MAMOYUHYU MA 3i CKIAOAHHAM MA208020
3YCUNLIA A8MOMODINSL 3 NEPEHOCHOI0 CUNOI, AKA € OONOMINCHUM (Pakmopom 00 THHOBAYIHOT mexHoNo2il 11020 nepemi-
WeHHS.

Hayxosuii ma npaxmuuHuii Hanpsam pobomu noiseac 6 Momy, Wo enepuie po3enAHyma mexHono2is 6 AKiu npu 0bepmanni
KOIICHO20 PYulisi N0 00PO3i 3dCMOCOBAHO 3AKOH 3MIHU MEXAHIYHOT eHep2ii UTIAXOM 3ACIMOCYBAHHS KOTICHO20 PYIMIs 3 KiHeMamuy-
HO-N08 A3AHUM 3 HUM 000AMKOBUM KOTLECOM.

Memodonocieio 0ociodncerHs ANANOCA BCIAHOBUMU MAMEMAMUYHUL 368 A30K MIJC WEUOKICMIO YUKTIYHO20 nepeMi-
WeHHs 000amK08020 Konecd, sIKy N08 A3aHO 3 0CepedKoM MAMOYUHY ABMOMODLIbHOO0 Kolecd, a ye 003601A€ NIOGUIUMY OUHA-
MIUHY pYXIUBicmb 6€3n0CepeoHb0 a8moMobiIA.

Pesynvmamom docniodicenns € po3podka enemenmie meopii 8illcbKog02o asmomooiist 3 HOB0K KOHCIPYKYIEIO KOTICHO20 pyutis
3 KIHEMAMUYHO-N08 S3AHUM 3 HUM O00ANTKOBUM KOTECOM W0 00360751€ NIOGUUUMU OUHAMINHY DYXTUGICHIbL Oe3n0Cepeobo agmomMooLIs.

Linnicmy nposedenoeo 00cnioxicenHsl, pe3yivmami npogedeHoi podomu 003601Mb 3p00UMU 6HECOK 8 2ATY3b ABMOMODITBHO0
BUPOOHUYMEA.

3anpononosana modenb agmomo0ins 3 HOBOIO KOHCMPYKYIEIO KOMICHO20 PYWisi 3 KIHEMAMUUHO-N08 SI3AHUM 3 HUM 000am-
KOBUM KONeCOM NpUOamua Onsl GUKOPUCIAHHS 3 MENOI0 e(eKmusHoi peanizayii nomysicHocmi 08USyHA 3 nepemeopentam il
6 MA206€ 3YCUILIA HA KOTECI.

KitrouoBi ciioBa: ¢hizuko-mamemamuuna Mooenb, Cuid, KOMICHUU pyulill 3 KIHeMAmuuHo-no8 S3anuM 3 Hum 000aAmKOBUM
KOLeCOM, KOJIeco, 2pasimayiiina ma 0OMmuyHa Cuid, MOMeHm iHepyii, KiIHemuyHa enepeis.

Formulation of the problem. The kinetic energy of the car’s gradual movement can be an indicator of its
energy level. When the technical condition of the car deteriorates, greater (than for a technically sound condition)
engine energy consumption is required to maintain the given level of kinetic energy of the gradual movement
of the car. At a fixed speed, the car’s speed fluctuates relative to its average value. Fluctuations and levels of kinetic
energy resulting in additional engine energy consumption.

Highlighting previously unresolved parts of the overall problem. The level of kinetic energy of the car’s
gradual movement can be an indicator of the car’s energy load. Previously conducted studies between kinetic energy
and additional energy consumption during car movement show the existence of a relationship between them.

Setting objectives. It is necessary to solve the problem of choosing and substantiating indicators that affect
the implementation of energy indicators of the technical capabilities of the car.

Presentation of the main research material

We consider a system with the design of a wheel drive with an additional wheel kinematically connected to it,
as a system with two degrees of freedom, (fig. 1).

Fig. 1. A system with a wheel drive design with an additional wheel kinematically connected to it:
1 — an additional wheel, 2 — a wheel drive
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Coordinate axes are tied directly to the wheel drive with an additional wheel kinematically connected to it. We

choose the abscissa as the generalized coordinates
X of point C and the angle ¢ of deviation of point K, which is located on the flexible element, from its initial

state. In accordance with this, two Lagrange equations are formed for a system of a wheel drive with an additional

wheel kinematically connected to it [3, p. 99-103].
Bridge beam attachment of a wheel drive with a kinematically associated additional wheel to a military

vehicle is shown in (fig. 2). [2, p. 25].
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Fig. 2. General view of a military vehicle with an additional wheel kinematically associated with it

The attachment to the wheel hub by the kinematically-related additional wheel wheel to the military vehicle
is shown in (fig. 3).
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Fig. 3. A military vehicle with an additional wheel kinematically associated with it

In figure 4 shown separately by a kinematically-related additional wheel drive, which has a mechanical
connection with the beam of the driving bridge.

To solve the problem of the movement of a military vehicle with an additional wheel kinematically associated
with it, consider the physical and mathematical model of this vehicle in (Fig. 5), which is closely related to the system
with an additional wheel kinematically associated with it, (Fig. 1).

A system with two degrees of freedom is considered. As generalized coordinates, we will choose the abscissa x
of the point C of the wheel drive and the angle ¢ of the deviation of the SC rod from the vertical position.
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Fig. 4. A separately by a kinematically-related additional wheel wheel drive, which has a mechanical connection
with the beam of the driving bridge

AL

Fig. 5. A physical model of a kinematically linked wheel drive.

For the selected system, we will add two Lagrange equations:

d(or) or
— — .—= 1
dt(@fcj ox O )
d(or\ or
a[%j‘%—% @

We denote the total mass of the wheels of wheeled vehicle 1 by m,, and the mass of wheel 2 with a center
at point K by m,,

Let’s find the kinetic energy T of the formed system:

— kinetic energy T, of the wheels of the wheel drive 1;

— kinetic energy 7, of wheel 2;

2

mV?: ®

L=—"S+1— 3)
m)V;} ®’

L=y @

where

V. and Vi speeds of points C and K;

o, — angular speed of the wheels of the wheel drive 1;

, — angular speed of wheel 2;

1 is the moment of inertia of the wheels of wheel drive 1 relative to the axis of rotation that passes through
point C;

I is the moment of inertia of wheel 2 relative to the axis of rotation that passes through point K.
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So,

T=T+T, = 5
b 2 2 2 ©
We mean

mR m,r’

v=x;v, =x; ¥ =""12;,Y =—2—;
c k c 2 k 2 (6)
mlzv—czﬁ; (’OZZVK:i; (7)

R R r

R is the radius of the wheels of wheeled vehicle 1;

7 is the radius of wheel 2.

Let’s represent the speed of point K through generalized coordinates

To determine the speed of movement of point K, we determine its Cartesian coordinates Xy and ¥, through
the selected generalized coordinates:

X, = X+Lsing ®)
Y.=L-Lcoso )

The derivative of these formulas
X, =x+1cosop; Y, =—Isinop. (10)

So,

V=X, +Y; z()'c+lcos¢;p-('p)2+lzsin(p-(p2 =x" +2x-lcosp+1*-cos’ @-¢° +[*sin*@-p* =

=x"+2x-lcos@-p+1° -(p2(cosz(p+sin2(p)=)'c2+l2 *+2X-1-cosQ- ¢ (11)

Let’s substitute the expressions of the components included in the equation for kinetic energy [2, p. 196].

mx® 1 x* m 1 x’
T=-""t—mR — (X" +1-¢" +2x-1cosQ-{)+—m,r’ —=
2 20 2R 2( ? 0:9) 277 2
13 3 P 2 A
_E[(EmlJrEmzjx +m21(1(p +2x<pcos<p)} (12)

Let’s calculate the generalized force, the time derivative of the kinetic energy:
For the generalized coordinate x:

x,=0; x,=0;

@ =0; ¢ =0. (13)
For the generalized coordinate ¢:
oT
—=m,l(lp+xcosp); (14)
" (7o ®)
d|(oT L .. 15
—| — =m,I(lp+Xcos@—xsinQ); (15)
dt(a('pj (16 ¢ ?)
a—T=17121)'cq)-sin(p (16)
¢
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The generalized forces O, and Q,, with respect to the generalized coordinates, are found using the following
formulas:

— forces P,X and P,X are perpendicular to all, and therefore P, X = P,X = 0.

— forces P, and P, are parallel to the y axis, and therefore P,y and P,; P,y and P,.

Coordinates Y. = 0, since the force P, is applied at point C.

Coordinates: Y4 =1 - cos o.

Then the generalized forces O, and O, will be tied to the formulas:

oY, oY,
=P—<4+P—£=0. 17
Qx 1 ax 2 ax ( )
oY, oY,
Q(p=P16—(;+P28—(;=—lesin(p=—m2glsin(p (18)

At the same time, taking into account that the wheel drive of a car with a movable wheel relative to the cell K
is under the influence of weight forces P, and P,, which exist as a force function for the car, then the force function
for these forces will be written in the form:

L=PY +PY =P Lcos¢ 19)
so,
L L . .
Qx 28_; Q(p :8—=—PZI s1n(p=—m2g181n(p. (20)
ox op
Lagrange’s equations take the form:
3 3 . o .
§m1+5m2 x+m2((pc05(p—(p sm(p)=0 (21)
lp+xcos@-gsine=0. (22)

We will take into account that the cell K of the moving wheel deviates from the cell t. C of the wheel drive
of the car, and therefore Lagrange’s equations take the form:

3 3
(Eml+5m2jx+mé(p20, (23)
x+lp+gep=0. (24)

From the first equation, we select the generalized coordinate:

/
m
X=c——"2__ . 25
3 3 ° (25)
—m, +—=m,
2 2
Having integrated this equation, we get
m,
X=- 3 o+C, (26)
5 m, + 5 m,

The second integration makes this equation look like this;

i
X:—%+Clt+c2 (27)

Em, +5m2
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The function of the generalized coordinate ¢ is the most decisive in creating (giving) dynamism and power to
the wheel drive. To determine this function from Eqs into formula (24) and formula (25):

m,l
I — 2 3¢ +1g+ g =0. (28)
—m, +—m,
2 2
or
3 3 3
Emll(p+(§ml+5mng(p:0 (29)
finally:
¢+[1+&J§¢:o. (30)
m, )1
let’s enter the notation:
LN (31)
m, )1
Then the equation into formula (30) takes the form
d+n’p=0. (32)
The general solution of this equation will have the form:
¢ =C,cosnt+C,sinnt (33)
Derivative 3 of this equation has the form:
!
X=C +C, - 3 ™ (C, cosnt + C,sinnt) (34)
—m, +—m,
2 2

The obtained equations, which are tied to the generalized coordinates x and ¢ from time ¢, determine
the dynamics of the car wheel and the force on the wheel drive of the car.
Let’s define the free constants: C,, C,, C;, C, at t=0, we have:

XO :—ﬁ(PO +C1; (35)
—m +—m,
. ml
X, :ﬁ@o +C; (36)
2m1 + Zm2
let:
x,=0; x,=0,but =0; ¢,=0. (37)
then

C,=0; n:\/£1+%J§=\/(1+%j§;c3=%; C=0 (38)
1 1

Therefore, the final equation takes the form:

166 ISSN 2521-6643 Cucremu ta TexHonorii, Ne 1 (65), 2023



¢ =@, cosnt

1
X =22 (1-cosn) (39)
Em1+§m2
where
n= 1272 |82 128 (40)
m, )1 Bl
Conclusions:

1. The proposed scientific and methodological approach allows to increase the level of technical use
of the energy indicators of the wheel drive of the car.

2. The scheme of the kinematically connected wheel drive is developed wheel drive allows to increase
the efficiency of using the power of the car engine to overcome the forces of external resistance to its movement,
and thus, with the help of the generated kinetic energy of gradual movement, it is possible to determine the rational
speed of the car, at which the task of the work process is more efficiently performed.

3. The maximum value of the efficiency of using of the kinematically connected wheel drive is developed
wheel drive can be normalized when diagnosing a car based on energy indicators.
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AHaJII3 OCTaHHIX JocixKeHb i myOJikamiii.
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BukJiax 0CHOBHOI0 MaTepiaury.
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