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ARTS

SPECIFIC ACTIVITIES OF «<BRENDARI» DESIGN AGENCY (IVANO-FRANKIVSK)
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CHEIU®IKA JISIJIbHOCTI JU3ANH-ATEHIII «<BRENDARI» (M. IBAHO-®PAHKIBCHK)

Abstract

Marouiu LS.

Kanouoam mMucmeymeosHascmed, 00yeHm
3asidysay Kageopu ouzaiiny

3BO «Vuisepcumem Koponsa Hanuna»

M. leano-Dpankiecok

I'pebeniok 1.B.

cmapwiuii 8uK1aday Kageopu Ou3aiHy
3BO «Vuisepcumem Kopons Januna»

M. leano-Dpankiecok
https://doi.org/10.5281/zenodo.11639077

The article talks about the relevance of branding in our time, as well as the functioning of one of the creative

agencies for creating brands called «Brendari», which has been successfully working in Ivano-Frankivsk for
several years. The team of the design agency is engaged in concept development, brand identity, rebranding of
enterprises, companies, organizations, both private and state-owned. It is a well-chosen and coordinated team, the
use of simple visual images, and their aesthetic appeal that contribute to the recognition and effective operation of
the design studio.

AHoOTAaNis

VY craTTi HOeThCs PO aKTYyabHICTh OPEHAMHTY Y HAIll 9ac, a TAKOXK Mpo QYHKIIOHYBaHHS OJHIET 3 KpeaTH-
BHUX areHIii 31 CTBOpPEeHHs OpeHIB mmij Ha3Bo «Brendari», sika Bike KiJIbKa POKIB YCIHIIIHO Mpaitoe B [BaHO-
®pankiscpky. Komanaa nu3aiiH-areHilii 3aiiMaeThecsi pO3p00KOI0 KOHIIEIIIIIT, allICHTHKOI OpEHIiB, 3IHCHEHHSIM
peOpeHIMHTY TIANPUEMCTB, KOMIIaHii, opraHizauiil, sk NpuBaTHOI, Tak i gepxaBHOl ¢opmu BiacHocTi. Came
BIaJI0 mixiOpaHa i 37aro/pkeHa KOMaH/1a, BAKOPUCTAaHHsI MPOCTUX Bi3yaJIbHUX 00pasiB, iX ecTeTH4Ha NpUBAOIIU-

BICTb CIIPHSIOTH BITI3HABAHOCTI Ta e(EKTUBHIN HiSIbHOCTI TU3alH-CTYIil.

Keywords: graphic design, brand, branding, design studio.
Kuarouosi ciioBa: rpadiunmii qu3aitH, OpeH I, OpeHIuHT, JH3aiH-CTY s

VY Ham yac rpadiyHUi An3aiiH € OJHMUM 3 Hai-
OUTBII MEPCHEKTHBHUX HampsAMKiB. lle omuH 3 BUAiB
Cy4acHOTO MHCTEITBA XYyIOXHbO-TEXHIYHOTO MPOEK-
TYBaHHS, 11€ MUCTEITBO Ta PaKTHKa CTBOPEHHs Bizya-
JBHOTO KOHTEHTY UIA Nepefadi moBigomuieHs. L{s ra-
Ty3b OXOILTIOE IMPOKUI CTIEKTP TisTIBHOCTI: BiJl CTBO-
PEHHS JIOTOTHUIIB i OpEHAMHTY 10 TU3aiiHy BeOCaTiB,
MOOLTBHUX JOAATKIB, APYKOBAHUX MaTepiajiiB i pexmia-
MHHX Kammauii. ['padiunnii nuzaitn noeqHye B cobi
eCTeTH4HI Ta (PyHKIIOHAJIBHI aCleKTH, 3a0e3Meuyroun
e(eKTUBHY KOMYHIKaIlil0 Mi’K TBOPIIEM 1 ayJUTOPI€lO.

I'padiynnii nu3aiiH € HEBIATUIBHOIO YaCTHUHOIO
HAIIOro MOBCSIKIACHHOTO KUTTS, BIUIMBAIOYN HA Te, K
MU CIIPUHAMAEMO iH(POPMALIiIO 1 B3aEMOIIEMO 3 HABKO-
JUITHIM cepenoBuiieM. JloBoM CKIAQAHO CHOTOIHI
3HAWTH chepy KUTTA, e O BiH He OyB 3aTydeHUH — Bi

BYJIMYHUX 3HAKiB 10 iHTep(deHCiB MOOLIBPHUX HOAAT-
KiB, TpaiuHnil 1n3aiH poOUTH CBIT 3p0O3yMUTILINM, sIC-
KpaBimmM i 6ise11 opra"izoBanuM. e MuctenTso, sike
BHMAarae KpeaTHBHOCTI, TEXHIYHUX 3HaHb 1 HOCTIITHOTO
BIIOCKOHANeHHS. Ha BigMiHy BiJf MUCTENTBa, METOIO
SIKOTO € JIMILE CIIOTJIA/IaHHs, IWU3aiiH 3aCHOBAHUI Ha
MIPUHIIAIT «(hopMa CITiTy€e 3a MeBHOIO QYHKITIEIO» [3].

CyuacHi rpadigai au3aifHepH BUKOPHUCTOBYIOTH
PI3HOMaHITHI iIHCTpYMEHTH, BiJ] TPAAUIIHHUX MaTepia-
JIiB, TAKUX SIK TP 1 OJIiBEIb, JO CKJIAHOTO IIPOrpam-
Horo 3a0esmeueHHs, Takoro sk Adobe Photoshop,
Ilustrator, CoreIDRAW ta inmi. [udposi incTpyme-
HTH JI03BOJIAIOTH CTBOPIOBATH JCTANBHI i TOYHI TPO€E-
KTH, IO JIETKO PEJaryrThCs Ta aIalTYIOThCS MiJ] pi3Hi
HOCIi.
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Opniero 3 raxyseid 3acTocyBaHHS TpadigHOTO TU-
3aifHy € OPEHIUHT — CTBOPEHHS JIOTOTHIIIB, (ipMOBHX
CTWJIIB Ta IHIIUX €JIEMEHTIB, 10 (OPMYIOTh 1ICHTHY-
HiCTh KoMmaHii. ChOroIHI OPEHAMHT € AyKe aKTyallb-
HUM B YkpaiHi. Tak, Brano crBopeHuid OpeH 1 BUKOHYE
KiJIbKa BXKJIMBHUX QYHKILIH. 30KpeMa, BiH CITPOILYE IS
KJIi€HTa Mpoliec BUOOPY TOBapy; 3axXHIae caMoro BHU-
poOHUKa B mpoleci poOoTH 3 mapTHEPaMH; J103BOJISIE
OTPUMYBATH JIOJATKOBHIA PUOYTOK, CIIPHSE iNeHTUI-
Karii pipMHu 91 MPOAYKTY Ha PHHKY 3-TIOMIXK KOHKYpe-
HTIB; TIOJIETIIY€ BWXiJ BUPOOHMKA 3 HOBOIO MPOIYK-
€TI0 Ha CYMDKHI PHHKH; CIIPHSE EMOLIHHOMY 3B’ SI3KY
MPOAYKTY 3 HOTEHIIHHUM MoKytieM [4, c. 397].

Po3poOka OpeHay — Iie MmpoIliec CTBOPCHHS YiT-
KOT'0, YHIKJIBHOTO Ta BITII3HABAHOT'O MpoayKTy. Hass-
HICTBh HOMYJISIPHOTO OpeHTy, SIKUil 3/1aTHUH JIETKO 3aria-
M'SITOBYBaTHUCSI € YHM HEHAHOLNBIIOI LIHHICTIO, SKY
Moxe Matu kommadis. [ToOynoBa OpeHny mossrae B
ineHTH(iKalii, 30KkpemMa y BepOalbHil, Bi3yalbHiid, ce-
HCOPHIH Ta JHHAMIYHIN.

VY Ham yac HaOWpae aKTyaJlbHOCTI BUBYCHHS Misl-
JHHOCTI MPEACTaBHUKIB KPeaTUBHUX IHAYCTPiil — Kpea-
TUBHUX areHTCTB, SIK Cy0'€KTiB, IO (QYHKIIIOHYIOTh Ha
PUHKY iHQOpPMAIiHIX MPOAYKTIB Ta MOCIYT i po3pod-
JISIOTh KOHIICTIIIO, aliICHTUKY OpeHIiB abo 31iiicHIO-
I0Th PEOPEHIUHT MiANPUEMCTB, KOMIIaHii, opraHiza-
1ii, sIK mpuBaTHOI (POPMHU BIIACHOCTI, TaK 1 IepIKABHOI.
[Tonut Ha Taky HisUIBHICTH BHM3HAYAETHCS BHCOKOIO
KOHKYPEHTHICTIO Ha pUHKY TOBapiB Ta IIOCIYT Y KpaiHu
Ta HEOOXIJHICTIO CTBOPEHHsS HOBUX CTPATEeriYHuX 1

BRENDARI" e @

Yci npoeKTun

MGPHA

“opwa Kapa Gomingir

MapKETUHTOBUX KOMYHIKaIliii 3 KIIIEHTAaMH Ta MMapTHE-
pamu.

CrorofiHi oxHi€0 3 HalycmimHIMX B [BaHO-
®pankiBcbKy € nusaiiH-cTynis «Brendari», sika mpa-
LIOE HAJI IHTEPIIPETALI€I0, YIOPSIKYBAHHSM 1 IIpe3eH-
TaIli€l0 Bi3yaJbHUX IOBIIOMIICHB, TOOTO CHELiaNi3y-
€TBCSI HA CTBOPEHHI OpenmiB. Y 2015 porri, ToOTO 611H-
3bKO JIECATH PpOKIB TOMY 1i 3acHyBaaun Mukoia
[kBapok Ta €Bren €dimenko. Bix Toro wacy kpeatn-
BHA arcHIlisg YCHIIITHO TPUMA€ETHCS HA PUHKY, ITOE€THY-
o4yl Oi3HEeC 3 TBOPUICTIO. 3apa3 KOMaHAa KOJCKTHBY
souIeImmiIacs o 11 ocio.

3a mepion cBoro icHyBaHHA «Brendari» 3apekome-
HAyBanu ceOe He nuie B 3axifaHiid YKpaiHi, ajie i B iH-
IMX MiCTaX KpaiHW SK MOJIOJ]a KOMaH/a KpeaTUBHHUX
(axiBIIiB, TOTOBUX BTUTUTH HAHCMIJIMBIIII Ta HECHIOIIi-
BaHi pillleHHs Y )KUTTs. BoHU po3po0uiy moHax iBi co-
THI MPOEKTIB [ BITYU3HSHUX Ta IHO3EMHUX IiIIPHU-
€MCTB i opraHizailiif, TOOTO € aBTOpaMH JIOTOTHIIIB JIsI
KOMIaHi{, II0 MPamoTh y 6e31idi chep: HEBETHMKUX
TPOMAaJCHKUX OpTaHi3allii, Tak i MPOMHUCIOBHX TiraH-
TiB, IT-koMmaHiif, (yTOONEHHUX KITyOiB, HEBEIHKHIX
KaB’sIpeHb 1 MKHApOAHUX TpeiaepiB. KpeatnsHa are-
HITisS 3aiMa€eThCsl HE JIHIIE MPOCYBAHHIM TY)KUX OpeH-
B, ale 1 CTBOPIOE BIacHUH OpeHa kommnaHii. BoHu Bo-
JIOZIIOTh CBOIM odiuiitnum caifrom
https://www.brendari.com (iz. 1), ae mictsTecs Taki

posainu: «IIpo Hacy, «[IpoekT», «KoHnTakTn», «3amo-
BUTHU JU3ANHY.

il

Forens Wiy

In. 1. Ckpin catimy «Brendari»

Caiit odopmIteHHH TOBOJI MiHIMaJIICTHYHO, B 90-
pHO-Giniit Tami. Moro HiHHICTH CTAHOBUTH Bi3yanbHe
HallOBHEHHSI BCIX IIPOEKTIB, SIKI BHKOHala KOMaHJa
areHuii me 3 MOMEeHTY 1 3acHyBaHHs. TyT TaKoX po3-
MIIlleHI TOKJIMKaHHA Ha OQiliiHI CTOpIHKH B
Facebook, Instagram, LinkedIn, Dribbble, Behance —
Mepesxi CalTiB 1 cepBicCiB, 5K CHeLialli3yIoThCs Ha ca-
MOpEKJIaMi, BKIIFOUAI0UX KOHCAITHHT Ta OHJIaWH-TIOPT-
(oo caiiris.

CTtaHOM Ha CHOTOIHI IPOEKTH, K1 BXKe pPo3poduIa
areHIlis MOXKHA YMOBHO IOMIJIMTH HAa TakKi KaTeropii:
BiliChKOBa aHJEHTHKA, BOJIOHTEPCHKI Oprasizarii,
HoReCa, OpeHawHr MicT Ta TEpPUTOPIiH, COIiaybHI

MPOEKTH, TEJICKaHalu Ta Menia, momii, ¢yrdom Ta
CIIOPT, TPOMAJICHKI OpraHizallii, piTeiy, pecTopaHu Ta
kade, roremi, OyaiBHAITBO, TexHOIOTIi Ta IT, BUp0O-
HUUTBO [1].

st pigaoro IBaHo-®dpankiBchka KoMaHna «bpe-
HIapiB» CTBOPWIIA KiIbKA y)KE BIJOMUX CHOTO/IHI JIOTO-
THUIIB. 30KpeMa, po3poluiia aifIeHTUKY Ul ApaMTea-
Tpy, nanamy IloTonpkux, My3eto-patymi (ir. 2), Mich-
xoro IIHAIIly, ueHTpy Cy4acHOro MHCTELTBA,
TpancnopTHOi KapTku «[ ankay (ir. 3), 'O «Hano-®pa-
HKiBCBK» (in. 4), Mononoi npocBitu [Ipukapnatts (i
5) Ta in.


https://www.brendari.com/
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AN

In. 2. Jloeomun ieano-@panKiscoko2o mMy3er-pamyuli

(ANVAN\N [em)
FRANKIVSK

%

In. 4. Jloeomun I'O «Hano-@panxiecory

AKe IepKaBHi CITy>KOM TaKOXK MOTPEOYIOTH Kpe-
aTUBHOCTI JUIA 3aJy4CHHs] HOBHX CIOXXHBAYiB Ta MPO-
CYBaHHs CBOIX ITOCIYT MO-HOBOMY, OCKIJIbKH HaIlIe Cy-
CHTECTBO MEPEXOJUTh Ha HOBUH pPiBEHh KOMYHIKAIIl,
HOBITHI TEXHOIIOTIi 3aiMalOTh BaXXIUBY HIIy y Ha-
momy xuTTi. OKpiM LBOrO 0 HAHOLIBLI BIAIUX Ta
BXK€ BITI3HABAHUX OPEHJIB BIJIHOCHMO eMOJieMU IJist

)

P W 23X

AbBIB

In. 6. Embnema ¢pymbonvnozo xnydy Pyx

In. 3. Tpancnopmua xapmra «I anxay»

MononA
nNPOCBITA
NPUKAPNATTS

In. 5.
Jlocomun I'O «Monooa npoceima Ilpuxapnamms»

¢yTOoapHUX KITYOiB «Yparany, «Pyx» (ir. 6) [5]. [Ipu-
BaTHHH 0i3HEC KOPUCTYETHCS PI3HOTO POIY HOCIYraMu
KpPEaTUBHUX arcHILIH, sKi CIPsMOBaHi Ha MPOCYBaHHS
Ta HOITYJIIPU3alli0 TOBAapy HA PHHKY — JIOTOTHITH IS
Mepexi pectopaHiB  «23  pecTopaHW», TOTEINO0
«Inmumi», ynakysauus mis kasu «Coffe laby (in. 7),
uementy «IFCEM» (ir. 8), 6poBapHi «SIrep» Torio.

In. 8. Ynaxyeanns ons yemenmy « |[FCEM»
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OcoOmuBicTh ycmixy «bpenmapiB» monsrae y
BIAIO TiAiOpaHiii 1 3;aromKeHii KOMaH i, 1e KOXKeH 11
4JIeH BUKOHYE Ta BiAINOBiJae 3a neBHy pobory. Ha ny-
MKy KOJIEKTHBY, YCHIX CYy4acHOTO OpeHAy HOJsrae y
Horo mpocTtoTi ¥ makoHiYHOCTI. OCKITBKU HECKIIAIHI
Bi3yaJIbHI 00pa3H JIETKO CHPUIMAIOTHCS W 3amam’siTo-
BYIOTBCSI JIIOIBMHU, IKi Y Hall 4ac 1 Tak iHpopMariiiHo
MIEpEeNOBHEH] Ta TNepeHacHyeHi pi3HUMHU o0pa3amu.
OTOX, «IIPOCTOTA Ta ECTETHYHA IPUBAOIIMBICTH € Halie-
(heKTUBHIMIOIO CTPATETIEI0 ¥ CYYaCHOMY MapKETHHTY)
[2].

VY Oynp-sikoro OpeHIy Mae OyTh 0o0pas, 3a SKUM
Horo BII3HAIOTH KII€HTH. [HaKmie TPOXYKT «3ary-
OuThesa» cepen iHIIMX ToBapiB. PaxiBIi CTBOPIOIOTH
e o0pas 3a JOMOMOTOI0 MO3ullifoBaHHs. [lo3uiriro-
BaHHS — 1€ Te, SIK CIIOXKMBAY CIpUIMae, Bi4yBa€e Ipo-
IyKT a00 OpeH I, AKi acolialii Toi BUKIMKAE Y HhOTO.

Sk mpukiag BAAIOTO MPOEKTY MOJIOAOI KOMaHIN
€ TYPUCTHYHHUI JIOroTHI it Micta Mukonais (iz. 9).
Horo 6y110 cTBOpeHO Ta IpecTaBieHo my6mimi y 2019
poui, a Bxe 24 rpyzans 2020 poky Mickka pana Muko-
Jla€Ba, MPUAHsLIIA PIILICHHS 3aTBEPAUTH HOTO SIK O(iIii-
HUW TypucTHUHMI 3HaK MukonaeBa [4]. Llei norotumn
CTaHOBUTB 00010 JiTepy «M» CTUIII30BaHy IiJ| TIOBHI
BiTpuIIa HaJl XBWISIMU. Bropi 3a BiTpoM MaiiopuTh npa-
TIop, 1[0 CUMBOJIi3y€ PyX BIIEpe Ta PO3BUTOK MicCTa. 3
KUTBPKOX 3aIpOITIOHOBAHMX BapiaHTiB JIO3yHTY MuKoIa-
€Ba OyI110 00paHoO ciaoBocIOTydeHHS «MicTO Ha XBHII».
I"aco roBopuTs Ipo reorpadivne po3mimeHas MuKo-
Jla€Ba «Ha BOJI» (IEPETHH JBOX PiYOK Ta OIMU3BKICTH O
MOps1), IPUCKOPECHHS PO3BUTKY MicTa, ioro amoimii ta
IUIAaHM Ha MallOyTHE.

In. 9. Jlocomun micma Muxonais

Hoguit 6penn iBano-dpankisecsroro [HAITy (i
10) € JOCUTB CYyYaCHUM Ta YK€ BIi3HABaHUM. B 0CHOBI
TOJIOBHOT'O JIOTOTHITY — CUMBOJI [ aTMuMHY Ta cXeMaTu-
yHHIA ToKyMeHT. KomipHa rama nerka Juist CIpUHHATTS:

JKOBTHI, YOpHUH, Oinuii. Bee wiTko, mpocTo i 3po3y-
MiJ10.

Jlorotun
\\=

~
-
2,

S
-
2,

uHAﬂ

IBAHO-®PAHKIBCbK

uHAn

IBAHO-®PAHKIBCbK

v

12
et

In. 10 Jlocomun isano-ppanxiscoxozo [{HAIly

Takum urHOM, BIaIo miniopaHmii konekTus «bpe-
H/apiB», BMIHHsS TNpanioBaTH B KOMaHIi, BHKOPHC-
TaHHS MPOCTHX Bi3yalIbHUX 00pa3iB Ta iX eCTeTHYHOI
MpUBAOIUBOCTI — yce IIe B KOMIUIEKCI Jaio epeKTHUB-
HUH pe3ynbTaT, 0 CIPHIE BII3HABAHOCTI Ta YCHIIIHIH
JUSUTBHOCTI Pi3HUX BITYM3HAHUX Ta IHO3EMHHUX OpraHi-
3aIlii i MiIpPUEMCTB.
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Abstract

The corrosion process is an environmentally and economically undesirable process, and worldwide scientific
research into the complete solution of such an unwanted process is among the foremost research with relevance.
Every type of corrosion process is multi-step. These steps are influenced by internal and external factors. For
example, the nature, structure, surface condition, temperature, environment, ambient speed and pH of the metal
from which corrosive equipment and devices are made, etc. Underground (in soil) and atmospheric corrosion,
which are common types of corrosion, are urgent problems in the protection of pipelines exploited in the oil and
extraction industry.

A variety of insulating coatings are used in electrochemical methods to protect the ground-based, metallic
pipelines from corrosion. Spill and ingestion of pipelines operated in oil and gas extraction is caused by corrosion
from both internal and external surface by the action of various aggressive compounds. As a result, it causes loss
of transported products, consuming a lot of materials for repair, and other unwanted situations. If pipelines are
submerged, they are corroded with different properties depending on soil moisture, the amount and type of mineral
salts they contain. If the soil moisture content is 25-30%, then maximum corrosion is observed in equipment and
appliances made of metal. Aggressive ions in the soil are Cl- vo SO4%. At the same time, there are also CO, and
0, gases dissolved in the soil. It is a photosynthesis process that causes a high amount of CO; gas in the soil.

The corrosion of pipelines used in the outdoor oil and gas extraction industry is severely affected by the air
temperature, which means that the greater the atmospheric temperature, the more humidity builds up quickly on
the surface of the metal and its connection to the metal is quickly cut off. When the air humidity in the atmosphere
exceeds 60%, the rate of corrosion intensifies and goes deeper than that of the aggressive gases contained in the
air. The rate of atmospheric corrosion can be reduced by reducing the humidity of the air in contact with the metal
(by drying), providing insulation and passivation of the surface. In industrial and maritime regions, the rate of
corrosion of metals depends on the SO; gas contained in the air. So if there is SO gas in the atmosphere, then the
corrosion rate of pipelines made of metal increases.

Many methods for corrosion protection are combined with non-metallic coatings (paint, varnish, processing,
etc.), metal (zinc, tin, lead, nickel, chromium, etc.) coatings, electrochemicals (anode and cathode), i.e., the cathode
of the protecting metal constant current source, and the anode of the source to any iron part. At this time, the
constant current source receives electrons from the anode and delivers them to the cathode and is reduced in the
oxidizing cathode [1-3].

Keywords: polycondensation, cooligomer, corrosion, coating, composition

Introduction

The use of cooligomers modified by amino group
organic compounds as coordinators to obtain a variety
of purpose composition has been widely accepted. The
process of obtaining cooligomers by copolicondensa-
tion has been studied in detail.

The mechanism of the copolicondensation pro-
cess is phased and relatively complex compared to pol-
ycondensation. Therefore, emphasis should be placed
on optimization and mathematical modeling in the pro-
cess of copolicondensation. Undesired reactions during
the process will and should be avoided.

In general, in the protection of corrosion equip-
ment and devices operating at high temperatures, in ag-
gressive environments, under conditions of mechanical
tension, attention should be paid to the persistence of
cooligomeric protective coatings modified by amino
group organic compound.

When developing new protective coatings, it is
important to consider environmental and regulatory

compliance. The components used should be economi-
cal while making sure that they are not toxic or harmful
to human health and the environment.

When using a corrosion coating, the following
should be considered first. The main steps of surface
preparation are wiping down the top of the surface and
removing grease. Special chemical solutions are used
in cleaning. Dislocations and other defects are elimi-
nated. Environmental conditions must be provided with
temperature, humidity, and ventilation to ensure that no
unwanted situations occur. Preparation, cartridging,
blending, grinding, or heating to specified temperatures
may be covered in accordance with the production
guidelines and technological recommendations.

It plays a key role in ensuring the strength, adhe-
sion, and durability of the required surface coating,
which ultimately affects the quality and aesthetic ap-
pearance of the modified macromolecule [4-5].

The properties of the coating composition may
vary according to its type, composition, and purpose.
While assessing the quality and effectiveness of the
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coating, there are some key features that are usually
considered.

It is important that the corrosion coating composi-
tion has an attractive appearance, a smooth coating
without defects such as bulges, cracks, or stripes. To
protect environmental safety, care should be taken not
to contain toxic substances in the coating, nor to harm
the environment or human health during use and pro-
cessing [4-6].

The use of functionalized cooligomer-based cor-
rosion-resistant coating compositions in the preparation
of substrates, in the corrosion protection of equipment
and devices operated in various environments, has also
given positive results.

Experimental part

In the study, a coating composition with a new
composition was developed, which was used as a link
between amino group organic compound and function-
alized cooligomers. The primary purpose of functional-
ization is to develop an environmentally friendly cooli-
giomer-based and corrosion-resistant coating, reducing
the amount of free monomers in the existing oligomer.

e - - = ~‘

Cooligomer is a compound of light color, pow-
dered, well soluble in acetone, dioxane, tetrahydrofu-
randa, dimethylformamide, molecule mass - 900-1110,
softening temperature - 85-90°C, density-1220-1230
kg/mé, and adhesion strength - 2.4-2.8 MPa.

The cooligomer used as a link is first grated, carti-
laged, and then dissolved in a solvent (acetone).

A bauxite slug was used as a filler when preparing
the coating composition. Bauxite slag is a waste of alu-
minum manufacturing process. Contains oxides of alu-
minum, silicon, iron, and other elements.

Fig. 1 Synthesis of cooligomer

As a result of the functionalization process, the fragility
of the cooligomer has been eliminated, and its heat abil-
ity and adhesiveness have been improved [8-10].
Copolicondensation was carried out in a labora-
tory reactor (figure 1). At the beginning, 82g of phenol,
then 108 ml of 37% formalin, are placed in three throat
bushels. Then, a 25% alkali alcohol solution (catalyst)
is gradually added, and an alkaline environment is cre-
ated (pH>7). Since the modifier contains the amino
group (functional group), the modifier is given gradu-
ally so that the build reaction does not occur ahead of
time. Copolicondensation reaction occurs at 80-90°C.
Once a modifier is added, the process accelerates at the
expense of functional groups. Water droplets are ob-
served in the collarbone during the sopolicondification
process. The process lasts for 50 minutes at a tempera-
ture of 91.5°C and the mixture is transferred from sau-
sage to porcelain casserole, washed to a neutral reac-
tion, and vacuum dried in a dryer until it reaches a con-
stant weight. At the end of the process, 2 layers are
formed - a brown-red cooligomer on the bottom and
water on the top.

The composition of the coating composition based
on the functionalized environmentally friendly cooligo-
mer contains cooligomer-70-80%, bauxite slurry- 5-
10%, and solvent - 15-20%. When preparing the coat-
ing composition, first a solution of cooligomer in 50%
acetone is prepared, then a powdered bauxite slurry is
added in the calculated amount gradually and stirred for
a period of 30 minutes.
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Fig. 2 Metal and wood finish composition

The coating composition is applied in two layers
on a clean metal surface, then heated gradually at the
thermostat (100°C for 1 hour, 120°C for 1 hour, 130°C

for 1 hour, and 140°C for 4 hours). The physical and
mechanical performance of the obtained coating com-
position was investigated.
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Fig. 3 IR-Spectrum of coating composition

As can be seen from Figure 3, the absorption strips
appearing at certain wavelengths were observed in the
IR spectrum of the coating composition. Short-term vi-
brations of 3286.51 sm™ wavelengths and more intense
absorption strips from 1604.92 sm * have been identi-
fied. The IR spectrum of the coating prepared in this
way is indicative of the better chemical composition
and properties of the modified cooligomer [11-12].

Conclusion

The insufficient amount of oxides in the environ-
mentally friendly (partial) cooligomeric bauxite slug
resulting from functionalization and the formation of an
adsorption connection with the cooligomer have a pos-
itive effect on its corrosion protection, as well as (be-
cause of waste) the lower coating cost.

The results of the research work found that the
basic physico-chemical and physico-mechanical indi-
cators of phenolic-formaldehyde cooligomer modu-
lated by amino group organic compound (with mela-
mine) improved. At the same time, the amount of free
monomers (phenol and formaldehyde) has decreased,
its fragility has been eliminated, and adhesive capacity
has increased.
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Abstract

By the method of differential scanning calorimetry (DSC), there was studied the influence of naturally occur-
ring Miwoll 10-97 and synthetic wollastonite obtained from calcium carbonate and rice husk ash, the components’
ratio 1.2:1, on the process of epoxy resin ED-20 curing by aminophenol AF-2. The experiment showed the pres-
ence on the DSC diagrams of both based epoxy compositions and those containing wollastonite, two exothermic
peaks. The first peak was manifested in the region of 50-130 °C, the second - in the region of 170-200 °C. With
an increase in the time from the beginning of the combination of the hardener with the other components of the
composition, the thermal effect of the first peak gradually decreased, which is associated with a decrease in the
number of unreacted functional groups. The first exothermic peak disappeared in less than 24 hours. The introduc-
tion of wollastonite into the composition led to a shift in the temperature of the onset of the first exothermic peak
to higher temperatures and a noticeable decrease in the thermal effect of curing of ED-20 as compared to the base
composition. This fact is associated with the competitive interaction of the amine hardener with the epoxy groups
ED-20 and wollastonite. These effects are higher in the presence of naturally occurring wollastonite in contrast
with synthetic one. This is preconditioned by higher porosity and lower pH of the Miwoll 10-97 surface at a certain
extent. The degree of cure of the composition with wollastonite, is higher than unmodified, which is associated
with a general increase in the number of reaction centers in the composition, which includes wollastonite. The
second peak exotherm appearing at DSC-diagrams in the elevated temperatures area is connected with the pro-
cesses of compositions’ postcuring and is less intensive in contrast with the first peak exotherm for all investigated
compositions. Both naturally occurring and synthetic wollastonite improve bonding strength, wear resistance and

gelling time of epoxy compositions that allow for their perspective application as adhesives and glues.

Keywords: Epoxy polymers, wollastonite, aminoalkylphenol, rice husk ash, differential scanning calorime-
try, adhesive properties, wear resistance, diameter and the volume of the pores.

Introduction

Wollastonite is of a certain interest for modifica-
tion of epoxy glues as it can enhance the strength of
cured glue joint. This is related to both anisodiametrical
needlelike shape of its particles and acid-alkali balance
of its surface.l!l The latter could affect the curing pro-
cess of epoxy compositions.

Due to limited supply of naturally occurring wol-
lastonite and the shortage of its deposits in many coun-
tries, the tendency to obtain synthetic wollastonite on
the base of various by-products is rapidly developing.

In particular rice husk ash is a promising effective
raw material for the production of synthetic wollaston-
ite, since it contains a large amount of amorphous reac-
tive silicon dioxide [2,3].

Obtaining a synthetic calcium silicate using sili-
con dioxide from rice husk is relevant, especially for
Vietnam, where the deposits of this natural mineral are
missing, and rice recycling waste is available in large
quantities.

The purpose of the present research is evaluation
of the influence of synthetic wollastonite obtained on
the base of rice husk ash on the curing process of epoxy
oligomers and adhesive strength of glue joints on their
base.

Object and methods of research

Epoxy composition were obtained on the base of
epoxy-diane resin, grade ED-20 (GOST 10587-84)
cured by aminoalkylphenol AF-2 (Technical conditions

2494-052-00205423-2004). The ratio “resin-hardener”
was 100:30 weight parts [4].

As a filler, there was used synthetic wollastonite
obtained on the base of rice husk ash and calcium car-
bonate at the components’ ratio equal to 1:1.2 at 1100
°C during three hours [5]. Naturally occurring wollas-
tonite, grade Miwoll 10-97 (Technical conditions 5777-
006-40705684-2003) was used for comparison. Wol-
lastonite was introduced in the amount of 10 weight
parts per 100 weight parts ED-20.

In order to fix exotherm effects at compositions
curing, there was used differential scanning calorimeter
DSC 1 STAR System produced by the company Met-
tler Toledo (USA), rate of samples heating accounted
for 10 degrees/min, the tests were carried out in air. The
degree of cure was determined under the method [6].

Adhesive strength of glue bonding aluminum-alu-
minum was determined by the pull-off test under the
All-Union standard GOST 32299-2013.

The wear resistance of the materials was meas-
ured on the vertical Optimetra at a specific pressure of
the counter on the test surface of the sample 1 MPa, the
slide speed - 1 m/ s, without lubrication

Working life of compositions was determined by
the gelling time.

pH of aqueous suspensions of fillers was deter-
mined by the pH-meter, grade SevenMulti at 20 °C.

The diameter and the volume of the pores was de-
termined under the BJH-method at the surface area an-
alyzer and the pores size “Nova 1200¢” ISO 15901-2.
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Deaeration of the samples was carried out during three
hours, at the temperature of 150 °C and the vacuum 2
Pa.

Results and discussions

As curing of epoxy glues filled with wollastonite
occurs in the presence of its solid surface, the character

of the components’ interaction at the phase boundary
has an impact on this process and the properties of the
obtained adhesive compositions.

Along with that, such properties of wollastonite as
its porosity and acid- alkali characteristics of its surface
contribute the most [7] (table 1).

Table 1.
Characteristics of porosity and surface pH of naturally occurring and synthetic wollastonite
Type of the filler pH of the surface | Total pores volume, cm®/g | Average pores diameter, nm
Synthetic wollastonite 11,50 0,010 3,67
Miwoll 10-97 9,70 0,017 3,49

Q, Br/r

90 120 150 180 210 240 270 300

(@)
Fig. 1. DSC-diagrams of the epoxy compositions, non-modified (a), filled with synthetic (b) and naturally occur-
ring (c) wollastonite taken at the various time intervals after the components’ mixing (hours): 1-0; 2-24

The exothermic nature of the process of curing
epoxy resins amines makes an informative use for its
study of the method of differential scanning calorime-
try (DSC) [6].

The evaluation of wollastonite’s impact on the
curing process of epoxy resin demonstrates the pres-
ence of two peak exotherms on DCS-diagrams [8] for
both based aminoepoxy compositions and those filled

©

with wollastonite. The peaks are appearing in the tem-
peratures area 50-130 °C and 170-240 °C, respectively
(fig. 1).

It was stated that the main process of curing of
epoxy compositions filled with wollastonite initiates at
a higher temperature To in contrast to the based compo-
sition (Fig. 1, table 2). This is also demonstrated by the
gelling time of epoxy compositions (table 3).

Table 2.

Thermodynamic characteristics of the first (in a numerator) and the second (in the denominator) the
peaks of the curing of epoxy compositions, basic and filled with natural and synthetic wollastonite

Characteristics | Basic composition |  Synthetic wollastonite | Miwoll 10-97
Starting time
AH,J /g 207/31 175/39 165/18
To, °C 43/176 50/172 55/190
Tn, °C 85/209 88/207 88/208
Te, °C 134/236 126/239 123/233
After 1 hour
AH, J /g 141/39 104/41 87/22
To, °C 69/171 52/172 53/182
Tn, °C 89/207 89/208 88/203
Te, °C 139/238 126/240 118/222
After 2 hours
AH, J /g 100/41 89/42 101/26
To, °C 50/194 60/173 49/187
Tn, °C 90/208 88/209 91/207
Te, °C 132/242 130/239 129/234

Note: T - the temperature of the maximum exothermic process

Te -the temperature of the end of the exothermic process.
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Enthalpy (4H) of active curing lowers at a greater
extent, whereas temperature To grows in the case of fill-
ing with naturally occurring wollastonite in comparison
with synthetic one (table 2). This could be connected
with the greater pores volume and the lower pH of nat-
ural wollastonite’ surface (table 1).

Independently of composition, with the increase in
curing time for systems at room temperature enthalpy
of the first curing peak typically lowers (table 2). This
is related to the decrease in the number of unreacted
functional groups that can be involved into curing reac-
tion.

The curing process both for the based epoxy com-
position and filled with wollastonite alike terminates
before 24 hours of their curing at room temperature.
This could be proved by the lack of DSC-diagrams (fig.
1) taken in 24 hours after components mixing, peak ex-
otherm related to the reaction behavior.

The curing degree of epoxy compositions filled
with wollastonite is reduced as opposed to the based
composition. Moreover, this effect is more pronounce
when naturally occurring calcium silicate is applied (ta-
ble 3).

This is connected with general decrease in the
number of reaction centers in the composition, due to
the interaction of epoxy resin with the surface of the
wollastonite.

The second peak exotherm appeared at DSC-
diagrams in the area of elevated temperatures is signif-
icantly lower in intensity if compared with the first one
(fig.1, table 2 ) for the based composition and filled
with wollastonite alike. It is connected with the reaction
of epoxy and amine groups which did not react earlier
due to steric difficulties

It worth mentioning, that the thermal effect of
postcuring process is remarkably lower in the presence
of naturally occurring wollastonite as opposed to the
synthetic calcium silicate.

Along with that, as opposed to the first exothermic
process, the presence of synthetic wollastonite in the
composition leads to the shift of initiation of the second
peak exotherm at the first-time interval to the area of
lower temperatures (fig. 1, table 2). This could be ex-
plained by the increase in reaction capacity of remain-
ing epoxy groups due to their polarization caused by
hydrogen bonds formation with OH-groups of wollas-
tonite.

When samples’ curing time at room temperature is
increased up to 24 hours, high-temperature peak at
DSC-diagrams does not disappear, as opposed to the
first exothermic process. Thus, the increase in the cur-
ing degree for both based composition and those filled
with wollastonite is possible at the elevation of curing
temperature.

Table 3.

Gelling time, adhesive strength and the curing degree of epoxy compositions filled with wollastonite

Characteristic Basic composition Synthetic wollastonite Miwoll 10-97
Lifetime, min. 20 25 27
Curing degree, % 0,52 0,48 0,39
Pull-off strength, MPa 1,86 2,81 2,43

The studies have shown (table 3), that breakaway
strength of epoxy compositions filled with naturally oc-
curring and synthetic wollatonite is typically growing.
This could be explained by the presence of adhesive ac-
tive silanol groups in calcium silicate surface. Adhesive
strength is higher in the case of applying wollastonite
synthesized on the base of rice husk ash.

As the reaction of curing epoxy resin with amines
has an exothermic character (fig. 1), in the process of

25

20

The wear, x10-6, M

wn

0
1

cross-link structure’ formation, there occurs the gener-
ation of hydrogen bonds between HO-groups of resin
and oxygen atoms of a filler [9].

This effect is more pronounced when synthetic
wollastonite is applied that should promote growth of
interfacial interactions between polymer matrix and a
filler and contribute to its modifying effect.

2 3

Fig. 2. The dependence of the wear of epoxy compositions from the type of filler used:
1 - based; 2 - Miwoll 10-97; 3 - synthetic wollastonite
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Filling of epoxy composites, both natural and syn-
thetic wollastonite, is essential, about the same degree,
increases their wear resistance (fig. 2)

It is connected with the interaction of epoxy resin
and wollastonite, causes braking of the propagation of
cracks on the border of the filler-polymer matrix, as
well as a result of micro-cracking in the region of the
top of cracks and changes to its trajectory [11].

It is important that the use of rice-processing waste
as raw materials to obtain wollastonite makes epoxy ad-
hesives more economically competitive, and moreover,
accelerates the processes of their disposal after the ser-
vice is completed, due to the biodegradability of rice
husk [10].

Conclusions

It was stated by the DSC-method that filling of
epoxy compositions with both naturally occurring and
synthetic wollastonite can inhibit their curing that was
exhibited in the shift of initialization of exothermic pro-
cess to the area of elevated temperatures and the gelling
time growth.

This could be seen as the positive effect as it ena-
bles to prepare the greater volume of an adhesive com-
position consentaneously that is less labour-consuming.

Just as naturally occurring so synthetic wollaston-
ite significantly increases adhesive strength and wear
resistance of epoxy materials that confirms the effi-
ciency of their application in the compositions applied
for gluing of metal structures.
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Abstract

The possibility of solving the problems of quickly restoring the soil cover of construction sites of both linear
objects and and surface development areas, has been consideredThe objects and stages of land reclamation, which
are temporarily withdrawn for the period of construction work, have been analyzed. Methods for restoring dis-
turbed connections between inert components of the landscape as a result of the biological stage of reclamation
have been studied.

AHoTanis

Po3risHyTO MOXJIMBICTH BHPILICHHS 3a/lay MIBUAKOTO BiJHOBJICHHS IPYHTOBOT'O HOKPUBY JUISHOK OyIliB-
HUILITBA, SIK JIHIHHUX 00 €KTIB Tak i 00’€KTIB IUIOMMHHOI 3a0ynoBuU. [IpoaHanizoBaHo 00’€KTH 1 €Tany PeKyIbTH-
Ballii 3eMeb, SIKi BUJIy4aloThCsl B THMYAacOBE KOPHCTYBaHHsS Ha mepion BukoHaHHs BMP. JlociimkeHo MeToan
BIZIHOBJICHHSI TIOPYLICHUX 3aB’SI3KIB MK IHEPTHUMHM KOMIIOHEHTAaMM JaHAmAa(Ty B pe3ysbTaTi BUKOHAHHS

010JIOTIYHOTO eTaIy PeKyJIbTHUBAIIII.

Keywords: landscape; inert components of the landscape; landscape studies; reclamation; ground cover;
technical reclamation; biological reclamation; construction and installation works (BMR)

Kuarouosi ciioBa: manamadt; iHepTHI KOMIIOHSHTH JIAHAMA(TY; TaHAMAPTHI JOCTIIHKEHHS; PEKYIbTHBAILIS;
[PYHTOBIll IOKPHUB; TEXHIYHA PEKYJIbTHBALIiSI; Oi0NOriuHA PeKyIbTHBALLIS; OyAiBeIbHO-MOHTaXHI podoT (BMP)

Beryn. BinHOBiIEHHsS IPYHTIB Ta €KOCHCTEM €
Ha/[3BUYAIHO BAXKJIMBUM €TalloM 3aBEpILEHHS Oy/b-
skoro OymiBHuiTBa. CamMe TOMY, PEKYJIbTHUBAIlS 3€-
Mellb € BOKJIMBUM €TarioM 3aBepLICHHs Oy iBHUIITBA,
SIKMI JI03BOJISIE BITHOBUTH 3pyHHOBAHI IIPUPOJIHI cepe-
JoBHIIa Ta maamadTa. Bubip miaxomy 10 peKyiabTH-
Ballil Ta HOro MeToxIy 3aJeKUTh BiJl OCOOIMBOCTEH
OyniBHHITBA, reorpadiyHOro po3ramryBaHHS 00’€KTy
PEeKyJIbTHBALI] Ta JOKAIBHUX EKOJOTIYHUX (haKTOPIB.
KomOiHarist pi3HUX BUIB PEKyJIbTHBALIT MOXe 3a0€e3-
MEYNTH ONTHMAJIbHI Pe3yJIbTaTH BiTHOBICHHS 3€MEb.
Ie BaxxnuBuil Kpok y 30epexeHHi 6i0pi3HOMaHITTS Ta
CTBOPEHHI CTiHKUX NMPHUPOJHUX CEPEIOBUIN I Mai-
OyTHIX MMOKOiHb.

Buxiani mepeaymoBu. B pesymerari TpuBasoi
pociiicekoi arpecii Ha TepuTopii YKpainu 3pyiHOBaHa
BEJIMKA KUIBKICTh TPOMHCIIOBHX MiJIIPUEMCTB B TOMY
YHCIT KPUTHYHOT YU TPOMAJCHKOI iHPpacTpyKTypH, a
TaKoX IIOBHICTIO YW YacTKOBO 3pyHHOBaHa 3HayHa
KIJIBKICTh 1H)KEHEPHHUX MeEpex, W0 3abe3nedyBasiv
KUTTEMISIIBHICT, HACEJCHHSA MICT Ta cin YKpaiHu.
Came TOMy, NEpLIOYEProBOro i HEralHOro BiJHOB-
JIEHHS TOTPeOYIOTh 00’€KTH KPUTHYHOI 1HPpACTPYK-

TYpH, BKJIIOYAIOYH 1HXKEHEpHI Mepexi kuTre3abesre-
yeHHs. OTOX, HamUcaHHA JaHOoi CTaTTi 0OyMOBIICHO
HEOOXIJHICTIO aKIIEHTYBaTH yBary Ha MOXJIMBOCTI
SIKHAMIIBUIIO! BiIOYZ0BH NPU LILOMY HE 3aBJaBIIN
3HAYHOI LIKO/IW, HABKOJIMIIIHBOMY CEPEIOBHIILY, @ CaMe
I'PYHTOBOMY TIOKPUBY, 3aBASKH IIPOBEJCHHI TEXHIYHOT
Ta OlOJIOTIYHOI peKyNbTHBaLii, IO € HEeBiJ €MHOIO
CKJIQ/IOBOIO 3aBEpINAILHOTO eTary OyamiBHUNTBa. Pe-
KyJIBTHBALlsl € KIIOYOBUM IHCTPYMEHTOM Yy BiJHOB-
JICHH1 ITOIIKO/KEHUX 3eMelb (IPYHTIB) Ta €EKOCHCTEM 3
METOI0 MOBEPHEHHS iX /10 MPHPOTHOTO cTaHy. OKpim
TOro, B YKpaiHi BHHHKHE HOTpebda y CBOE€YACHOMY
pO3B’s3aHHI HHM3KH TNHTaHb, IIOAO0 (OpMyBaHHS Ta
e(EeKTUBHOTO BHKOPHCTAaHHS 3€MEIbHHX PECYPCiB B
YMOBaX iHTEHCHBHOI BiIOYZI0BH Ta BiTHOBICHHS, SIK HA
3araJibHOJICPKABHOMY, TaK 1 Ha perioHaIbHOMY PiBHSIX
[8]. CyuacHwmii cTaH y rairy3i BiTHOBJICHHS IIOPYLIEHUX
3eMellb XapaKTepU3y€EThCs 3aCTapilIol0 3aKOHOAABYOI0
6a3010, sIKa B HU3III MNTaHb HOCUTH IIOKa30BUI Xapak-
Tep Ta He BIINOBIIA€ pealbHUM I0TpedaM CyCIiIbCTBa
B yMOBax BilicekoBoro crany [4]. OTox, cBO€uacHe
BIJJHOBJICHHSI TOIIKOJDKEHUX 3€MeNb Icis 3aBep-
meHHss BMP BimHoBOE NaHmmIaQTHY piBHOBary Ta
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MiHIMI3y€e TOPYIICHHS B3a€MOJii MK iHEpTHUMHU Ta
JKMBUMH KOMIIOHCHTaMH JIAaHIIIA(TY.

Mera crarti. Meta — eeKTUBHICTh PEKyJIbTHU-
Ballil SK IHCTPYMEHTY BiJHOBIICHHS B3a€MOJII Mixk
IHEPTHUMH Ta )KUBUMHU KOMIIOHEHTaMH JaHamadry.

OO’ekTH  JOCH/DKEHHS — TEXHIYHUH Ta
OioyioriuHMH eTany peKyNIbTHBAL] Ta IX eEeKTUBHICTh
y BiJTHOBJICHHI IPYHTIB i 30epeeHHi 010pi3HOMaHITTSL.

[Ipenmer mocmimKeHHS — pPEeKyJIbTHUBAIliliHI 3a-
XOOW B TIPHPOTHO-TEXHOTCHHUX JaHAMAPTaX MicIs
OymiBHHMLITBA B Pi3HUX TeorpadiyHuX perioHax.

BukJjan ocHoBHOro matepiany. Pexyismusauyis
nopyweHux 3emenb — Iie KOMIUIEKC OpraHi3aIliifHuX,
TEXHIYHHX 1 OI0TEXHOJIOTIYHUX 3aXO/IiB, CIIPSIMOBAHIX
Ha BIJJHOBJICHHSI TPYHTOBOTO ITOKPHUBY, IOJIIIIEHHS
CTaHy Ta MPOIYKTUBHOCTI MOpyLIeHUX 3eMens [2]. [1o-
PyuieHuMU HA3UBAIOMbCA 3eMai BCIX KaTeropiid, sxi
BHACJIJIOK BUPOOHUYOT JiSTIBHOCTI JIFOIMHU BTPATHIIH
CBOIO T'OCIOIAPChKY Ta EKOJIOTIYHY I[IHHICTh 00 CTaIu
JDKEPEJIOM HEraTHBHOTO BIUIMBY Ha HABKOJIUIITHE CEpe-
JIOBHUIIE Y 3B'A3KY 31 3MiHOIO TPYHTOBOTO Ta POCIHH-
HOTO TTOKPHBY, TiAPOJIOTIYHOTO PEXUMY 1 YTBOPEHHAM
TEXHOTEHHOTO penbedy [3].

PekynpTuBarmis Big 1at. re — BiZTHOBICHHS a00 110-
BTOpHICTH 1ii, a cultus - oOpoOiTOK, BBEACHHS, NO-
CJIIBHO BBE/ICHHS Y BUKOPUCTaHHS, IOBTOPHE BUKOPHU-
cTaHHs. A 3a Bu3HaueHHsM Himeuskoro Buenoro B.
Knabe (W. Knabe, 1959) pexynbpTHBalis — 1ie CyKym-
HICTh JIFOJICHKOI TisUTBHOCTI, CIIPSIMOBAHOI Ha BiIHOB-
JICHHSI KyJIbTYpHOTO JaHamadry.

VY BignoBimHi# npo¢inbHIA HAyKOBIl JiTeparypi
CIIIA i Kananu B cdepi peKyIbTHBAI] aHTPOIIOTCHHO
MOPYIIEHNX E€KOCHCTEM BHKOPHUCTOBYETHCS JEKiJIbKa
TepMiHiB: restoration, reclamation, rehabilitation. ¥
BITYHM3HSHIN JIITEpaTypi CIOYAaTKy TEPMiH «PEKYIbTH-
BaIlisl TEPUTOPIii» BUKOPHCTOBYBABCS SIK «CIEIiabHi
3aX0/IM LI0/I0 MiJITOTOBKH IPYHTY JISl CLIIBCHKOTOCIIO-
JapchKOTro abo pimbHUYOr0 BUKOpUCTaHH (JIazapesa,
1962). OmHak mi3Hilie, B IpOIeci pO3BUTKY 1 YCKIIaI-
HEHHsI pOOIT 10 BIZIHOBJIEHHIO POJIOYOCTI 3eMeJlb, I0-
PYLIEHUX TPOMHUCIOBUM BHPOOHHUIITBOM, 3MICT 1 CMH-
CJIOBE HaBaHTa)XKEHHs TIOHATTS 3HAYHO 3MiHMIOCs. Ha
CBOTOJHI MiHIMI3alis OyIb-SIKOTO HECIPHATIHBOTO
BIUTMBY OYAiBENBHOI UM TipHUYOI MisUTBHOCTI Ha IPYH-
TOBHH TOKPHB 3a0e3NedyeThcs PEKyJIbTHUBAILIEIO 3e-
Mellb, TOOTO KOMIUIEKCOM pOOIT, CHpSIMOBaHMX Ha
BiZTHOBJICHHS IIPOAYKTHBHOCTI T2 HAPOHOTOCIIOAAPCH-
KOl IIIHHOCTI TIOpYHNIEHHMX 3€Mellb, a TaKOoX Ha
MOJIMIICHAS YMOB MPHUPOIHOTO JOBKULIA Ta BiIHOB-
JIeHHSd  KOMIIOHEHTHOTO  CKJIangy  JaHamagTiB
BIZMOBIZHO A0 iHTEpeciB cycminbcTBa. B3aemonis 6io-
THYHUX Ta a0lOTHYHUX IPYHTOBHUX KOMIIOHEHTIB
BHU3Ha4ae (OPMYBaHHS IPYHTOBOrO Mpodiiro, IIo
IPsIMO BIJIMBAE HE TUIBKU HA POJIOYICTh IPYHTIB, aie i
Ha iXHI BnacTHBOCTI Ta ekosoriuHi ¢ynkuii. MoHiTo-

pUHT CTaHy TPYHTY MiJ dYac peKyJbTHBamii, i J0-
CITIJDKEHHS HOTO (i3WIHUX, BOIHO-(DI3UTHHX Ta 1HIIHX
BJIACTHBOCTEH, SIKi XapaKTepU3yIOTh CTYIIHb OKYJIBTY-
peHHS 1 EKOJIOTIYHMH CTaH € BaKIMBOIO Ta
HEBIJI'€MHOIO CKJIaJIOBOIO poOiT. JlaHi BUIM MOHITO-
PUHTY 00 ’€THYIOTH Yy3arajJbHEHHMH IOHSTTSMH, a
camMe: reoJIoro-eKoJIOTYHUH Ta Jan madTHHH MOHITO-
puHr. [pyHTOYTBOPEHHS B TEXHOTEHHUX JaHmadTax
JiarHOCTYIOTHCS 32 3MiHAMH BOJHO-(DI3MYHUX 1 Qi3ud-
HHMX BJIACTHBOCTEH, TaKi IOKAa3HHUKH 3aj€)KaTh BiJ Te-
HE3UCY, a TAKOXX TEXHOJIOTIYHUX Omepalliil Ak Ha Tex-
HIYHOMY, TaK i Ha 010JIOTIYHOMY eTanax peKyIbTHBAIIii
[5]. Ommpatourich Ha BHIIICHABECHI JaHi, BAYKIUBO 3a-
3HAUUTH, IO PEKYJIbTUBALiS HE OOMEXyeTbcs pobo-
TaMy 3 IPYHTOBOTO MOKPHBY, — & BKIIIOUA€E B ce0e KOM-
IUIEKC 3aXOJiB 3 BHKOHAHHS POOIT MO PeKyJIbTHBAL]
nanamadris.

Pexynomusayis nandowagmie — 1ie peKyabTUBAILISL
3eMellb, 10 He 00MEXYEThCS JIUILE JIOKATbHIUMU 3aX0-
JaMH CTOCOBHO BiJHOBJICHHS OKPEMHX IOPYIICHHX
JIISTHOK IPYHTOBOTO ITOKPHBY, a Nepeadadae KOMIUIEKC
poOiT 3 MEpeTBOPEHHS MOPYIICHNX 3€MENb Y 3araibHii
CHCTEMI 3aXOMiB, IIOAO OITHMI3amii TEXHOTE€HHUX
nmaramadTis [6].

Jlo mouarky mHOBHOMAacHITaOHOTO BTOPTHEHHS
pociiicekoi ¢enepauii B YkpaiHy, Ha TepuTOpii
VYkpainu HanigyBaiock oim3bko 300 THc. ra nopyure-
HUX IPYHTIB, 3 HUX [IOHAJl TPETHHA BXke OyJa peKyJb-
THBOBaHa. BinnoBigHO 3 BHMOraMu 3eMeNbHOTO KO-
Jekcy YKpaiHu — 3eMill, sIKi 3a3HaJIU 3MIH y CTPYKTYpi
penbedy, eKOIOTIYHOMY CTaHi IPYHTIB i MATEPUHCHKUX
MOPiA Ta y TIAPOJIOTIYHOMY PEXHMi BHACHIJIOK MPOBE-
JEeHHS  TipHHY0100yBHUX, [€0JIOTOPO3BiAYBAIBHUX,
OymiBeNbHUX Ta IHIMIUX POOIT, MiIIATAIOTh PEKYIbTH-
Barii. Came TOMy NPOEKTHO-KOIITOPHCHA JOKYMEHTa-
1is mepenbagae 000B’I3KOB1 3aX0/IH IO PEKYIbTHBAITIT
HOPYILIEHUX 3eMellb B repion BukoHanus BMP. [Tosep-
HEHH;I HOPYILIEHUX 3eMellb B CTaH, HAOIMKeHHUH 10 1o-
HEePEAHBOTO, 3a0€3MeYYETHCS TOCIITOBHIM ITPOBEICH-
HSIM TE€XHIYHOTO 1 6i0JI0TTYHOTO eTaIliB PeKyIbTHUBAIIIL.
[lix yac BHU3HAYEHHS HANpsAMY pPEKYJbTHBALIl Ie-
pelnyciM BH3HAYalOTh HAJEKHICTh MOPYLIEHOI TepH-
TOPIi 10 IEBHOTO THITY IPUPOAHO-TEXHOTCHHOTO JIaH/-
mapTy. Y3aragbHEHa CXeMa THIIOJOTIYHOI Kia-
cudikamii  NPUPOTHO-TEXHOTCHHUX  JIaHIMA(TIB,
HaBeJIeHa Ha pHc. 1.

3a XapakTepoM YMOB, LIO CIPHYMHSIOTH (op-
MYBaHHS [TOPYIICHHUX 3eMellb, KIacH(iKyIOTh HACTYITHI
TUIIY T€XHOTEHHUX JauamadTis [1]:

1. Kap‘epno-BigBaseHi manamadru.

2. TopdoBo-kap’epHi manaAmMaPTH.

3. [ITaXTHO-TEPUKOHHUKOBI KOMIUIEKCH.

4. ExctpakTuBHi Tanamadry.

5. CinbCbKOroctoapchki aHTPOIOTEeHHI JIaH[-
madt
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NMPUPOAHO-TEXHOIEHHI
NAHAOWA®DTH

PIBHUHHI
NMPUPOAHO-TEXHOIEHHI

MNPCbKI
NMPUPOAHO-TEXHOIEHHI

Puc. 1. Cxema munonociunoi knacughikayii npupooHo-mexHo2enHux 1anouagpmis

O0’exTaMH PeKyJIbTUBAIII € 3eMIIi, SIKi BHITyYa-
I0ThCS B THUMYAacOoBE KOPHCTYBAaHHS IIiJI THMYacoBi
OyniBenbHI MaillaHYMKH, TPOKJIAJaHHS 1HKEHEPHHX
MEpEX UM BEJCHHS 1HIIOT FOCIOAAPCHKOI AisIIBHOCTI B
TOMY 4YHCII JiSUTBHOCTI TOB'SI3aHOI i3 MOPYIIEHHSAM
IpyHTOBOTO MOKpHBY. [1101112 3eMeTb, sika BiABOIUTHCS
B TUMYacOBE KOPUCTYBAHH 1 Ha SIKiif IPOBOUTHCS pe-
KyJIbTHBAIlis, IPUBEACHO Ha puc. 3.

BuxinHuME JaHUMHE 1715 PO3POOKH 3aXO0/iB TIO pe-
KyJIbTHBALII{ 3eMeTb €:

- 3eMeJbHE Ta JIICOBE 3aKOHOIABCTBO Y KpaiHWy;

- HOPMH BiJBOXYy 3€MeJb IiJ OyAiBeIbHI Maii-
JAHIUKHU Y1 1HKEHEPHI MEpexi;

- MaTepiaid iHKCHEPHUX BHIIYKYBaHb.

Texuiunuii eman pexyrvmugayii TPOBOIUTHCS,
a00 OJHOYACHO 3 BHKOHAHHSM OYIiBETbHHX 1 IHIIHX
pobiT, IO CYNpPOBOKYIOTHCSI HMOPYIICHHSIM 3€MeEb,
a0o TicIs 3aKiHYeHHS IIUX POOIT y TepMiHH, IO BCTa-
HOBJICHHI BJJACHUKAMH UM PO3NOPIJHUKAMH, SIKi Haj1a-
I0Th Y KOPUCTYBAHHS 3€MEIbHI TIISTHKH.

B ninomy TexHi4HUII eTan peKybTHBALIT 3eMeb
BKJIIOYAE:

— 3HATTS POJIOYOrO IMIapy IPYHTY 31 CMYrH
(o) pexyJIbTUBALIT 3 MEPEMIIEHHSIM Y THMYaco-
BMIi BigBaI;

— IUIAHYBaHHS CMYTH peKyJIbTHBalii, BHPIB-
HIOBaHHS YJIOTOBHH 1 5IM;

— mpubupaHHs (B pasi motpebu) OyaiBEIbHOTO
CMITTSI;

— TOBEpPTaHHS POJAIOYOTO Iapy IPYHTY, KiHIIEBE
IUIaHYBaHHS IIOBEPXHi, OpraHizallisi BOJOBIIBOIY.

3HATTSA POAIOYOTO LIapy IPYHTY — OOOB’SI3KOBE
IIPU BCIX BHJAaX poOiIT 3 OyAiBHHILITBA NPOMHCIIOBUX,
KHUTJIOBHX O00’€KTIB, JOPIr 1 CHOpyHN, a TakoX HpH
BiIBEICHHI POMIOYMX 3eMENlb MiJ Kap’€pH, TCPUKOH-
HUKH, BIICTIHHUKH, BOJOCXOBHINA, TOmo. [Ipr 3HATTI,
mepeMilieHHi Ta 30epiranHi poaYoro mapy IpyHTy He
JIO3BOJISIETHCSI 3MIITYBaHHS HOTO 3 MiICTEICHUMHU TO-
ponamu, 3a0pyIHEHHS piAWHAMH, TBEPIUMH YU CHITY-
9UMH Matepianamu. Pomroumii map IpyHTY NOBHHEH
OyTH 3HATHH, SIK IPaBUIIO, Y TaJoMy cTaHi. [Ipu npose-
JCHHS POOIT MO CHOPYMXKECHHIO IH)XXEHEPHUX KO-
MYyHIKaIliid y 3MMOBHUH Tepioj] HOro HeOOXiTHO 3HATH 1
CKJIACTH y BiJBaJl 3a3aajeriap (10 mpomep3anus). Po-
00TH MO 3HATTI POJIIOYOrO IIapy BHKOHYIOTHCS Ha
MiZICTaBI CIEI[iaIbHOTO O3BOJY Ha 3HATTS Ta MEepPCHE-
CCHHS IPYHTOBOTO MMOKPUBY (POAFOYOTO MIAPY IPYHTY),
3TiHO BiAMOBIAHOTO Haka3y Jlep»aBHOTO KOMITETY
VYKpaiHu no 3eMenbHUX pecypcax. 3HATUH poaArouuit
miap CKIAAYIOTh ab0 BHBO3SATh Ha MAaJONPOAYKTHUBHI
3eMJIi, UL TIOAAJBIIOTO BiTHOBICHHS IX POMFOYOCTI.
[TpuHUMTIOBY CXeMy 3HSTTS POJIOUOTrO LIapy IPYHTY
HaBeJIEHO Ha pucC. 2.

['muOuHa 3HATTS POMIOYOTO MApy IPYHTY BH3HA-
Ya€THCS TOBIIMHOIO TYMyCy B IPYHTI 1 BMICTOM Yy
HBOMY TYMYCY.

TexHiuHa peKyIbTHUBALIS MiCIIb BIAIITYBaHHS aM-
0apiB-BiICTIHHUKIB YM IIJJAMONPUIMAadiB, Ma€ IEsKi

Puc.2 . [Ipunyunosa mexnonoziuna cxema 3uamms pooio4o2o wapy 1pyHmy 6y1s003epom

0COOJHMBOCTI Ta MOJIATA€ — B 3aCHIILI KOTIOBAHIB MiHe-
paIBHUM TPYHTOM 3 OOpTiB ambapiB, 3 MOCIiAYIOUHM
BiTHOBJICHHSM POJIOYOTO APy, YIIUIEHEHHIM IPYHTY
Ta TUIaHyBaHHAM TEPUTOPIi.

bionociunuti eman pexynbmueayii CipsIMOBaHHUI
Ha BiHOBICHHS POIIOYOCTI 3eMeb 1 BUKOHYETHCS
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Mics TeXHIYHOI peKyibTHBaLii. BiH BKmoyae KoM-
IUIEKC arpOTEeXHIYHUX 1 IHIIUX 3aXOMiB MO BiTHOB-
JICHHIO PpOJIOYOCTI IPYHTIB JJIsl BIATBOPIOBAaHHX
clUIbChKOTOCIIONapChbkuX yrifb. Ilpm cinbebkorocno-
JTApCHhKOMY BUKOPHUCTaHHI 3eMellb B CKJaj 0ioyoriu-
HOTO eTary BXOJSTh:

- OCHOBHA 1 IlepeINociBHa 00POOKH IPYHTY;

- BHECCHHS MiHEpaJbHUX 1 OpraHiYHUX JOOPHB;

- TIOCIB CUTbCHKOTOCHOAAPCHKUX KYJIbTYP;

- BHKOHaHHs MeJioparii (Ipy HeoOXiTHOCTI).

BionoriuHa pekynbTHBAIS 3€MEJb IIPOBOJUTHCS
Ha momi OyJiBenbHOI CMyTH, sika 3a3Haja MeXaHid-
HOTO BIUIMBY INpH poOOTI OyIiBeNbHOI TEXHIKH.
OCKITbKM  CIIPOTHO3YBaTH pyX TEXHIKH B MeXax
OyniBeNbHOI CMYTHM HEMOXXJIHMBO, TPH PO3paxyHKax
00’€eMiB 110 010JIOTIYHIH peKyIbTUBALIT 3eMeb, Bpaxo-
BYETBCSI BCS IIMPHHA THMYACOBOTO BiIBOIY 3eMJIi [UIS
OyaiBHHIITBA Iepe0aYCHUX CIIOPY Ta KOMYHIKAIIii.
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06’emu pobIT IO PEKYNbTUBAIII] MOPYIICHUX 3€-
MeJb PO3TIITHEMO Ha TPUKIAJi OJHOTO i3 00°€KTiB Oy-
niaunTBa kommanii 1K “Ykprpancras”, ne HasBHI 5K
TUTOLMHHI TUTSTHKY, IO HIUIATaloTh PEeKyIbTUBALIT TaK
1 JTiHIIHIN, a caMe — AIISHKY TPYOONPOBOIIB, Ta 1HXKe-
HEPHUX KOMYHIKaliil. BiqoMicTh BHUXINHUX JaHUX 1
00’eMiB pOOIT MO PEKyJBTUBAIII 3eMellb 00 €KTIB Ha
npukitaai 00’exty OyniBHuLTBa KommaHii 1K “Ykp-
TpaHcras”’, HaBeneHa B Tabmmi 1.

[TpyHIMIIOBA TEXHOJIOTIYHA CXeMa BUKOHAHHS PO-
0iT 3 6i0JIOTIYHOT PEKyIBTUBAII] Ha TOIOCI OyAiBHUII-
TBa TPYOOIPOBITHOI Mepexi Ha MpHUKIaLi 00’ ekTy Oy-
nisarnrBa JIK “Yiprpancras” HaBenmeHa Ha puc. 3.

3a3BUyail, TEpMiH TPOBEAEHHS pPEKYJbTHBAL]
MIPUIMAETHCS 3 ypaxyBaHHIM CE30HHOCTI MPOBEICHHS
pobit, 3rimHO 3 TpadikoM OymiBHHITBA | TepMiHY
BBOJIy B €KCILTyaTallilo.

o
Caivika Dy 300 (S = 0,0001 ra).

Iupopsauiitio-skasini
“smaxn (S = 0.0001 ra)

TL10MULIKS KPAWOBOTO BY VI .
(S =00110ra) 4

Puc.3 . [Ipunyunosa mexnonoziuna cxema 6UKOHaHHs podim 3 6i0N02I14HOT peKyabmusayii

HarmsimHo e(eKTHUBHICTE Ta KPUTHYHY BaxK-
JMBICTh BHKOHAHHS Oi0JIOTIYHOTO eTaly peKyJIbTH-
Ballii JIeMOHCTpYe MDKHApOJHHMH IOCBiJ, a caMme Ha
puc. 4 HaBeZIeHO pe3ynbTaT PpeKyIbTHBALli, a caMe Tie-
PETBOPEHHSI JIerpaJOBaHOTO TiPHUYOTrO JaHAmapTy

MIOKWHYTOT'O TIpHUYOTO Kap’epy y 3axinHiit BipmkuHii,
CUIA Ha cyyacHWH peKpealiifHO-KyJIbTYpHHUH JIAHII-
mwapt [9]. Pobotn 3 pekynbTHBalil BUKOHYBaJIUCH
kommaHiero Starvaggi Industries 3axigna Bipmxunis.

(Mineral Information Institute 2012)
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BinomicTh Buxignux ganux i 06’emiB po0iT no pekyJbTHBallil 3eMeNb
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1 2 3 4 5 6 7 8 9
KuiBcbka 00J1acTh, 3eMJIi CJILCHKOT0 rocnoiapcTaa
Bxigauit ra- | 432,2 pimis 1,1 4/68 1902 1902 1729 2,938
30MPOBIJ 127,2 BUTIH 1,1 4/68 560 560 509 0,86
DN1200 14,6 ropoau 1,1 4/- 64 64 58 +
Buxingnuii ra- | 419,2 plmist 1,1 4/- 1844 1844 1677 +
30MPOBIJ 64 BUTIH 1,1 4/- 281 281 256 +
DN1200 56,8 ropoau 1,1 4/68 250 250 227 0,386
Ilepeykina-
AGHIGLTa30= 1 g pims 11 4142 405 405 368 0,39
MIPOBOILY
DN1200
Donbopi 530 | piws | L1 | 3 1749 1749 1500 | 9,97
Ka6ens EX3 50 ropoiu 1,1 3,2/6 176 176 160 0,03
1473,4 piuis 5947 5947 5364 13,298
Bcenoro: 191,2 BHTIiH 841 841 765 0,86
1214 | ropoam 314 314 285 0,386

Came TOMy e(peKTHBHICTh Ta YCIIIIHICTh BHKO-
HaHHA KOXKHOTO eTaly pPeKyJIbTHUBAIil 3aJIeKUTh Bif
00paHOro HampsAMy UM BUAY PEKyIbTHBaIii, obumasa
eTany MaloTh IeBHY Crenu(iKy 1 3a1exarth BiJl KiHIle-
BOTO, IUTLOBOTO BUKOPHUCTAHHS 3€MEJTb, 110 PEKYJIBTH-
BYIOTbCA. HalOimeIr mOmMpeHNMH €  HACTYITHI
HanpsMK{ PEKYJIbTHBALIl TEXHOT€HHHMX JaHAMA(TIB
3aJIe)KHO Bif iX I[UIbOBOTO TIPH3HAYEHHS:

- CUIbCHKOTOCIIOZIAPCHKUI — CTBOPEHHS Ha IOPY-
HICHUX 3eMJISIX PLJLTI, TACOBUIIL, JIYKIB;

- JICOrOCHOAAPCHKUIT — CTBOPEHHSI JIICOBHX IOCa-
JIOK;

- BOJIOTOCIIOAPCHKHUiT — CTBOPEHHS PI3HOTO POAY
BOJIOMMHUIII, TIJIABAJIbHUX OaceiHiB;

- CaHITapHO-TIriEHIYHUIT — O3€JICHEHHS 1 KOHCep-
BaIlisl BiIBAJIB i MPOMUCIOBUX ILIOIIL;

- peKpeaniiHUi — CTBOPEHHS 3€JICHUX 30H II0-
6513y HaceNeHNX ITyHKTIB;

- OyziBeJIbHUI — IPUBEACHHS NOPYILIECHNUX 3€METb
B CTaH, NMPUAATHUN UIS IIPOMHCIIOBOTO 1 XMTIOBOTO
OyaiBHHUIITBA.

Haiibinpm po3MOBCIO/KEHUMH € TepIn  JiBa
HaNpSIMKH: CIJIbCBKOTOCIIOJApChKUIl Ta JIiCOrocCmo-
JlapChKUI.

BucnoBku. IlizcymoByroum HaBeneHE, MOXHA
CTBEPJUKYBATH, 1110 BiJJHOBJICHHS JIaHIIAQTHOI CTPYK-
TYpH TEPUTOPiH, NOPYIIEHNX OyIiBENHHOIO Ta BHUJIO-
OyBHOIO JisUTHHICTIO, Ma€ 3aBEpIIYBaTUCh MPOBEICH-
HSIM PeKyJIbTHBaLiifHUX poOiT. Cepex roJoBHUX 33134
TEXHIYHOTO eTaly peKyibTuBalii € — popMyBaHHS Ha
NOPYIIEHWX IUIOMIAX HOBOTrO JaHAmadTy, SKUH

BIJITIOBIZIa€ BUMOTAM IMOJAJIBIIOIO IJIbOBOI'O BUKOPHU-
CTaHHs, 3a0€3MeUeHHSIM MOXKIMBOCTI TO/IANBIIOrO POo-
CTY 1 PO3BUTKY 010TH, CTBOPEHHSIM ONTHMAIbHHX T'iJl-
POJIOTIYHUX 1 MIKPOKITIMATUYHUX YMOB. 3aBepIIaib-
HUM €TaroM PeKyJIbTUBAIIITHUX POOiT € O10JIOTIYHIH —
CIpsSIMOBAHUWH Ha BiTHOBIICHHS CTA0LTI3aIlisl IPUPOTHOT
nmaHamadTHOT CTPYKTYpH TepuTopii. BaxmuBum kpu-
TEpieM BiTHOBJICHHS MOPYIICHUX 3aB’s3KiB MiXK KOM-
NOHEHTaMU JlaHAmadTy € O0IrpyHTOBaHUI BUOIp BUIY
PEeKYJIbTHBALIITHUX TEOTEXHIYHUX CUCTEM (CLIBbCBKO-
rocrojiapchka,  BOJHOTOCHOJAPChbKa,  JIICOTOCIO-
Jlapcbka) JlaHJadTHOI CTPYKTYPH BiJJHOBJIEHOT TepH-
Topii. OKpiM TOTO BaXIMBUM KPHUTEpieEM ONTHMIi3arii
BITHOBJICHHX TPHPOJHO-TEXHOTCHHUX JIAaHAMA(TIB
(Tepuropiii) Mae CTaTH EKOJIOTO-NaHaIIadTo3HaBYA
reoindopmariiina CHCTEMH MOHITOPHHTY T'pHHYOIPO-
MHCIIOBUX TepuTopif. Ha choromnimmHiii jgeHb Be-
JIeThCsl pOOOTa MO PO3BUTKY TaKUX CHCTEM, OCHOBHOIO
METOI0 SIKMX CTaHE y3araJlbHeHHsS Ta HOAajblia OIl-
THMI3allisl TepUTOpii NPUPOAHO-TEXHOTEHHUX JIAH/I-
madTiB Ha OCHOBI HAYKOBO-OOTPYHTOBAHUX MiAXOIIB.
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The article reveals the concept of the energy market, the principles of its organization, the role of market
participants; the experience of the formation and functioning of the energy markets of Western Europe and Ukraine
was analyzed; the essence of the system of contractual relations in the wholesale electricity market was investi-
gated; the essence of legislative regulation of the energy industry in Ukraine is revealed; the main types of abuses
on the wholesale energy markets are highlighted; the main trends of market transformations in the field of energy

are analyzed.

Keywords: energy market, energy, competition, energy market participants, principles of energy market or-

ganization, energy efficiency, contractual relations.

In the 21st century, the latest technologies are the
cause of significant changes in the structure of distribu-
tion and consumption of energy resources. Most of the
world's countries strive to reduce domestic energy con-
sumption by actively using local traditional and renew-
able fuels.

The energy factor significantly affects interna-
tional relations, the world economy and geopolitics, es-
pecially in the context of globalization. This empha-
sizes the importance of adequately assessing the pro-
spects of fuel and energy resources and developing
strategies for the development of both the energy sector
and the economy. Trends in the global energy market
play a key role in forecasting and planning the eco-
nomic development of countries.

Global energy markets are changing rapidly, ac-
companied by volatility in hydrocarbon prices, slowing
demand growth and intensifying competition. Techno-
logical progress opens up new opportunities in the pro-
duction, transportation and consumption of energy,
strengthens competition between fuels, changes ap-
proaches to regulation of energy markets and diversi-
fies the use of energy resources. Major market partici-
pants are reviewing their strategies. In this context,
long-term forecasts and trends in the development of
the world energy market become extremely important
for the world economy, national economies of coun-
tries, as well as for consumers, producers, investors and
politicians.

The Russian military invasion of Ukraine in 2022
intensified the struggle for oil refining resources. Euro-
pean refineries have long struggled as major oil compa-
nies shut them down in an effort to achieve zero emis-
sions and the threat of electric cars. However, with the

war in Ukraine and tensions in the Red Sea, energy an-
alysts believe the refining industry could become prof-
itable thanks to rising margins on products such as die-
sel and gasoline. This margin could increase further if
there are further supply disruptions in Europe.

Europe is now more dependent on oil imports,
making it vulnerable to disruptions such as attacks on
shipping in the Red Sea. Many Asian suppliers choose
the longer route through southern Africa [1].

The energy market is a collection of all entities
that exchange energy carriers (electricity, gas, oil, etc.)
on open or closed trading platforms. This market in-
cludes producers, suppliers, consumers and other par-
ticipants involved in the production, transportation, dis-
tribution and consumption of energy.

The main participants of the energy market in-
clude:

1. Energy producers are enterprises that produce
electricity, gas, oil and other types of energy. They can
be public or private companies that own and operate
energy facilities such as power plants, oil wells, etc.

2. Energy suppliers are companies that provide en-
ergy to consumers. They can be integrated companies
involved in both production and supply, or specialized
suppliers.

3. Transmission networks are enterprises that own
and operate energy transmission networks, such as
electric networks, gas pipelines, etc. They provide en-
ergy transportation from producers to consumers.

4. Consumers are enterprises, organizations and
households that use energy for production, heating,
lighting and other needs.

5. Regulators and state administration bodies are
government bodies that establish rules and standards
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for the functioning of the energy market, monitor com-
pliance with legislation, issue licenses and regulate en-
ergy prices.

The principles of energy market organization may
vary depending on the country and market type. Among
the main principles, it is worth highlighting:

— Competition —ensuring free access to the mar-
ket for all participants and creating conditions for com-
petition between energy suppliers to ensure the effec-
tive functioning of the market.

— Transparency — ensuring openness and trans-
parency in market management, including access to in-
formation on prices, contract terms, volumes and other
aspects of market activity.

— Regulation — the presence of a regulatory body
that controls the operation of the market, sets rules and
standards, grants licenses and ensures compliance with
legislation.

— Integration — ensuring cooperation and inte-
gration between different energy sectors (electricity,
gas, oil, etc.) to optimize the use of resources and sup-
port the stability of the energy market.

These principles help create an efficient and stable
energy market system that ensures reliable energy sup-
ply, competitive prices and stimulates innovation and
development in the energy sector.

The structure of the world energy market is be-
coming more and more diversified every year. The total
amount of primary energy consumption in the world
continues to grow. In the twentieth century, the con-
sumption of energy resources in society increased more
than thirteen times.

The summer of 2023 was marked by significant
legislative changes in the energy sector of Ukraine,
when the parliament adopted two key laws aimed at
bringing the Ukrainian energy market closer to the Eu-
ropean one and introducing new tools for the develop-
ment of renewable energy.

On July 2, 2023, the Law of Ukraine "On Amend-
ments to Certain Laws of Ukraine on Prevention of
Abuse in Wholesale Energy Markets" No 3141-1X
(known as the REMIT Law) entered into force. This
law is aimed at the implementation of Regulation (EC)
No 1227/2011 of October 25, 2011, adapted by the En-
ergy Community, regarding the integrity and transpar-
ency of the wholesale energy market, it allows the im-
plementation of Ukraine's European integration obliga-
tions.

The REMIT Law implements the main principles
of the European energy market in Ukraine, such as in-
tegrity and transparency in energy markets, tools to pre-
vent abuses in the electricity and gas markets, as well
as liability for such abuses.

Abuses in wholesale energy markets include:

— violation of requirements regarding the disclo-
sure and use of insider information;

— manipulation and manipulation attempts;

— carrying out transactions with wholesale en-
ergy products without registration as a participant of the
wholesale energy market [2].

The construction and functioning of energy mar-
kets in Western Europe and Ukraine have their differ-
ences due to differences in political, economic and in-
stitutional conditions.

Experience of Western Europe:

— Market liberalization and integration — West-
ern European countries have been actively liberalizing
their energy markets for more than a decade and are
working on their integration. For example, the Euro-
pean Union is directing efforts to create a Single Energy
Market, which aims to ensure a competitive, safe and
secure energy market.

— Development of renewable energy sources -
many countries of Western Europe are actively devel-
oping renewable energy sources and implementing var-
ious incentive programs and initiatives to increase the
share of renewable sources in the energy mix.

— Energy efficiency — Western Europe pays sig-
nificant attention to energy efficiency issues, imple-
menting programs and measures to improve energy ef-
ficiency in all areas, including industry, construction
and transport. Experience of Ukraine:

— Liberalization of markets — Ukraine has also
gone through the process of liberalizing its energy mar-
ket, but in general this process is not yet complete.
Ukraine is working on the implementation of the direc-
tives of the European Union regarding the liberalization
of the energy market and preparation for integration
into the European energy community.

— Development of renewable energy sources -
Ukraine is also actively developing renewable energy
sources, especially solar and wind energy. The state im-
plements incentive programs and legislative initiatives
to attract investment in this sector.

— Energy efficiency — energy efficiency remains
one of the priorities of Ukraine's energy policy. The
country is taking measures to improve energy effi-
ciency in construction, industry and utilities.

Ukraine can take as a model the countries of West-
ern Europe in terms of building a competitive and sus-
tainable energy market, using their experience in mar-
ket liberalization, development of renewable energy
sources and increasing energy efficiency.

The energy industry in Ukraine and the world is in
constant motion, adapting to internal and external chal-
lenges. In recent years, Ukraine has actively worked on
diversifying energy sources, developing renewable
sources, reducing dependence on imported energy re-
sources, especially gas, and improving energy effi-
ciency. At the same time, the conflict with Russia cre-
ated serious challenges for the country, because Rus-
sian pressure attempts through the destruction of the
energy infrastructure became one of the main tools of
the aggressor. The military invasion caused damage to
the energy infrastructure and unstable energy supply in
2022-2023.

In 2023, the global energy industry is facing sig-
nificant changes and challenges. On the one hand, there
is growing interest in renewable energy sources, and on
the other hand, there are ongoing discussions about tra-
ditional sources such as oil and natural gas. Experts
note the increase in investments in clean energy, the
digital transformation of the energy sector, as well as



Norwegian Journal of development of the International Science No 134/2024 25

the impact of geopolitical and economic factors on the
global energy market. The impact of global economic
conditions, the growth of electricity production from
renewable sources and the tendency to reduce depend-
ence on fossil fuels are key factors shaping future en-
ergy strategies [3].

In the wholesale electricity market, there are vari-
ous systems of contractual relations that regulate the in-
teraction between market participants, consumers and
producers of electricity. The main systems of contrac-
tual relations in the wholesale electricity market in-
clude:

— Power Purchase Agreement (PPA) is a con-
tract between a producer of electricity and a buyer (usu-
ally a distributor or supplier) that determines the terms
of electricity supply for a certain period at a fixed price
or subject to price indexation.

— Spot and forward contracts. Spot contracts es-
tablish an agreement to buy or sell electricity at current
market prices. Forward contracts allow the parties to fix
the price of electricity for the future period.

— Contracts with a difference (Difference Con-
tracts) - these contracts allow the parties to equalize the
difference between the actual amount of electricity pro-
duced or consumed and the amount specified in the
contract.

— Balancing Services Agreement (BSA) — these
agreements are concluded between producers and the
system operator of the energy system to ensure the sta-
bility of the energy system and equalize the difference
between planned and actual electricity consumption.

— Agreements on the use of transit networks
(Transmission Use Agreements) - these agreements are
concluded between producers and owners of transit net-
works (transmitters) for the transportation of electricity
from the place of production to the place of consump-
tion.

— Agreements for the provision of balancing ser-
vices (Balancing Services Agreements) - these agree-
ments are concluded between the parties to ensure a
balance between the demand and supply of electricity
on the market.

The specified systems of contractual relations reg-
ulate the interaction between the participants of the
wholesale electricity market and help to ensure the sta-
bility and efficiency of the functioning of the energy
market.

Modern world energy has a clearly expressed "car-
bon orientation": the burning of fuel and energy re-
sources leads to significant emissions of greenhouse
gases into the atmosphere, which causes climate warm-

ing.

To combat global warming, five main measures
are proposed to significantly reduce CO, emissions in
the future:

1) Refusing to use coal and investing in renewa-
ble energy;

2) Transition of transport to alternative types of
fuel;

3) Decarbonization of industrial production;

4) Increasing energy efficiency;

5) Providing electricity to the 3.5 billion people
who currently do not have access to it.

Thus, most forecasts for the development of world
energy are focused on the transition from carbon energy
to carbon-free energy, primarily based on renewable
energy sources and nuclear energy [4].

Conclusions. Changes in the energy sector are an
important step towards the implementation of European
principles of the functioning of energy markets, in-
creasing the transparency and integrity of their partici-
pants. They also reflect Ukraine's desire to provide a
balanced approach to stimulating the development of
renewable energy sources, focusing on market princi-
ples. However, from the point of view of Ukrainian en-
ergy market participants, the new regulation becomes
more complex and requires less dependence on state
support for development planning.

The new changes also indicate the integration of
Ukraine into the global trend of decentralization of en-
ergy generation, giving consumers an active role in en-
ergy markets, which allows them to actively influence
the balance of supply and demand and, as a result, re-
duce costs for energy resources.
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The main aspects of food security in connection with the war in Ukraine are considered. In this context, it
was noted that the world is moving away from the goal of ending hunger. Based on analytical data from the Food
Price Index, a high level of influence of the war in Ukraine on price changes has been established. This situation
is threatening for poor countries where people spend most of their income on food. Given this, it was important to
reorient Ukrainian exports to alternative routes. In this way, even in conditions of war, Ukraine remains the guar-
antor of food security in the world. The prospects of Ukraine's food supply and the restoration of agricultural
exports will depend on the timing of the end of active hostilities on our territory.
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Introduction. The Russian-Ukrainian war after
the COVID-19 pandemic has become a new global
challenge to world food security. Due to the suspension
of Ukrainian exports, record prices for food and
deterioration of the access of the population of certain
countries of the world to food products were observed.

Ukraine is the largest country in Europe with
unique chernozems and rich natural resources. Almost
70% of the territory of Ukraine is agricultural land. This
determines its specialization as an industrial-agrarian
country with a predominance of raw material exports.
One of the leading industries is agriculture, which
provides about 40% of the country's foreign exchange
earnings.

As a leading grain exporter, Ukraine has
experienced a sharp drop in its exports, leading to
serious food security challenges for millions of people
around the world.

The purpose of the article is to determine the
impact of the war in Ukraine on world food security.

Results. Russian military aggression against
Ukraine has resulted in human casualties and had a
significant and lasting impact on the global food
market. As a result of the war, Ukrainian producers lost
their financial and commodity liquidity, because
commodity lending stopped, and the export of products
became much more difficult. This situation is a threat
to global food security.

According to the definition of the Food and
Agriculture Organization of the United Nations (FAO),
food security is clearly defined as a functioning system
that provides the population with food according to
accepted physiological norms due to its production and
the necessary level of import of those products, for the
production of which there are no internal conditions

[1].

According to the UN report for 2022, about 2.3
billion people in the world experienced moderate or
severe food insecurity. About 45 million children in the
world under the age of 5 suffered from severe wasting
in 2021. 149 million children under the age of 5 had
stunted growth and development due to a chronic lack
of vital nutrients in their diet [2]. This means that the
world is moving away from the UN goal of ending
hunger in the world by 2030.

All this is very bad, especially for poor countries,
where people spend most of their income on food. The
situation is especially difficult in countries in arid
regions - in the Middle East and North Africa. They
import more than 90% of all food, and the closest
suppliers for them are Russia and Ukraine.

Russia is the largest exporter of wheat in the
world, it sells about 33 million tons per year. Ukraine
supplies 20 million tons of wheat to the world market.

The difficult situation in the world with vegetable
oil. Disruptions in supplies have already caused prices
to rise. Millions of people in poor countries are
abandoning traditional fried food at home and
switching to street food cooked with old oil. Russia and
Ukraine provide 57% of the world's supply of
sunflower oil. Large importers of this oil, in addition to
the EU countries, are India, China, Iran, and Turkey.

However, famine threatens only the poorest
countries where conflicts continue, for example,
Yemen and Afghanistan.

To assess the situation, we will use the FAO Food
Price Index, which reflects changes in international
food prices [3]. Analytical data indicate a significant
increase in the Food Price Index in 2022 compared to
previous years for almost all commodity items, which
indicates a high level of influence of the war in Ukraine
on changes in world prices.
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Table 1.
FAO Food Price Index
Food Price Index Meat Dairy Cereals Vegetable Qil Sugar
2019 95,1 100 102,8 96,6 83,2 78,6
2020 98,1 95,5 101,8 103,1 99,4 79,5
2021 125,8 107,7 119,6 131,2 164,9 109,3
2022 1447 118,8 149,5 154,7 187,8 114,5
2023 1247 1147 123,7 130,9 126,3 130,0

A key logistical problem at the start of a large-
scale invasion was the blockade of seaports. Given this,
it was important to reorient Ukrainian exports to
alternative routes. Thanks to European partners, the
"Paths of Solidarity” program was launched. As a
result, during the 10 months of the war, it was possible
to export 39 million tons of agricultural products.
Thanks to the "Paths of Solidarity”, the main sales
market for Ukrainian products has become the country
of the European Union.

It is also important to note that at the end of
November, the humanitarian food program Grain from
Ukraine was launched, within the framework of which
Ukrainian grain is exported to countries in Africa and
Asia, which suffer the most from the food crisis and
need urgent help. More than 30 donor states (EU
countries, USA, Canada, Great Britain, Japan, Korea,

Qatar) and international organizations have already
joined this program. Almost 200 million dollars were
involved. contributions In this way, even in conditions
of war, Ukraine remains the guarantor of food security
in the world. As part of this program, Ethiopia and
Somalia have already received 80,000 tons of
humanitarian wheat. Donations were made by France,
Finland, Germany and Japan. Another 330,000 tons of
food was sent to the UN World Food Program for
countries such as Ethiopia, Afghanistan, and Yemen.

In Ukraine, due to the operation of the grain
corridor, the situation in the grain market improved, but
the state lost at least 1 billion dollars in 2022 in the form
of wheat collected by Russia in the occupied territories.
This is demonstrated by the map of the harvest in the
occupied territories from NASA Harvest [4].
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Fig. 1. Map of the harvest in the occupied territories (data for 2022). NASA Harvest.

According to NASA Harvest, almost 6 million
tons of wheat were collected from territories not
controlled by Ukraine. Russian ships were previously
reported to be exporting grain taken from the occupied
areas to various countries, including Libya and Iran, but
it is difficult to estimate the respective volumes as the
shippers hide the origin of the cargoes.

In 2022, Ukraine exported food products worth
$23.4 billion, i.e. 16% less than in 2021. It is worth
noting that the total revenue from the export of meat
and dairy products, potatoes, and frozen vegetables
increased. On the other hand, the incomes of exporters
for the vast majority of names of fruit and vegetable

products, eggs, honey, grain processing products, and
various confectionery products decreased.

In the pre-war period, Ukraine constantly
increased the volume of agricultural exports. About
90% of the product structure of our exports is occupied
by grains, oil crops, residues of the processing industry,
oils and fats, meat, and by-products. Russia's military
invasion has seriously threatened the food supply of
both Ukraine and other countries of the world.

Table 2 characterizes export volumes in 2022 by
types of products, million tons. As you can see,
sunflower seeds were sold the most.
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Table 2.

The volume of exports during the war period by types of products:

Production Physical weight, million tons
Corn 15,6 MITH TOHH
Wheat 8,6 MITH TOHH
Sunflower oil 3,3 MIJIH TOHH
Turnip 3 MJTH TOHH

Sunflower seeds

2,7 MIJIH TOHH

Feed additives

2,2 MIJIH TOHH

Barley 1,7 MITH TOHH
Soybeans 1,7 MJIH TOHH
Soybean oil 188 THC. TOHH

Ministry of Agrarian Policy and Food of Ukraine [5]

Ukraine also exports animal feed. A reduction in
exports will hurt the livestock industry in the world.
The consequences of the cessation of feed exports will
begin to be felt gradually. Already the least efficient
producers in the countries of the Middle East, North
Africa, and Asia have begun to reduce herds. This will
affect the price of meat [6].

The geography of supplies from Ukraine of
agricultural raw materials and value-added products
before the full-scale war was almost entirely focused on
the Asian region (about 50%), European countries
(30%), the African continent (15%), and the CIS
countries (5%). As a result of the war, there was a
reorientation of supplies to Europe 56%, Asia 30%, and
Africa 14%.

In connection with the war, the Cabinet of
Ministers of Ukraine suspended the export of live
cattle, meat and offal, rye, buckwheat, millet, sugar,
and salt. At the same time, export licensing of wheat,
corn, poultry, eggs, and sunflower oil was introduced.
The next step in the conditions of martial law was a
temporary ban on the export of nitrogen, phosphorus,
and potassium mineral fertilizers from Ukraine.

There are about 40,000 farms in Ukraine. Small
and medium-sized producers produce more than 80%
of agricultural products, of which up to 30% is used for
the domestic market and up to 70% is exported. Some
farms suffered as a result of the war. They have been
destroyed or are under occupation. Some of them are
forced to suspend work. The Russians are purposefully
destraying farms. This is evidenced by the number of
shelled farms in different regions of Ukraine.
Sometimes animals are shot just for fun. As a result of
the Russian war, 15% of all livestock in Ukraine has
already been destroyed. Direct losses from the war in
agriculture, calculated by the Ministry of Agricultural
Policy in September 2022, amount to 6.6 billion
dollars, and indirect losses - 34.5 billion dollars. So far,
more than 20% of the available cultivated area and
more than 70% of the irrigated area have been lost.
Documentation of crimes and damages continues.

The prospects of Ukraine's food supply and the
restoration of agricultural exports will depend on the
timing of the end of active hostilities on our territory.
The total area on which the planned sowing campaign
can be carried out will also play a key role.

It is expected that due to the war, the structure of
cultivated areas and the volume of crops will change

significantly. A decrease in the amount of fertilizer
application will directly affect the indicators of the
gross harvest.

Ukraine will be provided with all food groups for
domestic consumption. But the export potential is
expected to change. In particular, much less corn will
be sown, while it is one of the main grain crops that was
exported" [7].

Ukrainian farmers had a very difficult season of
agricultural work. Despite considerable risks, they went
out into the fields, even under fire. In this way, our
country was able to fully provide itself with food for
the next year.

However, according to preliminary estimates of
the NASA Harvest program, since the beginning of the
war, 2.1-2.8 million hectares of agricultural land have
been abandoned as a result of hostilities. These
abandoned fields make up 6.5 to 8.5% of the total
arable land area of Ukraine, and it is not surprising that
they are located along the front line. In addition,
according to NASA Harvest estimates, in 2023 alone,
Ukraine suffered about 2 billion dollars in economic
losses due to the loss of crops in fields that had already
been sown. According to calculations, this amount of
food (cereals and oil) could feed 25 million people
during the year! Of course, this affects the food market
in the world [8].

Conclusions. Ukraine is one of the important
producers of agricultural products in the world. An
escalating Russian invasion and the risk of
concentration of fertilizers, a key production input in
the agricultural process, could disrupt global supply
lines and create the worst global food crisis since World
War II.

Geopolitical risks, higher production costs, and
shortages are all issues plaguing the global food
system. At the height of the current crisis, production
and exports of major food exporters have been
disrupted.

As the world continues to brace for the unexpected
costs of Russia's aggression against Ukraine, food and
fertilizer shortages are another consequence of the war
that consumers, industry, politicians, and investors
must consider.

But first of all, we need to stop Russia, which
destroys the agricultural industry of Ukraine every day.
Only tough sanctions and aid to Ukraine with weapons
from partner countries will make it possible to inflict a
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crushing defeat on Russia, and therefore save millions
of lives around the world. Otherwise, Russian terror
will continue, particularly through the food crisis and
blackmail by hunger.
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The radius of the vector potential 4 describes the motion of a separated flow of matter flowing out from the
kern of rotating spherical vortex in accordance with our model [1-3, 19-21]. This phenomenon was considered in
detail in works [1-3, 21]. For the first time, a new interpretation is given to the core of an ellipsoidal vortex filled
with a viscous incompressible fluid with a certain density of the substance.

Keywords: vortex, vortical dynamics of substance, fluids, vorticity, vector potential, kern of an ellipsoidal

vortex, circulation, helical surface of the kern, twist

1. Introduction

How can we quickly and clearly describe the in-
ternal problems of the occurrence of self-consistent,
spiral (swirling) flows in a rotating viscous, fluid spher-
ical micro-vortex that retains its dimensions and has its
own angular momentum and spin.

Is this movement chaotic or not, or do the vortex
movements of particles obey some specific law?

One of the unsolved problems in vortex dynamics
is the lack of the necessary mathematical apparatus de-
scribing the appearance (formation) and transfer of cir-
culation (particles - local closed vortex structures, cells,
a vortex line) of a substance in a fluid, spherical vortex
with a constant density [3, 18, 21]. It is known that
these forming localized closed vortex structures (tubes)
of a closed type that transfer impulse, their own angular
momentum, spin, twist, frozen vorticity. The current
state of research in this field shows that although the
physical nature of nonlinear vortex structures in various
media is different, there are many similarities in the na-
ture of formation and propagation. At the same time,
the laws of particle transfer, heat and energy are ful-
filled.

The vector potential is still unknown to the geom-
etry and mechanics of fluids, which is successfully used
in solving problems of electrodynamics and magnetic
hydrodynamics. In vortex dynamics of a fluid, only pa-
rameters such as vorticity, viscosity, surface tension,
pressure, rotation (angular momentum) and velocity
potential are used. The circulation in some problems in
fluid mechanics is used separately, without studying the
influence of the intensity and twisting of the vortex
tube. And angular moments generally “live apart”. The
vector potential in our understanding is a pseudo-vector
that characterizes the sign of rotation and its direction.
If we know that the radius vector of an arbitrary point
in space in the mathematical definition is a vector going
to this point from some fixed point called a pole, then
at the interface boundary of the transition from one
plane to another or when separated from a jet or fila-
ment, the radius vector of the vector potential of the
particle behaves in free space as a movable repere.

2. A little bit of history

H.Helmholtz and W.Thomson (Lord Kelvin)
worked intensively on the question of determining the
vector potential (vorticity). After the presentation by
W.J.M.Rankine, a Scottish mechanical engineer and
thermodynamist, of the hypothesis about molecular
vortices, in which Rankine defined a columnar vortex
with constant vorticity [4-6], Kelvin sent this work to
R.Clausius, a well-known German thermodynamic sci-
entist, and he, in turn, translated the work from English
into German, forwarded it to his friend, Helmholtz. He,
in turn, caught fire with an interesting task of determin-
ing vortex dynamics, wrote his brilliant work “Ueber
Integrale der hydrodynamischen Gleichungen, welche
den Wirbelbewegungen entsprechen” (1858) [7], where
he laid down the basic concepts on the vortex dynamics
of “filaments” that form the basis of vortex tubes. In the
first treatise, Helmholtz discovered new areas of hydro-
dynamics and indicated fluid movements that were pre-
viously completely unknown. Here, Helmholtz, consid-
ering the change that an infinitesimal volume of a liquid
undergoes in an infinitesimal element of time, found
that a characteristic feature of the so-called potential
motions is that no particle of a liquid has a rotational
motion, whereas in the case of rotation of fluid parti-
cles, there is no velocity potential.

“This result has already significantly expanded
our understanding of the essence of the motion of lig-
uids, but even more important are the general laws put
forward by Helmholtz regarding motion without a ve-
locity potential, which he calls vortex motion. Thanks
to the analogy that he discovered between the vortex
motions of a liquid and the magnetic action of electric
currents, he made this new kind of motion accessible to
our understanding” (Chaplygin, [9]).

Helmholtz’s second treatise “Ueber diskontinuier-
liche Fliissigkeitsbewegungen” (1868) [10] also
opened a new class of problems in hydrodynamics, and
an extensive literature is associated with it. In it, for the
first time, the conditions for the formation of various
categories of jets are studied during separation, or when
the phase space of the internal environment changes, or
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when there is a sharp change in pressure, or when neg-
ative pressure is reached, or when a jet flows out of
some closed reservoir, or when some kind of disconti-
nuity occurs bearing surface of the flow, or when over-
coming some sharp edges. Already in his second trea-
tise it is possible to see origins of the appearance of the
fragments of the vector potential describing the “helic-
ity” of vortex filaments (jets) . Helmholtz drew atten-
tion to the fact that “is defined on the outer surface of
an otherwise stationary jet, it must lead to a progres-
sive spiral unrolling of the part of the surface in ques-
tion (slipping away elsewhere on the jet).” (Helmholtz,
[11D).

Thanks to P.G.Tait, who brilliantly translated
Helmholtz’s first article into English (see [11]) and
even intrigued by his statement of the experience of cre-
ating smoke rings, Kelvin also became interested in the
question of vortex dynamics of smoke rings, but Kelvin
presented his theory differently, arguing that vortex fil-
aments (these solenoid lines are potential flows that
make up the basis of smoke rings) obey the law of cir-
culation of matter transfer) along the axis, which is be-
ing the center of “gravity” of the vortex ring [12-13]
(Fig. 1):

F=¢v-ds (1)

Unlike the Helmholtz vortex filaments, which
were frozen into the cylindrical surface of the vortex
tube, he, Kelvin, was most interested in those vortex
“filaments” that were frozen into the outer surface of
the “torus” of the vortex ring. Here he proved that the
intensity is directly related to the circulation of matter
along the vector that makes up the axis of the ring. It
should be noted that the direction of intensity coincided
with the direction of movement of the center of the vor-
tex ring (that is, along the axis, as shown in Figure 1).
(This circulation, which Kelvin found, will be denoted

by the special symbol T (T}) 1T ). By the same way,
indicating the relationship of the motion of the vortex
ring with the direction of formation of a potential vor-
tex, where its velocity potential A = 0in the transverse
plane is zero (i.e., the first Helmholtz law is confirmed
that the law of conservation of the vortex tube), but
along the axis of motion of the center of the tube, the
“potential” of longitudinal velocities is not equal to
zero. Thus, Kelvin wanted to combine the vortex “phe-
nomena” of smoke rings with a circular current through
which the current flows. Then, while developing the
mathematical apparatus for the ponderomotive motion
of an electromagnetic field and applying Ampere’s law
on the occurrence of magnetic induction when a current
flows through a conductor, he derived another formu-
lation for the vector potential:

B=1rotA,divA=0 2

By this, and asserting the conservation of vortex
rings as a whole.

In his work on “vortex atoms” (Kelvin [12-13]),
he hypothesized the existence of “vortex atoms” in the
form of rings, trying “to explain the structure and spec-
tra of atoms of all the known elements using knotted
and linked vortex lines in a hypothetical background
ideal liquid “ether” permeating the universe’ (Moffatt,
2007, [14]).

Kelvin’s merit was that he separated the longitu-
dinal (according to Helmholtz) vortex filaments from
the tube, making them transverse, and proved that the
circulation of the velocity of one vortex filament re-
mains constant along its length.

It is assumed that the words intensity” and cir-
culation” came to the dynamics of fluids under the in-
fluence of Kelvin (the theory of electricity and mag-
netism) and Maxwell (the theory of electrodynamics).

Fig. 1. Kelvin smoke ring model (longitudinal section along the flight axis)

But despite the above remarkable discoveries,
Kelvin was still dissatisfied with the incompleteness of
the model of his own vortex atom. He once again set up
experiments to study the stability and periodicity of
movement in a liquid, which results he described in his
article “On the Stability of Steady and of Periodic Fluid

Motion™ (1887) [15]. He again returned to Rankine’s
hypothesis about molecular vortices, trying to under-
stand what is the main thing in the vortex dynamics of
the ‘“Rankine’s molecular vortex”, which rotates
around its own axis (Fig. 2).
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Fig. 2 Kelvin’s vessel [15]

Here Kelvin is already carefully studying the ap-
pearance and distribution of vorticity (the vector poten-
tial across the axis of rotation of the vessel) and its de-
pendence on the viscosity of the liquid along different
concentric circles lying on the upper hemisphere. He
notes that the vorticity ¢ of the fluid at distance r in this
case obeys the laws:

1 (v dv
(=3 (G+3) 3)

”?And that the vorticity ¢ diminishes from r =
0 — r = a (at the same time, the maximum energy is
preserved, and the rotational motion remains stable); if
the vorticity ¢ increases fromr = 0 — r = a (then the
minimum energy is preserved, and the rotational mo-
tion is stable)”.

But when moving from a to the boundary, the flow
of rotation becomes more and more unstable, and less
subject to the laws of rotation as a rigid body. He no-
ticed that due to viscosity, the rotational motion of the
entire mass around the main axis does not obey the
main Helmholtz law for the vector potential and the
second Helmholtz law for the vortex tube [15].

He noticed that due to the viscosity, the rotational
motion of the entire mass around the main axis does not
obey the main Helmholtz law for the vector potential
and the second Helmholtz law for the vortex tube. He
noticed that the movement of water in the vessel is vor-
tex-free v « 1/r and the principle of local freezing of
the vortex tube in a viscous medium is not observed.

It should be noted one more important and inter-
esting remark of his: “in the stable motion of greatest
energy, the portion of fluid having vorticity will be in
the shape of a circular cylinder rotating like a solid
round its own axis, coinciding with the axis of the en-
closure ; and the remainder of the fluid will revolve ir-
rotationally around it, so as to fulfill the condition of
no finite slip at the cylindric interface between the ro-
tational and irrotational portions of the fluid. The ex-
pression for this motion in symbols is “[15]:

v=_¢&r, fromr =0tor =b,
{Uzériz,fromrzbtorza “)

It took years after the remarkable studies of Kelvin
and Helmholtz on vortex dynamics, but the fact re-
mains that the mechanism of “vorticity” has not yet
been revealed, in the understanding that particles either
rotate themselves around their own axis or rotate
around some common axis. It was necessary to simply
separate two concepts of “vorticity” - one describes
simply as rotation around its own axis and “vorticity”
such that the influence of a viscous medium on the pro-
gress of a rotating particle in the medium is taken into
account. Here H.Aref tried to apply two postulates at
once: “the movement of the particle-point itself” and
the movement of the general system as a circulation as
a whole [16, 18].

H. Aref expanded the mathematical concept of de-
termining a vortex particle according to Helmholtz,
generalizing together the Lagrangian concept of motion
with the Eulerian one, separating the circulation of the
particle from the general circulation of the filament and
giving freedom to the action of a rotational particle in a
liquid viscous medium. He discovered a unique con-
nection between the current line and the locality (posi-

tion) of the rotating particle using the Hamiltonian [16]:
S} 1
X= Y=o (%)

where W is the streamfunction of the flow, (x,y)
is a position of the advected particle.

He tried to determine in which cases the circula-
tion of the transfer of matter remains closed and does
not mix with other particles in a viscous medium. When
studying the picture of the Kdrman vortex streets, he
noticed that the circulation and the creation of new lo-
cal vortex cells on the surface of the liquid is somehow
connected with the concept of vorticity, and that these
“swirling” closed structures also obey the laws of mo-
mentum transfer and circulation in general [17-18].
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Fig. 3 Different solution curves have been given different colours from a spectrum going from red for initial
body angular velocity u(0) > 0, over black for u(0) = 0 to blue for u(0) < 0. (Roenby, Aref, 2010) [17]

3. The problem

A careful study of the tasks set by scientists on the
“vorticity” of the velocity potential has identified a new
class of issues related to the structure of the formation
of drift vortex lines (filaments) responsible for the
transfer of matter in a spherical viscous rotating micro-
vortex, having small parameters of its size, located in a
continuous medium or in empty space. In our work on
the study of the vortex dynamics of the transfer of mat-
ter in a microvortex having mass m, the speed of its
rotation around its own axis v and radius r allowed us
to develop a hydrodynamic model of the mechanisms
of the formation of vortex flows of matter in a spherical
vortex during its rotation [19-21].

A model problem describing the dynamics of the
formation of potential drift vortex structures and the

v
\Y)

\

mechanism of their transfer in a viscous rotating micro-
vortex is proposed. It is shown that the appearance of
localized vortex structures (particles) is caused by the
generation of convective cells due to the mechanism of
dissipative-centrifugal instability of the central vortex
kern of a rotating mass of matter. Moreover, each indi-
vidual localized vortex structure represents a separate
degree of freedom of the system.

In the mathematical analysis of the geometric pic-
ture of the fluxes of the spherical vortex, it is taken into
account that the vortex lines are not just spatial lines
consisting of points, but consisting of infinitesimal ele-
ments — “small rotating balls” (Fig. 4). And according
to their properties, these

Fig. 4 Microvortices are rotating balls

particles carrying circulation must obey these
rules:

1. The translational nature of their movement is
due to the fact that they roll to where the pressure is
less.

2. As soon as they cross the invisible incoming
boundary of the funnel on the sphere, they enter the fun-
nel already at a certain angle of rotation and inclination
(see Fig. 5, red lines on the funnel — on the kern’s inter-
nal surface).

3. Here we have a case similar to a convective cell
with a kern - the case of a potential vortex in the form
of a “spherical donut”, but twisted.

Now, knowing these properties, we can examine
in more detail the design of the kern itself, into which
these ball-particles fall from the outer shell of the ellip-
soidal vortex

4. Geometric picture of a kern cross-section
Let us choose the x axes so that the y axes lie in
the transverse plane (the z axis passes through the co-
ordinates origin x0y) f, = 0, then we have the expres-
sions for the fluidity of the flows

7} 7}
_i =Ry fi + R12fy ’ _£ =Ry fx + Rzzfy , (6)

where Rj; are resistance (viscousity) coefficients
[25]. Solving them relatively, and using these relations:

E=x—-Vx2 -1 @)
TR
= ®

we obtain the flow components assigned to the
same main axes

; 0v dv
—F€=P16—6+Aa, (9)
dv ; 0v
—F"=AB—E+P25, (10)
since the flow (fluidity) equation
’ v ’ v _
in coordinates (9) u (10) does not contain a term
2
0101:1’ where P; and P; represent the principal fluidity

coefficients in the plane (here the prime is used to dis-
tinguish these coefficients from the principal fluidity
coefficients in the three-dimensional case).

We will now define isotherms and flow lines for
the case of constant flow inflow to the x0y coordinate
center
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Fig. 5 The funnel of the kern

So we write relations similar to transformations
(Lamé) [26]:

P P
6 =5)(7) m=n(7)
Then the equation (11) will take the form
S 20, (13)
05,2 amz T
with radial symmetry, its solution takes the form
gi+ni &
v=-mln (—) =-mln (—,+ —,>, (14)
P Py Py
where m is constant. Substituting this expression
into (9), (10) we get

Fy = 2m(Py&+Gn)

(12)

_ 2m(GE+P1n)
(82 g2\ T (82 n2
i) “iirs)

The total amount of flow passing through a circle
of radius b centered at the origin and calculated per unit
thickness of the cut segment of the ellipsoidal vortex at
height b is equal to

Q = ["(F¢Cos 6 + F,Sin 6) bd@ . (16)

Using expressions (15) and assuming that & =

b Cos 6,n = b Sin 9, we get
Q = 4mm /PP, ,

(15)

(17)

i.e. we find that Q does not depend on either b or
G. Substituting the value m into expression (14), found
from relation (17), we obtain a steady flow due to the
presence of a flow source of power Q at the origin of
coordinates (in Milyute’s and etc. works [20-21], this
quantity is also understood as a charge responsible for
the formation of an electromagnetic field around a
charged body) .

Isotherms form a family of ellipses

EZ 2

4+ = Const (18)
Py P

The direction of the flow vector is determined by
the relation
By _ Py(Pin—G§)
Fg ~ Pi(Phé-Gn)’ (19)
If G = 0, then in the lower part of the ellipsoidal
vortex the vector of the emitted flow is directed radially
from the source, located in the center of the kern (tip of
the vortex kern cone) (and not perpendicular to the
equipotential lines). Figure 6¢) shows equipotential
lines (blue lines), as well as lines of the flow of matter
emitted from the center of the kern, i.e., curves whose
direction at each point coincides with the direction of
the vector of the emitted flow of matter.

b c

Fig. 6. Unipolar vortex: a) model, b) side view, c) top view [21, 25]

If G # 0, then the differential equation of the mat-
ter flow lines has the form

dn _ Py(Pin—G§)
a ~ Pi(PE=cm)’
Its solution is written as follows
VPP arctg (Zg) + %G In(P{n? + P;£2) = Const (21)
The curves corresponding to relation (21) form a
family of spirals, which are shown in Fig.7. In plane

(20)

(&1,m41) at P{ = P, spirals are isogonal to circles. Con-
sequently, if the so-called “rotation term” G is not equal
to zero, then the direction of flow towards the center
will be as shown in Fig.6 b, c, 7. In such a spiral flow,
there is a very dense packing of lines, not allowing the
particles that fall there to jump out of the common “fun-
nel”; in this regard, we can say that the particles are
completely frozen in the spiral flows of this “whirl-
pool”.




Norwegian Journal of development of the International Science No 134/2024 35

If there is a radial gap at the tip of the “whirlpool”,
then the flow cannot flow along these spirals, and there-
fore, a pressure difference must arise between the two
sides of the “gap” and this causes the “broken off” piece
of flow to quickly self-organize, that is, “wrap up” and
create a drop-microvortex independent of the main
flow of the “funnel” with conservation of its own mass,
angular momentum and spin.

5. Spiral Lines Formula

From Figures 6 b, c and 7 it is clear that these spi-
ral-shaped isogonal lines are characterizing flow lines
in the funnel, which are integral lines reflecting the
flow trajectories of liquid particles. The velocity field
in the funnel is formed by isogonal (isothermal) flow
lines defined by these integral surfaces, where the pa-
rameterization of individual minimal integral flow sur-
faces is described by three direction vectors of the mov-
ing frame (repére)

k, = ak; + bk, + ¢, [k; X k], (22)

where functions a,, b; and c; depends on t,t,n.
Vectors k; and k, are tangents to spiral isogonal lines
(lying in the same plane), and the vector [k, X k,] is a
normal to the isogonal line (the plane is perpendicular
to this line). It is these vectors that describe the twist of
a spiral isogonal line.

Tangential isogonal spiral fluid 2 is determined
by the property of closure D2 , as one of the charac-
teristics of integral tangent bearing surfaces forming

=

isogonal spiral twisted lines. Lie derivative D, of the

vector field & with respect to the tangent field n is found
according to the rule:
N(VyéN)

an = vnf - INIZ vnf = (Uv)f (23)
Here we have N = VF|, ¢ - field of normals to a
second-order surface F = F,.
Using the definition of vorticity @ = V X u as an
analogue of “twist” in conformal geometry
w=1l, xu, (24)
where [, determines the number of twists (0, 0.25,
0.5,0.75, 1, ...... )( In this case, the twist has a number
1/2) and the spiral field equation
u=u(tt,n)k,
and pressure obtained from Euler's equations:

ap | A(pw) | 3(pv) | d(pw) _
at ax + dy + az 0, (26)
where p = Const , p is a density of the substance

of the ellipsoidal vortex, from which it can be written

(25)

(V- k)k, = Vp — Wl(xl'f 2y @7)
from that we get
M, w=X,u (28)

the formula for the transfer of angular momentum
of the specific momentum of the vortex tube when turn-
ing the lemniscate line in a whirlpool (when moving
along a spiral line) [23, 25]

= /
Fig. 8 Fragment of one closed flow line (the twist is equal to 1/2)

6. On the role of the sectional curvature by trans-
porting of the vector of circulation

In this section, we will consider the role of sec-
tional curvature Rg, in the formation of a certain pat-
tern of circulation distribution in the microvortex core
(at the tip of the kern).

When moving from a surface of negative curva-
ture when a microvortex droplet is separated from the
kern of the main spherical vortex, the angular momen-
tum and spin of the separated microvortex with the cir-
culation vector of the substance in it are preserved [21,
25].

In this case, the convective nature of the volume
of a closed microvortex is preserved, which is described
by the formula

22 a2
A=+ om (30)
Vortex intensity ae consists of vector fields U in
such an area D than
divi =0 (31)
and satisfying the condition ¥ - @ = 0 on the bor-
der D of the region D.

Describing the movement of a through the for-

mula
(u,v) = fDﬁ’-U’dz, (32)

where dz is the element of volume D.

Accepting that I' (I, v, t) is an isotherm vortical
line on C and, considering that the circulation transfer
rattvr € TG, . atp:

E(t) =Lp-wwp € 2, (33)
where the vector &(t) satisfies Euler's equation
(26) [27] — continuity equation.

Parallel transport of circulation vectorn e TC,
along C to get the vector vrn, which can be obtained
according to the Cauchy-Riemann law:

v —vuré = 0(t?) kakt - 0. (34)

Lie derivative V. of n along the line ¢ is deter-
mined from the relation

Ven = 2] _ vrn(T&0) (35)

And taking into account that & and n are perpen-
dicular to the site TC,. Then the picture of sectional
curvature Rg, of the intensity @ on the z two-dimen-
sional region limited by vectors ¢ and n when deter-
mining Jacobi identities [28] to give
Rf‘r] = _<vanf: TI) + (anf f' 77) + (V[f,n]f! 77) ) (36)

where [&,n] is Lie bracket of vector fields ¢ and n,
whose vortex cell restrictions on z are £(z) and n(z)
respectively.

Through the contact “interaction” of two points,
direction and rotation are maintained at a local point.

Here, the sectional twist during the cut plays a role
in the separation of the ellipsoidal vortex from the kern.
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From Fig.7 and Fig. 5.2 from work [25] there is shown
a clear separation of flows according to the law of hel-
ical surfaces, which allows one to keep the figure in a
constant equilibrium state as long as the kern of the vor-
tex itself exists. A more detailed description of the kern
is provided in the following works [19, 21- 24]. There-
fore, such a “formed” (uniting all the spiral lines in the
funnel) closed spiral surface of the cone, characterizing
the formation of a funnel in the form of a kern of the
shape shown in Fig. 7 and Fig. 5.2 from the work [25]
will never allow unnecessary interactions of flows lo-
cated on opposite sides of this spiral-lemniscate-helical
surface.

This surface differs significantly from the simple
helical surface of the Riemann sample (see Sections
6.2-6.4 from work [29]).

7. Conclusions

Thus, we are once again convinced that without
knowing the transverse value of the generatrix of the
vector potential, the Dirichlet problem for the harmonic
function cannot be correctly solved, since it is neces-
sary to clearly distinguish the solenoidality of the scalar
potential from the picture of the spiral-radial kinematic
value of the vector potential of the kern of the ellipsoi-
dal vortex itself. This work proves the importance of
the work of the kern itself, which is responsible for the
creation and formation of the outer shell of an ellipsoi-
dal vortex filled with a viscous incompressible fluid,
and of course the relationship between pressure and
particle speed in the kern itself and beyond must be
taken into account at all times.
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Mathematical model plays an important role in the production and life of human beings, it is a simplified and
essential description of the real world, and an idealized representation that portrays the essential attributes and
intrinsic connections of objective things with mathematical symbols, mathematical formulas, procedures, dia-
grams, tables, and so on. The first task encountered in applying mathematical knowledge to study and solve prac-
tical problems is mathematical modelling. This paper shows how mathematical modelling can be applied in daily

life through some close-to-life cases.

Keywords: mathematical model,mathematical modelling,daily life, application

Generally speaking, mathematical model can be
described as a mathematical structure obtained by mak-
ing some necessary simplifying assumptions and apply-
ing appropriate mathematical tools for a specific object
in the real world, for a specific purpose, according to
the unique internal laws. [1] Mathematical modelling is
a practice of using mathematical methods to solve prac-
tical problems, i.e. through abstraction, simplification,
assumptions, introduction of variables and other pro-
cesses, the actual problem is expressed mathematically,
a mathematical model is established, and then mathe-
matical methods or computer technology are used to
solve the problem.

1 Corner access issues

1.1 Formulation of the problem

Ay

"‘[\\\\\\\\\
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There is a cylindrical water tower on the ground,
the diameter of the inside of the water tower is d , and
in the ground to open a small door with a height of h,
now a length of | of the water pipe (can not be bent)
transported to the water tower, try to find the maximum
length of | ?

1.2 Modelling

If the length of the pipe | is small, there is no
problem to transport it in. To make the pipe as long as
possible, the pipe should be in contact with the upper
edge of the door, the ground outside the tower and the
inner wall of the tower at the same time, but it may not
be possible to transport it in at this point, as shown in
Figure 1.

%

.«

— >

C X

Figure 1: Schematic diagram of the position of the water pipe placedin the water tower
easily obtained
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@)=AB+BC=—9 1+ 1 ()
cosd siné@

I =1(0) is a continuous function on (0,%},

and the minimum value of 1(¢) is the maximum

length of the pipe that can enter the water tower.
1.3 Model solution
Derivation of both ends of equation (1) gives

I'(0) =dsecftan@—hcscHcot & @

let 1’(8) =0, the only stationary point €, satis-
fies

g ~tan®g,”

substituting equation (3) into equation (1) yields

2 2
i = d\/1+ tan® 6, + h\/1+ cot® 6, = d\/1+(2j3 + h\/1+(ij3

2 ’ A 2 2 2
d3vd? h3 +h3 d3+h3 :[d3+h3] .

This is the maximum length of the water pipe that
can enter the tower, i.e., the pipe can be transported into

the water tower when | <1 . .

2 Problems with chair stabilisation
2.1 Formulation of the problem

N w

In our daily life, we often encounter the usual
problem of placing chairs. Due to the unevenness of the
ground, it is difficult to stabilise the chair at once. Is it
possible to find a suitable position for placing the chair
(with all four feet on the ground at the same time)?

2.2 Model assumption

(1) The floor is a continuous smooth surface
with no pits or steps ;

(2) The four legs of the chair are the same
length ;

(3) The legs of the chair are long enough rela-
tive to the curvature of the floor ;

(4) The centre of the chair does not move (it
only rotates), the feet of each leg are considered as ge-
ometric points, and the four points form a strict square
in the plane.

2.3 Modelling

Mark the feet of the four legs as A, B, C and D,
with the centre O. With O as the origin, the line joining
diagonal AC isthe X -axis and the line joining diagonal
BD is the Y -axis, as shown in Fig. 2. After turning the

chair, the angle between the diagonal AC and the X -
axis is @ .The sum of the distances between the feet of
A and C and the ground is g(#) , and the sum of the

distances between the feet of B and D and the ground
is f(O) .

Figure 2: Schematic diagram of the relationship between the chair and the ground contact position

By assumption (1), both f (&) and g(6) are
continuous functions,and all three feet always land at
the same time, so for any @&, there is always
f (0)g(0)=0 .1t may be assumed that when the initial

position is =0, there is g(0)=0, f(0)=0,
and so the chair problem reduces to the following math-
ematical problem:

Let the continuous functions f (@) and g(&)

satisfy g(0)=0, f(0)=0,and forany @, there is

f(0)g(0)=0 .Try to prove that there exists &, ,
which enables f(6,)=9(8,)=0.
2.4 Model solution
(1) If £(0)=0, then it is sufficient to take
6,=0.
(2) If f(0) >0, denote
h(0) = g(0) — f (O) , clearly h(8) is continuous



40 Norwegian Journal of development of the International Science No 134/2024

and h(0) = g(0)— f (0) <0O. Turning the chair an-
ticlockwise by % , 1.e., switching the positions of AC

and BD, there is

T T
Q[Ej: f(0)>0,f(5j:g(0):0,

SO

(5)-e(z)-1(5)-0

By the existence theorem for zeros of continuous
functions, we know that the existence of

6, € (O%j makes h(&,) =0, ie.

f(6,) = 9(6,) .And because of f(6,)g(4,)=0
thereis f(6,)=9(6,)=0.

Thus the chair problem is solved: if the floor is a
smooth surface, there must be a direction in which all
four feet can land at the same time, and this can be
achieved by simply turning.

3 Optimal design of cans

3.1 Formulation of the problem

In daily life, many beverages are packaged in cans.
Due to the high volume of beverage sales, beverage
producers must consider minimising the material used
to make the cans in order to reduce costs. How to design
the cans so that the material used to make them is min-
imised? [2]

3.2 Model assumption

(1) Approximate the can as a right circular cyl-
inder, the opening device and other designs of the upper
and lower bottoms are ignored.

(2) Let the thickness of the side walls of a can

be b, the thickness of the top lid be ab, the thickness
of the bottom be fb, and the volume of the material
used be T ,here o> >1, mark K=o+ f .Let the
volume of the can be V , the internal radius be r and
the internal height of the can be h.According to the
analysis of the problem, b and V are fixed parame-
ters, o and /3 are parameters to be determined, I and
h are independent variables and T =T (r,h) is the
dependent variable.

(3) The actual situation shows that b[] r,

Thus in the expression for T , the terms involving b?,

b?, etc. can be ignored and the resulting approximate
expression is treated mathematically.

3.3 Modelling
Under the assumed conditions, the volume of ma-
terial used in the can is

T =[a(r +b)? - zr*Jh-+z(r +b)2ab+z(r +b)? fb
= 7b(2r +b)h+7Kb(r +b)?
= 27brh +7h?h+ 7bkr? + 272kb?r +7kb?

~ 27brh+ zbkr? (@)
3.4 Model solution
The volume of the can is\V = zzr?h, then

\
h= — (5)
nr
substituting equation (5) into equation (4) yields
= 2b—V+ abkr?, (6)
r

derivation of both ends of equation (6) with re-
spectto I, we have

2bV

T'=2mbkr- ==, @
r

let T'=0, solve for the only stationary point

3
r = /i . due to
7k
4hV

T"|_.= 27k +—>0,
r=r r

so r” is the point of minimum value, at which
point we have

h"=kr",

3 3 2
Toin = Zb,}/ +7bkr? = 2bV ‘/n_k + kb 4/ \g 5
r Vv K

3 3

=3b VakV? =3b z(a+ B2 .

Mathematics comes from life and is used in life,
mathematical modelling makes us feel more deeply the
connection between mathematics and reality and the
wide range of mathematical problems, and makes us
understand the importance of learning mathematics
more deeply.
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Secondary deformations of the dentition can be observed both with preserved dentition in cases of multiple
carious lesions of the occlusal surfaces of teeth, anatomically incorrect restoration of the occlusal surfaces of the
crowns of chewing teeth or their contact surfaces after filling, and with partial loss of teeth in all age groups. With
preserved dentition, secondary deformations are more common in young people aged 18-25 years; they can also
appear in children with untimely removal of baby teeth, caries, bad habits, etc. Key words: dentition, defects,

secondary deformations.

Keywords: dentitions, defects, secondary deformations.

The dental arch is a single whole, as it includes the
alveolar process, in which the roots of the teeth are lo-
cated, and the existing contacts between the teeth.
When one or more teeth are lost, a defect in the denti-
tion occurs, and the unity of the dental arch is disrupted,
resulting in the creation of new conditions for the func-
tional activity of the masticatory apparatus [1]. Second-
ary deformations as complications after tooth extrac-
tion can occur at any age [2,14,16]. Risk factors for
tooth loss are most often caries and its complications
(pulpitis, periodontitis), periodontal disease, tumors,
and often trauma due to accidents [7,16]. With the de-
velopment of secondary deformations of the dentition
against the background of anomalies of the dentoalve-
olar system, the pathological symptoms characteristic
of anomalies and deformations with partial loss of teeth
are summarized [11]. Interventions for the removal of
individual teeth are accompanied by persistent morpho-
functional disorders in the dental system, which are
characterized by displacement of individual teeth in
different directions, atrophic or hypertrophic processes
in the bone tissue of the alveolar processes [1,2,14].
Disturbances in the bone structure are observed not
only in the area of extracted teeth, but also in the area
of their antagonists and even in the area of intact teeth
on the opposite side of the jaw, which makes the prob-
lem of treating this pathology one of the most pressing
[19]. Data on the prevalence of pathology vary signifi-
cantly, which is due not only to the timing of observa-
tions, but also to many other physiological and social
factors. The occurrence of deformations after tooth ex-
traction is observed in 20.75% of patients, in older age
groups they occur in 78.6%, and with unilateral end de-
fects in 97.3% of individuals they are accompanied by
secondary deformations [15]. Secondary deformations
are manifested by the movement of teeth towards the

defect, vertical movement of teeth (Popov-Godon phe-
nomenon, when a tooth, devoid of antagonists, moves
vertically into a defect in the dentition, the distance be-
tween its occlusal surface and the alveolar process of
the edentulous area of the opposite jaw decreases, or the
tooth touches the mucous membrane , inclination of
teeth to the lingual, palatal or buccal side), rotation
around an axis, fan-shaped divergence of teeth during
periodontitis [3,4]. Horizontal secondary deformations
occur after the loss of one or more adjacent teeth and
are detected when the position of the teeth limiting the
defect changes. The severity of the deformation directly
depends on factors such as the patient’s age, the time
elapsed after tooth extraction, the type of bite, and the
condition of the periodontal tissues. Secondary defor-
mations, complicating the clinical picture of partial
tooth loss, complicate the choice and implementation
of orthopedic treatment, and in some cases make it im-
possible [12]. The loss of lateral teeth in the absence of
antagonists leads to deformations not only of the denti-
tion, but also of the bite. One of these deformities is a
malocclusion with a posterior shift of the lower jaw. A
form of declining bite occurs. The developed stage of a
declining bite is characterized by the localization of the
pathological process within the dentition and its transi-
tion to the temporomandibular joint. This pathology re-
quires long-term orthodontic and then orthopedic treat-
ment [6,18]. After the early removal of primary teeth in
children, the adjacent teeth tilt in the body and tend to
move towards the missing tooth. At the same time, the
dentition is shortened and often narrowed. In connec-
tion with the premature removal of milk teeth, there
may also be a delay in the eruption of permanent teeth
or their early eruption, a change in the location of the
rudiments of permanent teeth. All this leads to defor-
mation of the dentition [14]. Today, there are several
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classifications of secondary dentition deformations.
One of them is built on a morphological principle and
includes six groups: 1. Includes dentition, the defor-
mation of which occurred due to the vertical dentoalve-
olar elongation of the upper teeth (one-sided or two-
sided). 2. Deformation due to vertical dentoalveolar
elongation of the lower teeth. 3. Deformation due to
mutual vertical dentoalveolar elongation of the upper
and lower jaws. 4. Deformation with sagittal displace-
ment of teeth (medial and distal). 5. Dentition with lin-
gual, palatal or buccal displacement of teeth. 6. Defor-
mation that arose due to the combined displacement of
teeth (fan-shaped divergence of teeth, rotation and in-
clination) [2,3,13]. When studying dentofacial defor-
mations and clinical manifestations of the Popov-Go-
don phenomenon, 2 main forms of pathology were
identified: the first form - simultaneously with tooth
displacement, there is a visible increase in the alveolar
process without bone resorption, exposure of the tooth
root and the formation of a periodontal pocket. The sec-
ond form - tooth displacement is accompanied by the
phenomena of atrophy of periodontal tissues and expo-
sure of root cement. Visible increase in the alveolar
process with slight (within 1/4) periodontal resorption;
There is no increase in the alveolar process; resorption
of periodontal tissue is detected at a level of half or
more. In this case, the following possible directions of
tooth displacement are distinguished: vertical, medial
inclination, distal inclination, inclination in the oral di-
rection, inclination in the vestibular direction, com-
bined displacement [4]. Normally, chewing pressure is
redistributed over the entire dentition. As soon as a de-
fect in the dentition occurs, conditions are created that
disrupt the normal distribution of chewing pressure, ul-
timately leading to traumatic overload of individual
groups of teeth and the emergence of a traumatic node
[1,3]. It is observed in a decompensated state of the af-
fected dental system. Can be single or multiple, located
on one or both rows of teeth. It can develop not only as
a result of tooth loss, but also with anomalies of the
teeth and bite, approximal caries, incorrectly applied
fillings, the production of an artificial crown that in-
creases the bite, uneven wear of teeth and, as a rule,
periodontal disease, when the intra-alveolar part of a
tooth or several teeth is shortened as a result of atrophy
alveolar process [13]. The reflected traumatic node is
characterized by a pathological condition in the area of
the anterior teeth, caused by changes occurring in both
groups of chewing teeth. When chewing teeth are lost,
all the pressure is transferred to the area of the front
teeth. But at the same time, they must perform not only
the function of chewing food, but also the function of
chewing. Symptoms in the area of the anterior teeth are
pathological abrasion, leading to a decrease in bite.
With pronounced damage - speech impairment,
Costen's syndrome [11]. The main cause of pathologi-
cal processes in the temporomandibular joint is a de-
crease in bite. Secondary deformations cause an adap-
tive compensatory reaction on the part of the TMJ tis-
sues. Clinically — arthropathy (crunching, clicking or
pain in one or both joints during chewing or talking,
sometimes there is limited mouth opening, decreased
hearing, congestion in the ears, dull pain in the ear area,

radiating to the parietal and occipital regions) [1,13 ].
In order to normalize the occlusal surface and create
correct occlusal relationships during subsequent pros-
thetics, the following is used: the method of selective
grinding of the cusps; orthodontic treatment; hardware-
surgical method - a combination of sequential disocclu-
sion with preliminary corticotomy; surgical method is
removal of displaced teeth [17]. The dentition repre-
sents the unity of the chewing organs of the teeth, act-
ing in collaboration. A tooth can function normally
only in the dental arch, which in turn plays a full role
only if it is continuous. The removal of even one tooth
disrupts the normal distribution of chewing pressure,
and individual teeth become overloaded. In this case,
chewing pressure from a factor stimulating metabolic
processes in the periodontium turns into its opposite - a
factor of destruction [8]. Deformations of the dental
system usually intensify, their treatment becomes
lengthy and usually requires the use of various ortho-
dontic appliances and surgical interventions. Therefore,
at present, no one doubts the importance and necessity
of early detection and treatment of dentoalveolar anom-
alies and deformities, and this is only possible with dis-
pensary observation of children by a dentist [9]. Mod-
ern elastopositioners of various designs are effective
for the prevention of secondary deformations of the
dentition in children in the period of early mixed denti-
tion. Timely pre-orthodontic correction of myofunc-
tional disorders in children with the help of early ortho-
dontic treatment using individually sized standard elas-
topositioners and myogymnastics makes it possible to
normalize the occlusion of the dentition, restore the
function of the masticatory apparatus, and optimize the
formation of the dentofacial system in the process of
growth and development of the child [10].

Conclusion.

Thus, secondary deformations of the dentition are
a common pathology, leading to disruption of the entire
dental system, which requires rational comprehensive
treatment. Increasingly, orthodontic treatment precedes
orthopedic treatment, allowing in many cases to avoid
the removal or grinding of displaced teeth.
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Impacted dislocation (embedded dislocation, tooth intrusion or intrusive luxation) is a partial or complete
immersion of the tooth crown into the alveolus, and the root into the jaw bone as a result of trauma [3-5]. Accord-
ing to the literature, impacted dislocation occurs in 21.9% of cases of injury to temporary teeth and in 3.5% of
cases of injury to permanent teeth in children [1, 3]. With an impacted dislocation of a temporary tooth, injury to
the rudiment of the corresponding permanent tooth is possible, which can lead to its death, non-carious lesions of
the permanent tooth (yellow spots, grooves on the enamel, Turner’s tooth, microdentia), violation of the timing of
eruption, change in the position of the erupted permanent tooth in the dentition and others [1-2, 5].

Keywords: impacted dislocation, treatment methods.

Medical tactics for impacted dislocation depends
on many factors: the state of health of the child, his age,
the condition of the tooth crown, the degree of for-
mation of the tooth (in primary teeth and the degree of
resorption of the tooth root), the condition of the peri-
apical tissues, the depth and direction of the intrusion,
the course of the inflammatory process that occurs after
the injury . In practice, impacted primary teeth are most
often removed. The so-called “wait and see” tactics are
used in the case of impacted temporary teeth with un-
formed roots with shallow intrusion. In case of im-
pacted dislocation of permanent teeth, the tactic of non-
intervention (waiting) is used much more often. How-
ever, impacted permanent teeth are less likely to sur-
vive because permanent teeth are more likely to expe-
rience pulp necrosis, root resorption, or ankylosis after
intrusion [2]. Possible outcomes of treatment of im-
pacted dislocation can be: normalization of the position
and healing of the tooth, ankylosis of the tooth in the
impacted state, resorption of the tooth root, develop-
ment of chronic apical periodontitis or root cyst, mal-
formations of permanent teeth, death of the rudiments
of permanent teeth with their subsequent sequestration.
The purpose of this study is to study the incidence of
impacted dislocation of temporary and permanent teeth
in children depending on gender, age, group of teeth,
and also to analyze the long-term results of their treat-
ment

Materials and methods.

We analyzed the medical records of 24 children
with impacted dislocation aged from 1 year to 11 years,
who were hospitalized in the department of maxillofa-
cial surgery (maxillofacial surgery). Of these, 18 chil-
dren had impacted dislocation of 28 temporary teeth, 6
patients had impacted dislocation of 12 permanent
teeth. We also studied archival material from 23 chil-
dren with impacted dislocation of teeth who sought

dental care at the clinic’s emergency department in
2006-2007. We examined 7 children after the intrusion
of 13 permanent teeth (4-5 years after the injury, 6 teeth
were observed, 2—-3 years — 4 teeth, 0.5-1 year — 3
teeth) and 15 children after the intrusion of 20 tempo-
rary teeth (4 -5 years after injury - 3 teeth, 2-3 years -
9 teeth, 0.5-1 year - 8 teeth). To assess the outcome of
impacted dislocation of temporary and permanent
teeth, clinical criteria were used: the presence of a dis-
located tooth in the socket, its stability, the color of the
crown, pain on percussion, the condition of the mucous
membrane, the position of the tooth in relation to neigh-
boring teeth and antagonist teeth. In the absence of a
temporary tooth and the presence of a permanent one,
the timing of the eruption of the permanent tooth was
specified, attention was paid to the shape of its crown,
and the presence of non-carious lesions. All patients
with intrusion of permanent teeth underwent an X-ray
examination of the impacted teeth to determine the de-
gree of formation of the tooth root, the presence of in-
flammatory changes in the periapical region, possible
ankylosis, and, if indicated, an X-ray examination of
the impacted temporary teeth was performed.

Results and discussion.

Among all patients undergoing hospital treatment,
children with impacted dislocation of temporary and
permanent teeth averaged 2.65+0.54

It was revealed that impacted dislocation of tem-
porary teeth occurs 2.3 times more often than perma-
nent teeth (70.0+7.25 and 30.0+7.25%, respectively). It
should be noted that out of 28 impacted primary teeth,
25 (89.29+5.95%) were removed. It has been estab-
lished that impacted tooth dislocations occur 2 times
more often in boys than in girls (66.67+9.83 and
33.33+9.83%, respectively). Moreover, at the age of 1
to 5 years, such an injury occurs 1.4 times more often
than in children 6-11 years old (58.33 +10.28% and
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41.67 +£10.28%, respectively). The data we obtained as
aresult of the analysis of the group membership of teeth
with impacted dislocation indicates that in most cases
the teeth of the upper jaw (both temporary and perma-
nent) are subject to injury. In the primary dentition, the
intrusion of the central incisors is 53.57+9.6% com-
pared to the intrusion of other primary teeth (lateral in-
cisors, canines and first molars - 46.43+9.6%). In the
permanent dentition, only the upper incisors are in-
jured, with the central incisors being injured 2 times
more often than the lateral ones (66.67+14.21 and
33.33+£14.21%, respectively). Analysis of the causes of
impacted dislocation of temporary and permanent teeth
in children on the basis of anamnestic data revealed that
the most common cause of this pathology is household
trauma (a blow to household objects, trauma in an or-
ganized group) - 54.16+10.39%. Street injury (fall on
the street, from a bicycle, hit by a swing, etc.) is
29.17+9.48%, injury as a result of an accident is
4.17+4.17%. In 12.5+6.9% of cases, the cause of injury
was not indicated in the medical history. Long-term ex-
amination of children showed the following. Of the 20
temporary teeth with impacted dislocation, 8
(40.0+11.24%) were missing from the socket due to
their removal, 3 teeth had already been replaced. Of the
9 preserved temporary teeth, 2 (22.22+14.7%) had first
degree mobility, not associated with physiological
change. The crowns of 9 previously impacted tempo-
rary teeth are not changed in color, percussion is pain-
less, the mucous membrane in the area of these teeth is
pale pink. When assessing the position of the teeth in
the dentition, it was revealed that 6 of 9 impacted tem-
porary teeth (66.67+16.67%) occupy the correct posi-
tion, 3 teeth (33.33+16.67%) are located above the oc-
clusal plane and rotated along the axis . X-ray exami-
nation revealed that in 6 out of 8 (75.0+16.36%)
children with impacted dislocation of primary teeth, the
X-ray picture corresponded to the age norm (there were
rudiments of permanent teeth, the cortical plate of the
rudiments was not damaged, in 2 cases (25.0 £16.36%),
the radiograph revealed foci of bone tissue destruction
in the area of the apexes of the roots of impacted tem-
porary teeth, of which in 1 case (12.5+12.5%) there was
a violation of the integrity of the cortical plate of the
permanent tooth germ. The crowns of 3 permanent
teeth. erupted in place of impacted temporary ones,
have chalky spots on the cutting edge (Fig. 9), the shape
of the crowns is not changed, percussion of the teeth is
painless, the timing of their eruption and position in the
dentition correspond to the norm. Of the 13 impacted
permanent teeth, 4 (30.77+13.32%) were missing from
the socket due to their removal soon after the injury. 3
teeth, out of 9 teeth available in the oral cavity,
(33.33+16.67%) had degree | mobility, on the crowns
of 3 teeth (33.33+16.67%) chalky spots were noted in
the area of the incisal edge. Percussion of all permanent
teeth with intrusion is painless, the mucous membrane
in their area is pale pink. 6 teeth out of 9 impacted per-
manent teeth (66.67+16.67%) occupied the correct po-
sition in the dentition, 2 teeth had a supraocclusal posi-
tion (22.22+14.70%), supraocclusion and rotation
along the axis - 1 tooth (11, 11+11.11%) . 6 out of 7

patients with impacted dislocation of permanent teeth
need orthodontic treatment (85.71+14.29%), only 2
people (28.57+18.44%) are treated by an orthodontist.
2 out of 7 people (28.57+18.44%) have a removable
denture in the oral cavity.

It was revealed that 5 out of 9 impacted permanent
teeth (55.55+17.57%) have a radiological picture cor-
responding to the age norm; in 3 teeth (33.33+16.67%)
the roots are not fully formed, in the area of 1 tooth
(11.11+11.11%) inflammatory root resorption is deter-
mined. Conclusions 1. Children with impacted disloca-
tion of temporary and permanent teeth account for an
average of 2.65% of all children with traumatic injuries
of the maxillofacial area who were hospitalized in the
period from 2003 to 2007. 2. Impacted dislocation of
temporary teeth occurs 2.3 times more often than per-
manent teeth; in temporary and permanent dentition, it
occurs more often in boys than in girls and 1.4 times
more often at the ages of 1 to 5 years, and in most cases
the central incisors of the upper jaw are damaged. 3.
The most common cause of impacted dislocation of
temporary and permanent teeth is domestic trauma as a
result of a fall (54% of cases). 4. Enamel hypoplasia
was detected in all permanent teeth that erupted after
impacted temporary dislocation; a third of permanent
impacted teeth have chalky spots on the crown. 5. Ad-
vancement of permanent teeth after impacted disloca-
tion and normalization of their position in the dentition
were noted in 67% of cases; inflammatory resorption of
roots was observed in 44% of cases. Thus, impacted
primary teeth in most cases must be removed. The wait-
and-see tactic in relation to permanently dislocated
teeth is justified and gives positive results. However,
only long-term observations of children who have suf-
fered trauma to primary teeth make it possible to defin-
itively diagnose post-traumatic disorders of permanent
occlusion.
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Abstract

The article presents the main causes of thromboembolic complications in limb bone fractures. The main
causes of complications are violations of the rheological properties of blood in severe monolocal and multiple
fractures. At the same time, severe traumatic shock, which accompanies most severe fractures of the bones of the
extremities, is the trigger for the development of rheological complications. Modern diagnostic techniques make
it possible to accurately determine violations of blood rheology at various stages of the development of a traumatic
disease. One of the most advanced and reliable methods currently is "Thrombodynamics". The main directions of
prevention of this complication have been identified. The role and importance of "damage control" in severe injury
to limb bones have been reliably confirmed.

AHHOTALUA

B craTtee MNpeACTaBJICHBI OCHOBHBIC IPUYHHbBI PA3BUTHSA TpOM6OSM6OJ‘II/I‘IGCKI/IX OCJIOKHESHUH Ipu repejiomMmax
KocTell koHeyHOCTeH. OCHOBHBIMH MNpUIUHAMU pPa3BUTHUSA OCJIOKHEOHUH ABJISAIOTCS HapyHmeHus peoJOrn4eCKux
CBOMCTB KPOBH MPU TAKEIJIbIX MOHOJIOKAJIbHBIX 1 MHOXKCCTBCHHBIX IIEPEIOMaAXx. HpI/I 9TOM, TSKEJIBIA TpaBMaTH4C-
CKHH 110K, COHpOBO)KI[aIOHII/Iﬁ OOJIBIIMHCTBO TSHKEIBIX MepeioMoOB KOCTEH KOHEYHOCTEH SIBIISIETCS ITYCKOBBIM M€-
XaHU3MOM Pa3sBUTUA PEOJIOTHYCCKUX OCJI0KHEHHUH. COBpeMeHHHe METOAUKHN NUATrHOCTHUKHU ITO3BOJISIKOT C 6OJ'IB—
10} TOYHOCTBIO ONPEACTUTH HAPYIICHUS PEOJIOTHH KPOBH Ha PA3NIWYHBIX 3TalaxX pPa3BUTHS TPaBMaTHUECKOH 60-
ne3nn. OnHOW w3 Hambojiee COBEPIICHHBIX M JIOCTOBEPHBIX METOAWK B HACTOSIIEE BpeMs SBISETCS
«TpomboanHamuKay. OnpeeneHsl OCHOBHBIE HANPABJICHHUS MPO(MIAKTHKHA JAHHOTO OCIIOKHEeHHA. [locTOBEpHO
MIOATBEPKIEHBI POJIb U 3HAUEHUE «KOHTPOJIS OBPEXKIECHUI ITPU TAXKENON TpaBMe KOCTEN KOHEUHOCTEH.

Keywords: severe injury to the bones of the extremities, disorders of blood rheology, thromboembolic com-
plications, "Thrombodynamics".

KiroueBble ci1oBa: TsDKenas TpaBMa KOCTeH KOHG‘JHOCTeﬁ, HapyumeHus peoJIoruu KpoBy, TpOM603M60J'II/I‘IG—
CKHE OCJIOKHCHMUA, ((TpOM60)II/IHaMI/IKa».

AKTYaJIbHOCTb TPo0JeMbl. TpomM0O03bl TIy00-  MO3ra SBISIOTCS BAKHBIMHU OCJIIO)KHEHHUSIMH B ITPOTHO-

KHX BEH HW)KHUX KOHEYHOCTEH, a TakiKe TPOMOOIMOO- ~ CTUYECKOM OTHOIICHHH TEYCHUSI TSIKEIOH IMOJIHT-

muu JierouHon aptepuu (TDJIA), cocyloB TOJOBHOTO  paBMbI KOCTEH KOHEUHOCTEH B paHHEM TNEPHOE TPaB-
MaTHYECKON OOJIe3HN.
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OCTphIil MEepHOJ TSHKETIOW COYETAaHHOW TpPaBMBbI
XapaKkTepU3yeTCs yKe COCTOSBIIEHCA aKTHUBALUEH CH-
CTEMBI TeMOCTa3a 3a CUeT HapyIIEHHs [IeIOCTHOCTH CO-
CYAMCTOH CTEHKH, MOMNaJaHusi B KPOBb OOJBIIOTO KO-
JMYECTBa TKAaHEBOTO TPOMOOILIACTHHA, HApPYyLICHUS
(ctaza) kpoBotoka (bonmapenko A.B., Ileneranuyk
B.A., 2002). AHanu3 reMoKoaryIsuOHHON aKTHUBHO-
CTH KPOBH I10Ka3aJj, YTO OHAa UMEET MaKCUMAaJIbHOE 3Ha-
YeHHE Ha BTOPOI HEIeIIe IOCIie TPAaBMBI U IPEBHIIIACT
HOpMy B 2,9 pasza. Ilokazatenm mnpuOmmKaroTcs K
HopMe uepe3 8 — 12 Henens. [lpu 3ToM, Ha NIPOTSHKEHUU
3TOTO IEPHOa BPEMEHU COXPAHSIETCS PUCK Pa3BHTHUS
TpoMOOIMOOIIIecKX —oclokHeHnH (MexeOunmkas
J1.O., Tpodumosa E.1O., bsumuk E.U., CemenoBa M.H.,
2009).

YacToTa BOSHUKHOBEHHS TPOM0O03a IITyOOKHX BEH
HIDKHUX KOHEYHOCTEH y MOCTPaAaBIINX C MOJUTPaB-
Moii coctaBisieT oT 60 1o 90% (Mexeburkas JI1.O.,
Tpodumora E.1O., bsumuk E.U., Cemenora M.H., 2009;
GreenfieldL.J., ProctorM.C., 1997; Palement G.D.,
Mendelson C., 1997). Ocobyro rpyITy cOCTaBIISIOT I1a-
IIUCHTHI C TIOBPEXACHUAME KOCTEH Ta3a W monmgpar-
MEHTapHBIMH TIepeJioMaMi OeIpeHHON KOCTH: B ITOU
rpymIe 00IBHBIX TPOMOO03 TITyOOKHX BEH Ha0III0JacTCs
B 35 — 85% ciyuaes, u3 Hux B 2 — 10% ocnoxHsaeTcs
TpomboaMOoKeit nerounoit aprepun (MexeOuiKkas
J1.O., Tpodumosa E.1O., bsutuk E.W., Cemenosa M.H.,
2009; Hemuenko H.C., Camoxsano M.M., Ilerpos
A.H., T'onoeko K.II. [u ap.], 2011; MontgomeryK.D.,
1996). [1pu 3TOM, 110 JAHHBIM PsiJia aBTOPOB, ¥ 85% mo-
CTPAJaBIINX C TOJHUTPAaBMOW MMEET MECTO OCCCHMII-
TOMHOE TEUCHHE TPOMOOIMOOINICCKUX OCIOKHECHUH
(CoxooB B.A., 2005; Mexeoburnkas J1.O., Tpopumosa
E.1O., bamuk E.U., Cemenora M.H., 2009; Napolitano
L.M., 1995; Montgomery K.D., 1996).

[lo pmanmspim HUUM  ckopodt mnoMomm HM.
H.B.Cximudocoperoro (JI.LO.Mexebuiikas ¢ COaBT.)
TpoMOO03bl BEH HIPKHUX KOHEYHOCTEH Pa3IMyHON Mpo-
TSOKEHHOCTH BBIABICHBI Y 39,6% 00ce10BaHHBIX Ia-
IIHEHTOB C PA3IUYHBIMU TI0 TSDKECTH MOBPEKICHUSIMU.
B nepByto Hezpento nociie TpaBMbl Ha ()OHE KPOBOIIO-
TepH, IIO0Ka TPOMOOIMOOTNUECKIE OCIOKHEHNS UMENN
MecTo y 27% noctpagaBmux. OCHOBHas 4acTh TPOM-
00>MO0TMYECKUX OCTOKHECHHUH MpHUILIAch HA 2 U 3 He-
nenu (73%). OToMy cocoOCTBOBAIIN IITUTEIbHAS M-
MOOMIIM3AIHSL, BEIHYKAEHHOE MOJ0KEHHE KOHEYHOCTH
B TUIICE M HA CKEJICTHOM BBITSDKEHUH, AedopMaus 1
C/IaBJICHHE BEHO3HBIX CTBOJIOB OKPYXXAIOIIMMH MST-
KUMHU TKaHIMHU. B 3Tol cuTyanum, u3-3a 3aTpyJgHEH-
HOTO OTTOKa IT0 BEHaM T'OJICHH, Ha 2 — 3 HeIeJH 1mocie
TpaBMbI (POPMUPOBAINCH JUCTATBHBIE TPOMOO3BIL. Y
OTICpUPOBAHHBIX MAITUEHTOB B 66,7% ciy4aeB yiabTpa-
3BYKOBBIE NpPH3HAKW TpomOo3a OBUTH BBISBICHBI Ha
HEpBOIl HeJlene Mocie onepanuy, U3 HuX y 26% mnanu-
€HTOB — B NepBble 72 yaca. B npoBeaeHHbIX Ucchneno-
BaHMSAX OTHOCHTENIbHAs 4acTOTa TPOMOO30B y OIepH-
POBaHHBIX MOCTPAIABIINX HIXKE, YeM B TPYIIIC MAllH-
€HTOB, HaXOAMBIINXCS Ha KOHCEPBATHBHOM JICUEHMH,
YTO OOBSICHAETCSI YMEHBIIEHHEM CPOKOB IIpeaolepa-
IIMOHHOH ITOATOTOBKH, CHIDKCHHEM TPAaBMATUYHOCTHU H
JUTATEIIFHOCTH OTIEPaTHBHOTO BMEIIATEIHCTBA, paHHEH
AKTUBHU3AIMH TMAIMEHTOB B MOCJICONECPAIIMOHHOM IIe-
puone (Kpaserr H.C., PeutoB A.U. 2011; ITetpoB A.H.,

CamoxsasioB M1.M., bananos B.U., [Iporuenko A.A. [u
ap.], 2011;CamoxBanos .M., 3aBpaxxkunoB A.A., Ilet-
poB A.H., 2012), ITpu sToMm, K akTopam, criocoOCTBY-
IOIIMM 00pa30BaHMIO [TOCIIEONEPAIIMOHHBIX TPOMO030B
OTHOCSITCSl TIPOAOJDKUTENIBHOCTE W TPaBMaTHYHOCTh
ollepalyy, BEJMYMHA KPOBONOTEPH, MEXaHHMYECKOe
BO3/IeiicTBIE HAa BEHO3HBIE CTBOJIBI IPH BBITIOIHEHUHT
pEmo3uLUK IepesioMa, B HEKOTOPBIX CIIydasx — Heo0-
XOIMMOCTh pPabOTBl XHpypra BOJH3H COCYIHUCTOTO
ITy4Ka, YTO MOATBEPXKIAECTCS BBICOKUM YPOBHEM IIO-
CJICONEPAlMOHHBIX TPOMOO30B B TPYIIE IAINIEHTOB,
KOTOPBIM IIPOU3BOAMIICS OJHOMOMEHTHBIH OCTEOCHH-
Te3 AByX M OoJee mepenoMoB. B 3Toif rpymie 60IpHBIX
HEOOXOANMO YBEIUYUBATH JO3UPOBKY HU3KOMOJIEKY-
JIIPHBIX renapuHoB. OTMe4YeHo, YTO MOCie MPOBEICH-
HOTO ONEpaTHMBHOTO BMEIIATENbCTBA IMPOUCXOAUT
ObIcTpoe «pacrpasieHue» AehOpMHPOBAHHON BEHBI,
HOpMaJIM3aIysl BEHO3HOTo oTToKa (Mexeoburkas JI1.O.,
Tpodpumosa E.}O., bsmmk E.M., CemenoBa M.H.,
2009). Mo mamaeiv HUW CIT um. H.B.Cxmmdocod-
CKOTO, MaJIOMHBa3WBHbBIC, MaJOTPaBMAaTUYHBIC CIIO-
cOOBI OCTEOCHHTE3a KOCTEH KOHEYHOCTEH U Ta3a, B CO-
BOKYNHOCTH C MEIMKaMEHTO3HOH NpOo(MIaKTHKOMN
TPOMOOTHYECKNX OCIIOKHEHHH, TO3BOJIMIIN, 32 TIEPUO
¢ 1998 roma mo 2008 rox yMEHBIIUTH KOJIMYECTBO
TpoMO030B BEH HIDKHUX KOHE4YHOCTeH ¢ 63% 10 36,2%
(Coxonog B.A., 2005; Mexeouukas JI.O., Tpodpumosa
E.1O., bsanuk E.W., CemenoBa M.H., 2009). Oxanako,
HECMOTpS Ha SIBHbIE YCIEXH B NMPOQHIAKTUKE TPOM-
003MOOJIMUECKUX OCJIOHEHHUI NP THKEIIOH CKeer-
HOH TpaBMe, OCTaeTCs psi HEPEHICHHBIX BOIPOCOB,
CBSI3aHHBIX, B TIEPBYIO OYepellb, C ITOJA00POM BHIA U
MHIUBHUYaJIHOHM 036l aHTUKOATYJISTHTA.
Marepuajbl 1 MeTOAbI HCCJEAOBAHMSA. 32 MIPO-
weawui nepuoa 2015 rona yepe3 npueMHoOe OTAEIE-
aue LlenTpa TpaBMBI PecryOnnkaHCKO#M KIMHAIECKOM
6onpHuIEB! PT npomumn 60 mocTpagaBmux ¢ TSHKEIOH
TpPaBMOM KOCTEH KOHEUHOCTEH (TieperoMbl OelpeHHON
KOCTH, MHOXECTBEHHBIE IIE€PeIOMBI KOCTEHl KOHEYHO-
cTel 1 Ta3a). Bee mocTpagaBmne ¢ TAXKENOM CKeIeTHOM
TpPaBMOM OBLIM JOCTaBJICHBI B IPHUEMHOE OTIENICHHE
LlenTpa ¢ sIBIEHUSIMH TPaBMaTHYECKOT0 (KaK MIPAaBUIIO,
I-111-IV ct.) moka. Bece 310 TpeboBaiio mpuHATHS SKC-
TPEHHBIX MEp OKa3aHHs CIICIHAIN3UPOBAHHON MeEIH-
IUHCKOM rmoMonty. [Ipu nocTyniueHny naeHToB B Co-
CTOSIHUM TSDKEJIOTO TPaBMAaTHUECKOTO IIOKa Ha IIEpPBOE
MECTO BBICTYNAJIH NPOTHBOIIOKOBBIE MEPOIPUATHS.
Bech koMIuIeKkc 1e4eOHO-MarHOCTHIECKUX MEPOIPH-
ATUI TPOBOAMIICS HAa (JOHE MPOTHBOIIOKOBOI Teparuy.
OxazaHue 3KCTPEHHOH MOMOIIM MOCTPAIABIIAM OCY-
IECTBJISICS B YCIOBMSIX IIOKOBOM ONEPAaLlMOHHOM
MIPUEMHOTO OTJIENICHHS COTIACHO NMPHHIUITY KOHTPOJISA
nospexxaernii (damage control). ITpu 3Tom, ¢ yuerom
BU/Ia U TSDKECTH TOBPEXKACHUS, TSDKECTH OOIIEero co-
CTOSIHUS TIOCTPaJaBIINX, B COOTBETCTBHU C IIprkazom
M3 PO Ne233 or 09.06.2003r. «O06 yTBEp>KAEHHH OT-
pacieBoro craniapra «[IpoTokon BeneHHs OONBHBIX.
[Mpodunakrika TpomMOGOIMOOINN JIETOYHOI apTepuu
TIPU XUPYPTHYECKUX Y WHBIX MHBA3UBHBIX BMEIIATENb-
CTBaX», MPOBOAMIACH MPO(HUITAKTHKA BEHO3HBIX TPOM-
00OMOOTMYECKUX OCIOKHEHUH TIO0 OOIIENPHHATON
cxeme. B ycnoBusax knunuku tpaBmarosioruu PKbB oc-
HOBHBIM JICKAPCTBEHHBIM CPEICTBOM INPOPHUIAKTUKH
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BTO sBnsuics sr0Kcanapus B no3uposke 40 mr (4000
ME) B CyTKHM ¢ TIOCTIEAYIONTAM BO3MOYKHBIM yBEIIHIE-
HHEM J03UPOBKH 10 60 Mr.

JleueHne TSKeJIBIX MEPEIOMOB KOCTell KOHed-
Hocreii. [Ipopunakruka BTO. OcHoBHbIE Hampasiie-
HUS W 3Tambl JIe4e0HO-IMarHOCTHYECKUX MEpOTIpHs-
THH y NMAIMEHTOB C TSDKENIBIMU TEPEIoOMaMH IMpH T0-
CTYIUICHUH B NPUEMHO-AWarHOCTHYECKOE OT/EJICHUE
IIEHTPa — 3TO CBOEBPEMEHHOCTh AMArHOCTHKU BUIOB
MOBPEXICHNH, BKIIIOYAs MOJTHOLIEHHOE KITMHUKO-PEHT-
TEHOJIOTUYECKOE HCCIIEOBaHNE; CBOCBPEMEHHOCTh U
a/IeKBaTHOCTh OKa3aHWUs CHELIUAIN3UPOBAHHON, B TOM
YHCIIe, BRICOKOKBATH()UIIMPOBAHHON ITOMOIIH, BEIOOP
MeTo/1a JeUeHUsl, criocoba peno3uuy 1 GUKCaIIH T1e-
PEIIOMOB; CBOEBPEMEHHOCTh U NPaBHIBHOCTh BBIIOJ-
HEHUs J1e4eOHbIX MAaHUITYJISIIUI U OTIEPaTHBHBIX OCO-
OMii; MPEeeMCTBEHHOCTD B JICUCHUH MAIUEHTOB (TIPHH-
mun damage control). 3mech HEOOXOAMMO OTMETHTH,
YTO IOCJIEIOBATENbHOCTh OKa3aHUs MOMOINH, IIpOBe-
JICHNE KOMIUIEKCA JICYeOHBIX MEPOIPUSITHH, B TOM
YHCIIe, ONEPaTUBHBIX NOCOOHH, TOIKHBI IIPOBOJUTHCS
B COOTBETCTBHHU C BHAOM U TSKECTHIO MOBPEXKICHUH,
OTIPECTAIONIMMH BO3MOXKHOE PAa3BUTHE TpaBMaTH4e-
ckoit 6omeznn. OgHUM M3 Hamboiee BaXKHBIX JTAlloB
OKa3aHUsI CIICIIMAIN3UPOBAHHON 1 BHICOKOKBATH(UIIH-
pOBaHHOﬁ TMOMOIIU MMOCTpaAaBIINM ABJIACTCA MEAUKA-
MEHTO3Has NPo(UIaKTHKa BEHO3HBIX TpoMO0IMOOIH-
YECKUX OCJIOKHEHUH.

HpI/I TAXKEIbIX MOHOJIOKAQJIBHBIX W MHO>KECTBCH-
HBIX [IepeioMax KocTel KoHeUHOCTeH 6e3 yrpo3bl Kpo-
BOTCUCHHUH OMNEPAaTUBHBIC BMEIIATEIHCTBA BBIMOJIHSA-
I0TCS 1T0CTIE BBIBEJICHNUS [TOCTPAIaBIINX N3 IIIOKa U CTa-
OunMzany apTepuasibHOTO naBieHus. OnepaTuBHas
PETIO3HIHSI IEPEJIOMOB U CTA0MIIM3AIHS OTIOMKOB KO-
CTel ABISIETCS] BOXKHEHWIIMM MEpOTIPHATHEM, HaIlpaB-
JICHHBIM Ha yCTpaHEHHE HIOKOTeHHBIX O4YaroB W Mpo-
(bUITaKTHKY BO3MOXKHOTO Pa3BUTHA CHHAPOMA >KHUPO-
BOM 5MO00MMHM W HapymIeHHWH €O  CTOPOHBI
CBepThIBatOLIeH cucTteMsbl kpoBu. Hanbosee onpasaaH-
HBIM METOAOM JICYCHU NPU MNOCTYIIJICHUU MallUCHTOB
B CTalUOHAp Ha J3Talec MPUEMHO-AUArHOCTUYCCKOTO
OTACJICHUS ABJIACTCA LIpeCKOCTHI:-II‘/’I OCTCOCHHTC3 allra-
paramu BHemIHel ¢ukcanmu. [Ipu OTKPHITEIX Hepesno-
Max I10 3KCTPEHHBIM ITOKa3aHUsM HPOU3BOJUTCS Iep-
BUYHAs XUpypruueckas o0paboTKa, YpEeCKOCTHBIN
OCTEOCHHTE3 I10Jl BHU3yaJbHBIM KOHTposeM. Ilpum 3a-
KPBITHIX TIE€peoMax KOCTeH KOHEYHOCTEW OllepaTuB-
Hble BMEIIATEJILCTBA BBIOJIHIIOTCS 110 HEOTIOKHBIM
IIOKa3aHUWAM. Ol'[epaTI/IBHaH peno3nnudg JOCTUTACTCA
Ha OTIEPAallMOHHOM OPTOIEIUYECKOM CTOJIE; TPUMEHS-
€TCsl 3aKpBIThI YPECKOCTHBIM OCTEOCHUHTE3 armapa-
TaMU{ BHENIHEW (DUKCAIUH.

B xauectBe npopunaktukn BTOO Bcem narueH-
TaM B J€Hb MOCTYIUICHUS] Ha3HAa4YaJCAd HOKCANapHH B
no3upoBke 40 Mr. B kauecTBe KOHTpOJIS COCTOSHUS
CBEpPTHIBAIOLIEH CHUCTEMBI KPOBH, IOMUMO CTaHIapT-
HBIX TECTOB KOHTPOJIS, MBI puMeHsieM TecT «Tpombo-
JUHAMUKN» A OLIEHKU COCTOSHHSI CHCTEMBI IeéMO-
crta3a. IIlpuMeHeHne naHHOTO TecTa C y4eTOM HNpUH-
LUIa J0Ka3aTelbHON MEIULMHBI Jalo BO3MOXKHOCTh
MIPOCIEOUTH TTAPaMETPHI POCTa CIYCTKA y MALMEHTOB C
TSOHKEIION CKeJIEeTHOU TpaBMOil. C y4eTOM MOITydeHHBIX
JAHHBIX MPOU3BECTH KOPPEKIUIO TO3UPOBOK aHTHKOA-
ryiasHTa. B Hacrosee BpeMs NaHHBIM METOJ AUATHO-
CTHKH TIPIMEHEH Y 6 MaUEHTOB C TSXKEIBIMH IEpETIo-
MaMH KOCTeH KOHEUHOCTEH.

Kiaunndecknii npumep. Iamuent M., 1978 r.p.
MOCTYNUI B IIpUEeMHOe oTAeneHue LleHnTpa TpaBMaTo-
soruu PKB 10.04.2015r. ¢ nquarnozom: Tspxenas mo-
JUTpaBMa. 3aKphIThIe epeoMbl ¢/3 00ernx KocTeit je-
BOTO IIPEAIIIEYbS CO CMEIIEHHEM OTIOMKOB. 3aKpBIThIE
TIEPENIOMBI TUCTAIBHOTO 3rmMeTadu3a 00enx KocTei
MIPaBOTO MPEAIUICYbs] CO CMEIIEHHEM OTJIOMKOB. 3a-
KPBITBI TIepenioM ¢/3 mpaBoil OeApPeHHON KOCTH CO
CMEIICHHEM OTJIIOMKOB. 3aKpBITBIH Ype3BEPTENbHBII
TIepesioM JIeBOi OEAPEHHON KOCTH CO CMEIIEHHEM OT-
nmoMkoB. TpaBmarndeckuit moxk Il cr.

TpaBma mnonmyyeHa B pesynbrare  JTII
08.04.2015r. B IlenTpansHoi paiioHHOM OOJIBHHIIE MO
MECTY TOJy4eHHOH TpaBMBI BBIE3HONW Opuranoi
Tpasmuentpa PKb mpousseneHsl: peno3urys nepesuo-
MOB JIUCTAJILHOTO dNIUMeTadu3a KOCTeH MpaBoro npej-
Ieybs ¢ (PUKcaluei TUIICOBOM JIOHTETOH, orepamus
YPECKOCTHBIN OCTEOCHHTE3 allapaToM BHEIIHEH (uk-
canuu IepenoMa nuadusa npaBoil OepEeHHON KOCTH.
[lepenomsr neBOi OeApEHHON KOCTH, KOCTEH JIEBOTO
MIpeAIuIeYbsl MUHNPOBaHbl. [10 BRIBEEHHIO M3 IIOKA
TIepeBeIeH U JJIbHEHIIero jJe4eHust B TpaBMIIEHTP
PKB. T'ocriutanu3upoBaH B OT/ENECHHE pPEaHUMAIIUH,
MO YJIYYIIEHHUH OOIIEro COCTOSIHUS, IIepeBe/ieH B MPo-
¢bunbHOE OTENIeHKE TpaBMaTooruu. C y4eToM cocTo-
SHUS TAIIUeHTa, IPUHILUIIA KKOHTPOJIS IOBPEKACHUI,
MPOM3BEIEHBl OINEPAIlUN: OCTEOCHHTE3 4Ype3BEepTEib-
HOro mepenoma JeBoro Oenapa ¢ukcaropom JIBB,
OCTEOCHHTE3 TepesioMa IpaBoro Oeapa mrHdTOM C
OJIOKMPOBAHUEM C 3aMEHOTO anmnapara BHEIIHel (uk-
callMM Ha MTHQPT, OCTEOCHHTE3 NEpeIoMa KOCTEeH Je-
Boro npenmieybs wiactuHamu. 10.04. u 15.04.2015r.
IIpou3BeZieHo HccienoBanne «TpoMOOJUHAMHUKHY» C
LIEJIBI0 KOHTPOJISI COCTOSIHUSI CBEPTHIBAIOIEN CHCTEMBI
kposH (puc. 1.a, 0). B TeueHue Bcero BpeMeHH HaX0X-
JICHHS B CTAI[IOHApe MPOBOIIIACH AHTUKOATYJISTHTHAS
tepanus. [locie MpoBeAEHHOTO JICYEHHS TallNeHT BBI-
ITUCAH C YIIy4YIIEHHEM B yIOBIECTBOPUTEIEHOM COCTOS-
HUML.
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ME MCCheAnEaRKR: 5, Tun nnaame: Caewzn
eu: 100420155

WA BpEs: —, oTARNEHME: —

Aduarnos: —

fleKEpCTaERHER TEpaNKA: —

napauMETERl A0CTa crycTa aEcauasenan CHIR AR TALHENTD noana

Wit Tlzg 0.8

Eakamepes

sanaa v W

MKW Vi 34,5

28 648

s Vst

e =

Tez oTeyTeTa.

CHimum!
15 mne 30 muH

TexHUuSCHER UHdCpMaELE:

[ Kommermapsit: [rnegsoerynAgna

a).

Hassawuue uccnegosanma: 4, Tun nnaamer: Ceeman
0Obpasew; 150420154
Nevauuii 8pay: —, OTAGNEHME: —
Luarno3: Noautpasma
TlekapcTBeHHan Tepanus: —
oosHadenua NOX333HNA NaUMeHTa HopMa
MR/ MAH v 35,5 20-29

06-15

pocTa crycTia
CkopoeTs

3apepmKa pocTa MuaH Tlag 0,7

Hauansnan ckopocTs M an vi 68,4 38-56

CTauuoHapHan CKOPaETE MRAMAR Vst 35,5 20-29

800-1 200

Pa3mep crycrea uepes 30 mun i cs
Mnotsoers yen. ea. o 27 006 15000-32 000

BDEMA NOABNEHMA CNOHTAHHSIX
crycrkos

rH Tsp orcyTCTe. orcyrers,

Pasmep, mxm CHumKp:

5 MHH 15 mMnH 30 MuH

A S S S S S S |
5 10 15 20 25 30 35 40 45
Bpewms, man

TexHW4ecKan MHOOpMaLLMA:

KommeHTapuii: Tunepkoarynaumus

6).

Puc. 1. Hccneoosanue « Tpomboounamuxuy nayuenma M., 19782.p. (a — 6 denv nocmynnienus 8 CmayuoHap
Tpasmyenmpa, 6 — Ha 6-e cymxu npebbleanus 6 CmayuoHape).

Kak crenyer w3 npuBeNEeHHBIX NAHHBIX, IPH JH-
HaMU4YECKOM HaOJIIOACHHUH Y MAIlMeHTa C TSDKEJION Ho-
JIUTPaBMON KOCTE€H KOHEUHOCTEH MMEET MECTO YXYI-
LICHHE NI0KA3aTeJIel CBEPThIBAIOLICH CUCTEMBI KPOBU B
COOTBETCTBUM C IHUHAMUKOM pa3BUTHs TpaBMaTHue-
CKOM OoNe3HH. AHAJIOTHYHBIE JaHHBIE KOHTPOJISL
«TpoMOOAMHAMUKIY TIONydEHBI y BCEX 0OCIIemOBaH-
HBIX NAI[UEHTOB.

BriBoabl. TakuM oOpa3zoM, y Bcex oOcienoBaH-
HBIX MAIUEHTOB C TSHKEJION TPaBMOM KOCTEH KOHEYHO-
CTEeH UMEJI0 MECTO HAPYILIEHHE PEOJIOTUU KPOBH B CTO-
POHY THIIEPKOAryJIsILiH, KOTOpas ycyryousiiach nocie
3-4-X CyTOK 1oCjie OJIy4eHHOW TPaBMbI, YTO COOTBET-
CTBYET Pa3BUTHIO TPABMAaTHUECKOIl O0JIE3HU U ee mepe-
XOJy B TPETHil Mepruo]| — nepro;i HauboJsee BEposiITHOrO
pa3ButHa ocnoxsHeHui no E.K.I'ymanenko. C yuetrom
MOJIy9YE€HHBIX JaHHBIX C IEJIbI0 N30€KaHMsI BO3SMOYKHBIX
OCJIOXKHEHHH CO CTOPOHBI CBEPTHIBAIOLIEH CHCTEMBI
KpPOBH HEOOXOJMMO IIPOU3BOJHTH OIlEpaTHBHBIE BMeE-
IaTeJIbCTBA B PAaHHEM IIEpPHOJIe TPaBMaTHIECKOH 0o-
JIE3HH WUJIH, [0 MPUHLUIY «KOHTPOJIS MOBPEXKICHUN, B
Hayajle 4eTBEpTOr0 NepHoja TpaBMaTHUecKod Oo-
JIE3HH, KOTJja PUCK BO3MOXKHBIX OCJIOKHEHHH CBEJIEH K
MUHHMYMY.
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Abstract

In the article, the level of skills intended to become the subject of students in the teaching process of the
materials of the "Information, forecasts" educational unit, which is included in the content of the Mathematics
subject in the X classes of general education schools, is presented. In the formation of the aforementioned skills,
attention is directed to the technology of the content elements that carry the "opportunity stone crushing function"
in the "Information, forecasts" teaching unit and their transformation into action in the students' cognition
(adequate to the "movement-opportunity-new quality” paradigm). Based on the "System-structure™ dialectical
approach of the transformed elements in the "Information, forecasts” educational unit "Summary and selection.
Random selection and types. Presentation of information™, "Binomal openings”, "Bernoulli trials. Binomial tests”
it is considered appropriate to make it into a system on topics. It should be noted that the system of tasks (question,
problem, study) that serves as a means of organizing and managing the educational process for mastering the
content elements presented by the students should contain verbs that are required to be performed in the topics.

Examples of such assignments are included in the content of the work.

Keywords: Information; corpus; random selection; simple random selection, systematic random selection,
cluster random selection; stratified random selection; quantitative type (categorical) data; discrete numerical data;
body-cloud scheme; continuous numerical data; binomial openings; binomial tests.

The actuality of the subject. There are
recommendations that are useful to be adopted for
guidance in the teacher's activity in the currently used
textbook complex and various educational literature
about the teaching units, basic standards, sub-
standards, and defined topics in the subject of
mathematics. This is very useful in terms of teaching
the process of teaching mathematics according to the
curriculum model. It is not denied that continuous
improvement of the teaching process in the subject is
logical, most didactic problems are eternal. Of course,
as the experience of using the curriculum is formed, the
methodical system of the teaching process adequate to
it should be improved. Based on this logic, "Data,
forecasts” We claim the relevance of the study of the
topic "Methodical system of teaching the specified
subjects for the realization of sub-standards for the
educational unit (X class).

Scientific-methodical interpretation of
generalizations based on information obtained on the
basis of research.

In order to clarify the logic of the presented
scientific interpretation, let us note that, in addition to
referring to the forms and methods of scientific
cognition in the summarization of the materials
obtained on the research topic, "training and teaching
activity", "learning and mastering”, "content and

", "main standard with expected result",

content line",
"main standard with sub-standards", "system-whole-

part-element relationships™ were focused on (for more
information, see[2] ).

Scientific sources indicate that "training" and
"educational activity" are one of the main concepts of
pedagogy. Although training is an important
characteristic of educational activity, it does not cover
all aspects of it. Training, in the broadest sense of the
word, involves the acquisition of new knowledge, skills
and habits. However, learning and learning are
essentially different phenomena. Appropriation is an
integral part not only of the learning process, but of
every field of activity [1;150].

The analysis of the materials obtained from
scientific sources also leads us to the conclusion that
training is a way of implementing education, and the
fact that spiritual learning, memorizing what has been
learned, and acquiring the experience of creative
activity based on it depends on the way of learning (the
dialectics of the content and form of cognitive action).
Forming a model of educational implemen tation in
didactics is a perennial problem. [5]

Based on the idea of L. Bertalanfi to get to the
essence of many pedagogical concepts, to give an
honest scientific interpretation, in our opinion, it is a
successful approach, the "system-structural approach”
is a branch of dialectics that has gained the "status" of
development independence since the thirties of the 20th
century [9; 8].
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The technology of education implementation
(methodology in the traditional approach) has its own
system[10]. The expected result in the mentioned
technological system is determined by the state of
movement of the selected content. A technological
system is available for each educational unit. It is not
accidental that the selection of the educational unit is
brought to the center of attention in the design of the
mentioned system.[2-3]

In the process of teaching the topics covered in the
"Information, Forecasts" educational unit, students are
expected to become subjects of the following skills:

odetermines the selection according to the corpus;

oapplies selected research to the corpus;

oexplains the types of choices on examples;

oshows opening regularities of binomial power on
examples;

obinomial expresses the coefficient of the limits in
the opening with a combination;

orelates the coefficient of the limits in the binomial
opening to pascal's triangle;

opresents the basic conditions of Bernoulli's trials;

opresents Bernoulli's trials on examples;

oCreates a connection between Bernoulli tests and
coefficients of binomial openings.[4; 345]

Mastering the materials of the educational unit
"Information, Forecasts" students’ active mathematical
vocabulary with the following concepts - set, selection,
random selection, discrete data, continuous data,
binomial, binomial power, binomial opening, Pascal’s
triangle, complex numbers, real numbers, imaginary
numbers, from n degrees, allows to be enriched with n
number of roots and considerations related to them.[8]

It is recommended to take advantage of virtual
tools (important links for course teaching) and various
worksheets as an additional resource in teaching the
materials of the mentioned "Data, forecasts"
educational unit [11-17].

"Generality and selection. Random selection and
its types”, which is included in the "Data, forecasts"”
educational unit. It is recommended to allocate 5 lesson
hours for the teaching of the topic "Presentation of
information" [8]. The students are presented with the
following information about the concepts of "totality"
and "choice", which have their own place in this topic.

It is brought to the attention of the students that
the basic concepts of statistics and probability help to
evaluate the processes in the modern world more
correctly. When conducting research in both fields of
activity, the corpus covering the object and the selected
samples from the corpus, or in short, the selection, are
taken as the basis. According to the research conducted
on the basis of selected samples in statistics, the opinion
about the corpus is carried out. It is thought about the
example selected according to the probability of the
corpus. When conducting statistical surveys, samples
are usually formed by random selection. In this case,
each sample included in the corpus has the same chance
of selection. Randomization techniques also vary. [6;
162]

In the process of teaching the subject, students are
presented with four types of selection techniques and
the main features of each are explained. These are

simple random, systematic random, cluster random,
and stratified random. It is explained to them that in a
simple random selection, each element of the n -
element selection has the same chance of being
selected. In systematic selection, if k% selection is

planned, every element [%]-of the corpus is used.

Cluster selection also consists of multiple clusters. A
random selection is made from the clusters and all
elements of the selected cluster are examined. In
stratified sampling, the population is first divided into
strata, and then random selections are made from each
stratum. The teacher brings to the students' attention
that sometimes it is not possible to make random
selections for research. For example, dietitians have to
choose any diet menu not by random selection, but
among those who want to participate voluntarily. [7;
286-287]

"Generality and selection. Random selection and
its types. In the process of teaching the topic
"Presentation of information", students are taught
"correct choice" and "wrong choice" by their cognitive
activity. It becomes clear to the students that polling
organizations do not have the financial and technical
means to get the opinion of every person involved in
the topic. For this reason, they have to be satisfied with
learning the opinion of small groups. It is very
important to correctly identify the participants in the
survey. For example, it is impossible to get a true idea
of how many times a week the entire city population
does sports based on the number of people who come
to the sports center. Or, thinking about whether any
person will be elected as a member of the parliament by
conducting research in the collective where he works or
in the area where he lives, will result in a wrong
prediction.[4; 346]

Students should know that statistical data are
divided into two groups: quantitative and qualitative.
Quantitative data is expressed in numerical values.
Quality data is divided into categories. This data is also
called categorical data. Quantitative data-numerical
data are divided into two types: a) discrete, interrupted
numerical data; b) continuous numerical data. Discrete
numerical data refers to data determined by counting.
Continuous numerical data receive values that vary in a
certain range, usually as a result of measurement [6;
163].

It is necessary to bring to the students' attention
that it is important to choose a suitable graphic form
when presenting data. Therefore, when presenting
categorical and numerical data, the correct graphic
form should be chosen. In order to form the experience
of being able to choose appropriate presentation forms
for categorical information in students, it is important
that they be involved in practical activities based on
examples.

Students should recognize that there are
appropriate forms for presenting numerical data. To
present a limited number of discrete numerical data, it
is appropriate to use presentation forms such as
frequency tables, bar graphs, histograms, and tree-
branches. The representation form of continuous
numerical data is similar to the representation form of
grouped discrete data. Sometimes continuous
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numerical data is treated as discrete numerical data (and
vice versa). That is, it is difficult to determine the exact
border between them. The formation of students' skills
at the desired level is conditioned by the application of
task examples containing specific situations.

It is enough to devote 2 hours of study to the
subject of "binomial openings”. In the process of
teaching the subject, regularities in binomial openings
are explained with discussions, students are given time
to write several openings independently. Care is taken
to ensure that every student understands the
combination of coefficients. They are introduced to
"Pascal’s triangle™ and their attention is drawn to its
interesting features. It is said that Pascal's triangle was
named after Blaise Pascal, a French mathematician,
physicist and philosopher who lived in the 16th
century. 1 stands at the vertices of Pascal's triangle. All
lines forming a triangle start with a unit and end with a
unit. Each number in each subsequent row is equal to
the sum of two adjacent numbers in the previous row.
The number of numbers in each subsequent row is one
more than the previous one. In Pascal's triangle, the
numbers are arranged symmetrically. According to the
straight line through the vertex, the numbers on the left
and the numbers on the right are the same.

In the process of teaching the topic "Binomal
openings", students should learn to write a generalized
formula for a binomial opening. They should know that
the following a,b equation is true n > 0 for any
number and number:

(a+b)"*=Cla"b° + Cla™ bl + C2a™2b% + --- +
Cr11p™1 4+ Clra®b™.

"X""(Students should learn to write this formula in

short form using sigma):

(a+b)"—ZC" nokpi

Students should understand (a+b)" that the
opening of the binomial has a n + 1 number of limits.
The (k+1)-th term of the binomial series is given by

Trs1 = CXa™*b* where k = 1, 2, ..., n. In the
process of teaching this topic, students should acquire
the experience of utilizing the following considerations
as the subject:

¢ In the binomial expansion of degree n, there
are n+1 elements;

e The formula Ty, = C¥a™ *b* can be used to
find any term of the binomial expansion;

e The sum of the exponents of any term of the
binomial expansion is always equal to n;

e The sum of the binomial coefficients is equal
to2% CQ+Cr+-+CFl+Cr=2"

In addition to the above, students should also
know that the coefficient of the sum of the power of the
binomial and the binomial coefficient are different
from each other. Based on the example, it can be
visualized that (x + 2)° the coefficient of the third
sum in the division is 40, and its binomial coefficient
is.C2 = 10.

It is mentioned in scientific and methodical
sources that "Bernoulli tests. It is enough to devote 3
hours to teaching the subject "binomial experiments".
In the mathematics textbook used in X classes of

general education schools [7; 301] In order to clarify
the Bernoulli scheme, it is recommended to involve the
students in the training work as follows: The teacher

suggests %to the students that the probability of
winning the game (green ball coming out) and the
probability of losing (red ball coming out) will be 1-% =

%. Let's calculate the probabilities based on the number
of wins and losses in 4 games.
1)P( probability of winning all 4 games):% .

3 81

2 256
2)P( probability of defeat in all 4 games):% -% .
81
R;
3) Options for winning 3 out of 4 games and the
probability of each:

(Q,Q,Q,M) P(winner in all except fourth)= % .
3 .1_827,
4 4 256
(Q,Q,M,Q) P(winner in all except fourth)= % .
1 3_827,
4 4 256
(Q,M,Q,Q) P(winner in all except fourth)= % .
3 3 _827,
4 4 256
(MQ.QQ) P(win all but fourth)y= 7 -2-2.2
_827
=—
The number of possible options for a player to win
three out of four games can also be calculated with

overalls C} = :—: = 4. The probability of the variants is

A lw

3 3
4 4

3 1
equal to (Z) G) . The probability of this event can be

calculated as follows.
1
1

. . 3\3

P(winner in 3 out of 4 games)= C3 (Z) (Z) =4
27 1 _ 108
64 4 256"

Involvement of students in the investigation of
other situations in a similar manner benefits the
efficiency of the teaching process. Let's visualize our
idea:

4) The probability of winning two out of 4 games

1 3 1 9

isPQQMM)=2 211 (3 (1) - 2

4 4 4 4 256
Number of possible ways to win two out of four
games: CZ = ﬁ = 6.
That is, the probability of winning in each of the 6
cases is —.
256 ) 2
P(win two out of 4 games)= C? G) (3) =6-

4
9 1 54

16 16 256" o
4) Probability of Wlnnlng one out of 4 games

rammm=t 1= (0) () -
P(winner in one of 4 games)= Cj G) (3)3 =4 %-

4
1 12

64 256
Continuing the management activity in the
teaching process, the teacher says that we found the

probabilities of the team winning the game 4,3,2,1,0. If
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these probabilities are calculated correctly, their sum
should be equal to one:

P(4 wins)+P(3 wins)+ P(2 wins)+P(1 win)+P(0
wins)=1.

Let's check: = +222 432 ;12 . T 9

266 266 266 266 266

In order to generalize the information directed to
the students, the teacher explains that the described
problem is called binomial tests. Because in such
matters, it is possible to express the situations with the
limits of the appropriate binomial opening. For
example, the issue we are considering

(a+b)* =Cla* + Cia®b + C}a’b? +
C3ab® + C;b*corresponding to the binomial opening.
Binomial trials are also called Bernoulli trials.

If we express this opening with the variables p
(winner) and g (loser) corresponding to the situation in
question, it can be seen that each threshold corresponds
to the real situation in the binomial opening.

(p +@)* = Cip* + Civ’q + Cip?*q® +
Cipa® + Ciq*.

Where p is the probability of a successful event
(green subtraction) and p:;,q is the probability of a
failed (red subtraction) event, and q = %

At this point of the educational process, it is
desirable that the following conclusions are produced
by students: “Bernoulli test and probability: if the
probability of a successful event in N independent trials
is p, then m is the probability of a successful event, n-
M is the probability of an unsuccessful event

P(n in the trial, m successful)= C'p™q™ ™. The
Binomal test or Bernoulli test is only true if the
following conditions are met: 1) each test has only two
results.; 2) the number of trials is known; 3) trials are
independent; 4) each trial is equally likely”.

In order for students to master Bernoulli's test, it is
important to perform specially selected sample tasks
under the guidance of the teacher. The following tasks
can be considered:

1. Each of the 5 questions has 4 answer options.
Calculate the probability that Nargiz answers 4 out of 5
questions correctly. Explore the relationship between
opening a binomial and finding the probability.

2. Calculate the probability that three of the
children in a family of four are boys and one is a girl.

3. A coin was tossed 10 times. What is the
probability of the coin falling heads at least 8 times?

4. The probability that a basketball team will win

the game is g What is the probability that this team will

win three of the next 5 games?

5. The company places coupons on baby food
boxes in a sales campaign. A winning coupon is placed
in three out of every 20 boxes. What is the probability
that a customer who buys 5 boxes of baby food will
receive a winning coupon on 2 boxes? Use a calculator.

By the way, let's note that it is recommended to
take advantage of the following self-contained criteria
for the purpose of evaluation for the "Information,
Forecasts" educational unit:

1. Defines the technique of selection from the
whole.

2. Selects an appropriate graphical form to present
the information.

3. Writes the opening of the power of the binomial.

4. Calculates the coefficients of the binomial
opening.

5. Solves problems related
according to the Bernoulli scheme [8].

The result.

1) In the process of teaching the topics covered in
the educational unit "Information, forecasts", the
selection and application of task types should be kept
in focus so that students become subjects of verbs based
on expected results;

2) In the process of teaching materials for the
"Information, Forecasts" educational unit, the inclusion
of necessary terms in the content of students' active
mathematical vocabulary should be considered as an
important didactic requirement;

3) It is recommended to use virtual tools
(important links for teaching the course) and various
worksheets as an additional resource in teaching
materials for the "Data, Forecasts" educational unit;

4) Since the materials of the "Information,
Predictions” educational unit belong to the "Algebra
and Functions™ content line, in the real pedagogical
process both the whole (with the content covered by the
mathematics subject as a whole) and the parts
belonging to each content line (the sub-categories of the
other four content lines) dialectical unity (“system-
structure™ approach-whole-part relations) between
elements) should be expected,;

5) The expectation of the "opportunity-movement-
quality" paradigm in selecting tasks and making them
into a system has a positive effect on the efficiency of
the educational process.

to probability
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Abstract

In addition to internal factors specific to each child in the primary education system, several external factors
also significantly affect the development of reading comprehension skills. These factors include various aspects
of the child's environment, including the family, school, and community environment. Here, the positive and neg-
ative aspects of several external influences, as well as their collective and individual effectiveness, should be de-
termined. With the innovations created by the global education system, the common and different characteristics
of national and moral values have different possibilities of influencing primary school students in one way or
another. The article analyzes the external factors affecting the development of reading comprehension skills in the
primary education system, the influence of parents, teachers, and classmates, as well as the overall impact of
society on the educational process. At the same time, the potential of students to acquire more knowledge and
information is being studied since several technological achievements in the modern era have expanded access to
the virtual space. The article also provides a comparative analysis of external factors that affect the development
of individual skills of students and external factors that affect the collective reading comprehension process. Ad-

ditionally, it highlights the utilization possibilities of the most significant resources.

Keywords: Primary education, reading comprehension, external factors, role of family in education, school

environment.

Introduction.The researched topic is relevant for
all eras and has a particularly important content in the
conditions of a rapidly changing global education sys-
tem. Differences created by information and communi-
cation technologies increase the inequality of the edu-
cational environment between countries, and also elim-
inate a number of existing differences. Here, the
influence of mentality, natural climatic conditions, na-
tional and moral values, socio-material opportunities,
state policy, existing legislation and many other factors
is great. Updated pedagogical methods and quantita-
tive-qualitative relationships of training also play an
important role in the study of the influence of external
factors on primary education. The relevance of the topic
is also characterized by the fact that with the increase
of types and methods of education, evaluation systems
and the introduction of new concepts into education
(distance education, inclusive education, curriculum,
etc.), traditional teaching methods are rapidly losing
their basic form. The scientific novelty of the subject
consists of the pedagogical and psychological analysis
of the technological, project-based, virtual contacts of
the communicative reconciliation that occurs in the
new student-parent-teacher relations. The transition of
students from behind the desk to a tablet, computer, and
to communicate virtually although it reduces the role of
the husband, it increases the role of the family and par-
ents. Or, on the contrary, the role of the teacher is lim-
ited to mentoring for the students involved in the pro-
ject, and the importance of the students receiving col-
lective learning with their peers increases. However, in

both cases, the teacher has a special role, and teaching
is based on his potential skills in one way or another.
Teachers can help increase vocabulary through the ex-
plicit teaching of word examples and word-solving
strategies in a word-rich classroom context. The role of
the reading, spelling, and vocabulary teacher is to help
students develop "word awareness" and build an inde-
pendent vocabulary across all subjects (Landaverde ,
2013). There are several factors that are important to
note here. One of them is related to the negative aspects
of distance learning and studying at home. Parents' lack
of attention when children are reading can be a factor
that affects children's difficulties. The home environ-
ment is less conducive and children are more likely to
play at home and with the advancement of current tech-
nology, children are more focused on playing through
various electronic devices than reading books at home.
In addition to these factors, the lack of interest and mo-
tivation of the students themselves is also a factor that
affects the difficulty in reading (Rohimah, 2021).
Main external factors affecting primary edu-
cation

Family environment. There can be various situa-
tions, such as the participation of parents, grandparents,
older siblings. Parent involvement through activities
such as sharing what is read, creating a rich reading en-
vironment, and providing access to books has a signif-
icant impact on reading development. The possibilities
of the family environment influencing the education of
children deprived of parental care decrease, and in this
context other external factors come to the fore. At the
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same time, the socio-economic status of the family has
a significant impact on this issue. Access to educational
resources, quality materials, and stable living condi-
tions can influence reading comprehension progress.

School environment. Class size and student-
teacher ratio play an important role in the school envi-
ronment, which is the main place where traditional ed-
ucation takes place. Smaller classes and lower student-
teacher ratios allow for more individualized attention
and support for reading comprehension needs. The
quality of training is also evident in this matter. Effec-
tive teaching strategies, a variety of reading materials,
and a stimulating learning environment are critical to
developing reading comprehension. It is also important
to mention school resources here. Access to libraries,
technology tools, and a variety of reading programs en-
riches the learning experience and provides diverse ap-
proaches to reading development.

Social environment. The presence of libraries and
public education programs is important here. Access to
free or low-cost educational programs, libraries with di-
verse collections, and community events that promote
reading can significantly benefit students. For students,
museum trips, educational exhibitions, STEAM-format
programs can have a faster impact on increasing their
worldview and developing reading comprehension
skills. One of the most important factors here is soci-
ocultural factors. Cultural attitudes toward reading, ac-
cess to books in the mother tongue, and positive role
models within the community can have a significant
impact on reading motivation and engagement. Addi-
tional external factors include health and well-being, as
well as the availability of reading materials in various
foreign languages. Children's physical and mental
health, including their vision, hearing skills, and emo-
tional state, can affect their ability to focus and engage
with reading materials. Exposing a child to multiple
languages from an early age can develop cognitive
skills and potentially benefit the development of read-
ing comprehension. Understanding the influence of
these external factors allows teachers, parents, and pub-
lic education policy to work together to create support-
ive environments that help all children understand what
they read. By addressing these factors through targeted
interventions and initiatives, it is possible to ensure that
every child has the opportunity to develop strong read-
ing skills, an important foundation for success in school
and throughout life.

Organization of pedagogical work with exter-
nal factors in the development of reading and com-
prehension skills

Education-parent-teacher-community factors em-
phasize the collaborative approach needed to develop
reading comprehension in primary education. Depart-
ments within a school can work together to strengthen
these factors.

1. Creating a shared vision and goals. Leadership
team: Regular provision of additional reading together
with teachers, parents, special education, psychologist,
library staff is appropriate. Semantic reading skills can-
not be developed only by the teacher's external influ-
ences. It is necessary to involve the child himself and
those around him (parents and peers, other teachers) in

these processes. An equally important factor, the main
criterion for the development of semantic reading skills
is learning to read in time (Strunina, 2023). Setting
Goals: Clear, measurable goals should be set for grade
level reading comprehension. Common assessments
can be used to track achievement and development.
Communication strategy: It is possible to develop com-
munication channels such as parent meetings, work-
shops or online platforms to share goals and progress
with all stakeholders. In international practice, there are
various structural units related to the organization of
work in primary classes, the cooperation between
which greatly accelerates the development of reading
comprehension skills: the curriculum unit to ensure the
integration of reading comprehension into the educa-
tional system in various subjects that form the basis of
humanities and social sciences; a special education unit
to identify and address any learning difficulties affect-
ing reading comprehension; a library media services
section consisting of a library in electronic and paper
media that caters to various reading levels and interests;
a technology section to integrate technology tools (e.g.
audiobooks, digital learning platforms) that improve
reading comprehension, etc. In our country, it is possi-
ble to determine the effectiveness of teaching in gen-
eral, and the possibilities of influencing reading and
comprehension skills in particular, by creating units in
this format in a certain general education school and
testing them in the form of a pilot project.

2. Parent-teacher cooperation. Teacher training:
Professional development workshops should be orga-
nized for teachers on effective reading comprehension
strategies and techniques. The research potential of
teachers is not in the presentation of ready-made
knowledge, but rather in independent research in order
to direct thinking (Huseynzadeh, Azizova, Aliyev, Ver-
diyeva, 2021). Parent-Teacher Conferences: It is im-
portant to encourage regular communication between
teachers and parents, to share individual student pro-
gress and strategies parents can use at home. Here, so-
cial networks and electronic resources can be an im-
portant support. Training programs for parents: Work-
shops can be organized for parents on the importance
of reading comprehension and practical ways to help
their children at home (eg reading aloud, creating a con-
ducive reading environment). It is possible to encour-
age volunteer opportunities for parents in the classroom
or library, and to strengthen relationships with teachers
and students (open lesson with parents).

3. Continuous monitoring and evaluation. Data
analysis: It is important to regularly analyze student
data from assessments, classroom observations, and
surveys to identify key areas of instruction and areas for
improvement. Adaptation and improvement: Based on
data analysis, it is critical to adapt and systematize in-
structional strategies, resources, and collaborative ap-
proaches to meet students' specific learning needs and
ensure successful development of reading comprehen-
sion skills. There are a number of modern pedagogical
methods and methods for increasing the ability of stu-
dents to make generalizations about what they read and
understand, and to draw conclusions. Among them, a
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number of modern methods that come to the fore in-
clude the kinesthetic learning method, the creation of
interactive learning platforms (leverage technology), a
pedagogical model that combines traditional classroom
lectures and homework such as "flipped classrooms",
etc. takes place. The kinesthetic model is a method of
learning practiced in a number of Arab countries in
which students use physical contact, that is, touching an
object to understand what they are reading. For exam-
ple, in order to better understand the description of trees
and plants in the book, it is considered appropriate to
organize the physical contact of students with those
plants. A number of North American schools employ a
model called "flipped classrooms," in which a tradi-
tional lecture is viewed at home before class and home-
work is completed in the classroom with an instructor
present to guide students' efforts. There are also some
additional services based on international education
trends to promote active learning. For example, some
countries such as Finland and the USA have special ed-
ucation services (Connect the Dots, etc.) that encourage
real-world connections.
Conclusion

By fostering a collaborative environment between
students, teachers, and parents through teamwork, the
education-parent-teacher vector develops strong read-
ing comprehension skills in children.becomes an effec-
tive force in their development and leads them to suc-
cess in the academic field. An important factor here is
not to shy away from new experiences and to test effec-
tiveness by applying flexible practice programs. Cur-
rently, a number of tools are used to determine reading
comprehension. For example, informal assessments in-

volve open discussion, meaning students are encour-
aged to discuss the text in their own words, analyze
characters' motivations, or discuss the author's mes-
sage. This reveals their understanding and cognitive po-
tential beyond rote. Students are asked to summarize
the main points, main events or main arguments of the
text. It measures their ability to identify key infor-
mation. To come to such a conclusion from the re-
searchit is possible that in the development of students'
reading and understanding skills, not only the students
themselves, but also the main external factors influenc-
ing them - teachers, parents and the school environment
- should be improved. These changes will affect the
complex change of society, which is the most effective
external factor.
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Abstract

Modern information technologies open up new perspectives for increasing the efficiency of the educational
process. The rapid introduction of information and communication technologies into the educational process con-
tributes to developing new perspectives in the continuous professional development of a specialist of any profes-
sion. Given the working conditions of higher education institutions in the last year (long-term quarantine related
to the COVID-19 war), there should be changes in the traditional models of providing educational services and
their improvement and modernization.

Interactive tasks are an integral part of modern education, which enables teachers and students to receive
certain information in a systematic, mobile, and convenient way. Innovative technologies in education, in partic-
ular, are used in the process of studying various disciplines.

The essence of interactive learning is that the educational process in institutions takes place under the condi-
tion of active and constant interaction of all participants. That is, both the student and the teacher are equal subjects
of learning. This combines learning and mutual learning (collective, group, or cooperative learning).

Therefore, the modern educational process is organically transformed into the so-called "mixed learning
model."

The very paradigm of education is changing. Considerable attention is paid to active learning methods, self-
education, and distance education programs. Information and communication technologies open vast opportunities
for distance learning. Distance education, in general, is formed based on the principles and features of traditional
forms of education. However, in addition to them, new features have been added, which consist of the use of
Internet technologies for access to educational materials, interactive interaction between students, etc. Since the
beginning of 2020, all educational institutions in Ukraine have switched to distance education. Therefore, today,
universities face questions related to the choice of application programs, interactive learning methods, and online
resources specifically for distance education. Edmodo and MOODLE online platforms can be used to develop
educational and teaching-methodical material for working with students and cadets of postgraduate education
(PDO). They allow you to place your electronic educational materials, provide access to them, and use the devel-
opments of other authors without violating copyright. However, each of these platforms has its advantages and
disadvantages. Online services Edmodo and MOODLE allow you to individually approach the choice of the form
of conducting distance learning for the development of the cognitive activity of students and cadets of vocational
education and training, improve the quality of knowledge, and contribute to the development of independent
knowledge acquisition skills.

Keywords: blended learning, interactive learning, Internet platforms.

The rapid development of information and com-
munication technologies and their significant potential
in almost every sphere of modern man's life has been
rapidly changing the learning processes of all popula-
tion segments for a long time. Starting from the school
desk, today's people can only imagine themselves with
the Internet. The latter has become another dimension
of humanity's existence. The rapid introduction of in-
formation and communication technologies into the ed-
ucational process contributes to developing new per-
spectives in the continuous professional development
of a specialist of any profession. Given the working
conditions of higher education institutions in 2020
(long-term quarantine related to COVID-19), there
should be changes in the traditional approaches to
providing educational services, as well as their im-
provement and modernization. Therefore, the modern
educational process is organically transformed into a

"mixed learning model." Blended learning means a pur-
poseful process of acquiring knowledge, abilities, and
skills, which educational institutions of various types
carry out within the framework of formal education,
part of which is implemented in a remote mode with the
help of information and communication technologies
and technical means of learning, which are used to store
and deliver educational material, implementation of
control measures, organization of interaction between
subjects of the educational process (consultations, dis-
cussions), during which self-control of the pupil (stu-
dent) takes place in terms of time, place and pace of
learning [1].

Therefore, it is interactive learning that helps to
combine all types of learning. Interactive tasks are an
integral part of modern education, which enables teach-
ers and students to receive certain information in a sys-
tematic, mobile, and convenient way, using innovative
technologies in education, particularly when studying
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various disciplines, as it simplifies the absorption of in-
formation.

The essence of interactive learning is that the ed-
ucational process in educational institutions takes place
under the condition of active and constant interaction
of all participants. That is, both the student and the
teacher are equal in learning subjects by interpreting,
absorbing, and sharing knowledge with each other.
This makes any study activity more comprehensive, as
it becomes a combination of learning and mutual learn-
ing (collective, group, or cooperative learning).

The word "interactive" comes from the word "in-
teract,”" where "inter" means mutual and "act" means to
take the initiative. So, interactivity is the ability to in-
terplay and dialogue. Interactive learning is a special
form of organizing cognitive activity with a clear, de-
fined, predictable goal—to create learning conditions
under which each student feels his success, individual-
ity, and intellectual ability.

The described conditions require the search for
such a form of education that creates comfortable learn-
ing conditions under the dynamism of the learning pro-
cess itself and the flexibility of achieving the goals set
by the subject of the lesson. This problem is partially
solved by interactive learning. Interactive learning is a
specific form of organizing cognitive activity with a
predictable goal - to create comfortable learning condi-
tions under which each student feels their intellectual
ability and success [2].

Today, the use of Internet services to create inter-
esting didactic materials on any topic using texts, im-
ages, video, and audio files, including interactive ones,
is gaining popularity. These services have become a
convenient tool for creating electronic support for a les-
son, class, or distance course. They provide an oppor-
tunity to collect all the necessary resources for a lesson
or class: files, websites, google documents, embed the
necessary files, and online exercises. The developed
tasks can be posted on the blog after receiving the ap-
propriate code, and creating a QR code for the lesson
can be sent and posted on social networks. The ad-
vantages of interactive didactic materials over tradi-
tional ones are their clarity, accessibility, creativity, the
use of a computer or laptop instead of books, which is
more convenient in the modern world, the use of differ-
ent types of files (audio, video, graphic, etc.) that help
to keep different aspects of students’ attention focused,
as well as various types of exercises that promote the
development of student's interest, cognitive activity, in-
formational and communicative competences. There-
fore, this altogether supports and enhances a better pro-
cess of information assimilation.

Considering the origin of the word "interactive"
(capable of interaction and dialogue), it can already be
concluded that this way of learning promotes a better
learning environment. The basis of it is the organized,
creative cooperation of equal individuals. All cadets
and the teacher actively interact with each other, ana-
lyze their actions and the actions of other participants
in the educational process, and change their behavior
model. At the same time, the cadets and the teacher are
equal and equivalent subjects of education. During in-

teractive training, the teacher is an organizer and con-
sultant of the learning process. The teaching process
turns into self-learning, which is controlled by the
teacher and realized by the cadet [3].

Using interactive learning techniques, one cannot
avoid online lessons that become an essential part of
any educational activity. Online lessons can be held us-
ing on-stream services in institutions of higher educa-
tion. This will be about algorithms and communication
between teachers and students or students during dis-
tance learning, as well as a set of services and the spe-
cifics of their use for teachers, including Google Class-
room, Microsoft Teams, Cisco Webex, Zoom, Ed-
modo, MOODLE, and many others. Each of them has
its advantages and disadvantages. Here are some of
them.

Google Classroom is a free web service created by
Google for educational institutions to simplify the cre-
ation, distribution, and classification of assignments in
a paperless way. The service's main purpose is to speed
up the process of sharing files between a teacher and a
student. Google Classroom combines: Google Drive
for creating and sharing assignments, Google Docs,
Sheets and Slides for writing, Gmail for communica-
tion and Google Calendar for scheduling. Students can
be invited to the group through a private code or auto-
matically imported from the university website. Each
group creates a separate folder on the Google Drive of
the corresponding Google Drive user, where the work
evaluated by the teacher can be submitted. The mobile
apps, available on iOS and Android, allow users to take
photos and attach them to tasks, share files from other
apps, and have offline access to information. The
teacher can track each student's progress, and after
grading their work, the teacher can return it with com-
ments.

Microsoft Teams is a hub for teamwork in Office
365 from Microsoft that integrates the users, content,
and tools a team needs to work more effectively. The
application brings everything together in a common
work environment that includes chat for meetings, file
sharing, and corporate applications. It is designed for
smartphones running on Android, iOS, and Windows
Phone platforms and computers with Windows 10 S,
Windows 7+, or Mac OS X 10.10+ operating systems.

Classtime is an online service for instant tests that
can be taken both during class and for homework. After
switching to the tab, you get to the working cabinet,
which will be empty at first. You can add a virtual
group by clicking the "+" button in the upper right cor-
ner. After filling in the name of the group, you imme-
diately get the opportunity to add students to it by send-
ing a code generated by the program or a link (to e-
mail). You can add up to 250 people to Google Class-
room, including students and other teachers.

Zoom provides an unlimited number of confer-
ences, meetings and webinars. Its advantages: video
and audio quality, streaming video with a resolution of
720p. Any member can share their screencast. The ad-
ministrator (presenter) can select several participants to
show screens simultaneously; commenting is available.
After the meeting, video is available in MP4 format,
audio in M4A format, and text messages (chat) are also
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saved. Recordings can be saved to your computer or to
Zoom's cloud storage. Mobile devices: The ability to
plan and start events, provide access to the event, and
broadcast the desktop on mobile devices. Event plan-
ning from Outlook and Chrome, the ability to create
events from Outlook and Google calendars using free
plugins. Zoom easily integrates with various schedul-
ing systems, making it easier for users to coordinate
meeting times with each other. There is an opportunity
to increase the number of participants to 500.

To use the program, it must be downloaded. On
the website, you need to enter your e-mail address, to
which the letter will be sent. The link will take you to
the registration page. You can immediately enter the
mail of colleagues and friends and invite them to a
video chat. Next, the program will generate a personal
link, after clicking on it, the service will be automati-
cally installed on your computer. The interface is quite
simple and convenient, the program icon will be auto-
matically pinned to your taskbar.

Today, higher education mainly uses interactive
methods such as training, situational tasks, master clas-
ses, press conferences, testing, case methods, game
learning, round tables, multimedia lectures and practi-
cal classes, and electronic educational publications. All
this helps to form the professional potential of future
specialists [4].

Interactive learning in the structure of mixed
learning helps create educational materials for visual
demonstration of educational information; store them
on specially designated resources, with the possibility
of quick access to them; control and correction of
knowledge and skills acquired during training; build an
individual scenario of conducting a lesson; access in-
formation from various Internet resources on personal
mobile devices at any time. Internet services provide an
opportunity to use, process, and transfer data regardless
of the specialist's location while ensuring communica-
tion between the participants of the educational process
[5].

Let's give an example of a lesson in the cycle of
thematic improvement:

Round table (group discussions) on "Emergency
care for pulmonary edema of various etiologies." The
teacher's mini-presentation on the main points of the
topic will use multimedia Internet presentations (Prezi,
SlideShare, SlideBoom, PowToon, Emaze, Prezentit,
Menti, etc.). Division of cadets (students) into groups
in separate rooms of the electronic platform. Distribu-
tion of assessment cards to groups. The groups are in-
vited to prepare pre-suggested questions according to
the topic (different forms of pulmonary edema) in the
form of an online poster, business card, or video mes-
sage (Glogster, VectorPaint, ThingLink, etc.). After the
performance of each group, the rest of the cadets and
the teacher ask questions. After the discussion of the
reports, a unified approach to the management and
treatment of patients by topic is formed, simultaneously

involving Internet administrative resources with in-
structions, protocols, orders and recommendations of
societies of Ukraine, Europe and America (Jamboard,
Padlet). Separately, you can offer to prepare an exciting
case from practice to consolidate the topic visually. It
is also suggested that the final test be passed on such
platforms as Edmodo.com, Quizlet.com, Kahoot.com,
Moodle.com, etc. The teacher summarizes, makes com-
ments, and argues his conclusions.

Therefore, using various forms of interactive edu-
cation is a promising way to ensure the introduction of
blended learning into the activities of higher education
institutions, especially for the continuous professional
development of specialists, including doctors and phar-
macists.
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Abstract

Talk shows are a highly confrontational discursive genre, a widespread media phenomenon, and a politically
and morally controversial form of presenting information to viewers. Currently, it is necessary to analyze the
essence of the demand for modern talk shows. Such an analysis will help to contribute to the development of the
communicative competence of a huge number of individuals so that they acquire a real opportunity to adequately
understand, as well as competently analyze the incoming flow of television information. The relevance of this
study is underscored by the common use of implicit tactics by media producers and directors, which can lead to
misleading perceptions among television viewers.

AHHOTALUA

Toxk-moy - 3To KpaifHe KOHPPOHTAIIMOHHBIA TUCKYPCHUBHBIN KaHp, ITUPOKO PaCHPOCTPAHECHHBIN MEIHIHBIN
(heHOMEH, a TaKKe MOJUTHYECKH U MOPaJIbHO MPOTHBOpeYrBas popma npencraBieHust HHGpopManuu 3pureiio. B
HACTOSAIIEE BpeMs HEOOXOUMO MPOAHATM3UPOBATH CYITHOCTh BOCTPEOOBAHHOCTH COBPEMEHHBIX TOK-110Y. [lo-
)106Hblﬁ AHAJIU3 IIOMOXET CHOCO6CTBOBaTI) Pa3BUTHIO KOMMyHHKaTHBHOﬁ KOMIETCHIMU OTPOMHOI'0 YMCJia UHAN-
BHUIOB C TCM, IITO6I:.I OHH HpI/IO6pe.HI/I PCAJIbHYIO BOBMOXXHOCTD a/ICKBATHO IMTOHUMATh, a TAKXKC I'paMOTHO aHAJIU3U-
pOBaTh NOCTYMAIOIINI TOTOK TENEBU3MOHHOW HH(OPMALMH. AKTYalbHOCTh OJJOOHOT0 MCCIIEA0BaHUS 00YCIIOB-
JICHAa TaKXKe TEM OYEBHUHBIM (DaKTOM, 4TO Mpotoccepbl U pexuccepsl CMU vacto nmpuberaroTt K MMILTUIUTHBIM
TaKTHKaM, BBOJAIIUM Teﬂe3pI/ITeJ'ICI71 B 3a6J‘Iy>KI[eHI/Ie.

Keywords: talk show, presentation of information to the viewer, media discourse, producers and directors of
the media.

KoaioueBble cjioBa: TOK-11I0Y, TIpeICTaBIEHHE HHPOPMAIMHN TENE3PUTENTIO, MEANHHBIA TUCKYPC, TPOFOCEPEI
u pexuccepbl CMU, UMIITUITUTHBIE TAKTHKY.

Tox-moy kak cnenupuaecKnii >kaHp TeICBU3HOH-
HBIX TIPOTPaMM CTapTOBAJI B CEPEIUHE MPOIIIIOTO CTO-
nerus B CHIA. MHOTHE UCTOYHUKH yTBEPKIAIOT, YTO
co3jaTeneM TOK-IIOYy ObUT HOMyJSPHBIA JKYPHAIHACT
®un JIoHaxbl0, BOKPYT JITUYHOCTU KOTOPOTO BO3HUKIIH
pasHble nereHasl. Tak, Hampumep, rOBOPAT, 4TO BO
BpeMsI MHTEPBbBIO, NIPOBOANMOrO B (opMaTe MpsMoro
a¢upa, )XypHaINUCT BAPYT YETKO OCO3HAJL, YTO €ro 3a-
paHee NOArOTOBJIECHHBIE K IIepelaue BOIPOCHI 3aKOHYH-
JIUCB.

B 3TOT MOMEHT OH OBICTPO COPUEHTHPOBAJICS: MO~
JIoLIEN K OJHOMY M3 3pPHUTENIeH, HAXOAUBILEMCS B OTOT

MOMEHT Ha CheMKE JaHHOTO TOK-IIOy M HEOXXKHIAHHO
JUTSL aapecaTa obpaTuiics K Hemy: «Y Bac €CTh KakKow-
b0 BOMPOC K TOCTIO Hamei Tenenepenaun?» K cua-
CTBIO, Y yUaCTHHUKA MPOrpaMmbl JIoHaXbi0 OBLIT BOIIPOC,
KOTOPBIM M cmac CUTyaluuio. DTO CTajJ0 HA4yaJoM 3a-
POXKJIEHUSI CTOJIb MOIYJISIPHOTO CEroJHs JKaHpa TOK-
moy.

Tok-110y - 3T0 BecbMa KOH()POHTAIIMOHHBIN JKaHD
TeneBUAeHUs. B To ke BpeMsi 3TO U3BECTHBIA MeaMii-
HbId (DEHOMEH, KOTOPBIH MOXKHO OXapaKTePH30BaTh
KaK MOPAJTbHO, TaK ¥ MOJUTHIECKH JOCTATOYHO TIPOTH-
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BOPEYMBEIA (OpPMAT MPE3CHTAIIH TEIIE3PUTEIIO COOT-
BETCTBYIOIIEH HMHpopManuu. B mocnemanne rombl He
MHOTHE TUCKYPCHBHBIC MPAKTUKH KYJIbTYPhI BEIAHHUSI
€/IMHOTJIaCHO TIPH3HABAIMCh COBPEMEHHOW 001Ie-
CTBEHHOCTBIO TAKUMH CIIOPHBIMU U MOABEPTAIUCH KaK
cyry00 HaydHOMY pacCMOTPEHHIO, TaK U M3YYEHHIO C
TOYKH 3PEHUS KyJIbTYPOJIOTHH.

CaMo HOHSTHE TOK-IIOY OCHOBAaHO HAa OHTOJIOTH-
yeckoi muxoTomun. OHO (ITOHATHE) CTABHUT BOIIPOC O
TPaHUIAX MEXIy PasrOBOPOM (IIPOTOTHUITHICCKH IHa-
JIOTHYECKUM) M MOy (TPOTOTHIHYECKH MOHOIIOTHYE-
CKHM), MEXIy OOIIECTBCHHBIM H YACTHBIM, MEXIY
KOJUICKTHBHBIM W JIMYHBIM OIIBITOM, MEKAY OITBITOM H
KOMIIETEHTHOCTBIO, MEXY MEKIMUYHOCTHBIMU U Mac-
COBBIMH KOMMYHHUKAIUSIMH, MEXKIY HHPOpManuei u
Pa3BICUCHUAMU, MEXAY TUCKPETHBIMHU U TepeceKaro-
IIMMUCS MICHTUYHOCTSIMHU («S1», «TBD», «BBI», (MBI,
«OHWY).

CornacHo B. Mancony [4], TepMHH «TOK-IIIOY»
00BEMUHSICT JBE COBEPIICHHO pa3IMYHbIC, 3a4acTyIO
MIPOTHBOPEYHBEIC PUTOPHUCCKHUE TAPATUTMEL, aCCOLIHU-
Uy MEKIMYHOCTHBIN pa3roBop (OTHOCSIIHICS K JO-
COBPEMCHHOW yCTHOW TPaJWIINN) C MACCOBBIM 3pPEIH-
meM (BO3HHKIINM B HAacTOsIIee Bpemsi). B pesynbraTe
CIIOXKUJICS CBOCOOPA3HBINA YHUKAIBHBIHN Ty OIMIHO-pa3-
TOBOPHBIN SI3BIK CPEACTB MAacCOBOM KOMMYHHUKAIWH,
KOTOPBIH O-pa3HOMY MOJIETUPYETCS Ha IPAKTHUKE pa3-
TOBOPHOM peuu yepe3 npolece MyOInYHbIX AUCKYPCOB
[3].

B ¢opmare TOK-110y cleyeT OTMETUTh 00pasIibl
KOMMYHHKATHBHOTO U COLIHAIIEHOTO TMOBEJCHHUS, COOT-
BETCTBYIOIIAE OJHOMY KOHKPETHOMY WJIH cpa3y He-
CKOJIKAM pa3HBIM THIIAM JUCKypca. Hampumep, BBOI-
HYIO U 3aKIFOYUTENBHYIO YacTh OOJBITHHCTBA TOK-IIIOY
HEOOXOIMMO paccMaTpUBATh KaK CBOETO Poja pa3Biie-
KaTeNbHYIO MPOTPaMMy, KOTOpasi XapaKTepu3yeTcs Be-
Celod W HEeMpHUHYXJISHHOW oOcTaHoBKOW. B TO xe
BpeMs, CyAs [0 CTPOTO MPOAYMAaHHON TIOC/IEI0BaTENb-
HOCTH 3apaHee MOATOTOBJICHHBIX BOIPOCOB U OTBETOB,
J1000€ TOK-II0Y MOKET OBITh TaK)Ke OTHECEHO K KaTe-
TOPpUH HOBOCTHBIX MHTCPBBIO B ACIICKTC NIPEAOCTABJIC-
HUSI MTHQOPMALIMH 110 TEKYIIIUM KHUBOTPETEYIINM CO-
[UATBHBIM, TOJUTHYECKAM WM 3THYCCKAM IpoOIie-
Mam.

Hawm npezncrasisieTcss BO3MOXKHBIM B paBHOH CTe-
MIEHU paccMaTPUBATh TOK-IIOY B paKypce TEIEBU3UOH-
HOW MPOTrpaMMBbI TUCITYTOB U Ae0aTOB, MOCKOJBKY Ta-
KOW (hopMaT crnocoOCTBYET COPEBHOBAHMIO YJYACTHH-
KOB, CTOJIKHOBCHHWIO HX TOYCK 3PCHUA, MHEHUH u,
COOTBETCTBEHHO, aTOHAJILHOCTH.

N3-3a Ppa3IMYHbIX cneumbnquKnx COCTAaBJISIO-
X 3JIEMCHTOB TOK-IIOY YaCTO OTHOCAT K KaTCTOpHUHU
TaK Ha3bIBaEMOU «HH(POPMAIMOHHO-PA3BICKATEIHLHOMN
KOMMYHHUKAIIHOHHOH mporpaMMely. OJHaKO, KOr/ia Te-
MO TOK-IIIOY CTaHOBSTCSI HEMOCPEACTBEHHO BOIPOCHI
MICUXWYECKOTO WM (PU3MYECKOTO 370POBbS UEIIOBEKA,
TO OHO (1I0Y) TOJTy4YaeT OOJIbIIe CXOACTBA C AUAIIOTOM
Bpaua W MAlUCHTa, a WHOTJA U C TEPAICBTHYCCKUM
JTUATIOTOM.

Takum oOpa3oM, OJHOW W3 THUIUYHBIX OTIUYH-
TENBHBIX YePT COBPEMEHHOTO TOK-III0Y MOKHO Ha3BaTh
OUYEBUIHYIO «...HAIPABICHHOCTH HE TOJIBKO HA KOMMY-

HHUKAIUIO, HO ¥ Ha TEPAIHIO, 3aKIFOYAIONLYIOCs B IIPEA-
JIOKEHUH KaK MHUHUMYM HPOMEXYTOYHOTO PEIICHUS
[2,c. 78].

CornacHO HamMM HaONIOJCHUSIM, B KOHIIE MHO-
THUX aMEPUKAHCKUX TOK-IIOY BBIAEISIETCS OTACNIbHBIN
(bparMeHT JyIs1 MpeCTaBJICHNsI UTOTa TUCKYCCHH, JINO0
3aKJIIOYUTEIBHON MBICIH JaHHOrO TOK-moy. O Tepa-
MEeBTHUECKON HAINPAaBICHHOCTH TEJIEBU3HOHHBIX TOK-
IOy CBHIETENBCTBYIOT MHOTHE 3aKIIOYUTEIHbHBIC
(parmenTsI mporpamMmel. Tak, HaIPHMeEp, B 0OUEPETHOM
BBIITYCKE AMEPUKAHCKOH pa3BJIEKaTEIbHON IPOrpaMMe
«The Jerry Springer Show», 3aBepIaronasi OCHOBHAS
MBICJIb BBIIETIEHA HETIOCPEICTBEHHO B OTHEIBHBIN
¢parmenr - «Final Thought»:

You can also wind up shutting your family and
friends; you have to make a heck a lot of money to ever
make that worth it.

Mooicno ookamumbscs u 0o mozo, ¥mo meou ce-
Mbsi U OpY3bsi He 3aX0msm ¢ moOol 00uWamsCsi; HyHCHO
3apabamuiéams oueHb MHO20 OeHee, 4mobbl OHO MO20
cmouJo.

Jpyroii He MeHee SIpKUil MpuUMeEp MpelICTaBICH-
HOM BBINIE TEXHUKH, UCIIOIb3YEMOM B 3aKIIFOUUTENb-
HBIX ()parMeHTaxX aMEpUKaHCKUX TOK-IIOY, - 3aKITI0YH-
TenbHbIe c1oBa ONpsl YHHPPHU B 0UEPEIHOM BBIITYyCKE
co BceM u3BecTHo Jlenn I"aroii «The Oprah Show»:

It’s not just about hair or make-up excess, it'’s
about what you feel and are able to express being com-
fortable with yourself.

Heno ne npocmo 6 npuuecke unu Kyue Kocmemuxe
— 0eJlo 8 MoM, KaK mbl cebs uyscmayeulb u gedeuib npu
9IMOM, OCIABAACH 8 1A0AX CO CBOUM (A ».

PacripeneneHue  «CIIOHTAaHHO» — BO3HHUKAIOLIMX
odepeJiel MpU 331aBaHUN BOIIPOCOB M OTBETOB, (DyHK-
LMY OYEBHAHO 3aIUIAHWPOBAHHBIX BOIIPOCOB U OTBE-
TOB, TPOUCXOASAIINX B OJHOM M TOM JK€ KOHTEKCTE,
TaKXKe OTPakaloT CMEIIAHHBIN XapakTep 3TOro KOH-
KpEeTHOTO TuMa Auckypca. Tak, Hanpumep, CMEeIIaHHbIe
Hapsl BOIPOC-OTBET, a TAKXKE OTBETHI C 0OpaTHOH CBS-
3bI0, METAsI3BIKOBBIE BBICKA3BIBAHUS M CIABHTH MECTO-
UMEHHH, 4aCTO BCTPEYaIoIIiecs B TOK-II0Y, Ipruodpe-
TalOT pa3jMYHbIC JAUCKYPCUBHBIE (QDYHKIUH U pa3iiny-
HYIO CTEIICHb apTyMEHTHPOBAHHOCTH B COOTBETCTBHH
C 3a/lyMKaMH pexHccepa U CIIEHapuCTa, a TakKe B CO-
OTBETCTBHH C IUCKYPCUBHBIMHU POJISIMH, OTBEJICHHBIMHU
BBICTYNAIOLIUM, OT AUCKYPCUBHBIX POJICH CaMHX BBI-
CTYHAOIUX 10 OTHOIIEHUIO K IPYTUM Y4aCTHHKAM, OT
aKTyalbHOCTU TEMBI JUIsl OTACIBbHBIX YYaCTHHKOB, OT
HUX 0KUJAAHUHN U MPEIONI0NKEHUH, a TAKXKE OT OTHOCH-
TEJIFHO KOHTPOJIMPYIOIIEH POIH BEAYIIETO TOK-IIOY U
OT COOTBETCTBYIOIIEH peakuuil ayJUTOPUHU.

HecMmoTps Ha TO, 4TO, KaK IIpaBUIIO, BEAYIINMI TOK-
10y MMeeT 0coboe MpaBo 3a7aBaTh BOMPOCH! ayIUTO-
puH, TOCTU HIOY TaKKe MOJy4yaroT IpaBO U 3a7aBaTh
BOIIPOCHI, U JIeJaTh KOMMeHTapuu. Takum oOpazom, BO
BpeMsl IPOTrpaMMbl OHHU MOTYT HE3aIlIaHUPOBAHHO
OCIIOPUTH 3apaHee YCTAHOBIECHHbIE aCUMMETPUYHBIE
OTHOIIEHHUS TIPaB.

B pesynpTare OTHOIIEHHS] MEXAY BEAyIIMM U
HETIOCPEACTBEHHBIMH YYaCTHHUKAMH, C OJHOH CTO-
POHBI, U MEXy BEIYIIUM U ayAUTOpPUEN - C IPYTOH,
BBICTPAMBAIOTCS U TIEPECTPANBAIOTCS B TAKOM PaKypce,
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YTOOBI AKTUBHO BOBJICKATh HOBBIC, HEPEIKO HEIPEA-
CKa3yeMble, a HHOTIa M JOCTATOYHO MPOBOKAIMOHHbIC
CHUTYaIllH OOLICHUS.

Bce BhlmeckazaHHOE 1aeT BO3MOXKHOCTh MPEJIO-
JKUTh XapaKTepHble KOMMYHUKAaTHBHBIE 4ePTHl TOK-
nIoy:

v/ B peun y4acTHMKOB Pa3BIEKaTeIbHOTO TOK-
IOy C MO3UIMU €€ MOPOXKJICHHs U BOCIPUSATHS Hallu-
YeCTBYeT HE TOJBKO yCTHas mpeobianaromas ¢opma
sI3bIKa KOMMYHHKALIUU. 31€Ch MOXKHO OTMETUTH U CIIe-
uduyecKyto Al TeNeBUJICHUS MMCbMEHHYI0 (hopMmy,
a MMEHHO: TEKCThl PEKJIAMHBIX OOBSBICHHH, THUTPBHI,
OTIpEZICTICHHBIE MOSCHEHHS, KOTOPBIE HEPEIKO MOSBIIS-
IOTCS Ha 3KpaHe B rpadudeckoM (opmare, COOTBET-
CTBEHHO, BOCIIPUHUMAIOTCS a[[pecaTaMy BHU3YaJIbHO.

OToBOPHM, YTO TIOCKOJIBKY TTOOOHBIH TEKCTOBBIH
Marepuag YacTHYHO OTBEYAlOT TPeOOBAaHUSM, KOTO-
pBle, KaK IPaBWIIO, IPEIBSBIAIOTCS MTUCEMEHHBIM TEK-
CTaM, MOCTOJIbKY NPOLECC UX BOCHPHUATHS aJleKBaTCH
MPOIIECCy BOCTIPUATHUS NMPAKTHUUECKH BCEX YCTHBIX CO-
oOIIeHN, XapaKTepU3YIOUMXCsd Kak HeoOpaTHUMo-
CThIO, TaK Y JUHEHUHOCTHIO.

v B peud Y4aCTHHKOB TOK-IIOY HAIMYECTBYIOT
TaK Ha3bIBaeMbIe YCTHbBIC TPAHCIO3UIIMOHHBIE (HOPMBI
(HammpuMep, pedb TUKTOPOB MU TEIEBEIYIINX, [EPOEB
XYIO)KECTBEHHBIX (UIBMOB M TIp.). OTMETHM, YTO OC-
HOBOW BCETO TEPEUHCICHHOTO SBISAETCS HalMCAHHBIHN
CIICHApWii, MPECTABIIOMNN CcO0OH MHCHMEHHYIO
(hopmy KOTNPHUIMPOBAHHOTO S3BIKA.

Peup y4acTHHKOB TOK-IIIOY CTPYKTYPHO YeM-
TO TOXO0’Ka Ha pasroBOpHYIO pedb. IlosTomy BHeape-
HHE TIpofocepaMu (peKrccepamu, CLECHAPUCTaMH) B
TEJICBU3MOHHYIO peYb XapaKTEPHBIX YepT pa3roBOp-
HOT'O CTHJISL KOJM(HUIIMPOBAHHOTO SI3bIKA YCTICIIHO CIO-
COOCTBYET CO3[aHUIO PEaIbHOTO KOHTAKTA MEXKAY CO-
OTBETCTBYIOIUIMMHU Y9aCTHHUKAMH aKTa KOMMYHHKAIIUH.
Takoll noaXo/ HAaNpaBiIeH KaK HA MPUBJICUEHUE BHU-
MaHHs OIPOMHOM Macchl TeNe3puTeNnel, Tak U Ha yep-
JKaHWE BHUMaHUSI.

Bce 310 3mxkaercs Ha UHTEpece, KOTOPBIH
YCIEIIHO BeAeT K Pa3MBIIUICHHIO, COOTBETCTBEHHO,
BO3HUKAET CNENU(UIECKUNA IHAJOT MEXAy yJacTHH-
KaMHM TeJELoy U TeJIEBU3MOHHOM ayauropueii [1, c. 5-
6].

v B pabote «JIuHrBONparMaTHieckie 0coOeH-
HOCTH TOK-IIOYy KakK >XaHpa TEJIEeBU3MOHHOIO JHC-
Kypca» uccnenonarens Jlapuna E. I'. Beigensier cneny-
IOLIME OTJIMYUTENbHbIE XaPAKTEPUCTUKU COBPEMEHHON
TeJIeBU3MOHHON KOMMYHUKaluu [1,c. 5]:

- CIIOHTAHHOCTb, KOTOpasi 1aeT HaM peasbHOe OC-
HOBaHHE KIACCUPHUIMPOBATH €€ KaK (HyHKIIMOHATbHYIO
Pa3sHOBHUAHOCTh YCTHOH pedn KOTU(HIIMPOBAHHOTO
SI3BIKA, TOYHEE — PEYH UMEHHO ITyOIMIHOTO Ha3HAYe-
HUSL.

3TO TOBOPUT O TOM, YTO pacCMaTpUBAEMBbIi BapH-
AQHT PEeYN YYaCTHHKOB TOK-IIOY MMEET BBIPAKCHHYIO

MHTEJJICKTYaJ bHYIO0 HAIpaBICHHOCTb, YTO OOYCIIOB-
JIEHO OOIIIEHUEM C IITUPOKOH ayIUTOPHEHH;

e OTCTYIUIEHHE OT HOPMBI, NPOSBIISIONIEECS B
BHU/IE Pa3HOOOPa3HBIX MHOTOYHCICHHBIX BAPUAHTAX U3~
MEHEHHs (QopMaTa CpeiCTB s3bIKa, Ha KOTOPOM Be-
Jercs Tok-1moy. OTMeTHM, YTO BapHaHTHl H3MEHEHHUH,
KaK MpaBWJIO, KAacaroTCsl BCEX YpPOBHEH KOIUPHUIMPO-
BaHHOTO SI3bIKa;

e OueBHIHAs pPA3TOBOpPHAs HANpPaBICHHOCTh
TOK-IIOY;

® CTPYKTypa W COCTaB JIOOOH MOBTOPSIOMICHCS
TEJICBU3HOHHON TIepeadyl He MOCTOSHHBI.

Bermena3sBaHHBIE  OCOOCHHOCTH PEYM TOK-IIOY
YETKO XapaKTepU3yIT CTHIb €€ 53blKa, a HUMEHHO:
BIIOJIHE OIIPECICHHBIN MyOIUIUCTUYECKUH CTHIIb C
BKpAIUICHUSIMU Pa3IMYHbIX (B 3aBUCHMOCTH OT TeJele-
penadn) 3JIeMEHTOB Pa3sTOBOPHOTO CTHIIS PEUH.

Takum 00pa3oMm, MOJBITOKUBASL BBIIIECKa3aHHOE,
MOJKHO 3aKJTIOUUTh, YTO (PCHOMEHBI HH(POPMAITUOHHO-
MEIMHHOTO 00IIecTBa COBPEMEHHOTO 3Tara pa3BUTHS
TENEBUICHNUS, PAaBHO KaK M JPYTMX H3BECTHBIX HaM
CMU, cepre3HO BIHSIOT Ha (POPMHUPOBAHIE MUPOBO3-
3pEHUS] OTPOMHOTO KOJINIECTBA HHINBHIOB.

31ech MOXKHO OTOBOPUTDH U BJIUSIHHE TOK-IIOY Ha
Jereil 1 GopMUPOBaHUE UX MUPOBO33PEHHS B COOTBET-
CTBHMHM CO BKYCaMHU U MPEANOYTEHUSIMU NPOIOCEPOB U
PeKUCCEPOB. ITHM MOXHO OOBSCHHUTH, IOYEMY
HMEHHO CETOJHS HEeOOXOAMMO M aKTyallbHO yCTaHO-
BUTh CYITHOCTH HOIYJIIPHOCTH paccMaTpUBaeMbIX Te-
Jenepenad.

CrenyeT HENIPEMEHHO MOIPOOOBATH C MOMOIIBIO
Bo3MoxkHocTell CMU pa3BUTh HEOCPEACTBEHHO KOM-
MYHHUKaTHBHBIC KOMIIETCHIIH ITOTCHIIUAIBHBIX 3pUTE-
JIel B paKkypce TOro, 4TO OHH JIOJKHBI IMETh COOTBET-
CTBYIOIIII€ YMECHHUS M HABBIKM a/IEKBaTHO U IPAaMOTHO
aHAIM3UPOBATH O'POMHBIM IMOTOK HH(OPMAIHH, KOTO-
pblil OHM NOJYYaroT IO KaHajlaM TeleBuaeHus. Benp
UMIUTUIIUTHBIE TAKTUKH COBPEMEHHBIX CIIEHAPHCTOB,
PEeXHCCEPOB M MPOTIOCEPOB CPEACTB MACCOBOI KOMMY-
HHUKaIlMM HEPEeJKO HaNpaBJIeHBI Ha TO, YTOOBI 3pUTENb
BIIUTHIBAJI MOJTyYCHHYI0 MH(POPMALUIO, HE OCO3HABAS
ee.

Cnucok urepatypbl:

1. Jlapuna E. I'. JImHTBOIIparMaTrn4yeckue Oco-
OEHHOCTH TOK-IIOY KaK >KaHpa TEJIECBU3MOHHOTO JIHC-
Kypca (Ha Marepuaje aMEpUKaHCKHX TEJIEBU3MOHHBIX
mporpamm). Bonrorpaz, 2004.

2. CamuxoB A. F0. KoMMyHHKaTHBHO-IIparma-
THYECKHE OCOOCHHOCTH IUCKypca TOK-IIOY Ha IpH-
mepe tenenepenad CIHIA. Bectauk YemsOumHCKOTO
rocyaapcTBeHHOTO yHUBepcuTeTa. 2014. Ne 6 (335).

3. Leech G. N. English in advertising. London:
Longman, 1966.

4. Munson W. All talk: the talk show in media
culture. Philadelphia (Pa.): Temple University Press,
1993.



64 Norwegian Journal of development of the International Science No 134/2024

PHYSICAL SCIENCES

INFLUENCE OF HEAT TREATMENT ON THERMAL AND ELECTRICAL PROPERTIES OF
POLYMER SEMICONDUCTOR POLYHYDROCHYNONE

Khalilov S.

Candidate of Physical and Mathematical Sciense, Associate Professor of the Department of Engineering
Physics and Electronics, Azerbaijan Technical University,Baku.

BJUSHUE TEPMOOBPABOTKHA HA TEILUIOBBIE U JIEKTPUYECKHAE CBOMCTBA
HOJIMUMEPHOI'O NOJYIIPOBOAHUKA ITOJIUTUAPOXUHOHA

Xamuiaos C.X.

Kanouoam ¢usuxo-mamemamuueckux nayk,ooyenm xagheopul « Mnscenepnas
Qusuxa u sanekmponuxay Asepbaiioxncanckozo Texnuueckozo Ynusepcumema,baxy.

Abstract
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The study showed that a higher heat treatment temperature provides a more dense packing of macromolecules,
changing the intermolecular distances and contact conditions between molecules. This leads to an increase in the
effective conjugation length, due to the improvement in the heat treatment process of conditions for the coplanarity

of macromolecules.
AHHOTaLUA

HccnenoBanne mokasanio 4to 0ojee BBICOKas TeMmeparypa TepMooOpabOTKH MOJMMEPHOTO HOJUIPOBOI-
HHKa TOJUTHIPOXHUHOHA, 00ecIeuynBaeT OoJiee MIIOTHYIO YITAKOBKY MAaKpOMOJIEKYJI, I3MEHa MEXMOJICKYIIApHbIE
paccTOsIHUS ¥ YCIOBUS KOHTAKTa MEXIY MOJIEKyJIaMu. DTO MPHUBOJIUT K YBEIHMYCHUIO JUTMHBI 3()(PEKTHBHOTO CO-
NpsDKeHUs, Onarofaps yaydIlIeHUIO IPH Npolecce TepMOOOpabOTKH YCIOBHH UL OCYLIECTBICHHS KOMILIaHap-

HOCTHU MaKpOMOJICKYJI.

Keywords: Electrical conductivity, thermal conductivity, heat treatment, coplanarity
KiroueBble cioBa: 9J‘IGKTpOHpOBO,I[HOCTB, TCIJIONIPOBOAHOCTD, TepM006pa60TKa, KOMILIAHAPHOCT.

BBenenmne.

Eme 2018 rony yueHue u3 AparoHHCKUI Haluo-
HAIILHOU Ta00PATOPHHU MPEITIOKIIH, YTO TTOTCHIIUAIb-
HBIMH KaHI1/1aTaMH1 Ha POJIb TEIJIONPOBOSAIIMX ITOJIH-
MEpPOB MOTYT CTaTh MaKPOMOJIEKYJIBI C CONPSHKEHHBIMHU
CBSI3SIMU B ITaBHOH 1lenu. CUCTEMa COTIPSKEHUS CBS3eH
B IOJHMMEpax BO3HUKAeT JHOO 3a CYET YepeIOBaHUSI
JIBOMHBIX M OJIMHAPHBIX CBSI3EH , INOO 3a CUET uepeio-
BaHUs COCUHEHHBIX OJMHAPHBIMU CBSI3SIMH apamaTH-
4ecKuX (parMeHTOB, TUOO 3a CYET COUETaHHsS ITHX
ciyyaes [1]

CyuectByrouiye auTepaTypHble AaHHble [2,3,4]
MOKAa3bIBAIOT, YTO B TOJIMMEPHBIX MOIYNIPOBOJAHUKAX
00J1aCTH MOJISICOTIPaYKEHNUS Pa3JielIeHbl MEHEe CTPYKTY-
PUPOBaHHBIMU IIPOCIONKAMHU U 3TU IPOCIIONKU MOKHO
paccMaTpuBaTh KaK MOTEHIMAJIbHBIE Oaphephl IS
npefica HocuTenei Toka, BEICOTa KOTOPBIX OIPEAEIsIeT
SHEPTUI0 AKTUBAIMHM IPOBOJUMOCTH IIOCTOSTHHOM
TOKE.

C 1enpio BBISICHEHUS CBSI3H MEXIY DIIEKTPOIPO-
BOJHOCTU C TENJIONPOBOJHOCTIO, a TAKXKe BIIUSHUSI
TepMOOOPabOTKM Ha BBICOTY HOTEHIMAJIBHOIO Oapb-
epa, KOTOPBIH CyIecTByeT B 00beMe MOJIMMEPHOTo HOo-
JyIPOBOJIHHUKA TIOJIMTHIPOXUHOHA, ObLiIa MCCiIeI0BaHa

TeMIlepaTypHas 3aBUCUMOCTb yJIEJIbHOHM 3JIEKTPOIpo-
BOJIHOCTH 6 ¥ KO3 (PHUIMEHTa TEIUIONPOBOIHOCTH A.

H3mepeHne TEIUIONPOBOAHOCTH M 3JIEKTPOIPO-
BOJIHOCTH INPOBOJAMJIACH Ha MPECCOBAHHBIX 00pa3nax,
HPUTOTOBJICHHBIX B BHJE TabieTok. st ymeHbIeHUs
JI0JIH OOIIEro TeIUIOBOrO MOTOKA, UAYIIETO Ha U3JIyde-
HHeE, TIPUMEHSUINCH TUIocKue oOpasubl cedenus 0,3 +
0,4 ecm? u BeicoTol 0,1 + 0,2 cm. TTpUHSTBIE MEPHI T103-
BOJIMII OOECTIeYNTh HM3MEepeHHe aOCONOTHON BemH-
upHp! A B uaTepsane 80 + 420°K ¢ TOUHOCTEHIO He Me-
Hee ~ 5%. Temneparypa pa3msrdeHus NOJIUTHIPOXH-
nona T > 430°K. Meronnka M3MepeHusi ONMcaHa B
pabote [5]. Ucc

Ha puc. | 1 2 npencraBneHs! TeMnepaTrypHbIe 3a-
BHCUMOCTH yJI€TbHOM 3JIEKTPOIPOBOJHOCTH G M KO3(-
(PUIIEHTHI TETIONPOBOAUMOCT A U OJMMEpP HOTO TO-
JYNIPOBOHUKA MOJUTHAPOXUHOHA. Pe3ynpTaTsl m3me-
penus 3apucumocT o(T) u A (T) Bocpon3BOAUMEL
JUISL KaXKI01 TeMIeparypbl TepMoobpadboTku. M3 puc.1
BHJHO, YTO KaX/10€ MOBBIIICHUE TEMIIEPATYPbl TEPMO-
00paboTKK NMPHUBOJUT K YBEIMUYECHHUIO HIIEKTPOIPOBO-
JUMOCTH, CJI€JOBATEIbHO YMEHBIIAETCS SHEPT U AKTH-
Bauuu (AE) , onpenensiemoit mo Hakiony npsimoii ¢ (T)
BBICOKOTEMIIEPATypHOH 00IaCTH, KOTOpasi XapaKkTepH-
3yeT MOTEHIMANbHOH 0aphep B MOMUTUAPOXUHOHE.
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Puc. 1. Temnepamypuvie 3asucumocmu yOeabHOU 31eKmMpPORPO8OOHOCU NPU
PAa3HbIX MeMnepamypax mepmooopadbomyu.
T=373°K2 T=383%3. T=393°K 4. T = 413°K

[ToBpIeHHe TeMIIEpaTypsl TEPMOOOPAOOTKH HE3HAYUTEIHHO YBEITMUMBACT BEJIIMYHUHY TEIUIONPOBOIHOCTH
(puc.2.)
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Puc.2. Temnepamyprvle 3asucumocmu y0envbHol MenionposoOHOCHU Npu
Pa3HbIX memnepamypax mepmooopadbomyu.
1. T=373K2 T=383°K3.T=393K4.T=413°K

B Tabnuue npuseaens! 3Hauenus o, A 1 AE npu remnepatype 293°K 115 kax10ii TeMIepaTypsl TepMooopa-
OOTKM.
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Temneparypa TepMooOpabOTKH c A AE
T(K) Om!' cm™! B1/Om.rpag. eV,

373 1-10% 3,1-10°8 13

383 1,2:103 4,0-10°° 1,1

396 9-10%3 48-10° 0,96

413 8-10%2 5,810 0,82

Kak BumHO, 3HaYeHHWE A JOCTATOYHO HH3KO, IIO-
3TOMY 3JIEKTPOHHAS TEIUIOIPOBOJHOCTh PACCUUTAHHAS
Ha cooTHolleHn Bunemana-®paHna, a Takke 3a c4eT
ounonsapHoit nuddy3un OKa3pIBACTCA HECYIICCTBEH-
HeIM. Huskue 3HaueHus ko3¢ ¢uimenta uHppakpac-
HOTO TMOTJIONICHHUS, TAKXKE MO3BOJISCT MPEIIONI0KHUTH,
YTO M3MEpPEHHAs Ha OMBITE A SBIACTCS TEIUIONPOBO-
HOCTBIO (DOHOB BO BCEM HCCIICIOBAHHOM HHTEPBAJC
TEeMIepaTyphI.

BBoabl.

OcoOeHHOCTH A MOTYT OBITh CBSI3aHBI IBYMS 00-
CTOATENBCTBAMU. Bo-TIepBBIX: TeM, MaKpOMOJIEKyJa
COJIEPXKUT OoJbIIoe Yncio atoMoB nopsiaka 1000. Bo-
BTOPBIX: CYIIECTBEHHBIM SBIAETCS, MO-BUINMOMY,
6opII0€ pa3aTuune B3aUMOJCHCTBHUS BHYTPU MOJIEKYI
U MOJIEKYJISIDHOTO B3aUMOJEHCTBUA. BHyTpHMOneky-
JISIPHBIE CBSI3U SABJAIOTCS KOBAJIEGHTHBIMH. Mexmorne-
KyJISIpHOE B3aMMOJIEHCTBHUE CyIIECTBEHHO Oojee cia-
Ooe. BsammMopelicTBue MeXAy TUHEHHBIMH IICTISIMU
3TOTO TOJIMMEpa OOYCIIOBIEHO MEXMOJIEKYIIPHON
cBa3blo paaukanoB OH [6]. HenpepbiBHBLN pocT A ¢ 1O-
BBIIIIEHHEM TEMIIEPATyphl CBS3aHO O XapakTepoM ¢o-
HOHHOTO criekTpa. @OHOHHBIN CIEKTP ACIUTCS Ha JBE
9acTH: NepBasi HU3KOYACTOTHAs YacTh CIIEKTpa, KOTO-

terua. TakuM oOpazom, Ooiiee BBICOKAs TEMIIEpaTypa
TEPMOOOPAOOTKH, BUIUMO OOecreuynuBaeT 0oJee IioT-
HYI0 YHNaKOBKY MaKpOMOJIEKYJ, M3MEHa MEXKMOJIEKY-
JISIPHBIE PACCTOSHUS U YCIOBHSI KOHTAKTa MEXy MOJIe-
KyJlaMH. DTO MPUBOJUT K YBEJIMUESHHIO AIHHBI 3 dek-
THUBHOTO COIPSDKCHUS, Onarojaps yIy4IICHUIO HpU
mporiecce TepMooOPaOOTKH YCIIOBHH AJIST OCYIIECTBIIC-
HUSI KOMIUTAHAPHOCTH MaKpOMOJIEKYJI.

Bermeyka3anHoe IIPEANON0KEHHE COTIACyeTCs C
CYLLECTBYIOIIEH TEOpUEH O CTPYKTYPE U CBOMCTBAX MO-
JIMMEPHBIX MOJIYIPOBOJHUKOB [6].
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POLITICAL SCIENCES

THE PROBLEM OF LEGITIMACY

Introduction

Although legitimacy is one of the most debated
topics in the literature on social sciences, it is difficult
to talk about its effects on the political system. The
problem of legitimacy of constitutions is not a topic of
discussion as much as the concept of legitimacy in gen-
eral, however it is one of the topics that has been dis-
cussed recently.

The concept of legitimacy is often dealt with, es-
pecially when discussing the future of new constitu-
tions adopted after the collapse of communist regimes
in Europe and the post-Soviet space. The importance of
this concept is discussed in post-communist political
and legal laboratories. The problem of legitimacy of
constitutions is important not only for newly adopted
constitutions, but also for the constitutions adopted be-
fore. Today, due to the fact that previously adopted con-
stitutions do not fully express the concept of legiti-
macy, attention is again focused on the concept of le-
gitimacy and the problem of the legitimacy of
constitutions.

The concept of legitimacy in general, and the
problem of legitimacy of constitutions in particular are
dealt with in this article. In the first section of the arti-
cle, the concepts of power and authority, which are
closely related to the concept of legitimacy, will be
studied. The relationship between power, authority and
legitimacy will also be considered. The second section
explores the usefulness of the concept of legitimacy and
explain the problem of the legitimacy of constitutions
by establishing a tripartite model within this concept.

This article can be understood as the first stage of
a detailed study aimed at explaining the concept of le-
gitimacy in a hypothetical-didactic way. (1) As it is
known, you can get scientific information by going
through three stages with the hypothetical-didactic
method: the advancement of a general hypothesis, the
formation of a certain thought on the basis of this hy-
pothesis, the verification of this formation or for-
mations in a theoretical or practical way. The hypothe-
ses and formations developed in this article will help to
put the concept of legitimacy into an analytical frame-
work through concrete events.

POWER AND AUTHORITY, POWER-
AUTHORITY-LEGITIMACY RELATIONS

Before explaining the meaning of the concept of
legitimacy, it is appropriate to dwell on two concepts
closely related to this concept: the concepts of power
and authority. The word "Power" broadly means “to
force people do something they wouldn't do". Those
who in power or their supporters have the ability to im-
provise their will even when faced with opposition. In
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short, the concept of ‘power’ contains the ability of any
person or group to control others. In this sense, power
exists in various social and political relations. For ex-
ample, in a patriarchal family, the father has such a
dominant feature over other family members. It is also
to speak about the existence of such an institution in
organizations such as public associations, trade unions
or political parties. However, the government differs
significantly from other institutions by concentrating in
itself the monopoly on the use of force. In other words,
neither the head of a social union, nor the chairman of
a trade union, nor the leader of a political party are le-
gitimately authorized to use force to enforce their deci-
sions. In fact, the only institution with a monopoly on
the use of force is a state. The state can force citizens
who do not comply with the law to act according to the
law under certain conditions and within certain rules.
While political power includes the monopoly of
violence, this does not mean that political power rests
only on force. Historical events have shown to us that
no political power can exist continuously with the ac-
tual use of force or the threat of the use of force. Modes
with” silent " power can apply their decisions and com-
mands as long as they use force, but it is inevitable that
they will eventually lead to instability. For this reason,
they are forced to put their power on legitimate bases,
in other words, they are forced to turn their power into
a legitimate power. As it is clear from this last state-
ment, the concept of power, which is the second con-
cept that we will consider, actually refers to a special
form of power, that is, "legitimate power". Those in
power are able to enforce their decisions and orders
without facing opposition or violence. But in this case,
those who obey the decisions and rules recognize the
right of the authorities to govern, that is, the governors
obey the rulers of their own free will. In this case,
power can be expressed in the most general sense as the
right to govern. Although the authority is supported by
force, it is fundamentally based on the voluntary obedi-
ence of the governed. In this case, legitimacy acts as a
basic element expressing the subordination of the gov-
erned people to the rulers, and the legitimate power is
called authority. This short introduction provides us
with a very important concept related to the topic - the
concepts of power, authority and legitimacy and the re-
lationship between these concepts. However, this is not
enough to fully clarify the meaning of the concept of
legitimacy. A number of practical and theoretical prob-
lems make it difficult to present a unified concept in
general. In the practical field, as expressed by Rodney
Barker, the concept of legitimacy is invoked in almost
every social relationship today. This, in turn, does not
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specify the meaning of the concept. Theoretically, this
situation is not different. In the literature on social and
legal sciences, the concept of legitimacy is differently
understood and expressed by different schools.

CONCLUSION

Today, in many political systems, various groups
oppose demands for constitutional change. This is char-
acteristic both for earlier adopted constitutions as well
as for some new constitutions. In other words, the dy-
namics of constitutional changes and the problem of
constitutional changes are today one of the most im-
portant topics of constitutional researches. In our opin-
ion, the inconsistency between the political culture and
the constitution, the failure to give voice to certain
groups in the adoption of the constitution, and the fail-
ure to fulfill the constitutional desires of the aristocrats
and the masses have not been satisfactory.
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Abstract

The article examines the geopolitical dimension of China's foreign policy in the post-Soviet space. The co-
operation of the People's Republic of China with the countries of the post-Soviet space and the peculiarities of
international politics in this region are studied. Special attention in the study is given to Chinese-Ukrainian rela-
tions in the context of the Russian-Ukrainian war. Attention is focused on the features of "pro-Russian neutrality"
in the international policy of the People's Republic of China. It is noted that the policy of creeping economic
expansion forces China to simultaneously form constructive relations with all countries, even hostile to each other,
which gives Beijing the opportunity to achieve the necessary profit and benefit.

The article proves that over the past 2 years, Russia's dependence on the PRC has not only increased, but has
become almost total and has gone beyond the scope of economy and security. This dependence has already become
political. But at the same time, there are agreements between the PRC and the USA regarding the restoration of
military communication between the states and cooperation in the field of counter-narcotics. But these agreements
do not affect China's cooperation with Russia and the pro-russian position regarding Ukraine. It is noted that the
lack of attention to the Ukrainian position on the part of the Chinese authorities is increasingly destroying the
Chinese "soft power" in Ukraine.

AHoTanis

JlocmikeHo 0COOJIMBOCTI T€OMOJIITUYHOrO BUMIPY 30BHIIIHBOT MONITHKM KHTaro Ha MOCTpaissHCHKOMY
npocropi. Posrnsinyro crniBnpaio KHP 3 kpaiHamMu mocTpaassHCBKOTo IPOCTOPY Ta 0COOJIMBOCTI MIKHAPOIHOT
MOJITHKK B 11bOMY perioHi. OcobiMBa yBara B JOCIHIPKEHHI HAAETHCS KUTANCHKO-YKPAiHCHKUM CTOCYHKAM Y
Ppo3pi3i pociiicbko-yKpaiHChKOT BiHH. AKIIGHTOBAHO yBary Ha OCOOJIMBOCTSIX «IPOPOCIHCHKOr0 HEHTPAJITETY» Y
MixkHapomHid momituni KHP. 3asnadeHo, mo moiTHKa MOB3y4oi €KOHOMIUHOI ekcmaHcii 3actaBisie Kwurait
0JTHOYAacHO (hOpMYBATH KOHCTPYKTHBHI BiTHOCHHH 3 yciMa KpaiHaMH, HAaBITh BOPOKUMH OZHA JI0 OJJHOT, IO HA/Ia€
MOXIHBIiCTh [IekiHy mocsraT HEOOXiTHOTO 3UCKY Ta KOPHUCTI.

VY crarTi 10BezeHO, 10 3a OCTaHHI /Ba poku 3anexHicTs pd Bin KHP He nmpocro 3pocna, a crana maiixe
TOTAJILHOIO 1 BOHA BHMIILIA 3a paMKun €KOHOMIKH Ta Oe3IEKH. ]_[H 3aJIEKHICTh CTalla BXKE IOJIITUYHOI0. AJle y TOH
JKe 4ac crocrepirarotbes gomoBieHocti Mik KHP-CIIIA mono BiZHOBIICHHsS BiCEKOBOI KOMYHIKAaIii MiX
JIep>)kaBaMU Ta CIIBIpaii y CeKTopi OOpoThOM i3 HApKOTHMKaMu. AJie Ii JOMOBIEHOCTI HE BIUIMBAIOTH Ha
crmiBmpario Kuraro 3 pocieto Ta Ha MPOPOCIHChKY MO3WINI0 MOA0 YKpaiHd. 3a3HadyeHo, Mo Opak yBard 1o
YKpaiHChKOT Mo3wilii 3 00Ky KUTaChKOI BIau eAalli OiIblle pyHHYe 1 KUTAaHChKY «M’SIKYy CHITy» B YKpaiHi.

Keywords: People's Republic of China, foreign policy, geopolitics, post-Soviet space, economic expansion,
Russian-Ukrainian war.
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Kurait — ognHa 3 HaliiaBHIIMX [UBLITI3ALINA, TOMY
HOT0 30BHIIIHSA ITOJITUKA MA€ ICTOPHYHO Ta MEHTAIBHO
chopMoBaHi yHIKaJIbHI OCOOJHMBOCTI, aKe BIH
MTOCITIZIOBHO BiJICTOIOE BIJIACHI 1HTEPECH i TIPH IbOMY
YCHINIHO OPTaHi30BYE BIIHOCHHH 3 IHIIMMH JepiKa-

BaMU Ta MIXKIEpP)KaBHI BIJHOCHHA B CBOEMY T€O-
noniTuaHOMY nipoctopi [1]. KHP Bu3HaB He3anexHiCTh
VYkpainu Bimpasy, a JWIZIOMATHYHI BITHOCHHH MiXK
KpaiHaMu Bxke OyJ10 BcTaHOBIIEHO 4 cigHs 1992 poky.
Buctynaroun 3a jJeMOKpaTH3aIlilo MiDKHApOIHHX
BIIHOCHH, BiH OOCTOIO€ PiBHICTH KpaiH (K BEIHMKHX,
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CWIBHHX ¥ OaraTux, Tak 1 MaJE€HBbKHX, €KOHOMIYHO
cnabkmx 1 OigHMX). BiH 3a MOCWIIEHHS BIUIMBY, 3pOC-
TaHHs No3uTHBHOI posii OOH, po3mmpeHHs npeacTas-
HHITBA, 3MIIHEHHS MpaBa TOJIOCY Y MIXHAPOIHHUX
crpaBax KpaiH, II0 po3BuBarOThCA [2, c. 7-10]. Lix
KpaiHa pO3BHMBAaE BIJIHOCHHHU 3 CYCIIHIMH Jep)KaBaMH
Ha 3aCa/iaX «I00PO3UWIMBOCTI, BIIBEPTOCTi, B3aEMHOT
BUTOJM Ta IHKJIIO3WBHOCTI» BIANOBIIHO JO CBOTO
30BHIMIHBOTIONITHYHOTO KypCy Ha JOOpO3WWIMBI Ta
MapTHEPCHKi B3AEMHHHU.

BinnosigHo 1o moroBopy Mixk Ykpainoro ta KHP,
JIBOCTOPOHHI BiTHOCHHH HOCSITh XapakTep CTpaTeriu-
HOTO TIApTHEpPCTBa, Ta BiAOMBarOTH OaraTopiuHi Tpa-
JUIIT Tpy>kOH 1 criBpoOITHUIITBA Mik KpaiHamu. Ku-
Taif He3MIHHO MIATPUMYE CYBEPEHITET 1 TEPUTOPIAIBbHY
LUTiCHICTh YKpaiHu. YKpaiHa HE3MIHHO 3aJIMIIAETHCS
NPUXWIBHOIO J0 TOJITHKH «oaHoro Kwurato». 3
ypaxyBaHHSIM OCTaHHIX 3MiH, [TOB’3aHUX 3 POCIHCHKO-
YKpaiHChKOIO BiifHOIO, mpoBeAcHHAM pedopM B
YkpaiHi OCTaHHIX pOKiB, Hapazi ob0oMa CTOpPOHAMH
3MIHCHIOETBCS PO0OTa, CIpsIMOBaHA Ha cTadimizallio
JBOCTOPOHHIX BiTHOCHH IIUISIXOM IiJTHECEHHS 1X Ha HO-
BUH piBEHb B3a€MHOI HMIATPUMKH 11010 HE3MIHHOCTI Ta
HETIOPYIITHOCTI KOPIOHIB Ta cyBepeHiTery [3, ¢.109-
112].

Ha nonitnyHoMy piBHI NeBHUIT yac 30epirainocs
HEpPO3YMIHHS MOXKJIMBUX MEXaHI3MIB PO3BHUTKY BiJHO-
cuH. Bomnowac kinenps 2020 i mouatox 2021 poky

CTaly TEpiOJOM IIOKBABJICHHS KOHTAKTIB  MiX
KpaiHaMmu. 3a 1eil yac: Bii0y0cs YeTBepTe 3acigaHHs
MixypsmoBoi KoMicii 31 CHIBpOOITHHITBA MiX

KpailHaMu; TpH 3yCTpiui (OHJAWH) TPEICTaBHUKIB
YKpaiHCBKUX MIHICTEPCTB i3 KHTaHCHKHUMH KOJIETaMHu;
MiANACaHAA YTOIU MPO PO3MHUPEHHS CIIBIIpaIi B pe-
amizanii iHQPACTPYKTYPHUX TPOEKTIB HAa TEPUTOPIl
Hamroi KpaiHu; BimOymnacs mepmia TeneoHHa PO3MOBa
MDX Ipe3uaeHToM BonoguMupom 3eneHChKUM Ta To-
noBoto Ci LI[3iHbpmiHOM; akTHBi3yBanacs pobora mo-
conbctBa Ykpainum B KHP i moconbcrBa Kwuraro B
VYkpaiHi 3 momyky HOBHX BapiaHTIB CIIBIpali Mix
kpainamu. 3 oceni 2020 poky Ykpaina Oyia 4aCTHHOO
KATAChKOI CHCTEMH «JIMUIUIOMATIi BaKIIMH» — OTPH-
Malia KilbKa MmapTiid KUTalchKuX mpemnaparis [4]. 3a-
MPOBaPKeHa Hapasl MoJenb 0araToBEeKTOPHOI JTUILIO-
Mmarii cTBOpmiia Juis po3BUTKY Kwurato crnpustiusi
30BHIIIHI yMOBH, a HamarauHs Kutaro ogaouacHo dop-
MYBaTH KOHCTPYKTHBHI BITHOCHHH 3 yciMa KpaiHamH,
HaBiTh BOPOXKUMH OJ[HA 0 OJIHOI, Ha/lana MOXKJIMBICTb
IlexiHy mOCATHYTH HEOOXiIHOTO 3UCKY Ta KOPHCTI.
IpuxmagamMn  ycmimHoi  guroMatii  Kurtato €
CHiBpoOITHHITBO OXHOYAcHO 3 I3painem Ta Ipanowm,
Pocieto Ta Ykpainoro, BipmeHieto Ta AzepOaiimkaHoM.

KHP BuOynoBye BiacHy JiHiIO TOBEAIiHKH, SKa
Opi€HTOBaHa Ha BiJICTOIOBAHHS CBOIX €KOHOMIYHHUX Ta
NOMITHYHUX iHTepeciB. KpaiHa Ge3nocepenHbo He 3a-
SIBJISIE TIPO MPETEH3ii Ha CBITOBI FETeMOHII0, aje IOCTy-
MIOBO TIPOBOJIUTH CBOIO «THXY» €KOHOMIUHY €KCIIaHCI0
CBITY, 3aBOHOBYIOYHM Ta OCBOIOIOYM BCi MOXIIMBI TO-
BapHi puHKHU [4]. 30BHINIHA HOJITHKA ¥ JUILIOMATis
KHP maroTh cBor crenudiky Ta psg 0COOJIUBOCTEH.
Bonu € HanOynoBoto GpyHIaMEHTY — IPUHIIMITY TTiIITO-
PSAIKOBAHOCTI 30BHIIIHLOT TIOJIITHKU «iHTEpecaM KH-
TaliChKOTO Hapoay», fKi BHpaxae KomyHicTHaHa

napTist Kurato (enyrHa npasosiaa mapTis kpainm — KITK)
[5]. Ha manmit vac KIIK € HalGiIBIIO0 TOMITHIHOIO
MapTi€elo B CBITI (B yMOBax JUKTATypH), ajle BCE XK BOHA
3a0e3nedye J0CTaTHLO ePEeKTUBHE yNpaBiiHHS Oara-
TOMUIBHOHHOIO KpaiHOIO, SIK KEpiBHA Ta CIIPSIMOBYIOYa
CWja, NPH IbOMY HEXTYIOUH 3HAYHOI0 YacTHHOIO
MOJITUYHUX Ta 1HIIUX MPaB JIIOJUHU. Y JaHWH yac ak-
TyalbHICTh TEMH OOYMOBIJIEHA OCOOJIMBO JHMHAMIYHUM
BIDIMBOM KuTar0 Ha TEOMONITHKY, HA CBITOBY €KO-
HOMIKY [6, c. 2-7]. KHP i3 3MinIanum THIIOM €KOHOMIY-
HOI CHCTEMH, Ma€ pealbHHi IIaHC B HACTYIHI Aecs-
THJIITTS CTaTH CYIEPAEPKABOIO, a 1€ i THM, 110 KpaiHa
€ KIIOYOBHM TOPTOBEIBHUM IApTHEPOM YKpaiHH B
A3ilicbKoMy perioHi.

Hositai Tenaennii B nmomituni KHP, 30BHinIHii
BB KITK, ekoHOMIUHE 3pocTaHHs, BifiCbKOBa Millb,
BHMararoTh HayKOBOTO OCMHCIICHHS, CHCTeMaTH3arlii
Ta aHaJi3y BIUIMBY KpaiHM Ha CBITOBY I'COMOJITHKY Ta
eKkoHOMiKy. OcoOnuBO 1Lie HaOHpae akKTyallbHOCTI Yy
mepiox  pocCificbKO-YKpalHCBKOi  BilfHM  depe3
MTOBHOMACIITa0HY arpecito pocii Ta 3a yMOB aKTHBHOT
criBnparii 3 Heto Kutaro y BilicbKoBii chepi

Micns posmagy CPCP, cBit 3a3HaB TITHOOKHX
CTPYKTYPHUX 3MiH BCi€l CHCTEMHU MIXKHAPOIHUX BiIHO-
CHH, Ta IOIIYKY HOBHX MOJENIEH B3a€EMOBITHOCHH MiX
KpaiHamH, y TOMY YHCJi 1 MK BUOpAIIHIMU COIO3HH-
KaMH Ta IpoTHBHUKaMu. Ha mouaTky, nosiBa HOBUX Cy-
BEPEHHUX JIep)KaB BUKJIMKala TI€BHI NOOOIOBaHHS
kepiBaunTBa KHP 1miomo MoiMBOCTI HeraTMBHOTO
BIUIMBY LIbOTO (paKTOPY Ha camy KpaiHy Ta 3MYCHJIO
OTyKaTH HOBi OpMH CITiBpOOITHAIITBA. MaeMO poO3TIIs-
HYTH OCOONMBOCTI  TEOTONITHIHOTO BHAMIpY
30BHINIHBOI MOMITHKK KuTalo Ha mocTpaasHCEKOMY
MPOCTOPi, CYTHICTh SKUX 0araTto JOCHTiTHHUKIB BOada-
I0Th Yy TIOB3yUili eKoHOMi4Hii ekcmaHcii (KaszaxcraH,
I'py3is, pocis, iHIT KpaiHn), TKa Mae SK HACIIIOK — ITO0-
CHJICHHSI TOJIITUYHOI NPHUCYTHOCTI B perioHi depes
BIUIUB HA €KOHOMIYHY CTaOlIBHICTB.

KuTtaii Bijirpae ckiajHy pojib Yy «4OBHHUKOBiN»
TOPTIBIII OCTPaITHCHKUX KpaiH. Pasom 3 Tum noboto-
I0YHCh 32 BlIacHY Oe3neky, [lexiH HaMaraBcst yKpiluTH
ii, BperyJbpOBYIOYM CBOi JIaBHI NPUKOPJOHHI CyIe-
peuku. Ase 3amydeHHs KuTaio B perioH MoBUIBHO 3po-
CTajo, 3HaYHOIO MIpO0 Yepe3 3aHenokoeHHs [lekina
10710 HeBU3HAYCHOCTI Till HeOe3meyHoi Ta Herepenoa-
yyBaHOI noctpaasHchkoi pocii. Kuraii 27 rpyans 1991
POKY BU3HAB HOBI IIOCTPA/SIHCHKI JIep>KaBH 1 BCTAHOBUB
3 HAMHU JUIDIOMATHYHI BiTHOCHMHU. HacTymHi Kpoku
KHTAliCBKOTO KepiBHUITBAa Oyl CHpsMOBaHI Ha
BHpIIIEHHS MPOOJieM, TOB’SI3aHUX 3 ceporo Oe3nexn
Ta cTabiIbHOCTI Ha Horo KopaoHax [3, c. 120-124].

3arajgpbHa XapaKTepUCTUKA CTpaTerii KUTahnchbKol
MOJITUKK y KpalHax MOCTPaJsIHCHKOTO IPOCTOPY,
3BOJIUTHCS JI0 TPHOX NPUHINIIIB:

- TepUIMH — OTPUMATH MaKCUMaJIbHUH JOCTYII JI0
IXHIX HalllOHAJIBHUX IIPUPOJHUX PECYPCiB;

- Ipyruii — TOKa3aTH KEpiBHMUTBY KpaiH, IO
Kurail He mpocTo 3pocraroua Hajanep:kaBa, ane U
BINIOBiaJIbHA CHJIA, IO CTaBUTh IHiepea coOoro
JIOBI'OCTPOKOBY METY;

- TPETIii — «3aCTOBIUTHY HOBI HAJIIWHI PUHKH JIJISI
peasizauii cBoix ToBapiB y Lux Kpainax [7].
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Kuraii M’sk0, aje HaIoJISTJIMBO TIPOBOJIUTH
MOJIITUKY TOIIMPEHHS CBOro BIUMBY Ha Kapkasi Ta
Cepenniit A3ii. BiH — 0a1H 13 TOJOBHHUX TOPTiBEJILHUX
napTHepiB Al nux perioniB. ExoHomiuna pons KHP
TYT IIBHJKO 3pOCTae, a 3arajbHi iHBecTuwii [lexina B
AzepOaiimkani Bke OJM3bKO 1 Minmbsipaa JoNapiB, a
JIBOCTOPOHHS TOPTIBJISl LUX KpaiH HEpeBHINye Lei
nokasHuk. Kuraiiceka rpyna Hualing iHBecTyBana B
I'pysito  mo 5008  wmuH;  Asiarcekumit  OaHK
iHQPACTPYKTYpH Ta 1HBECTHIII HAmaB KPEIUTH
Azepbaiimkany 1 ['pysii; Kuraiti HamaB momomory
Bipmenii, 30kpemMa TpoMajchki aBTOOYCH 1 MaIIWHHU
MIBUIKOI JOMOMOTH, BiAKpuB imito I[HCTHTYTY
Kondyuis, a takox mkony apyxom mix Kuraem i
Bipmenieto B €peBaHi.

o peui, Binkpurts ¢iniit [ncturyty Kondyuis €
TpamuIliiiHUM  KpokoM Kwuraro y KOXHIH i3
MOCTPAISHCHKUX pecrnyOmiK. 3aBasku UM  (iisM
Kutaii mocwiioe CBOI0O KyJNbTYpHY HPHCYTHICTH B
perioHax. AJKe TOJOBHUMH 3aBIAaHHAMH (iTid
IactutyTy Kondymis €:

- opraHizamisi KypciB KHTaiCBKOI
KyJbTYpH;

MOBH Ta

- TIPOBEICHHS KOH(pepeHIIii

MNPpUCBAYCHUX KI/ITaIO;

HAayYKOBHUX

- momyisApu3amii MOBH Ta KyJbTypu Kuraro
yepes pi3sHOMaHITHI KOHKYPCH Ta IyOJIiTHI 3aX0IH;

- TpOBeIeHHS  KBaJiiKamiifHOTO
kuTaricbkoi MoBu (HSK);

TeCcTy 3

- TMIArOTOBKA Ta BUJAHHS HaBYAJIBHOI JIiTEpaTypH
3 KHTalChKOT MOBH;

- CTYHEHTCHbKI Ta BHKJIAJAlbKi CTaXYyBaHHSI B
Kurai, koHCYIIbTyBaHHS 3 IUTaHb OCBITH B KuTalichkin
HaApOIHIH pecyOimi.

I BapTo 3a3HaumMTH, IO B OCBITHIX 3aKJIaAax IUX
KpaiH, y ToMy uHciai ¥ YkpaiHH, NPHCYTHICTH Yy
HaBYAJIbHUX IIPOTrPaMax KUTalChbKOi MOBH Ta BUBYCHHS
KYJIBTYPH L€l KpaiHU HEBITUHHO 3pocTae [§].

BaxnuBuM HIOAHCOM KHUTaWCBhKOTO KypCcy Y

IMisnennomy KaBka3zi € BIiACYTHICTB y  HBOTO
BHYTPIIIHBOTIO 0OMeXeHHS CBOET MOJITUKH
perioHaJbHOTO NPOHUKHEHHS Malouud Ha yBasi

BU3HAHHS, YaCTKOBE BH3HAHHS a00 HEBU3HAHHS KpaiH
periony. Kurait Mae Hamip OyIqyBaTH CBOI BiITHOCHHHU
Kk 3 AOxasiero, Tak i 3 I'pysieto, sk 3 Haripuum
Kapabaxom, tak i 3 A3sepOaiipkaHOM, NpH LBOMY,
3BHYaiiHO, He 3a0yBarouyMl 3rajyBaTH NpU OoQimiiHUX
JBOCTOPOHHIX KOHTaKTax 3 TpPY3MHCBKHMMH Ta
azepOailKaHCEKUMHU NPEACTaBHUKAMH TPUXMIBHICTD
JI0O TIOBaru MPHHIMMIY TEPUTOPiabHOI IiTICHOCTI.
IIpore IliBnennnii KaBka3, Bce X Takw, HE CTaB Hi
OCHOBHHMM IIUJIbOBUM HAINPSIMKOM JUIsl KHTaWChKHX

IHBECTHIIIH, Hi €00 THIHUM eMiIEeHTPOM
30BHIITHBOT MOJTITUKH Kuraro. 3pocTaroga
KOHKypeHmiss 3 Ooky CIIA, a mpoMy perioni

Typeuunnu, 3mymrye Kutaii Oinblie 30cepeaKyBaTucs
Hacamriepes Ha A3iaTChbKO-THXOOKEaHCEKOMY PETiOHi.

3 1991 poky Kwuraii mae pmobpocycinchki
BifHOCHMHM 13 gepkaBamu lleHTpanpHOl A3ii, He
BHKOPHCTOBYE BiCHKOBHX 3aCO0iB Ta HAroJIONIyE Ha
TOMY, IO BTpPy4YaHHS y iX BHYTPIllHI CIOpaBH €
HENPUWHATHAM — a IIe, B Odax IJJepiB pecmyorik,

3HayHA TiepeBara Iepen JAepkaBaMHu 3axomdy, sKi
MOCTIHO HAroJIONIYIOTh Ha HEOOXiTHOCTI PO3BHUTKY
neMokparii. OcHoBHUI iHCTpyMeHT noiitTuku KHP B
LIOMY perioHi € NpoekT «OJIUH MOsC — OAWH LUIAX»,
IO TPONOHYe Oarato mepesar Iyl IMX Aepkas. L
ininiatuBa KHP € rnoGanbHOI0 cTpaTerielo po3BHTKY
iH}pacTpykTypH, mo Oyna npuiiHsta ypsgom KHP y
2013 poui msa iHBecTyBaHHA Maibke y 70 kpaiH Ta
MiKHAPOIHMX OpraHizamiii. [i BBaKaloTh HeHTpanbHOIO
y 30BHImHIA momituni ['eHepambHOrOo cexperaps
Komynictrnunoi maprii Kwraro Ta mimepa KHP Ci
L[3iHbIiHA, KOTPHUIl CIOYATKy aHOHCYBAaB CTPATETIIO SIK
«Exonomiunnii mosic IlloBKkoBOTO NDIAXY» IMiJ dHac
odimirinoro Bisuty no Kasaxcrany y Bepechi 2013
POKYy.

HesunankoBo, Kuraii poOuTh akueHT Ha sKpas
po30yn0Bi iIHPPACTPYKTYpH, IO AYKE aKTyaJIbHO IS
MOCTPaNsHCBKUX  KpaiH, a/ke ycsi  pajsHCbKa
iH}pacTpyKTypa 3acTapijiia, A0 TOrO X BOHa Oyna
Opi€HTOBaHA Ha JIOTICTUKY (€KOHOMIYHI 3B’ SI3KH1) JIHIIIC
3 iHmmmMu pecmyOmikamun CPCP. Oxpim TOrO, YyCi
nepxaeu LlenTpanpaoi Asii (IJA) myxe moTpeOyOTh
iHo3eMHuX iHBecTHuil i KuTaif mpomonye (iHaHCOBY
MATPUMKY Ha  BHUTIOHMX  yMmMoBax. UYm  He
HaBa)XJIMBIIINM HAIMPSIMOM €KOHOMIYHOi aKTHBHOCTI
Kurato ta nepxaBaux komnaniii B LIA € HadrorazoBuit
KOMILIEKC, JI¢ MPOBiMHUI iHTEepec CHOKyCOBaHUIl Ha
Kasaxcrani it Typkmenictani [3].

[Mignecenns Kurato B lleHTpanbhiit  As3ii
MIPUCKOPUIIO KOHKYPEHIIiI0 MK BEJIMKUMHU Jep>KaBaMu
3 METOIO 3aXHCTY BJIACHUX iHTEpeciB y perioHi. Okpim
pocii Ta CIIIA, € iHII MOTYXHI MONITUYHI «aKTOPH»,
taki sk €C, Typeuunna Tta [Hmis, mo MaroThe pi3HI
€KOHOMIYHI, TIONMITHYHI Ta OE3MEeKOBi 1HTEPECH.
AHAIIITHKA CTBEPKYIOTh, 0 KuTail Bke 3aMiHUB
pOCi0 K HAWBILTMBOBINITY CHIy B perioni. JliiicHoO,
MOYKHa KOHCTaTyBaTH, 10 BiZ0yBCs NIEBHUI HA/IJIOM B
pociiicbkiil 30BHILIHIN MONITHI, aJKe paHille MyTiH
o0y y Llentpanphiii A3ii «0aem», BIUIMBOBOIO
JIFOJIMHOIO, JI0 SIKOT BCI JIOCIyXallUCh, TEHep e BiH
BTPATHUB IIeH cTaTyc a cepeq O6araTbox MpPOIIApKIiB Ta
€THOCIB y)K€ CTaB TOKCHYHHM TOJIITUKOM, Ha 10 TEX
BIUIMHYIIU TTO/ii POCifiCbKO-yKpaiHChKOI BitiHM [1].

Ane y kBiTHI 2023 poKy BCi MU TIOYYJIH Bif mocia
KHP y ®panmii Jly [las peancne Oawenns KHP
CYBEpPEHITETy NOCTPAISIHCBKUX pecrnyOmik. Y iforo
BUCTYII NPO3BYy4alo, mo «KpuMm movyaTrkoBo Hajiekas
Pocii», a cyBepeHHHI cTaTyc MOCTPaASHCHKUX KpaiH
cymuiBaui [9]. Ilicnsa roctpoi peakiii B Ykpaini Ha
3asBy mocia Kwuraro y ®paniii, kuTaiicbkuil ypsnq
MiATBEPANB, IO BiH, 5K 1 paHile, BU3HAE CyBEPEHITET
KOJIMIIHIX PaASHCBKUX pecrmyOmik. A  pedHuIst
MiHiCTepCcTBa 3aKopaoHHUX crpaB Kurato Mao Him,
X04 1 HEeNpsIMO, aJie TUCTaHIiIoBajiacs Bijl 3asiBH OCIIa
Jly Wlas, sixkuif 1ocTaBMB IIiJi CyMHIB CyBEpEHITET
MIOCTpaTHCEKUX pecnyOuik. «KuTaii noBaxkae cratyc
KOJIMIIIHIX PaJTHCBKHUX pecIyOlIiK i CyBepeHHUX KpaiH
micns posnany PamsHcekoro Corosy», - miaTBepamia
Mao Hin. Kuraii Oy onHi€ro 3 mepmux KpaiH, sKi
BCTAHOBWIM 3 HHMH JUIJIOMATH4YHI BiJHOCHHH,
Harosiocuiia BoHa. Kuralicbka MO3UINA € «YITKOIO 1
MOCJIIIOBHOIO». BiamoBigarour Ha 3amudTaHHsA [Jall,
Mao Hin miarBepamna, mo Kuraéi Takok BBakae
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VkpaiHy cyBepeHHOIO jaepxkaBoo [9]. Mo Oum
IHITWACHT 1 BUUEPIIAHWM, ajlie TakKi 3asBH JUILUIOMATIB
KHP BHCBITIIOIOTE peasibHy i7€0JIOTIYHY OCHOBY
3/1IHCHECHHS 30BHINTHBOT MTOJITUKU KpaiHU.

Konrekcr 3oBHimHbOI momitikn KHP  Ha
MOCTPaJTHCHKOMY IPOCTOPI MPsIMO chOKyCOBaHHUH Ha
BigHOCHMHH 3 pociero [3, c¢.112-114]. TlomitHe
noTerutiHH Hactano micnsa 2014 poky, komu Kpemib
3asiBUB TPO PYX IO A3ii MiciIsi eKOHOMIYHHUX CaHKIIN
3axofy gepe3 aHeKciro MOCKBOrO Kpumy Ta pois pocii
y BiifHi Ha cxomi YKpaiHu. 3a TpH THXKHI 10 BTOPTHEHHS
pocii B Ykpainy nigepu p¢d i Kuraro Bomomumup [Tytin
i Ci L[3iHpmiH TiAmucamy CHOUTBHY 3asBY B SKii
MPOTOJIOCHIN «OE3MEeXHY» APYXKOYy MiX KpaiHamu.
Kuraiicbka Bnana BBakae epedio e(peKTUBHHM 1
JI€BUM I1HCTPYMEHTOM JJIsi PO3XUTYBaHHS 3axony,
olHaUe CcaMy pOCil0 KuTaimi copuiiMamy i
CIpPUUMAIOTh SIK TOTEHLIHHOro cymnporuBHHKa [10].
Tomy Best xonnernifiss Ci moOymoBaHa Ha TOMY, II00
MOCHJINTH BIUIMB HAa MOCKOBIIO, OTPHUMATH TEBHUH
KOHTPOJb Han ii pecypcHOI0 0a30r0 Ta ociaabuTw Ii
MoxumBocTi. Kurait He copuiimae epediro sk
coro3HuKa: [Iexid pakTHIHO Te i pOOUTB, IO TIOCTIHHO
E€KOHOMIYHO Ta 0E3IIeKOBO MOCIa0II0e CBOTO Cycia,
BUTICHSIOUM 3 TIOCTPaastHCBKOTOo mpoctopy. Ilpm
[bOMY «BEJIMKa yBara IMpHIUIEThCS AUNIOMAaTHYHOMY
MaHEBPYBaHHIO, a He BOEHHIH KoOH(pOHTaLIi,
HalKpalla cTpareris BIHM moJsirac B TPHUIyLICHHI
IUIaHIB, a HE B pealbHOMY O0lioBOMY 3iTKHEHHI. Bee ne
NoOIYHO BKa3zye Ha IiJEOJIOTII0 «M’SKOI CHIN» 'y
¢inocodii crapomaBHporo Kwmraro: 1) Teopermuna i
NpakTHYHA IlepeBara CTpaTeriyHoi 0OOpoOHH B
MOEAHAHHI 3  JAWIUIOMATHYHAMH  IHTPUTAMH 1
CTBOPEHHSIM aJIbSHCIB, @ HE BTOPTHEHHSI, [IOHEBOJICHHS
a00 3HUIIECHHS IPOTHBHUKA; 2) BiZIMOBA BiJ BIICBKOBOT
cuin abo oOMmerkeHe ii 3acToCyBaHHS ISl JOCATHEHHS
MOJITHYHMUX Mijed; 3) BOEHHE MHUCTENTBO — L€ He
HACWJIbCTBO, a MHUCTEUTBO MiINOPAAKYBaHHSA. Y
KUTaWChKii (inocodii Mopanb, 3akoH 1 CHiBIIpars
BU3HAYAJIMCS OCHOBOIO BITHOCHMH MDXK JepiKaBaMu,
JIOJICbKa TMpUpOJa HE BBakajacs 3JI0I0  Bif
HapOKSHHS, CTBEpJLKyBaJIacs MOXITUBICTh
JIOCATHEHHS MHPY 1 CIIIBPOOITHAIITBA MIX JIEpKABaAMH,
a TaKO>K CTBOPEHHS COIO31B MK HUMH, IO Tiepe0adae
y3roKeHHS iHTepeciB pisHUX cy0’ekTiB» [11. c. 76].

HemonasHiii npuisn xuraiicekoro usigepa Ci
[[3iHbmiHa 10 POCIMCHKOI CTOJIUII MPOJIEMOHCTPYBAB,
1110 32 OCTaHHiH pik 3anexHicTh pd Big KHP He mpocTo
3pocia, a crtaja mMaibke ToTanbHoI0. Halttiikasimie, 1o
BOHA BHHUINIA 32 PaMKH €KOHOMikM Ta Oesmeku. Lls
3aJICKHICTh CTaJla BXKE IMOJITHYHOIO, IO HAaBiTh
BinoOpa3mnm 30BHImHI arpubytu wmiei 3yctpiui. Ci
L3iHbmiH AyXe YBaXKHO CIIOCTEpIraB 3a pOCIHCHKHM
BTOPrHEHHAM B YKpainy. Y moromy nosuuis Ilekiny
Ha MDKHapoOIHMX MalJaH4YWKax II0J0  BIHHHU
(hopmabHO 3aJIMIIanacs HE3MIHHOIO -
«mpopociiicbkuii  HelTpaniter». Kuraii ne 3acynus
pocito 3a moBHOMaciiTabHe BTOPTHEHHS B YKpaiHy.
Kuralicpka Brajia Takox 00epe:KHO KOMEHTYE BilfHY: 3
oJIHOTO OOKY, KpaiHa He miaTpumMana pocito, koau OOH
rojocyBaja 3a  PE30JIOIII0 13  3aCy/KCHHSIM
BTOprHeHHs pd B YKpaiHy, aje 3 iHIIOrO — HE cTana
BHUCTYIIATH TIPOTH BTOPTHEHHS [12].

[ixaBo, 1o 3a OyIb-SIKOTO PE3yIbTaTy POCIHCHKO-
yKpaiHchKoi BiiHu KuTait mepemorke. Y pasi nepeMoru
i mianopsinkyBaHHS YKpaiHu (II0 HE MOJMJIMBO Hi 3a
SIKUX yMOB), Lle Oyno 6 rurtocom Juist coro3unka KHP.
Aue pocis 3a3Hae HeBJadyi, 110 3poOUTH ii caadIoro 1
me Ounpln 3anexHoro Bix Kuraro. Kurait Burpae y
KOHKYpEHIIi 3 pOCi€0, TOMY pPETENIFHO CIIJKYE 3a
nepebirom OoioBuX niif B Ykpaini, HMOBIpHO, 11100
MOTIM BHKOPHCTAaTH YPOKHU Mi€i BIHHM y KOHQIIKTI 3
TaiiBaneM Ta MOXJIMBO [UIsl TIOBEPHEHHS CBOiX
aHeKcoBaHUX y Jpyrii cBiTOBIi BifiHI Tepuropiii [12].

Takox, Kurall HEOZHOPa30BO 3aKIMKaB BiIaay
VYxpaiau Ta AUKTaTypy pd IO MEPHOTO BPETyINIOBAHHS
koH(uikTy. 24 motoro 2023 poky Kurait onprittogHus
«MUPHHH IUTaH» M0A0 BiliHK B YKpaini. Cepen iHIIOTO
B HBOT'O 33/I€KJIaPOBaHO:

- «moBara 0 CYBEpEHITeTy BCIX KpailH —
MiATPUMKA CYBEPEHITETY Ta LITICHOCTI BCiX KpaiH
HE3aJIe)KHO BiJl IXHBOTO PO3Mipy Ta OararcTsa.

- BiIMOBa Bim MeHTamiTeTy XOJOAHOI BiMHH.
Iekin BBaXkae, 110 «Oe31eKa OIHIET KpaTHH HE MOBHHHA
JOCSITaTHCS 33 PaxXyHOK IHIIMX, Oe3leka periony He
MOBUHHA JIOCSTATUCS 3MILHEHHSAM YM PO3LIMPEHHSIM
BIICPKOBUX OJIOKiB», 3amoOiraHHs KOH(POHTAI]
OIOKIB.

- TIPUITMHEHHS BOTHIO MIX POCi€r0 Ta YKpaiHoIo.

- BIJIHOBJIEHHS MHPHHX IIEPEMOBHH.

- BUpimleHHs TyMmaHiTapHoi kpusu. Kpainu
MaloTh HiATpUMAaTH OOH y BUKOHAHHI
KOOpAMHAIIIIMHOI poJli B CHpSAMYBaHHI T'yMaHITapHOI
JOIIOMOTH B 30HH KOH(IIKTY, CTOPOHH MalOTh
BiIMOBHUTHCS  BiA  «mONiTH3amii  TyMaHITapHHX
TTUTaHbY;

- 3aXMCT LUBIABHUX 1 B’S3HIB BIMHHA. 3aKINK
CYBOpPO JIOTPUMYBATHUCh MDKHAPOIHOTO
rYMaHITapHOTO TpaBa, YHUKATH HAIA/liB HA IUBLUILHUX
a00 1WMBIABHI O00’€KTH, 3aXHINATH >KIHOK, IIiTEHd Ta
IHIIMX ~ KepTB  KOH(QJIIKTY, TOBaaTu mpasa
BilicbkoBONOJIOHEHUX. KuTail migrpumye  oOMiH
MOJIOHCHUMHU MK YKPaiHOO Ta POCI€rO.

- 3a0e3neyenHs Oesneku AEC. Kuraii Buctymnae
npotd 30poiiHux Hanagie Ha AEC 1 miarpumye
MAT'ATE y chopusHHi 06€3leKM MHUPHHMX aTOMHHX
00’€KTIB.

- 3MEHIIEHHS CTpaTeriyHux pu3ukiB. Kwutaif
BUCTYIA€E MPOTH 3arpo3u ab0 BUKOPUCTAHHS SIEPHOT
30poi, IpOoTH PO3pOOKK UM BUKOPUCTAHHS XiMIYHOI Ta
6ioJtoriuHO1 30poi.

- 3a0e3leYeHHs]  eKCIOopTY
BUCTyNae 3a (QYHKLIIOHYBaHHS
3€pHOBOTO KOPHUIOPY.

3epHa.  Kurail
YopHOMOPCEKOTO

- TIPUITMHEHHS OJHOCTOPOHHIX caHkuid. Kunrai
BHMAra€e MPUITUHHUTH «3JIOBXXHBAHHS CAHKIIISIMIAY», SKI
He € cxBajgeHnmu Panoro besnexu OOH — came Taki
CaHKII{ OifoTh MpoTH Pocii, OCKIIBKH MOCKBA 3aBXKIH
MOJK€ HAKJIACTH BETO HA CAHKI[i, SKI HaMararTbCs
3alpOBaJIUTU IPOTH HET.

- 30epexxeHHsT OE3MEeKW  MPOMUCIOBOCTI  Ta
JIAHIFOKKIB MOCTaYaHHSI. Kwuraii 3aKIJIMKAE
«TIPOTHUCTOSITA BUKOPHCTAHHIO CBITOBOI EKOHOMIKH SIK
THCTPYMEHTY 9H 30p0i B MOJITHYHHUX IUIIX», Pa3oM
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€KOHOMIYHHX HAaCIIIKIB.
BigHoBiaenuro. KHP

CIIPHUATH  TTOM’ SKIICHHIO
CrnpusitHHSL ~ TICISIBOEHHOMY
TOTOBUH AomxyduTucs» [9].

Otxe, KHP npononye cBOIO y4acTh y MOCTKOH()-
JIKTHOMY BiJIHOBJICHHI Ta (piHaHCYyBaHHI YKpaiHH i ro-
TOBUH JOJYYHUTHCH J0 IIBOTO MPOIECY, NPEKPACHO PO-
3YMIIOYH TCOMOJIITUYHI HACHIAKU M€l BiHU. JlocuTh
TPYHTOBHUH aHai3 HOTO MPOIO3UIIiH, TPOBEJICHO aHa-
JMTHYHAM TICHTPOM YKpalHCBKOTO I1HCTUTYTY IIOJNi-
tuku. Excreptd YKpaiHCBKOTO 1HCTUTYTY MONITHKA
3a3HA4Yal0Th, 10 «KUTAWCBKUM MHUPHUI IUIaH — 1€ HE
30BCIM IUTaH, a CKopilre Hadip MpUHIHUIIB a00 KOHIIe-
MIIis, 0 Mo30aBiieHa KOHKPETHKH II0N0 YKpaiHu» i
TaM BiJICYTHI YiTKi ITPOITO3HIii 11010 TOTO, 1110 MA€ 3pO-
OuTH KOkHa 31 cTopid KoHutikTy [10]. CpaBni, KoxeH
IUIaH Mae TependadaTH SKiCh KOHKPETHI KPOKH, Tep-
MiHH, 000B’SI3KH CTOPIH, a IOTO B KUTAHCHKOMY MUp-
HOMY IuIaHi Hemae. | 3a GaykaHHSIM CTOPOHH MOXYTb
TPaKTYBaTH 3MICT HOT'0 MyHKTIiB HA CBOIO KOPHUCTH (TaKi
Hanpukian, sk [loBara 1o cyBepeHITETY BCiX KpaiH).
Ha mymky, ekcriepTiB [HCTUTYTY «eIUHUIA TyHKT, SKAN
MO>K€ BUKJIMKATH IBHUH NPOTECT B YKpaiHu Ta ii coro-
3HUKIB — € «IIPUIMHEHHS OJHOCTOPOHHIX CaHKIIH»»
[9].

Tomy, MH TEX BBa)Xa€EMO, 1[0 METOIO KUTAHCHKOI
MHPHOT KOHIIETIIT € He CTUIbKU MUPHE BPETYJIFOBaHHS
moa0 YKpaiHu, CKUTbKA KOHTP MO3HUI[IOHYBaHHS, 00
(Ha 1X TIepeKOHaHHs) TPUBAE MEBHA 11€0JIOTiYHa KOH-
kypeHnuis i3 CLIA Tta iHmmMu kpaiHamu, sKi BUCTYTIa-
I0Th 32 CHJIOBE BHpilleHHs KOH(iKkTy. Takor no3u-
mieto Kutaii HamaraeTbcs BUTPATH MIATPUMKY KpaiH
Adpuxu, JlatnHCEKOI AMepukd Ta A3il Ta 1me 30i716-
IINTH CBi TeONmONiTHYHUA BIUWB. Llel «MupHUIA
IUIaH» BapToO CIPUHMATH HacamIiepen SK JOKYMEHT,
SKAA CIOPSIMOBAaHWN Ha TIO0ANbHY KOHKYPEHIIO 13
CIIA Ta iXHIMH COIO3HHKAaMH. | Juime B apyry depry
SK JJOKyMEHT, 1110 CIIPSIMOBaHHMI Ha BPET'YJIIOBaHHS PO-
ciiicbko-ykpaincbkoi BiiHH. Oxpim Toro, Kuraii Ha3u-
Ba€ BiliHY B YKpaiHi «KOH(IIIKTOM», a CJIOBO «BiifHa»
YK «TEPOPU3M» B TEKCTI HE 3TaJly€ThCs )KOJHOTO Pasy.

Take OaueHHs BiiiHM B YKpaiHi HE Jal0 MOXKIIH-
BocTi Kutaro Opatu y4acTh B IepIioMy 3aciiaHHi paji-
HHKIB 3 MUTAaHb HAIlIOHAJIBLHOI OE3IIEKH Ta 30BHIIIHBOT
MOJITHKH, sika BinOymack B Konenrareni B uepsHi 2023
POKy. AJie OT B APYTiii 3yCTpidi — B CEPIIHI B CayAiBCh-
kit Jxkuani — ygacte Opas. Llfo y4acTs BBaXkanmu oji-
HUM 3 IIPOPMBHHUX MOMEHTIB CayIiBCBHKOI 3ycTpidi i
03HAKOIO TOTO, II0 POCisl Ha MIPKHAPO/IHIH apeHi moTpa-
IUTA€ y 11e OUTBIIY 130151110, BEAYYH BilfHY IpOTH YK-
paian. OmHaK B KiHII )KOBTHS Ha TPETiH 3ycTpidi pan-
HUKIB Ha MaJnbTi, sKka 3i0paja peKkopIHy KiIbKiCTh
Kpail — nmonaz 60, — Kuraii 3HOBy OyB BincyTHiM. Tomy
BBaXaeMo, 1[0 yJacTh KuTar y 3acimaHHSIX pagHHKIB
Oysna He dyepe3 iHTepec 0 YKpPAiHCBKOI «(popMyiH
MHUpY», a yepe3 Te, mo Kuraii He mir Bigmosutu Cay-
niBebkiit Apasii (CA) y cBoiii npucytHocTi. Big Hadtu
CA Kuraii ny>xe 3aJI€)KHHUH, TOMY BiH Jy’Ke€ YBa)XKHO BiJ
CaMoro I0YaTKy POCIHCHKO-YKPaiHCHKOT BIHHH CTEKHUB
3a TUM, K 3axiJ Jonomarae YKpaiHi, SIKy HaJCHJIa€e
30por0 yKpaiHIsAM, SKi CaHKIi 3ampoBaKyIOThCS
npotu Pocii Tomo. .. . Bee 1ie HiOu mpuMipsnock, mpoe-
KTyBajoch Ha TaiiBaHb, sika OyJe peakiist Kpaid y pasi
Bropraenss [lexiny Ha octpis [13].

Excriept I1. KimiMkiH 3a3Ha9MB, IO «KUTAKII TTpe-
KpPacHO pO3yMilOTh, IO BOHM HE MOXYTb J03BOJIHTH
co0i noganpuioro noripmenHs BigHocuH (i3 CLIA), i
Tpurepom Tyt nociyxus Bizut Henci [lenoci no Taii-
BaH0. Tam 11e KUTalchKi aepocTatu 30MBaIM Hal Te-
puropiero CHIA» [9]. Hlomo mpsiMUX MOCTaBOK pocii
JIETaIbHOT 30p0i, TO, HE3BAXKAIOYH HA TIEPIO MY HI MOBI-
nomiieHHst B 3MI, Taki MOCTaBKM MaroTh Micle, KOHK-
peTHHX MoKa3iB He Oyio. Byma, monpasma, inpopma-
is1, mo Pocist Mojke MaTi KHTaChKi JPOHH, aje Ti, Mo
MOXHa KoMepuiiiHo mpuabati. Kwuraifmi mpekpacHo
PO3YMIIOTh, IO BOHM HE MOXYTbH JO3BOJUTH cOOi I10-
JAIBIIOTO moripmenHs BigHocHH 31 CLIA.

HumHi, ronosue y Toprisii Kuraii-pocisi — TexHO-
JI0Tii 1 TOBapy MOJBIHOTO BUKOPUCTAaHHS. ATpecop He
BHUPOOJISAE MIKPOYIIY, SIKi HEOOXIHI JUI1 TEXHOJOTIY-
HOTO 030pO€HHS, BIH HE MOKE BUPOOJIATH Oarato KOM-
TIOHEHTIB /sl CBOET 30poi. I oT came ToBapu MmojBiii-
HOTO BHKOPHMCTaHHS, SIKI HACIpaBli BUKOPHCTOBY-
10ThCs B pociiickkoMmy BITK MaroTh JOCUTE KpUTHIHAN
piBeHb y pocimmnopti. To6T0, y Kuraro € peanpHi i mo-
Ty>HI Baxkeni BIBY Ha pocito (ITasmo Kimimkin [9]).
Saxmmku CIIIA, mo6 Kuraii 3yniHAB €KCTIOPT BHCOKO-
TEXHOJIOTIYHUX TOBapiB JI0 POCii € HEe Hi€eBUMH. Y TOH
e 9ac, MDKHAPOIHI Orisgaadi 3a3HavaroTh, mo [lekin
IyXe CTypOOBaHMH pPOCIHCHKMMH HOTpPO3aMH IIOJ0
MOXKITMBOT'O 3aCTOCYBaHHS siiepHOI 30poi Ha T BIfHU
B YkpaiHi. [lekiH 3asBisi€ MOCKBI — «B )KOJIHOMY pasi
siIepHa 30p0osi He MMOBUHHA OYTH 3aCTOCOBaHay. Takox
KuTaii BHCIOBIIIOBaB CTYpOOBaHICTh CUTYALIE€rO HA 3a-
mopizbkiit AEC, sika mepeOyBae B POCIHCHKHX pyKax
BiJl CAaMOT0 TIOYATKY BilfHU, i B3araji HaroJjoIryBaB Ha
motpe0i Oesmexu aist AEC B VipaiHni.

I HaBiTh ocTanHs 3ycTpid migepu CIIA ta Kurato
(15 mucromana) Ha MOMAX caMiTy A3ziaTchKo-THX0OKe-
aHCBKOTO ekoHOMiyHoTO criBpobitTHunTBa (ATEC) ¥
Can-®panuycko He 3MiHMIa BigHoueHHs [lekiny 1o
YKpaTHChKUX MOJiH. | TOCHTh I'y4HOIO HOBHHOIO 32 ITi-
JICYMKaMH 3yCTpidi CTaJlo Te, [0 KpaiHH JOMOBHJIHCH
BiJIHOBUTH BIiChKOBY KOMYHIKaIIil0 M)XK Jiep)KaBaMu Ta
CIIBITPAIIOBATH y CEKTOPi OOPOTHOM i3 HAPKOTHKAMH.
Kpim Toro, nizep Kurato 3aneBHUB aMepHUKaHCHKOTO
mpe3uaeHTa B Tomy, mo KHP He Mae miaHiB moynHATH
BoeHHI 1ii moxo TaiiBaHro y HalOMIDKYi poku. BomHO-
gac peunnist M3C KHP Mao Hin 3asBuina, mo mepero-
Bopu baiinena i Ci He BIuMHYIW Ha mosumito Kuraro
o710 BiltHH B YKpaiHi [9].

AJe TIONITHYHI €KCHEPTH 3asBISIOTH PO IEBHE
mucTaHmionyBaHHs [lexina Big TicHO1 criBmpartti 3 Mo-
ckBoro [10]. 3a3HauaroTs, mo xoda Pocis i crama mus
Kurato cepifo3HUM pHHKOM 30yTy — TOPrOBENbHI Bij-
HOCHHH MiX IIIMH KpaiHaMH IPOTATOM OCTaHHIX POKiB
TIJTBKY TIOCHITIOBAIKCA. 3a TiICyMKaMu 3ycTpidi Jijge-
piB CILIA Ta Kurato Mae peasnizyBaTHcs iJiest IpO CTBO-
PeHHSI OIMOJISIPHOTO CBITY, KO0 POKaMU MapuB POCiii-
chkuii tukTatop myTid. lllonpasaa, y SKOCTi OOHEHTa
Baiinena Bin 6aunB cebe. Hacmipapi )k BUSBHIIOCS, IO
Ha OJHOMY TIOJIFOCI LIbOTO OIMOJIIPHOTO CBITY ONWHH-
mcst CIIA, a Ha iHmomy — Kutaid, a mytiny 3anumia-
€ThCs Jnnie crioctepiratu 3a uuM [9]. CIIIA Ta Kurait
JIOMOBHJTHCS 301TBIINTH KUTHKICTh aBiapelciB Mik Kpa-
{HaMH JUTA KyJIbTypHOTO, CHOPTUBHOTO Ta COLIANBHOTO
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o6Mminy. Lle cBiTUNTE PO MOTIAMOICHHS CITiBIIpaIli Ha-
BiTh Ha COIIaJbHO-TIOOYTOBOMY Ta TYPHUCTUIHOMY pi-
BHi [9].

LikaBa qymKa ekcriepTa 3 MDKHapOJHHX NMUTaHb
B. Orpuska, skwuii BBaxkae, mo «Kwurait choroni ¢ax-
THUYHO BUTATYE OIO/KET pOcii, KyIyroUH pOCiiChKi eHe-
proHocii. Pocis oTpuMye KNTaliCbKi TOBapH, JIIMHUTH HA
HHX POCIHCBHKI HAKJICHKH 1 KaXke, 1110 BOHU «IMIIOPTO3a-
MicTrnuchy. Lle o3ravae, mo Kuraii y sikuiick MOMEHT
MOJKE JICTIKAaTHO HATAKHYTH POCISHAM, IO, MOBIISB,
BOHH HAJTO JaleKo 3axorisTh i Kurtaro morpiOHO sSKH-
MOCh YMHOM pearyBaTH Ha NPOXaHHS aMCpPHKAHIIB.
Kurait MoXe 3MEHITUTH 3aKyIIBIIO pOCiHChKOi HahTH
HAaroJIOBMHY. A IIe O3HaYaTHMe, L0 caMe Ha CTUIbKU
3MCHIIATKLCS 1 I0XOU O KeTy pd, Yyepes 1o ToH Tpi-
maTuMe i JaMaTuMeTbesl. ToOTO eKOHOMIYHMI THCK Ha
pocito 3 Ooky Kuraro MiTKOM MOXIIMBHMA, ajie st
bOT'0 MOTPiOHE moiTHYHE pitneHHs [14].

KuTraii nposoBxye poOUTH BUIIISA, IO 1 pocis, 1
YkpaiHa 0JHaAKOBO BUHHI y il BiliHi, TOMY 9OTOCH HO-
BOTO BiH He 3amponoHye. A Te, mo Kuraii mpomonye y
SAKOCTI «MHPHOTO IUIaHy», U IIbOTO HE MiIXOIUTB.
Kuraii He MOXe HaM SIKUMOCH YHHOM JOTIOMOTTH — BiH
1ZICONIOTIYHO OB’ A3aHUH 3 pocier. €aune, mo Kurait
MOX€ HEe pOOWTH, TO Ile HE AaBaTH P MOXKIMBOCTEH
JUTs 00XO0.ly CaHKIIiiH, a TAKOXK He 103BOJIATH [TiBHIUHIN
Kopei nmocrayaru pd 0306poenns, amxe ta Ha 100% 3a-
neskHa Bif Kuraro. SIkio e 6 ¢rajgoch, HaBiTh Iii 1Ba
MOMEHTH BXe 0 03Havaiu, X04 i He IpsIMY, aJie oroce-
peaKoBaHy JOMOMOrY YKpaiHi y MPOTHCTOSHHI 3 po-
cificbknM arpecopom [14].

VYkpaiHChKka BiIafa HIKOJIM HE BUCTyHana IryOi-
YHO MPOTH TOCHIICHHS no3umiid Kuraro y cBiTi, ane 6a-
TaTOIOJSIPHUMN CBIT 32 KUTAHCHKNM PELENITOM O3HAYAE
MOBAary J0 pOCIHCHKHUX aMOiIii 30epert 30Hy BILIUBY
Ha TIOCTPaJTHCHKOMY IPOCTOPI 1 HEXTYBaHHS YKpaiH-
CHKUMH O€3NIeKOBUMH iHTEepecaMu. BiacHe Tak MokHa
PO3TIIyMa4UTH OJIUH 3 IIYHKTIB KUTAHCHKOTO «MUPHOTO
IUTaHy» — 110 «Oe3mneka ojHiel kpaiHu He TOBHHHA J0-
CSITATHCS 32 PaXyHOK IHIIMX, Oe3leka periony He mHo-
BUHHA JIOCATATHCS 3MIIIHEHHSM Y1 PO3ILUPEHHSM Bild-
CHKOBHX OJI0KiBY [14].

Bpax yBaru o ykpaiHChKO1 o3wuiii 3 00Ky KHTaii-
CBKOI BIamu Jenami Oinplle pyHHYE 1 KHUTaWCBKY
«M’sIKy cmury» B Ykpaini. [IpoTsrom mecstupivus pis-
HOMaHITHI opraHi3auii Jpy>x0wu, siki icHyI0Tb B Y KpaiHi,
MPOCYBAJIM Cepe/l YKPATHIIIB JyMKY ITPO BUT1IHICTb 115
VYkpaiHu Ta yKpaiHChKOI eKOHOMikHM cmiBmpani 3 Ku-
TaeM, KUTAWCHKUH IMIJK SK YCHINIHOI Jep)KaBH, aje
MO3UIIisl KpalHW 100 arpecii pocii po3dapoBye ykpai-
HI[iB 1 TOCUJTIOE TIEBHY HEJOBIpY.

[oniTraro Kwutait xoTiB 6M OyTH BIUTMBOBHM i
KJIFOYOBUM T'PaBLEM Y HONITHII MOCTPAASHCHKHUX Kpa-
iHa €Bpomm Ta A3ii, 110 HacamIiepe € ceporo iHTepe-
ciB €C Ta pocii. [ns nporo Ilexin nocnigoBHO 3Min-
HIOE BIJIHOCHHHM 31 CXiJHOEBPONEHCHKHUMHU KpaiHaMH
NUITXOM aKTHBi3allii MONITHYHOTO MIANOTy Ta IOTIHO-
JICHHS] eKOHOMIYHUX BiTHOCHH, TOJIOBHUM YMHOM IILJISA-
XOM HaJaHHsi (iHaHCOBOI momomorH. Lls B3aemonis
CTaJia HAMO1JIBIIT AKTYaILHOTO TiJ] Yac HeTaBHBOI CBITO-
Boi Kpu3u. Kurtaii HamaraeTscst po3poouTH e(heKTHBHY
30BHIIIHIO TIOJITHKY Y HMEHTPATBHO-a31ICBKOMY peri-
oHi. 3a 3agymom kepiBaunTea KHP Taka momitrka Mae

0a3yBaTHCS Ha HaJaroPKeHH1 piBHOIIPABHHUX BiTHOCUH
3 ZiepKaBaMH PETiOHY Ta MMOCTYITOBOMY ITPOCYBaHHI KH-
TalChKUX KOMIAaHIH B perioHax Ha JOBrOCTPOKOBY Ie-
pcrextuBy. [lo 24 motoro 2022 poky pocis i Kuraii
BUCTYMaNH SIK (POPMabHO PiBHONPABHI MapTHEpH. 3a-
pa3 IlexiH 3aliHsB JOMiHYIOUY MO3UIIIO Y BiJTHOCHHAX
i3 pd. Kurait posrinsigae BiiiHy B YkpaiHi Hacammepen
i3 oy npotuctosinas 31 CILIA.

YV 2023 pori BUIIOBHIOETHCS BXKE IBaHAALATE PO-
KiB BiJl MOMEHTY, KOITH KepiBHUKH YKpainu i KHP 3as-
BIJIM TIPO MOYATOK €TAaIy «CTPATETIYHOTO MapTHEpC-
TBa» MIX JepKaBaMH. X049a 3 TI0YaTKOM HOBHOMACIII-
TabHOI arpecii pocii 1i BiTHOCHHN HaOyBarOTH O3HAK
JIMIIE B3a€EMOBHIIHOTO «EKOHOMIYHOTO IapTHEpC-
TBa». ToMy Ha IyMKy €KCIIEpTiB, «BPaXOBYIOUN HHHI-
mHi peanii, Kuraro nouinpHie HagaTH cTaTyc eKOHO-
MIYHOTO, a HE CTpaTeriyHOro mapTHepa 3 BiJIOBiJ-
HUMH OOMEXEHHSMH JJIsl CITIBPOOITHHLITBA 3 MLI€IO
kpainoio» [15].

KHP 3axnmkae moBakaTl CyBEepeHITET BCIX KpaiH,
BiIMOBHTHCS BiJI «\MEHTATITETY XOJIOJHOI BINHN, TIPH-
MMUHATH BOEHHI il Ta CICTH 3a CTLI IeperoBopiB. Y
KHP Buctynunm 3a MpUIMUHEHHS «OJHOCTOPOHHIX ca-
HKII». Bchoro mo0 KUTalChKOTO «MHPHOTO IUIaHY»
yBifimm 12 myHKTIB. BiH — pagme obtiuawnit Habip mo-
CTYJIaTiB KATaWCHhKOI MO3MUIIT I0A0 BiHU B YKpaiHi.
Cepeq iHIIIOTO, KHTAWCHKUMN «IITaH» BUCIOBIIOBAB T0-
Bary /10 TEPUTOPIaJIbHOI LITICHOCTI «BCiX KpaiH», He
Ha3MBAIOYH IIPU [bOMY YKpaiHH, TEPUTOPIabHY Lii-
CHICTB SIKOT MOPYIIHIIA POCIs.

Biifna B YxpaiHi po3ainmia cBiT Ha THX, XTO Mij-
TpUMY€ HaIly KpaiHy 30poe€ro, QiHaHCamu, TyMaHiTa-
PHO Ta JUIUIOMAaTHYHO, HA THX, XTO CTOITh Ha CTOPOHI
arpecopa (I’sITb KpaiH, IO TOJIOCYIOTh pa3oM 3 pd B
OOH), Ta Ha HeitTpanpHi kKpaian. CaMe cepe] X Hel-
TpaJbHUX KpaiH odimiiiHo 3HaxoauThCs KuTait, i BiH €
00’€KTOM yKpAiHCHKUX JAUIUIOMATHYHHUX 3YCHIIb.
Maibxe yci HeWTpanbHI KpaiHH Tak 3BaHOTO [ M00ah-
Horo [TiB/iHs 3HAXOAAThCS B 30H1 KHTalCHKOTO BILIHBY.
Ile #oro 3Ha4HEe MOCATHEHHS, 3 SKUM Tpeba paxyBa-
THUCsI, BUOYTOBYIOUH MOJANBIINNA [TEPETOBOPHUM MPO-
nec 3 [ligaedecHoro [15]. BifbmiicTs 3 Mux HEHTpasb-
HUX KpaiH CXBAJLHO CTABIISATHCS JJO MUPHOI «IIPOPOCIiH-
cpkoi» iHimiatuBu KHP Ta Hagam 3 THX 4d 1HIIHAX
MIPUYHH OYAYyTh 32JIy4aTHCh A0 MEialii 3a1sl IPHITH-
HEHHS BIFICHKOBUX Jilf B HaIIi# KpaiHi, ajie IM TexX He-
00XiTHO JTaT! 3pO3YyMITH peasbHUHN 3MICT Ta HACHiJKH
ouXx iHiiaTuB. J{7s OpOTO MAalOTh aKTHBHO CIIPAIlIO-
BaTH KOMaHIIM YKpaiHChKUX auIuiomartiB, 3MI Ta rpo-
MaJsTHCBKE CYCIIUIBCTBO SIK B KpaiHi Ta 1 3a 11 MeXaMH.
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Abstract

The research actualizes the issues of sustainable urban development in the context of increasing urbanization,
assuming that by 2050 two thirds of the world's population will live in cities. This article discusses the various
benefits of urban living, such as the availability of a variety of services and ample employment opportunities.
However, the study also reveals significant problems related to the urban environment, including traffic jams and
significant pollution of our environment. Special attention in the study is paid to the concept of a "smart city" as
one of the most promising and innovative solutions to improve the situation. The study also highlights the im-
portance of taking into account factors such as location, socio-economic situation and the level of development of
a particular city when developing a smart development strategy. The recommendations of the study are aimed at
adapting intelligent technologies in order to ensure the sustainable and efficient development of urban infrastruc-
ture. An important aspect of these recommendations is to take into account the diversity of priorities and needs of
different cities, which is necessary to create more comfortable, safe and environmentally friendly living conditions.
These conditions, in turn, will contribute to a significant improvement in the quality of life of citizens, which is
especially important in conditions of accelerating urbanization.

AHHOTAUUA

HccrnenoBanus akTyalIH3UpyeT BONPOCH! YCTOMYMBOTO Pa3BUTHUS TOPOIOB B KOHTEKCTE HapacTaomel ypoa-
HU3aIMH, npeanonaras, uro k 2050 roxy nBe Tpetn HaceneHHs 3eMin OyIyT MPOXKHUBATh B Topoaax. B manHOM
CTaTheC 06CY>KILEIIOTC$I Pa3JIMYHBIC MPCUMYILICCTBA FOpOZLCKOﬁ JKU3HHU, TaKUE KaK JOCTYINHOCTbH paBHOO6pa3HI)IX
YCIYT 1 IUPOKHUE BO3MOKHOCTHU IJIA prnoyCTpOfICTBa. O,I[HaKO HCCJIICAOBAHNE TAKIKE BBIABIIACT CYIICCTBEHHBIC
HpO6J‘I€MI)I, CBA3aHHBIC C FOpOZ(CKOﬁ cpeaoi/i, BKJIO4YaAa Hp06KI/I 1 3HAYUTCIIbHOC 3arpA3HCHUC Hamen OKpYKaro-
meﬁ CpCabl. Oco0oe BHUMaHKE B HCCIICJOBAHUU YACJICHO KOHLICHIIUN «YMHOI'O Iropoaa» Kak OHOMY HauboJee
MNEPCHCKTUBHBIX 1 MHHOBAIIMOHHBIX peHICHI/Iﬁ JUIA yJIIydlI€HHd CUTYyalluu. I/ICCJ'IGLLOBaHI/Ie TaKXKeE l'[OI[‘lépKI/IBaeT
BaXXHOCTB Y4€Ta TaKUX (I)aKTOpOB, KaK MECTOIIOJIOKCHUEC, COITNAIIBHO-OKOHOMHUYECKOE IMOJIOKEHNE U YPOBECHD pa3-
BUTHSI KOHKPETHOTO TOPO/Ia P pa3paboTKe CTPaTEerny YMHOTO Pa3BUTHS. PekoMeHIaIuu ueciaeJ0BaHus HallpaBs-
JICHBI HA aJanTaluio MHTCJUICKTYAJIbHBIX TEXHOJIOTUHN C LHEJIBIO O6CCHC‘{€HI/I$I yCTOfI‘{I/IBOFO )5 3(1)(1)6KTI/IBHOFO pas-
BUTHSI TOPOACKOH HHPPACTPYKTYPHI. Ba)XHBIM aclieKTOM 3THX PEKOMEHIAINH SBIIAETCS y4eT pa3Ho00pas3ust mpu-
OPUTETOB M TOTPEOHOCTEH pa3IUYHBIX TOPOJOB, YTO HEOOXOAWUMO JUIA co3daHusi Oojiee KOMQOPTHBIX,
0e30MacHbBIX M HKOJIOTHYECKH YUCTBIX YCIOBUH MPOXKUBAHUS. DTH YCIIOBHSL, B CBOIO 09epeib, OyIyT CIIOCOOCTBO-
BaTb 3HAYUTCIIbHOMY HOBBIIMICHUIO Ka4€CTBA KU3HU I'OPOKAH, YTO 0CO0EHHO AKTyaJIbHO B YCJIOBUAX YCKOPSIO-
nieticst ypOaHu3anuu.

Keywords: smart city, innovation, sustainable development, public safety.
KnioueBble ciioBa: yMHBIH ropoj, MHHOBAIMH, smart city, yCToiuMBOe pa3BuTHe, o0lIeCTBeHHas: Oe3omac-
HOCTb.
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BBenenune. YMHBIN TOpoa — 3TO camasi O0IbIIast
a0CTpaKIMs CPEaH UCIONB3YEMBIX TEPMHUH, TIOCKOJIBKY
OHa OXBAaTbIBAET APYr'He TEPMUHBI, UCIOIb3yeMBbIE AT
0003HauEHHUs TOPOJIOB. YMHBII TOPOA — 3TO KOHIETI-
LUs1, ¥ CPEAM HayUHBIX KPYTOB /10 CHX ITOP HET YETKOTO
U TIOCJIEJIOBATENILHOTO ONpPEeIeHUs 3TOI KOHIEIHH.
VYHpoIIeHHO TOBOPs, YMHBIN TOpoJ — 3TO MECTO, I1Ie
TPaAMLOHHBIE CETU M YCIYTH CTaHOBSATCS Oojiee Tuo-
KUMH, 3 (GEKTUBHBIME M yCTOWYNBBIMH C UCTIOJIB30Ba-
HHEM HH(OPMAIIOHHBIX, U(POBEIX U TEIEKOMMYHH-
KaI[MOHHBIX TEXHOJOTWH AJS YIydIIeHHs CBOSH mes-
TENBHOCTH Ha Omaro cBoux kureneil. [pyrumu
CJIOBaMH, B YMHOM Tropoje Iu(pPOBBIE TEXHOIOTHUH
NPUBOAST K YJIYYIICHHUIO OOIIECTBEHHBIX YCIYT IS
xuteneit u 6onee 3pPEeKTHBHOMY HCTIOJIB30BAHUIO Pe-
CYPCOB IIpY MEHBIIIEM BO3JIEHCTBUHU HAa OKPY>KAIOIYIO
cpeny. OnHO U3 oUIMATIBHBIX ONPECICHUH “yMHOTO
ropoja" 3By4HT CICAYIOIIUM 00pa3oM: Topo, "coeau-
HSIOIIUN HU3NIECKYIO HHPPACTPYKTYPY, HHPPACTPYK-
Typy HH()OPMAIMOHHBIX TEXHOJOTHH, COIMAIBHYIO

HHPPACTPYKTYpY U OM3HEC-MH(PACTPYKTYpy UL HC-
MTOJIF30BAHMS KOJUIEKTUBHOTO pazyma. Obmmii 0630p
PAa3JIMYHBIX KOMIIOHEHTOB, HEOOXOIMMBIX B "YMHOM
ropoje", mokasan Ha puc. 1 Jlrobas komMOuHanus pas-
JIUYHBIX UHTCIICKTYATbHBIX KOMIOHCHTOB MOXET CJIC-
JIaTh TOpoja YMHBIMHU. ['opoay He o0s3aTensHO 007a-
JIaTh BCEMH KOMIIOHEHTAaMH, YTOOBI €r0 MOXKHO OBLIO
Ha3BaTh "yMHBIM". KOJIMYECTBO HHTEIIEKTYalbHBIX
KOMIIOHEHTOB 3aBHCHUT OT CTOMMOCTH W IIOCTYITHBIX
TEXHOJIOTHH. 3a TOCIeqHNEe IECATHICTHS HaceJeHHe
MHpa 3HAYATEIFHO YBEIMYMIOCH, KaK U O)KHIAHUS OT-
HOCHTENIFHO YPOBHS Xu3HHU. [IporHO3MpyeTcs, 4To K
2050 roxy oxono 70% HaceIeHHUs 36MHOTO Iapa OyaeT
JKHUTh B TOPOJICKUX paiioHax. B HacTosiee Bpems ro-
poJa moTpedIIsitoT 75% MHUPOBBIX PECYPCOB U SHEPTHH,
YTO MPUBOIUT K 00pazoBaHuio 80% MapHUKOBBIX Ta-
30B. Takum 00pa3oM, B OIIDKAMIIINE HECKOJIBKO JECs-
TUJICTHI MOYET BO3HHKHYTh CEPbE3HOC HETaTHBHOE
BO3JICHCTBHE Ha OKPYXKAIOIIYIO Cpedy. JTO JAenaeT
KOHIICTIIINIO ""YMHBIX TOPOJIOB" HEOOXOIMMOIA.
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Pucynox 1 - Obwuii 0030p paziuunblx KOMHOHEHMOS, He0OX0OUMbIX 8 "yMHOM 20pode”

Co3pnanue "yMHBIX FOPOJIOB" SIBJISI€TCS ECTECTBEH-
HOH cTpareruei cMsArdeHus npooiieM, BOZHUKAIOMINX B
pesynbrare ObICTpOH ypOaHM3alMKM M POCTa TOPO-
CKOT0 HaceJeHHs. ""YMHBIe ropofa”, HeCMOTPS Ha CBSI-
3aHHBIC C OTHUM 3aTpPaThl, ITOCJIC BHEAPCHUA MOT'YT CHH-
3UTh NOTPEOIIEHNE YHEPTHH, BOJBI, BRIOPOCHI YTIICKIC-
JOro Trasa, TpeOOBAaHUS K TPAHCIOPTY W TOPOACKHE
OTXOJBI. YMHBIE TOPOJIa 10 BCEMY MUPY BECbMa pPa3HoO-

00pa3HbI ¢ TOYKH 3pEHUSI UX XapaKTePUCTHK, TpeOOBa-
HUN B KOMIIOHCHTOB. B 1eioM, cTaHmapThl, yCTaHOB-
JICHHBIC TAaKUMHU OPTaHH3alUsIMHU, KaKk MexIyHapo-
Has opranmzanus o cragaaptusanuu (MCO), npeno-
CTaBJIAIOT ITOHATHBIC BO BCEM MUPE CHCHI/I(I)I/IKaLH/II/I JJIA
CTUMYJIMPOBAHUS POCTa, 00ECIIeYnBast P ITOM Kave-
CTBO, 3P PEKTUBHOCTh W Oe30omacHOCTh. CTaHmapThI
MOTYT UIpaTh BaXXHYIO POJib B pa3paboTKe U MoCTpoe-
HUU YMHOTO TOpOJia.
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Konnenust "ymMHOTO ropona" mpearnonaracT uH-
TETpaluio NepeioBbIX TEXHOJIOTHM, TakuxX Kak HTep-
Het Bemelt (IoT), uckycctBennsiii unTeiekT (Al) u
aHAJIMTHKA OONBIIMX JaHHBIX, B TOPOJCKYI HH(pa-
CTPYKTYpY [Ulsl co3nanus Oosee 3h(heKTUBHBIX, YCTON-
YHBBIX U MPUTOAHBIX JJIS JKU3HU TOPOJIOB.

AJMaThel — 3TO camblil 0obIIoN ropos B Kazax-
CTaHe, KOTOPBIM HAXOAUTCS Ha IOTO-BOCTOKE CTpPAaHBI.
T'opon 3anumaer npumepHo 700 KBagpaTHBIX KUJIOMET-
POB M HACUHUTHIBAET OKOJO 1,98 MHIIUIMOHA KHUTEIEH.
Anmartsl cozgaet npuMepHo 20% BBII Kazaxcrana, a
€ro 5KOHOMHYECKast CTPYKTypa B OCHOBHOM COCTOHT 3
TOPTOBIH U yCIIyT.

B ropone cocpenoToueHo HauOoblIee Koiude-
CTBO BKJIAJIOB OT (DU3MUECKUX JIMI[ B CTPaHE, ¥ OH JIU-
JUpyeT MO BHYTPEHHEH MUrpanuu. AJIMaThl Takxke 3a-
HHUMaeT MepBoe MecTo cpeau peruoHoB Kaszaxcrana mo
MPOCTOTE BejeHHUsS OM3Heca, COINIacHO NaHHBIM Bcee-
MHUpHOTO OaHKa.

OCHOBHBIE OTpaciy IPOMBIIUICHHOCTH BKIIIO-
YaroT ONTOBYIO ¥ PO3HUYHYIO TOPTOBIIIO, (PHHAHCOBBIE
YCIYTH, HEJBIXHUMOCTh, TPAHCIIOPT M CKIIAJCKOE XO-
3siicTBO. bespabotuma cocraBisieT 5,2%, a cpemu Mo-
nopexu - 5,4%. OcHOBHBIE NPOOIEMBI, C KOTOPBIMU
CTAJIKHMBAIOTCSA FOPOJL U €T0 JKUTENH, BKIIOYAIOT HU3KOE
Ka4eCcTBO OKpYXKarolleil cpeibl, HeIOCTaTOUHYIO HH-
(bpacTpykTypy B NPHropojax, CTAPCHUE >KUIIUIIHOTO
(hoHIa 1 KOMMYHHKAIUi, @ TAK)Ke BHICOKYIO TPECTYII-
HOCTh U KOJIMYECTBO JTOPOKHO-TPAHCIIOPTHBIX IPOUC-
HIECTBUM.

B Anmats! pyHKIHOHHpPYET cBhIme 220 rocymap-
CTBEHHBIX M 50 YacCTHBIX IIKOJ, KaXKAas U3 KOTOPBIX
OCHaIllleHa He0OXO0JMMBIM 000pyJOBaHHEM W HHTEPHE-
TOM BBICOKO#1 ckopocTH. OHaKo, IpoOIeMOo ocTaeTcst
3HAYUTENBHBIN NeQUIIUT MECT B IIKOJIAX.

Cdepa 3npaBoxpanenus. Cerogus 6onee 90%
rOCY/IapCTBEHHBIX YCIYT B COLIMAIBHOM cepe MOKHO
MOJIyYUTh OHJIAMH uepe3 CIEeLHMaIu3UPOBAHHBIN MOp-
TaJl. DTO MOMOTaeT YIY4IIUTh AOCTYI K yCIyraM Jajis
HanOoJee ysI3BUMBIX cioeB HaceneHus. bomee 90%
JKUTETeH AJMAaThl UMEIOT ANEKTPOHHBIE METUIIMHCKIE
KapThl, KOTOPBIE COAEp)KaT HHPOPMAIIHIO O MAIHEHTE,
UCTOpHIO OOJIE3HH, BU3UTHI K BpadyaM W Pe3yJbTaThl
aHaIM30B. Bece KIMHNMKN 1 OOJIBHUIIBI OCHAIIEHBI HE00-
XOANMBIM KOMIBIOTEPHBIM 000OpYJOBaHHEM WM HHTEp-
HeToM. MoOwuinbHOe mnpuiioxkenne Damumed mo3Bo-
JSIET JIFOJIIM 3aIMCBHIBATHCS HA MIPUEM K Bpady, BBI3BI-
BaThb Bpaya Ha JIOM, HaxXOJWTh IOJUKINHHKH,
OTCJIEKUBATh CBOE 3/I0POBbE M MHOTo€ npyroe. Jlims
JaIbHEHIero pa3BuTHs HU(PPOBOH TpaHCchHOpMaIy B
cdepe 3apaBOOXpPAHEHHS U COIHATIBHOTO 00eCTIeUeHHS
HE00X0IUMO YCHITUTh KOOPAMHAIINIO MEX Ty Y TIpaBiie-
HHEM COIMAJIBHOTO OJIaroCcOCTOSHHUS ropoa AMaThl 1
MuHHCTEpCTBOM 3APaBOOXPAHEHUSI CTPaHbI. JTO 103-
BOJIUT 3(QeKTUBHEE WCIOIb30BaTh OrpPaHHMYCHHBIC
Or0/DKETHBIE PECYpPCHI, BBIJCICHHBIE Al IH(POBOTO
3/IpaBOOXPAHEHHS U COLMAILHOTO OJIaroCOCTOSHUSI.

IKoJIoTHYecKasi yCTOHYMBOCTh. AJIMAThI CTaj-
KHBAa€TCSl C CEPbE3HBIMH HKOJIOTHUECKMMH MpoOite-
MaMH{ H3-32 CBOETO PACIIOJIOKCHUSI B JOJIMHE CPEIU
rop, OOJBIIOTO KOJMYECTBA aBTOMOOMIICH W YrOJIbHOM
TEIUIOBOM 3JIEKTPOCTaHIMHU. B CBA3M C 5TUM, UCIIOJNb-

30BaHKE MU(DPOBBIX TEXHOJIOTHIA ¥ TAHHBIX IS 2 dek-
TUBHOTO PELICHUS] W KOHTPOJSI SKOJOTHYECKUX MpO-
61eM cTaHoBUTCSA ITpropuTeToM. HekoTopsie n3 peanu-
3YEMBIX [IPOEKTOB BKJIFOYAIOT:

- Pacuiupenue cetu gaTaukoB o ropoay (¢ 17 go
450) c aHaM30M M BH3yallM3allUel JaHHBIX Ha TOPOA-
CKMX WH(OPMAIMOHHBIX NaHessix yepe3 exunyto ['C-
CHCTEMY.

- Cozmanme eanHOTO MU(POBOTO peecTpa 3eie-
HBIX HacaXJIEeHUH ¢ nHpopMaImen o IpUOIHM3UTEIHHO
3 MIJITHOHAX JIePEBHEB.

- ABTOMaTH3UPOBAHHBII MOHUTOPUHI KadyecTBa
BOJIBI B BOIOEMAxX rOpoa.

- Paspabotka cucremsl cOopa JaHHBIX OT BCEX UC-
TOYHUKOB 3arpsi3HEHUS] U MOJCIMPOBAHUE PA3THMYHBIX
CIICHApHEB CHIDKEHHSI BBHIOPOCOB C HCIIOJIb30BaHHEM
HCKYCCTBEHHOT'O MHTEJUIEKTa 1 MALIMHHOTO O0YYCHHUSI.

Fpa>1<)1aHe HMCIOT BO3MOXHOCTh CJICAWUTH 3a CO-
CTOAHHUEM Opr)KaIOH.[eﬁ Cpeabl, UCIIOJb3Yys IOKa3a-
TCJIN Ha CIICHHUAIIU3UPOBAHHOM ITOPTAJIC, 4 TAKIKC €000-
maTb O np06neMax, TAKUX KaK IOBAJICHHBIC ACPCBbS
WM HU3KOC Ka4€CTBO BOJBI. B paMKax KOJJICKTUBHOT'O
6}O,Zl)KeTa ropoaa AJ'IMaTLI, rpaxxJaaHe TaKXCE MOryT
NIPEAIIOKNUTE SKOJOTHYCCKHU OPUCHTUPOBAHHBIC YITYyY-
IOEHU J1d CBOCTO ropoaa.

OOmecTBeHHasi Oe3omacHocTb. B mociennue
roAbl B ropojae AiMarbl HaOJIIOAAeTCs CHUKCHHE
ypoBHA npecTynHocTH. Kpome Toro, psi Ipyrux moka-
3arenel, Takux kak cMeptHocTh B ATII, Bpems pearu-
POBaHMSI SKCTPEHHBIX CIIy’O, KOJMYECTBO 3aTOILICH-
HBIX 3€MEJbHBIX YYacTKOB, TAaKKe YIyYIIHIIHCH.
OTOMy CIIOCOOCTBOBAIM MHOKECTBEHHBIE ITPOEKTHI
ndpoBoii TpaHchopmanny, Takue Kak aBTOMaTH3UPO-
BaHHas cucteMa BblsiBneHUs Hapymenuid 11 "Cep-
rek", cucTeMa MOHUTOPHUHTA CEJIEBOM OMACHOCTH, WH-
Terpanys KOHTaKT-IEHTPOB IKCTPEHHBIX CIY)X0 B eau-
HBIN KOHTaKT-1IeHTp "112", nHTerpupoBaHHas cucTeMa
6e30MacHOCTH BO BCEX INKOJIAX TOpoja, CUCTeMa OIo-
BEIIIEHUS O YPE3BBIYAWHBIX CUTYyallUsIX ¥ MHOTHE JpY-
rue. Kpome Toro, rpaxmaHe MOryT HpOCMaTpHUBaTh
CTaTHCTHKY NPECTYITHOCTH Ha HAIMOHAJILHOM HOpTalie
I'enepanbHOI MPOKypaTypsl, YTO TO3BOJISET yIpaBie-
HHUIO TOpoja coOMpaTh, aHAIM3UPOBATh U IPHUHUMATH
COOTBETCTBYIOIIME MEPHI MO MOBHIMIEHNIO Oe30TacHO-
CTH B Pa3IIMUYHBIX pailloHaX ropoja.

I'opoackas TpaHcmopTHas cucrema. TpaHc-
NOPTHBIM XOJAUHI ropojia AJIMAaThl COCPENOTOUYMIICS
Ha UCTIOJIb30BaHUH HU(PPOBBIX TEXHOJIOTHI I perre-
HUS TPAHCIIOPTHBIX IpoOiieM ropoaa. OHaif - cuctema
9JIEKTPOHHOHN OIUIATHI MPOe3/a, AUCIeTYepu3aIis 00-
IIECTBEHHOTO TPAHCIIOPTa, BHUACOHAONIOJCHNE 3a
napymenusiMu [1/1/1, BeG-caiiT 0O1iecTBEHHOTO TpaHC-
nopra 1 ModwisHoe npuitoxkenue CityBus Obun pea-
JIM30BaHbl JUIsl yIYYIIEHUs] KadyecTBa OOLIECTBEHHOTO
TPaHCIIOPTAa W TOBBIMIEHHS KOMQOpTa MacCaKHPOB.
Kpowme Toro, npumeHeHue MyJIbTUMOJANBHBIX MPUIIO-
»keHul, Takux Kak Sunpexc u 2I'MIC, moMorio caenaTth
MOe37KK OoJice yIJOOHBIMHU U JTOCTYIHBIMHU JUIS JKUTE-
Jier ropoa.
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B memsx yBenmmuenuss oobema Tpaduka Ha 10—
15%, nmmanupyeTcss HHBECTHPOBAHUE B CHCTEMY aHa-
mu3a  Tpaduka W aBTOMAaTU3UPOBAHHYIO CHCTEMY
YIIpaBJICHUs JOPOKHBIM JBIDKeHUeM. [lepBas cuctema
OyzmeT MCHoib30BaTh JaHHBIE O IOE3]Kax Ha oOrie-
CTBEHHOM TpPaHCIIOpPTE, TAaKCH, aBTOMOOWISX U TIele-
X0JIaX, a BTopas - 00beauHuT Bee 450 cBeTohopoB ro-
pOZa B €MHYIO0 MHTEIUICKTYaJIbHYIO CETh C aBTOMAaTH-
3UpOBAaHHBIM ympaBieHneM K 2024 romy. Otn
WHBECTHUINH MTO3BOJIAT AajbHEHIIee TIOBHIIIICHUE Kade-
cTBa U 3()(HEKTUBHOCTH TPAHCIIOPTHOH CHCTEMBI T'O-
pona.

KuanugHo-koMMyHaIBHBIE yeayru. Pazsutne
dpoBu3anyy ycuyr B chepe KIITHITHO-KOMMYHaIb-
HOTO XO34WCTBa B Topojie AJMaThl MPOUCXOIUT Mell-
JeHHo. HecMOTpst Ha HalMuue BO3MOXKHOCTH I10J1a41
OHJIaliH-3a5IBOK Ha IPEJOCTaBJICHHE KWIbs, OHJIAIH-
OIUIaThl CYETOB 33 KOMMYHAaJbHbIC YCIYIH M I0JIAa4d
OHJIaH-KaI00 Ha Ka4eCTBO 00CITY)KHBaHUS, OTKIFOYE-
HHE SJICKTPUYSCTBA WM PEMOHT 3[aHus, QparMeHTH-
POBaHHOE YIPABJICHHE M HE3PEJIOCTh YCTAPEBIINX CH-
CTeM MpPUBOAAT K HEIP(DHEKTHBHOCTH YIpaBICHUS
9HEprHei, BOOHBIMH pecypcaMH, 00CITy)KUBAaHUEM 31a-
HHH ¥ ONTHUMU3aMU UX (YHKIHMOHUpoBaHUSA. OIHAKO
CYILECTBYET MHOTO BO3MOXHOCTEH 1711 0OMeHa U aHa-
JIM3a TaHHBIX, YTOOBI c/ienaTh Oosee 3 (heKTHBHBIE Ka-
MHUTAIBHBIE BIIOXKCHUS M NPHUHUMATH OIEpalMOHHbBIE
peuIeHusl, KOTOPBIE MOTYT YJIYUIIUTb OIBIT IPAXIaH U
CHM3HUTb 3aTpaThl JJIsl TOPo/a.

Takum 00pa3zoM, ropoJ AJIMaTel UMEET XOpOIIHe
pe3yabTaThl B H(GPOBU3ALUH Pa3HBIX Chep KU3HH, OJ1-
HAKO TaK K€ UMeeT psin mpobiieM, K KOTOPBIM Tpedy-
eTCsl peLlCHHE.

Tl'opon AnmaTtel SIBISIETCSl OAHUM W3 JINIEPOB B
Kazaxcrane 1o pa3sBUTHIO MHHOBALIMOHHBIX TEXHOJO-
ruil ¥ uuppoBoil SKOHOMUKH. B mocnenHue ronsl ro-
PO aKTHBHO paboTaeT Haja pazButueM Smart City-KoH-
LENIuU, 4To0bl obecreunth Oosice 3G (GEeKTHBHOE U
y100HOE TOCYIapCTBEHHOE YIIPaBJIeHHE, OBBICUTD Ka-
9YEeCTBO JKU3HU TOPOXKAaH U YCKOPHUTH SKOHOMHYECKHUH
pocT.

OpmHUM W3 OCHOBHBIX HampaBieHmit Smart City-
KOHLETIIINH SBIISETCS HU(PPOBHU3ALHS OTPACIICH SKOHO-
MUKHU. J{7151 3TOr0 B FOPOE pealnu3yroTcs TEXHOIOTuIe-
CKUE MPOEKTHI, KOTOPHIE MOBBIIIAIOT IPOU3BOIUTEIND-
HOCTb TPYZAa U NPUBOJAT K POCTY KaNUTAIU3ALHUU OT-
pacmeii.  Taxke  mpogoipkaercs — pabora 1O
aBTOMaTH3alWH (PYHKIUH TOCYJapCTBEHHBIX yUPEkKae-
HUH C ICTIONB30BaHNEM MEPEAOBEIX HHPOPMAITMOHHBIX
TEXHOJIOT M.

l'opox akTuBHO pa3zBuBaeT MHMPPACTPYKTYpY IS
nepeniauy, XpaHeHust ¥ 00paObOTKH aHHBIX. B pamkax
Smart City-koHUenuuu mpogospkaeTcst pabora 1o pas-
BUTHIO BBICOKOCKOPOCTHOM M 3allWIIeHHOH HH(pa-
CTPYKTYpBbI, KOTOpasi 00ecneynBacT repeady JaHHBIX
B PEXHME PEaNbHOTO BPEMEHHU.

OnHMM M3 KITIOYEBBIX dnieMeHToB Smart City-KoH-
LENINH ABISIETCS Pa3BUTHE YEIOBEIECKOT0 KalHUTaIa.
Jln1st 3TOTO TUIAaHMPYETCsl BHEAPEHHUE IPOTPaMMBI TIpe-
€MCTBCHHOCTH, KOTOpas OasupyeTcs Ha aJanTannuu
y4amuxcst 00pa3oBaTEIbHBIX YUPEKICHUH K IPAKTUKE

MIPUMEHEHHUS 3HAHUH. DTO MO3BOJIAET CO3/1aBaTh MEXa-
HHU3MBI BOBJICUCHHUS B PEATU3aNNIO MPoeKToB CTpaTe-
THH.

B ropone AnMartsl cyiecTByeT BEICOKUI ypOBEHb
uQpoBOH IpaMOTHOCTH HACEJIEHUs, YTO IO3BOJISIET
o0ecreynTh aKTHMBHOE BOBJICUCHHE IIMPOKHUX CJOEB
HaceleHus B npouecc nuppoBoi TpaHcHOpMaLUH Io-
pona. Taxxe B ropone Bbicokas KoHueHTpauus WUT-
KOMIIaHHH, YTO TO3BOJIAET OOECHEUNTh TECHOE B3aH-
MOJEHCTBHE TOocymapcTBa W OM3Heca B ITU(PPOBOH
TpaHchopMaIu ropoja.

B pamkax nepexoja Kk yMHOMY Topody B AIMaTrsl
peanu3yeTcst psAA MPOEKTOB, HANPABICHHBIX Ha HC-
0JIb30BaHNe IU(POBBIX TEXHOJIOTUH JUIsl YIyUIICHUS
Ka4yecTBa )KU3HHU rOPOKaH U NOBBIIIEHHS () (PEKTHBHO-
cTu ropozackoi uudpactpykrypsl. Hanpumep, B 2020
rogy Obuta 3amymena nugpoBas riardgopma Smart
Almaty, koTopasi 0ObeIMHSET JaHHbIE U3 Pa3IMYHBIX
HCTOYHHUKOB M MO3BOJISIET YIPABIATh FOPOACKON HH-
(bpacTpyKTypoii C MOMOIIBIO aHATHM3A JAHHBIX.

B 2017 rony Ka3zaxcran yrBepaun ['ocynapcTBeH-
Hyto nporpammy «lludposoit Kazaxcran», xoropas
HampasJieHa HA YJIy4IIeHHE 3KOHOMHMKH CTPaHBl H
KHM3HU €€ HACENICHNUS, a TAK)KEe Ha cO3/1aHue IH(POBOI
SKOHOMUKH Oyaymiero. OIHOW U3 TIaBHBIX UICH TPO-
rpaMMBbl SIBIISIETCSl TEpeXo]l K LU(PPOBOMY rocyaap-
CTBY, KOTOPBIN BKJIIOYAET B ce0s KOHIETIIHIO "yMHBIX"
ropoos - "Smart city".

Wunnmatuea "Smart city" 3akirodaetcs B co3ja-
HUH KOM(OPTHOI rOPOACKOH Cpeabl AJIsl TpaXKIaH Iy-
TeM YJIy4IICHHs TOpOACKON HMH(pacTpyKTypsl. I'maB-
HOM IeNbI0 3TOW WHUIMATHBEI SBISICTCS CO3JJaHUE YP-
0aHM3MPOBAaHHOW  TEPPUTOPHH,  TJE  PECYPCHI
TOPOJICKHX CIIy’KO M YacTHBIX WHHIMATUB COTPYIHH-
YaloT U B3aUMOJICHCTBYIOT APYT C IPYyroM JuIs odecre-
YEeHUsI yCTOHYMBOTO Pa3BUTHSI TOPOJia M CO3aHus Oia-
TOIIPUATHBIX YCIOBUI AJIs XKUTEJIEH U rOCTEN ropoja ¢
MIOMOIIBI0 BHEJIPEHUS TEXHOJOTWH B PEalbHOM Bpe-
MEHH.

Texymas IT-ctparerus nefictsyet o 2025 roga u
HEepUOTUUECKH OOHOBISIETCA C YYETOM AaKTyalbHBIX
HNPUOPUTETOB, OCHOBAHHBIX Ha MOTPEOHOCTSIX Hacene-
HUsI, Ou3Heca M HaydHOro coobmiectBa. OCHOBHBIM
CII0COOOM B3aMMOJICHCTBHS MEXKIy YHaCTHUKaMH IIPO-
necca NUGPOBH3AIMK  SBISETCS COTPYAHHYECTBO
MEXJy TOCYIAPCTBEHHBIMU CTPYKTypaMH, 4aCTHBIM
CEKTOPOM U Hay4HBIMHU yupexaeHussMu. B pamkax Ta-
KOT'0 MapTHEPCTBA Pa3padaThIBalOTCs MHHOBAIIMOHHBIE
TEXHOJIOTHYECKUE PEIICHHUS, OCHOBAaHHBIE Ha aKTyallb-
HBIX IIpoOJIeMaXx, BEISBICHHBIX FOCYIapCTBEHHBIMHU Op-
TraHaMU ¥ BBIPQKEHHBIX XUTEISIMH TOpoaa AJIMaThl.
OcHoBHas nenb aeictByromerdr UT-ctparernun B ro-
pone AnMaTthl - MaKCUMaJIbHO (P PEKTUBHOE HCIOTb-
30BaHHE BCEX JOCTYMHBIX PECYPCOB Ul Pa3BUTUS
rdposoii uHdpacTpykTypsl ropoaa. ist aToro crpa-
TEerusl BKJIIOYAET B ce0sl NPHUBICUCHNE YETOBEUECKUX
pecypcoB, UCIIOIb30BaHNEe HHPPACTPYKTYpPHBIX pelie-
HUI U cO3JlaHHe TeXHMYECKUX IUIOIAJ0K, TAKUX Kak
Smart Point, Tech Garden u gpyrux nHKy6aTopOB U ax-
cenepatopoB. Llenbio siBisieTcst oOecredeHne MaKcH-
MaJIbHOM TOAAEPKKH AT pa3pabOTKH W BHEAPEHUS
HOBBIX TEXHOJIOTHYECKUX PEIICHUH, KOTOPhIE MOTYT
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yIAY4IIUTh XHU3Hb TOPOJKaH M CHENaTh ropox Ooiee
yIOOHBIM ¥ 9KOJIOTUIECKH YHCTHIM.

locynapctBennas mporpamma "lludpposoii Ka-
3axCcTaH" BKJIIOYAaeT HECKOJBbKO HampaBlICHHH, KOTO-
pble OyayT peann3oBaHbl uepe3 Smart Almaty [Ta0-
nuna 2]. OqHUM U3 OCHOBHBIX HANpaBJICHUM SIBISETCS
udpoBuzanys oTpacieil SJKOHOMHUKH, KOTOpast OyaeT
JIOCTUTHYTA C MOMOIIBIO TEXHOJIOTMYECKHUX MPOEKTOB,
MOBBIIAIOIMNX TPOM3BOANTENBHOCT TPYy/Ia M KalnuTa-
JM3aLUI0 KaXI0T0 HampasieHus. Takxke B mporpaMme
IpeTyCMOTpPEHE TIEPEX01 Ha IU(PPOBOE TOCYJapCTBO, B
paMKax KOTOpPOTo OyIyT aBTOMaTH3UPOBAHBI (DYHKIINH
TOCYAAapCTBEHHBIX YYPEXICHHH C HCIOIb30BAHHEM
NepeIoBbIX HHPOPMAIIMOHHBIX TEXHOJIOTHH.

JpyruMm HampaBlIeHHEM SBISETCA peaau3alus
mudposoro IllenkoBoro myTH, KOTOPBIH BKIIOYAaeT B

ce0s1 pa3BUTHE BEICOKOCKOPOCTHOM 1 3aIIUIIICHHON WH-
(bpacTpyKTypHI iepeaadu, XxpaHeHus 1 00pabOTKH TaH-
HeIX. Taxke B mporpaMme MpeayCMOTPEHO Pa3BUTUE
4YeJI0BEYECKOro KaluTaa ¢ IOMOIIbI0 BHEAPEHUS IIPO-
rpaMMBbI IPEEMCTBEHHOCTH, B paMKaX KOTOPOH ydaIiu-
ecst 00pa3oBaTeNbHBIX YUPEIKACHUH OyyT BOBICUECHEI
B peanu3anuio npoekToB CTpaTeruu.

Haxkoner, onHUM K3 TTIaBHBIX HaNpaBJICHUH SBIS-
€TCsl CO3[aHUME€ WHHOBALlMOHHON 3KocucTemsl. Jlis
9TOr0 OYAyT CcO3maHbl ycioBws it pa3sutus WT-
Om3Heca W MPUMEHEHHs WHHOBAIMII depe3 OopraHu3a-
OUI0 YCTOHYMBBIX CBS3€H MeXOy OW3HEC-Cpemo,
HAy4IHOH cdepoii u rocynapcTBoM. ['ocynapcTro Oymer
BBICTYNaTh B POJIM KaTaju3aTropa pOpMHPOBAHHS KO-
CHCTEMBI, BHEAPSISI HHPPACTPYKTYpHBIE IPOEKTHI.

Tabnuma 2
OcHOBHbIE HATIPABJICHUS CTPaTern MUQPOBH3ALHM.
Hanpag- Onucanne
JIeHHe
peanu3anus koHenuy " Cislmanero rocyaapersa ¢ moMoIibio 3G (HEeKTHBHOTO UCTIOIb30BaHUS
IepBoe IUPPOBBIX TEXHOJOTHHA, YTOOBI 00ECIIEUNTh 00JIee OTKPBITHIA M JOCTYITHBIA TOCYAapCTBEHHBIH
anmapar u 0oJiee JOCTYITHYI0 HHPOPMAIIUIO JJIs BCEX TPaXIaH.
CO3/laHNe  WHHOBAIIMOHHON  TEXHOJOTMYECKOW  SKOCHCTeMBl s pasButusa  UT-
B MPEINPUHAMATENBFCTBA U YCTOMYUBBIX CBSI3eH MEXIy OM3HECOM, HaydyHOU cdepoil U rocynap-
Topoe ctBoM. ['opon OymeT co3naBath OnmarompHuATHEIE ycloBHs Ui passutus UT-Om3Heca u copeii-
CTBHI B3aHMOJICHCTBHIO MEXKy OM3HECOM, HAYKOH U TOCYIapCTBOM.
pa3BUTHE KaIpOBOTO MOTEHIHANa TOPoJa Yepe3 CBiI3b MEXAy 00pa30BaTeIIbHBIMU YUPEIKICHH-
Tperve MU ¥ KOMMEPUYECKUM OM3HECOM. AIMUHUCTpaNs ropoa OyaeT MHBECTUPOBATh B 00pa3oBaHUe
U MOAJACPIKMBATH CBA3U MEKIY y‘le6HLIMI/I 3aBCACHUSMU U 6I/I3HeCOM JIIS OGeCHe‘ICHI/Iﬂ HaJIn4yust
HEOOXOTUMBIX KaJPOB JIs ITU(MPOBU3AIHH.
YerBep- yCUIJIEHHE POJIM YaCTHOTO OM3HECa B pealn3aliiy ropoICKuX npoekToB. ['opos Oyzaer paborats B
TOE NAPTHEPCTBE C YACTHBIM OM3HECOM B pa3MyHbIX cepax, CBs3aHHBIX C HU(pPOBU3AIHEH.

Kpowme toro, ropos Oynet pa3BuBaTh TEXHOJIOTUN
HCKYCCTBEHHOTO MHTEJIEKTa Yepe3 KOOPAUHAIIMOHHOE
B3aUMO/ICHICTBHE C YacCTHBIM OW3HECOM M BBICHINMH
y4eOHBIMH 3aBeJICHUSAMH. Tarke ropox Oyaer cTuMy-
JMpOBaTh pa3BUTHE NPUMEHEHHs KoHuenun Vurep-
HETa BEIEH.

Takum oOpaszom, mporpamma «Smart Almaty»
HarpaBjeHa Ha IH(POBHU3AIMIO TOPOJIa U pa3HbIX cdep
JIeSITETTBHOCTH.

OmHMM M3 TPOEKTOB, peaju3yeMbIX B paMKax
Smart Almaty, sBigercss mpoekT "YMHas mapkoBka'.
OH npeycMaTpuBaeT yCTAHOBKY JAaTYMKOB Ha MapKO-
BOYHBIX MECTaX, KOTOpbIE ONPEEISIOT 3aHITOe WU
CBOOO/IHOE MECTO W IepeNaloT 3Ty MH(OPMALUIO Ha
mudposyro miardgopmy. Takum oOpazom, BOJUTETH
MOT'YT C TIOMOIIIBI0 MOOMIIBHOTO MPHUJIOKEHHS Y3HATB,
I7ie HaXOAATCsI CBOOOJIHBIE TTAPKOBOYHbBIE MECTa, a T'0-
POZCKasi aIMUHHUCTPAIMS MOXKET aHAJIM3UPOBATh JIaH-
HbIE O 3arpyKEHHOCTH MAPKOBOK U MPHUHUMATH MEPHI
JUISl ONTHMH3ALUK UCIIOJIb30BAHUSI TOPOJICKON TeppH-
TOpHH.

Eme omaum npoexToMm siisieTcs Y MHBIN TpaHc-
mopt". OH BKIIIOYaeT B ceOsl yCTAHOBKY KaMep W Jat-
YHKOB Ha FOPOJICKUX JIOPOrax, KOTOPbIE MepelatoT UH-
(dopmarmio o Tpaduke Ha TUPPOBYIO MWIATHOPMY. ITO
MO3BOJISIET T'OPOJICKOW aJMHHUCTPALUM aHAIU3UPO-

BaTh JaHHBIE O TpaduKe U MIPUHUMATh MEPHI TS ONTH-
MU3aIMY IBHKEHUS TPAHCIIOPTA, HAIPUMED, U3MEHSThH
pexxuM paboThI CBETOPOPOB.

Taxoke B pamkax mpoekTta Smart Almaty pa3suBa-
ercs cucreMa "YMHOTo ocBelleHus", KOTopas mpeay-
CMAaTpUBAET YCTAHOBKY AATYMKOB, KOTOpBIE OMpese-
JISIFOT YPOBEHB OCBEIEHHOCTH U MIEPEIatoT 3Ty HHPOP-
Manuio Ha mudpoByo miardpopmy. lopoackas
aJIMUHHUCTPALNS MOYKET UCTIONb30BaTh 3TH JaHHBIC TS
ONTUMH3AIHN PabOTHI TOPOACKOTO OCBELICHUS M TIO-
BBIIICHHS 0€30MaCHOCTH Ha YJIUIAX.

B menom, mponecc mepexona ropona AnMatsl K
COCTOSIHHIO YMHOTO TOPO/Ia SIBISIETCS JOIATOCPOIHBIM 1
MHOTOTPAaHHBIM IIPOIIECCOM, KOTOPBIA TpeOyeT COB-
MECTHBIX YCHIIMI TOCy1apcTBa, OM3HECa U HACEIICHUSL.

Jpyroil BaxkHOW MHULMATHBOM, CBSI3aHHOH C yM-
HBIM FOPOJIOM, SIBJISIETCS CO3/1aHUE LIEHTPA YIIPaBICHUSA
TPAHCHOPTHOM CUCTEMOW ropoaa. ITOT LIEHTP MO3BO-
JIT YNpPaBIATh TPAHCHOPTHOH MH(MPACTPYKTYpOil ro-
poJia ¢ TOMOIIBIO (P POBBIX TEXHOJIOTHA, YTO JOJDKHO
MIPUBECTH K YIIy4IIEHUIO Tpa(uKa U CHIKEHHUIO 3arpy-
KEHHOCTH JIOpOT.

Takke Obuta 3amylieHa mporpaMma " DJIeKTPOH-
HBIH TOpOA", KOTOpast BKIIFOYAET B ce0s TaKHe HHCTPY-
MEHTBI, KaK 3JIEKTPOHHBIE YCIYTH M IIIATEXH, DIIEK-
TPOHHOE OJIOCOBAHKE U T. A. JTa MporpaMma Hamnpas-
JICHa Ha YMPOULICHUE >KU3HU TOPOXKAH U CHIDKCHHE
OymaxHOW pabOTHI B rOCYJapCTBEHHBIX YUPEKICHUSX.
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Eme onHNM Ba)XKHBIM aCIEKTOM MEPEX0a ropoja
K YMHOMY TOpPOJy SIBJISI€TCS pa3BuUTHE IU(POBOI HH-
¢dpacTpykTypbl. B ropoze mosBusorcst Bce Ooiblne
OecrutatHbIX Touek foctyna Wi-Fi, a Taxke pa3BepThI-
BAIOTCsI CETH HOBOT'O TIOKOJIEHUs], Takue Kak 5G.

TakuM 00pa3om, MOKHO C/IeNaTh BBIBOJ, YTO I'O-
poa AnMaThbl aKTUBHO paboTaeT HaJl Iepexo/I0M K yM-
HOMY TOpOJYy M IpPHUHUMAET MEphbl Ul peanu3alu
STOW KOHIennuu. Pa3BepTriBaHHE IUQPPOBBIX TEXHO-
JoTHi B pasnUuHBIX c(epax, TAaKUX Kak YHIpaBICHHUE
TPaHCIIOPTHOM CUCTEMOM, MPEJOCTABICHUE IEKTPOH-
HBIX YCIYT M Pa3BHTHE ITUPPOBON WHPPACTPYKTYPHI,
JOJDKHO TIPUBECTH K YIYUIICHHUIO Ka4eCTBa XKU3HHU T'0-
POaH M HOBBIIEHHIO 3P PEKTUBHOCTH IOCYIAPCTBEH-
HOTO yTIPaBIICHUSL.

3aki0ueHue.

CoBpeMeHHbIE TOpoJia UTPAOT BaXKHEHIIIYIO POJIb
B Pa3sBUTHU SKOHOMHKH MHOTHX CTpaH, a TakkKe ompe-
JEISIOT Ka4ecTBO Ku3HU HaceneHus. [loatomy Tpebo-
BaHMS K TOPOJCKOH MH(PACTPYKType, MOOWIBHOCTH,
6€301acHOCTH, 9KOJOTHYHOCTH U YIPABJICHHUIO CTaHO-
BATCS Bce Oonee BeIcokmMH. [lo mporro3am OOH, x
2050 roxy 6oxee 85% HaceneHus Mupa OyAeT IPOXKHU-
BaTh B FOPOJIax, YTO CTABUT IE€pE]] IPaBUTEILCTBAMH U
OpraHaM# TOpPOJICKOTO yNpaBJICHHUsS HOBBIC 33Ja4M IO
PELICHUI0 KOMILIeKca mpobieM 1 TpaHcdopmanuu ro-
poaos. Smart City sBJsieTCsI KITIOUEBBIM HAMTPaBIeHHEM
Pa3BUTHS COBPEMEHHBIX TOPOJIOB, KOTOPOE Mpe Ioia-
raeT HCIIOJIb30BaHHE WHHOBALMOHHBIX TEXHOJIOTHUH,
yIydIIeHne KadecTBa JKM3HMW TOPOKaH U MOBBIIICHNE
YPOBHSI yIIpaBIICHUS TOPOACKOI HHPpacTpyKTypoii. B
ropoje Anmartsl pa3Butue koHuernuun Smart City ax-
THUBHO IIPOJIBUTAETCsl 4epe3 BHEAPEHHE DPa3IMIHBIX
MPOEKTOB, HANPABJICHHBIX HAa ONTUMH3ALHIO TOPOJI-
CKUX TIPOIIECCOB M TIOBBIIICHNE KAYEeCTBA YCIYT I
rpakJIaH.
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Abstract

The rheological parameters of drilling fluids play a vital role in cleaning the drilled rock particles and keeping
the rock particles and weighting agent in suspension. If the correct rheological parameters are not selected, various
complications may arise in the oil well drilling. In addition to the selection of the rheological parameters of the
drilling fluid, the selection of the model for expressing the rheological parameters is also one of the important
issues. Different models are used to determine rheological parameters during various calculations. Bingham plastic
model for expressing rheological parameters during drilling, power law and modified power law model during
hydraulic calculations, etc. To investigate which of these models determines the parameters of the drilling fluid
accurately 2 different oil-based drilling fluid samples were prepared.

A 6-speed viscometer was used to measure the shear stress of the prepared drilling fluid samples. The obtained
shear stresses were expressed in Pa, and calculations were made by building models. Mean absolute percentage
error was used to determine which of the obtained results was more accurate. As a result of the calculations, it was
determined that the most suitable model for expressing the rheological parameters of the drilling fluid is the

Herschel-Bulkley model.

Keywords: Bingham Plastic model, Power Law model, Herschel-Bulkley model, drilling fluids, rheological

parameters, logarithmic regression.

Introduction

Drilling fluids are one of the most important pa-
rameters of drilling. Regardless of the fact that different
drilling fluids exist, they all perform the same func-
tions. The drilling fluid has important functions such as
controlloing formation pressure, remove cuttings form
well to surface, and keeping the solid particles in the
mud suspended when the circulation stops [1]. Each
function is defined by a parameter corresponding to it.
Controlling formotion pressure is determined by the
specific gravity of the drilling fluids and rheological pa-
rameters used to clean the cuttings and keep the solid
particles in suspension.

In general, there are two types of fluids, Newto-
nian and non-Newtonian [2]. Which types of fluid they
belong to is determined by the relationship between
shear rate and shear stress. In Newtonian fluids, the
shear rate is directly proportional to the shear stress.
Non-Newtonian fluids can be thixotropic, dilatant, etc.
In thixotropic fluids, the viscosity decreases as the ap-
plied stress increases, while in dilatant fluids, the vis-
cosity increases. Drilling fluids should be thixotropic to
keep the cuttings and weightning agent particles sus-
pended [3]. Therefore, they are classified as non-New-
tonian fluids and various models are used to express
their rheological parameters. As an example of those
models, Ostwald-de Waele (Power law model), Her-
schel-Bulkley (yield power model), Bingham Plastic
model [4] can be used.

Bingham-plastic model is used to determine the
rheological parameters of drilling fluids during drilling.
In the Bingham-plastic model, the solution parameters
are yield point and plastic viscosity [5]. During hydrau-
lic calculations, the drilling fluid is expressed by the
power law model and the Herschel-Bulkley model [6].
The drilling mud parameters in the power law model
are flow behavior index and consistency coefficient.
However, the calculations revealed that these models
do not fully represent the drilling fluids. Therefore, in
this article, it was investigated which model fully ex-
presses the parameters of the drilling fluid.

Various models have been proposed to determine
the rheological parameters of drilling fluids. The flow
parameters of drilling fluids are determined using mod-
els. Let's look at the use of the Newtonian model as the
first model. In the Newtonian model, the shear stress
and the shear rate are directly proportional to each
other, and the parameter that determines this depend-
ence is called viscosity. Viscosity is determined by the
following expression:

T
n=g
Y .
Here, T — shear stress (Ib/100ft? or Pa), Y — shear

rate (s).
The viscosity profile for the Newtonian model is
shown by line 1 in Figure 1.
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Shear

Figure 1. Flow behavior models

During the conducted studies, it was determined
that the drilling fluids have an initial shear stress.
Therefore, using the Newtonian model when dealing
with solutions is inappropriate. Another model for ex-
pressing solutions is the bingham-plastic model. This
model is shown as follows [5]:

T=1Tyo+PV=*Y (D

Burada, T —shear stress (Ib/100ft? or Pa), t, — yield
point (Ib/100ft? or Pa), PV — plastic viscosity (cP vo ya
Pa*s).

Plastic viscosity and yield point are determined by
600RPM and 300RPM viscometer readings:

PV = 8500 — 300 (2)
YP =2 %0300 = G600 (3)

The yield point characterizes the electrochemical
attraction forces in the solution. Plastic viscosity de-
pends on the size, amount and shape of the solid phase
in the solution. Since the water phase behaves as a solid
in oil-based solutions, increasing the amount of water
leads to an increase in plastic viscosity. The expression
form of Bingham plastic model is shown by line 3 in
Figure 1.

The initial shear stress is not taken into account in
the power law model. The expression form of the power
model is as follows [7]:

T=KY" (4)

Here, K is consistency index (cP or Pa*s), n is
flow behaviour index (dimensionless). K and n are cal-
culated with 600RPM and 300RPM viscometer read-
ings. The unit of K is the same as that of plastic viscos-
ity - cP or Pa*s.

4
3
2
Shear
/11 600
n = log 221 —332log22
2/¥1 0 0300
(%) 300
K = —=
an 511n

Here, 8400 and 65,, are viscometer readings at
600RPM and 300RPM, respectively. The correction
factor to convert the RPM of the viscometer to the shear
rate is 1.7033, to convert readingsto Ib/100ft? is 1.067.

When using the power law model, its logarithm is
used to find the values of K and n.

logt = logK +nlogy

Unlike the power law model, the Herschel-
Bulkley model takes into account yiels stress. The ex-
pression form of the model is as follows [8]:

T=1, + KY" (5)

Here, 7, is yiled stress (Pa). In some sources, the
viscometer reading at 3RPM is used as yield stress [9].
However, during this calculation, 7, was calculated as
follows [10]:

T, =2x0; — 0O (6)

Here, 6, vo 05 are viscosimeter reading at 6RPM
and 3RPM, respectively.

The logarithm of the Herschel-Bulkley model is
used in the calculations, as in the power law model.

log(t — 7,) = logK +nlogy¥

The power model is shown by line 2, and the Her-
schel-Bulkley model by line 4 in Figure 2. Figure 2
shows logarithmic representation of power law and
Herschel-Bulkley model.
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Figure 2. logarithmic representation of power law and Herschel-Bulkley model

Tabel 1.
Composition of drilling fluid samples
Composition 1th mud sample 2nd mud sample

Base oil 245ml 245ml
OBM Vis 3.2ppb 2.2ppb
OBM RM 1.6ppb 1.1ppb
Lime 6ppb 7.5ppb
EMUL P 6.5ppb 7.5ppb
Water 105ml 105ml
CaCl; 40.37g 40.37g
Barite 230g 230g
OBMFLC 5ppb Sppb

Fluid samples for model comparison were pre-
pared in the Caspian Drilling Fluids laboratory. Pre-
pared drilling fluids samples are oil-based drilling flu-
ids. OBM VIS as a viscosifier, OBM RM to increase
low shear rheology, OBM FLC to reduce fluid loss,
EMUL P as an emulsifier, Barite as a weightning agent,
CaCl2 salt as a brine, and Lime to give alcalinity to

drilling fluids were used in the sample preparation.
Two different drilling mud samples were prepared. The
composition of the prepared mud samples is shown in
table 1. A 30% CaClz2 salt solution (384.5 kg per 1 m3)
was prepared.

Viscometer readings for prepared drilling mud
samples are shown in table 2.

Table 2.
Viscometer readings for prepared drilling mud samples
1st mud sample 2nd mud sample
Ib/100ft? Pa Ib/100ft? Pa
R600 75 38.25 50 25,5
R300 47 23.97 31 15,81
R200 35 17.85 21 10,71
R100 22 11.22 13 6,63
R6 9 4.59 6 3,06
R3 8 4.08 5 2,55

First, let's look at the expressions of the sample 1
over the models. In Bingham-plastic model, the yield
point (YP) and plastic viscosity (PV) should be calcu-
lated using equations (2) and (3). Correction factor to
convert yield point to Pa is 0.51 (0.51*Ib/100ft2 = Pa)
and to convert plastic viscosity to Pa*s is 0.001 (cP =
0.001Pa*s). Plastic viscosity for sample lis 28 and
yield point is 19. According to the obtained results and

using equation (1), the following expression is obtained
for the bingham plastic model:
7 =9.69 + 0.01428Y (7)
Equation (4) and the regression model used to cal-
culate K and n using the power law model. The loga-
rithmic regression of power law model is shown in Fig-
ure 3.
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Figure 3. logarithmic regression of the power law model

As can be seen from Figure 3, the expression of
the power law model for drilling fluid 1 is as follows:
logz = 0.405log Y + 0.266 (8)
The following expression for the power law model
was obtained from the equation (8) (logarithmic regres-
sion equation):
T = 1.845 * Y0405 9

log(T-T,)

1,5

0,5

To calculate K and n using the Herschel-Bulkley
model, 7,, must first be calculated. t,, is calculated by
using equation (6). During calculation, z,,= 7. After cal-
culating 7,, equation (5) and the regression model
should be used to calculate K and n using the Herschel-
Bulkley model. A logarithmic regression of Herschel-
Bulkley model is shown in Figure 4.

y=0,7816x-0,8218
R?=0,9985

logy"

Figure 4. logarithmic regression of Herschel-Bulkley model

As can be seen from Figure 4, the expression of
the Herschel-Bulkley model for drilling fluid 1 is as fol-
lows:

log(t —7,,) = 0.7816log Y — 0.8218  (10)

The following expression for the Herschel-
Bulkley model was obtained from the equation (10)
(logarithmic regression equation):

7 =357 +0.1573 Y7816 (11)

Values corresponding to the models for the differ-

ent RPM of the viscometer were calculated from the

models obtained for the 1st drilling fluid. The same cal-

culations were made for the 2nd drilling fluid. Results
of both calculations are shown in Table 3.
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Table 3.

Shear stress for the RPM according to the models

Shear rate Real data Bingham plastic Power law Herschel-Bulkley
1022s? 38.25 24,284 30,537 38,963
511s? 23.97 16,987 23,063 24,159
1th mud sample 340.6s* 17.85 14,554 19,568 18,564
170.3s! 11.22 12,122 14,779 12,293
10.22s! 459 9,836 4,730 4,538
5.11s? 4.08 9,763 3,572 4,133
1022st 25,5 16,023 19,370 22,302
511s? 15,81 11,072 14,627 14,639
ond mud sample 340.6s* 10,71 9,420 12,410 11,581
170.3s! 6,63 7,770 9,371 7,973
10.22s! 3,06 6,219 2,997 2,903
5.11s? 2,55 6,170 2,263 2,576

The mean absolute percentage error method was
used to check the accuracy of the results of the calcula-
tions. The mean absolute percentage error is deter-
mined by the following expression:

MPE = 1Z|M_H|
N H

Here, N is the number of values, M is the values
obtained from the model, and H is the actual values.

The error results of the obtained models for both
drilling fluids sample are shown in Table 4.

Table 4.
error of different models
Models 1st mud sample 2nd mud sample
Bingham-plastic 57.62 56.925
Power law 13.464 17.005
Herschel-Bulkley 3.108 9.086
Conclusion Engineering, 203 (2021) 108659,
It is clear from the calculations the Herschel-  https://doi.org/10.1016/j.petrol.2021.108659
Bulkley model is the most suitable model for the ex- 5 Paul A L Anawe, Adewale Folayan,

pression of the drilling fluid. The reason of this is that
the results obtained by the Herschel-Bulkley model
correspond to the readings of viscometer. From the cal-
culated errors, it is clear that the Herschel-Bulkley
model has the least error. The worst model for drilling
fluid expression is the Bingham plastic model. The er-
ror was above 50% for both solution samples. The
power law model shows better results (error is between
10-20%) than the Bingham plastic model but worse
than Herschel-Bulkley model.
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Abstract

This article examines the history, types of nuclear reactors, the current state of nuclear power in Ukraine, and
the prospects for the introduction of small modular nuclear reactors (SMRs) in Ukraine from the point of view of
energy independence and security. The role of nuclear generation in energy and the possibilities of MMR in the
development of the energy system are highlighted. The report analyzes the global indicators of MMR development,
their advantages and the possibility of solving the priority tasks of global energy policy. Several types of MMR
were considered and the optimal one was chosen for their development in the modern realities of our country.

AHoTanis

VY wiit craTTi po3rNIAAAlThCS ICTOpis BUHUKHEHHS, BUIM SACPHUX PEaKTOPIB, TENEpillHIi cTaH aTOMHOL
SHEepreTUKU B YKpaiHi Ta MepCIeKTUBY BIPOBAKEHH MaINX MOAYIBHUX siaepHUX peakTopis (MMP) B Ykpaini
3 TOUKH 30py CHEPTeTHYHOIT He3aJIeKHOCTI Ta Oe3rekn. BUCBITICHO POk sIepHOI TeHepallii B eHepPTreTHIIl Ta MOXK-
mBocTi MMP B pO3BUTKY €HepreTHYHOI cHCTeMH. JOTOBiAbh aHali3ye CBITOBI MOKa3HUKU po3BUTKY MMP, ix
MepeBarv Ta MOXKJIMBICTh BUPIMICHHS MPIOPUTETHUX 3aBIaHb INIO0ANBEHOI €HEPreTHYHOI MONMITHKU. Po3risaHyTo
JieKinpka pisHOBHAIB MMP Ta 00paHO onTUMaNbHUMA AT IX PO3BHTKY B CYYacHHX peallisiX HAIIoi JepiKaBH.

Keywords: SMR, reactor, nuclear power plant, NUWARD, SC-HTGR, Integral Molten Salt Reactor.

Karouogi ciioBa: MMP, peaktop, AEC, NUWARD, SC-HTGR, Integral Molten Salt Reactor.

IHocTanoBKa npodaemMu. ATOMHa €HEpreTHKa -
1€ Tajy3b CHEPreTHKH, sIka BUKOPUCTOBYE SIJIEPHI pe-
akiii a7 BUPOOHHIITBA eJieKTpoeHeprii. Bona 0a-
3y€eThCs HAa MPUHIUII SIIEPHOTO MOALTY 200 3/IUTTS, 110
BinOyBaeThcs y sapax aromiB. [lig wac spepHOTO
MOJUTY BaXKUX CJIEMEHTIB, TAKHX K ypaH abo ILIy-
TOHIH, aTOMH PO3IIEIUIIOIOTHCS Ha MEHIII aTOMH, 10
CYNPOBOJIKYETBCSI  BEJIMKMM  BHJUICHHSAM  €HEpril.
ATOMHa eHepreTHKa BUKOPUCTOBYE I1i SACPHI MPOLECH
JUTA HarpiBaHHS BOMW, TIEPETBOPEHHS ii B map i MOTiM
MPUBEICHHS TapH B PyX 3a JOMOMOTOI0 TypOiH, o
MIPUBOIUTH TeHepaTop enekrpoeHeprii. [lepmri excre-
PUMEHTH 3 SIIEPHUM TOoAiIoM Oy npoBeneHi B 1930-
X pokax BimoMuMH (i3MKaMH, TakuMH K EHpiko
®epwmi, Otro I'an, Jlize Meiitnep Ta @pinpix lrpac-
cmad. Y 1942 poui Enpiko ®epwmi Ta iioro komanaa 1o-
CSITIIM MEepIIoi caMOMiTPUMYBaHO] SIIEPHOT JaHIFOro-
Boi peakuii B €KCHEPHUMEHTAIFHOMY pPEaKTopi IIif
cragionom Yukaspkoro ysiBepcurery [1]. 3romom
JIOJICTBO 110YajJl0 BHKOPHUCTOBYBATH EHEPTilO, MIO
BHUBUILHSETHCS BHACIIIOK TOJIITY aTOMiB JIJIsi BUPOO-
JIEHHS €JICKTPOEHEPTii, [0 MaJI0 JOCUTh Baromi nepe-
Baru B MOPIBHSAHHI 3 BXKE HASBHUMH iHITMMHU THUIIAMHU

€JIEKTPOCTAHIIIH, HANPHUKIAJA, TEIUIOBUMH Ta TiIpo-
EJIEKTPOCTAHIIsIMA. HMHI y CBITI eKCIUTyaTyeThCs
IIICTh OCHOBHUX THUIIIB SI/IEPHUX PEAKTOPIB: BAYKKOBO/I-
HUI BOJO-BOISHHUU peakTop, rpadiTo-BOTHUIA peak-
TOP, KUIUISTYMIA BOIO-BOASHUN PEAKTOP, PEaKTOop i3 BO-
JI0I0 TIiI THCKOM, PEAKTOP i3 ra30BUM OXOJIO/PKCHHSAM
Ta PeakTOpP-PO3MHOKYBay Ha MIBUAKUX HEHTPOHAX.

B YkpaiHi oCHOBHUM 1 Hapasi €INHUM THIIOM pe-
aKTOpa, 10 BUKOPHUCTOBYETHCS € BAXKKOBOAHUH BOIO-
BOASHUI peakTop. 3apa3 TepMiH eKcIuryartarii Oib-
miocTi eHepro0IokiB B Ykpaini Buxoauts y 2020-x -
2030-x pokax, a BOHU BHPOOJISIFOTE 0s1u36K0 60% Beiel
eJIEKTpOoeHepTii Ha pik. 3BiCHO, 3apa3 iCHye NMpaKTHKa
MIPOJOBKEHHS TEPMiHY eKCILTyaTallii HasBHUX €HEepro-
0JI0KiB, aJIe B IOBFOCTPOKOBIH NEPCIEKTHUBI 1Ie HE € J0-
LUIBHUM. BaXIMBHM acriekToM ICHYBaHHS Ta po-
3BHUTKY YKpaiHCbKOT aTOMHOI €HEPTeTHKH € 3aMiHa CTa-
pux enepro6iokiB AEC Ha HOBI Ta pO3ropTaHHS
OUTBIIX MTOTYKHOCTEH, 1[0 OB’ SI13aHO 31 30UThIICHHIM
CIIO’KMBAHHS eJeKTpoeHeprii B YKpaiHi Ta cBiTi 3ara-
oM. HeoOXitHICTh 30UTBIIEHHS IOTYKHOCTEH BUPOO-
JIEHHST €JIEKTpOeHeprii 3apa3 BiMUyBarOTh MPAKTHIHO
Bci kpainu. HaiimacmtaOHime OymiBHUITBO sIIEPHUX
eHeproOJokiB 3xiiicHoeTbest B [liBmeHHO-CXimHiN
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A3zii. 3okpema, y Kurai Ha etami OymiBHHIITBAa 3HaXO-
IUThCS 25 eHeproOokiB (B excruryaTarii — 13), e 50
SNEPHUX eHeproOJIOKIB IUIaHyBajocs 30yayBaTH 10
2050 poky. B Iunii B ekcruyaTamii 3HaXOAsThCs 22
€Hepro0JIOKH, AKi BUPOOIISIOTH 2,5% elleKTpoeHeprii B
KpaiHi, a 1o 2050 poky 4acTKy eJIeKTpOeHeprii, 10 BU-
pobunsierbest Ha inapilicekux AEC, mmaHyetbcst 3011b-
Ty 10 25%. [cHye Takok moTpeda y 3MEHIIICHHI €KO-
noriuxoro BrumBy pobotu TEC Ta TEL] [2].

Bukian ocHoBHoro matepiamy. Croromsi po-
3BUTOK aTOMHO{ €HEPTeTHKH HE CTOITh Ha MicIi, po-
3pOOJIAFOTECS HOBI TEXHOJOTI 1 MAXOAH, CTIPAIMOBaHI
Ha TIOJIMIICHHS 0e31eKH, e(eKTUBHOCTI Ta CTBOPEHHS
HOBUX THUIIB aTOMHHUX peaktopiB. Kpim Toro, BinOy-
Ba€ThCs poOOTa Ha/l peakToOpaMHy Ha IIBUJIKUX HEHTPO-
Hax, SIKI MOXYTh MaTH 3Ha4yHi IepeBaru 3 TOUYKU 30py
BUKOPHCTAHHSI sIIEPHOTO MalyBa Ta reHepaii eHeprii.
Tako>k BUBYAFOTHCSI TEXHOJIOTIT 3 BUKOPHCTAHHSM BTO-
PHHHHX BIIXO/IiB SJICPHOTO MaJINBA, a TAKOXK PEaKTOPiB
3 BHCOKHM TEMIIEPAaTypHUM PEKHUMOM, SIKI MOXXYTh
OyTH KOPHCHUMH Ui BUPOOHHWITBA BOAHIO abo0 st
MPOMHUCIIOBUX TporeciB. Bei mi 3ycwuia cripsiMoBaHi
Ha 3a0e3ne4eHHs e(heKTHBHOI Ta Oe31eYHOT eHepreTHd-
HOI CHCTEMH, SIKa BPAaXOBY€ Cy4JacHI BUMOTH IO CTa-
JIOTO PO3BUTKY Ta ekonoriynoi Oesmeku. Cepen HHUX
BapTO BII3HAYUTH PO3BUTOK MAJIMX MOIYJIBHHX peak-
TopiB (MMP), siki MatoTh psii 3HAYYIIUX [epeBar, ce-
pen SKHX: KOMIAKTHIIIMKA [TU3aifiH, MOIYJIbHICTB,
MEeHIII TadapuTH, epEeKTUBHICTH Ta IHIIE.

Mauti MOJyJIbHI PEaKTOpU — HE HOBA, ajic HOBITHS
TEXHOJIOTis. PeakTopy Masol moTy>KHOCTI MalOTh CBOIO
icTopiro, sika Oepe cBiif movyarok mie 3 40-X poKiB MHU-
Hynoro crtopiyusi. OCHOBHA ifies IXHBOTO CTBOPEHHS
BUHHUKJIA B pPe3yJbTaTi HOCHIIHPKEHb Ta PO3POOOK,
iHiIiffoBaHNX BilicbkoBo-moBiTpssHIMHE cramu CLIA,
apwmieto Ta gprorom. Haibinern noiouaumit no MMP Oys
peakTop, pO3pOOJCHUN aMEPUKAHCHKOK apMi€l0 B
paMKax BOEHHOI SIEPHO-EHEPIEeTUYHOI IPOrpaMH.
Toxi Oyno 30yn0BaHO BiciM peakTOpiB Majol MOTYX-
HOCTI. YCi BOHM PO3MIIIlyBaJIMCh HAa OJHAKOBHX IO Xa-
PaKTEPUCTUKAX MalIaHUYMKaX, SIKi HA ChOTOHI TaKOXK
BBAXAIOTBCSl TEPCHEKTUBHUMHU JUISL  CHIOPY/XKEHHS
MMP [3].

Maini wmonyneHi peaktopu (MMP) € HoBuM
HarpsMKOM B aTOMHIH €HEepreTHIli, SIKHA B OCHOBHOMY
BiJIPI3HSAETHCS BiJl TPAAHUIIHHUX BEIUKUX PEAKTOPIB 3a
psinoM mapamerpiB. MMP MaroTh 3Ha4YHO MEHII poO3-
MipU MOPIBHSHO 3 TPaJULiHHUMH SIEPHUMHU PEaKTO-
pamu Ha cydacHuX AEC. Lle mo3Bossie iX BCTaHOBIIO-
BaTH Ha 0OMEXEHOMY IPOCTOPi, TAKOMY SIK MiCBKi paii-
OHM a00 y Ba)KKOJOCTYTHIH MICIIEBOCTi, KyAH BaXKKO
npoknaaatu JIEIT Big OEC abo BTpaTh nipu niepenadi €
JIOCUTh BEJIHMKHMH 1 3a0€3II€UEHHS TaKMX BiIJaICHUX
PETIOHIB HE € JOLIIbHUM 3 €KOHOMIYHOI TOYKH 30pY.
Bonn MoxyTh OyTH iHTErpoBaHI B iCHYyIOUi eHepre-
THUYHI Mepexi, 3a0e3neuyioun CTabiIbHICTh Ta THy4-
KiCTh €Hepromocradans. 3a3Budaii MMP cknana-
I0ThCSl 3 HAOOPY HEBEIMKHX MOJYJIB, SIKi BUTOTOBJIA-
I0ThCSl 3aBOJICBKMM IIJSIXOM Ta TPAaHCIOPTYIOTHCS JI0
Micisl BcraHoBiieHHs. Lle#t mimxim crpomrye mporec
OyIiBHUIITBA Ta PO3IIMPEHHS CHEPTETUYHUX CHCTEM,
OCKIJIBKH MOZYJIi MOKYTh OyTH BUTOTOBJICHI B KOHTPO-
JHOBAaHMX YMOBAX 3aBOJY, IO JO3BOJISIE 3MEHIIUTH Yac

1 ckimagHicTh OymiBHUITBA HA Micii. KpiMm Toro, Taka
MOAYJIbHA KOHCTPYKIIiSI TO3BOJISIE JIETKO MacIiTady-
BaTH €HEPreTHYHI MOTY>KHOCTI, 10JaBIIK abo 3abupa-
109 MOy 3a noTpedu. Benuka wactuna MMP po-
3pO0IIsETHCS 3a JIOTIOMOTOI0 CTaHAAPTU30BAHUX KOM-
TIOHEHTIB Ta NPOLECiB BUPOOHHUIITBA, IO CIIPOIIYE TX
BUPOOHMILTBO Ta eKciutyarauito. Ll cranmapruzamis
JI03BOJIsIE BUPOOHHMKAM 30CEPEIUTUCS Ha MOKpaleHH]
TEXHIYHUX XapaKTEPUCTHK Ta 3HIDKCHHI BUTPAT, BUKO-
PHUCTOBYIOUM BKe IepeBipeHi pimeHHs. Kpim Toro,
CTaHJapTH3alis JO3BOJSIE JIETKO aJalTyBaTH Ta MO-
nepHizyBatnu MMP B MaiitOyTHEOMY, OCKUTBKH KOMIIO-
HEHTH MOXYTb OyTH 3aMiHEHi a00 OHOBJEHI Oe3 3Had-
HOTO TIEPEOCHAILeHHS CUCTeMH B LitoMy. Takumit
IIX1J] TAKOXK CIPUSIE MIBUAKOMY BIIPOBAJKEHHIO HO-
BUX TEXHOJIOTIH Ta MiABWINYe HamiWHICTH Ta edek-
tuBHICT MMP. Binbmicte MMP BukOpHCTOBYIOTH
MepesioBl TEXHOJIOTII, CIpsIMOBaHI Ha 3a0e3MeYeHHs
BUCOKOTO piBHA Oe3neku. Hanpuknan, nesxi MMP Bu-
KOPHUCTOBYIOTh ITACHBHI CHCTEMH OXOJIOMKCHHS, SIKi
aBTOMATHYHO aKTHUBYIOThCSA y BUMAAKy asapii. Lli cu-
cTeMH 0a3yroThCs Ha MPHPOTHUX (PI3MYHUX MPHHIH-
Iax, TaKUX SK KOHBEKIist a00 TepMOCH(POHHHN e(eKT,
i He TOTPeOYIOTh aKTHBHOTO BTPYYaHHS OIEPATOPiB
abo enekTporocTayaHHs Il €(QEKTHBHOTO OXOJIOJI-
JKCHHsI peakTopa. Takuil miaxia miABHIY€E HAIIHHICTH
CHCTEMH 1 3MEHIIY€E PU3MK aBapiiiHux curyauiit. Kpim
TOTO, MEPEIOBI CUCTEMH MOHITOPHMHTY Ta YIPAaBIiHHS
JI03BOJISIFOTH  OIEpaTopaM e(EeKTUBHO KOHTPOJIIOBATH
TEpMOSAEPHI peakllii B peakTopi Ta BYaCHO pearyBaTu
Ha Oyxmp-sKi HeOe3neuHi curyanii [4]. 3BicHO, Oe3meka
€ TOJIOBHUM (haKTOPOM poOoTH Takux 00’ekTiB. BoHa €
HAaBUIMUM TIPiOpUTETOM B YKpalHi i TITBKH MiCIHA
MATBEPKCHHS OE3MeYHOCTI TEXHOJIOTIT pOo3risiaa-
IOTBCSL yci 1HII (paKkTOpH, 30KpeMa W EKOHOMIYHHH.
Maiti MOIyNmBHI peakTOpH € OUThIn Oe3NMeYHUMH, Y
TOMY YHCIIi, 32 PaXyHOK ACHBHUX cHCTeM Oe3neku. 1e
O3HAYae, 110 HaBITh y pa3i sIePHOT 3UMH, KOJIU JIFOAMHA
HE 3MOXe OyTH NPUCYTHBOIO Ha OJOYHOMY MIUTI
YIPaBIiHHS  pEakTopoM, HE  MaTHUMe  3MOTH
3IICHIOBATH HAIJIsA]] Ta KOHTPOJIb 32 CTAHOM €Hepro-
0J10Ka, cucTeMH O€3MeKH CaMOCTIHHO, Oe3 yJacTi Jiro-
JIHH, TIepeBEAYTh peakTop y Oe3neunuii craH. [TomioHi
CHCTEMH O€3NeKH 3HIKYIOTh PH3MKH BHHUKHEHHS
BaXXKUX sAepHUX aBapiit.[3] Ak npasmo, MMP marots
TaKoX 1 OLTBII TEPMIHU eKCIUTyaTalii, o poOHTH iX
JIOBOJII NMPHUBAOIMBUMH 3 E€KOHOMIYHOI TOYKH 30pY.
Xoua i BapTicTh OyaiBHHIITBA MMP Ha OIMHHUIIIO MTOT-
Y)KHOCTI 3apa3 € BHIIOI0, HIXK HAasSBHUX 3apa3 aTOMHHUX
€HeproOJIoKiB, TEPMiH eKCIUTyaTalii Jemo 3MEHIIye
BIUIMB €KOHOMIYHOTO (akTopy, (HPaKTHYHO IIe MOXKE
MPU3BECTH JIO 3HW)KEHHs 3arajbHUX BHUTPAT Ha JIOB-
TOCTPOKOBY TEPCIEKTUBY, OCKUTbKH €(QEKTHBHE Ta
HaJliliHe QYHKIIOHYBaHHS PEaKTOPiB NPOTATOM TPUBA-
JIOTO TIepiojy 4Yacy CIpHsE ONTHMI3allil BUTpAT Ta 3a-
Oesrieuye CTabIIBHICTH €HEpromnocrayaHHs. 3apa3 oc-
HOBHOIO 1JI€€10, SIKy MOXJIMBO Peasli3yBaTH B IOBHIHN
Mipi — e 3amina cyyacHux TEC Ha enexTpocraHii, mo
cknagatumyTbest 3 MMP. Maiinanuuku TEC Bxe ma-
IOTh HU3KY TOTOBUX DIllIEHb JJIs MepeoOiaHaHHs iX
JUTSL CTIOPYJUKEHHST MAJIMX MOAYJIBHHX PEakTopiB. 30-
KpeMa, II¢ HasBHICTh PO3MOAUILYOTO OO HAHHS,
BJIACHE 3€MebHA MIISHKA 3 BIAMOBIAHUM IIIEOBHM
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NpPU3HAYCHHSIM, JOCTYl [O BOJOWM Ta CHCTEM
30epiraHHs BOJH, sSIKi HEOOXIiTHI I OXOJIOJKEHHS, a
TaK0X 3aJIi3HUYHOTO Ta aBTOMOOIILHOTO 3B’ S3KiB, SIKi
JIO3BOJISITH 30€perTH JIOTICTHYHI JIAHIFOTH TMOCTaBOK
nanuBa. Takoxx Ha TEC e HHM3Ka IHIIMX CHCTEM Ta
OyniBens, siki MOKHa nepenpodimroary. Lle cucremu
CTHCHCHOTO TOBITPs, XIMiYHI CKJamu, cHCTeMa
30epiraHHs TEXHIYHMUX Ta3iB, CHCTEMH OYMILIECHHS
CTIYHHX BOJ, MOOIIbHE MMiAMOMHE 00JIaHAHHSA,
aaMiHicTpaTHBHI OyxiBmi Tomo. Kpim Toro, Ha TEC
BXKe € KBaJipikoBaHI Kampu. 3BICHO X, iX MOTPiOHO
Oyne moBuuTH. Ane 30epeXEeHHS JIOJICHKOTO ITOTEH-
miary Ta poOOYMX MICIh Bifirpae BaXKIMBY CYCIIbHY
pOJb, 3MEHIIHMTH COLIAJIbHY HANpyry y perioHi Tta
MiATPUMYBaTUME PO3BUTOK Tpomaj. Tox mepeoOna-
HaHHs MaiinanuukiB TEC mis cnopymxenns MMP
JIO3BOJIUTH CKOPOTHUTH KalliTaJIOBKJIAJCHHS Ta 3HU3UTh
BapTICTh NPOEKTY OyAIBHUITBA aTOMHHX EJIEKTPO-
ctanuiii [5]. BapTro 3a3HaunTH, 110 B HAWOIMKYOMY
Maii0yTHEOMY Oyie TaKOX PEaIbHOIO 3aMiHA AaTOMHHX
enekrpoctaniiii (AEC) Ha Manmi MOAyIBHI peakToOpH
(MMP), ockinbku MMP MaroTh TOTEHIIad CTaTH
Oimpr  Oe3nedHUME, €(PEKTHUBHUMH Ta EKOHOMIYHO
BUTITHUMH [DKepenamu eHeprii. [To-mepme, MMP mo-
KYTh OyTH pO3MIIeH] OJIMKYE 0 CIIOKUBAYiB CHEPTii,
1110 J03BOJIsIE YHUKHYTH BTPAT SHEprii mij yac TpaHc-
nopryBanHs. [lo-mpyre, BoHM MOXyTh OYyTH Jeriie
BIZIKJIIOUEH] B pa3l HEOOXIJAHOCTI 0OCITyroByBaHHS 4YH
PEMOHTY, 1110 3a0e31euye OiIbITY FHYYKICTh €HEPrOCH-
cremu. DakTHYHO, B Cy4acHUX peaisx i 3aMiHHM Ta-
JIMBa Y BUHUKHEHHS aBapiitHOi cutyanii Ha AEC mo-
TpiOHO BHBOIWTH IOCUTH BEIMKY IOTYXHICTH T'eHE-
PYBaHHS €JIEKTPOCTaHLil, 0 MOXXE IMPU3BOJUTH 0
HeOaraHcy a00 HeoOXiTHOCTI BUKOPUCTAHHS OTYXKHO-
CTCeH IHIIUX THINB EJEKTPOCTAHIIIH, a MPH BUKOPH-
crarHi MMP Takux cutyarnii MOKIMBO YHUKHYTH, Ye-
pe3 BHUBEICHHS JIMIIE HE3HAYHOI MOTY>KHOCTI OJHOTO
YK JEKUIbKOX peakTopiB. TOMy OYeBHIHHMH € TIepe-
Baru OY/IBHHUIITBA TaKUX €JEKTPOCTaHLIH. Alie Bax-
nuBo OyayBaTu 3aBoju 3 BUpoOHMIITBA MMP came B
VYkpaiHi, 110 MiCTUTh Oarato MO3UTUBHHUX (DAKTOPIB,
TaKHUX SIK: PO3BUTOK BUCOKOTEXHOJIOTIYHOI MPOMHUCIIO-
BOCTI, 3aJy4eHHS IHBECTHUI[iH, IiIBUIICHHSI KOHKY-
PEHTO CIPOMOXHOCTi, CTBOPEHHS POOOYHMX MiCIb,
€HepreTUYHa He3aJIeXKHICTh, IiJBUIIEHHS CTAaTyCy TeX-
HOJIOTIYHOi KpaiHW Ta psja iHINX. "BrpoBamkeHHS
HOBITHIX TEXHOJIOTiH 1 3BE€ACHHs Cy4yacHUX BHUPOOHH-
ynx notyxHocted Holtec B Ykpaini matume koio-
CaJIbHE 3HA4YCHHSA JJIs1 ITOBOEHHOI BiIOYyHOBH €KO-
HOMiKHM Hamioi kpaiHu. Lle gacTb CTBOPUTH THCSIYi HO-
BUX pobOounMx  Micub 1 3HAa4YHO  IOCHWIUTH
KOHKYPEHTOCIIPOMOKHICTh YKpaiHCBKOI aTOMHOI Ipo-
MHCIIOBOCTi. Ma€eMo maHc CTaTy JiepaMu y ik chepi
MOPsi/T 3 IHIIMMU CBITOBUMH KOMITaHISIMU', — HaroJo-
cuB [lerpo Korin. "Eneproarom” mianye peanizyBatu

BOKJIMBHUH TPOEKT i3 OyMiBHUITBA B YKpaiHi 3aBOAYy,
Ha SIKOMY BUTOTOBIISITUMETHCSI OCHOBHE OOJIaJHAHHS
JUIL MaJIUX MOJIYJBbHUX PEAaKTOpIB 3a TEXHOJIOTiEI0
Holtec SMR, BKit04HO 3 KOpIycoM peakTtopa [6].
NUWARD - ®PAHLIA

NUWARD pozpobnserses sk NUWARD po-
3pO0IsEThCA SIK AaTOMHA €JIEKTPOCTaHIIsl 3 PEaKTOPOM
Ty SMR nokosinns 111+ 3aranpHo0 YHCTORO TOTYX-
HicTio 340 MBT 3 1BOMa HE3aJCKHIMH PEaKTOPHUMHU
MOIYJSIMH JUTA 3a0e3nedeHHs] THYYKOi eKCIUTyaTartii.
e iaTerpoBanuii peaktop Tty PWR 3 ocHOBHHMH
KOMITOHEHTAaMH CHCTEMH SIEPHOTO MapONOCTadaHHs
(NSSS), Brimrouaroun MeXaHi3M HPHUBOIY PETYIIOIO-
YOro CTPIIKHS, TAPOTeHEPaTop 1 TypOOKOMIpecop, mo-
BHICTIO iHTEerpoBaHi B kopiryci peakropa (RPV). Yko-
POYCHUIA KOPITyC peakTopa PO3MIIIEHHH Y CTaJeBOMY
3aXHCHOMY KOPITyCi, PO3MIIIICHOMY ITiJ] 3¢MJIIO Ha PiBHI
MiZI3¢MHOTO CXOBHIIA, & HOT0 HEBEIHKI PO3MIpH T03BO-
JISIFOTH 01111 €(h)eKTHBHO BUTOTOBIIATHU 1IeH MOJYJIb Ta
BCTaHOBIIOBaTH Ha Micii. CrenianbHa KOHCTPYKIIS
NUWARD Britogae B cebe cHCTeMy IacHUBHOI 0e3-
TIeKH JUI1 BCIX OCHOBHHX CHCTEM, sIKa HE TOTpeOye
30BHIIIHBOTO BTpy4YaHHSA. BOHa BKIIOYae KOHTPOIb
YMOB 1 € HE3aJIeKHOIO 3aBASKH BHYTPIITHHOMY KiHIIE-
BOMY TEIUIOBIIBOMY IJIS TEpiofiB 30epiraHHs TOHAT
Tpu aHi. KoHCTpyKist peakropa 3a0e3mnedye Jerky iH-
Terpario B OyAb-sIKy €JIeKTPUYHY MEPEeKY, SIK 3aMiHy
CJICKTPOCTAHIlII HAa BHUKOIMHOMY IajuBi abo sK J0-
MIOBHEHHS JI0 IOTY)KHOCTE! Ha BiTHOBJIIOBaHHX JIXKEpe-
nax eHeprii. NUWARD npononye noTyxHocTi 3 6a30-
BUM ab00 MaHEBPEHHM HaBaHTWKCHHAM. I
BpaxyBaHHS CE30HHHUX KOJIMBaHb, KOHIEMIsl Habopy
peakTopiB Ha OIHIA CTaHII Hagae omepaTopy psiI
pitmens Ui amanTamii rpadika TEXHIYHOTO 00CITyTo-
BYBaHHS 3 MNPIOPUTETOM HA NOTpeOM EHepromocra-
yaHHs. [IpuHaliMHI OAMH peakTop CTaHIII 3aBXIU
IALIOE 1 TTOCTaYa€e eJIEKTPOSHEPTiI0 B MEPEXY, B TOi
Yac sIK iHIIKWH Moke nepe0yBaTH y BiJAKIIOUSHHI.

NUWARD peanizye crpoineHHss KOHCTPYKIIii 3a
paxyHOK MO€JHAHHS CHCTEMH IEPBUHHOTO OXOJOJ-
JKEHHsI peakTopa i MiBUIIeHOT Oe3MeKH 3a JJ0OMOT 00
cucteMm nacuBHOI Oesneku. Peakrop NUWARD - 1e
MTOBHICTIO OKpemuid peaktop Ty PWR, mo MicTuts B
OTHOMY YHIKaJIbHOMY KOPIYCi BCi OCHOBHI KOMIIO-
HEHTH CHUCTEMH OXOJIOJDKEHHS PEaKTopa, BKIFOYAr0oun
[IapOreHePaToOpy, KOMIIEHCATOp TUCKY 1 MeXaHi3MH
npuBoay perymotounx crpwxHiB (CRDM). AxTnBHa
30Ha 0a3yeTbcsl Ha CTAHAAPTHHUX HaMBHUX 30ipKax
17x17, mo BUKOPHCTOBYIOThCS B Aitounx PWR, 3 yko-
POYEHOI0 BUCOTOIO aKTUBHOI 30HH i crpmxHIMHA UO;
(36arauenns < 5% Ugzss). 3aBasiku 06e300pHINH KOH-
CTPYKIii BUKOPHCTOBYIOTHCS pi3HI 30aradeHHs Ujss.
TrnoBuit iHTEpBaJ 3aNPaBKH CTAHOBUTH 24 MicsAIIi.
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Harnitay THCKY

MexaHni3zmMu IPHBOLY
PErymoiux CTle}KlliB

ITaporeneparopu

He3sanexui
[aporeHepaTopu

Hacocu nepBuHHOTO
KOHTYpPY

AKTHBHA 30Ha
peakTopa

Pucynox 1 — I'onosni ocobrusocmi koncmpyxyii NUWARD

Jxeperno: po3po0IIeHO aBTOPOM Ha OCHOBI [7].

PerynioBaHHsT TpoBeNeHHS sAepHOI  peakuil
3IIHICHIOETHCSI 32 JOTIOMOTOO PETYJIFOFOUMX CTPHIKHIB 1
TBEPIUX MOTJHHAYIB HEHTPOHIB, 10 MO3BOJISE CIPO-
CTHUTH MPOEKTYBAHHS 1 SKCIUTyaTaIlif0 JOMTOMDKHHX CH-
CTEM sIK B HOPMAJIbHHX, TaK 1 B aBapidiHUX CUTYAIIisX, a
TaKOX CKOPOTUTH BUKUAX B aTMOc(hepy IpH eKCILTya-
Taii.

Cucrema oxonomxkeHHs peakropa NUWARD 3a-
CHOBaHAa Ha BUKOPHUCTAHHI IHHOBAIIMHOI TEXHOJOTII
poboTH IaporeHeparopa, o MOXOANUTh BiJl PI3HOBHAY
IUTACTHHYACTOTO TEIUIOOOMIHHUKA, IS SIKO1 Oyu
CTBOPEHI CrieliajbHi KOHCTPYKIIii BpaxOBYIHOYH Pi3HO-
BUJIM BUPOOHUYOTO MTPOILIECY, 11O I03BOJISIIOTH 3aCTOCO-
ByBaTH ii B saepHidl eHepreruui. Lls TexHomoris
MOEJIHYE TaporeHepaTop 3 NPSMHUM IiAKIIOUEHHSIM 10
peakTopa. TakuM YWMHOM, 3arajgbHUAN PO3MIp, a 0CO0-
JIMBO BHCOTA CUCTEMH OXOJIOJDKEHHS PeaKkTopa 3HauHO
3MeHIyeThCsl. CHcTeMa MICTUTH IIICTh KOMITAKTHHX
IaporeHepaTopiB.

VY xopmyci peaktopa NUWARD inTerpoBaHmii
peaxTop ImiJ THCKOM. Benukuit 06'eM HarHiTa4a THCKY
3a0e3rneuye 3armac MIiIHOCTI JUI eKCIUTyaTaliiHuX Ie-
PEXIAHMUX MPOIIECIB, a TAKOXK IJISI HOPMAILHOI poOOTH
peaxtopa. IllicTe HacoCiB 3 TEPMETHYHUM KOPITyCOM
3MOHTOBaHI TOPHM30HTAJILHO Ha KOPIYCi peakTopa,
pO3TaNIoOBaHi Mia TEIUIOOOMIHHUKAMH y HIDKHIN wa-
CTMHI KoOpmycy Juis 3a0e3nedeHHs e(QEeKTHBHHX
TipaBIiYHAX YMOB.

Peaktrop NUWARD i noB'si3aHi 3 HUM CHUCTEMHU
Oe3reku npu3HAYCHI JJIS:

- TTacuBHOTO ympaBiiHHS BCIMA MOXIHBHUMH CH-
TyamisMu 0e3 HEOOXiMHOCTI BTPYYaHHS OIepaTopa,
OyIb-SKOTO 30BHINIHBOTO JDKEpesia KIHIIEBOTO Tell-
JIOBiABEZICHHSI, 6€3 OyAb-SIKOTO 30BHIITHBOTO EJIEKTPO-
MOCTa4yaHHs (HOPMAJIBHOTO Ta aBapiiHOro) Oumbrre 3
JTHIB.

- AKTUBHE YIIPaBIIHHS aBapiifHUMH CUTYaIlisIMH,
3 IPOCTOIO JIIarHOCTHUKOO Ta BIPOBAKEHHSIM IAHMBEP-
CU(]IKOBaHUX CHCTEM.

- [NacuBHe ynpaBiHHs aBapiiiHUMH CUTYALISIMH 3
YTPUMAaHHSM IaJIMBa B KOPITYCi peakTopa.

Miaxig no 6e3mexku it NUWARD kpammii 3
HACTYITHUX HEBIJ'€MHHUX OCOONMBOCTEH KOHCTPYKLII,
sIKi 3a0€31eUyI0Th 1 MIATPUMYIOTh Oe3NeYHHi CTaH CH-
CTEMH, 110 BUMarae MiHIMaJIbHOTO BTPY4YaHHS 3 OOKY
eKCIITyaTaliifHol KOMaH/:

- Benukuii 3amac TemioHOCIsT B peakTopi B
Kr/MBT(T), 110 3abe3neuye iHepIiiHICTb Y MOPIBHIHHI
3 MePexXiIHIMH MPOIeCaMt TTOTY>KHOCTI.

- Buyrpimni cucremu Oe3neku 3amoOiraroTh
aBapisM, MOB'I3aHUM 3 BUKHUOM IaJHBA 3 CTPHXKHIB.

- MertaneBuif 3axucHUI KopIyc 3abe3nedye ma-
CHBHE OXOJIO[KCHHS IPOTATOM JEKUIBKOX JIHIB.

- HeBenuka akTMBHA 30Ha y BEIMKOMY KOPIYCI,
1o 3a0e3mnedye yrpruMaHHS B KOPITyCi HajiiBa i Jac
BUHUKHEHHS MOXITMBUX aBapiifHUX CUTYaLlil.
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Tabmmms 1

OcnoBni TexHiuni mokazsankn NUWARD

TexHIYHI TOKA3HUKH

Tun peakropa

iPWR (m1inicHmiA BO0-BOASHUH SIIEpHUH peakTop)

TennoHociii/cCoBiILHIOBAY

Jlerka Boga / Jlerka Boga

HominanpHa  TOTYXHICTH
TPUYHA)

(TerumoBa/enex-

2x540 MBt /2x170 MBT

Tun mupKynAnii TemIoHoCs

[TpumycoBa nupKysimis

Tuck NEpBUHHOIO KOHTYPY 15 MIla

Temmeparypa TenoHocis Ha BX0Ji / BUXOJi 280 /307 °C

Tun nanusa/tun TBEJI UQO, / KBagpathe po3ramryBanus 17x17
MakcumasbHUi BilcOTOK 30araueHHs manuea | MeHme 5%

Kinekicts TB3 76

TpuBasnicTe UKy ONHIET 3aIIpaBKU MaJIHMBOM 24

(B MicsisIX)

BukoprcTaHHs! BCTAaHOBJICHOT TOTYXHOCTI 95%

MeToa KepyBaHHsI 3MiHOKO MOTY)KHOCTI

MeXaHi3M PyXY peryJolunuX CTPHXKHIB 31 CIIOBIIbHIOBAYEM

CucteMa 6e3Iexku

ImaCuBHa

Tepmin ekcrutyarauii (B pokax) 60
Ilioma cranmii 3500 m?
Bucora/niameTp peakropa 13/4m

Bara

310 meTpo-TOH

CeiicMmiuHe IUIaHYBaHHS

0,25g

Ocob6muBocTi

BucokokoMIIakTHa cucTeMa O€3IeKH 1 3aXMCcHa BOoAsgHA 000-
JIOHKa, 0€300pHa KOHCTPYKIIisl, BACOKA THYYKICTh CHCTEMHU

JIxxepeno: po3po0OieHO aBTOPOM Ha OCHOBI [7].

[I{o cTrocyeThecs BiABEACHHS TeIUia BiJf aKTHBHOI
30HU peakrtopa: NUWARD Bkimodae B cebe 2 MOTOKH
MACHBHOI CHCTEMH BiIBeICHHS TEIIa, SKi IMepeIaroTh
NUITXOM TPUPOTHOI IMUPKYILILIT TEIIO BiJf aKTHBHOT
30HH JI0 BOJITHOT OOOJIOHKH, III0 OTOYYE PEaKTOp, 4epe3
JIBa OE3MEYHUX KOMITAKTHUX MaporeHepaTopa Ta 6 He-
3aJIeKHUX BiJl 3BMYalHMX mMaporenepartopi. Koxna
napa NpPUBOAMTHCS B [0 3a IONOMOIoK 2 auBep-
cudikoBanux kaHaiiB. BojsHa 000si0HKA, 110 OTOUYE
peakTop, 3abe3neuye HyHKINIO BiIBSACHHS TEIUIA PO-
TATOM OLnbII HiXk 3 /110 6€3 HeoOXI1IHOCTI 30BHIIIHBOTO
KIHIIEBOTO TEIJIOBiABOAY. MiHIManbHUNA pO3MIp 1
e(eKTHBHA MMaCHBHA CHCTEMa BiJ[BEJCHHS TeIlIa IPHU3-
BOJIATH JIO MiHIMi3amii BTpaT TEIUIOHOCIS IMiJl 9ac po-
6otn. Kommurekt 3 2 pe3epBHHX HACOCIB HU3BKOTO
TUCKY 3a0e3Ieuye MOMOBHEHHS 3aMacy BOAM JIJIsl 0XO-
JIOJDKEHHS peakTopa B pasi aBapiiHUX CHTYaIlil.

IIlo crocyeThCsi KOHTPOIIO 3a CTAaHOM pPOOOTH:
NUWARD Bxnrouae B cebe GyHKITiT Oe3mexu ams 3a-
nmoOiraHHs PU3UKIB Pi3HUX PiBHIB. AKTHBHA 30HA HE
3HAaXOIWUTHCS B aBapiiHOMY cTaHi 3 Bojoro npu 20°C,
HaBiTh KOO0 Hale(eKTUBHIMINI CIOBITBFHIOBAY 3a-
CTPAT y BEPXHBbOMY TOJIOKeHHi. Ll ommis 3amobirae
BUHHUKHEHHIO aBapiif, HaBiTh Y HAWBAXYNX YMOBAaX po-
6oTH.

MaiinaH4uK CTaHIIT MiCTUTh 2 HE3aJIeKHI MOy
1 MOB'I3aHMH 3 HUMH OaceiH 30epeXKeHHs IanBa.
Konna cucrema um pecypc 3a MexXaMH He MOTPiOHI 11
3a0e3reueH sl OE3NeYHOro CTaHy peakTopa MpOTIroM
moHaiimMenie 3 aniB. CTaHIisS MOXe iCHyBaTH He3a-
JISKHO TIPHHAWMHI Ha Iel Mepioj 3aBASKH BHKOPH-
CTaHHIO BOJSTHOT 0O0JIOHKH, B KY 3aHYPIOETHCS KOKEH
peakrop. Illo crocyeThcsi BUMOT 10 MaiaHYWKa ITiJ
yac OyniBHHITBA, TO ycTaHOBKM NUW ARD migxonars
JUTSI MOPCBKUX Ta PIYKOBUX MAWIaHIMKIB 3 BIIKPUTHM

KOHTYPOM TPaJUI[IHHOIO KOHJIEHCATOPHOTO OXOJO/-
KCHHSL.

NUWARD Takox po3poOneHuid aisd 3aI0BO-
JICHHSI BUMOT MEpEeXeBHX MOTpeO: 0a30BUM Mepexe-
BuM xapakrtepuctukaM ENTSO-E ta EUR (3a3Buuait
225 kB/400 kB i 50 I't). MoskiuBa ajanraiis 10 KOH-
KPETHUX BUMOT KOPUCTYyBayda, Hanpukiaz, 60 I'. [Tnan
craH1ii 3a0e31e4yye MOXKIIMBICTh 30€piraHHs BiJpalib-
OBaHOI TEIUIOBUALIAIOUOI 30ipku npotsiroM 10 poxiB
nicyst ekcrutyaranii. Takox Moxe OyTu BapianT 20-piu-
HOTO 30epiraHusi.

SC-HTGR - CLIA

SC-HTGR - me MoxymsHUI BHCOKOTEMIIEPATYp-
HUI peakTop 3 TpadiTOBUM YIOBUIFHIOBAYEM 1
TeII€EBUM OXOJO/KEHHSIM 3 HOMIHAIBHOIO TEIUIOBOIO
MOTYXHICTIO 625 MBT(T) 1 HOMIHAEHOIO €JIEKTPUY-
HOIO MOTYXHIcTIO 272 MBT(e). Bin Bupobisie Bucoko-
TeMIlepaTypHy Hapy, NpHIaTHY Uil pi3HOMaHITHOTO
BHUKOPHCTAHHS, BKIIIOYAIOUYM BUPOOHMIITBO TEIUIa IJIs
MIPOMHCIIOBHUX IIPOIECIB i BHCOKOE(HEKTHBHE BHUPOO-
HULTBO enekTpoeHeprii. PiBenp Oe3mexu SC-HTGR
JI03BOJISIE PO3MIIIYBATH HOTO MOPS]] 3 MPOMHCIOBUMH
00'eKTaMH, $Ki BUKOPHUCTOBYIOTH BHCOKOTEMIIEpa-
TypHY napy. Lle Moke BiIKpUTH HOBHH BEJIMKUH IUIAX
JUIS. BUKOPHCTaHHS siiepHOi eHeprii. MoyibHa KOH-
CTPYKISI T03BOJISIE MiTiOpaTH po3Mip YCTAaHOBKH IS
pi3HUX HEOOXiMHUX YMOB 3acTocyBaHHsA. KoHmemmis
SC-HTGR rpyHTY€TBCS Ha MUHYJIOMY JOCBiIi B pe-
amizanii npoektiB HTGR, a Takox Ha JOCSATHCHHSX B
po3pobiii i mpoektyBaHHi MoaymbHUX HTGR, sxi Mamu
Miclle B OCTaHHI pokd. 3araibHa KOoH(]Iryparis B MO-
BHIH Mipi BUKOPUCTOBYE TIepeBaru poOOTH, BUKOHAHOT
HaJ paHHiMU Moy apHUMHU KoHMenmisimu HTGR.
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Crpykrypa mapoBoro mukiry HTGR e mamsBu-
YJaifHO THY4KO0I0. OCKIJIBKHY Iapa BUCOKOTO THUCKY € OJI-
HHM 3 HalO1Ib1II YHIBEpCaIbHUX TEIUIOHOCITB, O1HA 0a-
30Ba KOHCTPYKIisl PEaKTOPHOTO MOIYJIS HpU3HAYEeHA
JUIsl BAPOOHMITBA BUCOKOTEMIIepaTypHoi mapu. [Tapo-
BUH IMKJI TaKOXK J00pe MIIXOAMTH JJis KOTCHeparlil
€JIEKTPOEHEPTii Ta TEXHOJIOTTYHOTO TerlIa.

Temmepatypa Ha BXOAi Ta BUXOJIi 3 peakropa cTa-
HOBHTH 325°C Ta 750°C Bignosigso. Lli Temmepatypu
Oynu oOpaHi B IIepIry Yepry U MATPUMKH OaKaHUX
YMOB BHXO.ly Iapy JUIA inboBHX moTped. i Temmepa-
TypH TaKOX [O3BOJIIIOTH BHUKOPHUCTOBYBaTH SA-
508/533, crammapTHHI MaTepial KOpITyCy peaxTopa
PWR, mis kopmyciB mepioi CHCTEMH, HE BUMAraruu
OOIIMBKH, OKPEMOT'O OXOJIOJDKEHHS 200 CIelialbHOTO
TEIJIOBOTO 3aXUcTy. JlJsi THUIOBOI 4OTHPUMOAYIBHOT
KOHLENTYaIbHOI CTaHIil 3 MapOBHM IMKJIOM piBEHb
MOTYKHOCTI OZIHOTO PEaKTOPHOTO MOJYJSI CTAHOBUTH
625 MBT(T).

[ManuBHa yactunka 3 nokputraM TRISO ckna-
Ja€ThCs 3 TAIMBHOTO sApa 3 OKCHKapOixy ypaHy
(UCO), oToyeHoro IeKiIbKOMa IMIapaMy KepaMidHOTO
TIOKPUTTS, SKi 3a0e3MedyIoTh MEePBUHHUKN Oap'ep mist
YTPUMaHHS MPOAYKTY MOJUTY 32 BCIX MPOCKTHUX YMOB
aBapii. 3aranbHUH 3amac MajauBa BKJIIOYAE MPUOIU3HO
10 MiJIBSpIiB TAKUX YACTHHOK Ha KOJKHY aKTHBHY 30HY.
YacTUHKHM po3noAiieH] B rpadiToBUX HHUIIHAPUYHHX

'

IToniepeuni
CQHAJTH

/

Ve

A

meHanax. JIexizpKka yIakoBOK MiCTATBCS B MIECTUTPAH-
HUX TAJIUBHUX ONOKax 3 rpadiry simepHOi MIIHOCTI.
KoHnreiiHepn yknanaloTbes B MalIMBHI OTBOPH, 3p00-
JIeHi B OJIOKax.

Ha 3paskoBili ycTaHOBLI manuBHI  OJNOKH
CKOH(IrypoBaHi B KUIbIIEBY aKTHBHY 30HY 3 102 Ko-
JIOH, sIKa OTOYeHa rpadiTOBHMH TEIUIOBUAIISIOUNMHU
eJleMeHTaMH. BHyTpimHii a00 HEeHTpaJbHUH TerIo-
BHIULAIOYNHA €JIEMEHT TaKOXX MiCTHTH rpadiToBi po3-
citoBaui. TakuM YHMHOM, OCHOBHA CTPYKTYpa aKTHBHOI
30HH TOBHICTIO KepaMmiuHa. Taka KoH}iryparis Mak-
CHMIi3y€ 3aTHICTh PeaKkTopa A0 MACHBHOTO BiBEICHHS
Teruia. AKTUBHA 30Ha Mae Bucoty 10 6mokiB. Etanonna
KOHCTPYKIIiSE PEaKTOPHOTO MOAYJISI MOXe OyTH Mac-
mradosana 3 625 MBt(t) no 16 MBT(1) Ha Mozays,
BUKOPHCTOBYIOUH Ti X caMi IaJMBHI OJIOKH B 3MiHe-
HOMY PO3TallyBaHHi.

TpuBasicte po604Oro IMKIY aKTUBHOI 30HH JJIs
etanonHoro peaktopa SC-HTGR cranoButh Big 420
10 540 edekTHBHUX IHIB Ha TOBHY MOTYXHicTh. Lle
OyJI0 OTPUMAHO AJIsI HEPBUHHOI aKTUBHOT 30HH 3 BHKO-
PHUCTaHHSAM IIOYAaTKOBOTO 3aBAHTAXXCHHS aKTHBHOI
30HM YacTHHKaMH, 30araueHumu mo U235 mo 10,36%,
3 yacTKOO 3armoBHeHHs 0,289 niis BCiX NaJUBHUX €Jie-
MEHTIB B aKTHBHIil 30Hi, a TAKOX [UIs IEpe3aBaHTAXKEHb
3 BUKOPUCTAHHSM 3aMiHH TIOJIOBUHY aKTUBHOT 30HU T1a-
JIMBHUMU Ojiokamu, 30arauenumu mo U235 no 15,5 %,
3 yacTKOIo 3anoBHeHH: 0,279.

Kopmyc peakropa
A

[upkynsuiiii

/j HacoCH

ITaporeneparopHi
YCTAHOBKH

Pucynox 2 — 3azanvnuii euenso peakmopa SC-HTGR

Jxepeno: po3poOiIeHO aBTOPOM Ha OCHOBI [7].

KoHTponb JIOKaNBHUX MiKiB MOTYXHOCTI TEILIO-
BUJIIJIEHHSI 1 OOME)XXEHHS Pe3yJIbTYIOUNX IIKOBHX TEM-
neparyp najvMBa B KPUTHYHI MOMEHTH 4acy B MaJuB-
HOMY Ojomi Oyne 3IiMCHIOBATHCS IIIIXOM 3aBaHTa-
KEHHsI OKPEMHUX TOTJIMHAYIB, 1[0 BUTOPAIOTh, 3MiHU
YaCTKH NMaKyBaHHS MalNBa i 3MiHYU 30aradycHHs MaluB-
HHX YaCTHHOK.

Lle 1o3BosIsiE ONTHMI3YBATH PO3IOILI OTY>KHOCTI
AKTUBHOI 30HH B TPHOX OCHOBHHX IapaMeTpax, a Ta-
KOX MOXe OyTH BHKOPHCTaHO IS MATPUMKH edeK-
THBHOTO BUKOPHUCTaHHS MaJIMBa, CTIHKOCTI 0 pajioak-
THBHOTO PO3MOBCIODKCHHS 1 3MEHIIEHHS KiJTbKOCTI
pamioaKTHBHUX BiIXOIIB.

3HaYHUN Bi'€MHHHA TeMIlepaTypHHH Koe(irieHT
MoxynsHOro peakropa SC-HTGR paszowm 3 fioro Bemm-
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KAMH TeIIOBUMH 3allacaMi  3a0e3MeuyloTh MOXK-
JMBICTh 3YNHHKH pEAaKTOpa y BHIAIKY, SKIIO HE
BIACThCSl BUBECTH HOTO 3 peakTopa 3-IijJ KOHTPOJIIO.
I'paBiramuiiini, pi3HOMaHITHI Ta aKTHBHI CUCTEMH KOH-
TPOJIIO YYTJIMBOCTI HAaJal0Th JOJAATKOBY BIIEBHEHICTh Y
3JIaTHOCTI 3yIIMHUTHU PEaKTop.

3aBaHTa)XEHHs MAJIMBA BUKOHYETHCS 33 JIOMOMO-
rol0 poOOTH30BAaHUX CHUCTEM 3 HEHOPYIIHOK MEXKEI0
TEIUTOHOCIS Tepmoro KOHTypy. Ilicis 3ynmuHKH peak-
TOpa TeMIlepaTypa HMEPBHHHOTO TEIUIOHOCIS IIBHIKO
SHIKYETHCA, a 3aIaCH Tellil0 3MEHIITYIOTHCS IO PiBHS,
omm3pkoro mo armocdepsoro. Jloctym mis 3aBaHTa-
JKEHHS TeJII0 3MIMCHIOEThCS depe3 OTBOPH LIS TPH-
BOJly CTPW)KHIB YIpaBIIiHHA Y BEPXHIH 4acTHHI KOp-
nycy peakropa. [loTiM moumHaeTbcss poOOTH30BaHA
oreparis 3amnpaBKi 3 BUKOPHCTaHHSIM 3a3jaieriipb

BH3HAYEHUX IOCIITOBHOCTEH MEepEeMillleHHsT NanBa i
0JIOKY BiOWBadiB.

Kopryc peakTopa € 4aCTHHOIO CUCTEMU KOPITYCiB,
sIKa € OCHOBHUM €JIEMEHTOM, 1110 YTPHUMY€ THCK, a Ta-
KO BKJIIOYA€E B ceOe IMPOMDKHI KOPIYCH 1 KOpITyCH Ta-
poreHeparopiB. Y KOpIIyCi peakTopa BCTAHOBJICHI aK-
THBHA 30Ha pPEaKTOpa, eeMEHTH BinOHMBaua, ONOpHA
KOHCTPYKIIisSl aKTHBHOI 30HU 1 MPHUCTPOT, IO YTPUMY-
10Th {i. KOMIIOHEHTH aKTUBHOI 30HHM peakTopa pa3oMm 3
eJIEMEHTAaMH BHYTPIIITHIX KOMIIOHEHTIB PEaKTopa yTBO-
profoTs rpaditoBy 30ipKy, fAKa CHHpAETHCS Ha
rpadiTOBi OMOPHI CTIHKH i yTPHUMYETHCS METAIECBOIO
OTIOPHOO 30ipK0or0. BHYTpIIIHI KOMITOHEHTH peakTopa
CKJIQIAIOTBCSL 3 BEPXHIX YTPUMYIOUMX EJIEMEHTIB,
MOCTIHHUX TpadiTOBUX OIYHHMX €NIEMEHTIB BiIOMBaUiB,
rpadiTOBUX ONOPHUX EIEMEHTIB, METaIEBUX OTMIOPHHUX
€JIEMEHTIB 1 BEpXHBOT'O 3aXUCHOTO CKpPaHy.

Tabnuus 2

Ocnosni Texniyni noxasuukun SC-HTGR

TexHi4YHI NOKA3HUKH

Tun peakropa

HTGR (60uHmi BUCOKOTEMIIEPATYPHHIA T'a300X0JI0PKYBaHUNA PEaKTOP)

TemoHOCIH/CIOBUIbHIOBAY [eniii/rpadir

. 6 MIla/ 15 MIla
HOTO KOHTYpIiB

Hominansna NOTYXKHICTD | (h e \rp /579 MBr
(TeruoBa/eneKTpUIHA)

Tun nupkymanii Temorocis | IlpuMycoBa MUPKYIALIs
Tuck  MEepBHUHHOTO/BTOPWH-

Temmeparypa TemoHOCIS Ha

. . 325/ 750 °C
BXOJi / BUXOIi

Tun nanusa/tun TBEJI

Teepae nanuso UCO TRISO B
reKCaroHAJNBHUX IpadiTOBUX OJIOKaX

OJIOKIB / KOJIOHA

MakcumanbpHHAR BIJICOTOK
A 14,5% B cepenubomy / 18,5% makucmym
30arayeHHs ajauBa
.. Kinpueswnii ctpuxens, 102 xomona, 10
Kinexicts TB3 A ™ ’ ’

TpuBasicTe MKy OJHIET 3a-
MIPaBKHU MAJIMBOM (B MicSIIX)

3amiHa 2 akTUBHOT 30HH KOXKHI 18
MicsuiB; 21 1eHp nepepBu B podoTi

BuxopucranHs BCTaHOBIIEHOI

. 95%
TIOTYXHOCTI

Mertos, KepyBaHHS 3MIiHOIO

Perymroroui cTprkHi (rpaBitariifina BctaBka) HesanexHa pe3epBHa cuctema
BiJIKIIIOUeHHs (rpaBiTalliiiHa BcraBka) Benmukuii Bin'eMHUWI TeMmneparypHHi

MOTYHOCTI Koedimient
Cuctema 6e3neku aKTHBHA / TACHBHA
Tepmin excrutyarauii (B po- 80

Kax)

Iioma cranmii 10000 m?
Bucota/niamerp peakropa 24/8,5 m

Bara 880 meTpo-ToH
CeiicmiuHe IUIaHYBaHHS 0,59

BuMoru 10 MaJIMBHOTO ITUKITY
/ Tioxin

OnHOKpaTHUI MaTUBHUHN TAKIT /
BapiaHTH JUIsI TOJJANTBIIIOTO PO3TISTY

Oco0bmuBocTi

[NanuBo 3 MOKPHUTTSIM 3 YACTHHOK; MACHBHE BiIBEICHHS TEIUIa PO3IMajy; Ha-
CHBHa Oe3meka; BHUCOKOTEMIICpaTypHa TEXHOJOTIYHA IIapa; HyJIbOBa 30HA
aBapifHOTO TUIAHYBaHHS; MiJ3eMHE OYIiBHHUIITBO.

Jxepeno: po3po0iieHO aBTOPOM Ha OCHOBI [7].

OcHoBHa MeTa Oe3meKW KOHCTPYKILIi peakTopa
SC-HTGR - oOMmexuTn 103y Bif aBapidHUX BHKHIIB
JIMIIIEe B NEKUIBKOX COTHSX METPIiB Bia peakropa. s
JOCSITHEHHS 11i€1 MeTH 0€31eKH B KOHCTPYKIIii BUKOPH-
CTOBYIOThCSI BUCOKOTEMIIEPATYPHI YaCTHHKHU MaJiBa 3

nokpurTsiMm TRISO, rpagitoBoro croBiibHIOBaYa i re-
JIIEBOTO TEIUIOHOCIS, a TaKO)K IACHMBHMM TEIIOBIIBI
AKTHUBHOT 30HH 3 HU3bKOIO MUTOMOIO MTOTYKHICTIO 1 He-
130JILOBAHOTO CTANIEBOIO KOpPIyCy peakropa. IlepBuH-
HUH Gap'ep yTpuMaHHS pamioHYKIimiB B peakTopi SC-
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HTGR cknamaeTsest 3 TppOX MapiB KepaMidHOTO TOK-
PHTTS, 0 OTOYYIOTh AKTUBHY 30HY 1 yTBOPIOIOTH Me-
XaHI3M yTpUMaHHS PafgioOHyKIIiJIB Y YaCTHHKAX ManBa
3 HOKpUTTsIM. CHcTeMa MOKPUTTIB SIBJISIE COOOIO MIKpO-
MacmTabHy HOCYAMHY MiJl THCKOM HaBKOJIO KOYKHOTO
€JIEMEHTY, sika Oy1a CIpoeKTOBaHa TaKMM YMHOM, 11100
BUTPUMYBATH HaJ3BUYAlHO BUCOKI TEMIIEpaTypH, He
BTpAyaroyuy 34aTHOCTI YTPHUMYBATH NPOAYKTH IMOILTY
HaBiTh B yMOBax aBapii.

BucokoremmeparypHi XapaKTepHCTHKH rpadito-
BUX CTPYKTYPHHX KOMIIOHEHTIB aKTHBHOI 30HH peak-
TOpa JOTIOBHIOIOTH BUCOKOTEMIIEPATypHi XapaKTepuc-
THKH TaIuBa. BHCOKa TEMIOEMHICTh 1 HU3bKa MTUTOMA

L] y I'papitoBana
. . * HIDKHS KaMepa

Meranesa

_I oropa KopIycy

[Taporeneparop 3i criipajibHHM

TEIUI00OMIHHHKOM

Kopryc naporeneparopa —=

Tennouii
NOTIK

HOTY>KHICTh aKTUBHOI 30HH NIPU3BOAATH 10 AYyXKE IIOBi-
JBHUX 1 TepedadyBaHUX TEMIIEPATYpPHUX IEPEXOIliB
HaBITL 0€3 aKTHUBHOIO OXOJ0KeHHs. ['eiii, TEmIoHo-
Ciif peakTopa i KOHTYp TeIuIonepeaadi, € XiMiYHO iHep-
THHUM 1 HeiiTtporHo npo3opuM. SC-HTGR crpoekroBa-
HUH JUIS TACKBHOTO Bi/IBE/ICHHSA TEIUIA PO3May BiJl ak-
THUBHOI 30HM HE3aJEXKHO BIJ TOrO, YW MPUCYTHIN
TIEpBUHHUH TEIUIOHOCIH, uu Hi. BeToHHI cTiHM, 1110 0TO-
YYIOTh KOPITYC PEaKkTopa, IOKPHUTI HaHEIIMHU CHCTEMHU
OXOJIOIDKEHHSI peakTopa, siKi 3a0e3MeUyI0Th IPUPOTHE
OUPKYIALNiHE OXOJOMKEHHS SIK MiJ 9ac HOPMaJIbHOT
eKCIUTyaTallil, Tak i Imij Jac aBapiif, TOMy HeMae TOT-
pebu B akTHBAIIl CHCTEMH, 3MiHI peXuMiB a0 KoH(Di-
rypauii B pasi aBapii.

L Kopnyc peakropa
KisiblieBa akTHBHA 30Ha
S/ICPHOTO peaKTopa
I'pacdiTosi Bij1OHBaui
[l pHyHMiT KOHTYP
[Tonepeyni
KaHaIH

[upkynsiuiiiamii
Hacoc

Boasna napa
BTOPHHHOT
CHCTEMH

Pucynox 3 — Ocnosni cknadosi peakmopa SC-HTGR

JIxxepeno: po3pobieHO aBTOPOM Ha OCHOBI [7].

Jnst pearyBanHst Ha Oy/Jb-IKUH 3 aBapilHUX Clie-
HapiiB, siki Oysiu cOpPMYJIbOBaHI JUIsl PI3HUX MOZYJIb-
Hux kouuenmiit HTGR, Bkmogaroun SC-HTGR, mpo-
TATOM Bci€l icTopii nminen3yBanHs MoaynsHuX HTGR,
HE TOTPIOHI Hi CHCTeMHU Oe3MeKH, IO KUBJIATHCS Bif
Mepexi, Hi IIii onepaTopa.

SC-HTGR mae Tpu cuctemu BifBEAEHHS TeIUIa.
JIBa OCHOBHUX KOHTYPH OXOJIO/PKEHHS IEPEIAI0Th Te-
IUTO y BTOPUHHUH KOHTYP IIiJ{ 9aC HOPMaJIbHOI pOOOTH.
Konu BUKOHY€ETHCS TeXHIYHE 00CIyrOBYBaHHS OCHOB-
HUX KOHTYPIB OXOJIO[)KCHHS, MOCTyITHA OKpeMa CHC-
TeMa OXOJIOKeHHs. 1 cucTeMa BUKOPHUCTOBYE OKpe-
MUH 1 He3aJIe)KHUN IUPKYJAIHHANA Hacoc 1 TerI000-
MIHHHK, pO3TalIOBaHUII B OCHOBI KOPITyCy peakTopa.
i cucremMu Takox 3a0€3MEYYIOTh OXOJIOJKCHHS ITiJ|
4yac JJ03aBaHTAKCHHS IAINBa i HOPMAaJIbHUX YMOB 3Y-
MUHKH, a TAKOXK ITiJ] 9Yac O1IBIIOCTI OYiKYBaHUX ITOMIH 1
aBapiiHUX BUKHUIB. SIKIIO NBI BUIE3rajaHi aKTUBHI

CHCTEMH HE INPAaLIOIOTh, MOXKHA BUKOPHCTOBYBATH Ia-
CHBHE BiJ[BEJICHHS TEIlIa.

Terto Bix aKTUBHOI 30HU NEPEAAETHCS PAiaTIBHO
yepe3 rpadiToBi BiIOMBaUi JO aKTUBHOI 30HU i, 3pelI-
TOI0, JI0 KOPITyCy peakTopa. 3 KOpIyCy TeIuIo Iepeaa-
€THCS 10 CUCTEMH OXOJIOPKEHHS aKTHBHOI 30HU peak-
topa (CO3P) 3a mOMoMOrorw TEmIOBOrO BUIPOMIHIO-
BaHHS 1 IpUpOoAHOT KoHBekii. [lel nmuisax BinBeaeHHS
TeIUIa 3aIMIIA€ThCS e()EeKTHBHUM, HaBiTh SIKIIO BECh
TIEPBUHHUH TETJIOHOCIH BUYEPIIaHO.

3o0pakeHa BHUIIE CHCTEMa OXOJIOKEHHS aKTHB-
HOI 30HM peakTopa - Iie pe3epBHAa CUCTEMa BOJASHOTO
OXOJIOJDKEHHS 3 MPUPOAHOIO MUPKYJIAIIEI0, KA TMiAT-
pHUMYe€ NIPUAHSTHI TeMIIepaTypy OSTOHY B JUISHII pea-
KTOpa ITiJ] YaC HOPMaJIbHOI eKCIUTyaTallil, a TaK0X MpH-
WHSATHI TeMIlepaTypu NajnBa, KOpIycy i OeToHy mif
yac MOXKJIMBUX aBapii.
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[lenTpanbuHii

BiIOHBay
30BHINIHII
Bi10HBaY
[TanusHi
KOJIOHKH
CrprkHi
YIpPaBIiHHS
ABapiiine
200 e BUMKHECHHS
OcHoOBHa YacTHHA pesepBy
KopIrycy

Pucynox 4 — Ianusni komipku (8uenso 3eepxy)

Jxepeno: po3pobiIeHo aBTOpOM Ha OCHOBI [7].

KoxeH He3aJie)XHUH KOHTYp CHCTEMH OXOJIOJ-
JKGHHsI, 10 TOB'SI3aHMM 3 OE3IMEKOI, CKIIaJaeThes 3
TEIUIOBUAUIBHUX TaHeNled B MOPOXKHHHI, 1[0 OTOYYE
KOpIYC peakTopa, 3'€JIHAaHUX KOHTYPOM HPHPOIHOL
UPKYJIsLii 3 OakoM-HakonuuyBadeM Boau. Lleit koH-
Typ BHKOPHCTOBYE IIPHUPOIHY LHMPKYIALII0 A BCIX
YMOB €KCILTyaTamii Ta aBapiiHUX cutyariit. OkpeMuit
AKTUBHUH KOHTYD, HE TOB'I3aHUH 3 0€3MEKO0, 0XOJIOI-
JKye Oak IIiJ yac HOpMalbHOI eKcinlyaTamii. Boma B
Oaky 3a0e3meuye HeoOXiHY TEIUIOBY MOTYKHICTD JIJIs
moHaiiMeHIe 7 JAHIB Oe3nepepBHOTO OXOJIOMKESHHS
mix 4ac aBapiif, KoM akTHBHa cucTteMa Oe3leKH Ta
BiJIBE/ICHHS TEIUIA MOXE OYTH HEAOCTYITHOIO.

OyHKLII0 yTpUMaHHS PaliOHYKIIIIB y peakTopi
SC-HTGR BukoHy10TH, B HepIly 4epry, HaJHBHI HO-
kputTs TRISO. I'padiToBi KOHCTPYKIIIT AKTHBHOT 30HH,
TpaHUI MEPIIOTo KOHTYPY TEIDIOHOCIS 1 OyaiBis pe-
akTopa 3a0e3NedyIoTh JJO0JATKOBY (YHKINIO YTpHU-
MaHHA. Byxisnsa peakropa SC-HTGR migmaetbcs BH-
KAy B aTMOCQepy i yac aBapii, oB'sI3aHOI 3 po3rep-
MeTH3amiero nepiroi cucremu 182. Bynisns 3a6e3medye
JIOZIATKOBE YTPUMAHHS NPOAYKTIB IOALTY y BHNAJAKY
aBapii. IIpote, OyxiBis, IO YTPUMY€E THCK, TaKa SK
OyniBJIs 3aXMCHOTO KOHTYPY JIETKOBOJTHOTO peaKkTopa,
HE € HEOOXiZHOI ab0 TEXHIYHO JOIJILHOIO Yepes3
BIZIMIHHI ~XapakTepUCTHKH YTPUMaHHsS IPOAYKTIB
MOy IMajlMBa HaBiTh 32 EKCTPEMAJIbHUX CIIEHapiiB
aBapii.

HominanpHa  MPOAYKTUBHICTH  BHUPOOHUIITBA
enekrpoeHeprii cuctemu SC-HTGR Oyna ominena 3
ypaxyBaHHSM [MOMNEpEIHIX OMIHOK e(EeKTHUBHOCTI
reJlieBUX UUPKYJLSIIHHUX CHCTEM, HACOCIB KUBHIIBHOT
BOJM, TypOiHH, reHeparopa Ta IHIIMX ENeKTPHYHHUX
HaBaHTaXXEHb cTaHMii. YncTa eNeKTpudIHa MOTY)KHICTh
KOKHOTO PEaKTOPHOTO MOJYJsSl TEIJIOBOK TMOTYX-
HicTIO 625 MBT(T) cranoButs 272 MB1(e), a unctuii
KK - 43,5%. Ha gonatok 10 HOMiHAJIBLHOI TIPOIYK-
TUBHOCTI cTaHmii, npoxyktuBHicTe SC-HTGR Bxe
Oyna oIiHeHa JJIsl CIIEKOTHHUX MOCYNUIMBUX MiCIIE€BO-
CTEH, e, K mependoavyanocs, MoTpiOHe cyxe OXOJoJ-
JKeHHsI. Pe3ynbTaTh 1i€l OliHKN TOKa3yIoTh, 1110 MOXKHA
JIOCSITTH YMCTOTO BUPOOHMITBA EJIEKTpOEHeprii Ha
piBHi 239 MB1(e) 3 BigmosimaumM KKJI 38,2%.

KonrponbsHo-BumiproBansHi npunagu SC-HTGR
BKJIIOYAIOTh B ce0e NMpHiIajy, 110 BUKOPUCTOBYIOTHCS
JUISL 3aXUCTy, MOHITOPUHTY Ta YNPAaBIiHHSA yCTaHOB-
KOt0. MeTOI0 TPOEKTYBaHHS CTAHIN] € BUKOPUCTAHHS

KOMEpLIHHO MepeBipeHoro oOnajHaHHS Ta MpOrpam-
HOrO 3a0e3MeYeHHs Ul KOHTPOJIO Ta YNPABIIHHSA 3
MIPOJIEMOHCTPOBAHOIO HAJIHHICTIO.

KokeH Momaynb poO3TalllOBaHUA B  OKpEeMii
OyniBmi. Y cTaHAapTHI KOHCTPYKIII BUKOPHCTO-
BY€THCS MOBHICTIO MMiJ3€MHE PO3TAIyBaHHSA PEaKTOp-
HOi OymiBimi. Ile 3abe3medye mepeBarum KOHCTPYKTHB-
HOTO BUKOHAHHS 1 KpaIlWii 3aXUCT BiJ] 30BHIMIHIX HE-
Oesrek.  AnbTepHaTHBHa  YacTKOBO  MiA3EMHA
KOHCTPYKIisl MOXKe OyTH BHKOPHCTaHAa Ha MaigaH4H-
Kax, J¢ MOBHICTIO MiJ3eMHA € HeAOMiIbHOI. OCHOB-
HUMHU (QYHKLISIMH peakTopHOi OyAiBii € MiATpUMKA
KOMITOHEHTIB IEPIIOro KOHTYPY 1 3aXHUCT CUCTEMH BiJ
30BHIIIIHIX BILTHBIB.

Bucoka TemsoBa eeKTUBHICTH i BHCOKE BHIO-
psauHs manmuBa B peaktopi SC-HTGR migrpumyrots
CTAICTh MOTOYHMX HACKPI3HWX NMAIMBHHUX LUKIIB 32
PpaxyHOK MiHiMi3aIii 00'eMy BiIIpalbOBAaHOTO ITaJIHBA.
OpuokpatHmii mamuBHUA 1uka Ha UCO motpedye
omu3eko 6,8 MMTP/I'Bt1(e)-pik, 0 eKBiBaJIeHTHO BU-
KOPHUCTaHHIO NTPUPOHOI YPAaHOBOi CHPOBHHH OJM3BKO
224 MT/TB1(e)-pik. KoHCTpyKIlisi akTHBHOT 30HH pe-
aktopa SCHTGR Ttakox cymicHa 3 pi3HHMH OiibLI
JOCKOHAJIMMH TAJIMBHUMH LUKJIAMH, 10 BHKOPHCTO-
BYIOTh [IEPETBOPEHH:I 1 IEpepOOKy IUTyTOHIIO Ta ypaHy,
B oMy uucii 3 Th/U, Th/Pu, Pu i nanusarMu hopmamu
YpaHOBOI pyAHM Ta aKTHHIAIB. [lanvBO 3 MOKPUTTAM
TRISO Takox Moxe OyTH HepepoOIeHe, KOJH i SKII0
TaKui poItiec € 000B'I3KOBAM i EKOHOMIYHO BHUT1THUM.

3aBIJKM BHIIIHA TEIUIOBIH €(PEKTHBHOCTI BIMOTHU
70 30epiraHHs Ta 3aXOpOHEHHs, SIKI 3HAYHOIO MipOIo
3aJeXarh BiJ PiBHA PO3Maay NPOAYKTIB HOALTLY, Oy-
OyTh MeHmmMMHU npubimsHo Ha 50% mns HTGR y
mopiBHsAHHI 3 LWR. Tepmin 36epiranas BignpaisoBa-
HOTO TaJBa CTaHOBUTH 10 pokiB. YaCTHHKY 3 TIOKPHT-
TAM JE€MOHCTPYIOTh BiIMiHHI XapakTEPHCTUKH oOMe-
JKEHHS  PaJlioaKTUBHOCTI TPU  JIOBTOCTPOKOBOMY
30epiranHi abo 3aXOpOHEHHi, 3MEHIIIEHHS 00'eMy 1 Tie-
pepobka TakoX € BapiaHTaMH, IO JOCTiKYBAIUCH B
MHUHYJIOMY.

IMSR - KAHAJTA

BOynoBanuii peakrop Ha po3IUIaBIeHIH codi
(IMSR) - e HeBenMKHIA MOIYJIBHUIT peakTOp Ha pPo3-
TUIABJICHIH COJI TEIUIOBOIO MOTYXHicTIO 440 merasaT
(IMSR400), 1o npautoe Ha po3ruiasieniit cosi. IMSR-
IIe ITiCHa KOHCTPYKIIis siAepHoro peakTopa. Bin mae
MIOBHICTIO TEPMETHYHHH KOPITYC PeaKTopa 3 BMOHTOBA-
HAMHU HAacocaMH, TEIJIOOOMIHHMKAMHU 1 CTPYOKHIMU
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3YIUHKH, SIKi 3SMOHTOBaHI BCEPEINHI OJHOTO KOPITYCY -
akTUBHO1 30HU peakTopa IMSR. I'epMernyHa akTUBHA
30Ha MOBHICTIO 3aMIiHIOEThCS B KiHIII TEPMIHY €KCILTY-
aTauii (HomiHasbHO 7 pokiB). Lle mo3Boinsie nocsarTu 3a-
BOJICBKOTO DPiBHSI KOHTPOJIIO SIKOCTi Ta €KOHOMIi, YHHU-
Kalo4u NpH [[bOMY HEOOX1THOCTI BiIKpUBATH Ta 00CITy-
TOBYBaTH KOpIyC peakropa Ha  MalJaH4YMKy
esrextpoctannii. IMSR400 nocsirae HaWBUIOTO PiBHS
BHYTPIIIHBOI OE3MEKH, OCKITBKH HE 3ale)KUTh Bif
BTPYYaHHS OIIEepaTopa, MEXaHIYHUX KOMITOHEHTIB, III0
MIPUBOIATECS B [iI0, OJadi TEIUIOHOCIS abo IXHIX Jo-
MOMDKHHUX CHCTEM, TaKUX SIK EJICKTPONOCTadaHHs abo
IHCTpYMEHTAJIbHE TOBITPSA, MPH BUPILOICHHI IIPOOIIEM,
TMOB'SI3aHMX 3 aBapiifHUMH CUTYaIlisIMU.

VYcranoBka IMSR npusHadeHa Juis pisHUX TUIIB
HaBaHTAXXCHH, BiJ 6a30BOro 10 3MIHHOTO. 3aBISKH
BUKOPHCTAHHIO IMPOCTOTO, MOJYJBHOTO 1 3aMiHHOTO
0JIOKY OCHOBHOI YaCTHHHU JOCATAIOTHCS BHCOKI MOKa3-
HUKH HafiiHOCTI. IMSR Oyna crienianbHO po3pobiieHa
JUTSL 3aBOJICBKOTO BUTOTOBJICHHS. SIepHI KOMIIOHEHTH
MalOTh HEBEIHMKi PO3MIPH 1 JETKO TPAHCIIOPTYIOTHCS.
AxtuBHa 30Ha IMSR po3paxoBaHa Ha KOpOTKHIA
TEPMiH CIIy>)KOHM, IO JO3BOJIAE€ Ha CIICIialbHUX 3a-
BOJICBKUX JIIHISIX BUPOOIIATH IX B HAITIBABTOMAaTHIHOMY
peXuMI, SIK, HAPUKJIIA, JiHii 3 BAPOOHHIITBA aBiamiii-

HUX PEaKTUBHUX JBHUTYHIB. B O0CHOBI TexHONOTI pO3-
IUTaBIICHOI COJi, II0 JIEKHUTH B OCHOBI KOHCTPYKIII
IMSR, 5neXuTh TEXHOJIOTISI peakTopa 3 PO3ILIABICHOIO
ciutto, sika OyJla pe3ysibTaToM MOCHIZOBHHX 1 Mac-
mTabHUX OCHITHUIBKUX mporpaM B HarioHanbHiN
naboparopii Oyk-Pumk B 1950-x, 1960-x i 1970-x po-
kax. B ocHOBI peakropa BUKOpHcTaHO 244 pi3HHX Ma-
TepianiB, 00OJNaHAHHS Ta KOMIIOHEHTIB peakropa. Jlo-
CIITHAM TIPOPHBOM CTalo OYIiBHHUIITBO 1 yCIiIIHa
eKcruryaTailis HeBenukoro (menme 10 MBT(T)) ekcrre-
PHMEHTAIBHOTO TECTOBOTO PEAKTOPa Ha PO3IIIABICHIHN
comi. B IMSR BUKOpPHCTOBYETBhCA poO3IUIaBIeHA (PTO-
pHUIHA TaJIMBHA Cib, KA TAKOX CIyTy€e NEPBUHHUM
TEMJIOHOCIEM, IO IIMPKYJIIOE M aKTHBHOIO 30HOIO 3
TBEpIUM rpadiTOBUM CHOBUIHLHIOBAYEM 1 IEPBUHHUMU
termooominHukamu. [Ipore, IMSR, xoua i1 Ga3yerbcs
Ha TIepeBipeHiil TexHOOTIi po3miaBieHoi coai MSRE,
BUKOPHCTOBYE YHIKaJbHY " LiJbHY" KOHCTPYKLIIO pe-
AKTOPHOI yCTAaHOBKH, B SKii BCi MEPBHHHI HACOCH i
MIEPBUHHI TEINIOOOMIHHUKH IHTETPOBaHI B TePMETHY-
HUM 1 3aMiHHAH KOpIryc peakTopa. L{e kimo4oBe HOBOB-
BEACHHS pa3oM 3 IHIIMMH 3alaTeHTOBAaHWMH 1HHO-
BaIlisIMU 3a0e3Meuye peakTopy BHCOKY KOMEpIHHY i
MIPOMUCIIOBY IIIHHICTh - BUCOKY HAIIHHICTH 1 eKCITya-
TaIiiHy KOPHCHICTH - HA BIAMIHY BiJl HEBEIUKOTO Te-
CTOBOT'0 PEaKTOpa JIAOOPaTOPHOI0 MACIITa0y.

BTopHHHHIT KOHTYP
OXOJIO/UKEHHS

- OCHOBHHIT

TeIL1000MIHHHK
I'paditoBmii
peryisiTop

OCHOBHA YaCTHHA
peakropa

3axHCHe cepeJIoBHIIe
Ta 130JIA11is
30BHIIIHA 000JIOHKA
peakropa

Pucynox 5 — Buenso peaxmopa Integral Molten Salt Reactor 6 po3pizi

JIxepeno: po3pobIeHo aBTOPOM Ha OCHOBI [7].

AXTHBHA 30Ha BHTOTOBIISIETHCSI B 3aBOJICHKHX
YMOBaX, a MOTIM JOCTaBJISEThCS HA MalIaHUMK peak-
TOPHOT YCTQHOBKH, JI¢ IICJIsSI OCTATOYHOI'O CKJIaJaHHS
OITyCKAETHCSI B 3aXHCHY OOOJIOHKY, PO3TallOBaHy B
nigzeMHOMY OyHKepi peakTopa. Ciib MEepBHHHOTO I1a-
miBa IMSR - ne TtepmiuHO cTabimbHA piguHa 3
BIIMIHHMMH BJIACTHBOCTSIMH TeIIoNepeaayi Terio-
HOCISl 1 BHCOKMMH BJIACHHMH BIJIACTUBOCTSMH YTpH-
MaHHS paJioHyKJiiB. KOHTyp BTOPHHHOTO COJISTHOTO
TEIJIOHOCIS, TakoXk (ropucToi coui (aye 6e3 manusa),
Tepeiae TETUIO Bijl MAIMBHOT COJTi aKTUBHOT 30HHU Yepe3
MEPBUHHI TETUIOOOMIHHUKH JO0 TPETHOTO IMPOMHCIIO-
BOT'O COJITHOTO KOHTYPY 3 COHSAYHOIO SHEPTIEIO.

KoHTYp 3 COJSIHOTO pO34MHY, SKHUH Iepeka-
YYy€ETHCS 3 AaTOMHOTO €HEeProOJIOKy B OKpeMy OyIiBITIO,
JKUBUTH 200 TaporeHeparop, abo BUKOPHCTOBYETHCS
JUIS. BUDOOHUIITBA Tapy, AJsl BUPOOHUIITBA €JIEKTpoe-
Heprii, a0 BHKOPHUCTOBYETHCS IS IHIIMX TEXHO-
JIOTiYHKX 1oTped. [TapoBuii KOHTYp KHUBUTH 3BUYANHHY
IIPOMHUCIIOBY TapoBY TypOiHy misi BHPOOHHITBA
eJIeKTpoeHeprii Ta/abo IPOMHUCIOBOTO BHUPOOHHIITBA
Iapy, B 3aJIS)KHOCTI BiJl HEOOXIJTHOTO 3aCTOCYBaHHSI.
Sk BapiaHT, yacTHHA abo BCS Tapsda po3IIaBJIeHa CO-
HSYHA CUJTb MOKe OyTH crIpsiMOBaHa 0e3MocepeHbO Ha
MIPOLIEC TETIONOCTAYaHHS.
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KoHTpons 3a piBHEM peakTHBHOCTI 3abe3re-
9y€EThCS 32 PAXyHOK BiJ'€MHOTO TEMIIEPaTypPHOTO 3BO-
POTHOrO 3B'SI3KY, SIKMH CTAa€ MOXJIMBUM 3aBJISIKH
HEWTPOHHIH TOBEIHIII PO3IIABICHOIO COJISTHOTO Ta-
JIMBa B aKTHBHIH 30Hi peakTopa. Llei HeraTuBHMI TeM-
nepaTypHUi 3BOPOTHHI 3B'SI30K JIO3BOJISIE YHHKHYTH
neperpiBy, 3a0e3Me4yroud KOHTPOJIb PiBHS sIIEPHOT aK-
THUBHOCTI, HaBIiTh 32 YMOBH BTPaTH BCiX CUCTEM yIIPaB-
niHaA. Po3IutaBieHe coNiHE MANWBO HE PYHHYETHCS
mig miero Terura abo pamiamii, oo 3abe3medye BUCOKY
MEXKy MOTYXXHOCTI COISTHOTO MajiBa. X04a B aKTHBHY
30Hy peakropa IMSR iHTerpoBaHi CTPIDKHI 3yNHUHKH,
BOHH IPU3HAYEHI JJIS ONEPAaTHBHOTO YIPABIIHHSA, a HE
Ui 3abe3rneucHHs Oe3neku. L{i CTpMKHI 3yMHUHSIOTH
peakTop MpH BTPATi NPUMYCOBOT HUPKYIIALIL, a TAKOK
BCTaBJISIOTHCS IIpU BTparti xkuBieHHs. llle omHuM pe-

3epBHUM MEXaHI3MOM 3YIHHKH € PO3IIIaBJICHI KOHTEH-
HEpH, 3alOBHEHI PiTKUM IOTJIMHAYEM HEWTPOHIB, SIKi
Ha3aB)KAU 3yMUHATh PEAKTOP, SKIIO CTAHETHCS MaJoH-
MOBIpHa IIOJIisl - TIEPErpiB peakTopa.

[TepminM 3aXMCHUM EKpaHOM Ha IUISAXY BUBLIb-
HEHHS NPOYKTIB MOALTY € (TOpHCTa MaTUBHA Ciitb. Ls
NMAJMBHA CUIb € XIMIYHO CTa0uIpHOIW 1 3B'3ye
XIMIYHUMH 10HHMMH 3B'I3KaM¥ TIepEBaXKHy OiJIbIIICTh
PamioaKTHBHUAX MPOIYKTIB IOALTY, IO YTBOPIOIOTHCS
mig 9ac poboTu peakropa. pyruM 3aXiCHAM €KpaHOM
€ aKTHBHA 30Ha peakTopa. 3axucHa OO0OJOHKa, IO
OTOYYy€ aKTHUBHY 30HY, CIIYI'y€ TONATKOBUM I'€pMETHY-
HUM €JIEMCHTOM Ha BUMAIOK BKpail MaJoHMOBIPHOTO
pYHHYBaHHS IUJTICHOT aKTUBHOI 30HU. 3a BiJJCYTHOCTI
JDKepell TUCKY B aKTHBHil 30HI a00 B 3aXucHif 000-
JIOHIII, 3aXMCHA OOOJIOHKA HIKOJNHM HE 3a3HAa€ BIUTUBY
THCKY.

Tabmuus 3

OcHoBHi TexHi4yHi noka3Huku Integral Molten Salt Reactor

TexHiuHi MOKA3HUKH

Tun peakropa

PeakTop 3 po3MIIaBIeHOIO CIILIIO

TemnoHociil/coBinbLHIOBAY

dropucra nanuMBHa cuIb/TpadiT

HoMiHaspHa MOTYKHICTh (TEIUIOBA/ENIEKTPUYHA)

440 MBt/ 195 MBT

Tun nupKynAnii TemIoHOCs

[TpumycoBa HUPKYJIsiLis

THCK IEpBUHHOTO/BTOPHHHOTI'O KOHTYPIB

< 0,4 MIla (rizpocraTnuHuii)

Temneparypa TEIUIOHOCIS Ha BXO1 / BUXO/I

620/ 700 °C

Tun nanusa/tun TBEJI

Po3smnaBneHe conboBe MaJIMBO

MaxkcuManbHUi BifCOTOK 30aradyeHHs najimBa

<5%, HU3bKO30araueHuii ypaHn

Kinskicts TB3

Kinbueswuii crpuxens, 102 xosnona, 10
0JI0KiB / KOJIOHA

TpuBaicTs HUKITY OJIHIET 3aPABKK NATHBOM
(B MicsIX)

84; 10 3aMiHM aKTUBHOI 30HHK

BukoprcTaHHs! BCTAHOBJICHOI MOTY>KHOCTI

95%

Mertoj KepyBaHHS 3MiHOIO OTYKHOCTI1

KopoTkocTpokoBa: Bi'eMHUI TeMIiepaTypHIA KOeQiieHT
JloBrocTpokoBa: 10AaBaHHs PiAKOro MajKuBa B pexkuMi Oe3-
nepepBHOI poboTH

Cucrema Oe3nexu ITacHBHA

TepMin ekcruryaTamii (B pokax) 56

[Toma crauiii 45000 m?
Bucora/niamerp peakropa 10/3,7 m

Bara 154000 meTpo-TOH
CelicMiuHe IUTaHYBaHHS 0,39

Oco0bimBocCTI

AXTHBHa 30Ha 3aMIHIOETHCS IIOBHICTIO, K OJUH OJIOK

KOXKHI CIM POKiB

Jxepeno: po3poOJIeHO aBTOPOM Ha OCHOBI [7].

[eperpiB 3axnuCHOI 0OOJIOHKH BHKIIOYAETHCS Oa-
JIAHCOM TEIUIOBHJUICHHS 1 TEIUIOBHX BTparT 10
MOCTITHO TPAIIOI0Y0i BHYTPIMIHBOI JOMOMIXKHOI CH-
CTEMH 0XO0JIOJKEeHHs Koprycy peakropa (IRVACS).

Hoge a0o "cBixke" mannBo OKpeMo JOCTaBIISETHCS
Ha MalJJaHYMK €JICKTPOCTAHIII1 Y BUTJISI1 TBEPIOTO TMa-
JIMBA, JIe BOHO PO3IUIABISETHCS 1 IOAAETHCS B AKTUBHY
3ony peaktopa IMSR. Ie no3onsie IMSR mpairoBatu
3 OTepaTHBHUM 3aBaHTaXXCHHAM nanuBa. Kpim Toro, Ha
BIIMIHY BiJl PEaKkTOpiB Ha TBEPAOMY IAJHBi, HEMae
HEO0OXiTHOCTI BUAIATH OyAb-sKE MalMBO 3 aKTUBHOI
30HM TiJ 9ac TNepeBaHTakeHHs. Bce mammBo 3amm-
IAETHCS] BCEPEAMHI 3aKpUTOT aKTUBHOT 30HU peakTopa
IMSR mpoTsATOM yCchOoro 7-pidHOTO MEPioay eKCInTya-
Tanii akTuBHOI 30HM. HeBenmukuii 00'eM m0maTKOBOT
coJti 17151 "' TOTIOBHEHHS" TTAJIMBA TIPOCTO PO3MIIITYETHCS
Hij Yyac ekcruryarauii y BepXHboMy razocxosuuii. Ha

BiIMiHY BiJ] IHIINX PEaKTOPHUX CHCTEM, aKTUBHA 30HA
IMSR HikonM He po30I0KOBY€EThCS HA TEPUTOPIT elIeK-
TPOCTAHI] - Hi i 9ac MyCKOBOTO 3aBaHTAKCHHS, Hi
ITiJ1 9ac MiDKUBIICHHS, Hi ITiJ] 9ac Mepexo/y Ha HOBY aK-
THBHY 30HY. Ilicist ~7 pOKiB eHepreTH4HOI eKCIuTyaTa-
mii Tpaiorodya aKkTUBHA 30HA 3YMUHSIETHCS 1 MiCIs
TIepio/ly OXOJIO/PKEHHS BiNpaliboBaHe si/iepHe MaJuBO
BHKAa4Yy€eThCS B 0aKky BUTPHUMKH, PO3TAIIOBaHI Bcepe-
JIMHI 3aXMCHOTO KOPITYyCYy peaKkTopa.

VHikanpHa cucremMa oxoJjiomkeHas IMSR 0a-
3y€ThCSl Ha BIACTHBOCTAX 1 Xapakrepucrtukax IMSR-
BHCOKIHM TETIOBiH iHepIlii, BeIMKiH TETJIOEMHOCTI Ta
TacHBHIN 1 Oe3nepepBHO Ail0Yid cUCTEMI HUPKYJIALiT
teronocis (IRVACS), mo npaittoe 6e3nepepsHo. Be-
JIMKa BJIaCHA TEIUIOEMHICTD 320€311e4y€EThCS TETIOBOIO
Macol0 COJIi TajuBa, MeETally KOpIyCy peakTopa i
CIOBiUIbHIOBaYA 3 TpadiTy 245.
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Pucynox 6 — Texnonoeiynuii euensio pobomu peakmopa

Jlxxepeno: po3po0bieHO aBTOPOM Ha OCHOBI [7].

Kpim ToTro, KOpITyc peakropa He i30JIb0BaHHH, 110
MPU3BOANTE IO MOCTIHHUX TEIUIOBUX BTPAT y 3aXWC-
HOMY Kopmyci i, 3pemToro, B cucteMi IRVACS. Kopor-
KOYacHE OXOJIOKEHHS aKTHBHOT 30HHU 3a0€3MeUy€eThCS
BHYTPIIITHROIO0 TPUPOJTHOI KOHBEKTHBHOIO 3/1aTHICTIO
po3IIaBIeHOi (HTOPUCTOI MAJMBHOI CONi 32 paxXyHOK
MPUPOAHOT | TACHBHOI IUPKYJIAIIIT ITATHMBHOT COJIi Uepe3
NepBUHHI TeII000MiHHMKY. L{i BHYTpILIHI Ta 30BHIIIHI
MEXaHi3MHU 0XOJIO[KCHHSI MOBHICTIO 3[aTHI MOTJIMHATH
HepexifiHe Terio Ta TEeIUIo, L0 YTBOPIOETHCS NpPHU
po3nai. JJoBrorprBae 0X0a0KeHHs 3a0€3eTyEThCs
3a paxXyHOK TEIJIOBTPAT BiJ HEI30JIbOBAHOTO KOPIIYCY
peakTtopa 10 3aXHCHOTO KOPIIyCY, SIKHMH OXOJOJ-
)kyerbes cuctemoro IRVACS. 3axucHuil xopryc - 11e
3aKpUTa 000JIOHKA, SIKa OXOILTIOE aKTHBHY 30HY peak-
TOpa, 3a0e3MeUyI0YH JIOKATI3aIil0 1 OXOJIOIKEHHS ve-
pe3 CcTiHKy Kopirycy. HammipHe HarpiBaHHS aKTHBHOI
30HH MPU3BEJIE 10 30UTBIICHHS TEIIOBTPAT 3 aKTHBHOT
30HH, 1110, B CBOIO YEPTy, 30LIBIINTE TEIUIOBIIIaTy Ye-
pe3 TEeITOBE BUMPOMIHIOBAHHS JI0 3aXUCHOT 000IOHKH.
3axucHa 000JOHKA, B CBOKO Yepry, OTOYEHA He3alekK-
HUM 3aMKHYTHM KOHTYPOM ITACHBHOI'O OXOJIOKEHHS
ineptamm  tazom  IRVACS. 1Ilg  GesmepepBHO
¢dynxkmionyroua cucrema IRVACS nepenae temo Bif
HEi30JIbOBAHOT 3aXMCHOT 00OJIOHKH JI0 iHEPTHOTO Ta3y.
I'a3, y cBOtO 4epry, HUPKYJIIIOE 32 JIOTIOMOTOI0 TIPUPO-
HO1 KOHBEKIIIi JT0 paiaTopiB y JOMOMIXHIH Oy IiBIi pe-
aKTopa, Jie BiH BIJJTa€ CBOE TEIUIO 30BHINIHHOMY IIO-
BITPIO, TEPII HiXK MOBEPHYTUCS B OXOJOJDKYBAJIbHE
kibiie. Cucrema oxonomkeHHs IRVACS mparrroe mpu
aTMOC(hepHOMY THCKY, TOMY BOHA IPOOBKYBaTHME
OXOJIOJDKYBATH B Pa3i BUTOKY ab0 TOIIKOKEHHS CH-
cremu. IMSR € pingkonaJMBHUM peakTOPOM - B aKTHB-
Hill 30HI peakTopa HEMae >KOJIHOTO TBEPIOTAIUBHOTO
enemenTa. [lammBo y Burisai TerpadTopuay ypaHy

(UF4) po3unnsieThes B IUIaBKil cyMilin aemeBux Gpro-
pHCTHX coJieit 6e3 noaaBaHHs JiTito abo Gepuiiro. Ile-
peBara 1€l cymimri mojsrae B TOMy, IO BOHA 3BOJHTH
JI0 MIHIMyMY YTBOPCHHSI TPUTIIO, STKUH MEPEIIKOKAE
Oynp-sKiid TpoeKTHiH po3pobmi MMP, mo BkiIrodae
¢ropun nitiro (LiF) i/abo mudTopun 6epuito (BeF,) B
MAIMBHIA CcONsAHIM cymimi. Pigka manmBHa Ccith
IMSR400 € 11i1iCHOI CHCTEMOIO - SIZICPHE ITAHBO, TETI-
JIOBHIUISIOUYHI €JIEMEHT 1 TSTUIOHOCIH - sika 3a0e3medye
OCHOBY ISl MCHIII CKJIaJHOT KOH(Diryparii peakropa 3
OaratbMa mapamerpaMu Oe3rneku. PazoMm 11 cosboBa
MaJIMBHA CYMIIll YTBOPIOE SIK MMAJIMBO, TaK 1 TEIUIOHOCIH
repiioro KoHTypy. CoJisiHa CyMIIIT TaJTHBO-TEIIOHOCIH
MPOKAYYETHCA MK aKTHBHOIO 30HOK 3 TpadiToBUM
CTHOBLUIBHIOBaYEeM (32 TEIUIOBUM CIIEKTPOM), a TOTIM
yepe3 BOyIOBaHI TEINIOOOMIHHUKH, IIOO Iepenatu
CBOE TEIUIO B COJITHMH KOHTYpP BTOPHHHOTO TEILIO-
HOCISI.

Mera 3abe3nedeHHs Oe3leKH B KOHCTPYKIIT
IMSR mossirae B JOCSATHEHHI BHUCOKOI BHYTPIITHBOT
HAJIHHOCTI Ta CTBOPEHH Oe3MeYHOi aTOMHOT €JeKTPO-
CTaHIIi1, IKy MOXKHA 3amumuTu 0e3 Harsimy. st 3a-
Oe3medeHHs] OCHOBHUX (yHKIIN Oe3MeKu, TakuX K Ke-
pyBaHHS, OXOJIOPKEHHS Ta yTPUMaHHS, HE TOTPiOHI 1ii
oreparopa, eleKTPOIOCTadaHHd a00 MEXaHidHi ele-
MEHTH, IO KHUBJIATHCS BiJ] 30BHINIHIX JpKepen. DyHma-
MeHTaJILHUM Yy dinocodii 6e3nekn IMSR € ycyHeHHs
PYIIIHHUX CHJI, SIKI HOTEHLITHO MOXYTh BUIITOBXHYTH
palioaKTHBHUIT MaTepiai 3 3aXUCHOI 0OOJIOHKH B HaB-
KOJIMIITHE cepefoBuile. PeakTop mpaiioe npu HHU3b-
KOMY THCKY, L0 € IEPEeBarol0 BUKOPUCTAHHS TEPMIUHO
1 XiMi9HO CTaOTBHOI CyMIlTl TETJIOHOCIS 3 HU3BKOIO
KOHIIEHTpaIli€o BUnapiB nangusa. Kpim Toro, B cuctemMi
peaxTopa Hemae Boau abo mapu. Takuit miaxix ycyBae
Oynb-sKi TOTSHIIHHI [Kepena eHeprii, Ak (i3udHi, TaK
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i XimiuHi, B peakTopHid cucteMi. IMSR me Oinpme
MIBHUITY€ el BICOKMI piBEHb BHYTPINIHBOI O€3MeKn
3aBASKU CBOTH IHTErpoBaHii 6e3TpyOHii,
0e3BiIMOBHII CHCTEMHIH KOHCTPYKLil. OXOJI0MKESHHS
IMSR mig yac HEMITATHUX CUTYyaIlid HE 3aJCKUTh Bif
CKUJIaHHS THUCKY B peakTopi abo mojadi 30BHIIIHEOTO
TEIUIOHOCISI B peakTop. Bei HeoOXinHi GyHKIii ynpas-
JIHHS 1 TETJIOBIABEACHHS NPUCYTHI TaM, Jie BOHH I10-
TpiOHI - B akTuBHiH 30HI peakropa IMSR i 6e3moce-
penupo HaBkoio Hei. Taxum wmaOM, IMSR moBHICTIO
yCyBae OyIb-sKy 3aJISKHICTD BiJl JOMTOMDKHHIX CHCTEM,
KJIaIlaHiB, HACOCIB, KOHTpOJepiB abo mii omeparopa
IUTsL OXOJIOJDKEeHHS. Lle cTocyeThest sIK KOPOTKOCTPOKO-
BOi, Tak 1 JOBrocTpokKoBoOi mepcrextuBH. lle mocs-
raeTbcs 3aBISAKM TOMY, 0 KoHCTpykmis IMSR
TIO€THY€E TEXHOJIOT1I0 PeaKkTopa 3 PO3IIIaBICHOIO CIIITIO
3 I[JIICHOK KOHCTPYKINE PEakTopa, OTOYCHOrO 3a-
XHCHHM KOPITYCOM, SIKU OXOJIOJDKYETBCs Oe3mepe-
PBHO IPAITIOI0Y0I0 cUCTeMOI0 oxostomxkeHHs IRVACS.
Taxum unaOM, KOHCTpYKIist IMSR 3a0e3neuye HaiiBH-
i piBeHb BHYTPIMIHBOI O€3MeKH i OOIIse JTOCKO-
HAIICTB SACPHOI OE3MEKH 3 BHCOKOIO KOMEPIIHHOIO BH-
rOI0H0.

OcHoBHuii 610k IMSR cnipoekToBaHMi TAKUM 4H-
HOM, MO0 Horo MokHa Oymo JeTKO Ta Oe3IedHO
3aminuTH. Lle 3a0e3neuye BUCOKMI eKCIUTyaTaliitHui
(axTop BukopucTanHs enekrpocranuii IMSRi Bucoky
KaliTanbHy BapTiCTh. 3MiHHA aKTUBHA 30HA FapaHTYE,
IO BCi IHINI KOMIIOHCHTH aKTHBHOI 30HH peaKkTopa
BIJIMIOBIZIAI0Th MPOCKTHUM BHUMOTaM IMIOAO TEPMiHY
CIIy>)kOM MaTepialiB; HeBUKOHAHHS Ili€l yMOBH 4acTo
Ha3WBAIOTh IEPEIIKOJI00 JUId Oe3nocepenHpoi pe-
amizanii MMP. Takum 4wHOM, TIepeBara 3MiHHOI ak-
THUBHOI 30HH TOJISITAa€ B TOMY, IO €IEKTPOCTAHIIS 3a-
Oe3nedye MOETHAHHS BUCOKOI €HEPreTHYHOI MOTYX-
HOCTI, TIPOCTOTM 1 JIETKOCTI eKcIulyaramii Ta
KOHKYPEHTOCIPOMOJKHOCTI 33 BapTICTIO, L0 € BAXIIU-
BUM ISl HIMPOKOTO KOMEPLIHHOTO BIPOBAKEHHSI.

Konctpykuis IMSR cnpusie 6e3mernti akTHBHOI 30HH pe-
aKTOpa 3aBIJKM BHYTPIIIHIM BIACTUBOCTSAM IAJIHBHOI
COJIi B ITO€IHAHHI 3 CHJIBHO Bi/I'€MHUM TEMIEPaTypHUM
KOE(QII[IEHTOM PEaKTHBHOCTI: MPH IiIBUIICHHI TeMIIe-
paTypH peakTHBHICTb 3HWKYETHCS, 1 HaBIaKu. TakuM
yuHOM, IMSR Mae 3HauHy 3[0aTHICTH pearyBaTH Ha
HABAHTAXXCHHS: 3MCHIIICHHS BiIOOPY TeIia MaporeHe-
paropoM (200 NPOMHCIOBUM TETJIOBUM HaBaHTa)KeH-
HSIM) NPU3BOJUTH A0 MiJBHUIICHHS TEMIIEPATypH TeETl-
JIOHOCIA, IO 3HIKYE PEaKTUBHICTD i, IK HACTIIOK, 10
3HIDKCHHS TIOTY)KHOCTI peakTopa; i HaBMaku, 3011b-
OICHHS BigOOpy TeIrla 3HIDKYE TeMIepaTypy TeIio-
HOCIs, IO TiIBUIIY€E PEAKTHBHICTH 1 30UIBIIYE MOTYXK-
HICTB peakTopa.

IMSR He 3aJeXUTh BiJi CHCTEM EJIEKTPOIOCTA-
YaHHsI a00 HaBITh CHCTEM YNPABIIHHS | KOHTPOJIIO ISt
3a0e3nedeHHs MakcuMaibHol Oe3rnekn. OYHKIsST KOH-
TPOJIFO OTYKHOCTI peaktopa IMSR400 € HeBin'eMHOIO
YaCcTHHOIO (yHAaMEHTAIbHUX (I3UYHUX XapakTepH-
CTHK PEaKTopa i He BUMarae HassBHOCTi IHJKEHEpHOI CH-
CTEeMH aKTUBHOI O€3MeKH i MiATPUMKHA KOHTPOIIO
MOTY>)KHOCTI B OyIb-SIKOMY TIPOEKTHOMY CIeHapil
aBapii. CucteMa 3aXUCTy iHBECTHUIIil B CTaHIIO i CH-
cTeMa VIpaBIiHHA CTaHIE€I0 3a0e3medyroTh BCi
¢yHKOii ynpasmiaag. OgHAaK, Ha JOAATOK IO IBOTO,
IMSR400 MicTUTh MOJIOKCHHS JJIS 3aITyCKY OJHOTO 3
JIBOX MEXaHI3MiB 3yITUHKH y BUIAJKYy BRXKUX aBapii.
246 Tloryxnicth peakropa IMSR400 6e3nocepenHbo
3aJIeKHUTh BiJl TEIJIOBOTO HABAHTa)XEHHsI KOHTYPY BH-
poOHuIITBA HiTpaTHOT coJi (moTpeba TypOiHU, moTpeda
B TEIUTi Ui TEXHOJOTIYHOTO mporecy abo morpeda B
TeruTi A7t npoMucioBux norped). Lle BinOyBaeTbes ye-
pe3 MpUTaMaHHy PEeakTOpy pPeakKiilo Ha 3MiHM TeMIle-
paTypu NajluBa/TEMJIOHOCIS, CIPHYMHEHY 3MiHaMHU
TEMIIepaTypy BTOPHHHOTO i TPETHHHOT'O TEIUIOHOCIIB.
To0OT0, peakTHBHICTh 3MEHIIYETHCS MPH ITBHUIICHHI
TEMIIEpaTypu COJIi MajuBa i 30UIBLIYETHCS MPU 3HH-
JKEHHI TeMIIepaTypH COJIi MaJiuBa.

TypOinnmit Bl

COHSYHHIH COJIBOBHIT LIHKII

N Teru1000MiHHHKH BTOPHHHOTO KOHTYpPY

B AKTHBHA 30HA PeaKTopa

Pucynox 7 — Buensio cmanyii 3306Hi

JIxepeso: po3po0ieHO aBTOPOM Ha OCHOBI [7].
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IlepBuHHE peryTIOBaHHS PEAKTHBHOCTI JOCH-
TaeThCsl 33 JOTIOMOTOI0 HAcOCa COJISTHOTO TEIIOHOCIS
JUISL 3MIHM LIBHJKOCTI LUPKYJSIIIIHHOTO MOTOKY, IIO
3MIHIOE TEMIIEPATYpy COJIi B aKTHBHIH 30Hi 1, TAKMM YH-
HOM, 3MIiHIOE peakTuBHicTh. [lanmuBHA Cijdb TEPMiYHO
cTabisbHa, Ma€ TEMIEPATypy KHUITIHHS, 110 3HAYHO IIe-
peBuiye pobouy Temneparypy IMSR, i criiika 10 po3-
KJIaJaHHs; L€ ycyBa€ 3aHENOKOEHHS IIOJO NepeBHU-
IIEHHA TEMIIEpaTypH TMPH paNTOBOMY 3MCHIICHHI
BiJIBeICHHSI TeIlIa Bif TeIIOHOCIA peakTopa. Li mpura-
MaHHI oMy XapaKTEepHUCTHKHN yCYBalOTh HEOOXITHICTH
Y BHYTPIIIHbOPEAKTOPHHUX IIPHCTPOSX KOHTPOIIO PEaK-
THUBHOCTI 3 METOIO 3YIIHKH peaKkTopa 3 MipKyBaHb 0e3-
neku. Y KOPOTKOCTPOKOBIH mepcnekTuBi QyHKUii cu-
CTEMH PETYIIOBaHHS MOTY)XHOCTI MOJIITAal0Th y TOMY,
1100 JO3BOJHUTH PEAKTOPY Y3TOJMTH MOTYXKHICTh, IO
BigOMpaeThes, 3 OaJaHCOM TEIJIOBOIO HaBaHTAXKCHHS
CTaHIlii, 1 3a0e3neunTH, 100 TeMIiepaTypa CoJii 3au-
mianacsi B 3allJJaHOBaHUX MeKax. Y JOBrOCTPOKOBIM
MEpPCTIEKTHBI BUTOPAHHS MaJINBa KOMIIEHCYETCS PETy-
JSIPHUM PYYHHM JO/ABaHHSAM HEBEIMKUX KiJIbKOCTEH
CBIXKOT ITAJIMBHOT COJTI.

Cxema 3aBoxy IIOKa3aHa Ha HACTYIIHOMY Ma-
moHKy. [iroua aktuBHa 30Ha IMSRpo3mimena B ox-
HOMY 3 JIBOX Jifounx moxyiiB. [lepex 3ymmHKOIO ax-
TUBHOi 30HH BHUBEACHHSA 3 CKCIUTyaTallil B KiHII
TEpMiHy eKCIUTyaTallii, HOBa aKTHBHAa 30Ha BCTaHOB-
JIOEThCS. B CYCIIHBOMY pOOOYOMY HPUMILIEHHI IS
MIATOTOBKH JI0 MEPEMHUKAHHS COJSIHOI'O KOHTYpY BTO-
PHHHOTO TEIUIOHOCIS 3 Jif040i aKTUBHOI 30HH, LIO
BiANIpaIfioBaga CBiif pecypc, Ha HOBY aKTHBHY 30HY.
[licns 3aMiHM BiAmpamboBaHa aKTHBHA 30HA 3aJIH-
[IA€ThCS B pOOOYOMY TIPUMIIIIEHHI IO THX Tip, TOKH HE
Oyze 1o BUBaHTa)KEHH MaNnBa B 0aKu Ui 30epiraHHsa
COJIi BIAIPAabOBAHOTO sifepHOro mamuBa. [loTiM BHU-
BaHTa)XEHY aKTHBHY 30HY IEPEMIIIyIOTh MOCTOBHUM
KpPaHOM 3 eKCIUTyaTalilfHOro CXOBHINA JIO CXOBHILA
COJIi BiJNpalbOBaHOTO sIEpHOrO manuBa. Tpers ak-
THUBHA 30Ha MOXKE OYTH 3r0JJOM BCTAHOBJIEHA B ITOPOXK-
HbOMY POOOUOMY MPHUMIILIEHHI, TOTOBOMY JIO ITOYaTKy
HACTYITHOTO 7-piYHOr0 eKCIUTyaTaliifHOro IHKIY,
HICJIsl TOTO, SIK APYrUid JAi04YMi OJIOK 3 aKTUBHOIO 30-
HOIO JIOCATHE KiHI TepMiHy eKcIuTyaTarii i Oynme 3a-
kpurtuii. CoJstHi JTiHIT BTOPHHHOTO (HEPaIiOaKTHBHOTO)
TETIOHOCIS TTepealoTh TEeIyIo BiJl HEPBHHHUX TEIUIO-
OOMIHHUKIB aKTUBHOT 30HH TEIIOHOCIS 10 BTOPHHHHUX
TEIJIOOOMIHHHKIB i TPEThOT0, HITPATHOI'O COJHOBOTO
KOHTYPY, PO3TALIOBAHOTO B MEXaX aTOMHOI eJIeKTpo-
cranIii. HitpaTHu# CONTHUN KOHTYp Tepeaae Terio 3
aTOMHOI €JIGKTPOCTaHIlii Ha MaporeHepaTopu i To-
BTOPHI MiJirpiBadi, po3TamoBaHi Ha OajaHCi CTaHIIii,
abo 6e3mocepeIHLO Ha TIPOMUCIIOBI MiAPHUEMCTBA, 1110
3HaxoaaThes Ha AEC, a Takosx 6e3mocepeiHbo A0 mpo-
MHCJIOBOTO KiHIIEBOTO CIIOKMBaya TeIUa, KU MOXKe
OyTH pO3TalIOBaHMIA Ha BiJICTaHI 0 5 KM BiJ CTaHIIII.

[ManuBo Mosxe ckiIagaTucs 3 GTopuy HU3bK030a-
rayeHoro ypasy, GTopuay IuIyToHito, GTOpUIy TOpito
abo Oyzp-sKoi ix cymimi. OgHaK NepmHid y CBOEMY
poxi IMSR400 BuKOpHCTOBYBAaTHME OJIHOKpPATHHH Ta-
JUBHUH UK HAa HU3bK030aradeHoMy ypaHi, OCKIJIbKH
Ile HalmpocTimuii BapianT. BimnmpamboBaHe pinke ma-
TUBO HabaraTo JeTIie MepepoOsaTH, HiXK TBEpIoma-
JUBHI €NIEMEHTH, 110 POOUTH HOro TmepepoOKy Oinbir

puBabINBOIO. Y pa3i 3acTOCyBaHHS IMEpepoOKH Ta-
nmuBa, komnanig Terrestrial Energy mepen6agae, mo me
BiZI0yBaTUMETHCS B LIEHTPAIBHOMY ITYHKTI IEpepOOKH
nanuBa, SIKAH 0O0CIyropyBaTHMe 0araTo eJeKTpo-
cranuii IMSR.
BUCHOBKHU

BpaxoByloun naHy cuTyalio B KpaiHi, TOTpeOH
3aMiHM SIK crapux OinokiB Ha HasBHHX AEC, Tak i
3amina TEC i TEL] Ha OinbII eKOJIOTiuHI Ta ACIICBII B
eKCIUTyaTaIlil CTaHIii, B)KITUBO 3pOOUTH TpPaBUILHUI
BHOIp TIpH MOXIIMBOMY OYHIiBHHITBI CTaHIH THITY
MMP. JlocBin Ykpainu y BAKOPHCTAHHI BOJO-BOISIHUX
peaxtopax Ha AEC, meBHO KpammM Oyzae BHOip came
NUWARD, noBomeHHs 3 peakTOpaMH TaKOro THILY
BXKE BiZIOME Ta He TOTpeOyBaTHME IEepPEHaBYaHHS Iep-
COHAly JUIsl MOXJIMBOIO iX mepeseicHHs Ha MMP.
NUWARD wmae Garato CHibHOTO 3 TpaauliiHUMHU
BOJIO-BOJSIHUMH PEaKTOpaMu, 1 HOro BIPOBaKEHHS
MOXKe OyTHM MEHII BUTPATHUM 1 MEHII CKIaJHUM Yy
mopiBHAHHI 3 iHmUME THaMu MMP. Kpim Toro, mei
BHOIp MOXE CIPHUATH 3a0€3MEUCHHIO CTAOUTRHOCTI B
CHEepPreTHYHOMY CEKTOpi Ta 30epeXEHHI0 HaKONn4e-
HOTO JIOCBiZly Ta eKCHEpPTH3HU NepcoHaiy. Takuil miaxig
JO3BOJIUTH BHKOPHCTOBYBATH ICHYIOUY iH(pacTpyK-
TYpy Ta PecypcH, IO MOXKE 3HAUYHO CIPOCTHUTH 1 MpH-
CKOpPHUTH mpolec BrpoBajkeHHs MMP B VYkpaiHi.
Kpim TOro, LIe MOKe CIPUSTH 3HIKEHHIO PU3HKIB, MO~
B'I3aHUX 3 MEPEXiAHUM IIepPioOM Ta 3a0e3MeUUTH
OibLI TUIABHUI IepexiJ A0 HOBHX TEXHOJIOTIH Yy
sAepHii eHepreTuii. Tako BaXJIMBUM (AKTOPOM €
HOMiHAJbHA MOTYKHICTh naHoro tTuny MMP, ska cra-
HOBHTH 340 MBT cymMapHO1 eeKTpHYHOI MTOTY>KHOCTI,
10 BHPOOIISIETHCS 3 IBOX MOAYIiB. [I0Ka3HHK €KBiBa-
JICHTHOI BapTOCTi OYIIBHHIITBA CTAHINI HA OJMHHUIIIO
BHPOOIICHOI enekTpoeHeprii Hikde HikX y SC-HTGR
ta IMSR, uepe3 BrmacHe epeKT MacmTaOyBaHHSI, IIO
BU3HA4Ya€e OiJblI EKOHOMIYHO NPHBAOIMBHMH came
CTaHIii 3 O1IBLIOI HOMIHAJILHOIO €JIEKTPUYHOIO HOTY-
JKHICTIO, TaK SIK €KBIBaJICHTHI BUTPATH Ha Oy IIBHULITBO
OynyTh MeHIIMMH. THI MajgvBa TaKOX I1MCHTHYHUIM
TOMY, 110 BUKOPUCTOBYEThCS Ha HasBHUX B YKpaiHi
AEC, MexaHi3MH 1epepoOKu 1 30epiraHHsi sSKUX BKe
HaJaro/pKeHl B YKpaiHi, 3TiAHO 3 MiIIICaHUMH KOH-
Tpaktamu. TepMmiH excrumyararnii ganoro MMP npemo
menmui, HiXk y SC-HTGR, ane BiH HiBemO€ThCS iH-
muMH (paKTopamH, o OyJIM HaBeJCHI BHIIIE.

OTxe, HAWNPUBAaOIMBIIINM y BJacHE BBE/ICHI B
eKCIlTyaTallito B Hamiii kpaini € came MMP Ttumy
NUWARD.
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