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YK 669.295.539.121

CTPYKTYPA I BJACTUBOCTITETEPOI'EHHOI'O KATAJII3ATOPA
HA OKCUJHOMY HOCII HA OCHOBI AJIIOMIHIIO

Kanaunatu texs. Hayk B. B. Cyo06oTtina, B. B. bitozepos, a1-p ¢i3.-mar. nayk O. B. Co6o0ab

STRUCTURE AND PROPERTIES OF HETEROGENEOUS CATALYST ON AN OXIDE
CARRIER BASED ON ALUMINIUM

PhD (Tech.) V. V. Subbotina, PhD (Tech.) V. V. Belozerov, D. Sc. (Phys-Math.) O. V. Sobol

Anomauia. B pooomi onmumizyeanacs mexnonozia MJ[O 3 memorw ompumanHs GUCOKOL
PO36UHEHOCMI NOKpummie ma ix eapHoi aoeesii 3 0CHO8010 Ol CMBOPEHHS BUCOKOEePEKMUBHO20
2emepo2eHH020 Kamanizamopa Ha oxcuonomy Hocii cucmemu Pt/Al,O3. Memooamu MJ/]O na cniaei
16 i mexuiunomy amominii A97 ompumani OKCUOHI NOKpumMmsL pizHo2o hazoe020 cKiady, pizHoi
cmpykmypu nogepxui i wopcmkocmi, mogwunoro 20—-100 mxm. I[lokazano, wo cmpykmypa i
MOpghoN102is NOBEPXHI NOKPUMMIE BUSHAYAEMbCI YMOBAMU eJIeKMPOTLI3Y, W0 00360JI8€ NPOBOOUMU iX
onmumizayito 0151 Ni0BUUeHHS eqheKMUBHOCI BUKOPUCMAHHA. Bussieno 3axonomipHocmi éniugy -
gazoso-cmpykmyprozo cmany i mopghonozii MJ]O-nokpummis na epekmugHocmi ix UKOPUCMANHS
6 cucmemi Pt/A1;03 ax kamanizamopis ouuwenHs okcudy azomy, wo 003601UL0 00CAMU GeTUYUHU
koegiyienma ouuwenus nonao 90 %.

Knrouoei cnosa: anominiesuii cnnas, Mikpooy2o8e OKCUOY8AHHA, WIOPCMKICMb, ¢hazoeuil
CK1a0, KoeiyieHm ouuLjeHHs.

Abstract. In this study, the MAO technology was optimized in order to obtain a high
development of coatings and their good adhesion to the substrate for the creation of a highly efficient
heterogeneous catalyst on the oxide carrier of the Pt/Al.Oz system. Oxide coatings of different phase
composition, surface structure and roughness, with a thickness of 20 —700 um were obtained by MAO
methods on D16 alloy and A97 commercial aluminum. It is shown that the structure and morphology
of the surface of the coatings is determined by the conditions of electrolysis, which allows their
optimization to improve efficiency. It is determined that the surface coating layer consists of the
following phases: y-Al20s, a-Al;O3 and 3 Al,Oz « 2SiO, (mullite). On the D16 alloy there was a
predominant formation of y-Al.Oz and a-Al.O3 phases. Increasing the duration of microarc oxidation
increases the content in the coating of the a-Al,O3 phase. It is established that the use of MAO
technology allows to change the morphology of the surface and its roughness in a wide range. The
formation of two types of surface inhomogeneity in the planar growth region of coatings is revealed:
with a relatively small size of such formations (up to 50 um) and with the formations of the second
type, the sizes of which in the planar growth region of MAO coatings reach 300 wm.

It is determined that the purification coefficient of nitrogen oxide in Pt/Al,Oz catalysts is
temperature dependent. At relatively low (150°C) and high (300°C) temperatures the highest value
of a is achieved in systems based on MAO coatings with binary (y-Al203 and a-Al,0O3) phase
composition. In the temperature range of the most effective cleaning (200-250°C) the greatest
influence on their efficiency, apparently, has a surface morphology, namely, the formation of large
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(up to 300 um) formations of surface inhomogeneity in the growth plane. In this case, the purification
coefficient (for the reduction of nitrogen oxides) o. reaches 92 %.
The results of the study can be used in the development and creation of a new type of catalysts

for the Pt/Al>O3 system.

Keywords: aluminum alloy, microarc oxidation, roughness, phase composition, purification

coefficient.

Beryn.  Heiirpamizamis — MIKiIJTUBUAX
BHUKHU/IIB (HalO1JIBIIIOK MIPOIO — OKCHJIIB a30Ty
1 BYyIJICII0) BHUXJIONHUX Ta3iB aBTOTPaHC-
MOPTHUX MAIIMH € HaralbHUM 3aBJIaHHSIM
Cy4acHOi  €KoJiorii Ta  HaBKOJHIIHBOTO
cepenoBuma. Ii MKIIIUBI BUKHUIXA 3HAYHO
MOJIPA3HIOIOTH CJIM30BI OOOJIOHKU OYeH, HOca,
PYHHYIOTh JIET€H1 JIOAUHU. 30KpeMa OKCH]I
a30Ty MPH PyCl TUXaJTLHUM TPAKTOM B3a€EMOJIIE
3 BOJIOTOK0 BEpPXHIX JUXaTbHUX MUISXIB,
YTBOPIOIOUM Aa30THY W a30TUCTYy KHCJIOTH.
EdexTuBHUM c1IOCOOOM OYHIICHHS BiANIPAIIhO-
BaHUX Ta3iB BiJl HE3TOPUIMX BYTJICBOIHIB €
BUKOPHUCTAHHS HaHECEHHX Ha HOCIT
KaTajgi3aTopiB y peakiisx IOBIAMATIOBAHHS 1
CEJIEKTMUBHOI'O KaTaJITUYHOTO BiJHOBIICHHSI.

Jlnst uporo B Haml 4Yac yce OUIbIIOro
MOIIMPEeHHs] Ha0yBalOTh TpaHyIbOBaHI Ta
MOHOJIITHI KaTaJiTHYHI CHCTEMH, AKI MICTIThH
aKTHBHI MeTaJM Ha pi3HUX HOCisAX. Sk Hocii
3aCTOCOBYIOTh SIK NMPUPOJIHI, TaK 1 CUHTETUYHI
MaTepianu (OKCHUIH, aTIOMOCHITIKATH Ta iH.).

AHami3  ocTaHHiX  JOCJiTKeHb i
nyoaikaniii. Okcuan nepexiqHuX MeTaliB, a
TakoX OJaropofHi MeTanu, B TOMY YHCII
HaHeceH1 Ha KepaMiyHi MOHOJITH Ta MeTaJleBi
MIJIKJIaIKH, 3aCTOCOBYIOTH SIK KarTaji3aTopu
OKUCHEHHsI-BiTHOBJIEHHs [1, 2]. Sk akTuBHUI
KOMITOHEHT BUKOPUCTOBYIOTh OJIMH 200 KiIbKa
MeTtainiB Mn, Fe, Cr, V, Mo, Co, Ni, W, Cu, Sn,
Au, Pt, Pd, Rd, Ir, Rh [3]. dns HanecenHs
KaTaJiTUYHO aKTUBHOI Macu Ha MeTaJeBUi
HOCIli B 0Oararb0X BHIAIKaXx HEOOX1THO
BUKOPUCTOBYBATH «IIiIIapy», abo BTOPUHHUI
HOCIH, SKMA TOJINIIye 34YerieHHS 3 Tif-
KIJIAJKOIO 1 Ha/lae Karami3aTopy OiIbII BUCOKY
MTOPIBHSIHO 3 METAJIOM ITUTOMY TTOBEPXHIO.

Bnepmie  mepcriekThBa  OTpUMaHHS
KaTajgi3aTopiB Ha METaJleBUX IOBEPXHSX
METOJIOM «OKCHIYBaHHS B yMOBax iCKpPOBOTO
po3psay», SKUW IM3HINIE OTpPUMaB Ha3BY

MikpoayroBoro okcuayBanas (MJ1O), Oyma
omucaHa B po0ori [4].

MJIO onHOYacHO BIIACTHBI PUCH ABOX
pi3HUX MeTOAIB Moaudikallii: HaHECEHHS
NOKpUTTIB (TOOTO Moamdikamii 3 mpupocToM
TOBIIMHU) 1 3MIHH CTaHy, CTPYKTYpH,
BJIACTUBOCTEH TIOBEPXHI 1 MPUIIOBEPXHEBUX
mapiB (To0TO 0e3 301IbIICHHS TOBIIUHH).

Hist MJIO-mokpuTTiB HailOIbIIa edek-
TUBHICTh BUKOPUCTaHHS AK MaTepiany-HOCis
nependavyaeTbCst Ui OKCHAY  JIOMIHIIO
v-Al203  [5]. Oxkcua amominito  y-Al20O3
CTaHOBHUTH BEIMKUHU IHTEpPEC, OCKIJIBKU BiH €
OJIHUM 3 Hale(EeKTUBHINIMX HOCIIB I
AKTUBHOTO KOMITOHCHTa, 30KpeMa BUKOPHUCTO-
BYETHCS B KaTaji3aTopax BiJIHOBJICHHS OKCUIIB
azoty [6], okucHroBanus CO [7], oTpuMaHHs
cuHrasy [8], okucHIOBaHHS amiaky [9] Ta iH.

Jlis HaHeCeHHs TIOKPUTTS Ha OCHOBI
QIMIOMIHII0O Ha CHOTOJHI BUKOPHCTOBYIOTHCS
TakKi METOAM: TIPOCOYYBAHHS CYCICH3IEIO,
TEpMiUHE HaNWIEHHS, eleKTpodopeTuuHe
oCa/)KEeHHs, XIMIYHE OCaUKEHHS 3 Ta30BOI
¢dasu (CVD - chemical vapor deposition),
€JIEKTPOXIMIUYHE OCA/KEHHS, KpUcTami3amis 3
po3unHy. OJTHaK y BCiX I[UX METOJIB € KiJTbKa
CYTTEBUX HEJOJIKIB, TOB'SI3aHUX 3 HHU3BKOIO
aare3i€r0, BEIMKOI TPUBAIICTIO TPOIIECY,
SKICTIO TIOKPHUTTIB Ta iH. MeToa MIKpOIyroBOTO
OKCHIYBaHHSI B MOEJHAHHI 31 CHeNiallbHUMHU
MaTepiajJjlaMd  JI03BOJIUTh 3HAYHOIO  MIpOIO
MO30yTUCS IIMX HEMOJIKIB, a TaKOX JOCATTH
VHIKQIbHUX  BJIACTHBOCTEH 3  BHCOKHMH
MEXaHIYHUMU XapaKTePUCTHKAMU 70
MaTepiay OCHOBH.

[Ipu 11bOMy Ha CHOTOJIHI HE ICHYE €TUHUX
MiIXOMIB 1 TPHHIMIIB Yy BUHOOpI CKiIamy
EIEKTPONIITY 1 PEXKUMY OKCHAYBAaHHS IS
OTpUMaHHS HEOOXITHUX  (PYHKIIOHAIBHUX
BIacTHBOCTEH. TOMY B KO)KHOMY KOHKPETHOMY
BHIIA/IKy BOHHU IMIOUPAIOTHCS €MITIPHYHO.
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Chin  3a3HauuTH, 1O  NPAKTUYHA
peaizaiiisi MiKpOIIa3MOBOT'O MPOIECY 3aBXKIN
BUMAara€ peTeNIbHOTO  Y3TO/DKCHHS  MMapu
«MeTa—eNeKTPOIIiT». OIHUM 3 HAHTIPOCTILITNX
1 IIMPOKO BUKOPUCTOBYBAHUX EJIEKTPOIITIB
Uisi oOpoOsieHHsT CIulaBiB Ha OCHOBI Al €
posbasnenuit (2—8 r/m) po3unn KOH, sikuit nae
MOKJIMBICTh OTPUMYBATH SIKICH1, BUCOKOTBEP/Ii
MOKPUTTA. Y Ppsli BUMAAKIB JUIsl 301UTBIICHHS
TOBIIMHNA MOJHM(IKOBAHOTO APy MPH MIKPO-
IUIa3MOBOMY OOpOOJIEHHI BHKOPHCTOBYBATH-
METhCS JOJABaHHS TEXHIYHO PIJKOTO CKIIa
(NazSiO3) 10 ckiaay eaeKTPOIIITY.

Sk akTUBHUH  MeTan  HalOUIbIIY
e eKTUBHICTP MOKa3ana ratuHa [ 10].

Merta i 3aBaanus gocjaixkeHus. Meroro
pobotrr  Oya0 BHKOPUCTATH  TEXHOJIOTIIO
Mikpoayrooro okcunayBanas (MJO) s
CTBOpEHHs1 KartamizatopiB cuctemu Pt/Al20Os;
OLIIHUTH e(heKTUBHICTh mparne31aTHOCTI
KaTaji3aTopiB 3 OYMIIEHHS OKCHIY a30TY.

[Ipy upoMmy mnoOTPiOHO BUPIMIKUTH TaKi
MTUTaHHS:

— miaidpatu yMOBHU €NEKTPOIi3y (CKIam
EIIEKTPOIIITY, EIEKTPHUYHI TapaMeTPH MPOILIECY,
TPUBAJICTh OOpPOOJEHHA), IO 3a0e3MeuyloTh
MIPOTIKAHHS MPOLIECY B PEXKHUMI MIKPOAYTOBUX

po3psAdiB 1 OTpUMaHHS  TOKPHUTTIB 3
PO3BHUHEHOIO TTOBEPXHEIO 1 MOPCTKICTIO;

— BHUBYHTU CTPYKTYpPHI OCOOJIMBOCTI
MTOKPHUTTIB Ta iX BIIACTUBOCTI 3aJICKHO BijJl yMOB
€JIEKTPOJTI3Y;

— JIOCIIIATA KaTaJIITH4YHI BJIACTUBOCTI
cuctemu Pt/Al>Os 3 BITHOBJISIHHST OKCHTY a30TYy;

— MpoaHalli3yBaTU OTPUMaHi pe3yJIbTaTh
1 3po0UTH BUCHOBKH 11010 JouibHOCTI MJIO-
TEXHOJIOT11 IIPU CTBOPEHHI KaTaji3aTopiB.

OcHOBHA 4YacTHHA JAOCHIIXKEHHS. Y
poOOTI BUKOPUCTOBYBAIIUCS 3pa3Ku 31 CIUIaBiB
A97 i 116 posmipom 100 x 20 x 5 mm. Cxrnan
CIUIaBIB HAaBeIEHO B Ta0. 1.

MikpoayroBe OKCHIIyBaHHS TIPOBOJIU-
nocs y BanHi 06’emom 100 1. ITix yac nporecy
MJIO 3abe3neuyBanocsi OXOJOKYBaHHSA 1
O6apOoryBanHs enekrpoinity [11]. Kopmyc
BaHHU BUKOPHCTOBYBABCS SK MPOTHUEICKTPO/I.
3acToCOBYBAJIOCA HKEPENO )KUBIICHHS KOH/ICH-
caTOpHOro Tuiy noryxHictio 40 kBT, okcuny-
BaHHA NPOBOAWIOCS B aHOJIHO-KAaTOJHOMY
pexxumi. CepenHe 3HAYCHHS HANPYTW CTaHO-
Busio 380 B. [Ins Buxoay mpoiecy Ha CTaairo
MIKPOAYTOBUX PO3PAIiB BHUKOPUCTOBYBAajacs
IinbHiCTs cTpyMy 20—40 A/mv?,

Tabmums 1
XIMIYHUH CKJIaJ aJIIOMIHICBUX CILJIABIB
Mapxka XimiuHi KoMIIoHEHTH, %0
CIUIaBY Al Cu Mg Mn
A97 OCHOBa 0,005 0,005 0,002
(ue menm 99,97 %)
J16 OCHOBAa 3,849 1,2-1,8 0,3-0,9

[Toxputtst hpopMyBaUCS B EIEKTPOITITAX
YOTUPHOX THIIIB, CKJIQJ SIKHX BHUOHpAaBCS

BIJIMOBIAHO /IO  pE3yNbTaTiB  MOMEPEIHIX
mocimkeHs [12].
s IIPUTOTYBaHHS eJIEKTPOJIITIB

3actrocoByBanu inkuii kamiii KOH, Hatpiee
pinke ckiio NazSiOz3 1 muctunboBany Bofy. [Tpu
IBOMY JUIS €JEKTPOJIi3y BHKOPHCTOBYBAJIUCS
yotupu cymimi: 1 r/m KOH + 3 r/n NazSiOs,
1r/mn KOH + 6 r/m Na:SiO3, 2 r/n KOH +
6 r/m NazSiO3 1 2 r/n KOH + 12 r/1 NazSiOs.

Tomy MJO-npouec mnpoBoguBcs B
JTYy’)KHO-CUJIIKATHOMY  €JIEKTPOJIITI  PI3HOTO
CKJIaJy Ha yCTaHOBLI KOHJICHCAaTOPHOI'O TUITY B
AQHOJTHO-KaTOJHOMY PEXHMI.

Busnauenns ¢azoBoro cxiagy MJIO-
MOKPUTTIB 3A1ICHIOBANIOCS 3a pe3ysibTaTaMu
penTtrenogaszoBoro anamizy. JlocmimkeHHs
npoBoamincs Ha ycraHoBmi JIPOH-3 y moHo-
XpOMAaTU30BaHOMY BHIIpOMiHIOBaHHI  Kg-cu.
JudpakiiiiHi CeKTpu 3HIMaJIHCs 3a CXEMOIO
Bbperra-bpentano Ha BinOUTTA. 3HIMaHHA
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3IiHCHIOBATIOCA SIK Yy Oe3mepepBHOMY, TaK i
MTOTOYKOBOMY pe&XHuMi 13 KpokoMm 20 =0,1°.
MiHimManpHa BUSBIIOBAHICTh  CTPYKTYPHHX
CKJIAJIOBUX CTaHOBHUTH MOXHOKY Onu3bko 1 %.
Taka TOuYHICTH BHSBJICHHS Oyla BU3HAYCHA
NUSIXOM TIOPIBHSHHS pENepHUx JiHid da3 i3
0a30BUMH CyMillIaMH.

Jlnst mpoBeeHHsT KUTbKICHOTO (ha30BOTO
aHaJi3y BUKOPUCTOBYBABCS METOJl €TAJTOHHHUX
cymiment [13]. [na mporo Oynum moOymoBaHi
rpaJyloBalIbHI Tpadiku 3aJIeKHOCTI IHTEHCUB-
HOCTEH JIIHIM TOPIBHSIHHS BiJl CKJIATy CYMIIIII.

Jnst mocnipkeHHsT penbedy 3acTOCOBY-
Bajacsl pacTpoBa €NEeKTPOHHA MIKPOCKOIMis Ha
ycranosui PEM MA 101.

ToBumMHA MOKPUTTS BHU3HAYalacs Ha
BuxpoBomy ToBmuHoMipi BT-10 HLI. IToxuOka
y BUMIpPIOBaHHI TOBIIMHH MOKPUTTS CTAHOBHJIA
He Oumpme 5% mnpu HaAWMEHIIH TOBIIWHI
moKpuTTsA (61m3pK0 10 MKM). MikpOTBEpAICTh
BHU3Hauanacs Ha mpmwiaai [IMT-3.

Ha cdhopmoBani mOKpuTTs HaHOCHUIIACS
IUIATHHA TUISXOM TIPOCOYYBAHHS 3pasKiB Y
pPO3UMHI XJOPUAY IUIATUHU Ta MOAAIBIIOTO
BIIHOBIIOBaHHs Iipu TemriiepaTtypi 350-500 °C.
AxTHuBHHUI KOMIOHEHT (Pt) HaHOCHBCS IIITXOM
3anypeHHsa B 10-BincotkoBuii pozuun HPtCls
(Temmeparypa copOii 25 °C). Yac,
HeOoOX1THUH VIS JOCSITHEHHS IIOBHOI
azcopOIiiHol €MHOCTI, cTaHOBHB | xB. VY

x

X - aAlLO, o
O —yA|203

x

80

60

I, BigH. oA.

40 X

20

30 40 50 60 70 80 90
26, Tpan.
a

pe3yNibTaTi BMICT IUIATHHM Yy BCIX THIAX
KataiizaTopiB OyB 6smm3bko 0,01 1.

KoeimieHT OYuIIeHHS BiJl OKCHIY a30Ty
(o) BU3HAUaBCS METOJIOM €BaKyHOBaHUX KOJIO
[14].

M/IO-TexHoJoTisI  J103BOJISIE  TIEPETBO-
PUTH MOBEPXHEBI AP ATIOMIHI€BUX CILIABIB y
BHCOKOTEeMIIepaTypHi Moaudikamii OKCHIiB
QTIOMIHIIO.

OOpoOeHHST aIIOMIHIEBUX CIUIaBiB 1
QIIOMIHIIO B JTY)KHO-CHJIIKATHOMY €JIEKTPOJIITI
(bopMye MOKPUTTS, SIKE Ma€ IBOIIAPOBY Oy/I0BY
1 HE3aJICKHO BiJ YMOB €JIEKTPOIII3Y XapakKTe-
pU3YETbCS TIy’)K€ PO3BHHEHOIO IOBEPXHEIO 1
nopucrictio [11]. L{i YMHHUKY NAIOTh MiACTaBY
BUKOpUCTOBYBaTH  MJIO-TexHomnorito  amns
CTBOPEHHSI KaTalizaTtopiB Ha ocHOBI Pt / Al20s.

Pe3ynbpTatu peHTreHiBchbKoro (hazoBoro
aHaJi3y TMOKa3alM, IO TIOBEPXHEBHHA MIap
MOKPHUTTS CKIafaeThes 3 Takux ¢as: y-Al20s3,
a-Al2031 3 AlO3 * 2Si02 (mymit). Ha cruasi
J116 BigOyBanocsi mepeBakHE YTBOpPEHHS (a3
v-Al203, a-Al,03. TumnoBuii audpakiiitnui
CHEKTp BiJl MOKpUTTS Ha cruiasi 116, orpuma-
Horo B enekTpodiTi 1 r/n KOH + 3 r/n NazSiO3
IIpU TPUBAJIOCTI OKcUIyBaHHS 120 XB, MOJaHO
Ha puc. 1, a. Ciijg 3a3HaYUTH, 10 30LTBIICHHS
TPUBAJIOCTI OOpPOOTEHHS CIpHSE YTBOPEHHIO
BeNMKOI KibkocTi asu a-Al203 (kopyHn).

60

50

40 4

30

I, BigH. oa.

20 4

10

Puc. 1. dinaaku qudpakiiiiHux crekTpiB MOKPUTTIB, OTPUMAHUX METOJIOM MIKPOyrOBOTO
okcuayBanHs Ha criasi [[16 (a) B enextpositi 1 /1 KOH + 3 /1 Na2Si03 (t = 120 xB)
1 Ha crutaBi A97 (6) B enextpositi 2 /1 KOH + 12 r/n NazSiO3 (1t = 120 xB)
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[ToxpuTTs Ha TexHIYHOMY atoMiHii A97
MaroTh MPAKTUYHO OJHAKOBUH (pa3oBUil ckian
s enekrponitiB ckiaany 2 r/n KOH + 6 r/n
NazSiO3 1 2 r/n KOH + 12 r/n NazSiOs 1
HE3aJIe)KHO BiJI TOBIIUHU MOKpUTTS. [lo ckimamy
TaKUX MOKPUTTIB IS BCIX BUKOPHCTOBYBAaHUX
YMOB OKCHAYBaHHS BXOAWTH MyiIiT. Ha
puc. 1,6 HaBeneHO  AUISIHKY  THUIIOBOTO
mudpakuiitHoro cnexkrtpa MIAO-mokpuTTs Ha
A97, oTpMaHOTO B €JIEKTPOJIITI CKiIamy 2 I/
KOH+ 12 1/n NazSiOs mpu TtpuBasiocTi
npouecy 60 xB.

Bim3HaummMo, 1m0 HAsSBHICTH UITKHX
Tu(dpakIiiHUX MaKCHUMyMIiB CBIAYHUTH TIPO
KpUCTaJiuHy OyIOBY TOKPHUTTS TpH BCIX
pEeKUMaX MIKPOIYTOBOTO OKCHTYBaHHS.

3aneXHO BiA PEKUMY  EICKTPOIIi3y
KUTbKICHE  CHIBBIIHOIICHHS MK  dazamMu
3MIHIOETBhCS. TaKOX CIIiJl 3a3HAYUTH 3arajibHy
3aKOHOMIPHICTh, a came, 10 30IJIbIICHHS B
€JIIEKTPOJIITI PIAKOTO CKJIA TPU3BOJIUTH JIO
30UJIBIICHHS BMICTY MYJIITY.

VY3aranbHEeHI pe3yabTaTH HaBeIeHI B
Tab. 2.

Tabmauus 2

YMOBH €NeKTpoIIi3y, TOBUIMHA TOKPUTTIB, (Pa30BHii CKIIaJ], IIOPCTKICTh 1 KaTaliTUYHA 3aTHICTD
MJIO mokpuTTiB, oTpuMaHuX Ha crutaBax J[16 1 A97 B pi3HUX €IEeKTPOIIiTax

Pexxum enekrponizy da3zoBuii cxiaa
S .§ ToBmmHa ™ - Q [lopcrt- Koeginient
I 4q = ®) o CCI\I) . R OUYHIICHHS
58 g €JIEKTPOJIIT T, XB TOKPHTTA = = % | KT Ra o, %
3 A § p ’ h, MKkM < < @) MKM >
S L = (200 °C)
!
1 16 | 1 r/mn KOH + 60 40 21 79 - 33 78,9
3 r/n1 NazSiO3
2 J16 | 1 1/mn KOH + 120 80 30 70 - 38 81,4
3 r/n1 NazSiO3
3 J16 | 1 1/mn KOH + 60 70 45 55 - 42 82,1
6 /1 NazSiO3
4 16 | 1 1/mn KOH + 30 20 32 68 - 27 88,4
6 /1 NazSiO3
5 J16 | 2 /mn KOH + 30 20 12 85 13 24 84,6
6 /1 NazSiO3
6 J16 | 2 /mn KOH + 60 100 38 57 5 46 92,1
6 /1 NazSiO3
7 J16 | 21/mn KOH + 45 30 10 75 5 28 91,9
12 r/n NazSi03
8 J16 | 2r/mn KOH + 60 60 10 65 25 45 85,6
12 r/n NazSi03
9 A97 | 2r/n KOH + 30 30 15 25 60 34 70,9
6 r/m NazSiO3
10 | A97 | 2r/n KOH + 25 25 12 20 62 33 80,1
12 r/n NazSi03
11 | A97 | 2r/n KOH + 60 60 20 25 55 36 79,3
12 r/n NazSi03
ITpumitka: Rz — MOpPCTKICTh; 0L — KOS(IIIEHT OYUIICHHS
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Takum unnom, MJIO-TexHOMOTIS 103BO-
JIl€ OTPUMATH TOKPUTTSA Pi3HOTO (Pa30BOTO
CKJIaJly, BapilOI0Yd YMOBAMH EJICKTPOITIi3Yy.

Crpykrypa moBepxHi MJIO mnoxpurriB
JIOCHIKYBaiacs 3a JIOMOMOIOI pPacTpOBOL
enekTpoHHoi mikpockorii (PEM). XapakrepHa
puca TtomorpadiuHoro kontpacty B PEM —
IIJIBUIIICHA SICKPaBICTh 300pa)K€HHS TOCTPUX
BEPIIHUH 1 BUCTYIIIB pesbedy, BUKIMKaHA 3011b-
IIEHHSIM BUXO/Y €JIEKTPOHIB 3 IIUX JAUISHOK.

3a3Haunmo, mo sk Ha criasi /{16, Tak i
Ha amoMiHii A97 BHSBISETHCS PO3BHHECHICTh
MOBEPXHI, B OUIBIIOCTI BHIAAKIB TMOBEPXHS
SIBJISIE COOOI0 KOHTJIOMEPAT YaCTUHOK OKPYTJIOi
dbopMu pizHOro po3mipy. 31 30UTBIICHHIM
TOBIIMHK TIOKPUTTS CTPYKTYPHI YTBOPCHHS
30UTBIITYIOTHCS B PO3MIPI.

Takum  umHOM, TexHoyioria ~ MJIO
JI03BOJIIE  OTPUMYBATH pI3HY MOp(dOoIIorito
MOBEPXHI  MOKPHUTTS, 3MIHIOIOYH  CKJIaJ

EJIEKTPOIIITY 1 (QOPMYIOUM MOKPUTTS Pi3HOT
TOBIIIUHHU.

Ha cdopmoBani MOKpUTTS HAHOCHJIACS
IUIATMHA TUITXOM TPOCOYYBAaHHS 3pa3KiB B
pO34YWHI XJOPUAY IUIATUHU 1 TMOJAJIBIIOTO
BiIHOBJICHHS ITpH Temriieparypi 350-500 °C.

O1iHIOBaHHS IIOPCTKOCTI MOKa3ajo, 110
IIOPCTKICTh 3MiHIOEThCS Big 20 mo 50 MM i
BU3HAYAETHCS B TIEPIIy YEPry TOBIIUHOIO
mOKpUTTA (Tabm. 2).

Mopdororito moBepxHi JOCIIKYBaHUX
nmokputTiB Ha cruiasi {16 1 A97 HaBeneHo Ha
puc. 2.

30~

25 4
g 204
3
=
a
g 154
o
=
Q
a
5 10
54
0 T T T T T
0 100 200 300 400 500
BbasoBa nosxuna, pm
a) 2 + Pt
60 -
40
g
3
= 20
2
=
=
Q
o
=]
=
-20 T T T T T
0 100 200 300 400 500
BasoBa nosxuna, pm
0) 4 + Pt

Puc. 2. CtpykTypa noBepxHi Ta penbed mopcTkocTi MJIO-TIOKpHUTTIB TICIS TPOCOTYBaHHS
TUTATUHOO U1 BUKOPUCTAHHS SIK KaTamiTHuHUX cucteM Pt/Al.O3: a — cepist 2 B Tab. 2;
0 — cepis 4 B Ta0I. 2 (ITOYATOK)
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IHopcTkicTs, pm

T T T T T
] 100 200 300 400 500

Bbazosa JOBXXHHA, pm

B) 6 + Pt

40
35
30
25
20

154

HlopeTkicTs, pm

104

T T T T
0 100 200 300 400 500

BazoBa nopxuHa, pm

r) 7+ Pt

40 -
354
30 4
25 4
20 4

15 4

MlopcrkicTs, pm

10 4

T T T T T
0 100 200 300 400 500

bazoBa nosxwuHa, pm

n) 9+ Pt

Puc. 2. Ctpykrypa noBepxHi Ta peibed moperkocti MJIO-OKPUTTIB Micias MPOCOTYBAaHHS
TUIATHHOIO JIJISI BUKOPUCTAHHS B SKOCTI KatamiTHaHuXx cucteM Pt/Al>O3: B — cepis 6 B Ta0m. 2;
r —cepist 7 B Tabi. 2; 1 — cepig 9 B Tabi. 2 (MpOAOBKEHH)
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YaCTUHOK OKPYTJI01 OpMHU pi3HOTO po3Mipy. Y
MOKPUTTSIX Olnbme 50 MKM  BUSBISIOTHCS
«KpaTepmuy,
MOKPUTTS
IIUTBHICTh WX MPOKOTIB HEBEJIMKA i BOHU HE
3HAYHO 3MIHIOIOTh 3arajibHy MOP(QOJIOTiIO.

CKJIaJJac B OCHOBHOMY He Ounbiie 40 MKM.
[IpuOnu3Ho Takuii mepio YTBOPEHHS B
IUTOIIMHI i
oTpuMaHuX 3paskiB. OJHAK CTPYKTypa Ha
puC. 2, B, T IeIIO BiAPI3HAETHCSA (HOPMYBaHHIM
JIOCUTh BEIUKUX yTBOpeHb (10 200 MxMm) B
TUTaHApHIT
MOKPUTTIB. B iHMIMX BHmankax BigOyBa€ThCs
(dbopMyBaHHS CTPYKTYpHOi HEOJHOPITHOCTI B
TUTOILMHI
0a30BOI0 MUPHUHOIO 70 50 MKM.

TEXHOJIOTIi JT03BOJISIE B LIMPOKOMY I1HTEpBasi
3MIHIOBAaTH
MOpOJIOTit0 MOBEPXHI Ta 1 MOPCTKICTb.

Pt/Al,O3
AHOJYBaHHSI.

IopctkicTs, pm

¢) 11 + Pt

40

35

30

25

20

15

10

T T T T T
0 100 200 300 400 500

BbazoBa JOBXXHHa, um

Puc. 2. Ctpykrypa noBepxHi Ta peiabed moperkocti MJIO-OKPUTTIB MiCis IPOCOYYBAHHS
TUIATHHOIO I BUKOPUCTAHHS B SIKOCTI KatamiTHuHuX cucteM Pt/Al>Oz:
e —cepist 11 B Tabi1. 2 (IpOJOBKEHHS)

3 OTpUMaHHUX pCSYJ'ILTaTiB BHUJHO, IIIO B

ycix BUIIAKAX BHUSIBIISIETHCS CHJIbHA
PO3BUHEHICTh MMOBEPXHI, B OLTBIIOCTI BUMIA/IKIB
MOBEPXHS  SBIsA€  COOOI0  KOHIJIOMEpar

AKI € pe3yabTaTOM IIPOKOTa
OyroBuMu  pospsagamu. OnHak

Y BepTHKaNbHIN IUIOMIMHI IIOPCTKICTH

MOKPUTTA 1 JUI  OUIBIIOCTI

obmacti  3poctamHs ~ MJIO-

MOKPUTTSA 31 3HAYHO MEHIIOK

Takum uwmHOM, 3actocyBanHsa MJIO-

dazoBuil  CKJIaT  TIOKPHTTS,
Panime ny1s CTBOpEHHS Kartasi3aTopiB
BUKOPHCTOBYBAJIOCS  KJIACUYHE

Anme BoHO He 3a0e3meuye

HEO0O0X1JHOI PO3BUHEHOCTI MOBEPXHI 1 XOPOLIOi
aaresii 3 ocHOBOIO [3]. 3a3HaYMMO, IO MTPOILIEC
MJIO no3Boisie yCYHYTH 11i HEJOJIKH.

B po6orti kaTamiTH4YHI BIACTUBOCTI BCIX
JNOCTIIPKYBAaHUX  3pas3KiB  BU3Hayalucs 3a
METOJMKOIO €BaKyioBaHUX KoJIO [14].

PerteparMu TOYKaMu Py BUBYEHHI KaTa-
TMITUYHUX BJIACTUBOCTEH MOKPHUTTIB CIYXKHIN
YOTUPH TEMIIEPATYypH, MPHU SKUX BUBYATUCS
BnactuBocTi: 150, 200, 2501300 °C. OtpumaHni
MPU [IbOMY 3HAYCHHS KOE(IIl€EHTa OYUIICHHS
OKCHIY a30Ty HaBeleHi B Tabm. 2 (s
temneparypu 200 °C) 1 Ha puc. 3.

Sk BUAHO 3 OTPUMAHUX pE3yNbTaTiB,
iCHye TemreparypHa 3aJIe)KHICTh KoedilieHTa
ountieHHns. [lpu npoMy Uis pI3HUX THIIB

MOKPUTTIB ~ ONTHUMAallbHI  BIACTUBOCTI 3
OUMILEHHS  MPOSBISAIOTbCA  HpU  PI3HIN
temneparypi. lle cBiguuTh mpo TE, IO

KaTaJiTHYHA 3JaTHICTh MOXKE 3MIHIOBAaTUCS B
IIUPOKOMY THTEPBAII MIJISTXOM 3MIHU PEKUMIB
MIKpPOJYTOBOTO OKCHTYBaHHSI.

Takox ¢ 3a3HAYUTH, MO TMPAKTHIHO
s Beix cepiit M/IO-oKpUTTIB KaTaliTHUHI
BJIACTUBOCTI, SIKI HaBEJEHI HAa pHUC. 3, MAIOTh
TEMIEpaTypH, TP SKUX 3a0€3MeUyeThCsl Koe-
¢imient ounmieHas o > 80 %, mo BiAmoOBimae
BUMOTaM [0 ICHYIOYMX B JaHWM 4ac
KaTaJi3aTopiB.
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Puc. 3. 3anexHicTh Koe(ilieHTa OYUILIEHHS] OKCHJY a30TY MPH Pi3HUX TEMIIepaTypax MpoLecy:
a—150 °C; 6 —200 °C; B—250 °C; r— 300 °C

IIpy upoMy, SK BHMJHO 3 HaBEACHUX
PHUCYHKIB, KOE(IIIEHT OYMILEHHS ISl PI3HUX
3pa3KiB pi3HUH SK 32 aDCOIIOTHOIO BETMUYNHOIO,
TaKk 1 3a TemmepaTypHoi 3aiexHocTi. Tak, €
3pa3KkH, U SIKUX KOe(ilieHT OYMILEHHS Hpu
temneparypi 150 °C cknanae 6muspko 80 %,
MPOTE CIOCTEPIracTbcss HOro 301TBIICHHS 10
90 % mpm 3MiHI TemIiepaTypy BHIIPOOYBaHHS
Bix 150 no 250 °C.

Crnig 3a3HaAYATH BUSBJICHI 3aKOHOMIp-
Hocti. [lpm Huszpkiii Temmepatypi 150 °C
HaloOUIbIl e(eKTUBHUMH KaTaji3aTopaMu €
cucremu Pt/ Al203 Ha ocHoBI MJIO-11OKpUTTIB
cepii 1-6, oTtpumanumx Ha crasi /[[16.
OcobnuBicTIO  (ha30BO-CTPYKTYPHOTO CTaHy
TaKMX MOKPUTTIB € MPAKTUYHO J1BO(A30BUMN 1X
ckman (y-Al03 i a-Al203), ne Bwmict ¢a3u
a-Al203 nocsrae 40 %. Mopdostoris moBepxHi

TaKuX IOKPUTTIB JOCHTH pi3HOMaHITHa 0e3
SIBHO BHMpaXEHMX 3aKOHOMIpHOCTeH. Takum
YMHOM, MpH HU3BbKIH TeMmepatypi 150 °C
HarlepexkTuBHIIUMU ~ MJIO-nokpurTIMu €
3pa3Kky, OTpUMaHI P MAJIOMY BMICTI piAKOTO
ckiaa (NazSiO3z) B enekrtponiti. Ilpu mpomy
HaiiOinbini  3HayeHHs o (Oou3bko 87 %)
JnocAraloTeess npu  BukopuctanHi  MJIO-
MOKPUTTIB, OTPUMAHUX  EJIEKTPOJII30M B
eNeKTPOdIITI, sikuii MicTuth 2 /1 KOH + 6 r/n1
Na2SiOs3 (cepii 51 6).

[Ipn 301IbIIEHH1 TEMIIEpaTypH
BunpobyBanb g0 200-250 °C  HaifOinbury
e(eKTUBHICTb MTOKa3yl0Th KaTaJiTU4HI
cucremu Ha 0a3zi MJIO-nokputTiB cepiit 6 1 7.
Puc. 2 cBiguuth mpo TE, 1m0 OCOOIUBICTIO
TaKuX TMOKPHUTTIB € MOP(OIIOTiA CTPYKTYpHHUX
YTBOPEHb Ha TOBEpXHi. Sk Oyno 3a3HaueHO
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BUIIE, JJS TAKUX TOKPHUTTIB XapaKTepHE
(dbopMyBaHHSI JOCUTH BEJIMKUX YTBOPEHB (10
200 mMKM) y mmaHapHid 00JacTi 3poCTaHHS
MIO-nokputtiB. Ilpn mpomy mgocsTacThCs
HalO1IbIIe 3HaYeHHS 0o, 10 92 %.

[Tpu MaKCHUMaJIbHIN TeMIiepaTypi
BunpooyBanb 300 °C eeKTHBHICTh OYMIICHHS
JIeII0 3HIKY€EThes 1 He nepesuiye 75 %. [Ipu
[[bOMY 3HOBY TaK{ HaWOUIbII BUCOKI 3HAYCHHS
OTpUMaHi Jij1s1 cucTeM Ha 6a31 MJIO-nokpuTTiB
cepii 1-3, opepkaHWX B EJIEKTPOJITI 3
BIJIHOCHO MaJIUM BMICTOM PIiJIKOTO CKJIa, IIIO
cupusie GopMyBaHHIO TBO(A3HOTO CTaHy, SKUI
ckmagaerbes 3 pas3 y-Al203 1 a-Al20s.

TakuM 9uHOM, aHaAT3 OTPUMAHUX
pe3ynbTaTiB MoKasye, 1o 3acrocyBanus MJIO-
TEXHOJIOTI1 [ CTBOPEHHS KaTali3aTopiB TUITY
Pt/Al,03 mosBonsie 3abe3meuyntd KoedimieHT
OUMIIEHHS OKCcHay a3oTy 6sm3bko 80 %. [Ipu
bOMY € MOXIJIUBICTh BIJIOBIAHUM MiZ0O0pOM
YMOB €JIEKTPOIIi3y NMPH OTPUMAaHHI MOKPHUTTIB
MEBHOTO (Pa30BO-CTPYKTYPHOTO CTaHy Ta 0C00-
JUBOCTSMH MOPQOJIOTii MOBEPXHI MiABHIUTH
koediwieHT ountteHHs 10 92 % (tabmn. 2 1 puc. 3).

BucHoBku:

1. Merogmamu MJIO na crutaBi J[16 i
TeXHIYHOMY amoMiHli A97 oTpumaHi OKCHIHI
MOKPUTTST Pi3HOTO (Pa30BOTO CKJIaxy, Pi3HOI
CTPYKTYpH MOBEPXHI 1 HIOPCTKOCTI, TOBIIUHOIO
20—-100 mxmM. [TokazaHo, 110 CTPYKTYpa MOKPUT-
TiB BU3HAYAETHCSI YMOBAMH €JIEKTPOITI3Y.

2. BuzHayeHO, 110 NOBEPXHEBUHM ILIap
MOKPUTTSI CKJIagaeThes 3 Takux (as: y-Al2Os,

a-Al203 1 3 AlbO3 ¢ 2SiO2 (myait). Ha crasi
JI16 BimOyBanocs mepeBakHe YTBOpeHHs (a3
v-AlbO3 i a-Al2O3. 3pocraHHs TpPUBAIOCTI
MIKPOJIyTOBOTO OKCHIYBaHHS 301JIbIIYE BMICT
y nokputti pazu a- Al20s.

3. BcranosiieHo, 1110 Bukopuctanus M/1O-
TEXHOJIOTI] JTO3BOJIIE B IIMPOKOMY I1HTEpBaii
3MiHIOBaTH  MOpP(QOJIOTiF0  TMOBEpXHI  Ta
IIOPCTKICTh MOKPUTTS. [Ipu mbOMY BHSIBICHO
(dhopmyBaHHS y IIaHApHINA 00J1acTi 3pOCTaHHS
MMOKPUTTIB JBOX THUIIIB: 3 BITHOCHO HEBEIHUKUM
pO3MipoM TakuxX yTBOpeHb (10 50 MKM) 1 3
(dbopMyBaHHSIM  YTBOPEHb JIPYroro THILY,
PO3MipH SKUX Yy IJIaHAPHIM 00J1acTi 3pOCTaHHS
MJIO-mokpuTTiB 1ocsararoTsh 300 MKM.

4. BusiBneHo, 1m0 KoedilieHT OYUIICHHS
okcuay asory B Karamizatopax Pt/AlOz e
TEeMIepaTypHO 3ajekHuM. [Ipu  BiTHOCHO
HU3bKI Temmeparypi 150 °C 1 HaiBumin
300 °C Haiibinplie 3HaYEHHS O JOCIATACTHCS B
cucreMax Ha ocHOBI MJIO-nokpuTTiB 3
6inapaoro (y-Al20z i a-Al,O3) dasosoro
ckiragy. B temmeparypHomMy  iHTepBai
HaiedekTuBHimoro ouutieHas (200-250 °C)
HaWOUIbIIMI BIJIMB Ha iX e(QEeKTHUBHICTb,
OYEBHJIHO, Ma€e Mop(oJIoris MOBEpPXHI, a caMme
(dhopmyBaHHSI B TUIONIMHI 3POCTAaHHS BEIMKUX
(mo 300 MKM) yIIOPSIKOBAHUX CTaHiB. Y IIbOMY
BUIAJIKY KOe(ILI€EHT OYHILEHHS (3
BIJIHOBJICHHSI OKCHJIIB a30Ty) o gocsrae 92 %.

5. Pesynbratu poOOTH MOXYTh OyTH
BUKOPUCTaHI MpPU PO3pOOJIEHHI Ta CTBOPEHHI
HOBOTO THITy KataiizaTopiB cuctemu Pt/Al,O3.
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UDC 697.1

JOINT INFLUENCE OF INTERMITTENT HEATING MODE AND OUTDOOR
FACTORS ON APARTMENT HEAT LOAD

D. Sc. (Tech.) V. Deshko, PhD (Tech.) I. Sukhodub, postgraduate student O. Yatsenko

CYMICHUM BILUIUB IEPEPUBYACTOTI'O PEXKUMY OITAJIEHHA TA 30BHIIIHIX
®AKTOPIB HA TEIIVIOBE HABAHTA’KEHHA KBAPTUPHU

J-p TexH. Hayk B. I. lemko, kana. TexH. Hayk 1. O. Cyxoay0, acn. O. I. Sfiluenxo

Abstract. Qualitative energy efficiency measures calculation should take into account the
interaction between various factors influence and building thermal mode. The main direction of this
work is the investigation of outdoor and indoor factors influence on the energy performance
indicators and heating system operation mode. Using energy simulation program apartment heat
load for constant and intermittent heating modes was analyzed.

Keywords: energy saving, intermittent heating, apartment, building energy modelling,
EnergyPlus.

Anomauia. /[ocnioxcenns echexkmugnocmi pooomu cucmemu ONaieHHs MOH#Ce NPOBOOUMUCS 3d
PIBHUMU NIOX00aMU, 3 YPAXYBAHHAM KOHMPOLbOSAHUX MA HEKOHMPOIbO8aHux gaxmopis. AxicHuil
PO3PAXYHOK 3ax00i68 3 NiOBUWeHHs eHepeoeh)eKMUBHOCMI NOBUHEH 6paxo8yeamu OUHAMIYHY
n06ediHKY 0Y0i61i — 63AEMOOTI0 MIdHC MEMNEPAMYPHUM DEXCUMOM BCepeOuHi ma akxmopamu, sKi
8NIUBAIOMb HA Hb020. OCHOBHUM HANPAMOM YIEL pOOOMU € OOCTIONHCEHHSL 308HIUHIX MA GHYMPIUHIX
gaxmopis, AKi 6nIUBAIOMb HA eHepeemUYHi NOKAZHUKU NPUMILEHb [ pedcum pobomu cucmemu
onanenns. OYiHI08aHHS 8NIUBOBUX DAKMOPIE NPOBOOUNIOCH OISl ICHYIOU020 NPUMIWEHHS K8apmupu
3a 00NOMO20I Cneyianizo8ano2o NPoSPAMHO20 3abe3neyeHHs 011 OUHAMIYHO20 MOOeN08AHHS.
EnergyPlus. Ilpoepamosana mooens keapmupu 8paxogye mennoinepyiuni enacmusocmi 0y0igeibHux
KOHCMPYKYil ma 00360.18€ OYIHUMU BNIUE 3MIHU 308HIUHIX I BHYMPIUWHIX (hakmopie Ha eHepeemuyHi
NOKA3HUKU Y 4Yaci. 30Kkpema OOCNIOHCeHO 6naus memnepamypu HA6KOIUWHBbO20 cepedosuya ma
paodiayivinoi cK1a0080i COHAUHUX MENIOHAOX00NCEHb HA HABAHMANCEHHS CUCMEMU ONAleHHs
Keéapmupu 0Jisl 3a0AHUX PEHCUMIB NOCMITIHO20 MA NePepusiacmozo OnaleHHs. 3 Memor 0emanibHo20
OYIHIOBAHHA BNIUGY COHAUHUX MENIOHAOX00HCEHb NPOBEOEHO AHANI3 MeMNnepamyp HA 6HYMPIUWHIX
NOBEPXHAX 308HIWHIX CIMIH | NOBEPXHAX 6HYMPIWHIX CIMIH KIMHAM NPU PI3HIU OpIEHMAayii 308HIUHIX
020pP00ACYBATILHUX KOHCIMPYKYIU 3a cmoponamu ceimy. Pezynemamu, npusedeni 6 dawiti pobomi,
OMPUMAHO WIAXOM NO20OUHHOI CUMYIAYIL 8 NPOSPAMHIL MOOeNl Keapmupu ma nooaHo y 8ulisoi
Oiazpam i epagikis. Taxodic npoeedeHo YucerbHUll AHANI3 PIYHO20 eHeP2OCNONCUBAHHS KEAPMUPU 3a
nocoonumu ymosamu 3 oazu oanux IWEC ona micma Kueeéa npu 3acmocyéanti nocmitino2o ma
nepepusuacmo2o pedtcUMie ONAIeHH s | 3aIeHCHO 8I0 OPIEHMAaYIi 020POOHCYBAILHUX KOHCMPYKYIL 3a
CMOpOHAMU C8IMmY.

Hassnicmv  enepeemuunoi mooeni npumiwjenns 6 npoepamuomy cepedosuwyi EnergyPlus
00380.J15€ NPULHAMU ONMUMI3AYIUHI PIUUEHHS WTIAXOM QOCTIONCEHHS GNAUBY HYMPIUHIX | 306HIUHIX
gaxmopis na OuHamiuHy noeediHKy OVOi6l, a MAKOMC NPOAHANIZY8AMU GNIUE YUX HAKMOPIE Ha
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eHepeemuyHi noKasHuxku 6yoieni. Hasedeni pezynomamu 00cniodxicenb 008005mb, U0 peKOMeHOayii
wooo eubopy pedcumy pooomu cucmemu ONAIeHHS OOYILIbHO pPO3POOAAMU 3 YPAXYBAHHAM

NPOAHANI308AHUX BNAUBOBUX (hAKMODISE.

Knrwuoei cnosa: enepzosbepeosicenns, nepepuguacme OnaleHHs, KEAPpMupd, eHepemuyHe

mooenrosanns, EnergyPlus.

Introduction. The buildings and
construction sector has the largest shares of
energy and emissions in the world. According
to United Nations Environment Programme
(2018) buildings construction and operations
consumes for 36 % of global final energy use,
of which residential buildings accounts for
22 %. Therefore, there is a need to find and
implement approaches to improve the energy
efficiency of each building. European
experience shows that implementation of
energy efficiency measures should be carried
out comprehensively.

Most residential buildings in Ukraine do
not reach the European energy performance
indicators. Due to the high payback period,
building owners are implementing measures
gradually. So they follow strategy that typically
include increase of building envelope thermal
insulation but they usually neglecting the
possibility of weather-dependent heating
system regulation. But for the highest effect
from implementation of measures it is
important to consider interaction between
building constructions materials and heating
and ventilating systems, under dynamic
ambient air conditions indoor and outdoor.

Analysis of recent research and
publications. In modern buildings with high
electrical  energy  consumption  and
intermittent heating mode, impact of different
factors on thermal building behavior
investigated by many authors. In general,
highlighted the following main factors that
affect building thermal mode [1]:

— outdoor — outside air temperature,
solar radiation and wind speed;

— indoor — heating capacity of a building
and internal heat gains.

Data-based building energy models were
utilized to calculate energy saving, which is then
compared to the actual data. Outside dry air

temperature was the only energy consumption
influence factor. So the impact of other
parameters, especially solar gains, on energy
consumption needs further consideration [2].

An exploration of the intermittent heating
system operation modes efficiency is carried
out in different approaches taking into account
controlled and uncontrolled factors. The article
[3] compares the two approaches: quasi-
stationary and dynamic. According to [3] quasi-
stationary approach can only provide an
approximate energy efficiency estimation
because it doesn't take into account the duration
of real transient processes in the heating system.
At the same time dynamic approach allows to
achieve higher quality results taking into
account dynamic characteristics of the building
constructions. The importance of dynamic
characteristics consideration in conditions of
intermittent heating mode is investigated in
paper [4]. The paper [4] presents calculation
results of various single-layer walls dynamic
characteristics done by an exact and an
approximate methods of no stationary thermal
conductivity. The results indicate that reducing
the building massiveness reduce heat losses and
time spent on heating of building.

Comparison of standard and new
approaches of intermittent thermal energy need
calculation is made in article [5]. The proposed
in [5] new approach improves transparency of
the current 1SO 13790 method and provides
more accurate results. To validate the proposed
calculation of intermittent energy need, the
article [5] presents the results of modeling in
EnergyPlus. Review of occupant-centric building
controls [6] shows the feasibility of studying
and practical consideration of the influence of
solar radiation on intermittent heating modes.

The article [7] includes analysis of
outdoor and indoor factors influence on
building energy performance indicators. In this
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work the daily average heating load forecast
using non-linear multivariate regression models
is based on daily average factors history data.

The dynamic behavior of buildings in
response to environment factors is extremely
complex and difficult to analyze. Dynamic
simulation software is a powerful tool that
allows to take into account different thermal
storage capacities of the building constructions
as well as different climates for thermal state
investigation [8]. Such programs allow to get
high-quality results for decision making to
enhance energy efficiency during the building
design and operation phases [9, 10].

In article [11] results of intermittent
heating mode simulation was compared with
available practical data of indoor temperature
profile. Created in dynamic simulation program
apartment energy model accurately describes
the heat-inertial properties of building envelope
and allows to take into account outdoor
temperature changes over time.

Purpose and objectives of the study.
The main purpose of this study is to present
selected results of the analyzes of the way
exterior walls cardinal direction impact on heating
system mode during the day in case of constant
and intermittent heating schedule. Studies were
conducted on the example of an existing
apartment with individual heating source.

According to the purpose the following
tasks are solved:

— apartment dynamic energy model was
created,

— hourly heat load for chosen day in case
of constant and intermittent heating mode
determined,

— investigated outdoor temperature and
solar radiation impact on the thermal mode
during the chosen day;

— analyzed solar radiation impact on the
walls inner surface temperature;

— annual apartment energy consumption
was determined.

Main Body of Paper

Dynamic energy modelling of the
apartment. The 3d apartment model was
created in DesignBuilder software. Calculations
have been carried out by means of simulation
program EnergyPlus. So DesignBuilder uses
EnergyPlus engine to perform dynamic
building energy simulation. Programmed
apartment model describes the heat-inertial
properties of building constructions and allows
to take into account outdoor and indoor factors
changes over time. Thus EnergyPlus dynamic
approaches take into account the building
enclosing structures accumulation ability. At
the same time, point and linear heat-conducting
inclusions are not considered by the program.

The apartment enclosing structures
reported in tabl. 1.

Fig. 1 presents the apartment plan as well
as rooms area data.

Table 1

Enclosing structures description

Construction type

Construction layers

U-value, W/m2-K

- gypsum plastering 10 mm
- brick 400 mm

Exterior walls - mineral fibre 50 mm 0,488
- external rendering 10 mm
double-chamber  glazing  with

Exterior windows and glazed door | internal Low-E glass and two 1,058

chambers with argon

Internal partitions

- gypsum plastering 10 mm
- brick 125 mm
- gypsum plastering 10 mm

Ceiling

- cast concrete 200 mm

Floor

- cast concrete 200 mm
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Domestic Circulation
Domestic Bedroom
Dormnestic Kitchen
Domestic Bathroom

Kitchen bedroom1

12 sq.m 14.2 sq.m

bedroom2
bathroom
10.4 sq.m
7.2 sq.m

hall

5.7 sq.m

Fig. 1. Apartment plan

In fact, the exterior walls and windows of
the apartment are oriented to the east
(«bedrooml» and «bedroom2») and west
(kitchen). The exterior glass area in
«bedrooml» — 3,26 m? in «bedroom2y» —
1,8 m?, in “kitchen” — 1,32 m2.

The apartment has individual water-based
heating system with automated gas-fired boiler.
Boiler operates to maintain  specified
temperature mode for all hours. Each room in
apartment is heated during the heating period.

Temperature, °C

Such heating system allows setting individual
heating schedules using a thermostat.

Assumed heating schedule is maintained
an internal temperature at 16-22°C for
weekdays and at 20-22 °C for weekends. In
fact, heating mode for the apartment
corresponds to the occupancy schedule. The
programmed daily heating schedules for
weekday and weekend are shown in histograms
in fig. 2.

Qo
29538
HHHN

21:00

B weekday heating schedule m weekend heating schedule

Fig. 2. Weekday and weekend heating schedules

Air exchange rate in the apartment was
assumed to be 0,6 hL.

The energy model of the apartment also
takes into account occupancy schedule and

internal heat gains (people, lighting and electric
equipment). To consider heat gains from people
next histograms are presented in fig. 3.
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180
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40
20

People total heating rate, W

123 456 78 9101112131415161718192021222324

Bedroom 1

Bedroom 2 Kitchen

Fig. 3. Weekday people heat gains

The calculations have been performed for
the climatology of the sunny winter day
(10 February, weekday) taken from the IWEC
weather database for Kyiv [12]. The outside air
temperature minimum (-15 °C) appears at

400,00
350,00
300,00
250,00
200,00
150,00
100,00

Windows total transmitted solar
radiation rate, W/m?

50,00 | | | | I -14
0,00 ‘Tl rr 6

5 AM at morning, and maximum (-7,7°C) at
2 PM at afternoon.

Fig. 4 presents the graph of outside air
temperature as well as histograms of windows
transmitted solar radiation rate depending on
cardinal direction (IWEC solar radiation data).

-10
-12

Outside temperature, °C

1 2 3 4 5 6 7 8 9 10111213 1415 16 17 18 19 20 21 22 23 24

B North solar radiation

South solar radiation

Time

Outside temperature

Fig. 4. Daily outside air temperature and windows solar radiation rate

IWEC weather database was also used to
determine annual apartment heat consumption.

Apartment  heating load hourly
investigation. Apartment heating system load
during the day is investigated using constant
mode, as well as intermittent mode. The first
study was conducted when bedrooms exterior
walls correspond to the north cardinal direction.

The solar radiation effect on the heating load in
constant (22 °C) and intermittent (16-22 °C)
modes was investigated and shown in
fig. 5and 6.

It was also analyzed heating load when
the bedrooms exterior walls correspond to the
southern orientation (fig. 7 and 8).
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Fig. 5. Total heating load during the chosen day with constant heating mode
(Bedrooms — N, kitchen — S)
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Fig. 6. Total heating load during the chosen day with intermittent heating mode
(Bedrooms — N, kitchen — S)
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Fig. 7. Total heating load during the chosen day with constant heating mode
(Bedrooms — S, kitchen — N)
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Fig. 8. Total heating load during the chosen day with intermittent heating mode
(Bedrooms — S, kitchen — N)

In case when bedrooms exterior walls in intermittent heating mode than in the
correspond to the southern orientation the previous case. Results of building energy
apartment consumes 17,2 % less energy in consumption calculations are given in table
constant heating mode and 17,6 % less energy below (tabl. 2).

Table 2

Energy consumption calculations

Cardinal direction Spe_ciﬁc energy consumpt_ion, kWh/_m2
Constant heating mode Intermittent heating mode
Bedrooms — N, kitchen — S 48,89 40,7
Bedrooms — S, kitchen — N 40,49 33,52
Inside surfaces temperature analysis. To on the inner surfaces of exterior walls and
analyze the effect of solar radiation on the interior partitions was investigated on different
thermal state of the premises, the temperature cardinal directions (fig. 9 and 10).

23
22 & _.-"'"""“"““-.‘_
21 A ] b
20
19
18

17

Inside temperature, °C

16

15
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

. Time - -
Bedroom 1 Exterior wall ———— Bedroom 1 Interior partition
Kitchen Exterior wall Kitchen Interior partition
————— Bedroom 1 Air weeeneenn Kitchen Air

Fig. 9. Temperature on the inner surfaces of exterior walls and interior partitions
with intermittent heating mode (Bedrooms — N, kitchen — S)
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--------------- Bedroom 1 Air

Bedroom 1 Interior partition

Time

Bedroom 1 Exterior wall
Kitchen Interior partition
——— Kitchen Air

Fig. 10. Temperature on the inner surfaces of exterior walls and interior partitions
with intermittent heating mode (Bedrooms — S, kitchen — N)

The schedules in fig. 9 and 10 show that
temperature change on the inner surfaces of
exterior walls is parallel to the interior
partitions. The analysis of the above graphs
reveals that during the periods without solar
activity the inner surfaces temperature of
exterior walls of southern orientation is lower
than inside air temperature. This is largely
affected by dynamic characteristics of building
construction materials. It is also important to
note that inside air temperature in the studied
premises doesn’t reach the programmed 16 °C
during intermittent heating mode shutdown
periods.

To check the massiveness influence the
apartment  energy  consumption  was
investigated at different brick layer thicknesses
of the exterior walls. The brick layer has been
chosen as analyzed because it affects the
massiveness to a greater extent and has a less
impact on U-value. The effect was studied
during intermittent heating mode when the
bedrooms exterior walls correspond to the
northern orientation. It established, that
reducing exterior walls brick layer thickness by
20cm  resulted in  apartment energy
consumption increase by 5,4 %. In the same
conditions exterior walls brick layer thickness

increase by 20 cm resulted in consumption
decrease by 4,3%. The results of the
intermittent heating schedule analysis show that
reducing the exterior walls massiveness by
2times causes the internal temperature
decrease by 0,5°C during the shutdown
periods. Thus, because of change in building
construction massiveness, the heating mode
schedule changes.

Conclusions. According to the modeling
results in EnergyPlus the use of intermittent
heatingg mode for apartment  saves
approximately 17 % of thermal energy
compared to the constant mode. At different
external enclosure structures orientation, the
impact of solar radiation on the hourly heat load
and total energy consumption of the apartment
was evaluated. Thus, the difference in heat
consumption of the same premises oriented in
opposite cardinal directions could be as high as
17,2 % in constant heating mode. This value
depends on windows and exterior walls area as
well as solar activity during the heating period.

The analysis of the temperatures on the
inner surfaces of the exterior walls and
partitions has proved the importance of
enclosing structures storage capacity in the
context of the dynamics of solar radiation and
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comfort conditions changes. This context
should be taken into account when analyzing
the modes of intermittent heating and the
development of their hourly forecast.

It established, that recommendations for

radiation impact and internal heat gains. To
improve the quality of future research it is also
important to take into account the influence of
comfort conditions [13] on energy consumption
and the dynamics of its interaction under the

intermittent heating can be developed
depending on the outside air temperature, solar

conditions of changing external factors.
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BY/IIBHUIITBO TA LIUBIVIbHA IH’KEHEPIA (192)

YK 624.012.35:620.173/174

3AT'AJIBHI OCHOBH MEXAHIKHU JE®OPMYBAHHA 3AJII3OBETOHHUX
EJIJEMEHTIB I KOHCTPYKIIN

J-p TexH. Hayk B. M. Pomamko

GENERAL FUNDAMENTALS OF REINFORCED CONCRETE ELEMENTS AND
STRUCTURES DEFORMATION MECHANICS

D. Sc. (Tech.) V. M. Romashko

Anomauia. Y cmammi 6UK1a0eHO KpUMUYHUL AHAJII3 PO36UMK) 3A2albHOI meopii ma moodenetl
ONnopy 3ani300eMOHHUX eJleMeHmMI8 | KOHCmPYKYiu cunogum enaueam. OYiHeHo iX 63aEM038 30K 3
BUBHAYATILHUMU  NOJONCEHHAMU  MeXaHiku  O0ehOpMy8auHs  3ani300eMOHHUX — eleMeHmis |
KOHCMpPYKYil. 3a2anbHi NONONCEHHS MeXauiku 0epopmyeaHus 3ani300emOHHUX elleMeHmis |
KOHCMPYKYIll NPONOHYEMbCS PO3BUBANU HA OCHOBI VHIBEPCAbHOI 0edhopMayilino-cuno80i mooeli.
Brasano 2onoemy nepeeazy Oeghopmayitino-cunogoi mooeni, Nnog'azamy 3  pOUUPEHHAM
302aNbHOBIOOMOI cucmemu CMAmudHux, 2eoMempudHux i @Gi3uuHUX CRIBBIOHOUIeHb 00 pDi6Hs
cmamuyno eusHayeHoi. Iliokpeciena 00HA 3 OCHOBHUX OcoOIUBOCMEU O0edOPMAYILHO-CULOB0T
MoOeli, KA 00360J1A€ 00CUMb NPOCMO THMe2PYy8amuy MexHiuHy meopil 34enieHHs apMamypu 3
OemoHoOM 8 3a2alibHy Mmeopito 0epopMy8aHts 3an1i300emoHy.

Egexmusnicmo euxopucmarnms oeghopmayitino-cunogoi Mmooeni onopy 3aniz00emouy cuiosum
BNIUBAM OYIHEHO CMAMUCMUYHUM NOPIGHAHHAM MEOPEeMUYHUX PO3PAXYHKIE 3 pe3ylbmamamu
eKCNEePUMEHMATIbHUX 00CTI0NCeHb 3A1I300eMOHHUX elleMeHmi8, BUNpo0Y8aHUX PISHUMU A8MOPAMU.

Kniwwuosi cnosa: 3anizobemon, enemenmu, 0epopmysanus, MoOelb, MeXAHIKA, SPAHUYHI
CMaHu, po3paxyHox.

Abstract. This article presents a critical development analysis of the general deformation
theory and models of reinforced concrete elements and structures resistance to force effects. Their
relationship with the defining provisions of the mechanics of reinforced concrete elements and
structures deformation is estimated. The main disadvantages of the considered models are
established. General provisions of the mechanics of reinforced concrete elements and structures
deformation are proposed to be developed on the basis of a universal deformation-force model. It is
noted that the latter is devoid of most of the shortcomings characteristic to other models. The main
advantage of the deformation-force model is indicated, associated with the expansion of the well-
known system of static, geometric and physical relationships to the level of statically definable. It
becomes especially noticeable when calculating reinforced concrete elements and structures for
deflections and crack resistance. One of the main features of the deformation-force model is
emphasized, which makes it possible to quite simply «embed» or integrate the technical theory of
reinforcement to concrete adhesion into the general theory of reinforced concrete deformation.
Through the averaged design section and average deformations of materials in the block between
adjacent cracks, all parameters of the normal cracks formation and opening in the deformation-force
model are directly related to the parameters of reinforcement to concrete adhesion.
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The effectiveness of using the deformation-force model of reinforced concrete to force effects
resistance was evaluated by a statistical comparison of theoretical calculations with the reinforced
concrete elements experimental studies results tested by different authors. Similar comparisons were
made for the methods of the current standards. It was confirmed that the priority in the accuracy of
assessing the reinforced concrete elements stress-strain state parameters belongs to the calculation
method, which is based on the deformation-force model of reinforced concrete resistance.

Keywords: reinforced concrete, elements, deformation, model, mechanics, limit states,

calculation.

Beryn. 3aramom Teopist 3aii300eTOHY
SBJIsIE COOOI0 TIEBHY CYKYIHICTH TOJIOKEHb 1
TBEPAKEHb npo 3aKOHOMIPHOCTI
nepopMmyBaHHs OeToHy M apmaTypu Ta ix
CIIUJIbHY B3a€MOJI0. | K Oyab-sfiKa CIIpaBKHS
HayKoBa Teopisi, BOHA Ma€ OJHOYACHO
OIHCYBATH BJIACTUBOCTI 3a3HAYCHUX
MaTepiaiB, TMOSACHIOBATH UITICHY KapTUHY
3aKOHOMIPHOCTEH (MexaHiky) nehopMyBaHHS
3ali300€TOHHUX €NEMEHTIB 1 KOHCTPYKIII,
3a0e3Meuyoud MOKJIMBOCTI BH3HAYCHHSA 1X
JIMCHOTrO HampykKeHO-1e()OpMOBAHOTO CTaHy
Ha Oyne-skiit cranii nedpopmyBannsa. Tomy ii
PO3BHUTOK 3aBKIH 3BOIUBCS JI0 YAOCKOHATIECHHS
CKJIAJIOBUX CTPYKTYPHHX €JIEMEHTIB:

* MepelyMOB y BUTIIAAL (yHIaMEHTallb-
HUX TOHSTH 1 MPUHIMUIIB, 3aKOHIB Ta aKCiOM,
NPUIYLIEHb 1 TiNOTe3, XapakTepHUX JJis
3aI11300€TOHY;

* ileami30BaHOrO0 00’€KTa y BHUIVIAII
a0CTpakTHUX MojeNnell BU3HAYaJIbHHUX O3HAK,
BJIACTUBOCTEH Ta B3a€MO3B’A3KIB 3a11300€TOHY
SIK TBEpJIOTO TiJIa;

* JIOTIKH Yy BHUIVIAJI CYKYNHOCTI HEBHHMX
CHIBBIHOIIEHb (TpaBwII, CIOCOOIB 1 3aC001B),
HalIEHUX Ha TMpPOSCHEHHS Ta PO3BUTOK
CTPYKTYPH 3HaHb PO 3aT1300€TOH;

* BUCHOBKIB Yy BHIVIJI CYKYIHOCTI
3aKOHIB 1 TBEPHKEHb, METOJIB 1 METOIMK,
3TaTHUX CIIPOTHO3YBAaTH CTaH 3a1i300€TOHHHUX
€JIEMEHTIB 1 KOHCTPYKIIH Ha Oyap-sKii crafil
ix neopmyBaHHS.

Cryninp B3a€MHOI BIAMOBITHOCTI Ta
Y3TO/DKEHOCTI  3a3HAUEHUX  CTPYKTYpPHHX
€JIEMEHTIB MPOJOBXKYE 1 Hajalll BIUIMBATH Ha
MOBHOTY Ta €(QEKTUBHICTb PO3POOIIOBAHUX
METO/IIB PO3paxyHKY 3113006 TOHHHUX
€JIEMEHTIB 1 KOHCTPYKIIIH.

AHaJgi3z ocraHHIX JgocaimikeHbL i
nyOaikamiii. Ha panHiX eTamax CcBOTo
PO3BUTKY 3aJ1i300€TOH MOJICIIOBANIN Y BUTJISI
aBCOIOTHO TBEPIOTo (NpyXHOro) Tina. Moro
CTaH OIMCYBAJM  CUCTEMOI0  CTATUYHHX,
T€OMETPUYHUX 1 PiI3MYHUX CIiBBIAHOIIEHB, 110
OTpUMaJM  Ha3By BIANOBIAHUX  PIBHSAHB
MEXaHIKM TBEpPAOro Tiga. B oCHOBY mnux
CHIBBIAHOIIEHb OYNM MOKJIaIeHI HAWIPOCTIIIi
MIPUITYIICHHS Ta TiMOTE3H, BJIACTUBI JIMILE JIJIs
takoro Tinma. lle mo3Bommino chopmyBaru

METOIUKY  PO3PaxyHKy  3ali300€TOHHUX
€JIEMEHTIB 1 KOHCTPYKIIH 32 «IOMYCTHMUMH
HanpyxeHHAMu». OnpHak  3rogoM  Oyso

BCTaHOBJICHO, IO OETOH HE BapTO PO3IIIAAATH
SK MPYXKHUN MaTtepial.

Ha npyromy erami po3BUTKY Teopii
3a11300€TOHY MOT0 yXe CTajal MOJENIOBaTH 3
ypaxyBaHHSIM TMPYXHO-TUIACTUYHHUX BJIACTH-
BocTteil OeroHy. lle morpebyBano mneBHOro
KOpPUTYBaHHsS, Mepm 3a Bce, (PI3UYHMX
CHIBBIJIHOIIIEHb MEXaHIKH TBepAoro Tina. Came
3  BUKOPHUCTaHHSM  HENIHIMHUX  Jlarpam
negopMmyBaHHs OETOHY MOYaIM 3aKiIagaTHCA
OCHOBU MEXaHIKU J1e()OpMOBAHOTO TBEPJOTO
tina. Tomy B kiHmi 30-x pokiB XX CTOMTTA
Oynma cdopmoBaHa Ta 3ampoBaPKEHA y
HOpPMAaTHBHI JOKYMEHTH 0aratbox KpaiH CBITY

HOBa  METO/AMKA PpO3paxyHKy IepepisiB
3aJ11300€TOHHUX KOHCTPYKII1H 3a
«pyiHyrounmMu  3ycwiismu» 1], Bigroai

PO3BUTOK 3arajbHOi Teopii 3ami300eToHy
PO3IIITMBCS Ha JIBa OKPEMUX HAIPSMHU.

VY OurbmiocTi KpaiH CBITY ii pO3BHTOK
MIIOB 3a TakK 3BaHOI «IehopMaIliitHO»
MoJeIo, ToAal Ak B koiumHboMy CPCP i
NeSKUX IHIMX KpaiHax Oyno IpHUMHSITO
«CHUIJIOBY» MOJIEJTb negopMyBaHHS
3a11300€TOHY. 3a OCTaHHBOIO BBAXKAJIOCH, IO
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pYHHYBaHHSI KOHCTPYKLINA B TpaHWUYHINA cTauii
BiIOYBA€ThCSA  BHACTIIOK YTBOPEHHS  TaK
3BaHUX «IIIApHIpPIB IIacTU4HOCT» [2]. Take
CHPOIICHHS JI03BOJIMJIO CYTTEBO CIIPOCTUTH
OCHOBHI PO3paxyHKH (3, 4], OJTHAK
BUKOPHUCTAHHS Mol «IJTACTUYHOTO
HIapHipa» BiAJANSII0 TEOPito 3a1i300€TOHY Bix
MeToaiB OymiBenbHOI MexaHiku. Lle mpusBeno
hi(s) BTpaTu METOJIOJIOTIYHOT €THOCTI
pO3paxyHKIB 3ali300€TOHHUX €JIEMEHTIB 1
KOHCTPYKIIN 32 TPAHUYHUMHU CTaHAMH.

Jlo movarky XXI cTOMTTS BCIM CTaio
3pO3YyMiJIO, IO «CHJIOBA» MOJEIHh IOBHICTIO
Buuepmana cede. Biarozai teopis 3a1i300eToHy
3araJloM 1 METOJl PO3paxyHKy HepepisiB
KOHCTPYKII{ 32 TPAHUYHUMHU CTaHAMU 30KpeMa
Oynmu 30pi€HTOBaHI Ha «IeopMmaniiHy»
Mozedb. 3 PO3BUTKOM  KOMII FOTEPHHUX
TEXHOJIOTIH 11 MOJIeNh HE TUIBKH OCTaTOYHO
3aKkpinuiacs B KpaiHax 3axojy, ane il HaOyna
BU3HAaHHA B KpaiHax CxigHoi €Bpomu Ta
KOJIUIIIHBOI'O CPCP. OnxHak CHOIOJHI1
CKJIaJJA€ThCS BPAXKEHHS, 10 1 «aedopmartiiinay
MOJIETh BXKE norpedye CYTT€BOTO
YIO0CKOHAJICHHSI, OCKIJTBKH YacTO «iJealli30BaH1
00’ekTn» (abCcTpakTHI MoOZeNi 3aii300eToHY)
JIOBOJII ¢71a00 OB’ S3YIOTHCS 3 «IOT1KOI0Y» HOTO
JOCIIJI)KEeHb, @ TOMY:

* TeXHIYHA TEOPis 3UCTUJICHHS apMaTypH 3
0eTOHOM BKpaii c1a00 IHTErpoBaHa B 3arajbHy
TEOPito 3a1i300€TOHY;

* TIUTAHHS METOJOJIOTIYHOI (JIialeKTHY-
HOI) €IHOCTI PpO3paxyHKIB KOHCTPYKILIH 3a
ITPaHUYHUMH CTaHaMU MPAKTHYHO TaK 1 HE
BUPIIICHO;

* BHYTpIIIHS CTaTHYHAa HEBU3HAYEHICTh
3ali300€TOHHUX  €JEMEHTIB  HaBiTh Y
pO3paxyHKax 3a HECy4ol 3JaTHICTIO Yy
OUTPLIOCTI  BHUMAJKIB  PO3KPHUBAETHCA 32
JIOTIOMOTO0 YHCJICHHUX 1Tepalliit;

* y po3paxyHKax 3a TPIIIMHOCTIMKICTIO Ta
MIPOTrHHAMH BHHHUKA€E HEOOX1IHICTh HE TUIBKHU B
YHUCJIEHHUX ITepalifHUX omepauiiax, ajge u y
BUKOPUCTaHHI PI3HOTO POAY EMIIIPUYHUX
napameTpiB, 3aJIEXKHOCTEN Ta KOE(IIIEHTIB;

* BIJCYTHICTh YHIBEpPCAJIbHUX METOJUK
pPO3paxyHKy 3ami300€TOHHHX E€JEMEHTIB 1
KOHCTPYKITIH, IKI MOTJIM O peanizoByBaTHCS SIK

MPOrPaMHO, TaK 1 3a JOMOMOTOI 1HXKEHEPHHUX
EKCIPECc-MEeTO/IiB, BEAC HE TIJIBKU JO BTPATH
IH)KEHEpHO1 OCSHKHOCTI CaMHX PE3YNbTaTiB
po3paxyHKy, ajge ¥ (i3u4HOi CYTHOCTI
nporeciB JepOpMyBaHHS.

MeTa Ta 3aBIaHHA AOCTiIKeHb. [[aHi
JOCHIJUKeHHST COpsAMOBaHi Ha (opMyBaHHS
y3arajabHeHOT MoOJel Ta MEXaHIK1
nedopMyBaHHS 3alli300€TOHY, B OCHOBY SKHX
3aKJIaJICHO:

* BU3HAUYAIbHI TIMOTE3U Ta MEPEIyMOBU
nedopMaIliiHuX 1 CHIIOBUX MOJICIICH;

* ieai3oBaHUi 00 €KT JOCIIDKEHHS Y
BHIJISII esikoi abcTpakTHOT Mojieni aedopmo-
BAaHOTO TBEPJOrO TiJla, HAIUIEHOTO MPYKHO-
TUTACTUYHUMHE BIIACTUBOCTSIMU;

* TOCTaTHBO  OOTPYHTOBAaHy  JIOTIKY
JOCHTIUKCHb Yy BHIVIAII  3arajJbHOBU3HAHOI
«PO3IIUPEHOI» CHUCTEMH PIBHSAHb MEXaHIKH
nedopmoBanoro TBepaoro tia (MITT);

* MOXIJIUBICTh PO3paxyHKy a00 MPOTHO-
3yBaHHS CTaHy 3al1i300€TOHHHMX EJEMEHTIB 1

KOHCTPYKIIH Ha  Oymp-Akiii  cramii ix
nedopMyBaHHS.
[ToOynoBa YHIBEpCaJIbHOL Teopii

3almi300€TOHy caMe Ha TaKuX MNPUHIUIAX
OJTHOYACHO CIIPHUSATHME BHPIIICHHIO 3aBaHb,
OB’ SI3aHUX 3 <JIOTIKOKO» NOCIIIKEHD.

OcHoBHA YyacTHHA TOCJTITKEHD.
CydacHuii aHali3 cTaHy HAyKOBHX JOCITIIKEHb
B ranysi 3aI11300€TOHY JI03BOJISIE

CTBEPKYBATH, 1110 OJJHUM 3 HAHOUIbII BAAIHX
171eali30BaHuX 00’ €KTIB 3arajbHOI TeOopii Horo
ne@opMyBaHHS ~MOXHa BBa)XaTH MOJIENb
nedopMoBaHOro TBEepJOTO TiIa. Taka mMojnensb
Jlajia 3MOTy He TUIBKM BIITBOPIOBATH MPY>KHO-
IJIACTUYHI BJIACTHBOCTI CaMOTr0 3ajJi300€TOHY,
ajie ¥ IpOMOHYBaTH iX BapiaHTHI PILLICHHA Y
BUIVISIII  CWJIOBHX,  JedopMamidHUX  Ta
YIIOCKOHAJIEHUX nedopmaritHoO-CHUIIOBUX
mojeneit [5].

Cami x BapiaHTHI pilIeHHs a00 HUIAXH
PO3BUTKY 3arajibHoi Teopii 3a1i300€TOHY
3HAQYHOIO MIpOI0 3aJekKaTh B OCHOBHUX
BUXIIHUX TiNoTe3 Ta mepeayMoB. I B mpomy
BH3HAYAIbHY POJIb  HEOOXIAHO  BiJBECTH
rimore3aM TIpaHUYHOI pPIBHOBarW, IUIOCKUX
mepepisiB 1 «HEMHIHHOCTI» JKOpCTKOCTI [6].

36ipHuk HaykoBux npans YkpAY3T, 2020, Bum. 191



30ipHUK HAYKOBHUX Npanb Y KPaiHCHKOI0 AeP:KaBHOI0 YHIBEPCUTETY 3aJi3HUYHOT0 TPAHCIIOPTY

B nedopmarniiino-cuiosiii  Momedni
(ICM) rinote3a TpaHW4YHOI pPIBHOBAard He
TIIBKM 3aKJIJieHa B OCHOBY CTaTHYHHUX
CHiBBiAHOIIECHb JAehOpPMYBaHHs 3al1i300€TOHY,
ae ¥ Oe3mocepelHbO BUCTYIAE 3arallbHUM
KPUTEPIEM BHUEpPIIaHHS HeCcydoi 34aTHOCTI
3aJ11300€TOHHKX €JIEMEHTIB 1 KOHCTPYKILiii [7].

He MeHm BaxJIMBOO ISl 3arajbHOI
Teopii 3ami300eTOHY 3aJMIIAETHCS TilOTE3a
IJIOCKUX TiepepisiB. [licist yrBOpeHHs TpiluH
il cmpaBemIMBICTH B OKpEeMHX Iepepizax
3113006 TOHHOTO eJIeMeHTa IIHACHO
nopymyerbest  [8-10]. Opnak cBoro wacy
B. {. baunncekwii [11, 12] o6rpyHTYyBaB, YoMy

Hamnpy>KEHHSIMH ~ MaTepiaiiB, BHUMIPSIHUMHU
Jumie B OKpeMoMy Horo mepepisi. Cuin
po3risgaTH  HaBiTH  HE  CepenmHid, a
«OcCepeHEHUI» TIepepi3 eIeMeHTa B OJI0II1 Mixk
TpimHaMu (puc. 1). A uig HBOro rimoresa
IUIOCKUX TIepepi3iB  3arajoM 3alUIIAEThCs
CIPABEAJIMBOI0 TPOTATOM BCHOTO MpOIECY
neopmyBaHHs ejleMeHTa. ToMy He IMBHO, IO

nepeBakHa  OUIBLIICTE  albTEPHATUBHUX
pimens [8, 10, 13] Tex 3BOAMTBCS 0
«IIPUXOBAHOTO»  BHUKOPUCTAHHS  TIMOTE3U

IJIOCKUX TIepepi3iB, a HEe BUOYIOBYETHCS 3a
«JIETUTAHAII€10» HOPMAIIbHHUX TIepepi3iB.
Ta Bce o BUpIIAIBHY pPOJb Y

3arajibHUM  HAINpPY)KEHO-/e(pOPMOBAaHUI CTaH ¢dbopmyBaHHI y3arajbHEHO1 Teopii
(HJIC) 3ami300eTOHHOTO €JIeMEeHTa HEe MOYKHA 3almi300€ToHy  CHif BIJIBECTHU riroresi
OLIIHIOBATH 3a nedopmartissmu Ta «HENIHIHHOCTI» KOPCTKOCTI [5]

M /@L/T)=A—B-@/r)/(/r,)—~C-M/M,, L)

ne A, B, C — napamerpu, mo BigoOpaxaroTh
MiIHICHI Ta aedopmMamiiiHi XapaKTepUCTUKH
nepepizy eneMeHTa, 0e3rnocepeIHp0 OB’ sI3aH1

D,

3 foro mouarkoBoto kopcrkictio (D, ),
rpannyHoto kpuBuHoo (1/r,) Ta Hecyworo
sparaictio (M ).

Puc. 1. Jliarpamu >kOpCTKOCTI 3THHAILHOTO 3aJ11300€TOHHOTO €JIEMEHTA B Iepepisi:
1 — 3 TpimMHOIO; 2 — MiX TpIIIMHAMHU; 3 — OCEPEAHEHOMY

3rifiHO 3 II€0 TIMOTE30l0 y3arajibHEeHa Jliarpama CTaHy 3aJ1i300€TOHHOTO elleMeHTa HaOyBae

YHIBEPCAJILHOT'O BUTIISLY

_ D, Ur-M, - (@/n) /1)’

M

()

1+(D, /M, —2/L/r,))-(L/T)
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Ta 32 MEBHUX BUXIJHUX YMOB TpPaHC(POPMYETbCS Yy 3arajlbHOBU3HAHY Jiarpamy aedopMyBaHHS

OeToHy

Eco " & /(Ecu 'gcu)_(gc /8cu)2

O¢c = Iy -

e fck — XapaKTEPUCTUYHE 3HAYCHHS MIIIHOCTI
OCTOHY Ha CTHCK; ECo — MOYATKOBE 3HAYEHHS

moyiist nedopmartiii 6erony; E., — rpanuune

cu
3Ha4YeHHs Moxyns aedopmalii 6eTony; &£, —

3HA4YCHHS TPAaHUYHHX JedopMaIliii CTHCHYTOTO
OeToHy.

Came 3aBJsIKH BUIIICBKA3aHOMY

neperBopenHto aiarpam M —1/r 1a 0, — ¢,

 cratmunnx M = f (g, 4, &5),

: ©)

1+(Eco /Ecu _2)'(8c /gcu)

3a0e3mevuyeThes METONOJIOTIYHA  €IHICTH
pPO3paxyHKIB 3ali300€TOHHHUX E€JEMEHTIB 1
KOHCTPYKIIIK 32  HECY4Ol  3JaTHICTIO,
TPIIMHOCTIMKICTIO 1 mporuHaMu. binemn Toro,
yHiBepcajabHa niarpama CTaHy
3aJ1i300€TOHHOTO €JIeMEHTa (2) BHCTYIIAE TI€I0
JAHKOW, 10 HE TUIbKKM 3B’s3ye, ane U
JIOTIOBHIOE 3arajlbHOBU3HAHY cucTeMy
HaumnpocTimux criBBigHomenb MJTT [5, 6]:

N = f(gc’gd’ gs);

« reomerpuunux 1/ 1 = f (&, &4, &) 4)

« oismunnx o, = f(¢g.), oy = f(egy), 0o = f(&,).

3araioM  cuctema  piBHAHb  (4)
JIOTIOBHIOETHCSI HE TUIBKH J1arpaMor0 CTaHy
eneMeHTa (2), ane W (YyHKUIED TPaHUYHUX

nedopmaniii cruchyroro Getony €y, [5]. Ii
OTpUMAaHO 3 Ti€l caMoi JiarpaMu (2) 3aBAsKu
3aCTOCYBaHHIO  €KCTPEMAIIbHOTO  KPUTEPIIO
®epma dM /d(1/r)=0. BHacnimok uporo

«JI0T1Ka» JOCTIIKEHb 3al11300€TOHHUX €JIeMEH-
TiB 3a JICM 103BOJSiE pO3MIMPUTH 3TajilaHy
cucremy piBHIHb MJITT (4) ax 1o piBHA
CTaTUYHO BU3HayeHoi. lle mae 3mory cyrreBo
CKOPOTHUTH KIUJIBKICTB iTE€palliil y po3paxyHKax i
HaBITh MO30YTHCS X, 110 CTIPUSIE PO3POOTICHHIO
IH)KEHEPHUX  EKCIPEeCc-METOJIIB  PO3pPaxXyHKY
3aJ11300€TOHHUX €JIEMEHTIB 1 KOHCTPYKIII.

1 1/r,
r 2M

Ta 3a T1MO0TEe3010 MJIOCKUX Mepepi3iB MOB’A3aTu
i Oe3mocepeIHbO 3 BiTHOCHUMH

ITepeearu  JICM 3 pO3MIHPEHOIO
CUCTEMOIO0  CHiBBiIHOMIEHb (4) 0cOOIMBO
MOMITHI y poO3paxyHKax 3a IpOTHHaMH 1
TPIIIUHOCTIMKICTIO [5-7]. 3riiHO 3 iICHYIOUUMU
meronamu [8, 14-16] iX po3paxyHOK 3BOAUTHCS
mo BusHaueHHd HJIC  3ami300eTOHHOTO
eJIeMEeHTa OKPEeMO Y mepepizax 3 TpiluHaAMU Ta
y CepelHiX mepepizax MDK HUMH. 3roJ0M
OOYMCITIOIOTBCSL  OCEpPEIHEH] MapaMeTpu Ta
xapaktepuctukn HJIC camoro enemeHTa.
XapakTepHOIO X BIAMIHHICTIO AepopMarlliiiHo-
CHJIOBOI MOJIEINI € T€, III0 BOHA O/]pa3y A03BOJIsE
0e3mocepe/lHbO  BHU3HAYUTH  OCEPEIHEHY
KpUBHHY 3aJ11300€TOHHOTO €JeMEeHTa Ha Oy/b-
AK1# cTafii iloro neopMyBaHHS

D D
= (1——'\/I )—2%+2M — ((1——'\/I )—2+2M)? —4M -M (5)
M. r M. r Y
u u u u u

nedopmarlisiMiu MaTepialliB B OCEPETHEHOMY
nepepisi 010ka MiXK TpIIUHAMEI
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1/r=(g,, +64)/d, (6)

o . .
e €2 _ [OTOYHI 3HAYEHHSA BITHOCHUX

nepopmariii  0eToHy HaHOUIBII CTUCHYTOT

rpaHi; €s1 _ norouni 3maveHms BIJTHOCHUX
nedopmariiii BUIAOBKEHHS apMaTypH; d _
poboua BHCOTA nepepizy eleMeHTa
OPSIMOKYTHOTO TIPOQ1IIO.

e onniero ocobmmBicTIO AedopMaliiHO-
CWJIOBOI MOJIeJIi € Te, L0 BOHA Jaja 3MOry
J0BOJII IIPOCTO  «BMOHTYBAaTU» TEXHIYHY
TEOpil0 3YEIUICHHs apMaTypu 3 OETOHOM B
3arajbHy TeOpiro nehopMyBaHHS 3aT11300€TOHY
[17-19]. Yepe3s ocepenHeHi XapaKTEPUCTHKH B
050111 MK CYMDKHUMH TPIIIMHAMU BCl Tapa-
METpU  TPIUIMHOYTBOPEHHsS  Oe3nocepeIHbo
OB’ SI3YIOTHCS 3 XapaKTEPUCTHKAMHK 3YETIIICHHS
apmatypu 3 OeroHoM. OTpuMaHi IpU LBOMY
pileHHss € HabaraTo MPOCTIIIMMH 3a Ti, IO
IOPONOHYIOTBCA B paMKax  MEXaHIKu
pYHHYBaHHSI 32 MOJAEISMH «IBOKOHCOJIbHUX
€JIEMEHTIB»  4YM  CKJIAJIEHUX  CTPUIXKHIB.
JleknapoBaHi nepeBard 3rajjaHux mozenei [8,
13, 20] B 3arampHiii Teopii 3ami300€TOHY
B3araji € JAuCKyciiiHuMu. Piu B Tim, 110
MeXaHika pyWHYBaHHA JO3BOJIIE JIOCHTH
epeKTUBHO  OMNHMCYBaTH  3aKOHOMIPHOCTI
3apOJKEHHS 1 PO3BUTKY HEOJHOpPiIHOCTEH Ta
nedeKTIB CTPYKTYpU BIJHOCHO OIHOPITHUX
MaTepiaiiB. 3acTOCyBaHHS X ii 70 3aii300e-
TOHY, B IKOMY III€ /IO I0YaTKy 3aBaHTaXEHHS €
0e31iy  HEOTHOpiAHOCTEH Ta Je(eKTiB Yy
BUIVISII  TOp 1 pakoBUH, MIKpO- Ta
MakKpOTpIIIMH 1 JWCIOKAlli pi3HOTO poxy,
MPU3BOJUTS JI0 PillIeHb, peastizallis IKUX BKpan
yCKJIa/IHEHa HaBITh 3a JIOTIOMOT 010
CHellaJIbHUX MPOTrpaMHUX KOMIUIeKCiB. Tomy
3arpoBa/KEHHS PillIeHb MEXaHIKU PYHHYBaHHS
y TpPaKTUKY INPOEKTYBaHHS 3ai300€TOHHUX
€JIEMEHTIB 1 KOHCTPYKIIH 3aIMIIa€ThCs JOBOJ
OOMEKEHHM.

EdextuBHicTh BUKOPHUCTAHHS

Mol ornopy

nedopmariitHo-CHI0BOT

3ali300€TOHY  CHUJIOBUM BILTBaM Ta
po3po0JIeHNX Ha 11 OCHOBI METO/IIB PO3PaXyHKY
3a7i300€TOHHUX EJIEMEHTIB 1 KOHCTPYKLIN
Oyna  oOmiHeHAa  NUIIXOM  TOPIBHSHHSA
pe3yabTaTiB  TEOPETHYHUX PO3PAXyHKIB 3
CKCIIEPUMEHTAIbHUMUA ~ JaHUMH  (TaOJIHII).
Bopnouac aHanoriuyHi MOpiBHSAHHA ~ Oynu
3po0iieHi 3  pe3yiabTaTaMu  pPO3PaxyHKIB,
BHKOHaHHX 33 METOJMKAMH YMHHUX HOpM [15,
16]. Bci BOHM MMOKa3and, IO IPIOPUTET B
TOYHOCTI OLIHIOBAaHHS HECY4Oi 3JIaTHOCTI,
MIPOTHHIB Ta MIUPUHU PO3KPUTTS HOPMATHHHIX
TPIILIKH 3a711300€TOHHUX E€JIEMEHTIB HAJIECKUTh
METOZIaM PO3PaxyHKYy, B OCHOBI SIKUX JIGKHTb
JICM ormopy 3ami300eTOHY.

BucHoBku. Taxkum YUHOM,
MPOIIOHOBAHUN HAINpPsIM PO3BUTKY 3arajbHOi

Teopii 3amizobeToHy 3a aedopmarliiiHo-
CHJIOBOIO MOJIEILTIO JTO3BOJISIE:

* IOCSITTA  TOBHOI  METOJOJIOTIYHOL
€THOCTI PO3PaXyHKY 3aJ11300€ TOHHUX

€IEMEHTIB 1 KOHCTPYKIIi 3a HECy4oro
3/1aTHICTIO, TPIIIMHOCTINKICTIO Ta IPOrMHAMY;

* CYyTTEBO 3HU3UTH pPIBEHb CTaTHYHOI
HEBU3HAUYEHOCTI 3arajlbHOBIIOMOI  CHUCTEMHU
piBHsHb MJITT 1 HaBiTH mepeTBOpUTH ii B
CTaTUYHO BH3HAYCHY;

* €(EeKTUBHO NPOTHO3YBaTH HE TUIBKU
3arajibHy *OPCTKICTb, ajie i OyAb-KUH 1HIINH
napametrp HJIC 3ami300eTOHHHUX €JIEeMEHTIB 1
KOHCTPYKIIIK HAa  Oyap-sKid  cramii  ix
nedhopmMyBaHHS 3a MIHIMQJIBHOTO
BUKOPDUCTaHHA EMIIIPUYHMX MapameTpiB i
KoedirieHTiB abo  B3araji 0e3 iX 3ay4eHHs;

* CTBOPIOBAaTH  I1HJXKEHEpPHI  eKcIpec-
METOIH pO3paxyHKy 3113006 TOHHUX
€JIEMEHTIB 1 KOHCTPYKLIH 3a TpaHUYHUMHU
cTaHaMH 0e3 BHMKOPHCTaHHsS CHeliaJbHOIro
MPOTPaAMHOTO 3a0€3TECUCHHS;

* IOBOJII MPOCTO I1HTETpyBaTU TEXHIYHY
TEOpi0 3YEIJICHHS apMaTypd 3 OETOHOM B
3arajbHy Teopito nepopMyBaHHS
3ali300€TOHY.
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Tabauus
[TopiBHSHHS TEOPETHYHHX Ta EKCIICPUMEHTAJIBHUX 3HAYCHD MTapaMeTPiB

BinxuiieHHST TOCIITHUX TAaHUX BiJl pO3PaxyHKOBUX 3a

S - s g
A o V,% A o V,% A o V,%
Hecyua 31aTHICTh 3rMHAILHUX €JIEMEHTIB
Pam H. J. [21] 1,02 {0,083 7,83 |1,016| 0,08 | 7,83 |1,013|0,073| 7,25
Sarkar S. [22] 1,052 0,17 | 16 |1,048|0,174|16,65|1,028|0,133|12,93
IIporunu
Burns N., Siess C.[23] |1,019|0,155|15,24|1,022|0,159|15,51|0,978| 0,11 | 11,29
Ernst G. C. [24] 1,011} 0,18 |17,78|1,009|0,188|18,64|1,018|0,142| 13,96
[IInpuHa po3KpUTTS HOPMATLHUX TPIIMH
Pundinaité¢ M. [25] 1,289| 0,3 |23,29|1,334|0,321|24,06|1,106|0,199| 18,31
Gilbert R., Nejadi S.[26] | 1,095|0,332|30,33| 1,103 |0,377|34,14 (1,087 | 0,21 (19,34

A 1 O- cepequboapudMETHYHE Ta CTAHIAPTHE BIIXWICHHS, V- KOCQILIIEHT Bapiartil
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YK 624.012.45

PO OAHY MOXKJIMBICTb OHIHIOBAHHSA ITPOT'PECYIOYOI'O OBBAJIEHHA
KOHCTPYKIUIU IIPHU ITOKEXI

Kana. texn. Hayk I1. A. Pe3nik, 1-p Texn. Hayk B. C. llImykiep, acn. Moxamaa AjibMoxamMa

ON ONE POSSIBILITY OF THE ASSESSMENT OF PROGRESSIVE COLLAPSE OF
STRUCTURES IN FIRE

PhD (Tech.) P. Reznik, D. Sc. (Tech.) V. Shmukler, Postgraduate Student M. Almohamad

Anomauia. Y cmammi 3anpononogano anecopumm eusHa4enHs 8i0N0GIOANIbHUX eleMeHmie npu
npozpecyouomy 00eanenHi Oyoini 6i0 6nIugy nodicedici. Aneopumm 3acHOBAHUL HA 3ACMOCYBAHHI
MAKCUMATILHO SHYYKUX PO3PAXYHKOBUX CXeM ma imepayitnoi npoyeoypu eHepeemuyHux nopmpemis
oyoieni 3a kpumepiem Bacunvkosa-Lllmyknepa. Peanizayis aneopummy npooemMOHCMpo8aHa HaA
NPUKIa0i BU3HAUEHHS 8I0N0GIOAIbHUX eleMEHMIB PealbHO20 HCUMI08020 KOMNIEKCY 68 M. JIb6oai. 3a
pe3yiomamamu cKiadauus 15 cyenapiie Hao38uU4aliHO20 NIUBY NOXMCENHCI HA OOHY 3 OyOigeld
8USABIEHO HAUOIIbUWL Hebe3neuHUll CYeHapill agapii 0 6Cb020 KOMNIEKCY 8 YLIOM).

Knrouoei cnoea: sionogioanvHuil enemenm, npocpecyroue o08aneHHs, nodicedcd, cucmema
«Monoghanmy, soenecmiikicme.

Abstract. The paper proposes an algorithm for determining the responsible elements in the
progressive collapse of a building in fire. The algorithm is based on the use of the most flexible
calculation schemes and iterative procedure of energy portraits of the building according to the
Vasilkov-Shmukler criterion. The implementation of the algorithm is demonstrated on the example of
determining the responsible elements of a real residential complex in Lviv. The object of the study is
the residential complex «Americay, which consists of two 17-storey paired blocks and a block of two-
storey shopping centre, located between them. Structurally, each of two buildings is a monolithic
reinforced concrete frameless structure with voided overlappings made according to «Monofanty
technology. At the beginning, all the initial data related to the structural scheme of the building are
collected and systematized, such as geometric parameters, physical and mechanical characteristics
of materials, engineering and geological conditions, loads and impacts. Then the computational
model of the building is created. Herein the «Lira» software based on finite element method is used.
Based on the results of the generated initial data and the building model, a static calculation is
performed. After verification of compliance with the requirements for structures of the 1st and 2nd
groups of limit states, the analysis of possible fire scenarios and modes is performed. The next step
is determination of temperature fields, which gives the possibility to generate temperature loads. In
general, 16 separate downloads were formed. The first download included all vertical loads from
static calculation, and the next 15 downloads - all vertical loads and 1 different temperature load.
The main aspect in the proposed algorithm is the criterion for selecting the responsible elements
based on the approach of building of energy portrait of structure. After Vasylkov-Shmukler criterion,
it is proposed to determine the values of the strain energy density for each finite element and strain
energy of the whole system. According to the results of compiling 15 scenarios of emergency fire on
one of the buildings and determining the largest values of strain energy density, the most dangerous
accident scenario for the whole complex was identified.

Keywords: responsible element, progressive collapse, fire, «Monofanty system, fire resistance.
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Beryn. Illopiune 3pocTaHHS KiUTBKOCTI
aBapiif BHACNIIJIOK TOXEX, TEPOPUCTHUHUX
aKkTiB, BHOYXiB MOOYTOBOro Ta3y 1 MpPOCTO
BUJIAJICHHS OMOpP IPH HAi3l aBTOTPAHCHOPTY,
aki He Oynum mepexbadeHi Ha  cTajii
MPOEKTYBaHHS, aje BUKIUKAIM OOBaJCHHS
OKPEeMHUX KOHCTPYKIIiH, a B IEIKUX BUTIAJKAX —
1 BCi€l Oy/iBIIi, CTAaBUTh 32 METY 3a0€3TICUCHHS
KOHCTPYKTHUBHOT O€3MEKH i )KUBYYOCTI CHIOPY/T
JTOCHTHh TOCTpo. st aGCOMOTHOI OUIBIIOCTI
OyniBenbHUX O00'€KTIB CHPHUHATTS TaKUX
«0ocOONMMBUX BIUTMBIBY He mepeadayanocs,
OCKUTPKM BOHM HalleKaTh JIO0 aBapiiHUX
CUTyallii,  BpaxyBaHHS  SKHX  CYTTEBO
30iIpIIMII0 O BapTICTh TPOEKTHUX POOIT.
3araiabHOBIJIOMO, 1110 Ha MOMEPEKEHH aBapiit
HEOOXIHO 3HAYHO MEHIIE KOIITIB, HIXK Ha iX
mikBigamito. Tak, 3a [JaHUMH 1HO3EMHHX
JOCIHITHUKIB, CEPEAHbOCTATUCTHYHHHA pPO3MIp
30UTKIB BiJl pyiiHYBaHHS OYy/IiBJIi OIL[IHIOETHCS B
684,5 % mnpwu iioro 100 % BaprocTi. Y 3B’SI3KY
31 30UIBIIEHHSM OCTAaHHIM YacoM KIJIBKOCTI
aBapiii OyniBenb 1 cHopya B pe3yibTaTi
MOMHJIOK ~ TPOEKTYBaHHA Ta  3BEJACHHA,
MOPYILIEHHSI MPaBUJ €KCIUTyaTallil 1 BUCOKOTO
CTYTNIEHSI 3HOCY eKCIUIyaTOBaHUX 00'€KTiB
KamiTaJILHOTO OyIIBHHIITBA CBHOT'OJTHI
BUMAararoTb pO3pOOJIEHHS TMPHUHIMIIOBO HOBI
KOHIIETIIIT 3aXUCTy OyaiBeIbHUX O0'€KTIB Bif
MIPOrPECyrYOro 0OBaIeHHS.

J1st 3a0e3nedeHHs )KUBY4YOCT1 OY/TiBIII 10
IPOTPECyYrYoro pyiHyBaHHS HEOOXITHO MaTu
METOAMKY 1010 BUSHAUYECHHS BiJIIOBIIaJILHOTO
enemenTa. 3rigzno 3 JIBH B.1.2-14:2018
8i0N06I0aNbHUM HA3UBAIOTH E€JIEMEHT, PYyHHY-
BaHHS SKOTO MPHU3BOAMUTH 0 pyWHYBaHHS abo
3arpo3u pyHHYBaHHS CIOPYAM B LILJIOMY.
[IpaBunbHimuM Oyno 6  GopMyIltOBaHHS
«BIONOGIOANbHI  eleMeHmu»,  TOMY IO
noJsiMopdizm BIpTyaJIbHUX pylHYBaHb
3YMOBIIIOETbCS OUIBII CKJIAJHUMU NPOLIECaMH,
110 TOPOJIXKYIOTh aBapii. 3aKOHOMIpPHO, IO TPH
pI3HUX BHJIaX aBapil BIAMOBIAAIBbHI €IEMEHTH
OyxiBenb BIAPI3HATUMYThcA. Tomy moOynoBa
QITOPUTMY  BUSIBJICHHS  BiJMOBIJAILHOTO
ereMeHTa OyaiBellb 1 CHOPYH ISl SIKICHOTO
OILIIHIOBAHHSl TPOTPECYIOYOro OOBaJCHHS €
aKTyaJIbHUM Ta CBOE€YACHUM 3aBJIaHHSM.

AHaJgiz ocraHHiIX JgocaimikeHbL i
nyOjaikamiii.  AHami3  TEOPETHMYHHUX 1
eKCIIepUMEHTAIBHUX JIOCHiKEeHb Y  cdepi
MIPOrPeCyrvoro oOBaJieHHS ~ KapKacHUX
3ami300eTOHHUX ~ OyaAiBeNb  CBIAYUTH  MPO
HEJIOCTaTHIO BHBYCHICTh MpoOseMu. bimbmn
TOrO, MPAaKTUYHO BIJACYTHI peKOMeHAalii 3
MPOEKTYBAaHHS  CIIEHApiiB  HAA3BUYANHHX
CUTYyaIlild, 30KpeMa TOXexX. A B JiIOUYUX
BITYM3HAHUX  HOPMATHUBHUX  JIOKYMEHTax
B3arajli ~ BIACYTHI  peKOMeHamii  mI0J0
PO3PaxXyHKy Ha MOKJIHMBICTH MPOrPECyrOvoro
oOBaJICHHS.

BusnaueHHs TepmiHa ~«mmporpecyrooue
(;maBuHOMIOIOHE, HEMPOTIOPLiHE ) 0OBAJICHHS
3YCTPIYaEThCSI B HOPMATHUBHUX JIOKYMEHTax
Oaratbox  kpaiH. [Ipore  cepenm  HHX
BIJIPI3HAIOTHCST HE JIMIIE BJacHE BHU3HAUCHHS
«IIPOTPECYIOYOr0  OOBaJIeHHS»,  aine |
JonycTumMi oro po3mipu. Jleski BU3HAYCHHS
BKa3ylOTh Ha TMOIIMPEHHS pyHHYBaHb BiX
MICLIEBOTO JO 3arajibHOro, TOOTO Ha 3MiHY
cTany OymiBii B 4dYaci, a 1iHON TUIBKH
KOHCTaTYIOTh dakt pylHYBaHb 1
BCTAHOBIIIOIOTH iX PO3MIpH.

VY3aranbHIOIOYM TOJO0XKEHHS HOPMAaTHUB-
HUX JIOKYMEHTIB pI3HUX KpaiH, MOKHa
BUJIUTUTH JBa CPOPMOBAHMX MIAXOIU 3aXUCTY
B1JI «IIpOrpecyrovoro» ooBaneHHs. BignosiaHo
1o nepmoro migxoxy (anria. Indirect method)
HE0OX1HO BUKOPHCTOBYBATH HENPSAMI 3aX0]1
3axucry, apyroro (anra. Direct method) — cnin
BpaxoOBYBaTH 37aTHICTh KIIOUOBUX €JIEMEHTIB
(anrn. Specific local resistance method a6o key
element design) chopuiiMaTé YIIKOIKYHOY1
BIUIMBH (BIUIMB BUCOKHX TeMIepaTyp, BUOYXHU
razy, Oom0; ynapHi HaBaHTaXEHHS BiJ
TPAHCIIOPTHUX 3aco00iB, JiTakiB 1 T. 1.) 1 (abo)
3IaTHICTh ~ KOHCTPYKUIi  Nepepo3NnoAlIsATH
HaBaHTAXEHHS IPH BiJIMOBI eleMeHTa (aHII.
alternate load path method, bridging method).

VY Ginb1IOCTI HOPMAaTHUBHUX JOKYMEHTIB
PI3HHUX KpaiH Ui PO3paxyHKY MOHOJITHHUX
YKATIIOBUX OyIMHKIB PEKOMEHYETHCA
BUKOPUCTOBYBATH MPOCTOPOBY PO3PAXYHKOBY
Mozenb. Po3paxyHkoBa mojnens OymiBii Mae
nepeadavyaTi MOYKJIUBICTh BUIAJICHHS
(py¥iHyBaHHS) OKpPEMUX BEPTUKAIBHHUX

36ipHuk HaykoBux npans YkpAY3T, 2020, Bum. 191



30ipHUK HAYKOBHUX Npanb Y KPaiHCHKOI0 AeP:KaBHOI0 YHIBEPCUTETY 3aJi3HUYHOT0 TPAHCIIOPTY

KOHCTPYKTUBHUX  €JEMEHTIB.  Bupjanenns
OIHOrO ab00 IEeKIIbKOX €EJIEMEHTIB 3MIHIOE
KOHCTPYKTUBHY CXEMY 1 Xapakrep pobotu
€IEMEHTIB, SKI NPUMHKAIOTh J0  MICI
pyiHYBaHHS a00 3aBUCIMX HaJA HHUM, IO
HEOOXITHO BpPAaXOBYBaTH TpPHU BH3HAYCHHI
XapaKTePUCTHK JKOPCTKOCTI €NeMEHTIB 1 ix
3B'13KiB. Po3paxyHkoBa Mojenb OymiBiai Mae
OyTH po3paxoBaHa OKPEMO 3 YpaxyBaHHSIM
KO>KHOT'O (OJTHOTO) 3 JIOKAJIbHUX PYHHYBaHb.

Po3paxyHok OyniBii MOKHa BUKOHYBAaTH
3  BHUKOPHCTaHHSM  pI3HUX  INPOrpaMHHUX
KOMIUICKCIB, y TOMY YHCJIi 3aCHOBaHUX Ha
METO/Il CKIHUEHHUX eJIeMeHTiB. Bukopucranus
MPOTPaMHUX KOMIUIEKCIB, MO JOMYCKAIOTh
MOXJIUBICTh  ypaxyBaHHA  (i3M4HOI  Ta
reOMETPUYHOI HEJIHIMHOCTI XapaKTEePUCTHK
KOPCTKOCTI €JIEMEHTIB, 3a0e31neuye HalO1IbILy
JIOCTOBIPHICTD ~ pe3yJbTaTIB  PO3PAXyHKY i
3HWXEHHS JOAATKOBUX MaTepiano3arpar.

[IpoTe >XKOAHWMX PpEKOMEHIAIN 100
BU3HAYEHHS  KJIIOUYOBUX  €JIEMEHTIB  IpHU
PO3TIISIHYTHX ~ CIEHapisiX  HaJI3BUYalHUX
CUTyallll K Yy BITYM3HSHUX HOPMAaTHUBHHUX
JTOKYMEHTaX, TaK 1 HOPMaTUBHHUX JOKyMEHTax
3apyODKHUX KpaiH He BUSBIIECHO.

3a MUHYJI1 pOKU Ha TEMY IPOTPECYIOUOTO
oOBajleHHs  Oy/lO  HamMCcaHO  BEJIMYE3HY
KUIBKICTh po0IT. 30Kkpema B craTTi [1] Oyno
NPOBEIEHO  HATYpHUH  €KCIIEpPUMEHT  Ha
peanbHO ICHYyIOUOMY 20-noBepxoBOMY
3a71300€TOHHOMY ~ OyJIMHKY Ta  BHMBYEHO
pO3MOALT  BJACHOI Bark 1  MOXJIMBICTh
nporpecyrodoro  oOBaneHHs.  Bupjanenns
KOJIOHH CEpPETHBOTO PSITy MEPIIOTo TIOBEPXY HE
NPU3BENIO JI0 NPOTPeCcyrdoro pyHHyBaHHS.
Jlani BUnpoOyBaHb 31CTaBJIEHI 3 pe3yJibTaTaMu
aHAJITHYHOTO aHani3y 3a nonomoroo MCE Tta
IMOKa3aJIx 3a40B1JIbHUHN 301r.

B poGoti [2] mnpomoHyeThCcs CITKOBa
MOJIeTb JUIsl aHali3y MOBEIIHKH pYHHYBaHHS
MOHOJIITHUX 3aJli300€TOHHUX Oe3pUreIbHUX
KapKacHUX OYAMHKIB 3 ypaXyBaHHAM (Di3U4HOT
HeNiHIMHOCTI 6eTOHY I apMaTypH.

Y crarri [3] HaBedeni mgaHi 3
eKCTIEpUMEHTAIBHOTO  JTOCTI/DKEHHST PYHHY-
BaHHS 3aJ11300€TOHHOI OyAiBIII HA 6 MOJIENAX Y
macmTa0i 1:10.

B po6ori [4] aHami3yeThCs TOCBI OKEK
B TONEPEJHBO HANPYXKEHUX 3ali300€TOHHUX
KOHCTPYKIIISIX, B TOMY YHCIi 1 MOXEka B
KapKacHOMY OYIHMHKY.

AHami3 Ta y3araJlbHEHHS 3TaJIaHUX
HayKOBHX POOIT, a TAKOX HAsSBHOI BITYM3HSHOI
Ta 1HO3€MHOI HOPMATHBHOI 0a3u JTO3BOJHIN
chopMyirOBaTH METy 1 3aBIaHHS JAHOTO

JIOCJIIJDKEHHS.

Bu3naueHHsi MeTH Ta 3aBJaHHA
JOCHiIKeHHs. MeToro  JOCHIMKEHHI €
moOyoBa AITOPUTMY BHSIBJICHHS

BIJIMOBIJAILHOTO €JIEMEHTa OyIiBEIb 1 CIIOPY/T
JUIS SIKICHOTO OILIIHIOBaHHS MPOTrPECyruoro
oOBayeHHS mix dYac moxexki.  O0'exkm
00CNi0JCeHHsT — BOTHECTIHKICTh Oe3pHUreabHol
KapKacHOI MOHOJIITHOI 3a11300€TOHHOI OyaiBIi
NPy PO3TJIAI OararbOX BapiaHTIB TOXKEXKI.
Ilpeomem 00CNIOMHCEHHS — MPOLIECH
MOIIMPEHHsST TeMreparypu 1 GopMyBaHHS
HaIpyXeHO-1e(OPMOBAHOTO CTaHy B
3ali300€TOHHUX ~ OYHIBISAX, IO  MOXYTh
BUKJIMKATH [IPOrpecyroue 0OBaJICHHS.

Jis  nocATHEHHS TIOCTaBJICHOI MeETH
HEOOX1THO BUPIIIUTH TaKl 3aBIaHHS:

- BHUKOHATH YUCENbHUI aHai3
MOHOJIITHOTO ~ KapKacHOro  OyOWHKY 3
BUKOPHUCTAHHSIM METOAY CKIHYEHHHX

€JIEMEHTIB i1 BHUSABJIEHHS BIAMOBIIAIBLHOTO
eleMeHTa 1 BHM3HAYEHHA WOro Hecy4oi
3/1aTHOCTI ITPU HAaJ3BUUANHIN 11 MOXKEXKI;

- OTpPUMATH 1 JOCHIIUTH HECTAI[lOHAPHI1
TEMIIEpaTypHI TIOJISI B TIepepi3ax OCHOBHUX
HECYYUX KOHCTPYKIIH CIIOPYAH 1 BUKOPUCTATH
ix JUTS (dbopMyBaHHS JIOTATKOBOTO
HaBaHTa)XCHHS,

- OI[IHUTH €PEeKTUBHICTh EHEPTeTUUHUX
KpUTEpiiB JUIsl BUSBICHHS BiAMOBIIATBHUX
€JIEMEHTIB Npu OaraToBaplaHTHUX aBapiiHUX
CUTYallisX.

OcHoBHAa 4YacTHUHA AOCJiIKeHHs. [
BUPIIICHHS TIOCTABJICHOTO B pOOOTI 3aBJaHHS 3
moOy/I0BH aJIrOpUTMy BHU3HAYEHHS BIAIMOBI-
JAIBHOTO €JIEMEHTa TMPU TMPOTPECYIOUOMY
00BaJIEHH] BHACIIJOK IMOXEX1 MOIEIIOBAHHS
BIpTyaJIbHOI aBapifiHOi CHUTYyallll BUKOHAHO Ha
NPUKIAAl  peasbHO  iCHYIo4yoi  Oararorio-
BEPXOBOI JKUTIIOBOT OY/IiBII.
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OO’eKTOM  JOCHIDKEHHS ~ BUCTYIA€
KUTJIOBUH KOMIUIEKC «Amepuka» (M. JIbBiB),
0 CKJIAJAa€Tbes 3 JBOX 17-1IOBEPXOBHUX
crnapeHux OJIOKiB 1 OJioKa JIBOIIOBEPXOBOTO
TOproBenpHOro  ueHtpy (puc.1,a), 1o
po3TanmoBaHuii MK HHUMH. KOHCTPYKTHBHO
KOXHa 3 JBOX OyniBenb SIBJIsSIE  COOOO
MOHOJIITHMM 3a11300€TOHHUIA Oe3pUreTbHUI
kapkac (puc.1,0) 3 mepepi3oM  KOJOH
400%400 mm,  400x800 mm,  400%700 mm,
400%600 MM 1 TUITMT TEPEKPUTTIB TOBIIUHOIO

a)

o —
1}

1
ool a
0

[l P

l -
1 G 0

a | 1 4| |

] 1 { il ‘

i | | l i |

i ) ) i |

0 | | i 1
\ i [ i
| i 1 il
il | ( i
0 i
| il i
mIl g i
a1 d il

300 MM, MmO 3poOieHi 3 BHUKOPUCTAHHSAM
MTIHOTOJTICTHPOIBHUX BKJIQMIIIIB-
MyCTOTOYTBOPIOBadiB (cucreMa « MOHOGDAHTY).

Ha pwc.2 HaBeneHo mNporoOHOBaHUH
QITOPUTM  3HAXO/DKCHHS  BIAMOBITAIBHUX
€JIEMEHTIB Ta MEePEBIPKU CTIMKOCTI 10 Mporpe-
CYIOUOTO pyHHYBaHHS MPH MOXKexki. B ocHOBI
QITOPUTMY JIEKUTh MOOYI0BAa MaKCHUMAalIbHO
THYYKHX PO3PaxyHKOBHX CXEM Ta iTepalliiiHa
Mporeaypa €HEePreTHYHUX MOPTPETIB OymiBiIi
3a kputepiem BacmibkoBa-1lImykiepa.
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Puc. 1. [Tonepeunnii nepepis (a) Ta poto peanizoBaHux (0) po3rISIHYTUX OyiBETh
XK «Amepuka»

1. Ha nmouaTkoBOMy eTami 30UparoThCs
Ta CHUCTEMATU3YIOThCA BCl BUXITHI JaHl, IIO
HaJIeXKaTh 0 KOHCTPYKTUBHOI cXeMHu OyaiBIi:
reOMEeTpUYHl MapaMmeTpH, (¢i3UKO-MeXaHiuH1
XapakTepUCTUKH  MaTepiaiiB, i1H)XXEHEpHO-
reoJIoriYHI YMOBH, HAaBaHTAXEHHS 1 BIJIUBU.

3okpema KUTIOBUN KOMILJIEKC
«AMepuKa»  XapaKTepH3yEThCS TaKUMHU
napamMeTpamu:

® KaTeropis CKIAAHOCTI criopyau — V;

e xJjac Hacuinkis — CC2;

® CTYIIHb BOrHECTIHKOCTI ciopyau — [;

e KJIIMaTU4HUH paiioH — [;

e TeMIepaTypa 30BHIIIHBOIO MOBITPS
xononHoi m'atuaeHku — 254 K (-19 °C);

e BiTpoBUii paiton — III; HopmaTuBHMI
BiTpoBwHii THCK — 520 Ila (52 kr/m?);

e cHiroBuih paiion - [
HaBanTaxkenHnst — 1310 I1a (131 kr/m?).

CHITOBE

2. Ha HacTynmHOMY eTarli CTBOPIOETHCA
po3paxyHkoBa Mozenb OymiBiai. CKiHYEHHO-
€JIEMEHTHY  MOJeNlb  Kapkacy  OymiBii,
OTpHMaHy  dYepe3  IMIOPT  TONEPeAHBOT
tpuBuMipHoi mozeni B [IK «Jlipa Canp 2019»
[5], HaBeneHo Ha puc. 3. 3aranbHUN PO3MIp
mozeni 127284 ckinuennux eneMeHTiB (CE) 1
114577 By3miB.
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Anamiz MORTHBHX
cieHapiie Ta
PeRHMIB mosRe:Ri

I—v[ Buxigni gani J

o CreopenEa/3Mina *
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= e E::;; g‘:{ilmm : OtpaMaHHA
; e TeMIepaTYpPHHX
g v \ § _ moJIiB

N 4 Craraunni {

1 JHHIREEH TopMyBaHHS D

POIPAXYHOR TeMOepPATYPHHEX

JABAHTAXKECHD

CopryBanHg Ta Adna Kﬂ*ﬂﬂrﬂ.l-m
aHATI3 pe3yabTaTie 3aBaHTa:KeHHA Biglmon
: |
PozpaxyHOK 3 ¥pAXYBAHHAM Buzrauenns ITE]]
¢izuunol HeniniAHOCTI i Io6ymoea moais
memoHTa:Ry 3agannx CE, B ITITE T,
arax [IITET gocarmao
TPAHHYHHX 3HAYEHB
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Puc. 3. CE moxens Oynisimi
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bepyun 10 yBarum Te, IO IOCTaBIICHE
3aBIaHHS nepenbavae 4acTy 3MiHYy
TE€OMETPHUYHUX MapaMeTpiB, MOJeNnb OymaiBii
Mae peamizoByBatd Tiaxigx BIM (Building
Information  Modeling), a came Bci
r€OMETPUYHI BJIACTUBOCTI 00'ekTa 1
HABaHTAXXCHHS IOBHHHI OyTH MaKCHMaJbHO
napamMeTpu30BaHUMHU. Y 3B’S3Ky 3 LHUM s
naHoro o0’ekra obOpana cucrema «Candip-
I'enepatop», OCKUIBKM BOHa 3a0e3medye
Oe3mocepeHid  3B'SI30K 3  PO3PaXyHKOBUMH
KOMIUIEKCAMH 1 Ma€  JOCTaTHIA  IId
MOCTABIICHUX 3aBJaHb (DYHKIIIOHAL.

3. Hami BUKOHYETHCS CTaTUYHUHN
TMHIAHUN ~ pO3paxyHOK. 3a pe3yibTaTaMu
chopMOBaHMX BHUXITHUX JaHUX 1 MOJETl
OyniBIli BUKOHYETHCS CTATUYHHUNA PO3PaXyHOK.
Ha npomy erami BCl BIACTUBOCTI MartepiaiiB
3aJIal0ThCS TIOCTIMHUMU. Y JIaHiid poOoTi OyIiio
chopmoBano 20 pO3paxyHKOBUX CIOTYy4YEHb
HaBaHTaxkeHb (PCH), 3 Hux 8 mnepumx
OCHOBHHUX CIIOJly4€Hb, 4 JPYrUX OCHOBHHUX
CIONy4YeHbh Ta & aBapiiHUX CeHCMIYHUX
noenqHanb. Ha gaHomy erami  BaKJIMBE
BUKOHAHHSA yMosu 1 — nepesipka 3a0080/1eHHs
8UMO2, WO CMABIAMbCS 00 KOHCMPYKYIU No
1-ut i 2-i1 epynax epanuunux cmanis [6].

4. AHami3 MOXJIHMBUX CIEHapiiB 1
PEXUMIB MOXKEXI. TUIbKM MiCls yTOYHEHHS
BCIX NPUHHATUX KOHCTPYKTUBHHUX pillleHb B
nyHkTax 1—4 cilg  [moYMHaTH  po3IIIsN]
MOJKJIMBUX CIIEHapiiB 1 peXHUMIB IMOXKEXi 3a
JIBH B.1.2-14: 2018.

CknafaHHs Mepesniky MOKJIMBHUX MOAIM,
K1 MOXYTh CIIPUYMHHUTH aBapiiHUN CTaH, Ja€
MOJKJIMBICTh BH3HAUUTH HaAMOLIBII 1MOBIpPHI
MPUYUHU Ta MICIl BUHUKHEHHS HE0Ee3MeUHnX
SBUII, a TaKoX pO3pOOUTH 3axoau 3
MIJBUIIEHHS CTIMKOCTI HECYYHUX KOHCTPYKIIII
npu aBapii (moaisioM 00’€KTa Ha BiIOKpEMIICHI
YaCTUHH, BCTaHOBJICHHSIM TyOITIOI0UNX
KOHCTPYKILIIN 4M JOAATKOBUX B’s3€).

VY naHiii poOOTI PpO3TISAAINCS JIUIIE
crieHapii aBapiiiHUX CHTyaIliid, TOB'I3aHl 3
noxxexxero. Ha Hat moruisi, BCi cueHapii MaroThb
OyTH JEeTepMIHOBaHI JUIsl JAHOTO 00'ekTa 1
O0OB'A3KOBO ~ BKJIOYAaTH 10 cebe  BCi
0COO0IMBOCTI KOHKPETHOT1 HaJI3BUYaNHOI

cutyarii. Hampukmnan, aBropu maHoi cTaTTi
BBOXAIOTh 32  HEOOXiJHE  BpaxoOBYBaTH
TEMIEPaTypHI 3YCWIUISA, SKi 3'SBISIOTHCS B
eJeMeHTaX KOHCTPYKIIii BHACHIIOK HarpiBy, a
HE JIMIIe 3HWXKYBaTH  (Di3MKO-MeXaHiuHi
BJIACTUBOCTI MaTepiajiB MiJ dYac TOXKEeXI.
Takox Mae OyTH TpopaxoBaHa MOMKIJIUBICTh
nosiBu iHmumx HC BHachiok BIUIMBY JaHOT
(BMOYX BHACHIIOK MOXKEXKI).

ABTOpH BBAKAIOTH miaxin [7],
pearnizoBaHMii B HOpMax pi3HUX KpaiH, KOJIHU J10
KOJIOH Ta TMEPEKPUTTIB MPeA'sBIAIOTh Pi3HI
Mmexi BorHecriiikocti REI 120 ta REI 60 (mist
KK «Amepukay), HekopeKTHUM. Tomy o Ha
MEXY BOTHECTIMKOCTI Bciel OyxmiBii He
0e3IoCcepeIHhO BIUITMBAIOTh MEXI BOTHECTIM-
KOCTI OKpeMux KOHCTpykmii. Tak, mpu
MOKIIUBOMY OOBaJIeHHI OJHOTO a00 ACKITBKOX
MEPEeKPUTTIB MOXKJIMBICTh KOJOH 1 miadparm
MIPOJIOBXKYBaTH 3a0e3reuyBaTd IUTICHICTD 1
MIPOCTOPOBY >KOPCTKICTh BCi€l OyIiBIl € CyM-
HiBHOIO. ToMy moTpiOHE KOMIIJIEKCHE OI[IHIO-
BaHHA. [l OyxiBii, po3risiHYTOI B JaHOMY
aHai3i, BCTAHOBJIEHA Me)Ka BOTHECTIMKOCTI 1
JUISL IEPEKPUTTIB, 1 111 KosoH REI 60.

AKTyalbHUM TMHTAHHAM TaKOX € BU3HA-
YeHHs IUIONIl BOTHHUINA IOXKEXK1. AJKe Iirodi
HOPMAaTUBHI JIOKYMEHTHU [al0Th JIMIIE YiTKi
BKa31BKH II0JI0 3HIKEHHS (P13MKO-MEXaHIUYHUX
BJIACTUBOCTEH MaTepiajiB, 3a/laBaHHs PEXKUMIB
MOXKEXI1, 3aJIEKHO BiJl IKMX OyAyTh BU3HAUYEHI
TEMIEpaTypHi MOJIS B IEPETUHAX KOHCTPYKITIH.
[[por0 MOCTAaTHRO 3 3aCTEPEIKCHHIMHE IS PO3-
paxyHKy OKpeMoi KOHCTPYKIIii, aje abCOIIOTHO
HE MIIXOIUTh MPHU aHali3l YacTUHU abo BCIel
OymiBii, oco0iaMBO B AaHId poOOTi, e po3-
TJISITA€THCSI MOHOJTITHA 3a11300€TOHHA OY/I1BIIS.
Tomy 1m0 HE0OXiHO BpaXxOBYBaTH, K OyIyTh
PO3MOJUIATHCS OJNATKOBI TemrepaTypHi 3y-
cuIsl B 0arato pasiB CTaTUYHO HEBU3HAYECHIN
KOHCTpPYKLIi, Sk Oyae BiaOyBaTHCS Iepepo3-
MO 3YCHJIb BHACTIZOK 3MIiHU KOPCTKOCTEH
OKPEMHUX €JIeMEHTIB Oy/1BII1 200 HaBITh BUXOAY
ix 3 jaay. bimem Toro, JIOTiYHO MPUITYCTUTH,
0 TeMIeparypa peanbHOi TMOXKexi Oyne
HEOJHAKOBa B IICHTPI BOTHHINA 1 Ha HOTO
Mexax. [1mo1a BorHuIIa 3a1eKuTh BijI MOKEXK-
HOTO HaBaHTA)KEHHS B KOXKHOMY 3 MIPUMIILIEHb,
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[UTAHYBaJIBHOTO PIMICHHS 1 CHCTEMU BEHTHIIS-
mii. JIJIst BITHOCHO TOYHOrO OOYMCIICHHS i€l
IUIONII  BUKOPHUCTOBYETHCS  OOYHCIIOBAIbHA
riipoavHaMika. AJjie HaBiTh 3 YypaxXyBaHHSIM
BCIX OCOOJMBOCTEH Mpolecy MOXexki Horo
IIBUJIKICTh TIONIMPEHHS € CYTO CTOXaCTUYHUM
3HAYEeHHAM. BH3HAYeHHS IUIOII ITOXKEXK] €
OKPEMHM CKJIQJIHUM 1 aKTyaJIbHUM 3aBJIaHHSIM.

5. BuszHaueHHs TeMmepaTypHUX TOJiB.
BukoHaHoO 3 BHMKOpPUCTAaHHSAM BOYIOBaHUX
carenitiB [IK «Jlipa-Canp» [5] (puc. 4). Ilpu
PO3paxyHKy KOHCTPYKIiii Ha BOTHECTIHKICTh
3IACHIOETBCS TiAOIp 1 mepeBipka apMarypu 3
ypaxyBaHHSIM 3HUKEHHsI MilIHICHUX 1 aedop-
MaIifHUX XapaKTepPUCTHK OETOHY Ta apMaTypu
B pe3yJIbTaTi 3a/[aHOr0 BOTHEBOTO BILTUBY [7-8].

] I I
134 248 361

I
475

588 702 816 930

H
X

Puc. 4. BinoOpakeHHsI TeMIIepaTypHHUX 130M0JIIB Mepepizy KOJOHU PO3TISTHYTOI OyaiBiIi
(BOrHEBUH BIUIMB 3 YOTHPHOX CTOPiH), °C

6. ®opmyBaHHS TEMIEPATYPHUX
3aBaHTaXeHb. [ MoOJeNIoBaHHS 3arajbHOIr0
ATOPUTMY aHaJi3y Bciei OynmiBil IMigBUINEH]
TeMreparypu Oynu 3agaHi BiANOBIAHO MO
PeKUMY CTaHAApTHOI TOXexi depe3 60 XB.
Inoma noxesxi — 9 mM2. Po3nozin Temmeparypu
MTOKEXKI1 TIO TUIOMII MPUHHATO OJTHAKOBHM.

OcrtarouHo chopmoBaHo 16 oxpeMux
HABaHTAXXCHb. [eprme HaBaHTAKCHHS
BKJIFOYAJI0O BCl BEPTUKAIbHI HaBaHTAXEHHS 3
NyHKTY 3, a HacTymHi 15 HaBaHTa)keHb — BCI

BEepPTHKAIbHI HaBaHTAXKEHHS 1 1 TemmepaTypHe
HaBaHTaXXEHHS. Jns BUKOPUCTAHHS
TEeMIepaTypHHUX TIOJiB, OTPUMAHUX B ITYHKTI 6,
HaBaHTAXKCHHS 3aCTOCOBAHO IiAXig,
3a3HaveHuii y podorax [8-10].

15 HaBaHTaXeHb 3 TeMIepaTypHUMHU
HAaBaHTXEHHAMHU 3aJaHi y II'STH pi3HUX
TOYKax (puc.5) y MiIaHi IUIUTH TEPEKPUTTS B
TPHOX PI3HHX sIpycax, Jie BiAOyBaeThCs 3MiHA
nepepizy minoHiB 400x800 MM, 400%700 MM,
400600 mMm.

Puc. 5. BipryanbHi ocepenky BUHUKHEHHS 1oxexi B JKK
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Busznauenns nomenyitinoi  enepeii
oepopmayiv  (IIEJ]) i ompumanns nonie
winonocmi IIEJ]

LleHTpaabHUM aCIIEKTOM B 3aIIPOIIOHOBA-
HOMY QIrOpuTMi € KpuTepiii  BuOOpy
BIJIMOBiAAIbHUX ~eJeMeHTiB. [IpornonyeThcs

BU3HAYAaTW IIUIBHICTh MOTEHIIIHOT eHeprii
nedopmariii - A KOXHOTO  CKIHYEHHOTO
enementa (ILITE/]) Ta moTeHmiiiHOI eHeprii
nedopmartii Bciei cucremm (ITEJ]) na 6asi
kputepiro BacunbkoBa-llImykiepa. ['pannune
3naueHHs HIITE]] Bu3HauaeThes 3a popmynoro

ey =0572[(%o +Dens + (2o ~Dencd+ L— 22)ensn, 3)

20, — 01— 03

ne Xo = ) 01207 203 _ pa-

01~ 03
pametp Jlone-Hanmai nampyxeno-aegopmoBa-
HOTO CTaHy;
€c, €t, €sh — MIUTBbHICTh MOTeHIIIHHOT eHeprii
OpU  CTUCKAaHHI, PO3TATHEHHI Ta 3CYyBi
BIJIIIOB1JTHO.

Janwuii miaxig 6a3yeTbcsi Ha MOPIBHSHHI
IPaHUYHOTO 3HAYCHHS 3 TIOTOYHUM 3HAYCHHSIM
LIITEA. SIkiio B CKIHYEHHOMY €JIeMEHTI €i>€iy,
TO BiH BHKJIFOYAETHCS 31 CXeMHU Mojelii. Marouu

B PO3NOPSIKEHHI AITOPUTMH, 10
BCTaHOBJIIOIOTh  MOCHIOBHE  00’€JHAHHSA
CYMIKHHX B1JI0paKOBaHUX €JIEMEHTIB,

3’IBJISIETHCS. MOKIIMBICTh TOOY/JOBU IIOBEPXOHb
po3usieHyBaHHs (pyWHYBaHHS) KOHCTPYKIIIi,

TOOTO BCTAHOBJICHHS ITOCITIIOBHOCTI TIEPEXOIY
Bil pyHHYBaHHS B JIOKaJbHIH oOmacti 10
rJ1006aTBFHOTO BIPTYyaJbHOTO KOJIATCY.

7. CopTyBaHHsl Ta aHali3 pe3yJbTaTiB.
Ha nanwit moment obuucienns [TE]] i LIITE]]
peanizoBaHO B IPOrPaMHOMY  KOMIUIEKCI
Jlipa 10.6. Tomy peanizallis BHICHABEICHOT
Opolelypd  HE  BHKJIMKAE  CKJIQJHOIIIB.
Otpumani 3nauenHss I[IEJ[ nmns Beix 16
BapiaHTIB COPTYBAIMUCS 1 BUOMpANKCs HaUTipIi
BapianTu. Ha puc. 6 HaBeneno rpadix IE/] qs
Bcix 16 HaBaHTaxenb. Ha puc. 7 momaHo
pamwxyBanHs 3a [IEJl Tinbku HaBaHTaXeHb 3
TeMIIepaTypHUMH HaBaHTAKEHHSIMHU.

Ha pwuc.8 300paxkeH0 BU3HAYCHHS
rpaHuYHOrO 1 motouHoro 3Hadensb LIITE/].

IMotenuifina eneprisa Jedopmanii

]

(=1

3
7 g1y 661 664 667 6398
1
= ° 526
k]
=E 5
= 4
E: 3
0
1 2 4 5 7

3 &

6,553 6,625 6,621 63546

IIII ’“ II
8 9 0 11 12 13 14

(g 6526 6599 66 6318

15 16

HOMEP HABAHTAKCHHSHA

Puc. 6. 3nauenns nmoTeHIiHO1T eHeprii nedopmartii Jyist BC1X pO3MISTHYTUX BapiaHTIB
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IoTeHniliHa eHepria gedopmanii
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HOMEP HABAHTAKCHHA

Puc. 7. PanxyBaHHs 3HaYCHb MOTEHITIHOI eHEprii AedopMariii a1 TeMIepaTypHOro

HaBaHTa>XCHH
a) 0) .
' ™ 4 )
18 11
i == 10
15 g v ] e
4 / 8 / Y
12 ,/ ‘ 7 ;/ \\
m ol ¥ Y 1] / ~
= ] l{ C & ’
= :: i = 5 /
=) 7 !f =3 4 (/
E 3
2
f 2
24
1f
2 1 /
o
0 0.4 0.8 1.2 1.6 2 24 2.8 3.2 a 0.8 18 24 32 4 48 58
0.2 0.6 1 14 18 22 28 3 3.4 0.4 12 2 2.8 35 44 52 &
£, J. %o
. 3 . o

Puc. 8. [liarpamu ctuckanns (a) ta 3cyBy (0) i 6erony kinacy C25/30 nis Buznauenns HIITE]]

Ax BugHO 3 puC. 6, BapiaHTamMH 3
HanOinbmmmu 3HaueHHsMu [1EJ[ BusBummcs
HaBaHTakeHHS Ne 4 1 Ne 5. Ile HaBaHTa)KeHHS
Ha HallHWK4oMy sipyci. Pi3HMLIS MK HUMH
ckaagae Bcohoro 0,04 %. [lamuii  acmekT
TOBOPHUTH TIPO Te, IO PO3PAXYHOK 1 aHami3
MarOTh MTPOBOJIUTUCS HE TUTHKU JIJIsl BapiaHTa 3
HAMOUIBIIMM 3HAYCHHSM, aje W JId I1HIIHX,
SKIIO PI3HUIL MDK HHUMH HE TIEPEBHUIIYE
3agaHoi A. Y 1wiif poGoTi B moJaibIIOMy
MIPOBOJIMBCS aHaII3 HaBaHTaKEeHHs Ne 4,

[Ticns paHXyBaHHS 1 BHOODY
PO3TIISIHYTOTO  CIIEHApIl0  TOXEXI  CIiJ
npoBect anamiz momie IIITEJ[. Ha pwuc. 9
HaBeJIeH1 MO MUTFHOCTI MOTEHIIHHOT eHeprii
st HaBaHTakeHHS Ne 4. CE 3 rpaHnyHuM
3HAYCHHAM IIIE/] BUIAJAIOTHCS 3
PO3PaxXyHKOBOI CXEMH Ha HACTYITHOMY €Tarli.

8. Ha ocranHbOMYy eTarli mnepeBipseThCs
3aJI0BOJIEHHS BHMOT, IO CTaBJIATHCS 10
KOHCTPYKIINA [ KOHKPETHOTO aBapiiHOTO
CIIEHapil0 3 ypaxyBaHHSIM OCOOJWMBHX BHMOT
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HOPMAaTUBHUX JOKyMeHTIB. Hampuknanm, i
gac TIOXKEXKI NPUAMAETHCA MMOHMKYIOUUH
Koe(illieHT HAa KOPUCHE HABAaHTAXKEHHS, IO B
naHomy  Bumanky — gopiBHioe  0,7.  3a
pesynbratamu  anamizy HIIIEJ[, xoioHa,
MiJylaHa BOTHEBOMY BIUIMBY, HE BHMHILIA 3
naay. 3 po3paxyHKOBOI CXeMH Oy BUKITFOUCH1
CE miMTH TMepeKpHUTTS CYMapHOI IUIOMICIO

2,5 M2, O6MeXeHHs MO JAPYroMy IPaHHYHOMY
CTaHy HE po3risiiaauncs. Pe3ynbraTu mokasaiu,
mo B OyHiBIl HE CIOCTEPIraeThCsl PO3BHTOK
JIABUHOTIOAIOHMX TMPOIECIB BHUKIIOUCHHS 31
CXEMH HECYYHX EJIEMEHTIB, OKPIM 301IbIICHHS
nedopmarlii B MicIi po3TallyBaHHS BOTHHIIA
Mmokexi 1 B pamiyci 3 M Ta JoJaBaHHS
MTO3JIOBXKHIX 3YCHJIb B MLJIOHI.

2.1709E-32 12.839 25,671
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Puc. 9. WlinpHicTs [TE/] nns Bapianta Ne 4, kI1a

BucHoBku:

1. 3anponoHOBaHO ANITOPUTM BHSIBIEHHS
BiJIMOBIAAILHOTO €JIeMeHTa Oy/iBeNb 1 CIIOPY
Ha 0a3l eHepreTUYHOro KpuTepito BacunpkoBa-
[IImyknepa Ui aBapiiiHOrO BIUIMBY IOXKEXI.
ANTOPUTM [103BOJISIE BHUSIBUTH «B1JIMOBIIAIb-
HUI»  eNeMeHT KOHCTpyKuii OymiBmi 1
MEePEBIPUTU HECYUY 3/1aTHICTh LOTO €JIEMEHTa
06e3 HeoOXIJHOCTI peamizalii iTepariiiHoro
IpoLiecy TeHepalii OKpeMUX BOTHUI MTOXKEK1 Y
BCIX MOKJIMBUX YacTUHAX OyIiBIIi.

2. [Toganwmii aqTOpUTM JO3BOJISE TIPOBEC-
TH 4YITKY 1JeHTH}IKAIliI0 BiINOBIIaTFHUX
€JIEMEHTIB 1 HE € 3aJIeKHUM B1J] 3MiH reoMeTpii
Ta TPAaHUYHUX YMOB PO3PaxyHKOBUX CXEM, a

TAaKOXX JIa€ MOXKJIMBICTh BpaxOBYBaTH, Ha
BIIMIHY BiJl ICHYIOUMX aJrOpUTMIB, BCi
MO>KJTUBI PO3paxyHKOBI CITOJIyYEHHS

HaBanTakeHb (PCH), BkiTtouatouw it aBapiitHi.

3. OTpuMaHO TeMmepaTypHi HOJSA JUIs
niIoHiB 1 KojoH nepepizamu 400%800 mm,
400%x700 MM, 400x600 MM, a TAaKOXK IJISI TUIUTH
nepekpuTTs cucremMun  «MoHOaHT» IS
CTaHJAPTHOTO PEXUMY IMOXKEXI, 110 J03BOJISIE
chopMyBaTH 1 3aJaTH JOJJaTKOBI TEMIIEpaTypHI
3yCWJUIA Ta BpaxyBaTH JIOKaJbHE 3HUKEHHS
(13MKO-MEXaHIYHUX BJIACTUBOCTEN MaTepiaiiB.

4. TIpoBeneHo Bepu@ikallio 3anpornoHo-
BAHOTO QJITOPUTMY BHSIBJICHHS BIiJAINOBIJAJIb-
HOrOo  eleMeHTa OyJiBial Ha  IpUKIai
MOHOJIITHOCTI O€3pUTeNbHOI  3a11300€TOHHOT
oynieni XK «Amepuxa» y JIpBoBi. CkianeHo
15 cuenapiiB Haa3BUYANHOTO BIUTUBY TMOXKEXI
Ta BUSBJICHO BIJMOBITHO 1O EHEPreTMYHHUX
KpUTepiiB HalOUIbIl HeOe3nmeuHui cueHapii
JUIsl BCi€T CIOpY/I B LILJIOMY.
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YK 624.012.35:620.173/174

OCHOBU MOJEJTIOBAHHS EHEPTETUYHOTI'O PECYPCY 3AJII3OBETOHHUX
EJIEMEHTIB I KOHCTPYKIIU

Crapum. BukJ. O. B. Pomamko-MaiicTpyk

BASICS OF ENERGY RESOURCE MODELING OF REINFORCED CONCRETE
ELEMENTS AND STRUCTURES

Sr. Lecturer O. V. Romashko-Maistruk

Anomauin. 3a60aKu KpUMu4HOMY AHANIZY ICHYIOUUX HA CbO2OOHI Mooenell 0eqhOpMYSaHHs.
3ani300eMOHHUX eJleMeHmi8 | KOHCMPYKYIU pO3pOOIeHO HAUBANCIUBIUI NONONHCEHHSA MOOe, KA
Mmozna 6 npemendysamu Ha poib y3a2anibHeHoi. B il ocHO8y nokiadeno Odehopmayiiino-cuiosy
MOoOellb Onopy 3ani300emMOHy CUNLOBUM BNIUBAM MA 2inome3y He3MIHHOCMI 8 0OuHuyi 06’emy i
He3aneXcHoCmi  6i0  pedcumy  3A6AHMAMCEHHs  NOmeHylanrbHoi  eHeplii  Odegpopmyeanis
3anizobemonHo20 enemenma. Boowouac yro 2cinomesy nooaHo AK eHepeemuyHuli Kpumepiti
BUYEPNAHHA HeCyuoi 30amHOCMI 3aNi300eMOHHUX eleMeHmi6 3a O HABAHMAdiCeHb 0Y0b-AKOi
Mpusanocmi, wo O00360/9€ pPO3PAX08YEAMU 3A2ATbHULL MA 3ANUUKOBULL pecypcU 3aA3HAYEeHUX
eneMenmis 3a ix mpusanoi ekcniyamayii.

Knrouoei cnosa: 3anizobemonui enemenmu, oegpopmyeanns, oiazpamu Cmawy, eHepeemuuna
MOOeb, 3a2anbHUli ma 3aTUUKOSULL pecypCu.

Abstract. Thanks to a critical analysis of the currently known force and deformation models of
reinforced concrete elements and structures deformation, the most important model provisions have
been developed, which could claim to be a generalized one. It is proposed to base it on the
deformation-force model of reinforced concrete to force effects resistance and the hypothesis of
invariability in a unit volume and independence from the loading mode of the potential energy of a
reinforced concrete element deformation. At the same time, the indicated hypothesis is accepted as
an energy criterion for the reinforced concrete elements bearing strength exhaustion, which makes it
possible to calculate the total and residual resources of these elements during their long-term
operation.

The main deformation and power parameters of the element state are interconnected not only
by rigidity, but also by the potential energy spent on the reinforced concrete element deformation in
its unit volume. The direct connection of the potential energy of a reinforced concrete element
deformation with the generalized diagram parameters of its state is determined. Therefore, instead
of deterministic and variational methods for calculating the reinforced concrete elements resource,
a direct calculation of their energy resource is proposed based on such deformation characteristics
as deflection or the step and width of normal cracks opening. Based on the flat sections hypothesis,
these characteristics are related to the element curvature. The proposed model and calculation
method also take into account the entire array of field studies results on the totality of visually
identified defects and damages and the established strength materials characteristics.

Calculated dependencies for determining the potential energy of a reinforced concrete element
at any stage of its deformation are given. For one of the reinforced concrete beams, a theoretical
prediction of long-term crack opening was performed and its results were compared with the
experimental studies results.

Keywords: reinforced concrete elements, deformations, state diagrams, energy model, total and
residual resources.
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Beryn. BinTBopenus peajibHOTO
HaIpy>KeHO-1e(pOPMOBAHOTO CTaHy 3ajiz00e-
TOHHUX €JIEMEHTIB 1 KOHCTPYKIIiH Ha OyAb-sKiii
cTaxii ix aedopMyBaHHS 3aBXIU OyJIO OJHUM
13 KJIIOYOBHX 3aBJIaHb Teopii 3ami300eToHY.
Joro BUKOHAHHS 3HAYHOI MipOI MOB’S3Y-
Bajocs 3 PO3pOoOJCHHSIM ab0 CTBOPEHHSIM
nesikoi  3aranbHOl  Mojeni  aedopMyBaHHS
3aJ11300€TOHHUX eJIeMeHTiB. ToMy Taka MoJieNb
Mycuia 0:

* 0a3yBarTuch Ha 3arajbHUX
MPUIYIICHHSX, TimoTe3ax 1 TepeayMoBax
MeXaHiK1 1e()OpMOBaHOTO TBEPIOTO Tija;

* OyTH HaJUICHOIO YITKUMH KPUTEPIIMHU
HACTaHHS TPAaHWYHHUX CTaHIB 3a1300€TOHHHX
€JIEMEHTIB 1 KOHCTPYKIIiH 32 peallbHUX YMOB iX
eKCIUTyaTarii;

* COPUATH PO3KPUTTIO BHYTPIIIHBOI
CTaTUYHOI ~ HEBHU3HAYECHOCTI  MOIMEPEYHOTO
nepepizy  3ami300€TOHHHX  €JIEMEHTIB  Ta
3a0e3neuyBaTd METOJIOJIOTIYHY €IHICTh YCiX
PO3paxyHKIB 32 TPAHUYHUMU CTaHAMH;

* peayi3oByBAaTHUCS 3a JOMOMOTOIO SIK
nporpaMHuX (IEPEBaXHO YHUCIOBHX), TaK 1
1HKEHEPHUX (6e3nporpamMHuX) METO/IIB
PO3paAXYyHKY,

* OyTM MakCHMalbHO a00 TOBHICTIO
1M030aBJIEHOI0 BIUIMBY pPI3HUX EMIIPUYHUX
3aJIe)KHOCTEH, MapamMeTpiB Ta KOEPIIiEHTIB;

* CIpUATH BCTaHOBJICHHIO K
3arajlbHOTO, TaK 1 3aJIHMIIKOBOTO PECypCiB
3aJ11300€TOHHUX €JIEMEHTIB bl KOHCTPYKLIN 32
iX TpuBaJoi eKcITyaTarii.

AHaJi3 ocTaHHIX [JOoCHimKeHDL i
nyOaikamiii.  BimomMo, 10  BUKOHaHHS
OLIBIIIOCTI 3 BHIE3raJaHUX BHUMOI B Tak
3BaHUX «CHJIOBUX» MoAeisiX [ 1-3] Oymo mpocto
HEMOXJIMBUM uepe3 BUKOPUCTaHHA ifeasi3o-
BAHOI NPSIMOKYTHOI €IIIOPU HAIPYKEHb K Y
CTUCHYTOMY, TaK 1 pO3TATHYTOMY O€TOHI.

B «mebopmariitnux» wmoaenax [4-8]
METOAOJOTIYHY €IHICTh YCIX PpO3pPaxyHKiB
3113006 TOHHUX €JIEMEHTIB 1 KOHCTPYKIIN 3a
TpaHUYHUMH ~ CTaHAMH  3arajJioM  MOXKHa
3a0e3MeUnTH 3a JOMOMOIoK MOBHHUX Jiarpam
nedopmyBaHHs OeToHY o, — &.. OIHaK IIpH ix
IHTETpyBaHHI YU HaBITh 3a BUKOPUCTAHHS
cnpomeHux ¢opMm 1mx giarpam  [7, 8]

BHYTPIIIHIO CTaTUYHY HEBU3HAYCHICTh
MOMEPEYHOr0  Mepepizy  3a1i300€TOHHHUX
€JIEMEHTIB JIOBOJUTHCS PO3KPUBATH MUISIXOM
YHUCIIEHHUX iTepartii 3a JIOIIOMOT' OO
OpOrpaMHHUX  METOMIB 1 KOMIUIEKCIB 3
3AIYYCHHSAM  I[UIOT  HU3KK  €MIIIPHUYHHUX

napameTpiB 1 Koeilie€HTiB.

Haiibnmx4doro 10 y3araabHEHOI MoOjedi
nedopMyBaHHS 3aTi300€TOHHUX €JIEMEHTIB Ha
ChOTOJHI MOXXHA BBakaTH JaedopMariiifHo-
cuwiIoBy Mozeinb [9]. Bona oOrpyHTOBYE, HOMy
3a JIOTMIOMOIOI0 JIMILE CaMMX JiarpaM CcTaHy
0eToHy O — &., HeXall HaBiTh HAWIOBHILIMX
[10], y3arampHeHy Mojenb naedopMyBaHHS
3ami300€TOHHUX ~ €JIEMEHTIB  MmoOymyBatu
HeMOXJiMBO. ToMmMy BH3HadajbHE Micle B
nedopMaIiiHo-CHIIOBIM MO/eNi 3aliMaloTh HE
niarpamu neopMyBaHHS O€TOHY O, —&;, a
JiarpaMu CTaHy 3aj1i300€TOHHOTO EJIeMEHTa
M —1/r, 1O  XapakTepu3yloTb  HOro
xopctkicte. Came B mbpoMy 1 monsrae ii
OCHOBHAa BIIMIHHICTH BiJ JedopmariiiHux
moneneidi. OpnHak 1 agedopmarniitHo-criioBa
MOJIeNIb  MOTpedye TMOAATBIIOTO PO3BUTKY,
0CO0JIMBO B MHUTAHHSAX OLIIHIOBAHHS J1MCHOTO
TEXHIYHOT'O CTaHy 3aJ1i300€TOHHUX €JIEMEHTIB 1
KOHCTPYKIIA Ta PO3PaxyHKY iX 3aJHIIKOBOTO
pecypey.

Mera Ta 3aBIaHHA J0CTiAxKeHb. ToMy
JlaHl JOCTIJKEHHs CHpsSMOBAHO, MEpII 3a BCe,
Ha MoJaJbllie BJAOCKOHAJIEHHS AedopmaltiiiHo-
CHJIOBOI ~ MOJIeNli  Omopy  3aii300€TOHHHUX
€JIEMEHTIB 1 KOHCTPYKILIIH CHJIOBUM BILIMBaM B
NUTAHHAX PO3pPaxyHKy iX 3arajbHOro Ta
MIPOTHO3YBAHHSI 3AJIMIIKOBOTO PECYPCIB.

OcHOBHA YacTHHA JOCTITKEHD.
3arangom BiIoMO, 110 B IepopMaIiiiftHO-CHUIOBIi
MoJiesli  OCHOBHI jAedopmariiiiHi Ta CHIIOBI
nmapaMeTpH CTaHy eJIeMEeHTa OB’ I3YIOThCS MK
co6oro 3a JIOTIOMOT 010 AKOPCTKOCTI
D=M/(l/r) [9, 11]. Ane 3ragani mapamerpu
MO’KHA MO€JHATH MK cOOOI0 1 32 JIOTIOMOT0I0
IHIIOT ~ XapaKTepUCTUKU — TOTEHIaJIbHOI
eHeprii, BHUTpaueHOi Ha JedOopMyBaHHS
3aJ11300€TOHHOTO eJIeMeHTa B ioro
onuamyHoMy 06’emi W =M - (1/r) [12]. 3a
TaKuX

00CTaBUH METOIUKY PpO3PAXYHKY
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3arajabHOTO pecypcy 3aJ11300€ TOHHUX
CJIEMECHTIB MOXHa OyayBaTH 3a JOMOMOTOIO
TUX CaMUX MapaMeTpiB HATYPHUX JTOCIIIKEHb,
0 HE OIOCEPEIKOBAHO, a Oe3MmocepeIHbO
XapaKTePU3YIOTh 1X KOPCTKICTb.

3a3BUYail 3aJTUIIKOBHIA pecypc 3aiizo0e-
TOHHUX €JIEMEHTIB PO3pPaxOBYIOTh AECTEPMIHO-
BaHUMH a00 Bapiamiiinumu meromamu [13-16]
3TiAHO 3 pe3yJbTaTaMH HATYPHUX JOCIIKECHb
3a CYKYIHICTIO Bi3yaJIbHO BUSIBICHUX ACPEKTIB
1 IOLIKO/J)KEHbh Ta BCTAHOBJIEHUX MIIIHICHUX
XapaKTEPUCTUK  MmartepianiB. bymp-aki  x
nedopmMariiiii mapamMmeTpu caMux eJIeMEHTIB 10
yBaru B3araii He OepyThCsl.

Opnax came mporunu f abo Kpok S, i

IIMPHHA PO3KPUTTA W, TpIIIUH, 3HAYEHHS

AKX MOXXKHAa BUMIpATH Oe3rocepenHbo Mpu
00CTeXeHHI OyAb-IKUMH 1HCTPYMEHTaJIbHUMU
criocobamu (reoie3nuHUMH, (hoTorpamMmMeTpuy-
HUMH, CTepeo(OTOrpaMMETpUYHUMH TOIIO),
JI03BOJISFOTH JOBOJII IPOCTO BU3HAYUTH OJIUH 13
3arajpHUX  AedopMmalliiHuX  mapameTpiB
3aJ11300€TOHHOTO €JIEeMEeHTa YM KOHCTPYKIIi —

1/ Tuf 1/ Iuf

iX KpuBHHY. 30KpeMa, BHUKOPHUCTOBYIOUU
rinoTe3y IUIOCKUX Iepepi3iB, MOXKHA JTOCHUTh
JETKO pPO3paxyBaTH OCEPEIHEHY KpPHUBHHY
3ruHanbHOro eneMeHra 1/r Ha Oymb-skii
cTaaii #Woro aepopMyBaHHS 3a BHUMIPSHUM
KpPOKOM S, Ta IUMPUHOIO POZKPUTTS W,
HOpMaJIbHUX TpinuH [17]

Ur=(e.m+W /S +eq,m)/d, 1)

IS EC’m Ta gctu,m

HUX JgedopMalliii CTHCHYTOrO Ta TI'PaHUYHHX
nedopmariiii  posrsarayroro Oerony [18, 19]
BIJIIIOB1HO;

d — po6oua BrcoTa nepepi3y eneMeHTa.

— cepez[Hi 3HA4YCHHA IIOTOY-

3arajiom bakTUyHUN pecypce
3TUHAIBHOTO 3aji300€TOHHOTO eJIeMEHTa 3a
KOPOTKOYACHOI Jii TOBHOTO HaBaHTaXCHHS
BU3HAYAETHCS  MOTEHIIAJbHOI  EHEPri€ro
nedopMyBaHHS, BUTPAUYCHOIO Ha  HOTO

pyiinyBaHHs (puc. 1):

W, = {Md(l/r): £ DO-(1/|r)—(1LV|r)2-(1/r)2 1+(K—2)(i1//r:f)) d@/r)=
My W) 1 (K18 (K-1Y 2
(K-2) | 2 (K-2) (K-2 n{K-1)

le ocepenHeHa KpubuHa einementa 1/r Ta
sHyTpimHi 3ycuist M mos’s3ani mMik co6oro
miarpamoro ioro crany [18]
D, -1/1 =My - (A/1) /(L] 14 ))° ‘)
C1+(D, /My —2/(1/r,))-(/T)

31 3HAYEHHSMH ITOBHOT MOYaTKOBOI )KOPCTKOCTI
3anisoberonHoro exementa D, Ta xapakre-

PUCTUKOI0 HOTo TpaHMYHOI J1e(OpPMAaTUBHOCTI
K :DO '(1/r)uf /Muf .
Hecyay snmathicte M, Ta rpanuuny

KpUBUHY 1/r, 3a/1i300€TOHHOTO €JIEMEHTa 3a

KOPOTKOYACHOI [ii TIOBHOTO HaBaHTaXCHHS
PEKOMEHAYETbCS pO3PaxoOBYBaTH 3TiJIHO 3 OC-
HOBHHUMH TIOJIO)KCHHSIMHA MEXaHIKU JedOopMO-
BaHOTO TBEPJOTrO TiJIa 32 CUCTEMOIO Halmpoc-
TIIUX 3araJbHOBU3HAHUX CTATUIHHUX, TEOMET-
PUYHUX 1 PI3UYHUX CTTIBBIIHOIIEHb, L0 TOMOB-
HIOETBCS B JepopMalliiHO-CUJIOBIM  Mozenl
[18] aHamITUYHOIO 3AJEKHICTIO JiarpaMu
crany enementa « M — (1/r)» (3) ta pyHkiieto

rpaHUYHUX JedopMaliil CTUCHYTOrO OETOHY
&, » OTPUMAHOIO 3 JOIOMOIOK EKCTpEMalb-
Horo kpurepiro ®epma dM /d(1/r) =0.
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\Y ¥

Puc. 1. Jlo po3paxyHKy 3araJlbHOro Ta 3aJIMIIKOBOTO PeCypcy 3ajli300€TOHHUX €JIeMEHTIB 1
KOHCTPYKLIH

OnHak mpu MPOEKTYBaHHI 3aJ11300€TOH-
HUX €JEMEHTIB 1 KOHCTPYKIIH MoBa J0BOJI
yacTo iAe He 1Mpo (akTU4YHUN, a Tpo
PO3paxyHKOBUH TpaHMYHMHA cTaH. BiH Moxe
HacTaBaTH 3aJI0BFO JI0 TOBHOTO (PI3UYHOTO
pYHHYBaHHS 3a11300€TOHHUX €JIEMEHTIB uepes

HaxMipuuii  possurtok mpormnis  f, aGo

HaJIMIpHY IIHPHHY PO3KPHUTTS HOPMaJbHUX

00CTaBUH 3HAYEHHS TPAHUYHOI PO3PaXyHKOBOL
KPUBUHM  3TMHAJIBHOTO  3aJ1300€TOHHOIO
€JIEMEeHTa 1 PO3PaxyHKOBOI HECYydOi 3/1aTHOCTI
M u
ciig obunciroBaTH 3a popmynamu (1)1 (3).
Toni PO3PaxyHKOBHM pecypc
3TUHAJBHOTIO 3aJ1300€TOHHOIO €JIEMEHTa 3a
KOPOTKOYAacHO1 Jii MOBHOTO HaBaHTaXEHHs

B I'paHUYHIN cTafii neopMyBaHHS TEX

TpimuH W, (puc. 1), mo XxapakrepHo I (puc. 1) cmig  pospaxoByBaTH  3TiZHO 3
BUMAJKY TEKyd4oCTi apMmarypu. 3a TaKHux bopmynoto (2) 3a Takum BupasoM:
1/, 1/r, M
W, = [Md(/r)= | Do-(llr)—iufz-(llr)z 1+(K -2) (/) d(l/r) =
0 0 (1/ ruf) (1/ ruf)
M 1/r)> () (K -1) ~1) 1r 4
_ My | @) @) (K1) —(1/ruf)-[—K 1) n|1+k-g Nl @
(K-2)| 2-(/r,) (K-2) K -2 I
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[Ipy  mpOrHO3yBaHHI  3aJUIIKOBOTO
CHEPreTHYHOTO PECYPCy OCEpPEeHEHY KPUBHUHY
3TUHAIBHOTO €JIEMEHTa BiJ] KOPOTKOYACHOT JIii

Me
MU

1 Ury,

g 2My;

(-

a BIONOBIAHY 1d TOTEHIIANbHY EHEPTIo

nedopmyBanns W, — nuisixom iHTerpyBaHHs
Bupasy (4) B Mexax Big 0 1o 1/1,,.

[Tpupict MOTCHITIATBHOT eHeprii
neopMyBaHHS €JIEMEHTa 3a TPHUBAIOi il
eKCITyaTallifHOr0 HaBaHTakeHHs  (puc. 1)
MOHa O0YUCIUTH 32 (OPMYIIOIO

3a BiANOBiAHOI KpuBMHM enemeHTa 1/ n,

€KCITyaTaliiHoro MOMenTy M, BH3HAYaKOTh
3T1JIHO 3 Jiarpamoro ctany (3) 3a popmyioro

ruf

D M D
)22 +2M gy — [(A- =) =2 +2M)* —=4M -My; |, (B)
£ T \

Un=(gm+wW /s +eqn)/d, (@

Eam = Ecm °(1+¢(t,t0)), (8)
ne ¢(t,t,) — 3HauyeHHs KoedilieHTa MOB3ydo-
CTi CTHCHYTOTO OETOHY MpH Jii 30BHIIIHBOTO

HaBantaxenns tpusanictio (t —t,) [7, 19].

Bepyuu 10 yBaru BHIlleHaBEIEHI BUpa3u
(2)—(6), po3paxyHKOBE 3HaYCHHSI 3JIUIIIKOBOTO

LIMPUHY PO3KPUTTS HOPMAIBHUX TPimuH W, i CHEPreTMYHOr0  Pecypcy  3ali300€TOHHOrO
cepeqHix Aedopmaniii CTHUCHYTOro O€TOHY enemenTa (puc. 1) MOXHA po3paxyBaTd 3a
c hopmymnoro
cl,m
My @/ _1)? —1)?
W, =W, W, W, = /) _1+(K 1) _(K 1} I (K-1) |-
(K-2) 2 (K-2) \K-2
M Urg)? (@rg)-(K-1)° -1 1/r,
_ uf _( ed) ‘|'( ed)( ) _(1/ruf)[K 1] In 1+(K—2) ed _
(K-2)| 2-@/ry) (K-2) K-2 1,
9)
- M ed '(1/ r| _1/ red ).
Toxi rpaHuW4Hi 3HA4YEHHS OCepeIHEeHOi CIPOTHO3YBABIIIH cepenHi nedopmanii

KPHBHHM 3a1li300eTOHHOTO enemenTa 1/r, Ta

IIMPHHHU PO3KPUTTS HOPMAJIbHUX TpimmH W,
MOYKHA 3HAWTH 3a BUpa3aMH

1/r,, =W; /My +1/1,  (10)

ul —

Wy :(d/rul ~Eu,m _gctu,m) “Sp, (11)

CTUCHYTOTO OCTOHY &, n 3a (opmyioro (8)

OpU TpPaHUYHOMY 3HA4YeHHI KoedilieHTa
nos3y4octi 6etony ¢ (o0,t,) [7, 19].

[lonibHe TeopeTuyHEe MNPOTHO3YBAHHS
TPUBAJIOTO PO3KPHUTTS TPILIMH BUKOHAHO JIJISI
onniei 3 Oanok, BumpoOyBanux R. l. Gilbert
[20]. Bono BimoOpaxkeHo Ha puc. 2.
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= 04
=

= 0,35 . ®
03 /ﬁ‘/f/

0,25

— —A
o °

0,2

0,15 t, oni

0,1 |
0 100 200 300 400

opr

Puc. 2. [lopiBHSAHHS €KCTIEPUMEHTAFHUX (@) Ta TEOPETHYHUX (A ) 3HaUCHb IUPUHHU TPUBAIIOTO
PO3KPUTTS HOPMAIBHUX TPIITUH B 3aj1i300eTOHHIH Oani B2-a [20]

BucHoBku. TakuMm YHMHOM, B OCHOBY BHUTPAYCHOI Ha Horo pyiiHyBanHs W, = const .
HaBeJICHO1 €HEepPreTUYHO1 Mozei
neopMyBaHHS 3alli300€TOHHUX EJIEMEHTIB 1
KOHCTPYKLIN MPOMOHYETHCS MOKIACTH OTHY 3

BopHouac 110 rinoTe3y MokHa PO3TIISIIATH SK
E€HepreTHYHUN KpUTEPiil HE TIIBKHU 3araibHOro,
aJle i 3aIHUIIKOBOTO pPecypey 3ali300€TOHHHUX

BmHaqa,m’H,HX TIIOTE3 = HESMIHHOCTL B €JIEMEHTIB 1 KOHCTPYKIIH micis iX TpuBaioi
OIMHHL] 06’ €My Ta HE3ANCAHOCTL B pOKXUMY eKCIUTyaTallii Ta BHKOPHUCTOBYBAaTH  IPHU
3aBaHTAKEHHS MOTEHITiaIbHOT eHeprii pO3poGIeHH T — METOMHK
nedopMyBaHHS 3alli300€TOHHOTO E€JIEMEHTa, DPO3PAXYHKY.
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SAJIIBHUYHHUN TPAHCIIOPT (273)

YK 629.424.1

CUCTEMMU I'VIOBAJIBHOI'O TIO3UIHIOHYBAHHA B TATI'OBUX PO3PAXYHKAX
3 PO3PAXYBAHHSAM 3HOCY KOJIICHUX ITAP PYXOMOI'O CRJIAY

Acn. M. A. Bapu0iH, 1-p TexH. Hayk A. II. ®anenaum,
KaHAuaaTH TexH. Hayk B. O. 'atuenko, O. B. Kieuska, acucr. O. B. Kipinesa

GLOBAL POSITIONING SYSTEMS IN TRACTION CALCULATIONS WITH
CALCULATION OF WHEELSET WEAR OF ROLLING STOCK

Postgraduate student M. A. Barybin, D. Sc. (Tech.) A. P. Falendysh,
PhD (Tech.) V. O. Hatchenko, PhD (Tech.) O. V. Kletska, assistant E. V. Kiritseva

Anomauia. Y cmammi po3enanymi NumanHs 6CMAHOBIIEHHS GNIUBY PI3HUX 8UOI6 CKIAO0BUX
OCHOBHO20 U 000AMKOB020 ONOPY, GUHAYEHA HeOOXIOHICMb ompumanHs iHopmayii 3 cucmem
enobanvrnoco nozuyionysanus GPS/TJTIOHACC noi3nux noxkomomusie ma ii GUKOPUCMAHHA 8
MA20BUX PO3PAXYHKAX, BCMAHOBIEHA GeIUYUHA 3HOCY Oemaneu i 6y31i68 eKinadcHoi 4acmumuu.
Busnaueno pigHsanns ocHO8H020 0nNOpY 3a0aH020 06 €KMA OOCIIONHCEHHA HA OA3I 3AKOH) 30epeCcenHs.
MexaHniuHoi eHepaii ma NopiHANbHOI MEeXHIYHOI XapaKmepucmuKy cucmem Hagieayii.

Kniouosi cnoea: GPSITTIOHACC, ms206i po3paxynku, eKinaicha 4acmuHa, Mamemamuine
MOOeN08aHH S, TIOKOMOMUS.

Abctract. The article deals with global positioning systems integrated on VL11 locomotives.
The scheme of operation and comparative characteristics of the accuracy of information from GPS
and GLONASS systems are given. Expressions of the main resistance components of the friction
forces in rolling stock bearings, rolling friction of wheels on rails, resistance forces on track
irregularities, air resistance forces and sliding friction forces of wheels on rails are established.
Expressions of components of additional resistance are established: resistance forces from bows,
curves, resistance when starting from a place, from low temperatures and wind. The speed
dependence is constructed using the specified formulas for the specified calculation parameters. The
paper uses the law of conservation of mechanical energy, as the main factor takes into account all
the effects on the rolling stock, the movement of the train. Shown graphically with a high-speed graph
of the tracking section of the considered stage. Based on the law of conservation of mechanical
energy, the real value of the main drag forces of cars on the Shebelinka-Zanki tracking section is
established, the possibility of obtaining in real time is proved, and it is proposed to use it to optimize
the consumption of fuel and energy resources for train traction. The paper considers the issues of
establishing the actual technical parameters of the rolling stock crew by approximating
(lianerization) the curve of theoretical smallpox resistance to the real one. An algorithm for searching
for technical parameters of the crew part is proposed. The statement about the need to introduce
mathematical modeling methods in the locomotive economy in order to establish rational traction
costs, search for optimal operating modes and mass practical testing.

Keywords: GPS / GLONASS, traction calculations, crew part, mathematical modeling,
locomotive.
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Beryn. Po3Butok cucrem rinodajibHOToO
MO3HIIIOHYBaHHS TPAHCIIOPTHHUX 3ac001B HAOyB
IIMPOKOTO PO3MOBCIO/DKEHHS Yy CBITi. 3aBISKU
HOMY MOKJIMBO BYACHO OTPUMATH 1H(POPMAIIiF0
PO TMEpPEMINICHHS Ta MiCIIe3HAXO/KEHHS
00’€KTIB y MpocTopi. 3ali3HUYHUI TPAHCIIOPT
YkpaiHu € CTpaTeriyHO BaKIMBUM IS
(YHKIIOHYBaHHSI €KOHOMIKM Ta COIllajJbHOT
iH(paCcCTpyKTypH, TOMY BIOPOBA/DKCHHS B
JIOKOMOTHBHE rOCI0/IapCTBO CUCTEM
GPS/TJIOHACC mnpwusseno 1o iHpopmarus-
HOCTI MiClisSl pO3TAIllyBaHHS TSITOBUX OCHOBHUX
GoHIIB HAa MOHITOpax IUCIIETYEPCHKUX Ta
iHmmx  cayx6.  [ligBUIIeHHS  TOYHOCTI
BU3HAYCHHS OCHOBHHMX IapaMeTpiB  PyXy,
301JIbIICHHS MO>KJIMBOCTEH 00poOKH
CIICKTPOHHO-O0YHMCITIOBAIEHOT ~ TEXHIKH  Ta
aBTOMATHU30BAaHUX  CHCTEM, a  TakKoxX
MIPOITYCKHOI CITPOMOKHOCTI KaHAIIB Iepenadi
iHopmarii gar0Th MOXKIMBICTH OOpPOOKHM Ta
aHaizy oTpuMaHuX aaHux. CTBOpEHHS HA iX
0a31 KOMILJIEKCIB BiJICTEKEHHS 3HOCY OCHOBHUX
(GOHJIIB Y peaTbHOMY PEXHMI 4acy JT03BOJUTH
3MEHIIUTH  BHUTpPaTH Ha  EKCIUIyaTalliio
PYXOMOTO CKJIaJy, BCTAHOBHUTH ONTHMAJbHI
MDKPEMOHTHI Tepiod Ta BaroBi HOPMH, a
TaKOX ONTUMI3yBaTH KOINTOPUC ITATUBHO-
EHepreTMYHuX pecypciB 1 iXx OajaHc B
3arajgpHIi cucTeMi YKp3aTi3HHUII.

AHaJi3 OCTaHHIX JOCJHIIKeHb i myO0-
gikamid.  CucreMHM — aHaAM3  TATOBHX
PO3PaxyHKIB BEIEThCS MPOTATOM ICHYBAaHHSA
3aJII3HUYHOTO TPaHCHOPTY. TOUYHICTH OTpHUMa-
HUX pe3yNbTaTiB BIUIMBAE HA BUTPATH PECYPCIB
Ha TATY 1, K HACJ1JOK, 3/IeIIEBIECHHS BapTOCTI

nepeBe3eHb.  BHU3HAueHHA  palliOHAIBHUX
BaroBMX HOPM € OCHOBOIO JUISl ITiIBHIICHHS
MPOBI3HOI  CIPOMOXKHOCTI  3aJi3HUIL 1

3MEHIICHHS KOIITIB Ha PEMOHT PYXOMOTO
cknany. He nuBHO, mo ©Oe3miu axiBmiB
NPUCBATHIIA  CBOi  POOOTH  OKPECICHOMY
Hanpssmy Hayku. Cepen nmx poOIiT ciin
Bigmitut mpami C. 1. Ocunosa [2], B sxux
chopmMoBaHi OCHOBHI METOH JIJIsi BUSHAUYCHHS
CHJI, IO Jif0Th Ha moi3a. Haykosi mpaii [3, 5]
Jal0Th KapTUHY BIUIMBY PETIOHY €KCIUTyaTarlil
Ha JMHAMIYHI Ta PEMOHTHI XapaKTePUCTUKU
pYXOMOTO CKJIaMy TiJ dYac eKcIuTyaTarii

MPOTATOM  BCHOTO  JKUTTEBOTO  ITUKIY.
CraHoBiieHHs  iHGOpMAIIHHUX  CHUCTEM 1
PO3BUTOK iX B JJOKOMOTHBHOMY T'OCIIOJapCTBI
mUpoKo omnucaHi B mpami [6]. Po3BuTok
HayKOBO-TEXHIYHOTO  MPOTrpecy  MiJBUIILYE
TOYHICThH Ta 00’eM iHpOpMAaIIii B po1eci pyxy
noizmga. Crarti [1, 11] po3kpuBarOTh BIUIUB
(akTOpiB Ha PIBHSIHHS PYyXy Ta BHCYBaIOTh
BUMOTH JI0 JIarHOCTUYHOTO OOJamHaHHA. Y
cratTi [8] mmMpoko omwcaHa HEOOXIAHICTH
30inbpmeHHs 00’eMy iH(oOpManii Ta irepamii

o0umciieHs  JUId  IABHANIEHHA  TOYHOCTI
pesymbraty. Y mpami  [13]  ommcyerbes
3aCTOCYBaHHS METOIB  Tepenavi  JTaHUX

BEJIMKHUX 00’€MiB 1 BTpaTH NpHU NEpecHIaHHI,
mo € BaxuuBuM a1t GSM/GPRS cucrem Tta
HIBEIIOE BTPAaTH OJWHUYHUX CHUTHAIIB Yy
3aranpbHOMYy TmoToli. PoGota oOmamHaHHS
mBuakocremipa 3CJI-2M  [12] mae mocuth
BeJIMKY MOXHOKY (2,5 %) mBHUAKOCTI B IpoIieci
eKCILTyaTallii Ta moTpedye MOCTIHOTO AOTIIS LY
3 00Ky pEeMOHTHOI'O MEpPCOHaNTy B TOM 4Yac, K
CHCTEMH TJI00AJIBHOTO TO3UIIIOHYBAHHS TpPHU
PO3PaxyHKOBIH MIBUAKOCTI pyxy B 47,1 kxm/Tont
enektpososa BJI11 npu po3paxyHky 3a faHUMHU
[1,7] cxmagyts 0,8 %. BcranoBneHHs Ha
JIOKOMOTHB 0J10K1B J100aJIbHOTO
no3uriionyBanHss GPS/TJIOHACC Bumarae
OILIIHIOBAaHHS iX €(EeKTUBHOCTI peecTparii 1
npuHOMMy Aii. B 3aranbHOMYy — BUTISIL
iHpopMmarllisi HaBeneHa B poborax [4, 7).
OcCKiNbKM TOXMOKa CYNyTHUKOBUX CUCTEM €
Menmow [4, 7] nopiBasHo 3 3CJI-2M [12],
TOMY JIOLUUIBHO TPOBOJUTH  OLIIHIOBaHHS
BIUTMBY OIIOPY PYXOMOTO CKJIaJly Ha OCHOBI
indopmarii GPS/TJIOHACC [6].

Y mpomeci ekcruryaramii  €IeMEeHTH
eKINaXHOI YaCTUHU BHACIILOK B3acMOJIIl MIXK
CO0O0I0 3HOIIYIOTHCS, IO XapaKTEPHU3YE SKICTh
(GyHKIIOHYBaHHS pyxoMoro ckiaay [3, 5] ta
Butpatu pecypceis [9]. Tomy BuHukae norpeda
3HAWTH BENIMYMHY 3MiHU 3HOCY KOJICHHX Iap
Ta OLIIHWUTH iX BIUIMB Ha TATY MOi3/iB. Y CTaTTI
[9] mnomaHo mporpaMHUNl MOPOAYKT  AJs
BU3HAYEHHS NAJIMBHO-EHEPIe€TUYHUX PECYPCIB,
ane BiH BUkopucToBye nasi [2, 10]. 3 meroro
BCTaHOBJICHHSI CHJI OINOPY PyXy peabHOro
Moi3la BHUHHMKA€e ToOTpeda BHU3HAYATH iX B
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pexxumi peanbHOro vacy. Lle MoxxnmBO nure
Py BHUKOPUCTaHHI BHpazy, SKUH MOXKe
BpPaxoBYBAaTH BCi ()aKTOPH BIIMBY HAa PyXOMUU
CKJaJa, 3aKOoHY 30epeKeHHS MeXaHI4uHOI
eneprii. ToMy BupimeHHsIM aaHoi mpolieMu €
po3poOsieHHs Ha 0a3i 3akoHY 30epeKeHHS
MEXaHIYHO1 eHeprii 3 BUKOPHUCTaHHAM JaHHUX
osokiB GPS/I'JTIOHACC piBHsSIHHS OIIOPY PyXy
Ta BU3HAYCHHS 3HOIICHOCTI OCHOBHUX BY3JIB
eKIMa)XHOT YaCTHHH.

Busnauennsi MeTH i 3aBIaHb J0CJiA-
’KeHHsA. MeToro poOOTH € BU3HAYEHHS CHII
OCHOBHOTO OIIOPY PYyXy BaroHiB 3 po3paxy-
BaHHSIM 3HOCY OCHOBHHX €JIEMEHTIB €KIMaKHOT
gactuHu. [l 10 JOCATHEHHS HEoOXiJaHO
BUPIIIMTU Taki 3aBaaHHs. [IpuBecTu Bupasu
Ui O0YMCIIEHh OCHOBHOTO Ta JIOJIATKOBOTO
OTIOPY PYXY 3 Bi1OOpaKeHHSIM 3MIHU TTapaMeT-
PiB 3QJICIKHO BiJ] MIBUAKOCTI. BukopucroByroun
3aKOH 30epeXeHHsS MEXaHIYHOiI  EHeprii,
BCTAaHOBUTH BIUIMB cWi Ha moi3a. Ilpoanani-
3yBaTU cHCTEMY (DYHKIIOHYBaHHS TIJI00alb-
Horo  mosunionyBanHs  GPS/TJIOHACC
nokomoTuBiB BJI11 1 po3pobutu mopiBHSIBHY
XapaKTePUCTHKY. BU3HAYUTH TOYHICT JAHUX Y
pO3paxyHKax 1 METOAUKY HAOIMKEHHS KPUBOI
«1J1eabHOTO M013/1a» 10 peanabHoro. I'padiuno
BiJJOOPA3UTH IIISHKY TPEKIHTY.

OcHOoBHa  vYacTHHA  JOCJIiAKeHHS.
Po3B’s3aHHS piBHSHHS pyXy MOi37a B yMOBax
KOHKYPEHTHO1 60pOTHOU 3aJ113HUIIb 32 TIOTOKU

BaHTaXIB  0a3yeThCs  HAa  CKOHOMIYHIN
parioHamizaimii BUTpaT pecypciB Ha TATY,
HACIIIZIKOM SIKO1 € 37EUIeBIICHHS BapTOCTI
NepeBe3eHb, a TaKOX 3MEHIIICHHS
TPYJIOMICTKOCTI 1 COOIBapTOCTI PEMOHTHOTO
mpouecy. Po3po0ieHHs METOIIB 3HIKEHHS
MAJIMBHO-CHEPTCTUYHUX BUTPAT SK OCHOBHA
CKJIaJIoBa COOIBApTOCTI TPAaHCHOPTYBaHHS Ta
BIICTeXKEHHS 3HOCY JeTaleii 3  MeTolo
BCTaHOBJICHHSI ONTUMAJIBHUX MIDKPEMOHTHHUX
nepiosiB 6a3yeTbcs Ha aHali3l Pe3yibTyH4ol
CYMH CWJI, IIO Ait0Th Ha noi3za. [Ipu mpomy ix
MOJKJIMBO PO3JIITUTH HA KEPOBaHI, SIKHMHU MOXKE
KEepyBaTH MAIIUHICT (TAJBMIBHI Ta CHIIA TATH),
Ta HeKepoBaHi (cuiam omopy pyxy). Pobora
TATOBOTO PYXOMOTO CKJIQJy HalpaBlicHa Y
CBOil OIIBIIOCTI HA TOAONAHHS CYMH CHJI
Olopy pyXy JIOKOMOTHBAa Ta CKJIagy. 3a
YMOBaMH €KCIUTyaTallil BOHU MOAUISIOTHCA Ha
OCHOBHI (SIKI JIIOTH IOCTIHHO) Ta J0JIaTKOBI1
(BUHUKAIOTh B pe3yNbTaTi Aii mpodiao nuisaxy
9l 0COOJIMBOCTEH POOOTH PYyXOMOTO CKIIATY).
PesynbTyroue 3Ha4€HHS TUTOMOTO OCHOBHOTO
OIopy € CyMO nmuTomMux cui [2, 14] teprs B

HIAMUIHAKAX pyXoMoro ckiuany (W), TepTs
KOUCHHS KoJic mo peiikax (W ), omopy Ha
HepiBHOCTI HUIAXY (W, ), MOBITPSHOIO
cepenoBumia (W,,,) Ta MUTOMHX CHJ TEpTS
KOB3aHHS KOJIC 1O pelkax (W), BHpasu
SKMX MArOTh TaKUH BUTJISI:

- d
WTH=103 qO qKH i 1 ’ (1)
DK
25
_10%8 22
Wi =10 DK , (2)
2\/2 1 3 2
Wy =1572 57 1 19510 Go0r" 3)
le u
- 0.35H,,,V? .
W =
o TR 29Mpe (t +273) ®)
2 2 3 ACIK
Wo = 011+ 452(0,044 +0,00004V 2 ) +10% 1 = +500p,0t9B | (5)

K
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ne (, — OCbOBE HABAaHTAXEHHS PYXOMOTO
ckiany, 0, =21,75T;
Oxy; — Maca KOJIICHOI Mapd pyXxoMOro

ckiany, Oy, =145T1;

Mg — KkoedimieHT TepTa OYKCOBUX
I IIITUITHUKIB [2];

d, — nmiamerp MIMHKKA KOJICHOI Tapu
pyxomoro ckianay, d,, =130 mwm;

Dy — nmiamerp Koiyeca KOJICHOI Tapu
pyxomoro ckiany, Dy =950 mwm;

0 — IUlede TEpPTSA KOYCHHS BHACIIJOK

NPY)XHOTO TicTepe3ncy Kojieca Ta pEUKH,
6=017 Mwm;

A — BeIMYUHH 3a30py B CTHKY MIiX
perikaMu, A =5 mMm;

V — MBHUIKICTh PyXOMOTO CKJIay, KM/TOJI;

|, — noBkMHA peiiku, IS TIEPErOHY
le6enunka-3anku |, =5000 wm;

g — TPUCKOPEHHS BLILHOTO TAJiHHS,
g =981 m/c?

I — MOIyJIb TEpPTS OCHOBH KOJIi, IS
3amizo00eToHHmX mman r =260 H/cm?;

a — KoedillieHT BITHOCHOI KOPCTKOCTI
BEpXHBOI OyIOBU 3aTI3HUYHOTO MLUISAXY, IS
po3paxyHKy npuiimaemo a =0,01 cm?;

U — MOIyJib IPYXHOCTI KOJii, I peiok
P60 u=3000 H/cm?;

Cy -
PYXOMOTO CKIany, s 4-BICHUX 3EpPHOBO3IB

acpoaMHAMIYHUM  KOe]ilieHT
(zemenroBo3iB i nucrepH) Cy =0,23;

F, — muoma HaHOIIBIIOr0 MONEPEYHOTO
nepepizy pyxoMmMoro ckiany, ais 4-BiCHHX
3epHOBO3iB Fy =133 M?;

H6ap

cepenosuia, H

— arMoc(hepHHI TUCK HaBKOJIHUIIIHBOTO

6aqp = 160 MM DT. CT.;

Mpc — Maca pyXxoMoro ckiany, Mpe =44, T;

— TEMIICpaTypa HaBKOJIMIIIHBOI'O

tHB
cepeouma, t,,; =20 °C;

G — BeJMYMHA Po30Iry KOJICHOI mapu B
3II3HUYHIN KOJIi1, mpuiiMaeMo o = 0,05 M;

Hyo — KOE]ILIEHT TEPTsI KOB3aHHH,

Lo = 0,09...0,03 [14];

Ad, — HepiBHICTh JiaMeTpiB KpyTiB
KOYEHHS  KOJICHOi  mapu,  MPUIMaeEMO
Ady =01 mm;

tgf — moxuOka BCTAHOBJEHHS KOJICHOI

napy B pamy Bi3Ka, npuitmMaemo tgp = 0,000625 .

XapaKTEepUCTUKU CKIIQJIOBUX OCHOBHOTO
oropy, po3paxoBaHux 3a Qopmyaamu (1-5),
HaBeJIeH1 Ha puc. 1.

wO, H/'xkH ——IIuToMH OMip B MIUNITHAKAX
1.2 ‘ PYXOMOT0 CKIagy
1| TIuToMM OMip TepTA KOUEeHH:T KOJIC 1o
‘ peHKax
0.8 |
| —— IIuToMMi OMp HA HEPEHOCTIX LIULIXY
0.6 |
0.4 ‘ —— ITuToMMii OMmp MOBITPAHOTO
2 ‘ CepeloBHIIa
02 P—— —— .
’ \ e —— e TIuToMIGi omp TepTsA KOB3aHHA
0 ; -
V, kw/ro,
20 30 40 50 60 70 80 3

Puc. 1. I'padiune BinoOpakeHHs 3aI€KHOCTI MUTOMUX CHJI OCHOBHOT'O OIIOPY PYyXY
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Pe3ynbTyroue 3HaueHHs [0aTKOBOIO
MIUTOMOT'O OIIOPY € CYMOIO TUTOMUX CHJI OIOPY

Bix yxuoHiB (W,) [2], kpuBux (W, ) [14], onopy
npu pymanai 3 Micus (W, ) [2], HH3bKHX
temrepatyp (W, ) Ta Bitpy (W, ), BUpa3H SIKHX
MAarOTh TAKHI BUTJISI:

W, =i, (6)
2
W, = 220 +1,5‘12Y96R —% 9. (7
Woyy -2 , (8)
0o +70
Wy =Wo(Kpyr —1) 9)
W, =w,(k; -1) , (10)

wq. H/xH

1€ i —KpYTU3HA Pe3ylbTyK4oro niaiomy, i =1
%o,

R — paaiyc kpuBoi, R =800 M;

h — pi3HHLA M)XK BUCOTaMH TOJIBOK PEHOK,
h =60 MMm;

Sk — BigcTaHb MK KpyramMu KOYCHHS
KOJIICHOL napu pyxomoro CKJIaTy,
Sk =1600 mwm;

Ky — KoebillieHT BIUIMBY HHU3BKHX
Temnepatryp, npu Ttemmeparypi -30°C 3a
nanumu [2];

ky — KoediumieHT BIUIMBY MOBITPSHUX Mac
(BiTpY), IpH MIBHUAKOCTI BITPY 6 M/C 32 JaHUMHU

[2].

XapaKkTepUCTUKU CKJIAJIOBUX JOAATKO-
BOTO IUTOMOTO OIOpPY, pPO3PaxOBaHHUX 3a
dbopmynamu (6-10), HaBeaeHi Ha puc. 2.

0.8

0.6

0.4

——— IIHTOMMIT OIp Eill VKJIOHIE
—— IIuTOMHMIi OImp Bill KPHEHX
TIuToMIIE OMp Bifl HU3BKMX TEMIEPATyp

—— IIuTOMHMIi Ommp EiO BITPY

20 30 40

i
o

60

70

V., km/roa
80

Puc. 2. I'padiune BioOpakeHHs 3aJI€KHOCTI MUTOMUX CHJI JIOAATKOBOTO OIOPY PyXY

Sk BumHO 3 BupasiB (1-10), KiTbKiCTH
CKJIaJIOBUX B 3araJlbHOMY PiBHSHHI OTIOPY PyXYy
€ JOCUTh BEJIHKOI0, TOMY 3 METOK MOXKIIUBOCTI
O0YHCIIeHb TNPUMMEMO [0 PO3MIIALY TiIbKU
npsiMi TUTBHMIN TIEPErOHIB Ta BUKOPUCTAEMO

MIPUITYIIECHHS, 110 PIBHSHHS oropy
JokoMoTHBa HaMm Bigome. Ile piBHSAHHSA
MOXJIHMBO  OOYMCIUTH TIpU  TOPSMYyBaHHI

JIOKOMOTHBA PE3epPBOM YW TPH MPSAMYBaHHI 3
BiJIOMUMH 3HAUYEHHSMU BaroHiB. MaremaTu4Ha
OOTPYHTOBAHICTh  BKAa3aHOTO  TBEPIKCHHS

0a3yeThCsl HAa Mallii KUTBKOCTI 3YIMTHOT Macu
MOI3HUX JIOKOMOTHBIB TMOPIBHIHO 3 Baroro

moi3ga Ta BUPa3OM P-(P+Q)_1. Bukopuc-
TAEMO 3aKOH 30epeKeHHsS MEXaHIYHOi eHeprii

JUIS ~ BHU3HAUEHHS  XapakTepy  BIUIUBY
pe3yiabTyIO4Oi CyMHM CHJI B TpoOIeci
nepeMilleHHs Moi3a y mpocTopi:
mV22 mVl2
E =T—T+mgh2 -mgh, , (11)
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ne E — 3nadeHHs 3MiHM MeXaHI4HOI POOOTH,
Jox;

V, ,V, — WBUAKICTh Ha NOYATKy Ta B KiHII
eJieMeHTa poQiIro, KM/TO;

m — Maca 1oi3jaa, KT;

hl’ h2 — BI/IMOBITHO BUCOTH Ha MTOYATKY Ta B

KiHII eeMeHTa npodito, M.

MexaniuHa poOoTa, sSIKy BUKOHYE TOI3],
PYXarOUYUCh 1O KOJIi1, M€ BUTJIST

E=F-S, (12)

ne F — cuna, mo gie Ha pyxomuit ckian, H;
S — IOBXWHA IUISTHKH EPEMIIIEHHS, M.

BigmosigHo nmo 2-ro 3akony HproTona
BUpA3 I CWIIN Oy/ie MaTH BUTIIS]

m-&-(f —w-by)-S=

Bukonaemo HEePEeTBOPEHHS Ta
CKOpo4eHHA BUpa3y (15) Takum ynHOM, 1100 Y
JiBI 4YaCTHHI PIBHAHHSA OTPUMATH IHUTOMI
CHJIM OIOpy pyxy TMoi3ga, a B TpaBid —
3aJIMIIKOBI Ta KIHETHYHO-IIOTEHIIIMHUHA BIUIUB,
10 BUHUK Y MPOIIEC] NMEPEMIIIEHHS PYXOMOTO
ckiany. Toni piBHsSHHSA Oyie MaTy BUTJISI

2 2
W= fK_bT _V2 _Vl +g'(h2_h1)_ (16)

F=m-a, (13)
Jie a — IIPUCKOPEHHS PYXY, m/c?.

3rigHo 3 pobotoro [2] mpHCKOpeHHs
PYXy Ma€ BUpa3

a=g(fi —w-br), (14)
ne & — xoedilieHT MUTOMOTO MPUCKOPEHHS,
£=0.00926 wlc? [21;

' HIxH =

fK — nuroMa cuaa taru, H/kH;

W — muToMi cuiu onopy pyxy, H/kH;
bT — nuToMmi ranbMiBHI cuau, H/kH.

[MigcraBumo dpopmyinu (12)—(14) y Bupas
(11), Toai BiH OyAe MaTu BUTJIS

mVé2 mVl2
T_T+mh2_mhl . (15)
Posraguemo KIHETUYHO-ITIOTEHIIITHUI

BIUIUB Ha 0a3l HayKOBO-TEXHIYHOT'O MPOTPECy
CYNyTHUKOBOI HaBirauii Ta BCTaHOBJIEHUX Ha
nokomotusH cepii BJI11 nemo mpunmcku TY-9
JlozoBa Ta TU-10 XapkiB-CopTyBanbHuiA OJ10KH
nosuttionyBanHs GPS/TJIOHACC. 3aransHuii
BUTJISA CXEeMU POOOTH Takoi CUCTEMHU HaBe[e-
Huit Ha puc. 3. [lopiBHsUIIbHA XapaKTepUCTUKA
CHCTEM 3 IapaMeTpaMH HEOOXiHUX JaHUX,

255 oTpuManux i3 mpaup [1, 4, 7, 16], mis 3akony
30epekeHHsT MEXaHIYHOi eHeprii mojaHa B
tabu. 1.
Taomums 1
[MopiBHsJIbHA TEXHIYHA XapakTeprcTuka cucteM Hasiraiii GPS/TJIOHACC
Tapamerp - n%lgfc o | GPSNAVSTAR
[Toxubka BU3HAYEHHS MICIIsl pO3TAlLyBaHHS, M 1 JIVY» 16 (P-xon)
[ToxubOka BU3HAYEHHS MIBUIKOCTI PyXY, M/C 0,15 0,1
[ToxnbOxa BU3HAYCHHS Yacy 0,7 Mkc 90 uc (P-xon)
MiHiManbHHM 11epioJl HOBTOPEHHS 3alUTY, MC 1 1 (C/A-kopn)
HaniitHicTh oTpuMaHuX naHuXx, % 99,7 95
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OckinbKu napamerp «Micre
pO3TalIyBaHHS» € JIUCTIEPCIEI0
MO3UIII0HYBAaHHS PyXOMOTO CKJIay Y IpOCTOpi,
PYX 3ai3HUYHOTO TPAHCIOPTY B 3arajbHOMY
BUTIISZI € TOCTYHAJbHUM, pPO3pPaxyHKOBa
mBuakicte BJI11 47,1 km/rox Ta po3paxyHKu
IPOrPaMHOTO KOMILIEKCY «TsroBi
PO3paxyHKH» MalOTh MPAKTHYHUH THTEpBAI y
5c¢, Tomi moxubKka  WIIAXY ~ CKIIAIE
S=1m(glonass) VV =47.1xul 200. Y cBoio

yepry mnoxuOka mBuiakocreMipa 3CJI-2M €

ONMM3pKOI0 710 1BOro. Tomy BBaXKaTUMEMO
pPO3paxyHKH Ha OCHOBI JaHUX CYMyTHUKOBOL
CUCTEeMH SK Ti, IO BXOASTH IO JIOBIPYOTO

inTepBay. PesynbraTom BKa3aHOTO
V7 -V7Z+g-(h,—h
TBEPIKEHHS € —— 228 (h =M) _ ot

Ha KOXXHOMY PO3IVISHYTOMY I1HTEpBaji dYacy.
Micuie BiACTe)KEHHSI TapaMeTpiB (TPEKiHT) Ta
XapaKTEPUCTUKA 3aJIKHOCTI IMIBHJIKOCTI BiJl
HUISXY HaBEZEeHI Ha puc. 3.

OpfiTatbHe rpyIyBaHHSA CYMYTHHKIB

gﬁg -
Al

Baox GPS/TJT! C
l IBII 3amisHumi

OHAC
~®

!

A
\ [~ GSM/GPRS
| e |

|
||
=)

Cayxon: I, T
Omneparopu indopmanii

Puc. 3. 3aranpHuii BUIIIsT CXeMH poOOTH cucTeMu cynyTHHKoBoi Hairanii GPS/TJIOHACC

B pesynbpTaTi oOuuncieHs 3a Gopmysior
(16) Ta meromom HaiiMeHIIHX KBajapatiB [15]
(17151 OTpUMaHHS PIBHSIHHS TPETHOTO MOPSIIIKY)

OJICp)Kald  BHpa3 PEATbHOIO  OCHOBHOTO
MTUTOMOTO OTOPY BaHTa)KHUX BaroHiB MOi3/a:

wg =0,000001889V3 -O,OOOOV2 +0,0057573V +0,9502723& . @17

OTpumaHi 3HAYEHHS TMHUTOMHX  CHJI
OCHOBHOTO Ta JI0/IaTKOBOT'O OMOPY, HABEICHUX
Ha puc.l Ta 2, 3iCTaBUMO 3 peaTbHUMHU
3HA4YEHHSIMH, MEPEePaxoBaHUMH 32 (HOPMYIIOI0
(17). Pi3uums pe3yabTaTiB €  BIUIMBOM
TEXHIYHOTO  CTaHy, OCKUIBKM  HHUTOMHHA

JOJJaTKOBUH OIIp BiJ HU3BKUX TEMIIEpATyp Ta
BITpY (3TiAHO 3 JaHUMH METEOPOJIOTIYHOI
cnyx06u Temmeparypa ckmagana 20°C, a
HIBUJIKICTh BiTpy — 0,7 M/C) HE MaB ICTOTHOTO

BwmBy. Wnos € yMOBHO MOCTIHHUMM
IIPOTATOM BCHOTO JKUTTEBOTO LIUKIY PYXOMOI'O
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ckinamy. HactymHuMm etamoM € HaOIMKEHHS
napaMeTpiB MUTOMOIO TepTs B MIAUIMITHUKAX

pyxomoro ckiany (W, ), TepTs. KOUeHHS KOJicC
no peiikax (Wrc) Ta omopy Ha HEpIBHOCTI
usixy (Wy,, ) 3a Dk, Ady, tgB, anropurm

BUKOHAHHSI SIKOTO 300pakyeMo Ha puc. 4 Ta
3MIACHIOEMO 33  TIPUHIIMIIOM  BUKOHAHHS
CHCTEMH PiBHSHB:

w5 (V) —ws (Dy £AD,,V ) — min
WS (V )~ Wy (Ad, £A(Ad, )V ) —>min , (18)
wh (V) —wg (tgB = AtgB,V ) — min

ne W5 (V') — dyHKIis 3MiHN peabHOTO O1opY,
H/kH,

WS (Dy £AD, V) —  dyHKIis
MPUPOCTY Bif IiameTpa koneca, H/kH,

w5 (Ady £A(Ady ),V') — QyHKLS 3MiHH TIpH-
POCTY BiJl HEPIBHOMIPHOTO 3HOCY Kouieca, H/kH,

wo (tgB+AtgB,V)  —  dynkuis
OPUPOCTY BiJl HENEPHEHAMUKYISPHOCTI oOci
KOJIICHOT IapH Bi3Ky pyXoMoro ckiany, H/kH.

3MIHU

3MiHU

B pe3ynbraTi TpeKiHry Ta po3paxyHKy Ha
MeperoHi [[Te6ennuka-3aHKH (puc. 5)
BCTaHOBJIEHO 3ajexHicTh (17). IlizcraBuBImM
II0 3JICKHICTh Y BUPaA3 3arajbHOr0 MUTOMOTO
oropy moi3zia, Oyno neperBopeHo Bupas (16)
TaKMM YHMHOM, 100 B JIiBi YaCTHHI OTpUMATH
nuToMy cuiay Taru. OTpuMaHi 3HAa4YEeHHS
MUTOMOI CHJIH TATH OYJIM IIOMHOYKEHI Ha BUpa3
P+Q. B pe3yibTari IbOro BU3HAYCHI peaibHI

3HAUEHHS CWJI TATH JIOKOMOTHBA. 3pOOUBIIN
aHalli3  OTPUMAHMX  pPO3paxyHKiB, OyIio
BCTAHOBJICHO 3HMXEHHS cuiu Tsaru BJI11 Ha
5,7% TOpIBHIHO 3  JaHUMH  TSATOBO-
eHepreruuHoro nacrnopty Ha [I-TIIT mo3ummii.
PosrnsiHyTHii  OCHOBHHMI  NHUTOMHH  OHIp
BaroHiB, sIKWi OyB oTpuMaHuii 3a BUupa3om (17),
Ta HAONMKEHA CyMa CHJI OCHOBHOTO OIOPY
BaroHiB (1)—(5) 3rimHo 3 CHCTEMOIO DiBHSHB
(18) 1 anroputmom (puc.4) 1O3BOIWIA
BU3HAUMUTU OCHOBHI TEXHIYHI XapaKTEPUCTHKU
KOJNICHUX Tap BAaroHiB: CEpemHid aiaMeTp
KoJlicHoi mapu — 940 MM, HEPIBHOMIPHICTh
3HOCY Koiic — 1,5 Mm.

/ ADy, A(Ady ), Atg /

v
Dy, Ady , tgP

h 4
k=0

'

> V=0; V<R0; V++
¥

L k=k+w)(V)—w) (Dy £ ADy, Ady = A(Ady ), tgB = A1gB V)

[pososxkysaTn
PO3PaxyHOK

AD,
A(Ady )
Atgf

[Tapamerp Ge3
3MIHH

OOepHeHHs 3HAKY Obnynenus
napamMeTpa npupocTy | | mapamerpa npHpocTy

y

/
/ k, noéyoyeamu zpagpu wy, ma wp, /

I |
———— |

Puc. 4. Anroputm HabmmwkenHs cymu (1)—(5) muTomMux cuit oropy BaroHiB
JI0 peabHOT KPUBOI CUII OCHOBHOTO OTIOPY MPH PO3B’A3aHHI CUCTEMH PiBHSIHB (18)
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331K

Cnoboxanckan

CnoboxaHckoe
CnoboxaHcbke

= s
“BCxgayn

an
Jm‘"’(“-rcx O
O
=W

V. Kwroa
70

60

=)

n 1000 Ao 900N TN

IITupoTa nowaTkoRoi TOUKH pyxy: 49.457699
Jorrora no9aTKoBOi TOUKH pvXy: 36.518551
Brcora: 125 m

Kinuesa mmpoTa posrngayToi masauui: 49.6376
Kinuesa qoerora posrasayroi aiassnui: 36.48559.
Bucora: 103 m

Aowey
Honeus

Oowey +

Anppeenga

5#’70)'/70"'
. S,m "Ckag .,
L LWeSenm

15000 <

Puc. 5. Tpekinr nepemimnienns noizaa Ne 3608 3 moOyn0BaHOI0 3aI€KHICTIO IIBUIKOCTI
BiJI IJISIXY Ta KOOPJAWHATAMU MOYATKY 1 KIHIIS BiACTEKEHHS

OcobnuBicTI0O  gaHoi  poboTH €
HEOOXI1THICTh BUKOPUCTAHHS CIIeIiaicTa Jis
KOpUI'YBaHHS  KpuBUX. OJHaK OTpHMaHi
3aJIe)KHOCTI ~ MOMKJIMBO  3acTOCyBaTH B
MPOrpaMHOMY KOMILITEKC1 «Tsrosi
pPO3paxyHKH», BCTAHOBUBIIM  ONTHMAJbHI
BUTPATH MaJUBHO-CHEPIeTUYHUX PECypCiB Ha
TATY TOI3/I1B.

BuchoBku. B pesynpraTti mpoBeneHoi
pOOOTH BCTAHOBIICHE pealbHE 3HAUCHHS CHII
OCHOBHOTO OIOpY BaroHiB Ta JIOBE/AEHA
MOJKJIMBICTh OTPUMAHHS HOTO B IOTOYHOMY
peXuMi yacy Ha OCHOBI iH(popMallii 3 cuctem
II00aTHHOTO TO3HUITIOHYBaHHS, 1HTEIPOBAHUX

Ha sokomotuBu BJI11. OcHoBowO nansi 11bOro
CTaB 3aKOH 30epeKeHHsS MEXaHIYHOi eHeprii,
JIBOCTOPOHHIN €(EeKT SKOro JaB MOKIHUBICTh
BCTAaHOBUTH 3HW)KCHHS pEaTbHUX 3HAUEHB CHIT
TATH Y BKa3aHOMY Jiama3oHi MIBUIKOCTEH Ha
5,7 %. Bka3zaHl TBEpI)KEHHS MOXYTb 3HAWUTH
Bi/I00pakeHHS B ONITUMI3aIlil BUTPAT MaJuBa Ha
TATY MOi3/1B. PO3paXyHKH TEXHIYHOTO CTaHy,
MpoBeJieHI B pPOOOTI, TMOKa3amu CepenHin
miameTp  KomicHoi mapu B 940 mmM,
HEpIBHOMIPHICTB 3HOCY Kouic — 1,5 MM. Takox
BKa3aHI  TBEP/DKCHHS  MOXYTh  3HAHTH
BIJOOpaXX€HHsT y BHU3HAUEHHI ONTHUMAaJbHUX
MDKPEMOHTHUX  TEPIOAIB I PYyXOMOTO
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ckiany. B momanpmioMmy JOLIIBHO Ha OCHOBI nporpaMHe 3abe3neueHHs B APM nokomo-
3allpOIIOHOBAHUX AJITOPUTMIB Ta OTPUMAHHUX TUBHOI'O T'OCIIO/IapCTBA 3 METOIO BCTAHOBJICHHS
3aJI©KHOCTEH  po3poOUTHM 1  BIPOBATUTHU palioHaJIbHUX BUTPAT HA TATY MOT3/iB.
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«301pHUK HAYKOBHX TIpallb VixplY3T» BrIIOYEHO [0 CHHUCKY JIPYKOBaHUX
(e7eKTPOHHUX) MEPIOAUMYHUX BUJaHb, 0 BKIIOYaOThCs 10 [lepemiky HAYKOBUX baxoBux
BUJIaHb YKpAiHH, B SIKHX MOXKYTP MyONIKyBaTHCS PE3yNbTaTH AUCEPTALIiHUX POOIT Ha
3100yTTS HAYKOBHUX CTYNEHIB JokTopa 1 kanaunara Hayk (Haka3 MOH VYkpainu Bin
15.10.2019 p. Ne 1301).

CraTTi JpyKyIOThCs B aBTOPCHKIM peslakilii MOBOIO OpUTiHATY.
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