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SECTION 1. METALLURGY

INFLUENCE OF GRADE OF NICKEL POWDER
ON GAS SATURATION OF DEPOSITED METAL

Kakhovskyi M. Yu.
Research Officer

levdokymenko A. S.

Leading Engineer

Paton Electric Welding Institute

National Academy of Sciences of Ukraine
Kyiv, Ukraine

Due to its physical and chemical properties, nickel is widely used in industry and
metallurgy. The alloying of steels with nickel improves the values of ductility,
viscosity, heat resistance, high-temperature resistance and general resistance against
corrosion [1].

The use of nickel powder in the production of welding and surfacing flux-cored
wires allows obtaining the desired chemical composition to provide the necessary
properties of the deposited metal [2].

The increased content of oxygen in the deposited metal facilitates the oxidation
of alloying elements such as manganese, chromium, silicon, which is followed by the
formation of oxides and nonmetallic inclusions, which in its turn can lead to a decrease
in the plastic characteristics (relative elongation and reduction in area) of weld metal
and welded joint [3]. It is known about the negative influence of oxygen on
technological strength of a high-alloyed weld metal, namely on resistance against hot
cracks formation [3].

The concentration of oxygen in the weld metal can be substantially reduced by
introducing the deoxidizing elements to the charge composition of the flux-cored
wire, which have a greater affinity to the oxygen or due to the selection of components
with a minimum oxygen content in them. The introduction of the increased amount of
deoxidizing elements (titanium, aluminum, zirconium) can also have a negative effect
on the plastic characteristics of weld metal.

Therefore, the aim of this work was to determine a grade of the nickel powder
with the lowest oxygen content.

For the experiment, three grades of nickel powder were selected according to
GOST 9722-97 «Nickel powder. Technical specifications», namely: electrolytic
nickel of grades PNE-1 and PNE-2, as well as carbonyl nickel of grade PNK-2K9.

The characteristics of the investigated nickel powders are presented in the Table 1.



Table 1
Chemical composition of nickel powder, %

P. Sb, As,
Grade Ni Fe C Si S Co Cu Ca Pb, Mg,
Zn, Mn
PNE-1 g‘g'g <0.1 | <0.02 | <0.03 | <0.008| <02 | <0.06 - -
PNE-2 g‘g'g <02 | <0.02| <0.03 | <0.010| <05 | <0.08 - -
PNK- min
oo | g9 | <0.01 | <0.28 | <0.002 | <0.001 | <0.001 | <0.003 | <0.005 |  <0.001

For investigations, three variants of experimental flux-cored self-shielding wires
with a diameter of 1.6 mm were manufactured using different nickel grades. At the
same time, the strip-sheath, the gas-slag system, the nickel content and the filling
factor of the flux-cored wire remained unchanged. Before drawing of the wire, the
charge was subjected to calcination at a temperature of 150°C for 2 hours.

The oxygen content in the welds was determined by the method of restoration
melting in the gas flow of a carrier in the installation LECO RO-316. The cylindrical
specimens for gas analysis were cut out from the central sections of
5-layer deposits on the plates of steel 08Cr18Ni10Ti (AISI 321) of 12 mm thickness
made in the flat position at a direct current of reverse polarity at a current of | =200
A and a voltage of U =26 V.

The test results are shown in Table 2.

Table 2
Oxygen content in the deposited metal
Grade of nickel powder Oxygen content, wt. %
Electrolytic nickel PNE-1 0.105...0.109
Electrolytic nickel PNE-2 0.114...0.117
Carbonyl nickel PNK-2K9 0.136...0.142

The obtained results evidence that the oxygen content in the deposited metal
during introduction of powder electrolytic nickel of grades PNE-1 and PNE-2 is by
20...30% lower as compared to the introduction of the carbonyl nickel powder of grade
PNK-2KO9.

In addition, a large bulk density of powder grades PNE-1 (not more than
3.4 g/cm?) and PNE-2 (not more than 5.0 g/cm?) as compared to the grade

PnK-2K9 (1.3...1.7 g/cm?) contributes to obtaining a smaller final diameter of the
flux-cored wire due to a charge with a larger bulk density and, as a result, a higher
filling factor.

Conclusions:

It was established that the use of the powder of grade PNE allows reducing the
oxygen content in the nickel-containing components of the charge by 20...30% as
compared to the nickel powder of grade PNA.



The use of the powder of grade PNE allows reducing the initial diameter of the
flux-cored wire by 2.3 to 3.3 times due to a higher bulk density of the nickel powder
of grade PNA.
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3. Kakhovs’kyi M. Yu. Influence of agueous media on the gas saturation of weld
metal in the course of underwater welding of 12KH18N10T steel /
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SECTION 2. MECHANICAL ENGINEERING

MOJEPHI3ALISA TTIPOCTATUYHUX TPAHCMICIH
3A PAXYHOK BUKOPUCTAHHSA BYTVIEIIVIACTHUKIB
HA OCHOBI IT®E

Byps O. L.
KAHIUAAT TEXHIYHUX HAYK, mpodecop,
npogecop kadgeapu Qi3sMKU KOHJIEHCOBAHOTO CTAHY

Hao6epexna O. O.

KAHIAUAAT TeXHIYHUX HAYK,

CTApPIIMA HAYKOBHH CIIiBPOOITHUK
kadeapu PizMKN KOHACHCOBAHOIO CTAHY

Kauinivenko C. B.

HAYKOBHMH CIIBPOOITHUK

kadeapu PizMKN KOHACHCOBAHOIO CTAHY
J[Hinposcovkuii OepaicasHull mexuiuHutl yHigepcumem
M. Kam’ancoke, /[Hinponemposcvra obnacme, Yrpaina

PesynpTaTn cnoctepexeHHs 3a poO0TOr rigpocratndHux TpaHcMiciii ['CT —
90 (112), B ymoBax ekcruryaramii nokazanu, 1o npudiauzno 30% Bcix BiAMOB
npunazaae Ha riaponpusia Tpanemicii (I'T). Bigomo, o cepenne HampaitoBaHHs 10
BiamMoBu I'T camoxignoi kocunku-tunonmiku KIIC-5" — 79,9 po6. rog.,
kopmo3oupansHoro kombaiina KCK-100 — 78,6 po6. roa. [1]. Lle cBiguuTs mpo Te,
110 eKCIUTyaTaliiiHa HaAIHICTh rAP0o00’€MHOTO MPUBOAY KOPMO30UPaATbHOI TEXHIKU
HEJOCTaTHHO BHUCOKA.

Bigmosu I'T, 1110 BUHMKAIOTh BUKJIMKaHI MOPYIIEHHSIM TEXHOJIOT1i BUTOTOBJICHHS
neTaned Ta iX CKJIAJaHHS: HE CIIBOCHICTIO B 3’€JlHAaHHI HAacOCy 3 JBUTYHOM, IO
BHUKJIMKAE MIABUIIEHHS BIOparlii; HU3BKOIO SKICTIO 3BapHUX 3 €HaHb. 1aKOX,
BOKJIMBUMU YHMHHUKaMHU TOJIOMOK [T SIBISIIOTbCS HeEmpaBWJIbHA €KCIUTyaTallis Ta
MOPYIICHHS! TEXHIYHOTO 00CITyrOBYBaHHS:

® HECBOEYACHA 3aMiHA MAaCTWIA Ta QIIBTPYIOUUX €JIEMEHTIB, 110 TPU3BOIUTH 10
301IBIIICHHS 3a0pYAHIOIYUX YaCTOK;

® BUTIK a00 HEJOCTATHIN piBEHb MACTHJIA, IO MPU3BOIAUTH J0 TMOSBH MOBITPS B
pobouoMy TUIl Ta 3HWXKYE pIBEHb 3MalllyBaHHS poOodoro By3na abo 30BCIM
MIPU3BOIUTH J0 PSKUMY 03 3MaIllyBaHHS.

Bci HaBeneHi BuIle MPUYWHU TPHU3BOIATH JO MIBUIKOTO 3HOCY Maibke BCIX
neraneit I'T. [Nipie 3a Bce Te, 1110 BUXOAUTH 3 J1aJly OCHOBHHM BUKOHYIOUHI OpraH
(mapa TepTs) CTaTbHUMN TUTYHXKEpP — JIaTyHHA BTYyJIKa OJIOKY HMJIIHIPIB, BHACTIIOK
qoro BifOyBaeTbcs moBHa Biamona ['T.
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Bupimenns miei mpoOiemMu MponoHyBadu B mareHTax Ykpainu Ne 87307 i
No 78320, ne B mapi TepTs MO CTaJli BAKOPHUCTOBYBAIM KOMITO3MIIIHI MaTepiain, ajie
1 BOHM 320€3IeUyI0Th HE JIOCUTh HU3bKUI KOS(IIIEHT TEPTS B yMOBaX HEJAOCTATHLOTO
3MalllyBaHHs Ta JIMIIE€ YaCTKOBE BUKIIOYEHHS KOpO3iMHMX mporieciB. CKIaaHICTh
cutyallii o0yMoBJIeHa 0COOJMBOCTIIMH €KCILTyaTallii, B IKMX MOTPiOHO 3a0e3MeYnTH
HaIMHICTD Ta JIOBFOBIYHICTD,.

ABTopamu BOauaeTbCcs BHUPIIICHHS 1€l  3aa4l B KOHCTPYKTUBHOMY
BJIOCKOHAJICHHI OJOKy IwmHapiB (puc. 1), HUIIXOM BUKOPHUCTAHHS B HOTO
KOHCTPYKIII €JIeMEHTIB TEepTs BUTOTOBJICHHUX 3 MOJIMEPHOTO KOMIIO3ULIIHHOTO
Marepiay Ha ocHOBiI modjiterpadToperuneHy (D 4), apMoBaHOTO BYIJICIIEBUM
BoJIOKHOM (Ypan) [auB. Byrmemnactuku Ha ocHOBI (roporuacty-4 // TexniuHi
ymoBu TY YV 24.1-24244244-001-2003, peectpamiitauit Ne  085/006542 Bin
25.09.2003].

Puc. 1. 3aranbunii BUrasa 010Ky HMJIIHAPIB, Ae: 1 — kopmyc 010Ky HMJTiHAPIB;
2 — BTYJIKA 3 BYIVIEIUIACTUKY HA OCHOBI MmoJiiteTpapTopeTnjieny

[Tomrerpadroperrsien (IITDE) xapakTepu3yeTbcsi BHCOKOK — XIMIYHOIO
CTIMKICTIO, HU3bKUM KOE(QILIEHTOM TEPTs, AKUNA MaikKe He 3aJIeKUTh BiJl 3MIHU
temneparypu Ta TiapodoOHicTio. J[0 HEmoMIKIB I[OTO MaTepialy CijJ BiJHECTH
HU3BKY TBEPAICTh Ta 3HOCOCTIMKICTh [2]. Tomy Haluactime no ckiagy [ITOE
BBOJISITh Pi3HI HAMOBHIOBAUl, cepejl SIKUX: KOKCOBAa MyKa, rpadiT, CKIOBOJIOKHA Ta
i1, BimomMuM TpuOOTEXHIYHUM HANOBHIOBAYEM € BYTJICLIEBE BOJIOKHO, BBOISYHU
HOTO 10 TTOJIIMEPHOT MAaTPUIIl TAKOK MIABUILYIOTH TBEPAICTh Ta MIITHICTH KOMITO3HIII1.

3Baxkarouu Ha BUIIE CKa3zaHe, OyB pO3pOOJEHUMN MOJIMEPHUN KOMITO3UIIIMHUIMA
matepian Ha ocHoB1 [IT®E (90-60 mac.%), apmoBaHwMii ByrierieBUM BOJIOKHOM MapKu
VYpan (10-40 wmac.%). Kowmmoswuiiro  ofepkyBadu B  00epTaIbLHOMY
enekTpomaruitHomy moii (0,12-0,15 To). I'oToBy cymimi TabneTyBanu Ta popmMyBaiu
METOI0M KOMITPECIMHOTO MPECyBaHHS.

BusHaueHHsT TpUOOTEXHIYHMX  XapaKTEPUCTHUK  OTPUMAHUX  KOMITO3UTIB
MPOBOAWIIM B peXUMI TepTs 0€3 3MallyBaHHs Ha A0CI]iaHIN MamuHi Tepts CMT-1
npu HaBaHTaxeHHs 1,4 Mlla, mBuakocTi koB3aHHs 0,8 M/c, HUIAX TEPTS CKiaB
1000 M. B sxocti xoHTpTiia BukopuctoByBain Ct45 3 tBepuictio 50 HRC Ta
mopcTtkicTio moBepxHi Ra 0,08. PesynbTatu HaBeaeH1 B Tadi. 1.

Ta0mums 1
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TpuOoTexHiYHI XapaKTepPUCTUKH NOJITETPAPTOPETHICHY
TA BYIJIEIUIACTHKIB HA HOT0 OCHOBI
Bmicr Bostoxkna, mac. %
0 10 20 30 40
KoedimienT Teprs 0,095 0,16 0,19 0,20 0,21
[HTEeHCHBHICTD HiHifIHOI‘% 3HOLIYBaHHS, 343 1.24 121 1,08 0,85
MM/KkM* 10

IToxa3znuk

AHaI3y0un pe3ynbTaTh AOCHIKEeHb (Tabi. 1), BCTAaHOBJIEHO, IO BBEJCHHS 10
ckianay nomiMepHoro B’skydoro IITOE B kimbkocti 10-40 mac.% minBuiye
3HOcocTiMKicTh B 300-500 pasiB BiAmoBigHO. ONTHUMaIbHUNA BMICT BYIJICIICBOT'O
BoJoKHA B [IT®E - 20 mac.%

brox uumiHAPIB KOMIUIEKTYBAaBCS BTYJKAMU BUTOTOBJIEHUMH 3 IMOJIIMEPHOTO
KOMIO3UIIITHOTO MaTepiainy, SKAW MICTHB ONTUMAJIbHUNA BMICT HAalOBHIOBaua.
BTynky BUTOTOBISIIM METONOM CITIKAHHS B IONEPEIHBO IMATOTOBICHUX OTBOPAX
OJIOKYy LWIIHIPIB 3 BUKOPUCTaHHSAM CHeElialbHUX HarpiBadiB. OTBOpPH BTYJIOK
M1JITaBaJIM MEXaHI4HIi 00poOIIl, sika moJifrajia y BUAajIeHH1 001010 Ta MOJAAIBIIIOMY
XOHIHT'YBAaHHIO 3 JOTPUMaHHSM MOTPIOHUX AOMYCKIB OTBOPIB [3].

Takuii nmigxig JO3BOJMB 3MEHIIWUTHA 1HTEHCHUBHICTH BIJIMOB Ta 3EIIEBUTH
BUT'OTOBJICHHS OJIOKIB IIMIIHIPIB HACOCY Ta I1JIPOMOTOPIB IrIAp000° €MHOI TpaHCMICII.

3a pe3ysbTaTaMu MPOBEJCHHS JTaOOPATOPHUX Ta CTEHJOBUX JIOCHIIKEHb Pecypc
OJIOKY HWIIHJIPIB, MABUIIMBCSA B 3-4 pa3u MOPIBHSIHO 3 CEPIMHUMH, MPHU LOMY
3HAYHO 3MEHINWINCH BUPOOHWYI BUTpaTH. lle miaTBepmKye MEpCleKTUBHICTH Ta
3HAUYIIICTh PO3POOJIEHOr0 Marepianay, SKUM Moxke OyTH PEKOMEHIOBaHUM [0
BUKOpucTaHHA B ['T, 1II0 €KCIUTyaTy€eThCsl B YMOBAX HEJOCTATHHOTO 3MalllyBaHHS Ta
3a0pyIHEHHS T1paBIIYHOrO MacTUiia abpa3suBHUMHU YacTKaMu 110 50-75 MKM.

Jlireparypa:
1. URL: http://spectechzone.com/tekhnika/selkhoztekhnika/uborochnaya-skh/
tekhnicheskie-pokazateli-kosilki-plyushh.html.
2. Jlorunos b.A. Y auButensHbIil Mup GropnoianmepoB. Mocksa, 2009. 168 c.
3. ITar. Ne 115163 Ykpaiuu, MIIK, FO4B 1/20 (2006.01), F16C 33/04, (2006.01)
Brynka Omokya ummiaapaiB / byps O.l., Kaniniuenko C.B., Habepexna O.O.,
Canemxko C.B.; 3a518.30.08.2016; omy6:1. 10.04.2017 6rom. Ne 7.



AHAJIN3 CIIOCOBOB TOPMOKEHUA MEXAHU3MOB
INEPEJIBUXKXEHUA MOCTOBBIX KPAHOB

Byasya A. H.

cTapumii mpenoaaBareib Kadeapbl
MOAbEeMHO-TPAHCIIOPTHOIO

U po0OTOTEXHHMYECKOT0 000PY10BAHMS

Ooecckuti HAYUOHAILHBLU NOIUMEXHUYECKUL YHUBEPCUMEem
2. Qoecca, Yxkpauna

MocToBblE  KpaHbl ~ IIUPOKO  HMCHOJB3YIOTCS B  MAUIMHOCTPOCHUH,
METaJUIypru4ecKOM ITPOU3BOACTBE, HA 3aBOJaX CTPOUTEIBHON UHIYCTPHUH, B IPYTUX
[IPOU3BOJICTBEHHBIX OTPACIISIX.

[IpyBOx MEXaHU3MOB IEPEABHKEHUS MOCTOBBIX KPAHOB — DJIEKTPUYECKUM.
Topmo3a MEXaHU3MOB NEPEABUKEHUS — HOPMAIbHO-3aMKHYTBIE, KOJIOJIOYHBIE HIIN
JVICKOBBIE C IPUBOJIOM OT AJIEKTPOMArHUTa UIU TUAPOTOJIKATEIS.

HecmoTps Ha TO 4TO KOHCTPYKIIMS MOCTOBBIX KPAHOB COBEPIICHCTBYETCS, TEM HE
MEHEE UMEIOT MECTO MHOTOUMCIIEHHBIE IPEKICBPEMEHHBIEC OTKA3bI y3JI0B U JE€TalICH
KpaHoB. OHOM W3 IJIaBHBIX NMPUYMH CHWKEHUS TOJTOBEYHOCTH MOCTOBBIX KPaHOB
ABJISIETCSI BOSHUKHOBEHHE OOJBIIMX JAMHAMUYECKUX HArpy30K IMPU TOPMOKECHHH
KpaHOB. BennunHa OUHAMHYECKMX HArpy30K 3aBUCUT OT CHOC00a TOPMOXKEHHS
MEXaHU3Ma [ePEBIKEHUS KpaHa.

CriocoObl TOPMOKEHUSI MEXaHU3Ma MEPEABUKEHHSI MOCTOBOTO KpaHa MOYKHO
KJIAaCCU(PUIUPOBATH 1O ABYM KPUTEPUSIM:

1) ITo BO3EHCTBUIO HA XO/I0BbIE KOJIECa KpaHa:

— MEXaHUYECKHUM IIyTeM C HCIOJb30BaHUEM (PPUKLHMOHHBIX TOPMO3HBIX
YCTPOWCTB;

— DIIEKTPUYECKUM ITyTEM C UCIIOJIB30BAaHUEM IPUBOJIHOTO 3JIEKTPOIBUTATEII.

2) 1o ckopocTr HapacTaHUsl TOPMO3HOM CHJIBL:

— C MTHOBEHHBIM HAPACTAHUEM;

— C IJTAaBHBIM HAPACTAHUEM.

Knaccudukanusa cnoco00B TOPMOKEHHS MEXaHU3Ma NIEPEIBHKEHHUS] MOCTOBOTO
KpaHa MpeJICTaBIeHa Ha puc. 1.
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Puc. 1. Kinaccupukanusi crnocod00B TOPMOKEHHSI MEXaHU3MA
nepeaBHKeHUss MOCTOBOI0 KPaHa

AHanM3 MEXaHUYECKUX CIIOCOOOB TOPMOXKEHUSI U KOHCTPYKIUN (DPUKIIMOHHBIX
TOPMO30B, KOTOPBIE PUMEHSIOTCS U1l peaIU3allii 3TUX CIIOCOO0B MOKA3bIBAIOT, YTO
JUISl HUX XapaKTEepHbI HEAOCTATKU [1]:

— HEJOCTAaTOYHO HAaJEKHOE TOPMOXKEHUE U3-3a NeperpeBa (PUKIMOHHBIX
HaKJIaJ[0K;

— M3HOC (PUKIIMOHHBIX KOJIOJAOK W, COOTBETCTBEHHO, HEOOXOJAMMOCThH YacTOM
3aMEHbI ITUX KOJIOJIOK;

— MOIIIHOCTh TOPMO3a BCETJa TPATUTCA BIIYCTYIO B BUJIE€ TEILJIOTHI.

Takux HETOCTATKOB MOKHO M30€XKaTh, UCIOJb3YS JIEKTPUUECKOE TOPMOKEHHE
[2], mpum KOTOpOM JABUTrarellb padoTaeT Kak TeHeparop, MpeoOpasyromui
MEXaHUYECKYI0 3HEPTUIO B AJIEKTpUUECKy10. B pe3ynpraTe Takoro npeodpazoBaHus
BO3HUKAET BpallatolInii MOMEHT IPOTHUBOMOJIOAKHBIN HAIIPABICHUIO JBUKECHHUS.

B mammnax, rae TpedyroTcs yactbie, ObICTPhIE OCTAHOBKH (K TaKUM MalllMHAM
OTHOCSITCSI  TPY30IOJABEMHBIE  KpaHbl) 4YacTO MPHUMEHSIETCS  AJIEKTPUUECKOe
TopMOXKeHue. IIpu MCHoJIb30BaHUM DIIEKTPUUECKOTO TOPMOKEHHMSI MOYKHO KpaH
OCTaHOBUTH IJIABHO, YTO TO3BOJIUT CYIIECTBEHHO CHU3UTh IMHAMUYECKHE HATPY3KH,
BO3HUKAIOIIME TPU TOPMOKEHUU H, TEM CaMbIM, I[OBBICUTh HAAECKHOCTh U
JI0JITOBEYHOCThH Y3JIOB, JIETale U KpaHa B LIEJIOM.

OpHako NpH MNPEKPALIEHUU MOAAYU BJEKTPOIHEPTHM MEXaHUYECKUH TOpMO3
OCTaeTCsl  CYLIECTBEHHBIM CpPEJICTBOM  OCTAHOBKM KpaHa, MO3TOMY IIpH
MCIIOJIb30BAHUU JIEKTPUUYECKUX CITIOCOOOB TOPMOKEHHUS, TEM HE MEHEE, HEOOXOIUMBbI
MEXaHUYEeCKHE TOPMO3a M pacyeT TaKMX TOPMO30B JOJIKEH BECTHUCH MO MOJHOMN
BEJIMYMHE TOPMO3HOTO MOMEHTA, 0€3 ydeTa BO3MOKHOCTH YMEHBIIEHHUS €ro MyTeM
MIPUMEHEHUS AIEKTPOTOPMOKEHUS.



s noBeieHust 3()PEKTUBHOCTH MEXaHUYECKOTO TOPMOXKEHHUS Mpejiaraercs
HOBBI CIOCOO TOPMOXKEHHUS MEXaHHW3Ma MEpPEABMXKEHUS MOCTOBOTO KpaHa,
3aKJIFOYAIOLIUICS B TOM, YTO TOPMO3HON MOMEHT CO3/1a€TCSl HE 3a CUET CUJI TPEHUS
TOPMO3HOTO YCTPOICTBa, a 3a CUET CUJIbl CHKATUS IPY>KUHBI, KOTOpasi B TOPMO3HOM
yCTPOMCTBE BOCIPUHUMAET KMHETUYECKYIO SHEPIHIO JBM)KEHUs KpaHa. IIpu Takom
CIIoc00€ TOPMOXKEHHUSI YCTPAHSIOTCS HEAOCTAaTKH (PUKIUOHHBIX TOPMO30B H
peain3yeTcs IIaBHOE HapacTaHUE TOPMO3HOM CHUJIBL.

[IpoBeneH cpaBHUTENBHBIN aHATN3 TUHAMHYECKUX HArpy30K, BOZHUKAIOLIIUX ITPU
TOPMOXXEHUM MEXaHW3Ma MEepPEIBHKEHUS MOCTOBOTO KpaHa IIpU HCHOJIb-
30BaHMM JBYX CIIOCOOOB TOPMOKEHHSI: C MCHOBEHHBIM U IUUIaBHBIM HapacTaHUEM
TOPMO3HOU CHIIBL.

OnpeneneHbl BETUYMHBI JTUHAMHYECKUX HArpy30K MOpH TOpMOXeHuu [3] ¢
MT'HOBEHHBIM H TUTABHBIM HapacTaHHEM TOPMO3HOM CHITHI (pHC. 2).
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Puc. 2. I'padukn 3aBUCUMOCTH JTMHAMHMYECKOH HATPY3KH B IPUBO/E
MeXaHHM3Ma MepeABHKEHHUs OT BPEMEHH NePexXoJHOro npouecca npu:
a) MTHOBEHHOM HApPaCTaHMU TOPMO3HOM CHJIbI;

0) NJIABHOM HAPACTAHUM TOPMO3HOM CWIbI

AHanu3 pe3ysabTaToB pacyera sl pacCMaTpUBAEMOro ciydasl (MOCTOBOW KpaH
rpy30noabeMHOCThIO 20/5 TOHH) MOKa3bIBaCT, YTO JWHAMUYECKAsl HArpy3Ka IpH
ITIOJJTHOM HapacTaHWHM TOPMO3HOM cuibl B 1,46 pa3a MeHbIE YeM MPU MTHOBEHHOM
HapacTtaHuu. [Ipu 3ToM Bpems TOpMOKEHUS yBennuuBaeTcs ¢ 4,2 10 8,4 CeKyH/Ibl.



Kosdhdumment auHaMUdHOCTH TIpH TOPMOKEHHHM (CTATUYECKOE 3HAYCHUE
topmo3Hoi cuiibl 26000 H):

— JUISl MTHOBEHHOT'O HapacTaHUsl TOPMO3HOM cuiibl — 1,86;

— JUTS TUTAaBHOT'O HapacTaHMUsS TOPMO3HOM cuibl — 1,27.

[IpennoxxeHHbIM COCO0 TOPMOXKEHHS MEXaHHU3Ma IEePEBHKEHUS MOCTOBOIO
KpaHa, YCTpaHss HEAOCTaTKU (PUKIIMOHHBIX TOPMO30B M pPealu3ysl IUIaBHOE
HapacTaHWE€ TOPMO3HOM CHJIBI, CYIIECTBEHHO TOBBIMIAET 3G(PEKTUBHOCTH
TOPMOYKEHHUS MOCTOBOTO KpaHa.
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INCREASING EFFECTIVENESS OF THRESHING
OF ETHER-BEERING PLANTS IN SELECTION WORK

Gorobey V. P.

Doctor of Technical Sciences, Senior Research

Scientific and Production Association «Selta» of the National Scientific Center
«Institute of Mechanization and Electrification of Agriculture»

Glevaha, Kiev region, Ukraine

Boguslavsky R. L.

Candidate of Biological Sciences, Senior Research
The Plant Production Institute nd. a. V. Ya. Yuryev

of National Academy of Agrarian Sciences of Ukraine
Kharkiv, Ukraine

After harvest threshing of individual plants of cereals, seed damage can reach 30-
50% or more, which sharply reduces their quality and field germinating. Of the total
number of factors reducing the germination of seeds, which reduce germination of
seeds on part of machine damage ether-breeding cultures: accounted for 60-70% [1].
When threshing umbellifers, the anis, dill, marmalade, coriander, fennel in the
processes of breeding and seed production at the 2nd — 3rd stages of the cultivation
by threshing mills with traditionally high-quality drums, for example, a threshing
machine of a sheaf-shear MCC-1 [2] under equal conditions, when it is short threshing
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0, 5% coriander is allowed to grubbing the fruits at 12.3%, with mischief 4% is
crushed to 3.8% of the fruit. In the latter case, more than 10% of coriander fruits in
the void are in umbrellas, i.e. require additional threshing.

The technical solutions of the working organs in the MIIB-1 threshing machine
are represented by cylindrical rollers with an elastic retroreflected surface, the
machine is used for threshing of flax beams at the 2nd to 3rd stages in selection and
sort testing at the same time from the boxes [3]. When threshing the coriander bundles,
the roller threshing machine gives the fruits to be reduce to fragments of 5.3%, with
shot threshing up to 2%, in addition, this design is characterized by complexity and in
security, as well as high metal capacity and power consuming.

An interesting device is the device, threshing of grain in which is carried out due
to covered by elastic material endless bands, which have drives with a crank
mechanism and a chain drive, moving towards one another, forming a working gap
between them [4]. The beads and sprouts of plants are fed between the bands that
move at equal speeds and carry back-and-forth movement, which results in the wiping
of grain from the corn-cob and the removal of the rinsed product from the working
slit. The disadvantages of this technical solution are its use exclusively in field
conditions for threshing plants at the root, i.e. directly on the breeding grounds, as
well as high energy intensity, the complexity of the implementation of the process and
maintenance, the impossibility of performing of the processes of technological
research of the selection material in laboratory conditions.

In solving the problems of simplifying the construction of the device for thorough
milling of individual plants and beams of grain and umbrella plants in laboratory
conditions, reducing the material capacity, preventing the mixing of different parts of
seeds, and increasing the specific productivity. Selection has the frame containing the
drive, the working organs, the crank mechanism, the chain and the belt transmission,
workmanship for threshing, which is covered with an elastic material, a working slot
with an approach for plants, according to the proposed solutions [5] on the frame 1
installed disk 7 (Fig. 1, a — front view, b — side view) with a horizontal axis of rotation
which moves by alternating pulses through the overrunning clutch 9, the levers 8, 10
and the connecting rods 11, 13 from the eccentric drive 12 which on both sides
surround the decks 6, 24 with the bent upper portions for inserting the spikelets into
the slot defined between the side surfaces of the disk 7 and the decks 6, 24, which are
connected in the upper part to the frame 1 by hinges, and in the lower part with the
connecting rods of the eccentric drive 14 and form vibrational oscillatory motions in
planes parallel to the plane of the disk 7, with the threshing disc 7 on both sides, as
well as the working plane decks 6, 24 of threshers, from the side of the disk 7, have
an elastic coating, and under the disc and decks there is a partition 4, on the wall of
which the frayed pile has the opportunity to be sent to the separator 2 to remove the
chaff from the seeds.

11
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a b
Fig. 1. Scheme of grinder threshing breeding: a — front view; b — side view

The operating elements are driven by a motor 16 via a stepped pulley 17: a belt
drive 15, an eccentric drive of the decks 14, a belt transmission 18 of the
impeller 19, and through the sprockets 20, 22 by a chain drive 21, a disk 7. The speed
control of the motor 16 is provided by an electronic frequency conversion frequency
controller Lenze with the remote control 3.

When the power is on, the motor 16 rotates the fan impeller 19 and the eccentric
actuators 12 and 14. The impeller 19 forms a circular air flow in the channels of the
separator 2.

The eccentric drive 12 drives the disc 7 into rotation by alternating pulses. The
eccentric drive 14 swings the decks 6 and 24 with respect to the hinges 5 and 23 in
antiphase.

The order of work of grind-grater involves the input of the raw material into the gap
between the rotating disk and the decks. Under the action of transverse vibrational
movements of the spines, the spikelets are rubbed and grain and sex are seen. The
operator, making sure that the grain is completely milled, sends the plants into waste. The
bark is lowered into the aspiration channel, from where the grain is directed to the valve,
and into the receiving container, and the air is poured into the precipitation chamber. The
operating mode is regulated by changing the rotational speed of the disk, the amplitude
of the oscillations of the decks, the gap between the disc and the decks. The degree of
grain cleaning is regulated by the speed of the air flow.

The presence in the new technical solution of the disk of the thresher-grater of the
disk, which is installed with the horizontal axis of rotation, the decks that co-drive on
both sides of the drive with drives, which form vibration plunging motions in planes
parallel to the plane of the disk, with both sides of the hammer drive, as well as the
cuttings of the threshing mill that cover the disk, also have an elastic coating, and the
disk trowel of the selection grinder is equipped with a pneumatic separator for
removing the hay from the threshed grain it provides stability works in laboratory
condition specific increase productivity reduction power-cosuming of process self-
cleaning of work organs.
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The completed pilot sample of the stationary laboratory grinder-grater of the
selection proposed by the system of threshing, manufactured at the scientific and
production association «Selta», was tested in the Institute of Agriculture of the Crimea
In cooperation with the Institute of Plant Industry by V.Ya. Yuryev and the scientific
and production company «Elkory», the city of Simferopol, and economic in the
conditions of the Institute of Irrigated Agriculture of the National Academy of
Sciences of the Ukraine. By results of analysis of threshing of individual plants and
bunches of umbrella eyelids and colostrum cultures, positive results and the following
technical characteristics of the thresher-grater of the vibrating type are obtained:
productivity, from 280 to 400 ears per hour, supply voltage, V — 380; installed power,
kW — 0,37; disk speed, min* from 2.5 to 10; frequency oscillation dec, min* from
250 to 450; the oscillation amplitude of the dec, mm from 2.5 to 10, the fan speed of
the impeller, min! from 880 to 1600; serves one person.

The marked shade solutions allow the use of stationary thresher-grater in
laboratory conditions for threshing of individual plants and beams of cereal and
umbrella crops of anise, dill, cumin, coriander, fennel in the processes of breeding and
seed production at I1-111 stages of cultivation.
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MEPEXO/] OT T'AJIbBAHUYECKOM TEXHOJIOI U
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Bopona T. B.

KAHAUAAT TEXHUYECKUX HAYK
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Hayuonanvnou axaoemuu nayx Yxpaunsi

Jlomara A. B.

MAarucTp

Hayuonanvnvi mexnuueckuu ynusepcumem Ykpaunwi
«Kueeckuu nonumexnuyeckuu uncmumym

umenu Heops Cuxopckoeo»
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CoctosiHue mpobnembl. Pemarommm 11 CTOMKOCTH MeTajula SBISIOTCS €ro
MEXaHMYECKHe U TIOBEPXHOCTHBIE CBOWCTBA, KOTOPbIE MOXHO OOECIEeUUTh
3aIIUTHBIMU KOPPO3HMOHHOCTOMKMUMU MOKPBITUAMH. B HacTosiee BpeMsi, HECMOTPS
Ha CaMyI0 BBICOKYIO CTOMMOCTh OUUCTKHU cTOYHBIX BOJI (COCB), B Tpou3BOACTBE JIJIst
HAaHECEHUs KOPPO3UOHHOCTOMKUX IMOKPBITUI IIUPOKO MPUMEHSETCS FaIbBAHUYECKOE
ounHKoBaHue. Crnoco0 rajabBaHUYECKOIO OLMHKOBAaHUS BOJO- U 3HEPTOEMKHUH.
TexHOo0rus raJbBaHUYECKUX MOKPBITUN MPEICTABISIECT IPUMEP TEXHOJIOTMYECKOTO
tynuka. Haunbonee 4YEeTKO TEXHUYECKH TYNHUK TalbBAHUYECKON TEXHOJIOTUU
OMpeaenuiica B CBSI3M C MOBBILIEHHBIM MOTPEOJIEHUEM BOJbI U 3arpsA3HEHUEM €€
TOKCUYHBIMM  OTXOJaMu.  «BoOJ0OEMKOCTb»  CTAaHOBHUTCS  CaMOCTOSITEIbHOU
XapaKTEPUCTUKON JTH0O0OTO COBPEMEHHOTO TEXHOJOTMYECKOIO MpOIEecca Hapsay C
TaKUM TPAJUIHUOHHBIM U 0053aTENbHBIM, KaK SHEPTrOEMKOCTb. DJIEKTPOIUTHUECKUE
MpOLIECChl TI0 PacXOJy BOJbI, €€ 3arpsi3HEHHIO, TOKCUYHOCTH U HEOOXOIUMOCTH
OYHUCTKHU CTOYHBIX BOJ CPEIU CIIOCOOOB MOBEPXHOCTHOTO YIIPOUHEHUS HE UMEIOT cede
paBHBIX. CyIIECTBEHHO CHMKACT MNPUOBLIL HEOOXOAMMOCTh MPOEKTUPOBAHUS U
WCIIOJIb30BAHUSI COOPYKEHUM ISl OUUCTKH TE€XHOJOTHYECKOW MOl U yTHIN3ALUU
KOHLIEHTPUPOBAHHBIX ~ TOKCHUYHBIX  OTXOAOB. Pa3zBuTHe UM NpHUMEHEHHE
rajlbBAHUYECKUX  TEXHOJOTHMM OrpaHMYEeHO MPUPOIAOOXPAHHBIMU  CIIyKOaMHu.
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PanukanbHas cMEHa KIIIOYEBOW OINEpalyyd NPUMEHUTEIBHO K TIajJbBAHMYECKUM
MNOKPBITUSIM  OCYIIECTBIIIETCS IEPEXOJOM Ha OE3BOJIHBIE, CYXHME€ TEXHOJOTUU
HAHECEHMsI MOKPBITUI ra30BbIM MeTOAOM. OCOOEHHO YCHEIIHO peaIn3yroT Nepexo.
OT raJIbBAaHUYECKON TEXHOJIOTUU K Fa30TEPMHUYECKUM TEXHOIOTHSAM.

Ilenp uccnenoBanuii. OOOCHOBaHME 11€1€CO00PA3HOCTH 3aMEHbI rajibBaHUYEC-
KOW TEXHOJIOTHMHM [UIsl TOJIyYEHHMS] KOPPO3MOHHOCTOWKHUX IIOKPBITUM Ha METOJbI
razorepmuuekoro HanbuieHus (I'TH).

PesynbraTel nccnenopanui. Koppo3MOHHOCTOMKNE MOKPBITHS MOYKHO IOJIY4YaTh
merogamu ['TH — pacnpuieHMEM NOPOIIKOBBIX, IPOBOJIOYHBIX, CTEPKHEBBIX WIIN
IIHYpOBBIX MaTepuanioB raszomnamenubiM (I'TIH), anektpoxyrosemm  (D/1H),
IJIa3MEHHBIM, CBEPX3BYKOBBIM, JUHAMUYECKUM XOJIOJHBIM HallbulIeHHEM. Mcronb3ys
3TU TEXHOJIOTMH MO>KHO MOJYYWUTh MOKPBITUS PA3JIMYHON TOJILMHBI U CTPYKTYPBI,
co3JaTh  HANEKHYHO  3a0IUTy  OT  KOPPO3WM,  KaBUTAlUUH,  3PO3UMU.
B pe3ynbraTe ncciaenoBaHuil OblI 1aH aHAJIW3 METO/I0B aHTUKOPPO3MOHHOW 3aIUTHI,
B YAaCTHOCTH, TaJbBaHWYECKOIO0 OUMHKOBaHMSA M OJ/IH UMHKOBOW IpPOBOJIOKH,
KOTOpbIe ObUIM ONpPOOOBAaHBI B JIAOOPATOPHBIX M MPOM3BOACTBEHHBIX YCIOBHSX.
CTonMMOCTh HaHECEHUS MOKPBITUS Oblja pacCUMTaHa, UCXOJS U3 MCHOJIb30BAaHHOTO
o0Opy/lOBaHUs, MaTepuaJoB U CYUIECTBYIOIMX paclEHOK Ha 3apIuiary,
o0opyioBaHuE, MPOU3BOACTBEHHBIE IUIOIIAIU, PECYPCHI, HOPMbl aMOPTU3ALUU IO
JEHCTBYIOIIUM HOPMAaTUBHBIM JOKyYMEHTaM u MeroaukaMm. CrocoObl HaHeCeHUs
MOKPBITHI CPAaBHUBAJIU 110 NpHUBeACHHBIM 3aTpataM (I13):

[13=CC+0,15K3

rae CC — cebectouMocTh HaHECEHUs MOKpbITUS; K3 — KanuTanbHbIEe 3aTparThl,
COCTOSILEE U3 CTOUMOCTH 000pPYAOBaHUS U MPOU3BOICTBEHHBIX ILIOMIAIEH.

[To cBoeit ctpyktype CC coctour wu3 3arpaT Ha TexHojioruwo (T3) wu
pecypcosatrpat (P3). Texnonoruueckue 3atpatsbl (T3) cocTosAT U3 3apabOTHOM TIATHI
(33), amopTU3alMOHHBIX OTYUCIEHHM Ha oOopyaoBanue (30) U CTOUMOCTH
npousBojactBeHHoM momaan  (3II). Ilpesimennie T3 wagm P3 — Boxa,
AIIEKTPOIHEPTHsI, MaTepuaibl — O3HAYaeT TMOBBIINICHHE KBAIM(HUKAIMK MEepCOHAa,
YPOBHSI TEXHOJIOTUHU U UCTIOJIb30BaHUS PECYPCOB.

CpaBHeHHe ciocoO0B HAaHECEHHsI KOPPO3MOHHOCTOMKUX MOKPBITHI 10 3aTpaTam
Ha AJIEKTPO3HEPTHIO M PACXOyEMYIO BOAY ITPUBEJEHO HA puC. 1.

15
59

60,0 16,0
12,0

40,0
8,0
20,0 40
0,0 0,0

a 0

Puc. 1. 3aTpaTtsl Ha 3JIeKTPOIHEPIUI0 (2) U pacxoayemyro Boay (0) A
Pa3JIMYHBIX CIIOCO00B HAHECEHUA NMOKPbITHI: 1 — ransBanuveckuii, 2 — I'TH
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CpaBHeHHe ctocO000B HaHECEHUS MTOKPBITHH 110 T3 mpuBeIeHo Ha puUC. 2: 3aTPaThI
Ha 3I1 (puc. 2,a), Ha 30 (puc. 2,6) u 3II (puc. 2,B).

500,0 60,0 16
400,0
300,0 250 5.4 40,0 s 1,2
200,0 0,8 0,6
20,0 13
108,8 . 0.4 0,25
0,0 0,0
Hl m2 Hl m2 Hlm2
a 0 B

Puc. 2. 3aTparsl na 311 (a), 30 (6) u 311 (B) 11 pa3JIu4YHBIX CIOCO00B
HaHeceHUsl NOKpbITHI: 1 — ranbBannyeckui, 2 — I'TH

[IpuBeneHHbIe 3aTpaThl MOKa3aHbl HAa puc. 3. s TexHOomoruu 1 BBIAEIEHBI
MOKa3aTesid CTOMMOCTH OYUCTKH cTOouHbIX BoJ (COCB).

700,0
600,0
500,0
400,0
300,0
200,0
100,0

0,0

mlm2

Puc. 3. IlpuBegeHHbIe 3aTpaThl AJs1 Pa3JIMYHbIX CIIOCO00OB HAHECEHUS
NOKpbITHIL: 1 — ranbBanuveckuii, 2 — I'TH

Haunbonee sxoHOMUYHBIME TI0 3aTpaTam sBisitoTcst MmeTo bl I TH 1 B yactHOCTH,
ANEKTPOAYroBoe HambuieHHe. J/IH HaHOCAT MOKPBITUS U3 [IUHKA, AIFOMUHUS U UX
CIUIABOB HA: METAJUIOKOHCTPYKLHH, KOTOPBIE HCIOJIB3YIOTCS B CTPOUTEILCTBE
3laHUid, MOCTOB; Ha TPyObl, NMpeIHAa3HAUYCHHbIC JJIS HKCILTyaTalluy JJIUTEJIbHbBIN
IIEpUOJ, B TPYHTE; BBICOTHBIE M IOA3EMHBIE KOHCTPYKIIMH, THAPOTEXHUYECKHUE
COOPYKE€HHUS MpPU BO3JACUCTBUM MATEPUKOBON M MOpCKo atmocdepbl. bosnbimas
obOnacte npumenenuss DJ[H — 3T0 HaHeceHHE AHTHUKOPPO3UOHHBIX MOKPHITUH Ha
pe3epByapbl Uil OYMCTKH IUTHEBOM BOJbI, B CYJIOCTPOEHUU H CYIOPEMOHTE, B
ra3oBOW MPOMBIIIJICHHOCTH, JJISl 3alIUTHl OT BBICOKOTEMIIEPATYPHON KOPPO3UHU TPYO
OoislepoB, paboOTAOIMIMX HAa TBEPJAOM TOIUIMBE. 1EXHOJOTHS AaKTHBHPOBAHHOTO
aeKTpoyroBoro HambiieHUs (AJ/IH) oTimuaercs BRICOKOW MPOU3BOIUTEIHHOCTHIO,
HA3KMMHM  3arpaTtamu. IIpemMymiectBa TEXHOJOTHMH: H3ACIMS  HAarpeBaeTCs
HE3HAYUTENIbHO, HE TMPOUCXOJUT HX KOpOOJEHHE U U3MEHEHHE CTPYKTYpHI
MaTepuana; HET OrpaHMYeHHil Mo pasMmepam u (opme uznenauii, oOpa3yroTcs
PABHOMEpPHBIE TOKPBITUS TOJIIWHOW OT JECATBIX JOJIEW JO HECKOJIbKHX
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MUWJIJTUMETPOB W3 OJHOTO WJIM HECKOJbKUX MAaTepHUalioB; MOKPBITHS YCTOWYUBBI
OPOTUB TPEIIMHOOOpPA30BaHMS TMPHU YBEJIWYEHHOW TouuHe. [[oMHUMO BBICOKOTO
KauyecTBa MOJIy4aeMbIX MOKPBITUH, K gocTouHcTBaM AJIH — o6opynosanust (HVAF
Arc 300™) MOXHO OTHECTH MaJIbIi BEC M NPOCTOTY B oOOpalieHuu. IDTO JaeT
BO3MOKHOCTb HAHOCHTBH TIIOKPBITUSI B MOHT@XHBIX YCJIOBHUAX, B Pa3IUYHBIX
IPOCTPAHCTBEHHBIX IIOJIO)KEHUSAX, B YCJIOBHUAX OTKpbITOro Mops. [nsa AJIH —
anmnapatoB (HVAF Arc 300™) MoryT MCIOJB30BATHCS MPOBOJIOKUA U3 PA3THYHBIX
METAJIOB — IHWHK, aJllOMUHHM, OpOH3a, MeIb, CTallb, HUXPOM, MHOPOIIKOBHIC
MPOBOJIOKHU U uX coueranue. Jlocrouncramu AJIH — anmaparoB (HVAF Arc 300™)
SBJISIIOTCS  CHIDKEHME OKHCIICHMSI HaNbUISIEMOrO0 MaTepuajia W BBITOpaHUs
JETHPYIONTUX 3JIEMEHTOB, TUIOTHOCTh AHTHKOPPO3UOHHBIX TTOKPHITUH TTPUOIHKACTCS
K TUIOTHOCTH JIMTOTO METAJLIA.

BeiBogpl. Jlydiienn anbTEpHATHBOM IS 3aMEHbI KIIACCUYECKOM TallbBAHUKH
cinenyet npuzHath AJIH. Pemaromumu daktopamu npu BbIOOpE albTEpHATHUBHBIX
CIIOCOOOB HAHECEHUsS! TOKPBITUN JOJKHBI CIY>KUTh — OTHOIICHUE TOKazarelein
MUHHUMAJIBHBIX MaTE€pUaIbHBIX 3aTpaT U IKOJIOTHYECKOro yiiepOa, MakCUMallbHbIC
XapaKTEPUCTUKU MPOYHOCTH M JIOJITOBEYHOCTH M3JEIUA. 3aMEHa rajbBaHUYECKUX
MOKPBITUN  anbTEpHATUBHOW TexHonorued AJI[H nmpuBOoguT K  CHUIKEHHIO
pecypco3arpaT Ha TEXHOJOTMYECKOe OOECleUeHHe HAHECEHUsS YIPOYHSIOMUX
KOPPO3UOHHOCTOMKUX MTOKPBITUN U K 00ECTICUEHHIO POCTA IPUOBLIH MPU YBETUUCHUU
MHBECTUIMN B PACCMATPUBAEMOE HAPABIICHUE.

METOJIU OINTUMIBALIIL ITPU PO3PAXYHKAX
MEXAHI3MIB 3ACOBIB TPAHCIIOPTY

Minsinuu A. P.

KAHIAUAAT TeXHIYHUX HAYK,

AOLEHT Kadeapn PyXOMOro CKJIAxy i KoJii

JIvgiscoka ¢hinisi J{ninponemposcbko2o HAUioHAIbHO2O YHIgepcumenty
3ANII3HUYHO20 MPAHCNOPMY

imeni akademika Bcesonooda Jlasapana

M. Jlveis, Yrpaina

3a1ikaBiIeHICTh O ONTUMAJIBHOTO TPOCKTYBaHHS MEXaHI3MIB  3aco0iB
TPAHCIIOPTY € MOTUBOBAHOKO HEOOX1HICTIO IETAILHOTO OTJISIY Ta OIIHKKA HayKOBO-
TEXHIYHOI JIITepaTypH 1 OKpEMHUX MyOJTiKaIliil 13 METOA0JIO0T1i ONTUMI3AIlli BTACTUBUX
pO3paxyHKaM JIaHUX BUIB MEXaHIYHUX KOHCTPYKIIIH.

JocnimkeHHs: B 00J1aCTi MPOEKTYBAaHHS MEXaHI3MIB BEAyThCs y IBOX HampsMax:
@) METOJIOM CHUHTE3y 3TIHO 3aJaHuX MOJIOKEHb Ta 0) METOJOM MaTeMaTHUYHOTO
MporpamMyBaHHSI.

1. Memoo cummesy 32i0no 3adanux nonoxcens. [IpOEKTyBaHHS MEXaHI3MIB €
OJTHI€IO 13 HAaWCTapINIMX 3374 TEXHIKH, KA MPUBEpTaia yBary 0araTb0X JOCTITHUKIB

17



Ha TMPOTA31 TPHUBAJIOTO ICTOPUYHOrO Tepiogy. MokHa cKaszaTd, IO CydacHl
JTOCHIDKEHHSI B 00JIaCTI aHAJIITHYHOTO CHUHTE3y MEXaHI3MiB 3all04aTKyBAIUCh Y
Hali kpaini 3 Apyroi nosoBuHU 30-X pokiB 20 CTOJITTS, KOJM OCHOBHOIO TEMOIO
JOCIDKeHb OyJIM TMUTaHHS CTPYKTYPH Ta Kjacudikarlii MexaHi3MiB, KIHEMaTHKa Ta
KIHETOCTaTUKA TUIOCKUX 1 MPOCTOPOBHUX BAXKIIBHUX MEXaHI3MIB. Y 3HAYHO MEHIIII
CTEINEH1 BUBYABCS CUHTE3 MEXaHI13MiB.

HaykoBi nparii mo cMHTe3y KOMOIHOBaHUX MEXaHI3MIB € IIIKaBUMHU THUM, 1110 BOHH
OCHOBaHI Ha OPraHiYHOMY 3JIUTTI METOMIB CHHTE3Y BAXKIJIPHUX MEXaHI3MiB 13
METOJJaMH CHHTE3y KyJIauKOBHX, 3y04acTHX Ta PpSAy IHIIMX MEXaHI3MiB.
B miTepatypi mocTaTHRO TOBHO JOCHTIKEHI TaKOX TPUJIAHKOBI MalbTIHCHKI
MEXaH13MHU 13 MPSAMOJIIHINHUMU pajiaIbHUMU TTa3aMH, CHHTE30M SIKUX TTPOOBKYIOTh
3aiimaTHcs 1 Ha nanuit yac [1]. CuAaTe30M KOMOTHOBAaHOTO MATBTIMCHKOTO MEXaHI3MY
3TiTHO 33JaHOTO 3aKOHY PyXY BEJEHOI MacH Ha JaHWK Yac YCIIITHO 3aiiMaeThcs B.
P. Ilacika [2].

dakTUYHO Ha JAaHUH Yac € MPUIATHUM €UHUN METO/, SIKUIA TIOJISITae y TOMY, 1100
CIIPOEKTYBATH MEXaH13M, IEPEBIPUTH, YU HE OPYIIYIOThCS SKi-HEOYIb HEPIBHOCTI, a
MIOTIM METOJIOM TTpo0 1 MOMMJIOK BUIIPABIIATH IMOCTAHOBKY 3ajavi. Haxxanb, 10 miel
KaTteropii morajgae OUIBLIICTh MPAaKTUYHUX 3amad. s iX po3B’si3Ky JOIIIBHO
CKOpPHUCTATHCS METOJaM MaTeMaTUYHOro mporpamyBaHHsA. KpiM Toro, Moxe
BUSIBUTUCH KOPUCHUM TIOE€JTHYBAHHS IBOX METO/IIB.

2. 3aoaua onmumanvHo20 cumme3y. 3arajbHa 3a7ada MaTeMaTUYHOTO
mporpamMyBaHHs (POPMYITIOETHCS HACTYITHUM YHHOM:

minimizyBatu F (X)

3a YMOBH:
obMmexeHb y popmi HepiBHOCTeH: i (X) <0, 1=1,2,...,n;
oOMekeHb Y opMi piBHIHB: ;(X)=0, j=12,...,m;
oOMekeHb y (popMi MapaMeTPUIHUX HEPIBHOCTEH
0:(X.0)<0 \_ 15 g

O; <0<06;

ne F (X) — minmeboBa QyHKINisA, SKa MIHIMI3YyeEThCS ONTHUMAIBLHHUM BHOOPOM
X (TOOTO pO3paxyHKOBUX 3MIHHHX X1, X2, ..., Xy);

0 _ BEKTOp IMapaMeTpiB, KOMIIOHEHTaMH SKOT0 MOXYTh OyTH 4Yac abo
MPOCTOPOBI1 3MIHHI;

ei}_ Ta 9; — T'paHulll, K1 BU3HAYAIOTh 00J1aCTh 3M1H TapaMeTpPIB.

B sxocTi minboBoi (QyHKIIT B 3a7adi CMHTE3y MEXaHI3My MU MOTJU O B3STH,
HaIpUKJIaJ, MOXUOKY (MOMUIIKY METOAY HaiMEHILUX KBaJpaTiB, IOBHY 1HTErPAJIbHY
NOMWIKY a00 IHIIMK MAXOAAUN (QyHKIIOHAN) MK (PaKTUYHMUMH 1 OaKaHUMH
XapaKTepUCTHKaMH MeXaH13My, a00 HEBPIBHOBAKEHICTh MEXaHi3My, a00 Yy TIUBICTh
710 IOMYCTUMUX BIIXUJIEHb, 400 MOXHOKY BHACIIIIOK MPY>KHOCTI MEXaH13My TOIIIO, Ta
nparHyTd ii onrtumizarii (MiHimizamii abo makcumizarii). OomexeHHs y dopmi
PIBHOCTEH MOXKYTh BUHHKATH, HATPUKJIIA, SKIIO B ITEPALIMHIN MPOIEC PO3PAXYHKY
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BKJIIOUAIOTHCSA PIBHAHHA 3aMKHYTOCTI KOHTypiB. HeBu3HaueHnuit Habip yMOB y
3a/IaHUX MOJIOKEHHAX TaKOXK MOYKE JJaTH 00OMeXeHHS Y (hopMI PIBHOCTI.

[TapameTpuuHi oOMexeHHs y (opMI HEPIBHOCTEH MOXXYTh BIIHOCHTHCH O
BCHOT0 poO0OYOro MPOCTOPY /10 TPaHUIIb J11alla30HIB KyTa Nepeaadi, 10 HanpyXeHb y
JaHKax 1 MIapHipax, A0 3yCHJIb, K1 IIEPEIalOThCs, Ta MOMEHTIB.

Memoo  onmumizayii. IlpakThuHe 3HaYeHHsS  3ajladyl  MaTEMaTUYHOIO
nmporpaMyBaHHsT OOYMOBWJIO 3HA4HY PI3HOBUAHICTH METOJIB iX BHpimieHHS [3].
HaneBHo, Haif0171b111 BiIOMUM METOJIOM IIPOrpaMyBaHHS € CUMIUIEKCHUI METO/I, TKUN
€ MPUHHATINBUM JUIS 3a/a4 JiHiiiHOTO TporpamyBanHs (ne F, h; ta |j — miniiiHi
¢dbynkmii X 1 ae BianmosinawTs GyHKI §k). Ha manuii gac Taka moctaHoBKa 3a1a4i mpu
pO3paxyHKax MEXaHI3MiB 3yCTPIUa€ThCS OBOJI PiAKO, 1 TOMYy O€3mocepenHbo Imeu
METOJl TYT Mail’keé He 3aCTOCOBYETHCS. Y HAHOMY PO3ALII MU KOPOTKO OIHUCYEMO
KUIbKa METOMIB  HeNiHiliHo20 TPOTPaMyBaHHS, SKI BHUSIBWINCH HaWOUIbII
NEPCHEKTUBHUMH TMPHU PI3HUX 3aCTOCOBYBAHHSX Yy PO3paxyHKax mexani3mi. [lami
Oylne HaBeJCHWM METOJl HENHIMHOrOo NporpaMmyBaHHS, a caMme MpsIMUNA METOJ
pileHHS 3371a4 3 0OMEKEHHSIMH.

[IpsMuMu  Ha3WBaEMO OOYMCIIOBAIBHI METOAM, Y SKUX OOMEKEHHs
PO3IIIAIAIOTHCS B SIBHOMY BHUIJISIII SIK OOMEXYIOYl TINEPHOBEPXHI y MPOCTOPi
O0OYHUCITIOBAHUX 3MIHHUX.

JI71st MeTo Ty MOXKJIMBUX HanpsMiB [4] HE0OX1JHO BBECTH MEBHI BU3HAYCHHS:

1) Cucmema axkmuenux oomedscernsv K (X) — 11e Habip BCiX 1HIEKCIB i, TAKUX, 1110 Y
touri X TmpocTtopy po3paxyHkoBux 3miHHUX hi(X) = 0 (mpaktuuHO MH

BUKOpHUCTOBYeMO Binpizok 0<h <& a6o |h|<&, ne € — mammit nomyck).
2) Hampsim S y Toutni X Ha3UBAETHCS MOMCAUBUM, SKIIO Jyis BCiX i B K (X)
STVh,(X)<0

3) Bionogionuii mooicausuii Hanpsm 1€ Take S, sIKe 3aJ0BOJIBHSE TOTEPETHIO
HEPIBHICTH STVF(X)<0 :

[Ipu Takomy HampsMi METOJ AO3BOJISIE 3pOOUTH KPOK BiJl X O HOBOI TOYKH 13
1HIIOI0 cHUCTeMOI0 K, SIKIO 3YCTPIHYThCS HOBI OOMEXEHHs. B 1HIIOMY BUIAAKy
BUKOPUCTOBYEThCS cXema Oe33arnepeyHoi MiHIMI3alli JO TUX MIp, JOKH 3HOBY HE
3yCTpiHEThC OOMexeHHs. lle macTh TOUKy 13 MEHIIMM 3HauYeHHsSIM F, B sKiii
BUIITYKY€THCS MMPUAATHUNA MOXIIMBHUNA HAmpsM. TakuM YUHOM, CYyTh METOAY TOJISITae
B «3a/layl BU3HAYCHHS HAMpsAMy», sKa 3/e01UIbIIOT0 (POPMYIIOETHCS HACTYITHUM
yyHOM:3HaiTH /', S, Taki, mo

Y = max,

S'Vh +y-6,<0  icK(X)
STVF +y<0

Hopwma (S)<b,
1€ 6. — NOBLIbHI JOJATHI CTaJll BETUYHHH.

3nebinbiioro «Hopma (S)» BHOMPAETHCS TAaKUM YHHOM, II00 OEpIKyBaiach
3a/1aya JIIHIMHOTO TPOTPaMyBaHHS, SIKa MOTIM PO3B’SI3YETHCS CUMIIIIEKCHUM METOJI0M

[5].
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OCKUTbKY CUMITJIEKCHAM METO]T € TOCTaTHRO €()eKTHBHUM IIPU BHUPIMIECHH] 3a/1a4
JHIMHOTO MPOTrpaMyBaHHs, BIH CTaB OCHOBOIOJIOKHUKOM PSITy METO/I1B TTOCIIIOBHOT
JiHeapu3aillii, 800 METOIB CIYHUX IUIOLIMH, JUIS PO3B’SI3yBaHHS 3aja4y HEJIIHIMHOTO
IporpamMmyBaHHS.

OcHoOBHA 17iesl 1[I€1 TPYNU METOJIB MOJIATaE y TOMY, IO BUPINIYETHCS 3a/aya
JIHIMHOTO TIPOrpaMyBaHHS:

_ . _
Fy = F(X,)+(X = X, )" VF(X,)— min
— .
Ta hi = hi(xo)"'(x o Xo) Vhi(XO)SO’

ne Xo— [eBHA JOBLJIbHA BUX1JHA TOYKA.
[le mae Touky X3, sIKa HE SBISETHCSA ONTUMAIBLHUM PO3B’SI3KOM JUISI TIOYATKOBOI
3a/ayi, ajJe MOXKE CIYTyBaTH TMO3UTHBHUM HaONMKEHHSIM 10 Hei. MokKHa Takoxk

ne i=1,2,...,n,

BHKOHATH HOBY JiHeapusamito (ToGTo, moOyayBatn F' Ta hil) 1 BUPIIIUTH HOBY
3a/1a49y. 3aCTOCOBYBAaHHS JIAaHOTO METOAY MOB’SA3aHO 13 NMEBHUMHU TPYIHOIIAMH, SIKI
HE0OX1THO BpaxoByBaTU. HailOu/bIll cepiO3HUM 13 HUX MOJSATAE y TOMY, IO METOJ]
MOX€E JIaBaTH MEBHY PO3XOJAUMICTb, SKIIO TIEBHI CITIBBIIHOIIECHHS JIIHeapu3allii He
30epiratoThCs MpHU MEePexo/1i BiJ OJTHOTO MUKJITY JIO 1HIIIOTO.

CuHTe3 MexaHi3MiB — 1IIe¢ 00yacTh, B SKIH 3aCTOCOBYBaHHS METOJIIB
MaTEeMaTUYHOTO MPOTPaMyBaHHS € TOBOJII IEPCTICKTUBHUM BHACITIIOK BJIACTHBOTO M
BUIBHOTO (popMystoBaHHS. ['0JIOBHOIO METOI0 HABEJACHOTO JOCIIKEHHS € IIUPOKE
03HAMOMJICHHS 13 TIOCATHEHHSIMHU y JBOX 00JAacCTSAX 3 HAJI€IO, 110 ICHYIOUl HA JTaHUI
yac 3aco0u omnTumizailii OyIyTh 3aCTOCOBYBAaTHMCh J10 IIMX 3ajlad CHUHTE3y 1 IO,
HaBMAaKW, 3aco0M onTuMizalii OyayTh Hajaidl BJIOCKOHAIIOBATUCH BHACIIAOK
JOCIIKEHb KOHCTPYKI[IH MEXaH13MIB 3aC001B TPAHCIIOPTY.
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In practical activity, we often need to estimate the parameters of a certain system
by constructing its mathematical model and to find the numerical values of the
coefficients of this model. It is an approximate representation of real objects,
processes or systems, expressed in mathematical terms and preserving the essential
features of the original. Mathematical models in quantitative form describe the basic
properties of an object, process or system, its parameters, internal and external
relationships using logical and mathematical construction.

The aim of this work was to construct a mathematical model of the force impact
of polymer-abrasive brushes [1] on the sample surface.

To construct the mathematical model, a full factorial experiment (FFE) was
applied [2]. Preliminary studies showed a linear form of dependencies predominantly,
so it was sufficient to use a two-level FFE. Each factor is presented on two levels:
maximum and minimum. The number of possible combinations of all factor levels is
N = 2k, where k is the number of factors. The number of variable factors is four
(tightness i, feed S, speed V, fiber length L), hence, the number of experiments is 16.
After the factors were normalized (Table 1), the experiment matrix was prepared
(Table 2).

Table 1
Variations in factor levels
Factor Tightness i Feed S Speed V Fiber length L
X1 X2 X3 X4
Level -1 +1 -1 +1 -1 +1 -1 +1
Factor 0,5 3.0 1 10 17 40 8 32
value

According to this plan, the corresponding experiments were carried out, the force
Py (Table 2) was measured using a specially designed dynamometer [3].
The calculations were carried out using the «Statistica» software.
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Table 2
The experimental matrix and measurement results

1%t factor 2nd factor 34 factor 4t factor Response

Number of

experiment | X1 |i,mm | X2 | Sm/min | X3 | V,m/s | X4 | L,mm | Py,N
1 1 3 -1 1 -1 17 -1 8 67,4
2 1 3 1 10 1 40 1 32 47,1
3 -1 0,5 -1 1 -1 17 -1 8 11,8
4 -1 0,5 1 10 1 40 -1 8 42,8
5 -1 0,5 1 10 1 40 1 32 26,3
6 -1 0,5 -1 1 1 40 1 32 26,3
7 1 3 -1 1 -1 17 1 32 36,3
8 -1 0,5 1 10 -1 17 -1 8 11,8
9 1 3 -1 1 1 40 1 32 47,1
10 1 3 1 10 -1 17 1 32 36,3
11 1 3 -1 1 1 40 -1 8 91,9
12 1 3 1 10 1 40 -1 8 914
13 -1 0,5 -1 1 -1 17 1 32 11,2
14 -1 0,5 -1 1 1 40 -1 8 42,7
15 -1 0,5 1 10 -1 17 1 32 11,2
16 1 3 1 10 -1 17 -1 8 67,4

The coefficients of regression of the first-order model (without taking into account
the interaction of the factors among themselves) and the second-order model
(considering this interaction) were calculated. After the primary dispersion and
regression analysis, a factor appeared that did not affect the value of the radial force.
In the investigated range feed S, as well as its interaction with other factors, does not
affect Py (Fig. 1,a; 2,a). After the removal of S and repetition of dispersion analysis
(Fig. 1,b; 2,b), a first-order model (R = 0.89) and a second-order model (R = 0.99)
were obtained:

Py=9,68+15,04i+0,8815-V-0,9656L; (1)
Py=-27,31+27,53i+1,58-V+0,64-L-0,09i V-0,49-L-0,027-V-L; (2)

Graphically, the coincidence of «predicted» (calculated) and «observedy
(experimental) values is shown in Figure 3 a,b, respectively, for the models of the first
and second order. This illustrates the correlation coefficients R of the models: 0.89
and 0.99, respectively. The 10 control experiments on factors, which are close with
rational modes of polymer-abrasive brushes, showed the average error in calculating
the response function was 21.4% and 3.3%, respectively. Therefore, the second-order
model is more precise.

22




Regr. Coefficients; Var.:Py; R-sqr=,89529; Adj:,85722 (Ok_ish_sily.sta)

2**(4-0) design; MS Residual=100,4475

DV: Py

Regressn | Std.Err. t(11) p -95,% | +95,%
Factor Coeff. Cnf.Limt |Cnf.Limt
Mean/Interc. 9,71219|9,162842| 1,05995|0,311885| -10,4551|29,87947
(1)i 15,04000|2,004470| 7,50323|0,000012| 10,6282|19,45181
(2)S -0,00556|0,556797| -0,00998|0,992218| -1,2311| 1,21995
(3)V 0,88152|0,217877| 4,04596)|0,001929 0,4020| 1,36107
(4)L -0,96562|0,208799| -4,62466|0,000735| -1,4252| -0,50606

a)

Regr. Coefficients; Var.:Py; R-sqr=,89529; Adj:,86912 (Ok_ish_sily.sta)

2**(4-0) design; MS Residual=92,07771

DV: Py

Regressn Std.Err. t(12) p -95,% +95,%
Factor Coeff. Cnf.Limt | Cnf.Limt
Mean/Interc. 9,68163| 8,268321 1,17093| 0,264354| -8,33349| 27,69675
(1)i 15,04000| 1,919143 7,83683| 0,000005| 10,85855| 19,22145
(3)V 0,88152| 0,208602 4,22585|| 0,001177 0,42702 1,33603
(4)L -0,96562| 0,799911 -4,83028" 0,000412| -1,40119| -0,53006

b)

Fig. 1. The results of calculating the model of the 1% order

Regr. Coefficients; Var.:Py; R-sqr=,99986; Adj:,99957 (Ok_ish_sily.sta)

2**(4-0) design; MS Residual=,3035

DV: Py

Regressn | Std.Err. t(5) p -95,% +95,%

Factor Coeff. CnfLimt | Cnf.Limt
Mean/Interc. -27,3668| 1,103265| -24,8053| 0,000002| -30,2028| -24,5308
(i 27,5694| 0,372234| 74,0647| 0,000000, 26,6126| 28,5263
(2)S 0,0106 0,105489 0,1007| 0,923722 -0,2605 0,2818
B)V 1,5824| 0,032206| 49,1324| 0,000000 1,4996 1,6652
(4)L 0,6428| 0,037359 17,2057| 0,000012 0,5468 0,7388
1by2 -0,0067| 0,024485 -0,2723| 0,796295 -0,0696 0,0563
1by3 -0,0957| 0,009581 -9,9835| 0,000172 -0,1203 -0,0710
1by4 -0,4883| 0,009182| -53,1849| 0,000000 -0,5119 -0,4647
2by3 -0,0005| 0,002661 -0,1815| 0,863090 -0,0073 0,0064
2by4 0,0005| 0,002551 0,1815| 0,863090 -0,0061 0,0070
3 by4 -0,0265| 0,000998| -26,5924| 0,000001 -0,0291 -0,0240

a)

Regr. Coefficients; Var.:Py; R-sqr=,99985; Adj:,99975 (Ok_ish_sily.sta)

2**(4-0) design; MS Residual=,1744444

DV: Py

Regressn Std.Err. t(9) p -95,% +95,%

Factor Coeff. Cnf.Limt | Cnf.Limt
Mean/Interc. -27,3084| 0,711430| -38,3852| 0,000000| -28,9178) -25,6990
(1)i 27,5328 0,263090| 104,6514| 0,000000( 26,9376| 28,1279
(3)V 1,5797| 0,021749| 72,6331| 0,000000 1,5305 1,6289
(4)L 0,6453)| 0,026251| 24,5833| 0,000000 0,5860 0,7047
1by3 -0,0957( 0,007264| -13,1684| 0,000000 -0,1121 -0,0792
1by4 -0,4883| 0,006961( -70,1518| 0,000000 -0,5041 -0,4726
3 by4 -0,0265| 0,000757| -35,0759| 0,000000 -0,0283 -0,0248

b)
Fig. 2. The results of calculating the model of the 2" order



Observed vs. Predicted Values
27*(4-0) design; MS Residual=100,4475
DV: Py

Observed vs. Predicted Values
2**(4-0) design; MS Residual=,3035
DV:y
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Fig. 3. The coincidence of observed and predicted values for the models
of the first (a) and second (b) order

As a result of having conducted a minimum number of laborious experiments, a
mathematical model of the force impact of polymer-abrasive brushes on the surface
of the sample depending on the machining conditions and tool parameters was
obtained. This information is important, for example, for polishing thin-walled parts
with polymer-abrasive brushes, when a high level of force is unacceptable.
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JANHAMIKA 3MIHN HAIIPYKEHO-AE®OPMOBAHOI'O CTAHY
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KAHIAUAAT TeXHIYHUX HAYK,
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Llenmpanvnoykpaincokuti HAYioHATbHUL MEeXHIYHUU YHIgepcumem
M. Kponuenuyvkuii, Kiposoepaocvrka obnacme, Ykpaina

CtBOpeHHSI BUCOKOC(HEKTHUBHUX pPOOOYMX OpraHiB IPYHTOOOPOOHWX MAIIUH
(POI'M) BuMmarae momryky MOXJIMBOCTI BH3HAYEHHS HAIPY>KCHHSI, 110 BUHUKAE B
IPYHTOBOMY CEPEIIOBHIII ITi 4Yac Jii Ha HbOro podoudoro obOsamHaHHsA. IcHyrodl
MeToau mociikeHHs: B3aemoii POI'M 3 rpyHTOM He J03BOJISIIOTH JOCIIKYBATH
MPOIIeC B3a€MO/IIT pOOOYUX OPTaHiB 3 IPYHTOM B IIPOCTOPI.

Oco0nuBy yBary ciiij 3B€pHYTH Ha 3aKOHOMIpHOCTI B3aemo/ii POI'M 3 rpyHTOM,
E€HEPreTUYHl XapaKTepUCTUKH I[i€l B3a€EMOJIi Ta 3HOUIYBAJIbHY 3/IaTHICTH
CEpEeIOBHUINA IPYHTY, BpaXOBYOYH TaKi HOTO XapaKTEPUCTHKH, IK MEXaHIYHUH CKIIA]I,
IIIJIBHICTh, BOJIOTICTh, (Da30BUM CKJIaJ, a TakKoX TemmepaTrypy. TemmepaTypa
PO3pOOTIOBAHOTO TPYHTY BIUIMBAE HAa HOTO XapaKTEPUCTHKW MIITHOCTI 1 Ha OIIip
po3MnyIyBaHHS. BenmnuuHW TIMOWMHM PO3MYIIYBAaHHS 1 OMOPY PO3POOKH TPYHTY
3HAXOAATHCS B MIPSAMO IMPOTOPIIHHIA 3aJI€KHOCTI.

3miHa ctaHy noBepxHeBux mapiB POI'M Ta HanpyxeHo-1e(pOpMOBaHOTO CTaHy
(HIC) rpyHTy € OHMM 3 METOMIB YMPaBIiHHS (POPMOIO 1 OMOPOM TEPEMIIICHHS
POI'M.

Posmogin wHampyxeHb B TIpyHTI B TMporeci Horo oOpoOITKY BHUBYCHHIA
HEJIOCTaTHhO, XO0Ya BUHHUKAIOYa KapTUHA HAMPYKEHb, JIHIA KOB3aHHS TPYHTOBUX
YaCTOK 1 iX BIIPMBAaHHS Ma€ BEJIUKE 3HAYCHHS ISl TIOSICHEHHS CITOCO0iB 00OpOOITKY 1
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OTPUMAaHHS 3aJIEKHOCTEH, IO XapaKTepPU3yIOTh 3MIHY 00’€MHOI Macu IPYHTY Bif
ocHoBHUX TlapameTpiB POI'3M 1 ¢i3uko-MeXaHIUHUX BIACTUBOCTEN IPYHTY.

MeTtoto naHoi pobOTH € po3poOKa METOJAMKH BUMIPIOBAHHS Ta MOJCIIOBAHHS
HAC rpynrty nipu nii Ha Hboro POI'M.

st 300pakeHHst cwiioBoi kaptuHu nii POI'M Ha cepenoBuiie IpyHTY 1
nociimxenHs: oro HJIC, po3pobiieHo cremiaibHy YCTaHOBKY (MaTeHT YKpaiHu
No74655) nnst BUMIpIOBaHb PO3MOJLIY BHUHUKAIOYUX 3YCHJIb B TOPU3OHTAIBHUX 1
BEPTUKAIIGHUX IUIOMIMHAX 3 BHUKOPWUCTAHHSAM CHEIlaJbHUX TEH304aT4uKiB. J[is
00pOoOKYM CHUTHaNIB TEH30aTYMKIB BUKOPUCTOBYBAJIN BUMIPIOBAIbHUN KOMILIEKC, 1110
MEPETBOPIOE PI3HUIIIO TUCKIB B MICIISIX PO3MIIICHHS] TEH30JaTYUKIB B CEPEIOBHIII
IPYHTY y BUXIIHUN YHI(QIKOBAaHUN CHTHANI B3a€EMHOI IHIYKTHUBHOCTI 3 JIIHIHHOIO
3aIEKHICTIO.

BukopucToByroun MeTOIMKY onucany B po6oTi [2] no BuzHaueHnHio H/IC Oymnu
OTpPUMaHI1 JIaHi, 10 JO3BOJISIIOTH MOOYIyBaTH MPocTOopoBuil po3noain kaptuau HJIC
i1 gyac B3aemoii POI'3M 3 rpyHTOM.

Po3paxyHok moJisi HampyKeHb B IPYHTI B Mporleci B3aemojii iioro 3 POI'M
BH3HAYaJIM 1 METOJIOM KiHIleBUX eneMeHTiB Ha [IEOM [4].

AHaJi3 Ta po3paxyHoOK IOJIsl HAMIPY>KEeHb 1 AedopmMalliil IpyHTY, aHAJIOTIYHO SIK 1
pobounx noBepxoHsb pizasibHux eneMenTiB (PE) POI'M BukoHyBanu 3a 101OMOTOI0
nakety COSMOSWorks interpoBanoro B CAD-cucremy SolidWorks 3rimno
METOJIMKH PO3po0IIeHo0i B poOoTi [2].

[IpoBeneHo MoeMOBaHHS PO3MOJILUTY HANPYKEHb B IPYHTI Mij Yac B3aEMO/III 3
POI'M Ha mnpukiagl MIIJIUHOPIZY 3 IPYHTOM 1 OTpUMaHi KapTHUHH PO3MOJLTY
1300apHHX 30H B TOPU3OHTAJIBHUX 1 BEpTUKAIbHUX ITomuHax nepen PE POI'M.

BpaxoByroun otpuMaHy iH(oOpMaIlil0 MPO TOJs HAnpyxeHb 1 AedopMalliio,
OyayBaiH 1X pO3IMOJIT B3I0BXK OCEH KOOPAMHAT Ta OTPUMYBAIN KAPTUHY PO3MOILITY
1300apHHX 30H B TOPU3OHTAJIBHUX T4 BEPTUKAIBHUX TUIONTUHAX.

Kaptunu posnopginy 1300apHUX 30H B PI3HUX IUIONIMHAX JAlOTh MOJKJIUBICTDH
BUSIBUTH 30HU KOHIIEHTpAIlii HAlOUIBIIIOr0 HAMIPYKEHHSI [PYHTOBOTO CEPEIOBHUIIA T
3’sICyBaTH XapakTep HOro MOAAIBIIOTO CKOTIOBAHHS.

[Tin yac B3aemMomii IPYHTY 3 IIUIMHOPI30M 3HAYHA KOHIEHTPALisl HaNpY>KEHb
MPUXOAUTHCS CaM€ Ha 30HY [Ili JT0JI0Ta UIUIMHOPI3Y, A€ BIAOYBAETHCS CKOJIIOBAHHS
miacTy IpyHTy [3]. [icas 9oro CKOJICHHH MIIACT PO3Pi3aEThCS BEPTUKATLHUM JIE30M,
TOMY HaMOUIbIIIE HANPYXKEHHS MPUXOIUTHCS HAa WOTO HUXKHIO YacTUHY. 3 HaOIU-
KEHHSIM JI0 TIOBEPXHI MJIACTY IPYHTY MOTO HAMPYKEHHS 3MEHITY€E€ThCS.
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Puc. 1 — KapTunu po3noainy i300apHUX 30H B TOPU30HTAJIBHMX i
BEPTHKAJbHHUX IUIONIHHAX Nepe/l Pi3aJbHMMH YACTUHAMM IILIHHOPI3Y
a) HaNpy>KeHHs IpyHTOBOro cepenosuia nepe PE minmuHopizy y
TOPU30HTAIBHIN IJIOMIMHI; 0) HANIPYKEHHSI IPYHTOBOTO CEPEOBUIIA
nepea PE minmHopi3y y BepTUKaIbHIN MIOMIUHI

3a po3po0JIEHOI0 YCTaHOBKOIO Ta METOJMKOK BHUMIPIOBAHHS HAaNpPYXEHHS B
JOKaJbHUX O0JACTSIX TOPU3OHTANBHIA Ta BEPTUKAJIBHIA IUIOMIMHI BIJHOCHO
pizansHux enemenTis POIM [4], B imapax rpyHTy IPHIENINX 10 POOOYMX TIOBEPXOHb
POIM Bu3HaQuaa¥ pO3MOALT HAIPYKEHb 3 BIICTAHHIO Bix poOOYOi MOBEpXHi
LIUTHHOPIZY.

ExcriepuMeHTanbHl pe3yjabTaTH CBiA4aTh, IO 3aKOHOMIPHOCTI PO3MOJLTY
BEJMYMHU HAaIPYKEHHs B IPYHTI 3 BiICTaHHIO Bix po6o4oi mosepxui POI'M 3anexarsb
sk Big Ty POI'M, Ttak i rmubuau mapy rpyury. e miareepmokye oTpuMani SKicHi
KapTHHHM PO3IOIiIYy 30H HampyxXeHb B IPyHTI mepen POIM, mio Oyiam oTpuMaHi

IUISIXOM MOJIETIOBaHHS 3a JIOMIOMOT0I0 METOAY CKIHUEHUX €JIEMEHTIB B CEPEIOBUIIII
COSMOSWorks.
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Introduction. When analysing tribosystems under conditions of anomalous low
friction and wear, a number of scientists [1; 2] used waves of different nature for the
surface layer structuring, however this component of external friction was not
considered as a channel of the external energy dissipation.

One of the first attempts to attract the wave component as dissipation channel is
made in [1]. The author believes that under conditions of anomalous low friction and
wear there is formed on the surface a quasi-elastic layer, in the central part of which
the hydrodynamic deformation is hypothetically possible, while on the periphery of
the transit zone we should expect intensive rotary elastoplastic deformation that is
similar to the structure of vortex formation in the boundary layer during the flow of
liquid. This approach, in our opinion, can be considered as a special case
of manifestation of the wave component of the frictional force as a dissipation channel
of externally supplied energy.

Analysis of main achievements and publications. Through analysis of studies of
ultrasound and vibration oscillations in tribology [4], we can conclude that practically
in all these studies the wave component of the frictional force (introduced by the
authors [5] in the expression for the frictional force with a minus sign) is present as a
final result at the external wave impact on a tribosystem.

Goal of research. The purpose of this study is to analyze the effect of oscillations
generated in the most tribosystem as a factor of achieving anomalous low friction and
wear conditions from a position of the guantum-mechanical approach to real tribosystems
operating under conditions of dry and boundary friction.
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Presentation of the basic material. Thermodynamic analysis of externally supplied
energy dissipation channels at the external friction carried out in [1] showed that there
were two levels of self-ogranization — equilibrium and non-equilibrium. In the first
Instance, there are the dissipative equilibrium structures, in the later case — dissipative
non-equilibrium structures. In the first instance, the equilibrium is achieved through
the channel of the thermodynamic entropy, and in the later case the self-regulation
occurs through the channel of excess entropy production.

According to the authors of [6], who conducted analysis of external friction based
on thermodynamic, the excess entropy production can be only positive. At the same
time, the studies of self-organization for chemical techniques [7; 8] have shown that
under conditions of non-equilibrium self-ogranization the excess entropy production
can vary both in positive and negative directions. So, it is recognized the simultaneous
presence of dissipation anti-dissipation processes that can be realized both with heat
release and absorption [7].

So, by analyzing kinetic interaction of this kind of rubbing bodies V. Veynik [9]
hypothesized the possibility both of zero and negative friction in the tribology basing
on recognition of simultaneous presence of dissipation and anti-dissipation processes
at elastic interaction of tribosystem elements.

The same opinion is shared by the author of [10]. The ability of achieving
anomalous low friction and wear is associated by the author of this paper with
irreversible absorption of deformation energy through the elapsing of reversible
elastic-plastic deformation. As in the previous paper, the thermal effect at the contact
interaction is determined by the sum of two components — static and dynamic specific
components of the energy dissipation.

Modern understanding of friction and wear from a position of synergetics and
thermodynamics of non-equilibrium systems [5], the physical theories make it
possible to define the physical meaning of the friction coefficient as the ratio of kinetic
component of external friction to a gravity component (quasi-mass of friction that
performs work on the path of motion) [10]. This approach just includes participation
of the wave component in the self-regulation of energy flows, and their transformation
(dissipation) in tribosystems with artificial intelligence.

Achievements of modern physical theories in the field of solid deformable body
mechanics make it posible to change radically our vision on the mechanism of
achieving anomalous low friction and wear. Until the present, it is used as such
mechanism in tribosystems the selection of triboelements that create a positive
gradient of hardness in the breaking-in process. At present, the transit from elastic to
plastic contact is considered as such conditions. This approach is presented
theoretically in the paper [10] and experimentally is implemented in [9].

In the process of energy exchange at anomalous low friction, when the balance is
provided between molecular-mechanical and wave components of the frictional force,
it is necessary to take into account that the wave channel of energy dissipation
converts an unbalanced portion of the external friction into the inner friction [11].

Thus, the criterion of irreversibility of energy conversion at anomalous low
friction is not violated, and the energy conservation law at an anomalous low friction
and wear is observed.
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The performed analysis of the dissipation mechanisms for externally supplied
energy leads to the conclusion that the tribosystems perfection 1 (friction coefficient)
at anomalous low friction is estimated by the ratio of the kinetic F; and gravitational

N components of external friction:

Ffr

SN

On the one hand — it is a parameter characterizing in a generalized sense the
resistance to the surfaces relative displacement (movement), it reflects a part of the
energy, which is «destroyed» by friction in the form of latent energy stored, in relation
to the work of external forces (energy of external relative movement). Load N is
perceived as a quasimass of friction that performs a work on the way. On the other
hand — it is a generalized description of damageability, since it (friction coefficient) is
determined by the density of latent energy that characterizes the measure of structure
imperfection or perfection and is a generalized parameter of damageability or
wearlessness measure [10].

The analysis performed for the physical meaning of friction coefficient allows to
propose a scientific paradigm for implementation of the conditions for achieving the
anomalous low friction and wear at external friction of the real tribosystems.
Reduction of gravitational component of the frictional force: achieving a balance
between molecular-mechanical and wave components of the frictional force.
Implementation methods: creation of levitation conditions with formation of traveling
and stationary waves in interacting elements:

1%t method. Creation of heterogeneous materials with a negative gradient of
surface layer hardness;

2" method. Creation of heterogeneous coatings by fastening of solid particless in
the elastic matrix;

3" method. Creation of miniature oscillators to achieve harmonic resonance
condition in tribosystems (formation of traveling wave in the kinetic nanofield).

Experimental and theoretical studies of anomalously low friction and wear carried
out in accordance with this paradigm [5] makes it possible to form practical
recommendations on the implementation of this effect for highly loaded aggregate
elements.

Conclusions. According to the proposed hypothesis of existence of the wave
component of the frictional force, the physical meaning of friction coefficient is the
ratio of kinetic and gravitational components of friction forces. At the transit to
anomalous low friction and wear, the kinetic component is a priority.
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Shells of revolution are widely used in aircraft and rocket engineering, civil
engineering, oil industry, exploration of oceanic shelves, etc. Growing interest to the
shells can be explained by their efficiency to operate in loaded condition [1]. In
engineering practice stability and vibrations problems as well as stress state problems
[2; 3; 4] are very important for studying load-carrying capacity of polyharmonically
loaded shells with holes [4].

The shell of revolution is shown in the figure 1.

z =2 (Jx*+y%) = Z(p).

Z

Hlt)

¥
Fig. 1. Shell of revolution

The shell has holes (n, ro), where n — number of holes, ro — radius of a hole.
Damping belt is a zone of holes Z(p), where p is constrained by inequality pi1<p<p..

Polyharmonic loading, applied to the shell from above, is described by the
following analytical expression:

0¥

H(t) = Z u; cos(oit + (pi),

i=1
where u;j— harmonic amplitude;
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w; — frequency;

@i — Initial phase.

Let’s consider dome’s behavior above damping belt. Two important aspects have
an effect on load-carrying capacity of the shell in whole:

a) waves, produced by periodic components of polyharmonic load H(t);

b) vibrations of a dome in whole, i. e. oscillating motions of coordinate system,
rigidly bound to the dome Xy (t)a(t), Yo (t)B(t), zo(t)y(t), where 0’ — origin point for
axes X, Y, z, rigidly bound to the dome; a, B, y — Eulerian angles (fig. 2).

N B )z

Fig. 2. Vibrations of the dome

Damping belt produces damping effect on wave frequency, spreading over the
dome.

Let’s explain effect of the damping belt: waves, produced by polyharmonic load
H(t), shouldn’t be coherent to dome’s proper waves. It eliminates local resonance and
consequent local cracks forming.

Besides, the belt will damp vibrations of the dome in whole.

The equation to find perturbed shape of a shell is following:

0%z 0%y
A*Z = —_— 1
al?Z(p, p) + boreazy = Phaap (1)
2 2
where ¢ = ¢ ) =%3(u—/1).

32
For the loading:

|| P20, 0 pdpdo =t
17
After transformations in (1) to polar coordinate system we obtain

b 2 2
[(a +E> (A%p + A% ) + bD] z(p, p) + phz(p, ) = 0,(2) (2)
0* 29° 10% 139
ap*  pap® pZapz  pPap ’
2 FE 2 03 +462+1+64
YT 0200202 pPopdgE  p*agE  pt Ogt

where A%p =

2
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Solution (2) can be represented as trigonometric Fourier series of

2(p, )—z0<p)+z (p) cosngp+ 2% (p) sinng

Following expressions allow to fmd zo(p), 2% (p),z %, (p):
{ED’sz + (@ +2) A Zokss + 2D Zoierg + Phzziers = 0 (k = 1,2,...)
—Dlzzk 1+(a+ Iy Zokrat, B D121 g 1ep7+PhZ 21er3=0 (k=1,2,...)
{—ZD»Z»Zk + (a + E) N Z»pp i + §D>>Z»2k+8 + phz»,.a =0(k=12,...)

§D>>Z>>2k—1+(a+§)Aozzk+3 +§D»Z»2k+7+PhZ’2k+3:0 (k=1,2,...)
b , b,
a-+ 3 Az + ED»Z 4 + phz,

2T b
J f (“ * 5) (A2p + A2p + bD) z(p, p)dpde = H(t) (3). 3)
0 0

Formula (3) assumes surface integration over the shell, though passing through
damping belt a, b and D characteristics, being functions of (n, po, p1, p2), change.

Geometry of the damping belt should obey to the following conditions according
to the purposes below:

1. Vibrations damping — limitation on the number of holes m

Uy < - < u;.
2. Strength loss limitation, h — height of the shell
0,12h < p(uy) < 0,140
0,15h < p(u,) — p(uy) < 0,26h

3. Resonance elimination in case of poliharmonical loading |ocrlA — ans| < 0,
where ay,,, o, numerical characteristic, defined in a following way

. Ay
a,, = arcsin

: JAZ + Ag;

@y, = arctg(e! ()~ /r = = ;uz
0; p(uy); 1 uz; 0;1
A= ulsin%mp(ul);l o cos = ulsln— 1
—ulsln “L:p(uy); 1 Uy 0057, —ulsln7, 1
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Fig. 3 .Location of the damping belt (structural scheme)

n,— normal vector to the middle line of the damping belt on the surface S;

n, — normal vector to the plane of the triangle, formed by adjacent holes: one on
the upper belt and two on the lower belt.

Dynamical behavior of a dome, which is a shell of revolution, is being considered. It
is shown, that double belt of holes damps waves, produced by polyharmonical loading.
Optimization problem and local resonance damping problem can be solved by selecting
proper geometric parameters of the damping belt.
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AHAJII3 TEMIIEPATYPHUX PEXXUMIB POBOTH
I'TAPOOB’€EMHOI HEPEJTAYI B CKJIAAL
I'ITPOOB’€EMHO-MEXAHIYHOI TPAHCMICII TPAKTOPA

Ilesuos B. M.

aCHUCTEeHT Kadeapu

aBTOMOOijIe- | TPAKTOPOOYAyBAHHS
Hayionanvnuii mexniunuu ynisepcumem
«XapKiecbKut NOATMEXHIYHUL THCIMUMY M »
M. Xapkie, Yxpaina

B po6oTi craBuThCA 3ajadya aHajgizy 3MIHM TeMIlepaTyp poOodYoi piJIUuHH
riapoo6’eMHOT Mepenayl B CKIal T11poo0’€MHO MEXaHIUYHOI TPaHCMICIT MPU Pi3HUX
pexxumax podotu. i nocaruenHs HaedektuBHimoro Bukopuctanas [OMT crip
BpaxoByBaTH (AKTOpH, IO BIUIMBAIOTh HAa il OCHOBHI TEXHIKO — EKOHOMIYHI
nokazHuku. OJHUM 3 TaKuX (PaKTOPIB € TeMmIlepaTypa poOoUdoi PIIUHUA CUCTEM, IO
BXOJSTh /10 CKJAAy TPaHCMICIi Ta CUCTEM KEpyBaHHA CaMOXIAHUX MallWH. 3MiHa
TeMIepaTypu CyTTEBO BIUIMBAE HA CUJIOBI, KIHEMaTUYHI Ta €HEPreTUYHI MTapaMeTpu
['OMT (301IbLIEHHS TUCKY 33 PaXyHOK TEIUJIOBOTO PO3LIMPEHHS poO0YOi piIvHH,
301JIbIIIEHHS! BTPAT HAa BUTOKM) [1].

[cHye minxig [0 BU3HAYEHHS OCHOBHHMX CHJIOBUX Ta KIHEMaTHYHUX
XapaKTEPUCTHK T'Apo00’€MHO — MeXaHIYHUX TpaHcMicii. Llel miaxia Bkirodae B cebe
Jekibka etamiB. Ha mepmioMy BHUKOHYETbCS — CKJIaJaHHS — MOCIIJIOBHOCTI
KIHEMaTUYHUX PIBHSHb KOXKHOI JIaHKM B CKiIajal TpaHcwmicii. Jlo 3a3HaudeHoi
MOCJIIIOBHOCTI JIOJJAIOTHCSI PIBHSIHHSL CHJIOBHX XapaKTEPUCTUK KOXKHOI JIAHKH 3
ypaxyBaHHs KoedirieHTta kopucHoi aii. Ciig 3a3Ha4UTH, 10 B SKOCTI MapameTpiB
JoKEpesia KpyTHOTO MOMEHTY Ta KYTOBO1 IBUJIKOCTI MOXKYTh OyTH 3a/1aH1 sIK TOCTIHHI
BEJIMYMHU TaK 1 3MOJIEIbOBaHI 3 KOHKPETHOTO JUKEpesia 3MIHHI 110 Yacy 3HayeHHs (B
3QJICKHOCTI BiJl TOCTaBJIEHOT METH). TeX came CTOCY€EThCSI 1 HABAaHTA)XKEHHS Ha BUXO/I1
3 TpPaHCMICIi, K€ MOKE€ IMITYBAaTH SK BHUKOHAHHS KOHKPETHUX TEXHOJIOTTUHUX
omepauiid, Tak 1 CTaluil pyX 3 MOCTIMHUMH KoedilieHTamu omopy pyxy. s
BU3HAYCHHS TEMIIEPATYPHUX napameTpiB ripoo0’eMHOT nepeaayl
BUKOPHCTOBYIOTHCS  PIBHSHHS KIHEMAaTHUYHHX Ta CHJIOBUX  XapaKTEPHUCTHUK
TiApOMANINH 3 YpaXyBaHHSIM BHU3HAUCHHA 00’ €MHHMX Ta MEXaHIYHUX BTpaAT (hopmy-

ma 1) [2].

AMl |W1| + ApAQl = Cp(tn _tvs)(q |W1e| - AQl)
AM, |, |+ ApAQ, = C p(t,, —t,)(a|w,e|— AQ,)

(iq |a)1| B AQ]- a AQZ B Q"POM )tkﬂ + AQ].tH + (AQZ + AanOM )t/l/l -Aq |a)l|tK =..

:—(AQ1+AQ2)(|§Z|) 1)

eq |y tys —(a[w,]| - Q,,..., )tm — 44 Wt +(Aa|w|-AQ, -AQ, -Q,,,, )ty =0
A0|ey|Co(te —t,) = AM, |@| + AM, |@,|+|Ap|AQ, +|Ap|AQ, = > AN
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ne t — remmneparypa poOo4o0i piAMHU Ha PI3HUX JIAHKAX T1Ipo00’€eMHOT nepeaui,
OC;

AQ — 06’ eMHi BTpaTH Ha IipOMAaIlNHi,, M°/ceK;

AM — mexaH14H1 BTpaTH B riipoMaiivai, Hwm;

Ap — nepenaj TUCKY B riipoo0’eMHii nepenayi, Mlla;

AN — cymapHi BTpaTu MOTY>KHOCTI T1/ipoo0’eMHO1 niepenadyi, BT;

W — KyTOBa IIBUKICTH Bajly TiApOMAIIMHH, CEK

C — remnoemMHicTh poboyvoi pinunu, Jx/kr-K;

p — T'yCTHHA poO0YO0i piuHu, KI/M°;

e — mapaMeTp PETyIIOBaHHS T1IPOHACOCOM.

Jis miaTBepIKEHHS aJCKBATHOCTI MPEACTABICHUX pPIBHAHb TPOBOJUTHCS
EKCIIEpUMEHTAIbHE JTOCIIKEHHS 3a JOIIOMOTOI0 CTEHAY 3 (DIKCYIOUOI0 anapaTyporo
[2-4]. Jlnsg npoBeieHHS €KCIIEPUMEHTAIBHUX CTCHIOBUX JOCIKEHb Ta peeCTpartii
OTPUMaHMUX JAHUX PO3POOJICHO BUMIPIOBAIBHHIA KOMILIEKC, SIKAH CKJIAIa€ThCs 3
BUMIPIOBAJILHOTO  MOJIYJIS, CUCTEMHU  JKHUBJICHHS  amapaTypu,  TpbOX

4 Morobakyoremp

JaTYMKIB HAJIMIIKOBOTO THCKY, JBOX JaTYMKIB KPYTHHUX MOMEHTIB Ta TPbOX
JTATYUKIB KYTOBOI IIBUJIKOCTI.
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4 Mowobeaxyomemp

Puc. 1.1. Cxema cTreHay ABONOTOKOBOI Ii/Ip000’€MHO-MeXaHIYHOI nepeaayi:
1 — enexTpoasuryH; 2,7 — neperBoproBau 0oeptiB [10-M12; 3 — nepeTBoproBau
TUCKY MaricTpai MiJKUBIEHHS; 4 — BCMOKTYBAJIBHUU (PLIBTP TOHKOTO OYMIIEHHS;
5, 11 — nepeTBOpIOBaY TUCKY OCHOBHUX CUJIOBUX Marictpaieil; 6 — 6ak;

8 — ranpMiBHUM IPUCTPI; 9,15 — aTYUKKU KPYyTHOTO MOMEHTY;

10 — TemI000MIHHUK 3 BEHTHUJISITOPOM; 12 — aKCialbHO-TIOPIITHEBHM T1IpOMOTOD;
13 — kepoBaHUii akCiaIbHO-MIOPIIIHEBHI TipoHacoc; 14 — HacOC MiKUBICHHS
repoTopHoro tuny; 16,17,18 — neperBoproBaui Temmneparypu; 19 — BXigHuii
penyktop; 20 — kopoOka nepenay; 21 — po3aaBanbHa KOpOOKa;

22 — BUMIPIOBAJIbHUI KOMILIEKC

AHami3yloul OTpHMaHiI pe3yJNbTaTH EKCIEPUMEHTAIFHUX Ta TEOPETUIHHUX
JOCIIKEHb BU3HAYEHO, IO HaiOUIbIa MoXuOKa HE MEPEBUILYE MaKCUMaJIbHOIO
rOCTOBAHOTO 3HAYEHHS MOXUOKH, 1[0 POOUTH MOXKIMBUM BHUKOPHCTAHHS O3HAYECHOT
MaTeMaTUYHOI MOJENl, IS aHali3y TEeIJIOBUX PEXHUMIB POOOTH TiApooO’eMHOI
nepeaadl B CKIAJl Tiapoo0’eMHO-MeXaHIYHOi TpaHcMicii Tpaktopa [5]. Kopucty-
IOYUCh LI€I0 MOJEUII0 MOKHA BHPIIIYBAaTH SIK NpAMY 3alady IO BU3HAYCHHIO
TeMIiepaTypu pobo4oi piiuHu Ha OyIb AKiH JAHIl CUCTEMH, TaK 1 3BOPOTHIO — TIO
BU3HAYCHHIO BIUIUBY TEMIEpAaTypy Ha KIHEMaTH4HI Ta CHUJIOBI IapaMeTpH,
OB’ s13aBIIIH 11 uepe3 BUpa3M Il BU3HAYCHHS 00’ €MHUX Ta MEXaHIYHUX BTpat [6-7].
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SECTION 3. CONSTRUCTION

PO3PAXYHOK ACPAJIBTOBETOHHUX IIAPIB IIOKPUTTA
HEXOPCTKHUX JOPOXKHIX OJAI'IB
3A KPUTEPIEM MIIIHOCTI HA 3CYB

ApcenbeBa H. O.

KAHIMIAT TeXHIYHUX HAYK,

aCHCTEHT KadeapH NPOeKTYBAHHSA JI0Pir,

reojesii i 3eMmJ1eycTpoIo

Xapxiscokuil HAYIOHATbHUL ABMOMODIILHO-00POIICHIL YHIBepcUmem
m. Xapkis, Yrpaina

3picT IHTEHCUBHOCTI Ta 3MiHA CKJIaly pyXy Ha aBTOMOOUIbHUX J0porax YKpaiHu
MIPUBEIIN JI0 ICTOTHOTO 3pOCTAaHHS HABAHTAKEHb HAa KOHCTPYKIIIIO TOPOKHBOTO OJIATY.
Taxum ynHOM, eKcIuTyaTais achaabTOOETOHHOTO MOKPHUTTA B TEILITY TIOPY POKY, IPH
temreparypax +30 °C Ta BHUIllE TPUBOAWTH [0 HAKONMUYYBAHHS IUIACTUYHUX
nedopmalliil y BUTIIAA1I KOJIi, HATUIMBIB, BUMHMpPaHHs, TOOTO nedopmartii 3cyBy [1].
3a0e3nedeHHs] 3CYBOCTIMKOCTI acalbTOOETOHHUX MIApiB HEXOPCTKHUX JTOPOKHIX
OJIITIB B OCHOBHOMY BUKOHYETBHCSl 32 PaxXyHOK BUKOPHCTAHHS €KCIIEPUMEHTAIBHO
niai0panux acharbTOOETOHHUX CyMIIIeH, sIKI MEHIIIE 3/1aTHI 10 KOJIIEYTBOPEHHS i
HABaHTa)KCHHSM.

[cHyrO41 MeTOIM PO3paXyHKY MOHOJITHUX IIapiB HEXKOPCTKUX TOPOKHIX OJIATIB
0a3yloTbCAd Ha TEOpisIX MIIHOCTI, fKI BPaxoOBYIOTb KPHUXKHI CTaH matepiany i
pYWHYBaHHS BIAPUBOM, IO XapakTepHE isi poOOTH ac(anbTOOETOHY MPH HU3BKHUX
teMriepatypax. Takuil miaxia 3aKpiluieHud HOpPMaTUBHUMH JTOKyMEHTaMu. AJie BiH
HE BIATBOPIOE peajbHI YMOBU MEXaHI3MIB pyHHYBaHHS ac(anbTOOETOHHUX
MOKPHUTTIB, TaK K B HUX MPU BHUCOKUX TeMIepaTypax MPOSBISIFOTHCS TIACTUYHI
BJIACTUBOCTI, a JUIsl IJTACTUYHUX MaTepiaiiB XapaKTepHO pyHHYBaHHS HE BIAPUBOM, a
3pizoM (3cyBoM). Y CIIA Ta €Bpori iCHYIOTh METOJIU, B SIKMX OI[IHIOIOTH CTaH
JIOPO>KHIX OJISATIB HAsIBHICTIO Aedopmarliil Ta pyiHyBaHb (TTMOMHOIO KOJIIT, KITEKICTIO
BTOMHHUX 1 HI/I3I>KOTeMHepaTypHI/IX TpIILIMH), ajle BOHU HE BPaXOBYIOTh Halpy>KEHO-
aefbopMOBaHHH CTaH 1 MNpUB’sA3aHI A0 KOHKPETHUX AUIAHOK jopir. CydacHi
KOMIT'FOTEpHI NPOTrpaMM PO3PaxXyHKy JOPOXKHIX OJSTIB aHAI3yIOTh HaIpPyKEeHO-
nehOpMOBaHHI CTaH IOPOKHIX OJISATIB Ta OMUCYIOTh PEAKIIII0 IOPOKHBOTO OJISATY Ha
J1I0 HaBaHTAXKEHHS, 1X BUKOPUCTOBYIOTb B OKPEMHX pO3paxyHKax SIK YacCTUHY
TPAIUIIMHUX PO3PaXxyHKIB JIOPOXKHIX OJATiB. BoJHOYac ICHYIOTh METOJUKHU
MPOTHO3YBAaHHA KOJIEYTBOPEHHSI Ta BUIPOOyBaHb IIapiB 3 ac(aibToOETOHY Ha
CTIAKICTb JI0 KOJIEYTBOPECHHS.

Jlo TenepilIHbOrO Yacy, HaBITh HE 3Ba)kalouu Ha Oe33amnepeuHi (akTH, 110 Ha
ac(hanbTOOETOHHUX MOKPUTTAX IHTEHCUBHO HAKOMUYYIOTHCS TUIACTUYHI Jedopmariii,
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HEJOCTaTHHO MPOBEIACHO CHUCTEMHHUX JOCIIHKEHb 1 TEOPETHMYHUX OOIPYHTYBaHb
METO/y pPO3paxyHKy ac(hasibTOOCTOHHUX IIApiB 3a KPUTEPISIMH MIIHOCTI Ha 3CYB.

AHaJ3 Teopil MIITHOCTI, Ha SKUX 0a3yIOThCS PO3PaXyHKH ac(aibTOOCTOHHUX
1apiB HEXKOPCTKUX JOPOXKHIX OJISITIB, @ TAKOK HU3KA HOBUX TEOPiH, sIKI BPaXOBYIOTh
KiHEeTUYHY TEOpil0 pyWHYBaHHS, JAIOTh MOKJIMBICTH OOIPYHTYBAaTH 3aCTOCYBAHHSI
TaKUX KPUTEPIiB (TEOpiit) MIIHOCTI, K1 0 MaKCUMaJbHO BPaXxOBYBaJIu OCOOJUBOCTI
MOBEIHKK ITiJl HAaBAaHTAXCHHSAM IIapiB 3 acQaJbTOOETOHY SK KOMIIO3UTHOTO,
TEPMOTUTACTUYHOTO 1 CTPYKTYpHO- HEOTHOP1THOTO MaTeplaJIy 3  ypa-
XYBaHHSIM OCOOJIMBOCTEH TOBEAIHKHU I11]] HABAaHTAXKCHHSIM IIapiB 3 ac(hambToOeTOHy
HAWOUIBII MPUAATHUM [ PO3PAaxXyHKIB Ha 3cyB00TiI7H<iCTL € KpI/ITepiﬁ
HHcapeHKa -Jlebenena (npyruii) [2]. KpI/ITepH/I MIITHOCTI 0a3y€eThCs Ha eHepFeTHquﬂ
TEOpii MIIHOCTI 1 BpaxoBYe€: PI3HHM OHlp achanbTo0CTOHY CTHCKY 1 posTAry,
HaIpaBJICHICTh JIeBiaTopa HAIMpPYXKEHb 1 CTPYKTYpHY HEOJHOPIAHICTH MaTtepiamy.
Xapakrepusye aeopMyBaHHS CTPYKTYPHO-HEOHOPITHUX MaTepialliB Bl KPUXKOTO
70 TUTACTUYHOTO pyHHYBaHHS. KpuTepidi MIITHOCTI J03BOJISI€ BU3HAYUTH MIIHICTh
ac(hanbTOOCTOHHUX IIApIB TOKPUTTS HEKOPCTKUX JOPOKHIX OSTIB Ha 3CYB 1
3aMpONOHYBATH 3aX0/IU 00 MOKPAIICHHS 1X KOHCTPYKIIIi.

Minnicte  achanbTOOCTOHHUX IIapiB  Ha 3CYBOCTIMKICTh 3a KpHUTEpiEM
[Mucapenka-Jlebenepa (npyruit) Bu3HavaeThes [2]:

(1 SUCQPJ
o <lo.|

X0y +(1_/Y)Gl -4

R

_ _pos
He Z R 1

cm

R 05— MiHicTh achanpTobeTony Ha postar, MIla;
R, — MimHIcTh achanbTobeTony Ha ctuck, MI1a,;
— CKBIBAJICHTH1 HAIPYKEHHS 32 €HEPreTUUHOI0 Teopiero MiHocTi, MIla;

o, | — IpaHUYHI HAMpYy>KEeHHs Ha po3Tsr, MI1a;

1
Oy :\/E[(O-l ~0,) +(0y —03) + (03 - 0'1)2]
Jie 01,0,,03— rojoBH1 HarnpyxeHHs1, MI1a;
_\/§ZTK

(1 X )TK
ne 7, — MIIHICTh acanbToOeToHy Ha KpyueHHs, MI1a;

_01+62 +G3
O-cep_ 3 '

Kpurepiit Ilucapenka-JlebeneBa (npyruii) CKIaga€eTbCs 3 JBOX PIZHHX 3a
MOXO/DKEHHSAM Tpyn mapaMmerpiB. [lepmia rpyma mapameTpiB  XapakTepusye
HaIpy>KeHO-1e(pOPMOBAHUI CTaH MPHUUHATOI KOHCprKHll 1 HOCHUTH YHCTO
po3paxyHKoBHi XapakTep. llpu BupimeHHi Ii€i 3amadl BU3HAYAIOTH TOJIOBHI
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HanpyXeHHs ( 01,0,,03) Ha HAOUTbII HEOE3MEUHUX MEPETHHAX KOHCTPYKIII] MaKeTy
acasibTOOCTOHHUX  IapiB; ©€KBIBaJeHTHE HampyxeHHs 3a IV (eHep-
TETUYHOIO) TEOPIEI0 MIIHOCTI 1 cepeHE apu(METUUHE TOJOBHUX HaIpyKeHb. [
BUPIIICHHS MOJIOHUX 3aJ1ad BUKOPUCTOBYETHCS PIIICHHS JIHIHHOI a00 HEMHINHOT
Teopii Mpy)HOCTI. B IKOCTI MaTeMaTHYHOTO anapary HalOIbII TPUIATHUM € METO]T
KIHIIEBUX eJleMeHTiB. [l mpakTUdHOI pearmizallii po3paxyHKiB HaIpy>KEHO-
ne(hOpMOBAHOTO CTaHy 3a TEOPIEI0 MPYNKHOCTI HEOOXITHO pealbHy KOHCTPYKIIIIO
JOPOKHBOTO OAATY 3 ac(aJbTOOCTOHHUM TMOKPUTTAM TMPUBECTH IO TMEBHOI
PO3paxyHKOBOI cxeMH. baraTomapoBy KOHCTPYKIIIO JOPOKHBOTO OJSATY JOIIEHO
NPUBECTH 1O PO3PAaXyHKOBOI CXEMHM, 7€ BEpXHI JABa-Tpu Imapu € achampTo-
OCTOHHUMH IIapaMy TOKPUTTS, a BCl HUXKYE PO3TALIOBAaHI MIApW 3aMIHUTH Ha
EKBIBAJICHTHUH HamBIOpocTip. [l Takoro TmpuBeneHHS HEOOXITHO 3ajaTh
KOHCTPYKIIIO JIOPOKHBOTO OASTY 3 KOHKPETHHMHU TOBIIMHAMU 1 MOAYJISIMU IIapiB.
Kpim Toro, 3HauHui BIUTUB Ha HAIPY>KEHO-Ae(OPMOBAHHM CTaH KOHCTPYKIIII MalOTh
napamMeTpu po3paxyHKOBOIO HABAHTAXKEHHS, $AKI HEOOXIJHO BH3HAYUTH JUJIS
(haKTUYHUX YMOB PYXYy TPAHCIIOPTHOTO MOTOKY.

st aHamizy Hampyx’eHo-Ie(opMoBaHOTO cTaHy acPaibTOOETOHHUX IIApiB 3
ypaxyBaHHSM TE€PMOIUIACTUYHUX BJIACTUBOCTEU ac(aibTOOETOHIB HEOOX1AHA OLIbIII
netanbHa 1HQopMauid. BoHa BIIHOCUTBCA A0 BHU3HAYEHHS MOJYJIB MPYKHOCTI 1
koepimienta Ilyaccona  ac@aibTOOETOHHMX  IIApIB  HPU  PO3PaxXyHKOBO-
eKCIUTyaTallifHIX TeMIepaTypax.

Hpyra rpyna napametpiB y kpurepii [lucapenka-Jlebenena (apyruit) ctocyeTbes
(13UKO-MEXAHIYHUX XapaKTEPUCTHK ac(asbTOOETOHY MIapiB MOKPUTTA. 3T1THO
CTPYKTYpH TPUHUHATOTO KPHUTEPiIO MIIMHOCTI HEOOX1THO MaTH MOKa3HUKH MIITHOCTI
achanbTOOETOHY 3a TpPbOMA PI3HUMH METOJIaMH BHUIPOOYBaHb: MIIHICTh Ha
OJIHOBICHMI CTHUCK 1 PO3TAT 1 MIIHICTh Ha Kpy4eHHA. TpeTiM BUNPOOYBaHHSIM, KPIM
KpYYEHHsI, MOKe OyTH BUMPOOYBAHHS Ha YMCTHUM 3pi3. XapaKTEPUCTUKHU MIIHOCTI
achanbTO0ETOHY IIAPIB MOKPUTTS HE 3AIUINAIOTHCS MOCTIMHUMHU Ha BECh IMEPIO
eKCIUTyaTarlii, a 3ajexaTb BiJ PO3PAXyHKOBOI TeMIlepaTypd 1 IHTEHCHUBHOCTI
HaBaHTaYXEHHS, 1110 TaKOXK HEOOX1JHO BpaXxOBYyBaTH.

besnocepeHIMU BUXITHUMHU JTaHUMH OYyJyTh: KaTEropis AOPOrH, KOHCTPYKLIS
JOPOXKHBOTO OJSITY, Marepiajiy IapiB; pailoH MPOEKTYBaHHS, KIIMaTH4HI YMOBH
palioHy: MiHIMalbHa 1 MaKCHMMajibHA TEMIEpaTypu MOBITPsl, HOMEP JIOPOKHBOTO
palioHy 3a yMOBaMH poOOTH acanbTOOETOHY; XapaKTEPUCTHUKA TPAHCHOPTHOIO
MOTOKY: IHTEHCHBHICTb, CKJIaJ, YMOBHU PYXy Ha XapakTEepHHUX AUITHKax aoporu. Ha
MiJcTaBl  Oe3MocepeHIX  BUXIJHUX  JAHWUX  BHU3HAYAETHCS  PO3PaXyHKOBO-
EKCIIEpUMEHTAIbHI TIapaMeTpu: TeMIlepaTypa IIapiB MOKPUTTA, BUJ 1 XapakTep
PO3pPaxXyHKOBOTO HABAHTAXKEHHSI; PO3PAXYHKOBI XapaKTEPUCTHKU TMPYKHOCTI 1
MIITHOCTI MaTepiaity IIapis.

[Ticns  po3paxyHky ac¢anbTOOCTOHHUX IIapiB 32 KPUTEPIEM MIITHOCTI,
MePEBIPSAETHCA YMOBA MIITHOCTI. SIKIII0 yMOBa MIITHOCTI ( Oy < |6+|) HE BUKOHY€THCSI
HEOOXI1THO MEPErISIHYTH KOHCTPYKIIIO IOPOKHBOTO OJIATY.
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COOPYXEHUME ITPOTUBOPNJIBTPAIIMOHHOI'O DKPAHA
C IPUMEHEHHUEM HIIHEKOBOT'O OBOPYJIOBAHMUS

Bopucos A. A.

KAHIUAAT TEXHUYECKHX HAYK, TOLECHT,
AOLEHT Kadeapsol

TEXHOJIOTMU CTPOUTEIHHOI0 NMPOU3BOACTBA

Kupumoxk C. B.

KAHIUIAT TEXHUYECKUX HAYK, 3aBeYIOIIUii JJadopaTopun

kadeapbl TEXHOJOTHH CTPOUTEIBLHOI0 IPOU3BOACTBA

Ooecckas 20cy0apcmeenHas aKkademusi CmpoumenbCmed U apxXumeKknmypbl
2. Ooecca, Yxkpauna

O} dexTuBHBIM CIIOCOOOM 3aIIUTHI 3IaHUNA U COOPYKEHHM OT MOJ3EMHBIX BOJI
SABJISIETCSI COOPYKEHUE MPOTUBODUIBTPAIIMOHHBIX SKPaHOB. BepTuKaabHbIe SKpaHbI
IJIOTHO COMNPSTAlOTCS C BOJOYIOPOM M MOJHOCTBIO MEPEKPBHIBAIOT 00JacCTh
¢unprpanuu [1]. Yacto BoOIOymop HaXOAUTCS Ha HeAOCSIraeMou riayOuHe u
COOpPYKEHHE BEPTUKAIBHOTO NPOTUBOPUIBTPALMOHHOIO JKpaHa SBJISIETCS HE
11es1eco00pa3HbIM.

Jlns Takux ciydaeB pa3zpaboTaHa TEXHOJOTHS COOPYKEHHUS MPOTUBO(UIbTpaA-
IIUOHHOTO DJKpaHa IMOJ| CYIIECTBYIOIIUM 3/IaHUEM WU COOPYXKEHHUEM, KOTOpbIC
MOABEPKEHBI MOATOIJICHUIO, C UCIIOIH30BaHUEM IITHEKOBOTO 000PY10BaHUS.

[[TnexoBoe  oOOpymoOBaHHWE  OOBIYHO  HWCIOJB3YETCS I yCTPOMCTBA
BEPTUKAJIbHBIX CKBAKHH [2] ¥ IITHEK HAIIpaBJIeH BJIOJIb pa3padaThiBAEMOU CKBAKHHBI.
B paspabGoraHHO!  TEXHOJIOTMM  IIHEK  PACMHOJOXKEH  MEPHEHAUKYJISIPHO
HaIPaBJISIONIMM CKBOXKUHAM W MCIOJIb3YeTCs JIsl pa3padOTKH, TPAHCTIOPTUPOBKU U
CMEIIMBAHUS IPYHTA C TBEPACIOLIMMH PaCTBOPAMH.

bypeHue TEeXHOJOrMYeCKUX CKBAXXUH MPOU3BOJUTCS IMOJ HAKJIOHOM, BIOJIb
CYIIECTBYIOIIETO 3IaHUsI WU coopykeHust (puc. 1). TpeOyembiii HaKJIOH CKBaKUH
MIPOEKTUPYETCSA C YUETOM TIIYOMHBI 3aJI0kKeHUs] (pyHIaMEHTa U IIUPUHBI y4acTKa,
BO3MOKHOM JJ11 OTBEJICHUS TIOJ1 3aIIIUTHBIE CTPOUTEIIbHBIE PA0OTHI.

JmuHa TEXHOJOTHYECKUX CKBAXKHH OIMPENENSICTCS C YUeTOM MEePECEUCHUS ABYX
MIPOTUBOIOJIOKHBIX TUIOCKOCTEH B HIKHEM YPOBHE MPOTUBOPMIHTPAIIMOHHOTO
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9KpaHa M HUX B3AUMHOI'O COIIPAKCHUA. [Ilar ckBaXKWH 3aBHUCHUT OT I'€OJOTHMUYCCKHUX
YCJ]OBI/Iﬁ U COCTaBIIIET OKOJIO 2 M. PacmonoskeHue CKBaKUH ABYX HAaKJIIOHHBIX
IJIOCKOCTEH IICJ'ICCOO6p33HO BBIIIOJIHATD B IAXMATHOM IMOPAAKE IJI oOecneyeHus ux
COIIPSKCHUA ITPH IICPCCCUCHHU.

Puc. 1. Bypenne HaK/IOHHBIX CKBAKUH:
1 — cymecTBytouiee 31aHue; 2 — HAKIIOHHbIE CKBAYKUHBI;
3 — OypoBast yCTaHOBKa

C TOpIOB CyIIECTBYIOMIETO CTPOCHHUS MPOTUBOPHIBTPAIIMOHHBIA JKpaH
YCTPAaUBaETCs C IOMOIIBI0O BEPTHUKAIBHBIX SKPAHOB, KOTOPBIE COMNPSIKEHBI C
HAKJIOHHBIMM  IUIOCKOCTSIMH, OINKUCAaHHBIMM  BbllIe. BepTukaiabHble 3KpaHbI
3aBepUIAlOT CO3JaHHME CIUIOMIHOTO TNPOTUBOMUIBTPALMOHHOIO 3KpaHa B BHJIE
TPEYTrOJIbHON MPU3MBI.

[TpoTUBOQUIBTPAIIMOHHBIE 3KpaHbl O0pPa3ylOTCA 3a CUET IEPECEKAIOIINXCS
naHesel, IOJy4yaeMbIX B pe3yJbTaTe IEepeMElIMBaHUsl TPyHTa OCHOBAHUS C
TBEPACIOIIMMU pacTBopaMu (OEHTOHMT, LIEMEHT, >KMJKOE CTeKJIo U T. 1.). llpu
OpsIMOW TIPOXOJKE pa3pabOTaHHBI TPYHT TPAHCIOPTUPYETCS ABYHAINPaBICHHBIM
ITHEKOM OT IIEHTpa K HANpaBIISIONIMM CKBOKMHAM M HACOCAMHU OTKAuYMBaeTCs Ha
MOBEPXHOCTh. B pesynbrate mpoxonku (HopMHUpYeTCs IUIOCKas MPOpPe3b MEXIy
HANPABIAIOMMMU CKBakMHaMH. [locie momaercs TBepACIONMN pacTBOpP, KOTOPHIM
npu OOpaTHOW TPOXOJKE 3amojHseTcs Cc(OpMHUpPOBaHHAs IUIOCKas MpOpe3b,
MOCPEACTBOM BpAICHUS JBYHANIPABICHHOTO IITHEKA B IPOTHUBOIOJIOXKHYIO CTOPOHY.
[locne 3aTBepAeBaHMsl yKa3aHHOTO pacTBOpa oOpasyercsl miockas (maHenbHast)
KOHCTPYKLUS cpeaHei ToiamuHoi nopsaka 20 cMm. M3 Takux miockux MaHeIbHBIX
KOHCTPYKUUH (CEKIMiIT) COCTOUT NPOTUBODUIBTPALMOHHBIN KPaH.

[TpeumymiecTBa pa3pabOTaHHON TEXHOJIOTUU:

— HCKIIIOYEHHE HEOOXOJMMOCTH TMpeaBapUTEIbHOM OTPBIBKM  KOTJIOBAHOB,
CTPOUTENHLHOTO BOJOIIOHMKEHUS, 00S3aTEIbHOTO BBIBOJIA COOPYKAEMBIX KOHCTPYKILIMH
Ha TIOBEPXHOCTb 3€MJIM, MOJJCpP)KaHUsI YCTOMYMBOCTH CTEHOK BBIPaOOTKH,
NpeIBapUTEIbHOTO YCUIEHUs (DyHIaMEHTOB COCEAHUX 3aHHUI 1 COOPY>KEHHI;

— OTCYTCTBHUE yJAPHBIX HATPY30K, CUIIbHBIX ITYMOBBIX 3()(pEeKTOB, CyIIECTBEHHBIX
0caZioKk (hyHJITaMEHTOB U MTOIEMOB IOBEPXHOCTHU TPYHTA;
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— BO3MOKHOCTb BBITIOJTHEHHUS CTPOUTENBHBIX padO0T: B HEMOCPEACTBEHHOI 01M30CTH
OT 3/1aHUN U COOPYKEHUM, Mo (PyHIAaMEHTaMU 3aHUN U COOPYXKEHUI, B CJIAObIX U
BOJIOHACKIIIIEHHBIX TPYHTAX, B CTECHEHHBIX YCIOBUSIX, HA IITyOnHax 10 30 M;

— TpU  COOPYKEHUH TNPOTUBOMUIBTPAIIMOHHBIX HSKPAHOB O0OOECIEUYUBATh
HAJEKHYIO CTBIKOBKY CMEXXHBIX CEKIIUN — OJ1aroiaps mepeceyeHuIo ux B MaxMaTHOM
HOPSIIKE.

Pa3zpaboTtannas TEXHOJIOTUS MTO3BOJIAT COOpPYAUTh CONPSIKEHHBIN
OpPOTUBOQMIBTPAIIMOHHBIM ~ DKpaH TMOJA  CYHIECTBYIOIIMMHU  3AaHUSAMH WU
COOPYKEHUSAMHM, JUISI MX 3alIUTHl OT MOATOIUIEHUS, B TPYHTax C HEIOCATAEMBIM
BOJIOYIIOPOM.

Jlutrepartypa:
1. 3apyouna JLII.,, 3amura TEeppUTOPHH ¥ CTPOUTEIBHBIX IUIOMATOK OT
MOATOIUICHUs TPYHTOBBIMU Bojilamu. M.: Mudpa-Unxenepus, 2017. 212 c.
2. banpun I'M., CerueB C.A., CoBpeMEHHBIE TEXHOJOTHUU CTPOUTEIHCTBA U
pexoHcTpykiuu 3nanuit. CI16: BXB-Iletepoypr, 2013. 288 c.

I'TC-3ABE3IIEYHEHHS MICBKOI'O BYIIBHUILITBA
TA TEPUTOPIAJIBHOT'O IIVTAHYBAHHA

Hecrtepenxo C. T'.

KAHIMIAT TeXHIYHUX HAYK,
cTapluMid BUKJIaAa4 kadgeapu
3eMeJIbHOI0 A/AMiHICTPYBAHHSA
Ta reoingopmaniiiHUX cUCTEM

Bartkin K. 1.

KaHJAUIAT TeXHIYHUX HAYK,
cTapluMid BUKJIaAa4 kadgeapu
MiCbKOro Oy1iBHULTBA

B’sarkin P. C.

Xaprxiscokuii HAYIOHALHULL YHIGEpCUMEm MICbKO20 20CN00apcmea
imeni O. M. bexemoea

m. Xapkie, Yxpaina

['[C sBnAIOTH COOOIO0 OJIMH 3 HAWOUIBII MEPCIEKTUBHUX BUJIIB 1H(OpMAIIHHUX
cUCTeM. 3 iX MOSBOIO 3’SIBUJIACS MOKJIMBICTH CTBOPEHHS KapAWHAIBHO HOBOI
MICTOOY/IIBHOI JTOKyMeHTallii. Bijabmr Toro, MOKOpPIHHO 3MIHHMBCS caM MiAXiJ [0
npoektyBaHHs. [Ipu oMy, ['TIC-TexHOMOT1T MOXYTh OyTH €(EeKTHO 3aCTOCOBaH1 ISl
BCHOTO PsITy MICTOOYIIBHOT MPOEKTHOI MTOKYMEHTalli: BiJ CXEM PO3CEJICHHS [0
MIPOEKTIB 3a0y/T0BH.
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Cam mporiec CTBOPEHHsI 1 CTPYKTypHa MOOyJ0Ba MiCTOOY/IBHOi, TPOEKTHOI
JIOKYMEHTAIlll OYEeBUIHO CBIIYUTH MNpO e(EeKTUBHICTh BHKOpucTaHHS [1C-Tex-
HOJIOT1i:

— BUXI1IHI 1aH1 Oe3J1141 opraHi3alliid, B TOMY YMCIIi TpadidHi JOKYMEHTH, 3a3BUYait
PEACTaBIISIOTHCA Ha PI3HUX KapTorpadiyHUX OCHOBAX 1 YacTO y BUIJISAII CXeM, TOAI1
gk 'IC-TexHoIor11 103BOJISIOTH 1X YHI(IKYBaTH.

— 0a3u JaHuX Ta KapTorpadidHi MaTepiajiu CTBOPIOIOTHCS B ITU(DPOBOMY BUTJIS I
32 OKpEeMHMMH HaIpsIMaMH, II0 MPEICTaBIAIOTh, IO CyTi, TEMaTH4HI, KapTorpadiui
Ta CeMaHTU4H1 6a31 reoiHPOpMaIliiTHOI CUCTEMH.

— TIPOBOJUTRLCS 3arallbHUN aHaji3 3a3HaueHol BUIIE 1H(GOpMAIIii 1 CTBOPIOETHCS
CKJIaJ[Ha CXeMa aHaJi3y TepUTopii, 1e BeCh MOTykHMiA apcenan ['TC-TexHoorii Moxke
OyTH YCIIITHO 3aCTOCOBAHU.

— 3a pe3yibTaTaMU aHai3y pPO3POOJISIOTHCS TPOEKTHI MPOIO3HIII MO0
MICTOOYIBHOTO PO3BUTKY TEpUTOpii (T€HEpaJbHUM IIJIaH) 1 rajy3eBl 1H)XXEHEPHI
MPOEKTHI CXEMH, 10 JETATI3YIOTh 1 MIKPIILTIOITH MPOEKTHI MPOIO3HIIii, 1€ TaKOXK
e(eKTUBHO BUKOPUCTOBYIOTH [ IC-TexHOIIOT1il.

PesynpTaToM Takoi poOOTH CTa€ CTBOPEHHS TIOBHOIIHHOI MiCTOOY/IBHOI
reoiHQOpMaIliifHOI CHUCTEMH, SKa IIIJIKOM MOXE pO3IIISAJATUCA SIK  SIPO
teputopianbHoi ['IC, ockiibku MicTOOyAIBHA JOKyMEHTAIlisi MICTUTh B cOO1 came
KOMILJIEKCHE OCMHUCIECHHS TepuTopii. CTBOpPEHHS Takoro pojay JaHUX IS
MictoOy1BHOI ['IC HEe MOXIMBO 0€3 MOYATKOBHX JAHHMX TAKUX, K TEPUTOPIaIbHI
KapTH BEJIUKHUX MAcIITa0iB, KOCMIYHI 3HIMKH 1 T. 1.

I'lC y micToOyayBaHH1 103BOJII€ BUPIIIYBAaTH O€3J11Y 3aBJlaHb: KapTOrpadivHi
apu MOXXHa OHOBJIIOBATH, CTBOPIOBATH HOBI TEMAaTWYHI IIApW; CEMaHTUYHI 0a3u
JAHUX TaKO>K MOKHA OHOBJIFOBATH 1, KPIM TOT'0, PO3LIMPIOBATH, TOOTO BBOJAUTH HOBI
XapaKTEepUCTUKU. TakuM 4MHOM, 1€ peajibHE BTUJICHHS 171€1 MOHITOPUHTY, MIATPUMKA
0a3 JaHUX B aKTyaJIbHOMY CTaHi.

['lC naroTh MOXIHUBICTh MOETHAHHA ITU(DPOBUX KapTOrpadiuHuUX IIapiB y OyIb-
SIKOMY BUTJISLII. [{r0 MOXKITMBICTE BOXKKO MEPEOIIHUTH, TaK K BOHA JO3BOJISIE, 11O CYTI,
CTBOPIOBATH YHIKJIbHI KapTorpadiuHi JTOKYMEHTH ISl KIHIIEBOTO KOPUCTyBaya, Mij
KOHKpeTHI 3aBnaHHsA. [ 1C-texHosOTii MO3BOJISIOTE B aBTOMATHYHOMY PEXHMI
BUKOHYBATH 3aBJaHHS 3 BUOOPOM TEPUTOPIH, 110 BIAMOBIAAIOTH 3aJaHUM KPUTEPISM.
[Tpu upomy, I'lC ckmamaeThcs 13 3HAYHOT KUTBKOCTI TEMATHYHUX KapTorpadiuHux
mapiB 3 OuIbII a00 MEHII MIMPOKOK CEMaHTUYHOIO 0a30r0 ganux. Hampuknan,
apXITEKTYpHO-TUIaHYBaJbHa OpraHi3allisi TEpUTOPIi — MICTUTh HACTYIHI TEMU:

— OMIOPHMI TUTaH (TJIaH ICHYKYOTro MICTa);

— 30HU OXOPOHHU 1 BJIaCHE Mam’SITKU 1CTOPII 1 KyJIbTYpH;

— CTPYKTYPY 3eMJIEKOPUCTYBaHHS;

— KOHIICTIIII0 TUTAaHYBaJIbHOT MOJIEI1 MICTa;

— TUTAaHYBaJIbHI 3aX0/I TI0O OCHOBHUM (DYHKITIOHAJTLHUM 30HAM MICTa;

— IPOEKTHHH TJIaH 1 TPOCKTHE 30HYBaHHSI.

Jlnst crBopenns takoi ['IC moTpiOHI 3Ha4YH1 1HTENEKTYya bH1 Ta (I3UYHI 3aTpaTH.
Ane mis i1 momanbIoi eKcIutyaTallli Ta mMATPUMAaHHS B aKTyallbHOMY CTaHi MPOCTO
HEOOXiTHA YiTKa OpraHi3allisi mpoIecy poOIT Ta MiHIMadbHA MIATOTOBKA (PaxiBIB.
CyuacHi I'lC-iporpamu, 30kpema BukopuctoByBaHi mpoxyktu ESRI, opienToBani Ha
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KIHIIEBOTO KOPUCTYyBaua — (paxiBLg y CBOil ramysi, a He mporpamicta. Bonu 3pyuHi,
POCTI B €KCIUTyaTallii, He BUMararoTh TPUBAJIOI CIIEIiaIbHOT MiATOTOBKHU.

CTOCOBHO 10 TTPOEKTHOI MICTOOY/IBHOT JOKYMEHTAIIl] 11€ 03Ha4Ya€ MOKJIUBICTh
OPUMHATTS HAyKOBO OOIPYHTOBAaHUX, UYITKMX MPOEKTHUX MPOMO3MUIIHN, MO0
CIUPAIOTBCA Ha KOMIUIEKCHHM KOMIT IOTEPHMM aHall3 Cy4acHOro CTaHy Ta
BUKOPHUCTAHHS TEPUTOPIi MiCTa, BYJUYHO-AO0POKHBOT MEPEXKi, IHKEHEPHUX CUCTEM 1
T. 1. OcobmuBo edextuBHi ['IC-TexHONOrII MpPU CTBOPEHHI, HANPUKIAJI, CXEMHU
IUTAHYBaJbHUX OOMEXEHb, KOJIU Ha OAHY CXEMy HEOOXiJTHO HaHECTH BIJOMOCTI 3
pI3HUX raixy3ei 3HaHb, II0 BIUIMBAIOTh Ha IUIAHYBAJIbHI PIIICHHS T'€HEPAIHHOTO
mwiany. lle imkeHepHO-OyaiBenbHI OOMEXKEHHS, Ta CaHITApHO-3aXHCHI 30HU
MiAIPUEMCTB, BOJOOXOPOHHI 30HH BOJOWM 1 BOJOTOKIB, 30HU CaHITAPHOI OXOPOHU
B0/103a00piB, 30HM BiJ MaricTpanbHUx TpyOorpoBoiB, JIEII Ta iHIMX 1HXEHEPHUX
00’€KTiB, OXOPOHIOBAH1 MPUPOIHI TEPUTOPII 1 T. I

Ane ronoBHUM, MaOyTh, € T€, 1110 TAKUM YMHOM CTBOPIOETHCA €IUHUN MICHKHIA
iHdopmariinuit npoctip. [Ipu 11boMy, KOKHA 3 MICBKUX CIIY’)KO MOXKE HE TUIBKH
BUKOPUCTOBYBaTH y CBOid poOoTi cTBopeni Tematuuni mapu [IC 3a cBoim
HaIPSIMKOM, aJi€ 1 pO3IIMPIOBATH 1 IOMOBHIOBATH 06a3u AaHux. To0to, Ha ocHOBI ['IC
['enepanpuuii Tian ¢akTudHo cTBOproe cBoi ramyseBi ['IC. Ak Hachigok, ciayxou
MOKYTh OOMIHIOBATUCS IO MEPEX1 OHOBJICHUMH JaHUMHU MK COOOIO 1, TUM CaMUM,
3aBXIM MaTh CBDKY I1H(OpMAII0 HE TUIBKH MO CBOEMY, ajie 1 MO CYMDKHHX
HampsMKax, IO BHKIOYHO BaXJIMBO IS TaKOTO CKJIQJTHOTO MEXaHI3My, 5K
TEPUTOpIAJIbHE YIPABIIIHHS.

OtpumaHHS OO0 ’€KTUBHOI KapTUHU CTaHY TEPUTOPIl MIIIXOM MPOCTOTO
ONMMTYBAHHS KEPIBHUUTBA OKPEMHUX Tally3edl OTpUMaTh HeMoxJuBo. Ha mijmcrasi
KOMILJIEKCHOTO MICTOOY/IIBHOTO aHaI3y, B TOMY YHCII 13 3aCTOCYBaHHSIM BCIX
MoxuBocterd I'IC-texHosorid, MoxiuBa po3poOka KoHuemniii TepuTopiaibHOTO
po3BuTKy. CaMe BOHA JJaCTh BIAMOBII Ha TaKl TUTAHHS: K1 TaTy31 rOCIogapcTBa 1 Jie
TepUTOpPiaIbLHO Tpeba pO3BUBATH; K1 3aX0 11 HEOOX1THO ITPOBOIUTH JIJIST ONITUMI3AIlil
€KOJIOT1YHO1 OOCTAHOBKH; SIKI TIPOEKTH 1 Je TEPUTOPIATBHO CIIiJ] MIPOTIOHYBATH IS
BHYTPIIIHIX 1 30BHIIIHIX 1HBECTOPIB; AK1 3aX0/IM € TEPIIOYEPTOBUMHU 1 T. 1.

binbi Toro, Ha OCHOBI CXeM pallOHHUX IJIaHYBaHb HEOOX1THO PO3POOJISTH 3aKOH,
SAKUW TapaHTyBaB OM SK BUKOHAHHS MPOCKTHUX MPOIMO3HUIINA CXEMH, TaK 1 MPaBO
IpPOMAJISiH Ha T1JIHE CePEIOBUIIE TTPOKUBAHHSI.
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47



BICHUK OYIIBHUIITBA. XapKIBCbKUI HAIllOHAJbHUN YyHIBEpCUTET OyIBHMIITBA Ta
apxiTektypu. XapkiB. 2016. Tom 86 Ne 4. 323 c.

K BOIIPOCY BbIBOPA KOHCTPYKTHUBHO-TEXHOJJOI'HYECKOI'O
PEHIEHUA PEKOHCTPYKIUU 3JAHUA METOAOM HAACTPOUKHA

JAmurpuesa H. B.

KAHIUIAT TEXHUYECKUX HAYK, I0LEHT,

AoUEeHT Kadeapbl TEXHOJIOTHH

CTPOMTEJIbHOI0 MPOU3BOICTBA

Ooeccxas 20cyO0apcmeennas akademusi CmpoumeibCmed U apxumeKmypol
2. Ooecca, Yxkpauna

Bbocran H. C.
cTapuumii mpenoaaBartesib Kadeapbl
NMPOMBIILJIEHHOT0 M TPAKIAHCKOI0 CTPOUTEILCTBA

Aradonona HU. I1.
npenoaaBareb kKadgeapbl NPOMBIILIEHHOTO
U I'PAXKIAHCKOT0 CTPOUTEIbCTBA

Aradgonos C. B.

MarucTp kageapol NPOMbIILIEHHOTO

U TPAKIAHCKOT0 CTPOUTEIbCTBA

benoepckuii nonumexnuueckuii ounuan
IIpuonecmposckozo eocyoapcmeentnozo yHueepcumema
umenu T. I'. Illeguenxo

2. benoepwi, Pecnybauxa Monoosa

Bonbias yacts ctaporo pona ropoioB YKpauHbl 1 MOJIJIOBBI COCTOSIT U3 S-TH
ATAXKHBIX KUJIBIX 3JaHUM, KOTOPBIM YK€ € IOJIBEKa. MHOrMe ropoja pemaroT BOIpoc
CBOEOOPA3HO — CHOCAT U CTPOSAT HA UX MECTE HOBBIE, HO 3TO C SKOHOMUYECKOM TOUKH
3peHus He uenecoodpasHo. [lomrmo 3Toro HabIIOAAETCS COLUMANBHBIN acEKT U3-3a
HEONpPaBJAaHHO BBICOKOM CTOMMOCTH Wb, OTCYTCTBUS THOKHUX HpOorpamm
KPEAUTOBAHUSA, BCIECACTBUE KOTOPBIX IMPOUCXOIUT DMUTPALU MOJIOACKHU U3 HALINX
CTpaH.

OnHMM #3 BapUaHTOB pEIIeHHs 53TOH NpoOJieMbl SBISETCS HAACTPOUKa
MaHcapAHbIX dTaxke. Ha omnbiTe Takux crtpaH kak I'epmanus, Poccus u benopyccus
MOJKHO CYJIUTh O IIPEUMYILECTBAX TAKUX DKCIIEPUMEHTAIBHBIX JJOMOB.

Bo-nepBbIx, BHEOUEPEAHON KAIUTAJIbHBIM PEMOHT, BE/lb P€Ub UAET HE MPOCTO O
CTPOUTEIICTBE MAHCAP/IBL, & O KOMIUIEKCHON PEKOHCTPYKIUU 34aHNUsI, BKIIOYAIOLLEH
B ce0s1 3aMEHYy MH)KEHEPHBIX CEeTel, TEPMOMOJIEPHHU3ALMIO, 3aMEHY OKOHHBIX CHCTEM
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Y OCTEKJICHHE JIO/DKUIA 1 0ankoHoB U Ap. [1o pacueTam mpOeKTHBIX OpraHU3alMid, 3TO
IPUBOIUT K CHUKEHUIO KOMMYHAJIbHBIX IaTexen 10 15% [1]. Bo-BTopsIX, HYKHO
OTMETUTH U TO, UTO TEPPUTOPUS Y KparHbl U MOJIAOBBI OTHOCUTCA K KJIMMAaTHYECKOMN
30HE C CyXHM M XapKhM KIMMAaTOM, YTO JA€T HaM IPaBO BBIICIUTH €IIE Pl
IPEUMYIIECTB MaHCApIHBIX HaJICTPOEK: MIPUBJICKATEIbHBII apXUTEK-
TYpPHBI BHUJl 34aHUM 3a CYET BBIPA3ZUTENBHOCTH KpBIII U JOPMEPOB, KOTOPBIE
BIIMCHIBAIOTCS B OONIMI aHTypa)k ropojia U XOPOILIO TapMOHUPYIOT C MaJI03TaXHOU
3aCTPOMKONM M HCTOPHUYECKMMH KOMIUIEKCAMH; BO3MOYKHOCTh CO3JIaHHUSI OPHIHU-
HaJIbHOI'O apXUTEKTYPHO-TIAHUPOBOYHOIO UHTEPhEPA BHYTPU MAHCAP/BI U JP.

Kak nmpumep, MoxkHo npuBecTd T. benaepst (MonaoBa), rjie NPpUMEHEH OMBIT
HAJICTPOMKM MAaHCAPJHBIX TAXKEWU B PE3yJIbTATE PEKOHCTPYKIMHU 34aHUN, KOTOPBIE
MOCTPaJalii B pe3yJbTaTe BOOPYKEHHOro KoH(pIuKTa. B maHHOM cimywae, mepen
PEKOHCTPYKIMEN HE CTOSUI BONPOC IMEPECENCHUS KUIbLOB, TaK, KaK 3TH 3AaHUS
JOJITUE TOABI ITyCTOBAJIN MO MPUYWHE HENPUTOJHOCTH ISl XKUJIbsA. DTO MOBIUAIO Ha
IIPUHATUE CMENBIX ApXUTEKTYPHO-TIJIAHUPOBOYHBIX U KOHCTPYKTHUBHBIX PEILICHUM.

OnHako BoImpocy OOOCHOBaHMSI KOHCTPYKTHBHO-TEXHOJOTMYECKOTO DPELICHUS
MaHCapAHOTO CTPOMUTENBCTBA B rOpojax YKpauHbl U MOJAOBBI C TOYKM 3PEHUS
HHEProcOEpeKEHUS HE YAEICHO JOKHOIO BHUMAHUS.

[Ipoananu3upoBaB pBHIHOK CTPOUTENBHBIX TEXHOJOTWH, KOTOpble Haubosee
BOCTPEOOBaHbI Ha TEPPUTOPUN Y KparHbl 1 MOJIIOBBI 17151 CTPOUTENILCTBA KAPKACHBIX U
OecKapKacHBIX KOHCTPYKLMHI, ObUIO OTAAHO MPEANOYTEHUE OETOHY U KEPaM3UTOOETOHY,
NMEHOOETOHY W Ta300€TOHYy,  CWIMKaTHOMY  KHpou4dy,  Opycy,  zepe-
BSHHOMY KapKacy U JIETKUM CTalbHBIM TepMOoIpouiibHbIM KOHCTpYKIusaM (JICTK).

Jlns BeiOopa HanOonee 3HEProd(PPEeKTUBHOrO KOHCTPYKTUBHO-TEXHOJOTHYEC-
KOT0 pelieHus: Oblia UCIOJIb30BaHa METOAMKA MHOTOKPUTEPUAIBLHOTO aHaiu3a [2],
Ha OCHOBE KOTOPOT'O ONpE/EIeHbl KAUeCTBEHHbIE U KOJUYECTBEHHbIE KpUTepuu, Bee
KpUTepuu OBUTM CBEICHBl K €IUHOW OanbHOM cucTeMe, MO0 KOTOPOW ObLIN
OIpPENEIIEHBI BECOMBIE KPUTEPHUHU.

Bec pacuersl NpoM3BOAMINCH JUISI HAACTPOMKM MaHCApAbl pa3sMepaMu
13,6M x 34,0 BeicoTOM 3,0M HA OCHOBaHWM MH(pOPMAITUK UCTOYHUKA [3].

Ha ocHOBE MHOTOKpHUTEpPHAIBHOIO aHAIM3a [0 BECOMBIM KPUTEPUSM MOCTPOCHA
nuarpamma (puc. 1), Ha OCHOBaHUHU KOTOPOU OMpeneIisieM KOHCTPYKTUBHBIE PEIIEHUS
10 HanOoJee ONTUMAJIbHBIM MTOKa3aTesIM.

100 7 B TonwmHa cteHbl (cm)
80 7
60 B LLymounsonauma (abA)

40
20 :Ii"} MpPoA0NKUTENIBHOCTb CTP-
AW L AN Ba(mec)

B CtoumocTtb 1 3Taxka (Teic.aonn
* & & bé bé\ S L & ( aonn)
& & & &£ £ K & ¢
& W& P oF
e
\@Q”’ &Q

Puc. 1. CpaBHeHHe KOHCTPYKTHBHBIX pPellieHHil 110 OCHOBHBIM MOKA3aTeJIsIM
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AHanu3upysl NaHHbIE AMArpaMMbl Ha puc. 1, MOXXHO BBIIEIHUTH CIEIYIOIIEE.
KoHCTpyKTUBHBIE pellIeHHs] C NPUMEHEHHUEM TaKUX MaTepuaioB, Kak OETOH U
CUWJIMKATHBIN KUPIUY HE CIEAYeT UCIOIb30BaTh U3-3a HAUOOJbIIEro Kodduimenrta
TEIJIONMPOBOAHOCTH, MTPOJIOJKUTETLHOCTH M CTOMMOCTH 10 CPABHEHHIO ¢ OPYCOM UITU
JICTK; nan6Gompliasi CTOMMOCTb U MPOJOIKUTEIBHOCTD BBITOJHEHUS padoT — Oosiee
yeM B 2 pa3a Baiiie, yeM JICTK.

Bbpyc u kepaM3UTOOETOH UCKITI0YAaeM U3 paCCMOTPEHHMs TakK, Kak Opyc oOnamaer
HAaUMEHbBIIEH MOKapo0E30MacHOCTHIO U IOJITOBEYHOCTHIO, a

KepamM3uTOOETOH WHMeeT OoNblIMe TOKa3aTeld TEIUIONPOBOJHOCTH IO
cpaBHeHuto ¢ JICTK uim nepeBsHHBIM KapKacoM.

[TenoOeToH 1 ra300€TOH UMEIOT HETUIOXO0M KOA((UIIMEHT TETIOMPOBOIHOCTH, HO
UX TPOJOJDKUTEIBHOCTh U CTOUMOCTh CTPOUTENHCTBA OOJIBIIE YeM Y JEPEBIHHOTO
kapkaca unu JICTK.

Jlenaem BBIBOJ, YTO OHU HE COOTBETCTBYIOT BCEM TpeOYEeMbIM MOKa3aTeIsiM.
OcraBmmecs pemieHus: naepeBsiHHbld kapkac ¥ JICTK mpoananusupyem 1o
KpUTEPUSAM, TIO3BOJISIONINE YHUCICHHO OTOOpa3suTh Haubosee CyLIECTBEHHbIE
MOKAa3aTeIN: CONPOTHBIICHUE TEIUIONOTEPH, JOJTOBEYHOCTb, CPOKU U CTOUMOCTb
paboT 1o BbIOOpY MaTepuaa JJis HaJICTPOMKU MaHcap (puc. 2).

60
B [1onroBe4yHoCTb

40 B MNoxapobe3onacHocTb

20 MpoaonKnTenbHoOCTb CTP-
Ba(mec)

B CtommocTb 1 3Taxka
(Tbic.gonn)

0 T T
Jepes.kapkac JICTK

Puc. 2. CpaBHeHHEe KOHCTPYKTHBHBIX pelleHUi
u3 aepeBsaHHOro kapkaca u JICTK

Kak BusHO U3 auarpaMmsl (puc. 2) pelieHre u3 JepeBsiHHOTO KapKaca yCTymaeT
pemenuto u3 JICTK no nonroBeunoctu (Menbiie Ha 30 JeT), mokapoOe30nacHOCTH
U CTOMMOCTH, KOTOpas MpeBbimiaeT B 1,6 pa3 cTOMMOCTh BO3BEACHUS KapKkaca W3
JICTK.

Kpome 3Toro xoreiaoch Obl OTMETHUTH €I1I€ PsIi KPUTEPUEB, KOTOPHIE UTPAIOT HE
MaJOBaXXHYIO PpOJb TIPH BHIOOPE KOHCTPYKTHUBHOTO pemieHus. [Ipumenenue
tepmonpoduns JICTK ompaBmanHo MallbiM BeCOM METAUIOKOHCTPYKIIUHA W UX
XOpOIIIe HEeCyIel CIOCOOHOCTBIO, JIETKOW 00pabOTKOW, MHUHUMAILHBIMU
3HAYCHUSMH HArpy30K Ha (YyHIAMEHT, 4YTO OCO0O0 BaXXHO TPHU PEKOHCTPYKIIMU
3MaHUA, a TaK »>K€ TEXHOJOTUYHOCThIO M OTCYTCTBHEM TMOTPEOHOCTH B
IPY30II0ABEMHON TEXHUKE.

BriBosibl. B uccienoBanuu ObLIH BbIJIEIEHB OCHOBHBIE (DAKTOPBI, BIUSIONINE HA
BBIOOP ApPXUTEKTYPHBIX MU KOHCTPYKTHBHO-TEXHOJOTHYECKUX PEIICHUH PEKOH-
CTPYKIIUU METOJIOM MaHCApIHOU HAJICTPONKH, C YIETOM SHEPTOI(DPEKTUBHOCTH.
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B memom, MOXHO clenaTh BBIBOJ, YTO TO OOJBIIYIO YacTh HMCCIIEIOBAHHBIX
KPUTEPUEB BHIOOPA KOHCTPYKTHUBHO-TEXHOJIOTHYECKUX PEIIEHUH W HaWIydlIue
nokasarenu nokasbiBaet pemienue u3 JICTK.
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AHAJII3 3CYBOCTIMKOCTI 3EMJITHOI'O IIOJIOTHA
3 YPAXYBAHHSAM 3MIHU TEMIIEPATYPHOI'O PEZKUMY
POBOTU KOHCTPYKIII JOPOXXHbBOI'O OJIATY

Hopoxko €. B.

KAHIAUAAT TeXHIYHUX HAYK,

AOUEHT Kadeapu NPOEKTYBaHHA J0Pir,

reojesii i 3emJ1eycTpoOIo

Xaprxiscokuii HAYIOHALHUL ABMOMOOLILHO-00PONCHIU YHIgepcUumem
M. Xapkies, Yxpaina

[TpoekTyBaHHS TOPOKHBOTO OJATY 3HAYHOIO MIPOIO 3aJIEKUTh Bl MPHUPOIHO-
KJIIMAaTUYHUX YMOB, sIKI HEOOX1THO BPaxOBYBaTH K B IIPOIIECI KOHCTPYIOBAHHS, TaK 1
Ha CTajli po3paxyHKy JOPOKHBOTO OJIATY Ta POOOYOro mapy 3eMJISTHOTO MOJIOTHA.
KnimMatnuHi yMOBM CyTTEBO BIUIMBAIOTh HAa YMOBHU €KCIUTyaTarii JIOPOXHBOT
KOHCTPYKITIi.

Ha rtenepimHiii yac mpu MPOEKTYyBaHHI HEKOPCTKOTO JTOPOKHBOTO OJSTY B
VYKpaiHi BUKOPUCTOBYIOTh pPallOHYBaHHSI TEPUTOPIi, 32 MPUPOIHO-KIIMATUYHUMU
¢aktopamu. HenocraTHe BpaxyBaHHS NPUPOJHO-KIIMATHYHUX (PAKTOPIB MpHU
MPOEKTYBaHHI HEXOPCTKUX JIOPOXKHIX OJSTIB TMpHU3BEAE OO0 HEBIAMOBIIHOCTI
MPOEKTHUX 3HAYEHb Ae()OPMATUBHUX 1 MILTHICHUX XapaKTEPUCTUK MaTepiajiiB mapiB
MOKPUTTS. Ta OCHOBH (PaKTMUHUM YMOBaM pOOOTH KOHCTPYKIIii, Ta SIK HACHIIJIOK JI0
nepeuyacHuX pyiHyBaHb 1 JOJaTKOBUX BUTPAT Ha peMOHTHI po6oTH. ToMy HOLIIBHO
BUKOHATH aHaJi3 BIUIMBY 3MIHU TEMIIEPATypPHOTO PEXKUMY POOOTH KOHCTPYKIIii
JOPOKHBOTO OZSTY Ha 3CYBOCTIHKICTh 3€MJITHOTO MOJIOTHA.

3riIHO 3 YMHHUM B YKpaiHi MOPSIKOM PO3PaxyHKY 3a YMOBOKO 3CYBOCTIMKOCTI
3eMJISTHOTO TOJIOTHA [1; 2] po3paxyHKOBI MmapaMeTpu marepiayiiB (3HAYCHHS MOJYJIiB
MPY)KHOCTI MaTtepiajliB) BU3HAYAIOTh B 3AJIKHOCTI BiJ] TeMIepaTypu JUIIE s
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MartepiajiB, II0 MICTSATh OpraHiyHe B’sbKyde. Po3paxyHkoBa Temmeparypa Npu LbOMY
3MiHIOEThCS Bl 20 °C 1t yMOB JTOpOKHBO-KIIIMaTHUHOTO paiiony Y-I mo 35 °C s
YMOB MIBJICHHOT YaCTHHHU JIOPOKHBO-KJIIMaTuuHOro paiiony Y-1V [1; 2]. Tomy npu
MO/IEJIIOBAHHI HaNpPy>KeHO-e(OPMOBAHOTO CTaHy 3 METOI0 aHalli3y BIUIMBY 3MIHU
TEMIEPaTYpPHOTO PEXUMY Ha Hampy>KEHO-Ae(POPMOBAHUN CTaH Ta 3CYBOCTIMKICTbH
3eMJISIHOTO TOJIOTHA 3MIHIOETHCS PO3paXyHKOBa TeMIleparypa Ta BiJIIMOBIIHO MOIYJb
npyHocT1 1 koedirieHt [lyaccona e acgaibToOeTOHHUX IIapiB.

Buxosun 3 cydacHHUX ySIBJICHB PO BIUIMB CTPYKTYPH 1 TEKCTYPH Ha HAIIPY>KEHO-
nedhopMOBaHMM  CTaH  TBEPAOTO  Tila, TpPH  JOCIHIKEHHI  acdaibro-
OCTOHHHMX IIapiB MaTepiajl MPUIMAEThCA SIK KBa310AHOPIAHE, KBA3UI30TPOIIHE TiJIO
[3; 4]. IIpu mpoMy ineaimizariisi peaJbHOTO CEPEIOBHINA BIIHOCHO i OJHOPIIHOCTI,
CYLLJIBHOCTI 130TPOTIii HE MPU3BOJUTH 0 MPUHIIMIIOBUX MOMUJIOK Y PO3paxyHKax 3a
3araJlbkHUMH PIilIEHHSIMH TeOopii mpyx)HOCTI [3-5].

3a MaTeMaTUYHUI amapar JUisi MOJENIOBaHHS HaNpPyKEeHO-1e(OPMOBAHOTO CTaHy
IPYHTY 3E€MJISTHOTO TIOJIoTHA OyB BHOpaHM METOJ] CKIHYCHHHX EJIEMEHTIB.
Po3paxyHKkoBa MOJIEIb € YOTUPHILIAPOBOIO, 1110 CKIAAAETHCA 3 TPHOX IIAPIB JOPOKHBOTO
OJISITY 1 OJTHOTO IIapy — OCHOBH (IO IMITY€ IPYHT 3€MJISTHOTO TTOJIOTHA).

[TapameTpu po3paxyHKOBOI MOjieJli BUOpaHI HACTYITHUM YMHOM — KOXKEH Iap 3
XapaKTEepU3y€eThCsl TOBUIMHOIO, MOJyJIeM NPYX)HOCTI 1 KoedimientoM IlyaccoHa.
OcHoBa XapakTepHU3yeThCsl 3arajbHUM (E€KBIBAJIGHTHUM) MOYJEM TMPYKHOCTI 1
koepimientom [lyaccona.

BukoHnano MozentoBaHHs sl YAOCKOHAJICHOTO TOJIETIIIEHOTO TUITY JOPOKHBOTO
omary (rpynma po3paxyHKOBOTO HaBaHTaXEeHHS Az, HOPMAaTHBHE CTaTHYHE
HaBaHTaXeHHA Ha Bick 100 kH, HOpMaTHBHE CTaTMYHE HABAHTA>KEHHS HA TOBEPXHIO
MOKPUTTS BiJ Kojeca po3paxyHKoBoro aBromoo0unst 50 kH, tuck nositps B muHi 0,6
Mlla, niameTp BiiOUTKa Kojeca pyxoMoro aBTomo0wst 0,371 m) 3rigHo 3 [6] Ta yMOB
[TiBHIYHO-CX1AHOTO PETiOHY 3TiIHO 3 [7].

B sikocTi HUKHBOTO TIAPY MOJIE1 MPUHMAEMO TPYHT (CYTJIMHOK) 3 HACTYITHUMH
xapakrepuctakamu: W,=0,72 Wy, > N » =400000, F,=50 MIla, p=19° ta C=0,013.

HacrtynHi mapu Mozesni 3 HU3y 10 TOpH:

— IIIIC C-7 o6pobnena nemenToM M-40 TOBIIMHOO 25 cM;

— AB.ACT Kp.lII.A1.HIL.I BMII 60/90-52 ToBmuHoO0 7,5 CM;

— IIIMA-20 BMII 60\90-52 TOBIIHHOIO 5 CM.

Mopyne npyxuocti mapy 3 IIIIC C-7 o6pobaenoro nemenrom M-40 mpu
mozemoBanHl npuiiMaetbes 700 MIla, 3rigno 3 [7]. Moayni mpy>KHOCTI
ac(hanbTOOETOHHUX IIIapIB BAPIIOIOTHCS B 3AJIKHOCTI BiJl TEMIIEPATypU B MEXKaX BiJ
25 °C mo 30 °C, 1 BusHauawThcs 3rigHO 3 [7]. B pesynbTaTti MonemtoBaHHS
HaIpy>KeHO-1e(POPMOBAHOTO CTaHY IPYHTY 3€MIITHOTO TIOJIOTHA BU3HAYEHO TOJIOBHI
HaIpY>KCHHS Ta HaNpyXeHHsS 1Mo Mi3ecy: 61, G2, 03, Oy, 3HAYCHHS SKHX 3BEICHO B
Tabnumi 1.
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Ta0mums 1
3HaYeHHs rOJJOBHUX HANIPY:KeHb B I'PYHTI 3eMJITHOTO MOJIOTHA,
BH3HAYEHHUX B Pe3yJIbTAaTi MOJIeJTI0BAHHS

HazBa mopeui
3HaYeHHS roJIOBHHUX M1 ‘ M2 | M3 ‘ M4 ‘ MS ‘ Mo6

Hanpy:xenb, MIla po3paxyHKoBa Temneparypa acaabrodeToHHuX mapis, °C
25 °C 26 °C 27 °C 28 °C 29 °C 30 °C

o1 0,169 0,171 0,172 0,174 | 0,176 0,178

G2 0,169 0,171 0,172 0,174 | 0,176 0,178

03 -0,051 -0,052 | -0,052 | -0,053 | -0,053 | -0,054

Owm 0,220 0,222 0,224 0,227 0,229 0,232

3 anamzy pe3ysibTaTiB MOJEIIOBAHHS BCTaHOBJIEHO, 3MiHA PO3PaxyHKOBOI
TeMIiepaTypu Ha KoxkeH 1 °C mpu3BOIUTH 0 3MIHM HAPYXEHb B IPYHTI 3€MJISTHOTO
nosiotHa mnpubamzHo Ha 1%. Taka cama 3ajJeXHICTh CHpaBeauBa 1 IS
HaBaHTAXKEHHS rpynu Ay Ta B.

Ha ocHOBI pe3ynbTaTiB MOJIENIIOBaHHSI BU3HAYEHO aKTHBHI HAMPY>KEHHS 3CYBY B
IPYHTI 36MJISTHOTO TOJIOTHA B1Jl TAMYACOBOTO HaBaHTaXKeHHs 3a popmyioro [2]:

t, [0~ 05)~ (0, + o )sinol/2cos0 0
ne O1 — MakcHMallbHE TroJIoBHE HarpykeHHs, MIla;

O3 — MiHIMaJIbHE TOJIOBHE HarnpyxeHnHs, Mlla;

(¢ — KyT BHYTPIIIHBOTO TEPTSI, TPA/I.

PesynpTaT po3paxyHKy aKTUBHUX HAIlpy>KEHb 3CyBY B IPYHTI 3€MIITHOTO

MOJIOTHA B1J] TAMYACOBOTO HAaBAaHTAXXEHHS Ta KOE(III€HTY 3amacy MIIHOCTI Ha 3CYB B
I'PYHTI 36MJISTHOTO MOJIOTHA NP PI3HUX TEMIIEpaTypax HaBeICHO B Tabuili 2.

Tabmuusa 2
3HaYeHHA HANIPY’KEeHb 3CYBY B IPYHTI 3eMJISIHOT'O TOJIOTHA

Ta Koe(iunicHTa 3anacy MillHOCTi
Ha3zBa moaeJi
M1 | M2 | M3 | M4 | M5 | M6
PO3paxyHKoOBa TemMnepaTypa acdajbTo0eTOHHUX mapiB, °C
25 °C 26 °C 27 °C 28 °C 29 °C 30 °C

IHapamerp

3HaueHHS HANPY>KEeHb 3CYBY

B IPYHTI 3€MJISTHOTO 0,0176 0,0179 0,0179 0,0182 0,0182 0,0186
IMOJIOTHA

3HaueHHs KoediieHTa

3amacy MilHOCTI KML[

1,08 1,06 1,06 1,05 1,05 1,02

3MiHa pO3paxyHKOBOi Temmeparypu Ha koxkeH | °C mpu3BOIUTH 10 3MIHU
aKTUBHUX HAaINpy>KE€Hb 3CyBY B IPYHTI Ta 3MiHI Koe(]illleHTy 3amacy MILHOCTI
3eMJITHOTO TMOJIOTHA Ha 3cyB Ha 1%. Pe3ynbTaTH MOAENIOBaHHS CBII4aTh, IO
HEOOXITHO BKpail TOYHO BHU3HAYATH PO3PAXYHKOBY TEMIEpaTypy, OCOOJIMBO IMPHU
MIHIMaJbHOMY 3alaci MILHOCTI 3e€MJISTHOTO TOJIOTHa Ha 3CyB. B Takux ymoBax
palioHyBaHHS TEPUTOPIi KpaiHU, 3a IKMM BU3HAYAETHCS PO3paxXyHKOBa TeMIIepaTypa,
HEOOXITHO pO3pOOJIATH 32 JaHUMHU OaraTOPIYHUX CHOCTEPEKEHb Ta OHOBIIOBATH 3
BpaxyBaHHSIM 3MIiHU KJIIMaTYy.

Jlireparypa:
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OLIHKA BAPAYKHHUX BIIVINBIB
CHOPYA METPOIIOJIITEHY HA IIJBEMHI BO/IN
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€rymnos B. 10O.
KAHIMIAT TeXHIYHUX HAYK, JOLEHT,
npodecop kadgeapu reoTexXHikM Ta MiA3eMHUX CIIOPY/

Kynpeiiuuk A. IO.

acnipaHT kadeapu reoTeXHiKM Ta MiJI3eMHUX CIIOPY/

XapkiscoKkuil HayioHaIbHUL YHigepcumem 0YOi6HUYMBA Ma apxXimexmypu
M. Xapkie, Yxpaina

bapaxuuit edpekt abo miamip MiA3€MHUX BOJ BUHUKAE Yepe3 IMEpPelIKoIu
ni3eMHOMY (DUIBTpaIlifHOMY MOTOKY PI3HUMH MiJ3€MHUMH CIOpYAaMH. 3a3BUyait
BIH BHUpakae€TbCsl B miAiiomi piBHA TIpyHTOBUX BojJ (PI'B) mepen nenponukHOMO
(MOJIMBO C1a00MPOHUKHOIO) MEPEIIKO 100 TOTOKY 1 3HWYKSHHSM PIBHS 3a HEro0. Take
SBHILIEC aHAJIOT1YHO Jii Tpedep, 110 MiAMUPAIOTh MOTOKU PIYKOBUX BOJ.

bapaxuuii edext cmocrepiraBcsi Ha psAAl  00°€kTiB  (TyHENIB, CTaHIIii
METPOMOJITEHY), A€ BinOyBanocs miaBuileHHs PI'B, mo B pgeskux Bumajgkax
MPU3BOJIWIIO 10 MIATOIJIEHHS TEPUTOPIi, PO3TAILIOBAHUX MOPYY OYAIBENb 1 CHIOPYI,
nedopMariiii TpyHTOBUX OCHOB Ta IHIIMX HECOPUSITIMBUX HacmiakiB [1].
HeoOX11HICTb OLIIHKY BEJIMYMHU MIANOPY Yepe3 OapakHU ePeKT miAKpeciieHa B Pl
JIIOYMX HOPMATUBHUX JTOKYMEHTIB, IIO0 MICTATh BUMOIH IIOJO BPAaXyBaHHS 3MIHU
TAPOTeosIOTIYHUX YMOB Y TIpolieci OyMiBHUIITBA Ta Miciisl Horo 3akindeHHs. [Iporuos
3MiH T'IPOT€0JIOTIYHOTO PEXKUMY BUKOHYIOTh HUISIXOM aHATITUYHUX PO3PAXyHKIB 200
13 3aCTOCYBaHHSIM MATEMaTHYHOTO MOJICTIOBaHHS  (DUIBTpAIIMHUX MPOILIECIB
YHCEJIbHUMU METOJaMH.

Po3rissHeMo cxemy 3MIH B TPYHTOBOMY IOTOLl IpH Oapa)XHUX BIUIMBAX.
Ha#Ginpmmii mianip mOTOKY TPYHTOBUX BOJI YTBOPIOETHCS OE3MOCEPENHBO TEPe.
MIJ36MHOI MEPENOHO0, L0 MEePEHIKOoAKAEe (DUIbTpALIiHOMY MOTOKY. BUHUKAIOTH
JesiKl 30HU BIUIMBY: (poHTansHa Lrp — 30Ha miAmopy, 30Ha 3HUKEHHS PIBHS
IpyHTOBUX BOJA 3a nepenoHot Lp (puc. 1). Kpim Toro mae micie 30Ha O14HOTO
JaTepAIbHOTO BIJIUBY L.

Lp=250m

ground V' i
surface [

Lg=250m

1

o S O R ity g L gl iy

72222 it e, .
groundwater7 AR g :
level - ;——

TR K
waterproof \7 [ S PR SRS ISR /
layer T = =

[

2b=20m Qo
<=

Puc. 1. CxemaTuuHuii po3pi3 B Micui mianmopy 3a paxyHok 0apa:;kHoro egexry
MiJA3¢MHOI NepenoHu (TYHeJIiB Ta J0NOMIKHHUX CIIOPY/)

Benuuuna mignopy 3a paxyHOK OapaxxHOro eQpexkty Moxke OyTH HaOJIMKEHO
po3paxoBaHa B JIiHEaApU30BaHiil moctaHoBIl 3a | crmocobom (cmoci6 K. B. byci-
HecKa). AHaITUYHUNA METOJI pO3paxyHKY MHIANOPY 332 paxXyHOK MiJI3€MHUX CHOPYA
O0yB pospoOnenuii B. I. ConoraeBum [2; 3], skuM OOIpYHTOBaHa ampoKCHUMAIlis
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NPSIMOKYTHHUX B ITUTaHI COPY/I 1 Oy/iBeJb, 110 CTBOPIOIOTH B MPOLIECI HECTALIOHAPHOT
¢binpTpallii rPYHTOBUX BOJ OapakHUM edekT, emintuuHuMu Gopmamu. Merosa OyB
anpoOOBaHW TIPH  MPOCKTHO-BHUIMYKYBAILHUX pobOoTax it  OymiBHHUIITBA
MeTpornoaiTeHy B M. OMchbk, Pocist.
bapaxxuuii edekT BiJ NMPSAMOKYTHOI B IUIaHI OJMHOYHOI CIIOPYAM, IMiJ SIKOIO
YMOBHUM Koe]ilieHT (DUIBTpaIlii TPYHTY 3MEHIIIUBCS BiJl BUX1JIHOT BeTUUUHHM K 710 k*,
MOXke OyTH po3paxoBaHuii 3a Qopmyioro, 3anponoHoBanow B. I. ConoraeBum, y
Bursial 3miau PI'B:
__GQora .
k-h, (& +7°)

o=(1-n)(1+n); n=klk; E=(xxa)l(a+b); y=(y+p)/(a+b);

1 > 05 (1)
az(z[\/(xz—yz—a%bz) +4x2y2+x2—y2—a2+b2D ;

2

J€ (o— MUTOMA BUTpaTa MPUPOJHOTO IMOTOKY IMMiJ3eMHUX BOM; he — cepemHs
MOTY>KHICTh MIOTOKY TPYHTOBHX BOJI; X, Y — IIPOCTOPOBI KOOPJAMHATH; 2a, 2b — TOBKHHA
1 IIUPUHA MI3EMHOI IEPETIoHH, M; &, Y — BIIHOCHI KOOPJIMHATH EMIIITUYHOTO IIMIITHApPA
(mpu BU3HauUeHH1 «&» cnij OpaTh 3HaK «+», sl To4ok x> 0 1 3HaK «-» i X <O;
AQHAJIOTTUHO JUISI «Y» — 3HAK «+», 17151 TOYOK y> 0 1 3HaK « — «a71s1 y <0).

3oHa QpoHTAIBHOTO BIUIMBY 3 moxuOkoro BusHaueHHd PI'B 10% a6o 5% moxke
OyTH BU3HAYEHA BIJIMOBIHO K

0.5
ﬂ:(l{\/(xz —y?-a? +b2)2 +4x%y? X2+ y? + @ —sz ;

Lr=Lp= (2,5... 3) a (2)
30Ha (PPOHTATLHOTO BIUTMBY OapaskHOTO MANOpY Lr BiIpaxoByeThCs Bl KPOMKH

criopyau. 30Ha O1YHOTO BIUTUBY 3 MOxuOKot0 Bu3HaueHHs YIIB 10% abo 5% moxe
OyTH 3HalJIeHa BIMOBITHO:
L.=(1,5...2)a (3)

1 dopmynu Oynu miATBEPAKEHI MOJAEIBbHUMU €KCIIEPUMEHTAMHU.

VY pa3i sKkimo moTIK MiA3eMHUX BOJ CHPSIMOBAHUM MiJ KyTOM 10 MiI3€MHOT
MEePENIKO/Il, TO BEKTOP MOTOKY (o PO3KIAIaI0Th Ha JABI CKJIaJ0B1 MO OCSIX KOOPJMHAT,
PO3paxoByIOTh MiAMIp 3a (POPMYJIO Il KOXHOI CKJIaJ0BOi Ta CKJIaJal0Th 3a
MPUHIUIIOM CYIEPIO3UIILI.

B nanuii vac BUKOHAHWM ITPOEKT 1 M€ MArOTOBKA 0 Oy IIBHUIITBA MPOJOBKEHH S
III minii XapkiBCHbKOTO METPO 3 JIBOMA CTaHIIAMH. HaBenemo mpukiian po3paxyHKy
Oapa)XHUX BIUIMBIB TYHEJIB METPOTOJITEHY Ha JIUISHII, /1€ BOHH OYIyTh MiAMUPaTH
MOTIK TPYHTOBHX BOJI py niepeTrHi 6anku [ mubokuit Ap. YV cepenniit yacTuHi TyHemi
MPOXOJATh MO MOBEPXHI BOJOYIOPY, HAa MIBHIY — MO3HAYKU 3aKJIaJEHHS TYHEJIB
MIBUIIYIOTHCA, & TIMOWHA TTOKPiBIIl BOJOYIOpA 3HIKYETHCS; HA MIBACHH — TYHE1
BXOJSITh B TOBIIY BOAOymnopa. TakuM YMHOM, MaKCHMAaJbHUN BILIUB Oapa)KHOTO
edexTy MaTUMe MICIIE€ Ha HEBEJIMKIA CepeIHii JUISHII, sIKa BUKOPHUCTAaHA B SIKOCTI
PO3PaxyHKOBOI.
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Cepenni yxwmm noBepxHi 3emti 1 PI'B va ganiit minsaii I = lprg = 0,02. Cepenns
MOTY>KHICTh TOTOKY IpyHTOBUX BOJ he = 11,5 m. KoedirienT dinprparii rpyHTOBO1
toBmi k =0,9 m/ cyr.

[ToTik TPYHTOBUX BOJ CHpPSAMOBaHUN IMiJl JEIKMM KyTOM 0 OCEH TYHEINIB,
BIAMOBIAHO ¢ = 9°. Po3paxyHKOBI po3Mipu OapakKHUX MEPENoH B IUIaHI: JIOBXKHHA
2a =200 M, mupuna 2b =20 m.

[TOTIK ITPYHTOBHX BOJI, 3yCTPIBIIM HEMPOHUKHY MEPEIIKOTY (TYHEII 1 TIOTTOMIDKHI
Mi3eMHI CIIOPY/IN ), YTBOPIOE 30HU miaBuIeHH: (miamopy) PI'B Ha cxix Bix cTaHiii 1
3ony 3HmxkeHHs PI'B Ha 3axin. Pospaxynok mignmopy PI'B 3a paxyHox GapakHoro
edeKTy TyHeNiB 3 TOXHOKOI0 pe3ynbTaTiB 10% BiAMmoOBiIae TOYHOCTI BUXITHUX JTAHUX
1H)KEHEPHO-T1APOTreoIOTIYHUX JOCTIIKEHb.

30Ha (POHTATHLHOTO BIUTMBY Ha MOTIK TPYHTOBUX BOJI 3 TOXHOKOIO BU3HAYCHHS
PI'B 10% 3a dopmynamu (2, 3):

Lr=2,5a=2,5+100=250 m.
30Ha G1YHOTO BIUIMBY Ha MOTIK TPYHTOBUX BO/I:
L.=1,5a=1,5+100= 150 m.

beToHHI CTiHM TyHEIIB HEMPOHUKHI 1, OTXKE, KOeDIIeHT (UIbTpaIlil MepenIKoau

k * =0, Tomy y hopmyii (1) mapamerpu OyayTh JOPIBHIOBATH:

n=k./k=0;
o=(1-n)/(1+n)=1

Maxkcumanbhae nogatkoBe migBuieHHs (miamip) PI'B Ah myx mpu x =01y =D
3HaieMo 3a popmyroro (1), sika Cpomry€eThest A0 BUAY:

Ohye =[0 / (k-h;)]o-a-cosp=1 -0-a-cosp=0,02-1-100- cosp=1,98x

KyT HanmpsiMKy MOTOKY I'PYHTOBHX BOJ| 10 OCl PO3PaxXyHKOBOI JUISHKH TYHEJIIB
BpaxoOBaHMUil 3a TONOMOTror KOCHMHYyca. OCKUIbKM KYT HEBEJIHMKHUH, TO KOHCTPYKIIii
TYHEJIB II0JI0 HAMPABJIEHHS MOTOKY IPYHTOBHUX BOJ Mail>ke HE 3MEHILYIOTh MiJIIP.

3HaueHHs Ah max, piBHE Mailke ABOM METpaM, MOKa3zye, II0 B LbOMY MICIIi
IPYHTOBI BOAM NPAKTUYHO BHUIAYTh Ha IMOBEPXHIO 3€MJIl, IO MOXE€ BUKJIMKATH
3a00J109yBaHHs TepuTopii. TomMy NJis MepexOoIIeHHsI TPYHTOBUX BOJI 1 3am00IraHHs
OapaxxHoro edexkry Hamu OyJI0 PEKOMEHJIOBAHO BIAIITYBATH TOPU3OHTAIBHHM
TpyOUacTuil IpeHax y3/J0BXK CX1HOTO OOKY TyHENIB MpH nepetuHi O6anku ['mubokuii
Ap.
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3. Conoraee B.M., 1992. [IlporHo3 u mpenoTBpalieHHE MOATOIUICHUS
HoA3eMHBIMH BojaMu OMCKOTO METpPOMOJMTEHA W MpHJIETAIoUIe TeppUTOpUH
(1-s muams): Otyer 0 HUOKP. Omck, CubA 1N, 85 c.

KOHIEHTPAIIUS HATIPSI)KEHUM B ACPAJTBTOBETOHHBIX CJIOSX
JAOPOKHOTI'O IOKPBITHUA ITPU CE3OHHOM YBEJIMYEHNU
X ITAPAMETPOB YIIPYT'OCTH

3aen 10. A.

KAHAUAAT TEXHUYECKHX HAYK,

AOUEHT Kadeapbl BbICHIEH MATEMATUKH
Hayuonanvuwiii mpancnopmmuulil ynusepcumem
2. Kues, Yxkpauna

B oOumiem cinywyae B mpoOsieMax paspyuieHust achaabTOOETOHHBIX JIOPOKHBIX
IIOKPBITUA MOKHO BBIJICIUTH CIEAYIOIIUE MEXAHU3Mbl 3apOKICHHS U Pa3BUTHSA
TpemuH [1]:

— 00pa3oBaHME TPEUIMH B HMKHHUX 30HaX ac(anbTOOETOHHBIX MOKPBITUH Ha
JTane MUX YIUIOTHEHUS NPH YKIAJKe, BBI3BAHHOE HECOOIOJEHUEM CTPOUTEIBHBIX
TEXHOJIOTHH;

— BBICOKHE  TEPMOYIpPYIM€  HalpsoKeHUs, OOYCIOBJIEHHbIE  OOJIBIIMMU
IpaJe€HTaMU TMOJei TeMIepaTypbl 1 HATMYUEM JIONOJHUTEIbHBIX KOHCTPYKTUBHBIX
OrpaHUYeHU (CBs3€), TPENATCTBYIOUIMX CBOOOAHOMY TEMIIEpaTypHOMY edopmu-
pPOBaHUIO (PparMEeHTOB JOPOKHOIO MAaCCHBA;

— 3aMep3aHKe B 3MMHEE BPEMS YAaCTHUI[ BOAbl B MUKPOTPEIIMHAX, IPUBOJSALIEE K
UX PaCKJIMHMBAHUIO, PACILIUPEHUIO U POCTY;

— BO3HHUKHOBEHHE B BEPXHUX CJOSIX NOKPBITHS HAINPSHKEHUN PACTSKEHUS OT
JNEUCTBUSA TPAHCIOPTHBIX HArpy30K, CBSI3aHHOE CO CBOMCTBOM ac(aibTOOETOHOB
c1a00 COMPOTUBIATHCSA ATUM HANPSLKEHUSIM;

— BO3HHMKHOBEHHME B BEPXHHUX CJIOSX CIIBUTOBBIX HANPSKEHU, TAKXKE CBA3aHHOE
C UX CJ1a00i COMPOTHUBIIAEMOCTBIO U 3TUM HANPSKEHUSIM.

OnHako B HAyYHO-TEXHUYECKOM JIUTEPATYPE MPAKTUUECKU HE YEIISETCSl BHUMAHUE
elle OJHOMY MEXaHMYECKOMY acleKTy, T[O3BOJIAIOIIEMY JaThb OoJiee MOJHOE
OOBSICHEHHE SBJICHUI0 WHTEHCHBHOIO pa3pylICHUs JOpPOr B 3UMHEE BpeMs IOJ
JeCTBUEM TPAaHCIIOPTHBIX HArpy3ok. /s ero uHTeprperanuy o0paTumcs, Ha epBbIT
B3MJIs111, K MapagokcaibHoMy 3¢dexty. B 1933 1. 1. M. Pabunosuu [2] chopmynupoBat
YTBEPKJICHUE, B COOTBETCTBUU C KOTOPBIM, €CJIM B CTATUYECKH HeonpeAaenumon depme
YBEIIMYUTh MOJYJIb YIIPYTOCTH OJHOI'O U3 CTEPXKHEW, TO IPU HEU3MEHHOM BHEIIHEH
Harpyske, MpoJoJibHas cuia (M HANpsHKEHHs) B 3TOM CTEPXKHE YBEIMUYHUTCA. Takum
o0pa3zoM, MOJIyyaeTcsi, 4YTO MpPU 3TOM OCTajbHble, OoJjiee MOJATIMBBIE CTEP)KHU
YCTYMAIOT BHEIIHEMY BO3JICHCTBUIO, CHUMAIOT C C€0s1 HArpy3Ku M NepepacipeiensioT
ux Ha Oonee xectkuii crepkeHb. [lozxke A. B. [lepensmytep [3], mpuMensisi MeTon
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TEOPUH  YYBCTBUTEIHHOCTH, OOOOMIMI 3TO YTBEPXKACHWE HA  CTATHYECKUX
HEOIpeIeIMMbIe YIIPYTHe CUCTEMBI 0oJiee 00ILIEro BUa.

HemnocpencrBenHoit winItocTpalueit paccmarpuBaeMoro sd@dexra sBiseTcs
pelieHre 3aJayl O HaNpsHKEeHHOM COCTOSIHUM OECKOHEYHOW Oajlkh Ha YIPYyrom
OCHOBAHHH T0]] ICUCTBUEM COCPEOTOYCHHON BEepTUKAIbHOU cuiibl P (puc. 1).

LAAR

TN TN
| YV V VYN YYVYVYY YV V¥
A f’f///f’ff/m) A Wfffffff A

Puc. 1. Cxema usrn6anusi 0aJIKku Ha ypyromMm OCHOBaHUM
MO/ ACHCTBHEM COCPEIOTOYCHHOM CHJIbI

Orta cucrteMa TakKe SIBJIAECTCS CTaTMYECKH HEOINpeAeTUMOd U e€ pellleHue
JIOCTUTAETCS 32 CYET JIOMOJHUTEIHLHOTO YYeTa COBMECTHOCTH TIEpEMENICHHI OaIKku 1
ocHoBanusl. [lycte E — Monynb yripyroctu matepuania 6ainku, | — MOMEHT HHEPITUU
e€ ceueHusa U K — koappuuueHT nocrenu ocHoBanus. Toraa n3rudarommii MOMEHT B
GalIKe B CSUCHHH, COIEpKaILeM City P, paer M = P4/4El k /4 [4].

W3 stoil ¢dopMyinbl ciieqyer, 4TO MOMEHT M M HampshKeHHs B Oalike MoJ
HEU3MEHHOM CUIIoi P BO3pacTarorT ¢ yBelamueHueM eé Momyns ynpyroctu E mpu
MIPOYUX OJJUHAKOBBIX YCIOBHSIX.

HexoTopoe cxoacTBO ¢ Oankoil Ha YNPYyroM OCHOBAaHMHM MMEET TAKXKE MOJEIIb
nehOpMHUPOBAHUS CIIOUCTOTO JOPOKHOTO TIOKPBITHS MO TEHCTBUEM TPAHCIIOPTHBIX
Harpy3ok. JlelcTBUTEIbHO, KOHCTPYKIIMH JOPOKHOTO TIOKPBITHUS MPEACTABISCT
c000 YEThIPEXCIIONHYIO CTPYKTYPY, JISKAIIYI0 Ha TPYHTOBOM MaccuBe (puc. 2).

T B \

\h‘x\&x‘\"\‘x‘x‘% hy

BN

° ! Ipynmossiti  maccug

Puc. 2. 'eomeTpuyeckas cxeMa KOHCTPYKIIUY JOPOTH

Ecnau ydecTh, 4TO MOAYJIM YIPYTOCTH CJIOEB MOKPBHITHS HA JIBa MOPSAKA BBIILIE
MOZYJISI YOPYTOCTH TPYHTA, TO KOHCTPYKIMIO MOKPBITUS MOXHO IPEICTaBUTh KAK
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CIOMCTYIO IUIMTY, JIEKAI[yH0 HA YINPYrOM OCHOBAaHWH, U MPEANOJIONKUTH, YTO
obcyxnaembie 3QPEKThl UMEIOT MECTO U B 3TON CUCTEME.

Jns moATBEPKAEHUS 3TOTO MPEANOI0KEHUSI PACCMOTPEHA TPEXMEPHAsT MOJIEIIb
JTOPOKHOTO MOKPHITHUS [ 5] IUpUHOM 7,5 M, coOAEpKalIero YeTbipe ciios. J[Ba BepxHUX
CJIOS BBINIOJIHEHBI M3 MEJIKO3EPHUCTOrO0 U KPYMHO3EPHUCTOTO achaibTOOETOHOB

tommuHamu 0,05 M u 0,1 M, 00TagaromuX MOIYJISIMH YIPYrocTH £1 =357-10° [Ta u

E,=12610° Tla  mpu  Temmeparype 7=20°C B  JeTHee  BpeMs.
B Hmkenexammx ciosix, BBIMOJHEHHBIX W3 IIEOHS W mecka, ToimmHamu (0,2 M
3HAYECHUs JTUX ITapaMETPOB COCTABUIIN Fj3 =0,4-10° T1a u E, =04-10° IMa. Monaynp

YHOPYTOCTU I'PYHTA TaK)KE paBEH Es = 01-10° ITa.
Ilon nericTBUEM TPaHCIIOPTHOW HArpy3KU UHTEHCUBHOCTBIO ( =0,8 MI7a Ha IISITHO

miomanslo f =04 x> B JOPOKHOM MaccuBe chOPMUPOBANOCH MOJE HANPSKEHU.

OHO omnpeneneHo METOJOM KOHEYHBIX 3JIEMEHTOB. Pe3ynbTaThl pacueToB MOKa3aiy,
YTO NOJ ACHCTBMEM BBIOPAHHOI HArpy3Kd JBa BEPXHUX ACPanIbTOOETOHHBIX CIIOS
paboTaroT Kak u3rudaemMas INIMTa U BO BTOPOM CJI0€ BO3HUKJIA 30HA MOJIOKUTEIBHBIX

) max
(pacTAruBaIONIMX ) HAIPSDHKCHHUN 011 ¢ MAKCHMAJIBHBIM 3HaucHHeM 011 =813 kI]a.
3aTeM OBLIO NPUHATO, YTO BCIIEACTBUE CE30HHBIX U3MEHEHUM TEMIIEPATYPHI | B
3MMHEE BPeMsI B JIBYX BEPXHHX CJIOSX MIPOU3OILIH TEPMO-PEOIOTHICCKIE H3MCHEHUS

. 9
¥ MX MOJYJIU YIPYrOCTH IOCTUIIM 3HAYeHUH E; = 24,5-10° I1a u E, =8,65-10° [1a npu
T =—20°C, B TO BpeMsl Kak B IIIeOEHOYHOM, ITIECYaHOM U TPYHTOBOM (hparMeHTax OHH
ocTtajauch 0Oe3 Hu3MeHeHHs. PacueThl, BBINIOJHEHHBIE C COXPAHEHHUEM HCXOIHBIX

YCJ'IOBI/Iﬁ AT BCEX OCTAJIbHBIX IIApaMCTPOB MOJCIIHM, ITIOKa3allkl, 4YTO IIPHU I3TOM
HapsKCHUS PACTSIKCHUA COXPAHHUIIMCh B TCX JKC€ 30HAX, HO AOCTHUIIIH 3HAUCHUM

oir. =3027 k[Ta. TlpoBencHHBI aHANM3 IIO3BOJSAET OOOCHOBATH €IIE OMHH
napajoKCaIbHBIA MEXaHU3M 00Jie€ UHTEHCUBHOTO pa3pylIeHUs: acPaibTOOCTOHHBIX
MOKPBITHH B 3UMHEE BpeMs IPH YBEIMYCHUH MOJIYJS YINPYrOCTH MaTepHaioB
BEPXHHUX CIIOCB.

Jlureparypa:
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BU3HAYEHHS PU3HUKY (MMOBIPHOCTI) PYMHYBAHHS
KOHCTPYKIIIH 3 LETJIX, TIOB’SI3AHOI'O 3 BUMEPIIAHHAM
MIIHOCTI KJIAJAKHA HA 3CYB

Kiuaesa O. B.

KAHAUAAT TEXHIYHUX HAYK, TOLEHT,

3aBinyBay kadeapu MexaHiKM IPYHTIB,

(pyHaaMeHTy Ta iHKEHEPHOI reoJIoril

Xapxiscbkuii HAYIOHALHUL YHIGEpCUMEm MICbKO20 20CN00apcmea
imeni O. M. bexemosa

M. Xapkie, Yxpaina

PyiiHyBaHHA KaMm’ SHUX KOHCTPYKLIN OyAiBeNb 1 CHOPYA PO3IISIAETbCA K
HACTaHHs TPAHUYHOIO CTaHy, NpPU SKOMY BIJOYBAa€ThCS BHUEPHIAHHS MIITHOCTI
nepepizy abo ejaemeHTa. Y METOJll TPaHUYHUX CTaHIB IepedayeHo BpaxyBaHHS
BUXOJly KOHCTPYKLIM 3 Jaay LUISIXOM YBEICHHS 3a0€3NE4YE€HOCTI HOPMATHBHUX
3HayeHb, TOOTO ISl HABAaHTAXEHHS — MMOBIPHOCTI TOr0, IO BOHO BHUSBUTHCA
MEHIIUM, HIK TPaHUYHE EKCIUTyaTalliHe 3HaY€HHs, a JJI1 MILHOCTI — KMOBIPHOCTI
TOrO, 0 BOHa Oyne OLIBIIOI, HIK XapaKTepUCTUYHE (HOPMATUBHE) 3HAYEHHS.
ToOTo BC1 po3paxyHKOBI BUMOTH HOPM (DOPMYITIOIOTHCS JI1 TPAHUYHUX CTaHIB, SIKi
BU3HAYAIOTh MEXY MK JOMYCTUMHMHU 1 HEIPUITYCTUMUMU (TI03aMEXHUMH ) CTAaHAMU
KOHCTpYKIIii [1].

Jlnst Toro, 00 OUIHUTU PU3HK (MMOBIPHICTH) HACTAHHS TPAHUYHOTO CTAHYy TOTO
YH 1HIIOTO BHUY, HEOOXITHO BUPIIIUTH 33/1a4y MapaMeTPUUHOI Teopii HaIIHHOCTI 13
3aJly4eHHSIM amapary Teopii WMOBIpHOCTI. BUXITHUMU JaHWUMH [JIs 3a3HAYEHOTO
3aBJIaHHS € TTapaMeTpU PO3MOAUTY BUMIAAKOBUX BeMU4MH. [Ipy 1boMy MOCIIIOBHICTb
BUPIIIEHHS TAKOTO 3aBAaHHS MOXKe OyTH HACTYITHOIO:

1) po3riIsaaeThCsi yMOBA MIIIHOCTI KaM’sTHOTO eJieMeHTa (KOHCTPYKIIiT);

2) BHM3HAYAIOTHCS MapaMETPH PO3IOILTY BUMAIKOBUX BEJIHMUNH, SIKI € BUX1THUMHU
JTAaHUMU;

3) BHKOHYETHCS PIIIEHHS 3ajadi 1O OIIHIN pU3HKY (HMOBIPHOCTI) pyHHYBaHHS
KaM’STHUX KOHCTPYKIIH.

IMOBIpHICHA OLIIHKA MILHOCTI KOHCTPYKI[IM 3 KaMEHIO 3/11MCHIOETHCS HA OCHOBI
BUKOHAHHS PO3pPaxyHKIB IO BU3HAYEHHIO HMOBIPHOCTI pYWHYBaHHS 32 YMOBHU
BUUEPITAHHS MIITHOCTI HEMISIHOT KIaaku. J{71s boro HeoOX1IHO BU3HAYUTU PO3IOILIT
BIIMOBITHUX HAIPYT 1 FPAHUYHOTO OIMOPY HETJISTHOI KJIAIKH; Y JAHOMY JOCHIIKEHH1
PO3IIIIHYTO pOOOTY HEAPMOBAHUX IETISHUX KOHCTPYKIIiH Ha 3CyB. Y BiJITOBITHOCTI
3 [2], y TpaHHUYHOMY CTaHI BTPaTH HECY4YOi 3/IaTHOCTI PO3PaxXyHKOBA BEIWYMHA
3CYBHOTO HaBaHTa)XEHHS, MIPUKIAIEHOTO 0 KaM’ SHO1 CTIHU Vgg, Ma€ OyTH MEHILIOIO
a00 OPIBHIOBATH PO3PAXYHKOBIM BEJIMUMHI MIITHOCTI CTIHU VRy TakK, 1100:

Vs <Va. (1)
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Po3paxyHkoBa BeTMYMHA MIITHOCTI HA 3CYB JOPIBHIOE:
=f, -t (2)
ne fug — po3paxyHKOBa BEJIMYMHA MIIIHOCTI KJIaJIKU Ha 3CYB y 3aJICKHOCTI BiJ
CEpPEeIHbOI0 3HAYECHHS BEPTUKAJIbHOI HANPYrd B CTUCTIA 4YacTHHI CTIHHU, SKa
3abe3reuye oIip 3CyBY;

t — TOBILIMHA CTIHU, KA YUHUTH OTMIP 3CYBY;

lc — MOBXXMHA CTHCHYTOT YaCTUHM CTiHU 0e3 Oy/b-sIKOI YaCTHHHU Iepepisy, sKa
po3TAryeThes. JIOBKHMHA CTHCHYTOI YacTHHH | pO3paxoBYyeThCs, BHXOIIYH 3
JHIAHOTO XapaKTepy pO3MOJILTy HAIPYTH CTUCKY 3 ypaxyBaHHSM HasBHHUX OTBOPIB 1
masiB.

Onip kaM’sHOT KJIAAKHA 3CYBY TIO TOPU3OHTATIBHUX HETIEPEB ’SI3aHUX  [TBaX
CKJIQ/Ia€THCS 3 OMOPY OE€3MOCEPEAHBO 3CYBY 1 OTMIOPY TEPTS MO IIBY:

Vea < (fya + 0,8nucg)A4, 3)

TYT N — KOEQIIIEHT, 0 JOPIBHIOE 1 IS KIaJAKU 3 CYIIIBHOT TN 1 KaMEHIB 1
piBamit 0,5 — s KJIQJKU 3 TOPOXKHUCTOI IErNIM 1 KaMeHIB 3 BEPTUKATHLHUMHU
MOPOKHUHAMU;

{ — KOE(IIIEHT TePTA MO MIBY KIAJIKH, 110 TPUINMAETHCS I KJIAJKU 3 LETIH 1
KaMeHiB MpaBuwiIbHOI popmu piBHUM 0,7;

Oy — CepemHs Hampyra CTHCKYy TMIpH HalMEHIIOMY pPO3PaxyHKOBOMY
MO3/IOBKHROMY HaBaHTAXXEHHIO, SKa BU3HAYAETHCS 3 KOE(DIIIEHTOM TepeBaH-
taxkenHs 0,9;

A — po3paxyHKOBa IUIOIIA TEpEpizy.

Toni ymoBa 3a6e31edeHHst MIITHOCTI1 LETJISTHOT KJIAJIKK TP BIUTMBI 3pYIITyBaIbHOL
CWJIM, MO€E BU3HAYATUCS HACTYTHOIO HEPIBHICTIO:

VEd S VRd(fvd; b1 tl NEd); (4)
Bupa3s 1 piBHSIHHA 3B’ 513Ky IPU 3CYB1 MOX€E OYTH 3alMCAaHO TaK:

[IporonyeThcsl TakWii adrOpuT™M JJIS BU3HAUYEHHS PU3UKY (HMOBIPHOCTI)
pYWHYBaHHS KaM’ SHUX KOHCTPYKI[IM Ha 3cyB MeToa0oM MonTe-Kapuo:

1. Buxonyetrbcsi N CTaTUCTUYHUX BUIIPOOYBaHb.

2. 3agaemMocsi BHIIAJKOBUMH HMOBIPHOCTSIMH PO3PaXyHKOBOTO 3CYBHOTO
HABAHTAKEHH, 110 TPUMAIAE Ha JUISHKY LETJIAHOI CTiHK Py .

3. 3a BiIOMMMH 3HAYEHHAMH Py, BU3HAYA€MO KBAHTHUJII HABAHTAKECHHS.

4. BuzHauaeMo BUIAKOBI 3HAUEHHS 3CYBHOTO HaBaHTKEHHS Vg, 1 HATIPYTHU Oy .

5. 3amaemMocs BUIaJIKOBUMH HMOBIPHOCTSIMH MIITHOCTI IIETJISTHOT KJIAKH Ha 3CYB
Pf vd®

6. 3asmaueHHaM Py, BU3HAYAEMO KBAHTWUII fi,q 1 BEMYMHY OTIOPY 3CYBY CTIHH VRg.

7. O06uMCcIIOeThCS 3HAYEHHS CyKynHoro gakropa Y no popmyii (5).

8. IlepeBipsieTbcst BuUKOHaHHS YMOBH Y > 0.

Ipuknao POSPAXYHKY.

O0uncmMMO WMOBIPHICTHh BIJIMOBH JUI IETJITHOTO TPOCTIHKA 3 TaKUMU
napameTtpamu: b X t = 1 x 0,51 m, 3 MOBHOTUIOI CHJIIKATHOI HETJIH pO3MipaMu
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250 x 120 x 65 mm, moaynb nedopmarii kmagku E = 600 MIla. Knac nacmigkis
(BiamoBimanbHOCT) Oyaiial CC2, kareropiss BiAMOBIAAIBHOCTI KOHCTPYKII — A.

YV Ttabmn.

1 HaBeneHl JdeTepMiHOBaHI BEJIWYMHHM, B Tabia. 2 — IMOBIPHICHI
XapaKTECPUCTHKU  (YHKIIH HOPMaJIbHOTO PO3MOALIY BHITAJKOBUX

BCJINYHH.

Po3paxynku BukoHani B mporpami Mathcad. Ywucno BumnpoOyBaHb NPHUIHSATO

N = IxI0°.
Ta0mums 1
JleTrepmiHOBaHI BeJIMUMHHI
Ne i/m HaiiMenyBaHHs mapamerpa Ilo3naka O;[;;ip;)m 3HauyeHHs
1 JloBxxrHa niepepizy b M 1,0
2 ToBmwHa cTiHA t M 0,51
3 Bucora nosepxy H M 3,0
4 Po3paxyHkoBa BucOTa CTiHU H1 M 2,5
5 ToBIIMHA MEPEKPHUTTS t M 0,25
6 BanrakHa 1uiora A’ M° 3,0
v Bennunna oOnupanHs TUHTH . " 0,12
MIEPEKPUTTS Ha METJISIHY CTIHY
Tabmuis 2
IMoBIpHICHI XapaKTepUCTHKHM (PYHKIII HOPMAJIBHOIO PO3IOMIIY
Ne On. Matemar. | CepeaHbOKB.
ITapamerp Ilo3naka . .
n/n BHM. |OYiKYBaHHSl l| BiAXWI. G
1 [TuToma Bara meryisiHoi KJIaJKH CTiH - CH/n® 18,844 0,517
Ta MEPETrOPOJIOK
2 IIutoma Bara 3an13q(§eT0HHHx 7 <HAS 25.0 0,75
KOHCTPYKIIIH
3 PozpaxyHkoBuii omip Kiaaku 4 CH/M2 2160 324
Ha CTHCK
Po3paxynkoBuii omip Kiaaku
4 Ha PO3TST TPH 3TUHI 110 fxke kH/m? 120 18,0
HEeMnepeB’ 13aHOMY TMepepizy
5 KopucHe HaBaHTa)KEeHHS Ppol kH/M? 0,9 0,315
6 HaBaHTakeHHs BiJI CHITY Sm kH/™m? 0,13 0,065
7 HaBaHTaxeHHs BiJI BITpY w kH/m? 0,51 0,1785
8 BrutuB BiJi HEpiBHOMIPHHUX OCiJIaHb D kH 165,5 97,645
9 BennunHa BepTUKAIBHOTO Ngy <H 242,77 28.9
HABaHTAXXCHHS
10 BenuuunHa nonepeyHoi cuiam VEd xkH 150,0 17,85
11 PpgpaxyHKOBnnaonlp PO3TATY HpH » CH/n? 160 24
3pi3i 0 HemepeB’ I3aHOMY TIepepisy
Hamnpyra o6tuckanns Bifg
12 PO3PaxyHKOBOI'O BEPTHKAIBHOIO o KH/M? 476,02 56,65
HABaHTAXKCHHS
13 MiHicTE 1',IpOCT1HKa Ha 3CYB Vig <H 217 55 25 89
10 HeTIepeRB sI3aHOMY Tepepi3y
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Puc. 1. ®ynkuii po3noainy: a) nonepe4Hoi cwiin Veq i MIIHOCTI NPOCTiHKA
Ha 3CYB I10 HenepeB’si3aHoMYy nepepizy Vrg; 0) IiIbHOCTI HMOBIPHOCTI
po3moainy nonepe4Hoi cuwiim Veg i MIIHOCTI MPOCTIHKA HA 3CYB
10 HemepeB’si3aHoOMY nepepisy Vrd

1. V pamkax napameTpHyHOI Teopli HAJIAHOCTI 3alpPOINIOHOBAHO METOJUKY
PO3B’s3aHHS 3a/1a4 1I0JI0 BUSHAYECHHS MMOBIPHOCTI (PU3UKY) PYWUHYBAHHS LETJITHUX
KOHCTPYKIIIA BHACIIJOK JOCSITHEHHS CTaHy, MOB’S3aHOTO 3 BUYEPIAHHSIM MIIHOCTI
Ha 3cyB. Ha OCHOBI 3anponoHOBaHUX METOJIUK PO3POOJIEHUI aJITOPUTM 1 CKIIaJeHa
komi1 torepHa nporpama (Mathcad), siki mpu3HaueHi 11 BUKOHAHHS PIlICHHS TAKUX
IMOBIpHICHUX 3a7a4 MeTogoM MonTe-Kaprio.

2. BUKOHaHO pO3paxyHKH IIOAO BHU3HAYECHHS WMOBIPHOCTI  (pU3HKY)
pYWHYBaHHS HETJISHOT KIaAKy Ha 3cyB. OTpuMaHi 3HaYeHHSI pU3UKY (MMOBIPHOCTI)
pyWHYBaHHS MOKa3aHi y Tabmui 3.

Tabmuug 3
Pe3yabTaTu po3paxyHKiB iIMOBIPHOCTI pyHHYBaHHS
LErJISIHOT0 MPOCTIHKA HA 3CYB
HaiiMeHyBaHHA BeJHMYHH 3HayeHHs
IMOBipHICTh pyHHYBaHHS LETJISIHOI CTIHU 16 x 107
Jlonyctuma imMoBipHicTh pyiHyBanHs no JIbH B.1.2-14-2009 5x 107

Jlireparypa:
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KOHCTPYKTUBHOI Oe3rneku OyIiBelb, Copyll, OyAiBEIbHUX KOHCTPYKULINA Ta OCHOB.
KwuiB: Minperion0yn Ykpainu, 2009. 73 c.

2. IBH B.2.6-162:2010. Kam’sai Ta apmokam’siHi KOHCTpYKIi. (OCHOBHI
nosnoxeHHs. K. MinperionOyn Ykpainu, 2011. 97 c.
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CYXI BYAIBEJIBHI CYMIHII JUIA IIIAJOI HUBIVIBHUX BY AIBEJIb

KoBaabcekuii B. I1.

KAHIMIAT TeXHIYHUX HAYK, JOLEHT,
noueHT kadenpu OyaiBHULITBA,
MiCHKOI0 IroCIOJAPCTBA Ta APXiTEKTYPH

bounaap A. B.
acucTeHT Kadeapu OyIiBHMITBA,
MiCHKOI0 IroCIOJAPCTBA Ta APXiTEKTYPH

bypaaxkos B. I1.
acnipanT kadgeapu OyaiBHMUTBA,
MiCbKOI'0 rOCIOIAPCTBA Ta APXITEKTYpH

bpuuancekuii A. O.
CTYAeHT Kadenpu OyIiBHUITBA,
MiCbKOI'0 rOCIOJAPCTBA Ta APXITEKTYPH

KoBaabcbkuii A. B.

CTYAeHT Kadenpu OyIiBHUITBA,

MiCbKOI'0 rOCIOJAPCTBA Ta APXITEKTYPH
Binnuyvxuil nayionanbHuu mexHivHu yHigepcumem
M. Binnuys, Ykpaina

CydacHe OynmiBHUIITBO MOTpeOye IHHOBAIIMHUX OY/IIBEIbHUX MaTepialiB 3
BHUCOKMMH TEIUIO— Ta 3BYKOI3OJSI[IHHUME BIIACTUBOCTSIMH, SKi JO3BOJSATH 3HAYHO
CKOPOTUTU KIIBKICTh €HEeprii, HeoOX1AHOI AJid OMAJICHHS >KUTJIOBUX OYIHWHKIB Ta
IrpOMAJChKUX OyAiBEIb, 3MEHIIMTH HOTO TEIIOBTPATH Ta MIABULIUTH KOMQOPT
nepeOyBaHHs 1 MPOKUBAHHSA Jtojeil. OTHUM 3 IEPCIEKTUBHUX HAPSIMKIB BUPIILIEHHS
JaHUX NHUTaHb € BUKOPUCTAHHS JIETKUX PO3YMHIB Ta OETOHIB HAa OCHOBI CYXHUX
oyniBenpHux cymimeid (CBC) B SKOCTI TEMIO3BYKOIZOJSLIMHOTO IIapy B
KOHCTPYKIISAX MJIOT (IEPEKPUTTIB) HMBUILHUX OY/I1BEIb.

Temno3pykoizomsamiiai CbC MarOTh psj ICTOTHUX TIepeBar HaJl JaBHO BIJJOMUMU
TETIOI30JSIIIMTHUMU  MaTepiaiaMu  (ITIHOTOJIICTUPOJI, MIHEpaJIoBaTHI 1 CKJIOBaTHI
YTEIUII0OBaY1): He MOTPeOyIOTh MONEPETHHLOTO BUPIBHIOBAHHS, CTBOPIOIOTH CYIIIIIbHUHN
TETJIOI30SIIIMHUN 1map 0€3 MICTKIB XOJIOAY, TUIACTHYHI, BOJIOJIIOTh BHCOKHUMH
MOKa3HUKAaMH BOTHECTIMKOCTI Ta CTIMKOCTI A0 ypa)K€HHS OpraHi3MaMmH, eKOJIOTI4Hi,
JOBIOBIYHI, TEXHOJOTIYHI, CKOHOMIYHI, KpIM TOTO MalTh TaKOX BHCOKI
3BYKO130JISI1[11{H1 BIACTUBOCTI.

VYkpaina, 30kpeMa Binnuiibka o0iacTh, 0arara Ha MiHEpaJlbHy CHUPOBUHY, SIKa
Moxe cayxkutu aiia surorosiiennst CbC (puc. 1) [1].
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Puc. 1. IToTykHicTh poaoBHUIl OyAiBeIbHUX KOPUCHUX KONAJIUH
BinHuMIBKOI 00/1acTi, MJIH. M3

TakoxX ISl TEIUI03BYKOI3OJSIIMHUX CyXUX OyIBEIbHUX CyMilied e(eKTUBHO
BUKOPUCTOBYBATH TEXHOTCHHY BTOPHHHY CHPOBHHY Ta BiJIXOJH IIPOMHUCIIOBOCTI [2-4].

[Tpu pospobmi ckianie CbC Benuka yBara MpUAUIIIACH MMI00PY AKTUBHUX
3al0BHIOBAYIB 1 HANOBHIOBauiB. /[ OTpMMaHHS MpOILIAPKIB MIAJOr 3 SKICHUMHU
TEIUIO3BYKOI30SAIINHIMEI  XapaKTEepPUCTUKAMU BUKOPHUCTOBYBAIIMCH MiHEPAIbHO-
OJIHOPIJITHI KOMIIOHEHTH BIAMOBIIHOT JUCIEPCHOCTI, IO BOJIOAIIOTH BHCOKOIO
MOBEPXHEBOIO AKTUBHICTIO 1 EHEPTI€I0 B3a€MO/I1 Y BOJHOMY CEPEIOBUILI, BUAUIIOTH
BEJIMKY KUIbKICTh TEIUIA 1 YIUIBHIOIOTh CTPYKTYPY LIEMEHTHOTO KaMmeHto [5-7]. s
MOKPAIEHHS TEXHOJOTIYHUX XapaKTEPUCTUK PO3UYMHOBUX CyMillIel Ta 3aTBEPILINX
po3unHiB Ha ocHOBI CBC 110 iX ckilagy BKIIIOYAIN JAUCIIEPCHO-apMYyIOUl 100aBKHU Ta
nosiMepHi MojudikaTopu [8].

Po3pobnieni ckiagu 1EMEHTHO-TIOMIMEPHUX CyXHX OY/IBEIbHUX CyMIIlIed Ha
OCHOBI1 MICIIEBUX CHPOBHHHHX MarepiajiiB Ta BiIXOJiB MPOMHUCIOBOCTI. CTBOPEHHS
JpiOHOMOPUCTOT OJHOPITHOT CTPYKTYypu OyJIO NOCATHYTO 3a PaxyHOK BBEICHHS
MOBEPXHEBO-aKTUBHUX PEYOBHH, @ HE BUKOPUCTAHHSIM IMOPHUCTHUX 3allOBHIOBAYIB,
TakKMX SK TEPJIIT 4u BEepMUKYTT [9]. PesynbTaTomM HOCHIKEHb € OTpUMAaHHS
e(EeKTUBHUX CyMIlIEH MOPUCTOI CTPYKTYPH JIJIsl TEIUTUX IT1JIJIOT HA OCHOB1 3BUYAHUX
IIIJTPHUX 3al0OBHIOBAYiB 1 HAMOBHIOBAYiB, TAKWX SIK KBAapIOBUHM IMICOK, TJIMHA,
KapOOHATHUI MiCOK 0€3 MepeBUTPAT LIEMEHTHOTO B’ 1KYy4O0ro (10 25% Big Macu cyxux
KOMITOHEHTIB) Ta AOPOTUX MOJIMEpHUX 100aBOK. [lopucTicTh JaHUX CyXUX cyMilIen
cknagae 33-65%, a miuHICTh 3HauHO (y 3,6-4,5 pa3iB) Buia, Hixk y CbC Ha nopuctux
3anoBHIOBauax. llopiBHsuibHa Xapaktepuctuka BiactuBocTedl CBC mnpuBeaeHa B
tabmumi 1[5, 8, 10].
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Ta0mums 1
IHopiBHsAJIbHA XapaKTepUCTHKA BjaacTUBOCTEl po3podiaeHux CbC
Ta BifoMux CBC Ha MOPHCTHX HATIOBHIOBAYAX

YcepenHeHi pe3yJbTaTi BUIIPOOYBAHb
Ta JOCJTIIKeHb
IToka3HukH
po3pobieni CbC CBC BUIOMEX
BUPOOHMKIB
CepeHs IIiNBHICTH 3aTBEPAINIOTO PO3UKMHY, KI/M> 600-1100 350-800
Mesxa MintHoCTI Ha cTrck, MIla 2,1-6,54 0,45-1,8
Mesxa minHocTi Ha 3ruH, MIla 1,37-2,52 1,37-2,52
KoedimienTt TermmonporigHocti, Br/(MK) 0,2-0,46 0,09-0,132
Bonorsepane BigHomenus, B/T 0,21-0,28 0,33-0,45
PyxiuBicTh po34MHOBOI cyMmillIi, cM 12-18 8

Takoxx, oTpuMaHi CyXi OyIIBeIbHI CyMIIll 3 TOPUCTOI CTPYKTYPOIO
XapaKTEepU3yIThCS BUCOKMMHU aKyCTUYHUMHU BJIACTUBOCTAMH JIO [li IIyMiB B
mianasoni 400-1000 I'ry [4; 8].

Takum unHOM, po3po0eHi Termno3ByKoi130iaUiliHl CBC Ta po3unHu, BUTOTOBIIEHI
Ha iX OCHOBI, XapakTepU3ylOThCA  MIABUIIEHUMHU  (DI3UKO-MEXAHIYHUMU
BJIACTUBOCTSIMU Y 3aTBEPJIIJIOMY CTaHI Ta KPAIIUMH PEOJIOTIYHIUMH BIACTHBOCTIMHU
po3unHOBOi cymini, HiXK aHanoriydl CbC, AK1 € Ha pUHKY Oy[IiBEJIbHUX MaTepiaiiB
chorojiHi. [apHi TMOKa3HUKM TEIJIO- Ta 3BYKOI3OJSILIMHUX  BJIACTUBOCTEH
npeacraBiennx CbC 103BoJsI0Th €hEeKTHUBHO 1X 3aCTOCOBYBATHU JIJIsl BIIAIITYBAaHHS
MPOIIAPKIB MIJUIOT Ta MEPEKPUTTIB B MPUMIIIECHHSX, 10 3a3HAIOTh TUMYACOBUX Ta
JOBIOTPUBAIMX BIUIMBIB HU3BKO- Ta cepeanbodacToTHUX IrymiB (400-1000 I'r),
HaIPUKJIIA]], )KUTIOBUX Ta TPOMAJICEKUX OY/1BEIIb.

Buxopucranns y cknaai CbC BiaxoAiB MPOMHUCIOBOCTI Ta MICIIEBOI CUPOBHHH
JI03BOJISIE 36KOHOMUTH SIK MaTepiaji pecypcH, Tak 1 3HU3UTH TPAHCIIOPTHI BUTPATH HA
JIOCTaBKYy CHUPOBHUHHM 1 YK€ TOTOBHX CyMIIIEH J0 CHOXKHMBa4a, a TaKOX MOKpAIIye
€KOJIOTIYHY CUTYAI[lI0 B KpaiHl Ta pErioHi.
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AKTUBHOE JABJIEHUE 'PYHTA C UCHIOJIb30BAHUEM
YHUBEPCAJIbHOM TMBKOM HAI'PY3KU
HA ITOBEPXHOCTHU MHOI'OCJIOMHOT'O OCHOBAHUSI

JlyukoBckui U. 5.

JOKTOP TeXHHYECKHX HAYK, mpodeccop,
npogeccop kadgeapbl re0OTEXHUKHU

U MOA3eMHBbIX COOPYKEeHUM

Yenypuou /. A.

KAHIMIAT TEXHUYECKUX HAYK,
AOUEHT Kadeapbl re0TeXHUKH
U MOJA3eMHBIX COOPYKeHHIt

Ecakosa C. B.

KAHIUAAT TEXHUYECKHX HAYK,

AOUEHT Kadeapbl re0TeXHUKH

U MOJA3eMHBIX COOPY KEeHUil

Xapvko6ckuti HAYUOHANbHBIN YHUBEPCUMEN CIMPOUMENbCMEA U APXUMEKMYypbl
2. Xapvkos, Ykpauna

B npaktuke npoeKTUpOBaHUs MOANOPHBIX CTEH WHKEHEPHBIE METOAbI yuyeTa
MHOTOCJIOWHOTO OCHOBAHHUsI IIPU HAJWYMKU HArpy3oK Ha IIOBEPXHOCTH HE
paspaboranbl. CymectByromue metoasl I'. K. Kieitna [1;, 2] u npyrux aBTOpoB He
MOTYT OBITh MCIOJIb30BaHbl, TAK KaK B KaKJIOM CJIO€ HEOJHOPOIHOU 3aCBHINKHU MPHU
ydeTe COOCTBEHHOT'O Beca IpyHTa MPUHUMAETCSI CBOM HEBBITOIHEUIITNI YTOJl HAKJIOHA
TJIOCKOCTEW CIIBUTa, & 3aKOHOMEPHOCTH PACIIPOCTPAHECHUSI B MACCUBE JIABJICHUUN OT
Pa3IMYHOTO BU/IA MOJE3HBIX HATPY30K MOKA HE HAWJICHBI.

CIIO)KHOCTh 3alau¥ COCTOMT B TOM, UYTO B JAHHOM CJIy4yae MPUHIUII
HE3aBHCUMOCTH JEUCTBUS CUII He cripaBenuB. [loatomy nnes Kynona o npumenenun
MpaBWJI MaKCUMyMa M MHUHMMyMa K MpoOJieMaM CTAaTUKU CHITyded cpelbl MOXKET
OBITh HUCIIOJB30BaHA TOJBKO MPH COBMECTHOM JCHCTBHM Beca TPYHTa, MECTHOU
HArpy3Kd U CUCIUICHUS.

Kpome TOro, B COBpPEMEHHOM CTPOUTEIBCTBE CYLIECTBYIOT BCEBO3MOKHBIC
CJIOKHBIE BHJIBI 3arPYKEHHUH, KOTOPBIE HE BCETNA MPEICTABISAECTCS BO3MOXKHBIM
cMozenupoBaTh (0€3 3HAYUTENBHBIX MOTPEHIHOCTEH) MECTHOW pPaBHOMEPHO
pacnpeneeHHOM Harpy3KOU WIIM CUJIOM Ha IMTOBEPXHOCTH 3aCHIIKH.

[IpencraBuM 3aKOHOMEPHOCTHh paclpenesieHuss THOKOW Harpy3kd (x Ha
IMOBEPXHOCTHU I'PYHTA B BUJE

qmax

X 1 mx-1)2° (1)

q
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m=——-1

rIe X
q 2
0

; X=—.
a

[Ipunsitue 3akona (1) mMoO3BOJIAET TONYYUTH €IMHOE pEIICHHUE  JUIs
TOPU30HTAJIBLHOTO JABJICHUSI TPYHTA HA MOANOPHBIE CTEHBI MPU TMOKON HArpy3Ke Ha
MOBEPXHOCTH, M3MEHSIOIIEHCS OT paBHOMEPHO pacmnpeseneHHon (mpu M=0) mo
cocpenoToueHHon (mpu M),

B TpaaMLMOHHBIX METOIaxX OINpPEACNICHHs AAaBICHUS Pa3HOPOJIHBIX I'PYHTOB Ha
OTPAKIAOIIYI0 KOHCTPYKIHMIO IPUHUMAETCS, YTO IS KaXKA0T0 HUKEIJIEIKAIIETO CIIOS
BBIIIIEJICKALIUE TPYHTHI IBJISIFOTCS] BHEIIHEH HArpy3K0i. DTO 03HAYaET, YTO B KAXKJIOM
CJI0€ TPYHTa HEBBITOAHEHIIAS IUIOCKOCThH CHOJI3aHUS HAKJIOHEHA K TOPU30HTY IOJ
yriaoM 6, 3aBUCAIIUM TOJNBKO OT (PU3MKO-MEXaHMUYECKUX XapaKTEPUCTHK TPYHTa
naHHoro ciosi. CaeqoBaTenbHO, 11 MHOTOCJIIOMHOTO TPYHTA INIOCKOCTH CIIOJI3aHUS
OpU TaKOM IMOAXOJI€ MOJIy4alOT M3JIOMbl Ha TPaHMIAX CJIOEB, XapaKTEpP KOTOPBIX
3aBUCUT OT CBOMCTB I'PYHTA B CMEXKHBIX IIJIaCTax, T. €. Hapymaercs npuHuun KynoHa,
[IPEANOJIAraBIIer0 HAJIWYUE €IMHOW IOBEPXHOCTH, 3aMEHSEMON IUIOCKOCTBHIO
CIOJI3aHUs Ha BCIO INTyOMHY IPYHTA, HE3aBUCUMO OT €ro HEOAHOpoAHOCTH. [Ipu sTOM
KaXIOW TIyOMHE Z COOTBETCTBYET CBOSI HEBBITOJHEWIIAs IJIOCKOCTh CIOJI3aHus,
IIPOXOJISIIAsl YEPE3 BCE BHILIENIECIKAIIUE CJIOM U HAKJIOHEHHAs! K TOPU30HTY IO yTIIOM
0.

[IpuHsaTHE €IMHON TIJIOCKOCTU CKOJBXEHUS JJIsl KaKI0W TriyOWHBI MOANOPHON
CTEHKH I03BOJISIET C(OPMYJIMPOBATH HOBBIE MPUHLMUIIBI OMNPEIEICHUS TOPU30H-
TQJIbHOTO JABJIEHUS Ha IMOANOPHYIO CTEHKY C yY4E€TOM HAarpy30K Ha IIOBEPXHOCTH
3aCBINKH:

— MAacCHB 3aChIIIKM MEXKJYy CTEHKOM M IUIOCKOCTBIO CKOJBXEHUS IEIUTCSA Ha
OT/ICJIbHBIC MPU3MBI, ONMUPAIONIMECS B TpeleNax Kakaoro cios h, Ha IUIOCKOCTb
oOpy1ieHus;

— IPU3MBI PA3JEISAI0TCA BEPTUKAIBHBIMU INIOCKOCTSMH, IPOXOIAIIUMHU U3 TOUYEK
NepeceyeHusl MIIOCKOCTU CKOJIbKEHUS (0OpyIIEeHHUs) ¢ TpaHUIIaMU CJIOEB TPYHTA 10
MOBEPXHOCTU 3aChIIKM (HAa y4YacTKax HE3arpy»KaeMod IMOBEPXHOCTH), JUO0 [0
MOIOUIBBI MECTHOM Harpy3Ku;

— 4YacThb pAacHpeleieHHOW Harpy3Ku, HaxoAsIascs Ha KaKou-Inbo mpusme,
CYMMHUPYETCSI C BECOM ITOU MPHU3MBI, T. €. BXOJUT B BenuuHy G;:

— B3aMMO/JICHCTBHE MPHU3M 110 BEPTUKAIBHBIM IUIOCKOCTSM HE YUUTHIBAETCS,

— KaXJI0M TJIyOMHE COOTBETCTBYET CBOS IJIOCKOCTh CKOJBXEHUS, MOJIOKEHUE
KOTOPOM HE 3aBUCHUT OT OOIIeH rTyOUHBI CTeHKH Hmax.

Wrak, pazpaboTaHa 3aBUCUMOCTb, TO3BOJISIOLIAS TOTYYUTh €IMHOE PEIICHUE JIsI
TOPU30HTAJILHOTO JAaBJICHUS TPYHTa Ha MOJANOPHbIE CTEHBI PU TMOKON Harpy3ke Ha
IIOBEPXHOCTH,  M3MEHSIOIIEWCS  OT  PAaBHOMEPHO  PACHpENEeeHHOM 110
cocpenoToueHHou. Kpome TOro, npuHATHE THUIIOTE3bl O CYIIECTBOBAHUM B
MHOTOCJIOHOM 3achIllKe Ha 000N IiIyOMHE MOJAMOPHBIX CTEH €IMHOM IMIOCKOCTH
CKOJIBKEHMS TIO3BOJIWIIO CO3JaTh YHCIEHHBII METOJT ONPEIEIEHUS TOPU30HTAIBHOIO
JaBJIEHUSI TPyHTa MPU HAJIUMYMUMU CJIOKHOM (YHUBEpCaJbHOWN) TpaHChHOpMHUpPYEMO
Harpy3Ku Ha TOBEPXHOCTH.

Jlureparypa:
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3ACTOCYBAHHSA AKPNJIOBUX ITIOJIIMEPIB _
JJIA 3AXUCTY HOBEPXOHbB BYJAIBEJIBHUX KOHCTPYKIIN

JIro0uenko M. A.

KAHIAUAAT TeXHIYHUX HAYK,

AOLEHT KadeapHu OCHOB apPXiTEKTYPHOI0 POCKTYBAHHS
Hayionanvruil ynisepcumem micbkoeo cocnooapcmea
imeni O. M. bexemosa

M. Xapkie, Yxpaina

Boano-nucnepciiiHi akpuiioBl Matepiaid HIMPOKO 3aCTOCOBYIOTHCS B HAIll 4ac
JUTSL 3aXUCTY 30BHIIIHIX MTOBEPXOHb OYA1BEIBHUX KOHCTPYKIIiH, MOIOBXKYIOYH CTPOK
ixupoi ekcrutyataiii. Cdepa 3acTocyBaHHA IMX MaTepialliB 3aJeKHUTh BiJl TUILY
IUTIBKOTBIpHOI pedoBuHU. CTUpO-aKpuiaTHI AUCHEpcii HalOUIbII yHIBEpCasbHi,
BOHM YTBOPIOIOTH MOKPUTTS 3 BHUCOKOI CBITJIO- Ta aTMOC(EPOCTIMKICTIO, TOMY
3/1€01JIBIIIOT0 BUKOPHUCTOBYIOTHCS B OY1BHUIITBI.

JlocnipkeHHs aBTOpIB B podoTax [1; 2] BKa3yloTh Ha T€, 1[0 BUBUECHHSI CTPYKTYPH
1 BJIACTMBOCTEM CyMillell Ta IUTIBOK CHPUSIOTH BUPILIEHHIO Oaratbox 3aBiaHb,
MOB’SI3aHMX 3  MIABMUICHHSAM  (DI3UKO-MEXaHIYHUX Ta  eKCIUTyaTalliHHUX
XapaKTePUCTHK 3aXHCHO-IEKOPATUBHUX TTOKPUTTIB.

CydacHi moOJIMEpHI aKpWJIOBI CyMIillli, IO 3aCTOCOBYIOTHCS HJIsi 3aXUCTY
OTOPOJHKYBAJILHUX KOHCTPYKIIIN Bij] BIUTUBY HETaTUBHHUX (DAKTOPIB CEPEIOBHINA, €
0araToKOMITIOHEHTHUMU CUCTEMaMHU, SIKi MICIIsl BUCUXAHHS YTBOPIOIOTh MIIHY TUTIBKY
Ha moBepxHi. OTke, pi3HI KOMIIOHEHTH CyMIIIll BIUIMBAIOTh Ha Tpoiiec (OpMyBaHHS
MOKPUTTIB B 3&JEKHOCTI B (YHKLUIOHAJIBHOTO MPU3HAYEHHS CKJIAJOBHX.
Onrtumizailisi KUIbKICHOTO CKJIaay KOMIIOHEHTIB CyMmillel Ja€ 3MOTY 3aCTOCOBYBAaTH
X 1 ofiepKaHHsI 3aJJaHNX XapaKTePUCTHK MOKPHUTTIB. CItiJl BpaXxOBYBaTH, 110 TUTIBKa
Miciasi BUCHXaHHSA TOBMHHA MaTH BHUCOKY MOKPHMBHY 3JaTHICTh Ta BIANOBIIATH
HOpPMaTUBHUM BHUMOTaM, 1100 3a0e3meynTd HEeOOXITHUN JICKOPaATUBHHM BUTIISA 1
HAJ1MHO 3aXUCTUTHU MOBEPXHIO MPOJOBK TPUBAJIOTO Yacy Bij BILUIUBY HEraTHBHUX
(hakTOpiB CepeOBHINA B PI3HUX KIIMATUYHUX YMOBAX.

PesynpTaT AOCHIIKEHb CTPYKTYpH, aATe31iHOI MIITHOCTI Ta JOBTOBIYHOCTI
MOKPUTTIB Ha OCHOBI MOJIIMEPHUX CyMIlIEH, MPOBEACHUX aBTOPOM B poboti [3],
CBIIYaTh TPO TEpeBard 3acCTOCYBAaHHS AaKPWIOBHX TMOJIMEPIB, BUXOAAYU 3
KOHKPETHHUX YMOB €KCIUTyaTallli, Ta 0COOJMBOCTI MaTepiany MOBEPXHI Ha SIKYy BOHU
HAHOCHUJIUCS.
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[11iBKOTBIpHI PEYOBUHU € MAaKPOMOJIEKYJISIPHUMH CITOJTyKaMu 3 Maccoro Bia 500 1o
30000 ta Oimbiie [4]. Bucoky MomeKkynsipHy MacCy MalOTh MOJIaKpUiIaTH, IO
(dbopMyIOTh MIIHI Ta JAOBrOBIUHI IMOKPUTTS MPU BUCUXaHHI Ha TBEpAid MOBEpXHi. 3a
JaHUMH JOCHI/DKEHb [4], 30UIbIIeHHS] MOJIEKYJISIPHOI Macu TUTIBKOTBIPHOI PEUYOBHHU
MOKpAIIy€e eJaCTHYHICTh, TBEPAICTh, CTIMKICT 0 AeopMallii MOKPUTTS, ajie BILTUBAE
Ha B’s3KICTh cyMimeit. [lnactudikaropu B CyMilllaX € OpraHIi4YHOI PITUHOIO, sKa
BUKOPUCTOBYETbCS JJII 3HWKCHHS TEMIIepaTypu CKIYBaHHS MOJIMEPHOI TIUTIBKH,
I ABUIIYIOUYH €JIACTUYHICTD Ta aJIre3110 I1€T TUTIBKH JI0 TBEPO01 MTOBEPXH.

Sk BimomMO, KpHUCTaldidyHa CTPYKTypa IITMEHTIB Ta HAINOBHIOBAYIB y CKJIAIl
CyMIIIIEH JIJIsl 3aXMCHO-IEKOPATUBHUX MMOKPHUTTIB, BIUTMBAE HA TX MOKPUBHY 3/1aTHICTh
Ta KoJIip. BUCOKY MOKpUBHY 3/1aTHICTh MalOTh CYMIIlli 3 BMICTOM MITMEHTY TUOKCUIY
TUTaHy PyTUIbHOI Gopmu 3 po3mipoM yacTok 0,1-2,0 mxm [4]. [Ins 3aemieBneHHs
¢bapb B cymimax 3aCTOCOBYIOTHCS HAITOBHIOBAY1 (KapOOHAT KaJbIit0 a00 Ka0JiH), SKi
MOBHWHHI MaTH PO3MIp YacCTOK, OJJHAKOBHM 3 PO3MIPOM YacCTOK MIrMeHTy. KuIbKiCTh
MITMEHTY BU3HAYAETHCSA BEIMUMHOIO Horo 00’emMHoi kKoHmeHTparlii B cyminri (OKII).
Bucoka koHIeHTpauiss HIrMEHTY NPU3BOAUTH 10 HEMOBHOTO 3MOYYBAaHHS MOro
MOBEPXHI TUTIBKOTBIPHOIO PEYOBHHOIO, 110 HETATUBHO BIUIMBAE€ HA PIBHOMIPHICTH
PO3MOJIIY YaCTOK MITMEHTY B CYMIIlll, MIIHICTh Ta (Pi13MKO-MEXaHI4YH1 BJIACTUBOCTI
MOKpUTTIB. DYHKITIOHATBHI I00aBKHM BUKOPUCTOBYIOTHCS JIJIsl IIOKPAIICHHS MPOIECY
(hopMyBaHHS IUIIBOK Ta MIATPUMAHHA CTa0UIBHOCTI cyMilel mia yac 30epiranss. /o
IUX J00aBOK BIAHOCATHCS MIHOTACHHMKH, AMCIEPraTopy, CTPYKTYpyrodl J00aBKHU
Ta 1H.

He3Baxatouu Ha BENUKY KUIBKICTh PO3POOJICHUX BITYU3HSIHUMHU 1 3apyO1KHUMHU
GdaxiBusgMH CyMilIeld JUisi JIEKOPATUBHO-3aXUCHUX TMOKPUTTIB, MPOOJIEMa 3aXUCTy
MOBEPXOHb 30BHIIIHIX OTOPOHKYBATILHUX KOHCTPYKIIHM BiJ BIUIMBY aTMOC(hEpHUX i
IHIIMX YHWHHHKIB 3aJUIIAEThCS aKTyaldbHOIO. Lle 0O0yMOBIIEHO KOMILIEKCHUM
BIUTMBOM HETAaTUBHUX (DAKTOPiB HABKOJHMIIHBOTO CEPEOBHINA HA 3aXHCHO-
JEKOPATHBHI MOKPUTTS B PI3HUX YMOBAaX €KCIUTyaTalli 00’€KTIB MPOMHUCIOBOTO i
LIMBUIBHOTO OyAIBHUUTBA Ta HEJOCKOHATICTIO METO/AIB MPOTHO3YBaHHS TEPMIHIB
CIIy0M TOKPUTTIB. BHACHIIOK IOTO TMOKPUTTS PYHHYIOThCS Habarato pasiiie
MIPOEKTOBAHUX TEPMIHIB.
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The global share from residential buildings towards energy usage have been
increasing constantly reaching and in developed countries it has surpassed other major
sectors. Energy demand reduction in the building sector is important for Ukraine, as
it contributes to the achievement of national energy aims for reduced energy use in
the future. For this reason, energy efficiency measures in buildings today is one of the
main objective for energy policy towards 2020 goals [1]. Over the last years, the
requirements for the thermal insulation of buildings in the Ukraine have been
increased. Current Ukraine energy efficiency policies have focus on insulating
external fencing structures in order to bring their energy efficiency to regulatory
requirements [2]. However, the normative documents do not provide effective
technical solutions for reducing heat losses due to the thermal heterogeneity of the
external enclosing structures of buildings. Therefore, the zones of heat conducting
inclusions cause a decrease in temperature on the surface of the construction, which
contributes to the deterioration of the sanitary-hygienic regime of premises [3, 4]. To
constructively determined of the cold bridging includes:

— the window and the door adjoining to the brattice;

— the concrete joists and overlap;

— the enclosing structures of basement floors above ground level;

— the seams between panel sand other similar knots.

This type of the thermal bridging can be avoided with a improvement an enclosing
structures [5].

During a building renovation or refurbishment, the applied thermal insulation
must provide a high level of thermal resistances to the building envelope, in order to
lower the energy demand as far as possible. With the purpose of the theoretical
substantiation of energy efficiency potential, the energy audit of existing buildings
was performed. Measurements have been made for one of the houses of Vinnitsa
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buildings on the street Academician Yushchenko 4. The results in the form of
thermograms of the external facades of the house are presented on Fig. 1.
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Fig. 1. Thermograms external facades of a residential building in Vinnitsa

According to the thermal imaging survey, the presence of nodes of individual
elements of structures that require architectural and structural improvements to reduce
heat losses in the cold bridging zones [6]. Energy retrofits analysis showed that
combination of the following energy efficiency measures is the most effective and
profitable: extra insulation (walls and roof), windows replacement in the buildings.
One way to decrease the heat losses is to use insulation with lower thermal
conductivity. To increase the thermal resistance of the adjoining nodes, a new design
schemes of thermal insulation, which will increase the thermal resistance of the nodes
and the temperature inside the room. The method of insulation of the site of adjacency
of the base of the technical cellar, in which on the wall panel is imposed layer of
insulation from the extruded polystyrene, after that — the reinforcing net and the finish
layer, and on the inner side of the wall of the base of the technical underground are
waterproofing in the form of a layer of ruberoid, protected cement-sand plaster. In the
method of insulation of the site of adjoining the ceiling in the attic on the vertical
surface of the inner side of the wall is placed insulation, protected by a putty on a grid
of fiberglass. In the method of thermo-modernization of the site of the connection of
the window to the outer wall impose a insulation, then the reinforcing net and the
finishing layer, as a heat insulation material, use heat-insulating mixture «Teplover.
The methods of constructive insulation of the assemblies of the adjoining of the
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building envelope proposed, allow to increase the thermal resistance in the adjacent
nodes and increase the energy efficiency of the building [7].

Hence, it is important to choose the most suitable one from today’s existing
traditional and state-of-the-art thermal insulation materials and solutions,
continuously improve today’s existing traditional insulation constructions.
Implementation of the recommended energy efficiency measures will increases the
thermal resistance and reduction in district heating and electricity energy use
respectively.

References:

1. Law of Ukraine « On energy saving «: as of July 1, 1994 / The Verkhovna Rada
of Ukraine — Official type — K.: Vidomosti Verkhovnoi Rady, 1994. — 283 p.

2. Law of Ukraine «On Energy Efficiency of Buildings» [Electronic Resource]:
as of June 2, 2017 / The Verkhovna Rada of Ukraine. — Officer. — K.: Vidomosti
Verkhovnoi Rady, 2017. — 204 p.

3. Beschinska O. V. / Otsinka yakosti teploizoliatsiinyh harakterystyk
ogorodguvalnyh konstruktsii budivel / O. V. Beschinska, G. S. Ratushniak
«Ventilation, lighting and heat and gas supply.» Whip 9.-K.: KNUBA. — 2000.
P. 107-111.

4. Phareniuk G. P. Osnovy zabezpechennia energoefectyvnosti budynkiv ta
teplovoi nadiinosti ogorodjuvalnyh / G. P. Phareniuk — K.: Gamma-print, 2009. —
137 p.

5. DBN B.2.6-31-2006. Structures of buildings and structures. Thermal insulation
of buildings. — K.: Derzhkombud. 2006. — 69 p.

6. Ratushniak G. S. / Otsinka dotsilnosti pivyschennia termichnogo oporu
ogorodjuvalnyh konstruktsiy bahatopoverhovyh zhytlovyh budynkiv / G. S. Ratush-
niak, A. M. Ocheretnyi / Herald VPl — 2016. — Ne 6. — P. 11-16.

7. Berge I., A. & Johansson, P. (2012) Literature Review of High Performance
Thermal Insulation. Report 2012:2, Division of Building Technology, Chalmers
University of Technology, Goteborg, Sweden.

75



TEXHIKO-EKOHOMIYHE IHOPIBHAHHSA
OITATIIOBAJIBHUX ITPUJIAAIB UIA IIIJIBULIEHHSA
PAIIIOHAJIBHOT'O BUKOPUCTAHHSA
EHEPTI'OPECYPCIB CUCTEMOIO OITAJIEHHA

Mockaitina A. C.

acnipant kadeapu

TEIJI0ra30MOCTAYAHHS | BEeHTHIISA LI

Kuiscoxuii nayionanvruil yrisepcumem 6y0isHUYmMea i apximexkmypu
M. Kuis, Ykpaina

3acTOCyBaHHS MIDKCE30HHOTO aKyMYJSTOpa TEIUIOTH 3MOXE MiABUIIUTH
CHEPrOHE3aJIeKHICTh Ta  ©(EKTUBHICTh  TEIJIONOCTa4aHHS  O00’€KTIB  MpH
BUKOPHUCTAaHHI TellIOCUCTeM, BTOpUHHUX eHepropecypciB (BEP) Tta nammmmikoBoi
TEIJIOTH B TEIUIMM Mepioj POKY BiJ KoreHepauidHux ycraHoBok Ta TEILl. Ane y
3B’S13Ky 3 UMM (Ta pPOCTOM I[iH Ha MaJIMBHO-EHEPreTUYHI PECypcH), AIIOUYUMU
HopMmatuBHUMU nokyMeHTamu (CHull, JIBH, EN To1110), ipe1’ sBIsIOTHCS psAl BAMOT
3 METOI0 €HEPro30epeKeHHs Ta PalllOHaJIbHOTO BUKOPUCTAHHS TEIJIOBOI €Heprii. 3
ypaxyBaHHSAM LIUX BUMOI Cy4acHa CHCTEMa ONAJICHHs MEePETBOPUIIACS 13 CUCTEMH 3
KBa31CTALIIOHAPHUM TIIPAaBIIYHUM PEKUMOM B CHUCTEMY, LIO AKTUBHO TEIUIO Ta
TIIPaBIIYHO PETYNIOETbCS 3ac00aMM  aBTOMATHUYHOTO MIATPUMAHHS — 33JaHUX
TeMIepaTyp B MpuMilIeHHAX. Sk mnpaBwio, 18 1poro, 3rigHo JIBH,
BukopucToByt0ThCa PTK abo iHmi aBtomaruuHi perynstopu. Lle o3nauae, mo 1
BUMOTH Tpeba 00O0B’SI3KOBO BPaXxOBYBATH 1 MPHU BHOOPI OMATIOBAJILHOTO MpUIIALY,
OCKUIbKM HalOIbIl OJM3BKOI0 JO CIOXXKHBAauya YAaCTUHOK CHUCTEMHM OIAJICHHS
0e3cyMHIBHO € omnamtoBaibHI mpwiagu. Came ToMy 3 BHOOpPY Ta PO3MIIICHHS
OTAIOBAIbHUX TPUIAAIB TMOYHHAETHCA KOHCTPYIOBAHHS 1 MOHTaX CHCTEMH
onajieHHs. BossiHi onaytoBaibHI MPUIaad, SK1 IUPOKO NPONOHYIOTHCS CbOTOJIHI, 3a
MarepiajaoM Ta KOHCTPYKTUBHUMH O3HAKaMHM MOAUISIIOTh Ha 5 TPyM: YaBYHHI, CTaJlEB1
MaHeJbHI, aJlOMIHIEB], OiMeTaneBl, AU3alH-paaiaTOpU Ta 3MIEBUKHU JJIsI Tapsdoro
BOJIONIOCTaYaHHs. Y OKpeMy I'pyly BUAUIAIOTH MiIHO-aIFOMIHIEB] paaiatopu [1].

[IpuponHo BHWHMKAE TUTaHHS. SIKOMy oOmagOBaIbHOMY TpWIALy BiAgaTH
nepeBary? Ilpu BuOOpi paniatopa 3BUYAHHO BPaXOBYIOTHCSI HACTYIHI YMHHUKH:
apXITeKTYPHO-TUIaHYBaJIbH1 1 Oy 1IBEJIbHI PIIICHHS, K1 BU3HAYAIOTh BUCOTY, TIMOUHY
1 JOBXHMHY MpPWIaIy; PO3paxyHKOBa TEIJIOBA MOTYKHICTb OJHOTO OMAaJIOBAJIBLHOTO
MpUIay; KaTeropii BAPOOHHUIITBA B IPUMIIIECHHSX 32 MOKEXKHOI0 0€3MEK0I0; BUMOTH
3aMOBHHMKA JIO 30BHINIHBROTO BHUAY MpUIady; SKICTh TEIJIOHOCIS 1 cXema
TeIJIONOCTavyaHHs (Bl aBTOHOMHOTO JKepesa Y TEIJIOBOI MEPEki MiCTa, palioHy);
BEJIMYMHA pOOOYOr0 TUCKY B TEIJIOBIH MEPEXi 1 CUCTEMI OMAJICHHS; I[iHA MPUJIaIy,
BijiHeceHa 710 1 kBT TeroBoro notoky [2].

ToOTo, CyyacHUI PUHOK pajiaTOpIB AYXE€ PI3HOMAHITHHUMA, TOMY AYyXE€ 4acTo
BUOIp pajiaTopa 3aBOJUTH CIIOKMBaya B TIIyXUH KyT, OCKUIBKM CTajeBl, YyT'YHHI,
aJIIOMiH1€B1, O1MeTalIeBl palaTOpH aKTUBHO KOHKYPYIOTh MK c00010. BaxxuBy posib
npy BUOOpP1 BIJIrpae 30BHIIIHIA BUJ Ta LIHA MpWIALy, aje Ha MEepUIOMY IUIaHi
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3aJTUIIAI0THCS HOTO TEXHIYHI Ta EKCIUTyaTalliiiHI XapaKTepUCTUKH. 3 IIbOTO BUILIMBAE,
10 CTPOK EKCIUTyaTalli OnaJlfoBaJIbHOTO MpUiiaay NOBUHEH OyTH MakCUMalbHUM [3].

Ane 3apa3 ICHye€ JIMIIE OJHUH IMapaMeTp OLIHKH OMaJOBAJIbHOTO MpUIaay —
TEIJIOBE HAMPYKEHHS METally, Ta 115l XapaKTepUCTUKA HIYOTO HE MOKAa3ye CIIOKUBaATY.
ToMmy cTae akTyadbHUM NUTaHHS TEXHIKO-€KOHOMIYHOTO TOPIBHSHHS CY4YacCHUX
ONMAJIIOBAJIBHUX MPUIAIIB. 3ajayda MoJisirae B TOMY, 100 BUBECTH KPUTEPIH, KU
3MOK€ BUKOPUCTOBYBATH KOKE€H CIOXKMBAa4 MPU BUOOP1 OMAIIOBAIBHOTO MPHIATY
[4].

[IporoHyeMO TEXHIKO-€KOHOMIYHE TIOPIBHAHHSA ONATIOBATbHUX MPHUIAIIB.
OcHOBHI KpUTepii Al HOPIBHIHHS: 1HEPIIHHICTh ONMAaIIOBAaILHOTO MPUIIATY; MTUTOMA
BapTicTh 1kKBT HOMiHAJIBHOI TEIJIOBOI MOTY>KHOCT] OMATIOBAILHOTO MPUIIATY, TAKOXK
BpPaxoByEMO NMUTOMHUN 00’€M TEIUIOHOCIS Ta mMUTOMy Macy mpuiaagy (cekiii). ITig
TEIUIOBOIO 1HEPIIIHHICTIO CII1 PO3YMITH TEIUIOEHEPTOBMICT OMATIOBAILHOTO IPHUIIATLY
(Won, kJIx). CritagaeThcs 3: TEIUIOBMICTY MeTaily omnaimoBaibHOro npuiaay (Wy,
k/[>K) Ta  TEmIOBMICTY  TEIUIOHOCIE B  OMNAJIOBAJILHOMY  MpUJIaji
(W;, x/Ix). TemmoBMicT MeTaly ONATIOBAJIbHOIO MPWIALY 3aJSKUTh BiJ: MacH
npunanxy / cekmii (M, Kr), TEIUIOEMHOCTI MeETaly 3 SKOTO BHTOTOBJICHO
omamoBanbHui  npwian  (cy, kJk/(xr*°C)) Ta  cepenHboOi  TemmepaTypu
onamoansHoro npunany (f,; = 70 °C, npu mapamerpax Temonocis 80-60 °C).
TennoBMICT TEIJIOHOCIS ONATIOBAIBHOTO TPWIAAYy 3aleKUTh BiA: 00’eMy
TEIUIOHOCIS, TEIJIOEMHOCTI TEIJIOHOCISI Ta CEPEHBOI TEMIIEpATypH OMNaOBAILHOIO
npuiany. Jns BU3HaYeHHs TEIUIOBOI IHEPUIMHOCTI PI3HUX ONMATIOBAIBHUX MPUIIA/IIB,
CJIIJT IPUBECTHU i 10 YKUCIOBOIO MOKA3HMKA, BIJIHECEHOT'O JI0 TEIJIOBOI MOTYXHOCTI
IOPIiBHSAHO OJHAKOBUX ONAMIOBAAbHMX mpunanis (Q"™, xBT), TOOTO BU3HAYMTH
BITHOCHUN TEIJIOEHEPTOBMICT ONalIOBalIbHOrO mnpuiany. CrodaTtky BH3HAYaeMO
TEIJIOBY 1HEPUIMHICT onaytoBaibHOT0 Tipuiany (Woy, kJk) nmpu oro HOMiHaIbHIN
TerIoBiN MOTYKHOCTI (Qy, KBT), a MOTIM HIISIXOM CKIIaJJaHHS MPOTOPIIIi BUXOIUMO
Ha BiIHOCHMH TEIIOEHProBMicT omamoBanbHoro npwiany (Wo.*%, kIlx) npu
noTpiOHili HaM Terutosiil moryxHocti (Q.**, kBt). Haitwactime Q,* = 1 kBr.
ToOTO, BIHOCHUM TEIJIOEHPTOBMICT OMNATIOBAIBHOTO MPHIIATY (WOHBI"I, kJK)
BU3HAYAETHCS K BITHOIICHHS TEIUIOCHEPTOBMICTY OMAIFOBAJILHOTO MPUJIATY 0 HOTO
HOMIHAJIBHOI TEIJIOBOI MOTYKHOCTI. TEeMIoBy 1HEPLINHICTh TAKOXK MOYKHA BUPA3ZUTH
B rpomoBoMy ekBiBaiieHTl (Cj, rpH). HacoBa iHepuiitHICTh (|, ¢) BU3HAYaeThC SIK
BIIHOIIICHHS TEIUIOEHETOBMICTY omnamtoBaibHOro mnpuiany (Wo,, kJbk) 10
HOMIHAJIbHOT TEIJIOBOT MOTYXHOCTI onajaoBaabHoro npmiany (Qy, kBT).

[Tutoma BapticTh 1KBT BCcTaHOBIEHOT TEIIOBOI MOTY>KHOCTI OMNatOBAJIBHOTO
npwiany (C) — e miHa 1kBT TemioBoi eHeprii, BIIHECEHA J0 CEPEIHbOTO CTPOKY
exciutyatarii  npuiany. Llei mapamerp gomoMarae  BUPIINIMTH — [MUTAHHS
CHIBBIAHOIIEHHS I[ilHA — SKICTh OMNAIOBAIBHOTO Tpmiany. Kopucryroducs mum
napamMeTpoM MU BU3HAYMMO CKIJTLKH 3K Oyzie komTyBaTu 1 KBT TemnoBoi eneprii B pik,
BIIPOJIOBK BCHOTO TEPMIHY €KCILTyaTaIlii mpuiamy.

Jns  mociimpKeHHS TIOKa3HUKA TEXHIKO-€KOHOMIUHOI e(eKTHBHOCTI POOOTH
npwiany / rpynu npunaniB (E, €/(kBrpik)) rpomoBuil €KBiBaJ€HT TEIIOBOI
iHepiiiiHocTi C; Tpeba mepeBecTM B NMUTOMHUN TpOLIOBUN €KBIBAJEHT TEIJIOBOI
1HepIIiHOCTI onamoBaabHoro npuiany (CP, €/(kB1-pik)).

77



[Toka3HUK TEXHIKO-€KOHOMIYHOT €(EeKTUBHOCTI pOOOTH MpUIIaTy, BU3HAUAETHCS
K CepelHbO3BAKEHA BEIUYMHA TTMTOMOTO TPOIIOBOTO E€KBIBaJCHTY TEILJIOBOI
inepuiitHocti (CP, €/(kBT'pik)) Ta mutomMoi Bapticti 1KBT BcTaHOBIEHOT TEMI0BOi
NOTYXHOCTI onatoBasibHoro npuiany (C, €/(kBt-pik)).

TexHIKO-eKOHOMIYHE TOPIBHSAHHS PI3HUX THUIIIB OMNAJIOBAIbHUX TPUJIAJIIB
HaBeneHo B Tabmumi 1. B mganomy pospaxynky: 1.Temmonociii — Boja,
P =971,81 kr/m® mpu t,; = 70 °C (mapamerpu Ttemmonocis 80 °C — 60 °C);
2. TemmoemHuicth amoMinito c,= 0,92 x/Ix/(xr*°C), TemnoeMHicTh 4YaByHY
c.= 0,504 xJIx/(xr*°C), tenmoemuicTs crami c.= 0,462 kJx/(xr*°C), TennoeMHicTh
Bomu cy= 4,19 xJx/(xkr*°C), 3 Tabm. II-1 [5]; 3. C, = 1 325,95 rpu/Tkan [6];
4. TermoBa MOTYXHICTh ONATIOBAIBHUX MPHUIIAJIIB TIPH SIKI pO3PaXOBY€ETHCS TEIIOBA
imepuitinicts Q*=1 kBrt; 5. Kypc Bamroru 32,30 rpu/€.

AHauizytoun Tabauiro 1, MoxHa 3poOUTH BUCHOBKH, 1110 KOHBEKTOPHU Ta MI1JTHO-
QJIOMIHIEB]I pajliaTOpHd € HalePEKTHUBHIMIUMHM ONATIOBAILHUMHU TpUIagaMu IS
Cy4yaCHHUX CHUCTEM OIaJieHHs, KOJIM HEOOXIJHO pAaIllOHaIbHO BUKOPHUCTOBYBATH
eHepropecypcu abo € oOMeXeHa KUIbKICTh Teruia (HalpuKiIajl, 3aKyMyJIbOBaHA B
CE30HHOMY aKyMYJISITOPI TEIJIOTH).
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Today the issue of energy efficiency in heat supply systems in the conditions of
constant increasing prices for using energy resources, the reduction of the resource
base of the world is becoming of great importance in Ukraine. The fact is that, under
such conditions of pricing policy for energy resources, the consumer will be forced to
refuse centralized heat supply as the most expensive source of life support.

In the European Union, thermal energy has the largest share of final energy
consumption (45%). In turn, the housing stock consumes 40% of the total amount of
final energy, of which 68% — for heating, 14% — for hot water supply [1; 2]. In the
Nordic countries, centralized heat supply is widely used as the most important source
of heat supply for residential buildings, offices and enterprises. Its use for the
production of more heat volumes allows to operate generating heat equipment with a
significant unit capacity, which increases the efficiency of fuel use and reduces
irrational heat losses in the process of heating the coolant. The efficiency of the
centralized heat supply system is due to low heat losses in distribution networks, the
creation of new constructions of pipes (including plastic ones), the use of thermal
insulation of pipelines and advanced methods of its installation and operation. Thus,
centralized heat supply system has many advantages and it is expedient to carry out
reconstruction and restoration of the system in Ukraine in order to increase energy
efficiency in the sector of housing and communal services.

Most heat losses in heat supply systems occur during its transportation (13%),
therefore it should be paid proper attention to the reconstruction of existing heating
networks. About 40% of the central heating points and about 15.8% of the heating
networks are in a worn out and emergency condition, most of them are not equipped
with modern types of thermal insulation (losses in main and distribution networks
together make up 30% of the released thermal energy). All this causes excessive losses
of heat energy, and only 66-70% of the energy of burned fuel reaches the consumer.
The exploitation of obsolete and physically worn out equipment leads also to
significant pollution of the environment [3; 4].

The total length of the pipelines in Ukraine is about 47000 km in two-pipe
calculation. On the balance of enterprises of the municipal heat and power industry of
Ukraine there are 20.8 thousand kilometers of heating networks in two-pipe
calculations with a diameter from 50 to 800 mm [5]. A significant part of the pipelines
of the heating networks needs to be replaced as a result of corrosion. The term of
trouble-free operation of heating networks does not exceed 10-15 vyears.
Transportation of thermal energy from energy sources to consumers is carried out
through network pipelines in which the coolant is water with a temperature of 95...150
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°C. Heat networks are laid mainly in impenetrable reinforced concrete channels with
pendant insulation of mineral wool. The main type of anticorrosive coating of
pipelines is an izol on an izol mastic. In general, the pipe laying channels are
unprotected from the moisture penetration (including groundwater), which leads to
significant heat loss, corrosion damage to metal pipes and the disconnection of
consumers [6].

Based on the researches in this field, we can systematize all factors that influence
on the heating network reliability into three groups:

1) mistakes made at the designing stages:

— insufficient diameters of main and distribution pipelines for ensuring the
transportation of coolant to consumers in the event of failure;

— losses of thermal energy in heat networks do not correspond to the design
documentation;

— outdated way of reserving heat supply systems;

— materials of thermal insulation do not fully meet the requirements of
normative documentation, fire safety norms and are chosen regardless of the specific
conditions and methods of its laying;

2) constructions factors (ones which take place during the process of construction
and installation works):

— the quality of construction and installation work;

— observance of minimum distances between pipelines and equipment that meet
current technical standards;

— the presence of waterproofing and slope of pipelines that are laying in channels
below the maximum level of groundwater and the presence of an anticorrosive layer
on the outer surface of the pipelines;

— qualified workers who perform network construction;

3) operational factors (ones which take place during the process of further
operation of heating systems):

— assumption of ineffective use and unreasonable losses of heat energy;

— failure to comply with the agreement on the use of thermal energy of hydraulic
and thermal conditions;

— lack of organization of accounting the thermal energy production by means of
metering devices, lack of automated systems and devices controlling hydraulic and
thermal regimes;

— untimely organization of training, instructing and checking knowledge,
regulatory documents on occupational safety, fire and environmental safety of
personnel serving heat networks;

— untimely investigation of failures in the operation of thermal installations and
networks, as well as accidents related to their operation.

In order to increase the durability of networks and to ensure the quality of heat
supply it is necessary to develop mathematical models for forecasting the reliability
of heat networks.
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HOPMATHUBHO-IIPABOBE 3ABE3IIEYHEHHS OBJIIKY
HPUPOIHOI'O I'A3Y IIOBYTOBUMMH CITO’KUBAYAMUA

Hpenyn K. M.
KAHIAUAAT TeXHIYHUX HAYK, JOLEHT,
npodecop kadgeapu TENJIOra3onoOCTA4YaHHs I BEHTHISA LI

®panuyk 1O. 1.

3100yBa4

Kuiscokuii nayionanvhuii yHigepcumem 6y0igHUYmMea i apximexmypu
m. Kuis, YVxpaina

3rinHo 3 EnepreTuuHoro cTparteriero Ykpainu [1] B CTPyKTypl 3arajibHO-

JepP>KaBHOTO TEPBUHHOTO TIOCTAa4aHHS €HEeprii MNPUPOJHUM Tra3 3aJIUIIAEThCS
MPIOPUTETHUM €HEPTrOPECYPCOM.
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VY mamnii aep)kaBl OCHOBHI BMMOTHM IIOJIO TMPOEKTYBAaHHA, OYIIBHUITBA Ta
eKCIUTyaTallii CHUCTEM Ta30MOCTayaHHs $SK OKpPEeMHX O00’€KTiB, TaK 1 HACEJIEHUX
NyHKTIB 3arajoM BHUKJIAJICHI Y HU3I[l HOPMAaTHBHO-TIpaBOBHX akTiB [2; 3]. Jleski
MOJIOKEHHSI IUX JOKYMEHTIB BCTYNAlOThb Y MPOTUPIYYS OJHE 3 OJHUM.
Heoano3HauHICTh TpakTyBaHb MPU3BOJUTH 10 BUHUKHEHHS KOPYHIIHHUX PHU3HUKIB,
0COOJIMBO y MUTAHHSX OOJIKY.

Otpumyroun maiixe 40% (3a miacymkamu 2017 p.) npupoaHoro rasy 3 kpain €C,
VYkpaiHa Tpu MaricTpaJbHOMY TPAHCIOPTYBaHHI YK€ MepeHinia 10 B3aEMHHUX
PO3paxyHKIB 3a CIIOXKUTE MAIUBO B OJUHUILIX eHeprii. [Ipote, sk 1 paHilie, B Mexax
JIep>KaBH PO3PaxyHKH BiIOYyBAIOTHCS 32 MOKa3aMHU JIIYUIBHUKIB (I TUX CIIOKMBAYIB,
y AKX BOHM BCTaHOBJICH1) Yy METPUUYHUX OJMHUIAX 3 BIAMOBIIHOIO TOYHICTIO, A0
SKUX JIAIIE JOJA€ThCA BEIWYWHA CIHOXHUTOI eHeprii. HeoOXxigHICTh BemeHHS
pPO3paxyHKIB B OJMHHIIIX €HEprii MOpPOAWJIO HHU3KY 3alHMTaHb MIOJ0 SKOCTI
IIPUPOJIHOTO Ta3y, JOCTOBIPHOCTI HOT0O peaqbHUX (PI3MKO-XIMIYHMX BJIACTUBOCTEH
3aJIeKJIapOBAaHUM y CTaHaapTi [4].

B uunnomy JIBH [3] mpu po3paxyHky BuUTpar Tazy (Ha crauii po3poOKu
TeHIUIAaHY HACEJIEHOTO IMYHKTY) BKa3aHO HOPMATHBU T'a30CIOKUBAHHS MEITKAHIISIMU
KUTJIOBUX OYIWMHKIB B 3aJ€KHOCTI B CTYNEHIO OJIArOYCTPOIO OJKHUTIA 1
HOMEHKJIATYpU BCTAHOBJICHUX IOOYTOBUX Ta3oBUX mpwiaiaiB. [lpudomy, sk y
TEIIOBUX OAMHULAX — MJIK/(MelK. pik), Tak i y METpHYHHX — M°/(MEIIK.piK).
Takox 3a3Ha4yeHO, IO NMPU BUKOHAHHI PO3PAaXyHKIB y pa3l BIACYTHOCTI AaHUX IPO
(13UKO-XIMIYHI BJIACTUBOCTI MPUPOAHOTO Ta3zy BEIMYHMHY TEIUIOTH CHATIOBAHHS
HeoOxinno npmitMatn Q, = =34 MJx/mM°. Hecknaguuii mepepaxyHOK IHTOMMX
BUTpAT Ta3y 3 TEIUIOBHX OJHWHHIL Y METPUYHI MOKa3ye MEBHY HEBIANOBIAHICTH
(y Mexax Big 6 10 20%) BKazaHUX y HOPMAaTUBHOMY JOKYMEHTI [3] 3HaY€Hb.

VY Kogekci ra3opo3noAuibHUX CHUCTEM [2], MPUMHATOMY HEIIOJAaBHO, 3HAYHO
pPO3IIMPEHA KIUIBKICTh MOKJIMBUX BapiaHTIB 3a0e3MeueHHs TPUPOIHUM Ta3oM
MEIIKAHINB XUTJIOBUX OynuHKiB. [lepeBaskHa OUIBIIICTE HOPM Ta30CHOKWBAHHS
3HAYHO 3MEHIIEeHI, MPOTE PO3MIPHICTh BKa3aHa JIMIIE B METPUYHHUX OJUHUIIAX.
Hageneni y [2] 3HaueHHsS MOKHA BBa)XaTH OUIBII JTOCTOBIPHUMH, OCKIJIBKH 3 4acy
npuitaatts JIBH [3] BimOynuch 3Ha4HI 3MIHHM B CTPYKTYpl €HEPrOCHOKUBAHHS
MEIIKAHIIB XUTJIOBUX OYIUHKIB: 3 SIBWJIMCH HOBI MOOYTOB1 €NEKTPUYHI TIPHUIIA]IH 1,
BIJIMOBIJIHO, 3MEHIIMJIACh YacTKa Ta3y B €Hepro3abe3nedyeHHI OKpeMOi KBapTHUPHU
(1HaUBiMyaqbHOTO OYIUHKY).

VY nokyMeHTi [2] yciX CIOKMBaviB 3alPOTIOHOBAHO MOIJTUTH Ha IEKUJIbKa TPy B
3aJIEKHOCTI BiJl BEJIMUYMHM PIYHOI BUTpATH ra3y. Hampukiaa, MemKaHIIB KUTIOBUX
OyIMHKIB BIJHECEHO 10 Y Kareropli croxuBadyiB (piuHuid 00’em He nepeBuinye 10
truc. M%). Xoua kpame Oyn0 O BUKOHATH TaKy KiacH(iKalllo B 3al€KHOCTI Bif
MaKCUMaJIbHO TOAWHHOI BUTPATH, TUM OLJIBIII, IO Y IIBOMY K JIOKYMEHTI BBOAUTHCS
BCTAHOBJICHHSI Tapu]iB 3a TaK 3BaHUM JIOTOBOPOM PO3MOJILITy MPUPOIHOTO Ta3y,
BUXO/ISIYM 3 BEJIMUMHU MTPUETHAHOT TOTY>KHOCTI 00’ €KTa CIIOKUBAyYa.

CporojiHi y MENIKAHIIB JKUTIOBUX OYyJWHKIB BCTAHOBJIEHO MPHUOJINU3HO
10 muH. mobyroBux miumibHuKIB Tazy ([UUIT). V Oinbmr yum 3 muiH. aOOHEHTIB
KUTJIOBUX OYJAMHKIB OIUIaTa 3a CHOKUTHUU Ta3 HAPAXOBYETHCA B 3AJIEKHOCTI BIJ
KUIBKOCT1 MEIITKAHIIIB 1 HOMEHKJIATYPH BCTAHOBIICHUX FA30BUX MPUIIA/IIB, & TAKOXK BiJl
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omnainoBaHoi mioii. CyOcuaitoBaHHS IepP:KaBOI0 KOMYHAJIbHO-TOOYTOBHX MOCTYT axk
HISIKUM YMHOM HE 3a0X0uy€ €KOHOMII0 nanuBa. OkpiM Toro, nmpubiauszHo y 80% Bix
BcTaHOBJIEeHOT KuibkocTi [IJIIT BiCYTHS MOXJIMBICTH NPHUBEJAEHHS TIOKa3iB J10
CTaHJApTHUX YMOB. A TeMmreparypHa NoxuOKa cepe]] IHIINX Yy MoKa3ax JIYUIbHUKIB
BiJirpae nmaHiBHy poJjb [5]. JucTanmiiiHa nepenada nanux (3riHO 3 TEPMiHOJIOTIEO
Konekcy [2]) B3arani He mnepeabayanach Ik BAMOTaMH TOTOYaCHUX HOPMATHUBHO-
TEXHIYHMX JIOKYMEHTIB, Tak 1 Oe3MmocepeaHbO KOHCTPYKIIIEID BHUMIPIOBAIBHUX
IpUIaIiB.

OO6m1K MPUPOTHOTO Ta3y 3 ypaxyBaHHAM HOT0 eHEPTeTUYHUX MOKA3HUKIB € OLTBII
00’exTtuBHUM. OCOOJIMBOI aKTyaJbHOCTI BIPOBAXKEHHSI PO3PAXYHKIB B OJIMHUIIX
eHeprii HaOyBa€ JUIsi MEUIKAHIIB XHUTIOBUX OynuHKiB. Lle 103BOAUTH MOOYTOBHM
CIIO)KMBA4YaM  OIIIHIOBAaTH  €KOHOMIYHICTh, ©€(EKTHUBHICTP Ta  JOIUIBHICTH
BUKOPHUCTAHHA MIPUPOJIHOTO Ta3y y MOPIBHIHHI 3 €IEKTPUUHOIO EHEPTIEIO.

Sk mpaBWIIO, KOHTPOJIb SKOCTI ra3y BUKOHYIOTh XIMIKO-aHaJIITU4YHI JJabopaTopii
razoTpancnopTHoi kommnanii [TAT «Ykprpancraz» y BIANOBIAHOCTI 3 BUMOTaMu
Konekcy razorpancnoptHoi cucremu [6].

BcTraHoBUBIIM YiTKI BAMOTH IIOJI0 AKOCT1 IPUPOJHUX T'a3iB JAeprKaBa HE Y MOBHIM
Mipl po3poOuiia 3axo/d WIOJO iX JOTPUMAHHS, OJHO3HAYHOT'O TPAKTYBaHHS Ta
3acToCcyBaHHA. Tak, HANPUKIAJ, Y PETIOHAIBHUX MIAMPUEMCTB 3 HaJaHHS TOCIYT 3
ra3onocTayaHHs MPaKTUYHO BIJICYTHI MOXJIMBOCTI, IO JO3BOJISIIOTH BU3HAUYATH 1
KOHTPOJIIOBaTH (PI3UKO-XIMIYHI BIACTUBOCTI a3y B pEXUMI pEaJbHOro Yacy.
HaromicTh  HpONMOHYETbCS ~ CTBOPUTH  TaK  3BaHI  «MapLIPYTHI  KapTH»
TPaHCTIOPTYBAHHS Ta3y BiJl ra30pO3MOJUILHOI CTaHIlli, /¢ BiAOYBalOThCS oOreparii
KymiBii / mepemadi ra3y, A0 KiHIEBOTro crioxkuBada, B Kopgekci [2] pekoMeH10BaHO
«00csT eHeprii BUMIpSHOro 00’eMy 3a MEBHUH MEPIOJT YaCy PO3PaxOBYBATH HUIIXOM
MEPEeMHOKEHHSI I[bOTO 00’€My, TMPHUBEACHOTO JIO0 CTaHAAPTHUX YMOB, Ha
CepeHbO3BAKEHE 3HAYEHHS BUINOT TETUIOTH 3rOPSHHA ra3y 3a Ied nepion». Y Tou
e Yac B YKpaiHi Il HIMPOKOrO JOCTYMY MPOMOHYEThCA 1HGOpMAIS MO0
CEPENHBO3BAKEHHUX IOMICIYHUX 3HAYEHD JIMILE HIKYOI TETIOTH 3TOPAHHSA Qp (IpH
CTaHJapTHUX YMOBAX) JIJIsl KOKHOI 3 obnacredt. Hanpukian, 3a ciuens 2018 p. 3rigHO
3 ganuMu [7] dianasoH BMMIPIOBaHb () 3HAXOIMBCSA y MEKax BiJl MiHIMaIbHOTO
3HaueHHss —  34.04  (Jloneupka  oOsacTh) A0 ~ MaKCUMJIbHOTO — —
34,66 MJlx/m® (XapkiBcbka 00IaCTh), fKE MAEIO MEPEBMILYE PEKOMEHIOBAHY
Konekcom [6] Benuuuny.

[TomoskeHHsT ~ HU3KM  HOPMATHBHO-TIPABOBHX  JIOKYMEHTIB B Taiy3i
ra3onocTayaHHs, sIK YAHHUX Ha Teputopii Ykpainu 3 vaciB xonumrH. CPCP, Tak i
HEIIOJIaBHO MPUUHSITHX, BCTYMAIOTh Y MPOTUPIUYS OJIMH 3 OJHUM, HAMPUKIA],
CTOCOBHO BH3HAYEHHSI BUTPAT TPHUPOAHOTO Ta3zy. YCYHEHHS MPOTUPIY UYWHHUX,
YTOYHEHHS 1X OKPEMHUX IMOJIOKEHBb, PO3pPOOKa HOBUX HOPMATHBHUX JOKYMEHTIB
(manpuxnan, Ha 3aminy ['OCT 5542-87 [4]), peani3allis 3anpOornOHOBAaHUX PIIICHb
JI03BOJIUTH CIIOKMBA4YaM 1 HACEJIECHHIO, 30KpeMa, CIUIadyBaTH KOIITH 33 PEaTbHO
CIOYKUTE MAJIMBO, a TOYHIIIE — CIIOXKHUTY €HEpPTiio, a y JAeprasi Oyze yrnopsIKoBaHO
00JIIK TPUPOTHOTO Tazy, M0 JI03BOJIMTH CKJIACTU peajibHI OajJaHCH MaJivBa.
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AJI'OPUTM BUKOHAHHA
YUCJIOBO-AHAJITUYHOI'O EKCIIEPUMEHTY
3 AHAJII3Y HAIIPY KEHO-AE®OPMOBAHOI'O CTAHY
PEBPUCTOI'O HEPEKPUTTA 3 HOPMAJIBHUMMU TPILIUHAMMA

Cpionsax H. M.

KaHIUAAT TeXHIYHUX HAYK, 1OLEHT

CymcoKull HaYiOHALHUU a2papHull yYHieepcumen
m. Cymu, Ykpaina

OCHOBHUM BUJIOM TNEPEKPUTTIB y BCIX TUIMAX OyAiBENb, SIK IPOMHUCIOBUX, TaK 1
[UBUILHOTO TMPU3HAYEHHS, € 3ali300€TOHHI TJIOCKI MEPEKPUTTS, 10 CHPUUMAIOTH
HaBAHTAKEHHS, 3a0€3M€4UyI0Th MPOCTOPOBY KOPCTKICTh Oy 1BIIi.

MeToa KIHIIEBHUX €JIEMEHTIB € YHCJIOBUM METOIOM Ta € OJHHUM 13 METO/IB
PO3paxyHKy CTaTHYHO HEBU3HAUECHHUX CHUCTEM, SIKHMH € JHCKU TepeKkputTTs. lleh
METOJI JJa€ MOXJIMBICTh BpaxyBaTu 06arato (paxTopiB Mpu CTBOPEHHI PO3PAXyHKOBOI
cxemu OyaiBii Ta ii po3paxyHKy. B mporpaMHUX KOMIUIEKCaX, M0 peaTi3yloTh METO/
KIHIIEBUX €JIEMEHTIB, CTajo0 MOXJMBUM BpaxyBaHHS MPOCTOPOBOI poOOTH
KOHCTPYKIlli, $Ka OOYMOBIIOE HEPIBHOMIPDHUN TEPEpPO3NOALT 3yCHIb MIXK
enemeHTamu. B pobotax Garatrox aBTopiB [1; 2; 3; 4; 5] Ta 1HMMX JOCHIIKEHHIX
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MOKAa3aHO, LI0 MPOCTOpPOBa poOOTa MOHOJITHHX 1 30IpHUX IUISHOK IMEPEKPHUTTIB
BILJIMBA€E HA HANPYXEHO-e(POpMOBaHUM CTaH IXHIX OKPEMUX E€JIEMEHTIB.

VY pebpax Takux MEpeKpUTTIB BUHUKAIOThH PI3HI 3yCWIIJISl — 3TUHAIBHI Ta KPYTHI
MOMEHTH, IO 3aJIeXKaTh BiJ] dKOPCTKOCTEW Ha BUTUH Ta KPYYEHHS Ta HABaHTaKCHHS,
o0 TMpUKJIaZeHo. B 3ami300€TOHHMX €JleMEHTaX BiJ] HAaBAaHTAKCHHS BUHUKAIOTH
TPIIMHY PI3HOTO BUY. TpIIIMHOYTBOPEHHS BIUIMBAE HA HAIIPYKEHO-1e(POPMOBaHUN
CTaH 1 XapaKTePUCTUKU YKOPCTKOCTI nepepizia. ExcnepumenTaib-
HUMU JOCIIKEHHSIMHI BCTAHOBJICHO BILTUB TPIIIMH HA 3MIHY HE JIUIIIE )KOPCTKOCTEH
IIpU 3THHI, aJe i )KOpCTKoCTel npu KpydeHHi [6; 7; 8; 9].

3HayH1 KpyTHI MOMEHTH BUHUKAIOTh B KpaiiHiX Oakax 0alo4HOro nepekpuTTs (B
TOMY YHCIl W MOHOJITHOTO peOpUCTOro) abo HpH JIOKaJbHOMY YH HE CHMET-
PUYHOMY 3aBaHTa)XEHHI 0ajJOYHOrO MEPEKpHUTTs. TpIIMHOYTBOPEHHSI 00yMOBIIOE
MEePEPO3MOIIT KOPCTKOCTEH 3ai300€TOHHUX €JIEMEHTIB, IO 3HAYHUM YHWHOM
BILJIMBA€ HA 3MIHY BHYTPIIIHIX 3yCUJIb B IIUX €JIEeMEHTax. TOMy Ba)XIMBUM € Bpaxy-
BaHHS YTOYHEHHMX 3YCWJIb JUIg OUIbII TOYHOTO KOHCTPYIOBAHHS €JIEMEHTIB
HNEPEKPUTTSL.

Jlnst OuUTbIll TOYHOTO OOYHUCIEHHS KPYTHMX MOMEHTIB MOTPIOHO BHU3HAYHUTH
peanbHy KOPCTKICTh MPU KPYUYEHHI ITUX €JIEMEHTIB. SIK mpaBuiio, i, 37€01IbIIOTO,
pebpa (momepeyHi 1 MOo3/I0BXKHI) MPAIOI0Th Ha BUTHH, TOOTO 3/1€0UIBIIOTO B HHKHIX
apax IuxX CTePKHEBUX €JIEMEHTIB BUHUKAIOTh HOPMaJIbHI B1Jl BUTUHY TPIIUHHU.

JIOCIIIKEHHIO KOPCTKOCTI MPU BUTHHI €JIEMEHTIB 3 HOPMaJIbHUMU TPIILIMHAMHU
MPUCBSYEHO 0araTo TEOPETUYHUX POOIT Ta NpakTUYHUX gociimkeHs. [llomo
BU3HAYECHHS JKOPCTKOCTEW IPHU KPYyUEHHI 3a711300€TOHHUX €JIEMEHTIB 3 HOPMAJIbHUMH
TpIIIMHAMYU MPAKTUYHO BIJICYTHI BIJOMOCTI y BIJOMIN HAyKOBIHM JiTepaTypi, Xoya
eKCIIEPUMEHTAILHIUMHE JOCTI)KEHHSIMH BCTAHOBJICHO BIJIUB HOPMAJIbHUX TPIIIKUH Ha
3MIHY He JIMIIE >KOPCTKOCTEH MpH 3TUHI, ajie i KOPCTKOCTeN NpH KpyueHHi. B poOoTi
[10] 3amponoHOBaHa aHAITUYHA METOJAMKA BU3HAYEHHS >KOPCTKOCTI TIPH KPYUYEHHI
3aJ11300€TOHHOTO €JIEMEHTA MPSIMOKYTHOTO Tepepi3y, 0 Ma€ HOPMaJIbHI BiJl BUTUHY
TPIIIUHH.

Ha ocnoBi Meroauku [10] myis peOpucTUX MEPEKPUTTIB Pi3HOI KOHDIrypaii
(puc. 1), po3paxyHKOBa cXeMa AKUX 3a/1aHa B IPOrpaMHOMY KOMILJIEKCI, IO peati3ye
METOJ KIHIIEBUX €JIeMEHTIB (puc. 3), 3alpoONOHOBAHO aJITOPUTM YHCIOBOTO
BUKOHAHHS €KCIIEPUMEHTY (pHC. 2).

Puc. 1. IIpocTopoBi cxemn peOpuCTHX NEPEKPUTTIB
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[TocmitoBHICTh BUKOHAHHS YHCIIOBOTO €KCIIEPUMEHTY HaBeJleHa Ha puc. 2
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ﬁ VPaxXVEAHHAM TPIIHHOVTEOPEHHA

Puc. 2. AIropuT™M BUKOHAHHS YMCJI0BO-AHATITHYHOTO eKCIIEPUMEHTY
3 Bu3HavyeHHs HIC peOpucTOro nepekpurTs 3 HOPMAJIbLHUMH TPilIMHAMM
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PesynbpTaTi po3paxyHKy 3a aJrOpUTMOM 30KpeMa MOKa3alid, 10 B TOPIBHIHHI 3
NPYXHUMHU 3HAYEHHSIMHU dKOPCTKOCTEN MPU KPYUYEHHI Ta 3TUH1 )KOPCTKOCTI €JIEMEHTIB

3 HOPMaJIBHUMHM TPIIIMHAMU BIJIPI3HAIOTHCS BiJ] MPYKHUX KOPCTKOCTEN OJIM3BKO Ha
20-45%.

Puc. 3. Po3paxyHKoOBi cxeMHu nepekpuTTiB 3a puc. 1, cTBOpeHi
B IIK «JIMPA-CAIIP»

CratnyHuil po3paxyHOK ABOX PeOpPUCTUX MEPEKPUTTIB 3a pHC. 1, po3paxyHKOBI
CXeMHM SIKMX HaBEJICHO Ha pHUC. 3, MOKa3zaB, M0 3MiHA >KOPCTKOCTEH BHACIIAOK
YTBOPEHHSI HOPMAJIbHUX TPIIIMH ICTOTHO BIUIMBA€ HA 3MIHY Ta NEpEpO3MOALI
BHYTPIIIHIX 3yCHJIb B peOpax 3a11300€TOHHOTO peOPUCTOro NEPEKPUTTSL.
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3AXUCHUM EKPAH 3 TPYE JJ15I TPAHCIIOPTHUX TYHEJIIB

Timuenko P. O.

AOKTOP TEXHIYHMX HAYK,

npogecop xkadgeapu NPoOMHCJI0OBOIO,
HUBIJILHOI0 TA MiCbKOI0 OyIIBHUITBA

Kpimxko /1. A.

KAHIMIAT TEXHIYHUX HAYK, CTAPLIMI BUKJIAAa4
KadeapH NPOMHCJIOBOI0, HUBIIHLHOIO

Ta MICBKOI0 OyJAiBHUITBA

Manummun C. O.

ACCHUCTEHT Kadeapu TeXHOJIOTiI MAaIIMHOOY TYBAHHS
JIBH3 «Kpueopizbkuii HayiOHAIbHUL YHIBEPCUMEN )
m. Kpusuii Pie, /[ninponempogécvka obracmo, Ykpaina

VY KOMIUIEKCI MICBKUX MIA3€MHUX CHOPYZ OCOOJIMBE MICLE 3aiiMalOTh TyHEIbHI
CUCTEMHU: TPAHCIOPTHI TYHEN, MIMIOXIJHI TyHEeNl, TMIA3eMHl OararospycHi
ABTOCTOSIHKH, KOJIGKTOpPHI TyHeni. (OcoOJMBOIO  CKJIAAHICTIO  BIAPI3HIETHCS
OyJIBHUIITBO MiA3€MHHUX TYHEIbHUX CUCTEM, PO3TAIOBAHUX B CKJIQJHUX 1H)KEHEPHO-
reoJIOTTYHUX YMOBAX Ta Ha MiJIPOOTIOBaHUX TEPUTOPIsiX. OCHOBHUMHU BUMOTAMHU MPU
OyIIBHMUIITBI TIOJIIOHUX CTOPYJl € BUKIIOUEHHS MPOCAAKH, nedopmariiii moBepxHi i
MIHIMaJbHUM BIUIMB OYIIBETHHOTO MPOLECY HA TMOBCIKIACHHY pOOOTY MiCHKOI
iHppactpyktypH [1; 2].

Buxonani panime po6oTu [3-8] 3 po3p0oOKu KOHCTPYKITiH MOMEPEIHOTO TYHEITIO
MalTh MOJAIBIINNA PO3BUTOK Y CTBOPEHHI 3aXHMCHOTO €KpaHy 3 TpyO Ha

89



HEpIBHOMIPHO-Ae(hOpMOBaHiil OCHOBI. MeTOI0 AOCTIIKEHHS € PO3pOOKa 3aXHCHOTO
€KpaHy 3 TpyO JJIsl CKIJIAJHUX 1H)KEHEPHO-TE€O0JIOTIYHUX YMOB.

TyHeni — 1me mpoTsDKHI MMija3eMHI ab0 TIJIBOJHI CHOPYAH, NPU3HAYCHI I
IPOMYCKy Yepe3 BHUCOTHI a00 KOHTYPHI MEPEHIKOAM TPAHCIOPTHHUX 3aco0iB,
MIIIOXO/1B, BOJIM, 1HKEHEPHUX KOMYHIKaIllii a00 TeXHOJOTi4HuX JiHId. OO61acTh
3aCTOCYBaHHA 1 PI3HOBUIM TYHENIB HACTUIBKH HIMPOKI, IO JO3BOJSIOTH CKJIACTH
Jauiie iX 3arajpHy Kiacu@ikaliio 3a MPU3HAYEHHSM, MICHEM pO3TallyBaHHS,
TIMOWHOIO 3aKJIaICHHS 1 ClIOCOO0M Oy TIBHUIITBA.

[TinzemMHe OyMiIBHUIITBO CIOPYA BYJIUYHO-JOPOKHBOI 1 TPAHCHOPTHOI Mepexi
JI03BOJISIE OpraHi3yBaTH MIBUAKICHUN PyX aBTOTPAHCIOPTY 1 OJHOYACHO MiJABUILUTH
0e3neKy MmimoxoAiB. BiaCyTHICTh 3aTPUMOK aBTOMOOUIBHOTO TPAHCIIOPTY TEpen
cBiTIoopaMu 1 B «IpoOKax» 3HIKYE BUTPATH Yacy Ha MEPECYBaHHS MO MICTY,
CHpuUs€ 3HIKEHHIO PIBHIB TPAHCIOPTHUX IIyMIB, @ TaKOX PIBHIB 3a0pyIHEHOCTI
MOBITPSHOTO OaceiiHy BUXJIOMTHUMU Tra3aMH aBTOMOO1TIB.

OcHOBHHMM 3ac000M OpraHizauii HIBUAKICHOTO PYXy Ha3€MHOTO TPaHCIOPTY €
MPUCTPI TPAHCHOPTHHUX 1 MIIIOX1THUX TYHEJIB HETJIMOOKOTO 3aKiIaJaHHs, a TaKOXK
aBTOTPAHCIIOPTHUX TYHENIB TJIMOOKOTO 3akiafaHHs. 3arajbHi  IPUHIIUIH
MPOEKTYBaHHSI aBTOTPAHCIOPTHUX TYHEIIB B MICTAax 3BOJATHCS JO HACTYITHOTO:
BUOIp aBTOMOOLIBHUX Tpac, Ha SIKAX JOIIJIBHO YCTpiMl TyHeNiB; 3a0e3medeHHs
MOBHOTO TMOAUTY B TYHENSAX 3YCTPIYHOTO PYXYy; BHHATOK 3JUTTS B TYHEISX
JIPYTOPSTHUX IMTOTOKIB 3 TOJIOBHUMH TIOTOKAMH TPAHCIIOPTY.

ByAiBHULITBO aBTOTPAHCIOPTHUX TYHEIIB [JOLUIBHO HA OKPEMHX JUISHKAaX
HalOIbII 3aBaHTAKEHUX MAriCTpaJIbHUX BYJHWLb 1 JOPIT K 3aci0 MIABUIIEHHS iX
MPOITYCKHOI CIIPOMOXKHOCTI. {1151 3a0e3neueHHss 30epekeHHs ICTOPUYHO1 3a0yJ0BU
MicTa OyIIBHHUIITBO aBTOTPAHCIIOPTHOTO TYHENI0 YacTO BHUSBIAETHCA €IUHUM
MO>KJIUBUM PIILICHHSM.

['omoBHMM 3aBAaHHSAM OYIIBHUIITBA MiA3€MHUX CIOPYJ B YMOBaX IIUIbHOI
MICbKOT 3a0yZOBM € 3BEIEHHS JI0 MIHIMyMYy OCIIaHHS 3€MHOi TIOBEPXHI.
OnTuManbHUM pINIEHHSM TPpU OyMIBHUITBI TakuX 00’ €KTIB Oyne 3acTOCYBaHHS
3aXHUCHOTO eKkpaHa. KOHCTPYKTMBHUM MPU3HAYEHHSAM EKpaHy € TOMEpe/HKEHHS 1
MiHiMi3alist ieopMalliii 1 0Ci1aHb TOBEPXH1, PO3TAIIIOBAHOI HAJT CKJICTII HHSAM TYHEJTIO
B TIepioJi HOTO MPOXOJKH 1 KpirieHHd. [CHYIOTh pi3Hi Moaudikaiii mboro crnocooy,
10 BIJIPI3HAIOTHCS MaTepiasioM, PopMOIO 1 po3MipamMu eKpaHy, Cliocobamu 3BECHHS,
HAsIBHICTIO 200 BiICYTHICTIO 3aMKOBHX €JIEMEHTIB.

Jlns exkpaHiB 3aCTOCOBYIOTH CTalieBl, 3a1300€TOHHI, a30eCTOLEMEHTHI Ta
maacTMacoBi Tpyou aiametpom Big 80 1o 250 cm i poexuHowo 10 30-40 M. TpyOu
MPOABIIOIOTH B MOPOAY MO KOHTYPY BHPOOJIEHHS TOMKPAaTHUMHU yCTaHOBKaMHu a0o
MPOIITOBXYIOTh B MPOOYPEHI CBEPAJIOBUHU OKPEMUMH JIaHKaMu 1o 2-5 M. [lo Mipi
MPOJABIIOBAHHS 3 TPYyO BUTATYIOTH MOPOAY, a MICHS 3aKiHYCHHS MPOJABIFOBAHHS
TpyOU 3aMOBHIOIOTH OETOHOM, 1 BOHM YTBOPIOIOTH CYIIUIBHY OTOPOXKY, MiJ 3aXUCTOM
SKOT TPOBOJIUTHCS PO3POOKA MOPOJU 1 3BOJAUTHCS TyHENbHE 00pobsenHs. 1o mipi
PO3pOOKH TOPOAM B TYHEI JIAHKH TPYO 3 €HYIOTh MK COOOIO 3BaprOBaHHIM a0o0
OMOHOJIIYIOIOTh CTHKH, a00 3’€IHYIOTh 3a JOMOMOTOI0 3aMKOBUX MPHUCTPOIB
XOMyTaMH, ab0 OaHgakamH IO TUIy MmyHTa. HaiOuiemioro momupeHHs HaOyu
€KpaHU 31 CTaJIeBUX TPYO, 3alIOBHEHUX OETOHOM 3 apMaTyPHUMU KapKacaMH.
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Po3paxyHOK KOHCTpPYKIINA 3aXHCHOTO €KpaHy 3 TpyO Mpu CHOpYIl TYHEINIB
poOJNsATh Ui TNpPU3HAUYEHHA abo TMepeBIpKM MOro mapaMeTpiB 1 MOMKIUBOCTI
CIpHUiiMaTH 3aJ]aHl HABAHTAKEHHS. Y JIEIKUX BUIAJKAX METOIO PO3PAXYHKY € TAKOX
BU3HAYEHHs jcedopMalliii eJIeMEHTIB KOHCTPYKIi (TpyOM ekpaHy 1 pamu
TUMYAaCOBOTO KPITUICHHS).

XapakTepuCTUKH IPYHTIB TIPCBKONO MAacCHUBY HABKOJO TYHENIO, IO
BUKOPUCTOBYIOTBCSI B PO3paxyHKaxX 3axUCHOTO 3BOJY, IOBHHHI BH3HAYaTUCH
HAaTYpHUMH a00 JabopaTOpHUMH AociikKeHHsIMH. [Ipu momepenHix po3paxyHKax
JOIYCKAEThCSI BUKOPUCTAHHA JaHUX 3 HOPMATHBHUX JOKyMEHTIB. Bukopucto-
BYIOTHCSl 130TPOIHI OJHOPIAHI JHIKHO-Ie()OPMOBaHI 1 YNPYTOIMJIACTHYHI MO
rpyHTy. s nux Moneneit aegopmariiitHuMu napaMmeTpamMmu € MoayJb Aedopmariiii £,
Mlla, i xoedimient [Tyaccona u.

[lepexin rpyHTY B IJIACTUYHUI CTaH PEKOMEHAYETHbCS BHU3HAYATH 32 YMOBOIO
pyiinyBanHs Kynona — Mopa. MilHICTh TIpChKUX TOPIJ XapaKTEePU3YEThCS: IS
HECKEJIbHUX IPYHTIB NapaMmeTrpamH 3CyBY (KyTOM BHYTPIUIHBOIO TEPTS ¢, Tpaj.
1 3uermiennsaM C, MIIa); mis cKebHUX TIPYHTIB — MiIHICTIO Ha cTUCK R., Mlla, 1
MILHICTIO Ha po3TsArHeHHs R,, MIla.

Baxn1BMM MOMEHTOM y CTBOPEHHI €KpaHy € BUKOHAHHS 3aMKOBHUX IIPUCTPOIB. 3
ypaxyBaHHSM MOKJIMBUX PO3TATYIOUMX 1 3CYBHUX 3YCWJIb Il KOHCTPYKIIII MOBUHHI
KOMIIEHCYBAaTHU BUHHUKaI0U1 Jeopmarliii OCHOBH.

Haii611bp111 TOYHO HaIpyKeHO-Ae(POPMOBAHUI CTaH 3aXMCHOTO €KpaHa B MPOILIEC]
MPOXOJKA MOXe OyTH OI[IHEHHH TPOBEIACHHSIM MPOCTOPOBOTO PO3PaxXyHKy
HAIPYXCHO-1e(OPMOBAHOTO CTaHy CHUCTEMH «KOHCTPYKIisI — MacuB» 3
BUKOPUCTAHHAM METOJIB MEXaHIKM CYLUUIBHOIrO cepeaoBuina. st HaOIMKeHOro
BU3HAUEHHS 3yCHUJb B TpyOax €KpaHy MOXYTh BHKOPHUCTOBYBAaTHCSA IUIOCKI
PO3paxyHKOBI KIHIIEBO-EJIEMEHTHI MOJIENI, TUIOIMHA SKUX MapajieibHa OCl TYHEIIO.
3axucHUM ekpaH 3 TpyO mpu OyAIBHUITBI MiA3EMHUX CHOPY]l HE BUMArae BEIMKUX
€KOHOMIYHUX BHUTpaT 1 3YNUHKH PYXIB, J03BOJSE PO3BAHTAXKUTU JOPOXKHINA pyX
BYJIMYHOI Mepexi Ta yOe3neyuTH mimoxoniB. ToMmy mpu OyIIBHUUTBI TYHENIB Ha
3a0yZ0BaHUX MICBKUX TEPHUTOPISAX, a TaKOoX TMPU TEpPeTUHI 3ali3HUYHUX 1
aBTOJIOPO’KHIX MaricTpaliei, 3aCTOCOBYIOTh 3aXMCHI €KpaHH, 10 BJIAIITOBYIOTHCS 1O
TEXHOJIOT1l BUTIEPEIKAI0UOT0 KPITJICHHS.

Posrnsnyro (dakTopu, SKi YCKIAIHIOIOTh, 3 TE€OMEXaHIYHOI TOYKH 30pYy,
OyIIBHMIITBO MIA3€MHHUX CIOPYJ Ha MIAPOOIIOBAHUX TEPUTOPISX 1 B CKIATHUX
IH)KEHEPHO-TEOJIOTIYHNX ~ yMOBaxX. 3alpolOHOBAHO TMEPEIyMOBH  PO3pPaxyHKy
3aXHCHOTO €KpaHa 3 TpyO, MPU3HAUCHHS SIKOTO TOJISiTa€ B TOMEPEHKEHHI Ta
MiHIMi3alii gedopmalliil 1 0ciJlaHb TOBEPXHI, PO3TAIOBAHOI HAJ| CKJICTIIHHIM TYHEIIO
B Mepioj] HOro MPOXOJKH 1 KPIMJIEHHS. 3 METOI0 MOJIMIIEHHS! pOOOTH €KpaHy, TOOTO
3MEHIIEHHS BEJITMYMHU BIIHOCHUX JiepopMaliiii moBepXHi TEPUTOPIi 1 IEPEPO3NOALTY
HABAHTAKCHHSA Ha M13eMHI1 CIIOpYAH HeoOX1THA MO aIbIllla KOHCTPYKTHBHA PO3pOOKa
3aMKOBUX 3’€IHAHb Y BUTJISA1 JIIHIHHO-PYXOMHUX KOHCTPYKITIH.
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ANALYSIS OF PROCESSES OF STRUCTURE FORMATION
OF DISPERSE SYSTEMS AND CONSTRUCTION
COMPOSITE MATERIALS ON THEIR BASIS

Trofimova L. E.

Candidate of Technical Sciences, Associate Professor,
Associate Professor of Technology of Building Production
Odesa State Academy of Civil Engineering and Architecture
Odesa, Ukraine

As it is shown in N.B.Uriev’s works [1-3], methods of physical-chemical
governing of highly concentrated disperse systems rheological characteristics in
different technological processes are based on determining regularities and
mechanism of formation, stability and destruction of such structures under dynamic
conditions. The main properties of these systems are caused by the force and energy
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of the unites of disperse phase contact interaction. Superposing on the highly
concentrated disperse system of external field of force (vibration) there occurs a unit
shift from one fixed position in structure net to a new set position. For such systems
the determining factor is the correlation between potential energy of units interaction
and kinetic energy, given them by external mechanical influence.

For disclosing the essence of the phenomena and processes, which regulate
disperse systems formation we suggest using the Catastrophe Theory [4]. The main
issues the Catastrophe Theory is dealing with are equilibrium, stability and loss of
stability. This theory let us analyse abrupt spasmodic changes in the state of the
dynamic systems of any nature, changing under certain circumstances from one
equilibruos position to another, different from the primary one. The analysed process
Is considered to be described by a number of govering parameters and variables of
state; in smooth changing of parameters there may be observed quality reconstraction
of the functional system. All the variety of the situations met in practice can be
presented in a small number of canonical models («fold», «ruffle» etc.). In particular
we should notice the analogy between one of the catastrophes geometry, wedging
pressure isotherms qualitative aspect, isotherms of the disperse phase units interaction
forces. This identity gives us the possibility to translate on the Catastrophe Theory
language a number of earlier published in physical-chemical literature results. So,
there was reformulated in new terms analyses of wedging pressure isotherms and
stability of water pellicle state, shown in B.V.Deijagin works. Spasmodic and
histeresis effects, which can also be the subject of this theory, are observed on
investigating: peculiarities of different disperse systems flow; processes of black
pellicles grow, stability and break; the formation and stability of liquid-crystal
contiguous structures etc. From the Catastrophe Theory point of view there were
analysed such phenomena having contiguous character as loss of phisical-chimical
stability and connected with it completeness break etc.

It should be noted that in modeling real situations with sudden catastrophic
changes of regimes, it is necessary to take into account the presence of two main
directions connecting the geometry of catastrophes to the system being investigated
(maximal delay and Maxwell principles). The choice of one of the principles is
determined by the nature of the phenomenon itself.

As was shown in [1-3], the continuity can be disturbed by the jump of the solid
phase concentration near the boundaries of macroinhomogeneities with the formation
of shear planes. The initial structure is split into layers (i. e., local volumes bounded
by the slip surfaces). Inside these volumes contacts between dispersed-phase particles
are not broken and the degree of nonuniformity, which corresponded to the moment
of the appearance of the initial (static) structure in the systems, is preserved. A
breakage of cross-links, with respect to the flow direction, between the structural
elements of the initial cellular-type space mesh and a displacement of the liquid phase
from the spacing between particles when the cell boundaries break down are observed.
There is a clear tendency for a transformation of the cellular structure to a layer
structure, which becomes most pronounced when the solid phase concentration
decreases with in limits sufficient for self-organization. The cells extend in the shear
direction and dissipative layer structures are formed. The development of these
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structures was preceded by a compaction in local volumes of particle microaggregates
wit a gradual formation of shear planes in the zones of the largest aggregations of
packing defects.

Thus, at a deformation in disperse system irreversible processes of restructuring
caused by the cooperative interaction of defects can proceed. A deformable dispersion
with defects (initial local imperfections) displays a behavior which can be represented
as an asymmetric bifurcation diagram. In terms of the theory of catastrophes to such
an evolution pattern there corresponds the above-mentioned assembly-type
catastrophe («ruffle» model). It also seems informative to describe the mechanism of
layering of disperse systems as a process of formation of contrast dissipative
structures. Since for the existence of such a structure the presence of a set of
«activator-inhibitor»-type parameters in the literal sense is not necessary, it is
expedient to consider, as a deforming variable, the initial nonuniformity.

Consequently, the moment of the appearance of a layering is a precursor of the
transition tj the accumulation of reversible damages under the action of external force
fields. The superposition on a deformable system of a vibration with optimum
parameters radically changes the character of its destruction in the shear flow.
A destruction of compacted layers with an avalanche formation of microaggregates
of particles with simultaneous formation of a structure in the form of cells with
loosened coagulation contacts is observed, and the slip zones thereby disappear. From
the point of synergetics such an effect can be explained by the increase in the degree
of nonequilibrium of the system under an additionalaction of the vibration, as a result
of which the structure is shredded, as a rule. This interpretation is in qualitative
agreement with experimental results: a combination of a continuous shear wich an
oscillation orthogonaly directed to it causes [1-3] the structure to break down into
aggregates whose size decreases and whose number increases with increasing
vibration intensity | = a? w? (a is the oscillation amplitude and w is the circular
frequency). It is assumed that the «ruffle» model clearly illustrates the peculiarities of
structural changes in disperse systems with increasing | that are manifested in the
reconstruction of flow curves.

In conelusion, it is also necessary to note that, in addition to a distinctly
differentiated geometric ruffle structure, there are also other features that indicate the
applicable of the methods of Catastrophe Theory to some processes initiating the
appearance of discontinuiries in the evolution of a system. The recognition of these
features makes it possible to establish the presence and type of catastrophe whose
standardized structure facilitates the elucidation of clear regularities and, thereby,
determines the directions for the optimization of various situations of both research
and applied character.
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OBIPYHTYBAHHSI EGEKTUBHOCTI BUKOPUCTAHHS
B YMOBAX BYJIBHUILTBA YHIBEPCAJIBHOI'O IIVIAHI'OBOI'O
BETOHOHACOCA 3 I'TAPABJIIYHUM ITPUBO/IOM

Yaiika 1. O.
acnipanT kadeapu MexaHizamii
OyaiBeJIbHUX NPoueciB

EmenbsHoBa l. A.

AOKTOP TEXHIYHUX HAYK,

npogecop xkadenpu

MexaHi3aiii OyaiBeJIbHUX MPOLECiB

Xaprxiscokuil HayioHAbHUL YHIGepcumem 0Y0IBHUYMEA Ma apXimeKmypu
M. Xapkie, Yxpaina

B ymoBax OyniBenbHOro MaljaH4YMKa MPU 3BEICHHI OyJiBeNlb 1 cropyn i3
MOHOJIITHOTO 3a/1i300€TOHY, HapiBHI 3 JBOIOPIIHEBUMH OETOHOHACOCAMH 3
TIAPaBIIYHUM MPUBOJAOM 3 YCIIIXOM MOXYTh BHUKOPHUCTOBYBATHCS O€3MOPIIHEBI
nutaHroBl  OeroHoHacocu [1]. Bimomi iX BHUKOpPUCTaHHS $K MpH YKJIaJaHHI
MOHOJITHOTO 3aJli300€TOHY [2], TOKOX 1 TpU BUTOTOBJICHHI 3a1300€TOHHUX
KOHCTPYKIINA CKJIQOHUX TreoMeTpudyHux ¢GopMm Oe3nocepeaHb0 B YMOBax
OyI1BEJIbHOTO MalJaHYMKa 3 BUKOPUCTAHHSAM CIIOCOOY MOKPOTO TOPKPETYBaHHS IIPH
Oe3onanyoHoMy OeToHyBaHHI [3].

3 UMX TMO3MI[M 3aciIyroBy€ yBarl HOBUW YHIBEPCAIbHHI IIJIAaHTOBUN
OeTroHOHacOC 13 rifpaBmiuauM npuBogoM (Puc. 1.) [4].

OcoOnuBICTIO KOHCTPYKIIIi HOBOI MAIIMHU € MOJIUBICTh MOTO BUKOPUCTAHHS
JUTsI pOOOTH 3 P13HOIO MPOAYKTHBHICTIO Ta MPU 1IbOMY, 31 IINIAHTAMU PI13HUX J1aMEeTpPiB
(dws = 32, 50, 75 MM) Tpu MiHIMAJIBHUX BHTpaTax 4acy Ha HOro mepeOymoBy JUis
KOHKPETHUX yMOB ekcruryataiiii. Ile mocsraetscs Tum, mo #oro poGouwii opraH
BUKOHAHWH y BUTIIAMI poTopa 9, M0 Mae JB1 MPOTUIIEKHO PO3TaIIoBaHl 000NMU 3
POJIMKaMH OJTHAKOBOTO JlaMeTpa, Cepell AKUX BICh IIEHTPAJIBLHOIO POJIUKA PO3MIIIEHA
Oybkde 70 Ocl HulaHra, a ocl ABOX 1HIMX gajii. [Ipu mpomy, 3aBAsSKH HassBHOCTI
CHEIIaJBFHOTO TIAPABIIYHOTO peryisTopa 12 € MOXIMBICTh 3MIHIOBATU paiycH
KOHTaKTYy TOPLEBHUX MOBEPXOHb POJIMKIB 31 IMUIAHTOM JJIsl HOTO NEPETUCKY 3aJIEKHO

95



BiJl TPOJYKTUBHOCTI HACOCAa Ta BUKOPUCTAHHS, NMPHU I[bOMY, IIIJIAHTIB BiAMOBITHOTO
JiaMeTpa.

|

ol

]
I
J

4

Puc. 1. YHiBepcabHuiil 6e3n0puIHeBUH HIJIAHTOBU 0€TOHOHACOC HOBOIO
KOHCTPYKTHBHOIO PillIeHHS 3 TiIPpaBJIiYHUM NPUBOAOM
1 — rizpomoTOp; 2 — €NEKTPOABUTYH; 3 — HACOC T'1IpaBIIYHHIA;

4 — r1iapOopO3NOAUTBHUK; 5 — 0aK 3 T1paBIIvyHOIO PIIUHOI0; 6 — pama
OeToHOHAacoca; 7 — KopIyc O€TOHOHacoca; 8 — KpHUIllKa KOpIycy; 9 — potop;
10 — nputuckHi ponuky; 11 — enactuynuil nutanr; 12 — rigpaBaiaHuii
PEryJsATOp NPOTYKTUBHOCTI; 13 — KOHIUHA BTYJIKa

beroHnoHacoc mpairoe TakuM YMHOM, 10 TTPU 00epTaHH1 POTOPa, 3aBJIIKU TOMY,
III0 OCl POJIMKIB B 000MMax 3HAXOMATHhCS HA PI3HUX BIJICTAHSIX BiJ OCI IIJIaHTA,
KOHTAaKT IIJIaHTa 3 POJIMKAMU 31HCHIOETHCA MOCTYIOBO, BUHUKAE ayra Aedopmailii
[UIaHra 3 OUIBIIMM PajilycOM KPHUBHU3HM, IO 3MEHIIYE HAIPY>KCHHs IIJIaHTa Ta
MIJBUIIYE HAIIHHICTh pOOOTH OETOHOHACOCA B IIJIOMY MPU MOPIBHSAHHI 3 JIFOYUMHU
MalTuHaAMHU.

Ha HamiliHicTh pOOOTH IIJIAHTOBUX OETOHOHACOCIB BIUIMBAIOTH iX JMHAMIYHI
XapaKTEPUCTUKHA, YACTKOBO, MOMEHTH ITyCKy Ta TrajabMyBaHHs [5]. Bu3HauaBcd
koe(imieHT HamiHHOCTI HOBOro OeTOHOHacoca Kyq, SKUH TOPIBHIOBABCS 13
KoedirieHTOM HaIHHOCTI AiF0YMX OETOHOHACOCIB K 5.

Jlns HOBOTO GE€TOHOHAcOCA:!

_ G1+G,+G3

e = 2 = 1,43 (1)

ne Gq,G, — BIANOBIAHO Bara OETOHHOI CyMiIIl B mepepizax 1edopMOBaHOTO
[UlaHra, MijJ BIUIMBOM IIEHTPAIbHOrO Ta OOKOBUX POJUKIB potopa; (3 — Bara
OCTOHHOI CyMilIl, M0 3HAXOAUTHCS B MPOMDKKY MK BHYTPIIIHIMH CTIHKAMH
MaKCUMaJIbHO J1e(hOPMOBAHOTO IIJIAHTA M1l TPUTHCHEHHSIM IIEHTPAIbHUX POJIHKIB.

Jlnst mutaHroBoro OE€TOHOHAcOCa TPATUINIAHOT KOHCTPYKII 3 HEHTPaTbHUMHU
POJIMKAMU:

ko, = ——=1,02, (2)

G—G;

ne G — 3aranpHa Bara OETOHHOI CyMiIlI, KOTpa PyXa€eThes MO0 MIIAHTY 1] THCKOM
POJIUKIB.

Po3paxyHOK po00oYMX LUKIIB Z; 000X OETOHOHACOCIB (HOBOTO 1 JIKOYOr0) CIIiA
IIPOBOAUTH BIJIMTOBITHO JI0 3aJI€KHOCTI:
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3600°T k
W= T ©)
ne T — gac 6e3BiIMOBHOI poOoTu GeroHOHacoca [5]; Ti1— yac po3rony poropa
6eroHoHacoca; Ty — yac rabMyBaHHS poTopa 6eTOHOHAcOCA.
s po3paxyHKy poOOYMX IIMKIIB MOXHA CKOpPHUCTAaTUCA TpadiyHUMH
3ayIe)XHOCTSIMU Ha Puc. 2 a, 6 [6].

6

5 (Tﬁl// E— - Omax __| 6 ®
5 L CQmn

) i 4
s .l

0,C ,c! \\
2 2
1 D\
’ 0 5 10 15 20 25 0 <t 10 . 15 20 25

b1 t ¢ p: K.
a) ’ 0)

Puc. 2. 3ajiexkHicTh KyTOBOI HIIBUKOCTI 00epTaHHS POTOpPa 0€TOHOHACOCA
Bi/l yacy: a) po3rouy; 0) raJilbMyBaHHS

Po3paxyHok poOouMX ITUKIIIB HOBOTO OETOHOHAcCOCA 13 TIAPABITYHUM MPUBOJAOM
Ta JII0YUX MAIMH MOKa3aB, 10 CTPOK CIYKOM HOBOro Hacoca Ha 25% IepeBHuIlye
pecypc TOJIMH y Cy4acHUX IIJIAHTOBUX OETOHOHACOCIB.

B nmanomy Bumaaky aHamizyBajach HaJIHHICTh TUIBKH KOHCTPYKIlI OETOHO-
Hacoca. /{7 BU3HA4YeHHs 3arajibHOro KoedirieHTa HaaiiHOCTI poOOTH OOJIaHAHHS
CJIIJI I0 yBaru Takox OpaTu MPUBOJAHY YaCTUHY MAIlIMHU Ta TPAHCIIOPTHY MaricTpajib
OETOHHOT CyMIIIIi.

B takomy pa3i, 3araabHui KoeQIilieHT HaJIHHOCTI pO3IIISAAETHCS SIK:

Ksar = kl‘IpI/IB.I‘ “Keu - kTp’ (4)

1€ Kypyp.r — KOEDILIEHT HaMIMHOCTI pOOOTH TiaponpuBoaa GeTOHOHACOCA; Kgy —

KOe(iLIEHT HAAIMHOCTI KOHCTPYKLii OeTOHOHacoca (ioro po6ouoi YacTunu); kq, —
KOe(]ili€HT HAIIMHOCT1 TPAaHCIOPTHOTO TPYOOIPOBO/IA.

EdekTuBHICTE pOOOTH HUIAHTOBUX OETOHOHACOCIB TAKOX 3aJE€KHUTh Bl YMOB
nojgaydi OETOHHOT cyMilnl B TpaHCHOpPTHUM TpyOomposia. OriHka poOOTH MamvH
MO3K€e MPOBOJAUTHCS 1O KOe]IIlieHTY HEPIBHOMIPHOCTI mojayi cymiii [7].

Jlns mutaHroBUX 0€TOHOHACOCIB MeH Koe(dIIli€eHT BU3HAYAEThCS:

— TIPH T1PABIMYHOMY MPUBO/II

24p5,
omp ! s

86HF = po (5)
dmn (Vl + V2)

4(d_7nR" -k _h

ne d,,— miameTp mulaHra B Kopiyci 0eToHOHacoca; R* — BijgcTaHb Mix BicCro

poTopa i BiCCIO LEHTPANbHOIO pONUKA; K,,— €KBiBaJeHTHMI Koe(illieHT, mMI0

BpPaxoOBY€ BUTPATy CYMIllll TIPH MOCTIOBHOMY BIUIMBI POJIMKIB POTOpA Ha IILJIAHT;
h, — BucoTa 3a30py, SIKHii yTBOPIOETHCS MK BHYTPIIIIHIMU CTIHKAMH MaKCHUMAaJIbHO
71e(hOpMOBAHOTO IIIJIAHTA TI1]] BIUIMBOM IIEHTPAIBLHOTO POJIMKa; Ap, — Mepemnaj TUCKY

B Hacocl; Po — cpeaHs MUIbHICTh 0ETOHHOT CyMIIIII.
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— IpY MEXaHIYHOMY IPUBO/I1

4(d,, 7R" —k, h, [“2Pe
. Py 6)

6um d Vv

oot -z

Jie V; — MBUAKICTh pyXy O€TOHHOI CyMIII MO NIJIAHTYy B KOpITycl O€TOHOHAcoca
(V= 27n1y,)

Busnauenns koeimieHTiB O Ta Osuw MMOKa3ye, IO IIPHU IiApaBIig9HOMY IPUBOII
O0eToHOHacoca MmyJibcallii mojayi cymimni no Tpyobomnposoay Ha 15% wmeniie, HIXK y
Hacoca 3 MEXaHIYHMM IIPUBOJIOM, IO CBIIYWTH NPO MIiABUIIEHHS HAIIHHOCTI B
eKCIUTyaTallii HOBOTO yHIBepCaJIbHOIO IINIAHTOBOTO OETOHOHACOCA.

TakuM yuHOM, POBENEHI TOCIIIKEHHS TTOKa3adl €(PpEeKTUBHICTh BUKOPUCTAHHS
B YMOBax Oy/iBEIbHOIO MailaHYNKa YHIBEPCATBLHOTO IIJIAHTOBOTO OETOHOHAcoca 3
TiIpaBIIYHUM TTPUBOIOM.

Jlireparypa:

1. Henikl, J. Estimation and control of the tool center point of a mobile concrete
pump [Text] / J. Henikl, W. Kemmetmiller, A. Kugi // Automation in Construction. —
2016.—Vol. 61. — P. 112-123.

2. www.monolithic.org/about-us-s.2/5.

3. EmenbsiHoBa M.A. TexHoigormyecknue OCOOEHHOCTH BO3BEIECHHUS 3JaHUN U
COOPY>KEHUI KPUBOJIMHEHHONW (OPMBI MO CTPOUTEIBHOU CHUCTEME «MOHO(AHT» C
UCIIOJIb30BAaHUEM  MajorabapuTHOrO  OOOpYAOBaHUS  CIOCOOOM  MOKpPOTO
topkpetupoBanus / EmenbsinoBa U.A., I'yzenko C.A., Yaiika JI.O. // InHOBaI1liHI
TEXHOJIOT1] B apXiTeKkTypi 1 nu3aitni. Konextusna monorpadis. — 2017. — 668 c.

4. T1at.112585 Vkpaina F04 B43/12 (2006.01), F04 B15/02 (2006.01)
VYHiBepcanbHui 1IaHroBuii 0eroHoHacoC / €menbsnoBa 1.A., 3agopoxuuii A.O.,
Kmumenko M.B., Yaiika J[.O. — XapkiBCbKUI HAIlIOHAJILHUNA YHIBEPCUTET
OyIIBHMIITBA Ta apXITEKTYpPH.

5. €menbsnoBa [.A., Aaapenko IL.M., Yaiika J[.O. Ominka HamiiHOCTI Oe3mop-
IIHEBOT'O IIJTAHTOBOTO YHIBEPCAIbHOIO OETOHOHACOCA Ha CTa/ii HOro MpoeKkTyBaHHS //
30ipHUK HAYKOBUX TMpalb YKPAiHCHKOTO JIEP>KAaBHOTO YHIBEPCUTETY 3aJlI3HUYHOTO
Tpancnopty. — 2016. — Ne 162.

6. Yaiika /1.0. JlocmimkeHHs yMOB pOOOTH HOBOTO YHIBEPCAIBHOTO IUIAHTOBOTO
TiJpaBIiYHOrO OETOHOHAcOCAa 3 YpaxyBaHHSAM HOro JWHAMIYHUX XapaKTEepUCTUK [
HayxoBuit Bicauk OymiBauiTea. — 2017, — Ne 3 (89). — C. 230-234. — ISSN 2311-7257.

7. €menbsanoBa [.A., Auapenko I1.M., Yaiika /[.O. CTeneHb HEpaBHOMEPHOCTH
noja4u OETOHHOM CMECH YHUBEPCAIbHBIM IIIJIAHTOBBIM O€TOHOHACOCOM KaK (DYHKITUS
napameTpoB paboudero mpouecca // 30IpHMK HAyKOBUX Mpalb YKpaiHCh-
KOTO JICP>)KaBHOTO YHIBEPCUTETY 3aTI3HUYHOTO TpaHcnopty. — 2016. — Ne 165.

98



HJIAXHW NEPEPOBKH BY AIBEJIbHUX BIAXO/J1IB

Iumkin E. A.

KAHIAUAAT TeXHIYHUX HAYK,
cTapluMid BUKIaAa4 kadgeapu
MiCbKOT0 OyIiBHUIITBA

ITankeeBa A. M.
acucTeHT Kadeapu
MiCbKOT0 OyIiBHUIITBA

Mopos H. B.

CTapIIMil BUKJIAAa4 Kadeapu

MiCbKOI0 OyiBHUITBA

Xaprxigcokuii HAYIOHALHULL YHIBEpCUmMEen MICbKO20 20CN00apcmea
imeni O. M. bexemoea

M. Xapkie, Ykpaina

HaliBaxnuBimoro mnpoOaeMoro, M0 BHUMAarae HETaWHOTO PIIICHHS Yy BEJIMKHUX
MICTax, € mpobiema 00iry 3 HeOe3eYHUMH BIIX0JaMU BUPOOHUIITBA i CITOKMBAHHS.
He oGiifmna s npobnema i OyaiBenbHy cdepy. ToMy 1m0 CTpoK eKcruryaTarlii
OutbIIOCT OyMMHKIB, MoOynoBaHuX B 50—60-1 poku, MUHA€E, HAWOIMHKUYMM 4acOM
HaMIYaeThCsl MacIITaOHMM 3HOC 1MX crapux OyauHkiB. [lpum mwpomy Oyze
yTBOPIOBATUCS  BEJIMYE3HA  KUIBKICTh  OyIiBeNbHMX  BIAXOAiB. [  mpoO-
JemMa yTuiizanii OyaiBeIbHUX BIAXOMAIB 1 OE€3MEUHUX YMOB MPU IEMOHTaX1 OYTUHKIB
CTa€ JOCUTh aKTyaJIbHOIO.

[Tix moHATTAM «OyaiBeNIbHE CMITTS» BAPTO PO3YMITH BCI BIIXO/H, K1 yTBOPATHCS
B XOJl PEMOHTHO-OyAiBEIbHUX POOIT (IEMOHTaX, PEMOHT, OYIIBHMIITBO), IO
M1JJISTaI0Th TUIBKY CHEN1alli30BaHOMY BUBO3Y M yTHITI3aIlli.

Peuukminr (BToprHHa mnepepoOKa MaTepiaiiB) J03BOJIE€ OUIBII pallOHATBHO
BUKOPUCTATH HETOIpPaBHI MPUPOJIHI PECYpPCH M MIHIMI3yBaTH €KOJIOTTUHUNA 30MTOK
Bl BUPOOHMYOI MismbHOCTI. Jlmst OyniBenbHOI Tamy3l mnpoOsiema OulbIn HIK
akTyanbHa. ['paMOTHUN PELMKIIHT MOXXE CKOPOTHTH COOIBapTiCTh OyHIBHULTBA, a
B1IX0u OYIIBHHUIITBA M 3HOCY CTAlOTh JOCUTH NMPHBAOJIMBUM PECYpPCOM B YMOBax
PEKOHCTPYKIIIi Ta BITHOBJICHHS MICT.

VY CBITOBIIf MPAKTHUIL 3aCTOCOBYIOTHCS JBA OCHOBHHX MPHUHIIAITK OpraHizallli nepe-
POOKHM BaXKKHMX OyMIBETHHHUX BIIXO/IIB 1 HEKOHAMUIIIMHOT TPOAYKIIT OymiHycTpii [1]:

— miepepoOKa BiXO/IIB HA CIICIIAIbHUX KOMITIEKCax (TMOJITOHaX);

— TepepoOKa BIIXOJIB, MO0 YTBOPHWIMCSA, HA MICIl iXHROTO BUHUKHEHHS (HA
OyIMaliJaHIuKY).

[lepmmii BapianT nepeadavae AOJATKOBI TPAHCIOPTHI BUTPATU HA JOCTABKY
BIIXOZIB /O MiCl TepepoOKH, 5KI KOMIEHCYIOThCS €(PEKTUBHOI POOOTOIO
JTPOOUIIBHO-COPTYBAIBHOTO KOMILJIEKCY BEJHMKOI MOTYKHOCTI, MOJIMBICTIO OLJIbIII
rIMOOKOT epepoOKH, BIIOOPOM BCiX CTOPOHHIX BKIIOUEHb, MOMIIMBICTIO OpraHizariii
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MOCTIMHOT JIOTICTUKA ¥ MapKETHHTY, BIJHOCHO IMPOCTUM PILHICHHSIM EKOJOTTYHUX
mpoOJIeM.

[TpuHiun poOoTu mnoniroHa (IJIOIMIAAKKM) YTWJII3alii OydiBENIbHUX BIJIXO/IB
HaWOIbIlIE TOYHO MOKHA PO3IMVIIHYTHM Ha MPHUKIAIl MEepepoOKU 3ami300€TOHHUX
BUpOOIB. 3a11300€TOHHUN JIOM, OTPUMAaHMM Ha MiCIl pyWHYBaHHS OyAMHKIB, IO
3HOCATb, TPAHCIIOPTYETHCS HA MOJITOH (TUIOHIAAKY) MO MepepolIll, e MOnepeHbO
CKJIQJy€ThCS JIJISl ATOTOBKU /IO TIEPBUHHOTO Ipo0ieHHs (puc. 1).

Puc. 1. Iloairon anas yruiizauii OyaiBeJabHUX BiAXoaiB:
a) 3araJibHUM BUIJISA/ NOJIIrOHY; 0) mepepo0Ha yCTAaHOBKA

Sk npaBUII0, KOMIUIEKC CKJIAIA€THCS 3 NCKITBKOX JIISTHOK:

— JUISTHKA TMPUHOMY BIIXOJIB, /i€ 3A1MCHIOEThCSA TXHE CKIIQyBaHHS, MOMEPETHE
COpTyBaHHA i 00poOka HerabapuUTHUX ITUT a00 YJIaMKIB 0 PO3MIpIB, AKl 37aTHA
nporycTuTu Jpobapka. [0 AuIsIHKY 3BUYAalHO OOCIYrOBYIOTH EKCKaBaTOpH 3
r1ApOrocTpo3yoLsMu;

— JIISTHKA MATOTOBJICHOTO MaTepialy, Jie MpaliooTh PpoHTaTbHI HABAHTAXKYBadl
3  emmicTio koBma 4-5 M° 3partmi  3abesneunTd  OeslepepBHY  poOOTY
BHCOKOIIPOIYKTUBHOT IpOOApKU;

— nepepoOHa yCTaHOBKa, 1110 BKIIIOUA€E MPUHOMHUI OyHKep, IpOOUITbHUI arperar,
MarHiTHUH cermapaTop i COPTYyBaJIbHHH BY301. Y SKOCTI MEPBHHHHUX JIPOOUIIBLHUX
arperaTiB HaWdJacTillle BHKOPHCTOBYIOTH NIOKOBI ApOOapKH, a TaKOXX POTOPHI
arperatu yAaapHO-BiAOMBHOI /i1, MPUUYOMY OCTaHHI YaCTO HE BUMAraroTh yCTaHOBKHU
IpoOapku Apyroro cTymneHs. Ha Bemukux mepepoOHUX MiAMPUEMCTBAX 0 CKIIATy
YCTaHOBKH BXOJSTh TaKOX JIpoOapka BTOPUHHOTO APOOiHHSA, OLIbII MOBHUIM HaAOip
TYPKITIB, CUCTeéMa TOBITPSIHOI cemapallii JEerKuX 4YacTOK (3aJMIIKU YTEIUTIOBava,
imnaiep, JIIHOJIEYMY TOIII0), a IHOA1 i yCTaHOBKA JJI1 MUWKU BTOPUHHUX I11€0€HIB;

— CKJIaJ, TOTOBOi MPOJYKIIi MOXe OYyTH YKOMIUIEKTOBAaHUN TOBOPOTHUMHU
KOHBEEpAMHM, IO BijAcuIae IeOiHb pI3HUX (pakliii y KOHIYHI BiaBayid, abo
aBTOMATHU30BAHMMHU CHUJIOCHUMH cKilaamu. B cuiocax 30epiraeTbes meOiHb, SKHi
pO3MOAUIAETECT TO0  (pakmisx 1 MO MIIMHOCTI, 3BIAKA BIH aBTOMATHYHO
BIJIBAHTAXXYETHCSI 3aMOBHUKOBI B 33JJaHOMY MPOIIEHTHOMY CITiBBiIHOIIICHHI.

3BUYAHO KOMIUIEKCH O0O0JIaJHaHI aBTOMOOIIRHUMM Baramu ISl 3BaKyBaHHS
Marepiajly 0 HAAXOAUTh W MPOAYKIIIT 110 BIMYCKAETHCSI.

KomMrniekcn He TUIbKY BUKOHYIOTH BaXJIMBY €KOJIOTIYHY i €KOHOMIYHY 3aB/IaHHS
JIep’KaBHOTO 3HAUEHHs, ajle TAKOXK € BUCOKOPEHTAOEIbHUMH ITiIpUeMcTBaMu. 1XHi
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JOXOAM CKJIANAIOThCsl 3 TUIATH 3a TPUAMaHHA Marepialy Ha TepepooKy
(mocTavanbHUK 3a01AKY€ TPAHCIIOPTHI BUTPATH HA JOCTABKY /10 MICIS CMITHHKA 1
maTy 3a CMITHHK) 1 JIOXOJIB BiJI MPOJaXy BTOPUHHUX IEOCHIB, IO JCIICBIIE
IPUPOIAHOTO.

[IpoAyKTUBHICTH KOMILJIEKCIB 3aJICKHO BiJl IXHbOT KOMILICKTAIIT i 3aBaHTa)KECHHSI
ctaHoBUTh 100-800 THC. T Y PIK.

Hpyruii BapiaHT TepepoOKH BIIXOJIB, IO YTBOPHWJIKMCS, Ha MICII iXHBOTO
BUHHUKHEHHS 11¢ TTIOBHA TIEpepoOKa 3a JOMOMOTOI0 CIEIiaIbHOTO YCTaTKyBaHHS 200
Tak 3BaHWW penukmHr [2]. Takuii MeToq HE J03BOJISIE 3aCTOCOBYBATH
BHCOKOIIPOMYKTUBHE BCTAaTKyBaHHS, IO 3a0e3medye oOJAep)KaHHS YHUCTOTO U
(dpakiioHOBaHOTO TPOAYKTY. KpiM 1mpOoro, BOHO BHMarae oOCOOJHBUX Mip
€KOJIOTIYHOTO 3aXHUCTy MPUICTIUX XUTJIOBUX OYJAWHKIB, BUKIIOYA€ MOXKIUBICTh
Oe3rmepepBHOi poOOTH APOOMITBHOI YCTAHOBKH.

Ha cporomnimHii JeHb pEHUKIIHT OyAiBeIbHUX BIAXOIB BiAOYBa€ThCs
IepeBaXXHO KOMOIHOBAHMM 3acO00M, SIKUM CKJIQJA€ThCs 13 YOTUPHOX eTamiB [3].
[lepmmii eTamn: miAroroBka OYJIWHKY /10 3HOCY. 3 HBOTO BHHOCATHCS MaKCHUMaJbHa
KUIBKICTh MaTepiaiiB, ki MOKHa riepepoouTu. Jpyruii eramn: 3HeCeHHsI OyIUHKY (SIK
MpaBUJIO, MEXaHI30BaHUM crocoOom). Tperit eram: momepeaHe COPTYBaHHS
OyIiBeIbHUX BIAXOJIB, IO YTBOPHJIMCS, 1 HABaHTWKEHHS iX Ha CaMOCKH/IU.
YerBepTuii eram: nepepoOka OTPUMAaHUX BIIXOJIB HA JPOOUIHLHO-COPTYBAIHLHOMY
KoMmIuiekci. [le 3aMKHyTHH UMK, TPU SKOMY CIIOJIYYa€eTbCsl 3HOC 1 MepepoOka
BiXoAiB OyniBHUIITBA. OJHAK 3aBXJIU JAOTPUMYBATH TMOJIOHOI TEXHOJOTII, SK
MMOKa3y€e CBITOBHM JOCBi, HE BIAETbCSI YEpPe3 CTHUCII CTPOKH BHKOHAHHS
JEMOHTAKHHUX POOIT.

be3yMoBHO, 3py4HO, TPAKTUYHO i €KOHOMIYHO, KOJIU € MOKJIMBICTh YTUIII3yBaTU
3QJIMIIKA B1J JAEMOHTaXy OyIIBEJIbHUX KOHCTPYKIIM BiJpa3zy, Ha MiCIl 3HOCY
CIIOPY/IKEHHSI, 1 B CAMOCKHUaX HeMae Hisikoi moTpedu. Takoxx moTpiOHO BpaxyBaTH
Tol (pakT, M0 B TOMYy MICIl, A¢ BimOyBajacs JKBigarmis Oyab-sKOro OyAHHKY, Y
nepcrekTuBl Oyae 3akiajeHuil (yHIAMEHT JIi HOBOTO CIOPY/DKEHHS, TOMY
3HanOOUThCS 1IeOiHb. beToH, mepepobneHuil y 1mebiHb, CIYXUTh IS 3aCUTAHHS
KOTJIOBAaHIB, a TakKOX JJIsi CTBOPEHHS THUMYACOBUX JOpIr. Ac@aibT MOBTOPHO
3aCTOCOBYIOTH Y OyIIBHUIITBI IOPIT, ajie CIIOYATKy HOro TEPMIYHO OOpOOIISIIOTH MPU
Jy>Ke BUCOKIN Temmneparypi. ¥ pe3yiabTaTi 3Ha4YHa €KOHOMIS MaTepiabHUX 3aC00iB,
y BUIIAJKy TOBTOPHOT'O 3aCTOCYBaHHs OyaMarepiaiiB, CTa€E yce OuIblle OUEBUAHOIO.

AJne, He3BaXarouu Ha BCl MepeBary peuukKIIiHra, 0arato oprasizaiiii i 0y1iBesbHi
(ipMHU K 1 paHillle TPOCTO BUBO3SITh BCE CMITTSA Ha CMITHHK, HE 3aMHUCIIOIOUHCH MPO
MailOyTHE, 3T0POB’s JIFOJEH 1 €KOJIOT11, 1 BBAYKAIOUH, 1110 BUBI3 OyA1BEIbHUX BiIXO/IIB
1 IXHE MOXOBAHHS € MEHII JIOPOTHUM 1 MEHII 3aMOPOUYIMBUM 3aHATTSAM, UMM IXHS
nepepobka. MOXIUBO, TUIBKM €KOHOMIYHE MIAIPYHTS, BUKIMKAHE 370POBOIO
KOHKYPEHLII€10, 3MOXE MIAITOBXHYTH OyAiBENbHY Tally3b 10 NMpUAOaHHS JiHIN MO
BTOPHHHIH niepepoOiri OyaiBeIbHUX BIIXO/IB.

Jlireparypa:
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HEHBIOTOHOBCKHUE KUJAKOCTH B BAJUMIMCTUYECKHUX TAHEJIAX
CPEIACTB MAJIOU U MOBUJIBHOU ®OPTUPUKALIUU

Ilymkesuu B. U.

KAHIUAAT TEXHUYECKHX HAYK,

AOLeHT Kadeapsol

CTPOUTEJBLHOIO MPOU3BOJACTBA

CymcKou HAYUOHATIbHBIU A2PAPHBLIL YHUBEPCUMEM
2. Cymul, Ykpauna

Ceronnst BHUMaHue y4ueHsbIx pa3Hbix crpal (CLLIA, Benukobpuranus, [lonsma),
paborarommx Kak B cdepe HWHANBUAYATBLHOW 3alUThl BOSHHOCIY)KAIIHX,
(OpoHEeXHIIEThI, KaCKU U TIp.), Tak U B cepe manon ¢GopTUUKAIUN U 3aIIUTHI
BOCHHOW TEXHWUKH, TPHUBJICKAIOT TaK HA3bIBAEMbIE «HEHBIOTOHOBCKHE» KUIIKOCTH.
DTO MPOUCXOIUT B CHUITY MX CHENU(PHIESCKIX CBONCTB, KOTOPBIE CETOIHS 0Ka3ajaoCh
BO3MOYKHBIM UCTIOJIb30BaTh JJIsl TOBBIIICHUS ITyJIECTOUKOCTH MPErPajIbl.

MMeHHO B 3TOM acmleKTe aBTOpaMu pemiaercs mpobieMa pa3pabotku eddek-
TUBHOM OQJTMCTUYECKON MaHe U JAJIsl CPEJICTB Majiol U1 MOOWIIbHOM (hopTU(UKAIUY.

Jlnst koHCTpyHpoBaHus YPPEKTUBHOW TAKTHUECKOW 3aIIUTHI CIEAYET MOJIYIHUTh
KaKk MOXKHO OoJjiee JeTalbHOE TPEJICTABICEHUE O XapaKTepe B3aUMOJCUCTBUS
OBICTPOJIBIDKYIIETOCS 00BEKTa (B JaHHOM cCiy4yae — Myhu) c mperpamoi. Kak
3a4acTyl0 M CIIy4aeTcsl, HCCIEJOBaHUS B OTOM OOJAaCTH pa3deialiuch Ha
TEOPETHUECKHE U DKCTICPUMECHTAIILHBIE.

Jlnst MojenupoBaHuUsl YJApHOTO BO3JICUCTBHUS HAa KOMITOHEHTHI WH)KEHEPHBIX
COOPY>KE€HUI paclpOCTpaHEHHUE MOJy4usiu (PeHOMEHOJornyeckue mojenu Museca,
Xwuia, Jlxoncona-Kyka, IlIpecrona-Tonkca-Bamnaca, I[laga-By, Smana-Cana,
Xammna, [Tyka u ap. [1; 2; 3].

AKTyalTbHOM TIpOOJIEMOM SIBIISIETCSI pa3padoTka (U3NIECKON MOJETN MaTepuaa,
OCHOBaHHOM Ha PACCMOTPEHMHU OCHOBOMNOJIATalOIIMX JUIs MPOSIBICHUS MEXaHUYECKON
MPOYHOCTH KosieOaHuii yacTul] Marepuania. [ [puHuunuansHbeiM 711 HACTOSIIEN padoThI
SIBJISIETCS. TO OOCTOSITENILCTBO, YTO BCE O3 MCKITFOUEHUS BBINICTIEPEUNCICHHBIE MOJICIN
OKa3bIBAIOTCS CTUHOYIITHBI B PU3HAHUK PACTIPOCTPAHCHHUS 30HBI YIAPHOTO UMITYJIbCA,
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BO3HUKAIOLIEH MPHU CTOJKHOBEHHUHM IIyJIM C IPErpajioi, He TOJIbKO B HalpaBJICHUH €€
II0JIETA, HO U B MIONIEPEYHOM HanpasJeHuu (puc. ).

filler

Puc. 1. 3oHa pacnpocTpaHeHusi y1apHO-BOJHOBOI0 HMITYJIbCA

OKCIEpUMEHTAIBHBIE HMCCIIEIOBAaHUs XapakTepa B3aWMMOJCHCTBUA IyJIH C
MpErpajon TakkKe BechMa 0OImMpHEI [1; 2; 3], 9TO B 3HAUUTETHLHON Mepe 0OBSICHACTCS
MHOTr000pa3ueM KOHCTPYKIUA CaMHX MyJib: OObIYHBIE 0€3 CTaJbHOIO CEPACUHMKA,
IyJIM, BKJIIOYAIOUIME B CBOIO KOHCTPYKIMIO CTaJIbHOM CEeple4YHHUK, OpOoHEOOMHEbIE,
3aKUTaTeNIbHBIC, TPACCUPYIOILNE U T. [I.

[lo Hamemy MHEHHIO, HauOoJiee YHUBEPCAIbHBIA PE3yNbTaT MPU KOHCTPYH-
poBaHUM OAJUVTMCTHUYECKOW MAHEIM MOXET OBbITh JOCTUTHYT C YYETOM XapakTepa
B3aMMOJIECHUCTBUSA C IIPErpasod UMEHHO IYJIM CO CTAJIbHBIM CEPACYHUKOM BHYTPH.

B3anmonenicTBre NETAMIEN MU C MPETPAION JIIUTCA KpalkHE KOPOTKOE BpeMs,
JOJIA CEKYH/IBI.

Ha ypoBHe MeXaHMYECKOro KOHTAaKTa, I[OJOOHYI0 pEaKIUI0 B BUIEC
MOMEHTAJIBHOIO W3MEHEHUS MEXaHUYECKUX CBOMCTB JIEMOHCTPUPYIOT HEHbIOMO-
HOBCKUe JHCUOKOCMU, U3BECTHBIE JaBHO, HO BOCTPEOOBAHHBIE yUYEHBIMHU, pabOTaro-
IIMMU HaJ MpoOJieMaMH MyJIeBOM 3alUThl, OTHOCUTEIBHO HEJIABHO.

@

Puc. 2. MnuirocTpanust TOro, Kak BeayT ce0si MOJIEKYJIbl HEHbIOTOHOBCKOM
"KMIKOCTH IIPH BO3CICTBUM Ha Hee:
1. 00BIYHOE COCTOSIHUE — OPOYHOBCKOE JBHKEHUE, MSTKas U MMOJATIUBAs CPe/ia;
2. peakius Ha yJiap — KOHUETPaLMs B TOUKE BO3JEHUCTBUSI, TBEpIAs Cpeaa;
3. CHATHE Harpy3KH — OOBIYHOE COCTOSTHUE
MMeHHO CBOMCTBa <«KHAKOHW OpOHW» MTHOBEHHO 3aTBEpJieBaTh W CO37aBaTh

MPENSTCTBUS IJIs1 TaJTbHEHIIIEr0 MEXaHUIECKOTO BO3ICUCTBUS OyIyT UCIIOTH30BAHBI
MIPU KOHCTPYUPOBAHUH OCHOBHOTO AJIEMEHTA 0aUTMCTUYECKON TTaHEeTH.
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OTKIOHAKLLNH IKPAH

Jpobsamuii sxpan
JHET 3 MM

Kancynbl ¢ apMupoBaH-

i

) ‘I— : 1'/77 g&]}:&%&mnoscmﬁ
-1 Lo /
| 1 1 -

R N M~ Cpenanuit muer 5 Mm

e

Jlner 3 MM

Ilynenornoturens (apMuposanHas

pesuHa)

Puc. 3. CocTaB 0a/LTHCTHYECKON MAHEIH

JIst ucnibITaHU HA MYJIECTOMKOCTh ObUIM M3TOTOBJIEHBI 00pa3lbl-(pparMeHThI
OaimuctTudeckoit manenu pazmepom 50 x 50 cm.

Juctanmus obctpena o0pas3ioB OALTUCTUIECKON MaHe I Oblila IPUHSITA PABHOM
50 meTpoB.

[Topaxkenue 00Opa3loOB OCYIIECTBISIIOCh B TUPE BOMHCKON YacTU W3 aBTOMATOB
Kanamnukosa xanubpa 7,62 mm u 5,45 mm

B pesynbrare HCOBITaTENbHBIX OOCTPEJIOB YCTAHOBJIEHO, YTO IMYJIECTONKOCTH
00pa3IoB OANIUCTUYECKOM NTaHer Ha aquctaniuu 50 M oOecreueHa.

Bre1BOEL.

1. B pe3ynbTare NOpOBEACHHBIX HWCCIECAOBAHUN TpeliaracMasi aBTOpPaMU
KOHCTPYKLHSA OAIITUCTUYECKOM [IaHEIH, 3aII0JTHEHHOU apMHUPOBAHHOU
HEHBIOTOHOBCKOM  KHUJKOCTBIO  TMOATBEPAMSIA CBOIO  KHU3HECIIOCOOHOCTH U
IIYJIECTOUKOCTb.

2. [loaTBepkaeHa BO3MOKHOCTh MCIIOJIH30BAHUS B DJIEMEHTAX OAJITUCTHYECKOM
MaHeJId PSIJAOBBIX CTPOUTENBHBIX MApOK CTajed, 4YTO T[IO3BOJISIET CJIEIaTh
KOHCTPYKIIMIO S3KOHOMUYHOM MPH MacCOBOM ITPOU3BOJICTBE.

3. Taxxe moaTBepui CBOIO 3PGHEKTUBHOCTh COCTAB HEHbIOTOHOBCKOM YKUIKOCTH
Ha OCHOBE MOJUATUIICHTJIMKOJS C apMUPOBAHUEM MOJUIMIPONUIECHOBOM (hubpoii.
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SECTION 4. TRANSPORT

LINEAR SPEED OF VEHICLE IN VECTOR-MATRIX
FORM ON THE SPATIAL CURVILINEAR TRAJECTORY

Bas K. M.
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BasT. P.

Postgraduate Student at the Department
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Dnipro, Ukraine

At different modes of the vehicle movement on turns, slopes and straight lengths
of the spatial route the tasks of estimating the dynamic load of the structure and the
road surface [1-3], as well as the stability and controllability of the vehicle [4-6] are
relevant. To solve this problem, the most accurate determination of the car linear
velocity is necessary.

It is known that the vector of a material point linear velocity is based on a given
hodograph in the form [7]:

\7:3—: or V =if + jr, +Kr,
The velocity is determined by the dot product as
V .V =p2or v :I‘12+r'22+|’32,

By definition, the velocity is found as a derivative of the path of time

ds -
v=—o0r V=9,
dt

The path that a material point passes through an arbitrary time interval is

calculated using an integral with an arbitrary upper bound:

t t

s(t)=[o(t)dt or s(t)=[/r +1,> +r dt.
0 0

Introducing the path as an intermediate argument, the velocity vector is

represented in the form
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Taking into account (;_r —7 weobtainV =75$
S

Obviously, the projection of the velocity vector onto the unit vector tangent to the
spatial trajectory 7-V =7 -7 $ defines the velocityV, =

The projection of the velocity vector on the unit vector of the principal normal is
defined asn-V =n-7$. Thus, V, =0.

The projection of the velocity vector on the unit binomial is defined as
b-V=b-7s.Thus,V, =0.

T I;1
o obfva =l 5 K],

In vector-matrix form, we get that b fs

or 7 $=1if + ji, +Kr;.
The dot product of vectors is represented in quaternion matrices has the form [8; 9]:

a-b| 1 :
—|l>={A)+ A )b
oS,
Then in the system of terrestrial coordinates we get that
V-V 1/. .
- <—>E(RO+Rot)r'0
Thus, also
0 I I, s 0 r I, ry 0
I:.20 = _l.;l O ~f rz. ! Féot = _r.l 0. " —.l;z » Ty = r.l '
-r, I 0 -n -r, —-r; O r r,
-, —=f n 0 -, L, —-n 0 s
0 r, r, 1|0
or H\T 2 -5, 0 0 Of|rf,
—|| <>
0 -r, 0 0 Of|r
-, 0 0 O
7 2 . 2 2
V-V (_)|r1 + 1, 4+ 1y |
ol o
Similarly, in the axes of a natural triad, we obtain
0o V. V. V, 0 V. V, V, 0
-V, 0 -V, V, A VA VA V.
VO = ' VO = ' Uo = y
-V. 'V, 0 -V -V, -V, 0 V. V,
-V, -V, V. 0 -V, V. -V. 0 V,
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0O VvV, V, V|0
vv| |-v. 0 o0 o,
—(_) 1
0 -V, 0 0 O}V,
0O s 0 0f|o
or ||V .V -$ 0 0 O|ls|,
0 0O 0 0 Of|o
0O 0 0 O0f|o
V-V ¢
— & |— -
0 0

From which follows the obvious equality:
First, the resulting vector-matrix form of velocity allows us to refuse numerical

methods when using computing equipment. Secondly, it improves the accuracy of the
experiments associated with the investigation of the car’s motion.
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METO/INKA BUSHAUEHHS CTPATEI'TH PO3BUTKY
ABTOTPAHCIIOPTHUX HIAIIPUEMCTB
3 HA/UVIMIIKOBOIO BUPOBHOYO-TEXHIYHOIO BA3010

Biniuenko B. B.

JOKTOP TeXHIYHHUX HAYK, npodecop,
3aBigyBa4 kadeapu aBToMo0ij1iB
Ta TPAHCIIOPTHOIO0 MEHEIKMEHTY

umoan C. B.

KaHJAUAAT TeXHIYHUX HAYK,
AOUEeHT Kadeapu aBTOMOOLTIB

Ta TPAHCIIOPTHOI0 MEHEKMEHTY

Pomanmwk C. O.

KAHIMIAT TeXHIYHUX HAYK,

cTaplmii BUKIaAa4 kadgeapu aBTOMOOLTIB

Ta TPAHCIIOPTHOI0 MEHEKMEHTY

Binnuyvxuii nayionanvHui mexuivHul yHigepcumem
M. Binnuys, Yrpaina

KinbkicTh pyxoMoro ckianay, sika eKCIUIyaTyBajach Ha aBTOTPAHCIOPTHUX
nignpuemMctBax (ATII) Vkpainu Ha mouarky 90-x pokiB XX CTOMITTS, CYTTEBO
BIJIPI3HUIACH: Oy MIANPUEMCTBA SK 3 KUIBKICTIO PYXOMOTO CKJIaJy MEHIIe
100 oguHuUI, TaK 3 KUTBKICTIO pyXoMoTo ckiaay noHaa 600 oaunuils. binssko 17%
MIAIPUEMCTB Mall KUIBKICTh pyxomoro ckiany Big 50 go 100 omguHUI,
27% — Big 100 no 150 aBTOMOOGIMIB, 37% — Bixm 150 go 200 aBToMoOimiB [1]. ITpn
upoMy 14% mianpueMcTB MaiaM KUIBKICTh pyxomoro ckiany Big 200 1o
250 aBTomoOuIIB Ta 5% — Oupme 250 aBromoOUTIB. CiiJy TAKOXK BII3HAYHMTH, IO
npaktuyHo yci ATII 3 kinpkicTio aBTOMOO1TIB TOHaA 200 OIMHHULIb PO3TAIIOBYBAJIUCH
B 00JIaCHUX IIEHTpax.

TpanuuiiiHuil pO3BUTOK BHUPOOHUYO-TEXHIYHOI Oa3u, sikuii OyB NMpUTaMaHHUA
ATII toro uacy, oOymoOBIIO€ HasiBHICTh Ha KokHOMY ATII BChbOro KOMIUIEKTY
oOylalHaHHSA 1 OCHAIICHHS, MPU3HAYCHOTO ISl BUKOHAHHSA POOIT 3 TEXHIYHOTO
00CITyroByBaHHS 1 MOTOYHOTO PEMOHTY PYXOMOTO CKJIay, a TaKOX IMPUMIIIEHB,
HEOOXITHUX JIJIsl PO3TAIIyBaHHS BCIX BUPOOHUYMX TT1PO3ALIIB.

[licns mnpuBaTHU3aIMHUX TMPOIECIB 3HAYHA dYacThHHa KoMiuiekcHux ATII
MEePETBOPUIIUCH Ha JIpiOHI TpaHcmopTHi pipmu. [IpoBeneni qocmiTKeHHs TTOKa3aly,
mo B pe3yabTaTi po3ykpynHeHHss ATII cyTTeBo 3MIHWINCH IXHI pO3MipH, YacTKa
MIIMPUEMCTB 3 KUTBKICTIO aBTOMOOUTIB B 3 10 10 HA gaHuil yac ckiiajae mpuoIM3HO
41% Big 3arajabHOI KIJIBKOCTI, TO/1 SIK paHillle TaKUX IMiJMNPUEMCTB B3araji He OyIo.
Oxkpim Toro 23% mignpuemctB MaroTh Bij 11 1o 50 aBromo061miB, 6% ATII MaroTh
KUIBKICTh pyxoMoro ckiaay Bifg 51 go 100 aBTromo6iniB, Ta 1% miampueMCTB 3
KigpKicTio O1bire 100 aBTomo61miB [1].
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SAx mokazas anani3 gisutbHOCTI ATII, MOke iICHyBaTH Tpu BapiaHTH BiAMMOBITHOCTI
MOTY>KHOCT1 BUPOOHUUO-TEeXHIYHO1 6a3u (puc. 1):

— MOTY>XKHICTh BUPOOHUYO-TEXHIYHOI 0a3M BIAMOBIAE MTOTpeOaM MiAIPUEMCTBA
B 00CJTYrOBYBaHHI Ta pEMOHTI BJIaCHUX aBTOMOO1IIB;

— MOTY>KHICTh BUPOOHUYO-TEXHIYHOT 0a3u HEJOCTATHS JJIs M1IPUEMCTBA;

— MOTY>KHICTh BUPOOHWYO-TEXHIYHOT 0a3u NepeBUIye OTpedy.

Y BuUMmaaky BIAMOBIIHOCTI HAsABHOI BHPOOHWYO-TEXHIYHOI 0azw moTpedam
MIIIPUEMCTBA, BOHA BHUKOPHCTOBYETHCS JUIsI TEXHIYHOTO OOCITYrOBYBaHHS Ta
MOTOYHOT'O PEMOHTY BJIACHUX aBTOMOO1TiB. Koou MOTy)HICTh BUPOOHUYO-TEXHIYHOT
0a3u HemocTaTHSA IS MiJNPHUEMCTBA, TO MOXKHA a00 YJAOCKOHAIIOBAaTH HAasIBHY
BUPOOHUYO-TEXHIYHY 0a3y, 200 OTpUMATH MOCIYTH 110 TEXHIYHOMY 00CITyTOBYBaHHIO
Ta MOTOYHOMY PEMOHTY 30BHI.

BinnosinHicTh BUpOOHUYO-

TEXHIYHOT 6a3u moTpedam BapianTt BuKOpUCTaHHS N

L 30BHINIHI 1 BIJIUB
aBTOTPAHCIIOPTHOTO BHPOOHHYO-TEXHIYHOT 6a3u
MIAIPUEMCTBA

[oTy>HicTh BUpOOHIIO- BukopucToByeThCS U1
TEXHIYHOI 0a3u Binmosinae TEXHIYHOTO PEMOHTY Ta < Bincyrniii

notpebam IianpueMcTBa PEMOHTY BJIACHHUX aBTOMOO IiB

BincyTHs MOXIIHBICTB JJIs
P! BJIOCKOHAJICHHSI BUPOOHUYO-
TEeXHIYHOI 0a3u

BraockoHnaneHHs Bj1acHOT
BUPOOHHUYO-TEXHIYHOI Oa3n

IMoTyXHicTb BUpOOHUYO-
TEXHIYHOI 0a3y HEeTOCTATHS
IUTS TATIPUEMCTBA

[Tomyk nuIsxiB OTpUMaHHS BincyTHi npono3uiii Bij
MTOCIIYT 30BHI IHIOHMX MM ATPHEMCTB

IMonmT Ha MOCITYTH 30BHI

—> BIMOBIAa€ HAsBHII
Hananns nocinyr cropoHHIM BHUPOOHHUYO-TEXHIYHIH 6a3i
BITACHUKAM aBTOTPAHCIOPTHHX [
IToty>HicTh BUPOOHIIO- 3aco0iB ITommut nepesuiye
TEXHIYHOI 0a3H IepeBHIIye —> MTOTYKHOCTI HasiBHOL
norpedy RV BHUPOOHHYO-TEXHIYHOT 0a3u
IMpoxax abo mikBimamis 3aiBoi

BHPOOHHYO-TEXHIYHOT 6a3u

TTonuT HuKYE HASBHOL
—»|  TOTY)XHOCTI BUPOOHUYO-
TEXHIYHOI 0a3u

Puc. 1. BapianTn BinnoBignocTi noryxuHocti BUpoOHMYO-TexHivHOI 60a3u ATII

Ane pna Oubmiocti cydacHux ATII Vkpainu, sKki yTBOPWIHCH MICHS
pPO3JEp KaBICHHS paHIIIE ICHYIOUMX, XapaKTEpHUM € BaplaHT, KOJHM MOTY>KHICTh
HasBHOI BHPOOHHMUYO-TEXHIUYHOT 0a3u mepeBHIlye MOTpeOy B HaAaHI MOCTYT 3
TEXHIYHOTO OOCIYyrOBYBaHHS Ta PEMOHTY BIJIACHUX aBTOMOOUmB. Sk cruigye 3
pHCYHKY 1, B IIbOMY BUTIAJIKy MOJINBI HACTYITHI BapiaHTH [2]:

— IMOMUT Ha MOCIYTH 330BHI BIJIOBI/Ia€ HAUIMIIKOBINA MOTY>KHOCTI BUPOOHUYO-
TEeXHIYHOI 0a3¥ aBTOTPAHCIIOPTHOTO TATPUEMCTBA,;

— TIOTHT MEPEBUIIYE MOTY>KHOCTI HASBHOI BUPOOHHYO-TEXHIYHO1 0a3u;

— TOMUT HUYKYE HASIBHOT OTYKHOCTI BUPOOHMYO-TEXHIYHOI Oa3u.
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MeTtoauka BU3HAUEHHS! CTpaTerii po3BUTKY Oa3yeThCs Ha JNaHUX MPO CTaH Ta
(GyHKILIOHYBaHHA MIANPUEMCTBA Ta JaHUX MPO CUTYaIll0 HA PUHKY TPAHCHOPTHUX
nocityr. OCHOBY METOJIMKHM CKJIaJla€ €KOHOMIKO-MaTeMaTU4YHE MOJIENIOBaHHS, CYTh
SIKOTO TIOJISITA€ y MPOTHO3YBAaHHI JMISUTBHOCTI MIANPUEMCTBA 3a 3aJaHUM MTPOMIKOK
gacy 3a pi3HUMHU BapiaHTaMU PO3BUTKY MIAMPUEMCTB aBTOMOO1IBHOTO TPAHCIIOPTY.

CnoyaTky HEOOX1HO MPOBECTH 301p iH(popMallii Mpo podOTy MiANPUEMCTBA Ta
aHajiz egeKTUBHOCTI Horo poOotu. IHdopmaris mnpo poOOTy MIANPUEMCTBA
MOJIIISIETHCS HAa 30BHIIIHIO 1 BHYTPILIHIO. 301p BHYTPIIIHBO1 iHpOpMallii nependadae
aHaJii3 3BITHOI 1H(OpMAIIiT PO MIATBHICTH MIANPHUEMCTBA 3a BU3HAUeHUH niepiof. [o
Ii€1 TPYNH BIAHOCSATHCS Taki JaHl: HASIBHICTh Ta CTaH PyXOMOTO CKJIa/ly; BUTPATH Ha
eKCIUTyaTalliiiHi Ta 3aacHl YaCTUHU; HAIBHICTh HEOOX1THUX (DIHAHCOBUX PECYPCIB Ta
MOXJIUBICTh ~ 3aJy4€HHs  JOJATKOBUX  (DIHAHCOBUX  pECypCiB;  HasBHICTh
KBaJT1(PiIKOBAHOTO MEPCOHANY; €(PEKTUBHICTD CIIY>KOU MapKETHHTY, TOIIIO.

3oBHIMHA 1HQOpMaLlis SABJISIE COOOI CYKYIMHICTh JaHUX MPO CTAH PUHKY
TPAHCIIOPTHUX IOCIIYT, Ha SKOMY IpAalIo€ MIANPUEMCTBO, Ta JAaHlI PO AISJIBHICTh
KOHKYpeHTiB. Jlo IIi€l rpynu BiIHOCSATHCA HACTYMHI JIaHl: KUIbKICTh CIOKHMBayiB
TPAHCIIOPTHUX TOCIYT; JOJS PUHKY TPAHCHOPTHHUX MOCHYT; TEHICHII PO3BUTKY
PUHKY TPAHCIIOPTHUX MOCIYT; Tapu(Ha MOJTITHKA Ta BIUTUB KOHKYPEHTIB.

[Ticns 30upanHs HeoOXiaHO1 IH(popMarlii HeoOxi1aHO nmpoBecTrn SWOT-anani3 as
BU3HAuUeHHs epekTuBHOCTI poOoTu ATII Ta momryky KOHKYpEHTHHX IepeBar Ta
HEJIOJIIKIB MiANpUeMCcTBa. B 3anexxHocTi Bia pe3ynbrariB SWOT-aHanizy MOXyTh
PO3TIIAAATHCh BapiaHTH 000X cTpaTeriidi po3BHTKY, a came [3]:

— CTparterii, COpsIMOBAaHO1 HA PO3BUTOK BUPOOHUUYO-TEXHIUHOI 0a3M 1 OB’ A3aHO1
3 HaJIaHHAM TOCHYT 13 3a0€3Ne4YeHHs Mpane3aaTHOCTI aBTOMOO1IIB;

— cTparTerii, OB’ A3aHO0i 3 PO3BUTKOM CHUCTEMU IIEPEBE3CHb.

Jlami anHanmi3yeTbcsl HasiBHA BUPOOHMUO-TEXHIUHA 0a3a Ta BU3HAYAETHCS 00 €M
poOiT, aKkui 1e MOKHAa BUKOHATH Ha Miil 0aszi. [IpoBoauThbest aHami3 iCHYKOUOl
BUPOOHMUYO-TEXHIUYHOT 0a3M, sSika BUKOPUCTOBYETHCS Y JIaHUW Yac 1 MPOBOAUTHCS
CIIBCTaBJICHHSI OTPEOU y BUPOOHUUO-TEXHIYHIN 0a31 3 MOXKJIMBOCTSIMU HAsIBHOI SIK
MAaCMBHOI, TaK 1 aKTUBHOI YaCTMHM BHUPOOHUYO-TEXHIUYHOI 0a3zu, M0 He
BUKOPHUCTOBYEThCS (puC. 2).

R

= .

= 100% 7 Heo0xigHo 101aTKOBO

§ 80% CTBOPUTH

=

g 60% He Oyne BukopucraHo

S

S 40% 80

o

5 20% B byie 101aTKOBO

= BUKOPHCTAHO

5 0%
ITacuBHa AxTuBHa AKTUBHA B BUKOPHCTOBYETHLCS Ha
YaCTHHA YaCTHHA YaCTHUHA ATII

BTb BTb BTB

Puc. 2. Buxkopucranusi BAPOOHHYO0-TeXHIYHOI 0231
NpH peasizamii crparterii poO3BUTKY
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ExonomiuHa epeKTHBHICTh BU3HAYAETHCS 32 JOTMIOMOTOI0 TAaKMX MOKA3HHKIB, SK
YUCTUNA JTUCKOHTOBAHWUM JOX1J, 1HJAEKC JOXIJTHOCTI, BHYTPIIIHS HOpMa NpPHOYT-
KOBOCTI1 Ta TEPMiH OKYITHOCTI.

OcraTouHe pillleHHS MpPO CXBajieHHs a00 BIAXWJIEHHS CTpaTeriii pPO3BUTKY
NpUHAMAEThCS KEPIBHUIITBOM IMIANPUEMCTBA Ha pajl JAUPEKTOPIiB abo 300pax
aKIIOHEPIB.
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WAYS OF A SOLUTION TO ENSURE THE SAFETY
OF TRANSPORT WHILE CHANGING TRAFFIC FLOWS

Bondarenko A. G.

Candidate of Technical Sciences,
Lecturer of Department Technology
International Delivery and Logistic
Pryazovskyi State Technical University
Mariupol, Donetsk Region, Ukraine

The increase of transport safety in recent years is relevant for the Azov Sea region
and is included in a number of strategic directions. Improvements should be
fundamental and change and maintain the infrastructure of the region. The scope of
transformation concerns all modes of transport and serves to control the rules
of transportation.

The measures taken contribute to the regulation of traffic in the event of
congestion, unforeseen circumstances, sudden violations of the sequence. A variety
of factors leads to consideration of a complex of issues and decision-making of
organizational, technological, and technical.

Accumulation of information on the behavior of transport facilities allows to
harmonize the impact of transport on personnel, the environment. The actual control
of the state allows minimal means to organize recycling, to set up the production of
Mariupol wagons, oil garbage collectors, boats, yachts, gantry cranes, long rails.
Guaranteed service will help attract customers to the production of transport
equipment.
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Effective survey with the use of devices recording the permissible vibration
during operational loads serves a good service to labor safety inspectors and safe port
operations. It is hoped that the work of the author of this research will help in the
search for reliable modes of operation of equipment, reduce cargo losses, expand the
possibilities of diagnosing problems of machines, mechanisms, structures.

When delivering rails with a length of 100 meters, the conditions of passage with
small turning radii [1], counter waves require control of the oscillations to ensure the
safety of delivery. Consider vertical vibrations to ensure a steady movement [2].

The tasks that are relevant are the expansion canal of the water area, the renewal
of technology, the replacement of the road to Kamysh-Zary for long rails from
100 meters, the reconstruction of a runway aircraft, navigation equipment, airport
certification, coordination of short-range vessels; they are more successfully resolved
when creating a database for accounting transport lines, maintaining a timetable.

Ensuring the successful operation, operating parameters, reliability indicators,
and transport efficiency are achievable with continuous diagnostics and accordingly
planning replacement, renovation of transport equipment, reducing or maintaining the
permissible regime, equipment operation regulations. It is necessary to study the
vibrations of a string when examining the securing of a cable on an emergency marine
vessel while being held on an aircraft with a load of 100 kg.

Speed serves as a criterion for the success of the transport structure at comparable
costs with the previous version and the most progressive brands. Speed, along with
the time of motion, forms the amplitude and, mainly, the frequency of the forced
vibrations [3]. Consider speed as a function of displacement.

The vibration level indicates the possibility of adjusting the materials, the rigidity
of the gasket. This narrows the search for solutions on the most promising direction.
When diagnosing a connection, recommendations for changing the range of vibrations
accelerate the identification of the cause — the external environment, the parameters
of the load, the load during operation.

Consideration of the model of the movement of transport elements allows to
regulate the work when registering the permissible vibration, expand the possibilities
of diagnostics, as studies show, the frequency of inspections is reduced from one week
to six months.

Consideration of the scheme of action of forces for transport elements raises
reliability by revealing failures, deterioration of damages. The study of vibration
models of transport elements reduces the risk of exploitation with malfunctions and
damage to the cargo during transportation, as studies show that the risk of work with
lack of gaskets is reduced by 10%.

The influence of vibrations from the medium on transport reflects the parameters
of viscosity, elasticity, saturation, and temperature. This requires the installation of
proximity sensors, GPS, speed. Passing the way, overcoming obstacles at a safe
distance requires the limitations of the dimensions and the project of the advancement
by the water route.

Automation of processes on the basis of micro controllers establishes a
technological mode of the prosecution. In our case, from the rolling shop to the ship
to the port of destination.
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The experience of the Kalchik floodplain reaction gives the tradition of
developing the Kalmius estuary — trees are planted on the right bank and the gradual
strengthening of its engineering facilities in combination with natural outlines creates
colorful installations of the river port, revives the sports sections, rowing base, model
navigation clubs.

Complex impact on the society increases the labor potential of the population,
strengthens entrepreneurship, re branding. Legislation does not restrain the
implementation of socially useful activities, the conclusion of contracts without full
functional authentication of the enterprise in the revenue sphere, but does not exempt
from paying taxes when making a profit. Therefore, full-scale investment
infrastructure projects attract businesspeople.

The presented offer is, first of all, an alternative to the existing methods of delivery
by rail, by cars to the port, the latter at a length of one hundred meters is impossible.
Therefore, for the development of a promising commaodity, the convenience of the
river route is undeniable. Capital investments are recouped when they reach the
projected existing capacity of the mill.

To raise production by an order, it is necessary to improve the quality of steel, and
in the reconstruction and rolling products. This is possible when adding domestic ferro
alloy, titanium, tungsten, replacing arsenic for molybdenum, controlling the surface
in a polarized light chamber. This will increase the elasticity and hardness of the
surface. Control of the raw material for the gaskets will be done after precipitation
and separation in the field of electromagnetic induction in an ionized medium.
Venture trend of the project involves spreading the proposed innovations to the
transport directions for branding significant achievements with the personal efforts of
the ambition region.

The implementation of infrastructure solutions consists in modeling the state of
the trough for excavating the path. Later this model can be supported by frames,
buoys, milestones of depth registration, flow velocity, subsequently temperature,
humidity, and soil viscosity. Then the role of initial research is considerable, and at
the same time, the data of the factory, meteorological, port laboratories are generally
available for the emergence of the transport hub, the synergistic effect of obtaining
investment.

An acceptable form of reflection of the surface model is finding the Newton
polynomial, the Lagrange polynomial, the solution of the surface function of a figure
of n nodes with the dimension of the matrix n-1. The vector direction encompasses
the area of the ridge of the transverse profile.

The contours of the path determine the terrain, which in our case has a clay
formation from the factory dumps of construction origin on the east side. On the left
bank there is a gradual blurring, a change in deposits from industrial enterprises of
Donbas.

With the fall of production, silt deposits begin to predominate. This greatly adds
to the cost of planning. For the erosion of sediments, a dam device with closures
facilitates maintaining the required depth.

The restriction of raising the level above one meter is due to the blurring of the
roadbed of the Embankment and the tramway, the flooding of Ajakhi, the houses with
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the transition to the Harbor. For complete control, concreting is possible with the
opening of a cement plant when developing, apart from the Komsomolskoe mine,
limestone deposits or its delivery. The expansion of auxiliary industries from the
processing of metallurgical slag makes the task close to implementation.

When coating the bottom with a film, we use the painting with an aluminum
substrate and then with titanium dioxide 0.4-0.75 mm thick. Changing the color in
operation after 3 to 4 months signals the need to restore the film for actual wear or
damage with low material costs. For small coastal waters, this acquires the spectacular
effect.

The development of yacht tourism with spending the night on the coast
undoubtedly gives dynamism to local entrepreneurship. For safety for small reservoirs
and ecological stability, it is useful to periodically scan the bottom surface with an
indication of attractive routes through the site on the map.
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IFEOMETPUYHE MOJIEJIOBAHHS S-ITIOAIBHUX
HEPEXITHUX KPUBHUX 3AJIIBHUYHUX HIJIAXIB

bopucenko B. /.
AOKTOP TEeXHIYHHMX HAYK, podecop,
npodgecop kadeapu KoM’ IOTEPHOI iHKeHepil

Yerenko C. A.

JOKTOP TeXHIYHHUX HAYK, IOLEHT,

3aBinyBayd kadeapu KoMII’IOTepPHOI iHxKeHepil
Muxkonaiscokuii HayioHATLHUU YHIGEpCcUmem
imeni B. O. Cyxomauncovkozo

Ycrenko 1. B.

KAHIUIAT TeXHIYHUX HAYK, JOIEHT,

AoueHT Kadeapu MPOrpaMHOro 3ade3neyeHHs
aBTOMATH30BAHUX CHCTEM

Hayionanvnuti ynisepcumem xopab.ne6yoysanns
imeni aomipana Maxaposa

M. Muxonais, Ykpaina

[Inan 3ami3HUYHOT JIHII CKJIAIA€ThCA 3 MPSAMUX 1 KpUBUX AUISTHOK. HasiBHICTB
KPUBHX JIUISTHOK MOSICHIOETHCS OaraTbMa (pakTopamu, TAKUMU SIK: pelibed MICIIEBOCTI,
reoJIoris, riaporpadis, «IOCTYMHICTE» 3eMeNb IS MPOKIAIKA Tpacu 1 T. m. Jis
IJIABHOTO MEPEX0y MK MPSIMUMU 1 KpUBUMHU IUITHKAMU 3JTI3HUYHOL KOJIT 4M M1k
MPSMUMHU JTUISHKaMH, PO3TalllOBAaHMMH TMapalieIbHO MK co00r0 abo Imija JASSKUM
KyTOM OJIHa JI0 OJIHOI, BJIAILITOBYIOThCA TaK 3BaHI nepexiiHi kpusil. [Ipu3HaueHHsIM
MepexiTHUX KPUBUX € 3a0€3MeUeHHs IMIABHOT 3MIHM KPUBUHU B MICIIX 3’ €IHAHHS
JUISTHOK KOJTIi 3 PI3HUMHU CTaJTUMU KPUBUHAMHU PEHOK.

Metoro 1i€i poOOTH € Po3poOKa METOAy TEOMETPUYHOTO MOJICTIOBAHHS
S-moAiOHMX TepeximHuX KPHUBHX, SKi 3a0€3MeuyroTh IUIaBHUI TMepexin MK JBOMa
napajebHUMH TPSIMUMU  JTUISIHKAMH ~ 3a1I3HUYHOIO LUIIXy, a0o MDK JBOMa
MPSAMOJIIHIMHUMU peiiKaMH, PO3TALIOBAaHUMU T JCSIKMUM KYyTOM BIIHOCHO OJHA 1O
onHOoi. MosientoBaHHs IMX KPUBUX BUKOHYETHCS 13 3aCTOCYBAaHHSM HATYPaJbHOI iX
napamMeTpur3allii Ta 3aKOHY PO3IMOALTY KPUBUMH Y BUTJISA TIOJIHOMY I1°SITOTO CTETICHS.

3a3HauyuMo, 10 B Cy4YacCHIM MPaKTHUIll OYJOBU 3aTI3HUYHUX KOJiH S-1moaiOHMI
nepexiJi MiXK ABOMa MPSMOTIHINHUMU perKaMu, pO3TalllOBAaHUMU TApaJIeNIbHO UM 1]
JESIKUM KYTOM, PEaTi3yeThCs IBOMA KPYrOBUMHU JUITHKAMU Ta JBOMA MEPEX1THUMU
KPUBHMH.

[Ipu MoaentoBaHHI MEPEXIAHUX KPUBHUX 3aCTOCYEMO HACTYITHI IpaHU4H1 yMOBH [1]:

dk
k(0)=0: K(S) =%; dslsco =0 (1)

S
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ne K — xpuBHHA KpHBOi; R — paniyc KpUBUHHU KPYTrOBOi TUISHKH, S — TOBXKHWHA
nepexigHol KPpUBOi.

JIns1 3MEHIIIeHHS KIJTBKOCTI IUISTHOK MPHU MEPEX0/Il MIXK JBOMA MPSIMOJIIHIHHUMH
pelikaMHM 3MOJCIIOEMO OakaHy TMepexigHy KpHBY, 3aCTOCOBYIOUM HATypaJIbHY
napameTpu3aiito. [Ipu mpoMy 3aieXHiCTh KPUBHHH BiJ JOBXHHH JYTH OIUIIEMO
TIOJIIHOMOM I’ SITOTO CTETICHSI, B3ITOMY Y HACTYITHOMY BUTJISIJII:

k(s)=as® +bs* +cs® + ds® +es + f. (2)
[ToxigHa BiJi KpMBUHU BU3HAYAETHCS 3AJICIKHICTIO:
k
OI—(S):Sas“+4bs3+3032 +ds+e. 3
ds 3)

KYT HaXHIly I[OTH‘IHOT J0 MOI[CJ'II)OBaHOi KpI/IBO.l. S3HAaXOIUTHCA 3a BUPA30OM:

B aS® bS® c¢S* dS® eS? s
(pKHK_(PHHK+6+5+4+3+2+ ’ (4)

1€ Qrimk — KyT HaXWIy JOTUYHOI JI0 IEPEXiAHOT KPUBOI Ha ii MOYaTKY; Pkrx — KYT
HaxwWIy JOTUYHOI HAMPUKIHI NEPEX1THOI KPUBOI.

3actocyBaBmu yMoBH (1) 10 3aKoHY po3noa1Ty KpuBHHH (2) Ta il noxiaHoi (3),
npuiiieMo 1o BUCHOBKY, o f = 0 i e = 0. OCKiIbKK KYTH Qrnk 1 Qkrx 3a7aHi, TO
MOCTIJOBHUM 3aCTOCYBaHHSIM BHUpa3iB (2) — (4) 3HaAX0AMMO 3aJICKHOCTI IS
KoediwieHTiB ¢, b i a:

c :60((PKHK _(PHHK) _4d.

s4 S’
2¢S +3d | bS? +¢S +d
e T e

Koedimient d 1 m0BXMHA AyrH S BH3HAYAIOTHCSA IIIISIXOM PO3B’SI3aHHS
ONTHUMI3allIMHOI 3a/1a4i, OB’ A3aHO1 3 Y3TOPKEHHSIM MPOMIXKHO OTPUMAHOI KIHIIEBOI
TOYKH NEPEXITHOT KPUBOI 3 3a/1aHOI0 KIHIEBOIO TOUKOIO.

3a uu1boBY (YHKIIIIO B ONTUMI3aLIiHIN 3a1a4l IPUHAMAETHCS BUPA3:

5=(x =% +(y-y),

ne X, Y — KoopAMHATH TPOMIXHOI TOYKH, BU3HAYCHOI 3 JEIKUMH 3HAYCHHAMH
HEB1JIOMHUX TTApaMETPiB, a X, Y — KOOPJAUHATH 33JI1aHO1 KIHIIEBOT TOUKH MOJIEIbOBAHOT
KPHUBOI.

JInst po3B’si3aHHS ONTHUMI3allIiHOI 3a/Jadl 3aCTOCOBAHO BHCOKOE(PEKTHBHMIA
QNrOpuTM, TNpPHU3HAYEHUH Juisi  MiHiMi3amii  (QyHKOIT  0araTbOX  3MIHHUX,
3anpornoHoBaHuii Xykom — JIkucom [2].

basyrounck Ha mosiokeHHSX audepeHianbHoi reomerpii [3], mapamerpuuny
KpUBY B HATypallbHIi MapaMeTpu3aliii MOYKHa ONMKMCATH HACTYITHUMU PIBHAHHIMU:

S
Xirk = Xunk + | €os@(s)ds ; 5)
0
S

Yknik = Yunk _([Sin (p(S)dS _ (6)
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OCKUTbKY KOOPAWHATH KIHIIEBOT TOYKM MEPEX1THOT KPUBOI BiJIOMI, TO X JABOX
pPIBHSIHb  JTIOCTaTHbO JUIsi BHU3HAYEHHS JIBOX HEBIAOMHX, HEOOXITHUX s
MOJICTFOBaHHS OakaHOT1 KPUBOI.

3a 3ampoNOHOBAaHUM METO0M IeOMETPUYHOTO MOJICITFOBAHHS MEPEX1THOT KPUBOL
PO3p00JICHO MPOTrpaMHUI KOJI, AKHUH, OKPIM pO3PaxXyHKIB, TO3BOJISE Bi3yalli30ByBaTH
OTpUMaH1 Pe3yIbTaTH.

Ha puc. 1 ans npukiaay HaBe[eH1 pe3yabTaTh MOJICTIOBAHHS TPhOX MEePeXiTHUX
KPUBHUX, A SIKAX KYTH Qrmk 1 Qxnk 3poctanu Big 55° 3 kpokom 15°. Kpim Ttoro,
3MEHIITYBaJIacsl OpJIMHATA KIHIIEBUX TOYOK MEPEXiTHUX KPUBHX.

/ /-

0.2 Lo 0_& o8 o

Puc. 1. TecToBi npukaaam S-noaioHux
nepexiTHuX KPUBHUX

3a TpUHHATHX BUXITHUX JaHUX TIepexiJ 3IIMCHIOBaBCS MIDK JBOMa
napajgeJbHUMHU MPSIMUMU peiiKaMu.

['padixu po3noauly KpUBUHU KPUBHX, TOKA3aHUX HA pUC. 1, HaBelIeHl Ha puc. 2.
Bonu mnoOyaoBaHi 3aJIe)KHO BiJ BIAHOCHOI JTOBXXKHMHHM KpuBOi. KpuBi posmnoniry
KPUBHHM, K 1 IEPEXIHI KPUB1, MAIOTh CAMETPUYHUNA XapaKTep.

k
-
ﬂ?z /
__—__'2 —_— - \
—_| - —
n*:;iﬂrﬁ’-‘ 08~ 1.2 16 - F
—
0.2 N
) )
H“"-___,-ﬂ/
04

Puc. 2. I'padiku po3noaily KpUBMHY NepPexXiTHUX KPUBUX
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Ha 3aBepienns Tpeba BiA3HAYUTH, 1110 IPOBEACHI PO3PAXyHKOBI TOCIIHKEHHS Y
IIMPOKOMY Jiara3oHi BapitOBaHHS BUXIAHUX JaHUX MIATBEPAWIA Mpare31aTHICTh
3aIPONIOHOBAHOTO0 METOAY MOJCIIOBAHHS TMEPEXIIHUX KPUBUX MK NPIMHMHU
peliKkaMu 3aTi3HHYHOTO IIIIAXY.

Jlireparypa:
1. Amenun C.B., lanosckuit JI.M. I1yTh u myTeBoe x03siicTBo — M.: Tpancmnopr,
1986. — 215 c.
2. Hooke R., Jeeves T.A. Direct search solution of numerical and statistical
problems // Journal of the ACM. —1961. — Vol. 8, Ne 2. — P. 212-229.
3. ®unukoB C.II. Iuddepenunansuas reomerpus. — M.: U3parenscteo MI'Y,
1961. - 159 c.

KJACTEPHUM AHAJII3 TPAHCIIOPTHO-IIEPECAJIOYHUX BY3JIIB
MICBKOI'O I'POMAJICBKOI'O TACAXKUPCBKOI'O TPAHCIIOPTY

Baosuuenko B. O.

KAHIUAAT TEXHIYHUX HAYK, JOLEHT

Xapxigcokuii HAYIOHALHUL ABMOMOOLILHO-00PONCHIU YHIgepcUumem
M. Xapkie, Ykpaina

["'0710BHOIO METOIO OpraHi3alli TEXHIKO-TEXHOJIOTTYHOT B3a€MO/I1i B TPAHCIIOPTHO-
nepecanoyHux Bysnax (TIIB) Micbkoro rpomMaachbKoro nacakupChbKoro TPaHCIOPTY
(MI'TIT) € mnigBULIEHHS CEPBICHO-PECYPCHOI €(QEKTHUBHOCTI MapLIpPYyTIB Ta
3a0€3Me4YeHHs] yYMOB 3HIKEHHS HETaTUBHOTO BIUIMBY iX poOOOTH Ha MIChKe
cepenoBuiie. Ormsa poOiT [1-3] moka3aB, IO OCHOBHHUM HEJIOIIKOM 1CHYIOUHX
METO/IIB TEXHOJIOTTYHOI KoopauHallli B3aemoii Tpancropty B TIIB € BiacyTHICTh B
HUX O0O0siKy pecypcHux MoxsmBocte enemeHtiB MITIT. Ile pobuts ix
MaJIOMPHUCTOCOBAaHUMHU JIsl PEAJIbHOT'O BUKOPUCTAHHS y Cy4YaCHUX yMoBax. Buxoasuu
3 I[bOTO BHUHHUKAE HEOOXITHICTh TMPOBEJACHHS JOCHIDKEHHS CIPSIMOBAHOTO Ha
BUJIIJIEHHST YMOB Ta TOCIHIOBHOCTI KoopauHaiii B3aemomii y TIIB B sikomy et
MPOIEC PO3TIIANAEThCS 3 TO3UIIN OpieHTalll Ha 3a0e3MedYeHHsT MaKCUMAaJIbHOI
peamizaiiii cepBicHO-pecypcHoro mnoreHmianry MITIT B wmexax iCHYHOUHX
MOXJIMBOCTEN Moro ¢y’ ekTiB. OCHOBHI TEXHOJIOT1YH1 MEXaHI3MH JOCSITHEHHS TAKOTO
CTaHy nepeadoayvaroTh JIIKBIIALII0 HENPOAYKTUBHUX MPOCTOIB TPAHCIIOPTHUX 3aCO0IB
y MeXaxX 3yNMHHOYHUX TMYHKTIB. JIJIS 1BOrO MOXKYTh BHUKOPHUCTOBYBATHCS
ONTHUMI3aliifHl (CIOT-KOOPAMHALIS PO3KIALy pyXy, palioHami3amlis po3noauTy
MapHIpyTiB MK 3yMMMHOYHUMU MyHKTaMU, ONIEPATHUBHE HAIMPABJICHHS MapIIPYTIiB y
BUTbHI 3yITMHOYHI TyHKTH) a00 KOHCTPYKITIHHI 3aX0/1 (301JIBIIIEHHS KITBKOCTI TIOCTIB
oOCnyroByBaHHs, BIPOBAKEHHs mpioputetHoro pyxy MITIT, apxitektypHo-
MJIaHyBaJIbHA PEKOHCTPYKIIis). Bubip BiAMOBITHUX MEXaHI3MIB Ta iX ajamnTaiiis J0
peabHUX YMOB MOTPeOy€e BUKOPUCTAHHS 00’ €KTUBHOI 1H(MOpMAIIil PO mapaMmeTpu,
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10 BU3HAYAIOTh YMOBU (pOpMYyBaHHsS Ta OOCIYrOBYBaHHS MapUIPYTHOTO MOTOKY B
TIIB. CknaaHicTh LOTO MpoIiecy OOYMOBIIOETHCA CTOXACTUYHUM XapaKTepoM iX
3MIHM Ta HEOOXITHICTIO OOJIIKY 0COOJMBOCTEM iX (OpMyBaHHS IS PI3HUX THUITIB
TIIB. B ymoBax o6mexxenocti kiacudikamii TIIB, Ta BigcyTHOCTI iX po3moaiiay 3a
KPUTEPISIMU BIUIMBY IMapaMeTpiB HAa MAapIIPYTHUWA TMOTIK JJii BCTaHOBJICHHS
XapaKTEPUCTHUK PO3MOLITY MapaMeTpiB MapIIPYTHOTO MOTOKY JOLIILHO MPOBECTH iX
KJ1acTepHui aHam3. KiactepHuii aHaili3 € MeTo1I0M KiIacu(piKalliifHOTO aHaTI3y KU
B MEXax BHM3HAUEHOTO IMpeIMeTy MAOCHKEHHS no3Bosisie po3aumtu TIIB Ta
MHOXKHUHY KJacu(iKaIifHUX O3HAK BXIJHUX MapIIPYTHUX MOTOKIB Ha OJHOPITHI
rpynu abo KiiacTepu.

Knactepuuit ananiz TIIB nepenbauae peanizaliito HACTYITHUX €TalliB:

— (QopMyBaHHS CYKyImHOCTI HOMepiB (30ip BuxXiAHOI iH(opmanii mpo dakTuyHi
napaMeTpH BXIJTHUX MapUIPYTHHUX IMOTOKIB);

— BHUJIUICHHS CYKYHHOCTI 00’€KTiB (po3moiii MmapaMmeTpiB KiacTepizalii 3a
rpyraMy YMHHUKIB);

— (opMyBaHHS MHOKHMHHU aJTOPUTMIB KJlacTepizallii;

— noOyaoBa rpadikiB po3no1ly HOMEPIB Ha CYKYITHOCTI 00’ €KTIB;

— OIIlIHKa aIrTOPUTMY KJlacTepizallii;

— BUJUICHHS KJIACTEPHUX TPYH Ta iX XapaKTEPUCTUUYHUX O3HAK.

Jlns peanizaniii KJ1acTepHOIo aHaIi3y OyiIu MPOBEJICH] HATYPHI CIIOCTEPEKECHHS 3a
napaMmeTpamMu OopMyBaHHS MApPIIPYTHUX MOTOKIB Ha peanbHux TTIB. OOctexeHHs
MPOBOJMJIMCS  OPOTACOM  MIKOBOrO mepiomy ao6u B HactynHux TIIB
M. XapkoBa: «cT. M. ITymkinceka» (50.004166, 36.247660), «ct. M. bapabarioBay»
(50.001925, 36.304162),»ct. M. TepoiB Ilpami» (50.024270, 36.335501),
«yia. [I'. IlluponmumiB — Bya. Bamentunisceka» (50.013268, 36.341187),
«ct. M. YiBepcuter — Jepxmnpom» (50.005511, 36.231318), «mp. JI. Jlanmay —
CanriBcbke  1moce»  (49.988124, 36.312063), mnp. IOBimelinmii —  mp.
TpaxTopobyaiBaukiB» (49.996579, 36.340361). Y xoni o6cTekeHHsT OOJIIKOBISIMU Y
BIJIMOBIIHUX KapTKax (hiKCyBaIMCS IEPBUHHI JAHHI O ITapaMeTpax MpUOyTTs BX1THUX
TpaHcnopTHUX 3aco0iB. [licis 0OpoOKM HATYpHUX CIIOCTEPEKEHb OyB OTpUMaHUMN
MacHB AKUN CKJIaJIa€ThCsI 3 CYKYMHOCTI BEKTOPIB

Aj= {tﬂ + A pen s Apexs Lpens Epexs Vexs tme s tnd ,tas}, 0 ONHCYIOTh BXIJHI IapaMeTpu

Ccy0’€KTIB MapIIpyTHOT'O TOTOKY. 3arajbHa KUJIbKICTh €JIEMEHTIB MacHBY CKJIaJa€
2062 onuHMUIII.

BiamosinHo 10 cTpykTypu Ta ckiany omepariiiii y TIIB unHHMKaMK BIUIMBY Ha
TPUBATICTh TMPOCTOI0 TPAHCIOPTHUX 3acO0IB €: (QuUIyKTyallis 4acy HnpuOyTTS

(t41), KiNbKiCTH MAacaXuUpiB, IO BXOAATH y TpAaHCIOPTHUI 3aci® (Upen) Ta BUXOAATH
(Upex), wac mocamku (tpen) Ta Bucagku (lpex) macaskupa, piBeHb 3aNOBHEHHS
TPAHCIIOPTHOTO 3acO0y MpH MPUOYTTI ( Ve ), YaC MaHEBPYBaHHS TIpH Toaui () Ta
3BUTBHEHHS 3YMTMHOYHOTO MYyHKTY (4 ), 9ac 1O0AATKOBOTO MPOCTOIO OB’ S3aHOTO 3
HaKoMUYeHHsIM nacaxupiB (i ). TpuBamicTh 4acy mpocTO0 TPAHCIIOPTHOTO 3aC00y
B TIIB BU3HauaeThCs TEXHIKO-TEXHOJIOTTYHUMHA YMOBAMU OpraHi3allii mpoIecis.
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[TpoBeneHHs SAKICHOTO PO3MOAULY MapameTpiB 3a TpylnaMd YWHHUKIB BILTUBY
J03BOJISIE 3HAYHO 3HU3UTH PIBEHb HEBU3HAUYEHOCTI Ta CKOPOTHTHU PO3PAXyHKOBY
npouenypy. dus uporo Buminumo rpynu akropuux oznak TIIB Ta mapupytiB
MI'TIT ski 3a xapakTepoM MPOTIKaHHS MPOLECIB MOXYTh BIUIMBATH Ha 3HAYCHHS
HapaMeTpiB MapUIpyTHOTO MOTOKY. /{0 TakuxX 03HAK BiTHOCUTHCS: TOBKUHA JTIJISTHKH

mapuipyty g0 TIIB (ly,), muTtomMa Bara moi3gok Ha mo4aTKoBHX (Spst) KiHIIEBHX
(Spit ) Ta TpaH3UTHHX (Sptt ) MAPIIPyTaX, KUTBKICTh ABEPEH Y TPAHCIOPTHOMY 3ac00i
gyepe3 Ky BiOYBa€ThCsl MOCATKa-BUCAAKa MacaXwpiB (Ny ), KUIBKICTH TOCTIB

00CITyTroBYBaHHS Ha 3ymuHOYHOMY TYHKTI (Ksp ).

O06’eaHaHHS CYKYMHOCTI BEKTOPIB MapaMeTPiB BXIJHOTO MapIIPyTHOTO MOTOKY
Ta TPyl YUHHUKIB BIUIMBY Ja€ MOXJIMBICTh BHU3HAUUTH 3arajbHy BapiaHTHICTH
JABOMIPHUX alITOPUTMIB KJIacTepizallii. AMropuT™ KiacTepisaiii npeacrasise co00io
¢ynkuito &;:0; = R sKa koxHil rpymi YMHHHEKIB (O;) CTaBUTH y BIJMOBLIHICTE

MITKy Kiactepa (P ). BuOip anroputMmy Kiactepisaiii nependayae NpOBENCHHs

MIPOLIEypH OI[IHKHA HOTO a/IallTOBAHOCTI /10 BU3HAYEHHS J1ala30HIB TEXHOJOTTUHUX
napameTpiB (opMyBaHHS MpPOCTOI0 TpaHcnopTHuX 3aco0iB y TIIB. Ilpomexypa
nepeadayae OIiHKY PIBHS CTPYKTYPHOT aanTallli alirfOpuTMY HUITXOM BUKOPUCTAHHS
EBOJIIOIIIMHUX MeXaH13MiB. KputepieM OLIHKK SIKOCTI ajlroOpuUTMy KjacTepizallii €
MOKa3HUK e(EeKTUBHOCTI po3noauty. CTpykTypHa ajamntaiis nepeadoadae s
KOYKHOTO THITy HOMEPIB NpsIMUI nepelip (PakTOPHOI 03HAKU LIISXOM BUMIAJIKOBOIO
MONIYKY 3 HEJIIHIMHOIO TaKTHKOI0. KOKeH HOBHIl BapiaHT alrOpUTMY KiacTepi3allii
XapaKkTepu3ye 3MIHY 1HAEKCY €(PeKTUBHOCTI KJIacTepizalii. ¥ pasi KO HACTyIMHUN
KpOK Ipu 1epedopi MPU3BOAUTH 10 3HUKEHHS 3HAUYEHHS 1HAEKCY €(PEKTUBHOCTI TO
B1IOYBA€ThCS TOBEPHEHHS JO TNONEPeIHbOro BapiaHTy. Ha ocHOBI 00poOku
pe3y/bTaTiB HaTYpHUX crioctepexenb B TIIB y nporpamuomy cepenopuiti MS Exell
noOyoBaHi Tpadiku pO3NOAUTY MapaMmeTpiB MApPUIPYTHOTO TMOTOKY MJisi PI3HUX
ANrOpUTMIB KJlacTepizamii y BiamoBimHux rpynax. lllmsxom mepebopy BapiaHTIB
QITOPUTMIB KJIacTepisallii BiAIIJICHI BapilaHTU sIKI 3a0€3Me4Yyr0Th MaKCHUMajbHE
3Ha4YeHHA IHJAEKCY KiaacTepisamii, a came: &yl —>ty, @y ISy —> pen,

d33 - S‘pft _>qper Qs - Nt _)tpenl A5 - Nyt _>tpex’ dg1 - Ith — Vex? aze - ksp _)tmei
g *Ksp g, 8gp ISpst —> tas. BuXonsaum 3 mpecTaBIeHUX MpaBUil BiAMOBIIHOCTI

YUHHUKIB OTPUMAHUM MITKaM MO>Ha BUIITUTH HacTynHi kinactepu TIIB MITIT. ¥V
3aJIEKHOCT1 BiJ] BIFCTaHI MapuipyTy BiJ MOYAaTKOBOrO 3ymuMHOYHOTO TyHKTY TIIB
PO3MOAUIAIOTHCS HA HACTYMHI Kjactepu: moyaTkosi (0 kM), mano BigganeHHi (0 kM —
3 kM), cepenubo BigganeHi (3 km — 10 kM), 3HauHO BijmaneHHi (moHax 10 km). 3a
MUTOMOIO Barol TMOYaTKOBUX (KIHIEBUX) TIOI3J0K Y 3arajbHOMYy 00cCs31
BIJINIPABJICHHS: BiJCYTHI Mo4aTkoBi (kiHiesi) moizaku (0%), mana gactka (0%-30%),
cepennsi yactka (30%-80%), Benuka yactka (80%-99%), MOBHICTIO MOYATKOBI
(xiamesi) (100%). 3a AOBXHMHOIO IUIOMIAJAKKA MPOCTOI0 TPAHCOMPTHUX 3acCO0IB y
3YMUHOYHUX MyHKTax: mami (1o 20 M), cepenni (20 m-40 M), Benuki (monan 40 m). 3a
KUIBKICTIO JIBEped B TPAHCHOPTHUX 3aco0ax uepe3 sIKl 3MIMCHIOEThCS MOcajKa
(BucaaKa) macakupiB: OJTHO ABEpPHI, JBOX JBEPHI, TPbOX JIBEPHI T4 YOTUPHOX JABEPHI.
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Bunineni kimactepHi rpynu a03BossitoTh posnoaumuta TIIB y 3anexHocTi Big
XapaKTEepPHUX THUIIOBUX YMOB peaji3allii TEeXHOJOTIYHOTO IMpOIECYy B MeXax ix
3YIMUHOYHMX MyHKTIB. Bukopucranas otpumanux kiacudikamiiaunx o3Hak TTIB nae
MOXJIMBICTb TPOBEJICHHS B MOJAJIBIIOMY EKCHEPUMEHTAIbHUX IMITAIlliHUX
JOCJIDKEHb 3aKOHOMIPHOCTEH BIUIMBY IMapaMeTpiB B3aemoii cy0’ektiB MITIT nis
PI3HUX 1X THITIB.
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INFLUENCE OF FEATURES OF THE TRANSPORT NETWORK
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One of the most problematic places is quality improvement of transport
performance. For the most part, scientists considered the optimization of traffic
schedules, the choice of rolling stock and invented optimal routes [1; 2]. The transport
network is a composite transport system and provides the ability to transport goods
and passengers between its nodes. Along with this, the properties of the transport
network affect the overall performance of the transport process, namely: the density
and intensity of the flow of vehicles, the speed of the connection, the haul cycle length.

At this stage of development of scientific approaches to the determination of the
parameters of transport functioning, many different approaches have been proposed
[3]. It is determined in [4] that the availability of passenger transport correspondences
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has a significant impact on the state of social and economic development of the
society. Dependence of transport correspondence on routes taking into account social
components is mathematically described. In work [5] the question of modeling of
intercity passenger transport system is solved. In certain works, the distance traveled
by the nodes of the transport network is a factor in the resistance to the realization of
potential correspondence between cities.

The author of [6] considers the factors influencing the formation of the cost of rail
freight. It is determined that the haul cycle length of the cargo convoy in direct
proportion increases the transportation costs. The study of the cost price and the cost
of rail transportation are also disclosed in [7], in which the author determines the need
to reduce the lengths of the technological race of cars and the composition to reduce
the cost of implementation, both passenger and freight traffic.

In [8], the authors define how the transport infrastructure is a transport network
that consists of nodes and arcs. It is determined in [9] that the model of the transport
network is aimed at describing transport communications (roads and railways,
waterways and air routes) as a bound graph. At the same time, the authors establish
that the route network consists of nodes and arcs, and sometimes contains routes.
Drawing on such conclusions, the authors of [9] propose the description of nodes by
points, arcs — polylines and realize such models with the help of geographic
information systems. In work [10] the solution of a problem of modeling of transport
processes, which, among other things, is based on the graph theory applied to road
networks, is given.

To determine the indicators of the efficiency of road networks, the impact of the
road network development on social and economic indicators, it is suggested to use
methods of system analysis. The actual state of the road networks development is
proposed to be determined with the interruptions of the means of geoinformation
systems on the example of Ukraine.

There is no doubt that the combined time of a medium-range haul cycle depends
on the length of the medium-range haul cycle, which in turn is determined by the
features of the road network pattern.

Under these conditions, it is a fair assertion that the optimal aggregate haul cycle
time of the medium range is the minimum time. Minimization of the combined time
of medium-range haul cycle can be ensured by increasing the haul cycle speed or by
reducing its range.

The haul cycle speed is a quantitative reflection of the complex interaction of a
set of factors, among which are the technical capabilities of the vehicle, road
characteristics, the number and nature of stops and the like. Reducing the haul cycle
distance is achieved by determining the shortest route option for a haul cycle. When
planning variants of route schemes, modern mathematical approaches mainly use the
theory of graphs.

Let’s calculate the matrix of shortest distances between the regional centers of
Ukraine. For this let’s use ArcGIS software (USA) and models of automobile and
railway networks in Ukraine. The next step is calculation of the geographical distances
between the regional centers of Ukraine.
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Obtained values of the straightness coefficient of the road network for each pair
of nodes of the investigated system provide information on the pattern quality of the
network under consideration. The actual quality values of the road network pattern
determine the priority directions of its development. The cost of one hour of transport
time is a component of this dependence and is a derivative, including the mileage of
vehicles. This makes it possible to determine the potential public transportation costs
for individual transport nodes of the road network.

From the performed calculations it is possible to calculate the average value of
the straightness coefficient of the road network ksy for each of the nodes.

To determine the efficiency indicators of road networks, the impact of the
development of the road network on social and economic indicators, it is suggested to
use methods of system analysis. The actual state of development of road networks is
determined with geostationary means of geoinformation systems on the example of
Ukraine. When planning variants of route schemes, modern mathematical approaches
mainly use graph theory. The matrix of shortest distances between the regional centers
of Ukraine is calculated. As a result of the research it is shown that transportation to
Kherson, Odesa or Simferopol is carried out on routes that are on average 44%, 46%
and 64% more than possible if there is an appropriate road network.
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PEI'PECIIMHI MOJEJII 3AJIEXKHOCTI ILIATH
3A IIEPEBE3EHHA 3BEPHOBUX BAHTA’KIB PI3HUMH TUITAMUA
PYXOMOT'O CKUIIAAY BIJ BIZCTAHI IEPEBE3EHHSA

Kypaseas 1. JI.
KAHIMIAT TeXHIYHUX HAYK,
AOUEeHT Kadeapu yIpaBJIiHHA eKCIUTyaTaliiiHOI po00TOI0

Kypageas B. B.

KAHIAUAAT TeXHIYHUX HAYK, TOLEHT,

noueHT kadeapu cTaHuii Ta BY3JI4

J[Hinponempogcvkuli HayioHalbHUl YHI8EpCUMem 3ai3HUYH020 MPAHCNOPMY
M. [Huinpo, Vkpaina

B cywacHux yMmoBax TrocTpo MOCTaJI0 TUTAHHS IMiJIBUIICHHS €(QEeKTUBHOCTI
(GYHKIIOHYBaHHS BaHTAXKHUX CTAHIIN MEpexXi 3a paxyHOK 3HMIKEHHSI COOIBapTOCTI
nepepoOKu, 30KpeMa MUISIXOM PaIlioOHAIbHOT 3MIHU CTPYKTYPHU BarOHHOTO TApKy, 110
3aCTOCOBYETHCS TI1J] HABAHTAKEHHA (BUKOPHUCTAHHS 1HHOBAI[IMHOTO PYXOMOTO
CKJIaJy, PO3BUTKY TMEPCHEKTUBHUX BHJIIB TMEPEBE3€Hb, 3aCTOCYBaHHSA CIIOCOOIB
3aBaHTAKEHHS /10 HEeNepea0auyeHoro pyXoMoro CKiIaly TOIIO).

AHani3 poOOTH AMpEKIil 3ali3HUYHUX MepeBe3eHb J| perioHanbHOl  (imii
«3anizauud [Ip» ITAT «Ykp3ani3HULs MOoKa3as, 10 OCTAHHIMU POKaMH B YMOBaxX
3pOCTaHHs OOCATIB B1IBAHTAKEHHSI 36PHOBUX BaHTAX1B MPOJOBKYE 301TIbITYBATUCS
nedIuT 3epHOBO31B, a Je(DIIUT MIBBArOHIB MOCTYMOBO 3MEHIIY€EThCs. B Toil e uac
€ IOCTaTHIN 3amac BEJIMKOTOHHAXHUX KOHTEHWHEPIB 1 (PITUHIOBHUX IUIATGOPM AJIs 1X
nepeBe3eHHS.

JI71s1 KIT€HTIB 3aTI3HUYHOTO TPAHCIIOPTY JOMIHYIOUHUM (PAaKTOPOM 1111 4ac BUOOPY
TUIy PYXOMOTO CKJIaay 3 KUIBKOX MOJJIMBUX BapiaHTIB 3 ypaxyBaHHSIM
BJIACTUBOCTEH BaHTaXKIB, HAasSBHOCTI BJIACHUX BaroHiB 1 KOHTEHWHEPIB, HAsBHOCTI
BIIMOBITHUX MEXaHI3MIB OE3YMOBHO € TuIaTa 3a MepeBe3eHHs BaHTaxiB. Ilopsmgox
BU3HAYCHHS TIJIATH 32 MEPEBE3EHHS BAaHTAXKIB 3aII3HUYHUM TPAHCIIOPTOM B MEKax
VYkpainu BcranoBneno Tapuduum kepiBauirreom Ne 1 [1].

[Inaty 3a mepeBe3eHHs BaHTaXIB y BHYTPIIIHBOMY CIIOJYyY€HHI MO>KHA
MPEACTABUTH Y BUTIISIAL PYHKIIIT

Tr = f(Lrap 5B, Qp Wy, CX oy V, Ky ), (1)
ne Lrap — Tapudna BincraHb mepeBeseHHs BaHTakKy, KM (I JOCIIKEHHS

oOpano iaTepBai Bix 100 km 10 1200 kM 13 Kpokom 100 km);

S — XapakTepHl OCOOJMBOCTI BaHTaXxy, II0 BHUMAaralTh 3aCTOCYBaHHS
nepeadaueHuX Il HUX MpaBwWil (HAPUKIIAI, ITBUIKONICYBHUMN, HAJTUBHUHN TOIIIO);

B — Buj BiAnpaBKku BaHTaXYy (BaroHHa, KOHTEHHEPHA TOIIO);

Qp _ pPO3paxyHKOBa Maca BaHTaXy, T;
Wg — HaJICKHICTh PYyXOMOTO CKJIATy;
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CXrap — rapudHa cxeMa IepeBe3eHHs BAHTAKY,
V — MBUIKICTh NEPEBE3CHHS BaHTAXYy (BaHTa)xKHa a00 BEIMKa);

KiHD; — nitounii KoeimieHT iHaeKcarii 6a30Bux cTaBok Tapudy [2].

JI71st MOaIbIIoOro TOCIIKEHHS IPUIHSATO, IO CEpeIHbOA000BHUH 00car 3,5 Tuc.
T 3€pHa BIANPaBICHHAM 31 cTaHii [| MOXe mepeBO3UTHCS 3a BapiaHTaMU:

1 BnacHumu nmiBBaroHam icHyroudoro napky (I1B3) Bantaxomnigitomuictio 70 T 13
BUKOPHUCTaHHSAM OIr-0eriB pa3oBOro BUKOpHCTaHHSA po3MipamMu 105%105%90 mm
MICTKICTIO | T 1 pO3paxyHKOBOIO BapTiCTIO 42 I'pH.;

2 BIAacHMMHU iHHOBaIiiiHUMH miBBaroHamu (I1B1) BanTa)komigiiomMHicTIO 75 T 13
BUKOPHUCTaHHSAM OIr-0eriB pa3oBOro BUKOpHUCTaHHSA po3MipamMu 105%105%90 mm
MICTKICTIO | T 1 pO3paxyHKOBOIO BapTIiCTIO 42 TPpH.;

3 BJIACHUMH 3€pHOBO3aMHU ICHYI0UOTO Napky (3B3) BanTaxkomiiiomMHICTIO 65 T;

4 BIaCHMMHU IHHOBALIHUMU 3epHOBO3amu (3B1) BanTaxomiaioMHicTIO 76 T;

5 BinacHuMU  40-QpyTOBMMH  BETUMKOTOHHOXXHMMH  KoHTehHepamu  (K)
BAHTAKOMIAHOMHICTIO 26,6 T 3 BUKOPUCTAaHHSAM KOHTEMHEPHOTO BKJIAJUIIY
PO3PaxyHKOBOIO BapTICTIO 2 TUC. TPH.

AHani3yloud TMpUPOJy 3aJE€XKHOCTI, BCTAHOBJICHO XapakTep (QYHKIIi, sKa
BHpaka€ 3MiHy 3Ha4UeHb IUIATH 3a MEPEBE3CHHS 3€pPHA PI3HUMHU THIIAMH PYXOMOTO
CKJIaJly Jx B 3aJIC)KHOCTI BiJl BiJICTaH1 IEPEBE3CHHS X.

Koedimientn perpeciiinoi  moxaem Yy = f(X) BusHaueHo 3a MeTOIOM
HaiiMeHIMX KBaapaTiB [3]. B sAkocTi omiHKK aucmepcii BUNAAKOBOI BenWyuHUA Y
BUKOPHCTOBYETHCS 3aJTUIIKOBA AUcTepcis [4].

JInst mepeBipKM 3HAYMMOCTI PErpeciiHOl MoJeNl BUKOpUCTaHO F-kpurepiit
®imepa [5].

PerpeciitHa Mozenp aJeKBaTHO OMUCY€E PE3yJIbTaTH €KCIEPUMEHTIB [5], SIKIIO
BUKOHYETHCS YMOBA

T
F>Fomg;my), 2)

T
ne I:(oc; m;;my) — Mexka F-kpurtepito y pasi BUBHAUCHHX: PIBHS 3HAYUMOCTI O,
CTyHeHsT CBOOOAM eMmipudHoi gucrnepcii M1 1 cTymeHs CBOOOAM 3aJIMIIKOBO1
muctiepcii My, Jnsa mocipkeHHs NpUHHATO, o o = 5%.
AHani3 OTpUMaHUX AaHUX JI03BOJIUB BUCYHYTH TINOTE3Yy MPO TE, IO 3aJIEKHICTh
IJaTH 3a TEPEeBE3CHHsI 3€pHa PI3SHUMHU THUIIAMH PYXOMOTO CKJIaJay BIJ BiACTaHI

MEPEBE3EHHS MOKHA OMUCATU PErPECIHHOI0 MOACIIIIO Y BUIJISI/IL MOJIHOMY MEPUIOTOo
CTYMEHIO MapaMeTpH SIKOro HaBeIeHO y Tabuii 1.

Tie =bp +bibpep (3)
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Ta0mums 1
ITapameTpu perpeciiifHuX MojaeJsiei

Tun pyxoMoro ckjiaaxy Kg§¢lul€HTn MOIleJE)ll D,
HiBBATOH 3Buvaitnui (11B3) 42,523 0,218 8,879958
inHoBamiiHui (11B1) 30,061 0,131 2,78583
3epHOBO3 3Buyaitnuii (3B3) 45,423 0,257 9,81566
iHHOBaIliitHM (3Bi) 41,627 0,236 8,593846
kourernep (K) 65,807 0,283 11,34424

PesynbraTi iepeBipKy aJIeKBaTHOCTI perpeciiHUX Mozesieii HaBeieH1 y Tabmu 2.

Tabmums 2
IlepeBipka ageKBaTHOCTI perpeciiiHux MmojeJeit
Tun pyxomMoro ckiaauy D, F Fis:11:10)

; 3suvaiinuii (I1B3) 32706,78 3683,21
BBATOR L Hoaiimmit (I1B1)|  12590,54 4519,49

SePHOBOS 3Buyaiinuii (3B3) 43860,73 4468,44 2,94
P innoBaniiinmit (3Bi) |  36979,62 4303,04
koHTelHep (K) 59133,2 5212,62

Jlani, HaBeneHi B TaOa. 2, J0O3BOJIAIOTH 3pOOMTH BHCHOBOK, IIO yMOBa (2)
BUKOHYETHCS JIJIS1 BCIX TUITIB PyXOMOT'O CKJIafdy.

Ha ocHOBI po3paxyHKiB M0OYJJOBaHO KPUBI PETPeCii, sIKI ONMHUCYIOTh 3B’ 130K MK
TapU(PHOIO BIJICTAHHIO IEPEBE3CHHS Ta IIJIATOIO 3a IEPEBE3ECHHS 3€pHA 3a BapiaHTaMuU
B po3paxyHKy Ha 1 ToHHY (quB. puc. 1).

AHani3 KpUBHX perpecii mokasas, 110 JJI Pi3HUX TUIIIB PYXOMOTO CKJIaay BOHU
HE TEePEeCIKAIOThCA. TakKuM YHHOM, KIIEHTH 3aJI3HUYHOTO TPAHCIOPTY Ha eTari
NPUMHATU PIIICHHS 1010 BUOOPY THUILy PYXOMOI'O CKJIaay AJisi IEpEeBE3eHHS 3epHa
MOXXYTh 3 BUKOPHCTAHHSM OTPUMaHUX (POpMysa WIBUIKO BU3HAYUTH OPIEHTOBHE
3HAYEHHS IJIATH 32 NIEPEBE3ECHHS.

[Tpu 3pocranHi TapudHOi BiAcTaHi B 12 pa3iB mjiara 3a NEPEeBE3CHHs 3€pHA B
PO3paxyHKy Ha | TOHHY JiJisl IHHOBAIIMTHUX MIBBAaroHiB 1 KOHTEHHEPIB 301IbITYETHCS
B 4,3 pasu, AJid MIBBAaroHiB ICHYHOYOro mapka — B 4,8 pasu, a AJid 3€pHOBO3IB
ICHYIOYOT0 MapKy Ta IHHOBaUIMHUX — Y 5 pa3iB.
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Puc. 1. Kpugi perpecii, siKi onucyoThb 3B’ 130K MK TApU(PHOIO BIICTAHHIO
nepeBe3eHHsl Ta IUIATOI0 32 NepeBe3eHHs 3ePHA Pi3HUM PYXOMHUM CKJIA0M
B po3paxyHKy Ha 1l T

VY mopiBHSAHHI 3 KpallMM BapiaHTOM (IHHOBAI[IMHUMH IIBBarOHaMH) ILjiaTa 3a
MEPEBE3CHHS 3€pHAa B PO3PAXyHKY Ha | TOHHY MiBBaroHamM ICHYIOYOTO MAapKy €
nopoxyoro B 1,5...1,6 pa3iB, iHHOBaliiiHUMU 3epHOBO3amMu — B 1,5...1,7 pa3is,
3€pHOBO3aMHU 1CHYIOYOTO Tapky — B 1,7...1,9 pa3u, a koHTeliHepamu — B 2,2 pasu.

Jlireparypa:

1. 36ipHuKk TapudiB Ha MEPEBE3CHHS BAaHTAXIB 3AII3HUYHUM TPAHCIOPTOM Yy
Mexax YkpaiHu Ta moB’si3aHi 3 HuUMH mnociayru (Tapudue kepiBHUIITBO No 1)
[EnexTponHuii pecypc]: 31 3MiHaMH 1 JOMOBHEHHSMU. — Pexum poctymy:
http://uz.gov.ua/cargo_transportation/tariff_conditions/transportation_in_ukraine/col
lection_rates/.

2. Koedimientn go 36ipauka Tapudis [ Enexrponnuii pecypc]. — Pexxum gocrymy:
http://uz.gov.ua/cargo_transportation/tariff_conditions/
transportation_in_ukraine/collection_rates/.

3. AxynuandyeB B. M. Marematnyeckue METOABI B JIKCIUTyaTallMH >KEJE3HBIX
nopor [Tekcr]: yueb. mocoOue i BY30B *K.-A. TpaHcn. / B. M. AxkynauHuYeB,
B. A. Kyapssues, A. H. Kopemkos — M.: Tpancnopr, 1981. — 223 c.

4. lropm P. Teopus BepositHOCcTel. MaTematuyeckas craTucThka. CraTuc-
TUYECKUU KOHTpOJb KauecTBa [Tekcer] / P. IlITopm. — M.: Mup, 1970. — 368 c.

5. JIeBoBckuit E. H. Cratuctudeckue MeETOAbI TOCTPOCHHS SMITHMPUUYECKUX
dbopmyi [Tekct]: yueb. mocodue / E. H. JIbBoBckmii. — M.: Beicmi. mkoma, 1982. —
224 c.
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THTETPOBAHI IHOOPMAIIHI CUCTEMM MIABALIIEHHSA
E®PEKTUBHOCTI EKCIHEPTHUX JOCJ/IIKEHb
JAOPOKHBO-TPAHCIIOPTHHUX ITPUT'O/]

Kamkanos A. A.

KAHIAUAAT TeXHIYHUX HAYK, JOLEHT,

JAOUEeHT Kadeapu aBTOMOOLTIB

Ta TPAHCIIOPTHOI'0 MEHEKMEHTY

Binnuyvxuii nayioHanbHul mexHivHul yHigepcumem
M. Binnuys, Ykpaina

Po3BuTOK anapaTHoi 0a3u EPCOHATBHOT KOMIT FOTEPHOI TEXHIKH Ta TPOTPaMHOTO
3a0€3MeUeHHs], 1110 3aCTOCOBYETHCS B €KCIEPTHU31 IOPOKHBO-TPAHCIIOPTHUX MPHUTO/]
(ATII), nmigBUIIyIOTH pONb 1H(QOPMALIMHUX TEXHOJOTIH, SKI peai3yloThCsS B
CIeIliaJIi30BaHUX MporpamMHux 3acobax [1; 2; 3].

CyuacHi iHpopmaiitHi TexHosorii nociimkenss JTII moxxna kinacudikyBartu 3a
MPU3HAYEHHSIM, AaJI€KBAaTHICTIO PE3YJbTATIB PEKOHCTPYKIIi, BUKOPUCTOBYBAHUM
MaTEeMaTHYHUM anapaToM, BUMOTaMHU JI0 MTPOAYKTUBHOCTI KOMII IOTEPHOT TEXHIKH Ta
HEOOXiTHUM piBHEM MiATOTOBKHU (axiBiiB (puc. 1).

B3aeM03B’A30K €JIEMEHTIB Ta aJeKBATHICTh IHTETPOBaHUX 1H(OpPMALIHHUX
CHUCTEM ITiABUIIEHHS €(eKTUBHOCTI eKcrepTHUX aociikenb JTII oGymoBItoeThes
AKICTIO Ta 0o0csiroM 00poOmoBanoi iHpopmali [4]. KoMiuiekcHe BUKOpUCTaHHS
CHEIlaTi30BaHUX KOMIT IOTEpHUX MporpaM st po3paxyHky mexanizmy JTII Ta
aBTOMATU30BaHUX CUCTEM (OPMYBaHHsS BUXIIHHMX JaHUX (KOMIUIEKCH JIa3epHOTO
ckanyBanHns micug JTII; peectparopu gaHux mpo moii, siki 103BOJSIOTh (PiKCYBaTH
napameTpu pyxy TpancnoptHux 3aco0iB (T3) mo ta micust ATII; cnemianbha udpona
amapaTypa) MOXHa pO3TJIsIaTy K Ha01p MOIYJIiB, 310paHUX 13 MHOKUH CTaHIapTHUX
MO/TYJIiB.
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CKaHYBaHHS

3a npu3HaYEeHHIM

U IIporpamu crneuianizoBanoi 00poOku iHdopmarii: Todok BumiproBanus 3 GPS
npuiimaua; ¢ororpadiii Ta BigeoMaTepiaiiB; pe3yabTaTiB JazepHoro 3D

U Tporpamu amas MareMaTHYHOTO aHATI3y: YacOBO-TIPOCTOPOBOTO BiIHOIICHHS;
napameTpiB pyxy ydacaukiB JITII; mepemimens nedopmariii Ta 3yCHis; poOoTH
arperaris, By3JiB Ta CHCTEM TPaHCIIOPTHUX 3ac00iB

O JlemoHcTpariiiiHi mporpaMu-cUMYIISTOpH: KpecineHHs macmraduux cxem JTII;
Bi3yamizarii pe3yssratiB MoaemoBanHs npouecy JTII abo #ioro wactun

—

3a aIEKBATHICTIO

pesynbraTa ananizy JITI

peanbHOMY IPOILIECY
QO IToBHOAnekBaTHI

O OuiHouHi: 3 )KOPCTKAMH
O0OMEXEeHHSIMH 1
MPUIY LICHHSIMH; 3
BUXIJIHUMU JJTAaHUMH, IO
MOXYTh 3MiHIOBATUCH

&/

—

[adopmaniiini
TEXHOJIOTIT
excneptuzu JTIL

—

3a CIOKMBAHHSM PECYPCIB
U s mro6ux cydyacHUX

MepCOHATBHUX
KOMIT FOTEPIB

U s Gararomporiecop-
HHX CTaHIIH

U s rpadivamx cTaHmii

O Jls muraHmieTis Ta
KOMYHIKaTopiB

&/

—

3a BUKOPHUCTOBYBAHUM

MaTeMATHYHUM anaparoM
O CykymHicTh aHANITHYHHX Ta

EMITIPUYHUX 3QJICKHOCTEH

U Bekropha anreopa (KiHETHKO-
MacOBHi pO3paxyHOK)

U Teopis iiMoBipHOCTI Ta MaTeMaTHYHA
CTaTHCTUKA

U Mero/ KiHIIEBUX EJIEMEHTIB

U HediTki MHOXWHH Ta HEWPOHHI
Mepexi

U Kom6iHoBaHi MeTOIM

\

3a piBHEM M1 ArOTOBKU (HaxiBIIiB
U HdocrymHi s Gimbirocti GaxiBiis
U Jls crieriaabHo MiAro TOBICHUX
(haxiBIriB
U BukopucroByBaHi rpymoro (haxisiiis
Pi3HOT MiATOTOBKU
U BukoOpHCTOBYBaHi IPYIIOI0 BUSHUX

Puc. 1. Knacudikaunisa ingopmaniiinux rexnoJioriii ekcnepruszu ATII

KoxHuii Moslysib, BUKOHYIOUM CBO1 (PYHKIII1, 3a0€3Meuye NOCATHEHHS 3arajibHOi
Metu iHTerpoBaHoi cuctemu (IC), B3aeMO3B’s13KM B K1 MOXKHA MOAATH Yy BUTJISII
cxemu (puc. 2), 1€ B IHTETPOBAHOMY YacCOBOMY LIMKJI MOKa3aHi 1H(OpManiiHO-
MOTOKOBI (IIYHKTHP) Ta KEPYIoUi (CyI[iIbHA JIIHIS ) B3a€MO3B’SI3KH.

131



CiincTBo, Cyn

I
[epesipka Ha Monyns / Obpodxa uacy |
Hg;”;?{eollfg’l BBe/ICHHS/ y 3 |
KiHII[_l CBOrO BUBEJIEHHA y | | BBenens
ey Y — \ )/ | BUXITHIX faHuX
4 | l |
| I'padpivamit |I|[ [ O6pobxa |
Excnepr | MOLYJTb | IPOCTOPY |
| | I
O6pooOKa i
OmnoBreHHS \ \ > | | OHOr])i]'I €HHSA
T YMIIEHAKA \ \ [Maremarnunmii| /|| | 6230801
qacy | MOJTYJTb | v | TIOBEPXHi
baza nanux : | | Obpoodka |
| | inpopmariiizoi | |
, > momeni JATIT ||
AN || AHamiTHaHMI [ e /L
OunosieHus 60a3u \ \‘1 | O06po0Oka i
JaHuX (3HaUeHb \ MOALYIIb = —— ’ OHOI])&TICHH)I
LIBUIKOCTEH, \ b - _ | / 6a30Boi

MepeMillieHb, 3MiHU

MOBEPXHI
reomerpii omo ) 0N ——— — — — — —

InTerpoBana

@ .00 cucTema
2TONYT excrieptusu [TI1

0.00, .00 0.0 0O.00
Tpaconoriuna Ekcmeprusa Excnieprusa Exkcneprusa

eKCIepTu3a JIOpOKHiX ymoB TPAHCIOPTHUX BOJLB Ta
3ac00iB MIII0XO0IB

Puc. 2. Bzaemo3B’a30k esiemenTiB IC excneprusu ATII B yacoBomy muxk.ii

3aBAsSKM MONYJIBHOCTI, IHTErpOBaHa cHUcTeMa 3a0e3ledye BHCOKY SKICTh
MPOBA/KCHHS EKCIEPTU3U: KOMIUICKCHICTh JOCIHIKEHHS; BUCOKY THYYKICTH IS
aganTaiii A0 pPI3HUX yMOB; EKOHOMIYHICTh 3a PaxyHOK CKOPOYCHHS BUTpaT;
e(eKTUBHICTh Yepe3 MOXKIIMBICTh aBTOMATH3AIlIl Onepariiii OTHOTUITHOTO XapaKTepy.
OdeBuHO, 1O 31 3pOCTAHHSAM IHTETpaIlil PO3MIMPIOIOTHCS MOTEHINIHHI MOXJIMBOCTI
CUCTEMH, 30UIbIIYEThCA CTYIIHb PI3HOMAHITTA 1 anpTepHaTuBHOCTI. Lle, B cBOIO
4epry, MOPoKye MPoOJIeMHU, MOB’ sI3aH1 3 SIKICTIO PYHKIIIOHYBaHHSI CUCTEMH, B TOMY
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yucii, npobnemy Qopmanizamii mporecy (QopMyBaHHS I1HTETPOBAHOI CHCTEMHU
excneptusu JTII Ta ominkwu ii sikocTi [5].

dopmyBanHs iHTerpoBaHoi cucremu excreptusu JATII (puc. 2) BinOyBaeThcs Ha
OCHOBI aHaJIi3y 3alUTy OPTaHiB CJIJICTBA YU CyAy Ta pi3HUX yMoB 1 ooctaBuH J[TII Ta
BU3HAYAIOThCS (DYHKIIII, sIKI BOHAa MMOBUHHA BUKOHYBaTH. B SIKOCTI MeTH cuCTeMH
aBTOTexHIYHOI ekcriepTusu I TII mokHa MPUHHATH TaKi MOKa3HUKH, K 3a0€3ICUCHHS
paB TPOMaJsH Ha OO0’ €KTHUBHE PO3CIIAyBaHHS aBapIMHUX CUTYaIlii, I1JBUIICHHS
AKOCTI Ta 3MEHIIEHHS (pakTopa CyO’€KTHBHOCTI NpU (HOpMYBaHHI EKCIIEPTHHUX
BHUCHOBKIB, MIHIMI3allii BUTpPAT PECYpCIB Ta 4Yacy HEOOXITHUX HJs MPOBEICHHS
EKCIIEPTHU3.

Mopens iHTErpOBaHOi cuctemMu aBToTexHIuHOI ekcrieptusu ATl moxHa nogaTu
B TAKOMY MaTeMaTHYHOMY BHU/I1

DS ={X,F,D,t}, (1)
a¢ X — MHOXKHHA MHOXHH CTaHJAPTHHUX MOIYJIIB, X ={X1,X2,---,Xn},
X{ — MHOXHHA CTaHAAPTHUX MOJIYJIB, 3JaTHHUX BUKOHATH 3aBJaHHA Y1,

X1= {Xil‘xil e Xy1=1..., ml}; Xii — cTaH MOAyd Xii MHOKHHH X1 (3MIiHIOETBCA Y
gaci); ™ — KITBKICTh MOTYJIIB B MHOXKHHI X1: Xg,..os X — BiAMOBITHO MHOKHHH
CTaHJAPTHUX MOJYJIB, 3/JIaTHUX BHKOHATH 3aBJaHHS Y2:--¥n: n _ kinpkicts
MHOKUH CTaHJapTHUX MOJYJIB (KUIBKICTh BUIIB 3aBJIaHb);

F — minboBa QyHKIIiS IHTErpadibHOT CUCTEMU;

D — MHOXHMHa BHMOT 1O CHCTEMH D={Y,Z}, Y — MHOXHMHA BHMMOT IIOJO

BUKOHYBaHUX 3aBJaHb (BUI, 0OCIr poOiT, yac, micie i T. 1I.), Y ={y1,y2,...,yn};
/ — MHOXXMHA BUMOT IIOJIO SKOCTI CHCTeMH aBTOTexHiuHOi ekcreptu3u JTII B
1IJIOMY (CBOEYACHICTh, HAJIIWHICTh, THYYKICTh, €PEKTUBHICTS 1 T.11.);

t — MOMEHT NMPOEKTYyBaHHS IHTETPAIILHOT CUCTEMHU EKCTIEPTU3H.

Pimenns 3amaui (1) abo HaGip oOpaHUX MOIYJIIB

rx*:{XiLl,Xlzz,,Xlnn},
F(X*,t) — max, (2)
D(X*,t) > 0.

MonynpbHa TEXHOJIOTISE TPOEKTYBaHHS HaJlae 3acobW Il aBTOMAaTH3allli
KOMITOHEHTHOTO (OpMYyBaHHSI 1HTETPOBAHOI CHUCTEMM AaBTOTEXHIUHOI €KCIEPTHU3U
JOPOXKHBO-TPAHCIIOPTHUX TPUTOA JI0OOr0 PIiBHS CKJIAQAHOCTI Ta SKOCTI 31
CTaHJApPTHUX MOJIYJIIB 3@ aHAJIOTI€I0 31 CKJIaJaHHSAM KOMII IOTEpiB, aBTOMOOUIIB Yu
MPOTPaMHUX KOMIUIEKCIB 13 TOTOBUX OJIOKIB, IO HAa3WBAIOTHCS KOMIUICKTYIOUMMHU
BupoOamu. [Iporiec 36upanns iHbopmarllii mpo MOAYJl Ta iX cTaHAAPTU3ALIS TOBOJI1
ckJIamHuil 1 Tpyaomictkuii. IIpore B monanmeimioMy 1e 3abe3reuye MOKIHUBICTH
IIBU/IKO CTBOPIOBATH HOBY IHTEIPOBaHY CUCTEMY aBTOTEXHI4YHOI ekcniepTu3u JTII un
MoAuGIKYBaTH ii y BIAMOBIIHOCTI JO 3MIHM YMOB Ta BUMOI MpH PO3CIiAYyBaHHI
00CTaBHUH MEBHOI aBapiitHOI cUTYaIlli.

Jlireparypa:
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YIIPABJIEHUE PUCKAMMU B ITIPOEKTAX
TPAHCIIOPTHOI'O OBECIIEYEHMSA I'PY30BbIX IIEPEBO30OK

Kynnga H. T.

KAHAMIAT TEXHHYECKHX HAYK, JOLEeHT,
npogeccop kadeapsl
MEKTYHAPOAHBIX NepPeBO30K

U TAMOKEHHOI'0 KOHTPOJIA

Jlebens B. B.

KAHIMIAT TEXHUYECKHX HAYK,

cTaplIMi npemnoaaBarte/ib Kadeapbl
MEKAYHAPOAHBIX NEPEBO30K

U TAMOKEHHOI'0 KOHTPOJIA

Hayuonanvnolit mpancnopmubiii ynugepcumem
2. Kues, Yxpauna

[Ipon3BOACTBEHHAss JEATENBHOCTh MPEANPHUATHM TPAHCIIOPTHOW  OTpACIIH
HEpa3phIBHO CBs3aHa C pUCKaMH. PUCKHM B MpPOEKTax TPAHCMOPTHOTO OOECIICUCHUS
IPY30BbIX MEPEBO30K, KaK MPABUJIO, BOSHUKAIOT B YCIIOBUSAX HEOIPEICICHHOCTH U
XapaKTEPU3YIOTCSI HEJOCTATOYHOCTHIO WJIM OTCYTCTBUEM TMOJHOM M JOCTOBEPHOMU
nHpopmaruu 00 YCIOBUSIX pealu3alii 3asBKU Ha MEPEBO3KY U MPOTHUBOPECUUSIMU
MHTEPECOB YYACTHUKOB MPOEKTAa TPAHCIOPTHOTO obOecreueHus (Irpy30BIajieiblIeB,
MEePEBO3YUKOB, FKCIIETUTOPOB U T. 1I.).
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VYnpaBnenue puckamu B NMPOEKTaxX MEPEBO3KH TPY30B — 3TO HAOOpP IMPOLECCOB,
CBSI3aHHBIX C IUJIAHUPOBAHUEM YIPABJICHUS PUCKAMH, WX HUJEHTU(UKAIMEeW U aHa-
JM30M, pEarupoBaHUEM Ha PUCKA, MOHUTOPUHIOM U YIPABICHHUEM pHUCKAMU
[1,c.310].

Puck B mpoekTax nepeBo3KU MPOSBISIETCS B HEOIATONPUSITHBIX CUTYAIUSAX, JJIs
nepeBO34YrKa — TO 3aJICP>KKU HA MyHKTaX MpoItycka, HapyuieHue TpedoBanuit ECTP,
YXYAIIEHHE TEXHUYECKOTO COCTOSIHUSI TpaHcnopTHoro cpenctsa, JATII u 1. m., nis
Ipy30BIaJieNblla — HECBOEBPEMEHHAs JOCTAaBKa TIpy3a, MOBPEKIEHUE TIpy3a B
MPOIIECCE TPAHCIIOPTUPOBKU, HEBBIMIOJHEHHUE YCIOBUM 1I0TOBOPA MEPEBO3KH U T. .

VY CTaHOBIIEHO, YTO PHUCKHU, BO3HHUKAIONIME MPU MNPUHATUU YHPABICHUYECKHUX
pelIeHuUi 10 BHIOOPY peaau3aiiy TOTO WM UHOTO MPOEKTa MPU OTCYTCTBUM MOJIHOM
U TOYHOW wWH(pOpManuu OO0 YCIOBHSIX BBIMIOJHEHUS TIPOIecca IMEPEBO3KH Ha
MEXKIYHAPOJHBIX MapHIpyTax, BIHSIOT HAa YPOBEHb KOHKYPEHTOCHOCOOHOCTHU
YKPAaUHCKUX TMepeBo3YuKoB [2, ¢. 305]. B 4acTHOCTH, K PHUCKOBBIM COOBITHSM,
KOTOPBIE OKa3bIBAIOT HEraTUBHOE BIIMSHUE HA KAYECTBO NIEPEBO30YHOIO MPOIECCa Ha
MapuipyTax TPaHCHOPTHBIX KOPHUJAOPOB, Ha aBTOMOOMIIBHBIX MEXKIYHAPOIHBIX
noporax kinacca «M» u «E», cienyeT oTHECTH HM3KYIO MPOMYCKHYIO CITIOCOOHOCTH
MEKIYHAPOJHBIX MApIUIPYyTOB, CHUYKEHHE CKOPOCTH JOCTAaBKU I'PY30B BCIEICTBUE
HEYZOBJIETBOPUTEIBLHOTO TEXHUYECKOTO COCTOSIHUSI JAOPOT, YBEJIMYEHUE BPEMEHU
JIOCTaBKU TPY30B H3-3a 3aJ€PKEK Ha IMyHKTaX NPOIyCKa, OTCTABAHHE pPa3BUTHS
MH(POPMAITMOHHBIX TEXHOJIOTUH, HHU3KOE KadeCTBO OOCHTY)KMBAaHMSI CEPBUCHBIMU
MyHKTaMHU, HECOOJIIOJICHUE TMPABOBOTO MOJIS MPHU BBIMOJHEHUH MEXKIYHAPOIHBIX
MIEPEBO30K IPY30B.

YuuTeiBasi CTeneHb JOCTOBEPHOCTU SKCHEPTHOM HHMOpMAIMK, HUCIOJIHUTEIH
MPOEKTa MOTYT €Ile Ha CTaJuy IUIAHUPOBAHUS >KU3HEHHOTO IMKIJIA TMPOEKTa
OTKOPPEKTUPOBATH PEIICHUE O €r0 CHIKCHUHU.

Mertonpl aHanu3a W OLEHKM PHCKOB B IPOEKTAaX IMEPEBO3KH TI'PY30B
MHOTOYHUCJICHHBI, KaK M CHOoco0bl Kiaccudukanuu puckoB [3, c¢. 106]. Anroputm
yIpaBJIECHUS] pUCKAMH MPEICTABUM B BUJE JIOTHUECKOM NOCIIEI0BATENBHOCTH:

— unenTudukainus GakTopoB pucka, a UIMEHHO OIpeIeNIeHNEe PUCKOBBIX COOBITHH,
KOTOpbIE MOTYT HEraTUBHO BJIMATh Ha OYIYyIIyI0 ACSTEIbHOCTh YYaCTHUKOB
TPAHCIIOPTHOTO TPOILIECCa, M KX KAaYECTBEHHAs XapaKTEPHUCTHKA IO Pa3IU4YHBIM
MpU3HAKaM;

— OMpeJIeNICHUE BEJIMYMHBI PUCKA TIPU BBIMOJHEHUH MEKTYHAPOIHBIX TPY30BBIX
MEePEBO30K B MPOEKTAX TPAHCIIOPTHOIO 0OECTIEUEHHUS,;

— YIpaBJICHUE PUCKAMHU, TO €CTh MPUHSITUE PEIICHUSI 10 CHUKEHUIO BEPOSITHOCTH
BO3HUKHOBEHUS PUCKOBBIX COOBITUH B MPOIECCE MEPEBO3KHU.

Knaccuduxaiiyio npoeKTHBIX pPUCKOB MIPEJCTABUM Ha PUCYHKE 1.
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Knaccudmkaums NpoeKTHbIX PUCKOB
MO UCTOYHMKAM BO3HUKHOBEHMUA

e

CucreMaTHyeCKHil pUCK
B IIPOEKTAX MEPEBO3KH IPY30B
B MEXIyHapOIHOM COOOIICHUU
(onpenensiercs BHEIIHUME (pakTOpaMu
BO3JICHCTBUS U SBJISCTCS OAHOTUITHBIM
JUISL aHAJIOTUYHBIX IPOEKTOB)

- KoJIeOaHHsI PHIHOYHON KOHBIOHKTYPBI;

— pe3Koe M3MEHEHHE 3aTpaT Ha BHIMOJIHE-
HUE MEXJIYHApPOJHOIO peica BCICICTBHUEC
Koje0aHus Kypca BajtoT;

— HeCcTaOMIILHOCTh HOPMATHBHO-TIPABOBOTO
TOJIS;

— HaJIMYUE BHEUTHETIOJUTHYECKUX PUCKOB;
— CYyIIECTBOBaHUE OOJIBIIOTO KOJIWYECTBA

N

Hecucremaruueckuii puck
B [IPOEKTAX MEPEBO3KU IPY30B
B MEXJIYHApOJHOM COOOIIEHUH (KacaeTcs
HEIMOCPEICTBEHHO MPOEKTA, 3aBUCUT
OT yCIIOBHI1 €T0 pealin3aiiu
¥ OTMEYaeTCs CeupUKOi
UCCIIEyeMOTO MTPOEKTa)

— HECOTJIaCOBAaHHOCTh MHTEPECOB yqacrh
KOB IPOEKTa IIEPEBO3KHU I'PY30B;

— omuOKU 1pu OQPOPMIIEHUH TOBAPHO-
COIIPOBOJIUTENLHON JTOKYMEHTAIUH;

— HEHQJJexallas OLEHKAa PbIHOYHOM
CUTyallud IO IPEJOCTaBICHUIO YCIYT IO
IIEPEBO3KE IPY30B;

— HEJI0CTaTOYHOCTh JIOCTOBEpHOU HH(Op-
Mauu o0 yCIOBHSX PealU3alluy IPOEK-

KOHKYPCHTHBIX IICPCBO3YHKOB. / Ta IICPCBO3KHU I'PY30B. /

Puc. 1. CTpyKkTypa NpoeKTHbIX PUCKOB M0 HCTOYHMKAM BO3HUKHOBEHMUSI

Jlnig onpenesienrs: BEIMYUHBI pUCKa HE0OX0JMMO MTPOBECTH aHAJIU3 TPOEKTOB Ha
MpeAMET KOMIUIEKCHOM OLEHKH PUCKA C YUETOM BCEX MEPEUMCIEHHBIX (PaKTOPOB U
BO3MOXHOCTBIO CPAaBHEHHsSI PHUCKOB MO QJIbTEPHATUBHBIM IpoekTam. I[lpu
MIPENOCTABIEHNN aBTOTPAHCIIOPTHBIX YCIYT KA4ECTBO BBINOJHEHUS IIPOEKTA MOXKET
MOCTOSIHHO MEHSATHCA BCJEACTBUE BO3HMKHOBEHHS] PUCKOBBIX COOBITHIM M YCIOBUH
HeonpeneneHHocTy. [10aToMy yripaBiieHHe pUCKAMU B IIPOEKTAX IIEPEBO3KHU IPY30B,
HE3aBUCUMO OT CJIOKHOCTH TAaKOI'O BHJA IIPOEKTOB, SBIACTCS PE3YyJIbTaTOM
B3aMMOJICHCTBHSI MHOI'MX COCTaBJISIOUINX (3JIEMEHTOB) IpOLEcca MEPEBO3KH.

Cocrasinsroye nporecca NepeBO3KU XapakTepU3yrTcs OOJIbIINM KOJIMYECTBOM
[MapaMETPOB M CYIIECTBYIOT B TEYEHUE BCETrO JKM3HEHHOIO LMKJIA MPOEKTa. YYeT
PHUCKOBBIX COOBITUH U MX OLIEHKA Ha 3Talle MIaHUPOBAHUS MPOEKTA IEPEBO3KU TPY30B
ITO3BOJINT CHU3UTh BO3HMKHOBEHHE NMOTEHUMAJIBHOIO PUCKA HAa JTalle peaju3aluu
MpoeKTa (MpU HETIOCPEACTBEHHOM BBIMOJIHEHUHU NIEPEBO3KK) U HA 3TAIe 3aBEPIICHUS
IIPOEKTA.

da3a IIaHUPOBAHUSA IPOEKTA IEPEBO3KU I'PY30B XaAPAKTEPU3YETCSA BXOIHBIMU
rapamMeTrpaMy, OrPaHUYCHUSIMM, HAKJIAJIbIBAEMbIMM Ha MPOEKT, U JOMYCTUMBIM
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puckoM, MoJienb yIipaBlieHUs] PUCKaMH B POEKTaX MEPEBO3KHA MOXKET ObITh ONMCaHA
CIIeYIONTUM 00pa3oM:

= {Yt + Lsec s Qser }_> min @

rae Rkproj — puck K-ro mpoekta; Y; — Bpems [JOCTaBKH TIPY30B; Zg,.

Rkproj

0€30MacHOCTh TPAHCIIOPTHUPOBKU TPY30B; (o — CEPBUC TPETOCTABICHHS
TPAHCTIOPTHBIX YCIYT B MYHKTaX MPOMYCKa MEKTYHAPOAHBIX MAapIIPYTOB.

OrnpenenuB BXOAHBIE MapaMETPhl U MMapaMeTPhl, YUUTHIBAIOIIUE CTEIICHb PUCKA,
IpEeACTaBUM IPOEKT MEPEBO3KU TPY30B depe3 (PYyHKIHMIO YIPABJICHUS KauyeCTBOM C
Y4ETOM KOMILUIEKCHOM OIIEHKH pucka (2):

proj _ . . . . Ccnr P ..
QHIYF o (Z proj- SPVOJ’ Foroj PPVOJ’ proj- Cpfoj’ LprOJ) RI<proj (2)

roj
rie QI%HIL— Ka4yeCTBO IIPOCKTa MEPEBO3KU I'py3a; Zpro j — COZIepIKaHUE MPOEKTA;
Spro i~ Tpe6OBaHI/I}I, NpeabIBIIEMBIC K IIPOCKTAM IIEPEBO3KU COIJIACHO CTaHAapTaM
EC 00 YCJIOBHSX BBIITOJIHCHUS IIEPEBO3KH I'PY30B; Iproj — PECYPCHI, HEO0OXOIUMBIE TS
BBIIIOJIHEHUSA pa60T IIPOE€KTa Ha CTAOAUU IUIAHWUPOBAHUS WU pealU3alluU (Hamuuune

porpaMMHoOro obecneyenust); Py — TpeOoBaHHA 3aKa3YMKOB K KAuyeCTBY
TPaHCIIOPTHOTO OOCITyXKUBaHUs MEPEBO3UNKOB); Coros CTOMMOCTh paboT Ha
pa3paboTKy MpoekTa (Ha CTaJuM IUIAHUPOBAHUS IPOEKTA); Cgroj
CTaJIM peau3aliu MpoeKTa; Lpro; — HaKIaJbIBaEMbIC OTpaHHUIEHUs (TpeOOBaHMs
IpYy30BIAJENbIEB, TPY300TOPABUTENCH U  Tpy30MOdydyaTesne, OrpaHu4eHHs
pPacxoJ0B Ha pean3alMI0 MMPOEKTA); Rkproj — OIICHKA pHUCKa MPOEKTa; | — MHICKC,

— pacxodbl Ha

0003HaYaIOIINN BUJ] IPOEKTA.

[IpennoxeHHass MOJENb YIPAaBICHUS PUCKAMU MOXKET CIYKUTb OCHOBOW JUIS
pa3pabOTKU METOAA YIpaBIIEHUS TPAHCIIOPTHBIMUA PUCKaMH B IMPOEKTaX TPaHCHOP-
THOTO 00ecreueHHs TPY30BbIX NMEPEBO30OK Ul MOBBIIICHUS KAaueCTBa TPAHCIIOPTHBIX
YCIIYT.

B nanpHEWIMX WCCNENOBaHUAX, YYUTBIBAs CIy4YallHbIA XapakTep BO3HHK-
HOBEHUSI PUCKOBBIX COOBITHH, Uil MPHUHATHSI ONTHUMAJIbHOTO PEIICHUS B YCIOBHSX
HEOIPEACIICHHOCTH TPUMEHSAETCS MAaTEMaTUYeCKUM armapar TEOpUM HEYETKHUX
MHOKECTB C 1[EJIBI0 Pa3paObO0TKU CUCTEMBI MPOIYKIIMOHHBIX MPABUII HEUETKOM JIOTHKH.
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HUAGPOBIBALIA JOTCTUYHUX JAHIIOI'IB METAJIONPOIYKIIIT

Hikxousaenko 1. B.

KAHAUAAT TEXHIYHUX HAYK, TOLEHT,

JAOUEHT Kadeapu TEXHOJIOTiI MIXKHAPOJIHHUX NepeBe3eHb i JOriCTUKH
JIBH3 «llpuazoscokuii Oeporcashuii mexHiyHuil yHigepcumen

M. Mapiynons, [loneyvra obnacme, Yrpaina

Y mpoekti «CepeIHbOCTPOKOBOTO IUIaHy MPIOPUTETHUX i Ypsgy [0
2020 poxy» OTHHM 3 11’ SITH KIIOYOBUX MOKA3HUKIB JOCSITHEHHS IIIJIEH €KOHOMIYHOTO
3pOCTaHHs 3a3HaueHO Micle YKpaiHu B peutmHry Doing Business — He Hwkue
30 [1]. ¥ 2017 pomi Ykpaina mocina 80 micrie (cepen 190 kpain).

[IpoBigHOIO Tanmy3310 YKPAiHChKOI €KOHOMIKM JOBI1 POKW  3aJMIIATHCS
metanypris [2]. [Ipu isomy y 2017 porti mopiBHsHO 3 2016-M 3aragbsHe BUpOOHHUIITBO
ctam B YKpaiHi 3MmeHmuiiocss Ha 12% — mo 21,3 MIJIH. TOHH; BHILUIaBKa YaBYHY
3Hu3unacs Ha 5% — 10 20 MITH. TOHH; BUPOOHUIITBO METAJIONPOKATY CKOPOTHIIOCS Ha
14% — no 18,4 MiH. TOHH. 3apa3 y CBITOBOMY PEHUTHUHIY BUPOOHUKIB cTajll YKpaiHa
3HaXOJUThCcs Ha 12 wmicui, xo4a octaHHi 20 pokiB 3aiiMalia CXOJWHKH B TEpIIii
JIECSTILI.

JlocnmiKeHHsT TOKa3yl0Th, 110 JIAHILIOI MOCTABOK 1 BApTOCTI B METAIyprikiHIMA
MIPOMUCIIOBOCTI JIOCI 3aJIMINAETHCS JOBOJI HeeekTuBHUM. bararo omepariii, gk i
paHile, BUKOHYIOThCSI IO TenedoHy, ¢akcoM abo eleKTpoHHOIo moimrTo. Hemae
HACKpI3HOTO IUGPOBOro 3aMOBJICHHS 1 YNpaBliHHI BUPOOHUIITBOM. Hempo3opicTs,
[0 BUHUKAE B PE3yJIbTaTl MOPYIICHHS MOTOKY iHMOpMalli B JEKUIBKOX TOYKaX,
O3Hayae, 110 3aHAATO 0araTo y4YacHUKIB PUHKY HAKOMUYYIOTh BEJIHMKY KIIBKICTb
METAJIOBUPOOIB Ha BCIX PIBHAX JIAHIIOTA MOCTaBOK. TEXHOJIOTIYHI BUTPATU TaKOXK
3aJIMIIAI0THCS 1YK€ BUCOKHUMH [3].

CydacHl TeHJAEHILI Takl, 10 0araro YKpaiHCbKUX KOMIIaHI HE HABaXKyHOThCS
BUKOPUCTOBYBATH OUIBII JIOCKOHATl IU(POBI TEXHOJOTII MO psALy BHYTPIIIHIX
MPUYMH, BKJIIOYAIOYM: BIJACYTHICTH HHUQPPOBOI KyJIbTYpH Ta JOCTaTHIX 3HaHb
CIIBPOOITHHKIB; MPOOJIEeMU KOH(IACHIIHHOCTI 1 BapTOCTI OPOPMIICHHS JIAHIIIOTIB
MOCTaBOK; HEBIIEBHEHICTH L1010 TOTO, sIKE HOBE arapaTHe 1 IporpamMHe 3a0e3neueHHs
BIUIMHE HA TPUOYTKOBICTH 1 B LIJIOMY Ha OpraHi3aliiiHy e()eKTUBHICTb.

HanzBuuaiino ckiagHa (piHaHCOBO-€KOHOMIYHA CUTYallisl B YKpPAiHi € TOJIOBHOIO
30BHIIIHBOIO IPUUMHOIO HU3BKOTO PIBHS BIPOBAKEHHS LHU(PPOBI3aLii JIOTICTHUHUX
JIQHIIIOT1B METAJIOMPOAYKIIi.

VY Haiomwkue aecatuaiTrs mudposi miardopmu (digital platforms) cranyts
JOMIHYIOUUMH JIJII CBITOBOI METAIypriiHOI MPOMHUCIOBOCTI HUISIXOM ITM(POBOTO
3’€JHAHHS BCIX YYaCHHUKIB PUHKY. | 0JIOBHOIO METOIO IIHOTO TIPOIIECY € ITiABUIIICHHS
e(EeKTUBHOCTI 11 BCIX JIAHOK, IO JO3BOJIUTH MPOTHO3YBATH IOMUT HAa CTaJICBI
BUPOOH 1 I[IHOB1 TEHCHIIIT 3 Ha0araTo OUIBIIIOI TOYHICTIO.

OYHKIIOHYBaHHS JIOTICTUYHHMX JIAHIIOTIB METAJIOBUPOOIB 3HAXOJIUTHCS B
MOCTIAHO MIHJIMBOMY BHMCOKOTEXHOJIOTIYHOMY CEpEIOBHIl, TOMY BHUPIIICHHS
BEJIMKHX MPOOJIEM BUMArae 4yacy, TOUHOCTI Ta JOCKOHaIOCTI. CepBiCHI METaJIOLEHTPU
(CM1Ll) neperBopuiivcsi B crenudiyHy raiay3b MNPOMHUCIOBOCTI, IO 3aWMa€eThCs
00poOKOI0 METaiB, 1 BUKOHYIOTH OUIBIIICTH OTepalliid 3aroTiBeJIbHOTO BUPOOHHUIITBA:
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pi3aHHS HA CTPIYKH 1 IUCTH, BUTOTOBJIEHHS MPOUIIB 1 KOHCTPYKI[IH P13HOTO CTYIICHS
CKJIQIHOCTI.

VY cBiti yepe3 CML] mpoxoauTh HE MEHIIIE OJIHIET TPETUHU BiJl yciel BUPOOIEHOT
metanonpoaykuii. [locTaBka «TOYHO B CTPOK» € OJHIEIO 3 TOJOBHUX 3adad
METaJIONICHTPY, 3 IIJI0T000BHM OOCIIYyTOBYBAaHHSIM [IJISi CBOEUYACHOTO pearyBaHHS Ha
HerepenoadeHui MomuT Ha crajeBi BUpoou. [Ipu 1mmpomy, opranizaiis epeKkTUBHOT
pobotu CMII noBuHHa 3a0e3neuyBaTUCS 3a PAaxXyHOK aKTUBHOTO BUKOPHUCTAHHS
CydacHUX IU(PpOBUX METOAIB YIIPABIIHHS BCIMa OMEPAIlisIMH, @ TAKOK CBOEYACHOTO
BIIPOBAPKEHHsI 1H(QOPMAIIIMHUX TEXHOJIOTIMH.

B HaifOmmk4i poKH CepBICHI METANONEHTPHU 3ITKHYTHCA 3 IOCHUTh CEPHO3HUMHU
3MiHaMH4 B oprasizaiii poootu. L{udposi mnaTdopmu puHKy cTaji Ta METAIOBUPOOIB
3MIHIOIOTh TpaJuIliiiHi Oi3Hec-MojeNi, sSKI 3aleXaTh BiJl TOTOBHX 3alaciB Ta
apOITpaXHUX YTOJl SK OCHOBHHMX €JIEMEHTIB B3a€MOBIJIHOCHH IOCTAadaJIbHUKA Ta
crioskuBaya. CMI moBuHHI 3HANTH HOB1 CIIOCOOM CTBOPEHHS IIIHHOCTI JJIsI TOKYTIIIIB,
BUPOOHMKIB Ta IHIIUX YYACHUKIB JIAHIIIOTA MOCTaYaHHS — 1HAKIIIE BOHU 3HUKHYTh.

OCHOBHOIO METOI) CyYacCHOTO CEPBICHOTO METAJIOIEHTpa € HaJaHHA
KOMILJIEKCHOTO CEpBICY K JUIsl TOKYMIB METally, TaKk 1 JJIsi HOro BUPOOHUKIB.
B naitOnmx4iil nepcrnekTusl kKiieHTH CMIL] 3M0XyTh BUKOPUCTOBYBATH TaKi Cy4acHi
UQppPOBI THCTPYMEHTH, SK KOHTpakTHI moprtamm (contract portals), iaTepHeT-
marasunu (online shops) i orsan 3amoBitens (Order reviews). [nauBixyaibHi pillIeHHsS
JTI03BOJISIIOTh CEPBICHUM LIEHTPAM 3allPONOHYBATH KJIIEHTaAM OUIbII CIEliali30BaHy
METaJIONPOAYKIIIIO 1 PI3HOMAHITHI MTOCIYTH.

JlocniKeHHsT Ta MPAKTUYHUNA JTOCBIT KOHKYPEHTOCIIPOMOXKHUX MiANMPUEMCTB Ha
PUHKY METaliB MOKa3yI0Th, IO OLIBII BUCOKHN O13HEC 3 JIOJIaHOI0 BApTICTIO Mae
BEJIMKHM MOTEHIIIAJI Ta MEPCIIEKTURY. XOPOIIUM IIPUKIAJIO0M LIbOTO € iIHBecTullii B 3D-
Jazepu, sIKi MOKHa BUKOPHCTOBYBATH JIJIsi 00’ €JHAHHS KUIbKOX 3aB/IaHb KIIIEHTA,
TaKuX SIK CBEP/JIIHHS, PO3MIIIOBAHHS Ta PO3pi3aHHS 3a MPUBAOIMBOIO I[IHOIO,
BEJIMKKM PIBHEM TOYHOCTI Ta SIKOCTI BUKOHAHHS 3aMOBJICHHS.

BriposakenHst MUPPOBUX POOOYMX MiCT (digital workplace) no3Bossie
OTPUMYBATH HE TITbKA nepeBary JIOCTyIHOTO leIeHHH TUTSI Moz[epH13au11 Ta
1HTerparii po3p13HeH1/1x orepartiiif, ane 1 pireHHs, ki 00’ €ITHYIOTD BCIX YYaCHHKIB
BUPOOHMIITBA Ta CEPBICHUX IIEHTPIB, JO3BOJITIOYH iM CITLJIKYBATUCS 1 CITIBIIPAIIOBATH
3 BUPOOHHUYOIO METOIO, fKI BIJMOBINAIOTH SK X I1HAMBIAYaJbHUM MOTpedaMm i
nepeBaraM, a TaKOXK 3araJlbHUM MOTpedaM MiANPUEMCTBA Ta JAHIIOTAa MOCTaYyaHb
METaJIOBUPOOIB.

Pazom 3 ouudpyBaHHSM MPOIECIB B JIOTICTUYHOMY JIAHI[IO31 METaJIOBUPOOIB,
TaKOX BCE OLTBIIOTO 3HAYCHHS HaOyBa€ IHTEJIEKTyalbHE BUKOPUCTAHHS OTPUMAHUX
nanux. Hampuknazn, oavH 3 HaWOUIBIIMX €BPONEUCHKUX JUCTPHUO IOTOPIB CTajl Ta
metanoBupoOiB  Klockner & Co  cmiBmpaiiroe 3 TPOBIIHMM TOCTa4yaibHUKOM
mrryunoro intenekry (artificial intellect) mimenpkoro kommaniero Arago GmbH [4].
BuxopucTtanHs MITy4HOTO 1HTENEKTY JOINOMAara€ CepBICHOMY METaJOICHTPY
aBromatu3zyBatu dacTuHU I[T-iHppacTpykTypu 3a paxyHOK TMOCTIMHHMX TPOIECIB
HaBYaHHS 1 CAMOBJIOCKOHAIECHHS.
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O YHKIIOHAJIBHE MOJAEJTIOBAHHS BIBHEC-ITPOLUECIB
CEPBICHOI EPTATUYHOI CUCTEMUY YIIPABJIHHSA
AIAJBHICTIO MOPCBKUX TPAHCIIOPTHUX CUCTEM

IHerpos 1. M.
KAHIMIAT TeXHIYHUX HayK, mpogecop,
KAIliTaH JAJIeKOr0 NJIABaAHHSA

Ky3bmenko €. C.
acmipaHT
Hayionanvnuii ynisepcumem « Odecvka MOpcoka akaoemisy

Pyaniuenxo M. /1.

KAHIUIAT TeXHIYHUX HAYK, IOI[EHT

OoecvKuii HAYiOHAILHULL MOPCHLKULL YHIBEpCUMEm
m. Ooeca, Ykpaina

Beryn. IliaBumieHHs posi  yOpaBIiHHS JIIOJICBKUMU pecypcaMu BUMAarae
BpaxyBaHHS piBHA NMPodeCcioHaI3My 1 KOMIIETEHTHOCTI CITY>KOOBIIIB ITPU BU3HAYEHHI
BIJIMOBIJTHOCTI iX 3aliMaHUM MOCaJaM Ha MOPCbKOMY TPaHCIOPTIi. 3aCTOCOBYBAaHUIA B
JAHWW Yac aHKETHUW MiAXia He 3abe3neuye HEoOXITHOTO piBHA iaeHTU]IKAIil
GyHKIIM TocaaM 3 SKOCTSAMU CaMOro TMpaIliBHUKA, y 3B’S3Ky 3 YHM ICHYE
HEOOX1THICTh (hopmamizallli Takux QyHKIIIH.

Amnaniz npobnematuku. [CHyrodi 00CTaBHHM 3a)KaJlaji CTBOPEHHS aJIeKBATHUX
MojeNiel Tocaa CIy>KOOBIIIB, MO BimoOpaxarTh Bcl mpodeciiHo HEeoOXimHi
XapakTepuCcTUKU (axiBild, 3 MOXIUBICTIO iX (opmamizamii /uisi BUKOPUCTAHHS B
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CydyaCHHUX €praTUYHHMX CHCTeMaxX. 3 OTJsAy Ha, 10 TaKi MOJENi, SK MPaBUIIO, €
BepOaTbHUMH 1 BIIPIZHSAIOTHCA CIA0KOI0 CTPYKTYPOBAHICTIO, CYTTEBOK HEUITKICTIO,
HEBU3HAUCHICTIO Ta CYO €KTHBHICTIO, pO3poOKa iX TIOB’s3aHa 3 TIEBHUMU
TPYJIHOIIAMH Ta € aKkTyajlbHOIO 3amadeto [1]. Lle 3ymoBiioe 3MiHM B MiAXoAax /0
OIIIHKM JISUTPHOCT1 (paxiBIiB, 3alHATHUX B CEPBICHOMY CEIrMEHTI Ha MOPCHKOMY
TpaHncnopTi. IIpoBigHOIO mMOCTaTTIO B HHOMY € Mopchkuii areHT (MA), sk
IpEeACTAaBHUK 1 TOMIYHUK CYJTHOBJIACHUKA, SIKMI BUCTYIAE BiJl HOTO iMEHI 1 3a MOro
paxyHOK BIAMOBITHO 0 MOBHOBAa)KE€Hb, 3aCHOBAHUMH Ha 3aKOH1 a00 JOTOBOPI, y BCIiX
CIpaBax CyJHOBJIACHUKA KOMEPIIHHOTO M aaMIHICTPaTHBHOTO XapakTepy, SKi
MOB’sI3aH1 3 MOPCHKUM IE€PEBE3CHHSAM BaHTaXiB a00 macaxkupiB [2]. Y cBoio uepry,
MA € enementoM cepBicHoi epratuuHiii cuctemu (CEC), i omepatopom. [ms
3a0e3neyeHHs! AKICHOTO Ta €()eKTUBHOTO (PYHKIIIOHYBaHHS TaKUX CHCTEM IMOBHUHHI
Oyt po3poOJieHI 1 BpaxoBaHI BHMOTH 10 HaBYaHHS, J000PY, PO3CTAaHOBKH 1
nismbHOCTI MA six ontepatopiB CEC. L{i BUMOTH MOBMHHI MAKCUMAJIBHO BiANOBIATH
(YHKITIOHATIBLHOT MOJIEINI, SIKa € HAWBAKIIMBIIIMM €JIEMEHTOM IMAroToBKU MA. Jlns
BHPIIICHHS 03HAYCHOI 3a/1a41 CJIiJ1 MPOBeCTH MojietoBaHHs 013Hec-mporieciB (bIT) 3a
JIOTIOMOT'OI0  3aCTOCYBaHHSI 1CHYIOUMX, BUKOPHUCTOBYBAaHUX B MPAKTUIl CYYaCHUX
MOPCBKHX Opraizailiid, Hortamiil. I{e m03BoJisie MIABUIIUTH SKICTh BHKOHYBAaHHMX
BUPOOHMYUX TMPOIECIB, BUSBUTU 1 HAOYHO YSBUTHU JIOTIYHUN B3a€EMO3B’S30K iX
MPOTIKAHHS Ha PI3HUX eTarax KUTTeEBOro BupooHuvoro mukiy. [ig bIT po3ymieTses
cepis JOT1YHO B3a€EMOIIOB A3aHuX A1l MA, HEOOX1THUX 17151 €PEKTUBHOTO BUPIILICHHS
MOCTaBJICHUX TTepe ] HUM (PYHKITIOHATHHUX 3aBaHb.

Merta ganoi pobotu nossirae B dopmaiizaiii cnenudikd 1 OCHOBHUX acCIEKTiB
aisibHOCTI MA, sIKI € KJIIOYOBHUMH (PaKkTOpaMH B ICHYIOUMX OaraToilaHKOBUX
tpancnioptHux CEC. Jlns BUKOHaHHA TOCTaBJIEHOI METH HEOOXIAHO O3HAYUTH
KJII04oBl kiacudikamiiHi acnektu MA. 3a xapakTepoM Ta BHUIOM 00 €KTa
obciyropyBaHHs (GYHKIISIME MA €: IpeIcTaBHUIIBKI, MOCEPETHUIIBKI, 3 HaJIaHHS
JIOTIOMOTH KalliTaHy, Maca)Xupam 1 eKinaxy, MOoCIyrd napky oOimagHaHHS, a TaKOXK
byHK1iT ApyTropsAHi. 3a mepiogoM yacy 00CIyroByBaHHS — 10 IPUXO/TY CY/IHA B TIOPT,
mig vac nepedyBaHHS B MOPTY (A0 MOYATKYy BaHTaXHUM OOpPOOKH, B MpOIECi
BAHTAXKHUX / MACAKUPCHKUX OTEparlii, mcis iX BUKOHAHHS), 1 TCIs BIAXOMY CyaHa
B peiic. B nimomy ¢dynkmii MA MoxyTh OyTu Kiacu(dikoBaHI HACTYITHUM YHUHOM:
nocTiitH1 (GyHKIT, PYHKIIT 3 00CIyTrOBYBaHHS CyHA, emi3oAndHl QyHKIii [3].

B pesynbraTi BukOHaHHs (opmamizauii b/] cTBOpeHO KOHTEKCTHY niarpamy
nismeHOCcTI MA 'y saxocti enementy CEC, sika rpadiuyHo HaBeneHa Ha puc. 1. Jlo
BXI1JIHMX JIaHUX BIJHOCSITHCSI TEXHIYHI JIaH1 MO CYJIHY, JaH1 [0 BaHTaXy, IUIABCKIATy
Ta mnoprax. Pernamentyrounmu npokymentamu € IOHKTAJ[ Ta crangaptu
®OHACBA. MexanisMmamu € MA Ta mnporpamMHo-anaparHe 3a0e3nedyeHHS.
BuxigHuMu naHuMU MOJEIl € 3aloBHEHI JOKYMEHTH BIAMOBIIHOTO XapakTepy
3BITHOCTI, OpraHi30BaHi BUPOOHUYI TpoliecH, 310paHuii ¢paxT, TIaHU PO3KIAIIB,
(biHaHCOBI 3BITH AJIs1 CYTHOBJIACHUKA.
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HOHKTAM CraHgapTa
PETTaMERT DPOHACEBA

TexHH JaH N0 CYIHY ZanoBHEH OKYMEHTH

COprauisoBas BRPOSHHY! IPOLIECH
Niamsicte MA ¥ Bibpanui ppaxT

AKOCTI EJIEMEHTA [ias po3KIagia
Janl o nnaecKIany CEC JpyropanH sBITH

Jlani o BaHTaRy

ZJani mo nopram PiHAHCOBL 3BITH I CYIHOBTACHHKA

Mopcrerett

[NporpamMHO-anapaTHe
AreHT LT !

=abesne eHEA

NODE TITLE: HiameHieTs MA Yy axocTt enementa CEC NUMBER.

Puc. 1. Konrekcrna giarpama gisabHocti MA y sikocti entementy CEC

Jns  xoHkpeTw3aimii  (QYHKIIOHAJIBHOI MOJENl BHKOHAaHA JEKOMIIO3UIIIs
KOHTEKCTHOI miarpamu JisuibHOCTI MA y sikocti enementy CEC y notamii IDEFO,
pe3ynbTaTi HaBeleHO Ha puc. 2. Jlo ocHOBHUX KaTeropiil ¢yHkiiii MA B pamkax
CEC BigHOCATBCS: (OpPMYBaHHS JIOKYMEHTIB, MPEJACTABHUIITBO MPUHIIMIIAIY,
oprasizailisi BApOOHUYHUX MPOIECiB, BAKOHAHHS (DIHAHCOBUX OMEpalliii, KOHTPOJIb Ha
CTaHOM CYJIHA Ta CTBOPEHHS 3BITHUX (OPM.

HOHKT. ETTIAMEHT Crammaprs POHACEA
TexouTm fan L AP J ZanopHeR
o CYAHY ¥ ‘ FOKYMERTH
—h dopmyeaEEa
. ~®  NOKYMEHTIE l
Han mo Pl 0 =
BAHTAXY IpencTaemmTes Tlna posknagie
| MpEmIpmATY
Jani mo 0? 2 Opramiosan

TUIABCKIAN Opratzama | EHpOSHITT NpOTECH
B MaxeTn | BEpOGHENEZ [T

Eizigai) CHOPMOBAHHE OLECIE
& ; 0 'f’np 3

mopTam LOKYMEHTIE

Inam T2 Faxum.a Zifpamdt dpaxt
JOTOEOPH Doprm J
AORATHOBHE onepani
w07 4
. Kontpom
23 CTEHOL ﬂ a i
CYAHA pyTopAN]
02 5 SBITH
_y Creopemia
o e ) SEITHHE Dopm
] J 07 i
‘ MopceEIbE arelT [IporpanmHo- anapatHe SBITH 51A
336 E3TEY EHHA CYIOHOBIACHHES

NODE: ‘TITLE TiamsHicTs MA Y aKocti emeMenta CEC ‘NUMBER

AD —

Puc. 2. JlekoMno3uiliss KOHTEKCTHOI Aiarpamu aissibHocTi MA
y sikocti esiementy CEC y Hotauii IDEF0

BucHoBku. Otpumani pe3yiabTaTH BUKOHAaHHS (QopMaiizaiii J103BOJSIOThH
peanizyBaTu aBTomaruzaiito ynpasiinasa CEC, o Beie 10 onTuMi3zallii YuceabHOCTI
MEPCOHANTy Ta CKOPOYEHHS Horo podouoro yvacy. Ha 6a3i oTpuMaHux pe3ynbTaTiB
dopmamizamii BII CEC ympaBiinHS AisSIbHICTIO MOPCBKHX TPAHCTIOPTHUX CHCTEM
CTa€  MOXJHMBUM  TIPOCKTYBAaHHS  PEJSAIIHHOTO  PO3MOIJICHOTO  CXOBHIIA
B32€EMOTIOB SI3aHUX JIAHUX TMPO KJIIOYOBI acCmeKTH MisibHOCTI MA y Burmsiai 6a3u
JIaHUX 3 YITKO O3HAYEHUMHU CYTHOCTSIMU, IO € HEOOX1THUM JIJIs TTOTAJTBIIOT peatizarlii
CUCTEMU €IMHOTO BIKHA.
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OCOBJIMBOCTI CTPYKTYPH
KJIIEHTIB IIOCTAYAJIBHUKIB JIOT'ICTUYHUX TOCJAYT

ITomazkos M. B.

KAHAUAAT TEXHIYHUX HAYK, TOLEHT,
AOUEHT KadeapH TEXHOIOTIL
Mi’KHAPOJHHX NepeBe3eHb 1 JIOTiCTHKHI

Hipu L. L.

KAHAUAAT TeXHIYHUX HAYK, TOLEHT,

AOoUeHT Kadeapu aBTOMOOLIbLHOIO TPAHCIIOPTY

JBH3 «Ilpuazoscwbkuii 0epicasHull mexHiuHull yHigepcumem»
M. Mapiynons, [loneyvra obnacme, Yrpaina

AHani3 HayKOBO-A0CTIAHOI poOOTH «PO3BUTOK MOKIMBOCTEH HOBUX TEPUTOPIi
MOPCBKOTO TOpTYy «bepasHChK» BUABHB Y CIIOXKHBAUiB TOCIYT HAJaBAEMUX Y
JIOTICTUYHOMY JIaHIIOTY HACTYIHI apajaokcu [1].

[Tapagokc puHky 1.

Maiixe nonoBuHa KiieHTIB (46%) 0OIHO3HAYHO HE TOTOBI MEPEJATH JIOTICTHUYHI
npoliiecu Ha ayTcopcuHr. Kommnanii, siki BIZAAIOTh MepeBary 1HCOPCHHT, KaXyTh, L0
MOCJYTH JIOTICTUYHOIO omepaTtopa aopoxde (45%), BUCOKa HMOBIPHICTh 3pPUBY
TepMiHIB mocTaBoK (42%), HemoCTaTHS KOMIIETEHTHICTh TEpPCOHATy MpoBaijepa
(32%), menocratHiil piBeHb sKOCTI mochyr (26%) 1 BimcyTHicTh noBipu (16%).
Biamosini Kii€HTIB TOBOPSITH MPO T€, IO 111 KOMITIaHIi HE 3aBXI1 MOXYTh MMPABUIILHO
MOPIBHSATH BUTPATH HA BIIACHY JIOTICTUKY 3 I[IHOBUMH IMPOMO3UIIISMU JTOTICTUYHHUX
omneparopiB. Amxke 3PL-mpoBaiizepu mpaIioloTh B OCHOBHOMY 3a PIYHUMHU
KOHTpaKTaMH 1 BapTICTh OOCITYTrOBYBaHHS 3aJICKHUTh Bl BAMOT KJIIEHTIB, BiJ] OOCSTIB,
KUIBKOCTI 1 SIKOCTI MOCHYT, SIK1 IPOIKCaHi B KOHTPaKTI. Taki I[iIHU MOKHA TIOPIBHSITH
3 TapudamMu BY3bKOCIELIANI30BaHUX TPAHCIOPTHUX KommaHid. Kpim Toro, mpu
BU3HAYEHHI BapTOCTI BJIACHOI JIOTICTUKM KEPIBHUKHU JIOTICTUYHUX MIIPO3/A1IIB
BUPOOHMYHUX 1 TOPrOBUX KOMIIAHIM YacTO «JTyKaBISATh» — BPAXOBYIOTh TIILKH MPsIMi
BUTPATH, 1110 CTBOPIOE LTI03110, 1[0 BAKOHYBATH JIOTICTHUYHI OIepalii Kpale camomy.
BoHu Takox He BpaxoBYIOTh e(dekT cuHeprii. Sl Bke He KaxXy IpO Y3roJKEHY
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JIOTICTUYHOT CTPATETii MK KJIIIEHTOM 1 HOTO MocTadaibHUKOM. [lapamokcom puHKY €
T€, 10 MEepeBakKHA OUIBIIICTh PECHOHACHTIB HE TOTOB1 MEpeaaBaTH JIOTICTUKY Ha
ayTCOPCUHT Yepe3 OCTpax BTPATH KOHTPOIIO HaJ MPOIECaMH, X04a PO3YMIIOTh, 110
MOTJIM O 3a0IIaauTH Ha BUTpaTax. IIpobieMoro ciiiji BUSHATH HEIOCTATHIN pPIBEHBb
3HaHb MPO MPUHIMOU 1 CcHenudiky JOTICTUYHOTO CEpPBICY, YMOB YKJIQJICHHS
KOHTpakTy, Bu3HaueHHs KPI 1 iH.

[Tapagokc puHKY 2.

Bci pecnonzeHTH cepen  KIIIEHTIB 3aMOBIAIOTH TpaHCHOpPTHI Ta / abo
TPaAHCIIOPTHO-EKCIIETUTOPCHKI TocIyTH, 33% — MUTHO-OpOoKepchbKi, 31% — CKITaaChKi,
8% — ympaBiiHHS JIaHIIOTaMHU TMOCTaBOK. JlesKi BiA3HAYAIOTh, IO BBAXAIOTh 3a
Kpalle KOpUCTYBATHUCS MOCTyTraMy BJIACHUKIB TPAHCTIOPTHUX 3ac00iB. 41% ommranmx
BUCJIOBWJIM Oa)kaHHS 3aMOBIIITU EKCIPec-I0CTaBKy ToBapiB. Ilapamokc puHKY
MOJIATa€ B TOMY 0, 3 OAHOTO OOKY, KJIIEHTH TOBOPSITh PO BIACYTHICTH CreIiiami3arii
1 HEOOX1THOMY iM ITPOTO3HIIii, @ 3 HIIIOTO — y HUX HEMa€e KOHKPETHUX 3aIlIUTIB Ha HOB1
BU/JIM TIOCJIYT (B aHKETaX 11€ He B1JIOOPaKEHO).

[Tapagokc puHKY 3.

JlocnipkeHHsT BUSBUIIO, 110 YaCTKa KJI1€HTIB, 33/I0BOJICHUX CHIBPOOITHUIITBOM 3
3PL-npoBaiinepu, cranoButh 33%. YactkoBo 3agoBojieHl KiieHTH (54%)
B1JI3HAYAIOTh HEJIOCTATHIN piBeHb KBaJI(iKallli MepcOHATy JOTICTUYHOTO OIlepaTopa,
BIJICYTHICTh TapaHTId $KOCTI CEpBICY, 3pUBU TEPMIHIB JOCTABKU, BIJICYTHICTh
HroaHciB. HezagoBouieH1 kiieHTH (8%) BKa3yrOTh BIAICYTHICTh JOBIPH 1 CIieLiaii3ali,
HU3BKMW pIBeHHh KBali(ikamii 1 BIAMOBIZATBHOCTI TEPCOHATY JIOTICTUIHOTO
orepaTtopa. B 1inoMy BOHM BiJ3HAUalOTh HU3BKHUH PiBEHb KIIEHTOOPIEHTOBAHOCTI
JIOTICTUYHUX ONepaTopiB. 3 IHIIOTO OOKY, cepell OCHOBHUX KOHKYPEHTHHUX Ie€peBar
JIOTICTUYHI OIEpaTOpy HA3MBAIOTh CBOKO KIIEHTOOPIEHTOBAHICTH (57%), BUCOKY
KOMIIETEHTHICTh nepcoHalny (48%), BUCOKA SIKICTh MOCHYT, 10 HangarThesa (30%).
[Tapagokc pyHKY TOJIATA€ B TOMY, 1110 JIOTICTUYHI MPOBaNAEpH MPOMOHYIOTh 3HAYHO
OUTBIINK TEepeNiK MOCIYT, HIXK XO04yTh KiIi€eHTH. [Ipu mpoMy KOXHa CTOpOHa TO-
CBOEMY pO3yMi€ KIIIEHTOOPIEHTOBAHICTh: KJIIEHTH XOYYTh BCE 3a MIHIMAIbHY
BapTICTh, MOCTAYAIbHUKA HAMAaraloThCsl CTaHIAPTU3YBATH OTEpalliiiHi MOCIYTH IS
3MEHUICHHS CBOIX BUTpAT.

[Tapagokc puHKY 4.

YKkpaiHChbKI Ta MDKHApOJHI JIOTICTUYHI KOMIIaHII HapoOIIyIOTh OO0CATH 1
ACOPTHUMEHT TMOCIYT 0 KOOPAUHAL(T JOTICTUYHUX MPOLECIB KIIEHTIB Ta YIPABIIHHS
naHuroramMu noctaBok. lle BiamoBimae rinoOambHUM TpeHaaM. Jlimepu CBITOBOIO
punky 3PL Bce Ounblile MO3ULIOHYIOTh c€0€ HE SIK ONEPALIOHICTIB, SIKI BAKOHYIOTh
JUTsl BAHTQ)KOBJIACHUKIB ONEpallii 3 TPaHCIOPTYBaHHS 1 30€piraHHs BaHTaxXIB, a SIK
KOHCYJIbTAHTIB, SIKI JOTIOMararTh 0i3HECYy B MPOCYBaHHI TOBapiB JO CIOXUBAYiB.
ToOTO BOHM MPOMOHYIOTH KJIIEHTAM HE MOCIYTH, a PIIICHHS JOTICTUYHUX MPOOJIEM.
Bigpagno, mo Oararo joricTuHi KommaHii B YKpaiHi BNPOBA/PKYIOTh Kpamiuit
CBITOBHUIA JIOCBiJ, BCE OLIBINIE YBaru BOHU NMPHUAUISIOTH IMJIAHYBAHHS Ta OMTHMI3aIlii
JIOTICTUYHHUX TMPOLECIB KII€HTIB. 3 1HIIOTO 00Ky, TUIbkH 10% ONMUTaHMX KOMITaHI-
KJIIEHTIB OPIEHTOBAHI HA CTPATET14YHE MAPTHEPCTBO 3 JIOTICTUYHUMU OTIEpaTOpamMu, a
41% — na omepariiifHe CIIBIPAIIIO 1 CEpBICHE MAPTHEPCTBO.
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JIOTICTUYHA KOHIEITIIA TPA\!—ICHOPTHOi CUCTEMH
OBCJIYT'OBYBATHU JIOT'ICTUYHHMH PO3ITOAI/IBHUUA HEHTP

IToma3zkos M. B.

KAHAUAAT TEXHIYHUX HAYK, TOLEHT,
AOLEHT KadeapH TEXHOIOTIL
Mi’KHAPOJHHX NepeBe3eHb 1 JIOTiCTHKHI

IMipu L. L.

KAHAUAAT TEXHIYHUX HAYK, TOLEHT,

aoueHT Kadeapu

JIBH3 «llpuazoscokuii Oeporcashuii mexHiyHuil yHigepcumenmy
M. Mapiynons, /loneyvka obnacms, Yxpaina

CydacHi mpolecu MIKHapOJHOTO CIIBpPOOITHUIITBA B Tally3l TPaHCIOPTY, IO
0o0clyroBye poOOTy JOTICTHUHMX po3noauibHux I1eHTpiB (JIPL]) Hemunyue
MPU3BOJATH 10 HEOOX1AHOCTI KOPUTYBAHHSA A1FOYUX TPAHCHOPTHUX CUCTEM 3 MO3UIIN
MOJAJBIIOTO 1X PO3BUTKY Ta TMIABUINEHHS KOHKYPEHTOCIPOMOXHOCTI Ha
MDKHApOJIHUX pUHKaX. Jlnsg po3poOku MeTodiB 1 Mojelield BJIOCKOHAJICHHS
BITUM3HSHUX TPAHCIOPTHUX CHUCTEM, fKi 00CIyroByroTh poboty JIPL] HeoOximHO
c(hopMyITFOBATH JIOTICTHYHY KOHIIEHIIIIO TpaHCIIOPTHOI cuctemu. OCHOBHI MpaBuja
moOyI0BU TaKOi KOHIIETII1 MOXKYTb OyTH 3BEICH1 IO YOTUPHOX MOJIOKEHB: 00’ EKTaMU
JOCIIKEHb, JOCIIKEHb 1 MEPEeTBOPEHb B JIOTICTHUIN € IMOTOKOBI (MarepiajibHi,
¢diHaHcoBl 1 BiAMOBiIMHI M iHQoOpMaliiHi abo iX MOeaHAHHS) MPOLECH, IO
MPOTIKaIOTh B cepi AISIBHOCTI JIOTICTUYHOTO PO3MOAIIBHOTO LEHTPY; LiIbOBa
GyHKINA  JOCHIKEHb, JOCHIIKEHb 1 PpO3po0OOK TMepeadayae  ONTUMIZALIIIO
BIIMOBITHUX TIOTOKIB HUISXOM TMOIIYKY 1 MaKCHMAaJIbHOI MOOWIi3alii HasBHUX
pe3epBiB IJIs MIABUIIEHHA €(PEKTUBHOCTI iX peajizallii; ONnTUMi3allis MOTOKOBUX
MPOIIECIB BEACTHCS 3 MO3UIIII €JUHOTO IIIJIOTO, SIK CUCTEMH; 0a30BUM 1HCTPYMEHTOM
JIOTICTUYHOI ONTUMI3alli MOTOKOBUX IMPOILECIB CIYKUTh MaTeMaTU4YHHMI amapar
(eKOHOMIKO-MaTEMaTUYHE MOJICTIOBAHHS).

VY CBiTII 3a3HAYEHUX IIOJIOKEHb BAXKJIMBO ITIOMITHUTH, IO BCECBITHS 1CTOpIS
HAayKOBO-TEXHIYHOTO, €KOHOMIYHOTO 1 COIIJIbBHOTO TMPOTpPecy € Hi M0 1HIIEe, SK
HECKIHYEHHHI Mpolec BAOCKOHAJIEHHS BCIX BU/IB JIIOJCHKOT ISIIBHOCTI 1 YTBOPEHUX
MpU IbOMY CUCTEMHHX B3a€MO3B’si3KiB. CI1ij] 3a3HAYUTH, 110 HA HAYKOBOMY MOBOIO
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BCSIKE€ BJIOCKOHAJICHHS IMEHYe€ThCs omntuMizaiiiero [1]. Cam mporec mociigoBHOT
onTuMi3allli poOOTH JOTICTUYHOTO PO3MOAIILHOIO IIEHTPY MOXKE OyTH 300paskeHUI
TPAEKTOPIEI0 Y BUTIISAL S-00pa3HOi KPUBOI, KA 1I€HTU(PIKYETHCS B MaTEMATHIIl TaK
3BaHOI «JIOricTHYHOI (YHKIli€to». [i 3aKOHOMIpHICTh ONMMCaHa BiOMHMM PiBHSAHHSIM
DepXroJIbCTa:

Y =A/(1 + 10a + bx) + C, (1)

ne:

VY — 3HayeHHs PYHKIIIT;

A — BiZICTaHBb M1 BEPXHBOIO 1 HIPKHBOIO aCUMITTOTAMU;

a1b — mapameTpu (Haxuii, BUTHH, TOYKU MIEPETUHY KPUBOI);

X — 4ac;

C — 3Ha4YeHHS HUKHBOT ACUMITOTH, 3 SKOTO TIOYNHAETHCS 3pOCTaHHS QYHKIIIT.

Ha pucynky 1 BBaxkaemo TO#l (pakT, IIO YacTUHA KPHUBOI XapaKTEpU3YE
MOYATKOBUH eTan po3BUTKY Iporiecy 00pooku motoki B JIPLI (I).

Kpytuit migitom xpuBoi (II) Biamosijiae MpUCKOPEHOMY e€Tamy OINTHUMi3allii
npoiiecy. ACUMIITOTHYHA — MaiyKe TOpu30HTaIbHa yacTuHa KpuBoi (I11) BimoOpaxae
PIBEHb TPAaHUYHO MOKJIMBOI ONTUMI3aIli]l MPOIECY.

Puc. 1. Cxema nocjaigoBHOI onTuMizauii podoTu
JIOTICTUYHOI'0 PO3MOAIJILHOTO HEHTPY

Hapemri, 3akinyeHHs kpuBoi (IV) 3HameHye co0010 HEOOXIAHICTh MEPEXOTY A0
MIPUHIIMIIOBO HOBOI METOI0JI0T1i ONTUMI3aIlii.

B pamkax gaHoi yHiBepcalbHOT KOHIIETIIIT JIOTICTUKY ONTUMI3aIlis He Tiependadae
000B’SI3KOBOTO JIOCATHEHHSI €KCTPEMyMYy, LUTbOBOT QYHKIIIT, a JINIIe aKTUBHUHN pyX
Ha3yCTpid A0 HHOTO. [HIIMMU CJIOBaMH, B JIOTICTHIII MOBA 3aBX/IU e MPO IMOIIYK 1
BUOOPI PIIICHHS], KPAIIOro B MOPIBHSAHHI 3 TUM, SIKUW yxe 3amucaHo. CaMe Takui
PO3IJISA]T TOTOKOBHX MPOIECIB B yIPaBIIiHHI €(EKTUBHICTIO TPAHCIIOPTY, VB sI3aHE 3
METO/IOJIOTIEI0 X BUBYEHHS, CIIOCOOAMM ONTHUMI3ALlli T4 OLIHKU NPUHHATUX PIIIEHB
(3axoniB 4 i), Majgo O TNOCIYXUTH YHIBEPCAIbHOIO TIYMAy€HHSI TMOHSATH
«JIOT1ICTHKA 1 «JIOTICTUYHA AISLTIBHICTEY.

Jlireparypa:
1. Cemenenko A.A. K yHuBepcaibHOMY MOHMMAaHHUIO CYTH M 3HAYEHHS JIOTHC-
tuku. «Jloructuka», Ne 1. 2001. 68 c.

146



MICIE TEOTH®OPMAIIMHOI CUCTEMHA
Y IPOEKTYBAHHI TPAHCIIOPTHOI'O MAPHIPYTY

ITomopuesa O. €.

KAHIAUAAT TeXHIYHUX HAYK, JOLEHT,

JAOUEeHT Kadeapu 3eMeJIbHOr0 aAMiHICTPYBAHHA

Ta reoiHopManiifHUX cUCTEM

Xapxiscvkuli HAYIOHATLHULL YHIBEPCUMEM MICbK020 20CN00ApCmea
imeni O. M. bexemosa

M. Xapkie, Yxpaina

PiBeHb pO3BUTKY CyCHUJIbCTBA NPSIMO TIOB’SI3AHMM C PIBHEM PO3BUTKY
TPaHCHOPTHO1 1HMPACTPYKTYpu. B TpaHCHOpTHIN ramy3i sK 1 B IHIIUX Tally3sX,
TOJIOBHOIO METOIO € MiJIBUILEHHS MPOAYKTUBHOCTI. KpurepieM mpoayKTHBHOCTI y
TPAHCIIOPTHIM Tally31 € CepeHs MBUIKICTh IEpPEeCyBaHHS Macakupa 1o MiCTy.

Ha cporoHimmHiii JeHb TPAHCTIOPTHI MapIIPYTH Oy Ib-IKOTO MICTa, y TOMY YHCT1
MicTa XapKoBa, MOTPeOyIOTh 3HAYHOTO mominmeHHs. Heo0XiIHO BIOCKOHATIOBATH
MapIIpyTH MICHKOTO MacaKUPCHKOTO TPAHCIOPTY AJSi CKOPOUYECHHS BUTpAT 4yacy Ha
nepecyBaHHs [1]. YV pa3i mo30aBiaeHHS Opir 3aiBOTO MIEPEBAHTAXKCHHS 1 T IBUIIICHHS
MPOBI3HOI 3JTaTHOCTI YaCTKOBO MOXKHA JOCATTH IuX BUMOT. [loTpiOHO mpoekTyBaTu
MapIIpyTH IPYHTYIOUHUCh Ha peajbHUX MNOTpedax B TPAHCIOPTHUX IOCIYyTax,
BUSIBJISIIOYM MIMOBIPHICTh Ta 3aKOHOMIPHOCTI MEpECyBaHHs MMacaXXupiB Mo MicTy [2].

Jloriomoske y 1[bOMYy aBTOMATH30BaHA CHUCTEMa JUIsl ONTUMI3alil pyXy MiCbKOTO
nacaxupcpkoro Tpancnopty [l]. Taka cuctema NOBHMHHA BpaxoBYBaTH uyac
OYIKYBaHHS TPAHCIIOPTY HA 3YNMHKAX, ONTUMI3YBaTH MICIISl pO3TallyBaHHs 3yTUHOK
Ta MIHIMI3yBaTH iX KUJIbKICTh, 3MEHIIIYBAaTH KUIbKICTh MAIIMH Ha AOPOrax, KOJH MOTIK
mofeit  3MeHmnyethes. [lpukmam  po3poOieHOr0  TPAHCHOPTHOTO — MAapHIPYTY
HA3eMHOTO TPAHCIIOPTY HaBEJEHO Ha PUCYHKY 1.

Puc. 1. llpukaag po3po0/ieHOro TPAHCIIOPTHOTO MAPHIPYTY

JaHi, siki He0OX1AHO 3HATH PO TPAHCIIOPTHI 00’ €KT1 — iX KOOPJUHATH B POCTOP1
1 omucoBi xapaktepuctukud. CamMe 1€ 1 CTaHOBUTH 3arajbHUN CEHC poOOTH 3
MEpEeKEeBUMHU 00’ €KTaMU — 3’ €JTHaHHS KOOPJIUHATHOI 1H(OpMaIlii 3 OITMCOBOIO B OJTHE
e, sske Oyjie HaJle)KHO (PYHKIIIOHYBAaTH 1 BAKOHYBATH BC1 TOCTaBJIeH1 3aBAaHHs. J{7s
onTUMI3aIlli 3yMUHOK HeoOXigHa 0aza reojaHux, 3 il JOMOMOTOI MOXHa Oyje
BU3HAUYUTU HEOOX1JHI 3yMUHKHU 3 TOUYKU 30pY 3PYYHOCTI MACaKUPIB Ta ONMTUMI3aLlIi
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MacaXUPOIIOTOKIB. BupimmTu Take 3aBIaHHS MOKHA 32 JOTIOMOTOIO MPOTPAMHOTO
npoaykty ArcMap. Buxopuctanus ['IC-texHosmoriii (reoindopMaiiitHux), 30KpeMa
moxaynsi Spatial Analyst 103BoJIMTH O€3MOMMIIKOBO MPUHAMATH €JUHO MPAaBUIbHI
pillIeHHs B AaHI{ HEMPOCTINA ONTUMI3allMHIN 3a/1a4i.

['l[C no3BONSAIOTH HE TUIBKM IUTAHYBATH TEPEBE3CHHS, aje 1 B MOBHIA Mipi
KoHTpomoBaTH iX. [lomynsipHOCTI HaOyBae CIOCTEPEKECHHS 3a TPaHCIIOPTHUMHU
3acobamu 3a jgornomororo GPS-napiratopiB. Ilpuponno, mo Bes 1 iHGoOpMaIlis
noBuHHa reHepyBatucs B ['IC — mys BiacTexeHHs y reorpadiunomy KoHTeKcTi. Taxk,
Hanpukiagn, moxyib ArcGIS Tracking Analyst no3Bossie 30epiratu TpaekTopii pyxy
TPAHCIIOPTHUX 3aC00iB 1 aHANII3YBATHU iX y MOJANBIIOMY, HAIIPUKIIA]], MOJECIIOBATH B
pi3HHX MaciTabax 4acy 3 METOI pO3pOOKH ONTUMAIILHOTO MapIIpyTy (puc. 2).

Route: Station 31 - 3600 Fulton

Route: Station 22 - 3600 Fulton 2,1 km 2 min
[+] Route: Station 14 - 3600 Fulton 2,1 km 2 min
[+] Route: Station 21 - 3600 Fulton 2,7 km 3 min

Dptions Print Preview. Saveds Bint Close

Puc. 2. Ilpukiaa BU3HAYEHHS] ONTUMAJIBLHO MAPIIPYTY

3acTocyBaHHs TpuBUMIipHOi MicbKOi ['IC Hajmae yncneHH1 MOTEHIIIMHI TTepeBar.
Hanpuknag TtpuBumipHa o00’€eMHa MoJenb OyZIiBIl, PO3TAIIOBAHOI B3JOBXK
TPAHCIOPTHOI ~ MaricTpajii J03BOJSE MOJENIOBAaTH NowMpeHHs mymy [3].
MO>XIJIMBICTh aHaNi3y MPOCTOPOBUX JAHMX 1 MPEACTABJICHHS PE3yJbTaTIB aHAI3Y B
3pYYHOMY JJI COPUUHSTTS BUTJIAL (TPUBUMIPHOMY) JTO3BOJISIE 30CEPEIUTH 3yCHUILIS
Ha MOIIYKY HalKpaioro 1 ONTUMAJIBLHOTO PIIIEHHS, 1[0 y CBOIO Yepry MIPU3BOAUTS J10
MOKpPAIICHHS KIHIIEBOTO PE3yJIbTaTy MO0 MPOEKTYBAHHS HAWOUIBIN 3pYYHOTO Ta
ONTUMAJIBHOTO TPAHCTIOPTHOTO MapuipyTy (puc. 3).

Puc. 3. TpuBuMipHuUii BUTJIA PO3P006I€HOr0 TPAHCIOPTHOTO MAPILIPYTY

BaxunBo Bi3HAUMTH, 110 3aco0u aHamizy, o € B ['IC, 103BOJSAIOTh HE TUIBKH
MPOKJIAJIaTH MapIIPYTH MO ICHYIOU1M BYJIMYHO-JTOPOXKHIN MEpexi, aje i OI[iHIOBaTH
e(EeKTUBHICTh camoi II€i Mepexkl, BUSABISATU BY3bKI MICLS, TUIAHYBATH PO3BUTOK.
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[IpakTuHO y Oyab-IKOMY MICTI MOKHA 3HAWTH MPUKIAAH, KOJTH JOBXKHHA HABIThH
CaMoro ONTHMAJBLHOTO MAapIIpyTy y Oarato pasiB MEpPEBUIIYE T'E€OMETPHUYHO
HaWKOPOTIIY BiJICTaHb MK ITYHKTAaMHM BiJIIpaBJICHHS 1 MpU3HAYEHHS. A Ha 1/1eIbHIN
Mepexi mnepeBullleHHs He Moxke Oytu Ounbine 40%. IlpuunmHuM 1bOro — HU3bKA
3B’SI3HICTh MEpeki, OOYMOBJICHA IepenikojaMu (3ali3HUIl, PIYKH, MaricTpail
0e3mepepBHOTO Pyxy), a TaKOXK HEBJalla OpraHizaiis pyxy. Pesymbrar — 3HauHUN
nepenpoOir s BC1X YYaCHUKIB IOPOKHBOTO PYXY: 1 MyHIIIUIAIBHOTO TPAHCIIOPTY, 1
KOMepIiiHoro, 1 ocobucroro. HacmigkamMu 1HbOro MOXYyTh OyTH MPOOKH, IIIyM,
3ara3oBaHICTh, MPUCKOPEHHS 3HOCY JOPOKHBOTO MOJIOTHA.

BnpoBamxkenns inopmariitaux, a 3okpema ['IC-TexHomorid ans BUpIMICHHS
TPAaHCIIOPTHO-HABITAIIIMHUX 3a7a4 TO3BOJUTH 3a0IIaJUTH 3HAYHI KOIITH, SIKi
BUTPAYAIOTHCSA HA TIPOEKTH JIOPOKHBOTO OYIIBHHUIITBA, IO MAlOTh KOMIAYaHUN
pe3ynbTaT TUIBKH TOMY, IO TpH IiXHIA po3poOIli, oOrpyHTyBaHHI 1 BigOOpi He
IIPOBOIMBCS KOMITJICKCHUHN aHATi3.
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The process of cargo transportation in the network representation was studied with
the aim of improving the existing methods of determining the optimal characteristics
of transport networks. Influence of indicators of network structure, direction of
movement and throughput of transport communications on determination of actual
traffic density on the transport network in static state is established. The mechanism
of transformation of network models of the cargo transportation process into matrix
models, which are specified in the form of oriented graphs and allows the
transportation of cargo through intermediate transport nodes, is determined.

Transport in Ukraine is a powerful communication system, which includes all its
types (water, road, railway, pipeline, air). The main production funds of transport
constitute about 20% of the production funds of the country.

Designing efficient delivery of cargos with the alignment of all the links of the
transportation process necessitated a large number of theoretical and experimental
studies on various issues of development of transport systems.
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Relevance of the research is determined by the need to improve efficiency of the
transportation of goods in international traffic through the development and
implementation of models, methods and software for the rational organization of
international freight traffic.

The transport problem in the matrix and network forms of representation are
equivalent by definition. However, sometimes it is more convenient to solve the
network problem in the matrix form. There are two main ways to reduce a network
problem to the matrix form.

We propose to solve the network transport problems in the Excel environment. A
directed graph is called a network, where the following are determined: node-source
that has only the output arcs (denoted by letter s from «source»); node-runoff that has
only the input arcs (denoted by letter t, from «terminal» — final destination); all other
nodes — intermediate (transit), interconnected by arcs, which include the input and
output arcs.

Directed arcs in the network are marked with arrows, non—directed arc is replaced
with two arrows facing each other. Arc with arrow and a certain value of the
appropriate parameter specifies universal concept — flow that moves from the initial
node of the arc to the final node. The objects of flows in practical problems are the
cargos, gas, passengers, vehicles, communication signals, fluids, etc.

Most of the optimizing problems in networks are the problems on flows in the
networks (network flow problems). For the network optimization problems, a
fundamental principle is the principle of maintaining the flow at any node,
particularly, the total of flows F.,«(X) at the node output is equal to the total of flows
at its input F,(x) + potential p(x) of node (+ proposal/ —demand), for example:

— node—source s: Fyux(s)=0+p(s)=P, where P is the magnitude of total flow along
the network; potential p(s)=+P;

— node—runoff t: F,«x(t)=P+p(t)=0 because potential p(t)=—P;

— intermediate node X: Fpux(X) = Fux(X) £ p(x).

A flow in each node of the network is function that satisfies linear equations and
inequalities, where each arc (x;, x;) of the network is in line with one or more positive
numbers. For example, magnitude d (x;, xj) in the problem on maximum flow is the
throughput capacity of the arc (maximum amount of product that can be delivered with
node x; to node x; along this arc per unit of time); in the transport problem, this is the
distance or the cost of transportation. Hence the magnitude of flow along arc (xi, x;) does
not exceed throughput capacity of this arc d (x;, x;) if it is set.

The purpose of the study is the reduction of network representation of the transport
problem to the matrix form that will allow us in future to solve the problems of cargo
transportation optimization. Fig. 1 displays TN without limitation for the throughput
capacity; Fig. 2 presents TN with limitations for the throughput capacity.
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Fig. 2. Example of TN with limitation in the throughput capacity

Fig. 1, 2 display networks with 7 vertices and 11 links. Next to the corresponding
vertex in parentheses is the number with a plus sign that indicates the volume of
production while the volume of consumption is, respectively, denoted by the number
with a minus sign. Fig. 1, 2 presents distributions of cargo flows and potentials.

The first way is the improvement of the method Ordena. Every vertex of the
network shown in Fig. 1 is assigned with a line and a column. Thus, in our case, the
table consists of seven lines and seven columns. It should always be square.

The second way is improving the Wagner method. It is more convenient for the
networks with throughput capacity limitations. Such a network is depicted in Fig. 2,
where an optimal plan of transportation is also presented.

Often, when solving practical problems, there is a need to show the links between
certain objects. Directed and non-directed graphs, which are referred to in the
scientific literature as networks, are a natural model for the implementation of such
links.

The new algorithm for constructing the shortest paths between specified sets of
vertices in the network was implemented in the form of software package, which was
verified at a large number of examples, thus proving its reliability and universality in
the network transport tasks of large dimensions.

The improvement of the method for the shortest paths is resolved by using the
modified Dijkstra’s algorithm. Solving the problem on finding the shortest path, in
addition to the value of the shortest distance from a given vertex to all others, we
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obtain the shortest route, in particular, a list of vertices that it passes. It might be used
for imposing flows on the networks. By having matrix of correspondences of freight
traffic from each vertex to all others, we build a tree of the shortest paths and then,
returning from each point of unloading by the shortest route, we summarize flows at
the arcs of the network. Going from one vertex to another vertex, we receive density
of traffic in the network without limitation in the throughput capacity. This technique
might be used to determine actual density of traffic in the network in the static state.

The improvement of the methods for reducing a network representation of the
transport problem to the matrix form is carried out by the more effective modified
Dijkstra’s method that has algorithmic and software provision of its implementation.

Conclusions

1. It is proposed to improve the method for maximum flow in the transportation
network through the use of the method of trees. The solution can be applied to a problem
with multiple sources and runoffs. This will solve the problems on the optimization of
transportation networks with and without limitations in throughput capacity.

2. We proposed an improved method for building the shortest paths in a transport
network between different sets of vertices on the graph, namely, sets of providers and
consumers. The method is implemented in the form of software package that might
be used for the transport problems of large dimensionality.

3. We defined a conversion mechanism for the network models of the process of
cargo transportation in the matrix model, which are set in the form of directed graphs
and which allow the transportation of cargo through intermediate transportation
nodes.
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The impact of railway transport on the environment is manifested in many
negative aspects:

1) biocenotic pollution: fragmentation of wildlife habitat, creation of
insurmountable barriers for small animals, accidents with animals on the railway. All
this contributes to the reduction of populations and biodiversity;

2) aesthetic pollution: changing the landscape, creating an artificial ballast prism,
power lines;

3) ingredient contamination with organic (oil, petroleum products, polycyclic
aromatic hydrocarbons, polychlorinated biphenyls, lubricants, pesticides, herbicides)
and inorganic substances (CO, CO,, SO,, N,Oy, heavy metals). A significant role in
this type of pollution is played by accidents involving dangerous cargoes, which
results in the large-scale and acute poisoning of all the biosphere components.

4) biological pollution — bacteriological, viral and fungal resulting from the
passenger traffic. In addition, railway transport contributes to the introduction of alien
and invasive plant species, which leads to a change in authentic phytocenoses, which
in turn can cause animals and humans poisoning due to the toxic substances migration
in the soil-plant-animal-human system.

5) parametric pollution: noise, vibration, electromagnetic, light.

At the moment, most researchers identify railway transport as a source of organic
and inorganic substances to the environment. Such pollutants as heavy metals and
polycyclic aromatic carbohydrates are able to accumulate in the ground environment,
plants and even spider webs and exceed the target values in dozens
[1-6]. Due to their toxic effect on the living organisms of any hierarchy, these
pollutants significantly reduce the level of ecological safety of the rail interspaces and
adjacent territories soils.

The following processes occurring during the railway transport operation can be
the sources of the ingredient pollution: the cargo loss due to the wagons leakage and
the weather conditions (wind, precipitation, temperature, pressure); the use of a large
amount of pesticides to combat unwanted vegetation; application of lubricants,
creosote for impregnating wooden sleepers; emissions of harmful substances in the
combustion of fuel in locomotive engines; friction of the contact wire and pantograph,
wheels and rails, brake pads and bearings.
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In Ukraine, increasing the level of ecological safety of the railways, requires a
detailed assessment of the vehicle impact on the environment and then, on the basis
of the data obtained, developing the effective and environmentally friendly methods
for controlling all types of pollution. Whereas the aesthetic pollution cannot be
avoided, the biocenotic one can be significantly reduced by means of biospheric
overground and underground passes in combination with animal fences. But the most
Important task for researchers is to prevent or reduce the levels of ingredient
contamination.

It should be noted that nowadays in Ukraine there is no statutory act regulating
maximum permissible concentration of pollutants for lands of different purpose and
use, in this case for the land of railway transport (transport infrastructure). Table 1
presents the values of maximum permissible concentrations of heavy metals in soils
in Ukraine and EU countries.

Table 1
Maximum permissible concentration, trigger and intervention values
for heavy metals in soil, depending on the terrain usage

(Ukraine and EU countries)
Ukraine, maximum permissible concentration, mg/kg

Pb Mn Cd Zn Ni Cu Cr+s
3 mobile

32total form 1500total form 05 mobile form 23 mobile form 4 mobile form 6 mobile form
)

form

German, trigger values, mg/kg

Parks and recreational Land used for industrial and
Playgrounds e )
facilities commercial purposes
Pb |[Cd| Cr INi|Hg| Pb [Cd| Cr | Ni [Hg| Pb Cd Cr | Ni | Hg
200 | 10 | 200 | 70 | 10 | 1000 | 50 | 1000 305 50 | 2000 | 60 | 1000 | 900 | 80

Poland, permissible levels of heavy metal concentration in surface soils, mg/kg
As | Ba | Cr| sn | zZn | Cd | Co | Cu|[Mo]| Ni | Pb | Hg
urban lands
20 [ 200 | 150 | 20 [300 | 4 | 20 | 150 | 10 | 100 | 100 | 2
transport/industrial lands
60 | 1000 | 500 | 350 [ 1000 | 15 | 200 | 600 | 250 | 300 | 600 | 30

Bulgaria, trigger values and intervention values, mg/kg dry soil

Residential areas, parks, sport . .
e Industrial/commercial areas
Substances facilities
Trigger values | Intervention values | Trigger values | Intervention values
As 25 50 40 120
Cd 8 12 10 40
Cu 300 500 500 1000
Cr 200 550 300 600
Ni 100 300 250 700
Pb 200 500 500 1000
Hg 8 10 10 40
Zn 400 300 600 1500
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The obtained data of the railway infrastructure soil physicochemical analysis can
only be compared to the background concentrations or the referent sites indices.
Therefore, for estimating the pollution levels of railway infrastructure we recommend
using such criteria as the potential environmental risk (R1) and the enrichment factor
(EF), with aluminum being used as a referent metal.

The results of the soil investigation in the three railway stations of Prydniprovska
Railway (Zaporizhzhia — Kamianske, Trytuzna and Kamianske — Passenger) show
different degrees of heavy metal contamination.

The most polluted soils are those of the cargo-and-passenger station Zapori-
zhzhia — Kamianske (Table 2).

Table 2
Actual concentrations of gross forms of heavy metals in the soils
of the station Zaporizhzhia — Kamianske, mg/kg

The Zaporizhzhia — Kamianske station
HM Backgrour_1d Referenc_e Behind rails up to the end
concentration | concentration Between rails of ties

Mn 600 240,55+4,72 2220,39+101,91 2220,30+159,98

Cu 20 5,36+0,62 456,44+16,08 476,21+9,04

Zn 30 30,13+2,91 678,43+23,82 656,33+29,63

Ni 10 5,88+1,23 111,04+6,51 115,41+5,09

Pb 10 8,12+1,39 340,34+7,08 323,98+14,49

Cd 1 0,31+0,14 3,99+0,32 3,89+0,64

Fe 22000 3078,60+46,24 | 61860,27+334,90 61230,49+635,34

The soil pollution at this station results mainly from loading and unloading
operations. To prevent further contamination, we recommend the use of special
structures (Fig. 1), consisting of the modular steel pans and drains systems, which can
be easily installed on the existing tracks. This structure can catch oil, greases and fuel
leaks and prevent the ingress of bulk materials into the soil.

Installation of this structure requires the preliminary removal of soil and crushed
stone, which can be further cleaned of the contamination by chemical washing
(crushed stone) and phytoremediation (soil).

Fig. 1. Modular systems of steel pans and drains easily installed on existing
or new tracks to catch spilled or leaking fuel, oils, greases and other pollutants
(Contech Collector Pans™)
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Introduction.

Unmanned Aerial Vehicles (UAV) become more popular for use in different
domains due significant list of advantages in comparison to manned aircraft such as
low manufacturing and operational costs, flexibility in accommodating different
payloads, risk reduction of human lives (no pilot or crew), and so on. Especially, these
benefits can feel in case of multi-UAVs flight performance, so-called UAVs
swarming, when a group of UAVs forms a structure with indicated shape and start to
perform flight mission with respect to separation minima. The issues that appear in
this case connected with multiple conflict detection and resolution between UAVs and
any static or dynamic obstacles.
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The objective of conflict resolution is to guide conflict related UAVS return to
predefined paths, when the main requirements are cost efficiency of conflict free
trajectory and safety in respect to flight performance characteristics of UAVs. Conflict
detection and resolution methods that are available now divided into two groups:
reactive method (decentralized) and trajectory planning method (centralized) [1]. In
our case, we consider a group with three or more UAVS, so it can lead to high
percentage load of communications channels between ground station and UAVS.
Decentralized way chosen and it means only inter-UAVs communication. In order to
detect obstacles different types of sensors used to provide a range data. The maximum
detection distance depends on energy parameters of on-board power supply. This
range directly influence on time and space available for conflict resolution maneuvers.
There are three groups of strategies to resolve conflicts: heading control, speed
control, and attitude control. This article researches on conflict resolution with static
obstacles by heading and ground speed control.

Problem statement.

To solve UAVs swarm flight control problem the potential field method used.
Aircraft movement in general presented by kinematic equation system:

Xi = f(Vi, SUi, Xi);
yi= (Vi ¥, i); (1)
Vie (0, Vimax);

Pie (0° 360°),

where x;, y; — are the coordinates of the i-th aircraft; V; — is a flight-path velocity
vector of the i-th aircraft; ¥; — angular position of the vector Vj; Vimax — IS maximum
permitted value of a speed of the i-th aircraft. The value (module) of the velocity
vector and the angle of its orientation (heading angle) are the control parameters in
the kinematic model of the aircraft motion (1).

This method consist in use of the real world charged particles properties to
generate a force field (electric or magnetic), which at their interaction causes attraction
and repulsion forces. UAVs considered as the dynamic objects with the same sign and
destination point has opposite sign, it analogous to free movement of the aircraft
autonomous motion where they constantly have potential conflicts and it is required
to avoid collisions with static. General character of the attractive force from the
distance for different dynamic objects is qualitatively the same: the attractive force of
dynamic objects to each other dominates at large distances between them and the
repulsive force act at short distances [2].

At a critical distance r = r¢ the resultant force is equal to zero, i.e. the forces of
attraction F;]f and repulsion F;; are counterbalanced. This distance rer corresponds to

the equilibrium distance between the dynamic objects [3]:

Gmim;
F = — Loae{2,3,...) (2)
9]
_ Gmim;rey,
Fij = T'ﬁ'] ’ B€{3349}9 (3)
9]
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where m;, m; — masses of i-th and j-th dynamic bodies, G — gravitational constant
and r;;— distance between objects.

Taking into account objects positive or negative sign assignments, around each
dynamic objects the force field formed. In Fig. 1 represented it action with different
values of obstacles and UAVs detection range 3 m and 6 m.

\\\\\\\

30 S A A (L
NN XX XX Y 2 /7T TV
ey
of 1y

Ih

40 50 60 70 80 % 100 0
xm

Fig. 1. Force fields generated by objects with obstacle detection range:
a)3m;b)6m

At points of forces vectors intersection the heading and speed values change under
condition: if their direction coincide the speed increases, in case of opposite direction
the speed decrease; and heading angle formulated by geometric sum of two vectors
destination zone attraction force vector and obstacle repulsion force vector. Since all
objects characterized attraction and repulsion force, in order to prevent UAVSs stop
near obstacle this forces obtain user-defined weighting factors a, b. As a result, the
form of resulting force (4):

Uav swarm formation and control.

The modelling performed to check applicability of method. One scenario
performed with eight UAVs with next parameters: initial speed equal to 0 m/s; mass
is 1 kg; protection radius is 3 m.

During potential field method application, the flight trajectory in 3D (Fig. 2) and
2D (Fig. 3) in horizontal plane view with one obstacle in the form of mountain.

Fig. 2. UAVs swarm flight trajectory in 3D with one obstacle
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Fig. 3. UAVs swarm flight trajectory in 2D with one obstacle

UAVs swarm control provided by ground speed (Fig. 4) and heading angle
(Fig. 5) change. In our simulation fixed-wing UAVs applied and the main safety
condition of flight performance is that ground speed should be in limits of allowed
value and critical distance within 3 m not violated (Fig. 6).

0 L L L L L L L L . 0 L L L L L L L L .
0 200 400 600 800 1000 1200 1400 1600 1800 0 200 400 600 800 1000 1200 1400 1600 1800

Time, s Time, s

Fig. 4. Ground speed change Fig. 5. Heading angle change

0 . . . . . ,
0 200 400 600 800 1000 1200 1400 1600 1800
Time, s

Fig. 6. Distance between UAVs

Conclusions.

Thus, the issue of UAVs swarm formation and control realized by use potential
field method. The main advantage of this method, it helps to solve potential conflicts
between UAVs or static obstacles globally and reaction time is faster than other
methods provide, so separation minima lower. Decentralized cooperative control
allows increasing the size of swarm and keeping their motion in a group. The result
of modelling approve method applicability and outline future works tasks.
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KOMINUVIEKCHA METOAMKA BUSHAYEHHS
AEPOANHAMIYHUX XAPAKTEPUCTHUK MAJIOPO3ZMIPHHUX
BE3INIJIOTHUX JIITAJIBHUX AITAPATIB
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BHUKJIa1a4 Kadeapu

KOHCTPYKIIii Ta MIITHOCTI JIITAJIbHUX aNlapaTiB Ta IBUT'YHIB
Xapkieckuti Hayionanvruu yHisepcumem Ilosimpsanux Cun
imeni lsana Kooiceoyba

M. Xapkie, Yxpaina

besninorni mitanehi amapatu (BIJIA) oTpumanu mupoke 3acTOCyBaHHS B
OOMOBUX MdisiX 11 BUKOHAHHSA PO3BIIYBAJbHUX Ta YAAPHUX 3aBJaHb. 3 aHANI3y
0COOJIMBOCTEM aepoOIMHAMIYHUX XapaKTepUCTUK KomroHyBaHb BIIJIA 3pobiieno
BHCHOBOK, IO JUIsi HAAIMHOTO BHU3HAYCHHS aepPOJMHAMIUHUX XapaKTEPUCTHUK
Masopo3MipHux BITJIA HeoOxigHE KOMIUIEKCHE 3aCTOCYBaHHS YHCEIBHUX 1
EKCTIIEPUMEHTAILHUX METO/IIB apOIUHAMIKH.

Po3pobiieHa KOMIUIEKCHA TEOPETHUKO-CKCITIEPUMEHTaIbHA METOMKA BU3HAYCHHSI
aepoJMHAMIYHUX XapakTepucTUK Manopo3Mmipaux BIIJIA  mgo3Bojisie  OIiHUTH
3aKOHOMIPHOCTI 1HTEP(EPEHIIHHOTO BIUIMBY €JIEMEHTIB CKJIQJHOTO MPOCTOPOBOTO
KOMIIOHYBaHHS, B TOMY YHCI, MPH PpoOOTI MOBITpSHUX TBUHTIB. KomruiekcHe
BUKOPHUCTaHHS €KCIIEPUMEHTAIbHUX MeToMdiB [1-2] Ta umcioBux meromiB [3-4] —
MeTOay 30ypeHUX TOTEHIATIB ISl BU3HAYCHHSI TOTCHINATY TIJIECHUX EJIEMEHTIB
KOMITOHYBaHHS Ta MOJU(]PIKOBAHOTO METOAy AMCKpeTHHX BuxopiB (MMJIB) mis
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BU3HAYCHHS TIOJIOKEHHS BUXPOBOTO CIIAy TMOBITPSHUX TBUHTIB. Takuil miaxin
J03BOJIMB ~ TOEIHATA BHUCOKY JIOCTOBIPHICTh E€KCIEPUMEHTAIbHUX METO/IB
aepoJIMHAMIKHU MPU JOCIIKCHH] (PI3MYHOI CYTHOCTI SBHUII, SKI BiIOYBalOThCA TIPHU
0oOTIKaHHI KpWJia Yy B3a€EMOJIl 3 TIOBITPSIHUMHU TBUHTAMH, BHCOKY TOYHICTh
BU3HAYCHHS aepoOJAMHAMIYHMX CHUJI HA OCHOBI MaHEIbHOro Meroay MopiHo 3
e(eKTUBHUM Ta palioHaJbHUM 3acTocyBaHHIM MMJIB npu moOyAoBi MOIOKEHHS
BUXPOBOI IIEJICHHU BiJI MMOBITPSIHUX TBUHTIB.

Posrnsmaereest 3amada mpo Oe3BiApUBHE HECTAIliOHApHE OOTIKAHHS KpWia y
B3a€EMO/IIT 3 TTOBITPSHUMH TBUHTAMH JI03BYKOBUM HECTHUCIIMBUM TMOTOKOM HEB’SI3KOi
pinuau. Tedis BBaKA€ThCS MOTCHIIIHOIO BCIOJH, 32 BUHATKOM IMOBEPXOHBb KPHIIA,
MOBITPSAHUX TBUHTIB Ta BUXPOBOI MejeHu. Bigomi poOOTH, B SKHX MPOBOJUIOCH
CYMICHE PO3B’sI3aHHS 3a]a4l OOTIKaHHS PI3HUMH METOAAMH YUCIOBOI aepOJAUHAMIKH
3 BUKOPUCTaHHIM OJ0YHO-ITepaliifHoro metoay. Ha Bimminy Bia Bimomux poOit [3],
3aMpONOHOBAHO HACTYITHE YJIOCKOHAJICHHS CYMICHOTO pO3B’sI3aHHS 3a/1a4l OOTIKaHHS
3 BUKOpPUCTaHHSAM MeTony 30ypeHux mnorteHmianie ta MMJIB, mo mnomsrae y
BU3HAYCHHI TIOJIOKEHHSI TEJIEHW 3 YpaxXyBaHHAM MOJKIIMBOI HENIHIHHOCTI il
MPOCTOPOBOrO MOJOXKEHHA 3a gornomororo MMJIB. Takum 4WHOM, pO3IJISIHYTO
3aCTOCYBaHHA METOAy 30ypeHUX TMOTEHIadiB JJii BU3HAYCHHS IIBUJKOCTEH Ha
noBepxHi Tuia, a MMJIB — nnst po3B’si3aHHs 3a7a4i Teuii piIMHU y MPOCTOPI, 5K Y
CTaIllOHapHIM, TaK 1 y HECTAI[IOHAPHIN MOCTaHOBKaX 3a/1ayl.

CTpyKTypHO-JIOTIYHA CX€Ma CYMICHOTO pO3B’S3aHHS 3aJadl OOTIKaHHS 3
BUKopucTtanHAM MM/IB i1 metony 30ypeHHX MOTEHIIaliB B PO3pOOJICHIM METOAUII
BU3HAUCHHS aepPOAMHAMIYHUX XapaKTEPUCTHUK, MPEACTaBlIeHa Ha puc. 1, enemMeHTH,
AK1 TOBTOPIOIOTHCS MTPU PO3PAXyHKY MO KPOKaM 3a YaCOM MO3HAY€HI CipuM (POHOM.

BBeneHHs NOYATKOBHUX Busznauenusi mex
reOMeTPUYHHUX JAHUX BHKOPHCTAHHS Anpokcumaritisi
KOMIIOHYBAHHS Ta YHCJI0BOI METOAUKH NMOBEpXHi

XapaKTEePUCTUK MOTOKY ‘

Bupimenns 3agaui
00TIKAHHA TiJIECHHUX 00'€KTIiB Ha

Bupimenns 3agaui
HECTAI[IOHAPHOI0 O0TiKaHHS

na ocnosi MM/IB OCHOBI MeTO1ly 3§ypennx
TMNTATITIA TTIN
BuxkoHnanHus yMoBH Po3paxyHok nmoJisi INBHAKOCTEH
«HEMPOTHUKAHHS» TIIECHUX Ta PO3NOAiLTY Koe(illieHTy THCKY 11O
eJIeMEeHTIB KOMIIOHYBAaHHS NOBEPXHi KOMIIOHYBAHHSA

g

BuznaueHHs aepoaMHAMIYHHX
CHJI T2 MOMEHTIB

Bizyanizanis pesyabraris
10 3aBeplIeHHI nmpouecy
PO3PaXyHKY

Puc. 1. CTpyKTYpHO-JI0TiYHA cXeMa CYMiCHOI0 po3B’si3aHHs 3a71a4i 00TIKaAHHS
3 BukopuctanasasM MM/IB i meToay 30ypeHuX noTeHuiaxiB
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Jlo 3acTOCOBaHMX EKCIEPUMEHTAILHUX METOJIB BIJHOCSTHCS BaroBHi,
JIPEHAKHUNM eKCIIEPUMEHT B a€pOJIMHAMIUHINA TPyOl MaJIUX JO3BYKOBUX IIBUAKOCTEH
(AAT) T-1 XapkiBcbkoro HaiioHaiabHOro yHiBepcutety [loBitpsnux Cuil, MeToau
Bi3yanizaiii teuii (puc. 2). Y 3aranpHOMy BUNAJIKy yMOBHU BunpoOyBaHb B AJ[T B
MMOBHOMY 00Cs31 HE  BIANOBIAAIOTH  HATypHUM 1, OTXKe, Ppe3yibTaTh
EKCIIEPUMEHTAJILHUX JIOCIIJKEHb MOTPeOyBalll BBEJCHHS METOJMYHUX MOMPABOK
s nepexony Big AJIX moneni, otpumanux Ha Barax AJ[T, no aepoaumHaMiyHUX
XapaKTePUCTHK B yMOBaxX O€3rpaHUYHOTO MOTOKY 0€3 BIUIMBY IiJIBICHUX MPHUCTPOIB
[5]. OOrpyHTyBaHHS JOCTOBIPHOCTI pe3yJIbTaTiB, OTPUMAHHUX 3a PO3POOJICHOIO
METOJMKOIO TIPOBENICHO IIISXOM IMOPIBHSHHS iX 3 JAaHUMHU TPOBEICHUX (BI3MIHUX
eKCIIepUMEHTIB (puc. 3).

Puc. 2. ®ororpadisi 30BHilIHLOr0 BUAy podoyuoi yactunu AT T-1

T
H _—%

oirz AN
0,10 EF\

) \\
0,08
0,06 \

3 \\
0,04
0,02 \

Puc. 3. 3anexnicTh Tsiru mojeni nosirpsinoro reuata C/IB-1
BiJl LIBUAKOCTI MOTOKY B p000YMH YACTHHI aePOJAMHAMIYHOI TPYOH
Ta OTPUMAHI eKCIIePUMEHTAJIbHI JaHi

OtpumaHi 3a po3pOOJEHOI METOAUKOI AaepoAMHAMIYHI XapaKTEPUCTHUKU
CKJIQHUX MPOCTOPOBUX KOMIOHYBaHb bBIIJIA 3a70BUIBHO y3rOJKYIOTBCA 3
BIJIOMMMH JOCTOBIDHUMHU JIaHMMH, 110 JO3BOJIIE 3POOUTH BHUCHOBOK TPO
mpane3aaTHICTh  pO3pOo0JeHOT  METOJAWKHM 1 IPaBUIIBHOCTI BUKOHAHHS
EKCIIEPUMEHTAIILHOTO JOCTIKeHHS TeopeTuuHuX. CI1iJ1 3a3HaYUTH, 110 BIIMIHHICTIO
pPO3pO0JICHOT METOJUKH BiJ BIJOMHX € MOJKJIUBICTh BHUKOHAHHS JOCIIIKCHHS
HEJIHIWHUX Ta HECTalllOHAPHUX aepOJMHAMIUYHUX XapaKTEPUCTUK CKIIATHUX
MIPOCTOPOBUX KOMIIOHYBaHb.

Ha puc. 4 npeacraBieHa oTpuMaHa 3a poO3pOO0JICHOI0 METOJIMKOIO 3aJICKHICTh
Koe(ilieHTy aepoIMHAMIYHO1 MIJHIMAIBHOT CHJIM KPHJIa TTOJAOBXKEHHIM | OZUMHUILA
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BiJl KyTa aTaKl KOMIIOHYBaHHS Ta PeKUMY pOOOTH MOBITPSIHUX TBUHTIB (KOe(ILiEHTY
HaBaHTA)XCHHS Ha IUJIONLY MOBITPSHOTO rBUHTA B).
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Puc. 4. 3anexknocti koedinieHTY aepoaMHAMIYHOI MiAHIMAJIBHOI CHJIH Bill KyTa
aTaKH KOMIIOHYBAHHS Ta Pe:KUMY PoOOTH MOBITPSHUX I'BUHTIB

OTprmaHl Ha OCHOBI CTBOPEHOI METOJUKH PE3YJIbTaTH MOXYTh OyTHU
BUKOPHUCTaHI TIPU PO3poOIl Ta JOCHIIPKEHHI aepoJWHAMIYHMX KOMIIOHYBaHb
Masnopo3mipaux BITJTA.

Jliteparypa:

1. Paguur A.H DkcnepumeHTasibHasi rujapoa’poMexanuka. MockBa: MAUN.
2004. 296 c.

2. yéop b.C., Pamuur A.H., Cemenuukor H.B., SxoBneBckuii O.B.
MopgenupoBaHue YCIOBHI IOJE€Ta JIETATENbHBIX AallllapaTOB IMpPU HCIBITAHUAX B
a’poauHamMudeckux Tpyoax. Mocksa: MAU. 2004. 76 c.

3. T'onak B.B. Cunte3 meTomy 30ypeHUX MOTEHIIIANIB Ta METOAY JAMCKPETHUX
BUXOpPIB JJI1 pO3paxyHKy HEJIIHIMHUX  HECTalllOHAPHUX  aepOJIMHAMIYHUX
XapakTepucTuk JiTakiB. 30ipHuK HaykoBux npaub XYIIC. Xapkis: XVYIIC. 2005.
Bum. 3(3). C. 29-31.

4. Anunko O.b., bamuuckuii B.I'., Ykpaunen E.A. AspoanHamudeckuii oOJuK,
paanoNIOKalMOHHAs U UH(ppaKpacHasi 3aMETHOCTh CaMOJIETOB BOGHHOI'O Ha3HAYEHUs
pu ux ooHapyxeHuu [MoHorpadus]. 3anopoxne: «AO Mortopciu». 2013. 250 c.

5. Ukrainets E., Loginov V., Kotov A., Rasstrygin A. Experimental research into
aerodynamic characteristics of the model of a maneuvered aircraft with an airflow
passage through engines. Eastern-european journal of enterprise technologies. Vol 5,
No 7 (89). 2017. C. 45-52.

164



DYNAMICAL ACCURACY OF NONORTHOGONAL REDUNDANT
INERTIAL MEASURING UNIT

Sushchenko O. A.

Doctor of Technical Sciences,
Professor at the Department
of Aerospace Control Systems

Bezkorovainy Yu. M.

Candidate of Technical Sciences,
Associate Professor at the Department
of Aerospace Control Systems
National Aviation University

Kyiv, Ukraine

Nowadays inertial measuring units based on MEMS (micro-electro-
mechanical systems) gyroscopes are widespread in practical transport applications.
Autopilot of unmanned aerial vehicles is one of these applications. Taking this factor
Into consideration it is important to create more reliable and precision inertial
measuring units. It can be done based on redundancy of measuring reference frames
using nonorthogonal configurations of MEMS-sensors. Such configurations can be
based on sensors mounted perpendicularly to faces of regular polyhedrons [1]. In this
case it is possible to choose such geometrical figures as the tetrahedron (the triangular
pyramid) and the octahedron. From the point of view of construction implementation
and dimension restrictions it is convenient to use a half of the octahedron (the
tetragonal pyramid) [2].

Integrated motion tracking devices MPU-6050 can be used as sensors in
nonorthogonal redundant configurations [3]. The device MPU-6050 represents the 6-
axis Motion Tracking device that includes a 3-axis gyroscope, a 3-axis accelerometer,
a temperature sensor, and a Digital Motion Processor. The device MPU-6050 and
nonorthogonal redundant configuration based on MEMS-sensors located on faces of
the tetragonal pyramid are shown in Fig. 1.

Fig. 1. "The device MPU 6050(a) and nonorthogonal
redundant configuration based on such constructive element
as the tetragonal pyramid (b)
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To obtain navigation information it is necessary to determine the navigation and
measuring reference frames. As a rule, axes of the navigation references frame are
chosen as follows. The axis Oy is up-directed along the pyramid symmetry axis. Axes
Ox, Oz of the navigation reference frames coincide with appropriate axes of the
inertial measuring unit located at the pyramid base. Location of measuring axes of the
inertial measuring unit based on such constructive block as the tetragonal pyramid is
shown in Fig. 2.

%
N\

by z/
d e f
Fig. 2. Location of axes of measuring reference frames based on the tetragonal
pyramid: frontal views (a, b, ¢) and views from above (d, e, 1)

Directional cosines of the nonorthogonal redundant configuration based on the
tetragonal pyramid can be represented in the following form

D,=A;D,=A,A,A ;D;=A,AA; D,=A,AA ; D;=A,AA,,

1 0 0 cosy, 0 -—siny,
A,=|0 cosy siny| A,=| 0 1 0
0 —siny cosy|. siny, 0 cosy,
cosy; 0 —siny; | cosy -siny O
A=l 0 1 0 A,=/sinS cos$ O
siny; 0 cosy, ; 0 0 1 (1)

The matrix A, defines location of the inertial measuring unit located at the base
of the tetragonal pyramid. The angle 9 in the matrix A, defines a slope of the side

face to the base of the tetragonal pyramid. Angles Vi define location of axes of the
measuring reference units on the side faces. They are equal to 0°, 90°, 180°, 270°
respectively.
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The dynamic accuracy of the nonorthogonal redundant can be estimated using the
three-degree-of-freedom test bench. The structural scheme of the dynamic test bench
Is shown in Fig. 3a. Scheme of connection of the motion tracking device and the
microcontroller is represented in Fig. 3b.

R§232

MOTORS
PC <:> MCU
ATMEGA168
2 «|TXD SDA —————{SDA
E &= GIMBALED » |RXD SCL 4 SCL  MPU6050
z 5 PLATFORM PD3 [— ADO
S
—{SDA
POWER :> <: ANGLE : : SCL  MPU6050
PLANT SENSORS D7 — ADD

Fig. 3. Structural scheme of the dynamic bench (a) and scheme of connection
of the inertial measuring unit and the microcontroller (b)

The least square method can be used for processing of redundant information [1].
The minimum trace of the correlation matrix of errors can be chosen as the
optimization criterion for this method. In this case, the statistic characteristics are
believed to be independent and the mathematical expectation — equal to zero. The
correlation matrix of errors can be determined by the expression [1].

D=[H"H]' 2)
Trace of the matrix D represents a sum of its diagonal elements that is variances
of errors [3]
n
>d
tr(D)=i=1 (3)
where d;; are diagonal elements of the matrix D; n is quantity of sensors.
Comparative analysis of accuracy of nonorthogonal measuring instruments based
on expressions (2), (3) is given in Table 1.

Table 1
Results of comparative analysis of calculated accuracy
Type of configuration Trace of the correlation matrix
Orthogonal configuration 1
Configuration using the triangular pyramid 0.75
Configuration using the tetragonal pyramid 0.6

Results represented in Table 1 prove efficiency of nonorthogonal redundant
configurations for navigation accuracy improvement.
Registered measuring information includes the vector of platform attitude

o=lv & v]' (4)
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where angles y, 3,y correspond to rotations of the platform in the horizontal,
vertical and lateral planes respectively.

The vector of measured angular rate of the platform in projections onto the
navigation reference frame is determined as

Q= [(oi o, o .. o o (orz']r (5)
where N is quantity of MEMS-sensors (3x4 for the nonorthogonal measuring
instrument based the triangular pyramid and 3x5 for the tetragonal pyramid).

Vector of the measured angular rate of the test bench in projections of the
navigational reference frame on the basis of (4) and taking into consideration
expressions (1) and (5) can be determined in the following form
o, :[(ow Mg (oy]zﬂTH

¢

(6)
Further it is necessary to carry out averaging of measured angular rate (6)

_EE " =y, 9,y )

where M is quantity of measurements.

Assessment of inertial measuring instrument accuracy can be done based on
comparison of measured angular rate (7) and the given angular rate (6) of the test
bench. The systematic temperature error must be also taken into consideration

gcp:m@av_(b_Atcp’(P:\V,g’Y (8)

here €, is the measuring error of the inertial measuring instrument, ¢ is
derivative of the given angular rate of the test bench.

It is known that root mean square is the widespread representation of a measuring
error. Respectively, using (8), expression for variance determination takes form

G —\/—_12(8 8(0)2 L o=vy,d,y;i1=1,....m,

Experimental results obtained during carrying out dynamic test of the
nonorthogonal redundant inertial measuring instruments based on such constructive
units as the triangular and tetragonal pyramids are represented in Fig. 4. These results
are averaged readings of angular rates, which have been measured in accordance with
the above mentioned approach to the dynamic test carrying out.

Assessment of dynamic accuracy of the nonorthogonal inertial measuring
instrument has been carried out based on the normalized value of root-mean-square
error relative to root-mean-square error of single MEMS-sensor, which has been
calculated during the dynamic test. To make perception easier, assessment results are
given in Table 2.

Table 2 includes information about error of navigation information determined
for different types of nonorthogonal inertial measuring instruments. It follows from
Table 2 that accuracy of redundant MEMS-sensor array based on the tetragonal
pyramid is more preferring in comparison with triangular one.
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Fig. 4. Errors of angular rate determination for nonorthogonal redundant
inertial measuring instrument based on triangular
(a) and tetragonal (b) pyramids

Table 2
Results of experimental assessment of dynamic accuracy
_ 0
Type of constructive unit Gre =0 /0
x y z
The triangular pyramid 0.6651 0.4163 0.4845
The tetragonal pyramid 0.5481 0.5094 0.4460

Conclusion. Assessment of dynamic accuracy of nonorthogonal redundant
configuration based on MEMS-sensor is carried out. The appropriate graphical
dependences and relative variances of measuring errors are represented.
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JOJATKOBI MOKJINBOCTI ABTOMATHYHOI'O KEPYBAHHA
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OaHuM 3 BaXKIMBHUX IMOKAa3HUKIB SIKOCTI MPOLECY TPAHCIOPTYBaHHS TIPHUYOI
Macu MiJ3€EMHUM CIOCOOOM pPYAHHUYHUMHU €JIEKTPOBO3aMH € €(EKTUBHICTh
YIPaBJIiHHSA MEPEMIIIEHHSM BaroHETOK 1]l PO3BAaHTAXCHHS Ta HAaBaHTaXEHHs. Sk
BIIOMO, B ymoBax maxT KpupOacy meil mpouec 10ci HE aBTOMAaTH30BaHO, TOOTO
MAalIMHICT 3[1HCHIOE NEPEeMILEHHs] BAaroHeToK BpyuHy. Omnepauii nepecyBaHHS
BAaroOHETOK TiJ PO3BAaHTaXCHHS BHUKOHYIOTHCS MAIIMHICTOM €JIEKTpOBO3a 3a
KOMaHJIaMU CHeIiaJbHOr0 poO0Yoro 30BHI. 3 OMIAAY HAa MOKIMBI TPYIHOIII
KOMYHIKaIlll MIDK IBOMa MpaliBHUKAMHU, X 1HAUBIAYaTbHUNA NCUXO(DI3UYHUM CTaH, a
HAWTrOJIOBHILIE — Yepe3 HASIBHICTh PUBKIB IPH MEPEMIIICHHI BAarOHETOK HA KOPOTKI
BIJICTaHI, CTa€ 3pO3yMUIMM, IO OMepauii MepecTaHOBKH MijJ PO3BAHTAKEHHS 1
HAaBAHTAKEHHS 1HOJII 3aiiMar0Th 3alBUH Yac.

["'070BHOIO MPUYMHOIO PUBKIB IIJ Yac pyXy BaroHETOK € Te€, 110 B 34ilMHUX
npuctposix (311) Baronetok € 3Hauni moptr — A0 0.2 Metpa. L1 1r0dpTH TEXHOIOTTYHO
HEOOXIH1 17151 TOTO, 11100 3a0€3NeYUTH epeBEPTaHHS BArOHETOK 1111 pO3BAaHTAKEHHS
B Mepekuiayl. Y 3aralbHOMY BUITQJIKy CyMapHUi JIOMT MPH BICBMH BaroHETKaX JJIs
BCHOT'0 PYXOMOTO CKJIaay Moxke nocsaratu 0,2*8 = 1,6 m. ToOTo, mpu 3ynuHIll CKIady,
KOKHa BaroHETKa MOJKE 3alHITH B IIEBHUX MEXKaX BUIAJIKOBE MOJIOKEHHs. SKII0 3a
JIOTIOMOTOI0  aBTOMATH3aIlli 301JIBIIMTH TOYHICTh IO3HWI[IOHYBAHHS BAaroHETOK 1
CKOPOTUTH YaC BUKOHAHHS ITUX POOIT, TO MOYKHA IHTEHCU(IKYBAaTH POOOTY IIAXTHOTO
TPAHCIIOPTY B I[IJIOMY, TUM CaMUM IT1JIBUILIYIOUN €eKOHOMIYHICTh HOTO BUKOPUCTAHHS.
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MexTopm Vil

@
g

Puc. 1. Ctpykrypa MoaeJi 1jisi JOCTIAKeHHS TUHAMIKH eJIEKTPOB03a
3 8-Ma BaroHerkamu

Hns  pocmimkeHHss auHaMmikd [1] B MexaHimi CKJIagy 3 €JIEeKTPOBO30M
BUKOPHCTOBYBAJIMCS PIBHSIHHS 33 IPYTUM 3aKOHOM HbIOTOHA 3 ypaxyBaHHSIM 3a30DiB,
B’A3KOr0O TEepTSs B aMOPTU3aTOpax 34YIMHUX HPHUCTPOiB, 1 3akoHy I'yka. [lns
JOCIIKEHHSI €JIEKTPOMArHiTHUX MPOLECIB B CHCTEM1 «IHBEPTOP — ACMHXPOHHUMI
JIBUTYH» BUKOPUCTOBYBAIUCH OU(EpPEHLINHI PIBHAHHA B OPTOTOHAJBHIA CHCTEMI
koopauHat «o, B, O» [2]. Ha ocHOBI 1ux piBHSAHB Oyna MoOyjaoBaHa MporpamMHa
mozenb B MatLab (puc. 1).

3MOJIeTTI0EMO MPOIIEC MEPEMIIIIEHHS BATOHETOK Ha MaTiil IIBUKOCTI (MMPUOIU3HO
0,3 M/c) mix pO3BaHTAKEHHA HAa HEBEIMKY BiAcTaHb (Onu3pko 8 M). bynemo
BUKOPHCTOBYBATH 3aKOH CKasipHoro ynpasiinas U gy / f H= const . Bpaxyemo mpu

I[bOMY, III0 aMIUTITYIHE 3HAYEHHS HOMIHAJIBHOTO CTpyMy ABUTYHA TUITy 4A250S6Y 3
(B MOieT11 BUKOPUCTOBYIOTHCS aMILTITY/IHI 3HAYEHHS) CTAHOBUTH 118.4 A.

W, mic
04 I

0.3 N.Wﬁfﬂ——__——‘\

—

0z

0 5 16 15 2 te

Puc. 2. I'padik IBUAKOCTI eJIEKTPOBO3a
NPH CKAJSIPHOMY YNIIPABJIiHHI
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Puc. 3. I'padiku npyKHHUX 3yCHJIb Y 34ellJICHHI

Bunno, mo 3 mnoudatkoBo 3IMKHYyTUMH CY B Mipy BUTSATYBaHHS CKJIAIy
€JICKTPOBO30M Ha MBUAKOCTI = 0,3 M/C BArOHETKH IMOCJIJOBHO Yepe3 3UIIHI MPUCTPOT
BIIApSIIOTh 1O €JEKTPOBO3Yy (IWB. puC. 3), 30yprorodi MOTo MIBUIKICTH B 3HAYHUX
Mmexax (auB. puc.2). To6To, Ay aBTOMAaTH3AIT YIPABIiHHS TOYHUM MEPEMILIEHHSIM
BArOHETOK CKJIAJy >KOPCTKOCTI MIATPUMKH IIBUAKOCTI PO3IMKHYTOI CHCTEMHU
enektponpuBoga «IH-AJl» HepgoctaTHbO. OUYEBHIAHUM € TMOJAIBIIMN IUISX
MIJIBUIICHHS KOPCTKOCTI IIBUJKOCTI ABUTYHIB €JIEKTPOINPHBOJIA 3a JAOIMOMOIOIO
3aMKHYTOi CHCTEMHU BEKTOPHOTO KepyBaHHs. OIHAK MONEePEaHBO 3MOJIETIOEMO TETIEP
MepeMIIIEHHSI Ha Ty caMy BiJCTaHb Ha TiM kK€ MIBUAKOCTI MPHU 3aKOHI1 YIpPABIIHHS
05-Ug /013 f g =385 const (tobto «dopcopaniit» Hanpysi MO BiAHOIIEHHIO JI0

yactotu). OTprMaemMo HacTynHUi rpadik (puc. 4), 3 SKOro BUAHO, IO XKOPCTKICTh
MIATPUMKHA IIBUAKOCTI €JIEKTPOBO3a 3a JOMOMOIOK €JIEKTPONPUBOLY 3HAYHO
301IbIINIIACS.

04 -
V, mic fr \

\

Puc. 4. I'padik IBHAKOCTI eJIeKTPOBO3a

[Ipu mbOMy CTpyM, IO PO3BHBAETHCS IBUTYHAMH €IICKTPOBO3a, TPOXH MEHIINAN
100 A (HeXTyrouM MOYATKOBOIO AUISIHKOK PO3TrOHY), TOOTO MEHIIE HOMIHAIBHOTO
3HaYCHHA. SIK HACIIIOK, HA MaJuX MIBUAKOCTSIX CHCTEMa CKaJSPHOTO YIIPAaBIIHHS
npu (GopcyBaHHI HAMpPYrH Ma€ MPAKTUYHO JOCTATHIO TOYHICTH BiJIMIPAI[IOBAHHS
3a]laHOi TaxorpamMH pyXy, 1 HEOOXINHICTh y BIIPOBAJKEHHI CHUCTEM BEKTOPHOIO
KepyBaHHS Ha €JIEKTPOBO3aX 3HUKAE.

Hanani aBTOpaMm 3a JIOIIOMOIO OararoBapiaHTHUX JOCTIDKECHb Ha MOJCHI,
HaBeNleHIM Ha puc. 1, Oyma po3poOiieHa yHIBEpcalibHa TaxorpamMma 3aBiaHHS
IIIBUIKOCTI ABUTYHIB €JIEKTPOBO3a, KA JI03BOJISIE TIEPEMIIIATH BCl BATOHETKHU CKIIATY
Ha TIEBHY BiJICTaHb 3 BUCOKOIO TOYHICTIO.
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Inest TogHOTO MTEpEMIIIEeHHsT BATOHETOK 3 BUKIIFOUCHHSIM BIUIMBY 3a30PiB MOJISTAE
B TOMY, 100 MpHW raabMyBaHHI €IEKTPOBO3a BCl BarOHETKU 3YMUHSUIINCS yIapHUM
criocoboM 00 eNeKTPOBO3 1 HE BiJICKAKyBaJIM BiJ HHOTO i OJHA BiJl OJTHOT 32 paXyHOK
NPY>KHUX CHJI B 3UiMHUX TpUCTposx. [Ipu miboMy Oyiio BpaxoBaHO, 00 Ha 34ITHOMY
MPUCTPOI €TIEKTPOBO3a HE OYyJIO0 MPYKHUX 3YCHIIb BEIUYMHOIO BHINE MaKCHMAJIbLHO
JOMYCTUMOI JOTHYHIN CHIM TATH, MO0 HE BUKIMKATH Yy EJIEKTPOBO3a f03a abo
OOKCyBaHHS, B IHIIOMY BHNAJKy BTpayaeTbcs akTyajdbHa 1HGOpMAIS PO
MICIIEMIOJIOKEHHSI €JIEKTPOBO3a, a 3HAUYUTh MOPYILIYETHCS MPOIEC aBTOMATHUHOTO
yIpaBIiHHS.

Hwxde mpuBeneHa 3amaHa Taxorpamma pyxy 1 rpadikd 3a30piB B CHCTEMI 3
MOBHICTIO HABAaHTA)KCHUMH BarOHETKaMU 1 CTIOYATKY PO3’€THAHUMH 3a30PaMHu.

U.B
80 /4\
60 4 C e -
40 /]
t,c
0 T r
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Puc. 5. I'pagdik 3agaHo0i TaX0rpamMu 4acToTH
IHBepTOpa eJIeKTPOBO3a

Puc. 6. I'padiku 3a30piB y 34iHUX MPUCTPOAX
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Nowadays, Ukraine has chosen the path of energy independence so activities
concerning energy saving and energy efficient management in all sectors of economic
activities is a priority and is supported at the national level. In railway transport there
were also policies for the reduction of energy consumption for transportation of freight
and passengers. Development and improvement of methods of train control associated
with the need to use the criteria of minimum cost of energy consumption allows
reducing the total operational expenses of transportation [1]. In the conditions of
constant rise in prices for fuel and energy resources (FER), technologies and methods
of energy saving, fuel is a priority type of economic activity for each train unit [2].

One of the main measures savings operating costs is the efficient use of fuel and
energy resources (FER) to ensure the movement of trains and to meet the production
needs of the economy and implementation of measures aimed at reducing the expenses
of electricity and diesel fuel. This is one of the priorities of state policy.

In the conditions of world financial crisis for Ukraine it is important not to lose
the positive direction, which increase production efficiency, including transport.
Electrification of railways is one of those areas. Electrified Railways is given a clear
advantage in the transportation process, they realized much more freight traffic and
reduced transportation costs compared to diesel traction, save fuel and energy
resources, improvement of ecological state of the environment [3].

To achieve this goal have been carried out scientific research on section of diesel
traction Ivano-Frankivsk Directorate of railway transportation of the regional branch
«Lviv railway»: Khryplyn — Khodoriv. Was studied the technical and operational
characteristics of the station Khryplyn and section Khryplyn — Khodoriv developed
the general phases of the improvement project section by electrification and the
economic evaluation of the project. Based on data, built simulation model of train
operation direction according to the train diagram of passenger trains and main
characteristics of the section, the parameters of the flow of trains and their impact on
the overall performance of the railway section. Also defined rational parameters of
train traffic on the criterion of energy consumption [4; 5; 6].

On the basis of these studies identified economic evaluation of the electrification
project: the total estimated cost of construction — 469750000,0 UAH.; the construction
period — 16 months; the payback project of 5.6 years; expected economic efficiency
163,45 M UAH/year; increase of the capacity of line — 25%. Also, it is determined

174



that is optimal freight trains with a length of 54-57 conventional cars and loading
section should be 80-85% (25 pairs of trains / day) from the available bandwidth.

Further developed efficient institutional arrangements to manage the flow of
trains, which include: optimizing the train diagram by a uniform distribution of train
traffic on the time of day; the planning of train operation with standby personnel
management, and prevention of condensed arrival of trains; minimize the number
nongraphic of stops and parking of freight and passenger trains on the section, etc.,
that will reduce the energy consumption of the skipping train traffic by 15-20%.
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CHUHXPOHI3ALIA KOJEKTUBHOI'O PYXY ITIOTOKIB
ABTOTPAHCIIOPTHHUX 3ACOBIB Y BY3JIAX
ABTOAOPOKHBOI MEPEXKI

Meayauenko J. C.

KAHIMIAT TeXHIYHUX HAYK, JOLEHT,
AoueHT Kadeapu exoJIorii

i 302/1aHCOBAHOI0 MPUPOTOKOPUCTYBAHHSA

OBuapyk O. B.

AOKTOP CLIbCbKOI0CHOAAPCHKUX HAYK, IOLEHT,
npodgecop kadeapu exkoJiorii

i 30271aHCOBAHOT0 NPUPOIOKOPUCTYBAHHSA

KoOpuncska JI. B.

ACHUCTEeHT Kadeapu caIiBHULUTBA, OBOYiBHUIITBA

i caI0BO-NIAPKOBOI0 rocnoAapcTBa, iHXKeHep-TeXHOJI0T
Tlooinvcokuti OepaoicasHull azpapHo-mexHiuHuLl yHigepcumem
M. Kam saneyo-Ilooinbcokuil, Xmenvnuyvka oonacme, Yxpaina

XapakTep KOJIEKTUBHOTO PyXy aBTOTPAHCIOPTHUX 3acO0IB y MOTOIN 3arajom
BH3HAYaeThCs Horo mBuakictio V(t, x), sika BiamoBigHO € QYHKIIEIO IHTEHCUBHOCTI
q(t, x) Ta migpHOCTI P(t, X) aBTOTPAHCIIOPTHOTO MOTOKY. B yMOBax HaOIMKEHHS 10
By3JIa aBTOTPAHCIOPTHOI Mepexki 3pocTae WMOBIPHICTh BHKOHAHHS MaHEBPIB
OKpPEMUMH aBTOTPAHCIOPTHUMU 3aCO0aMH, K1 MatOTh OyTH BU3HAYCHI SIK BUTIAJIKOB1
noaii. BiamoBimHO  BimOyBa€ThCS ~ PO3CUHXPOHIZAIS  KOJIEKTUBHOTO  PyXYy
aBTOTPAHCIIOPTHUX 3aco0iB y IOTOLH, a OTKE 3pOCTAc 3HAYEHHS IHCIIEpCii o
mBuakocTi V(t, x) motoky. HalHmoMITHIIIOW € pO3CHMHXPOHI3aIlisl KOJCKTHBHOIO
pyXy aBTOTPAHCIOPTHHUX 3acO0IB MpPH MEpPEeXpelieHHl JBOX (a00 JEeKUIbKOX)
TPaHCIOPTHHUX TIOTOKIB, SKi € CYMipHHMH 3a MOKa3HUKAMU iX iHTEHCUBHOCTI q(t, X)
Ta miabHOCTI P(t, x). B 11bOMy BHUIIAAKy HEOOXiTHO PO3PI3HATH:

— V(t, x) — cuHXpOHI30BaHy MPOCTOPOBY IIBUIKICTH MTOTOKY, TOOTO yCEepeIHEHY
IIBUJKICTh ABTOTPAHCIOPTHUX 3aco0iB, SKI TMepeOyBarOTh HA 3alaHii JUTSHIN
aBTOMOOUIBHOT IOPOTH y BU3HAYEHUW MOMEHT 4acy t;

— Vp — cepeaH0O MUTTEBY MWIBHJAKICTh ABTOTPAHCHOPTHOrO 3aco0y, TOOTO
yCepeIHEHY MIBUAKICTb N aBTOTPAHCHOPTHUX 3acO01B, SIKI MEPEMILIYIOThCS Yepe3
BU3HAYCHHI TIOTIEPEYHUH TIepepi3 aBTOMOOUIBHOI TIOPOTH (B JAHOMY BUMAAKY Yepe3
TOYKY MEPEXPEIICHHS MOTOKIB) 32 BU3BHAYEHUN MTPOMIXKOK 4acy 1.

2
IMpu upomy V(t,x) =Vp [1 + (;—D)] 3BiAKH MOXOMUTH, IO IS 3a0e31eUeHHs
D

CHUHXPOHI3allll KOJIGKTUBHOTO pPYXy aBTOTPAHCIOPTHUX 3aco0iB y CKiIajll
nepexpelryBaHux IOTOKIB Mae Oytu 3abesmeueHo ymoBy V(t,x) =Vp, 1o

JOCATAEThCs NpK JoTpuManHi  lim o2 = 0.
Vp-V(t,x)
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Taxkum yuHOM, CHHXPOHI3aIlisl KOJIEKTUBHOTO PyXY aBTOTPAHCIIOPTHHUX 3aC0O0IB y
By3J1aX aBTOAOPOXKHBOI Mepexki 3abe3meuyeTbcsi JTOTPUMAHHSM CHHXPOHI30BaHOI
IPOCTOPOBOI MIBUAKOCTI KOXKHOTO 3 IMOTOKIB, SIKi MaIOTh PyXaTUCh HE 3aJIEKHO OJUH
BiJl OJTHOTO 3 MTOCJIiIOBHOO JIOTHYHOIO MepeOya0BOI0 TpaeKTOpiil pyxy. Po3risHeMmo
MepexXpenieHHs] TPaeKTOpid MM’ Ta NN’ pyXy aBTOTPAHCHOPTHUX IOTOKIB i
JIOBIJTBHUM KYTOM ¢ B JICSIKIF MPSAAMOKYTHi# cuctemi koopauHat xOy (puc. 1).

SIKII0 BU3HAYMTH, IO MPsAMi MM’ Ta NN’ TPaeKTOPii pyXy aBTOTPaHCIOPTHUX
MOTOKIB € aCUMIITOTAMH KPUBHX JPYTOTO MOPSAKY HA KOOPAUMHATHIHN rtomuHi xOy,

TO BIJMOBITHO OTPUMYEMO CIMEHCTBO CHpsDKCHHX rirepoon (puc. 2), ski B
3araJbHOMY BHUIIAJIKY OMUCYIOTHCSI PIBHSHHSIM z—z — Z—z =1, ne a Ta b — niticHa Ta
ysIBHA HariBoci rinepooiu (puc. 3).

OCHOBHMMH XapaKTepUCTHKaMH rinepOonu € BiApizok FF’, skuii BuzHauae ii
doxycHy Biactanb ¢ (Touku F ta F’ — okycu mapabomm), a came FF’'=2c¢; nilicna
BiCh rimepOomu 2a, sika BU3Ha4YeHa ToukaMu A Ta A’, AKi € BepIIMHAMH 000X TiJIOK
rimepoosm, To0to AA'=2a; ysiBHa Bick Tinepbosu BB '=2b, siki moB’s3aHi BiNOBITHO
(4) piBsHHAM b? = ¢? —a?. Ilpu UBOMy 3aBkKIM BHKOHYEThCA C>a, a TilIKH
rinepOoiIu € CUMETPUYHUMH BIJHOCHO TOukH O, sika BU3HAYa€ LIEHTP TimepOoJIH.
TpaexTopii HANIPSIMKIB pyXy aBTOTPAHCIOPTHUX MOTOKIB MM’ Ta NN’ € aCHMIITOTaMU

rinepOoJn, MPOXoasaTh Yepe3 HeHTp O TinepOoiH, OMUCYIOTHCSA PIBHIHHAMU Y=K'X,
npu omy |k| > b/ > & OTKE PIBHIHHIMHU aCUMIITOT TirepOou
b b
EYy=—-XTay = ——X.
y a y a .

OTxe, SKIIO AESKY MpsMy SS’, sika € mapajeiabHOI JO0 KOOpAUHATHOI oci VY,
HEOOMEXKEHO BiaaiaTu Bif eHTpa O rinep6oiu (BinpaBo abo BiIiBO), TO BIAPi3ku QS
ta Q’S’ moMDK TiTKaMH TinepOosM 1 TPaekTopissiMH MM’ Ta NN’ pyxy

aBTOTPAHCIIOPTHUX TMOTOKIB OyIyTh HEOOMEKEHO 3MeHITyBaTUCh (Touku Q Ta Q’
HaJIeXaTh npsmiid SS°).

a X m'
n

=)

/

m

n

Puc. 1. Tpaekropii mm’ Ta nn’
PYXY nepexpenryBaHuxX
aBTOTPAHCIIOPTHHX MOTOKIB Ha
KOOpAMHATHIN miomuHi XOy

Puc. 2. CimeiicTBO CIPSIZKEHUX
rimep0o. 3 acumnroraMma mm’ ta nn’
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Puc. 3. 'eomeTpu4Hi 03HAKYU CHIPSKEHUX TinmepooJ

Ha mimcraBi BUINEBUKIIAMEHUX O3HAK TiMEpOOJM, 3alMpONOHOBAHO BapiaHT
(puc. 4) cuHXpoHi3alli KOJIEKTUBHOTO PYXYy aBTOTPAHCHOPTHHUX 3ac00iB y BY3Ii
MepexpenieHHsl s PIBHO3HAYHUX 3a IHTCHCHUBHICTIO (| TPAHCIIOPTHHUX TIOTOKIB
(aBTOMOOLITBH1 JJOPOTHU KaTeropii 2).

Puc. 4. IlepexpeinieHHs1 aBTOTPAHCIIOPTHUX MOTOKIB
Y By3J1aX aBTOA0POKHbOI MepeiKi

dopma BHYTPIIIHBOI 30HU By3ia (puc. 4) mnepexperieHHs aBTOTPAHCIOPTHUX
MOTOKIB BHU3HAYAETHCS CIINCOM 3 (OKycamH, siKi po3TamioBaHo B Taukax f ta f.

. . . Vs
KoHTyp (1MoBHOTA) enincy 3aJeKUTh BiJ KyTa o 1 Y BUNIAJAKy @ = - TICPETBOPIOETLCS

Ha KoJio. [{ns 3a0e3neueHHss MakCUMaJIbHO MOKJIIMBOI CUHXPOHI3allli KOJIEKTUBHOTO
pPYXy aBTOTPAHCIOPTHHUX 3aCO01B 3 IHTEHCUBHICTIO (] Y BY3JI1 aBTOJIOPOAKHBOT MEPEXKI
BU3HAYAIILHIMH € PO3MIipH JAIMCHOT 28 Ta ysABHOI 2D ocelt cripshkeHHX Tinep0oi1, TOOTO
po3mipu Biapi3kiB NA ta MB (puc.4.18). Posmipu NA ta MB nnst aBTOMOO1UIBHUX
aopir kareropiit 1-a, 1-6, 2 i 3 BusHauaetrbes sk NA(MB) = k - s, ae K — kinbKicTh
CMyT PyXy, S — IIUpUHA CMYTH pyxy, M. Po3mipu npoixmkoi yactuau (NA ta MB)
JUISL aBTOMOO1IRHUX JOPIT BIAMOBIAHUX KAaTEropiil 1 HABEICHO B TaOJIHIII.

Ha mijgcraBi BUIIEBUKIAACHUX JIOCTIKEHD 3aIPOIIOHOBAHO IIPUHITAIIOBI CXEMH
PYXy aBTOTPAHCIIOPTHUX MOTOKIB Y By3JIaX aBTOTPAHCIIOPTHOI MEPEXi 3 BaplaHTaMU
oprasizallii HanmpsIMKiB pyXy aBTOTPAHCIIOPTHUX 3ac00iB (puc. 5).
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Ta0muis
MiHiMaJbHO JOMYCTUMA IIUPHUHA MPOLKIKOI YACTHHHA
y BY3J1aX aBTOMOOLIBbHOI Mepe:Ki J1JI aBTOTPAHCIIOPTHUX MOTOKIB
BHM3HA4Y€HOI iIHTEHCUBHOCTI (, M

Kareropist aBrogoporun (IGH B.2.3-4:2007) 1a, 16 2 3
MiHiManpHO AONMYCTHMA MIUPHHA TPOTKHKOT
YACTHHH Y BY3J1aX IEPEXPEIICHHS 11,3 (7,5) 11,3 (7,5) 10,5 (7,0)
ABTOTPAHCHOPTHUX MOTOKIB, M

B nyxkax HaBe€HO 3HAYECHHS LIUPHUHU NIPOKIKOI YACTUHU B HAIIPSIMKY,
SIKMI OpIEHTOBAHO B3JJOBXK MEHUIOI 3 Ocel CIPsHKEHUX rinepooit

ot
bt
{
4
>

Puc. 5. BapianTi TpaHcnoOpTHO-€KOJIOTiYHOI ONTUMI3alil ABTOA0POKHbOI
MepeiKi y By3J1aX nepexpeneHHs
aBTOTPAHCIOPTHHUX MOTOKIB

[TpormoHoBaHa omnTHUMI3alisl KOHCTPYKLIMHMX HapaMeTpiB  aBTOIAOPOKHBOI
MEpeXl Yy BYy3/IaxX [MEpeXpelleHHs aBTOTPAHCHOPTHUX NOTOKIB Iepeadayae
MO>KJIUBICTh CHHXPOHI3a1l1i KOJIEKTUBHOI'O PYXYy aBTOTPAHCIIOPTHUX 3aCO01B y CKIIA1
TPAHCIOPTHUX MOTOKIB, 1110 3a0€e31euye cTadlI3aliio peKUMIB pOOOTH IBUTYHIB IIUX
3aco0iB, a OTXe, SK HACHIJIOK, 3MEHIIyE OOCATU Ta30-MUJIOBUX BUKHUIIB, SIKI
MPOIYKYIOTbCS aBTOTPAHCIIOPTHUMH IMOTOKAMHU.

Jliteparypa:
1.Ilenymuenko JI.C. Exomoriuna Oes3meka JaHamadTiB MPUPOTHO-TEPHUTO-
plaJbHUX KOMIUIEKCIB, SIKI TpaHC(OPMOBAHO AaBTOTPAHCIOPTHUMH MeEpexamu /
JI.C. lllenynuenxo // HaykoBuii sxypHain «Exonoriuna 6e3neka». Kpemenuyk: KpHY,
2017. Ne 2/2017 (24). — C. 9-13.
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The dynamics of freight transportation in 2010-2017 indicates a crisis in the
economy and the policy of the country [1]. The key tasks of more efficient
development of road transport are the following: the formation of a competitive
environment in freight transport markets; the sustainability of work in crisis
conditions; the introduction of new approaches to shaping the profile of transport
companies’ behavior strategies at the price, resource and technological levels;
attracting investors to state development programs at attractive conditions; increasing
the quality of services and etc.

The rapid scientific and technological progress of the last decades in the field of
transport, computer technology and telecommunications, including the development of
the Internet and electronic commerce, have led enterprises to use more remote resources
and can serve increasingly extensive markets. The development and introduction of the
virtual management of transportation services in the development of the model of the
functioning of the freight transportation market will allow to increase the level of
competitiveness of the enterprises of the transport industry of Ukraine.

In modern conditions of a spontaneous nature of the freight transportation market,
it becomes necessary to create a virtual logistics system. The main function of this
system is to manage cargo delivery process that based on the principle of
consolidating request flow in a single information base. It will solve the problem of
virtual routes forming for cargo delivery process depending on the requests with using
a virtual system for managing cargo delivery process.

Based on the both domestic and foreign enterprises analysis on the goods
movement organization and management logistics system structure of cargo delivery
in the intercity by road transport has been developed. It provides interconnected
activities within the cargo delivery system in the intercity by road transport and
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describes the communication between companies that are elements of the delivery
system. [2]. According to the study, the logistic system is represented by the totality
of the following subjects:

JIC =(BB{IT},E\T}), (1)

where BB — cargo owner (consignors or consignees); {7} —a complex of carriers;
E — freight forwarder; {7} —a complex of cargo terminals.

External factors are factors that affect the research object and have a stochastic
nature of occurrence: economic factors, time indicators of participants in the delivery
scheme (for example, the time of loading 1t of cargo by loaders of cargo owner, etc.),
the speed of vehicles.

The efficiency criterion of the research — the overall costs for all the participants
of delivery process.

The formation of total set of alternative transport-technological schemes for cargo
delivery depends on parameters of requests flow, the possibility and (or) the necessity
to involve different participants in the delivery process.

Subsystems of developed logistics system include four basic logistic chains
variants with the following participants’ complex [2]. The first variant (JI/I1) is a
direct delivery without freight forwarder. The second variant (/1/72) is the delivery
with freight forwarder. The third variant (JZ/13) indicates terminal delivery with two-
carrier types— carrier from the consigner to terminal and from the terminal to the
consignee. The fourth delivery variant (J1/74) involves two terminals, one of which
founds in the consigner operation area and the second is in the consignee operation
area, and three carriers’ types performing transportation from the consigner to the first
terminal, from the second terminal to the consignee, the highway carrier.

JLT1={BB,I1}, ()
JIT2=1{BB,I1,E}, 3)
JUI3=(BBII}E,T) (4)
JUT4=(BB{IT}E{T}) (5)

The following groups of assumptions and constraints are applied to the model:

— technical (due to transport characteristics of the cargo, technical capabilities of
the participants of delivery process, etc.);

— technological (due to the production capabilities of the participants of delivery,
such as the productivity of employees and mechanisms, compliance with additional
conditions of requests, a combination of delivery participants, etc.);

— infrastructure (due to the possibility of attracting to the delivery of the terminal
(s), the characteristic of the production areas of delivery participants, etc.);

— labor (due to the characteristics of labor resources of delivery participants)

— financial (due to the cost of the work of the workers and equipment, the level of
profitability of participants work, etc.).

There are the following tasks, which must be performed for the formation and
functioning of the cargo transport market for the introduction of virtual management
of transport services:

—to develop a general concept for the functioning of cargo transportation market;
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— to identify the subjects of transport market that take part in cargo delivery
process;

—to determine a set of alternative behavior strategies of transport market subjects
to be involved in cargo delivery process with taking into account their business
interests:

— to simulate and to develop profiles of rational behavior strategies of transport
market subjects;

— to determine the consistent patterns of behavior of the logistics system of cargo
delivery in interaction of transport market subject depending on demand parameters
of logistics services;

— to identify areas of effective use of rational strategies for the behavior of
transport market participants involved in cargo delivery process, while servicing the
cargo owners, which will allow for taking into account the value of the external
additional profit from the interaction effect and the synergy of individual elements of
the logistics system.

The proposed concept of functioning of the freight transportation market is in
demand both for operational management of the delivery process and for strategic
planning of the activity of transport enterprises with a focus on the commercial
efficiency of the customer of logistics services in current market conditions.

References:

1. JlepxkaBHa cimyx0a cratucTuku Ykpainu [EnextponHuii pecypc]. — Pexum
noctymy: http://ukrstat.gov.ua/.

2. tlynika O.0. ®opmyBaHHS MPOIECY AOCTABKH TApHO-IITYYHUX BaHTaXIB
aBTOMOOIJTLHUM TPAHCIIOPTOM Y MI)KMICBKOMY CIIOJIYYE€HHI: JIUC. ... KaHAUAaTa TEXH.
Hayk: cretl. 05.22.01 / Onsra OnexcannpiBHa [llynika. — Xapkis, XHAY, 2017. —
232 c.
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SECTION 5. ARCHITECTURE

ITOJITUYHA PEKJIAMA B APXITEKTYPHOMY CEPEJOBHUIII MICTA

ABep0ax M. 5.
AOUEHT Kadeapu qu3amny
APXIiTEeKTYPHOTI'0 Cepea0BHIIA

Kopninosa JI. B.

AOLEHT Kadeapu Ju3aHy

apXiTEKTYPHOI'0 CepeI0BHIIA

Xaprxiscokuil HayioHabHULL YHiGepcumem 0YOiBHUYMBA Ma ApXimeKmypu
M. Xapkie, Yxpaina

Hamepenonni deproBux mnpe3ujieHTChbkuX BuOopiB (2019) 1 HacTymHUX
MapJIaMEHTChbKUX B YKpaiHi JOpEYHUM OyJe MiTHATA MUTAHHS TPO 3a0pyIHEHHS
BI3yaJIbHOI CepeIOBUIIA CYy4aCHOTO MICTa peKJIaMHUMU (GOpMaMH 1 KOHCTPYKIIISIMHU.
30BHIIIHSA peKJIaMa 3alOBHIOE BECh BUIUMHU MPOCTIp, 3aTyiisge coOow Qacaau
OyZIiBesb, CIIOTBOPIOE VSBIEHHS MNP0 apXiTEeKTypHUd o00pa3, MEepEeBAHTAKYE
BI3yaJIbHO-1H()OpMaIiiiHE MOJie JIFOJAUHU, BIUIMBAE HA ii ICUXIYHHUI CTaH, BHOCUTH B
HABKOJIMIIHE CEPEIOBUIIE AUCTAPMOHIIO 1 Xaoc. A MOMITUYHA pEKIIaMa SIBJISIE COOO0
HalOUIbII arpeCUBHY, IMHIYHY (JOPMY IHTEPBEHIII1 B MICbKUI npocTip. Ilepeciunomy
TPOMAJITHUHY BHUAA€THCS OYEBUIHHUM, IO 3a II€ HEMOAOOCTBO II€ JOBOIUTHCS
IaTuTH, 1 IiatuTu ayxe 6arato (LIBK 3aTBepamna opieHTOBHHUIA 00CIT BUTpaAT Ha
mpoBeleHHS  BHOOpPIB  mpe3ujaeHta Ykpainm B 2019 pomi Ha cymy
2 mupa. 354 muH. 880 THc. rpH. [1]). JlyHaroTh mpomno3uilii BBeCTH 0OMEKEHHS Ha
MOJIITUYHY peKiIaMy, 3a00pDOHUTH MOHTaX 1 y4acTh aKTOPIB 3aMiCTh TOJIITHKIB,
BHUCJIOBJIIOIOTHCS HABITh JAYMKH TPO 3a00pOHY MOJITHYHOI pPEKIaMH SIK Takoi.
Hackinbku peanpHl Taki MEPCIEKTUBH, CKa3aTH BAXKKO, aJie TIOKU 1€ MU 3MYIIEHI
CIIOCTEpIraTH 3aCUJUIA TIOJITHYHOT PeKJIaMH B MiChbKOMY cepeaoBuiili. [IpocTexumo
NesiKi il 0COOJIUBOCTI.

3a ySBHOIO CXOXICTIO MOJITUYHOI peKJIaMU 1 KOMEPIIHHOI (3yCTplyaroThCs
TBEP/KCHHS, 110 MOJITUYHA peKJiaMa HIYMM HE BIAPI3HSETHCS BiJl KOMEPUINHOI,
TITBKM TOBApOM B Hill BUCTYIA€ KaHIWUJAT — IIMM aBTOPH CY/KEHb HaMararoThCs
MIJKPECTUTH CIIaJJKOEMHICTh OCHOBHUX MEXaHI3MIB 1 IMIJIX0/IIB y MAPKETHUHTY TOBapiB
1 TIOC/IYT), M)XK HUMH ICHYIOTH MEBHI BiAMiHHOCTI. KomepiiiiiHa pekiiama ¢gopmye
o0pa3 ToBapy, OJIM3BKOTO JI0 17I€aTbHOTO, HETIEPEBEPIIICHOTO. Y MOJITHYHIN peKiami
o0Opa3 ifeaibHOrO0 KaHAWJATa-TIONITUKA Oyae mporpamHuM. KanmumaTr moBHHEH
CIIpUHMATHCS PEAUTbHUM IIEPCOHAXEM, SK BCl JIFOJU — 31 CBOIMH JIOCTOIHCTBAMH 1
HEIOJIIKAMHU.

Opnnak, € psiJ XapakTEpPHUX BIAMIHHOCTEH, 1110 BUCTYNAIOTh TPUYMWHOIO THX SBUIII,
Kl MH CIIOCTEpIraeMo B MiCbKoMy cepenoBuiii. [lo-mepiie, mojiTiyHa pekiiama
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oOMeXeHa BCTAHOBJICHMMH 3aKOHOM TEpMiHaMH, TOOTO MOXKHA 3adikcyBaTH il
TUM4YacoBuM xapaktep. Lle mo3Bomse 1HIimiaTopaM mepeaBUOOpPHOT KamImaHii
BCTAHOBIIIOBAaTH PEKJIaMHI KOHCTPYKIII B THUX MICHSX, Kl 3a3BUYail BUKIUKAIOTH
MpoTecTu roposiH (puc. 1).
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Puc. 1. IloiTuuna pekiiama 3aiimMae Bech pacaja cnopyau. Xapkis, 2010 p.

[To-npyre, po3MileHHsT Y MICBKOMY CEpEOBHUII MaTepiaiiB MHepelBHOOPHOI
ariTaiii perymoerbcsi 3akoHOM «[Ipo BHOOpM HapogHUX JemyTariB YKpaiHu», Ha
BIIMIHY BiJl peKjamMu Oyb-sSIKOrO 1HIIOTO BUAY. | TUIBKU KOJIM MOJITHYHA peKama
MOILMPIOETHCS 11032 MEKaMH BCTAHOBJIEHOTO 3aKOHOM 4Yacy, BOHA MIAMNAIA€ M A0
3akoHy VYkpainu «[Ipo pexmamy» [2, c. 11]. Tomy, B KoMepIliiiHii pekiIami
3a00pOHEHO MAILIIOKEHHSI KOHKYPEHTa, a B TMOJITHYHIA peKiamMi «JOpHHUH miap» €
OJTHIEI0 3 HAWOIIBIN SKMIO HE €(PEKTHBHOI, TO, Y BCAKOMY pasi, MONTUPEHOIO
noJitTexHonoriero. KpiMm 1poro, 3akoH mpo BUOOpH 3000B’s3ye BUOOpUl mITaOU
JEMOHTYBATH peKJiaMy CBOT'O KaHAMJaTa 3a 100y 10 TOJI0CYyBaHHS, ajie pOOUTHCS 11e
HaBMHUCHO HeoxaiHO. B pe3ynbTari mpoTsIroM TPUBAJIOTO yacy (Maroyd Ha yBasl
o0uJIBa TypH), CHOCTEpIraeTbCcsi HEMpUBAOIMBAa KApTUHA Y BUIJIAII OOpPHUBKIB
pEKJIaMHUX TUTaKaTiB (puc. 2).

Puc. 2. CtaH pekjiaMHHMX IIUTIB B NEPIiOJ MK TypamMu

[To-Tpete, OromKeT nepeABUOOPUYNX MOMITUYHUX KaMIIaH1il HACTIIBKU BEJIUKHUH y
MOPIBHSHHI 3 OYIb-SKOI0 KaMIIaHI€I0 MPOCYBAaHHSA TOBapy, IO CTA€ MOXKJIMBUM
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3aCTOCYBAaHHS BEJMYE3HOI KIJIBKOCTI HOCIiB, KOJIOCAJFHUX PO3MIpIB, PO3MIIIECHUX B
«3abopoHeHux» Micisix (ExcrepTu oIiHUIN BUTPATH BCIX YUYACHHKIB MEPEIBUOOPHOT
npe3uaeHTchkoi Kammanii 2009—2010 pokis B 2-3 mupa. rpuBensb [3]). Hapemrri, mo-
YeTBEpTE — B MOJITUYHIA peKJiaMi K HIJE BIABEPTO 1 LIMHIYHO IMPOSBISETHCS TaK
3BaHUM aIMIHICTPATUBHUH pecypc.

BubGopu B VYkpaiHi 3aBXId CYNPOBODKYBAIMCS YYaCTIO BITYM3HSHUX 1
3aKOPJIOHHUX TMOJIITTEXHOJIOT1B, BIPOBAIKEHHIM MEPEAOBUX CTPATETii MPOCYBaHHS
KaHauaata. AJie TOYKOIO BIUTIKY CJiJl BBaXAaTH TNPE3UIACHTCHKI TIEPETOHU
2004 poxy. «[TomapanuyeBa peBoJIIOLISH 3pOOHIIa IEPEBOPOT Y BCiil chepi MOTITUIHOT
peKJiaMy, O3HAMEHYBAaBIIM TIEPEXiJ 0 TMPUHIUIIOBO HOBUX KOMYHIKATHBHHX
CTpaTeriii B po0oTi mepeABuOOpUMX MTA01B 31 CTBOPEHHS 00pa3y KaHAMIaTa 1 mapTiil.
[TaBmo PompkuH Ha3uwBae 1ie mepemMoror (ipMoOBOTO CTWIIO (BiI OMO3WINT) HaL
repalibInIHOI0 cucTeMoro (Bif Biaan) [4, c. 106]. B kpaini chopmyBaiacs TeHASHITIS
JI0 CTBOPEHHS Bi3yaJIbHUX KOHCTAHT MapTiHOT aTpUOYTHUKH 3a 3aKOHaMHU (pipMOBOTO
CTWJIIO, 1 OCHOBHI TpaBlll BHOOPYMX KaMIlaHii 003aBeNucs KOPHOPATUBHUMHU
3HaKaMH, KOJIpHUMU Kojamu 1 cioranamu. [Ipesunentcbki Bubopu 2009-2010 poky
ctan (1, MOKJIMBO, 3aJIMIIATHCA B 1CTOPIT) HAHOUIBII ICKPABUMHU 1 Bi3yalll30BaHUMHU.
Jlinepamu B po3MilIeHH] TMOJITUYHOI PEKIaMH B MICBKOMY MPOCTOpP1 cTaiu BikTop
SAnyxoBud 1 FOnis TumoiieHko. 3a HUIMU 3 ICTOTHUM BIJIPUBOM CIiAyBaid ApceHiit
Anentok 1 Ceprii Tirinko [5]. OcCHOBHOIO CTpaTeriyHOO JiHi€l0 MmTady B.
SAnykoBruya OyJI0 CTBOPEHHs 1 PO3BIIIYBaHHSA Ha (hacajgax BEIWYE3HUX MOCTEPIB 1
MOPTPETIB KaHaujaTa, 1mo Oyiao 0 HeMoxJuBO 0e3 aamiHpecypc. IlepensubopHa
aritauis FOmnii TuMomeHko po3MilTyBaiacs MepeBaXHO Ha IIUTaX MICBKOTO opMaTy

(puc. 3).

Puc. 3. Pexkiiamui MmaTepiaiu KOHKYpeHTIB Ha OCHOBi (PipMOBOI0 CTHIIIO

2014 poky BigOyaucs TOCTPOKOBI MPE3UICHTCHKI, MOTIM MapilaMEeHTChKI BUOOPH.
HesBaxkarouu Ha Te, 1110 Ha JloHOaci Bi10yBa€eThCsl HEOTOJIOIICHA BIHA, MOJITUKU HE
CTalMi €KOHOMHUTH Ha peKJIaMHHMX Oropketax. Ilepmr 3a Bce, 1€ CTOCYEThCS 3aCHILIS
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30BHIIIHBOI pEKIaMH 1 PO3JATKOBUX MarepianiB [6]. MoxkHa NPHUIYCTUTH, IO
HACTYIHI 3aX0JM MOKaXyTh HE MEHII BUTOHYEHI CIOCOOM 3aBOJIOAITH yMaMH 1
CepIsIMHA BUOOPIIIB, TPOJAEMOHCTPYIOTh PI3HOMAHITTS Bi3yaJIbHUX PEKJIaMHUX (HOPM 1
IpUHOMIB 1X pO3MIIIIEHHS B MICBKOMY cepeioBuiili. byemo crocrepiratu.
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peknama 2014 craner camoil poporoil m HeomHo3HauHou. Cait «HoBoe Bpewmsy,
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MPOEKTYBAHHS CYYACHUMX JUTSYNX JIKYBAJLHAX 3AKJIAJIB
3 YPAXYBAHHSIM ICTOPUYHOI'O KOHTEKCTY OTOYYIOUYOI'O
APXITEKTYPHOTI'O CEPEJOBHILA MICT
(1OCBIJI BETTUKOBPUTAHIT)

byaax I. B.

KAHIUAAT apXiTeKTYypH,

AOUEHT Kadeapu qu3amny

apXiTEeKTYPHOI'0 Cepel0BHUIIA

Kuiscoxuii nayionanvruil yrisepcumem 6yo0isHuymea ma apximexkmypu
M. Kuis, Ykpaina

3arocTpeHHs NpoOIeMH MIABUIICHHS SKOCTI XYJI0KHBOTO PIBHS apXiTEKTYypHO-
MicTOOYAIBHUX pillIeHb CHOTOJHI Ha0yBa€ aKTyaJlbHOTO 3HAYEHHS Y 3B’S3KY 3
npolecaMu 1100aabHOi ypOaHizalii Ta XaOTUYHOIO 3pOCTaHHsS cydacHuX Mict. L1
SBUIIA, MaiKe HEOOOPOTHO, MPU3BOJATH /0 MOPYIICHHS HEMOBTOPHOCTI 00pasy
MICBKOT'O CEPEAOBHIIIA, 3arTUOII0E KPU3Y PO3YMIHHS JyXy MicIs. OCOOIMBO MUTaHHS
30epexKEHHST XYIO0KHBOTO pIBHS apXITEKTYPHO-MICBKOIO CEpPEAOBHINA Ta HOIo
TAPMOHIMHOTO PO3BUTKY TOPKAETHCS OHOBJICHHS ICTOPUYHUX Ta IICHTPATBHUX
TIJISTHOK MICT.

[Mopiuno 3poctatouuit mporec ypOaHizalli yTBOproe OaraTo MHUTaHb MO0
MOJAJIBIIOT MOXJIMBOCTI BIAMOBIAHOTO Ta KOMGOPTHOrO (YHKIIOHYBAHHS SIK
OKpPEeMHUX MICHKUX [UISHOK, TaK 1 BChOTrO MicTa. be3ymMoBHO, 3aBaHTakeHICTh Ta
IIIJIBHICTh MICBKHUX ICTOPUYHHUX IIEHTPIB, @ TaKOX 3acTapuIiCTh 1, SK HACIIIOK,
HEBIAMOBIHICTh JIKAPHIHUX OyiBelb, 30KpeMa sl TUTSAY0i BEPCTBU HACEICHHS,
MiIiiMae TUTaHHS MPOBEACHHS 1X KOMIUICKCHUX PEKOHCTPYKITIH.

[IpoekT pexkoHCTpyKilii 3 po3mupeHHsM utsauoi nikapHi Koponesu €nuzasetu
(The Queen Elizabeth Children’s Hospital), 3ampoekToBaHuii aHTIIHCHEKOIO
apxitektypHoto rpynoto HTA Design LLP 1 peamizoBanuii y 2017 poui, cayrye
BJIaJIUM  TPUKIAAOM  apXITEKTYpPHO-MICTOOYIBHOTO  pIIIEHHS, SIK€  YTUIIOE
rapMOHIAHE TMO€JHAHHS ICTOPUYHOTO OTOYEHHA 3 CYYaCHUMH JIIKYBaJIbHUMU
noTpedamu Ta 1HKEHEPHO-0Yy11BETLHUMH MOXKJIUBOCTSIMU [1].

The Queen Elizabeth Children’s Hospital po3raroBanwuii mo6iu3y 3amoBigHuKa i
HABMPOTH MapKy XarepctoH B icTtopuuHid 4dactuni Jlonmona. Came HasSBHICTH
0e3MmocepeTHHOr0 TMPUPOJHOTO OTOUYECHHS OUIS 1CHYIOUOro (CTaporo) Kopiycy
OUTSAYOI JIIKapHI CTUMYJbOBAHO KEPIBHULTBO JIKAapHI Ta MPOEKTYBaJIbHUKIB
MaKCUMI3yBaTH MOTEHI[a]l PO3BUTKY BAAJIOr0 MICUA PO3TAIIyBaHHS MEIUYHOIO
3akiany (puc. 1).

KoHCTpyKTHBHE pIllICHHST HOBUX KOPITyCiB quTsuoi JikapHi The Queen Elizabeth
Children’s Hospital BunMKIO 3 pO3yMiHHS I[IHHOCTI iCHYFOUOTO HABKOJUIIHBOTO
KOHTEKCTY, 13 BIJMOBIIHUM 30€pEKEHHSIM MACIITA0HOCTI, BUOOPOM OY/IBEIHbHUX Ta
03700 TI0BAJILHUX MaTepiaiB — BCI 111 3aX0Au OyJIM CIIPSMOBaHI Ha 30€peKeHHS Ta
OXalHy 1HTErpaliio ICHyIOYMX €JIEMEHTIB ICTOPUYHOI CMIa/IUIMHU 3 HOBOIO CY4aCHOIO
apxitektypoto [1].
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ApXITEKTOpH IPOEKTY TICHO CIIBIIpaIlfoBajia 3 KOHCYJIbTAaHTAMHU 13 30epexeHHS
ICTOPUYHOI CHaAIIMHU, 100 B KIHIEBOMY paxyHKy OTpUMaTH TapMOHiiHe
CUHTETHMYHE 00’ €MHO-TIPOCTOPOBE PpIIIEHHS JiKapHi, ske O 30epiramo 1
MiKPECIIOBAI0 IIHHICTh iCTOpUYHOro rojoBHoro (acamy The Queen Elizabeth
Children’s Hospital.

HoBi, G111 BUCOTHI KOPITYCH JUTSAYOI JIIKApHI 3alpOEKTOBaHI TaKMM YHHOM,
11100 YTBOPIOBATH MOCTYIOBUH CIICHAPI CIPUUHATTS BChOro KomIuiekcy The Queen
Elizabeth Children’s Hospital 3 Touku 30py MacmTady i apXiTeKTypHOT ap TUKYJISIIII.
B pesynbTari 3a3Hau€HOr0 MPOEKTHOTO MiJXOJy 3arajibHa KOMIIO3UIIS 00’ €MHO-
MPOCTOPOBOTO CHPUHHATTS JUTSAYOT JIKapHI sBIsi€ cO00I0 OE3IIOBHY I1HTETPalliio
ICTOPUYHOTO 1 Cy4acHOTO OYiBHUIITBA.

Jlis OymiBHMIITBA Ta 0371007eHHS HOBHUX KopmyciB The Queen Elizabeth
Children’s Hospital 6yna Bukopucrana noMiHyroua B iCTOpWUYHINA OymiBII JIiKapHi
Ieria, sKka TakoXX MPUCYTHS B 1HINIA KBapTalbHIM 3a0yA0Bl apXiTEKTYpPHOTO
OTOYEHHS JikapHi. Hag HOBUM II€CTUIIOBEPXOBUM KOPITYCOM, SIKMM MPUMHUKAE 10
icropuuHoro (acany, 3ailMaroTbes 4 MaBUILHOHM, OJATHEHI Y JIETKY aHOJOBaHY
aIOMiHI€BY 000JIOHKY [2].

VYpaxyBaHHS apXITEKTOPaMH MICBKOTO KOHTEKCTY Ta apXITEKTYPHOTO OTOYEHHS
JKapHI NPU3BEJIO 10 CTBOPEHHS HOBUX KOPITYCIB Y BUTJISA/II IHTETPOBAaHUX OJIOKIB, K1
rapMOHIMHO BUIIMKYIOTHCS Y ICHYIOUY TKAHUHY MICTa, pearylouu Ha Macy 1 Macirad
CYCIJIHIX XHUTJIOBHUX OYJUHKIB.

B npoektHOMY pimienHi pekoHcTpykiii The Queen Elizabeth Children’s Hospital
OyJ10 mepe10ayeHo CTBOPEHHS IBOX HOBUX MIIIOX1THUX IEPEXOAIB 17151 3a0€3MECUCHHS
Kpamoro goctyny 1o Haggerston Park sk mamieHTiB jgikapHi, Tak 1 I MEIIKAHIIB
panioHy.

Jocsin pexkoHcTpykitii Ta posmupenns The Queen Elizabeth Children’s Hospital
CIIyTY€ BIAJIMM 3pa3KOM MO€JHAHHS ICTOPUYHOIO MICHKOTO OTOYEHHSI 3 HOBUMH
MOJIUBOCTAMH 1 MOTpeOaMH Cy4aCHOTO MPOEKTYBAaHHS 1 OyAIBHUIITBA MEIMYHUX
OyniBensb (puc. 2).

[TpoekT mikapHi JEMOHCTPYE 3pa30K MpPOIECY CHIIBHOTO MPOEKTYBaHHS Ta
napTHepcTBa (axiBLIB 3 PI3HUX OpraHizallii, 30KpeMa JIIsJIbHICTh SIKUX MOB’s3aHa 31
30€peKEHHSIM 1 OXOpOHOK icTopuuHOi cnaamuHu. [logiOHa B3aemomis 1
Y3rOJIKEHICTh POOOTH  apXITEKTOPiB 3 I1HIIMMU CYMDKHHMMH Ta BaroMUMU
MIIPO3A1JIaMU JI03BOJISIE CTBOPUTH YMOBH ISl TAPMOHIMHOTO PO3BUTKY 1 €BOJIIOLIL
Cy4yaCHHUX MICT, TIPU3BOJIE 10 PO30JIOKYBAHHS TOTEHINATy WIUIBHO 3a0yJ0BaHUX
ICTOpUYHUX IEHTPATBHUX MICHKUX JUISHOK Ha IUISAXY BHUPIIMIEHHS aKTyaJlbHUX
mpo0JIeM TI0JI0JIAHHS AKTUBHOI1 i1 ypOaHizaiiii.
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NPUPOJAHE OTOYECHHS TUTHYOI JiKapHi

Puc. 1. 3araasnnii Burasa The Queen Elizabeth Children’s Hospital 3
6oky Haggerston Park, renepajabsnmuii njan qurs4oi Jgikaphi [1; 2]
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Puc. 2. 3aranbumii Burasia The Queen Elizabeth Children’s Hospital

3 0oky Haggerston Park, renepaiabuuii miian q1arsa4oi JgikapHi [1]

JlirepaTtypa:
1. http://www.hta.co.uk.
2. http://www.hdawards.org.
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OYHKIUIOHAJIBHE MOJAEJIOBAHHA
PAIIIOHAJIBHOT'O BUKOPUCTAHHS ITOPYHIEHUX 3EMEJIb

Mixno II. b.

KAHIWAAT TeXHIYHUX HAYK, CTAPIINI BUKJIAJa4
kadenpu reojaesii, 3eMJIeBNOPAIKYBAHHS Ta KAIaACTPY
Kpemenuyyvrkuu nayionanonuu yHisepcumem

imeni Muxaiina Ocmpozpadcbko2o

M. Kpemenuyk, Ilonmascvka obaacme, Ykpaina

HeedexTuBHE OCBOEHHS TTOPYIICHUX 3€MEIb B YKpaiHi MOTpedye yIpoBaKCHHS
CUCTEMHHUX MIAXOMIB JI0 PO3B’si3aHHS MpoOJeMU IUTAaHYBAHHS palliOHAJIBHOTO
HICISTTPOMUCITIOBOTO BUKOPUCTAHHS TOPYIICHUX 3EMEJTb.

CxtamHicTh MpoOJIeMH TTAaHYBaHHS PaIliOHATLHOTO BUKOPHCTAHHS MOPYLICHAX
3emelib [ 1] 00yMOBIIIOE HEOOXITHICTh 3aCTOCYBAHHS JJIs il BI/IplﬂleHH}I crieniagbHUX
3aco0iB omucaHHa 1 aHamizy. 3actocyBaHHs wmetonosiorii IDEF0  nosBosie
CTBOpPIOBAaTH (DYHKIIIOHAJIBHY MOJIeNb CTPYKTYpH, (YHKIIIH, MOTOKIB 1HPopMalii i
00’€eKTIiB AOCTIKYyBaHOI cuctemu [2; 3].

KonrekctHa miarpama A-0 (puc. 1) Bkirodae oguH OJIOK, IO OMUCY€E (PYHKIIIIO
BEPXHBOTO PIBHS, BXOJIM, BUXOJIM, YIIPABIIHHA 1 MEXaHI3MHU. YTPaBIIiHHS BU3HAYAE
yMoOBH peanizaiiii pyHkiii [4]. MexaHi3mamu € 3aco0u, 1110 HEOOX1H1 /1711 BUKOHAHHS
dyHKILI.

Bxinna onucoa iHGopmaitis (puc. 1) 30epiraeTbcs y IpOEKTHIN TOKYMEHTallii
OJI0 TNEPCIEKTUBHOTO BUKOPHCTAHHs 3EMEIb: I€HEPAIbHHX ILIAHAX HACEICHHX
MyHKTIB, CXEMax IUTAaHYBaHHS TepI/ITOpH/I paiioHiB, MPOCKTaX 6y):[1BHHuTBa Ta
PEKOHCTPYKIIT MPOMUCIOBUX MIANPUEMCTB Ta IHIINA  3eMJICBIOPSAHIN 1
MICTOOYIBHIM  JokyMmeHTarlii. Buximna iHdopmaiiss 3  KOXHOTO  €Tamy
MOJIETTOBAHOTO TIPOIIECY, AKa POPMYETHCS B pe3yNIbTaTi 3aTydeHHs Ta 3aCTOCYBaHHS
3aco01B ¢yHKITIOHYBaHHS ((paxiBIliB, METOIIB, T€O1HPOPMAIIHHOTO 3a0€3MEUEHHS), €
BX1JTHOIO JIJISI HACTYITHOTO €Tary.

3akoHr  MeToauka HapMaTUEHI A0KyMEHTH
YkpalHM  nnaHyBaHHA v cihepi pekynsTUsaLT

MpoekTHa ADkyMERTaLR ——] T Texivi yr08u perynTBaLi

MnaHyBaTV paL oHarkHe
HokyWenTi 0Gniky NopyLWEeHM: 3EMENt -—. BWKOPMUCTaHHA
nopyLIeHx 3eMenb

POBOYIA MPoeKT JeMMEYETROI
ETOANHI PEKOMEHAAUIT LUOAD CrnaAaHHA _> ’ WOAC PeKkyETMEALIT NOpyLEHAX 3eMers
MPOEKTIE pery b TMBaLi

MpoekTyBanaHmK Excrepta  MeTog MeTon MeTog aHaniza  METOA HEYITHMX [eoiHd opmaLidHe
EKCTIEPTHX  ANPIDpHOTD  iepapxii MHOKAH 3abE3NEYEHHA
OLyiHOK paH Ky BaHHA

Puc. 1. Kourekcrna A-0 giarpama ¢pynkuionansnoi IDEF0-moaesti
IUVIAHYBAHHS PalliOHAJBbHOI0 BUKOPHCTAHHSA MOPYUICHUX 3eMeJlb
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dakTUyHE BUKOPUCTAHHS BIAMPAIlbOBAHOT 3E€MEIbHOI JUISTHKA 3a1a€ThCS
TEXHIYHUMH YMOBaMH PEKYJIbTHUBAIlll 1 (OPMYETHCS BHACIIIOK peatizailii 3aXo/IiB,
BHU3HAYEHUX y poO0YOMY MTPOEKTI 3eMJICYCTPOIO 11010 PeKYIbTHBAIII.

Ob6mexyroua 1H(popMalliss 3HAXOIUTHCA Yy 3aKOHAX YKpaiHu, Jep:KaBHUX
CTaHJapTax, IHIIUX HOPMAaTUBHUX JIOKYMEHTaX y cdepi pekyiabTuBarlii. CriemianpHa
Kepyroua iHpopmarlis nependavdaeThCcsl MPOIMOHOBAHOIO [5] METOIUKOIO IUIaHYyBaHHS
paIlioHaJTbHOTO BUKOPUCTAHHSI IOPYIICHUX 3€MEITb.

Ha xonmenrtyanpHiit AQ miarpami GyHKIIOHATEHOT MOaeN (pUC. 2) MisUTbHICTD
1010 TUIAHYBAHHS PAIliOHAILHOTO BUKOPUCTAHHS TOPYIICHUX 3€MeJh PO3IOiIeHa
Ha OKpeMi MAMOPSAKOBAaHI OAWMH OXHOMY mporecu. s miarpama BimoOpaxae
HAyKOBO-METOJUYHE 3a0e3MeUeHHs, HEOOX1JHE I pO3pOOICHHS 1 BIPOBAIKEHHS
1HBapiaHTHOI 1 CHEIiaTbHOT YaCTUH METOIUKY TUTAaHYBaHHS [5].

h 3AKOHW YKPaTHN # HopmaTrBeHi DOoKYMEHTK i chepl pekyneTHBaLUil

Po3poGumn iepapXxiuHy mop, cakTopis e

paLioHaNnbHOT 0 BUKOPUCTAHHA Iepapxivna monens
™ NopylieHHX sement At } IHBapiaHTHa YacTnHa
L y r MeTOMKN MaHyBaHHA

( MpioputeTu thakTopis

OULIHUTH aKTopU
iepapxivHoi Moneni Dyl
A2 HANEXHOCTI

c A A A A A CrieyjanbHa yacTuHa
KCFIGDTMM METOAMKA MrlaHyBaHHA
=TOR TexHiuHI ymoBK
KCNEPTHIX
* peKyETHEALIT

TMpoekTHa AokyMeHTaLIA QLHOK
MeTon
MeToaunuHi pekomeHgaui Meton ki MpUAHATY pilueHns

— | NposkTHa fokyMeHTaLiR
| CTATUCTYH AOBIAHMKN

Woao cknagaHHa anpiopHoro MeTog -
00,0 BUKOPHCTaHHA

NpoekTie pekyneTHEALT parKyBaHHA aHeDe: tHoR o P! ..

lepapxid HasABHOI BlANpauboBaHol

JoKymMeHTH 0BiKy 3eMenbHOT AiNAHKM =%

NopyWeHWx 3ement A3 i

4

MpoekTyBansHE - — / A 4
FeoiHopMaLiiHe PoBou4uit NPoekT SeMMeycTpor

3afesne“eHHA Lofo0 pexynsTvBaLii
NOpyLIEHKX 3eMens

Puc. 2. Konuenryaiasna A0 giarpama ¢pynxkuionanbnoi IDEF0-mopedi
IVIAHYBAHHS PalliOHAJIBHOI0 BUKOPHCTAHHSA MOPYUICHUX 3eMeb

[IpoekTyBasibHUK (pHC. 2) BU3Ha4Yae (pakTopu MpooOsIeMu, po3poOIsie 1epapXiuyHy
MOJI€JIb, TOTY€ aHKETH IS OLIIHIOBAHHS (DaKTOPIB HA 1€pAPXIYHMX PIBHSX Ta MiAOUpae
rpyny eKCHepTiB.

B iHBapiaHTHIM 4acTUHI METOJUKH E€KCIIEPTH BUKOHYIOTH OIIIHIOBAaHHS (DaKTOpiB
Mozem. ExcnepTHI OLIHKM PaHXyHOThCS MPOCKTYBAILHUKOM ISl BCTAHOBJICHHS
CTYNEHS Y3rOPKEHOCTI €KCHEPTHUX CY/DKEHb 3a METOAOM allplOpHOTO PaHKyBaHHS.
MaremMaTH4HUM aHAII30M EKCIEPTHUX OIHOK 3a METOJOM aHall3y lepapXid
BU3HAYAIOThCA JIOKaJbHI 1 TioOaibHl Tpioputetd (¢dakTtopiB wmojeni. HeuiTke
OLIIHIOBAHHS MApPaMETPIB MOPYIIIEHUX 3eMeIb 32 METOJIOM HEUITKUX MHOXHUH JI03BOJISIE
KOPUT'YBaTH MPIOPUTETHICTh MAPaMETPIB 3aJIEKHO BiJl IX KOHKPETHUX 3HAYEHb.

3HadeHHs NpIOPUTETIB (GAKTOPIB MOPYLUICHUX 3eMENb Ta PYHKIIH HAJIEKHOCTI 3a
MEBHUM TapaMeTpPOM BIHOCHO KOXXHOTO MOXJIMBOTO BHIY MOJAJBUIOTO
BUKOPUCTAaHHA € 0A30BUMU JAHUMHU JUJISl NPUUHSTTS pilIEHb Y CHElladbHIA YacTHHI
METOAMKY TUIaHyBaHHS [5].

BuOpani (3a IHTErpaJIbHUMH TOKa3HUKaMH) Il  HASIBHOTO 00 €KTY
peKynbTHBaLlll HampsM (LUIIbOBE NPU3HAYEHHS) 1 BUJ MHOro BUKOPUCTaHHS
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(peKyTbTUBOBAHE YT1/1J11) OOYMOBIIOIOTH PO3POOICHHS OpPTaHi3alliiHUX, TEXHIYHUX
Ta 010JIOTIYHUX 3aXO1B PEKYJIbTHUBAIllT Ta PO3PaXyYHOK il OUIKyBaHO1 €(DEKTUBHOCTI Y
pPOOOUNX MPOEKTAX 3eMJICYCTPOIO.

3actocyBanHs Hotamii IDEFO no3Bossie po3poOUTH Il KOKHOTO OJIOKY
KOHIIENTYaJIbHOI JllarpaMd OKpeMi jJiarpaMd 3 METOI OUIbII JETaJbHOI'O OIUCY
(GyHKITIH pi3HUX PIBHIB JEKOMIIO3UIIIT POOIEMHU.

OyHKIIOHATHHE MOJCIIOBAHHS PAIliOHAILHOTO BUKOPUCTAHHS TOPYIICHUX
3eMeJb 103BOJISIE ONTUMI3yBaTH MPOLIEC TPUUHATTS BIANOBIIHUX PILICHb.
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One of the tasks of urban development activities in Ukraine is conducting urban
development monitoring and control over the compliance of documentation in
territorial development.

The current level of advancement of information technology allows to
successfully utilize them in urban development to resolve a variety of issues as defined
by normative acts. Hence, the result of urban monitoring is a set of digital geospatial
data that allows the formulation of an electronic document or conducting analysis.
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An Order from the Ministry of Regional Development, Building and Housing and
Communal Services of Ukraine dated 01.09.2011 Ne 170 defines the tasks of urban
monitoring and provides a list of materials that can be analyzed to evaluate the situation
with urban development documentation on the state, regional and local levels.

Urban monitoring consists of the following components:

1. Monitoring of implementation of development documentation — this a system
of inventory, analysis and evaluation of actual changes in characteristics of objects of
urban development and the socio-economic status of the territory as compared to
design parameters approved by urban planning documentation.

2. Monitoring of construction, which ensures the monitoring of construction
projects and includes recording of changes in technical and economic parameters,
analysis and evaluation of technical state of the construction project and periodic
monitoring of performance.

3. Monitoring of infrastructure of the settlement (territory), which is conducted in
order to identify, collect, analyze and systematize information on implementation of
integrated development of infrastructure systems of the settlements and territories in
accordance to urban planning documentation and project documentation as well as
analysis and evaluation of the activities of the integrated development program.

4. Topographic monitoring, which provides support in the actual state of
topographic foundation of the territory as part of the study [1].

Overall, the procedure for design and construction of objects in Ukraine is defined
by the Law of Ukraine «On Regulating Urban Development Activities» and is
executed by the owners or other users of the land in the following order: 1) receipt of
basic data by the customer or project developer; 2) formulation of project
documentation and conducting its evaluation (if necessary); 3) approval of project
documentation; 4) implementation of preliminary activities; 5) construction; 6)
beginning of exploitation of finished objects; 7) assigning a mailing address to the
property; 8) registration of property rights to the object.

Each step is accompanied by issuance of appropriate documentation. The absence
or expiration of the documents is basis for considering the object’s construction
illegal.

By aiming to implement an urban planning cadastre and urban monitoring, the
city of Kyiv developed a system designed to identify, respond to and prevent illegal
construction, land squatters and to prosecute perpetrators.

The local officials responsible for land management, urban development
activities, and regulatory authorities are responsible for implementation of the model.
These authorities cooperate as part of a multiagency monitoring center of Kyiv urban
development that was created in 2015 [2].

Ukraine has made the first steps towards electronic document flow and municipal
online services but some services can already be identified as useful to the public in
order to determine the legality of a construction object in the capital through Internet.
The online-monitoring website of city constructions http://monitor.mkk.kga.gov.ua/
has been made a section of the bigger portal of urban development cadastre of Kyiv
http://mkk.kga.gov.ua/. The users of the informational resource of the multiagency
center of Kyiv have the ability to monitor the status and legality of selected objects.
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The instrument for implementing the model and informing the public became a
system of urban development cadastre of the city that was built using modern geo-
information technology [3].

It is due to GIS web services that public access to results of urban monitoring are
available that are displayed as electronic maps, satellite imagery and information from
the database of urban cadastre [4].

The web portal of the multiagency monitoring center of Kyiv
http://monitor.mkk.kga.gov.ua/ is a public display of the work already completed to
identify illegal constructions in the capital. The web portal is built on the principle of
layered display of spatial information. The layers can be polygonal to display plots of
land or they can be exact to display construction objects. These layers are connected
to attribute tables, which display properties of objects. The following layers can be
turned on separately or simultaneously:

— plots of land, where construction of objects is underway classifying them as
lawful or illegal constructions. The objects, whose status is undecided and work is
being done to determine the status of their construction, are also highlighted. An
object that is identified as an unlawful construction is marked red and lawful ones are
green;

— boundaries of land plots that are designated for urban development activities;

— boundaries of land plots for which design intent has been issued,;

— boundaries of land plots for which project documentation has been developed,;

— objects with proper permits to begin construction;

— objects, who received interference cards to make land improvements;

— objects that are already being exploited.

A detailed description is available for each object including details about permits
and other documentation, photographs, and list of activities that are done in the
framework of urban monitoring.

GIS allows searching for objects by their address, name of object, name of
developer or other information. Positioning can be done on selected objects on the
city plan and the sub-base can be changed, if necessary, to space imagery or digital
topographic base. The web interface has additional functions, which allow making
metric measurements and printing reports and charts.

Assigning construction objects to a particular status is a very important moment.
The criteria by which the status is determined should be clearly defined and
transparent. The decisions made should be justified and undisputable. The criteria,
which determine the status of construction objects, should first look at the presence of
appropriate documentation to prove ownership or the right to use the land plot. The
second part of the criteria should review the design and permits for construction
documentation that the developer must have. During the next steps, the check should
review documentation showing the share payment towards development of city’s
infrastructure and documents proving the beginning of exploitation of the object.

The appropriate departments of local government enter attribute information into
databases of urban monitoring about construction objects because these departments
are the owners of such information. In this way, the responsibility for entering and
updating the information falls onto the shoulders of these departments. The portal
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allows authorized access for users that are part of the multiagency monitoring center
of the city’s urban development as well as access to editing specialized information
based on the department’s authority.

The determining of construction object’s status is done automatically without
human intervention by analysis of entered data on each object. This eliminates the
ability to abuse power during construction monitoring because the responsibility of
each participant is clearly defined.

The support to ensure efficiency of the web portal of multiagency monitoring
center and compilation of all information is done by the staff of the Department of
Urban Development and Architecture.

After finding unlawful constructions and determining that detected violations
cannot be resolved in a short period of time or there are bigger violations of urban
development laws, the staff of the Department of Urban Development and
Architecture prepare documents to send to law enforcement agencies in order to
respond to the situation and bring the guilty party to justice.

The presence of such informational resource as part of the urban development
cadastre is the first step to developing similar informational resources such as a portal
for potentials investors in development of Kyiv.
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