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AHoOTaNis

B cTarTi ommcaHi pe3ynsTaTd AOCTiKeHh YepBOHOKHIDKHHX BHIIB B TiCHUITBI KopocTHiiBchKoTO paliony
JKuromupcrkoi obmacri.

Hapmano OiomoriuHy Ta TakcamiifHy XapaKTEpHUCTHKY HAsSBHUM JIICOBHM HAaca/DKeHHSAM icHUNTBa. [Ipo-
aHAJII30BaHO THIIH JIiCY, BiK HACAKCHb, JiaMeTp, BUCOTA JIepeB, 010ToM. binbnricts THMYaCOBUX MPOOHUX IIIOMI
3aKJIaJIeHO B COCHOBHUX HAacaJDKEHHSX sIKi € TUIOBUMH JIJIs JJAHOI TepHTOpil nocniipkeHHs. B xoxni npoBeneHHs
MOJIBOBHX JOCTI/DKEHb Ha TEPUTOPIl JIICHUIITBA BHsABICHO YepBOHOKHIKHI BHaH, a came Xylocopa violacea L.,
Lilium martagon L.

Abstract

The article describes the results of research on Red Book species in forestry in the Korostyshiv district of the
Zhytomyr region.

The biological and taxonomic characteristics of existing forestry plantations are given. Forest types, age of
plantations, diameter, height of trees, biotope was analyzed. Most of the temporary test areas are laid in pine
plantations, which are typical for this study area. While conducting field research in the territory of forestry, Red
Book species were found, namely Xylocopa violacea L., Lilium martagon L.

Kuro4uoBi ciioBa: cocHOBI HacapkeHHs, OioToI, THII Jicy, YepBOHOKHMKHI BUIH.

Keywords: pine plantations, biotope, forest type, Red Book species.

Beryn. Ilin 3arpo3oio 3HHUKHEHHS IepeOyBaroTh
THCSAYil BUIIB TBApWH 1 POCIHH: BiJ ka0, CBIHCHKOI
NTHUIT 70 s)kupadiB Ta CIIOHIB, BiJl BEIMYE3HUX POCIHH
Ta KOpaJliB A0 KPUXITHUX KOMaXx.

CporosHi Ha MeXi MOBHOTO 3HHKHEHHS 3HaXO-
JThCS ONM3bKO MiNbHOHA BUAIB (utopH Ta GayHu. ba-
rato TBapuH 1 POCIMH MOXYTb OyTH 0€3MOBOPOTHO
BTpaycHi Bke B HalOmwkui mecsatmwnitrs. [lonan 90
BIZICOTKIB MOPCHKMX PHOHHMX 3amaciB 3a3HAIOTH Iepe-
JoBy abo iX 3amacu cTpiMKO CKOpouyroTecs. 3 1990
poky 3emuti Oyno BTpaueHo 28,7 MiNbHOHIB reKkTapiB
Jici [4].

VY nomosini PAO, sxa Oyna mpucBSYeHA Cydac-
HOMY CTaHy OiOpi3HOMAHITTA 3a3HAYAETHCS: «...IIO B
OCTaHHI JECATHIIITTS 3HUKJIA 0arato pigKiCHUX BUIIB
TBapHH, POCIHH Ta IHIINX OPTaHi3MiB, AKi BigirpaBaan
Ba)XXJIMBY POJIb y IPOJJOBOJIGYOMY JIAHIIOKKY. OCHOBHI
MIPUYMHHY X 3HUKHEHHS — 3MiHa KJIIMaTy, BTpaTa Micllb
MIPO’KUBAHHS, HaJIMIPHA eKCILTyaTallist IPUPOAHUX pe-
CypciB, OpaKOHBEPCTBO Ta HE3aKOHHA TOPTiBIs» [4].

Merta Ta mMeroau aociaimkeHb. OCHOBHOIO Me-
TOIO JOCIIi/KeHb OyJI0 BUSIBUTH Ha Teputopii lybose-
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IILKOTO JIICHUIITBA JepkaBHOTrO mianpuemctna «Kopo-
CTHUIIIIBChKE JIICOBE TOCMONAPCTBO» PIAKICHI BHIU
¢nopu Ta payHu.

MeTomoNOTIYHAN TiAXiA mependayaB BUKOPHC-
TaHHsS HATYPHUX CIIOCTEPEIKCHb SKOMY MPUTAMaHHO
CUCTEMHUI MiJXiJ] — JOCITIKCHHS, CIIOCTEPESIKCHHS Ta
aHami3. JlaHuil METOJ OXOIUTIOBAB MOJILOBI Ta Kamepa-
JIbHI METOM JIOCI[KCHb Ta aHAaJIi3y.

TTonpoB1 HOCTIIKEHHS BKIIIOYAIM B ceOe 3aKia-
nmaHHg THMYacoBuX npoOHux o (TIIIT) ra TepuTo-
pii JlyOoBenpKoTo JTiCHAIITBA IEPKABHOTO ITiJIPHUEMC-
TBa «KopoctuimiBceke JicoBe rocmomapctBoy. Jocmi-
ITH1 TUISHKH B KUIbKOCTI 20 IIIT. 3aKiIafgaiad B THIIOBUX
JUIA JICHUIITB THIAX JicopocnuHHUX ymoB B2JIC
(cBixka may6oBa cynioposa) Ta C2I'JIC (cBixkuit ay06o-
BUH CyTpYQ).

3a nonomoroto GPS HaBiraTopa BigMidaau TOYKH
3aKIaIeHUX IPOOHMX IIJI0N] i 3HAlAeHNX YepBOHOKHH-
YKHUX BUJIIB POCIINH 1 TBAPHH.

B xamepanbHUX yMOBaXx 3a JOIIOMOTOIO IIPOTpaMu
3D Maps HaHeCeHO TOYKH Ha KapTy Ta nodymosano 3D
rpadiku.

PesyabraTu mociaixkens. [IpoOHi mommi 3akia-
Jaay B TUIOBUX JUIS JAHOTO JICHUITBA THUILY JiCy
B2JIC ta C2I'JIC, moBHOTa Ha MPOOHMX ILIOMIAX Bif
0,30 mo 0,55, Bik mepeB y HacamkeHHi Bix 81 mo 121
pokiB. JliciBHHYO-TaKcaliiiHa XapaKTepUCTHKa Mpoo-
HUX IUIOII MICTHThCS Y Tabm. 1. Po3mimenHs mpoOHUX
wIom 3xificHIoBanu 3a gonmoMororo GPS nasiratopa

(puc. 1).

Taomuus 1
JliciBHMYo-TaKkcaniliHa XapaKTepUCTHKA NMPOOHUX MJION]
ia-
TJI\“‘IQH IigapT.an .Hnoma Cxitag Hacal- Bix I\ﬁTp, Bu- T1os- Tam micy
LT JUISHKH, ra JKEHHS oM coTa, M | HOTa

1 1/14 0,9 10C3 106 40,0 33,0 0,35 B2JC

2 1/34 1,3 10C3 109 42,2 33,6 0,4 B2J1C

3 1/39 19 10C3 106 41,2 33,2 0,4 B2J1C

4 2/15 0,9 10C3 120 44,2 36,0 0,5 B2J1C

5 3/16 1,2 10C3+Bmu 121 44,5 35,5 0,5 B2J1C

6 3/66 19 10C3 121 45,0 35,8 0,3 B2JC

7 43/11 2,3 10C3k 81 34,1 29,8 0,55 B2J1C

8 43/42 2,7 10C3x 81 34,0 29,8 0,55 B2J1C

9 43/20 2,7 10C3 81 33,9 30,0 0,55 B2J1C

10 8/50 0,9 10C3 111 42,0 34,8 0,3 B2JC
11 13/18 1,0 8132C3+bn 116 43,5 35,0 0,55 c2rjac
12 18/26 0,6 10C3k 91 37,2 31,9 0,55 c2rac
13 18/36 0,9 10C3x 91 37,0 31,2 0,55 C2I' AIC
14 19/27 19 10C3x 91 37,1 31,5 0,55 C2I' AC
15 19/31 2,7 10C3k 91 36,9 31,6 0,5 c2rjac
16 19/47 0,7 10C3x 91 37,3 31,0 0,6 c2rjac
17 44/40 2,0 10C3 81 34,1 29,9 0,55 c2rac
18 32/8 19 9C31/13+bn 81 33,9 29,8 0,5 C2I' AC
19 37/10 14 10C3 81 35,0 29,7 0,5 C2I' AC
20 46/30 1,8 6C34Ame+/13 85 34,5 30,5 0,6 c2rjac

Ivanovka
Crapocineubxa Imeni Lenina
CNbCbKa
momMana

Jikovesy

Kopocrwwis

Crpusdeca

Xapw1omischKa Clancuka IpoMass

Glubochok

© BN L AW N =

[re R -

Dubovets

© N o »n &

©

OCEEENEEENEOECOEEECOEEN

Bunmrn

~n
S

TomyGinsa

Puc. 1. Posmiwenns npobHux niow na kapmi
(3a donomoeoro npoecpamu 3D xapmu)
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3a cKJIaJ]oM Haca/pKEHHS MPOOHI TUTOIII TOMIISIOTECS Ha: 14 MUISHOK YMCTUX COCHOBHX JIEPEBOCTaHIB; Ta IO
OJIIHIH TUISHII: 3 MEepPEeBaKAHHSIM COCHH Ta BKJIFOYCHHSM BUIBXH 4OpHOT; 3 90% cocHu 3Buyaitnoi ta 10% nyda
3BHYATHOTO Ta Oepe3u moBucioi; 3 60% cocHOBUX HacapkeHb 1 60% sSUTMHU €BPONEHCHKOT 3 Ta Oepe3u MOBUCIION;
80% ny0a 3BuuaiiHoro, 20% cocHu 3BH4YaifHOI Ta Oepe3u MOBUCIOI (pHuC. 2).

Mineyki Imeni Lenina

Wy

3abunovun
Teodnxa - Pyaun-Topageyexa P
(4]
Koziera
B o
Hoeoroposeusre
g [ 10C2+Bu
\ ‘. ' B 6Cs6ine+ 1
‘ @ B 84:2Ca+6n
~ ]
9C31/13+bn
E -
Kopoctuwis
oS Dubovets Krasovka Hosi Osepmn
Pagsxa

Puc. 2. Cxkrnao nacaodcenns Ha npoOHUX NIOWAX

Hecars mpoOHUX IO CKIIAJANICA 31 CBI)KOI 1yO0BOi cymiOpoBH, Ta iHIII ECATH 31 CBIXKOTO TyOOBOTO Cy-
rpyay (puc. 3).

3abunowan
odsk ’
Norausn
Tecwinxa Pyawa-lopoaeussa
Bobpr [ ]
Khutor
= Pen‘kovatoye
Kosiimea
Hosor opogeusxe Uapiexa
- e - Ty -
= B crac
o
Kopocruwis
Dubovets Krasovka Howi Odepanm
Papmxa
XapUTOMIBCWES CUARCMED TPOMAAS Khutor
Svoboda (

Puc. 3. Tun nicy na npobrux niowax

Bik nHacamxkerns Bix 80 1o 90 pokiB — 7 mpoOHuX 1utom, Bifx 90-100 pokiB — 5 mpoOHux miom, 100-110 pokis
— 3 mpoOHi momti, 120-130 pokiB — 2 npoOHi twromi (puc. 4).
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Puc. 4. Bix nacadoicennsi Ha npoOHUX NIOWAX

3a moBHOTOIO HacamkeHs 0,3 — 3 mpoOHuX o, 0,4 — 2 mpo6Hi o, 0,5 — 13 mpoOHMX TITOI i TOBHOTOO

0,6 — 2 po0Hi momi (puc. 5).

Crapocineyska
CinbCbKa
rpomapa

Bil’kovtsy

N

Kopoctuuwis

XapuTOHIBCBKA CiNbCLKA rPOMasa

Glubochok

Yelizavetovka
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J
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o

Krasovka

B o3

M o3s

[

O os
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Khutor Svoboda M os

Bpycuniscexa
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rpomaaa

Zdvizhka Pokryshev

Puc. 5. [losnoma nacadcenus Ha NPOOHUX NAOWAX

Ha Bcix mpoOHHX IDIOMIaX CIOCTEpIraBcs THIIO-
Buii Oiortor. 3a HamioHaspbHMM KaTaJoroM OiOTOINB
VYkpaiau [3] OUTBIIICTh TPOOHUX IUTONI HAJNEKHUTH IO
J12.2.2 AumnodinabHi CBIXKI Ta BOJIOTI JIICH COCHH 3BH-
yaiiHoT okpim mnpoOHux mromy 11, 18, 20. IIpoOHi
wromti 11 ta 18 wanexats g0 J[1.5.1 Auunodineui qy-
00Bi 1 COCHOBO-IIy0OBI JticH, Lie piakicHuit GioTom 1 20
npo6xa momma 1o /1 2.6 AHTpOnoreHHi1 XBOWHI JicH.

3a €Bpomneichko0 1H(OPMAILIIHOI CHCTEMOIO
npo npupoxy (EUNIS) 6impmiicts npoOHuX TuTON]
npejcrasneno G3.4 Jlicu Pinus sylvestris na miBaeHs
BiJ Taiiru, yuire mpoOHi miomm 11, 18 HanexxuTs 10
G4.7 Mimani anupodineui micu Pinus sylvestris —
Quercus [1].

3rigHo 3 Kmacudikamiero yKpaiHCHKHX O10TOIB
UkrBiotop 6imbiricTs MpoOHUX TUIOII BiTHOCATHCS JI0:
(G:2.214 CBixi COCHOBI JTiCH 3€JIEHOMOXOBI.

3a HamionansHMM Katajorom 6OioromiB YkpaiHu
Ha ciMHaanatux TIIIT mepeBaxatots [[2.2.2 Ammmo-

(LTBHI CBIXKI Ta BOJIOTI JIICH COCHH 3BHYAIHOI, I TIe-
PEBaXXHO JIMCH SIKi 3pOCTalOTh Ha O1HUX KUCIINX TPYH-
Tax, HepEeBaKHO JIEPHOBO-MII30JIMCTHX, O10TOII K Ipa-
BUJIO CTaOUIBbHUI MTPHU YMOBI HE BTPYYaHHS JIIOJWHH B
exocuctemy. JIBi mpoOHi miomi npeactasiaeni [1.5.1
AnmpnodineHi 1y00oBi i COCHOBO-Iy0OBI JiicH, 1€ Haca-
JDKEHHS 3 MepeBaXKaHHAM Jy0a 3BHUafHOTO 10 3poc-
TAIOTh HA JEPHOBO-MIA30JMCTUX IpyHTaxX. bioTonm Ha
OJIHI{ 3 MPOOHUX Mo NpesacTaBieHo 2.6 Anrpono-
renHi xBoHi yicu, anst TIIII xapakTepHO MITYYyHO
CTBOPEHI JIICOBI KyJIbTYPH JI¢ B IIEpIIOMY sIpyci 3poc-
TalOTh COCHOBI JiepeBa JOMIHAHTH YarapHHUKOBOTO
spycy — Parthenocissus inserta, P. quinquefolia, Rubus
idaeus, Sambucus nigra, S. racemosa; IOMiHaHTH
TpaB'sTHO-4arapHU4Ko-Boro spycy — Calamagrostis
epigeios, Carex colchica, Chelidonium majus,
Cynodon dactylon, Elytrigia repens, Impatiens
parviflora, Inula salicina, Festuca beckeri, Secale
sylvestre, Urtica dioica [1].
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®diToleH03W Ha MPOOHUX TUIONIAX TPEICTABICHO
HACTYIHUMH POCIMHHHUMHM YIPYIyBaHHAMH: ITyOOBO-
COCHOBHH JIiC KPYIIMHOBO-OPJISIKOBO-MaJIMHOBO-YOP-
HUYHHHK — 1 mpoOHa 1utomia; 1y00BO-COCHOBHI JTic pi3-
HOTpaBHMH — | mpoOHa IuIoIIa; COCHOBUIA Jlic OpYyCHH-
YHO-3€JIEHOMOXOBHH — 1 MpoOHa 1J10111a; COCHIK MaJn-
HOBO-3€JICHOMOXOBHH — | mpoOHa IUIONIA; COCHSK

OpJISIKOBO-3€JICHOMOXOBHIA — 4; COCHSIK YOPHHUIIEBO-3€-
JeHOMOX0BUH — 11 MpoOHUX TUIOINI;, SITMHOBO-COCHO-
BHI JIIC MaJMHOBO-BECHIBKOBHI — | mpoOHa Iwiomia.
Jeranbna iHdopmanis Mictutsest y JlonaTky.

[Tpu npoBeneHoMy aHaiizi YepBOHOKHMKHI BHIH
Oynu BUsIBIICHI Ha ABOX NpoOHUX miomax Ne 5, 11

(puc. 6).

B Baxona-tecnap dionetosa (Xylocopa violacea)

Mineyki

Gorodsk

Tesnivka

Bobryk

Koziivka

Kopocrbiwes

[ PiaxicHi BuAM TBapUH, pocanH aB0 POCAUHHUX yrpynoBaHs — Jlinis nicosa (Lilium martagon L.)

Rudnia-Horodetska Potashnys

Novohorodetske Tsarivka

Dubovets Krasovka

Radivka

Puc. 6. Poamiwenns piokicnux eudie na xapmi
(3a 0onomoeoro npoepamu 3D xapmu)

B xomi HayKoBHX NOCHI/KCHb Ha 3aKIafCcHIi
npoOHi# mromi Ne5 OyB BusiBeHw YepBOHOKHIKHUH
Bua entomodaynu kcunokomy (Xylocopa violacea L.)
[9, 10].

Xylocopa violacea BBaxxaeTbCst BUIOM 110 3HHKAE
B YKpaiHi. 31e01IbI0T0 IIe MOB'SI3aHO 3 PyOaHHM Cy-
XOCTOIO Y Jlicax, mapKax i cajax. B HaciiIoK aHTpOIO-
TeHHOT JISIbHOCTI yCYyBalOTHCS MiCLsl iCHYBaHHSI KCH-
JIOKOITY, aJKE€ caMKa FOTY€ CBOE THI3/I0 Y MEpTBIiH Jie-
PEBHHI Ha BIIKPHUTIH COHIIFO TIJISHII.

3 MeTor0 30epekeHHs BUAY OpKom-Tecisipa ¢io-
JIETOBOI CJIiJI KepYBATUCS HACTYITHUMH IIPaBUJIAMU:

v/ 3aQJMIIUTH CYXOCTiHl y cajiax, JIyroBHX Cajax,
napKax Ta JIICOBHX TaJIiBHHAX;

v/ 3aJIMIIATU SIMU, BUPUTI B TIANIAX 1 Gajkax, 10K
BOHH HE [IEPEBUIILYIOTh AOIYCTHMY MEXY;

v/ 3a0e3MeunTH MiJecHpsIMOBaHUi BUOIp poO3-
KpIHHHUX OaJIoK.

Hanwii Bux y 1994 poui O0yB BHeceH y UepBoHy
kHUry Ykpaiau [9, 10].

Ha npoOHiii myomti Nell BUSIBICHO JIIJIIIO JIiICOBY
(Lilium martagon L.) [2, 5, 6-8], pociiiHa TIepeBaskHO
3pocTa€ B HANIBTIHBOBUX MiCISX OaraTWX Ha MiHe-
pajbHO-TYMYCHI PEYOBHHH, 3 PI3HOMAHITHIM I'paHyJIO-
METPUYHUM CKJIAJIOM — BiJl MyXKUX IICKIB IO BaXKKHX
IJIMH, 3 HEWTpaJbHOIO abo Jy)KHOI0 —peakIi€lo.
3ycTpidaeTbcsl Ha OCBITICHUX JIICOBHX TEPHUTOPISX, B
OCHOBHOMY JTy0OOBO-TpabOBHX Jricax i OyKOBHX Jlicax, a
TaKOX B 3MIllIAHUX JIicaX, i 03a JlicaMu B YarapHHUKax,
cepell TpaB, y Topax Ha marop0ax, y 3apocTsix Kapiu-
KOBOI COCHH Ta Ha TACOBHIIAX, HA TPAaB'SHUCTHX
MICISIX cepel CKenlb. B Aspmax amuka pocianHa MOXKe
3pocTaTH Ha BHCOTi 2650 M Hajx piBHEM MOpSI.

But 3HaX0AUTHCS i1 3arp030k0 3HUKHEHHS Yepes
30mpaHHS IS CTBOPEHHS KBITKOBHX KOMITO3HINHA Ta
MepecajiKi POCIKH 3 MPUPOAHOTO apeany npucagauoHi
nistakd. Takosx Lilium martagon L. oxode moinaroTh
KO3yJi Ta iHmI >Xy#Hi ccaBmi. Jlimisg micoBa 3HaxXo-
JMTKCSI i1 0OXOpOHOK B YKpaiHi 3 1996 poky [6-8].

BucHoBku.

Bimbiicth  cocHOBUX HacamkeHb y  Kopo-
CTUIIIBCbKOMY paitoHi JKutomupcbkoi obnacti Hae-
XKHUTh 10 JicopocnuHHUX ymMoB: B2JIC (cBixka nyboBa
cynioposa) ta C2I'JIC (cBixkwuii 1yOOBHI CyTpYQ).

Bik nmepeBocTaHiB y Haca/KeHiI KOJIHBAETHCS Bij
80 mo 100 pokiB. binmbIIicTh HacamKeHb Y JTICHAITBI ce-
penuboi moBHOTH — 0,5.

3a  kmacuikamiero  yKpaiHCBKUX  O10TOIIB
UkrBiotop miconacamkeHHHs Hanexatb no: G:2.214
CBiki COCHOBI JTiCH 3€JIEHOMOXOBI, a 3a HartioHamsHUM
katajgorom OioromiB Ykpainu J12.2.2 Auuno¢inbHi
CBIXI Ta BOJIOT JIICH COCHH 3BHYaitHO1. DITOICHO3 Tie-
PEBAKHO COCHSK YOPHHUIICBO-3EJICHOMOXOBHIA.

YepronokumwkHilt Bua Xylocopa violacea L. Bu-
aeneHo B tuni Jicy B2JIC, ditoneHo3 cocHsIK Manm-
HOBO-3€JICHOMOXOBHH, 3a HallioHaTbHUM KaTaaorom
6ioTomiB Ykpainu — [12.2.2 Auuno¢ineHi cBixki Ta BO-
Jori Jich cocHu 3BuyaiiHoi; 3a EUNIS: G3.4 Jlicu
Pinus sylvestris va miBnens Bin Taiiru; 3a UkrBiotop:
(:2.214 CBixki COCHOBI JIiICH 3€JICHOMOXOBI.

YeproHokumwkHui B Lilium martagon L. Busis-
neno B tumi jicy C2I'JIC, ¢itoreno3 — 1y00Bo-COCHO-
BHH JTiC KPYIITHHOBO-OPIISIKOBO-MOJIMHOBO-YOPHUYHHH,
3a HarmionampHuM Kartajorom OioTomiB YkpaiHum —
J1.5.1 Ammmnodinsai 1y00Bi i COCHOBO-IYy0OOBI JTicH; 3a
EUNIS: G4.7 Mimani auumgodinsni Jjicu  Pinus
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sylvestris — Quercus; Pe3oumonis 4 BepHcbKoi KOHBEH-
mii: G1.8 Ammnodineai my6osi micu; Jlogatok 1 Oce-
muHOi JupextuBu: 9190 CrapoBikoBi anumodiibHI
ny0oBi micu 3 Quercus robur Ha mimaHux piBHUHAX.
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BILJIMB HA3O®EPOHY HA CUCTEMHMI IMYHITET ITPH ®I3UYHNUX HABAHTAKEHHSX

Hleiixo B.1.

Bonuncwxiti nayionanvnui ynieepcumem imeni Jleci Ykpainku,

npogecop raghedpa @izionocii 1oOuHU ma meapuH,
00KmMOop OIONO2IUHUX HAYK

INFLUENCE OF NASOFERON ON SYSTEMIC IMMUNITY DURING PHYSICAL EXERCISES

Sheiko V.
Volyn National University named after Lesya Ukrainka,

professor of the Department of Human and Animal Physiology,
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DOI: 10.5281/zen0d0.8019699

[lepion migBHIIEHOT BPA3IMBOCTI OpraHi3My CHOPTCMEHIB A0 iH(EKIi# micis rocTpux 1 3HaYHUX Pi3HIHMX

HaBaHTA)XCHb HA3UBAIOTh "BiAKpUTUM BikHOM". Teopis "BiIKpHUTOro BikHA" HOB'SI3y€ 3pOCTaHHS 3aXBOPIOBAHOCTI
CIIOPTCMEHIB 3 KOPOTKOYACHUM TPUTHIYEHHAM IMyHHOI CHCTEMH TIiJI BIUIMBOM HaJAMIpHHMX (i3MUYHUX HABaHTa-
JKEHb. SHIKEHHSI IMYHITETY € PaHHIM CHMIITOMOM TOPYIICHHS aJanTailii OpraHiaMy CIOpPTCMEHA i CYITPOBOIXKY-
€THCS 3HIKCHHSM MPOTHiIH(EKIITHOTO 3aXHCTY, SMEHIIEHHIM (paronnuTo3y, Mirpami€ero JICHKOINUTIB, 3MEHIICHHIM
KUTBKOCTI €03MHODIIIB 1 JTIM(POILHUTIB y KPOBI.

MeTor0 HAIIOro TOCHTiHKEHHS O0yI0 BU3HAYUTH BIUIHB iMyHOCTUMYJIsiTOpa HazodhepoH Ha MOKa3HUKHU CHCTE-
MHOTO IMYHITETY Ha TJIi ()i3MYHUX HABAHTAXKCHb.

Hamre nociimkeHHs JONOBHIOE 3arajibHi BIIOMOCTI ITPO CTaH IMyHHOI CUCTEMH CIIOPTCMEHIB, a TAKOX MOXK-
JIMBOCTI KOpeKLii iMyHOe(DIUTHUX CTaHIB, CIPUYMHEHUX (I3MYHUMH HaBaHTAKEHHSIMH, 30KpeMa Hecrienudiy-
HOTO NMPOTUIH(EKLIHHOTO IMYHHOT'O 3aXHCTy OpraHi3my.

Abstract

The period of increased susceptibility of athletes' bodies to infections after acute and significant physical
exertion is called the "open window". The "open window" theory links the spike in sportsmen’s illness with short-
term suppression of the immune system under the influence of excessive physical exertion. Decreased immunity
is an early symptom of impaired adaptation of the athlete's body and is accompanied by a drop in anti-infective
protection, a decrease in phagocytosis, leukocyte migration, and a decrease in the number of eosinophils and lym-

phocytes in the blood.

The purpose of our study was to find out the effect of the immunostimulant "Nazoferon™ on indicators of
systemic immunity against the background of physical exertion.

Our research complements general information about the state of the immune system of athletes, as well as
the possibility of correcting immunodeficiency states caused by physical exertion, namely non-specific anti-infec-

tious immune protection of the body.

KoaiouoBi ciioBa: cucTeMHU IMyHITET, CIOPTCMEHH, IMYHOCTHMYJISLIS, KIITHHHUHA 1 TyMOpaJIbHUAMN IMYyHi-

TeT, Hecneu(iYHUI IMYyHITET.

Keywords: systemic immunity, athletes, immunostimulation, cellular and humoral immunity, non-specific

immunity.

HocmimkeHHs Ha moYaTKy 21 CTOMITTS, MOKa3y-
I0Th, II0 MOPYIICHHS 3/I0pOB'Sl CIIOPTCMEHIB 1 3HH-
JKEHHSI CIIOPTHBHUX pe3yJbTaTiB IMOB'sI3aHi 3 nedek-
TaMH B HecHeuu(iuHii pe3nCTEeHTHOCTI Ta IMyHHOMY
3axucti HanMipHi TpeHyBaibHI Ta 3MarajibHi HaBaHTa-
KEHHS y CHOPTCMEHIB MOXYTh (hopMyBaTH iMyHOAE(DI-
[IMTHI Ta ayToarpecusHi crauu [3; 4; 6; 8].

[Tepion migBUIIEHOT COPUIHATINBOCTI OpTaHi3My
CIIOPTCMEHIB /10 iH(eKIi1 miciIs rocTpux i 3HaYHUX (i-
3MYHUX HABAaHTAXXEHb HA3WBAIOTh «BIJKPUTHM BiK-
HOMY. Teopist «BIIKPUTOTO BiKHA» MOB'SI3Y€E CILIECK 3a-
XBOPIOBAHOCTI CHOPTCMEHIB 3 KOPOTKOYACHOIO CyTIpe-
ciero IMYHHOI CHCTEMH IIiJi BIUIMBOM HaJMIpHHUX
(i3MYHNX HaBaHTA)XEHb. 3HI)KEHHS IMYHITETY € paH-
HIM CHMITOMOM TIOPYIIEHHS ajamnTamii opraHizmy

crioprcMena [3; 6] 1 cynpoBODKY€EThCS T {iHHAM TIPO-
TUIH(QEKIIIIHOTO 3aXUCTy, 3HIKCHHSAM (aromuTosy,
MIrparli€ro JICHKONUTIB, 3MEHIIICHHSIM KUTbKOCTI €03H-
HOiiB 1 miMborwmTis B kposi [5; 7; 8].

ImyHoOcympecist y mepiof] iHTEHCHBHUX TPEHYBaHb
HOCHTH MyJIbTH(AKTOpHUI xapaktep [9].

MerToro Hamoro IOCTiKEHHS Oyio 3’scyBatu
BIUIMB iMyHOcTHMYynATopa «Hazodepon» Ha mokasz-
HUKHM CHUCTEMHOTO IMYHITETy Ha Tl (i3NYHHX HaBaH-
Ta>KEeHb.

IMyHoOIIOTUHMH cTAaTyC OLIHIOBAJIH 32 CTAHOM He-
cnenudivnoi sanku T- 1 B-cuctem. JocmimkyBamucs
HaCTYITHI HOKa3HUKH: KUIBKICTh JIEHKOLMUTIB Y nepude-
piiiHil KpoBi, JjelikonuTapHa ¢GopMyia, BiZHOCHa Ta
abCOJIIOTHA KIJIBKOCTI HEUTPO(iTiB, MOHOIWTIB, JIiM-
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doruris, T-miMdponUTIB BCix MOMyJIsii i B-mimMdomnm-
TiB 32 METOIMKOI0 MOHOKJIOHAIBHUX AHTHUTLI 0 CIe-
mudivanx penentopis (CD3+, CD22+, CD4+, CD8+),
a Takox KoHueHrpauis Ig A, M, G ta nupKymowIux
imynaux kommiekciB (LIK) (BucoxomosekynsipHUX,
cepeTHbOMOJIEKYJISIPHUX, HU3bKOMOJICKYJIIPHUX ) B CH-
poBatui Kposi [2].

Bech oTpumaHmii ekcriepiMEHTaIbHUH MaTepiai
00poOHWIIM METOZOM TapaMeTPUYIHOI 1 HemapameTpHd-
HOT CTATHCTHKHM 3a porpaMamu Statistica for Windows
5, Microsoft Excel —2007. L poBi MacuBH BCiX OTpH-
MaHHX MOKA3HHUKIB 00pOOIISIIH IS KOKHOI TPYITH OK-
pemo.

VY nocnipkeHHi Opaiii yyacTh BOJOHTEPH 3aralib-
HOI0 KinbkicTio 150 oci® (BCi BOJIOHTEPH HOJIOBIUOL
crati BikoM y Bili 18 — 25 pokiB), siki Oynu po3nineHi
Ha Tpu rpymu. [lepury rpymy (KOHTpOJBHY) CKIIamu
NPaKTHYHO 3/10pOBi HeTpeHoBaHi Jrogu (50 ocib);
JIpyry (Tpymny miane6o) cKiaamu 25 MpakTUYHO 30PO-
BUX HETPEHOBAHUX OCi0 1 25 crmopTcMeHiB pi3HOTO pi-
BHS IIATOTOBKH irPOBUX BHIIB CIIOPTY, SAKI ITiJ{ BUTIIA-
JIOM IMYHOCTHUMYJIATOpA OTPUMYBAIH (i3i0NOTIIHHN
PO3YHH; TPETIO Tpymy (eKCIEpUMEHTAIbHY) CKJIAIN
MPaKTUYHO 3/I0pOBI HeTpeHoBaHi Jroau (25 ocib) i
CIIOPTCMEHH Pi3HOTO PiBHS MiATOTOBKHU ITPOBHUX BU/IB
crnopty (25 ocif), siki OTpUMYBaJIH IMyHOCTUMYJIATOP
«Hazodepon».

BosioHTepu ekcrepuMeHTalbHOI IPYIH OTPUMY-
BaJIM Mperiapar npoTsroM 7 JHiB 2 pa3u Ha JeHb Y ¢o-
pMi cropero HazanbHO. Di3i0N0OTiYHMIA PO3YMH Tpyma
Ianebo OTpIMyBaja 3a TAKOIO XK CXEMOIO.

Hazodepon — mpemapaTt Ha OCHOBI iHTepdepoHy
JIOACHEKOTO peKkoMOiHaHTHOTO -2b. IIpemapar BuKO-
PHUCTOBYIOTH AK CHpell Ha3albHUH mpoTaroM 5-7 mid
Ut PO UTAKTHKY; JaHUH Ipernapar He Mae IPOTHIIO-
Ka3aHb 1 mobOiuHmx edekTiB. Hazodepon — mpoTtusipy-
CHMH, aHTUMIKPOOHUIA, NPOTU3aNaIbHUMI, IMyHOMOTY-
JIFOFOY M, aHTHIIpOJTiepaTuBHUH 3acio [1].

Bci BoOHTEpH AaBaiu MUCHMOBY 3roJly Ha yd-
acTh B HAYKOBOMY JIOCIIIJDKEHHI Ta 00pOOKy eKcrepu-
MEHTaJIbHUX AaHuX. [1ia yac mpoBeaeHHS TOCIIIKEHb
yCi Tpynu 3HAXOAMINCH ITiJ] KOHTPOJIEM JIiKaps-Tepa-
TeBTa.

Pobota mpoBoamacs BIAMOBIAHO 1O HOPMATHB-
HUX BHMOT, 5IKi JIFOTh B YKpaiHi, i HOpM, 5IKi 3aCTOCO-
BYIOTbCS B MiXKHaponHiii mpakrtumi, — npaswr ICH
GCP, I'embcincpkoi geknaparii (2000).

Hamre mocinimxeHHs BUSBHIIO BiIMIHHOCTI iIMyHO-
JIOTIYHUX TTOKa3HMKIB nepuepiiHoT KPoBi cropTcme-
HIB PI3HOTO PiBHS MiJIrOTOBKH IrPOBHMX BHJIB CIIOPTY
I10J10 IPAKTHYHO 3[JOPOBHX HETPEHOBAHUX JIFO/ICH.

VY rpymi CHOPTCMEHIB, MOJI0 MPAKTUYHO 370PO-
BHUX HETPEHOBAaHUX OCi0, criocTepiranocs JAOCTOBipHE
3HIKEHHS a0COIIIOTHOT KifbKocTi T-nimdonuTiB (MeM-
6pannmii mapkep CD3+), T-nimMmpornenis 6yna 06ymoB-
JIeHa 3HIDKEHHSIM KutbkocTi T-xenmepiB/iHIyKTOpiB
(CD4+-knitunn) (p<0,05) i T-cynpecopiB/uuToTOKCH-
yaux (CD8+-xiituam) (p<0,05). Lli nani BKazyroTh Ha
JUCOYHKIIIO KIITHHHOT JJAHKA CHCTEMHOTO IMYHITETY.
AbcomotHe uncno T-mimporuTie (MemOpaHHHiA Map-
kep CD3+) 3amxkyBanocs Ha 46,81% 3a paxyHOK 3HHU-
xeHHss CD4+-xmitun Ha 39,56% 1 CD8+-kiiTHH Ha

38,46%. IToxasauku B-mimdpormris (CD22+ xiiTHHM),
NK (CD16+ xniTiHH) HE Malld 3MiH.

Hecneungiunmii npornindekuiiiuuii iMyHiTeT y
CIIOpTCMEHIB OYB 3HW)KEHHI, 110 BIIHOIIEHHIO /10 PaK-
THYHO 370POBHX HETPEHOBAaHHMX OCi0, Ha L0 BKa3ye
3HIDKCHHS BiTHOCHOTO 1 a0COIFOTHOTO YHcIia JTiM(pOIH-
TiB Ha 33,81% (p<0,05) i 36,84% (p<0,05) BiAMOBiAHO
Ta MiABUINCHHS BIJHOCHOI KiJIBKOCTI HEHTpo(dinmiB Ha
6,89% (p<0,05), 3a paxyHOK IiABUIIEHHS BiJIHOCHOTO
YHucia CeTMEHTOsACpHHUX HeiTpodiniB Ha 7,59%
(p<0,05), o Bexe o0 MOPYIIEHHS JIelikonnuTapHOi (ho-
pmynn. BigHocHa i aGCOMOTHA KUTBKICTE MOHOLIUTIB Y
CIOPTCMEHIB 1 TMPaKTHYHO 3IOPOBHX HETPEHOBAHUX
0ci0 He Bifpi3HsUTHCS.

Y TryMoOpanbHii JlaHIli CHUCTEMHOTO IMYHITETY
HaMH{ TaKOX BUSIBJICHO 3HIDKCHHS KoHUeHTpauii 1gG i
IgM Ha 23,48% 1 39,56% BiAMOBiNHO, IO TAKOX BKa-
3y€ Ha TUC(RYHKIII0 TYMOPaIbHOI JJaHKU IMyHHOI CHC-
TEeMH y CHOpTCMEHIB. 3MiHM KOHIIeHTpauii IgA He cro-
CTEpIranoch.

3rifgHo NiTEepaTypHHUX JaHUX, 3MarajbHi HaBaHTa-
KEHHs y CHOPTCMEHIB NMPHUBOIMIN O 3MEHIIEHHS Ki-
JBKOCTI JMQOUUTIB, 3HAYHOTO MPUTHIYCHHS (aroim-
TapHOI aKTUBHOCTI JICHKOUUTIB 1 3HIKEHHS KiTBKOCTI
imyHOTII00YMiHIB Ki1aciB IgG Ta IgM [3].

VY crnopTcMeHiB pi3HOTO PiBHS IMIATOTOBKH irpo-
BUX BH[IB CIIOPTY MU CIIOCTEpiraiy MiJBUIICHHS 3ara-
abpHOTO yrcia [IK Ha 84,7 0.0.111., KOHIICHTpAIlisA HA3b-
KOMOJICKYJIAPHUX KOMILJICKCIB TiJBUIIyBajacs Ha
171,1 0.0.11., 9YUCIO BUCOKOMOJIEKYJISIPHUX KOMILIEK-
ciB OyJo 3HIKEHO Ha 74,3 0.0.11I., 110 BiTHOMICHHIO I10-
Ka3HHUKIB KOHTpoJbHOI rpymu. Crioctepiranacst TeHze-
HITiSI 10 3HWKEHHS CEPEeAHbOMOJIEKYIIIPHUX KOMILIEK-
ciB (12,1 o.0.m.). Ile Bka3ye Ha mpuTHiYEeHHS iMyHHOL
CHCTEMH, SKE BUSBIETHCS ITOCWICHHAM IMyHOKOM-
TUIEKCHHUX peakiii. BaxinBo 3ayBakuTH, 0 KOHIEH-
Tpamis 3arampHux L[IK Oyma Bumia 3a HOpmy (<120
0.0.1I.) 1 B Ipymi CHOPTCMEHIB, 1 B IpyIi NPaKTHYHO
3I0POBHX HETPEHOBAHHUX 0Ci0.

3acTocyBaHHS CIIOPTCMEHAMH Pi3HOTO PiBHS IMiJI-
TOTOBKH IrPOBHX BHJIB CHOPTY Ta MPAaKTHYHO 310pO-
BUMHU HETPEHOBAaHUMH 0co0aMu MpoTsrom 7 JHiB ¢i3i-
OJIOTIYHOTO PO3YMHY IiJ BHUIIISAIOM iMyHOCTHMYJIS-
Topa «HazodepoH» He BHKIMKaIO 3MiH MOKa3HHUKIB
cucTeMHOTro iMyHiTeTy. L{e BKka3ye Ha BiICyTHICTH ede-
KTy HaBiIOBaHHS Ta CAMOHABIIOBAaHHS.

3acTocyBaHHS Ha30()epOHY BUKIMKAJIO IIi/(BHU-
menHs T-mimponutie (CD3+-kmituan) Ha 24,00%
(p<0,05), ximbkocti T-xenmepis/ingykropiB (CD4+-
kiaiTuHr) Ha 25,93% (p<0,05) i T-cympecopiB/IUTOTO-
kenunux (CD8+-kiituan) Ha 39,13% (p<0,05). Otpu-
MaHi JaHi BKa3ylOTh Ha IiIBUIICHHS PE3UCTCHTHOCTI
OpraHizMy, xo4a piBHS MMOKa3HHUKIB MPAaKTUIHO 3T0PO-
BUX 0Ci0, 5IKi He 3aliMaJINCh CIIOPTOM, HE OyJIO ocsT-
HyTO. 3pOcTaHHs KinbKocTi T-cynpecopiB/IMTOTOKCH-
yaux (CD8+-KIiIiTHHM) NEepEeBUIMIIO 3POCTaHHS Kijb-
kocti T-xenmepis/inaykTopiB (CD4+-kiiTHHY), HA 1O
TaKOX BKa3ye 3HIKECHHS iHAeKcy imyHoperyssimii. [Te-
peBaXkaHHs LIUTOTOKCHYHKX T-cynpecopis Morio OyTn
BHUKJIMKAHO 3HKEHHSIM HEOOXiTHOCTI iIMyHHOI BimO-
BiJi, X04a Iie MUTaHHS MOTPeOy€e JTOAATKOBHX JIOCIi-
mkeHb. Kimpkicts B-mimdonutis (CD22+-kmituan) i
NK (CD16+-kniTHHI) 10CTOBIpHO HE 3MiHIOBAJIACK.
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ITomiOHI TeHAeHIi crocTepiragucs B MiATPYIIi
MIPAKTHUYHO 3I0POBUX HETPEHOBAHUX JIIOJIEH, SKi TIPHIA-
Manu iMmyHocTumyssitop «Hazodepon» Brpomosxk 7
ni0, aje MOCTOBIPHMX 3MiH IOKa3HHUKU mepHepiiHol

KpoBi He 3a3HaiH. Lle Bkasye Ha Te, 10 BILTMB Ha30(de-
POHY Ha MOKa3HUKH CUCTEMHOTO IMyHITETY CIIOPTCMeE-
HIB PI3HOTO PIBHS HiJTOTOBKH IrPOBHX BHIB CIIOPTY
OinpLIMA, HDX Ha IOKa3sHUKM nepudepiiiHol Kposi
MIPaKTHYHO 3/I0POBUX HeTpeHoBaHuX ocid (Tabm. 1.).
Ta6muus 1.

IToxa3HMKH cucTeMHOro iMyHiTeTy nepudepiiiHoi KpoBi cnopTcMeHIB pi3HOro PiBHA MiATOTOBKH irpoBUX

BI/I}IiB CHOpTy Ta IPAKTHYHO 3)IOPOBI/IX HeTpeHOBaHI/IX JIIOlleﬁ EKCHepl/IMeHTaJIbHOi rpyml.
Excnepument (n=25) [pakTn4HO 310- Excniepument (n=25)
Kon- POBi HETPEHOBaHI JIOAU CriopTcMeHH
TToka3zHuku TPOJb J0 3aCTOoCy- HiCJ'IfI 3aCTOCy- J10 3aCTOCYy- l'[iCJ'IfI 3aCToCy-
(n=50) BaHHA «Haszo- | Bamna «Hazo- | Bamma «Haszo- | Bammsa «Haso-
bepony» bepony» beponry» bepony»
o 1,41+ 1,41+ 1,53+ 0,75+ 0,93+
CD3+*10%n 0,08 0,08 0,06 0,08 0.07*
o 0,91+ 0,91+ 1,01= 0,54+ 0,68+
CDA+*10%n 0,06 0,06 0,05 0,06 0.06*
1o 0,39+ 0,39+ 0,44+ 0,23+ 0,32+
CD8+*10°n 0,04 0,04 0,05 003 0.02*
o 0,30+ 0,30+ 0,31+ 0,28+ 0,29+
CD22+*10°%n 0,04 0,04 0,05 0.05 0,06
2,33+ 2,33+ 2,30+ 2,34+ 2,13+
CD4+/ CD8+ 0,14 0,14 012 0.13 0.15*
o 0,16+ 0,16+ 0,16+ 0,14+ 0,15+
CD16+,*10%n 0,01 0,01 0,02 001 0,02
Nefixomma | x109n 6,82+ 6,83+ 6,52+ 6,51+ 6,05+
0,28 0,28 0,15 0,21 0,19*
Bix- 27,86+ 27,88+ 29,45+ 18,43+ 22,98+
intpo-turr HocH., % | 1,32 1,36 1,55 1,34 1,25*
Abcon., | 1,90+ 1,89+ 1,92+ 1,20+ 1,39+
x10%/1 0,06 0,06 0,07 0,05 0,04*
Bix- 10,41+ 10,41+ 10,75+ 10,75+ 11,07+
Mooy | HOCH- % | 022 0,22 0,35 0,21 0,17
AGcon, | 0,71+ 0,71+ 0,70+ 0,70+ 0,67+
X109/ 0,05 0,05 0,05 0,05 0,06
Bin- 61,29+ 61,33+ 61,35+ 64,82+ 64,63+
Heii-tpo- | mocs., % | 1,09 1,11 1,25 1,13 1,05
dinm AGcor., | 4,18+ 4,19+ 4,00+ 4,22+ 3,91+
x109/1 0,05 0,05 0,06 0,06 0,05*
M Bir- 3,81+ 3,81+ 4,05+ 3,63+ 4,96+
comepmi Hoch., % | 0,07 0,06 0,12 0,11 0,09%
weitrpoin | Aocor. | 0,26+ 0,26+ 0,26+ 0,24+ 0,30+
x10%/n 0,02 0,02 0,03 0,02 0,02*
Comerron Bix- 57,48+ 57,52+ 57,30+ 61,19+ 59,83+
CHTO Hocw., % | 1,18 1,19 0,95 1,31 1,15
JICPHI HEHT= N o, | 3,92+ 3,92+ 3,74+ 3,98+ 3,62+
podinm x10%% | 0,08 0,08 0.11 0.07 0.06*
T 12,31+ 12,33+ 12,45+ 9,43+ 10,06+
’ 0,42 0,40 0,45 0,27 0,19*
N 1,97+ 1,05+ 1,85+ 1,96+ 1,76
’ 0,07 0,07 0,08 0,12 0,11
lg M. st/ 2,19+ 217+ 2,05+ 1,08+ 1,01+
> 0,15 0,15 0,12 0,08 0,05
LK saramsi, 0.0. 186,2+ 182,4+ 1712+ 2728+ 2512+
» 0.0.10L. 9,1 8,7 6,4 9,5 8,2*
ITIK BHCOKOMOI., 0.0.11 88,5+ 87,5+ 94,1+ 12,9+ 20,3+
» 0.0.IM1. 7.3 7.3 4,5 2,5 2,8*
HIK cpemmbonon,, 0.0. 59,4+ 59,4+ 58,0+ 49,0+ 49,5+
» 0.0.I01. 6,3 6,3 6,2 4,1 3,5
IK HU3BKOMO., 0.0.111 38,3+ 35,5+ 18,2+ 210,9+ 181,4+
 0.0.I1 7.1 7.3 6,5% 8,1 7,7%

Ipumitka: * - p<0,05 - 7OCTOBIPHICTH 3MiH MOKA3HUKIB y OCiO-CIIOPTCMEHIB €KCIIEPUMEHTAIBHOI TPYIIH ITiCIIs
Kypcy 3acTocyBaHHs npenapaty «Hazohepon» mopiBHSIHO 3 BEIMYMHAMH IIMX MOKAa3HHUKIB 70 MMOYATKY 3aCTOCY-

BaHHs nipenapaty «Hazodepony.



12

The scientific heritage No 114 (2023)

BimHocHo HecmenudiyHOTO IMYHHOTO 3aXHCTy
npu 3acTocyBaHHi «Hazodepory» coprcMenamu Biji-
MIYaJIoCh JOCTOBIpHE 3HM)KEHHSI aOCOJIOTHOTO 4YHMCcIia
JIEHKOLMTIB, MiABUIIEHHS BiJHOCHOI 1 aOCOIIOTHOI Ki-
apKocTi iMgonutis (p<0,05). AGcomoTHE YUCIIO JIeH-
KOIMTIB 3HIXKYyBajocs Ha 7,07% (p<0,05), abcomoTHa
KibKicTh JiMponuTiB migBunryBaBcst Ha 15,83%
(p<0,05). Lle Moxxe BKa3yBaTu Ha BiJHOBJECHHS IMyH-
HUX TOKa3HUKIB.

VY cropTcMeHiB, siki oTpuMyBaiu npemnapaT «Ha-
30(hepoH», M BCTAHOBWIIN 3HIKCHHS a0COIIOTHOI Ki-
abKocTi Helttpodinie Ha 0,31x10%n (7,35%) (p<0,05),
3a paxyHOK JIOCTOBIpHOTO 3HIKEHHS aDCOIIOTHOTO YH-
cla CerMeHTOs/epHUX HeWTpodinie Ha 0,36x10%n
(9,05%) Ta migBUICHHS BiTHOCHOI 1 a0CONFOTHOT KiJib-
KOCTi mnanuukosjepHux Heirpodinie Ha 1,33% i
0,06x10%1 (25%) Bignosiguo (p<0,05), mo, Ha HauTy
JIYMKY, TIOB'SI3aHO 3 aKTHBAILi€l0 (arouTapHOi aKTHB-
HOCTI HEHTpOQUIiB, BIAMOBIAHO 10 IHCTPYKUii 10 3a-
cTocyBaHHs npenapary «Hazodepon» (Taom. 1.).

BimHocHO Hecmemm(ivHOTO IMYHHOTO 3aXHCTY
npu 3actocyBaHHi «HazohepoHy» mpakTH4HO 310pO-
BUMH HETPEHOBAHUMH 0COOAMHU TOCTOBIPHUX 3MiH T10-
Ka3HUKIB TepUQepiiiHoi KpOBI HE CIOCTEpIiraioch
(Tabm. 1.).

CemuzenHe 3actocyBaHHs npenapary «Hazode-
POH» CIOPTCMEHAMM BHUKJIMKAIO JOCTOBIPHE IIiJBH-
nienns Bmicty IgG Ha 6,68%, crioctepiranacs TCHICH-
wist 1o 3HwkeHHs [gA 6,48% 1 1gM 10,20% (p> 0,05)
(Tabx. 1.).

3wmin mokasHuKiB IgA, IgM, IgG mepudepiiinoi
KPOBi MMPAKTUYHO 3A0POBHX HETPEHOBAHMX JTIOJICH, SIKi
IpOTATOM 7 AHIB OTPUMYBAJH iMyHOCTHMYIATOp «Ha-
30(epon», He cioctepiranock (Tadm. 1.).

ImyHocTuMymsaTOp «Hazodepon» BUKINKAB y TIe-
pudepiitHii KPOBi CIIOPTCMEHIB JOCTOBIPHE 3HWKCHHS
koHieHTparrii 3aranpaux L{IK Ha 21,6 0.0.11. (7,92%),
3a PaxyHOK 3HM)KEHHS BMICTY HH3bKOMOJIEKYJISIPHHX
KOMILIeKCIB Ha 29,5 o0.0.11. (13,99%) (p<0,05) i oxHo-
YaCHOTO ITi/IBUIIEHHS] KOHIICHTPAIlii BUCOKOMOJIEKYJIsi-
pHUX KoMmIuiekciB Ha 7,4 o.o.m. (57,36%) (p<0,05).
Buict cepennix IIK He 3mintoBaBcs. [lo3uTuBHA mist
«Hazodepony» criocrepiranacst B 3HWKEHHI 3arajJbHOL
kimbkocTi 1K, a came HalOLIBIT TATOTCHHUX HU3BKO-
Monekypaux L{IK, npu mpomy 30imbIryBanacs dac-
TKa HallMEHI MaTOreHHUuX BUucokomoekysipaux LIK.

Lle Bkazye Ha 3HMKEHHS KOMIUIEKCOYTBOPEHHS Ta
BiZTHOCHE 3MEHIICHHS PU3UKY BUHUKHEHHS 3aMaJIbHIX
NpOLIECIB y CHOPTCMEHIB Immiciisi BxuBaHHS «Hazode-
poHy». Xoua MOKa3HUKH KOHIIeHTpaIlii 3aranpHux [{IK
y niepuepiiiHiii KPOBi CIIOPTCMEHIB Ta IPAKTUYHO 310~
POBUX HETPEHOBAHUX JIIOJEH eKCIepUMEHTaIbHOI
TPYNU Tak 1 HE IOCATIM PIBHS HOPMaJIbHUX 3HAYEHBb
(<120 o.0.m.). lle mutanHs moTpeOye OULTBIN JETANb-
Horo jociimkenns (Taou. 1.).

[ToniGHi 3MiHM BHACHTIJOK 3aCTOCYBaHHS IIperia-
pary «Hazodepon» criocrepiranucst i y miarpymi npak-
THUYHO 310POBHUX HETPEHOBAHMX JIIOJIEH.

TakuM 4MHOM, HaIle TOCITIIPKCHHS TOIOBHIOE 3a-
TaJIbHI BiTOMOCTI TIPO CTaH iIMYHHOI CHCTEMH CIIOPTC-
MEHIB, & TaK0 MOXJIMBICTh KOpEKLil iMyHOnedinuT-
HUX CTaHIB, BUKJIWKAaHUX (I3MYHUMH HaBaHTaXKCH-
HSIMH, a caMe HecnelH(iYHOro MPOTHIH(GEKIIHHOTO
IMYHHOT'0 3aXHCTy OpraHi3my.

Bukopucranns npenapaty «Hazodepon» BUKIH-
KaJIO IPAaKTUYHO [TOBHY KOPEKLito 3MiH HectienudiqHol
KIIITHHHOI JJAHKHW CHCTEMHOTO IMYHITETY y CIIOpTCMeE-
HiB Pi3HOTO piBHS IiATOTOBKH iTPOBHUX BHIIB CIIOPTY.
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B crathe naHbl onpeneseHusl KPeIUTOPCKON 3a/I0JKEHHOCTH, PAacKpbiTa UX Kiaccudukanus. JJocturuyra

rIIaBHasI 1[eJ1b, AHATH3UPOBAHBI MATEPHAJIbl HA OCHOBE JaHHBIX KPEAUTOPCKOMN 3310DKEHHOCTH aKI[HOHEPHOTO 00-
IIecTBa «Y30E€KUCTOH TeMup hymuiapu». KpoMe Toro, paccMOTpeHO BIHSHHC 3aJ0JDKCHHOCTEH Ha (MHAHCOBOE
COCTOSIHUE TIPEATIPUATHS U PEKOMEHIYIOTCS MTPEUI0KEHIS KOTOPBIC TO3BOJIUT YBEIMIUTE d3PPEKTHBHOCTD yIIPaB-

JICHUS erI[PITOpCKOﬁ 3a00JDKCHHOCTBIO IIPEATIPHUATHUA.
Abstract

The article gives definitions of accounts payable, discloses their classification. The main goal was achieved, mate-
rials were analyzed on the basis of data on accounts payable of the joint-stock company “Uzbekistan Railways”. In
addition, the impact of debts on the financial condition of the enterprise is considered and proposals are recommended
that will increase the efficiency of managing the accounts payable of the enterprise.

KunroueBble ciioBa: KpeuTopcKas 3a10JKEHHOCTh, (PUHAHCOBOE COCTOSTHHE, IPENNPUITHS, 3PPEKTHBHOCTS,

yIpaBlIeHHUE.

Keywords: accounts payable, financial condition, enterprises, efficiency, management.

A stable source of financial resources for any busi-
ness entity is accounts payable, which is constantly at
its disposal. These are, first of all, wage arrears, deduc-
tions to off-budget funds, reserves (for holidays), in ac-
cordance with the accounting policy, as well as ad-
vances from buyers, debts to suppliers and debts on
taxes and fees. The formation of accounts payable to
the employees of the enterprise for the payment of
wages is due to the fact that in the composition of the
proceeds from the sale there is necessarily a part of the
funds for the reimbursement of labor costs.

The urgency of the problem is manifested in the
fact that arising from the conduct of the financial and
economic activities of the enterprise, forms a current
and long-term diversion or attraction of funds, familiar
to us as receivables and payables, they primarily affect
solvency.

Unlike accounts receivable, accounts payable is
perceived as a liability that adversely affects the activi-
ties of the enterprise.

Accounts payable is understood as a part of the
property of the enterprise, which is the subject of legal
obligations between the organization and its creditors.
The economic component includes a part of the prop-
erty of the enterprise (usually cash) and inventory
items.

Types of accounts payable are shown in Figure 1.

As shown in Figure 1, according to the content of
obligations, accounts payable can be associated with
the acquisition of inventories (inventory), works and
services (for purchased products, services and goods, as
well as for bills presented for payment) and is not re-
lated with it (debts on settlements with the budget,
debts to subsidiaries and affiliates, to the organization's
personnel, to participants (founders) for the payment of
income, other debts).
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Classification of accounts
payable

/

T~

1. According to the content of _ 3. As far as possible
obligations 2. By duration fulfillment of obligations
Debt related to the Current (short term) Normal
purchase of inventories,
works, services
Long term Overdue
Debt not related to the purchase / l
of inventories, works, services
Debt that has not Unclaimed

expired

Figure 1. Classification of accounts payable*

The organization owns and uses accounts payable,
but it is obliged to return or pay this part of the property
to creditors who have the right to claim it.

Thus, accounts payable have a dual legal nature:
as part of the property, it belongs to the enterprise on
the right of ownership or even on the right of ownership
in relation to the money or things received on loan; as
an object of legal obligations, it represents the debts of
the enterprise to creditors, that is, persons authorized to
claim or recover from the organization the specified
part of the property.

In a simplified version, accounts payable is what
this company owes to other persons. Taking into ac-
count the indicated signs, accounts payable can be de-
fined as a part of the property of an enterprise that is the
subject of debt obligations of the debtor organization to
eligible persons - creditors arising from various legal
grounds, subject to accounting and reflection in the bal-
ance sheet as debts of the organization - balance holder.

In cases where the debtor organization does not
take any measures to voluntarily repay debts, creditors

still have the possibility of enforcement, which, de-
pending on the nature of the accounts payable, is car-
ried out in court or out of court.

The concept of accounts payable covers the debt
obligations of the organization - the debtor, having a
different origin.

Since accounts payable is one of the sources of
funds at the disposal of the enterprise, it is shown in the
liabilities side of the balance sheet. Accounts payable is
kept separately for each creditor, and in generalizing
indicators they reflect the total amount of accounts pay-
able and give it, breaking it into groups.

The presence of accounts payable is an unfavora-
ble factor for the enterprise, which significantly reduces
the performance in assessing the financial condition of
the enterprise, solvency and liquidity. Accounts paya-
ble arises if the date of receipt of services (goods,
works, materials, etc.) does not coincide with the actual
date of their payment.

Now we will analyze the assessment of the com-
position and structure of accounts payable based on the
data of JSC JSC “Uzbekistan Railways” for 2019/2021.

Table 1
Assessment of the composition and structure of accounts payable
JSC “Uzbekistan Railways” for 2019/20212
2019 r. 2020 r. 2021 r. Change
.- Amount
Composition S Growth rate,
of accounts AfT‘O.“”tv Share, A”FO.“”L Share, ArT‘Q“”t’ Share, billion %
ayable billion % billion % billion % sum
P sum sum sum 2019- | 2020- | 2019- | 2020-
2020 | 2021 | 2020 | 2021
Sho{(‘)tt:{m' 2781 | 360 | 2070 | 370 | 2867 | 350 | 19,0 | -10,3 | 106,8 | 96,5
Including:
suppliers and 49,6 6,4 52,1 6,5 53,3 6,5 25 1,2 105,1 | 102,3
contractors

L Apytionos 10. A. OWHAHCOBEIH MEHEKMEHT: yueb. mocobue: pek. YMO Munobpasosanus P®; uzn. 2-e, crep. M.:

KHOPYC, 2007-94 c.

2 Compiled by the author based on the materials of JSC “Uzbekistan Railways” for 2019/2021.
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Indebtedness
to the staff of 51.3 6.7 494 6,2 41,9 5,1 -20 | -74 | 96,2 | 850
the organiza-
tion
Debt to state
off-budget 327 42 31,9 40 33,9 42 | -08 | 21 | 976 | 1065
funds
Debtontaxes | oo | 75 | 493 | 61 | 423 | 52 | 63 | 70 | 887 | 858
and fees
Other
. 888 | 115 | 1143 | 142 | 1151 | 141 | 255 | 08 | 1287 | 100,7
creditors
Lonfo'ttaelrm' 498,6 64 501,6 63 521,6 65 | 30 | 200 | 1006 | 104,0
Total 776,7 | 1000 | 7987 | 1000 | 8084 | 1000 | 220 | 97 | 102,8 | 1012

Based on this table, it can be concluded that the
amount of short-term accounts payable for 2020 com-
pared to 2019 increased by 18,984,504 thousand soums
(or by 106.83%) due to an increase of 2,527,630 thou-
sand soums of debt to suppliers and contractors (or by
105.09%) and to other creditors by 25,504,238 thou-
sand soums (or by 128.72%). An increase in settle-
ments with suppliers and contractors could occur as a
result of changes in the conditions for the purchase of
goods or as a result of an increase in prices for them.
According to the analysis, we see a decrease in debt on
taxes and fees: in 2020 compared to 2019 by 6,285,281
thousand soums (or 88.70%) and in 2021 compared to

2020 by 6,996 817 thousand soums (or by 85.81%).
This indicates a constant change in tax rates. In 2021,
accounts payable increased by 9,682,910 thousand
soums (or 101.21%) compared to 2020, to a greater ex-
tent due to an increase in debt to suppliers and contrac-
tors by 1,189,200 thousand soums (or 102.28%).

Thus, the increase in accounts payable in 2019-
2021. is normal, but over the period under review, long-
term accounts payable increases, which adversely af-
fects the financial condition of the enterprise.

For a more detailed presentation of the calculated
data, consider Figures 2.

37

36,5

36

35,5

35

34,5

34

Figure 2. Dynamics of short-term accounts payable of JSC “Uzbekistan Railways” for 2019/2021°

In order to reduce this debt to suppliers and con-
tractors, it is possible to propose such measures as
structuring accounts payable, in particular for suppliers
and contractors, since they occupy a large share in the
total debt, as well as offsetting.

Successful work to prevent overdue debts depends
on the knowledge of not only each of the methods for
solving this problem, but also the order of their appli-
cation, depending on specific business situations.

3 Compiled by the author based on the data in Table #3.

For businesses, we can recommend the following
proposals for managing accounts payable:

1. It is necessary to solve the problem of not only
reducing accounts receivable, but also balancing it with
accounts payable. When analyzing the relationship be-
tween receivables and payables, it is necessary to ana-
lyze the terms of a commercial loan provided to the
company by suppliers of raw materials and materials.

2. To ensure the maximization of cash flow, the
enterprise should use a wide variety of contract models
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with flexible terms of the form of payment. In this case,
various options are possible: from prepayment or par-
tial prepayment to transfer for sale and a bank guaran-
tee.

3. It is advisable to conduct a preliminary study of
the solvency and reliability of the partner, his credit his-
tory, especially when concluding large contracts. How-
ever, for this it is necessary to have data banks,
knowledge of the methodology and possible methods
for assessing the obligation of counterparties. Such
work can be performed by special agencies, credit bu-
reaus, banks or analytical services of the enterprises
themselves.

4. The search for joint solutions to prevent viola-
tions of the terms of contracts in terms of payments is
the most rational and civilized way to forestall overdue
debts. Thus, business partnerships and cooperation be-
tween the seller and the buyer can provide the fastest
and most effective solution to problems and reduce
overdue debts.

Summing up, it can be noted that the issue of
accounts payable management is relevant for any
enterprise. With proper debt management and using the
above recommendations, the company can significantly
improve its financial condition. The main thing is to
correctly assess and analyze the state of the enterprise
and choose the most suitable methods for yourself.
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AHoTanisa

VY cTarTi D0CTiKY€EThCS KOpIopaTHBHA (opMa 3iHCHEHHs IHO3EMHUX 1HBECTHII HA OCHOBI TEOPETHUKO-
MPaBOBOI0 aHAJI3y 1010 OCOOJIMBOCTEH 1HO3EMHOIO IHBECTYBaHHSI; MPOAHAII30BAHO 3arajibHi MPUHIIMITN iHBEC-
TULIHHOT JisTIBHOCTI BITYM3HIHUX Ta IHO3EMHUX 1HBECTOPIB; OOIPYHTOBAHO MOHSATTS, O3HAKH, TO3UTHBHI Ta He-
TaTHBHI aCIEKTH KOPIOpaTHBHOI (hopMU 3iHICHEHHS 1HO3eMHHX 1HBECTHIIIH; BU3BHAYEHO OCOOJMBOCTI KOpIIOpa-
TUBHOI (pOpMU IHBECTHIIIHHOT ISUTHOCTI; PO3TIISIA0TECS CyJacHi TCHACHINT BEJICHHS MIXXHAPOJHOTO Oi3Hec-Tap-
THEPCTBA.

Abstract

The article investigates the corporate form of foreign investment on the basis of a theoretical and legal anal-
ysis of the peculiarities of foreign investment; the general principles of investment activities of domestic and for-
eign investors are analyzed; concepts, signs, positive and negative aspects of the corporate form of making foreign
investments are substantiated; the peculiarities of the corporate form of investment activity are determined; current
trends in conducting international business partnerships are considered in this research.

KurouoBi cnoBa: xoprnopatuBHa (hopMa iHBECTHIIIH, KOPIIOPAaTHBHE iHBECTYBAaHHSI, KOPIIOPATHBHE MPABO,
TOCIIOaPCHKI/ T ANPHEMHHUIBKI TOBAPUCTBA, I[iHHI MalepH, MiAPHEMCTBO-PEIUITI€HT, iHO3EMHI iHBECTHUI1/30B-
HIIIHI IHBECTHII1, 3aKOHO/IaBCTBO, IHBECTHIIIHHI BIITHOCHHH, I0pUAMYHA 0C00a, IHBECTHIIHHA NisIIbHICTH, TOCIIO-
JlapCchbKa AisUIbHICTB, TPABOBE PETYJIIOBAHHS, 30BHIITHHOEKOHOMIYHA MisIIbHICTB.

Keywords: corporate form of investment, corporate investment, corporate law, business partnerships,
securities, recipient enterprise, foreign investments/external investments, legislation, investment relations, legal
entity, investment activity, business/economic activity, legal regulation, foreign economic activity.

AKTyaabHicTh TeMH AocjimkeHHs. [Ipomecw,
SKi BiZOyBalOTbCA y 30BHIIIHBOMY CBiTi CBiT4aTh MPO
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Te, 110 B YMOBaX PO3IIMPEHHS KOPIOHIB, SIKICHO HAITO-
BHEHA 3aKOHOAaBYa 0a3a Ta CKOOPAWHOBAHA Misib-
HICTB yCiX OpTaHiB Iep»kKaBHOI BJIaJIH, 1110 € 3aII0PYKOI0
Jutst GOpMYBaHHS Ta YTPUMAaHH CTaTyCy KpaiHu 3 IpH-
BaOJMBUM IHBECTHI[IHHMM KJIIMAaTOM Ha MIKHApPOJ-
HOMY piBHI. [HBecTHIiifiHa TOJITHKA CIpUSIE AKTUB-
HOMY HaJIXOJPKEHHIO 30BHIIIHBOTO KalliTaly B PO3BH-
TOK €KOHOMIKM, a ToMy € (QyHIaMeHToM ISt
HOPMAaJFHOTO (PYHKIIOHYBaHHS BHPOOHHYOI HisTBHO-
cTi Oy 1b-AK0i po3BUHYTOI KpaiHu cBiTy.*

Heo0xigHO 3a3HAa4YNTH, [0 PO3BUTKY iHBECTHIIIH-
HOI TIONITHKH, MDKHAPOJHOMY iHBECTHIIITHOMY CITiB-
POOITHHIITBY Ta TEHICHIISIM Y MiXKHAPOJHO-TIPABOBIH
cepi o0 iIHO3EMHUX IHBECTHIIIH MTPUCBIYCHO JOCITi-
JUKEHHS SIK 3apyODKHUX, TaK 1 BITYM3HSIHUX HAYKOBIIIB,
30kpema npaili beprackoni-OctepBannepa H., binin-
cpkoi B., byty3sosa B., Bakamoka B., Binauk O., Bo3-
HeceHcerkol H., Bopo6iiosoi 1., Bpy6nescrkoi K., I'a-
Bepcbkoro B., TaBpuroka O., ['oBopymiko T., JlaHHi-
Hra Jlx., Hyka A., XKrwoiapa II., XKopnokys IO.,
€ropoBa A., Kappo /., Kidenka O., Kocenko A.,
Koccaka B., KpasuiB B., Kpyrika O., JIuteur f., Jlo-
mmmxina O., JIykada 1., Marnanepinze A., Makcumayka
M., Mamorira O., Macniit B., Mapymak A., Mo-
ceitayka ., Hikonbcpkoi O., O6ymmroi H., [TaBnenko
L., [Tepecamu A., [Toequnok B., Ilputuku 1O., Pe3niko-
Boi B., Cazoni 1., Ceitinunoi FO., Cimcona O., Ceme-
paka O., Craguunskoro 1O., Crapoctiok A., TpanesHi-
koBa B., ®apxyrainosa 1., ®enoposoi B., ®exgopenko
B., Uepnamuyka B., [lleBuenka A., IlleBuenka O., lle-
pOunau B. Ta iH..

Bepyun 1o yBarn KOMIUIEKCHUH BIUIMB MKHapo-
JHHUX CTHMYJIB, PO3BUTOK MI’)KHAPOAHO-TIPaBOBOI 0a3n
MIOA0 1HO3eMHHX 1HBECTHII, META CTATTI IOJIATaE Y
BHU3HAYCHHI 0COOIMBOCTEH KOpropaTHBHOI (hopMu iH-
BECTHIINHOI isUTPHOCTI, TOCTIKEHHI KOPIIOPaTHBHOT
(hopMu 31iHCHEHHS IHO3EMHHUX 1HBECTHIIIH, & came: Mo-
HATTS, O3HAKH, il MO3UTHUBHI Ta HETATUBHI aCIIEKTH,

Buxisian ocHOBHHUX MoJ10KeHb. HUHI, OCHOBHOIO
METO0 OUIBIIOCTI KpaiH CBITY € MiJABMIIEHHS PIiBHS 1H-
BECTHUIIIHOI NpUBAOIMBOCTI Ta 30UIBLICHHS 00CATY
HaJIXOJDKEHb 30BHIIIHIX PECYpCIB Y HalliOHAIBHY €KO-
HOMIKY.

3riiHO0 3 YMHHUM 3aKOHOIABCTBOM, T'OJIOBHHUMH
cy0’eKTaM¥ iIHBECTHIIHHUX BiJHOCHH € JiepKaBa, KOM-
MaHii Ta IpUBaTHI 0COOM, KOKEH 3 HUX BIIpaBi Opatu
y4acTh B IHBECTHIIHHOMY IIpOIIEeCi K 31 CTOPOHH IIO-
MUTY, TaK 1 31 CTOPOHU MPOTO3HUIIil. 3aKOHOM YKpaiHu
«IIpo pexxum iHozeMHoro iHBecTyBaHH» Ta 'K Ykpa-
THU BCTaHOBJIEHO (POPMH 3aJy4EHHs IHO3EMHHUX 1HBEC-
THUIII#, [0 BU3HAYAIOTH TPABOBUI PEXKHUM TAKOI Jisijib-
HOCTI, 10 HMX HaJIeKaTh:

- YacTKOBa y4yacTh B TOCHOIAPCHKUX OpraHiza-
IisIX KOPIOPAaTHBHOTO THITY, IO CTBOPIOIOTBCS CIIi-

4 Loshchykhin O. Restoration of the trust to law as a recogni-
tion of the integrity of the valuable basis of relationship be-
tween Ukraine and The European Union: Collective Mono-
graph: Association Agreement: driving integrational changes
/ O. Loshchykhin, A. Shevchenko, A. Starostyuk, I. Lash-
chykhina. — Ottawa, Ontario, Canada: Accent Graphics Com-
munications and Publishing. — 2020. — Ne 3. — P. 171-176.

JLHO 3 YKPATHCHKUMU IOPUANYHUMHU 1 Gi3HIHUMH 0CO-
O6amu, abo mpuabOaHHSA YACTKH JIFOYMX BITUM3HSIHHUX
MiATPUEMCTB;

- CTBOPEHHS IIANPUEMCTB, SIKUM ITOBHICTIO BOJIO-
Jlie 1HO3EMHHUI 1HBECTOP, BIAOKPEMIICHUX MiIPO3ILTIB
Ta MPEJCTaBHULTB 1HO3EMHHX IOPUANYHUX 0Ci0, y mo-
pAKy, Nepen0dadyeHOMy HOPMAaTHUBHO-IIPAaBOBUMH aK-
TaMu YKpainu,

- TMOBHOTO MPHUAOAHHS Y BIACHICTH MIFOYHMX HAIli-
OHAJBHUX MiANPHEMCTB,;

- He 3a00poHeHe 3aKOHaMH YKpaiHu MpUIOaHHS
PYXOMOI'0O YU HEPYXOMOIrO MaiiHa; ofepKaHHsS MailHa
Ta MaHOBHX KOMIUIEKCIiB; KyMiJli aKimii, obmiramiii Ta
IHINUX [[IHHUX MAaIepiB;

- TpUaOaHHs IPaB Ha KOPHCTYBAHHS 3eMJICIO Ta
BUKOPHCTaHHS TPUPOAHUX PECYpciB Ha TepUTOpii
VYkpaiHnu;

- KyMIBJIS IHITMX MaifHOBHX IPaB;

- B IHIIMX HE 3200POHEHNX 3aKOHOJIABCTBOM YK-
painu popmax.>

BpaxoByroun HaBeAeHHUI TIepeliK, BUAUIIIOTH B
OCHOBHI (hOpMU 1HO3€MHOTO iHBECTyBaHHS:

- KOpIIOpaTHBHY, IO Tiependadae CTBOPEHHS
Ta/ab0 y4acTh B TOCHOIAPCHKill opraHizarii;

- JIOTOBIpHY, KA XapaKTEPU3YETHCS YKIAICHHIM
JIOTOBOPIB, 1[0 BH3HAYAIOTh OCOOIUBOCTI 1HBECTHIII-
HHUX BIIHOCHH MK CTOPOHAMH.

Y upoMy mifpo3isli OLIBII ITHPOKO PO3KPHEMO
NHUTaHHS KOPHOPAaTHBHOI ()OPMU 1HO3EMHOTO iHBECTY-
BaHHs: TIOHATTS, O3HAKH, 11 MO3UTHUBHI Ta HETATUBHI ac-
TICKTH.

Hasxanb, HOpMaTHBHE 3aKpIIICHHS TEPMiHY KOp-
mopaTHBHOI ()OPMHU iHO3EMHOTO iHBECTYBaHHS BI/ICY-
THE, TIPOTE HAYKOBII-TEOPETUKHU Ta IOPUCTH-TIPAKTUKU
MIPOTIOHYIOTh CBOE BU3HAYCHHS JAHOTO TIOHATTSL.

KopmopatuBHa popma iHO3eMHOTO iHBECTYBaHHS
— 11e popMma BKJIaJICHHS 3aKOPJJOHHOTO KaIiTaty B roc-
NOAapChKy OpraHizallito, HUIsIXoM ii CTBOpEeHHs Ta y4a-
CTi y Hi#l 3 METOIO OJEP)KaHHS COI[iaIbHO-CKOHOMIY-
HOTO e(eKTy.

B. M. byty30B BBaxae, 1110 KOPIIOPATHBHIM 1HBe-
CTYBaHHSIM € KOILTH, 1[0 BKJIAJAIOTHCS B aKIil MiANpHU-
€MCTB i B cTaTyTHI (OHIHM (MallHO) TOBapUCTB KOPIO-
PATHBHOTO Y YHITAPHOTO TUITY Ta/ab0 y4acTh y TaKii
OpraHizaiii 3 METO0 JOCATHEHHS IEBHOTO I'POIIOBOTO
a60 colianbHOro pesybrary.®

OpHak, OesKi JOCHIHUKH HarojomlyloTh Ha
TOMY, III0 KOPIIOPaTUBHE 1HO3EMHE IHBECTYBAHHS MAa€
MICIIe, TUTBKU TOJI1, KOJIA KaIliTaJOBKIAJACHHS CIIPSIMO-
BYIOTBCS JIO0 CTaTyTHOTO KalliTally aKIiOHEpPHOT'O TOBa-
pucTBa abo TOBapUCTBA 3 OOMEKEHOIO UM J10AaTKOBOIO
BIAMOBIJQIbHICTIO. PO3MIlIEHHS TPOIIOBUX KOIITIB y
cTaTyTHOMY (OHI MiIMPUEMHUIIEKIX TOBAPUCTB BIKE
BBAXKAETHCS CIUIBHOI HisUTbHICTIO. Ha miaTBepkeHHs
JJaHOi JTyMKH BHCTYIA€ IOJI0XKEHHSA 3aKoHy YKpaiHu
«IIpo 1HCTHTYTHM CHUIBHOTO IHBECTYBaHHS» BiJ

5 [Tpo pexuM iHO3EMHOTO IHBECTYBAaHHS: 3aKOH Y KPaiHW Bij
19.03.1996 p. Ne 93/96-BP // Bimomocti BepxosHoi Paan Vk-
paian. — 1996. — Ne 19. — Cr. 80.

6 Byry3os B.M. IIpaBoBi OCHOBH iHBECTHII}HOT AISLHOCTI:
HaBd. ociOHuK / B.M. Byty3os, A.l. Mapymiak. — K.: KHT,
2007. - C. 28.
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05.07.2012 p. Ne 5080, me 3aKOHOAABIIEM YITKO BH3HA-
4eHO (OopMy KOPITOPATUBHUX IHBECTHIIMHUX (HOHIIB,
10 MOXYTb 1ICHYBaTH BHKIIOYHO Yy (hopMi axiioHep-
HOTO TOBapHCTBA.’

Hayxkogens 10. M. XKopHokyit xapakTepusye Kop-
NOpaTHBHY ()OPMY 30BHILIHEOTO IHBECTYBaHHS K TOC-
MOAAPCHKY JISUIBHICTh 1HBECTOPiB-HEPE3HUICHTIB 3 00'-
€lHaHHS MallHOBUX Ta IHTENEKTYaJIbHHX I[IHHOCTEH,
0 TOB's3aHa 3 HAOyTTAM KOPHOPATHBHUX IIpaB Ta
MpaB BJIACHOCTI Ha I[iHHI MalepH, sKi B HOaJBIIOMY
PO3MIIIYIOTH OJep KaHi TPOIIOBI KOIITH B IMiHHUX Ma-
nepax Ta KOpIOPaTHBHUX MpaBaX iHIIMX cy6’exTip.

Binmpmr MacmtabHO TOHATTS «KOPIOPATUBHE iHBE-
cryBaHHs» Tpaktye l. 3. @apxyrainos Ta B. A. Tpane-
3HIKOB. BueHi akIleHTyI0Th yBary Ha Ba>KIMBOCTI JopM
TOBapUCTBA 3 0OMEKECHOK BiJIIOBIIATBHICTIO Ta aKIli-
OHEPHOTO TOBAapHCTBA, K HAWOUIbII MPUAATHHUX IS
3aJy4eHHs BUIBHMX TpPOLIOBHX KOIUTIB, aKyMYJIO-
BaHHs 3HAYHHMX KalliTaliB Ta peaji3allii JOBrOTpHBa-
JUX IHBECTHIIHHUX NPOCKTIB BHIIB TOCHOIAPCHKUX
TOBApHUCTB. [X MO3MIA 0GYMOBJEHa THM, IO MPaBO
HiAMPUEMHUIBKIX TOBAPHCTB OTPHUMAIIO Ha3By KOPIIO-
PaTUBHOTO IPaBa, K€ MICTUTh €JUHUM IIIX1J 10 pery-
JFOBAHHS T'OCTIOAPCHKOI MiSITBHOCTI TAKUX CAMOCTIH-
HHX Cy0’€KTiB. BUXoas4n 3 MOJIOKEHb YHHHOTO 3aK0-
HOZABCTBA, 3aCHOBHMKM CaMi BIIpaBli BU3HA4YaTH
0COOJIMBOCTI B3a€MOBIIHOCHH MK y4aCHHKaMH y dac-
THHI PO3MOJLTY OJEepKaHUX JMOXOIIB, YNpPaBIiHHI Ta
oprasizauii BUpoOHMYUX TporeciB. Ha nymKy HaykoB-
1iB, caMe 3 [[UM HOHSITTSIM OB sI3aHE BUKOPUCTAHHS Y
CBITOBIH JiTEepaTypi TepMiHYy «KOpIOpaTUBHa (popma
IHBECTHII». 3 OTIISAY HAa IIe, ITiJ] KOPIIOPAaTHBHOIO (O-
PMOIO iHO3EMHHUX IHBECTHIIIHl BOHH PO3YMIIOTh HisTb-
HICTh 3aKOPIOHHUX IHBECTOPIB, OB s3aHY i3 CTBOPEH-
HSM FOPUANIHOT 0cO0H 200 3 X y4acTIO B JIFOUHX TOC-
TI0/IapPCHKUX TOBAPUCTBAX MPHItMaiodoi Kpainu.’

Buenwnii [I. B. UepHanguyk TakoX JOTPUMYETHCA
JIyMKH, 1[0 HAWOUTBIIT JOMUTbHUMH JIJISI 38Ty YeHHS 1HO-
3eMHHX IHBECTHIIIi € aKIiOHEPHI TOBAPHCTBA Ta TOBA-
pHUCTBa 3 00MEKEHOIO BiINOBIfaNIbHICTIO. CaMy KOpITo-
patuBHY (HOpMY IHO3EMHHX IHBECTHUIIIT BUCHUHA PO3TJIS-
Jlae SK JISUIBHICTB 31 CTBOPEHHS Ta YIPaBIiHHS
HOPHIMYHOKO 0c06010.1

3 BHIIE3a3HAYCHUM TIYMAuCHHSIM KOPECTIOHIYE 1
Mo3uIis yKpaiHchkoro HaykoBIs O. M. BinHuk, Bigno-
BiJTHO JI0 5IKO1, KOpIIopaTuBHA (hopMa 30BHINIHBOTO 1H-
BECTYBaHH — II¢ BKJIAJCHHS KOIITIB B aKIil aKIioHep-
HUX TOBapHCTB, i B CTAaTyTHI (QoHAM (MaifHO) iHIIHX
HIANPUEMHULIBKUX ~ OpraHizaiiii  KOpIopaTHBHOTO
Tuiry. !t

Cepen 0coOMMBOCTEH KOPHOPATUBHOTO 1HBECTY-
BaHHS BUIIISIOTH:

7 TIpo iHCTHTYTH CIIIGHOTO iHBECTYBAHHS: 3aKOH YKpaiHu
Big 05.07.2012p. Ne 5080-V1 // Binomocti BepxoBHoi Pagu
VYxpaian. — 2013. — Ne 29. — Cr. 337.

8 Yopuokyii 10.M. TIoHATTS CHTBHOTO (KOPHIOPATUBHOTO)
iHBecTyBaHHS Ta Horo o3Haku / KO.M. Xopnoxyii // ITignpn-
€MHHIITBO, TOCTIOAapcTBO i mpaBo. — 2005. — Ne 10. — C. 8-11.
® @apxytaunoB U.3. MHBECTUIIMOHHOE TIPaBO: yueb.-paKT.
noco6ue / 1.3. ®apxytannos, B.A. Tpanesunkos. — M.: Bo-
arepc Kiysep, 2006. — C. 181.

10 Yepuaguyk JI.B. Iupectuuiiine npaso Ykpainu: Hap4. mo-
cionuk / J1.B. Uepnamguyk, B.B. Cyxonoc, T.O.YepHamguyk.
— Cymu: VuiB. Kunra, 2009. - C. 116.

- IisSUTHHICTH 1HBECTOPIB 3 00’ €MHAHHSI MaifHOBHX
Ta iHTENIEKTyIbHUX IIIHHOCTEH;

- MeTy 00’€JHaHHS MaiHOBHX Ta IHTEJICKTyallb-
HUX I[IHHOCTEH — OTPUMAaHHS IUBIACHIIB, HAOyTTS
IIpaB BJIACHOCTI HA LiHHI Hanepu Ta KOPIOPaTHBHHUX
npas;

- eMITEeHTIB [[IHHUX MarnepiB, SKUMH € podeciiiui
YYaCHUKH PUHKY I[IHHUX T1alepis;

- eMiciro IIiHHKX TarnepiB npodecitHIMy y9acHH-
KaM{ PHHKY IIHHHUX TanepiB, o nepexdadae o0’ ex-
HaHHA (PiHAHCIB IHBECTOPIB 3 MOJANBININAM iX pPO3Mi-
LICHHAM Y IIHHHX Ialepax Ta KOPIOpaTHBHUX IpaBax
iHIUX cy0’€eKTiB;

- pe3yJbTaT y BUIJIS/AI CTBOPEHHS OKPEMOi 1opH-
JUYHOT 0COOU — MIATIPUEMCTBA 3 IHO3EMHUMH 1HBECTH-
istmm. 12

CJ1iJ1 OKpeMO aKIIEHTYBaTH yBary Ha Takiii o3HaIl
SIK METa, 110 NOJISATAE Y 3a]J0BOJICHHI (hiHAHCOBUX Ta CO-
HmiaTbHUX TOTpeO 3alliKaBICHUX CTOPIH, 30KpeMa B:
OTpHMaHHI MPHUOYTKY; 3a0e3NeueHH] MpoJaxy iHBec-
TOPOM-3aCHOBHUKOM BIAaCHOI MPOAYKLIl NpuiiMaro-
YOro TOCIONAPCHKOr0 MiANPHEMCTBA, Yepe3 CTBOPEHE
HUM JIOYipHE TiAMPHEMCTBO; KOOPIWHAMII TisSUTEHOCTI
MiATPUEMCTB-YIaCHUKIB  1HBECTYIOUOi — OpraHi3alii;
MIIBUIICHHS PiBHS KOHKYPEHTOCIIPOMOXKHOCTI BHIO-
TOBJICHOI MPOAYKILii HAa BHYTPIIIHBOMY Ta CBITOBOMY
PHHKaXx; CTBOpPEHHI (iili Ta IpeJCTaBHUIITB, SKi Tpe-
CTaBJIAIOTh IHTEPECH IHO3EMHOT0 IHBECTOPA, 110 03BO-
JIsl€ 36KOHOMUTHU KOILITH, YHHKHYBIIM BUKOPHCTaHHS
HOCITYT MOCEPEHUKIB.

BpaxoByrouH Te, 110 KOPIIOPATHBHE iHBECTYBaHHS
MOXKe 3IIHCHIOBATUCS IUISIXOM: CTBOPEHHS TOCIIOap-
ChKOi opranizamii Oyap-skoro Tuiry, Qinii, mpeacras-
HUITBA YU y9acTi y (QYHKIIOHYIOUill rocmomapchKii
opraisarii, — y Tporeci KOPIIOpPAaTHBHOTO iHBECTY-
BaHHS BKJIJHUKY BapTO 3BaXKaTH HA GOPMY BIACHOCTI
rOCIIOIapChKOI OpraHizalil, aJpke BOHa BU3HAYa€ HOTo
MOJKJIMBOCTI y cdepi iHBeCTyBaHHSA. BHOKPEMITIOIOTH
Taki ()OPMH BIIACHOCTI T'OCIOAPCHKUX OpraHi3arlii:
JIepKaBHi, KOMYyHaJIbHi, KOJIEKTHBHI, IPUBATHI Ta 3Mi-
mani.

Oco06uBy yBary CiIi IPUAUTATH TiANTPHEMCTBAM
3 IHO3EMHHMH 1HBECTHUIIISIMH Ta IHO3EMHUM ITi JIIPUEM-
ctBaM. [TiATIPHEMCTBO 3 iHO3EMHHUMH 1HBECTHUIIISIMU —
e TOCHOJapchKa OpraHizamis OyIb-IKOi Oprasiza-
HifHO-TIpaBOBOI1 (OPMH, B CTAaTYTHOMY (OHII SKOT HE
meHme 10 % craHOBUTEH iHO3eMHa iHBeCTHIlS. Pi3HO-
BHIOM TIiIIPUEMCTBA 3 iHO3EMHUMH IHBECTHIISIMHU €
1HO3eMHE ITIANPUEMCTBO, IO BiAPI3HIETHCS HASIBHICTIO
B craryTHOoMy (honzi 100 % inozemHoi inBectuii. Ha-

11 Binnuk O.M. lusectuuiiine npaso: Hagy. noci6uuk / O.M.
Binauk. Bun. 2-re, nepepo6. Ta mom. — K.: Anepra; KHT;
IIYJI, 2009. — C. 106.

12 ¥ opuoxkyii F0.M. Bxas. ITpans. — C. 11.

13 Bpy6nescska K.M., TeopeTnuni 3acaay iHCTUTYIIiOHATTI3a-
i1 iHHOBaLiIHHOTO 1HBECTYBaHHs B TOCIOAAPCHKOMY MpaBi /
K.M. BpyoneBcbka // Teopist i mpakTuka MpaBO3HABCTBA. —
XapkiB. — 2017. — Ne 1 (11) . — C. 1-11. — URL:
http://tlaw.nlu.edu.ua/article/download/104544/100045
(mata 3BepHeHHs: 15.02.2023).
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OyTTs CIIeNiaJbHOTO CTATyCy TaKWX MiJIPUEMCTB Bij-
OyBaeThCs 3 THS 3apaxyBaHHS 30BHIITHBOI 1HBECTHIIIT
Ha 0aJyiaHC BiJIOBIIHOI TOCIIONapChKOT OpraHizarii.

KopnopaTtuBHa ¢opma 30BHIIIHIX KalliTaJOBKJIa-
JICHb € JIOBOJII PI3HOMAaHITHOIO, II¢ BUKITUKA€E MOTPEOye
y 1i kmacudikarii.

INomaTkoBMM KoOJAEKCOM YKpaiHu mepeadadeHo
MOZIIJT KOPIOPATUBHUX BKJIAJICHb 38 KPUTEPieEM 00'eKTa
IHBECTYBaHHA Ha:

1. IToprdensHe iHBeCTYBaHHS — IPUAOAHHS HEpe-
3UICHTOM I[iHHHX ManepiB, iX MOXigHUX Ta 1HMUX }i-
HAaHCOBHUX aKTHBIB 3a TPOIIOBI KOIITH HA (OHIOBOMY
PUHKy 200 6ipKOBOMY TOBAPHOMY PHHKY.*

Lleii Bu iHBECTHUIIIH CKJIaja€ 3HAUYHY YaCTHHY CBi-
TOBOTO KamiTany, aJpke BIH: MOOUIBHUI; dYacTo
MOB’sI3aHUI 31 CTaHIAapTH30BaHUMH (PiHAHCOBUMH iH-
CTPYMEHTaMH: HalllOHAJIBHOIO Ta IHO3EMHOIO BaliO-
TOI0, HIHHUMH Marepamu, CTPOKOBUMH JIOMOBIIEHOC-
TSIMH; CHPSIMOBYETBhCS B Ha0lp IIHHUX Ianepis, LI0
YTBOPIOE «IIOpPT(]ENb»; HE BUMara€ 3HaAYHHX BUTPAT;
rapaHTy€ OTPHMaHHS BHCOKHX IOXOJIB 32 KOPOTKHH
JacOBHH MPOMIXKOK.

IMoprdensHe iHBECTYBaHHA XapaKTEPU3YETHCS
HasBHICTIO y IHO3€MHOTO iHBECTOPA TAKUX IPaB fK:

- IepepaxoByBaHHS Ha OaHKIBCBKMH MOTOYHUH
paxyHOK TOPTOBLS I[IHHUMHM TariepaMu iHO3eMHY Ba-
JIOTY 3-32 KOPAOHY;

- BIIKPUTTS IHBECTHUIIITHOTO paxyHKY JUIsl 3apaxy-
BaHHS 1HO3EMHOT BAJIIOTH 3-32 KOPJIOHY;

- 3apaxyBaHHs BBE3€HOI B YKpaiHy, Y 103BOJICHUX
HalliOHAIFHUM 3aKOHOJIaBCTBOM MEXaX, 1 3aJleKJIapo-
BaHy MUTHUM OPTaHOM IIif 4ac B'{31y B YKpaiHy, TOTi-
BKOBY 1HO3EMHY BaJIIOTY, 1110, 32 HAsIBHOCTI MUTHOI Jie-
KJIapariii abo ToKyMeHTa 0aHKY IO OJepKaHHS iHO3e-
MHUM 1HBECTOPOM TOTiBKOBOI iHO3EMHOI BaNIOTH,
BU3HAETHCS BUIBHO KOHBEPTOBAHOIO, HA OaHKIBCHKHI
MOTOYHUI PaxyHOK (i3MYHOT 0COOU-HEPE3U/ICHTA,;

- mmepepaxyBaHHs iHO3EMHOI BallOTH 3 OaHKIBCh-
KOT0 MOTOYHOTO paxyHKy (i3u4HOI 0coOH-Hepesnie-
HTa B yIIOBHOBXCHOMY OaHKy Ha OCOOMCTHI 1HBECTH-
LIHUI paxyHOK a00 Ha IHBECTULIHHHUN paXyHOK 3aK0-
PJIOHHOTO 1HBECTOpA - FOPUIMYHOT 0cO0u;

- IepepaxyBaHHs 3 0AaHKIBCHKOTO iHBECTHIIIHHOTO
paxyHKy iHO3€MHOI BIIOTH Ha OCOOMCTHH NMOTOYHHMH
PaxyHOK TOPTOBIIS [IIHHUMH TarepamH;

- TepepaxOBYBaHHS KOIITIB y HAIllOHANBHIN Ba-
MOTI YKpaiHH, OIepKaHUX SK MPHOYTKH (IOXOIH),
OTpPUMaHI HEPE3WJICHTOM BiJ IHBECTHIIIHOI HisITBHO-
cTi B YKpaiHi 3 iHBECTUIIIHHOTO paxyHKy Ha BIIACHHH
NIOTOYHHUI paxyHOK TOproeus.t®

2. [lpsime iHBecTyBaHHS — TOJISITAE Y MPUIOaHHI
00'€KTiB pyXOMOTO 1 HEPYXOMOTO MaiHa, MOB'I3aHUX 3
HUM MaifHOBHX TpaB Ta BHECEHHSM KOUITIB 1 MaifHa 70
CTaTYTHOTO KalliTaly PeluIiionydoi IOpHInIHOT 0cO0n
B 0OMIH Ha KOPIIOpaTHBHI IIpaBa, EMiTOBaHI Li€I0 TOC-
MOAAPCHKOI0 OpraHi3ali€ro.

14 TlomatkoBumii kKomekc VYKpainum: 3akoH YKpainu Bix
02.12.2010 p. Ne 2755-VI1 // Binomocti BepxosHoi Pamu Yk-
paian. — 2011, — Ne 13-14, Ne 15-16, Ne 17. — Cr. 112.

[IpsimMe iHBecTyBaHHS 3MIHCHIOETHCS, KOIH iICHYE
KOHKYPEHIIisI M)XK BEIMKMMH KOMITaHISIMH, 1 3aCHOBY-
BaTH HOBE I JIPHEMCTBO HEMAE CEHCY. Y IIbOMY BUIIa-
JIKY, TIOTY>KHI MOHOTIOJIIT KyITyIOTh KOHTPOJIbHUH MTaKeT
aKIifl BKe ICHYIOUOT OpraHi3allii, 10 € BUTIIHUM IS
HUX uYepe3 MpHUTaMaHHI MpPSIMOMY IHBECTYBaHHIO
O3HaKH, JI0 SIKMX BIHOCATHCS: MPABO YIIPaBIiHHS 0i3-
HecoM, B OOMIH Ha BKJIQ/ICHHS KaliTally Y BUPOOHHII-
TBO TOCIIOJIAPCHKOI OpraHizallii-peruiienHTa; 3Mill-
HEHHsI TOCHOJAapChKOi opraHi3amii Ha BHYTPIITHbOMY
Ta 30BHIIIHEMY PHHKAaX, YCYHEHHS KOHKYPEHTIB; PO3-
OIMPEHHS PUHKY 30yTy, 4epe3 IMOKpaIIeHHs BUPOOHH-
YHX INIPOLECIB 38 PaXyHOK HOBUX MHpaBHI, TAKTHK Ta
HPUHIMIIIB JisIbHOCT]. 8

JloninpHO 3a3HAYUTH, IO MIANPUEMCTBO-PELUITI-
€HT TaKOX OTPUMYE TI€peBaru BiJ Takoi CHiBmpari,
MPOTE TUIBKU TOMI, KOJH LiJi 000X CTOpIH CIiBIaja-
10Th. Hampukiian, 3a paxyHOK 3alpOBajKEHHS cydac-
HOI CHCTEMH YIIPaBIIiHHS Ta HOBUX TEXHOJIOT1H, 30116~
OIY€ThCS aCOPTHMEHT BHUTOTOBIICHHX TOBapiB (pooOit,
MOCIyYT) Ta iX eKCHOPT 332 KOPJOH.

Jlesxi HayKoBII B 3alIe)KHOCTI BiIl Tocmomap-
CBKOT'O Pe3yJIBTAaTy PO3PI3HAIOTH HACTYIHI BHIH KOp-
MTOPATHBHUX 1HO3EMHUX 1HBECTHIIIN:

- TOpTQEeNbHI IHBECTHIIIT — IHBECTOPH BKIIAIAIOTh
rpOIIli B HE3HAYHI 32 00CATOM MAKETH aKIIii Y1 YaCTKU
y MaifHi, 10 3a CBOIM 00CSTOM HE MEPEeBUIIYIOTH 5%
po3Mipy craTyTHOro (OHIY roCIoIapChKOl OpraHisa-
il KOPHOPAaTHBHOTO THITYy 3 METOIO OJICPXKAHHS JHBi-
JIEH/IIB;

- (hiHaHCOBI 1HBECTHIIIl — HEPE3UACHTH KYIMYIOTh
3HAYHI 32 PO3MIpPOM ITaKeTH aKiiif abo YacTKU y CTaTy-
tHOMY (poHzi, Bix 10 % mo 40 % crarytHOTO (hoHLIY,
TOCIIOAAPCHKHX i JIPHEMCTB JUTS IEPETPOaXKy X Ho-
TEHIIHHO BaYKIIMBUM iHBECTOpaM TOJi, KOJH BapTiCTh
aKILiil JocATae MaKCUMAIbHOTO POCTY;

- crpareriuHi iHBecTHLIl — Lle (hiHAHCOBI BKIa-
JCHHs y npuI0aHHs KOHTPOJIBHOTO IAKeTy aKiiil un
YacTKH y CTaTyTHOMYy (oHIi (MaifHi) rocrnomapchKoi
OpraHi3awii Jyisi KOHTPOJIIO HA/l HUM Ta oJiepXKaHHs Oa-
AHOTO PE3YJILTATY BiJl TaKoi JisibHOCTI. Y

KopmopaTtuBHa dopma 3amydeHHs iHO3EMHHUX 1H-
BECTHLII Ma€e CBOI IepeBary Ta HEeJOiKH.

[To3UTHBHI aCHEKTH TAKOTO IHBECTYBaHHS JOCHUTb
3HaYHi Ta MMOJIATal0Th Y MOXKIIUBOCTI:

- BUOOPY Oprani3amiiHO-IPaBOBUX (OPM ITiAIPH-
€MCTB; IAPTHEPIB; XapaKTepy OisTBHOCTI Ta cep iHBe-
CTyBaHHS;

- BIZIOKpEMJICHHS MaiHa 1HO3EMHOTO IHBECTOpa
BiJl MaifHa 00paHOT TOCIMOAAPCHKOI OpraHizarii, muis-
xoM ii cTBopeHHs Ta/abo y4acri;

- BiIOKpeMJIeHHS (32 OKPEMUMH BUHATKAMHU) Bij-
MOBITATBHOCTI 1HBECTOpa 3a BJIACHUMH 3000B’s3aH-
HSMU BiJ] BIITIOBIIaJIbHOCTI CTBOPEHOI HUM OpTaHi3alii
(opramizaiii, B sKy BiH BKJIaB IHBECTHIIi) 3a 30-
0OB’sI3aHHSIMH TaKOi OpraHi3alii;

- iHBecTyBaHHS B Ti chepH rocronapchKoi Jisiib-
HOCTI, Cy0’€KTOM SIKMX MOXKe OyTH JIMIIIE OpraHi3amis:

15 ToBopymko T.A. CyTHiCTb MpAMKX {HO3EMHHX IHBECTHILIH
Ta 1x knacudikauis / T.A. T'oBopymiko, H.I. O6ymna // Teopii
Mikpo-MakpoekoHoMiku. — 2013. — Ne 41. — C. 92-95.

16 Topopymko T.A. Bkas. mpars. — C. 92-95.

17 Bignuk O.M. Bxas. npaus. — C. 107.
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0aHKIBChKA MisUTbHICTH, CTPaxoBa IisUTbHICTB, Mpode-
cifiHa MiSTTLHICTh HA PUHKY IIHHUX TManepiB 9u GOHI0-
BOMY PHWHKY, Oip>KOBa MisJIbHICTB, CIIUJIbHE IHBECTY-
BaHHS TOILO;

- 3aJy4YCHHS TPOIIOBUX KOINTIB iHIIUX OCI0 Bix
BUITYCKY €MICIHHUX IIIHHUX Manepis.

BonHouac, 3a3HaueHa ¢opma iHO3eMHOIO iHBeC-
TyBaHHS MOXX€ YCKJIaJHIOBATH CTaHOBHIIE iHBECTOPA,
yepe3 HasBHICTD JIESIKMX BUMOT 3aKOHOAABCTBA YKpa-
HHM, IO TIepen0avaroTh:

- CTBOPEHHS 3HAYHOTO 3a PO3MIPOM CTAaTyTHOTO
Karitany 9u GoHIy;

- 3IiHCHEHHS HEPE3UICHTOM Ha eTalli CTBOPEHHS
Ta B MpoIieci PYHKI[IOHYBaHHS FOCHOIAPChKOI OpraHi-
3arlii NIeBHUX OpraHi3aliifHuX 3aXO0/IiB;

- HasBHICTh 3HAYHOTO CTYIICHSI PU3HMKY Ta 00cCsATYy
BIANOBIJAILHOCTI Y BUNAJKY BUKOPHUCTAHHS 200 CTBO-
PEHHSI ITIOBHOTO UM KOMaHAMTHOTO TOBapuCTBa, abo y
pasi 3/1lfiCHeHHs BUPIIIAJILHOTO BIUIMBY Ha IOCIOJAAp-
ChKY OpTraHi3amilo, [0 MOKE CTaTH NPUBOAOM JUIA CY-
OcumiapHOi BiNOBITANBFHOCTI iHBECTOpa — XOJIUHTO-
BO{ KOMITaHii II10JI0 CBOTO KOPIIOPATUBHOTO MiATIPHEM-
CTBa.

BucnoBok. OTxe, iCHYIOTH NOKTPUHAIBHUHA Ta
MPaBOBUII MiIXOIU 0 BU3HAYCHHS 0COOINBOCTEH KOP-
nopatiBHOI opmH iHBecTHLIITHOT AistmbHOCTI. [TpuTa-
MaHHi JaHii Gpopmi 03HaKkH Ta 0coOIMBOCTI Kinacudika-
11ii, HAJA0Th 1HO3EMHOMY IHBECTOPY IIMPOKI MOXKJIH-
BocTi y BHOOpI opranizauiiiHo-paBoBux (opm
3MIACHEHHS CBOET rocnoaapchkoi misuibHOCTI. [IpoTe,
BEJICHHS NEAKWX BHIIB TaKol MIsUIBHOCTI MOXe OyTH
OOTSDKITMBHIM JUTS IHBECTOPA, a IHKOJIM B3araili HeMOX-
TMBHM. 3 OTJISIAY Ha L€, MPUHHABIIN PIilICHHS NP0 BH-
KOPHCTaHHS KOPHOPAaTHBHOI ()OPMHU iIHO3EMHOTO iHBe-
CTYyBaHHS, IHBECTOP-HEPE3UJICHT Ma€ OLIHUTH ycCi Ie-
peBarn Ta HEJIOJIKH T'OCIOJApChKOi OpraHizamii, ska
Ma€e BUKOPUCTOBYBATHCS B Ipolieci inBectyBaHHs. Cy-
YacHa JMHaMiKa PO3BUTKY IHBECTHULIWHHUX BiJJHOCHH
BUMAarae MOOUIBHOCTI BJIQJM y pearyBaHHI Ha MiXHa-
POZIHI TEHAEHIIT, 110 MAIOTh CYNPOBOIXKYBATUCS LIIBH-
JIKHM BHECEHHSIM 3MiH Yy HalllOHAJIbHE 3aKOHOIABCTRO.
IMrieMeHTallisl €BPONEHCHKHUX CTaHIAPTIB KOPIIOPATH-
BHOTO iHBECTYBaHHS JOTIOMOXKE CTal11i3yBaTH yKpaiH-
CbKY ctepy rocronaproBaHHs. ToMy Juid BHpPILIEHHS
npobaeM y cdepi KOpImopaTHBHOTO iHBECTYBaHHS, He-
00XiIHO:

1.Bu3HaunTH Ha 3aKOHOJABYOMY PIiBHI IMOHATTS
«KkopnopatuBHoi ¢opMM iHO3eMHOro iHBecCTYy-
BaHHSI» y Takiil iHTeprnperauii: — 1e IisuIbHICTh 1HO3e-
MHHX IHBECTOPIB, L0 MOJISIrae y CTBOPEHHI Ta/abo B iX-
Hilf ydacTi B rocroaapchkiii oprasisaiii, B 0OMiH Ha
KOPTIOpPAaTHBHI TpaBa Ta MpaBa, MOCBIJYEHI IIHHUMHU
mamnepamMu, 3 METOI0 OJIep)KaHHS COIiaIbHO-€KOHOMIY-
HOTO e(exTy.

2.CucTeMaTH3yBaTH TOJIOKEHHS HOPMATHBHO-
MPaBOBUX aKTiB YKpaiHU 3 MDKHAPOJAHUMH CTaHIAp-
TaMHu y cepi KOPIOpaTHBHOI'O IHBECTYBaHHSL.
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Chronic periapical periodontitis (CAP) is a typical oral disease in which periodontal inflammation caused by
an odontogenic infection eventually leads to bone loss. Despite substantial progresses of modern endodontics with
regards to mechanical instrumentation of radicular spaces, root canal infections, and their associated apical perio-
dontitis lesions remain remarkably prevalent. Knowledge of microbial location, organisation and virulence factors
within the root canal system is important for understanding the disease process.

Keywords: chronic apical periodontitis, microorganism; nonsurgical endodontic treatment, bone regenera-

tion.

Introduction. Apical periodontitis (AP) is one of
the most prevalent inflammatory lesions involving the
jaw. A recent systematic review revealed that 52 % of
the worldwide population and 50 % of the global adult
population has at least one tooth with AP, and that the
prevalence of AP is much higher among root-filled
teeth (39 %) than among nontreated teeth (3 %) [1, 2].

Chronic apical periodontitis refers to the chronic
inflammation of periapical tissues due to the long-term
presence of infection and pathogenic irritants in the root
canal, which is manifested by the formation of inflam-
mation and destruction of alveolar bone. Evidence has
reinforced the microbial role in apical periodontitis; AP
is essentially an inflammatory disease of microbial ae-
tiology [3].

Microbiota are found in highly organised and
complex entities, known as multi-species biofilms
mainly located inside the root canal. In specific circum-
stances, microorganisms can overcome the defence
barrier and even establish an extra-radicular infection
[4, 5]. Although fungi, archaea and viruses have been
found in association with AP, bacteria are the main mi-
crobial aetiological agents [3].

It is known that microbial antigens from the root
canal infection are capable to stimulate both specific
and non-specific immune responses in periapical tissue
[6, 7]. This inflammation is characterized by a complex
interplay between microbial tissue invasion and host
defense [8]. The defense mechanism keeps the micro-
bial infection in the root canal system, thereby prevent-
ing its spread beyond the apical foramen, but the per-
manence of bacteria in the pulpal tissues leads to pulpal
pathology and periapical inflammation [9].

The main text.

Etiologic role of microorganisms in developing
of apical periodontitis

In 1894 W.D. Miller was the first who published
observations from the root canals with infected pulp

space, but at that time he was unable to verify his find-
ings [10]. Since that time bacteria was implicated in in-
fections of endodontic origin. In 1982 Fabricius et al.
showed the succession of strict anaerobes over faculta-
tive anaerobes with time in the root canal, which most
likely occurred due to the changes in ecology of root
canal system [11, 12].

Precise identification of microorganisms partici-
pating in the pathogenesis of apical periodontitis is im-
portant in order to understand the disease process and
to provide effective antimicrobial treatment.

The oral cavity has one of the highest rates of mi-
croorganisms. Under appropriate conditions, the nor-
mal oral microbiota may give rise to opportunistic path-
ogens if access to dental pulp tissues occurs. The most
common route of contamination is dental caries, induc-
ing successive inflammatory responses in the pulp tis-
sue, ending with pulp necrosis if appropriate therapeu-
tic measures are not adopted [13, 14, 15]. The enclosed
anatomy of the dental pulp provides an effective pri-
mary barrier against its microbial colonization, once the
teeth are part of the oral cavity.

Microorganisms residing in the root canal play an
essential role in the initiation and establishment of
periradicular lesions [16]. Microorganisms may cause
direct tissue damage and modulate the immunological
response by secretion of products, including enzymes,
exotoxins and metabolic end-products [17, 18, 19].

Current Challenges in the Diagnosis and Treat-
ment of Apical Periodontitis

Since its inception, conventional radiography has
remained the mainstay of imaging in Endodontics.
Among the specific imaging techniques, which have
been researched as potential diagnostic and treatment
planning tools in Endodontics, are digital subtraction
radiology (DSR), tuned aperture computed tomography
(TACT), ultrasound (US), magnetic resonance imaging
(MRI) and computed tomography (CT) [20, 21].
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As such, conventional radiography, despite its in-
herent limitations (Compression of Three-Dimensional
Structures, Geometric Distortion), remains the default
imaging system in the field.

Cone beam computed tomography (CBCT) is a
contemporary, three-dimensional, diagnostic imaging
system designed specifically for use on the maxillofa-
cial skeleton [22, 23]. A commonly used option is for
the images of the area of interest to be displayed, sim-
ultaneously, in the three orthogonal planes (axial, sag-
ittal and coronal), affording the clinician a truly three-
dimensional view of the area of interest. Cone beam
computed tomographyovercomes the limitations of
conventional radiography. The production of three-di-
mensional images allows a comprehensive appreciation
of the anatomy, and its spatial relationship to the tissue
destruction caused by the pathosis under examination.
Cone beam computed tomographyis significantly more
sensitive than conventional radiography in the detec-
tion of apical periodontitis in humans [24]. Periapical
bone destruction associated with endodontic infection
can be identified using CBCT before evidence of the
existence of these lesions presents itself on conven-
tional radiographs [25, 26].

Challenges in the Treatment of Apical Periodon-
titis

Endodontic success has largely been based on
three basic principles known as the "endodontic triad of
success" which includes: cleaning (debridement and
disinfection), shaping, and obturation (sealing) [27].
The goal of endodontic treatment is to clean, shape, and
seal the root canal system in three dimensions to elimi-
nate or prevent (re)infection. Treatment aims to remove
or significantly reduce the intracanal microbes and pre-
vent re-infection by placing a root canal filling. When
endodontic treatment is adequately done, the periapical
lesion heals with hard tissue regeneration, which is ev-
ident in follow-up radiographs through a reduction in
the radiolucency's size [28].

Various clinical approaches involving nonsurgical
endodontic treatment for the treatment of AP have been
developed. Given the variability and complexity of the
internal anatomy of teeth, which includes C-shaped
root canals, curvatures, and lateral and apical ramifica-
tions, complete disinfection of contaminated root ca-
nals is difficult because of underlying pulp necrosis
[29].

Irrigation, a key factor in the success of endodon-
tic treatment, has several important functions depend-
ing on the irrigant used; these include destruction of the
microorganisms in the root canal, dissolution of ne-
crotic and inflamed tissue, removal of dentinal debris,
prevention of bacterial extrusion into the periapical tis-
sues, reduction of friction, improvement of the cutting
effectiveness, and cooling of the endodontic file and
tooth. Importantly, it affects areas of the root canal wall
that are not accessible by mechanical instrumentation.
Sodium hypochlorite, because of its specific ability to
dissolve organic matter, is widely considered the pri-
mary irrigant of choice to effectively kill and remove
bacteria and necrotic tissue remnants in the canal [1, 30,
31].

Antimicrobial therapy in endodontics has been es-
tablished on the opinion that periradicular conditions
are infectious entities. Such therapies should be able to
eliminate pathogenic microorganisms; in this context,
highly effective antimicrobial strategies should be ap-
plied to achieve optimal outcomes [32, 33].

Bone remodeling of AP

Bone remodeling is performed by altering bone re-
sorption and formation in chronological order. Bone re-
sorption and formation are opposing and coupled pro-
cesses of osteoblasts and osteoclasts [34, 35], which to-
gether constitute normal bone mass. This section
focuses on several factors that influence periapical
bone remodeling, including microorganisms, human
signaling pathways, and the immune system.

Conclusions.

The worldwide prevalence of apical periodontitis
is high, and its treatment remains challenging. Im-
provement in endodontic instruments, instrumentation
systems, irrigants, and ICM, along with the develop-
ment of novel therapeutic approaches, are crucial for
more effective procedures for treating infected root ca-
nals. Nonsurgical and surgical endodontic treatments
have a high success rate in the treatment and prevention
of apical periodontitis when carried out according to
standard and accepted clinical principles.
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The article has been written on the bases of comparative-tyological method in the study of the English and
Azerbaijani languages belonging to different language systems (English belonging to analytical type of languages,
Azerbaijani to the synthetic type of languages. The main aim of the investigation is to find out similarities and
differentiations between phonotactics in the English and Azerbaijani languages.
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Introduction. The etymology of the word “pho-
notactics” comes from the Greek word “phone”,
“sound” and “taktike” “the art of placement”. Speaking
of phonotactics, we mean a combination of phonemes
in different positions in a word and a morpheme. Pho-
notactic restrictions investigate all possible sequences
of phonemes in a language. A syllable is a phonotactic
unit. The rules that form the basis of the syllable struc-
ture that exists in each language, and the rules regulat-
ing them, are called phonotactic restrictions.

In English, there are phonotactic rules that reveal
which combinations of phonemes are permissible or
not permissible at the junction of syllables. Despite the
fact that, in the initial position, the combination of such
consonants as (sk, st, sp) is often used, but combina-
tions of the same phonemes, in the combinations (ps,
pt, ks) are not used in the initial position in English
words. Speaking about the phonotactic possibilities of
the English language, the following features can be
noted: long monophthongs and diphthongs in the Eng-
lish language cannot precede the consonant sound / 1y /;
nasal sonant / 1 / is not used in the initial position; it is
not possible to combine such phonemes as/ ff, &3, 0, z/
with consonants in the initial position; phonemes / r, j,
w / cannot act as the first element in combinations with
consonants; vowel phonemes such as / e, &, A, o / are
not found in the final position. Phoneme / r / is charac-
terized by rotacism, the absence of rotacism, the use of
intrusive and linking / r /. In the words with the letter
“r, the rotic / r / is used. This phenomenon occurs in
American English. The absence of rotatism occurs in
British English. If the word ends with the letter “r””, and
the following word begins with a vowel, in this case
linking / r/ is used . For example: His father and mother
are engineers. Intrusive / r / is used even if the word
ends in a vowel, and the following word begins with a
vowel. For example: The idea of Africa and Asia. The
combination of such phonemes as / fs, mh, stl, spw / in
the initial position is unknown. Consonant phonemes
such as/h, j, r, w/are not found in the final position in
the English language. If in the final position such so-
nants as / m, n / do not form a syllable, then in this case
the sonorous sound / | / may precede them. In the final
position, the combination of phonemes such as / kf, p,
18, 3bd / is unknown. The combination of consonant
phonemes like [tw, dw, gw] before vowels can be used

at the beginning of a word; the twomembered combina-
tion of the consonant [sp] in the initial position may oc-
cur before all vowels; from the twelve possible three-
membered combinations of consonants, nine of them
can be used in English, but such threemembered com-
binations as [spw-, stl-, stw-] in the final position are
not used. [5, ¢ 243].

2. Scope of the study

Words in a language have a certain phonetic com-
position, structure. There is no word in the language
that has no phonetic content: each word combines at
least three aspects - a sound complex, a meaning, and a
source of meaning. To be a language unit of any sound
complex, the combination of sounds in each language
must be organized in accordance with certain phonetic
laws, phonetic rules. For example, in English, if there
are three consonants at the beginning of the word, such
combinations of consonants in the Azerbaijani lan-
guage are not allowed. On the other hand, the words
cannot begin with the combination of consonants [tn,
tl] , but these combinations can be used in the final po-
sition of the words in English. In the Tiirkic languages,
vowels in the composition of the word have the same
features. In the composition of one word, it is possible
to combine either front vowels or back vowels.

In English, not all consonants at the beginning of
the word can be combined with each other. In this po-
sition we can show the two-structured form of the
twomembered combination of consonants. For exam-
ple,1) Spirant + consonant (S + C). For example, stay
[stei], swim [sw1m],sleep [s|i: p].2) Consonant +
[w, r, I, j]: twin [t w I n], cream [k r i: m], plain [p | ei
n], beauty [b j u: ti] [5, p.243]. From the two modular
structures, it can be concluded that the occlusive plo-
sives, in combination constrictive sonorants in the ini-
tial position can form a two-membered combination.
Such a structure as a spirant + occlusive is in the second
place. However, two-membered combinations such as
[sr, sb, sb, tl, hr, fw] are beyond the limit of the types
of noted structures. On the other hand, it is possible to
determine three types of structure of a twomembered
combination in anlaut. On the other hand, at the begin-
ning of a word, three types of twomembered consonant
combinations can be defined: 1) occlusive plosives +
sonorant, 2).fricative + sonorant, 3) fricative + fortis
(voiceless) stop (Gimson,1970).
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In the final position of the twomembered combi-
nation, five models can be distinguished:1) consonant
+/1t,d,s, z/ For example, begged, since, act, helped.
2) sonorant + consonant For example, help, sold. 3) /
m, n/+ consonant For example, ink, lung. 4) consonant
+ interdental / 6 / For example, fifths, length. 5) / r / +
consonant For example, work, birth. According to A.
Jimson, such consonants as [r, h, j, w] in English in the
final position cannot form combinations with other
consonants; consonants such as [g, n, 8] in twomem-
bered consonant combinations cannot act as the last el-
ement; the combination [p6] only with [e], the combi-
nation [m6] only with [2:], the combination [In] only
with [e], [f0] with [1] can be used after all vowels; only
the combination [dz] can be used after all vowels; vow-
els such as [1, e, A] have a greater tendency in the for-
mation of a combination of vowels with consonants. In
English, all consonants can be found in the initial posi-
tion in the words. This combination is found in proper
nouns of foreign origin. For example, Ngami / ga: m1
/(Gimson,1970).

3. Research Methodology

In the article we have used comparative typologi-
cal method in the investigation of the main features of
phonotactics in the Azerbaijani and English languages

4. The main features of phonotactics in the
Azerbaijani and English languages

According to the phonotactics of the Azerbaijani
language, two vowels or two consonants cannot be
combined at the beginning of a word. In addition, there
are several sound combinations, such as [ggcaa], [ioac],
[mnfra] and so on. Typical sound combinations can
never be a part of the phonetic structure in Azerbaijani
words (Axundov,1973). Therefore, the sound content
of each language is formed on the basis of specific pho-
netic laws and rules, and function in a language. Re-
garding to the distribution of vowels in the structure of
the word in the Azerbaijani language, A. Akhundov
notes the followings: 1) The most typical position for
Azerbaijani vowels is the middle position. 2) The com-
bination of two vowels at the beginning of a word and
five vowels at the end of a word is not used. Vowels
such as [e, 0, o] are not typical for the final position.
For the final position, six vowels are typical such as [i,
i, 9, 1, u, a]. 3) In the Azerbaijani language, regardless
of the phonetic and morphological position, the most
common are non-labialized, open vowels such as [s]
and [a]. 4) The most widely used long vowels in the
Azerbaijani language are [i:] and [a:]. 5) The frequency
of use in the Azerbaijani language is indicated as fol-
lows: [a, a, i, 1, u, u, u, e, o; a: i, e, 0]
(Axundov,1984). There are certain limitations in the
development of vowel phonemes in combinations of
VC and CV in the Azerbaijani language.
A.Akhundov’s research shows that all vowel phonemes
cannot be used before all consonants. It is revealed that
when vowel sound [6:] is used less before consonants,
and the most commonly used vowel sounds are [i:],
[u:], [a:]- As in the case of VC, there are some limita-
tions in the combination of vowel phonemes after vari-
ous consonants (CV). In this type of combination, a
vowel phoneme such as [0:] is less used after various
consonants (Axundov,1984).

In the Azerbaijani language, there is a serious lim-
itation in the combination of vowels if they are joined.
All vowel sounds cannot be used at the junction of
words. Akhundov’s research shows that there are two
strict phonetic rules in the development of various var-
iants of the Azerbaijani language. The first of them is
manifested in short variations of closed vowels, and the
second - in a slightly decreasing labialization of the
lips. Closed vowels in the Azerbaijani language are re-
duced in different phonetic positions. If the number of
syllables increases, then in this case closed vowels that
stand before unstressed syllables are reduced. Thus, the
closed syllable is reduced: 1) words consisting of two
syllables on the first unstressed syllable; 2) words con-
sisting of three syllables on the second unstressed syl-
lable; 3) in four-syllable words on the third unstressed
syllable; 4) and in the words of five syllables on the
fourth unstressed syllable. For example, sinif, sinfi, sin-
fimizin; bulud, buludun, buludunuz. But in monosyl-
labic words, closed vowels are not reduced. For exam-
ple, biz, giil, qiz, qus (Axundov,1984). Speaking about
the physical-acoustic features of phonetic components,
their phases, A. Akhundov shows the following com-
mon features for the consonants of the Azerbaijani lan-
guage: 1) the excursion phase for all voiced consonants
at the beginning of the word leads to devoicing; 2) the
recursion stage of all consonants at the end of a word
leads to devoicing; 3) the excursion phase of all vo-
celess consonants after vowels leads to a slight voicing;
4) all consonant phonemes are labialized depending on
the phonetic position in  which they fall;
(Axundov,1984). In Azeri, occlusive plosive voiceless
consonants such as [p, t, k, k] in all positions of the
structure of the word may have such a characteristic
feature as aspiration. Aspiration in the Azerbaijani lan-
guage is most characteristic for the final position. All
aspirated consonants lose aspiration after consonant [s].
At the same time, A. Akhundov notes that at the end of
complex words, voiced consonants are aspirated in
some cases (Axundov,1984).

The distributional features of the consonants of the
Azerbaijani language can be summarized as follows: 1)
Like the vowels, the most typical position for conso-
nants is the middle position. In the Azerbaijani lan-
guage, at the beginning of the word, the phoneme [g] is
not used. At the end of the word noisy consonants are
used more than sonorous consonants. In the initial and
middle positions, lingual, occlusive, voiced, noisy and
oral consonants are used more frequently. The same
consonants are characteristic for the initial position
(Axundov,1984). Fricative, voiceless and oral conso-
nants are more often used in the root of the word than
in the suffixes in the Azerbaijani language. As a rule,
lingual, occlusive, voiced, noisy, oral consonants are
more characteristic for the root of a word. Sonorous
consonants are more characteristic of suffixes. Conso-
nants in frequency of use in the Azerbaijani language
are listed as follows: [I, n,r, m,d, y,s, b, t, k, 2,0, g, k,
X, h, v,, ¢, k, f, n, j] (Axundov,1984). Regarding the
ability to connect consonants with vowels and conso-
nants in the Azerbaijani language, the following can be
mentioned: 1) Only [b] cannot be combined with an-
other consonant in the Azerbaijani language. If we take
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into consideration [m, d, r] and [n], all consonants can
be used at the junction of words, but [I] can be used
together with [j] on the border with the morpheme. [d]
can be used with such consonants as [p, f, t, ¢, k, g, x]
(Axundov,1988). There are no restrictions on the con-
sonants of the Azerbaijani language before the vowels.
Only consonants [v, j, k, g] and [g] cannot be used be-
fore all vowels in a given language. Thus, [v] is not
used before [6], and [k] is not used before [1], [j], [g]
and [g] before the four consonants [3, p.145]. Accord-
ing to F. Jalilov, the modern [g] phoneme in modern
Azerbaijani language is not functioning any longer, and
the allophone [{] which is formed from the phoneme
[v] and [Kk] is more activated. Thus, in such words as
[inati, ¢orati] or [inax, ¢orax], a deaf allophone of the
[y] phoneme is used. This allophone we indicate in
transcription as follows, as [{1] or [x]. In the Azerbaijani
language, the allophone of the constrictive consonant
[k] is noted as [G]. For example, moktob, moktub
[matitop, matitup] [4, p. 64-65].

Speaking about the connections of consonants in
the initial and final positions in the Azerbaijani lan-
guage, F. Jalilov notes that two vowels, two consonants
are not used, in this position the phonemes like [r], [j]
do not occur, the consonants [I], [m] , [n], [2], [Vv] are
less found in the above position, and delving into the
ancient era, we reveal that they were not used in this
position. In the middle and final position, two vowels
are not found. In the Azerbaijani language, if two con-
sonants are found in the final position, then one of them
is usually a sonorous sound. There are some differences
between phonotactics of words and suffixes in the
Azerbaijani language. Thus, such consonants as [, n, r,
g] are not found in the initial position of the word, but
most of the morphemes begin with the given phonemes.
On the other hand, all vowels are used in the root of the
word, but in suffixes vowel phonemes such as [e, o, 0]
are not found. As F. Jalilov notes that, the combination
of two or three consonants in the Azerbaijani language

from the point of view of the diachronic aspect is a sub-
sequent phenomenon, because such combinations of
qurix-qurx, kokiis-koks, goriikli-gorklii appeared in the
morphological connection (Cslilov,1988).

F. Veyselli notes that the Azerbaijani language is
a language that adheres to the rules of VC or CV. The
subtlety of the Azerbaijani language is that in the nest
of one vowel several vowel sounds cannot be com-
bined. Further he writes: “The second feature that dis-
tinguishes our language from other languages is that the
characteristic feature of our words is that they are al-
ways at their peak. In Azerbaijani, the first root vowel
is characterized by the fact that the subsequent vowel
in the suffix acquires the same feature. For example, if
words begin with front-vowels, then the front-vowel is
also used in suffixes or vice versa, for example, ata-lar-
dan, iki-miz-in.

Conclusion. Comparative -typological analysis of
the materials of the English and Azerbaijani languages
helps us to come to the following conclusions. Studies
show that English and Azerbaijani languages have their
own phonotactic features.
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In the formulation of the problem of scattering of monochromatic waves and the numerical simulation of the
solution to the Helmholtz equation, there is a computational inconvenience: the calculation is performed on a finite
grid of discretization nodes of the finite scattering region, while the radiation conditions for the scattered wave are
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1. Introduction. The main types of setting bound-
ary value problems for equations of mathematical phys-
ics of elliptic type are well known [1-4]: these are 1) 1st
boundary value problem with Dirichlet conditions —
boundary condition of the 1st kind (the value of the de-
sired function is set on the boundary of the solution do-
main); 2) the 2nd boundary value problem with the
Neumann conditions - the boundary condition of the
2nd kind (the normal derivative of the desired function
is set on the boundary); 3) The 3rd boundary value
problem with Robin conditions is a boundary condition
of the 3rd kind (a linear combination of the required
function and its normal derivative is specified on the
boundary).

All these types of conditions are linear and local
(when formulating, the values of the desired function
and/or its normal derivative at each point of the bound-
ary are used separately). It should be noted that if the
property of linearity of boundary conditions for linear
problems is natural, then the locality of boundary con-
ditions for fields in distributed systems is not due to an-
ything, and is only a tradition of the historical develop-
ment of problem formulations.
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Non-local boundary conditions arise in a situation
where a certain system of bodies is surrounded by
boundless space, and it is required to solve the bound-
ary value problem in conditional finite boundaries in
such manner that the solution would not spoiled by
these boundaries, and within the computational domain
would coincide with the solution for boundless space.
In the literature, such a problem is called the problem
of constructing non-reflecting boundary conditions,
and is widely studied for acoustics, hydromechanics,
and scattering of waves of various nature [5-9].

The specific example of a problem with the Helm-
holtz equation proposed below is not new (A.A. Kon-
stantinov and others, [8], J.B. Keller [9]). However, the
solution of the problem there was done formally: in the
form of a series, which turned out to be divergent and
unsuitable for use in calculations. This work brings the
solution to the proper form.

2. Statement of the problem. Consider the non-
uniform Helmholtz equation in R®:

(2.1)

Let f(x,_'y,z) has a bounded in the R® support, which lies completely inside a closed ball
0y:  x2+ y? + 2% < R,? with aradius R; and a center in the origin. The parameter k = k(x,y, z) has

a positive constant value in the ball exterior, which is equal to ko.

Thus, in the ball O

exterior, the solution u = u(x, v, z) satisfies the uniform Helmholtz equation with

constant coefficients. The Sommerfeld radiation conditions define the solution behavior in the infinity, namely

[10]:

1
» Y NO I B
u(x,y,z) (r)

du . 1
— —ikqu~o|=), 1o .
r

ar

Under conditions (2.1), (2.2) the solution of the problem in the ball Oy

boundary condition in the ball Oy

zero boundary condition gives everywhere a zero solution in the ball O

surface, or in the surface of a ball, which includes O

r=x?+y?*+2z2
(2.2)

exterior is defined uniquely by the
inside, because a
exterior (see [11] pp. 440 — 441).

However, when setting computational boundary value problems, one has to perform calculations in a finite
region of space, and the use of conditions (2.2) at infinity causes difficulties. So,
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Required: to find an expression for the radiation condition on the boundary of a limited area (namely, here -
on the boundary of the ball 0:  x2 + y? + z2 < R?, R > R, of radius R, which contains the region of

inhomogeneity of the original problem inside itself).
3. Solving. Let's move from Cartesian coordinates to spherical coordinates:

x =rsinf@cosp, y=rsinfsing, z=rcos?b. (3.2)
Equation (2.1) is rewritten in the form?:
2
(Cz+2o+sA+k)u=f, (32)
Here the angular part of the 3-dimensional Laplace operator is introduced
A= Li @ L 6_2 3.3
- eaesm sinzﬂagozl (3.3)
Outside the ball O; , the solutlon satlsfles the homogeneous equation
a
(6?’2 +2= + /1 + ko )u =0, (3.4)
When the radiation condltlons (2 2) are satisfied, it is represented as a series (see [4], p. 448):
u(r,0,¢) = Xioo X = Hf)l (koT) Y, (0,9). 35)
Here Y},,, (6, @) are the spherical functions [12-14]19. They are orthonormal [15]:
@dzo}’}m(ﬁ,(p)y *I'm' (@:(P) = 5;;'5mm'- (3.6)

Spherical functions form a complete basis on a sphere in space L,(S? ) (see [16], [17]).
HEI)(Z), HE.Z)(Z) are the Hankel functions of the 1-st and 2-nd kind. They have asymptotic behavior at

infinity [18]:
Hﬁl)(z)m\[gexp (i (z—vg—g)), |z| = oo 3.7

HEZ)(Z)MJgexp (—i (z — vg— E)), |z| — 0. (3.8)

From (3.7) follows the asymptotic behavior of (3.5) at large distances

2 etkor

u(r,8,p)~ e 021 Com ()Y (0,0), kor — . (3.9)
On the sphere x2 + yz + z2 = R? from the obtained formulas we have:
UR,0,9) = 7= B0 H, s (ko) e Cum Y (6, 0) .10
Using the formula (see [19] for the half-sum of formulas (5 6.3))
SHP(2) = B (2) - YHP (2) (3.11)
for the normal derivative of u on the sphere, we get:
i%(R 6,¢) = == Tn :EW) D NVED (keR) Y e Y, (0, 0). (3.12)
f— n=0 H(ljl(koR) koR n+§ 0 =—nCmInm\0, @

z
Let us now construct an expression for the normal derivative of u expressed in terms of the function u itself
on the boundary. To do this, using the orthogonality of spherical functions (3.6), we express C;;;, from (3.10) and

substitute into (3.12):
JkoR N o
Chm = 7ﬁ dzo Ynmo9 P )U.(R,Q ' P )r

H™, (koR)
n+s
n=01... m=-n-n+1,...,n (3.13)
1 ou . e ”:_)1("0*?) (+1) o
o (R6,9) = fhd?0'u(R,6'0) Ti, H{lﬁ(kom e | B Y (8,0 ) (6, ). (3:14)

18 For formally other functions - already from spherical coordinates - we leave the previous designations.
19 In new sources (see Wikipedia), complex spherical functions (3.6) are denoted with subscript and superscript: Y," (9,(0),

and two subscripts are used for real-valued spherical functions. But in this work only complex spherical functions are used, so
we follow the old tradition.
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It can be seen from the relation obtained that the normal derivative of the desired function on the spherical
boundary is expressed in terms of the values of the desired function on this boundary using the action of a linear
unbounded operator on the right side of (3.14). This operator has received a name in the literature: the Dirichlet to
Neumann map (DtN) [9]. The eigenfunctions of the operator are the spherical functions Y},,,,, and the coefficients
in parentheses are the spectrum of the operator. The spectrum is unbounded because the first term in parentheses
in (3.14) is bounded, but the second is not. For functions that are not a finite linear combination of ¥,,,,,, the

representation (3.14) is not convenient to use and needs to be converted to a form that does not contain divergent
series. Let's show how this can be done.
For spherical functions, the addition theorem holds [20]: if

cosy=m-n =cosfcosf +sin@sinf cos(p —¢), (3.15)

is true, where
sin @ cos ¢ sinf cos¢’
n = |sinfsin @\, n = sin stf_n (pJ . (3.16)
cos @ cos '
then it holds
% 2n+1l
m=—n Ynm(g (p)Ynm (6 (P) - A nO( ) = P (COS ]/) (3-17)

In what follows, for functions of angular variables u(8, @), u(8", @"), we will also use vector notation for
arguments: u(n), u(n"), implying dependence on the position of a point on the surface of a sphere.
Substituting (3.17) into (3.14), we obtain
HY, (koR)

_ 1 2 it (n+1) _
—(R,0,¢) = @d ou(R6,9)¥7_, H{l)j(koR) R (2n+ 1)B,(cosy).(3.18)
nt;

lau
k ar

So, the desired boundary condition on a sphere of radius R has the form:

ki% (R,n) = —df d?0'u(R,n)DtN(koR; 1), (3.19)
0
where the kernel DtN of the linear operator is given with expression
(1)
; Hn—l @ (n+1)
DtN(z;n,n) =DtN(z,&) =27 _o| —==—— . (2n+ 1DP,(8). (3.20)

n=0 H(l)l (2)
+2
The kernel DtN of the operator in (3.19) is singular at n’ = n, and symmetric in the angular variables 1, n

. The functional series (3.20) diverges in general. This is not surprising, since the kernels of linear operators are
generalized functions.
Let's divide the expression (3.20) into three components: calculation, analytical and singular:

DtN(z,é) = R(z,&) + A(z,¢) + 5(2,8), (3.21)
{1)1(2)

R(z,O)=i+X7_, (1) ( )(Zn +1)—z (1 + ) B,(%), (3.22)

4@ =237, (1+2)R®, (329

S(z,¢&)=—=-27_on+1)2n+ 1)B,(&). (3.24)

The calculation component corresponds to a bounded operator and is determined by a series that converges
absolutely and uniformly (see below). The analytical component is summed up using reference formulas (see [21]
formula6.5.1.1at x = & = cos '}’ 1 = 0; [22] formula 8.926 A(9063.2)) and gives the integrable kernel of
the bounded operator (in L, (S?

A(z,¢) = z( J:— 1-— Inf ( 1%‘f)), (3.25)

The singular component corresponds to an unbounded integro-differential operator, the explicit form of which
will be obtained below.

4. The calculation component. Let us prove here that the series (3.22) converges absolutely and uniformly
iné, —1 = ¢& = 1. Due to the properties of Legendre polynomials |P,(¢)| =1, —1<¢& <1, itsuf-
fices to prove the convergence of the series
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{1}1(2)
R(z) =%7_, H(l][)(2n+1)—z(1+ ) (4.1)
n+—
for any fixed z > 0.
Lemma. For any fixed z = O there exists a finite limit

g
1(2)
. ) . _
T{r_ffg’n (1) e )(Zn +1) z(l + ) c(z). (4.2)
nez n+ 5

A corollary of the lemma is the statement about the absolute and uniform convergence of the series (3.22).
Proof. We use the representation of the Hankel functions of a half-integer argument in the form of series:

zk—{n+1) X 2k+n+%
Wy _ iy CUG) ()
H 1(2) (D™ Xk r(k—(n+2)+1)k! + Xk r(k+n+2+1)kt” (43)
It follows from the formulas [23], [24]:

D — Jv(@—e i, (2) -
H, (z) = i sin v v f}:" (4.4)

_ v (-n¥ X\
() = Yo r(k+v+1)(k+1) (E) : (4.5)

Here Z is a set of integers.
We transform expression (4.3) as follows:

I L4n 2k+2n+1
W (Y — i n+1(z)( 5 (1)() 0*"(3)
Hn+%(z) (-1 2 L= Or(ke—(n+ )+1)k' { Lik=0 rlken+iet)er ) (4.6
2 2
To get away from the negative values of the argument in the gamma function in the first terms of the series,
we use the Euler complement formula [25]:

ra—vyr(v) = % A 4.7)

In what follows, we will also use the well-known property of the gamma function [25], called the functional
Euler equation:

r(r+v) =vr(v). (4.8)
We obtain

) 2k 2k+2n+1
i (2\"\""3 » g oy O )kg
Hf:%(z) =—- (—) (3 (Zk‘:o r (n t %‘ k) % +1m Y- #) 4.9)

2 F(k+n+5)k!

Next, we take out of brackets the largest factor I" (n + E):
2k 2k+2n+1
() ~(n+3) rins )G *(E)
H @ = r(n+3)() (Ek L PE ( ) T e | 610

The gamma function of the half-integer argument increases monotonically in absolute value with the growth
of the argument everywhere, except for three values of the argument: -1/2; 1/2; 3/2, at which the absolute value of

the gamma function decreases: 2\ vz_?r respectively. For large values of n in formula (4.10), this does not

affect the fact that the factor from the gamma functions in the first sum in all terms of the series, except for the
first, is less than 1 in absolute value. The gamma factor in the second sum has a similar property.
We select the first two terms from the first series:

) (nak
u o=t ) @)

6, 5re3-9@" G

X1+ 1 +

n—5 k=2 F(n+%) k!
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B, @ o 029 @ =@, )"
) (1 N G G el o AT R Cor )
Let's denote the series:
. 20 @
m(2) = Y o F(n—g) (k+2)! (4.12)
' = Y@ ( l)kG)Zk
m(2) = X0 F(k+n+§)k!. (4.13)
These series, in any case, are bounded functions of the variable n for any fixed value of z:
2k z\2 z\2 | 17z0\%
N st expl|l= —|1+|{=]) +=|=
[m.(2)] = Xk (%22)! = (©)) Ez)f’a) 6 ), (4.14)
2
z\2k 2
@] = Ziso (22! = exp ((g) ) (4.15)
We will also need the following estimate:
o0 5 3 Z 2k
S (r(n-3-k) r(n-3-k)\ (3)
@ =) = ) - st
=\ I(n-g)  r(ng) '
. 7 5 7\ 2k+2
:Z r(n—5-%) r(n-3-x)\(3) _
G\ (-3 (-3 e
» 7 7 5 5 z\?k+2
Z(F(n_i)r n—j—k)_l“ H_Z)F(n_?_k)>(f) _
5 7 3 5 (k +3)!
k=0 F(n—f F(n—?) F(n—?)F(n—?)
e (23R 1 (-0 @)
-5 ) 0
S r(egok) 1 r(e-3-R\@)T
@ =@l = ) | — R 5 e =
= -5 I'(in—53 -5 ['\n—5 '
k=0 \"73 ( 2) ) ( 2)
- 7 5 2k+2
L r(h=g-K)| 1 |[r(=3-%)|\(E)
= Z 7 7~ |t s 5 k+3)
k=0 \ — 75 F(n—z) n—x F(n—j) (e +3)!
7%
ool H{ e
- (2, L) "
( Bi )
It means that
T{EQ,(rﬂ_l(Z) - rn(z)) =0. (4.18)
z
Expression (4.11) with notations (4.f2e), (4.13) takes a more compact form:
. — n+E
Hi)i(z) = —if (n + %) (g) ( 2) f.(2), (4.19)
2
22 4 .y 2ntl
f,(2)=1+ %_)% + 7@_527&_3) r(z) + 1:((22+%) 7, (2). (4.20)

It can be seen that the function f;, (z) introduced here tends to unity as n — o0,
Now, with the help of the obtained representations, let us calculate the limit (4.2).
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H[l)l(z)
. n—s 1 _
c(z) = IEEE’HZ ﬁlz@n +1) -z (1 + E) =
nty
(- 1) (z)‘(“—%) ‘o 1
= limn? u 2/ 12 I (2n+1)—z(1+—) =
no i 1\ 2\~ ("*2) n
=M (n+2)(3) " 7A@
z
= Igﬂnz (2){:—_1@(2}*1 +1)—z (1 +l) —
zezﬁ (” - j) fa(2) n
fa-1(2) 2n+ 1) )
Zr{[—g” ( fu(z) 2n-1 (1 + ;)) B
li o (fim1@DCn+1) n+1)
an_mr fL(@2)(2n—-1) n B
— S limn? fn—l(Z)Tl(Zn +1) -+ 1f,(2)2n—1) _
n;zf [L(2)2n—1)n
L limn? foo1(2)(@2n%2+n) — f,(2)2n% +n—1) _
n;’é‘ f,(2)2n—1)n
@R (@)~ i)+ @)
- Zﬁgg’n f,(2)2n —1n N
== +%?{H¥(2ng + 1) (f1(@) — £,(2) =
nez
z\? Z\4 z\2nl
= %+%£E¥.’(2n? +n)| 1+ (2)3 T+ 3(2) = r_1(2) + T(Llrfl_l(z) _
neL n—s (n — ?) (n — f) (n — ?)

ey () r(ny)
z\? z\?
-I-% lim(2n* + n) (j—)3 — (Z—)l—l-
2;; n—» n-—s
4 4
G

e h-)e-Y

22 7 ] 22n+1
R RN RPN

r(2) +

7 Zn—1 ) E 2n+1
”"(2) =2 _ " (z) — - (3) r (2)
F(n—f) F(n+§)

The last parenthesized line in the limit disappears because the gamma function grows faster than both the

power function and the exponent. Next, we get
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z  zZ\3 2n? +n) z\2 [ 2n? + n)r,—1(2) @n2+n)r,(2)
S R o v L S g A |
— %+ (%)3 2+ 2 (%)2 r{é}:g(?‘n_l(z) rn(z)) = + 2 (2)3
In this way, "
{1} [Z) 3
T{.Egnz (1) e )(2}*1 +1)—=z (1 + ) = §+ 2 (g) . (4.21)
nEL n+—

The lemma is proven.

As already mentioned, this proves the absolute and uniform convergence of the series (3.22), which deter-
mines the computational part of the Dirichlet-Neumann operator.

5. The singular part of the operator DtN. Expression (3.24) admits the following further processing. To
obtain a convergent series, one should use the formula [14] for one of the properties of spherical functions:

AY(@,9) = —nn+1)Y,,(6,¢). (5.1)
Here A" means the operator (3.3) taken with respect to the variables & ’, (p’. Using formula (3.17), we repre-
sent expression (3.24) as

S(Z f) - S(Z n, n) - _? n (?’1 + 1)En=—n nm(n)yrz‘m(n) (5-2)
This is the spectral expansion of the singular part S of the operator DtN in terms of its eigenfunctions, the

spherical functions®.
Using (5.1), we substitute into (5.2) the expression
# N N ! -1 * ' ' _
Yo (0,0)=A —n(n+1)Ynm(6 @), n=12.. (5.3)
For transformations, we use the well-known formulas (see [22] formula6.5.1.1atx = cosy, p = 0;also
[23] formula 8.926 A(9063.2)):

Y _oP.(cosy) = %cscg, Py(cosy) =1, P  (cosy) = — Insm— —In (1 + sin ) (5.4)
sinz _ l—cosy _ l—n-n. (55)
2 4 2 N 2
We obtain
S(zin,n) = — 5 + E/1’F(‘n -n), (5.6)

F = ﬁy — Insma —In (1 + sm ’ —In f ( f%‘f) (5.7)

Let us note here that in representation (5.6) the kernel S formally ceased to be a symmetric function of the
scalar product of vectors 1, 1", since the angular operator A acts on the variables 8°, (p’, but does not act on the
variables 8, ¢. Symmetry had to be sacrificed temporarily in order to get away from the divergent expression
(3.24). The symmetry will be restored farther, and the way is rather interesting.

The angular part of the Laplace operator (3.3) can be expanded into a product of first-order differential oper-
ators acting on the sphere:

A=divV, (5.8)
Here 7 means the gradient operator on the sphere
7u(o, gu 1 ou
u(@, ) = (39 sinf aqo)’ (5.9)
The divergence operator on the sphere has the form
divw = —95(5’”6 Vg) +-— 20 Ve (5.10)
here v is an arbitrary vector field on a sphere of unit radius
v=((0,0) v,(0,9)), v>=vy"+v,% (5.11)

Note that the sphere has no boundary, and all integrals of the total divergence of smooth vector functions
vanish. Operator kernels have singularities; when integrating them, all expressions should be understood as a weak

20 The expansion of the operator DtN itself is given by formula (3.14).



The scientific heritage No 114 (2023) 35

limit of regularized expressions 2. Representation (5.8) makes it possible, by integrating twice by parts, to permute
the operators:

v(n) = §f d2o'(AF(n-n))u(n) = fd2o F(n-n)Au@). (5.12)
Therefore, in view of representation (5.12), expression (5.6) can also be written in the form:
S(z;n,n) = —§+ iF(n -n)A, (5.13)

where it is understood that the differential operator A" does not act on F, but on a sufficiently smooth function
that will stand on the right. The usefulness of expression (5.13) is that F(n - n") contains a singularity already
integrable on the sphere at n’' = n, while the integral of (5.6) diverges. Expression (5.13) shows that the operator

S zg(FA —10) (5.14)

where
Fum)={pd?o'F(n-nHun), (5.15)
Iu(@®) = ¢pd?o'u(n), (5.16)

is an integro-differential operator of the 2nd (differential) order. All three operators: F, A, I, included in the

right side of the expression (5.14), have the same set of eigenfunctions, these are spherical functions Y),,,, (8, (p)
. Therefore, the operator factors in (5.14) commute with each other and are self-adjoint operators, just like the
operator (5.14) itself. The boundary condition with the operator of the 2nd differential order along the boundary,
however, is not convenient for applying the finite element method (FEM) in calculations, since the idea of the
method is to apply the so-called semi-weak form of a boundary value problem for second-order partial differential
equations (see J. Descloux [26], also [27]). It allows to bypass the calculation of the second derivatives of the
desired function in a process of numerical solving. Therefore, it is highly desirable to find a representation for a
new type of boundary conditions also in a semi-weak form, that is, not containing second derivatives of the desired
function along the boundary.
6. Semi-weak form of the boundary conditions. Consider the bilinear form??:

B(w,v) = pd?ov+ () f d?0'F(n-n)Au(n’) = (FAuv). (6.1)
Is it possible to convert this form to a symmetrical view

B;(w,v) = fpd?o ¢p dzo’a;: (n,n)b(n - n’)%(n,n’) = (b% @) (6.2)

including only the first derivatives of functions u, v ? Here T, T’ are the vectors tangent to the surface of the

unit sphere at the points n, n’ and directed towards each other tangentially along the arc of the great circle con-
necting these points. Directional derivatives are defined along them

dux _ du= du= .

P (6 p)cosa+ — - a(p (6, ) sina, (6.3)
du 1 ] ] - ]

E—ﬁ(ﬂ,go)cosa +ma—w(ﬂ,¢)sma. (6.4)

Angles @, @’ are the rotation angles of the vectors T, T  relative to the meridians ¢ = const and

cp’ = const of the selected coordinate system on the sphere, respectively. It can be shown that they are deter-
mined by the relations

cosa = Jli—szg = —8(1%;055 z; (6.5)

sina = sin @ I'lj;—fzg 51318 2:3 (6.6)
a

cosa = —é (6.7)

sina = —ﬁ‘?;—; (6.8)

Here the function y = ¥ (0, ¢; 8, ¢") is defined from (3.15). For directional derivatives (6.3) and (6.4) we
obtain

dv= __ [ovay 1 dv=dy B
o (M) = (ae 26 | sin20 3¢ a(p) Vv Ty, (6.9)

du dy 1  odu dy , .
ar,(n,n) - (68 20 T sinzo 0g qu) =—Vu-vy. (6.10)

21 The regularization here is performed in such a way that at f = =1, the kernel has a finite value, and the derivative vanishes.
22 Here the last expression implies the scalar product in the Hilbert space L2 (Sz) of functions integrable on the sphere of

unit radius with modulus squared.
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From relations ¢ = cos ¥ and (3.15) one can obtain useful relations:

V&) =(1-8&%), (6.12)

(ry)? =1 (6.12)
[ S _

Ay = e coty. (6.13)

Let us substitute representation (6.9) into expression (6.2) and integrate by parts in the first integral
rou ¢ ' . ' du
Bi(w,v) = fpd?ov + fpd?o E,fl — &2 (bl_—sz —b ) — §p d?o div (v +fpd?o (V‘]/)ba).
rdu . ' du
B;(w,v) = —fpd?ov +fpd?o Ed% (b({),fl — 52) — §p d?o div ('v +fpd?o (Vy)b E)' (6.14)

But, on the other hand, from definition (6.1), the same form is expressed in terms of the function F obtained
earlier:

B(u,v) = fpd?ov +fpd?o'div ' (F(E)Vju(nj)) —fpd?ov+gpd?o'F'(¢)1— &2 %. (6.15)

Comparison of expressions (6.14) and (6.15), provided that terms with total divergence under the integral
vanish?, and taking into account arbitrary functions u, v, leads to the equation

b~ b s = F @)

d .
(@Y 1-87) = F ()1 -8, (6.16)
which defines the desired function b. The general solution of this ODE has the form

bEYI—82=C+ [* dg'F'(€)J1 &2 6.17)

Substituting the expression (5.7) for F and performing the integration gives the expression

b(e) = ERPR: (6.18)

b(cosy)siny = 2 arcthcos g —siny, C=0. (6.19)

If we put C =0, then the expression for b vanishes at f = —1, and the expression has only one (integrable)
singularity at £ = +1. For C # 0, this expression has two (integrable) singularities at ¢ = +1. The require-
ment that there be no singularity at ¢ = —1 is quite natural, since the function F does not have a singularity also

at this antipode point.
Fig. 1 shows how expression (6.19) can be regularized and should be understood as a weak regularization
limit.
€=02

[»]
L

11

\ — bSiny

— be Siny

n
V.

M

\\1

30° 60° a0° 120° 150 ° 180°

Fig. 1. Regularization effect for b.

23 The vanishing depends on the nature of the singularity of the expressions for b and F at f — +1, since the singular point
on the sphere creates the boundary of the integration region, which is absent for smooth functions.
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Studies have shown that terms with total divergence in expressions (6.14), (6.15) vanish in the weak limit.
7. Sommerfeld asymptotic for the operator DtN. At large distances Z == 1, the role of the singular part

S (5.14) or (3.24) rapidly decreases with increasing z due to the factor i Let us analyze the properties of the regular

part: the sum K = R + A of expressions (3.22) and (3.23)
g®
1(2)

K(z$) =X (2n+1DP,(). (7.0)

n=0 H{1}1[ )
+2
The regular part has the property of localization of the kernel as the dimensionless radius z of the boundary
sphere increases. Fig. 2 shows the behavior of the regular part of the mapping DtN: as z increases, it becomes more
and more localized to the delta function (see below).

Ki{(1+fm)’
104
os] i
l ] — Im, z=10r
— Im, z=Hbr
— Im, z=1x

Fig. 2. Numerical calculations of the imaginary (solid line) and real (dotted line) parts of the regular part K of
2
the operator DtN divided by Im K (oo 1,100 Enm“xﬂnm“xo )(ZR + 1)). The first 402 terms of se-
ries (3.22) at z = 107 (blue), z = 30m (red), and z = 1007 (brown) are included.

The Sommerfeld conditions (2.2) imply not only a large (dimensionless) distance Z = kOR, z>>1to
the vicinity of the observation point, but also a fairly small size of the region z; = kgRy, z; << z inwhich

the radiation source is concentrated. Indeed, if we imagine that Z; also increases infinitely together with z, then it
becomes obvious that the second of conditions (2.2) may not be satisfied. For example, two point sources of a field
and an observation point form an equilateral triangle, the size of which (in wavelengths) increases indefinitely. At
the observation point, we will get a picture of the interference of two plane waves propagating at an angle of 60
degrees to each other, and such a field does not correspond to (2.2). Also, the first of the conditions (2.2) may not
be satisfied if the field sources are allowed to be at a finite distance from the boundary sphere as its radius increases

(that is, seek the limit Z — co at Z — z; = const). Obviously, conditions (2.2) must be satisfied when passing
tothe limitz — o0, z; = const. But this requirement is stronger than the one under which the problem was
solved: 0 < R; < R (or in dimensionless quantities 0 < z; < z). The effect of an additional requirement lead-
ing to conditions (2.2) is to cut off the high-order angular modes?* before passing to the limit Z — o, which masks

the effect of the lack of uniform convergence of the series K (7.1) defining the operator kernel. This additional

requirement makes it possible to replace the Hankel functions in the representation (7.1) at large distances by their
well-known asymptotic expression (3.7), which substitutes (7.1) with its asymptotic representation

K(0,§) =i Y o(2n+ DB, (§) = 2i6(1 - &). (7.2)

i.e., leads the kernel to localization in angles, and (3.19) to the formula for a plane wave. Indeed, we use the

formulas:
Z Z Vo ()Y (1) =~ Z(2n+1)P (n-n),

n=0 m:—n
n—o(2n+ 1P, (&) = 5(1 — ). (7.3)

24 The number of significant angular modes is proportional to the number of wavelengths that fit on the length of the great
circle of the ball O.
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=0 Zim=—n Yom (WY, (n) = 8% (n, n). (74)
The first equality is the addition theorem (3.17). Equality (7.3) is the series expansion of the delta function in
Legendre polynomials, it follows from the orthogonality and normalization of Legendre polynomials [13-15]:

[ dER, (DR = 2

mnm
Indeed, for any continuous functlon f(&), —-1=<é&< 1 we have:

f dE£()5 Zc2n+1)P@)— Zczml) f 4 FORE) =

s o]

Zcznﬂ)f WA RGIIGE

m=0
oD

Z(znﬂ)mefdfP(f)P(e)—Zme o an anP(l)—f(l)

n=0m=0

But by definition we have also f_ldf f(&)6(1—-8&)=f(1).

Equality (7.4) is the expansion of a two-dimensional delta function on a sphere into a series in terms of
spherical functions; it follows from the orthogonality and normalization (3.6) of spherical functions. Indeed, we
rewrite (3.6) as

ﬁ d?o0' Y, (n)Y #, - (n) = 6,6, -
Multiply by Y,+,,/(11) and sum over primed indices

Z Z Yzm(n)-#dzo Yy ()Y #p, (n)—z Z vy, (0)8,8, =Yy (n).

U'=0 m'=—1' U'=0m'=—1
Let's represent the result in the form

Vi) =} @2 onm(n)z Z i Y 4 () = ff @20 X (0,0 (1),

om'=-1'

X(n,n) = Z z rYz'm'(“)Y £, ().

I'=0m'=—1
Multiply by f}m and sum over all indices

Fm) = Z Z for Yo () = Z fon ff @20 X1, () =

=0 m=—1 =0 m=-1

ﬁ;dzo X(n, n)z Z fo ¥, (n) = ﬁ;dzo X(n,n)fn).

=0 m=-1
Since f is arbitrary, we conclude that

X(n,n) =6%(n,n).
The spectral expansion (7.4) expresses a well-known fact: the spectrum of an identical operator consists of a
single point, unity.
We substitute asymptotic (7.2) into (3.19):

1 , , ,
T or (R,n) = 4n_ﬁ; d?o'u(R,n")DtN(kyR;n,n’),

Singular part (3.24) of the kernel DtN is not localized at large distances because it is a product of a function
of z -variable and the operator depending on directions 1, n' only. Taking into account the disappearance of the

. . 1
singular part at large distances due to the factor —, we get:

__r(OC n)=— ﬁdgo u(o,n)K(o,n - -n),
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10 , , ,
”( n)——#d% w(oo,n)2i6(1—n-n),
1 a , , ,
¢ o (em) = —ﬁ; 420" 1 (0, n)4mis (n,n),

g(x, n) = ikoﬁ d%o'u(wo,n)8*(n,n),

%(o@, n) = ikgu(wo, n).

And this is the Sommerfeld asymptotic (2.2).

8. Conclusions. Here, the problem of transferring the Sommerfeld radiation boundary condition from infinity
to a sphere of finite radius is solved for a boundary value problem with a three-dimensional Helmholtz equation.
The boundary condition has the form of a linear integro-differential relation (3.19), which relates the value of the
desired function and its normal derivative on the boundary of the spherical region in a non-local way:

1 du 1 , . ,
R n) = —# d?’0o'u(Rn)K(koR,n-n") —
koa

~ srigr (@0 u(R n) — ff a0 F(n - n) A u(R,n)). o)

The kernel of the operator on the boundary sphere can be divided into the regular part K (the sum of (3.22)
and (3.23), an integral operator) and the singular part S (3.24). The latter, with subtraction the operator of averaging
over angles, can be represented as a product of two commuting self-adjoint operators: integral and differential 2nd
order (5.14). The regular part of the operator K can be decomposed into the analytical part A (3.25) and the com-
putational part R (3.22), the latter is computable using an absolutely and uniformly convergent series.

The bilinear form (6.1) generated by the singular part (3.24) of the boundary condition operator (3.14) admits
a symmetric representation (6.2) containing derivatives of at most 1st order. This favors the future development
of the finite element method (FEM) for solving boundary value problems with a new type of boundary conditions.
This enables to represent the boundary condition in the form (3.19):

19
- ”( R n) = #dzo w(R,1)DEN (kR 1),
0

where the kernel of the Dmchlet Neumann mapping is defined by the formulas
DtN(zznn) =K(z,n-n) — :i(l + div ((V-y(n . n’)) b(n-n" (V’-y(n . n’))) . 17’). (8.2)

Or in operator form:

(7.5)

DIN =K — i (I + divM V), (8.3)
DtNu (R,n) = ﬁ d?o'u(R,n)DtN(k,R;n,n),
Ku(R,n)= ﬁ d?0’' u(R,n)K(koR,n-n"),
Mv(n) = ﬁ d?0’ M(n,n)v(n),
J J e \T
Mnn) = (V-y(n- n))b(n-n)(l?-y(n-n)) . (8.4)

boundary condition of the 3" kind (the Robin condi-
tion) is a generalization of the historically initial condi-
tions of the 1% kind (Dirichlet) and the 2" kind (Neu-
mann). The boundary condition of the 4" kind is a fur-
ther generalization of the condition of the 3" kind to the
nonlocal case. There is a limit at which the boundary
condition of the 4" kind (nonlocal) passes into the

Here the symbols div, y, Vy, b, V'y are defined
by formulas (5.10), (3.15), (5.9), (6.18), (5.9) (in
primed variables), respectively. The kernel M is a de-
generate symmetric real 2 X 2 matrix. The singular
part is reduced to a symmetrical form?5, containing only

first-order derivatives V u of the boundary value of the
desired function on the sphere.

This new type of boundary condition is proposed
to be called the boundary condition of the 4" kind. The

boundary condition of the 3" kind (localized). If the ra-
dius R of the boundary sphere has many wavelengths
(wave zone), and the radius of the ball Ry, in which the
radiation source is enclosed, is much less than R, then

% The symmetry is meant in the sense of the generated bilinear form, it is similar to the symmetry of the Legendre operator

(d/d&)(1-¢£2)(d/ds).
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the relationship between the function and its normal de-
rivative is localized, and the nonlocal boundary condi-
tion can be approximately replaced by a local condition
of the third kind (the Robin condition):

%(R,n) ~ ikgu(R,n).  (85)

The latter is known also in the literature as the
Sommerfeld radiation condition (2.2).

Currently, such well-known packages as “Wolf-
ram Mathematica” and COMSOL are not prepared for
solving problems with non-local boundary conditions.
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AHHOTALUA

B pa60Te TOJIYYCHBI H606XOZ[I/IMLIG U AOCTAaTOYHBIC YCJIOBUA SKCTPEMYMaA MNEPBOrO0 U BTOPOTO MOpsAAKA B
3aa4c ONTUMAJIbHOTO YIIPABJICHUA NUCKPCTHBIMH BKIIOUCHUAMU.

Abstract

In work necessary and sufficient conditions for an extremum of the first and second order in the problem of
optimal control of discrete inclusions are obtained.

KiroueBble ciioBa: I[I/ICerTHoe BKJIIOUEHUE, MHOXKECTBO, ONTUMAaJIbHasd TpacKTOpuU:, 0aHaxoBO IpocCTpaH-
CTBO.

Keywords: discrete inclusion, set, optimal trajectory, Banach space.

BBEJIEHUE

Pabota cocTouT U3 MATH MTyHKTOB. B 1. 1 paccMOTpeHB! NCUUCTICHNUS KacaTeIbHBIX 1 HOPMAJIBHBIX KOHYCOB
nepecevyeHnss MHOXKECTB. VIcuncieHne KacaTenbHbBIX 1 HOPMaJIBHBIX KOHYCOB [UISl IByX MHOXKECTB PACCMOTPEHBI
B [1, 2]. B . 2 momryueHs! HEOOXOAMMEBIE YCIOBUS SKCTpEMyMa B 3a/1ade ONTHMAIHHOTO YIPABICHHUS TUCKPET-
HBIMH BKJIIOUEHUSMH. BBITyKi1ast 1 HEBBIYKIIast SKCTPEMaNIbHBIC 33124 JUIS IUCKPETHBIX BKIIOUYCHHUH B YaCTHBIM
cilydae paccMOTpEeHbI Takke B [3, 4] cooTBeTcTBEHHO. B 1. 3 moiTydeHsl HEOOXOJMMBIE YCIIOBHUS IKCTpEMyMa B
JUCKPETHOI 3a/jaue ONTUMANbHOTO yrpasieHus. B .4 u 1.5 nomyueHsl HeO6XOUMBbIE U I0CTATOUHbIE YCIOBUS
SKCTpeMyMa BTOPOTO MOPSAAKA B 331au¢ ONTUMAIILHOTO YIPaBICHUS JUCKPETHBIMU BKIOUeHusMu. B [5, 6], uc-
HOJB3ys TUNA (QYHKIMN PACCTOSIHUSA B Kinaccax ¢ — (o, 3, v, 8) -I0KaNbHO JTUMIIHIEBIX (YHKIUH B TOUKE, IOTY-

YeHBl TEOPEMBI TOYHOTO MTpada BEICOKOTO MOPsAKA B 3a7aue MaTeMaTHYECKOTO MPOTPAMMUPOBAHMSI, a TaKXKe
MOJYYCHBI HEOOXOIMMBIEC U JOCTATOYHBIC YCIOBUS AKCTPEMYMa BBHICOKOTO MOPSAKA IIPH HATHINH OTPaHUICHUH.
OTMeTnM, 9TO MHOTHE 33Jja9l MAaTEeMAaTHIeCKOH SKOHOMHUKH MOKHO NPHUBECTH K TaKUM 3agadaM. B wacTHoCTH
moJienb Helimana-T'eiina siBiisieTcst yacTHBIM CiTydaeM 3Tol 3amauu (cMm. [7, 8]).

1. BCIOMOTI'ATEJIBHBIE PE3YJIBTATBI
Iycts X 6anaxoso mpoctpanctso, hyrkims N X — R ynosnersopser ycnosuio Jnmumiua B okpecTHO-

cru Touku X, . Paccmorpum npoussosuyto o HanpasneHuto u cyoauddepennumana Knapka [1, .32, ¢.34]
— 1
Ofy v _
h°(X,;X) = Hlmwx(h(z +2x) —h(z)) ,
oh(x,)={pe X" :h°(Xe;X)=(p, X) mpu X eX}.
Ecm Cc X n dc (X) = inf{||x — y” ‘Ye C}, TO monoxuM (cM.[1, €.54])
To(X,)={xeX: d(x,:x)=0}, Nc(X,)={pe X" :<p, X> <0 mpu X e T (X,)}

A
Bekrop L € X maswiBaetcs rurepkacareibHoit k Muoxectsy C B Touke X € C, ecnu s Hekotoporo
€ >0 crenyer,uto Y +tw € C mascex y e (X +eB)(NC, Wev+¢eB, t € (0,€) (em.[1, ¢.59]). O6o-

Ecnu C X Bbinykioe MHOXeCTBO, TO TC (Xo) =clU
r>0

3Ha4YUM 4€pe3 IC (X) MHOKECTBO BCEX I'MIICPKACATCIbHBIX BEKTOPOB K C B Touke X. U3 CJICACTBHUA 1 TCOPEMBI
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2.5.7[1, ¢.69] cnemyert, uto eciu C 3aMKHYTOE MOIMHOKECTBO B R", to muox)ecTBO runepkacatenbhbix kK C B
X cosmazaer ¢ INtT.(X). Ecm | (X) # &, To u3s reopemsr 2.4.8[1, ¢.59] cenyer, uto | (X) =Int T, (X)

Jlemma 1. Ecnu X -6anaxoso mpoctpanctso, C, < X mpu i=1,...,k, rie K>2, WeC = (k]Ci u
i=1
T, (W) Icz(V_V)ﬂ"-ﬂ I, (W) =, to
k
T.(W) > _roq (W), Ne(W) < 2N, ().

Hoxa3aTteabcTBo. [Ipu K =2 us cnencreus 2 teopems! 2.9.8 [1, ¢.100] cexyert, aro
T (W) NT, (W) =T, ., (W) u N, (W) = N, (W)+ N (W).

Ipennonoxum, 410 1, c (W) > _rSWlTC_ (W) « N : (W) c i N. (W) BepHo, T.e. nemma BepHa Ipu
nG; = NC; =1

i=1 i=1

=1

_ 1 __ _ 1 __
K =S, rae S > 2. Iokaxem, 4ro T“lc (W)o Sﬁl T. (W) u NS+1C (W) c Si N¢ (W) Taxke BepHo, T.e. mo-
nG; i= ' nGC; i=1 i
i=1

KakeM, 4To Jiemma BepHa Tarke mpu K =S +1. Tak kax (S_ﬁi I (W)) N T, (W) u
T, (WAl (W)> AT, (@) Nl (W) > 7 1o (WN T (W),

TO OTCIOZIA CIIEyeT, uTo | | c W)NlI; . (W) # D . Hosromy
n i S+

i=1

S s+1
Tsﬁlc_ (W) > Tac_ W)n TC5+1 (W) > Dchi (w)N TcS+1 (W)= Dchi (W),

— S . S - .
Noa, (W) =N, (W) + N, (W) = 2N, (W) + N, (W).
ey i i=
JleMMa ntokasaHa.
Ucnone3ys ciencteus 2 u 3 teopemsl 2.9.8 [1, ¢. 100] anamorndno nmemme 1 mokasbIBaeTcs CieyroIIas
JIeMMa.

Jemma 2. Ecmt C, cR" mpn i=1,...,k, C, samkuyrsie muoxectsa npn i=2,...,K, rae k>2,
K
WeC=NC, u T, (W) NintT, (W)N--Nint T, (W) D, o
K K
T.(W) > (1T, W), N.(W) < EN,, (W)
Honoxum B ={X e X: ”X” < 1}. Iycts X u Y 6Ganaxosst npoctpanctsa, F: X — Y . 3nauenne 0to6-

paxenns F'(X) ma Bexrope X € X o6osnauaercs uepes F/(X)(X) wm <F'(Y),X>.
Jemma 3. ITycts X u Y Gamaxosst mpoctpanctsa, F: X — Y, npomssomnas F'(z) B cmbicie ®perre

cymectsyer mpn Z € X, +20B u maiinercs L >0 raxoe, uro |[F'(u)-F'(v)|<Lju—v||" npn

U,veX,+20B,rne 0 <o <1. Torna

[FOxo +Xx+y) = F(xo + %) = F (xo )| < LIyJ(x[" +[l[*)
pu X,y €0B.

Toxazateancrso. Ecin X,Y € 8B , 10 0 popmyne Jlarpamxka (em.[9, ¢.160]) uveem, uto
IF(xo + X +y) = F(X, +X) — F'(X,)(Y)|| =
=|F(Xo + X +Y) = F(X, +X) = F'(X,)(Y) — F'(Xo + X)(Y) + F'(X, + X)(y)| <
<[F'(Xo +X)(Y) = F' (X )W)+ [F(Xo + X+ Y) = F(X, + X) = F'(Xo + X)(y)| <
F'(Xo + %) = F'(o)[[Iy]| + sup[[F' (&) — F'(xo + )| y]| < LIVI(Iy]" +[>]")

&e| Xg+X, Xg+X+Y

<|

JleMma nokasaHa.
2. HEOBXOJIUMOE YCJIOBHE OIITUMAJIBHOCTHA
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IMycrs Z-npoussonbhoe MHOKecTBo. OGoznaunm P(Z) wmuoxecto Beex momamuoxects Z. ITycts
XosXiy..., X; Ganaxoss mpocTpancTa, e | HarypambHoe umcno, @, : X, — P(X,,;) muorosnaunoe
orobpakenne, rtae t=0,1...,T—1. Tonoxum Qra, ={(x,z)eX,xX,;:z€a,(X)}, e
t=0,1,..., T-1.

OGosnaanm X = X x X x++-x X ¢ HopMOii ”W” = ”Xo” + ”Xl” 4+t ”XT”, e
W= (X, X;,.-X7)€X. Hyers q: X >R, f:X—>R mpu i=1...,m, g; :X—>R npu
i=L...,v.mem,veN={,23..} EcX,, CcX;.

PaccmoTpuM crienyromyto 3a1aqy ONTHMAIBHOTO YIIPABICHHUS ¢ JUCKPETHBIM BPEMEHEM: MHHIUMHU3HPOBATh
(hyHKIHIO

q(w) =a(Xg, Xy, X1) (1)
[IpH YCITOBUAX
X €8,(X), t=01,...,T-1 )
X, €&, X;€C, ©)
fi(w)<0,i=1...m, g;(w)=0, j=1...,v. 4)

MHokeCTBO pemtennii 3anaqn (2)-(4) o6o3naunm uepes 2. Tpaekropus W € () HasbiBaeTcs pemieHHEM
samauu (1)-(4), ecmn (W) < q(w) npu W € Q.

B X paccMOTpHM MHOMKECTBA:
M, = {(Xg, X, X5, X7) € XX, €&},

M, = {(Xgs Xp1- . Xps Xy X)) € X2 (X, X,y €07 A, J, t=01,..., T -1,
M; = {(Xg, X1, X, X7 ) € X: X4 €C}.

-
Yepes M 06o3naunm MuOMecTBO TpaekTopuii 3axaun (2), (3). Jerko nmposepsercs, uro M = N . M, . Tlo-
t=—

stomy ecn &, C u Or @, samxaytsie mHokectBanpu t =0,1,..., T —1, 10 M - samknyTOE MHOXECTBO.

W3 cnenctBust Teopemsl 2-4-5 [1] umeemM, 4to
Ty, (W) = {(xo,xl,xz,...,xT) e XX, € Té(io)},

TMl(V_V):{(XO1X11""Xt’Xt+l""'XT)ex:(xt’XtJrl)eTgra,(Xt’)_(Hl)}' t=01...,T-1,
Ty, (W) = {(Xg, X1, X5, X7) € X1 X7 € To (X))}
[HosTomMy
Ny (W) = {(x5.0,...0) € X: X5 € N, (%,)},
N, (W) = {(0,...0,%}, X;.1,0,...0) € X" 1 (X}, X}.1) € Ny (s X)) t=01,.,T -1,
Ny (W) = {0.0,..,X}) € X: X} & Ng (%1)].

Honoxus grb, =1, (X,,X,,,), onpenenum muorosnaunoe orodpakenne D, 1 X, — P(X,,;) npn

gra¢

T S —
t=0,1,...,T —1. Torna ycnosue (tﬂo IMt (W)) N Ty . (W) # O skBuBanentHO TOMY, 4TO 3a24M

z,,€b,(z,),t=01..T-1 (5)
Zy € ng(io)v z; €lc(Xy) (6)
MIMEIOT PellIcHHE.

O6oznaunm T = (f,,...,f ), 9=(9;,...,9,), R, ={a e R:a>0} u

R ={r=(r,...r,) eR™:r, >0 mpm i=1,...,m}.

Teopema 1. Ecn W e M  pewenne sanaun (1)-(4), 1c(X7) n l g, (X,,X,,,) HemycTsl mpu
t=01...,T-1, pynxwmn q: X >R, f,: X >R mpn i=1....mu of X>R mm j=1,...,v

YAOBJIETBOPAIOT YCIIOBUIO Hnnumua B OKPECTHOCTH TOYKHU W, M 3aMKHYTO€ MHOXXCCTBO, TO CYHICCTBYIOT

(A r,s)eR, xRTxRY, me (Ar,s)#20, A=0 wm A=1, <I’,f(W)>=O, BEKTOPBI
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X (DN, (%), (G Xa(®) €Ny (€, %) mpn 1=01.T=1, x;(T)eNe(Ry)
u € {0,—1} rakue, uro
(Xo(=1) +X5(0), X1 (0) + X3 (2),....X7 (T =1) +%7.(T)) € pO(AA() +{r, T () +(5,9()))(W),

IPU 3TOM X: (t—1) opu t=0,1,..., T u |l 0fHOBPEMEHHO HE PAaBHBI HYJIIO.

ﬂOKaSaTeJII)CTBO. Jlerko MPOBEPACTCA, YTO
Nty (W) = {(Xos Xgyen X XppreeenXp) € X5 (X X)) €N T, (R, X0)

npu t=0,1,...,T—1,u
iNt Ty, (W) = {(Xg,es Xy, X g oo X ) € X0 Xg €Nt T (X))}

Ecim (jo int Ty, (W) N Ty (W) =D, 1010 nemue 5.1 [10, ¢.37] naiinyres nuneiinbie GyHKimonas!
W, € Ny, (W) mpn t=-10.1..., T, ne bce pasubie Hymo, Taknue, uT0 Wy + Wy +W; +...+ W3 =0,
Janee mo cremctBuio Teopembr 2.4.5[1] mmeem, uro W7 € Ny, (W) =(N.(X,)0,...,0),
w; € Ny (W) =(0,..0,N,, (X,,X,,)0,...0) npu t=01...,T-1,
wieN, (W)=(00,.0Nc(X,)), e w,=(x;(-00..0), me Xp(-1)eN.(X,),
Wi =(0,...0,%; (1), X (1).0,...0), me (X[ (1), X{,1 (1)) € Ny (X, Xy) mpn t=071...,T—1,
w: =(00,....0,x7(T)) , rre X;(T)e N.(X;). Torma mumeem, uro X;(t—1)+Xx;(t)=0 mnpu

t=01,2,...,T.osromy X: (t—1) mpu t=0,1,..., T oaHOBpeMeHHO He paBHBI Hy.It0. TOrA HOLYIHM, YTO

npu L = 0 ymoBreTBOpAETCS yTBEPHKIACHHE TEOPEMBI 1.

T - _
Iyctp (IDO I M, (W)) N TM,l (W) # (. To teopeme 10.47[11] cymectytor A >0, I e RT nseRY,

e (A, 1,8)#0, A=0 wm A =1, <I’,f(V_V)> =0, raxue, aro 0 € O(AQ(") +<I’,f(-)> + <S, g()>)(V_V) +
N, (W) . Y3 nemmsi 1 crienyer, uto

N, (W) c gl Ny (W). Tlostomy mmeem, uro
t=—

0€o(q() +(r.f())+(s,g())(W) + N,, (W) + N, (W) +...+N,, (W).

Torna CYILLECTBYIOT w; € Ny, (W) npu t=-101...,T, TaKue, 4T0
W +Wo +..+ W € —0(Aq() +(rF()) +(5,9()))(W). Tosromy maitayren  Xo(—1) € N, (X,),
(6 (0, X0 (D) € Ny, (X, X,1) mpr t=0,1,..., T—1u X} (T) € N (X;) rakue, uto

(X0 (=) + X4 (0), X; (0) + X; (1),.... X5 (T =) + X7 (T)) € =0q() + (., T ()) +(5,9()))(W) .

Teopema nokasana.
Ecmu BemonHsroTes yenosus TeopeMsl 1, W € M pemenne 3agaun (1)-(4) ¥ MMEIOT pellleHHE 3afadu

(5),(6), To mpu L = —1 ynosnerBopsietcst yrBepxaeHue teopems 1. Kpome Toro us <r,f(v_v)> =0ure RT
caenyer, uto Lf;(W) =0 npn i=1,...,m.
Hyers (1) : X, >R, f,(1): X, >R npn i =1,...,m, gj(-,t):Xt —>R mpu j=1,...,v, e

O6osnauum T (-, t) = (f,(1),...,f (1) m g(-,t) = (gl(-,t),.. .,gv(~,t)) mpu t=01,...,T.
U3 Teopembl 1 crieyeT creyroniee cieaCTBHIE.
Caexcreue 1. Ecru WeM pewenne samaun (1)-(4), 1.(X;) n lya, (X;,X,1) Hemyers mpu

t=01...,T-1, dynxuwn Q(,t): X, >R, f;:X—>R mpu i=1....m u o] :X—>R npu
j=1,...,Vv ynoenersopsior ycnosuto Jlnnumna B okpectHoctd Toukn X, npu t=0,..., T, M samkuyToe

MHO%KecTBO, TO cymectsytor (A,[,S) €R, x RT xR, rne (A,r,8) =20, A=0 wm A =1, <r,f(\Tv)> =0,
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BEKTOPBI Xg(—l) € N&(XO), (X:(t),X;l(t)) € Ngrat (X Xpyq) mpu t=01,..., T—1, x7(T) e N.(X;)
TS {O,—l} TaKue, 4To
X (t=1) +x (1)) € pORQ(, 1) +(r,f (- 1)) + (8, 9(, D)))(X,)
opu t =0,1,..., T, npu sTom X: (t—=1) opu t=0/1,..., T u |l ofHOBPEMEHHO HE PAaBHBI HYJIIO.
Ormerim, uto ecn X, = R"® mpu t =0,...,T, 7o X=R", rze
n=n(0)+n@+---n(T).

Hcnons3sys neMMy 2 aHATOTHYHO TeopeMe | JoKa3bIBaeTCs cAeayonas TeopeMa.
Teopema 2. Eciu X, = R" rmre n(t)e N mpu t=0,,...,T, We M pemenne sanaun (1)-(4), &,

C u Or &, samkuytsie MHokectBanmpu t=0,1,..., T—-1,intT . (X,,X,,)# mpu t=0,1,...,T -1,

gra,
iNtT.(X;)#9, ¢ymxmm q:R" >R, f:R" >R mu i=1...m =u ngRn—)R pu
j=1,...,v ynoBietBOpswOT ycioBuio Jlummmna B OkpecTHOCTH Toukd W, TO  CYIIECTBYIOT

(A r,s)eR, xRTxRY, mme (Ar,s)#20, A=0 wm A=1, <I’,f(V_V)>=O, BEKTOPHI

X; (-De N&(XO), (X:(t)vX:+1(t)) = Ngrat (X Xy) mpn t=01..,T-1, X;(T) €Nc(Xy) m
pne {0,—1} TaKue, 410
(X (=) + X5 (0), X; (0) +X; (D)., X7 (T =1) + X7 (T)) € pa(Rq() +{r,f () +(5,9())) (W),
IpH 9TOM X: (t—2) mpu t=01,..., T u [l 0OZHOBPEMEHHO HE PaBHBI HYIIIO.
Paccmorpum MuanMuzanuio Gynkuun ( cpemm Beex perneHnii 3anaun
Xpp €8,(X,), t=0,1,...,T-1 ()
Xo€&, X;eC 8

Yepezs M 06osHaumv MuOKECTBO TpaekTopuit 3amaun (7),(8).
W3 Teopemsl 1 cienyer cienyrolee ciaeCTBHUE.
Caencraue 2. Ecim Bekrop W € M munummsupyer dyukimio ( cpenn Bcex pemenuii 3amauu (7),(8),

Ic(X;) u l g, (X,,X,,,) me myctst mpu t=01,...,T—1, M samxuyroe mmoxectBo u ¢ymxmms
g:X — R ynosnersopser ycnosmio Jlummmma B OKpecTHOCTH Toukd W, TO CYIIECTBYIOT BEKTODHI
Xo(_l) € N&(XO), (Xt(t)vxt+1(t)) € Ngrat (Yt')_(tﬂ) mpu  t=01,..,T-1, Xfr(T) eNc(X;) u
ne {0,—1} TaKHe, 4To

(X5 (=1) + X (0), X1 (0) + X; (@),..,x7 (T =1) + X7 (T)) € noq(w),
IpH 5TOM X: (t—1) mpu t=0,1,..., T u |l 0fHOBPEMEHHO HE PABHBI HYJIIO.

Teopema 3. Ecu Bextop W € M Mumnmusupyer dysxmmo 0 cpenu Beex perenuit 3agaun (7),(8), gr a,
soimyknoe muokectBo mpu t=01,...,T—1, & u C sumykisie muoxectsa, INtQr a, # & npu
t=01...,T—1, intC# < usumyknas gpynkmusa ( : X —> R menpepsisna B Touke W, T0 cymecTByior
sexropst X, (—1) € Ng(xo)’ (X, (1), x,4(D) € Ngrat (X Xpyq) mpu t=01,..., T—1, x7(T) e N.(X;)
e {O,—l} Takue, 4To

(X5 (=1) + X (0), X1 (0) + X; (@),...,x7 (T =1) + x7(T)) € noq(w),
IIPH 3TOM X: (t—2) wpu t=01,...,T u [l 0oAHOBPEMEHHO HE PaBHBI HYIIIO.
0: weM,
Jlokazateancrso. Tonoxus Oy, (W) = uMeeM, uTo HaxoxkieHue Munnmyma ((W) Ha
+o0:WegM
muoxectse M sksuBanentHo Haxoxenmo munnvyma dyrxuun (W) + 8,, (W) na npocrpanctse X . Tax

kak Bekrop W € M munumusupyer dynkuuo (W) B M, to o npepioxenuro 4.3.4[2, ¢.188] u teopeme
Mopo-Poxademnnapa [12, ¢.59] momyuum
0€0(a() + 3y () (W) = 6q(W) + 68, (W) = 6q(W) + N, (W) .
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Ecin (iwoint M)NM_ ;#9, 1o w3 npemtoxenms 43.1[12, ¢217] creayer, uro
Ny (W) =Ny (W) + Ny (W) +...+ Ny, (W) . Tosromy
0 aq(W) + N,y (W) = 3q(W) + Ny, (W) + Ny, (W) +...+ Ny, (W).
Torsa amanormino jokasatensctsy Teopemsi 1 cymectsyior mextopst  Xo(—1) € N, (X,),
(< (0, X0 (1)) € Ny, (X2 X,) mpm t=0,L..., T —1 u X5 (T) € N (Xy) raxre, uro
(% (=D +%5(0), X; (0) +%; (D),... X7 (T 1) +x7(T)) € (W)

T.
Ecmm ( ﬂo int Mt) N Mfl =, To mo npemoxkennio 4.3.3[12, ¢.218] cymecTByioT InHeiHbIe QYHKIHO-
t=

HaJIbI W: IS N,vIt (W) mpm t=-101..T, wme Bce paBHBle HymO, Takue,  4TO
Wil —|—W3 —l—WI —l—...—l—WTr =0. Torga aHaJIOTMYHO MIOKA3ATENBCTBY TEOPEMBI | CYIIECTBYIOT BEKTOPBI
X, (-1 € NQ(XO), (x (1), %, (1) Ngrat (X, Xyyq) mpu t=01,...,T—1 u x;(T) e No(X;) Takue,
aro X;(t—1)+X;(t)=0 mpu t=0,12,...,T. osromy X:(t —1) mpu t=0,1,..., T omHOBpeMeHHO He
pasubl Hymo. [Tonyunm, yto ipu 1L = 0 ypoBneTBopsieTcs yTBepKaeHHe TeopeMsl 3. Teopema IoKa3aHa.

[ycts Z 6anaxoso npoctpanctso, G < Z . Yepes BG (2) 0003HaYNM KOHTHHICHTHBIH KOHYC [2, €.396]
wnn koHyc Bynurana k muoxectsy G Brouke Z € G . Otvernm, uto Z € B (Z) B Tom 1 Tos1BKO B TOM Cityuae,
eCIIM CYILIECTBYIOT IOCIEA0BATEIBHOCTH CTPOTO HONOXKUTEIbHBIX uncen t, u snementoB Z, € Z, Takue, 410
t, 40,2z, >zuz+t2z, G npuk=123,....

Ecm B (Z) = T;(Z) , ro muoxectBo G HasbiBaercst perymspusim B Touke Z [1, €.57].

TIpearnonoKuM, 9T0 MHOXKeCTBO A, perymspHo B TOUKe (Xt , ¥t+1) mpu t=0,1,...,T—-1, re
Tgra[ (X, X, y) = Bgrat (X, X,;) mpu t=0,1,..., T -1, u mycrs a,(X,) sbiykioe Muoxkectso. Tak Kak
{X.}xa,(X,)cgra,, 1o mno mpemtokenusm 7.1.5 u 7.61 [2, €398, c427] wumeem, uTO
Oy -Xp)yea(X), A 20Ty, (X, X,y)-

Tax xax (Xt (t)vxt+l (t)) € Ngrat (Yt ' xt+1) » TO <(X:(t), X:+1 (). (x, y)> <0 mpu
(X,Y) € Ty, (X, Xy,1), rne t=0,1,..., T —1. Tlosromy < X:+1(t),y—Yt+l> <0 mpu Yea,(X,), re.
< X1, (1), y> < < X1 (t),YH1> npu Y € a,(X,). Orcrona cneayer, 4to

max{{ X;.1(1),y) 1y € a,(X)}= (X (1), X1 (9)
mpu t=0,1,..., T -1.
3ameuanne 1. Ecmn {A(0,y - X, ;) 1y €a,(X,), A=0t= Ty, (X;,X,;) npn t=0,1,..., T -1, 10

paBeHCTBO (9) ocTaeTcst TaKkXKe BEPHOM.
3. IUCKPETHASI 3AJAYA OIITUMAJIBHOTI'O YIIPABJIEHUSA

Mycts Xy, Xy,.., X5 1 Yy, Y,,..., Y7, GanaxoBsl mpoctpancTsa, rje | HaTypaldbHOE HHCIIO,
U, cY, F: X xU, =X, OTOOpaXKEeHHE, rie t=0,1,..., T-1. 0603HaYNM
X=Xy x X X x Xo, W= (Xg,Xq,...,X7) €X . Hyers q: X >R, f: X >R opu i=1,...,m,
g; X>Rumpu j=1,...,v.rtiem, ve N, QCXO, CcX;.

PaccmoTpum cnepyromyto 3aady ONTUMAIBHOTO YIPABJIEHUS C JUCKPETHBIM BPEMEHEM: MUHUMH3HPOBATh
(hyHKIHIO

A(W) = a(Xgs Xy, ..., X1) (10)

IIPY yCIIOBUSX
Xep =FR(X,u,), t=0,1,...,T-1, (11)
X, €&, X €C, (12)

fi(w)<0,i=1...m, g;(w)=0, j=1...,v. (13)
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rne U, e U,.

Yepes M  oGosmaumv mHONecTBO Tpaekropmit 3amaum (11),(12). IIpeimonoxum, d9TO BEKTOP
W = (X, Xy, ..., X;) Munumusupyer dynkumo (| cpenu Beex pemenuit sazaun (11)-(13). Iyers U, € U,
Takoe, uto X,,, = R (X,,U,) npn t =0,1,..., T —1. Ecm X, € X,, 1o nonoxknm a,(X,) =F(X,,U,) n
gra, ={(X;, Xp1) € X, x Xy 1 Xy €@, (X))} e t=0,1,..., T-1.

Paccmotpum 3anady MUHIMU3aMu GyHKINH

a(w) =0a(Xg, Xy, ..., X7) (14)
Cpenu BcexX pelleHni 3aaun
X, €8,(%,), t=01,..., T-1 (15)
X, €&, X;eC (16)
fi(w)<0,i=1...,m, g;w)=0,j=1...,v. (17)

MHoskecTBO pemtennii 3ana4n (15)-(17) o6o3naunm uepes €. Tpaekropus W € () HasbiBaeTCs pemieHneM
samau (14)-(17), ecmu q(W) < q(w) mpu W € Q.

Slcno, yro murummsanwst Gyakiun (| mpu orpanmuenusx (11)-(13) sxBuBanenTHa MEHHMHA3ALHAN (YHKIHNA
( mpu orpannuenmsix (15)-(17). Tak kak 3amgaua (14)-(17) sBisiercst dacTHbM citydaeM 3amaun (1)-(4), To mis

3agaun (14)-(17) Taxxe BEpHBI aHAIOTH TeOPeMbI | 1 TeopeMsb 2. J[jis IPOCTOTHI, HCHOIB3YS TEOpEeMY 2, MOTyIHM
HeoOXxoauMoe ycioBue akcTpeMyMma Juts 3agaud (10)-(13) B Bume npuHIMIIA MAKCUMYMA.

O6osnaunm H, (X,,U,, X;,,) = < X, R (xt,ut)> rae X, € X,

Teopema 4. Ecu X, = R"®  rne n(t)eN mpu t=01,...,T, We M pemenne 3anaun (10)-(13),
£, C wu gra, savxayrse wmuoxecrsa mpn t=0,1,...,T—1, int Tgrat (X, Xy) #<J  mpm

t=01...,.T-1, intT.(X;)#9, ¢oymwm ¢:R" >R, f:R" >R mu i=1...m u
g j ‘R" >R npu j=1,...,V yI0OBIETBOPSAIOT ycnoBHio JIMMIIKIA B OKPECTHOCTH TOYKH W , MHOXecTBO
gra, peryaspuo B touke (X,,X,,,) npu t=0,1,..., T —1, Bexrop-dynxuus F,(-,U,) nenpepsisro nudde-
penmpyema B okpectHoctH Toukn X, npu t =0,1,..., T -1, a,(X,) = F, (X,,U,) sbimyxnoe muosxkectso n
U, € U, raxoe, uro X,,, =K (X,,U,) mpu t =0,1,..., T —1, 70 cymectyror (A,,S)eR, xRT xR",
e (A,r,8)#0, A=0 wm A=1, <|’,f(V_V)>=0, BEKTOPBI Xg(—l) € N&(XO),
X;(t) = —thHt(Xt,Ut,X;l(t)) mpr t=0.1,... T—1, X;(T) e N (X;) npe {0,—1} Takue, 4To
max{H, (X,,u,, X, ,(t)):u, e U}=H,(X,, T, x;,,(t), t=01..T-1,
(X3 (1) + X3 0), X; (0) 4 X () X (T -1+ X (T)) € pO(RAC) + (1 F ) + (5, GO},
mpustom X (t—1) mpu t=0.,...,T u [l oHOBPEMEHHO He PaBHbI HYJIIO.

Jokasateanetso. [To Teopewme 2 cymectsyror (A,1,S) €R, xRT xRY,rze (A,1,5) =0, A =0 nm
A =1, <I’,f (V_V)> =0,  Bexrops XZ (-De N, (Xo), (X: (1), X:+1(t)) € Ngrat (X, X1)  npm
t=01...T-1, X;(T)eN.(X;) npe {0,—1} TakKue, 4To

(3 (1) + X3 (0), X; (0) 4 X () X (T =1+ X (T)) € pO(RA0) + (1 F ) + (5, GO})(T).
mpustom X (t—1) mpu t=0.,...,T u [l oHOBPEMEHHO He PABHbI HYJTIO.

Tak kak MHOXKeCTBO A, pErysspHO B TOUKe ()_(t,)_(m) npu t=0,1,...,T-1, re
Tya, (X0, X11) =By (X %) s X > @, (X,) cgra, u a,(X,) semyxmsie muoxectsa, 0 10 mpeso-

xenwsim 7.1.5 u 7.6.1 [2, ¢.398, ¢.427] umeem
POy X)) yeaX) A2 0 c Ty, (X Xp)-
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Ecin (X:(t),X:+1(t)) € Ngrat (X, X,) mpu t=0,1,...,T—1, 10 <(X:(t),X:+1 (1), (%, y)> <0 npu
(x,y) e Ty, (X, X141) - lostomy < X, (1), y— it+l> <0 npu yea,(X,). T.C.
< X1, (1), y> < < X:., (t),YH1> npu Y € a,(X,). Orcrona cneayer, 4to

max{( X;., (1), ¥) 1y €a, (X))} = X;a (1), %)
npu t=0,1,..., T —1. Oycrs U, € U, Taxoe, uro X, =K (X,,U,) npu t =0,1,..., T —1.

Torza nomyyum, 4To max{< Xp,, (1), F (X,, ut)> u, ey }= < X4, (1), F (X, Ut)> . TlosTomy

max{H, (X,,u,, X, (1)) :u, € Ud=H, (X, T, X (1) -

Ecin muoxectso Qfd, perympuo B touke (X,,X,,) mpu t=0,1,...,T—1, To umeem, uro

Bgrﬁ(.,n‘)(xt ! Xt+1) - T

a, (Yt ' X, +1) Tak kak Bekrop-dyHkums b (-,Ut) HerpepbiBHO quddepeHnmpyema B

oxpectroctn X, mpu 1 =0,1,..., T =1, 1o u3 [2, ¢.402] cnexyer, uto (D, W) S Bgrﬁ(.,ﬁt) ()_(t’)_(t+l) TOrZA U
Tombko  Torza  korma W=V, F(X, U)v. Tak xax (X:(t), X:Jrl(t)) € Ngral (X,,X,,;) mpu
t=01...,T-1, 10 <X:(t), l)> = < — x;l(t),Vx[ F (Yt,Ut)U> mpu L € X,. Orcroga cremyer, 4to

X (t) = —th Ht(it,Ut,X:ﬂ(t)) opu t =0,1,..., T —1. Teopema noxaszana.

4. HEOBXOJIUMOE YCJIOBUE NOPAJAKA B,TAE 1<3 <2

JUIst IPOCTOTHI HafiieM HEOOXOAMMOE M JOCTATOYHOE YCIOBHA IOPsiaKa [3 IS 38124y MUHUMU3AIHH QYHK-
wnu 0(Xg, Xy, .., X) cpemn Beex pewenuit 3anaun (7),(8), rae 1< B < 2. Myers X = Xy x X, X+ x X5
6aHaxoBO TpoCTpaHCTBO. Yepes M  oGosnaunm MHOXKECTBO Tpaekropuit 3amaun (7),(8). Ilomoxxum

— . 1 1

B={weX:|w|<1}, di*(w) = (d,, (W)™

Teopema 5. Ecnu dynxuus (| muddepenmupyema mo ®peme B muoskectse W + 20B u naiinercas L >0
TaKoe, 9T ||q'(u) - C]'(U)” < L”U - U”a mpu U, 0 e W+28B,rme 6 >0, 0<a <1, sexkrop We M mu-
numusupyet Gyukimio (| cpenu Beex pernenuit 3amaun (7),(8), M c W+0B u q'(W) =0, To ans mo6oro
A > L dysxuus

T+a || *
S, (W) = g(w) +A(dy" (W) + |[w - w[" d, (w))

nocruraer muaumyma Ha W + OB B touke W mecm A >L u M 3amknyTo, To mo6as Touka, MEHHME3HDY-

omas S, na muoxkectse W + OB , npunanesxur M.
Jdoka3zareiabcTBo. IIpennonoxum npotusHoe. ITycTs CylecTByOT TOUKa
W e W+0B u €>0 rakne, uro S, (W) < (W) —Ag, rne A = L. Bosbmem Touky

1+a

C € M rakyro, uto ”C - W” + ”W - V_V”a”C - W” < dl,\;a (w) + ”W - \I_V||CXC1,\,I (W)+em ”C - W” <9.
Tax xax |[W— W[ <8, q'(W) =0, q(C) = q(W + (W — W) + (¢ —W)) u q(W) = (W + W — W),
TO U3 JIEMMEI 3 HUMEEM, UTO

q(c) < q(w) + L(Jc-w]|
< q(w) + A(dy* (W) +|w — W[" dy, (W) + L& < q(W).

1+o 1+a

+w = w["e - wl) < qw) + 2 (e - w]™ + |w — w["c - w]) <

OT10 MPOTUBOPCUUT YCIIOBUIO, YTO q JAOCTUTACT MUHHUMYMaA B TOYKE W na MHOXKecTBe M .

Ecu A > L u W e W+ 03B raxke munnmusupyer gpynkumo S, na muoxecrse W + 0B, o u3 nepsoit

HacCTHU TCOPEMbI 5 NOoJIy4Yum

QW)+ 1(de (w) + [w — W[ dy, (W) = q(w) < qw) + = E

2
OTcroz1a MOIy9IHM, 9TO d}\;a (W) + ”W - V_V”a d M (W) =0.Tlosromy dM (W) =0.Takkak M 3aMKHYTO,

(dy (W) +[w = W[ dy, (w)).

to W € M. Teopema nokazana.
Honoxum D = {W eM:q'(W)(w-w)< 0}.
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Caencreue 3. Ecru W € M sBnsiercss munumymom dynkiun (| Ha MHOXecTBe M, dpynxums ( mudde-

pennupyema o ®peute B Muoxkectse W + 28B u naitnercs L > 0 Takoe, uto ||q’(u) - q’(u)|| < L”U - U”a
mpu U,veW +28B,re >0, 0<a <1, M c W+0B, 10 ana mo6oro A > L dynxrus
9, (W) = q(w) - q'(W)(w — W) + Mdg* (W) + |w — W] dp, (w))
nocturaet MuauMyma Ha W + OB B Touke W necin A > L u D 3amkuyro, To mo6as Touka, MUHUMU3HDY-
fomtasi §, Ha MHOxecTBe W + OB npunagnexur D .
JlokasarteabcrBo. SIcHo, uto W siBisiercss MuaumymoM Gyrkunn (W) — (W) (W — W) Ha MHOXecTBE
D u dysxums q(w) —q'(W)(W — W) yrosnetsopsieT ycioBmio Teopembl 5 ¢ noctosuuoii L B W+ 25B .
[pumensis TeopeMy 5 nomydum, 4to mis modoro A > L dyukius
g, (W) = q(w) — (W)W ~ W) + A[d5* (W) + |w — [ dy (w))
jocturaetr MUHUMyMa Ha W + 8B B Touke W .
3 Teopemsi 5 Takoke BhiTekaeT, uto ecu A > L u D 3amxmyro, To mo6as Touka, Murmmmsupyiomas g,

Ha MHO)ecTBe W + OB , npunamnexur D .

CnencTBre I0Ka3aHoO.
TTonoxum

q{lﬂx} (V_V,W) — I|m q(W + tW) tq (W)(W) q(W)

o e
{1+(x}+ (W W) _ I|m (W + tW) tq (W)(W) q(W)
tlﬂx

OrmeruM, uto ecan ¢yukuust ( mBaxasr muddepenimpyema mo Ppeme B Touke W, TO
q® (W; w) = g™ (W; w) = 19"(W)(w,w) mpu W e X.

Oycre G X, u>0 u WeG . Honoxum

d“ (W +tw) —df (W) 48 (W w) = I|m dg (W +tw) —dy (W)
wo t" t"
Ko (W) ={w e X :d¥* (W; w) =0} u B, (W) ={w e X :d¥ (w; w) = 0}.

Tpu stom K (W) uacro nassisator kacatensubiM konycom muoxkectsa G B rouke W, a B (W) -

d{u} (W; w) =

KoHycoM Bynurana (cm.taxke 1m.2) B 3TOM TOUKe.
Teopema 6. [Tycts W € M sBnsiercs munumymom dyukimu (| Ha MHOMecTBe M, dysxums 0 mudde-
pennupyema o ®pente B MuoxectBe W + 28B 1 naitnercs L > 0 Takoe, uto ||q’(u) - q’(u)|| < L”U - U”u
mpu U,ueW+28B,r1e >0, 0<a<l, McW+06B u A >L.Torna
qted (w; w) + ad 5 (w; w) + Afw|" d§ (w; w) > 0,
qtd (w; w) + ad 5 (W w) + Aw|”* d8 (w; w) > 0
mpu W € X.
JlokaszaTeabeTBo. M3 cresictus 3 ciestyer, uto ais mo6oro A > L dpyukims
g, (W) =q(w) —q'(W)(w — W) + A(dg* (W) + ||W - W”a d,(W)) nmocrmraer MuHEMYMa  Ha
gx(V_V + tW) — gL(W)

W +38B B touke W. Iosromy g8 (W;w) = lim i

o

>0 mpu We X. Orcrona

HMEEM, UTO

(q (W + tw) - q'(W)(tw) — q(W) + A(dp " (W + tw) + [[tw]" d , (W + tw))) <

1+u

0 < g (W; w) = lim
o

<t OO+ ) OO GT) o OO+ ) [ (@ 4 t0)

T tl+0. t1+0. t‘LO t

g (wy w) + Xd{Dl“*}* (W; w) + Aw|” d5* (w; w)

mpu W € X.
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AHANOTHYHO TPOBEPAETCS CIPABEITUBOCTb BTOPOTO COOTHOMIEHNS. Teopema foKkasana.
Tpy yernouu Teopems 6 umeem, ato ™4 (W; W) >0 npn w € Ko (W) u & (W; W) >0 npn

W € B, (W). Tax xax T, (W) < B, (W), 10 g% (W; W) >0 npu w € T, (W).
Ecn q'(W) =0, 10 Ty (W) =T,,(W), aecn T,\,L1 (W)n (i]o I M, (W)) # I, 1o mo memme 1 umeem, uro
Ty (W) > til Tu, (W) . Tlostomy g™ (W; W) >0 npn W € tilTMt (w).
Tonoxus grP, =T, (X, X,,,), onpenemam P, : X, > P(X,,;), t=01,...,T —1. Torna muoxecTBO
t 5_1TM‘ (W) coBmamaer ¢ MHOXeCTBOM pelleHH il 3a1aun
z,,€P(z), t=01...T-1 2, e T.(X,), Zy € Tc(Xy). (18)
Tosromy ecmu '(W) =0 u Ty, (V_V)ﬂ(tr:TWO Iy, (W)) # D, 10 npu ycrnoBun TeopeMsI 6 MOTyUnM, UTO

g™ (W; W) > 0 a muoxecTBo pemennit sanaun (18).

5. JOCTATOYHOE YCJIOBHE IOPAJKA 3, TJE 1< <2

Paccmorpum MunuMusaimio Gyskuma (W) cpean Beex pewennii 3azaun (7), (8), rae n(t)e N,
a,:R"Y 5 P(R"") npu t=0,1,...,T-1, q:R" >R, gcR"@ ccR"M,
Nn=n(0)+n@) +---n(T).Yepes M o06031aunm MuO)eCTBO Tpackropuii 3a1aun (7), (8).

Teopema 7. Ecnu Gpynkuus  nuddepenuupyema B muoxectse W + 20B u maiinercs L > 0 takoe, uro

q'(u) - Q'(U)” < L”U - U”a mpu U,0eW+28B, rie 0>0, O<a<1l, McW+8B, cymectsyer
ancno €>0 rakoe, uto (W) = <q'(v_v), W> >0 mpn we (M-W)NeB u g™ (W;w) >0 npu
we{veB,,(W):p(v) <0}, w=#0,10 We M spasercs Touxoii cTpororo 1okansHOro MUHUMYMa (yHK-
unn (| Ha MHOXectBe M .

JokazareiaberBo. JJonyctum npotusHoe. Torma Touka W He SBISETCS TOUYKOH CTPOrOro JOKaJIbHOTO MH-

HUMyMa QyHKIMU (] HA MHOXKECTBE M . HosTomy mms moGoro Sk > 0 maiinercs W, # 0, rue ||Wk|| < 8k,

takoe, wro W+W, € M u q(W + w, ) <q(W). Honoxum t, :”Wk”, Z, :&. Tak kak ”Zk”:l,

[w

TO HE yMaas OOLIHOCTH MOXKHO CUMTATh, UTO Z, —> Z , IJie ”Z” =1.Takxak W+ thk eM npu tk ~L 0, rme

t, = ”Wk” , 1o nmeem, uto Z € B, (W).

ITo ycnopuio ||q’(u)|| < Q'(V_V)” + L”U - W”a <K= ||q’(W)|| + L(28)* npu U €W+ 20B. Toraa u3

TeopeMbl 0 cpextem [12, €.38] ciexyer, 4ro |C](U) - Q(U)| < K”U - U” npu U, € W+ 20B . U3 nemmsr 3

1+a

HMeeM, 4TO |q(\Tv +1t,2) —o(t,z) - q(v_v)| < Ltll(m”Z” npu t, <& [osromy

1+

o(t,2) <q(W + t,2) —q(W) + Lt7*|z[ ™ < aq(W + t,2) —q(W + t, z,) + Lt}j‘>‘||z||1“x <
+o L+a
<Kt ||z, — 7+ Lty 2]
npu K e N. Ecin pazpennts Ha t, 1 mepeiitn k mpenen npu K — 00, 10 umeem, uro (p(Z) <0. Ecmu
8, <min{0,53;&} mpu ke N, 10 ”thk” <e¢wuo(t,z,) >0 npu K e N. Torna 3 nemmsr 3 momyunm
q(W +t,2) — o(t, 2) — (W) < q(W + t,2) — o(t, 2) — (W + t,Z,) + o(t, 2, ) <

<|q(W +t,z + (t,z, —t,2) - QW + t,2) = (q'(W), t, Z, —t,2)| < Lt |}z, —Z|(te]Z|" + tilz — 2|*)
npu K € N . TTostomy

q{l+0t}— (W, Z) < Ii_m q(W + th) _tlii(tkz) B q(W)

k—o0 K

<tim Uz~ 2] +12, -2 =0,

T.€. q{lm}_ (V_V; Z) <0.Takxkak Z € BM (V_V) U (p(Z) <0, to nmeem npoTtuBopeure. Teopema qoka3aHa.

U3 JA0Ka3aTeJIbCTBA TCOPEMbI 7 CJICAYyCT ciieayrouiee CJICACTBUC.
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Cunencreue 4. Ecu dynkuns ( muddepenuupyema B muoxkectse W + 20B 1 Haiinercs L > O raxkoe, To

q'(u)—q’(o)||£ L”U—U”a mpu U,0eW+28B,me 0>0, O0<a<1l, McW+38B, M Brimykioe

muoxectBo, Q(W) = <q’(\Tv), W> >0 u g™ (W;W) >0 npn we T, (W), W0, 10 WeM sms-

€TCs TOUKOM CTpPOTOro JOKaJbHOI'O MUHUMYMa (byHKIlI/II/I q Ha MHOXCCTBC M .

__ T __
3ameuanue 2. Ecmu B, (W) = D B, (W) (cm.[1, 2]), To u3 Teopemer 7 u crencTsus 4 creayer nocTa-

TOYHOE YCIIOBHE s 3amaun MuauMIsamu Gyakinn ( cpemu Beex pemenuit 3ama4u (7),(8).
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AHoOTaNinA

I'azoperynsitopuuii myHkT (I'PIT) — koMIUIeKC 00MaHAHHS [T 3HHXKCHHS THCKY T'a3y Ta MiATPUMaHHS HOTO
Ha 3ajgaHoMy piBHi. B npumimenni ['PII mis npoaykTHBHOI poOOTH peErynsTopiB Mae MHiATPUMYBATHCh
OINITUMAaJIbHA TeMIleparypa, B 3uMoBHH nepion He MeHe +5°C . [Ipu oMy HoTpiOHO BpaxoByBaTH (akT II0 IPH
JIPOCEJTIOBaHHI IIPUPOJHOTO ra3y TeMIeparypa Horo 3HWKyeThcs. HasBHICTh BOJIOTH B Ta3aX 3HAYHO YCKIIAJHIOE
eKCILTyaTalilo razonposoay. [Tapu ByriieBoHIB, 1110 BXOAATH B CKJIaJ| Ta3y, IPH IEBHUX (BiJ’ €MHHUX ) TEMIIEpaTypax
MIEPETBOPIOIOTECS B PiAMHY, TOOTO YTBOPIOIOTH KOHIEHCAT. BiAIOBiAHO 1 BOASHI MapH, MO 3HAXOOATHCS B Tasi
NePETBOPIOIOThCS B PinuHY, @ HOTiM B iig. Cam 1o co0i KOHIEHCAT Ta3y MOXKE 3aKyMOPIOBaTH Ta30IpPOBOIH,
KJIAIlaHK PEryISTOPIiB THCKY, 3allipHYy apMaTypy, HOMaaaT! B IMITYJIbCHI TPYOKH, IO BHUBEJE PETYIATOP 3 PSKUMY
mrTaTHOI poOOTH. pilieHHs 3 miATpUMaHHs [CHY09i 3ac00M MiATpUMaHH MOTPiIOHOT TeMIepaTypy B IPUMIMICHHI
I'PII matoTh ieBHi Henomiku. CrianroBaHHs ra3y B mpuMinieHHi [ PIT Hece HebOe3meky, a Takok TOAaTKOBI (PiHAHCOBI
Butpary. Lle BiquyTHO 0COOJIMBO B OCTaHHI 4acH KOJIM BapTiCTh ra3y Ha €BPOIEHCHKOMY PUHKY 3pPOCTA€, TOXK €
JIOLTbHUM MPOBOJMTH 3aX0/TU 33/1J1s1 3SMEHILICHHS BUTPATH ra3y Ha IUISIXY HOro TPaHCHOPTYBaHHs. 3a EBHUX 3MiH
B npuHmIoBii cxemi I'PI1 MoxxHa 3amMiHMTH TpaauliiiiHe HarpiBaHHs Bcboro npumimenHs ['PI1 Ha HarpiBanHs
JIMLIE ra3y, [0 TPAaHCHOPTYEThCs. J{JIs IbOTO MPOIIOHY€EThCS BCTAHOBIICHHS HAarpiBaya, 1110 MPAaLOE 32 IPUHIAIIOM
Panka-Xinma. 3amina Tpamuniiaux korniiB y I'PI1 Ha HarpiBadi, BcTaHOBJIEHI 0€3M10CEPEAHBO Ha Ia30IPOBOI,
BUPIIIYIOTh JIEKIJIbKa MUTaHb: €KOHOMIsI EHEPrOHOCITB,T0kKekKHa Oe311eKa, BiZICYyTHICTh BILIMBY Ha €KOJIOTIIO.

Abstract

A gas regulating point (GRP) is a complex of equipment for reducing gas pressure and maintaining it at a
given level. In the fracturing room, for the productive operation of the regulators, the optimum temperature must
be maintained, in the winter period at least +5°C. At the same time, it is necessary to take into account the fact that
when throttling natural gas, its temperature decreases. The presence of moisture in the gases significantly
complicates the operation of the gas pipeline. Vapors of hydrocarbons, which are part of the gas, at certain
(negative) temperatures turn into liquid, i.e. form condensate. Accordingly, the water vapor in the gas turns into a
liquid, and then into ice. By itself, gas condensate can clog gas pipelines, valves of pressure regulators, shut-off
fittings, get into impulse tubes, which will lead the regulator out of normal operation. maintenance solutions The
existing means of maintaining the required temperature in the hydraulic fracturing room have certain
disadvantages. Burning gas in the fracturing room is dangerous, as well as additional financial costs. This is
particularly noticeable in recent times when the cost of gas on the European market is increasing, so it is advisable
to take measures to reduce gas consumption on the way of its transportation. With certain changes in the hydraulic
fracturing principle, the traditional heating of the entire hydraulic fracturing room can be replaced by heating only
the transported gas. For this, it is suggested to install a heater that works according to the Rank-Hilsch principle.
Replacing traditional boilers in hydraulic fracturing with heaters installed directly on the gas pipeline solves
several issues: saving energy, fire safety, lack of environmental impact. The use of the Rank-Hilsch effect will
ensure optimal operating conditions of the pressure regulator and stable gas supply conditions without complete
heating of the room. The proposed conversion allows to receive gas consumption data at different time intervals,
both in metric and energy units, and transmit them through the supplier-consumer network.
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Kui04uoBi ci1oBa: Ta30peryATOpHAN IYHKT, HAarpiBaHHA a3y, 0OJIIK ra3y B METPUYHUX OIMHHMIIAX, OOJIK

rasy B OJUHMIIIX eHeprii, epexT Panka-Ximma.

Keywords: gas control point, gas heating, gas accounting in metric units, gas accounting in energy units,

Rank-Hilsch effect.

Beryn. Cuctema rasomoctayaHHs — TEXHIUHUIM
KOMILICKC, IO CKJIAZy SKOTO BXOJSATH. T'a30MpPOBOIH i
CHOPYM HA HUX, TA30BUKOPUCTOBYIOUI YCTAHOBKH,pE-
3epByapHi, TpyHOBi Ta IHAWBIAyalbHI YCTAaHOBKH
3piIKEHNX BYTJIEBOAHEBUX Ta3iB, KOTEIbHI, ra3ugiko-
BaHI TIPOMHCIIOBI, CUTBCHKOTOCIIONAPCHKI Ta iHIII
HiANpUECTBA, BY3NU OONIKy rasy, Ia3operyisTopHi

IyHKTH Ta YCTaHOBKU. ['a30peryisTopHHH IyHKT
(TPII) — xoMmruIieke obnamHaHHs IS 3HIDKCHHS THCKY
ra3y Ta MiITPUMaHHS HOTO Ha 3aJJaHOMY PiBHI, po3Ta-
[IOBaHUH B OKPEMO PO3TAIIOBaHUX OyMiBIIsAX abo mpH-
OynoBaHMX [0 IiHIMX OYIWHKIB, Ta MPUMIMICHHIX,
BOymoBanux B inmri [1]. [Tpuatmnosy cxema ['TIP Hage-
JleHo Ha puc.1.

"

O Vi |
) m Dﬁ Lk

Bxin razy

N

Buzin razy

Puc. 1 Ilpunyunosa cxema I'PI1
1 —3acyexa, 2 — manomemp, 3 — 8y3071 001Ky 2a3y, 4 — 3an00IHCHO-CKUOHULL KIANAH, 5 — mepmomemp,
6 — pecynamop mucky, 7 — iMAYIbCHULL 230NPOBIO HU3LKO20 MUCKY, 8 — 008i0HUI 2a30nposio (bail nac);
9 — sanobixcro-3anipnuil knianan; 10 — ginemp.

AKTyaJIbHiCTh JOCTiIKeHHA. B mnpuminieHHi
I'PIT puist mpoyKTHBHOT pOOOTH PEryJIsiTOPiB Ma€ MifT-
PUMYBAaTHCh ONITHMaJIbHA TEMIIEPATYPa, B 3MMOBHI Tie-
pion He Menme +5°C [2]. [Ipu npomy noTpiOHO Bpaxo-
ByBaTH (DAKT IO TPH JPOCETIOBAHHI ITPUPOJHOTO razy
TeMIieparypa HOro 3HWXKYEThCS, TOOTO cIiocTepira-
etbes edexT [Ixoymns-Tommcona [3].

J10 TOTO % 110 3aKyTIOPKH ra30IpOBO/IIB MOXKE ITPH-
BOJMTH YTBOPEHHS KPUCTAJOTIAPATIB NPHU IOETIHAHHI
BYIVIEBO/IIB 3 BOJIOI0. KpucranorigpaTu sBISIOTH CO-
0010 OLTl KpUCTANIYHI Tija, MOMIOHI HAa CHIT 4M JIif.
Tak, meTan 3 Bonoro yTBopioe riapar CH4*7H,0, eran
— C,He*8H0, mponan — C3Hs*18H,0 i T 1. Kputnuna
TeMIIeparypa riipaToyTBOpeHHs: A MeTaHy — 21,5°C,

etany -14,5°C, nmpomany -5,5°C, #-Oyrany -2,5°C, i30-
oyrany — 1°C (tabm.1-4) [4,5]. T'a3 mo TpaHCTOPTY-
€TBCSI Ma€ B MEBHIN JOJI i CKIag0Bi. YnM Bakde BYT-
J€BOJICHb, TUM IIBHUJIIIE B MPUCYTHOCTI BOJIOTH yTBO-
puThCs Timpar. Bucoka MBHIKICTH 1 TypOyIeHTHICTh
MTOTOKY, ITyJbCallis, IMBUAKI IIOBOPOTH Ta iHIIIE TaKOXK
CTIpHsi€ YTBOPEHHIO TiapatiB. KoHmeHcaT yTBOPIOEThCS
HIDKYE TIEBHOTO PiBHS Temmeparyp. Moro yToperHs
3aJIeKHTH BiJ] CKiIaay rasy. Tak, napu nponany npH TH-
cky 10 5 klla yTBOpIOIOTH KOHJEHCAT, KOJIU TEMIIepa-
Typa noHmwKyeThes 10 -42 °C, a n-6yrany — o -0,5 °C.
Buxonmsuu 3 cka3aHoro MOKeMO OaUUTH BEIUKHI
BIUIUB TEMIIEpaTypd Ta3dy IO TPAHCIOPTYETHCS Ha
CTaOUTBHICTH Ta Oe3MepepBHICTh IHOTO MPOLIECY.

Tabmmms 1
KomnonenTHnii ckiaaj ra3sy, Biniopannii B M. KuiB cranom Ha aucronag 2020 poky.
Komnonentu Bwict, %

N, 1,2725

CH, 91,165

Co, 1,8675
C,H, 3,7975
nCyH;q 0,9175
nCyH;q 0,0875
H,0 0,7675
Paszom 100,0
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Tabmums 2

BumipioBanns temneparypu Touku pocu (TTP)

XapakrepucTuka Temneparypa Touku pocu, K (°C) Trek rasy. MITa
TOYKH BUMIpPIOBAaHHS BOJIA BYTJICBOJIHI Y5
T'a3 3 Ganona 2(632)5 273,95 (+0,8) 25
. 250,05 293,65
MepesxeBuit (-23,1) (-20,5) 0,3

Tabmuug 3

Po3paxyHkoBa TeMnepaTrypa TOYKH POCH 110 BOAI il ByI/1eBOJHSIM BiANIOBiTHO 10 BigiOpaHux npod
NPHPOHOTO a3y

. 3HayeHHs 3a TuckoM, MIla
[TapameTpu nepeBipku 03 55
Touka pocu 1o Boi, 328,53
K (°C) 293,07 (19,92) (55,38)
Touka pocu 3a 187,34 217,32
Byrnesoaaamu, K (°C) (-85,81) (-58,83)
Tab6muus 4
Po3paxyHkoBa TeMIepaTrypa TOYKH POCH 110 BOAi (CKOperoBaHuii CKJaJl NIPUMPOIHOIO rasy)
. 3HadeHHS 3a THCKOM, MIIa
[MapameTpu mepeBipku 03 55
Touxka pocu 1o Boi, 243,25 275,65
K (OC) (_2919) (2!5)
Touka pocu 3a 243,65 276,20
ByrneBoausamu, K (°C) (-29,5) (3,05)

®opmya0BaHHA HiJel cTaTTi. Y 3anpoekToBa-
HUX 1 noOynoBanux npuMimeHnsx I'PIT 3a yaciB Hese-
JMKOi BapTOCTI CHEPrOHOCIIB, ONTUMAJIbHA TEMIIepa-
Typa MiATPUMYBANach 3a JONOMOIOI CIAJFOBAHHS
NEBHOTO 00’€My NPHPOTHOrO rasy, IO TPAaHCIOP-
TYETBCS, B IOOYTOBOMY KOTJIi, PO3TAIIOBaHOMY B OKpe-
Momy nipuMimierHi ['PII. [Tizuime ams oOirpiBy ctamu
nepeabdavaTH ra3oBi KOHBEKTOPH, sKi, SIK BiIOMO, HE
NOTPeOyIOTh BOAU B CUCTEMY OMNaJICHHS.

Lli piteHHs 3 miaTpUMaHHs MOTPiOHOT Temrepa-
Typu B nnpumiinenHi ['PI1 marote neBHi Heposiku. Bu-
KOPUCTAHHS ra3y IS OMAJICHHS Hece MeBHI (piHAHCOBI
BUTpATH, BIAKpUTHII BoroHb B npumimenHi ['PIT nece
HeOesIeKy, a MiJ Yac CHaloBaHHS ra3y BUAUIIOTHCS
NPOAYKTH 3rOPSHHS, IO MAae€ HEraTHBHHI BIUIMB Ha
otouyrode cepepopume. DiHaHCOBa CKJIAIOBa CTaE
Ba)XXITUBIIIOI OCOOJHMBO MPH Pi3KOMY 3pOCTaHHI Bap-
TOCTI Ta3y Ha €BPONEHCHKOMY PHHKY, TOXK € JOLIIbHIM
NPOBOJIMTH 3aXO0/I1 33/UTs1 3MEHILICHHSI BUTPATH Ta3y Ha
HIISIXY HOT0 TPaHCHOPTYBaHHS.

OcHoBHA YacTHHA. 32 MEBHUX 3MiH B MPUHIHU-
moBiii cxemi ['PII MokHA 3aMIHHTH TpajuIliiHE
HarpiBaHHsA Bcboro npumimenHs ['PI1 Ha HarpiBaHHS
JIMIIE Ta3y, M0 TPAHCHIOPTYEThCS.

Jnst  mporo  MpPONOHYETHCS — BCTAHOBJICHHS
HarpiBaya, o Npamoe 3a NpuHIunoM Panka-Xinma.

[MpuHIUT pobOTH MITIHAPHYHOI TPYOH y HACTYTI-
HOMY. ["a3 miJl BUCOKMM THCKOM IIOJIA€ThCS Y BUXPOBY
Kamepy TaHTeHLIHHO Yepe3 3aKpyuyBalbHHIA MPUCTPIi
(puc.2). Posmuprorounch BcepenuHi TpyOH, ra3 cTBO-
po€ BHXOp, IO MLIBHAKO oOepTaeTbes. [liamerp
miaparMd MEHINUN 3a miaMeTp TpyOu, depes Iie ras
NOYMHAE PYXaTHCh aKCiaJbHO B CTOPOHY KOHIYHOTO
Jpocerro Mo mepudepiiiHiil yactuHi Tpyou. 3i 3MeH-
LICHHSAM 3aKpYYyBaHHS MOTOKY MO JOBXHHI TpyOH BH-
HUKA€ 3BOPOTHIN TPaJi€eHT THUCKY y IPH OCHOBIiHl 00-
JIacTi, IO CIIOHYKA€ ra3 pyXaTHCh Bill JpOCENS B CTO-
pOHY niadpparmu.

VLR RANNICE

Puc. 2 Cxema nomoxie 6 mpy6i Panka.
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3amMiHUBIIK MMOOYTOBHWI KOTEI Ta OMATIOBAILHI
NpWiIaad, IO 3a3BU4Yail  BCTAHOBIIOIOTHCS IS
HarpiBanHs npuMitieHus I'PIT (puc.3a) i, sik HacminoxK,
rasy, IO TPAHCIOPTYEThCS, Ha 3alpPONOHOBAHMI
HarpiBady, 1110 BCTAHOBJIIOETHCS B 3aJli PeAyKyBaHHS Ha
ra3omnpoBOJi MEpeN PErysITopoM THUCKY (puc.30),
MOXKHA 3€KOHOMHTH TIEBHY KUIBKICTb €HEProHOCIS.
JIJis miNBUIIEHHS TOCTOBIPHOCTI OOJIIKY ra3y B OJH-
HUIIX CHeprii y NMPHUMIMICHHS, IO 3BUIBHAETHCSA Bif
OTIAJTFOBAJIHOTO ra30BOr0 00JIaHAHHS MOXKHA IIPOIIO-
HY€ThCSI BCTAHOBUTH CHCTEMY OpTaHi3alii mporecy
mucrierdepm3anii  oOmiky. Taka cxema opranizarmii
00JTiKy TIPHPOTHOTO Ta3y MO3BOJHUTH OTPUMATH 00’ €K-
TUBHY 1H(OPMAIIIO I0JI0 EHEPreTUYHOI IIIHHOCTI Ta3zy
B peasibHOMY 4aci 1 3a eBHUi nepiox [6].

Po3paxyemMo eKOHOMIYHY BUT'OJTy BiJ 3MiHH IIPHH-
nunosoi cxemu I'PII.

BBakarouu, 110 onaaoBaNbHUN nepio B YKpaiHi
CTaHOBUTH B cepenHboMy 180 nHiB, OyneMo po3paxo-
BYBAaTH BUTpATy ra3y Ha LIeH TepMiH.

3rigHO HOPM CTIOKUBaHHA Ta3y [7], Ha 1 M? o
npuMilleHHs BUKOpUcToByeThest 11 M3 Ha onmamroBans-
Huit nepion. Tomi:

[Toma npuMinieHHS:

F=6,0-68=408wm>

Butpara rasy Ha omajseHHS 3a ONAIIOBaJIbHUI
nepion:

Q=F-q=408 11 = 448,8 M3 /Micaup

[puitmaemo Q = 450 M3 /micaup.

Tonmi, 3a onanoBaIbHMIN TEPioA, 10 TPUBAE B ce-
penasomMy 180 mHIB, a00 6 MicsIIiB:

Quar = 450 -6 = 2700M3
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a)

[lina Ha ra3 Ha razoBy xa0i T TF (Hizepmanon) Ha
MOMEHT HAaIlMCaHHSA CTarTi craHoBuUTH 25,240 EUR/
MBT - ron . Cepenns miHa 3a ONAIOBAILHUN TIEPiof
2022-2023 pp. cranosuna 124,91 EUR /MBT - rog,

Jis mepeiniky METPUYHUX OJUHUIb B OJUHHMII
eHeprii npuiiMaemo cniBBinHomeHHa: 1MBT - rog =
95,31 m*

Toni Butpara razy oguum ['PII B omumHUIIIX
eHeprii Oyze cranoButu @ = 28,3 MBT - rog.

BapricTe BUKOpHCTaHOTO rasy:

B =28,3-124,91 = 3535 EUR /onaJ. nepiox

VYV cucremi razomocradaHHs Ykpainu 1437 mT.
I'PII. 3aranpHa BapTicTh €HEPTOHOCIIB, IO BUKOPHCTO-
BY€ETBCS AT iX ONAJICHHS CTAHOBUTH!

B, = 3535-1437 = 5079795 EUR /onaJ. nepion

BucnoBku. 1. BinMoBa Bij crmiajgroBaHHS rasy B
npuMinieaHi ['PII migBumuTh O€3meKky rasomocra-
YaHHS.

2. BizMoBa BiJ BUKOPHCTaHHS MPHUPOIHOTO Ta3y
SK TAJIMBa JUIsl OIAJICHHS] NPUMILICHHS TPHUHECE EKO-
HOMIYHHH e(pEKT.

3. 3MeHIIyeThbCA BUIUICHHS HPOIYKTIB CIAIO-
BaHHSA a3y B aTMocdepy.

4. Buxopucranas edexry Panka-Ximma 3abecrre-
YUTh ONTHUMAIIbHI YMOBH pOOOTH peryiiaropa THCKY i
CTaOUTBHI YMOBH Tojadvi ra3y 0e3 MOBHOTO OOIrpiBy
NPUMILICHHS.

5. 3ampornioHoBaHe nepeoOsaJHAHHS JI03BOJIUTh
OTpUMYBaTH JaHl LIOJO0 BHUTpaTH ra3y 3a pi3Hi
NPOMDKKH 4acy, SIK B METPHYHUX TaK 1 B OJUHULIAX
€Heprii, Ta mepeiaBaTH X MEPEKCI0 MOCTaYaIbHUK-
CIIOJKUBaY.

O s

]

6000
B E—
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_e’zﬂ
@A - —=—— e ———
| i
L BBif rasy
(f) 6800
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Puc.3 Tunosuti npoexm I'PII a) 0o 3min, 6) i3 3anponoHo8anumu 3MiHamu.
1- 3acysxa; 2 — inomp,; 3 — damuux mucky, 4 — damuux memnepamypu, 5 — 8y30.1 001Ky 2a3zy;
6- pezynsmop mucky, 7 — PIII'C-10; 8 — riuunvnux I'-4; 9 — komen, 10 - onamosanvruil npuiao;
11 — naepisau cazy; 12 — xpomamoepag,; 13 — smopunnuii nepemeopiogay; 14 — xanan 36’s3xy GSM/GPRS/VPN.
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In today's digital age, a university website plays a vital role in attracting prospective students, engaging cur-
rent students, and fostering collaboration within the academic community. However, designing and developing an
effective university website can be a complex task, requiring a deep understanding of the diverse needs and pref-
erences of its users. This work explores the application of customer development methods in the development of
university websites, aiming to optimize user satisfaction, improve user experience, and ultimately enhance the
overall effectiveness of these digital platforms. By leveraging customer development techniques, universities can
gain valuable insights into user requirements, prioritize features, and build websites that effectively serve their

target audience.

Keywords: customer development, university websites, user experience, user requirements, customer vali-

dation, agile development.

In today's digital era, university websites have be-
come indispensable tools for institutions to engage with
their target audience, including prospective students,
current students, faculty members, and alumni. These
websites serve as a central hub for accessing infor-
mation about academic programs, campus facilities, ad-
missions, events, and various other resources. A well-
designed and user-friendly university website can sig-
nificantly impact the institution's reputation, student
enrollment, and overall user satisfaction. Therefore, it
is essential for universities to invest in the development
of effective websites that cater to the needs and prefer-
ences of their diverse user base.

Developing a university website that meets the ex-
pectations of its users can be a challenging task. The
preferences and requirements of prospective students,
current students, faculty, and staff can vary signifi-
cantly, making it crucial to understand and address their
unique needs. Furthermore, technological advance-
ments and changing user behaviors necessitate contin-
uous website improvements and updates. Without a
systematic approach to user-centric design and devel-
opment, universities risk developing websites that fail
to deliver a satisfying user experience and do not align
with their target audience's expectations.

The primary objective of this work is to explore
the application of customer development methods in
the development of university websites. By leveraging
customer development techniques, universities can
gain valuable insights into user requirements, prefer-
ences, and expectations. This research aims to provide
practical guidance and recommendations on how uni-
versities can use customer development methods to op-
timize their website development process, enhance user
experience, and ultimately achieve their communica-
tion and engagement goals.

This research will adopt a mixed-methods ap-
proach, combining qualitative and quantitative tech-
niques. Primary data will be collected through inter-
views, surveys, and usability testing sessions with uni-
versity website users, including prospective students,
current students, faculty members, and staff. Secondary

data will be gathered through an extensive review of
existing literature, case studies, and best practices in
customer development and website development for
higher education institutions. The findings will be ana-
lyzed, and practical recommendations will be formu-
lated to guide universities in effectively implementing
customer development methods in their website devel-
opment process.

By adopting a user-centric approach and integrat-
ing customer development methods, universities can
create websites that address the needs and expectations
of their diverse user base. The following sections will
delve into the concept of customer development, the
importance of user-centric design, and the application
of customer development in university website devel-
opment.

Customer development is an iterative and cus-
tomer-focused approach to product or service develop-
ment that emphasizes gaining deep insights into the tar-
get audience's needs, preferences, and pain points. It is
a methodology coined by Steve Blank and popularized
in his book "The Four Steps to the Epiphany." Cus-
tomer development aims to minimize risk and increase
the likelihood of creating successful products or ser-
vices by actively involving customers throughout the
development process.

At its core, customer development recognizes that
assumptions and hypotheses about customer needs and
market demand should be tested and validated through
direct customer interaction. It encourages an ongoing
conversation with customers to gain valuable feedback,
refine product ideas, and ensure that the final product
or service meets their expectations. The application of
customer development methods in website develop-
ment offers several benefits:

e Enhanced User Experience: By involving us-
ers throughout the development process, customer de-
velopment ensures that the website is designed with
their needs in mind. It enables the creation of intuitive
navigation, relevant content, and personalized experi-
ences, leading to improved user satisfaction and en-
gagement.
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e Reduced Development Risks: Customer de-
velopment minimizes the risk of developing a website
that does not meet user expectations or fails to deliver
the desired outcomes. By continuously validating as-
sumptions and gathering feedback, potential issues can
be identified and addressed early in the development
cycle.

e Improved Product-Market Fit: Customer de-
velopment helps ensure that the website aligns with the
target audience's preferences, leading to better product-
market fit. By understanding user needs and pain
points, universities can tailor their website offerings to
provide relevant and valuable information and services.

e Higher Adoption and Engagement: A cus-
tomer-centric approach to website development in-
creases the likelihood of user adoption and long-term
engagement. By involving users from the early stages,
their sense of ownership and satisfaction with the web-
site can be fostered, leading to increased usage and pos-
itive word-of-mouth referrals.

In the development of university websites, adopt-
ing a user-centric design approach is essential to ensure
that the websites effectively meet the needs and expec-
tations of their diverse user base. User-centric design
focuses on understanding users, their goals, and their
interactions with the website to create intuitive and en-
gaging experiences. This section explores the im-
portance of user-centric design for university websites
and discusses key methodologies and techniques em-
ployed in this approach.

User-centric design places the user at the center of
the website development process, considering their
goals, behaviors, and preferences. By prioritizing user
needs, university websites can enhance user satisfac-
tion, engagement, and ultimately achieve their commu-
nication and educational objectives. The following
points highlight the importance of user-centric design
for university websites:

e User Experience (UX): User-centric design
aims to optimize the user experience by ensuring that
the website is easy to navigate, visually appealing, and
provides relevant and valuable information. By under-
standing user expectations and incorporating intuitive
design principles, universities can create websites that
foster positive interactions and leave a lasting impres-
sion on users.

e Audience Engagement: University websites
serve a diverse range of users, including prospective
students, current students, faculty, staff, and alumni.
Each group has unique needs and goals. User-centric
design enables universities to tailor website content and
features to meet the specific requirements of these user
groups, fostering engagement and facilitating effective
communication.

e Conversion and Enrollment: For universities,
the website plays a crucial role in attracting and con-
verting prospective students into enrolled students.
User-centric design helps universities optimize the con-
version funnel by aligning website content, calls-to-ac-
tion, and user journeys with the needs and motivations
of prospective students. By streamlining the enrollment

process and addressing potential pain points, universi-
ties can increase conversion rates and achieve enroll-
ment goals.

e Brand Perception: A well-designed and user-
friendly website reflects positively on the university's
brand image. A user-centric approach ensures that the
website aligns with the university's values, identity, and
messaging. Consistent branding, intuitive navigation,
and compelling visuals contribute to a positive percep-
tion of the university and its offerings.

User journey mapping involves plotting the user's
interactions and experiences with the website across
different touchpoints and stages. It helps universities
visualize the user's flow, interactions, and emotions
throughout their journey. By mapping user journeys,
universities can identify pain points, areas of friction,
and opportunities for enhancing the website experience
at each stage of the user's interaction. User journey
mapping can be used to optimize specific user flows,
such as the admission process, course selection, or ac-
cessing resources. By understanding the user's perspec-
tive, universities can streamline processes, reduce fric-
tion, and create a seamless user experience.

Customer development methods provide valuable
insights into user needs, preferences, and expectations,
making them highly applicable to the development of
university websites. This section explores how cus-
tomer development can be effectively applied in the
context of university website development, enabling
universities to create user-centric websites that meet the
diverse requirements of their stakeholders.

To effectively apply customer development in uni-
versity website development, it is crucial to identify
and understand the different user segments and stake-
holders involved. Universities serve various user
groups, including prospective students, current stu-
dents, faculty members, staff, and alumni. Each group
has unique needs and expectations, and their engage-
ment with the website may differ significantly.

Conducting a stakeholder analysis helps universi-
ties identify key user segments, determine their im-
portance, and prioritize their needs. By categorizing us-
ers into segments, universities can tailor their customer
development efforts to gather insights specific to each
group. This segmentation allows for personalized web-
site experiences and targeted communication strategies.

Customer development relies on gathering direct
feedback from users to inform decision-making. Uni-
versities can employ various techniques to gather user
feedback, such as conducting surveys. Surveys provide
quantitative data on user preferences, satisfaction lev-
els, and areas for improvement. Universities can dis-
tribute surveys to different user groups and analyze the
results to gain insights into the website's effectiveness.
In designing surveys, it is crucial to ask relevant and
focused questions that capture user needs and expecta-
tions. Surveys can cover topics such as website naviga-
tion, content relevance, ease of use, and overall user
satisfaction. By analyzing survey responses, universi-
ties can identify areas of improvement and prioritize
enhancements based on user feedback.

In addition to surveys, user interviews and focus
groups provide valuable qualitative insights into user
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perspectives. These methods involve direct interaction
with users to understand their experiences, motivations,
and pain points related to the university website. User
interviews allow for in-depth conversations with indi-
vidual users, enabling universities to gain a deep under-
standing of their needs and behaviors. Focus groups, on
the other hand, bring together a small group of users to
facilitate discussions and gather diverse perspectives.
Both methods help universities uncover valuable in-
sights, validate assumptions, and identify opportunities
for website enhancement.

Usability testing is a crucial component of cus-
tomer development in university website development.
It involves observing users as they interact with the
website and identifying areas of difficulty or confusion.
Usability testing can be conducted through various
methods, such as in-person sessions, remote testing, or
the use of eye-tracking technology. By observing user
behavior and collecting feedback during usability test-
ing, universities can identify usability issues, improve
website navigation, and enhance the overall user expe-
rience. Usability testing helps validate design deci-
sions, optimize user flows, and ensure that the website
meets user expectations.

Customer development in university website de-
velopment emphasizes an iterative approach, wherein
feedback and insights from users are continuously in-
corporated into the development process. By embrac-
ing an iterative mindset, universities can create web-
sites that evolve and improve based on user needs and
changing expectations.

The customer development process should allow
for continuous feedback loops and a culture of im-
provement. Universities can establish mechanisms for
collecting and analyzing user feedback on an ongoing
basis, such as feedback forms, user support channels, or
user forums. This iterative development approach en-
sures that the website remains responsive to user needs
and adapts to evolving trends and technologies.

Customer development methods offer significant
value in the development of university websites, ena-
bling universities to create user-centric platforms that
meet the diverse needs and expectations of their stake-
holders. By applying customer development principles
and techniques, universities can gather insights, vali-
date assumptions, and continuously improve their web-
sites to enhance user satisfaction, engagement, and
overall effectiveness.

The application of user-centric design principles,
such as user personas, empathy mapping, and user jour-
ney mapping, helps universities gain a deep under-
standing of their target users and tailor the website ex-
perience to their specific requirements. By considering
the unique characteristics of different user groups, in-
cluding prospective students, current students, faculty,
staff, and alumni, universities can optimize the website
to cater to their needs and goals.

The use of customer development methods, such
as surveys, user interviews, focus groups, and usability
testing, allows universities to gather direct feedback
from users, validate assumptions, and identify areas for
improvement. These methods provide valuable insights
into user preferences, pain points, and expectations, en-
abling universities to make informed decisions and pri-
oritize website enhancements.

Adopting an iterative development approach and
fostering a culture of continuous improvement allows
universities to respond to changing user needs and tech-
nological advancements. By incorporating user feed-
back into the development process, universities can re-
fine the website, optimize user flows, and ensure an in-
tuitive and engaging user experience. Furthermore,
collaboration and co-creation with users foster a sense
of ownership and engagement. By involving users in
the co-design process, universities can tap into their ex-
pertise, generate innovative ideas, and ensure that the
website aligns with their needs and expectations.

In conclusion, customer development methods
provide a framework for universities to develop user-
centric websites that effectively serve their diverse
stakeholders. By applying user-centric design princi-
ples, gathering user feedback, and fostering an iterative
and collaborative approach, universities can create
websites that enhance user satisfaction, engagement,
and ultimately contribute to their communication and
educational objectives. The successful application of
customer development in university website develop-
ment lies in the ongoing commitment to understanding
user needs, validating assumptions, and continuously
improving the website experience.
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Analysis of employment of engineering equipment in the area of the Joint Forces operation, and now — during
the Ukrainian-Russian war, indicates an insufficient level of rational distribution and use of spare parts by the
troops (forces) repair and recovery bodies. Besides, lack of necessary spare parts leads to long periods of engi-
neering equipment recovery, and as a consequence, the unpreparedness of the engineer unit to perform the assigned

tasks.

The article is prepared on a topical issue related to justification of the initial principles of planning the need
for spare parts to carry out recovery of engineering equipment, which in turn will allow: to make correct manage-
ment decisions regarding maintaining a certain level of technical condition of engineering equipment; timely sup-
ply of repair units with spare parts; will improve time indicators for recovery of engineering equipment.

Keywords: engineering equipment; technical condition; spare parts.

1. INTRODUCTION.

The main condition for the successful perfor-
mance of tasks of engineering support for the actions of
troops (forces) by the engineer units of the Armed
Forces (AF) of Ukraine in the area of the Joint Forces
operation (JFO), as well as during the large-scale inva-
sion of the Russian Federation on the territory of
Ukraine, is to maintain the combat capability of the en-
gineer units of the Armed Forces of Ukraine according
to the level of completeness with engineering equip-
ment (EE) serviceable samples [1; 2].

Formulation of the problem. The experience of
the use of engineer units of the Armed Forces of
Ukraine in the area of JFO shows that the problem of
the availability of spare parts (SP) in repair units has
become very acute. The main part of EE has exceeded
the limit of its service life, and has also exhausted its
resource, which led to the occurrence of failures in the
main amount of the equipment [3].

It can also be noted that during JFO, the main
source of replenishment of EE losses is its timely re-
covery. But very often, the lack of the necessary SP
leads to long periods of its recovery and, as a result, the
engineer unit is unprepared to perform the task as in-
tended. The problem of availability of SP in repair units

is one of the most important, since timely provision or
availability of the necessary amount of SP enables re-
pair units to quickly carry out work on recovering the
technical condition (TC) of EE, and, accordingly, en-
sure the effective use as intended.

Analysis of recent research and publications.
When searching for scientific publications in this sub-
ject area, one cannot ignore the scientific works of lead-
ing scientists (V. Sivak [4], O. Vorobiov [5], B. Demy-
anchuk [6], O. Volokh [7], P. Openenko [8] and others).
The researchers consider increasing of the TC effi-
ciency of military equipment.

However, taking into account the results of the
above-mentioned scientific studies and the experience
of conducting JFO [9], there is an urgent need to in-
crease the level of efficiency of EE TC recovery by ad-
justing the need for SP.

Thus, justification of the initial principles of plan-
ning the need for spare parts in order to carry out recov-
ery of engineering equipment will allow to make cor-
rect management decisions regarding maintaining a
certain level of EE TC and timely supply of repair units
with SP, as well as to improve time indicators for re-
covery of EE.
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The purpose of the article. Justification of the in-
itial principles of planning the need for SP in order to
carry out recovery of EE TC.

2. RESEARCH RESULTS.

It is obvious that today to develop a methodology
of planning the need for SP to recover EE TC is of in-
terest, that will allow to solve the following tasks:

to determine the need for repair units in SP (for-
mation of the necessary nomenclature and the number
of SP required to recover EE TC);

determine the optimal size and periodicity of the
order of SP;

carry out selection of the suppliers of SP;

to optimize the reserves of SP for recovery of EE
TC;

to form a rational budget for the procurement of
SP in the conditions of limited funding and the level of
material and technical support.

The conditions in which EE is currently being
used have created new problems in the field of provid-
ing SP. The lack of reliable operational information re-
garding EE failures during operation has led to the prac-
tical impossibility of applying methods based on the
theory of recovery and the theory of operational relia-
bility.

In mathematical statistics, there are two main cri-
teria by which the applicability of a particular mathe-
matical model is evaluated: accuracy and adequacy of
the model [10]. Evaluation of models with the help of
these criteria must be carried out after calculations of
the need for repair units in SP.

When planning the need for SP for recovery of EE
TC, it is necessary to formulate initial principles,
namely:

provision of the forecast characteristics of the need
for SP;

compliance with the requirements for initial data;

compliance with the requirements for models of
forecasting the need for SP;

compliance with the requirements for standard
packages of applied computer programs.

The forecast obtained using the selected mathe-
matical model should be characterized by the following
factors:

value (the value of the forecast is determined by
the possibility of using its results for planning the ac-
tivities of repair units);

reliability (the reliability of the forecast is deter-
mined by the reliability of the initial data and the cor-
rectly selected model of the phenomenon under study);

accuracy (accuracy is a criterion of forecast qual-
ity [10]);

timeliness (for prospective planning, prognostic
assessments must be received in a timely manner);

compliance with the specified time interval (fore-
casts must correspond to the specified time interval, in
the conditions of repair units work, it is necessary to
receive short-term (monthly) forecasts, that is ex-
plained by the specific features of the use of EE sam-
ples).

The main initial data for planning the need for SP
are the statistics of SP costs for the previous periods of
using EE samples (time series of values), as well as

quantitative information about changes in the main fac-
tors affecting the need for SP. During the analysis of
the initial data, it is determined which initial data are
the most relevant while planning the need for SP. When
collecting information, the selection of reliable data is
carried out, confirmed by the reporting documentation
of engineer units. Obtaining forecasts at a given time
interval requires a constant sequence of initial data.

The process of ensuring the required level of EE
TC is carried out with the aim of:

maintenance of EE TC at the proper level while
performing the assigned tasks;

rapid recovery of EE TC (close interrelated con-
nection between the need for SP and material and tech-
nical support).

In practice, the technically and economically jus-
tified supply of repair units with SP is achieved by the
necessary level of resource provision, the key stages of
which are cost planning and planning of the need for
SP, the costs of their acquisition and storage. Currently,
it is impossible to make an accurate forecast of the con-
sumption of SP used for EE repair without conducting
a prior detailed analysis of the current state of the EE
sample, as well as taking into account the main signifi-
cant factors that affect the process of using SP during
the entire life of EE.

EE consists of recovery systems, the serviceability
of which is maintained during its service life by per-
forming EE recovery, with the aim of preventing and
eliminating failures, repairing or replacing failed parts
and assemblies. Accordingly, during the operation of
EE samples, parts and assemblies are repeatedly re-
placed. Failure of parts and assemblies is a random
event, and the probabilistic characteristics of parts re-
source dispersion are described by various distribution
laws, which are determined by methods of mathemati-
cal statistics. The failure of parts and assemblies that
occur during EE operation is eliminated by replacing
faulty parts with new SP. With all types of EE or its
component units repair, replacement of SP is carried
out depending on the various intensity of failures of
parts and assemblies. At the same time, the costs of pur-
chasing SP depend not only on the frequency of SP re-
placements, but also on their market cost.

Also, the following working hypotheses and theo-
retical prerequisites must be adopted when planning the
need for SP for EE TC recovery:

1) the planning of the need for SP during the EE
service life in real operating conditions should: be
based on reliability indicators, which are determined by
the results of actual replacements of EE parts and as-
semblies in real operating conditions; be considered in
stages, that is, according to the cycles of operation and
types of EE repair;

2) the moment of the part, assembly or EE compo-
nent unit limit state onset, is a random event (that is,
there is a dispersion of resources compared to their av-
erage values);

3) EE parts, assemblies or EE component units are
fully functional until they fail, after that they become
completely inoperable. The tasks of replacing parts due
to the gradual deterioration of the elements perfor-
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mance or due to the gradual increase in the cost of stor-
age are excluded;

4) queuing problems, which arise due to the fact
that several elements have failed at the same time, and
the means of repair are limited are not taken into ac-
count;

5) to simplify the calculations, it is accepted that
when a recovered part is put into operation, the param-
eter of its fault-free operation duration corresponds to
the new SP.

Any technical system, including EE, is character-
ized by a certain structure. That is, it is a set of elements
that ensure the normal performance of the working
functions of the entire system. In the process of opera-
tion, parts, assemblies and component units of EE sam-
ples lose their efficiency, that leads to failure or reach-
ing the limit state of the system as a whole [2, 11]. To
restore the EE IT, it is necessary to replace the defective
part with a spare one, or repair it. From the point of
view of SP use, we will consider only the replacement
of parts and SP. Thus, in order to maintain the required
level of EE IT during operation in the situation of parts,
assemblies and component units failure for various rea-
sons, their permanent replacement with SP takes place.
It is obvious that in order to determine the characteris-
tics of the change in the number of replacements of
parts during the working life of EE, it is necessary to
analyze the sequence of replacements of SP by time in-
tervals or by intervals of working time.

A part that has been used since the beginning of
EE operation during a random period of time, that is
conventionally equal to the average resource of a new
part, fails and is replaced by a new (spare) part.

A SP, which has worked for a random period of
time, that is conventionally equal to the SP average re-
source, also fails and is replaced by another SP, etc.

Thus, in the process of EE operation, in order to
constantly maintain the TC at a given level, the parts
that have failed must be constantly replaced. If such a
sequence of replacements is considered for the entire
service life of EE until it reaches its limit state, then the
latter can be represented in the form of a flow of SP
replacements, caused by a flow of failures of EE parts,
assemblies and component units [12]. If we look at a
fairly long period of time, then with a high probability
it can be stated that there will be a need for almost any
type of SP. Therefore, to date, the question concerning
SP which will be necessary during this period of time,
and whether it is advisable to purchase them for prelim-
inary storage, remains unresolved.

For effective inventory management, it is im-
portant to choose a reasonable method of forecasting.
For this purpose, categories of short-term, medium-
term and long-term forecasts are often used. Thus,
when forecasting consumer demand for SP, in many
cases a forecast of up to 6 months is considered short-
term, from 6 months to 2 years - medium-term, and
more than 2 years, respectively, long-term.

3. CONCLUSIONS AND PROSPECTS OF
FURTHER RESEARCH.

In this way, the principles of planning the needs
for SP to recover EE TC have been considered. When

planning the need for SP to recover EE TC, it is neces-
sary to take into account:

which elements of the SP nomenclature are subject
to forecasting;

how far into the future the forecast should be made
(days, weeks, months, quarters, years);

how often the forecast should be carried out (the
possibility of automating the forecasting process);

what the tolerable prediction error is.

A large number of factors influence the emergence
of a need for this or that SP. Therefore, the task of plan-
ning the need for SP can be conventionally divided into
two stages. At the first stage, during the analysis of fac-
tors, the variables that correlate with the need for SP are
revealed. During the second stage, the dependence of
the need for SP on selected factors is analyzed, and a
forecast for the future period of time is made. When
planning the needs for SP, it is necessary to possess in-
formation that characterizes, in fact, the SP itself:

1) the catalog number of the SP is the number that
identifies the part in the technical documentation. It
should be noted that in some cases one and the same SP
may be indicated in the technical documentation under
different catalog numbers. Such variety of catalog num-
bers is due to the fact that the manufacturer places in
the catalog number information about the application of
the SP. For example, one and the same SP can have a
range of different catalog numbers, by number for dif-
ferent EE samples;

2) the cost of the SP - in this case, we will under-
stand the inventory cost of the SP;

3) the cost of storage and delivery - these parame-
ters allow to estimate the costs of storage and delivery
of SP. To determine the cost of delivery and storage, it
is necessary to have the characteristics of mass and ex-
ternal dimensions of the SP. It should also be noted that
the conditions of SP delivery and storage are not con-
stant, and may change over time (this is affected by the
cost of transportation, rental of premises, etc.).
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In the context of a digital economy, it is essential to incorporative innovative technologies in the production
process to analyze the status of telecommunication networks. This requires solving emerging technical problems
through the transition to software-configurable networks. By doing so, the network can be managed more effi-
ciently, resulting in accelerated data transmission by relocating control functions to the controller. Recent research
has failed to address the issue of a single point of failure of software-configurable networks, i.e., the controller.
However, some scientific papers have proposed an optimal controller placement method to improve the network’s
reliability. Protecting redundancy, recovery, and optimal controller placement are the three primary ways to ensure
the reliability of software-configurable networks. This article proposes a technique and algorithm for finding the
optimal location of the controller on a given communication network.
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Introduction: The research problem is an innova-
tive approach to building communication network ar-
chitecture. The proposed method allows increasing the
network management capability and data transmission
level by transferring functions to the controller [1, 2].
This method has the following benefits:

1. It offers programmable approaches to network
management, which can be modified through the crea-
tion of new applications, leading to improved network
management automation;

2. It improves network management by enabling
the network to be reconfigured in real-time, adapting to
changing operating conditions;

3. Itallows for the modification of the network de-
vice structure, thereby reducing the number of proto-
cols required to be handled, and only the instructions
received from the controller need to be executed;

4. It reduces the cost of the network infrastructure
as a whole, owing to cheaper system upgrades and re-
duced energy consumption.

The mathematical structure of the controller place-
ment problem depends on the configuration of the do-
main of admissible points and the method used to eval-
uate the placement quality. This paper only considers
placement problems in which the area of acceptable
points of service centers is a graph, and the centers can
be located at any vertex or on any arc of the graph [3].

Methodology for selecting a location for the
controller

To facilitate the description of points on arcs and
distances within the graph, it is essential to establish
some definitions. The graph’s vertex set consists of ver-
tices numbered from 1 to n. Consider an arbitrary arc
(i, j) , whose length is equal to a(i, j)>0. Let f

denote a point on the arc (i, j), which for all

0< f <lisat f-a(i, j) unitsfrom the vertex i and
at (1— f)-a(i, j) units from the vertex J . Let us call
it f — point. Thus, the quarter point of the arc (i, j)

is the point that is a quarter of the length of the arc
(i, j) from the vertex i. The zero point of the arc

(i, j) is the vertex i, and the unit point of the arc
(i, j) isthe vertex ] .Hence, the vertices of the graph

can also be regarded as arc points. Arc points that are
not vertices are called interior points. Any point on an
arc must be either an interior point or a vertex. Denote
by X the set of all vertices of the graph, and by P the

set of all points. Thus {P— X} is the set of all interior
points. Let I(i, j) denote the length of the shortest
path from vertex i to vertex j . Then through L denote
the matrix Nxn, in which the element (i, j) is
I(i, j). The elements in matrix L are called vertex-

top distances. To calculate the elements of matrix L
any of the algorithms can be used: Floyd’s algorithm
[4, 5] or Danzig’s algorithm [6-8]. Let

I(f—(r,s), j) be the length of shortest path from
f —pointonthearc (r,s) tothevertex J . Thisvalue
is called the point-top distance. If the arc (r,s) is un-

directed, let it be traversed in both directions, i.e. The
shortest of the following two distances should be cho-

sen as I(f —(r,s), j)

1. Distance from point vertex I' plus distance
from vertex I' to vertex | ;

2. The distance from f — point to the top S to the
top j, thus (1):
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I(f—(r,s),j)=min{f-a(r,s)+I(r, A~ f)-a(, j)+I(s, j)} @

If the arc (r,S) is oriented, i.e. Its traversal is only allowed from I' toS, then the first term in formula (1)

can be excluded, then (2):

1(f—(r,s),j) =@~ f)-a(i, j)+1(s, j) @)

For agivenarc (r,s) and vertex ] the point-top distance, is a function of f on the graph should have one

of the three types of dependencies shown in Fig.1.
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Figure 1. Graphs of the functions characterizing the point-to-top distance

Looking at the shortest distance from the vertex
J to each point on the arc (r,S) . For some point on

the arc (r,s) this distance gives on a maximum value.
It’s denoted by 1'( j,(r,s)) and called as vertex-arc
distance. If there arc (r,S) is undirected, there are two
transfer routes from the vertex j to f — point on the

arc (r,s) : through the vertex I' or the vertex S. The
shortest distance from these two routers is chosen. If

these two routers from the vertex J to f — point on
the arc (r,s) have other lengths, then some points ad-
jacentto f —pointonthearc (r,s) are even further
away from the vertex j . For example, in figure 2 the

quarter-point on the arc (3, 4) as an example 1,25 units
or 2,75 units away from vertex 6, so it depends on
whether they are moving through vertex 3 or through
vertex 4.

© ©

O

3

4

Figure 2. Example of a graph

If f increases from 0,25 to 0,26 then the shortest distance from vertex 2 to the value of 0,26 on the arc (3,

a)is min{1,26;2;74} =1,26.

So, the two distances from a vertex j to some point on arc equal to each other if this point is the furthest

point from the vertex j . It must be emphasized that total distances are always equal:
I(J,r)+ f-a(r,s)+1(j,s)+@A—f)-a(r,s) =1(j,r) +1(j,s)+a(r,s)

Hence (3):

I,(j’(rls)):I(j,r)+|(j,s)+a(r,s) ®)

2

Looking at the other side, if (r,S) are oriented, then a few points on the (r,s) can be reached only with the
vertex f . Hence, the most distant point on (r,s) from any vertex of the graph is the point closest to the vertex

S. In this case (4):
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I'(j,(r,s))=d(j,r)+a(r,s) @)

The graph includes and by pointing out L’ a matrix of dimension Nx M, in which the element at the inter-
section of j-th row and K -column is the distance of vertex — arc from ] -th vertex to K -th arc. These matrix
values of elements can be calculated with a usage of equations (3) and (4), if the vertex-top distance given by
matrix L' graph arc lengths are known.

And by highlighting | ( f —(r,s), (t,U)) the maximum distance from f - points on the arc (r,s) to
points on the arc (t,u). This distance takes a name as the point-arc distance. If the arc (r,s) is undirected and
(r,s) # (t,u) then the route from f — pointon thearc (r,s) to the farthest point on the arc (t,u) must come
either through the vertex I', or through the vertex S. Hence (5):

I(f—(r,s),(t,u))=min{f-a(r,s)+I'(r,(t,u)), - f)-a(r,s)+1'(s, (t,u))} ®)
If the arc (r,s) isoriented and (r,s) = (t,u) then the first term in formula (5) can be excluded, then (6):

I(f—(r,s),(t,u))=@A-f)-a(r,s)+1'(s,(t,u)) (6)

If (r,s)=(t,u) is oriented, the furthest point on the arc (r,s) from f — pointis § — point, where Q
tends towards f on the side of values smaller than f — point. It this case (7):

I(f—(r,s).(r,s))=1-f-a(r,s)+I(s,r) )
If (r,s)=(t,u) and the arc (r,s) is undirected the maximum distance from f — point on the arc (r,s)
to § —pointonthearc (r,s), incase g < f, cannot exceed (8):

A=min{f -a(r,s),1/ 2[a(r,s) +I(s,r)[} ®)

The first term in (8) equals the length of the route from f — pointto § — point within the arc (r,s), the
second term equals the length of the route from f and g — points on the arc (r,S), but passing through the top
S. Itis resemble with the case of g > f , the maximum distance from f —pointto § — pointon the arc (r,s)
cannot exceed (r,s) (9):

B =min{(1- f)a(r,s),1/ 2[a(r,s) +1(s,r) [} ©)

The first term in expression (9) for B equals the length of the route from g - point within the arc (r,s),
and the second term equals the length of the route from f -point to g -point on the arc (r,s) passing through
the vertex I'.

Hence, if the arc (r,s) is undirected, then |'( f —(r,s),(r, S)) = max{A, B}, which is equal to (10):

min{f -a(r,s),1/ 2[a(r,s)+1(s,")}

(= (r,s),(r,s)) = max min{(1- f)a(r,s),1/2[a(r,s) +1(s,]}

(10)

If there is illustration of the point distance |'( f—(r,s), (t,u)) as a function f forall (r,s) = (t,u),

then the corresponding curve on the graph will include the same forms as the point-top distance curve presented
in Fig.3, since equations (5) and (6) will include accordingly the same form as equations (1) and (2). They have

differences only in constants. Looking at the other, if |'( f —(r,s),(r, S)) for any undirected arc (r,s) is

represented as a function of point f , and then the function curve will include the form shown in Fig.3.
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atr, s) -
0 o : -
112 2 1 f
Figure 3. Diagram of the distance function point-arc I'( f —(r,s), (t,u))
Therefore, the shown explanation can be systematized as illustrated in the table below:
Table-1
Designation Name Method of determination
a(i, j) Arc length Set
1(, j) Top-to-top distance The Floyd or Danzig algorithm
I'( f—(r,9), j) Point-to-top distance Equations (1) and (2)
|'( f—(r, S)) Distance apex-arc Equations (3) and (4)
I'( f—(r,s),(t, U)) Arc-to-arc distance Equations (5), (6), (7) and (10)
Let (11):
MYV (i) = max{I(i, j)} (11)

— is the maximal distance from vertex | to the vertices of the graph. The distance from the vertex | to the
most distant vertex of the graph. Then (12):

SWV (i) = D1, ) (12)

— is the total distance from a vertex I to all vertices in the graph.
Let (13):
MTV (j—(r,s)) = max{l(f = (rs), j)} (13)

— is the maximal distance from f -point on the arc (r,s) to the vertices of the graph. The distance from f
-point on the arc (r,s) to the distant vertex of the graph, so (14):

STV(j—(r,9) =2 1(f~(r9),f) (14)

— is the total distances from f -point on the arc (r,s) to all vertices of the graph.

By providing clear definitions for the maximum and total values of these distances, it is possible to define
with precision the different types of placements that will be discussed next.

1. The center of a graph G is any vertex X of this graphs that (15):
MWV (x) = min {MVV (i)} (15)

Thus, the center is any vertex from which the distance to the vertex furthest away from it is minimal.
2. The main center G is any vertex X of this graph that (16):
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MVD(x) = min {MVD(i)} (16)

I.e. main center is any vertex whose distance from the furthest point on the graph arcs is minimal.
3. The absolute center of graph G isany f pointon an arbitrary arc (r,s) of this graph, that (17):

MTV (f —(r,s)) = min {MTV (f —(t,u))} a7

l.e, the absolute center is any point — on the arc whose distance from the furthest vertex of the graph is
minimal.

4. The main absolute center of the graph G a point f on an arbitrary arc (r,s) of this graph that (18):
MTD(f —(r,s)) =min{MTD(f —(t,u))} (18)

Thus, the main absolute center — is any point from which the distance to the furthest point is minimal. The
definitions of placement (1...4) are exactly the same as the definitions of the corresponding previous placement
types, except that everywhere the maximization operator:

[I.e. MWV (i), MVD(), MTV ( f —(i,u)), MTD( f — (t,u))] is replaced by the summation operator
[I.e. SVV (i), SVD(i), STV(f—(i,u)),STD(f—(t,u))].

The next solution for the problem there is an introduction of the following concepts [9]. The eccentricity
e(a,) of avertex in a connected graph G(A, B) is defined as max{l(ai,aj)} . Radius of a graph r(G) is
the smallest of eccentricities of vertices. The vertices a, — is called the central vertex of a graph if
e(ai)=r(G) a, € A. The center of a graph is the total of central vertices. Let’s use the set

{a1 “u <A, g€ A} There is the total of all vertices the distance from a vertex a, to which is not greater
than/1. For each vertex there is a definition C, (a,) = max(l;), & € A. Let A, — be the lowest value of A
such that for similar vertex g, : Ng(ai) = A, i.e,, the path length from the central &, to any vertex of the graph

does not exceed 4, . ThenC, (a;) = 4, . A vertex ag, such that C,(a;) =min[N,(a,)], a €A, is named

the center of the graph G(A, B) [10, 11].
Search algorithm and results
So, the making a construction of formula the matrix L. (N —is the array of the set A ), where I; =10, J)
i.e. the matrix of shortest paths. We can use any of the above algorlthms [4-12] to create it. Let us calculate the
maximum in each row. Thus we get an array of lengthn, where I -th is the minimum length from I to the other
vertices. Find the smallest element in this array. The vertex corresponding to these elements is the center of the

graph. So, when there are a few vertices, all of them can be recorded as the center of diagram.
For instance: to find the centre of a weighted undirected graph. Observing weighted undirected graph

G(A B); A=17;B= {bij} and i, j =1,7 recorded in Fig.4.
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Figure 4. Weighted undirected graph G(A, B)

Let us make a matrix of the lengths of the shortest are is between each pair of vertices — L. If there is no arc
between the vertices | and | is assigned to the element I(i, j) of the matrix 0.

0 16 27

16 0 0
27 0 0
L°=|0 0 12
22 0 19
16 0 0
10 0 0

0 22 16 10

0 0 0 0
12 19 0 0
0 0 0 0
0 0 11 0
0 11 0 0
0 0 0 0

With the usage Floyd-Worschell algorithm [4, 5] we can get a matrix of shortest path lengths between each

pair of vertices in the graph:

0 16 27
16 0 43
27 43 0

L=|39 55 12
22 38 19
16 32 30
10 26 37

So, according to the result of matrix of shortest
path lengths, find the eccentricity for each vertex of the
graph:

e(ai):max{l(ai,aj)};

e(a) =39;
e(a,) =55;
e(a;) =43;
e(a,) =55;
e(ay) =38;
e(ay) =42;
e(a,)=49.

The centre of the graph is a vertex A, for which

39 22 16 10
55 38 32 26
12 19 30 37
0 31 42 49
31 0 11 32
42 11 0 26
49 32 26 0

e(a) =r(G), a € A. The vertex «5» has the min-
imum radius value e(a,) =38, which means that ver-

tex «5» is the centre of the graph.

Algorithm for placing control points, taking
into account physical and geographical conditions.
The algorithm for placing control points in considera-
tion of physical and geographical conditions has been a
subject of various studies [4-12], in these studies, the
problem of determining the node base is addressed by

identifying the set of nodes A that meet the required
network resource standards concerning channel quality.
In addition to satisfying the requirements for channel
quality and determining the number of nodes, solving
the problem of optimal node placement in the desig-
nated area is also necessary. The node basis is a set
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|Al=N ,where [A|={a}, {x.¥}, i=1,N —is
a set of communication nodes (CN), and {X, y} — ge-

ographical coordinates of communication nodes. At the
time of determining the controller’s location on the net-

work, the location of the CN' A — will be determined.
Formally, the formulation of the problem of forming a

N
node base can be written: R, = Zai — min.
i=1

I(a;a,) ~1(a;a;) ~...

where RO — is the rational distance between

neighboring network nodes.
The rational distance among neighboring network

nodes in the R, network is determined based on the

maximum length of the composite link | . and simi-

larly as the most stringent demands for the type of com-
munication required for the digital channel (DC) pa-
rameters (19):

_ TP (19)
RO - f (JVxl’ ‘]vx ' Imax’ n)
One of the alternative solutions is to cover the op-
erational area with a circle of radius I = RO/Z , Where

the coordinates of the center of the circle will indicate

SEM
E— 6

=l(a;a)~..

In essence, fulfilling quality requirements can be
seen as the process of creating channels that meet a spe-
cific quality standard. This involves selecting the de-
sired path on the network and determining the channel
rank, which dictates the allowable phase jitter and dig-
ital signal delay time. In order to make optimal use of
line power, it is widely accepted in network and trans-
mission system theory that simple channel lengths
along the path must be equal:

~l(a,;q) ~...~1(a;a)) =R,
the possible location of the transport network node to
fulfill the necessary condition for the quality of the DC.
To select a coverage option, it is necessary to solve the
problem of geometric optimization [13, 14], where it is
required to find the efficiency of packing on a plane by
circles of a given radius.

Consider the problem of packing equal circles

with a radius T =1/2 on a plane in such a way that

each circle touches six other circles (Fig.5). Each such
circle can be seen as a circle inscribed into a regular
hexagon with the same centre, these hexagons fill the

plane. The efficiency F, is obtained by comparing the

area of a regular triangle, whose vertices are the centers
of three adjacent circles, with the areas of the sectors of
the three circles contained within the triangle. The effi-
ciency of such packing is equal to

~0,9069 .

T

4

7

A\
7

T
23

A\

<7

AN
7

Figure 5. Covering a plane with circles using a triangle

A specific feature of the task of forming a nodal base is the presence of restrictions (physic-geographical
conditions of the area and conditions of the operational situation) on the introduction of CTS (20):

R:F(a,b),g,(a)<0, k=1, h (20)

the coordinates of the input node got into the constraint
area, then this point is brought the constraint line. This
task is solved by the gradient projection method, where
the aim function and the constraints are non-linear [15].
The algorithm of node base formation is presented in
Fig.6.

where @ and b — are the width and depth of the

operational area, and @, (@) <0 — are limitations on

the introduction of CTS, determined by the physical
and geographical features of the operational area.
If at the first version of the total location of the CS
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Figure 6. Block diagram of the algorithm for the formation of the nodal base

This algorithm includes two stages. At the first
stage the basic solution (2) and (3) blocks of the algo-
rithm are formed. It is based on the geometrical optimi-
zation methods and consists of covering the operational

area with circles of R0/2, where R is a rational dis-

tance between the CN. Then an option is marked in
terms of control point (CP) accessibility to CN and con-
straint on CN insertion.
Conclusion

In the case in the calculation, if the length of the
reference lines of the CN CP does not allow to be tied
to the CN, then the location is specified. In the case of
a hit by the CN, in the basic case, it is necessary to find
the optimal location with respect to the constraints. De-
termining the location of the CN relative to other CN
and CN CP is carried out using the modified Rosen al-
gorithm [11] using blocks (7 and 8) of the current algo-
rithm.
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