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About the journal

The International Scientific Periodical Journal "Modern Technology and Innovative Technologies" has been published since 2017
and has gained considerable recognition among domestic and foreign researchers and scholars.

Periodicity of publication: Quarterly

The journal activity is driven by the following objectives:

e Broadcasting young researchers and scholars outcomes to wide scientific audience

e Fostering knowledge exchange in scientific community

e Promotion of the unification in scientific approach

e Creation of basis for innovation and new scientific approaches as well as discoveries in unknown domains
The journal purposefully acquaints the reader with the original research of authors in various fields of science, the best examples of
scientific journalism.
Publications of the journal are intended for a wide readership - all those who love science. The materials published in the journal
reflect current problems and affect the interests of the entire public.

Each article in the journal includes general information in English. The journal is registered in INDEXCOPERNICUS.
Sections of the Journal:

Library of Congress Classification Outline Sections
Subclass TJ/ TJ1-1570 Mechanical engineering and machinery
Subclass TK / TK1-9971 Electrical engineering.
Subclass TA /TA165 Engineering instruments, meters, etc. Industrial instrumentation
Subclass TK /TK5101-6720 Telecommunication
Subclass TK / TK1-9971 Electrical engineering. Electronics. Nuclear engineering
Subclass TN/ TN1-997 Mining engineering. Metallurgy
Subclass TS/ TS1950-1982, TS2120-2159 Animal products., Cereals and grain. Milling industry
Subclass TS/ TS1300-1865 Textile industries
Subclass TK / TK7800-8360 Electronics
Subclass T/ T55.4-60.8 Industrial engineering. Management engineering
Subclass T/ T351-385 Mechanical drawing. Engineering graphics
Subclass TA /TA1001-1280, Subclass TL / Transportation engineering, Motor vehicles. Cycles, Highway engineering. Roads
TL1-484, Subclass TE / TE1-450, Subclass TF / TF1-1620 and pavements, Railroad engineering and operation
Subclass TH / THI-9745 Building construction
Subclass T/ T55-55.3 Industrial safety. Industrial accident prevention

Innovative economics and management, Innovations in pedagogy, Innovative

Additional sections approaches in jurisprudence, Innovative philosophical views
R equirements for articles

Articles should correspond to the thematic profile of the journal, meet international standards of scientific publications and be
formalized in accordance with established rules. They should also be a presentation of the results of the original author's scientific
research, be inscribed in the context of domestic and foreign research on this topic, reflect the author's ability to freely navigate in the
existing bibliographic context on the problems involved and adequately apply the generally accepted methodology of setting and
solving scientific problems.

All texts should be written in literary language, edited and conform to the scientific style of speech. Incorrect selection and
unreliability of the facts, quotations, statistical and sociological data, names of own, geographical names and other information cited
by the authors can cause the rejection of the submitted material (including at the registration stage).

All tables and figures in the article should be numbered, have headings and links in the text. If the data is borrowed from another
source, a bibliographic reference should be given to it in the form of a note.

The title of the article, the full names of authors, educational institutions (except the main text language) should be presented in
English.

Articles should be accompanied by an annotation and key words in the language of the main text and must be in English. The abstract
should be made in the form of a short text that reveals the purpose and objectives of the work, its structure and main findings. The
abstract is an independent analytical text and should give an adequate idea of the research conducted without the need to refer to the
article. Abstract in English (Abstract) should be written in a competent academic language.

The presence of UDC, BBK

Acceptance of the material for consideration is not a guarantee of its publication. Registered articles are reviewed by the editorial
staff and, when formally and in substance, the requirements of the journal are sent to peer review, including through an open
discussion using the web resource www.sworld.education

Only previously unpublished materials can be posted in the journal.

R egulations on the ethics of publication of scientific data and its violations
The editors of the journal are aware of the fact that in the academic community there are quite widespread cases of violation of the
ethics of the publication of scientific research. As the most notable and egregious, one can single out plagiarism, the posting of
previously published materials, the misappropriation of the results of foreign scientific research, and falsification of data. We oppose
such practices.
The editors are convinced that violations of copyrights and moral norms are not only ethically unacceptable, but also serve as a
barrier to the development of scientific knowledge. Therefore, we believe that the fight against these phenomena should become the
goal and the result of joint efforts of our authors, editors, reviewers, readers and the entire academic community. We encourage all
stakeholders to cooperate and participate in the exchange of information in order to combat the violation of the ethics of publication
of scientific research.
For its part, the editors are ready to make every effort to identify and suppress such unacceptable practices. We promise to take
appropriate measures, as well as pay close attention to any information provided to us, which will indicate unethical behavior of one
or another author.
Detection of ethical violations entails refusal to publish. If it is revealed that the article contains outright slander, violates the law or
copyright rules, the editorial board considers itself obliged to remove it from the web resource and from the citation bases. Such
extreme measures can be applied only with maximum openness and publicity.
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Anomauia. Po3pobneno ancopummiune i npocpamue 3aOe3neyeHHs, npusHaueHne OJisl
PO36A3GHHA HENHIUHUX Kpauosux 3a0ady MameMamuyHoi @i3uxu, AKUMU ORUCYIOMbCSA Npoyecu
Mmaco i mennonepenecenHs piOuHHUX i eazosux cyocmanyiu. Ilioepynmmsam 01 aneopummiuHo2o
3a0e3neueHHs € 3aCmOoCy8aHHs YUCTO80-AHATIMUYHO20 MeMOOY PO3GA3AHHA HENIHIUHUX DIGHAHb
maco i menionepenecenus. Po3pobneni ancopummu HaAoaromv MONCIUBICIb ABMOMMAMU3YEAMU
npoyec 8UPIUeHHA WUPOKO20 KOLA NPUKIAOHUX 3a0ay MAMeMamuiHoi Qizuxu.

Knrowuosi cnosa: maco i menioneperoc, HeNiHIUHI PIBHAHHA Y YACMUHHUX NOXIOHUX, (QYHKYIT
FBeccensa, nanyrozosi opobu, inmezpanvhi nepemsopenns,

Beryn

[IIupokuit Kjgac TPOIECIB MEPEHECEHHS Mach 1 Tella y Pi3HOMaHITHUX
TEXHOJIOTIYHUX MPHUCTPOSIX OIHUCYETHCA CHUCTEMaMU HENIHIMHUX JudepeHIinHnx
PIBHSIHb Y YACTUHHHUX MOX1THUX MaTeMaTuuHoi ¢gizuku [ 1,2].

VY BHUMaaKy NEKapTOBHUX MPSMOKYTHUX KOOPIWHAT IHTErpajibHI MEPETBOPCHHS
B1Jl HEMHIMHUX (YHKIIIN 3BOASATHCS 4O OOUMCIICHHS IHTETPaIiB Y CKIHUCHHUX MEKax
Bil MOOYTKY TPUTOHOMETPUYHHMX (YHKIIHA, IO € CTaHAapTHA Mporeaypa 1 He
BUKJIMKAE HISKUX yCKJIaJHEeHb. CUTYyaIlisl CTa€ CyTTEBO CKJIAJIHINION MPHU BUPIMICHH]
HEJHIWHUX 3374 Yy NWIHAPUYHIA a00 chepuuHiil cuctemax koopauHat. [[o Takux
3aJlay HAJICKUTh IIUPOKE KOJIO 3aja4, MOB'I3aHUX 13 T1IAPOJUHAMIYHUMHU MPOIIECAMU
B 00JacTsIX 13 HWIIHJIPUYHOIO T€OMETPIEIO, 1110 OMUCYIOTHCS CUCTEMaMU HENHIHHUX
piBHsiHb HaB'e--CTokca, Teopii npykHOCTI, Teopii aedopmariiit Tomo[3,4].

Ha BigMiHy BiJg mepeBaXHOI KIIBKOCTI HAYKOBHX IHIpallb, HPUCBIYEHUX
PO3B’sI3aHHIO 3aj7a4, AaHAJOTIYHUX HaBEACHIA HIDKYE CcHCTeMl JudepeHIiiHnx
PIBHSIHb, Y SIKMX 3aCTOCOBYIOTHCS PI3HMIIEBI CXE€MHU alpOKCHMMAllli ONepaTopiB, MU
3aCTOCOBYEMO YHCIIOBO-aHATITHYHUI METOJ PO3B’SI3aHHS TaAKUX CHUCTEM, IO HAAAIO
MOXJIUBICTh OTPUMATU PO3B’SI3KM Yy KBaJpaTypax (aHaliTU4YHI BHUpasu), SKi
BUKOPHUCTOBYIOTBCS 11 TOOYJOBH CHCTEM aBTOMATHYHOTO YMPABIIHHS I[THMH
poLecamMu.
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3acTOCyBaHHS IHTErPaJbHUX IEPETBOPEHb 3a IMPOCTOPOBUMHU 3MIHHUMHU B
iITepaliiHid Tpoueaypl PO3B'A3aHHA HENMHIMHMX KpalloBUX 3aJay TMOB'A3aHO 13
HEOOX1/IHICTIO OOYMCIIEHHA I1HTErpaiiB Big [O0OyTKYy JBOX, TPbOX Ta OILbIie
HWTHIPUYHUX YU chepuyHuX QyHKIIH. Sk BigoMo, iHTerpaiu B 10O0yTKY ABOX UM
OuIbLIe NWITIHAPUYHUX QYHKUINA y KBaJpaTypax HE ICHYIOTh (3a BUHSATKOM 1HTETpasliB
BiJl JIBOX IWIHIPUYHUX (YHKUIA OJHOrO H TOro caMoro MOpsnaKy (iHTerpai
Jlommens).

Cnpoba OOYMCIIEHHS TAaKOTO THUITy I1HTErpajiB YUCJIOBUMHU METOJAMHU
MPU3BOJIUTH A0 CYTTEBUX MOXUOOK BHACTIIOK CIELM(PIKA HUIIHAPUYHUX (YHKIIIH.

OTxe, BUHUKAE HEOOXITHICTh y po3po0lLil METOAIB HAOIMKEHOTO 1HTErPyBaHHS
NO0OyTKIB IWIHAPUYHUX (DYHKIIH, 110 3a0e3nedyBaid O NPUWHSTHY TOYHICTb
IHTErpyBaHHS.

Marepiaau i meToau

TunoBa kpaifoBa 3ajadya MpoO Maco 1 TEIUIONEPEHECEHHsS Y IMIIHIPUYHIN
CUCTEMI KOOpJIMHAT MOXKE€ OYyTH TOJaHa y TaKoMy BHIJISAL (Uil HAOYHOCTI
PO3IIISIA€THCA OCECUMETPUUHUI PYX CyOCTaHIIi):

PiBHsiHHSA pYXY:

(av’+v 8V’+v 8v,,j:_8_p+ Av, + ;
o "o T e ) o TS

p(@vz +v v, +v 8v2j=—5—p+yAv +pg.;
o0 "or oz oz ¢ :
PIBHSIHHS €HEPrii:
. (8T+v o, aT]=ﬂf or 10T OT), ,
Pla o e or* ror oz’ I

op {1 o(rv.) ov } (év jz (av T (év ov )2
g, =-T—|, | — L —= 42y, L4+ | 4] S+
oTr " r or 0z or 0z or 0z

i piBHSIHHS TOTTOBHIOIOTHCS BIIMTOBITHUMH JI0 CTICTI(UKH 3a7a49i TOYaTKOBUMU
1 MEXKOBUMHU YMOBaMH.

Meronu po3Bsi3aHHS HaBEACHOI KpaloBOi 3amadl BUKIAAEHO y [5] Ta i1HIMUX
mpaisix aBTOPiB. 3TiHO 13 METOI POOOTH PO3TISHEMO ANTOPUTMIYHE 1 MOTpamMHe
3a0e3MeyeHHs [IUX METO/IIB.

Anpoxkcumanisi HWITHAPUIHUX PYyHKIII

CrioyaTKy poO3TJITHEMO anpKCUMAIliio IpoO0BO-palliOHATLHUM BUPA30M (YHKIIIT
beccens nepuoro poay. 3acrocyBaHHsl (PYHKIIIH TaKOTO THUITY JOCUTH MOLIMPEHE TIPU
pO3B'sI3aHHI KpalloBUX 3ajay uisd AUQepeHIiianbHUuX piBHAHb. Ak 100pe Bigomo [6]
¢ynkuii beccens nepuioro poay 3anuCyrOThCS y BUTIISAI1

0 k n+2k
J =y E 1)
o KlT(n+k+1)

Amnpokcumyemo (1) apoGoBo-parioHanpHOWO GyHKIIEW. [locTaBumo 3amady

noMorTtucs TounocTi anpokcumartii € =0,00001.
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Ty(z = (x2));
1-3.2556z +2.2378z" —0.546862z° +0.054185z* —0.00189072° (2)

1+ 0.244352+ 0.03052°+ 0.002542°+ 107 (15.232°+ 0.6422°+ 0.01542°)

IleperBopuMoO 1€ ApOOOBO-palliOHAIBHUN BHUpa3 y CyMy JIAHOK JIPyroro
CTCIICHIO. I[JI}I ObOIo HCO6Xi,IIHO BU3HAUYUTU KOpeHi 3HAMCHHUKA. MaeMo:
z° +41.62° +9861.6z" +4-10°2° +1.97-10°2°1.58-10°z + 6.47 - 10° =

(179.26 +16.793z + z°)(164.03 + 24.529z + z)(220.11+ 0.24981z + z°).

[Ticns nporo 3 MeETOK BU3HAYEHHSA KOE(IIIEHTIB Yy YHCEIbHUKAX BHPa3iB
JPYroro CTENeHio Tpeba po3B'A3aTH BIAMOBIIHY CHUCTEMY JIIHIMHHUX aireOpaiuHux
piBHsHb. (Ab=d). Omxe, Qyskuis beccens mnepmoro poay 0-ro HOPAIKY
alPOKCUMYETHCSI BHPA30OM

. 679310+ 65794z —506130 — 79342z —154720+1310z
Jo(2); + +

179.26+16.793z + z*  164.03+24.529z +52 220.11+0.24981z + z*
Ouinka nmoxubku Habmmwkenus: J(7)=0.30010;J,(7)=0.30010.

3a TakuM K€ aJrOpPUTMOM OJIEP’KaHO ANMPOKCUMYIOUY (YHKIIO st (QyHKIT
beccens nepmoro poay 1-ro nopsaxky
106790 +16219z —78570-18245z —25687 —296.6z
Ji(2); + +

96.498 +12.66z +z> 88.504+18.057z+z> 117.88+1.0346z+2z%"
=aj/2x2.

VY 3ropHyTomMy BUTISAl ampokcumariito (yHKIi beccens mepmoro pomxy n-

HOpHI[Ky MOJXHa 3aIiucatTu y TaKOMy BI/IFJI?II[i
3 n n 2
C +cC X
_ k+3 6k+4
J(x)=> o L : (3)

n n 2 n 4
k=1 Cop T Cop X+ CopinX

I3 ypaxyBannsm Bupasy (3) mokHa 3anucatu q1o0yTok nBoX (yHKINN beccemns

TIEPLIOTO POIY
3 n n 2 3 [ I 2
J (%) (ox)= Cok+3 T CorraX Cok+3 T CorraX
n J I i n + n 2 + n 4 ) + / 2 + ! 4
k=1 Cor T CopX T CoriaX k=1 Cop T CopX T CopinX

3 3

n / ! 2
_ Z dgps + d6k+4x —+ Z dojs T dga®

7 I 2, 1 3
i1 Cor + C6k+1'x + Cék+2'x k=1 Cop T Copg X+ CopinX

[Tomanust 1oOYTKY 1pOOOBO-paIliOHATBHUX BUPa3iB SIK CYMU BUPA3iB IPYroro
MOPSAIKY OTPUMYETHCS 3 JTOMOMOIOI0 aJTOPUTMY 1 BIATIOBITHOTO MIPOTPAMHOTO
KOJy.

Toni 3agaua inTerpyBanHs J0OyTKY JBOX HMTIHIAPUYHUX QYHKIIH (Y JaHOMY
BUIAJKY (PYHKIIIH Oeccelis mepioro poay) 3BOAUTHCS A0 IHTETPYBaHHS JIAHIIOT1B
APYTOro NOpsAKY, IO € CTaHJapTHA IPOLeaypa MaTEMaTHYHOTO aHAITI3Y

R
st no6yTKy 3-x dyHkuiit beccens 13

n,l,m

()= [, (00, (), (x)xdx

R 2 12 2

_ Aozt dgiaX + Z Aozt dgpaX d 4

_ - - | xdx. 4)
0 1 [y, + d6k+1x + d6k+2x ] ima o +dgp X" +dg ox
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Tyt koedinienTn d, .3anexath Bl BIaCHUX 3HAYEHb O, ,0,,0,,

VY Bumaaky, KOJU 3ajava MOCTaBJICHA IS MOJOr0 LUTIHAPY, 3aMICTh QYHKIIIH
Bbeccnes nepioro pony y sikocti BiaacHUX (yHKIN 3aaisH1 GyHKIii beccens apyroro
poay -- byukiii Helimana

n—1 I '
Y,(o,x)= %(C + logg)Jn (x) _%ZM X

R 2k+n
IZ =) [x (1+l+l+---+l+1+l+---+ 1 j (5)
Z =K+ b2 273 k2

Amnpokcumaniss  ¢yHkmii  Heiimana yckiagHioeTbesi HasiBHICTIO  logx/2.

3acToCcyBaHHS J10 BI/Ipa3y (5) amapary JaHIIOrOBUX APOOIB A€
3

2 ! /
(6 x)= Z Cores T Cgk+4x —+ Z Corrz T CorsaX (6)

I / / 2
it Cox +cék+1x +c6k+2x k=1 Cop + CopX + CopinX

[Ipu oOumcieHHI 1HTErpaily BUKOHYETHCS MHOXKEHHSI CyM JIQHIIOTIB JPYTrOro
MOPSIIKY BIHOCHO 4-TO CTENEHI0 MO X Ta JIPYroro CTEMEHI0 MO0 Xx 3a PaxyHOK
anpokcumanii logx/2 . Otxe, 100yTok n1BoX GyHKIIM Helimana ae Bupa3 BUTIISLY

3

Y (O. X)Y(0x)= Z - bgrs + b6k+4x " Z bék+3 + bék+4x

n n 492 / [ I 212
+b k+1x + by 0 x| it [ Doy, + Dy X + by X7 ]

6

/ !
+Z oiis T b6k+4x n Z byiis + Dorra®

n / I / 2
k=4 Dgj + 6k+1x + b6k+2x i=a Doy, + Dy X + gy nx

s no0yTky Tphox pyHkmiv Helimana matuMemo Bupasu, aHajoriudi (5), (6),
ajie KUIbKICTh CKJIaJ0BHUX JIAHIIIOTIB JIPYTOro MOpsIKy Oyje BABIYl OUIBIIOLO.
Bupasu (3)--(6) OTpuMyIOTECS ISt KOKHOTO BJIACHOTO 3HAYEHHA o, o, .

KonBexkTHBHI CKJIa10Bi

[Hma rpyma anroputMiB MOB's3aHA 13 BU3HAUYECHHSAM BIACHUX 3HAYEHb IS
BracHux (Qyskmii 3agad  Iltypma--JliyBuuis mnpu  BHKOHAHHI  CKIHUYEHHHX
IHTErpaJIbHUX TEPETBOPEHDb 3a PELITOI0 IPOCTOPOBUX 3MIHHMX. Jl0 HUX HaleXaTb
3a/layl BU3HAYCHHS KOPEHIB TPAHCIICHICHTHUX PIBHSHb, OOUMCIEHHS 1HTErPaJliB Bij
N00yTKIB BIACHUX (DYHKIIIH TOLIO.

KOHBEKTHBHI CKJIa/I0B1 Y PIBHSHHSX KOHBEKTHUBHO-IU(]Y31IIHOTO NEepeHeceHHs
cyOCcTaHIlli  BIAHOCHO  KOMIIOHEHT  IBHAKOCTI (4 =V,,v=Vv,,w=Vv,)  Micas
3aCTOCYBAaHHS IHTErpaJbHUX TMEPETBOPEHb 3a MPOCTOPOBUMH 3MIHHUMH MOXKHA
MOJIaTH Y TAKOMY BUTJISII

of, : of .
v, f’ +v,—L+v, f’ , j=1,2,3,4. (7)
ox )y 0z
Tyr f;=[v,v,,v3,T], T -- cyOcTaHis, WO JOCTIKYETHCS (TEMIEPATYDa,

KOHIIEHTpallisd JOMIIIKIB, HAMpyXeHICThb, Aedopmaris Touo). Koopaunatu x,y,z
MOXYTh OYyTH SK TMPSIMOKYTHUMHU JCKAPTOBUMHM, TaK 1 MWIHAPUYHUMH abo
chepuuHuMHu. Y JaHOMY BHIAJKy II€ HE CYTTEBO, OCKUIBKM 10 BuUpazy (7)
3aCTOCOBAHO 1HTETPAJIbHI MEPETBOPEHHS 3a MPOCTOPOBUMHU 3MIHHUMHU. TOXK 3aMiCThb
(7) Mmaemo Bupa3s:
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Vi@o)-T,0)+V,@)-T,()+V,(0)-T,(1), j=1,2,3,4. (8)

Oynkuii V, (¢), T,(t) -- ne ¢yHKuii, mo oTpuMani BHACIIJOK iHTErpatbHUX

NEPETBOPEHb 3a MPOCTOPOBMMM 3MIHHUMHU 1 € (yHKUII 4Yacy, SIKi OTPUMYIOTbCS
BHACJIIOK PO3B'A3aHHS CHUCTEMHU PIBHAHb HA MOMNEpenHid iTepaiii. 30Kpema, mepiia
iTepalis -- 1€ PO3B'I30K CHUCTEMH pIBHSAHb Y JIIHIHHOMY HaOJMXKEeHHI (JIMB.
nonepeaHin po3ain). Hampukian,

Vi(OT,(6) =, Z—T = [[[" (. 3,2.07T (x, 3,20 X ()Y (1) Z(2)dzdyelx.
X

R
0
OTxe, 711 KO)KHOI KOHBEKTHUBHOI CKJIaJIOBOI Y IIPOCTOPi 300pakeHb MAaTUMEMO
BHUPA3 BUTTISITY

ot et
KOLO=1a,+e ™ (a,g(@,0) + a,8,(0,,H)]x[by +e " (bihy(@,,1) + by (@),
ne g,k - sinrt abo sh(rt), g,,h, - cosrt abo ch(rt), 3aJ€KHO Bl 3HAYEHD @), .

OckiIbKM 1HTETpajbHE TEPETBOPEHHs 3a dacoMm (mepeTBopeHHs Jlammacy) €
JiHIMHE, Tpeba BUKOHATH Omeparllito J00yTKY y Yaci JJIsl KOXKHOTO 13 KOHBEKTUBHHUX
yieHiB (j=1,4) Ilicns BuUKOHaHHS ormepallii J0OyTKy OTpUMAaEMO BHUpa3, IO SKOTO

MO’KHA 3aCTOCOBYBAaTH IepeTBopenHs Jlamnaca:
4
- C Cc., +¢C
Vl(l‘)Tj (t) — Z 6k+2 | 6k k1 P -
k=1 Corss T CopraP T CopusP

[licast 3acTocyBaHHS alNrOPUTMY E€KBIBAJICHTHOTO CHpPOIICHHS JO BCIX

ckianoBux ( j =1,4) MOXHa 3anucaTu

dZ

L LV, (0)T, () + Vo(OT,(0) + V(0T (1)) = 2 4 — ot P
p

dy+d,p+dsp’ .

9)

), L' o)
24 T I
—_— )
- - -4'Foi||

Puc. 1 Anpoxcumanisa GpyHkuii 1po00Bo-panioHaAJILHIM BUPAa30M

[ToxnOkM ampokcuMmariii, IO BHHUKAIOTh, KOMIICHCYIOTBCS 3a pPaxyHOK
noaaTkoBux itepariii. Ha puc. 1, 2 HaBeaeHO mpukiaav ampokcumailli ¢yHKIil
BUTJISTY

ISSN 2567-5273 10 www.moderntechno.de



Modern engineering and innovative technologies Issue 15 / Part 1 ﬁw

it
f)=a,+e v [algl(a)nlg't) T 4,8, (a)nkjt):|
Ta 100YTKY ABOX (PYHKIIIHM yacy ApoOOBO-parlioHaIbHUM BUpa3zoM (9).

1 (sin,cos) 2(sin,cos), s=L; L, 0] 1 (sh.chy"R2(sh.oh)]
; 100 T T

80+

60

40}

20

65

60

55

50

45

40

15 ? : 35
0

Puc. 2 Anpoxkcumanisi 100yTKiB TUIIOBMX BUpPAa3iB

BucHoBxu

3anporoHOBaHO  AJTOPUTM  CIPOMICHHS  JPOOOBO-palliOHATBbHUX — (PYHKIIIH
IUISIXOM TOHIKEHHS IXHIX CTEMEHIB 13 BHKOPUCTAHHSIM JIAHIIOTOBUX JPOOiB.
3acToCyBaHHS ILOTO AITOPUTMY HAJA€ MOXKIIUBICTD 3aM00IITH HAAMIPHOCTI CTETICHIB
PAMIB, 3a JIOIMOMOTOK0 SKHX IIOJAIOTHCS PO3B'S3aHHS JIHIMHMX KpahHoBHUX 3aaad
MaTeMaTUuYHO1 (13UKH.

3anporoHOBaHO AJITOPUTM aNMPOKCUMAIN] MWIIHAPUYHUX (YHKIIH IpOOOBO -
paIioHaATPHUMHU BUpPa3aMH, 110 HAJa€ MOXJIMBICTH aBTOMATH3yBaTH OOYUCICHHS
IHTErpajiB BiJl JOBUIBHOTO JOOYTKY HMJIIHAPUYHUX (QYHKIINA, 30KpeMa (yHKIIINH
beccens neprioro ta Apyroro TUITIB.

Po3po0iieHo anropuT™ nepeTBOPEeHHsI KOHBEKTUBHOI CKIIaI0BO1 piBHAHb Hag'e--
Crokca. Peanizaiisi HaBeEHUX aJIrOPUTMIB J0O3BOJIIE CTBOPUTH AITOPUTMIYHE 1
mporpaMHe 3a0e3le4YeHHs 1, OTXKEe, aBTOMAaTHU3yBaTH TMPOIECH PO3B'SI3aHHS
HEJTIHINHUX KpaloBUX 3a/ay.
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Abstract. Algorithmic and software designed to solve nonlinear boundary value problems of
mathematical physics, which describe the processes of mass and heat transfer of liquid and gaseous
substances, have been developed. The basis for algorithmic support is the application of numerical-
analytical method for solving nonlinear equations of mass and heat transfer. The developed
algorithms provide an opportunity to automate the process of solving a wide range of applied
problems of mathematical physics.

Keywords: mass and heat transfer, nonlinear equations in partial derivatives, Bessel
functions, chain fractions, integral transformations
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CALCULATION OF MULTILAYER STRUCTURES WITH RIGID FILLER
PO3PAXYHOK BATATOIIAPOBHUX KOHCTPYKIIN 3 TBEPJIUM
HAITIOBHIOBAYEM

Trubachev S.1./ Tpy6aues C.I.
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ORCID: 0000-0003-4243-730X

National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”,
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Abstract. The method of calculation of composite layered shells with rigid aggregate was
presented in this work. It’s based on the variational-grid approach to form the necessary
functionals with their subsequent minimization by the method of coordinate descent. The
convergence of solutions was studied on the example of a numerical experiment
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Introduction.

Laminated shells made of high-strength composite materials with different
stacking of layers have found wide application in aviation technology as elements of
bearing surfaces of aircraft, as well as in many other industries. Thus, the
improvement of methods for calculating heterogeneous layered structures is an urgent
task. Numerical methods of research, which allow predicting the possible destruction
of a structure, are also relevant along with the methods of non-destructive testing,
flaw detection of structures with the help of hardware method. The designations are
taken from the classical shell theory [ 1].

Statement and solution of the problem

We represent the points displacements of the bearing shell layers in the
following form

u (e, ,,2) = ”(()n)(al ,0,)+ 20" (ay, a1,)
Wia,ay,2=v"(a,a,)+2"0(a,,a,) (1)
"‘}")(alaaza = W}O”)(al,az), n=12
where 6” and 6'”,n=12 are the angles of rotation in the normal load-bearing
layers, respectively, in the planes «, = const,a, = const:

PO

0 (aay) = 2)
A oo, R
1 oW Yo
0V (o), a,) = ———"—+——
A oua, R,

a” A", wh” ,n=12 are the components of the points displacement of the bearing

layers middle surface in the direction of the coordinate axes in the adopted coordinate
system.
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Solution method
For the filler, we take a nonlinear displacement distribution

3
u (ay,a,,z) =ul" (a,,a,) + Zui(al, a,)z”
m=1

3
V(n)(alaazaz):Vén)(alaaz)"'zvi(al:az)zm (3)

m=1

3
w (a,0,,2) =W (a,,a,) + Z w(a,a,)z"

m=1
The stresses in the bearing layers are represented as [1]
{c™} =[G ™}, n=12, (4)

where {c"} = {c\",c{",7r{?} are the stress tensor components;

ey =1,y are the strain tensor components
0 @

g 8 &
(m7_ 0
[G]=]| ... 8 &x
()
833
Is the matrix of elastic coefficients. For isotropic carrier material we have
E
(n) _ () _ n
8 = 8n = (n) °
1-v,
n Env}’l n n
g1(2) = 2 gés) =G", (5)
1-v;
(n) _ () _
85 =gy5 =0

For placeholder as vector components {c}and {¢®} we have
oV} =1{r).r% 08"},
eV =0y} (6)
According to Hooke's law:
oV} =[G" e} (7)
If the orthotropy axes coincide with the coordinate lines, the matrix [¢®] has a
diagonal structure.

[GP]=[g .85 .31 )
where for a material uniform in thickness we have
3) _ 0. (3) _ ~0). 3) _ 3
gs(s =Gy 8w =Gy, gy =E7. (9)

The potential deformation energy of a three-layer plate is equal to the sum of the
potential deformation energies of the bearing layers and the filler:

_1 _1 : O T g ()
u=g a0 =33, ) e, (10)

Where are
(m)y — (n) (n) (M. g () _ (n) . (n) (n) _
{G }_{Ux ’O-y ’Txy }3{6 }_{€ ’€ }/xy }’n_laz

X y
3 3 3 3. 3 3 3 3
o ={rl 1) oDV =) el

To approximate the deflection of the nth thin bearing layer within each
subregion, we use the function [2]
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woy =W L+ W L+w" L+a"LL+a" [ L+

() () (1) () (n) (11)
+al" LL+a"LL+a” LL +a” LL +2a" L L L
Where are
(”) u}”) Wéﬂ) 3 ¢I 03 l//l( "
=l gl e
al" = w" — W(”) +b,0!" + cpl” (12)
7 = Wk~ Wk gl — cy”
(n) I/I}n) W}n) 2403(11) CZ l//3(11)
(n) L U b1 ) 4 oy
a;n) — Z;agn)
Where are Li, 1= 1,2,3 - L coordinates determined by the relations [3,4]:
1
i_Z(a +bx+cy), (13)
where a=xy-%n%; b=y-y;q=x—x (14)

The displacements of the middle surfaces of the structural layers and the filler
are represented as linear polynomials

yy = u” L+ w” L+ " L (15)
Vi =W L+ L+ L.
W, =wL+wL +wlL,. (16)

Then the total potential energy of each triangle is written in the local coordinate

system in the form:
2 3

5(v)= ZU(") ZZ(F(") o —|—F(n) P 4 FO +F(”) 5" +F(ﬂ)l/;1(n)) (17)

9(V,,)59(T/):E(KY/,V)—(?,Y/);Y/,?eR, (18)

where K 1is a positive definite symmetric matrix of order N and is the vector of the
nodal external load of dimension N. Then the problem of determining the stress-strain
state of structures can be represented in the form of minimizing the quadratic
functional

ueR";> (ﬁ):‘ir;t:va(?) (19)

The functional is minimized by the coordinate descent method [2,3] in which the
vector of approximations is sought in the form
o' =0+ A6, i=1..,N (20)

Where é, is the single vector in the direction v}, A/"'is a step. It should be noted

that the coordinate descent method is highly stable in numerical computation.

As a test example, a shear plate was considered, for the calculation of which the
nonclassical Mindlin-Reisner plate theory was used [6] .

Summary

A method for calculating layered shell structures with a filler is proposed. For
the filler, in contrast to the straight normal hypothesis, non-linear functions for
displacements were used. The method is based on the variational-grid approach of
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forming functionals with their subsequent minimization by the coordinate descent
method. This approach avoids the well-known difficulties associated with the
formation, storage and handling of global stiffness matrices.
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Anomauia .V pobomi npedcmagnena memoouxa po3paxyHKy KOMHOSUMHUX WAPYEAMUX
000JIOHOK 3 JICOPCMKUM 3AN0BHI08AYEM, SIKA 3ACHOBAHA HA BaAPIAYIHO-CIMKOB8OMY Ni0X00i
dopmysanns  HeoOXiOHUX  (DYHKYIOHANIE 3  NOOAILWOW — MIHIMI3ayiclo  iX  Memooom
NOKOOPOUHAMHO20 ChycKy . [lnsa 3anoenioeaua, Ha GIOMIHY 8I0 2inome3u NpsaMoi HOpMali,
BUKOPUCMOBYBANUCS HENIHIUHI DYHKYID 01 nepemiwjenv. [lo6yoosani aneopummu HuUceibHO20
PO3PAXYHKY GIOPI3HAOMbCS CIIUKICMIO | eKOHOMIYHICMIO 3 MOYKU 30PY 00UUCTIOBATbHUX PeCcyPCI8.
Ha npuxnaoi uucenvnoco excnepumenmy Oyna 0ocnioxcena 30idicHicmeb piweHb. B saxocmi
Mecmoso20 NPUKIAOY po321A0aNacs NOOAmMIUea HA 3CY6 NAACMUHA, 01 PO3PAXYHKY AKOI Oyia
3acmocosana meopis Hexknacuuna meopisa naacmun Minonina-Peticuepa.

Knrwouoei cnoea: xomnozumui wapyeami 06010HKU, MEMOO KOOPOUHAMHO20 CRYCKY, (YHKYIT
HeNIHIUHUX nepemiuyeHnb, sapiayitiHo-cimuacmutl nioxio.

Article sent: 06/02/2021
© Trubachev S.1., Alekseychuk O.N.

ISSN 2567-5273 16 www.moderntechno.de



Modern engineering and innovative technologies Issue 15 / Part 1 ﬁ ‘

http://www.moderntechno.de/index.php/meit/article/view/meit15-01-060
DOI: 10.30890/2567-5273.2021-15-01-060

V]IK 621.9
PROCESSING OF LARGE-SIZED PARTS OF TURBO UNITS USING
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Anomauyia. B pobomi pozensoacmuvcs cnocib 00pobKu  eenuxocabapumuux Oemanetl
NOPMAMUBHUMU  BEPCMAMAMU  A2Pe2amHO-MOOVIbHOI Koncmpykyii. HedoyinbHicms, a iHOOI i
MEeXHIYHA HeMOICIUBICIb OeMOHMANCY 8ENUKO2AOAPUMHUX Oemanell YHeMONCIUBTIOE iIX NOMOYHULL
PEMOHmM 8 yMos8ax 3aso0y. YV ybomy 6unaoky eghekmusHum i €OUHO MONCTUBUM € BUKOPUCTNAHHSL
MOOIILHO2O NOPMAMUBHO2O MEXHON02IUH020 0ONAOHAHHSA Ol MEXAHIYHOI 00pOOKU BIOHOBIEHUX ©
NPUEOHYBANLHUX —~ NOBEPXOHb  HEOEeMOHMYEMUX — GeluKo2abapumuux  Oemanei i 8y371i8
mypboazpecamie 8 yMo8ax cmaryii.

Knwuosi cnosa: eenuxocabapumuna Oemanv, HOPMAMUSHUL 6epcmam, YHiQiKayis,
azpe2amuo-mooyIbHaA KOHCMPYKYISL.

Beryn

Vuidikamis 1 arperaryBaHHs JJO3BOJISIOTH Ha OCHOBI 0a30Boi momeni
CTBOPIOBATH BapiaHTH BHUPOOIB 3 PO3LIMPEHUMH, 3BY)KEHUMU a00 3MIHEHHMMHU
¢bysukuisMu. YHidikamis 1 arperaryBaHHs HEPO3PHUBHO TMOB'sI3aHI 3 palliOHAIBHUM
YJIeHyBaHHSAM 00JIaJHAHHS HA MOJYJI, IO JTO3BOJISE ONEPATUBHO CTBOPIOBATH HOBI 1
MoauGiKOBaH1 KOHCTPYKIIT 3 BIANPAIlbOBAaHUX HAMIMHUX YHI(DIKOBAHUX MOMYIIB 3
J10J1aBaHHSIM HEOOX1JHUX HOBUX (B TOMY YHCIII HEMOJYJIbHICTh) CKJIAJOBUX YACTHH.

ArperaTtyBaHHs T03BOJISIE CKOMITOHYBAaTH HOBY MAIlIMHY 3 B)X€ CIIPOCKTOBAHUX 1
OCBOEHUX BUPOOHMIITBOM CKJIQJAdbHUX OJIMHMILL 1 arperaTiB, a HE CTBOPIOBATH ii K
OpUTIHAJIbHY, €JIMHY B CBoeMy poii. Lle m03Bojisie 3HAYHO 301IBIIUTH MOTY>KHOCTI
MINPUEMCTB 0€3 3aliBUX BUTPAT, 0€3 301IbIIIeHHS] BAPOOHUYMX IO,

Mo01s1bHI BepcTaTH AO3BOJISIIOTH BUKOHYBATH Tl K poOOTH, IO i CTaI[lOHAPHI, 3
JBOMA JIMIIE BIIMIHHOCTSIMU: HE BUPIO MOCTaBISETHCS O BepcTaTa, a BepcTaT
JIOCTaBIISIEThCST A0 00poOoBaHoro BupoOy. He BupiO MOHTYyeThCS Ha BepcTari, a
BEpCTAT MOHTYEThCS Oe3mocepeHb0 Ha 00pobItoBaHOMY BUPOOiI. MOOUIBHICTH
CTBOPIOE YHIKaJIbHI MOKIJIMBOCTI €KOHOMIi 4Yacy 1 KOIITIB MPHU PEMOHTI BaKKOTO
oOnagHaHHs, Ta0apUTHUX BUPOOIB, TPYOOTIPOBOAIB, CUCTEM HA(TO- 1 Ta3omepepoOKH,
MIPOMUCJIOBOTO O0JIaIHAHHS Ta OaraTo 1HIINX.
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Mo06iapHI BepCcTaTH pPa3oM 3 1HCTPYMEHTOM KpIIUIAThCS Oe3mocepeqHbo Ha
00po6oBaHOMY BHPOO1 1 JTO3BOJIAIOTH BUPOOJISATH TOYHI OMepallii HaBITh B JIyXKe
00OMEXEHOMY MPOCTOPI.

Ilpu4yuHU BUHMKHEHHS MOPTATUBHUX METAJIOPi3aibHUX BEPCTATIB

Haiiuactimme pemMoHT rabGapuTHOro OOJaJHAHHS Ma€ Ha YyBa3l BHUKOHAHHS
oreparii MexaHiyHOi 0OpOOKH 3 TOUHICTIO, HEAOCSKHOIO MPU BUKOPUCTAHHI PYYHOTO
iHCcTpyMeHTy. [Ipu 11bOMy JAEMOHTaX 1 MepeMilleHHs BUpPoOy abo 3HA4YHO 301JIbIITy€
MpOCTOi yCTaTKyBaHHs (OTpUMaHHS CHEHIAIbHUX JO03BOJIB JUIsl MEPECYyBaHHS IIO
JOTICTUYHUM MapuipyTaM J0 MiICUs PEMOHTY, TPUBAJICTh BHIMaHHS BHpPOOY 3
KOHCTPYKIIii), a00 B3arajai HEMOXJIMBO TEXHIYHO (BUPIO 3HAXOAUTHCS B MPUMIIICHHI,
SIK€ HE MiATOTOBJICHE JJIsl BUBE3CHHS YCTaTKyBaHHS 0€3 peKOHCTPYKILii) [1].

Jlo ToTO X BepcTaTu, sIKi JO3BOJISIOTH OOPOOJIATH YaCTUHU TaKOro 00JiaHaHHS,
€ YHIKQJIbBHUMH 1 IOPOTUMH 1, SIK TIPABUJIO, MaIOTh BUCOKY CTYIIIHb 3aBaHTaKEHHS HA
MIIPUEMCTBAX, $KI BUKOPUCTOBYIOTH 1X, IO HAKJIaJa€ JOJATKOBI PU3UKH Ha
TEpPMIHU BUKOHAHHS peMOHTY. KymiBis Takux BepCTaTiB PEMOHTHUM T IPHUEMCTBOM
JUTSL pa3oBHUX POOIT HEAOIJIFHA Ye€pe3 BHCOKY BapTICTh. Y 3B'A3KY 3 UM BHUHUKAE
3aBJaHHSI CKOPOYCHHsI TEPMIHIB OTIEpaIliil JEMOHTaXYy, MEPEeMIIIeHHs 1 00pOOKH TIpH
pPEMOHTI rabapuTHOrO OOJIaHAHHS, IO BIUIMBAIOTH OE3MOCEPEAHBO HA BapTICTh
peMonTy HaitedekTUBHIIIUM PIIIEHHSM JUIsl CKOPOYEHHS TEPMIHIB 1 BapTOCTI
PEMOHTIB rabapuTHOro OOJIAJIHAHHS € BiAMOBa BIiJ OmepaIiii JAEMOHTaXY 1
TPAHCIIOPTYBaHHS BUPOOY, sIK€ MOTpeOdye PEMOHTY Ha KOPUCTh 3aCTOCYBAHHS
MOOUIBHUX BEPCTATIB.

CyyacHi MOOUIbHI BEpCTaTM 3a PaXyHOK BHKOPHUCTAHHS 1HHOBAIlHUX
KOHCTPYKUIWHUX PIIIEHb JI03BOJISIOTh MPOBOAUTUA O0OpOOKY rabapuTHUX BUpPOOiB 0€3
iX MEepeMIlIeHHs 3 TIE0 K TOYHICTIO 1 MPOAYKTUBHICTIO, IO 1 BEPCTATH CTAaHAAPTHOI
koHCcTpykuii. [Ipum mpomy 3abesmedyeTbcs MpocTa, IMIBHIKA YCTaHOBKAa 1 30ipka
MOOIUJIBHOTO BepcTara Oe3nmocepeHh0 Ha BUPOOi. 3a3HadeHi BEpCcTaTH 3pYydyHI Ta
€KOHOMIYHI B TPAaHCIOPTYBaHHI 3 BUKOPUCTAHHSIM CTaHAAPTHOTO BaHTaXHOTO (1HO.1
1 ISTKOBOT'0) aBTOTPAHCTIOPTY a0o JIiTaKa.

0Oc00,1MBOCTI KOMIIOHOBOK MOPTATHBHUX METAJIOPi3aJIbHUX BEPCTATIB

KomronyBaHHS - 11e cucTeMa po3TallyBaHHs BY3J1B 1 KEPYIOUHX BepcTaTa, 110
BIJIPI3HSETHCS CTPYKTYPOIO, MPOIMOPIIISIMH 1 BIACTUBOCTSIMHU.

BepcTtatu 3 pi3HMMH KOHCTPYKIIISIMH BY311B (CKJIaIaIbHUX OJMHHUIIb) MOXYTh
MaTH O/IHAKOB1 KOMIIOHYBaHHS, 1, HABMAaKH, BEPCTATH 3 OJJHAKOBUMHU KOHCTPYKIIISIMH
OCHOBHUX BY3JIIB (HalpHUKIIAJ, 3 arperaTHUMHU CHJIOBUMH TOJIOBKAMH) MOXKYTh MaTu
pi3HI KOMIIOHYBaHHsS. TOMy TOHSATTS KOHCTPYKLII 1 KOMIOHOBKM HE CIiJ
OTOTOXKHIOBATU. BBl TOTO, 3 METOIO MiJBUIICHHS SKOCTI BEpCTaTa Ha BCIX eTamax
HOTO MPOEKTyBaHHS HEOOX1MHO, MO0 Ha cTaaii MOOYyJOBHM KOMIIOHYBaHHS Oyiu O
BUJUICHI 1 MpOaHali30BaHI YMCTO KOMIIOHYBaJbHI YMHHUKHM sIKOCTI. Jlis 1poro
dakTopu, IO BIAHOCATHCA 1O KOMIIOHYBaHHS, IOBUHHI OYTH MO MOKJIHMBOCTI
BiJIOKpeMJIeH1 BiJ (haKTOpIB, MOB'I3aHUX 3 MOJAJBIIO PO3POOKOI0 KOHCTPYKIIIT
By3JiB. [100y/10Ba KOMITIOHYBaHHS BepcTaTa Ma€e CBOI MOCIIIOBHI CTYIEH1, a00 eTaIu.
OCHOBOIIOJIO)KHUM €TarioM € po3poOKa TEeXHOJOTIYHOI cXeMH MoOyJ0BH BepcTaTa,
KOJIM BIAIIOBIAHO JO TEXHOJIOTIYHOIO 3aBJaHHS BH3HAYAIOTh HEOOXIJTHMI CKJang
poOOYMX 1 HACTAaHOBHUX pyXiB, YHUCIO IIMUHAETIB, CTYMiHb YHIBEPCAIbHOCTI
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Bepcrara, (Gopmy (mapanenbHa a0o TOCHIOBHA) IeHTpadizaiii 0OpoOKH, YMCIIO
poOouux 1 3aBaHTaXyBaJbHUX MO3UIIH 1 T. 1. Pe3ynbpTaTom 11p0r0 eTamy € cxema, aKa
MO>Ke OyTH Ha3BaHa TEXHOJIOT1YHOT KOMIIOHYBAHHSIM.

HactynHumu eramamu 1moOyZoBH KOMIIOHYBaHHS BepcTaTa € KOOpAMHATHA
KOMITOHOBKA, SIKa PO3KPUBA€ CKJIAJ 1 MOPSAOK MOEIHAHHS KOOP/IMHATHUX pyXiB B
BepCTaTl 0a30Ba KOMIIOHOBKA, L0 BU3HAYa€ TUIl BepcTaTa MO Pi3HOBUIAX 0a30BUX
BYy37diB 1 IHIIMMH O3HAaKaMH; KOHCTPYKI[ifHA KOMIIOHOBKAa, YTOYHIOIOYa
KOHCTPYKTHMBHE BUKOHAHHS 1 JAESIKI 1HILI OCOOJIMBOCTI KOMIIOHYBaHHSI.

3HaYHUM BHECKOM Y PO3BUTOK T€Opli KOMIIOHOBOK METANOPI3aJbHUX BEPCTATIB
€ pobdora }O.J].Bparosa [2]. Bin 3anpomnoHyBaB NpeICTaBIsITH KOMIIOHOBKY BEpcTaTa
SIK CTPYKTYpy OJIOKIB: OJHOTO CTaIllOHAPHOTO Ta KUIBKOX PYXOMHUX, PO3JILICHHUX
JTHIAHUMHA a00 KPYrOBMMH HalpsSIMHUMH. BJIOKM B KOMIOHYBaHHI CHOJY4YalOThCs
MOCJII0BHO a00 mapanenbHo. [IoHATTS nmpo O6JI0KOBY CTPYKTYpY BepcTara i crnocobax
CIOJIy4eHHsSI OJIOKIB JIO3BOJISIE TIO3HAYATH Oy/b-SIKy KOMIIOHOBKY 3a JOIOMOTOIO
CTpyKTypHUX Qopmyn. CrpykrypHa ¢QopMmyna KOMIOHYBaHHS - 1€ II€BHA
MOCJIIIOBHICTh CHMBOJIIB, IO MO3HAYaIOTh OJIOKWU KOMIIOHYBaHHS, SIKa PO3KPHUBAE
KOOPAMHATHY MPHHAICKHICTh Ta CIOCIO croirydeHHs 010KiB. st Toro mob cyauTu
IpO pO3TallyBaHHA YacTUH KOMIIOHYBaHHS B NPOCTOpl 1 HaJaTH MOXIJIMBICTb
JOCIIIKEHHS. TOTO Y 1HIIOTO MaTeMaTUYHOTO anapary AOCIIIKEHb, B CTPYKTYpPHUX
dhopMyTax BUKOPHUCTOBYIOTh CHCTEMY IMO3HAYeHb OCEW KOOpJWHAT, IO BIJIMOBiAa€E
pexomenauisam 1CO.

CtpyktypHi  ¢GopMyaud  MOXYTb  MaTH  pPi3HI  CTYNEHI  YTOYHEHHS.
3anporoHOBaHUM CMOCIO TMO3HAYEHHS KOMIIOHOBOK BEPCTATIB CTPYKTYPHHUMH
(dbopmynamMu 1 3alIpONIOHOBAHUN HA 1X OCHOBI METOJI CTPYKTYPHOI'O aHalli3y J03BOJIUB
10.JI.BparoBy n0OCKOHaJIBHO PO3TJISIHYTH OCOOJIMBOCTI Ta MNPUHIUIKA TMOOYAOBU
KOMITOHOBOK Oararoomepamiifanx BepcTaTiB. OYeBHAHO MaHWN TOXiJ MOKJIHBO
3aCTOCYBATU JJIsi CTPYKTYPHOI'O aHali3y 1 CUHTE3Y KOMIIOHOBOK METajopi3ajbHOro
oOnagHaHHS JUIsl PEMOHTY HEJIEMOHTYEMHUX BEJIMKOrabapuUTHUX JeTaje 1 BYy3IiB
TypOoarperatiB. OcoOIUBICTIO TaKUX BEPCTATIB € MOOUIBHICTH a00 MOKJIUBICTH iX
BUKOPUCTAHHS 32 MICIEM CIIy>kKOM pEeMOHTOBAaHOI MAIlMHU, a TaKOX TE, 10 POJb
CTallloOHapHOTO OJOKY (CTaHMHHM) BepcTaTa MOXKE€ BHKOHATH cama JeTallb, IO
PEMOHTY€ETHCS.

Onuc KOHCTPYKUIl BY3.1a | NPU3HAYEeHHS €T, 0 PO3TJIAAAETHCS

AT "TYPBOATOM" BuKOHYe pPEKOHCTPYKIIO JBOX TiJpoarperaTiB
(moBopoTHO-10MaTeBl TYpOiHU 1 reHepaTopH) 1t CepenuboaHinpoBcbkoi ['EC.

Ha  CepemnwomninpoBcbkomy T'EC  BctanoBieHo 8  BepTHUKAIBHUX
rigpoarperatiB  (puc.l) CymapHOIO BCTaHOBIEHOIO TOTYXHIicTIO 352 MBT.
[ToBopoTHO-TOMAaTEBl BEPTUKAIBHI TIAPOTYpPOIHM 3a 00cAraMHd BUKOPHCTAHHSA
3HAaXOJAThCA Ha JPYroMy MiCIi B CBITOBIM NPAKTHIN MICIS paialbHO-OChOBUX
riapoTypOiH.

HeoOxignicTh MoaepHizauii xerasi

MopepHizatiiss ripoTypOiH moTpiOHa Mg 3a0e3MeueHHs BJACHUX MOTPeO
ctanuii npu aBapii y Bunaaky nocagaku 'EC Ha «HyJIbY», NIABUIIUTH HAAIMHICTD
poboTH cTaHli B MIJOMY, MIABUIIMTH O€3NeKy TiApOTEXHIYHUX CHOpYH 1,
BIJIMOBIHO, €KOJOTIUHY Oe3neky, MiABUIUTH oauHuill notyxHocti 'EC Ta
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MiBUIIEHHS KOoe]IIieHTY KOpHUCHOT aii. MoaepHizalii mijisaraloTh OCHOBHI BY3JIH
Taki sk podoue Koseco, Bai TypOiHH, AeTall 3aKJIaJHIX YaCTHH, BY3JIU PETYIIOBAHHS
TypOiHHU, OKpEMi By3JIM HaIlPABJISIOUOro anapary.

Pucynox 1 — Po3pi3 no noBopoTrHo-;10naTeBoi TypOinu:
1 - xononu cmamopa; 2 - Hanpsamui 1onamku, 3 - HUINCHE Kinbye, 4 - kpuwka mypoinu, 5 - nonami
poboyoeo Koneca; 6 - kopnyc pobouoeo koneca, 7 - ¢hraneys eany, 8 - ean,; 9 - 00miyHuK po6o4020
koaeca, 10 - kamepa pobouoeo koneca, 11 - sucysnuii ceemenm, 12 - 8asicine HanpsamMHoi 1onamxu,
13 - cepvea; 14 - pezynmoroue kinvye; 15 - cepgomomopu, 16 - niowunuux, 17 - onopna
KOHCMPYKYIsi NOONAMHUKA 2eHepamopa.

e 3abe3meunTh 30MpaHHs B MiJBUINCHHI BUTOTOBJICHHS Bairy TypOinu (puc.3) 3
Kopnycy kouseca (puc..4), sxe 3Haxoautbes Ha ['EC, € By3ou, Bara sikoro 130 Tos,
miametrp 930 cMm, morictuuHi Mmogmeni s nepeBesenns 3 [EC mpusBenme 1o
JI0JJaTKOBUX BUTpAT.

Byzon rigporyp6inu I1J120-B-930 cknamaetbes 3 Baimy TypOiHU Ta KOPITYCY
pobouoro koneca (puc.5). O6pobi mmararote 6 orBopiB P168H7MM+A173H7MMm
i1 pagiaibHI MMOHKKU Y (uiaHIieBoMy 3'€IHaHHI Bally TYpOIHH 1 KOpIyCy poO04Yoro
koneca CepegnpoaninpoBcbkoi ['EC. OtBopu O168H7MM+O173H7MM, 110
MJJIAral0Th 00po0Ill, MPU3HAUCH] IS 3’€IHaHHS (QuiaHI Baidy TypOiHM Ta QuiaHIs
pobouoro koseca. OTBopM TiJ pajiajibHI IIMNOHKA BUKOHYBAaTH TEXHOJOTTYHO
MpoCTillle, HIX TiJ OCbOBI MIMOHKA. OTBOpH (IAHIEBOTO 3'€THAHHSA IOBHUHHI
30iraTucs 3 BHUCOKOIO TOYHICTIO MiJI YCTAHOBKY KPIIJIEHHS ISl 300pKHU JiHIT Balty
arperaty (puc.6).

Po3trouyBaHHs1 OTBOpIB i IMIMTOHKK B 000X JETaJISIX HEOOXITHO 3/1IHCHIOBATH 3a
MiclleM uepe3 TabapuTh JeTajed 1 CKIAJHOCTI MOHTaxy / JemMoHTaxy. s
BUKOHAHHS TEXHOJOTIYHUX OIlepaliii po3TOYyBaHHSA JOIIJILHO BUKOPUCTOBYBATH
crieriagbHe OOJIaHAHHA Yy BUIUISII TOPTATUBHOTO BEpCTaTa, CIPOEKTOBAHOTO 3a
arperaTHO MOJYJIbHUM MPUHITUATIOM.
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Pucynok 3 — 3D mogesn Baxy
rigporypoOinu

Pucynok 5 — 3DMoaenn ¢uiaHueBoro
3'€IHAHHS BaJy TypOiHH I KOpIycy
podo4oro koJieca

Pucynok 4 — 3D mozess kopnycy PucyHok 6 — YMOBHM KpilJIeHHsSI BaJ1y
po0040ro KoJieca rigporypoinu TypOinm i podo4oro koJieca

Omnuc 3arajJibHOI KOMIIOHOBKH BepcTaTra

s 0OpoOKu OTBOPY T HUJIIHAPUYHY TOPIEBY IIMOHKY HEOOX1THO BUKOHATH
MOTIEPE/IHE PO3TOUYBAHHS MOBEPXHI 3 MOJAJIBIINM 3€HKYBAHHSIM 1 PO3TOPTAHHSIM B
po3mip. B sSKOCTI 3'€qHAHHS BUKOPUCTOBYIOTHCS KIJIbKa TUIOPO3MIPIB IIMOHKOBOIO
3'eqnanns: O168H7; O169H7; O173H7.

s 3abe3reueHHs HEOOX1MHOI TOYHOCTI 1 IMIOPCTKOCTI JIaHUX IOBEPXOHb
JIOIIJTbHO BUKOHATH TaKl TEXHOJOTIUHI Tmepexoau (iX KUIbKICTh BHU3HAYAETHCS
PO3MIpOM OTBOPY i IITOHKOBI 3'€THAHH):

1. Po3rouyBanus 1o ¥166;

2. 3enkyBaHHs 10 ¥167,5;

3. 3enkyBaHHs 10 ¥ 168,5;

4. 3enkyBanHns 10 ¥170,5;
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5. 3enkyBanHs 10 D171,5;

6. 3enkyBaHHs 10 ¥172,5;

7. PosropraHHs.

3arajgpbHa KOMIIOHOBKA BepCTaTta, KUl MPU3HAYCHUU NI CHUIBHOI 0OpoOKu 6
otBopiB D168H7MM+OD173H7MM min paaianbHi IMINOHKA y (IIaHLIEBOMY 3'€IHAHHI
BaJly TypOiHU 1 Kopmycy pobodoro kojeca Cepennboaninpocbkoi 'EC npuenena
Ha puc.’/.

s 3abe3meueHHsT BUMOT 1O TOPTATUBHUX BEPCTATiB BHUKIAJCHUX BHIIE
JOIIJTbHO BUKOPUCTOBYBATH B SIKOCTI CHJIOBOiI YCTAaHOBKHM, IIIO MOEIHYE HEOOX1THI
pYyXU pi3aHHs 1 3a0€31euy€e 3HKEHHS] MaCH BEPCTATa, MHEBMOMAILIMHU.

Ban 1-IT 195547 P [lodbod bosdyxa
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“ 22790 7
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Pucynok 8 — 3araabHuii BUrJsija niicTaBKu
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Jlo ckiaxy TakoXX BXOAWTH KOPIyC MOPTATMBHOrO Bepcrara (MiACTaBKa s
YCTaHOBKHU MalllvH) (puc.8);
Buoip ocHOBHMX arperaTHMX MOJYJIiB
B sxocTi cUIOBMX 1 €HEPreTMYHHMX arperarib, siKi 3a0e3MeYyroTb OCHOBHHUH 1
JOTOMDKHMM pyX pi3aHHA, JOLUIBHO BHUKOPUCTOBYBaTH NHeMBomamuHu. Lle
JI03BOJISIE CKOPOTUTH METAJIOEMHICTh BEPCTATa, CHPOIIYE MOHTaXX Ha 00poOIItOBaHiil
JIeTa, a TaKOX € MOYJIMBICTh BUKOPUCTOBYBATH Il arperaTd Ha I1HIIUX BepcTaTax
aHAJOTIYHOTO TMPU3HAYEHHS TICIS 3aKIHUCHHS BHUKOHAHHS HEOOXIIHHUX poOIT 3
PEMOHTY 1 MojiepHi3allii 00'ekTa 0OpOOKH.
JIO OCHOBHMX €IIEMEHTIB TOPTATUBHOTO BepcTaTa BIIHOCITHCS KOPITYC
(miacTaBka) 1 THEBMOMIPUBOAM, 1110 3a0€3MeUyI0Th MPOLIEC P13aHHS.
Mammna XT 7809-0524 (puc.9). TexniuHa XxapakTepuUCTHKA:
- YacroTra obepTaHHs MIIUHENs, 00 / XB:
Makc. — 9,3;
HOM— 6,3.
- IIBMAKICTh OCHOBOTO TIEPEMIIICHHS IIIMMUHACIS, MM / 00:
poboua — 0,48;
MPUCKOpEHA — §.
- MakcuManbHu KpyTHUI MOMEHT Ha MIMUHAENI, Krc * M — 210.
- Maca, xr —43,4.

H M
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76
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374

Pucynok 9 — 3aranbuuii Burasaa mamunau XT 7809-0524
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Mamnna nuesmatuuna XT 7809-0527 (puc.10).
TexHiyHa XapakTepuCTHKA:
- HominanbHa nmoTyxHiCTh, KBT— 1,76.
- YacroTa obepTaHHs WINUHEINA, 00 / XB:
Ha xoJiocToMy xoay — 280;
IpU HOMIHAJIbHINA TOTYXHOCTI — 160.

- Maca, xr — 13,38.
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Pucynok 10 — 3aranbuuii Buriasg naiesMatuuHoi mammau XT 7809-0527

Pucynox 11 — 3D moaesi mamun XT 7809-0524 ta XT 7809-0527
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MammHaa mnHeBMaTHYHa peBepcuBHa (puc.ll) € mpUBOAOM BHKOHABYOTO
mexanizmy (mMammuu XT 7809-0524). ) [TneBMomaiinHa KpinUThCS JO KPOHIITEHHY
MalIuHu OOJTOM 1 MIAKIIOYAETHCS O MAaricTpajil Mepeki CTHUCHEHOTO TMOBITPS 3
THCKOM p = 5] Jkre / en®.

bazyBanHs mopTaTUBHOTO BepcTara Ha JIeTalll, 0 00pOOISIEThCS 3IMCHIOETHCS
3 BUKOPUCTAHHSIM BUMIPIOBAJIBLHUX IMPHUCTOCYBaHb Ta 1HCTPYMEHTIB 3a JOIOMOTOIO
BUBIPKM III0JI0 OOpOOIIOBaHOT TOBEPXHI 3 NOAAIBIIMM 3aKPIIJICHHSIM IUIUTH
(kopmycy) BepcTtaTa Ha JAeTanmi, mo oOpooOsseTsesa. lle mo3Bossie 3abe3neduTH
HEOOX1AHY TOUHICTh OOPOOKH KOHKPETHOT TOBEPXHI.

Pucynoxk 12 — 3arajnbHuii BUJ 3aKpilvieHHs BepcTara
ao rigporypoinm I1J120-B-930

3ak/II0YEeHHS TAa BUCKOBKH.

HeoOxigHicTh MiABHUINEHHS HAIIHHOCTI 1 €(dEeKTUBHOCTI poOOTH TypOiHM
BHUCYBa€ BUMOTY 1i MOJiepHi3arllii. J|jis IIbOro BHOCSATHCS KOPEKTUBH J0 Baly TypOiHU 1
po6ouoro Kojeca. IX mopanblie 3'€AHAHHS 3IIHCHIOETHCSA PAMialbHUMH IITIOHKAMM.
Po3rouyBaHHS OTBOpIB Mijl LIMOHKH B 000X JAeTajsX HEOOXiIHO 3MA1MCHIOBaTH 3a
MICIIEM uepe3 BeJHMKI TadapuTu JeTajeil 1 CKJIAJHOCTI MOHTaXy/IeMOHTAXY.
HalieekTUBHIIUM pIIIEHHSM I CKOPOYEHHS TEPMiHIB 1 BapTOCTI PEMOHTIB
rabapuTHOro 00JIaIHAHHA € 3aCTOCYBaHHsI MOOUIBHHUX BepcTaTiB. MOOUIbHI BepcTaTH
J03BOJISIIOTh BUKOHYBaTH Ti JK poOOTHM, L0 ¥ CTallOHapHI, 3 JIBOMa JIMIIIE
BIJIMIHHOCTSIMU: HE BUPIO JIOCTABJISIETHCS JI0 BEpCTaTa, a BEPCTAT JOCTABISETHCS /10
00po06IroBaHOTO BUPOOY. MOOIIBHICTE CTBOPIOE YHIKAJIbHI MOMIJIMBOCTI €KOHOMIT
yacy 1 KOIUTIB MPU PEMOHTI Ba)XXKOro oO0JaJHaHHA Ta raOapuTHUX BUPOOIB.
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IIpoBeneHo aHami3 KOMIIOHOBOK MOPTAaTUBHUX BEPCTATIB Ta KOHCTPYKIII 1 TEXHIYHI
xapakrepuctuku Tinporypoiau [1J120-B-930. IlpoBeneno aHami3 Ta MOJEITIOBAaHHS
KOMITOHOBOK MOOUTLHOTO MOPTAaTUBHOT'O BEPCTATY AJis1 0OpOOKH OTBOPIB B IIMIIIHAPI 1
KOpIyci pob6o4oro koyieca TypOiHH.

Jlureparypa:

1. bazpos, .M. OcHoBBI TexHOJIOTUH MaUHOCTpoeHus. - M.: MUudpa-M, 2019.
-492 c.

2. Bparos 10.Jl. AHanu3 KOMIIOHOBOK METAJIOPEKYIIMX CTAaHKOB: (OCHOBBI
KOMIIOHETUKH ) — M.:Mammnoctpoenue, 1978. — 208 c.

Abstract. The paper considers a method for processing large-sized parts with portable
machines of modular design. The inexpediency, and sometimes the technical impossibility of
dismantling large-sized parts, makes it impossible to repair them in the factory. In this case, the
effective and only possible is the use of mobile portable technological equipment for machining the
restored and connecting surfaces of non-dismountable large-sized parts and assemblies of turbine
units in the station conditions. An example is given of the layout of a mobile portable boring
machine implemented at the Turboatom plant for joint processing of 6 holes O168H7mm +
Ad173H7mm for radial keys in the flange connection of the turbine shaft and the impeller housing of
the Sredneprovskaya HPP. The product includes: boring machine; pneumatic machine (drive);
stand for machine installation, fastening parts of the stand, machines and machine adjustments.

Key words: large-sized part, portable machine, unification, modular construction.

Cratps otnpasnena: 06.02.2021 r.
© IlepmskoB O.A.
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Anomauia. Cyuacni mexuonoeii upobHuymea npooyKyii meapuHHuymea nepeodoauaroms
mpugane YmpUMaHHsi MOJOOHAKA MEAPUH 6 3AKPUMUX NPUMIWEHHAX i3 WMYYHUM MIKPOKIIMAMOM.
Tobmo, nepedbauacmovcs NiOMPUMAHHS 68 HEOOXIOHUX Medcax memnepamypu, 601020CHi,
3a2a308aAHOCMI, DIBHA OCBIMAEHHS, IH. 30Kpema, 01 KOMNEHCayii COHAYHO20 GUNPOMIHIOBAHMHS
3ACcmMoco8yoms Yibmpagionemosi onpoMiHIO8ANbHI YCMAHOBKU, SKI MAOMb CYMMEBL HEOONIKU:
BUCOKY BCMAHOBNEHY NOMYNHCHICMb (NPU 3ACMOCYB8AHHI PO3PAOHUX NAMN BUCOKO20 MUCKY) a60
SHAYHY KIIbKICMb CBIM0B020 NOMOKY Y BUOUMOMY OIANA30HI CHEKMp)Y BGUNPOMIHIOBAHHA (Npu
3aACMOCYBAHHI  PO3PAOHUX JIAMA  HU3bKO20 MUCKY). Bcmanoeneno, wo o0na 3abe3neuenns
VALMPAionemosoeo BUNPOMIHIOBAHHS epimemMHo20 0ianazony eunpominiosanus (280-315 um)
O00YIIbHO BUKOPUCMOBYBAMU HANIBNPOBIOHUKOBI 0Xcepesia ONMUYH020 BUNPOMIHIOBAHHSA (1A3epHi
c8imn00ioou). Po3pobiieno kKoHcmpykyito onpominoeaya, AKull Mae wupoxy Kpugy Cuiu ceimia OJis
3a6e3neueHts piGHOMIPHO20 ONPOMIHEHHS. MOJIOOHAKA MEAPUH Ma epadix pexrcumy pobomu.

Knwuoei cnosa: Yiempaghionemose 6unpominio8anus, ONPOMIHIOBANbHI YCMAHOBKU,
epimemue GUNPOMIHIOBAHHS, CEIMI0BUL MIKPOKIIMAM, MOJOOHSK MEAPUH.

AKTYaJILHICTD.

CyuacHe CUIbChKE TOCHOJIAPCTBO YKpaiHW JAOCSTIIO CTaOLIbHOI MO3UTHBHOL
JTMHAMIKU 1 Bce OUIbIIE HApOIIYEe BUPOOHUIITBO ClILCHKOTOCIOAAPCHKOI MPOMYKIIII.
[any3b y 2019 p. 3a06e3neunna 42 % BamOTHUX HAIXOJKEHb B YKpaiHy, NOaIbIIHMA
PO3BUTOK  MOTpeOye  SKICHUX  MEPETBOPEHb, AKI  MOXYThb  MIJBUIIUTH
KOHKYPEHTOCIPOMOKHICTh BUPOOHUIITBA Ta 3a0€3MEeUnUTH MPOI0BOIbYUY Oe3meky [1].

lany3p TBapuHHHITBA, B siKiil dopmyeThes 30 % BagoBOro CiIbCHKOTOCIIO-
JApChKOTO BUPOOHUIITBA, 3aiiMa€ BAXJIMBE MICIIE B arpOMPOMUCIOBOMY KOMILIEKCI
eKOHOMikKM YKpaiHu. [i pPO3BHUTOK 3aIMIIA€TbCS BAaXKIMBOIO YMOBOI Oe3IEKH,
CTaJIOTO COIIaIbHO-€KOHOMIYHOTO CTaHy JEP)KaBU Ta ICTOTHUM PE3€PBOM EKCIIOPTY
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CUIBCHKOIOCTIONAPChKOT MpoAyKIlii. OCHOBHOI0O MPOOJIEMOI0 BOPOJOBXK OCTaHHIX
JBOX JIECSTHPIUYb 3MEHIIEHHS TIOTOJIB’S CBUHEH Ta BHUPOOHUIITBA MPOMYKIIii
cBUHapcTBa. HailOimpImux BTpaT 3a3HAIO TPOMHUCIOBE CBHUHAPCTBO — Yy I[HOMY
CErMEHTI KUJIBbKICTh TIOTOJIIB’ sl 3MEHIITIIACh ¥ 3,5 pa3u.

YacTka 0cOOMCTHX TOCMIOAAPCTB HACETCHHS CTAaHOBHUTH 49 % ToToMiB’ Sl CBUHEH
ajle  4yepe3 HETEXHOJOTIYHI  CHocoOM  BUPOIIYBaHHS  TBapHUH  IOKa3HUKU
CepenHbO000BUX MPUPOCTIB 1 BUXOAY KUTTE3AATHOTO MOTOMCTBA 3HAYHO HUKYE
CBITOBUX, a BTpAaTH TBapuH (Majik) — y KUJIbKa pasiB Buile. ToMy, HoaaibIIMii
PO3BUTOK  CBHHAapCTBAa IOBMHEH OYTH  CHOpPSIMOBAaHWM  HA  ITiIBUIICHHS
KOHKYPEHTHO3/IJaTHOCTI Tajy3l 3a paxyHOK TMepexoJay Ha CydacHl TEeXHOJIOTIi,
PEKOHCTPYKIIiI0 BUPOOHUIITBA HA OCHOBI 1HHOBAIIMHUX TEXHOJIOTIN, CIPSIMOBAHUX
Ha NpUOYTKOBE BEICHHS raiay3l Ta OTpUMaHHs MPOYKILIIi BUCOKOI SIKOCTI [2].

AHaJIi3 OCTAaHHIX JOCJIIKeHb Ta MyOTiKaii.

OnHuM 13 HampsMKIB 1HTEHCH(IKAIli BUPOOHUIITBA MPOAYKIII CBUHAPCTBA €
BIIPOBA/DKCHHS  €HEPro30epiralounx TEXHOJOTIH CHpSIMOBAaHMX Ha CTBOPCHHS
CHPHUSATIIMBUX YMOB JIJISl )KUTTEIISIIBHOCTI TBApUH. Y TPUMaHHS TBAPUH B 3aKPUTHUX
NPUMIIIEHHSAX TMPOTITOM POKY BHUMAara€ peTebHOr0 TMIAXOAy 10 YTBOPEHHS
IMTYy9HOTO  MIKPOKJIIMATy, OCOOJHMBO, IO CTOCYEThCA  PEKUMY  POOOTH
CBITJIOTEXHIYHUX YCTAaHOBOK. BaKJIMBOI0O CKJIQJOBOIO 3aCTOCYBaHHS ONTHYHOIO
BUMPOMIHIOBAaHHS B TMPUMIIICHHI ISl YTPUMaHHS MOJIOJHSIKY € KOMIIGHCAIlIs
COHSYHOI  pajiauii, 3aBIAKM  3aCTOCYBaHHIO  yibTpadioneroBux (YD)
ONPOMIHIOBAJIBHUX YCTAHOBOK [3].

His YO BunpomiHioBaHHsS Ha O10JIOTiYHI 00’€KTH OaratorpaHHe, TaK, BOHO
BIUIMBA€ HA BITaMIHHUWH, OIKOBHM, BYTJIEBOJHUM, ra30€HEPreTUUHUI 0OMiH, TOOTO,
HE TUTBKH I CTHMYJIIOBaHHS TPOIECY YTBOpPeHHsS Bitaminy D. Tak, Hampukiai,
3aBAsSKA YD ONMPOMIHEHHIO MOJIOJHSKA TBAPUH aKTHUBI3YETHCS KPOBOTBOPHI OpraHw,
0 TMPUBOAUTH JO 30UIBIICHHS IIBUIKOCTI OOMIHY pPEYOBHH, 1 SIK PE3yJbTar
nigBuiryoThes Ha 20,1 % Habip *KUBOI Baru, 3MEHIIIYETHCS PIBEHb 3aXBOPIOBAHHS Ha
paxit, 1H. Oco0iuBO ynbTpadioieTOBE OMNPOMIHEHHS CTa€ JOUIIBHUM 3
NEepeBeJCHHSIM TBAPUHHUIITBA Ha IMPOMKCIOBY OCHOBY, KOJIM TBAPUH YTPUMYIOTh
NOCTIMHO MPOTATOM POKY B 3aKpUTHX nOpumimieHHsx [3]. is 1mporo iCHYOTH
pekoMmeH0BaH1 1031 YD onpomiHoBaHHS 111 TBapUH (Tadm.1) [4].

Taoaunga 1
PexomennoBaHi 1031 Y® onpoMiHIOBAHHS VISl TBAPUH
HaiimeHnyBaHHsI TBapuH 3HaueHHs 03U, Mep/200/m°
1. KopoBu, 6ukn 250-270
2. Temsra BIKOM 10 6 MICSIIIB 140-160
3. Arusra 120-140
4. TlopocsiTa HOBOHAPOKEHI 20-25
5. [lopocsita micns Big' eMy 60-80
6. CBHHOMAaTKH CYTTOPOCHI 70-90

Mera.

Po3pobutn  eneprozbepiratouy Y@ onpomiHIOBaJIbHY YCTaHOBKY  JJIst
NPUMIIICHHS 3 YTPUMAaHHSIM MOJIOJIHSKA CBUHEH Ta YCYHEHHS IMOJAPa3HEHHS OpPTaHiB
30py TBapuH.
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Marepiaiu i MeTOIM JOCJIIIKEHHS.

Binoma ycraHoBka ISl MiABHILEHHS MPOIYKTHUBHOCTI, XUTTEIISIBHOCTI Ta
3arajbHOi PE3UCTEHTHOCTI MOJIOJHSKA TBapUH, B SKIA BHKOPUCTOBYIOTHCS
OTIPOMIHIOBaH1 /Il OJJHOYACHOI 00poOKu 1H(ppauepBoHUM Ta YD BUIPOMIHIOBAHHSIM
[5]. Hemonikom BKa3aHOi YCTaHOBKM € 3aCTOCYBaHHS B SIKOCTI pkepena YO
BUIIPOMIHIOBaHHS JIIOMEHICIIETHOI €pUTeMHOI Jamnu Ttumy JI3-30, sika mpairoe
oJIHOYacHO 3 iH(ppayepBoHOO Jammow tumy MK3K-250 npotarom nobu B OCIHHE-
3MMOBUW TEpioja, IO MPHU3BOIATH 10 3HAYHUX eHeproBuTpar. [Ipm po3paxyHKy
E€HEeProBUTpaAT YCTAaHOBKHU BPAXOBYEMO, 1110 Jlamma J/3-3(0 pa3oM 13 MyCKOPETryIOUrM
anapatom ckiagae 35 Bm, nmamnu MK3K-250 BiamoBigno 250 Bm, yac poOoTH
YCTaHOBKU — 24 200/006, TOJI1 3arajibHe CIIOKHUBAHHS OJHOTO OMPOMIiHIOBaYa CKJIaae
6,84 kBm*200/000.

BinomMa koMmOiHOBaHAa yCTaHOBKa /Jii OAHOYACHOTO 1H(payepBoHOro i YO
OTPOMIHIOBAHHS MOJIOJTHSIKA TBAPUH, 30KpEMa CBUHEH, sIKa CKJIaaeThes 3 YD aMmu
tuny JI3-30 3 MakCUMaabHUM CIHEKTPOM BHUIIPOMIHIOBAHHS B €pPUTEMHINA 00JacTi
(A= 280-315 nm) 1 iHppauepBoHoi nammu tuny MK3K-250 3 MakcUMaabHUM

CIIEKTPOM BHUIIPOMIHIOBAHHS B OJMKHBbOMY 1H(PpauepBoHOMy miama3oHi (A = 780-

3000 #m), sKi mpaIroroTh 1o rpadiky motsarom aoou — 6:00, 13:00, 18:00, 20:00 200,
TpuBaiicth onpomiHioBanHsA 30 xe. B skiii gogaTkoBo 3actocoByeThesi YO nmammna
tuny //PT-400 3 nassHicTio Y® BunpoMintoBanHs (A = 220-560 nwu), sika npartoe
npotsirom 30 xB mo rpadiky 1:00, 4:00, 7:00, 14:00, 19:00, 21:00 [6] Henonixom
BKa3aHOI YCTAHOBKM € 3HAYHE IIiJBUIIICHHS EHEPrOCIOXHUBAHHSI 3a pPaxyHOK
HassBHOCTI OMNpOMiHIOBauiB 3 Jjamnu Tumny JPT-400 notyxHictio 400 »m, Ta
HasBHOCTI B 1 CIIEKTPI1, OKPIM €pUTEMHOr0 BUIPOMiHIOBaHHSA (A = 280-315 um) —

19,13 %, OakrepunuaHoro BumpomiHioBaHHS (A = 220-280 um) — 13,44 %

max

ommxkaporo Y@ BumnpomintoBanHs (A, = 350-380 wm) — 19,2 % Ta 3HauHOI momi
BuauMoro BurpoMiHioBaHHS (A = 380-560 nm) — 48,1 %, sxe moapasHioe odi

TBapuH, 0COOJIMBO B HIYHI TOJWHU Ta MPU3BOIUTH O HEPBOBOTO PO3JIaay B OpraHi3Mi
TBapuH (puc. 1) [7].

3aranbHe €HEeprocroKUBaHHs ONMPOMIHIOBAaYa CKJIAJA€: MOTYXKHICTh Jammu JIO-
30 — 35 Bm, namnu UK3K-250 — 250 Bm, ycTaHOBKa Mpallo€ BiAMOBIIHO BKa3aHOTO
rpadika 1 3arajbHE CIOKHBAHHS €JEKTpOEHeprii omnpomMiHioBaueM ckiagae 0,57
kBm¥*200/006. JlonpatkoBo BcTaHoBieHa namma tumy JIPT-400, ska mpaioe 1o
BKazaHOMy rpadiky, 3a0e3nedye [T0JaTKOBE CIOXHUBaHHs enekTpoeHeprii 1,38
KkBm*200/006, TO71 3arajibHe CIIOKMBAHHS €JIEKTPOSHEPT1l OMPOMIHIOBaYaMHU CKJIAJC
1,95 kBm*200/0006.

Haii6iipm 61M3bKUM 10 3ampornoHOBaHOI Y@ yCTaHOBKM € CYKYNHICTh O3HaK
pyxomoi yctaHoBKU TUIy Y O-4, B sIKiii BCTAHOBJIEHO ONpOMiHIOBay 3 jammnow JIPT-
400 [8]. BimnoBigHo rpadiky (Tabn.2) ycTaHOBKa Npalloe€ MOPOTATOM 00U B
TBapUHHHULIBKOMY TipuMinieHH1 30 x6 B nepiof BiaAnoynHKy TBapuH 3 12:00 qo 14:00
200, TOJ1 CIOXXMBAHHSI €JICKTPOCHEPTii OJHUM OIpOMiHIOBaueM ckiagae — 0,23
KkBm*200/006. OnHak, CyTTEBUM HEOJIIKOM BKAa3aHOi YCTAaHOBKH € 3HAYHI BUTPATH
eJeKTpoeHeprii, sk OyJi0 BKa3aHO BHIIE, Ha TEHEpallil0 BUIPOMIHIOBAHHS B
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mupokomy crnekrpi (puc. 1) [9].

3
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Puc.1 — Cnexkrp BunpominoBanas Jamnu tuny /{PT-400

Takum guHOM, chOpMyIbOBaHA MeTa MOXKE OyTH JOCSTHYTa 32 PaxyHOK TOTO,
mo B ycTaHoBHI s Y® ONpPOMIHIOBAHHS MOJOJIHSIKA TBapuH HEOOX1THO
BUKOPUCTAaTH  JDKEPEJIO  BUIPOMIHIOBAHHS,  HAIMPHUKIAJA,  HaIiBIPOBITHUKOBI
HaJIACKpaBl CBITJIOJIOAM 3 MAaKCMMyMOM BHUIIPOMIHIOBaHHS B €pUTEMHIN 00JacTi
cuektpy (A, = 280-315 wm) ONTUYHOrO BUIPOMIHIOBAHHS. 3 aHANI3y CIEKTPY

BuripominioBanHs namnu J(PT-400 (puc. 1) orpumyemMo, 110 y BKa3aHOMY Jiamna3oHi
BUIIPOMIHIOBaHHS JIeXKUTh 19,13 % 3aranbHOro BUIMPOMIHIOBAHHS JIAMITH IO CKJIAJIA€
4,78 Bm i 3arayibHOi TOTY>KHOCTI [7].

AHaJli3 Cy4yacHUX HAIiBIPOBITHUKOBUX HKEPEJl BUIIPOMIHIOBaHHS MOKa3aB, 110
po3pobka VY@ CBITJIOJAIONIB MOXJIMBA HAa OCHOBI T€TEPO CTPYKTYp THUITY
InGaN/AlGaN/GaN a5 niamna3oHy resepaiiii BUnpomMiHioBaHHs B mexax 210-360 wu
[10-12]. IIpu ubomy, KKJ[ 1 BHyTpimHiii KBaHTOBMI BHXIJ BUIIPOMIHIOBaHHS
CBITJIOZIIO/IA JOCSITAE MAKCUMYMY Ha Mexi Buaumoi 1 Y@ ob6aacti (380-400 xw) — 60
%, a mpu 3MEHIIeHH]1 JOBXUHU XBUI1 gocarae — 24 % [13]. Tomy, 3actrocyBanusa YO
CBITJIOZIIOZIB Y BIAMNOBIAHUX OMNPOMIHIOBAJIBHUX YCTAHOBKax MpPU BHUPOIIYBaHHI
MOJIOJIHSIKY TBAPHH € MEPCIEKTUBHUM [ 14].

Texniuna peanmizallisi TOCATAETHCS 3aBISKH BUKOPHUCTAHHIO MATPUIIl JIA3EPHUX
HaMIBOPOBITHUKOBUX  cBiTIoAioniB tuny GUVB-T2IGH 3  MakcuMymoMm
BUTNIPOMiHIOBaHHS B gianasoHi (A = 220-320 uwm) moryxHicTio 5 Bm (puc. 2). 3

max

BKA3aHOTO TUITY CBITJIOA10/11B HaOUpaeTbes MaTpuil [15,16].
CnoxxuBaHHS  €JIGKTPOCHEPTii  OJHIEID  MaTpUICl0  YJIbTpadioseTOBUX
HaIMBIPOBITHUKOBUX cBiTIOAI0NIB LED ckmamae 0,0025 xBm*200/006. Tob6To,
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OUIKy€ThCS 3HAYHE CKOPOYEHHS CIIOKMBAaHHS  €JEKTPOCHEPrii Ha  mpolec
ynbTpadioneToBoro onpominioBanHus (Tadmn.2) [17].

Taoauusa 2
CnoxXuBaHHA eJIeKTPOEeHEePril OMPOMiHIOBAJIbHUMHU YCTAHOBKAMH
Tun ycTtaHOBKH 1 JKepena Bcranosiena Pexum CnoxuBaHHs
BUIPOMIHIOBaHHS MOTY)KHICTh pobotu €JIeKTPOCHEPrii,
OTIPOMIHIOBAYA, YCTaHOBKH, | kBm*200/006y
KkBm 200/000
1. «(MIKY®» (JID-30, MK3K-250) 0,285 24 6,84
2. «<UKYD + YO-4» (JID-30, 0,285 2 0,57
NK3K-250, IPT-400) 0,46 1 0,46
Bcroro no ycraHosii 1,03
3. «YO-4» (APT-400) 0,4 0,5 0,23
4. «3anpornoHOBaHa YCTAHOBKA 0,005 0,5 0,0025
(LED GUVB-T21GH)

Ha puc. 3 HaBeneHo 3araibHUI BUTIIA OMPOMIHIOBAaYa ISl yIBTPadioaeTOBOrO
ONPOMIHIOBAaHHS MOJIOJHSKY TBapuH Ha ocHOBI LED [14]. OmnpomiHioBau
CKJIaIa€ThCs 13 KOpImycy | 3 MyCKOpEryJIoHuMM amapatoMm, B sKHil BOyaOBaHI
HaIIBIIPOBIIHUKOBI JIa3€pH1 CBITIOA10AU 2, IPU IIbOMY, BCTAHOBJIEHA MOTYKHICTh HE
nepeBuiye 5 Bm (puc.3).

Ey(p, B.O.
1,0
[\
0,75 / I)\

\

\

\

0,50 / ;
al

0,25

/

/

0,00 \
200 225 250 275 300 325 350 375 400

Puc. 2 — CrieKTp BUNIPOMiHIOBAHHS JIA3€PHUX HAMIBIPOBITHNKOBHX
ceiTnoaioniB Tuny GUVB-T21GH

A, HM

BiAmoBimHO CBITIIOTEXHIYHUX XapaKTEPUCTHK CBITJIOAIONIB BUIIPOMIHIOBAHHS
pPO3MOBCIOIKYyeETbcs B Mexkax 3 (10-22°), mo 3alesnedyye  piBHOMIpHE
OTIPOMIHIOBaHHS TBapuH [16].
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Puc. 3 — Po3mineHHst cBiT/101i0/1iB B ONIPOMIiHIOBaYi
BucHoBoOK.

TakuM 4YMHOM, Yy BUNAJKy BHKOPHCTAHHS 3alpOIOHOBAHOTO TPHIIATY IS
yabTpadi0JE€TOBOTO OMPOMIHIOBAHHS MOJIOJHSKA TBApPUH JIOCATAETHCS PIBHOMIpHA
CTPYKTypa TIOJISI ONMPOMIHIOBAHHS 1 TPH IIBOMY 3HAYHO 3HWXKYETHCS CIIOKUBAHHS
enektpuunoi eneprii (3 0,23 mo 0,0025 xBm*200/006) Ta yCcyBa€eThCs IMOBIPHICTH
MOIpa3HEHHS 30POBHUX OPTaHiB TBAPUH, OCOOIMBO Y TEMHUHN TIepio]1 JOOU.
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Abstract. Modern technologies for the production of livestock products provide for long-term
keeping of young animals indoors with an artificial microclimate. That is, it is expected to maintain
within the required limits of temperature, humidity, gassiness, lighting level, etc. In particular, to
compensate for solar radiation, ultraviolet irradiation units are used. They have significant
disadvantages: high installed power (When using high-pressure discharge lamps) or a significant
amount of light flux in the visible range of the radiation spectrum (when using low- pressure
discharge lamps). It has been ascertained that semiconductor sources of optical radiation (laser
LEDs) should be used to provide ultraviolet radiation of the erythematous radiation range (280-315
nm). It has been worked up the construction of the irradiator, which has a wide curve of light
intensity to provide with uniform irradiation of young animals and the schedule of operation.

Key words: Ultraviolet radiation, irradiation installations, erythema radiation, light
microclimate, young animals.
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Abstract. The article proposes an approach to building a simulation model of distributed
random processes using a multiagent approach. It is revealed that in the researched works of
different authors the use of a certain type of simulation model for a specific case is proposed. It is
shown that the basis of the simulation model is the corresponding logical-analytical model. It was
found that the most convenient and easy to implement for the development of a distributed control
system is the modeling of random processes based on a multi-agent approach. The use of graph
theory is proposed, which provides a visual graphical representation of the control system. The
multi-agent approach allows you to determine the main qualitative characteristics of the object in
the dynamics.

Key words: mathematical modeling, multiagent simulation, simulation model, intellectual
agent, multi-agent system, random process.

Introduction.

In the modern conditions of the information society the tasks of increase of
efficiency of technologies of reception, processing, distribution and use of the
information in various spheres of life become more and more important. New
modeling and research technologies help to solve these problems. One of such
research methods is simulation modeling [1-4]. This technology replaces the studied
system with a model that describes the real system with sufficient accuracy. Then it is
used to experiment to obtain information about this system. Experimentation with a
model is called imitation — it is a process of reflecting the phenomenon without
resorting to experiments on a real object. Simulation can be considered as a special
case of mathematical modeling. There is a class of objects for which for various
reasons analytical models are not developed, or methods of calculation of the
received model are not developed. In this case, the mathematical model is replaced by
a simulator or simulation model.

Creating such a model requires taking into account a large number of factors
that are specific to a particular subject area. Therefore, this task cannot be trivial. In
general, the problem is to develop a methodology for creating a simulation model of
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distributed random processes using a multi-agent approach. This will allow us to
investigate the behavior of individual elements of the studied system and a more
thorough approach to solving the tasks.

Analysis of recent research and publication.

Today, simulation is a large area of modeling [5-9]. The works of many
domestic and foreign authors are devoted to the study of this issue. Analysis of the
literature [10-16] indicates the existence of different models for studying the
processes of information dissemination. In particular, the methodological basis for
the development of simulation was the work of Buslenko N.P, Glushkov V.M,
Sokolova N.A, Khodakov V.E, Sergeeva V.V, Rud V.D, Panasyuk S.S and other.

Simulation modeling consists of four basic modern approaches (paradigms):
modeling of dynamic systems, system dynamics, agent modeling and discrete-event
modeling. System dynamics and modeling of dynamic systems operate in continuous
processes over time. Discrete-event modeling and agent modeling operate on discrete
processes in time.

Modeling of dynamic systems [17-18] 1s describes the continuous-discrete
behavior of systems, studies the interaction of continuous and discrete elements of the
system as a whole. Dynamic models belong to the concept of qualitative modeling.

System dynamics [19-20] is focused on general quantitative estimates of the
system., Used at the highest level of abstraction. Graphic diagrams of causal relations
and global influences of some parameters on others in time are constructed for the
studied system. The model created on the basis of these diagrams is simulated on the
computer.

Discrete Event Modeling [2,21] 1s designed to describe and study the processes
in which the dynamics of the system is represented by a sequence of operations. This
paradigm considers only the basic states of the system and the moments of time that
the system passes from one state to another, located sequentially, for example:
"waiting", "order processing", "movement of goods", "unloading" and others [2].
This paradigm is also called "process" modeling. Used at the tactical and operational
levels of abstraction.

Agent modeling [17,22,23] 1s a modern modeling paradigm. This paradigm
describes each object in the system as a separate entity. Used to study decentralized
systems, the dynamics of which are determined by global rules and laws, which are
the result of the interaction of agents. Used at the operational level of abstraction. The
advantage of this modeling is the ability to adapt to changes in environmental
conditions.

Unlike other paradigms, agent models are decentralized. The behavior of agents
is determined at the individual level. The dynamics of the system arises as a result of
the activities of many agents. Multiagent modeling is a more universal approach. It
allows you to take into account any complex structures and behaviors. Another
important advantage of multi-agent modeling is that model development is possible
in the absence of knowledge about global dependencies: it is necessary to determine
the individual logic of behavior of process participants in order to build a multi-agent
model and derive global behaviors. The multi-agent model is easier to maintain,
refinements are usually done locally and do not require global changes.
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In the paper [4] the analysis of the notion of "agent" in different multi-agent
systems development methodologies has been made. The common for different
methods principles of development of multi-agent systems based at existing
developed methods of projecting of software support have been overviewed. The way
of introducing the agent not only as an indivisible entity, but also as a system that
could be multi-agent, have been offered. It's also offered to overview as an external
environment of the agent all entities that are directly included into the agent. The
method of unification of development of multi-agent systems for different levels of
detailing of target system due to unification of the notion "agent" with using of
recursive detailing of system projecting has been offered with using of this view.

The paper [25] proposes mathematical model of multi-agent system for
databases integration in the distributed heterogeneous environment. Proposed multi-
agent system allows user to integrate a data stored in databases at access level.
Process of construction and a prototype of multi-agent system are described.

The article [26] investigates intelligent manufacturing systems based on
intelligent agents. The distinctive characteristics and advantages of the multi-agent
manufacturing system from the classical to identify new opportunities for enterprises
were determined. Artificial intelligence provides a number of advantages to increase
productivity of complex automatic systems, and multiagent systems, as a paradigm
based on artificial intelligence, are suitable for meeting current requirements for
industrial enterprises. The classification of existing intelligent agents is given. The
model of distributed network of intelligent manufacturing system used in leading
world companies and in scientist’s economic research analyzed, which based on an
intelligent agent.

Today, the possibility of simulation of distributed random processes based on
multiagent technologies remains unexplored to the end. The article is devoted to the
solution of this problem.

The purpose and objectives of the study.

The purpose of the article is to develop a simulation model of a distributed
control system based on a multi-agent approach.

The main part.

Possibilities of modeling of distributed random processes by means of
multiagent systems

Multiagent systems consist of a large number of artificial agents that work
together. There are many definitions of an agent. What they have in common is that
an agent is an entity that has activity, autonomous behavior, can make decisions
according to a set of rules, can interact with the environment and other agents, can
change. An agent is an object endowed with certain properties:

- agents interact with each other through a certain language;

- agents function without direct interference in their actions, they
independently control their condition and respond to changes (autonomy);

- agents are able to perceive the environment (reactivity);

- agents have purposeful behavior and are able to show initiative (activity)

- the agent is able to learn, able to find optimal behaviors (intellectual
behavior);
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- ability to transmit agent code (mobility);
- each agent perceives the environment in his own way.

For existence, the agent must have special devices: receptors are receiving
information from the environment, effectors are organs that affect the environment
and the processor are processes information.

Building agent models requires determining a large mass of agents and their
behavior, choosing a platform for agent modeling, determining the relationship
between agents and the theoretical foundations of this relationship [5]. Identifying
agents with the exact task of their behavior and interaction with other agents is the
basis for developing agent models.

Structural and logical model of a distributed control system based on a
multiagent approach

The basis for the analysis and development of knowledge bases in distributed
control systems based on a multi-agent approach is a logical structure. This is a
hierarchical structure with a precise definition of the levels and subordination of the
components of the system.

This provision is due to the fact that the structures of organizational
management have a complex hierarchy (operator — department — management). It
determines the administrative, production, technical and economic relations in the
designed system. There is a strict subordination of administrative and structural units
to higher levels of government.

The concept of a tree of intelligent components is used to describe a distributed
control system. This is a connected undirected graph without loops. Its vertices are
the intelligent components of the system (IK,, ..., IKj, ..., IKijk,...). The arcs of the
graph connect the distributed component with other components of higher or lower
levels. Therefore, the lower level component is structurally included in one of the
higher level components (Figure. 1).

T

1K, IK; 1K,
IK11 IKIZ . IKlm IKnl IKnZ
IKi21 IK122 | IKi22y

Figurel. Tree intelligent control system components.
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Formally, the tree of intellectual components is determined by the structure of
the species T, =(1,Q), ne I ={IK} — plural IK, Q=1:1— P, P — the set of edges
corresponding to the incidence matrix.

Each /K intelligent component includes its subordinate /Kijk components,
intelligent agents, and information objects with productive intelligence.

Model of intelligent agent IA distributed control system

Based on the analysis of the characteristics and shortcomings of the known
models of intelligent agents of IA, it is proposed to define IA as a structure of the
form:

14 =(NIA,SA,VIA,MVB,VO), (1)
ne NIA —the name of the intelligent agent, S4 — attribute structure, which is defined
similarly to the attribute structure for information objects (10), VI4 = {IA} —
set of nested I4, MVB — mechanism for choosing the behavior of the model,
VO ={0} - a set of information objects that implement scripts /4.

The intelligent agent, on the basis of the criteria for selecting the model of
operation, laid down in MVB, decides on the implementation at this point in time of
a scenario and initializes the corresponding 1O.

The information space of an intellectual agent is a set of intellectual agents that
surround and "interest" him; it is a set of information objects that surround and
"interest" it, and a set of attributes that are necessary to assess the state of the
environment:

VIA,. = (AR;A’AR;O) ) (2)
AR}y =Ny o Afy oo Al Ny o 5y s A ).
ARjy =(Nig Ay ses Al N o, Ay s Al ).

The state of the information space IA. is a set of values AR, and AR, at the
moment of time t :
SV, =(< Ay >, < AY >, < Afy >, <AL >,

3)

<Ay >, <Al >a< Ajy >,.,< Al >),
where < A4...> is the value of the attribute at the time ¢ in terms of this IA.
Information about the state of the information space /4, will not receive at once and

not unambiguously from all points of space, because there will be a delay in the
exchange of information between agents.
The information space of the agent can be formed in two ways:

- statistically — 4AR;, and AR}, defined at the design stage of the IA and in
the process of distributed control system do not change;
- dynamically — 4R}, and AR;, may change during the operation of a

distributed control system.
Thus the logical structure of the distributed control system in terms of
intellectual components is formed, which allows to ask questions about the structure
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and content of knowledge bases of intelligent components of the system.

Developed and substantiated models of intelligent agents and information
objects, as well as a model of the process of interaction between the intelligent
components of the control system.

Conclusion.

Traditional simulation approaches consider modeling objects as arithmetic
mean, passive applications or as resources in the process. However, these methods do
not take into account the individual characteristics of each of the objects of modeling.
At the same time, it is because of these features that the dynamics of the system as a
whole may change. Agent modeling is devoid of these shortcomings. it considers
objects as active, interacting elements capable of revealing individual properties. For
this reason, agent modeling can be considered the best approach. In multiagent
modeling, it is possible to influence the objects of modeling, which makes it possible
to find such control effects on agents that can lead to the desired dynamics of a
complex system.

The direction of further research may be the filling of the components of the
proposed model using modern means of logical and object-oriented programming, the
development of specific models of intelligent agents of the operators of the
distributed control system.
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Anomauia. Y cmammi 3anpononosano nioxio nooyoosu imimayitHoi mooeni po3nooileHux
BUNAOKOBUX NPOYECIE 3 BUKOPUCMAHHAM MYIbIMUALEHMHO20 Ni0X00Y. Buseneno, ujo 6 00CcaioxHceHux
pobomax pizHUX asmopié 3anponoHOBAHO BUKOPUCMAHHS NEGHO20 MUNy IMimayiunoi mooeni O
KOHKpemHo2o eunaoky. Iloxkazano, wo ocHo80l0 imimayiunoi Mmooeni € 8i0n0GiOHA N02IKO-
ananimuuna mooens. Buseneno, wo Haubinbw 3pyuHuM i npocmum y peanizayii 01s po3pooKu
PO3Nn00ineHoi  cucmemu  YNpaeniHHA €  MOOEN0BAHHA — 8UNAOKOBUX Npoyecie Ha  6as3i
MYIbMUALEHMH020 Ni0X00y. 3anponoHO8AHO BUKOPUCMAHHA meopii epagis, AKka HAO0AE HAOUHe
epagiune 6idobpacxcenHs cucmemu ynpasninusa. Mynvmuacenmuuii nioxio 00360J€ GUHAYUMU
OCHOBHI SAIKICHI Xapakmepucmuxu 00’ ekma 6 OUHAMIYI.

Knwuosi cnoea: mamemamuuna mooenv, MyIbMUa2eHmMHe MOOET08AHHA, IMIimayiuna
MOOeb, IHMEeNeKMYaIbHULl A2eHM, MYIbMUA2EHMHA cucmemd, 8UnaoKo8uli npoyec.

Article sent: 12.02.2020
©Barabash O.V., Svynchuk O.V., Kolumbet V.P.
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Abstract. Natural gas consumption continues to increase. The future of gas as a global energy
resource depends on three important criteria - consistency, accessibility and ecology. By 2030, the
pipes will be changed in terms of transport quantity. Taking into account the conditions in the
world gas and energy markets, it is necessary that LNG, together with pipeline transport, take a
special place in the countries' export strategy. Just recently, Europe’s energy policy was a clear
example of multifaceted action. To a large extent, it reflected the existing contradictions between
the member countries of the EU in the need for an imperative definition of the role of individual
States, policy coherence and interaction, mutually at the national level and in the framework of a
single European space. The authors analyzed and concluded that modern Europe continues to
integrate, the European domestic market becomes integrated, and this forms the basis for a future
convergence of the economic and financial policies of the EU member states. The EU Member
States are carrying out an increasing number of energy-related activities to understand the energy
problems of individual countries and to find a reasonable solution that does not infringe on the
interests of the EU and its members.

Key words: energy market, Europe, LNG, problems and solutions, energy balance, exports
and imports.

1. Introduction

Gas has many opportunities on the European energy market. First, the
replacement of coal with coal in power generation immediately reduces CO?
emissions at a reasonable cost, and this is crucial in a world of strong environmental
obligations.

Total gas production in Europe is projected to remain at about 130 billion cubic
metres by 2025. The European Union is expected to have a production capacity of
about 130 billion cub. m. This represents less than half of the production in 2010.
Historical trends in gas production over the past seven years have also been
downward, with most European gas producers witnessing a decline during this
period. Norway is an exception, noting a positive annual growth of more than 2.2%
during this period.

At the same time, Europe’s share of world natural gas production will decline to
2.5% from its current share of just under 7%. Almost all gas producers in the region
are expected to see a decline in gas production during the projection period. Norway,
which accounts for more than half of Europe’s gas production, will experience the
largest decline, with production falling by 50 billion cub. m. over the projected
period, which is a significant change.
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Nevertheless, Norway will remain the largest gas producer in Europe,
accounting for a large share of Europe’s total gas production. The Netherlands, where
about 35 billion cub. m. will reduce production by 2025. However, the Netherlands is
not yet a party to the Convention will also contribute to the overall negative trend in
gas production in Europe [6].

It should also be taken into account that the first half of 2020 was marked by a
record decline in natural gas prices in Europe across the whole spectrum of
commercial site prices. These prices reached minimum values in the last decade of
May. Thus, the price of the most popular contract «one month ahead» at the TTF hub
in May dropped to $ 68.1 / thous. cub. m. (- 63.2% by May 2019). For quotes «for a
day aheady», the fall in the same period was an even more significant amount - 65.7%.
At the same time, forward prices indicate a continued increase.

Taking into account the above, the purpose of the article is to answer the
questions: How stable is the trend in the European energy market? Are energy market
prices justified by the likely overflow of gas storage facilities in Europe?

The methodological basis of the work is a dialectical method aimed at studying
phenomena and processes in the overall interrelationship and development.

2. European Gas Market: «thorny path»

Natural gas accounts for about 23% of the energy mix, and Europe is expected
to see its total energy consumption decline gradually for many years to come as a
result of energy conservation and energy efficiency measures.

Nevertheless, gas demand could show some growth. With an average growth
rate of 0.3% per year, natural gas will be the only hydrocarbon resource to increase
its share to 26%. This increase will be due to additional demands from electricity and
transportation, while industrial and domestic gas consumption is likely to stagnate
due to improved energy efficiency (see fig. 1).

In the transport sector, important progress can be made by shifting transport
towards natural gas, in part through policy initiatives aimed at offsetting transport
emissions.

Gas offers ready-to-use solutions for the transport of heavy goods, while
electrical technologies cannot best accommodate this task.

It 1s predicted that the expected International Maritime Organization directives
will also have an impact on gas demand in transport as the international maritime
industry begins to shift to LNG.

Unlike the forecast of gas demand, natural gas production in the region is not
promising. Europe is the only region with the prospect of declining natural gas
production (see Fig. 2).

B pesynbprare mameHuss BHYTPEHHErO IPOU3BOJCTBA, a TAKXKE CTPEMIICHUS
MepelTH OT yras K OoJiee YUCTHIM pEIICHUSM B 00JacTH TPOU3BOJCTBA
AJIEKTPOIHEPTHH, CPEAM KOTOPHIX Ta3, BO3MOXKHO, SIBIISICTCSI CaMbIM JICHICBBIM H
6e3omacHbIM, 00T 00beM mMIOpTa Ta3a B EBpomny k 2025 rogy MOXeT COCTaBHUTh
6oisiee 430 mapa. ky0. M. (MOTPEOHOCTH B JIOMOJIHUTEILHOM UMIIOPTE Ta3a B EBporne
MOXkeT Aoctuub 150 mupa. ky06. m.) [8].

As a result of the fall in domestic production and the move from coal to cleaner
electricity generation solutions, among which gas may be the cheapest and safest,
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Total gas imports to Europe by 2025 could amount to more than 430 billion cub. m.
(the need for additional gas imports in Europe may reach 150 billion cub. m.) [8].
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Figure 1 - LNG in Europe’s energy balance, %
Source: [2,4]
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Figure 2 - Disappointing prospects for gas production for 2021, %
Source: [1,3]

However, with the emergence of a large number of new pipeline capacities and a
large number of regasification capacities, market transformation continues in Europe,
including the creation of new gas units and regulation of competition. The
modernization of the European gas pipeline infrastructure, as many experts suggest,
will allow markets to become more integrated.
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3. Emerging problems in the European energy market

However, despite these positive measures, we see some important challenges
that need to be overcome to allow natural gas to play its role in the European
transition to less carbon-intensive energy systems, while achieving competitiveness
and security of supply.

Among these are the process of gas reforms and the uncertainty that this process
has brought about as a result of the final configuration of the EU gas market. Taking
into account the specificity of the gas industry, which requires an appropriate and
equitable approach to the allocation of risks to gas transactions, the fully liberalized
market in Europe, which is accompanied by unclear market rules, increases volatility
and affects supply stability. In particular, the application of EU regulations to third-
country pipelines adds new complexity to the supply of natural gas and may prevent
the construction of new pipelines. Since these rules apply only to pipeline deliveries
and not to CNG, this may affect the competitiveness of pipelines, which is unfair to
the competition principle supported by Europe.

Another challenge is the predominance of national choices and priorities, which
affect the ability to read and visualize the implementation of EU energy policies in
different member states. Indeed, there is a need to improve the transparency of policy
decisions on a number of issues, including the role of coal and nuclear power in the
future energy configurations of EU Member States, as well as the development of
renewable energy support schemes [9].

In addition, there is a tendency in Europe to support costly decarbonization
options, such as intermittent renewable energy sources and electric vehicles.

A reliable energy system cannot rely entirely on intermittent renewable energy,
and electric vehicles have proven to have some economic and technical
disadvantages, which do not allow them to be the only solution to the mobility
problem in the future. In addition to these options, natural gas, as an affordable, clean
and abundant fuel, can be a sustainable and less costly solution to support Europe’s
transition to low-carbon energy systems, particularly in the electricity, heating and
transport sectors [5].

4. Possible solutions for the European energy market

There are areas where the LNG industry needs to be developed in order to
achieve the best performance in this sector and by which certain problems will be
resolved:

e «Reduction of LNG value through supply chainy

In order to compete at cost with coal, which is based on economic performance,
gas imports need to be around $4 to $6 for millions of BTU, i.e. half the value for
many LNG contracts at present. This means that lower supply costs will help to lower
the final price, which in turn will compete with coal not only in terms of the
environmental friendliness of the resource, but also in economic terms.

e «Flexible structure of LNG contractsy

A key issue in the energy sector is the rigidity of existing contracts. Since the
development model of CNG as a «virtual pipeline», which applies long-term
contracts and oil indexation, helped to create market stability and helped in risk
management for sellers and many buyers, it does not have to contribute to a dynamic
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or flexible market.

e «Investment in infrastructure»

The speed and nature of gas demand growth, particularly in Europe, depends on
the rate at which auxiliary infrastructure is developed. This is a source of uncertainty
about the prospects for natural gas. However, the struggle for the consumer leads to
the fact that traders and producers of CNG start to invest in the infrastructure of
importers of CNG in order to create additional demand for gas and to establish on
new markets, building «special» relations with suppliers.

e «Export not only of products, but also of technologies»

Not only the use of the resources of the industrial base should be the goal of
cooperation, but also the creation of technology (based on our scientific base). This
may lead to the development of a whole industry in the future and possibly be
exported as a commodity, taking into account the fact that the present range of
companies with patents and licenses for LNG large-tonnage liquefaction equipment is
narrow [7].

5. Conclusion

The development of the energy market in the EU depends on a number of
factors, such as the rate of economic growth, the dynamics of its own gas production,
the price situation of other energy carriers, the price of gas in other international
markets, the developed infrastructure, Existing agreements with foreign companies.
Recently, however, one of these factors has been unfavorable: the average monthly
price of natural gas in Europe has shifted to gas quotes because of the low volatility
in the world market. Thus, the energy mix became unsustainable, resulting in many
unresolved problems. The solution of these problems must therefore be taken into
account by many EU countries in order to avoid the results that have been given in
this article.
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Anomauia. B pobomi po3ensioaromucsi 3aCmocy8anHs 0esiKUX 2eOMempuyHux o0 ’ekmie ma
ocobnusux cniggioHoulenv 8 apximexkmypi. IIpueooumvcs iCMOpPUYHULL eKCKYPC PO3BUMKY
apximekmypu 8 KOHMeKCmi 83aemMOO0ii ii 3 eeoMempicto, OCHOBHI NOHAMMA Mdad MAMeMAMmuyHi
meepodicents, wo Oy10 NOKIA0eHO 8 OCHO8Y Ybo2o pozeumky. OKpema ysaza NpuoiisgEmvCs
KI1ACUYHUM ceOMEeMPUUHUM elemMeHmam maxKkum, K «3onomuil nepepis'» ma «Illnamonosi minay.
Hasoosmuvca npuxnaou mamemamuunux 3adauw ma ix peanizayii nio uac 36edenHs: Oydisenv, K
CAKpAlbHOl, MAK 1 CEINMCbKOL apXImeKmypu.

Kniouosi cnosa: 3zonomuii nepepiz, Ilnamonosi mina, OacamocpaHHux, 0a8HbOZPEYbKA
apximexmypa.

Beryn

Matematuka Ta apxiTeKTypa — JABl CTapOAaBHI HAYKH, 110 TICHO 3B’s13aH1 OJHA 3
iH1I010. B 01H1# 13 KOMMMCOK cyuyacHOT ruBitizalii — CraponasHiit ['pertii — reomeTpis
BBaXKaJjacs OJHUM 13 PO3AUIIB apxiTekrypu. [lin yac 3BeneHHsa OyaiBil BHHHUKaIA
norpeda BUMIPATH BiACTaHb, NIISHKY 3€MIll, JOBXUHY mnpeamera Ttoio. [leprmi
apXiTEeKTOpU Ta OYIIBHUKM Malld BEJIMKY MOTpeO0y B OJMHMIIAX BHUMIPIOBaHHS I
npuiaajgax Ta BUHAXOJWJIW iX B 3aJ€KHOCTI BiJl CBOiX MOXJuBocTeil. CTapojaBHi
CUCTEMHU BUMIPIOBAHHSA OyJiM Cy0 €KTMBHUMHU Ta NPHUB’SI3yBajJuCi 1O PO3MIpPIB
JIOJCHKOTO Tifda (JMIKOTh, JOJIOHb, I Sib, KpoK). llepmumMu BUMIpIOBAIBHUMHU
npuwiagaMu Oyid: IIHYPH, >KEPAUHM, JIAHLIOTH, JHIAKA, LUPKYJIb, MOTY3KH. B
0aratbox KpaiHax 3eMJIEMIpiB Ha3WBAJIM «Ti, XTO HATATYe MOTy3KuW». B €rumnri ne
OyJIM raprieIoHanT, I10 O3HAYa€ «Ti, XTO MPOTATYE Ta 3aKPIILIIOIOTh MOTY3KY», B
Pumi — arpimenrcopu.

I3 naBHIX-maBeH 3014l CTBOPIOBAIM CBOI CHOPYAU 3a 00pa3oM Ta MOAIOHICTIO
MPOCTOpY, IO iX oTodyBaB. CrocTepiraroud rapMOHII0 HAaBKOJHUIITHBOTO CBITY, SK
3eMHY, TaK 1 KOCMIYHY, TBOPYI1 JIFOAM 3HAXOUITU 3pa3KH TEOMETPUYHOT TOCKOHAJIOCTI
B Oy/IOB1 POCIIMH 1 TBapWH, Y HeOeCHUX (OopMax Ta aCTPOHOMIYHHX SBHIIAX.

VY poborax Ilidaropa B VI cT. 10 H.e. Bnepmie Oyia BHBEACHA MaTeMaTHYHA
3aKOHOMIPHICTh YKa3aHOI JOCKOHAJIOCTI. BUX0As4M 3 mMponopLiifHOi 3aKOHOMIPHOCTI
YacTUH Tija JIOJUHU, CIIBBIJHOLIEHHS MY3UKAJIbHUX IHTEPBAJiB Ta BIJCTaHI MIX
HEOECHUMHU TUIaMH, JaBHBOTPELIbKUM MAaTeMaTUKOM OyJI0 BBEJIEHO TMOHSTTS
MPOTOPIIii, 110 B MOJANBIIOMY HaOyja Ha3By «30J0THH mepepi3y». Taka mpomopilis
3HAMIIIA CBO€E BIAOOpaXEHHS K y JAaBHbOIPELbKINA apXITEKTypi, Tak, 13 4acoMm, 1 B
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apXITEKTYpl IHIIUX ITUBLII3aLIIM.

B ocHOBy apxiTekTypu Oyiu MOKJIa/IeHI KaHOHH, 10 BU3HAYAIOTh BiAMOBIAHICTh
1 BpIBHOBaXKEHICTh yacTUH OymniBni. [lin vac 3BeneHHs apXiTEKTypHUX 00 €KTIB
BUKOPHUCTOBYBAJIMCS MpaBWIbHI OaraTorpaHHuku abo «[lmaToHoBi Tiay, 10 SIKUX
BIIHOCATBCA: KyO, TeTpaenp, OKTaenp, IKocaemp, moaekaedp. MaremaTudyHa
CKJIaJIOBa, B SIKY B1JJOYyBajoCs MOCTYMOBO «3aHYPEHHS» apXITEeKTYPHOI'O CEpelOBUIIIA,
cnupasiacs Ha Ti(haropiichbKO-TIATOHIBCHKY 171€10, 32 SKOIO TPOIOPINi W YUCIIOBI
CHIBBIAHOIIEHHS OOYMOBIIIOIOTH TapMOHIIO CBITY. Y I[bOMY CEHCI BHUCJIOBJICHHS
BUJATHOTO (paHily3pkoro apxirektopa Jle KopOro3be mpo Te, 10 «BCE HABKOJIO —
reoMeTpisl», 1 camMe BOHA € «TPaMaTHKOI apXiTEKTOpa» OyJo ICTHHOI, SKy HE
nOTPiOHO OYJIO MiATBEPKYBATH.

VYV III cT. 1o H.e. B AneKkcaHapii BUXOAUTh B CBIT BEJIMKa Ipalsd MaTeMaTHKa
EBkmina «Hawana», mo Oyiia mpucBsu€Ha CHUCTEMATH4YHIA MOOYJIOBI reoMeTpii i
Teopii uucen. Sk HACHiIOK I1i€l TOIi, B apXITEKTypl BUHUKAE T€OMETPUYHHM CIIOCIO
MUCJICHHS, 110 CTa€ albTePHATHUBOIO Mi(aropiichbkoi «HAYKH MPO YHUCIO». Takum
YUHOM, BHUHHUKAIOTh JIBI CHCTEMH, SKI BIIPI3HSAIOTHCS OJHA Bij 1HIIOI B TOMY, IO
«MHO>KEHHS ¥ JUICHHS YUCeN BIOPSIKOBYIOTh apXiTEKTypHI (OpMH i po3mipH, a 3a
EBKutiiom apxitekTypa Ta ii e1leMEeHTH MPOBOATHCS JIIHISIMU 32 IOMIOMOTOI0 ITUPKYJIS
i miHiAKm» [1].

[Tounnatoun 3 XVII cromittd, iHTEpec 0 miaropiicbkoi «HAYKU MO YHCIIO»
najae, a B TOW >ke Yac BIUIMB EKBKIiJa Ha apXiTeKTypHY IYyMKY 3aJIHIIAETHCS
He3saMHUM. Bin Toai BinOyBaeThCs MOAUT apXITEKTYPH Ha KYJbTOBY Ta CBITCBKY |2,
3]

OCHOBHUII TEKCT

ba3zoBuMH reoMeTpUYHUMHU €IEMEHTAMU B apXITEKTYpl €: «30JI0TUH Mepepi3» 1
«IInmaTtoHoBi Tima» (KyO, TeTpaemp, OKTaenmp, ikocaedp, moaekaenp). CrapomaBHi
ETUNTSHU 3aCTOCOBYBaJIM O0XKECTBEHHY MPOMOPII0 («30JI0THI Tepepi3») MiJl 4Yac
OyIIBHUIITBA BEJIIMKUX Iipamia, >kKUTeal MEKCHKM — TIiJI 4Yac 3BEICHHS IMpamian
Conug. 3BoasuM CBOI JKHTIIA, JIIOJU, HacaMIiepes, AyMaid Npo iX MIIHICTb.
HaiimitHimow apxiTeKTYpHOI CIIOPYA0K BBAXKAKOTHCS €THIETCHKI TipaMian. Beim
BIJIOMO, 1[0 BOHU MaroTh (pOopMy MpaBUIBHUX YOTUPUKYTHUX mipamia. Came Taka
reomeTpudHa ¢opma 3abe3nedye HalOUIbITY CTIHKICTh 32 PaxXyHOK BEJIUKOI IUIOIT
mijictaBu. B Toit ke yac, hopMma mipamian 3a0e3nedye 3MEHIIIEHHS MacH B HACIIOK
30UTBIIIEHHST BUCOTH HaJl 3emiiero. CaMme Taki BIIACTUBOCTI POOJIATH MipaMiay CTIHKOIO
Ta MIITHOIO B YMOBax 3€MHOTO TSKIHHSI.

PamionansHicTh TeOMeTprUYHOI (hopMU Tipamiau, 1m0 J03BOJISIE OOUPATH 3HAYHI
PO3MIpH IS 1Ti€1 CIIOPYIH, HAA€ TipaMifli BEIUY Ta BUKJIUKAE BITIYTTS BIYHOCTI U
3HAYHOCTI [4].

«30I510THi1 TIepepi3» — 1€ 0COOIMBE CITIBBIIHOLICHHS, 110 BUKOPUCTOBYETHCS B
MHUCTEITBI M apXITEKTypl MIPOTITOM CTOJITh. Te€pMiH «30J0THH Tiepepiz» OyB
3raJlaHiii pUMCBHKUM apXiTektopoM M. BiTpyBiEM y SIKOCTI OCHOBH MPOMOPIIii
KJIACUYHOI TPEeIbKOT apXITEKTYpPH.

dopma, B OCHOBI MOOYJIOBU SIKOi JICKHUTh MOEAHAHHS CHUMETPIi Ta 30J0TOTO
nepepizy, Cupusie HalKpalomy 30pOBOMY CIPUNHSATTIO U MOSBH BIAYYTTS Kpacu Ta
rapMOHIi.
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[isie 3aBxAM CKIAAAETHCS 3 YACTHUH, a YACTUHU PI3HOI BEJIMYMHU B CBOIO YEPTy
3HAXOJATHCS B IEBHOMY BIJHOILIEHH] OJJHA /10 OJHOI i A0 IJIOTO.

[TpuHIMIT 30J10TOTO TIEepepi3y — BUILIMI MPOSIB CTPYKTYPHOI W (PyHKIIIOHANIBHOI
JOCKOHAJOCTI I[IJIOrO Ta HOT0 YaCTUH B MUCTELITB, HAYIll, TEXHII1 i MPUPOIL.

VY wMartemaruil MPOIOPIIE€I0 HA3UBAIOTh PIBHICTH JABOX BIAHOCUH: a-b=c:d.
Binpizok npsimoi AB MOXkHa po3AUIMTH Ha IBI YACTUHU HACTYITHUMU CIIOCOOAMHU:

v’ Ha 1Bi piBHi yactuau AB:AC=AB:BC,

v Ha JIBi HEPIBHI YaCTHHU B OY/1b-IKOMY BiJHOIICHHI (TaKi YaCTHHU MIPOTOPIIi

HE YTBOPIOIOTh), TAKUM YMHOM, KOJIU AB:AC=AC:BC.

OcTaHHs PIBHICTH 1 € 30J10TUHA PO3NOALT a00 PO3MOALT BiIpi3Ka B KpallHbOMY i
CepeIHbOMY BIJTHOIICHHI [4].

«3om0TH# TIepepi3» — e noaia Biapizka AC Ha JIBl YaCTMHU TaKUM YUHOM, IO
Oinbma oro 4vactuHa AB BigHOCUThCs 110 MeHoi BC gk yBech Biapizok AC
BITHOCHUTBCS 110 AB (T00T0 AB:BC=AC:AB).

VY KoHTEKCTI OO0XKECTBEHHUX IMPOMOPIIIA HE MOXIUBO HE MPUTAAATH PO
HalKpacuBIIM TBIp AaBHBOTpelbkoi apxitekrypu — [lapdenon (V cr. 10 H.e.)
(pucynok 1). B ocaoBy mobynosu Ilapdenona B Adinax Oyyio mokiIaaeHo MpaBUiIo
30J10TOr0 TpsIMOKYTHHKA. KOHCTpyKIis cniopynu mae posmipu: mwmpuna 30,89 w,
JToBKHMHA 69,84 M, BUCOTa KOJIOH cTaHOBUTH 10,43 M.

Binomo, mo dacan [Mapdenona Bnucano B MpsIMOKYTHHK 31 cTopoHamu 1 1 2,
JiaroHaJIb SKOTO JTOPIBHIOE V5 . MIIaH SIBJISIE COOOK0 MPSIMOKYTHHK 31 cTopoHaMu 1 1 /5.
OT1xe, NpAMOKYTHHK (hacaay € BUXITHUM y moOya0Bi reomeTpii [1apdhenona.

[upuna Ilapdenona omintoerbess B 100 rpeupkux ¢ytiB (1 dyTr.=3089 cm),
pPO3Mip BUCOTH y PI3HHUX aBTOpIB Mae MeBHI Bapiamii. Hampukman, 3a manumu H.
bpyno, Bucora Ilapdenona 61,8 dyt., BUCOTa TphOX CTYIIEHIB OCHOBU 1 KOJIOHH —
38,2 ¢yr., BucoTa mepekpurtss U QpoHtoHy — 23,6 PyT. 3a3HaueHi po3mipu
YTBOPIOIOTH psifl 30510T01 mporopirii: 100:61,8=61,8:38,2=38,2:23,6=0, ne ® — uncino
dibonayyi.

Omua 13  gocmiguukiB  mpomopmit  [lappenona B. Cmomsik BCTaHOBUB
3aKOHOMIPHUN PAJl 30J0TUX MPOMOPIiA. BiH NpHitHAB y SKOCTI OJUHUIIN IIUPUHY
TOpIIEBOTO (pacamy Xpamy Ta OTpUMAB MPOTPeECiro: 1: ¢: ¢*: @*: ¢*: @>: ¢° . YkazaHum
YjieHaM psy BIJMOBIIalOTh OCHOBHI mpornopilii acany [lapdenona.

[Tapdenon mae 8 KoJI0OH B370BXK KOPOTKUX CTiH 1 17 — B3/10BXK JIOBrux. Buctynu
3p00JICHO IIIJIKOM 13 KBaJIpaTiB MEHTUICHCHKOT0 MapMypy. biaropoacTBo marepiaiy,
3 SKOro TOOyJOBaHUM Xpam, JO3BOJWIO OOMEXKHTH 3aCTOCYBaHHs 3BHYAliHOI B
IpeUbKId apXiTEKTypl pO3MajibOBKH, BOHA JIMILIE MIAKPECHIIOE AeTanl H yTBOPIOE
KOJLOpOBUiA (POH (CUHIM 1 YEPBOHUI) AJISI CKYJIBIITYPH.

[TpomoBXKyIOUM ICTOPUYHHI OTJIAN «4YyIOBUX» MPOIMOPIINA, HE MOXKIUBO HE
3rajaTé mpo apxiTekTypHuit meneBp Aunapea [lammagio — Bimma Poronma. Ls
cnopy/a, 1mo nodyaoBaHa Ha marop6i nodausy micrta BideHiia, € cipaBxHiM 3pa3KoM
KOMITO3MINIITHOT CUMeETpil B apxXiTeKkTypi. DbymiBias CKIagaeTbcsi 3 TPOCTUX
T€OMETPUYHUX TUI: HUIIHApa, KyOa Ta cdepu (pucyHok 2). Cnopyna abCOTIOTHO
CUMETPUYHA 3 YCiX YOTHPbOX OOKIB, Y IJIaHI Ma€ KBaJpaTHI OOpHCH Ta YyBIHUAHE
KYIIOJIOM, IO MIJKPECIOe€ LEHTpalbHUI Xapaktep kommosuiii. IIpocti dhopmu,
1Mo30aBJIeHI TPHUKpPAC, CTBOPIOIOTH BPAKEHHS IUJIICHOCTI ¥ BPIBHOBAXEHOCTI.
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IlenTpanbHuUil KPYTJIKMHA 3a71 BIJUII OTOUYEHUM MPSIMOKYTHUKAMHU KIMHAT. TakuM 4YHHOM,
wian PotoHau 00’eqHye ABI reomeTpuyuHi (irypu — KBaapaT, IO BTIIIOE BIATy
3eMHY, Ta KpyT, BTIJICHHS JyXOBHOTO Hadayia (pucyHOK 3 i1 pucyHok 4). IIpomsoTu
CXO/IB NMPUXOBaHI CTIHAMH, L0 TPalTh (QYHKIIIO OMOp ISl KYIOJBHOTO 3aly —
poToHau [6].

PncyHK 1 - Xpam naBHbOrpenbkoi apxirekrypu — Ilapdenon
IDicepeno [5]

Buaaa PotoHaa
613 BuyeHUsl,
apx. Nasaano, 1566

PucyHnok 2 — Bisiia Poronga Pucynok 3 - Ilinan Bisuin Poronna
IDicepeno [6] IDicepeno [6]

Sk OyJio 3a3HA4YEHO BHIIE, HEMOXKIIUBO YSBUTH COO1 apXiTEKTYpY e 6€3 0JTHOTO
6azoBoro enemenTta — «I[lnaroHoBI Ti1a» a00 MpaBUIIbHI OaraTorpaHHUKY.

IcTopis BuBUeHHS OaraTOrpaHHMKIB cArae riauMOOKOl JaBHUHHU Ta TOB’s3aHA 3
IMEHaMU TaKUX BUAATHUX BUeHHX, sk [lidarop, EBkiia, Apximen, ITnaton 1 Kemep.
OpHiero 3 mepimux HaiiBimomimmx mkin Oyna Iligaropiiiceka. Ii yuni Bpaxkammcs
Kpacow, TapMOHIEI0 Ta JIOCKOHAIICTIO MPaBUJIBLHUX OaraTorpaHHuKiB. Ili3Hime

ISSN 2567-5273 51 www.moderntechno.de



Modern engineering and innovative technologies Issue 15 / Part 1

TyMKH TMi¢aropififiB mpo TMpaBWIbHI 0araTorpaHHUKM BHKJIAB y CBOIX IIpalsx
TaBHbOTpENbKUN BueHmid, ¢inocodp — Ilmaron, 1 3 TOro wdacy mpaBHIIbHI

OararorpaHHuKu (TeTpaenp, KyO, okTaeap, ikocaenp 1 JojeKaeap) Modaad HOCUTH
Ha3By «[ImaToHOBI TUIa» (PUCYHOK ).

PnéyHOR 4 — 3akonomipHocri ¢acaxy Poronaun
IDicepeno [7]

[ToTpiOHO Bim3HAUWTH BeIMKH ocoOucTii BHecOKk Morana Kemiepa B Teopiro
0araTorpaHHUKIB, SKUH TPUUIIOB 0 BUCHOBKY, M0 II'SSTH TPaBWIBHAM

OararorpaHHMKaMm BiJNOBiaOTh TuianeTn CoHsuHOI cuctemu: Mepkypiid, Benepa,
3emutst, Mapc, FOmitep Ta CatypH.

TeTpaeap

| A
ikocaeap J \ 4
-
OKTaeap

rekcaeap

AoAeKaeap

Pucynok 5 — IlnaToHoBi Tijia
IDicepeno [8]
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HaBenemMo OCHOBHI I'€OMETpPHUYHI MOHSATTS, 110 3aCTOCOBYIOThCS B I€OMETpii
0araTorpaHHUKIB.

baraTorpaHHuk — 1€ YacTHHA MPOCTOPY, SIKa OOMEKeHa CKIHYCHHHM YHUCIOM
IUIOCKUX OaraTOKYTHUKIB (Ha3MBAIOTHCS TPaHIMH), 3 €IHAHUX TAKUM UYHUHOM, IIO
KOXKHa CTOpoHa (pebpo) MOBUIHLHOTO OaraTOKyTHHKA € CTOPOHOIO JIUIIE OJHOTO
1HIIOro 0araTOKyTHUKa (CyMIXHOIO), MPUYOMY, HABKOJIO KOKHOI BEpIIMHHU ICHYE
BUKJTFOYHO OJWH ITMKJ 0araTOKyTHHKIB.

baraTorpaHHUK Ha3WBalOTh OMYKJIHMM, SIKIIO BiH JIGKUTH MO OJHY CTOPOHY Bif
IJIOLIMHU Oyib-gKii HOTO IpaHi, TOAl HOro rpaHi TaKoX ONMYKIi. Byab-sikuii omykiuii
OaraTorpaHHUK poO3pi3a€ MPOCTIp Ha ABI YACTUHU — 30BHIIITHIO Ta BHYTPIIIHIO.

Onyknuii O0araTorpaHHUK HA3MBAETHCS MPABWIBHHUM, SKIIO BCl HOro rpasi €
pIBHUMHU TPaBWIBHUMHU OaraTOKyTHHKAaMH Ta A0 KOXXHOI BEPIIUHU MPUMHKAE
OJIHAKOBE YHUCJIO TPAHEN.

SIKmo Bci rpaHi — MpaBWiIbHI P — KYTHUKH 1 ¢ 3 HUX NPUMHUKAE J0 KOMXKHOI

BEpIIMHU, TOMI TAaKWW TMpaBWIbHWKA OaraTOKyTHUK T03HaudawTh {p,q}. Take

no3HaueHHa B XIX cr. Oyno 3amporoOHOBAHO MIBEHIIAPCHKUM MaTEMaTHKOM
JL.Inedmi.

[Ticnss  dopMyntoBaHHS TEPMIHOJIOTII, IO 3aCTOCOBYETHCA B TIeOMETpii
0araTOKyTHUKIB, NEpEeWIeMO J0 OCHOBHMX MAaT€MaTHYHHX TEOpEM, Ha SIKUX
0a3yeThcs mpukiIaaHa ckianosa «lnartonoBux Tim» [9] .

Teopema 1. B onykiiomy 6aratorpaHHUKY BCl TpaHi — ONyKJI1 0araTOKyTHUKH.

Teopema 2. Onykiui OaraTOKyTHUK MOXHA TIPEJACTABUTH 3 TipamMmia 13
CHUIBHOIO BEPIIUHOIO, OCHOBH SIKUX YTBOPIOIOTH MMOBEPXHIO OararorpaHHHUKa.

Teopema 3. Onyknuii GaraTorpaHHUK pO3TAIIOBAaHO IO OJIHY CTOPOHY BIJ
IJIOIIMHY KOXKHOT CBOET I'paHi.

Teopema Etinepa. Yncno BepinH — 4UClIo pedep + 4ucio rpanen = 2.

MoskHa TOBECTH, IO IHIIUX MPABHJIBHUX OaraTOTpaHHUKIB, OKPIM TETpaemapa,
Ky0a, oKTaenpa, ikocaeapa i JoAeKaeipa, HeMae.

[Ipu moOymOBi apXITEKTypPHUX 00’ €KTIB Jy’KE 4aCTO BUKOPUCTOBYETHCS 111€ OJHA
BJIACTUBICTh NpPaBWJIBHUX O0araTorpaHHUKiB, SKa TMOJIATa€e B TOMY, LI0 TaKUM
T€OMETPUYHUM E€JIEMEHTaM BJIACTHMBA JIBOICTICTh: SKIIO BBAKATH IEHTPU TpaHeu
TeTpaeqpa BepIIMHAMU HOBOTO OaraTorpaHHUKa, TOZAl 3HOBY OTPHUMAEMO TETpaenp;
[IEHTPU TpaHel KyOa yTBOPIOIOTH OKTae/Ap; LIEHTPH TpaHEH OKTaeapa yTBOPIOIOTH
KyO; IIEHTpU TpaHel Jo/ieKaepa yTBOPIOIOTh 1KOcaeaAp; EHTPH rpaHel 1Kocaeapa —
JoJIeKaep.

PeOpa mnpaBunbHOrO OararorpaHHuka piBHI MK c000r0. PiBHI Takox yci
JBOTPAaHHI KyTH, IO MICTATh MBI rpaHi 3 3araibHuM pebpom. OTxe, pajaiycu
BIIMCAHOI Ta OINKCAHOI HABKOJIO OaraTorpaHHUKa cQepu CHiBIaIal0Th. BeprmHu
OyIb-SIKOTO TIPaBUJIBHOTO OaratorpaHHuka JiexaTth Ha cdepl. Kpim 1iei cdhepu, mo
Ha3WBalOTh ONHUCaHOW cdeporo, € e ABl. OmHa — «cepeauHHa cdepay, o
OPOXOJUTh 4Yepe3 CepeluHH BCiXx pedep, a 1HIIA — «BOHCAaHA cdepa», sKa
JOTHKAETHCS 10 BCIX TpaHel B iX LEeHTpax. Yci Tpu cepu MaroTh 3araibHUM LIEHTP,
110 HA3WBAETHCS IICHTPOM OaraTorpaHHHKA.

SIckpaBUM MPUKIIAIOM 3aCTOCYBaHHS 0AaraTOrpaHHUKIB y Cy4yacHIN apXITEKTypi
€ Oyxins HamionanbHoi 610moreku binopycii (pucyHok 6). lle cnpapxHiii
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OyniBeIbHUN «aaMasy, 10 3a (GOpPMOI0 € HaIiBIPAaBWIBHUM OaraTOrpaHHUKOM —
poMOOKyOOOKTaep.

=iz
Pucynok 6 — HaunionasabHa 0i0Jiorexka bisopycii

Ilorcepeno [10]

BucnoBku.

[linbuBaroun mMmiICyMKH MPOBEIEHOTO AaHali3y 3aCTOCYBAHHA T€OMETPUUYHHUX
CKJIaJIOBUX B apXITEKTypl, MOKHA CKa3aTH, L0 apXITeKTypa il MareMmartuka, Oyydu
BIJIMOBIAHUMHU MPOSIBAMHU JIOACHKOI KYJIBTYPH, MMPOTATOM 0aratb0X CTOJITh AKTUBHO
BIJIMBAJIM OJUH Ha ofHOro. Came B TaKOMY B3a€MO3B’ 13Ky HapOKyBaJIMCs HOBI 171€i
H CTUMyJIH, CIUJIBHO BUPINIyBaJMCs HOBI 3aBAaHHs. [Hakiie kaKyuu, KOXKHA 3 LUX
HayK € ICTOTHUM 1 HEOOX1IHUM JIOTIOBHEHH M 1HIIOT [11].

MatemaTnuHuii  amapar, IO 3aCTOCOBYEThCS IiJi 4Yac apXiTeKTypHOTO
MPOEKTYBaHHS, 3BUYAHO, HE OOMEXYeTbcs (PopMynamMu OCOOJMBHUX MPOMOPIIN Ta
CrieliaJIbHUMHU PO3/iIaMu ctepeoMeTpii. He MOKIIMBO ySBUTH CydacHY apXiTEKTypy
0e3 MOCHiPKeHHS T€OMETPUYHMX BJIACTUBOCTEH KpPUBUX Ta TOBEPXOHb HA OCHOBI
mudepeHIliaIbHOTO  YMCIEHHS, (paKkTaJbHOTO aHamizy Ta MaTeMaTUYHOTO
MOJICIIIOBaHHA. AHaJI3 caMe TaKuX MUTaHb OyJie IPEICTAaBICHU aBTOpaMu CTaTTi B
CBOIX HACTYITHUX MyOJiKaLIsIX.
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Abstract. The connection between mathematics and architecture can hardly be overestimated.
Since the days of ancient Greece, the construction of any building has not been possible without the
use of measuring instruments. Ancient architects created their works in the image and likeness of
nature. They found examples of geometric perfection in the world around them. In the works of
Pythagoras, for the first time, a pattern of this kind of perfection was obtained. An ancient Greek
mathematician introduced the concept of the "golden ratio". Also, in the construction of
architectural structures, canons were of great importance, which determine the correspondence
and balance of parts of the building. The regular polygons or Platonic solids are widely used in
architecture.

One of the basic geometric elements in architecture is the "golden ratio". Its principle is the
highest manifestation of the structural and functional perfection of the whole and its parts in art,
science, nature. One of the most beautiful examples of the use of such a proportion is the
Parthenon, a monument to the ancient Greek architecture. The conducted studies of the types of
proportions of this structure allow us to conclude that the proportions of the "golden section" and
"golden rectangle" were used during the construction of the Parthenon.

An example of compositional symmetry in architecture is Andrea Palladio's architectural
masterpiece, the Villa Rotunda near Vicenza. Simple forms of this structure create a sense of
integrity and balance. The villa consists of simple geometric bodies: a cylinder, a cube and a
sphere. The presented plan of the Villa Rotunda combines a square and a circle, which represent
power and spirituality, respectively.

One of the main geometric elements in architecture is the Platonic Solids. The history of the
study of regular polygons is associated with the names of such scientists as Pythagoras, Euclid,
Archimedes, Plato and Kepler. The basic theory related to regular polygons contains concepts such
as: polygon, convex polygon, regular polygon. The mathematical theory of regular polygons is
based on three theorems about the basic properties of these geometric objects and Euler's theorem.

The building of the National Library of Belarus is presented as an example of the use of
Platonic solids in modern architecture.

Summing up the results of the analysis of the role of geometry in the development of
architectural thought, we can conclude that these sciences are complementary. The mathematical
apparatus used in architectural design is not limited to formulas of special proportions and special
sections of stereometry. The modern architecture is a synthesis of fractal analysis and mathematical
modeling based on the properties of curves and surfaces.

Key words: golden ratio, Platonic solids, polyhedron, ancient Greek architecture.

Crarrsa Bigmpasinena: 27.01.2021 r.

© Apmasa O.0.
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ANALYSIS OF THE APPLICATION OF BASALT (BASALTOCOMPOSITE)

NET IN CONSTRUCTION
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Kharkiv National University of Municipal Economy named after O.N. Beketova,

Kharkov, Marshal Bazhanov, 17, 61002

Xapkiecokutl HayioHanbHUlL YHigepcumem micbko2o eocnooapcmesa imeni O. M. bexemosa,
Xapxie, Mapwana basxcanosa, 17, 61002

Anomauin. Y pooomi po3ensiHymi 0cooau80cmi GUKOPUCMAHHS O0A3ATbIMOBOT CIMKU 8 AKOCMI
anbmepHamueu mpaouyiliHo 3acmoco8y8anum Memanesum ado CKI0B0JOKOHHUX Mamepianie, a 6
Oeskux cghepax (00podcHe OVOIBHUYMBO, APMYBAHHA KIAOKU) - ROBHOI 3amiHu iX. Y nopieusaHHi 3
Yacmo  BXHCUBAHUMU 8  OOPOJHCHbOMY  OVOIBHUYMEI  CimKamMu HA  OCHO8I  CKIOB0JIOKHA
0a3a1bMOKOMNO3UMHI 2€0CIMKU: 3HAYHO WeUoule i NosHiue NPocouUyomovcsa 6'sa3kum (bimymue
8's01Cyye npu 8UNYCKy CimKuU OISl APMYBAHHSA AChanIbmobemoHHUX Wapis i noliMepHe Cnoay4Ha 0
CIMOK, NPUBHAYEeHUX O/ GIAULIMYBAHHS 2e0KOHCMPYKYIll), maiomsb Oinows Hidc 6 10 pazie Hudcuy
2iepockoniynicms,  60100itomb  Oinbwioro (6 1,26-1,53  pasu) npyscnicmo, memnepamypa
3acmocysanns 8 pasu suwe (-260 ° C - + 600 ° C y 6azanemy npomu -50 ° C - + 380 ° C y ckaa);
OitbwL cMitiki 00 8NIUBY ASPECUBHUX Cepedosuly (empama éacu nicis 3 200UH Kun'asminHs y 800i
mernue 6 3,9 pasu, 6 kucniomi HCI - ¢ 17,7 pa3s, 6 nyeu NaOH - menwe 6 2,2 pasu).

Knwuoei cnosa: oOaszanvm; 6Oaszanvmosi cmosenu, KOMNO3UMHI mamepianu, 0azanbmoge
B0JI0KHO,; NPUPOOHI MiHepanu, 0a3a1bmoKOMNO3UMHI 2e0CTMKU

Beryn.

OaHuM 3 OCHOBHUX CHOCOOIB CTBOPEHHS HOBHMX MOJIIMEPHHX MaTepialiB, Kl
BI/IMOBIJIAIOTh 32 CBOIMH  XapaKTEPUCTUKAMU BHUMOTaM  PI3HUX  Taly3eu
MIPOMUCIIOBOCTI, € MoAM(]IKaIis ICHYIOUYHUX MOJIMEpiB, B TOMY YHCII CTBOPEHHS
HAMIOBHEHMX MOJIMEPHUX KOMIIO3ULIMHUX MartepianiB. CydyacHi €KOHOMIYHI YMOBH
BUMaraloTb OTPUMAaHHsS MaTrepiajiiB HE TUIBKM 3 BHCOKMM KOMILJIEKCOM
XapaKTepUCTHUK, ajie 1 JOCTyMHHX, 3 JOCHTh HH3BbKOIO BapTicTiO. ToMy BeluKi
MOTEHITIHI MOYJIMBOCTI TOJIMIICHHS XapaKTEPUCTUK KOMIIO3UIIMHUX MaTepiaiB
3aKJa/ieHl B BUKOPUCTAHHI HEAOPOTUX 1 €(PEKTUBHUX HAMOBHIOBAYIB, B YUCIO SIKUX
BXOJUTH Oa3anbT [1].

OCHOBHMH TEKCT.

Ha croroanimHiii 1eHb 0a3aabTOBI CITKM 3HAXOIATh BCE OlIbIIe 3aCTOCYBaHHS B
HACTYIHHUX BUAaX OyAiBEIbHUX POOIT:

- apMyBaHHS TOPU30HTAJIbHUX IIBIB KJIAJKU. 3aCTOCYBaHHS CITKHA IS
apMyBaHHS 3017bIITY€E MIIHICTh KJIAJAKU CTIH 3 mopuctoro 6erony Ha 30%, MIIHICTH
KJIQJKU 3 KEePaMiuHOTO KaMEHIO MYCTOTHOCThIO 0 56% Ha 16% (mpu apmyBaHHI
yepe3 lpsa mpu Bucotri kiaaku 220mMMm). BukopucranHs 0a3aiabTOBOI  CITKH
JIOTYyCKAEThCSl TPU  KJIAJII HA [EMEHTHHM, KIeHOBUN, BaNHSHUNA PO3YHH.
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3acToCyBaHHsI CITKM 3 OCepeakoM 25 X 8§ MM JJisi apMyBaHHS KJIQJIKU J03BOJISIE
ICTOTHO 3HU3UTH BUTpATy JOPOTOT0 «TEIJIOrO» PO3YMHY MpPHU 3BENEHHI CTIH 3
BEJIMKO(POPMATHOTO MOPU30BAHHOTO KepaMiyHOro kameHro. CiTka 3 ocepeakom 25 X
25 MM 3aCTOCOBYETbCS [IJII CTBOPEHHS THYYKOi 3B'SI3KY MIDK I€TeIbHUM
OOJIMIIIOBAaHHSIM 1 OCHOBHOIO CTIHOIO 3 IOPM30BAaHHOrO KaMeHI0 abo OJIOoKiB 3
MOPUCTOTO OETOHY;

- apMYBaHHSI MACTUYHHUX MOKPIBEJIb;

- apMyBaHHS I1apiB T1IPO130JIslLlii B OaceiHax, KUTIOBUX MPUMIIIEHHSIX;

- aQpMYBaHHS IITYKAaTYPHUX IAPIB 1 CTSHKOK;

- MOCWJICHHSI CECMOCTIMKOCTI HECYUUX HETJISTHUX CTiH.

bazanbTOKOMMIO3UTHA CITKA 3aCTOCOBYETHCS ISl 3'€IHAHHS OCHOBHOI, (hacaHol
Hecy4yoi CTIHM OyAiBial 3 IapoM 3 OOJMIIOBAJIBHOI MM, sKa CXWIbHA J10
TemnepaTrypHux nedopmariiii. ba3zaabTOKOMMO3ITHUE CITKH CIIY>KaTh BIIMIHHOIO
3aMIHOIO 3BUYHUM CTaJIEBUM CITOK, aHKEpIB 1 apMarypi.

CiTKM 1at0Th MOXJIMBICTB: M1JIBULIUTH HECYUy 3/1aTHICTh 00'€KTiB OyA1BHUIITBA;
HOiABUIIUTU Teru1oed(EeKTIBHOCTh CTiH OyaAiBIl; 3HU3UTH COOIBAPTICTh OYyIIBHUIITBA;
BUPIIIUTH NpoOsieMy "MICTKIB X0101y".

Pucynok 1 - ba3zajnbTOKOMIIO3UTHA CiTKA

BiTpoBe HaBaHTa)XEHHS € OJIHIEID 3 OCHOBHUX THUMYACOBUX HaBaHTaKEHb. 31
3017BIIEHHSM BHCOTH BIUIMB BITPY 3pocTae. IHOAI HaBaHTaXEHHsS BiA BITPY
(WBHUIOKICHUN THCK BITpY) Ha BHCOTI A0 10 M mpuitmaerbes piBauMm 270 Ila, a nHa
BucoTi 100 M BoHa Bxke nopiBHIOE 570 Ila. V ripcbkux paifoHax, Ha MOPCBHKUX
y30epexoKsIX BIUTMB BITPY HabaraTo 3pocTa€. 3acTOCyBaHHS 0a3allbTOBOI CITKU MPHU
TOPU30HTAILHOMY apMyBaHHI1 KJIaJKH MiJIBUILY€E 3HAYEHHS PO3PaxXyHKOBOTO OMOPY
KJIaJKd 3 KaMEHIB NpaBWJIbHOT (OpMH Ha PO3TAr MPHU 3TUHI MO IEPEeB'I3aHOMY
nepetuny Ha 15-20% 1 30u1blilye HaBaHTaXXEHHS MOMEHTY YTBOPEHHSI MepuUIOi
TPIIIMHUA 1 PYWHYBaHHS KJIQJKW TPU BUTHHI (IPU PO3pPaxyHKy Ha JiF0 BITPOBOIO
HaBaHTAXXEHHsI).  3aCTOCYBaHHS  apMyKO4oi  CITKM  JO3BOJISI€  MIABUIIUTH
PO3paxyHKOBHM OMIp CTUCKY B 3QJIEKHOCTI BIJI MApKH CITKH 1 11 po3TalllyBaHHS B
kianii 10 30% B MOPIBHSAHHI 3 HEAPMOBAHOI KJIAJIKOIO

Po3unHH1 mBKM B Kiaami 3 razo0etoHy (abo aabTEpHATUBHOTO KJIAJOYHOTO
Marepiaiay) caMl € MICTKaMH XOJIOZY, Ta 1€ TOPU30HTAIbHE apMyBaHHS METAJIEBOIO
CITKOIO Tocuitoe edekT TertonpoBiaHocTl. CTiHa 3 HaWOLIBI TepMoed HEKTIBHIX
OJIOKIB BTpadae CBOI TeIu1030epiraroyi BIACTUBOCTI, SIKIIO BUKOHYIOTHCS LIMPOKI
mIBM a00 JOIMOBHIOETHCS 3BMUYANHOIO IIETJIOI0, IO BEAE 0 BUHUKHEHHS MICTKIB
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xosony. IlIBu mpomep3aroTh Habarato miBujIIEe OJOKIB, 1 MO BCiM iX TOBIIUHI
MMOYMHAIOTH MPOMEP3aTH 1 caMi OIoku. MICTKH TaKOX € MPUYUHOIO MOSBU HA CTIHAX
BHCOJIIB 1 IIBUIL. 3HIDKEHHSI TEMIIEPATypy HA BHYTPILIHIN MOBEPXHI OrOPOHKYBaIbHOT
KOHCTPYKLII MOX€ BUKIMKATH 3MIIIEHHS TOYKH POCH 1, K HACIIJOK, KOHACHCALIO
BOJSIHOI mapu. Tam, jie 3'BIsSE€ThCS CUPICTh, JIETKO 30MpaeThes MU, 1 He3abapoM Tam
YTBOPIOIOTHCS YOPHI, OpyAHI IssMUA. OCKUTBKU MUJ - Uy/10Ba KUBUJIbHE CEPEIOBHUIIE
JUTST  MIKpPOOpPTaHi3MiB 1 OyJAMHKOBUX TpuUOIB, TUISIMU IIBHUIKO TOKPHBAIOTHCS
ITiCHsSIBOIO. HacnmigkoMm iX HasBHOCTI BUSIBJISIFOTBCS OUIBII BHUCOKI BUTpaTH Ha
OTIaJICHHS.

BBaxkaeTbcs, 10 MICTKH XOJI0y B OYIIBJISIX MOKYTh OyTH MPUYMHOIO BTPAT JI0
1/3 TennoBoi eHeprii.

[IIBu ciiji BUKOHYBaTH SKOMOra TOHIIE. SIKICHO BUTOTOBJIEHI OJIOKH, Yy SKHUX
r€OMETPUYHI PO3MIPH CTPOro KaniOpoBaHi, YKIaIal0ThCS Ha CrieliabHui Kieid. Toxi
TOBIIIMHA IIIBA BUXOJIUTH 2-3 MM, MPHU TOBIIMHI 6a3a1bTOBOI apMyt040i CiTKH 1,5-3MMm
BUXOJUTh 17cajbHE IMOE€JHAHHS TOBIIMHHM 1 apMyBaHHS 1 BIUIMB MICTKIB XOJOIY
3BOJIUTHCS 110 MiHIMyMYy. [Ipu kmasi 13 3BU4aitHOT ETJIMHY 1€ HETOCSKHO.

Jlist  TOpiBHSHHS:  TEIUIONMPOBIAHICTE  MeTayneBoi  citku 60  B1/m?,
TEIJIONPOBITHICTH 0a3anbToBOi ciTKU (.46 BT / M2,
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PucyHnok 2 - TerutonpoBigHicTh 0232J1bTOBOI CITKH:

1). Knaoxa 3 kamento 15SH®D: 2). [lemenmno-niwanuti pozuun,; 3). Knaoka 3 oonuyrosanvroi yeenu,
4). 38'a3ku 3i cmani d = 6 mm; 5). Ymennosau 0,04Bm / (m *°C)

3aranpHOOY/I1BeIbHA 0a3ajabTOBa CiTKa 3aBISKH CBOIM XapaKTEPUCTHKAM €
e(deKTUBHUM MaTepiajioM JJIsl apMyBaHHS PI3HUX CTSDKOK 1 HAJMBHUX I1AJIOT.

ApMyBaHHS CTSDKKH MIAJOTH (B T.4. HAJIMBHUX MIJUIOT), BUKOHAHUX 3 PO3YUHY
mapku M100 1 BuIe, CIY>KUTh JUIsl 3all00IraHHS MOSBU B HUX YCaJOYHUX TPILIUH,
MiIBUIEHHS MIITHOCTI MPU BHUTHUHI B pa3l Jii 30CEepeHKEHOr0 HaBaHTAKCHHS.
bazanbroBa ciTKa 3aCTOCOBYETHCS ISl apMyBaHHS CTSKKHA 3aMICTh METaJeBOi.
ApMyBaHHS CTSDKKM TMIJJIOTH TOKpAaIly€e BJIAaCTHBOCTI OETOHY B eKCIUTyaTallii,
MIJBUILYETHCS HMOTO >KOPCTOKICTh 1 3HUXKYETbCA AeOPMATUBHICTh. ApPMYyBaHHS
CTSDKKH JIO3BOJISIE 3MEHIIMTH i1 TOBIIMHY O€3 IMIKOAW JJIsi 1i SKOCTI, IO JacTh
MO>KJIUBICTh CKOPOTUTH BUTPATy MaTepiaiB.

[Ipu BunpoOyBaHHSIX OyJIO BCTAHOBJIEHO IO 3a OLIIHKK MILIHOCTI MPU BUTHUHI 1
CTUCKY O€TOHHOI CTsDKKM (Kkjgac OeToHy Mo MinHocTi Ha ctuck B22,5-M300)
TOBIIMHOIO 50 MM, apMOBaHOi CITKOIO 3 0a3zayibTy 2-3 MM 3 ocepeakoMm 50x50 MM
(25x25 mm). PylinyBaHHA 3pa3KiB HacTymnajao npu HaBaHTaxeHHI Ncp = 1012 xrc,
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IpU LbOMY PO3TSKHE HAmpyra HMKHbOI 30HM IUIMT NPU BUTMHI CTaHOBUJIO Rt,
cp = 64,0 xr / cMm2. IliABUILEHHST eKCITyaTaliiHOl HAAIHHOCTI 1 CeHCMOCTIMKOCTI
HECYYHUX 1 HE HECY4HX CTiH, B TOMY YHUCII MEPEropoaoK, Ipu OyiBHUIITBI Oy/iBENb
JK B 3BUYAIHUX, TaK 1 B celicMOHeOe3NeUHUX palloHaX JAOCATAETHCA 3aCTOCYBAHHIM
0a3aJIbTOBOI CITKH.
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PucyHok 3 - ApMyBaHHSI CTSIZKOK

Sk MaTtepias KJIaAKu BUKOPHUCTOBYBATH T'a300€TOHHI OJIOKH KJIACOM MO MILHOCTI
Ha CTUCK He Hk4e B1,5 1 Mmapkoto mo mrisbHOCTI He HIk4ae J1500:

- Kpimnennss mneperopoaku, mo 3a0e3MedyloTh CTIHKICTh MEPEeropojioK 3
TJIONIMHY, TIOBUHHI KPIMTUTUCSA TIO BUCOTI - B 3 TOYKAaX, A0 MEPEKPUTTS - 3 KPOKOM
1200 mMm. KpinieHHst HOBUHHI OyTH KOPCTKUMHU.

- Sk po3uMHY BUKOPHCTOBYBATH KJIEW i ra300€TOHHUX OJIOKIB MIIHICTIO Ha
ctuck He MeHue 10 MlTa.

- SIk TOpM3OHTAIBHOI apMaTypud B TMEPETOpOAKaX BUKOPHUCTOBYBATH CITKY
0a3anbTOBY OYJIBEJIbHY IIMPUHOIO PIBHOK IMIHUPUHI KiIagku OmTykaTypuBaHHe
MEePEropoJIKM HEOOX1HO MPOBOJUTU B KUIbKA €TaIliB: HAa BUKIAJEHY MEPETOPOAKY
HAaHECTH TOBIIMHOIO B 1MM MHIATOTOBYMI MIap KIJIEHO; HE MI3HIII SIK 4epe3 5 roauH
HEOOXIJTHO 3aKpIMUTH BEPTUKAJIbHE apMYyBaHHS 1 3pOOUTH OLITYKAaTyPIOBAHHS IIAPOM
KJICIO, TOBIIMHA SKUX HE MEHIIE TOBIIWHU BEPTUKAIBLHOTO apMyBaHHS; micis 24
rOJUH HEOOXI1JIHO HAHECTH MOBEpPX OIUTYKaTYpEeHUX I[OBEPXOHb W€ OJMH IIap
TOBILIUHOIO B I MM.

- Ilpu ToBumHI neperopoaku 110 MM HeoOXiHO BIAIITOBYBAaTH (haxBEpPKOBI
CTIHKH uepe3 KOxHi 5,6 M.

- Ilpm ToBmmMHI meperoponku Oinpine 110 MM HEoOXigHO BIAIITOBYBATH
(baxBepKOBI CTIMKHU Yepe3 KOXKHI 7 M.

BucnoBku.

[IpyunHM BHUKOPHCTOBYBAaTH 0a3allbTOBY KJIAJOYHYIO CITKY: BHCOKa aJresis;
CTIKa JO0 KOpO3ii; HHM3bKa TEIJIONPOBIAHICTh, HABAaHTAXKECHHS Ha PO3PUB HE
MOCTYTAETHCS CTAICBUI; HE BEJIMKY Bary, BCboro 285 rp. / M2,

[Ipu 3BeaeHH1 OyiBIII Oyb-SKOi OBEPXOBOCTI JAOLIIBLHO KyIyBaTH 0a3aJIbTOBY
ciTky. BoHa 3a0e3neuuTh HEOOXiJHE 34YEIUIEHHA PI3HOTO POy MaTepiayiB IpH
BUKOHAHHI OypiBenbHHX poOiT. [locTaBiserhcsi Oa3anbToBa CITKA IS KJIAJKU B
KOMITAKTHUX, JIETKUX He Outhie 13 Kr pyJoHax MHUPUHOIO OJIMH abo JBa METPH, IO
3aiiMarOTh MIHIMYM MICIISl IPH CKJIaTyBaHHI.
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Abstract. The paper considers the features of using basalt mesh as an alternative to
traditionally used metal or fiberglass materials, and in some areas (road construction,
reinforcement of masonry) - their complete replacement. Compared to grids based on fiberglass,
which are often used in road construction, basalt-composite geonets: viscous permeate much faster
and more completely (bitumen binder when producing a mesh for reinforcing asphalt concrete
layers and polymer binder for networks intended for geo-structures) have more than 10 times lower
hygroscopicity ; have greater (1.26-1.53 times) elasticity, application temperature is several times
higher (-260 ° C - + 600 ° C in basalt versus -50 ° C - + 380 ° C in glass);, more resistant to
aggressive environments (weight loss after 3:00 boiling in water is 3.9 times less, in HCI acid - 17.7
times, in NaOH meadows - 2.2 times less).

Key words: basalt; basalt pillars; composite materials; basalt fiber, natural minerals, basalt
composite geonets
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AHnomauin. Y cmammi oKpecieHO GUKIUKU, SIKI CmMasums apXimexmypa nepeo MatlOymuim
Gaxieyem. OOHuM i3 HUX € OnpayrO8anHs 00 €KMI8 MOHYMEHMANbHO20 Ou3zatHy. Tomy asmopu
6ceOiuno nidithuau 00 po32isidy NOHAMMS MOHYMEHMANbHULL OU3AalH, 5Ke HOKU WO € ue
00CMAamHbO HOBIMHIM [ 00 KiHYS He BU3HAYEHUM, XOud seuwje ICHYE NPaAKMuyHo 6i0 NosA6U
00cmea. Y 36’s3Ky 3 yum 0yino 3podieno cnpody 3’sacysamu Cyms ybo20 heHoMeHY, 00CAI0HCYIoUU
CNOpIOHEeHT NOHAMMSA i3 2a1Y3i MUCMEYMEA.

Kniouogi cnoea: monymenmanvHuil Ou3atii, MOHYMEHMANbHe MUCEYMBO, MOHYMEHMANbHO-
dexopamusHe MUCMEYMB0, MOHYMEHMAIbHe MicmobyodigenbHe MUCMEYmeo, MOHYMEHMANbHA
CKYTbnmypa, MOHYMEHMATbHUU HCUBONUC.

Beryn

Buma mkona Mae Ha METI NMIATOTYBaTH apXiTEKTOpa, SKUW HE TUIBKH BMi€
rpaMOTHO ToAaTH 1 OQopMHUTH HalIp TEXHIYHUX KpEClIeHb, a € HacaMIlepe.
KpPEaTUBHOIO OCOOMCTICTIO, SIKa OPTaHIYHO MOEAHYE y POOOTI PUCH XYIOKHHKA-
MUTIS, 1HKeHepa Ta BueHoro. llei ¢axiBeup, B mporeci cBOe€i mpodeciitHoi
TISTBHOCTI, Ma€ OyTH TOTOBUM 3HAXOJWTH BIJIMOBIJI HE TIIBKM HA MparMaTH4HI
MUTAHHS B raixy3i apXiTeKTypH ¥ MicToOyayBaHHs. SIK JTOAMHA IMHUPOKOI epyaulii Ta
BHCOKOI KyJIbTYpPH BiH Ma€ MPOIYKYBaTH IIKaBl PIIEHHS MPU MOLIYKY ONTUMaIbHOI
€CTETUYHOI CKJIaJ0BOi MPOEKTOBAHOTO 00’€KTy. SIK rpomMaachKuil Aisid, MaOyTHIN
apxiTeKTOp Mae OyTH TOTOBMM TICHO CIBOPAIIOBATH 3 CYCHUIBCTBOM, HE
3aMHUKalO4MCh BIJl CBITY Y CBOiii MaiicTepHi, 0O TIIbKM CIOXHBad4l MOXYTb
00’€KTUBHO OKPECIHUTH TI NMOTPeOH, sIKI Mae BUPIIMUTH (paxiBelb. A OTKE BHIIA
IIKOJia TOBMHHA TMIJATOTYBaTH Takoro (axiBis, SKUM J00pe YCBIJOMIIIOE YBECHh
KOMIUIEKC TIOCTaBJICHHX 3aBJaHb Ta BOJIOAIE BHUCOKHM TBOPYMM IOTCHIATIOM Ta
pIBHEM 3HAHb 1 BMIHb CIIELIANI3YBaTHCS Y OyAb-sIKIiA Taiy3i apXiTeKTypu. OJHI€IO 13
TaKUX Taly3e¥ € MOHYMEHTAIbHUM JU3AIH.

Bukiaja marepiany

Tepmin «MoOHyMEHTaIBHUN JHM3aliH» BU3HAYA€ BUJI TPOCKTHOI ISUIBHOCTI,
METOI0 SIKOi € (popmMyBaHHS (QYHKIIIOHATBHUX, 1IE0JIOTTYHUX Ta €CTETUYHUX SAKOCTEH
00’€KTIB MOHYMEHTAJIBHOI apXITEKTYpH, MOHYMEHTAJIHHOTO Ta MOHYMEHTAaJbHO-
JIEKOPAaTUBHOTO MUCTEUTBA. SIKIIO B3SITH OYKBaJIbHO CIOBO «JIU3aliH», TO BOHO OyJe
BIJNIOBIIHUKOM CJIOBY «IIPOEKTYBaHHs». Y IIUPIIOMY pO3yMIiHHI AW3aiiH — 1€
LTICHA CHCTEMa MUCJIEHHS, sIKa 3/1aTHA TBOPUTH 1€l Y KEPYHKY MaKCHMaJIbHOIO
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YHOPSDKEHHST cepu KUTTEMISIIBHOCTI JIIOJIMHM 1 CKEpOBaHA Ha TapMOHI3alliio
apXITEKTypHO-TIPEAMETHOTO  cepeloBuIIa. SIK yHIBEpcaiabHE SBHILE, IWU3alH
OPUCYTHIH B yCIX BHJAaX MHCTEUTBA. ApXITEKTypHa [ISJIBHICT y Traiysi
MOHYMEHTAJIBHOTO JM3aiiHy mnepeadayae 3HAHHS 3aKOHOMIPHOCTEW TBOPEHHS Ta
PO3yMIHHS TIPOIIECY YNPOBAHKEHHS B  apXITEKTYpHE CEPENOBUINE TBOPIB
MOHYMEHTAJIBHOTO MUCTEIITBA.

MoHyMeHTaJIbHE MHUCTEITBO II€ BHJ IUIACTUYHUX MUCTEITB, IO OXOIUTIOE
IIMPOKHUI TepesiKk TBOPIB, SIKI CTBOPIOIOTHCS AJIE KOHKPETHOTO apXiTEKTYpPHOTrO
cepeZoBHUIA 1 BIJAMOBIIAIOTh HOMY CBOIMH 1JIEHHUMH SKOCTSIMU, a TAaKOXK 30POBOIO,
apXITEKTOHIYHOIO Ta KoJiipHOIO Oy10BOO [1]. Lli TBOpHM yacTo cTaroTh 00’ EMHUMHU YU
3MICTOBHUMHU JIOMIHAHTAMU apXITEKTYpHUX aHCaMOJIB 1 3BUYAHHO * BHCTYIAIOTh
pENEPHUMU TOYKAMH Y MiCBKOMY CEPEIOBHIIII.

CnoBO «MOHYMEHTAIILHUIY Ma€ KiJIbKa 3HaueHb. [lepiie 3 HuX BKa3zye Ha Te, IM10
MOHYMEHTaJIbHI 00’€KTH MalOTh Bpa)KaTH CBOIMH PO3MipaMu Ta BEJIMYHICTIO, OTXKE
BOHU HE MOXYTh OTOTOXKHIOBATHUCS 3 TPOCTO NPHUKPAIIAHHIM YH JIEKOPYBaHHSIM
MOBEPXOHb. J[pyruM 3HAaYEHHSAM € TOHATTS «JIHOMHHM 3MICTY» MOHYMEHTaJIbHOTO
TBOPY - BIH 3aBXIH Ma€ yocoOJtoBaTH B coOi siIKych MHOOKy ineto [2]. Lla imes
JIOCUTh OyKBaJbHO TIepeAaBajacs paHilie, KOJIU apXITeKTOPHU Ta XYHAOKHUKH
OMHPANUCA HAa MOBY KJIAaCHMYHOrO MHCTEUTBa 1 Ayxke 3MiHmwinaca y XX Ta XXI
CTOJIITTSX, KOJM MUTIII TTOYaIH BJABATHCS 10 y3araJlbHCHHS Ta CTHJII3aIlii.

MoHyMeHTaIbHO-IeKOPaTUBHE MHUCTEITBO — BHUJ 00pPa30TBOPYOrO MHUCTEITBA,
IO YacTO MOEAHYIOTH 3 apXITEKTypOI YHM IHTETPYIOTh y MPHUPOAHE OTOUYCHHS.
OCHOBHMMH MOTrO pI3HOBUAAMH € >KMBOIMC, CKYJBNTYpa, JEKOPAaTUBHI (OpMH i
€JIeMEHTH 03700JIEHHS 1HTEep €py Ta €KCTEp’ €py: To0eseH, KepaMika, KUIMMapCcTBoO,
KyBaHHSI, BITpaX, XyJOXKHE JIUTBO, Pi3bOSPCTBO Ta 1HII. TBOPM MOHYMEHTAJIbHO-
JEKOPAaTUBHOTO MHCTEITBA HECYTh BHCOKE 1JCHHO-TEeMaTHYHE HaBaHTAXCHHS,
YBIYHIOIOTh 1CTOpPUYHI TMOJii, MPOBIAHI coIianbHl W (dimocodcrki iaei yacy,
BIJIIFPAIOTh BAXJIMBY pOJb B OQOPMIIEHHI apXITEKTypu CIOPYJ CaKpaibHOTO
npusHayeHHs. [IpoTe 11 TBOpM BKE € JEII0 MEHIIMMHU 3a po3MipaMu. SKio y
MOHYMEHTAJIbHOMY  MHCTENTBI  JOMIHYIOTH  00Opa30oTBOpPYl OCHOBH, TO V
MOHYMEHTAJIbHO-ICKOPATUBHOMY  MUCTEITBI  TEPEeBakalOTh  apXITEKTOHIYHO-
opHaMmeHTalibHI ¢opmu [3]. OTKE OCHOBHUM IXHIM MPU3HAYEHHSIM € MPHUKpAIIaHHS
OyniBesb, MICBKOTO JaHamadTy Ta 00'€KTIB MPEIMETHOTO CEPEAOBHIIIA.

Y By3bKOMYy 3Hau€HHi, BIANOBIAHO JO 3MICTY TMOHATTSA "'MOHYMEHTAJIbHUUN
TU3aifH", MOXHa TOBOPUTH TIPO OKPEMi BHIM MOHYMEHTAIBHOTO MHCTEITBA!
MOHYMEHTAJIbHY CKYJBNTYPY W KHUBOMHC Ta iX PI3HOBHUH, & TAKO)K MOHYMEHTAIbHE
MiICTOOYIIBHE MUCTEIITBO 1 apXiTEKTYpYy.

Tax MOHyMeHTambHE MICTOOYMIBEIbHE MHCTEITBO MAa€ HAa METI BUPIIIUTH
MUTAHHS CTBOPEHHS 3arajlbHOMICBKMX KOMIUICKCIB, SIKI HAMOBHEHI 3HAYMMHUMH
OyIIBJISIMA T'POMAJICBKOTO XapakTepy, W0 BIAPIZHAIOTECA 3a po3MipaMHu |
CTHUJILOBUMU O3HAKaMU BiJ psi0BOi 3a0y10BU. byniBii Ta ciopyiu MOHyMEHTaIbHOL
apXiTEKTypu 1€ OKpeMi apXITeKTypHI 00'€KTH, TMEepeBaXHO BHUKOHaHI 3a
IHIUBIAYAJIbHUMH TPOEKTaMHU, B o00pa3l SKUX BIJOOpaKarOThCS E€KOHOMIYHI,
17IC0JIOT1UHI ¥ KYJIBTYpHI 3acaJid CyCHUIbCTBA; 30yJ0OBaHI Ha 3rajKy MHpoO BHUAATHI
noAii B icTopii Halii 1 HApOMiB, Ha BiA3HAKy BuaaTHux Jwoaei [4]. [Ipore okpim
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OyniBl - TOMIHAHTH, sika popMye HaBKOJIO ceOe MICTOOYIIBHUN aHCAMOJIb, 11€ MOXKE
3 yCHIXOM BUKOHYBAaTH 1 MOHYMEHTAJIbHA CKYJBITYPA, SBISIOYUCH LIEHTPOM IIJIOLI.

MonyMeHTallbHa CKYJIBITYpPa 1€ MUCTELBKUI TBIp, 110 BUKOHAHUM MEPEBAKHO
y TICHIA CHIBOpalll apxiTeKTopa 1 CKYJbINTOpa Ta MPU3HAUYECHUN IS YBIYHEHHS
mamMm’sTi PO BHJATHUX JIoAeH abo ictopuyHi mofii. Jlo MOHyMeHTaIbHHX (HOpM
HaJIeKaTh NaM’ SITHUKH, MOHYMEHTH, MEMOPIaJi, 110 MOXYTb OyTH CKYJIbIOTYPHUMHU
rpynamu, CTaTysMH, MOTPYIIsIMH, IJIUTaMH 3 Topenbedamu abo Oapenbedamu 3
Hamucamu, TpiymdanbHi apKd, KOJOHM, OOENICKH, T'POOHMIN, HAATPOOKH, Xpamu-
nam’ITHUKH, apX1TEKTYPHO-CKYJIBNTYpPHI MeMopianu [5].

Tak, nanpuknan, a8 Benuki apku [lapwka: TpiymdansHa ta Benuka apka y
paiioni [ledbanc, mo mnoeanani OynbpBapom Illapns ae Tomist - 1CTOPUYHOIO
MICTOOY/IIBHOIO BiCCIO, IO NiepeTruHae CeHy, He TUIbKU TBOPATH KOKHA CB1il OKpeMHUid
MOHYMEHTAJIbHO-MICTOOYIIBHUI aHCaMOJib, a W MPEICTaBISAIOTh CTApUil Ta HOBHMA
[Tapuwx. TpiymdanbHa apka Oyna moOymoBana Ha tiomni 3ipku y 1806-36 p.p.
BIJINOBIIHO 710 TIpoekTy apxitektopa JKana Illamsrpena, 3a BkasiBkoro Hamoneona
bonamapra 1 Mana Ha MeTi 3BeNWYyBaTH MOABUTH ioro apwmii. Bemmka Apka
BbparepcTBa mpesncrasisie co60r0 OAMH 13 aMOITHUX MPOEKTIB mpe3uaeHta dpancya
MitTepana, BukoHanuii y 1989 3a mpoekToM HaHChKOro apxitekropa Moxana OTTO
¢don CnpekenbceHa. CBO€I0 JIAKOHIYHOIO apXITEKTYPOIO BOHA BIAMOBIAAE MOJIHUM
TeYisiM Jpyroi MOJOBUHU XX CTOMTTA. Tak 1€l MOHYMEHTaJIbHUH OO0 €KT €
3aBEPIIECHHSAM I1JI0T0 aHCaMOJIt0, IO SIBJIIE COOOIO BICh, sika MPOXOAUTH Bia JIyBpa,
yepe3 obeick Ha ol 3roau Ta TpiymdansHy apky (pucyHOK 1, 2).

N

=

0
I

Pucynok 1 — Besqimka Apka bparepcrBa y paiioni dedanc, Ilapux.
Pucynok 2 — Bun Big Besankoi Apku bparepcrea Ha Tpiymdanbny apky.
IDicepeno: @omo FO.JI. bocoanosa. 1916 pix.

[le ogHUM BHAOM MOHYMEHTAJIBHOIO MHUCTELTBA € MOHYMEHTAJIbHUI )KMBOIIKC,
TBOPU SIKOTO TMpPHU3HAYEHI AJISl IHTEP €pIB Ta €KCTep €pIB apXITEKTYpHUX 00’ €KTIB,
IPOTE € CaMOCTIMHUMU 3a CBOIMH XYJI0’KHBbO-OOpa3HUMH pilICHHSMH. BiH BUKOHY€E
3MICTOBI Ta JEKOpPaTUBHI (PyHKIIIi, pO3paxOBaHUN Ha CIIPUUHSATTA 3 Pi3HUX CTOPIH 1

ISSN 2567-5273 63 www.moderntechno.de



Modern engineering and innovative technologies Issue 15 / Part 1 éw

yacTo 3 meBHOi BiAcTaHi. O0’€KTM MOHYMEHTAJIbHOTO >KHUBOIIUCY CTBOPIOIOTH Yy
PI3HHX TEXHIKax: BITpaXk, Mo3aika, posmuc, crpadito, dpecka, mypan ta iH. [6].
Haii6inpm TpaguiiiiHuM Uit Hac 3 LbOTO MEPEeIliKy € PO3MUCH, BITPaXKi Ta MO3aiKH y
cakpaJIbHUX 00’€KTaX, K HOBHUX, 30yJOBaHUX 3a Yac HE3aJEKHOCTI YKpaiHu, Tak 1
JaBHI, 110 CSTal0Th CBOEIO ICTOPIEI0 TMUOMHM CTOMNITh. IIpoTe paasHChKUi mepion
TEX BIJI3HAYMBCS BEJIMKOIO KIJIBKICTIO MO3aiUHUX MAHHO Ta PO3IHUCIB Y TPOMAJICHKUX
00’€KTax, IO MPOCHABISUIA POOITHUKIB PI3HUX mpodecii, icTopudHI MOmil Ta
BUJIATHUX 0C10, YHAOUHIOIOYH NMPU3HAYEHHS OyIHHKIB.

Koxxen mpaButenp HaMmaraBcsi 3ajJUIIUTH MO coO1 3HaK 1 3BOAUB 00’ €KTH
MOHYMEHTQJIBHOTO JM3aliHy Ha HAWBaKJIMBIIIMX TUIONIAX Ta BYJHISIX CBOTO MiCTa.
IIpore, 3 IUIMHOM  4acy, 3MiH}0BaHaC$I _Biaza 1 3MiHIOBaJ'H/IC$I nam’ ITHUKH '1"1'
MICBKI HpOCTOpI/I, 110 Ha6araTo pijIre 3MIHIOBAIM CBOI MEXI1 HIXK CBOE apX1TeI<TypHo—
MUCTEIIbKE HamoBHEHHSA. B VYkpaiHi NMUTaHHS MOMITHKO-1€0JOTIYHOTO AacCHeKTy
MOHYMEHTQJIBHUX TBOPIB € 3apa3 HaJA3BUYAWHO aKTyaJbHUMHU. Y PI3HUX pErioHax
KpaiHH, HA MOYaTKy TPETHOTO TUCSYOIITTS, BCTAHOBIIOIOTh MOHYMEHTH, SIK1 1HKOJIH,
JlaMeTpaJIbHO MPOTUJICKHI 3a 3MICTOM Ta 3HAYMMICTIO JuIs Hamii. I{i mam’sTHHKH
3arasaloTh Y MUHYJIE, IK€ OKpeMI TPYMH JIOJEH POo3yMIIOTh 3 PI3HUX NMaTPIOTUYHUX
no3uiiii. OYeBHIHO, IO 1JIE0JIOTIs, SIK CYCIUIbHA CBIJIOMICTh, € Bi1JIOOpa’KEHHSIM
CBITOTJIATHUX 171 CYCIJIBCTBA 1 BHUCTYIA€ SK IHCTPYMEHT PO3BUTKY BITHOCHH,
BIUTMBAIOYM HA MOTO apXITEKTypy il MOHYMEHTaJbHUI JU3aliH.

3ak/II0YHi BUCHOBKHU.

Byno oxpecieHo psii 0cOOMMBOCTEN, 1O MOB’sI3aH1 3 BUBHAYCHHSIM MOHSTTS Ta
00’€KTIB MOHYMEHTAJIBHOIO JAW3allHy y MICBKOMY CEpElIOBHUIIl, [J€ OKpIM
apXxiTeKTopa, MPAIIOI0Th e CKYJIBITOPH, XYI0KHUKH, TU3AMHEPH. 3a apXiTEKTOPOM
3QJMIIAETBCS TIPABO TMPOEKTYBAaTH SK BEIUKHNA MICTOOYMIBHUN KOMIUICKC YH
OyIMHOK, Tak 1 MOHYMEHT, MeMOpiaJl a TaKOX MpeAMETHE HAMOBHEHHS -
pPI3HOMaHITHI MaJji apXiTeKkTypHi ¢Gopmu, oOJagHaHHS, CBITWJIBHHKH, MeOI,
€JIEMEHTH JCKOPATUBHOTO 03/00JICHHS 1 T. 1H. AJle HaWBaXXJIMBIIIUM OOOB’SI3KOM Yy
dbopMyBaHHI apXITEKTYpPHO-NPEIMETHOTO CepeloBHINa € Oe3MepeuHO KOMILUIEKCHE
PO3YMIHHSI yCIX BHJIIB TBOPYMX 3aBJaHb, sIKI HEOOXIJHI IS CTBOPEHHS I[bOTO
CEpeIOBHUIIIA.
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Abstract. The article outlines the challenges that architecture poses to future professionals.
One of them is the processing of monumental design objects. Therefore, the authors
comprehensively approached the consideration of the concept of monumental design, which is still
quite new and not yet fully defined, although the phenomenon has existed almost since the advent of
mankind. In this regard, an attempt was made to clarify the essence of this phenomenon by
exploring related concepts in the field of art.

Keywords: monumental design, monumental art, monumental and decorative art, monumental
urban art, monumental sculpture, monumental painting
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Aunomayusn. B pabome npeodnosicen nooxo0 K peuweHur) psaoa  ApxXumexmypHo-
2padocmpoumenbHblX npoodiem UHOYCMPUaibvlx 20po0o8 Cubupckoeo pecuona 6 yensax
docmudicenuss ux ycmouuugoeo pazeumus. Ha mamepuane, nonyuenHom 6 X00e HAYYHbIX
UCCe006aHUll,  NPOAHATUZUPOBAHLL  NPoOAeMbl  YPOAHUBUPOBAHHBIX — meppumopuil  (He
APMUKYIUPOBAHHBIX HCUTIBIX, 0e2PAOUPYIOUUX NPOMBIULIEHHBIX U NP.) 8 20p00ax MHCHOU Yacmu
3anaonoi Cubupu, 3ampoHyma npooiemMamuxa ux apXumexkmypHoU DeHO8ayuu U COXPAHeHUs
UCTOPUKO-aPXUMEKMYPHO20 HACLe0Usl INOXU MOOEPHUSMA.

Knrwouesvte cnosa: ypoanusuposantvle meppumopuu, apXumeKmypHas peHosayus, 00beKmol
9NOXU MOOEPHUIMA, KYIbMYPHOE HACLeoue, KOHCMPYKMUBUIM.

BBenenue.

B nacrosiiiee Bpemsi BbIIBUIIACh HEOOXOAMMOCTD MCCIIEIOBAHUN apXUTEKTYPHO-
IPaJlOCTPOMTENLHBIX, COLMAIBHBIX M  DKOIOTMYECKHX IIPOOIEM peHoBaluu!
ypOaHU3UPOBAHHBIX TEPPUTOPUI B HHIYCTPUAIBHBIX TOPOJAX IOKHOM YacTH
3amagHod  Cubupu, CcHOPMUPOBAHHBIX B TMEPUOJ TMEPBBIX MATHIETOK H
UHIycTpuanu3anuu (nepsas Tpetb — 60-e rr. 20 Beka), ¢ pacroiaoKeHHbIMU HA HUX
oOBeKTaMH  3MOXHM  MOACpHM3MA. Hanwume  nerpagupyronmx OSKWIbIX U
HEUCIIOJIh3YEMBIX TMPOMBINIJIEHHBIX TEPPUTOPUNA MPUBOJUT K HEIOCTATOUHOMY
IPagoOCTPOUTENHPHOMY KOMGMOPTY, OOCHHEHUIO WHAMBUAYAIBHBIX OCOOECHHOCTEH
TOPOACKHUX MOCETICHUM.

I]env: m3ydyeHWe OCOOEHHOCTEH W MPOOJIEMAaTUKH aAPXUTEKTYpOH PEHOBAIUU
ypOaHU3UPOBAHHBIX TEPPUTOPUI, COXPAHEHNE KYIBTYPHOTO HACIEAUS MOJEPHU3MA.

OcHosnbie 3a0aqu: - N3yunth 0COOEHHOCTH apXUTEKTYPHO-
IpaJioCTPOUTEIBLHOIO HACHEIUs AMOXH MOJIEPHU3MA B MHAYCTPHAIBHBIX TOpoAax; -
[Ipennoxuts aaropuT™M aHajM3a MNpoOJIEeMaTUKU HX peHoBanuu;, - Ha ocHoBe
CUCTEeMAaTH3allMU KYJbTYPHOTO HACJEIUsI 3MOXH MOJEPHH3MAa B HMHAYCTPUAIBHBIX
ropo/iax, U3JI0KUTH MMPUHITUTIEI KX COXPAaHEHUSI.

MarepuaJjibl 1 METOABI

MopaepHusM B apXuTeKType, Kak oOmemMupoBoe sBieHue [1], BKiIro4aer
CIIENYIONIME HaIpaBJCHUS: EBPOMEHCKUN (PYHKIIMOHAIN3M; KOHCTPYKTHUBU3M |

' B maHHOM HCCIICIOBAHUH MTOJT TPMUHOM «PCHOBAIIMY MTOHUMAETCS aJaNTHBHOE MOBTOPHOE
WCTIOJIb30BaHKE TEPPUTOPHI B 3aCTPOUKH KaK peHTa0elbHas Mepa COXPaHEHHSI TOPOJICKOH CpeIbl.
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paunoHamu3sM B CoBerckoit Poccum B 1920-30-x rT.; nBHKeHHE «Oayxays» B
['epmanumn, apXUTEKTypHbIE CTHJIM —ap-A€K0, OpyTajan3M, HHTepHAI[MOHAIbHBIH,
OpraHuyecKkas apXuTeKTypa. B pamkax cTaTb, OCTAaHOBHMCS Ha OJHOM U3 Haubosee
ApKUX  OTBETBJIECHUI paHHEro MOJIEpPHM3Ma — COBETCKOM aBaHrapae /
KOHCTPYKTUMBH3ME. OTa apXUTEKTypa cTajda aOCOJIOTHO HOBBIM BESHUEM B
aApXUTEKTYpE U BOEYATIIsLIA BeChb MUP. KOHCTPYKTUBU3M M aBaHTap]] rOCHOICTBOBAIN
Ha Tteppuropun CoBeTckoil Poccuum HENpONOIKUTENBHOE BpEMs, HO YCHEIH
OCTaBUTh MHOKECTBO MPOPBIBHBIX, YHUKAJIBHBIX 3/IaHUM, KOTOpPbIE celyac SBISIOTCS
00BbEKTaMH KYJIbTYPHOTO HACJIeUsl U JOCTONPUMEYATETbHOCTIMU CTPAHBI.

B roxHoit yactu 3amagHoit Cubupu, B mepuoj; cTpouTenbcTBa Ky3HEKoro
MeTaJypruueckoro komouHara (ropoa Hosokysuenk), B 1920-30x rr. Benuch
IpafoCTPOUTEIBHBIE pa3zpaboTKu MJIAaHUPOBKHU Couropona BEIYILIUMHU
OTEUECTBEHHBIMU M HMHOCTPAHHBIMHU apxutektopamu, cpeaun Hux — A.B. Illyces,
Opatbs Becaunsi, 3. Maii. Couropos BaxkeH HoOBOKy3HEIKY Kak 4acTh €r0 UCTOPHH
Y OJIMH U3 HEMHOTHX COXPAaHUBIIUXCA MAMSTHUKOB KOHCTPYKTUBU3MA [2].

B wunngyctpuansHeix roponax (HoBokysueuke, IIpokomnbeBcke, JleHuHCKe-
Ky3Hnelnike u ap.) ObUIM OCTPOECHBI MOJEPHUCTCKUE 3/IaHUS, KOTOPbIE AECATUICTUSIMU
(GbopMHpOBaNK JIUILIO 3TUX TOPOAOB, YaCTh U3 HUX MO CEW J€Hb HE YTPATUIIN CBOETO
NEPBOHAYAIBHOTO (PYHKIIMOHAIBHOTO Ha3HaueHus. K 0oiblIoMy cokajaeHHIo, OHU He
OTHOCATCA K ropoaam ¢ HaciaeaueM moaepHusma FOHECKO [3]. Moxer no3aroMmy
3IaHUsI 3TOM BIOXH, JAXE TE, KOTOPBIE BBISBICHBI KaK OOBEKTHI KYyJIbTYPHOIO
Hacjenusl B JIy4lIeM cllydae, €lI€ HaxOoIATCAd B 3KCIUTyaTaluH, B XYyAIIEM — HUX
COCTOSIHME OJM3KO K PYMHHpPOBaHHOMY (Hampumep, ['octuHuna BepxHell kojoHUH,
Crapsiii kopriyc CMU, kunoteatp Aprema u 1ip.).

IlepBble MHOTOKBapTUpHBIE 31aHus Conropoa Hadaym cTpouth ¢ 1930-x rr. mo
IIPOEKTY HEMELKOro apxurtekropa J. Mas (pucyHok 1). B HHMX wucnosb3oBaics
mabiioH, npumeHsiBiuiics Maem Bo ®pankdypre-na-MaiiHe, B 11€JI0M K€ OHU OBLIH
BJIOXHOBJIEHBI 31aHusiMu KopOro3pbe W BO3BeAeHBI B Jyxe (¢yHKUHOHAIM3Ma. B
Hacrosiee BpeMmss HoBoKy3HEK ABIsIeTCS €AUHCTBEHHBIM TopoaoM B Poccun, rae B
TaKOM 00BEME M IEJIOCTU COXPAHUIIOCh ApPXUTEKTYPHOE HACIEIUE OPUTHHAIBHOTO
MacTtepa dMoxXu MoAepHu3Ma J. Mas.

Ha ceromHsmHuii JOeHb, B CBSA3M C HU3KUM KayeCTBOM apXUTEKTYPHO-
XYJI0)KECTBEHHOTO O0JIMKa YpOaHU3UPOBAHHBIX TEPPUTOPUM B HMHJYCTPHUAIBHBIX
ropojiax, rie¢ 4acTO HapyIIaeTcs rapMOHUYECKOE B3aUMOJICUCTBHE MPOMBIIIJIEHHOM,
KWIOW 3aCTpOMKM M TPUPOJHOIO OKPYKEHHsA, Ha3pena HEoOXOAMMOCTh UX
PEKOHCTPYKIMH, PEHOBALIUU.

Br1siBeHBI OCHOBHBIE MTPOOJIEMBI TTPH PEHOBAILIMU: W3HOIIEHHOCTh WHKEHEPHBIX
ceTelt, crmaboe WHPPACTPYKTypHOE OOECIeUeHHUE; HKOJIOTHYECKAs HEMPHUTOTHOCTH
TEPPUTOPUHU, OOBEKTOB K OIKCIUTyaTallid; HECOOTBETCTBHE  CTPOUTEIBHBIX
KOHCTPYKIIUHA COBPEMEHHBIM HOPMATHUBHBIM TPEOOBAaHUSIM; IOPUIUYECKUE ACTIEKTHI
(HaJIMYMeE HECKOJIbKMX COOCTBEHHUKOB); Pa3pyIlE€HUE U CHOC O0BEKTOB MOJEPHU3MA;
OTCYTCTBHUE COBPEMEHHBIX 0OIIECTBEHHBIX MPOCTPAHCTB.

[IpoBeneHO HccaeAOBaHUE HECKOJIBKUX YPOAHU3UPOBAHHBIX OOIIECTBEHHBIX U
X035IHCTBEHHO-TIPOMBIIUIEHHBIX TEPPUTOPHM, MPEMIOKeHO (OPMHUPOBAHHE B HHUX
0JIarOyCTPOCHHBIX 30H C PEKPEALMOHHBIMU (DYHKIUSIMH.
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PucyHnok 1 — :xxuuas 3acrpoiika Couropoaa B Hopoky3Henke

Pe3yabTaThl HCCJIEI0BAHMS

B memom, pemeHuss 0o pEHOBAUMM JKWIbIX 3JaHUA W XO35WCTBEHHO-
MIPOMBIIIJICHHBIX YYaCTKOB, C O3€JICHEHUEM JSTHUX TEPPUTOPUM, MOMOTYT CHU3UTH
TEXHOTCHHYIO0 Harpy3Ky Ha OKpyXarollyto cpeny. [lyrem co3maHus pekpeanmoHHbIX
MPOCTPAHCTB HA PEOPraHU3YEMBIX TEPPUTOPHUAX, OyIyT KOMIIEHCUPOBAHBI
yTpaueHHbIE TEPPUTOPUU OOIIECTBEHHBIX IMAPKOB, 3aCTPOCHHBIE KOMMEPUYECKUMU
oObektamu. OOpa3HbIe XapaKTEPUCTHKU TMOCTUHIYCTPUATBLHON TOPOACKON Cpeibl
OyIayT coXpaHEHBI i1 BOCHPHATHS €€ HaCceJIeHHeM, 4TO OyAeT CIocOOCTBOBATH
COXPAHEHUIO «IPEEMCTBEHHBIX CBSI3€M MOKOJEHUN». A H3y4eHUE POJIM UCTOPHUKO-
rpagoo0pa3yomux 00HEKTOB HACETIEHHBIX MECT IMTOMOXKET COXPAHEHUIO KyJIbTYPHOTO
HACJIEIUSI PETUOHA.

[IpensioxkeH alropuT™ aHajau3a MpoOJIeMaTUKHU PEHOBAIUH (PUCYHOK 2):

i} - I'enesuc, ucmopuueckoe paseumue

Ananus npunezaroweit mePPum‘_’ML - I'padocmpoumenvroe nooxycenue
—> - DKon0zUUeCcKaAs 0OCMAN06KA

- Tpancnopmnas docmynnocms

Ananuz oovekma penosauuu - Hughpacmpyxmypa
- Ilompeonocmu nacenenus

OCHOGHble 8bl300bl no pesyniomamam —>- TexHUKo0-3KOHOMUYECKUe noKazameu

UCCce008anus - OyHKYuoOHaIbHOE HAZHAYEHUE
- Kynomypno-ucmopuueckas yeHHocmbo
- Oyenka cocmoanua KOHCMpPYKUUii
Buibop u paspadomka konyenyuu, na - Huoicenepnasa ocnauiennocme
OCHO6e anau3a np05Jl6’M - IOpuouueckue acnexkmul, oo6pemeHnenus

PucyHok 2 - AIropuT™M aHaJIn3a NpodJaeMaTUKH IPAJOCTPOUTEIbHO
peHoBaun
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3aKkjI04YeHHue U BLIBO/bI

BeimomHeH  CHUCTEMHBIM — aHANMM3  NPOOJIEeMAaTHKH  ypOaHM3WPOBAHHBIX
TeppPUTOPHH, CHOPMUPOBAH QJITOPUTM  PEHOBAIMH;  BBISABICHBI  IPUHIIUIIBI
COXPaHEHMSI aAPXUTEKTYPHO-TPAJOCTPOUTEIHLHOIO HACHAEAUs D3MOXH MOJEPHU3MA,
HMMEIOIIEro OO0JIbINOe 3HAYSCHHE I YCTOMYMBOIO Pa3BUTHS TOPOJIOB, HCTOPHUICCKOM
MIPEEMCTBEHHOCTH, CBA3U TOKOJIEHUM; pa3padoTaHbl MPAKTUYECKHE PEKOMEHAAIUU
10 UX COBPEMEHHOMY UCIOJIb30BaHUIO.
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Abstract. The article suggests an approach to solving a number of architectural and urban
planning problems of industrial cities of the Siberian region in order to achieve their sustainable
development. On the material obtained during the research, analyzed the problems of the urbanized
territories (not articulated residential, degrading industrial, etc.) in the cities of the southern part of
Western Siberia, affected problems their architectural renovation and preservation of historical-
architectural heritage of modernism. The criteria of preservation and architectural and planning
principles of modern use of objects of cultural heritage of modernism, including previously
undiscovered architectural monuments of constructivism, a unique stylistic trend of the 20-30s of
the twentieth century, are proposed.

Key words: urbanized areas, architectural renovation, objects of the modernist era, cultural
heritage, constructivism.
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Ipuoninpogcvka depocasna akademisi OyOiBHUYMEA MA apXimeKmypu,
Jlninpo, Yepruwescovroeo,4a

Anomauia. B pooomi po3ensioaemvcs 3 Memor YOOCKOHANeHHs i0enmugixayii Hepyxomozo
matHa 'y yugposomy Kaoacmpi 6a2amoyiib06020 BUKOPUCMAHHA — CKIAO  KOMNIEKCHO20
i0enmughixamopa 00’ekmie Kaoacmpy i3 080X 4ACMUH: NOCMIUHOI ma nepeminuoi. Poszensanymi
VHIKAbHI I0eHmugixamopu pizHo20 HepyxomMo20 MatHa y nocmitHiu yacmuni. Ilepeminny yvacmumny
i0enmughixamopa 06’ckmy Kadacmpy 3anponoHOBAHO HOPMYEAMuU WIAXOM KOOYBAHHS O3HAK
207I08HUX 8IACTMUBOCTEL HEPYXOMO20 MAUHA.

Knrouosi cnosa: kaoacmp, Hepyxome MaiHo, YHIKAIbHA i0eHmu@ikayis.

Beryn

IcTopuyHO B TOCTpaAsSHCHKHX KpaiHaX iCHye mpoOjemMa 3 PEECTPAIEr0 Ta
OOJIIKOM HEpyXOMOro MaiiHa, 00 JOBTUH ICTOPUYHMI MEPIoJl 3eMEeNbHI BITHOCHHU
OyayBajnucsi HE Ha IpaBl BJIACHOCTI, a Ha MpaBl KOPUCTYyBaHHS 3emiiero. bes
BJIACHOCTI Ha 3€MJII0 HE 1CHYBAJIO MOHATTS «HEPYXOME MaiHO», a 00’ €KTOM KaJacTpy
BUCTYIAJIa JIMIIE 3€MelbHA JiIsHKa. ToMy MNpakTUYHO HE ICHYE YHIKAJIBHOTO
imeHTrdikaTopa 00’€KTa HEpyXOMOro MaitHa y [lep>kaBHOMY 3eMeNbHOMY KaaacTpi i
3apa3. Ha choropHimHii J1eHb, 1I€ € OJHIEI0 3 AKTyaJbHUX MpoOseM (POpMyBaHHS
cydacHOro 1udpoBoro kagacTpy 0araTonijiboOBOro BUKOPHUCTAHHS.

BuMoru 10 cy4acHoro kaaacrtpy.

¥ 1980 pori Hamionansna Jocnigauneka Paga Crnonydenux llratiB AMepuku
(National Research Council — NRC) Hanana pe3ynbpTaTu gociipkeHb «HeoOxiIHICTh
0araToLUUTLOBOTO KaJacTpy», Jie MiJKpeciieHa Ba)JIMBICTb CTBOPEHHSA €()EeKTHUBHOI
KaJJaCTPOBOI CHUCTEMH, 3/aTHOI 3a0e3MeunTH YIpaBliHHA B OaraTbox cdepax, B
NepIy Yepry y 3aKpilyIeHHI [paB Ta BU3HAUEHI BapTocTi [1].

3a 3aBmanHsaM komicii «CydacHi KagacTpoBi cucteMu» Mi>KHApOIHOI acoriamii
semsieMipiB y 1994 pori OyB BUKOHAHWMI OTJISJl KaJaCTPOBUX CHUCTEM Yy CBITI Ta
3anmponioHoBana koHrenis «Kamactp — 2014», sika mepeadadana TPOBEICHHS
Ka/1acTpOBOro OOJIIKY HEPYXOMOro MaiiHa 1 peecTpallii peuoBUX MpaB Ta iX 0OTSHKEHb
Ha OCHOBI BIJJOOpaXE€HHSIM IOBHOI MPaBOBOI CHUTYyallil 13 00’€KTaMU HEPYXOMOTO
MaiiHa, 30JIMDKEHHSIM 3€MIICBIOPSAJIHUX Ta IOPUAMYHUX (QYHKIIA KaaacTpoBOi
TISUTBHOCTI 13 3aMIHOIO0 KapT IPOCTOPOBUMH IU(MPOBUMHU MOJAECISAMH Ta 3aTy4YEHHSIM
TEXHOJIOT1H reoiHdopMaIliiHuX cUcTeM [2].
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Crparerist po3BUTKy cucteMu kagactpy «Cadastre 2034 Strategy Powering Land
and Real Property, March 2015», 3ampomoHoBana MIiKypsSIOBUM KOMITETOM 3
reojie3ii Ta kaprorpadii, BU3HAYMIA «KaJaCTPOBI CHCTEMH, SK TaKl, 110 JTO3BOJISIOThH
JIOSIM JIETKO Ta HaJAIMHO 11eHTU(IKYBAaTH MICLIETION0XKEHHS, IpaBa MIOA0 3eMelb Ta
iHIIoro Hepyxomoro wmaitHa» [3]. byno mocrtaBieHo y MaiilOyTHbOMY Ha MeETI
KaJIaCTpy: CTaTU OCHOBHOIO TOYKOIO OMpPH JJIs YIPaBIIHHS BJIACHUKaMH 3€Mellb Ta
HEPYXOMOTO MaifHa; JIOCTOBIPHUM, 3arajlbHOJOCTYITHUM, JIETKO Bi3yalli30BaHUM,
IHTETPOBAaHMM 3 PEECTPaMH PEYOBUX TIpaB; BUCOKOTOYHHUM JUHAMIYHUM
uuppoBanuM 3-d BiIOOPAKEHHSIM CBITY. 3 METOI MIJBUILEHHS CaMOOKYITHOCTI
KaJacTpy 3alpONOHOBAHO 30UIBIIUTHA 3aJyY€HHS NPUBATHUX KOMIIaHIM 10
3a0e3neyeHHs KaaacTpy Mijl Iep>KaBHUM KOHTPOJIEM.

Bumoru no inentudikanii 00’€KTiB HepyxoMoro MaiiHa y uHudpoBomy
KajacTpi 0ararouiyibOBOro BUKOPUCTAHHS.

BaxxnuBy poisib y 3a0esreueHi mpaB BJIACHUKIB HEPYXOMOTO MaiHa BIAIrpae
imeHTudikamis O00’€KTIB KaJacTpy 3a JIONIOMOIOK 3aXHINCHHX  YHIKaJbHUX
imeHTudikaTopiB. Sk TIOKa3aB BUKOHAHWM aHall3, BHCOKHH pIBEHb 3aXUCTY
imeHTrdikaTopa 3a0e3rneuye KOJAyBaHHS Ha OCHOBI TOJIOBHUX BJIIACTHBOCTEH 00’ €KTY
HEPYXOMOTO MaifHa. ¥ Takomy pasi ileHTu(]iKaTop 1ie crae HocieM iHdopMaIlii, o
BaXXJIMBO JUIsI BUIBHOTO, MHUTTEBOTO OTPUMAHHS BIIKPUTHX JIaHUX Ta CTBOPEHHS
po30poro iHGOPMAIIMHOTO MPOCTOPY IIOJO0 TIpaB, OOTSIKEHb, OOMEXKEHb Y
BUKOPUCTAaHHI HEPYXOMUM MalHOM Ta IHIIKUX O3HAK, Kl BU3HAYAIOTh MOr0 Ba)KJIMBI
JUISL CYyCHIJILCTBA  BJIACTHUBOCTI. Y BIJANOBIAHOCTI JO BUMOI, METH Ta (YHKIIIN
uudpoBoro kagactpy 0araTOLJIOBOIO BUKOPUCTAaHHSA OyiIM BHAUIEHI HACTYIHI
rOJIOBHI BUMOTH A0 1IeHTU(IKaIlI] 00’ €KTIB HEPYXOMOIo MaitHa [4]:

1) oqHO3HAUHE HajliiHE BU3HAYEHHA OO0 €KTIB KaJacTpy 3a paxyHOK
3aTBEP/KEHHS B YCTAHOBJIIGHOMY TOPSIIKY C(OPMOBAHOTO 3a TEBHOIO
METOIMKOIO YHIKAJIBLHOTO 1AeHTU(IKATOPA;

2)30epeKeHHS Y HE3MIHHOMY BUIJISAL 1IGHTH(IKATOPIB HEPYXOMOTO MaiiHa Ha
MPOTA31 TEPMIHY ICHYBaHHS 00 €KTIB KaJacTpy 13 MOMUJIMBICTIO iX TOJLIY,
BU/JIIJICHHS 3JTUTTS TOILIO;

3)BUCOKMM  CTYyMiHb 3aXHCTy iAcHTHU(dIKaTOpa HEPYyXOMOIo MaiHa Bij
HECaHKIIIOHOBAHOT'O BTPYYaHHS;

4) mpuaaTtHicTb (opMyBaHHS iAeHTHU(]IKATOpa 13 3aCTOCYBaHHSM CyYacCHUX
IU(HPOBUX TEXHOJIOTIH;

5) MOKITMBICTh TOJAJBIIOIO PO3BUTKY CHUCTEMH 1leHTU(IKAIil 00 €KTIB y
3B’A3Ky 13 TMIOSBOI0 HOBHUX BHJIB OO €KTIB KagacTpy, KOMIT IOTEPHUX
TEXHOJIOT1H BeIeHHS KaJacTpy Ta 3aC001B IITyYHOTO 1HTEIEKTY;

6) indopmaliiiiHe HaBaHTAXKEHHS 11eHTU(IKATOpa 3a PaXyHOK BHUKOPUCTAHHS
TEMAaTUYHUX JAHWX, 3MICT SKHUX MPHUB’S3aHUN 0 HaWOIIBII BaXKJIMBUX
BJIACTUBOCTEHN 00’ €KTIB KaJaacTpy.

InenTudikaropm HepyxoMoro mMaiiHa Ta 00’€KTIiB y CKJaJAl HEPyXoMOro

MaiHa.

lNonoBHuMu 3acobamu imeHTHdIKAIT HEPYXOMOIOo MaiiHa y YWHHIN CcHCTeMi
KaJacTpiB YKpaiHU € KaJacTpOBUH HOMEp 3€MENIbHOI IUISHKU Ta 1IEHTU(IKATOP
00’ekTy OyIIBHMIITBA, 3aKiHYEHOTrO OyIIBHUUTBOM 00’ekty [5]. IcHyrOTh
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3araJIbHOMPUMHATI 1A€HTU(]IKATOPH HEPYXOMOTO MaiHa 1 y 1HmUX 0a3ax JaHuX
(Pucynok 1).

laeHTUdiKaTOp 06’€KTa
HEPYXOMOro MainHa

I I
laeHTUdiKaTOp loeHTMdiKaTop 06’eKTa
3eMeNIbHOI AiNAHKK 6yaiBHULTBA
KapacTtposuii Anpeca . )
Homep ap |L|,el-.|TVI¢IKaT0p 06’eKTy
3eMe/IbHOi HEPYXOMO Gy nisHuuTBa, B
LiNAHKM roOmManHa  3akiHueHoro
6yaiBHUUTBOM 06’€yTY
KoopanHatu
NOBOPOTHUX Nitepu
TOYOK MeX TEXHIYHOro
3emesibHol nacnopry
OiNAHKK iHBEHTapm3aL,in-
Me>rKoBi 3HaKu HOl cnpasu
~_3eMe/IbHuX IHBEHTaApHI
AiNAHOK HOMepH 3a
LECTIN
6yxrantepcbKkoro ]
0b6niky
KoopauHatn
NOBOPOTHUX
TOYOK KOHTYpIiB
byaisenb Ta
cnopya,

Pucynok 1 — InenTudikaropu HepyxoMoro maiiHa

YnockonaneHHs ineHTudikanii HepyxomMoro maiiHa y uugpoBomMy Kaaactpi
0araTouiyibOBOro BUKOPUCTAHHS.

Pesynpratu anamizy igeHTudikaiii HEpyXxoMoro MaiHa y CHCTEMI KaJacTpiB
CBIT4aTh MPO TE, IO YMHHA cHUCTeMa ifAeHTHdIKaIli 00’ €KTIB KagacTpy 3ade3neuye
iIeHTUdIKAIII0 3eMENbHUX MIISHOK, ajieé HE BIAMNOBIIa€ BUMOTaM OIHO3HAYHOI
HaAIMHOI 17eHTHdiKali 1HIHMX 00’€KTIB HEPYXOMOTO MaiHa y BIAMOBIIHOCTI 0
byHKIIH KagacTpy, BU3HAUEHUX 3aKOHOJABCTBOM 1 TOMY OTpeOy€e yAOCKOHAICHHS.

Bakko 3a/10BOJIBHUTH OJHOYACHO BHUMOTH IIMOJ0 HE3MIHHOCTI igeHTH(]iKaTopa
Ta 3a0€3MeUnTH BIUCOKY 3aXMIIEHICTh 32 PAXyHOK 3aCTOCYBAaHHS TEMATUYHUX JaHUX,
Akl 1oOyJoBaHI Ha O3HAKaX TOJIOBHMX BJIACTUBOCTEH HEPYXOMOCTI, 00 OCTaHHI
MOXYThb 3MIHIOBAaTHCSl BHACHIJIOK PI3HOTO POJy 3BHYaliHUX oOcTaBuH. OjaHak, 1€
MO>KJIMBO MPHU 3aCTOCYBAHHI KOMILJIEKCHOTO 1IGHTH(IKATOPA 13 pO3IJIEHHSM MOro Ha
IBI YaCTUHU: TOCTIMHY Ta 3MIHHY YacTHUHY, Ky MOJIMBO 3MIHIOBaTH 3 YacoM
3QJIEKHO BiJl IOTOYHOTO CTaHy 00’ €KTYy KaJacTpy.

HesMminHa yacTtuHa i1eHTH(IKaTOpa HEPYXOMOIo MaiiHa y U POBOMY KaaacTpi
0araToLUILOBOTO  BHUKOPUCTAHHS  TOBMHHA TIPYHTYBaTHCS HAa  YHIKaJbHUX

ISSN 2567-5273 72 www.moderntechno.de



Modern engineering and innovative technologies Issue 15 / Part 1 ff

imeHTudikaTopax: KaJacTpOBHM HOMEp 3eMeNbHOI JIISHKH, ieHTU]ikaTop 00’ €KTa
OyniBHHIITBA (3aKiHUEHOTO OYIIBHHMIITBOM 00’€KTa), ajpeca HEepPyXOMOro MaifHa,
yHIBepCaJbHUN  yHIKambHUN  imeHTU(]IKaTop ab0 TIIOOATbHHMIA  YHIKAIHHUN
imeHTrdIKaTOp Ta YHIKAIBHUN ineHTU(diKaTOop OyaiBens. BukopucrtanHs omHOTO 200
JIEKUTBKOX 13 [HUX YHIKaJIbHUX 1ICHTH(PIKATOPIB y CKJIAAI KOMIUIEKCHOTO
imenTrdikaTopa MOXKIIMBE B 3aJIKHOCTI BIJI CKJIaay 00’€KTa HEPyXOMOIro MaifHa,
Horo QyHKIiH Ta Micus po3rauryBanus (Tabmurs 2).

Taoauus 1

CucremMa yHIKQJbHHUX iTeHTH(DIKATOPIB 00’€KTIB HEPYXOMOI0 MaifHA

InerTudikatop 00’ €KTY HEPYXOMOCTI Kon inentudikaropa
KanactpoBuii HOMep 3eMenbHOI TiUTSTHKU NL
InenTudikatop 00’ekTa OYyMIBHUIITBA (3aKIHUEHOTO OYyAIBHUIITBOM B
00’exTa);
Anpeca HEpYXOMOro MaiiHa AD
YHiBepcanbHui yHiKaIbHUH 11eHTH(1KaTOp UUID Ul
I'moGanbHuil yHikanbHu# ineHTHdikaTop GUID GI
VYHikanpHU# ineHTUIKaTOp OyniBens UBID UB
Ha3zBa Bynuiii (J1iHiHHI 00’ €KTH TpaHCIOPTHOI iHQPACTPYKTYPH) NS
Ingexkc Ta HoMep goporm (JiHIMHI 00’€KTHM  TPaHCIOPTHOL NR
1HPPACTPYKTYPH)
Taoauusa 2
YHikaabHi ileHTHdikaToOpu HEPYXOMOro MaiiHa
. , ) . VYHiKanbHI
Kareropis 3emens O06’extn OyniBHunTBa | Micie po3TanryBaHHs | . .
11eHTUdiKaToOpH
3ewni 3eMenpHA AUISTHKA 3a Mexxamu
CLIIbCBKOTOCTIOIAPCHKOTO A NL, UI (GI)
He3alyioBaHa HACEJIEHOTO IMTYHKTY
PU3HAYCHHS
3ewni 3eMenpHa UISTHKA VY Mexax HaceleHOro
CLITBCHKOTOCTIOAAPCHKOTO A NL, UI(GI), AD
He3a0ymoBaHa MyHKTY
PU3HAYCHHS
3emiti .
) 3eMenbpHa TUISHKA 3a MexxaMu NL, UI(GI), 1B,
CLIbCHKOTOCTIOAAPCHKOTO
3a0yq0oBaHa, OyIMHOK | HACEJIICHOTO MyHKTY UB
PU3HAYCHHS
3emuti 3eMenpHA AUTSTHKA
. A 3a Mexamu NL, UI(GI), IB,
CLIbCHKOTOCTIOAAPCHKOTO 3a0yoBaHa,
HACEJIEHOT'0 IIyHKTY UB
PU3HAYCHHS criopyia
3emJ1i )KUTIIOBOI Ta 3eMenbpHa UISTHKA VY Mexax HaceneHoro
- . NL, UI(GI), AD
rpoMaJIChKoi 3a0y10BH He3a0yoBaHa IIYHKTY
3eMiTi )KUTIIOBOI Ta 3eMenbpHa OiIsTHKA ¥ mexax nacenenoro | NL, UI(GI), AD,
rpoMaJIChKoi 3a0y10BH 3a0y0BaHa, Oy IMHOK IIYHKTY 1B, UB

BucHoBkun.

Bbyno posrisHyTo (hopMyBaHHS KOMIUJIEKCHOTO YHIKaJIbHOTO iAeHTH(diIKaTopa

00’ €KTIB

HEPYXOMOT0

MaiiHa

y  1udppoBomy

KazacTpi

0araTouUIbOBOTO

BUKOPHUCTAHHSA, SIKUM CKIIQJA€ThCA 13 MOCTIHHOI YaCTHMHM HAa OCHOBI YHIKQJIbHUX
11eHTU(IKATOPIB Ta MEPEMIHHOI YACTHUHH, KA MICTUTh 3aKOJJOBaH1 O3HAKU FOJIOBHUX
BJIACTUBOCTEN 00’ EKTIB.
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FEATURES OF SLIDING STRUCTURES DESIGN OF BRIDGES

REINFORCED WITH COMPOSITE MATERIALS
OCOBJIMBOCTI NPOEKTYBAHHA IVIUT MPOT'OHOBUX BY10B MOCTIB,
APMOBAHHUX KOMITIO3UTHUMU MATEPIAJIAMU
Tsybulskyi V.M. / lIn0yabcbkuii B.M.
ORCID: 0000-0003-3150-3965
Kharchenko A.N. / Xapuyenko A.M.
c.L.s., as.prof. / K.m.u., 0oy.
ORCID: 0000-0001-8166-6389
National Transport University, Kyiv, Omelianovycha-Pavlenka, 1, 01010
Hayionanvnuii mpancnopmmuuii ynisepcumem, Kuie, Omenanosuua-Ilasnenxa, 1, 01010

Anomauia. Y cmammi posenaHymo ocoOIu8ocmi npoeKmyeauHs NAum HpOo2OHOB8UX 0)008
MOCMI8, APMOBAHUX KOMNOZUMHUMU Mamepianramu. 32I0HO 3aKOPOOHHO20 00C8i0y Hecyua
30amHicms NAUM NPO20HO8UX 6Y008 mocmis, apmoearux BFRP cmepoicnamu 6uszHavyaemocs 3a
00NOMO20I0 PIBHAHb NPU WMAMHOBOMY HABAHMANCEHHI 3 BPAXYBAHHAM HANPYIHCEHb 3CY8Y, WO
8i0nogioac cyvacHum ceimosum cmanoapmam. Becmanoeneno, wo ocnognoro cmpykmypHow Oi€io
naum, AKi NPOMUCOAMb KOHYEHMPOBAHUM HABAHMAIICEHHAM Kolecd, € He 32UHAHHA, 5K
MPAOUYIUHO  B8BAINCAEMBCA, A CKIAOHUN SGHYMPIWHIN HANPYICEHUL CMAaH, No8'a3aHutl i3
Odepopmayiamu 3cy8y.

Knwuoei cnoea: naumu npoconosux 0y008, KOMNO3UMHI Mamepiany, HANPY#CEHHs,
MiYyHiCmb, A8MOOOPOHCHI MOCMIU.

Beryn.

B Vkpaini mepeBaXHO MPOEKTHUH CTPOK  CIYXKOM  3a1i300€TOHHUX
aBTOJIOPOYKHIX MOCTIB CTaHOBUTH /10 70 pokiB. BpaxoByrouu Te, 110 OUIBIIICTh 3 HUX
Oyna moOyaoBaHa S50-60 pokiB Hazaj 3 MNPOEKTHOK 1HTEHCHUBHICTIO PyXy Ta
rPaHUYHOMY HaBaHTaXXEHHI, fKI HE BIJIMOBIAAIOTh BUMOTaM CBOTOJCHHS, II€
NPUCKOPIOE (I3UYHUN 3HOC KOHCTPYKTMBHHX €JIEMEHTIB INPOTOHOBUX OYJOB Ta
JTOPOXKHBOTO OASTY MOCTiB. KpiM TOro, OCHOBHMMH TNpUYMHAMHU Jerpajaaiii
3aJ11300€TOHHUX TUTUT € TIPOIIECH KOpO3ii cTalieBoOi apMaTypH, BTpaTa 00’ eMy pobouoi
YaCTUHU Ta HE3aJ0BUIBHMIA CTaH KOMIICHCAIIMHUX IIBIB Ha omopax. 3O0UIbIICHHS
Barv BEJIMKOTa0apUTHOI TEXHIKUA CIPUYUHSIE HAJAMIPHE HaBAaHTAXKCHHS HA JOPOXKHIM
OJIAT Ta 3aXHCHHUM Iap apMOOETOHHHUX KOHCTPYKIIIH MOCTIB, IO MPHU3BOJIUTH IO
BUHMKHEHHS TpPIMIMH B O€TOHI, Yepe3 siKi CTajieBa apMmaTypa MiJJIa€TbCsi BIUIUBY
arpeCcUBHOTO 30BHIIIHBOTO CEPEIOBHUIIIA.

TpanuuiiHO OCHOBHMMM HampsIMKaMH BHPILIEHHA 3a3HA4€HUX MpoOsieM
MPUIHATO BBaXaTH OOpPOOKY CTaneBOi apMaTypHl aHTUKOPO3IMHUMM MartepiajamMu Ta
BUKOPUCTAaHHA BHCOKOe(eKTUBHOrO OeToHy. IIpore, sik mokasanu AOCHIHKEHHS, LI
3aX0/JM HE MOXYTh B MOBHIA Mipl YCYHYTH MpOOJEMy KOpO3ii CTajeBOi apMaTypu B
JIOPOKHBOMY OJ15131 aBTOI0POKHIX MOCTIB.

[Ipore, TmepCHEKTUBHUM HANpPSIMKOM €  3aCTOCYBaHHS  I1HHOBalIMHHUX
OyIiBebHUX MaTepiaiB 'y JOpOXKHHOMY OyHIBHUITBI, JO SKUX, 30Kpema,
BIJIHOCSITBCS Cy4YacHI BOJIOKHHCTI KOMIIO3UTHI MaTepiaiu, 30KpemMa, 0a3aibToBI, 110
BUKOPHUCTOBYIOTbCSL Il apMyBaHHS OETOHHMX KOHCTPYKLIH JOPOKHBOTO OJATY
MOCTIB.
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Meroto cTarTi € BHUKOHAHHS aHali3y OCOOJMBOCTEH NPOEKTYBAHHS ILJIUT
MPOrOHOBUX OYy/I0B MOCTIB, apMOBAHUX KOMIIO3UTHUMHU MaTepiajaMH.

OcHOBHA yacTHHA.

[Tomimepu, 3MminHeHi 6a3anpToBEUM BosiokHOM (BFRP), € nHaitHOBimmMMu
kommosutamu FRP po3poOneHuMu mpoTsIToM OCTaHHIX NECATUNITh. BuBUYEHHIO 1X
MEXaHIYHUX BJIACTHBOCTEH Ta pOOOTH y SKOCTI apMaTypH B OETOHHUX KOHCTPYKIISAX
npucBsueHi gociimkerdas Sim [1], Banibayat and Patnaik [2], Brik [3], Dhand [4].
B poGorax Wu [5] Bu3HaueHa eHepros0epiraroya, €KOJIOTIYHA BJIACTHUBOCTI
6azanbroBoro mosimepy, a Brik [3], Sim [1], Dedk, Czigany [6], Scheffler [7],
Morozov [8] BiA3HauWJIKM CTIHKICTH 0a3aJIbTOBOI apMaTypud [0 €KCTpeMalbHUX
TeMmreparyp Ta OKHCJIEeHOro cepeaopuina. OpaHak, B JociaigHUKoM Sim [1]
Bi/13HaueHo, 1m0 sk 1 GFRP, BFRP mMae Hu3bkuii MoJlysib MPY>KHOCTI BIJHOCHO CTal
Ta 3a3Ha€ Jerpajallii BiJ pO3UHHIB JYTiB.

bazanbpTOB1 BOJIOKHA TaKOXX MAarOTh Kpallll BTOMHI XapakTtepuctuku [S5]. Wu Ta
HOTO TMOCHIZIOBHUKK OINIHUIU poOoTy apmarypu BFRP B nHanpyxkeHomy i
HEHAIIPY>)KEHOMY CTaHax TMpU Jii YOTUPHOX THINB IMITOBAaHUX arpeCHUBHUX
CEpEIOBUILL: JTY>KHUN PO3UMH, COJBOBUM PO3YMH, PO3UMH KUCIOTH Ta JI€10HI30BaHOI
Boau mipu 25, 40 Ta 55 ° C. Takox OyB MpOBEACHUI MIKPOCTPYKTYPHUH aHAII3 3a
JIOTIOMOTOI0 ~ €JIGKTPOHHOTO cKaHyBaHHs (Mikpockomii SEM) st BusBICHHS
MexaHi3My gnerpananii apmatrypu BFRP B nyxHOMY cepenoBumii. 3anuiikoBa
MILIHICTb Ha PO3pHUB HeHanpyxeHoi apmatypu BFRP, Ha sky BmumBanu ny>KHUM
pO34MHOM, OyJia BUKOpUCTaHA JJIs MMPOTHO3YBAHHS JOBIOCTPOKOBHUX MOKA3HUKIB Ha
OCHOB1 Teopii AppeHiyca. Pe3ynbraT mMokasanu, 110 BIUIUB KHUCIOTH, COJ Ta
JIC10H130BaHOI BOAM Ha MiUHICTh apMartypu BFRP OyB mMeHmmili HIXK Aisl JIy’KHOTrO
po3unHy. Bylio BCTaHOBIEHO, 11O MEXaHI3M JAerpajanii KOHCTPYKLIA apMOBaHHUX
BFRP npuckoproerbes npu HanpyskeHH1 noHaz 20% Bi rpaHUYHOTO.

Sim, Park, Moon [1] gocmiKkyBasii JOBrOBIYHICTh Ta €(PEKTHBHICTH POOOTH
apMaTypu 3 BOJIOKOH 0a3alibTy, CKJa, 1 BYIJICII0 NP MIJABUIICHUX TEMIIepaTypax.
JIOCTITHUKY BI3HAYWIM, 10 TPU 3aHYpEHHI 0a3aJIbTOBUX Ta CKJISHUX BOJIOKOH B
PO3YMH JIYTy 3 4acOoM BIJOYBAa€ThCS BTpaTa MILHOCTI, aje BYTJEIEBE BOJOKHO HE
MOKAa3aJl0 3HAYHOTO 3HWKEHHS MIIHOCTI. TuM He MeHmie, 0a3aJbTOBE BOJIOKHO
30epiranio cBor0 o00'eMHy MHumCHICTE 1 90% CBO€i MIIHOCTI TICAS BIUIUBY
temmneparypu nonaz 600 ° C mpoTsarom 2 roJiuH.

JlocmiaHuku miag KepiBHUITBOM mpodecopa Mingchao [9] BuBwaiu XimiuHy
MIIHICTh Ta MEXaHIUHI BJIIACTUBOCTI 0a3aJbTOBOTO BOJIOKHA B CTPYKTYpl apMarypH,
AKy BUTOTOBJIIEHO 3 BHUKOPHUCTAHHSM pI3HMX THUIIB EMOKCHIHUX  CMOJL.
ExcriepumenTanpHi pe3yibTaTH MMOKa3alu, IO Micis Toro, sk apmatypy BFRP
miAaBainy Aii PO3YMHIB JIYT1B OPOTATOM 3 MICALIB, MOJIYJIb MPY>KHOCTI 3aJIHMIIABCA
HE3MIHHUM, X04a MIIHICTh 3MeHITyBajgack Ha 40%.

Li [10] BuBuUaB MOBroBIYHICTh Ta 3HOCOCTIMKICTH apMaTypu 3 0a3ajlbTOBOTO
BOJIOKHA, 1110 MIJAA€ThCS BILUTUBY TIrPOTEPMIYHOIO CEPEOBUINA TA JIY>KHUX PEYOBHUH.
Binkputi 6a3ansToB1 BoJIOKHA (HEOOPOOIEHI CMOJIOI0) 3aHYPEHI B 111 CEPEIOBUINA, K
BUSIBUWIIOCSI, BTpayaroTh (PI3MKO-MEXaHIUHI XapaKTEPUCTUKU TPU PO3TATYBaHHI
BHACIIJIOK 3HA4HOI Kopo3ii matepiany 3a SEM. Ane, o6po6nena apmarypa BFRP
CMOJIaMH TIOKa3aja BUIY MIIHICTh, KOJIU ii MiJIIal0Th BIUIMBY TaKuX ke yMoOB. JlaHi
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JOCTIDKEHHST OyJIu CIIPSMOBAHI Ha OIIHKY JOBIOCTPOKOBOI JOBMOBIYHOCTI apMaTypu
BFRP B ymoBax BILTUBY JIy>KHOTO CEPEIOBUIIA, IO IMITY€ BOJOTUI OETOH B Pi3HUX
temneparypaux ymoBax. Ockinbku BFRP Ha MOMEHT mpoBeneHuX AOCHIKEHb IIe
He OyNnu BKJIIOYEHI JO0 CTaHJapTiB Ta crenu@ikamiii MpoeKTyBaHHS, pe3yJbTaTH
[BOTO EKCIEPUMEHTAIBHOTO JOCHIKEHHSI OyJiM 3ampONOHOBaHI HAYKOBIISIMH IS
BJIOCKOHAJICHHS CTAaHIAapPTIB Ta HOPM 3 BUKOPUCTAHHS HEMETAJIEBO1 apMaTypH.

HaykoBmi Sudha, Mohan BuB4amu (i3uko-MexaHi4HI BIACTHUBOCTI, TaKi SK
MILIHICTh Ha CTUCK, MIIHICTh Ha PO3PHUB 0a3albTOBOrO apMOOETOHY B 3alEMJICHHI
6anounoi koHcTpykiii [11]. TloBeninka 3’e€qHaHHs Oallku 3 BMICTOM 0a3albTOBOTO
BojiokHa 0,75%, 1% Tta 1,25% Oyna mociijkeHa NMpU HUKIIYHOMY HaBaHTa)KEHHI.
Pesynbrati mokaszanu, MmO 3'€qHAHHA O0alOK JIEMOHCTPYIOTh Kpallll TMOKa3HUKU
3aBJISKH J0JaBaHHIO 0a3aJbTOBUX BOJOKOH. JlOCTiKEHHS BKA3yIOTh, IO JI0/1aBaHHS
0a3aJIbTOBOTO BOJIOKHA MiJABUILY€E MILHICTh HA 3TUH, CTUCK, PO3TSATaHHA Ha PO3PUB 1
B’S3KICTh O€TOHy. TakoXX 1€ 3MEHIIMTh PO3MIP PO3KPUTTSA TPINIMH MiJ dYac
eKCIUTyaTarlii Takux KOHCTpyKii [11].

Po6otu Rathod, Gonbare, Pujari nmpucBsiueH1 BUBYEHHIO MIITHOCTI MPU 3rUHAHH1
Ta MIITHOCTI HA CTHUCK 3aJ11300€TOHHUX KOHCTPYKIIIK 3 0a3aibTOBUM BOJOKHOM. [lpu
JOCIIKEHH] BUKOPHUCTOBYBAJIMCA 3pa3Kd 3 BMICTOM 0a3aibTOBOro BojOkHa 1% 1
2%. Pe3ynbTaTi MOKa3ylTh, 1110 MIIHICTh Ha 3THHAHHS Ta MIIHICTh HA CTUCK 3pPa3KiB
3 0a3aJbTOBMM BOJIOKHOM BHIIA B MOPIBHAHHI 13 3BUYaiiHuM OetoHOM. Kpim ToroO,
3aBISKU JoAaBaHHIO 2% BOJIOKHA, 14-IeHHa MILNHICTh HAa 3TMHAHHS 3pocia
npu6au3Ho 3 40% 10 50%, a MILHICTH HA CTUCK 3a 28 IHIB 3pocia npudau3Ho 3 83%
10 92% [12].

Kishore, Mounika, Maruthi, Harikrishna y cBoix gociilzKeHHsIX 30cepeKyBain
yBary Ha BIUIMBI BMICTY 0a3aJIbTOBOTO 3allOBHIOBaYa Ta MOro MOEJHAHHI 3 1HIIUMU
HAMOBHIOBaYaMH y O€TOHHIHM cyMimri. Y 1bOMY TOCIHITKEHHI BUKOPUCTOBYBAJIU Pi3HI
MPOIEHTHI KOMOIiHaIli 6a3aJbTOBOI0 Ta BAITHSIKOBOI'O 3aloOBHIOBaYiB. JIJIsl OIIHKH
XapaKTEepUCTUK 0a3aJIbTOBOIO 3allOBHIOBaYa B OETOHHUX CyMiIIaX MPOBOIUIH
BUMPOOYBAHHS MIITHOCTI Ha CTUCK, OOpOOJIOBaHICTh, MUTOMY Bary Ta TECTH Ha
cTUpaHHs. Pe3ynbTaTl mokasanu, 1o OETOHHA CyMill 13 0a3aJIbTOBUM 3alIOBHIOBAYEM
€ Oulpll Tmpane3gaTHO Ta Ma€ OUIbIIy MIIHICTh, HDK 3 BaIllHIKOBUM
3aroBHIoBaueM [13].

HaykoBi pocnimxennss Lokesh, Gokilapriya Dharshini, Suresh npucsiueni
OLIHIII EKCIUTyaTalliiHUX XapaKTEepUCTUK CTaJlleBOi apMaTypu Ta 0a3albTOBOI
apMmatypu B OeToHHUX Oankax. bynu mpoBeneHi BUNIPOOYBAaHHS JUIsi BU3HAUYCHHS
3TUHAILHOT Ta 3CYBHOI 3/IaTHOCTI OayKu. 3 MOPIBHSILHOTO JOCIIKEHHS 0aIoK O0yJ1o
BCTAaHOBJICHO, 110 KOHCTPYKIi 3 0a3aJbTOBOI0 apMaTypor0 AEMOHCTPYIOTh MEHIIHA
OpPOTMH 1 MaloTh BHINY MIIHICTh MpPU 3TUHAHHI Ta >KOPCTKICTh, HIX Oanmku 3i
CTaJICBUMHU apMaTypHUMH cTepxkHsIMH. [loeananns 0a3anpToBOi apMaTypH Ta OETOHY
TaK0XX MaloTh BIJIMIHHI MiX 3B’SI3KOBI XapaKTEPUCTUKHU. Pe3ynbratu BUNPOOYBaHb
MJITBEPKYIOTh, [0 0a3ajbTOBa apMaTypa MOXe OyTH BUKOPHUCTaHa SIK BiJIMiHHA
ajbTEepHATHBA CTaJIeBI y OeToHHUX Oankax [14].

M. VpbaHchbkuii BU3HAYMB HEAOJIKH Ta TMEpeBard BUKOPHUCTAHHS 0a3ajibTOBO1
apMaTypu B OETOHHUX KOHCTPYKIISIX. Y HOTO JAOCTIIKEHHSIX BUKOHAHO MOPIBHSHHS
XapakTepy MPOTHHY Ta PO3KPUTTS TPINIMH ISl OaJOK apMOBaHUX 0a3aibTOBOIO Ta
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CTaJICBOIO apMaTyporo. bysio BcTaHOBIEHO, 1110 pyHHYBaHHS 0a3ajJbTOBOI apMOBAHOI
Oanku He BiIOyJOCS panmToOBO, 1 BOHA Ma€ 3HAYHO OUIBIIMIA MPOTUH MOPIBHAHO 31
CTAJIEBOIO uYepe3 HIDKYMM MOAYJIb HPYXHOCTI 0azanbToBOi apmarypu. Kpim Toro,
cepeqHsl MIMpUHA TPIIUH B 3-4 pa3u MepeBUIIy€ 3HAUYCHHS Yy TMOPIBHAHHI 13
CTaJIEBOIO apMOBaHOIO Oankoro. Lle mocmipkeHHs TakoX BKa3zye Ha Te, IO MPOTHH 1
IIMpUHA TPIUNMHU € OCHOBHUMHU (paKkTopaMu, sIKI CIHiJI BpaxoBYBaTH MpH
MIPOEKTYBaHH1 0aJTOYHO-TUIMTHUX KOHCTPYKI(IA apMOBaHUX 0a3aIbTOBOIO apMaTypoOrO
[15].

T. Hulin gocnmigkyBaB BIUIMB CITKM 3 0a3ajbTOBOi apMaTypu Ha TOMKEKHY
NOBEAIHKY TOHKMX BHMCOKO€(EKTUBHMX OETOHHUX IUIMT. EQeKkTHBHICTH 3pa3kiB 13
0a3aJIbTOBOIO apMaTypOlO MOPIBHIOBAIM 13 3pa3KaMu, 1[0 HE MalOTh CITOK, 3pa3KamMu
13 CTaJIeBOIO CITKOIO Ta 3pa3KamH, II0 MarOThb CTPYKTypy caHjBida. Pesynbrartu
BUNPOOYBaHb MOKa3ajH, 110 3pa3ku 3 0a3aibTOBOI0 apMaTypHOIO CITKOK MAaloTh
Kpalry CTIHKICTh O BUCOKHMX TEMIIEPATyp 1 1€ 3MEHIIIY€ MOXJIMBICTh BIIIApyBaHHS
mIapiB KOHCTPYKIIi [16].

B kpainax CHI' mepmri BumpoOyBaHHS 0a3albTOBUX BOJIOKOH Yy SIKOCTI
apMyIO4Oro KOMIIOHEHTY OeToHy Oynu 3iificHeHi Hampukinmi 1950-x pokiB, Ha
OCHOBI1 SIKUX OYJIO BCTaHOBJICHO, IO IIEMEHT 3 JIOJaBaHHSM BOJIOKOH OOPOOIEHHX
MOJIIMEpPHUMH MaTepiaiaMu e(heKTHUBHO CTIHKHI 70 JIy)HOTO cepepopuma [17, 18].
Onnak, nocmiKeHHs (PI3UKO-MEeXaHIYHUX XapaKTePUCTUK Ta BUPOOHUIITBO CTEP>KHIB
BFRP posnouanocs aumie B 1990-x pokax [19].

B €sponi, CIIIA Ta Anonii Oyau npoBeAeH! TOCTIIKEHHS CTIMKOCTI 10 JyTiB
apmatypu BFRP Sim [1] ta Lipatov [20]; MIIIHOCTi, TE€PMOCTIMKOCTI, CTIHKOCTI 10
BHCOKHX TEMIIEpaTyp Ta CTIMKICTh 10 TopiHHS y Oetoni Borhan Ta Bailey [21];
TepMiuHa epopmariiisi razooetony BF Sinica [22]; 3BuyaiiHi MeXaHiuH1 BIaCTUBOCTI
O6etoHy 3 BucOokuM BMicToM BF Ayub [23]; 3H0CO- Ta kopo3iitHa ctifikicte BFRC
dipmoro Kabay [24].

Y Kurai B 1978 p. HaHKiHCBKHMII 1HCTUTYT CKJIOBOJIOKHA [25] Bmepiie
3aMpoONOHYBaB BUKOPUCTOBYBATH 0a3ajbT JJIsi OTPUMAHHS CTIMKUX JIO JYTiB BOJOKH,
o TOKpamnryoTh ©OeToH. Shen Ta #Woro mOCTIIOBHUKK [26] mpoBenun
ekciepuMeHTanbHe nociipkenas BF mopo criiikocti 1o ayry. Y 1980 p. Du [27]
y3arajbHUB BUKOHAHI paHille AOCTIIKEHHsS] Y HOpMaTUBHOMY JOKyMeHTI Kuraro.

[loBeninka  MOCTOBUX  IJIUT HAa  CTaJeBUX  MPOTOHOBUX  OynoBax
METaJIOKOHCTPYKIINA Oyna nocnimkena HaykoBusmu Hewitt, Batchelor, Perdikaris,
Beim, Kuang, Morely ta inmwmmu [28]. [loBemiHKy MIUT, 3MILHEHUX CKJIO- Ta
BYTJICIIEBO-CTEp)KHEBUMH penriTkamu BuBuanu Hassan, El-Salakawy, Chen, Davalos,
Ray Tta in. [28]. BcraHOBiEHO, 110 OCHOBHOIO CTPYKTYpPHOIO II€I0 IUIUT, SIKi
OPOTUCTOATh KOHIICHTPOBAHMM HABAaHTAXXEHHSAM KoJieca, € HE 3THUHAHHS, SK
TpaJULIHHO BBAXXAETHCSA, a CKJIAJHUI BHYTPIIIHIA HANPYKEHUH CTaH, MOB'A3aHUM 13
nedopmariisimMu 3cyBy (puc.1).

MexaHi3M 3CyBYy CTBOPIOE BHYTpIIIHE HAMNpyXeHHS, IO € MPUIYUHOIO
nedopmarii. HecHa 31aTHICTh TJIUT MPOTOHOBUX OYyIOB MOCTIB, apmMoBaHux BFRP
CTEP>KHSIMH BU3HAUYAETHCA 32 JOMOMOTOIO0 PIBHSIHB MPH IITAMIIOBOMY HAaBAHTAXKEHHI
3 BpaxyBaHHSIM Hallpy>KeHb 3CyBY 3riiHO cTanaaptiB CSA (2012) ta ACI (2006).

ISSN 2567-5273 78 www.moderntechno.de


https://translate.googleusercontent.com/translate_f#10

Modern engineering and innovative technologies Issue 15 / Part 1 (\§

HABAHTAKEHHH KOJE€COM

npoTuais + HANPY:KeHH: 00THCHEHHS
HANPYKEHHIO
N C .
/\_ — — / Q %
BN e MeXaHi3M apXakuii =~ <=~~~ . '
YN ‘%
/ .  ram mw " \
1 ]
1 ]
1 ]
1 1
O0aaxa(onopa) fanka(onopa)

Fig. 1. Po0oTa niuTi MOCTY miJ Ai€l0 KPUTUYHOTO HABAHTAKEHHA
Source: [32]

MinHicTh Ha 3CyB NpU IITAaMIOBOMY HaBaHTaxkeHi 3rimHo 3 CSA (2012)
BU3HAYAETHCS HAMMEHIIIOI BEJIMUYMHOIO OTPUMAHOIO 3 piBHSAHB (1) - (3):

2

1

Ve=|1+=[0.028 2-0.-(E,-p, - fo )} |-b,-d, (1)

e

(a.-d 1

Ve=|| == 1+0.19-0.147-2-0. -(E, - p,- fo ) - b, d, 2)

0

1

Vc:0-056'1'¢c‘(Ef‘/0f'fc!)3‘bo'd, 3)

e  f;— MIIHICTh OETOHY Ha CTHCK;
E,— MOJyJIb IPYKHOCTi OETOHY;
b, — TIEPUMETP KPUTUYHOTO mepepidy Ha BiacTtani d/2 Bim 30cepemKeHOro

HaBaHTAXCHHS,

d — BIACTaHb BiJl TOBEPXHI PO3TATHYTOI 30HU IUIUTH JO OCI PO3MILICHHS
apMatypHu, sika CpuiiMae HaBaHTAKEHHS;

A — KoeiIlieHT, IKUI BpaXOBY€ UIUIbHICTh OCTOHY;

o, — KOe(IIIEHT, IKUI BPaXOBY€E PO3MIIICHHS Ta THIT ONIEPAaHHS;

B.— Koe(DilieHT, AKUH BpaxoBy€ BIJHOLIEHHS CTOPIH IUIUTH BIJHOCHO

30CepPEeMIKEHOT0 HABaHTAXKEHHSI (KOS(IIIIEHT 30HU PEaAKITii).

3rinno ACI (2006) nnst po3paxyHKy 3yCHJIb 3CyBY HpHU IITaMIIOBOMY
HAaBaHTa)XeHHI OeTOHHMX IUMT, apmoBaHux FRP mnpytkamm abo citkamu,
BUKOPHUCTOBYEThCSI piBHSHHA (4). Lle piBHSHHS BpaxoBye€ BIUIUB KOPCTKOCTI
apMaTypd Ha MILUHICTh OETOHHUX IUIUT TNpPU IITAMIIOBOMY HaBaHTaXEHI 3
BpaxXyBaHHSM Halpy>KeHb 3CYBY:

VC:% fb,-c 4)

= \/2’101‘ My +(Pf Ny )2 —Prhy (5)

e ¢ - mbuHa HEeUTpanbHOi oci (MM); c=k-d;
n, - MOIyJbHE CIIIBBIHOLICHHS.
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[TopiBHsIBHUN aHANI3 PE3YyJbTaTIB PO3pPaxyHKy 3ycwib 3a piBHsSHHsIMU ACI
(2006) npu mTaMIOBOMY HaBaHTAKEHI Ta CEPEAHIMH €KCIIEPUMEHTAIbHUMH JaHUMU
MoKa3aB CHiBBIIHOIIEHHS 1,77 Mk oTpumMaHuMH 3HaueHHsAMU. [logiOHuii pe3yabTar
TakoX OyB oTpumaHuil g 1iuT nporoHoBux O0yaoB GFRP-RC (Bouguerra et al.
2011) ta mBoctroponnix miuT (Dulude et al. 2013). Orpumani pe3yiabTaTd 3a
piBusiHHSA CSA (2012) nmokazanu OiIbIll TOYHE CHIBMNAIIHHS 3 €KCIEPUMEHTAIbHUMHU
nanuMu Ta Manu croiBBigHomeHHs 1,04. Dulude (2013), Xacan (2013a, b) Ta ix
MOCJIIIOBHUKHU JIOBENH, 10 piBHAHHS 3riqH0 CSA (2012) natoTh TOYHI pO3paxyHKH
MILIHOCTI NpW mTamnoBoMmy HaBaHTaxeHl MmiMT FRP-RC. Takum unHOM, MOXHa
3p0oOUTH BHUCHOBOK, IO 332 JAHUMH CTaHIAPTaAMH MPOCKTYBAHHS MiATBEPIKYETHCS
a/ICKBaTHICTh METOJIMKH TPOTHO3YBAaHHS MOBEAIHKA OCTOHHMX IIUT 3 apMyBaHHSIM
BFRP Tta inmmu Bunamu apmatypu FRP.

BucHoBkwu.

1. OCHOBHMMM TNpUYMHAMU PYWHYBAHHS 3aJi300€TOHHHX IUIMT € KOpO3id
CTaJIeBOi apMmaTypu, BTpaTa 00’eMy poOOuYOi YacTUHM Ta HE3aJOBIUILHUN CTaH
KOMIICHCAIIIMHUX IIIBIB HA OIOpax.

2. Jlns BupimieHHS JOCHIDKEHUX TMPUYUH pPYHHYBaHHA apMOOETOHHUX
KOHCTPYKTUBHUX €JIEMEHTIB y CBITI TPUHHATO 3aCTOCOBYBAaTH KOMIIO3UTHY
apMmaTypy, 10 MOXke OyTH BHUTOTOBJEHA 3 CYyHUIbHUX BOJOKOH ckia (GFRP),
6azanbty (BFRP), apamimy (AFRP), Byrmemto (CFRP) a6o komOinamii 1ux
MmarepianiB (ri0puani FRP), siki npocodeHi Ta 3B’s13aH1 CMOJIOIO.

3. OcTaHHIM 4acoM Yy CBITOBIM MPaKTULl OJHUM 3 MPOTPECUBHUX KOMIIO3UTHUX
MarepialliB BBaxaeThcsa 0azanbT. [locuiieHHs 0a3albTOBOIO apMaTypor OajlouHO-
IUIMTHUX CUCTEM MOX€ OYTH BUKOPUCTAHE K JJid OyJiBHULTBA HOBUX, TaK 1 IS
3MIIHEHHSI cTapux (ICHYIOYMX) aBTOJIOPOXHIX MocTiB. [IpoTe, 1e TBepaKEHHS
BUMAra€ MOJaJIbIIOr0 JOCTIKEHHS TMOBEIIHKA apMOOETOHHUX KOHCTPYKTHUBHHX
€JIEMEHTIB 3 BHUKOPUCTAaHHSM KOMIIO3UTHUX MaTepialliB JJsi YOoro HEoOX1JTHO
MIPOBECTH aHAJII3 ICHYIOUMX METO/IIB Ta MOJICIICH.
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Abstract. The article considers the peculiarities of designing slabs of bridges girder
structures reinforced with composite materials. According to foreign experience, the bearing
capacity of girder slabs of bridges reinforced with BFRP rods is determined using the equations
under stamp load, taking into account shear stresses, which meets modern world standards. It is
established that the main structural action of the slabs, which withstand the concentrated load of
the wheel, is not bending, as is traditionally believed, but a complex internal stress state associated
with shear deformations. Also, studies have confirmed the adequacy of existing standards. At the
same time, the study of the behavior of FRP-reinforced slabs continues due to insufficient historical
data on their practical use.

Key words: slabs of girder structures, composite materials, stress, strength, road bridges.
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Anomayia. Y cmammi po3enaodaromucs ocoOIUB0CMi HANPAMKIE PO3GUMKY NO2ICIMUKU 8
oyoienuymei  Yxpainu 6  cyyachux ymosax — eocnodaproeanus.  Jlocicmuuni  npoyecu,
nIONOPAOKOBYIOUUCL OOCACHEHHIO OCHOBHUX Yinell NIONPUEMCmEd, He € CamMoCmiliHolo cgheporo
OdisllbHOCMI, ale 30amHi CYMMEBO BNIUHYMU HA OPeaHi3ayilo BUPOOHUYMBA NIONPUEMCINEA.
Jlocicmuka eumaeae peanizayii nocii006HUX I PO32OPHYMUX 6 NPOCMOpI Ul 4aci 3ax00ie, sKi
00HOYACHO € CYKYNHICMIO HEeOOXIOHUX COYIAIbHO-eKOHOMIYHUX, — Op2aHIi3ayiuHO-MeXHIYHUX,
IHopmayitinux, npasosux, KAOPOBUX MA I[HWUX NePeoyMO8 HOBHOYIHHO2O (QYHKYIOHYBAHHS
BUPOOHUYUX CIPYKMYP.

Memoro cmammi € OCMUCNEHHA MEOPEMUYHUX NON0NHCEHb [ GUPOONEHHS NPAKMUYHUX
pexkomeHOayitl Wooo 102iCMU4UH020 3abe3neyer s UPOOHUYOT OIAIbHOCMI 8 OVOIBHUYMEI.

Hocniooicennsn cnupaemvcs Ha @DYHOAMEHMANLHICMb Npayb GIMYUSHAHUX [ 3aPYOINCHUX
8ueHUX 6 obaacmi nozicmuku. MemooonociuHow O0CHOB0K CMANa MOOenb, KA 0d€ 3a2albHe
VAGNIeHHS NPO AKICMb JIOICMUYHUX ONepayiil.

Y cmammi 3natiwos o6IpyHmMY6aHHA HACMYNHUL BUCHOBOK: JIOCICMUYHA OisIbHICMb,
30IUCHIOIOYU YNPABNIHHA OCHOBHUMU [ CYNYMHIMU HOMOKAMU, CHPAMOBAHA HA ONMUMI3AYIIO
nocmasox pecypcie nionpuemcmsy. Egexmuenicmo nocicmuunoco 3abesneuerHs OisIbHOCMI
0y0igeNbH020 NIONPUEMCMBA BUCMYNAE AK CYKYNHUL pe3yibmam, SAKUll 8paxogye: O0CMABKY
nompioHux (3aMo6leHUx) Mamepianié HOPMAMUBHOI AKOCMI; 3a0e3neueHHs pecypcamu 6
HeoOXIOHIll KIIbKOCMI;, 8 KOHKDEeMHO GU3HAYEHULl 4ac, 6 NpU3HA4eHy MOYKY [ 3 MIHIMAIbHO
nonecenumu sumpamamu. Ilpiopumemunum cmae eupiuieHHs NpPodIeMu AKOCMI JI02ICIMUYHO20
npoyecy, wo 6iOHOCUMbCA 00 U020 30AMHOCMI 3A0080IbHUMU 3AMOBIEHI NOCMAYANIbHUYLKI
nociyeu ma Cmyninb 6iOn0GIOHOCMI OYIKY8AHHAM chodcusaya (0yo0isenbHol opeanizayii).

Kniouoegi cnosa: pozsumox nocicmuxu, 6yoigenvHa OisibHiCMb.

ITocTanoBka nmpo0JieMu y 3arajibHOMY BUIJISII.

He Bukimkae 3amepedeHb TOW (hakT, MO SKICTh Opradizaiii poOIT yCchOro
OyIiBEIBLHOTO IMKJIY MOBHHHA BIJIMOBIAATH CBITOBUM CTaHAApTaM Ta KPUTEPIsSM.
[lporo HEMOXJIMBO JOCITTH 0€3 JIOTICTUYHOIO 3a0e3leueHHs OyiBeIbHOT
JISIBHOCTI.

Onnak OymiBeTbHUN CEKTOP EKOHOMIKM B PHHKOBHX YMOBax HE 3MIT B
HEOOXITHIA MIpl MPUCTOCYBATHUCS IO HOBUX TOBAPHO-TPOIIOBUX BIAHOCHH, BaXKKO
crpuiimMae mporecu KoMmepiiainizarnii. Tomy 6araTo BUMOT Ta O4YiKyBaHb CYCILIBCTBA
3aJIMIIAIOTHCS HEpeaTi30BaHUMH.

KpiMm Toro, OymiBHHITBO BHSBHWJIOCS BEIBMH UYYTJIMBHM JI0 3arajibHOI
€KOHOMIYHOI KpPHU3H 1 caMO 3HAXOJUTHCS B KPU30BOMY CTaHi. | Xo4ya 3 mOdYaTKOM
€KOHOMIYHUX pedopM B OyIiBeNbHINA rady3l HaMITUJIMCS TMO3WTUBHI TEHIEHII, a
caMe: MiJBUIIMIACS SKICTh 1 PO3IIUPUBCS aCOPTUMEHT OYIiBENIbHOI MPOAYKIII Ta
OyIiBeIbHUX TOCIYT, 3aCTOCOBYIOTHCS HOB1 TEXHOJOrIi 1 OyJiBeNbHI MaTepiaiu,
YTBOPUBCSI PHHOK HEPYyXOMOCTi, chOpMyBajaocsi KOHKYpPEHTHE CepeoBHIIIE,

npoOjieMH Tally3l BHUMararOTh BHUpIIIEHHS Ha SKICHO HOBOMY OpraHizariiHo-
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€KOHOMIYHOMY DiBHI, BUKOPHUCTOBYIOUYM HOBI MPUHIMIIA 1 METOJU, B TOMY YHCIHI 1
norictukw [1], [6], [7], [8], [9], [10], [11], [12].

ITocTanoBKa 3aBIaHHS.

MeTor0 CTaTrTi € JOOCHIIKEHHS JIOTICTUYHOrO 3a0e3NedYeHHs] BUPOOHHUYOT
TISITBHOCT1 OyAiBEIIBHUX ITiIIPHEMCTB.

Buxiaa ocCHOBHOTo MaTepiajty J0CTiKeHHS.

[Tono>keHHA Cy4acHUX TPOIECIB oOpraHizamii 1 ympaBliHHSA OyiBEITbHUM
BUPOOHUIITBOM BPaxOBYIOTh KOHIENTyajdbHI MIAXOAW 1 METOAM JIOTICTUKH Ta 3
YCIIXOM BIIPOBA/KYIOTHCSI B MPAKTUKY €(EKTUBHO (PYHKIIOHYIOUMX ITiAMPUEMCTB.
CkopoueHHSI UKy BUPOOHHUIITBA, 3MEHIICHHS BUPOOHUYHMX 3aIaciB € TOJOBHOIO
METOIO JIOTICTHKHU.

JloricTUKOIO TIOCTAaYaHHS BBAXKAE€THCSA 3aKYIIIBIS MaKCHMaJbHOI KIJIBKOCTI
MaTeplaibHUX PECypciB JIsl BEICHHs TIEBHOT'O BUIY isUTBHOCTI.

Jlorictuka BUpPOOHUIITBA BUCTYMNAE SK TOMYK JOJATKOBUX MPUMIIICHD [IJIS
30epiraHHs BHPOOHHMYMX pecypciB. JloricTuka MiANpUEMCTBA = JIOTICTHKA
ITOCTayaHHA + JIOTICTHKA BUPOOHUIITBA + joricTuka 30yTy [5] (puc.1)

PUHOK - Cknapg, Cknap BupoBHMuTR0 | C"/13A rOTOBOI Crnag, 3aMoBHMK

MoCTaYaNbHUK |MocCTayanbHMKa |OTpMMyBaya NPOAYKUIT  |mocrauanbHuKa

Puc. 1. Jlorictuka mianpuemMcraa

BnpoBaaKeHHsA NOriCTUYHOI cMctemm

JNloricTnyHi onepauii po3nogineHi mixK pisHMMM nigposainamm
6yaisenbHOro NignpuemcrTaa

1 eTan. locTaBka maTtepianis
Ha byaiBeNbHUIN MaNngaHUYNK

TeHaeHuin 0o 06'eAHaHHA NOTICTUYHUX QYHKLN B
opraHisauiiHi nigcuctemm bygisenbHoro nignpuemcTea

2 etan. OpraHi3auin
byaisenbHOro npouecy

OnepaLii 4OCTaBKM NPOAYKLii 4OMNOBHIOIOTLCA Onepaliamu 3i

3 eTan. BiA6yBa€TbCﬂ MoBHe CKNlagyBaHHA, TPAHCNOPTYBAHHA Ta ONTUMI3aLlll 3anaciB

06'eHaHHA yCiX NOTICTUYHMUX - X — —
onepaujii Ha 6yaisenbHoMy Po3wwwMptotoTbCA NOTICTUYHI GyHKLT | 06'eHYI0TbCA binblicTb
niAnpUeEMCTB NOTiCTUYHMX onepauiit

Puc. 2. BopoBaa:keHHs JIOTICTUYHOI CHCTEeMH HA OyAiBeJbLHOMY
nmiaAnpueMcTBi (¥ ckradeno aemopom )

Jlorictuka  OyJIBHUIITBA  PI3HUTHCS  CBOIMH  CHEUM(pIYHUMH  pPHCAMHU.
JloricTuuHuit CcyrnpoBi Mae OyTH CHPSMOBAaHHMN Ha BECh OYIIBEIbHUM UK - BIJ
CKJIQIaHHS TIPOEKTY J0 BUXOAY 3 MPOIYKIIE€I0 HA PUHOK HepyXoMocTi. Jlorictuzaltis
Oy1IBEJIbHOTO BUPOOHUIITBA CTBOPIOE YMOBH JJIsSI ONITUMI3AIIiT OY/IIBEILHOTO TTOTOKY
(puc. 2) [6], [7], [8], [9], [10], [11], [12]..

HeoOximHot0 1 MOCTaTHROIO YMOBOIO JIOTicTH3allii € (opMyBaHHS TOTOKY,
OCKIJTbKM JIOTICTMKAa BimoOpaxae pyxX 1 JWHAMI3M EKOHOMIYHUX TIPOIIECIB.
PiznomaniTTss opM pyXy I03BOJSIE IHTEPNPETYBATH TOTIK B HIMPOKUX MEXKaXx,
OCKUIBKM OyIb-IKUMH 3MiHAaMH B IIPOCTOpI 1 B Yaci € pyX. 3MICT 1 CTpyKTypa
JIOTICTUYHOTO 3a0e3medeHHs] B OyMIBHUIITBI BH3HAYAETHCS HOTO Crenudikoro.
IcHyroTh Tamy3eBi 0COONMBOCTI, SKI SK YWHHUKA BIUIMBAIOTh HA JIOTICTHKY
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OyniBHULITBA. J[OpedyHO 3a3HAYMTH, 0 MPOTHUPIYYS MiXK IMOTOKOM 1 HEPYXOMICTIO
JOJIAEThCS  BIAHOCHICTIO pPyXy - B JaHIM cuTyalii Mae wicmne crenudiaauii
JOTICTUYHHUH TIOTIK, a caMe: IMOTIK BIIACHUKIB YU OPEHJIApIB M€l HEPYyXOMOCTI [2].

Ha mamry mymky, 1uist po3BUTY JIOTICTUKH OY/IIBHUIITBA HEOOX1THO BPaxOBYBaTH
HactymnHe: 1) OymiBellbHA IPOAYKINiSA € 0araToacreKTHOI, CXHIBHOKI 0 aKTHBHOI
nuBepcudikalli, BUCTyHae sIK 3acO0M BUPOOHHUIITBA 1 TMPEAMETH CIIOKWBAHHS B
3a7IeKHOCTI B1J 11 BAKOPUCTAHHS IOPUINYHUMU Ta (GI3MYHUMHU 0cOOamMu; 2) CyTHICTb
JIoTiCTH3aIlll OyIIBHUIITBA TOJIATAE B MOTOKOBIM KOHIIENIN; 3) OyaiBeIbHUM ITUKII €
JIOTICTUYHOIO CUCTEMOIO, a €Taly I[bOTO LUKIY - JaHKHU L€l cucTeMu; 4) CTOCOBHO
OyIIBHUILITBA ICHYIOTh CKJIaJ0Bl 1HQPACTPYKTypH - BHUPOOHHMYA, COILlaJIbHA,
IHCTUTYILIIOHAJIbHA; 5) JIOTICTUKA BIAIrpae BaXJIUBY poJib B MpodecioHamizmi
nepcoHany OymaiBenbHUX (¢ipM (MIANPUEMCTB); 6) TOCIOAAPChKI 3B'SI3KM B
OyIIBHULITBI € O€3JIIU4l0 TOTOKIB; 7) €JIEMEHTapHUM OJIOKOM B JIOTICTUYHOMY
3a0€3MeUCHH] €: «IMOCTAa4aHHS - 3aMacu - TPAHCTIOPTYBaHHS - 30yT»; 8) cyO'ekTm
OyIIBETbHOTO KOMIUIEKCY TTOBUHHI (DYHKITIOHYBATH K CAMOPETYJIbOBaHI CUCTEMHU Ha
OCHOB1 B3a€MO3B'A3KYy BXITHUX 1 BHXIJHHUX TOTOKIB, JJII YOTO TIPOMOHYETHCS
norictuyHa 1H(MOpMaIiiHa Mepexa; 9) cuctemMa MEpEeKeBOro IUIaHyBaHHSA Ta
yopasmiaas (CITY) € momemmo 1 IHCTPYMEHTOM JIOTICTUYHOTO 3a0e3medeHHs
OymiBaunTBa; 10) METOAWYHI MiIXOAM JO OIIMHKH €(PEKTHBHOCTI JOTICTHYHOTO
3a0e3neyeHHs € OaraTOKpUTEplaTbHUMHU 3 €HEPTeTUYHOIO JI€T0 [4].

B ymoBax kpusum Oarato OyaiBebHUX KOMIIaHIN IIYKAlOTh IUISIXHM BUXOIY 3
HBOTO 3 HAMMEHIIMMHU /17151 ce0e BTpaTaMu. B SIKOCT1 OJTHOTO 3 HAMPSIMKIB, 1110 CIIPUSIE
«BWKMBAHHIO» OyAIBEILHOTO IMIANPUEMCTBA € BUKOPHUCTaHHS JIOTICTUKA B
BUPOOHUIITBI (pucC.3).

Koxen eran (050k) MicTuTh psia npouenyp [12]. Jas npukimany: 1js nepiioro
eTamy TMPONOHYIOThCS HACTYMHI mponeAypu:(opMyBaHHS KOMaHIA, B  SKY
B1IOMPAIOTHCS CICIIAIICTH, IO BIAMOBIIAIOTH CIICIiaIbHUM BUMOTaM (aHATITHYHUN
CKJIaJ] pO3yMy, JOCBIJl YIPaBIIHCHKOI iSJILHOCTI, BMIHHSI TPAIfOBaTH B KOMaH/II
TOIIIO );TIOTIEPETHST MIATOTOBKA HWIEHIB KOMaHIW (BUBYEHHS METOJIUKH IPOBEICHHS
aHaJli3y, O3HaOMJICHHS 3 pe3yJbTaTaMU OLIHKH Ta PIBHA PO3BUTKY JIOTICTUYHHUX
JIAHITIOTIB B MHUHYJI MEP10JH );lI00y10Ba epeBa I PO3BUTKY JIOTICTUYHUX CXEM
yepe3 KOMaHJIHI 1ii;(hopMyBaHHS CTpaTerii po3BUTKY OyAiBEILHOTO BUPOOHMIITBA 3
ypaxyBaHHS JIOTICTUHYHOTO CYIpOBOAYy (perioHy, mianpuemcTBa). TakuM YuHOM
MpoleAypu TMPOMUCaHI i KOXHOro Onoky. Po3poOneHuit anroputMm €
yHIBEpCaJbHUM 1 MOXXe OyTH 3aCTOCOBAaHWUH SK JJI1 YMPABIIHHSI PO3BUTKOM
OyIiBeNbHOI Taly3i perioHy, TaK 1 g YIpaBIiHHS PO3BUTKOM BHUPOOHHUIITBA
Oy1BEJILHOTO MIAIMPUEMCTBA.

BucHoBKM Ta Nponmo3uiii.

ByniBHULITBO € cuCTeMOlo, 10 OO0 €AHYE CYKYIHICTh B3a€MOIOB'SI3aHUX 1
B3a€MOOOYMOBIIEHUX MOTOKIB, @ came: MOTOKH 1H(popMallii, MaTepiaTbHO-TEXHIUHUX 1
(biHAHCOBHX pECypCiB TOIIO.

OcoOmuBICTh JIOTICTUKM B OYIBHHUIITBI TOB'I3aHa 3 TUM, MO OymiBeIbHA
Oprasizaifisi piIko € «rocrnojapem» JOTriCTUYHOro mnpouecy. BoHa po3risaaerscs sk
CIOKMBa4 B JIOTICTUYHHMX cucTeMmax. /(s OyniBenbHOI opraHizaiii BeJauKa YacTHHA
orepailiii mpu BUKOHAHHI JIOTICTUYHUX (YHKI[IH TpaHCIOPTYBaHHS, CKIJIaTyBaHHS,
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yIIpaBJIiHHS 3alacamMu 1 3aKyIIBJISIMU € JOMOMIXHUMU MPOIECAMH.

Ha mamy aymky came B OymiBenbHIN 1HAYCTpii JIOTICTHKA 3/aTHA TMOKa3aTH
HaWOIbIIMK  €(EeKT, OCKUIBKM HaBiTh KOPOTKOYACHa TepepBa B Oyab-SKOMY
OyIiBHUITBI yepe3 301 B MOCTauaHHI MOXKE MPUBECTH A0 MPOOIEM 1 EKOHOMIYHUX
BTpAT.

B nmomanmpmmx HammMx JOCHKEHHSX MaeMO 3a MeETy MpOaHalli3yBaTu
JIOTICTUYHI BUTPATH y CKJIaJ1 OyIBEIbHUX KOIITOPUCIB.

-
PiweHHs npo HeobXigHICTE NorivHero cynpoesoay
Oy niBenbHoro BMPobHALTBa

»l
|

1. $opmyBaHHs LiNel poaBATKY NOTICTHKK B
Oy AiBHALTBI

2. BuBip kpuTepiiB OLHKM NOTICTUYHOrD NaHLora

4. BuWbip nokazHWKIB OUjHKM  etDEKTWMBHOCTI

TakK ;
(hYHKLOHYBaHHA NOMCTUYHKMX cXem B Gy AIBHALTBI

3. MNepesipka BigNOBILHOCTI
KpMTEPIiB Linam BupobHULTBA

T
5. OujHka piBHA Ta AMHAMIKK NOTICTHYHAT CUCTEMM
B OvAiBHWUTBI

6. AHanis piBHS NOKAsHMKIB | iX AMHAMiKM B
NOMCTUYHUX NpoeKTax Sy AIBHALTBA

7. MNepesipka 3agoBinkHOCT
NoKasHWKiB

8.BusHaveHHA chaKkTopie BNNMBY PIBHA Ta AMHAMIKM
NOTiCTUKKM Ha pesynbTaTUBHICTL Oy LIBHMLTBA

9. OujHKa pery B aHHs
thakTopie BNAMBY NOTICTUKM
Ha BUPoGHULTBO

Hi

10. Pospobka mip BnnuMey

12. Pospobrka cTpateri agantauii
MOFCTMYHOT CUCTEMM 10 ICHYKIYMX YMOB

13. Peanisaujs ctparerii aganauji
|

11. Peanisaujs mip Bnnuey

14. OujHka pesyneTaTis
BMMMBY NOMCTUYHMX CXEM Ha
bvaiBentHe BUPOBHULTBO

15. KoperysaHHs saxoais

16. BaskaHuii cTaH opraHisalii NoricTMYHOrO 3abe3unedeHHs B OV BHALTEI ]

Puc. 3 — biiok-cxema ajropurmMy ynpapJIiHHSA PO3BUTKOM JIOTiCTHKH B
OyAiBHMUTRBI (po3pobiieno agmopom)
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Abstract. The article considers the peculiarities of the directions of logistics development in
the construction of Ukraine in modern economic conditions. Logistics processes, subject to the
achievement of the main goals of the enterprise, are not an independent field of activity, but can
significantly affect the organization of production of the enterprise. Logistics requires the
implementation of consistent and expanded in space and time activities, which are simultaneously a
set of mecessary socio-economic, organizational, technical, informational, legal, personnel and
other prerequisites for the proper functioning of production structures.

The purpose of the article is to comprehend the theoretical provisions and develop practical
recommendations for logistics of production activities in construction.

The study is based on the fundamentals of the work of domestic and foreign scientists in the
field of logistics. The methodological basis was a model that gives a general idea of the quality of
logistics operations.

The article concludes the following conclusion: logistics activities, managing the main and
related flows, aimed at optimizing the supply of resources to the enterprise. The efficiency of
logistical support of the construction company is a cumulative result, which takes into account:
delivery of the required (ordered) materials of regulatory quality; providing resources in the
required amount; at a specific time; to the appointed point and with the minimum incurred
expenses. The priority is to solve the problem of quality of the logistics process, which relates to its
ability to meet the ordered supplier services and the degree of compliance with the expectations of
the consumer (construction organization).

Key words: development of logistics, construction activity.
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CITY POLLUTION FROM NATURAL AND ANTHROPOGENIC

EMISSIONS OF CARBON MONOXIDE
3ATPSA3HEHUE TEPPUTOPHUI T'OPOJIOB ITPUPOTHBIMHA
N AHTPOIIOT'EHHBIMHU BBIBPOCAMHU OKCHUJIA YTJIEPOJA
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d.t.s., prof./0.m.un., npog.
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Bocmouno-ykpaunckuii nayuonanvuolil ynusepcumem umenu Braoumupa Jans,
npocnexkm Llenmpanvuoiii, 594, m. Cesepodoneyx, 93400

Abstract. The work considers urban areas with nearby deposits of lignite or peat bogs in
terms of natural and anthropogenic emissions of carbon monoxide. Carbon dioxide is absorbed on
the coal surface ensuring its safe long-term storage. Based on the example of cities located at 49°-
517 latitudes, a chain of territories with enhanced degassing is revealed due to the energy arising in
the Earth bowels, and manifesting itself especially in places with coalmines. Degassing develops
unevenly, both spatially and over time, with the rhythms of endogenous activity of the Earth.
According to the results obtained, the change and spread of air pollution with carbon monoxide
takes place in waves, the peak of the concentration wave shifts at an average speed of 34 km/h with
achieving the maximum concentration at night. The proposal is to take into account geographic
information data during urban planning and development, as well as to develop a roadmap to
reduce emissions in especially active degassing areas, since they lead to greenhouse effect and
climate change.

Key words: pollution, emissions, urban areas, anthropogenic, natural emissions, carbon
monoxide, ecology.

Introduction.

Carbon monoxide is in a higher concentration than any other pollutant in urban
air. However, since this gas is colourless and odourless, our senses cannot detect it.
Nevertheless, it is present, and causes significant harm to public health. When
inhaled, carbon monoxide combines with haemoglobin displacing oxygen from the
blood. This results in oxygen starvation that primarily affects the central nervous
system. High concentrations of carbon monoxide, even with short-term exposure, can
cause death; small doses cause dizziness, headache, fatigue, and delayed reactions.
Carbon monoxide is one of the factors that causes such a heart disease as angina
pectoris, 1.e., a decrease in the transfer of oxygen to tissues, which is especially fatal
to the myocardium (heart muscle). Inhalation of a low concentration (up to 1 mg/l)
causes heaviness and a feeling of squeezing the head, severe pain in the forehead and
temples, dizziness, trembling, thirst, increased heart rate, nausea, vomiting, an
increase in body temperature up to 38-40 °C. Weakness in the legs indicates the
spread of the effect on the spinal cord //].

The level and dynamics of the increase in carbon monoxide concentration in the
city atmospheric air significantly depends on changes in the intensity of traffic flows,
volumes and composition of industrial emissions, as well as building fund, which
accounts for 40% of consumed energy and 36% of emissions /2/. To burn one
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kilogram of hydrocarbon fuel, from 12-14 (for gaseous fuel) to 25 or more (for solid
fuel) kilograms of atmospheric air is supplied to the combustion zone.

At the same time, along with anthropogenic (artificial) sources of air pollution,
there are natural ones, e.g., volcanic eruptions, earthquakes, dust storms, and
meteorites falling to the Earth. Currently, the use of geographic information
technology for the analysis of tectonic disturbance, deep faults, the content of certain
toxic elements, degassing of the mantle makes it possible to determine air pollution
taking into account a larger number of factors, which ultimately affect the quality of
living conditions of the population.

The purpose of the work is to analyse the air basin of industrial cities in terms of
the content of natural and anthropogenic carbon monoxide emissions.

Analysis of recent research and publication.

Greenhouse gases are produced naturally, and play an important role in the
survival of people and other living beings by trapping some of the sun’s heat and
making our planet habitable. A century and a half of industrialization as well as mass
deforestation, and the use of certain agricultural practices have led to an increase in
greenhouse gas emissions into the atmosphere. Due to the population growth, and the
development of economies of countries, the volumes of their emissions are
increasing. The following factors are common for emissions /3/:

- the average global temperature directly depends on the concentration of

greenhouse gases in the Earth’s atmosphere;

- since the beginning of the industrial era, the concentration of greenhouse
gases has been constantly increasing together with the average world
temperature;

- one of the main greenhouse gases in the Earth’s atmosphere is carbon dioxide,
a product of burning fossil fuels.

Natural emissions can be divided into ‘hot’ and ‘cold breath’ of the planet. ‘Hot
breath’ is the eruption of gases by several thousand regularly renewing volcanoes
including submarine. In addition to ‘hot breath of the Earth’, there is also a
‘background’, non-volcanic, less noticeable, but possibly even larger form of
degassing of the planetary interior, which is ‘cold’ breath of the Earth [4, 5]. Cold
degassing gases are less concentrated, more dispersed, and therefore less studied. If
one focuses on the composition of gases of mud volcanoes and gas jets emanating
from the bottom of the seas and oceans, where this process is most noticeable and
studied, one can conclude that the basis of cold degassing is methane. Data on the
composition of gases of kimberlite pipes, workings of deposits in some depressions
sometimes show a significant amount of hydrogen and nitrogen. There are signs of
emission of significant amounts of CO; as well as CO and some other gases. Carbon
dioxide is absorbed on the coal surface ensuring its safe long-term storage. It
gradually releases methane, which has a higher global warming potential than carbon
oxides.

Changes in the content of carbon dioxide in the atmosphere as one of the
prevailing gases in the ‘gas breathing’ of the planet occurred in the history of the
Earth with a certain cyclicality. In general, it corresponded to the cyclicity of the
endogenous activity of the earth interior /6/. In the deepest parts of the planet (outer
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core, lower mantle), the pressure and temperature parameters reach high values. Fluid
formations on the core-mantle boundary have colossal energy /7] and a significant
lifting force. During its ascent, the silicate matrix of the mantle interacts with reduced
gases such as H,, CHs4, CO, reduced sulphur, chlorine, nitrogen, etc. This effect
resembles the burning of the mantle material with its partial transfer to a
supercompressed gas state. It is also of interest to determine the pollution of urban
areas by natural and anthropogenic emissions of carbon monoxide.

Research methodology.

The work used the Goddard Earth Observation System 5 (GEOS-5) model,
which consists of a group of model components that can be flexibly connected to
solve issues related to various aspects of Earth science, and the use of space data
(Windy map). GEOS is an atmospheric model used to study the physics of the
atmosphere in both the short, weather, and medium, and long-term prospects.
Comparison of one day’s results with the satellite image shows how well the model
performs in the short-term prospect.

Main research results.

Currently, there is a tendency towards a decrease in the total amount of
emissions both in Ukraine and in Germany including carbon dioxide and carbon
monoxide emitted during the consumption of solid, liquid, and gaseous fuels as well
as gas combustion. The difference in emissions in Ukraine and Germany was about
2.5 times in 2008, and 3.5 times in 2019 (Figure 1).
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Figure 1 Change in the total amount of carbon dioxide emissions
in Ukraine and Germany

Observations on carbon dioxide emissions took place in four cities located at
48°-51° latitudes and having coal deposits on their territory, namely, Dortmund
(Germany), Lviv, Severodonetsk (Ukraine), or peat bogs in Kyiv (Ukraine). The air
basin was monitored as for pollution with carbon monoxide at four points during
three days (Figure 2). The zones of active pollution had clear boundaries in each case,
which gradually shifted from west to east and blurred. The concentration reached its
maximum at night from two to five a.m. Degassing developed unevenly, both
spatially and over time, with the rhythms of the Earth’s endogenous activity.
Hydrocarbon emissions are a deep-seated derivative of degassing, and their resource
potential constantly renews and reaches colossal volumes.
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Geological information about the territories.

Coal basins and deposits of the Carboniferous Period occupy significant areas in
the western part of Germany. They are a part of the European belt of carboniferous
coal deposit stretching from England across the mainland. They form the eastern
branch of this belt, the continuation of which is Doberlug deposit located in the
southeastern part. Total geological reserves of bituminous coal amount 224. 3 billion
tons.
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Figure 2. Territories of air pollution with carbon monoxide, midnight:
a) Dortmund -12.12.20; b) Lviv — 13.12.20; ¢) Kyiv — 14.12.20;
d) Severodonetsk — 15.12.20.

In 1957, according to the agreement between France and Germany, the Saar
Basin with reserves of 16.5 billion tons became a part of the latter. At present,
geological reserves of bituminous coals are approximately 241 billion tons, i.e.,
almost exactly correspond to the reserves of the Donetsk basin /8/. The most
important are primarily bituminous coal and lignite. The main deposits of bituminous
coal are located in the western part of the country (Ruhr, Saar, and Aachen basins).
This coal is of high quality with over 2/3 of coking. Lignite basins are located both in
the east of the country (Lausitz, and Middle German) and in the west (the Lower
Rhine).

Coal-bearing areas of Ukraine occupy about 210 thousand km? that is almost a
third of the country’s area. In the Carboniferous Period, coal beds deposited, and in
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the Permian one, coal beds of the Donetsk and Lviv-Volyn basins finally formed. The
Lviv-Volyn coal basin stretches for 125 km from north to south through Lviv and
Volyn oblasts of Ukraine. Coal deposits including commercial and non-commercial
reserves as well as forecast are about 3 billion tons, which is 2% of Ukraine’s coal
reserves. The basin is structurally confined to the southeastern part of the Lodz-Lviv
depression of the East European platform. Most of coal is mined from a depth of 326-
550 m, the total annual production is 1,429.4 thousand tons of coal (2019). Coal is
mainly used as a high-quality energy fuel, partly as a coke-chemical raw material /9/.

The coal-bearing areas of Donbas are slightly less than 60 thousand km?. About
92% of the country’s bituminous coal reserves are concentrated here. The first
information about bituminous coal deposits in the area of the Siversky Donets river
are known since the first half of the 18" century. Coal mining began in the village of
Verkhnii (now the territory of the city of Lysychansk) in 1795; the first coal mine
was founded in Donbas. Lysychansk coalmines were the only industrial
developments in the entire Donetsk basin until 1802. With the development of
capitalism in the 70s of the 19" century, intensive industrial mining of bituminous
coal in Donbas started growing at a rapid pace. 1.4 million tons were mined in 1880,
with up to 11 million tons in 1900, and about 16.9 million tons in 1913. Before the
start of World War II, 83.7 million tons of coal were mined in Donbas. The deposits
of Donbas are dominated by steam coal (56%) mainly used for the production of
electricity and heat supply to settlements /70].

Coal production in Ukraine decreased by 6.8% compared to the same period last
year. In Donetsk oblast, coal industry enterprises of all forms of ownership produce
1.15 million tons of coal per month; enterprises of Luhansk oblast produce 25.04
thousand tons of coal. State-owned enterprise ‘Lvivugol’ mines 116.38 thousand tons
of coal on average per month, and ‘Volynugol’ mines 1.28 thousand tons. Coal
mining enterprises of Ukraine of all forms of ownership produced 28.80 million tons
of coal in 2019 /9-10].

In Germany, they solemnly closed the country’s last coal mine, Prosper-Haniel,
in the former mining town of Bottrop on December 21, 2018. Bituminous coal is no
longer mined with only open-pit mining of lignite left. The growing fight against
climate warming is leading to a reduction in global coal consumption and, in the long
term, to cessation of its mining, especially the expensive underground one. In
Germany, a law has already been passed to stop using lignite and bituminous coal
until 2038.

Thus, it should be noted that all the territories under consideration have mine
workings, where methane, carbon dioxide, carbon monoxide, and other gases
accumulate.

According to the results obtained, the change and spread of air pollution with
carbon monoxide took place in waves from Dortmund to Severodonetsk (Figure 3).

The peak of the concentration wave shifted at an average speed of 34 km/h. At
the same time, the background level of carbon monoxide concentration usually
remained at the level of 0.2-0.3 mg/m>. At stationary posts, it fluctuated within the
range of 0.4-1.0 of the average daily maximum permissible concentration (MPC). In
general, the average levels of carbon monoxide emissions are 2-3 times higher than in
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more northern latitudes. Besides, there is a certain ‘chain of territories’ where
pollution indicators are high.
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Figure 3. Changes in the concentration of carbon monoxide in the air of cities
within three days

It is worth noting the information about earthquakes ///] that took place in the
same period, i.e., an earthquake with a magnitude of 4.3 in the Black Sea on
December 12, 2020; five earthquakes per day with a magnitude of 5.6 in Chechnya
on December 13, 2020; six earthquakes near the Kuril Islands on December 14, 2020.

At the same time, the analysis of the actual average daily traffic intensity on the
highway and its emissions was carried out using the example of Kyiv. The
calculations were performed at different times of the day including morning,
afternoon, evening and night with averaging over a ten-minute interval and
subsequent calculation of the number of vehicles per hour and day. Based on these
results, the emission power and concentration of pollutants of exhaust vehicle gases
in the atmospheric air were calculated //2]. The concentration of atmospheric air
pollution with carbon monoxide was calculated using a model of Gaussian
distribution of impurities in the atmosphere at low heights (Figure 4).

It was revealed that the concentration of carbon monoxide is 5-10 times higher
than the standards at the edge of the road, and reaches the MPC only at a distance of
more than 200 m. According to satellite indicators, I obtained the average territorial
concentration of the pollutant. These results are quite comparable with the data for
large or industrial cities. However, the traffic intensity is much less in Severodonetsk,
since there are no highways and large industrial capacities. For example, the average
annual concentration of harmful substances in Kyiv is 0.33 mg/m?, 1.0 mg/m® in
Lviv, and 1.33 mg/m’® in Severodonetsk. It is worth recalling the idea of V.I
Vernadsky about the ‘gas breath’ of the planet, migration and accumulation of the
hydrocarbon complex of compounds. At the same time, researchers /73] obtained
irrefutable evidence that most of carbon monoxide enters the atmosphere through the
combustion of fossil fuels. It is an important fact, since the greenhouse effect has
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been studied in detail in recent decades. Probably, one can speak about both the
global impact of anthropogenic emissions, and the territories where emissions of a
natural character are manifested to a greater extent, and the need to take into account
these data, since they have such a significant effect on human health during urban
planning and development.

concentration g/m?

0 30 60 90 120 150 180 210 240

distance from the edge of the road / m

Figure 4 Change in the concentration of carbon monoxide depending on the
distance from the road edge (the dotted line marks the MPC level).

Conclusions

Based on the conducted analysis, it was revealed that there is a ‘chain of
territories’ with enhanced degassing caused by the energy arising in the bowels of the
Earth, i.e., ‘cold breath’ that manifests itself especially in places where coal mines are
or used to be present. Degassing develops unevenly, spatially and over time, with the
rhythms of endogenous activity of the Earth. According to the results obtained, the
change and spread of air pollution with carbon monoxide takes place in waves, the
peak of the concentration wave shifts at an average speed of 34 km/h.

The average indicators of the content of natural and anthropogenic emissions
exceed the norm 2-3 times along the ‘chain of territories’, and especially in large
European cities. This fact provides a basis for developing a roadmap for reducing
emissions, since they lead to such consequences as the greenhouse effect and climate
change. In addition, it is necessary to take into account that these data have a
significant impact on people’s health when designing the prospects for urban
planning and development. The use of innovative energy-efficient solutions will
allow cities to choose an energy-efficient way of economic development to reduce
anthropogenic carbon emissions by 79%-99% and potentially improve the quality of
life of citizens.
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Annomayusn. B pabome paccmompensvt meppumopuu (2opooa), 80,1U3U KOMOPLIX HAXOOSMCSL
3anedxcu Oypoeo yens unu mop@AHUKO8 HA npeomem NPUPOOHBIX U AHMPONOSEHHLIX 6blOPOCO8
okcuoa yenepooa. Yenexucaviii eaz abcopoupyemcs Ha4 NOGEPXHOCMU Yels, obecneuusas ezo
bezonacHnoe 00120CPOYHOE XpAaHeHUue, HO CO BpemMeHeM B8bl0eNaemcs Meman, m.e. Cyujecmeyiom
bonee macuwmabHnas gopma dezazayuu niaHemuvlx Heop — "xonoonoe "sviovixanue" 3emau. Ha
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npumepe 20po0oe, pacnonoxcennvix na wupomax 49°-51° eviaeneno, umo cywecmsyem yenv
meppumoputi ¢ yCuieHHou Oezazayuell, KOmopas Cea3aHa C 3Hepauell, 803HUKarwel 6 Heopax
3emnu u npossnsiemcs 0cobenHo 8 mecmax, eoe Ovliu Ul ecmb yeolvHble evipabomku. Ilpoyecc
dezazayuu paseueaemcsi HepasHOMEPHO — U NPOCMPAHCMBEHHO, U 60 BPEeMEHU, C pPUMMAaMU
9HOocenHou akmuenocmu 3emau. CoO2NACHO  NOMYYEHHBLIM — pPe3YIbmamam, UMeHeHue U
pacnpocmpanenue 3a2psA3HeHUs 8030YWHO20 OAcceliHa OKCUOOM Y2nepood udem 60IHO0OPA3HO,
NUK BOJHbL KOHYEHMPAyuu CMewaemcss 8 cpeoHem co cKopocmvio 34 Km/4, MakcumaibHble
KOHYenmpayuu 00cmueaiomcs 8 HouHoe @pems. Ilpednosceno yuumvlieams ceoun@opmayuontsie
OaHHble Npu NIAHUPOBAHUU 3ACMPOUKU  20PO008 U OANbHelue20 pazeumusi meppumopuil, a
makaice 8blpabomams OOPONHCHYIO KAPMY NO CHUNCEHUIO KOAUYeCm8a 6bl0pOCco8 0COOEHHO MAaKUX
AKMUBHBIX NO 0e2azayuu meppumopuil, m.K. 6ce MO HpUGOOUm K NOCIeOCMBUIM 8 BUOe
NapHUK08020 d¢hhexma u usmMeHeHuIo Kiumama.

Knwuesvie cnosa: 3acpssnenus, 6ulOpOCbl, Meppumopus 20pooos, AHMPONOSEHHbIE,
NPUPOOHBLE BLOPOCHL, OKCUO Y2nepood, IKOIOUSL.

Article sent:25.02.2021 r.
© Tatarchenko Halyna
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Anomauia. Bubip naodiiinoco ineecmuyitino-0y0ieeibH020 NPOEKmMy 8 WUBUOKOIMIHHUX YMOBAX
HABKOIUWHBO20 Cepedosuula MAae 8axiciue 3HauyeHHs O IHeecmopa, Mema K020 NOAA2AE 8
00CsCcHEeHHT NO3UMUBHUX pe3yIbmamié c80€i OisinbHocmi. Mema 00CniONCeHHs Noasgedae 8 MoMmy,
Woob 3anponoHysamu maxky mooenb i06opy iHeecmuyitino-6y0ieebHO20 NPoeKmy, AKa 6 cnpusna
00Cs2HEeHHI0 NOCMABIeHUX Yinell IHgecmopa 8 yMo8ax HegusHaueHocmi. /[isi nonepeoHb020 8i0060py
iH8eCMUYIliHO-0)0i6€1bHO20 NPOEKMY HPONOHYEMbCA OA2AMOKPUMEPIUHULL MemOoO NPULIHAMMS
piuienb, 3a 0ONOMO20I0 K020 AHANIZYEMbCA 1 OYIHIOEMBCS OOCMOBIPHICMb  AlbMEePHAMUBHUX
NPOeKmi6 3 Ypaxy8aHHAM 6a2oMux Kpumepiig. Piwenns npo ineecmysanns 6 0yoigenibHull npoexkm
8UMA2AE BPAXYBAHHS AKICHUX [ KIIbKICHUX Kpumepiie He8U3HAYeHOCmi, Wo 6 KiHYye8oM) NiOCYMKY
BU3HAYAIOMb PE3YIbMam IHeCMUYitHOoI OiANbHOCI.

Knrwowuosi cnosa: 6yodisenvra eany3vb, 00CmMoSIpHicmb, H8eCMUYIUHO-0YO0igenbHULL NPOeKM,
MCDM, muoorcuna kpumepiis, nesuznauenicmo, TOPSIS.

Beryn.

ByniBenbH1 MPOEKTH 3a CBOEID MPHUPOJIOI0 YHiKalbHI [1] 1 XxapakTepu3yroThCs
CKJIAJIHUMH TIpoIleCaMU, TPUBAIMMHU TME€piOJaMU, YYTJIMBICTIO JO MIHJIHUBOCTI
HaBKOJIMIITHLOTO CepejoBHINa 1 (IHAHCOBOIO HampykeHicTio. [lpakTuka peamizamii
1HBECTHUIIMHO-OYIBEIbHUX TMPOEKTIB TOKa3ye, M0 JaHWK TMpoIec IMMiIIa€ThCs
MHOXHMH1 ()aKTOpiB HEBU3HAYEHOCTI, SKI MOXKYTh NPHUBECTH 10 HemepeadayyBaHUX
CUTYyaIliii, IEpeBUTPAT, a TAKOXK 3pHUBIB TepMiHIB. TOMY BCi 1HBECTHUIIIMHO-OY/TIBEJIbHI
MPOEKTH, HE3aJIEKHO BiJl TOTO HACKIJIbKKA BOHU J0OpE CILIaHOBaHi, OyAyTh MICTUTH
MEBHUM €JEMEHT pHU3UKy. Y 3B'SI3KY 3 IIUM, I 3a0e3MeUeHHs JOCSTHECHHS
3aIJIAHOBAHUX PE3YJbTaTIB 1HBECTHUIIMHOI-OyMIBEIBHOI JISUIBHOCTI  MOTIEPEIHS
OIIHKAa TIPOEKTIB € BAXJIMBUM €TanoM. 3pO3yMUJIO, IO YHHKHYTH YCIX PHU3HKIB
1HBECTUIIIITHO-0Y 1IBEJIHOI IISITBHOCTI € HEMOCWIBHUM 3aBJIaHHSIM, aJie MiHIMI3yBaTH
ix mosBy Oyne po3ymHuUM pimeHHsM. CaMe Tij 9ac Mporecy NpUHHSTTS PIIICHb
ocoba, fKka TMpUHMae PINICHHS, Ma€ OIIHUTH BCi IIi PHU3UKHA 1 HEBU3HAYEHOCTI,
OCKIJTbKM OOpaHW TPOCKT Ha TEepeAIHBECTHUIIIMHIN eTari B 3HAYHIM Mipi BH3HAYa€e
MO>KJIMBUI MPUOYTOK 1HBECTOPA.

[Tonepenns OI[IHKA 1HBECTHUIIMHO-0Y 11BETTbHUX MPOEKTIB - e
OaraTokpuTepiaiabHa MpoodsiemMa NPUUHSITTS PIlIeHb, AKa 3aJ€KUTh Bl AUMHAMIYHOTO 1
CKJIJIHOTO  XapakTepy OyHiBeIbHOI Traiay3i, HEBU3HAYEHOCTI 30BHIIIHBHOTO

ISSN 2567-5273 99 www.moderntechno.de



Modern engineering and innovative technologies Issue 15 / Part 1 éw

cepesoBHIIa 1 Cy0'€KTUBHOTO CYIKEHHSI 0COOH, sIKa MPUUMAaE PillICHHS.

MopeJb monepeAHbOI OMIHKM iHBeCTULIHHO-0y1iBeIbHIX NPOEKTIB.

Ha croronni iHBeCTUIIHHO-0Y 1IBETIbHA AISUTBHICTD € CKJIATHOIO Yepe3 HasiBHICTh
MHOXHHU (DAKTOpIB, TaKUX SK TEXHIYHI, €KOHOMIYHI, TOJITHYHI, COI[laJbHI Ta
exosioriuni. Ile, B cBoIO uUepry, BUMarae BiJ 0coOH, sKa MpUHMAaE pIillICHHS, MaTH
cripaBy 3 mpoOjemMamu, 10 MalOTh MHOXKHUHY KpHUTEpiiB 1 0e3iu anbTepHATUBHUX
pIllIeHb, IO YCKIIAIHIOE MPOIIEC BiIOOPY 1HBECTUIIIMHO-0Y IIBEILHOTO MPOEKTY 1010
3a0€e3Me4eHHs JOCTOBIPHOCTI PIlIEHHs. YXBaJIEHHS OCTOBIPHOTO PIIIEHHS O3HAYa€e
BUOIp Takoi albTepHATHBYU 3 MOKIMBOTO HAOOPY albTEPHATHUB, SIKUH 3 ypaxyBaHHIM
BCIX PI3HOMaHITHUX YMHHHKIB HEBHU3HAYEHOCTI 1 CYNMEPEWIMBHX BHUMOT CIIPUSITHME
JOCATHEHHIO MOCTABJICHOT METH 1HBECTOPAa B MAKCUMAIILHO MOXKIUBIN Mipi. OHaK y
O0araTbOX BHUIAJKaX aJbTEPHATUBH TMOB'A3aHI 31 CKIAJHUMH CHTYyaIlisIMH, SKi
XapaKTEPHU3YIOTHCS MPOTUPIYISIM BUMOT 1 MHOKHHHHMX KPUTEPIiB, HEOTHO3HAUHICTIO
OI[IHKUA CHUTYyaIlil, MOMWJIKAMH Yy BHOOpI MPIOPUTETIB, MO ICTOTHO YCKJIQJHIOIOTH
MPOIIeC MPUUHATTS PIIIICHb.

Pi3n1 posiBu akTOpiB HEBU3HAYCHOCTI MOB'A3aH1, HAPUKIA, 3 [2]:

* HEMOXUIMBICTIO a00 HEIOIUIBHICTIO OTPUMAaHHS JOCTaTHHOI KUIBKOCTI

1H(dOopMaIrii 3 HEOOX1THUM CTyTIIEHEM JOCTOBIPHOCTI;

* BIJICYTHICTIO HAJIITHUX MPOTHO31B XapaKTEPUCTHUK, BIACTUBOCTEH 1 MOBEIIHKH
CKJIQJHUX CHUCTEM, IO BIIOOpaKarOTh IXHIO pEaKIlil0o Ha 30BHINIHI 1
BHYTPIILIHI BIUIMBH;

* [IOraHO BU3HAYEHUMH IISIMU 1 OOMEKEHHSIMU B 3aj[a4aXx IJIaHyBaHHS;

* HEMOXJIMBICTIO (popmanizauii psay (QakTopiB 1 KpUTEPIiB Ta HEOOX1THOCTIO
BpaxyBaHHS SIKICHOI 1H(opMaIii.

[IpuitnsarTs pimenHs no MHOXHUHI KputepiiB (MCDM) - ne BaxiuBui
IHCTpYMEHTAbHUN TIAX1J, SIKUW JONOMara€ IMepeTBOPUTH OakaHHS ocobu, sKa
npuiiMae pimieHHs, B AocsbkHE pimeHHs [3]. TIpuifHATTS pilieHb MO MHOXKHHI
kputepiiB (MCDM) mupoko BUKOPUCTOBYETHCS B SIKOCTI JOTIOMIKHOT'O 1HCTPYMEHTY
JUISL TIPUAHATTS CKJIAJIHUX 1HBECTUIIIMHUX PIlieHb B OyIIBHUIITBI [4], KOJU ICHYIOTh
KUTBKICHI Ta SIKICHI KpUTEPii OIIHKHU [5], OCKUIBKM TaKWUW 1HCTPYMEHTATBHUMN IT1IX1]T
JI03BOJIsIE 0C001, 110 MpUKMaE PIlIeHHs, 3BEPHYTHU yBary Ha BCl JIOCTYITHI KpUTEpii 1
MPUUAHITH BIATOBIHE PIIICHHS 3T1IHO IUIAM iHBecTopa. Lleit 1HCTpyMEHT cTae Bce
OUIBII MOIIMPEHUM JJISl TIPUUHSTTS PillieHb B Taly3l OyJAIBHUIITBA Yepe3 THYUYKICTb,
Ky BiH HaJae 0coOi, SKa MpUiiMae PilIeHHs, 1 MOKIIUBICTh OJTHOUYACHOTO BPaxXyBaHHS
BCIX ITIJIEH 1 BATOMHUX KPUTEPIiB.

3 ormmsmy JmiTepaTypw BH3HAYEHO, MO ICHYE Oe3mid OaraTOKpHUTepiabHUX
MeTomiB mpuitHATTS pimeras (MCDM), 1m0 BHKOPHUCTOBYIOTBCS B Tally3i
OyIIBHMIITBA, TaKi K Mporec aHamiTuaHoi iepapxii (AHP), ananitnunuii MepexeBuit
npouec (ANP), Buxiouenns 1 Bubip, uo Bupaxae peanbHicte. (ELECTRE), meton
opratizaiii pamxupyBaHHs nepesar s 30aradeHHs oniHok (PROMETHEE), meton
BU3HAYEHHS TMOPSJKY NepeBaru 3a MoAioHicTIO 3 imeanbHUM pimeHHsM (TOPSIS),
vise kriterijumska optimizacija 1 kompromisno resenje (VIKOR), teopis HediTKHX
MHOUH.

VY naHiii cTarTi B SKOCTI IHCTPYMEHTY OIIHKHA Ta BiAOOpY 1HBECTULIMHO-
OyIiBeIbHUX MPOEKTIB MponoHyeThest MeToa TOPSIS, sikuit po3pobunu Xrwanpb Y. Ta
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IOup K. [6], 3HaxomsTh pillleHHS 3 ypaxyBaHHSM BIJICTaHi, IO BIJJISE KOXHY
aNbTepHATUBY BIJ 1l€ajbHOro pimeHHsA. UMM KopoTina 1s BiJCTaHb, TUM Kpalle
pillieHHs, 1 1€ TIOPIBHSHHS JIO3BOJIIE HAM BU3HAYWTH TIEPEBaKAHHS OJHIET
anbTepHaTUBU Haja iHIMIOW [7]. Takoxx 1S ambTepHaTHBa MOBUHHA OyTH Haljami
aMbTEPHATUB BiJ HEIOCKOHAJOrO pimieHHs [6]. SIK BUIMIMBae 3 CyTHOCTI METOIY
TOPSIS, 3 BuUKOpHUCTAaHHSM OCTAaHHBOTO JOCHUTh €(PEKTUBHO MO>KHA BUPIIIUTU
3aBJaHHS BUOOPY HAMKPAIIOTO PIIICHHS CEPEll MOKIIUBUX aTbTEPHATHB.

Tak sk mpuponi OyniBeNbHOI Taiy3i BJacTHUBa HEBU3HAYEHICTh, HEMOBHOTA
iH(opMallii Ta HETOYHICTh JJAHUX, TO TEOPis HEUITKUX MHOXKHUH [8] MiAXOIUTh IS
BUpIIICHHS 3aBJaHb. HediTka Jorika 3acTOCOBYEThCS ISl TOTO, 100 3a0e3MeuuTH
oco0am, [Kl MPUWMAIOTh PILIEHHS, MOXJIUBICTh BUCIOBUTH CBOi MIPKYBaHHS OO
AKICHUX KPUTEPIiB BIIOOPY MPOEKTIB.

Meron TOPSIS € ogHuM 3 IHCTPYMEHTIB CHpHUSHHS 0C001, fiKa HpUilMae
pIllIeHHS, B BUPAKCHHI 11 ITJIeH 1 Cy0'€KTUBHUX TIepeBar, CTPYKTypyBaHHI MHOXUHU
KpUTEPIiB B MPOIIECI TPUUHATTS pillieHb HA MOBI1 JIHTBICTUYHUX 3MIHHUX 1 HEUITKUX
qHCell.

Meton TOPSIS nasi momepeaHbOro BiAOOpYy iHBeCTHHiHHO-OyAiBeJbHMX
MPOEKTIB.

Kosken 3 kputepiiB BiOOpY 1HBECTHUIIIHHO-OYAIBETLHUX MPOEKTIB MA€ BIACHUMN
BUMIp 1 pO3MOAUI, iX BaXXKO Oe3mocepeqHbO MOpiBHIOBATH abo omepyBaTu. B
pe3yabTaTl BUXIJHI JaHl OLIHKU KPUTEPIiB MOBUHHI OyTH O€3pO3MIPHUMH METOJIOM
HOopMadizali [9].

Kpoxk 1. HopmanizoBaHa HeUITKa MaTpuLA pillIEeHb MOKe OyTH MpeAcTaBiIeHa sK:

S = [Ez.j]mm,r: =12,..mj=12,.,n (1)
Jle eTeMEHTH MaTpulli [S;] po3paxoByrOThCs SK:
S (%5
ij — _5}+ - Sj+fsj+lsj (2)
ST = maxsy;
KOJIM KpUTEPIN S; € KPUTEPIEM BUTOBI;
5 = ?_Z Zr_d?_bz_ (3)
: TR AT
S, = mins;;

KOJIM KpUTEPIN S; € KpUTEpiEM BUTpAT.
Kpox 2. 3BaxkeHa HOpMalli30BaHAa MATPHISl MPUUHATTSA PIIICHb BU3HAYAETHCS
MHOKEHHSM HOPMasIi30BaHOI MaTPHIIl PILICHHS Ha MOB's13aH1 3 HEI0 BarOMOCTI:
vy = W}-@S” (4)

e W; — BaroMiCTb j-TO KpHUTEpito, S;;

; j — CJEMCHTH HOPMalli30BaHOi MaTpHLI

NPUMHSTTA PIIICHb.
VY migxoni TOPSIS y sikocTi onTUManbHOTO OOMPAETHCS Ta albTepHATHBA, SIKa
OJIbKYe BCIX 0 HEYITKOTO MO3UTUBHOTO ieanbHoro pitmeHHs (FPIS) 1 axnaiigam Big
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HEYITKOT0 HEeraTUBHOIO ieanbHoro pimeHHs (FNIS).

Kpok 3. Buznauntu ans nanoi 3ajadi ii imeanbHe pimeHHs. Lle Bu3HauaeThbes
HaWBUIIMM 0ajioM 32 KOKHUM KPUTEPIEM 11100 Makcumizalii 1 miniMizarii. TooTo 3a
KpUTEpieM, SIKHM BHUMAara€ MaKCHMi3allii, Kpaluil pe3yapTaT € HaOuIbImuM. SKIio
KpUTEepii BHUMarae MiHiMi3alii, Kpamwuii pe3ynpTaT Oyne HaiimeHmuMm [7].
OO6uncmoeMo HeuiTke mo3uTuBHO-iAeanbHe pimeHHs (FPIS) 1 HewiTke HeraTuBHO-
ineanpre pimenHs (FNIS) 3a nactrynmaumu dhopmynamu [9]:

FPIS = (V1+JV2+!"'!IH:‘E+)JI"1E I'J;+ = (maxvz_jjj EJFIJ mlnl;zy} EjZ) (5}
NPIS = (Vi V5, .., Vi)),Ae V" = (minV,,,j € J;; maxVi,j €],)  (6)

rae J; u J, — Habopu KpUTEpiiB BUTOIU 1 KPUTEPIiB BUTPAT BIAMOBITHO.
Kpok 4. BuznaueHHs BiICTaHl KOXXHOTO aJlbTepHATUBHOTO IpoekTy BiA PIS 1 Big
NIS:

a7 = a,(V, V), i=12,,m )

d; =Zdv(1=:.j,1»;.—),i =1,2,..,m (8)

Kpox 5. Jlna BuU3HAUeHHS NOPSAIKY PpaHXKHUPYyBaHHS BCIX aJbTEPHATUBHUX
MPOEKTIB TICHA OO0YMCICHHS df Ta d KOXHIi albTEPHATHBI OOYHCIIOETHCS

Koe(iIieHT OJIM3bKOCTI:
dj'

cC, =—~L—
_j‘ _
dj.* + dj

9)

OTxe, BIAMOBIAHO A0 KoedilieHTa OJU3bKOCTI MOXKE OyTH BU3HAUYEHUN PEUTHUHT
BCIX aJIbTEpPHATUBHUX MPOEKTIB 1 OOpaHuii Kpaliuii 3 6e31114l albTepHATHB.

BucHoBoKk.

IaBecTuIlli B OyAiBeNbHY Taly3b CXHJIbHI O BUCOKOTO PU3HMKY, OCOOJIMBO KOJIU
MPOEKTY MpUTaMaHHA BEJIMKA KIIBKICTh (PakToOpiB HEBU3HAYEHOCTI. BiamoBigHO,
NPUUAHATTS pillleHb Ha OCHOBI (PAKTOPIB HEBM3HAUEHOCTI 1 PHU3HUKIB € KUTTEBO
BOKJIMBUM TPOLIECOM, SIKMH CIIiJI BpPaxOoBYBaTW IIPU OIIHII aJbTEPHATUBHUX
1HBECTULIIMHO-0Y1IBEJIbHUX TPOEKTIB. PillleHHS Tpo 1HBECTYBaHHS B Oy/AiBEIbHY
rajy3b BHMararoTh pO3IJIAAY SKICHUX 1 KUIBKICHUX KpHUTEpiiB, a TaKOoX Iiel
1HBECTOpA.

3ampornoHOBaHO METOJOJOTIYHMM MiAXiJ 0 BHUPIMICHHS 3a7ad JOCTOBIPHOTO
B110OpY 1HBeCTHIIIITHO-OyniBenbHOTO Ha 0a31 mMeromy TOPSIS Ha ocHOBI HewiTKOI
JIOTIKH, SIKa JO3BOJIIE 0CO01, IO MpHMAaE PIIICHHS, OIIHUTH SKICHI KpHUTEpii, 110
OCOONMBO BaXJIMBO JUIsl TPUUHATTA pIlllEHb B YMOBaXx HEBU3HAYEHOCTI.
Bukopucranns merogy TOPSIS no3Bosisie MiABUINMTH aJCKBAaTHICTh MNPUHHATUX
pilIeHb 3a paxyHOK paH)XUPYBaHHS 3a CTyHEeHEM OJU3bKOCTI 10 1€aJbHOro
PILICHHSIM 1 B1JIIaJICHOCTI BiJ HE1J€aTbHOTO PIIIICHHS.
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Abstract. The choice of a reliable investment and construction project in a rapidly changing
environment is important for an investor whose goal is to achieve positive results. The aim of the
study is to propose a model for the selection of an investment and construction project that would
contribute to the achievement of the objectives of the investor. For the preliminary selection of an
investment and construction project, a multi-criteria decision-making method is proposed, by which
the reliability of alternative projects is analysed and evaluated against weighty criteria. The
decision to invest in a construction project requires taking into account qualitative and quantitative
criteria that are subject to uncertainty, which ultimately determine the outcome of the investment
activity.
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